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Wccnenyercs BAUSHUE JAJIbHUX IIePEHOCOB KOHTHHEHTAJIBHOTO a3po30Jid Ha 3arpsA3HeHHe apKTHUecKoil aTMo-
ceppr. Ha ocHOBe MHOTOJIETHHX M3MepEHUIl XapaKTepUCTUK a’pososid B atMocdepe EBpasuiickoro cektopa Ce-
BepHoro Jlegosuroro okeana (CJIO) olieHHBaeTCs MEPUOJMYHOCTh UX CHHONTHYECKUX Bapuaruii. B mepuomorpam-
MaX KOHI[eHTpaIuil cyGMUKPOHHOTO aspo3osisi u depHoro yriepoga (Vy u eBC) mposBHINCh CTATHCTHYECKH 3HA-
YpMble MaKCHUMYMbl aMIUIUTYAHbIX (PYHKIMI B AuanasoHe ot 3,5 1o 18 cyr. Bosee neranbHO paccMOTpeHBI caydan
aHOMaJIbHO BbIcOKuX KoHuentpaimii eBC u V(5% maHHBIX), CBA3AHHBIX C TaJbHUMU MEPEHOCAMH KOHTUHEHTAJb-
HBIX 3arpssHeHuii. IlokasaHo, UTO cpelHASA NPOJOKHUTENbHOCTh «aHoManuii» eBC u V; paBna 1 cyr, a Makcu-
MasnbHag — 112 4. BpeMeHHble HHTepBaJIbl MKy «aHOMAJIUSAMEI> COCTABJIAIOT B cpefHeM 6—16 cyT, a MakcuMaJb-
Hble — oT 28 10 69 cyr. HecMoTps Ha Masyio IpPOJOJIKUTETbHOCTD U PEAKOCTb aHOMAJbHBIX CUTYyallUil, OHU yBe-
JIMYUBAIOT CPeIHIE KOHIeHTpannu aspo3ons u eBC Ha 28—77%. Pacuersl mokaszaiu, 4To OcHOBHOI (79%) BKIa
B 3arpssHeHme aTMocdepbl Kapckoro m bapeniieBa Mopell IpHHAIJIEeXHUT BbIHOCAM AHTPOIOTEHHBIX 3MUCCHIH,
a B Bocrounom cektope CJIO — gpiMaM JIECHBIX MOKapoB. BInsiHIe TPOAYKTOB CXKUTAHUS MOIYTHOTO Tasza Ha
npeanpuaTHax razonedreno6oran Gombme Beero (1o 51%) mpostBuioch B atMocdepe Hall HaydHO-UCCJIEN0BA-
TeJBCKUM craimoHapoM <«JlemoBast 6asa ,Mbic BapaHoBa“». IlosyueHHBIEe Pe3yJIbTAThl MO3BOJISIOT KOJIMYECTBEHHO
OLIEHUTD BKJIAJ PA3JUYHBIX TUIIOB a3PO30JIbHBIX 3arpsI3HEHUIl B IPHPOJHYIO Cpely ApPKTUKU.

Kntouesvie cnoea: armocdepa HaJ OKeaHOM, YEPHBIH yIJIepo[, aspo30Jib, APKTHKa, 3arps3HeHus aTMocge-

por; atmosphere over the ocean, black carbon, aerosol, Arctic, atmospheric pollution.

BBeaeunne

AtMocdepHbBIii  a9p030Jb UTPaeT BAXKHYIO POJIb
B Ipoleccax paJualliOHHBIX B3auMoelcTBuil (pac-
cesiHUE, TOTJIONIEHWEe COJHEYHOH paJualliu) U Macco-
o6MeHe pa3JINYHBIX BeIeCTB MeXAy KOHTHHEHTOM
1 okeaHoM. /[lajbHUe IepeHOChl IPUPOJHOTO U aHTPO-
TIOTEHHOTO a9p030Jiell BJAUSIIOT Ha COCToSdHUE atMocde-
pBI, KJIUMAT W Pa3JTUYHble 9KOCHCTEMBI BO BCEX PETHO-
nax TraHeTsl [1—3]. Oco6blit nHTEpeC MpeaCcTaBJSIOT
UCCIEJOBAHNS BJUSHUS ITIePEHOCOB B  APKTHYECKOI
30He, XapakTepuaymollelicsa CUIbHOI AUHAMHUKON Npu-
POJHOH cpebl W YYBCTBUTEJIbHOCTBIO K U3MEHEHUSIM
kanMarta [4—6]. VccaemoBanust aspososiss B Poccuii-
CKOM ceKTope ADPKTHKHM CTaJl aKTUBHO pPa3BUBATbHCS
B nocsieare 10—15 j1eT: B €5KeroJHbIX MOPCKUX 3KCITe-
quax B CeseproM JlemosutoMm okeane (CJIO) [7—14]
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u Ha noJApHbIX craHiuax (Tukcu, BapeHn6ypr, «Mbic
Bapanosa») [15—18]. HaxomeHHbIe JaHHBIE €KETO-
HBIX HM3MEpeHHil XapaKTepUCTUK a3po30Js B apKTHUe-
CKoil aTMocdepe MO3BOJIIIN TEPEHTH OT aHAIHU3a «as-
PO30JIbHO TIOTOBI> B OTAEJbHBIX CUTYAINSIX WU IKC-
MeUIUIX K KJINMAaTHIeCKUM OGOOIIeHUsAM: cpefHee
MIPOCTPAHCTBEHHOE PpacIpe/ieJieHe aspO30JbHBIX Xa-
pakrepuctuk B EBpasuiickom cektope CJIO [11, 12],
UX Ce30HHAasT M MEKro/l0Bas M3MEHYHMBOCTb B palioHe
MOJIIPHBIX cTaHuuii [15—17].

Oco6eHHOCTD apKTH4ecKoil atMocdepbl COCTOUT
B TOM, 4YTO Ae(UIUT a’dp0o30Jid OT MECTHBIX MCTOYHU-
KOB BOCTIOJTHAETCS JAJbHUMU MepPeHOCaMU TIPUPOTIHOTO
U AHTPOIOTEHHOTO a3po30Jieil M3 CpeaHuX IITUPOT.
WNubiMu cioBamu, coctaB atMocdepsl Hag CJIO B 3Ha-
YUTEJbHOI CTeTleHn OMpeiesisieTcs] SMUCCUIME a3P030-
JI Ha KOHTHHEHTAX W IUPKYJANUSIMU BO3AYITHBIX
Macc. OlleHKN BJUSAHHS aTMOC(EPHBIX 3arpsa3HeHwuil
Ha TPUPOJHYIO CPeAy APKTUKH Ba’KHBI KaK C Hay4-
HOH, TaK M ¢ TPUPOJOOXpaHHOI TOuku 3peHus. Coot-
BETCTBYIOIINE WCCJEJOBAHNUS MPOBOAMINCH MHOTHMHI
aBTOpaMH C WCIHOJIb30BaHUEM MOJENBHBIX pPacyeToB,
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OCHOBAHHBIX Ha WHBEHTAPU3AIMH Pa3JUYHBIX WMCTOY-
HUKOB aspo30Js1 (MecTomnoIoKeHne, MOIHOCTD) M CTa-
THCTUYECKUX [JaHHBIX O TPAEKTOPHUSX ABIKEHUS BO3-
IyIHbIX Mace [7, 19—23]. Bausnue KOHTHHEHTAJIbHBIX
3arpsi3HEHUNl Ha apKTUYecKylo atMocdepy OlleHnBa-
JIOCh TaKyKe € TIOMOIIbIO IMIIUPHYECKOTO IMOAXO0JAa IO
JIaHHBIM MHOTOJIETHUX u3MepeHuili B EBpasuiickoM cek-
tope CJIO [24].

Hacrogamas pa6ota sBJgeTCSA TIPOAOKEHHEM pa-
601bI [24]. Ee meanm — olleHKa MepUOJAUTHOCTH CHHOI-
THYECKNX BapHAlUil XapaKTEPUCTHK a3pPO30Jisi, MpPo-
JIOJKUTEJBHOCTH U TIOBTOPSIEMOCTH aHOMAJIBHO BBICOKHX
UX KOHIIEHTpaIiil, a TakKe CHCTeMaTH3allhsl «aHoMa-
ity 1o TumaM (MCTOYHMKAM) 3arpa3HeHuii.

1. Marepuajbl 1 METObI

MHorosleTHHE UCCJIEJOBAHUSI a9pPO30Jis1 HaJl OKea-
HOM IOKAa3aJIl, YTO €0 XapaKTePUCTUKU HU3MEHSIOTCS
B OCHOBHOM B CHHONTHYECKOM MaciiTabe TOJ BIUSHHU-
€M CMeHBI BO3AYIIHBIX MacC W IIOTOAHBIX YCJIOBHI.
3HaunTebHBIE U3MEHEHUs (PU3UKO-XUMHUIECKOTO CO-
CTaBa W COMAEPIKAHUS adP0O30Jid HAOIIOJAIOTCSI B apKTH-
4yeckoil atMocdepe: TPH BTOPKEHUSAX 3arpsSI3HEHHOTO
BO3/[yXa CO CTOPOHBI KOHTHHEHTOB KOHI[EHTPAINH yBe-
JINYUBAIOTCS Ha OJUH-IBA TOPS/KA OTHOCHTETBHO (ho-
HoBoro ypoBHs [11, 12]. 3arpsisHenusi mnepeHoOCATCS
Ha Gosiblie paccTosgHusl (ThICSUM KUJIOMETPOB) B CO-
cTaBe cyOMHUKPOHHOTO aspososd. OmgHako 6oJsiee KpyT-
Hble YacTHIILI OOBIYHO PACTpPOCTPAHSIOTCS He 6OJIbIle,
yeM Ha COTHIO KmioMeTpoB [25]. I'py6ommcmepcHas
dpaxius mpezcTaBieHa B OCHOBHOM MOPCKHM a3p030-
JieM, cofiep;KaHie KOTOPOTO He CBSI3aHO C JaJbHUMU
MepeHocaMt, a 3aBUCHT OT MECTHBIX THUIPOMETEOPOJIO-
rUYecKuX ycaoBuil (CKOpocTH BeTpa M JIeJOBHTOCTH
OKeaHa).

MpbI aHATTM3UPOBAH Pe3yIbTAThI €3KeYaCHBIX H3Me-
PeHNi KOHIIEHTPAIil CyOMUKPOHHOTO a3PO30Js M II0-
TJIOTIAOTIEro BelecTBa (B 9KBUBAJEHTE YePHOTO yTJe-
pona, eBC) B npusemHoM cioe atMocdepsl EBpasuii-
ckoro cektopa CJIO B 19 MOpCKUX 3KCIIEIUIIHIX
(2007—2023 rr.) u Ha moigpHol craHimu <«JlegoBad
craniug ,Mbic Bapanosa“» (2018—2022 rr.), pacmo-
snoxenHoit Ha apX. CeBepHag 3emisl. MaccoBast KOH-
LEHTPAIMS] YEPHOTO YIJIEePOoia B COCTABe aspPO30Jis U3-
Mepayach astamomerpamu MJIA [26], a ob6bemHas
KOHIIeHTpanust cyGMUKpOHHOro asposoust (V) paccuu-
TBIBAJACh MO JaHHBIM u3Mepenuii cyerunka A3-10
B auamaszoHe paaumycoB dyactuil 0,15—0,5 Mxm [27].
MerTomdeckre BOIMPOCHI M3MepeHuit 1 06paboTKI AaH-
HBIX, a TakKKe PallOHbI U CPOKU MOPCKHUX IKCIIEIUIIUL
obcy:xaanuch B paborax [11—16].

XapaKkTepuCTUKHI a3p030Js1 B MOPCKUX 3KCIIEIH-
[USIX U3MEPSUINCh B TepHo/l HaBurarmu (B OCHOBHOM
UIOHb — OKTAOPH), a Ha craHmun <«Mpic BapanoBa» —
KPYTJIOTOANYHO M B HECKOJIBKO JPYTUX TeO(PU3NIECKUX
ycaoBugx. /luamazon m xapakTep maMeHunBoctu eBC
u V; B pasHble IepuUOJbl Toja pasinyarorcs. UTo6bl
UCKJIIOYNTD BJIUSIHUE CEe30HHOTO (paKTopa, aHAIN3 JaH-
HBIX cTaHIuu «Mpic BapaHoBa» TPOBOAMIICS OTAETHHO
JUI HaBUTAIMOHHOTO Trepuoga (yCIOBHO — <JI€TO»)
n «3uMbl» (HOA6PDb — Maii). ObIee KOJIMIECTBO JaHHBIX

3a Jerto: «Mpic bapanoBay — 12248 4 wu3mepenuit
eBC u 8171 u usmepenuii Vy Mopckue sKcCIeUIUH
(CJIO) — 9693 u 8029 u coorBercTBeHHO. Kosmuect-
BO JaHHBIX B 3uMHuii nepuoxa («Mpic BapaHosa») co-
crapuino 19580 u umsmepenuit eBC u 15627 u usme-
penuit V.

2. Pe3syJbTaThl H 00CY3K/E€HHE

2.1. HHepuoduunocms cunOnRMUUECKUX
sapuauvuil

BbICOKOYACTOTHBII TIIyM, 06YCJIOBIEHHBIN TTOTPEI-
HOCTSIMM U3MepeHNil 1 BHYTPUCYTOYHO! N3MEHUYNBOCTbHIO
KOHIIEHTPAIINH a3pP030Jsl, 3aTpyAHseT BbljeJeHHe Iie-
PHOJIOB cHHONTHYeCKNX KoseGanuii. [loaToMy cHadasa
MPOBOINJIOCH CIUTsKMBaHUE PSJ0B HaOMIOJeHI MeTo-
JIOM CKOJIb34IIIeT0 CPeIHET0 ¢ BpeMEeHHBbIM OKHOM 1 cyT.
3areM pacCYUTHIBATINICH CIIEKTPAJIbHBIE TIIOTHOCTU MOTI[-
HOCTH BapHalluii U CTPOWJIUCH COOTBETCTBYIOIUE Iie-
puogorpammbl (aMIuTyqHbIe (PYHKINUK) A0S AaHHBIX,
MOJIyUeHHBIX B MOPCKUX JKCHEJAUINIX M Ha CTaHINH
«Mpic Bapanosa» (puc. 1).
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Puc. 1. Tepuogorpammpl (aMIuTy/iHble (HYHKIUN) U3MEHUN-
Boctu €BC (@) u V; (6) B MOPCKUX 9KCIEIUINAX U HA CTaH-
n «Mpic BapanoBa» (ropU3OHTANBHBIME JUHUAMU IIOKA3aH
ypoBeHb cratucTHueckoil 3Haummoctn 0,05) (cMm. 1uBeTHBIE
puCyHKH Ha caiite http://iao.ru/ru/content,/vol.37- 2024/
iss.11)

Bo Bcex mepuosorpaMMax IMpOsIBUINCH HECKOJIBKO
MaKCHMyMOB aMILIUTY B Juama3oHe oT 3,5 10 18 cyT,
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HO HET OCHOBAaHUI BBIIEIUTh KaKWe-TO IpeobJiagaro-
e Tepuobl. BBISBIEHHDBIE B MEPUOJOrPaMMax Mak-
CUMyMBI CTaTHCTHYeCKH 3HaunMbl (1o yposzio 0,05)
U COOTBETCTBYIOT M3BECTHBIM MaciiTabaM CHHOITHYE-
ckux u rao6anpubix (BoaHbl Pocc6u) konebanuii pas-
JINYHBIX XapaKTepHCTHK atMocdepnr [28].

2.2. Ipoodorxkumeavnocms
U ROBMOPSAEMOCMH AHOMAALHO
8bICOKUX KOHUeHmMpauuil

OTHOCHUTETbHO peAKNe CJIydal aHOMAJbHO BBICO-
kux eBC n V), cBasaHHble C JaTbHUMH TI€PEHOCAMH
3arpsg3HeHnii, CYIIeCTBEHHO BJUAIOT HA Pe3yJbTaTbl
PACYETOB WX CPEJHETr0 MPOCTPAHCTBEHHOTO pacIpe/e-
nenua [12, 13] u cezonnoil usmenunsoctu |14, 15].
B cBsA3M ¢ aTHM TIpe[CcTaBisgeT MHTepeC OLEHHUTh IPOo-
JTOJDKUTETHHOCTD W TIOBTOPSIEMOCTD TAKUX «AHOMAJIIITY.
/g mosryueHUsT KOJMWYECTBEHHBIX OIEHOK AMITHPH-
vyecku GbL1 ompenesed mopor (~5%) HauGoJiee BbICO-
kux eBC u Vy or obutero uncia nuzMepenuit. /lns mera
(MIOHDb — OKTSI6Pb) TIOPOTOBbIE  3HAYEHHs] AaHOMAJlb-
HBIX  KOHIeHTparmii cocrapmmn:  eBC > 100 nr/M>
u V;> 0,93 mxm®/cv’. 3uma (Hos6pb — Mail) omum-
yaeTcsl 60Jiee BBICOKHUM COZIEpP:KaHIEM adpo30yd M dep-
Horo yriepona. Iloatomy mpu or6ope 5% aHOMAJb-
HBIX KOHIIEHTPAI[Wil ITIOPOTOBBIII YpPOBEHb COCTABUJ:
eBC > 215 ur/™M° u Vi>1,4 MrMS/eM®. Tlpomomk-
TeJIbHOCTh Kaskaol aHoMasbHol cutyaiun (T4) ore-
HUBaJAaCh MO BPEMEHHOMY WHTEPBATY MeKAy HadaIoM
7 OKOHYaHUEM OBICTPOTO POCTA M CITAJIa KOHIIEHTPAITHii
eBC u Vy. UTo6bI oleHNTh, HACKOJIBKO YacTO HAGIIO-
JTAIOTCST «QHOMAJINH», PACCYUTAHBI HHTEPBAJBI BPEMEHU
(AT) Mexay cepeHAMU «aHOMAJIHii».

B Ta6bn. 1 m Ha puc. 2 TpUBEIEHDBI Pe3yJIbTaThI
PacyeToB IIPOJOIKUTENIbHOCTH aHOMAJIbHO BBICOKUX V
n eBC, xortopsle Habmogamnch B arMocdepe CJIO
n Ha cranuun <«Mpic DBapanoBa». W3 mnosyueHHbBIX
JAHHBIX BUJHO, YTO MPOJAOJIKUTENBbHOCTD «aHOMAJUIly
eBC u V; B JleTnuil mepuos B OCHOBHOM paBHa IIPH-
MepHO oxHUM cyTKaM (21—24 4), a MakcuMajbHas
pocruraer 112 u. 3uMoil NPOLOKUTEIBHOCTh «aHOMA-
Jquit» Ha «Mpbice BapanoBay yBenmmumBaeTcs: cpeHIe
snauenus 14 Gosbiie B 1,4 paza, a MaKcUMajbHble —
MOYTH B [IBa pasa.

AHanm3 BpeMeHHBIX WHTEPBAJIOB He BBIIBUJ SIB-
HBIX pa3Inyuii Mexkay 3HaueHUsMU AT 1 IBYX Xa-
paxrepuctik (eBC, V) u cesonos (3uma/neto). Bpe-
MeHHbIe WHTEPBAJIBI MEXIy <«aHOMAJUSMU» COCTABJIS-
10T B cpegHeM 6—16 cyT, MUHHMaJbHble 3HAUEHUSI —
HEMHOTO GOJIbIlle CYTOK, a MaKCHUMajibHble — OT 28 110
69 cyt. IlpakTudecKknm KaXKIblil Mecsil B apKTUYeCKOi
atMocepe MoryT Habuionatbcsl He MeHee 1-2 aHo-
MaJIbHBIX CHTYyalluil, B KOTOPBIX KOHIEHTPAIMH a3po-
30JI1 M YEepPHOTO YTepo/ia TPEBBIMAIT S%-i YPOBEHb
CaMBIX BBICOKMX 3HAYeHWH OT O6IIero Ymcja u3Mepe-
Huit. HecMoTpd Ha OTHOCHUTETHbHO Malyio TMPOAOJIKU-
TeJIbHOCTD (OKOJIO CYTOK) M PEIKOCTh aHOMAJbHBIX CH-
tyaunii (~ 5% MaHHBIX), OHH MPUBOAAT K YBEJMIECHHIO
CPeJHIX KOHIIEHTPAIUil a3p030Jisi U YePHOTO yTraepoja

Ta6nauma 1
XapakTepHCTHKH aHOMAJbHBIX CHTYAIHii

XapaKTepHCTHKA 0
a5p030 Na|8s % Ty, 4 AT, cyr
CJIO, «aemo»
2062211 61256
eBC 8 77 T 100 1-35-30.5
27:21.9 72561
Vi 20 46 3 53 85 1.6—4.5-28.1
«Mwic Bapanoea», <iemo»
2895305  14.5%16,9
eBC 2054 37 T 1,2-8.7—55.4
v, 7 35 2182244 16,1202

3—-11-96 1,4—-8,3-68,8
«Muvic Bapanosa», <«3uma»

41,1+45,9 9,2+8,5
eBC ST ST 5 97 g 1,7 — 6,2 — 43,3
31,4+29,6 12,2 +12,1
Vi A28 3 s s 1,1—6—47,5

IIpumewanune. Ny — KOTHUECTBO «aHOMAJHI»; 84 —
OTHOCUTEJbHOE YBeJMYeHNe CPeIHUX 3HAYeHHH XapaKTepu-
CTUK U3-3a <«aHoMatmit»; T4 — mpopoyukuteabHOCTh, AT —
nosropsieMoctb (1-a ctpoka — cpeanee = CKO; 2-a crpoka —
MUHUMaJIbHOE — MeMaHHOe — MaKCUMAJIbHOE 3HAUEHMUS).

AN/N

0,30 Bl CJ10
1 B <Mpguic Bapanogas, <ieto»
0,25 | «Mpic Bapanosa», esiMa»
0,20
0,15
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0,05
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a

AN/N

0,20

0,15

0,10

0,05

10 20 30 40 50 60 70 80 90 100 140145150
?‘_1. 4
6
Puc. 2. TmcrorpamMbr pacnpefeneHHil IPOAOTKUTETbHOCTI
«aHoMapHBIX> eBC (@) u V; (6)

Ha 28—77% (cMm. &4 B Taba. 1). HanGosbmuii BKJIax
B cpeaHee sHadenne eBC B MOpCKHMX palloHaX BHOCAT
Herpogo/pkuTeabHble (o 10 1), HO BBICOKHE 110 KOH-
HEeHTpaLuK BhIGPOCHI.
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AN/N

0,20 Il CJ10
B <Moic Bapanosas, <ietos
| «Mpic Bapanopas, «anma»

3 10 15 20 25 30 40 50
a

0,15

0,05

10 15 20 25 30 40 50 60
AT, cyT

0

Puc. 3. TucrorpaMMbl paclpeje/eHuii HHTepBaIoOB BpeMeHU
aHoMasbHBIX KoHneHTpamuii eBC (@) u Vy (6)

Ha puc. 3 mpencTtaBieHbl TUCTOTPAMMbl MHTEPBa-
JIOB BpEMEHU aHOMAJIbHO BBICOKHMX KOHIIEHTpPAIil aspo-
30JIs1 ¥ YepHOIO YTJepo/a.

2.3. loneesoii ex1ad omoenvHvLx
munoe 3azpsa3neHuil

CI/ICTeMaTI/IS'&HI/IH aHoMaJibHO Bbicokux eBC u Vf

IIPOBOAMIACH 110 TpeM TumaM (MCTOYHMKaM) 3arpsa3He-
HUi: 1) JBIMBI JIECHBIX M0KapOB; 2) (aKesbl CHKUTaHUs
HOIMYTHOTO Ta3a; 3) aHTPOIOTEHHbIE BBIHOCHI OT KPYII-
HBIX TOPO/IOB U TPOMBIIIJIEHHBIX 30H. /[ BBIABIECHUS
HUCTOYHWKOB 3arpsI3HEeHWil WCIOJh30BAINCH JJaHHBIE
TPaeKTOPHOTO aHAJN3a [BIDKEHHUS BO3AYIIHBIX Macc
(HYSPLIT) [29], ciyTHUKOBBIE KapThl TEILIOBBIX aHO-
Mauuii (ouaros ropenus) [30] u nadopmanug o 50 Hau-
60Jiee MOITHBIX HNCTOYHHKAX aHTPOIIOTEHHBIX 9MUC-
cumii [31, 32].

[Tpomo/KUTETBHOCTD OOPATHBIX TPAEKTOPHIl Tie-
peHoca BO3yXa COCTaBJsAIA 5 cyT. Pemenne o6 muieH-
TUDUKANNY THUTA 3aTpI3HeHnus TPUHUMAJIOCH, €CJH
TpaeKTOpUd TlepeHoca BO3AyXa MPOXOANIA HA MeCTO-
TOJIOJKeHNEeM HCTOYHUKA B Tpefesax +50 KM, a BBICO-
Ta TPAeKTOPUH B 3TOM MeCTe He TpeBbIania 1,5 KM.
C 11eJIbI0 TIOBBIIIEHUST JJOCTOBEPHOCTU BBISBJIEHUS HC-
TOYHUKOB 3arpsA3HeHUil TPaeKTOPHBINH aHaJIN3 TIPOBO/INI-
ca amst tpex Bbicot (20, 50 m 100 M) w BpeMeH Tpuxo/a
TpaeKTOpHil B TOYKY M3MepeHuit (B MOMEHT MaKCcHMyMa
«aHOMaJNH», a Tak)Ke Ha [JBa 4aca paHblle U IO3Ke).

B HeKOTOPHIX CIydasxX S-CyTOUHBIE TPAEKTOPUHU
nepeHoca Bo3zayXa mnpoxojauian Toabko Han CJIO uanm
paifoHaMu, T/le OTCYTCTBYIOT MOIIHbIE HUCTOYHUKU 3a-
rpa3HeHuii («0» — HCTOYHHUK He yJaJ0Ch UACHTH(HUITH-
poBarb). Takme CUTyallld MOTJH ObITh 0GYCJIOBJEHBI:
a) ABJEHUSAMH  <apKTHYeckodl  apiMku»  [33, 34];
6) MeCTHBIM TeXHOTE€HHBIM BO3JeficTBHEM B paiioHe
U3MepeHUil OT CyIHA WJIH TIOJISIPHON CTaHINU; B) aHTPO-
MOTEHHBIMH BBIHOCAMH OT MeHee KPYIHBIX TOPOJIOB
7 TIPOMBITIVIEHHBIX 30H, KOTOPble HAMU He YYHUTBHIBA-
Jmch. BplbpaHHBINT HAMH TTOJXOA He ITO3BOJIAET OIHO-
3HAYHO OINPEIENTh, Kakoil u3 aTux (axropos (mim ux
KOMOWHAIMS) MMeJIH MeCTO B CHTyaluAX, 0603HaueH-
HbIX «0».

PaccMoTpuMm cHavasma pacmpenenenne N4 1O TH-
nam (ucrounukam) sarpssHenuii (6e3 ydera BeJUYMHBI
U TIPOJOJIKUTETbHOCTH «aHoMasmii»). M3 tabi. 2 Bua-
HO, YTO BO MHOTIMX cJydasx (IpuMepHO TpeTb) MCTOY-
HHUK aHOMaJbHO BbicokHX eBC u Vy He uaentudmiy-
poBaH — «0». Ha cranmuu «Mbic BapanoBay 66Jbimast
4acThb «aHOMaJnit» 6bla 06ycIoBIeHa CMEITaHHbIM Jlefi-
CTBHEM [BYX HCTOYHHKOB — C)KUTaHUEM IMOIYTHOTO
rasa i aHTPOIIOTeHHbIX 3arpsauenuii (2 +3). [lisa «aHo-
Mamuil» V; B 3UMHHI Ilepuoj J0Jsg TaKuX CJydaeB
pocruraer 50%. Ecium paccMarpuBaTh [eiicTBHE Kayk-
JIOTO TUIA UCTOYHUKA TIO OTAEJTBHOCTH, TO B MOPCKHX
SKcIeAuIAX GoJblle Bcero <«aHomayuii» eBC (30%)
u V; (22%) cBs3aHO C BBIHOCAMI AQHTPOIOIEHHBIX 3a-
rpasuennit (tum 3). JI1g BceX MaHHBIX XapaKTepHO,
YTO HauUMeHbIllee YHUCJIO <«aHOMaJuil» CBSI3aHO C Jiec-
HbIME TokapaMu (tuir 1).

Ta6auma 2
CucremaTtusanus cutyanuii anomaabHo Bbicokux eBC u V;
no THnaM (UCTOYHHMKAM) 3arpsi3HeHHil

XapakTepucTiuKu N. Ilona N4 1o TumaM 3arpssHeHuii, %
a’p0o30J1d /A 1t [ 2 [ 3 J2+3] 0
CJIO, «aemo»

eBC 83 8 13 30 16 33

Vy 50 4 16 22 14 44
«Muwvic Bapanosa», <aiemo»

eBC 21 14 10 19 33 24

V, 27 — 7 1 26 56
«Mwic Bapanoeas, <«3uma»

eBC 57 - 10 14 58 18

Vs 54 - 13 7 50 30

AHOMAJTbHBIE CUTYAlUU OTJUYAIOTCS KaK IO TIPO-
JIOJLKUTETbHOCTH, TaK M TIO0 BeJUYMHE KOHIIEHTPAIHil.
Bonee nosiHoe n KOppeKTHOE TpejicTaBIeHue JJaeT CUC-
TEeMATU3AIUSl «aHOMAJIUI» 110 UX UHTErpajbHOMY BO3-
JeficTBUIO Ha 3arps3HeHNe apKTU4ecKoil aTMocdepsl.
ToaToMy AJIs KaXA0ro j-To THha sarpssHenuii (j = 1,
2, 3, 0) paccunThIBalIOCh MHTErpajbHOe BO3/efcTBHE
C y4YeToM IPOJO/LKMTENBHOCTH —<«aHOMasmii»: §; =
=Y, X(t);- T4, tne X(t); — 3uavenne eBC n V; B i-it
aHoMaJIbHOH cutyaruu. [Ipm cMemanHOM Bo3jeiicTBUU
JIBYX WCTOYHUKOB 3arpsA3HeHNI WX BKJAJ OMpPeIessics
co cratuctudeckuM BecoM 0,5. JlosieBoil BKJIaJ BJIMS-
HUA Kaska0ro (j-r0) TuIa 3arpA3HeHuil olpeaessics mno
OTHOIIEHUIO K O6IIeMy BO3/EHCTBUIO BCeX aHOMAJTbHBIX
3Havenuii xapakrepucruk: 8; = S;/(X; - S)).
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Ha puc. 4 mokasaHo pacrpefieieHne BKJIaJa TPex
THUIIOB 239PO30JIbHBIX 3arPA3HEHUiT B OTJEJbHBIX CEKTO-
pax CJIO. Han bapenneBsiM u KapckuM Mopsmu
HauGoJIblilee BINSAHME Ha aHOMasbHble eBC okasbiBatoT
AHTPONIOTEHHbIE MCTOYHUKHU: UX BKJIAJl cocTaBJygeT 49—
54%. Han KapckuMm mopem Gospmioit Brman (44%)
B 3arpsI3HEHMs BHOCAT TakKke Ta3oBble (akesnl. Hax
BocroubiMu Mopsamu  (2013—2022 rr.) BiugHUe aH-
TPOMOTEHHBIX UCTOYHUKOB Ha eBC yMeHblmaercss B Ba
pasa, a OCHOBHYIO POJIb MTPAIOT JBIMBI JIECHBIX MOKa-
poB (62%).

100 [ 8> 7o
80

5149

60 46 54 A4 51 49
a0 16 ' 20 l
i 1
Bapenneso Kapckoe Boctounsle  «Mbic «Mplc
Mope Mope Mopsa  Dapanopas, BapanoBas,
«JIeTO» «31Ma»

0

Puc. 4. OTHOCHTEJbHBIH BKJIAJ OT/AENbHBIX TUIIOB 3arpsi3He-
Huil B anoMaubHble sHateHns eBC (a) u V; (6) B dersipex
pationax CJIO

BkJaag aHTPOTOTEHHBIX WCTOYHIUKOB B aHOMAJIb-
Hble 3Ha4eHus V; yMeHbIIAIOTCA B BOCTOYHOM HAaIlpaB-
Jgenun: ot 79% uaja BapenieBoiM MopeM o 20% Haj
BocTouHbIMH MopsMu. Hax Kapckum MopeM comnocta-
BUMBIII BKJIa/l BHOCAT aHTPOIIOT€HHbIe ICTOUHUKH 1 BbI-
HOCBI IIPOJYKTOB C3KMTaHUS IOIIyTHOro rasa. B paiione
craniun «Mbic BapanoBa» 2-if u 3-if TUIIBI UCTOYHU-
KOB BHOCSIT COTIOCTABUMBI BKJAJ B aHOMaJbHble eBC
n V. JIpIMbI JIeCHBIX NoapoB Ha «Mpice Bapanosa»
NOBJIMSIN TOJbKO Ha aHOMaybHble 3HaueHust eBC
JIETOM.

B Tabs. 3 mpuBeneH 0JieBOI BKJIAJ BCeX TUIIOB
UAeHTU(PUINPOBAHHBIX «aHOMAJUI» 71T TPeX MOPCKUX
paitoHoB u craniun «Mbic BapanoBa» («J1eTo» n «3u-
Ma»). PaccMaTpmBasioch BJIMsSIHHE BBIHOCOB M3 TpPex
pernonos: Espombr (mo 50°B.x1.), 3amagnoii Cubupn
(or 50—100° B.1.), Boctounoit Cu6upn (ot 100° B.1.).
Anaym3 mokasas ciefgyiolnue pe3yabTaTel. Co CTOPOHBI
EBporibl Han6oJiblliee BAUSHAE OKA3bIBAIOT BBIHOCHI 3a-
I'PsI3HEHMI, CBsI3aHHBbIE C AHTPOIIOTEHHBIM BO3/€EHCTBU-
€M, 3TO OTHOCUTCS Kak K <«aHoMasmsiM» eBC — mo 93%
B Kapckxom Mope, Tak u Vy — 1o 97% B BapeHuesoM
Mope. Ha BocTouHBle MOpS MCTOYHWKY, PACIHOJIOKEH-
uple B EBpome, BiusanHmsa He okasdanu. Eciam paccMmat-
pHUBaTh BBIHOCHI MOKapoB u3 Bocrtounoit Cubupu, TO
nux HeGousbiioe BiusHue (1—3 <«aHOMaNUKU») MPOSIBU-
noch B DBapenneBom u Kapckom mopsx. Ha «Mbice
BapanoBa» BoszeiicTBue IPOJAYKTOB CSKHTAHUS IIOIMYT-
HOTO Ta3a U aHTPOIIOTEHHBbIX 3arpsi3HeHHH 0Ka3aJoch
OIMHAKOBBIM B 3UMHUI TEpPHO/, a B JeTHUI 0COGEHHO
He TIPOSBHUJIOCH, 32 NCKJIIOUEHNEM [BYX CJIydaeB.

Ta6nauma 3
oneBoii Bkiax pasubix tHnos (1, 2, 3) 3arpsisHeHui,
BBIHOCHMbIX U3 Tpex paiioHoB EBpasun
B pasHble cekTopsl CJIO

Paiion XapakTepucTuka N 8j, %
UCTOYHUKA a3p030J11 A 1 2 3
Bapenueso mope
Espona eBC 10 — 15 85
P v, 6 — 3 97
3amajgHag eBC 11 — 77 23
Cubupb Vi 6 — 30 70
Bocrounag eBC 3 100 — —
Cubupb v, 1 100 -— -
Kapckoe mope
Espora eBC 3 - 7 93
P v, 1 —  — 100
3amagHag eBC 12 — 52 48
Cubupb V 3 — 60 40
Bocrounasa eBC 3 100 — —
Cubupn V, — _ _ _
Bocmounvie mops
eBC — - - —
EBpona v, B B B B
3amnajgHad eBC 6 — 30 70
Cubupb V, 5) — 70 30
Boctounag eBC 2 100 — -
Cubupb vV, 1 100 — _
«Muwic Bapanoea», <iemo»
EBpomna eBC N - N N
P v, 2 —  — 100
3amagHag eBC 10 — 47 53
Cubupb V 9 — 54 46
Bocrounast eBC 5) 94 3 3
Cubupp vV, — — — —
«Muvic Bapanosas, <«3uma»
Espora eBC 10 - 50 50
P v, 10 — 50 50
3amagHas eBC 34 — 1 49
Cubupp V 28 — 52 48
Boctounaa eBC 3 - 62 38
Cubupb vV, — _ _ _

BoiHochl co ctoponbl 3amagHoit CHOUPH TPOSIBU-
JINCh BO BCEX PACCMATPHBAEMBbIX PETHOHAX, HO TOJBKO
OT 2-TO M 3-TO TUIIOB MCTOYHUKOB 3arps3HeHus. MHTe-
PECHO TO, YTO B MOPCKUX pailoHaX /Js ABYX aHaJM-
3UPYEMBbIX XapaKTepUCTUK WHTETPAJbHBIN BKJAJ OKa-
3aJICsl IPOTUBOMOJIOKHBIM. Tak, HampuMep, B BOCTOY-
HBIX MOpsAX HamGoubmmii Bkaay (70%) B aHOMasbHBIE
3HaueHnss eBC BHecim aHTPOTIOTEHHBIE WCTOYHUKH,
a B V; — (axenpl cxxuranua momyTHoro rasa. Takas
3aKOHOMEPHOCTb IPOCJIEKUBAETCS BO BceX Mopsix. Ha
«Mpice BapanoBay BKJIaJ 3aTpsI3HAOIINX HCTOUHUKOB
TOYTH OJINHAKOB.

Penkite aHoMaJIbHbIE CUTYAIIUH, CBSI3aHHBIE C TTOKA-
pamu, 6bLTH 3a(pUKCHPOBAHBI BO BCeX MOPSX, M BCeTla
moskap Haxoamacs B Bocroumoit Cubupm; mxX BKJIa
paBen 100% B Mopckoit arMocdepe u 94% Ha «Mbice
Bapanoga».
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O1leHKN BKJIa/la Pa3HBIX THIIOB MCTOYHUKOB a3po-
30JI51 C/IeIAHbI C PSAJIOM YIPOIIeHUH 1 /IS CaMBbIX CHJIb-
HBIX 3arpsisHeHuil arMocdepbl, KOTOpbIe Jerde HJeH-
tuduimpoBatb. OpHako o6oTalleHNe apKTHYecKOit
atMocdepbl KOHTHHEHTATHHBIM a3P030JIeM MPOUCXOIUT
u B o6nactu Gojlee HU3KUX KOHIIEHTPALUN — BILIOTH
110 POHOBBIX. Y HAc HET OCHOBAHWUII MPeAIoIaraThb, 4To
gacToTa u TpaeKTopun (JUCTAHIUI) MEPEHOCOB 3arpsi3-
HeHWl B ADKTHKY 3HAaUYUMO MEHSIIOTCS B 3aBHCHMOCTH
OT THIIA UJIN KOHIIEHTPAINU CYOMUKPOHHOTO a3pP030Jis,
BBIHOCHMOTO ¢ KoHTHHeHTa. CieqoBaTesbHO, IMOJIYIeH-
HbIe OLIEHKU OTHOCHTEJBHOTO BKJIAJa TPeX THUIIOB aspo-
30J151 TPUOIMKEHHO XapaKTepu3yIoT U UX o6Iiee BJIUS-
HHe Ha 3arpg3HeHNe apKTH4ecKoil aTMocdepsl.

3akaouenne

Ha ocHOBe MHOTOJIETHHX HM3MepeHUil KOHIIEHTpa-
uil cyOMIKPOHHOTO a3po30Jid W YepHOTO YTJaepoja
B apKTHUYecKoif atMocdepe TpoaHaTM3WpOBaHA MEPHO-
JUIHOCTh CHHOTITHYECKUX KOJTe6aHmit, KOTOpble HTPaioT
OCHOBHYIO pOJIb B 0O0Ilell M3MEHYMBOCTH XapakTe-
puctuk asposons. B mepuoporpammax Bapuanuit eBC
u V; IpOABUINCh CTATUCTHYECKH 3HAYNMble MaKCHMY-
MBI aMIUIUTYAHBIX (YHKIUI B [uamazoHe OT 3,5
no 18 cyt. Bosee metanmbHO paccMOTpeHBI OTHOCUTEJID-
HO peJiKue cIydan aHoMasbHO Bbicokux eBC u V; (5%
JJAHHBIX ), CBS3aHHbIE C JAJBHUME NepeHOCaMH 3arpsi3-
HeHUl 13 KOHTUHEHTAJbHBIX paiioHoB. [lokaszano, dto
cpeHAsl MPOJOJDKUTENbHOCTh «aHoMasuii> eBC u V;
cocraBysieT ~ 1 cyT, a MakcuMasbHas gocturaer 112 4.
3umMoii cpelHSS TPOJOJIKUTETHHOCTD «aHOMAIUil» Ha
craniu «Mbpic BapanoBas yBesmuuBaercs B 1,4 pa3sa.
BpeMeHHble UHTEPBaJIbl MeXIYy «aHOMATHSIMU» B Cpell-
HeM cocTaBiaioT 6—16 cyT, a MakcuMasibHble — OT 28
no 69 cyr. HecMoTps Ha OTHOCHTEJIBHO Maulyio IIPO-
JIOJDKUTEJIbHOCTh M PEJKOCTb aHOMAJIbHBIX CHUTYalui,
OHH TIPUBOJAT K yBeJTHMYEHWIO CPeHUX KOHIIEHTpPAIlHii
a3PO30JIsT U YePHOTo yriepoja Ha 28—77%.

O11eHKN [T0JIEBOTO BKJIQJIa TPEX THUIIOB a3PO30Jib-
HBIX 3arpg3HeHnil MOKa3aJid, YTO aHTPOIOTeHHbIE WC-
TOYHUKU OKa3bIBaIOT Haubouibliiee Biuguue (1o 79%)
Ha atMocdepy Kapckoro m BapenreBa mopeii. B cek-
Top DBapeHIileBa MOpPS B OCHOBHOM BBIHOCSITCS 3arpsi3-
venus u3 EBpomnbl, a B Kapckoe Mope — u3 3amajHoit
Cubupn. B BoctounoMm cektope CJIO ocHOBHOW BKJIaJ
(62%) B anomanbuble 3HaueHnss eBC TpHHAATEKUT
BBIHOCAM JIBIMOB JIECHBIX TIOXKApoB. BimsgHue mpoayk-
TOB CXKUTaHUS TOMyTHOro ra3a B 3amagHoii Cubupn
B HambGoublueil cremenu (Bkaajg 51%) IpodBmIoch Ha
«Mpice bapanoBay.

BaarogapHoctn. ABTOpBI BBIpaKaoT OJarogap-
noctb I1.H. 3enxosoii, O.H. N3ocumosoii, M.A. Jlocky-
toBoii, Bac.B. Ilosbkuny, Buk.B. ITonbkuny, A.O. Ilo-
gydaposy, /I./[. Puze, O.P. Cumoposoii, C.A. Tepiy-
roBoil n 1O.C. TypunHoBu4y, KOTOpble B pa3Hble T'O/bI
TIPOBOJIMJIM U3MePEHUsT B MOPCKHUX IKCIEAUITNAX U Ha
«Mpbice BapanoBa».
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I.A. Kruglinsky, D.M. Kabanov, S.M. Sakerin. Estimates of the frequency of synoptic variations
in aerosol characteristics in the Arctic atmosphere and the contribution of various pollutants to anomalously
high aerosol concentrations.

The periodicity of synoptic-scale variations in aerosol characteristics in the atmosphere of Eurasian sector
of the Arctic Ocean is analyzed on the basic of long-term measurements. Statistically significant maxima of am-
plitude functions in the range from 3.5 to 18 days were manifested in periodograms of the concentrations
of submicron aerosol and black carbon (V; and eBC). Cases of anomalously high eBC and V(5% of data), as-
sociated with long-range transports of continental pollutants, were considered in more detail. It is shown that
the average duration of “anomalies” in eBC and V; is few days, and the maximal duration attains 112 hours.
The time intervals between “anomalies” are, on the average, 6—16 days, and the maximal intervals are from 28
to 69 days. Despite the short duration and rare occurrence of anomalous situations, they increase the average
concentrations of aerosol and black carbon by 28—77%. Calculations showed that the major (79%) contributors
to air pollution over the Kara and Barents Seas are made by the outflows of anthropogenic pollutants; and
in the eastern sector of the Arctic Ocean, the contribution of smokes from wildfires is maximal. The effect
of the products of associated gas combustion at gas-oil plants was manifested most strongly (up to 51%) in the
atmosphere of Cape Baranov.
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