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OcHoOBHas 11eJIb JAaHHOI paboThl — 0000IIeHNE TaHHBIX MHOTOJIETHUX HAOTIOAECHUIT 32 THIPOMETEOPOJIO-
ruyeckuMu napamerpamu B Kacnmiickom makpopernone. CpemaHsisi rogoBasi TeMIieparypa Bo3ayxa 3a Mo-
ciengaue 30 et B permoHe yBeanumiiack Ha 1.0°C, TemmnepaTypa MOBEpXHOCTHOTO ¢jiost Boabl — Ha 0.3°C,
MPOCIEXMBAETCS 3HAUMMasi MEpUIMOHaIbHAsI HEOMHOPOMTHOCTD UX pacmnpenesieHus. B HacTosiiiee Bpemst
CYMMApHBIIl PeYHOIl CTOK B MOpE COCTaBJIsIeT oKoio 275 kv>. B 1996—2020 IT. OTHOCHUTEIBHO Meproaa
1961—1990 rr. HaGmomaeTcsl yMeHbIIIeHHe 0O0beMa roIoBOTO CTOKA JUISl BCeX peK, Bhamaromux B Kacrmii-
ckoe Mope. IHTEHCUBHOCTb CHUKEHMSI PeYHOro cToka 3a 1996—2020 rr. B cpenHeM cocTasiia 0.12 k> B
rofi, Ipy 3TOM HanboJyiee THTEHCUBHO CHIKaJICS cTOK Bonru u Kypsel. B yclioBusIX moteruieHUsT 1 CHUXKe -
HUS CTOKa MPOIOJIKAeTCs CHIKeHUe YpoBHsT Kacruiickoro Mopsi, HayaBieecst B KoHile 1990-x ronos. K
Havamy 2023 I. cpemHsisi oTMeTKa ypOBHS mocturiia —28.70 M OTHOCUTENILHO HyJIsd banTuiickoii cUCTeMBl,
YTO MTPUMEPHO Ha 2 M HUXE 10 CpaBHEHUIO ¢ oTMeTKOM 1995 r. [TpuBoauTCS OlLIeHKA OCYILLIEHUS TIPUOpPEX-
HBIX TEPPUTOPUil, KOTOPOE K HACTOSIIIIEMY BPEMEHH COCTABIIIO 6osiee 22 ThIC. KM IPEUMYIIECTBEHHO B Ce-
BepHOIT Hanbosiee MEIKOBOIHOM YyacTh Mopst. O6GCyKIaloTcss U3BMEHEHUSI BETPOBOTO peXnuMa, Habaonae-
MOTO YBEJIMYEHUSI CPEIHEMECIYHON M CPEeTHEeTrOoNOBOil CKOPOCTHM BeTpa OTHOCUTEIBHO CTAaHIAPTHOTO
OITOPHOTO Meproaa. YCTAaHOBJIEHO, YTO HANOOJIbIIIEH MOBTOPSIEMOCThIO OTJIMYAIOTCSI BOCTOYHbBIE U 3amaj-
HbI€ BETPBI, KOTOPHIE BHI3BIBAIOT IITOPMOBBIC CTOHBI U HATOHBI, OKA3bIBAIOIINE Pa3pyIINTEIbHOE BO3ME-
CTBME Ha TIpUOpeXHbIe TeppUTOpUH. [IpUBOAUTCS CTATUCTUKA CTOHHO-HATOHHBIX SIBJCHUHN TSI 4 MOPCKUX
cranumii 3a 2010—2021 rr. AMIUIMTYIa CTOHHO-HAaroHHBIX KoJIeOaHUi ypOBHS B paiioHe JlaraHu mocturaer
MaKCUMaJTbHOI BeTnunHbI 3.0—3.5 M, B To BpeMst Kak B Maxaukajie oHa cocTanisieT okoJio 1 M. [TpuBoaut-
Cs1 aHAJIM3 Ce30HHON N3MEHYMBOCTU CTOHHO-HArOHHBIX KOJIeOaHUIA.

Karouesnie crosa: Kacnimiickoe Mmope, Bojra, usMeHeHUs KiiMMmara, TeMIiepaTypa Bo3ayxa, TeMIiepaTrypa Bo-
IIBl, YDOBEHb MOPSI, PEYHOI CTOK, BETep, CTOHBI, HATOHBI

DOI: 10.31857/82587556623060109, EDN: AXJSNZ

BBEAEHWE

Kacnuiickoe Mope — caMblii KpPYIHBI 3aMKHY-
TBII COJIOHOBaThI BogoeM Ha 3emiie. OCHOBHBIMU
€Tr0 OCOOEHHOCTSIMU SIBJISTIOTCS U30JIMPOBAHHOCTD OT
MupoBoro okeaHa M CyIIeCTBEHHass MEPUIMOHATb-
Hasl MOPOTSIKEHHOCTh. Bisitomuiics, 0O CyTH,
OTPOMHBIM 03€pPOM, HO M3-3a CBOUX PA3MEPOB HA3bI-
BaeMblii MopeM, Kacrnuii pacronaraercst B IByX KJIv-
MaTUYECKUX 30HAX: YMEPEHHOU U CyXUX CyOTpOIr-
KOB (102XKHasI 9aCTb MOPSI).

Crnenys repmuHonoruu (Metomsr ..., 2012), B aToit
paboTe KJIMMaTUYEeCKHE U3MEHEHUS] OMNPEeaesioTCs
KaK OTJIMYUE COBPEMEHHBIX KJIUMAaTUYECKUX YCJIO-
BUIi B OIpeNCIeHHON 001aCTU OT YCIAOBUM NIpeabIay-
X nepuonoB. McciaenoBaHus CBUIETENbCTBYIOT O

TOM, YTO B 3TOM CMBICJIE KIIMMATHYECKUE YCIOBUS
Kacnuiickoro MakpopernoHa B HAcTOSIIEee BpeMs
MeHsiioTes (Tpetwuii ..., 2022). B nepByto ouepeab 310
KacaeTcs YBIAXKHEHHOCTH U TEMIIEPaTypPHOTO PEXKU-
Ma, a TaKKe CBSI3aHHOTO C HUMH JIEIOBOTO peXXruMa B
ceBepHO yacTu Mopsi. CpeaHsisi ronoBasi TeMIiepa-
Typa Bo3myxa 3a rocijiemtarie 30 JeT B pOCCUICKOI YacTh
Mops yBeanuwmwiaachk Ha 1.0°C, cKOpOCTb NMOTEIUIEHUS
cocraBwia B cpemHeM 0.46°C/10 ner (IlpobGmeMsr ...,
2021), ipu TOM, 4TO B IJTOOATbHOM MacIlTabe 3Ta Be-

Jm4uHa cynmectBeHHo Hmxe — 0.19°C/10 ner!. Dro

1 https://library.wmo.int/index.php?lvl=notice _dis-
play&id=20166#.ZFOq3kvP2Ul (mara oGpartenust 15.03.2023);
https://library.wmo.int/index.php?lvl=notice_display&id=
20130#.ZFOq3kvP2Ul (nata oopatenust 15.03.2023).
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T'MIPOMETEOPOJIOTUYECKUE TMOKA3ATEJIN COCTOAHUSA POCCUMNCKOI'O

MPUBEJIO K MOBBIIIEHUIO CPETHEN 3a TTIEPUOL TEMITE-
paTypbl IOBEPXHOCTHOTO CJI0sI BOJBI HA POCCUICKUX
OCTPOBHBIX TUAPOMETEOPOJIOTMUECKUX CTAHIIUSIX Ha
0.4°C (KyparmoB u np., 2020).

CymiecTBeHHOE TMOTEIUIEHME B 3MMHMU CE30H
MPUBEJIO K CMSITYEHUIO JEIOBBIX YCJIOBUI B CEBEPO-
3amagHoit yactu Kacnusg. CHU3MIIOCH KOJIUYECTBO
CYpOBBIX 3UM. IleproaAUMIHOCTE CYpOBEIX 3UM B XX B.
cocraBisiia 15—16 jer, a B COBpeEMEHHBIN KIMMAaTH -
yeckuii nepuon (1991—-2020 rr.) — 27 et (omHa cypo-
Bag 3uma 2011/2012 rr.). CpenHee 4MCIIO THEM B Jie-
JIOBBIII IEPUO CO JbIOM B COBPEMEHHBIX YCIOBUSIX
Ha o. TromeHuit coctaBwio 31 neHb, COKpATUBIINUCH
II0 CPaBHEHUIO CO CPeOHEM MHOTOJIETHEH IPOIOJI-
XKUTEIbHOCTBIO Ha 19 mHel, a cpoOKU IIOJTHOTO OYM-
ILIEHUsI OTO JibIa CABUHYJIWCH Ha 17 MHE B CTOPOHY
6ostee panHux mat (IIpo6aemsr ..., 2021). C kaxnbiM
rOIOM YMEHBIIIAeTCs 30HA PACIIPOCTPaHEeHMSI JIbIa 1
TOJILMHA JieAssHoro ImokpoBa (JlobaHos, Haypo3oae-
Ba, 2021; IIpoGaemsr ..., 2021).

C oBBIIIIEHNEM TeMIIEpaTyphl BO3IyXa HabJIroma-
€TCcsl yCTOHUYMBas TEHAEHIIMS K CHVDKEHUIO KOJTMYeCTBa
OCaJKOB Y MOBBIIICHUIO UCIIAPEHUSI ¢ MOBEPXHOCTU
MODPSI M TIPWIETAIOIINX TeppuUTOpUii. MHTEHCUBHOCTD
CHIDKEHUsI KOJIMIECTBA OCAIKOB cocTaBmia 1.9 MM B
roi, B TO BpeMsl KaK MCHapeHUe yBeJIUYMBACTCS B
cpemHeM Ha 2.1 MM B TofI.

Hab6momaromuecs: KiIMMaTUYeCKUE W3MEHEHUS
OKa3bIBaIOT BO3/IEHCTBIE HA pa3IMUHbIE OTPACU pe-
TMOHAJIbHOU 9KOHOMMUKU, CBSI3aHHBIE C MOpeM (110-
Oblya He(PTU M Traza, CyJOXOICTBO, PHIOOJOBCTBO U
I00blYa MOPENpPOAYKTOB, CEJIbCKOXO3IHCTBEHHOE
MPOM3BONICTBO, PEKPEALIMOHHbBIE PECYPChI), a TAKXKe
Ha 30pOBbE W OJIATOTIOJIydYWE€ HACEJIEHUS PEruoHa
(Tperuii ..., 2022).

OTU U3MEHEHMS OTpaXalTCs Ha TUIPOJIOrO-TUI-
POXMMHUUYECKOM PEXUME MOpPS, €ro IKOCHUCTEME U
ouosiornyeckux pecypcax. IlociaeacTBusi KauMaTu-
YECKMX M3MEHEHMI [JI1 MOPCKUX U TPUOPEKHBIX
9KOCUCTEM peruoHa 3apybOexxHble HCClenoBaTeln
yXe HaszbiBaloT KatacTtpodudeckumu (Lahijani et al.,
2023b; Prange et al., 2020). OHU TIpUBeIN K CHIDKEHUIO
onornponyktuBHoct CeBepHoro Kacrmst, yciaoBus
JIJIS1 pa3BUTUST OMOJIOTMYECKUX COOOIIIECTB CTaIu MEHee
onaronpusatHeiMu (KyparoB u ap., 2020). Hat6mona-
FOTCSI BCIIBIIITKY IIBETEHUST BOIOPOCIICH B IIPUOPEKHOM
30HE 1 Ha MEJIKOBObE B JIETHUI Mepuo, 3BTpohUKa-
s, rurokens (Karynus, 2014). CvsirdeHue aen0-
BOT'O pEXHMMa, y4yallleHUe 3UM 0€3 yCTOMYMBOTO JieNsi-
HOTO TTOKPOBa MPEACTaBISIOT CYLLIECTBEHHYIO YTPO3Y
MOMYJISILIAU €AUHCTBEHHOTO KaCIIMCKOTO MJIEKOITH -
TalOIIEro — TIOJIEHS, MOCKOJbKY MPaKTUUECKU MpPU-
BOJSIT K MCUE3HOBEHUIO MECT Pa3MHOXKEHMS ISl HUX
(Prange et al., 2020). OmycThIHUBaHUE, YChIXaHUE TIPH-
OpEeXHBIX TEPPUTOPUIA, 3aJMBOB, BOTHO-O0OJIOTHBIX
YIOJWiA, pEYHBIX JEJIBT, PACIIPOCTPAHEHME MTOXKAPOB Ha
OCYIIEHHBIX TEPPUTOPUSIX YTPOXKAIOT KU3HU U 310PO-
BBIO JIIOACH U SKOHOMUYECKOM NESTEIBHOCTA HA TIPU-
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opexnbix Tepputoprsx (Lahijani et al., 2023a; Lattua-
daetal., 2019).

B cBs13u ¢ 5TUM TIpeacTaBiisieTcsl aKTyaIbHbIM M3y~
YEHNE OCHOBHBIX TUIPOMETEOPOIOTUYECKUX MPOLIEC-
COB, npoucxoasiux B Kacruiickom MakpoperuoHe, u
OCOOEHHOCTEM X COBPEMEHHBIX U3MEHEHWIA 10 I -
CTBUEM MEHSIONIETOCS KJIMMAaTa, a TaKXKe BIUSTHUS
KJIMMaTU4ecKuX (hbakTOpOB Ha COCTOSIHUE OKpYKaro-
el cpeabl U 3KkocuctemMy Kacmmiickoro Mopst mist
o0ecrieyeHusl yCTOMYMBOTO pa3BUTHS peTMOHA U pa3-
paboTKu Mep Mo aganTaliu K U3BMEHEHUSIM KJIuMaTa
N CMSATYEHUIO UX HCGHaFOl'[pI/IHTHbIX l'[OC.J'lCﬂ,CTBVIﬁ.

OcHoBHag 1Liedb JaHHOI pabOTHl — 00O0OIICHNE
MHOTOJIETHUX HAaOMIONEHUIT 32 TUAPOMETESOPOTIOr-
yeCcKMMM napameTpaMu B KacnuitckoMm permoHe ajis
OLIEHKU UX U3MEHYMUBOCTHU B YCJIOBUSIX MEHSIIOIIETO-
cd KJImMara.

MATEPHAJIbI U METOAbI NCCITEAOBAHUA

B paboTe ncnonbp3oBannch JaHHBIE HAOTIOOCHWIA
3a BETPOM, YPOBHEM MoOpsI, CTOKOM Boniru Ha rocy-
JapCTBEHHOM HabmomarellbHON ceTn DenepaabHOM
CIIyXOBbl II0 TUAPOMETEOPOJOTUH M MOHMTOPUHTY
okpyxatomieit cpensl (PocruagpomeT) (8 MOpCKMX U
23 yCTheBBIX CTAHIMI M IIOCTOB), a TakKKe JaHHEIC
TUIPOMETEOPOJOTMIYECKUX CIYKO IIPUKACTMICKUX
rocyaapcTB, MoJlydaeMble 10 23 MOPCKUM CTaHLUSIM
B paMKax MeXIyHapoaHOro oomeHa 1o JuHuu Ko-
OPAMHAIIMOHHOIO KOMUTETA IO TUIPOMETEOPOJIOTUN
Kacnuiickoro mopst (KACITKOM) (puc. 1).

B cooTBeTrcTBUM C PEKOMECHIaAINAMMN BCCMI/IpHOI‘/JI

MeTeoposiornueckoi opranusauuu (BMO)?, nepuor
OCpEemHEHUS IJIST TTONYYCHMS KIIMMAaTUIEeCKNX HOPM
nJomkeH coctapiaTh 30 yer. Ha 16-it ceccun Komuc-
cuu 110 KmMatoJjiornu BMO ObLI0 IIPUHSITO peliie-
HUE 0 coxpaHeHMHU nepuoga 1961—1990 rr. B Kave-
CTBe cTabubHOro 6a3zoBoro rnepuoga BMO njist nos-
TOCPOYHOII OLEHKM WM3MEHYMBOCTA W M3MEHEHUS
KJIMMaTa U IJIsl 9TUX 1LIeJeii HOPMBI IIepeCUUTHIBATD,
Kak 1 npexne, yepes 30 jeT. s 1eaeit MOHUTOPUH-
ra KJauMaTa M OIlepaTUBHOM OLIEHKA aHOMAaJIbHOCTU
Tekymieir morombl 30-JIeTHHME KIMMAaTOJOTMYECKUE
cTaHgapTHbie HOpMbI BMO 10JKHBEI OOHOBJISIThCSI
KaXkble AeCSTh JieT. Bo ncIiojiHeHne 3TOro peleHusI
Bo BHUMUT'MU-MIIJI paccunTaHbl HOPMBI OCHOB-
HBIX KJIMMaTUYECKUX NapaMeTpoB (TeMIepaTyphl
BO3/yXa, 0OCAaIKOB, YIIPYTOCTH BOISIHOTO I1apa, aTMO-
chepHOro gaBjiCHUS Ha YPOBHE MOpPSI) Ha TEPPUTO-
pun Poccum 3a Tpu 30-JeTHMX Ilepuoaa C IIaroM
10 ;et: 1961—1990, 1971—2000 u 1981—2010 rr. dan-
HbIe HAOMIONEHUII 3a THUIAPOMETEOPOJIOTrMYEeCKUMU
nmapameTpamMu, noaydaemeie B pamkax KACITKOM,
MMO3BOJISIIOT pacCcuMTaTh HOPMBI IS IIepHoda IT0-
cienHero TpuauatmieTys ¢ 1991 mo 2020 r.

2https://library.wmo.int/index.php?lvl=noticeidisplay&id=20
166#.ZFOq3kvP2Ul (mara o6pamenus 16.03.2023).
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Puc. 1. Ha6monarenbHas ceth Pocruapomera u craniimu KACITKOM.

JaHHBIMU U1 UCCIIENOBAHUS TTOCTYXUIN CPel-
HEeMeCSYHbIE BEJIMYMHBI TeMIIEpaTypbl BO3dyxa U
TeMITepaTyphbl IOBEPXHOCTHOTO CJIOSI BOJIbI HA TUIPO-
METEOPOJIOTUYECKUX ITOCTax, PaCIIOJOXEHHBIX Ha
nobepexbe Kacrmiickoro Mopst Ha TeppUTOPUM BCex
npuKacruiickux crpad (cm. puc. 1). Ins pacuetoB
BBIOpaHBI CTAHIIMY ¢ MAaKCUMAaJIbHOM JJIMHOM PSIOOB
HaOmoneHuil. Beero ajis ceBepHOM 4YacTu Mopsi 00-
pa6oTaHo 2160 3HAYeHUIT TeMIIepaTyphl BO3ayxa (Tpu
craHuuu — o-Ba Twonenuii, [lemrHoii, Kynansr), mis
LEeHTpaJIbHOM yacTu — 2863 (4eThipe cTaHIUKU — Ma-
xaukana, HepoeHt, Akray, @opr-llleBueHKO), s
1oxxHOI — 720 (omHa cTaHIIMS — DH3eaM). MaccuB naH-
HBIX 10 TemIiepatype Boabl 1151 CeBepHoro Kacmusi co-
crapiisieT 1960 HaGmoneHMI (TpY CTaHLIMU — 0-Ba Tio-
JieHuid, IewrHoit, Kynainer), nius CpenHero — 2303 (ue-
ThIpE CTaHLIMKU — Maxaukaia, JdepoeHT, AkTay, PopT-
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IleBuenko), nnst KOxHoro — 1841 (Tpu cTaHUUU —
baxy, Orypunnckuii, Cymrant). s kaxxmoro 30-jeT-
HETO TIepHroia PACCUUTHIBAIMCH CpeHee MHOTOJIETHee
U CpeHEeKBaIpaTUYeCKOe OTKJIOHEHUE. 3HAUEHMST aHO-
MaJTii paCCYMTHIBAINCH KaK pa3HUIIA MEXKIY KITMMAaTH -
yeckoit Hopmoii (1961—1990 rr.) 1 cpemHNM 3HaYEHUEM
17151 coBpeMeHHoro nepuona (1991—2020 rr.).

s uccneaqoBaHysl MHOTOJIETHEN M3MEHYMBOCTU
CYMMAapHOTO peyHoro croka B Kacruiickoe Mope Tak-
K€ UCITOIb30BAIMCh JAaHHBIE CPEIHEMECSTYHbBIX BEIU-
yiH cToKa pp. Boru (N = 694), Tepeka (N = 651), Cy-
maka (N = 442), Ypana (N = 696), Kypsr (N = 691),
Cedunpyna (N = 643), Xapaza (N = 692), Yanyca
(N = 685) u INonpyna (N = 690) 3a nnepuon 1991—
2020 rr., pacyeThl IPOBOMWJIMCH II0 OTIEIILHBIM
CTpaHaM.
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T'MIPOMETEOPOJIOTUYECKUE TMOKA3ATEJIN COCTOAHUSA POCCUMNCKOI'O

J1s1 olieHKY M3MEHEHUI YPOBHSI MOPSI UCTIOJIB30-
BaJINCh CPEIHETrOOBbIE BEJIMYMHBLI YPOBHSI Ha pOC-
CUIiCKMX cTaHIMSIX T. Maxaukaibl 1 0. McKyccTBEeH-
Horo. OTMETKHU CpemHero IMoJioKeHUs1 ypoBHsT Kac-
MMUIICKOTO MOPSI paCCYUTHIBAJIMCH 10 JaHHBIM CEMU
IIOCTOB C HambOoJjiee MIMHHBIMM pSIIaMM HaOJrone-
Huii: baky, Hedt Hdamaper (Hedtsansie Kamun),
Maxaukana, @opr-1lleBueHko, I'yBnbiMask (Kyymu-
Mask), Typkmen6aim (KpacHoBosck), y3ineiooras
(Kapa-boras-Tomn).

HccenoBaHne CroHHO-HAarOHHBIX SIBJICHUIA ITPOBO-
JIAJIOCH TI0 POCCUMCKNM TIpubpexkHbIM (Jlaranb, Ma-
XadkKaJia) 1 ocTpoBHBIM (0-Ba MckyccTBeHHBII, TioMe-
HUIi) MOPCKUM THIPOMETEOPOJIOTMYECKUM CTAHIIVSIM.
Hcnonb3oBanuch cpeaHUe CYyTOYHBIE, MECIYHbIE JaH-
HBIe HAaOJII0ACHMIA 32 YPOBHEM MOPSI, a TAKXKE PETYIISIP-
Hble HAOIIONEHUSI 32 BETPOM, KOTOPhIE ITPOBOAWINCH
Ha craHumsaxX o. Tromenmit, Maxaukama, AcTpaxaHb.
PaccMarpuBanmich Wb TaK1e CTOHBI M HATOHBI, KOTO-
pble MPEBBIIIAIM CPEeAHEMECIUYHBIN YPOBEHb MOPS Ha
30 cm u 6oJsee. J1s1 BbIAEACHUSI CTOHOB 1 HATOHOB U3
CPEIHECYTOUHBIX TaHHBIX 3a ONpeae/IEHHBIA MeCsIII
BBIUMTAJIOCH CpedHEee MECSIYHOE 3HAaYeHUE YPOBHS
Mopsi. O61Iee 9Mciao 00padoTaHHBIX JOCTYITHBIX TaH-
HbIx 3a nepuon 2010—2021 rr. (12 neT) cocraBuUIo
17520.

AHa3 BO3MOXHBIX U3MEHEHUiIT OeperoBoii Jiv-
HUU ceBepHO yacTu Kacrmiickoro Mopsi BIITOJIHEH
B cpene QGIS 2.16.1. B kauecTBe OCHOBEI ObLIa UC-
IMOJIb30BaHa ITo0aIbHASI MOIEb peiibeda oKeaHa U
cyurn “The GEBCO_ 2022 Grid”. DOra monenb pe-
JIbedpa NMpeaoCcTaBIIsIeT JaHHbIE O BEICOTE B METpaX Ha
CETKE C MHTEPBAJIOM 15 YIJIOBBIX CEKYH]I, COCTOSIIEH
n3 43200 ctpok X 86400 cTONOLIOB, YTO dAET
3732480000 Touyek maHHBIX. 3HAYCHUS JaHHBIX 3ape-
TUCTPUPOBAHBI IO LIEHTPY MUKCEJIS, T.€. OTHOCITCS K
BBICOTE B METpax B LIEHTpe siueeK ceTKU. ITomyyeH-
HBIE pacTPOBBIC JaHHLIE O BBICOTE ObUIM OOpe3aHBbl
10 TpaHMUILIAM MCCIEAyeMOTO paiioHa 1 Ha X OCHOBE
IIOCTPOEH BEKTOPHEIM CIION C M30JIMHUSIMU C IIIaroM
B 1 M. Takske ObIIIM TOOABIIEHBI MMeIOIIMecs (PaKTH -
yecKuUe AaHHbIE O rpaHulle OEperoBOM JUHUM IIpU
ypoBHe Mops1 —28 M (BC), B (popmare BeKTOpHOTO
ciiost. Ha ocHOBe 3TUX JaHHBIX OBLIM BBIIEJICHBI 30-
HBl OCYIIEeHMsI, KaK pailoOHbl MEXAY H30JIMHUSIMU
—28, =29, —30 u —31 M. Janee 1Mo M30JUHUSIM OBLI
CO3lIaH BEKTOPHBIN cjoil ¢ n3odaramu (2, 5, 10, 20 n
50 M) mpu ypoBHE Mopst —31 M.

CraTUCTUYECKUI aHaJIM3 MPOBEIEH C ITOMOIILIO
nporpaMMm Microsoft Excel u Statistica 6.0. 3Hauu-
MOCTh CTATUCTUYECKUX PA3IUUNA MEXKIY OLIEHKAMU
HUCCIeAyeMBIX TTapaMeTPOB OLIEHUBAIACh IO KPUTe-
pusiMm CtberogeHta—®Puitiepa npu ypoHe o0 = 0.05.
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PE3VJBLTATBHI UCCIEJOBAHUN
N OBCYXAEHUE

Hsmenenue memnepamypot 6030yxa
U NOBEPXHOCIMHO20 CA05 MOPCKOU 800bl

CpenHerogoBasi TeMreparypa NpU3eMHOIO CJIOsI
BO3ayXa B pernoHe Kacnumiickoro Mopsi B ocieTHuit
30-neTHuii nepuon yBeandmiachk Ha 1.0°C B cpaBHe-
HUU ¢ 6a30BBIM KJIMMaTUYECKUM nepuogom. Hanbo-
JIee CYILLIECTBEHHOE YBEIMUEHHUE TEMITePaTypPhl BO3IY-
Xa TIPUIIJIOCh Ha 3UMHUE Mecsbl. MaKcuMaJbHEIe
3HaYeHUs TeMIIepaTyphl, HAOII0JaeMbIe B COBpEMEH-
HBII ITepUO, TAKXKE YBEIUUIUIUCH OTHOCUTEIBLHO 06a-
30Boro nepuona. HanGosee cylecTBeHHOE yBeIuue-
HY€ MaKCHUMAaJIbHbIX 3HAYEHUI MPUIIUIOCh Ha OCEHb.
3HaYeHUSI MUHUMAJIbHBIX TEMIIEPATyp BO3AyXa B CO-
BpPEMEHHBII Tlepuon CcHu3WIMch. Hambonee cyiie-
CTBEHHOE CHIDKEHME 3HAYCHUIT MUHUMAJIbHBIX TEMIIE-
patyp NPUIIUIOCH HA OCEHb. J1JIs1 BECHBI ObIJIO OTMEUEHO
yBeJIMYeHNE 3HAYCHUIT MUHUMAJIBbHBIX TeMImepaTyp. B
1I€JIOM 3TO TOBOPUT O paCIIMPEHUN AMaIla30Ha TeMIIe-
patyp Bo3ayxa, HabmogaeMbIX B perroHe Kacriicko-
rO MODSI.

Haub6omee cymiecTBeHHOE MOBHIIIIEHNE CPETHETO-
IIOBO#1 TeMIIEpaTyphl BO3IyXa OTHOCUTEIHFHO 6a30BO-
ro KJIMMaTUYeCcKOro repuoaa Habaoaanoch B paito-
He Cpennero Kacnus (ta6n. 1), B OCHOBHOM 3a cUET
pocTa TeMIeparypsl B 3UMHHE Mecsiibl. B paiioHe
Cpennero u FOxHoro Kacrnus HauOoJiblilee yBean-
YeHUe TeMIlepaTypbl BO3Myxa MPUXOAUIOCh Ha JIeT-
HHUE MecsIibl. Bee pasnuums craTucTUdecKu 3HaYu-
MBI Tipu ypoBHe o = 0.05.

MepuauoHaabHBIA TPAAUEHT Pa3HULILI MEXIY
CPEIHEroIoBOi TeMIepaTypoil B AMana3oHe HIUPOT
MeHee 38° 1 6osee 46° c.111. B COBpEMEHHbII EPUO]T,
cocrapisier 7.4°C. PazHulia TemMIiepaTyp MEXIy ce-
BepHoOil yacTteio Kacnuiickoro Mopsi M I0XHOI ¢
1960-x o Havaso 2000-X rogoB ITOCTOSTHHO CHUKA-
nack (puc. 2). Ilepuon ¢ cepenunbl 1980-x 110 Havano
2000-x rogoB MOXHO OXapaKTepHU30BaTh KaK MEPUOI C
HaMEHBIINM 3HaYe€HHWEM MEPUAMOHAIbLHOTO Ipaau-
eHTa. C Hagana 2000-X roIoB IT0 HACTOSIIIIEe BpeMsI 3HaA-
YeHUe MEPUAMOHAJIBHOTIO IrpaJeHTa PE3KO YBEJINUM-
JIOCh M MPEBBICWJIO 3HAYCHUSI HAYAJIbHOIO IIEpUOJA.
HeonHopomHOCTh BpEMEHHOI'O X01a MEPUAMOHATBLHO-
ro rpagudeHTa ObUla 00yciIoBIeHa OoJiee paHHMM Haya-
JIOM TIOBBIIIICHMS TEMIIEPATYpPhl BO3IyXa B CEBEPHOI
yactu pernoHa Kacrmmiickoro mops. Temmeparypa
BO3/lyXa HAa HECKOJIBKO JIET paHbllie HayaJla yBeJIUIu-
BaThCsl B CEBEPHOI YacTu perroHa (cM. puc. 2). 3a
cueT OONbIIe MHTEHCUBHOCTH YBEIUYCHUST TEMIIE-
paTypbl BO3IyXa B IOXKHOI 4acTu perrMoHa B COBpe-
MEHHEIN Nepuod 3HadyeHue MepPUIMOHAIBLHOIO Ipa-
JIMEHTa YyTh IIPEBBICMJIO €r0 3HA4YeHUsI, HAaOJII0aaB-
muecs B Havaire 1960-x romos.

CpenHsst 3a ron TemIleparypa ITOBEPXHOCTHOTO
ciost Bonbl Kacnuiickoro Mopst OTHOCUTEIbHO 6a30-
Boro Iepuonaa ysenuuuiaach Ha 0.3°C. HaubGoiee cy-
IIIECTBEHHOE YBEJIWYECHNE CPETHMX 3HAUYECHUI OTMe-
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Ta6mmma 1. Temriepatypa mpu3eMHOTO CJIOsI BO3ayXa B IpubpeskHoii 3oHe Kacnmiickoro mopst, °C

Ilepuon 3uma Becna Jleto OceHb Ton
Cesepnbiii Kacrniuii (o-Ba Kynansl, IlemrHoit, TroneHmi)
1961—1990 —3.5t44 100+ 7.4 242 + 1.7 11.0 6.3 10.4 £ 11.2
1971-2000 —32+42 9.9+72 244+ 1.7 11.0 £ 6.5 10.5 = 11.1
1981-2010 —2.5+39 10.0+7.3 247t 1.8 11.7£6.5 11.0 £ 10.9
1991-2020 —2.31£39 10.8 £ 6.7 251+ 1.8 11.9 £ 6.7 11.4 + 11.0
AHoMaus 1.2 0.8 0.9 0.9 1.0
Cpennnii Kacnuii (Akray, [Ilep6ent, Maxaukana, @opt-IlleBueHKo)
1961—1990 0.8 3.2 10.6 £ 5.6 23.5+ 1.9 13.3+5.3 121 +£9.1
1971-2000 09+29 10.7 £ 5.5 23.8+ 1.9 13.2+5.6 122+9.2
1981-2010 1.3£2.8 10.9+5.2 242 +2.0 13.7£5.6 12.6 £9.2
1991-2020 1.6 £2.8 114 +5.2 24.8 £2.1 14.1 £5.8 13.0+£9.3
AHoMaus 0.8 0.8 1.3 0.8 0.9
IOxwnpiit Kacninii (DH3e1m)

1961—-1990 79+2.5 13.8+4.4 250+ 1.4 18.0 + 3.8 16.2+7.0
1971-2000 7.7+2.3 13.7+4.4 251 %15 18.1 £4.0 16.1 £7.1
1981—-2010 82+21 13.8 +4.1 252+ 1.6 18.4+ 3.9 16.4 +7.0
1991-2020 8.512.0 14.3+4.2 257+ 1.7 18.6 = 4.1 16.8 £ 7.0
AHoMaus 0.6 0.5 0.7 0.5 0.6

gaeTcs B oceHHUe Mecsibl st CpenHero 1 FOXXKHOTO — HMIT Iepmon xapaKTepHBI ITOJIOKUTEIbHBIE aHOMa-
Kacnus, B 3umHue — miist CeBepHoro. JIJis Bcex CTaH-  JIMM CPEIHEroJoBOil TeMmepaTypbl BOIbI MOBEPX-
it Kactimiickoro Mopst B MOCIETHUH TPUAIATAIIET-  HOCTHOTO ciiost  (TaGi.  2), pasaudmst MeEXIy

7.8

7.2

7.0 -

6.8 |-

6.6 |-

64 | S S Y S N S [ S S ) ) [ [ [ [ N [ A [ S —

Puc. 2. 3HayeHue MEPpUIMOHAJIBHOTO I'pa/IMCHTA TEMIIEPpATYPbl BO3yXa B pETUOHE Kacnmiickoro Mops4.
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Ta6mmma 2. TeMriepaTypa ITOBEpXHOCTHOTO CJI0ST BOIBI B IIpHOpexkHoi 30He Kacrnmiickoro mopst, °C

Ilepuon 3uma Becha Jleto OceHb Ton
Cesepnbiii Kacniuii (o-Ba Kynansl, IlenrHoit, TroneHmi)
1961—-1990 0.8+ 1.2 11.2+6.7 245+ 1.5 12.0 £ 5.9 12.2+9.5
1971-2000 0.8+ 1.1 10.8 £ 6.6 245t 1.5 12.0+6.0 121+9.6
1981-2010 1.1+1.3 10.7 £ 6.3 245+ 1.8 12.4+59 122+94
1991-2020 1.4+13 11.1+6.2 244+23 12.3+59 123+9.3
AHoMaus 0.6 0.1 0.1 0.3 0.1
Cpennnii Kacnuii (Akray, [Ilep6ent, Maxaukana, @opt-IlleBueHKO)
1961—-1990 2.8+2.3 9.7+52 21.8 £2.4 14.3+4.9 12.1 £ 8.0
1971-2000 3.0+ 2.1 9.8+5.0 21.8 £2.9 14.5+49 123+79
1981-2010 33+22 9.8 +4.7 21.7 £ 3.1 15.0+4.7 125+ 7.8
1991—-2020 34+22 10.1 £4.6 22.0£3.2 15.1+4.38 12.7+ 7.8
AHoMaus 0.6 0.4 0.2 0.8 0.6
IOxupiit Kactimii (baky, OrypunHckuii, Cymraur)

1961—-1990 6.4+2.0 12.7+ 4.6 24.7 £2.0 17.5+ 4.5 153+ 7.6
1971-2000 6.3+1.9 12.6 £4.5 24.6 £2.1 174 £ 4.6 153+ 7.6
1981-2010 6.4+ 1.9 12.5+4.5 24.7+2.5 17.8 £ 4.6 153+ 7.6
1991-2020 6.5+ 1.9 13.0+4.6 25.1+2.7 179 + 4.8 15.6 7.8
AHoMaus 0.1 0.3 0.4 0.4 0.3

CpEeIHUMU B CTaHJAPTHBIN U COBPEMEHHBbIN KiuMma-
TUYECKUI TEepUOAbl CTAaTUCTUUYECKU 3HAYMMBI MpU
ypoBHe o = 0.05.

Hauboiee cyliecTBeHHOE MOBBILLIEHUE CPETHET0-
JIIOBOIT TeMIlepaTyphl BOABI ITpon3onuio B CpegHeM
Kacrum (puc. 3), coctaBus 0.6°C. Haubosee UHTEeH-
CHBHO BBIpOCJIa TeMIlepaTypa BOAbl OCEHbIO, MEHEe
Bcero — jietoM. B IOxnoMm Kacnuu Hanbombilee mo-
BBHIIIIEHME TEMIIEPATYPhl B COBPEMEHHBIN MEPUOI OT-
Me4daeTcsl B JISTHUE U OCEHHUE MECSILIbI.

CormocTaBjieHre 3HAYEHUN aHOMaJIMU TeMIlepa-
TYpbI BO3/1yXa U TeMIIepaTypbl TOBEPXHOCTHOTO CJIOSI
Bombl (cM. Tabm. 1 m 2) 1mokasajo oIpeAcaeHHYIO
CBSI3b MEXIy HUMU TOJIBKO B CEBEPHOI YacTu MOpHI,
YTO, OUYEBUIIHO, CBSI3aHO C €€ MEJKOBOIHOCTBIO M,
KaK CJIEACTBHE, CITOCOOHOCTBIO K OBICTPOMY OTKIIMKY
BOJI HAa HATPeB MPUJIETAIOIINX CJIOEB aTMOCHEPHI.

Hszmenenus peunoeo cmoka
u ypoeHs Kacnuiickoeo mops

Kacnuiickoe Mope SIBIsIeTCS IPUHUMAOIITAM BO-
noemMoM Bosru, cBsi3b ¢ KOTOPOIi MPOCIEKUBAETCS C
HeoreHa (Pwryaros u ap., 2010). 3a 3To BpeMsI ycThe
Bosru MHOTOKpaTHO MepeMeliaioch OTHOCUTENBHO
COBPEMEHHOTO TTOJIOXKEHHUSI TO K IOTY, TO K CeBepy Ha
COTHM U ThicsuM KroMeTpoB (ObenueHnToBa, 1977,
Cupnes, 1985). Ha pazButue yctbeBoii o61actu Boi-
T'U ompedesioliee BIUSHUE OKa3bIBAJIM KoJieOaHUs
ypoBHsT Kacrmiickoro Mopst B pa3IldHBIE T€OJIOTH-
yeckue amoxu (JleonteeB, 1977; PwryaroB um np.,
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2010). BzaumoneiicTBre peKu U IIPUEMHOTO MOPCKO-
ro 6acceifHa CJIO)KHOE, TTOCTOSTHHO TpaHC(hopMUpy-
1o11ee Kak peiabed B3MOpPbsI, TaK U niepepacnpenese-
HYi€ PEYHOU BOJbI 110 €JIbTOBBIM BOJOTOKAM.

IIpuxonHyio cTaTbio BogHoro OanaHca Kacrmmii-
CKOTO MOPSI COCTaBJISIIOT aTMOc(hepHbIe OCAIKH, TTO-
BEPXHOCTHBIN U TTOA3EMHBIN CTOK, PACXOIHYIO — UC-
napeHue u ctok B 3amB Kapa-boras-T'on. Herrocro-
SIHCTBO 3JIEMEHTOB BOIHOIO OajiaHCa TMPUBOAUT K
MEXTOIOBBIM KOJIEOAaHUSIM YPOBHSI Mopsi. B cBoio
odepeab, IBMEHYUBOCTD 3JIEMEHTOB BOITHOTO OaJlaH-
ca B HauOOJIbIIIEH CTeNeHU OIpeaessieTcsl KIIMMaTr-
yeckuMHU dakTopamu (BomHslii ..., 2016).

B Hacros1iee BpemMsi CyMMapHbIii peuHOU CTOK B
Mope cocTaBisgeT okosno 275 kM3, Tlo BceM pekam,
pragaromuM B Kacrmiickoe mope, B 1996—2020 rr.
oTHOCUTENbHO repuona 1961—1990 rr. HaGaogaeTcs
yMeHbllIeHHe obbema ctoka (Tabia. 3). MHTeHcuB-
HOCTh CHVXXEHHSI PEeYHOTO CTOKa 3a mepuon 1996—
2020 rr. B cpenHeM cocraswia 0.12 xm® B ron, mpu
3TOM Hanbojiee UHTEHCMBHOE CHUXEHME CTOKA ObLIIO
3acdukcupoBaHo misi Bonru u Kypel. B 1o ke Bpems
clieyeT OTMETUTh, UTO SIBHO BBIPAXXEHHOTO JIMHEH -
HOTO TPEHIIa Ha UCCIIeyeMbIX BDEMEHHBIX psiiaX He
MPOSIBJISIETCSI, B JAaHHOM BpEeMEHHOM WHTepBaJje
BCTpevaroTcsl Kak MaJOBOJIHbIE, TAK 1 MHOTOBOJHbIE
TOJIbI.

Kak mpasmio, Hambombplllee 3HAYEHNE PEYHOTO
CTOKa MPUXOIUTCS HAa Hadyajio BECHBbI — Tepuoj Mo-
JnoBombs (cMm. Tabm. 3). s ceBepHOM 4acTu MOps
(Poccus, KazaxcraH) xapakTepHbl MHWHHMAaJbHbIE
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Puc. 3. CpaBHeHUe paciipeneieHus CpeaHeit Temmeparypbl Boabl 3a: 1961—1990 rr. (a), u 1991—2020 rr. (6).

3HaYeHUs CTOKAa B 3UMHUI Tlepuon, IJisl IOXHOI
(AzepOaiimkaH, MpaH) — 1eTOM M B HayaJie OCEHMU.

Ha ¢oHe cHIzkeHMsI KOTMYeCTBA OCaaKOB, ITOBBI-
LIeHUS UCTTapeHUs U OOIIEero MoTeIIeHUsT HabIoaa-
€TCSl CHUXKEHME BOMHOro cTtoka pek Kacmuiickoro
OacceiiHa, B IIepBYIO odepenb Bojiru, Ha 1010 KOTO-
poit npuxoautcs 6oiiee 80% 06IIEro peYHOro CTOKa
(BomHsrii ..., 2016). M3MeHeHUsT pedHOTO CTOKa, B
YaCTHOCTU OCOOEHHO BaXXHOTO IJISI DKOCUCTEM WU
BOJIHBIX OMOPECYPCOB BECEHHETO CTOKA, TIPOUCXOISIT
Ha Bceil Tepputopur Boikckoro 0acceiiHa, Opu
9TOM B CaMOM 10XKHOI YacTu 6acceifHa 00beM MoJIo-
BOIHOI'O CTOKA YMEHbIIMJICs moutu Ha 60% (Teopru-
eBckuii u ap., 2018). ITo cpaBHEeHUIO ¢ MpEAIIECTBY-
OLIUM TIEPUOJOM YMEHBIIMIIOCh KOJIUYECTBO MHO-
TOBOAHBIX JIET, T.e. MajoBoabe Ha Bojre Tenepb
HabJlomaeTcsl yaille, XOTs M He TaK 4acTo, KakK 3TO
6nuT10 B TIepuon 1961—1977 1r. (puc. 4).

B ycnoBustx HapacTaioliero MaJJoBoabst HaOmoma-
eTcsl TEHAEHIIMS K CHDKeHUIO ypoBHS Kacnuiickoro
Mopsi, HadyaBuIasicsa B KoHne 1990-x romos. Ha puc. 5
MoKazaHa CHHXPOHHOCTh U3MEHEHU YPOBHS MOPSI U
pa3HocTHO-UHTerpaibHoit KpuBoil (PUK) croka
Bonru. PacxoxneHus B xone KpUBBIX ypoBHS U PUK,
HauuHasga ¢ cepearHbl 1990-x romoB, 00yCIOBIEHHI,

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

BEPOSITHO, IeMIT(UPYIOLINM BIIMSTHUEM OTTOKA BOJIbI
B 3asiuB Kapa-boras-T'on nocie pa3pylieHust 1aMObl
(Bomplii ..., 2016), Tem He MeHee OOIIMe TEHAEHIINN
CXOIHBI. YBEJIWYUBIIECECS HUCIApeHUe, CBSI3aHHOE C
MOBBIIICHUEM TeMITEpaTyphl BO3AyXa, Ha (poHe MaJio-
BOIbs IIPUBOIUT K 60Jiee BHICOKOM CKOPOCTH CHILKE-
HUSI YPOBHSI, UTO coryacyetcsi ¢ BeiBonamu A.B. ®dpo-
joBa (2016). K 2023 r. oTMeTKa CpeaHero ypoBHsI A0-
cturia —28.7 M OTHOCUTEIbHO HyAsA bantuiickoit
CUCTEMBI, YTO MOYTH HAa 2 M MEHbIIIEC TT0 CPABHEHMIO C
otMmeTKoi 1995 r. [1pu 3TOM TeMIIbl TageHus1 YPOBHS B
MOCJIeMHYE TPU TOa COCTABISIOT OKOIO 20 ¢M B rof.

Psn aBTopoB (BogHuiii ..., 2016; Chen et al., 2017,
Elguindi and Giorgi, 2006; Nandini-Weiss et al.,
2020; Prange et al., 2020) BUAsAT IaBHYIO NPUYUHY
MHOTOJIETHUX KoJebaHuit ypoBHs Kacnuiickoro Mo-
PpSI B UBMEHUYMBOCTH KJIMMATOOOpa3yIoninx (pakTopoB
(COJTHEYHOI aKTMBHOCTH, LIMPKYISILUU aTMOChEpPhI
U 1Ip.), BIASIONINX Ha (DOPMUPOBAHHE DJIEMEHTOB
BOTHOIO OajlaHCa M NPUBOMSIINX K HEIIOCTOSIHCTBY
COOTHOIIICHNI MEXIY OTASIAbHBIMU €0 COCTABIISIIO-
M. M3MeHYnBOCTh KJIMMaToOOpa3ylomux dak-
TOPOB OOYCJOBIMBAET ULMKINYECKUE U3IMEHEHUS
o0beMa BOJ MOPST U COOTBETCTBYIOIINE UM LTUKIINYE-
CKUe KoJae0aHMs YPOBHS Pa3IMYHOM IIPOIOIKUTEIb-
Ne 6
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Ta6mmua 3. MHoTroIeTHIE H3MEHEHUST CyMMapHOTO PeYHOTo cToKa B Kacmmiickoe Mope, KM>
Mecsu
Iepuon T'on
1 II 111 v \% VI VII VIII X X XI XII
Poccus (Boara, Tepek, Cynak)
1961—-1990 15.44 | 14.96 | 17.95 | 19.00 |46.21 |32.05 | 18.02 | 15.91 | 14.38 | 15.13 | 15.32 | 16.92 |240.69
1991—-2000 15.79 | 15.48 | 18.85 |24.84 |54.67 |37.45 [21.54 [ 19.12 | 17.02 | 16.48 | 16.10 | 16.21 |272.91
2001—2010 16.89 |16.42 | 19.27 |22.46 |50.13 |33.88 |19.62 | 17.20 | 15.36 | 14.90 | 14.31 | 16.77 [256.12
2011—-2020 16.06 | 15.12 | 17.64 | 21.11 |48.59 |28.65 | 19.97 |16.44 | 14.44 | 14.42 | 14.43 | 17.89 [244.12
A* 0.62 | 0.15 |—0.31 | 2.11 | 2.38 |-3.40 | 1.95 | 0.53 | 0.06 |—0.71 |—0.89 | 0.98 3.44
Kazaxcran (Ypan)
1961—1990 0.20 | 0.18 | 0.24 | 1.18 244 | 146 | 0.60 | 0.37 | 0.29 | 0.30 | 0.30 | 0.23 7.77
1991—-2000 029 | 0.26 | 0.34 | 1.11 2.54 | 1.83 | 0.81 0.55 | 0.41 | 0.39 | 0.36 | 0.28 9.13
2001—2010 0.25 | 0.23 | 0.31 1.03 1.81 1.51 0.67 | 0.40 | 0.29 | 0.27 | 0.27 | 0.23 7.27
2011—-2020 0.23 | 0.23 | 0.26 1.05 1.82 | 1.04 | 0.54 | 0.37 | 0.31 | 0.33 | 0.32 | 0.27 6.75
A* 0.03 | 0.05 | 0.02 |—0.13 |—0.62 |—0.42 |—0.06 | 0.00 | 0.01 | 0.03 | 0.02 | 0.05 | —1.02
Hpan (Cebunpyn, Xapas, Yanyc, [Toapyn)
1961—-1990 033 | 032 | 0.64 | 085 | 0.89 | 0.39 | 0.25 | 0.31 0.30 | 0.35 | 0.35 | 0.37 4.98
1991-2000 043 | 034 | 056 | 090 | 0.83 | 040 | 025 | 0.25 | 0.35| 0.38 | 0.54 | 0.50 5.74
2001—2010 0.19 | 0.24 | 035 | 0.62 | 056 | 0.28 | 0.24 | 0.19 | 0.11 | 0.17 0.25 | 0.25 3.47
2011—-2020 0.14 | 0.21 0.31 043 | 035 | 022 | 0.18 | 0.12 | 0.11 | 0.23 | 0.28 | 0.19 2.77
A* -0.19 |-0.11 |—0.33 |—0.42 |—0.54 (—0.17 |-0.07 {—0.19 |—0.19 (—0.13 [—0.07 |[—0.18 | —2.21
Aszepb6aitmxan (Kypa)

1961—-1990 1.38 1.29 142 | 156 | 1.89 | 1.46 | 090 | 0.79 | 0.81 | 0.90 | 0.98 1.26 | 14.66
1991-2000 1.26 1.19 1.47 1.48 1.36 1.21 0.88 | 0.77 | 0.77 | 0.91 1.06 | 1.25 13.65
2001—2010 1.41 1.17 1.20 | 1.43 1.99 | 1.33 | 0.85 | 0.75 | 0.74 | 0.88 1.07 1.17 14.11
2011—-2020 0.84 | 0.77 | 0.81 0.69 | 0.74 | 0.61 045 | 0.44 | 0.50 | 0.57 | 0.66 | 0.80 7.91
A* —-0.53 |-0.52 |-0.60 |—0.87 |—1.15 |—0.86 |—0.45 |—0.35 |—0.31 (—0.33 [—0.32 |—0.45 | —6.75

Ipumeuanue. A* — pazuuua mexny 3HadeHussMu 3a 1961—1990 rr. u 3HaueHustMu 3a 2011—2020 rr.

HOCTH: OT ABYX—TPEXJIETHUX IO KBa3WBEKOBBIX. DTH
KoJIeOaHUSI HOCSIT HEPETYJISIpPHBIM XapaKTep U TPYIHO
npenckasyemsl (Pponos, 2016).

Hazke HeOOJIbIIIEe U3MEHEHMST YPOBHS MOPSI TIpU-
BOIAT K 3HAYUTEIbHBIM 3aTOIICHUSIM WJIN OCYIIIEHM -
sIM MpUOpEXHbIX Tepputopuii. HavaBuieecs: mocie
1995 1. ¥ mpomoKampIIeecs IO HACTOSIIEe BpeMs
CHIDXKeHME ypoBHS yxKe K 2021 I. mpuBeIo K OCyllIe-
HUIO TEPPUTOPUU B ceBepHoil yactu Kacrmuiickoro
MOpSI CyMMAapHOH IUIowwanbio okojao 20573 km?
[o1reHKa caellaHa Ha OCHOBE pacdeTa BOJHOIo bajlaH-
ca 1o ¢opMmyjiaM, IIPUBEACHHBIM B MOHOrpadumn
(BomHwiii ..., 2016)]. M3aMmeHmiack KoHduUrypauus oe-
peroBoii TMHUN. B pe3ysibrate OTCTYIICHUS MOPSI ObI-
JIM OCYIIEHBI 3HAYUTEIbHBIC IIPOCTPAHCTBA THA IIPU-
OpEXXHOIO0 yJyacTka Mopsi — 6osiee yeM 50 KM IMPUHOIA.
ITnomans moBepxHOCTU ceBepHOit yactu Kacruiickoro
MOpsI ITPY 3TOM U3MeHsiIach ot 106983 km? B 1995 1. no
86450 xm? B 2021 r. Ha xapTocxeme (puc. 6), mocrpo-
€HHOM IIJIST pa3HbIX OTMETOK cpemHero ypoBHs Kac-
nuiickoro Mops ot —28.0 no —31.0 m BC, mokasaHo,

MN3BECTUA PAH. CEPUS TEOTPAOUYECKAA
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YTO HAWOOJNBIIMM M3MEHEHMSIM Mpu KoJiebaHUsIX
YPOBHS ToJABepraeTcsi 6eperopasi JIMHUSI B CEBEPO-
BOCTOYHOI, HanuboJjiee MEJIKOBOOHOW 4YacTU MOpS.
Ilo Mepe nanbHeiillero CHUXEHUS YPOBHS, OymyT
MOJHUMATBCSI U3 BOJbI 3aTOIJIEHHbIE HbIHE OaHKMU,
CeBepHas 4YacTh OyJIET MeJIETh U YMEHbBIIIAThCS B pa3-
Mmepax. HekoTopwle uccienoBaTesid CUMUTAIOT, UYTO
MajieHue ypoBHS MPOIOJIKUTCS 10 KOHIIA TEKYIETO
cronetusi u gocturHer 9 M (Elguindi and Giorgi,
2006) unm 18 M (Prange et al., 2020), uTo mpuBeaeT K
MPaKTUYECKU TTOJTHOMY OCYIIEHUIO CEBEPHON YacTu
Mopsi. Jpyrue nonararmot (bopucos u ap., 2019), yto
nageHue YpoBHSI He OyIeT CTOJIb KaTacTpOMPUIHBIM,
JocturHeT npuMepHo otMeTk —31.0 M BC x 2045 .,
MoCJIe Yero ypOBeHb HAUHET TOBHIIIAThCs. B maneo-
BpPEMEHM TaKWe€ CMEHbI TPAHCTPECCUU U perpeccuu
Mopsi oTMedaloTcss HeomHokpatHo (Csurou, 2015,
2016; Leroy et al., 2022), u BepOosiTHEe BCEro MPOaOJI-
XaTcsg U B OymyImieM.

Ne 6 2023
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Ilepuon

1996—2020

1978—1995

OCTPOBCKAS u np.

1961-1977

B MHOTOBOJTHbIE

B cpelHEBOIHbIE

80 100%

[ MaJTOBOJIHBIE

Puc. 4. VIaMeHeHUs B CTPYKTYpe BOIHOCTU p. Bosiru B pa3ubie nieproast ¢ 1961 mo 2020 .

YpoBeHb, M PUK, en.
-25.0 = 2.0
—-25.5
1.5
—26.0
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0.5
—-27.5
—28.0 0
—28.5
—0.5
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-29.5 —-1.0
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e\ axauKana

s 0. VICKYCCTBEHHBbI

=== P K

Puc. 5. YpoBeHb Mops (Ha ctaHuMsix Maxaukaina, o. IcKyccTBeHHBII) 1 pa3HOCTHO-UHTerpanbHast kpusasi (PUK) croka Boi-

ru (c. Bepxuee Jleostxbe) B 1974—2021 rr.

Bemep U C2OHHO-HA2OHHbLE A6NCHUA

B uenom mis IOxHoro u CeBepo-KaBka3ckoro
demepanbHBIX OKPYTOB XapaKTePHbI TAKME OIACHEIE
SIBJICHUSI, KaK CUJIbHBIN BeTep, OCAaIKU, SKCTpeMallb-
Hble Temmneparypbl, Trpan ([mobanbHoe ..., 2021).
Ilpukacnuiickue pernonsl Poccum (AcTpaxaHckast
obnactb, Pecriyonuku Jlarectan u KaaMbIKus) sIBjIsI-
FOTCSI OTHOCUTEJILHO GJ1aroIOJyYHBIMU MO TUAPOME-
TEOPOJIOTUYECKUM OITacHBIM sBjieHusIM (Iunpomereo-

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

posormyeckue ..., 2001). g [Ipukacnust xapaKTepHbI
CUJIBHBIE BETPbI, ¢ MaKCUMAJbHBIMU CKOPOCTSIMU B
nurarrazoHe 25—34 M/c, TIOBTOPSIEMOCTb CKOPOCTH BET-
pa 6o1ee 25 m/c coctasiuseT 5—10 ciydaes 3a 10 ner.
Cunbnble TuBHU (¢ BhimageHueMm 50—100 MM B cyT-
KM1) OTMEYAIOTCsI TOJIBKO B 103KHOIM yacTu [larecraHa,
MOBTOPSIEMOCTh CUJIbHBIX 10X eH (0T 50 MM B CYTKHN)
st repputopun Kanmeikum u JlarecrtaHa cocTaBJisi-
et 5—10 ciyyaes 3a 10 jet. O6I1Ias1 YacTOTa ONACHBIX
saBIIEHNI cocTtaBmia 15 cioygaes 3a 10 et B larecra-
Ne 6
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Puc. 6. BoaMoxHBIe U3MEeHEHUsI OeperoBoil IMHUU ceBepHOit yacTu Kacnuiickoro Mopst B nuara3oHe ypoBHsT oT —28.0 mo

—31.0 m (BC).

He, B TO BpeMsI KakK B AcTpaxaHcKoii ooi1actu u Kam-
MBIKWY 3TOT ITOKa3aTeJlb MUHUMAJIEH 10 CpaBHEHUIO
co cpenauM 110 Poccum (I'mobansHoE ..., 2021).

B Hacrosiiee BpeMst 0TMe4aloTCsl orpeaesieHHbIe
U3MEHEHHSsI BETPOBOIO peXMMa Ha OTKPBLITOM aKkBa-
TOPUU MOPSI, IJIg aHaI13a KOTOPBIX UCII0JIb30BaINCh
JIaHHbIE HA MOPCKOM CTaHIIMU O. TroJIeHUIA.

Kax v B ipenpiaymmii 30-netHuii mepuomn (1961—
1990 rr.), B ceBepo-3anamHoi yactu Kacmumiickoro
Mopsi B TiocsienHee aecsatuiaetue (2010—2021 rr.) u B
TrOAOBOM pacImpeeeHUH, 1 II0 ce30HaM npeobiama-
IOT BETPHI BOCTOYHBIX pyMOOB (B OCHOBHOM 3TO B 1
IOB BeTpbl), NOBTOPSIEMOCTh KOTOPBIX COCTaBJISIET
okoi10 25%. OpHako HaGII0maeTCsl YBeIUUeHUE
CpeIHEeMECSIYHOM U CPEeaHEroJoBO CKOPOCTU BETpa
3a mocnenHue 30 JIET OTHOCUTENILHO CTaHIapTHOIO
omnopHoro nepuopa (1961—1990 rr.). MakcumManbHOe
CpemHEMECSIYHOE OTKJIOHEHUE OT HOPMbI B CTOPOHY
yBeJIMYEHUSI CKOPOCTU BeTpa gocturaet 1.2 M/c u
cpenHeromoBoe — 0.8 M/c. CraTucTMyecKu 3HAYU-
MBbI€ IIOJIOXUWTEIbHBIE MPHUPAIICHUS OTMEYArOTCS
MPaKTUYECKHU IT0 BCEM MECSILIaM Tofa, 3a UICKJIIOYEHUEM
sHBaps1 U ¢eppaind. [1pu 3roM 50% MTOBTOPSIEMOCTHIO
OTJIMYAIOTCSI BETPHI CO CKOPOCTHIO OT 6 10 13 M/c, B TO

MN3BECTUA PAH. CEPUS TEOTPAOUYECKAA  tom 87

Ke BpeMsl HaOJIIomaeTCsl CHIDKEHHE MaKCUMaJbHBIX
ckopocrteii BeTpa. Tak, CKOpocTb BeTpa 25 M/c 1 6osee
yacTo Habmomanack B nepuona 1999—2008 rr., a Hauu-
Hast ¢ 2009 1. BETpbl CO CKOPOCThIO 25 M/C OTMeYa-
Jmuch b B 2013 1 2015 .

B poccuiickoit yactu Kacnuiickoro Mopsi BeTphl
FOTO-BOCTOYHOTO W BOCTOYHOTO HATIIPABJIEHUM C TI0-
BTOPSIEMOCTBIO B CPEIHEM 3a MCCJIEAYEMBIN MepUon
cooTBeTCTBEeHHO 25.0 u 22.6%, BBI3BIBAIOT HATOHEI, a
3aMafHbIe U CEBEPO-3aMaHbIC BETPBI C TIOBTOPSIEMO-
ctoio 10.4 u 15.4% — cronsl. HanGompiumii Mmatepu-
QJIbHBI M 3KOJIOTUYECKUN yIepOd B MPpUOpPEXKHON
30HE HAHOCAT KaTacTpoduyeckre ITOPMOBbIE Ha-
TOHBI, KOTOPbIE MOTYT pPacIpOCTPaHSThCS BIIYOb
TEPPUTOPUU Ha NECITKUA KM B TEUEHUE HECKOIBKUX
yacoB (Hectepos u np., 2018).

Ce30HHOE pacripeneieHne CTOHHO-HAarOHHBIX KO-
JiebaHuit uccienoBanock 3a nepuon 2010—2021 rr. B
3TOT NepHUo I10 cpaBHeHUIO ¢ riepuogoM 2003—2017 rr.
cpemHee KOJIMYECTBO HAarOHOB CHU3WJIOCH (Ha TpH-
Mepe cTaHuu o. TioneHuit) (puc. 7).

Bcero B 2010—2021 rr. Hadomomanock 400 ciiyyaeB
croHa u 442 HaroHa (ta6:1. 4). 3a 3To Bpems B JlaraHu
Habmoganuch 23 cuibHBIX (Oojiee 1 M) HaroHa u
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KomumuaecTtBo
HaroHoB

30
25+
20 +
15 +

10 |

OCTPOBCKA4 u np.

m2003-2017 ®W2010—2021

7 8 9 10 11 12

Mecsubt

Puc. 7. Cpentee koamyectBo HaroHoB B CeBepHoM Kacnum (o. Tronenwuii) B 2010—2021 rr. mo cpaBHeHuto ¢ 2003—2017 rr.

Hcmounux dannvix 3a 2003-2017 ee.: (Hectepos u ap., 2018).

5 CrOoHOB, B TO BpeMsI Kak Ha o-Bax TroneHuii m Mc-
KYCCTBEHHBIN — 110 1 Harony. CpenHsisl BRICOTa Hau-
OGOJBIIMX 3a TOO HAroHOB ITO JaHHBLIM JlaraHu 3a
2010—2021 rr. cocraBuima 125 cM, MakcuMmaabHas
(229 cm) otmeuanack 30 mapta 2015 1.

B cooTBeTcTBMM ¢ XapaKTepoM BETPOB MaKCHU-
MajlbHOE 4YMCJIO CrOHHO-HArOHHBIX KOJieOaHUA
YPOBHS, IO JAaHHBLIM cTaHIuit 0. Tonenunii u Maxau-
Kaja, NPpUXOOUTCS Ha 3UMHUI Iiepuon (HOSOpb—
deBpaib), a MUHMMAJIbHOE — Ha JIETHUI (C UIOHS I10
aBryCT), YTO cornacyeTrcs ¢ maHHbiMu (HectepoB u
np., 2018) (puc. 8). Ha o. Tronenuii npeo6aamaioT Ha-
TOHBI, MX MAKCUMYM IPUXOJUTCS Ha OKTSIOpb—MapT,
MaKCHMajbHasl MIPOIOJIKUTEILHOCTh JOCTUTAA TIIe-
cty mHei (23—28.02.2011 . 1 16—21.11.2020 r.). Cro-
HEBI 3[IeCh Yallle BCEro HaOII0maloTCS C OKTSIOps II0
deBpalib, IPOAOLKUTEIBHOCTh CTOHOB B CpeIHEM
cocraBuia 1—3 oHs.

Ha o. MickyccTBeHHBII MAKCMMYM CTOHOB M HAro-
HOB TIPUXOIUTCSI Ha BecHy. [IpeobiiamaioT HaroHHI,
MakCMMyM HaOmogaeTcs B MapTe, arpeiie. Makcu-
MaJibHasl TPOMOJKUTEIBHOCTh COCTaBMJIa YETHIpE
oHs (20—23.11.2013 1.).

B JlaraHn MaKCUMYM CTOHOB OTMEUaeTCsl BECHOI,
a MaKCUMYM HaroHOB — OCEHBIO, 00IIIee KOJIUIECTBO
CTOHHO-HAroHHBIX SIBJICHUM JIETOM 1 OCEHBIO OTMHA-
koBoe. IIpeobGnagaloT croHbl, MAKCUMYM CTOHOB Ha-
OromaeTcst B MapTe, alpesie, OKTSIOpe U B aeKaope,
MPOIOJDKUTEILHOCTh CTOHOB B CPEIHEM COCTaBUJIA
1—5 nHeit, MakcMMasibHasi TPOAOJKUTEIbHOCTD 10-
crurana 9 mHeit (06—14.11.2020 1.). HauGoibimee
YHCJI0 HArOHOB HAOMIOHaeTcs B MEPUON C CEHTSIOPS
10 afnpesib, MaKCUMaJibHasl MPOAOJIKUTEIbHOCTD 10-
crurana 7 gaeit (03—09.09.2018 r., 16—22.11.2020 r.,
02—08.10.2021 r.).

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

AHaJIn3 CTOHHO-HarOHHBIX SIBJICHU I ITOKa3bIBaET,
YTO CPEIHSIS MPOAOKUTEIbHOCTh HATOHOB COCTaB-
JisieT 1—4 nHsl, TpOdOKUTEIbHOCTh CTOHOB BOJIbI U3-
MEHSIETCS OT OTHOTO ITHS 10 HECKOJIBKUX CYTOK. Ya-
1IIe BCETO HAOJIIOMAIOTCS CTOHHO-HATOHHBIE SIBIICHUS
MPOIOKUTENBHOCTBIO 1—2 nHs (Tab. 5).

HauGosplinyio moBTOpsSIeMOCTh UMEJIM HAaroHbl B
nHtepnajue 30—50 cm. Haubouibliieil BeTUYMHBI CTOH-

Tab6muna 4. KoamyecTBO CroHOB M HaroHOB, HaOMIOmaec-
MBIX Ha CTaHLIUSX B poccuiickoii yactu Kacnuiickoro Mo-
ps, 2010—2021 rT.

ITokasa- Mecsu 5
TCIb 1(2(3|4|5[6[7|8|9|10[11(12
0. YckyccTBEeHHBIM
Haronsr | 2 1| 7| 8| 1| 2| 1| 0] 1| 3| 2| 4] 32
Cronsl 0| 21| 1] 1,0[0]0f OO OO0 5
Y 21 31 8] 9 22(1]0| 1| 3] 2| 4| 37

Haronsr (29 (22(31(29(22(21{13[16(29|27|34|27|300
Cronbl |241(25(36(35|29(17(20(13|25|34 |31 (36325
Y 53147167 |64 |51|38(33(29|54|61|65|63|625
o. Tronenmit
Haronsr |10[12(10| 7| 2| 4| 6 11 13| 89
Crounl | 6| 5| 4| 3] 1| 1] 0] 2| 2| 6] 5| 9| 44
) 16171410 3| 5| 6| 3 1714 (22| 133

N
No)

[*)\

Haronsr | 1| 4| 3| 1[0 1| 1| 1| O O] 4| 5| 21
CroHsl 41 4| 2| 3|1 2| 2| 1]0f 1| 1] 3| 3| 26
) 508 5 4|2 3[21| 1| 1] 7| 8| 47
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Puc. 8. Ce3o0HHAas UBMEHYMBOCTb CTOHHO-HATOHHBIX SIBJICHUI 110 ce30HaM B cpenHeM 3a 2010—2021 rr. Ha ctaHuusx: (a) o. Mc-

KyccTBeHHBI; (0) Jlaransb; (B) o. Tionenwmii; (r) Maxaukaia.

HO-HaroHHbIE KOoJeOaHUSI YPOBHS JOCTUTAIOT B paii-
oHe Jlaranm, Ha HaroHbl B mHTepBaige 51—100 cm
npuxonuiaochk 26.1%, Ha HaroHbl Gojee 100 cM —
4.5%; nyist CTOHOB MOBTOPSIEMOCTh cocTaBuia 33.5 u
1.0% cooTBeTCcTBEHHO. BenuunHa HaroHoB cCylle-
CTBEHHO OoJiblie, yeM croHoB. Crousl 6osee 100 cm
He Habmogannch. MakcuMalbHas BeJIMUYMHA HaroHa
coctaBmia 229 cM; MakKCUMalbHasl BEJIMYMHA CTOHA
coctaBmia 120 cm. Ha ocTajibHBIX CTAHIMSX CHIb-
Hble HaroHbl U CTrOHBI, IpeBbiapime S0 cMm, Ha-
OII0JAJINCh JOCTATOYHO PEAKO: JOJSI HAarTOHOB B UH-
tepBaje 51—100 cm mis o. TroneHuii coctaBmia 7.0%,
ot Maxaukanbel 1 0. MckycctBennsbiit 0.2 u 2.0%;
JI0Jist croHOB B MHTepBajie 51—100 cM coctaBuita 0.5%
Ha o. TioJIeHni1 OT OOILEro YKcia BCeX 3aperucTpu-

poBaHHBIX cirydaeB. [1o cpaBHEHMIO C IIEPUOIOM BBI-
COKOIO CTOSIHMSI ypoBHs1 Kacnuiickoro Mopsi, B co-
BPEMEHHBIH IepUO CHIKEHUSI YPOBHS BBICOTA Ha-
TOHOB CHIDKAETCS, YTO COOTBETCTBYET BBIBOIAM
(BomHpli ..., 2016).

OCHOBHBIMU CUHOIITUYECKMMU CUTYallUSIMU, TIPU-
BOISIIMMU K 3HAYUTEILHBIM HaroHaM (Oojee 1 M), B
WCCIeIyeMbIi mepruoa ObUTA OTPOTH M TPEeOHM a3uarT-
ckoro aHTuuukiaoHa (78.5%), HaroHbl LIMKJIOHWYE-
CKOro mpoucxoxaeHus 6osee peaku (11.4%), naro-
HBI, BO3HUKAIONINE IO BAUSIHUEM CKAHAWHABCKUX
AHTULMKIOHOB, cocTaBuiau 6.3%, KapCKUX aHTH-
LUKIOHOB — 3.8%. BusiHue CUJIbHBIX 3aIlaIHBIX, Ce-
BEpO-3allafHbIX 1 I0r0-3anaJHbIX BETPOB, BbI3HIBAIO-
ILIMX CTOHBbI, OBLJIO OOYCJIOBJICHO BO3ACHCTBUEM Iped-

Taﬁnnua 5. HpOI[OJI)KI/ITCIII:HOCTI) HAarOHHbLIX M CTOHHBIX SIBJICHUI B CeBepO—E}aHaﬂHOﬁ gactu Kacnuiickoro MOps,

2010—2021 rr.

M ponomku- 0. MckyccTBeHHBbII Jlaranp o. TroneHnit Maxaukana
TEJILHOCTD HaroH CrOH HaroH CTOH HaroH CTOH HaroH CTOH
1-2 mua 27 5 240 266 73 40 20 26
3—5 nHeit 5 0 54 58 14 4 1 0
Bonee 6 nHeii 0 0 6 1 2 0 0 0
N3BECTUA PAH. CEPUS TEOTPAOUNYECKAS TOM 87 Ne 6 2023
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Heil 1 OTPOroB a30PCKOr0 aHTULIMKIIOHA (45%), CTOHEL,
BbI3bIBaEMbIe KACITUICKMMM, I0KHBIMU M CEBEPO-3a-
MagHLIMU IUKJIOHAMU B CyMMe cocTaBuiu 54%.

SAKIIIOYEHHUE

B paGore mpencraBiieHbl pe3yabTaThl aHaIKU3a
JTaHHBIX MHOTOJICTHUX HAOIMIOAEHUI 32 OTACIbHBIMU
TUIPOMETEOPOJTOTMYECKMMU TT0Ka3aTeISIMUA COCTOSI-
HUSI OKpYyKalollleil cpelnbl B perrnoHe Kacmuiickoro
MODPsI, BBIIIOJIHEHHOTO C 1IEJIbIO OLIEHKHN UX N3MEHY M-
BOCTU B COBPEMEHHLII Tepruoa. AHaIM3 MHOIOJET-
HUX PSIIOB TEMIIEpPATyphl IIPU3EMHOTIO CJIOST BO3IyXa
Ha CTaHLMSIX HaOII0maTeaIbHOt ceTr B pernoHe Kac-
MUACKOTrO MOPsI OKA3bIBAET ITOBBIILICHUE €€ CPETHE-
roIOBOM BEJIMYMHBI B mocjienHuii 30-JIeTHUI 16 puoI
Ha 1.0°C B cpaBHeHMU C 6Aa30BbIM KIIMMATUUYECKUM
MEPMOAOM, YTO COBIIAAACT U C IPYTMMU UCCIEA0Ba-
Husmu (Tpetuit ..., 2022; ToponoB u ap., 2018).
Haubonee cymecTBeHHOE yBeIUYEHIE TeMIIepaTyphl
BO3dyxa MNPUILIOCh HAa 3MMHMUE Mecslbl. Makcu-
MaJibHbIC 3HAaYCHMsI TeMIlepaTyphl, HaOIogaeMbIe B
COBPEMEHHBIH IIe PO, TAKXKE YBETUIMINCH OTHOCH -
TeabHO 0a3oBoro nepuona. Hambomee cyiiecrBeHHOE
YBeJIMYEeHNE MAaKCUMAaJbHbIX 3HAYCHUI IIPUIILIOCH
Ha OCeHb. 3HAYEHUSI MUHMMAJBHBLIX TEMIIEpaTyp
BO3/Iyxa B COBPEMEHHBbII Mepuoj cHusuwiuch. Hau-
OoJiee CyILIECTBEHHOE CHIDKCHME 3HAYCHUM MWHU-
MaJIbHBIX TEMIIEPATYp IIPUIILUIOCHh HA OceHb. [I1s1 Bec-
Hbl OBLJIO OTMEYEHO yBEJIMYE€HUE 3HAYECHUIX MUHU-
MaJlbHBIX TemIepaTyp. Haumboiiee cylecTBEeHHOE
MOBBIIIEHNE CPETHErONOBOIM TeMIlepaTyphl BO3oyXa
OTHOCHUTEJIbHO 0a30BOT0 KJIMMAaTHMYECKOIO Mepuoja
Habmogaock Ha craHuusax B CpenHem Kacnuu 1o
CpaBHEHUIO C IPYTMMHU paiioHaMu Mopsi. B ceBepHOIi
yacTd Mopsl Haubojiee MHTEHCHUBHO TeMIlepaTypa
BO3/yXa MOBBIIIAJIACH 3UMOI, a B I0XHOU — JIETOM.
Ha ¢ one moTemieHus pocia u TeMIiieparypa IoBepx-
HOCTHOTO ¢JIos1 Bonbl. CpeHsisl ronoBasi TeMIieparTy-
pa Bonbl Kacrnuiickoro mops B riocienHue 30 et oT-
HOCHUTEJIbHO 0a30BOT0 IIeproaa yBEJIMYMIAch Ha
0.3°C. Haubonee cyliecTBEHHOE yBeJIMYEHUE Cpell-
HUX 3HAaYEHUI OTMedaeTcs B OCEHHUE Mecslbl. Han-
OoJjiee CyIIECTBEHHOE IIOBBIIICHHE TeMIIepaTyphl
npousouuio B OxxHoMm Kacnun. MeHee Bcero MeHsI -
Jachk Temriepatypa Boabl B CpenHeM Kacriuu. Hau-
OoJIblliee MOBHIIIEHUE TeMIlepaTyphsl Boabl B CeBep-
HoM Kacnuy nmpuxoamiaoch Ha OCEHHUE U 3UMHUE
MECSIIIbI.

B HacToglee BpeMss CyMMapHBI pedHO CTOK B
MOPE€ COCTaBJISIET OKOJIO 275 KM, 80% KOTOPBIX IIPU-
xogutcs Ha Bonry. ITo Bcem pekam, BIlagaroliuM B
Kacnniickoe mope, B mepuon 1996—2018 oTHocu-
TeJibHO Teproaa 1961—1990 rr. HabGIOmaeTCs YMEeHb-
meHue oobeMa croka. MHTEHCUBHOCTb CHIKEHUS
00BEMOB PEYHOTO CTOKa 3a Tepuon 1996—2018 rr. B
cpenHeM coctasuia 0.12 km? B ron, ipyu 3TOM Haubo-
Jiee THTEHCUBHOE CHIDKEHHE CTOKa ObLIO 3a(pUKCH-
poBano w11 Bonru m Kypel, mpuyeM JJIsT IepBOi 3TO

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

OCTPOBCKA4 u np.

OBLII0 OOYCIOBIIEHO IPUPOIHBIMU (DAKTOPAMH, a ISt
BTOPOIl — AHTPOIIOT€HHBLIM U3bsATHEM. 1o cpaBHe-
HUIO C MPEIIIECTBYIOIUM IMEPUOIOM OTMEUAIOTCS
U3MEHEHUSI B CTPYKType BOOHOCTU Boiru, MaioBo-
Ibe Ha Bonre Temepp HabmomaeTcs Jaiie, XOTS U He
TaK 4acTo, KaK 3TO ObLUIO B MaJIOBOIHBINA PO
1961—1977 1r. B ycloBuUsIX HapacTalollero MajoBO-
IIbsI ¥ TIOBBIIIIEHHBIX TEMITepaTyp BO31yXa, TPUBOISI -
IIUX K MOBBIIIEHHOMY WCIIAPEHMUIO, TEHACHLMS K
CHMXXeHUIo ypoBHS Kacnuiickoro Mopst, HaGIo1a0-
masics ¢ koHua 1990-x romoB, coxpaHsieTcsl. DTO
IO3BOJISIET COIIACUTHCS C BhIBOZaMU aBTOpoB (Bom-
HBIiA ..., 2016), 9TO cCOBpeMeHHbIE U3MEHEHUST YPOBHS
MODSI CBSI3aHbI ¢ KIMMATUYECKUMU U3MEHEHUSIMU B
ero OacceiiHe. K 2023 1. oTMeTKa CpeaHEero ypoBHsI
mocturiia —28.7 M OTHOCHUTEIIbHO HYJIsT banTuiickoit
CHUCTEMBI, UTO MOYTH Ha 2 M MEHbIIle 0 CpaBHEHUIO
¢ orMeTKoI 1995 r. I1pu 3TOM TEMIIbI ITaICHUST YPOB-
HSI B TTOCJIEAHNE TPU rojia COCTABISIIOT 0KoJio 20 cM B
ron. OcylieHre TPUOPEKHBIX TEPPUTOPUIA, CBSI3aH-

HOE C MaJicHUEM YPOBHSI, OLIEHEHO B 22 ThIC. KM2.

IpoBeneHHBIN aHAIN3 TO3BOJIVIT TAKKE BBISIBUTD
omnpeneeHHbIe W3MEHEHUsI BETPOBOTO peXuMa U
CTOHHO-HArOHHBIX SIBJIEHW Ha aKBaTOPUM POCCUIi-
ckoit vactu Kacnmiickoro mopsi. IIpeo6namaior B ro-
JIOBOM U CE30HHOM paclipele/icHUM, KaK U paHee,
BETPBI BOCTOUYHBIX pyMOOB (B OCHOBHOM 3TO BOCTOY-
HBbIC 1 I0TO-BOCTOYHBIE BETPHI), TOBTOPSIEMOCTD KO-
TOPBIX COCTaBJISIET 0KOJIO 25%. HabmomaeTcs yBen-
YeHUe CPEeTHEMECSTIHOM U CPETHETOIOBOM CKOPOCTH
BeTpa OTHOCUTETHLHO CTAHIAPTHOTO OIMTOPHOTO MepH-
ona (1961—1990 rr.). MakcuMaJibHOE CpegHeMeCcTd-
HO€ OTKJIOHEHHE OT HOPMBEI B CTOPOHY YBEIMYECHMS
CKOPOCTHU BeTpa JOCTUTAeT 1.2 M/C 1 cpeaHeronoBoe —
0.8 m/c. CraTucTryecky 3HAYMMBbIC TTOJOXUTEIbHbIC
MpUpaIIeHs] OTMEYaloTCsA IPaKTUIECKA II0 BCEM
MecsIaM Tofia, 3a UCKITI0OUeHeM sTHBaps 1 eBpalrs.
BocTouHble BETphI B 3allalHOI YaCTH MOPSI BbI3bIBa-
10T pa3pylInTeIbHBIC IITOPMOBBIC HAarOHBI. AHAJIN3
CE30HHOTO paclipee/ieHNs] CTOHHO-HAaTrOHHBIX KOJIe-
Oanwmit 3a mepuon 2010—2021 rr. mokasan 3aMeTHOE
CHIDKEHUE KOJIMYECTBAa HATOHOB M WX aMIUIATYIBI,
YTO, BEPOSITHO, CBSI3aHO C 60jlee HUBKMMU OTMETKa-
mu ypoBHs1 (Hectepos u np., 2018).

B 3akioyeHre OTMETUM, YTO IMPOTHO3bI, OCHO-
BaHHBIe Ha Momenasasx MI'®UK, mokasbIBaloT, 4To
ONMCaHHbIE TCHACHIIMY KIMMAaTUIEeCKIX U3MEHEHU
oynyTt nponoykartbes (Tpertuii ..., 2022) u, cnenoBa-
TeJIbHO, B OymKaitimite 10—15 JreT ecTecCTBEHHbBIE U3MeE-
HEHMsI TUAPOMETEOPOJIOrMIeCKUX ycaoBuii Ha Kacruu
OyAayT mpOUCXOIUTh Ha (POHE MOBBIIICHHOI TeMIiepa-
Typhl Bo3nyxa. Hekoroprle padotsl (Chen et al., 2017;
Prange et al., 2020) mporHO3MpyIOT HPaKTUIECKUA
MOJIHOE ocylleHue ceBepHoil yactu Kacmnuiickoro
MOpSI U3-3a MPOIOJIKAIOIIEHCS perpecCur ypOBHS K
KOHILY 9TOTO CTOJIeTH. B 3T01 CBA31 rumpoMeTeopo-
JIOTMYeCcKue, Tuaporpadpuiyeckue u reoMopdoioru-
yecKue ucciienoBaHus Ha Kacrmm 1 ycTbeBBIX 00J1a-
CTSIX BITAJAIOIIMX B HETO PeK OyIyT Ype3BhIYATHO aK-
Ne 6
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TyaJIbHBI UIS1 oOecrieyeHust 6€30MacHOCTU MOPCKOI
1 MpUOpeKHOU WHGPACTPYKTYPhl, CYIOXOACTBA U
COILMATIbHO-3KOHOMMWYECKOTO Pa3BUTHUSI PETMOHA B
LIEJIOM.
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The paper summarizes the data from long-term observations of hydrometeorological parameters in the Cas-
pian macro-region. The average annual air temperature over the past 30 years at stations in the Russian part
of the Caspian Sea has increased by 1.0°C and the temperature of the surface water layer by 0.3°C. Currently,
the total river runoff into the sea is about 275 km?. The volume of annual runoff from all rivers flowing into
the Caspian Sea went down in the 1996—2020 period compared to the 1961—1990 period. The intensity of the
decrease in river runoff in the 1996—2020 period averaged 0.12 km? per year, while the flow of the Volga and
Kura rivers decreased most intensively. In conditions of warming and decreasing river runoff, the Caspian Sea
level continues to decline, which began in the late 1990s. Due to increasing water scarcity in the Volga River,
the level of the Caspian Sea is going down. The trend started in the late 1990s. By the beginning of 2023, the
average sea level had reached —28.70 m abs, which is about 2 m lower compared to the level in 1995. The
drained coastal territories are assessed at more than 22 thous. km?2, mainly in the northern shallowest part of
the sea. The changes in the wind regime and the observed increase in the average monthly and yearly wind
speeds are compared against those in the standard reference period (1961—1990). It has been established that
the easterly and westerly winds, which cause storm surges with devastating impact on coastal territories, have
the greatest repeatability. The statistics of surges observed at four marine stations are given for the 2010—2021
period. The amplitude of the wind-induced level fluctuations in the Lagan area reaches a maximum value of
3.0—3.5 m, while it is about 1 m in Makhachkala. An analysis of the seasonal variability of surges is also given.

Keywords: Caspian Sea, Volga River, climate change, air temperature, water temperature, sea level, river flow,

wind, storm surge
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