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[IpoBeneH aHaau3 gajbHero atMocdepHoro mepeHoca uepHoro yraepoga (black carbon — BC) B paiione
o-Ba Bpanrensa c uionsa no asryct 2015—2017 rr. Tpaekropuu ABHKeHUSI BO3LYIIHBIX MAaCC PACCUUTAHBI C OMOIIBIO
Mozesu HYSPLIT Ha caiite www.ready.arl.noaa.gov. Vcnosib3oBana ympoleHHast Mozenpb nepeHoca BC B atMo-
cdepe Ha OCHOBe IIPOCTPAHCTBEHHOTO paclpezeleHHs (PYHKIUH TyBCTBUTENbHOCTH K aMHCCUAM npuMecu. VHop-
MalUsi O TPOCTPAHCTBEHHOM PACIIONIOKEHNH MCTOUHUKOB (aHTPOIOTEHHOTO TeHe3nca U IPUPOJIHBIX MOKAPOB) BbI-
6pocoB BC B armocdepy moayuena c caiitoB http://edgar.jrc.ec.europa.eu/overview.php?v=431 u http://
www.globalfiredata.org coorBercTBenHo. IIpoBeneHO cpaBHEHIE MOIIHOCTEH, MPOCTPAHCTBEHHOTO PACHOJIOKEHIIST
U MeKroloBbIX Bapuanuii amuccuii BC B atMocdepy OT aHTPONOT€HHBIX MCTOUYHUKOB M MOXKAPOB JIETOM Ha CEBEPO-

Boctoke EBpasun u Ha ceBepo-3anaze CeBepHOil AMepUKH.

Katouesvie crosa: atmocdepa, 3arpsasHeHue, YepHblil yriaepo, ocTpoB BpaHress, gaapHuil mepeHoc B atMocde-
pe, UCTOYHNKH YepHOTo yriepoja, BKJIaabl EBpasuu u Amepuku; atmosphere, pollution, black carbon, the Wran-
gel Island, long-range atmospheric transport, sources of black carbon, Eurasian and American contributions.

BBeaenne

[IpupoHble SKOCUCTEMBI THXOOKEAHCKOTO CEKTOPA
ADKTHKH, B TOM YHCJe CaMble CeBEPO-BOCTOYHBIE Tep-
putopun Poccuu, HaXoJATCS 1O/ BIUSHUEM BO3MYII-
HBIX MacC W COJepPKaIINXcs B HUX BeIecTB, MOCTYIao-
MUX He TOJbKO W3 EBpasmn, HO Takke B pe3yJibTaTe
TpaHCTpaHUYHOTO aTMocdepHOro mepeHoca 13 CeBepHoOI
Amepuxku [1, 2]. OTenbHble n3MepeHUsI COCTABA BO3/IY-
Xa, MPOBeJleHHbIE BO BPEMs PeiCOB UCCJIeJOBATETbCKUX
cynoB B Mopsix CesepHoro JlemoButoro okeana [3, 4],
a Takke Ha camMoM o-Be Bpanremd [5], He MoryT mc-
TTOJTb30BATHC IS BBIABIEHUS TOJTOBPEMEHHBIX 3aKO-
HOMEDPHOCTel 3arpsi3HEHUsT BO3[yXa B 3THX palloHax
13-32 CUJIBHBIX MEKTO/IOBBIX BapHalluil MeTeOpOJIOTHYe-
CKUX W IKJOHUYECKUX ycJoBUil B atMocdepe. Pery-
JIIPHBINT TTPUGOPHBIIT MOHUTOPUHT 3arpsI3HEHUS BO3.Y-
Xa B CTOJIb VAJIEHHBIX MeCTaX BecbMa MpobJeMaTudeH.
Jlumb Ha AJISICKe yiKe MHOTO JieT paboTaeT CTAHITHSA
Habmonennit Barrow (#oBoe HasBanue Utqiagvik) [6].
[TosToMy Hamu IpeAbIAYIINE UCCJIETOBAHUS 3arpsi3He-
HUS BO3/yXa B 3TOM paiioHe, o6o6iieHHble B [7], 6pLIn
BBITIOTHEHDI TIyT€M MOJEJIbHBIX PACYETOB JAJIbHETO IIe-
peHoca mpuMeceii B atMocdepe. OTEHKH MPOBOININCH
JUIS TSOKEJIBIX METAJJIOB aHTPOTIOT€HHOTO TPOMCXOJK/Ie-
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HUS [0 UMEIOIINMCS JaHHBIM 06 MX IMUCCHIAX B aTMO-
cepy c Tepputopun Poccun U ocTadbHBIX cTpaH EB-
porsr [8, 9]. OtcyTcTBie nHbopManunm 06 UCTOYHUKAX
TSKEJBIX METAJJIOB Ha TEePPUTOPUU aMEPUKAHCKOTO
MaTepHKa OTPAaHUYMBAJIO HAIIKM UCCTIEOBAHUSA B OTHO-
MEeHNN TUXOOKEAHCKOTO cekTopa Poccuiickoit ApKTu-
KN U3ydYeHNEeM JIUIIb 3aKOHOMePHOCTell aTMocdepHoii
MUPKYJISAIUN ¥ JaJbHEro MepeHoca BO3AYIIHBIX Macc.

B mocnennne gecaTuaeTus B CBSI3U ¢ OYEBHIHBIMU
KJIUMATHYECKUMU HM3MEHEHUSIMU OOGOCTPUJICA WHTEpeC
K aTMOC(QepHBIM TIPUMECSM, BIUSIONINM Ha JHEpPreTH-
yeckuii 6amanc atMocdepbl, B YaCTHOCTH, K YepPHOMY
yraepoay (black carbon — BC). 9ta mpumech morma-
naetr B atMocdepy B pesyJbTaTe 4YeJOBEYECKOIl Jes-
TeJbHOCTH, TP HEMOJTHOM CTOPAHUU PAa3JNYHBIX yTJe-
poJico/iep KaIiiX TOTJIMB, a TaKyKe IPU TOpeHun Ouo-
Macchl BO BpeMS JIECHBIX W CeTbCKOXO3SHCTBEHHBIX
nozkapoB [10, 11]. Pa3Butue B 3TH Ke TOJbl METOJINK
moJiydeHust U 06paGOTKM JAHHBIX CITyTHUKOBBIX [IVIC-
TAHIIMOHHBIX HAGJIOEHNIT TIPUBEJIO K TOMY, 4TO TOSIBH-
JIMCh JIOCTAaTOYHO HaJeKHble CBeJeHHUsS O IOJIOKEeHHH,
MOIIHOCTH ¥ Te€He3Hce MCTOYHNKOB BbIOpocoB BC B aT-
Mocdepy ¢ TOBEPXHOCTH 3eMJH. DTO MO3BOJUIO HC-
T0JIb30BATH [/ YePHOTO yTJepo/ia B paiioHe o-Ba Bpan-
reisl pa3paGoTaHHYI0 paHee METOIUKY MOJEJbHOTO MO-
HUTOPUHTA JIaJbHETO TIepeHoca adPO30JIbHBIX MTPHMeECei.

B Hactosmeit pa6oTe TpPUBOASATCS Pe3yJIbTATHI
OIIEHKW YPOBHSI M M3MEHYNBOCTH KOHIIEHTPAIIUU YEPHO-
TO yIJIlepoia B TPU3eMHOM BO3/yXe B THXOOKEAHCKOM
cekTope ApPKTHKH B JieTHee BpeMs. CpaBHHBAOTCA
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BKJIaJAbl B 3Ty KOHIEHTpAalllI0 HCTOYHUKOB BC, pac-
TIOJIOKEHHBIX Ha MaTepuKaxX EBpaSI/IH n AMepI/IKa,
a TaKKe aHTPOIIOT€HHbIX MCTOYHUKOB U ITOJKapOB.

JanbHuii mepeHoc BO3AYIIHBIX Macc
C KOHTUHEHTAJbHbBIX TePPUTOPHii
K 0-By Bpanrens

[lanbHuii mepeHoc BO3AYIIHBIX Macc K Touke BP
(71,0° c.m., 175,5° 3.71.), pacnosnoxkeHHoil Ha o-Be Bpan-
Tesid, U3Y4ascsd C MOMOIIBIO eKeCyTOUHBIX OOPATHBIX
TpaeKTOpUil ABWKEHUS BO3AYIIHBIX MacC, PAaCCYUTAH-
HBIX Ha cafite JlabopaTopuu BO3IYIIHBIX PECYPCOB
ARL NOAA [12] (mporpamma HYSPLIT), mas tpex JeT-
Hux MecaueB 2015—2017 rr. IlpakTudeckn Bce Tpaek-
TOPHH, MO KOTOPBIM BO3AYX IOCTyHaeT K paccMaTpH-
BaeMoii TOYKe, PacloJaraioTcs HaJl TEPPUTOPHEll B Ipe-
nejax KoopawmHat 52—74° c.mr., 110—245° B.a. [lna
MIPOCTOTBI MaTeMaTU4ecKoil 06pabGOTKH MaTepHhajia MbI
UCIIOTB30BATN TOJBKO BOCTOUHYIO IOJTOTY, TPOIOJI-
skeHHYI0 32 Mepuauan 180° B.x., pasaensmonuit Boc-
TOYHOe W 3amajHoe mojaymapud. /[lna anammsa arta
TeppUTOpUs OBLTA YCJIOBHO pasfesieHa MO MepUINaHy
190° B.n. Ha aBe 4yacTu, gajee HasbiBaeMble RUS
u AMER (puc. 1, us. Braaaka). [Ipu sToM OTHOLIEHHE
wromageit RUS/AMER pasuo ~ 1,5.

ITo nauubM [7], B Teuenue 30 set (1986—2016 rr.)
JlaTbHUI TlepeHoC BO3AYMIHBIX Macc K BP xapakte-
PU30BAJICSA TOCJe/J0OBATEIbHBIM YMeHbIIeHNEM YacTo-
TBI TOCTYIUIEHHS BO3JyXa C TEPPUTOPHUIl MaTepPHKOB
(T.e. BO3AYX Ha OCTPOBE CTaHOBHJCS OGojiee MOPC-
kuM). [Ipu 5TOM OTHOIEHWE YacTOT MepeHoca BO3-
nymHbiX Mace u3 EBpa3un u CeBepHoii AMepuku
COXpaHsJIoch HAa ypoBHe oT 3 no 4. [lns pacemarpu-
BaeMbIX B HacTodieil paboTe JeTHHX ce30HOB 2015—
2017 tr. 1 BBIGpAHHBIX TEPPUTOPUN OTHOIIEHUE YACTOT
noctymienns Bozayxa RUS/AMER B cpeanem pas-
HO 3,35, YTO XOPOIIO COOTBETCTBYET MHOTOJETHUM
JIAaHHBIM; OJIHAKO B CaMU JIeTHUE MeCSIIbl ITPOIeCCh
MUpKyaauu atMocdepbl OBLIN O4YeHb N3MEeHYUBHI,
B pe3yJibTaTe Yero COOTHOIIEeHNEe YacTOT MOCTYTIeHS
Bo3ayxa ¢ tepputopuii RUS m AMER cuibHO Bapb-
MPOBAJIOCH, KaK 3TO MOKAa3aHO Ha pucC. 2.
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Imuccuu BC B atmocdepy
Ha Teppurtopusix EBpasun u AMepuku

IIo omenkam [10], B Poccun, CIIIA u Kanaze
UCTOYHUKAMU YePHOTO YIJIepoja, AAloNUMU MaKCH-
MaJbHble BKJIQJBI B €T0 cojiepskanue B atMocdepe Ha
ApKTHKOM, SBJISIOTCS TPaBsIHbIEe U JIECHDBIE TTOXKAapPBHI,
a TakKe — M3 aHTPOIOTEHHBIX HCTOYHUKOB — OTKDBITOE
cxnranue rasa (Qaxesnsr) npu HedTe- U razoqo6bIue,
TpaHcopT W O6BITOBoe obGopynoBanme. bBymem pac-
cmarpuBath BC B atMocdepe: 1) Kak pe3ynbTaT BbI-
6POCOB Pa3JMYHBIX AHTPONOTEHHBIX HCTOYHUKOB (GbI-
TOBOE 1 MPOMBINIJIEHHOEe OTOTLIeHUE, TPAHCIIOPT, [I0-
6blua  YIJIEPOJACOAEPIKAIIEr0 TOIIMBA M T.JA.) WM
2) Kak MPOAYKT ropeHusi 6uomaccel (okapbl JT060-
ro mpoucxoxaenus). Mudopmarusa o6 smuccusx BC
B atMocdepy OT aHTPOMOTeHHBIX MCTOYHUKOB W TO-
JKapoB, a TaKyKe O PACHOJIOKEHHU COOTBETCTBYIONIHX
UCTOYHUKOB 6bLTa MoJydyeHa Ha caiitax [13, 14].

PacnosioskeHie UCTOYHIKOB AHTPOIOTEHHBIX 3MUC-
cuil BC usMeHsieTcss B TeueHHe T'o/la He3HAUUTEJBHO,
a ux MomHocTh Ha Teppurtopussx RUS u AMER wmewns-
ercst B mpenenax 10% oT Mecsiiia K MeCSITy, COCTaBJISS
JIETOM B cpejiHeM 3a Tpu roga 611 1/mec. u 834 1/mec.
COOTBETCTBeHHO. [IpocTpaHCTBEHHOE paclipefieieHue aHT-
POTOTEHHBIX SMUCCHI Ha PaccMaTpUBAEMbIX TEPPUTOPU-
ax Poccun n CeBepHoii AMeplKH MoKa3aHo Ha puc. 1, a.
B nacrosieit paboTe Mbl CYUTAIN AHTPOIIOTEHHDIE IMUC-
cun BC ofMHAKOBBIMHU MO BeJIMYUHE M MO TIPOCTPAHCT-
BEHHOMY pacIpe/leJIeHHI0 TSI BCEX PaccMaTpHUBAaeMbIX
JIETHUX MecsIleB. OMUCCUH OT TI0KapoB 3HAUUTENBHO
60Jiee T3MEHYNBHI KaK B MPOCTPAHCTBE, TaK W BO Bpe-
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Cpeanne BeTWYNHBI JIETHUX MOKAPHBIX 3MUCCHIT
BC ¢ tepputopuit RUS u AMER B 2015—2017 rT.
[OYTH OAMHAKOBBI U cocrasiiszor 8790 u 8760 1/Mec.
cOoOTBeTCTBeHHO. TakumM o6pa3oM, JIeTOM B CpeHEM
B TeyeHUE PACCMATPHUBAEMBIX TpeX JIET 3MUCCHU OT TIO-
’KapoB Ha TIOPSIOK W 6oJiee TIPEBBINIATH AaHTPOMOTEH-
uble amuccun BC B atMocdepy. OnHako M3MeHIMBOCTD
smuccuit BC oT moxkapoB Kak BHYTPH JIETHIX CE€30HOB,
Tak M OT To/a K roay Beauka (puc. 3).

KopoTko 0 noaxosae Kk MOAeJbHbIM
olleHkaM KoHueHTpaiuu BC
B paiioHe uccJieJOBaHUs

s onienku xonueHTpamuu BC B Bo3ayxe B paii-
oHe BP mpuMeHnsmach MeTonnKa, paHee pa3paboTaHHAS
aBTopaMm U noJpo6HO ommcanHag B [15]. C ee momMo-
b0 OIIEHMBATIOCH 3arps3HeHne aTMochephbl B yIadeH-
HBIX apKTHYecKUX paiioHaX aHTPOIOTeHHBIMH TKeJIbI-
Mu Metasuiamu [7, 16] u depubiM yriepogom [17, 18].
IddexkTHBHOCTD NepeHOCa MpUMecH B aTMocdepe 3aBH-
CHUT OT IIPOIECCOB IUPKYJISAINH TIOCJeHell — OT TOTO
TMPOXOAAT UJIW HeT BO3JYIIHbIE Macchl HaJ paitloHaMu
BbIOPOCOB THpUMeCH B BO3AYyX. /[JIMTeJBbHOCTD [IBUKe-
HUSI TIpUMecH B aTMocdepe U TPOIiIeHHOEe pacCTOsSTHUE
OT MCTOYHUKA [0 PAacCMaTPUBAEMOTO MYHKTa TaKXkKe
CKa3bIBAIOTCSI Ha ee KOJWYeCTBe, COXPAHUBIIEMCS
B Bo3AyXe. JTH TapaMeTphl ONpeesdioTca Mo Habopy
TpaeKTopuii, MCIOTb30BAaHHBIX A1g pacdeToB. CKo-
pOCThb BBIBEJeHHSA IPUMECH U3 BO3AYIIHOTO IIOTOKa
TaKKe SIBJISIETCS OJHUM U3 IapaMeTPOB, OIPEIesIsIio-
UM a6COJIIOTHOE 3HaueHWe KOHIEHTPAIMH TPUMeCH,
ocrarolieiicss B BO3IyXe B XOJle ee PACIHpOCTpaHeHUs.
K cokanenmio, nocToBepHOe 3aJaHHe 3TOTO TIapa-
MeTpa BecbMa 3aTPY/HUTENbHO, OCOGEHHO /IS YepHO-
TO yIJepojia, KOTOPBIHl CTUMYJIUPYeT LesbIil P u3Me-
HeHU#l (HU3NIECKNX CBONHCTB a3pPO30JIbHBIX YACTHUIL
BO BpeMs uX IepeHoca B arMocdepe (cm. [10, 19, 20]).
B wactHOCTH, MHOTO HeompejeseHHOCTeil BO3HIKAaET
BO BJaXKHOI XoJogHO# aTMocdepe Hag CeBepHBIM
JleOBUTBIM OKeaHOM, I/le BO3MOKHBI (pa3oBble Iepe-
xo/bl atMocdepHoii Biarn. Kpome TOro, CKOpoCTb
OCaKJIeHUsI TPHMECH Ha TOBEPXHOCTb CHJIBHO 3aBUCUT
OT KayecTBa TIOJCTUJIAIONIell TTOBEPXHOCTH, HAIPUMEP
IIpH IlepeHOCe HaJ OKEeaHOM BO3MOXKHBI BOJHAS WJIN
TMOKPBITast JIbJOM,/ CHETOM TOBEPXHOCTD, Pa3JIUIHbIE
6aJlyl BOJIHEHMSI W CUJIa BeTpa, OIpe/lelIsioliie IIepo-
XOBaTOCTb MOBEPXHOCTH, ¥ T.J.

g xaxkgoro maydaemoro Mecsma aas BP 6bum
paccYUTaHBI pachpeesreHns (GYHKIMH TyBCTBUTEIBHO-
CTH K 3MHCCUAM TIPUMECH C TIPOCTPAHCTBEHHBIM pa3-
pemenneM 1° x 1° (mmpora X goarora). ITU pacipe-
JleleHUsl Jajlee  YMHOJKAIOTCS B COOTBETCTBYIOIIUX
sueiikax Ha Besuunnbl amuccuii BC B armocdepy (cm.
puc. 1). B pesyibrare I10Jy4aeM OPOCTPAHCTBEHHOE
pacIipesiesieHIe BKJIa10B HcTouHnKoB BC, pacmoJioskeH-
HBIX B Pa3JIMYHBIX SYellKaX CeTKW, B KOHIIEHTPAIUIO
BC B paiione BP. CymMmMupoBanueM 1o 3aJaHHON Tep-

puTopun moJsydaeM KoHIleHTpaiuio BC B n3ydaeMmoil
Touke BP, co3maBaeMylo HCTOUHHKAMU Ha TepPUTOPUH,
OTKy/la IIOCTYIAIOT Bo3/AylIHble Macchl 1 BC.

Oo6cy:k/1eHne pe3yabTaToB
MO/IEIbHbIX OL[E€HOK

Anmponoeennwtiit BC

ITo maHHBIM pHC. 4, @ MOKHO CPaBHUTH COOTHOIIIE-
HUS BKJIAJ0B aHTPOTIOT€HHBIX MCTOYHUKOB TEPPHUTOPHii
Poccun n CeBeproit AMmepukn B KoHieHTpamuio BC
B IpU3eMHOM Bo3[yXe Ha 0-Be Bpanrens 2015—2017 rr.
Bapnammu ot MecsAma K MecSAIy OTPaskaioT TOJBKO W3-
MeHeHUS TPOIECCOB MUPKYJAINMI atMochepbl B THXO-
OKeaHCKOM ceKTope ApKTuku (IIollajjaHue MIH HeIola-
JlaH1e BBIOPOCOB B TIOTOKHU BO3/yXa, ABIKyIIerocst k BP,
JUINTEIBHOCTh U JaJbHOCTb IlepeHoca IpuMeci). BeJu-
yunbl amuccuit BC u pacnoJiokeHne aHTPOIIOTEHHBIX
WCTOYHUKOB B HAIMX pacdyeTaxX Bce 9 Mec. MpemoJiara-
mich HemaMeHHbIME (CM. pachpejenenus Ha puc. 1, a).

B mesioM B JileTHee BpeMsT BKJIAJ POCCUICKUX aH-
TPOIIOTEHHBIX UCTOYHNKOB BC B mpu3eMHYyI0 KOHIIEHT-
panmio BC B m3yuaeMoM paiioHe Ha JBa MOpPAIKA TIpe-
BOCXO/IUT BKJIQJl aHTPOIIOTEHHBIX MCTOYHUKOB AMEpPUKH.
Takne cuabHBbIE Pa3/INYNA CBI3aHBI He CTOJIBKO ¢ 6OJIb-
mell TIomaAblo paccMaTpUBAeMOl POCCHIICKOI TeppH-
TOPHUH WJU C TIPEUMYIIEeCTBEHHBIM TIEPEHOCOM BO3IyXa
¢ nee (cM. puc. 3), CKOIbKO ¢ GOJIbIIed yaaaeHHOCTHIO
ucrounnkoB BC B Amepuke ot myHkta BP, a Taxske
¢ GoJiblliell CKOPOCTHIO OCAXK/IEHUST IPUMECH Ha BOIHYIO
MOBEPXHOCTh, YeM Ha CYITy. AMepUKAHCKIe UCTOUYHUKU
BHOCSIT 3HAYNMYIO JIOJI0 B KOHIIEHTPAIMIO AaHTPOIIOTEH-
Horo BC B Bo3ziyxe Ha o-Be BpaHresis jiulib B aBrycre
2015 r. — moutn 7%.

3aMeTHnM, YTO aHAJOTHYHBbIE OLIEHKH, BBIITOJJIHEH-
Hble HaMM [JI 3UMHHX MecsueB (Korga MCTOYHUKHI
BC ToJIbKO aHTPOIIOTE€HHbIE), Aa/Il 3HAYeHUS KOHIIEHT-
parun BC 3aMeTHO BbIllle M ¢ MEHBIIUMU OTHOCUTEh-
upiMi Bapuamuamn — (30,5 + 9,6) ur/m°, uto xopo-
IO COOTBETCTBYET U3MePEHUsM B TeueHIe MHOTHX JieT
Ha Gumskaiimefl apKTHYecKoil cTaHIMKM HaOJIOAeHUH
Barrow [10]. Kak y:ke ormeuasoch, 6ojee BBICOKHE
koHneHTpanuu BC 3uMoii 06yCIOBIEHBI GOJIBIINM Bpe-
MeHeM JKHU3HU TpuMecu B aTMocdepe HaI 3acHe)KeH-
HOI1/ 3a/1e/ieHe ol moBepxHocThio [ 15]. Ilpu sToM 3uMoit
U cpeJHUil BKJIaa 6oJiee yIaJeHHBIX aMePUKAHCKIX
HUCTOYHHUKOB BbIme — 16%.

BC om no:xapoe

CootHomenng KonieHtpamnn BC oT moxkapos
B BO3/lyxe Ha o-Be Bpanrens (puc. 4, 6) GopMupyiorcs
papuanusamMu (o MecsnaM) Kak HUPKYJISIUOHHBIX
mportteccoB (cM. puc. 3), Tak U PacHOJOKEHHUS TMoKa-
pOB U WHTeHCUBHOCTH BBIOpocoB BC oT HUX B aTMO-
cdepy (cM. puc. 1, 6—2z u puc. 2). Briaasl moxkapos
Ha Tepputopnu Poccunm B 1eloM Tak:Ke 3HAYUTETHHO

3arpsiHenne Bo3/yxa YePHBIM YIJIepPOAOM B pailoHe o-Ba BpaHreJsi: cpaBHeHHe HCTOYHMKOB M BKJIaA0B Tepputopuii... 909
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Puc. 4. CooTHollleHKe BK/IaJ0B ICTOYHUKOB B KOHIIEHTPALIUIO

BC B npusemHoM Bo3ayxe B paiione BP: ¢ — anTponoreHHbix

HCTOYHUKOB, 6 — mokapoB Ha Teppurtopusx RUS u AMER,

6 — aHTPOIIOTEeHHBIX JCTOYHNKOB U NOXXapoB 6e3 pas3fereHHs
110 TepPUTOPUIM

TIPEBBINIAIOT BKJAJbl aMePUKAHCKUX TOKapoB. JIWIIb
B mone 2015 r. BKJAA HOCAeIHNX OBLI YyTh BBIIIE
37%, xota B cpeaneM (II0 JaHHBIM 3a JeBATb paccMar-
pPUBAaEMbIX JIETHHX MECAIEB) BKJIAJ MOKAPHBIX 3MUCCHI
BC ¢ reppuropun AMER dopmupyer suiib ~0,7% KOH-
nentpanmn BC B Bo3ayxe Ha o-Be Bpanresisa, co3naBae-
Moii noskapamu. OlleHKH, Tpe/icTaBleHHble HA puc. 4, a,
XOpOIIO COOTBETCTBYIOT TIpu3eMHOl KoHIleHTparnun BC,
n3MepeHHoit JeToM Ha cTaHiuu Barrow [10].

Odbwue 3ameuanus

Eciu cpaBHuBaTh BimgHue mcrouHnkoB BC pas-
JIMYHOTO TeHe3nca (aHTPOIOTEHHBIX W MOKaPHbIX),
He pasjndasd WX 10 TePPUTOPUIM TMPOUCXOKIEHU,
Ha cpefHeMecsyHyio KouieHTparmio BC B arMocdepe
U3y4aeMOro pailoHa, UX BKJAJAbI U3MEHSIOTCS TI0 Me-
camaMm oueHb cuiabho (puc. 4, 6). Ho o6mast oueHka
MOKa3bIBaeT, 4YTO B cpemxHeM JetoM 2015—2017 rr.
AQHTPOTIOTeHHbIe MCTOYHUKU M TOKApbl CO3/1aBaJu
Ha 0-Be BpaHresss Mano pa3uyarouriecss KOHIIEHTPa-
min BC: (1,6 + 1,0) u (2,7 + 5,4) ur/mM° cooTBerct-
BEHHO, C OTHOIIeHueM ~ 3:5.

CienyeT HAlOMHHUTb, YTO B CJIy4ae CMeIeHUs
MyHKTa, [JS KOTOPOTO TIPOBOJATCS WCCJEeIOBAHUS,
B TIpelelaX THXOOKEAHCKOTO CeKTOpa APKTHKY BJIUSIHIE
eBpa3niicKUX W aMepuKaHCKUX ncTouHukoB BC 6yner
HETIPeZICKa3yeMO MeHATbCS, TOCKOTbKY M3MEHHUTCS pac-
CTOSIHIE [I0 COOTBETCTBYIOUIMX HMCTOYHUKOB. MOKHO
JINIITh TIPE/IIOIATaTh, YTO B C€BEPHOM,/ I0KHOM HAITPaB-
JIeHUH BJIWSHWE KOHTHHEHTAJIHHBIX HCTOYHMKOB BC
JOJUKHO ocstabeBaTh,/ ycunBaTbest. [lepeMertenne myHK-
Ta WCCAeIOBAHUII B HANPABJIEHUH 3amaj]— BOCTOK TPHU-
BeJleT K HeTpe/CKa3yeMbIM UCKAKEeHUSIM COOTHOIIEHMI
BrJasioB Tepputopuiit RUS 1 AMER s o-Ba Bpanres.

3aMeTHM, YTO cpelHEMeCSYHble OIEHKH KOHIeH-
tpanmu BC B Bo3ayXe He SBJIAIOTCA aKTYaJTbHBIMH [T
pPaIWaIOHHBIX OIEHOK W TIPOTHO30B, TTOCKOJBKY Ba-
pUaluyu cpeaHeCcyTOYHBIX KoHIeHTpaiuii BC getom
MOryT ObITh Ha 2—3 mopsaka GoJIblile CpelHeMecsd-
HOTO 3HAYeHWus, Kak, Hanpumep, Ha cT. Turcm [21],
3aMeTHO TOBBIIIAS TEMIIEPaTypy BO3AyXa B OTAEJbHBbIE
aun. B aTh ke MHW TPUHIMTHATIHHO MEHSAIOTCS ONTHYe-
cKie U MUKpopU3ndIecKre cBoiicTBa aTMocdepsl, dop-
MUDPYs ee aHOMAJIbHbIE PAJMAIMOHHBIE XapaKTepHUCTH-
ku [22].

3akouenue

V3ydeHne TPOCTPAHCTBEHHOTO paclpe/ieeHus
TPAeKTOPUINl [BUKEHHS BO3IYIIHBIX Macc B palioH
o-Ba BpaHnrena mokasasno, uro Jetom 2015—2017 rr.
IepeHoc BO3AYIIHBIX Macc U aTMoc@epHBIX NpuMeceit
TIPOUCXO/INJ C TEPPUTOPHH, PACIOJIOKEHHOI ceBepHee
52° c.ur., meskay 110 u 245° B.1. B Hacrosmieit pa6ote
OHa YCJOBHO pasbmBasach mo gosirote 190° B.x. Ha poc-
CUIICKYIO I aMePUKAHCKYIO YacTH C OTHOIIEHUEM COOT-
BeTCTBYIOINX Iiomazaeil ~1,5. B cpeaneMm 4acToTh
mepeHoca BosayxXa K BP ¢ atux Tepputopuii 6pumn
~55% u ~16%.
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IOMuccun BC JjileToM OT aHTPOIIOT€HHBIX HUCTOYHH-
koB Ha Tepputopusix RUS m AMER cocraBumn 610
u 830 T/Mec. ¢ BapHAIUSAMI CPeIHEMECSYHBIX 3HAYCHUI
He 6osee 10%; aMuccHU OT TOKAPOB P 3TOM OBLIH
B cpeaHeM mouTH paBHbIME, ~ 8800 T/Mec., HO OYeHb
M3MEHYMBBI OT MecsIa K MecdIly, CTaHIapTHbIE OTKJIOHe-
Hust ipesbicit 100%.

B sieTHee BpeMst rojla BKJIAJbl POCCUIICKIX HMCTOY-
HukoB BC B konuentpaiuio BC B atMocdepe B paiio-
He o-Ba Bpanrensa a6comoTHO mpeobiagaloT — Kak
JUTS aHTPOTIOTEHHBIX, TaK W I TOKAPHBIX IMUCCHUIL.
B otrnesnbHbIe MecAIbI MaKCUMAIbHbIE BKJIAIBI C TEP-
PUTOPHE aMePUKAHCKOTO MaTepuKa JJOCTUTAIH 7%
no autpororenaomy BC u 37% mo BC ot moskapos.
Cpennasa koHueHTpanugd BC B npuseMHOM Bo3Jyxe
B paiione BP setom 6bLta ~4,5 £ 5,4 Hr/M°, B TO Bpe-
MS KaK aHaJOTUYHbIe OlleHKHN KoHieHTpaimun BC 3u-
Moit coctaBun ~ 30 + 10 Hr/M>.

CpenHeMecsuHble IToKa3aTesan KoHLeHTpauuu BC
B BO3/lyXe BPAJ JH SABJAIOTCS aKTyaJbHBIMU JJS pa-
JIUAIIMOHHBIX OIEHOK U IPOTHO30B, TOCKOJbKY BapHha-
1M CPeHECYTOYHBIX KoHIeHTpaimii BC seTtoM MoryT
6BITh Ha 1—2 mopsaKa BBINIE, YTO MOKET IIPHUBECTH
K (QOpMUPOBAHUIO AHOMATHHBIX PAJWAIMOHHBIX Xa-
pakTepuCcTHK aTMoc(epsl BO BpeMsd TaKUX 3MHU30/0B.

Pa6ota BbITIOTHEHA TIpU (PUHAHCOBOI TO/IEpPKKE
PO®U (rpant Ne 18-05-60183).

1. Hirdman D., Sodemann H., Eckhardt S., Burkhart J.F.,
Jefferson A., Mefford T., Quinn P.K., Sharma S.,
Strom J., Stohl A. Source identification of short-lived
air pollutants in the Arctic using statistical analysis of
measurement data and particle dispersion model output
// Atmos. Chem. Phys. 2010. V. 10, N 2. P. 669—693.

2.Cheng M.-D. Geolocating Russian sources for Arctic
black carbon // Atmos. Environ. 2014. V. 92, N 4.
P. 398—410.

3. Paduonos B.D., Kabanos /[.M., ITorvkun B.B., Caxe-
pun C.M., H3ocumosa O.H. XapaKTepPUCTUKU a3pP0O30Ji
HaJ[ apKTHYeCKUMU MOpsIMU EBpasum: pe3yJbTaThl M3Me-
pennit 2018 roga u cpegHee MPOCTPAaHCTBEHHOE paclipejie-
JleHue B JieTHee-oceHHue mnepuoibl 2007—2018 romgos //
ITpo6aembr Apktuku u Anrtapkruku. 2019. T. 65, Ne 4.
C. 405—421.

4. Park J., Dall’Osto M., Park K., Gim Y., Kang H.J.,
Jang E., Park K.-T., Park M., Yum S.S., Jung J.,
Lee B.Y., Yoon Y.J. Shipborne observations reveal
contrasting Arctic marine, Arctic terrestrial and Pacific
marine aerosol properties // Atmos. Chem. Phys. 2020.
V. 20, N 5. P. 5573—5590.

5. Fukasawa T, Ohta S, Murao N, Yamagata S, Maka-
rov V.N. Aerosol observations in the Siberian Arctic //
Proc. NIPR Symp. Polar Meteorol. Glaciol. 1997.
V. 11. P. 150—160.

6. International Arctic Systems for Observing the Atmo-
sphere. URL: https://psl.noaa.gov/iasoa/ (last access:
5.10.2020).

7. Bunozpadosa A.A., Ilonomapesa T.4. AtmocdepHblil ne-
PEHOC AHTPOIOTEHHBIX [pUMecell B apKTHUYECKIe PailOHbI
Poccun (1986—2010 rr.) // Onruka atMocd. U OkeaHa.
2012. T. 25, Ne 6. C. 475—483; Vinogradova A.A., Po-
nomareva T.Ya. Atmospheric transport of anthropoge-
nic impurities to the Russian Arctic (1986—2010) //
Atmos. Ocean Opt. 2012. V. 25, N 6. P. 414—422.

8. Hedpe A.FO. ExerofHux BbIGPOCOB 3arps3HSIONINX Be-
mecTB B arMocepHBIN BO3/IyX rOpojoB U pernoHos Poc-

cuiickoit Deneparun 3a 2010 ron. CII6: HUU Armo-
cepa, 2011. 560 c.

9. Memeoponozuueckuil CcUHTe3Upylomuil 1eHTp <«BocToks.
URL: http://www.msceast.org (gara o6pamnieHus:
5.10.2020).

10. AMAP Assessment 2015: Black carbon and ozone as Arc-
tic climate forcers. Arctic Monitoring and Assessment
Programme (AMAP). Oslo, Norway, 2015. 116 p. ISBN
978-82-7971-092-9.

11. Evangeliou N., Balkanski Y., Hao W.M., Petkov A.,
Silverstein R.P., Corley R., Nordgren B.L., Urban-
ski S.P., Eckhardt S., Stohl A., Tunved P., Crepin-
sek S., Jefferson A., Sharma S., Nuwjgaard J.K.,
Skoov H. Wildfires in northern Eurasia affect the budget
of black carbon in the Arctic — a 12-year retrospective
synopsis (2002—2013) // Atmos. Chem. Phys. 2016.
V. 16, N 12. P. 7587—7604.

12. ARL NOAA. Air Resources Laboratory. URL: http://
www.arl.noaa.gov/ready/ (last access: 5.10.2020).

13. EDGAR. Emissions database for Global Atmospheric
Research. URL: http://edgar.jrc.ec.europa.eu/overview.
php?v=431 (last access: 5.10.2020).

14. GFED. Global Fire Emissions Database. URL: http://
www.globalfiredata.org (last access: 5.10.2020).

15. Bunozpadosa A.A. JJUCTaHINOHHAS OLlEHKA BIMSIHUS 3a-
rpsAsHeHns atMocepbl Ha yaajeHHble Tepputopuit //
T'eodus. mporeccsr u 6uocd. 2014. T. 13, Ne 4. C. 5-20.

16. Bunoepadosa A.A., Heanosa FO.A. TlepeHoc BO3IyIIHBIX
Macc W 3arps3HeHUH K apKTHYeCKUM octpoBaM Poccun
(1986—2016): goaroBpeMeHHbIE, MEKIOJ0BbIe I Ce30HHbIE
Bapuannu // Teodus. npoueccst u 6uocd. 2017. T. 16,
Ne 4. C. 5-20.

17. Bunozpadosa A.A., Cmuprnos H.C., Kopomxos B.H., Po-
manosckass A.A. Jlecupie nmoxkapsl B Cubupu u Ha /anb-
HeM BocToke: aMuccuu u atMocdepHbIil mepeHoC TePHOTO
yraeposa B Apktuky // Onruka atMocd. u okeana. 2015.
T. 28, Ne 6. C. 438—445; Vinogradova A.A., Smir-
nov N.S., Korotkov V.N., Romanovskaya A.A. Forest
fires in Siberia and the Far East: Emissions and atmos-
pheric transport of black carbon to the Arctic // At-
mos. Ocean. Opt. 2015. V. 28, N 6. P. 566—574.

18. Bunozpadosa A.A., Bacunvesa A.B. MojenbHble OI€HKH
KOHI[EHTPAI[N YepHOTO YIJIepoJa B NPHU3EMHOM BO3IyXe
ceBepHbIX paifonoB Poccun // Onrmnka atMocd. n okea-
Ha. 2017. T. 30, Ne 6. C. 467—475; Vinogradova A.A.,
Vasileva A.V. Black carbon in air over northern re-
gions of Russia: Sources and spatiotemporal variations
// Atmos. Ocean. Opt. 2017. V. 30, N 6. P. 533—541.

19. Bond T.C., Doherty S.J., Fahey D.W., Forster P.M.,
Berntsen T., DeAngelo B.J., Flanner M.G., Ghan S.,
Kdrcher B., Koch D., Kinne S., Kondo Y., Quinn P.K.,
Sarofim M.C., Schultz M.G., Schulz M., Venkatara-
man C., Zhang H., Zhang S., Bellouin N., Guttikun-
da S.K., Hopke P.K., Jacobson M.Z., Kaiser J.W., Kli-
mont Z., Lohmann U., Schwarz J.P., Shindell D., Sto-
relomo T., Warren S.G., Zender C.S. Bounding the role
of black carbon in the climate system: A scientific asses-
sment // J. Geophys. Res.: Atmos. 2013. V. 118, N 11.
P. 5380—5552.

20. Bunozpadosa A.A., Bepemeiiuux A.O. MoenbHble OlLieH-
Ku cojepskanus anrponorennoii caxu (black carbon)
B armocdepe Poccuiickoit Apkruku // Onruka atMocd.
u okeana. 2013. T. 26, Ne 6. C. 443—451.

21. Bunozpadosa A.A., Tumxoea T.5. TeMmueparypa Bo3ryxa
U KOHI[EHTpAllis YepHOTO YTJIepoja B MPH3eMHON aTMO-
cdepe B paiione Tukcu, dxyrus // Teodus. mporieccot
u 6uocd. 2019. T. 18, Ne 4. C. 15-21.

22. Kypasnesa T.5., Hacpmounos H.M., Bunozpado-
6a A.A. llpamble pagnaiuoHHble 3(PEEKTH IBIMOBOTO
asposondg B patione cr. Tukcu (Poccuiickag ApKTHKA):

3arpsi3Henne Bo3/yxa YePHbIM YIJIepPOOM B pailoHe o-Ba BpaHreJsi: cpaBHeHH€e HCTOYHHKOB U BKJAj0B Teppuropuii... 911



mpeaBapuTesibHble pe3yabrathl // Omnrtuka arMocd. radiative effects of smoke aerosol in the region of Tiksi
u okeana. 2019. T. 32, Ne 1. C. 29-38; Zhuravle- station (Russian Arctic): Preliminary results // Atmos.
va T.B., Nasrtdinov I.M., Vinogradova A.A. Direct Ocean. Opt. 2019. V. 32, N 3. P. 296—-305.

A.A. Vinogradova, A.V. Vasileva, Yu.A. ITvanova. Black carbon air pollution near the Wrangel Island:
comparison of Eurasian and American sources and their contributions.

We analyze long-range atmospheric transport of black carbon (BC) to the Wrangel Island in the summer
months (June—August) of 2015—2017. Air mass trajectories were calculated using the HYSPLIT model on the
ARL NOAA website www.ready.arl.noaa.gov. The simplified model of an aerosol impurity transport in the at-
mosphere based on spatial distribution of sensitivity function to impurity emissions was used. The spatial loca-
tions of BC sources (anthropogenic and wildfires) and their emissions were taken from the websites http://edgar.
jre.ec.europa.eu/overview.php?v=431 and http://www.globalfiredata.org, respectively. We study and compare in-
tensities, spatial locations, and interannual variations in BC anthropogenic and wildfire emissions to the atmos-
phere from the North-Eastern Eurasia and the North-Western North America. The contribution of Eurasian
sources absolutely prevails over the contribution of American ones in surface BC concentration at the Wrangel
Island. But, on the average, summertime contributions from wildfires and anthropogenic sources (without di-
viding them by territories) do not greatly differ, with the ratio ~ 5:3.

912 Bunorpanosa A.A., BacuibeBa A.B., HBanosa 10.A.



AMER

RUS

< 0,1

0,1—1

B 10100

—1000

> 1000

R o
2z 1<cE
= O\
HI |
a )
W H H H & HH
\_ d ju En as" NS g
N T R L Sl
’\ [ HHm ? _ \\MMH = EEs
§ W =l ==
HHHn - ﬁMH\\H~ . \I\\n
R T (AR
Andt VeIt A o)

um«umu t H EECES
N 3 \” Aq ]
Eee JHAH 3# iis
R Lt

1J 11

[T

.

T

5]
T
N

I!ﬁ!?’ih

Eoned | Py gl
o f o8 [

I #!¥§Ii -

I
|
I
i
1
|
1
HEENCEC NN

EL. £58

Puc. 1. IIpocrpancrBeHnbie pacrpegeienns (sueiiku 1° x 1°) smuccuit BC na teppuropuax RUS u AMER B cpeaHeM 3a JleTHHEe MeCSLbI: ¢ — AHTPOIIOTEHHbIE SMUCCUM; 6—2 —

aMuccun ot moxapoB B 2015—2017 rr. coOTBETCTBEHHO



