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ATMOCOEPHAA PAAVAILIVA, OIITUYECKAA ITOTOAA N KIIMMAT

YK 551.5

N3MmeHeHUsI IUKJOHUYECKOU aKTUBHOCTH U OCAaIKOB
B atMocdepe BHETponnuecKuX mupotT CeBepHOro moJynapusi
B MOCJIE/THHE JAECSTUIETHS MO0 JaHHbIM peaHaan3a ERAJ
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Ha ocuose manubix peanaiuza ERAS sza nocrexnue pecsaruierus (1979—2021 rr.) moJyueHbl KOJUYECTBEH-
Hble OIIEHKH Ce30HHBIX M PErHMOHAJbHBIX OCOGEHHOCTEH UM M3MEHEeHUI IMKJOHUYECKONH aKTUBHOCTH B aTMoc(epe
CeBepHOTO TMOJIYIIAPUS; OMpeIeTeH BKJIaJ BHETPOMMYECKUX IIMKJIOHOB B (POPMUPOBaHIE COOTBETCTBYIONINX OCO-
GeHHOCTENl U M3MEHEHWNH peXmMa 0caakoB. [IoJyueHo, UTO BKJAJ BHETPONUYECKUX IMKJIOHOB B (hopMUpOBaHUE
006I1Iero KoJIYecTBa OCaJKOB B IesioM mpeBbiiiaer 60%, a s PerHOHOB € BBICOKOH TOBTOPSIEMOCTBIO IHUKJIOHOB
jJocTuraer 75% suMoii u 65% seroMm. IIpu 3ToM HamOOJIBIINH BKJIaJ BHOCAT MHTEHCHUBHbBIE LIUKJIOHBI — 0K0JI0 60%

3UMOit 1 0K0J10 35% JIeToM.

Knwuesvie cnosa: atmocdepHble MUKIOHDBI, ocaaku, CeBepHOe MOMyNIapue, peaHa N3, TpeHabl; atmospheric
cyclone, precipitation, Northern Hemisphere, reanalysis, trend.

BBeaeunne

BHueTpornmyeckue IITKJIOHBI UTPAIOT 3HAYNMYIO POJIH
KaK B aTMoc(epHOIl TUPKYJIIUN U dHEepreTHKe, Tak
1 B (POPMHUPOBAHNN MOTOTHO-KINMATHIECKOI M3MeHYH-
Boctu [1—4]. Hanbojiee nHTEHCHBHBIE IINKJIOHBI COTIPO-
BOJK/IAIOTCS CHJIBHBIMH BETPOM M ocajgkamu (cu/bHble
CHETOTIQ/Ibl 3UMON W JIMBHEBBIE AOKIN, TTPUBOIAIIIE
K HaBojaHeHuaM, JjertoMm) [5—7]. CorysacHo JaHHDBIM
Pocruzpomera B poccHiicKUX permoHax GOJBITHHCTBO
OTIACHBIX METEOPOJIOTHUECKIX SIBJECHIIT BBI3BAHbBI 9KC-
TpeMaJIbHBIMI OcaJiKaMu 1 BeTpoM. [Ipu aToM B mocJies-
HUe JeCATHJIETHS OTMEYEeHO 3HAYUTeJbHOe YBemyeHue
TTOBTOPSIEMOCTH  9KCTPEMAJIBHBIX MOTOHO-KJINMATIYe-
CKHUX SBJIEHUI, OCOGEHHO B JIETHUE MECSIIBI, CYIIECT-
BEHHO 00YCJIOBIEHHBIX N3MEHEHUSMI BUXPEBOI aKTHB-
HOCTH B atMocdepe U PErHOHATBHBIMU PEKUMAMU OCAJI-
kxoB [8, 9].

Oco6eHHOCTSIM U HU3MEeHEeHHSIM I[HKJIOHUYeCKOM
AKTUBHOCTH B aTMocdepe U PesKIMa OCATKOB MOCBATIEH
HNIMPOKWIT KPYr pasHOMAcHITaGHBIX HCCJIeTOBaHMUIA,
OT aHaM3a KOHKPETHBIX COOBITUIT 1 TIPOIECCOB IO TIPO-
THOCTHYECKUX OIeHOK Ha TJ06aJbHOM ypoBHe [1—3,
10—19]. B pane paboT cresaHbl OIEHKHN BKJIAJa ITNK-
JIOHOB B (hOpPMUPOBaHUE PEXUMOB aTMOC(EPHBIX 0Cal-
koB [18, 20—28] ¢ ucnosb3oBanmeM pa3HBIX MOIXO/IOB.
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[Tpu 5TOM OLEHKHU CBSI3U U3MEHYUBOCTU PEKUMA OCAl-
KOB, B YaCTHOCTH 3KCTPEMAJIbHBIX, C XapaKTePUCTHKA-
MU UKJIOHIYECKONH aKTHBHOCTH, C WX PErHOHATbHBIMU
U CE30HHBIMU OCOOEHHOCTSIMH 3aBUCST HE TOJBKO OT
UCIIOJIb3YEMBIX METOJIOB JIeTeKTHPOBAHUS I[HKJIOHOB,
HO U OT IJI06AJIbHBIX M PETHOHAIBHBIX KINMATHIECKUX
PEKIIMOB U MX M3MEHEHMIl.

Tno6asbhble U perHOHAIbHBIE KJINMATHYECKUE U3-
MEHEHUST COMPOBOIK/IAIOTCST U3MEHEHHSIMU KJTIOYEBBIX Xa-
PaKTEPUCTHK IIUKJIOHITIECKON aKTUBHOCTU B aTMOoc(epe,
B TOM YHCJIe HHTEHCUBHOCTH, MOBTOPSIEMOCTH, Pa3MepOB
U XapaKTepHBIX TPAeKTOpHil IUKJIOHOB. B wactHOCTH,
MIPH TOTEIIEHHH C YBeJUYEHHEM BJArOEMKOCTH aTMO-
cepsr caenyeT oxkugaTh GopMUpOBaHUSA Gosee TIy6O-
KHUX I[UKJIOHOB U 60Jjiee MHTEHCUBHBIX OCaJKoB [3, 29].

Hapsiny ¢ uccjieJoBaHusIMU U3MEHYNBOCTH OT/I€]Ib-
HBIX KJINMATHYECKUX IME€PEMEHHDbIX, HAlpPUMep MUKJIO-
HUYECKOIl aKTHBHOCTH U PEXIMOB OCQJIKOB B aTMoce-
pe, BaskHOe 3HaYeHUE UMEIOT OI[EHKH UX CBA3H, a TaKiKe
BO3MOJKHbIe n3MeHeHus1. [1o06HbIE OIIEHKN BaXKHbBI Kak
JUTST INarHOCTUKHU COBPEMEHHBIX N3MEHEHHH KJIIMara, Tak
U JIUIST OTIPeIeJIeHUsI CTETIeHN aIeKBAaTHOCTH Pe3yIbTaToB
MOJIEJIMPOBAHIS KINMATHIECKIX M3MeHEH il B OYAyIIeM.

Iporteccor (hOpMUPOBAaHUS IUKJIOHOB U OCAIKOB
B arMocdepe 3aBHUCAT OT pas3HbIX (AKTOPOB, B TOM
4ucjie OT BePTUKAJIbHON TeMIilepaTypHOil crpaTtudu-
karuu Tporocdepbl U ee M3MEHYHBOCTH. B Tmocseanue
Jecaruyiernss Ha (oHe TJI06ATBHOTO MOTEIIEHUs, CO-
MTPOBOXK/IAIONIET0CST POCTOM BJIATOEMKOCTH aTtMocdepsl,

377



HabJo1aeTcd  TEHJEHINS YMeHDBIIEHUS CTaTHYecKoil
YCTOWYMBOCTH Tporocdepsl ¢ yeuaenneM KOHBEKTHBHBIX
TporieccoB B aTMocdepe, 0CO6eHHO B JIETHWE Mecs-
usl [3, 8, 9, 30, 31]. D10 MpOgBIgETCSA, B TOM YHUCJE,
B HM3MEHYHBOCTU I[UKJOHUYECKON U aHTUIUKJIOHIYE-
CKOil aKTUBHOCTH, YBeJIHYEHUHU MOBTOPSIEMOCTH KOHBEK-
TUBHOII 00JIaAYHOCTH M KOHBEKTUBHBIX OCAJKOB, B Yac-
THOCTH JIUBHEBBIX [8, 9, 19, 32—34]. [l;1a onpenenerun
BO3MOJKHBIX TIOCJIE[CTBUN KINMATHYECKUX HM3MeHeHUl
HeoOXO/IMMBI COOTBETCTBYIONTIE KOJNIECTBEHHBIE OIlEH-
KII U3MEHEHHUI IUKJOHNYECKOIl aKTUBHOCTH, B TOM YILC-
Jie TIOBTOPSEMOCTH, WHTEHCWBHOCTH U Pa3MepPOB ITHKJIO-
HOB, a TaK)Ke UX POJIN B (POPMUPOBAHNN PETHOHATbHBIX
PEXMMOB OCAIKOB, BKJIIOYAsT 9KCTPEMATbHBIX.

[enb nanHON pabOTHI — MOJYUYHTD KOJNYECTBEHHBIE
OTIEHKH BKJIa/Ia BHETPOTIMUYECKUX ITUKJIOHOB B (DOPMIPO-
BaHMe PEKIMOB OCAJIKOB /IJII Pa3HBIX CE30HOB B Pa3JIiy-
HbIX perroHaXx CeBepHOro TOMyIMIApus U UX U3MeHe-
HUiT 3a nocyennue Aecartuiaetusi. HoBusHa mnpejsarae-
MOTO TIOAXOJa TI0 CPaBHEHWIO, HampuMep, ¢ paboTa-
Mu [24—27], 3akmiodaeTcs B y4eTe W3MEHEHHU pa3Me-
POB IIMKJIOHOB B TeyeHHe WX >KU3HEHHOTO IMKJA JIJIs
YTOUHEHWS KOJMYECTBEHHBIX OIIEHOK BKJIA/A ITUKJIOHOB
B (bopMupoBaHUe pekIMa 0CAIKOB.

I/ICHOJIb3yeMI)Ie JAaHHbI€ U METO/bl aHAJ/JIU3a

Jl1 aHanmM3a pernoHaIbHBIX U CE30HHBIX XapaKTe-
PUCTHUK aTMOC(EPHBIX ITMKJIOHOB W CBA3AHHBIX C HUMHU
0CaJIKOB BO BHeTponndeckux umporax (> 20°) CesepHo-
TO TOJIYIIAPHUS UCIOIb30BAIUCH MOJIS MPU3EMHOTO /1aB-
JIEHUST M OCAJIKOB 10 JJaHHBIM peaHasnda ERAS [35, 36]
C 1IaroM 110 BpeMeH! 6 4 ¥ TOPU30HTATBHBIM MTPOCTPaH-
cTBeHHBIM paspelienueM 0,25° B 1979—2021 rr.

OTH JIaHHbIe CTJIAKUBAJUCh U 3aTeM HUCIOJIb30Ba-
Juch I uaeHTHdUKAIE aTMOCepPHDBIX IIHKJIOHOB
BO BHETPONHYECKHX IMNpoTaX CeBepHOro MoJyliapus
MeTo/IoM, ofncaHubiM B [14, 15, 37]. Iluk/aoHbl ompe-
JIeJIAJINCh KaK 06JIaCcTH TTOHWKEHHOTO JaBJIEHUS, OTpa-
HUYEHHble 3aMKHYTBIMH m306apaMu. VIHTEHCHBHOCTD
(rmy6una) IMKJIOHA BBIYUC/IANACH KaK PA3HOCTh MeKILy
JaBJeHNeM Ha TocjegHell 3aMKHYTOI m3o6ape W MUHH-
MaJIbHBIM JIaBJIEHHEM B IIUKJOHe. OHepreTuKa IHK-
noHOB (KUHeTHYecKas SHEpPrusg) OLEHMBAIACh aHaJIO0-
ruubno [15, 16, 38] BesunvmHON, TMPOTOPINOHATBHOM
KBaJlpaTy MHTeHCUBHOCTH (rJIyOUHBI) IIHKJIOHA. Xapak-
TepHBIN pasmep (paauyc) NHKJIOHA OMpPeNessIcs Kak
cpejiHee pPaccTosdHUE OT IIeHTpa IUKJIOHA JI0 TOCeIHel
3aMKHYTOH n306apbl. XapakTepuCTUKN IIMKJIOHOB, pac-
CUWTAaHHble JAaHHBIM METOJOM, XOPOIIO COTJACYIOTCS
C XapaKTepUCTUKAMU, TOJYYeHHBIMI IPYTUMU METO-
namu unenTudukanun mukiaonos [3, 10, 39, 40].

Mpbl aHAIM3UPOBAJIN HECKOJIBKO IOKa3aTeseil IiH-
KJIOHNYECKON aKTUBHOCTH: TIOBTOPSIEMOCTh I[HKJIOHOB
(4icI0 1UKJIOHO-AHeH 3a Ce30H), MOBTOPSIEMOCTDb IIU-
KJIOHOB € WHTEHCHBHOCTBIO BbImie S rlla, moBTOpse-
MOCTb MHTEHCUBHBIX LHUKJOHOB (C MHTEHCHBHOCTBHIO
6omee 15 rlla (90-if mepleHTUIb UHTEHCUBHOCTH OCAJ-
KOB)), PpasMepbl (XapaKTepHbIii paamyc) IIMKJIOHOB.
JII KaskI0T0 IMKJIOHA PACCUYNUTBIBAIOCH OCpPeTHEHHOEe
1O TLJIOTIA/IA, 3aHUMaeMOIl IIUKJIOHOM, KOJIMYECTBO Ha-
KOTJIEHHBIX 3a 6 4 0Ca/IKOB, aHaJOTHYHO pabore [24].

PesyabTatsl u 00CysK/AeHUE

PaccMoTpuM pacmpesiesieHUs aHATN3UPYEMBIX MO-
Ka3atesieil B CeBepHOM TMOJIyIIApUN 3UMON U JIETOM,
MOCTPOEHHbIE Ha OCHOBe JaHHBIX peaHasn3a ERAS
3a 1979—2021 rr. (puc. 1—4, uB. Braagka). Ha puc. 1
TpejicTaBJeHbl  MIMPOTHO-ZIOJTOTHBIE — paclpeeseHus
TTOBTOPSIEMOCTH IIUKJIOHOB U 0CaJIKOB. [loBTOpsieMOCTb
atMoc(epHBIX IMKJIOHOB OIpe/eisaiach ¢ y4eToM WX
miomaan. Hapsaay ¢ MakcuMyMaMu KOJTHYeCTBa IIHKJIO-
HOB 1 0CaJ{KOB HaJ AT/JaHTH4YecKuM 1 THUXNM OKeaHaMI
U 3UMOIl M JIeTOM MOKHO OTMETHTDH IOBBINIEHHYIO I0-
BTOPSEMOCTD ITNKJIOHOB M OCAJKOB B JIETHUE CE30HBI
HaJl KOHTHHEHTATbHBIMI PErMOHAMM, B YaCTHOCTHU CBS-
3aHHBIMHI € OOJacTIMH MYCCOHHOW aKTHBHOCTH. [lpm
9TOM pacroJiokenne obracteil Hanbosee CIHIbHBIX 0Ca/I-
KOB MeHSeTCs B pa3Hble Ce30HbI B MeHbINEH CTerneHH,
YyeM MHTEHCUBHOCTb OCAIKOB.

Ha puc. 2 mpuBe/eHbl IPOCTPAHCTBEHHBIE pacipe-
JleJIeHUs CPeJIHMX 3HAueHUil CBA3aHHBIX C IUKJIOHHYE-
CKOIl aKTHUBHOCTBIO OCAaJKOB M OTHOCHUTEJbHOTO BKJaza
arMocepHBIX ITHKJIOHOB B (hopMUpPOBaHIEe OOIIET0 KO-
nmdecTBa ocakoB B CeBepHoM Tosymapuu. Haun6osb-
1ee KOJIMYeCTBO OCAJKOB BBIMAJAaeT B PerMOHaX C TIOBbI-
MIEHHOH IMKJOHUYECKOIl aKTHMBHOCTBIO HaJ OKeaHaMH.
ITpn 3TOM KOJMYECTBO OCAJKOB, CBSI3aHHBIX C ITHKJIO-
HaMH, JOCTUraeT 5 MM/ IeHb 3uUMOH 1 3 MM/ JieHb Je-
TOM, YTO COTJIACYeTCS C PEe3yJbTaTaMU, MOJYYeHHBIMU
B [23].

Ha puc. 3 mokasanbl mpocTpaHCTBEHHbIE pacipe-
JleJICHIsT CPeHUX 3HaueHHi OTHOCHTEIbHOTO BKJaja
UHTEHCUBHBIX UKJI0HOB (¢ Tay6unoii Gosee 15 rlla)
B QopMupoBaHue oO6IIero KosamyecTBa ocaakoB B Ce-
BepHOM mosymapnu. [lodTnm Bo BcexX pernmoHax 6oee
60% 00IIero KoJmdYecTBa OCAIKOB CBSI3aHO C BHETPO-
MUYeCKUMM TMKJOHAMU. /[JIS PErnoHOB € BBICOKOI
MOBTOPSIEMOCTBIO IIHKJIOHOB 9TOT BKJIAJ] JOCTUTAET 75%
auMoit u 65% serom (cM. puc. 2, 6—2).

C nHanboslee MHTEHCUBHBIMU aTMOC(EPHBIME K-
JIOHAMMT CBSI3aHBI 60Jiee MHTEHCWBHBIE ocafku. [loryde-
HBI JIOCTATOYHO BBICOKNE 3HAYeHUS K0d(DDUIMEHTOB
KOPPEJIATINN MeXK/y WHTEHCHBHOCTHIO BHETPOIMMYECKITX
IIIKJIOHOB 1 OcajJlKaMi B MukJoHe: (0,73 — 119 3UMHIX
ce30HO0B, 0,76 — g jeTHux ce3oHoB u 0,74 B 1ieioM
3a rox s nepuoga 1979—2021 rr. Ilpu sToM Han6ob-
it BRI B JOPMUPOBAHIE OCAKOB CBSI3aH C MHTEH-
CHUBHBIMU I[UKJIOHAMI: COTJIACHO TIOJyYeHHBIM OLleHKaM
LUKJIOHBI ¢ UHTEHCHUBHOCTbIO Gojiee 15 rIla orsercr-
BeHHbI 3a 60% OCAAKOB 3UMOIL; /IS JIETHUX CE30HOB
9TO 3HaYyeHue IOYTH BABOe MeHblIe — 35% (cM. puc. 3).

Puc. 4 xapakTepusyeTr MpOCTPAHCTBEHHbBIE PacIpe-
JIeJIeHIsT OI[eHOK TPEH/IOB MOBTOPSIEMOCTH BHETPOIHYE-
CKUX IUKJIOHOB U K03(hUINEHTOB KOPPEISIINU MEXKIY
MOBTOPSIEMOCTBIO TIHKJIOHOB W KOJUYECTBOM OCAJIKOB.
CormacHo puc. 4, BbICOKast KOPPEJIII MeKIy TOBTO-
PAEMOCTBIO TTUKJIOHOB M OCAJKaMU TIPOSIBJIAETCS, B Ya-
CTHOCTH, B BBICOKUX TIUPOTAX W HAJ OOMIUPHBIMH 006-
sactaMu EBpasum Kak JIUIST 3UMBI, TaK W JJI JIeTa.

3akaoueHue

[TosryueHb! HOBbIE KOJTMYECTBEHHbIE OI[EHKN BKJIA/IA
IIIKJIOHOB B (hOpMHpPOBaHNE OOIIEr0 KOJIMYecTBa OCa/l-
KOB B aTMocdepe BHeTpolnmuecknx Imupor CeBepHOro
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MOJIYIIAPUS [IJI1 PA3HBIX CE€30HOB TI0 JIAHHBIM PeaHasH-
3a ERAS 3a 1979—2021 tr. BbIABIE€HBI PETHOHBI C HAU-
GOJIBIIINM KOJIMYECTBOM OCAJKOB, CBSI3aHHBIX C I[HKJIO-
HUYECKON aKTUBHOCTHIO HaJ ATJaHTHYeCKUM 1 Tuxum
OKeaHaMH. BbIcokas Koppessims MeK1y MOBTOPSIeMO-
CTBIO IMKJIOHOB U OCaJKaMH W 3UMOMH, U JIETOM OTMe-
YeHa /I €BPOTECKIX PEeTMOHOB U B BBICOKHUX ITHPO-
tax CeBepHoro mnosymapus. CorjacHo TOJy4YeHHBIM
OTIeHKaM, /i OOJBIINHCTBA PETMOHOB BKJIAJ BHETPO-
MMYeCKNX IIKJOHOB B (hOpMUpPOBaHUE 06TIETO KOJimde-
cTBa ocaakoB mpeBbimaer 60%, 4To 3aMeTHO GoJIbIle
OTIeHKH, clleTaHHON B paboTe [24]. Pazmuymsa moryt
ObITh CBSI3aHBI C PA3HBIMU YCJIOBUSAME (DUIbTPAIIUN
IIUKJIOHOB. /[JIsT PETHOHOB € BBICOKOI TIOBTOPSIEMOCTHIO
HUKJIOHOB 3TOT BKJaj JocTHraer 75% 3uMoil m 65%
getoM. Hambompmuit BkIag B (QopMUpPOBaHIE aTMO-
cepHBIX OCAJKOB CBSI3aH C WHTEHCHUBHBIME IIMKJIOHA-
MU: 0KoJio 60% /118 3UMHUX CE30HOB U OKOJIO 35% JId
JIETHUX. ODTH OIIEHKH COBIAJAIOT C [OJYyYeHHBIMU
B pabote [24].

@unancupoBanne. PaGorta BbmosHeHa npu (-
HaHcoBoll mognepskke PH®D (rpant Ne 22-27-00780).
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Puc. 1. TlpocTpaHcTBeHHbBIe paclpe/esieHusl CPeJHNX 3HAYeHUH MOBTOPSAEMOCTH HUKJIOHIMIecKol axrusHOcTH (¢, 6) W OCAIKOB
B armocdepe CesepHoro nonymapusa s sumbl (@, 6) u gera (6, 2) mo ganHbIM peanaausa ERAS 3a mepuon 1979—2021 rr.
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Puc. 2. IlpocTpaHcTBeHHble paclipeje/leHUsl CPeJHUX 3HAUeHHI CBA3aHHOIO C IMKJIOHHYECKON aKTUBHOCTBIO KOJHYECTBA OCA-
k0B (@, 0) I OTHOCUTEJBHOTO BKJTaga aTMOC(hepHBIX IHKIOHOB B (hOpMUpPOBaHHe OOLIEr0 KOMMIecTBa 0caAKoB (6, 2) B CeBepHOM
MOJTyIIapuy 3UMOII I JieToM 1o AaHHBIM ERAS 3a mepuox 1979—2021 rr.



BkJai MHTEHCHBHBIX IIHUKJIOHOB, Y%
60
55
50
45
40
35
30
g 25
20
15
10

Puc. 3. IIpocrpaHCTBEeHHblE paclpejeleHyd CpeJHUX 3HaueHUil OTHOCHTEeJbHOrOo BKJaja HHTEHCHUBHBIX IMKJIOHOB (=15 rlla)
B (opMupoBaHue o6Iero KoauuecTBa ocagkos B CeBepHoM mnoayuiapuu sumoit (@) u jerom (6) 1o gaHHBIM peaHanuza ERAS
3a nmepuox 1979—2021 rr.
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Puc. 4. TlpocTpaHCTBEHHBIE pACTIpe/eJIeHNs OIEHOK TPEeHI0B MOBTOPSAEMOCTH IHUKJIOHOB (¢, 6) U K03 (PUIMEHTOB KOPPeIAIin
MesK/ly TIOBTOPSIEMOCTBIO IUKJIOHOB U ocaikaMiu B atMocdepe Ceseproro noayimapusi sumoit (@, ¢) u aerom (6, 2) 1Mo JaHHBIM
peananmuza ERAS 3a nepuog 1979—2021 rr. ToukaMu OTMeYeHbI CTATUCTHYECKH 3HAYMMble Ha ypoBHe 95% peruoHajbHbe OLEHKH
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