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Summary

The study is based on CTD measurements collected during Arctic cruises in Isfjorden including
Billefjorden and Gronfjorden in summer between 2011 and 2017. The purpose of this paper is to
describe the present state of fjords water masses. In the first part of the paper distributions of water
masses in Isfjorden and Billefjorden in summer 2014-2017 and in Gronfjorden in summer 2011-2017
are analyzed. In paper was shown that for Isfjorden and Gronfjorden there were 4 types of masses:
surface water, intermediate water, transformed Atlantic water, and Atlantic water. In June 2014, was
recorded the situation when Atlantic waters occupied the entire water area of Isfjord and Gronfjord. In
summer in Billefjorden were identified 4 types of masses: surface water, intermediate water, local water,
and winter water. In Isfjorden, new maximum temperature of Atlantic water was observed (6.85 °C)
in summer 2016. It is greater on almost 0.5 °C than previous warmest peak in 2006. The maximum
average values of water temperature, heat content in the upper 40 m layer were recorded in 2016. The
summer 2016 was the warmest in Isfjorden, Billefjorden and Gronfjorden during the survey period.

Hocmynuna 15 anseaps 2018 e. IHpunsma x nevamu 13 urons 2018 e.

Kniouegvie cosa: atmaHTHUECKUE BOIBL, BOIHBIE Macchl, 3anaaublii Llnundeprex, conepxanme
MIPECHBIX BOJ, TEIJIOCOACPKAHHE.
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Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64 (2): 125-140. [In Russian]. doi: 10.30758/0555-
2648-2018-64-2-125-140.
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OKEAHOJIOI'HA

B naHHO#1 cTaThe aHAIM3UPYIOTCS PE3yNbTaThl OKEaHOrPAYHIECKHX CHEMOK, BBINOIHEHHBIX
B Uc-dropne, Bkiarodast 3anuBbl bumte-propa u ['péu-dpropn, B netHue mecsupl ¢ 2011 mo 2017 &
OcHOBHas 1ie/b CTaThbd — ONMCAHHE COBPEMEHHOTo cOCTOsHUS Box Mc-popza u ero 3anuBoB.
B nepBoii 4acTu cTaThy aHANTU3UPYIOTCS] OCOOCHHOCTH pacIipe/iesieHns BOAHBIX Macc B Mc-propre
u bunie-dropae B nertnue mecsupl ¢ 2014 mo 2017 r. u B I'péH-dropae B neTHue mecsupl ¢ 2011 o
2017 r. Ananu3 u3mepenuii nokasai, uro st Uc-ppopaa u I'péH-propaa Ob110 XapakTepHO HATHYHE
YeTHIPEX BOJHBIX MAcC: HOBEPXHOCTHOM, MPOMEKYTOIHOU, TPAaHCHOPMUPOBAHHON aTIAHTHIECKOI
u armanTrdeckoil. B urone 2014 . 6pu1a 3adukcnpoBaHa cutyanusi, Korna Best akBatopus Vic-¢pbopaa
u I'péH-¢propaa Obita 3ansATa aTaHTHYecKuMHU Boamu. [t Brute-dpopaa 66110 XapakTepHO Takke
HaJIM4Ke YeThIPeX BOAHBIX Macc: IOBEPXHOCTHOM, IPOMEXYTOYHOM, JTOKaJIbHOH 1 3uMHei. B 2016 1.
Ob11 3aUKCHPOBaH HOBBII HICTOPUYECKUI MaKCUMYM TEMIIEPATYPhI B CIIOE aTIIaHTHYECKUX BoA B Mc-
¢dwopze (6,8 °C), uto nmoutu Ha 0,5 °C BhIlIe MpeabIAyLIETO pekopaa, Habmoaasierocs B 2006 r.
Taxoxe mo pesynsraram pacuetoB a1 2016 r. ObUIH HOMYYEeHBI MAKCHMAIIbHBIC CPEIHNE 3HAUYCHUS
TEeMIIepaTypbl BOJIbI, TEIIOCOAEpKaHus B BepxHeM 40-meTpoBoM ciioe B Hc-dropae, buiuie-ppopae
u I'pén-dnopzae, B nenom 2016 . cTaa caMbIM TEIUIBIM /IS 3THX 3aJIMBOB 32 UCCIIELyEMbIid IIEPUOI.

BBEJEHUWE

®ropapt 3anagHoro nmudeprena pacnoaokeHbl B 30HE aKTUBHOTO B3aMOJCHCTBHS
aUIAHTUYECKUX BOJ], HECYIINX CBOE TEIJIO U3 YMEPEHHBIX IIUPOT B MOJISPHBIC PETHOHEL,
1 apKTHYECKHUX BOJ, MOCTYMAIONINX Ciofa n3 bapennesa mMopsi.

Atnantnaeckue Bozbl (AB) pacrpocTpaHsioTcs BIIOJIb apXuIesnara B BUIC 3arai-
Ho-IIInuidepreHcKoro TeYeHus, SIBISIONIETOCs MPONODKeHHEM HOpBEKCKOTO TeUeHUs.
ITo pe3ynpraraM HeIaBHHMX HCCIEAOBAHUI YCTAHOBIIEHO, YTO UMEHHO BOJIBI 3amaIHO-
nunbeprenckoro Te4eHMs EPeHOCAT OOJBUIYIO YacTh Bcero o0bemMa AB, mocTynaronmx
B ApKkTHaeckuii 6acceiiH [1], 1 SABISFOTCSI OCHOBHBIM MIEPEHOCYHUKOM Tetuia B LIeHTpansHyto
Apkruky [2, 3].

ApKTHYECKHE BO/IBI, XapaKTePHU3YIOIIIECs MEHBIIMMH 3HAYEHUSIMH COIEHOCTH U TEM-
TIepaTypel 10 CpaBHEHUIO ¢ AB, MocTymaroT B paifloH KOHTHHEHTAIBHOTO Hienbda 3amaz-
Horo [Inumdeprena ¢ Bomamu Bocrouno-1lmunbeprenckoro TeueHus [4, 5], co3maromero
cBoeoOpasHsblii 6apbep 11 propaoB 3anaaHoro Lnundeprena ot NpsIMOTo MOCTOSTHHOTO
prustHEs AB. Mexny AB u apkrudeckumu Bomamu (popMupyercs GpoHTaNbHAS 30HA,
M3BECTHAS KaK apKTHYecKuil QpoHT [6].

MarepuKoBbIE JIEAHUKH, TIOBEPKEHHBIC TIpOIieccaM abJISIINH, SIBISIOTCS OCHOBHBIM
HCTOYHMKOM TIPECHBIX BOJ, IMOCTYMAIOIMIMX BO (hpopsl [7]. YBennueHne oObeMa MX IOCTY-
IUTCHUS B JICTHUH TIEPUOJ IIPUBOIUT K O0JIee YCTOMINBOIN BEPTUKAIBHOM cTpaTudukanum [§].

ITpoueccsl enoTasiHUs MOPCKOTO JibJia OOBIMHO HAYMHAIOTCS BO (hOplax B Mae—
HIOHE M TaKXKe IIPUBOJIAT K PaCIPECHEHUIO TOBEPXHOCTHOTO ciosl. [Iponecchr ienoodpaso-
BaHUS, B pe3yNbTare KOTOPBIX (OPMUPYETCs IEPeoXIIaskICHHAsT BOIHASL MAcCa C BBICOKHMHU
3HAYEHUSIMHU COJIICHOCTH, HAYMHAIOTCSl OOBIYHO B HOIOpe. OTHAKO IOt BIMSHUS TTPOLIECCOB
JEeAOTasHNSA | JIe000pa30BaHMsl HA THAPOIOTHUECKUN PEKUM (PbOPAOB MOCTETICHHO CHU-
JKaeTcs B CBSI3M C TEM, YTO B IOCIEIHNE Tobl Ha apxumnenare [lnundepren HabmonatoTCs
AHOMAJIbHO TEIUTbIC 3UMBI, JIEASHON MOKPOB 0Opa3yercss He KaKIbIH rox U HE BO BCEX
¢ropmaax [9]. [TomrMo 3TOTO IPOUCXOANT yBEIMUSHHE TeMItepaTypsl AB, mocTynaromux
K Oeperam apxwurienara, 3aToki AB BHYTpb ()bOpIIOB CTAHOBSATCS Bce 00JIee peryssipHbIMHU,
nx o0beMm yBenmuuBaercs [8, 10, 11]. OTi n3MeHeHNs 0Ka3bIBalOT NIIyOOKOE BIUSHNE HA
CTPYKTYpY ¥ (YHKIIMOHUPOBAHUE BCEH dKOCUCTEMBI PropmoB [12, 13].

B nanHO# cTaThe aHANMN3UPYIOTCS PE3YIIBTATHl OKEAHOTPAPHIECKUX ChEMOK, BBIIION-
HeHHBIX B Mc-dpopae, Briodas 3anuBsl buiute-ppopa u ['péu-gpopa, B JeTHHE MECSIIBI
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¢ 2011 mo 2017 . B skcenuuusax ApPKTUYECKOTO U aHTAPKTUYECKOTO HAYYHO HCCIIE0Ba-
tenbekoro uHctutyta (AAHWN) Ha 6a3e Poccuiickoro HaydHOro 1eHTpa Ha apxuriesiare
[Imuu6epren (PHIIT).

C uesnblo ONMUCaHusi COBpEMEHHOTo coctosiHust Box Vc-dhpopna u ero 3anuBoB pac-
CMaTpPUBAIOTCA 0COOEHHOCTH pacHpeesieHns] BOIHBIX MacC 3a HCCIEAYEeMBI MEepPHO,
pa3MYHbIe XapaKTEePUCTHKU BOJ (PbOPIOB, TAKHE KAK CPEJIHSIS TEMIIEpaTypa U COJICHOCTb,
cofiep>KaHue MPECHBIX BOA, TEMJIOCOACpkKAaHNE U T.A. TakxKe MPOBOAUTCS CPaBHEHHE 3TUX
XapaKTePUCTHK C XapaKTePUCTHKaMU, MOJYYCHHBIMH JUIsl APYruX (bopaoB 3amaaHoro

[[Imunbeprena 3a nmociaeIHUe HECKOIBKO JIeT B [14].
PAMOH WCCJIEJJOBAHUS

Uc-dpropa, ['pér-dhropa u bune-¢propa pacmonoxeHbl Ha 3amagHoM Oepery o. 3a-
nagueii Lnunoepren (puc. 1), KOTOPBIN SABISAETCS KPYITHEHIIIM OCTPOBOM apXHIiesara.

HUc-dpopa, umerontiii mpoTskeHHOCTh BAOMh ocu 107 KM M OpHEHTHPOBAHHBIN
C I0T0-3aI1a/1a Ha CEBEPO-BOCTOK, SIBISIETCS CaMBIM OOJIBIIMM 3asBOM apxurnesnara Lnmr-
Oepren. CrmpHO H3pe3aHHas Oeperopas nuHUS Vc-ppopaa oOpa3zyeT HECKOIBKO 3aJHBOB
MeHbIIero pasmepa: ['péa-dpopa u AxaeHT-GBopa Ha I0KHOH cTtopoHe; CacceH-hbopi,
nepexonsamuii B Temmen-dppopa, n bumie-dpopa, 3akaHunBarommiics Oyxramu Mumep,
ITerynss, Anonsda Ha ceBepo-BocToke; Hopa-dropa, nepexomsmuii B Dxman-(pbopa
u [lukcoH-dpropxa Ha ceBepe. OTCyTCTBHE TomOTpaduueckoro 6aprepa Ha Bxone (Gpopaa

f
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Fig. 2. CTD stations in Isfjorden, Billefjorden and Gronfjorden (include at the map). Red points —
stations that were included in calculations, green points — stations in June 2014. Map: TopoSvalbard
© Norwegian Polar Institute http://toposvalbard.npolar.no

N03BOJISIET BOJHBIM MaccaM ¢ KOHTHHEHTAIBHOTO Hienb(a O0ecrpensTCTBEHHO POHUKATh
B IIyOb aKBaTOPHH.

PacnionoxxenHslid B BocTouHOM yactu Mc-ppopaa bume-propn — eanHCTBEHHBIH
U3 paccMaTpuBaeMbIX GppopoB B cucteMe Vc-hpopaa uMeeT Ha BXoze Ba Tonorpaduye-
ckux Oapbepa — BHemHu# (70 M) 1 BHyTpeHHHH (40 M), MIPENSITCTBYIOIUE CBOOOIHOMY
BOJJOOOMEHY C COCEIHMMH aKBaTOpUsMHU. Ero mpoTsikeHHOCTh cocTaBisieT okoao 30 kM
B JUIMHY U 5—8 KM B IIMPHHY, Cpe/iHss NiyOuHa paBHa 160 M. buiuie-¢popn nmeer miomniaas
182 km? (5,9 % ot Uc-dpropaa) u 0ovem 13 km® (3,5 % ot Uc-dpropaa) [15].

OxeaHorpauuecKkue CTaHLUK, BBIIOJIHEHHbIE B akBatopuu Mc-dppopaa u busie-
¢dbwvopaa, mpeacTaBICHbI Ha puC. 2.

I'pén-ppopn — cpaBHUTENBHO HEOOIBIION (HOP/, PACIIOIOKEHHBII Ha KXKHOM CTO-
pone Mc-hropaa B HEMOCPEACTBEHHOM OJIM30CTH OT €r0 TOPIOBUHBI. 3aJHB OPHEHTHPOBAH
B MEPHANOHAJIHHOM HAllpaBJICHUH, €TO NMPOTSLKEHHOCTh COCTABISET MpUMepHO 16,5 kM.
lupuna u rnyouHa Gppopaa yBEIHMYUBAIOTCS C tora (KyToBasi 4yacTh) Ha ceBep (BBIXO[
B Uc-dropa) ¢ 1,8 1o 5,4 km u ¢ 50 no 170 m coorBercTBeHHO. [lopor B ropioBuHe
I'pén-¢propaa orcyrcTByeT, 4TO 0OECIIEeUnBAET BO3MOXKHOCTh CBOOOIHOIO 0OMEHa ¢ BOJI-
HbIMH Maccamu Mc-dpopaa. Cxema pa3MelieHns CTaHLIUI OKeaHOJIOTHYECKOTO MOJIUIOHa
PHIIII na akBaTopuu 3anuBa [ péu-hpopa npencrarieHa Ha puc. 2.
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C 2014 o 2017 r. ObUIM BBINOJIHEHBI TPH JIETHUE ChbeMKH B Vc-dropne, Britouas
buste-propa, U oqHa cheMka ToabKO B ropie Mc-dpopaa, ¢ 2011 mo 2017 r. 6bUT0 BbI-
MOJIHEHO 7 JICTHUX CheMOK B ['péH-dnope.

BOJHBIE MACCBI UC-®bOPIA U ET'O 3AJINBOB

J11s1 BBIACIICHHUSI BOJHBIX MacC B UCCICAYEMbIX (PbOPax UCIOJIb30BaHa KiacCu(HKa-
st CBezicena [16], paspaborannas uM i cuctemsl propao Konre-hropx — Kpocce-
(dhpopa, Tak ke oTHocAmmXcs K ppopaam 3amagHoro Ilnuideprena (tabn. 1). B mans-
HeiileM npeioxkenHas CBeliceHOM KiaccU(UKanus ObUla MCIONb30BaHa Ul aHAIN3a
BOIHBIX Macc B Mc-bropae B padote [15].

Tabnuya 1
Kaaccudpukanus Bogabix mace ¢propaos 3anaanoro HInuuéperena
Boanas macca XapakTepUCTUKHU
Atnantundeckas (AB) Temneparypa > 3 °C,
CcoJIeHOCTh > 34,9 %o
Apxkruueckas (ApB) —0,5 < temneparypa < 1,0 °C,

34,3 < conenocthb < 34,8 %o

TpancthopmupoBannas atnantideckas (TAB) |1,0< temmeparypa < 3,0 °C,
COJICHOCTD >34,7 %o

IMosepxHoctHas (IIB) Temneparypa > 1 °C,
coneHOCTh < 34 %o
[Ipomexytounas (IIpB) Temneparypa > 1 °C,
34 < conenocth < 34,9 %o
JlokanbHas (JIB) —0,5 < temneparypa < 1,0 °C,

COJIEHOCTH ~ 34 %o
3umnsis (3B) Temneparypa <-0,5 °C,
COJIEHOCTD > 34,3 %o

[Ton AB mornmarotcst Bogp! 3amagao-Ilnundeprenckoro Tedenus. ApB mpoHmnkaer
BO (ppOpABI ¢ KOHTHHEHTANBHOTO Ienbgha apxunenara. TAB oGpasyercst B pesynbrare
cmemrenust AB u ApB. @opmupoanue 1B mpoucxomut Bo ¢ropaax mMo3qHENH BECHOM
1 JIETOM IO/ BIMSTHUEM YBEIHMUCHUS 00bEeMa MaTepPUKOBOTO CTOKA, TasTHUSI MOPCKOTO JIbJA
U paanarioHHoro mnporpesa. [IpB — pesynsrar cmenrenust [1B u AB (TAB). JIB dhopmu-
pyeTcsl B OCEHHe-3UMHHIA Teprox B pornecce oxmaxaeHus [1B nwmm [IpB. O6pa3oBanue
3B mponcxomuT B pe3ynabTare BBIXOJNIQXKUBAHUS BOJBI IO TEMIIEPATyphl 3aMEp3aHusl Mpu
JTAaHHOW COJIGHOCTH W BBIICJICHHS paccoia mpu (JOpMHUPOBAHUM JIbJA.

PACTIPEJIEJIEHUE BOJHbBIX MACC B AKBATOPUU UC-®PbOPIA
B JIETHUE MECSIBI 2014-2017 rr.

B urone 2014 1. Besa akBatopus Mc-propaa ObUia 3aHsATa BOJHON Maccoii, XapakTe-
pusyronieics 3HaueHUsIMH Temneparypsl ot 0,5 1o 4,5 °C u npakTH4eCKH OIUHAKOBBIMU
BO BceM (popae 3HaueHusiMH conenoctu (~35,1 %o) (puc. 3a, 6, cranuuu 1-11). Takue
BBICOKHE 3HAYECHUSI COJIEHOCTH YKA3bIBAIOT Ha TO, YTO 3a()MKCHPOBAaHHAs BOJHAS Macca —
AB. Yewm >xe Toraa oObsICHUTH HEOOBIYHO HU3KHME 111 AB 3HaueHus Temrieparypsl B IpoMe-
JKyTOYHOM M TIPUJIOHHOM CJI0s1X ? BeIpaykeHHas BepTHKaIbHas! CTpaTH(HUKALS IO TeMITeparype
TMIO3BOJISIET TIPEAIONIOXKUTH, 4To AB Haxommiack B Vc-poprie 1ocTaTtoyHo mmTenbHOE BpeMms,
4TOOBI €€ BEPXHHE CJION Ha9aJIi OXJIAXKIAThCS B PE3yJIbTare B3anMOICHCTBUS ¢ aTMOC(epoid,
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Puc. 3. Pacnipenenenue teMneparypsl (a, 6, 0,) u coneHoctu (6, 2, e,) Bioib ocu Mc-dpopaa B urone
2014 1. (a, 6), B aBrycte 2016 1. (8, 2), B utone 2017 1. (0, e)
Fig. 3. Distribution of temperature (a, 6, 0,) and salinity (6, ¢, e,) in Isfjorden in June 2014 (a, 6), in
August 2016 (s, 2), in July 2017 (0, €)

130



E.B. B/IOILLIKMHA, K.B. PUJ/IBYVK

BCJIEZICTBHE Y€ro 3T Oosee XONOIHBIE W, COOTBETCTBEHHO, OoJiee MIIOTHBIE CIOH CTalIH
omyckarecs [17].

T'unote3y, uto AB Haxoguiack B akBatopuu Mc-¢hpopaa miMTenbHOE BpeMs, TOI-
TBEP)KAAeT CheMKa, BhIONHEHHast B anpene 2014 r. B ['péu-propae (pa3pe3 BAOIb OCH
I'péu-dvopaa, puc. 2), o pe3ynpraTaM KOTOPOi ObLIO 3a()MKCHPOBAHO, YTO BCS aKBATO-
pus I'pén-dropra Obuia 3aHsATa BOAHOW Maccoil co 3HaYEHHUSMH COJICHOCTH BbIIe 35 %o
U 3HaUYEHMSIMH Temneparypsl 2,2—2,6 °C.

XoTenoch Obl OTMETHTH, YTO CHUTyanus, korma ¢ppopabl 3amagHoro Inunbeprena
MIPAKTHYECKU MOTHOCTBIO 3aMoNHAI0TC AB, sSiBIsieTcs penkoii, HO He YHUKaIbHOH. Takue
co0ObITHsl ObUIM 3aUKCHPOBAHBI 1O pe3ynbraTraM u3Mepenuil B Konrc-dpopne B ampere
2002, 2006, 2007 rr. [17], B netaue mecstnl 2014 1. [14]. OObACHAIOTCS TaKre MacCOBBIE
3aroku AB B miy0b ¢popra ciokuiieiics armochepHoii cutyarueit [11, 18].

B cenrsope 2015 1. ObUT BBINIOJIHEH TOJBKO OMUH paspe3 B ropie Mc-dpoopma mgo
nyounsl 128 M. Ot noBepxuoctu 10 40—50 M 3aierana [1B co 3HaueHHsIME TeMIepaTypsbl
or 2 10 4,4 °C u conenoctu ot 31,4 o 34 %o. [Tox 1B pacnonaranacs [IpB 1o riryOuns
60—80 M y cesepHoro Oepera ¢ropaa, 10 128 M (mocieqHUE U3MEPSHHBINA TOPHU30HT)
y IKHOTO Oepera. MakcuMasbHbIC 3HAYCHHMSIMH TeMIepaTypbl Boiie 5,5 °C Obuin 3a-
¢uxcupoBansl Ha ryoune 70-75 m. [Tox IIpB pacnonaranace AB co 3HaueHUsIMH TeM-
nepatypsl 45 °C u coneroctu 34,9-35 %o.

Tonmuua 1B B aBrycre 2016 r. u3amensutace oT 25 M B ropie Mc-dwopaa no
40 m B BocTouHO# yactu (popaa (cranuus 11). 3HaYeHUsT TeMIepaTypbl yYBEIHYUBA-
quck oT 3 °C o 7 °C, a coneHocTu yMeHbIanuch oT 34 1o 31 %o ¢ 3amaga Ha BOCTOK
(puc. 36, &, cranuuu 1-11). B Uc-dpropae nox [1B no rmy6un 100-120 M 3anerana [IpB
co 3HaueHUsMH Temreparypsl ot 1 1o 5 °C. B Uc-dbropae moa [IpB 6si1a 3adhukcupoBana
TAB, TemmepaTypa KOTOpoiil BapsupoBaiack ot 2 1o 2,5 °C. Ilpu 3ToM B 3amagHoi yacTu
paspe3a (cranuuu 2—4) 6bu1a 3adukcuposana AB ¢ remmnieparypoit 4—4,3 °C 1 CONeHOCTBIO
34,9-35,4 %o, pacnionararomiasicst Ha ryoure 120-200 m.

B utone 2017 . B Uc-bropae I1B co 3HaveHusmu temmeparypsl 3—6,5 °C u cone-
HoctH 33-34 %o Obuia 3adukcupoBana or noBepxHoctH 70 riyouns! 30 m. Ilox I1B no
ry6unsl 40 M B paiione ropia ¢ropaa u 10 niyounst 130150 M B ocTanbHOI YacTu pas-
pe3a pacnonaraiack I1pB. Ilox IIpB B 3amagHo#i yactu paspesa Ha riiyoune 40-230 M 3a-
nerana AB co 3HaueHusiMu temneparypsl 3—4 °C (puc. 30, e, cranuuu 1-11). B ocTansHBIX
paiionax ¢popaa nox I1pB 3anerana TAB. Bo Bnagunax nox TAB 1o nHa pacnonaranack
JIB, ocraBiascs 31ech C OCEHHE-3UMHETO IEpUOJa.

PACITPEAEJIEHUE BOJHBIX MACC B AKBATOPUU BUJUIE-OBOPJA
B JIETHUE MECHAIBI 2014, 2016-2017 rr.

B bunne-¢ropae B 2014 rr. or moBepxHOocTH 10 Tiryounsl 20—30 M pacnonaranach
[IpB ¢ MuHUMaTBHBIMU 3HaYeHUSIMU colieHocTH 34,3 %o (puc. 3a, 6, cranuuu 11-13).
B cnoe ot 20-30 10 40 M Obuta 3adukcupoBana AB (conenocts Boite 34,9 %o), mocty-
narormas croaa u3 Mc-¢ropna. [long AB 3anerama JIB or 40 no 50 m, Hmwke 3B ¢ MuH#-
MaJIbHBIMU 3HauYeHHSIMU Temmeparypsl —1,6 °C 1 3Ha4eHHUAMEU coneHoCTH BhIe 34,9 %o.

Tonumua I1B B aBrycre 2016 r. B bunie-pnopae cocrauna 40 M. MakcumanbHbie
3HA4YEHUS TeMIeparypsl gocturanu 6,5-7°C, a MUHUMaJIbHbIE 3HAYCHUS COJIEHOCTH CO-
ctaBwi 25 %o (puc. 36, 2, craniuu 11-14). IIpB pacnonaranace 1o ropusonta 60 m. [Tox
IIpB ot 60 M 10 AHa HaOMIOAATNCH BOIHBIE MacChl MECTHOTO MpoHCcXoxaeHus: JIB —
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60-75 M, Temneparypa —0,5...+1 °C, conerocts 34,5-34,6 %o u 3B — 75 M — aHO, TeM-
neparypa —1...—0,5 °C, conenocts 34,6-34,7 %o.

Coemka B utosie 2017 1. moka3zana cxoxxee ¢ 2016 1. pacmpeneneHre BOAHBIX Macc
B busne-dwopae (puc. 30, e, cranuun 11-14): [1B 3anerana ot moBepxXHOCTH 10 TIIyOHHBI
30-40 m, MakcuManbHble 3Ha4YeHUs Temneparypbl 7—8 °C ObuIM 3a)MKCUPOBAHBI B KyTe
Bunne-¢ropaa, [IpB pacnonaranace or 3040 m g0 ry6unsr 40-50 M, JIB — ot 50 no
60 M, 3B ot 60 M 10 AHA (MHHMMaIbHBIE 3HaUeHUsT TeMieparypsl —1,7 °C).

PACHPEJIEJIEHUE BOJHBIX MACC B AKBATOPUU I'PEH-®HOPIA
B JIETHUME MECSIbI 2011-2017 rr.

B asrycre 2011 r. B I'péu-¢propne [1B ¢ MUHUMaTHBIME 3HAYCHUSIMH COJICHOCTH 10
3,7 %o B KyTe popaa Habmogamack OT MoBepxHoCcTH 10 TryouH 50 M (puc. 4a, 6). Temre-
parypa IOBEpXHOCTHOTO CJIOSI BapbHupoBanack oT 1 10 4 °C, 9To Ha HECKOJIBKO TPayCcoB
HIDKE 3HAUCHUH TEMIIEpaTypbl HOBEPXHOCTHOTO CIOSI, TOTYYSHHBIX B OCICIYIOIIHE TOIBI.
Ckopee Bcero, 3To CBA3aHO C TeM, 9To B 2011 . B 3MMHe-BeCEeHHHIT IEPHO HATHIECTBOBAI
0oJree MOITHBIH JIEASTHON MOKPOB ¥ IaKe MPHIIA, YTO MPEMATCTBOBANIO PaJHAIIIOHHOMY
MIPOTPEBY MTOBEPXHOCTHBIX BOJ 110 CPABHEHHIO C OCTAIBHBIMU T'OAAMH, KOT/Ia HaOmonancs
B OCHOBHOM OWTBIH JIEI M aKBaTOPHS paHbIIE 0CBOOOXKAAIACH OT JIEASHOTO Mokposa. [Tox
B mo mry6must 90-10 M 6puta 3aduxcupoBana [IpB ¢ MakcuMambHBIMU 3HAUYEHUSMH
temmeparypsl 2,5 °C. ITox I1pB no nxa 3anerana TAB. MckimroueHre COCTaBHIIN CTaHIIUH,
pacrionoxxeHHbIe B Topie ppopaa: 3meck nox TAB Ha ropuzonTtax ot 110 M 1o qHa ObIIa
3adurcupoBana AB.

B asrycre 2012 1. o0mas kapTHHA pacTpe/esieHus] BOAHBIX Macc ObIIa CX0Xka C aB-
ryctom 2011 1. {ma T1B, 3aneraromieit 1o mryous 30-35 M, ObUTH XapaKTepHBI 0oJiee BHI-
cokue 3HadeHus TeMiepatypsl (ot 3 1o 9 °C). Ananornuno 2011 . HabirOmaNCs CHIBHO
pacripecHeHHBIH BepXHHUN 10-METpOBBIN CIIOW, MUHUMAJIBHBIE 3HAUEHHS COJICHOCTH CO-
craBunu 27 %o (puc. 4s, 2). Hmwxusas rpanuna [IpB pacnonaranaces va rryounae 70-110 m.
ox cnoem I1pB ma6monarace TAB co 3nauenmsiMu Temmneparypst ot 1,5 mgo 2,5 °C.

B centa6pe 2013 1. B ['pén-¢propae [1B ¢ MUTHIMATEHBIMA 3HAUCHUSIMH COJICHOCTH JI0
32 %o HabmogaMaCch OT MOBEpXHOCTH 10 NryonH 40—-50 M (puc. 40, e). Ilpu 3TOM 3Ha4EeHUS
TEMIIepaTyphl MOBEPXHOCTHOTO CII0SI BapbHpoBaiuch ot 6 1o 6,2 °C. IIpB 3anerana mox
1B no ropuzontor 90—110 M. B roxHo#t gacTu pa3pesa [IpB 3anerana o nxa. [Tox I1pB
Ob11a 3aukcupoBana AB co 3HageHmMsIME TemiiepaTypsl 10 4,6 °C 1 coneHocThIo 110 35 %o.

B urone 2014 1. B ropne I'péa-¢propaa (puc. 2) ananormgso Vc-ppopay Bes Tomma
BOABI OblIa 3aHsATa AB co 3HadeHMSAMHU TemmepaTypsl oT 3,5 10 5 °C U COICHOCTHIO
~35,1 %o.

B asrycre 2015 r. B ['pén-dropae 6putn 3adukcupoBansl Tpu BonHbIe Macchl: [1B,
[IpB u TAB. Hmwxwustst rpannmna [1B pacionaranace Ha mryonne 60—80 M. MakcumanbHBIE
3HAYEHUS TeMIeparypsl cocTaBuian 9 °C, MUHUMaIbHBIC 3HAYCHHUS COICHOCTH 24 %o
(puc. 5a, 6). Ilon 1B BHons Bcero paspes3a Obuta 3adpuxcupoBana [IpB ¢ makcnmanb-
HBIMH 3HadeHmsIME Temieparypsl 2,5 °C. TAB nabmroganack B Topie ¥ HEHTPAIbHON
yacTtd (popAa B MPUIOHHBIX ropm3oHTax TommuHoi 10-40 M (ot 120-140 M mo mHa).
Temneparypa TAB cocrasuna 22,5 °C, conenocts 34,7-34,8 %o.

B asrycre 2016 1. I1B pacmonaranacek OT MOBEpXHOCTH 110 TryouHs 20—40 M. Mak-
CHMalbHbIE 3HAUCHUS TEMIEepaTypsl focturainn 8 °C, MUHIMaJIbHbIC 3HAYCHNUS COIEHOCTH
30 %o. IIpB xapakTepuzoBanach 6osee BHICOKIMH 3HAUYEHUSIMU TeMIieparypsl (4,5-5,8 °C)
OTHOCHTEIIEHO TPEABIAYIINX ToH0B (puc. 56, 2). Hwkussa rpannna [IpB 6puta 3adukcu-
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Fig. 4. Distribution of temperature (a, 8, 0) and salinity (6, e, ¢) in Gronfjorden in August 2011 (a,
0), in August 2013 (s, 2) and in September 2013 (0, e)
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poBana Ha riryoune 90—130 M, nocreneHHo 3antyOisisich ¢ ceBepa Ha or. [Tox I1pB npak-
THUYECKHU BO BCeX paiioHax (popa, 3a MCKIIOYCHUEM FOXKHOW nepudeprn, Habmonanach
AB. Temnieparypa AB BapsupoBanack ot 3,9 no 4,9 °C, conenocts ot 34,9 no 35,1 %o.
B asrycre 2017 r. B I'pén-hpopae ObutH 3ahMKCHPOBAHBI Y€THIPE BOMHBIC Macchl: [1B,
[TpB, TAB u AB. I1B HaGmtonanack oT moBepxHOCTH 110 m1youn 20-25 M (puc. 50, e). Ilpu
9TOM 3HAYCHHS TeMIIEpaTyphl MOBEPXHOCTHOIO ClOsI BapbupoBaiuch ot 5 10 9 °C. Ilox
1B 3anerana I[IpB mo 80 M B ceBepHOI YacTu pa3pesa U JI0 THA B IIEHTPAILHON U F0XKHON
gacTsax paspesa. [log [IpB B ceBepHoii uactu paspesa ot 80 go 110 M 1 Ha cranm 9 ot
80 M 1o aHa Obuta 3adukcupoBana TAB. ImyOxke 120 M u 10 1Ha Ha cTaHiusIx 1—7 ObuIa
3adukcupoBana AB co 3HaueHUsIME TemrepaTypsl 10 3,5 °C u coneHocThio 10 35,1 %eo.

MEXTOAOBAS UBMEHYNBOCTDb XAPAKTEPUCTHUK BOJ ®bOPIOB

JU71st OLIEHKH MEKTrol0BOH M3MEHUYHMBOCTH UL KXKIOT0 M3 (GbOPIOB OBUIH paccyu-
TaHBI CJICIYIOIINE XapaKTePUCTHKHU:

— CPEenHss TEMIIEPATypa u coneHocTs (ropaa (7, u S );

— cpemHee coiepxaHue TmpecHbIX Box (FCW). Pacder comepikaHUs MPECHBIX BOI
HPOU3BOIMICS IS KXKJOTO BEPTUKAIBHOTO Mpoduiis o cienyromeil popmyse:

RN
_ ref
FaV_Z—ETﬁ (1)

e S, — pehepeHCHas CONCHOCTD, S — H3MCPEHHAs COIICHOCT, Z, — TEPBBIii TOPH3OHT,
z — TIOCJIE/IHUI TOPU30HT. B KauecTBe pedepeHCHOI coieHOCTH OBUIO B3ATO 3HAUCHHE
34,2 %o, noyyeHHoe Ay onHoro u3 ¢peopnos 3ananHoro Llnuudeprena (XopHCyHH) Ha
OCHOBE M3MEPEHUI, BbINOTHEHHBIX B anpesne 2012 u mae 2011 u 2013 rr. [14]. Tlocne
pacudeTa coziepaHus IPECHBIX BOJ JUISl KaXK/I0TO M3MEPEHHOTO MPOQHIIst OBUIO TOTyYEHO
CpeziHee coJiepikaHne MPECHbBIX BoA I Gbopya;

— reruocozaepxanue (Q). Pacuer npousBoguics Ui KaXA0T0 BEPTHKATBLHO TPOGHIIS
no cieayromei Gopmyse:

0=Cpr-1)V, )

TIIE { — TEMIIEpaTypa BOMIBL, £, — TEMIIEpaTypa 3aMEP3aHHs BOIBI IIPH JIaHHOH conenocTH; C —
yIEIbHAs TEIOeMKOCTh Bojibl, J[k/(kr-°C); p — IIIOTHOCTH BOIBL, KI/M*; V' — 00bem, M. Pacuer
TETUIOCOEPKAaHMSI BBIOMHSIICS UTsl BepxHero 40-MeTpoBoro ciiost. BeIOOp TOMIIMHBI cI10s 11
pacdera TeIuIoCoAepKaHus OOyCIIOBIIEH TEM, YTO M3MEPEHHS BO (hbOPAAX B IOBTOPSIFOIIMXCS
TOYKaxX MPOM3BOMIIICH KaXKIBIH TOJ IO pa3HBIX TOPU30HTOB, a He JI0 1Ha. [TosTomy Bo m30e-
YKaHUE HEMPaBUIIGHON MHTEPIPETAINHN PE3YIIETaTOB PACUETOB U ITOTYUECHHS] HSBEPHBIX BHIBOJIOB
TIPH AHAJTI3€ MEKTOOBOM M3MEHIMBOCTH TEIDIOCOACPKaHUs ObIT BBIOpaH ciioit 40 M, Tak Kak
M3MEPEHNs 10 3TOTO TOPU30HTA MPOBOIMIINCH exerofHo. [locne pacyera Teroconep kanus
JUTSL KKZIOTO M3MEPEHHOTO Mpoduiist OBUIO MOTy4YeHO CpeHee TEIIoconepKanue 11 (hpopaa.

Jnist pacueTa BBIICIIEPEUNCICHHBIX XapaKTEPUCTHK W3 MCXOAHBIX JAHHBIX OBUIN
MOTy4YeHbI TPO(IIN ¢ BEPTUKAIBHBIM pa3pemmerneM | M. Brraucnenns mpous3BomuInch
TOJNBKO JJISI CTAaHIWH, N3MEPEHNSI Ha KOTOPBIX BBINOJIHSJINCH B TEUEHHE BCETO IIEpHOIA
uccnenoBanuit: st e-ppopaa n bumne-¢propaa B 2014, 20162017 rr, mns ['péa-propaa
B 20112013, 20152017 rr.

Tarxoke 0 pe3ynabraTaM W3MEpEeHHUil OBIIIO ONpeesIeH0 MaKCHUMaIbHOE 3HAUCHHE
temneparypsl (T ) u conenoctu (S ) cios AB, sapukcuposannoe Bo ppopae B TOT
WJIN UHOH TOf.
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Tabnuya 2

XapaKTepHCTI/IKI/I BOA (l)LOpl]OB B JIETHEEC BpeMsl

Tonet | 7,°C S, %0 |[FCW,m| O, MIlx |T AB,°C| S AB, %o | AT,°C | 45, %o
Hc-dropr

2014 2,95 135,07 | 0,00 946,25 521 35,14 0,42 0,34

2016 421 3457 0,84 1280,29 6,85 35,37 0,84 0,16

2017 2,94 |34,54| 0,51 1120,79 4,65 35,08 -0,43 | 0,18
Cpenuee| 3,37 |34,73| 045 1115,78 —
brre-¢ropx

2014 1,73 | 3491 | 0,00 729,73 4,13 35,10 -1,63 0,18
2016 3,62 |33,18] 221 1214,34 - - 0,26 -1,54
2017 2,96 (33,82 1,22 1089,88 - - -0,40 | -0,91
Cpennee| 2,77 | 33,97 1,14 1011,32 - - — —
I'péu-dropn
2011 2,09 (32,72 3,20 597,37 3,50 35,06 2,11 | —-1,00
2012 3,04 |[34,00| 0,69 939,63 - - -1,16 0,27
2013 576 |33,84| 1,13 1312,56 4,94 35,02 1,57 0,11
2015 433 3344 1,72 1166,40 - - 0,13 -0,29
2016 5,59 3420 042 1322,42 5,50 35,17 1,40 0,47

2017 4,36 |34,17| 0,53 1171,91 3,75 35,10 0,17 0,44
Cpennee| 4,19 |33,73| 1,28 1085,05 - - -

INocne pacuera cpexHeit Temneparypsl Gpropza 3a Nepruo UCCIeA0BaHMS ObUTH ITOTY-
yeHsl aHoMaiuu Temneparypsl (AT, °C) u coneHoctr (AS, %0) AB dpopaa st Kakaoro
rona (aHOMAaITHsI TeMITepaTyphl (CONICHOCTH) PaCCUUTHIBANIACH KaK Pa3HUIA MEKIY CPEIHUM
3Ha4YEeHHEM TEeMIIepaTypbl (COJICHOCTH) BOABI 32 BECh UCCIIEAYEMbIH IEPUON U CPEIHUM
3HaYEHUEM TEMIIEPaTyphI (COICHOCTH) BOABI 32 KOHKPETHBIHA TO).

PesynbraThl pacuera XapakTepHCTHK MIPEICTABICHBI B Ta0M. 2.

Kak BugHO U3 Tabm. 2, cpeqnss temmneparypa Boasl B Mc-¢ropae 3a mepuox uccie-
nmoBauus cocrasmia 3,37 °C. MakcuMainbpHOE 3HadeHHE cpeaneit Temmepatypsl (4,21 °C)
u teroconepxkanus (1280,29 M/Ix) ¢propna 6su10 3adukcupoBano B 2016 . Takxe
nMeHHO B 2016 1. Op1I0 3apUKCHPOBAHO MaKCHMAIbHOE 3HaYEHUE TeMIrepaTypsl (6,85 °C)
u coneHoctH (35,37 %o) cios AB. D10 npeBbImaeT 3aQUKCHPOBAHHBIA PaHEEe HCTOPHYE-
ckuii MmakcumyM Temneparypsl AB B 2006 1. [19] moutn Ha 0,5 °C. OGpamtaer Ha cebs
BHUMaHMe 2014 1., Koraa copepKaHue IPECHBIX BO BO (hpope Oputo paBHO 0 M, a CpemHsIs
coJIeHOCTh cocTaBmia 35,07%o. Takas xe BbIcOKas cpemHss coneHocTs 35,00 %o Opuia
3aduKkcHpoBaHa U B npyroM ¢propae 3amagHoro IlImumbeprena — Konrc-¢gropae mo
pesynbraraM cbeMkHu B aBrycte 2014 1. [14]. [Ipu 3TOM 3Ha4YeHNE CpeAHEH TeMITepaTyphl
Box Konrc-dropna (4,54 °C) ObII0 3HAYUTETHHO BHIIIE 3HAYCHUS CpeIHEH TeMIepaTypsl
Box Uc-dropmaa (2,95 °C). Umenno B 2014 r. Obuti 3adUKCHPOBaHBI MUHUMABHBIC 3HA-
YeHns1 00beMa MPECHBIX Bl He TobKo B Mc-dropre, Ho u B Konrc-dropae, u Bo ppopae
XopHcyHH 3a niepuox ¢ 2001 mo 2015 . [14].

OcobeHHOCTH pacmpeielIeHns XapaKTeprucTUK Boa bumme-propaa cxoxu ¢ Hc-
(hpopmoM: MakCHMalIbHOE 3HAYCHHE cpemHei Temmeparypsl (3,62 °C) u Temmoconep-
aHus BepxHero 40-merpoBoro cios (1214,34 MJIx) Obuto 3adukcuposano B 2016
MakcuManbHOe 3HaueHHE CPelHEeH CONICHOCTH BOX (bopla U MUHMMAJIbHOE 3HAYCHUE
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CoZIepyKaHus MPECHBIX BOI HaOmroAanoch Toke B utone 2014 . Cioit AB 6wt 3adhukcu-
poBan Tosbko B 2014 . B nenom Boasl busute-dpopaa xapakrepu3oBaiich MEHBIIUMH
3HAYCHUSIMH CPEeTHEeH TeMIlepaTyphl U COJICHOCTH U TEIIOCO/IepKaHus 1 00JIee BBICOKUMHU
3HAUEHUSIMH COJICPIKAHHUS IPECHBIX BOJI.

Hawubonee mumrensubie HaOmoneHus Obuin BbinosiHeHsl B [péH-dropae. Kak u s
OCTaJIbHBIX (PHOPIOB, MAKCUMAJIBHBIC 3HAUCHUS CPenHUX coeHOCTH (34,2 %o) U TEII0CO-
nepykanus ObuH 3adukcupoBanbl B 2016 . MakcuMalibHOE K€ 3HAUCHUE CPEITHEH TeMITe-
patypsl BoJ hpopaa Hadmonanocs B 2013 1. (5,76 °C) u 6nuskoe k Hemy B 2016 1 (5,6 °C).
Hawubonee xomomHbIM roioM ¢ MUHUMAJIbHBIMU 3HAYEHUSIME cpeaHeit coneHocTH (32,72 %o)
¥ ¢ MAKCUMAJIbHBIMHU 3HAYEHHAMH OTPHLIATENIBHBIX aHOMATHH Temiiepatypsl (—2,11 °C) u co-
nenoctu (—1,00 %o) oT cpearero 3a nepuos Habmonenuit seisics 2011 . AB 6butn 3aduk-
cupoBanbl B 2011, 2013, 2016 u 2017 r. MakcumManbHble 3Ha4eHus TeMieparypsl (5,5 °C)
u conenoctu (35,17 %o) cnost AB nabnmtonanuce, kak u B Mc-dropae, B 2016 . [Ipu sTom
MaKcHMaJIbHOE 3HadeHue temneparypsl B ciioe AB (5,5 °C), 3adukcupoBannoe B 2016 1.,
Hwke noutu Ha 0,5 °C uctoprudeckoro Makcumyma, Habmonasiierocs B 2006 r. [19].

B tienmom st ['pén-dropaa 8 2016 u 2017 rr. xapakTepHbl 0071€€ BBICOKHE 3HAYCHUS
CpenHeil TemIeparypbl 1 TEIUIOCOIEp KaHus U 0oJiee HU3KUE 3HAUCHUsI CPEIIHEH COJICHOCTH
o cpaBHeHuto ¢ Mc-hropmom.

3AK/IIOYEHUE

Jns Uc-bvopna B netHuit nepuoa 2015-2017 rr. XapakTepHBIM SBISUIOCH HAJM-
yHe 4YeThIpex BOAHBIX Macc: IIB, pacmomararomeiics Ha TTyOMHAX OT MOBEPXHOCTH JI0
30-40 m, IIpB, 3aneratomieit mox I[1B, TAB u AB.

Pacnpenenenne TAB u AB B akBatopuu ¢popia UMeNo CIOKHYIO CTPYKTYPY, a UX
00beM XapaKTepH30BaJICs 3HAYUTEIBHON MEKI0J0BOM H3MEHIMBOCThIO. AB warre Bcero
OblIa Mpe/CTaBlIeHa B BUE OJHOTO MJIM HECKOJIBKUX «SI3BIKOB», MAKCUMAaJIbHBIA 00beM
AB nabmronancs B OCHOBHOM BOJH3H ropia Hc-dropaa.

B urone 2014 1. Obuia 3apuKCHpOBaHA CUTYAIlWs, KOTIa BCs akBaTopus ¢Gpnopia
obuta 3ansTa AB. Cxoxkas ¢ c-¢popaom cutyarus HaOironanach U B Ipyrux ¢popaax
3anangnoro IInunbeprena — Konrc-¢ropae u ¢ppopae XOpHCYHH — B JIETHUE MECSILIBI
2014 r. [14]. UmenHo 2014 1. ctan cambiM «cojeHbIM» uisi hpopaoB 3amaaxoro HInui-
oeprena: mis Vc-dhropma u bumne-propaa 3a 20142017 rr., s Konrc-¢ropaa u dhropaa
XopHcynH 3a 2001-2015 rr.

Jns bunne-dgropna B netHue mecsinl 2016-2017 rr. 6pUT0 XapakTepHO HAIMUYWE
yeTbipex BoAHbIX Macc: [1B, [IpB, JIB u 3B. 3B 3anumana tonmty Boj ot niyouss! 60 M 10
nmHa. Han veli pacnonaranace JIB B cnoe ot 40-50 M 10 60 M. B 2014 1. u3-3a CIIOXHUB-
nIeiicst ruApoorudeckoil cutyanuu B Mc-¢propne orcyrcrBoBana [1B. B mosepxHocTHOM
cioe Obua 3adukcuponana [IpB, mox Heit AB. 3B u JIB xapakrepu3oBalvch BHICOKUMHU
3HAYEHUSIMU COJICHOCTH IO CPAaBHEHHUIO C OCTaJIbHBIMU rofaMu (B cpemHeM Ha 0,2 %o),
YTO TaKKe CBA3aHO C 0COOEHHOCTSIMH THAPOJIOTHYECKO cutyarmu B Mc-propre. Munu-
MasbHble 3HadeHus temmeparypsl 3B (—1,8 °C) 6butn 3adukcupoBansl B utone 2017 r.,
MakCcUMaJTbHbIe 3HaYeHHsI coeHocTh B 2016 T. (34,98 %o).

Jus Ipén-dropna B nernuii nepuon 2011-2013 u 2015-2017 rr. ObLI0 XapaKTepHO
Hanuuue 4yeTeipex BoaHbeIX Macc: [1B, IIpB, TAB u AB. MunuMansHbIe 3HAYCHHUS CO-
neroctu [IB — 3,7 %o — Oputn 3apeructpupoBansl B aBrycre 2011 1., MakcuMasbHbIE
3HayeHus temmeparypsl [IB — 9,2 °C — B utone 2017 . B oGmewm, s ['pén-propaa
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XapakTepHa 3HaUYUTENIbHAs MEKIO/I0Basi U3MEHYMBOCTh 00beMa Pa3JIn4HbIX BOAHBIX MACC,
NPUCYTCTBYIOIINX BO (bopre.

B 2016 1. 6b11 3aUKCHPOBAH HOBBIN HCTOPUUCCKUI MAKCUMYM TEMIIEPATYPHBI B CI0E
AB B Uc-dpnopze (6,8 °C), uto noutu Ha 0,5 °C BbllIe NPeAbIIYyIIEro pekopa, HadIonas-
merocs B 2006 r. [19]. Takxxe B 2016 r. Obln 3auKCHPOBaHBI MAKCUMAJIbHBIE CPETHHIE
3HAYEHHs TEMIIEPaTyphl U TeIiocoaepkanus B BepxHeM 40-merpoBoM ciioe B Mc-dropre,
Bute-propae u ['péu-dpope 3a uccieayeMblii MepHoOI.

Baaromapuoctn. COop Mareprana OCyIIECTBICH B paMKkax skcnenuimid «I1lmumir-
6epren-2011» — «IlInunbepren-2017» Poccuiickoil Hay4HOH apKTUUECKOH SKCIIEANINN
Ha apxunenare llInun6epren (PAD-11) AAHNUW. ABTOpBI CUMTAIOT CBOMM NPHUSTHBIM
JIOJITOM BBIPA3UTh OJarofapHOCTh OT/AENY KOOPAMHALMM U IUIAHUPOBAHMS HAYYHBIX WC-
cienoBanunii PAD-II1 3a mocTossHHOE BHUMaHHUE K paboTe M KadeCTBEHHYIO OpPraHNu3aIfIo
SKCIIEULINH, a TAKKe COTPYIHUKaM 3uMoBo4HOro cocraBa PAD-III B nocenke bapenudypr
3a OKa3aHHOE COJEIICTBUE IIPU BBIOIHEHUH ONEBBIX UCCIIEA0BaHUH.
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Summary

We present a case study of the dayside aurora observed simultaneously with optical instruments
from the ground and with auroral particle spectrometers aboard the DMSP F16 and F17 satellites.
Optical observations were carried out with an all-sky camera at the Polar Geophysical Institute (PGI)
observatory Barentsburg on Svalbard. The aurora as a whole moved equatorward in response to
negative turning of the IMF Bz component and then the distinct faint rayed arc intensified, moved to
the north and faded. Satellite DMSP F17 crossed the cusp twenty minutes after Bz turned southward.
Joint analysis of optical and satellite data showed that faint auroral structures are embedded into the
cusp precipitations and correspond to the bursts of electron precipitations with energy below 100 eV.
The next satellite crossed the camera field-of-view ten minutes later and the data showed that the source
of the faded poleward moving rayed arc was located, most probably, on the non-closed magnetic field
lines. This finding and the presence of ion-energy dispersion in the DMSP data allows us to make
the conclusion that the dayside reconnection may be considered as the reason for this kind of aurora
activity. In this study we also estimated the altitude and horizontal scale of auroral rays in the cusp.
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HccenenoBan penkuii cirydail OMHOBPEMEHHON PErMCTpaliK AHEBHBIX NOJIIPHBIX CUSIHUM HA3€MHOU
OITUYECKOH ammapaTypoii U IeTeKTOPOM BbICHINArOLTHXCS yacTull Ha ciyTHHKaXx DMSPF16 u F17. Onu-
YECKHE M3MEPEHHUs IPOBOIUIIMCH KaMepoii ITOIHOro 063opa Heba [TomspHOro reou3HuecKoro HHCTUTYTa,
ycTaHOBJIEHHOH B oOcepBaropun bapennOypr Ha apx. LlInuubepren. Cnemys pa3BopoTy BEpTHKAIBHOM
KOMITOHEHTBI MEKIUIAHETHOTO MarHuTHoro noist (Bz-kommnonentst MMIT) B 005acth OTpULATENIbHBIX
3Ha4YCHMI, CUCTEMA CIIA0BIX JIyYHCTBIX YT CMECTHIIACK K FOT'Y, TIOCIIE YeTO0 OIHA U3 IyT Havasa apeiidoBarsb
ob6parHo k nomocy 1 nponana. Crytaiuk DMSP F17 nepecek kacn CItycTs 1BaiiaTh MUHYT [10CJIE pa3BOPOTa
Bz-xommoHeHTbl. COBMECTHBII aHAJIM3 ONTHYECKUX U CITy THHKOBBIX JIaHHBIX IT0Ka3aJ1, 4TO HAOMoIaeMble
c1aOble JTy4YnCThIe CTPYKTYPbI HAXOATCS B 0ONACTH KaCIIEHHBIX BBICHINTAHUI M MPOCTPAHCTBEHHO CBSI3a-
HBI C BCIUIECKOM BBICBHIIAIOIIMXCS 3EKTPOHOB ¢ 3Heprueil meHee 100 3B. Cnenyromwmii criytHuk DMSP
THepeceK Mojie 3PEHHs KaMephbl CITYCTs AECATh MHHYT IIOCIIE IEPBOTO, M aHAJIM3 €0 JaHHBIX TOKa3all, 4To
9Ta Jiyra B MOMEHT HCYE3HOBCHHUSI HAXOIMIIACh B 00JIACTH Pa30MKHYTBIX CHIIOBBIX JIMHHIA. DTOT pe3yJIbTar,
JIOTIONTHEHHBIH criermduyeckoii popMoii MPOTOHHBIX BBICHINAHMIT B JaHHBIX ciiyTHHKa DMSP, koTopyio
TPAIULIOHHO CBS3BIBAIOT C MEPECOETMHEHNEM, TTO3BOIMI HaM MPUHTH K BBIBOMY, YTO CMEILABILAsCS K
TOMIOCY crnabast JTy4ucTast Ayra MOIIa IPEACTABIATh COO0H HOHOCHEPHBIH CIIE TONBKO YTO HEePecoe/y-
HUBILIEHCS MarHUTHO CHJI0BOM TPyOKHU, YHOCUMOM COJTHEYHBIM BETPOM B QHTUCOTHEYHOM HAIPABIICHHH.
O1eHeHa BbICOTA H MONEPEYHBIH pa3Mep IEMEHTa JTy4dUCTOl CTPYKTYpBI B Kacrie.

1. INTRODUCTION

Investigation of geophysical processes in the cusp and adjacent magnetospheric
domains — the mantle (MANT) and the low latitude boundary layer (LLBL) — is important
for understanding the physical mechanisms responsible for solar-terrestrial interaction. Magnetic
conjugation of these parts of the dayside magnetosphere with the high-latitude ionosphere
allows us to study solar-wind/magnetosphere interaction via the ionospheric phenomena
observed from the ground. In this paper we concentrate on dayside auroras observed above
Svalbard and aurora-related particle precipitations measured on board the DMSP satellites.

As a research tool, the optical aurora has obvious advantages compared with other
kinds of ionospheric manifestations of magnetospheric processes since the modern all-sky
cameras, as well as the large field of view, have high spatial and temporal resolution. On
the other hand, optical observations depend greatly on the weather conditions and may
be conducted only during darkness, only. Probably, this is a reason why we still poorly
understand how the solar wind/magnetopause interaction is displayed by dayside auroras.

Expanding the set of observational instruments in Spitsbergen allows the use of
a wide range of data instead of the optical data alone. Although such a multi-instrumental
approach reduces the number of “optical events” suitable for analysis and turns them into
so-called “case-studies”, it makes the interpretation of observations less uncertain (e.g. [1]).

Long study of low-altitude satellite data yielded the statistical MLAT/MLT distribution
of the ionospheric projections of dayside magnetospheric domains ([2]) showing that the
ionosphere above Svalbard is magnetically conjugated with all the above mentioned domains
of interest (MANT, cusp and LLBL). To interpret the dayside aurora dynamics in the frame of
solar wind/magnetopause interaction, one should correctly define the location of the dayside
aurora’s origin in the magnetosphere. For example, if auroras originate in the cusp then move
poleward and disappear in the mantle, the hypothesis about their association with reconnecting
flux tubes suggested in [3] seems to be a probable one. However, the location of aurora origin
is not simple. The typical way is the use of one of the Thyganenko models ([4]). In [5], the
conclusion about the association of the early-evening arc (16 MLT) with the inner edge of
LLBL was done in the absence of satellite measurements on precipitating particles. The only
argument was how far away from the magnetopause the arc is projected in the Tsyganenko
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T89 model. The same approach was used in [6] to infer that the post-midday arc (13:40
MLT) originated from the magnetopause. The results of a case study of conjugated satellite
(Polar at ~ 09:30 MLT and Cluster at ~ 16 MLT, respectively) and optical observations of the
dayside aurora were presented in [7, 8]. Including the auroral particle data in these analyzes
resulted in a more correct projection of auroras to magnetospheric domains. Nevertheless,
the conclusion about the location of the arc’s origin in LLBL (see [8]) may not be regarded
as indisputable because the Cluster satellite footprint is projected on the edge of the camera
field-of-view where distortion due to using of fish-eye lens is very high. In [7] the auroral
form positions in the vicinity of the Polar footprint were supposed from the characteristics of
precipitating particles while optical observations were used for very general information about
auroras. Probably, the approach was conditioned by understanding how critical an ambiguity
of mapping of high altitude satellites into the ionosphere is for interpretation. An inaccuracy
of Cluster mapping was estimated in [9]. The authors showed that different modifications of
the Tsyganenko models yield an uncertainty of Cluster projection to the ionosphere about 100
km that is of the same order as the scale of auroral pulsating patches considered in [9], as well
as the meridian extension of cusp and LLBL projections in the present study. The altitude of
DMSPs is ~ 840 km and for mapping one can use the IGRF model which, in contrast to the
Tsyganenko models, does not depend on geomagnetic activity.

Indirect comparison of the location of auroras with regions of dayside precipitation
was done in [10]. Using statistical distribution both of auroras and particle precipitation
regions, the author showed that discrete dayside auroral forms are embedded into
the boundary plasma sheet whereas diffuse luminosity is associated with rather hard
precipitations from the central plasma sheet (CPS). Note that for their analysis they used
the approximating formulas ([11]) instead of the direct simultaneous measurements. Later,
the former result was confirmed by direct comparison of electron precipitations onboard
DMSP with optical observations in the late morning and early evening MLT-sectors ([12]
and [13], respectively). The result of the above-mentioned case study in [7] inferred from
Polar measurements is also in agreement with these observations.

An analysis of the literature shows that direct simultaneous optical/satellite measurements
aimed at locating of the near-noon auroras relative to magnetospheric domains (cusp, LLBL,
MANT) are very rare, and the nature of near-cusp auroras, as well as the drivers of aurora
dynamics, are still uncertain issues of solar wind/magnetopause interaction. A few of the
simultaneous near-noon observations may be easily explained by weather conditions and horizon
sun highlight even during the darkest days. There are several case studies (e.g. [14, 15, 1])
demonstrating the possible association of auroras with some domains but reliable statistics are
not available so far. The situation can not be clarified using aurora observations from satellites
such as Viking, Polar or Image because they give only an overview of auroral activity due to
low spatial/temporal resolution, as well as low sensitivity of onboard optical instruments.

Our investigation aims to expand the statistics on the association of dayside auroras
with magnetospheric domains adjacent to the magnetopause using conjugated satellite and
ground-based observation of the dayside aurora. The conjugation took place under negative
IMF Bz conditions due to which the cusp was shifted southward from its statistical position
([2]) and was detected by the DMSP F17 satellite in the central part of the field-of -view of
all-sky camera operating at the Barentsburg observatory on Svalbard (78.093°N, 14.208°E).

The most important part of the investigation is the precise collocation of optical
and satellite measurements. The procedure will be shortly described in the next section.
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2. INSTRUMENTATION AND METHODOLOGICAL ISSUES

The optical data used in our investigation were obtained with the high sensitive CCD-
camera installed at the observatory of the Polar Geophysical Institute “Barentsburg” in November
2011. The camera is equipped with a fish-eye lens, has a resolution of 512x512 pixels and
monitors the auroral activity in visible light at a temporal resolution of one frame per second.

The satellite data used for this study come from the Defense Meteorological Satellite
Program (DMSP) series of satellites, using the SSJ/4 detector. The DMSP F16,F17 satellites
are in circular, 840 km, Sun-synchronous orbits at an inclination of 98.3. The reader is
referred to [16] and references therein for details on the SSJ/4 detector and its capabilities.

Location of the boundaries of different types of auroral precipitation was inferred
from the DMSP satellite data by the method described in [17] and realized as on-line
procedure on the website of the Johns Hopkins University (http://sd-www.jhuapl.edu/
Aurora/dataset_list.html).

A very important part of our investigation is matching (in space) optical and satellite
measurements as accurate as possible. The traditional way of conjunction of optical and
satellite measurements is the projection along geomagnetic field lines (mapping) of
both auroras and satellite trajectory onto the same surface with a definite geographic/
geomagnetic coordinate system. In our study for aurora mapping we used the AIDA-tools
package developed by Bjorn Gustavsson ([18]) for processing of the aurora optical data
provided by the Auroral Large Imaging System, ALIS ([19]). The AIDA-tools package
is available on http://www.alis.irf.se/~bjorn/AIDA_tools/Documentation/index.html. Like
many other methods, the AIDA procedure is based on star recognition in the sky image.
However, for transformation of “coordinates” on digital image (numbers of column and
row) into the physical coordinates on the mapping surface (latitude and longitude), the
procedure uses the matrix instead of traditional one-dimensional dependence of coordinates
on the zenith angle.

For DMSP mapping we used IGRF magnetic field model and coordinates of the sub-
satellite points taken from http://sd-www.jhuapl.edu/Aurora/dataset_list.html. The altitude of
the spherical surface where the satellite measurement points were matched with auroras was
assumed to be the height of the low border of luminosity (height of auroras). The latter was
inferred from the altitude profile of aurora luminosity. Note that the height of auroras is the
most uncertain parameter. In the study [12] the height of the dayside auroras was assumed
to be 150 km. The value was obtained from triangulation measurements ([20]) based on the
photo registration which is more sensitive for the green emission than for the red one whereas
it is just red auroras that are the typical form of near-cusp auroral activity.

To estimate the possible error caused by an uncertainty of the aurora height, we
carried out a special investigation which showed that the variation of the aurora altitude
near zenith in the range 200-250 km introduces an uncertainty of about 8 km in the process
of auroras/satellite trajectory matching. This is four times more than the uncertainty due
to satellite movement and data temporal resolution and almost ten times more than spatial
resolution of optical data. The error increases with moving away from zenith and rises up
to 100 km at the distance ~ 200 km from zenith. This means that in a situation similar to
that described in [8], the error of association of auroral arc with some domain is of the
order of the width of the domain. To reduce the uncertainty in our study, we estimated
the aurora height from the characteristics of precipitating particles detected by DMSP at
the moment of conjugation with the auroral form under consideration.
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3. OBSERVATION
3.1. IMF variations and aurora response

A keogram in Fig.la shows (in negative representation) the aurora dynamics above
Barentsburg in response to the variations in Bz and By components of the interplanetary
magnetic field, IMF. Variations of IMF are time-shifted to the Earth’s bow shock nose.
The keogram is inferred from the sequence of the all-sky camera frames at 10 s resolution
and presents variations of integral luminosity of the sky in the NS oriented band of the
20 pixel width that at an altitude of 250 km corresponds to 10 km in the zenith and 25 km
at the zenith angle of 60 degrees.

Variations in the Bz component of IMF are commonly considered to be a driver of
the many magnetospheric processes through the dayside reconnection. The beginning of
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Fig. 1. (a) Aurora response to IMF variations. Vertical lines show the moments of DMSP flight through
the field-of-view of the all-sky camera in Barentsburg. (b) Satellite trajectories mapped at the altitude
of auroras. Black circles indicate the satellite location at the moment of crossing the boundary between
cusp, mantle and LLBL precipitations. Tick orientation on the trajectories is approximately along the
geomagnetic latitude. (c) Spectrograms from the DMSP F17 and F16 satellites showing the structure
of particle precipitations in the region of optical observations

Puc. 1. a) — oTknuk cusHUN Ha Bapualluy MEXIIAHETHOTO MarHUTHOTO 1oJ1sl. BepTukansHbIMY Ju-
HUSIMH OTMEUYEHBI HHTEPBAJIBI poJieTa cy THIUKOB DMSP yepes mosie 3peHus kKaMephl MOJTHOTo 0030pa
Heba B bapenuOypre. YepHble Kpy»KKH — ITOJIOKEHHE CITyTHHKAa B MOMEHT HEePEeCeUeHHUs! TPaHUIIbI
BBICBITIAHUH, CBOHCTBEHHBIX KacIly, MAHTUHM U HU3KOIIMPOTHOMY HOTPaHUYHOMY CIIOIO; b) — TIpo-
eKIMU TPAeKTOPHHl CITyTHHKOB B HOHOC(EpY Ha BBICOTY CUSIHUI; ¢) — CHEKTPOTrpaMMBI CITyTHUKOB
DMSP F17 u F16, nokasbsIBatoiue CTpyKTypy BBICBINAHUI HaJT 00J1aCThIO0 ONTHYECKUX HAOIIOeHU I
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the interval in Fig.la is characterized by the gradual Bz rising toward the positive values
while By is positive and stable. In the middle of the event Bz turned to the negative
values and stayed relatively stable so that both the satellites conduct the measurements in
conjunction with the optical auroral observations under the negative Bz conditions. The
interesting feature of the interval is the vanishing of By component, indicating that the
IMF lines are anti-parallel to the geomagnetic field lines during both the satellite passes.
This creates favourable conditions for reconnection right near the noon meridian.

Auroras during the intervals of interest represent the so-called poleward moving
auroral forms (PMAF) that are a typical kind of activity for high latitude dayside auroras.
The equatorward shift of PMAF started at 07:20 UT, i.e. 10 minutes after Bz changed sign to
negative. This time lag is not exactly the responding time to the Bz variation because it also
includes also the propagation time of the solar wind through the magnetosheath. Note that
the curves in Fig la, lower panels, show the IMF variations at the Earth’s bow shock nose
which, according to the OMNI WEB estimation, was at a distance of 13.2 RE from the Earth.

One more feature of auroral activity inferred from the keogram in Fig la is the
appearance and poleward drift of the auroral arc 10—15 minutes after the beginning of
PMAF equatorward displacement. Just before the arc appearance and a few minutes after
its disappearance, two DMSP satellites passed through the all-sky camera field-of-view.
The moments are indicated with vertical lines in Fig.1a and satellites trajectories are
presented in Fig.15. Note that the tick orientation on the trajectories is approximately
along the geomagnetic latitude. The features of particle precipitations during these passes
are presented in Fig.1c. They show that before the single arc appearance the F17 satellite
detected precipitations typical for the cusp (upper panel in Fig 1¢). After arc disappearance,
the boundary between mantle and LLBL which we consider as a boundary between open
and closed magnetic field lines was detected by satellite within the all-sky camera field-of-
view (see spectrograms on the lower panels in Fig.1¢). A detailed analysis of the satellite/
aurora conjugation is presented in the next sections.

3.2. Rayed auroral structures in the cusp and corresponding precipitations

For correct matching of satellite measurements with auroras we need to know the
altitude of the spherical surface above the Earth on which both auroras and satellite
trajectory with markers of precipitation boundaries will be mapped. As it was shown
above, the largest error in the location of satellite measurements relative to auroras may
be caused by the ambiguity in choice of the aurora height. To diminish the uncertainty in
the aurora altitude we defined this parameter from in situ satellite measurements by the
method which was used earlier in the study [1].

Altitude profiles of the luminosity were inferred from the characteristics of electron
precipitations along the fragments of satellite trajectories shown in Fig 2a and are presented
in Fig 2b as altitude — UT diagram. In Fig. 2a, similar to the keogram, the higher intensity
corresponds to the darker areas. Intensity of the red emission (650.0 nm) was calculated
according to the model developed in [21]. For green emission (557.7 nm) we used the
model described in [22]. The rates of excitation and ionization of the atmospheric species
used in the emission intensity calculations were calculated according to method presented
in [23]. Altitude profiles for the moments corresponding to precipitation bursts in satellite
data (and, hence, the bursts of emission intensity) are shown in Fig. 2c.

Results of calculations in Fig.2c show that luminosity in the red emission is more
intense than in the green emission that is the expected result for the near-cusp aurora. For
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further analysis we assume that all auroras registered by the all-sky camera in Barentsburg
during the interval are red auroras. The red luminosity profiles have a maximum in the
230270 km altitude range (ionospheric F region) and decrease rapidly with altitude
decrease. Aurora registration in Barentsburg is carried out by a non-calibrated camera, so
we do not know the threshold of camera sensitivity in physical units (Rayleigh) and can
not define the height of auroras directly from the curves in Fig. 2. On the other hand, the
accurate identification of this parameter on the aurora images is also laborious because it
depends on such subjective factors as the method of data visualization and the eye’s ability
to distinguish the gradation of gray. It may be inferred from Fig. 25 that the lower edge of
auroras might be several tens of kilometers below the area of maximum luminosity. So,
as a height of the spherical surface which will be used further for mapping both auroras
and satellite track, we accept the altitude of maxima minus 25 kilometers. We noted in
section 2 that for the matching of optical and satellite measurements in the F-region
near zenith an uncertainty of A4 ~ 50 km in height definition gives an uncertainty in the
matching of not more than 10 km in the case under consideration.

Auroras were represented as a series of rays which are (a) very elongated along the
magnetic field lines and (b) have a cross section much smaller that the distance between
them. At large zenith angles the property (a) complicates the identification of the small
faint structures against the rather strong background rays. The property (b) can also lead
to the loss of important information in the case of only satellite measurements because the
satellite may pass between the rays. This again points out the importance of coordinated
satellite-optical measurements and mapping of auroras and satellite tracks as correctly
as possible.

The spectrogram of DMSP F17 in Fig. 1¢ shows that the satellite was inside the
cusp precipitations from 07:32:38 to 07:32:45 UT and detected the enhanced electron
flux just before entering LLBL. Our calculation shows that this burst produced the red
luminosity with altitude profile plotted as the thin line in Fig. 2¢. Although the maximum
of luminosity is at an altitude of ~ 265 km, we accept the altitude of the corresponding
auroral structure to be 240 km in accordance with the above reasoning. Results of matching
the satellite track with the auroras observed by the BAB all-sky camera at the moment of
the satellite crossing the electron enhancement is presented in Fig. 3a. the original frame
is on the left and the result of its mapping onto the spherical surface is presented on the
right. Note that East on the original frame is on the left whereas on the mapped frame
it is in its correct position — on the right. The solid line indicates the fragment of the
satellite trajectory where cusp precipitations were detected.

It is seen that at the moment of interest the satellite (shown with a white circle) is
conjugated with a very faint ray. This can mean that a rayed auroral arc-like structure was
located in the cusp, i.e. its source was, most probably, on the open magnetic field lines.

One more precipitation burst was detected at 07:35:56 UT when the satellite was
in the precipitations related to LLBL. According to our calculations the red emission
maximum was at an altitude of ~ 240 km, so, as a height of the lower edge of the auroras,
we accept the altitude of 215 km. The result of the matching is shown in Fig. 3. For
a better visualization of structures after mapping we emphasized their lower border on
the central image with thin white curves. (Note the important feature of the fish-eye
images of auroras: the bottom edge of aruoral structure in the ionosphere corresponds to
the bright area on the image most distant from zenith edge). The curve A corresponds to
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12712417 s 17 December, 2012 DMSP F17 at 07:32:44 UT Alt=240 km BAB all-sky
07:32:44

Distance from local zenith, km (positive to North)

G550 -50 0 50 100
exp 0.80 s Distance from local zenith, km (positive to East)

17 December, 2012 DMSP F17 at 07:32:56 UT BAB
150
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Fig. 3: From left to right: original all-sky frames showing auroras in the cusp (@) and in LLBL (b) and
result of mapping them together with the corresponding fragments of the satellite trajectory. White
circle indicates the satellite location at the time of precipitation enhancement. More details in the text

Puc. 3. CneBa HanpaBo: OpUI'MHAJIbHBIE CHUMKHM KaMephbl, IIOKa3bIBAIOIINE CUSHUS B Kacme (a) U
HHM3KOLIMPOTHOM MOTPAaHUYHOM cjioe (b) M MX NMpoeKuuu B MOoHOchepy BMecTe ¢ (parMeHTaMu
CILyTHMKOBOW TpaekTopuH. JleTanu B Tekcte

the above-mentioned faint rayed arc in the cusp which the satellite was conjugated with
just before the entry into LLBL. The faint arc B was partly superimposed onto the rather
bright rays belonging to the another auroral structure. This structure obscures the east
edge of the arc B where the satellite was mapped at the moment of precipitation burst
detection (white circle in Fig. 3b, right panel). The satellite then flew in the BPS and its
trajectory was mapped between the rays thus not allowing to obtain the emission altitude
profile and to make a correct matching of optical and satellite data.

The comparison of proton and electron precipitations presented on spectrograms in
Fig. 1c (top panels) gives important information about possible generation mechanism
of the rayed auroras in the cusp. It is seen that during the satellite conjugation with the
auroral structures in the cusp, proton precipitations do not decrease in response to the
electron enhancement but even increase. It is not consistent with our previous result
regarding LLBL auroras ([1]) showing that at the moment of satellite-aurora conjugation
the proton precipitations were stopped almost completely which we connect with the
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existence of anomalous resistance or a double layer above the arc. Since no signature
of the particle acceleration was observed in the event considered, one can suppose that
the generation mechanism of the rayed structure in the cusp is connected rather with the
loss-cone electron scattering than with the electron field-line acceleration.

Just after F17 crossed the cusp, the auroral activity represented a typical poleward
moving auroral form (PMAF), i.e. enhancement of auroras southward zenith, poleward
drift through camera field of view and fading. In the next section we discuss the possible
location of the PMAF relatively magnetospheric domains inferred from F17 measurements.

3.3 Presumed location of the PMAFs during and at the end
of their poleward displacement

The keogram in Fig.1a shows that between the F17 and F16 passages over the BAB
all-sky camera (interval confined by two white vertical lines) the auroral activity represented
a single PMAF event. The event started near the moment of the F17 cusp crossing in the area
of enhanced auroras southward zenith and faded ten minutes later close to the northern edge
of the camera field-of-view. An important feature of the event is the short-term intensification
of the drifting auroras just before 07:40 UT slightly southward of the local geographical zenith.
The shape of auroras for the moment of brightening is presented in Fig. 4a. One can
distinguish several stretched rays which are the elements of the rayed auroral arcs and at
least two patches, one of which is located directly in the local magnetic zenith (Fig. 4b).
On the one hand, the patch may be the cross-section of one of the auroral rays drifting
poleward. On the other hand, it can be treated as the cross-section of a just reconnected

magnetic flux tube moving poleward. We clarify the last assumption below.

17 December, 2012 07:38:50 UT alt=240 km BAB all-sky 17 December, 2012 07:38:50 UT BAB all-sky
300 o 5 -

200 RSN

100

100§

Distance from camera, km (positive to North)
Distance from camera, km (positive to North)

-200

-00 -100 100 0 -0 -20 20

Distance from camera, km (positive to East) Distance from camera, km (positive to East)
Fig. 4. (a) Complex structure of PMAF at the moment of intensification. (b) Auroral patches above
Brentasburg. Local geographic and magnetic zeniths are marked with white square and cross,
respectively. Bold white line shows the cusp position six minutes before the moment, thin white line

is presumed location of the boundary between cusp and LLBL

Puc.4. a) — cnoxHas cTpyKTypa CHCTEMBI ApeHPYIONHUX K MOIIOCY IyT B MOMEHT X HHTEHCU(H-
Karuy; b) — cusaus Hax bapennOyprom B dopme mareH. [eorpadguueckuii 1 MarHUTHBIN 3€HUT
OTMEeYEeHbI OeJIbIM KBaJIPaTOM M KPECTHKOM COOTBETCTBEHHO. JKMPHOI TMHKEH TOKa3aHO MOJIOKEHNE
Kaclia 3a IecTb MUHYT J0 3TOT0O MOMEHTA, TOHKas Oenasi IMHHS — IpeIoaraeMoe MOoJI0KeHHe
TPaHUIBI MEeXy KaCIIOM M HU3KOIIUPOTHBIM ITOTPAaHUIHBIM CIIOEM
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The bold white line on the images in Fig. 4 is a fragment of the F17 trajectory where
cusp precipitations were detected six minutes before the image was taken. Note that the
PMAF development preceded the interval of almost constant IMF (see Fig.1a, central
panel). This allows us to assume no global reconstruction of the dayside magnetosphere and,
as a sequence, no significant displacement of the ionospheric boundaries of magnetospheric
domains at least within a few minutes after cusp detection. As inferred from Fig.1c, top
panel, the satellite F17 flew almost along the geomagnetic latitude that is shown with a thin
white line in Fig. 4b. Based on the spectrogram in Fig.1c¢ (top panel), this geomagnetic
latitude may be regarded as the boundary between the cusp and LLBL. So, the patches
poleward of the line may be located in the cusp, thus supporting the above hypothesis
about the nature of the auroral patch in the local magnetic zenith as the cross-section of
a just reconnected magnetic flux tube.

The next DMSP satellite (F16) flew through the camera filed-of-view ten minutes
after the first one (F17) and on leaving the MANT precipitations at 07:44:20 UT (see
Fig. 1c, bottom panel) was mapped poleward zenith close to latitude where the drifting arcs
disappeared. Unfortunately, the arc disappeared completely about four minutes before the
moment. So, taking into account the stable IMF condition and the location of the fading
arc in respect to the MANT/LLBL boundary which is assumed to be at the geomagnetic
latitude of the F16 projection, we can only suggest that it happened in the mantle. The
auroras in the mantle have been reported earlier [24].

4. DISCUSSION

The poleward moving auroral form (PMAF) is a typical form of the dayside auroral
activity. Investigation into them started several decades ago but no commonly accepted
explanation was elaborated. In the early publications that studied this phenomenon it
was suggested that the dayside reconnection under negative IMF Bz conditions can be
the possible reason for PMAF events (e.g. [3]). While subsequent studies showed that
PMATF occur during both negative and positive Bz and that they may be observed far away
from the noon meridian [25, 13], the reconnection remains the most popular hypothesis
to explain PMAF.

To associate PMAF with just reconnected magnetic flux tube drifting from the cusp
in anti-sunward direction, first of all it should be confirmed that the origin of PMAF is on
the non-closed magnetic field lines (i.e. in the mantle or in the cusp, at least). Unfortunately,
sometimes the researcher does not pay enough attention for reliable arguments of this.
For example, in [6] a conclusion regarding the position of the source of PMAF in the
magnetopause was based on the Tsyganenko model. In accordance with [9], the use
of the Tsyganenko models for aurora conjugation with high-orbiting satellites (Cluster)
yields a large uncertainty even in the inner magnetosphere (L ~ 4.5) where the shape of
the magnetic field lines seems to be more predictable and not so much distorted by the
external currents as just near the cusp. As additional argumentation, it was pointed in [6]
to the similarity of PMAF and FTE (flux transfer event) timescales. Indeed, the FTE are
attributed by many authors to a signature of reconnection but FTE was not reported as
actually occurring during the event considered.

In order to locate the source of PMAF in the dayside magnetosphere in our study
we used the data of the low-orbiting satellites DMSP series. Note that in contrast to any
Tsyganenko models which are based on statistics and, hence, refer to some “averaged”
geophysical situation, the position of the magnetospheric domains inferred from the DMSP
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measurements is directly related to the moment of the optical observations above Svalbard.
The location of the auroras in space was defined as accurately as possible. Firstly, for aurora
mapping we used the position of stars on all-sky images which minimized the possible
mistakes caused by inaccurate manual installation of the camera. Secondly, to estimate
the height of specific auroral forms we do not use a-priori information but calculate it
from the characteristics of precipitating electrons directly measured by DMSP just over
the auroral form. Therefore the association of the faint auroras on the all-sky images
with the cusp precipitations (section 3.2) may be accepted as a proven fact if the on-line
procedure of domain identification at the APL website is correct.

A credible conclusion but less supported by direct measurements, is that the PMAF
source is located on the non-closed magnetic field lines (section 3.3). Up to the moment
when F16 crossed the MANT/LLBL boundary, the PMAF have faded completely. So,
our assumption that they were in the mantle is based on the F16 measurements which
were made a few minutes after the arc disappearance and the fact that the MANT/LLBL
boundary did not shift poleward during the interval.

If the arcs are really on the non-closed magnetic field lines and move poleward at
the same time, it is reasonable to associate them with just reconnected magnetic field lines
drifting tailward from the cusp. Recall that attributing PMAF to reconnection in [6] was
inferred from the similarity of the PMAF and FTE timescales despite the fact that FTE
themselves were not detected. In our case the reconnection hypothesis was supported
by the DMSP F16 data, in particular by the shape of ion precipitations shown on the
bottom panels in Figs. 1c, time interval 07:43:05-07:44:35 UT. First, the spectrogram
shows the increase of ion energy while the satellite F16 moves from high latitudes to
south (ion-energy dispersion), which is usually considered as a signature of reconnection
during negative Bz (e.g. [26]). Second, the dispersion structure crosses the MANT/LLBL
boundary, which may be interpreted as penetration of the reconnecting flux tubes from
LLBL to the mantle. As an alternative to reconnection, the interchange instability might
be the possible mechanism for penetration of PMAF into the mantle (e.g. [27, 28]).

The keogram in Fig. 1 shows the tendency for the PMAF intensity to increase in
the course of movement toward zenith. The apparent increase of the luminosity on the
flat image may be caused by the pass of the auroras, which actually are three-dimensional
structures, exactly through the magnetic zenith. The PMAF which we relate to reconnection
has a complex configuration and consists of both rays and patch-like auroras (see Fig. 4).
The set of available instruments does not allow us to conclude whether the local spot in
the magnetic zenith in Fig. 4 is the cross-section of an auroral ray or is different auroral
phenomenon. So, the size of the spot of about 10x20 km at an altitude of 240 km might
be the transverse scale of both the ray and the reconnected flux tube.

5. CONCLUSION

A case study of aurora dynamic in the cusp region has been analyzed using ground-
based optical measurements and date from the DMSP F17 and F16 satellites crossing
the camera field-of-view one after the other within a 10 minute interval. An auroral
keogram showed that the aurora development was conditioned by the IMF variations. Sharp
changing of the IMF Bz component from positive to negative values caused the partial
reconstruction of the dayside magnetosphere so that the aurora activity of a PMAF-like
type was shifted southward and the cusp moved to the zenith of the all-sky camera at the
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Barentsburg observatory, i.e. southward of its statistical position ([2]). On the other hand,
the large negative Bz and By ~ 0 create favorable conditions for dayside reconnection.

For correct matching of the optical and satellite measurements we used the package
of procedures developed for the multi-camera project ALIS (Swedish Institute of Space
Physics) as well as the altitude of the auroras inferred directly from the precipitating
electron data measured on board the DMSP satellites instead of a-priori information. It
was shown that the weak bursts of electron precipitations detected by the F17 satellite
inside the cusp are conjugated with the faint red auroras. The auroras look like rayed arcs
and are located at the equatorial edge of the cusp-related precipitation. The spectrograms
from the F17 satellite show that the auroras were generated by scattered rather than
accelerated particles.

The single event of so-called poleward moving auroral forms was observed after
the flights of the first satellite. We suggest that at the end of the event the source of the
PMAFs was located in the mantle, i.e. on the non-closed magnetic field lines, and dayside
reconnection could be responsible for the PMAF formation. The “reconnection hypothesis”
is supported also by the presence of ion-energy dispersion on the satellite spectrogram.
Note, however, that this assumption does not refer to the PMAFs that occurred before the
F17 passage. In accordance with [28], the interchange-like instability might be a possible
mechanism for the PMAF formation in this MLT sector, for example.

We also estimated the spectrum and altitude of the rayed arcs in the cusp, the energy
of precipitating electrons responsible for the arc generation and the probable reason for
that precipitation, as well as the transverse size of the auroral ray/reconnected flux tube
that may be of practical value for further investigation of the dayside auroras.

Acknowledgements. The DMSP particle detectors were designed by D.Hardy
(AFRL, USA) and data obtained from JHL/APL. OMNI solar wind data were provided
through the NASA CDAWeb. The package for geographical positioning of all-sky camera
images was developed with the participation of B. Gustavsson (University of Tromso,
Norway) within the framework of the ALIS project. We are grateful to A. Kozlovsky
(Oulu University, Finland) and V. Vorobjev (PGI, Russia) for interest in our work, as well
as A. Roldugin for the optical data of good quality and N. Safargaleeva for assistance in
optical data selection (both at PGI, Russia).

REFERENCES

1. Safargaleev V., Kozlovsky A., Sergienko T, Yeoman T.K., Uspensky M., Wright D.M., Nilsson H.,
Turunen T, Kotikov A. Optical, radar and magnetic observations magnetosheath plasma capture during
apositive IMF Bz impulse. Annales Geophys. 2008. 26 (3): 517-531. doi:10.5194/angeo-26-517-2008.

2. Newell P.T., Meng C.-1. Mapping the dayside ionosphere to the magnetosphere according to particle
precipitation characteristics. Geophys. Res. Lett. 1992. 19 (6): 609-612. doi:10.1029/92GL00404.

3. Vorobjev V.G., Starkov G.V., Gustaffson G., Feldstein Y. I., Shevnina N.F. Dynamics of day
and night aurora during substorms. Planet. Space Sci. 1975. 23 (2): 269-278. doi:10.1016/0032-
0633(75)90132-4.

4. Tsyganenko N.A. Data-based modelling of the Earth’s dynamic magnetosphere: a review. Annales
Geophys. 2013. 31 (10): 1745-1772.

5. Farrugia C.J., Sandholt PE., Burlaga L.F. Auroral activity associated with Kelvin-Helmholtz
instability at the inner edge of the low-latitude boundary layer. J. Geophys. Res. 1994. 99 (10):
19403-19411. doi:10.1029/94JA00926.

153



OU3UKA ATMOCDEPBI U I'H[][POCDEPH]

6. Taguchi S., Hosokawa K., Ogawa Y., Aoki T, Taguchi M. Double bursts inside a poleward-moving
auroral form in the cusp. J. Geophys. Res. 2012. 117 (12). doi: 10.1029/2012JA018150.

7. Ober D.M., Maynard N.C., Burke W.J., Moen J., Egeland A., Sandholt PE., Farrugia C.J., Weber E.J.,
Scudder J.D. Mapping prenoon auroral structures to the ionosphere. J. Geophys. Res. 2000. 105 (12):
27519-27530. doi:10.1029/2000JA000009.

8. Moen J., Holtet J.A., Pedersen A., Lybekk B., Svenes K., Oksavik K., Denig W.F., Lucek E., Soraas F.,
Andre M. Cluster boundary layer measurements and optical observations at magnetically conjugate
sites. Annales Geophys. 2001. 19 (10/12): 1655-1668. doi:10.5194/angeo-19-1655-2001.

9. Safargaleev V.V., Shibaeva D.N., Sergienko T.I., Kornilov I.A. On the possibility of coupling
satellite and ground-based optical measurements in the region of pulsating auroras. Geomagnetism
and Aeronomy. 2010. 50 (7): 873-879. doi:10.1134/S001679321007008X.

10. Starkov G.V., Rezhenov B.V., Vorob’ev V.G., Feldstein Ya.l, Gromova L.I. Dayside auroral
precipitation structure. Geomagnetism and Aeronomy. 2002. 42 (2): 176-183.

11. Starkov G.V. Mathematical model of the auroral boundaries. Geomagnetism i Aeronomia.
Geomagnetism and Aeronomy. 1994. 34 (8): 80-86. [In Rissian].

12. Starkov G.V,, Vorobjev V.G., Feldstein Ya.l. Relative position of the regions of auroral precipitation
and discrete auroras. Geomagnetism and Aeronomy. 2005. 45 (2): 170-180.

13. Safargaleev V.V,, Tagirov V.R., Osipenko S.V., Kudryashova N.V. Response of postnoon auroras to
changes in the IMF Bz component. Geomagnetism and Aeronomy. 2004. 44 (3): 316-323.

14. Jacobsen B., Sandholt P.E., Burke W.J., Denig W.F., Maynard N.C. Optical signatures of prenoon
auroral precipitation: Sources and responses to solar wind variations. J. Geophys. Res. 1995. 100 (5):
8003-8012. doi:10.1029/94JA02726.

15. Sandholt PE., Farrugia C.J., Cowley S.W.H., Lester M., Cerisier J.-C. Excitation of transient lobe
cell convection and auroral arc at the cusp poleward boundary during a transition of the interplanetary
magnetic field from south to north. Annales Geophys. 2001. 19 (5): 487-493. doi:10.5194/
angeo-19-487-2001.

16. Hardy D.A., Gussenhoven M.S., Brautigam D. A statistical model of auroral ion precipitation.
J. Geophys. Res. 1989. 94 (1): 370-392. doi: 10.1029/JA094iA01p00370.

17. Newell P.T., Wing S., Meng C-1., Sigilitto V. The auroral oval position, structure and intensity of
precipitation from 1984 onward: an automated on-line base. J. Geophys. Res. 1991. 96 (4): 5877—5882.
doi:10.1029/90JA02450.

18. Gustavsson B. Three dimensional imaging of aurora and airglow. Doctoral Thesis. IRF Scientific
Report 267. 2000. URL: http://www?2.irf.se/~bjorn/thesis/thesis.html (accessed 01.07.2018).

19. Brindstrém U. The Auroral Large Imaging System - Design, Operation and Scientific Results, IRF
Scientific Report 279. 2003. URL: http://www2.irf.se/~urban/avh/html/htmlthesis.html (accessed 01.07.2018).

20. Starkov G.V. Auroral heights in the polar cap. Geomagnetism i Aeronomia. Geomagnetism and
Aeronomy. 1968. 8 (1): 36—41. [In Russian].

21. Solomon S.C., Hays P.B., Abreu V.J. The auroral 6300 A emission: Observations and modelling.
J. Geophys. Res. 1998. 93 (9): 9867-9882. doi:10.1029/JA093i1A09p09867.

22. Ivanov V.E., Kirillov A.S., Sergienko T.1., Steen A. Modelling of the altitude distribution of
green line (5577A) luminosity in aurora. Airglow and Aurora. Proc. SPIE. 1993, 2050: 105-113.
doi:10.1117/12.164815.

23. Sergienko T.I., Ivanov V.E. A new approach to calculate the excitation of atmospheric gases by
auroral electrons. Annales Geophys. 1993. 11 (8): 717-727.

24. Safargaleev V.V., Mitrofanov V.M., Roldugin A.V. Simultaneous optical and satellite observations of
auroras in the mantle: case study. Geomagnetism and Aeronomy. 2016. 56, 6: 706-715. doi:10.1134/
S0016793216060141.

154



B.B. CADAPI'AJIEEB, TH. CEPTHEHKO

25. Fasel G.J. Dayside poleward moving auroral forms: a statistical study. J. Geophys. Res. 1995.
100 (7): 11891-11905. doi:10.1029/95JA00854.

26. Rieff PH., Burch J.L., Hill T.W. Solar wind plasma injection at the dayside magnetospheric cusp.
J. Geophys. Res. 1977. 82 (7): 479-491. doi:10.1029/JA082i004p00479.

27. Lyatsky W.B., Safargaleev V.V. Flute instability of the magnetopause in the presence of the magnetic
barrier. Geomagnetism i Aeronomia. Geomagnetism and Aeronomy. 1991. 31, 2: 354-359. [In Russian].
28. Kozlovsky A.E., Safargaleev V.V., Jussila J., Kustov A.V. Pre-noon high latitude auroral arcs as a
manifestation of the interchange instability. Annales Geophys. 2003. 21 (12): 2303-2314. d0i:10.5194/
angeo-21-2303-2003.

oasipHble CUSAHUSA B KACIIe U €r0 MPHUIIOJKCHOI OKPECTHOCTH:
HcclIeI0BaHue OTAeIbHOT0 COOBITHS
(pacmupenHblii pedepar)

[Ipomecchl B3aNMOIEHCTBIS COTHETHOTO BETPa C JHEBHOW MarHUTOC(EPOii SBISIOTCS
Ba)KHBIM 3B€HOM (pOPMHPOBAHHS KOCMUYECKOH OTOABI, IIOCKOIBKY HIMEHHO MOCPEICTBOM
3THX TPOIIECCOB OCYIIECTBISIETCS IEPEHOC SHEPTHH 1 BEIIECTBA U3 MEXIUIAHETHON CPE/IbI
B OKOJIO3EMHOE KOCMHUYECKOE MPOCTPAHCTBO. [Ipy OTpHIIaTebHBIX 3HAYEHUAX MEXKILIa-
HeTHOTO MarHuTHOTO Nostst (MMII) ero cuiIoBBIE TMHAHM CTAHOBATCS AaHTHIAPAIIIETBHBIMH
CHJIOBBIM JINHHUSIM T€OMAarHUTHOTO TOJISI B OKPECTHOCTH TOJICOTHEYHON TOYKH Ha MarHu-
Tomay3e. Takas CHTyalysi HEyCTOMYMBA M PUBOAUT K IEPECOCTUHEHHIO CHIIOBBIX JTMHUH
MMII ¢ cunoBBIMH THHHUSME, (HOPMHUPYIOIIIMHI MarauTonay3sy. [lepecoequHuBIITECS CH-
JIOBBIE TPYOKH CHOCSITCSI COJTHEUHBIM BETPOM B XBOCT MarHUTOC(EPHI, T/I€ CKaIJINBAIOTCS,
YBEIMYMBAas TEM CAMBIM MarHUTHYIO SHEPTHIO XBOCTA. MarHUTHAs SHEPTHs BHICBOOOXK-
JaeTcs B XO/Ie MarHUTOC(epHOH cyO0ypr — OTHOTO U3 HanmboJee CHIIbHBIX KaTaKIn3MOB
KOCMHIYECKOH mmoronsl. B mporecce cHOca B MarHUTOC(EPHBIA XBOCT TIEPECOETIMHNBIIASICS
CHJIOBas TPyOKa mepecekaeT MarHuTOC(EpHBIN TOMEH, Ha3bIBaeMBIi KactioM. ['eomeTpus
TEOMarHUTHOTO IIOJISl TAKOBA, YTO B OKOJIOTIOIYCHHBIC Yachl OCHOBaHME Kaclla OKa3bIBa-
ercsa Hax LllmumnbepreHoM, M BHICBHIIAIOMINECS U3 IEPECOCTMHUBINEHCS TPyOKH YaCTHIIBI
TEOPETHUYECKH MOTYT OCTaBJIATh B noHOCc(hepe Hax Llnunbeprenom «ciem» B BUIE Ipeii-
(yroumx K HMoirocy ciadbx GopM THEBHBIX MOJSPHBIX CHSHHMH.

B 3umHee Bpems roza, koraa Ha mmpote Lnimbeprena TeMHO Jake B TIOMyICHHBIC
Yacsl, 3TN c1abble CUSHNSA MOTYT OBITh OOHAPYKEHBI HA36MHOI ONTHYECKOI! ammaparypon.
ITpoGnema 3akio4aeTcsi B TOM, 9YTOOBI B CIIOXKHOMN KapTHHE JHEBHBIX CUSTHUH BBIACIUTS TE,
KOTOpBIE «ITPOM3BEICHBD» BBICBHIIAIOMIMMICS U3 Kacma 31eKTpoHaMu. OTKy/a CHITUIIOTCS
NIEKTPOHBI, MOXKHO TTOHATH, aHAU3UPYS AJaHHbIC HU3KOOPOUTAIBHBIX CITyTHUKOB CEPHH
DMSP. Bropas cnoXHOCTh 00yCIIOBIICHA T€M, YTO Ha3eMHOMY HaOIIOaTeIto TpedyeTcs
B OTHOCHTEIFHO KOPOTKHH MEPHOJ BPEMEHH, KOTZIa ONTHYECKIM HAOMIONEHUAM HE TIpe-
MIATCTBYET HU COJTHEYHBIHN, HU JIYHHBII CBET, B 0€300/1a4HBIH TOIICHB, IPH OTPHIATEIBHBIX
3HaueHusIX MMII 3aduKcrpoBaTh CHSIHUS IPH YCIOBHH, 9TO cIryTHUK DMSP mporeran
HE IIPOCTO Yepe3 MoJIe 3PEHUSI KaMePBl, HO MepeceKal IPH 3TOM 00IacTh KaCTIEHHBIX BbI-
cemanuii. [IoHATHO, YTO Takoe CTeYeHNe 00CTOSTENBCTB BCTPEIACTCS KpaifHe peiko Jaxe
TIPH PETYISIPHBIX oNTHYecKuX HaOmonerusax Ha lImmmoeprene. [1o sToit mpudanHe Teope-
THYECKast TUIIOTE3a O TOM, UTO PE3YNbTAT IEPECOCTMHEHNS MOXKHO «YBUAETH» C 36MHOU
MOBEPXHOCTH OINTHYCCKOM ammapaTypoi, XOTs M OblIa MpeanoxeHa Ooyiee MATHACCITH
JIET Ha3all, 0 CHX IOp OCTAETCS JUCKYCCHOHHOM.

B pabore mccienoBan penkuid cirydail OMHOBPEMEHHH PErHCTPaIlliil THEBHBIX IO-
JIIPHBIX CUSIHUM HAa36eMHOM ONTHYECKON almapaTypoil M JETEKTOPOM BBICBHITAOIINXCS
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yactuil Ha ciiyTHIKax DMSP F16 u F17. Ontrueckue uaMepenus mpoBOIUINCH KaMepon
nonHoro o63opa Heba I[Nonspuoro reopusuueckoro uncruryra (IIIN), ycranosnennon
B obcepBaropun bapenioypr Ha apx. [lnumnbepren. Ocoboe BHUMaHUE YACISIOCH TOY-
HOCTH COIIPSDKEHHUS y4aCTKOB TPACKTOPHHU CITYTHUKOB C 00JIACTSIMU, 3aHSATHIMU CBEYCHHEM.
st 5THX Lenieit KCroNb30BaJICs MakeT mporpamm, paspadoranHsix B LlIBenckom nHCTH-
TYTE€ KOCMUUYECKOH (DU3UKH, TIO3BOJSIFOLIUI 10 PACTIOIOKEHHUIO 3BE3/1 HA CHUMKE KaMephbl
KXIOMY HHKCENy M300payKeHUs] COIIOCTaBUTh (PM3MUYECKHE KOOPANHATHI HA TUIOCKOCTH,
IJie pacrojarajicsi MaKCUMyM CBEUEHHS U Ha KOTOPYIO 3aTeM CIYTHHKOBBIH (pparMeHt
TPAEKTOPUH «IIPOEKTHPOBAJICSD BIONb CUIOBOM JIMHIMM I€OMarHUTHOTO TIOJIS.

Crnenys pa3BOpOTy BEpPTUKAIBHOM KOMIIOHEHTH MEXIIJIAHETHOTO MarHUTHOTO ITOJIS
(Bz-xomnonenTst MMIT) B 00nacTh OTpHIIaTeIbHBIX 3HAYEHHH, CHCTEMA CIIA0BIX JTyYHUCTBIX
JYT CMECTHIIACh K IOTY, [IOCJIE Yero OfiHa U3 AYTr Havaja JapeiidoBarh 00paTHO K MOIIOCY
u nponana. Pazsopor Bz npuBen k ToMmy, YTO MOIOIIBA Kacla TOXKEe CMECTHIIACH K 0Ty OT
CBOETO CTAaTMCTUYECKOTO MoyokeHus (Haj mocenkoM Hio-OnecyHH) U oka3ayiach B LI€H-
Tpe mnoJis 3peHus kamepsbl B bapenuOypre. Cniytauk DMSP F17 nepecek kacn crmycts
JIBaJIlaTh MUHYT TOcje pa3Bopora Bz-kommnoHeHThI. [lonoxxenne n cusiHui, U CyTHUKA
B LIEHTPE U300paKeHHs1, JaBaeMOr0 KaMepO#, IO3BOJINIIO CHU3UTh UCKAKEHHUS!, BHOCHMBbIE
O0OBEKTHBOM THIA «PBIOWHI IV1a3» Ha OOJBLIMX PACCTOSHUSIX OT 3€HHUTA (B YACTHOCTH, HAJl
Hro-Onecynnom).

COBMECTHBII aHaJIM3 ONTHYECKHUX U CITyTHUKOBBIX JaHHBIX I10Ka3all, 4To HalIona-
eMble clialble JIy4UCThIC IyT'H HAXOATCS B 00JaCTH KAaCTICHHBIX BBICHIIIAHUIA ¥ IPOCTPaH-
CTBEHHO CBSI3aHBI C BCIIECKOM BBICHIMAIOIIMXCS AJIEKTPOHOB ¢ dHeprueit meHee 100 »B.
Crenyroumii crrytHuK DMSP niepecexk mone 3peHust KaMepsl CITyCTs 1eCATh MUHYT I10CIe
HIepPBOTO, ¥ aHAJIN3 €0 JAHHBIX [TOKA3aJl, YTO 3Ta Jyra B MOMEHT HCUEe3HOBEHHS HaXOIUIIach
B 00JIACTH PA30MKHYTBIX CHJIOBBIX JIMHUH. DTOT pe3ynbrart, IONOIHEHHbIN crenuduieckon
(hopMoil TPOTOHHBIX BBHICHINIAHWN B JAaHHBIX criiyTHHKa DMSP, koTopylo TpaaniuoHHO
CBSI3BIBAIOT C MEPECOEINHEHUEM, IIO3BOIMI HaM MPUHUTH K BBIBOAY, YTO CMEILIABIIAsACS
K MOJIFOCY ci1abast IydrcTas Jyra MOIa IpeCTaBIAsTh CO00i HOHOC(HEPHBIN CIIET TOIBKO
YTO MEPECOCINHUBIICHCS MAarHUTHON CHJIOBOM TPYOKH, YHOCHMOH CONHEYHBIM BETPOM
B aHTHCOJHEYHOM HaIlpaBJICHUHU. Pe3yiapTaT MOATBEPKAAET TEOPETUUECKYIO TUIIOTE3Y
0 TOM, YTO B HEKOTOPBIX CUTYyallUsX THEBHBIE HOJSIPHBIE CHUSHHUS MOTYT IPEICTaBIAThH
noHochepHbIi ciien nepecoequHeHns. C 3TOW MO3ULMU PeryJsipHbIe ONTHYECKHE Ha-
Omronennst Ha llInundepreHe MOXKHO paccMaTpyUBarh Kak OIMH U3 CIOCOOOB MOHUTOPHHTA
KOCMUYECKOH ITOTO/IBI, CO3JAIOIINI MPEAMOCHIIKY IS €€ MPOTHO3UPOBAHUS.
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Summary

In last two decade, studies of ice ridge morphometry and strength properties have been actively
carried out. Thermal drilling of ice and experiments to determine the local strength of ice using a
borehole jack are performed. The paper discusses the issues of joint use of thermal drilling equipment
and borehole jack for the ice cover research. Two approaches to the comparison of the results obtained
by these two methods are considered. Average penetration rate versus local ice strength dependences
are presented. With increasing ice strength and decreasing penetration rate the interval of changes
in the ice strength increases and correspondence of the strength to the penetration rate decreases.
Based on the results of ice ridges research, depth-wise distributions of local strength and thermal
drill penetration rate are compared. Difference between the average thicknesses of the consolidated
layer obtained from these distributions was 5 %.
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B nocnenHue 1Ba JiecaTKa JeT NPOBOAATCSA UCCIENO0BAaHUS MOP(HOMETPHUUYECKUX U IPOY-
HOCTHBIX XapaKTepPUCTHK TOPOCUCTBIX 00pa30oBaHUil u mpunas. BeinonHsercs TemioBoe OypeHue
JIbJa ¥ NPOBEICHUE SKCIEPUMEHTOB 110 OIPEASNICHHIO JIOKAJIBHOI MPOYHOCTH JIb/IA C IOMOIIBIO
30HI-MHACHTOPA. B cTaThe 00cyk1aroTcst BOIPOCH COBMECTHOTO IPUMEHEHUS TepMOOypOBOTr0O 000-
PYAOBaHUS U 30HA-MHICHTOPA AJIS UCCIIENOBAHMS JICISTHOTO MOKpOBa. PaccMOTpeHsI iBa moaxona
K CPaBHEHHIO PE3yJITATOB, NOIYYEHHBIX STUMH JBYMs MeTo1aMH. [IpHBeieHbI 3aBUCUMOCTH CPEHEH
CKOpocTH OypeHHMs OT JIOKaJIbHOH MPOYHOCTH Jibja. [Ipu BO3pacTaHWK MPOYHOCTH JIbJIAa U YMCHb-
LICHUH CKOPOCTH OypeHHUsl JAMana30oH U3MEHEHHs NMPOYHOCTH JIbJIa YBEIWYUBACTCSA M MOHMKACTCS
COOTBETCTBHE IIPOYHOCTH CKOPOCTU OypeHusl. BBIOIHEHO CpaBHEHUE CPEIHECTATHCTUYECKUX pac-
NPE/IeICHUH TPOYHOCTH U CKOPOCTH OypEeHHs 110 ITyOHMHE 110 pe3y/bTaTaM MCCIIEIOBAHUS TOPOCOB.
OriM4une NoNy4eHHbIX U3 9TUX paclpeAesICHHI 3HaUSHH I CpetHEeil TONIMHBI KOHCOIUMPOBAHHOTO
CJIOS1 TOPOCOB COCTABUIIO 5 %.

BBEJEHUE

B cBs13u ¢ ocBoeHMEM 11enb(OBBIX 30H 3aMep3atomux Mopeit Poccun u nepcnexTu-
BOW CTPOUTENHCTBA CTAIMOHAPHBIX IUTAT(OPM 1S TOOBIYHM YTIIECBOIOPOIOB CTOMT 3a/1ada
obecriedeHns1 6€301acHO SKCILTyaTall TAKUX COOPYKEHHH B YCIOBHAX IPEH(YIOIIIX
W TIPHUINAHHBIX JBA0B. /)11 3TOr0 HEOOXOANMO TPOBOANTH MCCIIEAOBAHUS MPOYHOCTH
U CTPOCHUS JICASHBIX 00pa30BaHUH (POBHBIA Apei(yromuil Ien, TOpoCkl, MpHIai, cra-
MyXH, aiicOepru, HaBaJbl JIbaa Ha Oepera). B AAHWU Ovbin pa3paboTaHbl OpUTHHABHBIE
TEXHOJIOTHH OTIPENIEIEHHUSI IPOYHOCTHBIX U MOP(QOMETPHIECKUX XapaKTEPUCTHK JIbAA
B HAaTYpHBIX YCJIOBUSX, IMO3BOJISIONINE MPOBOANTH HCCIIEIOBAHMUS MMPOYHOCTH M CTPOE-
HUSL JISITHOTO TTOKPOBA Kak MO TUIOLIAAH, TaK M Mo TonmuHe. L{enpio manHoi paboTs
SIBIISIETCS] OTBET HA BONIPOC: BO3MOKHO JIM, OCHOBBIBASICH Ha JAHHBIX O CKOPOCTH OypeHUs
JbJ1a, CAETATh BBIBOJ O €ro MpodHOCTH? [yt JOCTHKEHHS JaHHON IETH MOTpeOoBaIoCh
PELINTH CIEAYIONINe 3a0a9n:

— paccMOTpPETh Pe3yIbTaThl COBMECTHOTO IPUMEHEHHUS TEPMOOYypOBOTO 000pyIoBa-
HUSI ¥ 30H/A-MHICHTOPA ISl MICCIIEAOBAHUS JISISTHOTO TTOKPOBa;

— COIOCTaBUTh JaHHBIE O MIPOYHOCTH JbJa C JAaHHBIMH TEPMOOYpPEHHS;

— MPEIUIOKUTD aHATUTHYECKYIO 3aBUCHMOCTh CKOPOCTH TEIIIOBOTO OYpEeHHs OT IpOU-
HOCTH JIb/Ia, IPUTOHYIO JUISl MIPAKTHIECKOTO TPUMEHEHUSI.

TexHomorust MOpHOMETPHUUECKIX NUCCIEIOBAaHNI BHYTPEHHETO CTPOSHHUS JIETHBIX
00pa3oBaHUil OCHOBaHA Ha CKOPOCTHOM OYypEHWH JIbJia TOpsiueii BOAOH HIIM DIEKTPO-
TEpPMOOYpPEHHH C KOMITBIOTEPHON 3aIMChI0 CKOPOCTH ABMIKEHHSI OypOBOTO CHapsiia BO
ab1y. CKOpOCTh OypeHHsI 3aBHCHUT OT IT0/IaBa€MOM TEIUIOBOW MOIIHOCTH, ITOPHUCTOCTH
JbJIa ¥ B HEOOJNIBIION CTETICHH OT €r0 TEeMIIEpaTyphl. bypeHne mpoBoauTces BIOIb MPO-
¢une, mpoNoXKEeHHBIX TONepeK IrpedHs Topoca (cTaMyXxH, HaBaja), Ha TIOCTOSHHOM Te-
IUTOBOI MoIHOCTH. DUKCHPYIOTCS /aTa, HOMEp JISASTHOTO 00pa30BaHMs, HOMEp JIMHUH,
HOMEp CKBa)KMHBI, BHICOTA CHEKHOTO ITOKPOBA, KOTOpasi U3MEPSETCsl B MecTe OypeHHs
C TIOMOIIBIO CHETOMEpHOH peiiku. Ilocie Toro, Kak CKBaknHa MpoOypeHa, n3Mepsiercs
TIPEBBIIIEHIE BEPXHEH MOBEPXHOCTH CHEKHOTO TIOKPOBA (JIb/1a) HaJl YPOBHEM MOPSI C T10-
MOIIIBI0 KOHTAKTHOTO U3MEPHTENS YPOBHS BOAbL. [Ipn 00paboTke qaHHBIX TEPMOOYpEHHS
OIIPEAEIAIOTCS BEJIMYNHA HAaJBOAHON W IOIBOAHON YacTH JIEASHOTO TOKPOBA, TPAHHIIBI
KOHCOJIUINPOBAHHOTO JIb/1A, TPAHHII ITyCTOT, YYACTKH JIbJIa PA3TMIHON IMOPHCTOCTH.

B nacrosimee Bpems B AAHUM nipussTO NpyU ONpeaesieHny BHYTPEHHETO CTPOSHUS
TOPOCOB M CTaMyX BBIIENIATh OONACTH IUIOTHOTO JIB/A, PHIXJIOTO JbAa H ImycToT [1, 2].
[Mox pEIXITBIM JTHOM MOHMMAETCS 00JIaCTh, 3aIIOTHEHHAsT METKUMH KyCKaMH JIb/1a, CMEp3-
IIMMHUCS MEXIy coO0OH B MecTaX KOHTAaKTOB. 32 TPAaHUYHYIO BEIMYMHY KyCKOB ITPHUHSTA
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MHHHMAJIbHAS TOJIIMHA OIOKOB JIbJa, COCTABILIONINX Mapyc TOpoca WM cTaMyxu. BeTpe-
YaloIascs BO BpeMsi OypeHus 001acTb, B KOTOPOH YepPeayIoTCsl yYaCTKH JIbJia U IIyCTOTBI
C pa3MepamMH MeHbIlle TPaHUYHOM, HICHTH(GUIMPYeTCsl KaKk 00NacTb, 3all0JIHEHHAs! PhIX-
JIBIM JIBAOM. Y4acTKH, rae OypeHue uaer 0e3 MpoBaJioB, HO €ro CKOPOCTh CYLIECTBEHHO
BBILIE, YEM CKOPOCTh OypEHHs IUIOTHOTO JIbJa, HACHTH()UIMPOBAHBI KaK MEXKOIOKOBbIE
MIPOCTPAHCTBA, 3aNIOJTHEHHBIE MOJTyCMep3IIencs myroi [4].

VYeranoBka «CKBaXMHHBINA 30HA-UHACHTOP» [3] COCTOMT M3 THIPOCTAHLINH, 30H-
MHJICHTOpAa, PErUCTpaTopa MOKa3aHUH TaTYMKOB JABJICHUS, IEPEMEICHNS U CUTHAJIOB Tpe-
HIMHOOOPa30BaHKsl BO JibAy BO BpeMs uciibiTaHus. COOCTBEHHO 30H/I-MHASHTOP COCTOUT M3
OIIOPHOM TUTUTHI U THAPOIIWIMHIIPA C BBIABUTAIONMMCS C TIOCTOSIHHOM CKOPOCTBIO IITOKOM.
Hcniertanust npoBoasTes B cKkBaxkuHax quamerpoM 0,25 M ¢ untepBaiom He Menee 0,30 M Ha
nryouHy 10 5 M. CKOpOCTh BHEAPEHHUS MHIEHTOPA B JIE MOXKET PETYJIMPOBATHCS B IPEeax
OT NOYTH HyJIeBOH 10 4,5 Mm/c. Bo Bpemst HCTIbITaHUI (PUKCHPYIOTCS M3MEHEHUE TABJICHHS
B THIPOCHCTEME, NTEpPEeMEIlIeHHE HHAECHTOPA MPU €ro BHEJPEHUH B CTEHKY CKBa)XUHBI H TI0-
SBISFOLIMECS TIPH JIe(hOPMHUPOBAHHH JIbJla AKYCTHYECKUE CUTHAIBL. Paspyluaromiye 1apieHust
Ha Pa3INYHbIX TOPU3OHTAX JISSTHOTO 00Pa30BaHMS MEPECUUTHIBAIOTCS B MEXaHUIECKHE Ha-
MPSDKEHNS], HA OCHOBAHUH KOTOPBIX CTPOSITCSI BEPTHKAIBHbIE PACTIPEACIICHUS IIPOYHOCTH.

TexHomornu mccienoBaHUs BHYTPEHHETO CTPOEHHS TOPOCOB M CTaMyX OCHOBa-
Hbl Ha Pa3JIMuHbIX (PU3MYECKUX MPUHIMIAX: OLIEHUBAHHS IPOYHOCTH JbJA C TIOMOUIBIO
30H/I-MHCHTOPA M ONHKCAHUSI CTPYKTYPHBIX SJIEMEHTOB BHYTPH JIEISTHBIX 00pa3oBaHHi
0 CKOPOCTH JBMKEHHs1 OypOBOro CHapsa npu tepMoOypenun. CpaBHEHHE TOJTy4eHHBIX
PE3yJbTaTOB MO3BOJIIET BBLACIUTH Kak OOIME 3aKOHOMEPHOCTHU pacIpeieIeHus] XapakK-
TEPUCTHK, TaK U UHANBHIYaTbHbIE 0COOCHHOCTH KaX/I0TO U3 MeTo0B. PaccMoTpuM 1Ba
MOAX0/1a K CPaBHEHMIO PE3yIbTaTOB, IOIYYEHHBIX 3TUMH AByMS METOIAMHU.

SMIAPUYECKHI TOIXOJ

CKBa)KHHBI JUIS TPOBEICHNUS UCIIBITAHUHN C TIOMOIIBIO 30HA-MHAECHTOPA, KaK MPaBmiIo,
COBIIAJAIN CO CKBAXHMHAMHU TEPMOOYPEHUS; PACCTOSHUE MEXIy HUMH HE IPEBBIIIAI0
omHOTO MeTpa. TepMoOypeHne BBHIOIHIIOCE TIOCIE 30HA-MHACHTOPA M HE BIIMSIIO HA pe-
3yNbTaThl 30HANPOBaHU. OTCUET ypOBHEH 30HAMPOBAHNUS OCYIIECTBISUICS OT TOBEPXHOCTH
JbJ1a, a TIPH TETUIOBOM OypEeHHH OT ypOBHS BOABI B CKBaknHe. [Ipu comocraBieHnn pe-
3y/bTATOB TEPMOOYPEHNUS 1 30HANPOBAHMS BCE AHHBIE O ITyOMHE IPHBOIAMINCH K YPOBHIO
Bozbl. Ha puc. 1 mpuBenena xapakrepHast 3aIiCh 3aBUCHMOCTH CKOPOCTH TEPMOOYpEHHUS
OT TITyOWHBI, ¥ Ha 3TOT e rpaiK HAHECEHB! YPOBHH 30HAUPOBAHUS M JIOKAJIbHAS MTPOY-
HOCTB JIb/1a [7] HA 3THX yPOBHSAX.

B mae—wurore 2004 . B O06ckoii ryde pOBOIMINCH UCCTISTOBAHUS MOP(pOMETpHUIe-
CKHUX M IPOYHOCTHBIX XapaKTEePUCTHUK IpHIiast. JIex cocTos B OCHOBHOM U3 KPYITHOOI0Y-
HBIX KPHUCTAJUIOB HETIPABIMIILHONW ()OPMBI, COOTBETCTBYIOIIUX CTPYKTYpHOMY THITy Al, 4TO
00yCIIOBIIEHO paHHUMH CPOKaMH YCTOIUYHMBOTO JIe000pa3oBaHus. TeKcTypa 3TOro THra
JbJla MOHOJIUTHAS, B CIOSIX ¢ MUHUMAJIbHBIM KOJMYECTBOM BKIIFOUCHHUH 3HAYEHUS TUIOT-
HOCTH NPECHOr0 JibJa NPHOIKAINCh K cBoeMy Makcumymy — 917 kr/m®. K momeHTy
Havaja MpoBeIeHUs paboT TeMmmeparypa jibaa noBsicuiack 10 0 °C, u ee BepTHKAIbHOE
pacmpeneneHne CTaao OTHOPOIHBIM.

PaccTostnne ot OypoBO# CKBa)XKHMHBI JI0 CKBRXXMHBI 30HA-WHAECHTOpa KojIebaIoch
B mpenenax 0,15... 0,25 m. IlogaBaemas Ha TepMoOyp MEKTpHUSCKAsT MOIIHOCTh ObLIa
MOCTOSIHHA B TEUEHHE BCero OypeHwus. [l KaX10ro OIbITa Ha COOTBETCTBYIONIEH 3ariuch
CKOpPOCTH OBLT BBIJICNICH YYAaCTOK Ha HIKaJIe TIyOHH, Ha KOTOPOM MPOUCXOIHIIO BHEAPEHHE
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Puc. 1. ConocraBnenue JOKaJIbHON MPOYHOCTH JbJA U CKOPOCTU TEPMOOYpeHHs N0 TIIyOHHEe HC-
MIBITAHUN: | — CKOPOCTh; 2 — TPAaHHILBI KOHCOTMANPOBAHHOTO CI0sT; 3 — JOKaJbHAas IPOYHOCTH;
4 — U3MEepEeHHOE 3HAYEHUE JIOKAJIbHOM TPOYHOCTH

Fig. 1. Comparison of the local strength of ice and the speed of thermal drilling by the depth of the test: / —
speed; 2 — consolidated boundary boundaries; 3 — local strength; 4 — measured value of local strength

30HA-MHACHTOPA B JIell, ¥ PACCYUTAaHA CPEIHASI CKOPOCTh AIEKTPOTepoMoOypa Ha 3TOM
ydacTke. Bcero momyunnocs 78 map 3Hau€HUN CPEIHEH CKOPOCTH Ha Y9acTKE M COOT-
BETCTBYIOIIEH 3TOMY YYacCTKY JIOKaJbHON MPOYHOCTH JIbJA.

AHanornyHas paboTa MpoOBOJMIIACH BO BPEMS JIEJONCCIIEAOBATEILCKUX PaboT B baii-
napankoi ryoe B 2010 r. Torma 0110 Moy4eHO 74 mapbl 3HAYSHUI CKOPOCTH U ITPOYHOCTH,
HO YK€ JJIsl COJICHOTO JIbJia. 3a CUeT HAJMYHUS B COJICHOM JIbIY S9YEEK C PAacCoJIOM CKO-
POCTh OypeHUsI COJICHOTO JIbJIa BhILIE, YeM CKOPOCTh OypeHust MpecHoro Jbaa. Hanporus,
C TIOBBIIIEHHUEM COJICHOCTH IPOYHOCTH JIb/Ia YMEHBIIACTCA. DT TEHACHIUN N3MEHECHHUS
CKOpoCTH OypeHHUs ¥ MPOYHOCTH JIb/a IIPH MOBHIIEHNH €r0 COIEHOCTH Aaf0T OCHOBaHHE
U1 OOBbEMHEHHS 3TUX JAHHBIX B OWH MaccuB. COBMECTHAs AWarpaMma, CBSI3bIBAIOIIAS
CPEIHIOI0 CKOPOCTh OypeHHs Ha yYacTKe C COOTBETCTBYIOIINM 3HAYCHHEM JIOKAJIBbHOU
npoyHocty apaa, At 2004 u 2010 . npuBeneHa Ha puc. 2.

OYHKINOHATBHAS CBA3h CKOPOCTH OypeHHUS W JIOKAJBHON MPOYHOCTH JIbJA MpeN-
CTaBJieHa 00JIAKOM TOYEK HEIPaBUIbHOM ()OPMBI M Ha MEPBBIN B3IJIS TPYIHOONPEISIHMA.
Takast CBA3b MPUMEPHO C OJUHAKOBOW TOYHOCTBHIO MOXET OBITH OIMCAHA Pa3IHYHBIMU
AHAUTHYECKUMH BRIpOKCHUAMHU. B HameMm ciydae miaBHOe TpeOOBaHHE K MaTeMaTHde-
CKOM MOJIENIN JIJISl TAaKOW CBSI3W — YIOOCTBO €€ HMCIoNIb30BaHus. J[pyroe TpeboBanne —
COAEPIKATETBHOCTD, MIIH UHTEPIPETHPYEMOCTh, Ha TAHHOM 3Talle aHajIi3a MPaKTHIeCKU
HemoCTIKUMO. [1oaToMy OBITO IPUHATO PELICHNE CYUTATH CBSI3b CKOPOCTH U IIPOYHOCTH
JbAa JTMHEHHOH, Kak HamboJee MpoCToe, M BOCIIOIB30BAThCS HASKHBIM METOJOM Hau-
MEHBIIINX KBaJPaToB. YpaBHEHHE JIMHEHHON perpeccuu MpUBEACHO Ha quarpamMme. OmaHako
JATBHEHINNI pacueT mapaMeTpOoB MOIOCH HEOMPEIEIEHHOCTH TaHHBIX MTOKa3al TPYIHOCTh
ee OIpeeNIeHIsI M3-3a MAJIOCTH OOIIero yucia MpoBeIeHHBIX n3Mepenuil. [lostomy mis
YIPOIIEHHsT ONUCAHUS Hallel (YHKIIMOHAIBHON 3aBUCUMOCTH OBLIO PEIICHO HCIONB30-
BaTh YPaBHEHUS OTPAHUYMBAIOMINX TOUYKH JMHUN. DTH YpaBHEHUS TakKe IMPUBEICHBI Ha
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Puc. 2. JlnarpamMmma CBSI3H JIOKJIBHOW MIPOYHOCTH JIbJIa G U CKOPOCTHU BIIEKTPOTEPMOOYpeHUs V 1o
JTAaHHBIM UCCJIEJIOBaHUS POBHOTO PECHOBOIHOTO Jibaa B OOcKoit ryde B 2004 T. 1 MOPCKOTO JIbJia B
Batinapankoii ry6e B 2010 1.

IIyHKTHpHBIE JTHHUK OrPaHUYUBAIOT 00TACTh, 3aHIMAEMYIO SKCIEPUMEHTAIbHBIMH TOYKAMH Ha JHarpaMMe.
CrtonHast TUHUS — JIHHUS JTHHEHHON perpeccuu

Fig. 2. The diagram of the relation between the local strength of ice ¢ and the rate of
electrothermobulation ¥ according to the study of fresh freshwater ice in the Ob Bay in 2004 and
sea ice in the Baydaratskaya Bay in 2010.

Dotted lines limit the area occupied by the experimental points on the diagram. The solid line is the linear
regression line

auarpamMMe. TakuM 00pa3oM, BOCIIONB30BABIINCE ITUMH YPaBHEHHUSIMU, MOXHO OLICHUTH
MHTEPBaJ, B KAKOH MOMaIaeT 3HaYeHNE JIOKAIbHON IIPOYHOCTH ITPU U3MEPEHHOH CKOPOCTH
OypeHus, 1 MaTeMaTH4ecKoe OXXHIaHUe 3TOro 3HadeHus. Hanpumep, TepMoOyp MpoxXoauT
nen co cpenHei ckopocThio 0,0044 m/c. Torna mokanmpHast MPOYHOCTE 3TOTO Jbaa OymeT
nexarb B uHTEpBatie or 8,5 no 20,5 MIla n Haubonee BepositHO OymeT paBHa 13 MIla.

Ha puc. 3 npuBeneHs! AnarpaMMBbl CBSI3H JIOKaJIbHOW IPOYHOCTH G JIbJIa U CKOPOCTH
TepMoOypeHust V, OCTpOEHHBIE TI0 AaHHBIM HCCIIEIOBAHUS TOPOCOB M POBHOTO JIba
nponusa [llokansckoro B 2016 1. 3meck IpOU3BOAMIOCE yXKE BOIIHOE OypeHHe, TOITOMY
CKOPOCTB IPOXOAKH TepMoOypa 3HaYUTEIbHO BBIIIE. [IOCKONBKY B 3JEKTPOTEIIOBOM
OypeHunu 112 M B OypeHUH JIbAa TOpAYEeH BOIOW MCIONB3YyEeTCS OJUH U TO )K€ MPUH-
IIUIT — pacIUIaBICHHUE JIbJa 1 3@ CUYET 3TOTO MOTPyXKEHHE TepMOoOypa, OTIMYHE TONBKO
B C1Ioco0e 1MoJiaun Teria Ko JIbIY, HeT HUKaKUX METOANYECKUX OrPaHNYeHHH JUTA TIOMCKa
CBSI3M CKOPOCTH 000OMX BHJIOB OypeHHs ¢ IIPOYHOCTHIO JbJa. [yt CpaBHEHUS C 3IEKTPO-
TepMOOypEeHHEM ITPUBEICHBI BA rpadyKa, OTIINYAIONIHECs TEM, YTO Ha IIEPBOM HHTEPBAI
YCpEOHEHHs CKOPOCTH paBeH nuameTpy nuaeHropa (0,09 M), a Ha BTOpOM — IIOJIOBHHE
uHTepBana 3oaaupoBanus ((0,30 m)/2 = 0,15 m).

Bomnpoc BeIOOpa nHTEpBaNa ycpeaHEHHUsT CKOPOCTH HAXOOUTCS B CTAJUN W3YUICHUS,
MOCKOJIBKY JUISI BBIBEPEHHOTO PEIICHUS] HEJOCTATOYHO SKCHEPUMEHTAIBHBIX JaHHbIX.
[pencraBnsiercs, 4YTO MPH NMPAKTUIECKOM NTPUMEHEHUN YPaBHEHUH JUTS OIIEHKH JIOKAJIBHON
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Puc. 3. lnarpamma cBsI31 JIOKaJIBHOW MPOYHOCTH JIbJIa G ¥ CKOPOCTH BOASTHOTO TepMOOypeHHs V 1o
JTAHHBIM HCCIIeI0BaHKs TOpocoB B mpomrBe Lllokansckoro B 2016 1. IHTEpBan ycpeqHEeHHS CKOPOCTH:
a)— 0,09 m, 6) — 0,15 m.

IlyHKTHpHBIEC JIMHHM OTPAaHMYMBAIOT 00JIACTh, 3aHUMAEMYIO SKCIEPUMEHTAILHBIMA TOYKAMU Ha JUarpaMmme.
CIutoLIHbIC JIMHUY — JIMHUM JITHEHHOW perpeccun

Fig. 3. The diagram of the relation between the local strength of ice 6 and the water-drilling temperature
V according to the data of the study of hummocks in the Shokalsky Strait in 2016. The interval for
averaging the velocity: a) — 0,09 m, 6) — 0,15 m.

Dotted lines limit the area occupied by the experimental points on the diagram. Solid lines are linear regression lines

MIPOYHOCTH JIbJIA TI0 CKOPOCTHU OYpeHUs s pa3HbIX HHTEPBAJIOB YCPEIHEHUS PE3yNIbTaThl
OynyT OMM3KH, N0 KpaifHel Mepe, 11 AUara3oHa CKOPOCTeH, T/ie MPUCYTCTBYET HauOob-
1Iee CKOMJIEHUE TOYEK, T.€. Haubonee HHTEPECHOTO.

Taxum 06pa3oM, MOXKHO KOHCTaTHPOBATh CIEAYyIOLIee: Ha JaHHOM JTale OfHO3HA4-
HOI CBSI3M CKOPOCTH TePMOOYPEHHs U IIPOYHOCTH JIbJia He 0OHapykeHo. OnpeneneHHo
CKOPOCTH T€PMOOYpEHHUsI COOTBETCTBYET IHMANa30H JIOKAIbHON MPOYHOCTH JIbJa, OT KO-
TOPOTO MOXXHO MEPEHTH K MPOYHOCTH CTAHIAPTHBIX 00pa3I0B MPHU OJHOOCHOM C)KaTHH.
IIpu BBICOKHX CKOpPOCTSX OypeHMS MOXKHO JeJaTh BBIBOJ, YTO MPOYHOCTH NMPOXOAUMOTO
TEepMOOYPOM JibJia HeBbICOKA. [Ipu cpemHux 1 HEOOIBIINX CKOPOCTSAX OypeHHs Auara3oH
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pa3zbpoca 3HaYCHH TPOYHOCTH JIbJIa PACIIUPSIETCS, U, XOTS €ro IIEHTP CMENIAeTCs B CTO-
POHY OONBIINX 3HAYCHHUH, OMHO3HAYHOTO BEIBOJA O IPOYHOCTH JIbJa CIENIATh HENlb3s. DTO
SIBIISIETCSI OCHOBAHUEM IS TIPOBEICHUS NaTbHEHIIINX UCCIIETOBAHMMN.

CTATUCTHYECKHAI TOIXOT

Bropoii moaxon kK CpaBHEHMIO pPE3yJbTaTOB, MOJIYYEHHBIX C ITOMOLIbIO 30H/-
MHJIEHTOpa U TEPMOOYPEHUS, 3aKII0YacTCsl B aHAIN3E CPEIHECTATHCTHUECKUX pacIpe-
JICJIEHUH MTPOYHOCTH M CKOpocTH OypeHus no nryomHe. PaccmoTpum ero Ha mpumepe
JAaHHBIX TEPMOOYpPEHHS W 30HI-WHACHTOPA, TOJyYEHHBIX B Pe3yJbTaTe MCCIEIOBAHUS
topocoB Kacnuiickoro mops B 2013 .

CoryacHO 3aKOHY COXPaHEHHMS SHEPTUH CBSA3b CKOPOCTH TEPMOOYPEHHS € IT0AABAEMON
MOIIIHOCTBI0 MO>KHO BBIPa3UTh KAJIOPHUMETPUIECKOH (OpMyIION:

- KP ’ 1)
A [p(l —a— s) (—c,.t,. + L) —p,sc,t; + (p(l —a— s) + pws) cwtw]

e V — CKOpOCTh MOTpYKeHHUs TepMoOypa, M/c; P — monaBaemas Ha TepMoOyp Teruio-
Basi MOIHOCTE, BT; K — K03((GHUIHEHT, yYUTHIBAIONINNA PacCesTHAE TEIUIa Yepe3 OOKOBYIO
MTOBEPXHOCTh KOPOHKH TepMoOypa (K.IL.A. TepMoOypa); A — III0Maas MUAeIeBa CCUCHHS
KOPOHKH TepMOOypa, M%*, p — IJIOTHOCTh MOHOKPHUCTAJIA JIbJa, KI/M’; @ — o0beMHOE
COZlepIKaHNE BO3TyXa BO JIBIY; § — OOBEMHOE COZIEPIKAHUE PACCONA BO JIbIY; ¢, — TEIIO-
€MKOCTB YMCTOTO JIbaa, Jlx/(Kr-rpan); ¢, — Temneparypa ibaa, °C; L — ynenbHas Temnora
TUIaBIEHUS JbJa, JIK/KT; p, — IJIOTHOCTh pacIuiapa, KI/M*; ¢, — TEIIOEMKOCTh paciuia-
Ba, JlK/(kr-Tpan); ¢ — Temmeparypa pactuiasa, °C. Onpenenmim 00bEMHOE CONEPIKAHHE
TBepROH (aswl mbaa V., (a66pesuarypa Volumetric Content of Ice) xax

Vy=1-a-s. 2)
Benuunna V., ananorndna ko>pQUIHEHTY 3aM0NTHEHNS, HO HECKOJIBLKO MEHBIIE €10,
T.K. YYUTBIBACT HAJUYHAE MUKPOIOP B OJIOKAX JIbJA.

IIpeodpasyem dopmyay (1) kK Bumy

_ KP
A [p(l —a-— s) (_Citi + L+ cwtw)-I— p,sc, (tw -t )} ’

B 3HameHarene opmynb (3) yaebHas TerioTa miasieHus Jibaa L = 335 kJbx/kr. YoenpHas
TEIIOEMKOCTB JIbJa ¢, = 2,093, ynenbHas TemIoeMKocTh Bojpl ¢, — 4,187 kJlx/(kr-K).
Temneparypa nbja ¢, Kak mpasuio, Haxoaurces B npenenax 0...—10 °C, temreparypa Tanoi
BOZIBI I10 JaHHBIM AKCIIEpUMEHTOB He rnpeBbimaeT 30 °C, coneHocTh Jbja s B IOJaBIIs-
I0IIEeM OOJIBIIMHCTBE ClTydaeB He ImpeBbimaeT 11 %o. YnenbHOe conepKaHue ITy3bIPbKOB
BO31yXa HaxoauTcs B npenenax 10 %. Takum oOpa3zom, epBoe ciaraeMoe B KBaJpaTHBIX
ckobkax (3) Oymer He MmeHblIie, ueMm 918-(1-0,1-0,11)-(2,093-0+335+4,187-30) = 2,4-10°.
Bropoe xe crnaraemoe He npeBbicuT BeaumyuHbl 1003-0,11-4,187-(30—(—10)) =~ 1,8-10%
IIpenebperast BTOPBIM CJIaraeMbIM, a TAKKe CIIaraeMbIM Cf, KaK CJIaraéMbIMH BBICIIETO
Hopsika Manoctd B 3HameHaresne Gopmyist (3), u3 (2) u (3) ckopocts Oypenus V obparHo
TPOTOPIHOHAIbHA 00LEMHOMY COJIEPIKAHHIO TBEPIOH (a3bl nbaa V.,

N KP 1
Ap(L+c

(€)

Ve, o “4)
w M))
3a cyeT BBHICOKOW TEIUIOBOW WHEPIHMOHHOCTH HArpeBaTENbHON KOPOHKH JIIEKTPO-

TepMOOypa BIHSAHHE OOBEMHOTO CONEPIKAHMUS TBEPIAOH (asbl Ibaa V., Ha K.IL.JI. KODOHKH,
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T.¢. Ha K03 uitneHt K, OyaeT HE3HAYUTEIbHO. DKCIIEPUMEHTHI, IIPOBEACHHbBIC B 1999 1.
B JlaGopatopun ¢usznueckoro monenuposanus (HpiHe — YMI] «Jlamoray), moka3zanw,
410 k03 ¢uunent K npu GypeHHu J1abopaTopHOTO JbJa Pa3InyHON COJEHOCTH H C pa3-
JIUYHBIM COZIEp’KaHMEM BO3AYIUIHBIX BKIIOYCHUH M3MEHsuIcA B mpenenax 6 %. CormacHo
pacueTtam [5], OTHOCUTENbHAs I0JIs TEIUIOBOW dHEPIHH, pacCenBaeMoOi B TBEpJoH dase,
YMEHBILAETCS C POCTOM CKOPOCTH IUIABICHUS U YMEHBIICHHEM apaMeTpa yIIMHEHHOCTH
HarpeBaTeIbHONH KOPOHKH, T.€. COOTHOILICHHS €€ BBICOTHI U AuamMerpa. g ckopocrei
TUTaBJICHUS, COOTBETCTBYIOIIUX JIbIY, U ITapaMeTpa YIJIUHEHHOCTH KOPOHKH TepMoOypa
AAHWMU, pasuoro 1/7, nons paccemBaeMoii TEINIOBOW SHEPTUH CTAHOBUTCS TPEHEOPEKH-
Mo Manoil. Takum 06pa3om, B IEpBOM MPUOTIDKEHUH MOXKHO CIHTATh, UYTO K03 duiiueHt
MPONOPIMOHATEHOCTH MEXKIY BEIMYHHOHN, 0OpaTHOW CKOPOCTH OypeHHs, U 3HAYCHHEM
00BEMHOTO ConepKanus TBEPAOH (haswl baa V., B (3) He 3aBUCUT OT CaMOW BENTMYMHBI
00BEMHOTO COZICPIKAHUSL.

Pacrnipenenenne ckopocTH MOTpyKeHUS TEpMOOypa BIOJIb CKBaXXUHBI cornacHo (3)
JaeT pacIpeneicHrHe 00bEMHOTO COMCPIKaHUs TBEPAOH (a3bl Jibla B OTHOCHUTEIIBHBIX
€IMHHLAX, TOCKOJIbKY KO3(Q(GUIMEHT IIPONIOPLIHOHANBHOCTH MeXy V., u 1/V umeer pas-
MEPHOCTH CKOPOCTHU. TouHbIe 3HAYEHHS V , HEU3BECTHDI, T.K. HEU3BECTEH KOIPHUIUEHT
TPOTIOPIMOHANBHOCTH MEXY V., ¥ BEMYMHOMN, 00paTHON cKopoCTH. [lockonbky Koag-
(UIMEHT NPONOPLUOHATIBHOCTH MPUHAT KaK BEJIWYMHA NOCTOSIHHAS, JUIS YIPOLICHHUS
B JAJILHEHIIIEM B Kaue€CTBE 3HAYCHUH ch HCTIONIB3YIOTCS 3HAYCHUS 1/V Kak HeKUEe OTHOCH-
TENbHBIC BETMUUHBL. J[J11 KaKI0H CKBaKUHBI 3TO pacupesesieHne OyaeT HHANBUIYaTbHBIM.
YcpenHUB 3TH KPHUBBIE 110 BCEM CKBaKHHAM, MOYKHO TOJTyYUTh CPEAHEEe paclpeesieHIe
00BbEMHOT0 ComepKaHus TBEPAOH (asbl JibAa Mo IIyOWHE IS BRIOPAHHOTO OTACIBHOTO
TOpOCa WM ISl BCETO pallOHa MPOBEACHUS HCCICIOBaHUN. YCpeqTHEHHE MPOUCXOAUT
crexyromuM obpasom. ITocaenoBarenbHO paccMaTpUBaIOTCS BCE IIYOMHBI OT MAaKCUMAJIhb-
HOTO 3HAYCHMS BBICOTHI Iapyca J0 MUHUMAJIBHOTO 3HaYeHUS NTyOuHBI Kirst. Ha xaxmoi
BBIOpaHHOM ITyOMHE yCpemHsroTCs 3HaueHus 1/) Bo BceX CKBa)KMHAX, COOTBETCTBYOIIHE
970} IIyOuHe. B Tex Toukax, riue paccMarpuBaeMas ITyOHHA BBIXOIMT 3a MPEIesIsl mapyca
WM KWIsl, 3Ha4ueHue 1/V mpuHUMaeTcsi paBHBIM HYJIIO.

[Iponenas 3Ty omneparyio co BCEMH 3alMCIMU COBMECTHBIX Touek Oypenus (Bcero 108
CKBA)XVH), TIOJNyYMM 3aBUCUMOCTG V., IPUBENCHHYIO Ha puc. 4a. OnpeneneHue rpaHuil
xouconuaupoBannoro ciost (KC) mo ato# kpusoit Oyznet BammanbiM. Kpusas V., B obnactu
0,4...—0,9 M mpencrapnsieT cob60i HHTErpaIbHOE paclpeielIeHne BEPOSTHOCTH HATNYIHS
JIb/Ia B 9TOM JMaria3oHe NyOHH, KOTOPOe OMpeelsieTcs: pa3dpocoM MOI0KEHHs BEpXHEH
u HiwkHell rpannn KC. Cpennee nonoxxkenune Bepxaen rpanuiisl KC MOXXHO MONTy4IHTH
YCpeTHEHHEM TMOTyUYeHHOW 3aBUCUMOCTH B auarnaszoHe rmyouH 0,4...0 M, re mpoucXoauT
peskoe yBenuuenue V. 9t1o snadenue pasusercs 0,19 M. AHAJOrMYHBIA pacyeT maer
cpenHee nmonoxxeHue HkHel rpanunbl KC Ha ropuzonte —0,45 M. O6mias TommuHa KC
COCTaBJIAET, TAKUM 00Opa3om, B cpenHeM 0,64 M.

Bropoii BapuaHT yCpeAHEHUs: T€ TOYKH, B KOTOPBIX paccMarpuBaeMas IiyOuHa
BBIXOJIUT 3a TpeAelbl Tapyca Wik Kujlsl, He paccMarpuBatoTcs. Ha puc. 46 npencraBneH
TaKO BapUaHT YCPEIHEHUS.

To4HO Tak ke Mo MEepBOMY U BTOPOMY THUILY YCPEIHSIEM CTyIEHYaTble JIMHUH JIO-
KaJbHOM MPOYHOCTH Jbaa (cM. puc. 1). Puc. Sa moka3siBaeT ycpeaHEHHOE IO BTOPOMY
THUITy pacrpeesieHre 1o rryonHe. Eciay HCKITI0UNTh aHOMaJIbHO BBICOKHE 3HAUYEHHS IPOY-
HoctH (12,6 MIIa) Ha ropu3onTe 2,4 M B OZHOI M3 CKBaXXMH, KaK pe3y/IbTaT U3MEPEHUs,
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Puc. 5. YecpennenHnoe no BTOpoMy THUITy paclpeneaeHue JOKalIbHON NPOYHOCTH JIbAA.

a) — cpenHss JIOKaJbHasl MPOYHOCTh JIbJa; 6) — Ta ke 0e3 IKCTPEeMaJbHOIo 3HAYEeHHsI Ha ropu3oHTe 2,4 M
B OJTHOHM M3 CKBa)KMH

Fig. 5. Averaged over the second type of distribution of local ice strength.

a) is the average local ice strength; 6) is the same without an extreme value at the horizon of 2,4 m in one of the wells

BBIICJISIFOIIUIICS. U3 001Iel BEIOOPKH, TOT/IAa MOIYYHUTCSl KapTHHA, PEACTaBIeHHas Ha
puc. 56. OueBugno, yro Beimie 0,28-0,29 M («nonkay» npounocty 8—11 MIla) nokanbHast
MIPOYHOCTH PE3KO YMEHBINAETCS, UTO YKa3bIBAET Ha TO, YTO BBIIIE U3MEPSAETCS HE MpOU-
Hocth KC, a mpoyHocTh mapyca.

CoBmecTHbIE rpaQuKy V., ¥ 30HA-HHAEHTOPA MPEICTABIEHBI BBIIIE (CM. PHC. 4).

Ha puc. 6 nmpuBenena ructorpamMma 346 3Ha4eHHH JIOKalIbHOW MPOYHOCTH. [IBa
OCHOBHBIX MaKCHMyMa YyKa3bIBalOT Ha TO, YTO Ha THCTOIpPaMMe OTpPa)€Ha MPOYHOCTH
JByX pa3nuuHbix cpe — KC u HeKOHCOMUANPOBAaHHOHN YacTH TOPOCOB, B OCHOBHOM 3TO
HEKOHCOJIMUPOBAHHbIN KUiIb. MUHUMYM MEXAy 3TUMH NHUKaMU COOTBETCTBYET 3Haue-
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Puc. 6. 'mcrorpamma pacrpenesieHus 3HaUSHUH JIOKaIbHOI podHoCcTH (1 = 346)
Fig. 6. Histogram of distribution of local strength values (n = 346)

HUIO JIOKAIBHOW MPoYHOCTH, paBHOMY 6 Mlla. M. JIxoHcToH u A. Bapkep [7] nmpuBogst
JAaHHBIE O JIOKAJIBHOW MPOYHOCTH, IMOyYEeHHBIE C TOMOINBIO0 30HA-UHICHTOPA, a TaKKe
UTUPYIOT Apyrue uctogHuk. [1o ux uHpopmanmu, npoanocts KC HaxoguTes B mpenenax
10...20 MlIla, moHmxkasce 10 Hyns Ha HwkHEH rpanune KC. BBuay orcyrcTBust Kpute-
pueB MuHUManbHOU ipouHocTH KC, mpumem 3Hadenne 6 MIla B kagecTBe MOPOTOBOTO.

C yd4eToM NMPHUHATOTO KPUTEPHUS PACCMOTPHUM CpEAHEe paclpeieieHnue JTOKaTbHON
MPOYHOCTH (CM. puC. 4a). 3HAYCHHUIO JTOKANBbHOH MpouHocTH 6 MIla cOOTBETCTBYIOT TITy-
6unbt 0,09 u —0,49 M. To ectp B amanazone rry6un 0,09... —0,49 M cpenHee 3HaueHHE
JIOKAJIBHOM MPOYHOCTH HAXOMUTCSA B IMAIa30He, cooTBeTCTRYIomeM pouHocti KC. Takum
00pa3oM, 3TH 3HAYCHHUS MPEACTABIAIOT OO0 OLIEHKH cpeaHero mookeHus rpanui] KC.
Tonmuna KC B 3ToM ciywae cocrasnset 0,58 m.

Ha ropusonte —0,80 M 1 nmpouynoctu 2,6 Mlla HabmromaeTcst U370M TPeHIa KPUBOH
(cM. puc. 56), 9TO MOKHO pacIleHNBaTh Kak OKOHYATeNbHBIN Tiepexon oT KC k Hemocpen-
cTBeHHO kw0, Huxe ropusonta —0,80 M cpeHss mpodyHOCTH JibJa cocrasiseT 1,4 Mlla
U SBJSICTCS OIICHKOW MPOYHOCTH KIS

Cosnasienue pparmeHTOB rpadukoB (CM. puc. 4a), OTHOCSIIUXCS K HAJBOAHON YacTH
TOPOCOB, OOBACHSACTCS TEM, YTO FKCIEPUMEHTHI 110 JIOKAIBHOW IIPOYHOCTH JIb/Ia HadH-
HAJIACH C TIOBEPXHOCTH JIbAA (C COOTBETCTBYIOIINM 3ariTyOIeHHEM), TIOITOMY €CIIA HEeT
JIBJ1a, COOTBETCTBEHHO, HET U podHocTH. [logBomHast yacTh rpaduka cpeaHeil MpoIHOCTH
Ha puc. 4a Hrxe ropu3onta —1,30 M (HaKTHIECKH TEPSAET CMBICIH, T. K. 30HIUPOBAHUE
HE MPOBOAMIIOCH 10 KOHIIAa CKBAXXKHMHBI, a TPEKPAIIaIOCh B CPETHEM Ha ATOM TOPU3OHTE.
KpuBas npounocTr K 3T0l mIyOMHE MPaKTHYECKH YXOAUT B HOJIb, XOTS PeaybHO MpoU-
HOCTB KHJISI HEHyJIeBasl.

BbIBOJbI X 3AK/IIOYEHHUE

OmnpezneneHHONH CKOPOCTH TEPMOOYPEHHSI COOTBETCTBYET MAIIa30H JIOKAIBHON Mpod-
HOCTH JIbJ]a, OT KOTOPOTO MOXKHO MEPEHTH K NMPOYHOCTH CTaHIAPTHBIX 00pas3IoB MpH
OIHOOCHOM CXaTud. [1pu BEICOKMX CKOPOCTAX OypeHNnsI MOXKHO JIeNIaTh BBIBOJ, YTO MPOY-
HOCTH IIPOXOTMMOTO TepMOOYPOM JIb/1a HEBBICOKA. [IpH cpeHnX 1 HEOONBIINX CKOPOCTIX
OypeHust auarasoH pa3dpoca 3Ha4eHUH TIPOYHOCTH JIbA PacIIUPSETCs, U, XOTS €ro LEHTP
CMeIaeTcss B CTOPOHY OOJBIINX 3HaYeHWH, OMHO3HAUYHOTO BBHIBOAA O MPOYHOCTH JIbJA
czenarb Henb3s. TeM He MeHee B pe3ylbTaTe BHITOJHEHHOH paOdoThl MOTyYeHbl ypaBHe-
HUSI IPSIMBIX, HA OCHOBE KOTOPBIX MOTYT OBITH IOJYYEHBI OLEHKH MPOYHOCTH JIbAA O
CKOPOCTH €T0 TEIJIOBOTO OypeHHs..
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Mo nanHbBIM TEpMOOYpeHHs cpe/iHee nonokeHue BepxHeit rpanunibl KC pacnonaraercs
Ha ropmsonte 0,19 M, Hikrei rpaaunsl KC — Ha ropusonTe 0,45 M. Tommuna KC cocraBmia
0,64 m. ITo orieHke JaHHBIX 30HIUPOBAHMS CpeAHEe ToNIokeHne BepxHel rpanuipl KC pac-
nonaraetrcs Ha ropuzoHte 0,09 M, Hmxneit rpannipl KC — Ha ropuzonte 0,49 M. Tommmaa
KC cocrasuna 0,58 M. Cpennsisi mpouHOCTh Kuiisi onieHeHa B 1,4 MIla. Takum obpasom, nipu
JIOCTaTto4HO OOJIBIIIOM KOJIMYECTBE U3MEPEHHH JIOKAILHOM MPOYHOCTU 0 HUM, TaK XK€ KaK
U 110 JIaHHBIM TEPMOOYpEHHs, MOKHO OLIEHUTh cpefHee nosiokeHue rpanun KC.

Jliist Gonee JeTaNbHOrO M TOYHOTO aHaju3a JAHHBIX TEIJIOBOrO OYypPEeHUS W 30H[IH-
pOBaHMsI HEOOXOAMMO MPOBOAUTH UCIBITAHUS B OJHON TOo4YKe. UTOOBI MOBBICUTH COIO-
CTaBUMOCTb PE3YJbTATOB, JKEJIATEIbHO B TOYKAX COBMECTHBIX MCIIBITAHUI KpOMeE BOJ-
HOTO OypeHHS ITPOBOAMUTH OYPEHHS JIEKTPOTEPMOOYPOM. ITO MO3BOJIUT ACTATU3UPOBATH
CTPOEHHUE TOPOCA, T.K. MJIEKTPOTEPMOOYypEeHUE AaeT OoJiee TOUHOE ONPEEIeHHE CKOPOCTei
NPOXOXK/ICHHUS CIIOEB TOPOCA MO CPAaBHEHHUIO C BOASHBIM OypeHueM. JKenarenbHo Mozep-
HHU3MPOBATh 30H/I-MH/ICHTOP TAKMUM 00pa3oM, YTOObI IPOBOANTH UCIIBITAHUS B CKBXKHUHAX,
HOJTOTOBJICHHBIX C MIOMOIIBIO 3JIEKTPOMEXaHUUECKOTO KePHOOTOOpHUKA (hrpMbl «Kovacs
Enterprise», 4To 1O3BOJIUT HOJIy4YaTh TOYHBIC MPEJCTABICHUS O TEKCType, TEMIeparype
U COJICHOCTH JIbJIa HETTOCPEACTBEHHO B MECTE NMPOBE/ICHNUS ONPEACIICHHS IIPOYHOCTH JIbJIA.
Jlnst )kecTKO# NPUBSA3KK MOP(HOMETPUUECKHX JaHHBIX K JAHHBIM 30HIUPOBAHMS HEOOXO/IHU-
MO pa3paboTarh onepaTHBHbIA MeTOJ| olleHKH TonuHbl KC B MOJIEBBIX YCIOBUSIX, YTOOBI
Obl1a BO3MOXKHOCTb OCYLIECTBIISITh perepHoe onpesenenue npoynoctu KC B Haubomee
XapaKTepHBIX MECTAaX, U TeM MOBBICUTh TOYHOCTh HHTEPIPETAIIMA COBMECTHBIX H3MEPEHHH.

BaaromapHocTH. DKCiepuMeHTa bHAS YacTh paOOThI BHINOJHEHA B paMKax Mpo-
rpamMmbl pabot ce3oHHOH skcnenunun «Cesep-2016» BBICOKOIMPOTHOI apKTHYeCcKOn
skcrieauimu (BAD) AAHUUN.
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Summary
In November 2016 a seismic station “Severnaya Zemlya“ with code SVZ was installed on the
Severnaya Zemlya archipelago (Bolshevik island, research facility “Ice base “Baranov’s cape”) by
joint efforts N. Laverov Federal Center for Integrated Arctic Research (Arkhangelsk) and Arctic and
Antarctic Research Institute (St. Petersburg). This station was included in the Arkhangelsk seismic
network and a broadband set of CMG-6TD devices (Great Britain) was installed there.
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The microseismic background is characterized by a low level of industrial noise which allows
to obtain the high-quality seismic information. Over 400 regional earthquakes and 25 local seismic
events were recorded by seismic station SVZ within period from November 2016 to December
2017. Processing of regional earthquakes was carried out by us according to the data of at least three
stations. We used wave forms from the Arctic stations of the Arkhangelsk seismic network and/or
other seismological networks, whose stations are installed in the Arctic. In general, the majority of
seismic events occur at epicentral distances of 3.5°—4° (i.e., they are regional) and associated with
Gakkel Ridge. The strongest earthquakes are recorded from the areas of the Knipovich Ridge and
Spitsbergen. Regional earthquakes magnitude range recorded by the SVZ is from 3.1 to 5.4. ML =
2.5 — it is the value of the magnitude from which the station registers earthquakes in full range.
Local earthquakes magnitude range is from 1.2 to 4.9. Weak earthquakes with ML < 2.5 predominate.

The difficulty is that out of the total number of regional and local events registered by SVZ
only part of them could be processed according to the standard seismic rule (at least 3 stations). These
events were included in the Seismic Catalogue. The predominant numbers of earthquakes are recorded
only by SVZ station and they can not be included in the Seismic Catalogue due to the low quality
data processing seeing that only one station was used. However, even in the first approximation these
epicenters are confined to Eastern part of Gakkel Ridge, the boundary of the Kara plate and fall into
the zone of the North Taimyr deformation associated with tectonic fault. Seismicity around Severnaya
Zemlya to all appearance associated with an indirect reflection of rifting processes emerging in the
central seismically active zone of the Laptev Sea. The calculation of earthquakes focal mechanisms
recorded by SVZ is currently not possible due to the practical absence of seismic stations in the region.
The task of expanding seismic observation networks in the Russian Arctic is urgent.

Hocmynuna 7 urons 2018 e. Ilpunama x newamu 5 urons 2018 e.

Kniouesuie cnoea: 3eMneTpsiceHus, MpeACTaBUTENbHAs MaruuTyaa, CeBepHast 3emus, ceiic-
MHYECKas CTAaHIIUSI.

B crarbe npeacTaBieHsl epBble pe3yibrarhl paboThl MyHKTa ceiicMuueckux HabOmonenuit «Ce-
BepHas 3emisy (SVZ), ycraHosieHHoro Ha apxurmnenare Ceeprast 3emutst B Hostope 2016 . Ha ocHoBe
celicMMYeCKOro Karajiora, Bkimoyaronero 400 pernoHaIbHbIX 3eMIIETPSICEHHI U 25 JIOKaJIbHBIX ceificMuye-
CKHX COOBITHH, COCTABJICHHOTO 10 pe3yJIbTaTaM 00paboTK MUHUMYM IO TPEM CEHCMUYECKUM CTaHLIHSM,
IPOBE/ICH aHAJIN3 PETUCTPALIMOHHBIX BO3MOXKHOCTEH CTaHLMU SVZ 1 CeHCMUYHOCTH PETHOHA B LIEJIOM.
ITo nosy4eHHbIM JaHHBIM BbIJIeICHbBI HANOOJIee TEOAMHAMUYECKU aKTHBHBIE CTPYKTYPBIL.

BBEJEHUE

Pacmmmpenue npeacraBieHni 0 NTyOMHHOM CTPYKType APKTHKH SBISIETCS] BaXKHBIM
3BEHOM B TOHUMAHHUH T'€0JOTHYECKUX 3aKOHOMEPHOCTEH U BOCCTAHOBJIEHHH ATAIIOB 3BO-
yrorn tuTochepsl 1 Kopkl [ 1]. Hapsiny ¢ GompomMu 00seMaMu reooro-reopu3ndecKux
HCCIIeIOBaHUH, MPOBeIeHHBIX Ha menbde bapenmera n Kapckoro mopeit, ceificMonoru-
YyecKasi N3y4eHHOCTh 3TOT0 CTPATETMYECKH BaYKHOTO ISl CTPAHBI PETHOHA CYIIIECTBEHHO
orcraer. Kak mpaBmiio, oCHOBHO 0a30# JaHHBIX Uil OOJNBIIMHCTBA MCCIIENOBaTENeH
SABISIeTCA Katalior MexxayHaponHoro cericMonormdeckoro menrpa (ISC), kotopsrit nme-
€T HEeToNHbIE CBeNeHNs 0 ceicMuaHocTH CeBepHOTo JIenoBUTOTO OKeaHa, 4To CBA3aHO
C PeIKHNM YHCIIOM CEHCMHMYECKHX CTAHIMH, YCTAaHOBJIECHHBIX B ATOM pernoHe. B cszn
C 9TUM OTKpBITHE KaX/J10H HOBOU ceilcmMuueckoil ctanuuu B Poccuiickoit ApKkTuke sBisi-
eTcs MPEAMETOM 0CO00TO BHUMAHHUSL.

MYHKT CENCMHUYECKHAX HABJIOAEHU «CEBEPHAS 3EMJISI»

B xonne 2016 r. coBmectHeiMu yeunusamMu OUIIKMA PAH u AAHUU na apx.
Cesepras 3emis (0. bonbuieBuk, HayuHO-HCCIeI0BaTeNbCKUI cTanoHap «JlenoBas 6a3a
“Mpic bapanoBa”») OblIa OTKpBITa celicMudeckast cTanius «CeBepHast 3eMiIsh» ¢ KOIOM
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Puc. 1. PacionoxeHre apKTHYECKUX OCTPOBHBIX CTAaHIIMN ApXaHIeNbCKOM ceiicMuueckoit cetu (a)
U CPaBHEHHE CYTOYHBIX CIIEKTPOB MOLIHOCTH MHKpocelicM cranuuu SVZ (6) 3a pa3Hble MecsLb
2017 r. ¢ o6obmIeHueM 10 [2].

NLNM u NHNM — Mozeia HU3KOrO U BBICOKOIO MMKPOCEHCMHMYECKOIO IIyMa COOTBETCTBEHHO; / — Mai,
2 — aBrycr, 3 — OKTA0pb; 4 — exkadpb

Fig. 1. Location of the some Arctic seismic stations of the Arkhangelsk seismic network (a) and
comparison of the daytime microseisms power spectra by SVZ (6) for different months 2017 with
a generalization of [2].

NLNM and NHNM are models of low and high microseismic noise respectively; / — May, 2 — August, 3 —
October, 4 — December
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SVZ (puc. la). /lanHas cTaHuys BOILIA B COCTaB ApXaHTeIbCKONH CECMHUYECKON CETH.
B nacrosiiee Bpemst CTaHIMSA UMEET BPEMEHHBII cTaTyc, KOOPAWHATHI €€ PACIIONOKEHHS:
¢ =79,276° c.ur., A = 101,657° B.1., h = 21 ™.

CeBepHas 3eMiIsl — KpYIHBIH OCTPOBHOW apXUIesar K ceBepy oT I-Ba TailiMbIp Ha
rpanune Kapckoro Mopst u Mops JlanTeBBIX, OT KOTOPOTO OH OTIENEH NMPOIMBOM BHib-
kutkoro. Okono 47 % miomanu apxunenara MOKPHITO JETHUKAMH, MECTa, T/Ie JIeTHU-
KM BBIXOIAT K MOPIO, 4aCTO CIIy)KaT MCTOUYHHUKOM 0Opa3oBaHus aiicoepros. Ha ryOune
10—-15 cm Haxomutcst BeuHast mepanora. Ocamgounbiii uexon CeBepo-Kapckoro 6acceiina
obHaxkaeTcs Ha ocTpoBax apx. CeBepHas 3emis. DyHIaMEHT B OCHOBHOM CIIOKEH B pas-
HOM cTeneHu Ae)OpMUPOBAHHBIMH U METaMOP(U30BaHHBIMU CIIAHIIAMH U NTECYaHUKAMH
HeompoTepo30s—keMOpus [3].

OnBIT OpraHu3aIiy IMyHKTOB ceiicMuYecKnx HaOmrofneHnit Ha apX. 3emis @panma-
Hocua mo3Bomami yaecTs 0COOEHHOCTH MOATOTOBKH CEHCMUUECKOTro OyHKepa B apKTHYe-
CKHX ycnoBusiX [4]. YcTaHOBIIEH MIMPOKOMIOIOCHBIH KOMIUIEKT 06opynoBanust CMG-6TD
(Benukobputanus). [lepegada celicMu4ecKUX TaHHBIX C KOMIIbIOTepa cTaHIuu SVZ ocy-
IIECTBIISCTCS TyTEeM UX CHHXpOHM3aIK Ha cepeepe AAHUMU uepes BHYTpEeHHIOIO BUPTY-
aNbHYIO ceTh. 3aTeM aaHHbIe ¢ cepepa AAHUU cunxporn3upyioTcs yepe3 MHTepHeT Ha
cepBepe nadoparopuu ceiicmonornun OUITKNUA PAH, mocie yero oHM KOHBEPTHPYIOTCS
Y TIOMEIIAIOTCS B apXUB.

AHanmu3 ceCMHUYECKHX 3amucei cranuuu SVZ, MOCTYIAONUX B JIA00PATOPHIO
ceiicmonorun ®UIIKNA PAH, nmoka3siBaeT, 4T0 MUKpOCeHCMUUecKuid (GOH B I[EJIOM Xa-
paKTepu3yeTcs HU3KUM YPOBHEM TEXHOTEHHBIX TToMeX (puc. 160), 4To MO3BOJISIET MOTYYaTh
JIOCTaTOYHO KaYECTBEHHBIE CEHCMUYECKHUE 3aIIUCU PErUCTPUPYEMBIX 3emieTpsiceHui. I1o-
BBIIICHHE YPOBHSI MUKPOCEHCMHYECKOTO ()OHA IIPOMCXOMUT C UIOJISi—aBryCTa IO CEHTIOPb,
YTO CBSI3aHO C OOIIMM YBEJIMUYCHHEM XO3siCTBeHHOM nesitenbHocTH Ha HUC «Jlemorast
6a3a “Msic bapaHoBa™» B JETHUI apKTHUYECKUIl MEPHOJI, OTKPHITHIM MOPEM M TasHHEM
CHE)KHOT'O MOKPOBa, CHIDKAIOIINM BIIMSIHUE 9K30T€HHBIX (GakTopoB. [ns cpaBHeHuUs Ha
puc. 16 npuBeneHO cpenHee 3HaYCHHE YPOBHS MUKpOceicMHuYecKoro (hoHa 3a aBrycT
2017 r., oTpaxkaroiee o01ee yBeInueHUEe YPOBHSI MUKPOCEHCMUYIECKOTO IITyMa.

PETMCTPAIIMOHHBIE BO3MOXHOCTH CENCMHUYECKON CTAHIIMU SVZ

[IpoananusupyeM naHHble cTaHIUMU SVZ ¢ TOYKU 3PEHUSI PETUCTpAIUU CEHCMU-
YECKHUX COOBITHH KaK Ba)KHOTO 3BEHA B M3YYECHWH T€OAMHAMUKH IEHTPAIBHON 4acTH
CesepHoro JlenoBuToro okeaHa. 3a aHAIN3UPYEMbIil HHTEPBAI OBUTH 3apETHCTPUPOBAHBI
KaK TeJIeCCHCMHUUECKIE 3eMIIETPSICEHHS U3 Pa3HBIX PaiflOHOB 3€MHOTO Iapa, Tak U Ipo-
SIBJICHUS] PETMOHAIBHON ceicMUYHOCTH B ApkTuke. OOpaboTKa perHOHAIBHBIX 3eMIIe-
TPSICEHUH TPOBOIMIIACH C TPUBJICYCHUEM BOJHOBBIX (DOPM IPYTHX apKTHIECKHX CTaH-
uui B nmporpaMMHOM KoMiuiekce WSG [5], anuueHTp onpenensicss METOIOM 3aceyek.
Paccmarpusamiice rogorpadsr NOES [6], pazpaboraHHbIil B TabopaTopuul ceiCMOIOTHI
OULIKUA PAH, u BARENTS [7], pa3pabotannsiii B Koiasckom ¢ummane ®UL[ ET'C
PAH B.D. Acmunrom u E.O. Kpemeneukoii. B urore st gaHHoro paiioHa 3a OCHOBY
Op11 B3sT Tomorpad BARENTS.

Pecuonanvrnvie 3emnempscenusn. 3a nepuop ¢ HostOps 2016 . mo pexabps 2017
(BKJTFOUHTENBHO) 3aperucTprupoBaHo cBhie 400 pernoHANBHBIX 3eMIICTPSICCHAN 1 25 1To-
KaJIBHBIX COOBITHH. BONBIIMHCTBO ceficMUUECKUX COOBITHI POMUCXOANT Ha SIUICHTPAITb-
HBIX PACCTOSHUSAX 3,5°—4° (T.e. ABIAIOTCS pETHOHATBHBIMH), MLnpeu = 2,5 — 9T0 3HaueHue
MAarHUTY/IbI, HAYMHAS C KOTOPOH CTAHIIUSI PETUCTPUPYET 3EMIICTPSCCHUS B TOITHOM 00BEME,
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Puc. 2. IIpocTpancTBeHHOE pacIpeieNiCHNe 3eMIIETPACCHUH, 3apErUCTPHPOBAHHBIX cTaHIMel SVZ
3220162017 rr. Ha KapTe HEOTEKTOHMYECKHUX CTPYKTYP M aKTUBHBIX Pa3IoMoB 110 [8, 9] ¢ ncmoms-
30BaHHEM CTaHJAPTHOH 00paboTKH (MHHIMYM TPH CEHCMHUYECKUE CTAHINN ) U PE3YIIbTaThl JTIOKAIUN
110 JAHHBIM TOJIBKO CTaHIMH SVZ.

Hogeiimue pasnomsl: [ — cOpockl, 2 — B30pOChl, 3 — HEYCTaHOBJIEHHOTO THIA; 4 — 3eMJICTPACCHUs; 5 —
3emuerpsicenus 3a 1900-2014 rr. mo nanubimM ISC; 6 — 3emneTpsicenus, 3aperucTpupoBaHHble TONbKO SVZ u He
BKJIFOYCHHBIC B KaTaJIOT; 7 — JICIOBBIE COOBITHSL; § — ceiicMuyeckue craniun; @B — xenob dpanu-Bukropuu,
CA — xeno6 Cesroit Aunbl, B — xemno6 Bopouuna, | — sxeno6 Illokansckoro, II — jxen06 Bumbkuikoro

Fig. 2. Spatial distribution of earthquakes recorded by the SVZ station for 2016-2017 on the map of
neotectonic structures and active faults by [8, 9] using both standard processing (at least three seismic
stations) and data from one SVZ station.

Neotectonic faults: / — normal faults, 2 — thrusts, 3 — undetermined type; 4 — earthquakes; 5 — earthquakes
for 19002014 by the ISC catalogue; 6 — earthquakes recorded by a single SVZ station and are not included in
the catalog; 7 — icequakes; 8§ — seismic stations; @B — the Franz-Victoria trough, CA — the St. Anna trough,
B — the Voronin trough, I — the Shokalsky trough, II — the Vilkitsky trough

6e3 «poryckos». Ha snadennn ML, ckaseiBaiorcst Goree GIU3KHE dMUICHTPATBHBIC
paccTOsSTHUS MEXIY cTaHIMel SVZ u 3NMULEeHTpaMU MPOUCXOSAIINX 3eMiIeTpsiceHuit. s
CpaBHEHUS: MyHKT celicMuuecknx HabmroneHuit «3emist @panna-Hocuda» peructpupyer
COOBITHSI HAYUHAS C PACCTOSIHUN 6,5°—7° U uMeeT MLHW1 =2,7.

Ha puc. 2 npuBeneHO IpOCTPAHCTBEHHOE PACIpeIeeHNe PErHOHANBHBIX 3eMIe-
TPSICEHUH, 3apETUCTPUPOBAHHBIX CTaHIUEH SVZ U JIOLMPOBAaHHBIX C MOMOILBIO APYTHX
CefiCMUUECKUX CTaHIMH apKTHYECKOTO PETHOHA, a TAKXKE PE3yIbTaThl 00paboTKU 3emiie-
TPSICEHUH, 3apETUCTPUPOBAHHBIX TONBKO OAHOI cTaHuuell SVZ. MarHutyaHslii Auana3oH
o0OpaboTaHHBIX cOOBITHII cocTaBiseT oT 3,1 1o 5,4. 3a Hos0ps 2016 T. — nexadpp 2017 .
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YOAJIOCh ONPEAETUTh MapaMeTpbl 36 perHoHaNbHBIX 3eMIIETPsICeHUH. B 0CHOBHOM OHU
npuypoueHsl K XpeoTy ["akkesnsi, Hanbolee CUIIbHBIE 3EMIIETPSICEHUS] PETUCTPUPYIOTCS U3
paiioHoB xpebTa Kuunosuda u apx. llnumndeprex.

CpaBHEHHE TOJTYYECHHBIX IapaMEeTPOB SIMUICHTPOB IS CHIIBHBIX 3€MJIETPSICEHHUN
(ML > 4,0) c pesynbratamu MexayHapoaHbix areHTcTB IDC, NORSAR u ®UI] EI'C
PAH nokazaio, 4To pa3HHIa BO BpeMEHH B 09are COCTaBIsSeT OT 3 710 5 ¢, B ONpeae/iCHUN
srmueHTpa ot 0,2 1o 0,5°, 9To ABIIETCS BIOJNHE YIOBICTBOPUTENIBHBIM PEIICHUEM IS
PETHOHABHBIX paccTOsHUM. JlaHHBINA (aKT 00BICHICTCS MPUMEHICMON HAMH METOTUKOM
o6pabotku [10]: ucnonb30BaHUEM BOJHOBBIX (POPM CEHMCMHUYECKUX CTaHIIMH, Pacroio-
JKeHHBIX TOJIBKO B EBpomelickom cexrope ApKTHKH. TOYHOCTH ONpeAeTIeHNs AUILIEHTPOB
3eMJIETPSICEHUI CBsI3aHa C TUIIOM HCIIONIb3YeMOro roforpada, KOTOpbIid OTCYTCTBYET LIS
neHTpanbHoi actu CJIO 11t pernoHaIbHBIX PACCTOSIHUMN, B UTOTE MIPUXOIUTCS HCIOTb-
3oBath roporpadsl NOES [6] unn BARENTS [7]. Pesynsrarom qanHoOro noaxozna, Hanpu-
Mep, AJIS JTOKaIMK 3eMIIeTpsiceHni XxpeOTa ['akkesns ABIseTcs CMEIeHHe UX IUIICHTPOB
Ha IOKHBIH 00pT XpeOTa.

Ha naHHbBIIi MOMEHT CylecTByeT IpodiieMa 00padOTKHU MOABIISIONIETO OOJIBLINHCTBA
PErHOHANBHBIX 3€MIIETPSCEHUH, 3apETUCTPUPOBAHHBIX TOJNBKO cTaHmued SVZ (okoio
400 cobwituit ¢ ML < 3,0). Uudopmarus 00 3TUX COOBITHSAX HE OTPaKeHA B Karajaorax
Pa3NUYHBIX CEHCMOIOIMYECKUX CIYXkO0, YTO MOKA3hIBAECT NMPHHLIUIHAIBHYIO 3HAYMMOCTD
MOJIy4aeMbIX ceilicMuueckor crannueit SVZ nanubix. O0paboTKa TaKuX COOBITUH 10 Of-
HOM cTaHImu SVZ MO3BOJISET TOJIBKO OPUEHTHPOBOYHO ONPEACITUTh HaNnOOoIee BEPOSITHBIE
paiioHsl ux Jokauuu. Tem He MeHee Oblia cliesaHa 1aHHas nomnbiTka. O0paboTka 3anucei
nposoiack B nporpamme Ko® ®UILL ET'C PAH Event Locator (EL) pa3pabdorku [11].
Pesynbrarel cM. Ha puc. 2.

Bcero oopabdorano okoso 200 3eMieTpsiceHuil ¢ HauboJiee YSTKUMHU BCTYIUICHUSIMU
(a3. TIpocTpaHcTBEeHHOE pacipe/ieiicHHe MoKa3biBaeT, 4To 15—17 % oT 001iero ux yuc-
JIa BBIMAJAIOT U3 OOIIEH KapTHHBI CeHCMUYHOCTH peruoHa (depHbIe KPY>KKH Ha pUC. 2)
BCJIC/ICTBHE HETOYHOCTH 00pabOTKHU MO AaHHBIM OHOM cTaHimu. OJHaKo OOJIBIIMHCTBO
AMUILIEHTPOB COOTHOCHUTCSI C BOCTOYHOM 30HOM XxpeOTta ["akkens (cM. puc. 2), ceiicMuiecKuii
MOHUTOPHHT KOTOPOM NMPOBOAUTCS BECbMa JAUCKPETHO B CHUIY YNAJCHHOCTH CYIIECTBY-
IOLNX ceficMuyeckux ctaHimi [12]. Hamu BbIsBIE€HA YacTh COOBITHH, IPUYPOUCHHBIX
K eab(QOBbIM jkesi00aM ¥ KOHTHHEHTaIbHOW OKpauHe.

N, W]
60 __

40/

AL

Puc. 3. CrarucTuueckoe pacnpe/ieneHne pernoHaIbHbIX 3eMJICTPICCHHUMH, 3apEerncCTPUPOBaHHbBIX
crannueid SVZ (06paboTka 1Mo JaHHBIM TpeX U 0ojee CTaHIHN)

RN

VIET VI X T X X X
Mecsiubl m—-2016 roa, @ — 2017 rog

[\

Fig. 3. The statistical distribution of regional earthquakes registered by the station SVZ (processing
according to three or more stations)
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Pacnpenenenre pernoHaJbHBIX 3eMJIETPSACEHUH MO BPEMEHHU IOKa3aHO Ha puc. 3.
OueBuaHO, YTO B ampene, Mmae U okTs10pe 2017 . HabmOmaIOCh MOBBIIIEHHE ceficMude-
CKOIl aKTUBHOCTH, KOTOPasi, IIPEANOJIOKUTEILHO, COOTHOCUTCSI C aKTUBHOCThIO XpeOTa
T'akkens. B cpennem crannusa SVZ peructpupyet nopsaka 30 3eMIeTpsICeHH B MECSIL.
Ce30HHOCTH B peructpanny, kak Ha craniuu ZFI [13], Ha nanHOM 3Tane nccienoBaHui
HC Ha6J'HO)IaeTCﬂ. XoTs JUJIA TIOJTHOTBI BBIBOOB HeO6XOI[I/IMO HAKOIIJICHHUE NTaHHbIX MUHU-
MyM ellle B TeUCHHE JIBYX JIET.

Cawma 1o cebe crannus SVZ pacuipsieT 30Hy MOHUTOPHUHTA apKTHYECKOTO PErvoHa,
HO M3-3a MaJIOTO YHCJa CTAHIMHA B PerMOHE HU3Kasi TOYHOCTh OTIPE/IeNICHHs MUIICHTPOB
HE TTO3BOJISET B IMOJTHOM MEPE YUUTHIBATH 5TU JaHHBIC IPHU U3YUCHUN I'COANHAMUKU U TCK-
TOHUKH APKTHKH.

Jlokanvuste cobvimus. CormacHo karajory ISC (puc. 2), B paitone apx. CeBepHas
3emis ¢ 1900 mo 2014 r. 3aperucTpupoBaHo § 3eMIIETPSCEHUN ¢ MarHUTY/JAaMH BBIIIE
4,0 u eme oaHO 3emileTpsiceHue JouupoBaHo B 2016 1. B TOM Xe pailoHE CTaHIUSIMU
ApXaHreJIbCKON CEHCMUYECKOM CeTH C MPHUBIICUCHHEM 3apyOexkHbIX qaHHbIX (ML = 3,8).
Corpynnukamu sadoparopuu cericmonorun A.H. Mopozoesiv 1 H.B. BaranoBoit mpo-
BE/ICHO TIepEOTpeIeTICHNE AUIICHTPOB JIOKANBHBIX 3eMIIETPSICEHUH paiioHa apx. CeBepHas
3emJrs, 3aperucTprupoBaHHbIX 10 1989 1., mo Meronuke, onucanHo# B [14]. B pesynsrate
HETIOCPEICTBEHHO B paifoHe apXuIlenara 10 yCTaHOBKHM cTaHIUU SVZ norupyercs 6 ceic-
MHUYECKHX COOBITHI (OeIbie KPYXKKH Ha puc. 2).

3a aHaM3UPYEMBIil TIepHO] HaOMIOneH I cTaHimer SVZ 3ahUKCHpOBaHO 25 JIOKAIbHBIX
3eMJ'IeTpﬂC€HI/Iﬁ C pa3HbIX JMHUIICHTPAJIbHBIX paCCTOS[HI/If/'I C IIMPOKHM JUAIIa30HOM MarHuTyIbl
ML = 1,2-4,9 (cm. puc. 2). [IpeobnanaroT HU3KOMarHUTyaHbIe 3emiuerpsacenust (ML < 2.5).
3anucu CoOBITHI XOpO1IEro Ka4eCTBa, BCTYIUICHUA YETKUE, B OCHOBHOM BBIACIIAIOTCA 10 UC-
XOTHOMY CHTHAJTy HJIM MO BBICOKOYACTOTHBIM (husibTpam 6—10 u 8—12 I'i. CnoxkHOCTB 3aKITio-
YaeTcsi B TOM, 4TO U3 25 3aperucTpupOBaHHBIX COOBITHIA 32 pacCMaTpHBaeMBblii IEPHO] TOJIBKO
SVZ: BI—II’Z
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Puc. 4. CeficMuieckue 3ammiucu U pparMeHT 00paboTKH 3eMiteTpsiceHns BOmm3u apx. CeBepHas 3eMiist
11.01.2017 .

Fig. 4. Seismic waveforms and a fragment of the earthquake processing that occurred near the
Severnaya Zemlya archipelago 11.01.2017
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JiBa ObUIO 00pabOTaHO COINIACHO CTaHIAPTHBIM IPaBIiIaM 00padoTKK (MUHUMYM 3 CTaHILIMH)
U eme oqHo — 1o AByM craHimsaM SVZ 1 OMEGA ApxaHrenbckoil ceiicMUiecKor CeTH.
OcrayibHbIe 3eMIICTpsICeHUs ObLTH 00padoTansl B mporpamme EL, ucnons3yeMoit HaMu Jiist
00pabOTKH JaHHBIX, 3aPETUCTPUPOBAHHBIX OJHOMN CTaHIUCH.

Ha puc. 4 npuBeneH npumMep 00paboTKK Hanboee CHIILHOTO JIOKAJIBHOTO 3eMIIETPSI-
cenus, npousomeaumero 11.01.2017 r., ¢, = 07:43:09.2, ML = 4,9. K 06paboTke NpUHATHI
HCXOHBIC 3aIIMCH C YSTKHM BCTYIUICHHEM 00BEMHBIX BOJTH. KpoMe apKTHUeCKUX CTaHIIni
ApXaHrenbCKOil ceTH, ObUTH MPUBICYCHBI BOTHOBBIC (DOPMBI CO CTAHIIMH apPKTHUCCKHUX
rpyrin NORSAR (ARAO, SPAO).

C.LU.
l80°

apx. CeBepHas 3emns

70° 80° 90° ° 110° B.A.

B N < WS e

[—l8 [/]9 [ml10 =—]11 e12 013 W14 A15

Puc. 5. IIpocTpancTBeHHOE paciipe/ielieHue CeHCMUYECKUX COOBITHIA B paiioHe apxumnenara Cesep-
Hast 3emi1s Ha ()parMeHTe KapThl OCHOBHBIX HEOTEKTOHMYECKHX U TeOMOP(HOJIOTHUECKUX SIEMEHTOB
Apxrtuku 1o [15].

JIntocdepHblie INTHI: / — C 11031HENOKeMOPHHCKIM QyHIaMEHTOM, 2 — C TI03/IHeI0KeMOPUHCKUM (yHIaMeH-
TOM, TIO/IBEPTIIHECS FePLIIMHCKUM TeKTOHMYECKHUM epopMaIysaM; 3 — aKKPELMOHHO-KOJTN3HOHHBIE KOMILIEKCHI;
4 — gexon (neopMHUPOBaHHEIN B ME3030€); 5 — TPOTH U CKIIOHBI ¢ KOPOH IIEPEXOTHOTO THIIA; 6 — COBPEMEHHBIH
KOHTHHEHTAJIbHBIN CKIIOH; 7 — OKeaHudeckas kopa. Hoselimue pasnomst 1o [8, 9]: § — cOpockl, 9 — B30poCHI,
10— HeyCTaHOBIIEHHOTO TUIIA; // — IpaHUILbl CTPYKTYP; /2 — JIOKaJIbHbIE 3eMIICTPSICEHUST; /3 — 3eMIICTPACEHUS.
3a 1900-2014 rr. no nanueM ISC; /4 — nenoBele coObITHS; /5 — IMYHKT ceficMuyecKux HaomoneHuii «CeBepHast
3emis»; | — Talimbipckuii akkpentnoHHbId 1osic; 11 — HOxxHo-TalMbIpcKkuii ckia[4aThlii 1osc

Fig. 5. Spatial distribution of seismic events in the Severnaya Zemlya archipelago region on the map
of main neotectonic and geomorphological elements of the Arctic by [15].

Lithospheric plates: / — with Late Precambrian basement, 2 — subjected to Hercynian tectonic deformations; 3 —
Neoproterozoic Taimyr accretionary belt; 4 — cover of the Siberian craton subjected to tectonic deformations in the
Mesozoic; 5 — troughs with suboceanic type crust; 6 — continental slope; 7 — oceanic crust. Neotectonic faults:
8 — normal faults, 9 — thrusts, /0 — undetermined type; // — structures boundaries; /2 — local earthquakes;
13 — earthquakes for 1900-2014 by the ISC catalogue; /4 — icequakes; /5 — seismic station SVZ; I — Taimyr
accretion belt, Il — South Taimyr fold belt
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Hudopmarius 00 SIHIIEHTPE 3TOTO 3eMIICTPSICEHHUS COAEPIKUTCS B MEKIYHAPOTHOM
uentpe IDC. O6paborka B IDC mposesiena no ganHbM 14 celicMuuecKuX CTaHLMH, f,
= 07:43:04.4, ML = 4,1, m_ = 3,6. PasHuua Bo BpeMeHU B odare Mex1y odpaborkoit
B 1aboparopuu cericmonoruu (cM. puc. 4) u IDC cocrauia 4,4 ¢ u 0,14°, 4To B JaHHOM
ClIydae MOXHO CUHTAaTh XOPOIIEH CXOAUMOCTBIO Pe3yiIbTaToB.

Hecmotpst Ha omnpeneneHHbIe TPYAHOCTH IIPU 00pabOTKe COOBITH, UX SMHUIICHTPHI
NpUypOUEHBI K rpanuiie Kapckoii mimThl, momaaart B 300y CeBepo-TaiMbIpckoit aedop-
MalMi — pas3jioM cOpocoBoro xapakrepa (puc. 5) mo [15]. Comtacuo padoram [15, 16,
17], nposiBeHre CEHCMUYHOCTH TPEATONIOKUTENBHO CBI3aHO C TIpolieccaMu pudrorenesa,
pa3BUBAIOLIETOCA B LIEHTPAJIbHOW CEHCMOAKTUBHOM 30HE Mops JlanTeBbIX.

Cobbimust 1eonuxo602o npoucxoxcoenus. Ha 3anmcsax cranimii SVZ oTMevaroTcst
umIyiabcHble MuKpokosiebanus (MMK), npennonokuTeabHO CB3aHHbBIE C JIGAHUKOBOW
AKTHBHOCTBIO MPUIIAsl MJIM JIEAHUKOBBIX KynouoB. [logoousie UMK HaOmonarorcst u Ha
JIPYTUX CTaHIUAX ApPXaHTENbCKON CETH, PaCIONOKEHHBIX KaK Ha apKTHUYECKUX OCTPO-
BaX, TaK ¥ Ha rore ApxaHrenbckor oomact, — «KiumoBckas», « Tamuriay, «CoaoBKm»,
«Amaepmay, «3emist @panra-Hocuday. Bee oHE 0051a1a10T CXOKUME XapaKTEPUCTHKAMU
BOJIHOBO# (hOPMBI:

— ITUTENbHOCTH 3alMCH OJHOTO UMITyJbca cocTaBisieT oT 1,5 mo 5 c;

— Ha 3aIUCHU MPUCYTCTBYET IUIABHO 3aTyXaloIasi «XBOCTOBAs 4acTbh, KOTOpas Oosee
JJIMHHONIEpHUOAHAA 10 CPAaBHECHUIO C IMEPBBIM BCTYIUICHUCM;

— CHCHI/I(I)I/I‘IHI)IM JJI4 HUX ABJISICTCA U TO, YTO Ha 3alIMCH HEBO3MO>XKHO BBIACIUTH
BCTYINICHHU TPOJAOJBHBIX U IMOIEPEUYHBIX BOJIH;

— MaKCHUMyM YaCTOTHI IPUXOIUTCS Ha auamnas3oH 2—-8 I'm.

HOI[O6HOFO poda UMIIYJIbChbl HA BCEX CTAHIUAX CBA3BIBAIOTCA HAMU C JICTHUKOBBIMU
nporeccamu [18, 19, 20].
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Puc. 6. CelicMuueckast 3aiCh JIOKaIbHOTo cooprtus 11.12.2017 .

Fig. 6. Seismic waveforms of the local event 11.12.2017
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HcknroueHust cCOCTaBHIIM JIBA CEUCMUYECKHUX COOBITHS, poun3omennme 11.12.2017 .
Ha paccrosiHusix 20 kM u 35 kM ot craniuu SVZ (puc. 6). Ha 3anucsx Beigensirorcst (hasbl
MpoaoIbHOM (P) 1 nornepedHoi (S) BOJIH, YTO JaeT BO3MOXXHOCTH OIIEHUTHh MECTOIIONIOXKe-
HUe >MuleHTpoB. Ha kapte puc. 2 oHM OTMEUEHBI 3€JIEHBIMU KBaJpaTaMH.

BbIBO/JbI

PasButne cerelt MHCTPYMEHTANBHBIX CEHCMOJIOTHUECKAX HaOmoneHnit B Poccwmii-
CKOM APKTHKE OTKPBIBAET JONOIHUTEIbHBIE BO3MOXHOCTH PACIIMPEHNUS IPEICTABICHUN
0 TeoIMHaMHKe JaHHOTO pernoHa. [lepBrIe pe3ynbTaTsl paboThl CEHCMUYIECKON CTAaHIMN
SVZ, HecMOTpst Ha KOPOTKHI MEPHOA aHATM3UPYEMOTO MaTepHaa, MO3BOJISIOT JOMOI-
HUTH 001IyI0 KapTrHY bapermneBo-Kapckoit KOHTHHEHTAIEHOW OKpanHEI 1 EBpasuiickoro
cybbacceliHa B 11eJIOM HOBBIMHU CBEICHMSMH O HOBEWIIEH TEKTOHWYECKOW aKTHBHOCTH
paccMaTpruBaeMOro perruoHa. BONBIIMHCTBO CEHCMUYECKHX COOBITHII, KOTOPBIE PETH-
CTpupyeT cTaHius SVZ, SBISIOTCS PerHOHAIBHBIMUA U IPUYPOUYCHBI B OOJIBIIMHCTBE
CilyyaeB K BOCTOYHOHN yacTh xpeOrta ['akkens. MarHUTyaHBIN IUara3oH perHOHATbHBIX
3EMJIETPSICEHUH C IPUBJICUEHUEM JPYTUX CTAaHUMK cocTasisier ot 3,1 1o 5.4. JlokanbHble
3eMIIETPSCEHUSI MpUypoueHbl K rpanune Kapckoil mintel u 3oHe CeBepo-TailMbIpckon
nedopmanum, okpanne bapenneBo-Kapckoro menbda; 3adMKCHpOBaHbI COOBITHS B palioHe
TPaHCIIOPTHOTO Kopuaopa CeBepHOTO MOPCKOTO ITyTH. 3HAYEHHUE JIOKAIbHOM MarHUTY/IbI
3eMJICTPSICCHNI HaXOOUTCs B Auamnazone ot 1,2 no 4,9. Pacuer ¢okanbHBIX MEXaHH3MOB
MPOM3OLIEAIINX PETHOHAIBHBIX W JIOKAIBHBIX 3€MJICTPSACEHUH B CHITYy MPAKTHYECKOTO
OTCYTCTBHUSI CEHCMHUYECKNX CTAHIMHA B pacCMaTpHBacMOM PETHOHE B HACTOSINEE BPEMs
HE TIPEICTABISIETCS BOSMOXHBIM. AKTyaJIbHOH CTaHOBHTCS 3a/lada PacIIMpeHHs ceTel
celficMuyeckux HaOmroneHni B Poccuiickoit ApKTHKe.
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Ne 18-05-70018 «I'eoqmHammudeckast 00cTaHOBKa He(pTera30HOCHBIX MpoBUHIMH bapenmesa
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Summary

The article gives a characteristic of the psephitic material obtained in the IODP-302 well on
the Lomonosov Ridge. We provide data on the shape of rock fragments, their roundness, petrographic
composition and distribution over lithological units of the well. It is shown that the major part of
the psephites was delivered to the drilling point with ice, but several samples have a local origin and
characterize the composition of the Mesozoic rocks. The roundness of the psephites consistently
deteriorates in the younger enclosing sediments. The paper presents arguments that link this trend
Citation: Krylov A.A., Gusev E.A., Mirolubova E.S., Chernykh A.A. Geological and paleooceanological significance
of psephite from the cretaceous-cenozoic deposits from the near-pole part of the Lomonosove ridge. Problemy
Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64 (2): 182-199. [In Russian]. doi: 10.30758/0555-
2648-2018-64-2-182-199.
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with the intensification of the ice regime. The consequence of the ice cover increase is the shortening
of the time of psephites occurrence in the wave-surf zone, where large-sized material is rounding, by
activating the “anchor” mechanism of the rock fragments capture. The level of change in petrographic
associations of psephites generally coincides with the level of change in the association of heavy
minerals, which is a consequence of the appearance of more distant sources areas. It is shown that
the “paleo—trans—polar” ice drift system began to function in the middle Miocene. The paper draws
conclusions about the evolution of the ice regime in the Arctic Ocean during the Cenozoic.

Hocmynuna 1 urons 2018 e. Ipunama x neuamu 29 urons 2018 2.

Knrouegvie crnosa: negoBbid pa3HOC, MajJeo-TPAHCIONAPHBIN J1eqoBbIi apeiid, CeBepHBIi
JlenoBuTelii okeaH, xpedeT JIoMOHOCOBa, TICE(PUTHI.

JlaeTcs xapakTepucTUKa MCe(GUTOBOrO MarepHaia, Moly4eHHOTO MpHU OypeHHH CKBa)KHHBI
IODP-302 na xpebte JlomoHocoBa. [IpuBonsTcs ganHble 0 popMe 00IIOMKOB, UX OKaTaHHOCTH, I1e-
TporpaduueckoMy COCTaBy M pacipeielIeHHIO 110 JINTOCTPATHI pahuueCKUM KOMILIEKCaM CKBaXKHHBI.
ITokazaHo, 4TO OCHOBHAs 4YacTh IPyOO3EPHHUCTHIX O0OJIOMKOB Obla JOCTaBlIeHa K TOUKe OypeHHs
JIbJJAMH, OTHAKO HECKOJIBKO 00pa3I[0B UMEIOT MECTHOE MPOUCXOKAECHHE U XapaKTEPHU3YIOT COCTAB Me-
3030MCKUX MOpoA. OKaTaHHOCTH NICE(QUTOB 3aKOHOMEPHO YXY/IIIASTCS ¢ OMOJIOKEHHEM BMEIIAOIINX
oTioxeHHH. B paboTe npuBeaeHb apryMeHTBI, CBSI3BIBAIOIIHE 3Ty TEHASHIHIO C YCUIIEHHEM JI€I0BOTO
pexuma. CeACTBUEM YBEIUUEHHUS JTEAOBUTOCTH SIBIISIETCS COKpAIIEHHE BPEMEHN HAaXOXKIECHHS TCe-
(uUTOB B BOIHO-NPHOOHHOM 30HE, B KOTOPOI MPOMCXOUT OKaThIBAHUE KPYITHOMEPHOTO MaTepHaa,
3a CYET aKTHUBU3ALMHU SKOPHOTO 3aXBaTa 00JIOMKOB 1opoa. Vi3aMeHeHue nerporpaduyeckix accolu-
anuii nceuToB B IETIOM COBIAIAET C N3MEHEHHEM aCCOIMAIMI TSXKEJIBIX MUHEPAJIOB, UTO SBIISETCS
CJIE/ICTBHEM TIOSIBIEHUs OoJiee AalbHUX HCTOYHUKOB cHoca. [Toka3aHo, U4To maneo-TpaHCTIONpHast
CHCTEeMa JIeJoBOro Jpeiia Hayana (pyHKIMOHUPOBATh B cpeqHeM MHoLeHe. CenaHsl BBIBOAbI 00
0COOEHHOCTSIX IBOJIOLNH JIEIOBOTO pexkrMa B CeBepHOM JIemoBUTOM OKeaHe B KaifHO30#CKoe BpeMsl.

BBEJIEHUE

[lepBoe mybokoBogHOE OypeHne B LeHTpajibHOI yactn CesepHoro JlemoBuroro
okeana (CJIO) coctosunochk B 2004 1. B paMkax MexayHaponHoit sxcnequiun [ODP-302,
npoekt ACEX (Arctic Coring Expedition). /Io aToro MoMeHTa Bce MOZIENHN TeOJIOTHYE-
CKOTO CTPOEHHUSI APKTHUYECKOTO OacceiiHa OCHOBBIBAJINCH Ha PE3yJIbTaTax reo(pu3niecKux
UCCIIEI0BaHMUH, JaHHBIX TEOJIOTHU OKPYIKAroLIeH CyIH, MaTepHaiax rryOOKOBOAHOTO Oy-
penus B HopBesxcko-I' pennanackoM 6acceiiHe 1 4eThIpeX KOPOTKHX IPYHTOBBIX KOJIOHKAX,
MOAHSBIIMX DOLICHOBBIE, KAMIIAHCKHE U MaaCTPUXTCKHE OTIIOKEHUs Ha xpeoTe Aunbpa
B skcnenuiusax CESAR u nenoBoro octposa T-3 [1, 2]. B utore ycrneurHo npoBeeHHOTO
OypeHus B IPUIIOIIOCHON yacTh xpedra JIoMoHOCOBa OBIT MMOTy4eH YHUKaIbHBIA KEPHO-
BBII Marepuall, TO3BOJISIOIINI B 3HAUMTEIILHOM CTENEHH BOCIIOIHHUTE MPOOEITbl B 3HAHUSX
o reonorndeckoM pazsurun CJI0. braronapst 5TUM TaHHBIM OBLIH CYIIECTBEHHO YTOYHEHBI
MPE/ICTABIICHUS O KAWHO30MCKOM IBOJIONUY IIEHTPAIBHOM YacTH APKTHUCCKOTO OaccerHa.

B Hacrosmieit pabore npuBeieHbI HOBBIE JJaHHBIE O PACIIPE/ICICHUH KPYITHOMEPHOTO
nceuTOBOrO MarepHana B pa3pe3ax CKBa)KHH, IPOOYPEHHBIX B YKa3aHHOW DKCIEIUIINH,
ero nerporpadguyeckoM cocTaBe U pesyinbTarax MOp(OMETPUYECKOro aHamu3a. AKTy-
ANBHOCTh 3THX MCCIICIOBAaHUN OINPEAENIAETCS MPEX/e BCEro MOBBIIIEHHHIM BHUMaHHEM
Te0JIOroB K MpodieMe POUCXOXKICHNST KPYITHOMEPHBIX 0010MKOB. Buanmoe coneprxanue
JIOHHO-KaMeHHoro Marepuana (JIKM), kak mpaBuiio, yBeauuuBaeTcsa B Ipeaenaax Mono-
*KUTeNBHBIX MopdocTpykTyp CJIO, 4TO NIPUBOAUT MHOTHX UCCIIEAOBATENEH K MOIBITKAM
MOKMCKOB NCTOUHKMKOB JIKM cpe/y IOKaJIbHBIX BBIXO/IOB HA MOPCKOM JTHE KOPEHHBIX MOPOI.
Kak Oyner nokazaHo HMXe, IPAaKTHUECKU Bce 00pasiibl, N3yYeHHbIE HAMH, OBUTH JOCTaB-

183



TEOJIOT'MA U TEOPHU3UKA

JIEHBI K TOYKe OypeHHs B rpeOHeBOl uactu xpebTa JlomoHOCOBa JibaaMu/aiicOepramu.
3T0 NMO3BOJIAET UCIIOIB30BATh X B KaUECTBE MapKepa JIeJ0BOTO pa3sHOCca, CBOCOOPa3HOTO
«J1e710BOTO (hOHA», OTHOCUTEIBLHO KOTOPOro MOXKeT ObITh BblneneH JJKM mecTHoro mpo-
HUCXOXIACHUA.

Kaiino3zoiickas uctopus aenooro pexkuma CJIO — npyras BaxHeiInas mpoosiema,
PCIICHHUIO KOTOPOH MOXKET [TOMOYb U3yUeHHE NceUTOBOro Matepuaia. Ha ceromusimtuit
JIeHb (DUKCUPYETCs 3HAYMTEIIBHOE COKpAIIICHHE KOJUYECTBa JbA0B B LleHTpanbHOl Ap-
KkTuke [3, 4]. MHOTOYHCIIEHHBIE KITMMaTHUECKHE MOJIENIH TIPECKA3bIBAIOT IPOTPECCUBHOE
YMEHBIIIEHHEe MOPCKHX JIBJ0B B Oymymiem [5], oJHaKO CyIIeCTBYET HEONPEAEIeHHOCTh
B MOHMMAaHWU MHTEHCHUBHOCTH 3TOro Tpoiecca [6]. [Ipobnemsbl ¢ MporHo3upoBaHUEM,
OYCBHUIHO, 06yCJ’[OBJ’ICHBI TEM, UTO YYCHBIC YUUTHIBAIOT HE BCC (baKTOpI)I, BJIMAKOIINEC HA
coBpeMeHHble (uiyKTyaluu kiuMara. MHpopManus o J1e10BOM PeXUME B TE€OJIOTHYECKOM
HPOLIOM JIOJDKHA, O€3yCIOBHO, aHATM3UPOBATHCS [IPU ONPEIeNICHUU TPUYHH HaOII0/1ae-
MBIX ceiluac u3MeHeHU!. B reosornyeckoii IETONMCH KaitHO30s1 CyIlleCTBOBAJIA HHTEPBAJIbI,
AHAJIOTUYHBIC COBPEMEHHBIM KIIMMAaTUYCCKUM YCJIIOBUAM. HpI/I 9TOM BC€ KOJIeOaHUs Jeao-
BOT'O peXHMa ObUTH CBSI3aHbI HCKIFOYUTEIBHO C IPUPOAHBIMU (DAaKTOPAMH, YTO BaXKHO KaK
JJIIsL KOppeKTHOﬁ OIICHKHU 3HAYMMOCTH aHTPOIOICHHOI'O BIIMSAHUA HAa KJIMMAT B HACTOSAIIECC
BpeMsl, TaK | JIsl MOACIMPOBAHUSI U3MCHEHUH TeMIIepaTyphbl B OyIyIeM.

HeCMOTpﬂ Ha TO, YTO BPEM IMOABJICHUA IIEPBBIX CE30HHBIX U MMaKOBLIX JIBJ0B B LICH-
TpasbHOU ApKTHKE 00CYKAaJI0Ch B psijie NyONMKalyii, HOArOTOBICHHBIX 110 Pe3yJibTaTam
u3ydenusi oopasuoB u3 ckBaxxud ACEX [7-15], naHHbIi Bompoc ocTaercsi peIMeToM
nuckyccuid. IlceduToBblil MaTepras BaXkeH ISl pelIeHHs YKa3aHHON HPOOJIEMBI.

MATEPHAJIBI U METO/IbI

Touku aust OypeHus ObUTM BHIOPaHBI HA BEPILIMHE MPHUITOIIOCHON YacTH XpebTa Jlo-
MOHOCOBA BI0JIb ceficMuueckoro nmpoduist «kAWI-91090» (puc. 1). Beero 0bu10 mpoiiaeHo
5 CKBa)XMH, HEPAaBHO3HAYHBIX 110 ITyOMHE U BBIXOAY KepHa [16]. PaccTosiHre Mex Ly HUIMU
HE MPEBBIIIANIO0 HECKOIBKUX MHJIb.

B mepBoit Touke 302-M0001 ymanoch MOIHATH JHII MATH METPOB IpyHTa. M3-32
YXYIIICHUS JIETOBONH 00CTaHOBKH OBLIO MPHUHSTO pellieHHE NepeiiTh Ha HOBOE MECTO,
B KOTOpOM npoOyprn ckBaxuHy 302-M0002 rmry6unoii 271,69 m; pabora 6bu1a ipexpa-
IIeHa B CBS3M C TSDKEIBIMU JIETOBBIMU ycnoBusiMu. B Touke 302-M0003 ob6opynoBanue
oTkazajo Ha mryoune 15 M. CkBaxunna 302-M0004A 6puta ocTaHoBiIeHa Ha ypoBHE 428
M TIOCJI€ MPEANONIOKHUTEIBHOTO BHEIPCHUSI B TIOPOJIbI «aKyCTHYECKOTO (DyHJaMEHTay,
IpyUYeM B HHTepBaje 27-265 M kepH He orOupaincs. Psmom, B Touke 302-M0004B 6pu1n
orpoOoBaHbI 1Ba KOPOTKUX HMHTepBaia. [locnemnioro ckBaxuny 302-M0004C npoOypuiu
C LIENBIO TTOJTyYeHHs TUTHO-TUICHCTOIICHOBOTO pa3pesa ¢ BRICOKMM paspenieHneM. Ha oc-
HOBaHHUH JICTANbHOTO H3yueHus kKepHa u3 ckBaxuH M0002A u M0O004A 0w cocTaBieH
CBOJIHBIN pa3pe3 MOIHOCTHIO 428 M [1, 16].

Bcero u3 omnoxenuii n3piekinu 58 oonomkoB kpymHee 0,5 cM. OOIOMKH MEHBILIETO
pa3Mepa He ObUIM BKIIIOUEHBI B HAIlle MCCIIEIOBaHKE, TOCKOIBKY UX MeTporpaduyeckas
XapaKTepHCTHKa, KaK MPaBUIO, MeHee MH()OPMATHBHA, YTO CHHXKAET UX IIEHHOCTh B Kaue-
CTBE MOPOJI-MapKepOB obnacTei cHoca. [1pu aToM paHee mpoBeAeHHBIN aHATU3 TPABUITHO-
npecBaHbIX (2—10 mm) o6oMkoB, otobpanHbIx B CJIO [17-19 u ap.], 6e3ycioBHO, BakeH
Juis OoJiee TOYHOM XapaKTEepPUCTHKH WHTEHCUBHOCTH JIEIOBOI0/aiicOeproBoro pasHoca
U cTparurpaduueckoil MpUBSI3KA 3TUX COOBITHIA.
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CelicMHUECKHE TTHKETBI
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Puc. 1. Mectononoxenue ckBaxxud ACEX-I0ODP-302 srons ceiicmuueckoro npodunst AWI-91090
[16]. Ha Bpe3ke nokazaHa nmaneopekoHcTpyKius 11t CeepHoro JlenoBuroro okeana Ha S0 MITH JieT
Hazap [16]. IIpuBenenst Gororpaduu THIHYHBIX 00Pa3LOB MCE(YUTOB U UX MOIOKEHUE B paspese.
Coxpamenus: JIIIK — nuronormueckuit moakomiuiekc; JIK — muronornueckuit kommieke. Ha
nutocTparurpaduaeckoit kojgonke He obo3nauensl JIITK 1/4, JITIK 1/5 u JITIK 1/6

Fig. 1. Location of the ACEX-IODP-302 boreholes along seismic line AWI-91090 [16]. The inset
shows the paleoreconstruction for the Arctic Ocean for 50 million years ago [16]. Photos of typical
samples of psephites and their position in the section are shown. Abbreviations: LPK — lithological
subunit; LK — lithological unit. LPK 1/4, LPK 1/5 and LPK 1/6 are not marked on the lithostratigraphic
column

[Mpu uccnenoBannu nceduroBoro Marepuana u3 ckBaxkubl ACEX Mbl IPOM3BOIMIH
HM3MEPEHHs M0 TPEM B3aMMHO-TIEPIICHANKYISIPHBIM ocsiM (A>B>C) u paccuuTsIBaiIn OT-
Houienust B/A (crenens ymuiunenust) u C/B (cTeneHp yIUIOmEHHs) 1Sl XapaKTePUCTHKH
chepuunoctH (phopmbl) 00pa3ioB o uzBectHomy meroay T. Ilunrra (1935). [Jaunas
KJIaccu(UKaLus, BEPOATHO, IO CUX 0P SBJIAETCS Hanbosee pOCTOH, TOHATHON H JIOTHY-
HOW CHCTEMOH, B KOTOpOH TceduThl 1o cBoeil hopme pasiensioTcst Ha YeThIpe Kiacca:
1 — nuckoBUAHBIE/TA0IUTYATBIE, 2 — OKPYIVIbIE/U30METPUYHBIC, 3 — LUIUHIPUYECKIE/
YIUIMHEHHbIE U 4 — IJIacTHHYAThIe/yIUIOIEHHO-YIIMHEeHHbIe. VIHOTHa 00pasibl 3aHUMAIOT
MIPOMEKYTOUHOE TTOJIOKEHHIE MEeXy KilaccaMu, Hanpumep 1-2. [paHuis! Mexay Kiaccamu
MIPOBOJISATCS 110 OTHOILICHUIO OCel, paBHOMY 2/3.

OKaTaHHOCTB IICE(UTOBOTO MaTepraja ONpeae/suIach BU3yalbHO C IOMOIIBIO U3BECT-
HBIX TpadapeToB, MPUBA3aHHBIX K Koddduimentam Banesnna u Xabakosa [20]. C momorpto
koa(uimenToB I. Banenna okaraHHOCTh oneHHBasack 6onee aeransHo (ot 0,11 mo 0,90),
Torna kak y A.B. XabakoBa BbliessieTcsi TOJIBKO IsITh rpananmii (6aswios). Vicxomst u3 atoro,
(opma 00IOMKOB KITacCHHIMPYETCs ClieAy oM 00pazom (basuisl XadakoBa/kodpHIUEHTbI
Bapenna): 0/0,11-0,20 — neokarannblie, octpoyroibhbie; 1/0,21-0,40 — yrioBarbie wim pe-
OpUCTBIE C 3aMETHO MOTEPTOCTHIO pedep, HO C MOIHOCTHIO COXPAHEHHOH MCXOHOM OTrPaHKOIA;
11/0,41-0,60 — monyokaraHHbIe, COXPAHHBILIME, HECMOTPSI Ha OKAaTAHHOCTb, IEPBOHAYAIILHYIO
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HenpasuibHyto orpanky; 111/0,61-0,80 — xoporio okaraHHbIe, He UMEIOIHE OCTPBIX YITIOB
U pedep, TOBOJIBHO MPABHIBHO U PABHOMEPHO OOTOYEHHBIC; COXPAHMIIUCH JIMIIIb CIICIBI Ha-
yasipHO# orpanky; 1V/0,81-0,90 — oTIr4yHO OKaTaHHBIE, C MOJTHOCTHIO KPUBOJIMHEHHOM CIiia-
JKEHHOH MOBEPXHOCTBIO, C JICTICIITKOBUIHOM, POIMKOBHIHOM MK cheporaansHoi (hopmoii [20].
Ha3Banue nccnenoBaHHBIX HAMH TIOPOJ] JAHO MO pe3yJibTaTaM ONTHYECKOTO HCCIie-
JIOBaHUS HLIH(OB JTUOO BU3yaIbHOTO OIMPEACICHHS CIArarolinX UX MUHEPAJIOB.

PE3VJIBTATbBI UCCJIEJOBAHUSA

Cmpamuepagus omaooicenuti. Ha cerofHsIIIHUIA IeHb CYIECTBYIOT JBE albTEePHATUB-
HBIE cTpaTurpaduieckrne MOIeIH s OTIIOKEHHH, BCKPBIThIX ckBaxknHamu ACEX. «Crtpa-
turpaduueckas Mojesb-1» OCHOBaHA Ha COUYCTaHWHU OHOCTparurpaduu mo quHOdIarTess-
Tam U pacnpenenennu uzoromna '‘Be [1]. ComtacHo 3Toii MozeNn B paspese GUKCUPYETCs
HepepHIB B 0CATKOHAKOIICHUH NPOTSDKEHHOCTRIO 26,2 MitH JieT (18,2—44,4 mnH net Hazan).
B «Crparurpaduueckoit Mogenu-2» ucnonb3yercs: Os-maTupoBaHue, MOATBEPKIAEMOE
B II€JIOM JTaHHBIMU TI0 pacIpeneseHUI0 TUaTOMOBBIX Bomopociei [21]. JnutenbHOCTh
CpeIHeKaitHO30MCKOro mepepsiBa mpu 3ToM coctasisieT MeHee 400 Tric. neT. Pacxoxk-
JICHHE MEXIY YKa3aHHBIMH MOJIEJIIMU CYIIECTBYET TONbKO B MHTepBaie 151,28-299,95
METpPOB HH)XE MMOBEPXHOCTH JHA (MHIIA), YTO COOTBETCTBYET BO3PACTHOMY AMAIA30HY
12,31-48,6 maH neT. MBI ojiaraeM, 4To «MOJIeNb-2» SIBIsETCS Ooyiee 000CHOBaHHOM [22].

Pacnpeoenenue ncepumosozo mamepuana no paspesy. IlceputoBslii MaTepuan He-
PaBHOMEPHO paclpoCTpaHeH MO pa3pesy (CM. TabIuILy), XOTS U MPUCYTCTBYET B KAXKIOM
U3 YeThIpeX JUTOIOrH4ecKux KomiuiekcoB (JIK), BeIEIeHHBIX BO BpeMs JIETaIbHOTO

Tabruya

3nauyeHus kodpPpuuuenTos Bagesia, MOIIHOCTH JIUTOJOTHYECKHX KOMILIeKkcoB (JIK)
u noaxkomiuiekcos (JIIIK), koaunvectso ncepuros B JIK u JIIIK,
3HaYeHus ko3¢ unuenta [I/M

OKaTaHHOCTh
JIK u JIIK (k03 duument Banena) MomHoCTh KonnquTEg M
MuHuMyM— c Komu- JIKu JIIIK, v | nceduroB
Makcumym PEAHCC | e crBo”
1/1 0,25-0,46 0,32 4 MO003A: 1,1 1 0,91
M0004C: 5,29 3 0,57
12 0,11-0,22 0,17 4 MO003A: 13,9 2 0,14
MO0004C: 18,3 1 0,05
MOO004A: 4,68 3 0,64
1/3 0,11-0,76 0,30 20 1473 25 0,17
1/4 0,21-0,80 0,47 7 24,4 8 0,33
1/5 0,35-0,56 0,45 2 52 3 0,58
1/6 0,55-0,62 0,58 2 22,1 2 0,09
2 0,35 - 1 93,3 3 0,03
3 0,15 — 1 91,2 1 0,01
4 0,15-0,26 0,20 2 - -

Ipumeuanusi.” — KomM4eCcTBO 1CE(HUTOB, B KOTOPBIX ObLIA OLIEHEHA OKATAHHOCTh, MEHbILIE OOIIEro Yhcia
00pas3sIioB, MOCKOIBKY HEKOTOPBIE U3 HUX OKA3aJIiCh HEJOCTYTHBIMH ITOCIIE OIPOOOBAHMS KEPHA Ha JIPYTHE
BUJIBI aHANTH30B; ~ — ckBakuHa M0004 A mpomia Toibko gacts JITTK—1/2; ™ — Ge3 ayTMreHHbIX KOHKpe-
i (CUAEpUT U upuT); ~— ncedur/MeTp — KOJIMYECTBO TceuTOB HA 1 METp OcaaKa B KOHKPETHBIX
JIK n JITIK
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onucanus kepHa ckBakuH [16]. Hanbonee mommusiit JIK-1 pazgeneH Ha mecTh MOIKOM-
miekcoB (JITIK). Hmwxke npuBeneno kparkoe onucanue JIK ¢ nucnons3oBanuem «Crparu-
rpaduyeckoi Mozenu-2».

JITIK-1/1 Bxmrouaer ot 1,1 M (ckBaxkuna MO003A) no 5,3 m (ckBaxxuna M0004C)
TOJIOIIEHOBBIX — BEPXHETIEHCTOIICHOBBIX AJIEBPOIIETUTOBBIX OCAIKOB, UMEIOIIUX CHIIbHYIO
L[BETOBYIO II0JIOCYATOCTb, THITMYHYIO JUIS IOHHBIX OTJIOKEeHHH eHTpanbHoii yactu CJIO;
u3 Hero oroOpaHo 4 obpasia nceduros. JIIK-1/2 cocTout u3 15-18 M BepxHemIeHcTo-
LICHOBBIX aJICBPOIICIIUTOB, [[BET KOTOPHIX MEHSETCSl OT OJMBKOBO-KOPUYHEBOIO B BEPXHEM
YaCTH JI0 TEMHO-KOPUYHEBOTO BOJIM3M MOAOIIBEI (6 00pa3ioB 1ce(UToB). 3HAUYUTEIBHO
6osiee Mounublii (B nuHTepBasie 21,2-168,5 mumna) JITIK-1/3 npencrasieH ruieiicToleHO-
BbIMH — HW)KHE-MHUOLICHOBBIMH aJIEBPOIEIUTaMH OJIMBKOBBIX, OJIMBKOBO-KOPUYHEBBIX,
OJIMBKOBO-CEPBIX M TEMHO-CEpPHIX LBETOB (27 00pa3ioB 1nceduToB, aBa U3 KOTOPHIX —
ayturentble konkpeuuu). JIINTK-1/4 (168,5-192,9 MHII) ClIOKEH KOPUYHEBBIMH C Pa3HBIMU
OTTEHKaMH QJIEBPOIENNTAMH C JIMH3aMHU TI€CKa; BO3PACT OTIIOKEHHH IIIaBHBIM 00pazoM
OJIMTOLICHOBBIN, BKJIIOYasi HU3bl PAHHET0 MHOLICHA U BEPXH MPUAOOHCKOTO spyca MO3/He-
ro soueHa (9 o0pa3ioB nceduToB, OMUH M3 KOTOPBIX — jkelne3ucTtas KoHkpeuws). JITTK-
1/5 (192,9-198,1 MuMT), TaK HA3BIBACMBIH CIION «3€0pay, CIAMKEH MPUAOOHCKUMH aJIeBPO-
HeJIUTaMu ¢ HeOOMbIIMMH NecYaHbIMU JMH3aMHu (3 oOpasua nceduron). [To3nHer01EHOBDIN
JITIK-1/6 (198,1-220,2 M), Ha Hain B3OAA, omuOo4HO oTHeceH K JIK-1: reHeTHUYeCKH
Y TIO JIUTOJIOTHYECKOMY cocTaBy oH Ommke K JIK-2 ¥ cOCTOMT B 3HAYMTEIHHON CTETIEHH
U3 onajia-A ¢ HeOOJBIIUM KOJIMYECTBOM KPEMHHUCTBIX OPraHu3MoB (2 oOpasia nceuros).

JIK-2 (220,2-313,5 MHI) IpeAcTaBiIeH HIKHE-CPETHEIOIEHOBBIMU OTIIOKEHUSIMH,
COCTOSIILIMMU TJIaBHBIM 00pa3oM M3 KPEMHUCTBIX OPTaHU3MOB, IPUYEM HPUOIU3UTEIBEHO
C ypOBHs 285 MHIIJ BHHU3 10 pa3pe3y HauuHaeTcs TpaHchopmarus onana-A B onan-C/T.
Otcrona oToOpaHbl TpH 00pasiia nceUToB, PACHOIMKEHHBIX B HEIMIOCPEACTBEHHOM OJIH-
30cTH IpyT K Apyry: 238,1 munn, 238,77 muna u 240,41 muna. Ocanku JIK-3 (313,6—
404,8 MHIIT) TIpeACTaBIeHbl TEPPUTCHHBIMU PA3HOCTSIMHU PAaHHEIOIIEHOBOTO — TO3/IHEMAaIe-
oreHoBOro Bo3pacta (1 obpasen nceduroBoit pasmepuoct). Ha yposue 404,8—424,5 MuIn
KEpH MOJTHATH HE Y/aloCh.

Teppurennsie ornoxkenus JIK-4 (424,5-427,7 MHNT) IMEIOT KAMIAHCKHUH (BO3MOXKHO,
MaacTpUXTCKui) Bo3pact [16, 23]. B unrtepsane 424,5-424,83 MHIT — 3TO METUTOBBIN
NecyaHuk (BO3MOXKHO, MHKTHUT) CEpOro LIBETa, CLIEMEHTUPOBAHHbBIN 3a CUET IJIMHUCTOU
MIPUMECH, IUIOTHBIN, HO Kporamuiics (otoopad 1 obpaser nmcedutoBoil pasMepHOCTH);
B OCajJKe HaOIIONAI0TCs BKIIOUEHHS MEJIKHUX MHPUTOBBIX KOHKpeluid. B mpomexyTke
424,83-426,6 MHIA KepH oTcyTcTBOBaJl. Ha ypoBHe 426,6-427,43 MHIA OTIIOKEHUS TIpeT-
CTaBJICHbI [1I€CUaHON INIMHOM, 3€JICHOBATO-KOPUYHEBOM, B 11€JIOM IJIACTUYHOM, C BKIIFOUE-
HUSIMH [TIMPUTOBBIX KOHKpelnid. B ocHoBanuu paspesa (427,43—427,66 MHIT) paclionoxeH
M€CYaHUK C NIMHUCTBIM LIEMEHTOM, «CYXOW», JIETKO KPOILAIUNACA, LIBET TEMHO-CEPBII 10
kopuuHeBoro (1 odpaser ceuToBON PasMEPHOCTH).

Hnmencusnocms naxonaenust ncegpumosozo mamepuana. B tabauue u Ha puc. 2 npu-
BEJIeH [apaMeTp, MOKa3bIBAIOIIHI KOJIMUeCcTBO nceduToBoro Marepuaia (6e3 yuera ayTH-
TeHHBIX KOHKpeluii) Ha 1 mMeTp paspesa mist kaxaoro JIK — koaddunment II/M. C ero
MOMOIIIBI0 MOYKHO CYAUTHh 00 MHTEHCUBHOCTHU MOCTaBKU IPyO00OIOMOYHOrO Marepuala.
Maxkcumanbhas BenuunHa [1/M nabmronaercs B JITIK-1/1 u Bapsupyer ot 0,57 no 0,91.
B JITIK-1/2 II/M cumxaetcs a0 0,05-0,14; 3nauenne 0,64 B ckaxkune MO004A, oueBHIHO,
00BSICHAETCSI HEMOJIHBIM BCKphiTHeM ocankoB JITIK-1/2, Tak kak oTOOp KepHa 37eCh Ha-
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Puc. 2. laTeHCHMBHOCTE HakoruleHUs mceduroB (3HaueHHs kodpduuuenta [I/M) B JIK u JIIIK
ckBaknH ACEX-IODP-302

Fig. 2. Intensity of psephites accumulation (values of the P/M coefficient) in the LK and LPK of the
ACEX-IODP-302 wells

yascst Tonsko ¢ 17 m. B JITIK-1/3 koadpdunuent I1I/M pasen 0,17. B JITIIK-1/4 u 1/5 3Ha-
yenns [I/M yBenuuusarotcst 10 0,33 u 0,58 COOTBETCTBEHHO W TIOTOM, BHH3 TI0 pa3pesy,
pe3ko cHmxkatores o 0,09 B JITIK-1/6, 0,03 B JIK-2 u 0,01 B JIK-3, 94TO CBHIACTEIHCTBYET
0 3HAUUTEIHHOM YMEHBIIEHHH MocTaBku ncedutos Hke JITIK-1/5.

Dopma (cghepuunocms) ncepumogozo mamepuana. CoraacHO KIACCUPUKALIH
uarra, HanOoJbIIEE KOJINYECTBO 0OPA3LOB TATOTEET K JAUCKOBHIHBIM JINOO OKPYIJIBIM
¢dopmam — kmaccrl 1 (11 o6pasuoB) u 2 (15 00pa3oB) COOTBETCTBEHHO, a 2 00pasma
TIOTIa/IA10T Ha TpaHuIy Mexay HuMu — 1-2. Knacesl 3 (nmmHapudeckue/yIuInHEHHbIE)
n 4 (Tu1acTUHYAaTHIe/ YIIOIEHHO-YIUIMHEHHBIE) TTPEACTaBIICHbI Bcero 3 u 7 oOpasuamu co-
OTBETCTBEHHO, a 5 00pa3LloB 3aHUMAIOT I'paHU4HOE nonoxkenue — 3—4. Takum oOpazom,
yanuHeHHas ¢popMa He TunudHa s ncedurtoB ckBakua ACEX.

Oxamannocme ncepumogozo mamepuaida. B 11e1oM OKaTaHHOCTb M3YYEHHBIX 00-
JIOMKOB (0e3 yuera KOHKpeuii) Hu3Kast. B cucreme XabakoBa 3T0 B OCHOBHOM HEOKaTaH-
uele (0 6amios,12 06pa3noB) u Ioxo okaranusie (1 6amr, 18 06pasoB) pasHocTy, Toraa
Kak MoJyokaTaHHBIX (2 Gajura) 001I0MKOB Beero 8, a Xopolo okaraHHbIX (3 Gayura) — 5.
Koaddummentsr Banenna umeror 6onee mmpokxyto Bapuabenbrocts: ot 0,11-0,12 (Hau-
Xy/llasi OKaTaHHOCTH B BBIBETPEJIOM Oazaybre u cinaHue u3 yposaei 10,35 n 94,47 muna
cooTtBeTcTBeHHO) 110 0,79-0,80 (MakcuMasbHasi OKaTaHHOCTh B kBapuute co 190,5 MHIN).
CreneHp OKaTaHHOCTH M3Y4YEHHBIX IceuTOB XOopomo BuaHA Ha (ororpadusx, npea-
CTaBJICHHBIX Ha pHc. 1. OTMeyaeTcss B LIEJIOM 3aKOHOMEpPHOE YXYAIIEHHE OKaTaHHOCTH
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Puc. 3. Pacnipenenenune 3naueHuii koagduuuenta Bagenna B nceuroBoM Matepuaie mo paspesy
ckBakuH ACEX-IODP-302. Benuunnsl o ropuzoatanbHoi ocu: 00,20 — HeoKkaTaHHBIH, OCTPO-
yromnpasli; 0,21-0,40 — yroBarsnii wim pedpuctsiii; 0,41-0,60 — nomyoxarannsiid; 0,61-0,80 —
xopouro okaraHublif; 0,81-0,90 — OTIMYHO OKaTaHHBIH.

a) — 3HaveHus1 koaddunuenra Bagema B nceputoBoM mMarepuale B utonornyeckux kommiekcax (JIK). Ha
Bpe3Ke MOKa3aHbl yCIoBHbIe 0603HaueHus st JIK; 6) — 3aBHCHMOCTb CTENEHH OKATAHHOCTH ICE(pUTOBOTO
Marepuaia oT NIyOuHbI ero 3aneranus B ocajakax JIK-1 u JIK-2. YenoBHble 0003Ha4eHHs TIOKa3aHbI HA BPE3Ke K
puc. 3a; 6) — cpenHue 3HaueHUs Kodhduunenra Bagemna B JIK u JITIK

Fig. 3. Distribution of the Wadell coefficient values in the psephitic material from the ACEX-IODP-302
well section. Values on the horizontal axis: 0—0,20 — non-rounded; 0,21-0,40 — angular; 0,41-0,60 —
subrounded; 0,61-0,80 — well-rounded; 0,81-0,90 — perfectly rounded.

a) — values of the Wadell coefficient in the psephitic material in lithological units (LU). The sidebar shows
the symbols for the LU; 6) — dependence of the roundness degree of the psephitic material on the depth of its
occurrence in the sediments of LU-1 and LU-2. The notation is shown in the inset to Fig. 3a; ) — average values
of the Wadell coefficient in LU and LSU

oomnomkoB ot JITIK-1/6 x JITIK-1/1 (puc. 3). Hannyudinas okaraHHOCTh BCTpPEUYCHA Y 00-
pasiioB u3 JI[IK-1/4, XoTs B HEM Ke MOMAaAal0TCs U HEOKaTaHHbIC 00JIOMKH (CM. TaOmHILy).
B nenom ¢ aTuMm mokasarenem coriacyercst chepuunocts (popma) nceduToB, KoTopas
OIKe K M30METPUYHOM Y 00JIee OKaTaHHBIX 00PAa3IIoR.
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Puc. 4. MunepanbHbie U TIeTporpaduuecKue acCoHalliK B CBOMHOM pa3pese ckBaxuHbl ACEX-
I0DP-302.

a) — OTHOILICHUE KIIMHOIIMPOKCEHOB (CPX) K MOHOKIMHHBIM ampubonam (hbl). ITyHkTupHas JIMHNS T0Ka3bIBaeT
YPOBEHb, Ha KOTOPOM KIIMHOIUPOKCEH-IOMIHHUPYIOLIAsT aCCOLHALHS TSKEIIBIX MUHEPAJIOB (HIDKE) CMEHIIIACh POro-
BOOOMaHKOBO-IOMUHHUpYIOIIeH accoruanyeii (Bemue) [11]; 6) — nerporpadus ncepuroporo Marepuana. KpacHas
CTpeJKa [0Ka3bIBaeT yPOBEHb CMEHBI «KBapIl-JOMUHUPYIOIINX) ITOPOJ Ha «CMEIIAHHYIO» aCCOLMALIIO TIOPOL

Accoupanuu opoxa

Fig. 4. Mineral and petrographic associations in the composite section of the ACEX-IODP-302 well.

a) — the ratio of clinopyroxenes (cpx) to monoclinic amphiboles (hbl). The dashed line shows the level at which
the clinopyroxene-dominant association of heavy minerals (below) has been replaced by the hornblende-dominant
association (above) [11]; 6) — petrography of the psephitic material. The red arrow indicates the level of change
of “quartz-dominant” rocks to the “mixed” association of rocks

Ilempozcpaus ncepumosozo mamepuana. I1o cocraBy 00pa3ibl PEACTABICHBI IJIaB-
HBIM 00pa30M KBapleBbIMH Necyannkamu (puc. 4). Takxke BCTpedeHb! KpeMHEBas TIOPoa
(JITIK-1/1), 6a3zanst (JITIK-1/2), xBapuesstii rpasenut (JIIK-1/3), caannst (JITIK-1/3),
aneBpomutel (JIIIK-1/4, JIK-4), nonepur (JIIIK-1/4), kBapuutsr (JIIIK-1/4 — JITIK-1/6).
UYetsipe 0Opasiia NMEIOT, BEpOSITHEE BCETO, Ay TUTCHHYIO IIPUPOLY: TPH CHIECPUTOBBIE KOH-
KpELH HeNpaBWIbHOH (JOPMBI C IPHIMECHIO KBapIia M ITOJIEBBIX IINATOB C MEJIKOIIECYaHbI-
M cepocunepuramu (JITIK-1/3), u xenesucras (?) konkpenns (JIIIK-1/4). Ilpucyrcreue
CHUJICPHUTOB B pa3pese CKkBaXHHBI BO Ppakiun 0,05-0,1 MM otMedanochk Hamu panee [11].
Bt 060CcHOBaH MX ayTHUT€HHBIM T'€HE3HC 3a CUET AMareHe3a OpraHNYecKOTO BEIECTBA
[24]. B HmwkHel yacTu pa3pe3a BCTpEUaloTCs ayTUI€HHbIE MUPUTOBBIE KOHKpeuuu [16].

OmanM w3 BakHeHHX moctkeHnit sxcnenuimn ACEX sBuinock onpoboBaHue
Me3030icknx rmopox xpedra JIJoMOHOCOBA M TIOJTydeHHE KEPHOBOTO MarepHaia, o3BOJIs-
IOLIETO OXapaKTEepU30BaTh €r0 CTPATHIPapUUECKHE COOTHOMICHHUS ¢ NEPEKPHIBAIOIINMHU
KalfHO30HCKMMH oTiokeHusIMU. Bozpact JIK-4 0511 onpeenieH o MUKPOITaJIeOHTONOTH-
YECKUM JIaHHBIM KaK KaMITaHCKHMH, YTO MpeAIoNaraigo HAINYME B OCHOBAHWN KaWHO30s
JuuTenbHOro TepepsiBa [1]. OnHako Gonee MO3AHNE MATMHOIOTHYECKHE HCCIICIOBAHMS
nokasanu npucyrcrsue B JIK-4 MaacTpuxrckux (opM, 9TO yKa3bIBacT Ha BEPOSTHOCTD
JIUIIB KPaTKOBPEMEHHOTO pa3MbIBa B CAMBIX HM3axX HaneoueHa [23].

Jns merporpaduueckux MccilefoBaHUK HaMH OBUIH IOJIyYeHBI JBa oOpasna u3
JIK-4. Oqun u3 HUX — 41X-1 — MeNKO3epHUCTHIH TPayBaKKOBBIM NMECYaHUK (CperXHHUN
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pasmep 3epen 0,1-0,2 MM) ¢ kKpeMHUCTO-KapOOHATHEIM IieMeHToM. [lopoxa mopucras,
cnabocuemMeHTUpoBaHHas. OOJOMOYHAs YacTh MPEJCTaBIeHa CyOyIIoBaTbIMU, HHOTIA
B Pa3iIM4HOM CTENEHM OKAaTaHHBIMU 3€pPHAMHU KBAapLA C POBHBIM IPAMBIM, OYEHb PEIKO
OJIOYHBIM yracanuem. quI) MCHBIIEC ITIOJIOBUHBI O6J'[OMO‘-IHOI>1 YaCTU — XOPOIIO OKaTaHHbIC
00JIOMKH BUTPOKJIACTHYECKUX TY(POB U KPEMHSI, PACKPUCTAIITU30BAHHOTO JI0 MUKPOKBAp-
uuToB. Berpeuarores penkue 3epHa IiIarkokiasa, MUKpOKIMHA U CITFOIMCTO-KPEMHHUEBBIX
MHUKpociaHleB. Hekotopble 3epHa KBapa UMEIOT poMOUYecKyro (hOpMy, XapaKTepHYIO
JUIsl KBapLa u3 KUCIbIX 3¢ dy3uBoB. L{eMeHT 0CTPOBHOI! U TIIEHOYHO-KPYCTU(DHKALIUOH-
HBIH, 10 COCTaBy — KapOOHATHBIH (JI0JIOMUT, BOBMOXKHO, CO CTSDKEHHSMHU CHIIEPUTA),
IIPONUTAHHBIH KPEMHEKUCIIOTOM.

Bropoii o6pazer; — 42-CC — aneBpoauT ¢ TNIMHUCTO-KPEMHHUEBBIM IIEMEHTOM, Mac-
CHUBHBIH. O6ﬂ0MO‘IHa${ YacCTb MPCACTABJICHA NMPECUMYIICCTBEHHO KBapUEM, HCOKaTaHHbIM,
yroBarbiM, pazmepom 0,02—0,05 MM, ennaudnble 3epHa g0 0,2 MM. BeTpedarotcest penkue
3epHa IJIaruoKiIa3a, YeIyHKy CIIIoA, KpeMHUeBasi (OKpeMHEHHasA?) OpraHuKa. 3aMeTHBI
(parMeHThI MOXOXKKE HA PACTUTEIIbHBIC BOJIOKHA, 3aMEIIEHHbIE aMOP(PHON KPEMHEKHCIIO-
TOM. HCMCHTI/IpyIOHIaH Macca — MIMHUCTO-KPEMHUECBASA, MHTCHCUBHO IMMUPUTU3UPOBAHA.

Crenyer OTMETHTB, YTO AJIsl U3y4YEeHUs] HaM ObUTH JOCTYIHBI TOJIBKO 47 00pa3ioB
u3 58, M03TOMY NMpHBe/IeHHBIE BbIllIe MOPPOMETPUUECKUE U MeTporpapuyecKue xapaKkre-
PUCTHUKH HCC(bHTOB MOryT OBITH HE BIIOJIHE TOYHBIMH CTaTUCTUYCCKH, XOTS BCEC TPEH/bI,
0€e3yCJI0BHO, COOTBETCTBYIOT JAEHCTBUTEIBHOCTH.

OBCYXKJEHUE PE3YJIIBTATOB

Ilosenenue nepsvix ce30HHLIX 16008. Y UNTHIBAS TOJIOKEHHE CKBAKUH B BEPIIMHHON
30He xpebTa JIOMOHOCOBa M HaJIMYHE BBIIEPKAHHOTO «IIIAl[a» KailHO30MCKHUX OCa/IKOB
MoIIHOCThIO 6onee 400 M, CIIOXKHO NPEICTaBUTh HHOW UCTOYHUK KPYITHOMEPHBIX 0OJIOMKOB
MOMHMMO HX JIEJOBOT0/aiicOeproBoro pasHoca, o MeHbiei mepe s BepxHux 300-350
METPOB pa3pes3a. ITO MOATBEPIKIAI0T UMEIOIIHNECs CeHCMIUYECKHe TaHHBIE, TOKa3BIBAOIITHE
OTCYTCTBHE BBIXOJJOB IOPOJI aKyCTHYECKOTO (yHIaMEHTa B OKPECTHOCTSIX MPOOYPEHHBIX
cKkBaXHH. [IBa 0Opasua, oToOpaHHBIe U3 OCHOBaHUS CKBaXMHEI (JIK-4), uHTEpIpeTHpyIoTCs
KaK IMMpeACTAaBUTEIIN MECTHOI'O KOPEHHOT'O JIOXKA. Taxoxe BIIoIHE BEPOATHA MECTHAA IMpUpOaa
necuanmnka u3 JIK-3, HaliIeHHOTO B HETTOCPEACTBEHHOHN OJIM30CTH OT MaJICOLEH-201IEHOBOM
rpanuibl (Ha ypoBHe 385,19 MHII, 4TO COOTBETCTBYET BO3pacTy 55,2 mMitH jieT). B monb3y
OTOI0 CBUACTCIIBCTBYIOT TETUIBIN KIIMMaT H, KaK CJICICTBUE, Majlasd BEPOATHOCTb MPUCYTCTBUA
JIBJAOB, a4 TAKXKC He6OJH)H_Ia$[ MOIIHOCTH HAKOINUICHHBIX Ha TOT MOMCHT CHHOKCAHHYCCKUX
omtoxeHuil. C Ipyroil CTOPOHBI, HENTb3s TOJHOCTHIO OTPHUIIATh TEOPETHYECKYIO BO3MOXK-
HOCTb KPAaTKOBPEMECHHOTI'O IMOXOJIOAAHUA U SMIN30ANYCCKOTO IMOABJICHUA CE30HHBIX JIBO0B.
ITo kpaitneli mepe, pacnpeeseHue necuanon Gpakiuy C HETbI0 PEKOHCTPYKIIUH JIETOBOTO
pasHoca ObUIO U3Y4EHO TOJBKO B BepxHHX 274 merpax paszpe3a ACEX [14]. Oxnako ams
JI0Ka3aTCJIbCTBa 9TOMN TUITOTE3bI HeO6XOJlI/IMBI JOIIOJIHUTCIIbHBIC TAHHBIC. AHbTepHaTI/IBHBIM
MEXaHU3MOM JOCTAaBKH YKa3aHHOT'O o6pa3ua MOXET ABJIATHCA IPUBHOC B KOPHAX NECPEBLCB.

B moutu cromeTpoBoM «OHOoKpeMHUCTOM» JIK-2 00HapykeHO BCEro Tpu 00JI0MKa
nce(UTOBON pa3MEPHOCTH, YTO CBUICTEIBCTBYET O KpaifHe He3HAYUTEIHFHOM KOJTHYECTBE
JIBJIOB B 301IEHOBOE BpeMs. CaMblil «IpeBHUI» U3 HUX, HAWCHHBII Ha ypoBHE 240,4 MHIIL,
HMHTEPIIPETUPYETCS BCEMHU B KauecTBE MapKepa MOSBICHHS IEPBBIX CE30HHBIX JIHJIOB B Ap-
KTHKe [25] okomno 41,4 MitH JieT Ha3aj, eciu ucxoauTh u3 «Crparurpadudeckoii Moxenu-2»
[21]. OTu maHHBIE COITACYIOTCS C PE3yNbTaTaMU JCTAIBHBIX MCCICIOBAHUN MECYaHBIX
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3epeH (> 250 MKM) ¥ 3aBHCHUMBIX OTO JIbAA AUATOMOBBIX Synedropsis spp., KOTOpBIE TI0-
ABUIHCH Ha ypoBHE 260,3 MHIA [13], 4To COOTBETCTBYET BO3pacTy okojo 43,8 MIIH JeT
B paMKax «Mozenu-2». He3HauntensHble coaepikanus MeHee KPYITHOH (Qpakiuy pasMepoM
150-250 MM (uKCHpOBAIUCH B pa3pe3e YyTh paHblile, HaYnHas ¢ ypoBHs 273,25 MHIA
(45,4 mutH 16T — «MozEeb-2»). OCHOBHOE KOIMYECTBO MCE(HUTOBOIO Marepuaia cocpe-
notodeHo B TeppureHHoM JIK—1, B ero BepXHHUX YeTHIpeX MoAKOMIIeKcax (Tabmmua 1),
YTO OJHO3HAYHO CBHUJETEIHCTBYET 00 YCUICHUH WHTCHCUBHOCTH JIEJOBOTO PEXHMA.

[Mepeunrepnperanus qaHHbIX ckBaxxuHbl 913 (ODP), npoOypenHoii B [ pennanackom
Mope, TakXKe MMoKa3ajla HaJIM4he TaM MEePeHEeCEHHOro JbJaMHu 00JIOMOYHOIO MaTepuana
eIe B JOIICHOBBIX OTJIOKEHUSX, HaUMHAsI ¢ 44 MIIH JeT Hazaz [26].

Ilepasvie naxosvie 1b0vt. CyiecTByeT MHEHHE [8], UTO mepBble MakoBblie JbAb B CJIO
MOSIBUIIMCH Y)K€ B CpeIHeM dolieHe (0komo 47 MIIH JieT Hazaz coracHo «Crparurpadu-
YeCKoi Mozeiu-1» uin okojo 44 MitH JieT comtacHo «Crparurpaduieckoil Momenn-2»).
JanHas rumore3a He MOATBEPIKIACTCS PE3yIbTaTaMU UCCIICIOBAaHHUN IMAlIeoTeMIIepaTyp
(C37:4 ankeHOHBI), COTJIACHO KOTOPBIM B CPETHEM 30IIEHE MOIJIA CYIIECTBOBATH TOJHKO
ce3oHHBIC TBI [2]. Tlocne u3yueHns cKopocTeil JOCTaBKH TEPPUTEHHBIX MHHEPAJIOB OT
BO3MOYKHBIX 00JIacTell CHOCA K TOuKe OypeHus (COCTaBIAIOMNX MEHBIIIE WK OOJIBIIE OTHOTO
roJla) M XapaKTePUCTHKU PacIpe/ieSIeHUs: MUHEPAJIOB TSHKEJION (paKkLuu Mo paspesy ObLIn
OITyOJTUKOBAHBI MPEANIONIOKEHUS O TOSIBICHUH MHOTOJICTHUX JIBIOB B CPEIHEM MHOILICHE:
13 mutH niet Hazaz [11] (cootBercTByeT 15,1 MiH JieT Hazaz B pamkax «Crparurpadudeckoit
Monenu-2») i 14 mu set [7]. CBuaeTenabeTBa 00IIero MoXoI0JaHus B CPEAHEM MHOLIE-
HE TPUBOIWINCH U B Ipyrux padorax [27-29]. Bepcus o Gosee mo3aHeM BOZHUKHOBEHUH
MAKOBBIX JIB0OB OCHOBAaHA HA JAHHBIX O MPeoOIaJaHu CE30HHOTO MOKPOBA M O HAJTHYIUU
«UYUCTOM BOABI» B HEKOTOPBIE MHTEpBasbI ummoreHa [12, 30, 31] u muonena [31, 32]. Jto,
OJTHAKO, HE MCKIIFOUYACT BO3MOKHOCTH SIH30AMYECKOTO IMOSBICHUS MHOTOJICTHHX JIBIOB
B OTJEJIbHBIC MHTEPBAJIbI HEOTeHA WM YacTHYHOro nokposa umu CJIO, kak, Harpumep,
B Hacrosiiee Bpemsi. Mcronp3oBaHue COBpEMEHHBIX CKOpocTel npetida st Oonee TpeBHUX
TeOJIOTMYECKIX HHTEPBAJIOB BBI3BAJIO KPUTHUKY, OCHOBAHHYIO Ha pe3y/IbTaTaX MOACIUPOBAHHS
HaIe0CKOPOCTE MepeMeIeHNs JIBA0B, CYIIIECTBEHHO YBEIUYHUBABIIUXCS MIPU OTEIUICHUN
ximarta [33]. He BraBasich B eTaiy 3TOi MOZIENH M He 00CYKIasi ee HaJle)KHOCTh, XOTEN0Ch
Obl OTMETHTB, YTO MEPBbIC CE30HHBIE JIbbI MOSBUINCH B CPEJHEM DOLICHE, 3HAUYUTEIHLHO
Oosee TEMJIOM MEpHOJIE, IO CPABHEHHUIO CO CPeIHUM MHOIleHOM. Kazaiock Obl, CKOpOCTH
JISZIOBOTO Jpetidha B S0LIEHE TODKHBI ObITh Bbille. OHAKO acCOLMAIMS TSDKEIbIX MUHEpa-
JIOB B MHOLICHOBBIX Ocajikax paspe3a ACEX, Tunu4nast ajist 6osee yaalieHHbIX HCTOYHUKOB
cHoca (BocTok Mops JlanteBbix — Boctouno-Crbupckoe Mope), OTCYyTCTBYET B 30LIEHOBBIX
OTJIOKCHHSX, [UISl KOTOPBIX XapaKTepHa acCOlMalns U3 OTHOCHUTEIBHO ONM3KUX oOnacreid
(peruon Kapckoro Mopst u 3anaaHoi gactu Mops Jlantessix) [11]. [ToaTomy MBI cuutaem,
YTO MOJIEITh TTAJIEOCKOpOCTeH JiemoBoro npetida [33] TpeOyeT MOMONMHNUTENFHON MTPOBEPKH,
a TIPUYMHOM yKa3aHHOW CMEHBI «ONIMKHUX» HCTOYHHKOB CHOCA Ha «JIajibHUE» 13 MIH Jer
Hazan [11] (uim 15,1 maH et Hazan B pamkax «Crparurpaduueckoil Moaenu-2») s
ckBakubl ACEX Moo ObITh Hauasio yHKIIMOHHPOBaHHUS JPEBHEN CHCTEMbI MAJICOTPAHC-
HOJISIPHOTO JIEIOBOTO Apeiida, 3apokaAaBIIeiicsi B BOCTOUHO-apKTUUECKUX MOPSIX U BKIIIOUa-
IOILICH MTaKOBBIE JIbJBL. B KadecTBe TeCTUPOBaHUS JAHHOW MMIIOTE3bI HAMU MCIIOJIB30BAJICS
TeppUTeHHBII MaTepual Nce(UTOBON pa3MEepHOCTH.

bbuio ycranosneno, yro npu nepexone ot JIITK-1/4 x JIITK-1/3 npoucxomut n3me-
HeHue nerporpaduyeckux accouuanuii ncepuron: B unrepsane JIK-2 — JITK-1/4 — arto
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KBapleBbIe IECYaHUKH U KBapUUThI, a B uHTepBaie JI[IK-1/3 — JITIK-1/1 nononHutensHO
MOSIBIIAIOTCS CHAHIIBI M APYTHE TOposs! (puc. 4). BaxkHO OTMETHUTH, YTO HHTEPBAJI MOSBIIC-
Hus nicepuros B JITIK-1/3 cooTBeTCTBYET yKa3aHHOMY BBILIE YPOBHIO CMEHBI aCCOLMAIMNA
MUHEPAJIOB TSDKENIOH (paKiuu.

Tpancnopmuposka u naxonnenue ncepumogozo mamepuaia. Ilcepurbl MOTYT OKa-
TBIBAaThCSI UCKITIOUUTEIBHO B MPUOPEXHOI 30HE 1menbdoBsix Mopei CJIO, moasepkeHHON
BOJIHO-TIpHOOITHOMY BO37eiicTBHUI0. Ha OCHOBaHMM 3TOTO MOKa3aTessi MOXKHO ¢ U3BECTHOM
JIOJIel OCTOPOXKHOCTH CYJIUTh O CII0C00ax TPAaHCIIOPTUPOBKU IPy003EpHUCTOrO MarepHaia.
Jlydniasi okaTaHHOCTH JIOJDKHA ObITH Oosiee XapakTepHa Ui NCe(HUTOB, NEPEHOCUMbIX
JbJIaMU M3 TUISDKEBBIX 001acTel, rjie npeobiiaiaeT «SIKOPHBII» 3aXBaT TaKMX OOJIOMKOB.
ATicOeproBelil MaTepuan MeHee OKaTaH, MOCKOIBKY IPeICTaBIseT co00if B OCHOBHOM
pe3yNbTaT paspyleHus KOPEHHBIX TOPO CYIIH NpU JerAuanui. Takke Xyauryro oka-
TAHHOCTb OyIyT MMETh NCeQUTHI, 3aXBaYCHHbIE JIbJJaMU M3 MPHOPEKHBIX obiacTeil, He
UCIIBITHIBAIOIINX BO3EHCTBHE aKTHBHOW M'MPOIMHAMUKH.

Ha ocHOBanMu yXyamieHus: BBEpX 10 pa3pe3y OKaTaHHOCTH M3y4YEHHBIX HAMH 00pa3IoB
(puc. 3) MOXKHO OBUIO ObI IPEIOJIMKUTH YBEINYEHUE O MaTepraa aiicoeproBoro pas-
Hoca B OoJiee MOJIOZIBIX OTIIOKeHUsIX. OIHAKO B 3TOM Clly4ae ClIelyeT 0)KUIaTh BO3paCTaHHs
KOJIMYeCTBa OOJIOMKOB KapOOHATHBIX MOPOJ], TAK KaK IJIABHBIM HCTOYHUKOM aiicOepros city-
’kar octpoBa Kananckoit ApKTUKH, CIIOKEHHBIE B 3HAYUTEIBHON CTENEHH Majie030MCKIUMU
kapOonaramu. [TockosIbKy U3yueHHbIE HAMH OOJIOMKH COXPAHSIIOT TEPPUTSHHBIH COCTaB 110
BCEMY pa3pe3y, 0os1ee BEpOsSTHBIM MPEICTABISIETCS UX «CUOMPCKOE) IPOUCXOXKICHUE U J0-
CTaBKa MOPCKUMH JIbJJAMH, B TOM YHCIIE B CUCTEME MaJICOTPAHCIIONISIPHOTO Npeiida HaurHast
CO CpEHEero MHOLeHa. B kauecTBe ajJbTepHaTHBHOIO UCTOYHHKA alicOepProB TEOPETUUECKH
MOXET paccMaTpUBaThCsi BepXostHCKH XpeOeT U ero BhIBOAHBIE JISAHUKH B CTOPOHY MODS
JlanTeBhIX WK JIOKAIBHBIC JeAHUKOBBIE Kymoja HoBocubupckux octpoBoB [34]. OnHako
Maciitab 3THX 3(peMEepHBIX JIEHUKOB ObLI, BEPOSTHO, HEBEIIUK, @ BO3PACT CYILECTBEHHO
JIPEBHEE MOCIICAHEr0 JIGMIHUKOBOrO Makcumyma [34, 35]. Takum o0pa3om, A1 IOATBEPIKIe-
HUSL HATMYHS «CHOMPCKUX» aiicoepros B eHTpanbHOi yacT CJIO B 310XH MOXOIOIaHHs
KJIMMara TpeOyIoTcs JOIOIHUTENbHBIE HCCIIENOBaHNA U apryMeHThl. OTciona cieayer, 4To
3aKOHOMEPHOE YXY/IIIIEHUE OKAaTaHHOCTU ICEPUTOB C OMOJIOKEHUEM BMEILAIONINX HX OT-
JIOXKEHHH, BEPOSITHO, BbI3BaHO yMEHbIIIEHHEM BpeMeHH HaxoxkieHust JJKM B ruisokeBbIx 00-
JacTsIx. 3T0, B CBOIO 04Yepeib, MOIVIO OBITH CJICICTBUEM HAPACTAIOLICH aKTHUBHOCTH 3aXBaTa
nceuToBOrO0 Marepuana JibJlaMy 110 Mepe YCUJICHHs OOLIel JISTOBUTOCTH apKTHUECKOU
aKBaTOPHHM, HAUaBILErocs B cpenHeM MHOoIeHe. [IokpoB MOPCKOTO JIbia B OTHOCHUTENIFHO
MEJIKOBO/IHBIX APKTHYECKHX IIeb(ax «racut BOIHO-NPHOOHHYIO aKTHBHOCTD, UTO TAKXKe
CIOCOOCTBYET COXPaHEHHIO IUIOXOH OKATAHHOCTH Nce(DUTAaMU U CBUJIETENILCTBYET B IOJIB3Y
3aKOHOMEPHOT'O YBEJIMUYCHHUS KOJIMYECTBA JIb/I0B B HEOT€H-UYETBEPTUYHOE BPEMSL.

OTHOCHUTENIBHO XOpoIro okaranHbie rcedursl u3 JIIIK-1/5 u JIIIK-1/6 (puc. 3),
BEPOSTHO, HAXOJMJIKCh B IUISDKEBOM 00JAaCTH JOCTAaTOYHO JUIMTEIBHOE BpEeMsl, MIOKa HE
OBUTM OCTABJICHBI JIbAaMH K Touke Oypenus. CiiefyeT OTMETUTb, YTO TaK Ha3bIBaeMBbIii
cioii «3edpay — JIITK-1/5 — nakarumBacst BoO BpeMsi OTKpbITHs niposiuBa dpama nocie
oxonvanwust n3onsmuu CJIO ot MupoBoro okeana [10, 21, 22]. IMEHHO TEeKTOHUYECKAs
AKTUBH3aIMs MOIUIA ObITh IPUYMHOMN YCUIICHUSI TIOCTABKH OOJIOMOYHOTO Marepuasna B o0na-
CTH CHOCA, YTO OTPa3HIOCh B PE3KOM MOBBIIIEHHMH HHTEHCUBHOCTH HAKOILIEHHS TICe(UTOB
B ipezaenax JIIK-1/5 (koapdunuent IT/M = 0,58, puc. 2, radbnuia). Kpome Toro, Hanuume
MECYaHBIX ITPOCIIOEB B 0CAAKAaX TOPU3OHTA «3e0pay CBHICTENBCTBYET O MPOIECcCcax IPO3UU
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Ha XpeOTe 3a CueT aKTMBHOTO BHEIPEHHUS aTIAHTUYECKUX BOJ Yepe3 OTKPHIBAIOIIUNCS
nponuB dpama, YTO MOIIIO MPUBOIUTH K MEPUOJNYECKOMY BBIHOCY TOHKOTO Marepuana
U, B U3BECTHOU Mepe, CII0COOCTBOBATH OOOTAIEHHUIO CJIOSI KPYITHOMEPHBIMU OOJIOMKaMH.

Ocanku JITIK-1/4 HakarumBaiuch y>ke B HOpMaIbHBIX OKEaHHYeCKUX ycioBusix. [lce-
(buTOBBIN MaTepHa 31ech orpaHnueH ypoHsaMu 191,22 muna u 170,19 Mumz, 4to, coriacHO
«Crparurpaduueckoil MoAENU-2y», TaTUPYETCsl PAHHUM oJiuroneHoM (33,4 MIIH JIeT) U paH-
HHMM MHOIIEHOM (22,35 MIH JIeT) COOTBETCTBEHHO. [loCcTyIIIeHre 3HaYNTETFHOTO KOJIMYECTBA
TEPPUTECHHOTO MaTepHaia B meabPoByI0 001acTh, Tak ke Kak u it JIIIK-1/5, Morio ObITh
NPUYUHON BBICOKOTO 3HaueHus1 kodpduuuenta [I/M = 0,33 ms JITIK-1/4 (puc. 2), uro,
BEPOSITHO, SIBUWJIOCH CJIEICTBHEM aKTHBHM3ALUU TEKTOHHYECKUX JIBIDKEHUH 36MHOU KOPBI
B [I03/IHEM 0lIeHe—oiuroreHe. J{pyroil mpuuMHON HHTEHCU(HKALIUK TOCTaBKU NCE(PUTOBO-
ro marepuaia B ocaaku JIITK-1/4 moryio ObITh ukcupyemMoe it APKTHKH OJIMTOIICHOBOE
noxoJiofanue knuMara [15, 36], mpuBenlee K yCUICHHUIO JIEOBOTO Pa3HOCA TEPPUTEHHOTO
Marepuana. MakcumallbHasi HHTEHCUBHOCTb KalHO30MCKOIO MEJIKOBOIHO-MOPCKOIO OCal-
KOHAKOIUIEHHS B LIUPKYMAPKTHUYECKOM I0SCe TMPUXOAUTCS Ha OJIUIOLeHOBOE Bpems [37,
38], 4TO COOTBETCTBYET HAIIIUM JAHHBIM, TaK Kak oTiokeHus JITIK-1/5 akkymysupoBaiuch
B BEpXHEH 4acTH MPHaOOHCKOTO sipyca, IPaKTUYeCKU Ha TpaHuIle ¢ onuroueHom, a JIIIK-
1/4 BmeraeT onuromeH MOIHOCTBIO («CTpaTurpadpuyeckas MOACTb-2).

Haxomnenue nceduros B JITIK-1/3 — JITIK 1/1 mporcXomusio 3a CYeT JIeOBOTO PasHO-
ca, MTHTEHCUBHOCTh KOTOPOTO 3aKOHOMEPHO YBEITHMYHMBANIACH 10 MEpE MOXOIOAAHHS KIIMMAaTa.

IIpobrema cpednexatinosotickoeo nepepuviéa. 11pn aHaIM3e JIUTOIOTUUECKOTO COCTaBA
JITIK-1/5 u JITIK-1/6, Mexmy KOTOpbIMH, contacHO «Crparurpadudeckoi Moaenu-1»,
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Puc. 5. Pacnipenenenue nce(puToBOro Marepruaia B OKpeCTHOCTIX CpelIHEKaliHO30ICKOro Xuaryca.
1 — nonoxeHue cepUTOBOrO MaTeprana B paspese; 2 — IaTHPOBKH (MJIH JIeT) cortacHo «Ctparurpa-
¢uueckoii Mmozenu-1» [1]; 3 — marupoBku (MitH JieT) cormacHo «Ctparurpadudeckoid Mogenu-2» [21]

Fig. 5. Distribution of psephitic material in the vicinity of the Middle Cenozoic hiatus. / — position
of the psephitic material in the section; 2 — dating (million years) according to the “stratigraphic
model-1” [1]; 3 — dating (million years) according to the “stratigraphic model-2 [21]
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IoMEIacTCsa HHHTCHLHLIﬁ NEPEPLIB B OCAAKOHAKOIUICHUH, BUIHO, YTO CJI€/bI 3aMETHOH
spo3uu Ha rpanuie Mexay ykazaHHeIMU JIIIK otcyrcTBytoT. Ilpencrasnsercs kpaiine
MaJIOBEPOATHBIM, YTO B TCUCHHC 26 MIIH JIET MOIJIO MMPOUCXOAUTH JIMIIb HCHAKOIUICHUEC
0Cca/ikoB, Oe3 3HAYNTENILHON 3po3un AHa. Ecium ke 3po3us umena MecTo, To 0CaAKU JOJIK-
HbI B TOW WJIM MHOW CTENEHN 000TraTUThCs IPyO03epHHUCTHIM MaTePUAlIOM HIIH TEPPUTEH-
HBIMH MUHEpaJlaMH TsDKeJ0it (pakimu. Penienuo Bonpoca o JUIMTENbHOCTH TIepepbiBa Ha
KauyeCTBEHHOM YPOBHE MOXET [OMO4b aHAJIU3 pacipeieneHus ncehuToBoro Marepuaa
(puc. 5). HenocpencrBeHHo B paiioHe xuaryca rnceduTsl He Obuln 0OHapyxeHbl. biu-
Kaime K Hemy oOpasipl pacronaratorcs Ha 1,97 m Beime (JITIK-1/5) u Ha 6,8 M Hike
(JITIK-1/6) rpanuus JIIIK-1/5 — JITIK-1/6 (puc. 5). B ciyuae, eciu Obl niepepsiB B 0caj-
KOHAaKOIIJICHHUHN }:[eflCTBPITeJ'IBHO JJIAJICA 26 MIIH JI€T ¥ 3aXBaThIBall OJIMT'OLICH, HW3BECTHBIN
noxoJjoxanueM kiuMara [15, 27, 36, 39], To nceduToBBINH MaTeprai 00s3aTeIbHO TOJDKCH
Obu1 ObITH CKOHLIEHTpUpoBaH Ha rpanuue JIIIK-1/5 — JITIK-1/6 3a cyer Gosee MHTEH-
CHBHOTO ITPUBHOCA JibJlamMu/aiicoepramu (IIpy NOXOJIOJaHUH KJIMMaTa), a TakkKe 3po3un/
HEHAKOIUICHUS] TOHKOTO aJIeBPOIETUTOBOr0 Marepuana. OJHAKO 3TOro He HaOIIOAAETCs.
JaHHbIN (aKT SBISETCS CEPbE3HBIM apIyMEHTOM B I0JIb3Y HEOOJBLION JUINTEIBLHOCTH
nepepbiBa, YTO COOTBETCTBYET «Os-cTpaTurpapuyeckor Moaeu-2».

3AK/IIOYEHUE

O6pasup! ncedurto B ckBaxknHe ACEX npencTaBieHsl B OCHOBHOM TEPPHTECHHBIMA
Pa3HOCTAMH € TpeodIagaHueM IecyaHukoB. M3 kapOoHATOB BCTpEUeH €ANHCTBEHHBIN W3-
BECTHSIK ¥ TPU ayTHTCHHbIE CHICPUTOBBIC KOHKPEIMH. JTO CBUIETENBCTBYET B IOJIB3Y TIpe-
MMYIIECTBEHHO! MOCTaBKH TEPPUTEHHOTO MaTepHalia co CTOpOHbI «CHOMPCKIX» HCTOYHUKOB.

[Ipeanonaraercs, YT0 OCHOBHBIM MEXaHH3MOM JIOCTAaBKH IPyO00OIOMOYHOTO Ma-
Tepuasa K MPHUITOIIOCHOH yacTu xpedTa JIoMmoHOCOBa OBUIM CE30HHBIC U MHOTOJIETHHE
meabl B JIK-1 un JIK-2. O6pasubt u3 JIK-4 umeroT MectHOE TTpoucXokacHne. EquanaHbIi
ncedur u3 JIK-3, BeposTHee Bcero, MMeET JIOKAJIbHBIN MCTOYHUK, OIXHAKO ITOJHOCTHIO
HCKITIOUHUTB €ro IpH(TOBYIO IPHUPOAY HEIB3SL.

CoBMecTHasi HHTEpIPETAIMs OMyOJIMKOBAaHHBIX paHEe Pe3yJbTaToB HCCICAOBAHUS
MHUHEpaJoB Tsokenoi ¢pakuuu [11] n nceduToB mMoO3BOIAET cAenaTh BHIBOA O TOM, YTO
cHcTeMa MaJIeo-TPAaHCIIOISIPHOTO JIEAOBOTO Apeiida BrepBble MOSBUIIACH B CPETHEM MHO-
nene (15,1 mimH et Ha3zax cormacHO «CTpaTurpadUIecKo MOIEITH-2y).

Pacripenenenue rpy6000IIOMOYHOTO Marepuaia 1Mo pa3pesy, a Takke ero Mopgome-
Tpuieckre ocodeHHOCTH (yxymmenue okaraHHocTH oT JIK-1/6 x JIK-1/1) cBHIeTensCTBYIOT
00 MHTEHCH(]UKALNH JISIOBOTO 3aXBaTa TEPPUICHHOIO MaTepralia B IUIDKEBBIX 00IacTsIX
B ocakax monoyke JIITK-1/5, 4To roBopuT 0 3akOHOMEPHOM HOXOJIOAAHUH KIIMMATa.

[NoBemieHHBIE CKOpOCTH HakoruieHus nceduTos B ocaakax JIITK-1/5 — JITIK-1/4 mor-
71 OBITH CJIEZICTBHEM TEKTOHMYECKOW aKTUBU3AIMHN M yBEJINYCHUS TEMIIOB IOCTABKH
TEPPUTEHHOTO MaTeprana B IUISDKEBBIC 00acTh 1Ieab(OBBIX MOPEH, IIie U MPOUCXOANIT
€ro 3axBaT JIbAAMH.

Xapaktep pactpenernenus nceduroBoro Marepuana B ocaakax JIIIK-1/6 u JITIK-1/5 cBu-
JIETENILCTBYET 00 OTCYTCTBHH JJIMTEIIHFHOTO CPEIHEKAHHO30CKOTO TIepephiBa U SIBISIETCS
apPTYMEHTOM B TOJB3Y IPEANOYTHTEIBHOTO HCTIONb30BaHMS «Os-CTpaTurpaduaecKoil MOAEIN».

BaaropapHoctu. [lanHas pabora BBIIIOIHEHA MPH HoAAepKKe TpaHTa Poccuiicko-
TepPMaHCKOH 1ab0paTopu MOJIPHBIX U MOpCKHX uccnenoBanuit Orro HImunra (OSL-13-
12). ABTOpPHI MPU3HATENBHBI PEIIEH3EHTaM 32 KOHCTPYKTHBHbIE KOMMEHTApUH.
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Summary

This work investigates a previously unknown phenomenon taking place when a large carrier
ship moves in a channel made by an icebreaker narrower than the carrier ship. Usually, the studies
of these movement conditions assumed the center line of the ship to coincide with the channel axis
and the interaction of ship sides with channel edges to be symmetric. However, the observations
made in Ice Basin and in real conditions have shown that in most of cases interaction of ship sides
with channel edges is not symmetric. The ship moving in the channel breaks ice only with one of
her sides, the other side only rubbing against the edge. The numerical assessments of ship position
stability in the channel given in this paper made it possible to understand how this interaction becomes
asymmetric. The study also yielded ice resistance assessments for a large carrier ship moving along
the channel in these asymmetric conditions.
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B pabore omucan paHee HEM3BECTHbBIH dP(EKT HapyIICHUS CUMMETPUM ABWKCHUS KpyII-
HOTOHHAXXHOTO CyJHa B KaHaJle, IPOJI0KEHHOM JIEJJOKOJIOM, IIMPHHA KOTOPOrO MEHBILE HINPUHBI
MPOBOANUMOTO CyAHA. BBIMOMTHEHBI UHCIEHHbIE OLIEHKH YCTOIUMBOCTH MONOXEHHS CyHA B KaHaIe,
Ppe3ynbTaThl KOTOPHIX MO3BOIMIN 00BICHUTh MEXaHU3M HAPYIIEHUs] CHMMETPUH. BhINoaHeHb! TpH-
OMKEHHBIE OLIEHKHU JIEIOBOTO CONMPOTHBIECHHS KPYMHOTOHHA)KHOTO CylHA MPH HECHMMETPUYHOM
JBH)KEHHH T10 KaHaITy, OKa3aBIINE HOBbIICHHYIO ) ()EKTHBHOCTb TAKOTO JABHXXEHHUS [10 CPABHEHUIO
C CUMMETPHUYHBIM CITydaeM.

BBEJEHUE

OTAMYNUTENHHON YepTOH COBPEMEHHOTO 3Tala pa3BUTHS MOPEIIaBAHUS B apKTHUC-
ckux Mopsix PO sBisiercst Bce Oosee MIMPOKOE MCII0NIb30BaHUE KPYTHOTOHHA)XKHBIX CYJI0B
NP IPOBEJICHUH TPAHCIIOPTHBIX onepanuii. B 6mmxkaiimem Gymyinem ruiaHupyeTcs yBenu-
YEeHHUE J0JIU UCTIOIb30BaHUS KPYITHOTOHHAKHBIX Cyl0B B APKTHKE B OCHOBHOM JUIs obec-
TIeYeHHS BEIBO3a YTIIEBOAOPOIOB U3 pailoHOB WX MoObrdm. Celigac akTHBHO OOCYKIaeTcs
BOIIPOC O BO3MOXKHOCTH BBIBO3a CKM)KEHHOTO T'a3a HE TOJBKO B 3aaHOM HaIpaBICHUH,
HO U B BocTouHOM [1]. [Ipruem npu paccMOTpeHHH pa3iNUYHBIX TPAHCIIOPTHBIX CHCTEM,
OPHEHTHPOBAHHBIX Ha BOCTOK, 0C000€ BHUMAHHE YACIACTCSI HEOOXOAUMOCTH 00€CIIEIEHHS
BBICOKMX CPEIHUX CKOPOCTEH IBIDKEHHS IO Tpacce [2].

B03MOXHOCTB BBIBO3a YITIEBOZOPOIHOTO ChIPhsI HA BOCTOK BJIEUET 32 COOOI N3MEHe-
HUS B TPeOOBaHUSX, IPEABIBISIEMBIX K KPyTHOTOHHA)XKHOMY cynHy. [Ipn co3nannu Takux
Cy[IOB, OPUCHTHPOBAaHHBIX HA TPAHCIOPTHBIE oneparuu u3 Kapckoro Mopst B 3amagHoM
HaIlpaBJIeHNH, OCHOBHOH yIIOp AENAJICs Ha 00€CIIeueHNe BO3MOKHOCTH CaMOCTOSTEIBHOTO
IUIaBaHMS KPYMTHOTOHHA)KHOTO Cy/IHA BO JIbAAX O€3 MCIONb30BaHMUS JIEAOKOIBHOM 1MOJ-
nepxkn. [1osToMy HOBBIE KPyITHOTOHHAXHBIE Ta30B03bI Tuma «Kpucrod ne Mapxepn»
MOCTPOEHBI HCXOJIS U3 KOHIICTIIINN CYJIOB «IBOWHOTO AEHCTBUS», KOTOpas MPEIoaract
aKTHBHOE JABMKEHHE CyJHA BO JIbJaX KOPMOH Brepen. OpHeHTaIus Ha CaMOCTOSTENbHOE
IUIaBaHUE BO3MOXKHA JIMIIb [IPHU MJIABAaHUU B 3aMaTHOM CEKTOpE APKTHKH, IPH ABHKECHUN
B BOCTOYHOM HaIpaBICHUN 0Oe3 JIeTOKOIFHON MOANeP KK He 000iTHCh. [ToaToMy Bompo-
CBI IIPOBOJIKM KPYITHOTOHHAXHBIX CYIOB JIEAOKOJIAMH SIBJISIOTCS BECbMa aKTyaJbHBIMH.

TAKTHUKA MNPOBOJAKHU KPYITHOTOHHAXKHBIX CYJOB JIEJOKOJIAMH

B Hacrosmiee BpeMs HCIIOTIB3YETCSI IBE TAKTHKHU IPOBOAKH KPYITHOTOHHAXKHBIX CY-
JTOB JIEOKOJIaMU: IByMs Wi onHUM. Hanbomnee 23 peKTHBHOMN SBISIETCS MMPOBOIKA TBYMS
JIETOKOJIAaMH, KOTOPBIE MOTYT CO3JaTh MIMPOKHUI KaHAJI, PEBHIMIAIOIINAN IIUPHHY TIPOBO-
quMoro cynHa. [Ipu OBIKEHHH MO TaKOMY KaHANIy y CyIHA MPAKTHYCCKH HE BO3HHUKACT
HUKaKUX 3aTPYOHCHUH, HECMOTPS Ha P OTIMYHA OT paHee MPUMCHSIBIICHCS TaKTHKH
(Haym9me B KaHaJe KPYMHOOHUTOTO JIbAa, HEOOXOAMMOCTh B3aUMOJCHCTBHS JICIOKOIOB
MIPH MPOKJIAKe MIMPOKOTO KaHaia U T.I1. [3]).OCHOBHBIM HEIOCTAaTKOM 3TOTO TaKTHYE-
CKOTO TIpHEMa SIBIISICTCS €T0 BEICOKAas CTOMMOCTH M3-32 MCIIONB30BAHUS JBYX JICIIOKOJIOB,
a TaKKe MPaKTHIeCcKass HEBO3MOKHOCTh NMPUMEHEHUS TPHU CYIICCTBEHHOM YBEITHYCHHH
TPy30II0TOKA, CBS3aHHAS C OTCYTCTBUEM HEOOXOIMMOTO YHCIIA JICTOKOJIOB.

[To3TOMY B COBpEeMEHHOI! MPAKTHUKE YaCTO UCTIONB3YETCs IIPOBOIKA KPYITHOTOHHAXK-
HOTO CyZTHA OJJHUM JICIOKOJIOM. B 3TOM ciTydae CyHO BBEIHYKICHO ABHUTATHCS TI0 «Y3KOMY)>
JIEIOBOMY KaHAITY, IIHPHHA KOTOPOTO MEHBIIIE €TO IUPUHBL. J[BUTAsCh IO TAKOMY KaHAIY,
CYIHO BEIHYK/ICHO JTOJTAMBIBaTh €T0 KPOMKH Oopramu. [Ipu TeopeTHIecKkoM paccCMOTpEeHUH
TaKOTO CIICHAPHS MPOBOAKH KPYITHOTOHHAXKHOTO CYHA JICIOKOJIOM OOBIYHO MpeAroara-
€TCsI, 9TO MPOBOAMMOE CYITHO PacIojiaractTcs TaKUM 00pa3oM, YTOOKI ero JuaMeTpaibHast
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Puc. 1. IlpoBoaka tankepa «IIponoHTHC) aTOMHBIM JenokonoM Tuma « TaitMbipy [4]
Fig. 1. Pilotage of Propontistanker by a Taimyr-class nuclear icebreaker [4]

IUIOCKOCTh COBMAJala ¢ OChIO KaHaja (cM., Hampumep, [3]). IIpu aTom Habmronaercs
CHUMMETPHS B3aMMOJACHCTBUS OOPTOB C KPOMKAMH JIEJOBOTO KaHaJa.

Bo BpeMs mpoBeneHus 3KCIIEpUMEHTAIBHBIX HCCIeIOBaHUIN B JIEAOBOM OacceliHe
KpbU10BCKOTO LIEHTpA € IENBI0 BOBMOXKHOCTH YBEJIUYEHUS CKOPOCTU ABIDKEHUS KPYyII-
HOTOHHa)KHBIX CYJOB, KOTOPBIE MTPOBOSTCS Pa3IMUHBIMU JIETOKOJIaMH, ObIIT 00OHAPYKEH
HEOXXUAAHHBIN pe3ynbTar. [Ipu mpoBeAeHUH OMBITOB CAMOXOIHBIE MOJETH CYJIOB MpHU
JBIDKEHHUHU 110 KaHaJy, IPOJI0KEHHOMY MOJIEIBIO JIEJOKOJIA, CTPEMMIINCEH PACIIONIOKUTHCS
B HEM TakK, YTOObI CHMMETPHsI B3aUMOJEHCTBHsI OOPTOB ObliIa HapylleHa. B GonbIIMHCTBE
SKCIIEPUMEHTOB JHaMeTpalibHas IUNIOCKOCTh MOJEIH Cy[JHAa CMEIanach Ha HEKOTOPYIO
BEJIMUMHA OT OCH KaHaJia, IIPH 3TOM OJMH U3 OOPTOB MOJENHN pa3pylian KPOMKY, a Ipy-
TOif Tepcs O MPOTHBOIOJIOKHYIO KPOMKY, He paspyiuas ee. I1o cooOlieHnsM KarmuTaHoB
ATOMHBIX JICJIOKOJIOB, aHAJIOTHUHBIA 3((HEeKT HAOMIONaeTCsA U MPU MPOBOIKAX KPYITHO-
TOHHA@XXHBIX CYIOB B APKTHKE, NOATBEPKICHUEM 3TOMY CIIyKHUT (otorpadus (puc. 1),
3auMcTBOBaHHas u3 pabotsl [4]. Ha sT0ii oTorpaduu Xopouio BUAHO, YTO KPYIHOTOH-
Ha)XHBIW TaHKEP ABMXKETCS 10 KaHaILy, IIPOJIOKEHHOMY aTOMHBIM JIELOKOJIOM « TailMbIp»,
CO CMEUICHHEM OT €ro OCH U pa3pyliaeT KPOMKY JibJia TOJIBKO OJHUM OopToM. MOXKHO
MIPETIONOXKUTh, YTO TaKOM PEeKUM IBIDKCHHUS MOXET PEaln30BBIBAThCS TOJBKO IPH BHI-
noJiHeHnu yenoeus B, 2 0,58, tne B, — mmpuHa cyaHa, B, — IIMpHHA JIEIOBOTO KaHaa,
JUIA pa3NUYHbIX TOJIIUH Jbaa. [Ipy HapyIIeHUH 3TOT0 HEPAaBEHCTBA B HECUMMETPUYHOM
CUTYyalliu C KPOMKOM KaHayia OymyT B3aMMO/ICHCTBOBATh 00a OopTa Cy/lHa, YTO MPUBOIMT
K HEBO3MOXHOCTH peaIu3alllii TaKoro ABMKCHHUS.

YHUCJIEHHAS OLIEHKA YCTOMYHUBOI'O MMOJOXKEHUSI
KPYIIHOTOHHAKHOI'O CYJHA B «Y3KOM» KAHAJIE

JIyist BBISICHEHUS] IPUYHH, BBI3BIBAIOIINX HAPYIICHHE CUMMETPHUH JIBVDKCHUS KpYII-
HOTOHH2)KHOTO Cy[Ha B «y3KOM» KaHaje, Obllla OCYIIIECTBIICHA YMCIIEHHas omeHka. /st ee
BBITIOJIHEHHS UCIIONB30BAJIMCH ITPOCTHIE MATEMaTHIECKUE MOJEIN: METO| pacdeTa JIEA0BOTO
conporusienus cynHa b.I1. Monosa [5] u ko durmentst FO.A. [umanckoro [6]. [Tomysmmm-
puueckuii meron b.I1. loHOBa IO3BOJISET JIETKO YYECTh P PAacUETe JIEJOBOTO CONPOTUBIICHUS
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Puc. 2. Pacuetnas cxema 3amaumu

Fig. 2. Calculation layout of the problem

HaJIMYHE JISTOBOTO KaHaja, a TakkKe CMEICHIE CyAHA OTHOCHTENBHO ero ocH. KoaddwuieHTs
FO.A. IlInmaHCKOTO, PacCUUTHIBACMBIC IT0 TEOPETHICCKOMY UCpPTEKY CyIHA, JAlOT BOSMOX-
HOCTB TIO BBIYHCIICHHOM CHJIE JIEZIOBOTO CONPOTHBIICHHS OIPEIEITATH BEIIMYHHY OOKOBOM CHITBL.

[IpuBomMMBIC HIDKE PE3YNIBTATHl PACYCTOB OBUIM MOTYYCHBI IS THIIOTETHYECKOTO
KpPYIHOTOHHa)KHOTO CyAHA JUIMHOW MO BarepiuHuM 240 M, JJIMHOW LMJIMHIPUYECKOM
BcTaBku 140 M u mmpuHoii 50 M. Y paccMaTpuBaeMoro cyiaHa HAKJIOH OOpPTOB B palioHE
PACTIONIOKECHUS IIITMHAPUICCKOW BCTAaBKH OTCYTCTBOBAJl. PacueTsl MPOBOAMINCEH TIPH
BapbUPOBaHUY IIHPHUHBI JISIOBOTO KaHaJa, IPOJIOKEHHOTO JIieMoKoIoM. CKOpOCTh JBIKE-
HUS Cy[HA BO BCEX pacdeTax NMPHHUMANAch IIOCTOSHHOM U cocTapisiia 3 y3na. B xoxe ux
BBITTOJTHEHHS OTPENEIIUIICH JICIOBOE COMPOTHUBICHNE B CyMMapHasi O0KoBasi CHJja, Tpe-
CTaBILAIOMIAs cO00I pa3HOCTh MEXTY TOMEPEYHBIMU CHIIAMH, BOSHUKAIOIINMH Ha JICBOM
U mpaBoM OopTax cynHa. PacdeTHas cxema, B COOTBETCTBHHU C KOTOPOH PACCUUTHIBAJIHCH
CHIIOBBIC TTapaMeTpPHI IBIKCHUS CyIHA TP 33JaHHOM CMEIICHUH S THaMeTpabHON TIIO0-
CKOCTH § OT OCH KaHaJla B CTOPOHY IIPaBOro OOPTa, ISk OTHOTO U3 BO3ZMOXKHBIX TIOIOKESHUH
KPYITHOTOHHA)KHOTO Cy/IHA B «y3KOM» KaHaJle IPECTaBICHa Ha pHC. 2.

Ha mpuBoanMeIx HIpke rpadukax (puc. 3) mpeicTaBlieHa BEIMYWHA CYMMapHON
OOKOBOI1 CHIIBI, OTHECEHHAS K BETMYMHE JIIOBOTO COMTPOTHBIICHUS CYIHA IIPH JBIKCHUH
TI0 JIEIOBOMY KaHAITy B CHMMETPHYIHOM TTOJIOKEeHIH. OTHOCUTENBHBIC BETMIHHBI BHIOPAHBI
JUTA TIPOCTOTHI aHaJM3a, T.K. B JaHHON paboTe OCHOBHOH 3a/aucii sIBISCTCS BBELICHCHUE
MIPUYHH, IPUBOIAIINX K HAPYIICHUIO CHMMETPHH IBIKCHUS CyTHA O KaHAIY.

AHanmm3 TaHHBIX, IPUBEICHHBIX HA PHC. 3, TO3BOIISET CIICAYIONINM 00pa3oM OIHCATh
MEXaHW3M HapyIICHUS CHMMETPHUH ABIDKCHHS KPYITHOTOHHAXHOTO CyIHA TI0 «Y3KOMY»
kaHamy. CHMMETPpUYIHOE IBIDKCHUE SBISICTCS YCTOHYMBEIM. OO 3TOM CBHICTEIBCTBYIOT
Pe3yIBTaThI pacyeTa MPH MaJbIX CMEIICHUAX THAaMETPAIbHON IIOCKOCTH OT OCH KaHaja
(puc. 36). [Ipu Takux CMEIIEHUSIX BO3HUKACT BOCCTAHABIMBAIOIIAS CHIIA, KOTOpAs IIpe-
MATCTBYET JajibHEHIIIEMy HapacTaHUIO Bo3MYyIIeHuH. OIHAKO 3Ta CHIIa Peatn3yeTcs TOJIBKO
MIpU HEOONBIINX CMEMICHUAX. [Iph BOZHUKHOBEHHHU OOJBIIETO CMEIICHHUs, HalpuMep,
M3-32 JIOKATbHOTO M3MEHEHUs TOJIIMHBI JIbJ]a W/WIH €r0 MPOYHOCTHBIX CBOMCTB, CYTHO
TIOTIAZaeT B 30HY IEHCTBHUA BO3MYIIAOMICH CHITHI (pHC. 3a), KOTOpas yBEITUUHUBACTCS MIPH
JABHEHIIIEM YBEIMYCHUN CMEIIeHHs. Takoe MONOKeHHE CyaHa OyAeT HEYCTONYHBEIM,
CMEIIICHHE YBEIIUMBACTCS, U CYTHO OYCHB OBICTPO 3aHUMACT HECUMMETPHYHOE TIOI0KEHIE
B KaHaie. B 3ToM momoxeHnn cyMMapHas OOKOBas CHiia paBHa Hymr0. HecummerpuaHoe
MOJIOKEHHUE Cy/IHA SBIICTCS YCTOHYMBBIM, TIPUYEM ISl BBIBEACHUS CYIHA U3 ATOTO IO-
JIOKEHUSI HEOOXOMMUMO MPHUKIIAJBIBATE JOBOJIBHO OOJBIITNE YCHIIHS.

OnucaHHas BBIIIEC CUTyaIlls BO3MOYKHA, €CITH BBITTOTHSIETCS YCIOBUE, IPH KOTOPOM
JIEOBOE COMPOTHUBIICHHE BXOIISIIIETO B JIEH IIPABOTO OOpTa CyIHA OKa3bIBACTCS HIDKE JIHO-
BOTO COMPOTHUBIICHUS BBIXOAAIICTO M30 JIbaa JeBoro 6opra. CHopMynrpoBaHHOE YCIOBHE
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Puc. 3. 3aBHCHMOCTH OTHOCHTENBFHOH CyMMapHOH OOKOBOH CHJIBI OT CMEIIEHHS AUaMeTpaIbHON
IUIOCKOCTH Cy[Ha OT OCH KaHalla, IUPUHBI KaHaJIa ¥ TOJNIIUHBI JIbJA.

a — TIOJNHBIN BUJ 3aBUCUMOCTH, 6 — HAYATbHBIN YYaCTOK 3aBUCUMOCTH IIPHA MAJIBIX CMCIICHUAX

Fig. 3. Relative total side force versus ship CL shift from the channel axis, channel width and ice
thickness.

a — completecurve; 6 — initial part of the curve at small shifts

BBIIVISITUT TOBOJIBHO TTAapafOKCaIbHBIM, TEM HE MEHEE TaKas BO3MOXHOCTB JIETKO MOJKET
peann30BaThCsl y KPYITHOTOHHKHBIX CYIOB, IMEIOIINX MPSIMOCTEHHbIE O0pTa B paiioHe
LWINHAPUYECKON BCTaBKH. 1IpM 3aaHHBIX TIaBHBIX Pa3MEPEHHAX CyAHA €TO JIEIOBOE
COIIPOTHBIIEHUE 3aBHCUT OT ()OPMBI HOCOBOW OKOHEYHOCTH, KOTOpasi XapaKTEpHU3yeTCs
yIJIaMH HaKJIOHa BaT€PIMHUH, TEOPETHIECKUX INMAHTOyTOB U 0ATOKCOB. Y OOJIBIIMHCTBA
KPYHMHOTOHHAXHBIX CY/IOB IIEPEXO] OT HOCOBOTO 3a0CTPEHHS K IIMIMHAPHICCKON BCTaBKE
XapaKTepHU3yeTcsl OYCHb MAIBIMH 3HAYEHUAMH YITIOB HAKJIOHA BATEPIMHUHN H IIMAHTOyTOB.
Ecnm cynHO B3anMOIEHCTBYET C JIEITHBIM IIOKPOBOM 3TUMH Y9acTKaMu OOpTa, TO JISIOBOE
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COIIPOTHBIICHUE Bo3pacTaeT. CMeIeHue e Hayajia B3auMOACHUCTBHS CO JIHIOM B CTOPOHY
(opiITEeBHS 3aMETHO YIYy4YILIAET JIeJOKOJIbHbIE CIIOCOOHOCTH cyaHa. M3 mpuBeneHHbBIX
paccyXIeHUil CleyeT, YTO BIIOJHE MOXKET CYILECTBOBATh Takas (hopMa KopIiyca KpyI-
HOTOHHa)KHOTO Cy/HA, [Vl KOTOPOW ONHMCaHHBIH Bbilie d3QdekT He OyIeT nposBIsThCS.
Bo3mokHO, 3¢ ekt OyneT 0oTCYyTCTBOBATH Y CYAOB, LMJIMHIPUYECKAsT BCTABKa KOTOPBIX
nMeeT HakJIoH 6opta 10 u Gornee rpagycos.

Jannble puc. 3 ma0T BO3MOXHOCTh IPOAHATU3UPOBATh BIUSHUE HA MPOSBICHUE
a¢dexTa HapylIeHHss CHMMETPUN TakKuX (akTOpoB, KaK HIMPUHA KaHaja M TOJIIMHA
Jbaa. MOXKHO KOHCTaTupoBarh, YTO 3TH (AKTOPbI HE OKAa3bIBAIOT 3aMETHOTO BIIMSHUSI.
IIpu ymeHbpIIeHNH MIMPUHBI KaHAJIa IPOIIECC CMEHBI MOJIOKEHUS Cy/HA B KaHase Tpo-
HCXOUT MEAJICHHEE, YTO CBA3aHO CO CKOPOCTBHIO BO3PACTAHHUS CYMMapHOW MONEpedHON
CHJIBI, KOTOpas IpY HEOONBUIMX CMEIEHUSIX U3MEHSIETCS OTHOCUTENIBHO MeUIeHHO. [Ipu
YMEHBIICHUH IIHNPHHBI KaHaJIa IPOUCXOAUT TaKXKe HEKOTOPOE yBEIMYCHUE 30HbI JEHCTBHA
BOCCTaHABJIMBAIOIIEH CHJIBI, TPUBOJAIIEE K YBEINICHUIO YCTOHYNBOCTH CHMMETPUIHOTO
JBIOKCHUS. YKa3aHHbIC 0COOCHHOCTH TaKXe CBSA3aHbI C (POPMOI HOCOBOW OKOHEYHOCTH
cynHa. IIpu ymMeHBIIEHHOH MIMpHHE KaHaJla KOPIyC CydHAa BHa4dale B3aUMOICHCTBYeT
C KPOMKaMH y4acTKaMHu OOPTOB, KOTOPbIE 00JIa/Iat0T JOCTATOYHOI JI€AOKOIBHOI ClIOCO0-
HOCTBIO. TOJNIIMHA JbJIa HE BIUSET HAa XapakTep COXpPaHEHHUS U MOTEPHU yCTOMUYHUBOCTH
MOJIOKEHUS CynHa B KaHayie. OHa JMIIb IPUBOIUT K HE3HAYUTEIBHOMY YBEIMUEHUIO
CyMMapHOW MOMNEPEYHOI CUJIBI.

CONNPOTUBJIEHUE KPYITHOTOHHAKHOI'O CYJHA
NP HECUMMETPUYHOM JABUKEHUU 110 KAHAJTY

ITpuOmKeHHBIH pacyeT JIETOBOTO COMPOTUBICHHS CyIHA PU HECHMMETPHTHOM JIBIKE-
HHH TI0 «Y3KOMY» KaHaTy MO>KHO TaKKe BBITTONHUTH C UCTIONb30BaHNeM Gopmyist b.I1. Mono-
Ba. /I71s1 3TOr0 HEOOXOMMMO ONPEIETUTH COMPOTHBIICHUE HEKOTOPOTO YCIOBHOTO KOPITYCa,
KOTOPBII MOXKeT OBITh TIONydeH MOAM(HKAIEH UCXOMHOTO Kopryca. st 3Toro u3 o0rmei
IIMPUHBI CY/IHA BBIYUTAETCS NIMPHHA JIENOBOTO KaHana B — B . Ilony4yeHHas BeJIM4UHa 3a-
JIaeT OpAMHATY TOUYKH BATEPIMHUM, B KOTOPOH OOPT CynHAa HAYMHAET B3aWMOICHCTBOBATH
C KPOMKO#H KaHaja IIPpH HeCHUMMETPUYHOM JABW)KCHUH. JTa TOUKA CYUTACTCSI HOCOBOM TOUKOM
JUTsT MOIM(HIMPOBAHHOTO Kopryca. [t MomuHIpoOBaHHOTO KOpITyca YITIbl HAaKJIOHA Ba-
TEPIMHNH K TUAMETPAITBHON IUIOCKOCTH M HAKJIOHA IIITAHTOYTOB COXPAHSIOT CBOM 3HAYCHNS,
OHH HCTIONB3YIOTCS KaK ISt pacueTa COMPOTHUBIICHHS, TaK U I HAXOXKICHNS KO3 uimenHTa
[mmanckoro. IluprHa MOTMGUIMPOBAHHOTO Kopiyca papia B'= B —2Y . JlmuHa HOCOBOTO
3a0CTpenns L, 'MOnmupuIMpoBaHHOTO KOPITyca ONPENENAETCS 110 hopMyre:

L'=X-L,/2,

rue me — JUIMHA LMITMHIPHYECKOH BCTaBKM MCXOAHOTrO Kopmyca; X, ¥ — abcuucca
W OpJMHATa TOYKH BaTEpPIMHHUU, B KOTOPOW OOPT CylHA HaYMHAET B3aWMOACHCTBOBATh
C KpOMKOI‘/‘I KaHaJjila IIpu HCCUMMETPUYHOM JIBUKCHUU.

JlenoBoe comnpoTtusieHre MOAN(PHUIIMPOBAHHOTO KOPITYCa PACCUUTHIBACTCS 10 METOLLY
B.I1. MloHOBa ¢ MCXOMHBIMU JTaHHBIMHU, KOTOpPBIE OBLIM ONpPENEICHBI BhIIIE. Pe3ynbTars
pacyeToB Jenarcs Ha 2, T.K. pa3pylIeHHE JIbAa MPOMCXOIUT TOJIbKO onHUM OopTtom. Ha
JPYyroii 0OpT KPyIMHOTOHHA)KHOTO CyAHA JICHCTBYET CHJIa TPEHUSI O KPOMKY JIEIOBOTO Ka-
Hana. OHa MOXeT OBITh OnpelielieHa ¢ moMoubio kodddunuenra Illumanckoro. Utorosas
(dopmyna Juis pacyera CONPOTHUBIECHHUS KPYTHOTOHHAXKHOTO CY/IHA IIPH HECUMMETPHUYHOM
JIBIDKEHUH 110 JIEJIOBOMY KaHaly MOXKET OBbITh 3allMCaHa CIEAYHOIM 00pa3oM:
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Puc. 4. 3aBHCUMOCTh OTHOCHTEIBHOTO COINPOTHBIICHUS CyJHA OT IIMPHHBI KaHaJa MPHU HECHMMe-
TPUYHOM JABWKCHUH

Fig. 4 Relative resistance of asymmetrically moving ship versus channel width

R =R, /2)(A+fn,)
rae R, — nenoBoe compoTHBIeHHe MOAU(DHIMPOBAHHOTO C y4E€TOM HECHMMETPHUYHOTO
ABIKEHUS M0 KaHATy KOPIyca, f,, — Ko3hOHIUMEHT TpeHus baa 00 0OMMBKY Kopiyca
cynna; M, — koddumuent Illumanckoro mist MOTM(HUIMPOBAHHOTO KOPITyCa.

ITo mpuBeneHHOI! BhIle (hopMysIe ObUTH BBIIOJIHEHBI PacUeThI, Pe3YyJIbTaThl KOTOPBIX
NIPUBEACHBI Ha PUC. 4. B BUIE 3aBUCUMOCTH OTHOLICHHSI CONPOTHBIICHUS IIPH HECHMMe-
TPUYHOM JIBUKEHHH R, K CONPOTHBJIEHHIO B CHMMETPHYHOM Cilydae R, .

PesynbraTel pacyera IOKa3bIBAaIOT, YTO HECUMMETPUYHOE JBH)KCHHE KPYIHOTOH-
HQKHOTO CYJHA 10 «y3KOMY» KaHaJly IPOMCXOOHUT IIPU MEHBIIEM YPOBHE JIEZOBOIO CO-
MIPOTHBIICHHUS, YeM CUMMETPHYHOE ABIOKeHHe. [Iprdem a¢dexT yBennuusaercs 1o Mepe
BO3PACTAaHM TOJIIIUHBI [IPEOIOIEBAEMOTO JIbAA.

3AK/IIOYEHUE

B pabore nano oobsicHenne 3ddexTy HapyIIeHUs] CHMMETPUH TP ABHKEHUU KPYII-
HOTOHHAXKHOTO CYJHA 110 «y3KOMY» JIEI0OBOMY KaHaily. Ha ocHOBaHUU pe3ynbTaToB OLIEHOU-
HBIX PacyeToB OBIIO IMOKa3aHO, YTO CHMMETPHUYHOE JIBI)KEHHE 00J1a/laeT YCTOWYHNBOCTBIO,
KOTOpasi TEM HE MEHee MOXET OBITh JOCTATOYHO JIETKO HAapyIIeHa ICHCTBHEM pa3IniHBIX
BHEUIHUX (DAKTOPOB, TAKMX KaK JIOKAJIbHBIC N3MEHEHHS TOIIIMHBI U TPOYHOCTHBIX CBOWCTB
IpeoyioIeBacMoro Jba. JlelicTBre 3TuX (akTopoB MOXKET IPUBECTH K CAMOIIPOM3BOJILHO-
My CMEILEHHUIO JUAMETPaIbHOH IIOCKOCTU CyAHA OTHOCUTEIbHO OCH KaHana. Ecnu 310
CMEILEHHE MPEBBICUT HEKOTOPYIO BEIUUUHY, TO MOJIOKEHUE Cy/lHA B KaHAJe CTAaHOBUTCS
HEYCTONYUBBIM U OHO TEPEXOAUT B IPyroe yCTOHUUBOE MOJIOKEHUE, IPU KOTOPOM OJUH
60pT CyaHa pa3pyllaeT KpOMKY KaHalla, a Ipyrod TpeTcs O NPOTHBOIOJIOKHYIO KPOMKY.
Bo03MOXHOCTB Takoro mepexosa U3 OfHOIO yCTOWYMBOIO MOJIOXKEHUS B JIPyroe ompeje-
JsieTCsl 0COOCHHOCTSIMH (POPMBI KOpITyca KPYITHOTOHHAXXHOTO CYJHA B paiiloHe HOCOBOTO
3a0CTPEHUS U IINHAPHUECKON BCTaBKU.
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BbionHeHHbIE OLIEHKH JIEOBOTO CONPOTUBIICHUSI CyHA P HECUMMETPUYHOM pe-
KM€ JIBIDKSHHSI TTOKA3aJIH, YTO TAKOH PEKHUM sBIIsieTCs OoJiee BHIroAHBIM. JIenoBoe cormpo-
THUBJICHHE MOXKET CHIKAThCS Ha BeIMUKMHY 110 50 % 110 OTHOLIEHHS! K CHMMETPUYHOMY JIBU-
KEHHIO B 3aBUCUMOCTH OT TOJIIMHBI IPEOI0IEBAEMOTO JIb/Ia U IIUPHHBI JISOBOTO KaHalIa.

OmnucanHblii B pabote 3(eKT HapylUIeHHs CHMMETPUH ABMKEHHUST HEOOXOIUMO yUH-
TBHIBaTh MPH IIAHWPOBAHUM TPAHCIOPTHBIX ONEpaluil 0 MPOBOAKE KPYIMHOTOHHAXKHBIX
cynoB nenokosnamu. C OJHOH CTOPOHBI, CHI)KEHHE JIEJOBOTO CONPOTHBIICHHS IIPH He-
CUMMETPHYHOM JIBWKEHHHU MO3BOJISIET YBEJIUYUTh CKOPOCTh MPOBOIKHU cynHa. C apyroi
CTOPOHBI, CHWKEHHE CONPOTHUBIICHUSI YBEINYMBACT TOPMO3ZHOU IyTh CY[HA, YTO MOXKET
NPUBECTU K aBapUIHBIM cUTyalusM. [lo MHEHHIO aBTOPOB, ONMCaHHbII 3)(DEKT TOIDKEeH
OBbITH O0JI€e AETATBHO UCCIIEIOBAH B JaJIbHEHIIEM.

BaaropapHocTu. ABTOpPHI BBIpaXkatoT Oi1arogapHocTh pykoBoacTBy OI'YII «Arom-
GI0T» 32 CTUMYJISALIMIO HCCIIEI0BATENBCKUX pabOT MO 00eCIeYeHHIO TPOBOJKH KPYITHOTOH-
HaXHBIX CY/I0B Jiefiokonamu. MccienoBanue BBIMOMHEHO PH YaCTUYHOM (DHHAHCHPOBAHUH
Poccuiickum HayunbsiM ¢onmom (mpoekt Ne 17-79-20162).
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Summary

Estimation of the oil spill size at continuous spills on the moving sea surface or on the drifting ice
field is the actual practical problem. Engineering estimation means the reduction of the hydrodynamic
equations system to the balance of only two main forces that cause movement and resistance of the
oil flow. From the simplified problem statement some practical relations were obtained for estimating
the size of spill, including continuous oil spill with surface water currents presence, for spill onto
porous snow-ice cover and onto the drifting ice cover. The obtained estimations can be used in more
complicated models of oil spill transformation in the marine environment, primarily in the Arctic zone,
and give basis for development of adequate responses on oil spills. The comparison of the obtained
estimates with the self-similar solutions of the corresponding equations of motion of the spreading
substance shows a satisfactory fit.

Tlocmynuna 13 nosabps 2017 e. Ilpunama k newamu 20 anpens 2018 a.

Kniouesvle cosa: MareMaTHUECKOE MOJCIUPOBAHUE, TAPAMETPHI IIATHA, PA3JINBbI He(bTI/I.
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IIpu pelmeHMH MHOTHX NMPaKTHYECKUX 3aad 4acTo ObIBaeT HEOOXOAMMO OBICTPO OLEHHTbH
pa3Mepsl HeTAHOTO IATHA, T.€. TOTYYUTh MHKEHEPHYIO OLIEHKY. VHXKeHepHas OLleHKa pa3MepoB
HEe()TSHOTO IATHA MOJYYaeTCs IPU PACCMOTPEHHUH YHPOIEHHON MOCTAaHOBKU 33/1a4M, CBEICHHOM
K OaJlaHCy OCHOBHBIX JA€HCTBYIOIIMX CHJI. M3 yIpoleHHON MOCTaHOBKY 331a4l B HACTOALIEH CTaThe
ObUIH MONY4YEHB! MPAKTHYECKUE COOTHOILIECHUS ISl OLIEHMBAHUS pa3MEpOB pasiuBa MpPHU MPOJOI-
JKUTEIIBHOM cOpoce He(TH Ha JBIKYIIYIOCS MOPCKYIO MOBEPXHOCTh U Ha Japeiidyromuii neasHoi
HOKPOB C y4eTOM (pUIIbTpaIHH B IOPUCTYIO cpexy. [TomyueHHbIe OLIEHKU MOTYT OBbITh HCIIOJIb30BaHBbI
B GoJiee CII0XKHBIX MOJIEIAX TpaHc(HOopMaIuy He(YTSIHOTO pa3iiiBa B MOPCKOH cpejie, B IEPBYIO Oue-
penb B APKTHUECKOH 30HE, U Jal0T OCHOBAaHMs I pa3pabOTKH aleKBaTHBIX MEP pearnpoBaHus Ha
paznuBbl. CpaBHEHHE MOyYEHHBIX OLIEHOK TApAMETPOB Pa3JIMBa C aBTOMOJIETIbHBIMU M YHCIICHHBIMU
pelIeHUsAMHY 3a/1a4 OKa3aJio yAOBIETBOPUTEIBHOE COOTBETCTBUE.

BBEJEHUWE

[npoko pacnpocTpaHEHHBIM HOAXOAOM IIPH OLIEHKAX pa3MepoB HE(TIHOTO ISATHA
Ha IOBEPXHOCTH MOPS SIBIISIETCS YIPOIIECHNE MaTeMaTHIeCKOI MOCTAaHOBKH 33/1a4H O pac-
TEKaHWH, KOI/a Tpe/roaraeTcsi OanaHc CHIIbI CONPOTHBIICHUS JIBIDKCHNIO HE(TH 1 TIpe-
obnmaaromeii u3 BeI3BIBAlONINX JIBIDKeHUE cull [1-3]. B pane pabot [4, 5] ormedaeTcs, 9To
BBIJIEJICHUE U3 BCeX (DAaKTOPOB, OTBEYAIOIINX 32 PACTEKAHUE, «IABYX OCHOBHBIX)» SIBIISICTCS
rpyObM nipubmmkeHueM. OnpHako cooTHomIeHUsT ®3st A7l OLCHKH pa3MepoB O0JIACTH
HEe(TSHOTO 3arpsA3HEHMs, NPETIOKEHHbBIE OKOJIO TIOJTyBEeKa Ha3al, OKa3aJHCh OIHUM U3
HanOoJiee IPOCTHIX CIIOCOOOB pacyueTa IMmapaMeTpoB pa3iiiBa HE(TH U MO 3TOH NpUYMHE
BOCTpeOOBaHHI B MPAKTUYECKUX 3ajadax.

I'paBUTAaNIMOHHO-BS3KMHN PEXHUM TEUCHHUS [UISl pacTeKaHHs HE(TIHOTO MATHA 10 CIO-
KOMHOM MOBEPXHOCTH BOApL, 110 D310, CKIIaABIBAacTCs U3 OajaHca CUII IPaBUTALIMN U BSI3-
KOTO TpeHUsI Ha Tpanune HedTb—Boaa. [IpuHrMas Bo BHUMaHUE, YTO HEPTH pacTeKkaeTcs
M0 BEpXHEMY TypOYyJIM3UPOBaHHOMY CJIOI0 OKeaHa, a pa3Mepsl He(TIHOTO ClIMKa 4acTo
COCTaBJISIIOT COTHH M THICSYM METPOB, MOZENb TPEHUS Ha TPpaHULE paszena HehTb—Boxaa
B BHJIC CTAIlMOHAPHOTO MMOTPAHUYHOTO CIIOS C JOoTrapu(pMHUUECKUM NPOodUIIEeM pa3HOCTH
CKOPOCTEH MpeacTapiseTcs Oonee peaaucTuaHoi. B pabdore [6] oOpaieHo BHUMaHHE HA
TO, YTO NPH PACTEKAaHWU B €CTECTBCHHBIX YCIOBHUIX M 3HAYMTEIBHBIX pa3Mepax pasiu-
BOB CHJIy TPEHHS HE()TH O BOAY MOXHO NPEACTaBUTh KaK NMPOIOPLIHOHAIBHYIO Pa3HOCTH
JIOKaJBHBIX CKOpOCTEH He(TH M BOIBI, B OTIMYHE OT CTABIIMX KIACCHYECKHMHU PadbOT
[1, 3], toe Tpenue Mexay HePTHIO M BOJOW MPHHUMAIOCH Ha OCHOBE TEOPHH JAMHUHAP-
HOTO IIOTPaHHYHOTO CIIOSL.

Tak mim nHa4Ye, BBIOOP MOJENN TPEHUS NPH PACTEKaHUH HE(TH 10 MOBEPXHOCTH
MOpsI OCTaeTCs BOIPOCOM, HE MMEIOIIUM Ha CETOJHALIHUI JJEHb CTPOTOro peleHus. 3ame-
THM, YTO aHAJNTHYECKHE PEIICHHUSI MOTYT OBITh HaliICHBI TAJIEKO HE IS BCEX NMPAKTUUCCKA
Ba)XHBIX clieHapHueB cOpoca HepTH. C Opyroil CTOPOHBI, ake yCIICIIHBIE MOMBITKH Ha-
XOXKJCHHS aHATUTHYECKUX PEIICHUH JUIs OHOMEPHBIX MIIM OCECHMMETPUYHBIX BAPHAHTOB
pacTeKaHust CONPSHKEHBI C LEIBIM PSIOM HPEIOTI0XKEHHH, HallpuMep, O MOZICIIN TPEHUS Ha
rpaHuIe paszena HeTb—BOoAa WM 00 OTHOCUTENILHON BaXKHOCTH TEX MM MHBIX (DAaKTOPOB,
BIMSIIOIIMX Ha TeUueHHe He(TH. B UTOre IIEeHHOCTh AHATMTUYECKUX PEIICHUI NPUMEHH-
TEJIFHO K peajibHbIM pa3iiBaM HE()TH B MOPE MOXKET OBITH ITOCTABIICHA 110J] COMHEHHE.

B crarse paccMOTpeHBI HECKOIBKO MTPAKTUYECKH BaXKHBIX CIIy4aeB PaclpoCTpaHEHHs
He(TH 110 TIOBEPXHOCTH MOPSI, ISt KOTOPBIX K HACTOSIIIEMY BPEMEHH HET TOTOBBIX Mare-
MaTH4YecKux pemeHuil. IIpemiaraemMplii MOAX0 K OLEHUBAHHIO ITApaMeTPOB HEPTIHOTO
pa3nuBa NMPUMEHEH K 3a/1ade O pacTeKaHWW HEe(TH WIN HE(TEIPOLYKTOB 0 MOPHUCTOMH
MOBEPXHOCTH JIbJIa WK CHera. [1oydeHbl HeKOTophIe MoJIe3HbIe (PyHKINOHAIBHEBIE 3aBH-
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CHMOCTHU Ha OCHOBAaHUU OLICHHBAHUS OCHOBHBIX neﬁcmyroumx CHJI 4YEPE3 pasMEPHBIC T1a-
paMeTpHl 3a/1a4M ¥ TeOMETPHUYECKHE XapaKTePUCTUKH pa3iiuBa. VI30KeHHBII HIDKE MOAXO0T
ABTOPBI NIPEAJIaratoT UCII0JIb30BATh B KAYECTBC NPEABAPUTCIILHBIX OLIEHOK F’€COMETPHUICCKUX
pa3MepoB obnactu He(TIHOTO 3arpsizHeHus. Ha nepBom tarie, JUist MPOCTOTHI aHAIHM3a
paccMaTpuBaeMBbIX 3a1ad, ObLIO CHIEJIaHO MPEINONI0KEHHE, YTO U3MEHEHUEM MacChl pac-
TEKaroLIelcs: CyOCTaHIIMKU 3a CUET UCIAPEHUs] U M3MEHEHHueM (DU3UUECKUX I1apaMeTpOB
pacrekatoleicsi cyOCTaHLMH, TAKUX KaK IUIOTHOCTh U BSI3KOCTh, MOJKHO IpeHeOpeyb.
Taxkum o6pa30M, MOXXHO CUHUTAaTh, YTO OLCHKHU, IOJTYYECHHBIC HMKE, OTHOCATCA K TaK Ha-
3bIBACMBIM KOHCEPBATUBHBLIM OILICHKAaM, T.€. IOJIYUYCHHBIM C 3al1aCoM, WM MaKCUMAaJIbHbIM.

AJexBaTHOE TUTAHUPOBAHKE TIEPBOOYEPEIHBIX MEpP 3aLIUThI MOPCKOM Cpeasl U Io-
Oepexuii, B 0COOCHHOCTH B APKTHYECKON 30HE, HCBO3MOXKHO 0e3 aHajin3a BEPOSTHBIX
CIICHAPUEB PACIPOCTPaHEHHS HEPTAHBIX pa3iuBoB. OleHKa BOBMOXKHBIX MacIITabOB pas-
JIMBOB B PA3JIMYHBIX THAPOMETCOPOJIOTHUICCKUX CUTYAlIUAX, BKIIIOYaA MomnagaHue HG(I)TI/I
Ha JIBUXYUIUNCS WM HETOJBHXKHBIN JI€ASHON MOKPOB, MPEACTABISIET CYLUIECTBEHHYIO
4acTh NPH aHAJH3€ PUCKA PACIIPOCTPAHEHHS Pa3IHBOB.

PACTEKAHHUE HA TIOCTOAHHOM TEYEHHUU
C IOCTOSIHHOM UTHTEHCUBHOCTBIO

Pacripoctpanenue He)TH, ITONABIIECH HA TIOBEPXHOCTH MOPSI, ONPEEISETCS MPOoLec-
caMH TepeHOCa MOBEPXHOCTHBIMHU TEUCHUSIMU W PAaCTEKaHWEM 3a CYET CHJI IUIABYYECTH.
Teuenne Takxe sABIAETCS NPUINHON (POPMHUPOBAHMS BBHITIHYTOH MPOTSKEHHON (OPMBI
MIATHA MMOBEPXHOCTHOTO 3arpsi3HEHUsI. MOXHO NPEIIONIOKUTh, YTO B OCHOBHOH YacTH
0051acTH 3arpsi3HEHHS, UCKIIIOYasl «TOJIOBY» M «XBOCT» MPOTSHKEHHOTO Pa3jMBa, IMOKa-
3aHHBIX CEPHIM I[BETOM Ha pHC. |, pacTekanne OyaeT NMPOXOAHTH JIMIIb B HAIPABICHNH,
MIEPIEHANKYIIPHOM IIEPEHOCY HEPTH TECUCHUEM.

Puc. 1. Cxemaruzanus pa3nnBa HeTH HA TCUCHUH

Fig. 1. Scheme of the oil spill with surface water current

[Tycts HEPTH MM HEPTEIPOAYKT MOCTYIACT C TIOCTOSHHON HHTEHCHUBHOCTBIO O Ha
MTOBEPXHOCTH BOJIBI, IBHXKYIIICHCS OTHOCUTEIEHO HETIOIBUYKHOTO HCTOYHUKA cOpoca Hed-
TH o ckopocThio U, . BribepeM cucTeMy KOOpAMHAT TaKuM 00pa3oM, YTOOBI MCTOYHHUK
HaxoAMJICS B Hauaje KoopAuHat, ock Ox HampaBlieHa BIOJb CKOPOCTH MOBEPXHOCTHOTO
TeueHus, a ocb 0y B MEPIECHAUKYISIPHOM HANPaBICHUH, X, ) — JEKAPTOBBI KOOPAMHATHI.

ITycts 00beM He(TH V| 32 Bpems ¢, BBUIMBAETCS Ha HOBEPXHOCTh MOPS B KOJIUYIECTBE
Ot,. Ilpy 5TOM B HallpaBIEHUH OCHOBHOTO TEYEHHs TAKOH 3JIEMEHTApHBIH 00beM HEQTH
Oyzner nMeTh pasmep (mupuHa nonockl) L, = U, ¢,. Eciu Npeanonoxurs, 4To TpeHue

cur 1°

Ha TpaHUIEC He(l)TI)—BOZ[a Opu paCTCKaHUU 1O MOBEPXHOCTHU MOPSA MPOIMOPIHMUOHATIBHO
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JIOKQJIbHOHM pa3HULIE CKOPOCTEH B CTEIEHU p, TO YPABHEHMSI JBUKECHUS PACTEKAIOILEHCS
10 TIOBEPXHOCTH BOABI HE(TH 3AIUIIYTCS B BHUIE:
— GaylaHC CHWJIBI IIJIABYYECTH U CHIIBI TpeHMS B HampasieHuu 0V
oH
[ — P
P.ug'H——=—Pu”, (1.1a)
dy

— GayaHc Maccel HeTH B Ka)KIOM DIICMEHTE BBIICICHHOM MMOIOCH
oH
a—+div(Hu)=0, (116)
t
— UHTErpajbHbIN OanaHc HedTH B monoce
I 1
LIJH(x,y,t)dy:EK, (1.16)
0

rae g' = g(p,—p,,)/p,; — PEAYUHPOBAHHOE YCKOPEHUE CHIIBI TKECTH, P, M P, — INIOTHOCTB
He()TU U BOZIBI COOTBETCTBEHHO, H{ — TONIIMHA He(TH B mojoce, B — SMIUPHUYECKUNA
ko3 duireHt, npu p = 1, cornacHo [6] unciaeHHo paBHbii 3107 [kr/mM*/c], u — cKOpOCTh
pacTexaHus B HanpasieHuu 0y.

YuureiBas, 4To 00beM HedTH B nojoce V, = 2L HY, To /1 NeBOH 4acTh COOTHO-
meHus (1.1a) npuMeHnMa olLeHKa

2
ol _ o ()
pnil g a - poil g 3 22
y 4Y* (L))
e Y — xapakTepHblil MacimiTab (pa3mep) pa3iinBa B HaMpPaBICHUH, MEPIECHAUKYIIPHOM
TEYEHHIO.
Ecnu HedTaHOH pa3nue IEPEHOCUTCS TEYEHUEM CO CKOPOCTRIO U M yBEIMYMBACTCS
B IIONIEPEYHOM TEUCHHIO HANPABICHUH 3a CUET PACTEKaHHWs, TOTA OLEHKA HAIPSKCHUS
TPEeHHs Ha TpaHuIle He(pTh—BoAa OyAeT ONPeNeNAThCS TOIBKO PA3HOCTBHIO )-KOMIOHEHT
CKOPOCTH ABIKEHUS He(TH U BOJBI

Bu” ~B(Y/1)" . (13)

O6benunss (1.2), (1.3) u yunTsiBad ouenky ¢ = X/U, , noixydnm

yr+3 :po”g'Qz/(BUz)tp Z%poi,g'Qz/(BU“p)Xp =kX", (1.4)

(1.2)

k
rae X — paccTosiHue, Ha KOTOPOE Pa3jIMB PACHPOCTPAHUTCS Onmaromapst mepeHocy Mox
TEWCTBUEM MOCTOSHHOTO TeueHHus co ckopocThio U, . B (1.4) MBI 00bETMHMIN B TPYTIITY
MIPOM3BE/ICHNE Pa3MEePHBIX ITapaMeTPOB 331au U 0003HAYMIHN eTo Kak k. U3 (1.4) cnenyer

IR ) 1 SRR P
Y()= k"X —(Zz" [p.ag' 0/ (BU?) ] e (1.5)

Takum 00pa3oM, pocT pa3MepoB MSITHA B HANpPaBJICHWUH, NEPICHANKYISIPHOM CKO-
POCTU OCHOBHOI'O TCUCHUA, 6yI[eT HU3MCHATHCA 1O CTCIICHHOMY 3aKOHY, a IJIOINaab MaTHa
A(t) onpenienutcs Kak

! 1 p+l 2p+3

A = 2] Y(xyax =222 (lj [poug'Q*/BP5U 7 (16)

p+3\4
211



TTPUKIJIAJ[HBIE [IPOBJIEMbI

[TpubnmxeHHOEe PaBEHCTBO MPU OLCHKE IUIOIIAAN pa3jiuBa CBSI3aHO C BO3ZMOXKHOU
HEIOOLIEHKON IIJIOMIA/IN 33 CUYET PACTEKaHUs, IPOUCXOASIIETO B TOJIOBE» U «XBOCTE»
pas3nrBa B HAIIPABICHUH OCHOBHOTO TEUCHHUS.

Takum 00pa3oM, MpU «IMHEHHOM» TPEHHU HEQTH O BOAY, IpH p = 1, 3aBUCUMOCTh
IUTOIAAN Pa3IMBa OT BPEMEHH M CKOPOCTH TE€UEHHS BBIPA3UTCS Kak
Ut mpup =1 (17)
Ut npu p = 2.

[Tpn nuHeiHO# 3aBHCUMOCTH TPEHHS OT PAa3HOCTH CKOPOCTEH He(dTh—BOAA POCT
IUIOLIAAU TATHA A(f) OnpenenuTes 3aBUCUMOCTBIO 4 ~ 174, a pu KBaApaTU4HOM 3aBUCH-
MOCTH 4yTh OBICTpEE, 10 3aKOHY A ~ 1"°, 4T0 00BSICHUMO, TaK KaK IPH MaJbIX Pa3HOCTSAX
CKopocTell HeTh—BOJa B Cly4ae KBaJpaTUYHOTO TPEHHS pacTeKaHWe OyIeT IpPOXOIUTh
OrbICTpEE.

OTMeTHM, 4TO COIVIACHO IPUBEJICHHBIM BhINIe (hOpMyJaM OTHOLIEHHE ILIOIIAAeH
IISITHA TIPU Pa3HbIX CKOPOCTSIX TEUEHUsI MPUOIMKEHHO PaBHO KOPHIO U3 OTHOILEHHUS CKO-
pocTeil TeueHusl.

CpaBHUM HOJYYEHHYIO OLEHKY C aBTOMOJICIIbHBIM PEICHUEM JJIsi CUCTEMBI ypaB-
Henuit (1.1a) — (1.16). Eciu aBTroMOJIeNIbEHOE peIlIeHUe CYIIEeCTBYET, TO GopMa pacte-
Karolerocs MsTHa OyAeT COXpPaHATHCS M MOXKHO 3aIlicarh 3aKOH COXpPaHEHHUs o0bema
(Maccer) He(TH B TIONIOCE MMPUHOMN L B HAIIPaBIEHHH, TIEPHEHIUKYIIPHOM HATIPABIEHHIO
OCHOBHOTO IIOTOKa, KaK

A(t) =

V, =2s-H(x,0,t)Y(x,t)L,, (1.8)
rae H(x,0,f) — tommumnaa HedTH HA OcH pa3nuBa (OCh OPUCHTHPOBAHA IO HAIPABJICHUIO
TeueHust), Y(x,f) — paccTosHue (TOTYIINpPHUHA) OT OCH pasJIiBa 0 BHEITHETO Kpas IATHA
B HaINpaBJICHUH, NEPICHINKYIAPHOM K OCH, § — KO3()(GUIUEHT GOpMBI, KOTOPBIH OyneT
OIIpe/ieNieH HIKe. ABTOMOZENBHAs (opMa ISITHA MOXKET COXPAHATBHCS, KOTa CKOPOCTh
pacTeKaHUs B HAIIPABJICHUH, HEPHEHIMKYIAPHOM CKOPOCTH TedeHus U, , H3MEHSETCs Kak

u(x,y,t)=ﬁi?(x,t), (1.9)

rac TOYKOM Hax Y o603nauena MMpOU3BOJAHAsA IO BPEMCHHU.
Ecmm HpO(l)I/IJ'IL TOJINIWUHBI IISITHA 6y}_'[€T COOTBETCTBOBATL paClpeACICHUIO

p+l

_r
Y(x,0) )
TOT/Ia COOTHOIIEHUE MEKITy 00beMOM HE(PTH B MOJIOCE, TOIIIMHON IIATHA HA OCH pa3iiuBa
1 TONYIINPHUHON MATHA BBIPA3UTCS COOTHOIICHUEM:

H(x,y,t)ZHo(x,O,l‘) 1- (110)

0| —

Y (1) p+l
V,=2LH (x,0.0) [ |1- ﬁ

0 >
(1.11)

1 1
=2LH ,(x,0,0)Y(x,t)——B —,3
p+l (p+1°2
|

b

K

e B — Oera-(QyHKINS OT COOTBETCTBYIOIINX apTyMEHTOB, depe3 s 0003Ha4eH Kodhpu-
nueHT GOpMBI B pasnuBse, A1 kotoporo u3 (1.11) ecTh YncineHHas OLeHKa:
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0,79; p =1,
§=20,82; p=3/2, (1.12)
0,84, p=2.

[oncrasnss (1.9) u (1.10) B (1.1a), moayunm

poilg’ 2 1 — v 1.13
2 H, DTG Y(x,1). (1.13)

Beipasus H(0,f) u3 (1.11) u

pailg' l Vl : l o
2B L 4Y(x,t)LJ (p+l)Y(x,t)_Y(x’t)’ (1.14)

B UTOTE TOJyYHM HeJNMHEHHoe angdepeHnnanbHoe ypaBHEHHE OTHOCHTENBHO ¥

. 1 1 g
YSY[) =— pozlg2 VIZ. (115)
4s* (p+1) 2BL;
0O003HaYNM HE 3aBUCAIININ OT BpeMeHH KO (HUIIEHT B IIPaBOH YaCTH KaK O U OymeM
uckarp pemenue (1.15) B Bume

Y(t)y=kt". (1.16)
IMoncranoskoii (1.16) B (1.15) onpenenum ko3 durment a
a=k’ "k (1.17)
ITockoneky neBas gacth (1.17) He 3aBUCHT OT ¢,
P
=—. 1.18
=3 » (1.18)

Kosdpunmenr k, B (1.16) onpenenurcs us (1.17) kax

p 1 1 1
g ) e e P e
,ﬂ{pﬂ} { ! }' {Poﬂg V;z}f’ 26{%5,' Qz}’ - (L19)
U | [87G] | B L B U

3

3aBUCHMOCTH IIOIIEPEYHOTO pasMepa IsiTHa Y (t) OT BpeMEHH BBIPa3HTCs Kak

)4 1 1
ED 43 v)2 |3 P
e I ey Al Lo VIR
p 8s*(p+1) B U ’
8

a COOTBETCTBYIOLICC BbIPAXKCHUC JIA TJIOMIAAN TIATHA

v n

2p+3[ p+3T7 I e

Aty =2 OBl Ur

0) p+3{ . } L“z(pﬂ)} [p..g'0"/B] L(121)
3

Taxum 06pazom, aBromonenbHoe pemienne (1.20) cuctems! ypaBuenwii (1.1a — 1.16)
OTIIM4aeTcs OT oleHkH (1.4) 3HaqeHHAMH KO3()PULMEHTOB & 1 J.
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30

25

— o
w =4

nongaw nsaria, K>
=

0 4 s 12 16 20 24
Bpema, u

-+=01lmMc@ =---03mc(@) =--=-- 0,5 M/c(@ == -1m/c(a)

—e—0,1 M/c —+—0,3 M/c —x—0,5 M/c —a— | m/c

Puc. 2. CpaBHEHHE YHCIEHHOTO pacyeTa IUIOLIa i IIATHA B aHAIUTHYecKoro pentenus no (1.21) mpu
Ppa3HBIX CKOpoCTsAX TedeHus. LLITpuxoBeIMu THHUAMHE (a) TOKa3aHbI pacyeTsl o ¢popmyie (1.21)

Fig. 2. Comparison of numerical calculation of the slick area and analytic solutions with (1.21) at the
different current velocities. Stroked lines (@) are results with (1.21)

0,80; p=1, 0,71; p=1,
8§=4081; p=3/2, 8,=10,73; p=3/2,
0,82; p=2. 0,76; - p =2.

CpaBHHUM IOJTYYEHHOE BBIIIE aBTOMOEIBHOE PELICHHE C YHCICHHBIM PacyeToM
3a7a4ll O PACTEKaHHM B JByMEPHOH IIOCTaHOBKE B JHala3oHe ckopocrtell Tedenus 0,1—
1 m/c (puc. 2). MorHOCTb UcTOUHKKA 74 T/4, TUIOTHOCTE HedTh 850 kr/™>. Jlist pacuera
Obl1a ucnoibp3oBada Moaens SPILLMOD [8].

Ha Gonpmmx BpeMeHax YMCIEHHOE PEIICHHE 3a]a4l HECKOJIBKO MEHbIIe aHaIUTH-
YeCKOT0, YTO OOBSCHSAETCS MOTrPEIIHOCTRIO pacyeTa IPaJAueHTOB TOJIIMHBI B IIATHE HPH
CYILECTBEHHOM M3MEHEHHH I€OMETPHHU pas3iiiBa. Tak, 3a CyTKU IPHU CKOPOCTH TEYCHUS
1 mM/c mATHO BHITATHBaeTCsA Ha 86,4 KM, IPH TOM, YTO TOMEPEUHBIH pa3Mep OCTaeTcCs
B Ipefenax coTeH MeTpoB. I1oydeHHbIH pe3ynbraT CBHAECTENILCTBYET, YTO CICIaHHbIC
TPEITIONIOKEHHS O BO3MOXHOCTH HCIIONB30BAHMS OTHOMEPHOTO IPUOIIMKEHHUS ISl OLICHKH
[apaMeTpoB IISITHA JOITYCTUMBI.

PACTEKAHUE C TIOCTOSSHHON THTEHCUBHOCTBIO
B OTCYTCTBHUE TEYEHUI

PaCCMOTpI/IM BaXKHBIN Cﬂyqaﬁ pacTeKaHus Ha MOBEPXHOCTHU BOAbI, KOTJ1a UCTOYHHUK
Cﬁpoca OﬁeCHqu/IBaeT MOCTYIIJICHUC He(bTI/I Ha MOBCPXHOCTH C MOCTOSSHHOM MHTEHCHUB-
HOCTBIO QO' HpI/I OTCYTCTBUU TEUEHUI MOXHO noJjararb, 4YTO paCTCKaHue 6yﬂyT ocecum-
MCTPUYHBIM.

Bananc cun TpaBUTAalUX U TPCHUA 3AMUIICTCA KaK

paizg'Ha_H:_B”p- 2.1

-
[TpuHMMas BO BHUMaHHE COOTHOIIECHHE MEXTy 00beMOM He()TH Ha MOBEPXHOCTH
V' u ero cpeaHeil TonmuHoN H 1 paguycoM R, MOTyduM

is
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’H aH —_ ' Vzis 2 2
poilg ar poilg 2R5 > ( . )

rie yureno V. ~ R*H. IlockonbKy B paccmarpuBaeMoM ciyyae V, = Q t, momydaem
p,.g'(0.0,)/(2R")=BR" /1", 2.3)

U B utore panuyc R(f) u miomanb A(f) 0ceCUMMETPUYIHOTO MATHA HEPTH MIPHA NOCTOSHHO
JICUCTBYOIIEM UCTOYHUKE OIPEAENETCS KaK

R5+p ~ phﬂngZ/(zﬁ)'tZer , (24)

A@t)=nR =n[p,.g'0"(2B) [ zz(ﬂj. 2.5)

Takum 00pazoM, MpH OTCYTCTBHHM TEYCHUH M JMHEHHOM TPEHUH MEXIY HE(PTHIO
Y BOJIOI POCT IJIOIIAIU HEPTIHOTO MsATHA OyJET MIPOXOANUTH JIMHEHHO CO BpEMEHEM, a IPH
KBaIPaTHYHOM TPEHHH IUIOMIab MsTHA A(f) Oyaer mpomnopiuoHaibHa 7.

CpaBauM (2.4) ¢ aBTOMOJIEJIBHBIM PEIICHNEM, aHAJIOTHYHO TOMY, KaK 3T0 ObLIO c/e-
JIaHO B IpeapayIIeM paznene. [lycTs pacnpeneneHue TONMUHBI TUH3BI H(7,t) n3MeHseTcs
M0 CTENICHHOMY 3aKOHY

, p+l
h(r,t)=H ,(0,1) 1_(12@)) , (2.6)

roe H(0,f) — TommuHa JIUH3EI B LEHTpe, + — m3MeHseTcs oT 0 1o R(7).
Yro0Obl MHMH3a coXpaHsia GopMy MpH pacTEKaHUH, HEOOXOMMO, YTOOBI pajnabHas
CKOPOCTh Y/IOBJIETBOPSLIA YCIOBHIO

roo.
V(r,t)=——R(t) . 2.
(0 =— o () (2.7)
B stom ciydae coorHomenue (2.1) mpeoOpasyercs K BUILY

—p“ég'Ho(t)z(p+l)=RRp. (2.8)

W3 noctostHCTBA (I)OpMBI JIMH3BI CJICAYCT COOTHOILICHUC MCKAY TOJ'IH.[I/IHOIZ B ICHTPC
IIATHA 1 MCHAOIUMCA 00BeMOM

V(1) _pt2 Ot

H, = 1 +1 TR(t) 29
2q_ L p
TH ,R(t)* (1 T 2))
W3 (2.8) u (2.9) cnenyer
g 1 2)° :

W, 0603HauuB HE 3aBUCAIINI OT ¢ KOI(QQHUIIMEHT B KBaJPaTHBIX CKOOKaX B JIEBOH
YacTH Yepe3 d, MOIYInM

apaég Qz e =R5R", @.11)

| —
b
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Ecnu npencraButk, 4to
R=~=—, (2.12)

TOrIa

1
1 o p+5 pt2
R(t)=a™ {p”’TgQZ} e (2.13)

Opnnaxo (2.12) He sBNIsieTCsl CTPOTUM OINpesesieHneM. byeM uckarh pelieHue He-
JMHEHHOTO MuddepenuanpHoro ypasHenus (2.11) B Buie creneHHo 3aBUCUMOCTH R(f)

R=Fkt". (2.14)
B stom ciygae (2.11) mepexonut B
bt =Pk y P (2.15)
[TpupaBHuBas creneHn odenx yacteil cooTHomenus (2.15), momyunm
_pt2
- p+s’ (2.16)
a xoaddurmenHT k onpenenurcs: Kak
b[ N J k. 2.17)
U «rouHoe» pemienue ypaBHeHus (2.11) onpeaenurcs kak
1 1
— — < p+2
P50 L (2 |7 P’ o |7 s
RO)=(—2)""|—= > A 2.18
0 (p+2) T pl 8 o (2.18)
| N

o

YucreHHble OLEHKH KOd(QPUIUEHTOB 0., 0., 0. IPUBEIEHBI B TaOmuIe 1.

Takum 00pa3zoM, MOXKHO YTBEPXKIaTh, YTO «IpOCTas» oueHka (2.4) ominyaercs
0T «TouHoroy» pemieHus (2.18) He Oonee yem Ha 10 %. OgHAKO HY)KHO TIOMHUTH, YTO
cOOTHOLIEHH TUMa (2.1) ONUCHIBAIOT MpoliecC pacTeKaHHs JIUIIb B ONpee/IeHHbIE TIPO-
MEXYTKH BPEMEHH, 1a U TO, HaJo MPH3HATh, MPHOIMKeHHO. [10 3TOM npu4MHE HCKaTh
TOYHBIE PEIICHNS YPaBHEHUH, UMEIOIINX OTPaHIUYEHHYIO0 IPUMEHUMOCTD K HCCIEAYEMOMY
npoleccy, He Bcera resiecoodpasztHo. Bo MHOTHX citydasix MOYKHO OTPAaHHYHUTHCS «HHXKe-
HEpHBIMIY olleHKaMH Tuna (2.4). OTMeTHM TakXke, YTO MHTErpaibHas 3aKch AJIS MacCh

Tabruya 1
YucjieHHbIe OlleHKH K03(PHIIHEHTOB
Koadpunmentst
P a, a, a
1 1,12 0,87 0,98
1,5 1,15 0,89 1,03
2 1,17 0,91 1,07
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He()TH, MOCTyNaIIel Ha HOBEPXHOCTh BOJbI B BUE (2.9), HECKOJIBKO CyKaeT OOLIHOCTh
paccMOTpeHust 3aj1a4u, TaK Kak, BOOOIIe roBOpsl, ICTOYHUK MOCTYIUICHHUS He()TH Ha I10-
BEPXHOCTh, KaK IPaBHJIO, JIOKAJIU30BaH U HE JOJDKEH aCCOLIMHUPOBATHCS CO BCEM ISITHOM
He)TH, 4TO HesiBHO mpenmnonaraercs B (2.9).

Ecnu 3akoH TpeHus Mexay He()ThIO M BOJIOI BBIOpaTh aHasoruyHo padoram [1-3],
TOTIa HAMIPSAKCHUC TPEHUA 3aMUIICTCA KaK

du R R 19

ow Sl S-= ], =
aZ ¢ th t3/2

Torma omenka G6amanca cui (2.1) B ciydae 0CECHMMETPUYHOTO PACTEKaHHS C TIO-
CTOSIHHON MHTEHCHBHOCTBIO HCTEUEHHSI OyJEeT BBIIVISICTH KaK
2,2
or, R
1= s - 2.2
Poir& R PuA Vi el (2.20)

T

a 3aBHCHUMOCTH pajauyca ImsTHa R(f) oT BpeMeHHU U ero ruromann A(f) xax

/6

1
12
R~ P.ug'0 [n2 (221
2p,V,
2 1/3
Ay =nR’ =7 g"p”g—g 1" (2.22)

PACTEKAHUE HA HENIOJABW)XHBI CHEXKXHO-JIEJASHOM TOKPOB

PaccMoTpuM paananbHO-CHMMETPHYHOE pacTeKaHne (PUKCHPOBAHHOTO 00beMa Hed-
TH V, IO TOPHU30HTAIBHOM MOBEPXHOCTH MOPHCTOTO CHEKHO-JIEISHOTO MACCHBA VIS MAJIBIX
yuces PeliHonb/Ica, B KBa3UCTAlMOHAPHOM PEXUME, «KOTIa pacTeKaHHe 00yCIOBICHO
OaJlaHCOM CHJI BI3KOTO TPEHHS M rpaBUTAliny». Ha TBepmoil MoMIoKKe IpaHUYHOE YCIOBUE
Ha TpaHule pasziena (a3 COCTOUT B PABEHCTBE HYIIO TOPH3OHTAIBEHOH CKOPOCTH (YCIIOBHE
npwmnanus). [Ipy caenanHbIX TPEANoIoKEHHUIX IPOUHTEI PUPOBAHHOE 110 BEPTHKAIBHOH
KOOpAMHATE ypaBHEHHE OajlaHCa MMITYJIbCA 3alUIIeTCs B BHIC

oH g 31

oR H*’ G-
IJIe JIeBas 4acTh MPEIACTABIISACT CHJIY, BHI3BAHHYIO MPAIHCHTOM JIAaBJICHUS, a MpaBas —
BSI3KMM TPEeHUEM, H — CpeaHsisl TOIIIKHA ClIos He()TH Ha MOBEPXHOCTH 00JIee IIOTHOTO
cybOcTpara, R — pamuyc 0CECUMMETPUYHOTO MATHA He()TH, V — KHHEMaTHUCCKask BI3KOCTh
pacTekaromencs: cyoCTaHITIH.

Bynem cuntarh, 4To 00beM HE()TH Ha MOBEPXHOCTH CHEIKHO-JICASTHOTO TOKPOBA MPH-
MepHO paseH V(t) = nH(¢)R(¢)*. Tlpunumast u ~ R/t ¥ 3aMEHHUB TIPOU3BOIHYIO 110 PATUYCY
orieHKoi H/R, momydaum

1/8
Lt)s 4 {8
TV :

R(1) o< (3.2)

217



TIPUKIJIAJTHBIE [IPOBJIEMbBI

[Tonoxum, 9T0 U3MEHEHHE 00beMa He()TH Ha TOBEPXHOCTH CHETa HJIM JIbJIA 33 CUET
¢bunbrpann

v
—=-TtR"u,, 33
E)t Vi ( )
TIe #,— CKOPOCTh DMIIBTPAIMH, ONpeiensiemas 13 3akona Jlapen
u,= Pougkp/llo,-/ 5 (3.4

rae kp — K03 PHULIUEHT NPOHUIIAEMOCTH TPYHTA.
Oobenunss (3.3) u (3.4), monyuum

V4
dv 1
E Sp (% (n)3 j V(t)3/4t”4 _ —an(t)3/4t”4 ’ (3.5)
-

a,

e a, — 4YUCIOBON KO3(Q(GUIMEHT, PaBHbIH

a, = V4 [uf (g /v)1/4:| .
Pemenwue (3.5):

V(t)1/4 — V(0)1/4 _%aZISM ) (3.6)

Pacrekanne npekpartutcs, Koraa o0beM HeTH Ha TIOBEPXHOCTH CHEXHO-JICISTHOTO
ITOKPOBA CTaHET paBHEIM Hymio V(f) = 0.
W3 (3.6) j1s BpeMeHH NPEKPAIEHHUs PACTEKAHUSA ¢, TONYYHM

tm — Kt (V/g)l/Suf%/SV(O)l/S — Ktk;4/5 (V/g)V(O)l/S ’ (3.7)

rae V(0) = V, — HauanbHbIA 00beM pasnuBa, K, — YHMCI0BOH KO3(P(HIHENT.
Ecmu cootnomenwne (3.6) moacraBuTh B (3.2) U ONpenenuTs MaKCUMyM (YHKIIAA
R(?), mony9uM MaKkCHMAIIbHBINA PaJnyC pa3iiiBa
1/10

R =K, Vi V(0) (3.8)

" u
!

rae K, — uncnoBon ko3¢ duiueHt. OneHka K03(QHUIMEHTOB 1151 )KUAKOCTH C KHHEMATH-
YeCKOH BSIBKOCTBIO v = 1 [cM?/c] 1 rpyHTa ¢ K03 duimenTom nporunaemocts 4,3-107!1! [m?]

M0 pe3yJIbTaTaM YHCIESHHOTO pelieHus 3a1a4u [9] nmpeacrapneHa B Tabmuie 2.
[Tomy4eHHbIe OIIEHKH BpeMEHH MPEKPAICHUs] pACTeKaHUsI U MAKCUMAIILHOTO panyca
pacTeKaHus st 3aJIIIOBOTO cOpoca He(TH Ha TOPU3OHTAIBHYIO OBEPXHOCTH MOPUCTOTO
TpyHTa, B TOM YHCII€ Ha TOBEPXHOCTh CHEKHOTO MJIU JIESTHOTO TMOKPOBA, MOKA3au TIPH-
MEpPHOE COOTBETCTBHE PE3yIbTaTaM YUCICHHOTO MOJEIUPOBAHUS PACTEKaHUS U MOTYT
Tabnuya 2

CpaBHeHne AAHHBIX YUCJIE€HHOI'0 MOJACIUPOBAHUSA U TEOPETUYECCKUX OLEHOK
AJISI MAKCUMAJIBHOI'0 pajinyca pacTeKaHusl 1 BpeMEHM NPpeKpalleHusl paCTeKaHus

Obnem I;eq)m, Moigﬁﬁgzggﬁne Teo%feiizcmﬂ Koaddurment|Koaddurment
v pajryc, M | Bpems, 94 | paamyc, M | Bpems, 4 Ky K,
1000,0 225,0 2.0 172,4 22 1,3 0,9
10000,0 570,0 2,7 433,2 34 1,3 0,8
100000,0 1350,0 5,5 1088,1 5,5 1,2 1,0
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OBITh UCIIOTH30BAHbI IS IPEABAPUTEIIFHOMN OIIEHKH YKa3aHHBIX TApaMETPOB B aBAPUHHBIX
cutyanusx. [loquepkaeM, 4To JOBOJIBHO MPOCTHIE OLIEHKU OBUTH MONTYYEHBI B MIPEIIIOIIO-
JKEHHHU OTCYTCTBHS TEILIOOOMEHA MEX/1y PACTEKAIOIIEHCs CyOCTaHIMeH 1 TTOCTHIIAIOIINM
cyOcTparoM u 6e3 yueTa yMeHbIleHHs: 00beMa He()TH 3a CUET UCTIapeHHSsI.

PACTEKAHUE HA JBWXYIIMICS CHEXXHO-JIEISIHOM IIOKPOB

Hcnone3yeM BEHIIIETIPUBEICHHBIC PE3YIIBTATHI U OLICHUBAHHS TapaMETPOB pa3irBa
He(TH, BBITEKaromeH Ha NBKymuiics nen. [Ioqo0Hy0 CUTyaIio MOXKHO IPEICTaBUTh
npy GOHTAHUPOBAHUU aBAPHIHON CKBaKHUHBI C AITyOBI TIAT(HOPMBI, MUMO KOTOPOH TIpO-
XOIUT Iperdyromiee JeAsHOe Mojie. AHAJIOTHIHO MPOJIUBY HEQTH HA TIOBEPXHOCTH MOPS
IpH TEYECHUM ONPENEIUM 00beM HE()TH, BBHITCKAIOIIMH W3 HCTOYHHKA 32 BPEMS £, KaK
V.(t) = H{)YL,, tne L, = Ut,. PaccmaTtpuBas TedeHIE HEPTH B 00IACTAX, PACTIONOKEHHBIX
Ha HEKOTOPOM PACCTOSHUH OT «TOJIOBBD) M «XBOCTA» pa3jINBa, MOKHO CUUTATh, UTO pac-
TEKaHHE IMPOUCXOANT TOIBKO B HANPABICHHUH, MEPIICHANKYISIPHOM TBHXKEHHIO JIEISTHOTO
oyt (TOTIepeYHOM HarpaBiIeHnH). Torna, yIuThIBasi, YTO pacTeKaHHE MO TBEPIOH ITo-
PHCTOM TOIOKKE OMHCHIBaeTCs aHAIOTHIHO (3.1), 3ammmem

oH v @1
g=—=-V—3 :
dy H
W, TIPUHMMas BO BHUMAHHE OJHOMEDPHBIN XapakTep pacTEKaHWs, MOTyIHM COOTHOINECHHE
JUIs XapaKTEPHOTO Pa3Mepa PasiiuBa B IONEPEYHOM HAIPaBICHUH

H no_,Yony

PO T , 4.2
&y YL, Vit “42)
3
ys =8V, (4.3)
v I
Wi !
3/5 1/5
nm{%}(@ ey (4.4)
W3menenne o0bema He(TH 3a c4eT PUIBTpanuu
e14
;§=—nﬂp 4.5)
Ioncrapmnss (4.5) B (4.3), momyunm
o Vg /s
1/
T;:_{(?)V} oL, (46)
U |
1/5
I __|[¥ s
ﬁ =—|| — ; tu (47)

O603Ha9MM HOBYIO IEPEMEHHYIO V' =V /L , QU3MYeCKHil CMBICT KOTOPO# ompeze-
JHUTCA Kak 00beM He()TH Ha SIVHUILY JUIMHBI PACIIPOCTPAHEHHS PA3jiMBa B MPOAOILHOM
(o Tedennro) HanpaBieHuH. Torma

ar'
? — _alVV(Z)NStl/S i (48)
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rac
a, = (g/v)”suf .
Penrenue (4.8) npu HavansuoM yenouu V'(0) = Q/U
VR =10y —(al6)®” . (4.9)
Bpewms npekpaieHus pacTekaHus B IIONEPEYHOM HalpaBICHUU
i, =[(6/a)-(Q/UY*T" = (612" (0/U)", (4.10)
a MpeaebHbIN pa3Mep B MOMEPEUHOM HANpPaBICHUH ONPEASITUTCS Kak
Y, =6"(g/vu, )" (Q/U)" (4.11)
3AKJIIOYEHUE

CoorHormenus (1.7) mis mmomany msTHa HeTH TP IPOAOIDKUTEIEHOM cOpoce Ha
MOPCKYIO ITOBEPXHOCTb B YCJIOBHSAX KBAa3UIIOCTOSHOTO Te4eHHs H (2.5) Ui pacTeKaHUs
pu OTCYTCTBUU Teduernwus, (3.7), (3.8), (4.11) mis BpeMeHH MpeKpameHus pacTeKaHusI
Ha TIOPHCTOH MOBEPXHOCTH W MaKCHMAJIBHOTO pa3Mepa 3arpsA3HEHHOTO MOACTUIIAIOLICTO
cyOcTpara MoJy4eHbl BO MHOTOM aHaJIOTUYHO «Kiaccmieckum» (popmynam Dast [1-3]
C NPUBJICYCHUEM PE3YJIBTAaTOB [6]. ABTOPHI IIOCYHTAIH BO3MOXKHBIM Ha3BaTh ITOTOOHBIH
TIOIXOJ] MHYKCHEPHBIM OLICHHBAHHEM, UMesl B BUJLY, YTO YIPOIICHUE YPaBHEHHI IBVKCHHS,
CBEIICHHE CHCTEMbI YPaBHEHHI THIPOJMHAMUKH K OaJIaHCY TOJIBKO JIUIIb IBYX «OCHOBHBIX)
CHJI IPMBOJMT B pe3yJbTaTe HE K PELICHHIO 3aJa4d, HO K OLECHKE NapaMeTpOB pa3ivBa
C TOYHOCTBIO, B Psilie CIIy4aeB JOCTATOYHOW IS PELICHUS NMPaKTHYSCKUX 3ajaad. Kak
U B ciyyae ¢ popmynamu a4, B HAllIMX OLICHKAX HE PAcCMaTPHBAIUCEH IPOLIECCH BBIBE-
TpuBaHus HedTH. Takum 00pa3oM, IOTyYESHHBIE PE3yIBTAaThl MOYKHO OTHECTH K KOHCepBa-
THBHBIM OLICHKaM, CIIeJIAaHHBIM «C 3armacoM». Ha mpakTHke 3a c4eT IpoLecCoB HCTIapSHUS
00BbeM HE(TSHOrO IATHA Ha NMOBEPXHOCTU MOPS WM CHEXHO-JEASHOTO IIOKpOBa Oynet
YMEHBINAThCS M, COOTBETCTBEHHO, OYIyT YMEHBIIATHCS XapaKTepHbIC pa3Mephl 00IacTH
3arps3HEHUs, OLICHUBAHHE KOTOPHIX OBLIO NPOBEACHO B JAHHOH paboTe.

[Tpu aHanu3e pa3nuBOB HEPTH B MOpe OONBIIONW MPOTOIKUTEIBHOCTH, KOTIA
CKOPOCTH TEUEHHS HeJIb3sl CYUTATh MOCTOSHHON B TeUSHHE BCero BpeMeHH cOpoca
He(TH, HapUMeEp, B IPHIMBHBIX MOPSIX, IPUBEICHHBIC HHXCHEPHBIC OLICHKH I1OJIC3HEI
KaK BO3MOKHOCTh PacCMaTpUBAaTh IPOJIODKUTEIbHBIA Pa3inB HEPTH KaK CyIepIo3u-
LUI0 €ro OTACIbHBIX YacTeH, (POPMHUPYIOMINXCS MOCISN0BAaTSIbHO B pallOHE aBapuH
C Y4EeTOM CKOPOCTH TEUeHHsS HAa MOMCHT IonajaHus He()TH WK HeTenpOAyKTa Ha
MIOBEPXHOCTb.

Baarogapuocru. Pa6ora BeinosiHena npu gpunancoBoii noanepxke POMOU B pamkax
Hay4dHBIX TIpoekToB Ne 18-07-00373 u No 18-07-01001.
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YBaxkaeMble aBTOpPHI!

OO0pamaem Baimle BHIMaHHE Ha TO, 4To ¢ ssHBaps 2018 roga m3MeHWINCH TpeOOBaHUS
K CTaThsIM, HAlIPaBIICMBIM B PEAKIMIO JKYPHAJIA JUIsl PACCMOTPEHHS BO3MOKHOCTH UX ITyOiH-
Kal|K. JTO CBA3aHO € TEM, 4TO MEPE/l JKYPHAJIOM IIOCTaBJICHA 33/1a4a BOUTH B MEXKIyHAPOIHYIO
6a3y HUTHPOBAHUS JAHHBIX Scopus. B CBS3M ¢ 3THM y)KECTOUMINCH TPEOOBAHUS K COICPIKAHUIO
U CTPYKTYpE aHIIOS3BIYHBIX AHHOTAIMH K CTAThsIM, MOAIHCSAM K PUCYHKaM, OJarofapHOCTSM.
OdeHb BayKHBIE H3MEHEHHUS KOCHYINCH opopmiieHHs Onbimorpadguyeckux omnucanuii. [Tomumo
OCHOBHOT'O CITUCKA JINTEPATYPbl HEOOXOIMMO IOATOTOBHUTH References — CIUCOK JIUTEPATYPBhI,
0o OpPMIIEHHBIH 10 paBIJIaM MEXIYHApOAHBIX 0a3 nuTupoBaHusi. Obpamaem Bamre BHIMaHHE,
410 00a crucka GOpMHUPYIOTCs HE B anhaBUTHOM IOPSIIKE B COOTBETCTBUH C OTEYECTBECHHBIMU
HOPMATHBHBIMH JOKyMEHTAMH, a 110 Mepe YIIOMUHAHUI B TEKCTE CTaThu. ByabTe BHUMATEIbHBI,
CCBUIKU B CIIMCKaX 0(OopMIIIOTCS 1M0-pa3sHoMy. CChUTKa HA TOKYMEHT C TIOAPOOHBIM OITHMCaHHEM
TpeOOBaHMI K CTaThsIM IPUBE/ICHA B KOHIIC HACTOSIINX IIPABHIL

ITPABIJIA 1151 ABTOPOB
KYPHAJIA «ITPOBJIEMBI APKTUKU U AHTAPKTUKW

JKypHax paccMaTpuBaeT UIs IyOIUKALUY HayYHbIE CTAaThH [0 OCHOBHBIM HAIPaBICHHSM HCCIEI0BAHUH B OSPHBIX
o0IacTsIx 3eMITH: OKeaHONOTHH, (pU3HKe aTMOC(hepbl ¥ rHAPOChHEpBL, METEOPOIOTHY H KIIMMATOIOTHH, THAPOJIOTHH CYIIII
U TUAPOXUMUH, TIALMOJIOTHH ¥ KPUOJIOTHH, FeOMOP(OIOrUHU 1 SBOIIOLMOHHON reorpauu, IeI0TEXHUKH, T€ONOTHH H
reodusuke. Takxke NPeACTABISIOT MHTEPEC PAOOTHI MO SKOJIOTHH, OMOLEHONOTHU U Ouoreorpaduu, coluanbHON reo-
rpaduy ¥ CONUATbHOM aHTPOIONOTHY, HCCIEAYIOIMX W3MEHEHHS B IOJISIPHBIX PETHOHAX.

B m3nanny myOmMKyI0TCS HOBBIE PE3Y/IbTaThl HAYYHBIX UCCIIE0BAHMUM, a TAKXKE HAyYHbIE COOOIIEHHS TEOpeTHYE-
CKOT0, METOUYECKOT0, SKCIIEPUMEHTAILHOTO U IPUKIATHOTO XapaKTepa, TeMaTHIecKue 0030pHI (IO 3aKa3y pelaKiun),
KPUTHYECKHUE CTAThH, O4EPKH 10 UCTOPHH IOJISPHEIX HCCIEJOBAHNH 1 KPATKHE COOOIIECHNS, OCBSIICHHBIE ITAMSTHBIM
naram (110 3aKa3y peJjakiuy). Bee craTbu NpoXozsT ABOHHOE aHOHUMHOE PELIEH3UPOBAHNE.

TekcTsI cTaTelt JOIDKHEI OBITH Ha PyCCKOM UM AHIVIHIICKOM si3bIKe. ABTOP(BI) CTaThU JOIIKHEI IIOATBEPAHTH, UTO 3T
CTaThs paHee He ObLIa OIyOIMKOBaHa, a TAKKE HE PECTaBlIeHa I PACCMOTPEHHS | ITyOINKAIIHH B IPYTOM XKypHAJIE.

Bce MaTepuaibl PeCTaBIIAIOTCS B PEAAKIHIO B 3IEKTPOHHOM BHJIC B COIPOBOXKACHIHN OyMaXKHOH BEPCUH TEKCTA,
PHCYHKOB (CM. TpeOOBaHUs K pUCYHKaM) U (aiiia ¢ MOJHBIMU CBEACHUAMHU 00 aBTOpax: (paMUJIMs, UMS U OTYECTBO
(monHOCTBIO), MeCTO paboTHI (MONHEL ajpec), yueHas CTENeHb, JODKHOCTb, apec YEKTPOHHOH IIOUYTH U TenedoH
OJIHOTO U3 aBTOPOB [IJIs CBsI3U. PexoMentyemblit 00beM crareit — ot 8 110 20 crpanul Tekcra (yepes 1,5 nunreppana),
BKJIIOYAst TAOJNHIBI U CIMCOK JIMTEPaTypbl; pucyHKoB He Oonee 6. Texct Habupaercs B dopmare Microsoft Word.
ITapamerpst Habopa: mpudt Times New Roman, kers 12, nntepsan 1,5. Crpanums! B cratbe HyMepytorcs.. CTatbu
MPOXOJAT BOHHOE PELEH3UPOBAHHUE.

Crarbu odopmtsiroTes cieyromum oopazoM. CHavana gaercs YJIK; 3atem Ha pycCKOM sI3bIKE — Ha3BaHUE CTAaThH,
MHHUIUAIB 1 ((aMIIIHH BCEX aBTOPOB (IIPH yKa3aHHH aBTOPOB CTaThH CHAaYasa WIyT HHULHUATEL, 3aTeM (amims. Mau-
1Mabl ¥ GaMIIHs passelsoTCes MpoOenoM), IOITHOE Ha3BaHKe OpraHu3alH(1Mi), TIe BBIIONHEHA padoTa; JIeKTPOH-
HBII ajipec aBTOpa, OTBETCTBEHHOTO 32 CBSI3b C PelaKiHeil. 3aTeM Te jKe CBEACHHS IPHBOAATCS Ha AHIIIHIICKOM SI3bIKE:
3arIaBue, aBTOPhI, YUPEKICHHS, BTOPOil pa3 e-mail maBHoro aBropa. Ilocie 3Toro Ha AHNIMHCKOM S3BIKE MHITYTCS
KIIFOYEBBIC CII0BA B COOTBETCTBHY C aHINIMHACKUM apaBuToM (He Ooxee 10 cioB 1 He Goree ABYX CIOB B COUCTAHUSX)
1 aBTopckoe Summary crarbi Ha 20-25 cTpoK (31€Ch XKe Ui KOHTPOIIS 0053aTeNbHO MPHIAraeTcs nepeBoi Summary
Ha PYCCKHUH SI3BIK).

KitroueBble c1oBa JOKHBI OTPakaTh OCHOBHOE COZIEP)KaHUE CTAaThU, IOBTOPSTH TEPMHUHBI U3 TEKCTA CTAThH U IO
BO3MOXKHOCTH HE TIOBTOPSITH TEPMHUHBI 3aIVIaBHs; CI€AyeT HOMHHUTb, YTO 9TH CII0BA HOJDKHBI OOJIETYUTh TOUCK CTAaThH
cpezcTBaMU HH(OPMAIHOHHO-TIONCKOBOH CHCTEMBIL.

Summary JJo1KHO ObITh HOHATHO O€3 OOpaleH s K CaMOH MyOIMKaliK KaK HE3aBUCHMBIH OT CTaThl HCTOYHHUK
uHpopmanuu. OHO JTOIDKHO OTBEYATh CIEAYIOIMM KPUTEPUSIM: HH)OPMATHBHOCTH (HE COAEpKaTh OOIIMX CIOB);
COepIKATEeNBHOCTH (OTpaXkaTh OCHOBHOE COZCPIKAHHE CTAThH: 3a[a4d paboThbl, METO/bI, NIABHBIE PE3YNIBTAThI UC-
CIIEIOBAHMH); TIOCIE0BATEIBHOCTH H3NIoKeHus. [lepeBoy Summary Ha aHIIMACKMH S3bIK TOJDKCH OBITH BBIMIOIHCH
KaueCTBEHHO, C HUCIOIb30BAaHHEM aHIIOA3BIYHOH CIEIMANIbHOI TePMHHOJIOTUH, HE ObITh JOCIOBHBIM II€PEBOIOM
PYCCKOSI3BIMHON BepcuH (IIPH HEOOXOIMMOCTH CIIEAYeT TAKKe BKIIOYATh MOSCHEHHS I HHOCTPAHHOTO YHTATeIs,
CBSI3aHHBIE CO CTICLU(HKOMN HCCIICIOBAHHUIT).

Janee nponoimkaeTcst HHGOPMALHS HA PyCCKOM S3bIKE: KIIIOUEBBIE CII0BA B COOTBETCTBHU C PyCCKHM an(aBHTOM
(me 6onee 10), xparkast anHoTanus (7—10 ctpox) (6e3 mepeBosa Ha AHIIMHCKUIT) — U HAYHMHACTCS TEKCT CTAThH.

222



Jlst cTaThu, MPEACTABIAEMOIl Ha aHITIHIICKOM si3bIke, TpeOytorest: Y/IK; mepeBox Ha pycckuii s3bIk Beei HHPOp-
Malyu, KOTopasi aeTcst epejl Ha4aioM CTaTbH B XKypHaie. Kpome T0ro, B KOHIIE CTaTbi HEOOXOMMO IPHBECTH pac-
IIMPEeHHBIN pycckuit pedepar (1-1,5 cTp.), a B MOAMHICIX K PUCYHKAM JaTh MX IEPEBOX Ha PYCCKUM SI3BIK.

OcHOBHO¥ TekcT pa3duBaetcs Ha paszensl. OOBIMHO 9TO BBEICHHUE, TOCTAHOBKA POOIEMBI, METOAMKA HCCIIEI0BA-
HH, pe3yJIbTaThl HCCIEI0BAHHIT, 00CYKICHHE PE3yIIETaTOB, 3aKII0UCHHE (BBIBO/BI). B KOHIIE CTaTh MOXHO IOMECTUTh
GJ1arogapHOCTh JMIAM, OKAa3aBIIUM [IOMOIIb B IOATOTOBKE CTAaThU, H HEOOXOINUMO yKa3aTh MCTOYHHK (PUHAHCOBOH
THO/LICPYKKH, CIIOCOOCTBOBABIIMI BBITIONHEHUIO 3TON paboThI (rpaHThl HOHIOB, IPOrPaMMBI U T.1.). brarogapHoctu
1 CCBUIKH Ha TPAaHTBI HIIM TEMbI JAIOTCS HA PYCCKOM, a 3aTeM Ha aHIIHHCKOM si3bike (Acknowledgments).

TToxmmcu nox puCyHKaMH JAIOTCS K KaXIOMY PHCYHKY B COOTBETCTBHH C €TI0 PACIIOJIOKEHHEM B TEKCTE: CHaYaa
Ha pycckoM (Puc. 1. [lanee noamuce), a motom Ha anruiickoM si3bike (Fig. 1. Figure caption). B mopmucsx Heo6xomumo
OT/EIATH COOCTBEHHO Ha3BAaHNE PHCYHKA OT 00BSICHEHHH K HEMY (9KCIUTHKALWS), KOTOPBIE HAJI0 1aBaTh C HOBOI CTPOKH.

Pucynku u potorpaduu noMeIaroT B OTAENBHEIX (aiiax: Uil pacTpOBBIX H300paXKeHHIl B pacTPOBBIX GopMaTax
JPEG/TIFE/PSD, u B BektopHbix — CDR (Bepcuu X6 u crapiue) win Al (He gomyckaroTces pucyHku B popmare Word).
Paspenienne pacTpoBbIX H300paxkeHHit B oTTeHKax ceporo 1 RGB-uBer nomxkuo 6b1Th 300 dpi. Bee ciioBecHbie Hapnucu
Ha PHCYHKaX JIAF0TCsI TOJIBKO Ha PYCCKOM si3bIKe. Bee yciioBHbIe 3HaKK 0003Ha49ar0TCst M pamu (KypcHBOM) ¢ 00s3aTelb-
HO¥ pacinpoBKOii B MOAPUCYHOUHBIX MOATUCSX, [IE OHU TAaKKe 0003HAYAIOTCs KypcHBOM. L{i(pbl MOXKHO CTaBUTH
1 Ha THHUSIX rpadukoB. Ha rpadukax Bee MKasibl 0053aTe/IbHO HOAMUCHIBAIOTCS U yKA3bIBACTCS PA3MEPHOCTD BEIMUHH.

TaGuumer. J{ns Gonplivx TaGIHIl ClexyeT MCIOIb30BaTh aIbOOMHYIO pa3MeTKy CTpaHHIbL. TaOmuisl u rpadst
B HUX JIOJDKHBI MMETh 3ar0JIOBKH, COKPAILEHHS CJIOB B TAONMIAX HE A0MycKaloTcs. Tabmuilbl HAOUPAIOTCs, KaK M TEKCT,
B opmare Word mpudrom 9 nt. [Ipumeuanns BHyTpH TaONuIpl He AaroTcs. VICHoab3yr0TCs CHOCKHU KO Beei Tabnuie
WM OTZHEIBHBIM €€ I0Ka3aTelIsIM.

B Tekcte crnemyeT AaBaTh CCHUIKM Ha BCe pUCYHKH 1 Tabmuipl. [Ipu nepBoit ceblike — puc. 1, Tabm. 1; npu mo-
BTOPHBIX — CM. pHC. 1, cM. Tabu. 1. Ecu B Tekcte maercst ofHa TabnuIa WK OXMH PHCYHOK, TO CCBUIKH B TEKCTE
MPUBOJIATCS CICAYIOMIUM 00pa3oM: TIPU MEPBO cchlike — (Tadnuia), (PUCYHOK); IPU HMOBTOPHOW CChUIKE — (CM.
tabnuiy), (CM. pUCYHOK).

Maremarndeckre 00603HAYEHHs, CHMBOJIBI M TIPOCTHIE (POPMYIIBI HAOMPAKOTCS OCHOBHBIM HIPH(TOM CTaThH,
cioxHble (popmyisl — B riporpamme MathType (unu B Bepeusix Word o 2007 roga BritountensHo). Hymepyrores
TOJBKO Te (hOPMYIIBI, Ha KOTOPBIC €CTh CCBUIKH B TeKCTe. Pycckue 1 rpedeckue OyKBbI B JOPMyITax M TEKCTE, a TAKKE
XUMHYECKHE JIEMEHTHI HAOMPAKOTCS MPSAMBIM MIPUPTOM, JTATHHCKHE OYKBBI — KypcUBOM. AGOpEBHATYphI B TEKCTE,
KpOMe OOIIETIPUHSATHIX, HE JOIYCKAIOTCSL.

B criicke nuteparypsl (11071 3aronoBkoM «CIHCOK JIMTEPATYPbI» ) CCHUIKU Ha JIUTEPATYPy HyMEpYIOTCs IT0Ce10Ba-
TEJIBHO, B COOTBETCTBHH C IIOPS/IKOM KX [IEPBOTO YIIOMHHAHHS B TEKCTE. [IPUBOASTCS TOIBKO OIyOIHKOBAaHHEIE PAOOTHL.
CCBUIKH TI0 TEKCTY JAIOTCS B KBAJPaTHBIX CKOOKAaX Ha HOMEpa CIMCKa, 4epe3 3amsaTyro ¢ npobdenom: [1, 7, 23-27].
Cratbsl JOJKHA COIEPIKATh CChUIKM Ha BCE PabOTHI, HPUBECHHBIC B CIIMCKE JuTeparypbl. OOpalliaeM BHUMAHHE Ha
HEIOMYCTUMOCTh BKJIIOYEHHUS B CIIUCOK JIUTEPATYPbl U3aHuUii, BbiyleHHbIX 0e3 [SSN- nnn ISBN-ko10B (3TuM HacTo
rpemar cOOPHUKY MaTepUaoB KOH(GEPEHIMi (Te3UChl I TOKIIAbI)).

Janee npuiaraercst BTopoii crimcok auteparypsl (References). B criicke Ha aTHHHIIE CTPOTO COXPAHSIOTCS TE
K€ MOCIIeIOBATEIHOCT M HyMepaLis HCTOYHUKOB, YTO U B «TPAJAULHOHHOMY crucKe. CCBUIKH Ha MHOCTPAHHBIE HC-
TOYHUKH IIPHBOIATCS B 00OUX CIIHCKAX JITEPATYPEL.

CrarbH, He COOTBETCTBYIOLIHE YKa3aHHBIM TPeOOBaHUSM, paccMaTpuBarhes He OyayT. [1pu pabote Haj pyKOIUCHIO
PEIAKIKs 10 COTIACOBAHMIO C aBTOPOM BIIPABE €€ COKPATHTh. ABTOD, ITOAINICHIBAS CTATHIO U HAIPABIISS €€ B PEAAKIUIO,
TEeM CaMBbIM [lepeiaeT aBTOPCKHUE IIpaBa Ha U3laHHe 3T cTaThy skypHaITy «IIpobnemsl ApKTHKY 1 AHTapKTHKH/ Arctic
and Antarctic Research.

Penaxims H3BEIIaeT aBTOPOB O BO3MOXKHO# BEIOOPOYHOIT IPOBEPKE HPHUCIAHHBIX IS MyOIHKALHK CTaTel B CH-
creMe «AHTHILIaTHaT.

PenakiiMOHHas KOJLIETHs HE BCTYIAeT B IUCKYCCUHU C aBTOPAMH MO MOBOJY NPHHIUMACMBIX €O PEIICHHUIA.

boiee momHbIe cBeACHNUS 110 0()OPMICHHIO CTAThH IPHBEACHEI B 1oKyMeHTe « TpeboBaHus K 0(hOpMIICHHIO CTaTei,
MPHCBUTAEMBIX B xKypHaI [Ipobnembl ApkTHKY B AHTapKTHKI. OH pa3MeIleH CTpaHuIe JKypHaa 1o aapecy: http:/
www.aari.ru/misc/publicat/req_pub_aanii_.pdf u obs3atesnen 11 03HAKOMIICHHS PH TTOATOTOBKE MaTEPUAIIOB CTATHH.
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