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[IpencraByeHbl pe3yabTaThl OLIEHKU MHOTOJIETHEN M3MEHUMBOCTU XapaKTEPUCTUK TIOJell 0JHOCIO0iHOI o61au-
HoctH HaJ Teppuropueil 3amaanoin Cubupu B s3umuuii nmepuoa 2001—2019 rr. Ha ocHOBe CIIyTHHKOBBIX JaHHBIX
MODIS. OcHoBHas H/iest METOAUKY aHATI3a 3aKTI0UAETCS B MCIOTb30BAHUN PE3YJIbTaTOB pacmo3HaBaHus 11 Tumos
006JTaKOB TI0 €KeIHeBHBIM 3UMHIM (1eKa6pb, sHBapb, (eBpaib) U306PaKeHUSIM U3 KOCMOCA, MOJYYEHHBIM B THEB-
HOe BpeMsI CyTOK. XapaKTepHCTHKH OJHOCTOWHOII 06JAaYHOCTH PacCMOTPEHBI IS TPeX IIMPOTHBIX 30H 3amagHoil
Cubupu: 1oxuoii (< 60° c.ur.), mepexoanoii (60—65° c.m.) u ceBepnoii (>65° c.m.). Haligensl nmapamerpbl JuHed-
HBIX TPEHIOB CJIEAYIONNX XapPAKTEPUCTUK PA3JIUYHBIX TUIIOB 00JIAKOB: JOJIS MOKPBITHS UMY I[eJIeBON TEPPUTOPHIH,
onTHYecKas TOJIMHA, 3G (EKTUBHDIN palyc YacTHIl, BOJO3alac U BbICOTA UX BepxXHell rpaHuipl. O6CyKIAIOTCS
Pe3YJIbTATBI COMOCTABJIEHIS TOJYYeHHBIX JaHHBIX ¢ HH(boOpMaIlmeil 13 eKeroJHbIX OIEHOYHBIX JOKTag0B Pocru-
npometa. IIpenToskeHbl TUIIOTE3bI O IPUYMHAX AHOMAJbHBIX 3HAUEHUII BPEMEHHBIX PS/I0B XapaKTEPUCTUK PasJIiy-
HBIX THIIOB 06JJaKOB B MCCJIeyeMbIX IIMPOTHBIX 30HAX 3amajHoil Cubupu 3uMoii.

Kniouesvie crosa: pAaabl, 3amagHast CI/Iél/Ipby MHOTOJIeTHUE TpeH/ibl, CIIYyTHUKOBbIE JaHHbIE, XapaKTePUCTUKU

o6.rakoB; time series, Western Siberia, long-term trend, satellite data, cloud parameter.

BBeneunne

B [1] namu 6bL1a TpoaHaJN3MPOBaHa MHOTOJIETHSSI
N3MEHYNBOCTh PA3JMYHBIX XapaKTePUCTHK TMOJIel oj-
HOCJIOIHOI o61aunocTn Hal 3anagHoit CHOUPHIO B JIeT-
Huit nepuox 2001—2019 rr. mo CIyTHUKOBBIM JJaHHBIM
MODIS, nonydenubiM B jHeBHOe BpeMsi cyTok. [lo-
CTPOEHBI BpeMeHHbBIE PSIIbI U OIPeeJeHbl TPEH/IbI He-
KOTOPBIX TapaMeTpoOB PA3JNYHBIX TUIIOB 06JAKOB,
a TakKe BBIIBUHYTBHI THIIOTE3bI OTHOCHTEJIBHO MPUYUH
X aHOMaJIbHBIX 3HaueHuii. Jlerom Hajx 3amajHoit Cu-
61pbIo HAGJIOJAETCST IPEUMYIIIECTBEHHO JKHU/KOKAIIEb-
Hag O6JIAYHOCTH, a 3UMOil Kpuctasumdeckas [2]. Tlpu
3TOM C WIOHS TIO aBTYCT Pa3HUIlA B KOJMYecTBe 06JIa-
KOB ¢ pasandHbiM (a3oBbiM coctaBoM jgocturaer 30%,
a ¢ Jeka6ps o gespaib — 50%. B mepByio odepeb 3T0
CBSI3aHO C PA3JUYHBIMU TEMIEPATyPHBIMU PeKUMaMU
1 1peobJIA/IAIONUME TIpolieccaMyl OOIIell ITHPKYJISINK
arMocdepbl B 3UMHee U JieTHee BpeMs B pernone [3—5].
3umoii kmMaT 3anagHoii Cubupu o6ycioBieH ¢op-
mMupoBatneM Asmnatckoro (CHOGHPCKOT0) aHTHUIMKJIOHA,
CTOCOGCTBYIONIETO BBIXOTAKNBAHIIO MOCTIIAOIIETT TTO-
BEPXHOCTH U 06PA30BAHNIO KPHUCTAIINYECKON 06JaqHO-
CTH, B TOM 9YHCJe HIDKHETo gpyca. B peaknx ciaydasx
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Ha TEPPUTOPUIO WCCJEIYEMOTO PEruoHa IIPOHUKAIOT
BJISKHDBIH aTJaHTHIeCKUH Bo3AyX (IIpenMyinecTBeHHO
B BBICOKHE IIMHPOTHI) M CyXHe CpejHeasnarckie BO3-
nyurable Maceot [6]. TloaToMy XapaKTepUCTHKH OJHOTO
U TOTO Ke Tuha 06JAYHOCTH 3UMOU U JIETOM CYIIeCT-
BeHHO orjmyaiorcs [7].

B sumnnit nepuog 1994—2010 rr. Ha Bceii Teppu-
topun P® Habuofasoch MoXoJ0aHe, B YAaCTHOCTH,
Ha tore 3amaguoit Cubupu go -2°C/10 mer [8].
B mocienylomee gecATHIeTHe U IO HACTosIIee BpeMs
37IeCb PETHCTPUPYIOTCS TeH/EHINS TOTeIIeHNs 31M
U yBeJMYeHHe YhcJaa TeMIepaTypHbIX aHoMaaui (oco-
GEHHO B POCCHHCKOM CEKTOpe APKTHKH), KOTOpPbIE MO-
ryT ObITb MPUYUHOIN 3HAYUTETbHON M3MEHYUBOCTH Xa-
PAKTEPUCTHK PA3JUYHBIX Pa3HOBUIHOCTEIl 06JaKOB.
[ToaTOoMy HM3yuYeHHe 3MMHETO pesKMMa OOJaYHOCTH HaJl
3amnagroit Cubupbio B KauyecTBe MapKepa MPOHCXO[IsI-
IIUX 3/leCh KJAMMATHYECKNX U3MEHEHUN 3a MPOJ0JIKI-
TEeJIbHBII Mepuo/] BpeMeHH MPe/ICTABJISeT HeCOMHEHHBIN
Hay4YHBII WHTepec.

llenpio gaHHON pPabOTHI SABJSETCS aHATIN3 MHOTO-
JleTHell N3MEeHYNBOCTH XapaKTEePUCTUK T0JIel OHOCJION-
HOIT o6TayHoCTH Haja 3anajaHoit CuOuphio B 3UMHUIL TTe-
puoj 2001—2019 rr. no criyTHuKOBbIM faHHBIM MODIS.

HNcxoanpie gannbie

B mactosmmeit pabote, kak u B [1], paccmarpuBa-
I0TCSI TPHU IMUPOTHBbIE 30HbI 3anaanoit Cubupu: 0xkHas

© ActagypoB B.I'., CxopoxoznoB A.B., Kypbauosuu K.B., 2024



(<60°c.m.), mepexomnasa (60—65°c.nr.) m ceBepHas
(>65°c.u.). B KkauecTBe OCHOBHOTO HCTOYHHMKA WH-
¢opmanun o mapamMerpax 06JaYHOCTH HCIOTIb30BAINCH
eXxe/[HeBHbBIE JlaHHbIe criekTpopaanomMerpa MODIS, mo-
aydenubie ¢ 2001 mo 2019 r. B sumuee Bpema (ze-
Ka6pb, guBapb 1 ¢espaib). Cuyrauku Terra u Aqua,
Ha GopTy KoTopbIxX ycranoBien MODIS, mepecekaior
9KBATOp B paccMaTpuBaeMoM uacoBoM Tosice B 03:30
n 06:30 UTC coorBercTBeHHO. B JeTHee BpeMsi 3TO
MO3BOJISIET OXBATBIBATH BECDH II€JIEBON DPETMOH OHUM-
JIByMs TOCJTIEZIOBATEJbHBIMI CHUMKAMHU TIPH yTJIaX OT-
KJIOHEHUSA OT Hajaupa He 6ojiee 40°, 4TO MCKIIOYAET U3
PACCMOTPEHNUST UCKaKEHHsT Ha Kpasx H300paskeHuii,
o6ycrioBjeHHble TeoMerpueil cbeMku [9]. OgHako 3u-
Moii HaJl BBICOKUMU IupoTaMu 3anaanoii Cubupm Ha-
6s0/1aeTcs MOJSIPHAS HOYD, YTO JIeJIAeT HEBO3MOKHBIM
BOCCTaHOBJIEHNE HEKOTOPBIX TTapaMeTpoOB OOJAYHOCTH.
[ToaToMy B maHHOIT paboTe A KOPPEKTHOTO COMOCTaB-
JIEHWS pe3yJIbTaTOB aHATN3a MHOTOJETHEN H3MEeHYNBO-
CTH XapaKTePUCTHK 06JaKOB HaJ BHIOPAHHBIMHI 30HAMMU
HCCJIEyeMOTO PETHOHA PACCMATPUBAIOTCS CITY THIKOBBIE
JlaHHble, TTOJTy4YeHHble B (peBpajie, a TakKe 32 Bce TPH
3UMHHIX MecsIla B I1eJIOM, HO TOJBKO JJid Iora 3amaj-
Hoit Cubupu.

B Ta6n. 1 mpeacraBieHa 3UMHSIS 0ObeAUHEHHAS
kiTaccudukayusg 0o6JAYHOCTH, TpeToKeHHas HaMU
B [10], c yaeToM MeTeoposorndeckoro cragaapra BMO,
Bo3MokHOCTell MODIS n undopmanun o moBTOpSIe-
MOCTH THTIOB OOJAYHOCTH TIO0 apXWBHBIM JaHHBIM Ha-
3eMHBIX MeTeocTauinii 3anagaroit Cubupn u3z [11]. U3
paccMOTpeHus: ObLIN UCKJIIOUEHB PA3HOBUIHOCTH 06-
JIAKOB BEPTUKAJIBHOTO PA3BUTUSA BCJIEICTBHE HU3KOI
JIOJIA TIOKPBITUS UMH Tepputopuu 3amajanoit Cubupu
B (espane 2001—2019 rr., koTopasi BapbUpyeTCd OT
0,1% st Ky4eBO-JOKIEBBIX BOJIOCATHIX  0GJAKOB
B ceBepHoil 3oHe 0 0,9% s Ky4eBO-J0K/IEBBIX JIbI-
CBIX O00JIAKOB B TEPEXOJHOIl, UTOo OBLIO OTpeeseHo
HaMU B paMKaxX HacToAMIel paGoThI.

Ta6auma 1
O6benunennas 3uMuss Kiaaccudukanusi 06Ja4HOCTH

Ne HasBanue | O6o3HaueHue
Ob.aaxa nuxnezo spyca

1 Cuoncro-Ky4eBble KyueBooGpasHble Sc cuf

2 | Cuoucro-Ky4eBble BOJHHCTOOODA3HbIE Sc und

3 Cioncrole St

4 CJioucTOo-105% 1€ Bble Ns
Obaaka cpednezo apyca

5 Bpicokoctoncrbie As

6 BrpicokokyueBble KydeBoOOpa3HbIE Ac cuf

7 BbicokoKyueBble BOJHICTOOGPA3Hble Ac und
Obaaxa eepxnezo apyca

8 [lepucTple HUTEBUAHDBIE Ci fib

9 [Tepuctple TIOTHDIE Cisp

10 [Tepucro-ciouctore Cs

11 [Tepucro-kyueBble Cc

B pa6oTe UCIOIb30BAINCH CIEAYIONINE TPOLYKTHI
cnytHukoBoii c¢heMkn MODIS: muzobpaskennus B BuU-
gumoM auanasone crmekrpa (0,62—0,67 MkM) ¢ 1po-
cTpaHcTBeHHBbIM paspemnenneM 250 M (MODO02QKM
n MYDO02QKM), eskeqHeBHbIE MPOMYKTHI, COJepiKa-

e nHMOPMAINIo 0 MapaMeTpaxX 06JaYHOCTH C ITPOCT-
paHcTBeHHBIM ~ paspemenmeM 1000 M (MODO06_1.2
n MYDO06_1.2) [12, 13], a Takxe aiiabl reonpuBA3KH
MODO03 u MYDO03 ¢ mpocTpaHCTBEHHBIM pa3pelieHn-
eMm 250 M. PaccMarpuBainch Takie XapaKTepHUCTUKH
OJTHOCTIOWHBIX 06JaKOB, Kak omTHeckas ToJumHa (1),
apextuBHbIl paguyc wacTui (#,4), Bogosamac (P)
U BbIcoTa BepxHell rpanuipl obmaunoctu (figr). Kpome
3TOTO OIpeJeNanach CpefHss 0N TOKPBITHI OJ1-
HOCJIOIHBIMH  O6JTakaMu  pasJuuHbIX Tuios ns(type)
TEPPUTOPUN HCCIEAYEMbIX IMUPOTHBIX 30H 3alrafHoi
Cubupmn.

Pemenne o Haimmuyuu OGJAYHOCTH B OJHOM HJIN
HECKOJIBKHUX sIpyCaX OJHOBPEMEHHO IPUHUMATIOCh Ha
ocHoBe 3Havenmii ¢uara Cloud_Multi_Layer_Flag
B mpoayktax MODO06_L2 w MYDO06_L2 [12]. Ycra-
HOBJIEHO, 4TO s (peBpasd J0JsI OJHOCTOMHBIX 06.Ia-
KOB B o0meill o6madyHocTn cocTaBiasgeT 52%. OTMernm,
YTO omepannoHHbi amroputM MODIS pasgenger 06-
JIaKa Ha OJHOCJIOWHbIE W MHOTOCJONHBIE C TOTPENTHO-
cTbio 0K0JI0 10% 10 CpaBHEHUIO C CUHXPOHHBIMU JaH-
wbpMu suapa CALIOP n pagapa CPR Ha cmyTHuKax
CALIPSO u CloudSat [14]. IIpu stoM B GoJblieii
CTeTIeHN HeJ0OIIeHIMBAIOTCS MHOTOCIOIHbIE 06J1aKa B CIIY-
qasgxX HaOJII0/IeHns TOHKUX MePUCThIX 06JakoB ¢ t < 0,4
HaJ APYTUMU TUIIAMU 1 00J1aKOB BepPTUKAJbHOIO pa3-
BUTHSI, PACIIOJIOKEHHBIX B HECKOJDBKHUX SIPYCaxX OJIHO-
BpeMeHHO. B Hacrosieii paboTe 3TOil TOTPENTHOCTHIO
MbI IIpeHe6peraeM, HCKJIOYas M3 PACCMOTPEHUS] KOH-
BEKTHUBHYIO 06JIAYHOCTD.

MeTOZ[I/IKa aHaJIM3a

OcCHOBHas CYThb METOIUKH aHAJIN3a M3MEeHYHBOCTH
XapaKTepUCTUK TIOJIel OXHOCTONHONH 06JaYHOCTH HaJ
paccMaTpuBaeMbIMU TMTUPOTHBIMU 30HAMHU  3ara IHOM
Cubupn 3aKJII09aeTCsS B BBITIOJHEHUHN MPOIEAYPHI pac-
mosHaBannu 11 TtumoB o6GiakoB u3 Ttaba. 1 Ha exe-
JIHEBHBIX CIyTHUKOBBIX cHnMkax MODIS u ucmnosb3so-
BaHUU ee pe3yJbTatoB. Ilpomeaypa kiaaccudukanun
00JTAaYHOCTU OCYIIECTBIISIACh C TOMOIIBIO AJTOPHUTMA,
peIoKeHHOTO B [15] m ocHOBaHHOTO Ha NpPUMeHEHUN
He4YeTKON HellpoHHOI cetu. IIpm 3TOM HCIIOTH30BATNCD
3UMHIEe PETHOHANbHBIE CTATHUCTUYECKIe MOJIeTH Tapa-
MeTpoB ob6maunoctn u3 [10]. lanubriit kiaccudukarop
TO3BOJIIET PACTO3HABATh TUI OGJAYHOCTH Ha CHYTHU-
KOBBIX CHUMKAaX, IMOJyUeHHBIX B CBETJIOE BPEMS CyTOK
MIpU HAJIMYUHU CHESKHOTO TTOKPOBA, ¢ BepossTHocThio 0,79.
Hecmotpst Ha To 4TO 3(h(DEKTUBHOCTD YKA3aHHOTO aj-
TOPUTMa HECKOJIbKO HIDKE TOTO, YTO MCIIOJb30BAJICS
B [1] nna meTHWX MecsilieB, OH TO3BOJISET BBIAEIATDH
TEKCTYPHbIE Pa3JINYusg MeXIy TOATHIIAMI OCHOBHBIX
dopM obmauHocTH Ha ¢doHe cHera. PesysbraToM pac-
no3HaBaHUA gABidgerTca uzobpaskerme MODIS, mepe-
KpallleHHOe B TICEBJIOTIBETA, KAXK/bII 13 KOTOPBIX CO-
OTBETCTBYET KOHKDPETHOII Pa3HOBUIHOCTH 00JIaKOB.

Ha mosryuennsle mocjie KIacCH(MUKAINKN CIyTHH-
KOBble CHIMKH HAaKJIaJbIBAIOTCS TPAHUIIBI PAacCMaTpH-
BaeMbIX B paboTe HIMPOTHBIX 30H 3amajanoii Cubupu
6e3 ydeTa TOJI0KeHNS JITHUN COTHEYHOTO TepMUHATOPA.
B o61actn n306pakeHns ¢ HUIBKAM YPOBHEM OCBEIIEHUS
(B yCJI0BHAX TOJAPHOIT HOYM) 3HAYEHHS HEKOTOPBIX
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XapakTepucTuk o6jgakoB B mpoaykrax MODO06_L.2
n MYDO06_L2 ne ompesiesieHbl U TTO3TOMY HCKJIOYAIOT-
¢ W3 JambHeHmmX pacdeToB. [Ipw 3TOoM pasMmep Imu-
POTHBIX 30H TIePeCUUTBhIBAETCA [T KAKIOTO CHUMKA
MODIS B 3aBucmMocTH OT TOJOXKEHUS JUHUU COJ-
HeyHoro TepMuHaTopa. llocie 06paboTKN BeeX JaHHBIX
JUIST KQXK/I01 IUPOTHON 30HBI HAXOJATCS OLIEHKU CpPe/l-
HECEe30HHOH [0/ WX TIOKPBITUS OJHOCTOIHBIMEI 006J1a-
KaMI pa3JNYHBIX THIOB U3 Tabua. 1 1o cienymormeit

dopmyre:
ZM Stype, i
i=1 Si

ns(type) = ———=—,
rae type — uaentudukarop TUNOB O6JAYHOCTH, IMPH-
BeJeHHBIX B Taba. 1; M — uncio o6pabGoTaHHBIX M30-
6paskenuii 3a (peBpab WIN TPHU 3UMHEHX Mecsana (Tosb-
KO /I 105KHOM 30HBI) Kak/0ro Toja, KOTOPOEe PaBHO
28(29) mm 90(91) COOTBETCTBEHHO; Siype, i YICJI0
nuKcesiell B 30He, TPUHAJIEKAINX JaHHON pa3HOBU/I-
HocTn 06/akoB B i-if JeHb; S; — pasMep 30HBI B NMHK-
cenax. ITomo6HBIM 06pa3oM Ha OCHOBE [JaHHBIX Te-
MaTHueckux mpoaykroB MODO06_1.2 u MYDO06_1.2
BBIYHCJISIACH OIEHKN CpeJHeCe30HHBIX 3HAYeHWH wuc-
CJIeIyeMbIX MapaMeTPOB PA3JIMYHBIX TUIOB 06JAYHOCTH
(s, Tapas, (P)s 1 (hpr)s AmA Kaxk 0l IMHPOTHOIH 30HBI
3anaguoit  Cumbupum. Ha 3akmIounTesbHOM — 3Tare
CTPOWJINICh BPeMEHHbIE PSIIbl U HAXO/MJINCh MHOTOJIET-
HUe TPEH/bl PacCMaTpUBAaeMbIX B paboTe MapaMeTpoB
00.J1aKOB.

PesyabraTsl u 00Cy:K/1eHUE

Ha pnc. 1 mokasaHbl MHOTOJIETHHE DSABI 3HaYe-
Huil ns(type) 1 Hanbosiee paclpocTpaHEHHBIX THUIIOB
o6makoB u3 Ttaba. 1 B 3anazanoit Cubupu B (deBpale,
a TakKe 3a Bechb 3UMHHUII CE30H Ui I0KHOII 30HBI.
AHaM3upysl TOTyYeHHble Pe3yIbTaThl U CPABHUBAS UX
C JAaHHBIMH €XXeTOJHBIX OIIEHOYHBIX JOKJaZzoB Poc-
rugpometa [16—21], MOKHO cjesaTh psi BBIBOJOB
n npeanosoxkennit. Haummag ¢ 2010 r. mabaomaetca
POCT [loJIU NOKPBITHS Bceil Teppuropun 3anaanoil Cu-
6upu caouctoiMu obmakamu (St) B despane (a as
I0KHOH 30HBI 3UMOH B I[eIoM). DT U3MEHEHHs IIPO-
ncxXondaT Ha (oHe 3aBeplIeHHs IIepPHo/a IMOHWKEHUS
TeMIepaTypbl TMPH3eMHOTO CJOSI B 3WMHee BpeMs
(1994—2010 rr.), KOTOpPOE B PaccMATPUBAEMbIX -
porHbIX 30Hax gocrurano —2°C/10 jer, u nepexoja
K Tenjenuun noremienus [8]. [lns croucrto-moxaeBoit
o6ayHOCTH  Takyke HAGJIIONAETCsT POCT 3HAYeHUit
ns(Ns) B despase Bo Beex 30Hax (HO s fora 3amaj-
Holi Cubupu B 3UMHHUH CE30H OHU YMEHBIIAIOTCS).
[Ipu stoM mosga o6maxkoB NS I CeBepHON 30HBI
B (eBpasie HIKe, YeM /IS IBYX JAPYTUX 30H, TJe OHa
MPaKTHYECKN OJNHAKOBAasl, YYHTHIBAas COBIAJAOIINe
JIMHUN TpeHJa. Bpicokocsoncrasg o6Ja4HOCTD XapaKTe-
pu3yercst oTpuIaTeJbHbIMU TpeHaamu ns(As) B despa-
Jle B ceBepHOHl U IepexXo[HON 30HaX U IOJOKUTETb-
HBIM B f03KHOI. OJHAKO Ce30HHAsT J0JS MOKPBITHS 06-
JakaMn As B T0’KHOI 30He cokparmaetcs. /g mepucto-
caonctoii o6maunoctn (Cs) XapakTepHblI HeliTpabHble

tpenapl ns(Cs) Kak B (eBpase /sl BCeX TPeX 30H, Tak
U 3a Bcio 3UMy /i1 fora 3amagHoit Cubupi.

M3 puc. 1 (B. BKJIajgka) BHAHO, 9YTO GoJblIee
KOJIMIECTBO TIOJOKUTENBHBIX aHOMAJIUI ng B (eBpase
HabT0/1aeTcs B I0)KHOW W TIepeXo/IHOi 30HaX IO CpaB-
HeHUIo ¢ ceBepHoii. Tak, Bbicokne 3Hauenus ns(St) pe-
ructpupoBasuch B 2012 r. B 10:xHOI 30He, a B 2011,
2012 u 2014 rr. B nepexoanoii, ns(Ns) — 8 2002, 2008
u 2016 TT. ¥ B 10KHOI, U B TEePeXOHOI 30HAX OJ[HO-
BpeMenHo, ns(As) — B 2014 r. B 1oxHOiH U B 2017 T.
B nepexoanoii, ns(Cs) — B 2015 r. B nepexojuoii. [lia
ceBepHO 30HBI HamboJiee 3HAYUTEJbHAs MOJOKHUTEb-
Hag aHoMaJsus 3apeructpuposana B 2006 r. pa ng(Cs).
YcpenHeHHas 3a TpU MecdAna JOJA TOKPBITUS pac-
cMaTpuBaeMbIMI Ha puc. 1 ob6jakaMu B T03KHOI 30He
uMeeT GoJiee TJIAJKWII BpeMeHHOI Xo/. 37ieCh B SIBHOM
BU/le BBIIEJIAIOTCS TOJBKO AHOMAJIBHO HU3KHE 3Haue-
g ns(Ns) ¢ 2010 mo 2012 r. Taxke us puc. 1 Bug-
HO, 4TO OTpHIIaTeJbHble AHOMAJIUU Mg PaccCMaTpUBae-
MBIX THIIOB OOJauyHOCTH B (heBpajie MPaKTHYECKH OT-
CYTCTBYIOT, 3a MCKJIIOUEHNEM HU3KUX 3HadeHUH ns(As)
B 2012 1. B mepexo/IHOI U 10KHOI 30HaX.

AHaMM3Upys eKerofiHble OoT4eThl Pocruapomera,
MOKHO BBIJIETUTD P COOBITHH, HAGIIOTABIIUXCS
B TOJbI C AHOMAJbHBIMU 3HAUYEHUSIMH Ns B (eBpase
B KayKJON M3 paccMaTpUBaeMbIX 30H, a IS I0KHOW —
elme m 3a Bechb 3uMHHil cezon. B 2002 u 2008 rr.
Ha Bcell Tepputopuu 3amaHoit Cubupu, 3a MCKJIOYE-
HUEM ee CeBEPHOIl YacTH, PErHCTPUPOBATICH MOJOKHI-
TeJIbHBbIE AHOMAJIMH TEeMIEePaTyphl TIPU3EMHOTO CJIOS OT
6 mo 11°C. IlpuyeM OCHOBHOII ouar Tela TPUIIEJCS
Ha I0KHYIO 30HY, Ky/Ja IPOHUKJN BO3IYIIHbIE MacChI
¢ Kazaxcrana. B suBape 2006 r. B menTpe 3armajHoit
Cubupu 1o BimsanueM Asuarckoro (Cu6upckoro) an-
THIUKJIOHA CHOPMUPOBAJICSI OYar XOJ0/a, HAXOMB-
mmiicss 3mech Gosee 20 mHEH, YTO TPeIOTPEETIIIO
HU3KHe 3HAUYEeHUsI Ns OCHOBHBIX 0CAIKOCOAEPIKAIINX
obmakoB St m NS B I0KHOI W TepeXoJHON 30HaX
B ¢eBpane. Ha ceBepHyio ke 30HY BO3/eiiCTBOBAJI
TOJIIPHBIH THKJIOH. IJTHM MOXKeT OBITh 06ycCIOBIEHA
BBICOKasI JI0JisI ee MOKpbITHS objakamu CsS, KOTopbIe,
Kak TPaBUJIo, 1 06pa3yioTcs B ThLTY IHKJIOHA [16].

B despase 2010 r. (1 3umoii B 1esoM) Haj Beeid
tepputopueil 3anaanoit Cubupn HabIIOLANIUCH CYIIe-
CTBEHHDBIE OTpPHIIATeJbHbIE TeMIepaTypHble aHOMAIUU
€O cpelHeMecTIHbIM 3HaueHneM —6,53 °C 1o BceMy pe-
THOHY, a CpeJHecyTOUHbIMU — [0 —22 °C HaJl HEKOTO-
pbiMu ero obsactsaMu. OCHOBHOI MPUYMHON 3TOTO ObI-
JI0 TIpOHWKHOBeHHe B 3amaanyio CHONPb MOIIHOTO
rpe6Hss CHOMPCKOTO MaKCHMyMa, 4YTO TPUBENO K TIpe-
o6aaHmIo 37ech MaaooOaaunoii morogsl [18]. Boico-
kue sHaueHus ns(St) B 1epexoaHoll 3oHe B (peBpasie
2011 r. nabaonamich Ha ¢oHe MPOHUKHOBEHUS CIOa
TETJIBIX BO3/YIIHBIX MacC, OCHOBHOW oOYar KOTOPBIX
Haxommiacss B VIpkyTckoii o6sacTh, Tie cpegHeMecsd-
Hagd aHoMasms TeMIeparypbl mpeBbimana 6°C [19].
B despaine 2012 r. B 3anazgnoit Cubupu chopMuposa-
JINCh OJINH OYar Telljla B CeBEePHON 30He M3-3a BIMSIHUS
ATJIaHTHYECKOTO IUKJIOHA M OJMH OvYar X0JIoJa Ha fore
nos BoazeiictBueM Tpe6HA CHOMPCKOrO MaKCHUMyMa.
[IpeanonoXUTETHHO 3THM OGYCJIOBIEHBI AHOMAJbHBIE
sHavennsa ns(St) u ns(As) B I0KHOH M IepexogHoil
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3oHax [20]. B ¢espame 2014 1. B mepexomHOil 30HE
copmupoBaica oyar XoJiojla C He3HAYNTEJbHBIMU
TEMIIePATYPHBIMI aHOMATHAMI u3-3a cMemnlernsa Cu-
6UPCKOTO MaKCHMyMa Ha I0r0-3alajl, T/le PerucTpPUpO-
BaJIICh aHOMaJsbHble 3HaueHus ns(St) u ns(As). 3uma
2016 T. 6bLIa dKCTPEMaJbHO TEIUION Ha Bcell TeppHUTO-
pun Poccuiickoit Degepannn, B deBpase HabII0IATCT
Bropoil nocsne 2021 r. ucropuyeckuii MaKCHUMyM TeM-
neparypol B 3anazanoit Cubupu — 8,93 °C, u3-3a Me-
PUIMOHAIBHOTO TIepeHoca CIoJla ATIAHTHYECKHX BO3-
IYITHBIX Macc. IDTO TOCIOCOOCTBOBATIO 06PA30BAHUIO
IJTOTHOI ocaZKoco/epsKaieil 06JJa4HOCTH, YTO TTOITBED-
JKJIAeTCs Oy YeHHbIMU HaMu pe3yabratamu (puc. 1, 6).
Kpome aroro, Beicokue suadenusi ns(Cs) B despase
2015 r. B mepexoJHOIl 30HE 3aperucTPUPOBAHbI Ha
¢one chopmMupoBaHHOTO 37€Ch OYara Temjaa B pe3yJib-
TaTe IMUKJIOHWYECKOH esATeJbHOCTH € TeMIepaTypHBIMI
anoMajuaMu, gocrturaoimumu 8 °C.

TaxkmM o6pa3oM, aHOMaJbHbIe 3HAUEHUS Ng pac-
CMaTpUBaeMbIX THTIOB oOJjadyHocTH HaJ 3amagHoit Cu-
6upbio HaGJIIOAMNCh Ha (POHE IKCTPEMATBHBIX POSIB-
nennit Asumarckoro (CuGMPCKOro) aHTHUIMKJIOHA, TJIy-
6OKOTO TIPOHUKHOBEHUS U MePUAMOHAIBHOTO MepeHoca
aTJIAaHTUYECKUX IIUKJIOHOB, a B 6oJiee PEJAKUX CAYYasaX —
mepeMerienns B 3amagHyilo CHONUpb TEIIbIX CpeHe-
a3MATCKUX BO3AYIIHBIX Macc. [Ipum 3TOM TOJIOKUTETh-
Hast o6paTHasl CBSI3b MeXY O0JaYHOCTBIO U A3HATCKUM
(CubupcknM) MaKCHUMyMOM MOJATBEPSKAAETCS Pe3yJIb-
tatamu u3 [22]. Tak, ycujeHne WHTEHCUBHOCTH 3TOTO
antuiukiaona Ha 1 rlla (Ha ypoBHe MOPsSI) MPUBOIUT
K yBeJTmueHWio Yncjaa 6e3007auHbIX JHel 3a 3UMy Ha
e[INHUIy B perHoHaxX ero HaXoxkaeHus. OTHAKO [e-
TATBbHBII aHAJIN3 aHOMATHHBIX WM3MEHEHWil peskuMa
00JIakOB B BbBIJIeJIEHHBIE TOAbI TPeOyeT HPUBJIEUEHIIS
JIOTIOJIHUTETbHOIT MH(MOPMAINN 0 TOJSAX [JaBJIeHus,
BEPTUKATBHBIX MPOPUIIAX TeMIepaTypbl U BIAKHOCTH
BO3/lyXa, a TaK:Ke CKOPOCTH U HANIPABJIEHWUH BeTpa.

B tab6s. 2 mpuBeneHB! OIEHKN XapaKTePUCTHUK JIH-
HeHOTO TpeH/la OTHOCHUTEIbHOW 0JM TMOKPBITUS TIO/-
CTHUJIAIONIell TOBEPXHOCTH PA3JUYHOTO TUIA OTHOCION-
HOIT 06J1a9HOCTBIO B (heBpase [ BCeX TpeX MUPOTHBIX
30H, a /IS T03KHOI 30HBI ellle W 32 BeCh 3MMHWI Ce30H:

An(type) = LAIL ’
(ns(type))

rjie a, — yrjaoBble K0a(hUINEeHTDI JUHENHOTO TpeH A,
HaliJleHHble METOZIOM HAWMEHBITNX KBAJAPaToOB Ha OC-
HOBe MHOTOJIeTHUX jaHHbIX ns(type). [lag comocras-
Jienus ¢ faaHpiMu Pocrunpomera npuHsaro At = 10 Jert.
Tumsr  ob6mayHoctn w3 Taba. 1, He BKIOUYEHHBIE
B TabJ. 2, UMeIOT HHu3KHe 3HauyeHus ns(type) min weii-
TpabHbLi TpeH mp | A,| < 0,02 Bo Bcex Tpex paccMar-
puBaeMbIX 30Hax J3amagHoit CHOUPH OXHOBPEMEHHO.

W3 Tab. 2 Bugno, uto mpupoct ns(St) — manbo-
Jlee WHTEHCHUBHBIN To Bceii 3amagHoit Cubupn B deBs-
pase 2001—2019 rr., a B 10)KHOI 30He — 32 BCIO 3UMY.
Tax:ke HaOmMOAETCS yBeJYeHne KOJINYecTBa 06JIAKOB
Ns B despasne mo BceMy IeneBoMy pernony. OpmHako
B 3uMHHIT ce30H B 1ejoM ns(Ns) B I03KHOH 30He cO-
Kpamfaercs. YMeHBIIeHHe 0N TOKPBITHSA o6JaKaMi
cpegHero sfpyca HalIofaeTcs B CeBepHOil U Tiepe-

Ta6auma 2

OleHKH XapaKTePUCTHK JUHeHOro Tpena ns(type)
Pa3JIMYHBIX TUIOB O00JIAYHOCTH U MHOTOJIETHHE CPeIHHe
(ns(type))s 3a ¢pespanp 2001—2019 rr.

Tun A”/<7’ls>, %
o6ma4Ho- Cesepnas |IlepexoaHas IOsxHas 30Ha

CTH 30Ha 30Ha (3uMHUIT ce30H)
St 0,77/2,3 0,53/2,9 0,40,2,6 (0,30,/2,7)
Ns 0,24/6,1 0,09/8,5 0,09/8,4 (-0,12,/10,1)
As -0,25/8,9 -0,08/7,9 0,11,/7,3 (-0,09/7,3)
Ac cuf — -0,07/2,4 — (=)
Ac und - 0,07/4,8 H/3,3 (-0,05/3,1)
Ci sp — — -0,19/2,2 (0,07,/2,2)
Cs — 0,02/2,0 — (=)

IlpumMedaHume. «<—» — HHU3Kas MOBTOPSEMOCTD, €CJII
(nsy < 2%; «H» — HeHTpasbHBII TPEH] MOBTOPSIEMOCTH, €CJII
[A,] <0,02.

XO/IHOIl 30HAX, a yBeJW4YeHHe 3TOr0 MOoKa3aTess — Ha
fore 3amaanoit Cubupu. Ilpm 3TOM KOJMYECTBO BbI-
MaBmMuX ocafkoB ¢ 1976 mo 2022 r. Hax paccMarpu-
BaeMoil TeppuTopHeil MeHsIeTcsl JIUIIb B IpeJesax
+10% wopmbl/ 10 set [8]. MoKHO TPEANOIOKUTD, YTO
COKpallleHne YHCJAd OCHOBHBIX — OCAQIKOCOEPIKAIIIX
00TaKoB cpegHero sipyca As KoMIeHcupyeTcs yBesH-
genneM St u Ns.

OrMeTuM, 4TO HaiijeHHble HaMu TpeHABI Ns(Ns)
n ns(St) me mpormBopevar npusegeHHbIM B [23] pe-
3yJIbTaTaM [ HIDKHell o6sadnoctn 3a 2001—2013 rr.
0 JaHHBIM Ha3eMHBIX MeTeocTaHInil 3amagHoit Cubm-
pu. NuTepecHoit 0cO6EHHOCTDIO SBJAETCS YMEHbBIEHNE
kosmuectBa Ac cuf u yBermuuenue Ac und B mepexon-
HOil 30He. JTH o6jiaka, HECMOTPsI Ha CBOE CXO/ICTBO,
o6pa3syioTcsl TOJ BO3/eiiCTBUEM Pa3JINYHBIX MeXaHU3-
MOB (KOHBEKIIMK M BHYTPEHHUX BOJIH COOTBETCTBEHHO).
O6maka xe BepXHeTo spyca B II€JIOM HMEIOT TeH/eH-
110 K cOKpaniennio B deBpase mo Bceil 3amaanoit Cu-
6upn 3a cuer obaaynoctu Ci sp. Ilpn atoM B 10KHOII
3oHe ns(Ci sp) 3UMOil yBeJMYHBACTCS.

Taxkum o6pasoM, pekUM 06JAYHOCTH TpeTeplieBa-
eT HamboJiee WHTEHCHBHBIE M3MeHeHWA B (eBpase Ha
ceBepe 3amaanoit Cubupu. OmHONH U3 TPUITH ITOTO
MOKeT ObITb Gojiee OBICTPBIH POCT CpeIHECe30HHON
TeMIIepaTypbl TPU3EMHOTO CJOSI, KOTOPBIE B HACTOS-
miee BpeMs jgocrturaer 3aech 1°C/10 mer [19].

Ha puc. 2 (uB. BKJIaZKa) IIOKa3aHbl BpeMeHHbIE
paIbl (T)s U (Fapers Aaa Ns, a takme (P)s u {(hpr)s
s St B despasme 2001—2019 rr. Hax pasIUYHBIME
MIIPOTHBIMU 30HaMu 3ama/Hoit Cubupn, a A1 10KHO
30HBI ellle U 32 Bech 3UMHUIT ce30H. [IInpoTHbIE oTIHY1IS
3TUX TApaMeTpPoB B (peBpasie MPOSBIAIOTCS B MeHbIIEH
ctertenu, deM B JieTHmil epuos [1]. [Ipm aTom HabJIIO-
faetcsa GONBIMNI KOHTPACT 3HAYEHWI IMepeyncJIeHHbIX
BBINIE XapPaKTEePUCTUK MeK/y CeBEepHOH M IMepexo/HOM
30HAMU, YeM Mex/y IlepexoJHoil u IoxkHOoil. B ceBep-
HOI U TepeXo/HOil 30HaX perucTpupyercs pocT 3Haye-
nuit (t(Ns))s ¢ ToI0KNTeIbHBIMI aHoMauaMu B 2002,
2012 u 2016 rr., a B 1I0)KHOHl — UX yMeHbIlleHHe KaK
B (eBpase, Tak u 3uMoil B 1enoM (puc. 2, a). Or™me-
THM, 4TO BpeMeHHble PsAbl (t(Ns))s B mepexomHoii
U I0XKHOH 30HaX XOPOIIO COTJIACYIOTCS MeXAy co6oil.

M3MeHYHBOCTD XapaKTEPHCTHK OHOCJOIHBIX 06JauHbIX MoJeil Haj 3amagnoit Cubupsio. .. 57



BnaueHns (r,pp(Ns))s B denpare 2001—2019 rr.
y6bIBaIOT B IIeJI0M TI0 Beeil 3amagnoil Cubupn ¢ moso-
SKUTeJbHBIMU aHoMasusgmu B 2010 r. u oTpuiaresb-
ueiMu B 2002 u 2016 rr. (puc. 2, 6). Ilpuuem B ce-
BepHOIT 30HEe COKpallleHHe TPOUCXOJNT WHTEHCUBHEE,
4yeM B TIepPeXO/HON M I0KHOI 30HaxX. OpHaKO 3UMOIi
3HAUEHUST (75qp(NS))s B I0OJKHOIl 30He yBeIUIUBAIOTCS.
AHanornuHas TeH/eHINSA K COKPAIIEHUIO 7,44 3a (eB-
paab 2001—2019 rr. mHabmomaercsa y obsaxkoB St, As
n Cs mo Bceit 3amagnoit Cubupu. Takum o6pasoMm,
MOKHO TIPE/TIOJIOKNTh, YTO YMEHBINAITCSI pPa3Mephbl
KPHUCTAJLJIOB JIb/la, U3 KOTOPHIX 00JaYHOCTb M COCTOUT,
WM YBEJMYUBAETCS [0JI SKUIKOKAIEeJbHBIX O0JaKOB.

B cesepnoit 3oHe B despase 2001—2019 rr. Ha-
6mogatorca  Gosee Bbicokne 3Havenma (P(St))s 1o
CpaBHEHHIO ¢ ocTaabHbIMU 3oHamu (puc. 2, ¢). Ilpex-
TTOJIOKUTETHbHO TPHYMHOI TOTO SBJSETCS AOMUHUPOBA-
HUe 3/IeCb B paccMaTpPUBAEMbIfl Ce30H aTJaHTHYECKHX
7 TIOJIIPHBIX ITUKJOHOB, SIBJAIONINXCS OJHUM U3 OC-
HOBHBIX MEXaHM3MOB 06pa3oBaHUA JaHHOTO THIA 00-
magroct [11]. TIpu atom Bogo3samac o61akoB St HH-
TEHCHBHO COKDAIAeTCS C TOJOKUTETbHON aHoMaJsei
B 2010 r. u orpurnareapubivMu B 2004, 2014 u 2016 Tr.
3navenus (P(St))s B (eBpasie B EePEXOAHOI 1 10KHOT
somax (a [Q1g mociegHell W 3a Bechb 3UMHHUII Ce30H)
3a paccMaTpUBAEMbIil TIepUOJl BpeMeHH IIPaKTHYECKH
He M3MEHSIOTCS, CYIIeCTBEHHBIX BBIOPOCOB He HabJIo-
JTaeTc.

3navenns {(hp(St))s cokpamaiorcs B QeBpase
2001—2019 rr. mo Bceit 3amagnoit Cubupm u 3uUMOIi
B IokHOH 30He (puc. 2, z). IIpm 5TOM IIOJOKUTENb-
nple anoManuu hgr(St) mabmogamucs B 2002, 2007
n 2017 rr., a orpumaresbupie — B 2006, 2012
u 2014 rr. OrMmeruM, uTo BpeMeHHble paabl (hpr(St))s
JUIST pacCMaTPUBAEMbIX IMHPOTHBIX 30H XOPOIIO COTJia-
cyloTcsl MeskIy co6oif, a Take C JaHHBIMU 34 BCIO
3UMY [Tl T03KHOW 30HBI B OTJWYHE OT JIPYTHX Iapa-
MeTpoB Ha puc. 2. [Ipw 3TOM JUHUHM TPEHIOB BBICOTHI
BepxXHell TpPaHWIBI CJOUCTBIX OOJAKOB TIPAKTHUYECKH
COBTMaIaloT. SIpKo BBIpa’keHHAs TEHAEHINS K YMeHb-
nrennio (figr)s B QeBpase HabMOaeTCS TOMBKO § NS
u As B ceBepHOil 30He, a B I0kHOH (B TOM umcie
U 3UMoit) oTMedyeH HeGOJIbIIOi IPUPOCT 3HAYEHHH JaH-
HOTO TapaMeTpa 10 BCeM THIaM O6JaYHOCTH B IEJIOM.

Taxkum o6pasoM, aHOMaTbHbIE (eBpaJbcKue 3Ha-
qeHUs (T)s, (Faggys, (P)s 1 (hgr)s Habmogammch B Te ke
TOJbI, UTO M JI Ns, a Takxke 2007 u 2017 rr. pusa St,
TaK Kak B 3TU ToAbl B 3amnajanoii Cubupu BCiO 3UMYy
661710 Temto, a BaugHIe CHOMPCKOTO MakcMMyMa OBLIO
MuHUMaJIbHBIM [17]. Otcioma MOKHO cesiaThb BBIBO/I,
YTO 9KCTpeMaJbHbIE TPOSIBIEHUS ITUPKYIATTHOHHBIX TIPO-
1eccoB B 3anaanoit Cubupn BIMAIOT He TOJBKO Ha pe-
JKUM 06JIATHOCTH, HO W HAa 3HAUEHNS ee XapaKTepPUCTUK.

B ta6a. 3 npuBeeHbl OEHKU OTHOCUTEIbHOIT MHO-
rojieTHell U3MEHYUBOCTH (T)s, (Tapa)s, (P)s U (Npr)s pas-
JINYHBIX THIIOB OOJAYHOCTU HAJ[ MCCIEAYeMbIMU I~
porubiME 30HamMu 3armaHoit Cubupu B deBpase, a s
I0’KHOW 30HBI ellle W 3a Bech 3UMHUII Ce30H. 3Have-
Huga A;, A, Ap 1 Aj PacCUUTHIBAIOTCA AHAJIOTUYHO A,;
{{"ysy 0bO3HaYAET IOCJe0BaTEbHbIE YCPEIHEHUS TI0
Mecsiy (ce30Hy) M MHOTOJIETHEMY psijly HaGJIio/leHHil.

Ta6auma 3
OneHkH XapaKTepUCTUK JHHEHHOTro TpeHAA (T)s, (Tapa)s, (P)s
u (hpr)s Pas3JMYHBIX THIIOB 0GJAYHOCTH U MHOTOJIETHHE

cpeanne (1)s), (Fope)s), ((P)s) 1 (hpr)s)
3a ¢espaiub (cezon) 2001—2019 rr.

Tun 06- | Ceepnas | Ilepexoanas 1O:xHasg 30ona
JIAYHOCTH |  30Ha 30H (3uMHUI ce30H)
A/ (T)s)

St 0,12/16 0,08/9,0 -0,10,/8,8 (-0,05/13)
Ns 0,15/13 0,13/9,1 -0,03 9,9 (-0,09,/12)
As 0,08/7,7  0,12/5,5 0,03/5,4 (-0,02,/6,0)
Ac cuf — 0,13/9,9 — (=)

Ac und — 0,05/5,8 H/5,2 (-0,07/7,7)
Cisp — — -0,02,/5,7 (-0,03/7,1)
Cs — -0,02,/4,0 — (=)

A/ (Fapp)s, MEM

St -0,16/25  -0,08/25 H/26 (H/3)

Ns -0,12/29  -0,08/28 H/27 (0,03/25)
As -0,06/37  -0,02,/39 H/41 (H/38)

Ac cuf - -0,05/34 - (=)

Ac und — -0,04,/33 -0,02,/33 (H/31)
Cs — -0,03,/34 — (=)

Ap/(P)s), T/M*

St -0,22/567 -0,10/179 -0,04/148 (-0,06,/258)
Ns 0,03/315 -0,02/169 -0,06,/135 (-0,05,/212)
As 0,06/459  0,15/237 H,202 (-0,06,284)
Ac cuf — 0,04,/131 — (=)

Ac und — H/83 -0,02,/70 (-0,04,/96)
Cisp — — -0,04,/112 (-0,03,/132)
Cs — -0,03/77 — (=)

A/ her)s, M

St -0,24/476  -0,30/463 -0,38/463 (-0,30,/434)
Ns -0,03/3618 H/3411 0,03/3363 (0,03,/4184)
As -0,02,/3956 H,/4032 H/4099 (H/4185)
Ac cuf - H/ 3848 -

Ac und — H,/3665 H,/3568 (0,02,/3775)
Cisp - - 0,02,/7509 (0,03,/7555)
Cs — H,/7346 —

N3 tabma. 3 BUAHO, YTO 3a paccMaTpUBAEMBIil Tie-
pPUOJI WHTEHCHBHO YBEJMYMBAETCS ONTHYECKAsS TOJIIH-
Ha 06JaKoB HIDKHETO W CPEHETo SIPYCOB B CeBEepHOI
U TlepeXoJHol 3oHax. B foskHOI 30He (1)s B (peBpase
U 3UMOU B II€JIOM Yy 3TUX THUIOB OGJAYHOCTH XapaK-
TepU3yeTcss OTPUIATEIbHBIM TpeHAoM. Y 06JaKoB
BEpPXHETo SIpyca ONTHYecKas TOJIITHA He3HAYNTETHHO
yMeHbIaeTcsd 10 Bcelt 3amagHoit Cubupm 3a cyer
Ci sp B 10:xHOiT 30He n Cs B nepexojHoii. dPpderTus-
HBII PaJyCc YacTUI[ COKPAIIAeTcsl y BCeX THUHOB 06-
JIAYHOCTH BO BceX IIMPOTHBIX 30HaX B (eBpaie,
a B IOKHOU 30He 3UMOIl yBeJIMYMBAETCS TOJBKO y 06-
nakoB Ns. llpu >ToM HamOOJbIIHHE  TPEeHI (Vapg)s
Hab6uolaeTcd B ceBepHOil 30He. Bogosamac o6akoB
HIDKHETO spyca B (eBpase 1mo Beeil 3amaanoit Cubupn
yMeHbITIaeTcsd, a cpejHero — pacTeT. B TokHOI 30He
B (peBpasie u 3a Bcio 3uMy (P)s uMeeT OTpHIIATeJbHbBIi
Tpena. HanGoJsiee HMHTEHCHBHBIE H3MeHEHUSI IIpeTep-
meBaeT Bojo3amac o6JakoB St B ceBepHoli 3oHe U As
B TepexofHOil. Y o6makoB BepxHero spyca (P)s xXa-
pakTepu3yeTcs OTPHIIATEJBHBIM TPEHAOM Kak B (eB-
paje BO BceX 30HAX, TaK U B IOXKHOW 3a BCIO 3HUMY.
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Bpicota BepxHeil TI'paHUIBI O6JAKOB HIKHETO sIpyca
B denpase 2001—2019 rr. mo Bceii 3anaguoit Cubupn
YMEHBINAETCS, CPeIHETO Apyca — OCTAaeTcsa TpaKTIye-
cku 0e3 u3MeHeHuii, a BepxHero — pacter. IlpudyeM
HanGoJiee 3HauUTEbHBIM (0COGEHHO B I03KHOI 30HE)
TPEHIOM XapaKTepuayioTcs obiaka St.

TakuMm 06pa3oM, 10 aHAJIOTUU C Mg CaMble 3HAYU-
TeJbHbIe W3MEHEeHUsI XapaKTePUCTUK OHOCJIONHOM
ob6aunoctu B ¢heBpasie MPOUCXOAT B CEBEPHOIl 30HE,
3aTeM B TI€PEXO/HON W B MEHbINell CTelleH! BBhIPAKEHbI
B I03KHOIA.

3akaouenue

OCHOBHBIM Pe3yJIbTaTOM PAabOTHI SIBJISIOTCS OIeH-
KU MHOTOJIETHell M3MEHUYMBOCTH XapaKTePHCTHK pa3-
JIMYHBIX Pa3HOBHUAHOCTel 06JaKOB HAA OTAeJTbHBIMI
MUPOTHBIME 30HaMn 3amagHoil Cubupn B 3MMHUIT Te-
puox 2001—2019 rr. Ha ux ocHoBe BBIJeJeHBI 0COGEH-
HOCTH W3MEHEHUSI PeKUMa OHOCJONHONW 06JAYHOCTH.
Tak, BBIABIEHO yBeJMUYeHNE JOJU IIOKPBITHS TepPHUTO-
pun 3amnagroit Cubupu B despane (a A1 10KHOI 30-
HBI ellle U 3a BeChb 3UMHHMN MepHo/) OCHOBHBIMH OCajl-
KocoJlepsKalmuMn obJakaMu HIDKHero gapyca Ns u St.
[lnga o6makoB cpegHero gpyca B (eBpajie B ceBepHOIt
U TepexoJHOWH 30HaX XapaKTepeH OTpHUIaTeIbHbII
TPEH/I Ns, a B IJKHON — MOJOKUTETbHBIN (HO 11 3U-
MBI B 11eJIOM OTpHIaTe/ bHbIi). [0/ 06/1akoB BepxHe-
ro gapyca no Bceit 3amagnoit Cubupn B deBpase yObI-
BaeT, a B IOXKHOI 30He 3a Bech ce30H BospacTaeT. Ham-
60Jee PaCTIPOCTPAHEHHBIMI OHOCTOHHBIMI 06JaKaMi
B HCcJIelyeMOM peruoHe B ¢eBpase, a B I0KHOI 30He
1 31MOH, OCTAIOTCA CJIOUCTO-J0XK/EBble 1 BBICOKOCJION-
cTble o6JaKa.

B despane 2001—2019 rr. HabaioqaeTcst yBeande-
HHUe ONTHYECKO! TOJIIMHBI 06JaKOB B CEeBEPHOI 1 Te-
pPeXo/lHOW 30HAX U yMeHbINeHWe [JaHHOTO IapaMerpa
B 10/kHOIT (B TOM 4ncie u 3a BCio 3uMy). DPpdexTus-
HBII pagnyc 9acThI yObIBaeT y BCeX TUIOB 06JIaYHOCTH
mo Bceft 3amagHoit Cmbnupm. MOKHO IIPeIHOTI0KUTD,
YTO yYMEHBIIAIOTCA U pa3dMepbl KPHUCTALJIOB JbJa, W3
KOTOpPBIX aTH o6Jaka coctosit. Bogosamac 06JakoB
HIDKHETOo sipyca yObIBaeT, a cpefinero — pacrer. C yde-
TOM 3HAUeHWH N M WX JUHAMUKHI MOKHO IIPEATIOJO-
JKUTh, YTO OCHOBHBIMH OCAJKOCOJEPSKAIINMHI OJIHO-
cnoifHpIME o6yakaMu B peBpasie Haja Bceil 3amagHOI
Cubupbio B JaibHelimeMm cTtanyT As, a He St mw Ns.
Boicota BepxHeil TpaHuIbI B (eBpajie 3a paccMaTpu-
BaeMbIil mepno]; yObIBaeT y OOJaKOB HIDKHETO sIpyca,
ocTaeTcsl HeM3MEeHHOI y 00TaKOB Cpe/IHeTo sIpyca W He-
3HAYNTEIHHO YBEJIIYNBAETCS ¥ 06JIaKOB BEPXHETO SIPY-
ca 1o Bceit 3amagHoit Cubupu.

Wccnenyemble mapaMeTpbl O6JIaYHOCTH —CUJIbHEE
U3MEHAIOTCA B CeBepHOI 30HEe 10 CPaBHEHUIO C JIBYMS
OCTAJIbHBIMHU, YTO IIPEANOJOKUTEJBLHO MOXKeT OBITh
CBsI3aHO ¢ O0oJiee BBICOKOII CKOPOCTBIO YBEJMYEHUS
TeMIepPaTypbl MPU3EMHOTO CJIOS 371eCh U COKpallleHneM
TLTOTITA/ T MHOTOJIETHETO MOPCKOTO JIbja [24].

Ha ocHOBe pe3ysbTaToB aHaIm3a BPEMEHHBIX Psi-
JIOB paccMaTpUBAEeMBIX B paboTe TapaMeTpoB 06JIaYHO-
CTH OTIpefieJIeHBI TOJbI, B KOTOpPbIe PETHCTPUPOBATIOCH
HanOOoJIbIIIee YUCJIO X AHOMAJIbHBIX 3HAYeHWil Ha/l pa3-

JIMYHBIMU  TMTUPOTHBIMU  30HaMK  3amnafHoil  Cubupu
B despasie (a 1ya 0KHOI ele U 3a Bech ce3on): 2002,
2010, 2012, 2014 1 2016 rr. Onenounble AOKIaabl Poc-
rUpoMeTa TO3BOJIUIN OTPEAeTUTh cOObITUsI, Ha (oHe
KOTOPBIX 3TH aHOMAJINU HaOMOAaNnuCch. Pe3ynabTaTbl
coTIOCTaBJIeHUs 3Toil MH(pOPMAIMK [JJAal0T OCHOBaHIe
Mpe/Ioiarath, 4T0 aHOMAaJIbHble 3HAYEHUs XapaKTepH-
CTUK 00JIaKOB OOYCJIOBJIEHBI 9KCTPEMAJbHBIMU TPOSB-
nenusMu - Asuarckoro (CuOGHUPCKOro) aHTHIMKJIOHA,
TIy6OKNM TIPOHNKHOBEHNEM W MepPUINOHAJIBHBIM TIepe-
HOCOM aTJaHTUYeCKUX IMKJIOHOB, a B 6ojiee pPeaKNX
cIydasX — TiepeMeleHreM Ciofla TEIIbIX CcpeaHeas3nar-
CKIX BO3IYIIHBIX Macc. llepcreKTuBHBIM HATIpaBIeHN-
eM JajbHelineil paGoThl SBJSIETCS U3yUeHHEe MeXaHU3-
MOB BJIMSHUSI 9TUX TIPOIECCOB Ha TapaMeTpbl 06JIavHO-
CTH C IIpUBJeYeHNeM JOIOJHUTENbHON WHMOpMAIu
0 TOJAX JaBJIEHUS, BEPTUKAIBHBIX TMPOPUIAX TeMIle-
paTypbl BO3/lyXa, €ro BJAKHOCTH, CKOPOCTH U HaIlpaB-
JleHnn BeTpa 3a (heBpasb MepeyncJIeHHbIX BBIIIE TOI0B,
KaK 3TO c/leJlaHO, HampuMep, B [25] mo JaHHBIM Ha-
3eMHBIX MeTeoCTaHIMH mian B [26] Mo JaHHBIM He-
CKOJIBKMX peaHasn30B.

DunancupoBanue. Pabora BbIllOIHEHA B paMKax
rocynapctBenHHoro 3ajganug NOA CO PAH.
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