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IIpuinBHBIE U HenepuoAUYECKHE KOJIeOaHUsl YPOBHS BO/bI
B cpeaHeil yactu O0ckoii ryonl
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Pe3rome

[TpeutokeHb! HOBBIE OLEHKH FAPMOHMYECKHX MOCTOSHHBIX IPHIIMBA HA JICTHHI (ABTYCT) M 3UMHUIT (QIpeis)
nepuopl Ha moctax Calerra, YTpeHHuid, Ha noctax TagmOesixa u Cesixa, a Takxke B MyHKTaX M. Xapce,
M. Sntuk-Cane, M. Kotenbaunkosa n M. Xammyib-SIxa. MccnenoBanue HelepHoaNIECKUX KOIEOAHUH ypOBHS
Ha nocrax TaguOesxa u Cesixa OCHOBAHO Ha OJJHOPOJHBIX Psiax, a TAKXKE OCTATOYHBIX (HAONIONSHHS MUHYC
TIPE/BBIYNCIICHNS).

Kurouesbie coBa: BomHa M), rapMOHMYECKHE TIOCTOSHHBIE, IPUIIMBBI, CE30HHBIN XOJI, CTATHCTHYECKUE Xa-
PAKTePHCTUKH.

Jast uutupoBanus: Bounos I'H., [luckyn A.A. llpunuBHbIC 1 HEEPHOANIECKHE KONCOAHUs YPOBHS BOJBI B
cpenneit yactu O6c¢koit ryost // [Ipodnemsr Apkrukn u Antapkrukd. 2023. T. 69. Ne 3. C. 272-289. https:/
doi.org/10.30758/0555-2648-2023-69-3-272-289.
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I'H. Bounos, A.A. Iluckyn G.N. Voinov, A.A. Piskun
Tidal and nontidal variations in the water level
in the middle part of the Ob’ Bay

Gennadiy N. Voinov'?", Alexander A. Piskun’
I — State Oceanographic Institute, St. Petersburg Branch, St. Petersburg, Russia

2 — State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

“voinovgn@mail.ru

Summary
New estimates are suggested of harmonic constants of the tide for the summer (August) and winter (April) periods
at the Sabetta, Utrenny posts, at the Tadibeyakha and Seyakha posts, as well as at the points of Cape Kharse, Cape
Yaptik-Sale, Cape Kotelnikova and Cape Hampul-Yakha. The harmonic analysis of the tide was carried out using
the least squares method according to the AARI version. According to AARI expedition observations in Sabetta
for the period 2012-2016, and in Salman for the period 2016-2019, average vector estimates for each month of
the year have been obtained. The observations were made using the ADCP device installed at autonomous buoy
stations. Hourly level observations at the Seyakha and Tadibeyakha posts for the entire observation period from
1968 to 1992 were brought to a homogeneous form using the calibration method. The historical observations of
the level at the points of Cape Kharse, Cape Yaptik-Sale, Cape Kotelnikova and Cape Khampul-Yakha, carried
out in different years, are of scientific interest. Since the results of their processing and analysis in the original
sources contained errors and did not include shallow water constituents, our analysis results are presented.
Our tests show a significant contribution of shallow water constituents in the Ob’ Bay to the description of
the tide curve and the calculation of the heights and times of high and low waters. Inter-annual and intra-annual
estimation is given of the dispersions of the total and tidal level fluctuations in Seyakha and Tadibeyakha for
the entire observation period. Comparison of the average seasonal course of the tide in the annual cycle based
on the results of tide analysis in Seyakha and Tadibeyakha (XX century) and Sabetta and Utrenny (XXI century)
shows significant differences. The study of surges of level is based on uniform series, as well as residual ones
(observations minus predictions).
Keywords: M, tide, harmonic constants, seasonal variation, statistical characteristics, tides.
For citation: Joinov G.N., Piskun A.A. Tidal and nontidal variations in the water level in the middle part of
the Ob’ Bay. Arctic and Antarctic Research. 2023, 69 (3): 272-289. [In Russian]. https://doi.org/10.30758/0555-
2648-2023-69-3-272-289.

Received 15.06.2023 Revised 10.08.2023 Accepted 14.08.2023

BBEJIEHUE

W3zydenue pexnma konebaHuil ypoBHsI Bozbl U TeueHHi B OOCKOl ryde Hauasioch
B cepenuHe XX B. B CBSI3H C HEOOXOIMMOCTBIO oOecriedeHus1 O€30MacCHOCTH TUIABaHMUs
B MeJIKOBOJHOM OOCKO# Ty0e U TEXHUYeCKUM 000CHOBAaHHMEM MPHU CTPOUTEIHCTBE OPTOB
W MHXKCHEPHBIX coopykeHuil. B padore B.I. Kopra [1] Obuta uccienoBaHa CTpykTypa
HETePUOANYECKIX KOJIeOaHUHM YPOBHS apKTHUECKUX MOpPEH, HalileHb! CBA3M CTOHHO-Ha-
TOHHBIX KOJIEOaHMI ¢ aHEMOOAPUUECKUM PEXUMOM U pa3paboTaHa METOMOJIOTUs IPOrHO3a
CYMMapHBIX KOJICOAHUH ypOBHS B OT/AECJBHBIX IMYHKTaX B apKTHUECKHX MOPSX U, B TOM
gucie, y M. SIM-Cane B O0ckoii ryoe.

A.B. Kontena [2] BeImonHMIA OOIIMPHOE UCCIEIOBAHUE MPUIMBHBIX U HENEPHO-
JIMYECKUX KojieObaHuil ypoBHs U TeueHuid OOCKoii ryObl Ha OoJiee TIOJIHOM Marepuaie
HaOJIIOACHUH, MTOJyYSHHBIX Ha MOJSPHBIX CTAHIMSIX M COOPAHHBIX B SKCHEIUIMIX IO
1950 r. B aToit pabore aHbl pa3HOOOpa3HbIC CBEICHUS M Pa3IUuHbIE XapaKTEPUCTUKU
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TIPUWJINBOB JUTS JIETHETO ¥ 3MMHETO MIEepHO/I0B. BriepBble ycTaHOBIEHA CE30HHAS M3MEHUH-
BOCTB IPHJIMBA IO/ BIUSIHUEM JIEASTHOTO TIOKpoBa. B a1oii pabore Konrea mcnonp3oBaina
pe3yIIbTaThl aHaJH3a MPUIHBOB, KOTOPEIE OITyOIMKOBaHEI B CIIPaBOYHUKE [3].

[Moxn cpemnneii wacteio OOCKOI TyOBI, paccMaTpUBaeMOil B JAaHHOM paboTe, oApasy-
MeBaeTcs akBaropus Mexay M. TamOeit m M. KameHHbIH. 31€ech pacroioKeHBI TaKHe
00bekTHI, Kak mopt Caberra, CanmaHOBCKui ydacTok (mpoekT Apkruk CIII-2), Tepmu-
Han «Bopora Apkrukmy». [IpaBurensctBoM Poccnn mocraBieHa 3aqada KpyTiIOTOINIHON
HaBuranuu B OOckoii Tyoe. [losTomMy s obecniedeHns Ge30MacHOCTH CYIOBOXKICHHS,
B 0COOEHHOCTH ITPY MPOXOXKICHUH (hapBaTepoB U IIPH MIBAPTOBBIX ONEPALHAX, TPEOYIOTCS
PEKUMHBIE XapaKTEePUCTUKH KOJIeOaHNH ypOBHSL.

s cpenneit wactu OOcKoii TYOBI B ClipaBOYHHKE [3 ] TaHBI rapMOHUYECKHE TTOCTO-
SIHHBIE 110 6 TyHKTaM. 3aMeTHM, YTO TapMOHMYECKHUI aHaIN3 KPaTKOBPEMEHHBIX HaOIIO-
JICHUH! 32 ypOBHEM ITPOBOJIMIICS B TO BpeMs 110 MeToAy JlapBHHA, a MEJIIKOBOAHBIC BOJIHBI
BBICIINX TTOPSIKOB HE BRIYHCILUINCE. MeTon JlapBrHa mpencTaBiseT co0o0il yIpoIeHHbII
®ypbe-ananus. [Ipu npumenenun metoaa JapBruHa pe3yapTaTbl UMEIOT MOTPEUTHOCTH
13-3a HECOBMa/IeHNs yacToT Dyphe-aHann3a ¢ ICTUHHBIMHU YIJIOBBIMU CKOPOCTSIMHU BOJTH,
a TaKKe M3-3a BIMSHUS COCEAHUX YacTOT Ha BbLAENsAeMYylo BonHY [4]. [Ipn peBus3num Ha-
OrOEHUH 32 YPOBHEM IO TIOJyYEHHBIM JAHHBIM, KOIIMU KOTOPBIX MMEIOTCS B (DOHIAX
AAHUMU wnnum nipuBenieHHI B cIipaBoYHUKE [3], ObIIH 0OHAPYKEHBI OIIHOKU B OITyOJIHKO-
BaHHBIX pe3yJbTaTax aHaNW3a MPHINBOB. B MoHOTpaduu [5] 3TOT dakt oTMedaercs, HO
TIOJTHOCTBIO HOBBIE PE3YJIbTaThl 00pPAa00TKN M aHAJIM3a HE JaHbI.

CoBpeMeHHOe 0000IIeHNe NaHHBIX THAPOIOTHYecKoro pexkuma OO6ckoit u Ta3oB-
CKO#f TyO BBIITOMTHEHO B MOHOTpaduu [5]. MoHOTpadus mpenacTapiseT XapaKTepHUCTUKA
peKMMa HENEPHOINYECKIX W MPHIMBHBIX KoJeOaHMI ypOBHS Ul IepHoja BTOPOH TO-
noBuHB XX B. 1 Hayana XXI B. B pabote [6] paccMoTpeHs! KonebaHus yPOBHS Ha ITOCTaxX
Tagnbesxa u Cesixa 1o maHHBIM HaOmroneHnid 3a 1968—1992 rr. OnHako HE 3aTPOHYTHI
MaTepHaJIbl SKCIIEANITUOHHBIX HAOTIOCHN Ha aBTOHOMHBIX OyiKoBbIX cTaHIusaX (ABC),
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nomyaenasie AAHWUU (maboparopus «Apkruk-11lensd») B paitone mopra CaberTa i mMyHK-
Ta YTpeHHU# B paiione CalMaHOBCKOTO MECTOPOKICHUS.

Lenbto naHHON pabOTHI SIBISIETCS] MCCIIEOBAaHUE OOMIMX OCOOCHHOCTEH pexuma
NPHJIMBHBIX M HEIEPUOIMIECKHX KojieOaHMil ypoBHs BOIbI B cpenHelt yacT OOCKOit IyObl
(puc. 1) Ha OCHOBE HOBBIX PE3YJIFTATOB FAPMOHHYECKOr0 aHAIN3a MIPUIIUBOB.

MATEPHAJIBI HABJIIOJEHUN, UX OBPABOTKA Y AHAJIN3

Tapmonnveckuii ananan3 npuinBoB B nopty Caderra U MyHKTe Y TpPeHHMIT
MO AATYNKAM AABJIEHUS

W3amepenus konebanuii ypoBHsi Mops B akcreanimsix AAHWU B 2000-e rr. BbITION-
HSUTHACH TI0 TATYMKY THAPOCTATHIECKOTO NaBieHus ycrpoiictBa ADCP (Akyctuueckuii no-
TUICPOBCKUI M3MepuTenb TeucHus (Acoustic Doppler current profiler)) Win ¢ OMOIIBIO
JIPYTHX IPUOOPOB I'MAPOCTATUYECKOTO TUIIA C AUCKPETHOCTHIO 15 1 10 MunyT. JlaHHbIE ObUTH
TIePEBE/ICHBl B METPUUECKYIO CHCTEMY TTOCIIE yUeTa MOIPaBOK 3a aTMoc(epHOe TaBIeHHE.

3ajaHHas MPHU MOCTAaHOBKE NPUOOPOB AMCKPETHOCTh M3MEPEHHH TO3BOJIMIA TIPH-
MEHHUTh CIIIKUBAIOLINE (PUIBTPBI JIJIsl IOHMKSHHUS YPOBHS BBICOKOYACTOTHOTO 1yma [7].
IIpm 3T0i1 MpoTIenype MPOUCXOIUT YKOPOUCHNE JIMHBI BPEMEHHOTO psina Ha 34 (mpu
JCKpeTHOCTH 15 MuH) mim 52 (npu auckperHocTr 10 MUH) 3Ha4eHHs. 3aTeM IIPOHU3BO-
JIJIach BIOOPKA €KEUACHBIX 3HAYCHHH (JeIMAalHs).

Jlnist exxedacHBIX BPEMEHHBIX PSAI0B KoJeOaHUI ypoBHS MOpPsI HaMHU pa3paboTaH
Croco0 KOHTPOJISI U PelaKIMK CITy4aiiHbIX BBIOpOcoB. KOoHTpoOIIb 10 MporpaMme BpeMeH-
HBIX PSI0OB MPOM3BOIMIICS C 33/laHHeM KpUTepusi OTKIOHeHus Oonee 6 cMm [4, 5]. [anee
eXeJacHbIe BPEMEHHBIE PsI/IbI TIOIBEPTAINCH 00paboTKe (PHUIBTPOM HIKHUX YacTOT JUIS
TMIO/IABJICHMS BIMSIHUSI HETIEpUOANYECKUX KosieObanuil. C 1eblo YCTpaHEHHs CPEe3KH MpU
¢unsrpanun (48 3HaYCHUI psijia TepsieTcs1) BpEMEHHBIE PsiIbl TPEABAPUTEIBHO JOTIONIHSI-
JMCh B HaJaJle 1 KOHIIE PSIOB C IIOMOIIBIO MPEABBIYHUCICHHS. 3aTEM 110 TIOTyIeHHBIM Bpe-
MEHHBIM PsIZIaM ITPOU3BOIMIICS TAPMOHUYECKHUN aHalIN3 ITPUIJINBA 10 METOy HAaMMEHBIINX
kBazparoB (MHK) no Bepcun AAHUU [4]. IIpopomkuTeabHOCTh HAOIOICHUH B pa3Hble
TOZIBI B OCHOBHOM Konebanach ot 20 1o 60 cyTok. [103TOMYy BO3MOXHOCTH BBIZCTICHHS
OCHOBHBIX BOJIH NPWJINBA MO TaKUM CEpUsIM ObLTa pasnuyHod. [y onmucaHus nmpuianBa
B HACTOAIIEC BPEMA HAUMECHBIINM ONTHUMAJIbHBIM NMMEPUOAOM CUHUTACTCA MECAYHAsA CCpUAd
n3mepennii. bonee KOpoTkHe cepun MOTYT OBITh HCIOJIB30BAaHBI C M3BECTHBIMHI JOITyIIIE-
HUSIMH, HO TOJISITCS B OCHOBHOM TOJIBKO JUISI Pa3BEI0OYHOTO MTPEABAPUTEIBHOTO aHaIHN3a.
[Tpu BBIOOpPE crmcKka BOJH AJI aHAlW3a B IIEJIOM MBI CJIeIOBaIN KpuTeputo Pames [4].
OrcTymenne 0T 3TOro IpaBuia OBLIO CIETAHO JUIS BOJHBI N, KOTOpas, Kak IOKa3ailu
9KCTIEPUMEHTBHI, HAJISKHO Pa3pelnaeTcs Mo psiiaM ¢ XOPOLIMM KaueCTBOM M3MEPEHUH Mpr
JUTATENBHOCTH 0KONo 20 cyTok (kputepuii Panes Tpebyer 28 cyrok). Onnako Bonus! O,
J,, L,, u, n npyrue He OBUIM BKJIIOYEHBI B aHANU3 JUI NEepHoNoB MeHee 30 CyToK, T. K.
OHH HEHAJIC)KHO Pa3pelaroTces 1Mo TakuM JaHHbIM. Ho MX aMIumMTyaa B 3TOH aKBaToOpHu
Maja M He BIHSET Ha paspelleHne APYyTrux BoiH. B memom Obuto BeigeneHo ot 18 mo
32 BomH ams nepuonoB oT 20 1o 60 CyTOK COOTBETCTBEHHO B CYTOYHOM, ITOIYCYTOYHOM,
1/3-cyrounom, 1/4-cyrounom, 1/6-cyrounom n 1/8-cyTouHOM Kilaccax HMpHIIUBA.

Pesynbrarel no Bonnam K, S,, N, BO BTOpoM IPUOIMKEHUH UCIPABJIAINCH OT BIIM-
SHHUSI BTOPOCTENEHHBIX BOIH COOTBETCTBEHHO T, S|, Y, @,, P;; K, T, R,; v, 1o Teope-
THYECKUM COOTHOIICHUSIM.

[To ®dypre-aHanu3y OCTATOUHBIX PSAOB (HAOIIONEHHS] MUHYC MPEIBBIYHCICHHMS)
OBLTH pacCYNTAHBI CPEJHNE YPOBHH IIyMa, cpeaHue kBaaparndynabie otkiaoHeHHs (CKO)
B KJIaccax NMPWJIMBOB U 10 HUM OmpeneseHsl 95 % noBepHUTeIbHbIC UHTEPBAIBI IS
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OIICHKH TOYHOCTH. DTH 3HAYCHHUS B CYTOYHOM, MOIYCyTOYHOM, 1/3-cyTounom, 1/4-cy-
TOYHOM ¥ 1/6-CyTOYHOM KJTaccaX MPIJINBA B I[EJIOM COOTBETCTBEHHO paBHEI £1,86—1,33;
+2,63-0,76; +0,35-0,18; £0,47-0,12; £0,29-0,14 cm. IIpu 3ToM Gonbive 3HaYeHUS (110
aOCOIOTHON BEJIMYMHE) B 3THUX TPAHUIAX OTHOCITCSA K KOPOTKMM psifiaM HaOIIOICHUN
(1520 cyToKk), a MeHbIIHEe — K MPOJIOIDKUTENFHBIM M3MepeHHsIM (60 cyTok).

Jlng uccrnenoBaHus MPHIUBOB B KOHKPETHOM ITyHKTE MHOTA ObIBA€T JOCTAaTOYHO
OJHOM MECSIMHOHM WM, B KpallHEM cllydae, Jake MOJYMECSYHON CEpUU €XKEYaCHBIX U3-
Mepennii. Ho B O0ckoit rybe oTmedaeTcst CHIIbHAsI Ce30HHasi N3MEHYHBOCTH TIPUIIMBOB
u TeyeHnit. [1oaTOMy 11 aAeKBaTHOTO ONMMCAHMA MPIINBA HEOOXOAMMO OIPEICIISATh €ro
XapaKTEepPUCTUKH Ha KKABIA Mecsl rofa. B camom kpaiiHeM BapHaHTe JKenaTeIbHO UMETh
rapMOHHYECKUE MOCTOSTHHBIE OCHOBHBIX BOJIH JUIS aBI'yCTa, KOTOPBIE PHOIMKEHHO MOYTH
HE MEHSIOTCS JIJIsl BCETO JICTHETO Mepuoja (MIIb—OKTIOPh), W AJs amnpensi, B KOTOPOM
B CpEIHEM HaOIIOIAeTCsl MAKCUMaJIbHOE TaIlIeHHEe ITPUINBHON BOJHBL.

31ech YMECTHO TakXke 00paTHTh BHUMAaHUE Ha KpaifHe BayKHBIH acIieKT, KOTOPOMY
HE TpUIaeTCs 3HAYCHHUS B pacdyeTe MPHIUBOB B apKTHUECKUX MOpsX. Jlo HACTOAMIETOo
BPEMEHH OCHOBHBIM MCTOYHHKOM CBEJICHHUH O MPHIIMBAX B APKTHUECKUX MOPSIX, B 4aCT-
Hoctu B Kapckom mope u OOcKkoii Ty0e, sSBsuIics cripaBoYHHK [3]. B Hem momemnieHs
rapMoHHYecKue noctosHHble i 153 mynkToB (B O6ckoii n Ta3oBckoit rydax — uis
27 mynkToB). OIHAKO B 3TOM CIIPABOYHUKE JAHBI aMIUTATYIBI U (a3bl (YIIIBI TTOJIOKESHUH )
TOJBKO JUIs1 § OCHOBHBIX CYTOYHBIX M MOJYCYTOYHBIX BOJIH. HOo OTCYTCTBYIOT CBeaeHUS
0 MEJIKOBOJHBIX BOJHAX. [TokaxkeM, HACKONBKO BakKHA POJIb MEJIKOBOTHBIX BOJIH B TOYHOM
OITMCAHUM KPUBOH NPUINBA U BIMSHUM 3THX BOJIH Ha pacyeT MOJHBIX M MAJIbIX BOZ.

Ha puc. 2a noxa3ansl kpuBble npuiauBa B Cesixe B JIETHUI NepHOA MPU 3aJaHUU
JUTSL IPEBBIUMCIICHNS BCeX 32 BOJH, BBIACISIEMBIX U3 MECSYHBIX CEpUH, U TONBKO IS
19 BomH 0e3 MEIKOBOIHBIX COCTABISAIOMMX. Ha puc. 26 u 26 MOKa3aHBI PaCXOXKICHUS
B MOMeHTaxX M BpemeHax nonHex (I1B) u maneix (MB) Box B TeueHne Mecsiiia MexXIy
JIBYMsI KDHBBIMH.

CrarucTryecKue OIeHKH, MOTYYCHHBIE TI0 BpEMEHHBIM psaaM pasHocteit [1B u MB
MeX/Ty MOJTHBIM U OTPaHUYEHHBIM pacueTaMy MPUIINBA, Jal0T cieayromee. CpeaHee kBa-
JIpaTUYHOE OTKIIOHEHHE Pa3sHOCTEH BBICOT cocTaBiseT 3a mecsi £4,07 cm. Makcumym
pasuocreit [1B mocturaer +5,7 cm, a muanMyM paBeH —12,6 cm. CKO pasHocTeit Bpe-
MeH 1B u MB 3a mecsn paBao +£42 muH. Ilpu sToM MakcumyMm poctur +1,1 4, a MUHE-
MyM — —1,6 4. Kak BHIHO U3 3THX OILICHOK, PACXOXKACHH HACTOIBKO OONBIINE, YTO pacyeT
NIprInBa 0€3 MEJIKOBOAHBIX BOJIH JJA€T IUIOXME PE3yIbTaThl, HEaIeKBaTHbIC HAOIIONCHHAM.

Ha mepBbIii B3DISI KaXKETCsl HEOXKUIAHHBIM Takoe CHIIBHOE IposiBiIeHne d(pderra
MEJIKOBOIHBIX BOTH. Ho, cormacHo kimaccuueckoii pabore [8], ecTh mpocToe 00bICHCHHE
sTOMY 3P EKTY, KOTOPBI BO3HUKAET KaK MPOSBICHNE ACHCTBHS PEIYKIIMOHHBIX MHOKHTE-
JIel MEJIKOBOIHBIX BOJIH HA MX aMILTUTY/Ly, PACCUMTHIBAEMBIX KaK KBaapaTsl (IIpH NEpHOIe
4 4), KyOwI (py TIEPHONE 6 9) U T. J1. TI0 PEAYKIHOHHOMY MHOXHUTENO BOMHBI M. [TosToMy
B NIPUBOJAMMBIX HAMH HIKE PE3yJbTaTax Be3ZIe JaHbl OCHOBHBIC MEIKOBOJHbIC BOJIHBI.

Kpyrioronnunsle exedacHble ypoBEHHBIE HaOmofeHus Ha mnocty Tammbesixa
(70° 22" ¢. m.; 74° 08’ B. n.) Hauatel B 1968 1., a Ha mocty Cesixa (70° 09,6' c. m1.;
72° 33,5 B. 1.) B 1971 1. YcnoBust HaOmroneHUH moApoOHO OCBEIICHH B padoTtax [5, 6].
B »THx paborax mokazaHo, 4TO ypOBEHHbIE HaONIO/eHMs, TpoBoaANMBIE B p. Cesxa, He
MOTYT C JOCTaTOYHOM CTENEHbIO TOYHOCTHU OTPAKaTh YPOBEHHBIN PEXXUM MpPUIIETAIOIIECH
akBaropuu O6ckoif ryosl. Habmonenns Ha 000MX TOCTaX BEUCH MHOT/A C OOJIBIIUMH BHY-
TPUTOZOBBIME NlepepbiBaMu. Kak ciesicTBue, 00paboTka HaOIIOIeHNH TPOBOIMIIACE C He-
ckosbkuMHU nipuomkeHussMu. C 1994 1. cpounble HaOMIOEHNST HA TTOCTAX MPEKPAICHBI.
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Puc. 2. KpuBble HpeBbIYMCICHHOTO TIPHIMBA C JUCKPETHOCTHIO 6 MHH MO HaOOpy /uist 32 BOJH H
19 BoJH (6e3 MenkoBoaHBIX MpuiuBoB) [t 15-20 aBrycra 2019 1. B Cesixe B cuuruio (a). Kpusbie
pasHoOCTEel BBICOT (0) U BpeMeH (8) MOJIHBIX U MaJIbIX BOJ IBYX BpeMEHHBIX ps10B 3a 1-30 aBrycra
2019

Fig. 2. Tide curves prediction with intervals of 6 min over a set for 32 constituents and 19 constituents
(without shallow water tides) for 15-20 August 2019 in Seyakh in syzygy (a). Curves of differences
in heights (6) and times (6) of high and low waters of two time series in 1-30 August 2019

JleTanpHasi OllcHKA KauecTBa HAOIONCHHMI 3a ypoBHeM B Tanubesxe u Cesixe naHa
B Tabn. 1 m 2. Takxke B 3TUX TaOMHMIAaX NMPHUBEICHBI OICHKH CYMMAapHBIX, MPUIMBHBIX
M OCTaTOYHBIX KOJICOAHWH YPOBHSI IO MHOTOJICTHUM HaOJIOEHHUSIM 32 YpPOBHEM (OHHU
Oy/lyT TPOKOMMEHTHPOBAHBI HHIKE).

[Ipu cpaBHeHMM JaHHBIX B Ta0j. 1 u TaOm. 2 BHIHO, YTO KAYCCTBO HAOIIOMCHUI
B Cesixe ycrynaer TakoBomy B Tanubesixe. B 6 rogax HaOmoanach ruipaBindeckas 1mo-
Tepsi CBsI3M ¢ MOpeM B 3uMHuit nepuon (B Tagubesxe Tonbko B 2 ronax). B cpennem aunc-
nepcusi cyMMapHbIX kosiebanuii B Cesixe 0osbiie, yeM B Tagubesixe. DTOT GakT sBisieTCs
OTpakeHHEM OOIIeH 3aKOHOMEPHOCTH — Y JieBoro oepera OOCKoi TyObl HabIHOMACTCS
0oJiee MHTEHCHBHOE Pa3BUTHE HETIEPUOANYECKUX W IPHIMBHBIX KOJeOaHWH YPOBHS IO
CPaBHEHHUIO C TPaBbIM Oeperom.

[epBoit 3amaucii mpuUBEACHUS HAOMIONCHUN K OXHOPOIHBIM PsijiaM SIBIISCTCS yCTa-
HOBJICHHE TOYHOM NMPUBSA3KHU TOJOBBIX cepuil k banTtuiickoil cucreme BeicOoT. OTMETKa
HYJIS TIOCTa TIpeTepIieBaia yTOYHEHHs TI0 MePEe MPOBEACHHS HUBEIMPOBOYHBIX padoT. Ho
B psijie ciydaeB ObLIa HapyllleHa OJHOPOTHOCTH Psijia HAOMIONCHHUI, B CBSA3M C YEM INpH
UCIIOJIL30BAHHUH JJAHHBIX 32 MHOTOJIETHHIT IEpHOJT ObLIN BBEJICHBI ONPE/IeTICHHBIE OMPABKU
K 3HAUEHHUSM YPOBHEM, MOJYYSHHBIM JUIs TIepexo/ia K eAMHOMY HyIto [9].
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Tabruya 1

KauecTBo Had/roneHuii 3a ypoHem Ha cranuuu Tagubesixa B 1968—1988 rr.
H OleHKH Aucnepcuii cymmapubix (D,), octarounbix (D, ) M NIPUIMBHBIX KoJIe0aHuUii ypOBHs

Table 1

The quality of level observations at the Tadibeyakha station over the 1968—1988 period
and the variance of the total (D,), residual (D ) and tidal level fluctuations

Topl D,, cm? ,cM®  |Brmax npunuBa, % ITpumeuaHne
1968 469,99 253,52 46,0 [Ipomycku
1969 637,27 368,85 42,1 TloTeps cBsizn
1970 1084,61 686,80 36,7
1971 773,38 520,36 32,8
1972 710,26 531,95 25,1
1973 693,47 455,13 34,4 [Toteps cBsizu
1974 640,32 395,99 38,2
1975 507,69 262,12 48,4
1976 420,76 222,83 47,0
1977 217,78 289,67 33,5
1978 468,76 262,07 44,1 [Ipomycku
1979 (241,52) (32,39) (86,6) [pomycku. [Toteps cBs3u
1980 457,42 278,49 39,1 ITpomycku
1981 720,99 388,49 46,1
1982 408,78 197,83 51,6 ITpomycku
1983 453,29 251,49 44,5
1984 596,82 465,97 21,9
1985 753,93 521,04 30,9
1986 1016,08 671,13 33,9
1987 608,10 323,98 46,7
1988 458,33 312,05 31,9 Ipomycku
Cpennee 587,62 366,29 41,0

Ipumeuanue. Ipormycku — oOI1ee KOIUUECTBO MPOITYIICHHbBIX CYTOK HAOMIOIeH I B roy Ooiee 1 Mecsina;
oTepsi CBsI3K — 00IIIee YHUCIIO CYTOK MOTEPU MHPABIHNUYECKOM CBA3M ¢ MopeM bosee 1 mecsa. B ckobkax

JJaHbI COMHHUTCIIbHBIC 3HAYCHU .

Note. Omissions — the total number of missed observation days in a year for more than 1 month; loss of
communication — the total number of days of loss of hydraulic communication with the sea for more than

1 month. Doubtful values are given in parentheses.

Tabnuya 2

KauecTBo Hab/roneHuii 3a ypoBHeM Ha cranuun Cesixa 3a mepuon 1973-1992 rr.
H OleHKH aucniepenii cymmapubix (D,), octatounnbix (D, ) 1 NpUIMBHBIX KoJIe6aHHi yPOBHS

Table 2

The quality of level observations at the Seyakha station over the 1973-1992 period
and the variance of the total (D,), residual (D ) and tidal level fluctuations

TCogp D,, cM? oM’ |Bxuan npunusa, % [Tpumeuanue
1973 833,83 466,35 44,1 IloTepst cBsizu
1974 557,15 317,04 43,1 To xe
1975 740,43 377,71 49,0
1976 598,39 357,15 40,3
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Tonet D,, cm? D_,cM® | Bxman npummsa, % [pumeuanune
1977 526,67 435,79 58,6 IMotepst cBsizu
1978 610,97 384,84 37,0 To xe
1979 970,84 553,13 43,0 “

1980 362,18 174,23 51,9 IIpomycku
1981 651,27 461,58 29,1

1982 663,47 381,12 42,5 [MoTepst cBsizu
1983 589,18 394,26 33,1

1984 482,53 308,22 36,1

1985 581,67 501,48 13,8

1986 651,88 320,21 50,9

1987 766,35 193,99 74,7 Ipormycku
1988 490,44 264,75 46,0

1989 437,16 143,13 67,2 [pomyckun
1990 497,83 257,51 48,3

1991 602,06 248,49 58,7

1992 (431,63) (66,78) (84,5) Ipomycku
Cpennee 593,78 338,68 47,6

Tpumeuanue. Ipomycku — o0111ee KOIUYESCTBO MPOIYILEHHBIX CYTOK HAOIIOICHHH B roy Ooinee 1 mecsina;
TOTepsi CBsI3M — 00IIIee YHUCIIO CYTOK ITOTEPHU THAPABIMYECKON CBsI3U ¢ MopeM Ooee 1 mecsia. B ckobkax
JIaHbl COMHUTEJIBHBIC 3HAUYCHHS.

Note. Omissions — the total number of missed observation days in a year for more than 1 month; loss of
communication — the total number of days of loss of hydraulic communication with the sea for more than
1 month. Doubtful values are given in parentheses.

Crioco6 kanmnOpoBkw [10] m03BOMNSAET IPUBECTH €KEIaCHBIE M CPOUHBIC HAOTIOAEHUS
K OJTHOPOZHBIM psiJiaM, HO JUISl €r0 IIPUMEHEHUsT HeOOX0MUMO MMETh Mozelb npuiiisa. Ha
mepBoM 3Tamne OpuTn 00padoTanHsl TapMoHHYecKiM aHamu3oM mo MHK Bce mMerommecs
exceuacHvle CEPUH C LENbI0 (POPMHUPOBAHHS OLEHOK TApMOHNYECKHUX ITOCTOSHHBIX IPH-
JMBa Ha KaKIbli Mecsn rofa. [Ipu 5ToM HCIIoIbp30BaInuCh TO0OBbIE CEpUH O3 POITYCKOB
U [TOTEPH TUAPABIMYECKOI CBS3H C MOPEM 3a OTIEIbHBIC HHTEPBAJIbl BDEMEHH B 3UMHHUH
nepuo. 3aTeM OblTa pazpaboTaHa MporpaMMa MPEABBIYHACICHUS PUINBA Ha OCHOBE 12
HAO0OPOB CHHCKOB BOJH NMpIINBa (32 CyTOYHBIX, IMOTyCYTOYHBIX M MEITKOBOTHBIX BOJH
B KaktoM Mecsine). [IpuyeM B 3TH CIIMCKH OBUIN BKJIOYEHBI JOJITOIIEPUOIHbIE PHIIHBEI
(mo 7 Bomm: M, S, S _,S.,S , M, M).

sa’ “ta® T qa’
COOTHOIIEHUE MPUJINBHBIX U HENEPUOANYECKHAX KOJEBAHU YPOBHSI.
BHYTPUTI'OAOBAS UBMEHYUBOCTb KOJTEBAHUU YPOBHS
B TAJUBESIXE U CEAXE

[TombITKa ompernesieHHs COOTHOIICHHS MPUJIMBHBIX U HENEPHOINYECKUX (CTOHHO-
HaroHHBIX) KoseOaHui ypoBHs ObLta npenpunsaTa B padore [1]. Kputepuem npuimBHbIX
KosleOaHMi CUNTAIOCh OTHOILCHNE aMIUTUTY/bI (BEIMYHMHBI) CPEIHEr0 CU3UTUITHOTO 3Ha-
YeHUs! NIPWIMBA B JICTHUH NEPUOJ K aMIUIUTY/IE CTOHHO-HAaroOHHBIX KoJe0aHUH, KoTopas
BBIOMpanack 1o umeromumMcs K 1940 r. HabmonenusiM. [1oHATHO, 4TO MOTyYeHHBIE PE3YITh-
TaThl HOCUJIM OYCHb NPHOIMKEHHBIH Xapakrep. Cienyromias mogooHas kapra st O6ckon
ryOsI ipesicTaBieHa B padore [2]. Eciu B oTHOIIEHHN NpriiMBa CBeAEHHUH OBLIO MOIYyYEHO
JIOCTAaTOYHO, TO MO CTOHHO-HArOHHBIM KOJICOAHUSIM PACCUUTHIBAINCH OTHOCHUTEIILHBIC
THIIOTETUYECKNE 3HaYEHHs. B 11eI0M J0CTOBEpHOCTD KapThl TAKKe Obli1a HEMIOJIHOM.
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B Hacrosmelr paboTe aBTOPHI ONMPEACTUIN AUCIIEPCHIO HAOMIONCHUN IS OTHO-
POIHBIX TOJIOBBIX €KEYACHBIX PSAMOB B KAUECTBE IMOKA3aTelsl SHEPTEeTUKH CyMMAapHBIX
xoneOaHuil ypoBHS BoAbl. OCTaTOYHBIC TOIOBEIC PSbI (HAOMIOICHNS MUHYC IIPEIBBIUNC-
JIeHNe) IPUHATHI VI pacdeTa JUCIEePCHU HETIEPUOJNIECKNX KOJICOaHUH ypOBHS BOABI.
Jucriepcust NpeABBIYMCICHHBIX TOJOBBIX PSIJIOB JIACT OLCHKY HPWIMBHBIX KOleOaHWH
ypOBHs. B HEKOTOpBIE TO/BI OLEHKH JUCTIEPCHI MOTYT OBITh CMEIIEHHBIMH BCIIE/ICTBHE
MIPUCYTCTBUS MPOIMYCKOB OOIINM KOJIMUYECTBOM Oosiee | mMecsina Wi B Cilydae MoTepH
THJIPABIMYECKON CBSA3M ¢ TyOOH B 3UMHHUI MEpHOA B OTJCIIbHBIE HHTEPBAJIbI BPEMEHH,
T. K. IIPA 3TOM COMHUTEIbHbIC N3MEPEHHUS 3aMEHSUINChH HA TPEIBBIYNCICHHBIC 3HAYCHHS.

W3 nanHbIX Tabn. | BUAHO, YTO MaKCHMYM JHMCHEPCHH CYMMApHBIX U HEHNEPHOIH-
YeCKHUX KoneOaHuil ypoBHs HaOmomancs B 1970 . MUHUMYM IHCIIEPCHHA CYMMapHBIX
koneOaHmi ypoBHS oTMeuancs B 1977 1., a octatouHsix — B 1976 1. Bkimag npuimuBHBIX
kosieOaHmii B romy B cpenHeM coctaui 41 % ¢ makcumymoM 51,6 % (1982) u MuaMMYyMOM
B 21,9 % (1984). DTOT BBIBOA O BKJIA/E MPUINBA SBISETCS HOBBIM H HE COBCEM OOBIYHBIM.
CpenHsist MPOJOIDKUTENBHOCTD JIEIOBOTO MEPHO/ia COCTABIET B cpeqHelt yactu OOcKoi
ryOsI okonro 290 mHeH, HO, HeCMOTPSI Ha CHIIBHOE TallleHHe MPUJINBA B 3UMHUI TIEPUOI,
€ro BKJIAJl B CPEAHEM OCTAETCS CyIIECTBEHHBIM.

MaxkcuMyM ITUCTIepcuu CyMMapHBIX KoeOaHui ypoBHs Habmonancs B 1973 ., a He-
nepuogndecknx — B 1979 . (cm. Tabm. 1 u 2). MEHUMYM JHCTIEPCHH CYMMAapHBIX H OCTa-
TOYHBIX KOJIeOaHWH ypoBHS oTMedasncs B 1989 r. Bkimag npuinBHEIX KoeOaHUH B oIy
B cpemHeM cocTaBmi 47,6 % ¢ makcumymoM 74,7 % (1987) u murumymoM B 13,8 % (1985).
To ecTh Kakoi-THOO KOPPEIHIIUH ¢ HACTYIUICHHEM aHAJOTHYHBIX sABICHUH B Tamnbesxe
He 3aMeTHO. B menom Ha crannmy Cesixa KoneOaHHUs ypOBHS B ME30MacIITAaOHOM Jna-
M1a30HE OTPAXKAIOT MECTHBIE YCIIOBUS U HE SIBISIFOTCS PEITPE3EHTATUBHBIMU TSI OTKPBITOH
gacth OOCKOH TyOBI.

PaccMoTprM M3MEHYMBOCTH ANCIIEPCHI CyMMapHBIX, HETIEPUOANIECKNX (0CTATOU-
HBIX) M IPWINBHBIX KOJ€OaHUII ypOBHS B TOJOBOM LUKIJIE. [T 3TOTO paccUUTaeM JInc-
TIEPCUHN TI0 MECSLaM AJIsl OTAEJIBHBIX JIET, B KOTOPBIX HAOMIofasncs ONn3Kuil K cpeHeMy
YPOBEHB TUCIIEPCHN CyMMAapHBIX KosieOaHuil. KoHeuHo, mpy 3TOM NpHBIIEKAINCh TOIOBIC
CepHH C XOPOIINM KauecTBOM Oe3 IMPOITyCKOB HAOMIOMEHUI 1 0e3 MOTepH COOOIICHHUS
C MOPEM B 3UMHUI EPUOLI.

Jns craammm Taanbesixa pacdeT BBHITIONHEH JUTSA €KEYacHOM ToIoBOi cepu 3a 1984 1.

Ha puc. 3 mokazan xXox B TOIOBOM IIUKJIE AUCIIEPCHII CyMMapHBIX KoJcOaHMA, He-
MIEPUOINYECKAX (OCTAaTOYHBIX) M BKIIAJ MPIIINBHBIX KOJIEOaHHH.

W3 puc. 3 BUAHO, YTO KPUBBIE XOJa JUCIIEPCHH OCTAaTOYHBIX W IPHIMBHBIX KOJE-
Oanuii HaxoxsATcs B mpoTtnBodase. B 3uMHuMi nepuox B ssHBape—MapTe BKIAJ NMPHUINBA
HeOOJBIIION, a ICHepCus OCTATOUYHBIX KoJIeOaHUH 3HAaYMTENbHO BhIle. HaunHast ¢ anpens
10 CEHTAOPH MpeodiaatoT IPUINBHbIE KoseObaHus ypoBHs. [1o cpaBHEHHUIO ¢ HUMU JIHC-
TIepCHsl OCTATOUHBIX KOJIEOAHUH CyIIECTBEHHO HIXKE.

IToka3arenbHbIM (paKTOM Ha PUC. 3 SIBISAETCS HEOOBITHO PE3KOE YCHIICHHE UCTIEPCHN
CYMMapHBIX M HENEPHOIMUECKUX KojeOaHuil ypoBHS B (heBpane. DTO CBHICTEIBCTBYET
0 BO3MOKHOCTH Pa3BUTHS OOJBIINX CTOHHO-HATOHHBIX KOJICOaHUH B 3UMHUM TIEPHO TTPU
HaJIMYUH JISITHOTO TTOKPOBA.

ITo crarmuu Cesixa 6611 BEIOpaH 1976 I. ¢ XOPOIINM KaueCTBOM HAOTIOACHHUH U CpejI-
HUM ypOBHEM 00IIIel Aucrepcuu 3a rof. Ha puc. 4 maH Xox B TOZOBOM ITHKIIE TACTICPCHIA
CYMMAapHBIX KoJieOaHUH, HeTIepHOINUECKIX (OCTAaTOYHBIX) U BKJIA]I IIPHIMBHBIX KOJICOAHMIA.
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Puc. 3. KpuBble x01a B FOZI0BOM LIMKJIE 3HAYEHMIT JUCTIEPCU CyMMapHBIX, OCTATOUHBIX (HeNepHo-
JMYECKUX) U MPUINBHBIX KoeOaHui ypoBHs Ha cTaHuuu Tagubesixa B 1984 1.

Fig. 3. Variation curves in the annual cycle of the variance of the total, residual (non-periodic) and
tidal level fluctuations at the Tadibeyakha station in 1984
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Puc. 4. KpuBble X012 B FOZI0BOM LIMKJIE 3HAYCHHI JUCTIEPCHiT CyMMapHbIX, OCTATOYHBIX (HEMepHo-
JIMYECKUX) U TIPUIUBHBIX KoneOanuii ypoBHs Ha ctanuuu Cesxa B 1976 .

Fig. 4. Variation curves in the annual cycle of the values of the variance of the total, residual (non-
periodic), and tidal level fluctuations at the Seyakha station in 1976

3nech Tak ke, kKak ¥ B TaguOesixe, HAOMIOAACTCS TPOTHBOIIOIOKHBIN XOJ] KPHBBIX
OCTaTOYHBIX JHUCIIEPCUI M MPWIMBHBIX KojieOaHMii ypoBHs. Ho Ooree pe3ko BbIpaxeH
BKJIQJI IPWIIMBHBIX KOJIEOAHUI B MIOJNIE—OKTAOpE, M 3HAYUTENHHO Oosiee CHIIBHOE Oclia-
OreHue MpUIIMBa MPOMCXOIMT B stHBape—Mae. KpuBbIe Xo/a cyMMapHBIX M OCTaTOYHBIX
JMCTIEPCUH TIOKa3bIBAIOT HAJIWYNE OONBIINX CTOHHO-HATOHHBIX SIBICHUN B 3MMHUH IEPHOA
B siHBape—(eBpaie 1 OKTIOpe.

PE3YJIBTATBI AHAJIU3A ITPUJIMBHBIX KOJTEBAHUI YPOBHSI

B nopty Caberra u nmynkre CajmaH ObUTH pacCUUTaHbI CPEAHUE BEKTOPHBIE OLICH-
KM TapMOHHMYECKHMX MOCTOSIHHBIX Ha Ka)ablil mecsi roga. [Ipu 3ToM ncmoias30Banuch
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SKCIIEAUINOHHbIC HaOmoaeHus 3a ypoBHeM B Caberre 3a 2012-2106 rr., a B MyHKTE
VYrpenuuit — 3a 2012-2019 rr.

Jns moctoB Cesixa n Tagubesixa Mo OMHOPOAHBIM (MCIPABICHHBIM) psiiaM ObLTH
paccunTaHbl 32HOBO CPEIHHE MECSYHbIC 3HAYCHUS] KOHCTAHT OCHOBHBIX BOJIH NPHIIMBA.
OHH HECKOJIBKO Pa3IHYaIOTCs ¢ MPUBEACHHBIMA B paboTe [4] BciencTBre M3MEHEHHOU
METOAMKH pacueTa. B pacuere NCIIOIb30BaHBI TO/IBI, B KOTOPBIX HE OBLIO MPOITYCKOB U T10-
TepU TUAPABIUIECKON CBSI3M C MOPEM B 3UMHUI repruof. B Tabm. 3 maHBI TapMOHHYECKIE
MoCTOSTHHBIE |1 BOJIH MpWIJIMBA HA ABTYCT U alpedb.

Brimre y)ke oTMedanoch HaJaHmdue OmHMOOK B 00pabOTKe MCTOPHUUECKUAX KPaTKOBPE-
MEHHBIX HaOmoneHunit 3a yposaeM. [losTomy B Tabmn. 4 mpuBEIEHBI PE3yIbTaThl HAIIETO
TrapMOHMYECKOTO aHai3a B 4 MyHKTaX. DTH UCTOPUIECKNE HAOIIOAEHHS ObUIH IPOU3BE-
IeHbl B XX B. B MECTaX PaCIONIOKEHHUS (PaKTOPHil, IMEIOIINX B TO BpPEMs 3HAUCHHE IS

Tabnuya 3
l"apMomlllecxne NMOCTOAAHHBIC NPUJINBA MO MHOT0JIETHUM HaﬁﬂlﬂﬂeHHﬂM B IIYHKTax CaﬁeTTa,
Yr1pennnii, Cesixa, Tagudesixa 1,151 JieTHero nepuoja (aBrycT) H 3MMHero nepuoia (anpeJs)

Table 3

Harmonic constants of the tide for the summer (August) and winter (April) periods
at the Sabetta, Utrenny posts, at the Tadibeyakha and Seyakha post

XapakTepucTuka Bousbt
P o 1o TP [Tk TN TMIs K MMM,
Caoertra (aBrycr)

H L, 26 | 1,8 | 54 | 53 [413 (17,7 48 | 3,1 | 25 | 07
g 32 164 | 310 | 310 | 360 | 35 113 | 113 | 347 | 81 286
Caberra (anperns)

H 06 | 24 | 1,5 | 45| 35 [269 | 11,6 32 | 09 | 09 | 0,2
g 44 | 162 | 321 | 321 | 47 78 146 | 146 | 60 145 6
YTpeHuuii (aBrycr)

H L1 | 23 1,4 | 44 | 24 | 189 | 7,6 | 2,1 1,8 14 | 05
g 95 | 226 | 345 | 345 | 64 | 100 | 174 | 174 | 68 153 | 34
YTpenHuii (anpeb)

H 1,4 1,6 | 1,0 | 29 | 2,1 | 13,1 | 6,1 L7 |1 0,7 | 0,8 | 0,1
g 55 194 3 3 108 | 127 | 193 | 193 | 124 | 190 | 75
Cesixa (aBrycr)

H 0,9 1,0 | 1,4 | 42 | 2,6 | 265|103 | 2,8 | 3,2 | 28 | 0,5
g 78 | 218 3 3 139 | 172 | 256 | 256 | 269 | 10 | 323
Cesixa (amperns)

H 02 09| 03] 08 | 06 | 48 L7105 1| 04| 03 | 0,1
g 103 | 269 17 17 | 208 | 282 4 4 142 | 202 | 123
Tanubesixa (aBrycr)

H 1,2 1,6 | 1,2 | 3,6 | 33 [250 | 98 | 2,6 | 1,1 1,2 | 05
g 94 | 204 | 355 | 355 | 111 | 145 | 226 | 226 | 153 | 254 | 179
Tanubesixa (ampes)

H 0,6 1,1 0,6 1,9 1,0 | 6,7 | 251 07 |02 02| 0,1
g 77 | 236 | 45 45 172 | 220 | 292 | 292 18 63 5

IIpumeuanue. H — aMIumryna, cM; g — yTroJl HOJNOXKEHUsL, TPajt; BoiHbl P, K, N, 1aHbl BO BTOPOM Npu-
OMIKEHNH TI0 U3BECTHBIM TEOPETHYECKHM COOTHOLICHUSM. YIIIBI IOJIOXKECHUH TPUBEICHBI K HYJICBOMY
TosiCy; KOOPAMHATHI BpeMeHHbIX noctoB: Caberra (71° 17 ¢. ur.; 72° 02,1 B. 1.), Yrpenuuii (71° 00’ ¢. mr.;
73°45'B. 1.).

Note. H is the amplitude, cm; g is the position angle, deg; waves P, K,, N2 are given in the second
approximation according to known theoretical relations. The position angles are given to the 0 zone;
coordinates of temporary posts: Sabetta (71° 17’ N; 72° 02.1' E), Utrenny (71° 00" N; 73° 45" E).
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PBIOHOTO MJTH OXOTHHYBETO IpoMbIcia [3]. B HacTosmee BpeMst STH HaOIIONCHUS HMEIOT
CaMOCTOSITENIbHBIN HAay4YHbI MHTEPEC.

W3 manHBIX B pabdorax [2, 4, 6] cremyet, 9To HANOONbIIEe TalleHIe MPIITHBA JISs-
HBIM ITOKPOBOM B CpETHEM HAONIOMAaeTcs B ampesie, a MAaKCHMAIBHOE Pa3BUTHE TIPUIIHBA
TIPOMCXOIUT B aBTYCTE.

B Tabmn. 5 mpuBeneHbI 3HAYCHUS XapaKTepa IPHJINBA, BETUYNH OTHOIICHUS aMILTHTYT
BoytH S,/M, v Bota M /M, juist eTa (aBryCT) M 3UMBI (QIPEITh) B IMyHKTaX C PE3ybTaTaMu
aHaIM3a 3a JIETHUW W 3UMHUHN TIEPUOIBL.

CoracHO TaHHBIM B Ta0Jd. 5, IPHIUB B JETHUH mepnof B cpeaneit yactu OOCKoi
ryOBl HOCHUT TIPaBWIIBHBIN TTOyCYTOYHBIN XapakTep (3a HCKIIOYCHUEM paifioHa y IMyHKTa
YTpeHHuii), a B 3SUMHUHA TIEPHOJ IPHOOPETAET CMEIIAHHEIH, B OCHOBHOM ITOITyCyTOYHBII
xapakrep. B xauecTBe kpuTepus xapakrepa ((opMbl) MPHINBA HCIIOIB30BaH KPUTCPHI

Tabruya 4
l"apMOaneche NOCTOSIHHBIC NPUJINBA 110 HCTOPUYECKUM Haﬁﬂm}le]—[ﬂﬂM
B myHKTax M. Xapce, M. KoreabHukoBa, m. Sintuk-Casne, m. Xamnyab-SIxa
JJ1s1 JIeTHero nepuoja (aBrycr) ¥ 3MMHero nepuoja (anpeJb)
Table 4
Harmonic constants of the tide for the summer (August) and winter (April) periods
at the points of Cape Kharse, Cape Yaptik-Sale, Cape Kotelnikova and Cape Hampul-Yakha

XapakTepucTuKa Bount
PAKTep O o [P K [N [ M5 | K | MMM,
Xapce (aBryct 1926)

H 04 | 1,6 | 1,1 | 34 | 25 [ 246 91 | 25 14 109 | 02
g 88 | 176 | 360 | 360 | 125 | 164 | 239 | 239 | 268 | 338 | 96
Xapce (anpens 1948)

H 02 10|05 | 14 (21|66 ]| 301]08] 03] 06 | 0,1l
g 199 | 250 | 112 | 112 | 227 | 291 8 8 190 | 180 | 272
Sntuk-Cane (uronb 1948
H 1,2 1,9 | 0,7 | 2,1 0,8 | 17,6 | 9,2 | 2,5 1,5 1,0 | 0,2
g 144 | 233 | 71 71 150 | 252 | 312 | 312 | 6l 124 | 176
SAntux-Cane (maii 1948)

H 01109 |05]| 1404 62]|29]|08]| 13|09/ 0,1
g 136 | 288 | 94 94 | 332 | 342 | 66 66 | 278 | 342 | 266
Korenpankosa (aBryct 1948)

H 02 [ 19| 08 | 26 | 34 | 16,7 | 63 L7 | 1,8 | 1,5 | 06
g 19 | 296 | 22 22 | 137 | 204 | 303 | 303 | 324 | 96 62
KotenpHukosa (ampens 1948)

H 0,1 [ 0,7 | 04 | 1,2 | 2,5 | 35 L5 104 (0271|021 0,Ll
g 168 | 233 | 71 71 | 242 | 286 | 22 22 | 147 | 240 | 189
Xawmmyne-SIxa (aBryct 1927)

H 04 | 1,0 | 0,7 | 2,1 1,9 [135] 73 | 20 | 1,6 | 0,9 | 0,2
g 185 | 31 65 65 171 | 217 | 314 | 314 | 338 | 93 | 336

Tpumeuanue. H— aMIIMTYyJIa, CM; g — YTOI NONOKEHHUS, Tpaj; BOSHBI P, K, N, laHb! BO BTOPOM NpHOIH-
JKEHHH 110 H3BECTHBIM TEOPETUUSCKUM COOTHOILICHUSIM. YIIIbI OJIOKCHHUI IPUBE/ICHBI K HYJICBOMY IOSICY;
KOOPJIMHATBI BpeMeHHBIX ocToB: M. Xapce (70° 06’ c. mr.; 73° 43’ B. 1.), M. Korenbuukosa (69° 30’ ¢. mr.;
74° 00" B. 1.), M. SInTuk-Cane (69° 23’ c. ur.; 72° 32" B. 1.), M. Xammysb-SIxa (69° 23" ¢. m1.; 73° 56 B. 11.).
Note. H is the amplitude, cm; g is the position angle, deg; waves P, K,, N, are given in the second
approximation according to known theoretical relations. The position angles are given to the zero zone;
coordinates of temporary posts: Cape Harse (70° 06’ N; 73° 43’ E), Cape Kotelnikova (69° 30" N; 74° 00" E),
Cape Yaptik- Sale (69° 23’ N; 72° 32’ E), Cape Hampool Yaha (69° 23" N; 73° 56" E).
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Tabruya 5

3HaueHus xapakrepa npuiusa no Kypree,
BeJIMYUH OTHOLIEHUS aMILUIMTY BOJIH SZ/M2 u BOJH M 4/M2
1151 JieTa (aBrycT) M 3uMbl (anpesb) B MYHKTaX cpeaHeii yactu O6ckoii ryonl
Table 5

Types of tides by Courtier, the ratio between the constituents S,/M, and M /M, for the
summer (August) and winter (April) periods at the points

Hysicr (H, +H,)/(H, +H)* H /H,, H, M,
ABrycr Amnpeinb ABrycr Armpenb ABrycT Ampenb
CabetTa 0,136 0,179 0,429 0,431 0,075 0,033
VYrpennnit 0,253 0,234 0,402 0,466 0,095 0,053
Cesixa 0,141 0,262 0,389 0,354 0,121 0,083
Tagubesxa 0,149 0,326 0,392 0,373 0,044 0,030
Xapce 0,148 0,250 0,370 0,454 0,057 0,045
SAntuk-Cane 0,015 0,253 0,523 0,468 0,085 (0,210)
KorensHukoBa 0,196 0,380 0,377 0,429 0,108 0,057

Ipumeuanue. * — npu 3Ha4eHun otHoueHus >0,25 u <1,50 mpuiIMB CMEIIAHHBINA, B OCHOBHOM IIOJY-
CYTOYHBIH. B ckoOKax OTMEUEHBI COMHUTEIILHBIC 3HAYCHHUSI.

Note. * — when the ratio is >0.25 and <1.50, the tide is mixed, mostly semi-daily. Doubtful values are
marked in parentheses.

Kyprse, T. K. Kputepuii JlyBaHHHA B CHILY HETIOJHOTHI (HET BOJIHEL ) IV HAIKMX JaHHBIX
JIaeT B psiJie CIy4aeB HEeBEPHbIC ONpe/eeHus] (OPMBbI IIPUIIHBA.

Bospact momycyTo4HOTO MpHinBa cocTaBisieT 3,3 c¢yT. Tak Kak BO3pacT CyTOUYHOTO
TIPUIINBA JOCTUTAET 6 THEH, TO TPONMYECKHE PHIHBEI COOTBETCTBEHHO OyIyT 3amas3absIBaTh
Ha 3TO 3HAYCHHE OT COOTBETCTBYIOIINX ACTPOHOMHYECKHX MOMEHTOB CKJIOHEHUH JIyHBI.
ITo cymecTBy, paBHOAEHCTBEHHBIE IPIIIUBBI (MUHUMYM Pa3BUTHS CYTOUYHBIX IPUITHBOB)
OyayT HaOMIOAATHCS B THM MaKCHMAJIbHBIX 3HAYCHUI CKIOHeHHH JIyHBI, a Tpomudeckue
NpWINBEI (Hanbomee CHIIbHBIE CyTOUHBIC IPIIIUBEI) B THU C HYJIEBBIM CKIOHEHHEM JIyHBI.

Bo BpemeHHOM X0/1€ IPHIUBHBIX KoJIeOaHUH YPOBHS HanOoJee BRIpakeHO (a30Boe
HEpaBEHCTBO NPWJIMBOB. BenunHa OTHOLIEHUS! aMIUIMTYJ BOJIH HS2/HM2, OTBEYaroIas
3a xo# (ha30BOr0 HEpPaBEHCTBA MPHIIMBA (LMK CU3UTUS—KBAIPaTypa), CYILIECTBEHHO HE
MEHSIETCS MEXK/Ty JICTHIM M 3UMHHUM TIEPHOIAMH.

[TapannmakTiHueckoe HEPABEHCTBO, CBA3AHHOE C MOMEHTAMH MPOXOKACHUS JIyHbI
4epe3 MEPUreH MM arlorei, IIOYTH HE BBIPAXKEHO, T. K. aMILTMTY/Ia BOJIHEI IV, 10 BEIUIHHE
BE3JIE TOPA3/I0 MEHBIIE AMILTHTY/IbI BOJIHEI S,

Haxonen, BenurnHa OTHOIIEHUS! MEJIKOBOJIHBIX BOJIH M4/H 1, AEMOHCTPHPYET MOBe-
JICHNE KPUBOW MPIIIUBA U OTBEYALT 33 MPOJODKUTEIBHOCTh BPEMEHH MAJICHUS U BPEMEHH
pocra npuinBa. Hanbosiee BbIpaeHbl MEIKOBOIHBIE BOJIHBI B JIETHUH MEPHUO/I, KOTAA UX
BEJIMYMHA JUI OCHOBHBIX BOJH M, 1 MS4 JIOCTHTaeT OKoJIO 3 cM (cM. Tabi. 3). B 3umHmMit
nepro HaOJIF0IaeTCsl OYeHb CHIIBHOE TAIICHNE aMIUTUTYZ MEKOBOTHBIX BOJIH, U UX aM-
TUTATY/IA 711 OT/IeNNbHON BOMHBI He mpeBsimaeT 0,9 cm. Takoe moBeneHNe oTpakaeTcs Ha
3HAYEHUSX Kputepus H, M4/H , (cM. Tab1. 5), KOTOPBIA B 3MMHHIA TIEPHOJT B CPETHEM I10 BCEM
MyHKTaM B 1,5 pa3a MeHbIIe, YeM B JICTHUII Meproa. MeIKOBOAHBIN MPHUIINB C IIEPHOIOM
4 4 He UTpaAET 3aMETHOH POJIM B ONIMCAHUM KPUBOH MPHIIMBA, T. K. IO BENUYHMHE BOJHA M,
Jlake B IETHUH niepuof He npeBblinaet 0,7 cM. B 3uMHMIA Teproj] ero aMIIuTy/1a najaaet
B pa3bl M OH MPAKTUIECKH TMOIHOCTHIO 3aTyXaeT.
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[TpuBeeHHBIE BBINIE XaPAKTEPUCTUKH MPUIMBOB ObLIH MOJTyYEHBI HA JAHHBIX CTa-
muoHapHBIX mocToB 3a nepuox 70-90 rr. XX B. (Cesixa u Tagmbesixa) ¥ IOCTOB 3a CO-
BpemeHHBIN niepuox (Caberra, YTpeHHHIA) ¢ MpuBiIcUeHHEM 4 HUCTOPHYECKUX MYHKTOB.
W3MEeHYMBOCTD NPUITMBOB B 3aBHCUMOCTH OT JISJSTHOTO TTOKPOBA OTPaKasa BIMSHHE CPE/l-
HUX JICZIOBBIX YCIIOBUH 3a yKa3aHHbIE MEPHOJbL. B mocienHee qecsTUIIeTHE TPOU30IILIN
CYIIECTBEHHbBIC M3MEHEHUS B PA3BUTHU JIEAOBBIX mpoiieccoB B OOckoii ryde, cBs3aHHbIC
Kak ¢ I00ATbHBIMU KIMMATHYECKUMU U3MEHEHHSIMU, TaK U, MIO-BUAUMOMY, C TEXHOTCH-
HBIMHU TIpUYHHAMU [4, 6].

9KCTPEMAJIBHBIE CYMMAPHBIE KOJIEBAHHUS YPOBHSA
HA MTOCTAX CESAXA U TAAUBEAXA

XapakTepuCTHKH HAOIIOASHHOTO CyMMapHOTO YPOBHSI, BKJIOUAIONIETO BKJIAJl BCEX
COCTaBJISIFOIIMX B €ro KoseOaHus, moapoOHO paccMoTpeHbl B padoTax [4, 11] Ha psimax
9KCTpEeMalIbHBIX ypoBHEH 1m0 1989 1., mosTOMY 371€Ch MPUBEEM JIUIIL KPATKUE CBEACHMUS,
MOJyYE€HHBIE Ha MPOAJIEHHBIX psijax 1o 1993 r. BKIIOYUTENBHO.

HawuBbiciiye ypoBHM OTMEYAIOTCS B MIOHE U B aBrycre—Hos0pe. [IposBienne mak-
CUMYMOB YpPOBHS B HIOHE OOYCJIOBJIEHO, IIOMUMO TPOYUX (haKTOPOB, JIOMOIHUTEIBHBIM
BIIMSIHUEM CTOKa C MECTHBIX BOJIOCOOPOB PEK, Ha KOTOPBIX PACIIOJIOKEHBI YPOBEHHBIC
MOCTHI, B IIEPUOJ BeceHHEro cHeroTasHus. B Cesixe HanOosplee YKCIO CIydaeB Mak-
CUMaJIbHBIX YPOBHEH MPUYPOUEHO K TEPHOY, CBOOOJHOMY OTO Jibjaa, B Tanudesixe —
K Iepuoay Jenocrasa. Hanbomblee 4ucio crydaeB MUHUMAJIBHBIX YPOBHEH Ha MOCTax
Cesixa n Tagnbesixa NpUXOIUTCS HA IEPHOJ] YUCTOH BOJIBI.

HawnGonpimii MHOTONIETHHI pa3Max KojieOaHUi CyMMapHbIX YpOBHEH (pa3HOCTh Ha-
OJTFOICHHBIX 3KCTPEMYMOB 3a Bech niepuo HaOmroaeHuil) B Cesixe coctaBui 2,28 M, B Ta-
qubesxe — 2,90 m. Hanbonpmit pazmax koje0aHui SKCTpeMallbHBIX YPOBHEW B TIpeie-
nax oxHoro roga B Cesixe paBeH 2,26 M, B Tanubesixe — 2,46 M. B pamkax omHoro
Mecsilia HanOOoNBIINI pa3Max HaOMIOAEHHBIX SKCTPEMaIbHBIX YpOBHEH cocTaBmi B Cesxe
1,93 M (oxts10ps 1972 1), B Tanmbesixe — 2,35 m (aBryct 1983 ).

OCHOBHBIE CTaTHCTHYECKHE XapaKTEPUCTUKU HAOIIONEHHBIX SKCTPEMAIIbHBIX YPOB-
Hell TIpeJIcTaBlIeHbl B Ta0I. 6, U3 KOTOPOH BUIHO Mpeodiia/laHne BEIMYUHbI JUCIIEPCUH MO
naHHbIM Taanbesxu Hax Cessxoi, Kak 110 MOJIHBIM psiJiaM, TaK M 32 MEePUOJ MapaljieIbHbIX
HaOmoeHnit. XoTs B MOCIIEJHEM Cllydae 9TO peoliaaHue HECKOJIIBKO YMEHBIIMIOCH.

Tunuunas xapTHHa, Jarollas MpeACTaBIEHUE O XapaKTepe HArOHHBIX M CTOHHBIX
KoJjieOaHUil ypoBHS, IOKa3aHa Ha pHUC. 5, U3 KOTOPOTO BHUJHO, YTO HENEPUOJUYECKHE
KoJIeOaHMsI ITPOSIBIISIIOTCS KaK JIETOM, TaK M 3MMOM TIOJI IPUITAHHbBIM JIEASHBIM TTOKPOBOM.

Tabruya 6

CraTucrnyecKkue XapaKTepHCTHKH HAOII0eHHBIX
MakcuMaJbHbIX (H_ ) u MmunumauabHbIX (H ) ypoBHeii B Cesixe u Tagu0esixe
MaKc MHH-
Table 6
Statistical characteristics of the observed maximum (H ) and minimum (H ) levels

in Seyakha and Tadibeyakha

Cesixa (1967-1993) | Tangubesixa (1955-1993) | Tammbesixa (1967-1993)
XapakTepucTuka
Cpennee, cM 591 412 600 413 597 415
CKO, cm 13,4 10,7 21,7 16,4 19,6 16,2
Bricuii, cm 618 430 671 454 631 454
Husumit, cm 565 390 563 381 563 381

ARCTIC AND ANTARCTIC RESEARCH * 2023 * 69 (3) 285




OKEAHOJIOT'MA OCEANOLOGY

650

29.X11 7 1901 28V v 17V 26.VII 5.X 14.X1 24.X1

—— Cesnxa ——Tapubesxa st [IEPUOL CO NBLOM
Puc. 5. BHyTpuronosas m3MEHYNBOCTh CPEIHECYTOUHOTO YPOBHs BOzbI Ha moctax Cesxa u Tamgu-
Oesixa B 1987 1.

Fig. 5. Intra-annual variability of the mean daily water level at the Seyakha and Tadibeyakha stations
in 1987

CpenHecyTOYHbIC 3HAUYCHUSI YPOBHEH HCIIOJIb30BaHBI B paboTe [4] mist oleH-
KU Hernepuoaudeckux konedanuit. Criocod 24-4acoBOro CKOB3SINErO CrIIaKUBaHH
pexomenayercs PykoBomacTtBoM [12] mpu OTCYTCTBUM €KEYaCHBIX HAOMIOJCHHUI, T. K.
NpU MOJAYCYTOUHBIX MPUJIMBAX MEPUOJMUYECKaAs COCTaBisolas uckitodaercs. [pu
9TOM, UCIOJIb3Ysl CPEAHECYTOUHbIEC JaHHbBIEC ISl XapaKTePUCTUKU HAarOHOB-CTOHOB,
HEOOXOMMO MMETh B BHUJY, YTO IPU CYTOYHOM OCPEIHCHUU YPOBHEH BMeECTE C HC-
KJIFOUEHUEM MPUITMBHON COCTABIISAIONICH YPOBHS 3aHMKAETCSl HATOHHASI COCTABJISIONIAs
YPOBHSI U BEJIMUMHA HArOHAa, a TaK)Ke 3aBBIIIAETCS CTOHHAS COCTABISAIOLIAS YPOBHS
U 3aHWXaeTcs BeauyuHa crona [4]. Ilo aToll mpuunHe cpeHeCyTOYHbIE TaHHBIE MO-
YT CIYXHUTbh MPEUMYIIECTBEHHO JJIsI ONMUCAHUS pacHpeeieHUs] CTOHHO-HAarOHHbBIX
KOJIeOaHUIl YPOBHS 110 TOJIaM M CE30HAM, HO HE JIJIsl IOJYUCHHUSI TOYHBIX BEJIHYUH ITUX
konebannii. Tounble 3HaueHus jpaer npuMeHenue merona AAHUUM rapmonuueckoro
aHaJM3a HA OCHOBE €)KCYACHBIX HAOIIONCHUI.

3AKJIIOYEHHUE

B nabmronenmsx Ha moctax Cesaxa u Tagnbesixa 3a mepuon 1968—1992 rr. kommgecTBo
COMHHTEJIBHBIX N3MEpEHHH cocTaBisieT oko1o 40 %, HO ¢ TOMOIIBIO crioco0a KalTnOpOBKU
MIPUJIMBOB HAONIOIECHHS OBUIH NPUBEICHBI K OAHOPOIHBIM PSiIaM.

B Hacroseit paboTe nmpuBeaeHb! 3HAYSHHS TAPMOHUYECKHUX MTOCTOSHHBIX MIPUIIHBA
11 OCHOBHBIX CYTOYHBIX, ITOJTyCYTOYHBIX U MEIIKOBOJHBIX BOJIH IS 8 IIYHKTOB B CpeIHEH
gactu OOCKo# TyOBI It JIeTHETO mepuofa (aBrycT) W 3uMHeEro mepuona (anpens). [Ipu
9TOM IIOKa3aHO Ha TeCTaX CYIIECTBEHHOE BIMSHHME MEJIKOBOIHBIX BOJIH Ha aJeKBATHOE
HaOJIFOICHUSIM OIIMCAHNe KPHBOW IIPUIIMBA M pacydeT IOJIHBIX M MaJblX Boj. KoHcTanTamu
BOJIH JUIS aBT'YCTa MOYKHO MOJIb30BaThCs IS pacdyeTa PHINBA Ha BeCh Oe3JIeI0BbII IIepHOL
(c mromnst Mo OKTAOPH), T. K. MX M3MEHYMBOCTH Ha BECh JICTHUH MEPUO]] HE CYIIECTBEHHA.
Jnst nexoBoro nepuona pa3paboTaHbl CIIUCKU CPEIHUX KOHCTAHT MPHIIMBA JUIs 4 OCTOB
Ha KaXKIbIi Mecsl, KOTOpbIe 3/1eCh He IpHBeleHsl. [Ipobiema 3akiiodaeTcs B TOM, YTO
B ITOCJIEHHE T'OJbI BCIEACTBUE aHOMAILHOIO Pa3BUTH 3alIPUIIAHOM MOJILIHEM Ha CeBepe
OO0cKkoii TyOBI MHOTIA TIPOUCXOANT HEOOBITHOE PACIIPOCTPAHEHUE MPUIMBHONW BOJIHEIL.
B 5THX yCIOBHAX pacyeT NPUIMBHBIX KoJIeOaHUH YPOBHS IPOM3BOANUTCS 0 HECTAaHIAPT-
HBIM CLICHApHSM.
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[IpousBeneHa oleHKa TUCTIEPCHH CYMMAapHBIX W HEIIEPHUOIUYECKUX KOoIeOaHUH,
BKJIa/Ia TIPHJIMBHON KOMIIOHEHTHI 32 BECh MEPHOJ S)KCUACHBIX HAOMIONCHUN Ha CTAHIUSIX
Tamnbesxa (1968—1988) u Cesixa (1973—1992) o romoBsIM cepusiM. Bkian mprInBHBIX
KojieOaHmii B romy B cpemHeM coctaBui 41 % B Tanubesixe u oxomno 48 % B Cesxe. DToT
BEIBOJI O BKJIAJIC TIPIJINBA SBISICTCS HOBBIM M HE COBCEM OOBIYHBIM. CpemHss TIPOIOIIKH-
TEJIFHOCTH JIZOBOTO MIEpHO/Ia COCTABIISET B cpeqHelt uactu OOckoi ryosl okomno 290 mHeH,
HO, HECMOTpS Ha CIJIFHOE TalleHWe NMPWINBA B 3UMHUI IEPHOJ, €ro BKIAJ B CPETHEM
B TO/Iy OCTAETCS CYIIECTBEHHBIM.

B cpemnem mmcmepcusi cyMMapHBIX Koiebanmit B Cessxe HEMHOTO OOJBINE, YeM
B Tamubesxe. DTOT (PakT ABIsIETCA OTpakeHHEM OOIMIel 3aKOHOMEPHOCTH — Ha JIEBOM
6epery OOcCKoii TyOBI TT0 OTHOIIEHUIO K MOPIO HaOmomaeTcst 0onee HHTCHCHBHOE PAa3BUTHE
HETICPUOANICCKIX W MPUIMBHBIX KoJeOaHUH YPOBHS 110 CPAaBHEHHIO C IIPABBIM OEpPEeToM.
B nenom Ha cranmmu Cesixa KonebaHuUs ypOBHS B ME30MACIITaA0OHOM JIHAITa30HE OTPAKAIOT
MECTHBIC YCIIOBHS M HE SBIISIOTCS PEMPE3CHTATUBHBIMH IS OTKPHITON yacTi OOCKOH TyOBI.

AHanu3 W3MEHYMBOCTH XOAa JHCIIEPCHU CYMMAapHBIX, OCTATOYHBIX U TPHIUBHBIX
KoJIe0aHUH B TOIOBOM LUKJIE OBLT BBIITOTHEH BRIOOPOYHO JJIS TOIOBBIX CEPUH ¢ XOPOIITHM
KadecTBOM HabOmromeHmit. OOHapy)KeHO, YTO B 3UMHHI MEPHOJ B SHBape—MapTe (SHBa-
pe—Mae s Cesxu) BKIAJ MPUIABA HEOOIBIIOHN, a AUCTIEPCUs OCTATOYHBIX KOJIeOaHHIA
3HAUYNTENHHO BhIMIE. [IpunrBHbIC KoneOanus ypoBHs B Tagubesxe mpeoOnaiatoT ¢ arpesst
o okTA0pb. B Cesixe HabmomaeTcs 6oree CHIIbHOE BIUSHHE JICASHOTO TTOKPOBA U PE3KOe
BO3pacTaHHe BKIIaJa MPUINBA HaYMHAETCS ¢ MioHA. B TammbOesixe BBIABICHO HEOOBIU-
HO pEe3KOe YCHIICHHE JUCIIEPCHU CYMMAapHBIX W HETIePUOAMYECKUX KONeOaHWH YPOBHS
B (heBpase. DTO CBUACTEIECTBYET O BOSMOYKHOCTH PAa3BUTHS OONBIINX CTOHHO-HATOHHBIX
KoJieOaHWH B 3UMHHIA TTEPHOJI TIPH HATMYUH JICASTHOTO TTOKPOBA.
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Pe3rome

B Hacrostieii paboTe BhISABICHBI 0CHOBHBIC (DAKTOPBI, OMPE/IEISFOIINE MEKTO0BBIC H3MEHEHHSI TIOMIA N JIbJI0B
Pa3TMYHBIX BO3PACTHBIX IpaIalluii JUIs OTIACIbHBIX paitoHoB baperiieBa Mopst. [Tytem moctpoeHust pusnko-cra-
THCTUYCCKUX YPaBHEHHI ¢ HAMOOMBIIME KO QHUIIMEHTAMU KOPPETISINT U ICTCPMUHAIINH st Tieproa ¢ 1997
1o 2023 1. ObUTH OTpe/IeIICHbI ONTUMANIbHBIC KOMOMHAIMY TIPSAUKTOPOB JUIS ONMHCAHHS U3MEHEHUI BO3PACT-
HOT'O COCTaBa JICSHOTO MOKPOBA MOPsI. XapakTep arMoc(hepHO IUPKYIISINU SBIISETCS OCHOBHBIM (haKTOpOM,
OKAa3bIBAIOIIUM BJIHSHHE Ha BO3PACTHYIO CTPYKTYpPY JIbZIoB bapeHieBa Mops. MeHbIiiee BIUSHIE OKa3bIBAIOT
AJIBEKIINS TEIUIBIX BOJ ATJIAHTHYCCKOTO MPOMCXOXKJICHHUS, & TAKXKE MPEABICTOPUS JIEIOBUTOCTH, TIPHIIOBEPX-
HOCTHAs TEMIIEpaTypa Bo3Iyxa u JIeI000MeH. bObIIMHCTBO MOTYYCHHBIX CTATHCTUYCCKUX MOJICICH ITONIAI1
JIBJIOB PA3IMYHOTO BO3PACTA MOTCHIMAIBLHO PHMEHUMbI Ha IPAKTUKE TS JIOJITOCPOYHOTO MPOTHO3HPOBAHHS,
HOCKONBKY X d(dextuBHOCTS cocrasnser Gomnee 10 %.

KuawueBsie cioBa: BapeHueBo MOpeE, BO3paCTHOI7I COCTaB, 3UMHHI NEepuoL, TIeITHON TMIOKPOB, MEKI'OJOBbLIE
M3MCHCHUS, OCHOBHBIC (baKTOpBI.
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Summary

The present study deals with assessing the impact of the factors that define the interannual variations of ice area
of different age categories in the Barents Sea. For the analysis, a set of hydrometeorological and ice parameters
was created, potentially influencing the age composition of the sea ice cover. Among these are the climate indices
of the Arctic Oscillation, the Arctic Dipole, the Pacific-North American Oscillation, the North Atlantic Oscillation
and the Atlantic Multidecadal Oscillation, as well as the surface air temperature, the ice cover in the previous
months and the ice outflow on the sea ice in the Barents Sea. Based on the parameters above, statistical equations
with high quality indicators have been obtained.

The statistical equations are presented for the period of maximum ice cover in April. The results are provided
for three homogeneous sub-areas of the Barents Sea: western, northeastern and southeastern. It is found that
the atmospheric circulation pattern is the driver of the interannual variations in the Barents Sea ice age composition.
The ice amount of different age categories is also determined by the advection of warm Atlantic Waters, but
to a lesser extent; this effect is especially pronounced in the western sub-area of the Barents Sea. Essentially,
the contribution of the local parameters, such as the ice cover in the previous months, the distribution of surface
air temperature and the sea ice outflow, is more pronounced in the interannual variations of the ice coverage,
while the contribution of climate indices is more pronounced in the changes in the ice area of individual age
categories in the Barents Sea.

Most of the models obtained are potentially applicable to forecasting the ice area of various age categories since
their efficiency is more than 10 %, which satisfies the requirements for the quality of the long-term forecast method.
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BBEJEHUE

BapenmieBo Mope urpaet 0coOyro poik B II00aTHON KIIMMATHIECKOH cHUCTeMe. DTO
00yCIIaBIMBaETCs €ro COCECTBOM C TETUIBIM HOPBEKCKMM MOPEM U XOIOJHBIMU PETHO-
Hamu Ceseproro JlegoButoro okeana (CJIO). Coueranue KpymrHOMACIITa0HBIX (haKTOPOB
LOUPKYISIMH MOPCKUX TEUCHNH 1 BO3IYIIHBIX TIEPEHOCOB HA aKBaTOPHU MOPsI (HOPMHUPYET
KJIMMaT YMEPEHHBIX MIMPOT (B YaCTHOCTHU, EBPOIIEHCKOTO CEKTOPA).

CoBpeMEHHBIC H3MEHEHUSI KIIMMaTa OXBaThIBAIOT BCIO IuIaHeTy. OHAKO B BHICOKHX
muporax CEeBEpPHOTO MOTyIIapusi OHU MPOSIBIAIOTCS 3aMETHEE BCETO: 3[€Ch CPEAHSS
TeMIIepaTypa MpU3eMHOTO CII0s aTMOc(epsl pacTeT IpuUMepHO B 2,5 pa3a OwIcTpee,
YeM B JPYTHX IIUPOTHBIX 30Hax [1]. DTo sBIEHME B IUTEpaType MOIYUYHIO Ha3BaHHE
Apxmuueckoeo (nmu [onsproro) ycunenus [2, 3]. [IpuauHB BOSHUKHOBEHUS TaHHOTO
(heHOMEHA M MEXaHN3MBI €TO BO3ACHCTBHS Ha CHCTEMY «OKeaH—Jen—armocdepa» moa-
poOHo ommcansl B pabore [4]. B HacTosmee BpeMss OCHOBHBIMH JIBIKYITUMH CHIAMHU
APKTHYECKOTO YCHIICHHSI CUMTAIOTCA JBa Pa3HBIX THUIA MEXaHM3MOB: MEXaHW3MBI I10-
JOXKUTENBHBIX U OTPUIATEIBHBIX OOpPATHBIX CBA3EH, IEHCTBYIONMX HA PAa3HBIX IIHPO-
Tax [2]. Hampumep, MpUMEHUTETHFHO K MMOBEPXHOCTH OKEaHa, YACTUIHO TOKPBITOTO
JBIOM, OCHOBHOW IBIKYIIEH CHIION MaHHOTO (DEHOMEHA CUMTAETCS TaK Ha3hIBACMBIH
«anpOeTHBIN MEXaHU3M», CBI3aHHBIN ¢ MHOTOKPATHBIM Pa3IMYUEM MEXIY OTpaXkaTellb-
HOH CITOCOOHOCTBIO (amb0eno) baa u BoAsl [4]. OTMETHM, 9TO H3MEHEHHUE JIETOBOTO
pexxrmma CJIO B 2000-¢ rT., XapakTepu3yolmeecs 3aMETHBIM COKPAIleHUEM IIIOIaIn
JIeJITHOTO TIOKPOBA B JIETHUH CE30H M 3aMELICHUEM CTapbIX JIbJ0B OXHOJECTHHMH [5],
TTOBJIEKIIO 32 c000i ycumnenne 3¢ dexra oOpaTHBIX CBSA3CH B CHCTEME, YTO BBI3BAJIO
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YCKOpEHHE TIpoLecca TassHUs MOPCKOTO JIbJIa U yBEJIUYEHHUE TUIONIAaIN OTKPBITONH BOJIBI
1 MIPOJIOJDKUTENIEHOCTH OE3JIEAHOTO TIEPHOIA.

Pernon bapenneBa MOpst OAHUM U3 NEPBBIX PearnpyeT Ha U3MECHEHHS B KIMMaTH-
yeckoit cucteme. [IpriyeM BBICOKHE TEMITBI COKPAIIEHNUS TUIOMIAAHN JIEASHOTO TOKPOBa Ha
aKBaTOPUM MOPsI HAOIIOAAIOTCSI HE TOJIBKO JIETOM, HO U B IIEPHOJ] €TO MAKCUMANLHO2O
passumus [6]. CornmacHo oueHkaMm [7, 8], momydeHHBIM 3a Tiepuon ¢ 1979 mo 2018 .,
BapennieBo Mope BHOCHUT HamOoONbIIHiA BKIA] (Topsaka 27 %) B yMEHBIICHHE 00
TUTOIIAIM MOPCKOTO JIb/Ia B MapTe OTHOCHTENIFHO JPYTHX JIEOBUTHIX Mopeil CeBepHOTo
nonymapusi. Kpome toro, Ha ero akBaropuu nociie 2003 . oTMevaeTcst yCTOWYMBOE CMe-
IICHWE CPOKOB CE30HHOTO OYHIIEHHS OTO JbJa Ha Ooiee panHue [9].

TosnmuHa J1eASHOTO MOKPOBA APKTHIECKUX MOPEH IPEACTABISET COOOM UyBCTBUTEIb-
HbII M HaISAHBIA MHAMKATOp M3MEHEHUH Kiumara. JJi1 KOCBEHHON OLIEHKH TOJILIUHBI
B ClTydae, €CJI OHAa HE MOXKET ObITh M3MEPEHa KOHTAKTHBIMU WJI HEKOHTAKTHBIMH METO-
JIaMH, MCIOJIB3YIOT JIEOBBIE KapThl ¢ YKa3aHHUEM BO3PACTHBIX I'pajlalliii MOPCKOTO JIbJa.
XOTs OCHOBHBIE 3aKOHOMEPHOCTH M OCOOEHHOCTH JIEIOBOTO pexnMa bapeHuesa mops
00061eHs! B MoHOTpaduu [10], Bompoc W3MEHIHMBOCTH BO3PACTHOH CTPYKTYPHI (CpeqHen
TOJIIIMHBI) JISITHOTO TTOKPOBA €ro aKBaTOPHH OCTAETCS OTHOCHTEIBHO MAJOM3yUCHHBIM.
[epsrre omnenku [ 10, 11] pacpeneneHns KOIMIecTBa MOPCKOTO JIbJIa Pa3IMIHOTO BO3pacTa
Ha akBaTopuu Mops B mepuo 50—70-x rr. XX B. OBUTH BBITIOIHEHBI PACYETHBIM CITIOCOOOM
C HCIOJIb30BaHNEM Oapnuecknx KapT. OfHAKO OHHM OrPaHWYCHBI JIUIIb OT/IEIbHBIMU MECSIIa-
M (B [10] aT0 anpens u ceHTIOpS, B [11] — Mmait). B uccnenoBarmu [12] yxe 1Mo naHHBIM
0030PHBIX JIEIOBBIX KapT APKTHYIECKOTO ¥ aHTAPKTHIECKOTO HAY4YHO-HUCCIIE0BATEIHCKOTO
nHCcTUTyTa (AAHWI) OBLTH TIOITYyYeHBI CpeTHEMECSIHbIC 3HAYCHHS TUIOMAIeH JThI0B OC-
HOBHBIX BO3PACTHBIX rpajannii bapexnesa Mopsi. ABTOPBI OAYEPKHUBAIOT, YTO, HECMOTPS
Ha HaOJonaronieecs: COKpalleHne Je0BUTocTH bapeHneBa Mopsi, 3a paccMaTpHBaeMBbIi
B pabote nepron ¢ 1997 mo 2021 1. BO3pacTHOH cOCTaB MOPCKOTO JIbJ]a MEHSETCS B TIpeJie-
JaX eCTeCTBEHHOH M3MeHunBOCTH. OJJHAKO CpaBHEHHUE C Oojee paHHUMH OIIEHKAMHU TOBOPUT
00 YMCHBIIICHHH CpeHEN TONMINHBI JIEATHOTO TToKpoBa bapeniieBa mopst ¢ Havama XXI B.

Pa3BuTne 3HaHMH O JOJITONEPHOIHBIX U3MEHEHHSIX BO3PACTHOTO COCTaBa JIbIOB
BapeniieBa Mopsi Kak OCHOBBI COBEPIIIEHCTBOBAHMS JOJITOCPOUHBIX METOIOB UX IIPOTHO3a
B CBETE COBPEMEHHBIX KIMMATHUECKUX M3MEHEHWH CTAaHOBUTCS aKTyaJbHOH 3a1aucii.
OmnpezneneHne THAPOMETEOPOIOTHUECKUX U JIEZOBBIX (PaKTOPOB, KOTOPHIE OKa3bIBAIOT
BIIMSIHME HA MEKIO/IOBBIE M3MEHEHHUSI KOJIMYECTBA MOPCKOTO JIb/Ia PA3HOTO BO3pacTa,
a TaKKe OLIEHKA BKJIAAA KaXI0To (haKTopa B M3MEHUYMBOCTH BO3PACTHOM CTPYKTYPHI Jie-
JISTHOTO TIOKPOBA SIBIISIIOTCS 1IETBI0 HACTOSIIETO MccienoBanus. [lonbop crarncruieckn
3HAUMMBIX MIPEANKTOPOB OyIeT OCYIIECTBIATHCS HA OCHOBE YK€ YCTAaHOBJICHHBIX paHee
(m3nIecKN B3aMMOCBA3aHHBIX M YCTOHYMBBIX HPOLECCOB, MPOUCXOASIINX B CHCTEME
«okeaH—Jega—armocepar». B pesynprare npuMeHeHNsT MyJIbTHPETPECCHOHHOTO aHAIN3a
ObLT MoTy4eH HaOOp (U3MKO-CTATUCTUYECKUX YPABHEHMH, OMICHIBAIOIINX MEXIO/IOBbIE
M3MEHEHUS TUIOIAN JIESTHOTO MTOKPOBA PA3IMYHBIX BO3PACTHBIX IPa/Ialliii Ha aKBATOPUH
Bapennesa Mopsi. OHM B TIEPCIIEKTHBE MOTYT OBITh MCIIOIB30BAHbI ISl IIPOTHO3a COCTOSI-
HUSI JIEASTHOTO TTOKPOBA ¢ 3a0J1Iar0OBPEMEHHOCTBIO MECSIT U OoJIee, 4To Ki1acCu(pUIupyeTcs
B HacraBmenun [13] kak TOITOCPOYHBIN MPOTHO3.

Taknm 00pazom, 1enb JaHHOH PabOThI COCTONT B OLIEHKE OCHOBHBIX THJIPOMETEO-
poOrHUecKux (HakToOpoOB, OMPEAEISIONINX MEXIOI0BYI0 H3MEHINBOCTH BO3PACTHOTO CO-
CTaBa JIEASHOTO TIOKPOBA OT/EIbHBIX pailoHOB bapeHreBa Mops.
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B nanHoii paboTe B KauecTBe NMPEAUKTAHTOB OBUIN HCIIOIb30BaHbI 3HAYEHHMS T1JIOIA-
JI JTBJIOB Pa3IMYHBIX BO3pACTHBIX rpaauuii bapenuesa mopst (B 10° km?), a Takke ero
NenoBUTOCTH (B %) 32 3UMHHUI CE30H, MPOIOIIKAIIUICS ¢ OKTIOps 1o Mail. OHu ObLTH
noy4eHsl B nepuoa ¢ 1997 no 2023 r. no pernoHansHbIM JieioBbIM kapraM AAHWUU, no-
CTYII K KOTOPBIM OCYILECTBIISIETCS Yepe3 AEKTPOHHBIH KaTajaor MUPOBOTO IIEHTpa JaHHBIX
o Mopckomy Jipay (MILJ] MJT AAHUI) [14]. OrpaHu4eHHOCTh CE30HA MCCICIOBAHMS
TOJIBKO 3MMHHMH MECSIIaMH CBSI3aHa C 0COOCHHOCTSIMU JICIIU(PUPOBAHHS CITy THUKOBBIX
CHHMMKOB, 110 KOTOPBIM COCTAaBJISIFOTCS JieloBbIe KapThl. [1oHOE orucanue METOIUKH CO-
craBnieHus JienoBeix kKapT AAHUU npencrasneHo B padote [15].

Bcero B bapeHueBoM Mope TpaMIIMOHHO BBIACISIOT TPU OJHOPOIHBIX JIEJOBO-TH-
JIPOJIOTUUECKHUX paiioHa: 3ara/iHbli, CEeBEPO-BOCTOYHBIA U FOTO-BOCTOYHBII (MX IPAHHIIBI
npuBezieHbl Ha puc. 1) [10]. B pabore no xaxaoMy n3 pallOHOB MOpPS aHAJIM3UPYIOTCS
MEKI'0I0BbIE N3MEHEHUS IIJIOIA ! JIEJSTHOTO ITOKPOBA Pa3IMYHbIX BO3PACTHBIX I'paJalluii
IyTeM I0/100pa CTAaTUCTUYECKH 3HAYMMBIX U (PU3HMYECKH 00OCHOBAHHBIX IIAPAMETPOB, UX
orpeseIsoIyX. JIeOBUTOCTD e HCIOJIB3YeTCs B KaYeCTBE BCIIOMOTaTeJIbHOTO SJIEMEHTa
JUISL aHaJIM3a JISA0BOTO pexxuMa akBaropuu. Ee Hanbosiee 4acTo MPUMEHSIIOT JUIsl OTIMCAHUS

76°

74°

2

70°

68°

30° 40° 50° 60° B.A.

Puc. 1. Ilonoxenue cTBOpoB (4epHbIe JIMHUK) B bapeHIieBoM Mope, uyepe3 KOTOpble OIpenesisics
nenooomen. Llnppamu y cOOTBETCTBYIOIINX CTBOPOB 0003HaueHbl: / — nponus [ummnra, 2 — npo-
B Makapoga, 3 — nponus Kapckue Bopora. OpamkeBbIME TOYKaMU [T0Ka3aHbI BEKTOPBI apeiida,
HCIIOJIL30BAHHBIE JUIS PAacyeTa CPeJHEro BEKTOpa CKOpOCTH JApeiida jensHoro nokposa. I'paHuib!
OHOPOIHBIX JICOBBIX PallOHOB MOPSI OTMEUYEHBI KPACHOH JTMHUEH

Fig. 1. The position of the sites in the Barents Sea (marked with black lines), along which the ice
export was determined. The sites are enumerated by: / — Shilling Strait, 2— Makarov Strait, 3— The
Kara Gate. The drift vectors used for calculation of the average vector of ice drift are shown in orange
dots. The boundaries of homogeneous sub-areas of the Barents Sea are distinguished with a red line
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JEZ0BBIX ycnoBuil bapennieBa Mops, u npu onpeneneHnH Habopa MOTEHIMAIBHBIX TIpe-
JUKTOPOB MBI OIMPAINCH HA UCCIIEA0BAHNS, 1€ IMEHHO JISJOBUTOCTh M €€ MEXKIO/I0BbIE
KOJIeOaHUS SBIUIACH 00BbEKTaMHU H3yUCHHUS; TOAPOOHBIN 0030p TaKUX UCCICAOBAHUM TIpeI-
ctaBieH B [16]. HamoMHNM, 9TO JIETOBUTOCTH MPEICTABIACT COOOH npoyenm niowaou, 3a-
HAMOU 1600M 110001 CNIIOYEHHOCTU, N0 OMHOUleHUIo K obwyell niowaou pationa mops [17].
B pesynbrare Obi1 chopMupoBaH HAOOP THAPOMETEOPOIOTHIECKUX 1 JIEJOBBIX Mapa-
METPOB, TIOTEHIIMAIBEHO ONPEAEISIONINN U3MEHEHHUST BO3PACTHOTO COCTaBa JIbJ0B bapen-
1eBa Mops. K HUM OTHOCSTCS KIIMMaTHYeCKUE MHAEKCHI APKTHYECKOTO KosleOaHusl (aHIII.
Arctic Oscillation, AO), Apktudeckoro mumons (aHri. Arctic Dipole, AD), TuxookeaHCKoO-
Cesepoamepukanckoro konebanus (anr. Pacific-North American Oscillation, PNA), Cese-
po-ArmanTudeckoro koneoanus (anri. North Atlantic Oscillation, NAO) n ATIIaHTHYECKOTO
MyJBTHIEKaIHOTO Kotebanus (aHr. Atlantic Multidecadal Oscillation, AMO), a Takxe
NIPUIIOBEpXHOCTHAs Temreparypa Bosayxa (IITB, B °C), npensicropus nenosuroctd (B %)
u JenoobMeH bapeniieBa Mopsi ¢ OKpykaroimumu akBaropusmu (B 10° km? 3a mecsr).
Wuanexcet AO, AD u PNA mpenctaBisitoT co00i TIepBbIie TP MOIBI PAa3IOKEHHS 110
€CTECTBEHHBIM OPTOTOHAIBHBIM (DYHKIMAM 110J1s1 AaBieHus. Munekc AO paccunThIBaeTCs
Kak mepBas Moya o nasnerns Ha ypoBHe 1000 rlla ot 20° c. m. qo CeBepHOTO momoca.
Taxoke Ha3bIBaeTCS KOMBIEBOH Mon0H CeBepHOTrO MONyIIApHsl, MOKa3bIBAET PACIPOCTpa-
HEHHE 30HBI ITOBBIIIEHHOTO/TIOHKEHHOTO JaBIeHUs HaJl APKTHKOH, YTO CHOCOOCTBYET
YCHIICHHIO/0CTIa0JIeHHI0 30HATIBPHOTO TIepeHoca BO3AyIHBIX Mace [18, 19]. Bropas mona
(pa3noxenne moneit gaBieHus Ha BeicoTe 700 rlla ot 70° c. m. mo CeBepHOro Moroca) —
970 HHIEKC AD, KOTOPHIi onpeneseT MepuInoHabHEIA epeHoc [20, 21]. Janasie mo AD
Ob1M rI00e3HO TpeocTaBieHsl M. Janout, coTpynHUKOM MHCTHTYTA OIAPHBIX B MOPCKUX
nccnenoBannii uM. Ansdpena Berenepa, [epmanust (4lfred-Wegener-Institut fiir Polar- und
Meeresforschung, AWI). Tpetbs Mona (pa3noxkeHue mofnei nasneHns Ha Beicote 500 rlla
ot 20° c. m. go CeBepHoro nomoca), Wi naaekc PNA, Xxapakrepu3yeT HarpapieHUE TBU-
JKCHHUST BO3IYIIHBIX Macc Hax 3amanaoii EBporoii, CeBepHO AMEPHKON U IICHTPaIbHOM
gacTeio Tuxoro okeana [22]. Manexc NAO, SBIAIONIANCS PETHOHATBFHONH MOIOH ApPKTH-
YecKOro KosieOaHus, IpecTaBsieT coO0l aHOMAIMU JaBICHHUS MEXy ABYMs LEHTpaMU
neictBust arMmocdepsl, McnanackuM MUHIMYMOM U A30PCKHM MakCHMYMOM, M OTPakaeT
30HAJBHBIN MEPEHOC BO3AYIIHBIX Macc [23, 24]. [y ydera BIUSHUS MMOCTYHAIONINX Ha
axBaropuio bapenrieBa Mopsi TEIUIBIX BOAHBIX Macc CeBepo-ATIaHTHIECKOTO TEUCHUS], TPH-
XOZISIIINX B BU/IE HECKOJIBKUX BeTOK HopzKarckoro TeueHus, 4acTu cucteMsl [ onbderpuma,
ncnonb3oBaH uHAekc AMO. OH oTpakaeT aHOMaJIMK TIOBEPXHOCTHOM TeMIIepaTypbl BOIbI
B CEBEPHOI YacTH ATIaHTHIECKOTO okeaHa [9]. CpenHeMecSIHbIC BETMYMHBI IePEUHCIICH-
HBIX MHJIEKCOB aTMOC(EpHOI IUPKYILIIHH, a Takxke naaekca AMO 3a nepuox ¢ 1997 mo
2023 r. 6buTH B3ATHI ¢ caliTa HaroHampHOTO yIIpaBiICHUS OKEAaHHIECKUX U aTMOC(HEPHBIX
uccnenosanuii (National Oceanic and Atmospheric Administration, NOAA) [25].
Jannsie no [ITB nmpencraBnsaioT coboil cpeaHeMecs YHbIe 3HAaYeHUS B y371aX CETKU
TUCKPETHOCTBIO 2° X 2°, ocpemHEHHBIE B Ipeesiax TpaHuIl KaKIoTo paifona bapeHmesa
MOps, @ TAK)K€ B LIEJIOM HaJ| €ro akBaTopueil, 3a aHallorMuHbli nepuof. JlocTyn K HUM
ocymecTnisiercs dyepe3 cait Komymobuiickoro yauBepcureta (Columbia University) [26].
[IpeapicTopust JIEIOBUTOCTH OIUCHIBACT NPeOulecmayloujee coCmostue 1e0saHo20 NoKpo-
6a (B HaIlIEM ClTydae B YPaBHEHHUSX 3a0JIarOBPEMEHHOCTH JIGAOBUTOCTH COCTaBIISUIA KaK
MHUHMMYM MECSIII) U ITOKa3bIBaeT MHEPIIMOHHOCTD JIEAOBBIX MpoleccoB [14].
[Tyrem mocTpoeHns GU3UKO-CTATUCTHICCKUX YPAaBHEHUH (MOesieil MHOKEeCTBEHHOM
perpeccun) ObuIa OTPEAEIeHa 3aBUCHMOCTb TUIOIIAAN JISISTHOTO TOKPOBA PA3INYHBIX BO3-
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pacTHBIX Tpajaluii, a TakXkKe JIETOBUTOCTH bapeHiieBa MOpsi OT psiia THIPOMETEOPOIIO-
THYECKUX U JISTOBEIX (pakTopoB [27]. s momydeHns: ypaBHEHHN HCIIONB30BAJICS TTaKeT
cTarucTHuecKoro aHaimmsa «Crarnctukay Bepcun 12. KauecTBO BOCTIpOM3BENICHNS UMHU
(haKTHUECKHX XapaKTEPHCTHK JIEOBOTO PEXKIMA MOPsI OBLIO OIIEHEHO TIPH IIOMOIIHN K03 du-
LHeHTOB Koppesiniy R u nerepmunaimu R2. DGeKTHBHOCTE ypaBHEHUM, OLpeesstoImas
HOTEHIMAJT JaHHOTO METO/Ia I0JITOCPOYHOTO POTHO3a, TIOKa3aHa IyTeM pacdeTa o0ecIeueH-
HoctH P (B %) m addexruBHOCTH D (B %) B coorBeTcTBHM ¢ HacraBnenuewm [13].

MeTton pacuera JienoodMeHa bapeHueBa Mops ¢ coceTHUMH DacceliHaMu

Jlemoobmen bapenneBa Mops ¢ OKpyKaIOIIMMHU aKBaTOPHSIMA (APKTHYECKUAM Oac-
ceiitnom u Kapckum mopem), cormacHo mociaennuM oreHkam [10, 28-29], HesnauureneH
10 CPAaBHEHHIO C ILJIOIIA/1bI0/00bEMOM JICASHOTO IOKPOBA BCEIO MOPS, OJJHAKO OH UIpaeT
CYIIECTBEHHYIO POJIb AJIS €r0 OTAEIbHBIX PaioHOB, OMpeNeNnisa UX JEIOBbIC YCIOBHS.

3a nepron ¢ 1997 o 2023 1. ObUIM pacCUUTAHBI CPEIHEMECSYHBIC BETMYHHBI JIE/I0-
oOMeHa Ha TpeX OCHOBHBIX CTBOPAX IOCTYIUICHHs/BbIHOCA JIbZOB B bapeHiieBoM mope:
nponusbl mmara (Mexxny apxunenaramu Lnundepren u 3emist @panna-Hocnda),
Maxkaposa (Mexay apxunenaramu 3emist @panna-Hocuda n Hosas 3emist) u Kapckue
Bopora. 1x pacnonoxenue orMedeHo Ha puc. 1. B pabore npuHsTo, 4TO BennunHa jeio-
obmeHa Ha ctBope (B 10° kM? 3a MecsIl) 3aBHCHUT OT CpeJHEH CKOpoCTH npeiida JeasHoro
mokposa (B 10° kM 3a Mecsii) U HIMPUHBI Je0Boro notoka (B 10° kM) ¢ yuerom mpeoo-
JaIafoMIeH B JIEAOBOM ITOTOKE CIDIOYEHHOCTH MOPCKOTO Jibaa [29].

BennunHa u HanpasIeHHE CyMMapHOTO CPETHEMECIIHOTO BEKTOPA CKOPOCTH Apeida
JIETHOTO TIOKPOBa Ha CTBOpax bapeHrieBa Mops OBUIM BBIYMCIICHBI C UCIIOIb30BaHUEM
6a3 nanubix Polar Pathfinder (Bepcust 4, nanusie nocrynssl ¢ 1979 no 2019 r, [30])
u Quicklook Arctic (Bepcus 1, nanusie qoctynusl ¢ 2020 o 2023 r, [31]) Haunonass-
HOTO IIeHTpa JaHHbIX 1o cHery u Jbay (National Snow and Ice Data Center, NSIDC).
OHu BKITFOYAIOT MH(OPMALIUIO O TOPU3OHTAIBHON KOMIIOHEHTE BEKTOpa CKOPOCTH Apetida,
MPOCIMPYEMON HA CETOUHYIO 00JIacTh ¢ paspemenueM 25 km x 25 km [32].

J171st BBIYMCIICHHS CPETHETO BEKTOpa CKOPOCTH Apetida j1b10B ObUTH BEIOPAHBI T€ TOUKH
B y3JlaX CETKH, KOTOPBIE PACIIOJIOKEHBI OIFKE BCEro K pacdeTHBIM CTBOpaM (cM. puc. 1).

ITo pernonansabM ste1oBbIM KapTam AAHW Obuti nosmydeHs! cpeJHeMeCSIHbIC 3Ha-
YeHMs! LIMPUHBI JIETOBOTO MOTOKa Ha cTBopax bapeniiesa mopst [14]. {nst paboTs! ¢ Kapramu
ObLT 3aeiicTBOBaH MHCTpyMeHTapuil reonHdopmannonnoi cucreMsl QGIS Bepcuu 3.14.
[ockonbky B TedeHHE JI€A0BOTO CE30HA JEAOBBII MOTOK BCET/Ia UMEET HEOTHOPOIHBIN Xapak-
Tep MO CIUIOYEHHOCTH, €r0 IIUPHHA OblJIa IepecynTaHa C YIeTOM PeabHO HaOIIONaBIINXCS
BEJIMYHMH CIUIOYEHHOCTH MOpPCKOTO Jibjaa ot 1 mo 10 6amwto (rae 1 6amty cooTBETCTBYET
10 % mutommay, 3aHATOM JbIIOM, a 10 6aymuiam — cootBercTBeHHO 100 % TUTOMIAaMM).

®U3NKO-CTATUCTUYECKHUE YPABHEHUS CBSI3U
TJIOIIAIM JIEJSTHOTO MOKPOBA PA3JIMUHBIX BO3PACTHBIX I'PATALIMIA
CI'UAPOMETEOPOJOI'NYECKUMMU U JIEJOBbIMU ®AKTOPAMMU

[TocTpoeHre pU3NKO-CTATUCTHYECKUX YPABHEHUH OCYIIECTBISIIOCHh METOJIOM MYJTh-
THUPETrPECCUOHHOTO aHaJM3a MyTeM repedopa MOTeHIMAIbHO 3HAYMMBIX TPEAUKTOPOB JI0
MOJy4EHHsI YPaBHEHUI ¢ HauOOIBIIUMH KOd(pQHIIMeHTaMH Koppelsiui R 1 njerepmu-
Haru R2. BpeMeHHO# psii ObUT pa3zielicH Ha 3aBUCHMYTO (JieOBbIe ce30HbI ¢ 1997/98 1.
mo 2021/22 1.) u He3aBucuMYO (J1e10BbIN ce30H 2022/23 1) BeiOOpKHU. B pesynsrare mis
3aBUCHUMOIi BRIOOPKH ISl anipedist ObUIN MOTYyUYEeHBl YPaBHEHUS] MHOXKECTBEHHON PErpeccHu.
IIpu cocrapieHny ypaBHeHHH Ipafallii Ha4a bHBIX BHJIOB JIbJIOB, HUJIACOBBIX JIbJIOB, a TaK-
’Ke CephIX U CepO-0eIbIX JIbIOB ObUTH 00BEJNHEHBI B OOLIYIO IPAJAIMI0 MOJIOBIX JIBJIOB.
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[TokazareneM nMHPOPMATHBHOCTH, KOTOPBI MBI UCITOIB30BAIH ISl aHAIU3a MOIy-
YEHHBIX PE3YJIBTATOB, SIBISIETCS 6K1a0 KayKAOTO U3 BOUICAIINX B YPaBHEHUE MPEIUKTOPOB
B OOIIYI0 JMCHEPCHIO NMPEANKTaHTa, mpuHnMaemyto 3a 100 %. OH moka3bIBaeT CTENECHb
BIIMSHUS 3HAYUMBIX THIPOMETEOPOIOTHIECKHX U JIEZOBBIX MapaMeTpoB HA W3MECHEHHS
TUTOIIA/IN JIbJIOB PA3IMYHBIX BO3PACTHBIX I'PAJalvil U BBIpakaeTcsi B %. AHAJOTMIHBINA
CTATUCTUUYECKUH MOXO/] K OIMCAHNIO (haKTOPOB, POPMHUPYIOIINX N3MEHEHHS JIEJOBUTOCTH
ApPKTUYECKUX MOpEH, y)ke MPUMEHsIICS B MccaenoBaHusx [16, 33].

Crenyer oOpaTuTh BHUMaHKE, YTO B CTAaThe HE MPEICTaBICHA BO3PACTHAS Ipajlaliys
CTapBIX JBIIOB. DTO CBA3AHO C TE€M, YTO ¢ Hayaja X XI B. B 3aMaIHOM M CEBEPO-BOCTOYHOM
paiioHaXx MOpsS. OHH OTMEUArOTCsl 3HAUMTENBHO PeXe, 3aHuMasi He Oonee 8 % or oOmiei
IUTOMIAIH JISISTHOTO TIOKPOBa OTAEIBHBIX paiioHOB bapenmeBa mops [12]. B mepuon mak-
CHMAJILHOTO HapacTaHUs JISISHOTO ITOKPOBa B alperie cTapble JbIbl HaOI0aNCh B 110-
ciennuil pas B 2019 r. B roro-socrounoii yactu bapeHuesa Mopsi Ipy CpelHUX YCIOBUSAX
CTapble JIb/IbI HE MIPE/ICTABICHBI BOBCE.

B 3aBucumocty ot nepnozaa GpopMupoOBaHUS JISISTHOTO TIOKPOBA, HA aKBATOPUH MOPS
HaOJII0/1aeTCs pa3HOE KOJIMYECTBO JIbI0B OTACIBHBIX BO3PACTHBIX rpagaiuid. [TonpoOHbIi
aHaJIM3 0COOCHHOCTEH BO3PACTHOM CTPYKTYPHI JICITHOTO IMOKpoBa bapeniieBa Mopsi BbI-
monHeH B pabore [12]. B Tabm. | mpuBeneHBI cpeTHEMHOTOJICTHNE 3HAYCHHS TUIOIIA I
JBJIOB PA3HOTO BO3pacTa s TpexX pailoHOB Mops. s J1eMOHCTpanun (pOpMHUPYIOMINX
MEXXTOZI0BbIE M3MEHEHHS MCCIIEAYEMbIX MapaMeTpoB (PakTOpOB B pabOTE MPHUBOAATCS
YPaBHEHHS JUIs NIEPUO/Ia MAKCUMAJIBHOTO PAa3BUTHS JIEISTHOTO MTOKPOBA B arperie.

Tabruya 1

Cpennemuorosneraue (1997-2022 rr.) 3HaueHHs MUIOLIA/IH JIBI0B
Pa3IMYHBIX Bo3pacTHBIX rpagauuii (B 10° km?) pas Tpex paiionoB Bapenuesa mopst
Table 1

The long-term annual average (for the period from 1997 to 2022) values of ice area
of various age categories (expressed as a 10° km?) for three sub-areas of the Barents Sea

HauaipHble MOJIO,I(I)IG JIbbI O,I[HOJICTHI/IG JIbAbI CTapLIe
Mecsn |BumplmbaoB|  Cepele  |Cepo-Genble| Tonkue | Cpemuue | Tomcteie | Jbabl (Oonee
(m0 10 em) | (10-15 cm) | (15-30 cm) | (3070 cm) | (70120 cm) |(Gomee 120 cm)| 250 cm)
3amagHblii paiioH bapeniieBa Mopst
OKTSI6pB 8,2 7,9 8,9 0,0 0,0 0,0 5,9
Hos6ps 13,1 25,6 42,3 17,0 0,0 0,0 3,6
Jlexabpb 20,8 39,7 65,0 38,3 34 0,0 3,2
SHBapn 20,3 34,2 87,7 54,3 16,7 0,0 2,7
Deppaitb 17,5 31,3 91,7 58,3 35,6 0,0 2,3
Maprt 13,3 21,5 99,7 64,3 58,1 2,1 2,9
Atpenb 10,0 9,8 81,4 71,9 72,9 11,9 33
Mait 52 34 44,4 56,5 83,1 14,5 3,2
CeBepo-BocTOUHBIH paiioH bapeniieBa Mopst
OKT0pB 8,4 13,2 14,6 0,0 0,0 0,0 6,5
Hos6pb 14,4 26,6 45,6 20,5 0,0 0,0 3,8
Jlexabpb 15,8 27,1 61,1 35,9 5,3 0,0 33
SlHBapn 15,8 25,7 62,3 43,5 21,0 0,0 2,5
Deppanb 15,6 26,1 66,7 37,0 37,0 1,1 1,3
Maprt 14,0 21,2 72,8 39,7 47,7 4,2 1,5
Amnpensb 10,8 13,6 74,4 42,7 58,4 18,7 1,1
Mait 3,7 3,7 37,6 31,8 63,6 27,7 0,7
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Oxonuanue mabnuyol 1

End of the table 1
HavasnsHble Mounofpie JIbbI OJTHOJICTHHE JTB/IBI Crapble
Mecsiu [BunblibaoB|  Cepsle  |Cepo-6enbie| Toukue | Cpennue Toncteie | bl (Oonee
(1m0 10 cm) | (10-15 cm) | (15-30 cm) | (3070 cm) | (70120 cm) | (Gomee 120 cm)| 250 em)
IOro-BocTounslii paiion bapenuesa Mops
OKTs6pb 0,8 0,7 1,5 0,0 0,0 0,0 0,0
Hos6ps 9,4 10,9 54 0,0 0,0 0,0 0,0
Jlexabpb 12,0 13,8 15,9 2,3 0,0 0,0 0,0
SHBapp 8,9 18,6 44,7 13,3 0,0 0,0 0,0
Deppaib 9,2 16,6 62,0 28,2 4,2 0,0 0,0
Maprt 10,0 10,5 58,3 36,2 10,7 0,0 0,0
Arpernb 7,9 6,7 38,4 30,4 18,4 0,0 0,0
Mait 1,8 1,1 11,2 16,1 17,1 0,0 0,0

B amperne, 4To COOTBETCTBYET MEPUOY MAKCUMAIBHOIO PA3BUTHS JIEITHOTO MTOKPO-
Ba B bapeHueBoM Mope, ero pacnpeeneHue o BO3PacTHOMY COCTaBy XapaKTepHU3yeTCs
cienyromuM obpazoM. B 3amaHOM B ceBepO-BOCTOYHOM paliOHAX OTMEYAFOTCS JIbIIBI
BCEX pacCMaTPHBAEMBIX BO3PACTHBIX TPaJlalliii, OT HAYaJ IbHBIX BHOB M HUJIACOBBIX JIHJIOB
JI0 OJTHOJIETHUX TOJICTHIX. [Ipy cpeqHuX yCIOBHUSX OJHOJETHHUE TOJCTHIE MOPCKHUE JIbIbI
B IOT0-BOCTOYHOM paiioHe He 00pa3yroTcs. B anperne oTMedaroTcst OOIbIINE MEKTOIOBEIC
U3MEHEHHs BCEX pacCMaTpUBAEMbIX BO3PACTHBIX rpaganui. Tak, 3a nepuon ¢ 1997 no
2023 r. BenmuuuHKI cpeaHeKBagpaTudeckoro orkiioHeHUs (CKO) mms psaoB mmomaan
MOJIOJIBIX JIbAOB cocTaBisitoT 31-10° km? B 3anagaoM, 36°10° kM?> — B CEeBEPO-BOCTOYHOM
u 30-10° kM> — B 10ro-BOCTOUHOM paiioHe. KoiaudecTBO OHONIETHUX TOHKUX JIbJIOB H3-
mensiercs ¢ CKO 25-10° km?, 17-103 km? 1 20-10° km? 17151 3amaiHoN, CeBEPO-BOCTOUHON
U FOTO-BOCTOYHOM YacTH bapeHrieBa Mopsi COOTBETCTBeHHO. KonmebaHus ruromaay omxHo-
JIETHUX CPEIHMX JIbIOB xapakrepusyrorcs BeaumdnHamu CKO: 30-10° km? (3amagHblid
paiion), 27-10° km? (ceBepo-BocTO4YHBIN paiioH) U 20-10° kM? (FOro-BOCTOUHBII paiioH),
a OHOJIETHUX TOJACTBIX — 30-10° KM? Il K&XKIO0TO U3 CEBEPHBIX pailoHOB Mopsi. [Tio-
a/ib MOJIOABIX U OJHOJETHUX TOHKHUX JbJIOB B 3aMalHOM paiioHe bapeHueBa Mopsi umeer
TEHJICHLIMIO K YBEJIMYEHHUIO, B TO BpeMsl KaK IUIONIa/b JIEASHOIO MOKPOBA OCTAJIbHBIX
BO3PACTHBIX I'PAJaliil COKPAIIACTCS; B IPYTUX YaCTAX MOPS KOJHMYECTBO JIHIOB PA3HOTO
BO3pacTa 3a BECh paccMaTpUBaeMblil epuos ymenbliaercs. Kpome Toro, nocie jae10Boro
ce3ona 2003/04 1. oqHONETHHE TOJICTHIC JIBBI B 3alaTHON YacTH bapeHIieBa Mops cTainu
OTMEYAThCS TOpa3Io Peke, YeM B CEBEPO-BOCTOUHOU. DU3UKO-CTATHCTHYCCKHUE YPaB-
HEHUSI, OTMCHIBAIOIINE M3MCHCHUS TUTOIIAAH JTHI0B Pa3IUYHBIX BO3PACTHBIX I'pagamuii
U JICTOBUTOCTH B aIlpeie, MPEICTaBICHBI B Ta0I. 2.

Brusaue adsexyuu amaianmuueckux 600, KOTOpoe Moaenupyetcs uaaekcom AMO,
Ha 96 % 00yci1aBIMBaeT MEKIOJJOBBIC N3MCHCHHUS TUIOIIAIH MOJIOBIX JIHJIOB B 3aIaJHOM
paiione bapenrniea mopst (ypaBHeHue 1 Tabi. 2). ATMocdepHas UPKYISIHS, BEIPaKeH-
Has HHIEKCOM AD, U III0IIa s MOIOIBIX JIBAOB B MPEIAIICCTBYIOMIANA MECSI] OMICHIBAIOT
octaibHble 3 % u 1 % nucrnepcuu NpeauKTaHTa COOTBETCTBEHHO. [ AByX Ipyrux
paiioHOB MOPSI ONPEAEIISIOIMM MEXAaHU3MOM B U3MEHEHHUSAX KOJIMUYECTBA MOJIOABIX JIbJOB
SIBIISTIOTCSI TIPOTEKAIOIINE ammocgeprvie npoyeccol (ypaBHeHUs 6 u 11 Tabmn. 2): B cese-
po-BoctouHoi yactu uniaekcbl AD u NAO omnpenenstor ux miomanb Ha 41 % u 27 %
COOTBETCTBEHHO (Bcero 68 %), a B 1oro-BocTouHoil — Ha 83 % u 14 % cOOTBETCTBEHHO
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Tabnuya 2
YpaBHeHHs MHOKeCTBEHHOIl perpeccuu Uisi pacyeTa IJIoLIaIH JbI0B
Pa3HbIX Bo3pacTHbIX rpagauuii (B 10° km?) u jegoBuroctu (B %)
B OTJe/bHBbIX pailonax bapenuesa mops B anpeJe
Table 2

Multiple regression equations for calculating the area of ice
of different age categories (expressed as a 10° km?) and ice cover (in percentage terms)
in the Barents Sea sub-areas in April

3amagHblil paiioH bapeneBa Mmopst

(1) [Tm(Mom), .\, = 0,53 -Tln(Momn), ;, — 93,80-AMO, | —16,94-AD |+ 43,92

(2) [Mn(Tork),,, = 0,45-In(Tonk), , +10,69-NAO,, +42,42

(3) [In(Cp)yyy, = 0,54-00M,, o (- 219.91°AMO, - 12.95-NAO,, , -40.81-AO,  ~32,59°AD,  + 115,37

(4) |Tn(Tom), ., =-2,80-1ITB, - 8,28-NAO,, , +32,94-AD,, 16,03

(5) VL, = 0,08-00my, oy — 3,21 MTBy vyt 3:52°A0,, | +3,4T-AD, | +2,62-PNA | +17,95
CeBepo-BocTOUHBIH paiioH bapeniesa Mopst

(6) [In(Mox)y, = 0.77-Mn(Mon), , — 1,23-06m,, = 8,75 TITB, | - 8,52°NAO,, , - 10,33-AD; + 10,70

(7) |TIn(TonK) y \\, =-2,76-ITB, | +10,56-NAO,, , +16,24-A0,,,  +11,37-AD,  +18,76

(8) [Th(Cp)py, = — 0,61-00M,y =445 TITB () (= 22,02-A0,,  +35,38

(9) Mn(Tom) ., = 0,73:00M v~ 17.33-NAO,, | +9,42-A0,  +7,62-ADy, , + 15,69

(10) L, = 0,78 L+ 0,13-00M, = 13,39-AMO,  =2.73-A0, +3,08-AD  +4.24-PNA,, | +17,13

IOro-Boctounslii paiton bapennesa mops

(1) [n(Mon), = 0,94-TIn(Mon), ., = 4,30-ITB. = 10,06-NAO, | +24,69-AD, | - 52,75

(12) [In(ToHK), 5 1\, = 0,57 TIn(ToHK) oy + 5,03 T+ 3,32°AD + 8,98

(13)|I(Cp)y gy, = 1,55 UTB 1 = 59,97-AMO, - 6,94-A0, - 10,00-AD,,,  + 14,71

(14) [ Tgpy, = 0,44 T, - L5 TITB, = 43,34 AMO, , —9,82°NAO,; - 4,07-AO, - 6,95-AD, + 10,81

Ipumeuanue. B ypaBaenusix: [1n(Mox) — mutomaas Monoasix Jiba0B, [11(ToHk) — rutoma s 0gHONIETHHX
TOHKHX J1b10B, [11(Cp) — ru1ora ib OTHOJIETHUX CPEIHUX J1b10B, [151(Toi) — rutora b OAHOIETHUX TOJICTBIX
JIbI0B, J — JIeIOBUTOCTB OT/ICNBHBIX pailoHOB bapeHiieBa Mopst (HIKHIE HHICKCH «3%», «CB» 1 «FOB» 060-
3HAYAIOT 3aI1a/IHbIH, CEBEPO-BOCTOUHBIN H FOTO-BOCTOUHBIN PaiiOHbI COOTBETCTBEHHO); OOM, |, — J1e1000MeH
bapenuesa Mopst ¢ Kapckum Mopem uepes niposus Kapckue Bopora, O6m  — ¢ Apkrudeckum 6acceiinom
CJIO uepes npomus [ummunra, O6m,, — 4epes nponus Makaposa. HukHue nuekcsl, 0003Ha4eHHbIE
PUMCKHUMH IU(PaMH, YKa3bIBAIOT Ha MECSILIBI, 32 KOTOPbIE ObUTH B3SIThI IPEMKTOPHI, @ apaOCKUMH — Ha
HX 3a0J1aroBPEMEHHOCTh OTHOCHUTENIBHO MPEJUKTAHTOB B rOJaXx.

Note. In the equations: ITn(Momn) is the area of young ice, I1n(Tonk) is the area of annual thin ice, [1n(Cp) is
the area of annual medium ice, ITn(Tomn) is the area of annual thick ice, JI is the ice cover of certain areas of
the Barents Sea (lower indices “3”, “CB” and “FOB” denote the western, north-eastern and south-eastern
regions, respectively); O6m,, — ice exchange of the Barents Sea with the Kara Sea through the Kara
Gate Strait, O6m,;, — with the Arctic basin of the SLO through the Shilling Strait, O6m,, — through the
Makarov Strait. The subscripts, indicated by Roman numerals, indicate the months for which the predictors
were taken, and Arabic ones indicate their advance time relative to the predictors in years.

(Bcero 97 %). Kpome Toro, B C€BEpO-BOCTOYHOM paiioHe ocTaibHble 32 % mucnepcun
npeankradTa onrckBarores [1TB Hax ero akBatopueit (30 %), MIOMAABI0 MOIOABIX JIBIOB
B npemmectBytomwii Mecsrl (1 %) u megoodmenom uepes nponus [unmuara (1 %). W3-
MEHUYUBOCTH IIIOMIAIN MOJIOIBIX JHJIOB B IOTO-BOCTOYHOM paiioHe bapeHiieBa Mopst Takxke
onpenensiercs 2 % nucnepcueit I1TB u Ha 1 % nucnepcueil npeaplCTOpUU TUIOLIATU
JIESTHOTO TTOKPOBA ATOH K€ BO3PACTHOHN TpaIallii.
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Me:XromoBble H3MEHEHHS KOJIMIECTBA OJHOIETHUX TOHKUX JIbJIOB CEBEPHBIX PaliOHOB
BapenrieBa Mops B ampernie 3aBHCAT OT XapakTepa ammocgeproul yupkyiayuu. B 3amagHoi
ero vyactu 99 % mucriepcun npenukTaHTa onpexaensercs uugexkcom NAO, 1 % — npe-
IBICTOPHEH TUIOIIATN OJHOJETHUX TOHKHUX JbIOB (ypaBHeHHE 2 Tabm. 2). CoBMecTHOE
Brustare uHACKcoB AO, AD u NAO Ha 51 %, 25 % u 22 % COOTBETCTBEHHO (BCETO
98 %), a Taxke IITB Hajg akBatopueii bapennesa mops Ha 2 % oOycrnaBauBaioT KojeOa-
HUS WX TUIOIIAJH B CEBEPO-BOCTOYHOM paiioHe (ypaBHeHHe 7 Tadm. 2). IHTepecHo, 9To
B IOTO-BOCTOYHOM YacTH ONPEEISIONINM U3MEHEHHS TUIONIAIN OTHOJIETHUX TOHKUX JIbJIOB
ABIsIeTCsl (PAKTOP npeduiecmsyroujeco coCmosanus 1e0ano2o0 nokposa bapennesa mMops,
YTO HE XapaKTEPHO JUIs BEAYIIETO MapaMeTpa B M3MEHEHUH €TI0 BO3PACTHOI CTPYKTYpBI
(ypaBaenue 12 Tabm. 2). Ckopee BCero, 3TO CBA3aHO C OTHOCHUTEIEHO OOIBINEH WHEPITH-
OHHOCTBIO U3MEHEHHS TIJIOIIAAM MOPCKOTO JIbJIa B IEPHO]] €0 MAaKCUMAJIbHOTO Pa3BUTHSL.
BerlpaskeHHBIH 3HaYEHUEM JIEIOBUTOCTH B Havaje JIeJ000pa30BaHMs, BKJIAJ] JAHHOTO Ia-
pameTpa coctaBiseT 69 %. ArmocepHas UPKYISIHS, Mojenupyemas najaexcom AD,
ornuceiBaeT 30 % N3MEHEHNH KOJIMYECTBA OJHOJNICTHUX TOHKUX JIBJOB, a IPEBICTOPHS UX
mIomaan — ocrasmuics 1 %.

THocmynnenue mennvix amianmuyeckue 600 B 3aTIaTHBIN U FOTO-BOCTOYHBIA PaOHBI
BapennieBa Mopsi onpenessieT Ioaas OJHOICTHUX CPETHHUX JIbJIOB Ha MX aKBATOPUSIX
Ha 93 % n 96 % cootBercTBeHHO (ypaBHeHus 3 u 13 Tabi. 2). Bausaue armocdepHbix
mporeccoB Ha 5 % (AO, AD u NAO Ha 3 %, 2 % 1 1 % COOTBETCTBEHHO), a TaKkKe
negoodmena uepes nponus mumara Ha 1 % Taxke OMMCHIBAET UX MEXKTOAOBBIC H3-
MEHEHUs B 3amajHoi yactu. Kpome Toro, B 10ro-BocTO4HOM paiione mopst 2 % u 1 %
JICTIEPCUN TIPEIUKTAaHTa XapakTepu3ytoT naaekcsl AD u AO coorBeTcTBeHHO, a 1 % —
IITB nan ero akBatopueil. Mi3MeHeHuUs MI0Iaay OJHOJETHUX CPEIHUX JIbJOB B CEBE-
PO-BOCTOYHOM paiione bapenuesa mops Ha 95 % 3aBUCST OT XapakTepa ammocgepHuix
npoyeccos, KOTOPbIE B JAHHOM CIIy4ae BBIPAKEHBI KOJIEOAHUAMH KIMMaTHIECKOTO HHAEKCa
AO (ypaBuenue 8 Tabmn. 2). [IpenukTopsl TeMIiepaTypsl Bo3Iyxa HaJl akBaTOpUeH ceBep-
HOTO paifoHa, a Tarke jeoo0MeHa Mops depes nponuB [lnnnuara BHocsaT 4 % n 1 %
BKJIaJ]a COOTBETCTBEHHO.

MeXrozoBble U3MEHEHUS! TUIOIIAIM OJHOIETHUX TOJICTHIX JIBJIOB B CEBEPHBIX paii-
onax bapennesa mopst (ypaBHeHus 4 u 9 Tabm. 2 s 3amaHOTO M CEBEPO-BOCTOYHOTO
paliloHOB COOTBETCTBEHHO) 3aBUCAT OT amMocghepHou yupkyrayuy. B 3amagHoi dacTw
Mopst X koiebanus Ha 93 % u 6 % cooTBeTCTBEHHO (Bcero 99 %) OMHCHIBAIOT WHACKCHI
AD u NAO, a B ceBepo-BocTounoir — uHAEKCH NAO, AO u AD na 67 %, 19 % u 13 %
cootBeTcTBeHHO (Bcero 99 %). Ilo 1 % maucnepcun npeankTanToB npuxoasrcs Ha 11TB
HaJl aKBaTOpHEH paiioHa (3amajHas 4acTh), a Takke Ha tenooOMeH baperiieBa Mops uepes
nponuB MakapoBa (ceBepo-BOCTOYHAS YaCTh).

OTmeTHM, 9TO, HECMOTPS Ha CTOJIb MAJIBIH BKJIaJ] HEKOTOPBIX (DAKTOPOB B MEKIOJIOBBIE
M3MEHEHHI TIUIOMIA/IH JIEITHOTO MTOKPOBA OT/IENIBHBIX BO3PACTHBIX Tpajialinii (HarpuMmep, Ipesi-
IIECTBYIOIIEE COCTOSTHUE JIEASHOTO TIOKPOBA), TIPX MPUHYAUTEILHOM YIATCHUH STHX MPEINK-
TOPOB (PU3HUKO-CTATUCTHYECKHE YPABHEHMUSI «Pa3BATMBAIOTCS JTMOO KaUECTBO YPaBHEHHH Cy-
IIECTBEHHO MOHIDKACTCS 32 CYET YMEHBIICHHS KOA((MHUIIMEHTOB KOPPESILIN U IeTEPMUHALIIN.
OTa 3aKOHOMEPHOCTH CIPABEINBA JUIS BCEX TOMyUEHHBIX YPAaBHEHUH, KOTOPBIE OMHCHIBAIOT
BO3PAcCTHYIO CTPYKTYpY JIEZITHOTO TIoKpoBa bapeHnesa Mopst. OjHaKo MOTEHIMANIBHBIE TIpe-
JMKTOPBI OBUTH TIPEIBAPUTEIIHHO MIPOBEPEHBI HA MYJIBTHKOUIMHEAPHOCTD, YTO OTPa’KaeT UX
CTaTHCTUYECKYIO HE3aBHCHMOCTB JIPyT OT Apyra. Kpome Toro, HCroab30BaHue B ypaBHEHHSIX
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(3), (7), (9) u (14) Takux KOJUTMHEAPHBIX (PAKTOPOB, KaK KiIMaTmdeckue nHuekcsl AO u NAO
(mocenHui sBIsETCS pernoHambHON Moo AQO), 0ObsCHsETCS ciemyronmM oopazoM. [Ipu
pacuere k03(pPUIIMEHTOB KOPPEISIINKI MEKITY JTaHHBIMHA MHICKCAMH 32 OT/IETIbHBIE MECSIIbI
OBIIO MOYYEHO, YTO MX 3HAYCHHS HE MPEBBIIAIOT MOporoBeIx 0,70, a B GONBIIMHCTBE CIy4acB
1 BOBCE HE SIBJISIFOTCSL 3HAYMMBIMU, cocTaBisisi Menee 0,21.

MeXrozoBble N3MEHEHHS TUIOMIAAN JISITHOTO TIOKPOBA OT/AENILHBIX BO3PACTHBIX Ipa-
JIALMH B arpesie MpHU TaKoM OIIPEIeIISIoIeM nx (pakTope, Kak XapakTep arMoCc(epHOH IHp-
KYJISILIAN, MOKHO OOBSICHUTH CIIEAYIOLIMM 00pazoM. B 3anaonom paiione bapeHuesa Mops
TUTOIIAb OJHOJIETHUX TOHKHX JIBJIOB YBEINYMBACTCS O] BO3JCHCTBHEM TOJIOKUTEILHON
(a3l NAO B amperne. Ee putenpHOE cCOXpaHEHHE TIPHBOINT K OCIA0ICHUIO MEPUINOHAb-
HOW IMPKYJLSIIAU U YMEHBINAET TepeHoc Teruia n3 CeBepHOH ATIaHTHKU B apKTHYECKUHA
PETHOH, YTO M3MEHSET paclpesielIiecHIe TeMIIepaTyphl IIOBEPXHOCTH OKEaHa, CII0OCOOCTBYS
00pa30BaHMIO JIBAOB B allpele W YBEIUUUBAs JISNOBUTOCTh baperieBa Mops [24]. B aroit
K€ 9aCTH MOPS U3MEHEHHUS KOJIMYECTBA OJHOJICTHUX TOJICTBHIX JIBIOB XapAKTEPU3YIOTCS
TOCIIOZICTBOM B aBTYCTE MOJOXHUTENbHOH (ha3sl AD (BKiax JaHHOTO MHIEKCA COCTaBIISIET
6omnee 90 %). Tak, B monoxxuresibHON (aze AD xapakrepu3yercst HOHMKECHHBIM JAaBICHUEM
Han EBpasueii (B paitone mopeit Kapckoro u JIanTeBbIX) 1 MOBBIIIEHHBIM IaBICHHEM — HaJ
apkTiueckuM perroHoM CeBepHort Amepukn (Kanamckum ApKTHYECKAM apXUIIETaroM).
Takast Oaprueckasi 00CTaHOBKA CIIOCOOCTBYET YCHJICHHIO JABM)KCHUSI IOJKHBIX BO3YIIHBIX
Macc B bapeHneBo Mope, 4TO IMPUBOIUT K YCHIICHHIO TAsSHUS JIEASHOTO ITOKPOBA M, COOT-
BETCTBEHHO, MOJKET YMEHBIIATh KaK OOILIYIO JIEJOBUTOCTh, TAK M IUIOMIAIN OIHOJIETHETO
TOJICTOTO JICJSTHOTO TIOKpOBa [34]. B cegepo-6ocmounoti yacmu bapeHiieBa MOpsi COBMECT-
HOE JeHCTBHE OTpUIATeNbHOM Pa3bl AD B MapTe U monoxkutenbHOH (pazer NAO B ampere
olpesiesisieT M3MEHEHHMS! TUIONIa I MOJIOABIX JIbJIOB HAa ee akBaropuu. IIpomomkurensHoe
BIIMSTHUE OTPUIATENBHON (ha3sl AD, BO3AEHCTBYOIIECH IPEHMYIIIECTBEHHO Ha MOJIOIOH Jre-
JSTHOH TIOKPOB, COOTBETCTBYET TTOJI0KUTEIFHBIM aHOMAJIHMAM HUCXOMSIIEH TTMHHOBOITHOBOM
paauaIyy K ceBepy OT 3araJHoi yacTi EBpombI, 4TO MPENsTCTBYET NPOIECCy HapacTaHusI
JBIIOB Ha Bcel akBaropuu baperieBa mops B ampene [35]. CoBMecTHOE OeWiCTBHE OTpPH-
narenbHOU (as3el AO B aBrycte n nonoxutensHbIX (a3 AD u NAO B amperne IpuBOIUT
K W3MEHEHHIO TUTONIA/IN OHOJICTHUX TOHKHX JIB/IOB, @ BIIMSHUE ITOJOKUTEIBHON (ha3bl
AO — K U3MEHEHHIO KOJINYECTBA OJHOJICTHUX CPEAHHX JIJIOB B CEBEPO-BOCTOUYHOM paifoHE.
B ciydae mimTensHOTO COXpaHEHUS OTpUIaTeNbHON (a3l AO yCHIMBaeTCs MIHPOTHBIN
TIEPEHOC XOJIOAHBIX BO3IYIIHBIX Macc B HarpaBiaeHUH oT CEeBEpPHOTO MOJI0Ca, YTO MPHBOAUT
K OoJiee MHTEHCUBHOMY JIEZJ000PA30BaHMIO U K YBEJIMUCHUIO JIEAOBUTOCTH. BimsiHue mo-
JT0okUTENBbHOH (ha3bl AO, HA0OOPOT, MPETATCTBYET TPOHNKHOBEHHIO XOJIOJHBIX BO3/TYIIHBIX
Macc B HarpasieHuH oT CeBepHOro MoJItoca Ha aKBATOPHIO MOPSI, UTO 3aMEAIISIET IIpoLece
71€71000pa30BaHMs M COKpAIIaeT oOIIy0 MIIOIAb JIEASHOTO IIOKpoBa B anperne. Ha xonmde-
CTBO OIHOJICTHUX TOJICTHIX JIJIOB B CEBEPO-BOCTOUHON yacTh bapeHnesa Mops B OosbIei
CTETIEHN OKa3bIBAIOT BIUSHEE MoJokuTenbHbIe Ga3sl NAO B HossOpe m AO B (eBpare,
a Taoke orpurarensHas paza AD B pexabpe. B r02o-6ocmounom patione N3MEHEHHUS TUIO-
IITaJTM MOJIOZBIX JIHIOB MOPS XapaKTEpU3YIOTCs Kak oTpumarenbHoi (azorr NAO B okTs0pe,
TaK W TOJOXKHUTENBHOH (a3oii AD B mae.

Bennunner negooOmena bapennesa Mops uepe3 cTBopsl nponusos lwimnara
n MakapoBa B HOSIOpe IPEABIIYIIEro roja sSBISIOTCS OJHUMH W3 3HAYMMBIX HPEIUKTO-
POB, OIPEEIISAIOMNX KOIEOAH!s TUIOMIAN OJHOIETHUX CPEAHUX U TOJCTHIX JIBJIOB B €I0
CEBEPO-BOCTOYHOM paifoHe B amperne (ypaBHeHHS 8 1 9 Tall. 2 cOOTBETCTBEHHO). B co-
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OTBETCTBHH CO CPEJHETOJJOBBIMH OlleHKaMu [29] uepe3 mponus MakapoBa Ha aKBaTOPHIO
MODSI IPUHOCSITCSI MOPCKHE JIbJIbI COCEAHMX aKBATOPHH, a uepe3 nponus Lmmiara — Ha-
000pOT, JIbABI BEIHOCATCS 32 Tpesielibl Mopsi. B HosiOpe 3HaKkM pacxoza JEsTHOTO TTOKPOBa
COOTBETCTBYIOT CPEIHETOI0BOMY HAIIPABJICHUIO HA 000MX CTBOPAX, MIO3TOMY JIEI000OMEH
yepe3 nponuB muimHra npensTcTBYeT yBeIMYCHUIO KOJMYECTBA OAHOIETHUX CPEIHNX
JBJIOB B alperie 3a CUeT HHTEHCUBHOTO BBIHOCA JIEASHOTO IOKPOBA. YBEINYEHHE TUIOIA I
OIHOJIETHHX TOJICTBIX JIBZIOB B CEBEPO-BOCTOUHOM paifone bapenrieBa Mopst B ampeie mpo-
HCXOJUT BCJIEACTBUE MX MPHUHOCA Yepe3 MpoiauB MakapoBa 3 ApKTHUECKOro Oacceiina
HECKOJIbKMMHU MECSLIaMH paHee.

OOpaTtuMest K OonpeAessiomuM (pakTopaM M BKJIaJaM OTACIbHBIX MPEAUKTOPOB
B M3MEHEHUsI JIeIOBUTOCTH bapeHuena Mops B anpene. B 3amagHoi wactu Mopst npuno-
eepxnocmuas memnepamypa 6030yxa Ha 83 % o0yciaBIMBaeT MEXIOJOBbIE KojueOaHMs
nenoBuTocTh (ypaBHeHHE 5 Ta6mn. 2). [Tomumo 3Tor0, aTMOChepHas TUPKYISAIHS, MOJIe-
mupyemMasi kKiuMmatnaecknmu uaaekcamMu AO (9 %), AD (5 %) u PNA (2 %), B uenom
xapakrtepusyeT 16 % nucrnepcun MpeauKTaHTa, a jJeqoodoMeH bapenieBa Mopst yepes
nponus Hlmmumara — ocrasuomiicst 1 % ancnepcun. JIenoBUTOCTh CEBEPO-BOCTOUHOTO
paiiona bapenuesa Mopst Ha 66 % 3aBHCHT OT ee npedvicmopuu (ypaBHenue 10 tabm. 2).
Bnusaue armocdepHsIx mporeccoB Ha 28 % ompenenserca nnnekcamu PNA (11 %),
AD (10 %) u AO (7 %), agBEeKINMH TEIUTBIX aTIAHTHYECKUX BoA Ha 2 % — WHACKCOM
AMO. JlenooOmen akBaropun bapeniesa mops depes nposnuB Makaposa Ha 4 % BiusieT
Ha JIEZIOBUTOCTh CEBEPHOIO paiioHa. B 1oro-soctouHoM paiione bapenuesa Mopst xapakrep
ammocgepHotl yupkyaayuy oNpeaenseT U3MEHEeHus 1e1oBuTocTn Ha 47 % (ypaBHeHue 14
Tabmn. 2). Kpome Toro, Ha nomto IITB Haz ero akBaropueit npuxogurcs 29 % aucnepcuw,
MIPEIBICTOPUH JTeNOBUTOCTH U HHAEeKkca AMO — 1o 12 % KakIbIid.

Takum 00pa3zoM, MEXIo0BbIE H3MEHEHHS BO3PACTHON CTPYKTYPHI JIEASHOTO TOKPOBA
B OTJICJIbHBIX paifoHax bapeHrieBa Mopst B OOJNBIIMHCTBE CIIy4aeB 00yCIaBINBAIOTCS H3Me-
HEHUSIMHU, IPOUCXOAAIINMH B aTMoc(epe, 4To BbIpaykaeTcst KITMMAaTHIECKUMH HHACKCAMH.
B Menbmiel cTeneHn OHM 3aBUCST OT MOCTYMAIOUIMX HA aKBATOPUIO MOPS TEIUIBIX BOJ
AIAHTUYECKOTO IIPOUCXOXKICHNUS 1 OT PacIpeeIeHHUs! IPUIIOBEPXHOCTHON TEMIIEpaTyphl
BO31yXxa. TOJIBKO B OJJHOM CITydae MPEIIECTBYONIEE COCTOSIHUE JIEOBUTOCTH OKa3aJioCh
HanboJee 3HAYMMBIM (PaKTOPOM.

3OPEKTUBHOCTH ®U3UKO-CTATUCTUUYECKHUX YPABHEHUI

Cornacno Hacrasnenuto [13], OCHOBHBIMH KPUTEPHUSIMHU KauyeCcTBa METO/IA JIOJTO-
CPOYHOTO TPOTHO3a NP YCTAHOBIEHHOW JIOMYCTUMON OINOKE CTaHAaPTHOTO OTKJIO-
Henus 0,86 SIBISIFOTCS 3HAYCHUs oOecneuennocmu metona P (B %) u ero cpaBHEHUe
C KIIMMaTUYCCKHUM MPOTHO30M, T.€. 3¢ppexmuenocmu P (B %). 3a KINMATHICCKYIO
HOPMY B HacToslIeHd paboTe NMPUHATO CpeJHEee 3HAYCHUE NMPEAMKTAHTA 32 MEePUOJT
¢ 1997 mo 2022 r. (6e3 yuera He3aBUCHUMOMN BBIOOPKH). 3HAUEHUSI ITHX HapaMeTpoOB
KadyecTBa JUIsl TIOJIYYCHHBIX MOJIENIeH ¢ HanOOoIbIIMMHU KOd(D(HUIMEHTAMH KOPPEIISIIIUU
W JIeTepMUHAINK CBE/ICHBI B TalII. 3.

Hcnonp30BaHue METO/A JI0JATOCPOYHOTO MPOTHO3a SBJISIETCS 1eTec000pa3HbIM, eCin
ero a¢dexkruBHOCTH cocTaBisieT He MeHee 10 %, T. e. obecrneueHHOCTh A0MyCTUMON
omm6oku 0,86 He MeHee yeM Ha 10 % npeBblaeT 00ecreyeHHOCTh JOMYCTUMON OMINOKH
OTKJIOHCHHUSI OT KJinMarudeckoid Hopmel [13]. Takum 0Opa3oM, OOJBIIMHCTBO Tpeiarac-
MBIX MOJIEJICH, OTIMCHIBAIOIINX MEKI0/I0BbIE U3MEHEHUSI TUIOLIA/IH JIBJOB PA3JIMYHbIX BO3-
pacTHBIX Tpajanuii, HOTEHIMAIbHO MPUMEHUMBI Ha MPAKTUKE. DPPEKTUBHOCTH METO/IOB
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Puc. 2. Conocrapnenue hakTudecKux (MOKa3aHbl YSPHOU JIMHUCH) ¥ PACCYNTAHHBIX (IIBETHBIC JIMHHH )
3HAYCHUH IO d) MOJIOZBIX, 0) OJHOJIETHUX TOHKHX, ) OHOJICTHHX CPEAHHX M &) OIHOJICTHUX
TOJICTBIX JBJIOB B (/) 3amamHoM, (2) ceBepo-BOCTOYHOM, (3) FOr0-BOCTOUHOM paiioHax bapeHiesa
Mopsi B anperie 3a nepuon ¢ 1997 mo 2023 r. KpyxkaMu OTMEYEHbI T¢ 3HaYCHUS TUTOMIAH, KOTOPhIC
OBLIN CITPOTHO3MPOBAHKI HA JIEOBHIN ce30H 2022/23 1.

Fig. 2. Comparison between actual (black line) and calculated (colored lines) values of the area of
a) young, 0) first-year thin, g) first-year medium and ¢) first-year thick ice in (/) the western, (2) the
northeastern, (3) the southeastern sub-areas of the Barents Sea in April for the 1997-2023 period.
The predicted values of the area of ice of different ice categories for the 2022/2023 ice season are
marked by the circlets

IMPOTHO3a MOXKET OBITH paBHa HYJIIO, HECMOTPS HAa UX BBICOKYIO 06CCH€‘ICHHOCTL, €ClIn
(i)aKTI/I"ICCKI/IC SHAQUYCHUA TUIOMIAAN JICAAHOI'O IMMOKPOBa pacCMarpuBacMbIX BO3PACTHBIX
rpa,uaunﬁ MaJIO OTJIMYHBI OT HYJIA. HCJ'IO B TOM, 4YTO (1)I/I3I/IKO-CTaTI/ICTI/I‘I€CKI/Ie YpaBHCHUSA
HE CITOCOOHBI CIIPOTrHO3UPOBATH MMOJIHOC OTCYTCTBUE JICASTHOI'O MMOKPOBAa TOI'0 UJINW UHOTO
BO3pacTa U paCcYCTHbIC 3HAYCHU BCCraa 6yﬂyT nim 60J'II)IHC, WJIK MCHBIIIC HYJIA. KpOMe

ARCTIC AND ANTARCTIC RESEARCH * 2023 * 69 (3) 303




OKEAHOJIOI'MA OCEANOLOGY

TOTO, €CIIM MPHUHATH OTPULATENBHYIO TPOTHOCTHYECKYIO BEJMUMHY IUIOIIAIHN JIEITHOTO
ITOKPOBA OIPECIIEHHOW BO3PACTHOW Tpafalliid PaBHOHM HYIIO, 23pPEKTHBHOCTH METOa
IIPOTHO3a HE YIYUIIUTCS WM YTy4IIUTCS] HE3HAYMTEIIBHO M BCE PAaBHO HE OyJIeT IOCTHTaTh
HeoOxomuMbIx 10 %.

Ha puc. 2 npuBeneHb! (pakTHIECKHE 1 PACCUMTAHHBIE TI0 YPaBHEHUSIM 3HAUCHNI TITOMIA-
JIY1 JTEJISTHOTO TTIOKPOBA PAa3HOTO BO3pAcTa Ha aKBaTOPHUH PacCMaTpHBaeMbIX paiioHoB bapeHiieBa
Mops 3a iepuoz ¢ 1997 mo 2023 r. Jlemosslii ce30H 2022/23 T. MCMIONB30BAJICSA B KAYECTBE He-
3aBUCHUMOM BBIOOPKH, TIPX 3TOM NPOTHOCTHYECKUE OTPHIIATENbHBIE 3HAYESHHST KOITMYECTBA MOp-
CKOTO JIb/Ia, €CJIM TAKOBBIE BCTPEUAIINCh, ObUTH IPUHATHI PABHBIMH HYIIO. 15l IEMOHCTpanin
PE3YyIIBTATOB B arpesie Ha PUCYHKE MPEeJICTaBICHbI BCE MCCIIEAyeMble BO3PACTHBIE TPaIalliu.

Tak, Bce Toy4eHHbIe YPaBHEHNUS, UMEIOIIHe KOdPPHUIIHEHTH! Koppernsauu ot 0,66 1o
0,94, ynoBAETBOPUTEIBLHO MOJEIUPYIOT MEKIOJ0BbIE U3MEHEHHS BO3PACTHON CTPYKTYpPbI
JestHoTO TToKpoBa bapennesa Mopst. OTHOCHTENBHO HETPOCTHIMHU AJISI OTIMCAHMS M3MEH-
YMBOCTH OKa3aJIMCh MOJIOZIBIC M OTHOJIETHUE TOHKHUE JIbJIBI, YTO MOXKET OBITH 00YCIIOBIEHO
MX MEHbIIEH NHEPIIMOHHOCTBIO B pPaMKaxX OJHOTO JIEJJOBOTO ce30Ha. bonee ycToidnBEIM
SIBJISICTCS] BOCIIPON3BEICHIE N3MEHUNBOCTH JIEASHOTO TIOKPOBA CEBEPO-BOCTOYHOTO paioHa
BapenuieBa Mopsi, ypaBHEHHS JUISl OIMCAHKS BPEMEHHBIX KOJIEOaHHMH KOTOPOTO UMEIOT Hau-
6onbinue K03(G(OUIMEHTH! KOPPESINT U TETEPMUHALIMN: TT0-BUANMOMY, AJISI 3aI1aJHOTO
paiioHa XapaKTepHO CHJIBHOE BIIMSTHHUE a/JBEKLUH aTIaHTUYECKUX BOJ, & JUIS I0T0-BOC-
TOYHOTO — OoIee JokanbHbIe (akTopbl. Kpome Toro, s memoBoro cezona 2022/23 t.
MIPEACTaBICHHBIC HA PHC. 2 MOJENN B OOJBIIMHCTBE CIIy4acB YJIaBIMBAIOT TEH/CHIIUIO
K YBEJIMUYCHNIO/YMEHBIIECHHIO TUIOMIA ¥ JISJSTHOTO MOKPOBA Pa3IMuHbIX BO3PACTHBIX I'pa-
Jlanuil BIUIOTH /IO COBIAAEHUS MOPSIKA MPOTHO3UPYEMOIl BEITHMUHHBL.

3AKJ/JIIOYEHHUE

BeIOTHEHHOE UCCIIEIOBAHUE MTO3BOJISIET CHOPMYITUPOBATE CICIYIONINC BBIBOIBI:

1. Xapakrep arMochepHO IUPKYISINN SBISIETCS OCHOBHBIM (DaKTOPOM, OKa3bIBa-
FOLIUM BJIMSTHUE HAa MEKIOJIOBBIC M3MCHCHUS BO3PACTHOM CTPYKTYPBI JICISHOTO MOKPOBA
BapennieBa mopsi. OH BbIpakaeTCsl KIIMMATHYCCKUMH MHICKCAMU APKTHYECKOro Kojieha-
HUsI, ApkTrHaeckoro qumnoist 1 CeBepo-ATIaHTHYEeCKOTro KojieOaHusl.

2. Ioctynaromue Ha akBaTopuio bapeHiieBa MOps TEIUIbIC BOABI aTIAHTHYECKOTO
MIPOUCXOXKICHUSI MOJICITUPYETCSI HHICKCOM ATIAHTUYCCKOTO MYJIBTHICKAIHOTO KoyeOa-
HUsl. MEKrooBbIc U3MCHEHHUST BO3PACTHOTO COCTABa JibJ]a B MCHBIIICH CTCIICHH 3aBUCST
OT MOCTYMHAIONIMX Ha aKBAaTOPUIO MOPsI TEIUIBIX BOJ ATIAHTUYCCKOTO MPOUCXOKICHHUS.
OTmevaercsi, 9TO JICJTHOM MOKPOB 3amaqHoil yactu bapeHiieBa Mopst 6oliee MoaBepKEH
UX BIUSHUIO, YEM JIPYTUC PAaiOHBI.

3. B ampere BKJIaJl OTHOCUTEIBHO 00JIee JIOKABHBIX MapaMETPOB, TAKUX KaK Ipe-
JBICTOPUS JICAOBUTOCTH U PACIPEACICHHIE MPUIIOBEPXHOCTHON TEMIIEpaTyphl BO3IyXa,
0oJsice BBIPAKCH B MEKIOJIOBBIX KOJCOAHUSAX JICAOBUTOCTH, a MHJICKCOB aTMOC(hepHOH
LHUPKYJSIIIMA — B U3MCHEHUSIX TUIOMIA U JICITHOTO MMOKPOBA OTACIBHBIX BO3PACTHBIX Ipa-
nauii bapenuesa mopsi. OJHaKo B I0TO-BOCTOUHOM paiioHe bapeHiieBa Mopst KOTUYECTBO
OJIHOJICTHUX TOHKHX JIbJIOB 3aBUCHT OT MPEAIICCTBYIOIICTO COCTOSIHUS JICISTHOTO TIOKPOBA,
YTO HE XapaKTEPHO JUIs BEIYIIErO MapaMeTpa B U3MCHCHHUU €r0 BO3PACTHOM CTPYKTYPBHI.
BeposiTHO, 3TO CBSI3aHO C OTHOCUTEIBHO OOJBIICH HHEPIIMOHHOCTHIO M3MCHEHHUS TUTOMIA T
MOPCKOTO JIbJIa B TIEPHUO]] €r0 MAKCUMAJIBHOTO Pa3BUTHSL.

4. Jlns BceX MPEICTABICHHBIX (PH3MKO-CTATUCTHUYCCKUX YPABHCHUH MOTYYCHBI KO-
a¢¢urments! koppensiauu ot 0,66 1o 0,94. BoNbIMHCTBO MO/IEIICH OTCHIUATIBHO TPH-
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MEHHUMBI Ha IPAKTHKE VIS IPOTHO3MPOBAHUS IUIOMAIH OB Pa3IMYHBIX BO3PACTHBIX
rpajialiiii, TOCKOIBKY UX 3(GeKTUBHOCTH cocTaiseT Oonee 10 %.
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Onenka MHOTo/1eTHeil I3MEHYMBOCTH TOJIMHBI PHIIAs
B Mopsx Poccuiickoii ApDKTHKH 110 JAHHBIM NOJAPHBIX CTAHIMI
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Pe3rome

B paboTte npoaHann3upoBaHsbl PsIbl AHHBIX MO TOIIMHE TPHIAs U NpU3eMHON Temmepatype Bo3nyxa ([1TB)
Ha3eMHBIX MOJSPHBIX THAPOMETEOPOIOTHYECKUX CTAHIIMIA, PACIONOKEHHBIX Ha Mobepexbe Poccuiickoit Ap-
KTUKH. [IpoBe/ieHO cpaBHEHUE TaHHBIX HAOMIONCHNUH 32 coBpeMeHHbIi 15-netrnit mepuox (2005-2020 rr.) ¢
nanHbIMH HaOmoneHui 10 2004 1. (¢ 1930-1940-x tr.). B pesynbrare BeisiBIICHO, 4T ¢ 2005 I. TOMIIMHA TpUITAs
Ha MOMEHT MaKCHMAIIbHOTO pa3BUTHs yMeHbInmnach Ha 13 % B Kapckom mope, Ha 9 % B BocTtouno-Cubup-
ckoM Mope, Ha 5 % B Mopsix Jlantesbix u Uykorckom. [Iporiece HapacTanus craji 3HAUMTENLHO MEJICHHEE,
a Mepexojl MeK/Ty BO3PACTHBIMH I'PajiallisiMU cMecTHIIcs Ha 1-2 yiekazsl Ha Gonee mo3auuit cpok. C 2005 1.
TEMIIeparypa Bo3ayXxa MOBBICHIACK B cpeiHeM Ha 2,7 °C, Ipy 9TOM HAMOOBIINI BKIIA]l B 3TO BHOCUT OCEHHHUIA
niepuon (OKTAOpb—IeKaOph), a HANMEHbIIIAS PA3HUIIA [0 CPABHEHHIO C TIPEIBITYIIUMHE ACCITUICTHIME HAOMHO-
naercs B ieTHre Mecspl. [lockonbKy npu3emMHas Temieparypa BO3ayXa sBISETCS OJHUM U3 ONPEIeNsSIONnX
(haKTOpOB HApACTAHNS TOJIIUHBI JIbJIa, B PA00TE PACCMOTPEHA €€ KOPPEAIMS C CYMMOU Tpajlyco-IHeil Mopo3a
(CTAM). B cpennem mo cranmusm CIJIM cHuzunack Ha 14 %; Bce paccmarpuBaeMble 15 3MMHUX CE30HOB ¢
2005 1. MOXKHO KIacCH(HUIMPOBATH KaK MATKUE, HU Ha OJTHOW U3 CTAHIIUH 3UMBI HE COOTBETCTBOBAIIH KPUTEPHSIM
CypoBO#i WM yMepeHHOM. [loBTopseMocTb MATKHX 3UM yBenuuuiach Ha 36-95 % no cranimsm. CHikeHue
CI'JIM xopomio coracyercst C M3MEHEHHSIMU CPEIHECE30HHBIX 3HAYCHNH (32 HOSOpb—Mail) N MaKCHMAIbHBIX
3HAYEHUH TOJIIMHBI TPUMANHOTO JIbJa HA CTAHLMAX. B 3akitoueHue ciexyer OTMETHTb, YTO HCCIeayeMblid
15-nernuii nepuon (2005-2020 rT.) 0TIHYACTCS CAMBIME MSTKHME YCIOBHSMHE 32 BCKO HCTOPHIO HAONMIOICHHH
Ha MOJISIPHBIX CTAHIUAX POCCUHCKUX aPKTUYECKUX MOpPEH.

KuaroueBsie cioBa: APKTUYCCKUE MOPsI, MaKCUMaJIbHAsA TOJIIWHA JIbJa, NOJIAPHLIC CTAHLIUH, npnnaﬁ, CyMMa
rpanyco-m{eﬁ MOpO3a, TOJIIUHA MOPCKOTO JIbJia.

Jast uutupoBanus: Tunogpeesa A.B., [Llapamynosa M.B., [Ipoxoposa V.B. O1ieHKa MHOTOJNETHEH H3MEHYHBO-
CTH TOJIIMHBI PUTIas B MOpsX Poccuiickoit ApKTHKHM 10 TaHHBIM MOJAPHBIX cTaHIuii // [IpodneMsr ApKTHKY 1
Amnrapkrukn. 2023. T. 69. Ne 3. C. 310-330. https://doi.org/10.30758/0555-2648-2023-69-3-310-330.
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Summary

The warming process in the Arctic steadily continues and significantly affects the entire regime of sea ice cover
development. Most of the sea ice thickness studies are based on numerical modeling and information obtained
using satellite radar altimetry such that these estimations require validation by means of contact measurements.
However, the comparison of data is difficult due to the irregularity and locality of measurements. This makes
contact measurements at polar stations highly relevant. In this study, contact measurements were carried out
by drilling for each 10-day period during winter season, they are quite accurate and have a long observations
series in the same regime conditions from year to year, allowing one to assess the long-term variability of fast
ice thickness. In this study, we analyzed the data series of the fast ice thickness and the surface air temperature
at 16 Roshydromet land-based polar stations in the Russian Arctic Seas. The data series were taken into account
from the beginning of regular measurements (the end of the 1930s, the year of the beginning varies depending
on the station) to 2020 for the period November—May. Observations for the recent 15-year period (2005-2020)
are compared with those prior to 2004 (from the 1930s—40s). Since 2005 sea ice thicknesses at the moment
of maximum development (maximum sea ice thickness) have decreased by 13 % in the Kara Sea, by 9 % in
East Siberian Sea, by 5 % in the Laptev and Chukchi Seas in comparison with the previous period. The sea ice
thickness development process has become much slower, transition between the sequential stages of development
is shifted by 10-20 days (in some points 3040 days) later. The surface air temperature is on average 2,7 °C
higher than for the previous period at all sea stations. The most significant changes (1.4-6.1 °C) are observed
in the autumn season (October—December), all the stations show the lowest difference in the summer months.
Averaged over the stations, the sum of the frost degree-days (SFDD) decreased by 14 %; all 15 recent winter
seasons can be classified as mild and none of the stations has experienced winters that meet the criteria of severe
winter. The frequency of mild winters increased by 36-95 % by stations. The SFDD decline is in good agreement
with the changes of the mean seasonal (November-May) and maximum SIT at the stations. In conclusion, it is
noteworthy that the recent 15-year period (2005-2020) is distinguished by the mildest conditions.
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BBEJEHHUE

B nmocnexnne rozpl nponece NOTeIuIeH s B APKTHKE HEYKIIOHHO pasBuBaeTcs. OJHIM
13 MPOSBICHHUI 9TOTO IPOIIecca SIBISAETCS 3HAYUTEIBHOS YMECHBIICHHE TUIOIA 1 apKTHYe-
CKOTO MOPCKOTO JIb/Ia BO BCe ce30HHI rofa [1-3]. Haubonee cumpHOE COKpaIeHne JTemsi-
HOTO TTOKpOBa HaOIIFOMaeTCs B CEHTAOpE, IO OKOHYAHUH JIETHETO Mepruoa TasHus [4—06].
Habnromaemoe nmoTeruieHne Oka3pIBaeT CyIIeCTBEHHOE BIMSHUE Ha BECh PEXKUM Pa3BUTHS
JensHOTO 1MoKpoBa. Cpokn Havana Jiefoo0pa3oBaHus CMEIIAIOTCs, H3MEHSCTCS BO3PACTHOH
cocTaB JbJa [7], MPOLECCHl TasHUSA M Pa3IMYHbIe XapaKTePHCTHKHU JISIOBOTO PEKUMa
B POCCHHCKHX apKTHUECKUX MOPAX TaKKe MpeTeprieBaoT m3mMeHeHus (8, 9]. Hexoropsre
ABTOPBI ITOYEPKHUBAIOT 3HAYMTEIBEHOE YCHIICHHE IPOLECCOB MOTEIUICHUS, N3MEHEHHE
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TEePMOXaIMHHON cTPYKTYphI BoJ CeBepHOTO JIeqoBuToro okeana u yMEHbIICHNE JEASHOTO
mokpoBa HaunHas ¢ 2005 . [10-13].

TonmuHAa MOPCKOTO JIhJIa TaKXKe SBISCTCS BaXKHON XapaKTEPHCTUKOH, ee Kojeba-
HUSI — YyBCTBUTEIbHBIH HHAMKATOP KIMMATHIECKUX U3MEHEHUH. J{7Is1 OIEHKN TOJIIMHEI
MOPCKOT'0 JIbIa UCTIONB3YIOTCS JaHHBIC PA3IMYHBIX METOIOB M3MEPEHHH, KaK HEIOCPe]-
CTBEHHO KOHTAKTHBIX, TaK M Pa3INYHBIX JUCTAHIMOHHBIX M3MepeHnit. K HUM oTHOCAT
B TOM YHCJI€ U3MEPCHUS, BBITIOJIIHAEMbBIE C TOMOIIBIO THAPOIOKATOPa, HAIPABICHHOTO
BBEpX, Ha MOJABOIHBIX Joakax [14, 15], maHHBIe M3MEPEHUH AIIEKTPOMArHUTHOTO 30H-
JTUPOBAHUS C UCIIOJIE30BAHUEM CIICIIMATU3UPOBAHHOTO 00opyaoBanus [16, 17], a Takxke
JIAHHBIE CITyTHUKOBBIX HAOMIOCHUH. BOIBITMHCTBO COBPEMEHHBIX MCCIIEA0BAHNH TONIINHEL
MOPCKOT'O JIbZIa OCHOBAHBI Ha YUCICHHOM MOJEINPOBAHNH U MH()OPMALINH, MTOTyYCHHON
C TIOMOIIBIO CITyTHUKOBOM PaIHONOKaIIMOHHON anpTiuMerpun [18-21]. Pesynsrarer Becex
HCCIIEZIOBaHUI CBUJICTEIBCTBYIOT O TOM, YTO MOPCKOM Jiesl APKTHKN CTAaHOBHUTCS TOHBIIIE.
OO0 3TOM TaKXe CBUAETEIBCTBYIOT KOCBECHHBIC OIIEHKH TONIIMHBI JIb/A 110 BO3PACTHOMY
COCTaBY JIEZSIHOTO TIOKpoBa [22]. OHaKO OLEHKH TOJIINHEI JIb/IA, OCHOBAHHbIE HA JJAHHBIX
CITyTHUKOBOTO JIMCTAHIIMOHHOTO 30HANPOBAHUS U YHCIEHHOTO MOJICTMPOBAHNS, XapaKTe-
PH3YIOTCS HEKOTOPOH CTENIEHBIO HEOIIPEIETICHHOCTH 1 TPEOYIOT ITPOBEICHUSI BEpH(HKAINT
C TTOMOIIBIO KOHTAKTHBIX M3MepeHUH. [10100HbIe cpaBHEHNS BBITIOJIHSIINCH, HAIIPUMED,
10 pe3ynbTaTaM JICIOBBIX HCCIENOBAaHUN BO Bpems skcnenummn «TpaHcapkrukay [23].
OnHako cpaBHEHHE M BEpU(PHKAIMS PE3yIbTaTOB KOHTAKTHBIX U3MEPEHHH MEXTOI0BBIX
M3MEHEHHH 3aTPYTHEHBI N3-3a MX HEPABHOMEPHOCTH M JIOKAIBHOCTH.

B cBs13u ¢ BhIIIECKa3aHHBIM KOHTAKTHBIE M3MEPEHHS TOIIIMHBI ITPUITAs Ha MOJISIPHBIX
CTAaHIMSIX SIBIISTIOTCSA YHUKAJIBHBIM MCTOUYHMKOM MH(opmanmu. OHM AOCTATOYHO TOYHBI
1 TIPEJCTABISIOT 3HAYUTEIBHBIA HHTEPEC N3-3a MPOAOIDKUTEIBHOCTH PsIIOB HAOMIONCHUH
B OJIHHMX M TEX K€ PEXHUMHBIX yCIOBUSAX U3 TO/IA B TOJI, YTO TO3BOJISIET OLIEHUTH U3MEHEHHS
TOJIIIMHBI JIbJIa B T€UCHHE JiecATHIeTHH. Llenbto qaHHON paboThI SBISIETCS OIIEHKA H3MEHe-
HUH TOJIIUHBI IPHUIAS B OCJIEIHIE AECATIICTHS, @ TAKXKE OIICHKA CBSI3H C N3MEHEHHUSIMHU
TEeMITEpaTypbl BO3AyXa M0 UMEIOIIMMCS JaHHBIM U3MEPEHHUI Ha TOJSPHBIX CTAHIUIX.

MATEPHAJIBI U METO/IbI

B pabote ObuM NpoaHaIM3UPOBAHEI IaHHBIE 110 PU3EMHOI TeMIIepaType Bo3ayXa
(ITTB) n Tonmmuue npunast (TI1), HakomIeHHBIE IO pe3ysbTaTaM U3MEPEHUH Ha psije Ha-
3eMHBIX MOJIPHBIX cTaHIUi Pocrunpomera. MaccuB JTaHHBIX MO TeMIEpaType BO3TyXa
JIOCTyIeH Ha pecypcax Pocruapomera, apxuB U3MEpPEHUN TOJIIMHBI JIbJla HA IpUIIae
¢dopmupyercs u xpanurcst B AAHWUU (He onyOnukoBaHbl).

PerynspHele u3MepeHus Ha MONSPHBIX CTAHIUSIX MPOBOJSTCS C cepeauHsl 30-X IT.
XX B. Hexoropsle cranumu 0buTH 3aKpbIThl B 1990-€ T, MX psi/ibl HAOMIOCHU I IPEepBaHBbI
1 TIOTOMY HE UCIIOJIb30BaIMCh B aHanu3e. J{ist nccnenoBanust ObUTH BHIOPAHBI MOJISPHBIE
cranuu Mopeit Kapckoro, Jlantebix, Boctouno-Cubupckoro u Yykorckoro (puc. 1):
uM. M.B. Tlonosa (0. bessbrit), Jlukcon, m. Ctepiierosa, MO um. E.K. ®enoposa (M. Ye-
JOCKUH), 0. KorenbHeiid, 6. Tukcu, np. CanaukoBa, Kurusix, Amoapunk, AoH, [1esek,
Banbkapkaii, M. bunnunre, M. Bankapem, M. YaneH. Papl JTaHHBIX 3TUX CTaHIIMA UMEIOT
MIPUMEPHO OJAMHAKOBYIO MPOIOKUTEIEHOCTH HAOIIOACHUH.

Bce crannuu pacnonaokeHsl Ha MaTepUKe WM OCTPOBAX, a U3MEPEHUs IPOBOJIATCS
Ha npunae. TonmmHaa npunas oOBIYHO MPEBBIIIACT TOJNIIMHY Apeidyromiero nbaa [24,
25]. Ilpumnaii o6pa3yercsi B OCEHHE-3UMHHI TIEPHUOJ] U TOCTUTAET CBOETO MAaKCHMAaIIbHOTO
pa3BUTHS B ampelie-Mae, pyu 3ToM Haubosee OOIIMPHBIN Npuail GopMHUPYETCs] B MEITKO-

312 IIPOBJIEMBI APKTUKH U AHTAPKTHUKH * 2023 * 69 (3)




A.B. Tumogheesa, M.B. [llapamynosa, V.B. Ilpoxoposa  A.B. Timofeeva, M.V. Sharatunova, U.V. Prokhorova

-
Y Py

; \ N

KH,M.B.R;IIIDBM Kspc P -:!oge

-
bl '/

%

\y ‘{ylecm:lcoe mo’pe

/ MO HMEK@ﬁnopu'h “Bocrongo- -Cubupexoe ™.

=M. ‘Iemopmm)

U e T Ngmé s

[06" 12LII° 14Erl° !66’5..![.
Puc. 1. Hazemnble nonsipable craniuuu Pocruapomera
Fig. 1. Roshydromet land-based polar stations

BOJTHBIX YaCTSIX MOpPEH: B CEBEpO-BOCTOUHOM yacTu Kapckoro, BocTouHOM yacTu JIanTeBbIX,
3anagHoil yactu Bocrouno-Cubupckoro mopeit [24].

V3MepeHust TONIIUHBI MTpUTIasi MPOBOAUIKNCH B COOTBETCTBUH ¢ HacraBneHueM ru-
JPOMETEOPOJIOTMYECKUM CTaHIUAM U mnocTaM [26] B mocrosHHOI Touke (IIT), Hemanexo
ot Oepera Ha n1yOuHE JHA He MeHee 2 MeTpoB. TpeGoBauus auist npunaiiHoro jbaa B 11T
CJIEIIYIOIINE: JIe]] JIOJDKSH OBbITh TIIAJIKUM, PABHOMEPHO MOKPBITHIM CHETOM U B IIEJIOM TH-
MUYHBIM IS IJaHHOTO paiioHa. Jlex nmpoOypuBaeTcs crienuaibHbiM OypoM (B Halle Bpems
¢ OEH3MHOBBIMH WJIM AJIEKTPUYECKUMU JIBUTATEIIMK), U o0nacTh B paguyce 10—15 meTpoB
sBisiercst pakruueckoit 1T, rue BeImonHsIOTCS Bee nocieayomue n3meperns. Coctas Ha-
OMrofeHUH BKITIOYAaeT U3MEPEHHE TOIIMHEI JIbJja U MPEBBIIICHUS HaJl TOBEPXHOCTHIO BOJIBI
(M TITyOMHBI TOTPYKEHHST), @ TAKIKE BBICOTHI U INIOTHOCTH CHEXKHOTO NOKpoBa. Vi3mepenust
MIPOBOAATCS. OJUH pa3 B Aekany. Eciu B Ha3HAYECHHBIN JIEHb UX HE yAaJOCh BBIIOIHUTD,
M3MEpEHHsI IPOBOASATCS B OIMIKANILNI A€Hb C ONArONpUsITHBIMU YCIOBUSMH IJIsl paOOTBHI.

ApxuB AAHNMU conepxut exeneKkaHble 3HAYCHUS U3MEPEHUI TONIIUHBI IPHUMas,
NPEUMYIIECTBEHHO C OKTAOPSI 110 MioNb. B psigax HaOMroneHui ecTh MPOITyCKH, TPUYMHON
KOTOPBIX MOIJIO OBITh OTCYTCTBUE HAOIIOACHHI B OT/JEIbHBIC TO/IbI, TPOOIEMBI C TIOCTY-
TUIeHHeM UH(OPMALMH 110 KaHaJIaM CBSI3U U «4esioBedeckuil pakropy». K coxanenuto, mo-
clie/Hee MOXKET ObITh OCHOBHOI MIPUYMHOM HE TOJIBKO MPOOEJIOB, HO M OMIMOOK B JaHHBIX,
Yero Tak)Ke HeJb3s MOJHOCTHIO0 HUCKIIOUUTD.

J1J1s1 BBITIOJTHEHUS OLIEHKH MEKI0I0BOM M3MEHYMBOCTH TOJIIIMHBI MPUIIasi ObUIN B3STHI
JIaHHbBIE ¢ HOSOPsI 1o Maid. J{J1st MUHMMM3ay OIMOOK B pacyeTax M OLEHKaX BCe COMHH-
TeJIbHBIC 3HAYCHHS MPOBEPSUINCH ITyTEM CPaBHEHUsI ¢ MH(OpPMaIMeld COCEIHUX CTaHIMM
(J1enoBbIe ¥ OTOJIHBIC YCIIOBHSI) U B ClIydae HECOOTBETCTBHUS HCKITIOUAINCH. Takxke Obun
HCKJIIOYEHBI HEKOTOPBIE CIIyYau, HE COOTBETCTBOBABIIHME 3aJa4yaM paOOThI: HAIpUMeED,
pe3Koe yBeIM4eHHUE TONIIMHEI 3a AeKaay (3HAUUTEIbHO MPEBbINIAIOIIee CPEIHNE MHOTO-
JICTHHE 3HAYCHUS HApacTaHUS TOJIIMHBI B ATU CPOKH) MHTEPIPETHPOBATIOCH KaK «IIOJ-
COB» JIbJIa B pe3yJIbTaTe AMHAMHUYECKUX MPOLECCOB U TopolleHud. Bee Takue ciydau u3
pacyeToB UCKIIIOUAINCH, KaK U Pe3yIbTaThl HAOMIOCHUH 1oce pa3pyueHus npumnas B [1T
U TIOCJEAYIONIeH CMEHBI TUIONIAAKH, a TAKKe CIyyal M3MEPEHUN Ha OCTAaTOYHOM JIbJY,
COXpaHMBIIEMC C MPEBIIYIIETo ce30Ha (Hanpumep, Ha o. KorenbHsblil B 1962-1963 rr),
MOCKOJIbKY HE COOTBETCTBOBAJIM 3aJlade OLCHKH Mpollecca HapacTaHHs JIbJa.
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Psnel aHHBIX 10 UyKOTCKOMY MOPIO MOXHO OXapaKTepH30BaTh KaK HEOCTATOUHBIC.
O06e paccMmarpuBaeMble CTAHIIMK TOTO MOPS ¢ JOCTYHHBIMU JaHHBIMH U3MEPEHHUH TOJ-
IIMHBI [IPUTIask UMEIOT 3HAYUTEbHBIE POITYCKN M 9aCTO COMHHTENIbHBIE 3HAUCHNUS (KaK Ha
M. Bankapewm). I3mepenns npaa Ha cTaHIH M. YareH ¢ 1990-X IT. mpoBOIMINCH KpaifHe
HeperyisipHo. HekoTopsle criopagndeckue 3HaUYeHHs, COOpaHHBIE 3a TOCIIEIHNE TOMbI,
pasymeeTcs, He MOTYT OTpasuTh peasbHylo cutyanuto. OHaKo, HECMOTPSI Ha CKyAHYIO
HaCBIIEHHOCTh JaHHBIMU B UyKOTCKOM MOpE, PsIIbl THX CTAHILUH TakKe ObUTH ITPUHSTHI
BO BHMMaHue. CUTyarus aHaJoTHYHa Ul HECKONIBKUX craHnuii Boctouno-Cubupckoro
Mopst (BCM), Takux kak Bampkapkait u M. bruimHrca.

Jns aHanmu3a ObUTH B3ATHI PAOBI JAHHBIX MO cTaHIMAM 70 2020 I. BKITIOUUTEITHHO
C Hayaya peryspHbIX n3MepeHuit (korer 1930-x rr.). ['oq Havama m3MepeHnit pasHUTCS
I10 CTAHIMAM, KaK ykazaHo B Ta0i. 1. ITo Temmeparype Bo3ayxa HCTIOIb30BAINCH JAHHBIE,
TIOJTyYEHHBIE Ha TEX JK€ CTAHIMAX, OCPETHEHHBIC 38 MECSII.

Tabruya 1

Oo0umas nHdopmanus o psiaax HaGI0IeHUIH
HA NOJISIPHBIX CTAaHUMAX Mopeil Poccuiickoil ApkTuKH
Table 1

General information about the observations series at polar stations of the Russian Arctic Seas

[lyskT HaOMIOACHUI XapaxkTepucTika T'on nauana qngggn{lﬂ le_g:{ ‘}’{r;y;f‘;)
uM. ITonosa (o. bensiit)| Temneparypa (cperHemecsiuHast) 1934 87 0
TommuHa Jbaa (exKeaeKaaHast) 1933/1934 88 17
JlnxcoH Temmepatypa (cpeqHeMecsyHast) 1916 105 0
TonmuHa b2 (exKeneKaTHas) 1916/1917 104 2
o. U3Bectuit Temmnepatypa (cpeqHemMecsaHas) 1959 62 29
TonmuHa baa (exeaeKaIHas) 1954/1955 64 4
M. Creprerosa Temmnepatypa (cpeaHeMecsuHas) 1934 87 0
TommuHa Jbaa (exKeaeKaaHas) 1936/1937 84 13
M. YerockuH TemmepaTypa (cpeaHeMecsaHast) 1932 90 0
TonmuHa b2 (eXKeneKaTHas) 1934/1935 86 7
6. Tukcu Temmnepatypa (cpeHemMecsiaHas) 1936 85 0
TonmuHa b2 (exKeaeKaIHast) 1940/1941 81 3
0. KorenpHblit Temmnepatypa (cpenHemecsyHas) 1936 85 0
TommuHa JibJa (exKeaeKaaHas) 1939/1940 81 2
mp. CaHHUKOBA TemmepaTypa (cpeqHeMecsaHas) 1942 79 1
TonmuHa b2 (eXKeIeKaTHas) 1942/1943 78 4
Kurumsax Temmnepatypa (cpeHemMecsiaHas) 1939 82 1
TomnmuHa paa (exeneKaaHas) 1939/1940 81 2
Ambapunk Temnepatypa (cpeaHemecsuHas) 1933 88 0
TonmmHa npaa (exenexagHas) 1938/1939 82 4
AlioH Temmepatypa (cpeqHeMecsaHast) 1942 79 0
TonmuHa b2 (eXKeaeKaTHas) 1942/1943 78 2
[leBex Temnepatypa (cpeHemMecsiaHas) 1942 79 0
TonmuHza nbaa (exenexagHas) 1941/1942 77 8
Banbkapkait Temmnepatypa (cpeaHeMecsyHas) 1935 86 4
TonmmHa b2 (exeneKagHas) 1935/1936 85 9
M. bumuarca Temmepatypa (cpeaHeMecsaHast) 1935 86 0
TonmuHa b2 (eXKeaeKaTHas) 1935/1936 85 17
Mpic Bankapem Temmnepatypa (cpeqHemMecsiaHas) 1935 86 2
TomnmuHa baa (exeneKaaHas) 1936/1937 84 29
Mpic Yanen Temmepatypa (cpeaHeMecsyHas) 1928 93 0
TonmmHa b2 (exKeneKaHas) 1935/36 85 47
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PE3VJIBTATBI U OBCYXKJIEHUE

B pesynbsrare 00paboTKH HCTOPUYECKHX JIAHHBIX U3MEPEHHMIT ObUIO BBHINIOHEHO CPaB-
Henue [ITB u TII na nomsipaeix cranimsix B Kapckowm, JlanreBbix, Boctouno-Crbupckom
n YykoTckoM MOpsix 3a coBpeMeHHbIH neproz (2005-2020 1) ¢ 1aHHBIMU HAOJIOACHUH 3a
nepuon ¢ 1930-x rr. 1o 2004 t. [pouece JienooOpa3oBaHus Ha aKBaTOPHH, HPUIICTAFOIICH
K TIOJISIPHBIM CTaHIUAM, NPEUMYIIECTBEHHO HAYMHAETCSI HA YUCTOM BOJIE, MOCKOJIBKY B TIO-
JIaBIISTIOILEM OOJIBIIIMHCTBE CIIy4aeB IPUIIaid MOJHOCTBIO pa3pyIlaeTcs 3a JeTHUH nepuox [24].
DopMHUpOBaHUE NTPUMNAs HAYMHAETCS MPH TOJIIIHE MOJIOAOTO JibAa 6—8 ¢M, HOCTENIEHHO Hapac-
Tast U PacIIMPSIACH B XO€ 3UMHETO CE€30Ha, OH JIOCTUIAaeT CBOEr0 MakCHUMyMa B arpelie-Mae.

MHoroJieTHsisi ©3MEHYUBOCTh MAKCHMAJbHOW TOJIIMHBI IPHIast

Jlnst masbHeHIero aHanmsa MCob30Baiach MAKCHMaIIbHAsT TOJIIMHA JIba, 3a)HKCH-
pOBaHHAsI B KayKJIOM TOZIOBOM Lmkie. Ha puc. 2 mpencraBieHsl puMepbl MEKIoJJ0BOH H3-
MEHUYMBOCTH MaKCHMaJIbHOM TOJIIMHEI JIb/1a HA HECKOJIBKUX TTOJISIPHBIX CTAHLHSAX B KOKIOM
U3 paccMarpuBaeMbIX Mopel. HecMoTpst Ha To, 4TO 0OIIME TEHIEHIIMN OJMHAKOBBI IS BCEX
POCCHIICKHIX apKTHYECKHX MOPEH, pa3BUTHE THAPOMETEOPOJIOTHUECKUX U JIEIOBBIX IIPOLECCOB
B Ka)KJIOM U3 MOPEH HIMeeT CBOM PeXKUMHBIE 0COOeHHOCTH. OCHOBHBIE CTATUCTUUECKHE XapaK-
TEPUCTUKH MEXT0/I0BOI N3MEHUMBOCTH MakcuMaibHoi TTI nmpuBenens! B Ta0u. 2. Xapakrepu-
CTUKH OBUTH PaCCUMTAHBI JUISl BCETO Psijia HAOMIONECHHH, a TaKkKe OTIEIIBHO IS HCCIIeTyeMbIX

neprooB: coBpeMeHHoro 15-nerHero (2005-2020 ) u nepuona ¢ 1930-x rr. 1o 2004 .
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Puc. 2. MexrooBasi ©3MEHYMBOCTh MAKCHMAaJIbHOH TOJIIMHEI JIbJA 110 H3MEPEHUSIM Ha TOJSPHBIX
crarnusx: a) ukcon (Kapckoe mope), 6) o. Kotenpasriii (Mope JlanTeBbix), 6) AMOapunk (Boctou-
HO-Cubupckoe Mope), 2) M. Barkapem (UykoTckoe Mope); anmmpoKCHMAIIHs BRITIOIHEHA TIOTHHOMOM
6-if creneHn

Fig. 2. Interannual variability of the annual maximum ice thickness measured at polar stations: @) Dixon
(Kara Sea), 6) Kotelny Island (Laptev Sea), 6) Ambarchik (East-Siberian Sea), ) Vankarem Cape
(Chukchi Sea); the approximation is performed by a polynomial of the 6th degree
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A.B. Tumogpeesa, M.B. [llapamyrosa, V.B. IIpoxoposa  A.B. Timofeeva, M.V. Sharatunova, U.V. Prokhorova

MaxkcuManbHas TOIIINHA TIPUIMAs CEPhE3HO BapbUPYET OT rojid K TOAy W MMEET
3HAYUATENBHBIN pa3Max konebanuit (55—131 cm) 3a Bech psia HaOMIOACHUI HA CTAHIIHAX.
VI3MeHeHus TONIIMHBI JIbJ]a HA MOABIIAI0IIEM OOJIBIIMHCTBE CTAHIUI UMEIOT BEIPAKECHHBIH
oTpuIaTeNbHBIN TpeHa. HekoTopsle cTaHIyy, B 0ocHOBHOM B KapckoM Mope, TTOKa3bIBatoT
YETKO NPOCIICKUBAIOIINECS JOITONEPHOIHbIE KoseOaHus 0koi0 30 JIeT CO 3HaUNTEIbHBIM
YBEJIMYEHHEM TOMIIUHBI Jibaa B 1960—-1980-¢ rT. DT0O BIONHE comacyeTcsi ¢ paHee BbI-
SIBIICHHBIMH KJIMMAaTHIECKUMHU KoJIeOaHUAMH W nukiamu [9, 10].

CpenHss TOJNIIMHA JIbAa HA MOMEHT MAaKCUMAJIBHOTO PAa3BUTHS B alpelie-Mae Ko-
nebnercs B mpenenax 135-221 cm mo craHmmaM, HanOoJee TONCTHIN Jiex HaOmoaaeTcs
Ha cTaHmusx Mops JlanreBbix. Hambompmas TommuHa (256 cM) 32 BCIO UCTOPHIO Ha-
OmoneHuit OpuTa 3adpukcupoBana Ha 0. KorenpHbIi B ce3oHe 1984/85 1. AGcomoTHBIC
MaKCHMYyMBbI TOJIIMHBI JIbJja (MaKCUMaJIbHbIE 3HAUEHHs 3a BECh psii HaOmroneHuil) Ha
BCEX CTaHIUAX Habmromanuch B mepuof 1o 2005 1., a Bce aOCOMIOTHBIE MUHUMYMBI —
nocie 2005 r. (Tabu. 2).

3a 2005-2020 rr. ToMmMHA A2 HA MOMEHT MaKCHMAaJIbHOTO HapacTaHUsS B arpe-
Je-Mae CHH3MJIach Ha 2—32 ¢M IO CTAaHIMSM B CPaBHEHHH C IPEIBIIYIINM IIEPHOIOM.
B cpennem Ha Bcex cranuusax Poccuiickoii ApKTUKM TOJILMHA IPUIIAHHOTO JIbJA COKpa-
tiiach Ha 8 %. HanbGonbime n3menenus HaOmonarorcst Ha craHusax Kapckoro mops,
IJie TOJNIIMHA MPHIas HA MOMEHT MAaKCHMaJIBHOTO HapacTaHWsl yMEHbIIWIach Ha 13 %
(manGomnpiee yMeHbIICHHE OBIIO 3aMKCHPOBAaHO Ha cTaHuuM 0. M3Bectuit — 18 %).
Hanee uner Boctouno-Cubupckoe Mope ¢ yOBUIBIO TONIIUHE bAa Ha 9 %, a Takke
mops JlanTeBbix n Uykorckoe — Ha 5 %. CTOUT OTMETHUTBH, YTO O YETHIPEM HOJIIPHBIM
CTaHIHUAM MOps JIanTeBbIX CHM)KEHHUE TOJIIMHBI TIPHUTIask KoJieOneTcst B HeOOIbIIOM na-
nasoHe, B rpezaenax 2—6 %. B To Bpemst kak pa3dpoc 3HaueHnit 1o craHmsaM YyKoTCKOTo
Mopst 10cTaTouHo 00mb0i — oT 1 710 10 %. D10, BeposiTHO, 00YCIIOBICHO PA3IMYHBIMU
PEKUMHBIMH OCOOEHHOCTAMH CaMHUX CTaHIMK Mops. ['eorpaduyecku cTaHIMK pacIono-
JKEeHBI He Onu3Ko. Tak, MbIc YaJeH, camast BOCTOYHAS CTAHINS, HAXOIUTCS MO/ CHIIbHBIM
BIIMSIHUEM aTMOC(EPHBIX U OKEaHWIECKHX IpoleccoB bepunrosa mopst 1 THXOOKeaHCKOTO
CEKTOpa, a PEeKMMHbIC XapaKTEePUCTHKN CTaHIMU BaHkapem Onmke K XapaKTepHCTHKAM
KOHTHHEHTAJIBHBIX cTaHIUH BocTouno-Cubupckoro Mops.

Tonpko /1BE cTaHIMM M3 BCEH BBIOOPKH HE JIEMOHCTPHUPYIOT MHOTOJETHUH OTpH-
narenbHbI TpeHn MakcumansHOi TII: 0. KorenpHsiil (B Mope JlanteBbix) u Bankapem
(B8 YykorckoMm mope). TomnmuHa gb1a Ha 9TUX CTAHIMSAX MPUOIMKAETCS K CPEIHEMHOTO-
JICTHUM 3HAUCHMSIM HA MOMEHT MaKCHMaJIbHOTO Pa3BUTHS, YTO Ha CTaHIMHU 0. KoTenbHbIH
MOXXET OOBSICHATBCS PEXKUMHBIMHA 0cOOeHHOCTsIMH. OfiHaKo T cTaHIMKM Bankapem 310
CKOpEee BCETO OOBSICHAETCS] HEKOPPEKTHOW OLIEHKOH M3-3a HAJIMYHUs OOJNBIIOr0 KOJIHYe-
CTBa IIPOITYCKOB B PsijiaX JaHHBIX, KOTOPBIE HE JAIOT B TIOJHOI Mepe OIIEHUThH BEINYNHY
M3MEHEHUU. AHAJIIOIMYHAsl CUTYalMsl CKJIaJbIBAE€TCA U Ha APYTrOd MOJIIPHOM CTaHLMHU
YykoTckoro Mopsi, Meic YaneH. Ouenka m3meHeHuid TII B UykoTckoM Mope, BeposTHEe
BCETO, SIBIISICTCSI HETOYHOM.

Ce30HHOE HapacTaHHe TOJIINHBI MPHUTIAs
Jli1s1 aHaIM3a MCITONB30BAIUCH CXKeICKaHbIC JaHHBIC 3a CE30H: C OCCHHHMX MECSIICB
OJHOTO TOfa, KOTJ]a HauWHAeTCs MPOIeCcC JIeT000pa30BaHusA, IO BECEHHHE MECSAIIBI I10-
CIIEAYIOIIETO TO/a, KOT/Ia Pa3BUTHE IMPHIIAs TOCTUTAET CBOETO €KETOIHOTO MaKCHMyMa.
Ha puc. 3 npencraBneH ce30HHBIN X0/ HApaCTaHUS TONIIMHEI JIbAA. PSIbl TaHHBIX CTaH-
U OBUTH OCPEIHEHBI 10 KaXKIOMY OTACIHHOMY MOPIO 3a /Ba repuona. OueBHaHO, 9TO
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OKEAHOJIOI'MA OCEANOLOGY
B TeueHue 15-nerHero nepuona ¢ 2005 r. nmpouecc HapacTaHUsS TOJILLIUHBI JibJla HA BCEX
CTaHIUAX MPOUCXOANI TOPa3I0 MEAJICHHEE, YeM B MPEIBIAYIIHHA MePUO]] HAOIIONCHIH.
Tax, noctmxenue tonmuuel 100 cM npoucxoaut Ha 1-2 nekazasl nozxe, yem 1o 2004 r. Ha
HEKOTOPBIX CTaHIuUAX (0. bernsrid, 0. VI3BecTnii) 3T0 MPONCXOMUT Ha 3—4 IeKaIbl TO3IHEe.
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Puc. 3. Tlongexagnoe HapacTaHKE TONIIUHBI JIB/A, OCPEAHEHHOE IO CTAHIMAM KaXKJ0T0 MOPSI 33 IEpH-
onpl: (1) Hawano HaOmoneHwnid — 2004 1. 1 (2) 2005-2020 rT.: ) Kapckoe mope, 6) mope JlanTeBbIx,
6) Bocrouno-Cubupckoe mope, ¢) UykoTckoe Mope

Fig. 3. Seasonal course of SIT development averaged over the periods (/) the beginning of observations

— 2004 and (2) 2005-2020: a) Kara Sea, 6) Laptev Sea, 6) East-Siberian Sea, ¢) Chukchi Sea

Paznuna TII Ha MONMSPHBIX CTAHLMAX 32 KOKAYIO JIeKa/ly B TEUSHHE 3UMHETO Ce30-
Ha MEX]y HCCIIeAyeMbIMHU MEPUOJaMH Ipe/cTaBieHa B Tabu. 3. Bennunna n3ameHeHui
B CE30HHOM XOJIE€ Pa3HUTCS 110 CTAHIMSM: Ha OJHUX JIMAIla30H 3HAYCHUI HEBEJIHK B Te-
YeHHUe BCEro Ieproja Hapactanus (kak Ha 0. Tukcu, —7—13 cm), Ha Ipyrux HaOmomaeTcs
OoJIBIION pa30poc 3HaueHMI 3a ce30H (Kak Ha 0. KorembHbIil, —3—-32 cm). Haubonbmime
M3MEHEHHMS B CPEIHEM 3a Ce30H HaOItoatoTcst Ha 0. M3BecTuil (cpejHece30HHOE 3Haue-
Hue —26 cm), Ha M. bunmnarea (—26 cm) u Banbkapkait (—23 cm). K coxxanenuto, psiibi
JAHHBIX CTaHIMi M. bumnnrca u Banbkapkaii, Kak yxe OTMeuajaoch paHee, colepiKar
00JIBILIOE KOJIMYECTBO MPOIYCKOB ¢ 1990-X IT., T03TOMY CTOUT yYUTHIBATh, YTO 3HAUYCHHMS
OCpEHEHUH MOTYT ObITh HETOYHBIMHU.

B nenom Bce cranumyu Kapckoro Mopst I€MOHCTPHUPYIOT MEJIEHHOE TTIOCTENEHHOE
HapacTaHWe U3MEHEHHUH ¢ HOSIOPS K KOHILY pa3BUTHUS JISISTHOTO MTOKPOBA U €r0 TOJIIMHEI,
T. €. K anpeinto—maro. B cpennem 3a ce3on (HosiOpb—Maii) TII Ha crannusx Kapckoro mopst
cokparuiiack Ha 15 %. B Boctouno-Cubupckom Mope Takke pUKCUPYETCsl YMEHbIICHHE
cpennece3onnoit TII Ha 15 %, npu 3TOoM HaONIOAAIOTCS IOBOJIBHO KPYIHBIE H3MEHEHHMS
Ha IPOTSDKEHUH BCEro Ce30HHOro xoia. Ha cranmmsx mops JlanteBbix Haubosee 3HaUM-
TesbHble n3MeHeHus ¢ 2005 . 3aduKcHpoBaHbl B Havyalle MpoLecca PasBUTHS JICISTHOTO
MOKpOBa. DTa 0COOEHHOCTH XapaKTepHa JUlsl CTaHIIMH, pacrookeHHbIX Ha HoBocnOupekux
0-BaxX, HO HE JUIsl KOHTMHEHTAIBHOH cTaniuu 0. Tuken. Mope JlanTeBbIx JeMOHCTPUPYET
HaMMEHBIIIee Cpe/iu PYTUX Mopeil cokparieHus cpeanece3onnoi TI1 3a nocnennue roysl
(-9 %). B cooTBeTCTBUM C BHINOIHEHHBIM aHAJIMU30M MMEIOIIUXCS JAHHBIX, HA CTAHIUIX
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OKEAHOJIOI'MA OCEANOLOGY

Uykotckoro Mopst cpennecezonHoe cHmkenne TII cocraBmio —12 %. OmxHako 3T0 3Ha-
YeHHE MOKET OTIIMYATHCS OT PeajbHOTO, TIOCKOIBKY 3HAYUTEIBHBIC TIPOOEITBI B TaHHBIX
B TEUCHHUE BCETO CE30HA HE TIO3BOJIIIOT KOPPEKTHO W TOYHO OICHUTH ITPOUCXOMISIIIE H3-
MEHEHHs, 0TOOpakasi JIUIIh TCHICHIIUIO.

B menom ocpenHeHHBIH O BCEM CTAHIWSAM CE30HHBIN XOI HapacTaHUs JIbIA TO-
Ka3bpIBaeT OoJiee 3HAYMTEIIbHBIC M3MEHEHUS Ha HAYaJIbHOM JTarle, C HOSOpS 10 KOHIIA
staBaps (1621 cm), 3aTeM HHTEHCHBHOCTH M BEITMYMHA H3MEHEHHI HEMHOTO CHIDKAIOTCS
(13—15 cm). D10 CBsI3aHO CO CMEIIEHHEM CPOKOB Hadalsia TPOIEeCCOB JIET000pa30BAHUS
OCEHBIO0 Ha 0OoJiee MO3HHUE B apKTHUECKUX MOPSX B mociemanue rogsl [7, 27]. Jlemo-
00pa3oBaHUE CPEH OCTATOYHBIX JIHIOB OOBIYHO IIPOUCXOAUT rOpasao Oojiee MHTEHCHBHO.
OpHako B MMOCIIEAHUE TOIBI W3-32 aKTHBHOTO IPOIIECCa TasTHUS W YMEHBIICHUS TUTOIIAIN
pacmpocTpaHeHUs JIba K OKOHYaHHIO JIETa JIEI000pa3oBaHe HAUWHACTCS MPEHMYIIIe-
CTBCHHO Ha YHCTOH BOJAE W pa3BUBAETCS ITOBONBEHO MeuteHHO [28]. B cpemnem ams Bcex
paccMmarpuBaeMbIX cTaHIuil cHkenne cpennece3oHHoi TII cocrasmster 12 %.

HN3meHeHMe NPpU3EeMHOIl TeMIIepaTyphbl BO31yXa

ITockonbky popmMupoBaHHUE JIbAa M HAPACTAHUE €TI0 TOJIIMHBI TECHO CBS3AHBI C aT-
MocdepHBIMH IpoIIecCaMt, TEMIIEPATYPON BO3yXa, JAHHBIE TEX K€ MOMSPHBIX CTAHIMN
OBUTH ITPOAHANN3UPOBAHBI U OLEHKH OOIIMX TEHACHIMH M M3MEHEHHUH, a TakxkKe Olle-
HEHBI N3MEHEHHS TAaKOTO TOKazaTels, Kak cCyMMma rpamyco-gaei moposa (CIIM). Ipu
moucke cBsi3u m3MeHeHust CI/IM ¢ mupkyssmuei atMocdepbl HCIIOIb30BaJICs MHICKC
apkrrueckoro xonebanms (AO, Arctic Oscillation) [29]. Manexkc AO sBusieTcss oqHON
13 BOKHBIX XapPAKTEPUCTHK KPYMHOMACIITAOHOW IUPKYISAUHA B apKTHUECKOM PETHOHE
B 3uMHHUH nepuo. [TomoxurensHas (a3a WHAEKCa COOTBETCTBYET (a3e mpeolaganus
TTOHIKEHHOTO JaBJICHUS Hal ApPKTHUKOH, KOTIa IITOPM-TpeK (jet stream) cMmemaercs Ha
CeBEp, TEM CAMBIM IIUKJIOHBI U IEPEHOCHMOE NMH TEIIO TAKXKEe 3aTATHBAIOTCS IO BHICO-
KOITMPOTHBIM TPACKTOPHUAM Aajieko Ha cesep. [Ipu oTpumarenshoi gaze AO, Ha0060pOT,
CMEIIEHNE NTPOUCXOUT K IOTY, TPACKTOPHH LINKIOHOB CTAHOBATCS 00JIe€ HU3KOMINPOTHBI-
mu. Koadpduument xoppermsimun mexay CIZIM u pasamu nanekca AO cocrasiser —0,39
U sBJsIeTCs 3HAYUMBIM Tipu ypoBHE 0,01. Bo BpeMeHHOM H3MEHYNBOCTH WHAEKCA aTMOC-
¢epHoit upkymsinnu AO BbIAEIAETCS HECKOIBKO ATUTENBHBIX MEPHOIOB MPpeolaiaHus
omHOH U3 (a3, T. e. mpeodaganue KaKoro-To OJHOTO THUMA MUPKYIAIUN. OIUH U3 TaKUX
TIEPHUOOB MPeodIaiaHms MONOKUTETbHOH (a3er AO Hawasncs B 2008 T. 1 IpoaomKaeTes
B HACTOsAIIEE BPEMs. DTO MO3BOJIAET MPEANOI0KNUTh, YTO MPOLIECCH], HAOTIOAAIOMINECs
¢ 2005 r., cBs3aHBI HE TOIBKO C KoyeOaHusaMu uHAekca AQO, HO €ro MOJIoKUTEIbHAs (haza
BO MHOTOM YCHJIMBAeT MPOLECCH KIMMAaTHIECKNX W3MEHEHMH, HaOmonarommecs B Ap-
KTHKE W BIMSIOMINE, B TOM YHCIIE, Ha TOJIIMHY JIbJA.

M3MeHeHns MpU3eMHOM TeMIepaTypsl BO3LyXa HAOMIONAI0TCS B TEUCHNE BCETO T0-
JIOBOTO [IMKJIA, OTHAKO MPOSBIIAIOTCS ¢ Pa3HOH MHTEHCHBHOCTBIO 110 MOPSIM M CE30HAM
rona. C 2005 . mabmromaercs poct cpennemecsanoi [1TB Ha 0,1-6,4 °C mo craHIusm,
3a MCKIIIOYCHUEM CTaHINK BaHkapeMm, T71e B sHBape HaOmomaercs cHmkenne [1TB Ha
0,3 °C. 3nauenns usmenenuii cpeqaemecsaHoit [ITB mo BceM cTaHIUAM U B CpEeIHEM TIO
MOPSIM MEKIY HCCIIETyeMBbIMH ITEpUOAaMH MpruBeIeHb! B Ta0m. 4. Hanbomsmmmii poct I1TB
¢ 2005 r. HabmomaeTcst Ha ctaHIUAXx Kapckoro Mopsi. MakcuManbHOE 3HAUYCHUE N3MEHe-
HUH cpemHeMecsuHOH Temmeparypsl (6,4 °C) 3adukcrpoBaHo Ha cTaHINH 0. M3BecTuii
B Mapre. [l Becex crannmit Kapckoro Mops xapakTepHO HanOoIee CHIIbHOE MOBHIIIICHIE
TEeMIIepaTypsl B 3MMHE-BECEHHIE MECALBI (STHBapb—anpens, Ha 2,9-6,4 °C) u B 0OCeHHUH
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nepuo (OKTIOps—1exadpp, Ha 1,4-5,3 °C). B mopsix JlanteBrix, Boctouno-Cudbupckom
1 UyKOTCKOM 3HAYUTENbHOE IMOBLINICHHE TemrepaTypsl Ha 1,4-6,1 °C nabmromaercs
B OCEHHHE MeCsIIbl (OKTAOpb—1ekadpp): pa3HHUIIA C MPEIBIYIIM MEPHOIOM TI0 CTAaHIHAM
BCM B st Mecssr 3,3-6,1 °C, cranmun YyKOTCKOTO MOpS TIOKa3bIBAIOT HAHOOJbBIICE
yBenuueHue B aekadpe 5,1-5,3 °C. HamMeHsbIas pa3HUIA ¢ TaHHBIMH HAOITIOICHUHN 110
2005 1. Ha BCceX CTAHIMAX HAOJIOMAETCs B JIETHHE MECSIBI, 0COOEHHO B MIOHE U HIOJIE
(0,1-1,7 °C), a Taxxke B stHBape B Mopsix JlanreBbix, Boctouno-Cubupckom i YykoTckoM
(o1 —0,3 1o 2,9 °C). B menom ocpemHeHNE IO BCEM CTAHIIAM IEMOHCTPUPYET HANOOTbIITHE
W3MEHEHHUS B OCEHHHHU TepHoa (OKTSIOpb—aekadph). DTOT (PaKT XOPOMIO cOoTiiacyeTcs co
CMEIICHHEM CPOKOB Havaia JIeIo00pa3oBaHus, Oosiee MeIEHHBIM MPOIIECCOM HapacTaHHs
JpJa ¥ O0osiee HU3KUMU 3HaueHussMu TI1.

Tabruya 4

H3smenenus cpennemecsiunoii IITB 3a 15 et ¢ 2005 .
10 CPABHEHUIO ¢ NMPeALIIYIIUM nepuoaoM Hadsronenuni (°C)
Table 4

Monthly surface atmosphere temperature values of changes over the recent 15 years (°C)

Cranuus I |0 |m|1v| v |vI|vi|vi| X | X | XI|XII| Cpeanee
0. Bermpiit 38148373221 (12]22]13(20/(28](29]|34| 28
JlKcoH 39002903938 1,9] 1621122127 |14]24] 25

o. U3Bectuit 631596454 (35[1,0]14(29(3,0]50]|53]|34 4,1
M. CrepmuroBa | 4,6 | 3,2 40 (52 (21 (1,2 1,0 1,7]25]4,0]3,6(2,1 2,9
M. Yenmtockna 42138 3,7(41(124]1,0]0,1|1,3[2,6]50]4,7]2,8 3,0
Kapckoe mope | 4,6 | 4,1 |43 43124 (12|13 |1,7]|24|39]3,6]3.,6 2,8
6. Tukcu 29101127 (34[1,7|1,7|12]19]1,6|26]|3,7]14 2,1
o. Korenbuptit | 2,4 (2,2 12,6 4,1 (2,1 [1,3]1,0]2,1(27]42]|44]|23 2,6
np. Cannukosa | 2,6 | 1,9 {24 13,712310,5(03 | 1,8[2,7]5,0]5,0]2,8 2,7

Kurnsix 20| 1,523 (3,121 ]1,1108[22]|241|44]5,11]2,6 2,5
Mope Jlanresbix | 2,5 | 1,4 | 2,536 (2,1 1,208 2,0 (2441|4623 2,5
Ambapunk 1,1 108127128 |19(13]14]20/(2,1]33]51]29 2,3
AlioH 091231252915 (1,1|1,62,0]28]|49]57]4.,6 2,7
TleBek 0511,7(123|21|1L,7[12]14|19]2,6]|48]6,1|42 2,6

Banbkapkaii 1,3(125(129(2821(06]1,6(20(29]51]6,1]|52 2,9
M. Bummarca 05127124122 (1,7(05|1,3|1,7]27|49]52]43 2,5
Bocr.-Cub. mope | 0,9 | 2,0 2,6 (251,809 1,4 1,9]2,6|46]56]42 2,6
M. Bankapem 033,622 | 141812 1,1|1927]52]|45]|5,1 2,5

M. YaseH 0,81391 1,711,818 |1,61,1|1,4]20133]4,01]5,3 2,4
Yyxorckoe mope| 0,2 [ 3,0 | 2,0 [ 1,6 | 1,8 | 1.4 | 1,1 | 1,723 42|42 |52 2,4
Cpennee 2312713003320 1,1[1,2[18|2,5|42]|46]34 2,7

IIpumeuanue. KpacHbIM BbIICJICHBI HAMOOJIBILIME 3HAYEHUS U3MEHEHUs Temiieparypsl (cBbiiue 5,0 °C); opan-
JKeBBIM KpymHbIe u3MeHeHus (3,5-5,0 °C); romyObIM BblACIEHBI HaNMEHbIINE n3MeHeHus (meree 1,5 °C).

Note. The largest values of temperature changes (over 5.0 °C) are highlighted in red; large changes
(3.5-5.0 °C) are highlighted in orange; the smallest changes (less than 1.5 °C) are highlighted in blue.
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Tunuszauust 3MM U cymMMa rpajayco-aHeii Mopo3a

Taxoil moka3zarenb, Kak CyMMa Ipagyco-JHed Mopo3a, XOpOIIO MOAXOAUT I CO-
BMECTHOH OLIEHKU N3MEHEHUN TeMIIepaTypsl BO3AyXa U HapaCTaHUS TONIIUHEI JIbJa. 3a-
BUCUMOCTbH TONIIMHEI 1b7a 0T CIJIM u3ydanack MHOTUMH aBTOPaMH U JOBOJIBHO XOPOIIO
u3BecTHa [30-32]. CypoBOCTh 3UMHETO MEPHOAA ABISETCA BaXXHBIM MapaMeTPOM JIst
OLIEHKM KIuMartuueckux usMeHenuil, 1 CI'JIM ucnons3yercs Ui onpesesieHus KpUTepren
Y MHTEPBAJIOB JUIs BBIAEICHUS TUIIOB 3UM B 3aBHCUMOCTHU OT UX CYpOBOCTH. B cooTert-
CTBHH C METOJIOJIOTHEH, ONMCaHHOM B MOHOTrpaduu [33], psibl JaHHBIX KaXKJOH paccMa-
TPHUBAEMOM TOJSIPHOM CTAHIIMY OBLIH MPOaHAIN3NPOBAHBI, IO PE3yJIbTaTaM pacCUUTaHbI
KPUTEPHH U UHTEPBAJIbI, IO KOTOPBIM ONPEAENICHBI TUITBI 3UM JUISI KaXJI0TO TOfla C Hadana
HaOmonernit 1o 2020 r. (tadn. 1). B npenenax BoieneHHbIx auanazoHoB CIJIM 3umbl
knaccuduimpyrorcs kak cypossie (C), ymepennsie (Y) u msrkue (M). Cpennue 3Ha4eHUs
CI'/IM u moBTOPSICMOCTH THITOB 3UMBI JIJIsI KAXKJIOW CTAHIIMH CONEpPXKATCS B TaOI. S.

Bce cranmmn nemonctpupytor camwkenne CIZIM ¢ 2005 1. na 10-26 %. Haubonee
3HAUUTENIFHOE CHI)KEHHE HabmronaeTcst Ha crannusix Kapckoro mops 19 %, B mope Jlan-
TeBbIX 1 BocTouno-Cubupckom Mope ymensmenue CIJIM cocrasmio 15 %, B UykoTckom

Tabnuya 5

Cpennue 3nayenusi CI'’/IM u noBropsieMocts cypoBbIX (C), ymepenHbIx (Y) u Msarkux (M) 3um
3a uccJieryemMblie epuoabl BpeMeHH
Table 5

Mean values of sum of the frost degree-days and the repeatability
of severe (C), moderate (¥) and mild (M) winters for the time periods investigated

CIJIM, C° TloropsieMocTh THTIOB 31UM, % Kooda. Koadp.
[onsipHas 110 2004 2005-2020 KOPPEJSIUK | KOPPEISIIUAI
CTaHIUA 2005— CI'ZIM/cpenne- | CI/IM/maxkcu-
10 2004 2020 C|Y|M|C|VY |M| cesonnasn TII | mamsHas TII
o. bensrit 4084 3364 (20|68 | 12| 0 | 33|67 0,7 0,7
Jnkcon 4497 3778 | 20|67 |13 | 0 | 47 | 53 0,8 0,8
0. U3BecTuit 4900 3626 |44 (52| 4 | 0 |27 |73 0,7 0,6
M. CrepiuroBa | 5255 4363 16 |67 7 | 0 |33 |67 0,6 0,5
M. UemocKuH 5445 4436 [ 22169 | 8 | 0 | 20| 80 0,6 0,6
Kapckoe mope 4836 3913 241671 9| 0 | 32|68 0,5 0,4
0. Tukcu 5342 4820 |23 |61 (16| 0 |47 |53 0,5 0,6
0. Kotenbubrit 5509 4732 [ 25|71 4 | 0 |20]80 0,4 0,3
np. Cannukosa | 5596 4812 [25(68| 6 | O | 7 |93 0,5 0,3
Kurumsx 5377 4510 (26|70 5| 0 | 0 |100 0,4 0,3
Mope JlanteBeix | 5468 4662 (24|64 11| 0 | 20| 80 0,7 0,6
AMbapunk 5045 4452 (21169 | 10| 0 | 25|75 0,5 0,5
Aiion 4985 4272 [ 23|71 6 | 0 | 20| 80 0,4 0,3
IleBex 4543 3748 | 25159 |16 | 0 |40 | 60 0,4 0,4
Banbkapkait 4714 3937 16|76 | 8 | 0 [ 25|75 0,4 0,4
M. Bunnunarca 4775 4021 1974 7 0 |40 ]| 60 0,3 0,5
Boct.-Cub. mope| 4812 4086 |21 (70 9 | 0 | 25|75 0,4 0,4
M. Bankapem 4187 3509 [20 (71| 9 | O | 40| 60 0,3 0,4
M. YaJeH 3228 2700 1175114 0 |50 |50 0,4 0,4
Uykorckoe mope | 3708 3105 16 |73 | 11| 0 [ 45|55 0,3 0,5
Cpennee 4685 4030 (24|70 6 | 0 | O |100 0,6 0,8
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Mope — 16 %. 3a mepuon 2005-2020 rr. B cpeqHEM TIO BCEM CTAHIIMSIM ITOKA3aTeIb
CI'ZIM cokparuics Ha 14 %, MakcuManbpHOe TajgeHne 3adukcupoBano Ha o. V3BecTuit
(Kapckoe Mope), Hanmenblee cHmkeHue B 0. Tukcu (Mope JlanreBrix).

B mepuon mo 2005 1. cypoBBIe 3MMBI HAOMFOAATIICH Yallle, YeM MATKHE, 3Ta 0COOCH-
HOCTh XapaKTepHa MPAKTUYECKH U KaXAoi ctaHiumu. Camas HU3Kas MOBTOPSEMOCTH
CYPOBBIX 3UM H camas BEICOKasl IIOBTOPSEMOCTh MATKHX 32 ATOT MEPUO]] HAOIOIaIacs Ha
CTaHIUAX UyKOTCKOTO MOpSsI, YTO YKa3bIBACT HA ero 0oJiee MATKUE YCIOBHUS 110 CPABHEHHIO
¢ apyrumu Mopsimu. [IpeoOnagaHue MOBTOPSIEMOCTH YMEPEHHBIX 3UM HAOIIOIaoCh Ha
Bcex craHmuax a0 2005 r. 3a 15-netnuit nepuox ¢ 2005 1. HU HA ONHOW W3 CTAHIIMU HE
OBIJIO OTMEYEHO 3WMBI, KOTOpasi COOTBETCTBOBAJNIA OB KPUTEPUSM CYypOBOM, TIPH STOM
MTOBTOPSIEMOCTh YMEPEHHBIX 3UM YMEHBIITUIIACH, & YACTOTAa MATKUX 3UM YBEIHYIJIACh HA
36-95 % B 3aBHCHMOCTH OT cTaHIMU. Habmromaromeecs B moclienHee BpeMsl CMATUCHHE
3MMHETO Ce30Ha MOYKHO OOBSICHUTE MPEOOIafaHIeM OIOKUTEITFHON (a3l APKTHIECKO-
ro xojebannst AO u, COOTBETCTBEHHO, CMEIIEHNEM aTIaHTHYECKUX IIMKJIOHOB 110 OoJee
BBICOKOIIIPOTHBIM TPAEKTOPHUSAM C MPHBHOCOM TEILIA.

Camxenne CI'JIM oxa3piBaeT 3HAYUTEIHHOE BIMSIHNE KaK HA MAKCHUMAIBHYIO TOJ-
IIFHY JIbJIa, TaK ¥ Ha CPEIHECE30HHYI0 (OcpenHeHue 3a HosOpb—Maii). CooTBeTCTBHE
m3menennit CI'/IM mMakcuMansHOHN U CpeTHECe30HHOH TOMIINHE JIb]a TOKa3aHo Ha pHuC. 4.

OueBnHO, uto cHmkeHne CI'JIM xoporio coracyercs ¢ U3MEHEHUSIMU CPEIHECE30H-
HOM M MaKCHMAaJIbHOM TOJIIIIMHEI JIbIA HA CTaHIVIX. HanOonbIas Bemuraa n3MEHEHUHA BCEX
TPEX XapaKTEpUCTUK OTMEYaeTcs Ha cTaHuuu o. M3Bectuil. Mi3menenus Ha cranuuu o. Ko-
TENTBHBINA BBIICISIOTCS 3HAUNTENFHBIM CHIDKeHHeM CIJIM u cpeiHece30HHOM TOMIIUHEL, HO
TIOYTH HEM3MECHUBILICHCS MAKCHMAIBHOHN TOIIMHOH JIb/Ia B XO/I€ COBPEMEHHOTO aHOMAaJIbHO
Terutoro nepuona. [1o puc. 4 3aMeTHa HEKOTOpast HECOTTIACOBAHHOCTh H3yYaeMBIX ITapaMeTPOB
Ha cTaHuusaxX Banbkapkail, M. buininnrca, Bankapem, M. YaneH. Bo3amoxHble IPUUKHBL, CBSI-
3aHHBIC B OOJIBINICH CTETIEHH C MPOITYCKaMH B PsiaX HaOMIOIEHHH, yke 00CYKIaInch paHee.

J1nist psioB TAaHHBIX TIO KaXKION CTaHITNH OBLT IPOBEICH KOPPEIAIIOHHBIN aHAIH3 KaK
JUISL MAKCMAJTBHOM, TaK M JUISt cpeﬂHecesoHHoﬁ TOJNIIMHEI TbAa (Tadmr. 5). KoaddummenTsr
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Puc. 4. smenenus CI'/IM (/), cpeanece3oHHON, HOsIOpb—Maii (2), 1 MaKCUMAJIbHOM (3) TONIINHBI
JIbJ1A TI0 MOJISIPHBIM CTaHLUAM, Habmoaronecs ¢ 2005 .

Fig. 4. Changes of the SFDD (/), and the seasonal mean (November—May) sea ice thickness (2)
annual maximum sea ice thickness (3) at the polar stations from 2005
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CTaTUCTHYECCKH 3HAYNMBI Ha BceX cTaHIMAX. Ha craHmmsix YyKOTCKOTO MOpsi OTMEYaeTcs
Oonee crabast CB3b CO CPENHECE30HHOH TONMMMHON. PaHee B muTeparype 0TMedaioch,
9T0 (hOpMHPOBAHHE JIEASHOTO IIOKPOBA B APKTHUECKUX MOPSX OTIPEEeTCs IN00 TePMH-
YeCKUMH, THO0 TepMoAnHAMIYECKAME (akTopamu [34]. BepositHo, B UykoTCKOM Mope,
ITIOMHAMO TEMIIepPaTyphl BO3IyXa, BXKHYIO POIIb UTPAET OKEAHWMUYECKas ITHPKYISINS, 9TO
CHIDKAET KOPPEJIAIHIO C TeMIepaTypoi Bo3ayxa. OIMHAKO MOTPEIIHOCTh MOXKET TaKKe
JaBaTh OOJBIIOE KOJMYECTBO MPOITYCKOB B €XKEIACKATHBIX JaHHBIX 3TUX CTAHITUH.

[IpumedarenpHO, YTO CPEAHECE30HHAS TOMIIIMHA JIB/IA YaCTO TIOKA3BIBACT JTYUIIIYEO KOpP-
pemsiuro ¢ CI'JIM, yeM MakcHMaibHas TONIIMHA JIba. Takol mapameTp, Kak MaKCHMaTbHAS
TONIIWHA JIb/IA, IIUPOKO UCIIONB3YETCS B PA3HOOOPa3HBIX THAPOMETCOPOJIOTMUSCKHUX HCCIIe-
noBaHIAX. OOBIYHO MaKCHMAaJIbHOE 3HAYECHHE TOJIIIHHEI JIb/IA B TOJOBOM IUKIIE (PUKCHpYeTCs
B aTpeie WK Mae, T. €. B KOHIIE Mepro/a pa3BuTHs npumasi. OTHAKO aTa, Korna ObUT JOCTHTHYT
MaKCHMyM, U TO, KaK OBICTPO MPOHUCXOIIIIO HAPACTAHWE TONIIMHEI B XOIE Ce30HA, OOBIIHO
HE TIPUHAMAIOTCS BO BHUMAaHHE, B THIPOMETEOPOIOTHYECKOM aHAIN3E YUUTHIBACTCS JIUIIH
caMo MaKCHMaJIbHOE 3HaueHue. Tem He MeHee cHkenue uanekca CIJIM u cokparierune mpo-
JOIDKUTEIIFHOCTH TIePHO/a aKTHBHOTO HApaCTAHUS JIBIAa MOTYT OBITh JTydUIlle OTPayKEHBI TAKOI
XapaKTePUCTHKOM, KaK CpeIHECe30HHAs TOJNIIMHA JIBIA. JTOT TI0Ka3aTelb MPEICTaBIISACTCS
Oornee HHPOPMATUBHBIM, ITOCKOIIBKY OH YYUTHIBACT KaK MAKCHMAJIbHBIC 3HAYEHHS CE30HHOTO
X07Ia, Tak ¥ OoJiee MeIIEHHOE TeUEeHHE Tpoliecca JISI000pa30BaHMs U HAPACTAHMUS, a TaKKe
nmeeT xoporryro koppemsimuio ¢ CIJIM. Mmeer cMbIci Golee TIIaTebHO PacCMOTPETh CO-
DTACOBAaHHOCTH JTHX MAPaMETPOB B JANBHEHIIINX HCCIICIOBAHISX.

Ha puc. 5 mpencrasieHa MeXToI0Bas MOBTOPSIEMOCTh CYpPOBBIX, YMEPEHHBIX H MST-
KHUX 3UM M KpHBas MHOTOJETHEH M3MEHUMBOCTH MaKCHMaJIbHOM TONIIMHEI JIbaa (0cpen-
HEHHE IT0 BCEM CTAaHIUAM). [0pI OBUIM THIM3UPOBAHBI IO KPUTEPHIM, PACCIUTAHHBIM
Ha OCHOBAaHHUHU OCPEIHEHHBIX IO BCEM HM3y4daeMbIM cTaHImsIM psgam CIJIM, HaunHas
¢ ce3oHa 1942/43 (c aToro roma HaONIONEHUsT €CTh Ha BceX cTaHmmsx) mo 2022-i. Ha
rpaguKe XOpOIIo MPOSBISLETCS OKOHYAHWE H3BECTHOTO B JIUTEPAType MEePHOIa MOTETIICHUS
Apxrukn 1930-1940-x rT. [9, 10, 36, 37] 3a c4eT NOBHIMICHHOH TOBTOPSEMOCTH YMEPEH-
HBIX 3UM ¥ Oonee Hu3kux 3HadeHuil TII BrutoTh 10 1950-x rr. [lepron 1960—-1980-x rT.
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Puc. 5. MexronoBast '3BMEHUYMBOCTh OCPETHEHHOM IO BceM NMOApHbIM cTaHimaM CIJIM 1 makcumab-
HoH TonuHe Jbaa. Cyposas 3umMa (/), ymepeHHas (2), Msarkas (3) 1 MakcuMasbHast TONIKMHA JbJa (4)
Fig. 5. Interannual variability of SFDD averaged by all polar stations and annual maximum sea ice
thickness. Severe winter (/), moderate (2), mild (3) and maximum sea ice thickness (4)
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BBIJIETISIETCSI BEICOKOW TTOBTOPSIEMOCTBIO CYPOBBIX 3UM M OOJIBINON TONIIMHON JIbAA.
C 1980-x HabOnromaeTcsi yMEHBIICHNAE TIOBTOPSEMOCTH CYpOBBIX 3UM, MOCIEIHUN CE30H,
KI1accU(UIIMPOBAHHBIN MO KPUTEPHUAM KaK CypoBhIi, 3T0 1998/99. IlpumeuarensHO, 9TO
JTIOBOJIEHO TIPOJOIDKUTENBHEIN Tiepuon, ¢ 1944/1945 mo 1995/1996 rompl MATKUX 3UM HE
HaOromanock BoBce. OmHako 15-nmetruit nmepuox 2005-2020 TT. pe3Ko BBIACISETCS TEM,
YTO B HEM IPHUCYTCTBYIOT 3UMBI, KIACCH(DUIIIPYEMbIe TOJIBKO KaK MSTKHE, U CO 3HAYM-
TEJILHBIM CHIDKCHHEM MAaKCHMAJIbHON TOJIIMHBI JIBAA.

3AKJITIOYEHUE

V3ydenue TOJIIMHBI JIbJIa IO JJAHHBIM TIOJISIPHBIX CTAHILIUH, pasyMeeTcs, HE MOXKET
MOJIHOIIEHHO XapaKTepU30BaTh AMHAMUKY TOJIIIMHBI apKTHYECKOTO JIEASHOTO TIOKPOBa, T10-
CKOJIbKY N3MEPEHHMsI IIPOBOJISITCS HA ITPUTIAHOM, a He Ha Jper(yromeM Jibay (MpunaiHbii
Jen Bcerga Oonee ToNCThINM). TeM He MeHee JAJIMHHBIN Psifl HAOMIOACHUH € JI0CTaTOuHO
TOYHBIMHM KOHTAaKTHBIMH M3MEPEHHMSIMHU TI03BOJISIET C BBHICOKOW CTETEHBIO HaJIe)KHOCTH
OLICHMBATh NU3MEHEHHMS TOJIIIMHBI JIbJIa B COBPEMEHHBIX KIIMMAaTHYECKUX YCIOBHUSIX.

MakcuManbHas TOJIIMHA JIbJa (MAaKCUMYM, TOCTUTHYTBIN 32 OIMH 3UMHUI CE30H)
HIMPOKO MCIIOJIB3YETCs B PA3IMYHBIX HCCIIEIOBAHUSX MOPCKOTO JIbJIa M APYTHUX THIpOME-
TEOPOJIOTHUECKUX U3BICKAHMSX. MeXKronoBass U3MEHYHBOCTh MaKCUMAaJIbHOM TOJIIHHBI
JIbJIa Ha CTAHIUSIX XapaKTePU3yeTCs 3HAYNTEIBHBIM TUara30HoM Konebanuit (55—131 cm)
M XOPOIIO BBIPAKEHHBIM OTPHULATENILHBIM TPEHAOM. TOJNIIIMHA JIbJJa HA MOMEHT MaKCH-
MaJIbHOTO HapacTaHHs KOJeOIeTCs 0 CTaHIMAM B mpeaenax 135-221 cM, caMmblil TOJICTBIN
npurai B psaax HaOMONCHUH BBISBICH Ha CTaHIMAX MOpst JlanTeBbIX. AOCOMIOTHBIE MaK-
CHMYMBI TOJIIIIMHEI ITpUnast (T. €. MAKCUMaJIbHOE 3HaYEHHE 32 BCIO HCTOPUIO HAOIIOACHHIA
HAa KOHKPETHOW CTAaHIIMHU) HA BCEX CTAHIUAX ObUTH 3apukcupoBanbl B epuon 10 2005 r.,
a Bce abcomroTHhIe MUHUMYMbI — 1ocie 2005 . B cpeHem TonmyHa npurnas Ha MOMEHT
MaKCUMaJIbHOTO HapacCTaHUs [0 CTAHIMIM APKTHKH COKpaThiiach Ha 8§ % 10 CpaBHEHHIO
¢ mpenpymuM neprogoM. Hanbonblee ymMeHbIIeHHE XapakTepHo st cTaHnui Kapckoro
Mopsi, —13 %. JIns cranmmii Boctouno-CuOHPCKOTO MOPsT yMEHBIIICHUE COCTaBIIIO —9 %
u —5 % B Mopsx JlanteBpix U YyKoTCKOM.

AHanu3 Ce30HHOTO X0/a Pa3BUTHS JIEASHOTO MOKPOBA MO €KeJeKaIHbIM H3MEPEHUIM
BBISIBUJI 3HAYMTEIIHLHO OOJiee MEJUIEHHOE HapacTaHHE TOJIIMHEI JIbJia Ha BCEX CTaHILUIX
3a 15-nernuii nepuox ¢ 2005 1. JlenooOpa3oBaHHe HAYMHACTCS O3XKE, @ CPOKH IEpexoa
MEK/1y BO3PACTHBIMU I'paJIallisIMU CMECTHJINCh Ha 1—2 nmexajpl Ha Oolee MO3IHUN CPOK
(B HEKOTOPBIX ciIydasx Aaxe Ha 3—4 nekajbl, Kak Ha 0. bensiit u 0. M3Bectnit). Cpenuss
3a Ce30H (3a HOSIOpb—Maii) TOJIIMHA MIPHIIAs 0 BCEM CTAHIUSAM COKpaTuiach Ha 12 %.
Hawubonbmme cokparienne Habmonaercest Ha ctanuusix Kapckoro u Bocrouno-Cubupcekoro
Mopst — 15 %, ymeHbIeHre Ha cTaHIUAX YyKoTckoro Mops coctasisieT —12 %, a mope
JlanTeBBIX NEMOHCTPUPYET HAUMEHBIIEE COKpAIEHUE CPETHECE30HHON TONIIUHBI JIbAA
3a mocaeaHue roasl, —9 %.

[NockonbKy M3MEHEHHs TONIIMHBI TIPHIIast B IEPBYIO O4Yepe/lb CBSI3aHbI C TPOLIECCaMHU,
MPOMCXOISIIMME B arMocdepe, ObUTH MPOAHATM3UPOBAHEI K3MEHEHHSI TEMIIEPATYpPhl BO3/TyXa
Ha TeX ke cTaHImsX. BeisieieHo, uto ¢ 2005 1. cpennemecsiunast [1TB yBenuuumnack B cpenHeM
Ha 2,7 °C. Haunbonbumii poct [1TB Habnronaercs Ha cranmusix Kapckoro Mopsi, [71s1 KOTOPOTo
XapakTepeH 3HaunTenbHbIH pocT [1TB B 3uMHe-BeceHHNE (STHBapb—anpelib) 1 OCEHHUE MECSIIbI
(2,9-6,4 °C). B 1iei0oM BO Bcex MOpsiX HanOoJiee 3HaUYMTEIILHOE TIOBBIILICHUE TEMIIEPaTy-
PpBI HaOJIIOAETCST B OCEHHHE MeCSIbI (OKTSIOpb—/1eKalph), 8 HaUMEHbIIEeE B JIETHUE MECSIIbI
(uroHB—HIONB), a TaKkke B siHBape (kpome Kapckoro). Makrt 3HaunTenbHbIX n3mMeHenuid [1TB
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B OCEHHHH NEPHOJ XOPOIIO COIIACYeTCsl CO CMEIIEHNEM CPOKOB Hadasa JIe000pa3oBaHMs,
MEJIJIEHHBIM HapacTaHUEM JIbJia U Oonee Hu3KuMH 3HadueHussMy TI1 k koHIy ce3oHa.

DTo monTBepkAaeT U m3MeHeHne nokasarenss CIJIM, xotopsrii 3a mepuox 2005—
2020 rT. B cCpeHeM 0 BCeM CTaHIsIM cokpatiiics Ha 14 %. Jlo 2005 . Ha BceX CTaHIHAX
npeobraganyn yMepeHHbIEe 3UMBI, HaOmonanucek cyposbie u Msrkue. C 2005 1. moBTopsie-
MOCTh MSTKHX 3UM yBenW4miach Ha 36-95 %, u HU Ha OIHOW W3 CTAaHIWU HE OBLIO OT-
MEUEHO 3UMBbI, KOTOPasi COOTBETCTBOBAIA OBl KPUTEPUSIM CYpOBOH. A IPU aHAJIOTHIHOM
aHanmmze ¢ ocpennerneM CIJIM Bcex cranmmii ¢ 1942/43 1. BeIsABICHO, 9TO |5-meTHH
mepron 2005-2020 TT. pe3ko BBIIEISICTCS HANWYHEM 3UM, KIaCCU(PUITIPYEMBIX TOIBKO
KakK MATKHE, U, KaK CJICJICTBHE, 3HAYUTEILHBIM CHIDKCHUEM TOJIIUHGI JIbAa. V3MeHeHus
¥ MaKCHMAJIbHOW, ¥ CPeTHECE30HHON (HOSOph—Maif) TONIIMHEI JIb/1a XOPOIIIO COTJIACYIOT-
cst co cHmwkenue CIZIM, ko3(h(hHUIMEHTHI KOPPEISAINKA CTaTUCTUYECKH 3HAYMMBI HA BCEX
CTaHIMAX. B HEKOTOPBIX CIIydasx CpeIHECE30HHOE 3HaYEHHUE TOJIINHBI JIbJja TOKa3bIBacT
Tydnryto koppemsinuto ¢ CIZIM, yem MakcUManbHask TOJIMHA [IPUITasi, BEPOSITHO, 110 PH-
YHMHE TOTO, YTO B 3TOM ITapaMETPe YK€ YaCTUYHO OTPA’KAIOTCSl CE30HHBIC 0COOCHHOCTH,
oH Oonee dyBcTBUTENEH K HakoruieHnto CIJIM. B 3akirodeHue ciienyeT OTMETHTh, 9TO UC-
cremyemblit 15-netauit nepuoxn (2005-2020 T1T.) oTIMgaeTcs CaMbIMU MATKAMH YCIIOBUSIMH
3a BCIO HCTOPHIO HAOIIOAECHNUH Ha MOJSIPHBIX CTAHIUSAX POCCUMCKUX apKTUYECKUX MOPEH.

Kondumkr nnrepecoB. KoHQIUKT HHTEPECOB OTCYTCTBYET.

duHaHcupoBaHue. lVcciaenoBaHue BBINOAHEHO B paMkax nporpammbsl [THTII
Ne 5.1.2. PazBuTHEe CymIECTBYIOMINX U pa3padOTKa HOBBIX METOJOB U TEXHOJOTHUH JOJTO-
CPOYHOTO (MECSYHOTO M CE€30HHOTO) MPOTHO3UPOBAHUS JIEMEHTOB JIEAOBO-THAPOJIOTH-
YECKOTO PeXHMa apKTHYECKUX MOpEH, HU30BbEB M YCThEBBIX 00IacTel PEK B YCIOBUAX
KIIMMAaTU4eCKUX N3MECHEHHH.
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Bo3pacTHoii cocTaB Jib0B B I0ro-3anajaHoi yactu Yykorckoro mops
B OCeHHe-3UMHMA Mepuos
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Pe3rome

BospactHoil cocTaB SBISETCS OCHOBHON XapaKTEPUCTUKOM JI€ISIHOTO MTOKPOBA apKTUUECKUX MOPEH B OCEHHE-
3UMHHH eproj. B cTaTbe mpecTaBIeHb! pe3ynbTaThl HCCIIEA0BAHMS CE30HHOTO X0/ M MEXKTOZ[OBBIX H3MEHEHHH
BO3PACTHOTO COCTaBa JIbIOB B FOT0-3aMaHON 9acTH YyKOTCKOTO MOps ¢ OKTAOPS 110 Maii 3a psil HaOMoeHIi
1997-2022 rr. Ilomy4eHHbIe pe3yIbTaThl MO3BONMIH BBLBHTH 3aKOHOMEPHOCTH HAKOIUICHMS W U3MEHEHHUS
THJI0B PA3THYHOTO BO3PACTa.

B pa3sBuTHE JeAMHOTO MOKPOBA B I0T0-3aMaHOI YacT YyKOTCKOTO MOPs HaOMIOAAeTCs XOPOIIO BBIPAsKEHHBIH
ce30HHbIH Xo71. OT Hauana 1en000opa3oBaHus 1 10 CeperHBbI Aekabps npeodianatoT Mosoasie JIbabl (10-30 cm).
C Hayasia sHBaps MpeoOIaaaroT ofaHoIeTHIE TOHKHE Jbbl (30—70 cM). C dheBpats HAYHHAIOT MPeodIaaTh OHO-
netHue cpeanne Jbapl (70-120 cM). B koHIe meproia HapacTaHus JEISHOTO MOKPOBA, KOTOPBIH MPUXOIUTCS
Ha CepeMHy Masi, IpeobaialoT OTHONETHHE CPeIHKE U TONCTBIe JTbbI (6onee 120 cm). Mx obmiee konuuecTBo
cocrasiser 71 % ot Bcero cocTasa Jb0B. KonmyecTBeHHbIE M3MEHEHHS JIbJOB Pa3HOTO BO3pACTa Ha aKBAToO-
PHH MODSI TTO3BOJISIFOT OIPEETHTh CPEIHAE AAThI IEPEXOI0B THIIOB CIIOKHOCTH JIEHOBBIX YCIOBHIA OT JIETKOTO
JI0 TSDKEJIOro. B cpeiHeM mepexoy OT JIerkoro TUIa K CpejHeMy IPOUCXOINT B IepBoil Aekae (eBpaisd, a oT
CPE/IHETO K TSDKEJIOMY — BO BTOPOH JieKajie anpens. AHaIN3 MEKIOJOBBIX N3MEHEHNH BO3PaCTHOIO COCTaBa
3a 25-NeTHUH epro HaOMIOEHHiT TI03BOJHI YCTAHOBUTD TEHACHIHIO K 3aMEIIEHHIO CTAapBIX M OJHONETHHX
TOJCTBIX JIbI0B OONEe TOHKMMH OJTHONETHUMH CPEIHUMHU W MOJIOJBIMH.

Panee HOIIOGHBIC HCCIIETIOBAHNS TI0 FOTO-3aIaIHON YacTh LIyKOTCKOI‘O MOpsT HE MPOBOAUIIUCE. HOHy‘IeHHLIe
PE3YNbTAThI IIO3BOJIAOT BOCIIOTHUTD 3HAHUS O PA3BUTHUH JICSTHOI'O [TIOKPOBA B OCEHHE-3UMHUI TIEPUOL, a TAKKE
HCIIOJIb30BaTh UX MIpU pa3pa60TKe METOIOB JIEAOBBIX IPOTrHO30B IJIs CY10XOACTBA.

KaroueBsle c10Ba: Bo3pact Jiba, Apei(yromuii e, esSHO TOKPOB, MPUMAIL, oro-3amaaHas 4acTb Yykot-
CKOTO MOPSL.

Jast untupoBanus: lesenesa T.B., FOnun A.B. Bo3pacTHO# coCTaB JIbI0B B 0T0-3aMaAHON 9acTH YyKOTCKOro
Mopsi B oceHHe-3uMHui nepuo // [lpo6nemsr Apkruku u Antapktuku. 2023. T. 69. Ne 3. C. 331-342. https://
doi.org/10.30758/0555-2648-2023-69-3-331-342.
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Summary
Age composition is the main characteristic of the ice cover of the Arctic seas in the autumn-winter period.
The article presents the results of a study of the seasonal course and interannual changes in the age composition
of ice in the southwestern part of the Chukchi Sea in the autumn-winter period for a number of years 1997-2022.
The results obtained made it possible to reveal patterns of accumulation and change of ice of various ages.
A well-pronounced seasonal course is observed in the development of the ice cover in the southwestern part of
the Chukchi Sea. From the beginning of ice formation to mid-December, young ice (10-30 cm) predominates.
From the beginning of January, one-year thin ice (30-70 cm) prevails. From February, first-year average ice
(70-120 cm) begins to prevail. At the end of the period of ice cover growth, which occurs in mid-May, one-year
medium and thick ice (more than 120 cm) predominate. Their total amount is 71 % of the total ice composition.
Quantitative changes in ice of different ages in the sea waters allow us to determine the average dates of transitions
of types of complexity of ice conditions from light to severe. On average, the transition from mild to medium
occurs in the first decade of February, and from medium to severe in the second decade of April.
An analysis of interannual changes in the age composition of ice over a 25-year observation period made it possible
to establish a trend towards the replacement of old and thick ice by thinner one-year average and young ice.
Previously, similar studies in the southwestern part of the Chukchi Sea were not carried out. The results obtained
make it possible to acquire knowledge about the development of ice cover in winter and use it in the development
of methods for ice forecasts for shipping.
Keywords: drifting ice, fast ice, ice age, ice cover, southwestern part of the Chukchi Sea.
For citation: Sheveleva T.V., Yulin A.V. Age composition of the sea ice in southwestern part of the Chukchi sea
in the autumn-winter perioda. Arctic and Antarctic Research. 2023, 69 (3): 331-342. [In Russian]. https://doi.
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Received 19.05.2023 Revised 11.07.2023 Accepted 02.09.2023

BBEJEHME

UykoTcKkOoE MOpE SABISIETCSI CAMbIM BOCTOYHBIM M3 POCCUICKUX apKTHUECKUX MOPEH.
IIpuponHbie ycnoBusi B HEM 10CTAaTOYHO CypoBbl. JlenoBblil pesxxum UyKoTckoro mopsi
(hopmupyeTcs TIOA BIMSTHUEM, C OIHOW CTOPOHBI, APKTHYECKOro OacceliHa, ¢ KOTOPBIM
MOpE MMEET OTKPBITYIO TPAHUILY, C APYTOH CTOPOHBI, aABEKIMEH CPAaBHUTEIHHO TETIIBIX
OGepHHrOBOMOPCKHX BOJI, MOCTYMHAOMNX uepe3 bepunros nmponus. bomibiryio gacTs roxa
TEMIIepaTypsl BO3IyXa HaJ HUM OTPUIATEIbHBL. 3UMOH (C OKTAOPS IO Maif) MOpe MOITHO-
CTBIO TIOKPHITO IPEeH(YIONMMH U TPUIAHHBIMA JTbAaMH. JIeToM (C MIOHS 1O CEHTSIOPB)
MIPOUCXOANT YACTUYHOE OYMIIEHHE aKkBaTopuu Mops. ['eorpaduueckoe NoIoKeHNE MOPs
OTIpeJIeNIsIET €r0 BaXXHOE TPAHCIOPTHOE 3HauYeHue. Uepes 10ro-3amagHyo 4acTb MOps
mpoxoauT Tpacca CeepHoro mopckoro mytu (CMIT).

B HacTosmee BpeMs CyIeCTBEHHO BO3POCTH 00BEMBI MepeBO30K rpy30B o CMIT.
B 2022 . 610 TIepeBe3eHo 6ome 34 MutH TOHH, a B 2024 T. ITaHUpyeTCs YBEINIUTh 00beM
10 80 muH TOHH. B cBs13u ¢ 3TUM HaumHas ¢ 2024 1. mIaHApYyeTCs Mepexoa K KpyTiIoroand-
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HOW HaBHUrau 1o Bcer Tpacce CMII. B neTHuit mepmox BO3MOXKHOCTH TITaBaHUS CYIOB
M3Y4EHBI JI0CTaTOYHO XOPOIIO, OTHAKO ISl OCEHHE-3MMHETO TIepHo/a roja HabmonaeTcs
HEIOCTaTOYHAS W3yYEHHOCTh JaHHOU oOmacTtu. DddekrnBHOE 1 Oe30macHOe TIaBaHHe
o Tpacce CMII oceHbI0 1 3UMOI HEBO3MO)KHO 0€3 3HAHHS OCHOBHBIX 3aKOHOMEPHOCTEH
(opmupoBaHus aeasHOTO oKpoBa. [Ipenedpeskenre HHPOPMAIMOHHBIM COIPOBOKACHUEM
MOPCKHX OIepanuii 1 0COOCHHOCTSIMH JISIOBOTO PEKMMA apKTHUECKUX MOPEH MpHUBENN
K JIeIoBOMY TuieHy Oosee 20 TpaHCTIOPTHBIX cymoB Ha Tpacce CMII B oceHHmMIA mepron
2021 r. [1]. B cBs3u ¢ 3TUM H3y4EeHUE OCCHHE-3UMHHX JICIOBBIX YCIOBUH apKTHUECKUX
MOpEN CTAaHOBUTCS YPE3BbIUaiHO BaXKHOW HAYYHOM M NPUKIJIAJHON 3a7ayeil.

BospacTHoii cocTaB (TONIIMHA) JIBIOB SIBISAETCS OJHUM M3 TIIABHBIX (DAaKTOPOB,
OKa3bIBAIOIINX IMPSIMOE BIMSHHUE Ha CYIOXOJICTBO B apKTHYECKHX Mopsax. Hapactanue
TOJIIMHBI ¥ U3MEHEHHE KOJIIMYECTBA JIbJIOB PA3HOTO BO3pacTa ¢ OKTAOps MO Maii, a Tak-
K€ X HEPaBHOMEPHOE PacIIPEAEICHHE 110 aKBaTOPHH ONIPEIEISIIOT CIOKHOCTD JIEIOBBIX
ycioBui B Mope. M3yueHnue 3akoHOMEpPHOCTEN CE30HHBIX U MEKIOJIOBBIX U3MEHEHUH BO3-
pacTa JIeJSTHOTO TIOKPOBA MO3BOJISIET MIPABUIIBHO OLIEHUBAThH M IIPOTHO3UPOBATH TEKYIIYIO
CHUTYAIMIO U JJaBaTh PEKOMEHJANNH 110 TUIABAHUIO.

B nocieanune rozipl, B CBSA3M ¢ BOSHUKIIUMH HOTPEOHOCTSIMU 00€CIIEYeHUS 3SMMHUX
HaBUTAlNH, HAYaJIN MOSBIISITHCS UCCIEIOBAHMS 110 OTEIbHBIM XapaKTePUCTHKAM JIEJOBOTO
pexxuma. OrmyOnukoBaHHBIE PaOOTHI TIO TaHHOH MpobieMe B O0MbIeii cTeeHn OBLIH CBS-
3aHBI C MOPSIMH 3allaHOTO ceKTopa ApKTHKHU. B HacTosee Bpemst Oosee 1eTaabHO Mpo-
AHATM3UPOBAH PEKUM JIeq000pa3oBaHus [2, 3] 1 U3MEHEHUS BO3PACTHOTO COCTABA JIHIOB
B bapennieBom u Kapckom mopsix [4—7]. CoracHO 3THM HUCCIIETOBAHUSAM, TIPOUCXO/ISIIIE
KIMMaTH4YeCKHe U3MEHEHNSI B APKTHKE CYIIECTBEHHO MOBJIHSIIM Ha Je1000pa3oBaHue,
HapacTaHWe W Pa3pylICHHE JIbJOB B MOPSIX.

[lepros aKTHBHOTO JIETHETO CY/IOXO/ICTBA 3HAYMTEIIFHO PACIIUPHIICS 3a cUeT Ooree
paHHEro HavaJsa TastHUS BECHOW M OoJiee TO3JHEr0 JIe000pa30BaHus 0CEHbI0. MI3MEeHMIICS
3UMHUH JIeTOBBIN pexiM Mopeii. [To3nHee nmemoobpa3oBaHue U TEIUTBIC 3UMBI BIHSIOT Ha
HapacTaHUE TOJIIMHBI JIbJ1a, HAONIOAAETCS 3aMEIIEHHE CTaphbIX JIbJ0B HA OIHOJETHHE.
B cBs3u ¢ aTHM Oonee neTanbHOE H3yUYEeHHUE JIEIO0BBIX YCIOBHHA OCEHHE-3UMHETO TIEpHoa
C Y4€TOM PErHOHAIBbHBIX OCOOEHHOCTEH POCCHICKUX apKTHIECKUX MOPEH MO-TTPEKHEMY
0CTaeTcsl BAYKHOM M BOCTPeOOBaHHOW 3a1adeii.

B nHacrosmeit pabote npeacTaBiIeHbl pe3yIbTaThl aHAN3a CE30HHBIX U MEKTOOBBIX
M3MEHEHUH BO3PACTHOIO COCTaBa JEISHOIO MOKPOBA B IOro-3amna Hoi yactu YyKkoTckoro
MOps KaK paliOHa, 3HAYUMOTO ISl XO35IICTBEHHO-2KOHOMUYECKOHN aedrenbHocTh. [lo-
JOOHOTO pojia MCCIIEOBAHMS 110 3TOMY PaliOHY MPOBOMSTCS BIIEPBEIE.

HNCXOJHBIE JAHHBIE U METO/IbI

AHanu3 Ce30HHBIX U MEKTOJIOBBIX U3MEHEHHUH BO3PACTHOTO COCTABa JIbJI0B B IOTO-
3anagHoi yact YyKOTCKOTO MOps BBITIONHEH C UCHOJIb30BAaHUEM 3JIEKTPOHHOTO apXuBa
PETrHOHANBHBIX JEJOBBIX KapT APKTUUECKOTO M aHTAPKTUYECKOTO HayYHO-UCCIIeJ0BATENb-
ckoro uncruryra (AAHWUN) 3a nepuon 1997-2022 rr. [8]. OcHOBO# apxuBa SIBISIOTCS
JIAaHHBIE CITY THUKOBBIX HAOJIO/ICHNH, KOTOPBIE CTAJIN PETYISIPHBIME ¢ KOHIa 70-X IT. Ipo-
IIJIOTO CTOJIETHSL.

Mertoznka 00paOOTKH CIIyTHUKOBBIX CHUMKOB BKJIFOYaeT B ce0sl IpreM, 00padoTKy
u nemudpaniio n300paXeHuil, MOCTPOCHHE JIETAIM3UPOBAHHBIX KapT JIeJ0BOM o0cTa-
HOBKH, OLM(POBKY TaHHBIX U UX Hakomienne B Gpopmare SIGRID-3. Mcnonb3oBanue
naketa nporpamm ArcGis u Python mo3Bonuiio copmupoBars U 00padbOTaTh JaHHBIC O
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BO3PAaCTHOMY COCTaBy APEH(YIOMIETO M MPHUITAHOTO JIBI0B 32 KAKIYIO ACKaTy Mecsma
c ocern 1997 r. u o HacTosee Bpems [9].

CdopMupoBaHHEIH EKTPOHHBIA apXUB JaHHBIX Ja€T BOSMOXXHOCTh PACCUUTHIBATH
IUIOMIAh ¥ KOJTHYECTBO APEH(YIOIETO U MPHUITaiHOTO JIha Pa3IMYHOTO BO3pacTa, Mpo-
BOJWTH CPABHUTEIHHBIN aHAIN3 MX CE30HHBIX M MEXKTOIOBBIX M3MEHEeHHNA. braromaps
STOMY apXHBY BIEPBBIC TOSBHUIACH BO3MOKHOCTH OIIEHHUTH BO3PACTHOI COCTaB JIbIOB
B I0r0-3anaJiHoN yacTh YyKOTCKOro MOpsI B OCEHHE-3UMHUM [EPUO/.

B mHacrosmee BpeMsi HET HAaJEKHBIX METO/IOB, TO3BOJISIFOIINX TOCTATOYHO TOYHO
OIICHUTH TOJIIIHY JEISTHOTO MIOKPOBA C IOMOIIBIO TUCTAHIIMOHHBIX aBHAI[OHHBIX U CITyT-
HUKOBBIX CPEACTB HAOMIONCHHUM, XOTS UCCISIOBAHUSA U Pa3pabOTKH B 3TOM HAIPaBICHUH
BemyTcs gasuo [10, 11].

B cBs3U CO CIIOXHOCTBIO OTPEICICHUS TOMIIUHEI JIBJA IO CITYTHUKOBBIM JTaHHBIM
¢ OOJIBIION TOYHOCTHIO B HACTOAIIIEE BPEMS HCIIONB3YIOT HHTEPBAIBHBIC OIIEHKH TOJIIINHEL.
CoracHo «MeX/IyHapOoIHOH HOMEHKJIATYpe 110 MOPCKOMY JIbY» U «ATIacy JIeISHBIX 00-
pa3oBaHMID), BO3PACTHOHN COCTAB CBS3aH CO CIEAYIOIIMMHE TpafadsaMi TOMIHHE [12, 13]:

— HauaJbHBIC BUIBI IbAa (HUIAC, CKISTHKA) — 10 10 cMm;

— MOJIOZIBIE JIBIIBI (CephIi, cepo-Oembrit) — 10-30 cwm;

— ONHOJETHUH TOHKUIT ex (ToHkui) — 30-70 cMm;
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Puc. 1. Cpennee nonoxeHue rpaHuIl IperyIOIIEro Jbjia U MpuIas B I0ro-3anajHoi yactu Yykot-
CKOTO MOPsI B [IEPHOJL €10 MAKCHMAIbHOTO HApaCTaHMUsI B Mae

Fig. 1. The average position of drift ice and of fast ice boundaries in the southwestern part of the
Chukchi Sea during its maximum increase in May
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— OTHOJIETHUH cpenHuil nex (cpeqanii) — 70—-120 cm;

— OJTHOJICTHUH TOJICTBIN JieH (ToJCThIN) — Ooiree 120 cM;

— cTaphlif en (IBYXJIETHUI, MHOTONETHHIT) — Oomee 200 cM.

B ocenHe-3uMHuI nepuoj roga JeisHON MOKPOB FOro-3amnajgHoi yactu YyKoTcKo-
TO MOpsI TpeAcTaBiIeH apeidyronmMn IpaaMu pasauaHoro Bospacta (90 %), npunaem
(4,5 %) n 3anpunaitHEIMK ONBIHBAMHE (5,5 %). CpeaHss TONIIMHA POBHBIX Ape(yromux
JBIOB B MOpPE Ha MEPUOJ] MAKCUMAIBHOTO HApaCTaHUS, 110 JaHHBIM MOJISIPHBIX CTAHIUH,
Moxer gocturarb 100-140 cm. Ha puc. 1 npuBeneHbl rpaHuLbl 10r0-3aMaiHON 4acTH
Mopsi, OJTM3KHE K THUITOBBIM TOJIOKSHHUS TIPHIIAS H BCEX OCHOBHBIX JICOBBIX 30H HA MEPUOJ
MaKCHMaJIbHOTO Pa3BUTHS (KOHEI Mas).

CE30HHBIE U3MEHEHMS BO3PACTHOI'O COCTABA
JPEV®YIOIUX U MPUIAVHBIX JbJIOB

Jperidyromue Jababl

Cpoky Havasna Je1000pa3oBaHus B FOro-3ana Hoi yacTn YyKOTCKOro MOpsi B CpeiHEM
NPUXO/SATCS Ha MEPBYIO AeKaay OKTs0ps. OnHako B pa3HbIX palioHaX Mopsl Jienoo0paso-
BaHHE IPOUCXOINUT B pa3lIMuHbIC CPOKU: K ceBepy oT 0. Bpanrens — 10 okTs0ps1, BIOIb
YyKOTCKOro 1modepesxnst — 20 okTsi0psi, B pailoHe bepunrosa npoinsa — 25 HosiOpst [2].

V3MeHYMBOCTH CPOKOB JIeI000pa30BaHMsl 1 HEPAaBHOMEPHOCTh HApacTaHUs JIbJa
B 3UMHHUI IEPHOJI, ITOCTOSTHHOE TIepepacipe/ieIeHHe JIbJI0B B pe3ysbTare JIpetida npuBoasT
K ()OPMHPOBAHMIO B MOpE JIEJSTHOTO ITOKPOBa Pa3IMuHOr0 BO3PAacTHOTO cocTaBa. B pas-
BUTHH JICASTHOTO TIOKPOBA HAOIIONACTCSI XOPOIIO BBIPAKEHHBIN CE30HHBIHN X0 (puc. 2).

[Tocne Havana yie000pa3oBaHus U JI0 CEpEeMHBI AEKaOps B 10T0-3aMa HONW YacTh
MOpsI HaOJIIOAIOTCS TPEUMYILECTBEHHO MOJIOJIbIE (CephIe U Ccepo-Oelible) JIbbI.

OJHOJIETHIE TOHKHE JIb/IBI MOSIBIISIOTCS B TPEThE Jiekasie OKTs0psi. B Teuenue HosOpst
1 JIeKaOpst MX KOJIMYECTBO ObIcTpo yBenmuuBaercst. OHM HAYMHAIOT MpeodIaiath ¢ TIepBOr
JieKaJibl sTHBapsi. Bo Bropoii ekasie sstHBapst OHK JTOCTUTal0T MaKCUMyMa M MOTYT COCTaBJISATh
110 50 % ot o61mero coctasa Jb10B. OcTtaBmuecs 50 % COCTaBISAIOT MOJIOMBIE JIbIbI, KOJTHUE-
CTBO KOTOPBIX OBICTPO COKpAILIACTCS B CBSI3H C TIEPEXOIOM B IPaJIallHIO OJJHOICTHHX TOHKHX.

s M ONOBIE B[] === OAHONETHWE TOHKUE === OAHONETHWE CPEAHME e OAHONETHUE TONCTBIE e CTAPBIE NIbABI
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Puc. 2. Mexce30HHBII X011 U3MEHEHHI BO3PACTHOTO COCTaBa IPCH(YIOIINX JIbIOB B IIEPHO]] HApac-
TaHUs JICISHOTO IIOKPOBa B F0ro-3ana Hoi yacti YykoTckoro Mopst 1o JaHHbIM 3a 1997-2022 rr, %
Fig. 2. Interseasonal course of changes in the age composition of drifting ice during the period of
ice cover growth in the southwestern part of the Chukchi Sea according to data for 1997-2022, %
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B mepBoif nexane nexaOpsi B 10T0-3aMa HON 9acTH MOPS TOSBIITIOTCS OXHOJICTHHE
cpemHHe JbIBL. VX KONMMYeCTBO YBEIHYMBACTCS B TEUCHUE JNEKaOpsS—sIHBAps, U OHU Ha-
YHHAIOT MpeolagaTs ¢ MepBOH Nekaabl GpeBpaisd. B TedeHne mMapTa U anperns OHH SBIIS-
FOTCS TIPe00ITaJafoIIinM BHIOM B FOTO-3aITaJHON YacTH MOps. MaKkCUMaIbHOE KOJTMIECTBO
CPeIHHUX JIbJIOB HAOIIOMAeTCS B TPEThEH JIeKaZe MapTa, Korja OHH COCTaBIIOT 10 49 %
oT obmrero cocraBa Jb10B. OctaBimiics 51 % JeAsHOTO MOKPOBa MPAKTUIECKA B PAaBHBIX
JIOJISIX COCTABIISIOT MOJIONBIC, TOHKHE U TOJICTHIC JIBIBI.

Bo BTOpOii nekanie ssHBapst MOSIBIIAIOTCS OXHOJIICTHHUE TOJICTHIE JIBIBI. [lepexon cpeaHux
JIBIOB B TOJICTHIC HAYMHAETCSI B CEBEPHOW YaCTH MOPS U IMOCTEIICHHO PacIpOCTPAHSICTCS
Ha TPUOPEKHYIO 9acTh. KOMMYECTBO TOJCTHIX JIHIOB MEUIEHHO YBEIHMYMBACTCS B TEUe-
HHUE sTHBaps—MapTa U Oojiee MHTCHCUBHO B ampenie. HaumHas ¢ TpeTbeil mexaabl anpens
TOJICTBIE JIBJIBI HAYMHAIOT MPE00IaaaTh B BO3PACTHOM COCTaBe. VX KOTHMYECTBO TOCTUTACT
MaKCHMyMa B Mae, Korza OHU cocTaBisiioT 10 40 % ot obmiero cocrasa IbA0B (puc. 2).

Ha nepron MakcuManbsHOTO HApacTaHUS TONIIUHBI JIBI0B, KOTOPBIH MPUXOIUTCS
Ha cepelrHy Masi, JIEASHOU [TOKPOB B I0ro-3anaaHol yactu YyKoTCKOTro MOpsl B CpelHEM
coctouT U3 TONCTHIX (okoio 40 %), cpemrux (oxomno 31 %), Torkux (oxono 7 %) U Mo-
noxapix 16108 (oxomo 10 %). Ha ceBepHOit rpaHuUIle MOPS B TEUSHHE BCETO CE30HA MOJKET
HabronaTecs 10 2—3 % CTaphIX JBIIOB.

Ce30HHOE M3MEHEHHE KOJIMYECTBA JIBIOB MPEICTABISIET COO0H TOBTOPSFOIIUICS
BOJTHOOOpa3HBIA Tporecc. JIbAbI MIIAAIINX BO3PACTHBIX TPafaIiii TOCTUTAIOT CBOETO
MaKCHMaJIbHOTO KOJHYECTBA U 3aTEM HaYWHAIOT YMEHBIATHCS, TIEPEXO/IS B CTAPIIINE BO3-
PACTHBIE TPYIIITHL.

AHanM3 Ce30HHOTO N3MEHEHHUS KOIMYIECTBA JIHIOB PA3IMIHOTO BO3PACTa MO3BONISAET
OTIPEIETNTh CPETHHE IATHI MIepeXoia OT OJHOTO THIIA JISJOBBIX YCIOBUH K Jpyromy — 00-
nee cioxHoMmy. [lo npunsitomy B AAHMMU kpurepuio nepexos OT JErKOro TUMa K CPEIHEMY
TIPOUCXOITUT TIPH TIOSBICHUH Ha akBaTopuu Mops oT 30 % u Oonee cpexnux ibaoB. Ilepe-
XOIl OT CPEIHETO THIA K TSDKEIOMY MPOUCXONUT TP TOsIBICHUH Ha akBaTtopud oT 30 %
u OoJiee TONICTHIX JBIOB [5]. B COOTBETCTBHU ¢ STUMH KPUTEPHUSIMHU MOXKHO YCTAHOBUTH
CpeIHME JAaThl HACTYIIICHUS PA3IMIHOTO THUITA JIIOBBIX YCIOBUH B I0T0-3aMlaAHOM YacTh
HyKOTCKOTrO MOpS:

— OT THIIAa YHCTOU BOJBI K JIETKOMY (BTOpas JIeKaia OKTSIOpPs);

— OT JIETKOTO K CpefHeMy (mepBas nekana (espais);

— OT CPENHETO K TSDKEIoMYy (BTOpast JeKana ampers).

Ipunaiinbie Jbabl

CraHoBneHHE Npuras B IpuOpexHoi yacth YyKOTCKOTo MOpsI B CpETHEM HaUHHAETCS
BO BTOpPOi#i nekaae okTsops. [Ipumait HabromaeTcss BIOIh BCETO YYKOTCKOTO MOOEPEKbS
W TOCTUTAET CBOETO MAaKCHMAaJIbHOTO pa3BUTHS B Mae (puc. 1).

B Teuenune okTA0ps ¥ HOAOPS MPHMAil COCTOUT M3 MOJIOABIX M OJHOJIETHUX TOHKHX
np10B. Haumnast ¢ TpeTbelt 1eKkaapl HOSIOps JIen B IIpUIae HAYMHACT MOCTEIIEHHO Iepe-
XOIUTh B Ipajallvio cpeAHUX. B nepBoil nekane stHBapsi CpeiHUi Jie] CTAHOBUTCS IIpe-
oOnagaronuM (B Apei(yromux JIpaax 3TO MPOUCXOINT B TIEPBOU 1ekane (eBpaist), a BO
BTOPOM JEKa e TOSIBISIFOTCS TOJCTHIE JIbJIBL. VX KOTMYECTBO MOCTENIEHHO YBEIMUNBACTCS
3a CUeT MepexoAa CPeAHUX JIBJOB B TPAJALHI0 TOJICTHIX. TOJNCTBIE JIbJBI B IIPUIAE Ha-
YHHAIOT MpeodanaTh ¢ MepBOi AeKaasl MapTa (B ApeH(yIOMHUX JIbIaX 3TO MPOUCXOTUT
B TpETheil Aekasie anpens). B TedyeHue anpemsi—masi pHmai TpaKTHIecKH ETHKOM COCTOUT
W3 OTHOJIETHUX TOJICTBIX JIBAOB (puc. 3).
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Puc. 3. Ce30HHBII X0 M3MEHEHHS NPUIANHHBIX JbI0B B NEPHOJ HAPACTAHUS JIEASHOTO IIOKPOBA B
0ro-3anajHoi yactu YykoTckoro Mops 1o AaHHeIM 3a 1997-2022 rr., %

Fig. 3. Seasonal change in fast ice during the period of ice cover growth in the southwestern part of
the Chukchi Sea according to data for 1997-2022, %

HanbGonpuiee pa3BuTre npunas, Kak 10 TOJIIIMHE, TaK U [0 MIUPUHE, HAaOIIonaeTcst
B [1epBOI 1o10BHHE Mas. Ero cpeHss IuprHa BIOIb YyKOTCKOTO OOEPEkKbs H3MEHSAETCS
ot 10 mo 30 kM, mIomIaas MpHIIas COCTABISAET OKOIO 4,5 % OT IUIomaan FOT0-3amaIHON
4acTH MOps (B TOABI MAaKCHMAJIBHOTO pa3Butus — 14 %, MuanMansHOro — 2 %).

CpaBHEHHE CPOKOB [1E€PEX0/a JIbAOB B Pa3HbIE BO3PACTHBIC IPAAlliK U CPOKOB JI0-
CTH)KCHHUSI MAKCHMYMOB ITOKa3bIBaeT, YTO TOJIILMHA [IPUIIasi HapacTaeT ObICTpee 10 CpaB-
HeHHIo ¢ apeiidyromumu apaamu Ha 3—4 nexanbl. JlaHHBIC BBIBOABI SBISAIOTCS BaXKHBIM
HPOTHOCTHYECKUM ITPU3HAKOM.

COCTAB JIPEM®YIOMNX JbJIOB
HA NEPUOA MAKCUMAJIBHOT'O HAPACTAHUS

HapacTtanue TONMHEL T€SHOIO MOKPOBA U U3MEHEHHE €ro BO3PAaCTHOIO COCTaBa
MIPOMCXOJUT JI0 cepeanHbI Mast. Bo Bropoil nexane Mast 1e1sHON OKPOB B F0r0-3aMaHoN
yacT UyKOTCKOTO MOPSI JOCTUTAET CBOETO MAKCUMAIILHOrO pa3BUTUs. C TpeTbell JeKaabl
Masi Ha4YMHAIOTCS MPOLIECCHI TasiHUS U Pa3pyLICHUs JIbJOB.

[Ipumnaii B nepuoa MakCUMaJIbHOTO HApacTaHUs, 110 JAHHBIM MOJISAPHBIX CTAHIIMM,
COCTOMT U3 TOJICTHIX JIBJOB, B OTIMYHE OT APEH(YIOMHNX JIHJ0B, KOTOPhIE MIMEIOT B CBOEM
COCTaBe JieJ] pa3iIMYHOro BO3pacTa v MPe/ICTABIISIOT HAUOOIBIINI HHTEPEC VISl U3yUCHUSL.

Ha puc. 4 mpuBeneHo cpenHee, MUHUMAIbHOE U MAKCUMAJIBHOE KOJMYECTBO JIbI0B
Pa3IMYHOrO BO3pacTa B MEPUOJ €ro MaKCUMabHOTO HapacTanus ¢ 1998 mo 2022 r.

B cepenune Mast 1esHOM NOKPOB B FOTr0-3amnagHoi 4actd YyKOTCKOro MOpsi COCTOUT
MPEUMYILECTBEHHO M3 OJHOJICTHUX CPEIHHMX M TOJICTHIX JIbl0B. VX ofIee KonmmiecTBo
cocrasisieT 71 % oT Bcero cocraa Jb10B. 3 HuX Tosactele cocTaBisaoT 40 %, cpenHue —
31 %, monmoabie ¥ TOHKHE JbJsl — 0koio 10 % u 7 % coorBercTtBeHHO. Ha ceBepHoit
rpaHMle palioHa MOXKET HaOmomarbes 10 2—3 % crapbix Jba0B. [Inomans npunas, 3a-
NPUIAHBIX MTOJBIHEH U 30H, CBOOOJHBIX OTO JbJa, cocrasisieT 10 %.
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Puc. 4. KonnuecTBeHHBIH cOCTaB JbJOB Pa3HOrO BO3pacTa B KOHIIE IepHosia HapacTaHus (mepBas
MOJIOBMHA Mast), %

Fig. 4. Quantitative composition of ice of different ages at the end of the growth period (first half of
May), %

B pasHbie ropl, B 3aBUCHMOCTH OT YCIIOBUH (POPMHUPOBAHUS M MHTCHCUBHOCTH TIepe-
pacripezienieHust B pesynbrare Aperda, KoJIM4ecTBO JIbAOB Pa3IndHOrO BO3PACTa MOXKET
CYIIIECTBEHHO OTJIMYAThCS OT CPEIHEMHOTOJIETHUX 3HaueHui. HanMmenbIas MexronoBast
aMIUTUTyIa Kosiebanuit mopsiaka 15-20 % HaOMromaeTcsl B KOJINYSCTBE MOJIOIBIX, TOHKUX
U CTapbIX JbI0B. Hanbombinas ammuntyna konedanuit (64—67 %) — B CpelHUX U TOJ-
CTBIX JIbJIaX.

B xononnble rojpl, Korjga NpoucXoquT HHTEHCUBHOE HapacTaHUE TOJILIUHBI, B FOT0O-
3anaaHoi yactu UyKOoTCKOrO MOps MPeodIaaloT TOJCTHIC JIBJbI, & B TEIUIbIC TOABI MPH
MHUHUMAaJIbHOM HapacTaHUM TOJIIMHBI — MPeodNaaroT cpeanue. MakcuManbHOE KOJH-
YECTBO HAMOO0JIEE MOIIHBIX TOJICTBHIX JIBJOB MPH MX WHTCHCUBHOM HAKOIUICHUU MOXET
nocturatk 72 %. Ecnu ycnoBus GhopMUpoBaHUsI JISASTHOTO ITOKPOBa 00Jiee MSTKHUE, TO
B KOHIIC [TEPUO/Ia HapaCTaHUsl HAOIONAIOTCS CPEIHUE JIbIBI, KOJTMYSCTBO KOTOPBIX MOXKET
npocturats 67 %.

MEXI'OJOBBIE UBMEHEHUSI BOBPACTHOI'O COCTABA
JPEV®YIOIMUX JIBIOB

Knnmarndeckne W3MeHEHUs!, IPOUCXOASAIINE B APKTHKE, OKa3bIBAIOT CYIECTBEH-
HOE BIHUSHHE Ha ()OPMHPOBAHUE BO3PACTHOTO COCTABA JIBHJIOB B IOTO-3aMAAHON 4acTH
UykoTckoro Mopst. [ u3y4eHus MEKTroZOBbIX U3MEHEHHUII KOJIWYIECTBA JIbJOB PAa3HOTO
BO3pacTa B OCeHHe-3UMHHUH mepuox ¢ 1998 mo 2022 . (25 mer) ObIT MPOBEACH aHAN3
M3MEHYMBOCTH JIMHEHHBIX TPeHIOB. OIeHKa CTaTUCTUIECKON 3HAYMMOCTH BBIJCTICHHBIX
JIMHEHHBIX TPEHOB C UCIIONb30BaHNEM t-KpuTeprs CThIOAEHTA MIPU YPOBHE 3HAYUMOCTH
99 % moxkasana, 9TO BCE BBIICICHHBIC TPEH/IbI 3HAYNMBI, HO Ha MPEEIE CTAaTUCTUIECKOTO
kputepusi. boiee HageKHbIE OLEHKN MEXI00BOH H3MEHUYNBOCTH MOTYT OBITH TIOJTyYEHBI
IIPY YBEIWYICHUH PSIIOB HAOTIOAECHHH.

Bwmecre ¢ Tem aHanmu3 HaOMIOAEMBIX TPEH/IOB ITOKA3BIBACT, YTO 33 PACCMaTPUBAEMbIN
TIEPHO]] B FOT0-3aMaAHON yacTH YyKOTCKOTO MOPSI MPOU3O0IIIH CYIIECTBEHHbBIE H3MEHEHHS
B BO3PaCTHOM COCTaBe JIBJOB (pHC. 5).

W3 manboee 3HAYNMBIX U3MEHEHUI MOKHO OTMETHTH!

— yBEJIMYECHUE MOJIO/BIX JIbIOB Ha 7—8 %o,
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Fig. 5. Interannual course of the age composition of drifting ice during the period of the greatest
increase in ice cover (dotted line shows linear trends), %
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— YMEHBIIEHHE TOHKUX JbJIOB HA 45 %;

— 3HAUUTENILHOE YBEJIIMYEHUE CPEAHUX JIBIOB Ha 17-18 %;

— YMEHBIIIEHUE TOJICTBIX JIBJIOB Ha 17-18 %;

— MIPAKTUYECKH TOJIHOE UCUE3HOBEHHE CTAPBIX JIbAOB HauuHast ¢ 2004 1.

Taxum 00pazom, MOXXHO OTMETHTD, UTO 3a Psi/i HAOTIOAEHHA MTPOU3O0IIIO0 3HAUUTEIh-
HOE yMEHbIIEHNE KOJNIECTBA CTAPBIX M OAHOJIETHUX TOJICTHIX JIBJIOB M yBEJIMUCHHUE Ooriee
TOHKHX CPEAHUX U MOJOABIX. TO ecTh 3a mociennue 25 JeT MPOUCXOANIO TOCTEIICHHOE
3aMEIIEHUE CTAPBIX U OAHOJIETHUX TOJICTBIX JIBJJOB CPETHUMH M MOJIOJBIMU.

OTMeueHHas paHee psIoM aBTOPOB JTUHAMUKa [ 14—16] xopoio cornacyercs ¢ 00-
el TeHJEHIMEeN YMEHBIIEHUs CTapbIX JIbJOB Ha akBaropuu CesepHoro JlemoBuroro
OK€aHa U 3aMEIIeHHs] UX OAHOJIETHUMH, KOTOpasl Hauaja MpOCIEkKUBATHCSA C Hadala
2000-x rr. I'pannna cTapbiX JIBAOB MOJHANACH HA CEBEP M BHIILIA 3a MPEIEIbl TPAHMIL
POCCHUICKHX apKTHUECKUX MOpEl. DTO MPUBENO K TOMY, YTO Ha aKBaTOPUU psijaa ap-
KTUYECKUX MOPEH, B TOM YHUCIIE U I0r0-3anaJHoN yacTu YyKOTCKOro, OHM MPAaKTHYECKH
nepecTany HabIoaaThCs.

3AKJIOYEHHUE

CdopMHUPOBaHHEIH NEKTPOHHBIN apXHB [0 BO3PACTHOMY COCTAaBY JIbJIOB B FOrO-
3anagaHoi yactu Yykorckoro mops 3a nepuoa ¢ 1998 mo 2022 r. mo3BoIu MPOBECTH
MTOJTHOTICHHBIN aHAJIN3 CE30HHOW M MEXTO0OBON M3MEHYMBOCTH BO3pACTa JILJOB. AHAIN3
CE30HHOH M MEKT0JJ0BOM M3MEHYHBOCTH BO3PACTHOTO COCTABA JIH/IOB TIO3BOJIMII YCTAHO-
BUTH HECKOJIEKO Ba)KHBIX 3aKOHOMEPHOCTEH:

1. V3MeHeHne BO3pacTHOTO COCTaBa JBIAOB B TEUCHHE OCCHHE-3MMHEIO Ieproaa
HOCHUT BOJTHOOOPA3HBIN XapakTep, MPH KOTOPOM JIbJIBI KaKIOH BO3PACTHOM rpamanuu
B OIPEJICJICHHBIN TIEPUOJ] CTAHOBSTCS ITPe00Ia afolMMH, JOCTUIAIOT CBOET0 MaKCUMyMa
1 HAYMHAIOT MEPEXOJUTH B O0Jiee CTapIIyI0 BO3PACTHYIO IPaalHio.

2. Jins npeiiyrommx JI610B XapaKTepHO: IpeodIafaHue MOJIOIBIX JIHI0B B TCUCHNE
OCEHHET0 Tepro/ia, TOHKUX — C HadaJla SHBaps, CPETHUX — B IEPBOH AeKanae GpeBpas,
TOJICTBIX — C KOHIIA ampesl.

3. B mpumaifHpIX ThAaX CPOKH IMEpexofa B CTapIINe BO3PACTHBIC IPaJallii HACTY-
MaroT Ha 3—4 JneKansl paHbIe, 9YeM B Apei(yromux.
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4. B KoHIEe neprojia HapacTaHUsl, KOTOPBII MPUXOJUTCS Ha BTOPYIO JEKaxy Mas,
B Apeidyronmx 1paax mpeodagaoT OIHOIETHUE TOJICTHIE U CPEIHHE JIbIBI, a B TIPH-
rae — TOJICTHIE.

5. [Ipu aHanmM3e W3MEHEHHs BO3PACTHOTO COCTaBa 3a 25-JETHUH Meproa odpamaeT
Ha ce0s1 BHUMaHNWE TEHACHIUS K COKPAIICHUIO KOJIMYECTBA CTAPBIX M TOJICTBIX JIbIOB.
OIHOBPEMEHHO C 3TUM MPOCIICKUBACTCS yCTOIUMBAs TEHACHINS YBEINYEHNS KOINIECTBA
CPEIHUX U MOJIOZBIX JIbJI0B. HabmogaeTcest ocTeneHHOe 3aMEeleHne CTapbIX M OTHOJIETHUX
TOJICTBIX JIBJIOB 0OJI€e TOHKMMH CPEIHUMHU U MOJIOIBIMH.
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Pe3rome

B nacrosuiee Bpems Bo3pacTaeT HHTEPEC K U3YUEHUIO OMACHBIX SBIEHUH MOro/b! Ha Tepputopun Poccuiickoii
ApKTHKH, I7Ie TPOUCXOAUT Hanbonee HHTEHCHBHOE M3MEHEHNE KIMMaTa. B CBA3M ¢ 9THM TIPOROIKaeT ObITh
aKTyaJIbHOU 3aJ1a4a MCCIEIOBAHNUS TONOTEIHO-H3MOPO3eBbIX oTIoKeHuit. [lokaszano, uto B paiione OOcKoit
ryOBI peoOnaialomiM BHAOM aTMOC(EPHOTO 00IeICHEHNS ABIACTCS KPUCTAILTHYECKAs H3MOPO3b. MOKpBIit
CHET Jalle BCETO HAaOMIOAeTCs B IEPEXOAHBIE CE30HBI, TOTIONE] M 3¢PHICTAs N3MOPO3b HAOMIONAIOTCS KpaifHe
penko. [To nanueM HabmoneHMH ¢ 1966 o 2021 T. OIEHNBAICH TEHACHIMH €KETOIHOTO KOMMYECTBA METEO-
POIIOTHYECKHX CPOKOB, BO BPeMsI KOTOPBIX HAOMIOAAIICH aTMOC(EPHBIE SBICHNS, TOTCHINATLHO MPUBOSIINC
K 00pa30BaHMIO OMACHEIX TONONEAHO-N3MOPO3EBEIX OTNOXKEHHH. [11 aTMOC(EpHBIX ABNEHHI, BHI3BIBAIOMIIX
OTJIOKEHHS TONOJIE1a, MOKPOTO CHETa M H3MOPO3H BBICOKOI HHTEHCHBHOCTH, TPEH/IBI OKa3aIHCh ONOXKHTENb-
HBIMH, HO CTATHCTHIECKH HE 3HAYNMBIMH.

KioueBble ciioBa: TOJI0JIEN, TOJIOJIEAHO-U3MOPO3EBLIE OTIIOKEHNUA, 3EPHUCTAS U3MOPO3b, KPUCTAINTUIECKAA
U3MOPO3b, MOKpLIﬁ CHET, 06H6H6H€HI/I€, OITACHBIC ABJICHUSA MOTOABI.
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Summary

Modern global climate change is accompanied by an increase in the number of hazardous hydrometeorological
phenomena. At the same time, especially rapid warming is observed in the Arctic zone of Russia — 0,71 °C per
decade. For this reason, research related to the study of hazardous hydrometeorological phenomena is becoming
especially important for the northern territories of Russia, where oil and gas production is currently being intensified,
which also increases the main environmental risks. Given the growing interest in hazardous weather phenomena,
as well as the need to prevent and reduce negative impact on various sectors of the economy, there is a need for
amore detailed study of atmospheric icing. In this study, the aim was to investigate the spatial distribution of ice
accretions, which include glaze ice, soft rime, hard rime and wet snow. Also, the work considered the seasonal
course of the observed ice accretions and assessed the trend in the number of atmospheric phenomena leading
to atmospheric icing for the period from 1966 to 2021. To study the prevailing types of ice accretions, data from
visual observations of atmospheric phenomena were used. To study the time trend of ice accretions, the data of
3-hour observations were used. For each of the 7 selected meteorological stations in the Ob’ Bay, the number of
cases of atmospheric phenomena was calculated, during which ice accretions of various types could form. As a
result, a map of the most common types of ice accretions in the Ob’ Bay region was constructed, which shows
that the dominant type of atmospheric icing over the entire territory of the Ob’ Bay region is soft rime. Wet snow
occupies from 8 to 30 %. Glaze ice and hard rime are extremely rare. In the cold season, from November to March,
soft rime is most often formed, and wet snow accretions in spring and autumn. Based on observational data from
1966 to 2021, trends were estimated in the annual number of meteorological periods during which atmospheric
phenomena were observed, potentially leading to hazardous icing. Trends were evaluated using the Mann Kendall
test. It is shown that for potentially hazardous cases of atmospheric phenomena causing glaze ice, wet snow and
rime accretions, the trends were not significant at the 5 % significance level.

Keywords: glaze ice, hard rime, ice accretions, icing, soft rime, weather hazards, wet snow.
For citation: Sokolikhina N.N., Leonov I.I. Dominant types of ice accretions according to observations at Ob’ Bay

stations. Arctic and Antarctic Research. 2023, 69 (3): 343—355. [In Russian]. https://doi.org/10.30758/0555-
2648-2023-69-3-343-355.
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BBEJEHUE

[ToTemieHne KJIMMaTa COMPOBOXKIACTCS YCUICHHEM €ro 3KCTPEMajbHOCTH, YTO
IMPUBOAUT K YBCIUYCHUIO KOJMYCCTBA OMACHBIX THUAPOMETCOPOIOTNICCKUX SIBJICHUH.
Apxrudeckas 30Ha Poccun temneer ocobenno oeictpo — 0,71 °C 3a gecstmiierue. Ilo
9TOH PUYMHE 0COOCHHO BaYKHBIMH CTAHOBSATCS MCCIICIOBAHNUS, CBSI3aHHBIC C H3yICHUEM
OITaCHBIX THIPOMETEOPOIOTUICCKIX SBICHUH Il CeBEPHBIX TeppuTopwii Poccnu, Ha Ko-
TOPBIX B HACTOSIIIEE BPEMsI HHTCHCU(DUIIUPYETCs J0ObYa He(hTH U Ta3a, 4TO YBEINIHBACT
U OCHOBHBIE dKOJIOTMYeCKHe pucku [1].

Cunrtaercsi, 4YTO ISl XO3IHCTBCHHOW JCSITEIBHOCTH YEJI0BEKa HaMOOJIBIIYIO OIac-
HOCTB MPEACTABIACT TON0Ne], (HOPMUPOBAHIE KOTOPOTO MIPOUCXOANUT BO BPEMS BHITTAICHU
3aMep3aromieil MOPOCH HITH 3aMep3atomIero Toxas [2].
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[Tomumo Tomonena GONBIIYIO yrpo3y MPEACTABISAIOT BBICOKOMHTEHCHBHBIE OTIIO-
JKEHHUST U3MOPO3H, JOCTHUTAIONINE OIACHBIX 3HAaUYeHHUH. MI3Mopo3b B arMocdepe ObIBaeT
JBYX BHJIOB — 3€pHHCTAsl U KpucTaumueckas. Kpucrammmaeckas H3MOpo3b — HPOAYKT
cyOnmManyy BOISTHOTO rapa. Y Hee HeOOoMbIast INOTHOCTh U IPOYHOCTD, 1, KaK IPABUIIO,
OHA HE MPUBOAUT K CEPbE3HBIM IOCIEACTBUAM. 36PHUCTAs M3MOPO3b OTHOCHUTCS K BHY-
TproOIaYHOMY OOJIEAEHEHHIO, TOTOMY YTO HapacTaHUE JIb/la IPOUCXOANUT BCIIEICTBHE
CTOJIKHOBEHHS TIEPEOXIIAXKICHHBIX Kallellb TYMaHa C Pa3IMIHBIMI OOBEKTaMH: TIPOBOIAMHU
JIDII, BeTBAMHE OEPEBHEB U AP. Y 3ePHUCTON U3MOPO3H OOJIee BEICOKAS TNIOTHOCTH U IPOY-
HOCTh [3]. VIMeHHO Takue OTIIOKCHHS HamOoJlee 4acTo HAONIOMArOTCsS Ha TEPPUTOPHSIX
CO CIIOJKHBIM Penbe(h)OM MECTHOCTH, JUI KOTOPBIX XapaKTepHa BBICOKAsl MOBTOPSIEMOCTh
MIePEOXIIAKICHHBIX TYMaHOB [4].

[TomuMo TOMONIEIA 1 U3MOPO3U OOJIBIINE TIPOOIEMBI JUISl XO3SHCTBEHHON AEATEIb-
HOCTH TIPEJICTABIISICT U MOKPBIN CHET, BBINAAIOIINI TIPH MOJIOKUTEIBHONW TeMIIeparype,
omskor k 0 °C, Korja CHEKMHKH YaCTHYHO MOATAMBAIOT MM KOIZA BMECTE CO CHEIOM
BBITIA/IACT JIOXKIb.

UpesBbluaiiHble CUTYalll B TPYAHOAOCTYITHBIX CEBEPHBIX pernoHax Poccun Tsokeno
MPOTHO3UPOBATH M JIMKBUIMPOBATh. B CBA3M € 3THM LENbIO UCCIEIOBAHUS ObUIO M3yde-
HHE 0coOeHHOCTel arMocdepHOTo obneneHeHus B paifone OOCKO# T'yOBI B yCIOBUSIX
COBPEMEHHOTO M3MEHEeHHs KnMara. B mpemmaraemoii pabore Mo JaHHBIM 7 METEOPOIIO-
TUYECKUX CTaHIUH 3a mepuof ¢ 1966 mo 2021 r. OpwI0 HCCIEA0BAaHO MPOCTPAHCTBEHHOE
pacripocTpaHeHue arMoc(epHbIX SBICHNH, MPUBOAALINX K 00Pa30BaHHUIO TOJIOJIETHO-
M3MOPO3EBHIX OTIOKECHHN Pa3IMYHBIX BUAOB B paiioHe OOCKoil TyObI, BiepBbIe OBLTH
BBISIBJICHBI IIPE00IaAatomue sIBICHUS aTMOC(EPHOTO 00JIEICHEHNS B PA3INIHBIE CE30HBI
rona. Taxke ObUTa MpOBeICHA OIIEHKA BPEMEHHBIX TPEH/I0B HAaOI0aeMOro KOIN4ecTBa
METEOPOJIOTHYECKHX CPOKOB C aTMOC(EPHBIMH SIBICHHSAMH, KOTOPbIE MOTYT IPHBOIUTH
K 00pa30BaHMIO OMACHBIX T'OJIOJIETHO-N3MOPO3EBBIX OTIOKECHUH. BriepBbie a1 BBIAEIECHHS
BBICOKOMHTEHCUBHBIX CIIy4aeB aTMOC(HEPHOro OOJIeIEHEHHsI NCIIONb30BAINCH JAHHBIC
0 OMaroNnpuATHBIX TEMIIEPATYPHO-BETPOBBIX YCIOBHUIX, XapaKTEPHBIX ISl (HOPMUPOBAHHMS
OTIACHBIX TOJIOJICTHO-U3MOPO3EBBIX OTIOKEHUH KaXkK10TO BU/A.

JAHHBIE U METOJIUKA

JlanHble HaOIIOIeHNH OBUTH COOpaHBI U3 HECKOJIBKUX apXUBOB. OCHOBHBIE METEOPO-
JIOTUYECKHUE MapaMeTpsl noiayyeHsl u3 MaccuBa gaHHbix OI'BY « BHUUT MU-MI» —
denepanbHOro rocyJapcTBEHHOTO OFOKETHOTO yupeskaeHus «Bcepoccuiicknit Hay4qHO-
HCCIIEI0BATEIbCKUIT MHCTUTYT THAPOMETeOposiorndeckoil nHdopmanmn — MupoBoi
LEHTP JAHHBIX).

Vcrionb30Baiych TaHHBIE OCHOBHBIX CPOYHBIX HAOIOCHUH M JJaHHbBIC HAOIIOACHUN
3a arMOC(EpHBIMH SIBICHUSMH. B 9THX apXuBax cojepikarcs JaHHbIE CPOYHBIX HAOJIO-
neHnid Ha 521 cranuumu, nepuoj HaOmoneHus ¢ 1966 mo 2021 . Tlepedyens crauiwmii co-
CTaBJICH Ha OCHOBAHWH CITMCKa cTaHImil Pocruipomera, BKitoueHHBIX B [T100anbHYyI0 ceTh
HaOJrofieHnH 3a KiMMaToM. B xozie nccnenoBanust ObUTH 0TOOpaHbI 7 METEOPOJIOTHYECKUX
craniuii — nmenu M.B. [lonosa, Autunatora, Hosslit nopr, Tazosck, Canexapa, Heina
n HagpiM (Bce CTaHIMM yKa3aHBbI [0 PAcIlOIOKEHUIO C CeBepa Ha Ior).

Just u3ydeHus nmpeoOliaIaloiuX TUIIOB TOJIOJIETHO-M3MOPO3EBBIX OTIOKEHUH HC-
MOJIB30BAJIMCH TAHHBIE HAOMOIeHN 3a aTMOC(EepHBIMU siBIeHUIMH [5]. B aToM apxuBe
COJZICPXKHUTCS OIIMCAHHUE OT/IEJIFHBIX ClIydaeB BCEX HAOIIOAAEMbIX Ha METEOPOIOTHUECKUX
CTaHIMSAX sIBJICHUH norozpl. OJiHa 3armuch 0a3bl JaHHBIX OTHOCHTCS K OJJHOMY CIIy4aro Ha-
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Oiro7ieHNs SIBJICHUS M COZIEPKUT B ceOe TaHHBIC O BPEMEHH Havdajla M OKOHYAHMS SIBIICHHS,
€r0 HHTEHCHUBHOCTH M YHUKAJILHOM mH(pe. B HacTosiieit paboTe MoICYUTHIBAIOCH TOIBKO
KOJINYECTBO CITydaeB SIBICHUI aTMOC(hEpHOro oOiIeaeHeHNsT — ToJI0JIeNa, KpUCTaJuTiye-
CKOM M 36pHUCTON M3MOPO3HM U MOKPOTO CHera. JlaHHbIe 00 HHTEHCHBHOCTH HE HCIIONB30-
BAJINCh, TAK KaK BO BPEMsI BU3yaJbHBIX HAOIIOACHHI OHA OIPE/ENseTCs KaueCTBEHHO —
ot 0 mo 2, tme 0 — 9T0 cnabasi MHTEHCUBHOCTD, | — yMepeHHas u 2 — cuiIbHas [6].

[Tpu nozicuere KONMMYECTBA CITydaeB SIBIICHUH TOI0JIEAA, 36PHUCTON N3MOPO3U U KPH-
CTAJUTMYECKOM M3MOPO31 OTOMPAIINCh YHUKAJIBHBIC CIIydan SBJICHHH, KOTOPBIM COOTBET-
CTByeT coOcTBeHHBIN mudp (mudp 12 — romonen, 13 — kpucTamummyeckas ©3MOPO3b,
14 — 3epraucTas n3Mopo3b). st mopcueTa cirydaeB MOKPOTO CHETa HCIOIb30BAJINCH 1B
BHJA SBICHUI — MOKPBI CHET M JIMBHEBOW MOKpHIH cHer (mmdpsl 72 u 73). dns kax-
JIOH U3 OTOOPAHHBIX METEOPOJIOTHUYECKHUX CTAHIIUH OBUIO MOITYyYeHO KOJIMYECTBO CIIydaeB
HaOMIOAEHHBIX aTMOC(EPHBIX ABICHUH, KOTOPBIE MOTYT HPUBOAUTE K ()OPMUPOBAHUIO
TOJIOJIETHO-N3MOPO3EBBIX OTIOKEHHH. [laree pacCUMTHIBAIOCH TPOLIEHTHOE COOTHOIICHHUE
KOJIMYECTBA CIIy4aeB 3TUX SBICHUI M BBIICISIICS MPeoOaaaronuii Bua aTMochepHo-
ro obnenenenus. [1o momy4eHHBIM JaHHBIM ObIIa MOCTPOCHA KapTa-CXeMa KOJIMYEeCTBa
Haunboee pacpoCTPAHEHHBIX aTMOC(EPHBIX SBICHUH, MPUBOAAINX K (OPMHUPOBAHHIO
TOJIONICTHO-U3MOPO3€EBEIX OTIOKEHUH B paiioHe OOCKO TyObI.

Kpome 31010, 1o JaHHBIM BU3YyaJIbHBIX HAOMIONEHNH 32 aTMOC(HEPHBIMH SIBICHUSIMA
OBIJTO MOTYYEHO OTHOIICHNE KOJIMIECTBA CIIy4aeB aTMOC(EPHBIX SIBJICHHH, CBS3aHHBIX C 00-
JEZICHEHNEM, K 00IIeMy KOJIMUECTBY HAOIOCHHBIX CITy4YaeB SIBICHU MOTObI B CPEIHEM
3a TOJl U OTAENBHO JJIsl KaXJI0ro Mecsiua 3a nepuox ¢ 1966 no 2021 r.

Jlnst n3yveHus BpeMEHHOTO TPEH/1a T'OJI0JIEIHO-N3MOPO3€EBBIX OTIIOKEHHUI NCTIONB30-
BAJINCH JTAaHHBIE OCHOBHBIX CPOYHBIX HaOmoneHui [7]. B aToM ciryuae paccmarpuBaiich
CTaHJAapTHbIC HAOIIOACHUS, Il KAXKIOMY METEOPOIIOTHIECKOMY CPOKY COOTBETCTBYET
oTpeeIeHHbBIN Ko moroabl. OqHOMY cOOBITHIO 00pa30BaHUs 00JIEICHEHUS MOTYT COOT-
BETCTBOBATh HECKOJIBKO IOCJIEIOBATEIBHBIX CPOKOB C OHUM KOJIOM TOTOABL. DTH CPOKH
YUNTBIBAINCH OTJCIIBHO, TAaK KaK OOJbINAsl MPOIOIDKUTEIBHOCTD SIBICHUH OKa3bIBacT
OoJbIIIEE BO3AEHCTBUE HA OOBEKTHI XO3MCTBEHHON NEATENLHOCTH YEJIOBEKA.

3a ciryyau rosojeza NpUHUMAINCh CPOKH, B KOTOPbIe HaOonarens (GUKCHpoBal
3amep3aromue ocaaku (xkoasl KH-01 24, 56, 57, 66 u 67). OTioXeHUs roojena UMErT
0OJBLIYIO NIOTHOCTb, II03TOMY TIOTEHIIMAIBHO OTIACHBIMH CYMTAIINCh BCE CPOKH, BO BPEMs
KOTOPBIX HAOIIOAAINCH 3aMEP3al0Iie OCaIKH.

B xone KH-01 orcyrcrByer paszneneHue u3Mopo3u Ha ziBa Buja. [loaromy aiist ana-
JIM3a MCIIOIB30BAINCH CPOKH, COOTBETCTBYIOIINE TyMaHy ¢ OTIIOKEHHEM M3MOPO3H (KOIBI
KH-01 48 u 49). B panee omy0nnkoBaHHBIX paboTax OBIIO MOKA3aHO, YTO ITONABISIONICE
KOJINYECTBO M3MOPO3EBBIX OTIOKEHNUH HAOMIIOAeTCsl B BUJIE KPUCTAJUINYECKOH N3MOPO-
3M, KaK MPaBUIJIO HE TIPUBOJIICH K HETaTUBHBIM 3KOHOMHUYECKHM TOCIEACTBUAM [3, 6].
3epHrcTas U3MOpo3b B paiioHe OOcKoit TyOsl HabMrOMaeTcs B cpeqaeM B 10 pas pexe.
HauGonpmmii nHTEpEC B AaHHOM pabdOTe MPEICTABIAIOT MOTEHINAIBFHO OMACHBIE TOJIO-
JEHO-N3MOPO3€eBble OTI0KEeHUS. C eNbI0 OTCENBAHMS CITA00OMHTECHCUBHBIX OTIIOKEHHUN
KPHCTAJUINIECKOH M3MOPO3H OBUTH OTOOPAHBI TOJIBKO T€ CIIydal U3MOPO3H, KOTOPBIE Ha-
OromaNnch B AMama3oHe Temmeparypsl Bo3ayxa oT —10,3 mo —0,7 °C u ckopocT BeTpa
1 m/c u 6onee. Panee, Ha ocHOBaHMY 00PaOOTKY JaHHBIX HHCTPYMEHTAIBHBIX HAOMIONCHUH,
6b110 TOKa3aHo, uTo 90 % omacHbIX (auamerpoM Oonee 50 MM) OTIOKEHUI 3€pHUCTON
N3MOpPO3H Ha TeppuTopuu Poccun 0Opasyercst IMEHHO B 3TOM TEMIIEpaTypHO-BETPOBOM
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Juarasone [7]. Takast GUabTpaLys JaHHBIX [03BOJISIET yOparh U3 BEIOOPKH OOJIBIIYIO YacTh
OTJIOXKEHUH B BHJE KPUCTAIUTMUECKON M3MOPO3H, KOTOpast 00pasyeTcsi Ipu TeMIeparype
Bo3myxa mernee —10 °C.

@unprpaiyst BBIOOPOK MPOU3BOAMIACH M JJIS BBISIBICHHS CPOKOB C MOKPBIM CHETOM,
s koroporo B koje KH-01 He npexycMoTpeHo oTaenbHOro koaa. i BbISBIEHUS MO-
KpOTO CHEra OTOMPaJIiCh CPOKH, B KOTOPbIE HAOIIOAAINCH OCAIKH TBEPIOH M CMEIIaHHON
tdazer (komer KH-01 70, 71, 72, 73, 74, 75, 85 u 86), BeIIafaromue Ipu TeMIIepaType
Bo3ayxa ot 0 mo 0,6 °C. Taxoii nuama3oH paHee ObUT 000CHOBAH aBTOpaMHU pabOTHI Kak
Hanbomee OIaronpusATHBIN A 00pa30BaHMs OMACHBIX OTIOKEHHH MOKpOro cHera [7].

B pesynbrare Obi1a mosydeHa CyMMa CPOKOB ¢ HaOJIOAeMBIMU OTIIOKEHHSMH TO-
JloJIe/1a, U3MOPO3U U MOKPOT'O CHera 3a Kax/blil roa B nepuod ¢ 1966 no 2021 r. IMomy-
YEeHHbIC JINHEHHBIE TPEH/IbI TIPOBEPSUTHCH HA TOCTOBEPHOCTH C MCIIOIb30BAHUEM KPHTEPHSI
Manna—Kennamna [8, 9]. JlaHHBI KpUTEpHUI MCIIONB30BAJICS paHee APYTHMU aBTOPAMH
JUISL OLIEHKH TEHACHINH XapaKTEPUCTHK TOJIONEAHO-U3MOPO3EBIX OTIIOKEHHH 110 JaHHBIM
WHCTPYMEHTAJBHBIX HaOMIONeHw Ha Tepputopun Poccnn 3a mepuon ¢ 1984 mo 2018 .

PE3VYJIBTATbBI

[To manHbIM apxuBa 00 aTMOC(EpHBIX SIBICHUSAX OblIa MOCTPOEHA KapTa-cxema
npeoOaIalouX BUAOB TOJIOJIEHO-U3MOPO3EBBIX OTIIOKEHUI Ha Teppuropun OOckon
ryos! (puc. 1). Ha kapTe-cxeme 11st K10 METEOPOIOTHUECKOI CTaHIMH TpeJICTaBIeHa
KpyroBasi uarpaMma, rmokasbIBaroIas oo 3apUKCHPOBAHHBIX CIIy4aeB aTMOC(EPHBIX
SIBJICHU, KOTOPBIE CTAHOBSITCSI TPUYUHON 00pa30BaHMUs IOJI0JIEJHO-U3MOPO3EBbIX SBICHUH
Ka)XKJI0ro BHJIA.

J11st Bcex MeTeopoIOrHYeCcKrX CTaHIMH, pactosararoiuxcs B paifone O0ckoii Tyobl,
XapaKTepHO ITpeolIialaHue TOJIONETHO-U3MOPO3EBbIX OTIIOKEHHH B BU/IE KPUCTAIUTHYECKOM
n3mopo3u. Kpucrammmueckas U3Mopo3b HauboIee 4acTo HabIoaaeTCs Ha BCEH TeppuTo-
puu Poccun, 3a UCKITIOYEHHEM FOTa €BPOIEHCKOM YaCTH CTpaHbl. DTO CBSI3aHO C BBICOKOM
MOBTOPSIEMOCTBIO OJIArONPUSITHBIX YCIOBUH /ISl €e 00pa30BaHHsl — CHIIBHOTO parali-
OHHOTO BBIXOJIQKUBAHUSI TIOBEPXHOCTH, B PE3YJIBTATEe KOTOPOTO MPOUCXOANUT CyOIMMaIus
BOJISTHOTO T1apa. Takue yciioBHs HaOJIIOJAr0TCs MOBCEMECTHO Ha Tepputopun OO6ckoi
ryObl. 3epHUCTasi U3MOPO3b — JIOBOJIBHO PEJIKOE SIBIICHUE, TIOCKOJIBKY s (JOPMHUPOBAHUS
3EPHUCTOI N3MOPO3U HEOOXOIUMO CYIIECTBOBAaHHE MEPEOXIIAXKICHHOTO TyMaHa, Karjiu
KOTOPOTO, CTAJKHBAsICh C MPEISITCTBHEM, OyTyT MpeBpaiiarbes B jiea. Haubonpimas mo-
BTOPSIEMOCTb 3€PHUCTON M3MOPO3U HAOJIOAAETCs Ha eBpoIeicKkol Teppuropun Poccun
U B TOPHBIX palioHax, IJie 3MMOM BO3yX 4acTO UMEET JJOCTATOYHOE BIIAroCo/IepKaHHue JUIsl
00pa3oBaHMs MEPEOXJIKACHHBIX TYMaHOB C OTJIIOKEHUEM M3Mopo3u. B paiione OOckoii
ryObl TaKue CHTyallil HaOIIONAIOTCS HE TaK 4acTo. Tak, eciy KpUCTaUTMYecKasi N3MOpPO3b
B 3aBHCHUMOCTH OT MCCTOIOJIOKCHHUS CTaHIIUU HaOmonaetcs B 55-82 % ciyuaeB oOpa3oBa-
HUSI TOJIOJICTHO-M3MOPO3EBhIX OTIOKEHHIA, TO 3ePHUCTAsi — TOJIBKO OT 2 710 9 % (Tadim. 1).

Ha BTOpOM MecTe 1o TOBTOPSEMOCTH PacHoIararoTcsi OTIIOKEHNSI MOKPOT'O CHera —
B 3aBUCHMOCTH OT MECTONOJIOKeHHUs1 cTaHimu oT 8 1o 30 % Bcex sBieHUil oOneneHe-
Hust. Camasi MasieHbKasi HOBTOPSIEMOCTh MOKPOTO CHEra HaOJII0IaeTcsl Ha CTaHIIMU MMEHH
M.B. ITonoBa, koTOpasi pacrojIoKeHa CEBEpPHEE BCEX OCTAIBHBIX Ha OCTpoBe bensbril.
W3BecTHO, YTO OTIIOKEHHUSI MOKPOI'O CHEra yallle BCEro HauMHaIOT 00pa30BBIBATHCS MPH
TeMneparype Bo3ayxa ot —2 1o 2 °C u npu HU3Ko# ckopocth Betpa (ot 1 10 4 m/c) uiu nipu
mTuiie. DTO CBS3aHO C PU3NYECKUMH CBOWCTBAMH CHETa — CHEKUHKH HMEIOT OOJBION
pa3Mep M BBICOKYIO apyCHOCTb, OHHU JIETKO C/IyBalOTCS CHJIBHBIM BETPOM C IPEIMETOB,
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Puc. 1. Kapra-cxema KOIM4eCTBa CIy4aeB aTMOC(EPHBIX SIBICHHUH TOJI0JIe1a, 36PHUCTON H3MOPO3H,
KPHUCTAJUTIYECKON H3MOPO3H H MOKPOTO CHera 3a repuoa ¢ 1966 mo 2021 1. mo JaHHBIM BH3YaJIbHBIX
HaOIIOAECHUI

Fig. 1. Map of the number of atmospheric events of glaze ice, hard rime, soft rime and wet snow for
the period from 1966 to 2021 according to visual observations

Ha KOTOPBIX MPOUCXOAUT oOJeneHeHue. [1oaToMy [ist 00pa30BaHusI OMACHBIX OTIOKCHUIHA
B BUJIC MOKPOT'O CHEra HEOOXOIMMO, YTOOBI BETEp Ha MPOTSHKEHUH BCei (ha3bl HapacTaHUs
OBLT HE CIIMIIIKOM CHIIBHBIM.

Camas Hu3Kasl TIOBTOPSIEMOCTh y TOJIOJNIENla, OHA COCTaBIsgeT Bcero ot 2 mo 7 %.
Haubonee yacto MHAIIMATOPOM (POPMHUPOBAHUS OMACHBIX OTJIOKCHHUI TOJIONE/A SBIISICTCS
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Tabruya 1

KosinuecTBo ciry4aeB pa3inyHbIX aTMOC(PEPHBIX sIBIEHHI”
M0 JAHHBIM METeOPOJIOTHYeCKUX CTAaHIU B paiione O6ckoii ryon! (mepuos ¢ 1966 mo 2021 r.)
Table 1

The number of cases of various atmospheric events” according to data
from meteorological stations in the region of the Ob’ Bay (the period from 1966 to 2021)

KommiecTBo cirydaeB pa3nuansix | Jlonst arMocepHBIX

Koopaunarst o o
Haspanue MeTeoCTaHIMH | o aTMOC(EPHBIX SBICHUH SIBIICHHH OT UX
METEOCTaHLUH (% oT Bcex HAOIIOACHHBIX CIIy4aeB) | CyMMapHOro KoJi-Ba, %
Mupora| Jomrora| ITJI | U3 | UK |[OMC| Bcee |[IJI| U3 | UK [OMC
Wm. M.B. Ilonosa| 73,3 70,1 | 1860 | 1403 | 25191 | 2396 [ 30850 | 6 | 4 | 82 8
(1,0) [ (0,8) | (13,8) | (1,3) | (16,9)
AmnTHmaiora 69,08 | 76,85 | 456 | 122 | 4912 | 1488 | 6978 | 7 | 2 | 70 | 21
0.4) | (0,1) | (43) | (1,3)| (6,1)
Hogrit [Topt 67,7 72,9 431 | 988 | 113672394 | 15180 3 | 7 | 74 | 16
0,3) | (0,7) | (7.8) | (1,6) | (10,4)
Ta3oBck 67,5 78,7 | 1198 | 1598 | 9847 | 5318 [ 17961 | 7 | 9 | 54 | 30
0,7) | (1,0) | (6,0) | (3,2) | (10,9)
Canexapn 66,5 66,7 721 | 101423751 | 3681 [ 29167 | 2 | 3 81 14
0,4) | (0,6) | (13,4) | (2,1) | (16,5)
Heina 66,63 | 72,93 | 254 | 513 | 8883 |3815|13465| 2 | 4 | 66 | 28
0,2) [ (0,3) | (5,6) | (24) | (8,5
Hanpim 65,6 72,7 550 | 475 |11772|4252|17049| 3 | 3 69 | 25
0.4) | (0,4)| (89 | (3,2) | (12,9

Ipumeuanue. B nannom ciydae aromchepusie sinerus — rononen (IJ1), sepaucras nzmoposs (U3),
kpuctayunaeckas uamoposs (UK) u omoxxenune mokporo cuera (OMC).

Note. In this case, the atomsphere events — glaze ice (I'JI), hard rime (113), soft rime (VK) and the accretions
of wet snow (OMC).

B3aUMOJICHCTBUE TPEX PE3KO KOHTPACTUPYIOIIMX M0 TeMIepaType U BIarocoAepix aHUIO
BO3JLyIIIHBIX Macc, MPHUBOJIAIIEe K 00pa3oBaHHIO cTpaTuduKaiuyu arMocdepsl 1Mo THILY
«TETJIOro HOCa», U HAJIMYME a/IBEKIMH TeIla B HIKHEH U cpeHei Tporocdepe u xonozaa
y noBepxHoctH 3eMiH [ 10]. Takue GnaronpusiTHeIe CHHONITHYECKUE YCIOBHS yalie popMu-
PYIOTCS Ha I0re, peke B LIEHTPAJIbHOM 4acTH U COBCEM PEKO Ha ceBepe Tepputopuu Poccun.

Jlanee ObUT paccMOTpPEH TOJ0BOM XOJI KOlW4YecTBa HaOM0AaeMbIX aTMochepHbIX
SIBJICHUH [Tl KOXKI0H U3 7 METEOPOJIOTUICCKUX CTaHIUi B paiione OOCKoii ry0sI (puc. 2).
ITokazano, 4yTo B HanboJiee XOJIOMAHBIC MECSIIBI — HOSIOPh, 1eKa0dpb, SHBAPb, (heBpasb
M MapT — HaOIIoaeTcsl CUIIbHOE NpeoliiaiaHie KPUCTaUTMUeCKo n3Mopo3u. B nepe-
XOJIHBIE CE30HbI MPE0OIaAAI0NINM BUIOM aTMOC(EPHBIX SIBICHHUHN SIBISIETCS MOKPBIN CHET.
3710 CcBsI3aHO C OOJIBLICH MOBTOPSIEMOCTBIO ITOTOJIHBIX YCIIOBHUIA, BO BPeMsI KOTOPBIX HaOIIt0-
JIaeTCsl OKOJIOHYJIEBasl TeMIleparypa Bo3/yxa 1 0ojiee HHTEHCUBHOE BBINAICHHE OCAIIKOB,
4eM B 3MMHEE BpeMsl roja.

B Hauboree Teruible MECsIIbI Foa — B MIOJIE M aBrycTe — 00JIeICHEHNE TIPAKTUYECKN
He HaOmonaercs. Tosnpko Ha cranumu M. M.B. TloroBa oTMeuaroTcst peiKue — OKOJIO
1 pa3a B roq — ciyuau rojonesia u okojo 2 pa3 B Tojl — CIIydau BbIIAJEHHsS MOKPOTO CHEra.

Takoke Ha puc. 2 1MokazaHa 70l aTMOC(EPHBIX SIBJICHUH, CBI3aHHBIX C O0JeaeHe-
HHEM, B 0OIIIEM KOJIMYECTBE HAOIIONEHHBIX SBICHUN MOTOBI JUISl KQXKIO0T0 Mecsia roja
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Puc. 2. T'omoBoif X0 KoIMYecTBa CIydacB aTMOC(EPHBIX SBICHUM, MPUBOIIMINX K 00pa30BaHHUIO
TOJIOJICTHO-N3MOPO3EBBIX OTIOXKEHHH B paiioHe OOcKoi TyOsl 3a mepuox ¢ 1966 no 2021 r., u gomns
ciTydaeB aTMOC(HEpHBIX SBICHUI 00NEIeHeHNs B 00IEeM KOJTHMYECTBE HAOMIOICHHBIX aTMOC(EpPHBIX
SIBICHUH (YepHbIe MapKepHhl) Ul MeTeoponorndeckux crannuii: (a) mm. M.B. ITonosa, (6) Hossrit
Iopr, (8) Autumnatora, (¢) Heina, (0) Tazosck, (e) Canexapa, (o) Hagpmv

Fig. 2. The annual change of the of the number of atmospheric phenomena leading to the formation
of ice accretions in the area of the Ob’ Bay for the period from 1966 to 2021 and the proportion
of atmospheric icing events in the total number of atmospheric phenomena (black markers) for
meteorological stations: (a) M.V. Popova, (6) New Port, (6) Antipayuta, (¢) Nyda, (0) Tazovsk,
(e) Salekhard, (orc) Nadym.
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3a mepuox ¢ 1966 mo 2021 r. YcraHOBICHO, YTO B HAaUOOJIEe XOIOIHBIE MECSAIIBI TOa KPH-
CTaJUTHYecKast 13MOPO3b HalmonaeTcs 6omee ueM B 10 % oT Bcex ciydaeB HaOMIOIaeMbIX
SIBIICHUH TTOTO/IBI, a Ha HEKOTOphIX cTaHmmsax (uM. M.B. TTomoBa, Canexapae u Hampive)
6omee gyeM B 20 %. DTO 3HAYUT, 4TO B cpeqHEeM Kaxkablid 10-i cydail HaOmMroneHHOTO SBIIe-
HUS B 3UMHHH 11epuo]] Ha Tepputoprn OOCKoil TyObI CBS3aH C IpoIieccaMi aTMOC(HEPHOTO
oOneneneHus. Bricokast MOBTOPSEMOCTh OOJICIEHEHUST COXPAHICTCS B IIEPEXOIHBIE CE30-
HBI, ¥ JINIIHb B CAMbIE TEIUIbIE MECAIBI To/ia (B UIONIE U aBTyCTe) TIOBTOPSIEMOCTD CITyJYacB
ToJoJNie/ia, M3MOPO3U M MOKPOTO CHera coctapisieT oT 0 10 3 % oT Bcex HaOMOTaeMBbIX
CITy4aeB SIBJICHUH MTOTOJEI.

Jnis1 BELSIBIICHUST BPEMEHHOTO TPEH/Ia KOJTMYECTBA CPOKOB € aTMOC(hEpHBIM 00IeieHe-
HHUEM HUCIIOH30BAJHCH TaHHBIC OCHOBHBIX CPOYHBIX HAOMIOICHUI HA METEOPOIOTHUECKUX
ctaHIsx OOCKoH TyOBI, IO KOTOPBHIM HEBO3MO)KHO OTIEIUTH KPUCTAIUTMIECKYIO H3MOPO3h
ot 3epHuCTOH. [10 3TOi MprYMHE U3MOPO3b paccMaTpPHBAIach BCA B IIEJIOM, HO, KaK OBLITO
yKa3aHO BBIIIE, OTOMPAIIICH TOJIBKO T€ CIy4Yan, KOTOPBIE MOYKHO OTHECTH K TIOTEHIHAIHHO
OmacHBIM sBIEHUSAM. Ha puc. 3 oT4eTnmBO BHIHO, 9TO B HOBOM BEKE YBEIMUYHMIACH ITO-
BTOPSIEMOCTh M3MOPO3EBBIX OTIIOKCHUI M MOKpPOTO CHera. B MpommioM Beke MakCHMyM
MTOBTOPSIEMOCTH M3MOPO3EBBIX OTIOKEHUH (M KPUCTAIUTHICCKON, W 36pHUCTON) MMEeT
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Puc. 3. ExxeroHoe KOJIMYeCTBO 1 BPEMEHHBIE TPEH bl METEOPOIOrHUECKUX CPOKOB € OJIArONPHATHBI-
MU 17151 00pa30BaHUs TOJI0JIEAHO-U3MOPO3EBBIX OTIOKEHUH yCIOBUAMH 3a Tiepron ¢ 1966 mo 2021 1.
ITpuBeeHbl CyMMapHbIe JJaHHbIC 110 7 METEOPOJIOTHYSCKUM CTAHIMAM. [IyHKTHPHBIMU JTMHUSAMHI
MOKA3aHbl JIMHEHHBIE TPEH/IbI

Fig. 3. Annual number and temporal trends of meteorological periods, with favorable conditions for the
formation of ice accretions for the period from 1966 to 2021. The summary data for 7 meteorological
stations are given. Dashed lines show linear trends
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B cpenHeM 14-eTHee KonebaHue (caMblie OOBIINE MOBTOPSAEMOCTH HaOmonamucs B 1967,
1982 u 1995 rr.). B magane XXI B. Tpu roga monpsin ObIT pe3KUil crag MOBTOPIEMOCTH
3Toro siBjaeHust, Ho ¢ 2004 1. HayajaoCh yBEJIMUYEHUE CIYyYaeB U3MOPO3EBBIX OTIOKEHUH,
KOTOpPBIE MOYXHO OTHECTH K ITOTEHIIHAIBHO OMACHBIM SIBICHHSIM. JTO OTPA3mWIOCh U BO
BPEMEHHOM TPEH/Ie, HO CaM TPEH/I HeJlb3sl Ha3BaTh 3HAYUMbIM (R* = 0,0508). To e MOXKHO
CKa3aTh M O MOBTOPSIEMOCTH OTJIOKEHUH B BU/IE MOKPOTO CHETa, XOTS M BUIHA HEOObIIIast
TEHJICHIIMSI K POCTY, HO OHa Toxe He 3HauuMma (R> = 0,0239). Tect Manuna—Kennasia
TTOKAa3all, 9To s 5%-HOTO YPOBHS 3HAYMMOCTH BCE MTOTYYCHHBIC TPEHIBI OKa3aJiCh He-
3HaYUMBIMHI. OTHOCHTEEHO 00Pa30BaHMUs TON0JIeIa TPEH A K YBEIMUCHHIO HE BEIBIICHO,
HO HEOOXOIMMO OTMETHTH, YTO HaunHast ¢ 1999 r., korma HaOIr0IaI0Ch caMoe OOJIBIIOE
KOJIMYECTBO BBIMAICHUS 3aMEP3ar0IINX OCATKOB C OTIIOKCHHUEM TOJIONENA, MPAKTHICCKH
He OBUTIO HU OJHOTO TOfa, KOoTna OBl OH He HAOIIONANCs, B OTIMYHE OT MPOIIIOro BeKa.

OCHOBHOE BHUMaHHE B padOTe YAEIIIOCh MMEHHO BHICOKOMHTCHCHBHBIM SIBJICHIISIM,
KOTOpBIE MOTYT TIPUBOIUTE K 00OPa30BAHHIO OITACHBIX TOJIOJICTHO-U3MOPO3EBBIX OTIOKECHHH.
B xone mcciemoBaHus BIIepBBIe TPUMEHSIICS MOIXON (GHITBTPALINN JTAHHBIX OCHOBHBIX HAOITIO-
JICHWIA, C yYEeTOM TOTy4YeHHBIX paHee JHAata30HOB TEMIIEpaTyphl BO3AyXa U CKOPOCTH BETPA,
XapaKTePHBIX UIS OIACHBIX TOJIOJIEIHO-U3MOPO3EBhIX OTIIOKEHHH KaXIIoro Bunma. B panee
OITyOTMKOBAaHHBIX paboTax OBLIM OIEHEHBI TPEH/IBI CPETHET00BOTO KOIMYECTBA JHEH C To-
nonenoM Ha Tepputopud Poccrn [11]. B miemom 1yist atmanTHaeckoit APKTHKE OBUT IOy deH
crmadbIii oTpHLaTenbHbIH TpeHs (—0,2 AHel/Tom) uncia qHel ¢ 3amMep3arommM 1okaeM. OHako
JUTSL METEOPOJIOTMUECKHUX CTaHIMH B paifore OOCKo TyObl 3HaYEHHE TPEH A PacIioarajioch
B unrepsaiie or —0,1 10 0,1 gHel B roxy. MOXHO MPEAIIONI0KUTD, YTO NOITYYEHHBIH B JAHHOU
pabote c1aboIONOKUTENBHBIN TPEH] XapaKTepeH HMEHHO JUTS BRICOKOMHTEHCHUBHBIX SBIICHUM.

TenpeHIH COBPEMEHHBIX H3MEHEHH XapaKTePUCTUK TOIONIETHO-U3MOPO3EBBIX OT-
JOKEHUH Ha TeppuTOpuu Poccuu, MOTyIeHHBIE ¢ UCIIONB30BAHNEM WHCTPYMEHTABHBIX
HaOIONICHNH, TIO TAaHHBIM JTOKJIaa 00 0COOCHHOCTSX KIMMara Ha TeppuTopun Poccuiickoit
Oeneparii 1 HAyYHBIX TyOIUKAIHA, TTOKA3bIBAIOT, UTO JUIS KBa3HOTHOPOIHON KITMMATH-
YeCKOH 00JacTH aTIaHTHYeCKOW ApPKTHKH HAONMFOHAaeTcss He3HAYMMEBIH MTOJIOKUTEIHHBII
TPEH[ KOJIMYEeCTBA JHEH C TOJOJNIEIOM M 3HAYMMBIA TPEHI KOJUYECTBa IHEH C OTIOXKe-
HUSMH MOKporo cHera [12, 13]. OxHako otaensHO B paitone OOCKOi ryOBI TOTyYeHHEIC
TEH/ICHIINH HE MMEIOT YSTKOW HANpPaBICHHOCTH, YTO B IEJIOM COIIIACYETCS C TaK JKe He-
3HAYMMBIMU TPEHIAMH, MTOTYYCHHBIMA B TIPEICTABICHHON pabore.

Hawnbonee BeposATHO, UTO MOTYIECHHBIEC TOJIOKUTEIBHBIC TPEHIbI KOJTHIECTBA METEO-
POJIOTHYECKUX CPOKOB C M3MOPO3bI0 U MOKPBIM CHETOM, MOTEHIIHATHHO TPUBOISIINMEI
K 00pa30BaHUIO OMACHBIX TOJIOJNEIHO-U3MOPO3CBBIX OTIOKEHHMA, CBSI3aHBI C YBEIUYHBA-
FOIIEHCST TIOBTOPSIEMOCTBIO COYCTaHHUS OTHOCHUTEIBHO BBICOKOW TEMIIEPaTyphl BO3AyXa
(ot =10 mo 0 °C) u GomBIIOTO BIArOCOAEPKaHUS BO3AYIIHBIX Macc B ApKTHKe. MOXKHO
OXHJIATh, YTO TEKYIIHE N3MCHEHUS KIMMAaTa, BEI3BIBAIOIINE POCT TEMIIEPATyPhI M BIIATO-
coziepkaHus B APKTHKE, IPUBEIYT K POCTY KOIIMIECTBA HAOTIOTAEMBIX OTTACHBIX SBICHHHA
aTMOC(epHOTO 00TIeICHEHUS.

3AKJJIIOYEHHUE

B xone pa®oThl OBUIO HCCIIEI0BAHO TPOCTPAHCTBEHHOE pACIpEieIeHUE CIy4acB
aTMOC(QEpHBIX SBJICHUH, MPUBOISIINX K 00pa30BaHUIO TOJOJICHO-U3MOPO3EBBIX OTIIO-
xenuid. [Tokazano, uto Ha Tepputopuu OOCKOH ryObl HanboIIee YacTo MOBTOPSIOIIUMUCS
cltydasiMu arMoc(epHOro odieaeHeH s SBISIETCS KpUCTAIUINYEcKasi i3MOpo3b. B cpenHeM
110 BCEM CTAHIUAM JOJsI KPUCTAJUIMYECKON M3MOpo3u cocTasiseT okoso 70 % oT Bcex
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cirydaeB obneneHenns. Ha BTOpoM MecTe MO YMCITy CIIydaeB HAXOAWTCS MOKpBIH CHET
(oxoio 20 %). OcraBmmecs 10 % ciryuaeB arMoc(epHOTo 00IeAEHEHNS TPUXOIATCS Ha
TOJIOJIE W 3EPHUCTYIO H3MOPO3b.

B xonomHOE Bpems roza, ¢ HOSIOPS MO MapT, MOABIIAIOIIEe KOJTMIECTBO HaOmoae-
MBIX Ha METEOPOJIOTHYECKUX CTAHIHMSX CIydaeB OOJNEIEHEHNUS IPUXOAUTCS Ha KPUCTATI-
JMYECKYI0 U3MOPO3b. B mepexoanbie ce30Hb Hanbosee 4acTo BIIIAAAET MOKPBIN CHET.
Tononen u 3epHUCTast U3MOPO3b OOPA3YIOTCS AOBOJIBHO PEAKO B TEUEHHE BCETO TOJA.
SIBIEHUS TOTOJIBI, CBSI3aHHBIE C OOJEICHEHNEM, B XOJIOIHOE BPEMsI TO1a COCTABISIOT
10 30 % Bcex HaOIIOMAEMBIX HAa METEOPOJIOTHYECKUX CTAHIMSIX CiIydaeB arMocdep-
HBIX sBIeHUH. ATMocdepHOe obneneHenne Ha ceBepe OOCKON TYOBI (METEOCTaHIIUS
nMmenn M.B. TloroBa) Habmronaercss 1 B HanboJiee TEIUIbIe MECSIIBI Tofia, Te ero A0
cocTaBiseT B cpeaHeM oT | 1o 3 % oT obmiero komnyecTBa HAOMIOJAaeMBIX CIydYacB
aTMOC(EpHBIX SBICHUH.

[To maHHBIM CPOUYHBIX HAOMIONEHNI OBUIN BBIZCICHBI METEOPOIOTHUECKUE CPOKH,
BO BPEMsI KOTOPBIX OBLIO BO3MOXKHO ()OPMHPOBAHHE OMACHBIX TOJIOIECAHO-U3MOPO3EBBIX
OTIIOKEHNH. BpeMeHHbIe TPeH bl TO1I0BOTO KOJIMYECTBA TAKHX CPOKOB C SBJICHHUSMH T'0JI0-
neqa, ©3MOPO3H (M KPUCTAJUTMIECKOH, U 3epHUCTON) X MOKPOTO CHera 3a mepuox ¢ 1966 r.
10 HACTOsIIIEe BPEeMsI MIMEIOT TEHJICHIIUIO K POCTY, XOTSl CaMH TPEH/bI ¥ HE 3HAYHMBI.
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Summary

Hydrochemical studies of watercourses and the water area of Blagopoluchia bay (Novaya Zemlya, Arctic,
Russia) have been carried out. The concentrations of nutrients in rivers and streams are higher than those in
the water area of Blagopoluchia bay. It is shown that the concentration of silicon in constantly flowing rivers is
1-13 uM, the concentration of NO, — 0.5-8, for small and temporary streams these values are higher and are
in the range of 1846 pM Si, 1-11 uM NO; . The influence of streams and rivers flowing into Blagopoluchia
Bay on the water area of the bay is local and extends to 1 km from the mouth, and does not influence the Kara
Sea nutrient content.
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INTRODUCTION

According to the Arctic Monitoring and Assessment Programme report [1], the rise
in the average sea and land surface temperatures in the Arctic was 3 times higher than
in any other region of the Earth. Currently, the frequency of events associated with
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the exchange of water and ice at the sea-land interface has increased in the Arctic, for
example, the intensity of the melting of the Greenland ice sheet has increased [2].

From 1971 to 2019, the annual temperature increase in the surface layer averaged
3.1 °C in the Arctic, and for the northern part of Novaya Zemlya and the northern part
of the Barents Sea, the value is 10.6 °C [1]. The retreat of marine-type glaciers in the
Novaya Zemlya archipelago has increased in the last 20 years. From the end of the 20th
to the beginning of the 21st century the area of glaciers on Novaya Zemlya decreased by
1,000 km?, and the volume of ice mass by 380 km? [3, 4]. Icelandic researchers have shown
that with an increase in the average annual temperature by 1 °C, the intensity of mechanical
weathering of rocks affected by the flow of glacial rivers increases from 8 to 30 %, thus
suggesting a significant relationship between rock weathering and climate change [5].

In terms of the connection between rivers and aquatic ecosystems, the water areas
near the Greenland Ice Sheet are the best studied. For example, the transport of nitrates
through snow and ice to the ocean is being studied. The source of nitrates, according to
the authors, is microbiological processes occurring on the surface of the ice sheet. For
the Kargenvagge tract in northern Sweden (Swedish Lapland) it was shown that crystalline
schists can be a source of inorganic forms of nitrogen [6].

In addition, it was possible to identify changes in the silicon cycle in the Arctic
ecosystem of the Greenland Ice Sheet; subglacial weathering processes are of great
importance as a source of silicon for the ecosystem. [7] and [8] explore the lakes of
the Greenland Ice Sheet with different nutrition (snow or glacier). Lakes differ both in
nutrient content and in turbidity. All the factors presented affect the species composition
of the hydrobionts inhabiting these lakes.

The phenomenon of connection between glaciers, small rivers and the sea for
the Russian Arctic has not been studied at all. For many years, certain regions of the Arctic
were inaccessible for research. The research program “Ecosystems of the Russian Arctic”
ran for 13 years from 2007 to 2018. For the first time, hydrophysical and hydrochemical
studies of the adjacent water areas of Novaya Zemlya were made [9, 10].

Rapid changes in the cryosphere affect the productivity of ecosystems [11] and species
interactions [12] in the Arctic. Such rapid changes lead to changes in the carbon and greenhouse
gas cycle [13, 14]. The unique ecosystems associated with the ice boundary are at risk.
The Kara Sea is a marginal sea of the Arctic Ocean, located on the shelf of Eurasia, bordering
the Barents Sea in the west, the Laptev Sea in the east, the total sea area is 883 thousand km?,
80 % of the sea area is shelf, with an average depth of 127 m, the greatest depth observed
in the St. Anna Trench — up to 620 m. The total volume of the Kara Sea is estimated at
112 thousand km®. The boundaries of the sea are distinguished both along the coastlines and
along the extreme points of the islands of Severnaya Zemlya and Novaya Zemlya.

Novaya Zemlya, a submerged mountain range, is the largest archipelago in
the European Arctic consisting of two islands, Severny and Yuzhny. The coastline of
Novaya Zemlya is significantly indented by fjord-type bays.

Blagopoluchia Bay (object of current study) is located on the eastern coast of Severny
island of Novaya Zemlya. It was discovered in 1921 by a Soviet hydrographic expedition on
board the R/V Taimyr. The bay’s length is about 11 km, the width at the entrance is 7 km.
Most of the year the bay is covered with ice. In the central part of the bay, the maximum depth
reaches more than 170 m. The bay is partially isolated from the Kara Sea by Kamny Island
located at the entrance to the bay [15]. The location of Blagopoluchia bay is shown in Figure 1.
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Fig. 1. Scheme of location of Blagopoluchia Bay on the Novaya Zemlya archipelago and in the Kara Sea
Puc. 1. Cxema pacnonosxenus 3anusa braronomy4ns Ha o. CeBepnsiit, HoBas 3emitst u B Kapckom mope

There is little literature on the ecology of Blagopoluchia Bay. It is known by oxygen
and hydrogen isotope methods that the source of desalination in the bay is glacial runoff.
In 2007, during an expedition within the project “Ecosystems of the Russian Arctic”,
high concentrations of nutrients were detected for the first time in the Blagopoluchia Bay
watercourses. The concentration of nitrates was in the range of 1-15 uM, dissolved silicon
22-50 pM. These values were higher than the average concentrations of NO; and Si in
the adjacent water area of the Kara Sea and aroused interest. Laboratory experiment was
carried out. The experiment confirmed that the rocks of Novaya Zemlya can be a source
of nutrients in the watercourses [14, 16].

The aim of the current study is to identify common characteristics and differences
in the hydrochemical composition of watercourses flowing into Blagopoluchia Bay and
determine the degree of influence of watercourses on the water area of Blagopoluchia Bay.

MATERIAL AND METHODS

The work is based on hydrochemical data obtained during cruises of the R/V Akademik
Mstislav Keldysh and cruises of the R/V Professor Shtokman (Table 1). The open part
of Blagopoluchia Bay and Ukromnaya Bay are separated from each other by a narrow
bar with 2 m depth [17].

Water samples in the rivers and in the marine part of the Bay were taken with
a plastic Niskin and then transferred into specially prepared glass and plastic bottles with
screw caps, canned, if necessary, and stored at a low temperature without access to light
or in a freezer. Water samples from rivers were preliminarily filtered through Millipore
filters with a pore size of 0.45 um. The water temperature and salinity were measured
using a CTD probe SeaBird SBE19plus. The water temperature and salinity during the
landings were determined using a portable salt thermometer.

Determination of dissolved silicon was performed by a blue molybdenum complex.
Traces of silica are determinable down to 0.28 uM SiO;™ liter ' with an error of +3 %.
Determination of dissolved forms of nitrogen (nitrates) was carried out colorimetrically using
the Griess reagent after reduction of nitrates to nitrites in cadmium reducers. The precision
of the method is 0.02 uM [18]. Total titratable alkalinity (Alk) was determined by direct
titration — the Bruevich method with visual determination of the end point of titration [19].
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Table 1

Cruises performed by the Institute of Oceanology of the Russian Academy of Sciences
in the course of research under the program “Ecosystems of the Siberian Arctic”
Tabruya 1

Peiicpl, BoinosineHHble MHcTHTYTOM OKeaHooruu uM. ILIIL. Ilupmosa PAH
B X0/l HCC/Ie10BaTeIbCKON MporpaMmbl «JkocucTeMbl CHOUPCKOIT APKTHKI

Year Vessel Dates of cruises
2007 RV “Akademic Mstislav Keldysh” 54 cruise ~ |05.09-07.10.2007
2013 RV “Professor Shtockman” 125 cruise Aug—Sept 2013
2014 RV “Professor Shtockman” 128 cruise 26.08-10.10.2014

2016 RV “Akademic Mstislav Keldysh” 66 cruise  |11.07-20.08.2016
2017 RV “Akademic Mstislav Keldysh” 69 cruise  |22.08-3.10.2017
2018 RV “Akademic Mstislav Keldysh” 72 cruise  |16.08-20.09.2018

Fig. 2. Rivers flowing into Blagopoluchia Bay. On the left, the red line (A) — the river flowing into
Ukromnaya Bay (flows from the Nally Glacier), on the right, the yellow line (B) — Bazoviy spring
(a large river)

Puc. 2. Pexn, Bnagaromue B 3anuB brnaronomyunst. KpacHsiM cieBa oTMeueHa peka YKkpomHas (A),
CIpaBa XKeNTol TuHueil orMeueH pydeii bazossrii (B)
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Water sampling from the rivers (Figure 2) was carried out during landings, water
sampling in the open part of the bay was carried out directly from the vessel. The watercourses
in Blagopoluchia Bay belonged to 2 main groups — rivers (the Ukromnaya River and
the Bazovy Creek, Figure 2) fed by glaciers and small streams that do not have a name,

a) b)

== RV S e
Fig. 3. Two different types of Blagopoluchia Bay watercourses: rivers (a) and small creeks (b)
photographed by the author
Puc. 3. /IBa pa3nu4HbIX THIA BOJOTOKOB, BIAJAIOUINX B 3a1MB biaromonyuuns: pexu (a) 1 MelKue
pyust (b), pororpadun aBropa

8321 63°39' 63°51'E
Years of expeditions
@2007 ®2013 ®2014 §2016 @ 2017 @ 2018

Fig. 4. Layout of stations in Blagopoluchia Bay
Puc. 4. Pacnionoxxenne craHnuii Ha 6epery U B akBaTOpHH 3annBa braronomy«dams
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fed mainly by snow, the difference between the two types of watercourses is shown in
Figure 3. Location of the sampling places look at figure 4.

Previously, it was shown that the chemical composition of the watercourses in
the bays of Novaya Zemlya is formed as a result of leaching of chemical elements from
rocks. The main nutrient elements entering the water area of Blagopoluchia Bay with
watercourses (according to the results of laboratory experiments) are dissolved silicon
and the nitrate form of nitrogen.

RESULTS AND DISCUSSION

Variability of the hydrochemical parameters of the rivers and streams
in Blagopoluchia Bay

The concentrations of dissolved silicon in the watercourses of Blagopoluchia Bay
in 2007 were in the range from 22 pM to 50 uM, in 2013 this range was 6.4-38.3 uM,
in 2014 5.3-26.8, in 2016 23-36 uM, in 2017 the concentration range was 10-46 puM,
in 2018 11-33 pM.

The concentrations of nitrate nitrogen in the watercourses of Blagopoluchia Bay in
2007 ranged from 1 pM to 15 pM, in 2013 this range was 3.04-8.14 pM, 2014 1.86—
5.5, 2016 3.7-11.2 uM, in 2017 the concentration range was 0.1-3.1 uM, in 2018 1-15
UM. Graphically, the data is presented in Figures 5 and 6, the boundaries of the bars
show the minimum and maximum values, the line in the middle of the bars shows the
average value.

A series of experiments were conducted with the shales forming the bedrock of
the glacial streams. The aim of the experiments was to identify the possibility of leaching

50

45 |
2016 2017 20

2007 2013 2014

80, uM
3 & B B 8 8 8

w

18
Years

Fig. 5. Silicon concentrations ranges in the watercourses of Blagopoluchia Bay, 2007-2018
Puc. 5. Konnenrpanuu KpeMHuUsl B BOAOTOKaxX 3ajiuBa biaronomyuusi, TMHUEH MOKa3aHO CpeaHee
3nauenue, 2007-2018 rr.
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Fig. 6. Nitrates concentrations ranges in the watercourses of Blagopoluchia Bay, 2007-2018
Puc. 6. Konnenrpanuu HUTPAaTHOTO a30Ta B BOJOTOKaX 3ajuBa biaromoiyuusi, TUHUEH Moka3zaHo
cpennee 3Hauenue, 2007-2018 rr.

nutrients from various rocks. The leaching experiments are described in [13, 16], the main
result of these experiments being the proven possibility of leaching silicon and nitrogen
from rocks. In addition, not only was the possibility of leaching biogenic elements proved,
but also the leaching rate was calculated, which was 1.6 uM SiO3™ -m%day, for nitrate
nitrogen (NOj; ) this value was at the level of 0.4 uM-m*/day [13, 16].

The concentrations of silicon and nitrogen reached the highest values in 2016-2018,
they were also significant in 2007. There are two different type of watercourses: small and
temporary watercourses or comparably larger and constantly flowing. Stream sampling
points are plotted on the Blagopoluchia Bay map; the values next to the points represent
the concentrations of dissolved silicon and nitrates (Figures 7, 8). The average values of
nutrient concentrations in watercourses of different types are given in Table 2. A diagram of
the silicon content and total alkalinity (Figure 9) of the watercourses show that the waters of
constantly flowing rivers Ukromnaya and the Bazovy stream on average contain a smaller
amount of dissolved silicon and nitrate nitrogen than the small and temporary watercourses.

Table 2
Comparison of concentrations of dissolved silica, nitrates in small watercourses and rivers
Tabnuya 2

CpaBHe}me KOHl.leHTpa].[l/lﬁ PAaCTBOPEHHOI'0 KPEMHHUs, HUTPATHOI'0 a30Ta
B MQJIbIX U 0O/IBIIUX BOAOTOKAX

Rivers (Ukromnaya, Bazoviy) Small watercourses (streams)
1-13 uM SiO* STDev 3.77 18-46 uM SiO,> STDev 8.09
0.5-8.14 uM NO, STDev. 2.1 1.15-11.2 utM NO, STDev 3.14
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Fig. 7. Map of the distribution of dissolved silicon concentrations in the watercourses of
Blagopoluchiya Bay (2007-2018). Yellow circles indicate sampling locations. Letter indices mark
the years of observation: @) 2007, b) 2013, c¢) 2014, d) 2016, e) 2017, f) 2018

Puc. 7. Kapra pacnpenencHus KOHLEHTpaLUi paCTBOPEHHOIO KPEMHUS B BOLOTOKaX 3anuBa biaro-
nomyuns (2007-2018). XKenTeiMu kpyramMu 0OTpasKeHO MECTOMONIOXKEHHE 0TO0pa Mpod. BykBeHHBIMI
HHJIEKCaMH OTMedeHBbI rofsl Habmonenuii: a) 2007, b) 2013, ¢) 2014, d) 2016, e) 2017, f) 2018
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Fig. 8. The map of nitrate nitrogen concentrations in watercourses of Blagopoluchia Bay (2007-2018).
Magneta circles indicate sampling locations. Letter indices mark the years of observation: a) 2007,
b) 2013, ¢) 2014, d) 2016, e) 2017, f) 2018

Puc. 8. Kapra pacnpenenenusi KOHIEHTpAWi HUITPATHOTO a30Ta B BOAOTOKAX 3ajmBa braromomyunst
(2007-2018). Po30BBIME KpyTraMy OTPasKeHO MECTOIOIOKEHHE 0TO0pa MPo06. ByKBEHHBIMHU HHIEKCAMI
oTMedeHbI robpl Habmonenuit: a) 2007, b) 2013, ¢) 2014, d) 2016, e) 2017, f) 2018
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Fig. 9. The Alk-Si Diagram for the watercourses of Blagopoluchia Bay (2007-2018)
Puc. 9. lnarpamma oO1mieif mienoqHOCTH — KOHIIGHTPAluy KPeMHHUS JJIsl BOJOTOKOB 3anuBa biaro-
noryunst (2007-2018)

Also, the parameter of the total alkalinity range in the rivers is 1 — 1.1 mg-eq/l, for
the small and temporary watercourses Alk = 1.8 mg-eq/l.

The results of a study conducted in Templefjord (Svalbard) are largely similar to
those of the current work. The main rock in Templefjord Bay is limestone, with which
a nutrient leaching experiment was also carried out. It is shown that, on average, limestone
releases 1.6 pM SiO} -m%day and 5 pM NO; -m*/day. In addition, according to the authors
(Pogojeva), the main source of biogenic elements in the Templefjord is rivers containing
46-58 uM SiO?", uM 5-9 uM NO; . Also, a significant source of nutrients is the abrasive
slopes of a recently retreating glacier, the waters of which contain 55 uM Si, 2 uM NO;
[14, 20].

According to several authors [21, 22], the concentration of nutrients (N, Si, P) and
metals (Fe, Mn) in watercourses is determined by the rock underlying the catchment area of
the watercourse. For the most silicon-rich rivers of the Greenland Ice Sheet (concentration up to
500 uM), the main rock underlying the watershed is basalt, and gneisses are also represented.
According to our data, the rivers of Novaya Zemlya contain a smaller amount of nutrients,
which may be associated with another rock of metamorphic origin, ankeritolite schist.

The average value of the concentrations of dissolved silicon in the rivers flowing
from the Greenland Ice Sheet is 26 uM, while the maximum value is 540 uM, the average
concentration of nitrate nitrogen, conversely, is lower for the rivers of the Greenland Ice
Sheet — it is at the level of 2.5 uM. Measurements in the glacier-fed Saqqap Sermersua
River showed that the Si:N:P ratio was 112:8:1, which is different from the standard
15:16:1 stoichiometric ratio typical of diatoms. Thus, melt water flowing from glaciers
cannot be a significant source of nutrients [23].
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Hydrochemical characteristics in the marine area of Blagopoluchia Bay

The Kara Sea belongs to oligotrophic seas [11, 24], whose nutrient concentrations
are significantly lower than those both in bays and in the glacial watercourses of Novaya
Zemlya [13, 16, 27].

Sections showing a spatial distribution of silicon and nitrates are given in Figures
10, 11. Using these sections, one can determine the range of influence of the source of
nutrient elements and the depth of the layer with elevated (compared to the open Kara
Sea) concentrations of nitrate nitrogen and dissolved silicon.

The vertical distribution of nutrient concentrations in Blagopoluchia Bay in 2007—
2018 is as follows: the surface layer is enriched in nutrients in the area of Ukromnaya
Bay and the adjacent water area, the thickness of the enriched layer (relative to the average
concentrations of the Kara Sea) is 10—15 meters. On average, the concentration of nutrients
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Fig. 10. Hydrochemical sections across Blagopoluchia Bay, letter indices indicate different years of
observations: @) 2013, b) 2014, ¢) 2016, d) 2017, ¢) 2018. The highest concentrations of dissolved
silicon were found in the upper 10—15 m water layer, in Ukromnaya Bay and at the outlet of
Ukromnaya Bay. This pattern is most clearly visible in figures a), b), d) and e)

Puc. 10. I'mapoxumMuueckuii pa3pe3 depes 3aiauB brarononydns, GyKBeHHbIE MHAEKCH 03HAYAIOT
pasnuuHble rosibl HabmroneHuit: a) 2013, b) 2014, ¢) 2016, d) 2017, ) 2018. Bpicokue KOHIEHTpALMN
KPEMHHS JIOKaJIH30BaHbI B BepxHUX 10—15 M, B OyxTe YKpoMHast 1 Ha BBIXOJIE U3 OyXTHl YKpPOMHasI.
Dra 3aKOHOMEPHOCTh HanbOoJIee XOPOIIIO BUAHA HA PUCYHKAX a), b), d) U e)
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Fig. 11. Hydrochemical section through Blagopoluchiya Bay, letter indices indicate different years
of observations: @) 2013, b) 2014, ¢) 2016, d) 2017, e) 2018. High levels of nitrate nitrogen are
localized in the upper 1015 m, in Ukromnaya Bay and at the exit from Ukromnaya Bay. This pattern
is especially clearly visible in Figure a). An interesting observation is the presence of relatively high
concentrations of nitrate nitrogen in the upper layer in the middle part of the bay in figures d), e)

Puc. 11. T'mapoxumudaeckuii pazpes uepes 3amuB briaromommyurist, OyKBeHHbIE HHIECKCH 03HAYAIOT Pa3Ini-
HbIe Tobl Habmonenwit: ) 2013, b) 2014, ¢) 2016, d) 2017, ) 2018. Bricokie HUTPaTHOTO a30Ta JIOKAIIH-
30BaHbI B BepXHUX 10—15 M, B OyxTe YKpOMHast 1 Ha BBIXOZE U3 OyXThI YKpOMHAsL. DTa 3aKOHOMEPHOCTh
0COOCHHO XOPOIIIO BUAHA HA PHCYHKE ). IHTepecHBIM HaOMIONEHIEM SIBIIETCS] HATMIHE OTHOCHTEIEHO
BBICOKMX KOHIIEHTpAIHI HUTPATHOTO a30Ta B BEPXHEM CJIOE B CPETHEH YacTy 3a/IMBa Ha PUCYHKaX d) 1 e)

in Ukromnaya Bay is higher than in Blagopoluchia Bay. Usually the concentration increases
with the depth to the values 4-5 uM Si, 2-9 uM NO; .

The average concentration of dissolved silicon in the upper layer of
Ukromnaya Bay (the inner part of Blagopoluchia Bay) is 6-10 uM; for dissolved nitrates,
this value is in the range of 4-6 uM. Further, from Ukromnaya Bay towards the Kara
Sea, the concentration of dissolved silicon and nitrate nitrogen in the upper 10-15 m layer
decreases, reaching concentrations close to analytical zero in the outer part of the bay
(normal values for the Kara Sea). See Figure 10, 11.

In 2013, the content of silicon in the waters of Blagopoluchia Bay was in the range
from 2 to 36 puM, the highest content of silicon was observed in Ukromnaya Bay, near
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the source (Ukromnaya River). Outside Ukromnaya Bay, the content of dissolved silicon
was 0-2 uM; towards the depth, the content of silicon increased and at a depth of 40 meters
it was 6 uM. In 2014, the silicon content in the waters of Blagopoluchia Bay ranged
from 0 to 6 uM, reaching a maximum in Ukromnaya Bay; in the upper 20 m water layer,
the silicon concentration reaches 3.5 uM, increasing to 6 uM with depth. The maximum of
dissolved silicon in 2016 was also observed in Ukromnaya Bay (up to 4 uM), in the upper
10-15 m water layer the concentration of dissolved silicon reached 2 uM, with depth it
increased to 7 uM. In 2017, the concentration of dissolved silicon was in the range of
3 to 6 uM, reaching a maximum in the surface waters of Blagopoluchia Bay and below
the pycnocline. In 2018, in the surface layer of Blagopoluchia Bay the concentration of
dissolved silicon was 4 uM in the secluded and northern parts of Blagopoluchia Bay;
in the outer part of the bay, it was close to analytical zero. The maximum of dissolved
silicon in 2018 was observed at a depth of 120-140 m.

The upper 10-15 m water layer in all the years of observation contains 0—1 uM
of nitrate nitrogen, at the same time, in 2013, 2014, 2016, an increased concentration of
nitrate nitrogen of 4 uM is observed in Ukromnaya Bay, in the northern part of the bay
outside Ukromnaya Bay, the concentration of nitrate nitrogen in the upper 10—15 meters
it reaches 2 pM, with depth the concentration of nitrate nitrogen increases to 9 uM. All
the hydrochemical sections across Blagopoluchia Bay are shown in Figures 10, 11.

Distance of influence of watercourses in Blagopoluchia Bay

The distance of nutrient signal spreading from the watercourses flowing into
Blaopoluchia Bay is different and has its own patterns. It can be seen from the sections
across Blagopoluchia Bay that the nutrient signal can be detected most often inside
Ukromnaya Bay, or in the northern part of the bay at the exit from Ukromnaya bay.
The range of penetration of river waters into the water area of the bay was determined
by us according to the literature data: in the Kara Sea, the average concentration of
dissolved silicon is 4-5 micromoles, according to some authors who have previously
studied the Kara Sea, it is silicon that is a marker of river waters. Thus, the boundary
of the influence of river waters was determined by us as a silicon content of more than
5 micromoles (average concentration in the west Kara Sea) [25]. The table below shows
the values of the propagation distances of the nutrient signal in Blagopoluchia Bay in
different years. See distances in Table 3.

Table 3
Distance of the nutrient signal spreading in Blagopoluchia Bay (2013-2018)
Tabnuya 3
PaccrosiHue pacnpocTpaHeHns 0HOreHHOro curHaJia B 3a;use biaaromonyuus (2013-2018)
Year Distance of nutrient signal spreading, km
2013 1 km, in Ukromnaya bay
2014 1 km, in Ukromnaya bay
2016 1 km, in Ukromnaya bay
2017 10 km, central part of Blagopoluchia Bay
2018 7 km, northern part of Blagopoluchia Bay

In our opinion, there are several reasons why the watercourses affect only Ukromnaya
Bay (see 2013-2016): 1) features of the bottom orography that prevent free advection of waters
from Ukromnaya Bay. Ukromnaya Bay and the main water area of Blagopoluchia Bay are
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separated by shallow water with a depth of 0.5 meters. 2) features of the circulation of waters
in Blagopoluchia Bay [26]. The main finding is that the waters from the Kara Sea flow along
the eastern coast and exit the bay along the western coast of Blagopoluchia Bay. Most likely,
in the course of this circulation, advection of waters from the Kara Sea occurs, which interferes
with the detection of the nutrient signal at the outer part of Blagopoluchia Bay.

According to the literature data available for the fjords of the Greenland Ice Sheet,
the distance of influence of the watercourses is determined by the fjord boundary. For
the Godthab fjord, the nutrient signal is visible at a distance of 20 km, which is primarily
determined by the difference in the location of the mouths of the watercourses. For Young
Sound Fjord, the distance of source influence (increased silicon concentrations) is also
20 km [23]. The depth of the influence of the watercourse reaches 10—15 m and is within
the plume distributed in the surface part of the section. These facts are consistent with
the data on the bays of Novaya Zemlya.

At the same time, the lack of response from the Greenland fjord ecosystem [23] in terms
of the lack of growth in primary production is worth noting. Turbidity is the reason for the
lack of primary production. Turbidity determines the availability of light to primary producers.
According to modern data, the primary productivity for the bays of Novaya Zemlya is often
lower than that of the adjacent water area of the Kara Sea. However, there is no restriction
on nutrients. Thus, according to our data, the nutrient influence of watercourses on the water
area of the Kara Sea is local and does not occur beyond the boundaries of Blagopoluchia Bay.

CONCLUSION

Within the framework of the project “Ecosystems of the Russian Arctic”, a study was
made of the influence of watercourses of glacial origin in Blagopoluchia Bay (archipelago
Novaya Zemlya) on the spatial variability of nutrients and the hydrochemical structure
of waters.

Watercourses are a significant source of biogenic elements for Blagopoluchia Bay.
Small and temporary streams bring more nutrients to Blagopoluchia Bay than the large
and constantly flowing ones. The structure of the waters is influenced both by the streams
themselves and by the general morphology of the bay. Blagopoluchia Bay contains a semi-
closed Ukromnaya bay, which accumulates nutrients from the incoming river water.

The distance of the influence of the watercourses on the hydrochemical structure
of the bay is also a variable value; according to our observations, it ranged from 1 km to
7 km; the watercourses’ influence is local and they do not bring nutrients to the Kara Sea.
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PacTBOpeHHbIN KPpEeMHHH M HUTPATHBIN a30T
B JICIHUKOBBIX BO0TOKAX U aKBaTOpHH 3ajuBa biaronoayuus
(Poccuiickasa Apkruka, HoBas 3emus):
MPOHNCXO0kK/ICHHE, H3MEHYHBOCTH U PACIIPOCTPaHEeHHEe OMOTeHHOI0 CHTHAJIA

HUnemumym Oxeanonoeuu um. I111. lupwosa PAH, Mocksa, Poccus

"borisenko.gv@ocean.ru

Pe3rome

[TpoBeseHBI THAPOXHMHUYECKHE HCCIEN0BAHHS BOIOTOKOB U akBatopuu OyxTsl braronmomyuns (Hosas 3emud,
Apxkruka, Poccrs). KonneHTpanym OHOTeHHBIX SI€MEHTOB B PeKaX U PYUbsX BBIIIE, YeM B aKBATOPHH OyXThI
bnarononyuus. [Toka3aHo, 4T0 KOHIEHTPALHUA KPEMHHS B OCTOSHHO TEKYIIMX peKax cocTaBmseT 1-13 uM,
konuenTpays NO, — 0,5-8, 111 MajbIX 1 BpeMEHHBIX BOJOTOKOB 9TH 3HAYEHHS BBILIE M HAXOMATCSA B NPENEnax
18-46 uM SiO?7, 1-11 M NOj . Bmustaue pydses H pek, BIaJAIIIHX B 3aTHB biaromomyune, Ha aKBaTOPHIO
3aJ1HBa HOCHT JIOKANIBHBII XapakTep U pacmpocTpanseTcs 10 | KM OT ycTbs. Pasrpyska BOJOTOTOKOB, GOraThIx
OMOTEHHBIMH JIEMEHTaMH, HE BIMSIECT Ha COfepiKaHne OMOTeHHBIX 2eMeHTOB B Kapckom Mope. Bozmoxnoit
TPIYHHON JTOKaIBHOTO BIHSHIS BOJOTOKOB HA aKBAaTOPHIO 3amuBa braronomydns seisercs pensed aHa, MOp-
(onorus 3anmBa 1 BeTpOBasi 00CTAHOBKA HA MOMEHT H3MEPEHHH.
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KaroueBble c10Ba: OHOTCHHBIC 3IEMEHTBI, OMOTCHHBIA CHIHAN, BOIOTOKH, Kapckoe mMope, HoBast 3ems,
PEUHOIA CTOK.

Jas unruposanusi: Borisenko G.V., Polukhin A.A., Flint M.V. Dissolved silicon and nitrogen in glacial rivers
and water of Blago bay (Russian Arctic, Novaya Zemlya): origin, variability and spreading // [IpoGnemsr Ap-
kruky 1 Autapktuki. 2023. T. 69. Ne 3. C. 356-373. https://doi.org/10.30758/0555-2648-2023-69-3-356-373.
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PACTBOPEHHBI KPEMHUU U HUTPATHBIN A30T
B JJEJHUKOBBIX BOJOTOKAX U AKBATOPHUHU 3AJIMBA BJIATOIIOJYYUS
(POCCUMCKASI APKTUKA, HOBASI 3EMJIS):
MNPOUCXOXKJIEHHUE, UBMEHUUBOCTb U PACIIPOCTPAHEHUE
BUOTEHHOI'O CUTHAJIA
(PACIIUPEHHBIN PEDEPAT)

BBEJEHHUE

CorracHO JaHHBIM MEXAYHAPOIHON MPOrpaMMbl MOHUTOPHHTA B OIIEHKH APKTHKH
(AMAP)’, noBBIILIEHHE TEMIIEPATYPBI B APKTHKE UJIET B 3 pasa ObICTpPEE, YEM B OCTATIBHBIX
permnonax 3emin. VIHTEHCUBHOCTH TastHUS JIGAHUKOB BhIpocia B I pernanaun u B Vcian-
nmuu. Jlns HoBoit 3emiu moBBIIEHHE CpeqHel TemmepaTypsl coctaBuio 3,1 °C ¢ 1971 1
CrpemMuTeNnHHOE TOBBIIICHHE TEMIIEPATYPHI B APKTHKE YBEJINYMIIO OOIINI YPOBEHB TasHUS
JIeTHUKOB, Hanpumep, Ha Hosoii 3emite. Cokparienue jgeqHukoB Ha HoBoli 3emite cocTaBu-
10 1000 kM2, a cokparienue oomiero oobema 380 kv?. Boma, oOpasyroiasicst B pe3ysibrare
TasHUSA JIETHUKOB, BBI3BIBAET KaCKal MI3MEHEHUH B 9KOCHCTEME, HallPIMep, MEXaHIYEeCKIH
Y XUMHYECKUH CTOK B pekax Mcmanauu 3a mocnennue 40 net Beipoc Ha 30 %. B 10 *e
BpeMs yCHIIMBAETCS TIPUBHOC peKaMu a3oTa (1mokazano Ha npumepe CeepHoii [1Berum),
METaJUIOB, PACTBOPEHHOTO kKpeMHus (Ha nmpumepe [ pennanaun). B Poccuiickoit ApkTrke
BIIMSTHHE yBEJIMUEHHS CTOKA peK Ha akBatopun CeBepHOTO JIemOBUTOrO OKeaHa OCTaeTCs
Heu3y4deHHbIM. HCTHTYTOM OkeaHonornn PAH O mponsBeneHs! uccnenoBanus Kap-
ckoro Mopst 1 HoBoii 3eMiin B paMKax IMporpaMMbl « IKOCUCTEMbI POCCHITCKOM APKTHKIY,
kotopas mmitack ¢ 2007 o 2018 1. JlaHHBIE, TOMyYeHHBIE B 3TUX YKCTIEIAUIIMIX, BO-
UK B TeKyIuii Matepuai. [Ipeasictopus pabot B 3anuBe braromomyqns, o0cyxnaemMbIx
B TaHHOW cTatke, caenytomas: B 2007 . Obut 0OHAPYKEHBI BHICOKHE KOHIIEHTPAIUU
HUTPATHOTO a30Ta, PACTBOPEHHOTO KPEMHHUS B BOJOTOKAX, BIAJAIOMINX B 3aJHUB. Tak,
KOHIIGHTpAIMsl HUTPATHOTO a30Ta Aocturana 15 pM, pacTBOPEHHOTO KPEeMHHUS — IO
50 uM. Anammza gannabix 2013-2018 rT. He MPOU3BOIMIOCH.

Lens TaHHOTO MCCIIEIOBAHUS BEISIBUTH OCHOBHBIC THIPOXHMMUYECKNE XaPAKTEPUCTU-
KM U Pa3Iu4us BOJOTOKOB, BIIaJar0MuX B 3ayMB biaromomyuus Hosoit 3emmu. HeoOxomm-
MO ONPEACTHUTH CTETIEHb BIUSHIS BOJIOTOKOB HA MPUJIETAIOIIYIO K 3By biaromomydus
akBaroputo Kapckoro mops.

MATEPHUAJIBI U METO/bI

3amuB braromonyuns pacronokeH Ha 0. CeBepHbIit apxumenara Hosas 3emis. Pabo-
Ta 0azupyeTcs Ha JTAHHBIX, MTOJTYYEHHBIX B XO/I€ KCHEIUIINH HCCIIEIOBATEIBECKOTO CYIHA
«Axaznemuk Mcrucnas Kenapinn u nccnenoarensckoro cyana «lIpodeccop Itoxkmany
B 2007, 2013, 2014, 2016, 2017, 2018 rr. IIpoOBI BoABI OTOMpATHCH KaK U3 BOIOTOKOB,

*

URL: https://www.amap.no/documents/download/6887/inline (nara obpamenus 01.09.23)
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BIIQJIAIONINX B 3aJIMB braromomyuus, Tak 1 U3 MOPHCTOH 4acTH 3aJMBa. METOAMKH, HC-
MOJIb3yEeMBbI€ /ISl THAPOXMMUYECKOTO aHallM3a COJAEep KaHMs a30Ta, KpeMHus, (Gocdopa,
ObuM cTaHIapTHBHIMU. PacronokeHne Todek mpo00oTOOpa MpUBEICHO B OCHOBHOI 4a-
CTH CTaTbW. BOmOTOKHM, M3 KOTOPBIX OTOMpanuch MpoObl, ObUIN IByX OCHOBHBIX BH/IOB!
KPYTHBIE, UMEIOIIHE 3HAYUTEIHHYIO BOJOCOOPHYIO TUIONIAb (K TAKMM peKaM OTHOCHTCS
peka YkpomHas u pydeil ba3oBrlit), OTHOCHTENBHO MOCTOSHHBIC W MEJIKHE, HMEIOIIIE
CHETOBOE NMTaHNE, BPEMEHHBIE.

PE3YJIBTATbI

Bb1 nosry4eHsl cpeiHie KOHLEHTPAIlMK OMOTEHHBIX 2JIEMEHTOB (a30Ta M KPEMHUS)
B KpyIHBIX pekax (YkpomHas u pydeil ba3oBblit) 1 B Meskux pyubsix. Pesynbrarsl Obuin
pasHBIMHU: B KpyNHBIX pekax (YkpomHasi, ba3oBblil) KOHIIEHTpAIIMH KPEMHHS COCTABIISITH

1-13 uM SiO;” STDev 3.77, azora 0.5-8.14 uM NO; STDev. 2.1, B T0 Bpems Kak s

MEJIKHX PeK 3TH nokasaresu paubl 18-46 uM SiO = STDev 8.09 u 1.15-11.2 uM NO,
STDev 3.14 st kpeMHUSI 1 @30Ta COOTBETCTBEHHO. CTaHAapTHOE OTKIOHEHHE PUBEACHO
U1 Kaxkaoro auarnasona u obosnaueno STDev.

B nomnoiHeHUE K MOyYeHHBIM Pe3yJbraTaM Mo CPEIHUM CONCPIKAHUSIM OMOTCHHBIX
JJIEMEHTOB ObllIa IOCTPOCHA qUarpamMma KOHIICHTpAIMi KPeMHHUsS — OOIIeH IIeI0YHO-
CTH, 110 KOTOPOH BOAOTOKHM, BIaJarolue B 3ai1uB biaromnonyuus, Takxe pa3aeiuiuch Ha
2 rpynmsl. [lo HalieMy MHEHHIO, TaKO€ Pa3lieleHHe CBSI3aHO C TMIPOJMHAMHKON BOJO-
TOKOB: MOCTOSIHHBIE M KPYIHbIE BOAOTOKH B MEHBIIEH CTENEHH BbIIIEIAYUBAIOT TOPHbIE
MOPOJIbl, YeEM BPEMEHHBIE.

B xome paboThl OBLIO OLIEHEHO BIHSHUAC NMPUBHOCA OMOTCHHBIX AJIEMEHTOB BOZO-
TOKaMH Ha akBatopuro Kapckoro mops. PaccTosiHue oOHapyKEeHUs MOBBIINICHHBIX KOH-
LEHTpaLUid KpEMHHUS U a30Ta BapbUPOBAJIOCH U COCTABIISLIO B pa3Hble rofibl OT 1 10 7 kM
OT UCTOYHMKA. Pazinyue B pacCTOSHUM BIMSHUS BOJOTOKA Ha aKBATOPUIO 3aJIMBa MBI
CBSI3BIBAEM C BETPOBOM OOCTAHOBKOH B MOMEHT M3MEPEHUIl, OTHAKO 3TOT TE3UC TpeOyeT
JIOIOJIHUTEINIBHBIX JOKA3aTeIbCTB.

3AKJIIOYEHHUE

B pamkax npoexrta «9xocucteMsl Poccuiickoit ApKTHKM» TPOBEICHO HCCIIEA0BAHNE
BIIMSHUS BOJOTOKOB JIGTHHKOBOTO ITPOUCXOXKICHUS B 3ainuBe braaronmomyums (apxumenar
HoBast 3emiist) Ha IPOCTPAHCTBEHHYIO M3MEHYMBOCTh OMOTEHHBIX BEILECTB U THIIPOXH-
MUYECKYH CTPYKTYpPY BOL.

BonoTokn SBIAIOTCS Ba)KHBIM MCTOYHHKOM OMOTEHHBIX 3JEMEHTOB IS 3a7HBa
brnarononyunsi. Masnble 1 BpeMEHHbIE py4YbH IPUHOCST B OyxTy briaromonyunst Gosblie
[UTATEJIbHBIX BEIIECTB, YEM KPYIHbIE U IOCTOSHHO TeKylue. Ha cTpyKTypy BOJ BIUSIOT
KaK caMM pyd4bH, Tak u obmas Mopdonorus 3anusa. B ryde biaromnonyuust umeercs mnosy-
3aKpeITas Oyxra YKpoMHast, akKyMyJIHPYIOIas MUTAaTeIbHbIC BEIIECTBA U3 MOCTyMaromeit
PEYHOI BOIBI.

JlanbHOCTh BIMSHUS BOJOTOKOB Ha I'MIPOXUMHUYECKYIO CTPYKTYPY 3aJIMBA TAKKE
SIBJISICTCS BEJIMYMHOMN MEPEMEHHOIA; TI0 HAIlIMM HaOJII0ICHHUSIM, OHA COCTABJIsIa OT 1 KM J10
7 kM. BrusiHME BOZOTOKOB JIOKAJIbHO, U OHM HE MPUHOCAT OMOTeHHBIE BenlecTBa B Kap-
CKO€ Mope.
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Pe3rome

Bynkannueckast akTHBHOCTD SIBISICTCS OJHMM U3 BaXHEHIINX (HAKTOPOB €CTECTBEHHOI KIMMATHYECKOH M3-
MEHUYMBOCTH T103[HETO0 roJIOLeHa 10 Hayaia HHAyCTPHaIbHO! S10XH. BiusHue By/IKaHOB Ha KIIMMAT U3y4aeTcst
B OCHOBHOM I10 JICHIPOXPOHOIOTHYECKUM 3armucsiM CeBepHOro MomyLapys, Torjaa Kak O BIMSHUE KPYIHBIX
M3BEPIKEHUH Ha TeMmIepaTypy BO3ayXa B HOIAPHBIX HmpoTax FOKHOro momymapus U3BECTHO CYLIECTBEHHO
MeHble. B Hacrosimieil paboTe HCIONB30BaHbI JaHHbIC 1O 130TOMHOMY cocTaBy (8'%0 u D) u3 4 GupHOBBIX
KEPHOB JUIS U3y4eHUs M3MEHEHUs TeMnepaTypbl B LlenTpanbHoil AHTapKTHIIE (OKPECTHOCTSIX CTaHIuK BocTok)
rnocie S5 KpyHHbIX H3BEPKEHUH BTOPOro Thicsyenerus Hateii opsl: Camanac (1257 r.), Henssecrnoe CobbiTre
(1459 r.), Yaiinanyruna (1600 r.), [Tapkep (1641 r.) u Tam6opa (1815 r.). [Tokazaso, 4To m0X0J101aHKE HOCTIE
u3BepiKkeHus coctasisieT okono 0,52 °C u IMTCA OKONO S JIeT, IPH 3TOM TeMIepaTypa B UCTOYHUKE BIIAr
cHikaetcs B MeHbluel crenenu (0,46 °C), HO XOMOAHBIN IEPUOJ ATUTCS JOJbIIE.

KuawueBnie cioBa: AHTapKTI/IKa, ByJ'[KaHI/I“IeCKI/Iﬁ (bOpCI/IHF, M30TOIbI BO/ABI, CTAHLASA BOCTOK, TeMIeparypa
BO3yxa.

Jast uurupoBanus: Exaiikun A.A., Bepec A.H. VI3menenue temneparypsl B LlenTpanbHoil AHTapKTHIC TOCIE
KPYIHBIX BYIKQHAYECKUX M3BEPIKCHUI BO BTOPOM ThICsUeneTHy Hameil psl // [Ipobnemsr ApkTuku 1 AHTap-
krukn. 2023. T. 69. Ne 3. C. 374-385. https://doi.org/10.30758/0555-2648-2023-69-3-374-385.
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Temperature shifts in Central Antarctica after major volcanic eruptions
in the second millennium of the Common Era

Alexey A. Ekaykin®, Arina N. Veres

State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

*ekaykin@aari.ru

Summary
Volcanic forcing is one of the major drivers of climatic variability on Earth during the last millennium before
the beginning of the industrial era, combined with solar activity, Milankovi¢ orbital forcing and greenhouse gas
concentration. Large volcanic eruptions (with Volcanic Explosivity Index of 6 or more) eject a huge amount
of sulfur dioxide into stratosphere thus reducing the amount of incoming solar radiation. The corresponding
cooling may exceed 1 °C and lasts about 5 years. The identification of the volcanic events is carried out with
the use of firn and ice core data drilled in the polar ice sheets, while the climatic response to the eruptions is
studied with the use of dendrochronology and other terrestrial data, mainly in the Northern Hemisphere. Thus,
the reaction of the Southern Hemisphere’s climate to the volcanic forcing is understood to a lesser extent. Here
we use stable water isotope data (3'%0 and dxs parameter, dxs = 8D — 8 - $"80) from 4 firn cores in order to
study the temperature change in central Antarctica (in the vicinity of Vostok Station) after 5 major eruptions
of the 2" millennium of the Common Era: Samalas (1257), Unknown Event 1459 CE, Huaynaputina (1600),
Parker (1641) and Tambora (1815). The isotopic composition of the cores was measured in the Climate and
Environmental Research Laboratory of the Arctic and Antarctic Research Institute (St. Petersburg) with the use
of Picarro L2130-i and L2140-i laser analyzers. We show that a post-eruption cooling in central East Antarctica
is about 0.52 °C and lasts for about 5 years. At the same time, the temperature in the moisture source decreases
to a lesser extent (0.46 °C), but the cooling lasts longer. We need to emphasize that only through using 4 parallel
cores was it possible to significantly reduce the amount of the “deposition noise” in the isotopic records and
detect the post-volcanic cooling in central East Antarctica.
Keywords: air temperature, Antarctica, volcanic forcing, Vostok station, water isotopes.
For citation: Ekaykin A.A., Veres A.N. Temperature shifts in Central Antarctica after major volcanic eruptions in
the second millennium of the Common Era. Arctic and Antarctic Research. 2023, 69 (3): 374-385. [In Russian].
https://doi.org/10.30758/0555-2648-2023-69-3-374-385.
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BBEJEHUE

Bynkannueckas akTUBHOCTb — OJIMH U3 NNIABHBIX JIpaliBEpOB KIIMMAaTUIECKON U3MEH-
YMBOCTHU TOCJIEHETO ThICAYEIETHsI Ha HAllleH IIaHeTe /IO Hauasla HHAYCTPHAIbHO! 20X,
Hapsily C COJIHEYHOM aKTWBHOCTBIO M, B MEHBIICH CTETICHH, N3MEHEHHEM OpOUTAIbHBIX
napaMeTpoB 3eMJIM U KOHIICHTpalre TapHUKOBBIX Ta30B B arMocdepe [1]. B wacTHoCTH,
UMEHHO COYETaHUE MOBBIIIEHHON YacTOThI MOIIHBIX BYJIKaHWYECKUX U3BEP:KEHUIl ¢ IMo-
HIDKCHHOW COJTHEYHOW aKTUBHOCTHIO Ha (DOHE CHWIKCHHMSI COTHEUHOW WHCOJISLIUH CTallo
npuanHOi Manoii nemaukoBoii sanoxu (MJI9) B XIII-XIX BB. [2-4].

[Tpn ByIKaHNYECKOM M3BEPXKEHUH B aTMOC(Epy BBLICISACTCS OONIBIIOE KOJIUIECTBO
JMoKcHa cepbl. Ecnu m3BepkeHne ObUI0 JOCTATOYHO MOIIHBIM, 3TOT T'a3 MOMa/IaeT B CTpa-
Tocdepy, TIie, COSUHSSICH C BIaroi, 00pa3yeT KarelbKi CepHOM KHCIOThI, KOTOPBIE CO3/1a-
10T 3aIIUTHBINA 9KpaH, YaCTUYHO OTPAKAIONIMH COTHEYHOE U3ITydeHne 00paTHO B KOCMOC.
3a cuer 3TOro MexaHm3ma HauOosee KpyIHbIe BYJKaHUUECKUE H3BEPIKEHUS (C MHIEKCOM
ByJKaHU4eckol akTuBHOCTU VEI, paBHBIM 7, Kak, HapuMep, IpU U3BEPKECHUU ByJIKaHA
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Tam6opa B 1815 1) BBI3BIBaNM neproabl nHTeHCHBHOTO (10 1 °C u Goree) moXoIonaHus,
KOTOpBIE AIHIINCH Topsizika S neT [2]. B cBoro ouepernb, 3TH MOXOI01aHus], TIPOSIBIIABIINECS
B OCHOBHOM B JIETHHH CE€30H, NPUBOAMIN K HEYPOXKasM M, KaK CIIE/ICTBHE, TOJIOLY, YTO,
B COBOKYITHOCTH C XOJIOIHOH MOTOJ0H, HEPEAKO MPOBOLMPOBAIO SIHUIEMUHN U COLUAIb-
Hble moTpsicerns [3]. Hanbosee W3BECTHRIN MpUMep B TOM OTHOIICHUU — «Tof 0e3
nera» B EBpone nmocne m3Bepxkenns TamOopsl B 1815 1. [5], HO mog00HBIE B3aUMOCBS3H
HaOTIONANNCh U paHblne. B wacTHOCTH, cepus MOIHBIX m3BepskeHmid B XIII B. (Heu3BecT-
Helid Bynkas, 1230 r.; Camamac, 1257 r.; Kumoroa, ok. 1285 1.) cipoBoIipoBaja Hagamo
nepBoii ¢a3sl MJID, BeI3Baza COMAIBHBIC MOTPSCEHNUS BO MHOTHUX T'OCYAapcTBaxX TOTO
BPEMEHH U CTajla OJHOH U3 MpU4IHMH «UepHoi cMepTn» (MMaHIEMHUN YyMbl), @ N3BEPKEHHE
BynkaHa YaiiHamyTtuHa B 1600 1., moMuMo mpodero, o0ycnoBmino Bemwkuit ronon B Poccun
1601— 1603 rT., KOTOPEI OBLT OMHUM U3 (PAKTOPOB COMUATBHBIX TMOTpAceHUH CMyTHOTO
BPEMEHH.

BrmnsiHue BynKaHHYECKUX M3BEPKEHHUI HA KIMMaT HanboJee XOpoIo U3yueHo U pe-
KOHCTPYHPOBAHO 10 TAaHHBIM JeHapoxpoHonoruu CesepHoro nmomymapus [2]. O peakuuu
kiMara FOKHOTO Tonmyniapus B 1eJIOM M AHTAPKTHKH B YaCTHOCTH HA BYJIIKAHHYECKOE
BO3/ICHCTBIE M3BECTHO CYIIIECTBEHHO MEHBIIE (CM., Hampumep, [6]).

3ajaueil TaHHOW paOOTHI SBIISETCA PEKOHCTPYKIMS KIMMaTHUECKOro oTKiInKa L{en-
TpajabHOW AHTApKTHJIBI HA KPYIHBIC BYJIKAHUUECKHE U3BEP)KEHHS IOCIIEIHETO ThICSUE-
nerus (Camanac 1257 r., Hem3BecTHBIHN ByinkaH 1459 1., Yaitnamytura 1600 r., ITapkep
1640 1. u Tambopa 1815 1.) mo gaHHBIM (HUPHOBEIX KEPHOB, IPOOYPEHHBIX B OKPECTHOCTSIX
ctanuuu BocTok.

METO/IbI

Yetpipe Menkux (pUPHOBBIX KepHA ObLIM MPOOYPEHBI B OKPECTHOCTAX CTaHIMU Boc-
Tok (78,465° 10. 1r., 106,835° B. 1., 3490 M H. y. M.), ICHTpaJbHAas YacTh BocTouHOU
Awnrapkrupl, B 20162022 rT. ¢ MOMOIIBIO JIETKOH NMepeIBIKHON MEXaHN4eCKOH OypoBoii
ycTaHOBKH. TexHosnorust OypeHust 1 MeToJuKa 00pabOTKH KEPHOB JIETAIBHO M3JI0KEHBI
B [7]. Anuna kepHoB coctaBuna 7020 cm g kepua VK16, 5514 cm ans VK18, 6537 cm
it VK19 n 3018 em miist VK22AB. U3 Beex KepHOB ObUTH OTOOpAHBI MPOOBI ISt M3-
MepeHHs KOHIIEHTPAMK CTaOMIIbHBIX U30TOIOB BOBI ¢ paspemienneM 10 cMm (B KepHe
VK22AB ot60p npoBomiics ¢ nryounst 495 cm). Takke Bo BceX KepHax ObUIO BHIITOIHEHO
ns3mepenne anekrponpooanoctd (ECM), a B kepae VK16, Haunnas ¢ riryounst 999 cwm,
TaKKe M3MEPEHO COJIep)KaHHe OCHOBHBIX MOHOB C pa3pemieHneM 2 ¢M (U3MEpeHUsl BbI-
nonHsuck B JlIumuonornueckom nneruryre CO PAH, r. UpkyTck).

Konuentpanust cyib(haToB HEMOPCKOTO IPOUCXOXK/ICHHUS BEIYUCIISIACH CIIEAYIOIHM
obpazom [8]:

[nss-SO,> ] =[SO, ]-0,06028 [Na'],
rae [SO,” ] u [Na'] — obmas KoHIeHTpamus cynb(paToB U HATPHS COOTBETCTBEHHO.

ITo 1aHHBIM O KOHIIEHTPANH CYIb()ATOB HEMOPCKOTO MPOUCXOKICHUS U ITPOPUITAM
ECM B kepHax ObUTH WACHTU(HUIMPOBAHBI 68 CIIOEB, COAEPIKAIINX MPOTYKTHI BYJIKaHHU-
YECKUX M3BEPKEHUH; 22 M3 3TUX CJIIOEB MBI CMOIVIM HA/Ie)KHO COIOCTABHUTH C XOPOIIO
JIATUPOBAHHBIMHU BYJIKAHWYECKUMH COOBITHSIMH U, TAKHM 00pa3oM, pa3paboTaTb XpOHO-
cTpaturpauUecKyro mIKary Uil Bcex KepHoB [8]. B wactHOCTH, camble TTyOOKHE clion

KEPHOB JaTUPYIOTCS, COOTBETCTBEHHO, 192 T. 10 H. 3. 1 VK16, 406 r. 1. 5. s VK18,
10 . mo u. ». mg VK19 u 1257 . 1. 5. miust VK22AB.
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W3MepeHns W30TOIMHOTO cOcTaBa (OTHOCHUTENBHOM KOHIIGHTpamuu Kuciaopoxa 18,
880, u geiitepus, 6D) ObuTH BbINOJIHEHBI B JlJabopatopuu W3MEHEHHUH KIMMaTa u OKpY-
xkaroreit cpernst AAHWU Ha ma3epHsix aHanmmzatopax Picarro L2130-i u Picarro L2140-i.
Metomuka nu3MepeHuil qetaapHo m3noxkeHa B [9]. CiaydaiiHas MOTPEenTHOCTh U3MEPEHUH
coctaBuna 0,05 u 0,5 %o m1s 8O u 6D coorBercTBeHHO. [lonmyyeHHbIE BepTHKAIbHbIC
M30TOMHbIE MPO(MIN OBUIM 3aTeM MPeoOpa3oBaHbI BO BPEMEHHBIE PSIZIbI C MOMOIIBIO
(hyHKIMHU TTyOWHA—BO3PACT.

TemneparypHast HHTEpIPETalyst H30TOMHBIX JTaHHBIX BBIOIHAIACH 110 YIPOILIEHHOMY
BapuaHTy metonukw, paspadorannor K. Kyhu u @. Bumé [10, 11]. Meton 6azupyercs
Ha MPE/IOJIOKESHUH, YTO U CaM H30TOIHBINA cocTaB ocaakoB (6'*0 u D), u mapamerp
dxs (dxs = 8D — 8 - §6'°0) 3aBUCAT KaK OT TEMIEPATypbl B HCTOYHHMKE BJaru 7, TaK M OT
TEMIIEPATYPhI KonaeHcanmu 7

ASD = aAT + bAT

Adxs = cAT + dAT,

rae A o3Ha4aeT aHOMAJUIO (OTKJIOHCHHE OT COBPEMCHHBIX 3HAYCHUH ).

B monHO# Bepcuy METOMKH YUYUTHIBACTCS TAKKE U30TOIHBIA COCTAaB MOPCKOM BOJIBI,
HO JUJIs TIO3[THETO TOJIOIEHA ATOT MapaMeTp MOXKHO CUUTATh MOCTOSHHBIM [12].

W3oTonHEI cocTaB GOPMUPYIOIICHCS BIIArH TaKXKE 3aBUCUT OT OTHOCHUTCIIBHOM
BJIQXKHOCTH BO3JyXa B MOMCHT HMCIAPCHHUS, HO, KaK MPABWIO (€CJIH HET HE3aBUCHMBIX
JaHHBIX O BIIAYKHOCTH), 3TOT NapaMeTp 3aiaeTcs kak QyHkuus ot 7.

[puBenennas BbIIIE CUCTEMA YPABHEHUH PEIACTCs OTHOCUTENBHO T 1 T:

AT = (dASD — bAdxs)/(ad — cb)

AT = (alAdxs — cASD)/(ad — cb)
3nradeHust K03(UIUEHTOB d, b, ¢ 1 d 6epyTcs U3 MPOCTOH n30TOMHON Mozeny [13]:
a=10,2 %o °C"', b =-3,2 %0 °C ", ¢ =—1,55 %0 °C' 1 d = 1,6 %0 °C"'. CoBpeMeHHbIC
suagenus 820, 8D u dxs (cpemnue 3a mepuon 1988-2018) pausr —57,09 %o, —440,05 %o
u 16,6 %o COOTBETCTBEHHO.
AHoMasust TeMIieparypbl KoHaeHcanuu AT, 3aTeM NEePeCUUTHIBAETCS B AHOMAIIHIO
TPU3EMHOM TeMIepatype! Bo3ayxa AT, 110 H3BECTHOMY COOTHOUICHHIO ATg =AT/0,67 [14].

PE3VYJIBTATHBI

Ha puc. 1 moka3ansl cBogHEIC (OCPEIHCHHEIC 110 BceM 4 KepHaM) Psibl KOHIICHTPa-
uu Kucinopona 18 u mapamerpa dxs, a TakkKe BPEMEHHOH Psii KOHIICHTPALUU CyibdaT-
HMOHAa HEMOPCKOIO MpoucxokaeHus st nepuona ¢ 1000 r. H.3. 110 HAcTosIIee BpeMmsl.

W3zoronHslii cocraB pupHOBOro KepHa (puc. la u 16) oOHapyXnuBaeT 3aMeTHYIO
MEKTOJIOBYIO0 M3MEHYMBOCTh. B wacTHOCTH, pocT 3Ha4eHui dxs B XX B., O-BUIUMOMY,
OTpakaeT YBEIMUYCHHE TEMIICpATyphl MOBEPXHOCTH OkeaHa B FOxHOM momymapuu. Ha
(hoHe 00IIeTO TPEHIA BBIICISIOTCS KBa3HUIICPUOAMYCCKUEC KOICOAHVsI ¢ JUIMHOW BOJTHBI
MOPSIIKa HECKOJIBKHX JCCATKOB JIeT. VI3yueHHI0 MEKTO0BOM N3MEHUYNBOCTH U30TOITHOTO
cocTaBa (pUpHA U PEKOHCTPYKIIMH COOTBETCTBYIOIINX KOJICOAHUU TeMIIepaTyphl Oyaer
TIOCBSIIIICHA OTJICJIbHAS Ty OIMKAIIHS.

Bo BpemenHOM psny KoHueHTpauuu SO,” 4eTKO BUHbI MUKH, KOTOPbIE COOTBET-
CTBYIOT CJIOSIM, COACPKAIMM IPOIYKTHI BYIKAHUYECKHUX H3BepkeHuit (puc. 16). Ciemnyer
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Puc. 1. Coanble u3otonHbie KpuBbie (3'%0 (@) u dxs (6)) 1 KOHLEHTpALMs CyIb(aTOB HEMOPCKOTO
MPOUCXOXKIeHHS (6) B palioHe cT. BocTok 3a mepuoa ¢ 1000 r. H.3. IO HacTosIIee BpeMsi, PEKOHCTPY-
HPOBAHHBIC MO TAHHBIM M3y4eHHs 4 GUPHOBBIX KEPHOB

Fig. 1. Stacked isotopic curves (8'*0 (@) and dxs (6)) and the concentration of the non-sea-salt sulfates
(8) in the vicinity of Vostok station from 1000 CE to the present day, reconstructed based on data
from 4 firn cores

OTMETHTD, YTO BYJKaHWYECKHUE Cylb(arhl BbIanatoT B LleHTpansHOl AHTapKTHIIC Yepes
1-2 roma mocne u3Bepskenus [2]. [losTomy, Hanpumep, ik TamOops! natupyercs 1816 T,
IIPU TOM UYTO CaMO U3BEepaKeHUe uMeno Mecto B 1815 . B nanpHeimem npu ynoMuHaHUU
BYJIKAHMYECKHX ITUKOB B KepHaX BocToka MbI OyneM NMPHBOAUTH HE JaThl N3BEPIKECHUS,
a TOZbI, KOTOPBIMU JaTHPYIOTCSl COOTBETCTBYIOIIUE CIIOM (pHPHA.

Ha nipoduie cynbdaro (puc. 16) MbI OTMETHIIM 5 TTHKOB, COOTBETCTBYIOIINX OTHIM
13 HauOoJiee MOIIHBIX M3BEp)KeHUI mocieanero Teicsiuenetus: Camanac (1258 r.), He-
M3BECTHBIN BynkaH 1459 1. (B smTeparype 3TOT MUK WHOTJIA MPHUITUCHIBAIOT U3BEPIKCHHIO

378 IIPOBJIEMBI APKTUKH 1 AHTAPKTHKH * 2023 * 69 (3)




A.A. Exatikun, A.H. Bepec A.A. Ekaykin, A.N. Veres

ByikaHa KyBan), Yaitnanmytuna (1601 1.), ITapkep (1641 r.) u Tam6opa (1816 1.). MsI nc-
MOJIB3YEM 3TH MUK JJIS TOTO, YTOOBI M3YUHTh U3MEHEHUE ITPU3EMHOM TEMIIepPaTypsl BO3-
JlyXa B paiioHe cTaHiuu BocTok, a Takoke TeMieparypbl B 30He (JOpMHUPOBaHHsI BIard (T. e.
B CpeaHUX MMpoTax MHIUICKOTO OKeaHa) B TOIbI ITOCIIE COOTBETCTBYIOIINX H3BEPIKEHHM.

J71st 5TOTO MBI M3 BPEMEHHBIX PSAI0B H30TOITHOTO COCTaBa Mo KaXI0My KepHY OepeM
3HaueHus 0'°0 3a 5 JIeT, NPEAIECTBYIOMINX U3BEPKEHNUIO, 1 20 JIET MOCIIEe U3BEPIKEHUS,
MPUYEM B KaueCTBE MEPBOTO 0l «IIOCIEBYJIKAHUIECKOTO» Ieproa OepeTcs rojl, KOTo-
PBIM aTHUPYyeTCs ByIKaHHYECKHH MUK. B IByX cirydasix BYIKaHWYECKOMY H3BEPKCHHIO
C pasHHIEH B HECKOJIBKO JIET IPEALIIECTBOBAJIO APYTOe MOIITHOE M3BEPIKEHHE: TIepes U3-
Bep)KeHreM Y alfHaITyTHHBI IMEJI0 MecTo u3Bepkenne Hesano nens Pywnc (1595 1), a mepen
n3BepKeHHEM TaMOOpPHI CITyYHIOCh HEM3BECTHOE BYIIKAHHYECKOE COOBITHE, JaTHPyeMOe
1809 r. B aTuX ciiy4asix B KaueCTBE «JOBYJIKAaHUYIECKUX» MEPUOTOB MBI OEpeM, COOTBET-
crBeHHO, 1590-1594 rr. u 1804—-1808 rr.

Cpennue (110 MSITH ByJIKaHAM M YETBIPEM KEpHaM) 3HAUC€HHUsI aHOMAaJIM H30TOITHOTO
cocrara (8'%0 u dxs) B 10- M MOCIEBYIKaHMYECKHMI [IEPUOJIBI TOKAa3aHbl HA PHUC. 2.

11
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-5 0 5 1I0 1I5 20
ofbl OTHOCUTENBHO BIIK. NMK3

Puc. 2. Anomanuu u30tomHoro cocrasa (8'%0 u dxs) B TeueHHe TIepruoia BPEMEHH, OXBATHIBAIOIIETO
5 JeT 10 BYJIKAHUYECKOTO H3BeprkeHus U 20 JIeT mociie Hero. 3aMBKOii OKa3aHbI PeJIeIbl O pel-
HocTeit (£1 ommOKa CpeaHero, CM. TEKCT)
KpuBbIe nomydeHsl myTeM 0CpeIHeHH JaHHBIX 110 4 KepHaM U 5 ByJIkaHaM (CM. TeKCT). B kauecTBe Touku oTcuera
Ha M30TOIHBIX LIKaax OepeTcs cpeiHee 3HaYEeHHE 3a S JIET, PE/IIISCTBYIOIINX U3BEPKEHUIO
Fig. 2. The anomalies of the stable water isotope content (3'0 and dxs) during the time interval
spanning 5 years prior to a volcanic eruption and 20 years afterwards. The shading depicts error bars
(£1 standard error of mean).

The curves are obtained by averaging data over 4 firn cores and 5 volcanic peaks (see the text). The zero value at
the isotopic scale corresponds to the mean over the 5 years prior to the eruption
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Puc. 3. AHOManuu npu3eMHol TeMIieparypsl Bo3yxa B paiioHe cT. Boctok AT 1 TEMIICPATypPBI B HC-
To4HMKe Bi1ard AT, B TeeHHE MEPHO/Ia BDEMEHH, OXBATBIBAIOIIETO S JIET JI0 BYJIKAHMYECKOTO H3BEPKCHHUSI
u 20 siet nociie Hero. 3aJMBKOW MOKa3aHbI IpeJiesbl ITorperHocTel (1 omubka cpeHero, cM. TEeKCT)
Fig. 3. The anomalies of the near-surface air temperature in the vicinity of Vostok, AT, and the moisture
source air temperature, AT, during the period of time spanning 5 years prior to a Volcamc eruption
and 20 years afterwards. The shading depicts error bars (£1 standard error of mean)

3areM 3T aHOMAJIMHM W30TOITHOTO COCTaBa OBUIM IEPECUUTAHBI B aHOMAJIHMH TPH-
3eMHOM TeMIeparypbl Bo3yXa B paifone cT. BocTok 1 Temneparypsl B paiiloHe HCTOYHHUKA
BJIar'M COIVIACHO ONMCAHHOMW BBINIE METOIUKE (puc. 3).

OBCYKJIEHUE

ITepBoe, uTO ciemyeT OTMETUTDH MPH aHAJIU3€ PUC. 2, — OTHOCUTENBHO HIMPOKUE
IpeJelibl TTOrPEIHOCTH, pacCuuTaHHble Kak | cranHaapTHas ommoOka cpegHero SEM
(Standard Error of Mean = cpeiHee KBajipaTHiecKoe OTKIOHEHHE, JISICHHOE Ha KBaIpaT-
HBIIl KOPEHb M3 KOJIMYECTBA TOYECK HaOmoneHni). [IpuarHON 3TOTO SIBISETCS OrpOMHAst
JIOJST «JIEMO3ULIMOHHOTO IIIyMay, XapaKTEPHOTO JJISi BPEMEHHBIX PAIOB JIFOOBIX Mapame-
TPOB, PEKOHCTPYHUPYEMBIX IO AAHHBIM KEPHOB B pailoHaX ¢ OYEHb HU3KOH CKOPOCTHIO
CHETOHAKOIUIEHUsI — TakuX, Kak llenTpanbnas Antapkruna [15]. B wactHocTH, cpen-
HUH KOA()DUIHEHT KOPPENSInE MKy OTAeIbHBIME psiamMu 0'°0 Mo yeThipeM KepHaM
pasen 0,08 + 0,01. D10 o3Hauaet, 4TO B OOIICH TUCIIEPCUU M30TOIHBIX 3HAYCHUHN JIHIIbL
8 % mpuxoaMTCs HA KIMMATHYECKUH curHai, a 92 % — Ha JeMO3UIIMOHHBIN 1TyM, YTO
CYIIECTBEHHO OCJIOKHSCT U3YyUEHNE MEXKTO0BON KIMMATHYECKOW M3MEHYMBOCTH C Pa3-
pemenueM | roa. IMEHHO ¢ I1e7b10 CHUKECHHUS IITyMa U MOBBIIICHUS OTHOIICHUS CUTHAJIA
K LIyMY Mbl U BBIIIOJHWIN OypeHUE HE OJJHOTO, @ HECKOJIBKUX KEPHOB.
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Tem He MeHee, HECMOTPS Ha OOJIBIIOE KOJMYECTBO IIyMa, HA PHC. 2 YETKO BUIHBI
3HAUYMMBbIe KOJIeOaHHs N30TOMHOTO COCTaBa B IIEPHOJ] BPEMEHH, CIICAYIONINHI 3a ByJIKAHH-
YECKUMU U3BepkKeHUAMU. [Ipu 3TOM XapakTep 3TOM M3MEHUYMBOCTH JUIsl KUciaopona 18
U JUIA dxs COBEPILCHHO Pa3NyHbIi: 3Ha4eHHs §'*O MOHMKEHBI Ha NMPOTSDKCHUU 3—4 JieT
MOCJIe M3BEPKEHNUS, a 3aTeM HaOJIIOIaeTCs MOJIOKUTEIbHAsT aHOMAIINS, AJSIIAsICs OKOJIO
10 met; B cirydae dxs 3Ha4CHUS CHIDKAIOTCS Ha MPOTSHKCHUH MPHUMEPHO 5 JIeT U 3aTeM
OCTaIOTCS MOHIKEHHBIMH Ha POTSDKeHNH Beero 20-yeTHero nepuoaa. IIpuauHbl Takoro
MIOBE/ICHNSI MBI MTOSICHUM HHKE.

Uro kacaetcst Temmeparypsl (puc. 3), 3meck HaOmonaeTcs nHas kaptuHa. [Ipexie
BCETO, 00paIaloT BHUMAHUE OTHOCHTEIIFHO OoJiee MUPOKHE MPEAEIbl TOTPELIHOCTH O
CPaBHEHHIO C TEM, YTO HAOIIONAIOCH ISl H30TOITHOTO COCTaBa. JTO CBSI3aHO C TEM, 4TO
MPUMEHSIEMBII HAMH METOJl PEKOHCTPYKIIUH TEMIIEPATypPhl IPEIIoNIaraeT UCHOoIb30BaHIE
JIBYX HE3aBUCHMBIX M30TOIHBIX ITAPAMETPOB, YTO MPUBOIUT K CYMMHPOBAHHUIO MOTPEI-
Hocreit 0'0 u dxs. Tem He MeHee U B cllydae ¢ TeMIeparypoil Mbl HAOIIOAAEM 3HAYMMBbIC
KOJIEOaHUS B «IOCIIEBYJIKAaHNIECKUID» eprnoa. AHOMAIUS ITPU3EMHOM TeMIIepaTypbl BO3-
nyxa Ha Bocroke nepxwutcs Ha ypoBHE okono —0,52 °C Ha MPOTSHKEHUU TPEX JIET Toce
M3BEPKEHMSI M IPUXOAUT B HOpMY Ha 5-if rof. Iloxononanue B pailoHe HCTOYHMKA BIIaru
(cpenuue mmpotsl MHmuiickoro okeana) HemHoro ciadee (—0,46 °C), HO TepKUTCS TOITh-
IIe, ¥ TeMIlepaTypa BO3BpAIAeTCsl B HOPMY Ha 6-if rox mocie usBepkeHus. CormacHo
puc. 3, TeMneparypa B HCTOUYHHKE BIAard OCTAETCs MOHMKEHHOW Ha MPOTSHKEHUH BCETO
20-1€THEero «MOCJIEBYIKaHHIECKOTO» IEPHOAA, HO, YUUTHIBAsI IUPOKUE MIPEIEIIbI ITOTPell-
HOCTH, MBI HE MOXKEM CUHUTATh TOT PE3YJIbTAT CTATHCTHYECKH 3HAUUMBIM.

B 1esioM MOXXHO 3aKIJIIOUNTH, YTO CHIKEHHE TeMmreparypsl B FOkHOM nosymapun
MocJie KPyIHBIX BYJKaHHYECKHX M3BEepKeHUil cinabee, yuem B CeBepHOM, I CPEIHSS
AQHOMAJIMsI TEMIIEpaTyphl B TEUCHHUE 5 JIET MOCIEe MOIIHBIX BYJKAaHHYECKHX COOBITHHA
cocraBusieT —1,1 °C [2]. OnHaKo ke 3Ta peKOHCTPYKIHUS, BBHIITOJHEHHAS 110 JaHHBIM
JCHIPOXPOHOJIOTHH, OTPAKAET HE CPEIHIOI0 T'OI0BYIO, & JIETHIOI TEMIIepaTypy BO3-
nyxa. VI3BecTHO, 9TO MOCTBYJIKaHMYECKOE TIOXOIO0IaHUE TIPOSBIIAETCS JIETOM, a 3UMHSA
U CPEIHero/0Basi aHOMAJIMsI TEMIEpaTyphl CyIIECTBEHHO HIKE. B Hamem ciydae Mbl
PEKOHCTPYHUPYEM MMEHHO CPEIHIOIO0 TOJIOBYIO TEMIIEPaTypy, TO3TOMY HE HCKIIIOUYEHO,
YTO JICTHSISI aHOMaJHsl ObuIa OBl CHIIbHEE, HO MMEIOIINECs y HAC JaHHBIC HE MTO3BOJISIOT
MIPOBEPUTH 3Ty TUIOTE3Y.

COBMECTHBII aHAJN3 PUC. 2 ¥ PUC. 3 TIO3BOJISET OOBSICHUTH HAOMIOMAIONIYIOCS aHOMa-
JIMIO M30TOMHOTO cocTaBa. J[eficTBUTENbHO, M30TOMHBIN COCTaB OCAAKOB IPOIOPIIMOHANICH
HE TeMIlepaTrype KOHICHCAINH, a Pa3HOCTH MEXIy TEeMIIEpaTypoi B MCTOYHHKE BIJIATH
Y TeMIIepaTypoil KOHIEHCAINN, KOTOpasi U OTPEEIIsIeT CTENEeHb H30TOITHOTO NCUEPITaHHS.
Uem HMKE 3Ta Pa3HOCTh — TEM BBIIIE KOHICHTPALMS TSDKEIBIX N30TONOB. Temmeparypa
KOHJICHCAIINU TIPUXOINT B HOPMY Ha 5-# TOZ OCIIE U3BEPKEHUSI, a TEMIIEpaTypa B HCTOU-
HHKE BJIaT'M OCTACTCS IIOHWKEHHOI, YTO M NPUBOJMT K OoJee TsKeIbIM 3HaueHUsIM '%0.

Takoit sxe BBIBOZL MOKHO ITPUMEHHUTD U KO BCEMY N30TOITHOMY PSI/ly 3@ MOCIEIHIO0
1000 ner (puc. 1): npopuib 3O He 0OHApYKUBAET 3HAYMMOTO TPEH/IA 33 MOCICTHHUE
200 yret, TOrAa KaK 3HAUYEHMS dxs CYIIECTBEHHO PacTyT. DTO CBA3aHO C MapauIeIbHBIM
MOBBIIIEHUEM TEMIIEPATYPbl B UCTOYHHKE BIIard U B LleHTpanbHON AHTapKTHIIE, YTO HU-
BEJIUPYET TPEH] B PNy KOHIEHTpaluu Kuciopona 18. PekoHcTpyKims Temreparypsl 3a
2000 et Mo JaHHBIM HAIIUX (PUPHOBBIX KEPHOB BBIXOIUT 32 PaMKH HACTOAIICH paboTHL,
3TOMY OyJIET MOCBAIIEHO OTAEIBHOE HCCIICIOBAHME.
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Ente onaa 0coOEHHOCTD PSAIOB TEMIIEPATYPhI HA PHC. 3 3aKIIFOYAETCS B TOM, YTO ITOXO-
JIOJJaHNE HAaYMHAETCSI B TOJI, IPE/IIECTBYIOINI BYJTKAaHUUECKOMY ITHKY. DTO IPOTHBOPEUHUT
peasbHBIM HAOMIOACHUSIM: HallpuMep, B cirydae TaMOOpbl M3BECTHO, YTO ITOXOJIOAHHE
HACTYIIJIO He B Tof m3Bepkerns (1815), a Ha cnemyromwuii rox [5]. Ilo-Bumumomy, 3TOT
pe3yibTaT 00BICHIETCS MOTPEITHOCTRIO JaTHPOBKHU: MBI AatupyeM 1816 T. cioi, B KO-
TOpPOM HaOJIIOIaeTCsl MAaKCUMalIbHasi KOHIICHTPALUSI BYJIKAHMYECKOTO cyib(dara, HO mpH
9TOM BYJIKaHHYECKHH MUK JJOBOJBHO IIMPOKHH M OXBAaThIBAET HECKOJBKO JIET. B ciyuae
Tam0opsb! koHUEHTpanusa SO,> HaYMHAET MOBBIIATLCA B 1814 I, JoCTHraeT MakcuMyma
B 1816-M 1 mpuxoaut B HOpMY B 1817-M (MMEHHO ITO3TOMY MBI OLIEHHBAEM ITOTPEITHOCTH
JATUPOBKH JUTA CIIOSI, COZEPIKAIIEro IMPOLYKTHI BYJIKAHHUECKHUX U3BEPKEHHH, B 3 rofa [8]).
TakuM 00pazoM, BIIOITHE BEPOSATHO, YTO CIIOW ¢ MAKCUMAIIbHON KOHIIEHTPAINCH BYIIKaHU-
4ecKoro cynbdara marupyercs ve 1816, a 1817 1.

3AKJ/JIIOYEHUE

B pesynbrare mpoBENEHHBIX HCCIIEIOBAHUI HAM yIaloCch PEKOHCTPYHPOBAThH XOJ
TeMIieparypsl Bo3yxa B LleHTpanbHOl AHTApKTHAE B TOMIBI, CICAYIOMNE 32 KPYITHBIMA
BYIIKaHHYECKUMHI H3BEp)KeHUSIMU. [10Ka3aHO, 4TO MOXOJIO/IaHUE JUTUTCSI OKOJIO S JIET U aHO-
MaJMsl IPU3EMHOM TeMIepaTypbl Bo3ayxa coctasisieT okoso —0,52 °C. CooTBeTCTBYOIIAs
aHOMAITUS TEMIIepaTypsl B HCTOYHKKE Biare MeHbmie (—0,46 °C), HO ATUTCS TOTBIIE.

Hamm pesynpraTsl B ouepesHol pas MOATBEPkKIAIOT TOT XOPOIIO N3BECTHBIN (DaKT,
YTO HMCIIOJIB30BAaHKE JIMIIb OAHOTO M30TOITHOTO MapameTpa (KOHIEHTPAIUu AeHTepus
0o kucnopona 18) 6e3 ydera HaHHBIX O dxs B 00IIeM cirydae HekoppektHo [16, 17].
Taxkoit oxox ompasaaH JHIIb B TOM CIIydae, €M TeMIIeparypa B UICTOYHHUKE BIIark HE
MEHSJIach, B TIPOTHBHOM JK€ CIIydae BPEMEHHON M30TOMHO-TEMIIEpaTypHBIH T'PaUCHT HE
PaBeH COBPEMEHHOMY IPOCTPAHCTBEHHOMY T'PAIHEHTyY MEXKIY STUMH JByMS ITApaMETPaMU.

Takxe Ba)KHOW METOAMYIECKONH 0COOCHHOCTBIO TaHHOM pabOoTHI SBISETCS TOT (aKT,
YTO MBI U3YYaJIN MTPOILTBIC N3MEHEHUS TEMIIEPATYPHI 10 4 MapaiienbHbIM KepHaM. B ciry-
yae, ecyii Obl y HaC UMerach HH(OPMAIHs JIUIIb 10 OJHOMY KEpHY, ObLIO ObI HEBO3MOXKHO
OT/EINTH KIMMAaTH4YE€CKUH CHTHAJ OT IIyMa, YTO MPEMSATCTBOBAJIO OBl MHTEPIpPETAlNN
M30TOIHBIX JAHHBIX.

KonduaukTt uHTEepecoB. Y aBTOPOB HCCICAOBaHHS HET KOH(DIHUKTA HHTEPECOB.

dunancupoBanue. VccnenoBanue BBITIOIHEHO B pamkax mpoekrta 21-17-00246
Poccuiickoro HayuHoro (hoH[IA.
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IMPABUJIA JJI1 ABTOPOB
KYPHAJIA «(ITPOBJIEMBI APKTUKU U AHTAPKTUKW

B >xypHase myOnmKyIoTcs CTaThy 110 TeMaTHKe NCCIIE0BaHN MOISPHBIX o0acTei,
a TaK)Ke HayYHbIE COOOIIEHUSI TEOPETHYECKOT0, METOANYECKOTO, SKCIIEPUMEHTAIBHOTO
¥ TIPUKIIATHOTO XapaKTepa, TeMaTHIecKie 0030pHI (IT0 3aKazy PeIaKiih), KPUTHICCKIE
CTaThH W PEIeH3UH, Onbnorpadudeckrie CBOJIKH, XPOHHUKA HAyIHOH >KU3HHU. TEKCTHI
CTaTeil JIOJDKHBI ObITh HAa PYCCKOM WIIM aHIJIMICKOM si3bIke. [[pUHUMAIOTCsI CTaThy, paHee
He OIyOJIMKOBAaHHBIC U HE HAXOISIIMECS] HAa PACCMOTPEHHHU B JIPYTHX M3JIAHUSX.

Bce marepunaibl HanpaBisSiOTCS B PEIAKIMIO B SJIEKTPOHHOM BHE OH JIaliH uepes
JIUYHBIN ANIEKTPOHHBIN KaOWHET aBTOpa Ha caiiTe xypHaua https://www.aaresearch.science.
ABTOpBI TOKHBI IPEICTABUTH TEKCT CTAThH CO BCTABICHHBIMH PHCYHKaMH, a TAKKe OT-
JETFHO OPUTHHAIBHBIC (haiIbl PUCYHKOB (CM. TpeOOBaHUS K PUCYHKAM), AKT SKCIIEPTU3EI
0 BO3MO)KHOCTH ITyOJIMKALIUK CTaTbU B OTKPBITOM revyary U (aiiil ¢ MoIHbIMU CBEICHUSIMU
00 aBropax: (aMHJIMs, UMSI B OTYECTBO (IIOJHOCTBIO), MECTO PaOOTHI (MOJHBIN aapec),
yuYeHasi CTEIIeHb, J0JDKHOCTD, apec IEKTPOHHON MOUTHI U Tele(OH OJJHOTO U3 aBTOPOB
TS CBsi3U. PexoMenayemblil o0bem crareit — ot 8 1o 20 crpanwui Tekcra (depes 1,5 un-
TepBaja), BKIIoUasi TaONUIBI U CIHCOK JINTEPaTyphl; pUCYHKOB He Oonee 6, TaOmuIl He
Oonee 6. Texct Habupaetcst B popmare Microsoft Word. Tlapamerpsr Habopa: mpudT
Times New Roman, kerib 12, uarepsain 1,5. CTpaHHIIbI B CTaTbe HyMEPYIOTCSL.

Bce nocrynaromnye Mareprabsl NPOXOASAT MIPOBEPKY Ha OTCYTCTBHE 3aMMCTBOBAHHIA
B COOTBETCTBUH C 3THUCCKUMH MPABUIIAMHU ITyOIHKAIMH.

Bce crarbu mpoxomsT IBOHHOE PElieH3UPOBAHUE.

[TyGnukamnys B HaIIeM >KypHaje IMOJHOCThIO OecIuIaTHa.

CTpyKTypa cTaThH

Cratpu opopMistioTes cnemyromuM oopasom. CrHauana gaercs Y/IK; 3atem Ha pyc-
CKOM $I3bIKE — Ha3BaHUE CTAaThH, MHUIHMAJIBI U (aMUINU BCEX aBTOPOB (IIPU YKa3aHUU
aBTOPOB CTaThM CHayalla UIyT WHULHKAIBI, 3aTeM (ammins. MHunuanst u hamumins pas-
JIETISIFOTCSI ITPO0eIoM), TTOJTHOE Ha3BaHUe OpraHM3aliu(1Inii), T/Ie BBIIIOJIHEHA paboTa u ee
(ux) agpec; ANEKTPOHHBIN aJpec aBTOpa, OTBETCTBEHHOTO 3a CBsI3b C pejakiueil. 3aTteM Te
K€ CBEACHHS TIPUBOJSITCS HA aHIIMHCKOM SI3BIKE: 3aIJIaBHE, aBTOPBI, yUPEKIACHHS, BTOPOH
pa3 e-mail maBHOro aBTOpa. IIpy 3TOM MMEHa aBTOPOB JAIOTCS TOJIHOCTBIO, OTYECTBO
cokpaieHHo. ITocie 3Toro Ha aHIIHIICKOM S3bIKE MUIIYTCS KITIOYEBHIC CIOBA B COOTBET-
CTBUHU ¢ aHIIIMickuM andasurom (He 6osee 10 ciioB U He OoJiee ABYX CIIOB B COUSTAHHSX)
M aBTOpcKoe Summary ctatbi Ha 20-25 cTpok (371ech ke sl KOHTPOJIsl 00sI3aTeNIbHO
TIprIaraeTcs NnepeBojl Summary Ha pyCCKH SI3bIK).

KittoueBbie citoBa JOIKHBI OTpayKaTh OCHOBHOE COZEP)KAHHE CTaTbU, TIOBTOPATH
TEPMUHBI U3 TEKCTA CTaThbH M MO BO3MOXHOCTH HE MOBTOPSITH TEPMHHBI 3aITIaBUSI; CIICTYET
HNOMHHUTb, YTO 3THU CJIOBA JOJKHBI OOJIEIYUTh MOUCK CTAaThbU CPEACTBAMHU MH(OpPMAIIOH-
HO-IIOMCKOBOM CUCTEMBL.

Summary J0yKHO OBITH TOHSATHO Oe3 00paleHus K caMoil IMyOIMKaIMY KaK He3aBH-
CHMBIH OT CTaThbH UCTOUYHHK MH(popMarmy. OHO OKHO OTBEYaTh CIEAYIONINM KPUTEPHSIM:
WHPOPMATUBHOCTH (HE COIEPKaTh OOIINX CIIOB); CONEPKATEIBHOCTH (0TpaXKaTh OCHOBHOE
COZIEpXKaHUE CTaThH: 3aJa9M PaOOThI, METOIbI, [TIABHBIE PE3YJIbTAThl HCCIIEI0BAHNN); T10-
clieoBaTeIbHOCTH n3jokeHus. [lepeBon Summary Ha aHIIMHACKHUIN SI3BIK JIOJDKEH OBITh
BBITIOJIHEH Ka4€CTBEHHO, C MCIOJIb30BAHUEM aHIVIOSA3bIYHOM CIIEIMAIIbHON TEPMUHOIIOTUH,
He OBITh JIOCIIOBHBIM IIEPEBOJIOM PYCCKOSI3BIYHOW BEpPCHH (TP HEOOXOANMOCTH CIIEyeT
TaKKe BKJIIOYATh MOSICHEHUS Ui MHOCTPAHHOTO YMTATENs, CBSI3aHHBIC CO CHEIU(PUKON
HCCIICTIOBAHMA).
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AHHOTaIMsI HA PYCCKOM SI3bIKE M Summary JOJDKHBI ObITh CTPYKTypHPOBAaHHBIMH,
T.€. OTpakaTb KPaTKoO NMPOOIEMY HMCCIIEIOBAaHNS M €€ COCTOSHHUE, 11eNb pabOThl, METOIBI,
pEe3yabTaThl U 3aKJIHOYCHHE.

Janee npojoimkaercsi HHGOpPMAIKs Ha PYCCKOM SI3bIKE: KJIFOYEBBIE CIIOBA B COOT-
BETCTBUH C pycckuM andasutoM (He Gonee 10), kparkas anHoTanus (7—10 ctpok) (6e3
nepeBoJia Ha aHIIMICKNIT) 1 HAYMHAETCS] TEKCT CTaThU.

Jls cTaTey, IpeIcTaBIsIeMO Ha aHITIMIICKOM sI3bIKe, TpeOytoTes: YJIK; mepeBox Ha
pyCCKHi S3BIK BCEH MH(pOpMANNHU, KOTOpasl AaeTcs Mepe]l HauyaloM CTAaThbH B JKypHalle.
Kpome Toro, B KoHIle cTaTbu HEOOXOIMMO TPUBECTH PACIIUPEHHBIH pycckuil pedepar
(1-1,5 ctp.), @ B moanMCcax K pUCYHKaM JaTh UX MEPEBOJ HA PYCCKUI S3BIK.

Ocnosnoti mexcm pa3ouBaercsi Ha paszaeisl. OOBIYHO ATO BBEAEHHUE, OCTAaHOBKA
poOsIeMbl, METOANKA MCCIICIOBAHUN, PE3yNIbTaThl NCCIIEJOBAaHNH, 00CYKICHUE PE3yib-
TaToB, 3aKIIFOYCHHUE (BBIBOJIBI). B KOHIIE cTaThi HY>KHO ITOMECTUTH CIEAYIOIIYI0 HH(POP-
MaIrmio Ha IByX s3bikax: Kordmmkr maTepecoB/Competing interests; duHaHCcHpoBaHME/
Funding; biarogapaoctu/Acknowledgments. YKenarenbHo Takke yka3aTh BKJIa] aBTOPOB
B pabotel — Bruag aBropos/Authors contribution. B paznene ®unancupoBanue HeoO-
XOJMMO yKa3aThb MCTOUYHHK (DMHAHCOBOH IMOAJIEP)KKH, CIOCOOCTBOBABIINIT BHIITOIHEHHIO
9TOH paboThI (TpaHTh! POHJIOB, TPOTPAMMEI U T.11.), B biaroqapHocTsaX MOKHO TOMECTUTD
671aroJapHOCTb JIMIIAM, OKa3aBIIMM ITOMOIIb B ITOJTOTOBKE CTAThU.

Toonucu noo pucynkamu AalOTCS K KaXIOMY PHCYHKY B COOTBETCTBHHM C €TI0 pac-
MOJIOKEHUEM B TEKCTe: cHadana Ha pycckom (Puc. 1. Jlanee moamuck), a mOTOM Ha aH-
mniickom si3bike (Fig. 1. Figure caption). B moanucsx HeoOXoMuMMO OT/ENSATh COOCTBEHHO
Ha3BaHUE PUCYHKA OT OOBSICHEHUH K HeMY (PKCIUTMKAIS ), KOTOPBIE HaJ0 JaBaTh C HOBOW
CTPOKH.

Pucynxu u pomozpaghuu moMemaroT B OTIENBHBIX (haiimax: I pacTPOBBIX H300pa-
skeHnit B pacTpoBbix (opmarax JPEG/TIFF/PNG/PSD, B Bektopasix — CDR, Al EPS
u B popmare XLS (He normyckarorcsi pucyHku B popmare Word). Pasperienne pactpoBbix
n300paxkeHnit B orTeHkax ceporo u RGB-ueer nomxHo 61T 300 dpi. Bee ciioBecHbie Ha-
ITICH Ha PUCYHKaX Jal0TCsl TOJIBKO Ha PYCCKOM si3bIke. Bee ycoBHBIE 3HAaKM 0003HAYaI0TCs
mudpamu (KypcuBoM) ¢ 00s3aTeIbHON pacI(pOBKOI B MOAPHCYHOUYHBIX MOATUCSX, TE
OHH Taroke 0003Ha4Yal0TCs KypcBoM. L{ndpbl MOXKHO CTaBUTH M HA JIMHUAX TpaduxoB. Ha
rpauKax Bce MIKaJIbl 00s3aTeNbHO MOINCHIBAIOTCS M YKa3bIBACTCS PA3MEPHOCTD BEITHMUNH.

Tabnuywr. J1st GOMBIIMX TAOIUIL CIIeTyeT UCTIONIb30BaTh ajlbOOMHYIO pa3MeTKy CTpa-
HuLBl. HoMep 1 HauMeHoBaHUe TaOIMIIbI (J1Ba OTIENIBHBIX a03alia) NPUBOIITCS Ha PYCCKOM
W QHIIMHACKOM $I3bIKaxX. 3aroJIoBOK TaOJUIIbI He JoIDkeH npesbimars [IBYX cTpok.

Tabmuusl 1 rpadbl JOIKHBI UMETh 3ar0JOBKH, COKpAILCHHS CIIOB B TaOiuIax He
normyckaroTest. Tabmuiel HabuparoTes, Kak u TekcT, B popmare Word mpudrom 9 nT.
Ecnu y Tabnune! ecTh IpUMeYaHue, OHO TOXKE MTPUBOANTCS HA ABYX s3bIKax. [Ipumedanus
BHYTpHU TaONUIBI HE HaroTcs. MCrnosbp3yroTesi CHOCKM KO BCEH TaOHIe WK OTJCIbHBIM
ec I0Ka3aTelsiM.

B tekcre cremyer gaBath CCHUIKM Ha BCE PUCYHKH M TaOnuipsl. [1pu mepBoit cehli-
ke — puc. 1, Tabn. 1; mpu moBTOpHBIX — cM. puc.l, cM. Tabm. 1. Ecnu B Texcre maercs
oziHa TaOJIMIA WM OJIH PUCYHOK, TO CCBIIKM B TEKCTE TIPUBOSTCS CIICIYIOIINM 00pa3oM:
TIPY TIEPBO CCBUTKE — (Tabmimia), (pPUCYHOK); IPY IOBTOPHOM CCBIIKE — (CM. TaOIHILy),
(cM. pHUCYHOK).

Maremarnueckre 0003HaYEHUs, CHMBOJIbI M ITPOCThIE (POPMYJIbI PEKOMEHIYETCs
HaOMpaTh OCHOBHBIM HIPU(TOM CTaThH, CIOXKHBIE GopMyisl — B nporpamme MathType
(mmm B Bepemsix Word o 2007 rona BKmo4nTeNbHO). HyMepyroTcst ToibKo 1€ (hOopMyITbL,
Ha KOTOpBIE €CTh CCHIJIKHM B TEKcTe. Pycckue u rpedeckue OyKBHI B (hOPMysIax M TEKCTE,
a TaKkkKe XMMHUYECKUE AIIEMEHThl HAOMPAIOTCS MPSAMBIM MIPU(TOM, TaTHHCKNE OyKBBI —
KypcuBoM. AGOpeBHAaTyphI B TEKCTE, KPOME OOIICTIPHHATHIX, HE JOMYCKAtOTC.
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B cnucke numepamyper (nog 3aronoBkoM «CHHUCOK JIUTEPaTypbI») CChUIKM Ha JINTEPa-
TYpy HyMEpYIOTCS HOCJIE0BATEIbHO, B COOTBETCTBUH C MOPSIIKOM MX IIEPBOTO YITOMHHA-
HUSL B TeKCTe. [IpUBOJISITCS TOJBKO OMyOIMKOBaHHbBIE pa00Thl. CCHUIKH 110 TEKCTY JAI0TCS
B KBaJPaTHBIX CKOOKaX Ha HOMEpa CIIMCKa, Yepe3 3arsiTyro ¢ mpobdemom: [1, 7, 23-27].
Crarbst JOJDKHA COJIep)KaTh CChIIKM Ha BCe pabOThI, MPUBECHHBIE B CIIMCKE JIUTEPATYPBI.
KonmuecTBo MCTOUHUKOB 10DKHO OBITH He MeHee 10. OOpariaeM BHHMaHHE Ha HENO-
MTyCTUMOCTH BKJIFOYCHHUS B CITUCOK JINTEPATYpPhl W3MaHUH, BEIMYIIEHHBIX 0e3 ISSN- mmm
ISBN-kom0B (3TUM YacTo rpenat cOOpHUKH MaTepHasioB KOH(epeHInit (Te3NUCH MITH J10-
KJIaJbl), a TaK:Kke aBTopedepaToB AUCCEpTAIMi U AUCCEPTAIUA, apXUBHBIX U (DOHIOBBIX
MaTepHajoB, HAYYHO-TEXHUUCCKUX OTYCTOB, YICOHHKOB U yueOHbIX mocoduii, [OCTos,
pacnopspkeHui 1 nip. KonndyecTBO CChUIOK Ha HAayYHO-TIOMYJISIPHBIE M3JIaHUS JIOJDKHO
OBITH MUHUMAJIbHBIM.

KomnmaecTBO caMOIUTHPOBaHMIA JOIDKHO OBITH He O6onee 10—12 % oT obmiero komm-
YeCTBa CCHUIOK HA OPUTHHAIBHBIE HCTOUHUKH.

Hanee npuiaraercst BTopoi crircok smteparypsl (References). B crincke na naru-
HHIIE CTPOTO COXPAHSIOTCS T€ K€ ITOCIIEI0BATEIbHOCTh U HyMEpalusi HCTOUHHKOB, YTO
U B «TPaJAUILMOHHOM» criicke. CChbUIKM HAa MHOCTPAHHBIE HCTOYHUKH NPUBOJATCS B 000MX
CIHCKaX JIUTEpaTyphbl.

Crarbu, HE COOTBETCTBYIOIIHE YKa3aHHBIM TPEOOBAHMAM, pACCMATPHUBATHCS HE OY/IyT.
ITpu pabote Has PyKOIMCHIO PEAAKIIS IO COITIACOBAHHIO C aBTOPOM BIIPABE €€ COKPATHUTh.
ABTOD, MOAIKCHIBASI CTAThIO M HANPABJISIS €€ B PEAKIIMIO, TEM CaMbIM TIepe/iaeT aBTOPCKHE
npaBa Ha M3JaHue ITOi cTarhy xypHany «[IpobiaeMbl ApkTHKH U AHTapKTHKH/ Arctic
and Antarctic Researchy.

PenakimoHHas KOJJIETHsI HE BCTYTNAeT B JMCKYCCHU C aBTOPaMM IO MOBOIY IpH-
HUMAEMBIX €10 PELIEHUH.

Bosnee nonublie cBeneHus 1Mo 0hOPMIICHUIO CTaThbH MPHUBEAEHBI B JoKyMeHTe « Tpe-
OoBaHUS K OQPOPMIICHHIO CTaTeH, MPUCHUIAEMBIX B XKypHas [IpobiaeMbl ApKTHKH U AH-
TapKTHKN», KOTOPBII 00s13aTeNeH AJIsl 03HAKOMIICHHS TTPH TTOJTOTOBKE MaTepHaoB CTAThU.

06 Annomayusx. Penakuus peKOMEHIYEeT BCEM aBTOPaM O3HAKOMHTHCA ¢ Peko-
MEHJIAIHUSIMU 10 0()OPMIICHHIO aHHOTAIMK Ha aHIJIMHCKOM SI3bIKE, KOTOPBIE SIBJISIFOTCS
JUISl ”HOCTPAHHBIX YYEHBIX U CIELUAIICTOB OCHOBHBIM U, KaK IPaBUJIO, SIMHCTBEHHBIM
MCTOYHUKOM MH(OPMAIIUHU O COAEP)KAHUH CTAThU U M3JI0KEHHBIX B HEW pe3yJbTarax Hc-
CJIEJOBAHUH.
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