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BBenenue

Bompocy cBepxgonrocpounoro mporrosa yposHsi Kacmmiickoro
Mopst (YKM) BBHIY ero mpakTHUecKod BaKHOCTH yIesseTcs 0onbuioe
BHUMaHue. [Ipoucxondmme qoNronepuoHble aHOMadbHble KojaeOaHus
YKM, comnpoBoxaaionyecs OCynIeHHeM WIH, Hao0O0poT, 3aTOMICHHEM
3HAYUTEIHHBIX MPUOPEKHBIX TEPPUTOPHI MOPS, OKA3bIBAIOT HETATHB-
HOE€ BIMSAHHE Ha MHOTHE acIeKThl JKH3HENEesATeNbHOCTH cTpaH Kacrnii-
ckoro peruosa. /it npunHATHS 000CHOBAHHBIX CTPAaTErMYECKUX U Orie-
paTUBHBIX pEIICHMI MO BOMpocaMm obecrieueHus Ge30MacHOCTH Jroneit
¥ CHIKEHMS 3KOHOMHYECKOTO M 3KOJIOIMYECKOro yuepba oT BO3dei-
CTBUA aHOMAJbHBIX KOJIeOaHUH ypoBHS MOpsI HEOOXOAKMMBI CBEPXA0I-
rocpoUHbIe IIPOrHo3kl n3meHenuil YKM Ha pa3nudHbie cpoKd.

Homertku nporrosupoBanus YKM na Gonsmme cpoxu (ot 5 met
[0 HECKOJIBKMX INECATWISTHI) NpelIpUHUMATINCH HEOAHOKPATHO, U UX
pe3ynbTarsl omyGnuKoBaHb B HayuyHol nmureparype. K coxaneHwio,
BeneicTBUe cnaboil HayyHOM 6askl ATHX TPOTHO30B, B OOJBIIMHCTRE
CJIy4acB OHM OKa3bIBAIUCH KpajiHe IPOTUBOPEUUBLIMU U HETOUHBIMY. B
Hoc/ieAHee BpeMs OOJIBUIMHCTBO YUSHbBIX CKIOHSIOTCSA K TOMY, YTO J0JI-
rorepuonnabie konebanus YKM HMeT KIMMaTHYIecKyro TPHPOIY.
TexToHMUYECKHE W aHTPOIIOTeHHBIE (PAKTOPHI XOTS U OKa3bIBAIOT ONpe-
JieJICHHOE BIMAHHE Ha JOJNTONEpPUOJHbIC KojeOaHMs YPOBHSA, HO HE
HMEIOT PEIIAOLIET0 3HAUCHMSL.

BosMoxunocTe niporHosuporanus YKM Ha 1 u 5 ner Bmepsbie
Obula nokazana ewe B 40-x rr. npouwioro cronerus I'.I1. Kanununsim
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u H.A. benunckum [4, 5]. x nporHo3sl OCHOBBIBAJIMCH HAa ACUHXPOH-
HBIX KOPPEJIALUOHHBIX CBA3SIX MEXKAY MHTErpaIbHBIMU XapaKTepUCTU-
KaMH YPOBHSI MODPSI U HWHTErPalIbHBIMU XapaKTEPUCTUKAMH KOJUYE-
CTBEHHBIX IOKa3aTenel arMochepHOW LHUPKYJISIMKM Hal ATIaHTHKO-
EBpomneiickoit Teppuropueit. IIporHossl BelycKanuch CHavyajla Kak
OTIBITHBIE, a 3aTEM Ha PETrYJISIPHON OCHOBE, U BIIOJTHE ce0sT OMpaB/Ialiu.

Wnewn, 3anoxennbie B padborax benunckoro n KanuHuHa, momydn-
JM JaybHelnee pa3BuUTHE B paboTax COTPYIAHHMKOB [ 'mapomerneHTpa
Poccun [1-3, 7-9, 10]. B nacrosmee Bpems OQUITHANBHBINA CTATyC
UMEIOT TIPOTHO3 ToMecsTaHoTO XoAa YKM Ha 1o 1 pOHOBEIN MPOTHO3
YKM Ha 6 ner. K coxxaneHuto, 3TH JBa BHIa MPOTHO30B HE IMOJTHOCTHIO
YIOBIIETBOPSIIOT 3aIIPOChl XO3IMCTBEHHBIX OpraHusauuii. Hanpuwmep,
JUTSE TIPOEKTUPOBAHUS KPYITHBIX THAPOTEXHIUUECKUX COOPYKEHUH HE0O-
xoauMbl Iporuo3sl YKM Ha rofpl U faxke JecsTUIETHS.

B nacrosmieit pabote 00CyKAar0TCs Pe3ybTaThl UCCIEIOBAHUN B
00JTaCTH CBEPXIOJTOCPOUHBIX MTPOrHO30B Y KM, BBITONTHEHHBIX B [ H-
pometuentpe Poccun. B Hell mpencTaBiaeHbl CBEPXI0ATOCPOYHBIE TTIPO-
THO3BI Ha cpoku 6, 12 u 18 net, cocTaBneHHble B pa3Hoe Bpems [1-3], a
TaK)Ke IMPOTHO3bI C YYETOM HOBBIX MCXOAHBIX THIAPOMETEOPOJIOTHYUE-
CKUX JTaHHBIX.

1. UsmenunBocth YKM B XX 1 HauvaJse XXI Beka U ee CBS3b €
aTMoc¢epHbIMH IIpoLECCAMM

Yposensr Kacnuiickoro MOpsi B MHOTOJICTHEM MaciiTade XapakTe-
pHU3yeTcs MHUPOKUM CIIEKTPOM W3MeHunBOCTH. Ha puc. 1 mpencraBieH
rpaduk MHOTONEeTHETO X0Aa Y KM, MOoCTpOeHHBIN MO JaHHBIM HaOII0-
neHnit B Maxadkaie, KOTOpPBI OYeHb OJM3KO COOTBETCTBYET XOIY
cpeanero ypoHsi Kacnmiickoro mops (k03GdUIHEHT KOppessiuuu pa-
BeH 0,95).

U3 puc. 1 BuaHo, uro mHoronetHud xoa YKM B MHOrOjeTHEM
MacimTade MCIBITHIBACT 3HAYUTENBHBIC AOJITONEPUOAHbBIC KOICOaHUs U
OTHOCHTCS K KIIACCY HECTAIlMOHAPHBIX HETMHEWHBIX IPOIIECCOB.

3a nocnenuue 114 jger B MHOTOJIeETHEM X0A€ Y KM 4eTko BhLIEISI-
eTcsl IIeCTh XapakTepHbIX NepuojoB. llepserii mepuon (mo 1929r1.)
XapaKTepU3yeTCsl OTHOCHTEIBHO BBICOKUM CTaOMIIBHBIM ITOJIOKEHH-
€M ypOBHS C HEKOTOPBIMH KOJICOAHUSMHU OKOJIO CPEIHEro 3HaueHUS
—25,50 m B bantutickoii cucteme BoicoT (bC).

80



'
~N
w

3
~N
&

6 . eAMHNALAX
N N
() w
»

;
{
N
/‘>

"

w

o
3

1901
1906
1911
1916
1921
1926
1931
1936
1941
1946
1951
1956
1961
1966
1971
1976
1981
1986
1991
1996
2001
2006
2011

_|
=}
>
T

Puc. 1. Muoroaernuii xox yposusi Kacnimiickoro mops ¢ 1901 no 2014 r.

Bropoit nepron (¢ 1930 mo 1941 r.) xapakTepusyeTcsi HHTEHCHB-
HbIM majieHueM ypoBHs (Ha 1,7 m 3a 11 ner). Tperuit nepuog (¢ 1941
mo 1970 T.) xapakrepu3yeTcss OTHOCHUTEIHFHO MEIJICHHBIM TMaJeHUEM
YPOBHS CO CPEAHEH CKOPOCThIO 3,6 CM/TOJI ¢ HEKOTOPBIMH KOJICOaHMsI-
Mu oKosio cpenueit ormetkn —28,28 m bC. Yerseptsiii nepuon (¢ 1970
no 1977 r.) xapakrepusyercsi ouepeaHbIM pe3kuM nanenneM YKM. B
1977 1. ypoBEeHb MOPSI JOCTUT CaMOW HU3KOH aOCOJIOTHOW OTMETKH 3a
nocnenuue 500 net (—29,00 m BC). Ilaterit mepuon (¢ 1978 mo 1995 1.)
OTMETHJICS HEOXHMIAHHO PE3KUM MPOAOJIKUTEIBHBIM MOBBIILICHUEM
ypoBHs. Takue TEMIBl U MPOJIOIKUTEIHLHOCTh POCTa YPOBHS MOpPSI HE
OTMEYAJIUCh 332 BCIO MPOIUIYI0 HUCTOPHIO HabmomeHuid. 3a 18 met ypo-
BEHb TOJHSUICS TMOYTH Ha 2,5 M CO CpelHeil ckopocThio 14 cm/rox.
Hlecroit mepuox (¢ 1996 roga mo Hacrosiiee BpeMsi) XapaKTepu3yeT-
Csl OTHOCHUTENIBHOM cTa0mimM3anueld YpoBHS OKOJIO CPEIHETO 3HAUCHUS
-27,08 m BC.

[locne mocTwKeHUs: MaKCHUMAJIBHOTO 3HaueHHs ypoBHS B 1995 .
YpOBEHBb MOPS 3a TIOCIIEIYIONINE JIBA TO/1a TIOHMU3HICS Ha 36 cM, mmocie
Yero ero majeHue 3aMeTmiock. 3a mepuoa ¢ 1998 mo 2001 r. ypoBeHb
MOPsI IOHU3MWICS BCero Ha 8 cM, a 3a nepuox ¢ 2003 mo 2006 r. ypoBeHb
cHOBa TOBBICHIICSA Ha 14 cM. OmgHako B mociemuue ronsl (¢ 2006 1o
2014 r.) HaOmrogaeTcsi OTHOCHTEIBHO ClIa00e, HO YCTOMYMBOE TaJCHHE
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YPOBHS €O cpeliHeH ckopocThio npumepHo 8§ cm/roa. K 2015 r. 3a 9 ner
VPOBEHB yIiai Ha 68 ¢cM U JoCcTUT abcomoTHOM oTMeTKU —27,62 M BC.

CoBMmecTHBIM aHaiu3 MHoroaetHero xoma YKM 1 kKiIuMaTHdecKux
ycnoBuii Ha BomocOopHoM Oacceine Kacnms mokaselRaeT, 4TO MHOTO-
BOJIHBIC U MaJIOBOJHBIE NEPHUOJIBI CTOKA PEK, IMaBHbIM o0paszoM Bonry,
U, Kak ciuencreue, xonebanus YKM o0ycrnoBneHbl M3MEHUHBOCTHIO
0apUKO-IIMPKY/SILMOHHOTO PEXMMA B aTIaHTHKO-CBPA3UICKOM CEKTOpe
CesepHoro nonymapus. ['MIpoMeTeoponIornieckue yciaoBusl KacIMi-
CKOro 0acceifHa HaxoATCS B 30HE TPEX IICHTPOB JleHcTBUS aTMOocheps!:
Ucnanackoii nenpeccuu, Azopckoro u CubupcKoro MakCUMyMOB, ak-
TUBW3ANUSA WM OCNableHne KOTOPHIX OOYCNaBIHBAIOT Pa3BHUTHE IIHK-
JIOHUYECKUX ¥ aHTHUIMKIOHHYECKUX MPOLECCOB M COOTBETCTBYIOIIETO
pexuMa TIoro sl Ha BogocOopHOM Oacceitne Kacnms.

Tax, BBICOKOE TIOJIOKEHHE YPOBHS M OTHOCHTENIBHAS €I0 CTa0UIb-
HocTh B KoHIe XIX u nawane XX Bexa (uepBeld nepuon) Obuin o0y-
CIIOBIICHBI aHOMAJIBHO Pa3BUTHIMU B CeBEpHOM TMONYIIAPHH 30HATEHBI-
MH 1poueccamud 3anazHod  Qopmel  (mo  Bawrewreiimy), 4ro
CHOCOOCTBOBANIO CMEUICHUIO ATIaHTHYECKHX LUKIOHOB M Anpa A3zop-
CKOI'0 MakCHMYMa Ha BOCTOK, B PE3yJIbTATe YEero B CEBEPHBIX palloHax,
BKJIIOHAIOMUX BoJocOGopHBIN Oacceitn Kacnus, oTMeuanocs odmupHOE
BBINAICHUE aTMOC(EPHBIX OCAIKOB, 0COOEHHO B OCEHHE-3UMHHI CE30H.
O0BeMBI Pacx0/I0B PEK BOIKCKOTO OacceiiHa pe3ko BO3pOCin, TIaBHBIM
obpazom 3a cuet p. Kamsl, popmupytomeii B cpeanem oxono 50 % cro-
ka Bonru. TengeHuus CHHOKEHHS YPOBHA MOpPsl B 3TOT mepuof Obuia
HE3HAYMTEILHOM U cocTarisna okoio 0,34 cm 3a 30 ner.

Bropoii nepuos, xapakrepu3yeMblid pe3KuM NaJeHUEM YPOBHA MO-
ps, ObUI CBA3aH ¢ KpYHHOMAcHITaOHOHM KIMMATHYECKOW aHOMAaIHEH,
oxBatmBIIel Bce CepepHoe ToNyIapue; HanboIee SpKO OHA TIPOSBH-
nace B 1930-e rr. AHTMLUUKIOHUYECKUN PEXUM HOrOJbl, YCTaHOBUB-
Mmics B Tpefesax BCEero aTIaHTHKO-EBPOMEHCKOro CeKTopa, SBHIICS
CJIEACTBUEM Pa3BUTHA BOCTOUHOM (HOPMBI HUPKYISIMMA. Y CTaHOBUBILIHU-
ecsl 3aCyILJIMBbIC YCIIOBHSA, O0YCIOBICHHBIE 3HAUUTEIBHBIM JEQULINTOM
aTMOC(EPHBIX 0CAJKOB, CIIOCOOCTBOBAIM PE3KOMY CHIDKEHMIO YPOBHS
MOpsL.

Tperuit nepuon (1940-1970 rr.) xapaxrepuszosaincs Ooiee yme-
PSHHBIMH  KJIMMATHYECKHMH VCIOBHSAMH B Oacceline Kacmmiickoro
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MOpsI, TEMIIbl HaJCHHUS YPOBHS 3aMEUIMIINCh. AHOMaJIbHO Pa3BUTHIC
HPOLIECCHl MEPUANOHAIBLHON (POPMBI IUPKYJSILMK aTMochepbl croco0-
CTBOBAJIM yBEIIMYCHUIO YBIaKHEHHOCTH B Oacceiine Kacrms. B 1949-
1956 rr. nedunuT BoaHOro GamaHca COCTaBIIsI 0Kojo 19 kv’/roj, a B
19571969 Tr. B MOpE TOCTYIAI0 IPUMEPHO 7 KM>/Toj1, GOJIbIIE, YeM
UCHapsIoch U crekano B 3anuB Kapa-borasz-I'o.

Hexoropsie coBpeMeHHBIC TEHACHIIMHA U3MEHEHHS KIMMaTa Ha BO-
nmocOopHOM OacceifHe Bonrm ykas3pIBaloT Ha TO, YTO TOJOBOE KOJIMYE-
CTBO OCAJIKOB, OCPEJHEHHOE TI0 BOJOCOOpPHOMY OacceifHy, XapakTepu-
3yeTcsl pe3KuM yBenndeHneM ¢ Havana 70-x u g0 koHma 80-x TT.
IpONUIOro croneTrs. VX pocT mo criiaykeHHOH KPUBOM cOCTaBHI Oosee
40 MM M TIPOMCXOAMI MPEUMYILECTBEHHO 32 CYET POCTa CYMM JIETHHX
0CaJKOB, KOTOPBIH B Hadane 90-X roJjoB CMEHWIICS UX YMEHBIICHUEM.

C nagama XXI Beka JIETHHE CYMMBI OCAJIKOB IPAKTUYECKUA HE Me-
HAIOTCS. 3UMOH MOBBIIIEHHE KOJUYECTBA OCA/IKOB MpUMEPHO Ha 20 MM
npojokaiock Ao Havana XXI Beka, a Janblie HAMETWIACH TCHICHLUS
K uX yMeHblleHuto. ClieayeT OTMETUTh, YTO MUHHUMYM OCaJKOB 3a HC-
ciexyembiit iepuon (1948-2010 rr.), kKak B XOJOAHBIN, TaK U B TEIUIBII
nepuos roja, Habmogancs B Hadane 1970-x romos.

Anomanbnble yenoBus morojsl B 2010 u 2012 rr. Obutn 00ycioB-
JICHBl YCTOWYHMBBIM OJIOKHPYIOIIMM aHTHIMKIOHOM, KOTOPBIM pacrona-
rancst HaJ cesepoM Poccun. @opMupoBaHHE 3TOr0 AaHTUIUKIOHA CBSI-
3aH0 ¢ CHOHMPCKUM MaKCHMyMOM, 3aIllaHBI OTPOT KOTOPOTO CTall
pacIpoCTpaHsITLCS Ha CeBEpO-BOCTOUHBIC paiionsl ETP. ArTunmkionu-
yeckuii mporiecc 3umoi 2012 r. mo macmradaM BO3AEHCTBHS U PacIpo-
CTpaHEHHS Ha 3amaj] SBISETCS 3KCTpeMalbHbIM. (OUYeBHAHO, 3TH MPO-
Hecchl W TpPHUBEIM K YCTOHYMBOMY CHIDKCHHMIO YPOBHSI MOpSl B
HOCJIEHNE TOJIBI.

2. UcxoaHble JaHHbIE U METO/I UCCIeI0BAHUS

Caepxionrocpounslii mporao3 YKM HemocpencTBEHHO CBs3aH C
pa3paboTKO MPOTHO3a KIIMMaTa — OJAHON W3 CIOKHEHITUX COBPEMEH-
HBIX HEpeIIeHHbIX Mpobiem [6]. CoBpeMeHHbBIE BO3MOKHOCTH MaTeMa-
TUYECKOTO MOJIETMPOBAHNS KIMMATHYECKUX CIIEHAPUEB C MCIIOJIb30Ba-
HUEM Mojiesielt oOmiel mupkyssiuu atMochepsl (OLLA) He TO3BOJISIOT
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NOKa MOJYUUTH aJeKBaTHBIX pesyibraTtoB. Peakuus YKM na Bo3nmeii-
CTBHS aTMOCQEPHBIX IIPOLECCOB YCIIOKHICTCS HATOXKEHIEM paja (ak-
TOPOB aHTPONOTEHHOI'O ¥ TEKTOHHYECKOTO XapakTepa.

[Tockonpky KOHKPETHOTO 3BONIONHMOHHOTO MEXaHW3Ma BIUSHUS
aTMoc(epHBIX NPOLECCOB HA OXUIAEMbIH XapakTep X0Ja YPOBHS MOps
B SIBHOM BH/E OIpENeINTh HE yHaercs, TO B HacTosuled pabore ans
BBIABIICHMS B3aMMOCBS3eH MEXIY BpeMeHHBIM xonoM YKM u xapakre-
pHUCTHKAMH aTMOC(EPHOM LUPKYIAUMU IPUMEHEH METOX PEerpeccHOH-
HOro aHanu3a. D(QQEeKTUBHOCTE TAKOT0 MOAX0AA LI pa3paboTKH METO-
JOB JIOJITOCPOUHBIX TUAPOMETEOPOJIOIMYECKHX IIPOIHO30B JOKA3aHa
MHOTOJIETHEH TPAaKTUKOM.

Hcxonnolt nndopMauueil 1 UcCaeNoBaHUS TTOCTYAKWIM MHOTO-
netaue pansl (¢ 1901 mo 2014 r.) nabmoaennii 3a ypoBHEM MOpS B O
NpU3EeMHOM aTMOC(EepHOM JaBJICHUH MO BOANOCTY Maxaukana.

Ilpu noctpoeHun (QU3UKO-CTATHCTUUECKUX Mojeseil xoneGanuil
YKM wucxomsbie psabl YpOBHS TPUBOJIINCE B COOTBETCTBHE C MOJE-
JBIO CTALMOHAPHOIO cilydyaiiHoro mnpouecca. g 3toro B Kadecrse
nokazarens uzMenuuBocT YKM Opanuchs He abcomoTHBIE 3HAUEHUS
YPOBHSI, a UX MPHUPAIIEHUA OT rofa K IOy, Tak Ha3bIBAEMBIC TIEPBHIC
pasHoctd. C QU3HMIECKOH TOUKH 3PEHUsS rOJOBbIC NPHPALIECHHUS YPOBHS
XapaKTePU3YIOT TOAOBON OTTOK MJIM IPHUTOK BOJALI B MOPE U OTPAKAIOT
U3MEHYUBOCTH BOJHOro OasaHca Mops. Ha puc. 2 npencrasien rpadux
MHOTOJIETHETO X0Jla FOAOBBIX INpupameHuii YKM, koropslil nokassiBa-
€T, YTO UX pacupefeneHye OJIM3K0 K CIyyalHOMY paclpeleneHHIo, YTo
MOATBEPKAACTCSI THCTOTpaMMOM pactipenenenus (puc. 3).

Puc. 3 neMOHCTpUpYET XOpOLIEE COOTBETCTBUE SMIMPHUYECKOH U
TEOPETHUYECKON KPHBBIX PaclpelesicHus TOJOBBIX NpupameHuii YKM,
YTO aeT OCHOBAHHUE NPUMEHATE K aHaIM3y BPEMEHHBIX PAIOB METOIBI
JTMHEWHOM MaTeMaTHYeCKOU CTaTUCTHKI.

I'unpomereoposioruueckue ycnosus kaclmiickoro 6accefiHa Haxo-
IITCsL B 30HE BiMsHMA Tpéx Oapuueckux obpazopanuii: Mcmanackoit
genpeccus, A3opckoro 1 CHOMPCKOro MaKCHMYMOB, aKTHBU3AIMS UITH
ocnabiaeHue KOTOPbIX 00YyCIaBIMBAIOT PAa3BUTHE LUKIOHUYECKUX HIIH
AHTUIMKJIOHWYECKUX TIPOIIECCOB U COOTBETCTBYIONIME PEXKHUMBI TIOrO-
bl T[loaToMy 18 CyIeHHS O pa3BUTHM aTMOC(HEpPHBIX MPOLIECCOB B
CeBepHOM MONyHIApUM II0JII aHOMAIMH IPU3EMHOTO aTMOC(EpPHOTo
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JIABJICHHUS AHATM3UPOBAIIMCH JIJIsl TpexX ceKTopoB CeBEepHOro mMojyIia-
pus, Brmodaromux CepepHyio ATinaHnTuKy (1 cexrop), EBpomy (2 cek-
Top) u A3uro (3 cexrop) (puc. 4).
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Puc. 4. CexTopa, 1/151 KOTOPBIX PACCYUTHIBAINCH KO3 PHIIMEHTHI
paznoxennsi B; : CeBepnast Ariaanruka (1 cexrop, cunuii), EBpona

(2 cexTop, KeJaThI), A3ust (3 cekTOp, 3eJIeHblii).

Crenyer OTMETHTB, YTO BCE OTOOpPAHHBIE CEKTOpAa MMEIOT Xapak-
TEPHBIC MPUPOIHBIC pa3inuus, 00yCIOBICHHBIC PETUOHAIBHON CICIIH-
(UKol HampaBiIeHUs BO3AYIIHBIX IMOTOKOB M WX HHTEHCHUBHOCTHIO,
CBSI3aHHBIX ¢ 00mIel mupkyssnued armMochepsl. COBOKYITHOCTH MMOJIEH
AHOMAJIMK aTMOC(EPHOTO JABJICHUS, OTPEICISIONINX CTATUCTHUCCKUI
psd, TPENCTaBISsLIUCh aHATUTUYECKH (YHKIHMeW KoopauHaT X, y. Ko-
s dunmeHTsl pasnoxkeHust Bi 9TUX Tonel UCIob30BaNCh B KAYeCTBE
MPEIUKTOPOB MPU MMOCTPOCHUHU JIMHEHHBIX MPOTHOCTUYCCKUX 3aBUCH-
MOCTEH.
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Jis kasxnoro u3 cexropos ObUIM BHIOpaHsl IO 3 nepBhiX KO3 du-
LHEHTa PA3OXKEeHUsA, KOTOPHIE C HOCTATOYHO BHICOKMM NPHOAKEHUEM

ONMCHIBAIOT UCXOJHOE ToNe armMocdeproro nasnenus: By, B, B, (1-i
2 3

cektop), B, B, B} (2-if cextop) u B;,B;, B, (3-if cexrop). 3nech
BEPXHUHU MHIEKC 03HA4aeT HOMEP CEKTOpa, a HIKHHUM — MOPSAKOBBII
HOMep Koa(urpenTa pasnoxenns. Bennanaa kosdounmenra pasno-
KEHHs XapaKkTepu3yeT MHTEHCUBHOCTh NMEPEHOCa BO3AYHIHBIX Macc, a
3HaK — HampapieHue mnepeHoca. Koadduumenr B, xapaxrepusyer
cpelHee 3HAYCHHE aHOMAJMH JaBIEeHUS B KOKIOM U3 TPEX CEKTOPOB.
IIpu B, >0 B COOTBETCTBYIOWIEM CEKTOpE NpeoliajaeT LMKIOHHUYE-

cKas JeATeNbHOCTh, a pu B, <0 — anTtunukionnyveckad. Bennunna n
3HaK Koadduuuenta B, XapakTepusyloT MHTCHCUBHOCTH M HaIpaBiie-
HM€ 30HAJIBHOTO IIepeHoca Bo3aywHbix Macc. Ilpu B, >0 mpoucxozut

ocnabnenne o0MIeH UPKYISINANA aTMOcdepsl U TTpeodaagaeT aHTHITHK-
JIOHUYECKas NeATeIbHOCTh, YTO OOBIYHO BeleT 3a co00il yMEHbLIeHUe
0CaJIKOB M YBEJIMHYEHHE HCIAPEHHS U, KaK CJICACTBHUE, NaJCHUE YPOBHS
mops. Ilpu oTpunarenbHOM 3HaKe 3TOr0 KO3(QQHUIHUEHTa TPOUCXOIUT
yYCHUJICHHE HHUPKYJLIIAU aTMoc(epsl B CpelHUX IMUPOTax. ITO0 0OBIYHO
HPUBOJUT K YCUIIEHUIO LMKIOHMYECKOH JIEesTeNbHOCTH, K YBEINUEHHIO
0CaJIKOB ¥l YMCHBIICHUIO NCHAPEHMS U K POCTY YPOBHS MOpS.
Benuunna u 3uak kooddunmenta B, xapakrepusyor Mepuuuo-

HallbHBI 1iepenoc Bo3nywHsix Mace. Ilpuy B, >0 npoucxogur mepu-

JMOHANILHBI TePeHOC XONOMAHOTO U CYXOT0 BO3JyXa W3 apKTHYECKOTrO
Gacceitna. HaoGopor, npu B, <0 mpoucxomur MepuauoHaNbHEIN BBI-

HOC TEIUIOTO M BIAKHOIO BO3yXa B CPEJHHE IIHPOTHI M3 TPOIUKOB,
10T K03 (PUIMEHT, B YACTHOCTH, CBA3AH ¢ BBIXOJIOM HOYKHBIX ITUKIIO-
HOB, KOTOpBIC MPHHOCAT Ha BoMocOOpHbIH Oacceitn Kacnus u Bonru
0OJTBIIIOE KOJTUYECTBO OCATKOB, OCOOCHHO B 3UMHEE BpEMSI.

Kax m3BecTHO, yBENTHUeHNE 3a0I1arOBPEMEHHOCTH TIPOTHO3a TIPEXkK-
JI€ BCETO CBSI32HO C YHYCTOM KPYMHOMACIITAOHBIX aTMOC(EpHBIX mpo-
HeccoB. D10 Hen30eKHO TpeOyeT YBEIMUCHHS MAcCIITa0OB OCpEIHEHUS
UCXOJHBIX PAJOB, YTOOBI BBISBUTH HamboJiee 3aKOHOMEPHBIE M YCTON-
YWBBIE OCOOEHHOCTH B MHOToMeTHeM xoxe YKM m xapakrepucTuk
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aTMOC(EPHBIX IPOLIECCOB. YBEIMYCHUE MacITadOB OCpPEHECHUs /Iena-
eT KOpPEJIAIHOHHbIE CBS3H OoJiee YCTOMYMBRIME K CITYYaiHBIM SIBJICHHU-
sm. [losromy B AanbHelleM HM3KOYAacTOTHast (BEKOBOH XOM) U BEICO-
KOYacTOTHAas dacTH CHEKTpa (C TepHojaMu MeHee 5 ner) Obumn
WCKJIIOUEHBI W3 MCXOIHBIX PAXOB METOIOM CKOJIB3SILErO OCPENXHEHHS
10 Pa3TUYHBIM HHTEpBaJIaM BPEMEHH.

[penukTaHT ¥ NPEAUKTOPH! TIOATOTABIUBAIMCE CIEAYIOMNUM 00-
pazom. ITocne BeINOAHEHHA IPOLEAYPSH! CITIAKUBAHNSA HCXOIHBIX PAJOB
TTPOU3BOINIIOCH CKOJNB3AIIEE CYMMHPOBAHUE TI0 MHTEPBalaM, PaBHBIM
3a0IarOBPEMEHHOCTH POrHO3a, a 3aTeM OCYMIECTBIUICS COBUT psila
HAaKOIUIEHHBIX cyMM YKM 10 OTHONICHHMIO K psAaM HAaKOIUIEHHBIX
CYMM mokasaresied armocepHoi nupkynsuuu. [locae yero psjibl Bhi-
PaBHUBAJINCH TIO JUIHHE.

YCTaHOBJIEHHE MEPhl TECHOTHI CBA3EH OCYLUECTBISIOCH C IOMO-
LIbIO METO/A MOIIArOBOM MHOMKECTBEHHOH JIMHEHHON PErPECCHH € IIPO-
eIy POt CKOMB3AIIETO OIEHNBAHNSA TI0 CXEME:!

(ZAH)HAT :CO +ai(ZABi)t +d7 (1)
rae (O_AH),,,, — HakOIUICHHas CyMMa rOAOBbIX npupamenuii YKM na
MOMEHT 1porHo3a; (D AB;), — HAKOIUICHHAs CyMMa FOJOBBIX HPUPa-
IeHKi BeqnuuH Kod(QUIMEHTOB pa3ioKeHus 3a MHTepBaJl BPEMEHH,
HpEIIIECTBYIOIMI MOMEHTY cOocTaBleHus nporxosa; C, — cBoOOHbII
ujeH; a, — Kod(duiuentsl perpeccuy; d — omubka mporxosa (Oessiit
nrym); At — 3a0IaroBpeMeHHOCTb IPOrHO3a.

Ot BeNWYUH HAKOMJIEHHBIX CYMM TOAOBEIX npupaienuit YKM ne-
TPYAHO HepeHTH K 3Ha4YeHHsIM YPOBHS B aOCONIOTHBIX WJIHM OTHOCH-
TENBbHBIX €AWHUIAX u3Mepenui. [id 3TOro BBHIYHMCISIOTCS CpEAHUE
3HAYECHUS M3MEHEHUS YPOBHA 32 COOTBETCTBYIOIMH HHTEpBaJl BpeMe-

HU, KOTOPBIC 3areM IOCNE0BATENILHO NPUOABISIFOTCS K HMCXOJXHOMY
YPOBHIO MOPS TI0 popMyTIe.

Heoym =H, + (3. AH/AT), 2)
rae Hy — UCXoAHpI cpeHnii ypOBEHL MOPS B IOJi COCTABICHHUS MIPO-
ruo3a; » AH — cymma TOJOBBIX HPHpAINCHHE YpPOBHS Mops; AT —

3a0NarOBPEMEHHOCTh TPOTHO34.

88



Just orGopa onTUManbHOM Ipynmsl HPEAUKIOPOB U3 9 IepBOHa-
YaJbHO 3aKPEIIEHHBIX OBUIO MPOBEAEHO MHOXECTBO IKCIIEPHMEHTOB,
HO3BOJISIIOLIMX TIOJNYYHTh HAMIYHUIINE OLECHKH. DTO AENAIOCh C TIOMO-
MIBI0 KOPPEISHUOHHON MAaTpPHIIE, TI0 JaHHBIM KOTOPOW HMCKIIOUYAINCH
nyonupyromue u #HedhPeKTHUBHBIC TPEIUKTOPHI.

HazgexHoCcTh MPOrHOCTHYECKUX YPaBHEHWH OIEHUBAIACH C TTOMO-
HIBI0 CTATHCTHYECKUX KpuTepuer: ko3(d¢uimenta xoppemsuud R,
CPEAHEro KBaJpaTH4YHOTO OTKIOHEHHS S, cpefHed KBaJpaTHYHON
omubOkn o . DPDEeKTHBHOCTE METOJa OIEHHBATACH 10 OTHOUICHHIO
S/o.

OueHKH IpoBEPOUHBIX (POHOBBIX NPOrHO30B Ha 6 JIET 3a NEepuoJ ¢
1989 o 2009 r. nmokasasny, 4TO YCHEIIHOCTh METOIHIECKUX ITPOrHO30B
0Ka3alach BbILIE YCIELIHOCTH MPOrHO30B MO HOPME (KIIMMaTH4ECKUX) B
cpennem Ha 27 %. Ilpu nonmyctumMoil morpeiiHOCTH IPOrHo3a ¢ =25 ¢M
OTIPaBBIBAEMOCTD MPOTrHO30B cocTaBuna 100 %.

Ha puc. 5 npexacrasiieH npusMep (POHOBOIO MPOrHO3a TEHICHIMU
mmererns YKM na 12 ner (mo 2017 r.), cocrapnennsiii B 2005 1., a Ha
puc. 6 — GpoHOBBIN NporHO3 TeHaeHIMY u3MeHenus YKM Ha 18 ner (1o
2015 1.), coctaBnenusidt B 1997 rony.

Kak BuaHO U3 puc. 5 u 6, GoHOBBIE IPOTHO3bI TEHACHIIUN U3MEHE-
Hus ypoBHS Ha 12 u 18 smer Brmepen AOCTaTOMHO yHOBIETBOPUTENLHO
YIIOBMIM TEHIEHLIMIO H3MEHEHHs XO0Ja YPOBHS HECMOTPS Ha OOJIBLIYIO
3a0J1arOBPEMEHHOCTh IPOIHO30B.

3. Cpepxnoarocpounbie HNPOTHO3LI TeHJACHIUA U3MeHeHHS
YKM na cpoxu 6, 12 u 18 ner, cocraBiennsie B 2014 r.

@onoestii npoznoz YKM na 6 nem

Jmmaa ncxomHoro psma cocrapmna 68 mer (1946-2014 1r.). Pac-
ueTHbI psg coctaBun 48 ner. Ilapamerpwt koppemauuu: R =0,960;
o=25cm; S=11,43; S/o =0,45. YpaBHenue perpeccuu, Ho KOTopo-
MY PacCUuTaH HPOTHO3, UMCECT BUL,

6
S AH =-16,92B; +9,13B; +2,55B} — 6,62B +

n=l] (3)
+6,53B% —25,00B! —6,17B! +4,54.
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Puc. 5. CepxaoJirocpounslii ponoBbIii nporuo3 YKM na 12 jer,
cocTaBJieHHBbIIT B 2005 1.
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Puc. 6. Cepxnoarocpounsblii poHoBbIii mporuo3 YKM na 18 jer,
cocTaBJieHHbIIi B 1997 1.

Ha puc. 7 npencrasien rpaguk GakTHUECKOTO U PacUeTHOTO X012
HAaKOIUIEHHBIX MO O-JEeTUSIM CyMM roJ0oBbIX mpupameHuid YKM c npo-
rao3om 710 2020 r., a Ha puc. 8 — (aKTHUECKHIA X0 YPOBHS U MPOTHO3 B
a0COIOTHBIX OTMETKAX YPOBHSI.
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Puc. 7. Xoa ¢pakTHYECKHUX U PACCYUTAHHBIX [0 YPABHEHUIO HAKOIJIEHHBIX
MO 6-71eTUSIM rOJ0BBIX NpHUPALLIEHUIT YPOBHA ¢ MPorHo3oM a0 2020 r.
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Puc. 8. ®onosslii nporuo3 YKM Ha 6 jet 10 2020 r.,
cocTaBjeHHbIH B 2014 1.

@Donoeswtit npoenoz YKM na 12 nem

JmHaa ncxomuoro psma cocraBmia 83 roma (1931-2014 rr.). Pac-
yeTHbIH psn coctaBun 48 ner. Ilapamerpsr xoppemsmum: R =0,926;
S =18,43. YpaBHEeHHE pETpPecCHH, MO KOTOPOMY pPacCUYMUTaH IMPOTHO3,
UMEET BHI:
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12
Z_;AH=—11,7B3 +1,14B; +2,01B; +16,40B; + @
+5,50B3 +1,59B; - 2,60B; - 0,50.

Ha puc. 9 npencrasnen rpaduk xona HaKTHUIECKUX U BBIUUCICH-
HBIX 10 YPaBHEHUIO (4) BEJIMYMH HAKOIUICHHBIX MO 12-IETHAM CyMM
rojoBeIx npupamiennii YKM c npornosom o 2026 r., a Ha puc. 10 —
(aKTHYECKHii X0 YPOBHS U IPOTHO3 B a0COJIIOTHBIX OTMETKAX YPOBHSL.
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dakrT.

Pacyer u nporHos

Puc. 9. Xoa pakTHYeCKUX U PACCYUTAHHBIX 110 YPABHEHUIO
HAKOIJIEHHBIX 110 12-/1eTHsIM rog0BbIX NPUPAILEHHI YPOBHS
¢ mporxo3om 10 2026 r.
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e PAKT.

MporHos

Puc. 10. ®onosrlii nporuno3 YKM na 12 jiet Bnepen 10 2026 r.,
cocTaBjeHHbIN B 2014 1.
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B cooTBeTcTBUU C NPOrHOCTUYECKOM OLIEHKOW TEHACHLIMM HU3ME-
HEHMs ypOBHS Ha 12 JIeT, HE OKUIAETCs PEe3KUX KoJieOaHui ypoBHs. B
Osmxaiiue 12 jiet ypoBeHb MOPsi OyIeT U3MEHSATHCSI HE3HAYUTEIBHO C
HEKOTOpOH TeHJeHnnel cHavana majaeHus (10 2018 r.), a 3aTemM MoBbI-
LI€HHUs B Auana3oHe adcomoTHor otMeTkn —27,5 m BC +-28,00 m BC.

Donoeswtit npoenoz YKM na 18 nem

Jlmraa ucxonHoro psiaa cocraBuia 83 roga (1931-2014 rr.), pac-
yeTHbIN psn coctaBmi 36 ser. Ilapamerpsr xoppemsmun: R =0,981;
S=11,84. YpaBHEeHHE pETpecCcHu, MO KOTOPOMY pPaCCUHUTAH IPOTHO3,
UMEET BHT

18
Z}AH =59,43B; —6,14B; +48,66B; —4,88B| +21,84. %)

Ha puc. 11 npencrasien rpaduk xoaa GakTHIECKUX U BIYUCIICH-
HBIX TI0 ypaBHEHHWIO (5) BETWYMH, HAKOIUIEHHBIX MO 18-1eTHsM cymm
rojosbix npupamenuii YKM ¢ npornosom go 2032 r., a Ha puc. 11 —
(hakTH9IEeCKH X0/ YPOBHS U TIPOTHO3 B a0COTIOTHBIX OTMETKAX YPOBHSI.
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Puc. 11. Xoa ¢pakTHUecKHX H PACCYUTAHHBIX 10 YPABHEHHIO
HAKOILICHHBIX 10 18-1eTHSIM roJ0BbIX NpHPAIEHHIl YPOBHA
¢ mporuo3om a0 2032 r.
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Puc. 12. ®onosebrii nporuno3 YKM Hna 18 ner Bnepen no 2032 r.,
cocTaBjieHHbIN B 2014 1.

B cooTBeTCTBUM C MPOTrHOCTUYECKOW OLIEHKOW TEHJEHUHUHU H3MeE-
HEHUsI YPOBHS Ha 18 JeT oKujaercs, 4To ypoBEHb MOpsi OyJeT Koiie-
Oarbcsa B mpenenax ot —27,6 M bC mo 27,9 m BC, mpuvem no 2018 r.
COXPaHUTCS TCHACHINS HE3HAYUTEIHFHOTO TOHIDKEHUS YPOBHS, IMOCIE
YEero YpOBEHb OYJIET MMETh HEYCTOMUMBBIM XapaKTep C KOJICOaHUSIMU
B mpenenax ot —27,3 M BC no —27,9 m BC. B npenenax 3abmarospe-
MEHHOCTH TIPOTHO3a HE OKHMIIAETCS CHUILHOTO TOIheMa WU TaICHIS
ypoBHst YKM. B nesnom o 2032 r. OyneT coXpaHIThCs OTHOCUTEIIbHAS
CTaOMIIBHOCTH YPOBHS BOJMU3HU coBpeMeHHoW otmeTku —27,7 M BC.

3akiaouenue

1. Anomanbhele koneOanusi ypoBHsi Kacruiickoro mMopst B ero Be-
KOBOM M MHOTOJIETHEM XOJ€ SIBJISIIOTCSI IPOSBICHUEM KIMMaTHYECKOH
U3MEHUYMBOCTH INI00aJIbHOIO U PErMOHAIBHOIO MacluTada.

2. YuuTbsIBas MOJOKUTENbHBIE PE3yJIbTaThl IPOTHO30B Ha 6, 12 u
18 mer, cocraBieHHbIX paHee, B 2014 r. OblIM NOATOTOBIICHBI HOBBIE
MPOTHO3bI (pOHOBBIX TeHneHIH u3MeHeHuss YKM mo 2020, 2026 u
2032 rr.
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3. B cooTBeTCTBUM C 3THMU NPOTHO3aMHU B Oivkaiiniee qBaalaTH-
JeTHE HE OKHUIAETCS PE3KHX MPOAOIKUTEIHHBIX TTOXBEMOB WU Taje-
nun YKM.
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