MOJAEJUPOBAHUE TIPOCTPAHCTBEHHO-BPEMEHHOU
W3MEHUYNBOCTH YPOBHSI KACITUMCKOT'O MOPSI B 1948-1994 .

C.K. Ilonoe, AJIL Jlo6oe

Tuopomemeoponocuneckuii nayuno-ucciredosamenvckuii yenmp Poccutickou @edepayuu
Impi@yandex.ru

BBenenue

Ienb paboThI cOCTOSIA B pacdyeTe NPOCTPaHCTBEHHBIX U3MeHeHUH ypoBHs Kacnuiickoro Mops B
TEUEHHE NPOJODKUTEIIFHOTO TIEpHOAAa BpPEeMEHM Uil TOJIYYEHHS XapaKTEepPUCTHK CE30HHOU
W3MEHUYHMBOCTH YPOBHSI B Pa3IMUHBIX MyHKTax Kacnumiickoro mopd. OLEHKOW KayecTBa pacyeToB IO
THAPOJMHAMHYECKOM  MOJend  ciaykar HaOmomeHums Ha mocrax — Kacmmiickoro  Mops.
[TpocTpaHcTBEHHO-BpEMEHHAsT U3MEHUYMBOCTh YpOBHSI KacrnuiicKoro Mopsi 1o JIJaHHBIM HaOJIO/IeHU N
aHanmmsupyercs B [ 1].

[Ipn MopemupoBaHMHM MEXIOAOBOM M CE30HHOM M3MEHUYMBOCTH ypoBHA Kacmuiickoro mops
JIOJKHBI YUUTHIBATHCA CTOKU PEK, OCAJKH U HCIapeHue ¢ MoBepxXHOCTU Mopsa. CTOK peK U BUIMMOE
HCMapeHHe ¢ TOBEPXHOCTH MOpPS HEe OalaHCUPYIOT JPYr JIpyra, MO3TOMY BO3HHUKAIOT CE30HHbBIE U
MEXIOJIOBbIE M3MEHEHHs ypoBHA Mops. OnHoMl U3 mepBbIX padOT MO pacyeTy CE30HHOU
W3MEHUYMBOCTH LUPKYIAIMH BOJ KacmmiicKoro Mopsi € HCIOJIb30BAaHWEM TPEXMEPHOM MOJIEIH
seusercst  [5]. Pacuersl OBUTM  BBINOJHEHBI METOJIOM THAPOJMHAMHYCCKOW aganTalud
WCMONb30BaHUEM KIIMMAaTU4EeCKUX TIOJed Temmeparypbl M COJEHOCTH, Ha TOBEPXHOCTU MOPS
33/1aBAIMCh  CpPEHEMECSAYHBbIE KIMMaTU4YeCKHe HalpsHKEHUs TpeHus Berpa. Mojens umena
pa3pelieHue 1Mo MPOCTPAHCTBY OKOJIO 22 kM u 20 TOPH30HTOB IO BEepTUKAM. B criemyromeit padote
[6] MmO MomenMpoOBaHHWIO CE30HHOW M3MEHUYMBOCTH TEMIIEPATypa U COJCHOCTb PACCUHUTHLIBAIUACH IO
IIPOTHOCTUYECKUM ypaBHEHUsM. Ha moBepXHOCTH 3a/aBajluCh CpeJHEMECSIUHbIE aTMOC(EpHbIE TOJI,
cootrBercTBytomue 1982 r., MOCKOIBKY B 9TOM IOy B CPEJHEM 3a I'OJ CPEIHUN YpOBEHb MODs HE
M3MEHSCTCS M CTOK PEK B CpemHeM 3a roj OalaHCHpyeTCsl BUIMMBIM HcnapenueM. Paspemienue 1mo
MPOCTPAHCTBY COCTaBIIWIO 9,3 KM, MO BEPTHKAIM HCHOIB30BaIOCH 22 ypoBHsA. B [7] BMecTo
CpEIHEMECSIUHBIX TOJIEH BeTpa MCMONb30BAINCH 6-4acOBBIE, YTO MO3BOJWIO NPUOIM3UTH MOJEIH K
ONMCaHUIO PEAIbHON LIUPKYJISILIMK MOps. ['OpH30HTalIbHOE pa3pelieHUe CETKU MOJIENN — OKOJIO 4 KM,
10 BepTUKaIM — 38 pacyeTHbIX ypoBHEH. PacueToB 1o TpexMepHbIM MOJEISAM Ha MEPHOIbl BPEMEHU
OoutbIIIe OJTHOTO To/a Tt Kacnuiickoro MOpst HAWTH B JIUTEpAType HE YIAIOCh.

HerepLIBHBIﬁ pacdyeTt 1mo THAPOAMHAMHUYCCKHM MOJACISIM B TCUCHHUC JCCATKOB JICT CTall
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MIPUHIUITAAIBHO BO3MOKEH C MOSBJICHHEM B OTKPBITOM JOCTYIIE JaHHBIX aTMOC(epHOro peaHanusa. B
TaHHOW paboTe Il pacdyera TEYCHWU W ypoBHS KacmuiiCKOro Mopsi HCIIOJIB3YeTCsl TpeXMepHas
THIpOIMHAMUYECKass MOJEIb CO CBOOOJHOW IMOBEPXHOCTHIO C pPAa3pelIeHHEM IO MPOCTPAHCTBY
3x3 mopckue MuiId. MoJienb O3BOJISIET PACCUUTHIBATh HETIPEPBIBHBIE MOJII TPEXMEPHBIX CKOPOCTEH
TEUEHHH B OapOKIIMHHOM MOPE IO Psily CHHONTHYECKHUX NOJIeH AaBJIeHHUs, 3aJaHHBIX HA YPOBHE MODSL.
OTa MOJENb YXE€ HCIOJb30Bajach Ul pacyera IITOPMOBBIX cuTyanmii B Kacnmiickom Mope,
MIPUBOJIAIINX K CUIIBHBIM HaroHam u cronam [4]. B [10] mis MoaenupoBaHusi CE€30HHOTO X0/1a YPOBHS
MO 33/1aBaJICsl KIIMMaTHYEeCKU CTOK Bojr u HepaBHOMEpPHBIE IO MPOCTPAHCTBY KIMMATHUYECKUE
MOJIsI Pa3HOCTH OCAAKOB M ucnapeHust mis 12 mecsues [8]. [lo maHHbIM peaHanu3a JaBieHUs Ha
noBepxHocTH Mopss NCEP ¢ 6-4acoBoil MUCKPETHOCTHIO OBUIM TPOBEACHBI pacueThl ‘“MOPCKOTO
peananuza” ypoBHs U TeueHui B Kacriuiickom mope B Teuenue 57 net ¢ 1948 mo 2004 ro.

B Hacrosieit paGote a1 MOAEIMPOBAaHUS MEXKIOJOBBIX M3MeHeHUM ypoBHS Kacnuiickoro

MOP# 337]aBaAJICS PeabHbIN CpeHEMECAUHbIN CTOK Bonru B Teuenue 47 ner ¢ 1948 o 1994 ron.

TpexmepHasi ruipoAMHAMHUYecKasi HaPOKJINHHAS MO/eJIb CO CBOOOIHOM MOBEPXHOCTHIO /Il

PACUYE€TOB NMMOCTOAHHBIX U CYMMapPHBIX TedeHuil

Jlns  pacyeToB ypOBHA MOpS M TEUYEHUH HCHOJIB3YETCS TpeXMepHas OapOKIMHHAS
TUJIPOJMHAMUYECKAsT MOJIEb CO CBOOOJHOW TOBEpXHOCThIO [4, 9, 10]. Ee BakHBIM JOCTOMHCTBOM
SIBJISIETCS.  BO3MOXKHOCTb BOCIIPOM3BEICHUSI TPEXMEPHOW CTPYKTYpbl TedeHHIl B OacceiiHe, dYTo
MO3BOJIET peIaTh LENbIM P OKOJOTMYECKUMX 3a1ad, CBA3AHHBIX C  MOJEIMPOBAHUEM

PaCpOCTpaHEHHs PA3IMYHOTO POJIA 3arPSI3HUTEIICH.

YPaBHeH]/Iﬂ JABUKCHUSA

Hcxonnast cucrema ypaBHEHHUH MOJETH CO CBOOOJIHOM MOBEPXHOCTHIO B JIEKAPTOBOM CHUCTEME

KOOpAUHAT B HpI/I6JII/I)K€HI/II/I TUAPOCTATUKU U f -IIJIOCKOCTHU 3aIlIMChIBACTCA B BUJIC:
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Hayano KOOpAMHAT PacCIOJIOKECHO Ha HeBO3MyH16HHOI7[ IMOBEPXHOCTH MOPsI, OCh Z HAIlpaBJICHA
BBEPX, OCh Y — Ha CEBEP, OCh X — HAa BOCTOK. VICIIOIB30BaHBI CIIEYIONIHE 0003HAUCHHS: f — IapaMeTp
Kopwonwca; p — TaBleHNe; p — IIOTHOCTE; T’ — TeMIIeparypa; S — CONEHOCTb; U, V, W — COCTaBIIAIOIINE
CKOPOCTH IO OCAM X, Y, Z COOTBETCTBCHHO, g — I'PABUTALITMOHHOC YCKOPCHHUC.

HaBHeHI/Ie MpEACTABIICHO C UCIIOJIB30BAHUEM YPABHCHUA THAPOCTATUKU:

¢
p=pgdz=p,+p,+p g5, 8)

z
rac C — OTKJIOHCHUEC CBO60)IHOI71 IMOBCPXHOCTU OT HCBO3SMYIICHHOI'O IIOJIOXKCHUSA, OIPCACTIACT

BHCUIHIOO 6ap0Tp0nHon COCTAaBJIAOIIYIO HABJICHUS, ,D: — INIOTHOCTb B MOBEPXHOCTHOM CJIOC; N 75

Nj, — xod3bQuIUEeHTl BEPTUKAIBHOW U TOPH30HTANBHOM Bs3kocTd; K, — Kod(duiueHt

0
BepTUKaIbHOW quddy3nn; p, = J pgdz — BHYTpEHHsIsI OapOKJIMHHAs KOMIIOHEHTa NaBJICHUS;, p, —

z
aTMoc(epHOe JIaBJIECHHE.

KoahdummeHTs! TypOYIIEeHTHOTO TIepEeMEINBAHUS PACCUMTHIBAIOTCS aHATOTHYHO padore [10].

Fpalmqmﬂe ydioBus

Ha TBepnapix OOKOBBIX TIpaHHMIIAX 3aJaeTcs YCIOBUE MPWIMIAHUS, T.€. PaBEHCTBA HYIIO
HOPMAJIBHOM M TaHT€HIIUAIIBHOM KOMIIOHEHT CKOPOCTH.

Ha nosepxHOCTH MOps 331a10TCsl KacaTeJIbHbIE HANPSKEHUS BETPa, KWHEMATUYECKOE YCIIOBUE,
TEMIIEpaTypa U COJICHOCTH 110 JAHHBIM HAOIIOICHUI:

ou ov og 0¢ 0¢
Nzg:’[sxa Nzgzrsyv E"'ua*“’gzwv r=T;, S=35;. )

Ha nHe npuHuMaercsi KBaJpaTHYHBIA 3aKOH TPEHMs, 33/al0TCS KMHEMAaTHUYECKOE YCIIOBHE

oOTekaHMs TeYeHHEM HEepOBHOCTEN penbeda qHa H(x, y) U OTCYTCTBUE MMOTOKOB TEIUIA U COJIH:

ou ov oH oH oS . oT
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), Ua — BEKTOP CKOPOCTH BETPa; Cd:3,2.10—6’
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, avb‘(j b’ ), U, — BeKTOp NPUIOHHOTO TeyeHus:; & = 2,5-107.

(Tbx’fby):(a”b‘Ub
AnmnpokcuManys IO TPOCTPAaHCTBY — Ha cetke “‘C”, ONTHUMAaIbHOW Ui WHEPUHUOHHO-

IpaBUTAIIMOHHBIX BOJIH. YKCIEHHAs cXeMa MOJIeH MPUBEIeHa B padote [2].

AJITOPUTM OCYIIEHMS ¥ 3aTOIJICHUS PUOPeKHBIX TEPPUTOPHUIL

HpI/I MOACIUPOBAHUN HITOPMOBEIX HArOHOB BO3MOXKHO 3aTOIVICHUEC U OCYIICHUC HpI/I6pe)KHBIX
obOmacrert. Jlms yuera atmx 3(dekroB pacueTHas 001aCTh COACP)KUT JOTIOJTHUTEIBHBIE TOYKH,
KOTOpBIE CUHTAIOTCS «CYXHMI» B Hadaje pacuera U MOTYT 3aTOIUIATHCS B Mpollecce HaroHa. Takum
00pa3oM B 3TOM ciIydae MpernoaracTcs 3aiaHue B BUJIE [MU(PPOBOT0 MacCHBa HE TOJIHKO OATUMETPUU
aKBaTOPHH, COOTBETCTBYIOIIEH HEBO3MYIIEHHOMY IIOJIO)KEHHIO YPOBHS MOps, HO M Tomnorpapuu
MIPUOPESIKHBIX YYACTKOB CYIIHW — PaHOHOB BO3MOKHOTO 3aTOIUICHHUS. YUET OCYIICHHS W 3aTOTUICHHS
OCYIIECTBIISUICSI C TTOMOINBIO CIICIMAIFHON TEXHOJIOTHH, Pa3paOdOTaHHON Ha OCHOBE MPOLEIYPEHI,
U3J10KEHHOU B [4]. BaXHO OTMETHTbH, YTO B aIrOPUTME OCYIIECHHS M 3aTOIUICHUS YYUTHIBAIOTCS HE

TOJIBKO IOJIHAs TTIyOMHA, HO U Pa3HOCTh YPOBHEN MOPSI B OKPYKAIOIIKUX TOUKaX.

ITapamerpbl Moes

I'opusoHTanbHOE paspemeHue cetkn moaenu Kacmums cocraBisier 3X3 MOpPCKHME MWIH, BCETO
126x216 TOYeK, U3 KOTOPHIX YaCTh TOUEK 3aHUMAaeT cyma. [lo BepTHKamu ceTka HepaBHOMEpHAs U

conepkuT 14 pacuerHbix ropu3oHToB. Ilar no Bpemenu — 40 cekyHz.

BxoaHble JaHHbIE

B xkauectBe BXOI[HOI\/’I I/IH(bOpMaIII/II/I 3aJar0TCA IO0JIA JaBJICHUSA Ha YPOBHC MOPS 1O JaHHBIM
riobapHOTO peananmm3a Mereoposormdeckux moseid NCEP/NCAR ¢ nuckpeTHOCTBIO 6 49acoB 10
BpPEMEHHU U 2,5°%2,5° 10 IPOCTPAHCTRY.

JlaHHBIE peaHanm3a MO BETPY HE HCIOJIB3YIOTCS, TOCKOJIBKY BETEp IO pPEaHaIM3y OKa3aJCs
3HAYUTENHFHO crabee peanbHO HaOmonaBinerocss Ha craHiusax. CrnenuanbHO Obla paspaboTaHa
METOJIKa pacdeTa NPHBOAHOTO BeTpa TO MoiisiM arMocdepHoro masimeHus. [lome ckopocreit
MIPUBOJIHOTO BETpa OMPENENSETCs MO IO aTMOC(HEPHOTO JABJICHUSI C YUYETOM KPHBH3HBI M300ap U
areoCcTpopUUECKON COCTABIISIONICH. YUeT MOBOPOTa U YMEHBIIIEHUS! CKOPOCTH BETPA 32 CUET TPEHUS B
MPUBOJHOM CJIO€ TPOM3BOJUTCA € IMOMOUIIBIO SMIIMPUYECKON CBSA3M MNapamMeTpOB YCTOWMYMBOCTH

arMocdepbl OT BEJTMUMHBI OapUIECKON TCHICHITHH.
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[Ipu MonmenupoBaHUM YUWUTBIBAIOTCS KIMMATHUECKHE IOJII TEMIIEPATypPhl U COJNCHOCTH i 12
MECSILIEB, IOJIyYCHHbIC aJalTalHMoOHHBIM pacueToM Ha 30 craHAapTHBIX TOPH30HTaX, KOTOPHIE
uHTEepnonupytorcss Ha 14 ropusonrtoB mojenu. llpm mepexoge OT Mecsia K MeECSIy HOJS
TEMITEPaTypbl U COJICHOCTH MIHOBEHHO W3MEHSIOTCSI M OCTAlOTCS TIOCTOSIHHBIMH B TEYEHHE MECSIIa.
Crnenyer OTMETUTB, YTO MIPU MTHOBEHHOM M3MEHEHUU TOJIeH TeMIepaTyphl U COJICHOCTH OT Mecsla K
MECSIIly BOZHHUKAIOT BO3MYIIEHHS CKOPOCTEH TeueHUI U ypoBHsI Mopsi. OJJHAKO 3TH CKOPOCTU TEUECHNUH,
BbI3BaHHbIE HEPAaBHOMEPHBIM PACIIPENIC/ICHUEM TEMIIEPATyphl M COJIEHOCTH MaJibl MO0 CPaBHEHMIO C
BETPOBBIMU CKOPOCTSIMH TEYEHUIl B BepxHeM ciioe Mops. B jaHHON palore wimmarhyeckas
TEpMOXaJIMHHAs [UPKYJSAIMS pacCMaTpUBaeTCs B KayecTBE (JOHA, HA KOTOPOM BO3HHMKAET BETPOBAs
UUPKYJISIMS, BEI3BaHHAS MOJISIMU BETPa U IaBJICHUSL.

B 3umHMe MecsIiibl 3a/1aBaiach €KEeCYTOUHAas! CIUIOYEHHOCTD JIb/1a Ha CETKE MOJIENH.

Ha moBepxHOCTH MOps 3a/laBajlMCh HEPABHOMEPHBIE IO MPOCTPAHCTBY KIMMATHYECKHE OIS
Pa3HOCTH OCAJKOB U HcHapeHus (BUIMMOe ucrapeHue) st 12 mecsies.

B mpenpinymet padore [10] amsa pacuera ce30HHBIX M3MEHEHHH ypoBHS Kacmwmiickoro mops
3a7aBajics KIMMaTH4Yeckuil cTok Bomrm mns 12 xiumarnyeckux mecsaueB. B Teuenue roma [uis
KaXJIOro Mecsiria CTOK Bonrn He GanaHCHpyeTcsl BUJMMBIM MCTIapEHHEM, U BO3HUKAET CE30HHBIN X0/
YpOBHS MOpsi. Buanmoe KmuMaTrueckoe UCTIapeHue B CTOK Bosrn GanmaHCHpYIOTCsS B CyMMeE 3a TO[,
TaK 4TO CYMMapHOE 3a roJi U3MEHEHHE cpeaHero ypoBHs Kacmms paBHO Hymo. Beero c 3amanuem
KJIMMAaTHIECKOTO CTOKa BoJsrw 1o Mojenu ObDIM paccyuTanbl 57 JeT “Mopckoro peanammsza’” ¢ 1948
o 2004 roj. B Havase kaxx10ro rojia cpeHuil ypoBeHb Mops Obut paBeH —27,1 m BC.

Jn1st BoCcpou3BeieHNsI CE30HHOTO XOZa YPOBHSI JUTS KaXKJIOTO KOHKPETHOTO TO/1a, HY)KHO 33/1aTh
JUISt 3TOTO ToJia CTOK BoJiru u BUIMMoe ucrmapeHue, KOTopble He 00s3aTeIbHO OY/AyT B CpE/THEM 32 TOJT

OanaHCHPOBATh IPYT APYra, H BOSHUKHYT MEKTO0BBIC H3MCHEHHSI YPOBHSL

Ce3onHble n3MeHeHUst cpeHero yposHs Kacnuiickoro mops

Cpenuuii  ypoBenb Kacrmsi ompezaensiercss OalaHCOM MEXJIYy CTOKOM PEK U BUJIUMBIM
HCHIApEHUEM C MMOBEPXHOCTH MOPS U HE 3aBUCHUT OT CTOHHO-HATOHHBIX KOJIEOAHWM YPOBHS, KOTOPbHIE
HE U3MEHSIOT CPETHUI YPOBEHb BCET'O MOPSL.

PaccmoTtpumM cHavana pacdeTsl ¢ 3alaHUEM KJIMMaTh4deckoro croka Bousrn. I1ockombKy 3a1aHbl
KIIMMATHYECKUEe 3HA4YeHHUs cToKa BoJirk M ucnapeHus, KOTOpble HE MEHSIOTCS OT Toja K rojy, TO
Kaxipli ros1 ¢ 1948 o 2004 r. cpeiHuii ypoBEHb MOpSI U3MEHSIETCSI OJIMHAKOBO (MMEET O/JMHAKOBBIN
ce30HHBIN X01). CyMMapHOE N3MEHEHNE CPEIHEr0 YPOBHSI MOPs 3a TOJ paBHO HYJ10. CpeIHEromoBoit

KJIMMaTuueckuit ctok Boiaru KOMIICHCUPYCTCA BUAUMBIM HUCIIAPCHUEM C IOBEPXHOCTU MOPS B CYMMCEC
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3a roJf, TO3TOMY CPEIHET0I0BOM YPOBEHB MOPS OCTACTCS TIOCTOSIHHBIM (puc. 1a).

UroObl HAWTH BUAMMOE HWCIIAPEHHUE ISl pacuera OaiaHca, MPOU3BOJUTCS OCPEAHEHHE IO
TUTOIAM 3aJAHHOTO HEPAaBHOMEPHOTO TI0 TMOBEPXHOCTH BHAMMOIO KIMMATHYECKOTO HCIAPEHHS.
[Tnomaas Mopst ipy 3ToM ~ OepeTcsl PaBHOM  IUTOIIAU MOPST TIPY OTMETKE CPEHETO YPOBHS MOPS

-27,1 m BC. B GanancoBbIX pacdeTax BIMSHHE CTOHOB M HATOHOB Ha TUIOIIA/Ib MOPST HE yIUTHIBACTCSI.
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Puc. 1. Ce3onnblii X071 cpeanero yposHsi Kacnmiickoro Mopsi: pacuet no danancy

Boara — Bugumoe ucnapenue (a); KIMMaTHYeCKUil Mo pacyeramM U Had0neHusm (0).
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[Ipu pacuere Mo MOJENIH YPOBEHb B KaKIOW TOYKE MOBEPXHOCTH Kacmus, MOJydeHHBIA IS
OJHOTO TOJia, OTIMYAETCA OT YPOBHS [UId APYroro rofa BCIEACTBHE pasziM4vsi B IOJSAX BETPA.
IInomans NOBEPXHOCTU MOPS MEHSETCSA B MPOLECCE PAcdeTa, B 3aBUCHMOCTH OT HarOHOB M CTOHOB
MO>KET MPOUCXO/IUTh 3aTOIJIEHHE M OCYIIEHHE 3HAUUTEbHBIX NPUOPEKHBIX TeppuTopuil. B Monenu
Ha Ka)XJOM LIare o BPEMEHH CUMTAETCS BUAMMOE HCIAPEHUE MO PEAIbHOM IUIOMIAAH ITOBEPXHOCTH
Kacnust ¢ yuerom 3aTOIUIEHHSI W OCYIICHHS 3HAYUTENBHBIX IO IUIomanu Teppuropuii CeBepHOro
Kacrus. Ha puc. 16 cpaBHuBaeTcs cpeHuil ypoOBEHb MOpSI, IOJYUYEHHBIA OCPEAHEHUEM T10 ILIOMIAIH
MOPsI MOJIETBHBIX CPEHEMECAUHBIX Moael ypoBHs s 1948-2004 rr. u cpeaHuil ypoBeHb MOPs IO
0aJaHCOBBIM pacyucTaM.

PacueTsl ce30HHOrO XOJa CpEJHEro YypoBHS Mopss 1O OajgaHCy M 1O MOJEIBHBIM
CPEIHEMECSYHBIM IIOJISIM YPOBHsI IIPAKTHYECKM COBMAar0T. HekoTopwle OTKIOHEHHS CBSI3aHBI C
pacyeroM BHJIMMOIO HCIApEHUs, KOTOpPOE€ B MOJEIM pPACCUUTHIBACTCS 110 HM3MEHSIOLIEHCs
Mozaenupyemoi mwiomaay Kacrus ¢ yaetoM Haronos u cronos. [momans Mopst B MOJENIN MEHSIETCA €O
BPEMEHEM M HEMHOTO OTJIMYAETCsl OT ILIOIIA 1 MOps B 0allaHCOBBIX pacyeTrax.

Ce30HHBIA X0l CPEIHErO YPOBHSI MOPS IO MOJENIH XOPOLIO COBMHAIAET CO CPEIHHUM YPOBHEM
MOpsi, TOJYYEHHBIM KaK CpeJHHI ypoBeHb IO HaOIIO/IEHUSIM Ha 4eThipex nmocrax: Maxaukana, baky,
®opr-1lleBuenko, Kyynmu-Mask. 910 coBnaseHue CBUACTENBCTBYET O TOM, YTO THIPOJAHHAMUYECKAS
MOJIENb C 3a/JaHHBIMU KITMMAaTUYECKUMU MOJISIMUA BUJIMMOTO UCIIAPEHHUS HAa TIOBEPXHOCTU MOPS M CTOKA
pexku Bonru Xopomo BOCIPOU3BOANT KIMMATHYECKHI CE30HHBIN X011 cpeaHero ypoBHs Kacnmiickoro
Mopsi. Ha puc. 10 npeacraBiieHs! cpeiHEMECSIYHbIE 3HAUYEHUSI OTKIIOHEHUH YPOBHS OT CPEHEr0I0BOTO
3HAUCHMUsI cpeaHero ypoBHsA Mops. Ilo HaOmrofeHUsIM, CpEJHEroJI0BOM CpeHUN YpOBEHb MOpPH
M3MEHsIETCsl OT T'ojla K rojly, a B pacyerax € 3aJaHheM KIMMaTHYeCKOro MCHapeHus U croka Boiru

OCTacTCA IOCTOSIHHBIM.

Ce30HHbBIE U3MEHEHNs YPOBHSI B pa3inuHbIX NyHKTax Kacnuiickoro mops

YpoBeHb MOpPsS B KKIOHW TOYKE MOBEPXHOCTH Kacmus 3aBHCHUT OT BETpa M PaCHpPE/CIICHUs
TEMIIEPATYPbl U COJIEHOCTH. B Ka) 101 TOUKE OBEPXHOCTH MOPSI OJIYYEHHBIE 110 MOJEIIN €KEYaCHbIE
3HAQYCHUST YPOBHS MOpPS YCPEOHAINCH 32 MECAL I MOJIyYCHUs CPEIHEMECSUHBIX 3HAYCHUN yPOBHS
Mopst. I1o cpeHeMeCsYHBIM 3HAUYEHUSIM YPOBHS ONPEESUIMCh CPEHETOI0BBIE 3HAUCHUS. 3aJaHHbIE
CPEIHEMECSUHBIE KIMMATHYECKUE IO TEMIIEPATypbl M COJICHOCTH BIMAKOT HAa PACHpPENCIICHHE
ypoBHsI BHyTpu Kacnusi W BHOCAT CBOMl BKIIaJ B CpEJHEMECSYHbIN YPOBEHb B KaKJIOH TOUKE
noeepxHocty Kacrus. D10  pacnpefeneHue ypOBHS, BBbI3BAHHOE HEPABHOMEPHOCTBIO IIOJIEH

TEMIICPATYPblI H COJICHOCTH, HC MU3MCHACTCA OT T0Ja K TO01y, MNOCKOJIBKY HCIIOJIB3YIOTCH
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KJIMMAaTHYECKUE 3HAUYEHUS CpeIHEMECAYHBIX MOJIeH TemIeparypsl U coneHocTH. OCHOBHOM BKJIan B
m3meHenne ypoBHsi B CeBepHoMm Kacnmu BHOCMT BeTep. BrnusiHue BeTpa NpOsBISAECTCA B
CPETHEMECSIUHBIX HOJSX YPOBHS, MOJIYYEHHBIX OCPEAHEHUEM €XKEUYacCHBIX ITOJIEH. YPOBEHb B KaKJIOU
touke Kacnus, nmojydeHHBIH JUIf OJHOTO TIojia, OTIMYAETCS OT YPOBHS JUIf JIPYroro rojia TOJBKO
BCJIEJICTBUE PA3INYMsI B TIOJISIX BETPA U IaBJICHUSL.

Ce3oHHBIA X0 cpenHero ypoBHs Bcero Kacmms mo mojenu ¢ KIMMaTHYECKHMM CTOKOM Bonru u
UCTIapEeHHEM HE MEHSIETCS OT roJia K TOJIy.

Mojenb ¢ 3a7aHHbIM KJIMMaTH4eCKMM BHMJMMBIM MCIIApEHHEM M CTOKOM Bosru mosBosser B
cpenHeM 3a nepuod 1948—1994 1r. BOCHPOM3BECTH CE30HHBIE M3MEHEHHUS CPEIHETO YPOBHS MOPSL.
Mozenb HEMIoX0 BOCIPOM3BOAUT Ul Ka)KAOTO KOHKPETHOTO TOJja CE30HHBIM XOJ YPOBHS MOpSI Ha
OTJAENBHBIX CTaHIMAX, 0COOCHHO Ha craHImsx CeBepHoro Kacmms, rie BEMMKO BIUSIHHE CTOHOB H
HaroHoB (puc. 2 a). B nynkre baky (puc. 2 6) ce30HHbIE U3MEHEHUS YPOBHSI MOPSI 110 MOJIEJN B CPE/THEM
3a eprof, 1948-1994 rr. coBnamaroT ¢ HaOMIOACHUSIMH, HO MAaKCUMAJIbHBIC 1 MUHUMAIHLHBIC 3HAYCHUS
CpeIHEMECSYHBIX YPOBHEH MODS 110 MOJIETH MEHbIIIE, YeM 110 HaOMOAECHUSM.

Takoe paznuuue cBA3aHO C T€M, YTO MOJEIb HE MOXKET MPH 33JJaHHOM KIMMAaTH4YeCKOM CTOKE

Boaru BOCITPOMU3BECTH USMCHYUBOCTE CC30HHOI'O XOa CPEAHETO YPOBHA MOPs OT roJia K roj1y.

Me:xronoBble H3MEHEHHUS YPOBHS MOPS

Jls pacuera MEXToI0BOM M3MEHYMBOCTH CpeiHEro ypoBHs Kacrvst ObuiM MPOBEACHBI PAaCUEThI C
3a7]aHHbIM peaIbHbIM €KEMECSYHBIM CTOKOM peKd Bonru v KimmMaTiyeckuM BUIMMBIM HCTIapEHUEM Ha
TMOBEPXHOCTH MOpA. PeanbHbIl exeMmecsuHblid CTOK Boirm Kaxkaplii TOJl MMEET CBOM CE30HHBIE
0COOEHHOCTH U B CPEJIHEM 3a T'0Jl He OajlaHCHPYETCsl BUMMBIM HCHAPEHHEM, B PE3YJIbTaTe BOSHUKAIOT
MEKTOJIOBbIE MI3MEHEHHUS CpeiHero ypoBHs Kacrmiickoro mops (puc. 3 a).

Mojens cuuTanza HENPEpPHIBHO B TEUEHHE [BYX NEPHOAOB BPEMEHH, CTapTys C pPEabHOIO
ypoBHsi Kacrimiickoro mopst ¢ 1948 no 1968 1. u ¢ 1969 no 1994 rox. Ha puc. 3 6 npencrasieHsl
MEKT0/IOBbIE M CE30HHBIC U3MEHEHUS cpesiHero ypoBHs Kacrims o moaenu u HabmoaeHusM. BuiHo,
YTO 33/IaHUE peabHOro CTOKa Bouirn mo3BosisseT BOCHPOM3BECTHM HE TOJIBKO CE30HHBIE, HO H
MEKT'0JIOBBIC M3MECHEHHSI CPETHETO YPOBHA MOpsL. Pacxokaenust ¢ HaOIIOICHUSME CBSA3aHbI C TEM, UTO
B MOJIEIM 33J]aHO0 KJIMMAaTH4YECKOE BUAMMOE HCIIApEHUE Ha MOBEPXHOCTH Mops. Buaumo, peanbHOe
UCrapeHye B Nepuo/ nogasema ypoBHs B 1977-1994 rr. Obu10 MeHbllIe KJIMMAaTHYECKOTO, HO 3TO HE
YUUTBHIBAJIOCh, M 110 MOJIEJIM TOJYYMJICS POCT YPOBHS MEHBINE, 4eM 10 HaOmojaeHusM. Jlis
YAYYILIEHUS! KadecTBa pPAcdeTOB IO MOJETH HEOOXOOUMO KJIMMATHUYECKOE BUIMMOE HCIapeHHe

3aMCHUTH PCAJIbHBIM.
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Puc. 2. Ce30HHbII1 X0 cpeiHeMeCSIYHbIX 3HAYEHN YPOBHS MOPS 110 HAOJIIOIEHUSIM M pacyeTam

¢ 3a/1aHHOI KJIMMaTudeckoii Boaroii 3a mepuoa 1948-1994 rr.: o. Tronennii (a), baky (0).
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Puc. 3. MexkroaoBbie U ce30HHbIE H3MEHEHHsI YPOBHSI MOPSI: 2) 110 MOJEIHU € PeATbHbIM eKeMeCaYHbIM
cTokoM Bousiru B Teuenne 1948—-1994 rr. otHocutensno —28 m BC, 6) mo Moaesn u HaOI0IeHUSIM

B 1969-1994 rT.
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[IpuniunuanbHOe W3MEHEHHE TPH 3aJaHud PEaTbHOr0 CTOKa Bonrum, mo cpaBHEHHIO C
KJIMMAaTU4YEeCKUM CTOKOM, COCTOUT B TOM, YTO KPOME MEKTOIOBBIX H3MEHEHHUIl CpeIHErofoBOTrO
YPOBHSI BO3HHMKAIOT MEXKIOJOBbIE HM3MEHEHHUS CE30HHOTO XOJa CpEAHEro YpPOBHA MOpS.
CpenHeMecsYHbIE 3HAUEHHS CPETHErO YPOBHS MOpPSI M3MEHSIOTCS OT rojia K ToJly, KpOME CPeIHEro
CE30HHOTO XOJ[a, MO MOJEIM C 3aJaHHBIM pealbHbIM CTOKOM Boiru ymaercss BOCIpOM3BECTH
MEKTOJIOBbIE M3MEHEHHs CE30HHOTO XOJa CpeaHero ypoBHs Mmops. Ha puc. 4 BumHO, 4TO MOnENb

BOCIIPOU3BOAUT MEXKTOJIOBYIO U3MEHYUBOCTh CPEAHETO YPOBHS MOPs OJM3KO K HAOIIOICHUSIM.
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Puc. 4. Ce3oHHbII X0 CPEAHEMECATHBIX 3HAYEeHHUI CpeIHEro YPOBHSA MOPS B OTKJIOHCHHUSAX OT

CPeHero0Boro Mo pacueram u Hao0/roaeHusiM 3a nepuoa 1948-1994 rr.

[To Monenu ynanoch BOCHPOM3BECTH M3MEHUYMBOCTH CE30HHOIO XOJa CPEIHEr0 YPOBHSI MOpS,
YTO TIO3BOJIWJIO YITYYIIIUThH COBIAJICHUE PACUETOB U HAOIIO/IEHUI Ha OT/ieNbHbIX cTaHimsx Kacnus. Ha
puc. 5 a, 0 mpeICcTaBIeH CE30HHBIN X0 YPOBHS MOpPS Ha CTaHIMsIX 0. Tromenwid n baky. Ha cranmmm
0. TroneHuit Ce30HHBIN X0/1 YPOBHSI, TIO CPABHEHUIO C pUC. 2 0, MaJI0 U3MEHUIICS, TTIOCKOJIBKY OCHOBHAS
W3MEHYMBOCTH YPOBHS MPOUCXOIUT M3-3a HATOHOB U CTOHOB. B baky MakcumanbHble 1 MUHUMAJIbHbBIC
CpETHEMECSIYHbIE 3HAYCHHSI YPOBHS MOPs CTaJd OJIMKe K HAOIIOACHUSM, TOCKOJIbKY IMpeodiiagaet

HN3MCHYHUBOCTDH, CBA3aHHAasA C U3MCHCHHUAIMU 0o0beMa BCero MOps B LICJIOM.
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Puc. 5. Ce3onHbIii X0a CpeaAHEMECATHBIX 3HAYEHUH YpPoBHSA MOPH 11O Haﬁ.]'[l{)}fleHHHM H pacueTram ¢

peanbHbIM pacxoioM peku Bosiru 3a nepuoa 1948-1994 rr.: a) o. TwJienunii, 6) baky.
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CpennemecsiaHbIe 110J151 YPOBHA MOPS

B pesynbprare pacueToB 1no Mojenu ObLIN MOJy4EHbI €KeuacHblie 1ot ypoBHs Kacnuiickoro
Mops B TeueHue 1948-2004 rr. Ha TPEXMIIBHOW PAacCYETHOM CETKE MPU 3aJaHHOM PEATLHOM CTOKE
pexu Boarm u xiMmatdyeckoM BUIUMMOM uchapeHuu. Ilo 3tuM monsM  ObLIM  HOJIYYEHBI
CpeZHEMECSIUHbIE TI0JIs1 YPOBHSI, KOTOPbIE HCHOJB3YIOTCS JIJIsl pacueTa Ce30HHBIX U3MEHEHHUH YpPOBHA
Mopsi. PacueTsl 10 MOJIENM MO3BOJIAIOT MOJYYUTh JUIS KaXJO0TO Mecslla KaXJoro rojia KapTUHY
YPOBHSI MOpsl, KOTOpas OTJIMYAETCA OJHA OT IPYrOM BCIEICTBHE JICHCTBUS PEalbHOIO BETpa HA
ITOBEPXHOCTH MODsl, BBI3BIBAIOLIETO CTOHBI M HArOHbI YpoBHA. [Ipu ocpenHenuu 3a Bce rojsl pacuera
TMOJTy4aeTCsl CPEAHEMHOIOJIETHEE CPEIHEMECIYHOE T0JIE YPOBHS Ul Kaxoro u3 12 mecsies roja.
[onst cpeHEeMeECSUHBIX CPEIHEMHOTOJIETHUX (cpeHuX 3a nepuosa 1948-1994 rr.) ypoBHel mMops Juist
SIHBapsl, allperisl, UI0Js U OKTSOPS MpeICTaBlIeHbI Ha pUc. 6 a—T.

CpenHuii ypoBeHb MOPSI OTPEACISETCS Kak cpemHui mo Bcel muromamm Kacnmiickoro Mops.
Cpennuii ypoBeHb BCEIO MOPs B II€J0M HE 3aBUCHUT OT JIEHCTBUS BETpa U ONPEAENSETCS] TOJBKO
CTOKOM Bouru v BUMMbIM HcnapeHueM ¢ noBepxHocT Mopsi. Cpenauit ypoBeHs Kacrnuiickoro mMops,
MOJTYYEHHBI OCPEIHEHUEM 10 TUIOMIAAMA ATUX MOJIEH YPOBHS, cocTaBiseT -12,8 ¢Mm B siHBape, -1,5 ¢cM B
amperte, 15,7 cm B uroe u -5,0 cM B OKTAOpE, 9TO COOTBETCTBYET pHC. 1 0.

ITonst ypoBHSI MOpPS TIOKA3bIBAIOT HEPABHOMEPHOCTh PACIIPEIEIICHUSI YPOBHS IO TUIOHIAH MOPSL.
W3 puc. 6 1 BUIHO, YTO CPEHETOJIOBOE 3HAUEHHE YPOBHS MOpS, HallpUMEp B MyHKTE 0. TroneHui,
BBIILIE, YEM CPE/IHUI YPOBEHb MOPSL.

Ce30HHBIA X0l YPOBHSI MOPSI B KOXXIOM €ro IYHKTE CTPOUTCS B OTKIOHEHHUSX OTHOCHTEIHHO
CPEIHETrO/IOBBIX 3HA4YEHUI ypoBHS B 3TOM IyHKTe. HO caMo cpefHerojjoBoe 3Hau€HHE YPOBHS B
K&XJIOM IYHKT€ MOps H3MeEHsieTcsi OoT roja kK roay. Ha puc. 7a mpezcraBiieHbl MEXIOJIOBbIE
W3MEHEHUS YPOBHA MOpsS B HYyHKTE O. TIONEHHMH. YPOBEHb MOpPsS HApUCOBAaH OTHOCHUTEIIBHO
CPEIHETrOZI0BOTO CPENHET0 YPOBHS MOps, KOTOPBIA PaBeH HYII B Ciydae pacdera IO MOJACIH C
KJIIMMaTH4YecKod Bonrol m u3MeHsercss OT roja K rojy B CJIyd4ae pacyera Mo MOJACIU C PEeabHOM
Bouroii.

YpoBeHb MOps B ITyHKTE 0. TroneHul (B OTKJIIOHEHHUSIX OT CPE/IHETO YPOBHS MOPs) U3MEHsIeTCs OT
TOJia K TOly ¥ TIOUTH HE 3aBUCHT OT cpemuero yposHs Kacnmiickoro mops. Ctok pexu Bomru u Buammoe
HCMapeHNe TOHWXAIOT WIM MOBBILAIOT CpeAHuil ypoBeHb Kacmwus, HO pacripenerneHue YpOBHS IO
MOBEPXHOCTH MoOpsi  onpenensiercs BerpoM. [lockonbKy Berep ObUI OJMHAKOBBIA B MOJIEIM C
KJIMMaTHYeCKMM M pealbHbIM cTOKamMu Bosru, To M pacnpenelieHuss YpOBHS IO IIOBEPXHOCTH
Kacnniickoro mops noxoxu. [Ipy pa3sHbIX OTMETKaX CPEIHETO YPOBHSA MOPS MOIY4aeTCsl OAMHAKOBAs

KapTUHA pacpCacIICHHUA YPOBHS IT0 HOBCPXHOCTHU MOPHAI.
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B) s T') OKTSOpb

1) TOJL
Puc. 6. Knumatuueckmii (cpeanuii 3a 1948 —1994 rr.) ypoBeHb Mopsi: a) B sHBape, 0) B anpejie, B) B HI0JIe,

r) B OKTAI0pe, 1) B 11€JI0M 32 IO/,
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Cpennee 3HaueHUE YpOBHS Mops 3a nepro 1948—1994 rr. mis o. Tionenuii cocTaBisier 8,5 cM
M0 MOJEIH C KIMMAaTHYECKHUM CTOKOM Boirm m 8 cM IO MOAENM C peabHbIM CTOKOM Bosmru, 4To
COOTBETCTBYET pHC. 6 1.

B cpennem 3a nepron 1948-1994 rr. yposens mops [uis 0. TroseHuil Bblllle, 4eM CPEJHHI YPOBEHb
Mopst. [IpocnexuBaercs CHUKEHNE CPETHEr0A0BOIO YpOBHS Mopst 1t 0. Tronenuid ¢ 1948 o 1994 ron
(puc. 7 a). Eciu B 1966 roay cpenreroioBoit ypoBeHs Ha 0. Tronenuit coctanisii 28 ¢M, To B 1990 romy -
6 cM, TO ecTh ObLI HIXKE CpeaHero ypoBHs Mopd. [IpuumHa Takux W3MEHEHUH YpOBHSI CBS3aHA CO
crietUKoi noseit BeTpa sl KOKJI0ro rojia, Noj AeHCTBUEM KOTOPOTO MPOUCXOST CrOHbI M HAarOHbI
ypoBHs B CeBeprHom Kacrinu.

Ha puc. 76 moxa3aHbl MEXT0/I0BBIC M3MEHEHHUS YPOBHS MOpsI B baky, OHM MaJIbl IO CPaBHEHHIO C
M3MEHEeHUsAMU 11 0. TroneHuit u He mpeBbIuaioT 4 cM. B Baky, kak mokaspIBatoT MOJEIbHbBIE pacyEThl,
YPOBEHb MOPS O4YEHB OJIM30K K cpeHemMy ypoBHIO Kacrniuiickoro mopst. CpesiHee 3HaUeHHUE YPOBHS MOPSI
3a nepuon 1948-1994 rr. B baky cocragnser 1,8 ¢cM 1o Moaenu ¢ KIMMaTHYECKUM CTOKOM Boimru u
0,6 cM O MOJIENH C peanbHbIM CTOKOM Bosru.

Ha puc. 8 npuBeneH Ce30HHBIN X0 CPEAHETO YPOBHS MODPS M YpOBHEH Mops s 0. Tronenuit u
baky B OTKJIOHEHMSIX OT CpPEIHEroJI0OBOTO cpe/Hero ypoBHs mops. Ha puc. 6 a—ja mpescraBieH Ha
IJIOCKOCTHA BCEr0 MOPs YPOBEHB JJISL PA3JIMUHBIX MecAueB roja. s nyHkToB o. Tronenuit u baky
3HAYEHUs1 YPOBHS MOPs Ha prC. 8 U HA pUC. 6 a—1 COBIAAAIOT. YPOBEHb MOPs B IYHKTE O. THOJICHUI
BBIILIE, YEM CPEIHHUN ypOBEHb MOps, a YpOBEHb MOps B baky oueHb OMU30K K CPEAHEMY YPOBHIO

Kacmuiickoro mopsi. MakcumyMm ypoBHs Ha 0. Tronenuii B mae, a B baky — B nrore.

3akaoueHne

[TosiBiieHME B OTKPHITOM JOCTYIIE JAHHBIX aTMOC(EPHOTO peaHalin3a 00ecneunio HeoOX0MMON
BXOJHOHM mH(pOpMaNHeH HEIPephIBHBIC TI0 BPEMEHH PacueThl MUPKYIISIMNA B MOPSIX HaduHas ¢ 1948
TOJ[a ¥ JIO HACTOSIIIEr0 MOMEHTA BPEMEHHU. PacyeTsl ce30HHOH M MEXT0JJOBOW W3MEHYMBOCTH YPOBHS
MOpS B JIAHHOM paboTe MNPOBEJCHBI IO MOJENH, OINEpaTUBHAS BEPCUS KOTOPOW BHEApPEHA B
I'mppomeruenrpe Poccun.

1 BocTipoM3BEIEHNS MEXKIOJIOBOIO M CE30HHOTO XOJa YPOBHS MODs 3aJaBajiCsi peasbHBIH
cpemHemMecsiuHbli cTok Bonru 3a mepuon 1948—1994 rr. 3amanue peasbHOTro ctoka Bosru mo3Bosmio
pacCUuThIiBATL MCKIOJOBBIC HW3MCHCHUA  YPOBHA, UYTO OBLIO HEBO3MOXKHO nopn 3alaHun
KIIMMATUYECKOTO CTOKa Bouru.

Wcnonp3oBanue peanbHOro croka Bosry, mo CpaBHEHHIO € KIMMATHYECKUM, YIIydlIaeT

BOCIIPOU3BCACHUC MEKIOA0BOM M3MEHIMBOCTH CE30HHOIO XO0/1a YPOBHS MODsL.
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it Toro, 4yTOOBI JOOHUTHCSI OOJiee TPAaBUIHLHOTO BOCIPOU3BEICHHS MEKIOJOBBIX HM3MCHEHUN

CpC€OAHCTO YPOBHA MOPsA, HYKHO CPECIHCMCCAYHBIC KIMMATHYCCKUC IIOJIA BHAUMOIO0 HCIIAPpCHUA C

l'IOBerHOCTI/I MOpSI 3aMCHUTH peaJ'II)HBIMI/I.
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Puc. 7. Me)l(l“O)IOBI)Ie HU3MEHCHUSA CPEAHETOA0OBBIX 3HAYEHUH YPOBHHA MOPSA MO MOJEIH ¢ KIHMATHIECCKUM

U peabHBIM pacxoaamu pexu Bosru: a) o. Tionennii, 0) baxy.
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Puc. 8. Ce30HHBII X011 cpeJHeMecTYHBIX 3HAYeHNi YPOBHS MOpsl B MyHKTe 0. Trosiennii, baky n cpennunx
3HAYEHHU i YPOBHSI MOPA OCPeTHEeHHBIX 3a nepuoa 1948-1994 rr. B 0TKJIOHEHUSIX OT CPeIHEroI0BbhIX

CpeIHUX YPOBHeil MOps.
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