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Summary

The spatial and temporal variability of ice edge position at the end of the summer period, the dates of the
beginning of stable ice formation in early autumn in the Russia’s Eastern Arctic seas (Laptev, East-Siberian,
and Chukchi) during 1981-2018 together with climate changes in the 21 century are analyzed. The analy-
sis of summer and autumn ice characteristics shows certain common features occurring for many years: since
the beginning of the 21 century, ice conditions have significantly improved, which is due to the more North-
ern position of the ice border in August-September and later dates for the beginning of stable ice formation
in September—October. On average for the period 2002-2018, the ice edge at the end of the period of clear-
ance from ice shifted (as compared to 1981-2001) in a northerly direction by about 400-500 km. Observa-
tions did show that in 2003-2018, the beginning of stable ice formation in the autumn season (as compared
to 1981-2002) occurred later by about three weeks. The maximum northward shift of the ice edge was first
observed (since 2002) on the aquatory to the East of the New Siberian Islands, and then (since 2011) - to the
West of them. The greatest anomalies of late dates (onset) of ice formation were first observed (since 2003)
in the Chukchi Sea, then (since 2008) - in the Laptev Sea, and later (since 2014) - again in the Chukchi Sea.
Long-term changes in the ice conditions occur according to the similar scenario: first, an anomaly of the lati-
tudinal position of the edge or the date of the ice formation beginning was formed in the Eastern part of the
studied aquatory, and then this anomaly shifted from East to West. At the same time, the anomaly diminishes
in the East that makes it possible to interpret the observed natural changes as fluctuations of the «ice wave»
type. Taking into account the wave features of changes in summer and autumn ice indicators, we can assume
that in the 2020s we should expect a similar continuation of natural fluctuations in changes in ice conditions,
which will be accompanied by a spatial shift of the ice edge in the South direction and relatively earlier dates
for the beginning of ice formation.
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KinroueBbie cioBa: 0ama Hayasna ycmoiiyueo2o 1e0006paso8anus, MHO20/1eMHAA U3MeHYUBOCMb /1eA08bIX YC/108UL, KPOMKA 15008 8 KOHYe
JlemHe20 nepuoda, nedaHoli nokpoe apkmuyeckux mopeli Poccuu, mope Jlanmesoix, Bocmouro-Cubupckoe mope, Yykomckoe
Mmape.

Mo cpaBHeHuto ¢ 1980-90-mun rogamm ¢ Havana 2000-x rogoB B BOCTOUHbIX apKTUYeCKnx Mmopax Poccmn
NPONCXoAAT KapauHanibHble U3MEHEHWs, CBA3aHHble C 6ofiee CEBEPHbIM MOSIOKEHVNEM KPOMKMW JibJOB
n 6onee NO3JHUMK CPOKaMM Hauyana nefoobpasoBaHuA. MHOroneTHMe U3MEHEHUA NeTHUX U OCEHHKX
nepoBbix ycnosuin B XXI B. NponcxodaT No TNy BOSIHOBbIX KonebaHuii, Npy KOTOPbIX 0651acTb Hanbosb-
LINX NefoBbIX aHOManun NOCTeNneHHO cMellaeTca N3 YykoTckoro mopsa B Mope JlanteBbix. MNpegnonara-
eTcA, yto B 2020-x rogax (no cpaBHeHuto ¢ 2000-20-my rogamu) cneflyet oxuaatb 6onee XKHOro npo-
CTPaHCTBEHHOTO MOMOXEHNA KPOMKM JbA0B 1 6onee paHHMX JaT Hayana nefoobpasoBaHus.

-117 -



Mopckue, peuHble u 03épHble 1b0bl

BBenenne

ITpoucxonsiue B XXI B. B APKTUKE U apKTUYe-
CKMX MOPSIX U3BMEHEHMSI B COCTOSIHUU TIPUPOTHOMN
cpenbl 3aTPOHY/IM MPAKTUYECKHU BCE COCTABIISIIOIIME
ruapomeTeoponorndeckux yciaosuit [1, 2]. OcobeH-
HO paaMKajbHbl TEHACHLIUU 110 Jerpanaliuu JeassHO-
IO MOKPOBa — KakK €ro TOJIIWHBI 3UMOM, TaK U TIPO-
CTPAaHCTBEHHOIO pacIpocTpaHeHUs neToMm |3, 4].
HckimounTeabHO BaxXeH (M B KIMMAaTUIECKOM, U B
MPUKJIATHOM OTHOIIEHWUM ) XPOHOJOTUYECKUI TIEpH-
OJI KOHIIA JITHETO Ce30Ha 1 HaJyajla OCEHHETO Ce30Ha,
KOTJa, C OJIHOI CTOPOHBI, HAOJIIOAAETCSI CE30HHbIN
MUK OYMIICHNS aKBaTOPUHU OTO JIbIA, a C IPYroi, Ha-
YMHAIOTCS IIPOIIECCH 00pa30BaHMSI HOBBIX MOJIOIBIX
JIBIOB [5, 6]. XpoHonornyeckasi rpaHuIIa JIETHETO U
OCEHHETO CE30HOB — BaxKHEHIIMIT MHGOPMAIIMOH-
HBII TIepron (POpMUPOBaHUS HanboJIee 3HAUNMBIX
MPUPOIHBIX U3MeHeHUM [7, 8]. OnHako 0oJjiee Mmoj-
pOOHbBIE — perMOHAIBHBIC 1 JIOKAJIbHBIE — OCOOCHHO-
ctv (popMUPOBAHUS TTO3MHEIETHUX M PAHHEOCCHHNX
JIEIOBBIX YCJIOBUI Ha aKBATOPUU apKTUIECKUX MOpEii
Poccum 1o cux mop mccieqoBaHbl HETOCTAaTOYHO.

I'eorpacdunyeckuii 00BEKT HACTOSIIETO UCCTEN0-
BaHUS — aKBaTOPUSI BOCTOYHBIX apKTUUECKUX MOpeit
Poccuu (JlanteBbix, Boctouno-Cubupckoro, Yy-
KOTCKOT0) O0lleli MI0IAabo 0OKOJI0 2,2 MJIH KM?.
OnHa xapakTepu3yeTcs oTpenelEHHBIM eIUHCTBOM
MPUPOTHBIX OCOOEHHOCTEH: OTKPBITOM U MPOTSIKEH-
HOI rpaHulell ¢ ApKTUYECKUM OacceifHOM; OTCYT-
CTBUEM KPYITHBIX OCTPOBOB (3a uckIoueHuem Ho-
BOCHOMPCKUX); JJOKATMU3ale Hanboaee MOITHBIX
OTPOTOBBIX JIENTHBIX MaccUBOB (TaitMbIpcKOTO, Ali-
oHckoro, CeBepHoro YykKoTcKoro); OTHOCUTETLHOM
0JIM30CThI0O K CUOUMPCKOMY MOOEPEKbIO TPaHULILI
MHOTOJIETHUX apKTUUecKuX Jb100B [9, 10]. UMeHHO
3mech, Ha akBaropun oT CeBepHOI 3eMiu 10 AJs-
cku, B Havaje XXI B. IpoucxoasT cyliecTBEeHHBIC
MIPUPOIHBIC N3MEHEHMSI, CBSI3aHHBIC C ITOJISIPHBIM
MMOTeIUIEHUEM, YMEHBIICHNEM TOJIIIMHBI U IIPO-
CTPaHCTBEHHOI'O PACIPOCTPaHEHUS JICASHOTO I10-
Kpoga [11, 12], 4To OTKpBIBae€T HOBbIE BO3MOXKHOCTU
JUTST apKTUYECKOTO TPAH3UTHOTO CYIOXOICTBA MEXKITY
Atnantuyeckum 1 Tuxum okeaHamu [13].

B Hacroseii padote uccienyoTcss U3MEHEHUS
MMEHHO JICAOBOTO peXXMMa B JICTHE-OCEHHUI Te-
puon, 6e3 crieluaJbHOro aHajau3a aTMOC(hEepHBIX,
OKE€aHWYECKUX U UHBIX (haKTOPOB, IMPEACTaBISIO-
IIMX CO0OU MPUUYUHY HabJII0JaeMbIX TPUPOIHBIX
TpaHchopMaInii.

I/ICHOJIb3yeMbIe JaHHbIE

JI711 HacTOSIIEro UCcCcaea0BaHus TTOATOTOBICH
CIIeIaJIN3UPOBAHHbIN apXWB MHGOPMALIIHN O JICHO-
BBIX YCJIOBUSIX B KOHIIE JIETHETO 1 Havayie OCEHHETO
MEePUOIO0B, B KOTOPBII BXOAWIO: MOJOXEHNE KPOM-
KM JIbIOB B KOHIIE aBryCcTa U B KOHIIE CEHTSOps Ha
MEPUINOHAIBHBIX CTBOpax ¢ marom 10° m1oaroTer —
ot 100° B.1. 10 160° 3.1., a TaK:KEe CPOKU YCTOMYMBO-
ro Je1000pa3oBaHMsI B y3jax PEryasipHOM CETKU C
marom 5° mo gonrore 1 1° mo mmpote. Kak rmoxkasbi-
BaeT OMNbIT PEXKMMHOM U IIPOTHOCTUYECKON padOThI,
Takasi MPOCTPAHCTBEHHAST IUCKPETHOCTh JOCTATOY-
Ha JUTSI BOCIIPOM3BEICHMSI OCHOBHBIX PeTMOHAIBHBIX
¥ JIOKAJTbHBIX OCOOEHHOCTEH JIGAOBBIX YCIIOBUIA [ 14].
Ilepuon Hadmonenuit — 1981—2018 rr. OH BKIIIO-
yaeT B ce0s nBa gecAaTuiaeTuss XX B. C OTHOCHUTEIIb-
HO TSDKEIBIMHU JICIOBBIMU YCIOBUSIMU U TIOYTH IBa
necsatuaeTust XXI B., BOJU3U TpaHULIbI KOTOPBIX CY-
IIECTBEHHO M3MEHMJIOCh COCTOSTHUE IIPUPOIHOIMN
cpenbl B APKTHKE.

ITon natoit (MU CpOKOM) Hayaaa yCTOMYMBO-
ro JiemoobpazoBaHUsl OOBIYHO MMOHUMAETCST KaJleH-
JnapHas jgata, HadMHasi ¢ KOTOpoii jenoo0dpa3oBa-
HYe TTPOMCXOANIIO HEIIPEPBIBHO B TeUeHNE HE MEHee
30 mueii [15]. ITpu opraHu3aLyu apXyuBa UCHOJb-
30BaHbl JBa pa3IMYHBIX BUAA JaHHBIX: 1) IJIg 1e-
puona 1981—1996 rr.: GymMaxHbie KapThl JIEIOBBIX
yclioBuii ¢ maroMm B 1 gekany (10 cyT.), Ha KOTO-
poli TpeaCcTaBJIeHbl pa3JIMUHbIC JIETOBbIE TPAHUIIBI,
B TOM YMCJIE OCTaTOUYHBIX U MOJIOJBIX JIAOB B JIET-
HUIA U OCEHHUM Tepuoabl, NOCTpoeHHbIe B LleHTpe
JISTIOBOI ¥ TUAPOMETEOPOJIOTMYSCKON MH(POPMAILIUK
AAHWMU; 2) nna nepuona 1997—2018 rr.: naHHbBIE
XapaKTepPUCTUK JIEASIHOTO MOKpPoBa U3 apxuBa Mu-
pOBOTO IIEHTpa JaHHBIX TT0 MOpcKoMy Jibay (ML
MJT1 AAHUMN); apxuB comepKUT exKeHeIeTbHBIE
TeONpUBSI3aHHbIC JaHHBIE XapaKTepUCTUK JICASTHOTO
MOKPOBA IT0 APKTHKE U apKTUIECCKIM MOPSIM; apXUB
npencrasiieH B popmate CUT'PU/I-3 (SIGRID-3).

N3mMeHeHMe M010KeHUS KPOMKHM JIbJAOB B JIETHHIA
nepuoj B KoHue XX — navaue XXI BB.

B teuenne 19812018 rr. cpenHee IUPOTHOE
MOJIOXKEHNE KPOMKH JIbIOB Ha BCEl BOCTOYHOM apK-
THYeckoil akBatopuu oT CeBepHolt 3eMiin 10 Ansi-
CKM B KOHIIE TEIUIOTO Ce30Ha OYUILEHUSI MOPSI OTO
JIbAOB (aBryCT—CEHTSIOPh) XapaKTepu3yeTcsl 00JIb-
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CeBepHas wupoTa, rpagychl

Puc. 1. CpengHss mmpoTa Iooxe-
HUSI KPOMKH JIBIOB Ha CYMMapHOM
aKBaTOPUM BOCTOYHBIX apKTUYECKUX
Mopeil B KoHIle aBrycTa (/) U ceH-
Ts10pst (2) B TeueHue 1981—2018 rr.

Fig. 1. Mean latitude of ice edge po-
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1o n3meH4YuBocThO (puc. 1). [TocaegHue yeThbi-
pe ODeCcSITUISTUSI MOXHO pa3ae/IMTh Ha IBa IIPU-
MEPHO paBHBIX IO IPOIOJKUTEILHOCTH Iepuoaa
B 3aBUCHMMOCTH OT IIpeo0IaIaroIero 3Haka aHoMa-
JINU CpemHeil st BceX 11 MepuanoOHaIbHBIX CTBO-
pOB WKUPOTHI KpoMKU: a) nepuon 1981—2001 rr. ¢
MIPEeNMYIIECTBEHHO I0KHBIM ITOJI0XEHNEM KPOMKH;
6) nepuon 2002—2018 rr. ¢ npeMMylLIeCTBEHHO Ce-
BEPHBIM ITOJIOXKEHUEM KPOMKHU.

B aBrycre 1981—-2001 rr. cpeaHee IUPOTHOE
MoJ0XeHUe KpOMKHU cocTaBujio 74,4° c.ui. (aHo-
Manus —0,69 BeIMYMHBI CPEIHErO KBaAPATUIHOTO
otkiioHeHuss — CKO), a B 18 cayuasx u3 21 Hab6-
JIIOJadUCh OTpUIaTeIbHbIE aHOMAJIUU TMOJIOXe-
Hus kpomku. B 2002—2018 rr. cpeaHee mojioKeHne
KpoMKH cocTtaBuio 77,3° c.u1. (anomanus +0,85 Be-
mnunHbl CKO), a B 16 cinyyasix u3 17 Habmoganuch
MOJIOXKUTEIbHbIE aHOMAJINUU TTOJIOXKEHUSI KPOMKMU.
Pasnuiia mexay nByMs 3TUMM IIepUOJaMM paBHA
B cpenHeM 2,9° c.a. (i 1,54 Beamuunbl CKO), a
pa3HMIIa MEXAY SKCTpeMaIbHBIMU 3HAYCHUSIMU B
1984 r. (cpennss kpomka Ha 72,9° c.ur.) u 2007 r.
(cpennsist KpoMka Ha 80,6° c.ur.) — 7,6° c.un. (Mim
4,04 BemmunHbl CKO). Pasauna mexay HanOoJIb-
MM 1 HAUMEHBIIUM 3HAaYeHHEM COOTBETCTBYET
MIPOCTPAHCTBEHHOMY CMEILICHNIO KPOMKM JILIOB B
CeBEpHOM HarmpapjieHuu npumepHo Ha 800—850 km.

B centsi6pe 1981—2001 rr. cpenHee LIMPOTHOE
MOJIOXEHNEe KPOMKU cocTaBujio 74,9° c.ui. (aHoMma-
qusa —0,75 Beanuunsl CKO), a B 20 cinyvasx us 21
HaOJI0JaTUCh OTPULIATEIbHBIC AHOMAIMU TTOJIOXKe-
Hus KpoMku; B 2002—2018 rr. cpeaHee MoJIOKeHUE
KkpoMku — 78,7° c.ur. (aHomanust +0,93 BeJIMYUHBI

I
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sition on the total area of the eastern
Arctic seas in late August (/) and in
late September (2) during 1981—-2018

I [
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CKO), a B 16 cayyasix u3 17 HaGa100aJIMCh 1010~
JKUTEJbHbIE aHOMAaJIUU TIOJIOXKEeHUs KpoMKH. Pa3-
HUIIA MEXIY IBYMSI 3TUMU IIEPUOJAMU COCTABIISIET
B cpeaHem 3,8° c.au. (wuim 1,68 Beamunnbl CKO), a
pa3sHUIIa MEXAY 3KCTPEMaJIbHBIMU 3HAUCHUSIMU B
1996 r. (cpennsst Kkpomka Ha 73,5° c.r.) u 2007 1.
(cpemHsist KpoMka Ha 82,5° c.1.) — 9° .. (uu 4,00
BenuuHbl CKO). PazHuna Mexny HanOoabIIuM
¥ HAaUMEHBIINM 3Ha4yeHHEM COOTBETCTBYET IIPO-
CTPaHCTBEHHOMY CMEIIIEHUI0 KPOMKU JbI0B B Ce-
BepHOM HalpapyieHuu ipuMepHo Ha 1000 k.
OTmenbHBIN MHTEPEC BHI3BIBAET aHAJIM3 TOM CKO-
POCTH, C KOTOPOI TTPOM30IILIO CpeHee MPOCTPaH-
CTBEHHOE cMmelleHue KpoMku oT 1981—-2001 rr. k
2002—2018 rr. Hauboabiiee n3MeHeHUE JTEI0BbIX
rokasaTesiell KaK aBrycTa, TaK U CEHTSIOpS IPUX0-
auTcsl Ha BpeMeHHOI nepuoa 2004—2007 rr. Tak,
B aBrycte 2004 r. cpenHee MOJOXEHUE KPOMKU
JIBIOB B BOCTOUHBIX apPKTUYECKUX MOPSIX COCTaBUJIO
74,2° c.1., a B 2007 r. — yxe 80,6° c.u1., T.e. 3a TpU
roma KpoMkKa cMecTuiach K ceBepy Ha 6,4° c.iui. (B
cpenHeM Ha 2,1° ¢.I11./Tof), YTO COOTBETCTBYET pac-
crostHuto puMepHo 230 kM. Ha oTnensHBIX cTBOpax
NpOABUKEHUE KPOMKU Ha CEBEp ObLIO ellé 00JIbIlIe:
17151 ctBopa 170° B.1. moJtoskeHre KPOMKM 3a TPU rofia
n3MmeHuaoch ot 70,7° c.m. mo 83,0° c.m1. (B cpemHeM
Ha 4,1° c.III./ToI, WU PacCTOSTHUIO O0KO0JI0 450 Km).
st ceHTI0psT HaOMOAIOTCSl OIU3KUE K aBTyCTOB-
ckuM 3HaueHud. Taxk, B ceHts10pe 2004 T. cpenHee
MOJIOKEHNE KPOMKH JIbI0B B BOCTOUHBIX apKTHUYe-
CKUX MOPSIX cocTtaBuiio 76,0° c.ui., a B 2007 r. — yxe
82,5° c.11., T.e. 32 TpU roga KpoMKa CMeCTHJIach K
ceBepy Ha 6,5° c.u1. (B cpenHeM Ha 2,2° ¢.II. 3a TOf,
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Puc. 2. CpenHee moJioxXeHue
KPOMKHM JIBIOB B KOHIIE CEHTSIOPSI
B T€YEeHME MHOTOJIETHUX OJHO-

WM paccTosTHUIO mpuMepHo 240 km). Ha oTnenbHBIX
CTBOpaxX MPOJABUKEHNE KPOMKHU Ha CeBep ObLIO elé
Oosble: o ctBopa 170° B.1I. MoIoXeHWe KPOMKU
3a TpM roja u3MeHwiIock ot 73,0° c.u1. mo 85,5° c.i.,
T.€. CKOPOCTh CMEIIIEHUSI KPOMKU JIBAOB COCTaBMUIIa
4,2° c.u1. 3a TOf, (UTO COOTBETCTBYET MPOCTPAHCTBEH-
HOMY CMEIIEHUIO KPOMKH JIAOB KaXKIblii TOM TIpU-
MepHO Ha 460 KM).

TakuMm o6pa3om, rmepexoa OT ONHOTO IJINTEIb-
HOTO KJIMMaTMYE€CKOI'O COCTOSIHUS K APYTOMY IIpo-
M3O0IIENT 32 OTHOCUTENILHO KOPOTKUI BpeMeHHOi
MPOMEXYTOK MPOMOJIKUTEIbHOCTHIO IPUMEPHO
B Tpu roga (2004—2007 rr.). 2007 6wl rogoM ab-
COJIIOTHOTO MaKCHMyMa B IPOJBMKEHUU CpelHei
JUIST BCEX MEPUIMOHAIbHBIX CTBOPOB KPOMKHM JIHIOB
Ha ceBep (80,6° c.u1. B aBrycte u 82,5° c.11I. B CEH-
1s0pe). TTocae 2007 r. KpoMKa cMeCTUIIach K IOTY
npUMepHO Ha 3—4° C.III. U B TeUeHUE TMOCIETHEr0
NEeCSITUJICTUSI COXPaHsIeT OIpeaeIEHHOe TTPOCTpaH-
CTBEHHOE IMOCTOSIHCTBO CBOETO ITOJIOXEHUS B 30-
HaJbHOM ToJ1oce mpumepHo 78—80° c.i1. OTMeTuM,
YTO B CEHTSIOpPE MOJ0XKEeHNEe KPOMKHU OBIJIO TIpUMep-
HO OIMHAKOBBHIM B T€UEHUE HECKOJIbKUX JIET 10 U
nocie 2007 T. 1 cocTaBisIo B cpenHeM 78,4° c.1I. 3a
2005—2006 rr. u 78,9° c.11. 3a 2008—2018 1.

Baxkneiimas rpocTpaHCTBEHHAsT OCOOEHHOCTh
negoBoro pexxuMa B TedyeHre 2002—2018 rr. coctout
B TOM, UTO CMEIIIEHHEe KPOMKM B CEBEpPHOM HaIlpaB-
JICHUM TO-pa3HOMY IIPOMCXOIUT B 3aMlaHOI U BOC-
TOYHOM YacCTIX UCCICAYeMOM aKBaTOPpUM, TPaHULIA
MEXTY KOTOPBIMU IIPOXOIUT IIPUMEPHO IO MEPUIU-

< BocmoyHo- ‘u6upé/9“,e, % (% N S
N —Mopg,__ "\ ,Hyf%mCKO’e mopée /’>/ POIHBIX ITIEPUOLIOB:
B . J}\/ A \ 1—1981-2001 rr.; 2—2002—2010 rr.;
g W TGy - 2012018
- 3 /";\/ Fig. 2. Mean latitude of ice edge
7 \/| position in late September during
KX . . .
X the multiyear uniform periods:
P % >§; 1 —1981-2001; 2 — 2002—2010; 3 —
170° 3.4. 2011-2018

any o. Hosasg Cubups. B 2002—2018 rr. cMmemieHue
KPOMKM Ha CeBep B IEPUO OT KOHIIAa aBrycTa 10
KOHIIa CEHTSOpsI cOCTaBUJIO: K 3amany oT o. HoBas
Cubups (t.e. Mmexxay Mepuaranamu 100° u 150° B.11.)
B cpenHeM okoJio 0,8° c.ii., K BocToKy oT 0. HoBas
Cubupsb (T.e. Mexny mepuaunaHamu 160° B.o. u
160° 3.1.) — B cpenHeM okoso 1,9° c.uI., T.e. pas-
JIMYUE MEXIY 3aIaJHOM YU BOCTOYHOU YaCTIMU aK-
BaTOpuU cocTaBmio okoso 1,1° c.ur. Takum oopa-
30M, MPOCTPAHCTBEHHOE CMeEIlleHUue KPOMKHU Ha
CeBep B caMOM KOHIIE JIETHETO OUYMIIEHHS K BOCTO-
Ky oT mepunuana HoBocruOMpCKMX oCTPOBOB OBIIO
B HECKOJIbKO pa3 00Jibliie, YeM K 3aIlaay OT yKa3aH-
HoMi rpaHuibl. HoBocuOupckue octpoBa — HeKUit
MPUPOIHBINA pyOexX, KOTOPBIN pa3aeisieT aKBaToO-
PMHU C CYIIECTBEHHO Pa3IMYaIOMIUMCS PEXKUMOM
MPOCTPAHCTBEHHOTO MepeMeleHUS] KPOMKU JIbIOB.
Briaensitor 1Ba MHOTOJIETHUX IepUO/Ia ¢ IIPOCTPaH-
CTBEHHO pa3JIMYHON aHOMAJIbHOCTBIO B MOJIOKEHUU
KPOMKH JIBJIOB (puc. 2).

B 2002—2010 rr. B cemMu ciay4yasx M3 AeBITU
HaMOOJIbIINE MMOJOXUTEIbHbIE aHOMAIUU 30HaJb-
HOTO MOJIOKEHUSI KPOMKM HaOII0AaIuCh B BOCTOYU-
HOM (pparMeHTe uUccaeayeMoi akBaropuu. Cpen-
Hee 3HaYyeHue aHoManuu 111 ctBopoB 100—150° B.1.
coctansieT 0,39 Beanunubl CKO, a ni1g cTBOpoOB
160° B.o. — 160° 3.1. yBenuumuBaetcs 10 1,06 Beau-
yuHbl CKO (T1.e. mouTtu B 3 pasza 6omsbiue). B 2007 r.
3a(pUKCHUPOBAHO IKCTPEMaIbHOE CEBEPHOE TOJIOXKe-
HUE KPOMKH K BOCTOKY oT HoBocmOMpCKMX ocTpo-
BOB (CpeaHee 3HaueHue Ha BOCTOYHBIX CTBOpPAax CO-
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ctaBwio 84,0° c.ur.). Hammpotus, B 2011—2018 1T. B
IIECTU CIy4Yasix U3 BOCbMM HaMOOJIBIINE TTOJI0XKI-
TeJIbHbIC aHOMAJIMY 30HAJILHOTO MOJIOKEHUS KPOM-
KM HaOJIONaNCh YK€ B 3allalHOM (DparMeHTe a3u-
aTckoro mesbga. CpegHee 3HaUCHNE AaHOMAJINHU IS
ctBopoB 100—150° B.1. cocTaBnseT 1,25 BeTUUMHBI
CKO, a mia ctBopos 160° B.1. — 160° 3.1. yMeEHb-
mraercst 1o 0,67 Benumunabl CKO (T.e. mpuMepHO B
2 pa3a meHbIe). B 2014 1. 3a¢puKcUpoBaHO KCTpe-
MaJIbHO CEBEPHOE ITOJI0XEeHMEe KPOMKHU K 3aIlagy OT
HoBocubupckux ocTpoBOB (CpemHee 3HAUCHUE Ha
3amagHbIX CTBOpax — 84,5° c.111.).

Ilepexon oT nmepuonaa npeodjagaHus HauOOIb-
X U3MEHEHUI B BOCTOYHOI YacTU aKBaTOPUHU K
MepUOIy IIpeodiamaHns HanOOJIbIINX U3MEHEHU
B 3amagHoI 9acTh akBaTopuu nmpon3omen B 2011 1.,
TaK 4TO TOAbI ¢ ABYMsS HaMOOJBIIUMHU aHOMAJIM-
amn B 2007 r. (Ha Boctoke) 1 2014 1. (Ha 3amane)
HaXoAATCSI B IPOCTPAHCTBEHHO Pa3IMYalOIIIXCs
BpPeMEHHBIX ITepruogax. OTMEeTUM, 9TO, MHOTOJIET-
Hee CMellleHe KPOMKU JIbI0B B BOCTOYHBIX apK-
TUYECKHUX MOpPSIX B CEBEpPHOM HaIlIpaBJIeHWU, Ha-
O010maeMoe B MepBble ABa aAecaTuiaeTuss XXI B.,
MIPENCTaBIsIeT CO0O0I eAMMHOE MIPUPOTHOE SIBICHUE,
COCTOSIIIIEE U3 IBYX B3aMMOCBSI3aHHBIX YaCTel, XpO-
HOJIOTUYECKH CICAYIOIINX OMHA 3a IPYTOIA.

OtHocutenpHo nepuona 1981—-2001 rr., korma
B Mopgx JlanteBex, Boctouno-Cunbupckom 1 Yy-
KOTCKOM ITPOCTPAHCTBEHHOE ITOJIOKEHNE KPOMKU
ObLIIO XapaKTepHbIM JJIs1 Ooblieid yacTu B XX B., B
teueHne 2000-x TOOOB cUTyalysl M3MEHMIACH TakK,
YTO KPOMKa CTaja JOCTATOYHO OBICTPO IPOABU-
raThCs K CeBepYy, IPeXkIe BCEro B BOCTOYHOM YacTU
aKBaTOPUH, K BOCTOKY 0T HoBocuOMpPCKUX OCTpO-
BoB. B teuenme 2002—2010 rr. cpegHee CeHTIOPb-
CKO€ M3MEHEHHE B ITOJOKEHNN KPOMKHU COCTaBU-
70 5,2° c.am. (ot 72,1° c.mr. x 77,3° C.111.) IUISI CTBOPOB
160° B.m. — 160° 3.1. 1 TOABKO 2,2° c.1u1. (0T 77,2° C.III.
K 79,4° c.u1.) nuist ctBopoB 100—150° B.1. B camom Ha-
gayie 2010-x rogoB Havajgachk BTopas (a3za MHOTO-
JISTHETO IIPUPOTHOTO IIpoIiecca, KOraa HanOoJIbIee
CMellleHre KPOMKHU Ha CeBep yxKe HaOJIIoJaI0Ch B 3a-
MMagHOM YacTU aKBaTOpUH, K 3amamy oT HoBocubup-
ckux ocTpoBoB. B Teuenme 2011—-2018 rr. kpomka
MIPOIBUHYNACH K ceBepy Ha 1,8° c.m. (ot 79,4° c.1I. K
81,2° c.ir.) mg ctBopoB 100—150° B.1. JIpyrast oco-
OEHHOCTD 3TOTO MepHroaa — IIPOCTPAHCTBEHHOE CMe-
IIeHNEe KPOMKH B IIPOTHUBOIMOIOXHOM HAIIPaBJICHHN:
C ceBepa Ha for mpuMepHo Ha 1,1° c.mr. (ot 77,3° c.1.
K 76,2° c.u1.) myst ctBopoB 160° B.o. — 160° 3.1. Takum

0o0pa3oM, BIIepBbIE 3a ABa MOCAEAHUX ACCITUICTUS
KPOMKa JIbJOB K BOCTOKY OT HOBOCHMOMPCKUX OCTPO-
BOB MOMEHSIJIa HallpaBJeHNWEe CBOET0 MHOTOJIETHEro
rnepeMelleHus U craja apeiicoBaTh ¢ ceBepa Ha IorT,
YTO MapKUPOBAJIO BaXKHEUIINI BpeMeHHOI pydex B
U3MEHEHUU MPUPOAHBIX TEHAESHLIMIA.

YnopsinoueHHOE M3MEHEeHHE B MHOTOJIETHEM
MOJIOXKEHUU KpoMKU B TeyeHue 2002—2018 rr. mo-
JOOHO HEKOTOPOMY BOJHOBOMY MOCTYMNaTelbHO-
KoJiebaTeIbHOMY TIPOLIeCCy: CHavajia rpedbeHb «Je-
JOBO# BOJIHBI» MOJHMUMAETCS C lOra Ha CeBep B
BOCTOYHOI yacTtu akBaTtopuu (Yykorckoe u Boc-
TouHO-Curbupckoe Mopsi), a 3aTeM, o Mepe pa3BU-
TUSI IPUPOJHOro KojebaHusl, mepemMelaeTcs B 3a-
MaaHyo yacTb akBaTopuu (Mope JlanteBbix). ITocie
aKTMBU3alLIMM BOJIHBI CHauyaJla Ha BOCTOKE, a TTOTOM
U Ha 3armaje MPOoUCXOIUT HEKOTOPOE YCIOKOEeHUE
KoJebaTeJbHOTO Tpolecca. B pe3ynbraTte KpoMKa
HauyMHaeT CMeIaThbCs B I0)KHOM HaIlpaBJIEeHWUU CHa-
yaJia B BOCTOUHOI Y4acTu aKBaTOPMU, a 3aTeM, KakK
MOXHO TPeanoja0oXUThb, U B 3alaJgHON yacTH akBa-
topuu. Kak cienctsue, oxXuaaeTcs, YTo B TeUEHUE
omkaiimux 10—15 geT npoaoXKUTCs MOCTENeH-
HOE MPOCTPAHCTBEHHOE CMellIeHUEe KPOMKU JbI0B
B I0’KHOM HaIlpaBJIe€HUU B CpeIHEeM MPUMEPHO Ha
1,5° c.u1. XapakTepHble 0COOEHHOCTU MHOTOJIETHE -
ro pexxrMa IIMUPOTHOTO MOJOXKEHUST KPOMKMU JIbIOB
B KOHILIE JIETHEro ce30Ha BJIUSIOT Ha JeJ0Bble yC-
JIOBUS B MOCHEOYIOIIMUA OCEHHUN TIEPUO, NTPEXKIE
Bcero, Ha (hOpMUPOBAHKUE aHOMAJIMII CPOKOB Haya-
Jla yCTOMUYMBOTrO Jief000pa3oBaHusI.

W3mMeHeHne CPOKOB HAYAJIA YCTOHYMBOTO
Jielo00pa30BaHus B OCEeHHMI nepuos B Hauae XXI B.

B 1981—2018 rr. natsl Hayajia yCTOMYMBOIO Jie-
I000pa30BaHMs HA aKBATOPUM TPEX apKTUUCCKUX
Mopeii (JlanteBbix, BoctouHo-Cubupckoro, Hy-
KOTCKOT'0) B T€YEHHUE OCEHHETO Mepro/a MoKa3biBa-
10T TIPUMEPHO Ty K& JOMUHUPYIOIIYIO TeHIEHIIUIO
MHOTOJIETHEN U3MEHUYMBOCTHU, YTO U PEXKUM KPOMKU
JIbJAOB B KOHIIE JeTHero ce3oHa (puc. 3). ITocnen-
HUE YEThIpe JECATUICTUS MOKHO pa3[e/iuTh Ha IBE
MMPUMEPHO paBHBIE MO MPOJOKUTEIBHOCTA YaCTH
B 3aBUCMMOCTH OT Mpeob/iafaroiero 3Haka aHomMa-
JIUU JaThl Hayaja yCTOMYMBOIO JieqooOpa3oBaHus:
a) nepuona 1981—2002 rr. ¢ mpeuMylLIecTBEHHO paH-
HUMU cpokamu; 0) nepuona 2003—2018 rr. ¢ npeu-
MYIIECTBEHHO ITO3THUMU CPOKAMM.
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Puc. 3. CpenHsisg nata Havyajla yCTOHYUBO-
IO JIeT000pa3oBaHMs Ha CyMMapHOI aKBa-
Topuu Mopeit JlanteBbix, BoctouHo-Cu-
oupckoMm u YykoTckoM B TeueHue 1981—
2018 rr. (mara Hayana JienooOopa3oBaHUs
OTCUMTBIBAETCS B CyTKax OT 1 aBrycra)

Fig. 3. Mean date of start of stable ice for-
mation on the total area of the Laptev,
East-Siberian and Chukchi Seas during

I | I | T T T
1985 1989 1993 1997 2001 2005 2009
loabl

1981

B 1981—2002 rr. cpenHsist faTa Havyaaa yCTOMYM--
BOTO JIeH0o0o0pa30BaHMsI Ha aKBaTOPUU TPEX apKTU-
yecKMUX Mopeil coctaBuia 28 okTs10ps1. B 19 ciyuasx
u3 22 (moBTopsieMocTh 86%) HabII01a1aCh OTPH -
LmaTeJbHAass aHOMaJIMs JaThl Havajla YCTOMYMBOTO
Jieqoobpa3oBaHUs co cpeAHUM 3HayeHueM —0,70
peanunHbl CKO. Hanpotus, B 2003—2018 rr. cpen-
HSISI 1aTa Havyaja yCTOMYMBOTIO JIem000pa30BaHUs Ha
BOCTOYHOI apKTUYECKO akBaTOpuu — 18 HOSOPsI.
B 15 cnyyasix u3 16 (moBropsieMocTh 94%) Habmona-
JIach ITOJIOKUTENIbHAS aHOMAaJIMs CpOKa YCTOMYUBO-
ro J1e1000pa3oBaHus co cpeaHuM 3HadeHreM +0,96
penuunHbl CKO. PazHuua Mexay IByMsI MHOTO-
JISTHUMM TIepHOJAMHU paHHMX U ITO3IHUX AT Hada-
Jla OCEHHETO 00pa30BaHMsI JILIOB B MOPE COCTaBU-
na B cpeaem 20,7 cyrt., wiau 1,66 seauunnsl CKO.

T T
2013 2017 1981-2018 (date of ice formation is count-

ed in days from August 1)

[IpencraBiaeHUe pe3yIbTaTOB MPOU3OUICAIINX U3-
meHeHwuit 3a iepuon 2003—2018 rr. mo cpaBHEHUIO C
1981—-2002 rr. Ha KapTax (puc. 4) moka3bIBaeT, YTo B
OPOTSKEHHOU 30HaJbHOUM akBaTOopuu oT CeBepHoit
3eMiu 10 AJSICKM HAOII0AAI0TCS CYIECTBEHHbIE
MPOCTPAaHCTBEHHbIE HEOMHOPOIHOCTH B pacIipene-
JICHUM aHOMAaJIMi 1aT Havasa Jieqooopa3oBaHus.
O61acTb HaUOOJIBIIMX U3MEHEHU B JaTax Hava-
Jla ycroituuBoro jegooopasoBanus B 2003—2018 rr.,
NpUMEpPHO OorpaHUYeHHass M30XpoHou 30 cyT.,
BKJIIOUAET B Ce0SI CEBEPO-BOCTOYHYIO YacTh YyKoOT-
CKOTro MOpSI U BOCTOUHYIO YacTh BoctouHo-Cubup-
CKOro Mopsi. MakcumasibHble 3Ha4eHUs (10 47 CyT.)
HabII0Jal0TCs K CEBEPO-BOCTOKY OT 0. BpaHres, B
ceBepHOM yactu YyKoTckoro Mopst okoJjio 73° c.1i.
npubauszutenbHo Baoab 170° 3.1. O6iacTh Hau-

et e

Puc. 4. Paznuua (cytku) B gate
Havajla yCTOMYMUBOro Jiemooodpa-
30BaHUS B BOCTOYHBIX MOPSIX
POCCUIICKOI APKTUKM MEXIY Te-
puonamu 2003—-2018 u 1981—
2002 rr.

Fig. 4. Difference (days) between
the dates of start of stable ice for-
mation in the eastern Arctic seas

140°

during 2003—2018 and 1981-2002
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MEHBIIINX U3MEHEHUI B JaTaxX Hadyaja YCTOMYMBO-
ro negoobpaszoBanus B 2003—2018 rr., mpuMepHO
orpaHm4YeHHas1 n30XpoHoii 10 cyT., pacmonaraercs B
FOXXHOM yacTit Mops JlanTeBrIx (1oxkHee 74-11 mapai-
JIeJIM) 1 Ha I0ro-3aIagHoM MeJIKoBoabe BocTouHo-
Cubupckoro Mopsi. MUHUMaNbHEBIE 3HAUEHUS (JI0
5—6 cyT.) HabOIIOIAI0TC BOJIM3U YCTHEBOIO B3MOPbSI
pek Onenék m Mamnrmpka.

M5t akBatopuy YyKOTCKOTO MOPSI CPEIHSIS 1aTa
Havaja yCTOMYMBOTO JiemooOpa3oBaHus B 1981—
2002 rr. — 18 okrsa6ps, B 2003—2018 r. — 17 HOY-
ops, pasuuiia — okoso 30 cyt. Hisg akBatopun Boc-
TOYHO-CHOMPCKOro MOpSI CpenHsIsI maTa Havaua
YCTOMYMBOTO Jienoodpa3oBanmsa B 1981—-2002 rr. —
21 cents6ps, B 2003—2018 1. — 13 okTI06ps1, pa3HU-
1ma — okKoJjio 22 cyt. Jlst akBaTopun Mops JlanTeBbIx
CpemHsIsI JaTa Hayalla YCTOMYMBOTO Jea000pa3o-
Banus B 1981—-2002 rr. — 22 ceHts10ps, a B 2003—
2018 r. — 7 oKTA0ps, pa3zHUIla — OKOJIO 14 cyT.
Takum oOpa3oM, CpeaHUIl OIS aKBaTOPUHU pa3Max
M3MEHEHUN aaT Havasa JenoobdpazoBaHusd B XXI B.
B YyKOTCKOM MOpe IIpUMepHO B 2 pa3a 00JIbIIe, YeM
B Mope JlanTeBbIX.

16-nerunii nepuon 2003—2018 rr., xapakrep-
HBI IJIST TO3MHUX JaT Hadaja JiemooOpa3oBaHUs
B XXI B., 04eHb HEOTHOPOILH II0 IIPOCTPAHCTBY U
MOXET OBITh pa3aeéH Ha TPU S—6-JeTHUX TePU-
oa B 3aBUCHUMOCTHU OT reorpadpuuecKoil JOKaIu-
3alMK 00acTh HAaMOOJIBIIMX aHOMAJIUI JaT Hada-
JIa YCTOMYMBOTO JIeNO000pa30BaHMs B TeX WJIM MHBIX
BOCTOYHBIX apKTHYeCKMX Mopsax Poccum (Tabnum-
na). OCHOBHOI KpUTepUil BBIACICHUS BPeMEHHBIX
rpaHUII — IPOCTPAHCTBEHHOE (HAa BOCTOKE MJIM Ha
3amaje MCCIenyeMOl aKBaTOPUM) PaCIIONIOXEHNE
CaMbIX KPYIIHBIX 110 BeIMYMHE MO3IHUX aHOMAJIUI
Hayvasia JJeqoo0pa30oBaHUsL.

B 2003—-2008 rr. HanOOBIINE TTOJIOXKUTEIIb-
HBle aHOMAaJMM JaT HadajJa YCTOMYMBOIO JIEHO-
oo6pazoBanus (1,48 BenmmunHbl CKO) Habm0maI1Ch
B UyKoTcKOM Mope, a B Mope JlanTeBbIX OTMevdaics
OMM3KMI K CpeTHEMHOTOJIETHEMY PEXKIM JIeT000pa-
30BaHUd (cpemHsas aHoMmaaus Toibko 0,30 Bemmun-
HBI CKO). BoctouHo-Cubupckoe Mope 1o CTeIeH!
aHOMAJILHOCTHU ObLIO OJMke K YyKoTcKoMy, KOTO-
poe IIPencTaBIsLIO cO00i eNMHCTBEHHYIO aKBaTO-
puIO, TOE €XEromTHO B TeUCHHUE IIEeCTU JIET IMOMPSII
BeIMYMHA aHOMAaJInK He olrycKajiach Hizke 1,00 Be-
mmanHbl CKO (kKak, HalmpuMep, 3TO HaOII0IaI0Ch
B Bocrouno-Cubupckom mope B 2004 1.). B 2009—
2013 rr. HanOoJbIIAas TOJOXUTEIbHAS aHOMAIIMSI

CpenHiye MHOTONETHIIE 3HAYEHNS AHOMANUIT (OTHOCHTENTHHO
nepuopa 1981-2018 rr.) gaThl Hayama yCTOMYMBOTO JIEHO-
o6pasoBanus (TOMKM CpefHero KBaJpaTuyHOrO0 OTKIOHEH)
B Mop:x JlanTeBbix, BocTrouno-Cubupckom n UykorckoMm B
TeueHye TPEX ePUOJ 0B

Mope Bocrouro- Yykotckoe| CymmapHas
Tonpr P Cubupckoe y Y P
JlanTeBbIx Mope aKBaTOpUsI
Mope
2003—2008 0,30 1,34 1,48 1,20
2009-2013 1,58 1,06 0,99 1,39
2014-2018 1,49 1,69 1,84 1,92

CMECTHUJIaCh C BOCTOKA B 3araJHOM HaIlpaBJICHUU U
HaOmoganack yxe B mope JlanteBwix (1,58 Bennau-
Hbl CKO). B Bocrouno-Cubupckom n HykoTcKom
MODSIX CPeIHsIsSI aHOMaJIMS 110 CpaBHEHUIO C TIpe-
JOBIAYIIUM TIEPUOAOM YMEHbBIIWIACH IIPUMEPHO Ha
20—30% — no 1,0 Benmuuunbl CKO. B 2012 r. B Uy-
kotrckoM Mope 1 B 2013 r. B Boctouno-Cubupckom
JaThl Havaja Jea000pa30oBaHUs IIPUMEPHO COOT-
BETCTBOBAJIM MHOTOJIETHE! (11 38-JIeTHETO psiaa)
HopMme. B 2014—2018 rr. HauGoablIMe aHOMAJUMU,
kak 1 B 2003—2008 rr., BHOBb HaOaoga1uch B Uy-
koTckoM Mope (1,84 Beanuumnbl CKO), onHako u
B IBYX OCTaJIbHBIX MOPSIX COXPaHSUIMCh 1OCTaTOU-
HO OOJIbIIINE 3HAYCHUS TTOJIOXUTEIbHBIX aHOMAaJINI
(1,49—1,69 Benmuuunubl CKO). B UykoTckoM Mope
€KETOIHO B TeUEHHUE ITSITH JIET TTOAPSIIT ITOJIOXKUTEIb-
Hasl aHOMaJIvs NpeBhIllajia 3HaueHue B 1,5 Beanun-
Hbl CKO, a B Boctouno-Cubupckom mope — B 1,4
BesmmunHbel CKO. B 2017 1. B Mope JlanTeBBIX maThl
HayaJa Jemnoo0pa3oBaHuUsI IPUMEPHO COOTBETCTBO-
BaJii MHOToJIeTHel (151 38-71eTHEro psifia) HOpMe.
B 1estoM miist akBaTopuu BeeX TPEX BOCTOUHBIX
apktuueckux mopeii B 2003—2018 rr. xapaktepHo
MOCTEIIEHHOE YBEIMYEHUE BETUYMHBI IOJIOXUTEIb-
HBIX anoManuit (ot 1,20 Benmumumasr CKO B 2003—
2008 rr. mo 1,92 Benuunnsr CKO B 2014—-2018 1T.).
DTO MPOUCXOOUT B PE3yJIbTaTe ABYX OOCTOSTEIIBCTB:
a) MPOCTPAHCTBEHHOTO BOBJIEUYEHUS B MpOIecC
MO3JHEero Jeao00pa3oBaHus, HauaBiierocs: B Yy-
koTcKoM mMope B 2003 T., BceX OCTaTbHBIX MOpEH —
cHavasa Boctouno-Cubupckoro B 2005 1., a 3aTeM
u mops JlanTeBbix B 2009 r.; 6) coxpaHeHUs yKe 10-
CTUTHYTOM BEJIWYMHBI TTOJIOKUTEILHBIX aHOMAaJIWi
B Mope JlanTeBbIX 1 HEKOTOPOTO €€ YBeJUYSHUS B
Boctouno-CubupckoM n ocobeHHo B UykoTckoM
Mopsix. BoiaHa mo3gHuX CpoKOB Havajia jiemnooopa-
30BaHUSI, BOBHUKHYB B UYKOTCKOM MOpE, B CBOEM
MMPOCTPAHCTBEHHOM IBMXKCHUM CHadaja IOCTUTJIA
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Puc. 5. Paznuua (cyTkm) B maTe Havaja YCTOMYMBOTO JIeJ0-
00pa3oBaHUsI B BOCTOUHBIX MOPsIX Poccuiickoit ApKTUKYM MeX-
Iy OMHOPOAHBIMU TTePUOJAMU:

a —2003—-2008 u 1981—2002 rr.; 6 — 2009—2013 u 2003—2008 rr.; 6 —
2014—2018 1 2009—2013 rr.

Fig. 5. Difference (days) between the dates of start of stable ice forma-
tion in the eastern Arctic seas during the multiyear uniform periods:

a — 2003—-2008 and 1981-2002; 6 — 2009—2013 and 2003—2008; ¢ —
2014—2018 and 20092013
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Mops JIanTeBbIX, a 3aTeM BepHYJIach 00paTHO,
KOJIMYECTBEHHO COXPAHUB M JaXe HECKOJIbKO
YBEJIMYUB CTETICHb CBOETO Pa3BUTHSI.

Pasnuiia mexxny KapraMu pacrpeneieHus
JIaT Havyajla yCTOMYMBOIO JIe1000pa30BaHUSI
COCEIHUX 5—6-JIETHUX BPEMEHHBIX ITIEPUOI0B
MoKa3bIBaeT 0oJsice MOAPOOHbBIE OCOOEHHOCTH
U IIPOCTPAHCTBEHHBIE TCHACHLIMY 3TOI'0 MHO-
TOJIETHETO IIPUPOTHOTO SIBICHUS C XapaKTep-
HBIM BpEeMEHHBIM MacIITaOOM OKOJIO OIHO-
ro mecarwietns. Kak u B ciaydae ¢ peXXuMoM
KPOMKH JIbIOB, (POPMHUPOBAHNE MO3THUX JAT
Havyajla YyCTOMYMBOTO JIeH000pa3oBaHUS B
teyeHne 2003—2018 rT. MPOUCXOONUT B BUIE
MHOTOJICTHMX BOJTHOBBIX KOJIeOaHUI (puc. 5).

B 2003—2008 rr. mo otHOMmIeHMIO K 1981—
2002 rr. HabOmomaeTcs HadanbHas pasza KoJe-
0aTeIpbHOTO Mpolecca, OCHOBHASI OCOOEHHOCTh
KOTOPOTO 3aKJII04YaeTCsI B (POpMUPOBAHUM 00-
JIACTA HAMOOJIBIIX ITOJIOXHUTEIBHBIX AaHOMAJTHIA
K 3armagy oT HoBocuOMpCKIX OCTPOBOB, Ha aK-
BaTOPHMU OKOJIO 0. BpaHrensi, 1 mocTerneHHOTro
YMEHBIIICHUS BeJIMIMHBI KOJIcOaHWIA TIPU TBU-
JKeHUU Ha 3arajl, K Mopio JlanreBbix, m-oBy Taii-
MeIp 1 Ceseproit 3emite. C OmHOI CTOPOHBI, B
YyKOoTCKOM MOpe 1 B BOCTOUYHOM YyacT BocTou-
HO-CHOMpcKoro Mopst HabromaeTcss HandoIb-
LM pa3max KoyiebaHuii (Mo3aHee J1eaoo00paso-
BaHIIE), a, C IPYTOl CTOPOHBI, B 3aIIagHOMN YaCcTH
MopsI JIanTeBIX 3TH KOJIeOaHMSI TTOYTH ITOIHO-
CTBIO MCYE3al0T (CpemHee J1en000pa30BaHme).

B 2009—2013 rr. mo orHOmeHMIo K 2003—
2008 1. HabmomaeTcd KorebaTeTbHOe (KaK ITpo-
CTPaHCTBEHHOE, TaK M BO3BPaTHOE) pa3BUTHUE
JIemoBOM BOIHEL [IpocTpaHCTBEHHOE CMEIlIeHMEe
XapaKTePUCTUK BOJIHBI Ha 3aIaj CIIoCOOCTBY-
€T TOMY, YTO 00JIaCTh HAaMOOJIBIINX ITOJIOXKM-
TEBHBIX aHOMAIMI HAOII0maeTCs yKe K 3ama-
Iy oT HoBocMOMpPCKMX OCTPOBOB, B 3aIlagHOM
yacTy Mopsi JIanTeBBIX (C LIEHTPOM HECKOJIBKO
BocTOuHee IpojinBa Buibkuiikoro). Bo3spart-
HOe Kojie0aHNe BOJIHBI IPUBOIUT K TOMY, YTO
B BocTouno-Cnbnpckom 1 YyKoTCKOM MOpSIX
IIPOMCXOIUT KOMITEHCALIMOHHOE (hOPMUPOBa-
HHE YK€ OTpUIATeIbHBIX aHOMAJIMIA. ¥Y3JI0Bas
JIMHUS KOJIeOaHMi1, pa3aelsironiasi 001acT I10-
JIOKUTENIBHBIX 1 OTPULIATEIbHBIX aHOMAJIUIA,
HaxomuTcsl B paiioHe HoBocnOupckmx ocTpo-
BOB, a TAKXKe K BOCTOKY OT ITOCJIETHUX BIOJIb 30-
HaJIbHOI1 ITOJIOCH 74—78° C.IIL.
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B 2014—-2018 rr. mo otHomeHun K 2009—
2013 rr. MpOUCXOOUT TTOYTH 3epKaJlbHOE, 00OpaT-
HOE OBTOPEHME IIpeAbIayIeii (a3l BOTHOBBIX KO-
JiebaHMi: K BOcTOKY oT HoBoCHOUpPCKMX OCTPOBOB
HaOmogaeTcs: 00J1aCTh MOJOXKUTEIHbHBIX aHOMAJTHAI
(IpomoyKeHre MO3MHEro Jiemoodpa3oBaHus), a K
3anaay oT HoBocubupckux ocTpoBoB — 00J1aCTh OT-
pUILIaTeIbHBIX aHOMAJINi (KOMITCHCAIIMOHHAST TEH-
JIEHLMSI K cpeaHeMy JieqooOpa3oBaHUIO). ¥Y310Basi
JIMHWS pa3HOHAIIpaBJIEHHBIX KOJIeOaHUI pacIio-
JlaraeTcsl HECKOJIbKO 3amagHee HoBocumOupckmx
OCTPOBOB, a TaK:Ke BOJIM3M ceBepHOI I'paHUIIBI Boc-
TouHO-CHbMpcKoro 1 YyKoTcKOro Mopeii.

TakuM 00pa3oM, MPOCTpaHCTBEHHAS U3MEHYM-
BOCTH JaT HavaJa Jienoo0pa3oBaHuUsl, OCpPeIHEHHAS
IUTSL 5—6-JIeTHUX OMHOPOAHBIX IIEPUOIOB, IIPOUCXO-
IUT 110 TUITY BOJTHOBBIX KoJieOaHUil. B pexxume Ko-
JiebaHUI1 3TO MHOTOJIETHEH BOJHBI MOXKHO BblIE-
JINTh HECKOJIBKO XapaKTePHBIX 0COOCHHOCTEIA.

1. AMIIUuTyaa BOJHOBBIX KojieOaHUI MeXy 3a-
MAaJTHON M BOCTOYHOM YaCTIMMU MUCCIEAYEMOU aK-
BaTOpUU, JOCTUTHYB HEKOTOPOTO MaKCHUMyMa, yXkKe
Havayia yMeHbIIaThes. B reuenme 2003—2008 TT. rpe-
OeHb BOTHBI 0BT B UyKOTCKOM MOpe (HanOoJbIIas
a"nomams 40—45 cyT.), a TTogoIIBa BOJIHEI — B MOpE
JlanrreBBIX (anomanug 0—5 cyT.); pa3Max Koneba-
Huii — okoso 40 cyt. B 2009—2013 rT. rpeGeHb BOJIHEI
Haxoauscs B Mope JlanTeBbix (HauOosbIIass aHOMa-
JIAST OKOJIO 25 CyT.), a IOAoIIBa BOJIHEI — B YyKoOT-
CKOM Mope (HauOoJblIasi aHOMaJusl OKoJio 15 cyT.);
pa3Max Kosiebanmii — Takke okoso 40 cyr. B 2014—
2018 rT. rpedbeHb BOJIHBEI BHOBh HAOTIONAICS Ha BOC-
TOKe, Ha aKBaTOPUM OKOJIO 0. BpaHremns (Hanbob-
11ast aHoMaus okosio 20 CyT.), a OAOIIBa BOJIHBI — B
Mope JlanTeBhIX (BeIMYMHA OTPULIATEILHOM aHOMa-
quu 5 — 10 cyT.); pa3Max KojiebaHU — IPUMEPHO
25-30 cyr., T.e. IO cpaBHEeHMIO ¢ eprogamu 2003—
2008 u 2009—2013 1T. B TeYeHUE ITOCIECTHETO MEePHO-
na 2014—2018 rr. aMIIATYIBI BOJTHOBBIX KOJIeOaHMIA
YMEHBLIWINCH TpuMepHO Ha 40%.

2. AMInTyna BOJTHOBBIX KoleOaHUT YMEHb-
IIajach Iocjie TOro, Kak rpedeHb JIeJ0BOI BOJTHEI
(00acTh MOMOXUTEIHHBIX AaHOMAJINI) CHavasa 1o-
JIy9us1 HauOoJiblee pa3BuTue B YyKOTCKOM Mope
(2003—2008 rT.), a 3aTeM 3TOT Xe rpeOeHb IOy~
Y TaKOe Xe pa3BUTHE yXe B Mope JlanTeBhX (B
2009—2013 rr.). Hakonen, mocie 3aBepiieHuUs He-
KOTOPOTO €CTECTBEHHOTO IBYXYaCTHOTO KOMILIEKCa
KoJe0aHMii B IIpOCTpaHCTBe MexXmy Ansickoit u Ce-
BepHoit 3emiéit B 2014—2018 rr. onpenen€é HHO Ha0-

JII0IaeTCsl Hayajo HEKOTOPOro OCJIabjeHUsI MHTEH-
CUBHOCTH U pa3dMaxa KoJie0aTeJIbHbIX U3MEHEHMIA,

3. Y3noBas auHUs KoaebaHUiA, HaXOAUBILIAsICS
B 2009—2013 rr. BOsim3u HoBocuOUpCcKX OCTPOBOB
(B paitoHe AHckoro neassHOro maccusa), B 2014—
2018 rr. cMecTuiachk Ha 3amnaj npumepHo Ha 400—
500 kM, B LIeHTpaJlbHYIO YacTh Mops JlanTeBbix (B
paitoH TaliMbIpCKOTO JIEASTHOIO MacCuBa).

4. Ta obnacTb HAaMOOJBIINUX KOJeOaHUM, KOTO-
pas pacriojiaraeTcsl K BocToky oT HoBocubupckux
OCTPOBOB, ITOCTEIIEHHO (OT OJTHOTO OJTHOPOJHOIO
nepuoaa K IpyroMy) CMellaeTcs 1o HarpaBIeHUIO
C CeBepO-BOCTOKA Ha Ioro-3amnaj (13 MOPUCTOI aK-
BaTopuu 0Ke K 6epery): B 2003—2008 rr. oHa pac-
roJiarajach K CeBepo-BOCTOKY OT 0. Bpanrens, a B
TeyeHue 2014—2018 rr. — okoso o. Bpanrens, BOau-
3u 0. AlloH 1 KoJ1IounHCKOM TyObl.

COBOKYITHOCTbh OCOOEHHOCTE BOJHOBBIX KOJIE-
0aHUi1 TTO3BOJISET MPEAITIONIOKUTL HanboJIee BEPOSIT-
HbIE O0IIME TEHASHIIMY UX U3MEHEHMI1 B OJIVKaiIme
ronbl. B Teuenne 2020-x rogoB MOXKHO MPOTHO3UPO-
BaTh MIPONOJIKEHNE COKPAILIEHHUST aMIUIUTYIbI Kojeba-
Huii, HayaBLeecs B 2014—2018 rr. CocTaBHOI 4YaCTbIO
3TOrO BOJIHOBOTO OCJIA0JIEHMsI, KaK OXKUOAeTCsI, OyIeT
YMEHBIIIEHUE BEJIMYMHBI ITOJIO0KUTETbHBIX aHOMAJTHIA.
CremoBateIbHO, AaThl HaYaia yCTOMYMBOTO JIEI000pa-
30BaHUSI OYIyT ITOCTEIIEHHO M MHEPLIMOHHO MEIJICHHO
BO3BpallaThCs K TeM CPeAHEMHOTOJIETHUM 3HAYEHU-
sIM, KOTOpPBIE HAOJIIOOAINCh B KOHIIE XX B., T.€. OXH-
JaroTcs 0osiee paHHME CPOKU Hauaja Jenooopa3oBa-
HUSI [0 CPABHEHUIO C X COBPEMEHHBIMM 3HAYEHUSIMU.
Taxkum obpa3zoM, 00I111asT TEHASHUUS OKUAAEMbIX U3-
MEHEHU B JaTax HayaJjla yCTOMYMBOIO Jie1000pa3oBa-
HUSI IPUMEPHO Ta e, YTO M Y KPOMKH JIBIOB: IIPOTHO-
3upyetcs, 4yTo B TeueHue 2020-x ronos (Mo CpaBHEHUIO
¢ 2010-mMu rogamu) OyaeT HaOIOAATHECS HEKOTOPOE
YXYIIICHNE JICTOBBIX YCIOBUI, CBSI3aHHOE C OTHOCH-
TeJIBHO 00J1ee I0XKHBIM TOJIOKEHUEM KPOMKH B KOHIIE
JISTHETO TIepUOIa M CO CPAaBHUTENIBHO OoJiee paHHUM
JIemooOpa30BaHUEM B OCCHHMIA TIEPUOL,.

3ak/ouyeHune

IIpu aHanuze M3MEHEHUs JIETHE-OCEHHEro Jie-
JIOBOTO peXXMMa BOCTOUHBIX apKTUYECKUX MOpei
Poccuu B Hauane XXI B. ycTaHOBJIEH PsiJ OCHOBHBIX
MPUPOTHBLIX OCOOEHHOCTEIA.

1. MHoroneTHee U3MEHEHME LLIMPOTHOTO T0JIO-
KEHUSI KPOMKU JIbAOB B KOHIIE JIeTa U J1aT Hauyaja
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Mopckue, peuHble u 03épHble 1b0bl

YCTOMYMBOTO JIEIOOOpa30BaHUS OCEHBIO B BOCTOY-
HBIX apKTudecknx Mopsax Poccun B 1981—-2018 1.
IMOKAa3bIBaeT CXOXME MEXIY Co00il 0COOEHHOCTH
KpynHoMacTabHbIX TeHaeHuuii. B 1980—90-x
romax HaOJI0IaJI0Ch OTHOCUTEIBHO I0KHOE II0JIO-
JKeHHe KPOMKH JIBIOB U paHHEe Hadyalo yCTONYIM-
Boro JremooopasoBanusd, a B 2000—2010 rr. — oTHO-
CHUTEJIbHO CeBEepHOE MOJ0XKEHNE KPOMKU JIbI0B U
MO3IHME JATHl YCTOMIMBOTO JIEH000pa30BaHMSI.

2. PasHunma MexXny CcpeIHUM IIOJOXKEHU-
eM KPOMKU JIbIOB B ceHTsg0pe B 1981—-2001 rT.
(74,9° c.mr.) 1 B 2002—2018 rr. (78,7° c.111.) cocTaB-
qsgeT 3,8° C.II0., a MeXIy SKCTpeMaIbHbIMU 3HAYCHU -
avu 1996 u 2007 r. — 9,0° c.III., YTO COOTBETCTBYET
MIPOCTPAaHCTBEHHOMY CMEILIEHUIO KPOMKM C Iora Ha
ceBep ipuMepHo Ha 1000 KM,

3. MHorojeTHee cMelIeHrne KPOMKH JIbIOB Ha
CeBEP COCTOUT M3 IBYX B3aMMOCBSI3aHHBIX YacTeid,
C IIPOCTPAHCTBEHHON aKIeHTalMeil o0JlacT! Hau-
0O0JIbIIe M3MEHYMBOCTU MO Pa3HbIe CTOPOHBI OT
Hosocubupcknx ocrpoBos: B 2002—2010 rT. Han-
0oJibllIee CMellleHUe KpOMKU HabaonaeTcs B Uy-
KoTckoM 1 BocTtouHo-CnbmpckoM Mopgx (Mak-
cumyM B 2007 1.), a B 2011-2018 1. — B MOpe
JlanTeBoIx (Makcumym B 2014 1.).

4. OcoOEHHOCTH IIPOCTPAHCTBEHHOTO CMEIICHUS
KPOMKM JIbIOB Ha CeBEP MOAOOHBI KOJICOAHUSIM «JIe-
JOBOIA BOJIHBI», IpeOeHb KOTOPOI CHavaJIa OgHUMA-
€TCsI C Iora Ha ceBep B BocTouHOM (YyKoTckoe Mope),
a 3aTeM — B 3amagHoi (Mope JlanTeBbIX) yacTH ak-
Batopun. Ilocne BoHOBOTO mpeiicha ¢ BOCTOKA Ha
3amaj pa3Max KojaeOaHuii ocabIsaeTcs, a TaKKe IIpo-
HMCXOIUT PETMOHAIBHOE CMEIIEHNE KPOMKHM B ITPOTH-
BOIIOJIOXKHOM HaIIpaBJIeHN! — C CeBepa Ha IOT.

5. Pa3zHuua mexay cpeaHeit naToil Hauajia ycToi-
YHMBOTO JIeT0O0Opa30BaHMSI OCEHBIO B IIEPUOMI paH-
Hero (1981—2002 rr.) u mo3gxero (2003—2018 rr.)
JTIe1000pa3oBaHNs cOCTaBIIsIeT oKojo 21 cyr. (B Uy-
KoTckoM Mope — 30 cyT., B Boctouno-CubmpckoMm —
22 cyrt., B Mope JlanTeBBIX — 14 cyT.). Ilo3gHee me-
noo0pa3oBaHUe OTMedYeHO: B YyKOTCKOM MOpe — B

JIutepaTypa

1. IPCC. Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge: Cambridge University
Press, 2013. 1535 p.

2. Okeanorpacdust u Mmopckoii aen. M.: Paulsen, 2011. 432 c.

2003 1., B Boctouno-Cubnpckom — B 2005 1., B MOpe
JlarrreBBIX — B 2009 1. BoBeueHe HOBBIX aKBaTOPUIA
CIIOCOOCTBYET COXPaHECHHIO ITOJIOXKUTEIbHOM aHOMA-
JIMK JAaT Hayaja JiemooOpa3oBaHUsI Ha 0000IEHHOM
aKBaTOPUU TPEX apKTUIECKUX MOPEIA.

6. [IpocTpaHCcTBEeHHAS U3BMEHYMBOCTD IaT Ha4ya-
na nenoodpazoBanms B 2003—2018 rr. Takke mpouc-
XOIUT I10 TUITY BOJHOBBIX KOJICOaHUI B 5—6-JIeTHUX
nepuomax. O0acTh HAMOOJIBIINX MOJOXKUTEIb-
HBIX KojebaHmit HabmogaeTcsd: cHavaima (B 2003—
2008 rr.) Ha BocTOKe (B ceBepHOI yacTn YyKoTCKO-
ro Mopsi), 3ateM (B 2009—2013 rr.) — Ha 3amazne (B
mope JlanTeBrix) u, HakoHel, (B 2014—2018 rT.),
BHOBb Ha BOCTOKE (Ha aKBaTOpHMU K BOCTOKY oT Ho-
BOCHUOMPCKHUX OCTPOBOB).

7. OcoOeHHOCTH BOJIHOBBIX KOJICOaHUIA TTIO3BOJISI-
IOT TIPEIITOIOXKUTH O0IIMe TeHACHIINN Oy IyIIIX IIPH-
pomHBIX M3MeHeHM B TeueHne 2020-x rogoB. Oxu-
JAeTCsI, YTO KPOMKA JIBIOB MPOJOJIKUT MOCTEIIEHHOE
MPOCTPAaHCTBEHHOE CMEIICHNE B I0XKHOM HallpaBJie-
HUM ipuMepHo Ha 1,5° c.m. /g gaT Havama ycToi-
YUBOTO JIEIOO0Pa30BaHUS IIPOrHO3UPYETCS IIOCTEe-
MeHHBII ¥ OYeHb MeUICHHbII MHEPLIMOHHBII BO3BpAT
K HEKOTOpOMY cpenHeMy (OoHY, Oojiee paHHEMY 110
CPaBHEHUIO C €T0 TeKyIIMM COCTOsTHHEM. [1prmunHbI
(MeTeopoJornIecKre, OKeaHNnIeCcKue, reousnde-
CKUE U TIp.) HAOII0OAaeMbIX MHOTOJICTHIX M3MEHEHMIA
JIEIOBOTO pexkrMa apKTUYECKIX MOpPEN TpeOYIOT OT-
JIEIBHBIX Y JOTIOTHUTEIBHBIX MCCIICIOBAHNIA.

baarogaprHocTn. CTaThsl IIOATOTOBJICHA IO PE3YIb-
TaTtaM IpoeKToB «McciaenoBaHre THIPOMETEOPOIO-
TMYECKUX TIPOLIECCOB B MUPOBOM OKeaHe, MOPSIX 1
ycThbsiXx pek Poccum, ApkTuke U AHTaAapKTUKE»
IIHTII Pocrugpomera.
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