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CE30HHAS U MEXTOAOBASI UBMEHUYNBOCTD
JEJAHBIX MACCHUBOB BOCTOYHO-CUBUPCKOI'O MOPA
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Summary

The paper considers the seasonal and interannual variability of the Novosibirsky and Ayonsky
ice massifs of the East Siberian Sea, which represent the main difficulty for navigation during summer.

Analysis of ice conditions showed the tendency towards the onset of a new climatic period -
“relative warming”. This is consistent with the regional quasi-periodic 30-year alternations beetween
the “relatively cold” and “relatively warm” climatic periods identified in the AARI.

We have compared ice conditions of the “relatively cold” period of 1958—1987 and the “relatively
warm” period of 1988-2017. Since the end of the 1980s the ice massifs began to decrease more
intensively with the onset of break up some 10-20 days earlier.

In general, the drift ice area during summer has decreased by 15-20 % in the western part
of the sea and by 20-30 % in eastern one. The fast decrease of close floatingice in the East Siberian
Sea observed in the last decades resulted in increase of the possibilities of autonomous navigation.

The latest works containing the analysis of in conditions of the East Siberian Sea belong to
the 90s of last century. In these works ice conditions of the period of the 40-80s of the 20th century
were considered. During this period, the background of the ice cover extent was high. As a result, the
usage of the average values of ice massifs areas calculated on all observations series (since 1946), is
not informative for characterizing ice conditions during separately taken periods.

Citation: Yulin A.V,, Sharatunova M.V., Pavlova E.A., Ivanov V.V. Seasonal and interannual changes of ice massifs
in East Siberian sea. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64, 3: 229-240. [In
Russian]. doi: 10.20758/0555-2648-2018-64-3-229-240
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Hocmynuna 7 uons 2018 e. Ilpunama k newamu 14 aszycma 2018 2.

Kniouesvie cnosa: Bocrouno-Cubupckoe Mope, KINMaTHYECKHEe U3MEHEHHS, JEIOBUTOCTD
MOPsI, JIEASHBIE MACCHBBI, JIEAOBBII PEKUM.

B pabote paccMoTpeHbI Ce30HHAsT U MEXI010Basi MK3MEHYMBOCTH TUIOIIAACH JISISTHBIX MACCH-
BOB BocTouno-Cubupckoro Mopsi. [Ipeacrasiensl pe3yasTarbl pacueTOB U3MEHEHHS JICTIOBUTOCTH
Y MTOBTOPSIEMOCTH THIIOB Pa3BUTHS JIEISTHBIX MACCUBOB B neproj] 60—80-X ro1oB NpoILIoro CToIeTHs
W 32 TOCJIeTHUE ECATHIICTHSI.

OTU U3MEHEHUs XOPOILIO coriacyroTcs ¢ BbisiBIeHHBIMU B AAHNVU kBazunepuonndeckumu
Yepe0BaHUSIMH «OTHOCHTEIIBHOY XOJIOAHBIX U «OTHOCUTENILHOY TEIUIBIX KITMMATHYECKUX MEPUOIOB
C IPOOJDKUTEIBHOCTHIO 0K0J10 30 JIeT.

3a nocyieqHue ACCATUICTHUS YMEHBIICHHUE JISASHBIX MAaCCHUBOB CTaJIO NMPOUCXOAUTH Oosee
WHTEHCHUBHO. B 11e70M miiom@aab CIuloueHHbIX JIbJ0B B JIETHUH CE€30H yMeHblnmiach Ha 15-20 %
B 3anaaHoi yactu Mops 1 Ha 20-30 % B BOCTOYHOM, CYIIECTBEHHO PACIIMPUB BOZMOXKHOCTH CaMO-
CTOSITEJILHOTO TUIABaHUS CYJIOB.

BBEJEHUWE

Boctouno-Cubupckoe Mope SBISIETCS OTHAM U3 HanOoJiee CYpOBBIX U3 BCEX POCCHIA-
CKUX apKTHYECKUX MOpei. XOIOIHbBIC 3UMBI, KOPOTKOE JIETO, CHIIBHBIC BETPHI (POPMUPYIOT
Ha aKBaTOPUH MOPS MOIIHEIN U TOPOCHUCTHIH JSSHOMN MOKPOB, COCTOSIIIA U3 TPUITaHHBIX
U Ipei(yIOMmuX JIbI0B.

HapacTanune nensHOTo MOKpOBa MPOMCXOJUT BECh 3UMHUI MTEPHUO]] U 3aKaHIUBACTCS
B KOHIIE Mas. B Havane WrOHS 1MoJ] BIUSHUEM PaJUalliOHHOTO TeIlia B MPUOPEKHON 30HE
Ha JIbJIy TOSBIISIFOTCS CHEXXHHUIIBI — TIEPBEIC PU3HAKU TasHUS, KOTOPEIE 3aTeM pacIpo-
CTpPaHSIOTCS B CEBEPHBIC PAafOHBI MOPSI.

CdopmupoBaBIHiics K HaUaITy TassHUS JISASHON TOKPOB (HETIOIBIDKHEIN 1 Aperyro-
i) COCTONT B OCHOBHOM U3 OJTHOJICTHUX TOJICTBIX JIBJIOB (TONIIIHHOM Oonee 120 cMm). DT
JIBIIBI 3aHUMAIOT 0KOJI0 80 % TUIOIamH 3aafHOM YacTH MOPS K OKOJIO 65 % — BOCTOYHOMA.

B cpennem oxono 12 % B 3amagnHoi 1 okono 30 % B BOCTOYHOM YacTH MOps 3a-
HUMAIOT CTaphie JIBIHI (IBYXJIETHHEC U MHOTOJICTHHE), KOTOPHIE IIOCTYIAal0T B MOpE U3
ApKTHYeckoro 6acceifHa 1 HAOMIOIAIOTCS B CEBEPHOM YacT MOps. HesHaunTensHas 9acTh
JIEITHOTO TIOKPOBA MPEICTaBIIeHa O0Iee MOJIOIBIMH TI0 BO3PACTY OTHOICTHUMH TOHKUMH
(rommunoit 30-70 cm) u cpegauMH (TommruHOH 70—120 cM) JTbIaMu, KOTOPEIE 00pa3yOTCs
B TE€UCHHUE 3UMHETO MEPHUOJa B 30HAX 3allPUIIANHBIX ITOBIHEH.

Oco0y10 CIIOXXHOCTB IS IJIABaHUS CYJOB B JICTHUH IEPHOJ MPEICTABIIOT CILIO-
YEHHBIC JIbJIbI, WM JIEASHbIE MacCUBBL. JICASHBIMU MacCHBAaMM HA3bIBAIOTCS KBAa3HCTa-
IIUOHAPHBIC CKOIUICHHSI CIUIOYCHHBIX JIBIOB (CIUIOUEHHOCTHIO B 7—10 0aioB), KOTOpsIe
JIOKaJM3YIOTCS B OTPENCICHHBIX paifoHaxX MOpsl U UMEIOT BaKHOEC HABUTAIMOHHOE 3HA-
YeHne I obecriedeHus 6e30macHoro cygoxoacrsa [1].

JlonrocpovHBIi MTPOTHO3 CE30HHOTO XOIa TUIOIA i MACCHBOB, KPATKOCPOYHBIN TPO-
THO3 pacTpeleICHHs CIUIOYCHHBIX JIBJIOB 110 aKBaTOPUH, HABUTAIIIOHHBIC PEKOMEHIAITIH
SBIISIFOTCA Hambosee BocTpeOoBaHHON MH(pOpMAIei Il TUTAHUPOBAHUS M TIPOBEICHUS
JeTHeW HaBuranuy. Pa3paboTka MpOTHO30B, PeXKUMHBIX CIPABOK U HABUTAITMOHHBIX PEKO-
MEHIANWH TS TUIaBaHUsI HEBO3MOXKHA 0e3 H3yUeHHUS 3aKOHOMEPHOCTEH MEKTOJO0BOH H Ce-
30HHOM W3MEHYMBOCTH JICJTHBIX MACCHBOB B IMHAMUYHO MEHSIOIICHCS TPUPOIHOH cpere.

B paboTe paccMOTpeHBI TaHHBIE U3 MTOCTOSHHO IMOTOIHIEMOTO apXHBa IO JIEHO-
BUTOCTSIM W IUIOIIA/ISIM JICISTHBIX MacCHBOB OT/IEJa JISAOBOTO PeXXUMa M MPOTHO30B
AAHUU. ApXxuB COAEPKUT CBEECHUS O PacHpeleieHUH JbJA0B B TEUEHHUE BCETO Irona
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(KapThI JISISTHOTO ITOKPOBA), @ TAKXKE KOIHMISCTBEHHBIC OICHKH JICTOBUTOCTH U ILIOMIA-
ITA JISASTHBIX MACCHBOB. Marepuaibl HOCAT BRIOOPOYHEIN Xapakrep HaunHas ¢ 30-X TT.
MPOLLJIOTO CTOJETHUSI U PETYSPHBIM XapaKkTep HauYMHas ¢ cepeauHbl 40-X IT. MPOILIOTro
cronerus. C cepequssl 1940-X IT. HAOTIONCHHUS 3 JICIOBBIMA YCIOBUSIMH B apPKTHUCCKUX
POCCHUICKHAX MOPSX CTaH PETYISPHBIMH W IUTOIIATHBIMU, OIarofaps BBITTOTHSIEMBIM
JIENOBBIM aBHAalMOHHBIM pa3BeakaM. C koHua 1970-x IT. JeaoBble aBUapa3BEIKH 3a-
MEHUJIN CIYTHUKOBBIC HaOmromeHus. TakuM 00pa3oM, aHAIH3UPYETCs HENMPEPHIBHBIN
pAI HAOMIONEHUH 32 COCTOSHUEM JICITHBIX MacCHBOB BoctouHo-Cubupckoro Mopsi, 3a
KaXIyI0 JIeKaly JIETHETO epruoAa ¢ HIOJS 10 OKTIAOpPb, ¢ 1946 mo 2017 r. (nmHa psaoB
HaONIOMEHNH COCTaBIsAeT 72 Tozaa).

JEIAHBIE MACCHUBbBI BOCTOYHO-CUBUPCKOI'O MOPA

B Bocrouno-Cubupckom Mope BBIIEISIOT /1Ba JIeASHBIX MaccuBa — HoBocubupcekuii,
3aHUMAIOIIMH I0T0-3aMaAHYI0 YacTh MOps, 1 AHOHCKHI, B BOCTOYHOI yacTH Mopsi. Mac-
CHBBI OBUIM TaK Ha3BaHbI 110 reorpaduueckoMy nonoxenuro — HoBocubupckue octposa
B 3aMaIHOM YacCTH MOpPS U OCTPOB AHOH B BOCTOUHOM yacTu (puc. 1).

HoBocubupckuii neasiHoi MaccuB (OPMUpYETCsl U3 B3JIOMaHHBIX PUITAHHBIX OTHO-
JIETHHX JIBJIOB MECTHOTO 00pa3oBaHus. MacCHB 3aHHMMAaeT F0T0-3aMaAHyI0 YaCTh aKBaTOPUH
Mopst omaaeio 192 Teic. KM% B HEKOTOPBIE FOABI B MACCUBE HAOIIONAIOTCS BKITIOUEHHS
MHOT'OJIETHETO Jib/la. B Hioie—aBrycre Jib/ibl MaccUBa OJOKUPYIOT BOCTOUHBIE MOAXO/IbI
k nponuBam CannaukoBa U [Imutpus JlanteBa. B OoJbUIMHCTBE CiydaeB JieJ| B MaCCHBE
MIOJTHOCTHIO BBITaWBAeT B TeUCHUE aBrycTa. B oTnensHbie rons HoBocubupckuit Mmaccus
ObIBaeT COeMHEH ¢ AMOHCKUM M MOXKET COXPaHATHCS O KOHIIA MEPUO/a TasHUS.

AVOHCKHH JEISTHOW MacCUB SIBIISIETCSA OTPOTOM OKCAHHYECKOTO MAcCHBa, 3a CUET KO-
TOPOTO OH ITOTIONTHAETCS MHOTOJIETHUMH JIbAaMu. JIbJIBI MaccuBa pacrojararorcs B BOC-
Touno# uact Boctourno-Cubupckoro Mopst miomaapio 407 Teic. KM, B 3aBHCHMOCTH OT
MIOJIOXKEHU (3aI1aHOTO, IIEHTPAIBHOIO MM BOCTOYHOTO) MAaCCUB OIOKHPYET LIEHTPaIbHbIC

Puc. 1. IlonoxxeHne nensHpIX MaccuBOB B BocTouHo-CHOMPCKOM MOpE B JIETHHUI IEPHUOA: TyHKTHPHAS
JIUHASL — TpaHuLa Mops, / — 3amajaHasi 9acTb Mopsi, 2 — BOCTOYHas 9acTb Mopsi, HM — Hogo-
cubupckuit nensHoi MaccuB, AM — AHOHCKUI JeJsHOI MaccuB

Fig. 1. Position of ice massifs in the East Siberian sea in summer: dashed line — sea border, / —
western part of the sea, 2 — eastern part of the sea, HM — the Novosibirsky ice massif, AM — the
Ayonsky ice massif
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patioHbI Mopsi wiH TIposuB JloHra ¢ 3amana. MaccuB (hopMHpyeTcsi U3 MECTHBIX OJTHOJIETHHX
1 MHOTOJIETHHX JIBJIOB, IOCTYTAIONMX U3 ApKTHyeckoro Oacceitna. Onnaxo ¢ Havana 90-x IT.
TIPOIIIOTO CTONETHs (POPMHUPOBAHME MAacCHBA TIPOUCXOAMIIO IIPEUMYIIIECTBEHHO U3 MECTHBIX
OJIHOJIETHHX JIbJJOB OCEHHETO 00pa3oBaHust. MacCHB OTIMYAETCS ITOBBIIIEHHON MOIITHOCTHIO
JBbJOB B 3MMHUM IePUOA ¥ IOHWKEHHON UX Pa3pyLIEHHOCTHIO B JIETHUH nepuon. B cpennem
oxono 40-50 % yb0B MaccHBa OCTAIOTCS HE BHITASBIIMMH K Hadally HOBOTO JIetooOpa3o-
BaHUS (TO €CTh OKOJIO TIOJIOBUHBI aKBAaTOPUH MOPS 3aHATO CIUIOYEHHBIMH JIbJIAMH).

Jo xonna 1980-x rr. ydactok Tpaccsl CeBEpHOro MOPCKOIo ITyTH B BOCTOUHOMN 4acTU
BoctouHo-Crbupckoro Mopsi CUMTaIICS. OHUM M3 HanOojee CIOKHBIX W3-3a CIUIOYEHHBIX
JHJ0B AHOHCKOTO JIEZSTHOTO MacCHBa, KOTOPBIE YacTo OJIOKMPOBAIN MPUOPEXHBIH paiioH
mraBanus. VimerHo 31eck B 1983 1. mpomsomnnta rudens termoxona «Huaa Caraiigak» B pe-
3yJbTaTe TSOHKENBIX JIEAOBBIX YCIOBUM M CXKATHH JII0B [2].

C xoHma 80-X IT. POIIIOro CTONETHS JIeIOBBIe yCIoBHs BocTouHo-Cubupckoro Mopst
CYIECTBEHHO M3MEHMIHCh. Yalne cramy HabmoaaThest Jierkue JiefoBele yenosus. [lepsoe
aHOMAaJIBHOE COKpAIlEHHE JIbJ0B B MOpE B JETHUH nepuof mpousonuio B 1990 r. B net-
Hui nepron 1990 r. BepBble 3a MHOTONICTHUH ps Habmonenuit (¢ 1946 r.) akBaropus
MOPsI IPAaKTUYECKH MOITHOCTBIO OYUCTIIIACH OT Jpeiidyromux 6108 [3]. @opmupoBaHuio
KPYIHBIX aHOMAJHH JIEAOBBIX YCIOBUH Havyanu yaensTs Oonbine BHUMaHuA [4]. OxHako
BCKOpE CTaJIO IOHATHO, YTO QHOMAJbHBIEC IIPOSBICHUS U yBEJINYEHHE NOBTOPSIEMOCTU
JIETKUX JIEAOBBIX YCIOBUH B JIETHUH NMEPHOJ — 3TO HE CIydalHOE COBIAJECHUE KPYIHO-
MacIuTaOHBIX THIPOMETEOPOJIOTHYECKUX YCIOBHUM, a TEH/IEHINS, CBUCTEIbCTBYIOMIAs
0 HACTYIJICHUU HOBOTO KIMMAaTUYECKOTO MEePHOJa «OTHOCUTEIBHOI0» MOTEIUIeHus [5].

Haxorutennsie ¢ cepenuusl 1940-x I'T. HaOIIOACHUS TIO3BOJIMIN YCTAaHOBUTD, YTO
ME>KTO/I0BbIE KOJIeOaHWsI JIEIOBUTOCTH B IepHo/] ¢ koHna 50-x 10 koHna 80-X IT. MpoIIoro
CTOJIETHS! CYIIECTBEHHO OTIIMYAIOTCS OT KOJIeOaHHH, MPOUCXOAAIINX B MIEPHOJ ¢ Hadaa
1990-x IT. O HacToslIIee BpeMs.

OTH U3MEHEHMs XOpOILIO cornacyrorcs ¢ BoisiBIeHHbIMH B AAHWU kBasunepu-
OJUYECKUMH YEPEIOBAHUAMU «OTHOCHTEIBHO» XONOAHBIX U «OTHOCUTENIBHOY» TEIUIBIX
KJIIMMAaTU4ECKHUX NEPUOIOB € MPOAOIDKUTENBHOCTBIO Okoo 30 et [4, 5, 6].
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Nencenrocms, %
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Puc. 2. MexxronoBble H3MEHEHNSI CyMMapHOI! JIEIOBUTOCTH 3a JIETHUH neprof (Mronk—aBrycr) B Boc-
TOo4HO-CubUpCcKoM Mope

Fig. 2. Interannual changes in total ice cover extent during the summer period (July—August) in the
East Siberian sea
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Ha puc. 2 npuBeneH MHOTOJIETHUH X0 CYMMapHOH JIEAOBUTOCTH 3a JIETHUN TIEPUOTT
roza (utonp—aBryct) Bocrouno-Cubupckoro mMopst 3a psia Habmronenuit ¢ 1946 r. Xon
KpUBO# yOCTUTEIEHO IMOKA3bIBACT, YTO U3MEHEHHUS JeNOBUTOCTH B BocrouHo-Cubup-
ckoM Mope ¢ cepenunbl 1940-x no xoHua 1950-x rr, a Takxe ¢ Havana 1990-x rr. mo
HACTOSIIee BPeMs IPOMCXO/IAT HA MIOHMKEHHOM (hOHE JICTOBUTOCTH, a ¢ KoHNa 1950-x mo
koHIa 1980-x IT. — Ha MOBHIIIEHHOM ()OHE JISJOBUTOCTH, YTO XOPOIIO MOATBEPIKIACT
BBISIBJICHHBIE 3aKOHOMEPHOCTH.

[ocnenaue paboTHI, B KOTOPBIX aHATM3UPOBAIUCH JICOBBIC YCIOBHS BocTouHO-
Cubupckoro mMopsi, oTHOCcATCSA K 1990-m 1T [3, 4]. B 3THX paborax paccMarpuBaiInCh
nenoBeie ycrmoBus mepuoaa 40—80-X TT. MPOIIOTO CTOJETHS, KOorjaa (OH JISJOBUTOCTH
B JICTHUH Tieproj] ObLT MOBHIIIEH. Ha OCHOBE ATHX JaHHBIX BEJCS MMOWCK MPOTHOCTHYEC-
CKHX CBsI3€{, CTPOMJIMCH TPOTHOCTUIECCKHIE MOJCIH, JECNAINCh PEeKUMHBIC 0000IICHUS.
OpnnHako 3a NociAeIHUE HECKOIBKO AECITUIETHI MPOU30LUIA CYIIECTBEHHbIE U3MEHEHUS
B JIETHEM JIEJOBOM peXUME MOpsl. JIeZoBbIe yCIOBUS CTaJH Jierde, IPOU30IUII0 YMEHbIIIe-
HUE JIEJOBUTOCTH MOPS U IJIOIIAACH JIeITHBIX MAaCCUBOB, BO3POCIIa IPOAOIKUTEILHOCTh
0e3JIeIHOTO TTeproIa, U3MECHIIINCH YCIIOBHSI JICTHETO TTaBaHUS.

OnHaKo MO-TIPeXHEMY IIUPOKO HCIOIB3YIOTCS CPEAHEMHOTOJICTHIE 3HAUYCHHUS (HOP-
MBI) U JPYTHE CTAaTUCTHYCCKHUE XapaKTEPUCTUKHU IO MOJHOMY PSAy HAOMIONCHUH IS
MOJTyYEHUs] PA3IUYHBIX PEKUMHBIX OILIEHOK JIEJOBBIX YCIOBHUI MO MOPIO.

Ha puc. 3 npuBeneHsl THCTOrpaMMbl IJIOTHOCTH BEPOSITHOCTH CPEIHEMECSUHBIX
3HAYCHUH TUIOMIAACH JeISHBIX MaccBOB BocTouno-CHOMpCKOro Mopst IS aBTycTa 3a BeCh
psin HabmroneHwii ¢ 1946 1. 13 mpuBeneHHBIX TpadUKOB XOPOIIO BUIHO, YTO pacIpeserne-
HUE 3HaYeHUH TUIOIIaael OUYeHb JalieKo OT HOPMAJIbHOTO, CUJILHO CMEIIEHO U SABIISETCS,
CKOpee NIBYX- M TPEXMOAAIBHBIM (puc. 3).

Takum 00pa3oM, UCIOIH30BAHUE CTATUCTUICCKUX XapaKTEPUCTHK IUIOIAACH Mac-
CHBOB, PAaCCUMTAHHEIX IO BCeMy psiy HaOmronenuid (72 roma), A ONMUCAHUS JIEOBBIX
YCIIOBUU B OTIENBHO B3SITHIE IEPUOBI «OTHOCUTENHLHOT0» TOXOJIIONAHUS U KOTHOCUTENb-
HOTOY» MOTEIUICHUS HEe COBCeM MH(popMaTuBHO. B 3TOM citydae 1ienecoo0pa3Ho BBISBIATH
CpellHUe XapaKTEPUCTUKU IJISl OTAENBbHBIX MEPUOJOB JIET, KOTOPbIE XOPOIIO BBIIEISIOTCS
Ha TpUBEIACHHOM rpaduke (puc. 2). DTO «OTHOCUTEIBHO» XOJIOMHBIA TIEPUOI, HaOIF0-
naBmmics ¢ koHna 50-x 1o koHna 80-X IT. MPOIUIOro CTONETUs (B JalbHEHIIIEM IPOCTO

Puc. 3. IInOTHOCTH BEpOATHOCTH CPEJHECE30HHBIX 3HaueHHi ruromaneii HoBocubupckoro (a) u
AWOHCKOTO (0) JIEASHBIX MACCHBOB

Fig. 3. Probability density of average season values of Novosibirsky () and Ayonsky (6) ice massifs
areas
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«XOJIOMHBII» MEPUOM) U «OTHOCHTEIEHO» TEIUIBIM Mepros (B JalbHEHIIEM «TEIUIbIin
repuon), HabIropatomuiics ¢ koHma 80-X IT. 110 HACTOsIIIEe BpeMsl.

CE30HHAS UBMEHYUBOCTD JIEJSAHBIX MACCHUBOB

OCHOBHOM 0COOEHHOCTBIO CE30HHOM M3MEHUYMBOCTH IUIOIIAAM JEASHLIX MACCHBOB
SABJIACTCA yCTOfI‘II/IBOC yMeHBLHeHI/Ie KOJIMYECTBA CIINIOYCHHBIX JIBAOB B Mope B TCUCHHUC
netHero nepuona. [Ipu atom st HoBOCHOUPCKOTO JICASTHOTO MAaCCHBA, PACIIOIOKEHHOTO
B MEJIKOBOJHOM 3aIaHOM 4acTH MOpsi, i AHOHCKOTO MacCHBa, B Oosiee r1yOOKOBOMHOM
BOCTOYHOM YacCTH, YMEHBUIEHHE IIPOUCXOAUT C PA3HOM MHTEHCUBHOCTBIO.

HoBocubupckuii JeasiHOl MaccuB

B Tabmuine 1 npuBeneHbl OCHOBHBIE CTATHCTUUECKUE XapAKTEPUCTUKU CE30HHOTO
X0J]a M3MEHeHus 1uronaa HoBocuOMpPCKOro JieNssHOro MaccuBa B JIETHUIT TIEPHOJ, pac-
CUUTaHHBIE JJIsl BCETO Psifia HAOIIOACHHH, a TAK)KE OTAEIIBHO JUIS «XOJIOIHOIO» U «TEILIO-
TO» TEPHOMOB.

Jlist HoBocnOMpCeKoro JiesTHOT0 MacCuBa XapaKTepHO CYIIECTBEHHOE COKpaIleHHEe
IUIOINAIM OT HIONIS K CeHTIOpro. B cpemHeM muromaap MaccuBa cokpainaetcs Ha 90 %.
B nauOosnee nerkue rofpl CIUIOYSHHBIE JIB/BI B 3alaJHON YacTH MOPS UCUYE3aI0T YKe
B TpeThel Jekaze uioist. B Hanbolee TspKenble O JISIOBBIM yCIOBUSAM ronsl 10 70 %
CIUIOYEHHBIX JIBI0B MOXET COXPAHAThCA 10 KOHIIA JIETHETO MepHoja.

Tabruya 1

OcHOBHBIE CTATHCTHYECKHE XaPAKTEPHCTHKH Ce30HHON H3MeHYHMBOCTH IJIOLIAIH
HoBocnOupckoro jeAsiHOro MaccHBa 3a pa3JM4YHble BpeMeHHbIe epuoabl, %o

Mecsupl, AeKaIbl
[Toxazarenu VII VIII IX

1 [ 2]3]1]2]3]1]2]3
Becs psn HaOmonenuit B nepuox 19462017 rr.

CpenHee 3HaueHHE 92 | 84 | 65| 41 | 25| 16 | 12 | 11 10
MuHUMYM 25 |16 | O 0 0 0 0 0 0
Makcumym 100 {100 | 98 | 98 | 90 | 74 | 71 | 65 | 72
AwMruuTyna 75 84 | 98 | 98 | 90 | 74 | 71 | 65 72
CranpaptHoe oTkioHenne | 12 | 16 | 24 | 30 | 26 | 21 | 19 | 19 | 18

«XononHeliy iepuon 1958—1987 rr.

Cpejtee 3HaucHHe [ 95 [ 89 ] 74 | 52 | 36 | 26 | 18 | 18 | 18
«Tennbiit» nepuon 1988—2017 rr.
Cpennee 3Ha9€HHE | 88 | 79 | 57 | 29 | 13 | 6 | 5 | 4 | 4
Pa3HocTh M)y CPEHUMHU 3HAUEHUSIMH B «XOJIOAHBII U «TEIUIBIN» EPHOABI
PasHocts | 7 |-10]-17]-23|-23]|-20]-13]-14] -14

Jnst HoBocOHpCKOTo JISSTHOrO MacCHBa XapaKTepHO OBICTPOE COKpAIEHHE TUIOIIa I
B Hauayie JieTa (KOHeI| MIOHS — IIepBasi II0JI0BHHA HIoNs, ¢ 92 mo 65 %), oueHs ObIcTpoe
COKpaIlleHHEe TUIONIAN ¢ KOHIla HIoNs U B aBrycte (¢ 65 1o 16 %) n npekparieHne coxpa-
[IEHMs TUIOIIAIN B TEUCHHE CEHTSIOps (IUIOIA b MacCHBA B TEUEHUE CEHTAOPS COCTABIISIET
10-12 %). HauGonpmmue 3Ha4eHUs aMIDIATYIBI M CPEAHEKBAIPATHIECKOTO OTKJIOHEHMUS
3Ha4YCHUH IUIOIa el IPUXOIATCS Ha TIEPHO BTOpast ITOJIOBHHA HIOJNS — aBrycT (cM. Tabm. 1).

Ce30HHBIHN X0/ N3MEHEHH II0maau HoBocuOUpCKoro JIeAsHOrO MacCHBa M MHTEH-
CUBHOCTb 3TOTO M3MEHEHUs NpHUBEIEHBI Ha pucyHke 4. HeTpyaHo yBuaeTs, 4TO OCHOB-
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Puc. 4. Ce30HHBIH X0 (@) U UHTEHCUBHOCTb U3MEHEHHS (0) cpeaHuX 3HadeHui miomaan Hosocu-
OGUPCKOTO JISISTHOTO MacCHBa B Pa3IN4HbIe KJIMMATHIECKUE HEPUOABL: [ — «XOJOAHBINY, 2 — BeCh
psin HAOMIOACHHH, 3 — «TEIIbI)

Fig. 4. The seasonal course (@) and the rate of change (b) in the Novosibirsky ice massif are in different
climatic periods: / — “cold”, 2 — the whole series of observations, 3 — “warm”

HOE COKpallleHHE IJIOIIAIu JIEITHOIO MAacCHUBa MPOUCXOANUT B TEUEHUE HIOIS—aBIYCTa.
B «remplit» mepuoj COKpalleHue MacCuBa MPOUCXOAUT UHTEHCUBHEE U paHblIE, YEM
B CpE/IHEM 3a BeCh psijl HAOMIONEeHUH U, TeM Ooiee, YeM B «XOJOAHEI» mepuosn. B cen-
TA0pe M3MEHEHISI MACCHBA MPAKTUYCCKH 3aKaHUYHUBAIOTCS UIS JTFOOOTO KIMMAaTHYECKOTO
nepuona (cM. puc. 4).

OnHako NpHU COXpPaHEHUH OCHOBHBIX Y€PT B CE30HHOM M3MEHUYMBOCTH ILIOMIAAHN
MacCCHBa B «XOJIONHBIN» U «TEIUIbII» MePUOABI MEXAY HUMU HPOSIBISIOTCS CYILIECTBEHHbBIE
paznuuus. Tak, B «TEIUIblil» Nepuoj CpeAHUe 3HaYeHUS TUIoLaiel B KaXAyI0 U3 JAeKal
netHero nepuona Ha 10-20 % MeHbllle, 4YeM B «XOJOJHBIN». DTO 03HAYAET, 4TO 3a IO-
cienamii 30-TeTHAHN «TEIUTBIN TTIeprUojl YMEHBIICHHE TUIomaan HoBocHOMPCKOTo eTHOTO
MaccHBa CTaJlo MPOUCXOIUTh UHTEHCUBHEE U paHblie Ha 1-2 nekaapl. Eciu B «X0noaHbIID
TIepUO]] IUIOMIAIh MACCHBA K CEHTSIOPIO B CPEIHEM COKparaiachk 10 18 %, a BeposSTHOCTB
MIOJIHOTO MCYE3HOBEHUS CIUIOYEHHBIX JBAOB cocTaBisuia 40 %, TO B «TEIIBbI» MEepUoOL
IJIOL[a/Ib MAacCUBa COKpalllanach B cpeaHeM J0 5 %, a BEpOSTHOCTh MOJHOIO MCUE3HO-
BEHHUS CIUIOUEHHBIX JIbAO0B yBenuymiack 10 80 %. PazHOCTh Mexay OLEHKaMU CpeaHHUX
3HAYEHUH B «XOJIOAHBII» U «TEIUIbIi» MEPUOABI COCTABIAET: B Havalle JIETHETO CE30Ha
7-10 %, B cepennne ce3oHa 20-23 % u B ceHTs10pe cHmKaercs 1o 13—14 % (cm. Tabm. 1).

AWMOHCKHH JIEAAHON MacCUB

B Tabmure 2 mpuBeneHB OCHOBHBIC CTATUCTHYCCKUE XapaKTEPUCTHUKU CE30HHOTO
X0Jla I3MEHEHUSI TUToMan AHOHCKOTO JISISTHOTO MacCHBa B JICTHHH PO, PACCIUTAHHBIE
IUTS BCETO psiia HaOIMIOEHNH, a TakKe OTIACTHHO IS «XOIOIHOTO» M «TETUIOT0) IIEPHUOIOB.

Jutst AFIOHCKOTO JIeITHOTO MacCHBa TAKXKE XapaKTePHO 3HAYNTEIHHOS YMCHBIICHUE
€ro IUIOMIaN B TEUCHUE JIETHETO mepuona. [1o omeHkaMm, IMOMYyYeHHBIM 3a BECh PsijI Ha-
OIroneHwmiA, B CpeHEM IDIOIIa b MaccuBa cokparmaercs Ha 50 % u Ooxnee. B Hanbonee
JIETKHE TONBI CIIOYEHHBIE JIh/IBI B BOCTOYHOM YacTH MOPS MOTYT UCUE3HYTh B CepeInHE
aBrycra. B Tsoxesnble o 1e10BbIM YCIOBUSAM oAbl A0 85-90 % CIIOYEHHBIX JbI0B MOXET
COXpaHATHCS A0 KOHIIA JIETHETO Iepruosa. B Tsokemple ToAb! IBIBI MaCCHBA HAOTIONAOTCS
HETIOCPECTBEHHO B MPHOPEKHON YacTH MOpPS Ha CYHOXOIHBIX TPaccax W 3HAYUTEIHHO
OCIIOXHSIOT YCIIOBUS IJIS TUTABaHUS CYIIOB.
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Tabruya 2

OCHOBHBIE CTATHCTHYECKHE XAPAKTEPUCTUKHU Ce30HHOH U3MEHYMBOCTH
IUIOINA/IM A{OHCKOIO JIEITHOT0 MacCHBA 32 pa3jM4YHble BpeMeHHbIe nepuoasl, %

Mecsupl
IToka3arenu VII VIII IX

1] 213 1 | 2 | 3 1] 2 | 3
Becs psg nabmonennit B nepuox 19462017 rr.

CpenHee 3HaYCHUE 91 | 85 | 77 67 59 49 44 41 40
MuHIMYM 58 | 48 | 21 1 0 0 0 0 0
Maxkcumym 100 | 98 | 97 92 91 94 91 85 89
Ammuutyna 42 | 50 | 76 91 91 94 91 85 89
CrangapTHoe oTKIOHeHue | 9 12 | 16 22 24 27 27 29 29

«Xononuslit» nepuox 1958—1987 rr.

Cpemmee | 93 [ 89 |83 ] 75 | 69 | 62 [ 58 | 57 | 56
«Temnbrit» nepuox 1988-2017 .
Cpestree |88 |81 |71 ] 59 | 499 [ 38 ] 30 | 26 | 25
PasHocth MEXIY CPEAHUMHU 3HAYCHUAMU B ((XOHOHHBIﬁ)) M «TCTUIBIA» TICpUOAbI
Pasnoctb | 5| 8 ]-12] 16 | 20| 24| 28 | 31 | 31

Jnst AFOHCKOTO JIEITHOTO MacCHBa, KOTOPBIH ()OPMUPYETCS U3 OTHOJIETHUX TOJICTHIX
JIJJOB MECTHOTO 00pa30BaHUs M CTAPBIX JIBIOB B CEBEPHOI 4acTH MOPsI, XapakTepHo Oosee
paBHOMEpPHOE yMEHBIICHHUE IJIOIIAN B TEYSHUE BCETO JIETHETrO IIEPHOJia 10 CPABHEHHIO
¢ HoBocubupckiM MaccuBoM. YMEHbILIEHUE TUIONIAAN MACCUBA TIPOMCXOAUT IPAKTUYECKH
OJTMHAKOBO B TEUCHHE UIONI—aBrycTa (YyMeHbllIeHHe B TeueHue utons ¢ 91 no 77 %, uiau Ha
14 %, a B aBrycre ¢ 67 1o 49 %, unu Ha 18 %). B cents10pe Habmogaercs mocTeneHHoe
NpeKpalieHre COKpaIleH s IO MaccuBa (YMEHbILIEHHE B TeYEHUE CeHTO0ps ¢ 44
10 40 %, nnu Ha 4 %). Hanbomnpine 3HaYCHUST aMIUIATYABI IPUXOAATCSA Ha aBrycT —
Ha4ajo CeHTSIO0ps, a CPeIHEKBAAPATHUECKOTO OTKIOHEHHUSI — Ha CEHTIOph (cM. Tab. 2).

Ce30HHBIH X0 M3MCHCHUA ILIoIIaau AMOHCKOTO JIEASIHOro MacCuBa U UHTCHCHUB-
HOCTbB 3TOT'O UBMCHECHUS IMPUBCIACHBI HA PUCYHKE 5. Eciu conocTaBUTH KPUBBIC, ONIMChIBA-
oume CE30HHBIN X0 UBMCHCHUS IJ1oIaau AfioHCKOTO JSAAHOro MacCuBa, TO CTAaHOBUTCA
OYEBHIHBIM, YTO B MOCJIEAHNHN 30-IeTHUIA «TEIUIbI» MEPUOJ] COKpAIIEHHE MACCUBA HAYaJI0

Puc. 5. Ce3oHHBII X071 (¢) 1 HHTEHCUBHOCT U3MEHEHUS (6) IuIoIma i AHOHCKOTO JIEISTHOTO MAacCHBa
B Pa3JINYHbBIC KIIMMATHICCKUE IEPUOJIBL: | — «XOJIOIHBIIN», 2 — BECh sl HAOIIONCHU, 3 — «TETLIBII)

Fig. 5. The seasonal course (@) and the rate of change (b) in the Ayonsky ice massif are in different
climatic periods: / — “cold”, 2 — the whole series of observations, 3 — “warm”
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MIPOMCXOINTE C OOJBIICH HHTCHCUBHOCTBIO M TIPOJOIKACTCS IO Havyajda CCHTAOPs. YBel-
YEHUE MHTEHCUBHOCTH TasHUS U pa3pyllIeHUH JbI0B B ocaeqHui 30-n1eTHUM «TeruibIii»
TIEPUO]] TIPUBEIIO K OoJiee CYIIeCTBEHHOMY COKPAIICHUIO TUIOIIAIN MacCHBa (B CEHTIOpe
TUTOIIAAb MaccuBa cocTaBisieT 25-30 %) 1Mo CpaBHEHHIO ¢ «XOJOTHBIMY MEPUOAOM (TLITO-
IIaJib MAaCCHBa B CEHTSIOpe cocTaBiseT 5658 %) (cM. puc. 5).

OpHako MpH COXpaHEHUH OCHOBHBIX YEPT B CE30HHOW M3MEHUMBOCTH IUIOMIAIN Mac-
CHBa B «XOJIOAHBIN» U «TEIUIbI» MEPUOABI MPOSIBIIOTCS CYIIECTBEHHbIE pa3nuuus. Tak,
B «TEIIbI NepUOoJ CpeIHIE 3HAUYSHUH IITOIAaZel B KaKIyI0 U3 IeKaJl JIETHErO epruoaa
Ha 10-30 % MeHbIIe, YeM B «XOJOAHBIN». DTO O3HAYAET, 4TO B nociueaHuil 30-1eTHui
«TeIUTBIiD» Mepuo]] YMEHbIIEHUE IOIMAal AHOHCKOTO JIEASTHOTO MacCUBa CTAJIO MPOUC-
XOAMTH TOPA3I0 UHTEHCUBHEE U paHee Ha 1-2 jexansbl.

Hanpumep, cokpamienune miomniaau Maccusa 10 60 %, xoraa Best mpuOpeKHast 4acTh
MOpSI CTAHOBUTCSI CBOOOJHOHN OT CIUIOUEHHBIX JIBJOB, B «TEILTBI» TIEPUOJ B CPEAHEM
MIPOUCXOIUT B MIEPBOM JI€Kalle aBrycTa, a B «XOJOAHBII» MEepPHOA TOJIBKO B TPEThEH ne-
KaJie aBrycra. Ecim B «XOJOMHBIIN» MEPHOJ IUIOMIAh MACCHBA K CCHTAOPIO B CPEIHEM
cokpamianack 10 56—58 %, a MoITHOTO MCYe3HOBEHHS CIIOUSHHBIX JIHJIOB HE HAOIIOAAIOCh,
TO B «TEIUIBII» MEPHOJ IUIOUIab MAacCUBa COKpaliagack B cpeaHem 1o 25-30 %, a Be-
POSITHOCTB NIOJTHOTO MCUYE3HOBEHUS CINIOYEHHBIX JIbJOB yBenuuuiach a0 20 %. Paznoctp
MEXAY OLEHKAaMHU CpPEeTHUX 3HAUECHUH B «XOJOAHBIIN» U «TEIUIBIN) MEePUOJIbl COCTABIISET:
B HavaJje JIeTHETo ce3oHa 5—12 %, B cepenune ce3oHa 16-24 % U B ceHTIOpE yBEIHYH-
Baetcst 10 28-31 % (cM. Tadm. 2).

MOBTOPSIEMOCTbD THUIIOB JIEJOBBIX YCJOBUI
B PA3JIMYHBIE KIIMMATHYECKHE ITEPUO/BI

JUis OLIeHKH CIOKHOCTH THAPOMETEOPOIOTHYECKHUX U JIGHOBBIX YCIOBHHA MPUHATO
HCIONb30BaTh YIPOILEHHOE, HO XOPOIIO 3apeKOMEH/I0BaBIIee ceOsl paszesieHue psiia
HAOMIONECHUI HA TPH THIIA, COOTBETCTBYIOIINE JIETKUM, CPETHIM M TSDKEJIBIM YCIOBHUSIM.
B nmanHoif pabote 3a KpuTepuil THNHU3AaLUU PUHITA BeNW4IHHA, paBHas 0,8, rie ¢ Beu-
YHHA CPETHETO KBAIPATHYHOTO OTKJIOHEHHS. DTa BEIMUYMHA OOIICTIPUHATA B THAPOMETEO-
ponoruu. B yacTHOCTH, OHa B cooTBeTcTBUH ¢ «HacTaBnenuem 1o ciyx6e MPOrHO30B»
pEeKOMEH/JOBaHa B Ka4€CTBE JOMYCTUMOMN OIIMOKK B JIOJITOCPOYHBIX JIEIOBBIX MPOrHO33X,
MTOCKOJIBKY ITO3BOJICT BBIICTHUTH JEHCTBUTEIBHO 3HAYUMBIC OTKJIIOHEHHS OT CPEIHEro
WIN OT MPOTHO3KpYyeMOoil BenuuuHbL. [103TOMyY €ee 4yacTo HCIIONIb3YIOT Ui yCTaHOBICHUS

Tabnuya 3
KosmuectBo jet (N) ¢ pa3inyHBIMA THIAMH Pa3BUTHS JIeITHBIX MACCHBOB
U ux nosropsieMocts (P, %) B Bocrouno-Cudupckom Mope
B «XOJIOAHBII» M «TeIUIbIi» KIIMMaTHYeCKHe MePHOIbI

Tun Ppa3BUTHA MacCHBa

Toap! KMMMaTHUECKUX TEPUOIOB Jvna psna | Tsoxensiit Jlerkuii Cpenuuit
N [P,%]| N [P%| N |P%
Hoesocubupckuii maccus

«Xononuslii» nepuox 1958—1987 rr. 30 13 | 43 5 17 12 40

«Temslit» nepuon 1988-2017 rr. 30 1 3 14 47 15 50
Attoncxuil maccus

«Xonouslit» mepuox 1958—1987 rr. 30 15 50 2 7 13 43

«Temnblit» nepuon 1988-2017 rr. 30 5 17 10 33 15 50
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TPaHUIIBI aHOMAJIHH, TI0 KOTOPOH MOTYT BBIIENATHCS OTACNbHBIC TPYITHI (THIIkD). K cpenne-
My THILy YCJIOBHI OTHECEHBI TOJbI, AJI1 KOTOPBIX BEJIMYMHA HOPMUPOBAHHON aHOMAaJIUU
IJIOIIAJIeil MacCUBOB HAaXOAMUTCS B auamnazoHe +0,8c, K TSKEeIOMYy THUIy — TOAbI € IO-
JIO)KUTENEHBIMA aHOMAIHSAMH, PABHBIMH TN OonbimMu 0,8G, K JISTKOMY THITY — TOJIBI
C OTpULIATENIbHBIMU aHOMAJIUSIMU, PaBHBIMU WU MeHbMH —0,86 [8].

JIis OTleHKM W3MEHYUBOCTH THITOB JICOBBIX YCIOBHI OBLT BBHIMIONHCH aHAIU3 I10-
BTOPSIEMOCTH BBIICJICHHBIX THUIIOB B Pa3jMuYHble KIMMAaTU4YECKUE Nepuonabl. Pe3ynbrarst
MPEJICTABIICHEI B TabmwIe 3.

Kak cnemyer u3 Tabn. 3, KaKk B «XOJIOMHBIN», TaK U B «TEIUIBII KINMATHYCCKUC
TepUOABI TIPe0odIaaeT MOBTOPSIEMOCTh CPEIHETO THUIA PA3BUTHS IUTOINANCH JICHASTHBIX
MaccHBOB, koTopas coctasisieT 40-50 %.

XapakTepHOit 0COOEHHOCTHIO IIOBTOPSEMOCTH PA3IMYHBIX THUIIOB JICOBBIX YCIOBHA
SIBJISIETCS TIOSIBJICHUE KaK KPYMHBIX MOJOXKHUTENbHBIX, TAK U OTPULIATEIbHBIX aHOMAJIHM
IJIOMIAJIeH JIEASIHBIX MaCCHUBOB BO BCEX KIMMAaTH4eCcKUX nepuojax. OqHako NOBTOPSIEMOCTh
UX B pa3Hble KIIMMaTHYECKUE NEPUOIBI pa3InyHa.

Js1 «XONM0AHOTrO» Mepruojia XapakTepHa BBICOKas MOBTOPSIEMOCTh TSDKEJIOTO THUIIA
pa3BUTHS IUIOLIAIe MAaCCUBOB M Mallasi IOBTOPSEMOCTh Jierkoro tuma. [loBropsieMocTsb
TspKenoro tuma cocrasisieT 43 % mis HoBocubupcekoro nenstHoro Maccusa U 50 % uis
AlioHcKoro. B 3T0T ke nepuos noBTOpsEMOCTh peaan3aliy JErKOTro TUIA Pa3BUTHS ILJI0-
maneii MacCUBOB COCTAaBIISIET COOTBETCTBEHHO TONBKO 7 u 17 % (cm. Tabm. 3).

B roxs! «Temmoroy» mepuona HabmromaeTcs ooparHoe cootHomenue. [Ipeodranator
KpYIHBbIE OTPULIATEIbHBIE AaHOMAINH CPEIHEMECSUHBIX IUTOIIAIeH JIEASIHBIX MAaCCUBOB.
IToBTOpsiemocTh Jierkoro Tuma cocrapiseT 47 % mist HoBocuOupckoro nenssHOro Mac-
cuBa u 33 % nns Aitonckoro. [ToBTOpsieMOCTh pealiv3aluu TSKEIOro TUIA Pa3BUTHS
IUTOIIAa e MacCUBOB OblIa 3HAYUTEIHLHO HUXKE U COCTABHJIA COOTBETCTBEHHO TOJBKO
3-17 % (cm. Tabm. 3).

Ecnu onieHuBaTh MOBTOPSIEMOCTh pealnu3allii TUIIOB JIEIOBBIX YCIOBUN 3a BeCh
60-1eTHAI psI HAOMIONEHMIA, TO OI[EHKA JacT OCPEIHEHHEIN pe3ynasrar. [loBTopseMocTh
CpEHEro TUIIA OCTAHETCs] TaKOW e BBICOKOM U cocTaBUT 45-55 %, a MOBTOPSIEMOCTb
«JIETKOTO» U «TSKEJIOTO» THITOB COCTaBHUT OKOJI0 20-25 %, To ecTh OyaeT mpHOITU3UTENEHO
OJIMHAKOBOM.

Takum 00pa3oM, IO pe3ynbTaTaM BBITOJHECHHOTO HCCIICAOBAaHHUS CTAaHOBUTCS OdYe-
BHUJIHBIM, YTO Pa3BUTHUE JIEASHBIX MACCUBOB, IOBTOPSIEMOCTh PEANIU3ALINH JIETKUX, CPETHUX
¥ TSDKETIBIX THITOB JISIOBEIX YCIIoBHH B BocTouHO-CHOMPCKOM MOpE B «XOIIOJHBIN» U «Te-
TUTBII KITMMATHIeCKHE TIEPUOBI CYIIECTBCHHO PA3IIMYAIOTCS. DTH Pa3IUIUs HEOOXOAUMO
00s13aTeIbHO YYUTHIBATh MPH OMUCAHUU JICIOBOTO PEXKHUMa, Pa3paboTKe CpeTHECPOTHBIX
U JOJITOCPOYHBIX JIEAOBBIX MPOTHO30B, MIOCTPOCHUH CLIEHAPUEB Pa3BUTHUS JEIOBBIX yC-
JIOBUH JUI MOPCKUX ONEpaIuii.

Ecmu npu mporHoCTHYECKOi U omepaTuBHONW padoTe OPHUEHTUPOBATHCSA HA CTATH-
CTUYECKHE OLEHKU U MOBTOPSIEMOCTh peaju3alyy Pa3IUUHbIX THIIOB JIEJOBBIX YCIOBUHI
JUTS BCETO psijia HAOMIONCHHUH, TO 3TO MOXKET MPUBOAUTEH K HEBEPHBIM 3aHIKCHHBIM (IS
«XOJIOTHOTO» TIEPHOJIA) WU 3aBBIICHHBIM (JUISI «TETUTIOTOY TIEPHO/Ia) OIIEHKAM.

3AK/IIOYEHUE

Pa3Butue nensHbIX MaCCUBOB, TOBTOPSIEMOCTb PEAIM3ALMY JIETKUX, CPEIHUX U TSDKE-
JIBIX TUIIOB JIEIOBBIX YCIOBHH B BocTouHO-CHOMPCKOM MOpPE B «XOJOIHBINY» U «TETUTBIN
KJIMMaTU4YECKUE TIEPUOJIbl CYLIECTBEHHO Pa3InyaroTCsl.
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Z[J'IS[ KaXXJ0T0 KIIMMAaTU4CCKOro nepruoaa Ha6f[}0ﬂa€TCH XapaKTeprIfI CE30HHBIN X0onq
H3MEHEHHUI JICOOBBIX yCHOBHﬁ, TOBTOPACMOCTD MOJIHOI'O OYHMIICHUS OTO JIbAOB, BEJIMYMHA
0OCTaTOYHOI JICAOBHUTOCTH U uenmﬁ Ha60p APYrux XapakTEepUCTHUK. CpeHHGMHOFOJ'IeTHI/Ie
XapaKTCPUCTHUKU, PACCUNTAHHBIC 110 BCEMY Py Ha6J'IIOH€HPII>i, HE COBCEM TOYHO OTpaAXKaAIOT
0COOEHHOCTH Pa3BUTHUA JICAOBBIX YCHOBI/Iﬁ B BOCTO‘-IHO—CI/I6I/IpCKOM MOp€ B KOHKPETHOM
KIIMMAaTUYCCKOM IIEpruoac.

He BJAaBasAChb B CIIOPBI 00 OXUAACMbIC KIIMMATUYCCKUX N3MCHCHUAX JICJOBBIX YC-
JIOBUH B APKTHYCCKUX MOPAX POCCI/II/I, nuaymux ¢ HeyTI/Ixa}omeﬁ CPIJ'IOﬁ, MOXHO OJHO-
3HAYHO YTBEpPKAATh, UYTO, KaK OBl HU Pa3BUBAJIUCH JICAOBBIC YCIIOBUA — H€06paTI/IMO
IO BApUAHTY naﬂLHeﬁmero MOTCIUICHU W HUKINYCCKH, C MEPEXOJOM K OUYCPCIAHOMY
«XOJIOJHOMY» HUKITY, JJI OLCHKHU JICAOBBIX YCJ'IOBI/Iﬁ B BOCTO‘IHO-CI/I6I/IpCKOM MOpE HE-
O6XOI[I/IMO YUUTBIBATH 0COOEHHOCTH Pa3sBUTHA JICAIHBIX MAaCCUBOB, XapPAKTCPHBIC IJIsA

KaXXI0Iro KIMMaTu4eCKOro 1MyuKiia.

BrlsBreHHBIE pa3IHuus B CE30HHOM M3MEHUYMBOCTH JEASHBIX MacCUBOB BocTouHo-
Cubupckoro Mopst MOT'YT OBITh UCIIONBE30BAHbI B OTIEPATUBHON M IIPOTHOCTHYECKOH paboTe
1o obecrieueHnIo 11aBaHus cyoB Ha Tpacce CMII.

BaaropapHocTtu. Crarhs OATOTOBIICHA 10 PE3yibTaTaM IMPoekToB «lccienoBanne
THIIPOMETEOPOIOTHUECKHX TPoIieccoB B MUPOBOM OKeaHe, MOPSIX M YCThsIX pek Poccun,
Apxkruke u Anutapkruke» UHTII Pocruapomera.
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Summary

To study the water dynamics of the Kara Sea in the prospective areas of shelf development, the
instrumental measurements of currents speeds were made at 6 submerged autonomous buoy stations
with about a year duration for 5 of them and about half a year duration for 1.

A spectral analysis of implementations of these measurements allowed to determine, that
characteristic currents feature is a presence of annual, tidal and synoptical components of currents
speeds variability. The contribution estimate of each of these components into the total process variance
using the method of vector variance analysis was performed in the work.

Estimates of currents speeds show almost the same character of variability at all submerged
autonomous buoy stations by all parameters. It is appearing in the numerical values of main parameters
of variability, profiles shape of their vertical distribution, evolution of these profiles in the annual course
and in the correlations of summary current characteristic and its nonperiodical component. At all 6
submerged autonomous buoy stations along all depths, mean currents are directed to N-NNE-NE and

Citation: Gudoshnikov Yu.P., Nesterov A.V., Rozhkov V.A., Skutina E.A. Currents variability of the Kara

sea. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64, 3: 241-249. [In Russian]. doi:
10.20758/0555-2648-2018-64-3-241-249
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values of mean scalar speed of summary current and maximum at upper horizons are changing within
relatively small limits of 10,5-1,5 cm/s and 65-80 cm/s correspondingly. For vertical distribution,
it is typical a decrease with a depth the values of speeds and their variability when the direction of
mean transfer and relative proximity to it of maximum variability direction is preserved. The annual
course is well-defined and becomes apparent in increase of current speeds and their variability in
case of simultaneous strengthening of vertical contrast in spring and summer. The variability of
nonperiodical current at all depths and corresponding vertical contrasts are weakened in comparison
with summary current and ellipses shape of standard drviation is more elongate.

Hocmynuna 7 urons 2018 e. Ipunama x neuamu 7 cenmsadpsa 2018 e.

Kniouesvie cnosa: BEKTOPHBIH ITUCIICPCHOHHBIA aHANN3, CIEKTPAIBHBIA aHAIN3 BEKTOPHBIX
CITy9JaifHBIX MPOLECCOB M MoJeH, Tedenust Kapckoro mopsi.

Jl1st u3ydenust nuHaMHuKU Bojl Kapckoro Mopsi B epCrEeKTUBHBIX pailoHax XO3sSHCTBEHHOTO
0cBOeHH melb(ha ObUTH CAENAaHbl HHCTPYMEHTAIBHBIE H3MEPEHHS CKOPOCTH TEUSHUH Ha 6 TIaByIHX
ABTOHOMHBIX OyWKOBBIX CTAHIIMSIX, IIPOJOIKATEIBHOCTBIO OKOJIO TOfla HA 5 U3 HUX M OKOJO TOIy-
rozia Ha Bukynosckoii.

CrieKTpalibHBIi aHAJIH3 peati3aliii STHX H3MEPEHHUH MTO3BOJIIT yCTAHOBHUTh, UYTO XapaKTEPHOM
0COOCHHOCTBIO TEUCHNUIT SIBIIAETCS HAJTMIHE TO0BOM, IPUIIMBHON U CHHOIITHYECKOH COCTABIISIONINX
HU3MEHYMBOCTHU CKOPOCTH TedeHHs. B paboTe BINONHEHA OI[EeHKa BKJIa/la KaXKI0H U3 3TUX COCTABIIS-
IOMUX B OOIIYIO JUCHEPCUIO MPOLECCa METOIOM BEKTOPHOTO AUCIIEPCHOHHOTO aHAIIH3A.

O1eHKH CKopocTel TedeHNH AEMOHCTPUPYIOT MPAKTHYECKH OMHAKOBBIN XapaKTep N3MEHINBOCTH
Ha BCEX ITaBy9IX aBTOHOMHBIX OyHKOBBIX CTAHIIFISIX 110 BCEM ITapaMeTpaM. DTO IPOSIBISIETCS B YHCIIOBBIX
3HAYEHMSIX OCHOBHBIX ITAPAMETPOB H3MEHUUBOCTH, (hopMme podrieli nX BEPTHKATBLHOTO PACIIPEICTICHHS,
9BOJIONNH 3TUX Npoduieil B TOIOBOM XOJ€ U B COOTHOIIEHUSIX XapaKTEPUCTHK CyMMApHOTO TEUCHHS U
€ro HelepHOANYECKOM cocTaBsttome. Ha Bcex mecTr miaBydnx aBTOHOMHBIX OyHKOBBIX CTAHIIMSAX HA
BCeX DIyOWHax cpeqHue TedeHust HampapieHbl Ha C-CCB-CB, a 3HadeHus cpefHeil CKasIpHON CKOpO-
CTH CyMMapHOTO T€UEHHSI 1 MAKCHMyMa Ha BEPXHHUX TOPH30HTAX M3MEHSIOTCS B OTHOCHTENBHO y3KHX
npenenax 10,5-1,5 em/c u 65-80 cm/c cooTBeTCTBEHHO. /1715 BEPTHUKAIBFHOTO PacIIpeieTIeHHS XapaKTepHO
YMEHBIICHHE C NTyOMHOH BETMYHNH CaMUX CKOPOCTEH 1 X M3MEHUMBOCTH IIPY COXPAHEHUH HAIIPABIICHUS
CPEIHETr0 IepeHoca U OTHOCUTEIIFHON ONIM30CTH K HEMY HANPaBICHNS MAKCUMAJIbHOW M3MEHIMBOCTH.
TonoBoii X0 XOpOIIO BBIPa’KEH U MPOSBIAETCS B YBEJIMUEHUHM BECHOM U JIETOM CKOPOCTEH TeueHHUs U
HX W3MEHYHBOCTH TIPU OIHOBPEMEHHOM YCHIICHHH BEPTHUKAIBHBIX KOHTPAcTOB. M3MeHUMBOCTE Helle-
PHOIMIECKOTO TEUYSHHS HA BCEX ITyOWHAX M COOTBETCTBYIOIIHE BEPTHKAIBHBIE KOHTPACTHI OCIA0ICHBI
CpaBHHTEJFHO ¢ CyMMapHBIM TeueHueM, a popma ammrncoB CKO Oonee BBITSHYTAS.

BBEJIEHUE

B Kapcxom mope B 2012-2013 rr. 65UTH IOCTaBIICHBI IECTH MIABYYHX aBTOHOMHBIX
OyiikoBeIx crannuit (ITABC) GosbIIoii mpoJoKUTENFHOCTH B palloHaxX X03SHCTBEHHOTO
ocBoeHus menbda. Ha pucyHke 1 mokazaHo UX ITOJIOKEHHUE.

B Tabmune 1 npuBeeHbI CBECHUS O MECTE TOCTAHOBKH CTaHIUI: HOMEp, NTyOnHa
MeCTa, KOJTMYECTBO TOPU3OHTOB U3MEPEHUH, BpeMsl U MPOAOIKUTEIBHOCTh U3MEPEHUIL.
JIMCKpeTHOCTh U3MEpEHUI COCTaBUiIa [l OTCUETOB BEKTOpa ckopocTd — 10 MuH, mis
TOPU30HTOB — 2 M.

B Hacroseit crarse fana 00001IeHHAsI XapaKTEePUCTHKA BEKTOPa CKOPOCTH TEUEHUH

V| BbISIBIICHA 3aBHCHMOCTb J OT BepTHKAILHOI KOOPIMHATHL Z M BPEMEHH {, yCTAHOBIICHEI
YEPTHI CXOJICTBA M PA3JIMYKA CKOPOCTU TEYEHUH HA 3TUX 6 CTAHIUAX.

Jlnst 0606111EHNS MCXOHBIX JIAHHBIX TIPUHATHI BEPOSTHOCTHBIE XaPaKTEPUCTUKH:

— IUIOCKHMIT BEKTOP MAaTEMAaTHYECKOro OXHIAHUs M;(Z,1) ¢ MpOeKuusMu m , Ha

MEpPHUINAH U 11, HA TapaJlIeNb, MOIYJIEM |ﬁ1V| U HaIlpaBJICHUEM @;
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Puc. 1. ITonoxenune I[TABC B 2012-2013 T
Paitons! ocBoeHus menbha, B kotopbix Obuin ycranoBineHbl [IABC: TIABC-1 — Porosunckas, [TIABC-2 —
Hancena, I[IABC-3 — VYuuBepcuterckas, [IABC-4 — Buxkynosckas, [IABC-5 — Tarapunosckas, [IABC-6 —

MaryceBuua

Fig. 1. SABS location in 2012-2013.
Areas offshore, which were installed SABS: IIABC-1 — Rogozinskaya, [IABC-2 — Nansena, [IABC-3 —
Universitetskaya, [IABC-4 — Vikulovskaya, [IABC-5 — Tatarinovskaya, IIABC-6 — Matusevicha

Tabnuya 1

XapakTepucTHKa HA0II0AeHUI 32 TeYUeHUAMHU

Howmep I'my6una Konuyectso o
.. | BpeMst 1 IpoIOIKHUTETBHOCTD U3MEPEHNUIT
CTaHIIUHU MeCTa, M | TOPH30HTOB H3MEPEHUH
ITABC-1 53 19 ropuzoHTOB Wzmepenus ¢ 15.08.2012 no 22.07.2013,
or 7,1 mo 43,1 m 340 cytox
[TABC-2 195 29 ropu3oHTOB Uzmepenus ¢ 15.08.2012 nmo 22.07.2013,
oT 6,9 10 62,9 M 340 cyTok
IMABC-3 180 32 ropuzoHTa Uzmepenns ¢ 25.08.2012 mo 23.07.2013,
ot 7,4 10 69,4 M 332 cyTok
ITABC-4 150 28 ropH30HTOB Wzmepenus ¢ 26.08.2012 no 21.02.2013,
ot 6,7 10 60,7 M 179 cyrtok
ITABC-5 245 29 ropu3oHTOB N3mepenus ¢ 13.08.2012 no 20.07.2013,
oT 6,5 10 62,5 M 340 cytox
IMABC-6 130 27 TOpH30HTOB Usmepenus ¢ 14.08.2012 mo 23.07.2013,
oT 6,0 10 58,0 M 341 cytku

— uaaHblil Tensop aucnepcun D (z,1),
— KoBapualMoHHbIi Tenzop K, (2,1,7),
— TEH30p CHEKTPATbHON TUIOTHOCTH SV (z,t,0),
TJe T — BPEMEHHOH CIIBUT, ® — YacToTa Konebanuii [1].
MHBapraHTaMu TEH30POB SBIISIOTCS:
— JIMHEWHBIX [, — CyMMa DJIEMEHTOB Ha IJIABHOM TMArOHAIH,
— MHIUKATOp BPAIICHUS 3 — pa3HOCTh HEIHATOHAIBHBIX 3JIEMEHTOB,
—ocu smmmnca A, A, [1].
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XAPAKTEPUCTHUKA TEYEHUM 11O CTAHUMSAM

Haubosee 0011yt xapakTepUCTUKY H3MEHYMBOCTH TEUCHHI JAOT OLICHKH CICKTpa
¥ pacnpesieneHns BeposiTHocTel. Onenka S, () momyuena KOPPENAIMOHHBIM METOIOM
IIPH yCeUeHUH KoppenorpamMmsl K, (‘c) B TO4Ke T _ = 3 Mecsana (okomuo 0,3 JInHEI psaa).

Jlst BeIIENICHHsI HeTlepruoanieckoi (0e3 MpuiiBa) COCTABISIONICH HCIIOIb30BaHO
CKOJIB3AIIIee OCPEIHEHNE Ha epuoje 13 yacos.

Ha pucynke 2 mpuBeneHbl rpaduki MHBAPHAHTOB TEH30pa S (u)) Ha BEpXHEM
W HIDKHEM TOPU30HTaX.

a) 6)

8, tw) S, la)

[E R (ande) inac
00 60007 fop. T.twm

Puc. 2. inBapuanThl ciektpa: / — nuHeiinstii [ (o), 2 — uaaukarop Bpamenus 3(w), 3, 4 — moiy-
ocu dumIca A, ,(®); a — CyMMapHas CKOPOCTb, 6 — HENEPUOANIECKAs COCTABIIIOIIAS

Fig. 2. Spectrum invariants: / — linear /,(®), 2 — rotation indicator 8(®), 3, 4 —ellipse semiaxes
A, ,(®); a — summary speed, 6 — nonperiodical component

73, % %)
Il Topuzonm 15,1 M i Topusosm 251 M
12

Topuaosm 43,7 &

01020304050 0 1020304050 O 1020 30 40 50 010203040?’90”]
» o

"0 90 180 270 3600 90 180 270 3600 9O 180 270 350 0 90 18D 270 360 G 90 120 270 360
o
Puc. 3. OmHOMEpHAsI TOBTOPSIEMOCTH CKOPOCTH CYyMMAapHOTO TedeHHs (/) U HEeMepHOIUIeCcKoil co-
CTaBIAIONICH (2) Mo rpamanmsM MOyl (@) ¥ HampasieHus (0)

Fig. 3. One-dimensional frequency of the summary current speed (/) and nonperiodical component
(2) according to gradations of modulus (@) and direction (6)

3HaK MHIMKATOpa BPaIleHNs TOKA3BIBAET, YTO B HU3KOYACTOTHOM JIHaIla30He C HepH-
onamu Kosrebanuit 6oee 10 cyTok mpeobiagaeT BpameHne MPOTHB YaCOBOU CTPEIIKHU, TaK
KaK 3(w) < 0, a Ha 4aCTOTE MOJIyCYTOYHOTO NPUIINBA — BPALICHHE II0 YaCOBOH CTpEIKE,
Tak kKak Y(w) > 0, a A (@) # 0. ITa 0COOEHHOCTH NIPUIIMBOB OTMEYEHA HA BCEX 6 CTAHLUAX.
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CuitbHas BBITSIHY TOCTB JUTMIICOB PACCESTHHS B HU3KOYACTOTHOM 00JIaCTH XapakTepHa
JU1s1 Beex ctaniuit, kpome [TABC-5.

Pacnpenenenue no rpamanusiM Moxyins ckopoctH f{(V) (puc. 3) oqHOMOmanbHOE,
y CyMMapHOTO Te4eHHs Moa npuxonurcs Ha 5—10 cM/c, a y HeleproanIecKkoi CocTaB-
nstromeid Ha 1-5 cm/c.

B pacnipenenenun o pym6am npeobnagaer CCB nanpasnenne. Bropas mona f{)
(na 3-3C3) cymMMapHBIX TedeHUH 00yCIIOBIICHA NPUIMBOM, y HETIEPUOANYECKOH COCTaB-
JISIIOIIEN OHA OTCYTCTBYET.

OMIUpHYECKUE paclipeAeeHNs] CKOPOCTH CYMMAapHBIX T€UEHHH W HelepHoauye-
cKkoif cocraBisttomeit f{V) mo gopme O6:1M3KM K JTOrapuPMUIECKH HOPMAIHHOMY 3aKOHY
pacnpeneneHusl.

3nauenus V , o 1 Voo 1,75 A, , YMEHBILIAKOTCS € n1yOuHOI. Hanbonbiuee ocnabnenne
MaKCHMaJIbHBIX CKOPOCTEH TedeHnH V nponcxomut Ha Iryonnax 10-15 M, y ocTanbHBIX
IapaMeTpoB U3MeHeHune Ooree paBHOMepHoe. [Ipn 3ToM y Heneprnoan4eckoi CoCTaBIIsIo-
1elt CKOPOCTh M3MEHEHUs VU V.. 3aMETHO MEHBIIE, 9EM y CyMMapHOTO TeUEeHHU. 3Ha-
YEeHUsI OCHOBHBIX ITapaMETPOB AJIsI CYMMApPHOT'O TEIEHHS N HEEPHOANIECKOTO KOMITIOHEHTA
cocrasnswor: V= 13,5-10,5 n 8,5-7,8 cm/c; 5, = 9,5-7,0 m 8,0-7,0 em/c; V= 80-50
u 7045 cm/c; 1> =12,5-9,51 10,0-8,0 cm/c. Pacnipesienenue nucriepcuu 110 HalpaBJIeHUM
HepaBHOMepHOe. COrTacHO PUCYHKY 4 3JUIUIICHI HEIIEPHOAMIECKOTO KOMITOHEHTA BBITSIHY-

Puc. 4. XapakTepucTUKU paclpeeleHUs BEpOATHOCTEH CKOPOCTU TEUEHUSI U €0 MOMEHTOB: PO3bI
noBTopsieMocTH (%) M COBMELIEHHBIE BEKTOPHI cpeaHeil ckopoctu u aumuncoB CKO cymmapHOro
TedeHus (a) 1 HellepHOAUIeCcKOil COCTaBIsIoNEeH (0)

Fig. 4. Probability distribution characteristics of current speed and its quantiles: frequency roses (%)
and combined vectors of mean speed and ellipses of MRSD of summary current (a) and nonperiodical
component (6)
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ThI 3BHAYUTCIbHO CUJIBHEC, YEM DJUIUIICBI CYMMAPHOI'O TCUCHUS. 3HaueHne A YMCHBINACTCA

¢ mry6usoit ot 0,75 1o 0,6 u ot 0,55 1o 0,35.

KOppeJ’IHHI/Iﬂ MECKAY TCUCHUSAMU Ha PA3JINYHBIX TOPU30HTAX 06YCJ'IOBJ'I€H3 COBMCECCT-
HBIMU OJHOHAITPABJICHHBIMHA q)HyKTyaHI/IﬂMI/I KOJIJTMHCAPHBIX COCTABJIAIOIINX \7 , TO €CTh

r =0, =0 [2]

Marpuna uHanKaTopa odLeii BEeKTOPHOIi KoppeJsiiuu

Tabruya 2

Topusont, | 7,1 [13,1]19,1]21,1[31,1]37,1[43,1[ 7,1 [13,1[19,1|21,1[31,1]37,1[43,1
M CyMMa PHOC TCUCHUC HerI/IJII/IBHaSI COCTaBJIAROIIIAsA
7,1 1 [0,91]0,87]0,82]0,76]0,71 0,64 1 [0,96]0,93]0,89(0,85[0,81]0,76
13,1 — | 1 1097]0,91]0,86/0,800,72| — | 1 |0,98]0,95]0,91|0,87(0,82
19,1 | =] 1 ]096[0,90|0,840,76] — | — | 1 [0,98/0,94]0,90(0,85
25,1 - | =1 -1 1 ]095/0,880,79 — | = | 1 [0,98]/0,94]0,89
31,1 — =1 =1=111095[08| -] —-1]-1-11 /098093
37,1 =1 -1-1-11l093 = =1-11 097
43,1 S N N B R === 1=-11

Puc. 5. TonoBoii xox cpenHei ckaasipHOH CKOPOCTH, MAKCUMYMa, MOZLYJIsl U HalpaBJICHUsI CPEAHETO
BEKTOpa M MOJIHOTO CPeTHEKBAAPATHIECKOT0 OTKIOHEHHS CyMMapHOTO TedeHws (/) 1 HerlepHogude-
CKOM cocTaBisitomei (2) Ha BepXHEM, HIDKHEM U TPeX IMPOMEXKYTOYHBIX TOPU30HTaX

Fig. 5. Annual course of mean scalar speed, maximum, modulus and direction of mean vector and
full mean root square deviation of summary current (/) and nonperiodical component (2) at upper,

lower and three intermediate horizons
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MOMEHTBbI pacrpe/Ie/eH s : CPEHss CKAISPHAs CKOPOCTh V , MAKCHMYM V > MOIyITb
m;, W HANIPABIIEHHE @ CPE/IHETO BEKTOPA, MOJHOE CPE/IHEKBA/[PATHYECKOE OTKIOHEHHE /, 7,
BEITAHYTOCTH y 1 opueHTamus o duminca CKO, korhdunueHT Baprannu v.

B xoppemannoHHBIX MaTpuax (Tabmuia 2) HCroiIb30BaH TOIBKO HHANKATOP O0mIei
KOPPEISIIUY [L ¥ OTPaHUYEHHOE KOJIMYECTBO TOPH30HTOB.

T'onoBoi X0/ XapaKTepUCTHK H3MEHYMBOCTH CKOPOCTH TEUEHHS IT0 MECSIIIaM OITUCAH
B TEPMHHAX MOMEHTOB pacnpernenenns. Ha pucyHke 5 mokas3aHs! rpadMKy TOI0BOTO X0Aa
CpeIHEN CKAIIPHOM U MaKCUMaJIbHON CKOPOCTH, MOAYJISL M HAIIPaBJIEHUS CPEJHETO BEKTOPA
u monHOTO BekTopHOTO CKO.

B 3aBHCHMOCTH OT CE€30HA MEPEXo]] OT MECSIa K MECSITy MOXKET OBITh KaK OTHOCH-
TENBHO TIABHBIM, TaK ¥ CKaukooOpa3HbIM. [Ipr 3TOM Ha Becex NTyOHHaxX XapakTep To0BOTO
X0JIa KaYECTBEHHO OAIMHAKOB U BO BCE MECSIIIBI COXPAHSIETCS OTMEUECHHAS paHEe 3aKOHOMEp-
HOCTh — IPHMEPHO OHOHANPABICHHOE H3MEHEHHE TapaMeTPOB U3MEHINBOCTH C TITyOHHOI.

Ha pucynke 6 coBMEIIEHBI BEKTOPBI My U 3JUIAINCH Oy II0 MECAYHBIM CEPHAM Ha-
OJIFOIEHU.
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MecaLn — tScowe

Xl Xu Il ]| v i vi Vil

600OO

Vil

©
®
©
©
©
OO
N
O®

®

SISO
© O O O O=
Q © O @ Q=
© © 0 O ©

®

&

Q)

©

NN

L /HHDH G

LB/ HDHH
S D DH DO OO

® ©
.E:SJ@
© ©
® ®

m g @ e e 6 o & @ ©
L 151 g © o @ e o P 5 &
§ 25 f @ & ] R & P & &
) 1 f @ ¢ ¢ @ & 5 F 4§

a1 § ¢ e § & 4 3 F ¥

Puc. 6. Bextopsl cpenneii ckopocta u ammurick CKO cymmapHoro tedeHus (a)
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Fig. 6. Vectors of mean speed and ellipses of MRSD of summary current (¢) and nonperiodical
component (6) by months
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OHM MOKa3BIBAIOT HA BCEX I'OPU3OHTAX YBEJIMUEHHbIE 3HaueHus V , o, V . [
C ampers Mo ceHTA0Ph (C MAaKCHMyMOM B Mae) M IIOHIDKEHHBIE 3HAYEHHUS C CeHTAOPA—OKTSI-
Ops o peBparb—MapT (1 MUHUMYMOM B OKTsI0pe—(eBpaie). Hanbomnee ciibHbIE N3MEHEHUS

TIPOUCXOZST OT AIPEIIst K MO M OT aBI'yCTa—CEHTAOPsI K OKTs10pro. HanpasieHue ¢ cpenuero

v

BeKTOpa My 1 opueHranus o mumnca CKO Oy (na CCB) B MeCsIIBI €O 3HAYUTEIBHBIMY
CKOPOCTSIMH ¥ HF3MEHUYMBOCTBIO CTAOMIIBHBI X OJIM3KH JPYT K JIPYTY, @ OTACIBbHBIC BHIOPOCHI
OTMEUEHBI TOJILKO B MECSIIBI C MAJILIMK 3HAYEHUSMH MO/ 71, U PE3KO OCIa0IeHHBIMH

3HaueHMAMHu V' u V.

X

3AK/IIOYEHUE

Ha craguu pa3BejouHOr0 aHaIM3a 3TUX MHOTOMEPHBIX (10 KOJIMYECTBY TOPU30HTOB
U TIO MPOJIOJDKUTEIEHOCTH) UCXOMHBIX JTaHHBIX YIAIOCh YCTAHOBUTH, YTO XapaKTepHAs
0COOEHHOCTB pean3alii CKOpOCTH TeueHHH B KapckoM Mope — 3TO HallMuKe roJi0Boi
Y IPUJIMBHOW PUTMUK, a TAK)KE MEXKCE30HHOM, CHHONTHYECKOH U MEJIKOMAacIITaOHON 13-
MEHUYUBOCTHU.

OneHKu cKopocTel TeUeHUIl NeMOHCTPUPYIOT MPAaKTUYECKU OJMHAKOBBIA Xapak-
Tep usMenunBoctu Ha Bcex [TABC mo BceM mapameTpamM. DTO MPOSIBISIETCS] B YUCIOBBIX
3HAUEHUSIX OCHOBHBIX ITapaMeTPOB U3MEHUYNBOCTH, (hopme npoduiieil X BEpTUKAIBLHOTO
pacripezeneHys, SBOIIOLUH 3TUX NMPOoGHIeH B TOIOBOM XO€ U B COOTHOIICHHSAX Xapak-
TEPUCTHK CyMMapHOTIo TEUEHUS U €0 Helleproandeckoil cocrasmnsmoneil. Ha Bcex mectu
ITABC Ha Bcex nryOmHax cpeanue TeueHus HamparieHbl Ha C-CCB-CB, a 3HaycHus
cpeaHel CKasIpHON CKOPOCTH CYMMAapHOTIO TEUEHUSI U MAKCUMYMa Ha BEpXHUX FOPU30HTaX
M3MEHSIOTCSI B OTHOCUTENBHO Y3KuX npenenax 10,5-1,5 cm/c u 65-80 cm/c cooTBeTCTBEH-
HO. JIJ1s BEPTUKAILHOTO paclpeielieHNs] XapaKTepHO YMEHbIIEHHE ¢ ITyOUHOH BEIHYHH
CaMHX CKOPOCTEH M MX N3MEHUMBOCTHU ITPU COXPAHEHUH HANIPABJICHUS CPEHETO IEpeHoca
Y OTHOCHTEJIBHOMN OJIN30CTH K HEMY HalpapJIeHHst MAaKCUMaJIbHON M3MeHYrBOCTH. [0/10BOM
XOJI XOPOILIO BBIPAXKEH U MPOSABISETCS B yBEIMUEHUN BECHON U JIETOM CKOPOCTEH TeUeHUs
Y UX U3MEHYUBOCTH MPU OJTHOBPEMEHHOM YCHUJIEHUH BEPTUKAIBHBIX KOHTPAcTOB. Mi3MeHuun-
BOCTB HETIEPUOANYECKOTO TEUEHHs Ha BCEX IIyOMHAX U COOTBETCTBYIOLE BEPTHUKAIbHbIE
KOHTPAcCThI 0CIabJIeHbl CPAaBHUTEIIBHO C CyMMapHbBIM Te4eHUeM, a (opma aiumncoB CKO
Ooiee BBITSHYTAsI.

Jnst BBITOTHEHUSI KOH(DUPMATOPHOTO (IOATBEPIKAAIOIIEr0) aHaln3a 3TUX JaHHbBIX
HEeoOX0IMMO 3a/1aTh MOJIEb BUA

V(t,2)= Y, a,(0)6,(2) wm V(t,7) =Y. d, ()9, (7),

rae ¢(-) — 6azucHble QYHKIMH, a(+) — KOIPPHUIUESHTHI.

B mpenenax 3Toit cTaThH 3TO HElleIecoo0pa3Ho, HO, 0€3yCIIOBHO, HEOOXOIUMO pac-
CMOTPETS B CIIEYIOIIEH cTaTbe, IPOBE/Isi COBMECTHBIN aHAJIM3 PA3JIOXKEHUS CHCTEMBI Bpe-
MEHHBIX PSIJI0B CKOPOCTH TEUEHUSI 110 OA3UCHBIM €CTECTBEHHBIM OPTOTOHAIBHBIM (DYHKLIMSIM
Y BEKTOPHBIM €CTECTBEHHBIM OpPTOTOHAIBHBIM (yHKIMsIM [3—-8].

BaaropapuocTu. VccnenoBanus BEIITOJIHEHB! B paMKaX MHHOBAIlMOHHOH JEsATEIb-
HoctH ITAO «HK “PocuedTs”».
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Summary

The results of observations of total ozone content (TOC) at the Russian Antarctic stations Mirny
(66°34' N, 93°01" E), Novolazarevskaya (70°46’ S, 11°50" E) and Vostok (78°38'S, 106°52' E)
from 1975 to 2017 are presented. Measurements were carried out by filters ozonemeters M-83/M-124.
Throughout this period, there have been steady decreases in TOC in spring time. Early 1990s, the
average TOC in September and October at Mirny decreased by 70-75 % of its average values for
1975-1980. The effect of the ozone hole and its intensity depend on ozone-depleting substance (ODS)
levels, the dynamical processes and variations of temperature in the stratosphere. Considering the
slow rate of decrease ODSs concentration, changes in size and depth of ozone hole have been mainly
controlled by variations in temperature and dynamical processes. The destruction of the stratospheric
circumpolar vortex early spring of 1988 was the reason that the spring negative anomaly of the TOC
was not formed at all. A sharp increase of temperature in the stratosphere in the spring of 2002 was
accompanied by an increase in the TOC. It led to reduction in the size of the “ozone hole” and even
its dividing into two parts at the end of September. Since the early 2000s, there has been a tendency

Citation: Sibir E.E., Radionov V.F. Total ozone variations at russian antarctic stations. Results of long-term
observations. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64, 3: 250-261. [In Russian].
doi: 10.20758/0555-2648-2018-64-3-250-261.
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to return the TOC to the values observed in 1970s and to increase its interannual variability in
comparison to 1990s.

Hocmynuna 19 urona 2018 a. Ipunama x neuamu 6 ageycma 2018 a.

Knrouesvle crosa: AHTapKTHKa, 00IIee CoAep)KaHHe 030Ha, 030HOBAS IbIPa.

B crarbe mpeacTaBieHbl pe3yJibTaThl HAOMIOACHUIT 32 OOIIMM COJAep)KaHHEM O30HA Ha
POCCHICKUX aHTaPKTHYECKUX cTaHIUAX MupHsii (66° 34’ 1o.11., 93°01’ B.1.), HoBonmazapesckas
(70°46' ro.11., 11°50" B.1.) 1 BocTok (78°38' ro.m., 106°52' B.11.) ¢ 1975 1. mo Hacrosimiee Bpemsl.
W3mepeHns BRIMONHAINCH QUIBTPOBBIME 030HOMeTpaMu M-83/M-124. 3a sToT nmepuoa Habmona-
JIach yCTOHYMBAs TCHICHIUS YMEHBIICHUS OOIIEro COAEPkKAaHUs 030HA aHTAPKTHYECKOH BECHOM.
K nagary 1990-X IT. cpeqHue BEIWYHHBI 0OIIETO COAEPKaHM 030HA B CEHTSAOpE U OKTAOpE Ha CT.
Mupasiii cocraisinu uib 7075 % ot ux cpexHero 3Hadenus 3a 1975-1980 rr. Crenens npo-
sBJICHUS 9P deKTa 030HOBOMH JBIPHI CYIIECTBEHHO 3aBHCHT OT KOJIMYECTBA 030HOPA3PYIIAIONINX
BEHIECTB B arMocdepe, TMHAMHYECKHX (PaKTOPOB M TeMIepaTypsl B cTpaTtocdepe. YUHTHIBas
ME/JICHHOE YMEHBIICHNUE KOJIMYECTBA 030HOPA3pPYIIAONIMX BELIeCTB B aTMocepe, U3MEHEHHS
pa3MepoB M MHTEHCUBHOCTH 030HOBO# JIBIPBI BBI3BIBAIOTCSI B OCHOBHOM KOJICOaHHUSIMH TEMIIEpaTy-
PBbI M JUHAMHUYECKUMH ITpoLieccaMi. Pa3pynieHus cTpatochepHoro HUPKYMIIOISIPHOTO BUXPS YKe
paHHeli BecHO B 1988 1. OBbUIO MPUYUHON TOTO, UTO BECEHHSS OTPHULATEIbHASI AaHOMANHS O0IIETO
coJieprkaHus 030Ha BooO11e He chopMHUpoBaiack. Pe3koe 3HaYUTEIbHOE MOBBILICHUE TEMIIEPATYPhl
crparocdeps! BecHOit 2002 T. COMPOBOXKIATIOCH POCTOM OOIIETO COAEPKAHMS 030HA. DTO IPUBEIIO
K YMEHBILICHHUIO Pa3MEPOB JIBIPHI U JIaXKe €€ Pa3ACICHUIO Ha JIBE YacTH K KOHILy ceHTs0ps. C Havana
2000-x rr. HabMIOMAeTCs TCHACHILUS BO3BPALICHUS BEIHYMH OOLIETO COACPKaHUs 030HA K 3HaAUe-
HHSM, XapaKTepHbIM JUIsl IEPUO/a, TIPESALICCTBOBABILETO MPOSBICHUIO 3¢ dEeKTa 030HOBOIT IBIPHI,
U YBEJIMYECHHE MEXT0Z0BOH N3MEHYMBOCTH OOIIETO COJCPIKaHHUs 030HA BECHOI! 110 CPaBHEHUIO C
HOCJICTHAM JE€CATUICTHEM TIPOIILIOTO BeKa.

BBEJIEHUE

Mausie razoBeie cocrasisitomue armocdepsl (MI'C), Takue kak yrieKHCIblil ras,
030H, METaH U HEKOTOPBIE IPyTHe, UTPAIOT 3HAYUTEIBHYIO POJIb B (POPMUPOBAHUH PaIH-
AIIMOHHOTO peXHMa cucteMbl 3emisi—arMocdepa. [Ipu 3ToM U3-3a O4eHb BBICOKOH ITPO-
3pavyHOCTH aHTAPKTHYECKOH aTMOC(ephl 3a CYET MaJIoro COAep KaHUsl B HEHl BOJSHOTO
napa u aspososis positb MI'C cylecTBEHHO BBIIIE, YEM B JPYTUX PETHOHAX 3eMIIU. YMEHb-
nienue obrero copepkanus o3oHa (OCO) B arMocdepe MOKET HETAaTHBHO CKa3bIBAThCS
Ha cocTosHNM Onocdepsl. OOpa3oBaHHe U pa3pyLlICHHE 030HA B aTMOChepe IPOUCXOTUT
B X0I€ q)OTOXI/IMI/IquKI/IX peaKuHﬁ noa BOSﬂeﬁCTBHeM COJIHCYHOT'O M3JTYy4YCHU, TTTABHBIM
00pa3oM B yibpTpaduoeToBoOil 0bacT ero crnekrpa. JKecTkoe yibTpadruoaeTOBOS H3-
JydeHHUe ¢ [UTMHOM BOJHBI MeHee 0,28 MKM, BpEIHOE W JaKe TyOHUTEIbHOE JJIs BCErO
’KHMBOTO, MOJIHOCTBIO MOMVIOIIAETCSI MOJICKYJIaMH 030Ha, HaXOJSIIMMHUCS B cTpaTocdepe,
W HE JIOXOAMT J0 TOBEPXHOCTH 3EMITH.

[ToBBIIIEHHBII HHTEPEC MUPOBOTO HAYYHOTO COOOIIECTBA K MPOOIEMe YMEHBIICHHS
ob1ero conepkanus 030Ha HaJl AHTAPKTUKON TIPOSIBUIICS BO BTOpoi monoBuHe 1980-x rT.
B CBSI3M C OOHapyKeHHEM yCTOHUMBOro mnposiBieHus dddekra ymensiienuss OCO B Be-
CCHHHE aHTAPKTUUECKHE MECSIIBI (CEHTOpb—HOS0PB), ONYUYHBIIIETO Ha3BaHUE «O30HOBAs
JIBIPAY.

Ymensbiienne OCO B armocepe AHTAPKTHIBI B MEPUOJ] aHTAPKTUYECKON BECHBI
ObLI0 3aMeueHo elie B nepuoa MexayHapomHoro reodusudeckoro roga (1957-1959 rr.).
Torma ero OOBACHSIM BIUSHHEM TOJIBKO TUHAMHUYCCKHX IPOIICCCOB B arMocdepe Haj
aHTapKTU4YeCKUM KymnojoM [1]. Ipyrue ¢akTtopsl, KOTOpbIE MOTCHINATBHO MOIIH BIIH-
ATb Ha 3HAYUTCIBHOC YMCHBIIICHUC OCO mocie OKOHYaHHUS HOHHpHOﬁ HOYH, BKJIHOYad
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1 (HOTOXMMHUYECKHE TPOILecChl, He paccMarpuBaiuch. [To3nHee Ha cT. Boctok B 1978
n 1981 rr. u Ha smoHckol crannuu Cesa B okTs10pe 1982 1. [2] u3MepeHus Toxe MoKa3ain
YMEHBIIIeHHE 00IIero coep kaHus 030Ha 1o 3HaueHnd MeHee 220 exn. JloOcona. B Hagane
1980-x IT. HCTOIIEHNE O30HOBOTO CJIOSI OBIJIO 3aMEYEHO IO JAHHBIM CITyTHHUKOBBIX Ha-
Omromenuii. B 1985 r. BHMMaH1e MUPOBOH OOIIECTBEHHOCTH MPUBJIEKIIa IMyonuKams [3],
B KOTOPO# OBUIO BBICKA3aHO MPEIOI0KEHHE, YTO MPUIMHON CTOIbh HU3KUX CONEpKAHUH
030Ha SIBJISIETCS] BO3AEHCTBHE HAa O30HOBBIN CIIOH (pPEOHOB.

Ha nossnenune anomanuit OCO Hax AHTApKTUIOW, CTENEHb UX BBIPAXKEHHOCTU
1 TIPOJIOJDKUTENBHOCTD 3HAUUTEIBHOE BIMSHHAE OKa3bIBaeT aTMOC(hepHast IIUPKYIISINT —
pa3sBUTHUE U YCTONYMBOE CyLIECTBOBAaHHUE HA MPOTSHKEHUU JOCTATOYHO ATUTEIBHOTO BpeMe-
HU IUPKYMIOJISIPHOTO cTpaTocdepHoro BUxps. OH OIOKHPYET IMOCTYIUIEHHE BO3IYIIHBIX
Macc ¢ BBICOKMM COZIEp’KaHWEM 030Ha U3 cTparocdepbl yMepeHHbIX mupoT. Kpome Toro,
BHYTpH cTpaTtochepHoro Buxps GpopMupyercsi 006J1acTe O4eHb HU3KHX TEMIIEpaTyp —
Hke —78 °C, — He0OXOIUMBIX JUIs IIPOTEKaHHUS (POTOXMMUIECKNX 030HOPa3pyLIAIOINX
peakuuii ¢ y4acTHeM XJIop- U OpoMcozepsKalix BEIIECTB Ha MMOBEPXHOCTH YacTHIL TO-
JSIpHBIX cTparocdepHsIx obnakoB [4, 5].

OO0pa3oBaHne 030HOBBIX JIbIP BECHOHM HaJl AHTapKTHIOH IPOIOIKAETCS IO HACTOS-
miero BpemeHu. [Ipn 3TOM B TekyIeM JecaTHIIeTHH HaOmroaaeTcst 0OIbIIas MeKrogoBas
u3mMeHuuBoctb OCO BecHOH 1o cpaBHeHUIO ¢ 1990-mu 1T. [6, 7]. Takue mocTarodHo
pe3kue KoieOaHus BBI3BaHBI B OCHOBHOM JWHAMUYECKUMH (akTopaMu. B To e Bpems
MOYKHO TOBOpPUTH 0 HekoTopoM yBenuueHun OCO Hajg AHTapKTHIOW BECHOH IO cpaB-
HEHHIO C Ha4aJoM TeKylero Beka. OHAKO HEAOCTaTOYHAsl OIPENEIEHHOCTh TaKHUX OlLe-
HOK HeE IO3BOJSET yTBEpKAaTh, uTo yBenuueHne OCO BBI3BAaHO TOIBKO YMEHBIIEHHEM
030HOpPa3pyIIAIOIIKX cocTaBistomux armMocdepst [7]. Kpome Toro, B mociennue rogast
OTMEUAIOTCSl 3HAYUTENBHBIE PACXOXKACHUS B JAHHBIX U3MEPEHUN PA3IMYHBIX CIIyTHHUKOB,
nposoaamux uzmepenuss OCO Hax ArTapkTunoi. [1o3ToMy oueBUIEeH HHTEpEC K JaHHBIM
Ha3eMHBIX HAOIIONEHHH.

AITITAPATYPA Y ITYHKTBI HABJIIOAEHUI

Jnst u3aMepeHnii o0IIero coxep)kaHusi 030Ha Ha POCCHMCKMX aHTAPKTUYECKUX
CTaHIMSX, KaK U Ha BCEX CTAHLUAX O30HOMETpuueckoil cetn Poccuu, ucmonb3oBai-
cs GUIBTPOBBIN 030HOMEeTp M-83, a 3arem ¢ 1983 1. ero MoaepHU3UPOBAHHBII aHAIOT
M-124. MeTtonuuecKylo U anmapaTypHyIo MOAJEpKKY HaOmroneHui ocymectsisier [ TO
uMm. A.U. BoeiikoBa, sBisromasics rieHTpoM BMO mo kanuOpoBKe ¥ KOHTPOJIIO KayecTBa
(UITBTPOBBIX 030HOMETPOB M OTBETCTBEHHAS 32 METOANYECKOE U METPOJIOTHIECKoe 0bec-
neyenue HaOmogeHut OCO Ha o30HOMeTpuueckoi cetu Pocruapomera [8]. Ha mpo-
TSOKEHUH MHOTHUX JieT (TiepBble HaOmonenus ozonomerpom M-83 Ha teppuropuu CCCP
ObuH BeIONHEHBI B 1958 1) Metoauka ['T'O namensuiack, Ho ¢ 1974 . naHHbIe H3MEpEHUIA
B AHTapKTH/Ie MOXKHO CUMTaTh PEIPE3CHTAaTUBHBIMHU U JIOCTATOYHO HAJEKHBIMU. DTOT
BBIBO/I TIOITBEPKAAIOT, B YACTHOCTH, PE3YJIbTaThl CPABHEHUSI HA3EMHBIX HAONIONEHHUH CO
CIYTHHKOBBIMHU. KannOpoBka M KOHTPOJIb KaueCcTBa MCIOJIb3YEMbIX (DHUIIBTPOBBIX 030-
HoMeTpoB mpoBoauTcs B ['TO no o3ouHOMY criekrpodoTtometpy Jobcona Ne 108. On
SIBJISIETCSI BTOPUYHBIM 3TAJIOHOM M KaXK[ble YEeThIpe rojia Kanuopyercs no EBpomneiickomy
peruoHansHOMY dTanony OCO.

Habnronenus 3a oouum conepxanuem ozona (OCO) peryisipHO MPOBOJATCS Ha
TPEX POCCHUHCKUX aHTAPKTUYECKUX CTaHLUsX (Tadi. 1).
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Tabnuya 1
T'onbl Habmonennit OCO Ha pocCHIICKUX AHTAPKTHYECKUX CTAHIUAX
IOsxnas | Bocrounas Bricora naz, Tone!
Cranmnus YPOBHEM MOpH, .
IMpoTa | JOJTOTa " Ha0mroneHnit
MupHblit 66° 34’ 93° 01’ 36 1974-2018
HoBonazapesckas | 70°46° 11° 507 130 1986-1991, 1993, 1995-1996,
2001-2018
Boctok 78°38" | 106°52° 3488 1976-1978, 1981, 1986-1991,
1998-2002, 2004-2005, 20072017

Wzmepenust o3oHOMeTpoM M-124 BEmmomnHsrorest npu Beicotax Comnnna 6onee 5°
[9, 10], mosToMy Ha cTaHIMKM MHUpPHBII OHM BO3MOXHBI TOJIBKO B Iepuof ¢ 31 utons no
13 mas, Ha cranuun HoBonasapeBckass — ¢ 15 aBrycra nmo 28 ampens, a Ha CTaHIIUU
Boctok — ¢ 7 cenrsiops no 6 anpenst. C 2000 r. pe3ynsrars! m3mepennii OCO Ha poccnii-
CKUX CTAHIMSAX M UX aHAIN3 pa3MeIIaloTcs B eXeKBapTalbHbIX OroyureTeHsx «CocrosHue
npuponHoi cpensl AHTapkTHKM» (http://www.aari.aq/). B atoli crarbe o0o0maercs: n-
thopmarmst 06 m3mepernssx OCO Ha Tpex pOCCHHUCKUX CTaHIMAX B AHTapKTHJE C Hadana
HaOmronennii Ha Hux 1o 2018 1.

PE3YJBTATHI 1 AHAJIU3 TAHHBIX HABJIIOJAEHUI

Ha puc. 1 npeacrasnens! pe3ynsrarsl nusmepeHuid OCO Ha poCCHHCKUX CTaHIUSX.
Ha HeMm Ju1s1 kaxa0M CTaHUMU B BUJE KPHUBBIX MPHUBEACHBI CPEIHECYTOUHBIC 3HAYCHUS
o01ero cozpepkaHusi 030HAa: OCPEIHEHHBIE 32 BECh MEPHO] HAOMIONEHUH U Pe3ysIbTaThl
M3MEPEHUI 3a TPH MOCIICAHUX aHTAPKTUIECKHUX Ce30Ha (MAKCUMAJIbHO C aBTyCTa OJHOTO
To/ia TI0 MIOHB clieAyromiero) B 61-i (2015/16 r.), 62-i (2016/17 r) u 63-it (2017/18 1)
Poccuiickux antapkruuecknx skcreauiuii (PA3). CepbIM BETOM BbIjeNeHa 001acTb,
oxBarsiBaromias Bce 3HaueHuss OCO, HaOMoaBIIHeCs A1 KOHKPETHOTO JHSI TOJIa 32 BeCh
HUMCIOIIUICS epro HaOmroneHuil. BepXHsis U HIKHSS TPAHUIBI ATOH 001aCTH COOTBET-
CTBYIOT MAKCHMAJIGHBIM I MUHHMAJTBHBIM 32 BECh MIEPUOJ HAONFONCHUH CPEeIHECY TOYHBIM
3HaueHussM OCO. Ha cranuusx HoBonazapeBckas 1 BocTok BO BHYTPUTOIOBOM XOJI€
COJIep’KaHusl 030HA aHTAPKTUUYECKOM BECHOM OTYETIMBO IMPOSBISETCS CE30HHBIA MUHU-
MyM €ro 3HaYCHUH JIJIsl BETMYMH KaK CPEITHUX 33 BECh MEPUOJ] HAOMIONCHMIA, TaK U 32 OT-
JlenbHbIe ce30Hbl. B MUpHOM CTOJNB SIBHO BhIpaskeHHBIN ce30HHbIN x01 OCO orMevaics
B ITOCJICJHNE TOABI TONBKO B niepuon 61-it PAD — ce3on 2015/16 T

Ha pucynke Takxe X0OpoIlIo BUJIHO, YTO B BECEHHUH MepHOA Ha CTaHUUU MUpHbIT
aMIDIATYIa MexcyTouHoi usmeHunBoctd OCO cymiecTBeHHO OOJbIIIe, YeM Ha JBYX IPYTHX
CTaHIUAK. DTOT (PaKT OOBSICHIETCS reorpapuuecKuM MojioKeHueM MUPHOT0, HaXOAsIIIe-
rocst Ha iepudepun 00pas3yroIIeiicss BECHOW 030HOBOH JIBIPBL. MI3MEHEHUsI TPpaHUIL BIPEI,
00yCIIOBIICHHBIC TUHAMUYECCKIMH MPOLeCCaMu B aTMOocdepe, MPUBOAAT K PE3KUM KOJIe-
6armssm OCO Haja CTaHIUEH OTO JHS KO JTHIO W OOJIBIIAM Pa3iH4YUsIM CPEAHECYTOYHBIX
3HAUEHUH /17151 KOHKPETHOTO JTHs B pa3Hble rofbl. [Ipy paccMOTpeHnH TaHHBIX U3MEPEHUH 3a
MOCTICTHHE TPH CE30HA HAOMIOJCHUI 00paiatoT Ha ceOsi BHUMAaHUC CPAaBHUTEIEHO HI3KUE
(MHOTIa MUHIMAITFHEIC 32 BECh MICPUOJT HAONIONCHUH) 1 JOCTAaTOYHO YCTONYMBEIC 3HAYCHHS
OCO BecHnoii 2015 1. B 3T0T nepros TMpKyMITOISIPHBIA BUXPh ObLUT JOCTaTOYHO CTAOMIIEH,
a ero popMma OyM3Ka K KOHIICHTPHUYECKOH. «L[eHTp BUXps» B 3TOM rofy HaXOAWICS BOIU3U
moJroca OoJbITyr0 9acTh BecHBl. Ho B 2016 . MexcyTOYHAst H3MEHYHBOCTH CONCPIKAHHUS
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Puc. 1. CpenHecyTouHble 3Ha4eHUS OOLIET0 COAEep)KaHM 030Ha Ha POCCHHUCKUX aHTApKTHUECKUX
craHuusax Mupnslii, Hoponasapesckasg 1 Boctox
Fig. 1. Average daily values of total ozone at Russian Antarctic stations Mirny, Novolazarevskaya
and Vostok
030Ha B BECEHHUI MEPHOJT 3HAYUTEITBHO IPEBOCXO/IMIIA HAOMIONABIIYIOCS B MIPEbLIYLIIEM
rony B MupHoMm u Ha Boctoke, a B 2017 . — B MupHom u HoBomna3zapesckoii. Takoe
nosenerre OCO MOXXHO OOBSCHUTH MEHbBIIEH CTAOMIBHOCTBIO IUPKYMITOJSIPHOTO BUX DS
B 2016 u 2017 rr., HANUYKEM KPaTKOCPOUHBIX MOTCIUICHUI B cTpaTochepe U YyacToii cMe-
HOM BO3/IYIIHBIX Macc ¢ pa3lu4HbIM cojepikaHueM o3oHa (https://legacy.bas.ac.uk/met/
jds/ozone/; Antarctic Ozone Bulletin, http://www.wmo.int/pages/prog/arep/gaw/ozone/
index.html). B 3TH roapl Ha KaXJ0H CTaHLUK B OTJENbHbIC AHU BecHbI 3HaueHuss OCO
OBUTM MaKCHMaJIbHBIMH 32 BCE TOJIbI HAOMIONEHHH.

Cy1ecTByeT 10CTaTOYHO CHIIbHAS CBA3b MeXKAY MecsuHbIM xonoM OCO u temmepa-
Typoii B HIKHEH cTparocdepe B cioe 15-20 kM. Bennunnsl kK03 (GHUIUEHTOB KOPPEIALIH
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Tabnuya 2

Ko dpuunents! koppeasuuu cpegHecyTouHbix 3HadeHuii OCO u TeMneparypbl BoO3ayxa
HA Pa3JH4YHBIX BBICOTAX B cTpaTocdepe, pacCUMTAHHBIC 10 JAHHBIM H3MepeHMit

HA cTaHuMH MUpHBIi.

Bricora,
KM

15
20
25

Mecsin
CEHTA0ph OKTAI0ph
0,82 0,85
0,78 0,76
0,55 0,30

cpennecyTouynbix 3HaueHnii OCO u Temmneparypsl Bozayxa (6onee 450 map 3Ha4deHUiT) Ha
BbIcoTax 15, 20 u 25 kM Ha cranumuu MupHhsli 3a nepuon ¢ 2000 mo 2017 1. npuBeAeHs!

B Ta0mI. 2.

Puc. 2. MexronoBast ©”3MEeHYMBOCTb cpeiHeMecsiuHbIX 3HadyeHnid OCO Ha pOCCUHCKUX aHTapKTHYe-
CKUX CTaHIMSIX B BECCHHHE MECSLBI CEHTAOPH (KpacHbIi) U OKTAOPB (CHHUIT)

Fig. 2. Interannual variability of monthly values of total ozone at Russian Antarctic stations in

September (red) and October (blue)
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Bonpmne BennanHb! K03 GUIMEHTOB KOPPEISIMN Ha BeIcoTax 15 u 20 kM cBHIe-
TEJNBCTBYIOT O TOM, YTO IMPEHMYIIECTBEHHO B ATOM CJIOE CTpaTOChephl MPOUCXOIIT (poTo-
XUMHYECKUE TETePOTeHHBIC PEaKIUH pa3pylIcHHs 030HA, MPUBOAAIINE K 00pa30BaHUIO
030HOBOI ABIPHL.

Ha puc. 2 npeacraBiena MeXroJoBas U3MEHUUBOCTh CPEIHEMECSUHBIX 3HAYCHUI
OCO Ha Tpex pOCCHHCKHX CTAaHIMAX aHTAPKTUYECKOH BECHOW (CEHTSAOpH M OKTIOPD)
¢ Havaya HaOmonerni mo 2017 1. BrrrounTtenbHo. Ha cranmmsix MupHsiid u Boctok xo-
POIIO 3aMETHO YMEHbILIEHHUE CPEeIHEMECSUHbIX 3HAUYEHUHN COJEp>KaHUs 030HA C Hayaia
HaOMIONeHUH 10 cepeArHbI 80-X IT. MPOILIOTO CTOJETHSA. B TO e Bpems, Kak yKe OTMe-
4anoch, HabmonaTcs 3HauuTenbHbIe Konebanus OCO ot roma k roxy. [1pu 3Tom Ha Bcex
cTannusx Beinenstores 3HadeHuss OCO B ceHTIOpe U okTsiOpe 1988 u 2002 rT., Koraa Hax
AnTapkTHI0# He OBLTO 3auKCHpOoBaHO BeceHHero yMenpieHuss OCO mmbo oHo ObLIO Cy-
LIECTBEHHO MEHBIIIE, YEM B COCEIHUE TOJbl. B 3TH ro/ibl 030HOBBIE ABIPHI Pa3BUBAIUCH 110
HETUIUYHBIM U1 3TOTO IIeproa BpeMeHH cueHapusiM. B 1988 1. BeceHHsist oTpuuarenbHas
anomanust OCO He copMUpOBAIACH H3-32 PA3PYIICHUS CTPATOCPEPHOTO MAPKYMIIOISP-
HOTo BUXpS yxe panHeil BecHol [11, 12]. B 2002 r. B3pbIBHOE NOBBIIIEHHE TEMIIEPATYPhI
ctpatochepsl compoBoxaanock poctoM OCO, 9To MPUBEIO K YMEHBIICHUIO pa3MepOB
IBIPBI M TAKE €€ pasJeNICHUI0 Ha JIBe YacTH K KOHILy ceHTsOps [13]. B oboux ciydasx
MIPOSIBIIIACH POJTb TUHAMHUYECKUX (HDaKTOPOB (2 HIMEHHO — CTPaToC(PEepHON ITUPKYIISIINH )
B IpoIleccaX peryanpoBaHUs COIEpkKaHUs aTMOC(epHOTo 030HA Hax AHTapkTHIO0N. CaMu
3HadeHuss OCO B 3TH rofbl 0 BelUYuHe conoctaBuMebl co 3HadeHusiMu OCO B 1970-e rr.

B Tabmure 3 npuBenensl MuHuMaibHbIe 3HaUCHU OCO, n3MepeHHBIC B Pa3TUYHBIC
TONBI HA POCCUICKUX CTaHIMSIX M JATHl TAKUX HAOMIONCHHUN B KaxaoM roxy. K coxare-
HUIO, HEMPEPHIBHBIN psi HaOmoneHuit ¢ 1974 r. uMeeTcs TOMBKO Ha CTaHIMH MHUPHBII.
Ha aByx npyrux cTaHIHAX HAOMIONEHUS MPOBOIUINCH CO 3HAYUTECIHHBIME ITePEPhIBAMHU.
O6pamaer Ha ce0Os BHUMaHMe, 4To 3HadeHus: OCO Hmxke 220 e./l. (3Ta BenmunHA TpH-
HUMAeTCs 3a TMOKa3aTelh HaJHYUs 030HOBOU JBIPHI) OBUTH M3MEPEHHI Ha cTaHImu Boc-
Tok B 1978 m 1981 rr, T.e. eme 10 MOSBIEHMs B HAYYHOM JUTEpaType CaMOro TepMUHA
«o30HOBas asipa» [14,15].

Tabnuya 3
MunumaiabHble 3a rog 3Hadennst OCO u gaTbl X HAOTIONEeHIIH
HA POCCHIICKUX AHTAPKTHYECKUX CTAHIUIX

Tox MupHblit HogBona3zapesckas Bocrok

0CO Hara 0CO Hara 0CO Jara
1974 338 02.09 - - - -
1975 294 29.10 - - - -
1976 303 06.09 - - 234 24.09
1977 325 22.09 - - - -
1978 294 24.10 - - 145 15.09
1979 303 17.11 - - - -
1981 259 08.09 - - 214 05.10
1982 268 13.10 - - - -
1983 221 26.09 - - - -
1984 220 14.10 - - - -
1985 234 14.10 - - - -
1986 202 10.10 212 11.11 - -
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Oxonuanue maobn. 3

Tox MupHblit Hogsona3zapesckas Bocrok

0CO Hara 0CO Hara 0CO Jara
1987 193 24.10 151 07.10 155 26.10
1988 270 24.08 219 16.10 195 20.09
1989 188 15.10 148 09.10 145 06.10
1990 204 13.09 - - 148 05.10
1991 170 06.10 - — 136 05.10
1992 170 18.09 - - - -
1993 155 25,26.09 - - - -
1994 127 29.09 - - - -
1995 160 17.10 114 06.10 - -
1996 159 18.10 - - - -
1997 146 21.09 - - - -
1998 172 30.10 - - 126 01.11
1999 177 20.09 — - 104 12.10
2000 137 07.09 - - 177 16.10
2001 143 23.09 127 29.09 173 09.09
2002 179 07.08 173 24.09 207 19.10
2003 175 07.10 87 08.10 - -
2004 168 26.10 161 17.09 160 22,23.09
2005 138 10.10 103 10.10 180 19.10
2006 122 05.10 98 02.10 - -
2007 159 06.08 124 13,15.09 118 07.10
2008 169 16.09 129 09.10 118 29.09; 3,9.10
2009 168 25.09 132 20.09 110 16,18.09
2010 179 08.10 130 02.10 135 25.09
2011 174 02,14 114 22.09 121 29.09
2012 224 11.09 157 19.09 151 26.09
2013 216 12.08 157 06.10 149 28.09
2014 174 30.09 137 07.10 133 28.09
2015 145 20.09 140 14,15.10 117 05.10
2016 160 08.08 142 26.09 120 09.10
2017 205 09.10 152 02.10 - -

Tpumeuanue: xupHBIM LIPU(TOM BbIZIEIICHB] MUHUMAIIbHBIE 32 BeCh repuos HabroneHuit Bennunabl OCO.

Ha puc. 3 moka3ana MeXTof0Basi H3MEHYNBOCTH HOPMUPOBAaHHBIX OTKJIOHEHHH CPETHIX
3a CEHTSOPh U CPeIHMX 3a MOHBIE ce30HbI Habmonenwi BexmanH OCO (B %) Ha Kaxmon m3
TPeX POCCUICKUX CTAHIUH 1 MX alllPOKCHMAIMH TIOJIMHOMAMH TPeTher cTeneHn. OTKIOHESHUS
PacCUUTHIBAIIMCH 10 JAaHHBIM M3MEPEHUN B KaXKIOW aHTapKTHUYeCKOW sxcnenuuuu. Hopmu-
POBKa BBITIOHEHA OTHOCHTENIHFHO CPETHUX 3HAYECHHUI COOTBETCTBYIOMIEH XapaKTEPUCTHKH 3a
1981-2010 rr. [ToMrMO pe3ybTaToOB N3MEPEHHIH Ha POCCUICKIX CTAHIMSAX Ha HEM IIPUBEICHBI
TaKoKe JaHHbIE 3apyOeKHBIX CTaHIMH: aHnmiicKoi Xamm (75° 35" 1o.m., 26° 39” 3.11.), ykpa-
nHCKOM Akanemuk BepHanckuit (65° 157 1o.11., 64° 157 3.1.) n smonckoit Céga (69° 00" ro.11.,
39° 36 B.n.), HaOmroAeHNsT Ha KOTOPHIX Hadanuch B 1960-e rr. (https://legacy.bas.ac.uk/met/

jds/ozone/; http://www.woudc.org/data_e.html/).
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Puc. 3. HopMupoBaHHbIE OTKJIOHEHHS CPEIHUX 33 CEHTAOPD () ¥ CPeJHUX 3a CE30HbBI HaOIIoneHHI
(6) 3nagenuit OCO. Hopms! paccunrtansl 1uis nepuopa 1981-2010 rr. [IpencraBieHHble 3HAYEHUS
anmpOKCHMHUPOBAHBI TIOJIMHOMOM TPEThEH CTEIIEHH METOIOM HaUMEHBIINX KBaJpaToB

Fig. 3. Deviations of average values of total ozone for September (a) and for the seasons of
observations (6). The norm calculated for the period 1981-2010. The data approximated by a third
degree polynomial using RMSD method

Jlo cepearHbl BOCBMUIECATHIX TOIOB MPOLIOTro Beka oTkioHeHus OCO oT HOpMBI
MOYTH HA BCEX CTAHIUAX IOJIOKHUTEIbHBIC. 3aTeM, B TCUCHHE HECKOJIBKUX JICT, Ha Pa3HBIX
CTaHIMSIX OHU PA3IMYAIIUCh Jake 1Mo 3HaKy. OIHAKO C CEPEIUHBI JACBIHOCTBIX M MPH-
MepHo 0 2010 . mpeobiafaroT Bee-TaKu OTPUIIATEIbHBIC 3HAYCHHS OTKJIOHCHHUH, a IMo-
cie 2010 r. — nonoxurensHbie. [Ipudem Takoe nmoBenenne OCO oTMevaeTcs He TOIBKO
B BECCHHHMI mepuoj] (B CCHTIOPE), HO U JUIsl CPEAHETOAOBBIX 3HAYCHHUI HA CTAHIUAX.
AMIuiaTyna KojebaHuil OTKIIOHEeHUH cpenHeroqoBbix Beaundud OCO, KOHEYHO, MEHBIIIE,
4eM CPEIHEMECSIYHBIX, HO XapaKTep MX MHOTOJCTHUX W3MCHCHHH TaKOW Ke, KaK M IS
Cpe/IHHX 3a CEeHTSOPb BEJIMYHH.

3AK/IIOYEHUE

Jannbie HazemMHbx HaOmopeHnit OCO Ha POCCHICKUX aHTAPKTHUYECKUX CTAHITHSIX
HOATBEPXKIAFOT HAIMYUE IO HACTOSIIEr0 BpeMEHH (haKTa 3HAUYMTEILHOTO YMEHBIICHHS
o0IIero comepKaHus 030HA HaJ AHTApKTHIOH B BECCHHHE MECSIIbL.
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Crenens nposiBieHus BeceHHeW oTpunartensHoil anomanuu OCO Ha Kaxkaod u3
paccMarpHuBaeMbIX CTaHIIMH CHIBHO MEHSIETCS OT roja K rofy. B 3HaunTenbHO cTeneHu
3TO PErylupyercs TMHAMUYEeCKHMU IpolieccamMu B atMocdepe. B 1988 1. paspymenne
cTpaTocepHOro HUPKYMIIOJIAPHOTO BUXPS IIPOU30LIIO PAaHHEH BECHOI U 030HOBas IbIpa
He chopmupoBasiack. B 2002 1. B3pBIBHOE MOBHIIIEHIE TEMIIEPATYPHI CTPaTOCc(epsl, Co-
npoBoxaasieecs: poctom OCO, CyecTBEeHHO YMEHBIIWIO pa3Mephl AbIPbI M IPUBEIIO0
K ee pacriaay K KOHILy CeHTSOps Ha Be 4acTH. B 000MX cilydasx mox BAMSHUEM JWHa-
MHYECKHX MPOLECCOB OTKIOHEHHS 0T MHOTosIeTHHX HOpM OCO Ha BceX aHTapKTUYECKUX
030HOMETPHUECKUX CTAHLUAX OBLIU MMOJIOKUTEILHBIMU U B CEHTSIOpE, U B OKTA0pe [15].

Ha mpotsbkennn Bcero MHorosetHero nepuoaa Habmoaeanit OCO cranmms MupHsIi
pacnonaranach Ha neprudepnu o0acTi, 0XBaTbIBAEMON CTPaTOCHEPHBIM IUKIOHOM. [Ipn
€ro IepeMeNIeHUIX CTaHIUs OKa3bIBAIach WM B 00JIaCTH 030HOBOM JIBIPHI, MIIM BHE €€.
B pesynsrare HaOmonaMch 3HaYUTEIBHBIE MEXCYTOYHAs (CM. pHc. 1) U MeXromoBas (cM.
puc. 2) uamenunBoctd OCO B KaXK/Ablii U3 HAOMIONATENFHBIX CE30HOB.

Ha Bcex aHTapKTUYECKUX CTAHLUAX — U POCCUMCKHX, U CTAHLUAX IPYTUX CTPaH —
Ha mpoTshkeHnn npuMmepHo 30 et ¢ cepenunbl 1970-x rT. HabmMrOmanach yCTOWYMBas
TEH/ICHINSI YMCHBIICHNS OOIIEro COJEpXKaHHs 030HA aHTAPKTUYECKOH BecHOH. K Ha-
gairy 1990-x rr. Becennue 3HadeHuss OCO Ha cT. MupHnsiil ymensmuuces Ha 7075 %
ot cpeaHero 3HadeHus 3a 1974-1980 rr. Ho B nocnenyromme roast adgdexT nposBieHus
BeceHHel orpunarensHoit anomanuu OCO 3amennuics. C Hagana 2000-x 1T. HabIIOaeTCA
TeHaeHIus Bo3BpateHus BennanH OCO K 3Ha4eHUAM, XapaKTEPHBIM [JIs IEpUOJIa, TIPe-
IIIECTBOBABIIIETO MPOSBICHUIO 3(ppekTa 030HOBON IBIPHI. DTO B ONPENCICHHONW CTEICHH
CBSI3aHO C Pe3yJIbTaTaMU 110 OTPAHWIEHHUIO BEIOPOCOB B aTMOC(Epy 030HOPA3PYIIAOIINX
BemiecTB (okono 50 % pa3pymieHus: 030Ha B NOJSIPHBIX paiiOHAaX MPOMCXOIUT 3a CHET
CIO+BrO karanutuueckux peaxiuii [4, 7]). OQHAKO B CBS3H CO CIIOXKHOCTBIO pa3e/iCHHs
BIIMSAHUS XUMHYECKUX M JUHAMUYECKUX (hakTopoB Ha ymeHbleHrne OCO B BeceHHU Tie-
pHoa B AHTApKTUAE TPYJHO KOJHMUYECTBEHHO OLIEHUTH BIMSHUE YMEHBIICHHUS KOJTHIECTBA
030HOpa3pyIIAONINX BEIIECTB B aTMoc(epe Ha copepkaHue o30Ha [7]. B To »xe Bpems
B TEKyIlIEeM Beke MexkrozoBas m3MeHunBocth OCO BecHoOH Ooibllie, yeM B HOCIEIHEE
JiecsITUIIeTHe Tpouuioro. Takue 10CTaTOYHO pe3kue KojeOaHusl BHI3BAaHBI IIABHBIM 00-
pa3oM IMHAMHYECKUMHU (DAKTOPaMH.

Buaaronapnoctu. Padora BeinmonHeHa B pamkax pabor PAD mo IToanporpamme
«Opranuzanus 1 odbecrnedeHne padoT U HAYIHBIX HccleaoBanuii B AHTapkTuke» [TI PO
«Oxpana oxpyxaromeii cpeas» Ha 2012-2020 rT. ABTOPHI BBIpa)katoT TIIyOOKY!0 Oiiaro-
JTApHOCTB BCEM CIIEMAICTaM, IIPOBOANBIINM U3MEPEHHS O0IIETO coAepKaHusI 030Ha Ha
POCCHHCKMX aHTAPKTUYECKUX CTAHIMSIX B PA3JIMYHBIC TOJIBI.
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Summary

Climatic studies in AARI include monitoring changes in the Arctic climate system, ascertaining
their causes and predictability. The beginning was laid in the 1920s by the works of V. Yu. Wiese,
who investigated the causes of the warming of the Arctic in the 1920-1930s. Monitoring continues
with the organization in 1932—1934 of a network of polar stations, and the first climatic assessments
were created in the 1960s. At present, climate change monitoring in the Arctic is carried out on the
basis of observations on the network of hydrometeorological stations, satellite observations of sea ice,
ship-based expedition observations and measurements on autonomous buoy installations in the Arctic
seas and the Arctic basin. The results are presented in regular reviews of climatic and ice conditions.
Recent studies have evaluated the contribution of atmospheric heat transfers in the formation of
temperature changes in winter and radiation inflows in summer.A scheme for the development and
enhancement of warming in the Arctic has been proposed. The tasks of climate services in the Arctic
are considered on the basis of the WMO initiative on the development of climate services in the form
of the Arctic Regional Climate Center — network (ArcRCC-N).

Citation: Alekseev G.V,, Radionov V.F,, Smolyanitsky V.M., Filchuk K.V. Results and prospects of the climatestudies
and climate service in the Arctic. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64, 3: 262-269.
[In Russian]. doi: 10.20758/0555-2648-2018-64-3-262-269
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Kniouegvie cnoéa: ApKTuKa, HCCIEI0BAHNS, KIIMMAT, MOHUTOPHHT, KITMMAaTHYECKOE 00CITy>KMBaHHUE.

Knumarnueckue uccnenoBanus B AAHWMU Bxinro9aroT MOHUTOPUHT H3MEHEHUH B apKTHYe-
CKOH KIMMaTH4YECKOH cucTeMe, BBISICHEHUE UX IPUYHUH U IpeackazyeMmocTd. Havano mosoxeHo
B 1920-¢ rr. padoramu B.}O. Buse, uccinenoBaBiiero NpuuMHbI MOTEIUICHHS KiIMMaTta ApPKTHKH
B 1920-1930-¢ rr. MoHUTOPHHT IIpoJoKaeTcss ¢ opranusauud B 1932—-1934 rr. cetu noJsipHbIX
CTaHIIM, a epBble KIMMaTHueckue 0000mmeHus co3aansl B 1960-x rr. B Hacrosiiiee Bpemsi MOHHU-
TOPUHT KIMMaTHYECKUX M3MEHEHHI B APKTUKE OCYLISCTBISICTCS HAa OCHOBE HAOIIOACHUN Ha CeTH
TU/IPOMETEOPOJIOTUUECKUX CTAHIMM, CIyTHUKOBBIX HAONIONCHUH 32 MOPCKHUMH JIbJAMH, CYIOBBIX
IKCIICTUIIHOHHBIX HAOMIONCHUI U I3MEPEHU I HAa aBTOHOMHbBIX OYHKOBBIX IIOCTAHOBKAX B APKTHUCCKHUX
MopsiX U ApKTuueckoM Oacceitne. Pe3ynbrarsl HpeCTaBISIIOTCS B PErySIPHBIX 0030pax KIMMaTH-
YECKHUX U JICIOBBIX YCIOBH. B Xoie HeqaBHUX MCClie[OBaHUI ObUT OLIEHEH BKJIAJ aTMOC(HEPHBIX
IIEPEHOCOB TeIuia B popMUPOBAaHKE U3MEHEHHH TeMIepaTypbl 3UMOIl H paJHalliOHHBIX TPUTOKOB
JICTOM, NPEUIOKEHA CXeMa Pa3BUTUSA M YCUJICHHUS IOTeIUIeHHs B Apkruke. PaccMoTpeHsl 3amaun
KJIMMaTH4eCcKoro o0CiIy)1BaHsl B ApKTUKE Ha 0CHOBE MHUIMATHBEI BMO 110 pa3BuTHIO KIUMaTH-
YeCKOro 00CiIy)KMBaHUs B (popMe APKTHYECKOTO PErHOHAIBHOIO KIMMAaTHIECKOro [IEHTpa — CETh
(ApxPKII-cets).

BBEJEHHUE

B apkrudeckoit obmacta 3emiu mpobieMam, CBSI3aHHBIM C TII00aIbHBIMH U3MEHE-
HUSIMU KJIMMara, yAeIsIeTcsl 0COOEHHO NMPHUCTAIIbHOE BHUMAaHKE. 3[€Ch OTMEYAETCs TakK
Ha3bIBaEMOE «apPKTHUYECKOE YCHIICHHE) IIO0aTbHBIX H3MCHEHNH TEMITEpaTyphl IPU3EMHOTO
CJIOSl BO3/TyXa, CBA3aHHOE, B TOM UHCIIE, C COKPAILICHUEM IO MOPCKUX apKTHIECKUX
1p10B. Kmmmarnaeckne uccineoBaHust B APKTHKE BEIYTCS HayYHBIMH KOJUIEKTHBAMH
B Poccuu m BO MHOTMX cTpaHax M BKJIIOYAIOT MOHMTOPUHI U3MEHEHUH B apKTUYECKON
KIMMaTHYeCKOH CHCTeME, BBSICHEHHE UX MPUYMH U MPEICKA3yEMOCTH.

B AAHUU uccnenoBanus Kumara ApKTUKYA UMEIOT MOYTH CTOJIETHIOK HCTOPUIO,
Hadapiryrocs B 1920-e . paboramu B.1O. Buze. OH BriepBbie HccenoBal H OMHUCAT
MIPUYHHEI NOTeIuIeHns kinMaTta ApkTukd B 1920-1930-e . B.JO. Buze [1] npumen
K 3aKIIIOYCHUIO0, 4TO moTeruieHue ApKTHKH 1920—1930-x TT. SBUIIOCH CIIEACTBHEM YCH-
JIeHUs! O0IIel UPKYIAMN aTMOoc(ephl Ha 36MHOM Iape ¥ MPUTOKA aTIAHTHYECKUX BOJ
B ApPKTHUYECKHI OKEaH C OJHOBPEMEHHBIM YCHJICHHEM OOpaTHOTO MOTOKa BOJ W JIHJOB
n3 Apkrudeckoro Oacceitna B ['pernannckoe mope. OH Taxke BBEN NOHSATHS UKIOHH-
YECKOTO M aHTHLIUKIOHUYECKOTO PEXXUMOB IUPKYJISIIUKN atMochepsl HaJ APKTHUECKUM
6acceifHOM, KOTOpBIE B 3HAUMTEIBHOMN CTEIEHH ONPECIIAIOT YMEHBIICHHUE WITH yBEITMUCHHIE
JIEOBUTOCTH apKTHUeCKuX Mopeit [2]. Ilozgaee 3T0 monokeHne ObIIO0 pacIpOCTPaHEHO
3.M. I'ynkoBuyem [3] Ha npetid 1p10B B ApKTHUECKOM OacceiiHe.

Bnaronmaps opranmsanuu B 1932—-1934 rT. ceTr MONMSAPHBIX CTaHIMN CTAI BO3MOKHBIM
PETyIApHBIA MOHUTOPUHT THAPOMETEOPOIIOTHIECKHX YCIOBHH B apKTHUECKHX Mopsx. [1ep-
BbIC KJIIMMAaTHYECKHEe 0000IIEeHI COOPAaHHBIX TaHHBIX METEOPOIIOTHIECCKUX HAOIIONCHHHA
60U BemoHeHEI B AAHWMU B MoHOTrpadmsax «Kimmmar coBeTckoit ApKTUKH (METEOpO-
Jormdeckuit pexxum)» [4] n «Kmrmat coBeTckoit ApKTHKH (paTIuaiOHHBIA PexuM)» [5].

B crarpe npencraBieHo COKpalieHHOe H3IOKEeHHe ToKTana Ha cemuHape B AAHUN,
MOCBAIICHHOM OOCY>K/ICHUIO PE3YIbTAaTOB KIMMATHIECKHX UCCIIEOBAHNH, BBIMOTHIBIINXCS
B OT/IENIaX B3aMMOACHCTBHUS OKeaHa U aTMOC(EpPHI, IEI0BOTO PEXHUMa U MPOTHO30B, OKEa-
HOJIOTHH; 00CYKAAIOTCA 33/1a4H U MEPCIEKTUBBI JANBHEHIINX NCCIEI0BAaHNI N3MEHEHUH
KIIMMaTa ¥ Pa3BUTHA KIMMATHYECKOTO OOCITyKHBaHUS B APKTHKE.
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HEKOTOPBIE PE3YJIbTATbI HEJABHUX KJIMMATHYECKUX UCCJIEJOBAHUM,
3AJJAYM UX ITPOJOIKEHUS U PABBUTHUSA KIMMATUYECKOI'O
OBCJY)XUBAHUSA

B nacrosiee Bpemst B AAHUM npoBoAUTCS MOHUTOPUHT KIMMaTHYECKUX U3MEHE-
HUH B APKTHKE 110 IaHHBIM HaOJIIOJIEHN1 Ha CETH CTAllMOHAPHBIX THPOMETEOPOIIOTHYE-
CKUX CTaHIUH, Ha Apeidyrommx cTannusx, ¢ C3, B CyI0BbIX IKCHCTUIIHUIX, ABTOHOM-
HBIMH JpeiiyronmMu 1 3asKOPEHHBIMU OysIMU B apKTUYECKUX MOPSX M APKTHYECKOM
Oacceiine. Ha nx ocHOBe cO3/1aHbl 1 MOIOJHSIOTCS apXUBbI U 0a3bl METEOPOJIOTHYECKHUX,
JISJIOBBIX U OKEaHOIpaUUYECKHUX JaHHbBIX, 10 KOTOPHIM BBIIOJIHSIIOTCS OLIEHKH COCTOSTHHS
arMocdepbl, MOPCKHX JIbJIOB U OKEaHa.

OTH OIEHKU M UX aHAJH3 MIPEICTABIEHBI B PETYIISPHBIX MyOIUKaINAX: KBapTaIbHOM
«00630pe ruapoMeTeoposornyeckux mnpomeccoB B CerepHoM JlemoButom okeane» [6]
u exeHenenbHbIX «HQOpMalMOHHBIX MaTepHaliaX M0 MOHUTOPHHTY MOPCKOTO JIEHsi-
HOTO MOKpoBa ApKTHKH U HOXHOro okeaHa Ha OCHOBE JIaHHBIX JIEZIOBOTO KapTUPOBAHUS
Y NIACCUBHOTO MUKpPOBOJIHOBOTO 30HAMpoBanusi SSMR SSM/I-SSMIS-AMSR2» [7], uz-
naBaembix B AAHUU; B pasnene CeBepHast nonspHasi o0iacts exxeronHoro «Jloknana
00 0COOCHHOCTSX KaMMaTa Ha Tepputopun Poccuiickoit @eneparum» Pocruapomera.

HccnenoBanust COBpEMEHHBIX W3MEHEHUH KinMaTta Apktuku B AAHUU Benytes mo
OCHOBHBIM HaIlpaBJICHHUSIM, KOTOPBIE HAXOAATCS B IIEHTPE BHUMAHUSA MUPOBOH KIIMMATHYe-
CKOIl HayKH: IPUYMHBI YCHJICHUsI [I00AIBHOTO MOTEIJICHUS] B APKTHKE, POJib, MACIITa0bI
U BpEMEHHAsl CTPYKTypa pa3jIMuHbIX MPOLIECCOB B KOJEOAHUSIX KJIMMaTa MOJSIPHBIX 00-
JacTel, IpecKa3yeMoCTh KINMAaTHYeCKUX N3MEHEHUH.

B xozne HemaBHMX MCClENOBAHUN OBLIM IONYyYEHBI KOJTUYECTBEHHBIE OLIEHKHU Iepe-
HOCOB TeIlIa B APKTHKY, KOTOpBIE TI0Ka3ajH [§], 4YTO OCHOBHOM IMPUTOK SBHOTO U CKPBITOTO
TeTJIa B BBICOKOIIUPOTHYIO APKTUKY B 3UMHHI TIEPHUO]] IPOUCXOAUT Yepe3 aTIaHTHIECKYIO
4acTh ee 1oKHOU rpanuibl mo 70° c.ur. (ot 0° o 80° B.A.) B €0€ OT MOBEPXHOCTH JI0
750 rlla. Bkiag 3Toro mpuToKa B MEXIOIOBYIO H3MEHUMBOCTh CPEIHEH 3UMHEH TeMIepary-
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Puc. 1. BepTukanbHbIe IpoQHIN CpeIHIX MEPHIHOHAIBHBIX HEPEHOCOB SIBHOTO U CKPHITOTO TEILIa
gepe3 70° c.111. 3UMOI U JIETOM.

1 — cpenHuit nepeHoc depe3 Bech KPyT LIMPOTHI, 2 — 4Yepe3 amiaHTHuecKyto 4acth (0—-80° B.1.), 3 — uepes
TUXOOKEaHCKYI0 yacTh (200-230° B.x1.)

Fig. 1. Vertical profiles of mean meridional transfers of sensible and latent heat through 70° N in

winter and summer.

1 — mean transfer through the whole latitude circle, 2 — through the Atlantic part (0-80° E), 3 — through the
Pacific part (200-230° E)
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PBI BO3IyXa Ha MOBEPXHOCTH cocTasisteT 6onee 50 %, u ero BenmunHa Bo3pacraer. Jletom
OCHOBHOH BKJIaJ] B IMOTEIJICHUE BHOCAT PaJHallMOHHBIE IPUTOKH TeIa K MOBEPXHOCTH,
B YaCTHOCTH HUCXOAANIAs AJTUHHOBOJIHOBAS pajuallis, a IepeHoC TeIla U BIaru 4epes
70° c.uI. He BIMSAET Ha TEMIIEPATypy BO3AyXa U COIEpXaHHE BOASHOTO Mapa B HIKHEH
Tponocdepe, MOCKOIbKY IpeodiIagaeT BHIHOC BOISIHOTO Napa 3 ApKTHKH (puc. 1).

MHoroneTHHe U3MEHEHHS OOIIETO CoNepKaHUs BOASHOTO Iapa B apKTHYECKOH
aTMoc¢epe TOKa3bIBAIOT, YTO HAHOOJIBIINHA €ro MPUPOCT IPOUCXOINT B JIETHHE MeECs-
bl ApaJIJIEIBHO C COKpAIlEHUEM ILIOMAAN JbAa, B TO BpeMs KaK MEPEeHOC BOASHOIO
napa dyepe3 70° c.II. B 3TH MecsALbl HE yBenuuuBaeTcs. JIeTHee TasgHUE U COKpalleHHe
IJIOLIAU JbJAA BEAYT K POCTY COAEPKAaHUS BOASHOTO Mapa U HUCXOASILEH JUIMHHOBOJI-
HOBOH paananuu. B pesynbsrare noutu Ha 40 % yckopsieTcsl IpOLEece JIETHETO OYUIICHNUS
CesepHoro JlenoBUToro okeana oto jpaa [9].

Ha cokpamenre mioman MOPCKUX JIbJ0B BIUSET NOCTYIUIEHUE TEIUION U COJIEHON
BoAbI B ApkTuky u3 CeBepHoil ATnantuku uepe3 bapenneso u I'pennanackoe mops. B He-
JIABHO BBIMOJTHEHHBIX HCCIEJOBAHMUAX YCTAHOBIICHO BIUSHUE aHOMAJIUN TEMIIEpaTypbl
noBepxHocTH okeana (TTIO) B Hu3kux mupoTax Arnantudeckoro, Manuiickoro n Tuxoro
OKEaHOB Ha aTMOC(EPHBIN M OKEaHCKHH NTEpeHoC TeIuia B APKTHKY, TEMIIepaTypy BO31yxa
U maomazs abpaa B CeBepHOM JIeTOBUTOM OKeaHe, KOTOPOE MPOSIBISLETCA CIyCTs 2—3 roza.
MexaHn3M 3TOTO BIMSHHUS BKIIFOYAET B3aMMO/IEICTBHIE IMPKYIISIIMK OKeaHa M aTMOC(EpBI,
MOCPEACTBOM KOTOPOro KiIMMarndeckuil ummynsc ot aHomanuil TIIO BosaeiicTByeT Ha
Apkruky [10].

CxemaTudecky MpoLecc pa3BUTHs MOTEIUIEHUs B ApPKTUKE MPENCTaBICH Ha pU-
CyHKe 2.

3amauu JambHEMIINX KIMMATHUYECKUX UCCIEIOBAHUN BKIIOUAIOT:

— pa3BUTHE METOZOB MOHHTOPHHTA KInMaTa (HOBbIE MHJIEKCHI, HCTIOIb30BaHUE HO-
BBIX p€aHalM30B, MOAEIBHBIX PACUECTOB B paMKaX MPOEKTa IO CPAaBHEHUIO COBMECTHBIX
Mozeneit BcemupHo#i mporpammel uccienoBanus kimumara BMO (CMIP6));

Puc. 2. Cxema pa3BuTHs U yCUICHUS NOTCIICHUS B APKTUKE

Fig. 2. Scheme of evolution and amplification of warming in the Arctic
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— pa3pabdOTKy METOZOB KJIMMAaTHYECKOTO IPOrHO3UPOBAHMS ISt APKTHKU HA OCHOBE
MIPEICTABICHHOM Ha PUC. 2 KOHLENIUY BIMSHUS HU3KUX MIUPOT OKeaHa C IPUBICYEHUEM
I00aNBHBIX MOJIETIel KIIMMaTa U PerHOHaIbHBIX MOJIENIe MOPCKOTO JIb/a;

— OuNOoNspHbIE KIMMaTHYECKHE MCCIIeIOBAaHMs, UCXOs U3 0OLIero JIsi ApPKTHKA
¥ AHTapKTUKU BIMSHUSA aHOMAaNIHUH B HU3KUX IIUPOTaX OKEaHa;

— pa3paboTKy METO/IOB OIIEHKH KIMMAaTHYECKUX PHUCKOB W PEKOMEHAAIMH 110 ajar-
TalUK K U3MEHEHUsIM KIIMMArTa;

— HCCIIeZIOBaHNE IPUPOABI M MexaHU3MOB (hopmuposanus anomanuii TIIO B HU3KHX
IIMPOTaX OKeaHa.

HeobOxoanmocTh ydera IpUpOAHO-KIMMATHUECKIX YCIOBHH ITPH OCBOSHHHU PeCyp-
COB APKTHKH NPOSIBUIACH B THULIUATUBE BCceMUpHON METEOpOIOruuecKkoi opraHu3aiuu
(BMO) 1o pa3BUTHIO KIMMAaTHYECKOTO 00CTyXMBaHUS B (popMe APKTHUECKOTO PErHo-
HAJBHOTO KmMatudeckoro nearpa — cetb ApkPKII. Pabora ApkPKI] npenycmarpuBaeT
cortacoBaHHOe (PYHKIIMOHMPOBAHHUE TPEX Y3JIOB, YKa3aHHBIX HIDKE M PACHOIOKEHHBIX
B Pernonansapix acconmanusx (PA) BMO 11, IV u VI ¢ BEITOTHEHHEM KaXIBIM U3 y3II0B
MaKCHMaJIbHO ITOJTHOTO Habopa peTHOHAIBHBIX (DYHKIMHA M OJHOH 00s3aTeIbHON (yHK-
WU B NMaHapkTudeckoM Mmacmrade (puc. 3). s CeBepoamepukanckoro ysina (PAIV)
310 nonrocpounsiid mporHos ([IT), xnst Ceepo-EBponeiickoro u I'pennannckoro y3ma
(PAVI) — ympasnenue nanueiMu, uisi Cesepo-EBpasuiickoro y3na (PAII) — monuTO-
puHr knmmmara. Koopauaaropom padotsr Ceepo-EBpasuiickoro yzna ApkPKII sBistercst
AAHUWU Pocrunpomera. B nmognepxky ApkPKL] mHCTHTYTOM pa3zpaboTaHa KOHLETIIHS
Apxtndeckoro knumarndeckoro 1enTpa (AKL]) ¢ ygactuem cnenyronmx HUY Pocru-
apometa: AAHUUN — xoopaunarop, ['TO, BHUUTMU-MII u I'mnpomeruentp Poccun.

15-16 masa B OrraBe, Kanana, cnenuanucraMu NpuapKTUYECKUX CTpaH — ydacT-
Hukamu ApkPKII npoBenen nepseiii [lanapkTuuecknii pernoHadbHBIA (OPYM IO ce-

Puc. 3. Ctpyxrypa u 3anaun AITPKI]
Fig. 3. Structure and tasks of the ArcRCC
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30HHBIM nporHo3am (ITAPKO®-1). B nepuon ¢popyma oOCyxaeHb 1 0100pEHBI ITepBhIe
KJIMMaTHYeCKUE CE30HHBIE 0030p U MPOTHO3 IapaMeTpoB arMoc(epsl H MOPCKOTO JIbja
ADPKTHKHM COOTBETCTBEHHO Ha TepHop! OKTsA0ps 2017 — mait 2018 rT. u mioHb—CeHTAOPD
2018 r. ITo pesynbraram popyma BMO Beimmymien npecc-penus [11] n npussTo pemenne
0 Hauaje JeMoHcTparoHHoH paboTsl ApkPKII. Pe3ynsraTsl skcmpecc-aHain3a Moa-
roToBieHHOro CeBepo-AMEpUKaHCKUM Y31I0M JOITOCPOYHOIO YETHIPEXMECSIYHOTO Mpo-
THO3a ITOKA3aJIM XOPOIIYI0 CXOIUMOCTb K ()aKTHUECKH HAONIONECHHBIM B HIOHE — ITEPBOH
nonoBuHe aBrycta 2018 r. aHOManusAM TeMIeparypsl BO3IyXa, 0CaJKaM U JIEAOBUTOCTH
pernoHoB ApkTukd. Heo6xoauMo Mog4epKHYTh, YTO KaK CE30HHBIH 0030p COCTOSHUS,
TaK ¥ BaJMJALHs CE30HHOTO JIOJITOCPOYHOTO MPOTHO3a BHITOIHEHB! ()OPYMOM Ha OCHOBE
MaTepuanoB, MOArOTOBIEHHBIX crnenuanucraMu Cesepo-EBpasuiickoro y3ma ApkPKI]
(AAHUM n I'mnpomernentpom Poccun).

K gncny Onmxaiimunx 3amgad cetn ApkPKL[ oTHOcsATCs cnexyromnue: co3manne
noprana naHubeix (https://arctic-prcc.met.no/), pa3padoTka METOAOB JOJITOCPOYHO-
ro MPOTHO3UPOBAHUS COCTOSIHHUSI MOPCKOTO JIbJa, peanusanus ogoopenHoit I[TAP-
KO®-1 cTpyKTyphl TaHApKTHYECKOTO KJIMMAaTHIECKOTO OI0JIETEHS, IOJIT0TOBKA 1 IPO-
BezieHue B ceHTa0pe — okTs10pe 2018 1. 2-ro [TIAPKO® (koopaunarop — HopBexckuii
METEOPOIOTHYECKNH MHCTUTYT), KOOpANHAIMS padboT ¢ nmporpammoit BMO «I'mobains-
Has ciyx0a kpuocheps».

B xpyr untepecos/oo0s3annocreit AIIL] PocriunpomMera Ha HauanbHOM 3Tare BXOAAT
CIeAyIoUe HalpaBIeHUs JeSITeIbHOCTH:

— MOJ/IepKKa ITaHAPKTHYECKUX U pernoHanbHbIX QyHKunii CeBepo-EBpasuiickoro
y31a ApkPKILl, Bkitouast pa3BuTHE METOJOB MOHHUTOPWHTA KIMMara (HOBBIE MHJEKCHI,
UCIIONIb30BaHNE HOBBIX peaHaln30B, MOAEIBHBIX pacyeToB n3 CMIP6);

— obecrieuenne HHGOpMaNUeH 00 N3MEHEHUSIX KIIMMara APKTHKH TOCYIapCTBEHHBIX
OpPTaHOB M OpraHM3aINi, KOMIIAHUH, OOIECTBEHHOCTH;

— myOnukanus nHdopmarmu B «Enunoit cucreme nHbopManun 0 MUpOBOM OKeaHe
(ECHUMO) n nonzepKa HaIMOHAIBHOM peanm3aruu [lonsipHOro Kojekca B MHTEpecax
CYZIOXOICTBa 1O TpaccaM CeBepHOr0 MOPCKOTO MyTH.

3AK/IOYEHHUE

3anauu JampHEWIINX KIMMAaTHUYECKUX MCCIIeIOBaHUI BKIIOUAIOT:

— pa3BUTHE METONOB MOHUTOPHHIA KIIMMATa,

— pa3paboTKy METOMOB KIMMATHUECKOTO MIPOTHO3UPOBAHUS I APKTHKH;

— OUMoJsIpHBIE KIMMATUYECKUE MCCIICOBAHUS UCXOs U3 O0ILEero Juis APKTHUKA
1 AHTapKTUKHU BIMSHUS aHOMAJINH B HU3KHUX HIMPOTaX OKEaHa;

— pa3paboTKy METOIOB OLICHKH KIMMaTHYECKHX PUCKOB M PEKOMEHAAIMH 110 ajar-
TallUK K U3MEHEHUSAM KJIMMara;

— HCCIIeJOBAaHNE IPUPOABI U MexaHu3MoB (opmupoBanus anomanuii TIIO B HU3KKX
LIMPOTAaX OKEaHa.

Pa3BuTHe KIMMaTHYECKOTO OOCTYXHBAHUS B COBPEMEHHBIX YCIOBHUSX, ONpENes-
€MBIX BO3pACTAIOUIMMU TEMIIaMU KJIMMATUYeCKHUX U3MEHEHUH, TpeOyeT oObeIuHeHNUs
YCUIINiA IPOGHIIBHBIX CIYKO M OpraHu3alui, KaKk HAlIMOHAJIBHbBIX, TaK U MEKTyHAPOIHbIX.
AAHHWMU nmeet 60raThlil ONBIT OpraHU3aLUU U IPOBEICHHUS HCCIECIOBAHUH B TOMSIPHBIX
001acTsIX, HAKOIUICHHBIE B TEUEHHE MHOTUX JAECATIJIETHH MAaCCHUBBI THAPOMETEOPOIIOTH-
YECKUX JAHHBIX U B COCTOSHUU BBIIIOJIHUTH CEPHE3HBIE 33J1a4ul B [IPOLIECCE TAKOM MHTE-
rpanuu.
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BaarogaprocTi. MOHUTOPHHT 1 KIIMMaTHYecKoe 00CITy)KUBaHHE B APKTHKE BBITION-
HsitoTcs U mianupyrores B pamkax [IHTII Pocrunpomera no teme 1.3.1.1. MccnenoBanus
noxnaepkuBatorcs rpantamu PODOU 18-05-00334, 18-05-60107.
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Summary

The block of the Antarctic Peninsula is part of a magmatic arc formed along the southwestern part
of the paleo-Pacific margin of the Gondwana supercontinent. Currently, subduction processes continue
only in its northwestern part — in the region of the South Shetland islands, and to the southwest of it —
there is a passive segment of the continental margin, within which the Argentine islands are located. Here,
subduction was completed in the late Miocene-Early Pliocene. In the geological structure of the Argentine
islands archipelago, the rocks of the Upper Jurassic volcanic group (AP Volcanic Group) and intrusive
batholiths of the batholiths (AP batholiths) are distinguished. In them, there are numerous dikes of basic,
medium and acidic compositions. The activation of dyke magmatism on the passive margin of the Antarctic
Peninsula was probably connected with subduction processes in its northwestern part.
Citation: Artemenko G.V., Ganotskiy V.I. Geochemical features of dike rocks of the Argentine islands and the near
area of the antarctic peninsula (Western Antarctica). Problemy Arktiki i Antarktiki. Arctic and Antarctic Research.
2018, 64, 3: 270-293. [In Russian]. doi: 10.20758/0555-2648-2018-64-3-270-293
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The age sequence of dike formation in the rocks of the Antarctic Peninsula (AP) volcanic
Group and intrusions of the gabbroids and granitoids of the Andean complex in the Argentine
Islands and the near area of the Antarctic Peninsula is determined. The early dikes of the dacites
in the volcanogenic stratum of the AP volcanic Group and the gabbrodiabases in the gabbroids
of the Andean complex have a submeridional and northwestern strike. After the introduction
of the granitoids of the Andean complex, dikes predominantly of the sublatitudinal and north-
easterly strike are formed. The early dikes in the gabbroids of the Andean complex are Fe-Ti
cumulates, and in granodiorite intrusions they are represented by aplites, probably formed from
the residual magma of these intrusions. Later dikes were formed, probably due to the melting
of the metasomatized mantle source at moderate depths under the influence of plumes. To their
primitive (initial) melts, the composition of high-magnesian dike rocks is probably close. Products
of deep mantle (plume) sources in the sample of selected samples were not detected. The dike
rocks of this region according to their geochemical characteristics correspond to the mature
island-arc formations of the calc-alkaline series.

Hocmynuna 11 uona 2018 e. Ipunama x nesamu 13 aseycma 2018 e.

Kniouesvie crnosa: AHTapKTHYECKUil MTOTYOCTPOB, AAKH, MyJIbTHIEMEHTHAS AUarpamma,
ocrtposa apxunenara ApmpkernraiiH, P33, Fe-Ti kymymnarsr.

3eMHas Kopa AHTapKTHYECKOTO MOIyocTpoBa (3anaaHas AHTapKTHIA), cOpMHUPOBABIIASCS
B IOPCKOE 1 MEJIOBOE BpeMsl, Obli1a B TIOCIEAYIOEM pa30iTa MHOTOUHCIEHHBIMH Pa3IoOMaMu, Tpac-
CHPYEMBIMH JalKaMU Pa3HbBIX HarpaBiIeHUH. DopMHupOBaHHE HaCK CBA3BIBACTCS C TEKTOHNIECKIMHU
MIPOIIeCCaMH, BBI3BAaHHBIMHU MPOJOIDKAIOMIEHCS CyOqyKIMe OkeaHnIecKol KOpBI B KpaifHel ceBe-
PO-BOCTOYHOI 9acTH AHTAPKTHUECKOTO MOIYyOCTPOBa. B pe3ynbrare BHIMOIHEHHBIX HCCICAOBAHAN
B palioHe OCTPOBOB apxHuIlenara ApIpKeHTallH U IpHIeTaonell 4acTH AHTapKTHYECKOTO ITOITyOCTPOBa
YCTaHOBJIEHO, YTO paHHHE JaHKU OPHEHTUPOBAHbI B CEBEPHOM U CEBEPO-3allalHOM HAMpaBICHHUH, a
6oiee O31HNE — B CEBEPO-BOCTOYHOM. B HECKONMBKUX Jalfkax BBIABIECHBI KOHTPACTHBIE TEOXUMHYE-
CKH€ aHOMAJINH — BaHa/(Hsl, XpOMa, HUKEIIsI, MEZH, IIMHKA 1 cBUHIA. [TaeoMarHUTHbIE HCCIEI0BaHUS
JTAKOBBIX MOPOJ O3BOJISIOT MOYYUTh BaXKHBIE JaHHBIE O MUTPALMU AHTApKTHUECKOTO ITOIyOCTPOBa
Ha 3emJie B TIOCJIIEMENIOBOE BPEMSI.

BBEJJEHUE

Bbrox Antapkriyeckoro nomyoctposa (All) siBiseTcs 4acThio MarMaTH4eCcKoi ayTH,
(hopMupoBaBLIEHCS BIIOJIb FOTO-3aI1aIHON YaCTH IaJIe0-THXOOKEaHCKOH OKpanHbI Cynep-
koHTHHEHTA [oHABaHa [1]. OHa ObUTa aKTHBHOW 30HOU Ha MPOTSHKCHUU BCETO MO3IHETO
Me303051-KaifH0304, 4T0 00yCIIOBIMBAIOCH cyOaykumei mimtel Pennke nox omox All
B HalpaBJIeHHH 0T0-3aI1a]-CeBEpPO-BOCTOK [2]. B HacTosmee Bpemst nporieccsl CyOyKIun
MPOIOJDKAIOTCS TONBKO B ceBepo-3anaanoil yactu All B paiione IOxubix [leTnanackux
OCTPOBOB, a K I0ro-3amajy oT Hee (paiioH Mopst beiumHrcrayses, ceBepHOH 4acTi 3eM-
mu I'peliama 1 nposmBa I'epiiaxa) — HaXOAUTCS TACCUBHBIM CETMEHT KOHTHHEHTAJILHOM
okpaunbl Al [3].

B reonoruueckoM cTpoe€HHH OCTPOBA apxuIenara ApJpkeHTalH BBIIEISIOTCS OPO-
namu Bynkanmdeckoit rpymist AIT (AP Volcanic Group) u HHTPY3UBHBIME 00pa30BaHUAMH
Garonura AHTapkTH4Yeckoro noiyocrtposa (AP batholiths) (puc. 1) [4, 5, 6, 7]. ITopoxst
ByJKaHM4YecKoi rpynnsl  All mpencrasieHsl 1aBaMu U Ty(QOreHHBIMH 00pa30BaHHUSIMU
OCHOBHOTO, CPEIHETr0 ¥ KUCJIOTo cocTaBoB. OHU (hopMHpOBaIHCh B MHTepBane 188—153
wiH Jer [8]. MuTpy3uBHbIe oposs! 6aronuta All, npeacrasieHHble Tab0poO, TMHOPUTAMH,
TPaHOIMOPUTAMHU M TPaHUTAMHM, IPOPHIBAIOT TOPOBI ByiakaHudeckor rpynmsl AIl. U-Pb
(SHRIMP) uzoronHslii Bozpact radbopo mbica TykceH cocrasisier 88 + 1,1 muH Jer,
a toHasnuta o. [Tutepman — 95,9 + 1,0 muH zer [9].
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Puc. 1. Cxematnyeckas reoJlorHdecKas Kapra apxumnenara Ap/KeHTaiH 1 Ipuiieraromeii yactu AH-
TapKTHYECKOTO MOIyocTpoBa [12], ¢ ”3MEHEHUSIMH U IOTIOTHEHUAMH. | — 0a3abThl, aHIE3UTHI, KUC-
JIbIe BYJIKAaHUTBI BEPXHEIOPCKOMN BYJIKAHHYECKOH TPpyNIibl; 2 — Ty(QOreHHbIe HOPO/IbI ByIKAaHHYECKON
rpymmst All; 3 — ra60po, AMOPUTEI, TPaHOAUOPHUTHI AHJCKOTO KOMILIEKCa; 4 — TOYKH 0TOOpa mpod
Fig. 1. Schematic geological map of the Argentine Islands and the adjacent part of the Antarctic
Peninsula [12], with changes and additions. / — basalts, andesites, acid volcanics of the AP volcanic
group; 2 — tuffs of the AP volcanic group; 3 — gabbro, diorites, granodiorites of the Andean
complex; 4 — sampling points

B 3TOM palione MUPOKO pacHpOCTPaHEHbl MHOIOYUCIEHHBIE JAaKU, KOTOPBIE U3-
y4eHbI 3HaUUTEIbHO cnadee. BriepBie MeTpoXUMHUYIECKHEe UCCIIEI0BAHMUS JAHKOBBIX TOPOA
apxunenara ApkeHTailH BeinosnHeHs! Jl. DmauotoM [7]. Cpean HaiKoBBIX MOPOA STHX
OCTPOBOB IIOCTAHJICKOTO BO3pacTa OH BBIAEIAN ABE Ipymnmsl. Jlailku 1epBOW IpyIIIbI,
KOTOPBIC HaXOAATCS B MHTPY3UBAX IUIYTOHHYECKHX TOPOJ aHACKOTO KOMIUIEKCa, ObLIH
OTHECEHBI K MHUKPOrabOpouaaMu, a Jaiiku BTOPOM, KOTOPbIE HAXOMSTCS B BYJKaHUTaX
ByiKaHuueckod rpymmbl All, k Mukpoguoputam. ComiacHO €ro JJaHHBIM, MOCTaHACKUE
JIafIKOBBIE TOPO/JbI U3MEHEHBI HE MEHBILIE, UeM JoaHckue. Ha MOMeHT ero uccnenoBanuii
OBLIO ClIeNaHO TOJIHKO HE3HAYUTEIIBHOE KOJTHMUECTBO CHIIMKATHBIX XUMHUUECKHUX aHAJIU30B
JTaiKOBBIX MTOPOJ.

Llenbio npoBeeHHONH HAMHU PabOTHI OBUIM T'€0JOrO-CTPYKTYPHBIE M F€OXHMH-
YeCKHe UCCIEAOBAHMUS JAaHKOBBIX IMOPOJ OCTPOBOB apxumenara Ap/pKeHTailH U npu-
Jieraromei yacTu AHTapKTHYECKOTO MOIYOCTPOBa s ONIpeieNieHNs I0Cie10BaTeNb-
HOCTH MX ()OPMHUPOBAHUS U T€He3uca. DTH JlaHHbIE HEOOXOJUMBI Ui ONpE/eIICHUs
0coOeHHOCTEH JaiikoBOro MarMaTu3Ma Ha NacCUBHOW OKpanHe MarMaTHYeCKOW JyTH
AHTapKTHYECKOTO TOJIyOCTPOBA.
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MATEPHAJIBI U METO/IbI

CunukaTHble aHaTU3bl JAHKOBBIX TIOPOJ] BBHITIOTHEHBI B IHCTUTYTE T€OXUMUH, MU-
HepaJoruu u pyaoodpasosanus HanronansHo# akagemun Hayk Yipauusl (MI'MP HAH
VYikpaunsr). ConepxKaHus pelIKUX U PACCESTHHBIX JIEMEHTOB ONPENeNAIiNCch METOIOM HH-
JyKITMOHHO-CBSI3aHHOM TIa3MbI ¢ MacC-CIIEKTPOMETpHUYECKUM OkoHYaHueM aHanu3za (ICP-
MS). Paznoxenne 06pa3iioB mopoJ MPOBOJUIOCH METOJOM KHCIOTHOTO Pa3IOKEHHS KaK
B OTKPBITOH, TaK W B 3aKPHITOM CHCTeMaX, B 3aBUCUMOCTH OT COCTaBa MOPOIBI. AHAIN3
No 1 Bemonaen B ['eonornueckom nHcTUTyTe Konbeckoro HayyHoro meHtpa Poccuiickoii
axkagemuu Hayk (I'M KHII PAH); ananu3ser Ne 2-3 BeimonHeHs! B LleHTpansHOI 1abopa-
Topun Bcepoccuiickoro Hay4yHO-HCCIEI0BATEIBCKOIO T€0JIOTUYECKOTO HHCTUTYTA UM.
A.IN. Kapriurckoro (IIJI BCEI'EN); ananu3st Ne 4-31 B MHcTHTYTE IPOOIEM TEXHOIOTHU
MHUKPOJIEKTPOHUKH U 0COO0YHCThIX MarepuanoB Poccuiickoii akanemun Hayk (MIITM
PAH). IIpaBuibHOCTD aHAIM30B KOHTPOJIHPOBAIN IIyTEM HM3MEPEHUS MEXTYyHapOIHBIX
1 POCCHHCKHX CTaHAapTHBIX 00pasioB GSP-2, BM, CI'/I-1A, CT-1. Oumwmbku onpeaeneHus
KOHIIEHTpAIMil COCTABIISsLIN OT 3 10 5 Mac. % amst GONBIIMHCTBA DJIEMEHTOB.

PE3VYJIBTATbBI UCCJIIEJOBAHUSA

JlaiikoBBIe MOPOIIBI M3YYaIMCh Ha yYacTKaxX Pa3BUTHs PA3HOBO3PACTHBIX OPOX — BYJI-
KaHWUTOB ByNKaHWIeCKoH rpymisl Al ropckoro Bozpacta U HHTPY3Hit TaOOPOHIOB U TPAHHUTO-
UJIOB aHJ/ICKOTO KOMILIEKca, C(OPMHUPOBABIINXCS B Melly. [ eorpaduueckie n reoornaeckue
TIPUBSI3KY U3YUICHHBIX O0OHAKEHUH TacK MpHBEACHBI Ha puc. | u B Tabmmmax 1, 2, 3.

Pe3yabTaThl M0JIEBBIX I€0JIOI0-CTPYKTYPHBIX HAO 101 eHMIt

Haiixu B nopoaax Byakanudeckoii rpynnst AIl. Ha o. Bunrep, cioxeHHOM Byil-
KaHUTaMH ByJKaHW4YEeCKOH rpymisl All, u3ydeHsl qaiiku cyOMepHINOHAIEHOTO H CEBEPO-
3amagHoro (paHHue) U 6ojee MO3THUE — CEBEPO-BOCTOYHOTO MPOCTUPAHHM.

PanauMu siBisirotest gaiika ganutoB (o6p. 143/12) mommuocteio 1,3 M (a3. mag. CB
20°, yrom 85°), KOTOPBIX HET B MHTPY3HSIX aHACKOTO KOMIUIEKCA, W, BEPOSATHO, Jaiika
6a3aieToB (00p. 79/12) (a3. maa. O3 230°, yron 70°) u naiika aHne3uTo6a3amsToB (00p.
78/12) (a3. max. 3 270°, yron 75°), mpopsiBaromnie (COOTBETCTBEHHO) — aHAEC3UTOBBIC
mopGUPHUTHI U Ty(BI KHUCIOTO COCTaBa BylkaHnueckoi rpynmsl AIT™ (puc. 1).

K Gonee mo3mHUM OTHOCSTCS Nalika TpaxnuOa3aabToB, MOITHOCTEIO 3 M (00p. 81/12)
(a3. mp. CB 30°, yrox 90°), mpopbIBaromas aHAEe3UTOBbIC TOPGUPHUTHI U JAWKY BBIIIE-
ONHCaHHBIX PaHHUX 0a3UTOB CyOMEPHUANOHAIBFHOTO MPOCTUPAHNUS, U aiika aHIe3uTo0a-
3aJIBTOB, MOITHOCTEIO 7 M (00p. 80/12) (a3. max. C3 285°, yrom maxa. 80°), mpopeiBaromias
aH/IC3UTOBBIC TOPPHUPHUTHI ByIKaHUIeCKoU rpymmbl All

Ha o. Upusap u ['porTo onpoboBaHs! Aaiiku 6a3aabTOB U THaba30B CEBEPO-3aaIHOTO
MIPOCTUPAHMS, IPOPHIBAIOIINE BYJIKAHUTHI BylkaHndeckoi rpymmsl ALl (06p. 38/12 u 32/12
COOTBETCTBEHHO), @ Ha MbIce TyKceH AHTapKTUIECKOTO IIOTyOCTPOBA, Ha CKIIOHE TOpHI Jle-
Mapus u3ydeHa gaiika aHae3uTo0a3aJsTOB MUHIAJIEKaMEHHBIX CEBEPO-BOCTOYHOTO ITPOCTH-
panus (00p. 32/12), mpopsiBatomasi Ty(hsI OCHOBHOTO COCTaBa BylKaHH4YecKoi rpymms! Al

Jaiiku B HHTPY3usAX rad0pouaA0B M IPAHUTOMIOB AHICKOI0 KoMIuiekca. [ ab-
6poudbl IBISIOTCS TIEPBOM HHTPY3UBHOI (hazoif aHackoro komiuiekca. OHM IPOPHIBAIOTCS
JaiikaMu 1ab0po, rabopomoepuToB, M/3 TaOOPO, TOJIEPUTOB, NAHKOBBIX 0a3aIbTOB, aM-
(nOOIOMUTOB, CIIECCAPTUTOB, KEPCAHTUTOB U TPAHOAHOPHUT-TIOPHUPOB.

Ipumeuanue. 3nech 1 ganee NPUHATHI CIEAYIOIIME COKpaILIeHuUs: 00p. — oOpasery, a3. mag. — a3uMyT
HaJeHUs IU1aCTa, a3. TIp. — a3UMYT IPOCTHPAHMUS, YTOJI — yTrojl HAKJIOHA B IPajlycax.
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Tabruya 2

ConepsxaHusi 3J1eMEHTOB B JaiiKOBBIX IOPOJaX, ppm

v 2 [ 3 [ 4 5/ 6/ 7/ 8/ o/ [ 10/ | 11/
10/93 | 8/59 | 8/66 | 101/12| 102/12 | 103/12 | 109/12 | 110/12 | 8/57 | 43/12 | 8/25
Li wo | wo | wo | 78 | 17,9 | 12,0 | 23,9 | 13,3 | 13,1 | 24,7 | 19,2
Be wo | 080053 1,7 | 0,71 | 0,79 | 0,77 | 0,73 | 0,91 | 0,77 | 0,60
Sc  |5447| wo | wo | 298 | 36,6 | 28,0 | 347 | 344 | 315392 | 30,9
\% 800 | 575 | 861 | 275 | 298 | 194 | 246 | 268 | 209 | 218 | 197
Cr 100 | 27,1 | 16,6 | 655 | 375 | 413 | 174 | 343 | 618 | 58 | 315
Co 30 | 449 374 293 | 292 | 51,1 | 357 | 372 | 52,6 | 23,2 | 33,9
Ni 100 | 133 | 12,5 28,0 | 298 | 324 | 479 | 223 | 316 | 45 | 972
Cu 450 | 206 | 220 | 76,5 | 1055 | 102 | 71,1 | 140 | 60,1 | 37,1 | 37,8
Zn 200 | 124 | 110 | 107 | 156 | 93,1 | 108 | 120 | 71,4 | 104 | 114
As wo | wo | wo | 12 | 45 |<no| 11,6 | 22 | 27 | 3,0 |<mO
Rb  |1252]8,50 | 3,86 | 37,0 | 133 | 13,6 | 50,6 | 32,0 | 38,0 | 9,6 |143,1
St |29.80| 470 | 381 | 549 | 552 | 537 | 722 | 650 | 774 | 401 | 311
Y  |31,48|824 | 11,5 31,4 | 189 | 169 | 11,8 | 164 | 164 | 23,3 | 159
Zr  |21,53] 19,6 | 24,0 | 188 | 59,1 | 254 | 32,5 | 26,5 | 52,6 | 358 | 51,5
Nb  [1347]1,02[1,29] 66 | 20 | 37 | 1.4 | 27 |33 | 25 | 1.9

DIIeMEHTBI

Mo 2 0,75 (0,63 | 0,53 | 0,82 1,3 0,73 | 0,87 | 0,20 | 0,47 | 0,61
Ag H/o | H/o | wo | <IIO | 0,095 | 0,044 | 0,10 | 0,14 |0,048|0,052 | <IIO
Sn 5 H/0 | H/O 1,6 0,87 1,2 0,73 | 0,93 | 0,76 | 2,8 | 0,75

Sb wo | 0381024 025 | 025 | 027 | 23 | 0,58 | 039|098 | 0,75
Cs  [2,887] 127 (037 ] 24 | 13 23 | 43 1,9 | 51 071 | 99
Ba |487,8] 125 | 682 | 369 | 183 | 119 | 288 | 366 | 655 | 201 | 161
La |18,65/2,73 2,69 21,9 | 99 | 85 | 84 | 11,1 | 158 | 6,0 | 6,1
Ce |48.81| 615|583 | 499 | 23,1 | 19,6 | 183 | 244 | 34,7 | 149 | 142
Pr |7309]098 |1,05| 68 | 32 | 26 | 24 | 33 |47 | 21 | 20
Nd  |3499| 442 | 542|295 | 149 | 11,5 | 103 | 147 | 212 | 103 | 9,2
Sm (9377|141 [ 1,85| 66 | 37 | 27 | 23 | 33 | 47 | 29 | 24
Eu |1,076/071]072| 1.6 | 12 | 088 | 076 | 1,0 | 1,4 | 1.1 | 082
Gd 8931|138 195| 67 | 40 | 3,1 | 25 | 34 | 45| 38 | 29
To 1,268/ 023|034 091 | 0,54 | 044 | 033 | 046 | 0,54 | 0,57 | 0,42
Dy [6970| 152|218 53 | 32 | 28 | 20 | 28 |30 | 38 | 2.6
Ho [1,420] 0,34 [045] 1,1 | 065 | 057 | 041 | 0,56 | 0,57 | 0,79 | 0,53
Er |3,668]085|1,17| 3,0 | 1.8 L6 | 12 16 | 1,5 ] 23 | 15
Tm |0556| 0,11 | 0,17 | 040 | 0,25 | 0,23 | 0,16 | 0,22 | 0,20 | 0,33 | 0,21
Yb 3,677 0,74 | 1,01 ] 2,6 | 1,6 1,5 1,1 14 | 1322 | 15
Lu [0,570| 0,11 | 0,16 | 0,39 | 023 | 023 | 0,15 | 0,20 | 0,19 | 0,29 | 0,22
Hf [1,385] 0,51 [0,67] 0,81 | 2,0 1,1 1,1 0 | 1,6 | 15| 1,6
Ta [2,522]0,00 |0,12| 0,52 | 0,16 | 0,35 | 0,10 | 0,19 | 0,26 | 0,41 | 0,15
W wo | 0221018 0,63 | 0,33 | 0,88 | 029 | 044 | 0,55 | 0,44 | 0,96
Pb  [81,22]9,98 [6,05] 11,2 | 198 | 7.1 | 199 | 91 | 102 | 21,8 | 58
Th |7,574| 044 | 0,51 | 52 14 |08 | 28 | 32 | 1,7 | 1,1 | 0,76
U 2,167| 0,14 | 0,14 | 094 | 0,45 | 023 | 0,52 | 0,61 | 039 | 023 | 034
(La/Yb), [3,64 [2,65 (1,91 | 6,04 | 444 | 407 | 548 | 569 | 872 | 2,0 | 292
EwEw (0,36 [1,56 [1,16 | 0,74 | 0,95 | 0,93 | 097 | 0,91 | 0,93 | 1,01 | 0,95
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IIpooonocenue maébn. 2

12/ 13/ 14/ 15/ 16/ 17/ 18/ 19/ 20/ 21/

Omementsl | g 15 | g1/12 | 78/12 | 79712 [14312] 76012 | 7712 | 44/12 | 32712 | 8734
Li 199 | 238 [ 209 [ 191 | 20,1 | 153 [ 192 | 158 | 125 | 55
Be 1,08 10932 085 | 097 | 13 |o0461 | 1,0 | 1,0 | 0,75 | 041
Sc 21,8 | 242 | 363 | 394 | 23,1 | 27,9 | 17,1 | 255 | 32,9 | 374
% 146 | 161 | 162 | 328 | 303 | 179 | 166 | 239 | 328 | 838
Cr 508 | 64 | 48 | 466 | 55 | 298 | 109 | 46 | 21,8 | 306
Co 213 | 276 | 179 | 330 | 68 | 381 | 209 | 21,0 | 26,1 | 452
Ni 22 | 398 | 64 | 166 | 109 | 120 | 11,0 | 67 | 146 | 146
Cu 532 | 769 | 284 | 101 | 21,6 | 20,9 | 363 | 60,2 | 98,0 | 360
Zn 879 | 693 | 103 | 993 | 97,5 | 122 | 111 | 973 | 974 | 133
As wo | wo | 1,0 |<mo|<mo| wo | 39 | 1,1 | 089 | <m0
Rb 289 | 498 | 298 | 27,7 | 513 | 32,1 | 578 | 352 | 112 | 58
St 479 | 484 | 504 | 468 | 848 | 373 | 511 | 569 | 528 | 591
Y 236 | 138 | 256 | 230 | 426 | 13,4 | 159 | 241 | 222 | 92
Zr 91,3 | 633 | 56,5 | 63,4 | 189 | 388 | 58,0 | 91,0 | 672 | 288
Nb 555 | 24 | 23 | 45 | 67 | 229 | 32 | 42 | 24 | 15
Mo | 0757 | 0,561 | 051 | 063 | 1,1 | 0454 | 1,0 | 041 | 037 | 0,56
Ag wo | wo | 0071 | 0,12 | 0,12 | wo |0,091 | <10 |0,039]| 0,22
Sn* H/0 /0 1,0 1,3 1,6 H/0 0,91 1,4 1,3 0,49
Sb 0,264 | 0286 | 037 | 028 | 045 | 1,42 | 0,86 | 0,15 | 022 | 0,23
Cs 1,00 | 126 | 22 | 23 | 13 | 49 | 30 | 1,1 | 044 | 0,50
Ba 363 | 496 | 185 | 173 | 223 | 97,4 | 454 | 414 | 223 | 101
La 206 | 136 | 66 | 102 | 190 | 642 | 123 | 112 | 84 | 36
Ce 392 | 263 | 162 | 23,9 | 46,8 | 146 | 269 | 26,1 | 204 | 85
Pr 5 353 | 23 | 32 | 61 | 205 | 32 | 36 | 29 | 12

Nd 212 | 151 | 112 | 149 | 279 | 975 | 135 | 173 | 141 | 6,0
Sm 491 | 336 | 3,1 37 | 70 | 243 | 30 | 42 | 36 | 17
Eu 146 | 1,07 | 12 1,3 1,9 | 0,89 | 0,90 | 14 | 14 | 068
Gd 395 | 2,72 | 41 44 | 78 | 22 | 3,1 | 48 | 43 | 1,9
Tb 0,773 | 0,479 | 0,63 | 0,62 | 1,2 | 0453 | 044 | 0,66 | 0,60 | 0,29
Dy 427 | 2,68 | 40 | 39 | 78 | 261 | 26 | 40 | 3,7 | 18

Ho 0,83 | 0,523 | 0,87 | 0,79 1,6 | 0,525 | 0,54 | 0,81 | 0,77 | 0,35
Er 2,42 1,41 2,5 2,2 4,8 1,34 1,5 2,3 2,2 1,1

Tm 0,428 | 0,243 | 036 | 031 | 0,68 | 0,259 | 0,22 | 0,33 | 0,30 | 0,15
Yb 2,73 1,57 2,4 2,1 4,6 1,66 1,5 2,1 2,1 0,97

Lu 0,392 | 0,214 | 0,34 | 0,28 | 0,68 | 0,221 | 0,19 | 0,32 | 0,29 | 0,14
Hf 2,43 1,53 2,0 2,17 52 1,09 1,7 2,9 2,3 0,95
Ta 0,496 | 0,209 | 0,19 | 0,34 | 046 | 0,192 | 0,26 | 0,58 | 0,17 | 0,10

4 0,45 | 0,274 | 0,46 | 045 | 093 | 0,763 1,2 0,49 | 0,30 | 0,14
Pb 9,62 | 5,28 6,3 6,6 18,3 | 6,39 5.3 5.4 6,5 4,5
Th 3,71 3,87 1,2 1,7 44 | 0518 3,1 34 1,1 0,52

6] 0,903 | 0,958 | 0,29 | 0,39 1,1 0,168 | 0,65 | 0,70 | 0,35 | 0,18
(La/Yb), | 54 6,2 2,0 3,48 | 2,96 2,7 5,9 3,83 | 2,87 | 2,66
Eu/Eu” 1,0 1,08 1,03 0,99 | 0,79 1,18 0,90 | 095 | 1,09 | 1,16
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Oxkonuanue maon. 2

3 22/ | 23/ [ 24/ | 25/ | 26/ 277 | 28/ [ 29/ [ 30/ 31/
CMCHTBL 47/12 | 70/12 | 71/12 | 38/12 | 10/258 | 141/12 | 8/15 | 10/32 | 10/206a | 10/206

Li 9,1 18,6 | 3,3 | 20,2 H/0 48,6 3,6 9,4 2,5 3,5

Be 1,1 | 0,488 | 0,375 | 0,905 | n/o 0,74 3,1 1,6 0,11 0,13
Sc 9,5 27 32,5 | 32,7 | 39,98 | 41,2 1,8 27,9 | 101,3 | 73,1
v 53,5 188 | 244 | 219 H/0 507 5,1 275 1674 | 1283
Cr 12,0 370 | 12,1 | 254 H/0 46,9 26,9 | 56,9 421 298
Co 8,7 44,1 | 29,7 | 38,6 H/0 36,6 1,8 28,1 85,0 72,3
Ni 5,6 178 13 127 H/O 20,9 17,1 | 28,8 43,8 36,9
Cu 9,9 66,4 | 649 | 539 H/0 63,5 35,7 | 50,9 57,1 45,5

Zn 46,0 | 86,5 | 112 199 H/0 300 24,7 | 100 216 174
As <IIO | wo H/0 H/0 H/0 11,8 0,3 1,2 <IIO | 0,12
Rb 40,4 | 1,53 | 3,34 | 1,11 | 53,32 | 289 123 17,8 2,1 7,2

Sr 315 487 672 | 414 | 2593 395 66,0 | 552 38,4 212
Y 21,0 | 15,7 | 27,8 | 17,4 | 26,51 20,0 | 32,2 | 30,6 13,0 9.3
Zr 123 59,2 | 12,2 | 61,7 | 79,15 | 54,5 114 | 22,2 18,1 13,6
Nb 4,3 3,1 4,08 | 3,63 | 9,399 3,0 6,6 6,5 0,5 0,5

Mo 0,70 | 0,517 {0,527 | 0,274 | wH/o 0,63 1,9 0,83 0,58 0,66
Ag <IIO | wo H/0 H/0 H/0 0,079 | <IIO | 0,052 | 0,036 | 0,033
Sn* 0,91 H/0 H/0 H/0 H/O 1,4 1,6 1,6 0,83 0,64
Sb 0,35 | 0,356 | 0,275 | 0,241 H/0 0,69 0,49 | 0,36 | 0,068 | 0,06

Cs 2,0 10,262 | 0,558 | 0,553 | 2,792 1,1 1,1 1,5 0,14 0,59
Ba 618 132 130 | 36,5 | 1534 300 330 291 14,4 423
La 16,1 | 7,97 | 13,9 | 12,8 | 22,77 10,5 20,1 | 33,2 1,6 2,0
Ce 35,2 18 33,8 | 264 | 46,86 | 243 47,5 | 68,9 4,3 4,9
Pr 4,0 2,59 | 5,22 | 3,79 | 6,526 3,1 5,7 8,5 0,72 0,73
Nd 16,4 | 12,4 | 27,8 | 17,3 | 29,72 13,9 224 | 344 4,1 3.8
Sm 3,5 3 6,74 | 3,82 | 7,848 33 4,9 7,0 1,5 1,2
Eu 0,84 | 1,07 | 2,22 | 1,34 | 1,919 | 0,94 | 0,42 1,6 0,48 0,43
Gd 3,5 2,65 | 5,64 | 3,47 | 7,801 3,7 4,7 6,9 2,3 1,8
Tb 0,57 | 0,512 | 1,05 | 0,583 | 1,285 | 0,54 | 0,78 | 0,92 0,36 0,27
Dy 34 2,89 58 | 3,38 | 7,654 33 5,1 5,4 2,4 1,7
Ho 0,70 | 0,606 | 1,06 | 0,666 | 1,412 | 0,69 1,1 1,1 0,50 0,35
Er 2,3 1,56 | 2,72 | 1,74 | 3,818 2,0 3,5 2,9 1.4 1,0

Tm 034 | 0,282 (0414|0292 | 0539 | 028 | 055 | 041 | 0,19 | 0,14
Yb 237 | 1,68 | 2,49 | 1,93 | 2,920 | 1,9 39 | 26 1,2 | 0,89
Lu 035 | 0248 | 032 | 0,259 | 0437 | 027 | 056 | 036 | 0,18 | 0,13
Hf 39 | 141 |0462| 1,5 | 2445 | 18 64 | 0,88 | 073 | 0,54
Ta 0,37 | 0395 (0417|0292 | 3,599 | 022 | 094 | 044 | 0,045 | 0,055
W 027 | 0213 (0331|0482 | wo | 054 | 19 | 0,78 | 0,63 | 0,65

Pb 11,6 | 3,11 | 3,63 | 4,46 | 12,48 14,8 11,9 83 2,7 3,5
Th 85 | 0,489 10,397 | 2,8 2,662 2,0 23,8 5,2 0,31 0,16
U 2,0 |0,154 | 0,14 | 0,654 | 1,784 | 0,35 5.4 0,99 0,60 0,27

(La/Yb) | 4,87 34 4,0 | 4,76 5,59 396 | 3,70 | 9,16 0,96 1,61
EwEu" | 0,73 1,16 | 1,10 | 1,12 0,75 0,82 0,27 | 0,70 0,79 0,90

Ipumeuanus. 1. B odpasue 10/93 snements! V, Cr, Co, Ni, Cu, Zn, Mo 1 Sn (3Ha4eHUsI BBIICIICHbI JKUPHBIM
mpuTOM) OHpeIeIeHbl METOIOM KOJIMYECTBEHHOTO criekTpanbHoro aHaiusa B UTMP HAH Ykpauns.
2. <TI0 — Hmxe npeaena 0OHAPYKEHHUs; H/O — AIIEMEHT He ONPEAEISIIC.
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Tabnuya 3

Koopmmaru TOYECK onpoﬁoBaHnﬂ H 3JICMCHTBI 3aJICraHus JacK

Ne Ne KoopanHats! Touek onpoOoBaHus eMEHTH 3aTeranus 1aeK
n/m | obpasia (cuctema koopauHar WGS-84)
1 10/93 S65°10,734"; W64729,455° Tonyokpyriast, yron magesus (naz.) 70°
2 8/59 S65°12,201"; W64°19,130° As. max. F03 235°, yron 55
3 8/66 Tam xe As. man. F03 240°, yron 70
4 101/12 S65°09, 964"; W64°09,130" As. max. K03 265°, yron 75°
5 102/12 Tam xe Asz. man. C 360°, yroa 60°
6 103/12; Tam xe As. max. 103 265°, yrox 60°
7 109/12 S65°10,683"; W64°08,771" As. max. CB 25°, yron 65°
8 110/12; S65°09,964"; W64°09,130° As. mip. CB 60, yron 90°
9 8/57 S65°10, 496"; W64°08,268" A3. nan. FOB 115°, yron 82°
10 43/12 S65°14, 5237; W64°15,127° As. max. F03 270, yrox 75°
11 8/25 S65°14, 503", W64°18,1017 A3. max. CB 50, yrox 70°
12 80/12 S65°14, 8707; W64°16,049" As. max. C3 285, yron 80°
13 81/12 S65°14, 905"; W64°15,901° As. 1ip. CB 30, yron 90°
14 78/12 S65°14, 905"; W64°15,886" A3. man. 32707, yron 75°
15 79/12 S65°14, 872", W64°15,995° A3z. man. 103. 2307, yron 70°
16 143/12 S65°14, 887", W64°15,807" As. max. CB 20°, yrox 85°
17 76/12 S65°10, 026"; W64°05,201" As. max. 103 255°, yrox 82°
18 77/12 S65°10,0357; W 64°05,243" A3z. max. CB 20°, yrox 80°
19 44/12 S65°12,217"; W 64°04,568" As. maz. FOB 100°, yron 75°
20 32/12 S65°16,464"; W64°06,762 A3z. ip. CB 40°, yron 90°
21 8/34 S65°16,154"; W64°07,037 A3. max. CB 60°, yrox 90°
22 47/12 S65°16,406"; W64°07,638" A3. man. FOB 145°, yron 85°
23 70/12 S65°16,428"; W64°07,595° Asz. max. C3 280, yron 85°
24 71/12 S65°16,441"; W64°07,588" As. max. CB 40, yron 70°
25 38/12 S65°13,430"; W64°12,187" Asz. max. CB 70°, yron 78°
26 10/258 S65°09,691"; W64°04,907" As. max. F03 277, yron 55°
27 141/12 S65°08,288"; W64°00,283" -
28 8/15 S65°10,504"; W64°08,261" As. max. FOB 140°, yron 60
29 10/32 S65°12,201"; W64°19,130° As. maz. F03 260°, yrox 80°
30 10/206a S65°12,205"; W64°19,197° A3z. ip. CB 40°, yron 90°
31 10/206 S65°12,201"; W64°19,130° A3z. ip. CB 60°, yron 90°

Ipunoowcenue
Kpamxkoe nempozcpaghuuecroe onucanue datixogvix nopoo ocmposos

apxunenaza Aposcenmaiin u npuiesaioujeti Yyacmu AHMaApKMuU4ecKo2o noyocmposa

Oopa3sen 8/15. I'panuT-amuMT (AanJmT)

MuHepasbHBIil COCTaB: MUKPOKIHH-NIEPTHT — 60-65 %; mnaruoxnas — 5-10 %; xBap — 30-35 %;
SHHJOT, CeH, pyAHBIIl MUHEpal — penkue 3epHa. IloneBble MNAaThl MEIUTU3NPOBAHEl B Pa3HOH CTEICHH.
Crpykrypa nanamiorproMopdHosepHucTas, menkosepauctas (0,1-1,0 mm).

Oo0pa3sen 8/25. ba3aabT JaliKOBBIH (AaHAME3HT), NAJIEOTUITHBII

MuHepalbHbIiA cocTaB: miarnokias — 50 % (Bo BKpaneHHHUKaX — 5 %, B OCHOBHO# Macce — 45 %); k-
HormpokceH — 15-20 %; 6oymuurut (wm 6uotut?) — 35-40 %; pyausii munepan — 1-2 %. CtpykTypa mopozst
nop¢upoBast; BO BKPAIUICHHUKAX IUIArHOKIA3 B BU/IE 30HAIBHBIX KPUCTAUIOB pasMepoM 1-3 MM, a Takke B BUIC
CPOCTKOB BemMIUHOH 10 4 MM. CTpyKTypa OCHOBHOI MacChl MEKPOO(HTOBAS; IPOMEKYTKH MKy MHKPOIUTAMH
TUIArMOKJIa3a BHIMOIHEHb! KPUIITOYEIIYHYaTbIMU MUHEpAIaMH THITa Oyporo OoynuHruta uim 6uotura (?), Kotopble
00pa30BaIiCh, BEPOSITHO, NIPH PA3TOKEHHUY BYJIKAHHYECKOTO CTEKIIA HITH TIPH 3aMEIICHIH OPTOIMMPOKCEHA.

Ilpumeuanue: B IOPOJie NPHCYTCTBYIOT PEIKHE HHOPOAHBIC BKIIOYCHHUS: a) YAJIHHEHHOW (GOPMBI «00-
JIOMKH», OTJIMYAIOIINECs MO CTPYKType OT OCHOBHOW MAacchl MOpoabl (Oonee KPyMHO3EPHUCTBIC KPUCTAILIBI
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IUIarHoKIa3a), ) ToXe yMINHEHHBIe «OOJIOMKIY, CIIOKEHHBIE H30TPOIHONH MaccOi ¢ 04eHb MEIKHMH MHUKPO-
JINTaMH TUIArHOKJIa3a. DTH BKIIFOUCHHS! MOIIM OBITh 3aXBaY€HbI U3 BMEIIAIOINX HOPO/I.

Oopasen 8/57. AMpu60IM3UPOBAHHBIH 101epPUT

MunepanbHbIi cocTaB: aMm($puO0 61 IHOOKPALICHHEIH (aKTHHOINT W ypaiut) — 65-70 % c penuxramu
KnHOMmUpokceHa — 10 5 %. Ctpykrypa mopoas! 6nacronopduposas: mopdupodnactsl amdubona BemHInHON
1-3 MM (55 % or oO6beMa MOpozbl) HAXOMATCA B MUKPO3EPHHUCTOH Macce TaKoro ke ampudona U Apyrux
BTOPUYHBIX IPOAYKTOB. [Topdhupo6racTel MMEIOT cTONOUATYI0 MIN TaONUTYaTyI0 (OPMY M 9acTO COAEpIaT
peuKTHI MupokceHa. Bo BMemaromeit Macce aMm(puboa B BUIE CyONpPU3MaTHIECKHX KPUCTAJUIOB BEIHYHHOM
0,12-0,5 MmmM. Mexay MuUKpokpucTauiamu amdudona BMeamneil MacChl HaXOAATCSl arperarbl UroJIBYaToOro
AKTHHOJIUTA C TIPUMECHIO CEPUINTA U, HHOI/A, IIarnoKIIa3a (BO3MOXKHO, ITH arperarsl 00pa3oBalliCh IIPHU 3a-
MEIICHUH IIarnoknasa). B mopozae conepxurcs 10 3 % seiikokceHa B CMECH C PYIHBIM MUHEPAJIOM H CheHOM
(nceBnoMop(h03bl 3aMEIICHHs TIEPBUYHBIX TUTAHCOICPIKAIMX PYAHBIX MHHepasioB). CTpyKTypa MOpOIbI MOp-
(upobnactiyeckas ¢ HeMaToOJIaCTOBOW CTPYKTYpoOil BMemiaronieid maccol. [lopoaa oOpa3oBaiiack, BEpOSITHO,
IpU aBTOMETaMOp(U3Me A iKoBOTO JONEPUTA.

Oopasen 8/59. I'a66ponoiepuT, YacTUYHO aM(PUOOIM3NPOBAHHBIN (radopoaunadas)

Ot xIaccH4eckux rabopo omInMyaeTcst HalmdueM O(GHTOBOH CTPYKTyphl. MHUHEpalbHBIH COCTaB: IUIa-
ruokna3 (abpamop Ne 55) — 35-40 %. O6pasyer TabnauTyaThie H OPH3MATHYCCKUE KPUCTAILIBI, Pa3MepOM
0,4-3,0 mm. Knmunonupokcen — 35 %. O6pa3syeT 3epHa HelIpaBUIBHON (opMBI (MHOTAA TaONMUTIATOH HOpMBI)
pasmepom 0,8-3,0 mm. YacTh 3epeH UMeeT MOMKIINTOBOE CTPOSHHE 3a CUET BKIIIOUEHHH KPUCTAJUIOB IUIarHo-
Ki1a3a. B pasHoii crenenu noxsepikeH ampubonusaunu. Bypas porosas oOMaHka 0OBIYHO 0Opa3yeT KaeMKU
M MEJIKUE BKIIIOYCHUS B UpOKceHe. bienHo-3enenblit aMmuoon (akTHHOMUT?, ypanuT?) 3aMeIlaeT OTACIbHbIC
KPHCTAJUIBI TUPOKCEHa (MM UX 9acTh), 00pa3ys nceBroMopdo3bl BHIIOIHEHNS, U cocTaBimsteT 5-10 % obbema
nopozsl. BHOTUT KOpHYHEBBIH, B IUTH(E €ro KOIMYECTBO COCTaBisIeT A0U %. OH BCTpedaeTcs: B BUIE KaeMOK
BOKPYT 3€peH PyIHOro MUHepaia. PyaHblit MuHepan 00pasyeT BbIIEICHHS HEMIPAaBHILHOM (10 BETBUCTOM) (HOPMBI
pasmepom 0,5-4,0 mm. Ero comepxxanue nocruraet 20-25 %. Ctpykrypa nopoasl opuToBas.

Oopasen 8/66. 'a66ponojiepuT, YacTHYHO aM(PUOOIH3NPOBAHHBIN (radopoaunadas)

AmnanorudeH obpasiy 8/59, HO copepuT Oonblle MUPOKCeHa. MUHepalbHBIH COCTaB: IUIarHOKIa3 —
3040 %, obpa3yeT TabaUTUYATHIC U MPU3MATHYECKHE KpucTaibl Beaunannaoi 0,6—4,0 mm. KinHonupokceH
OecuBeTHbIN B nutH(e, 00pasyer 3epHa HENPaBHIbHOM, pexe cybTadmurdaroit Gpopmbl, pazmepom 0,5-4,0 mm;
HEpeIKO MONKMINTOBBIC 3 CUCT BKIIOYCHHUH KPHCTAJIIOB I1arinoknasa. CoxepxaHue KIMHOMUPOKCEHA B IIOPOJIE
nocruraet 45-50 %. Bypas poroBast oOMaHka (BTOpHUYHAs) HaONIONASTCS B BUJIE KAEMOK BOKPYT 3€pEH IHPOK-
CEeHa U MHOTOYMCICHHBIX MEJIKUX BKIIOYCHHH B HeM. AM(uO0 OejHo-3eeHblH 10 OeCBETHOTO (AKTHHOJUT,
TPEMOJIUT?) MECTaMH MOJHOCTBHIO 3aMELIAET OTIEJIbHBIC KPUCTAIUIBI MUPOKCEHa, 00pa3ys rnceBaoMopho3sl
BEINIONTHEHUsL. KpoMe Toro, oH MHMpPOKO paclpoCTpaHEeH B BUJE BEIIEICHUH BROJNb craifHocTH mupokceHa. Co-
Jep)KaHue JaHHOTO BTopu4HOro amduobona 6onee 10 %. Pynusiit munepan (10-25 %) npeacrasieH 3epHaMu
(¥, BEpOSATHO, CPOCTKAMHU) HENPABUIBHON 10 BeTBUCTOM (opmbl. Pasmep Beinenenuii 0,4-3,0 mm. B ydacTkax
VMHTCHCHBHOTO 3aMEIICHNUsI TIPOKCceHa aM(HO0IOM IIPUCYTCTBYeT MUKPO3EPHHTAsl BKPAILIEHHOCTh IHCTEPOTeH-
HOTO MarHeTuTa. buoTuT KopH4HeBkIi (1011 %), MeCTaMU HaOJIIOAAeTCsl B KOHTAKTE C PYTHBIMM MUHEPAJIAMH.
CrpykTypa nopoasl opuToBast.

Oopasen 10/32. CnieccapTut

MuHepaibHbId coCTaB: Iuarnokiia3 (anaesuH Ne 45) — 45-50 %; porosas oomanka — 50 %; Guo-
TUT — 1-2 %; amaTut — penxue 3epHA; PyAHbIH MuHEepal — 5 %. [lnarnoknas — yaarHeHHbIE IPU3MAaTHICCKUC
kpucramisl. Bo Bkpamiennukax pasmepoM 0,8-4,0 mm (20-30 %) odbema mopozsl. B ocHOBHOI Macce BeIHIHHA
kpucrawios 0,05-0,2 mm. Poroast oOMaHKa nmpecTaBieHa 3epHaMH THIMAXOMOPGHOI U HENPaBHILHON (HOPMBI
BennunHoit 0,04-0,2 Mmm. CtpykTypa nopduposas ¢ runuanoMophHO3EpPHUCTON CTPYKTYPOii OCHOBHOI Macchl.

Oopasen 10/93. Buorur-ampudon-ksapuepas nopoia

OTO0 KPYMHO3EPHHCTAs MOPOJa TEMHO-CEPOro LBeTa ¢ MoppupoBUAHOI TekcTypoii. [lopduposunnas
CTpYKTypa 00yCJIOBJICHA MPUCYTCTBHEM BKPAIUICHHHUKOB OHOTHTA Pa3MEpoOM [0 5X5 MM, KOTOpbIC HAaXOIATCS
B CpeIHE3epHUCTOH Macce aM(HOOI-KBapLeBOro cocraBa. MUHEpalbHBII COCTaB: KIMHOMUPOKCEH — 57 %;
am¢pu6on — 40 %; nonesoit mmar — 20-25 %; ouotur 30 %; pyausie Munepansl — 2-3 %; amarut g0 1 %;
LUPKOH — eJuHUYHbIe 3epHa. Cpenu ampubona BBIIEISIOTCS pOroBasi 0OMaHka 1 KyMMUHITOHUT. Cpean Kiu-
HONHPOKCEHA BBIIEISIOTCS HEM3MEHEHHBIC XOPOIIO COXPAaHUBIINECS KPUCTAJUIB U 3aMeIeHHbIC aM(pHUOO0IOM.
TloneBoii minar 3aMeniaercst BTOPUYHbIMH IPOIYKTAMU. ANAaTUT IPUCYTCTBYET B BUJIE BKIIOYEHHUH B POrOBOM
oOMaHKe U KBapIie.

10/258. TydorenHo-odno0mounas nopoaa (rypdur?)

ITopona cocTouT M3 0OJIOMKOB KPUCTAJUIOB IIIarHOK/Ia3a, KBapla M IOYTH MOIHOCTBIO Pa3lIOKEHHbBIX
00JIOMKOB BYJIKAHHYECKOW ITOPOJIBI, HEPBOHAYAIBHO, BEPOSTHO, CYIIECTBCHHO CTCKIOBATOM. Pasmep o6i1oMKoB
nicammutoBbii (0,2—1,0 Mmm). dopma 00JIOMKOB IUIArHOKIIa3a W KBaplia pasHooOpa3Hasl, yalle HerpaBHIbHAs,
yIIoBaTas, HHOI/a oruapieHHas. OGJIOMKH ByJIKAHUTOB TAKKe HEIPABUIIBHON (JOPMBbI MM OBasIbHBIC. | paHHIIbI
ux yamie HedeTkue. OHM MOYTH MOJTHOCTHIO 3aMEIICHBI CTFONMUCTBIM MHHEPAIOM, KPUNITOYCIIyHYaThIM, CI1a00
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OKpAIIEHHBIM U IIEOXPOUPYIOMUM (OU0THT, ioronut, Gperrut?) (HeoOXoauM peHTreH WiH TepMuka). Hepemko
coziep)kar BKIIFOYeHHsT MUKpokpucTaioB (0,03—-0,15 mMm) miarnokiasa nmpusmMaruueckoil GopmMsl (MCxoxHast
MUKponophupoBas cTpykrypa). OOIOMKH M3MEHEHHBIX BYJIKAHUTOB M3-32 HEYETKHX OUEpTaHUI Kak Obl 3a-
TIOJIHSIIOT TIPOMEXYTKH MEXIy 3epHAMHM IUIaTHOKIIa3a M KBaplla, Co3/aBas BIedamieHHe neMeHTa. CTpykrypa
[OpPOJIBI IcaMMHTOBas (TydoBas).

O6pa3sen 10/206. Kepcantur

MuHepalbHbIii cocTa: arnokiaz — 60—65 %; ouorutr — 30-35 %; poroBast oomanka — 5 %; pyn-
HbII MuHepan — 3-5 %; anatut 1-2 %. IInaruokna3s B Buje Menkux kpuctamios (1o 0,08-0,3 mm) ciaraet
B cMecu ¢ ouotutom (0,07-0,15 MM) ocHOBHYI0 Maccy mopoasl. Kpome Toro, minarnokias BCTpeyaeTcs B BUIE
(enokpuctamio (Benuuunoii 0,4-2,0 Mm), cocrasisronux 10 3 % odbema moposl. Porosast oOmanka oopasyer
BKparieHHUKH pasmepom 0,5-2,5 MM tabnuruaroii, nHoraa nucroBaroir popmsl. CocTaBisier He Gonee 5 %
o0beMa MopoAbl. AIIAaTUT B BHJE UTOJIBYATHIX KpUCTAILIOB pasmepoM 0,025-0,07 MM paBHOMEPHO pacnpereneH
B nopoje, coctasnsieT 1-2 % obbema mopossl. Pyansiit Munepan obpasyer 3epua 0,07-0,1 mm. CtpykTypa 1mo-
poznsl mopdupoBasi, OCHOBHAS Macca THIMAXOMOP(HO3EpHUCTAS.

Oo6pa3sen 32/12. Anae3nToda3aabT MUH/IAJIEKAMEHHbII

ITopoxa coCTONT U3 OCHOBHOW Macchl M MUHAANUH. MUHIanuHEL cocTaBisiioT 30-35 % obbeMa oposbL.
Dopma ux oBajbHas1, pexe HelpaBUiIbHAas, yuIHHeHHas. [TogaBsromiee YMCI0 MUHIAIUH CIOKEHbBI XJIOPUTOM
(MHOTIA ¢ MPUMECHIO KBaplia, SMUI0TA), PeXe KBapueM, snugoToM. Pasmep munaanus 0,2—1,0 mm. OcHOBHas
Macca MOpOJIbI COCTOUT U3 MHKPOJIUTOB (IIPU3MAaTHISCKUX KPUCTAIUIOB) IUIarnokasa senmanHoi 0,05-0,35 mm,
B CMECH C KOTOPBIMH HAaXOAATCS XJIOPHT, SIUAOT, PyIHbIe MHHEPAJbl, KPHIITO3EPHUCTHIE CHEHONOI00HbIE
(?) arperarsl. TekcTypa HOpoABI MUHAAIEKAMEHHAs, CTPYKTypa OCHOBHOW TKaHH IPH3MATHUCCKU-3€PHUCTAS,
Onu3Kasl K HHTepCepPTaIbHOM.

Oo0pasen 45/12. Ba3ajbT 1aiiKoBbIii MaJ€0TUIIHBII (AHAME3NT)

MumnepanbHblil cocTaB: mIarnoknas — 60-70 % (neiictsr pasmepom 0,2—0,6 MM); KIMHOIUPOKCEH —
15-20 % (arperarbl MeXIy KpUCTAJUIAMH IUTaTHOKIIA3a, PEKE TAONIUTIAThIC KPUCTAILIBI); JTCHKOKCEHU3UPOBAHHBII
MuHepan — 5 % (TUTaHO-MarHETUT WM WIBMEHUT); XJIOPUT MEJIKOUENIyHuaThlii, BTOpUYHBIN 110 IJIarHOKJIIasy,
MHOTJIA THe3/1a B IPOMEXYTKAX MEeXITy KPHCTAIUIAMH IIArHOKIa3a; dMHAoT ~ 3—5 % (B cocTaBe OCHOBHOM MacChl
MOPOJIBI); KaNBIHT ~ 2—3 % (B MPOXKHUIIKAX, Peke B OCHOBHOU Macce). CTpyKTypa MUKPOO(QHUTOBAS.

Oo0pa3sen 46/12. Ba3zaabT (MM aH1e3UTO0a32/1bT) JalKOBBINH

MunepabHBII cOCTaB: Iarnokias — 65-70 % (aeicts pasmepom 0,1-0,5 MM ¢ OOHIBHBIME BKITIOICHHS-
MH KPUIITO3EPHICTOIO, HE OANAIOIIET0Cs JHArHOCTUKE MO MUKPOCKOIIOM BTOPHYHOTO MUHEpaa); MUpokceH (?)
~10-15 % (B BHJIE MUKPO- M KPUIITO3EPHUCTBIX arperaToB M 3epeH MEX/y KpUCTaulaMH IUIaruoKIiasa); XJIOpUT
~10-15 % (B mpoMexKyTKax MeXIy JeiicTaMu IIarnoKJIa3a; BTOPHYIHBIH, BEPOATHO MO BYJIKAHHIECKOMY CTEKITY);
SMUAOT ~ 10 3-5 % (cnaraer penkue MHHIAIHHBL, pa3Mep KOTOpbIx 10 0,4 MM); pyaHslil MuHepar — 10 10 %
(paBHOMEPHO paclipe/ielieH B II0poJie; MMEET 4acTo KBaJpaTHble cedeHus1). CTpyKTypa Moposibl MHJI0TaKCHTOBAsL.

Oo6pa3zen 47/12. I'panoguoput-nopgup, 4acTUYHO rpei3eHu3HPOBAHHBII

MunepanbHblii cocTaB: miarnokiaas — 60-70 %; xkBapu — 15 %; kaneuur — 15-20 %; xmopur —
10-15 %; pynHblidi MuHepan ~3 %; rHAPOCIIIONA pa3BUTa O IUIATHOKIa3y; cheH — ea. 3epHa. [lnarnokmnas
00pa3yeT HelpephIBHBII Psi TAONUTYATHIX ¥ CyOTAONIUTYAThIX KpUCTAIIoB pasMepoM ot 0,2 1o 2,0 mm. B 3Ha-
YUTENEHOH CTETICHH 3aMelleH Oe3[BETHOI CIIIoNON (THIPOCIIIONON) B BUIE OY€Hb MEJIKHX YEeIIyeK, IIACTHHOK,
MHOT/Ia PO3€TOK PaJHajbHO-Ty4uCTOro cTpoeHHs. KaabLUT — 3epHa U arperarsl, 3aMellalollie OT/elbHbIe
Y4acTKH mopofpl, BeaunuuHoit 0,3—1,5 mm. Xnopur ob6pasyer nceBaomMopdo3sl 3aMeIeHus M0 NePBUYHBIM
poroBoii obmanke u 6uotuty. CTpyKTypa anorunuauoMophHo3epHHUCTas cepuanbHas. [IposBienue mponecca
rpeii3eHH3alul — IOUCKOBBIH MPH3HAK Ha 30J10TO.

O6pa3zen 70/12. ba3ajibT NaJaroHUTH3MPOBAHHBIN (I1AJI€0TUIHbII)

MuHepanbHbIH cocTaB: marnokias (40-45 %). O6pasyetr MUKpOIUTEL pazMepoM (1uHOi) 0,08x0,3 Mm,
npu Tonumue kpucramion 0,01-0,05 MM 1 pefikne MUKPOBKpPAIUICHHHKH CyOTabnuTyaToi popmbl, BEIMUHHON
10 0,8x1,0 mm. [amaronut (50-55 %) aBynpenomisromuii Gypelil (40 KOPHIHEBOTO) — 3aIIONHAET IPOMEIKYTKI
(MHTepCTUINH) MEXIy MHKPOIHMTaMH ILIarnoknasa. OOpasoBaics B pe3ylbTaTe 3aMEIleHUs BYJIKaHUISCKOTO
CTeKJIa M, OTYACTH, MHKPO(EHOKPUCTAIUIOB TEMHOLIBETHBIX MUHEPAJIOB (BEPOSITHO, B OCHOBHOM OJIMBHHA).
Ipencrasnsier coboii cMech MUHUCTBIX MHHEPATIOB: KAOTMHNUTA, MOHTMOPHIIOHUTA U Jpyrux. B mopoxne mpu-
CYTCTBYIOT €AMHUYHBIC MUH/IAJIMHEI OBATGHOM MM JTMH30BUAHOH (GopMmbl, pazmepoM 0,5-1,5 MM, 3al0JTHEHHBIE
KaoJMHUTOM. Pynublii MuHepan (10 5 %) oOpa3yeT paBHOMEPHO pacIpe/IeNIeHHYIO B I1OPOJIE€ BKPAIIEHHOCTh
3epeH pazmepom 0,01-0,05 mm. CTpykTypa OpOAbI aHOMHTEPCEPTAIBHAS.

Oo0pasen 71/12. T'a06pono1epuT JIeiiKOKPATOBBIH NaJIeOTHIHBIN (aM(PUOOIN3HPOBAHHBII)

MuHepanbHBbIit cocTaB: marinoknas (60 %) obpasyer TabiauTyatsie, CyOTaONIUTIATBIC W IPU3MATHYe-
ckue Kpuctamisl pasmepoM 0,5x2,5 mm. Kinnomupokcen (2-3 %) BcTpedaeTcsi MPEeHMMYIIECTBEHHO B BHIEC
PENHNKTOB BO BTOpHYHOU aM¢pubonoBoit macce. Ampudon (30-35 %) OnenHo-3enenslii B mumde. Craraet
1ceBIoMOp}03bl BBHITOIHEHHS [0 MUPOKCEHY B BHIE BOJOKHHCTBIX arperaroB (akTUHOIHUT?, ypamut?). Pyn-
ubIi MuHepai (5-10 %) obpasyer 3epHa HenpaBuibHOH (opmbl BemmunHoi 0,05%0,5 mMm. Amatut (1o 1 %)
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o0pasyeT mpU3MaTHYeCcKUue KPUCTAILIbL, BKIIIOYEHHBIC B IIarnokia3, pasmepoM ot 0,01 mo 0,5 mm. CtpykTypa
nopozbl anoodUToBAasL.

Oopazen 76/12. Mera6a3ut ano6a3ajabToBbIii

ITopona mozxBepriIach HHTEHCHBHBIM BTOPHYHBIM H3MeHeHUsIM. O IIepBUYHON BYIKaHHYECKOHU ee IIpupose
CBHIETENBCTBYIOT TOJILKO COXPAHHBIIMECS B TOW MM MHOM CTENEHHM MHKPOIMTHI Iuaruokiasa. Ilon mMukpo-
CKOTOM B nutide HaOII0AAI0TCs MUKPOJIMTHI IIarHoKIIasa (Y4acTKaMu), XJIOpUT, OieHo-3eNeHbIil aMmpuooI,
SMHUMOT, THAPOCIIONH! (?) B BUAE KPUNTOUEIIYITUaThIX arperaroB, pyAHble MHHEPAIEL, JICHKOKCEH U, BEPOSITHO,
Jpyrue BTOpUYHbIE MUHEpaNbl. CTPYKTypa MOpOJibl JIEMHI0HEMAaTOONIaCTHYECKAsL.

Oopasen 77/12. Auae3nToBblii NOPGUPUT N3MeHEHHBIH (I1AJ1€0THIHBII), 1aliKOBbIH

MuHepalbHBIH cOcTaB: (PeHOKpPHUCTAILIBI IUIarnoKIasa pasmepoM 0,5-2,5 mm ciaratot 20-30 % obbema
nopozsl. opma (eHOKpUCTAIIIOB cyOTabnuTyaTas (THmuguoMopdHast), HeIpaBHIbHAsl, HHOTAA HAXOMOPdHAs
tabnuTdaras. OCHOBHAsg Macca TakKe BKIIOYACT KPHCTAJUIBI IUIarnokias3a, Ho Oonee menkue (0,05-0,5 mMm)
CTONIOYATOH (hOPMBI, pacIpeieNIeHHbIe B KPHITO3EPHICTOH H30TPOITHON Macce, MPeCTaBISIoNIel co00l, BeposiT-
HO, IEBUTPU(HUIPOBAHHOE BYJIKAaHHYECKOE CTEKJIO. BKparuIeHHUKH I1arnokiiasa B pa3sHOW CTENEHH 3aMeIIeHbI
OypoBaTbIM OMOTUTONONOOHBIM MHUHEPAJIOM C HPUMECHI0 KPHUIITOUCIIYHYAaTOTO CEpUIMTA M OoJiee MO3THUM
IUIarHOKIIa30M, B CBS3U C YeM IIPOSBILIIOT IIATHHCTOE OJIOYKOBOE CTPOCHHE.

B cocraB 0CHOBHO} Macchl HOPOIbI TOMUMO IIarMOK/Ia3a U U30TPOIHOIO BEIECTBA BXOJAT PyAHbIE MUHE-
pabl ¢ pasmepom 3epeH ot 0,01 1o 0,5 mm, OypoBatblii OMOTHT, MECTaMHU XJIOPUT, PETUKTH aM(puO0iIa, CEPULIUT.

Crpykrypa mopoasl mopdupoBasi, CTPyKTypa OCHOBHOH Macchl MHKpONOp(hHpOBast.

Oopasen 78/12. Ane3nTo0a3aJbT JaHKOBBIH

MuHepanbHbIii cocTas: miarnoknaz — 60-70 % (nevictel BeanunHo# 0,2—-0,4 MM, O4EHb TOHKHE); M-
pokcen — 30-35 % (3epHa u arperarsl BenumunHoU 0,2—0,5 MM); JICHKOKCEHU3UPOBAHHBIN THTAHCOACPIKAIINI
MUHepan (TurtaHoMarHetut?) — 5 % — 3epHa pasmepom 0,04—0,08 MM; 3MHUA0TOBBIE U KBAPL-3MHI0TOBbIE
MUHJAIHHBL BenmuunHor 1,0-2,0 MM (peakue); XJIOpUT — NPUMECh B IIPOMEXKYTKAX MEXIY JIeHCTaMU TIariuo-
kinaza. CTpyKTypa IOposl MUKPOO(DHTOBASL.

Oopasen 79/12. BazaabT H3MeHeHHBIH (MaJeOTUNHbINH) AaliKoBBIi

MumnepanbHblil cocTaB: miarnoknas — 50 % (o6pasyer netictsl Benuunnoi 0,1-0,5 MM); THpOKCeH —
10-15 % (3epHa u arperatsr pasmepom 0,1-0,4 Mm); ampudon — 20-25 % (BTOpUUHBIH THIIA ypanuTa ¢ pas-
MepoMm riceromMopho3 0,2-0,3 Mm); xaoput Mectamu — 5 %; pynusie Munepansl — 10 % (3epua 0,015-0,1 mm).
CrpykTrypa MukpoodurtoBasi. BeposiTHO, B HEM3MEHEHHOM Buje 0a3anbT ObUI ABYIMHMPOKCEHOBBIH, OAMH U3
MTHIPOKCEHOB 3aMECTHIICS YPAIUTOBBIM (?) ampuodomom.

Oopasen 80/12. Anae3nTo6a3aJbT NPONHIHTH3HPOBAHHbBIH

(T.€. IMUIOTH3NPOBAHHBIN U XJIOPUTU3UPOBAHHDII)

MunepanbHblid cocTas: miarnoknas (30-40 %) coxpaHMIICS TONBKO B BHIE MHKPOJIUTOB pa3MepoM
0,08x0,3 MM B cocTaBe OCHOBHOW Macchl mopoasl. dnuaot (25-30 %). DnupoTu3aluu noaBepKeHbl GeHo-
KPHCTAILIBl U YaCTUYHO MUKPOJIUTHI ITarHoKIa3a. Kpome Toro, suaoT BXOAUT B COCTAaB IPOXKHIIKOB H THE3].
Xnopur (35-40 %) sBISIETCS COCTaBHOM YacThIO OCHOBHOM MAacChl ITOPOJIBI, 3AIIOTHSS MPOMEXKYTKH MEKITY
MHUKPOJIMTAaMH IIarMOKIa3a U 3epHamu snuiora. [Ipescrasisier co0oit MPOLYKT 3aMelIeHus BYJIKaHHYECKOTO
CTEKJIa ¥ TEMHOLBETHBIX MHHEPAJIOB, IPOSBILACH HHOIZA B BHIE SIBHBIX IICEBAOMOP(O3 M0 IEPBHIHOMY L[BET-
HOMY MHUHEpaly, pasMepoM J0 2 MM.

Ksapu (10 3—5 %) obGHapyxHBaeTcs B OCHOBHOW Macce MOPOABI B BUJE 3epeH H30METPUYHON WIIH He-
npaBuIIbHOM (opmbl BennunHoit 0,02x0,3 MM.

Kampmur (1-2 %) o6pa3syeT 3epHa HenpaBHIEHOH (opMbl BemmauHol 0,2-0,5 MM.

Pynubiii munepan (2-3 %) 3epua pasmepom 0,025-0,25 mm. CtpykTypa nopoasl Onactornophuposas
¢ OmacTouHTEpCEPTaIbHON CTPYKTYPOH OCHOBHOM MacChl.

Oopasen 81/12. Tpaxu6a3aabt

B nummge HabmronaeTcs 3HAYUTENILHO M3MEHEHHAs BYJIKaHMYECKas MOpPOJa, COCTOAIIAas U3 MaJlOuHC-
JICHHBIX BKPAIlICHHUKOB H OCHOBHOH Macchl. Bo BKpaleHHHKaX TpeIIMHOBAThIe TaOnuT4YaThie GOPMBI KpuU-
CTaJJIOB TUIATHOKIa3a, pa3mepoM 0,5x5 MM u Gonee penkue, 3aMeIIeHHbIE OleTHO-3eNeHbIM aM(udoIoM
U THAPOCIIONOii (?) BKpalJICHHUKH NEepBOHAYAIbHOTO [BETHOrO MuHepana (1o 4 mm). ITo Tpeumnam B ¢e-
HOKPHCTAJIIaX IIarHOKIa3a pa3BUT dMUAoT. OCHOBHAS Macca IMOPOBI CIOKEHA MUKPOIUTAMHU ILIATHOKIIa3a
BermmauHoH 0,12x0,15 MM, XJIIOpUTOM, SIUI0TOM, €1a00 OKpAIIeHHBIM aM(pUuO0IOM, THAPOCTIONOH (?) U PyIHBIM
MHHEpPanoM. XJIOPUT NMPUCYTCTBYET B NPOMEXYTKAX (MHTEPCTUIMAX) MEXTY MHUKPOIHUTAMU IJIarMokiasa
M, BEPOSITHO, 00pa3oBajcs MPH 3aMEICHUU NIEPBUYHOTO BYJIKAHUYECKOTO cTeksa. AMGHUOON U ruapociona
(?) obpazoBasuch, OYEBUIHO, IPU 3aMENICHHN TEMHOIBETHBIX MHHEPAJIOB. DIHIOT, BEPOSTHO, BEIOOPOYHO
3aMmemian 0ojee OCHOBHBIH IUIArMOKIIa3 B OCHOBHOW Macce. CTPyKTypa HOpObl OpdhUpoBasi, CTPyKTypa
OCHOBHOH MaccChl allOMHTEpCcepTaIbHas.

Oopa3sen 83/12. TygpdpuT KpHCTANTOBHTPOKIACTHYECKUI

B mopone npeobianaior (90 %) 0OIOMKH CTEKIOBATOM OCHOBHOW MacChl BYJIKaHHYECKHX IOPOJ Mpe-
HMMYyILIECTBEHHO nceduroBoro pasmepa (0,5-1,5 mm). dopma 0010MKOB pasHOOOpa3Hasi: OT CIUTIOMICHHBIX,
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H30THYTBIX — 0 IPeo0IafaoliuX OBAIBHBIX (BO3MOXKHO, YACTUYHO OKATAHHBEIX M IIEPEOTIOKEHHBIX). Peko
HAOJTIO/IAl0TCs YaCTHIbI KAIICBUIHOM (OPMBI M 0OJIOMKH, COZiepIKallie BKIIOYCHHS MUKPOJIMTOB IUIArHOKIIa3a.
CreneHb JeBUTPUDUKALNY Pa3IHIHAs: OT €1Ba PA3THIMMBIX I10J] MUKPOCKOIIOM ABYIPEIOMIITIONIHX «UCITyeK»
JI0 TIOYTH IOJIHOTO 3aMeIeHHs 0OJIOMKOB CIIIONOH (?) WIM DIMHUCTBIME MHHepanaMu. BeTpedarorces Taroke
peakue o0IOMKHU ¢ (enb3UTOBOM CTPYKTYpoi u kBapuura. Hapsiay ¢ paccMOTpeHHBIMH OOJIOMKaMHU B HOPOJIE
OTMEYAIOTCsl OOTOMKH KPHCTAIOB KBaplia, MOJEBIX IMaToB (2-3 %), arperara 6yporo OMOTUTA U XJIOPHTA.
V kBapua Hamnbosee 4eTKO MpOsBIEHA MUPOKIACTHIECKAs! MPUPOIA, T.K. JopMa 3epeH XOPOLIO COXPaHMIACH:
OHa OCTPOYTOJIbHas1, cableBHIHAs, C pBAaHBIMU KpasMH U T.A. MiHOrIa BCTpeyaloTces ujiealbHoO OKaTaHHbIE 3epHa
KBaplia, CBHAETENHCTBYIOIINE O NePEOTI0KEHHOCTH MaTeprana. KpucTamisl miarnokiiasa Tabiurdarsle, a 00-
JIOMKH KPHCTAJIOB TaKxKe HEPEIKO OCTPOYTOJIBHEIE.

Oopasen 101/12. TojiepuT NHPOKCEH-NJIATHOKIA30BbIH NOp¢HPOBbIii

MunepanbHblii cocTaB: miaruokiaz — 50-60 %; xnunonupokcen — 35-40 %; ouotutr — 2-3 %;
pyzubIid Muaepan — 2-3 %. [lnaruokias obpasyer yamHHeHHON (GOpMbI BKparuieHHHKH — 10 30 % obbema
[OPOJIBI, BETUYHHON 2—5 MM. B ocHOBHOI Macce rumuauomMopdHbie kpucTaisl pasmepom 0,2—-0,8 mm. KinHo-
MIIPOKCEH — 3epHa U arperarsl pasmepom 0,08—1,2 Mm. Brotut — mMectamu (HepaBHOMEPHO) CKOTUICHHMS, PEXke
oT/eNnbHbIe TIacTHHKY | vemyiku 0,08—0,2 mm. Pynseiii Munepan — menkue 3epHa (0,015-0,2 mMm), Gomnee
WM MEHEee PaBHOMEPHO pacipeselicHHbIe B nopoae. CTpyKTypa mopojsl nopdupoas, CTpyKTypa OCHOBHOM
Macchl 0hUTOBASI.

O6pa3zen 102/12. Ba3aasT aaiikoBbIi

MuHepabHbli cocTaB: mwiarnokias — 45-50 % (o6pasyer neitctsl Bennunsoit 0,08-0,4 MM); MUPOKCeH —
40-45 % (3epna u arperatsl pazmepoM 0,08-0,4 MM B IpoMexyTKaxX MeXIy KpUCTaUIaMH ILIarHOKIa3a); 3eJICHOe
ByIKaHHYeCKoe CTeKio (?) ~ 5 %; pynubii munepan — 10 % (3epHa u cpoctku BenmuuHO# 0,012-0,06 Mm).
CTpyKTypa nopoJibl MUKpPOO(pUTOBASI.

Oo6pa3zen 103/12. Amdudooaur

(BEpOATHO, HHTEHCHBHO aM(H00IU3UPOBAHHBII MEJIKO3EPHUCTDIH 10JePUT-AHAME3UT)

MuHepanbHbli cocTaB: ampuoon — 10 90 % (aKTHHOIMT WM yPalUT B BUJE YUIMHCHHBIX WM IIe-
CTOBATHIX KpUcTamIoB BenuauHoil 0,1-0,5 Mm); miarnoknas — 3—-5 % (penuxTsl cpeau aMpuOOIOBONH MacChl
pasmepom 0,01-0,2 mm); 6uortut (nu ¢uoronut) — 1-2 %; pyansiii Mmunepan — 2-3 %. CTpykTypa HOpOab
HemarobJacTHiecKas.

Oo6pazen 109/12. Amdudooaut

(MHTeHCHBHO aM(Hu00IM3UPOBAHHBIN MOPGHPOBLIii 10J1ePHT UK 0A32JIbLT)

INopoxa cnoxeHa MPEeUMYIIECTBEHHO BTOPHYHBIM aM(DHO0IOM (aKTHHOIMTOM HIIM YPAJIHUTOM), PEIIHK-
TaMU IUIATHOKIA3a U PEIKHMH PEIHKTaMH MHpPOKceHa. AMuO01 00pasyeT 3epHa M yAIHHEHHbIC KPUCTAIIIBI
BermmauHOH 0,08-0,2 MM B Bue 1ceBIoMopdo3 [0 MepBHYHBIM (eHOKpHCTamIaM nupokceHa 1o 0,8-1,2 MM
(6rmacronopupoBsie cyoTabIUTYATHIE KPUCTAUIBI B IONEPEYHOM pas3pese).

MunepanbHbli coctas: aMm$ubon —70-75 %; mIarnokia3z coOXpaHWICS B BHIE PEIKHX JEHCT U enu-
HHYHBIX YaCTHYHO M3MCHEHHBIX (DEHOKPHCTAIOB BEMYMHOHM 10 2 MM B KonmmdectBe — 10-20 %; pynHbIi
MUHepai o0pasyeT 3epHa pazmepom 0,04—0,12 MM B kosmuecTBe ~ 3—5 %, paBHOMEPHO pacIipe/iesieH B IOpoJIe.
Crpykrypa nopozsl Onacronopduposas (M3Ha4anbHO NOp(UPOBasi), CTPYKTypa BMELIAOMIEi Macchl (IpaHo) —
HemaroOnacThudeckas (M3Ha4aibHO, BEPOSITHO, ODUTOBAs).

Oopasen 110/12. BazaabT ampuO0IM3NPOBAHHBIN (1AJ€0TUIIHBII), 1l KOBbII

MumnepanbHBIH cocTaB: marnokias — 50-55 % (o6pasyet Tonkwue aeifcTel BenuunHoi 0,1-0,4 Mm); am-
¢ubon — 45-50 % (aKTUHONUT WU ypaIUTOBAsl POroBasi 0OMaHKa) KPHCTAJLIEI-ICEBIOMOP(O3EI, BEPOSTHO, IO
nupokceny, pasmepom 0,08—0,2 MM; OHOTHT — MecTaMu 00pa3yeT CKOILICHHS, HO B 001IeM 00beMe ITOPOBI ero
Mao (10 2—3 % WM MeHbIIIe); KBapll — PEAKHE BBIIECICHUS MKy JICHCTaMU IUIarnOKIIa3a UM OUYCHb PEIKHUe
MUH/IQJIUHBI U TIPOXKUIIKY; PyAHbIH MUHepan — 3epHa BenuduHoi 0,01-0,08 MM nin, MecTamu, CUMILIEKTUTOIO-
JIOOHBIE CpacTaHus C IarnokiasoM. CTpykTypa Hoposisl O1actornopdupoBast Il Jaxe Ol1acTOMHTEepCepTabHas.

O6pazen 141/12. BazansT aMpu60IU3HPOBAHHBIN (T1A1€0THITHBIN)

OH cIokeH O4YeHb TOHKHMH JielicTamu uiarnokiasa (~ 50 % obwsema moponsl) pasmepoM 0,1-0,3 mm
U BTOPHYHBIM aM(puO0JIoM (aKTHHOIHTOM WX yPATHUTOM) ¢ pasmepoM kprctamios 0,02-0,15 MM, 3aMeCTUBIINMH
IepBUYHbIE IBETHbIC MHHEPAbl. B mopoxe npucyTcTByet 10 7 % pyaHOrO MUHEpaa, HEPEeIKoO JICHKOKPEHH3HU-
poBaHHOr0. CTpyKTypa MOpOAB! OIacTOMHTEpCepTaabHas (MM MUKPOO(DHTOBAs).

O0pasen 143/12. lanut gaiikoBbIi

Iopoxa cnoxena npeumymiecTBeHHO (10 70-80 % oObeMa) TOHKUMH KpUCTaIaMH (JIeHCTaMU) IIarko-
kna3a pazmepoM ~ 0,08-0,3 MM, B mpoMexyTKax MKy KOTOPIMU HaXOAWTCS ByJIKkaHW4eckoe crekno. Coxep-
JKaHUE PYAHBIX MUHEPAJIOB 10 5—7 %, Cpeiu KOTOPbIX BBIICIAIOTCS JIBE PA3HOBUHOCTH: TIEPBUYHBII PYIHbIH
MHHEpa, paBHOMEPHO pacrpeieneHHbIi B mopoze B Buae Menkux (0,01-0,03 Mm) 3epe, u Gonee mo3aHuil NUpUT
B COCTaBEe MHHJAJIMHOIIONOOHBIX HE3]] BEINYHHOI 10 2 MM KBapI-NHPHTOBOTO, KBapl-KapOOHAT-MHPUTOBOTO
€OCTaBa, KBAPL-3IUI0T-XJIOPUT-IIMPUTOBBIX U JIp. 3€pHa PYIHbIX MUHEPAJIOB A0oCcTUratoT pasmepa 0,2-2,0 mm.
CrpyKTypa HOpo/ibl THAJONUINTOBAs (aHIE3UTOBAs).
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Puc. 2. CeBepo-3anannas yacts o. [Iutepman. [laiika rab6ponuabasa B MHTPY3UH rabOpOUIOB aHI-
ckoro komruiekca (a3. maa. FOB 235-240°, yron 55—70°). B oOHa)keHHU BBIICIACTCS M0 HATMYHEO
TUIPOOKKCIIOB JKeNe3a Ha IIOBEpXHOCTH nopozsl. [Ipescrapiser coboii Fe-Ti kymysar U3 0cTaTrouHoON
MarMbl HHTPY3UH Tab0po aH/ICKOro KOMITIEKCa

Fig. 2. North-western part of Pieterman island. Dyke of gabbrodiabase in the intrusion of gabbroids of
the Andean complex (falling azimuth SE 235-240°, angle 55-70°). In the outcrop, it is distinguished
by the presence of iron hydroxides on the surface of the rock. They represent Fe-Ti cumulate from
the residual magma of the intrusion of the gabbro-Andean complex

CorracHO 10JIeBBIM HAOMIONEHNSM Ha OOHakeHHsIX 0. [luTepmaH, Hanboree paHHUMH
JaiikaMH, TTPOPBIBAIOIIMMHI TaO0POUIBI aHACKOTO KOMILIEKCa, SBISIOTCS Jaiku rabopo-
J1aba30B MOIIHOCTHIO 10 8 M (00p. 8/59, 8/66) (a3. nan. FOB 235-240°, yron 55-70°)
(puc. 1, 2). Otu naiiku npopsiBatoTcs aaiikoi creccaprura (06p. 10/32) (MouHOCTH
0,5 M) (a3. max. KO3 260°, yron 80°) u maiikoit anae3utos (a3. maa. FOB 115°, yrom 80°).

B 30 M roxHee 3Toro 00HaKeHUS B 30HE KOHTAKTa HHTPY3UH TPAaHOJHOPUTOB aHIICKO-
TO KOMILIEKCa ¢ HHTpY3Hel Tab0pOnI0B HAOMIONAETCS CKOIUIEHNE TaeK HECKOJIBKUX IPO-
CTHUPAHUI ¥ Pa3HOTO COCTaBa, IPHYPOUCHHBIX, BEPOSTHO, K OCJIa0lIEHHOH 30HE KOHTAKTa.

30Ha KOHTaKTa WHTPY3HH T'PaHOTUOPUTOB C MHTPY3UEH TabOpOuIOB UMeeT cyO0-
IIMPOTHOE TIpocTHpanue. B rabOpo, BOMM3M KOHTaKTa C TPAHOAUOPUTAMH, HaOIOIaeTCs
Jlalika MeJIaHOKpaToBhIX radbopo (06p. 101/12), momuocTtsio 0,6 M (a3. max. K03 265°, yron
75°). Ora naiika npopbIBAaeTCs KUIBHBIMHU TeIaMH IPAHOAUOPUTOB aHICKOTO KOMILIEKCa.

Haitxn 6azansroB (00p. 102/12), mommocTsio 1,2 M (a3. mag. C 360°, yrom 60°),
u paiika amgudononura (06p. 103/12), momrHocThIO 0,25 M (a3. maxa. FO 180°, yron 55°),
MIPOPBIBAIOT Jalky rab0pomiada3oB 1 KUIBI TPaHOTUOPUTOB aHJICKOTO KoMILIekca (puc. 1).

B 400 M roxHee mpica TyKkceH B CHIIBHO TPEIIMHOBATHIX rab0ponaax, MecTaMu
IpEeBpaLIEHHBIX B KaTaKJIa3UThl, HAOMIONAIOTCA JAHKH TPaHOJHOPHUT-IOPHUPOB, KOTOPHIE
OPUEHTHPOBAHBI OPTOTOHAIBHO APYT K Apyry. OHH, BEPOSATHO, TEHETHYECKH CBSI3aHbI C MH-
TpYy3Hel TPaHOJHOPUTOB aHJCKOTO KomIniekca. OnpoboBaHa faifka rpaHOIHOpUT-Iophupa,
YaCTHYHO Tpei3eHn3npoBaHHOTO (00p. 47/12), MmomHOCTRIO 10 1,0 M, TIpopsIBaromiast
rab0pownIsr aHACKOTO KoMImiekea (a3. maa. FOB 145°, yrom 85°).
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Maiika rpanognopuT-ropdupa npopeIBaeTcs JalKoi JosiepuTa yepHoro 1BeTa (00p.
70/12), momHOCTEIO 0,25 M (a3. max. C3 280°, yron 85°).

B ceBepo-3anannoii yactu 0. Hob apxumenara ocTpoBoB AHarpaMm u3ydeHa Ipe-
peIBHCTas maiika rabopo (o6p. 10/206a) (a3. mpoct. CB 40°, yron 90°), MOmHOCTHIO
0,3 M, mpopsIBaromast rabOpou Bl aHACKOTO KoMIuiekca. OHa BHEIpsIach B €Ile HE 3a-
KpPHCTAJUIN30BaHHYIO MarMy rabopomnos. Ha sTom ke ydacTke onpoOoBaHa jmaiika Kep-
cantutoB (00p. 10-106), momtHoCTEIO 20 M (a3. mpoct. CB 60°, yron 90°) B rab6pounnax
AHJICKOTO KoMIUIeKkca. Ha npyrux ydacTkax — IepecedeHus JaeK pa3HbIX MPOCTUPAaHUH
B MHTPY3USX rabOpOMIOB aHACKOTO KOMIUIEKCA HE HaOIOIaIiCh.

B 1oro-3anaytHoit gactr Mpica TykceH onpoOoBaHa aiika CHIBHO J1e(pOpMHPOBAHHBIX,
TPEIMHOBATHIX M/3 rab0po (MOIIHOCTH 3 M), IPOPBIBAIOIIAs CBETIIO-CEphIE Tab0po aH/ICKOTo
KOMIDIEKCa, ¢ arodu3aMu BO BMeIaromnre nopoas (a3. mag. CB 40°, yron 70°), 06p. 71/12.

Ha mpice TykceH, CKIIOH B CTOpOHY 3anuBa BajauHrToH, onpoOoBaHa naika s10-
nepuroB (MomHOCTh 0,25 M), KOTOpasi IpOpHIBaeT rab0po aHICKOTO KOMILIEKCa, (a3. Tp.
CB 60°, yron 90°), o6p. 8/34.

I'panumoudst u Ouopumsl aHACKOTO KOMIUIEKCa 00pa30BanCh M031Hee rabOpOHIOB.
ComracHO IMOJIEBBIM HAOMIOAEHUSM B OOHaKeHMsX Ha o. [Ilutepman, Haubosee paHHeH
JTafKO#, TIPOpHIBAIOIIEH IPaHOAMOPUTHI aHJCKOTO KOMIUIEKCA, SIBIISETCS JaiKa aruInuTa
(00p. 8/15) mommuocTeio 0,8 M (a3. mag FOB 140°, yron 60°). Jrta naiika, BeposATHO, re-
HETHYECKH CBsI3aHA C UHTPY3Uel IpaHOqHOpUTOB (puc. 1).

B roro-3amagHoii gactu octpoBa Ilurepman fnaiika amauTa OpopbIBaeTcs JalKon
amdubononnTa (BeposITHO, HHTEHCHBHO aM(pHOOIM3MPOBAaHHOTO MTOPGHUPOBOTO AOJIEPUTA
wm 6azanera) (06p. 109/12), momaocTsio 2 M (a3. man. F03 215°, yron 85°).

['paHoAMOPHTHI aHJICKOTO KOMILIEKCA TaKKe ITPOPHIBAIOTCS aiikamMy 0a3ajIbToB U aH-
JIe3UT00a3aJIbTOB CEBEPO-3aIaJHOTO U CEBEPO-BOCTOYHOTO MPOCTUPAHHH.

3 ey, i ) 4 ) S L
Puc. 3. [laiika 6uotut-am(puOOI-KBapIEBOI MOPOABI B UHTPY3UH TPAHOAUOPUTOB aHACKOTO KOM-
rekca (06p. 10/93)

Fig. 3. Dyke of biotite-amphibole-quartz rock in intrusion of the granodiorite of the Andean complex
(sample 10/93)
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Jlaiiku 6a3anbTOB M aHAE3UTOBBIX NOP(UPHUTOB CEBEpPO-3alaHOTO MPOCTUPAHMUS,
MIPOPHIBAIOIINE TPAHOANOPHUTHI M TPAHOIMOPHUTEI aHJICKOTO KOMILIEKCa, OIIPOOOBaHbI B 00-
HaXeHMAX KoHTpdopca [lycedbepr AHTapKTHUECKOro noiyoctposa (00p. 76/12 u 77/12
COOTBETCTBEHHO) U Ha 0. bapxansr (00p. 8/25).

Jaiiku nonepuToB aMpUOOIM3UPOBAHHBIX M aHJE3UTO0A3aIBTOB CEBEPO-BOCTOYHOTO
MIPOCTUPAHHMS B IPAaHOJMOPHUTAX ONIPOOOBAHEI B IOTO-BOCTOYHON YacTH 0. [Iurepman (06p.
8/57) n meice MyyT (00p. 44/12) (puc. 1).

Ha neGonbiom ocTpoBe B apxurenare ocTpoBoB Poku, Boziie 3a0poleHHOro Opu-
TAHCKOTO Masika, B TPAHOMOPHUTAX BCTpeYeHa MOJTYyOKpyIiias naiika onmorut-am¢puoom-
KBap1eBoii mopoxs! (00p. 10/93), MmomrHoCTRO 10 0,5 M, (yrox max. okomo 70°) (puc. 1, 3).

ITo pe3ynbraTaM noneBsIX HaOMIONCHNH HAMH OTIpeziesieHa CIeayIomas mocie0Ba-
TENBHOCTH (POPMUPOBAHMSA JaeK (OT paHHUX K IMO3THUM): 1) TaiiKu JarTOB U, BEPOSTHO,
0a3aJIbTOB M aHAE3UT00a3aIbTOB B BYJIKAHUTAX ByJIKaHW4ecKoi rpymmnsl Al ceBepo-3aman-
HOTO TIpocTupanus; 2) naiku radopoanadasos (Fe-Ti kymynarsl) B MHTpY3usIX rab0ponioB
AHJICKOTO KOMIUIEKCA CEBEPO-3aIlaJHOTO IIPOCTHPaHus; 3) TaiiKu crieccapTUTa CeBepo-3a-
TIaJTHOTO MTPOCTHPAHMS, IPOPHIBAIONIHE JaliKi rab0ponaba3oB; 4) naifku arIuTOB CEBEPO-
BOCTOYHOTO IPOCTHPAHMS, IIPOPHIBAIOIINE TPAHOANOPHUTHI aHJICKOTO KOMITIEKCa; 5) maii-
KM 0a3aJIbTOB, aHAE3UTO0A3aIbTOB U aH/IE3UTOB IIPEUMYILECTBEHHO CEBEPO-BOCTOYHOTO
1, B MEHbBIIIEM KOJIHYECTBE, — CEBEPO-3aIlaHOTO MPOCTUPAaHUN. YCTaHOBIIEHO, UTO TaKN
CEBEPO-BOCTOYHOTO ITPOCTUPAHUS MTPOPHIBAIOT JIAHKH CEBEPO-3aIIaHOTO MPOCTUPAHHMSI.

PE3VJBTATBI HETPOXUMHUYECKUX U TEOXUMUYECKUX UCCJIEJOBAHUMA
JAMKOBBIX IIOPOJ

IMeTpoxuMuyeckasi XapaKkTepuCTHKA
Ha mmarpamme TAS nipeoGnanarolnee KoIM4ecTBO (PUTypaTUBHBIX TOYEK JAHKOBBIX TIOPOIT
OCTPOBOB apxwIienara Ap/pKeHTalH MPIIeraronieil 9acTi AHTapKTHIECKOTO TTOTYOCTPOBA 10~
TIaJIAI0T B TOJIE N3BECTKOBO-IIETIOYHBIX TTOPOJI, 38 HCKITIOYEHHEM TpaxnbasaisToB (00p. 81/12),

Puc. 4. Tnarpamma TAS (SiO, — (Na,0+K,0)) 1714 1alikoBBIX HOPOJ OCTPOBOB apXHIenara ApKeH-
TalH M TpUIerarolell YacTi AHTapKTHYECKOTO TToTyocTpoBa. LIITprxoBast IMHHUS pa3aesseT Hos
IEJIOYHBIX M H3BECTKOBO-IIETTIOYHBIX MOPOJ

Fig. 4. The TAS diagram (SiO, — (Na,0 + K,0)) for the dike rocks of the Argentine Islands and the
adjacent part of the Antarctic Peninsula. The dashed line separate the fields of alkaline and calc-
alkaline rocks
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Na, O+K.0 Mga

Puc. 5. lmarpamma AFM 17151 JaliKOBBIX ITOPOZ OCTPOBOB apXHIienara ApIKeHTaiH U MPHIIETaroeH
4acTH AHTapKTHYECKOTO TOJyOCTPOBa: /| — OCHOBHBIE MOPOJBL; 2 — MOPOABI CPETHETO COCTABA;
3 — mopoABI KUCIIOTO COCTaBa. BynkaHUTHI BynkaHmdeckoi rpymmsl All: 4 — 6a3zansTsl amdubo-
nusupoBanuble (141/12); 5 — tyddursr cpennero coctasa (10/258).

Fig. 5. The AFM diagram for the dike rocks of the Argentine Islands and the adjacent part of the
Antarctic Peninsula: / — basic rocks; 2 — rocks of medium composition; 3 — rocks of acid
composition. Vulcanites of the AP volcanic group: 4 — basalts amphibolized (smp. 141/12); 5 —
tuffites of medium composition (smp. 10/258).

noneputos (00p. 8/34), Fe-Ti kymynaroB — rabdpommadazos (00p. 8/59, 8/66) u Ouorur-ampu-
Oorn-kBaprieBoit mopozp! (06p. 10/93), KoTophie HAXOMATCS B TIOJIE IIENOYHBIX MOpox (puc. 4).

JlalikoBbIE TOPOABI OCHOBHOTO COCTaBa HE KyMYJIATHBHOTO TeHes3nca (Si0, —
42,64-52,99 %) mo cymme memoueit (1,20-3,93 %; B Tpaxubazansrax — 6,75 %) u ux
cootnomennio — Na,0/K,0 (0,87-17) oTHOCATCS K HOPMATbHOMY DSy, HATPUEBOH
1 KaJHeBO-HATPUEBON METpOXUMUYecKuX cepuit (Tadm. 1). Ha muarpamme AFM Toukm
JTaeK ATUX 0A3UTOB MOMANAIOT B ITOJISI TOJICUTOBOW M U3BECTKOBO-IIENIOYHON cepuit (puc. 5).

Bonbast 4acTh 1aiiKOBBIX IMOPOA CPETHETO COCTaBa OTHOCHTCS K M3BECTKOBO-IIIE-
JIOYHOH cepuH, omgHA TouKa (00p. 32/12) OTHOCHUTCS K TOIEUTOBOM cepHuH (pHcC. 5).

Jlaliku opoj KHCIIOTO COCTaBa IOMNaJaloT B II0JIE€ M3BECTKOBO-LIEIOYHON CEepUU
(puc. 5).

[puBeneHHbIC 115 cpaBHEHMS 0a3aI6THI aM(pUOONTN3UPOBAHHbIE BEPXHEIOPCKON BYJIKa-
HIgeckoi rpymsl (00p. 141/12) Ha muarpamve AFM monagaroT B MOJIe JKeNe3UCTHIX TOJICUTOB,
a Ty(h¢uTs! cpemrero cocrasa (00p. 10/258) — B moIe M3BECTKOBO-IIETIOYHON CEPHN.

Haiixkn 6a3uToB. Cpean mack 0a3UTOB BBIIEISAETCS IBa TeHETHYSCKUX Thma. Jlaiku
0a3uToB, 00pa30BaBIINECS U3 OCTATOYHON MarMbl HHTpY3uit Tadopo (Fe-Ti kymynarsr), u nait-
K1 0a3uTOB, 00pa30BaBIIMECS B PE3YIBTATe YACTUYHOTO [UIABJICHUSI MAHTHIHOTO CyOCTpara.

Haiiku Fe-Ti kymynatos

K sTomy THITY OTHOCSTCS Haiiku rabbpoanabas3os Ha o. [Tutepman (00p. 8/59, 8/66)
(puc. 6), radb6po u xepcantutsl 0. Hob (00p. 10/206a, 10-206), oOpa3zoBaBIImecs U3 0cTa-
TOYHOI MarMel HHTPY3Huii Ta00po. OHM OTIINYAIOTCS TTOBBIIIEHHBIMU COACPKAHUSIMHI —
V (mo 1674 ppm), Cr (mo 421 ppm), Cu (zo 360 ppm), Zn (mo 216 ppm) u Co (1o
85,0 ppm) (Tabn. 2). Ha MynpTHIIEMEHTHON AMarpaMme BBIACISIOTCS TIIyOOKHe
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Puc. 6. MaiikoBblii rabopoaunadas (0op. 8/59, 8/66). OranyaeTcs MOBBIICHHBIM coaepkanueM V (10
1674 ppm), Cr (10 421 ppm), Cu (10 360 ppm) u Zn (o 216 ppm). BeiBeTpeHHas mopoaa NoKpbITa
OypbIMH IUICHKAMH THIIPOOKHUCIIOB JKeje3a

Fig. 6. Dyke gabbrodiabase (samples 8/59, 8/66). It has an elevated content of V (up to 1674 ppm),

Cr (up to 421 ppm), Cu (up to 360 ppm) and Zn (up to 216 ppm). The weathered rock is covered
with brown iron hydroxide films

orpuuarensHpie anoManuu Nb u Zr u nosutusHbIe St, Eu n Ti (puc. 4). ITonoxunurens-
Hele anoManuu Eu, Sr, Ti (puc. 7) yka3pIBaroT Ha KyMyJISLIHUIO IUIAaTHOKJIa3a U PYAHBIX
MHUHEPAJIOB B MPOMEXYTOUHOI Marmarudeckoi kamepe. P3E cnabo nuddepenuupo-
Banuble — (La/Yb) = 0,96-3,64 (Tabn. 2). B HuX HabMomaroTCs KaK MO3HTUBHBIE, TaK
W OTpHIATeNIbHEIE eBponueBbie aHoMannn — Eu/Eu” = 0,36-1,56 (Ta6. 2).

K sTtoMy ke TUIy OTHOCHTCS Aaiika OMOTHUT-aM(pUOOI-KBapIEBOH MTOPOIEl (00p.
10/93) (oObHaxeHMe Ha HEOONIBIIOM OCTPOBE B apxuiienare octpoBoB Poku (S 65° 10,734;

1000
+— 8/25 =— 534 8157
/59 —%— 866 —e— 10732
—— 1083 = 10/208a 104206
3812 7012 7112
100 78012 7912 8112
10112 w21z - 10312

ITopoga ! HpuMuTHBHAS MAHTHS

Fbh Ba U ThNb K La Ce S5 Pr Nd Zr Hf S5m Eu Gd Ti To Dy Ho Y Er Tm Yb

Puc. 7. MynpTuaneMeHTHast AMarpaMma Juis JaWKOBBIX MOPOZ OCHOBHOIO cocraBa. HopmupoBaHo
Ha IPUMUTHBHYIO MaHTHIO [12]

Fig. 7. The Multielement diagram for dikes of basic composition. It is normalized to primitive mantle [12]
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W 064° 29,455") (puc. 1, 3). OHa npopbIBacT UHTPY3HUIO I'PAaHOJHUOPUTOB. JTa Aalika BHe-
JIpsuTack B eIle He TOJHOCTHIO0 3aKpHCTAJUIM30BaBIINECS IPAaHOAUOPHTHL. 110 xuMudyeckomy
COCTaBy OHa COOTBETCTBYET OCHOBHOW mopoze (Tabi. 1). Jta mopona xapakrepusyercs
OTpHIATENBHOMN eBponueBoi anomanueii — Eu/Eu”= 0,36 (Ta6u. 2). B Hell noBbIIeHHOE
coxepxanue V (800 ppm), Cr (100 ppm), Ni (100 ppm), Cu (450 ppm), Zn (200 ppm),
Pb (81,2 ppm) u Sc (54,5 ppm) (tabi. 2). LupkoH u3 310l OHOTUT-aM(PUOOIT-KBAPIIEBOM
MOPOJIBI HICHTHYCH [IUPKOHY M3 TpaHoanoputoB. OHa 0Opa3oBajiack, BEpOSITHO, U3 OCTa-
TOYHOW Marmpl HHTPY3UH I'PAaHOJHOPUTOB.

Jaiikn 0a3uTOB, BBIIJIABUBIINECS U3 MAHTHHHOTO cy0cTpara

Cpenn 1aiiKoBBIX TTOPOA, BHITNIABUBIINXCS U3 MAHTHHHOTO CyOCTpaTa, BBIIEISIOTCS
BBICOKOMarHe3naibHbIe ¥ HU3KOMarHe3uaJbHbIE Pa3HOCTH.

Haiiku gvicokomaznesuanvnulx 6a3umoe ¢ Hanbosee BEICOKMM cozepkanneM MgO
(10,56—-11,56 %) ycranosmnens! B IOB u C3 gactsix o. [Turepman — o6p. 8/57 u 103/12
(puc. 1, 3) coorBercTBeHHO (Tadn. 1). Ha nuarpamme AFM oHE momnanmaroT B mojie Toje-
nTOBOI1 cepu (puc. 5). Ha MynbpTHI/IEMEHTHON AnarpaMMe BBIACIAIOTCS OTPUIATEIbHbIC
anomaimu Nb, Zr, Ti u nonoxutensasie — Pb u Sr (puc. 7). P30 muddepernnpoan-
ueie — (La/Yb) = 4,07-8,72 (tabm. 2). OHn XapakTepU3yIOTCsl BBICOKMMH CONEPKaHUAMM
Cr (mo 618 ppm) u Ni (1o 324 ppm) (Tabmn. 2).

Haiiku Huskomaenesuanbublx 6a3umos, ACKII04as KyMyJISITHBHBIE Pa3HOCTH, C CO-
nepxaarem Maraust — MgO (4,06-6,44 %) (ta6in. 1) Ha tnarpamme AFM nomanaior kak
B TIOJIC TOJICUTOBOM, TaK M N3BECTKOBO-IIEIIOYHOM ceprit (puc. 5). P30 muddepennupopan-
uele — (La/Yb) = 2,66-8,72 (Tabn. 2). Ha MynsTHOIEMEHTHON THarpaMMe BBIIEIAIOTCS
oTpunarensHble aHoManuu Nb, Zr, Ti u monoxurenpHble anHoMmannu Pb u Sr (puc. 7).

Jaiixu nopox cpenHero cocraBa Ha quarpamMme TAS pasnenstorcs Ha U3BECTKOBO-
IIEJIOYHBIC AaHE3UTHI M aHJIE3NTO-0a3aJIBTHI 1 IEJIOYHBIE TPAaXUaHAE3UTHI U TPaXHaHAE3UTO-
6azamsThl (Tabm. 1, puc. 2). Ha mnarpamme AFM B mosie TOICUTOBOM Cepr TIOTIAIAF0T TPAXH-
anne3nTo0a3asTH (00p. 32/12), ocTanpHBIE — B IOJIE N3BECTKOBO-IIEIIOYHO cepui (puc. 5).

P35 cnabo nuddpepenumposannsie (La/Yb), = 2,0-5,90 (tabn. 2). Ha cnatinep-
JarpaMMe B HUX BBIIEIISIOTCS OTpUIaTeNbHble aHoMannu — Nb, Zr, Ti 1 TOI0XKHATEb-
Heie — K, Sr, Pb (puc. 8). Conep:kaHust pyIHBIX 3JIEMEHTOB He IpeBhImaoT — V (328
ppm), Cu (100 ppm) u Zn (111 ppm).

Jaliku mopox KHCJIOro cocTaBa

Jaiika dayuma (06p. 143/12) mourHOCTRIO 10 1,3 M, IpOpEIBaET aHAE3UTOBBIC TIOP-
¢upuTs! Bynkanmdeckoit rpynmsl All (o. Buntep, (S65°14, 887"; W64°15,807") (puc. 1).
A3z. maa. CB 20°, yron nagenust 85°. Ha MynbTURIEMEHTHON AHarpaMMe BBIIEHSIOTCS
otputarenbabie anomanuu Nb, Sr, Ti u momoxurensasle K u Pb (puc. 8). P33 cmabo
mudpepernmposannbie — (La/Yb), = 2,96, BeienseTcs oTpunaTenbHas eBpONUEBast
anomanus Eu/Eu”= 0,79 (1a6m. 2). OTMgaroTcst BEICOKMM comepskanneM Y (42,6 ppm).

Jaiika anaumos (06p. 8/15) momHOCTRIO 10 1,0 M, TIpOpHIBaeT TPAHOAHOPHUTHI
anzckoro kominiekca (o. [Turepman, B 70 M K ceBepy OT OBIBIIEH ApPreHTHHCKON 0a3bl)
(puc. 1). Az. max. FOB 140°, yron 60°. OTa naiika, BeposTHO, TCHETHYESCKH CBs3aHA C Tpa-
HOZIMOPHUTaMH aHACKOTO KOMITIeKca. Ha MynbTHAIEeMEHTHOH TnarpaMMe BBIISIISIOTCS OT-
punarensHble anomanuu Nb, Sr, Zr, Eu u monoxwurensasie — Th, U, K, Pb (puc. 8). P35
cnabo nuddepenmmpopannbie — (La/Yb) = 3,7, BeIensaeTcs OTpHIIATENbHAS EBPOHUEBAS
anomanus — Eu/Eu” = 0,27 (ta6m. 2). B aToii naiikoBoit mopoje 06HapyKeHO TOBBIIIEH-
Hoe comepxanne Th (23,4 ppm), a Taxoke cieas! Mo (1,9 ppm) u W (1,9 ppm) (tatdm. 2).
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Puc. 8. MynbsrusneMeHTHas quarpaMma st JalKoBBIX MTOPOJ] CPEIHEro M KKCIoro coctaBoB. Hop-
MHPOBaHO HAa NPUMHUTUBHYIO MaHTHIO [12]

Fig. 8. Multielement diagram for dyke rocks of medium and acidic compositions. It is normalized
to primitive mantle [12]

aiika epanoouopum-nop@upa, 4acmuyno 2petizeHu3uposantozo (0op. 47/12) morur-
HOCThIO 710 1,0 M mpopkiBaeT rabOpouabl aHackoro komiiekca (B 400 M roxHee MbIca
Tykcen) (a3. maa. FOB 145°, yron 85°) (puc. 1). Ha MyasTHRIEMEHTHOM AUarpaMMe BbI-
JeNA0TCs oTpunarenbHbie anoManuu Nb u Ti m monoxutensusie Th, U, K, Pb (puc.
8). P30 cnabo nuddepenuuposannsie — (La/Yb), = 4,87, Bbiienserca oTpuLaTenbHas
esponreBas anoMmanuss — Eu/Eu” = 0,73 (ta6u. 2). [IposiBieHne mporecca rpeiseHu3aim
OOBIYHO paccMaTpUBaeTCsl KaK MOUCKOBBIM MMPU3HAK HA 30JI0TO.

HI73

5 L¥J k¥4 LY ¥4 LY kY3

")
Th Mb/16

Puc. 9. Inckpumunanmonnas quarpamma Hf/3 — Th — Nb/16 [10] i 1aiikoBBIX TIOPO OCHOBHOTO
u cpenHero cocraBa. N — MORB: N — tum 6a3ansToB cpeniHHOOKeanndeckux xpedTos; E—MORB:
E — 1um 6a3a6T0B CpenHHO-0KeaHnIeCKuX XpeoToB; VAB — ocTpoBomyxHbIe 0a3ansrsl; WPAB —
BHYTPHIUINTHBIE IIeN04YHbIe 6a3anbThl; WPT — BHYTpUIUIHTHBIE TONEUTHI

Fig. 9. The discriminatory diagram Hf/3-Th—Nb/16 [10] for dikes of basic and medium composition.
N —MORB: N — type basalts of mid-ocean ridges; E — MORB: E — type of basalts of mid-oceanic
ridges; VAB — island arc basalts; WPAB — intraplate alkaline basalts; WPT — Inplate tholeiites
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Puc. 10. Inarpamma Th/Yb — Nb/Yb st naiikoseix nopoa. Tpeug N — MORB —MORB-OIB o [11]
Fig. 10. The Th/Yb — Nb/Yb diagram for dikes rocks. Trend N — MORB — MORB — OIB after [11]

CornacHO NMOJyYeHHBIM T'€OXUMUYECKUM JaHHBIM CPEeIU «IOCTaHICKUX» JTaHKOBBIX
MOPOJT BBIACIAETCS /IBa TEHETUYECKUX THIa. PaHHME Nnaiiku 0a3uTOB B MHTPY3HUAX Tad-
OpouIoB U, BEPOATHO, aIUINTOB B TPAHOIMOPHUTAX aHICKOTO KOMILIEKca (POPMHUPOBAIIMCH
13 OCTATOYHBIX MarM 3THX MHTPYy3uil. bonee mo3nHue qaliky BRIIUIABISUTUCH B pe3ysbTare
YaCTHYHOTO TUIABJICHUS] MAHTUITHOTO cyOcTpara Ioj Bo3eHcTBHEM ILTIOMOB. VX oOpaso-
BaHHUE CBA3aHO, BEPOSTHO, C IEPHOAAMH aKTHBU3AIIMH, 00YCIOBICHHBIMUA (OPMUPOBAHUEM
OCTPOBHOH IyrH.

Ha texToHOMarmaruueckoil auckpumuHaionnou nauarpamme Hf/3 — Th — Nb/16
[10] Toukm naiiKOBBIX ITOPOJ OCHOBHOI'O M CPEIHETO COCTaBa MOIAaloT B oJie 0a3aIbToB
JIECTPYKTHBHBIX KOHTUHEHTAJIbHBIX OKpauH (puc. 9). Ha nuarpamme Nb/Yb — Th/Yb [11]
(burypaTuBHBIE TOYKH IaWKOBBIX MOPOJ JIEKAT BbIIIE MAaHTUHHON MOCIEA0BATEILHOCTH
MOPOJI, YTO yKa3bIBaeT HA UX CyLIECTBEHHYI0 koHTamuHauuio — Th u Nb (puc. 10).

3AK/IOYEHUE

Ompenenena Bo3pacTHas MOCIEAOBATENHFHOCTh (DOPMHUPOBAHMS ACK B ITOPOJAX BYII-
KaHnaeckor rpymmsl Al n HHTPY3UsIX rabOpOUIOB M TPAHUTOMIOB aHJCKOTO KOMIDIEKCa Ha
OCTpOBax apxurienara ApIpKeHTalH 1 IPHITaromel 9acTH AHTapKTHYECKOTO ITOITyOCTPOBA.

PanHne nmaiiky mamyToB M, BEPOSTHO, 0A3albTOB U aHAE3WTO0A3a]IbTOB B MOPOIAX
BynkaHoreHHoO# rpynmsl All u maitku rab6poanadazoB B rab0pongax aHACKOTO KOMILIEKCa
HUMEIOT CyOMEpHIMOHAIBHOE M CEBEpO-3amagHoe mpoctupanue. [locne BHenpeHus rpa-
HHUTOWIOB aH/ICKOTO KOMIUIEKCa (POPMHUPYIOTCS NaHKH IPEUMYIIECTBEHHO CyOIIMPOTHOTO
1 CEBEPO-BOCTOYHOTO NMPOCTUPAHMI U, B MEHBIIIEM KOJIIMUECTBE, JAHKH CEBEPO-3aI1aTHOTO
MIPOCTHUPAHMS.

Pannme maiiky B rab0pomnax aHICKOTO KOMIDIEKca IpencTaBisitoT codoit Fe-Ti kymyma-
THI, @ B HHTPY3HSX IPAHOIMOPHTOB — OHH TIPEICTABIICHBI AILTUTAMH, KOTOPBIE 00pa30BAIINCE,
BEPOSITHO, U3 OCTATOYHON Marmbl 3TUX MHTPY3uid. Bonee mo3name maiiku (hOopMHIPOBAIIHCE,
BEPOSITHO, 3a CUET IUIABJICHHS METACOMAaTH3MPOBAHHOTO MAHTHIHOTO MCTOYHHKA HA yMe-
PEHHBIX TIyOMHaX TOJ BO3ICHCTBHEM IUTFOMOB. K MPHMHUTHBHBIM (MCXOIHBIM) pacIliaBaMm,
BEPOSTHO, OJIM30K COCTAB BHICOKOMArHE3HAIBHBIX TAHKOBBIX TOpOI. IIponyKToB nTyOMHHBIX
MaHTHUHBIX (IUTIOMOBBIX) MCTOYHHKOB B BBIOOPKE OTOOpAaHHBIX 00pas3IoB HE OOHAPYKEHO.
JaiikoBble IOPOBI ATOTO paiioHa MO FEOXUMUYECKUM XapaKTEPUCTUKAM COOTBETCTBYIOT 3pe-
JIBIM OCTPOBOIYXKHBIM 00pa30BaHUSM M3BECTKOBO-IIEIOUHOTO PSa.
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Baaropapuoctu. Asrop 6nmaronaput pyxoBoactso HAHIL Vkpauns! 3a mpeacras-
JICHHYI0 BO3MO)KHOCTb BBIIOJHHTSH IOJeBbIE UcciaenoBanus Ha YAC «Bepnanckuii». Pa-
0oTa BBITIOJIHEHA B paMKax [ 0cyapcTBEHHOM 11e71€BOH HayIHO-TEXHUUECKOH IIPOrpaMMBbl
VYkpaunsl B AnTapktuke Ha 2011-2020 rogast.
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Summary

The Barents Sea is regarded as one of the world’s most unique regions with its high summer
productivity. However, there were a few studies dealing with estimation of daily secondary production
in the Barents Sea. The aim of the present study was to conduct an investigation of the pelagic
mesozooplankton assemblage in the Barents Sea, to calculate daily production levels of mesozooplankton
and to analyze the relationship between the community structure and environmental drivers.

Structure of zooplankton communities was investigated within the main water masses of the
Barents Sea in the summer 2013 (June—July). Calanus finmarchicus presented as copepodites [IV-V
dominated in terms of the total zooplankton abundance and biomass in Murmansk Coastal Water and
Atlantic Water. Spring phase of zooplankton succession cycle was found in Arctic Water where Copepoda
nauplii were the most abundant and Calanus glacialis dominated by zooplankton biomass. Zooplankton
of the Barents Sea Water had features of spring and summer phases of zooplankton succession cycle.
Spatial variations in the zooplankton distribution were associated with hydrological conditions and
phytoplankton density. Maximum of the mean zooplankton biomass was registered in Atlantic Water
(30,7 mg dry mass/m®) while the minimum was found in Barents Sea Water (5,4 mg dry mass/m®).

Citation: Dvoretsky V.G., Dvoretsky A.G. Latitudinal variations of zooplankton community structure and
productivity in the Barents sea (summer 2013). Problemy Arktiki i Antarktiki. Arctic and Antarctic Research.
2018, 64 (3): 294-310. [In Russian]. doi: 10.20758/0555-2648-2018-64-3-294-310
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Calculated daily production of zooplankton ranged from 0,01 to 1,57 mg dry mass/m® per day. Total
zooplankton stock for the study area of 281 000 km? was estimated to be > 740 000 t of dry mass. The
obtained values of zooplankton biomass and stock were considerably lower than in previous years,
which are probably connected with higher predator pressure — grazing of zooplankton by capelin and
other predators as well as with possible climatic influence.

Hocmynuna 7 maa 2018 e. Ipunama x neuamu 16 aseycma 2018 e.

Kniouesvie cnosa: bapennieBo Mope, brnoMacca, 3arac, 300IIaHKTOH.

HccnenoBana cTpyKTypa 300IUIAaHKTOHA B IIPEZENaXx OCHOBHBIX BOIHBIX Macc bapeniena
Mops. B Mypmanckoit mprOpexHOit 1 aIaHTHYeCKOH BOTHON Maccax o YHCIEHHOCTH U OroMacce
300mIaHKToHa JomuaupoBan Calanus finmarchicus. B apkTrdeckoil BoxHOIT Macce mpeobmafanu
HayTUTHH KOTIETION], OCHOBY OmomMaccsl coctaBisit Calanus glacialis. TIpocTpaHCcTBEeHHbBIE BapHAIINT
pacnpeeneHus 300IUIAHKTOHA OBIITH CBS3aHbI C THAPOJIOTHIECKUMH (paKTOpaMu U KOHIIGHTpanuen
¢urormankrona. Hanbonsimas cpenmsis OnoMacca oTMedeHa B aTIIaHTHIECKIX BOIAX, HANMEHBIIast —
B OapeHmeBoMopckux. OOmmiA 3amac 300IUTAHKTOHA JUIS MCCIENOBAHHOM aKBaTOPHH IIIOIIAIbI0
281 ThIc. KM? cocTaBui 6ostee 740 THIC. T CyXoil Macchl. Bromacca, IpOIYKIIHUS M 3aac 300TUTaHKTOHA
OBLIH CYIIECTBEHHO HIDKE, €M B MPEIIIECTBYIOIINE TOJIBI, ITO, CKOPEE BCETO, CBSI3aHO C HoJiee BBICO-
KHM [IPECCOM MOUBBI M APYTHX XHUITHUKOB, TAKXKe BOSMOXKHBIM BIMSHAEM KIINMAaTHUECKUX (haKTOPOB.

BBEJIEHUE

300IUIaHKTOH — BaXKHBIH KOMIOHEHT TPO(UUECKUX IIeTIeH Meslaruaii apKTHIeCKuX
Mopeii [1, 2], ero posap cocTOUT B mepeaade aKKyMYITHPOBAHHOM MEPBHYHBIMU MPOIY-
[IEHTaMH{ JHEPrUH Ha mocjiexyromnie Tpodpudeckue yporau [3]. B bapenmnesom mope
300IUIAHKTOH COCTaBIISIET OCHOBY KOPMOBOMW 0a3bl JIMYMHOK, MOJIOJH, a TaKXKe IeJard-
YeCKUX U JOHHBIX pbIO [4—6]. M3ydyeHne cocTaBa M KOJIMYECTBEHHOTO PAaCHpeIeTICHH
TUIAHKTOHA ITO3BOJISIET OLICHUTh CTENEeHb 00eCIIeueHHOCTH PhIO MUILEH U TPOrHO3UPOBATh
BO3MOJKHBIN BBLIOB.

CocraB, YUCIEHHOCTh U OMOMacca 300IUIAHKTOHA IOJBEPIKEHBI CYIIEeCTBEHHBIM
CE30HHBIM M MEXTOJIOBBIM BapHalMsIM, KOTOPbIe 00YCIIOBICHbI KITMMaTHYECKUMHU (ITyK-
TyalusiMH, 0COOCHHOCTSIMH I'MJIPOJIOTUYECKOTO PEXHMMa 1 HHTEHCUBHOCTBIO IPOMBICTIA
[7-10]. B nmpocTpancTBEHHOM MacTabe TakKe 3apeTUCTPUpPOBaHA CHIIbHAS U3MEHYH-
BOCTH 300IIAHKTOHHBIX COOOIECTB, CBA3aHHAs C IPOCTPAHCTBEHHON I'€TePOreHHOCTHIO
(akTOpPOB BHELIHEH CPE/Ibl, CPEH KOTOPBIX BaXKHEHUIIYIO POJIb UIPAIOT KOHIEHTPAIUS
KOPMOBBIX 00BEKTOB ((PUTOIUIAHKTOH), TEMIIEpaTypa, COIEHOCTh U MPECC XUITHUKOB
[1-3, 11].

300MIaHKTOH apKTHYECKUX MOPEH M3ydaeTcs Ha MPOTSHKEHUH JUTUTENIBHOTO MepH-
oJla BpeMEHH, 1 K HACTOSIIIEMY BPEMEHH HAKOIUIEH 3HAUNTENbHBIN MaTepHuaji O COCTaBe,
CTPYKType COOOIIECTB U OMOJIOTUH MAaCCOBBIX BHJIOB, KPaTKUI 0030p MCCIeOBaHUN TIPH-
BezieH B pabore [1]. Haunnas ¢ xonma 1990-x rr. B bapennesom mMope oTMeueHB! Ipo-
L[ECCHI MOTETJICHHSI, KOTOPbIe PETUCTPUPYIOTCS BIUIOTH O HACTOSIIETO BpemeHH [12].
Ha npotskeHnn 3Toro neprona or™Medasiv GiayKTyaldd TeMIIepaTypbl BObI, COJIEHOCTH,
KOJIMYECTBA IJIAHKTOHA, a TAKKe 3araca IMPOMbICIOBBIX BHIOB pbio [13].

Jl1g BBISBIIEHUS peaklUH 300IUIAHKTOHA Ha NMPOCTPAHCTBEHHO-BPEMEHHBIE H3Me-
HEeHHUs! BHEIIHUX (paKTOPOB HEOOXOIMMO IMPOBEICHUE MOHUTOPHHIOBBIX HCCIIEIOBAHUIMA,
OXBATBIBAIOIINX MIEPUOIBI C PA3HBIMU KIMMAaTHYECKUMU  KOPMOBBIMH YCJIOBHSMU. B 1mo-
CJIEZTHHUE TOJIBI JIETHE-OCEHHUE ChEMKH IUIAHKTOHA PETyJISPHO MPOBOIAATCS HA aKBATOPUU
Bapennesa mops, Hanpumep, yueHsiMu [IMHPO u MHcTHTyTa MOPCKUX HCCIIeIOBaHUN
(Hopserus) [14-17].
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OfHaKko CTOUT OTMETUTh, YTO OLEHOK MOTEHIMAIBHON MPOAYKIMU 300IUIaHKTOHA
B bapeHiieBoM Mope HEMHOTO, B OCHOBHOM B paboTax NMPHBOIATCS CBEACHUS I10 YHC-
JIEHHOCTH M OMoMacce 300IUI1aHKTOHA. [loirydeHne pacueTHBIX BEIWYMH MPOIYKIUH 30-
OIJIAHKTOHA JAJIS BOJ, Pa3IHMYHOIO MPOUCXOXKACHUS B IIMPOTHOM I'PAJUEHTE HE TOIBKO
M03BOJISIET Oo0JIee afieKBaTHO OLIEHUTh MX PEaJbHYIO NMPOIYKTHBHOCTH, HO M JJa€T BO3-
MOYXHOCTH ITPOTHO3MPOBATh 3arac KOPMOBBIX OOBEKTOB Il KOHEYHBIX IOTpeduTenei,
BKJTIOYast IPOMBICITIOBBIE BUJIBI PHIO.

Llexnp Hamteit paboThI cocTOsIa B M3yYEHHH 0COOCHHOCTEH ITMPOTHBIX KOJIEOaHHH TIpO-
JYKLIMOHHBIX XapaKTE€pPUCTUK M MPOCTPAHCTBEHHOIO paclpeneieHus 300IUIaHKToHa B ba-
peHieBoM Mope B JsieTHHiT repriox 2013 T, a Takke B OLEHKE BIUSHUS (JaKTOPOB Cpebl Ha
KOJIMYECTBEHHBIE MTOKA3aTeNN OCHOBHBIX TP 300IUIAHKTOHA. B pesynbrare Hamero uccie-
JIOBaHMs! OBUTH TTOTyYEHbI pacyeTHBIC TIOKA3aTENN CYTOYHOM MPOMYKIMN 300IUIAHKTOHA IS
O0LIMPHO aKBaTOPHH, Ha KOTOPOU IPEJICTaBIICHBI Pa3IMYHbIE TUITBI BOJHBIX MACC, YTO JAeT
BO3MOKHOCTb COIOCTABJICHUS MX NMPOAYKIIMOHHOIO MOTEHIAa B JIETHUM CE30H.

MATEPHUAJI 1 METOAbI UCCJIIEJOBAHUSA

[TpoOs! mtankToHa ObuIM 0TOOpansl B xoze peiica HUC «/lanbuue 3enenipb» B ba-
pertieBoM Mope ¢ 1 urons mo 23 urons 2013 1. MccnenoBanusamu Oblia OXBaueHa OOIIMPHAS
AKBaTOPHsI, BKIIFOYAOIIAsl F0KHBIE, IICHTPaIbHBIC U CeBepHBIE paiioHs! (puc. 1). s peru-
CTpalliu BEepTHKAJBHBIX Mpoduiieil TeMneparypbl BOAbI M COJICHOCTH MCIOJIB30BAJIH TH-
nponoruyeckuii 301 SEACAT SBE 19plus ¢pupmer SEA-BIRD ELECTRONICS (CLIA).

Ot6op u mocienyroias oopadoTka Mpod (GUTOMIAHKTOHA TPOBOIUIKMCH B COOT-
BETCTBUU CO CTAaHAAPTHBIMU MeTojaMu. [IpoObl Bombl 0TOMpanuch 6AaTOMETPOM 1O TPEM
TOPH30HTaM, BHIOPaHHBIM B 3aBUCHMOCTH OT IJIOTHOCTHOW CTPYKTYpPbI BOIHOTO CTOJIOA.

Puc. 1. Pacronoxenue cTaniuit otoopa mpo6 3oomiankrona B bapeniieBom mope jgerom 2013 . Bo-
nuble Maccel: MIIB — mypmanckas npudpexxHas, AB — atnantuueckas, BB — 6apenueBomopckast,
ApB — apkruueckas

Fig. 1. Location of zooplankton sampling stations in the Barents Sea in summer 2013. Water masses:
MIIB — Murmansk Coastal Water, AB —Atlantic Water, 5B — Barents Sea Water, ApB — Arctic Water
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[Tpo0s1 hukcupoBaHHOTO 00BEMa KOHLIEHTPHUPOBAIIICH METOIOM 00paTHOH (HUIbTpa-
MK ¥ (PUKCHPOBAIMCH popMaliiHOM. PacyeT YMCcIeHHOCTH MPOBOIIJICS MO CTaHIAPTHOH
MeTtoauke. bromacca BeUmCIsIIack 0 TabNIMIaM CpeTHUX KIETOUYHBIX BecoB. [leTanbHoe
OIIMCaHue TIEPEUNCIICHHBIX METOIUK NpuBeneHo B padore I1.P. Makapesuua [18].

st orGopa 3001IaHKTOHA TPUMEHSUTH ceTh Jkemu (T1o1ma s BXOJHOTO OTBEPCTHS
0,1 m?, pasmep staen Gmibrpyromero moiaotaa 170 mxm). OT6op mpo6 MPOBOAMIN B CIIOE
0T JTHa JI0 TToBepXHOCTH. Beero otodpano 43 mpoOsL.

OO6paboTKy Ipod OCYIIECTBISIN HA Oepery B 1a0OPaTOPHBIX YCIOBHAX IO CTaHAAPT-
HBIM METOAMKAM MU MOMOILIHU cTepeockonuyeckoro mukpockona MBC-10 [19]. Ceipyto
OGromaccy OTIEIbHBIX BUIOB I CyMMapHYyI0 OMOMaccy pacCUMTHIBAIN IIPH IIOMOIIM HOMO-
TpaMM, a TaKXKe UCIIONb3Ys TaOIHIBI BECOB MOPCKUX THAPOOMOHTOB U pa3MEPHO-BECOBEIE
3aBucuMoctu [20-23]. Ceipyro GHoMaccy NepeBOAMIN B CYXYIO C yUETOM IEpPEBOIHBIX
koaddurrenToB. [loxpoOHOE onMcanne METOINK 00pabOTKK MaTepHaa, a TakXKe pacyeT
MOTEHIIMAIBFHOM CYyTOYHON MPOYKIIMH 300IUIaHKTOHA IPUBEAEHBI B HALIMX OoJiee paHHUX
paborax [24, 25].

CyTo4HbIE BETUYUHBI IPOLYKIUH (MI' CyXOl MacChl/M® B CyTKH) FOBEHIIbHBIX CTAJIHIT
KOIIETIOJ] PACCYHUTHIBAIIN 10 yPaBHEHHIO:

P=Bg (1)
rae B — ymiepoanas 6uomacca (Mr/m®); ¢ — ckopocth pocra (cyT!). it BECIOHOTHX
PaYKOB ATOT MOKa3aTeNb BEIYUCIUIH 110 ypaBHEHHIO [26]:
lg(g) =-1,259 +0,0345-T - 0,128-1g(w, ), 2)
riae 7 — cpejHsis TeMIeparypa BOjbl B CIIO€ 00JI0Ba; W, — Cpe/iHss yIIepoaHas Macca
(mxr 3x37"). st B3pOCHBIX CTa/IMi g COOTBETCTBYET YACIbHON IeHEPATUBHOM MTPOIYKIHH
(SEP). Ot nannsle st MaccoBbix konenon (Calanus, Pseudocalanus, Oithona, Metridia,
Temora, Centropages) ObLIH B3SThl U3 JINTEPATYPHBIX UCTOUHUKOB [27-29]. [Tockonbky
CKOPOCTh OOMEHA CHIILHO 3aBUCHUT OT TEMIIEpaTyphl Bojbl, BenuurnHa SEP Obl1a yMHOXKEHA
Ha ko3¢ ¢ureHt Q, , KOTOPBIA I KOO ] PaBeH:
Q10 — aO,l(TZ—Tl)’ (3)
riae T, — cpeaHss TeMIneparypa BOAbI B CjIo€ 00y10Ba; T, — Temrieparypa, IIpH KOTOpOoi
OBLIO OTIPEJICTICHO 3HAYCHHUE VACTBHOM TeHEPATHBHON MPOIYKITHH; @ — KO3 (DHUIIUESHT, KO-
TOpBIHA paBeH 1,59 wim 1,43 1 BUIOB, OTKIIAIBIBAIOIINX SHIIA B BOLY HIH (DOPMHUPYIOIITHX
stifiieBble MeIKU coOTBeTCTBEHHO [30]. Yka3aHHbIE MOMPAaBKU MPUTOIHBI IJIST IHUPOKOTO
JuanasoHa temneparyp (ot —2,3 mo +29,4 °C), mo3ToMy OHU MOTYT NPHUMEHSTHCS M JUIS
APKTUYECKUX Komeno . [IpoayKIHio MPoYrx pakooOpa3HbIX BEIYHUCISLIH 1O popmyite [31]:

10°

0,125-W*™ . 4,86 24
500

rie 0,0746- W' — cyTOYHBIN palroH B T CHIPOH Macchl; W — WHIWBUIYAIBHAS ChIpast
macca opraumma (r); (0,125 W*°-4.86-24)/500 — Benuuwnna obmena; 4,86 — OKCH-
KaJOpUUHBINA K03 dummenT; T — cpeqHss TeMueparypa BoAbl B ciioe 00imoBa; N — duc-
JeHHOCTE (9K3./M°). TToNyUeHHY0 BeIMINHY TIEPEBOIMIN B SIMHHIIBI CYX0i Macchl [32].
[TponyKIyro anmeHANKYIIpHH, IETHHKOYETIOCTHBIX, IITEPOIO, MeIy3, TPeOHEBUKOB
W JIMYMHOK JJOHHBIX KUBOTHBIX PACCUUTHIBAIM 10 ypaBHEeHHIO (1) ¢ yaeTtom korddurmenTa
Q, xoTOpBIi mpuHUMATH paBHbM 2,25%2~T) [33]. MHdopmarms M0 3HaYCHUAM g OblTa
MOJyYeHA U3 OITyONMKOBAaHHBIX paHee NCTOYHUKOB [26, 34-36].

P=|0,0746-Ww"*.0,8—

SN-2,25"T0.1000 | (4)
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PacnpenesneHre 300IUIaHKTOHA PACCMaTPUBAIIM B CBS3U C JIOKAJIHM3ALMEH BOIHBIX
Macc UccllelyeMoro paiioHa. B kauecTBe OCHOBHBIX BOAHBIX Macc BBIACISUIICH MypMaHCKast
npubpesxHas (temneparypa 1-9 °C, conenocts 33,8-34,7 %o), amnanTHdeckas (Temmepa-
Typa > 3 °C, coneHocth > 35,0 %0), 6apennieBoMopckas (Temmeparypa —1,5...+9 °C, core-
HOCTh 34,5-35,0 %0) n apkTuueckas (temrneparypa < 0 °C, coneHocts 32,0-34,8 %o) [37].

Jlia pacdera mokaszareneld OMOJOTHYECKOro pa3HooOpas3us 300IUTAHKTOHHBIX CO-
o0mecTB ucnonp3oBasn HHIEKCH lllenHona n BeipaBHeHHOCTD [Tneny. Hanmnune cBsizn
MEXy BHEITHIUMH (hakTopamu (IINpPOTa, JOIT0Ta, TEMIEpaTypa BOJIbI, COJIEHOCTh, YHC-
JICHHOCTh ¥ OnoMacca (PUTOIUIAHKTOHA) M KOJMYECTBEHHBIMH ITOKa3aTesIMH 300T1IaH-
KTOHa (YMCIIEHHOCTh ¥ OnoMacca) BBISIBIISUIN IIPY MOMOIIH NpoLenypsl Bio-Env B po-
rpamme Primer 5.0 (pazpaboruuk PRIMER-E Ltd., Plymouth, United Kingdom). CyTb
9TOT0 aHaAJIN3a COCTOUT B MOUCKE (PAaKTOPOB, KOTOPBIE HAWIYUIINM 00pa3oM OOBSCHSIOT
BapHaIMIO KOJIMYECTBA 300TUIaHKTOHA. CpaBHEHHE COOOINECTB 300IIAHKTOHA Pa3HBIX
BOJIHBIX Macc IIPOBOAMIIM IIPH MOMOIIN OJHO(MAKTOPHOTO aHalN3a PAHTOB; CTATUCTHYE-
CKM 3HaYMMBIM CUHMTAJIH ypoBeHb mpu P < 0,05. Pacuer 3amaca 30011aHKTOHA IPOBEAEH
nipu omomu ['IC KaprMacrep (paspadorunk BHMPO) no merony aBroMmarndeckoro
KpUTHHTa. YKazaHHas IporpaMMa MOXeT OBITh NPHUMEHEHa ISl pacdeToB 3amaca Hpo-
MBICIOBBIX JIOHHBIX OPTaHM3MOB, PbIO, a TakkKe IUTaHKTOHA. CyIIHOCTH METOJUKH CO-
CTOHUT B NOMCKE (YHKILHUH, KOTOpas HAWIy4IIMM 00pa3oM ONKCHIBAET pacHpeneieHne
HCCIIElyeMOro TapaMeTpa 1o U3MEPEHHBIM TOUKaM. B cirydae MiIaHKTOHHBIX CHEMOK —
9TO 3HAYCHMS OMOMACCHI IO eAMHHUIICH MIoImany. B mporpamMe 3agaroTcs HHTEPBAIIBI
rapameTpa, Jajee IMPOHCXOIUT pacdeT 3araca JJIs KaXJI0ro MHTEpBaia, IOCIe Yero
HIET CYMMHPOBaHHE 3amaca o BCEM ITPOCUYNTaHHBIM HHTepBaiaM. CpeqHHe BEeTNINHBI
MIPEJCTaBIICHBI C ONTMOKON CpeaHero.

PE3VYJIBTATBI

XapakTepucTHKa HIPOJIOTHYECKHX YCJIOBUH M pacnpeneaeHust pUToNIaH-
KToHAa. Bo Bpems nmepuoma paboT jeq Ha HCCIeJOBaHHON aKBaTOPUM OTCyTCTBOBasl. Ha
CTaHIMAX OTMEUeHa TepMHUYecKas cTpaThduKaliys, MMKHOKIMH 3ajerai Ha ryoune 20—
30 M B npernenax avIaHTUYeCKOH ¥ MypPMaHCKOH MPHOPEKHOI BOAHBIX MacC U Ha ITyOHHE
40-60 M B mpezenax O0apeHIICBOMOPCKOW M apKTHUCCKON BOAHBIX Macc. I[loBepxHOCTHAS
Temmeparypa BapsupoBana ot —0,3 mo 11,6 °C, nmoHmxkascek ¢ fora Ha cesep (Tabdm. 1).
IIpunonnas Temneparypa xonebanacs ot —1,6 °C no 4,3 °C. Haubonpinme 3Ha9€HUS CO-
neHoctH (> 35,0 %o) perucTpupoBaIv B IEHTPAILHON YacTH MCCeI0BAaHHON aKBaTOPUU
B cinoe rryoke 60 M. HanMeHpIe 3Haue€HUs COJIGHOCTH OTMEUEHB! B TIOBEPXHOCTHOM
20-MeTpOBOM CJIO€ Ha I0Te U Ha ceBepe. MakcuMalbHasi KOHIEHTpanus (PUTOIUIaHKTOHA
OTMEYeHa Ha CEBEPHBIX CTAHIHUAX aPKTUUECKOI U 0apeHIIEBOMOPCKON BOIHBIX Macc, MH-
HUMaJIbHasI YUCICHHOCTh U OMOMacca 3aperuCTpUPOBaHBl B MyPMAHCKUX MPUOPEKHBIX
Bonax (tabm. 1).

300MIAHKTOH MYPMAHCKOH NMPUOpPekHO0ii BOaHOI Macchl. Bcero o6HapyxeHo 36
TaKCOHOMMYECKHX IPYIII, U3 HUX 25 ObUTH Onpe/esieHbl 10 BUA0BOro ypoBHs. O01mas yuc-
JICHHOCTH 300IUTAHKTOHA BapbHpoBaia ot 143 1o 875 sx3./m® (puc. 2), B cpeiHEM COCTaBIIss
446220 x3./m* (Tabm. 2). ITo YMCIEHHOCTH JOMHHUPOBAIH KOIENoas! (Tab1. 2), Ha JI0JI0
KOTOPBIX mpuxoamwioch 99,2-99.7 %. MaccoBbimu Bunamu 0butu Calanus finmarchicus
(48 %), Oithona similis (19 %) u Microcalanus spp. (10 %). Cymmapnas 6Guomacca koneda-
mack ot 15,8 10 31,1 mr cyxoii macce/m® (puc. 3) ripu cpenreit Benmaune 25,0+4,7 Mr cyxoit
maccel/M. TTo Gromacce MTUANPYIOIee MOMOKCHHIE 3aHUMAITH BECIIOHOTHE PAKOOOpa3HbIe
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Tabruya 1

CpegHue 3Ha4YCHUS THAPOJIOTHYECKUX NOKA3aTe/ el 1 KOHIEHTPauuH GUTOILIAHKTOHA
B bapenuesom mope serom 2013 .

Ioxazarens MIIB AB BB ApB
T, 4,9+0,2 44+04 0,8+0,2 -0,4+0,1
S, 34,56 +0,08|34,87 £ 0,05| 34,94 +0,02 | 34,6 0,01
T.. 10,702 | 10,0£0,5 | 3,3+05 1,0+0,1
S 34,38+ 0,31|34,68 +0,26| 35,31 +0,12 |35,40 + 0,20
7o 43+0,2 2,5+0,7 0,1 £0,1 0,4+0,2
S o 34,80 + 0,04 (34,99 + 0,01 | 34,97 £ 0,01 | 34,9+ 0,01
Nm 4,6+2,0 |54,7+17,5| 83,4+36,4 | 753+£245
N, 33+2,7 16,0£5,1 | 98,7+34,6 | 46,8+ 13,9
N oo 0,2+0,1 0,6+0,1 |201,4+72,0 | 34,7+83
N, 2,7+1,2 | 23,8+6,3 | 127,8+374 | 52,2+ 10,8
B.. 19,6 £3,2 |178,2+50,9| 221,0+ 31,0 | 83,4+ 16,1
B . 20,0+ 6,6 |176,8+97,6| 225,5+49,2 |141,3 +36,3
B 15,1 +15,0 | 2,6+0,8 |1954+116,7(232,7+81,3
B 18,2+3,8 [119,2+36,4| 214,0 £ 54,5 |152,4 £23,2

cp.

Ipumeuanue. T — temueparypa (°C), S — conenocts (%o), N — YUCIEHHOCTh (DPUTOILUIAHKTOHA (THIC.
KJ1./11), B— Gnomacca (cpipasi) purtormiankroHa (MKr/i). BenndnHe! nokasareneii: cp. — cpemHsis, oB. —
MOBEPXHOCTHBIN CIIOU, AHO — MPHUIOHHBIN TOPU3OHT, MUKH. — CJIOH CKauKa IJIOTHOCTH. BoyHbIe Macchl:
MIIB — mypmaHckas npudpexHas, AB — atnantndeckas, BB — 6apennieBomopckasi, ApB — apkrudeckasi.

Puc. 2. Pacnipenenenne YuCIeHHOCTH 300IUIaHKTOHA (3k3./M%) B BapeniieBom mope sietom 2013 1.
1 —<400, 2—400-900, 3 —> 900
Fig. 2. Distribution of zooplankton abundance (individuals/m®) in the Barents Sea in summer 2013.
1 — <400, 2 — 400-900, 3 — > 900
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Tabruya 2
Cpeanne 3HAYEHHS] YUCTEHHOCTH (3K3./M%), GoMaccenl (Mr cyxoit macchbl/mM®)
M CYTOYHO# MPOAYKIUHU (MI CyX0ii MAaCChI/M® B CYTKH) 300ILIAHKTOHA
B bapenuesom mope serom 2013 r.

Tpynna Bonnas macca JlocToBepHBIC OTIIHYHS
MIB | AB | BB | ApB p<0,05
UHCIEeHHOCTh
Kormenonsr 346 762 425 1062 |MIIB-ApB, AB-bB, FB-ApB
[Tepomnozant 0,17 0,04 0,06 0,56 |AB-ApB, bB-ApB
OBday3unst 1 2 17 10
lunepunapt - 0,01 0,01 0,18 |AB-ApB, FB-ApB
ANneHuKyIspun 1 1 74 65 AB-bB, AB-ApB
Illernakouemtoctapie | 0,4 4,1 1,0 0,3 AB-ApB
Ipoune 99 82 26 9 AB-ApB
CymmMma 446 851 544 1147
buomacca

Konemopt 24,08 | 29,43 4,56 14,99 [MIIB-bB, AB-bB, bB-ApB
[Ireponoast 0,040 | 0,002 0,019 0,045 |AB-ApB, bB-ApB
OBay3unasl 0,566 | 0,334 | 0,151 0,079
T'unepunast - 0,003 0,001 0,094 |AB-ApB, bB-ApB

ATNCHIUKYISPHH 0,0005 | 0,0001 | 0,0836 | 0,2445 |MIIB-ApB, AB-b5B, AB-ApB
[erunkouemoctheie | 0,063 | 0,438 0,192 0,159

[poune 0,275 | 0,436 | 0,434 0,162

Cymma 25,02 | 30,64 5,44 15,77 |MIIB-5B, AB-5B, EB-ApB
CyTo4Has MPOMYKIIHS

Kormemomsr 0,592 | 0,794 | 0,181 0,313 [(MIIB-EB

ITeponozpt 0,0010 | 0,0001 | 0,0003 | 0,0005 [FB-ApB

OB(ay3un sl 0,008 | 0,007 0,003 0,001

Tunepunast - 0,00007 | 0,00001 | 0,00121 |AB—ApB, bB-ApB

AnNIeHAUKYISpUn 0,00013(0,00002 | 0,01102 | 0,03139 |MIIB-ApB, AB-bB, AB-ApB
lernakouentoctreie | 0,006 | 0,039 0,012 0,007 |AB-bB

IIpoune 0,031 | 0,034 | 0,028 0,012
Cymma 0,638 | 0,875 | 0,236 0,367 |MIIB-bB, AB-bB, bB-ApB

Tpumeuanue. Ycn. o6o3nadenust cm. taom. 1.

(tabm. 2), cpean xotopsix npeodmanan C. finmarchicus (91 %). CyTouHas IpoOIyKIHs 300-
rutaHkToHa cocraisiia 0,398-0,788 (0,641+0,123) mr cyxoit maccel/m® (Tabi. 2). Cpenree
3HaueHne nHaekca Llleanona cocrasmio 2,40+0,35, BeipaBaenHoctr [nery — 0,51+0,07.
[Ipumenenne nponenypsl Bio-Env moka3ano, 94To HanOoipIIyto Koppensamuto (» = 0,550)
C YMCIICHHOCTBIO NPEACTABUTEIICH 300IIAHKTOHA IEMOHCTPHPOBAIN TEMIIEPaTypa BOABI
B MIOBEPXHOCTHOM CJIO€ M OMomacca (PUTOIUTAHKTOHA B MPUAOHHOM CJIO€. DTO CBSI3aHO
C TE€M, YTO Ha CTAHIMSIX MyPMAaHCKUX IPUOPEKHBIX BOA OroMacca (GUTOILIaHKTOHA OBbLIa
TIPEMEPHO OJMHAKOBOM BO BCel BOAHOM Tommme (Tadm. 1).

300MJIaHKTOH aTJaHTHYeCKOH BOIHOW Macchl. Becero BrisiBieHa 41 TakcOHOMH-
Yyeckas Tpymma, u3 Hux — 29 BumoBoro ypoBHsA. CyMMapHasi YMCIEHHOCTh 300IUIaHKTO-
Ha kosebanach ot 43 mo 1759 sx3./M® (puc. 2), B cpeanem coctaiss 8514241 sk3./m®
(Tabn. 2). ITo ynCIIeHHOCTH JOMUHHUPOBAJIN BECIOHOTHE pakooOpasubie (Tabn. 2), Ha
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Puc. 3. Pactipenenenne 6HOMacchl 300IUIAHKTOHA (MT CyXoil Maccs/M®) B BapeHieBoM Mope JIeToM
2013 .

/—<5,2—5-10,3—>10

Fig. 3. Distribution of zooplankton biomass (mg dry mass/m®) in the Barents Sea in summer 2013.
/—<5,2—5-10,3—>10

JIOJIO KOTOPBIX Npuxonuiiock 97,8-99,7 %. MaccoBbIMH ITPEACTaBUTEISIME COOOIIIECTBA
ObUTH Te ke BUJIBI, YTO M B MyPMaHCKHX NPHOPEXHBIX BOJAX, OJHAKO UX BKJIaJ] B oOlIee
obwmue otnuuancs: Calanus finmarchicus cocrasisut 34 %, Oithona similis — 27 %,
Microcalanus spp. — 13 %. Cymmapnas 6rnomacca u3MeHsuiach B quanasone ot 0,8 mo
52,8 mr cyxoit Macce/M® (puc. 3), B cpenneM cocrasiss 30,6+7,6 Mr cyxoit Maccel/m®,
ITo 6uomacce Bemyllyro poJb UTpajik Korenoasl (Tadi. 2), cpean HUX JTOMHUHHPOBAIN
C. finmarchicus (76 %) u C. glacialis (11 %). IIpogykiust 300IUTAHKTOHA KOJIe0aiach OT
0,025 mo 1,568 mr cyxoit maccel/M® B cytku. Cpennsist Benmnuuna 6puta B 1,4 pasa Bblile,
4YeM B MypPMaHCKUX IpUOpexkHbIX Boaax (Tadi. 2). Cpennee 3Hadenue unjekca lllennona
cocraBwio 2,76+0,11, BeipaBHenHoctu [Iueny — 0,60+0,02. Bapuauuu 4ucieHHOCTH
300IUIaHKTOHA OBIJIM TECHO CKOPPEJIUPOBAHBI C reorpaduuecKuM MoJIOKEHHEM CTaHLINH,
MIPUIOHHOW COJICHOCTBIO, KOHLIEHTpaLUel (PUTOIUIAHKTOHA B TIOBEPXHOCTHOM U IPHJIOH-
HOM cJosiX (Bio-Env-ananus, r = 0,882).

300MJIaHKTOH 0apeHLIeBOMOPCKOM BOAHOW Macchl. Beero BoisiBIeHO 57 Takco-
HOMHYECKHX TPYII, U3 HUX — 37 BUAOBOro ypoBHs. O0IIast YMCIEHHOCTh 300IUIaHKTOHA
BapbupoBana Mexay 33 1o 1425 sk3./M® (puc. 2), B cpeaHeM cocTaBiss 544+68 sx3./m°
(tabi. 2). [lo yuCIEHHOCTH MPEBATMPOBAIN BECIOHOTHE pakooOpasHble (Tabm. 2), Ha
JIOJIO KOTOpBIX npuxonuiiock 44,7-99,7 %, B ponu CyOZOMHUHAHTOB BBICTYIAJIU allleH-
JUKysipus (Tadi. 2). MaccoBeIME ITpeAcTaBUTENsIME cooltecTa 0butn Oithona similis
(33 %), mayrumuu Copepoda (17 %), Fritillaria borealis (12 %) u Pseudocalanus spp.
(11 %). CoBokynHas 6uomacca konebanacs B quanasone 0,2—19,8 mr cyxoit macchr/m®
(puc. 3) npu cpenneit Bemuunne 5,4+1,0 mr cyxoit Macesl/mM. [To Guomacce nuaupyroiee
TMIOJIOXKEHHE 3aHUMaJIH Konenoabl (Tadi. 2), cpeny KOTOphIX Npeo0iaiany NpecTaBUTeNn
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pona Calanus (43 %), naynmuu Copepoda (15 %) u Metridia longa (10 %). Cytounas
nponykuus u3MeHsuiack B uarepsaie 0,010-1,043 mr cyxoii Macchl/M%, ipu 9TOM cpej-
HsIsl BeJIMUMHA ObllIa MMHUMAJIBHON CPEIM BCEX PAacCMaTpPHBACMbIX THUIIOB BOJHBIX Macc
(tabn. 2). Cpennee 3HaueHue uaaekca lllennona cocrasmio 2,81+0,05, BElpaBHEHHOCTH
ITueny — 0,62+0,01. IIpocTpancTBeHHAs U3BMEHYUBOCTD YUCIEHHOCTH 300IJIAHKTOHHBIX
OPraHM3MOB HAWITy4IIUM 00pa3oM OOBSICHSUIACH BapHALMSIMU OBEPXHOCTHOM TeMIlepa-
TYpBI, @ TaK)Ke CPeJHUMH 3HAUCHUSIMH OO U Oromacchl (urorankroHa (Bio-Env-
aHamms, r = 0,684).

300M1aHKTOH apKTHYecKol BoaHOI Macchbl. Becero oOHapyxeno 39 takcoHo-
MUYECKHX I'pyHNH, U3 HUX — 27 BUIOBOTO ypoBHs. CyMMapHasi YHCIEHHOCTh 300-
IUTAHKTOHA M3MEHsIach B uHTepBaie 913-1611 sk3./mM® (puc. 2), npu cpenaHei Be-
arnunHe 1138+105 sk3./m° (Tabm. 2). [0 YUCIEHHOCTH TOMHUHHPOBAIU BECIOHOTHE
pakoobpazHbie (Tabi. 2), Ha A0JI0 KOTOPBIX Ipuxonmiock 83,5-98,3 %. MaccoBeimMu
MPEICTaBUTEISIMU co00IecTBa ObUTH HayIutiu konenon (56 %), Oithona similis (17
%) u Pseudocalanus spp. (12 %). O6mas 6uomacca BapbupoBaia ot 9,6 mo 23,1 mr
cyxoii maccel/m® (puc. 3), B cpeanem cocrasiss 15,8+1,5 mr cyxoit macesr/m®. 1o 6uo-
Macce JJOMHHUPOBaJHM BECIOHOTHE pakooOpasHble (Tabn. 2), mpu 3TOM HanOOJIBIINN
BKian otmedeH st Calanus glacialis (38 %) n naymmuii Copepoda (34 %). Cpenuss
IPOAYKIHS 300IUIaHKTOHA OblIa BhIIIE, YeM B 0apeHIIEBOMOPCKHUX Bojax (Tadi. 2),
Bapsupys ot 0,205 10 0,510 mr cyxoit macce/M® B cyTku. CpejiHee 3HAYEHHE UHIEKCa
lennona cocraBmio 2,20+0,15, BeipaBHeHHOCTH [Tneny — 0,45+0,03. Haubomnee BEI-
COKasi KOppeJssIys 0OMINs 300IUIaHKTOHA OblJIa OTMEUYEHA C TPEMS IEPEeMEHHBIMUA —
LIMPOTOH, IIPUIOHHOM COJICHOCTHIO M YUCICHHOCTh (PUTOMJIAHKTOHA B TOBEPXHOCTHOM
cioe (Bio-Env-ananus, r = 0,591).

ConocTaBieHne 300IUIAHKTOHA Pa3HBIX BOAHBIX Macc. CpaBHEHUE YHCIICHHOCTH,
OGroMacchl ¥ MPOLYKIUH OTASJIFHBIX TPYIII 300IIAHKTOHA TI0Ka3allo, YTO B PSJIE CiIydacB
HaOmonarorcst pa3nuus (Tadi. 2), Hanbosee BhIpaKEHHbIE IIPH CPaBHEHUH BOIAHBIX Macc
FOXKHOH M CEBEPHOM dacTell paiioHa mccienoBaHus. [1o oOmeil YucIieHHOCTH 300IUIaH-
KTOHA 3HAYMMBIX Pa3JIMYMi HE BBISBIEHO (Tadi. 2), TOraa Kak 1o Ouomacce M CyTOYHON
NPOAYKIMH TPOCIEKHUBAINCH OTINYUS JUIS BEIMYUH, OTMEUECHHBIX B 0apeHIIEBOMOPCKUX
BOJIaX, NIPU COIOCTABJICHUH C APYTMMH BOJHBIMH Maccamu (Tabi. 2). OCHOBHBIE 3aKo-
HOMEPHOCTH B paclpe/elICHHH 300IUIaHKTOHA COCTOSUIM B YBEJIWYECHUH OOWIMS C [OTa
Ha ceBep. J[ist OTIENBHBIX TPYII 300IUIAHKTOHA BBISIBICHBI CIENYIONINE TEHACHINH:
B MyPMaHCKHX NPUOPEXHBIX BOJAaX OOIIasi YHCICHHOCTh KOIENo/ Obula MUHUMAIBHOM,
TOT/Ia KaK B apKTHYECKUX — MaKkCUMaybHOH. HanOoubime 3HaueHns oOmius aBday3una
Y alIeHAuKYJISIpyUil ObUIN BBISBICHBI B 0apEHIIEBOMOPCKHX Bozax. Jist GnoMacchl U mmpo-
JYKIMHU 300IUTaHKTOHA KapTHHA pacrpezeieHus Oblia HHOM: B ciIydae KOIeno MaKCUMyM
PETUCTPUPOBAIM B amIAHTUYECKUX BOJAX, 3B(ay3uu] — B MYPMaHCKHX NPHOPEKHBIX
BOZIAX, THIICPUH]I U AINICHIUKYSIPUA — B apKTHYECKHUX.

Pacnpenesienne 3amaca 300IUIaHKTOHA. BRICOKHE KOHLIEHTPAIMH 300IIJIaHKTO-
Ha OBIIM NMPHYpOUYEHBI K I0r0-3aIlaHOM YacTH MCCIIeyeMOl aKBaTOPHH, IIle CPEIHss
Oouomacca gocturaia 6-8 r cyxoi mMaccel/M? (Tabi. 3), uto skBHBajgeHTHO 180-280 Mr
cbIpoii Macce/Me. Mexay 74 u 77° c.u1. oTMedeHa HU3Kasi HHTerpanbHas duomacca —
MeHee 2 T cyxoit Maccel/m? (Meree 80 Mr chipoii Maccel/M®). B ceBepHOil yacTu paiiona
HCCIIEN0BaHMI KOHIIEHTpaIHs OblIa BBILIE, JOCTHras 2 T CyXoi Macchl/M? (okoso 100 Mr
coipoii Maccel/m®). OOmiast BelNMYMHA 3amaca 300IUIaHKTOHA MPEBbILIANa Ui BCeH Hc-
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clleoBaHHoi akBaropu (twromanp 281 Teic. kM2) 740 ThIC. T CyXOH Macchl, 4TO COOT-
BETCTBOBAJIO MPUMEPHO 4 MIIH T. CBIPOM MacCBhl.

OBCYXJEHHE

C xonma 1990-x rT. B ApKTHKE PETUCTPUPYIOTCS MPOLECCH MOTEIUICHNS, YTO BHI-
3BaJIO MMOBBILICHUE TeMIIepaTypsl Bojbl B bapeniieBom mope [38]. AHOMaJIBHO TEIUIBIM
6b1u1 2006 T, 3aTeM MPOU3OIILIO HEKOTOPOE CHIKEHHE TeMmIieparypsl Bobl. [lo cBoum
THAPOJIOTHYECKUM XapakTepucTtukaM 2013 . Takke MOXHO OTHECTH K KaTEeTOpUHU aHO-
MaJIbHO TerbiX JeT [12, 39]. CpaBHeHUE CO CPEeIHEMHOTOJIETHUMH MOKa3aTelsIMHU,
paccunTaHHBIMU A nepuona 1952-2001 rr. [38], monTBepamio, uro B 2013 r. B mo-
BEPXHOCTHOM CJIO€ TeMIlepaTrypa BOJbI Obljia BbBIIIE, YeM B YMEPEHHBIC U XOJIOJHBIC
TOJIbl, YTO CBUJICTEIHCTBOBAJIO 00 MHTEHCUBHOM MPUTOKE TEIUIBIX aTIAHTUYECKHX BOI
B bapeHueBo mope.

Ce3oHHast TMHaMKKa (UTOIUIAHKTOHA B bapeH1ieBoM Mope CyIIeCTBEHHO 3aBUCHT OT
THUIIa BOJHOW Macchl U reorpadguyeckoro nojaomkeHus. Tak, B CyOapKTHYECKUX MPUOPek-
HBIX (MypMaHcKkasi npuOpeskHasi BolHasi Macca) U 1enb(OBbIX (aTJaHTHUeCKash BOJHAS
Macca) 3KOCHCTeMaX BCIBIIIKA YHCIEHHOCTH U OMOoMacCchl MUKPOBOAOPOCIIEH OTMedaeTcs
B BeceHHH# niepuon (o 1-2 mutH i/ 1 10 1-3 /M%), mociie Yero K HIOHIO—HIOII0 KOH-
HeHTpaiys (UTOIIIAHKTOHA CYIIECTBEHHO cHUKaeTcs [40]. B ceBepHBIX U IIEHTpaJIbHBIX
patioHax Mops (apkThdeckas U OapeHIIEBOMOPCKasl BOAHBIE MACChl) TIEPBBI MAaKCUMYyM
(UTOIUTAHKTOHA TAK)Ke OTMEUYaeTCsl BECHOM, HO MO3/HEee, 1IBETEHUE MPUYPOUCHO K TPH-
KpoMouHbIM 30HaM. [Toka3arenu 6romacchl (PUTOIIIAHKTOHA, OTMEUEHHBIC B HIOHE—HIONIE
2013 r. B 11e710M OBLIM BBIILE BEJTMYHH, KOTOPbIe OOBIYHO XapaKTepHBI [Uisl JeTHe! (a3bl
cOanancupoBaHHOTO pa3sutus duromiankrona (20—100 mkr/i) [40], 4TO CBUAETEIBCTBO-
BaJIO O OJIATOTNPHUSTHBIX KOPMOBBIX YCIOBHUSX JJISl 300TIAHKTOHA.

XapakTepHOil 0COOCHHOCTBIO 300IUIAHKTOHHBIX COOOLIECTB IKHOW 4yacTu ba-
peHileBa MoOpsi sBJsieTCs Mpeobiasanue 0opeajbHbIX BHOB, KOTOPbIE MOCTYHAIOT U3
CeepHoil AtnanTtuku ¢ BonamMu Hopaxkanckoro tedenus [1, 10]. Haubonpmuit BkIan
B OMOMAcCy 300IIaHKTOHA BHOCHUT BecsioHOTHi padok Calanus finmarchicus [3, 4, 8, 25].
Hamwu uccnenoBanus Takke Mokasaid JOMHUHHPOBAHHE YKa3aHHOTO BHJa B 00Iel
o6uomacce. Ilo yucieHHOCTH, KaK MpaBuiIo, npeobdiamgaet menkas koremnona Qithona
similis, oqHaKo ee oOWIIMe JOCTUraeT MakCUMyMa OJIMKe K CepelHe JIETHETO neproja
[29]. B GapenmeBoMOpCcKHX Bomax B Oojiee MM MEHEE PaBHOW CTCICHH MpEACTaBIIe-
HBI OOpeasbHbIC U apKTHYECKUE BHJIBI, TOTNA KaK B XOJIOJHBIX BOAAX Ha CeBEpe MOps
JIOMUHUPYIOT apKTUYecKue BUMbl, B yactTHoctu Calanus glacialis [1, 10, 11, 41], uto
MOATBEPAUIIO U HAIlE UCCIICTOBAHUE.

Bunoroe pasHoobOpasue ciaraeTcsi U3 abCOTIOTHOIO YUCIa BUAOB (BHIOBOTO 00-
rarcTBa) U BBIPABHEHHOCTH BHOB 0o obmiuio [42]. PasnooOpasue coobinecTBa TeM
BBIIIE, YeM OOJIblIEC BUIOB OHO B ce0s BKIIOUACT U 4eM OoJiee BBHIPABHEHBI 3TH BHJIbI
koinyecTBeHHO. Hanbonee mupoko ucnomns3yetcs nuaekc lllenHoHa, KOTOpHIi H3MepsieT
pa3HoobOpa3ue coolIecTBa B cpeqHeM Ha ofHy oco0b. MHaekc [Inery (Mepa BeIpaBHEH-
HOCTH) MPEJCTaBIsieT OO0 OTHOIIEHHE (PAaKTHYECKOTO pa3HOO0pas3Hs K TEOPETHUECKU
MaKCHMaJIbHO BO3MOXKHOMY IIpH JaHHOM unciie BuoB [43]. Takum oOpa3om, 4eM BbilIe
o0a rmoka3zare’isi, TEM BbIIIE KOJUYECTBO BUIOB B COOOIIECTBE M TEM OJIMIKE MX KOJIH-
4yecTBa JPYr K Apyry. B apkruueckux Mopsix cooOlnecTBa, Kak NpaBuiio, OTIMYAI0TCS
HEBBICOKMMH 3Ha4eHUsIMH UHJeKca [lleHHOHa 1 BBIPABHEHHOCTH, MOCKOJIbKY JTOMUHH-
pyroT He Oonee 2—3 BUIOB, a JA0JS OCTAIBHBIX NpeIcTaBuTeNe HeBenuka [1, 3, 9, 25].
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Pa3zHoo0pasne 300MIaHKTOHHBIX COO0IIECTB, KOTOPOE OLIEHUBAIH IPH TOMOIIH HHJEKCa
[Ilennona, B 2013 1. B 1e710M OBIJIO HECKOJIBKO BBIIIE, YEM OTMEUEHO paHee B JeT-
HUU Tepuox (MeIuaHHbIe 3HaYeHHs 1,68 B apKTHYECKHUX BONaX, 1,76 B aTIaHTHYICCKUX
u 2,05 B apkTrueckux) [25]. [TomoOHOE pa3nuune MOXKeET OBITH CBSI3aHO C Pa3HUICH BO
BpeMeHH 0TOOpa MpoO0: B MpPEACTABICHHON paboTe MCCIeOBaHUSAMHI OBLIO OXBAau€HO
HayaJo JIETHETr0 CE30Ha, TOTNa Kak Oojee paHHHME OLEHKH [25] ObUIM MONTyYeHBI B OC-
HOBHOM /JIs1 KOHIIa JieTa (aBrycT—CeHTA0pb). M3BecTHO, UTO paHH:S CyKIECCHOHHAs
(haza 300MIaHKTOHA OTIAMYAETCS OOJIBIINM BHIOBEIM OOTaTcTBOM M pa3HOOOpa3ueM 3a
CYeT IMPHUCYTCTBHSI MEPOIJIaHKTOHA, a ONMKe K CepelrHe W KOHILY JIeTa OTMEYaeTcs
cHkeHue unjaekca lllennona [1].

BMmecre ¢ TeM CTOUT OTMETHTH, YTO COOOIIECTBA aPKTHUECKHUX M aTJIAaHTHIECKHUX
BOJ OTIMYAJIUCH IO JOJIE HAYMJIUEB U MOJIOAY KOIEMO: Ha CEBEPE BKJIA] IOBEHUIbHBIX
CTaJNH BECIOHOTHX PAavyKOB B OOIIYIO YHCIEHHOCTD OB CYIIECTBEHHO BHIIIE, YEM Ha
tore. [lonmy4eHHbIe pe3yabTaThl CBHETEILCTBYIOT O TOM, YTO YKa3aHHBIE cOO0IIeCcTBa
HaXOJMIINCh HA PAa3HBIX CTAIUSIX CYKIIECCHOHHOTO IMKJIa — BECEHHEH (B apKTHYECKUX
BOJIax) M JIETHEH (MypMaHCKHe pUOpEXHbIE U aTiIaHTHYecKHue Boabl). st 6apenie-
BOMOPCKHX BOJI OBIJIO XapaKTepHO IepexonHoe cocrosiHue. [logoOHas 3akOHOMEpHOCTh
B IIHPOTHOM M3MEHEHHHU COCTaBa 300ILTAHKTOHA ObLIa oTMedeHa panee [3, 4, 10],
OHa CBsSI3aHA C MPOCTPAHCTBEHHON M3MEHYMBOCTBIO IPUPOAHBIX yCIOBUN bapeHnesa
mops [25].

CyMmMapHasi cpeJJHsIsI YNCICHHOCTh M OroMacca 300IUIaHKTOHA B JIETHHH NEpHOJ Ha
FOre MOps JIOCTHI'alOT HECKOJNBKHX ThICAY 9K3./M° u 200600 Mr chipoit Maccs/mM3, mpu
9TOM B aTJIAHTHUYECKOW BOJHOM Macce KOHIIEHTpAIHs 300IUIaHKTOHA 00bI9HO Bhimie. Co-
nocrasieHne Hamux BenuuuH (127-158 Mr ceipoii Macchl/M®) OKa3bIBACT, YTO B LIEIIOM
KOJINYECTBO 300IUIaHKTOHA B 2013 T. OBUTO CYIIECTBEHHO HIDKE, Y€M OTMEUEHO paHee JUIs
LIEHTpaJIbHBIX palioHOB bapennesa mopst [41, 44]. CxonHas KapTUHa OTMEYEHA U IS Ipy-
T'MX BOJHBIX Macc. B 4acTHOCTH, B apKTHYECKHX BOJIaX CPEeHsIs OoMacca JISTOM B TeTUIbIe
rozel cocrasisteT g0 800-1300 mr ceipoit Macce/M® [11, 24]. B Hameit pabore cpemnsis
Guomacca paBHsuiach 80 MI ChIPOI MacChl/M® B apKTHIECKUX BOAAX M 34 MT CBIPOW Macchl/
M® B GapeHIeBOMOPCKUX Bomax. B aBrycre—okrssope 2013 r. unTerpaibHas Guomacca 30-
OIUTAaHKTOHA B IOKHBIX paiioHax bapeHrieBa Mopsi ObLIa COIIOCTaBUMOM C HaIllMMU JTaHHBI-
MU JJIs HIOHS—HIost (3-8 T Cyxoif Maccel/M?, B CpeIHEM 5 T CyXOil Macchl/M?), COCTABIISL
2-6 1 cyx0if Maccel/M?, a Ha ceBepe KOHIIEHTPAIUH OBbLIH €IIe BbIIIe, B HEKOTOPBIX pafoHaxX
npesbimias 10 T cyxoit Maccs/M? [41]. B mestom, 1o HammM orieHKaM HHTerpaibHas OrnomMacca
B apKTHYECKHUX BOZaX BapbupoBaia oT 1 no 11 r cyxoil Maccel/mM? IpH CpefiHeli BeInUHHE
7 r cyxoii Maccbl/M2. [1o00HBIE CE30HHBIE OTIMYMS BO MHOTOM CBSI3aHBI C CYKIIECCHEH
300mIaHKTOHa. Ha ceBepe mik OHMoMacchl HACTYTIAeT MO3/IHEE, U B aBTYCTE COCTOSHHE CO-
o0IecTBa TaM 4acTo XapakTepu3yercs Kak BeceHnee [10, 25].

Kax n B Oonee paHHMI IepHoJ, OCHOBY OMOMacchl B KOHIIE JIETa — Havajle OCeHU
COCTaBJISUTH KOIIETIOZBI, Ha JIONIO0 KOTOPHIX B CpeJHEM Ipuxoamnoch donee 60 % obmieit
O6uromMacchl 3001uTaHKTOHA. [Ipy 3TOM B apKTH4ecKHX Bozax I0 OMomacce MpeBaIupoBall
Calanus glacialis, a B ipuOpexXHBIX 1 aTnanTHdeckux Bopax — C. finmarchicus [45].
B nenom Onomacca miaHkToHa OblTa HHXKE, YTO, BEPOSITHO, MOXKHO CBS3aTh C Oojee Xo-
JIOAHBIMH YCJIOBHSIMH MPEIBITYLIETO TOAA.

®DaxTophl BHEIIHEH Cpe/bl OKa3bIBAIOT BRIPAKEHHOE BIMSHHUE Ha KOJeOaHUs 30-
OTUTAHKTOHHBIX coobmiecTB bapenmera mopst [10]. B mpocTpancTBeHHOM MaciiTabe
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BaXXHYIO POJIb UTPAIOT THAPOJIOTMYECKUE YCIOBHS U JOCTYITHOCTh KOPMOBBIX PECYPCOB.
JlefiCTBUTENBHO, IPU OMOILIU BioEnv-aHann3a Mbl BBISIBUIM, YTO paclpeaeacHue 300-
IUTAHKTOHA OBUIO TECHO CBSI3aHO C OKCaHOJIOTHYECKMMHU (DaKTOpaMy W KOHIIEHTpaIuen
(UTOIIIaHKTOHA.

MesxrogoBble KoneOaHUs 300IMIaHKTOHA bapeHrieBa MOpsi BO MHOTOM CBSI3aHBI
¢ KkauMarnyeckuMu Quykryanusmu [1, 9]. Panee Oblno 1mokazaHo, 4TO IOBHIIICHHE
TeMIEePaTypsl BOABI MOJIOKUTEIBHO CKAa3bIBA€TCSI HAa KOJMUYECTBEHHBIX MOKAa3aTeIsux
300IIJJaHKTOHa — B TEIUIBIE T'O/IBI CyMMapHas OMomacca 300IUIaHKTOHAa 3HAaYMTEIbHO
BEINIE, YeM B XonomHbie [7, 9, 13]. C yuyeToM 3TOro MOXKHO OBLITO OXKHIATh BHICOKHMA
YpOBeHb OMOMacchl M 3araca 300IuiaHkToHa u B 2013 1., gero, onHako, He HaOIIOa-
nock. Ckopee Bcero, HU3KUE ITOKa3aTeId Me30300IIJIaHKTOHA 00YCIIOBIICHBI IIPECCOM CO
CTOPOHBI XUITHUKOB, OCHOBHBIMHU M3 KOTOPBIX SIBIISIFOTCS PHIOBI-TUIAHKTO(hArn 1 MOJIOAb
npounx pbi0. s MakporiaHkToHa (3Bday3uuabl, THIEPHUNBI, TPEOHEBUKH) TaKKe
B)XHO XHWIIHUYECTBO B3POCIBIX JIOHHBIX PBIO (TpecKa, MUKIIA) U HEMPOMBICIOBBIX PHIO.
OCHOBHOH OTPEOUTEINb 300IUIAHKTOHA CpeaHeN pasMepHO (pakuny (B OCHOBHOM KO-
nerio) B bapernesom Mmope — 310 MoiiBa. Haumnas ¢ 2005-2007 rr. mpon3zonuio pesxoe
YBEIMUYEHUE 3a1aca MOMBBI 0 ypoBHs 3,5—-3,9 MIIH T, IPHU 3TOM OYEPETHOE MOKOJIEHHE
2012 r. 6bUTO pEKOPAHBIM IO YnciIeHHOCTH mocie 1999 1. [39]. C yyeToM npuBeIeHHBIX
JTAHHBIX MOXHO NPEAINOI0KUTh, YTO OCHOBHOM MPUYMHON PE3KOT0 YMEHBILIECHUS KO-
YeCcTBa 300IUIAHKTOHA CTAJI0 €T0 BhIEJaHWEe PHIOAMH, UTO COIVIACYETCS C Pe3yNbTaTaMH
Oonee paHHUX uccieqoBanuii [4, 10, 11].

CHmkeHne 6noMacchl 300IUIAHKTOHA CKa3alloch U Ha €ro MpoAyKIuy. Tak, Mo HalmMm
oneHkaM, B Temisle 2006-2007 rr. B 1ookHOM yacTu bapeHrieBa Mops B JIETHUI NEPHOX
(MIONB—aBryCT) Cpe/IHssl CyTOUHAs IPOAYKIUS cocTaBisiia 1,258 mr cyxoit maccer/m® [24],
aB 2008 r. — 3,589 mr cyxoii Macce/M® [25], 4To IpEMepHO B 2—6 pa3 BhIIIE, YeM JIETOM
2013 r. Uro xacaercs apKTHUeCKHX BoJ, TO B 2013 T. cyToYHas NpoyKIus Oblia MpUMEpHO
B 10 pa3 ke, uem B 2006-2007 rr. [24]. Ha Ham B3misiz, 5TO CBSI3aHO C JIBYMS OCHOB-
HBIMHM IpUYMHAMH. Bo-TepBhIX, omIMYannuch cpoku coopa Marepuana. B 2006-2007 rr.
300IITAHKTOH OTOMpAJTH B aBrycTe, KOIia coo0IecTBO ObUIO O0sIee 3penbiM, JOJIsI CTApIINX
KOIICTIOANTOB ObLiIa CYIIECTBEHHO BEIIIE, 4YeM B uioHe 2013 r. Bo-BTophIX, 2006 T. OTHO-
CUJICS K KaT€rOpUU aHOMAJbHO TEIUIBIX, YTO YCKOPSUIO pa3BUTHE 300IJIAHKTOHA U BEJO
K YBEJIMUCHHUIO OOIIei POyKIHH.

BbIBO/IbI

Coo01ecTBa 300IUTAHKTOHA MyPMAaHCKOW MPUOPEKHON U aTITaHTUYCCKOW BOTHBIX
macc bapenuera mops nerom 2013 1. oTIMYaNKCh BRICOKMMH MOKa3aTEIsIMU Pa3HO-
00pa3usi. BEISBICHBI MTUPOTHBIC OTIUYMS 110 KOJUYCCTBEHHBIM MTOKA3aTENIIM OCHOBHBIX
TPYII 300IUTAHKTOHA, KOTOPBIC HAMOOJIEee YeTKO OBLTH BBIPAXKCHBI ISl OMOMACCHl U CY-
TOYHOH TPOAYKIUHU Komenoa. [IpocTpaHCTBeHHBIC BapHAIlUK 300TUIAHKTOHA OBLITH TECHO
CBSI3aHBI C TUAPOJIOTHYCCKUME (PakTopamu (TeMIIEpaTypa BOIBI U COJICHOCTH), & TaKXKe
C KOHIICHTpanuer gurorankrona. Haubompiime 3Ha4eHUS IPOIYKTUBHOCTA OTMEYCHBI
B MpeJeliaX aTIaHTHYSCKON BOAHOM MacChl, MUHUMATbHBIC B 0apEHIICBOMOPCKHX BOIAX.
OO6mas OuoMacca W CyTOYHAsI TIPOMYKIIHS 300IIAHKTOHA OBUTH CYIICCTBEHHO HIKE IO
CpaBHEHUIO C OoJiee paHHUMH HCCIICIOBAHUSAMU, YTO OBUIO CBS3aHO C OOJiee XOIOAHBIMH
yenoBusimu 2013 1. 1 OoJiee BBICOKMM ITOTEHIIUAEHBIM IIPECCOM CO CTOPOHBI OCHOBHBIX
moTpeOuTeNeH TIaHKTOHA.
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Summary

The total content of mercury was studied in marine water, sediments and benthic organisms in
Billefjord, Isfjord and Gronfjord (Western Spitsbergen) in 2017. The samples were collected between
21 and 24 of July 2017 on-board RV “Dalnie Zelentsy” of Murmansk Marine Biological Institute.
Total mercury content was measured at chemical-analytical laboratory of the Russian Scientific Center
on Spitsbergen in Barentsburg.

Total mercury concentration in the water did not exceed 10 ng/l in all fjords. In the surface sediments
the highest concentrations of total mercury were found in Isfjord (median 55 ng/g d.w.) while the Billefjord
sediments were characterised by the lowest concentrations (median 10.4 ng/g d.w.). This fact might reflect
the differences in water circulation and therefore sediment accumulation peculiarities.

Total mercury data were obtained for benthic organisms of various feeding modes. Generally
mercury levels were comparatively low (median 12.2 ng/g w.w.), however the highest concentrations
were measured in the benthic fauna of Isfjord, specifically in polychaetes Maldania sarsi (max.
Citation: Lebedeva N.V., Fateev N.N., Nikulina A.L., Zimina O.L., Garbul E.4A. Mercury in components of
ecosystems of Western Spitsbergen fijord in summer, 2017. Problemy Arktiki i Antarktiki. Arctic and Antarctic
Research. 2018, 64, 3: 311-325. [In Russian]. doi: 10.20758/0555-2648-2018-64-3-311-325
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49.2 ng/g w.w.). Mercury accumulation in benthic organisms predominantly depended on their trophic
level in the ecosystem and location in the fjord: benthic detritus feeders accumulate more mercury
(median 25.0 ng/g w.w.).

Hocmynuna 15 urons 2018 a. Ipunsama x neuamu 29 aszycma 2018 2.

Kmiouegvie cnosa: 6enroc, brne-bwopa, [péu-dpopa, noHHbIe oTIoNKEH!S, M c-Qpop, TeTHMi
HepHo, MOpPCKas BOJa, pTyTh, 3anaxHbli [Inmundepren.

BrImonHeHO HneceoBaHue CoiepykaHus PTYTH B BOJIE, JOHHBIX OTIIOXKEHHSIX M OSHTOCHBIX OpraHH3-
Max B 3aymBax bre-dropr, Uc-dpopn u ['pén-dropx (apx. [mmmbepren) B nroe 2017 r. Coneprxanme
PTyTH BO BCex 00pasnax (Boja, JOHHbIE OTIOKEHUSI X OMOIOrHIecKie OOBEKTHI) ONPEENSUIH B XUMHKO-
aHAJIMTHYeCKOH Jlaboparopry Poccuiickoro Hay4qHOTro neHTpa B oc. bapennOypr Ha apx. [lImumbepren.
Konnenrparmst prytn B Bogax 3amiBoB bume-dropn, He-dpopn u ['pén-dropn Osuta Menee 10 Hr/m.
B noBepXHOCTHOM CJI0€ TOHHBIX OTIOKEHHIT CaMmble BBHICOKHE BAJIOBBIE KOHIICHTPAIMH PTYTH OBLIH
orMeuens! B Mc-dropre, a HanMeHbIme B brte-dropne. AkkyMyanpoBaHue pTyTH B THAPOOHOHTaX
OBIITO CBSI3aHO C MX TPO(IIECKNM YPOBHEM B SKOCHCTEME U JIOKaJM3aIme Bo ppoprax. PTyTs B Gombieit
CTETICHH aKKyMYJINPOBAIH OEHTOCHBIE OPTaHU3MBI IETPUTO(ATH-TPYHTOEIIBL.

BBEJEHUE

PTyTh U ee coeMHEeHNs SIBIISIFOTCS] OTIACHBIMU SKOJIOTMUECKHMHU TOKCHKaHTamHu [1, 2].
Ha ¢opmupoBannn ypoBHel coiepskaHusi pTYTH B IPUPOIHON cpefie APKTHKH CYLIECTBEHHO
CKa3bIBAIOTCSI OTXO/IbI IIPOMBIIIIEHHBIX 00BEKTOB M TPAHCTPAHUYHBIN arMOC(hepHbIii IIEpeHoC
TOKCHKaHTa [3—6]. VI3y4eHnI0 MUTpaIliK PTYTH U €€ COSANHEHHUH MOCBAIIEHO TOCTaTOYHO
MHOTO HCCJICJOBaHHI B 3TOM MOJIIpHOM perroHe [7—13]. [loka3aHo, 9To MOpCKHE OpraHiu3MbI
CIIOCOOHBI aKKYMYJIMPOBATh COCIMHEHHSI PTYTH B opraHax u Tkassx [10, 14-23]. Pryts — onun
U3 HEMHOTHX TSDKEJIBIX METaJIIOB, KOTOPBIi HAKAILTMBACTCS IO THUIIEBOI LieNH OT (PUTOILIaHKTO-
Ha JI0 MOPCKUX MIICKOMUTAONINX [24]. KitroueBbiM (hakTopoM, OMpeIessTIONnMM KOHIICHTPALIHIO
PTYTH B OHOTE, SIBJISETCS] KOHIIEHTpALUs METUIIMPOBAHHOM (OPMBI PTYTH B cpefie, KoTtopast
KOHTPOJIUPYETCSl OTHOCHTENBLHON 3(D(hEeKTUBHOCTBIO IPOLIECCOB METHIINPOBAHNUS U IEMETHIIN-
poBanus [25]. K BbICIIMM 3BEHBSIM MOPCKHX TpOoUUecKuX Lernei (ppidam, NTriiamM, MOPCKUM
MJICKOITUTAIOIINM, YEJIOBEKY) TOKCHUECKHE METaJIbl MOTYT MOCTYIaTh OT OEHTOCHBIX Opra-
HHU3MOB, BXOJISIIIMX B COCTaB MUIIEBBIX LIETEH MOPCKOM dKOCHCTEMBI [8, 18, 26].

B nocnenaue roapl BHUMaHUE YAETIAETCS HE TOJIBKO 3arpsA3HSIONIMM BEIIECTBAaM, IO-
CTYTAIONIUM B APKTHKY M3 JPyruxX parioHoB 3emin [27], HO ¥ JTOKaIbHBIM UCTOUHUKAM
3arpsisHeHuit [28]. IHTepecHbIM MOZIEITbHBIM 00BEKTOM MOXKET ObITh apX. IlImundepres, rae
MIPE/ICTABJICHBI PA3JIMYHBIC BHUBI AHTPOIIOTEHHOTO BIIHSHUS HA NPHPOAHBIE 3KOCHUCTEMBI:
yIIe00bIBAIOIIME IAXThI, IOCENIKU C Pa3BUTON WH(PACTPYKTYpOH, B TOM YHCIIE TEILIO-
AIEKTPOCTAHIMK HA YTOJIBHOM TOIUIMBE, CBAJIKH M HOJIUTOHBI, PACTYILE IIOTOKH TYPUCTOB
u rpy30B. Bee 310 dopmupyer Ha apx. LllnunbepreH jokanbHble HCTOYHUKU 3arpI3HEHHS
[28]. B cBs3u ¢ 3TMM HHTEpeC MPENCTaBIsIeT U3yUeHHE CONEPKAHUS PTYTH B KOMIIOHEHTaX
MOPCKHUX 3KOCHCTEM 3aJIMBOB, PACIOJIOMKEHHBIX OJIM3KO K roceskam. Mc-hbpopa — KpynHbIii
3aJIMB, B CHCTEMY KOTOPOTO BXOIAT 60Jiee MEJIKOBOIHBIE 1 MEHBIIHUE TI0 ILTOLIAN 3aJIHBbI
bumte-¢ropa u Ipér-ppopa. 3mech pacnonoKeHb! KPYIHbIC OCEIKH apxuiiesara: JIoHriup-
oOroeH, bapennOypr u [Tupamuna (B HacTosiLiee BpeMsl 3aKOHCEPBHPOBAH).

Takum 00pa3oM, HcClieIoOBaHHE CONIEPKAHMS PTYTH B Pa3IMYHBIX KOMIIOHEHTAX ap-
KTHYECKUX IKOCHCTEM, aHAJIN3 HCTOYHHUKOB U IyTeH X MUTPAIMU IPEJICTABISIET BAXKHYIO
3a/ady, pelIeHue KOTopoil OymeT crmocoOCTBOBATh BHIPAOOTKE PEKOMEHAANUN C IIEIBIO
MUHHMHU3ALUH TTOCIEACTBUHN 3arpsi3HEHNs PTYThIO s 3xocucteM [lnunbeprena u Ha-
cenenus apxurnenara. Kak nokasanu Hamm ucciienoBanus B 3anuse [ pén-¢ropa B amperne
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2016 r., BayOBast KOHIIGHTPALMS PTYTH HapacTaia B )KUBBIX OpraHU3Max C BO3pacTaHHEM
TPO(HUUIECKOTO YPOBHS, TOTA KaK B MPHOPEXKHBIX MOPCKHUX BOJAX COAEpKaHUE dJIEMEHTa
ObUTO HMKE YpOBHS ompexaeneHus [29].

Lenp naHHOM IMyOIMKAIMK — aHAIN3 CONEPKAHUS PTYTH B BOJIE, JOHHBIX OTIIOXKE-
HUsX u OeHTOCe B 3amuBax bumre-gropna, Uc-dbvopa u [pér-dropn (apx. [nundepren)
B jeTHui nepuon 2017 r.

MATEPHUAJI 1 METO/IbI

B nanHoit pabore mpejicTaBieHbl pe3yJabTaThl COBMECTHBIX HCCiIeqoBaHUi Myp-
MaHCKOro Mopckoro ouonorudeckoro ucturyra (MMBU) 1 Apkrudeckoro u aHrap-
KTHYECKOT0 Hay4YHO-HCCIenoBareabckoro nHeTuTyTa (AAHMN) no u3ydeHuo Murpaim
9KOJIOTMYECKHUX TOKCMKAHTOB B dKocUcTeMax 3anuBoB llInundeprena.

OT100p mPpo6 MPUPOTHOI BOMBI, JOHHBIX OTIOKCHUN 1 OCHTOCHBIX OPraHU3MOB OBLI
BbINONIHEH Ha apX. [lInmunbepren 21-24 urons 2017 1. ¢ 6opra Hay4YHO-HUCCIIEI0BATENHCKOTO
cynaa (HUC) «/lanpaue 3enennp» cnenuanuctamu MMBU n1 AAHNU. Pacnionoxxenue
CTaHLMH MPeICTaBICHO Ha puc. 1.

Puc. 1. Kapra-cxema Touek orb6opa npo6 B 3anmBax bumie-¢ropa, Mc-dropa u I'péu-dropn 21-24
utonst 2017 ., peiic HUC «/lanbaue 3eneHubn.

KpaCHI)IC TOYKH — CTaHIIUH 0T60pa Hp06 BOIBI, TOHHBIX OTJIOKCHHH 1 6CHTOCa; CHHHC TOYKH — CTaHIIMU OT-
6opa mpob BoIbI

Fig. 1. Location of sampling stations in the Billefjord, Isfjord and Grenfjord, July 21-24, 2017, the
cruise of RV “Dalnie Zelentsy”.

Red dots mark stations where water, bottom sediments and benthos were sampled; blue dots mark only water sampling
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OToOpaHO W TpoaHaTH3UpPOBaHO 39 mpoO BoAbI, 12 MpoO MOHHBIX OTIOKCHHUN U3
3anuBoB brte-propa, c-dpropa u ['péu-dropa. [1o nBe mpoOsl Boas! ObUTH 0TOOpaHBI
C MIOBEPXHOCTHOTO, TPUAOHHOTO TOPU30HTOB, a TAKXKE U3 TOJILIU BOJBI HA KAXKI0H CTaHIHU.
JloHHBIE OTIIOXKEHUSI OTOMpaNIUCh U3 TOBepXHOCTHOTO ciost (0—5 cM) Bo Bpemst oTOopa
OeHToca ¢ TiryouH ot 86 (cT. 67) mo 240 M (cT. 68), B cpenHeM ¢ mIyOMHBI 166 £ 2 M.
[IpoOs1 6enToca oTOupany n3 nHouepnarens Ban Buna, pa3mMbIBas MOPCKO# BOZOM TPyHT
Ha pelneTKe MPOMBIBOYHOTO CTOJIa. BRIOMpany KpyIHBIX KHUBOTHBIX, (OPMHUPYS 00pa31ibI
B TaKOM KOJIMYECTBE TIOBTOPHOCTEMH, CKOJIKO OBLITIO HEOOXOAMMO IJIsl HAOOpa JOCTaTOYHOTO
KomgecTBa Marepuana. OnpeneneHne OEHTOCHBIX OpraHu3MoB BeimonHeHo O.J1. 3uMHUHOI.
Bunosyro npunamiexxHocTs nonuxet onpenensid no M.A. XKXupkosy [30], MOIIIOCKOB,
UroKokuX cunyHkynun u ap. no H.C. I'aesckoii [31].

ConepkaHue PTYTH BO BCeX 00pas3nax BOABL, JOHHBIX OTIIOKEHHH M MOPCKHX TH-
JPOOHMOHTOB OIIPEAEISUIN B XUMHUKO-aHAIMTHIECKON JTabopaTtopun Poccuiickoro HaygaHOTO
neHTpa B oc. bapernOypr Ha apx. [lInmundepren (PHLIII). [IpoOkr MOpcKot BOABI OBLITH
MIpe/IBapUTENHFHO 3aKOHCEPBUPOBAHBI ITyTeM J00aBJIeHHs 1 MJT KOHIEHTPUPOBAHHOM a30T-
HOHM KUCJIOTHI ¥ 1 MJI pacTBOpa NepMaHranara kaius Ha kaxasie 200 mit oOpasma. O0pasisl
HE KOHLEHTPUPOBAIIUCH, PTYTh B BUJE IAPOB U3MEPSIIH HAIPAMYIO.

Ocazku Ha MATH CTaHIUAX B 3aimBax Mc-¢ropa u ['pén-dropa npencrassimm coboit
AJIeBPUTHI C HE3HAYUTEIIBHBIM KOJIMYECTBOM MEIKOTO MECKA, JIETKUE IIMHUCTHIE OCAIKU
XapaKkTepu30BaJi cTaHuio 51 B 3anuBe bruime-¢dropa. s onpeneneHns KOHIEHTPALUH
PTYTH B JOHHBIX OTJIOKEHHUSIX 00pasell BBICYIIMBAIH J0 BO3AYIIHO-CYXOTO COCTOSHUS
W BBIICTLSUTH MpOCerBaHueM (pakuuio pasmepoMm MeHee 0,25 MM, 3aTeM ocaaku mepe-
TUPAJIH J0 OJHOPOAHOTO COCTOSTHMSA. ISl M3BIEYEHUsT PTYTH U3 00pasna IpUMEHSIICS
METOJ MPSIMOTO MUPOJIU3a.

JKMBOTHBIX TIpeBapUTENHHO IPOCYIIMBAIN (UIIBTPOBAILHON OyMaroi 1 B3BEIINBAIIN
Ha aHanmuTH4eckux Becax pupmsr AND c norpemnoctsio He 60mee 0,002 . OToOpaHHbIE
OpTaHM3MBI pa3HbIX BUAOB 3aMopaxuBany rpu —20 °C. [yt MeJNKuX OpraHu3MoB ObUTH
COCTaBJICHBI COBOKYIHBIE PoOBI (2—40 3K3.); mpoba ObuIa MpecTaBIeHa OJHOH 0COObI0
JUISL KPYITHBIX OpraHu3MoB. OToOpaHHBIE 0COOM MOJUTIOCKOB OTIIMYAINCh MAJIBIMHU pa3Me-
pamu, OpraHu3MBbl HEITUKOM BMECTE C PAKOBHHOM 10 OIHOMY WJIM HECKOJIBKO MOMEIAINCh
B MUPOIM3ATOP PTYTHOTO aHanu3aTopa. OpraHu3Mel MalblX pa3sMepOB, HE MPEBBIIAIOIINX
pa3Mepsl JIOJ0YKU MUPOIN3aTOpa, MOMEIIaal B MUPOIH3AaTOP NOTHOCTBIO, HE pacTUpasl.
Kpynnsle opraHu3Mbel TOMOT€HU3UPOBAIH Iepe]] U3MEPEHUEM U aHAIN3UPOBAIIM B TIOBTOP-
HOCTSIX. Menkne Ouosnoruueckue 00bEKTHl, B TOM YHCJIE MOJIIIOCKOB, IPEIBAPUTEIHHO
TOMOT€HU3UPOBAJIU NIPH €CTECTBEHHON BIQXKHOCTH M aHAU3UPOBAIIU LIETUKOM, HE MOJ-
Bepras IpeBapUTeNbHON XUMHUYecKoi oOpadoTtke. [Ipn ycraHOBIEHHOH TeMIiepaTypHOM
nporpamme [29] cxxuraHue OpraHu3MOB IPOUCXOIUIIO MOJHOCTBIO, U BCSI COMEpKAIIasiCs
B OpraHu3Me pTyTh Nepexouiia B ra3000pa3Hoe cocTossHNEe. B mponecce mccnenoBanuii
Ob1T0 0TOOPaHO U MpoaHaIN3UPOBaHO 89 P00 (OAMHOYHBIX U 0OBEAMHEHHBIX) OMOIOTH-
YeCcKUX 00BEKTOB W3 3auBOB bre-dropa, Uc-dbropn u [pér-dropa.

Hcnonp30BaHHBIA METOA M3MEPEHUS BaJIOBOM KOHIIEHTpAllUU PTYTU OCHOBaH Ha
aTOMHM3alLUU eMeHTa B nuponusarope npucrasku [IMPO-915+ ¢ nocnenyromeit TpaHc-
MOPTUPOBKOH MOITYYEHHBIX IMAPOB PTYTU B QHATUTHUYECKYIO KIOBETY U ONpeAeIeHUEM
ee KOHLEHTpaluu Ha aHaimu3arope prytu PA-915M meTtonoMm OecruiaMeHHOW aTOMHOU
abcopbmuu. [TonpodHee MeTonuka onucana Hamu panee [29]. Kaxmyro npoly aHamusu-
pOBaIM MUHUMYM B JIBYX TIOBTOPHOCTSIX. [Ipenen oOHapyxeHHst 00LIeH pTyTH COCTABIISI
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10 Hr/n B MOpCKO# Boze, 5 HI/T CyX. Beca B JOHHBIX OTIIOKEHHSAX U 2,5 HI/T CBHIp. Beca
B OMOJIOTHYECKHX OOBEKTaX.

B crarncTnyeckom aHann3e JaHHBIX MCHOJB30BAIH MapaMeTpHYecKue (Iucrepcu-
onnblil anam3 ANOVA) n Hemmapamerpudeckue (koaddurment xoppemsiiun CrimpMeHa
¥ ¥ ¥?) METOZIbI B 3aBHCHMOCTH OT XapaKTepa BRIOOPOUHBIX pacmpenenenuii. Eciau smmu-
pHUECKOe pacIipe/ie/ieHHe He COOTBETCTBOBAJIO HOPMaJIbHOMY, 3HaUCHUS! TPe0Opa3OBhIBa-
u myTeM norapudmuposanus (Logl(0) s Toro, 4To0B MPUMEHNTH apaMeTpUIECKHUe
KPUTEPHUH JUIsl IPOBEPKU CTAaTUCTUYECKUX Irumore3. s pacnpenencHuil, He COOTBET-
CTBYIOIIMX HOPMAaJIGHOMY 3aKOHY, IPHUBOJIMIIN 3HAUCHUSI MeanaHbl (Me) B KauecTBe I10-
KazaTess HeHTPaJIbHOM TeHAeHIuH. [l BU3yanu3aui 0COOCHHOCTEH paclpeesieHNs
PTYTH B OpraHM3Max ¢ pa3sHOU MUIIEBOM CleNUaNN3aluell Ha Pa3HbIX CTAHLUAX 3aJIUBOB
HCIIOJIb30BaHA JIByXMEpHAsl MPOEKIMS Ha OCHOBE OMKYOMUYECKOH MHTEPIOJISIUH TPeX-
MEPHBIX pachpenencHui [32].

PE3VYJIBTATBI 1 OBCY X XJAEHHUE

PTyTh B BOjle M IOHHBIX OTJIOKEHUSIX. BanoBbie KOHIEHTpAUU PTYTH BO BCEX
mpo0ax MOPCKOW BOMIbI OBLIH HIIKE Mpeeia OOHapyKeHus npubopa, T.e. Mmenee 10 HI/m.

BenuunHbl BaJIOBBIX KOHLEHTPALUN PTYTH B JOHHBIX OTJIOKEHHSIX BapbHpOBa-
JIK Ha Pa3HBIX CTAHIMSIX HccienyeMbix 3anuBoB oT 10,4 (ct. 51) mo 55,0 (ct. 61) (Me:
44,3 Hr/r cyX. B.). HauMmeHblIMe KOHIIGHTPALUK PTYTH OTMe4eHbI B buiuie-dhropae, camble
Beicokne — B Mc-dwopre (puc. 2)

Puc. 2. MenuaHHbIe KOHIIEHTPALMK BaJIOBOIO COIEPHKAHUS PTYTH B IIOBEPXHOCTHOM CJIO€ JIOHHBIX
OTJIOKEHUI Ha pa3sHbIX CTAaHIMAX B 3anuBax 3anagnoro lnundeprena B utone 2017 .

Otpe3kn — pa3Max BEIUYHMH (MHHUMYM — MaKCHMYyM)

Fig. 2. Medians of total mercury concentrations in the surface layer of sediment at different stations
in the fiords of Western Spitsbergen in July 2017.

The segments are range (minimum — maximum)
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AOGCONIOTHBIE BETMYNHBI KOHLIEHTPALMHU PTYTH, IPe0Opa30BaHHBIE ITyTeM JOrapu(Mu-
POBaHUS Ha Pa3HBIX CTAHIMAX U B 3aJIMBaX, BAPHUPOBATIN A0CTOBepHO (ANOVA: df = 5; F =
127,2; P=0,0001). Baxxueiimmmu hakropamu, OIPEIEISFOIIMME TOBEPXHOCTHOE HAKOIUICHUE
PTYTH B IOHHBIX OTJIOKEHHSIX APKTUUYECKOTO OacceiiHa, sIBISIIOTCS HU3KHE CKOPOCTH 0Ca/IKOHA-
KOIUIEHHS U CMEIIEHHS 0Ca/IKa, YTO 00YCIIOBIMBACT JIaXKe IPY HE3HAYNUTENIHOM TOCTYILICHUN
ATOTO MEMEHTa KyMyJATHBHBIN 3dekt [33]. M3BeCTHO Taroke, YTO rPaHyIOMETPUICCKIN
COCTaB JIOHHBIX OTJIOXKEHHI — OIpelessoui (hakTop HAKOIUICHUSI MHOTHX TSDKENBIX Me-
TaJIIOB, KOTOPhIE 000TaIa0T HanOoIee TOHKOAUCIICPCHBIC (DPAKIIMH TOHHBIX O0CaIKOB [34].
Camast HM3Kasl KOHIIGHTpALMs PTyTH OblIa OTMEUEHa B JIOHHBIX OTIOKeHUsX buse-dropaa,
HECMOTpsI Ha TO, YTO Ha ITOM CTaHIMK IPeooaiasa NUHUCTAs, MEJTKOAUCTIEpPCHAs! (hpaKIysl.
Ha cranmusx Vc- u ['péu-ppopaoB BajioBoe ComepikaHue PTYyTH ObLIO CYIICCTBEHHO BBIIIIE,
XOTS 371€Ch B JIOHHBIX OTJIOKEHHSIX TPUCYTCTBOBAJT MEJIKUI MECOK (CM. pHC. 2).

JlocToBepHast KOppeJssiius MeX/y BaJOBOW KOHLEHTPALUEW PTYTH B IOBEPXHOCT-
HOM CJIO€ JIOHHBIX OTJIOKEHHMH M ITyOWHOW B MCCIIEIOBAHHBIX 3aJMBaX OTCYTCTBOBaJa
(r,=0,27; P> 0,05).

PryTh B rupodnonTax. /[aHHbIC O COJEPIKAaHUU PTYTH B OCHTOCHBIX OpraHU3Max
Npe/ICTaBJICHbl B Ta0MMIe. BaloBble KOHLEHTPALMK PTYTH B MOPCKUX OECIIO3BOHOYHBIX
B IIEJIOM Ha Pa3HBIX CTAHIUAX TPEX 3aJMBOB BapbHPOBaHM HemocToBepHO ()} = 12,5;
df=6; P=0,0512).

AHanu3 pasHbIX BHJIOB NpencTaBUTeNeil OEHTOCHOrO coo0liecTBa MoKasal, 4To
BaJIOBbIE KOHLEHTPALMK PTYyTH y nonuxetbl Maldane sarsi, nerputodara-rpyHroena,
BapbupoBanu B Uc-dropae u Ipéu-ppopae HecytnectBento (x2 = 8,0 df=5; P =0,1562),
TaK e Kak y obuypsl Ophiura sarsii, cobuparomiero aerpurodara, B Uc-ppopue (x2=2,9;
df = 2; P = 0,2326). Pactipenenenust conepxxanus pryta B Moiuttockax Ciliatocardium
ciliatum, cecronodarax-puasrparopax, u nonuxerax Pectinaria hyperborea, COOUpAIOIINX

Puc. 3. Pactipenienenue BaOBBIX KOHIGHTPALXI PTYTH (HI/T CBIP. B.) B MOJUTIOCKax (/), MOJIMXeTax
(2) m odmypax (3) Ha pa3HBIX CTAaHIUX B 3ayuBax 3amaaHoro llInmunbeprena B uione 2017 .

Fig. 3. Distribution of total mercury concentrations (ng/g w.w.) in mollusks (7), polychaetes (2) and
ophiuroids (3) at different stations in the fiords of Western Spitsbergen in July 2017
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Puc. 4. 2D-xoHTypHas MpoeKIUs TpexMepHOU moBepxHocTH (X—Y—Z) npeobpa3oBaHHOrO [110 32]
BAJIOBOTO COAEPKAHUS PTYTU B 3aBUCHMOCTU OT TPO(GHUYECKON IPyIIbl OEHTOCHBIX OPraHU3MOB
1 ryOMHBI UX obuTaHus B 3anuBax 3anazaHoro IlInunoeprena B urone 2017 r. Jlerenaa — ypoBHH
KOHLIEHTPALMHU PTYTH (HI/T CBIP. B.)

Fig. 4. 2D-contour projection of 3D surface (X—Y-Z) of transformed total mercury content [by 32]
as function of trophic group of benthic organisms and depth of their habitat in the fjords of Western
Spitsbergen in July 2017. Legend — levels of mercury concentration (ng/g w.w)

JieTpuTodarax, J0CTOBEpHO pa3innyaiuch B 3anuBax Vc-¢ropa u ['péu-gropa (s o6onx
BUNOB: ¥* = 4,0; df=1; P =0,0455). B 6enrocHsix opranmsmax [ péH-dhpopaa KOHIIEHTpa-
MU OBLIHA CaMbIMH BBICOKUMH (CT. 72). PacmipenenieHust KOHICHTPAIHHA PTYTH JOCTOBEPHO
pas3IUyuauch y MOJUTFOCKOB, moiuxeT u opuyp (x2 = 16,1; df=2; P =0,0003). ITonuxeTs
HaKaruIMBaJld B CBOEM TeJIe caMble BBICOKME KOHIIEHTPAI[MH ATOro MeTtasuia (puc. 3).

Ha Bcex M3y4eHHBIX CTAHIUAX PTYTh B OONBINCH CTETICHH aKKyMYJITHPOBAIH BHIbI
JETPUTO(DATU-TPYHTOCIBI; HAMMEHBIINE KOHIICHTPAIINK OTMEUEHBI Y CECTOHO(AroB-(hHIb-
tparopoB (y* =9,5; df = 3; P = 0,0234) (puc. 4).

CpaBHeHMe JIOKIN3aIUK JOHHBIX OCA/IKOB U OEHTOCHBIX OPraHU3MOB C MAKCUMAJIb-
HBIMH KOHIICHTPAIIMSAMH PTYTH ITOKA3bIBACT, YTO CAMBIM BHICOKHM BAJTIOBBIM CONCPIKAHIEM
3TOTO MeTaJlla XapaKTepPH30BaJINCh 1 JIOHHBIE OCAJKH, M OpPraHU3Mbl, OOUTAIOIIUE Ha JIHE
Hc-dpropaa (ct. 61). D10 BUIHO U3 COMOCTABICHUS IAaHHBIX TaOIMIIBI U puc. 1 (kapTa-cxema
orOopa 1po0). JIByxMepHast MpoeKIHs TPeoOpa3oBaHHBIX 3HAYCHU BAJIOBOTO COACPKAHUS
PTYTH B 3aBUCHMOCTH OT TTyOHHBI CTaHIIMK U MUIIEBO# CrieHann3aii 6EHTOCHBIX Opra-
HH3MOB TIOKA3bIBACT, YTO PTYTh B OOJBIICH CTEICHH aKKyMYJIHPOBAIH ACTPUTO(ArH-rpyH-
TOE/IbI MPAKTHYESCKU Ha BCEM JMana3oHe TIyOHH B M3yYEHHBIX (hbopaax. ITH OpraHu3Mbl
MPOIYCKAIOT MSITKHIA TPYHT Yepe3 MUICBAPUTENbHBIA TPAKT, yCBauBas TakKuM 00pa3om
muily. OTHOCHTEIBHO BBICOKHE BAIOBBIC KOHIICHTPAIMH PTYTH HAKATUTMBAIH XHIIHBIC
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IIpeAcTaBUTENN OEHTOCHOTO COOOIIEeCTBa, KOTOPhIE OBIIIM OTMEUEHBI JINIIb Ha CTAaHIMN
B I'p€H-drOpae u OTCYTCTBOBaNM B ApYyrux npobdax. Hamm nuccirenoBanust B BeCeHHUN
niepuon B [ péH-(hpopae mokaszaiu, 9To pTyTh OOJIBIIE BCETO aKKyMYJIHPOBAIN HE TOJIHKO
XHIIHUKY 1-TO ¥ 2-T0 Topsiika (HEKOTOpBIE BUABI MOJUTIOCKOB U PBIO), HO U IeTpUTO(dari-
TPYHTOEIbI, SIBJISIOIINECS CPEMHHBIMU 3BEHBbSIMU JACTPUTHBIX Tpodudecknx nemnei [29],
YTO MOXHO OOBSCHHUTH CIIOCOOOM X TIHTaHUSL.

3AKJIIOYEHUE

Pe3ynbrarhl JaHHOTO HCCIIEIOBAHMS TIO3BOJISIIOT 0XapaKTePH30BaTh HEKOTOPbIE 0CO-
OEHHOCTH pacIpeeICHHUsI BAIOBBIX KOHIICHTPALIUKA PTYTH B MOPCKO# SKOCHCTEME Ha IPH-
Mepe cucTeMsl 3anuBa Mc-dropa Ha apx. [lnundepren. Konnenrparus pryTy B Bojax 3a-
nuBoB brute-propa, Uc-bvopa u ['péu-dropa Obiaa Meree 10 ur/i, kak u B I péH-ppopae
BecHOit 2016 1. [29]. Ilpu »TOM mpeAensHO TOMyCTHUMAasi KOHIICHTPAIUS B IPUPOIHON
BOJIE pHIO0OX03HCTBEHHOTO Ha3HaueHust cocTapiseT 10 Hr/i. B menko3epaucroit ppakuuu
JIOHHBIX OTJIOKEHHI Camble BBICOKHE BAaJIOBBIE KOHLEHTPAIMHU PTYTH ObLIM OTMEYEHBI
B Uc-¢propae (55,0 HI/T cyX. B.). DTO 0OBSCHSETCS BHICOKOH aICOPOIIMOHHOM CIIOCOOHO-
CTBIO TEJIUTOBBIX U AJIEBPUTO-TIEITUTOBBIX OCAJIKOB 10 OTHOILEHHUIO K TSDKEIIBIM MeTajljlaM
[33, 34], a Takke peKUMOM TEUCHUI, aKKYMYJISILIMK HAHOCOB U Ip. pakTopamu. B 1ienom
KOHIIGHTpAIIUsl PTYTH B TIOBEPXHOCTHOM CJIO€ JIOHHBIX OCaJIKOB BO BCEX 00CIIEI0BaHHBIX
3ajMBax ObLIa IOCTATOYHO HU3KOI (MennanHoe 3HaveHue 44,3 Hr/r cyx. B.). DakTuyecku
KOHIIGHTpALUS PTYTH HE U3MEHHUIIACh 3a 25 JIET, €CIM CPaBHUBATh C BEJIMYMHAMH KOHIICH-
TpaLuii, 3aperuCTPUPOBaHHBIX B JieTHUI nepuon 1993 r. B Uc-dropae u I'péu-dropae
[35], a umenno: 50-60 Hr/r cyx. B. ComepkaHue PTYTH B JOHHBIX OCaIKaxX ObLIO TAKKE
0JM3KO0 K BEJTMUMHAM, OTMeueHHbIM B [ péH-ropae BecHoii 2016 1. [29].

Kaxk m3BectHO [36], 0COOCHHOCTH aKKyMYJIUPOBAHHS 3aIPSI3HSIOLINX BEIICCTB B JOH-
HBIX OTJIOKECHUSX MEJIKOBOAHBIX 3aMBOB [lImuioeprena 3aBUCAT HE TOJIBKO OT YPOBHSI UX
MNOCTYIUICHUS U3 IOOAIBHBIX U JIOKAJIbHBIX HCTOYHHUKOB, ITPOIIECCOB 0CaAKOHAKOILIICHUS,
HO M OT aKTUBHOCTH OEHTOCHBIX OopraHu3mMoB. CojepikaHue PTyTH B TUAPOOUOHTAX B UC-
ClIe/lyeMbIX 3aMBax ObLJIO OTHOCHTENILHO HU3KUM, JOCTHIas CAMbIX BBICOKHX BEJIHYHH
B Uc-dropae. PacnipeneneHue ruipoOMOHTOB OEHTOCHOTO COOOIIECTBA MO BajJOBOMY
coziepaHuio pTyTH B cucteme Vc-dpopna B 11e70M MOAYUHSIOCH 0011l 3aKOHOMEPHO-
CTH: PTYTh B OOJIbIIEH CTETIEHH HAKAIUIMBAIIM OPraHU3Mbl 00Jiee BEICOKHX TPOPUUECKUX
YPOBHei (IeTpUTO(hariu-rpyHToeIbl 1 XUIIHUKH), KaK 9TO ObUIO MOKA3aHO B IIPEIBIIYLINX
uccnenoBanusx B Kourc-¢sopae u ['péu-dhropae na Hlnundeprene [8, 29]. Jletom 2017 .
caMmble BBICOKHE KOHIIGHTPALMU PTYTH ObLIM OOHapyXeHbl B OEHTOCHBIX OpraHHu3Max
nerputodarax-rpyHToesiax, Takux Kak nonuxersl Maldania sarsi, Pectinaria hyperborea
u Pherusa plumosa, Torna Kak caMmble HU3KHE OBUTH XapaKTEpHBI JJIsl THAPOOUOHTOB 00-
Jiee HU3KOTO TPO(HUecKoro ypoBHs, TaKuX Kak cectoHodaru-gpuisTparopsl Astarte sp.,
Ciliatocardium ciliatum u Serripes groenlandicus.

He toneko B Becennuii mepuof [29], HO 1 1eTOM KOHLIEHTPALUS PTYTH B IIOBEPXHOCT-
HOM CJIO€ JOHHBIX OTJIOKEHHUI1 U THAPOONOHTAX, OEHTOCHBIX OECIIO3BOHOUHBIX, 3aBHCEIA
OT OJIN30CTH K UCTOYHUKAM NOCTYIUICHUS! PTYTH U THAPOJIOTUUECKUX TPOLECCOB, IIPOUC-
XOJSIIIMX B 3aMBax. Tak, OTHOCHUTEIBHO BBHICOKHH YPOBEHb HAKOIUICHUS! PTYTH OTMEUYCH
B rupoOronTax BOIM3u noc. bapeunoypr (I'péu-dropa, cr. 72), rae HabMOmAIA CaMBblii
BBICOKHII YPOBEHB JIOKAJIBHOTO 3arpsi3HEHUS B BECEHHUH mepuon [29].

B 1ienom ke conepikaHue pTyTH B BOZAE, JOHHBIX OCaJIKaX M OCHTOCHBIX OpraHH3-
Max 3aJMBOB cucteMbl Mc-¢popaa Obu1o oTHOCHTENbHO HU3KMM (Menee 10 Hr/m, 10—

320



H.B. JIEBEJIEBA, H.H. PATEEB|, A.JI. HUKYVJIMHA, O.JI. 3UMHHA, E.A. TAPBYJIb

60 Hr/r cyX. B. © 3—50 HI/T CBIp. B. COOTBETCTBEHHO), OTHAKO 3a IpeJeslaMH JaHHOTO
HCCIIEZIOBaHUS OCTAJIOCh U3yYeHNE KOHIIEHTpAIMii Hanbojee ONacHbIX METHIINPOBAHHBIX
topm pryT [7, 37] B OEHTOCHBIX OpraHHU3Max. JTO — Ba)KHOE HAIpaBIICHHE OyIyIINX
HCCIIEI0BAaHMM, TOCKOJIBKY COSAMHEHHS PTYTH, HAKaIUINBasCh B MOPCKUX OpraHu3Max, He
TOJIBKO OKA3bIBAIOT Ha HUX HETaTHBHOE BIIMSHHUE, HO TAK)KE CHIDKAIOT IIEHHOCTh MOPCKHX
omopecypcos [10, 18, 26-32].

Kaxk 0put0 moxaszano Ha npumMepe ['péa-dropaa, pTyTh, HaKaIUIMBAIOMasICs B Cpesie
o0HuTaHNs ¥ THAPOOHOHTAX, TOCTYIAET B 9KOCHCTEMY BECHOM B OOJIBIIEH CTETIEHH IyTeM
TPaHCTPaHUYHOTO aTMOC(EPHOTO NEepPEeHOCa, IIPH ATOM JIOKAIBHBIE HCTOUHHUKH 3aT pS3HEHHS
UTPalOT BTOPOCTENEHHYIO ponb [29]. OqHako B HACTOSIIEE BPEMsI aKTUBHOCTD YEJIOBEKA
B ApKTHKE yBEIMYHBACTCS U, CIEIOBAaTEIFHO, €TO BIUSIHHE HA YS3BUMBIC SKOCHCTEMBI
Apktukn ycunusaercs. Kpome Toro, MeHsieTCsS CTPYKTYpa €ro akTHBHOCTH B BBICOKHX
MIAPOTaX, YTO MO3BOJISIET IPOTHO3MPOBATH BO3MOXKHOE YCHIICHHE BKJIaJa B oOlee 3arpss-
HeHHe APKTHKH OT JIOKaJIbHBIX HCTOYHUKOB 3arpsi3HEHHS. B CBS3M ¢ 3THM HcclieioBaHue
AKKyMYJIMPOBaHUSI TOKCHYECKUX COCIMHEHHH, IyTeH MX MOCTYIICHUS U MHUTPAIH IO
TPO(GHUUECKUM LEISIM B TEPCIIEKTUBE JIOJDKHO OBITH C(POKYCHPOBAHO HE TOJIBKO Ha Jie-
Tan3alyd MEXaHW3MOB MX TpaHc(opMaIiy B 5KOCHCTEME, HO U Ha BBISBICHUH HOBBIX
JIOKJIGHBIX UCTOYHHKOB 3arpsi3HEHNSI.

BaarogapuocTu. lccnenoBanue BBINOIHEHO B paMKaX TEMBI TOCYIapCTBEHHOTO
3amarnss MMBU «KomrutekcHbIe BiccaeJOBaHUs 3KOCHCTEM (PhOPIOB H MOPEH, OMBIBAFO-
mux apxurenar HInmundepren». JlabopaTtopHsle MccienoBaHus MPOBOAMINCH B PaMKax
MeXBeTOMCTBEHHOW IIPOrPaMMBbI HayYHbIX HCCIIEJOBAaHMH 1 HAOMIONEHNH Ha apXuIesare
mumnoepren B 2017 1.
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Summary

Comparison of energetic flow through bottom communities (on the example of polychaete
populations) in the shallow bights the Chaun Bay (East Arctic) and the Fjord Nella (East Antarc-tic)
located in high latitudes of opposite hemispheres of the planet is carried out for the first time. Polychaete
worms abundantly and diversely represented in the bottom biocenosis and playing an important role
in their life are one of the most suitable for this kind of analysis of the group. The material is collected
and processed by common methods. It turned out that the average values of biomass and assimilation
are comparable, although their indices are somewhat higher in Chaun Bay than in Nella Fjord, so
the mean values of the current energy are 56 + 25 and 40 + 13 kcal / m? per year, respectively. In this
case, such similarity is mainly due to the duration of the light time due to the location of the bays on
similar geographical latitudes. In both cases, it was noted that at lower depths, lower values of the
energy flux are inherent in different sections of the gulf, due to freshening and abrasion of the ice,

Citation: Gagaev S.Yu. Simularity and difference of bioenergy characteristics of polychaetes in bottom communities
in the shallow gulfs of the Arctic and Antarctic Problemy Arktiki i Antarktiki. Arctic and Antarctic Research.
2018, 64, 3: 326-336. [In Russian]. doi: 10.20758/0555-2648-2018-64-3-326-336
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and higher — at great depths, where the conditions are more stable. It has been established that in the
Chaun Bay the share of the biomass of suspension feeders is higher on hard bottom in the macrophyte
belt, and on the muds occupying the largest areas of the bottom, deposit feeders predominate. In
the Nella Fjord, on the contrary, large areas of the bottom are represented by hard substratum and
are occupied, respectively, prevalence of suspension feeders, whereas non-large areas with a slight
glossiness are used for life in small forms of infauna and which, according to the type of food, refer
to deposit feeders. One of the distinguishing features of the assimilation in the considered bays is
the tendency of its growth with depth in the Chaun Bay and its relative constancy in the Nella Fjord;
the other is the achievement of relatively high values of the energy flux in some parts of the shallow
Arctic com-pared with Antarctica. The differences are apparently explained by the complexity and
variability of the water regime in the Chaun Bay and by the greater silting of the bottom, compared
to the relatively constant natural conditions of the Nella Fjord, which together determine the features
of the functioning of populations of polychaetes, as well as other groups of inhabitants.

The bioenergetic characteristics of bottom communities in the shallow bays of the Arctic and
Antarctic have both differences and similarities, and, on the whole, depend on the physico-chemical
originality of the areas.

Hocmynuna 12 urona 2018 a. Ipunama x neuamu 6 cenmadpsa 2018 e.

Knrouesvie cnosa: accummisinust, bnomacca, Oyxra Hemna, MHOrOIeTHHKOBEIE YEPBH, IOTOK
sHepruy, YayHckas ryba.

BriepBrie TIpOBeIeHO CpaBHEHHE OMOIHEPreTHUECKHX XapaKTEPUCTUK MOJIMXET MEITKO-BO-
IHBIX BogoeMoB YayHckoii ryos (Boctounas Apkruka) u Oyxtel Hemna (Boctounast AHTapkTHKA),
PacIOJIOKCHHBIX B BBICOKHX IIMPOTAaX MPOTHBOIOIOXKHBIX ITOMyIapui mianeTsl. Oka3anock, 4To
Cpe/IHHMEe 3HAYEeHHs TIOTOKA SHEPrHHU 4Yepes3 MOMYJSIHUA COMOCTaBUMBIL: 56+25 n 40+13 kkan/m? B
TOJl COOTBETCTBEHHO. BMecTe ¢ TeM IMHaMHUKa MOTOKA YHEPTHH B 3aJMBaX HA PAa3IMYHBIX TPYHTaX
U DTyOMHAaX UMeeT 3aMeTHBIE OTIINYHA. Pa3idust 1 CX0O[CTBA MEXKIY 3HAYEHHIMH acCHMIITHPOBaH-
HOH ITOJIMXETaMH SHEPTHU 00y CIIOBIIEHEI B IIEPBYIO Ouepeb (PU3NKO-XUMUIECKIMH 0COOCHHOCTSIMHU
HCCIIEIOBAaHHBIX BOIOEMOB.

BBEJIEHUE

ITo muenuro psima uccinemorarenei [1, 2 u ap.], momuxetst (Polychaeta — xiacc
KOJIBYAThIX YepBeil), I MHOTOLIETHHKOBBIE YePBH, NpUHAJIexKalue Kk Tuny Annelida,
JIOMHHHUPYIOT B IOHHBIX COOOIIECTBAX IIeib(a 1 MaTEPUKOBOTO CKJIIOHA M OOBIYHO JAIOT
45-50 % obuiero uucna BunoB 1 10 80 % oOiero yucna sx3eMusipoB. OHAKO pOJIb
MHOTOILIETHHKOBBIX YepBei B (PyHKIIMOHHUPOBAHHUH IOHHBIX COOOIIECTB, MX SHEPreTHIEeCKHA
BKJIaJ, 0COOCHHO B BBICOKHX IIUPOTaX, U3Y4YEHBI JAJIEKO HE JOCTAaTO4YHO [3, 4]. YuurbiBas
MX BBICOKOE BHJIOBOE pa3HOoOpa3ue, 00MIINe 1 aKTUBHOE IIPUCYTCTBHE B )KU3HH (aKTHUe-
CKH BCEX JJOHHBIX COOOIIECTB, U3y4EHHE MOIYJIALUI MOJIMXET MOXKET JIaTh OOJIee MOIHYIO
KapTHHY QyHKIMOHUPOBAHUS 3THX OMOLIEHO30B, a TAK)KE IPOJIUThH CBET Ha CXOJCTBA U pa3-
JIMYMS B XKU3HU (ayH MPOTUBOIOJIOKHBIX Moymapuil. M3yuas nonuxer YayHckoii ryObl
Boctouno-Cubupckoro Mopsi, a 3arem 3Ty ke rpymniy B Oyxre Hesna, ucnonb3ys equHbie
MeTo/Ibl cOopa 1 00paboTKK MaTepuaa, aBTOp CPABHUBAJ yCIOBUs OOUTaHUsI U (yHKIIU-
OHUPOBAHUA KaK OTACJIbHBIX OPTraHU3MOB, TaK U HOHyJ'IS[HI/Iﬁ MHOTI'OIICTUHKOBBIX qepBeﬁ
9THUX BBICOKOIIMPOTHBIX PaifOHOB MOIyIIapuii 3eMJIM U HAXOIMJI HEKOTOPhIE CXOACTRA [4,
5]. B nauteparype W3BECTHBI HOMBITKY MPOBEACHUS CPAaBHEHHH OTIENBHBIX XapaKTepH-
CTHK KaK IMOJMXECT, TaK U APYTUX I'PYIIIL 66CH03BOHO‘IHLIX C IMPOTHUBOIIOJIOXKHBIX ITOJIFOCOB
iaHeTs! [6, 7, 8 u ap.]. Bmecte ¢ TeM npuMepoB MPOBEIEHNUS CPAaBHUTEIBHOTO aHAIHN3a
B OMO3HEpPreTH4ecKoM acnekTe He 00HapyskeHo. [103ToMy Lienblo HacTosIIIel CTaThu ObLIO
CONOCTAaBJICHUE YCIOBHI 00MTaHMs1, OMOMACCHI 1, INIaBHBIM 00pa3oM, 0COOEHHOCTEH IOTOKa
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OHEPIruu 4€pe3 NOMmyIainu MHOTOIIETUHKOBBIX qepBeﬁ, OHHOfI U3 CaMBbIX p33H006p33HHX
B JJOHHBIX 6I/IOHGHO3aX T'pynIibl, MEJIKOBOAHBIX 6yXT ApKTI/IKI/I n AHTapKTI/IKI/I JJI1 OTBETA
Ha BOIIPOCHI: KAKOBBI CXOACTBA U pa3INund 6H03H€pF€TI/I‘I€CKI/IX MoKa3arenei MHOIomie-
THHKOBBIX ‘IepBCﬁ 1 49TO0 UX O6YCJ'IaBJ'II/IBaeT.

METOJ/IUKA UCCJIEJJOBAHUIA

Jlnst cpaBHEHHs BEIOpaHbI IBE OYXThI, PACIIOIOKEHHBIC HA CXOAHOW reorpadryecKoi
HIMPOTE, HO B PA3HBIX MOJYHIAPUSX, TI€ B TeUSHHE IPOAOJDKUTEIBHOTO BPEMEHHU U OIMHA-
KOBBIMH METOJ]AMH M3y4alJICsl COCTaB MOJIMXET U MX OMOIHEPreTHUECKHE XapaKTePUCTHKU
(puc. la, 6).

CoOop marepuana B YayHCKo ryOe MPOBOAMIICS BOMOIA3HBIM KOJHMYECTBEHHBIM
MeTomoM [9] B aBrycre—ceHtssope 1986 r. Ha 12 meprneHAUKYISPHBIX K Oepery paspesax
(cMm. puc. la). Bomona3ubeie norpyxeHusi BBIIONHSUIMCH C Oepera, IUIIONKU WM Karepa
«BykBom». MakpoOeHTOC (’KMBOTHBIC M PACTCHUs KpymHee | MM), paBHOMEPHO pacmpe-
JIeJICHHBIN, COOUPAIOT HA TBEP/BIX IPYHTAX C MOMOIIBIO PaMKH Tuiomiaapto 0,1 M2 1 CoBKa,
a Ha MATKHX TPyHTaX — C IOMOILBIO BOAOJIA3HOTO JHOUYepHaTess [ py3oBa ¢ Mmomaabpo
0,05 M2, MakcUMaIbHO TIOTPYyXast ero B IpyHT. OObr4HO GepyT 3 mpoObI paMKol wiH 6
npo0 aHoueprareseM (0 JABE CABOCHHbBIE JHOUEepIaTelbHbIe MPpoObl). JKMBOTHBIX U pac-
TEHHUsI, PACIPEENICHHBIX PEIKO WM HEPaBHOMEPHO, YUHUTHIBAIOT PAMKAMH C ILIOIIAAbI0
1 M? ¥ C OTIpeIEIICHHOH TTOIIA, M, IIPOILIBIBAS B0 PA3JI0KEHHOTO Ha JIHE MEPHOTO (hasa
C METPOBOM pelKkoil U cobupast BceX PeIKUX XHUBOTHBIX, HE MOMABIIMX B MPEIbIAYIIHE
pamku 0,1 m? 1 1 M. Beero co6pano okono 1000 mpo6 MakpobeHTOCa, M3 HUX ¥4 BOIOJIa3-
HbeIM MeTomoM. [lonuxet pukcuposanu 5 % pactBopom dopmanuna. Criycts 2—4 Henenu
nepeBonuiid B 75 % artanon. [Tocie tacoHoMuueckoit naetudukanuu (Bce NOJMXEThl U3
YayHcko# ryObl OIpeieNieHbl aBTOPOM CTaThH) MaTepuall B3BELIMBAIN Ha JIEKTPOHHBIX
Becax ¢ TouHocthio 0,01 .

IIpo6s! mryoske 20 M 10 50 M oTOUpasKch AHOUYeprareieM [leTepceHa ¢ MmIoIaabp0
3axsara 0,025 M2, 6-8 MOBTOPOB Ha CTAHIIUH.

Puc 1. Cxema runpo6ronornaeckux pa3pe3oB B UayHckoi rybe (a) u 6yxre Hemna (6). Bogonasusie
pa3pesbl 0003HauCHBI CIUIOUIHOI JIMHKEIT; THOYepHaTeIbHbIE CTAaHIIMH 0003HAYEHBI KPY>KOYKOM

Fig. 1. Scheme of hydrobiological transects in the Chaun Bay (a) and Nella Fjord (6). Diving transects
are indicated by a solid line; dredging stations are indicated by a circle
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TeM >xe BoIOTa3HBIM METOIOM B TeueHue 52-i u 54-i Poccuiickoil aHTapKTHYECKOI
skcrnienunmu (PAD) (B nexadpe—mapre 2006—-2009 rr.) B 6yxte Hema 3amBa [Iprozc 66110
BBINTOJTHEHO 9 NepHeHUKYISIPHBIX K Oepery BomonasHbIX paspes3oB, I-III u V paspess
BKJTFOYaNH B ce0s ot 3 1o 6 crannuid, [V, VIII, XI — no oxguoi, a VI, VII — aBe craniun
(puc. 16). BonbIIMHCTBO BOOIA3HBIX CIYCKOB OCYIIECTBILUIOCH Yepe3 MaifHy co JIbJa,
B nuara3zone nryonH 2—42 M. [IpoOsl MpoMbIBaiy HENOCPEACTBEHHO B MaliHe depes ra3s
¢ ceuenneM 1 mm2. Beero cobpano 208 mpo6 MakpoGenToca. Marepuai orpe/iesiieH aBTo-
pom, 3a uckmouenneM ceM. Serpulidae Rafinesque, 1815, npencraBurenn koroporo OblH
nneHTnunuposans A.B. Pxasckum.

[Ipu pacuere cpeqHNX IUIOTHOCTH MOCENEHUH 1 OMOMAacC BUAOBBIX MOMYIISIINN Ope-
JIeTSUTICH CTaTUCTHYECKUE CTaHIapTHBIE OTKJIOHEHHUS M omuOKy cpenHux [10]. Omubky
TpaT Ha OOMEH OLICHHBAJIN Yepe3 BEJIMYMHY OIIMOOK IUIOTHOCTH MOCEICHUH 1 OMOMacChl
MOMYJISIIIAH, TO €CTh BBIYHCIISUIN OITMOKH YUCICHHOCTH X OMOMACCHI OOIIEPUHSTHIM CIIO-
c000M, MCIIONIB3YS UX JUIS ONpEAeIeH s OMHOKH 0003HaUeHHOTO ITOKa3aTelsl, yIUThIBas,
YTO 5TH OIIMOKH IIEPEKPHIBAIOT OIIHOKY pacdeTa TpaT Ha 0OMEeH. DTHM ke PyKOBOICTBOBA-
JIMCH TIPH TIOZICUETE OIMOOK CPEAHUX BCEX OCTAIBHBIX OMOIHEPTeTHIECKUX TToKa3aTenei
nomynsiuid. 1 cpaBHEHUS CPEIHUX BEJIMYHMH HCIIOIb30BAIIMCH OOLIETIPUHSTHIE B TAKUX
CIIy4dasiX CTaTUCTUYECKUE METOABL. B TekcTe cTaThy MoCIe 3HaKa «4» MPUBOIATCS 3HAUCHHS
CTaHJapTHOTO OTKJIOHEHUSI.

Brruncnenue Tpar Ha SHepreTHdecknii oOMeH R mpousBoanm, ucxoas U3 mnapado-
JIMYECKON 3aBHCUMOCTH CKOPOCTH JBIXaHUS OT CPETHETO Beca 0Co0ei:

R=cW?-N , kka/M? B Tof,

rne W — cpeiasisi Macca 0COOH TOCEIICHNMS, OLCHEHHAs! KAK YaCTHOE OT JISNCHHs OHO-
Macchl (B) Ha mioTHOCTh nocesaeHus (N); N — mioTHocTh nocenenus; ¢ — ko3 duimeHt
HHTEHCUBHOCTH MeTabonu3Ma; d — ko3 UIMEHT perpeccum.

Koaddurmentst ¢ u d B3ster u3 paborsl A.H. Tonukoa ¢ coaBropamu [11].

Pe3yneraThl BEIAUCICHNH TpaT Ha 00MEH OLIEHUBAIINCH 33 TOJ] C YYETOM H3MEHYUBOCTH
TEMIIEPaTyPhl B JAHHBIX YCIOBHAX aKBATOPMH NPHU cpeaHeM Q, = 2,3.

Pacuer npoxykmim nomyrsiuii mpousBoamics mo merony C. Max-Heiina u /1.1 Jla-
yToHa [12], xoTopsrit 0b11 Monudumposan A.A. YMHOBBEIM U A.@. AnnmoBsM [13] mpu
JIOMYIEHUH, 4TO KO3 dHIHeHT 3 (HeKTHBHOCTH HCIOIB30BAHHS ACCUMIJIMPOBAHHOM MUILH
Ha pocT (K,) y GonbIMHCTBa 6€Cro3BOHOYHBIX paBeH 0,2-0,3:

P =R/(2,879+0,046), xxan/m? B rof.

AccuMHIMpOBaHHAs SHEPTHS, WM TIOTOK SHEPTUH Yepe3 TMOIMYIISIHN MTOIuXeT (4),
OLIEHMBANIACh KaKk cyMMa Tpar Ha oomeH (R) u nponykuunu (P) 3a paccmarpuBaeMslii Bpe-
MEHHOU MHTEpBA:

A =R+ P, kkan/m? B TozI.

PE3VYJIBTATbBI 1 OBCY X XJAEHUE

JItst JOCTHIKEHMS TTOCTABICHHOM 1IeTM OBbII MPOBEEH CPAaBHUTEIBHBIN aHaIN3 OC-
HOBHBIX NTPOCTPAHCTBEHHBIX XAPAKTEPUCTUK U a0MOTHUECKUX (PaKTOPOB, OKA3BIBAIOIINX
BJIMSHHE Ha CYIIECTBOBAHNE OMOTHI M Ha MOIMYJIAINHN MOJIUXET B YACTHOCTH, PE3yIbTaThI
KOTOPOTO MpHUBEAEHHI B Tabuie. O4eBUIHO, YTO IPHUPOJHBIE YCIOBHS HMEIOT KaK CXOIHBIC
B IIEJIOM U JIETAJIAX YEPTHI, TAK U CYIICCTBCHHBIEC PA3IHIHSL.
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Tabruya

Hexoropsie npupoanblie xapakrepuctuku Yaynckoii ryonl n 0yxrel Hesuia

XapakTepucTuKa YayHckas ry0a Byxra Henna
leorpaduueckas mupora |Ot1 68° 31" 5" 10 69° 45’ c.1m. Ot 69° 22" 15" 10 69° 23" 10.111.
T'eomopdonorus Bxon B OyxTy orpaHHYHBAIOT Bxon B OyxTy orpaHnyeH
0CTpoBa OCTpOBaMH M aiicOepramu

I'pynt ITo mepe 3armyOnenus: rpasuii, |KameHHCTO-TIECUaHHCTOE THO
KaMHH, TIECOK, Jaee — C HeOONBIINM CIIOEM HUIIa;
YCUJICHUE 3aUICHUs], Ui B I0I'0-BOCTOYHOM 4acTH 3aWJICHUE

CHJIbHEE 3a CUeT B OCHOBHOM
BETPOBOI'0 CHOCA I'pyHTa ¢ Oepera
O6cnenoBanublie ITyounsl |0-50 M 042 ™M

Bonmsie Maccst TloBepxHOCTHAs apKkTHYeCKas, |AHTapKTHYecKas meabhoBast
BHIOM3MEHEHHBIH

3a CYeT JIETHEro Iporpesa
MOBEPXHOCTHBIN CIION

U 9CTyapHO-apKTHYeCcKast

Conenoctb, %o Ot 5 1o 34 %o Ot 30 10 35 %o

[Ipunonnas Temneparypa |3umoii: —1,6...—1,8; Kpymisiii oz, naxe neTom:

BozwI, °C JIETOM Ha MeakoBoase — 812, [-1,7...-1,8°C
myoxe — ot —0,1 1o —1,8°C

Teuenne AHTHLMKIOHUYECKOE, B IKHOH |AHTHIMKIOHHYECKOE. 3aMETHOE
yacTty 3anuBa 1o 0,5 y3na JUTS BOZIOJIa3a TEUCHHUE OTCYTCTBYET
Temnoe Teuenue u3 Tuxoro Busl ¢ ceBepa He POHUKAIH

OKeaHa IIPUHOCUIIO OopeasbHble |B Ommkaiimue 30 miH et [6 |
BUJIBI BO BPEeMsI IIOTEIUICHUS

TonmuHa b Oxkoyio 2 M Jlo 2,5 m Ha 3anane
Bpewms crosHus neasHoro |C OKTAOpS MO UIOHB Yare — Kpymislif ros
TOKpOBa
IIpospaunocts CBeT MpOHMKAEeT Ha IIyOUuHY Cgert nponHukaeT 10 40 M u 6onee
15-20 m.
Hanuuue BeTpoBoro B nernuii nepuon [lepememmBanue oTCyTCTBYET
TIepeMEIINBaHUS BO BpeMs okaka 10 20 M 13-3a KPYIIOTOAUYHOTO JIEOBOTO
MMOKpOBa
Hcrounnku opranndecknx |Makpo- 1 MEKPOBOJOPOCIH, Makpo- 1 MUKPOBOIOPOCITH
BEILIECTB OpraHyKa, IPHHOCUMAs PeKaMu
U pPy4bsSIMU

OO0uTast Ha CXOIHBIX TeorpaMUeCKUX MIUPOTaX Y Pa3HBIX MONIOCOB IJIAHETHI, HACE-
JICHUEC DTUX HOHySaMKHyTBlX BOJOCEMOB HAXOOUTCS IO BO3)I€I>1CTBHCM COJIHCYHOI'O CBCTa
HpI/IMepHO paBHOC 10 HpO}IOJ’I)KI/ITeHBHOCTI/I Bper{ (l'[OJ'IS[pHaH HOYb U l'IOJ'If{pHBIﬁ JEHb B OTUX
HMIMPOTaX MO CBOCH MPOIOIDKUTENEHOCTH paBHbI). CXOMHBIM BBIIISLIUT M TeoMopdoorus
WCCIIEIOBAHHBIX PAOHOB, a TaK)Ke JHUAIa3oH 00ClIeN0BaHHBIX MTyOnH. OJHAKO HA ATOM
CXOZICTBA paCCMaTPUBACMbIX IIPUPOIHBIX 0COOCHHOCTEH PallOHOB 3aKAHYMBAKOTCS.

OJHUM U3 OCHOBHBIX OTJIMYHI SIBJISIETCS XapaKTep TPYHTOB: MPeo0iaganue MIrkux
CIJIBHO 3aWJICHHBIX B APKTHKE, CIIOCOOCTBYIONINX Pa3BUTHIO OPraHM3MOB MH(AYHBI,
U MICCYAaHbIX C KAMHAIMU U HU3KUM HpOHeHTOM 3anJICHUA, 6HaFOHpI/I$[TCTByIOH_II/IX JOMHHHU-
poBanuio dnudayHsl B AHTapKTUKE [6 1 11p.]. 3anieHre MPOUCXOIUT U3-3a 3HAYUTELHOTO
pequro CTOKa B CeBCpHBIX MOpS[X nu OTCyTCTBI/IH TAKOBOT'O B KOKHBIX. He MCHEEC 3aMCTHBI
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OTJINYHSA B BOAHBIX MACCaX, IPUCYIIUX JBYM PaCcCMATPUBAEMBIM IOy 3aKPBIThIM BOZOEMAM.
B YayHckoli ry6e 0TMEUeHbI TPH BOIHBIE MacChl C COOTBETCTBYIOIINMH XapaKTEPUCTUKAMH,
CO CIIOKHBIM U BECbMa MEPEMEHUUBBIM TUAPOIOTUYECKUM PEXUMOM: MOBEPXHOCTHO-
apKTHUeCKas, ICTyapHO-apKTHUYeCKas U, BOZMOXHO, BUJOU3MEHEHHBIN, BO3HUKAIOIIUN
B pe3yJbTaTe JIETHETO IPOrpeBa MOBEPXHOCTHBIN €0 BOABI, KaK IIPAaBUIIO, B pailoHe BOC-
TouHoro mobepesxbs [14]. B 6yxre Hema anrapkruueckas menbhoast Boia, XapakTepHast
uist BocTouHOW AHTapKTHUKH, HAIPOTHB, 00NamaeT CTaOMIBHBIMU MOKa3areasmu [15].
YayHckast Ty0a 3HaYUTENBHO OTIMYAETCS OT OTHOCHTENIFHO HETIOJBIDKHBIX BOJ 3allBa
Henna HanuuuieM CHIBHBIX TEUCHUH U MOIHOTO BETPOBOTO NepeMelnBanus. Paznuunas
MIPOJOJDKUTENLHOCTD JISASTHOIO MOKPOBa M MPO3padyHOCTh BOA €Ille B OOJIBINEH CTerneHn
YBEIMYHMBAIOT (PM3UKO-XUMHUYECKYIO HECXOXKECTh ABYX BOIOEMOB. BocTouHoe modepexne
YayHcKkol ry0bl, CpaBHUTEIBFHO XOPOIIO IPOrPeBaeMoe B JIETHHH TEPUOJ, SBISETCS HAa-
Oosiee GArONpPHUATHBIM NPHOEKHIIEM JJIs1 OopeanbHON (ayHbl, HeMamasi oI KOTOpon
IpucyIa 3ToMy 3anuBy [4]. B 3amagnoii wactn OyXThI yciaoBUs ONMXKe K YCIOBHUSIM OT-
KpBITBIX ydacTkoB CeBepHoro JlemoBuTOoro okeana, a 10kHasi 4acTh I'yOBI IToBepraeTcs
HanOOJIBIIEMy BIMSHHIO BIIAJIAIOIINX CIofa pek. B Oyxre Heuta ycioBust OTHOCHTENBEHO
paBHbIE, JINIIH B 3aI1aIHOM YacTH 0COOEHHO TOJICTHIN CIIOH JIb/1a, CHEXHBIH IIOKPOB M TEHB OT
0OpBIBHCTOTO Oepera yMEeHbIIal0T HHTEHCUBHOCTh IIPOHNKHOBEHUSI COJTHEYHOTO cBeTa [16].

Ha ocHOBaHUY NepeYrCIEHHBIX CXOACTB H OINYMI CIIEAyeT NOAYEPKHYTh OTHOCH-
TEJILHYIO CJIOKHOCTH ¥ TIEPEMEHYMBOCTD BOJHOTO pexxnMa YayHCKoi ryObl 10 CpaBHEHHIO

Puc. 2. [lons GmoMacchl B IPOIEHTaX pa3IniHBIX Tpodudaeckux rpymnm B YayHckoi ryoe (a), | — Ha
KaMeHHUCTOM TpyHTe, [l — Ha nimax u 6yxte Hemna (6), | — Ha mmictom niecke, 11 — ¢ npeoGnanannem
KaMEeHHUCTOTO TpyHTa. [ — neTputodaru; 2 — cectoHodaru; 3 — moTosiaable. [Tnomanu tnarpamm
HPOIOPIHOHANILHBI 3HAYCHUSIM OHOMACChI

Fig. 2. Part of biomass is in the percent of different trophic groups in the Chaun Bay (a), (I — on
stony bottom, II — on silty ground) and Nella Fjord (6), (I— on silty sand, Il — with predominance
of stony ground. / — deposit feeders; 2 — suspension feeders; 3 — carnivorous. The areas of the
diagrams are proportional to the values of biomass
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¢ OoJyiee IOCTOSIHHBIMU IPUPOIHBIMU YCIOBUSMH OyxThl Hesuta, KOTOpble COBOKYITHO
OTIPEZIETISIIOT B YaCTHOCTH OCOOEHHOCTH (PyHKIMOHMPOBAHUS IOy IOJMXET U B
LIEJIOM — JIPYTUX TPYIIIT OOUTATeNIe B COOTBETCTBYIONINX YCIOBHSIX.

3a 0003HaYEHHBIN MepHoi UcciaeoBaHui OblT coOpaH Marepuan Oonee yem ¢ 70
crannuii B YayHckoii ryoe u ¢ 25 crannuii B Oyxte Hemma. Marepuan Bxirouaer 72 u 60
BHIOB ITOJIMXET COOTBETCTBEHHO.

[MpuanMas Bo BHUMaHUE, YTO MPOIYKIIMOHHO-IECTPYKIIOHHBIE POIECCH! B TIOITY-
JSIUSIX — (QYHKIMS HAUTMYHOM OMOMacChl U ee CTPYKTYpBI, OblIa MPEANIPUHSATA TTOTIBITKA
OLICHUTH OMOMAacCy B MCCIIEAYyEeMbIX OyXTax Ha pa3lMYHBIX IPYHTaX U €€ JOJIO B 3aBHCH-
MOCTH OT TpOo(hHUecKoi MpUHAIIEKHOCTH (pHC. 2a, 6). OKa3aI0Ch, 4TO CPEIHHUE 3HAYCHHS
6uomaccel B Yayrckoii rybe u Oyxre Heruta corocraBumbl v cocTaBisiior 43+19 u 41+9 r/m?
COOTBETCTBEHHO. He MeHee nHTepeceH U TOT (aKT, 4TO Ha IPaBUHHO-KaMEHHUCTHIX IPYHTaxX
B YayHckoii ry6e (Ha Tryounax oT 3 mo 10 M) n Ha necyaHo-mcToM jHe OyxThl Hemna
(ua mry6unax ot 3 mo 11 M u Ha 42 M) Guomacca monuxeT MuHAMaibHa: 11+5 u 18+5 r/m?
COOTBETCTBEHHO, UTO OIPEAEISETCS] OTHOCUTEIBHON HECTAOMIIBHOCTBIO CPe/Ibl, CBA3aHHON
C CE30HHBIM PACIIPeCHEHHEM, HCTHPAIOIINM BO3JIEHCTBHEM JIbJIa M PA3INIHBIMU pa3MepaMu
npescTaBuTeNeld TpohUUeCcKnX rPyHIUpPOBOK MouXeT, kak B CeBepHOM, Tak U B FOxHOM
MOy IIAPHUSIX, JOJH KOTOphIX B YayHcKoii ryde n Oyxre Hemra ommmgatorest. Tak, B paccma-
TpUBaeMbIX ycnoBusix YayHCKOH ryObl Ha Iosice JaMHHApHH Peo0aaaloT cecToHodary,
Tpe/ICTaBIEHHbIE B OCHOBHOM BUIOM Nicolea zostericola (Orsted, 1844), a B Gyxre Hemna Ha
OTHOCHUTEJILHO 3aMJICHHBIX TPYHTaX 0003HaYeHHBIX INTyOHH OOBIYHBI Pa3INYHbIE CPABHUTEIIb-
Ho Menkue nerpurodaru. B Yaynckoii ry0e mmyOxe 10 M 1 10 IpesiestbHO 00CIe10BaHHBIX
DIyOHMH pacrpoCTpaHEeHbI 3aWJICHHBIE TPYHTHI, CO3/IAIOIINE, B CBOIO OY€pe/b, ONTUMAIILHbIE
yCIIOBHS JUTS IeTpUTO(AroB, pecTaBIeHHBIX B OCHOBHOM BUAOM Maldane sarsi Malmgren,
1865 (cpemsist Gromacca momuxer 31ech 49+7 r/m?), a B Gyxrte Hewta Ha ®ecTKuX rpyHTax
B iManazoHe NryouH 11-37 M muaupyioT cecToHO(aru ¢ TOMAHAPOBAaHUEM KPYITHBIX 30HTHY-
HbIX yepBeil Perkinsiana littoralis (Hartman, 1967) (cpenusis Omomacca rmoimxer CoCcTaBisieT
52411 r/m?). [peobnanatomas poib SmUdayHbl 1 TPOYHUIECKON IPYIIBI CECTOHO(DAroB
B AHTapKTHKe, a HHAYHbI ¥ JOMHUHUPYIOIIMX B HeW NeTpuTo(aroB B ApKTHKE OTMEYANIAch
u paree [11]. OxHako Ha TpUMepe MOIMXET HEOOXOAUMO BHECTH YTOUHEHHE: B UayHCKOM
ry0e mo71st OMomMacchl cecTOHO(AroB BhIIIE Ha )KECTKUX IPYHTaX B MOsice Makpo(pHTOB, a Ha
MIax, 3aHUMAIOIIMX HanOONBIINE IUIONIA N JHA, Ipeo0IanaioT nerputodaru, B Oyxre Hen-
JIa — HaIpOTUB, OOJBIINE YIACTKH JIHA MPEICTABICHBI JKECTKUMH TPyHTaMH U 3aHATHI, CO-
OTBETCTBEHHO, AMU(AyHOH C ITpeobnaianneM cecToHO(aroB, Torna Kak HeOOoJIbIINE yYaCTKA
C HE3HAYMTEIHHBIM 3aMJICHHEM HCIIONB3YIOTCS JUIS KU3HH MENKUMH (opMaMH HH(ayHBbI,
KOTOpBIE TI0 TUITY IIUTaHHUS OTHOCATCS K AeTpUTO(daram.

AHann3 U3MEHEeHNs T0TOKa SHEPTHHU B U3YUEHHBIX OyXTaX MOKa3bIBAaET CXOIHYIO ¢ OHO-
Maccoi kapTuHy (puc. 3a, 6). JleiicTBUTENBHO, CpeJHIE 3HAUSHHS 3TOr0 OMOIHEPTeTHIECKOTO
TIOKa3aTessi COOCTaBIMBI: TAKXKe HECKOJIBKO BhIIIe B YayHCKoH ryoe, deMm B Oyxte Hema,
M COCTaBIISIOT 5625 1 40413 Kka/M? B TOI COOTBETCTBEHHO, UTO B JTAHHOM CITydae, BEPOSITHO,
CBSI3aHO C TIPOJIOJDKUTEIILHOCTHIO CBETOBOTO BPEMEHH M3-32 ITOJI0XKEHHS BOJIOEMOB Ha OJIHA-
KOBBIX B UHCJIOBOM BBIPKCHHIH reor paiuecKuxX MIMPOTax, 4TO HPEATIoaraeT OTHOCHTEIFHOE
PaBEHCTBO YCIIOBHUH (B 3TOM actiekte) 11 potocuHTe3a. Kpome Toro, mpociekxuBaercs paBHast
TeHIEHINS Ha MUHUMAJIBHBIX ITyOMHAaX JUISl Pa3HBIX YYaCTKOB BOIOEMOB — OoJiee HU3KHE
3HA4YEHMsI TOTOKA SHEPTHH, 110 IPHYHMHE PACIIPECHEHHNS U UCTHPAIOIIETO BO3JCHCTBYS JIb/Ia,
n GoJree BHICOKHE — Ha OOJIBIINMX NIIyOWHAX, T/Ie YCIIOBHS CcTaOMIIbHEE.
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Puc. 3. I3MeHeHNs OTOKA 9HEPTUM Yepe3 MOMYJISLHMH HOIUXET Ha COOTBETCTBYIOLIMX [ITyOHHAX
B Pa3IMYHBIX 9acTAX YayHCKOH I'yOBI (@): /— y BOCTOYHOT0; 2 — 3aMaiHoT0; 3 — FOXKHOTO 1modepe-
Kbsi ¥ OyxThl Hemna (6): [— y BocTo4HOTO; 2 — 3amaHoro; 3 — ¢ BHEIIHEH cTopoHbI OyxThl Hemma

Fig. 3. Changes in the flow of energy through polychaete populations at corresponding depths in
different parts of the Chaun Bay (a): I — east; 2 — western; 3 — southern coast and Nella Fjord
(0): 1 — east, 2 — western, 3 — from the outside of Nella Fjord

BwMmecTe ¢ 0003HaUCHHBIMH CXOACTBAMH MMEIOTCS M CYILIECTBEHHbIEC PA3IHUHSA B I10-
TOKE PHEPTUHU 00enx OyXT B 3aBUCHMOCTH OT IITyOUHHI (CM. puc. 34, 0).

OnHa 13 TIIaBHBIX OTIMYHUTEIBHBIX YePT ACCUMIIIALMN TTOJUXET B IBYX PacCMaTpH-
BaeMBIX BOJOEMaxX — TEHICHIMA €e HapacTaHWs ¢ IIyonHod B YayHCKo# rybe U OTHO-
CHUTENbHOE MOCTOSHCTBO B OyxTe Hemta, a Takke TOCTH)KEHHE CPaBHUTEIFHO BBICOKHX
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3HAYEHNH OTOKA SHEPTUH B OTAEIBHBIX YIACTKaX MEIKOBOIHON APKTHKH 110 CPaBHEHHIO
¢ AHTapKTHKOM.

Od4eBHIHO, YTO HaUMEHbIIEE 3HAYEHUE TOTOKA PHEPTUU Yepe3 MOMYNALUU IONH-
XeT — Ha MHHUMAJIbHBIX INIyOWHaX 000X 3aJIMBOB, I7Ie HETaTUBHOE BIIMSIHUE OIIPECHEHHS
W WCTHPAIOUIETO BO3JCHCTBUS JIbJa HA OpraHM3MbI HamOonee BhIpaxkeHo. Hapacranue
BEJIMYMHBI ACCHMUIIILIAN C TITyOMHON NMPOMCXOANT B 000uX ciaydasx. OxHako B YayHckoi
ry0e 3To IpooIDKaeTCst HPUOIU3UTENEHO 10 25 M, C HEKOTOPBIM CHI)KEHHEM ITOKa3aTes
K 50 M, 4TO CBHIETENBCTBYET O CI0XKHO MEHSIOIIEMCS] BOJHOM M CBETOBOM PEKUME ITOTO
apKTHYECKOT0 BojtoeMa. MHast kapTuHa B Oyxte Hema: octuras cpeJHIX MaKCHMAalIbHbBIX
3HAYECHUH, aCCUMUIIAIIS OCTAETCS] Ha 3TOM YPOBHE JI0 ITPEAEIBEHO 00CIe0BaHHbIX TITyOHH,
MTOATBEPK/Iast TEM CaMbIM IIPSIMYIO CBSI3b JIBIXaHHS M NMPOIYKIUH C OTHOCHTEIBHBIM I10-
CTOSIHCTBOM (DM3MKO-XUMHYECKHX yCIOBUH B 3TOM JHalia3oHe, T.e. Ha 7—43 M.

HeGe3piHTEpECEH XapakTep N3MEHEHHS TI0TOKA SHEPT U Yepe3 MOIYIISIIHN TTOJIHXET
B Pa3IMYHBIX YacTAX 3ai1uBoB. B YayHckoii rybe y BocTouHOro Oepera, ¢ OOIbIIMM CO-
Jiep>)KaHreM BHIIOB O0peaibHOTO XapaKTepa, H3-3a CIIOKUBIINXCS OJIarONPHATHBIX JJIsI HUX
yCcII0BHH, Oraroapsi HAMOOJIBIIEMY ITPOTPEBY BOBI B JISTHHI IEPHOA X IPUTOKY OPTaHUKH,
TTOTOK 3HEPTUH BBIIIE, XOTS M HEJIOCTOBEPHO, HEXEITH Y 3aI1aJTHOTO TI00epEKbsL, TIIE YCIOBHS
TUNMUYHO apkTHyeckue [4]. Accummnsinust B YayHcKol Ty0e BBIIIEe X BO3PACcTaeT C ITyOHHOH,
HMMEHHO B Te€X MECTaX 1 Ha TeX IIyOMHaX, I7ie Ppeo0IalatoT WIIbl U COOTBETCTBEHHO BUIbI-
JeTpuTodart, 9To MOXeT OBITh 0OBSICHEHO COCPENOTOUCHUEM OoITee 3HAYNTENBHBIX 3aI1acoB
OpraHMKH B TpyHTe. Mccnenyemast XapakKTepHuCTHKa OLIYTHMO HIDKE Ha I0Te 3alliBa, Ie
OIIPECHSIONIEe BIMSHIE PEUHBIX BO 0COOCHHO CHIIEHO BhIpakeHO. B Oyxrte Hemna — nnas
kaprtuHa [5]. HanmeHbIre nokasareian acCUMUIISILIMN TIPUCYIIH ITOIYISIIASM, 00U TAIOIIIM
Ha IIyOMHAaX 710 6 M ¢ BHEIIHEW, MOPHCTOMN YacTH, TIOIBEP)KEHHOH CHIIBHOMY pa3pyIlaro-
[IeMy BIMSHHIO CKpPeOyIIIeTo Jiba U OIpecHEeHHIO. [I0TOK 3HEpTryy B MOy ISIIUIX HOJINXET
Y BOCTOYHOTO U 3aI1a/IHOTO IT00epesKbst ITyOxe 7 M, TJIe yCIOBHs CTaOMIBHbL, BEChMa CXO0XK,
Ha CpeTHUX 1 MaKCUMAaJIBbHO 00CIIeI0BaHHBIX IIIyONHAX aCCUMMIISIIINS HAXOIUTCS IPUMEPHO
Ha OHOM ypoBHe. [InTaHne TOMUHUPYIONINX TaM BHIOB-CECTOHO(]AroB odecrieynBaeTCs
B OCHOBHOM PaCTHUTENIBHBIM U JKUBOTHBIM CECTOHOM.

Takum 00pa3om, OMOIHEPreTHIECKUE XapaKTEPUCTUKHU MOMYIISIUN OIHUXET B YCIIO-
BHSIX MEJIKOBOJHBIX 3aJMBOB ApkTHkH (HayHcKoit Ty0sl) M AHTapkTHkH (OyxThl Hemna)
HMEIOT KaK pa3iINyusi, TaK U CXOJCTBA U B IIEJIOM 3aBUCAT OT (PU3UKO-XHMHUUECKOTO CBOE-
o0pa3zusi paiioHOB.
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Summary

This article is devoted to the problem of propagation of elastic transverse oscillations in
a two-phase medium consisting of water and ice (ice impregnated with water). If we consider ice
as a kind of porous homogeneous medium with constant partial density, then it becomes possible
to apply the problems of the theory of filtration to the water-ice medium. In this paper, we consider
one of the possible formulations of the direct problem modeling the propagation of a signal in this
medium is considered. The initial-boundary value problem for a one-dimensional nonlinear system of
poroelasticity equations is solved by numerical method on the basis of an explicit-difference scheme.
A series of numerical calculations for a trial model of the media is presented.

The aim of the paper is to describe the approach to the study of water-ice media using the equations
of filtration theory. The object of the study is the propagation of wave oscillations in such media. Such
fluctuations can have different nature (seismic, acoustic, etc.). For example, it is of interest to use this
approach to model the propagation of sea waves in the ice of the initial stage of ice formation.

Citation: Korobov P.V. Numerical implementation of the initial-boundary value problem for nonlinear the one-
dimensional equations of poroelasticity for the water-ice system Problemy Arktiki i Antarktiki. Arctic and Antarctic
Research. 2018, 64 (3): 337-343. [In Russian]. doi: 10.20758/0555-2648-2018-64-3-337-343

337



IIPUKIJIAJ[HBIE [IPOBJIEMbI

Hocmynuna 14 mas 2018 e. Ipunama x nevamu 6 aseycma 2018 e.

Kniouesvie crosa: runepbonudeckast cucteMa, Ko3(hGUIMEeHT TPeHus, TIOPHUCTAs Cperia, pas-
HOCTHAsI CXeMa.

Crarhsl MOCBSAIIEHA BOMPOCY PACIPOCTPAHEHUS YIPYTUX MOMEPEUHbIX KoneOaHuil B OBYyX-
(asHoii cpene, cocTosIeil U3 BOIbI U Jbaa (Jiel, MPONUTaHHbIH Bogoi). Eciau paccMarpuBarh jex
KaK HEKYIO TIOPHCTYIO OMHOPOIHYIO CPEY C TOCTOSHHON MapLHaIbHOM MIOTHOCTHIO, TO CTAHOBHUTCS
BO3MO)KHOI ITOCTAaHOBKA 3a7a4 Teopur (GUIbTpaluu Jisi cpeapl Boja—ien. B nanHoii pabote pac-
CMaTpHBAETCs OJHA U3 BO3MOXKHBIX IOCTAHOBOK MPSAMOIf 3aaun, MOJIETTMPYIOLIEit pacpoCTpaHEHUE
CUTHaJja B 3TO cpezie. UuceHHo pelleHa HadalbHO-KpaeBast 3aja4ya /Uil OAHOMEPHOW HETMHEMHON
CUCTEMBI YPaBHEHHUI MOPOYNPYrOCTH Ha OCHOBE SIBHOW pa3HOCTHOM cxeMbl. [IpencraBnena cepus
YHCJIEHHBIX PACYETOB JUIS TPOOHOH MOJETH Cper.

BBEJEHUWE

Jlis M3ydeHus: MacTaOHBIX IPOLECCOB, MPOUCXOIIIINX B PA3INYHBIX pPErHOHAX
APpKTUKY ¥ AHTapKTHKH, HEOOXOMMBI 00IIMe pU3nIecKue MOJIENH, ONHCHIBAIOIINE Xa-
paKTepHBIE Ul 3TUX PETUOHOB CPEbI.

JlaHHas cTaThs NOCBAILIEHA MOJEIUPOBAHUIO PACIIPOCTPAHEHHS IONEPEUHBIX KOJIE-
0aHMIi B MEJIKOM PBIXJIOM JIb/y, IPONUTAHHOM BOJIOH, C HCIOJIb30BAaHHEM MOZEIH TEOPHU
(unpTpanum.

3anauu TeopuH QUIBTPANMU BOZHHMKAIOT IPU M3YYECHUHU IBIKECHUS OTHOPOTHON
JKUJIKOCTH B opucTol cpene. [lox noHsaTHEM «mopHCcTas cpefa» Noapa3yMeBaeTcs cpefa,
nMeronias 0eCUUCICHHOE KOJIMYECTBO MYCTOT Pa3IniyHON BEIMYMHBI M (POPMBI, 00pasy-
IOIIUX «IIOPOBOE MPOCTpaHCTBO». Kaxknas Takas mopa coeAVHEHA y3KUMH KaHaJIaMH
C IPYTHMH, 00pa3ysl IMOJTHOCTHIO COOOUIAIONIYIOCS MEXy CO00M CKBO3HBIMHU KaHaJlaMU
CJIOKHYIO CUCTEMY OTBEpCTHH-sueeK. IIpumepamMu MOPUCTBIX Cpef CITy’KaT HECLIEMEHTH-
pOBaHHBIE MECKH, CLIEMEHTUPOBAaHHBIE NTECKH, TOHKO3EPHUCTHIE MTOYBHI U T.A. B nanHOMI
paboTe B KadecTBe MOPHUCTOM Cpesbl PAaCCMaTPHUBAIOTCS HE COCIUHEHHbBIE MEXITy co00it
YaCTHIBI MEJKOTO PBIXJIOTO JibAa (IIyTH).

ITpu MaTeMaTHueCKOM MOAENIUPOBAHUY POLIECCOB TEILIOMACCONIEPEHOCA B U30TPOII-
HBIX MOPUCTHIX cpenax [1, 2, 3,4, 5, 6, 7] npuMEHSIOT pa3iuyHble MOJIEIH, OCHOBAaHHbIE
Ha 00muX (PU3MYECKHUX 3aKOHAX MAcCChl, IMITYJIbCa U SHEPTUH B YIIPYTO-1e(OpMHUpPYEMOH
mopucToit cpene. B GonpmmmaCTBE pador [4, 5, 6, 7, 8, 9, 10] B kayecTBe TaKOro 3aKoHa
paccmarpuBaroT 3aKkoH Jlapcu B ruapaBinueckoM npuOmmkennd. B monenn Jlapcu, xak
MIPaBUJIO, BIUSHUEM MHEPIHOHHBIX 3()()EKTOB Ha PEKUMBI TEUEHUS M TEIUIONEpeHoca
B IIOPHCTOH cperie mpeHeOperatoT. OJJHaKO N3BECTHO, UTO B CIydae HHTEHCHBHOTO TEUECHHS
WJIN TIPH HAJIMYUN BBICOKOTIOPHCTOTO MaTepHaa HaOIIONA0TCsl OTKJIOHEHUS OT JIMHEHHO-
TO 3aKOHa (DMIBTPALMH BCIEICTBUE CYIIECTBEHHOI'O BIIUSHUS WHEPLMOHHBIX 3(deKkToB,
KOTOpBIE, B YACTHOCTH, IPUBOJAT K OTPBIBY IIOTOKA OT MOBEPXHOCTH TBEPAOIO CKEJETa.

Teopernyeckn OBUTO YCTaHOBIIEHO, YTO IIPUMEHUMOCTH MOZIeNH Jlapcn orpaH4ImBa-
eTcsl MATBIMH 3Ha9eHUIMH MOIU(HITMPOBaHHOTO urcia Peiinonbca [4, 6, 11]. B paborax
B.H. Hdoposckoro u A.H. baoxuna [3, 12] npu nocTpoeHUH MaTeMaTU4ECKON MOIEIH
JIBIDKEHUSI )KUJIKOCTH Yepe3 yIpyro-1eGopMUpyeMyIo OPUCTYIO Cpelly He IpeArionaraeTcs
BBITIOJIHEHHE 3aKOHa Jlapcu, a OH MOMTy4eH Kak CIeJCTBHE B OMHOM IIPEJEIbHOM CIIydae.

Lenpio naHHOM pabOTH OBIIO YNCIIEHHOE MOJICIMPOBAHHUE PACIPOCTPAHEHHS He-
JIMHEHHBIX TIOTIEPEYHBIX BOJIH B CJIydae TUCCHUITAINK SHEPTUH, 00yCIOBIEHHOH K03(hhu-
LIUEHTOM MEKKOMIIOHEHTHOIO TpeHMs. bblia 4MCIeHHO peanan30BaHa sIBHAs pa3HOCTHas
cxema Il JaHHOU 3aj1aud. [IpuBeneHs! pe3yabTaThl TECTOBBIX PACUETOB.
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INOCTAHOBKA 3AJAYN

PacnpocTpaHenue nonepeuHbpIx KoaeOaHuil B IOPUCTOH cpesie MOIENUpyeTcs cery-
IOLLEH HauaabHO-KPAE€BOH 3a1aueii U1l HEIMHEWHOM CUCTEMBl YPaBHEHUN IOPOYNIPYTOCTH
[13-15]:

Uy = (W), =} ( =)y —v)),,x € (0,L), € (0,7), )
Py, = P2 (u—v)yx(u—v),x e (0,L),t € (0,T), 2)

U o=ty (x),ut o= 14y (x),xe(O,L), 3)
V|e=0,x¢€ (O,L), 4
u,|,_,=0,0€(0,7), 5)
ul,_o=f(t),0€(0,7). (6)

371ech U M V— CKOPOCTH YIIPYTOI0 HOPUCTOTO TeJA C IOCTOSHHOM MapLUaibHOM IIOTHOCTBIO
p, =p/ (l— d, ) Y KUJIKOCTH C IOCTOSIHHOM MapLIaIbHOM INIOTHOCTBIO P, = p,f d, cooTBeTCTBER-
Ho; d, — nopucrocts; u, = ou/ot, [ :[0,T]— R,uy :[0,L] = R,u, :[0,L]— R, p/, p/ —
(usnyecKye TIOTHOCTH YIPYTOro MOPUCTOTO Tejla M KUIKOCTH COOTBETCTBEHHO; (U ) —
MOZYJIb CIIBUT'a YIPYTOro IMOPUCTOTO Teja, TPUXK/bI HelpepbIBHO-AN(depeHnpyemast
nonoxurensHas GyHkuus; x (U — v) — KodhPUIUEHT MeK(Pa3HOTO TPEHHS, BBl He-
npepbIBHO- AN GepeHIpyeMas MOIoKHUTENbHAs (QyHKIUSL.

Henuneitnoe BonmHOBOe ypaBHeHue Buaa (1) (B oOparumom npubnmkenuu, y = 0)
BO3HMKAaeT BO MHOTHX 3aiadax. Hanpumep, B cirydae KoneOaHHH CTPYHBI C YIIPYTUM KO-
sddunnenTom, 3aBucamnmM ot aedopmanyu. Bropoe cnaraemoe npaBoit yacTH ypaBHEHHs
(1) BeIpakaeT 3aryxaHue KoyieOaHWW B pe3yibrare TPEHHUS JKHIKOCTH U TBEPAOTO Teja.
Bo MHOrMX Mozensx MEXaHUKHU MOPHUCTBIX CPEJl, YUUTHIBAIOUIMX JHCCHUITAIMIO SHEPTHH
(paccenBanue), KO3(GGUIHUEHT TPeHUs (MPOHUIIAEMOCTB) SABJISACTCS QYHKIMEH Pa3sHOCTH
ckopocrTeii [1, 2]. Bropoe ypaBHEeHHE ONHUCHIBAET 3aKOH COXPAHEHUS UMITYIbCA IS HKH]I-
KOH (ha3bl Cpesl.

Panee 6buTM JOKa3aHBI CyNIECTBOBAHUE U €IMHCTBEHHOCTD KJIACCUUECKOTO PELICHHS
3agaun (1) — (6), HaliIeHbI OLICHKN YCTOHYMBOCTH pELICHUS JaHHOM 3anaun [14].

JanHas cTaThs OCBSIIEHA YHCICHHOMY PELICHUIO HadallbHO-KpaeBoH 3ana4n (1) —
(6) st MOCTOSHHBIX KO3()(UIIMEHTOB, COOTBETCTBYIONIMX HAaYaJIbHBIM CTaJIUsM JIEN0-
00pa3oBaHus: MIOTHOCTE Bozbl p/ = 1030 kr/m®, muoTHOCTE MbAa p/ = 922 /M3, MomyNb
capura W = 3-10° ITocTpOEHBI pelieHus I PasIndHbIX KOIPQPUIMEHTOB MEK(PA3HOTO
TPEHUS ), U MOPUCTOCTHU cpefibl d.

PASHOCTHASI CXEMA /111 HEJIMHEMHOM CUCTEMBI IIOPOYIIPYTOCTH

Jis auciieHHoro pemeHns HadaabHO-KpaeBoit 3amaun (1) — (6) MBI HCTIONB30BAIIN
Pa3HOCTHYIO CXEMY BTOPOTO IIOPSIIKa TOYHOCTH I10 t ¢ [IIaroM T ¥ IO X C ILIaroM / ammpok-
cuMmanuu it ypaBHeHus (1), a Ans anmpokcuManuy ypaBHEHUS (2) pa3sHOCTHYIO CXeMy
MePBOTO TOpsAaKa ToaHoCTH 1m0 t [16, 17]:

1 i+ i i i i
Gl T-2u) U 1)—2h2 (W + 0 U —u)) =
Q)

- (”“ +H/ 1)(” / 1))_ pl ((u —v )X ( i 1—\};71))(;’1)’
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i+l _ i+l i1\ i i .
Vi =p T =V + v, i=0..N, j=0.. M. ®)
HavanbHble ¥ TpaHUYHBIC yCJ‘IOBI/Iﬂ aHHpOKCI/IMI/IpOBaHI/I C MICPBBIM HOPSIKOM TOYHOCTH

0 U —U

u].=0, . L =0,=0..M, 9
v? =0,;=0.M, (10)

ub=f(t),ul, =0,i=0..N. (1

YU CJIEHHBIE PE3YJIBTATBI

Hwke mpencraBieHsl pe3yasTaThl MOIEINPOBAHHSA PACIPOCTPAHEHHS CHIHAJIIOB BO
JIBIY, IEpEMEITaHHOM C BOJIOH.

Ha puc. 1, 2 npuBeeHs! rpadMKi H3MEHEHHS CKOPOCTH KOJIEOaHUs YIPYTOTro Tea o
BPEMEHH Ha Pa3IMYHBIX PACCTOSHHUAX OT UCTOUHUKA JJIS CIESAYIONINX TapaMeTPOB: MIIOT-
HOCTB Boztbl p/ = 1030 kr/m®, mnotHOCTS nbaa p/ = 922 xr/m3, Mmomyns cisura p = 3-10°.

hw hw [ X"
000 —ANree————— = — AAe——————F AN
®/ol—AnN—— L AN——— L Aa—
N —~NANA————— SN N— AN
50NN IN—————  PAN— FAN———
15!)1/\[\/\/“-_ '\/\f\/\f—
1000
N — 1 V—
{ 4 ‘03 12 4 l'.l:g 1 d 4 "nﬂ 12

Puc. 1. PacipocTpanenue curuana B Bujie umnynsca [lyspipeBa B cpeniax ¢ mopucrocteio d, = 0,5

U pa3InIHbIMU K03 dunmenTamMu Mexdasnoro tpenus x = 0,002 (a), x = 0,003 (6), x = 0,004 (s)
Fig. 1. Propagation of the signal in the form of a Puzyrev pulse in media with porosity d, = 0,5 and

various coefficients of interfacial friction x = 0,002 (a), x = 0,003 (6), x = 0,004 (s)

hwm / hm hw
4500 |—- NS vﬁ o
m—j\] ) e a- B)
3500 —./\ [\ /e e —
m—u(\/\f\. N
2500 (— —_ AN
2000 \;\ SVAVAVS
1500 \f ~A\Ar——— PN
o0 \/\~ I —
500 | /! ———————————— A

{ 4 8B 2 4 B 120 4 8 12

tc Le

Puc. 2. PacipocTpanenue curuana B Buse umiysisca Ilyseipesa B cpeiax ¢ nopucroctsio d; = 0,3
¥ pa3nuyHbIMA K03 dunmenTamu mexdaszunoro tTperus y = 0,003 (a), x = 0,01 (6), x = 0,03 (¢)

Fig. 2. Propagation of the signal in the form of a Puzyrev pulse in media with porosity d,

=0,3 and

various coefficients of interfacial friction y = 0,003 (a), x = 0,01 (6), . = 0,03 ()
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BpCMCHHOI\/’I CHTHAJ B UCTOYHUKAX OBLI 3a/1aH B BUJIC UMITYJIbCa HYBI)IpCBaZ

S (@) = exp(=2nfy (1= 1,)*) / ¥*)sin(2nfy (1 = 1)), (12)
rmey=4,f,=1Tn, t,=1,5c.
Ha rpadukax BuAHO 3aTyXxaHHe aMILTUTY KOJIeOaHUH ¢ YBETUUCHUEM PACCTOSHHUS
OT UCTOYHHKA.

3AK/IIOYEHUE

B nanHO# cTaTbe paccMarpuBaiICcs BOIIPOC IPUMEHHUMOCTH YPaBHEHHH Teopuu (QHiTh-
TpalUM K CMEIIaHHBIM CpeiaM, COCTOSIIIIMM M3 BOABI U JbJa. B 3aBucuMocTty oT BHIOH-
paeMbIX K03(h(UINEHTOB IMMOPUCTOCTH M MeX(Pa3HOTO TPEHHS MOAOHPAIOTCs MapaMeTphI
Cpe/ibl, COOTBETCTBYIONINE PA3IMYHBIM CTaAMAM JIeJ000pa3oBaHus. B gmcieHHbIX npH-
Mepax pacCMaTpUBAIKCh MapaMeTpsl, cOOTBeTcTBYyIomue myre. Ilopucrocts — 0,3-0,5.
KoaddurmenT Tpenns nomaydeH u3 Gopmyisl 11 JaMHHAPHOTO MoTOKa npu Re < 2300
(Re — gucno Petinonsaca): y = 64/Re, uro coorBeTcTByeT 3HaueHMsM ¥ = 0,01-0,04.
Bomnpoc nonbopa xko3h(punreHToB ocTaeTcsi OTKPHITHIM U, BEPOSTHO, TOJDKEH PeIaThCs
IyTEeM IIOJydEHHUs SKCIIEPUMEHTAIBHBIX JaHHBIX JUIS KaXXIOTO THIA cpeabl. Takke cTo-
UT OTMETHTH, 4TO B 00mIeM cirydae Kod(p(UIIMEHTH TPEeHNSI U MOAYIb CIBHTa SIBISIOTCS
(YHKIMSAME OT CKOPOCTEH yIpyroro Teia u *KHUIAKOCTH.

3agada MOXKET OBITH PacIpoCTpaHeHa Ha CiTydai TpeXMEepHOH cpeibl TOBTOPEHUEM
ypaBaeHu# (1) — (6) 11 BceX KOMIOHEHTOB BEKTOPOB CKOpOCTeil. Moaens MOXKeT OBITh
YTOYHEHA ITyTeM BKJIIOUYEHHUS B pacCMOTpeHHe (aKTOpOB TpeXxMepHOH nedopmannn
Cpensl.

B ypaBaeHusx (1) — (6) )KUIKOCTh IBIKETCS BCICACTBUE KOIEOAHHUS TBEPOTO TEIa.
[TosTomy, pu cTpemileHnH Kod(duIeHTa IIOpICTOCTH K HYIO, ypaBHeHHe (1) npeobpa-
3yeTcs B ypaBHEHHUE KoeOaHusl yrpyroro Tena (Jip/a), OHAKO MPEASNbHBII Mepexos pH
CTpeMJICHUH KO3 QHIIMEHTA TIOPUCTOCTH K SIUHUIIE HE IPUBOAUT K 3aa4e O KoieOaHun
JKUJIKOCTH. PU3NUECKUM OrpaHHYCHUEM [UIsl IPUMEHEHHUS TaHHOW MOJIENH SIBIISETCS He-
00XOJMMOCTH BBITIOJHEHHS YCIIOBUS COSAMHEHUS IPYT C IPYTOM MEJIKHX 3JIEMEHTOB JIba
TaK, YTOOBI JKHJIKOCTh JIBUTANIACh 110 KallWUIIpaM, BOSHUKAIOIINM MEX/Iy YaCTHUIIAMH JIb/IA,
a He Ha00OPOT — HIIEMEHTHI JIb/ia [UIABAOT B BoJie. TaKMM yCIIOBHSAM OTBEYAET IIIyra, KO-
TOPOH COOTBETCTBYIOT 3HaUeHHs Kod(pduimenta nmopructocty ot 0,3 1o 0,5. KoppekrHoCcTh
3a7la4n COXpaHseTCs MpH Iepexofie K CIUIOIIHOMY JIbAy, ypaBHeHHe (1) mpeoOpasyercs
B ypaBHEHHE KoJeOaHus YIpPyroro Tela.

PesynsraroM naHHON paOOTHI ABISETCS IPUMEP IPUMEHEHHUS TEOPUH (QHUIBTPALIN
JUIS. MOZIEJIMPOBAHUSI PaclpOCTPAHEHHUS BOJHOBBIX KoJIeOaHHUH B BOIHO-JICIOBBIX Cpeax.
C moMoIIpI0 JaHHOTO ITOJX0J[a BOZMOXKHO MOZEIHUPOBAaHHUE PACIIPOCTPAHEHUS U JTUC-
CHITaII{ BOJHOBBIX IPOIECCOB (CEHCMUUECKHX, aKyCTHYECKUX BOJIH U T.II.) B 00JIacTsIX
MIPUIAHOTO JIbJA ¥ JIHJI0B HAYAIBHBIX CTaANH JIeq000pa3oBaHusl. TakKe IpH HEKOTOPBIX
Moan(UKanusaX AaHHOH MOJIEIH BO3MOXXHO €€ NPHMEHEHHE K W3YHYEHHUIO BOIpOCca pac-
MPOCTpaHEHHUs KoeOaHnH, BRI3BAHHBIX MOPCKUM BOJTHEHHEM BO JIb/IaX HAYaJIbHBIX CTaJIHH
71e1000pa30BaHMSI.
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YBaxkaeMbIe aBTOPHI!

Obpamiaem Balle BHUMaHHUE Ha TO, 4To ¢ stHBaps 2018 roxga m3amMeHUIUCh TpeOOBaHUS
K CTaTbhsIM, HAIIPABIISIEMBIM B PEIAKIIMIO XKypHaJa JJIsl pACCMOTPEHHsI BOSMOKHOCTHU X ITyOJIH-
KaluH. DTO CBA3aHO C TEM, YTO Mepe )KypPHAJIOM [IOCTABJIeHa 3a/1a4a BOMTH B MEXKIYHAaPOIHYIO
0a3y UMTHPOBAHMS JAaHHBIX Scopus. B CBsI3U ¢ 3TUM Y)KECTOUMIIUCH TPEOOBAHUS K COACPIKAHUIO
U CTPYKTYpE QHIVIOS3bIYHBIX aHHOTALMH K CTAThsIM, MOIUCIM K PUCYHKaM, OJIarofapHOCTSIM.
OueHb Ba)KHbIE U3MEHEHHsI KOCHYINCH odopmiieHHs oubnuorpaduueckux onucanuid. [Tomumo
OCHOBHOT'O CIHCKA JIUTEPaTypbl HEOOXOIMMO MOATOTOBUTE References — CIHCOK JUTEPATypBbI,
oopMIIEHHBIH 110 IPaBHIIaM MEKIyHapOaHbIX 0a3 nutuposanus. Obpaiaem Baie BHUMaHue,
4To 00a criucka GOpMHUPYIOTCs He B aj(aBUTHOM MOPSIKE B COOTBETCTBUU C OTEUECTBEHHBIMU
HOPMAaTHBHBIMU JOKYMEHTaMH, a 10 Mepe YIIOMUHAHUI B TEKCTE CTaThbH. ByabTe BHUMATEIIBHEL,
CCBUIKH B CITHCKaX 0(QOpMILIIOTCS 0-pa3HoMy. CcblIKa Ha JIOKYMEHT C MOAPOOHBIM OIHCaHUEM
TpeOOBaHU K CTaThsIM NPHBEICHA B KOHIIE HACTOSIUNX MPABHIL.

IMPABUJIA JJI1 ABTOPOB
KYPHAJIA «ITPOBJIEMBI APKTUKH 1 AHTAPKTHUKM»

JKypHai paccMaTpyBaeT JUIsl ITyOIMKAL) HayYHbIE CTAThH [0 OCHOBHBIM HAIPABIICHHSIM HCCIICI0BAHUH B MOJISIPHBIX
o0nacTsax 3eMIIn: OKeaHOJIOruH, (hu3KKe aTMOChEphl U THAPOCHEPbI, METEOPOIOTHH U KITMMATOIOT U1, THAPOJIOTHH CYIIIH
U THAPOXUMHH, IVIAIHOIOTUH ¥ KPHOJIOTHH, TeOMOP(OIOTHH 1 3BOTIOUOHHOI reorpadu, IeA0TeXHUKH, TeOIOTHH U
reousuke. Taroke HPEICTaBISIOT HHTEPEC pabOThI 110 IKOJIOIUH, OHOLIECHOIOTHH 1 GHoreorpauu, COLMANIBHOI reo-
rpauu 1 COLMANBHOMA aHTPOIONOTUH, UCCIEAYIONMX H3MCHCHHUS B HOMSAPHBIX PETHOHAX.

B m3nanuy myOIUKyIOTCS HOBBIE Pe3y/IbTaThl HAYYHBIX HCCIISOBAHUMN, a TAKKE HAyYHbIE COOOIICHHS TeOpeTHYe-
CKOT'0, METOZMYECKOT0, IKCIIEPHMEHTAIBHOTO M IIPHKIIAIHOTO XapaKTepa, TEeMaTHYeckie 0030psI (110 3aKa3y PeaKiiy),
KPUTHYECKHE CTAThU, OYCPKHU 10 HCTOPHH MOJIAPHBIX MCCIICAOBAHUI U KPATKUE COOOIICHHU, MOCBSICHHBIC TAMATHBIM
JaraMm (II0 3aKa3y pegakiuu). Bce craTby IpOXomsT ABOHHOE AaHOHUMHOE PELCH3UPOBAHNE.

TekcThI cTaTeit JOIDKHBI ObITE Ha PyCCKOM HIIM QHIVIHICKOM si3bIKe. ABTOP(bI) CTaThU JOJDKHBI ITIOATBEPAHTE, Y4TO 3T
CcTaThs paHee He ObLIa OMyOIMKOBaHA, a TAKXKE HE MPEACTABICHA /IS PACCMOTPEHHS U Iy ONIMKALIMH B IPYTOM JKypHAJIE.

Bce Marepuals IpeCTaBISIOTCS B PEAAKIIUIO B SIEKTPOHHOM BHJIE B COIPOBOXICHNN OyMaXKHOH BEpPCUH TEKCTa,
pUCYHKOB (CM. TpeOOBaHUS K PHCYHKaM) U (aiina ¢ IONHBIMH CBEICHHUSIMU 00 aBTOpax: (haMuiIus, HMs U OTYECTBO
(MOTHOCTBIO), MeCTO paboThl (MONHBIH a/ipec), yueHas: CTENEeHb, TOKHOCTD, apec IEKTPOHHOMH MOo4TH U TenehoH
OJTHOTO 3 aBTOPOB IS CBS3H. PexoMeHayemblit 00beM cTareil — oT 8 1o 20 cTpanun Tekcra (depe3 1,5 nnTepBana),
BKJIFOYAst TaONMIIBI M CIIHCOK JMTEPATypbl; pucyHKoB He Gonee 6. Texct Habupaercs B ¢popmare Microsoft Word.
TTapamerpsr Habopa: mpudt Times New Roman, kernib 12, uarepsan 1,5. Crpanuisl B ctathbe HymepytoTces. CraTbi
TIPOXOJAT IBOHHOE PEICH3UPOBAHHUE.

Cratbu ohopMIIIOTCS crieyronmM oopasoM. CHavana naercst YJIK; 3aTeM Ha pyCcCKOM si3bIKe — Ha3BaHHE CTAThH,
MHULHANBI 1 aMHIHK BceX aBTOPOB (IPH yKa3aHHH aBTOPOB CTAThU CHaYana HIyT HHUIMAIE, 3aTeM damunust. VHu-
HAJTB! ¥ (paMUIIHS pasieNsIioTCs Ipo6eioM), HONHOe Ha3BaHHe OpraHKu3anuu(IHii), Ie BEIIOMHEHA paboTa; dIeKTPOH-
HBIii aJ[pec aBTopa, OTBETCTBEHHOI'O 3a CBAA3b C PelaKIueil. 3aTeM Te jke CBEACHHUS IPUBOATCS Ha AHIIINHCKOM S3bIKE:
3aryIaByie, aBTOPBI, YUPEKACHHS, BTOPOil pa3 e-mail rmaBHoro asropa. Ilocie 3Toro Ha aHNIMHCKOM SI3bIKE TTHITYTCS
KIIIOYEBBIE CIOBA B COOTBETCTBUU C aHIIIMICKUM anaButoM (He Gonee 10 croB u He Golee BYX CIOB B COYCTAHUSIX)
¥ aBTOpCcKoe Summary crarby Ha 20-25 cTpok (31ech ke Uit KOHTPOJIs 00s13aTeNIbHO PHIIaraeTcs epeBo Summary
Ha PYCCKHUH A3BIK).

KitroueBble c10Ba TOIDKHE OTPAKaTh OCHOBHOE COZIEPYKAHUE CTaThH, IIOBTOPSATH TEPMUHBI U3 TEKCTa CTATHH U 110
BO3MO)KHOCTH HE [IOBTOPSITH TEPMHHBI 3aITIaBHsL; CIEAYeT IIOMHHUTb, YTO 9TH CJIOBA JIOJDKHBI OOJIErIUTh IOUCK CTaThbH
CpeacTBaMH NH(OPMALIHOHHO-IOHCKOBOH CHCTEMB.

Summary J0KHO OBITh IIOHATHO 6e3 00palieHus K caMoi MyOIHKaliy KaK He3aBHCHMBIH OT CTaThbH HCTOYHHK
nHdopmarmyu. OHO TOIKHO OTBEYATh CIEAYIOIIUM KPUTEPHSIM: HH(POPMATHBHOCTH (HE COAEpIKaTh OOLINX CIIOB);
coziepKaTeIbHOCTH (OTpaXkaTh OCHOBHOE COICPIKAHME CTAaThH: 3a[a4M PabOThI, METOMbI, NIABHBIC PE3YIbTAThl HC-
CIe0BaHMIA); IIOCIeI0BaTeNbHOCTH H3nokeHus. [lepeBox Summary Ha aHIIHICKHH SA3BIK JOJDKEH OBITH BBIOTHEH
KauyeCTBEHHO, C HCIIONb30BAHHEM AHIVIOA3BIYHON CHENHANbHOH TEPMHUHONOTHH, HE OBITH JOCIOBHBIM [EPEBOLOM
PYCCKOSI3BIYHOI BepcuH (U HEOOXOXMMOCTH CIIEAYET TAaKKEe BKIIOYATh MOSCHEHHS JUIS MHOCTPAHHOTO YMTATels,
CBSI3aHHBIE CO CHENU(HKOI HCCIe0BAHMUIA).

Janee nponoimkaercst MHOPMALHS HA PYCCKOM SI3bIKE: KIIOYEBBIE CJIOBA B COOTBETCTBHHU C PYCCKHM an(aBUTOM
(ne 6onee 10), kparkas anHoranus (710 cTpok) (6e3 nepeBoaa Ha AHITMHCKHI) — M HAYUHACTCS TEKCT CTATBHU.
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Jl1s cTaThy, IPEICTABISIEMON Ha aHDIIMICKOM si3bike, TpeOyrotes: Y/IK; nepeBos Ha pycckuii 361K Bcel HHPOP-
MaluH, KOTOpast JaeTcs Mepe]] HavalloM CTaThy B xKypHaie. Kpome Toro, B KOHIE CTaThi HEOOXOANMO NPUBECTH pac-
IIUPEHHBIN pycckuii pedepar (1-1,5 cTp.), a B mOAMUCIAX K PUCYHKAM 1aTh MX TIEPEBOJ] Ha PYCCKHIA S3bIK.

OcHOBHOH TeKcT pa30uBaeTcs Ha pasziensl. OOBIMHO 9TO BBE/IEHUE, IOCTAHOBKA IPOOJIEMBI, METONKA HCCIIEI0BA-
HMI1, pe3ysIbTaThl UCCIE0BAHUH, 00CYKICHUE PE3YIIbTaTOB, 3aK/II0YeHNE (BBIBOIBI). B KOHIIE CTaThH MOXXHO IIOMECTHTD
0J1arolapHOCTh JIMLAM, OKa3aBIIMM MOMOLIb B IIOATOTOBKE CTAaThH, H HEOOXOAMMO YKa3aTh HCTOYHHK (PHHAHCOBOM
HOZIEPIKKH, CIIOCOOCTBOBABIINI BEIIOIHEHHIO 3TOH pabOTHI (IpaHTHl (GOHIOB, IPOTPaMMEL U T.1.). braromaprocTu
U CCBUIKM Ha IPAHTBI HIIH TEMBI JTAIOTCS Ha PYCCKOM, a 3aTeM Ha aHruidckoM s3bike (Acknowledgments).

Toamnucy nmoa pUCyHKaMu JAIOTCS K KaXJOMY PHCYHKY B COOTBETCTBHH C €TO PACIIONOKECHHEM B TEKCTE: CHaYaIIa
Ha pycckoMm (Puc. 1. Jlanee moanucs), a morom Ha anrumiickom si3bike (Fig. 1. Figure caption). B moxnucsax Heo6xoaumo
OTZENATH COOCTBEHHO HAa3BAHUE PUCYHKA OT OOBSCHEHHIT K HEMY (JKCILTHKALIHS ), KOTOPbIE HAJI0 AABATh C HOBOW CTPOKH.

Pucynku u Gpororpaduu noMeIaroT B OTASTbHBIX (ailaax: Uis pacTPOBBIX H300paKEeHHIT B pacTPOBBIX (hopMaTax
JPEG/TIFF/PSD, n B BextopHbIx — CDR (Bepcuu X6 u crapme) wim Al (He JomycKkaroTcest puCyHKH B popmare Word).
Pasperenue pacTpoBbIxX H300pakeHHil B oTTeHKax ceporo 1 RGB-user momkuo 6bith 300 dpi. Bee ciioBecHble HagmucH
Ha PUCYHKaX JAI0TCs TOJIKO Ha PyCCKOM si3bIke. Bee ycnoBHbIe 3HaKu 0003Ha4atoTcs nuppamu (KypcuBoM) ¢ 00s13aTeb-
HOH pacmu(ppoBKOii B TOAPUCYHOUHBIX MOAHUCSX, IJIe OHH TakKe 0003HAYAI0TCs KypcHBOM. L{H(pEI MOXKHO CTaBUTH
¥ Ha THUsAX rpadukoB. Ha rpadukax Bee mikanbl 0053aTeIbHO MOIUCHIBAIOTCS U YKA3bIBACTCS Pa3MEPHOCTD BETHUHH.

Tabmuupsl. [lnst Oonpmux TaOMMIl CIELYET UCIONB30BaTh albOOMHYIO Pa3METKy CTpaHHIbl. TaOmuupl u rpadbt
B HUX JI0JDKHBI IMETh 3aT0JIOBKH, COKPAILIEHHS CIIOB B TAOIMIAX HE JOMyCKArOTCs. TabuIbl HabUparoTcs, KaKk U TEKCT,
B popmare Word mpudrom 9 nr. Ilpumedanus BHyTpH TaOMHIBI He faoTcs. VICIONb3y0TCs CHOCKH KO Beell Tabiuie
HJTH OTACTBHBIM €€ TOKA3aTeIsIM.

B Texcre crnemyeT naBaTh CCHUIKM Ha BCe PUCYHKH H TaOmunpl. [Ipu nepBoit cepiike — puc. 1, Tabm. 1; npu mo-
BTOPHBIX — CM. puc. 1, cM. Tabn. 1. Eciin B Tekcre faeTcs ofHa TaOMIA WM OJIMH PUCYHOK, TO CCBUIKH B TEKCTE
TPHUBOIATCS CIEIYIOIIMM 00pa3oM: MpH TEepBoi cchuike — (Tabnmua), (PUCYHOK); TP TIOBTOPHOM CCBHUIKE — (CM.
Tabmuiy), (CM. PUCYHOK).

Maremaruyeckue 0003HAYEHHUS, CHMBOJIBI U MPOCTBIE (GOPMYIIbI HAOUPAIOTCS OCHOBHBIM MIPH(MTOM CTATBhH,
cnoxuble popmynsl — B nporpamme MathType (unu B Bepeusax Word mo 2007 roga BkitountensHo). Hymepyrores
TOJBKO T€ (JOPMYIIBI, Ha KOTOPBIE €CTh CCBUIKM B TeKcTe. Pycckue i rpedeckue OyKBHI B (JOPMyIIax U TEKCTE, a TAKKE
XHUMHYECKHUE NIEMEHThI HAOMPAIOTCs MPSIMBIM IIPU(TOM, JTaTHHCKHE OYKBBI — KypCHBOM. AGOpEBUATYPEI B TEKCTE,
KpPOME OOLICTIPHHSTHIX, HE Oy CKAIOTCSL.

B crincke mureparypsl (iof 3arooBkoM «CIHCOK TUTEPaTyphI») CCHUIKH Ha INTEpaTypy HyMepyIOTCs IOCIIeI0Ba-
TEJIbHO, B COOTBETCTBHH C IIOPS/IKOM X MIEPBOTO YIOMHHAHHS B TeKcTe. [IpUBOAATCS TOJIBKO OIyOIHKOBAaHHBIE PAOOTHI.
CCBUIKH TI0 TEKCTY JAIOTCS B KBAJPaTHBIX CKOOKAaxX Ha HOMEpa CIHMCKa, 4epe3 3amaTyro ¢ npobdenom: [1, 7, 23-27].
Cratbsl TOJIDKHA COIEPIKATh CCHUIKH Ha BCe pabOoTHI, IPHBEJEHHBIE B CIHCKE JIUTepaTyphl. OOpaiiaeM BHIMaHHE Ha
HEeJIOMyCTHMOCTb BKIIIOUCHHUS B CIIMCOK JINTEPATYPbI M3/JaHUH, BbIyieHHbIX 6e3 ISSN- mii ISBN-kozoB (3TiM yacto
rpemar cOOPHUKH MaTepranoB KOH(GEPEHIHUH (TE3UCHI WM JOKIIAIbI)).

Jlanee npunaraercst BTopoil crmcok nuteparypsl (References). B criicke Ha naTnHHIE CTPOTO COXpAHSIOTCS T€
e MOCIIE/I0BATEIbHOCTD M HyMepalis HCTOYHUKOB, YTO U B «TPaJMIIHOHHOMY cricke. CChUIKH Ha HHOCTPAHHbIE MC-
TOYHHKH IPHBOAATCS B 00OMX CITHCKAX JTHTEPATyPhL.

Crarbu, He COOTBETCTBYIOIINE YKa3aHHBIM TPEeOOBAHUAM, paccMaTpuBaThes He OyayT. [Ipu paboTe HaJ pyKOIHCEHIO
PeNaKIKs 10 COINIACOBAHMIO C aBTOPOM BIIPABE €€ COKPATHTh. ABTOD, IIOAMHICHIBAs CTATBIO M HAIPABIIAS €€ B PEAKIIUIO,
TEM CaMbIM TIEpPEIaeT aBTOPCKUE PABa HA U3JAHUE HTOM cTaThy )KypHany «[IpoOnembl ApkTuky 1 AHTapKTHKH/ Arctic
and Antarctic Researchy.

Penakuus u3BemaeT aBTopoB 0 BO3MOXKHOI BHIOOPOYHOM TPOBEpKE MPUCIAHHBIX IS MyOIUKaLMK CTaTeil B CH-
cTeMe «AHTHILTAaruaT.

PenaknuoHHas KoJulerus He BCTYIIAeT B IUCKYCCUH C aBTOPAMH I10 TIOBOTY NIPHHIMAEMBIX €10 PEIICHHUH.

Bosee nonuble cBefeHUs 10 OPOPMIICHUIO CTAThU PUBEICHBI B JOKyMeHTe « TpeOoBanust K 0DOPMIICHHIO CTaTeH,
IpHChLTaeMbIX B )KypHan [Ipobnembr ApkTiky U AHTapKTHKI». OH pa3MeleH CTpaHUIIe XKypHaia 1o aapecy: http:/
www.aari.ru/misc/publicat/req_pub_aanii_.pdfu obs3areneH s 03HaKOMIICHHS TP MOATOTOBKE MaTEPHAIIOB CTAThH.
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