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BriepBble amammsupyeTrcs m3MepeHHOe IIPOCTPAHCTBEHHOE pacIlpe/eseHne CUYeTHON KOHIIEHTPAIlUH, JUCIIepC-
HOTO U XUMUYECKOTO COCTaBa aspo30/il HaJ MopsaMmu Poccuiickoro cekropa ApPKTHKH. Bblam saperucrpupoBaHb
pa3JIMuHble THUIBI BEPTHUKAJBHOTO paclpe/le/ieHIs] CUYEeTHON KOHIIEHTPAIlNN, XapaKTepHble KaK s MPUOPEKHBIX
MOPCKHUX, TaK U KOHTHHEHTAJbHBIX pailoHoB. OOHAapy’KeHO MOYTH IIOJHOE OTCYTCTBUE TPYOOANCIIEPCHBIX YACTHUIL
BbIllle 2—3 KM Hajl BceMH MOpsSIMU. B XMMHUYecKOM cocTaBe apKTHYeCKOro a’po3oJid Kak Ha Bbicore 200 M, Tak
n Ha ypoBHe 5000 M NIPHUCYTCTBYIOT HOHbBI, KOTOPble MOKHO OTHECTH U K MOPCKHMM, U K KOHTHHEHTaJbHbIM. VgeH-
tTiudunupyeMas 6eccosieBas Ge3yriepoJHas dJeMeHTHas 4acThb adpo30Jisl HaJd APKTHKOIl B TpU-UeTbIpe pasa 6oJb-
mre, yeM WoHHasg. Haja BceMu MOpgIMU U Ha 0GeMX BBICOTaX B COCTAB apKTUYECKOTO a’dpPO30Js1 B OCHOBHOM BXOMIAT
3JIEMEeHTBI TeppureHHoro mpoucxoxaenns Al, Cu, Fe, Si. Tlourn Hax BcemMu MopsiMu, KpoMme DbapeHIieBa,
B 2JIEMEHTHOM GaslaHce a’spo30JisT JOMUHHUPYeT Si, BKJIaJ KOTOPoro Haa UyKOTCKUM MOpeM gocTuraer 85%. AHaius
00paTHBIX TPAEKTOPUIl TIOKA3aJ, YTO BO BCEX PACCMOTPEHHBIX CJYUasX (3aPOXKIAJICS JIU a9PO30Jb HAJZl KOHTHHEHTOM
UM MOPEM) TPaeKTOPUY BO3YIIHBIX MacC IPOXOUIN U HAJ MOpeM, 1 HaJl cymieii. B aToM ciyuae o6pasoBaBIIrecs
YACTHUIBI MOTJIM 060TaIaThCs 110 MYTU JOTIOJHUTEbHBIMI HOHAME U djeMeHTaMu. /lanHasg paGoTa 3aBepliaeT IUKJI
crareil, MOCBSIIEHHBIX UCCJIEIOBAHUIO COCTaBa BO3JyXa, KOTOpoe ObLIO IpoBeaeHO Haj MopsiMu Poccuiickoro cex-
Topa ApKTHKHU B ceHTa6pe 2020 r. IlosyyeHHBIE pe3yabTaThl MOTYT OBITH HCIOJTb30BAHbBI IPU MOJEJUPOBAHUH aT-
Moc(epHBIX IPOLECCOB, TTPOUCXOIANINX B APKTHKE B YCJIOBHAX H3MEHSIONIETOCS KJIHMATa.

Karouesvie cnoea: Apkruka, arMocdepa, aspo30Jib, BO3/LYyX, BepTHKaJbHOe paclipe/iesieHue, epeHoc, IpuMe-
CH, cueTHas KOHIIeHTpallus, XUMHYecKuii cocras; Arctic, atmosphere, aerosol, air, vertical distribution, trans-
port, impurity, number concentration, chemical composition.

BBeaenue

HecMoTpst Ha TpeAnpuHIMaeMble MIPOBBIM CO06-
IIeCTBOM YCH/Ng, TI06aTbHOE TOTEIIeHne, 00YCI0B-
JIeHHOe B OCHOBHOM M3MeHeHWeM cocTaBa Bosayxa [1],
mpojoskaeTca. Eme coBceM HeZaBHO CYHUTANIOCH, UTO
TeMIepaTypa B APKTHKe pacTeT B 2—3 pa3a ObICTpee,
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4yeM B JIpYTUX paiioHax 3eMHoro mapa [2, 3], omHako
pe3yJIbTaThl aHAIN3a MOCTIEHUX JIET TTOKa3bIBAlOT, UTO
TeMIepaTypa pacTteT ObicTpee B 4 pasa [4—6]. Beaen-
CTBHE 3TOTO BO3HUKAET BOTIPOC, KAK TOTETJIEHNE BIUIET
Ha COCTaB BO3/yXa B APKTHYECKOM pernoHe, W Ha060-
pPOT, €CJIM COCTaB WU3MEHSeTCs, KakKuM o6pa3oM 3To
oTpaskaeTcst Ha roTeriennn [7—9].
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OmHUM W3 KOMIIOHEHTOB BO3/yXa, CYIIECTBEHHO
BJIMSIONIUM Ha PaJHaIlliOHHBIE TIPOTIeCcChl B aTMocdepe,
aBygercss asposonb [10]. B 3aBucuMocT;m oT cBoero
cocTaBa W OT TOTO, Ha KaKOIl BBICOTE OH HAXOMTCH,
€ro BO3[IefiCTBIe MOKeT TPUBOANTH KaK K OXJaXK/e-
HUIO BO3/lyXa, Tak U K ero HarpeBy [11—13]. Tak, nHa-
npuMep, caka (UepHbIil yrirepoa), BXojsdias B COCTaB
YaCTHIl, TOTJIONIAET COJHEYHOe M3Jy4YeHNe M BbI3bIBaeT
mpsMoe HarpeBaHme Bo3ayxa [14]. Caxka, o6pa3oBas-
masgcs TpHU TMo)kapaX Ha Marepuke U TepeHeceHHas
B ApkTuKy [15], mpm ocaskaeHWN Ha Jiel WA CHET
yMeHbINaeT aabbeso, UYTO, C OJHOW CTOPOHBI, 00yC-
JoBiuBaer 6ojiee ObICTPOe WX TasHUe, C JIPYroit —
MPUBOAUT K JOTOJHUTESbHOMY TOTJIONIEHUIO PAUalluit
TO/ICTHJIAloNIel M BOJHOI moBepXHOCTbIO [16]. Mu-
HepaJbHasl TIbLTb, HAXOJSICh B BepXHell Tpormocdepe,
BBI3BIBAET OXJaxkAeHne Bo3ayxa [17]. Takske aspo3osb
MOJKET BJIUATH Ha TPOAYKTHBHOCTH 9KOCHUCTEM 3a CUET
YBeJUUEHNsT PACCETHHON paguaiuu, CTUMYJIupys ¢do-
tocuuTe3d [18]. OpHako TpHU CUJIBHOM YyBeJTUYeHWUH
a9PO30JIbHOI HATPY3KH MOJKET IPOU30ITH yMeHbIIle-
HUe MOCTYIIEHUsS TIPSMOil COJTHEUHOI pajualiii, 4To
npuBeJeT K ocsabienuto adbdekTuBHOCTU (HOTOCUHTE-
3a [18].

YuurpiBas, Kakyio HeOIpPeJIeJeHHOCTh BHOCHT Pa-
JMAIIMOHHBIH (POPCHHT a3p030Jist (I0M0KUTETBHBIN 1K
OTpHUIIATETbHBIIN) B oblnee u3MeHeHme KjanmMaTa [1],
B 3apy6e’KHOM ceKTope APKTHKH TIPOBOJISTCS MHTEHCUB-
HbIe UCCJIeIOBaHNS POCTPAHCTBEHHO-BPEMEHHOTO pac-
npesiesieHnsT asposoJieil. [l aTOTo MCMOJb3yIOTCS BCe
COBpeMeHHbBIe CPE/ICTBA U3MepPeHNii: Ha3eMHbIe CTaHITIH,
Kopabsm, camoJieTbl-Tabopatopun. ITo maHHBIM, 0606-
meHubM B [19], ¢ 1990 mo 2015T. B ApKTuKe OBLIO
npoBesieHo 119 1oJIeBbIX KaMMaHUii, MOHUTOPHUHT Tia-
paMeTpoB a’po30sA ocymiecTBaAICA B 350 HazeMHBIX
MyHKTaX HaOJI0/IeHuil, CyJIoBble N3MePEHUS COCTABILIN
33000 4, camosietbie — 11000 u. B Poccuiickom cek-
Tope ApPKTHKHU JIOCTHKEHHS 3aMeTHO ckpoMmHee [20].
JlocTaTouHO peryJiapHble UCCIEOBAHNS a9PO30JisT TIPO-
BOJATCA B TIPUBOJHOM CJIOE BO3/yXa C TIOMOINBIO Ha-
YYHO-TICCIeJ0BaTeTbCcKUX cyaoB [21] mpm orcyterBun
JIeISTHOTO TTOKPOBa. MOKHO TakKsKe BBIIEJTUTH HECKOJIb-
KO OMOPHBIX TOYEK, B KOTOPHIX OCYIIECTBIAIOTCI KPYT-
JIOTOZMYHBIe HaOJf0/JeHNs B MPH3EeMHOM CJIoe BO3/AyXa:
Mmpic BapanoBa [22], o. Beasrit [23], nm. Tukcu [24],
n. Bapenu6ypr (IImnu6epren) [25]. OcraabHbie uc-
CJIeTOBAaHUS TIPEICTABIIIOT OO0l HETPOIOKITETbHbIE
aKcmeuIn. B imreparype Booblie He yaanroch o6Ha-
DPYKUTH CBeJIeHUII O 30HIMPOBAHUU A3PO30JsI B ApK-
THKe ¢ Gopra camosera. CilefoBaTebHO, CBeIeHUS
0 pacrpefieJieHUN W CBOHCTBAX a’PO30Jis B TOTPAHUY-
HOM cJioe W cBOOOJHOI Tpotocdepe Han PoccuiickimM
CEKTOPOM APKTUKH OTCYTCTBYIOT.

[lnst BocmiostHeHUSA npo6esia B TaHHBIX O BEPTUKAIb-
HOM pacIipe/ieJIEeHUN Ta30BbIX U a3PO30JIbHBIX IIpuMe-
ceit B tporocepe Haa PoccuiickuM ceKTopoM ApPKTH-
ku B ceHTg6pe 2020 r. Ha caMoJeTe-1abopPaTOPUI
Ty-134 «OnTux» 6BLI IPOBEJCH IKCIEPHUMEHT IO 30H-
IUPOBaHII0 atMocdepbl U BOAHOW TOBEPXHOCTH HAJ
akBaTopussMu Bcex Mopeii Ceseproro JlegoButoro
okeana. B [26] omucaubl TpoBeJeHHDIIl JKCIEPUMEHT
U XapaKTepUCTUKH JCIIOJb30BAaHHOTO 0060PYI0BaHUS,

[IPOAHAJIN3UPOBAHDBI Cpe/IHe KOHIEHTPAIIUK IIpHuMecei
B aTMocdepe HaJ BCEMHI MOPSIMI.

[lens paGoTBl — W3YYUTH OCOOEHHOCTH pacIpeie-
JIEHHS CYETHON KOHIIEHTPAllUM U XUMUYECKOTO COCTaBa
asposoJid HajJ BceMH MopsamMu Poccuiickoro cexropa
APKTHUKIH.

1. MeToabl U cpeAcTBa U3MepPeEHHUIl

Jlist viccieJoBaHUST BEPTUKATIBHOI CTPYKTYPBI pac-
TIpe/IeIeHIIsT a3PO30JIbHBIX YaCTHIL IO pa3MepaM Ha GopT
camosteta-1abopatopun Ty-134 «Ontuk» 6bunm ycra-
HOBJIEHBI /IBa TUIa TPHOOPOB: AUMDY3NOHHBIN CIIeK-
tpoMerp aspo30Jit (JICA) (MHCTUTYT XUMUYECKOH Ku-
Heruku u ropenusa uM. B.B. Boesoxckoro CO PAH),
MO3BOJISIIONIUN BOCCTAaHABJIMBATD CUYETHOE paclipejiesie-
HUe HaHoa’posoJiell B auamazoHe ot 3 g0 200 HM
B 20 mHTepBasaX pa3MepoB, U Ja3epPHBII a3pPO30JbHBII
ciekrpomerp Grimm Model 1.109 (Grimm Aerosol
Technik GmbH & Co., Tepmanus), npeaHa3HayeHHbIiT
JUIST M3MepeHNs CYETHOI KOHIIEHTPAIINN a3PO30JbHBIX
yacTul] B aAuanasone pasmepoB oT 0,25 no 32,0 MKM.
O6a cmeKkTpoMeTpa COCTaBJSIOT eAMHBIH a’?pPO30JIbHbIN
KOMILJIEKC, MO3BOJISIONIUN OXBATUTH JMANA30H pa3Me-
poB or 0,003 mo 32 MKM ¢ XOpPOIIUM paspelieHneM
(51 unrepsan).

[lng mogaun kK mpu6opaM BHENTHETO BO3IyXa, CO-
Jlep>Kallero aspo30JbHble YACTUI[BI B AHWANa3oHe pas-
MepoB 0,25—32 u 0,003—0,2 MKM, WUCTOJb30BAINCDH
BXO/HbIe MaTpy6ku & = 7,5 u 11 MM u orBozbl & = 16
un 28 MM cootBeTcTBeHHO. [lofBOsAIIME U OTBOASIIUE
BO3/YIIHblE TPAKThl Ha BXOJ€ M BBIXOJe IPUGOPOB
OBLTH COeIMHEHBI MeKTy co60il OOBOIHBIM IIYHTOM,
YTOOBI M36€KaTh U3JTUITHETO TIeperna/ia aBIeHNs MeXKIY
BXOJ/IOM W BBIXOJIOM U CBECTH K MUHUMYMY Auby3n-
OHHBIE TIOTEPH HAHOYACTHUI[ HAa CTEHKAX IOIBOIAIINX
TPAKTOB 3a CYeT yBeJUYeHUs OOIIero IOTOKA MPOGbI
BO3/yxa, obecneuynBaeMoro myHtoM. C I1eJibl0 MIHH-
Mu3ai 3 deKrTa 3JTEKTPOCTATHIECKOTO OCAKICHUS
a3po30JIeil B KauecTBe MOABOJAININX TPAKTOB OBLTH BBI-
O6paHbl 2JEKTPOTIPOBOIHBIE CITMKOHOBbIE TPyOKH. [l
YMEHBINEHNST WHEPIMOHHBIX TIOTepbh KPYITHBIX a3Po-
30spHBIX yactuil cnekrpomerp Grimm Model 1.109
pasMelaeTcss Kak MOKHO OJimzKe K 3aG0PHOMY YCTPOIi-
CTBY Ha acUUpaIoHHOl cTofike. TexHUYeckie Xapak-
Tepuctuku Aub¢Gy3MOHHOTO U JIa3ePHOTO CIIEKTPOMET-
POB aspo3oJieil puBeaeHbl B TabI. 1.

Ta6auma 1
Texunyeckue XapakTepPHCTHKH adPO30JbHOI0 KOMILIEKCca

AHATIEATO D, N, em?, Yacrora n3-
JHI3ATOp (unrepBasbn) | (morpenrHocTh, %)| MepeHuit, ¢
3—200 um 0—500000
Aaca Q0 (x10) 80
GRIMM 0,25—32 MKM 0—2000 6
Model 1.109 (31) (+3)

[Ipumevanue. D, — quamerp vactui, N — cueTHas
KOHIIEHTPAIUsI.

B mepmon akcmepiMeHTa OCYIIeCTBISINCH TPH THIA
ot6opa Tpo6 a3po30JA IS OIpe/esleHIs eTo XIMude-
ckoro cocraBa. [Ipo600T60pHbIE YCTAHOBKU OTJIHYAIOTCS
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KOJTMYeCTBOM (DUIBTPOB U CKOPOCTBIO MPOKAYKU BO3-
nyxa depe3 (uibtp. /IBe yCTaHOBKH TIpeIHAa3HAYEHBI
JUIST OIpeJIeJIeHIsT HeOPraHNnYeCKOT0 U OPTaHHYecKOro
KOMIIOHEHTOB B COCTaBe a3spo30JibHBIX dactuil. OT6op
a3PO30JIbHBIX TIPOG OCYIIECTBIISICS ¢ COOJIIOIEHITEM YC-
J0BUi n30KNHeTHIHOCTH [26]. OH 3aK/I04alIcs B oCak-
JIEHIN a39PO30JIbHBIX YacTUI[ Ha (DUIBTPDHI acTUPAIIOH-
HBIM crioco6oM. Ha TpeTbeil ycTaHOBKe ITPOBOIUIICS
ot6op Tpob6 6Guoasposoeii. BeprtukaibHOe pactpese-
JIeHIe OPTaHMYecKOTO KOMIIOHEHTa U CakKi OBbLIO pac-
cMoTpeHo panee B [27, 28].

Heoprannyecknit KOMIIOHEHT aHATM3NPOBAJICS B Jia-
60paTtopuyl THIPOXUMUN U XuMHH atMocdepsl JImMHO-
gormdeckoro uHcerutyra CO PAH. Ilocse npeasapu-
TEJIbHON TIOATOTOBKH 06PA3I[OB € MTOMOIIBIO HOHHOM CHC-
tembr 1CS-3000 (Dionex Corporation, Kamudopuus,
CIIA) onpeaensmuch monst H', Li*, Na*, NH;, K7,
Mg?*, Ca*", CI", NO3, Br, NO3, SO?", CH;S0;3, F.
TouHocTh paszoBoro usMmepenus 2—6%. [25]. Auxanus
23 anmementoB (Ag, Al, B, Ba, Be, Ca, Cd, Co,
Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, Sb, Si, Sn, Sr, Ti,
V, Zr) B cocTaBe aspO30JIbHBIX IPOG BBINOJIHAICA Ha
Macc-CIeKTPOMETPe ¢ MH/YKTUBHO-CBSI3AHHOII I1a3MOit
Agilent-7500 CE (CIIIA, Agilent Technologies Int)
¢ TouHoctbo 0,2%.

2. BepTtukajbHOe pacrnpe/esieHue

[TockobKy a3pO30JBHBIN KOMILIEKC H3MepsI pac-
Ipe/iesleHIe a3po3oJieil B IIMPOKOM [Hana3oHe pa3Me-
POB, TO /I aHAIHM3a BEPTUKAJIBHOTO pacIpeeseHus
CUETHOIl KOHIIEHTpAIINU a’po30Jiell Bech uU3MepsieMblit
JMarna3on Gl pa3ouT Ha Tpu dpakiu: saep AliTkeHa
(A, 0,003—0,200 mxm), akkymymasaimuonnyio (AKM,
0,25—1,0 Mm) u tpy6oancnepcuyio (TG, > 1,0 MrM).
Itn dpakiyun oTpaxkaioT ¢GyHIaMeHTaTbHble 0CO6eH-
HOCTH MeXaHU3MOB 06pa3oBaHHSA U TpaHcdopMannm
a3PO30JBbHBIX YacTHIl B atMocdepe [29—31]. Ha puc. 1
(I[B. BKJIaZIKa) TPUBEEHBI BePTHKAJIbHBIE MTPOQILIH
CUeTHOI KOHIIeHTpaluu Tpex dpaxiuii.

3onanpoBanne atMocdepbl HaZ BapeHIeBbIM Mo-
peM TpPOBOAMIOCH 4 ceHTaA6ps, Han KapckuM — 6 cen-
TA6ps, mMopeM JlanTeBbix — 9 ceHTa6ps, BocTouno-
CubupckuM — 15—16 cenrss6ps, Uykorckum 14—15 cen-
Ta6pst 2020 r. 37ecb m [ajiee BpeMsl TPHUBENEHO II0
I'punaBuuy. 9TO CBS3aHO € TeM, YTO BeChb HKCIIEPUMEHT
TIPOBOJIJICS B JIEBATH YaCOBBIX TOsICaX B psile KPyI-
HBIX aJIMIHUCTPATUBHBIX TEPPUTOPHIl, HA KOTOPBIX Me-
CTHOE U ACTPOHOMUYECKOE BpeMsI He COBIIAJIAIOT, HAIPU-
Mep pernon Pecrny6smku Caxa — Axyrtusa. Ha puc. 1
npo U IPOHYMEPOBAHbI [0 Mepe uxX nouaydenus (He-
YeTHBIE — BO BpeMs HaGopa BBICOTHI, YeTHbIE — BO Bpe-
M cHIsKeHst). COOTBETCTBYOIIee BpeMs YKA3aHO B MO/
PHCYHOYHOM TIO/IITUCH.

CienyeT TakXe OTMETHTb, YTO BO BpeMs IIpOBe-
JIeHUsT M3MEePUTEJbHON KaMIIaHUW JaHHas TePPUTOPI
HAXOJIIJIACH TIO/T BJIMSHIEM OOIIHNPHOTO IUKJIOHA C Pa3-
BUTOH OGJAYHOCTBIO M OCAJKAMH, MO3TOMY YacTb IPO-
¢mreii, koTopble 6BIN M3MepeHBI B 06JaKaxX, MCKJIIO-
YeHa M3 aHAJIN3a.

N3 puc. 1 BUAHO, YTO OBLIH 3apeTUCTPUPOBAHBI
Pa3IMYHble TUTBI BEPTUKATBHOTO paCIpe/le/IeHns CUeT-
HOU KOHIIEHTPAIUN a’PO30Jisd, XapaKTepHble Kak JJis
IpUOPEKHBIX MOPCKUX, TaK U IMOJISIPHBIX U Jake yja-
JIEHHBIX KOHTHHEHTATbHBIX paifoHoB [32]. Hekoropbre
npoduam xonnentparmn (SIA nag Bapennessiv n Kap-
ckuM Mopsaimu, AKM naz mopeMm Jlanresbix u Bocrou-
HO-CHGUPCKIM MopeM) uMen Z-00pasHylo CTPYKTY-
Py, 0OYCJIOBJIEHHYIO TpolleccaMi 06pa30BaHMS HOBBIX
vyactuir (HykJearun) B BepxHeil Tpomocdepe [33].
BosbImumHCTBO ke BEepPTHKATIBHBIX pachpeeseHnii Xa-
PaKTepPU3YIOTCS MAaKCIMYMOM KOHIIEHTPAITNH Y TTOBEPX-
HOCTH, 3aTeM TaJileHeM J0 HeKOTOPOTO YPOBHSA Ha
BbICOTaX 2—3 KM ¥ He3HAYNTeJbHBIMU W3MeHeHUIMU
B cBoGoaHOIT Tpomocdepe. [lomo6Horo Tumna mpodusn
HAGJIIOIATICh BO BpeMsI apKTHYECKUX KaMIIaHWii, Mpo-
BOJIMBINUXCS €BPOTEHCKIMHI W aMEePUKAHCKUME HCCJIe-
JIOBATeJIIMU B 3apyOeskHOM cekTope ApkTuku [34—36].
Ha puc. 1 BUIHO MOYTH MOJHOE OTCYTCTBHE TPyOOIUC-
MEPCHBIX YACTHUI[ BBIIe 2—3 KM HaJ BCEMHU MOPSIMHI.
Bo3Mo:KHO, 3TO CBS3aHO C OTCYTCTBHEM KOHBEKTHBHBIX
MIOTOKOB HaJl MOPCKOIi TOBEPXHOCTBIO M OBICTPBIM OCAXK-
JleHueM KPYIHBIX YacTHIl U3 atMocdepbl, Kak MoKa3a-
HO B [37].

[TockosibKy HaJ PA3HBIMH YACTIMHU APKTUYECKUX
Mopeil cueTHbIe KOHI[EHTPAIIH adpP0O30Jisi MOTYT 3aMeTHO
pasmuuatbes (puc. 1), A COMOCTaBIEHUS Ha PHC. 2
(11B. BKJIJKA) TIPHBEEHbI UX CpPeJHWE 3HAYECHUS [T
KaxkJoil u3 akBaTOpHUll, I[OJydYeHHble IIyTeM OCpe/He-
HUSI BCeX TOJYYEHHBIX JAaHHBIX B CJA0IX Tponocdepb
¢ marom 500 M.

Puc. 2, a nokasbiBaer, uto A1 dpakuun JA xa-
pakTepHO YOBbIBaHWE KOHIIEHTPAIIUM C 3alajla Ha BOC-
TOK. MaKcuMaJibHble 3HAYeHWs KOHIIEHTPAI[MW B TPH-
BogHoM caoe (200 M) HabaogaloTcsa Hajg DBapeHIeBbIM
u KapckuMm MopsiMu, a MUHUMaJbHble — HajJ BocTou-
Ho-Cubupckum n UyKoTCKUM.

g AKM srta 3aKOHOMEPHOCTb YACTUYHO Hapy-
maercsa (puc. 2, 6). HanGosplasg KOHIEHTpanus Ha-
6moaaetca Haj Kapckum mMopeM, 3ateM — Han UyKoT-
ckuMm. B I'BJI (puc. 2, ¢), Hao6opoT, Hambojee BBICO-
Kie 3HaueHust, gocruraomme 1,2 cM™, ¢ukcupyiorcs
Hag UykoTckuM MopeM, Ha BTOpoM MecTe — Kapckoe
Mope. BeposdTHo, Takoe paciipefeseHe aspo30Jis CBSI-
3aHO C €ro TepeHoCOM ¢ TPUOPEKHBIX TEePPUTOPHIi,
MTOCKOJIbKY HaJl GOJBIMUHCTBOM aKBaTOPHUil 3apuKcH-
pOBaH KOHTUHEHTAJIbHBIN TUI BEPTUKAJIbHBIX Tpodu-
neii (eMm. puc. 1).

B mosib3y Takoro BBIBOZA TOBOPUT WM COTIOCTABJIE-
HUEe CYETHBIX KOHIIEHTPAIWil HaJl TPUOPEKHBIMU Tep-
putopuamu (puc. 3, 1B. BKJIaaKa). OCO6EHHO XOPOIIO
sTa TeHaeHIMs BuAHa Ansa gpakunun dA (puc. 3, a).
B paiione Kapckoro Mops 1momo6Hasi HanpaBIeHHOCTDb
HeckoJIbKO Hapymiaetcs a1 AKM m3-3a 1nepeHoca
9TOll (ppaKIM B TOTPAHWUYHOM CJioe BOJM3N HaceJseH-
upIxX myHkToB Hapbstu-Map u CaGeTta Ha BBICOTE OKOJIO
1000 M (puc. 3, 6). TeHIeHIMA YMEHbIICHUA KOHIICH-
TPAIMU C 3amajla Ha BOCTOK MOYTH BOCCTaHABINBAETCS
st TBI (puc. 3, 6). Wckiouenne cocTaBisieT paiion
CabetTpl, TAe ONATH ’Ke HaGJIoNAJCS CJIOH C IOBBI-
IIEHHON KOHIleHTpalieil KPYIMHbIX YacTHUIl.
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CilelyeT OTMETHUTDb, YTO TEHIEHINS yMEHBIIEHUS
KOHIIEHTpaIu aspo3osist B PoccuiickoM cektope Apk-
TUKM C 3alajia Ha BOCTOK ObLIa paHee 3apUKCHPOBaHA
B XO0Jle MHOTOYHCJIEHHBIX MOPCKUX aKcreauimii [ 38, 39].
B Hacrosieil pa6oTe OHa BBISIBIE€HA B IEPHOJ KOPOT-
KOl JleTHOI KaMITaHUU.

3. MucnepcHslii cocTaB

HecMoTpst Ha cyiiecTByIolnuii npo6es B JeTEKTH-
posanun criekrpomerpamu JJCA u Grimm Model 1.109
YacTHIl B WHTepBaJje pa3mepo 0,2—0,25 MKM, pacipe-
JleleHNs, ToJydaeMble ¢ MX IIOMOINbBIO, XOPOIIO CO-
raacyioTca  Mexay coboii. ITo BUAHO W3 pHc. 4
(1B, BKJIaZKa), T/e MOKA3aHO paclpe/ejeHne JacTull
BO BceM HaliojaeMoM B aTMocdepe AHManazoHe pas-
MEpOB.

Kak u B ciyyae BepTHKAJIbHBIX IIpoduieit cueTHOIl
KOHIIEHTPAIIUM, 3/leCb SIBHO 3aMeTHbl perruoHaJbHbIe
ormmung (puc. 4). PacupesesieHue 4acTull 1o pa3Me-
paMm B 3anajHoii yactu Poccuiickoro cektopa ApKTUKU
GoJiee IMHAMUYHO U3MeHsercss ¢ Bbicotoii (BapeHieBo
n Kapckoe MOpst) Kak 10 KOHIEHTPAI[MU, TaK U 110 UH-
TEHCUBHOCTH ¥ TIOJIOXKEHUIO OCHOBHBIX MOJ. CIeKTpbl
pa3MepoB 37echb OBLIN 3aMeTHO IIHpe, YeM B BOCTOY-
HOIl yacTu.

B BocrouHOil YacTu cyllecTBeHHble W3MeHEeHUs
Ha6JIIO/IATIICh TOJABKO B HYKJIEAIINOHHOM [Hana3oHe
pasamepoB (D, < 0,007 mxm). IloropHble yCIOBHS BO
BpeMs TI0JIETOB B 3TOM paiione [26] mpuBenn K 3Ha4n-
TEJbHOMY BBIMBIBAHUIO a3P030Jell U OYUIIEHUIO aTMO-
cepsl, YTO HAIVISIJHO BUAHO II0 MIOJHOMY OTCYTCTBHIO
B cnekrpax vactuil I'B/[. VHTeHCHBHOCTD MOIBI AWT-
KeHa M aKKyMYJISIUOHHOI MOJbI, COCTABJISIONUX OC-
HOBHYIO JIOJTIO OOTIell cYeTHOI KOHIIEHTpalluu, He Tpe-
TeplieBajia 3HAYNTENbHBIX M3MEHEHUI ¢ BBICOTOIl, UYTO
7 CKa3aloch Ha (POPMUPOBAHUN OTHOCHUTEJLHO PaBHO-
MepHOTO BepTHKATIBHOTO paclpe/ieleHNs CYeTHOH KOH-
HEeHTPAIlMK a3po30Jiell HaJl aKBaTOPUSAMU UyKOTCKOTO
1 Bocrouno-Cubupckoro Mopeit.

4. XUMHUYECKHH COCTaB

Ot6op 1po6 I aHAIN3a XUMHYECKOTO COCTaBa
a3P030JIs1 IPOBOJMJICS BO BpeMsI TOPU30HTAJIBHOTO IO-
neta Ha Bbicotax 200, 5000 m 9000 M. Ilocmennue ase
BBICOTBI OIIPeIeNIAINCh [0 TIPHBEJeHHOMY JaBJIEHHIO,
KOTOpoe cooTBeTcTByeT 760 MM pT. cT., miu 1013 rlla.
ITockosbKy Haim ganuble Ha ypoBHe 9000 M yike omy6-
JmKoBaHbl B [40], HMXKe OCTAHOBMMCS TOJBKO Ha pe-
3yJIbTaTax, MOJIy4eHHBIX Ha Bbicotax 200 m 5000 M.

4.1. Hounwtii cocmae

O6masi  KOHIEHTpalus  UAeHTHOUIPOBAHHBIX
HOHOB B COCTaBe a3PO30JIbHBIX YaCTHIl IIpe/CTaBJIeHA
Ha puc. J.

W3 puc. 5 BUIHO, 4TO MAaKCUMaJIbHOE COJlepKaHme
MOHOB B aspososie, 0,96 Mir/mM°, Ha BbicoTe 200 M
66110 Ha Boctoutno-CubupckuM MopeM, MIHIMAJIbHOE
— 0,63 Mmxr/™M® — mag mopem Jlamtesbix. Ha BbicoTe

5000 M, HAOGOPOT: MaKcHMaJsibHOEe 3HaueHue 3ahUuKCH-
poBano Hajg MopeM JlamreBbix — 0,81 Mrr/m°, Mu-
HuMajgbHOe HaJ Bocrouno-CubupckuMm MopeM —
0,13 mxr/m°. Haj UyKOTCKHM MOpeM M3-32 HAJHUMS
061ak0B 0T60p TPo6 He MPOBOAMICSH. MOKHO TakiKe
OTMETUTb cJaGyi0 TEeHEHIMIO yMEHBIIeHIsI CoJep-
JKaHMg MOHOB € 3allajla Ha BOCTOK Ha BbicoTe 5000 M

(koappurmenT JIOCTOBEPHOCTH anmpoKCUMaIn
R*=0,075).
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CyMMapHas KOHLEHTPALMS HOHOB, MKT/ M

Puc. 5. CyMMapHaﬂ KOHIEHTpaIluA NOHOB B COCTaBe a3p0o30JIsd
Ha/J apKTUYeCKUMU MOPAMU Poccun

Ha puc. 6 (1. BK/JIaJKa) MOKa3aH BKJIaJ Ka/0T0
noHa B o0Illee co/lepyKaHne UX CyMMapHON KOHIIEHTpa-
1NN HAJl APKTHIECKUMHI MOPSIMI.

N3 pgansbix puc. 6 cienyer, YTO MOHBI MOPCKOTO
U KOHTUHEHTAJbHOTO TIPOUCXOKIEHUS TMPUCYTCTBYIOT
B COCTaBe apKTHYECKOTO a’po30Jid Ha BBICOTE Kak
200 M, tak m 5000 M, T.e. MOKHO ¢ GOJIBIION yBepeH-
HOCTBIO TOBOPUTH O JOCTAaTOYHO XOPOIIell TepeMentaH-
HocTH TpomocdepHBIX azposoieir [41]. Ilockombky
or6op Tpo6 TpomsBommicsa Ha (GuabTpel THIa ADA
(punprper IerpsiHOBa), KOTOpPbIE 3aJepKUBAOT U 3(-
(QeKTUBHO HAKAIIMBAIOT YaCTUIIBI pa3MepoM OoJiee
0,1 MM [42], To, 04eBUIHO, 3TO OTpa’kaeT MHOTO/IHEB-
HbIil npottecc ¢popmupoBanuss AKM n I'B/I. Ilo mouy-
YeHHBIM paHee JaHHBIM [29—31], mepexon yacTwil U3
HyKJI€al[MOHHOTO Auanaszona (2—3 HM) B aKKyMYyJIsIH-
onnsbrii (0,1—1,0 MKkM) 3aHEMaeT 4—5 CyT.

OCHOBHBIMH ~HWOHAMHU  a39PO30JHHOTO  BeIeCTBa
(1o 65%) nan BapenueBbiM MopeM Ha Bbicote 200 M
6ot monnt Lit, Na' u SO?™. B 3aMeTHBIX KOJHMYeCT-
Bax npucyrcrByior Ca*, Mg*, CI°, Br (30%). Ha
Boicote 5000 M coOTHOIIIEHHE HMOHOB 3aMETHO M3MEHS-
ercst u 10 88% €ro cocraBa OIPEIENSIETCS HOHAMI
IpPEeNMyIeCTBEHHO MOPCKOTO MpPOMCXOoxkaeHns — Na',
Mg?*, ClI” u Br". BosMosxHO, 3TO 06YCJIOBJIEHO pas-
JINYHBIMU TPAEKTOPUSIMU TOCTYILIEHHST BO3/[yXa Ha 3TY
BBICOTY BO BpeMs 9KCIIepUMEHTA.

[lma Kapckoro mopa na Bbicote 200 M B cocTaBe
YACTHI[ MPeo6Iaal0T HOHBI KOHTHHEHTAJBHOTO MPOUC-
xosxxaenns: LiT, NHj, Ca* u NO3, SO¥. 91 coenn-
HEHUST YacTO OTHOCATCS K aHTpororeHHbiM [41]. Ha
Boicore 5000 M g0 18% Bo3pacTaeT BKJIAJ MOPCKUX
nouoB Na* u Cl°, tem He Menee wonni NHj, Ca®
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u NOj, SO? npeo6iagaior. Takum o6pa3oM, MOHHBII
cocTaB HajJ KapckuM MopeM CyIIecTBEHHO OTJINYAEeTCS
or 3adurcupoBanHoro Haj bapenrieBbiM. OueBHaHO,
YTO TIOMUMO BJIMSIHUSI PA3HBIX CUTYATUBHBIX UCTOYHI-
KOB, PacCMOTPEHHUI0 KOTOPBIX ITOCBSIIEH CJIeAYIOIINit
paszesl cTaTbu, WMeeTcsl IMOCTOSTHHAS (DU3MKO-Teorpa-
(duueckasi TPEANOCHIIKA TaKOH H3MEHYUBOCTH — 30-
HaJbHOE paszfieJieHne 3TUX Mopeil KPYNHOIH rpsnoit
octpoBoB HoBoii 3emun, ycuauBaomux TypOyIeHT-
HOCTh BO3/YUIHBIX IOTOKOB HaJ PaccMaTpUBAeMbIM
DPETHOHOM.

Eme Gosee cyiiecTBeHHDbIE Pa3JUyuUsl Hal MODPEM
JlanteBbix. 3mech Ha BbicoTe 200 M goMuHupyoT Na',
Cl” (45%) u Ca®" SO%? (35%). Ha yposue 5000 m
ocuoBHON BKJax (67%) Bhocst Na', Ca®', Br-, CI,
a Takke 70 18% moBbmaercss poab noHoB H', cBuje-
TEJBLCTBYIONIAS O HEJOCTATKe KATHOHOB B COCTaBe aa-
PO30JIs.

Hax Boctouro-CubupcknM MopeM, KaK W HaJ MO-
peMm JlanTeBbIX, OCHOBHON BKJIaJ B COCTaB adPO30.JIs Ha
Boicore 200 M BHOcHu moubl Na', Cl™ (46%) u Ca*'
SO (33%). Ha Bbicote 5000 M a6COMOTHBIE KOHIICH-
tpaunu noHos Na' n SO? 6butn HIDKe Ipesefa o6Ha-
PYKeHIH, cJefoBaTebHO, foMunupoBam Ca®" (41%)
n Cl™ (37%), takxe Ha aToM (pOHE ITOBBINIAETCA OTHO-
cuTesIbHOE cojep:kaHne noHa F~ — g0 13%.

B asposose Hag UyKoTCKHM MopeM Ha BBICO-
e 200 M mpeobiaagamun Mopckue uonbl Na® (30%)
u Cl” (37%), snauurenbna gous u nona K', xak mpa-
BIJIO, MHANKATOPA JIECHBIX MOKapoB [41].

TakuM o6pa3oM, TIO Mepe TMepexoja OT 3aIaJHBIX
Mopell K BOCTOUYHBIM B COCTaBe a3PO30JiT YMEHBIIAJICS
BKJIAJ KOHTHHEHTAJBHOTO U, BO3MOJKHO, aHTPOINOTEH-
HOTO a3p030Jis1 U YBEJINYUBAJIACH JI0JIST MOPCKOTO.

B ormmune oT c4eTHONH KOHIEHTPAIINM, XUMHYe-
CKHIiT cOCTaB a3P030Jis HEOTHOKPATHO n3Mepsica B Poc-
CHUIICKOM ceKTope APKTUKH Ha HAay4HO-WCCJIe0BaTeNb-
ckux cynax. CorocraBjieHHe TOJYYeHHBIX HaMH JaH-
HbIX Ha BbicoTe 200 M ¢ NpPUBOAHBIMHU JaHHBIME [38,
43, 44] nokasbIBaeT, 4To 110 aOCOJIIOTHON BeJIMYNHEe OHU
B 2—3 pasa MeHbIlle. JTO BIIOJHE €CTECTBEHHO, TaK KakK
B pasa. 2 ObLIO TOKaszaHo YyObIBaHWE KOHIIEHTPAIIUI
a’p030JisI C BBICOTOI.

Hammn nanHble 6JIU3KH K pe3yJbTaTaM, MOJYYeH-
HBIM Ha yjaajJeHHOW ocTpoBHOIl craniuu «Mpic Bapa-
HOBa», KaK MO KOHIIEHTPAIINHU, TaKk W 1O cocTaBy [45].

4.2. daemenmmuwliit cocmaes

B oro6paHHBIX Tpobax TOMHMO HOHHOTO aHaJi-
3UpOBAJICS 3JIEMEHTHbBI cocTtaB. B wyacTHOCTH, ompeje-
JISLUTHCH caeyioniie aneMenTor: Ag, Al, B, Ba, Be, Ca,
Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, Sb, Si,
Sn, Sr, Ti, V, Zr. O6mas cymma 6e3yTepoHoit 6ec-
CoJIeBOIT  MAeHTH(MUIINPOBAHHON YacTH  2JIEMEHTHOTO
cocTaBa a’po30Jis NpeJicTaB/leHa Ha puc. 7.

Puc. 7 nemoncrpupyer, 4to Ha BbicoTe 200 M Hau-
6oJIbIIe  KOHIEHTPAINU 3JIEMEHTOB 3a(UKCUPOBAHBI
Hag KapckmM MopeMm n MopeM JlanTeBbix, Ha 5000 M —
nHag Kapckum. Takke MOKHO OTMETUTb TeH/IEHIINIO
YMeHbIIIeHUsI KOHIEHTPAIlUU 3JIEMEHTOB C 3alajla Ha
Boctok (or BapenneBa k UyKOTCKOMY MOPIO).

W 200 v  [15000 M
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Puc. 7. CymMMapHBIil 2JIeMEeHTHBII cocTaB Ge3yTIepoHOIl Gec-
coseBoil yacTu aTMocdepHOro aspo3o/rt Hag Mopsamu Poccmii-
CKOT'0 CeKTOpa APKTHKH

W3 puc. 8 (11B. BKJIaJKa) BUIHO, YTO IPaKTHYe-
CKU HaJ/l BCEMU MOpSMHU B 3JIEMEHTHOM COCTaBe a3po-
3011 IOMUHUPYeET Si, BKJIAJ KOTOPOTO JOCTHTAaeT 85%.
O6parmraer Ha ce6s BHUMaHue TakKe TO, YTO 10 Mepe
TIPOJIBIDKEHNUS ¢ 3alajla Ha BOCTOK B a3P030Jie YMeHb-
IaeTcss KOJMYECTBO UAeHTH(PUIINPYEMBIX MUKPO3Jie-
menToB. Tak, mampumep, Haja BapenneBbiM u Kapckum
MOPSIMU Ha Pa3HBIX BBICOTAX WX KOJUYECTBO U3MEHSI-
etrcs ot 15 mo 21, nag Bocrouno-Cubupckum n Yykor-
ckuM Mopamu — ot 10 1o 12. B cocTtaBe aspososig Haj
bBapennesbiMm 1 KapckuM MopsaMu JTOMUHUPYIOT 3Jie-
MEHTBHI TPENMYIIEeCTBEHHO TEPPUTEHHOTO MPOUCXOXK/Ie-
nua "a Bbicote 200 M — Al, Cu, Fe, Si, #a BbIcOTe
5000 m — Ti, Ca, Fe, Si, Al, Cu. Ilpeo6ragafonmmu
aJeMeHTaM1 HaJ{ BOCTOUHBIMHI MOPSAMHU Ha 06enX BBICO-
Tax O6bumm B ocHoBHoM Fe, Si, Cu, Al. B cocrase as-
PO30JIs1 MOpeil BOCTOYHOI 4acTH ApPKTHKU He oGHapy-
skenbl Pb, Co, Sn, Ni, Cd, V (oco6enno Ha BbIcOTe
5000 M), 110 KOTOPBIM MOKHO CYAUTb O JOMHHHPOBa-
HUU TeXHOTeHHOIo aspo3oJid HaJ MopsiMu Poccuiickoi
ApPKTUKN.

CormocTaBJieHle MOJyYeHHBIX HAMU JaHHBIX C pa-
Hee BBINMOJHEHHBIMI HccaefoBaHuamu [21, 46, 47]
MOKa3bIBAeT XOpOIllee Ccorjiacue Kak MO Habopy U/eH-
TU(UITPOBAHHBIX 3JIEMEHTOB, TaK U I0 UX KOHIIEH-
TpaIuu.

5. Pesyabrarel u 00CysK/eH1E

B Tabs. 2 mepeducseHbl JOMUHHUPYIOMNE WOHBI
7 DJIEMEHTBI, KOTOpble 3a(pUKCHPOBAHBI HAMHU B XOjIe
aKcrepuMenTa B ceHTss6pe 2020 T.

Ta6numa 2
loMuHHpyIOIHe HOHBI U 3JeMeHThI Ha BbicoTe 200 M

Mope Won DJIeMeHT
Bapenteso Na*, SO% Fe, Si
Kapckoe NH;, SOi Si
JlanreBbIX Na*, Ca*, CI, SO* Fe, Si
Bocrouno-Cubupckoe Ca?', CI” Fe, Cu, Al
YyKoTcKoe Na*, CI” Si
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JlanHbre Ta6s. 2 yKaspBAalOT Ha TO, 4TO Ha (op-
MIpOBaHNE apKTHYECKIX adpo30Jell OKasaal BUJISHUE
KaK KOHTHHEHTAJbHble, TaK ¥ MOPCKHE WCTOUYHUKI.
Haymume monos NHY u SO%, Bo3MoskHO, oTpaskaeT
BKJIQJ[ aHTPOTIOTEHHOTO HMCTOYHHWKA, OCOGEHHO Haj 3a-
Ma/IHBIMU MOPSIMH, TIpucyTcTBUE N a" u Cl” cBuzmeren-
CTBYeT O MOPCKOM HCTOYHTKE.

ITepenoc asposons B ApKTUKY TeOpeTHUECKH
OBLT TIpeJIcKa3aH JocTaToyHo JAaBHO [48, 49]. Ero ad-
(eKTUBHOCTD I HCCJIEYeMOrO CeKTOpa PacCUMTaHa
B [50, 51]. B 6oubimiom 1mukiae pabor A.A. Bunorpa-
JIoBOIt ¢ coaBT. [52—59] addexTuBHOCTH TepeHoca
a3po30Jid B APKTHKY ¢ KOHTHHeHTa/JbHOH udactu Poc-
CUU U ero CXeMbl IMOKa3aHbl HAa OCHOBAHWH JaHHBIX
nsMepeHnuii. IlepeHoc yacTHIl U cakil ¢ Marepuka Ha
aKBaTOPHIO OKeaHa OBLI Takke TOKa3aH B paGoTax
O.B. Ilonosuuesoii [60, 61].

B cBa31 ¢ BBINEN3IO0KEHHBIM PACCMOTPUM Map-
MIPYTBI, TO KOTOPBIM BO3IyX TOCTyHAd Ha YYacTKH
or6opa mpo6 asposons Ha Bbicotax 200 um 5000 M,
npejcraBieHHble Ha puc. 9 (IB. BKIaaKa). YUNTHIBas
yiKe YHOMHUHABIIHICS Teprosl (POPMUPOBAHUS a3PO30-
Jag B arMocdepe, paBHBIH 4—5 cyT, oOpaTHble Tpaek-
TOPHH CTPOMJINCH Aad Tepuoja 6 cyTr. [lig Kaxaoro
ciydyas or6opa Tpo6 3aJaBaJMCh TPU TOUKM: HAYaJIo,
cepejIiHA M KOHEIl IJIONAJKI TPo6ooTéopa.

W3 puc. 9 BujgHO, BO BCeX PACCMOTPEHHBIX CJIy-
vasgx (3aposKIaJICs JIM a3PO30Jb HaJl KOHTUHEHTOM TJIH
MOPEM ) TPaeKTOPHH BO3/yXa MPOXOANIN U HaJ MOPEM,
u HaJ cymieil. B aToMm ciydae o6pa3oBaBIITiecs: 4acTu-
I[bI MOTJI 00OTaiaTbcsi MO IyTH CJeIOBAHUS IOTO0JI-
HUTEJbHBIMI HOHAMU U 3JIeMEHTaMU.

Tak, BO3ayX, M3 KOTOPOTO OTOMPAJICS aspO30Jib
HaJ BapenuesbiM MopeM Ha BbIcoTe 200 M, 3apoauics
Ha/l pa3HbIMU pailoHaMU KOHTHHEHTa, HO B 3aBepIIaio-
meit ¢aze TPOXOAUT HAZA MOpeM. IJTO XOPOIIO BUIHO
mo mpoduiasM TpaekTopuil B HUKHelNl uyacTu puc. 9.
EctecTBeHHO, 4YTO OBLIN UAEHTH(UIMPOBAHBI KOMIIO-
HEHTbI KOHTHHEHTAJTbHOTO M MOPCKOTO a3po30id. Bos-
IyX, moctynuBimuit Ha BbIcOoTy 5000 M Hag aTHM Ke
MopeM, — OKeaHH4YecKoro IpoucxoxaeHud. Ho 3aTeMm
OH TIpoIlle]T 3HAYUTEJbHBIH 1yTh Haa CraHIuMHaBHEd,
rae Mor o6GOTaTHThCS MOHAMU M 3JIeMEHTaMU KOHTHU-
HEHTAJIbHOIO IIPOMCXOXK/IeHUS.

[lng orobpaHHBIX Tpo6 Bo3ayxa Haa Kapckmm
MopeM Ha BbIcoTe 200 M HabsiofaeTcd CXoKagd Tpaek-
TOPUSL: 3aposkieHne HajJ mobepeskbeM CKaHAUHABUT
U 3aTeM TeTJis HaJ eBpolelickoii Teppuropueii Poccun
(ETP). TIpuueM BO3AyX OIyCKaJcsl TJIyOOKO BHU3, TJle
PACTIOJIOJKEHBI  TIPOMBIIIIEHHbIE pPETHOHBI. 1 TOJBKO
3aKIIOYUTESbHAS YaCTh TPAEKTOPUU OIATH TPOXOJIIIIA
HaJl MOPCKOII TIOBepXHOCTbI0. MapuIpyTsl aspo3oyd Ha
Boicote 5000 M a1 Kapckoro Mopst TPOXOAWIM HaJl
KOHTHHEHTOM, IIpUYeM J[[Ba U3 HUX — HaJ IIPOMbIII-
JleHHBbIMU paiioHamn 3amaanoii EBpornsr u ETP. Ilo-
3TOMy IJig 060MX Mopeil B XIMNYecKHil COCTaB a3po-
30JIbHOTO BEMIeCTBA BXOJAT WOHBI U 3JIEMEHTBI, KOTO-
pble MOTYT OTHOCUTBCS M K aHTPOTIOT€HHBIM.

Bosmyx, moctynuBminii Ha akBaTopuu Mops Jlar-
TeBbIX, Boctouno-Cubupckoro n UykoTckoro Mopeii,
3apOKJAJICS HAJl MOPCKOiHl moBepXHOCTbio. OHAKO

BO BCeX CJIy4asX TPAEKTOPUU XOTsS OBl YACTUYHO IPO-
XOAWIN HaJ KOHTHHEHTOM, YTO MOTJIO CIIOCOOCTBOBATH
00OTaIEeHNIO a3P0O30JisI TePPUTEHHBIMH WOHAMH W 3Jie-
MEHTaMU.

B cBs3u ¢ mpoiieccamu o6oraiieHusl a3po30Jis 10
MyTH CJIeZIOBAHUS YMECTHO BCIOMHHUTb SBHO HeI0OIle-
HeHHYIO pa6oty [62], B KOTOpoii MOKaszaHO, YTO IpH
MeXaHHYeCKUX IpolleccaX MOTYT 06pa3oBbIBATHCS a3-
po3osiu pazMepoM oT 5 10 20 HM B GOJIBIIIOM KOJHYe-
cree (0 10'° wacrun ¢ mromaau 1 cM?). Takme wacTu-
IIBI JIETKO W JIOJITO TIepeHocATCS B atMocdepe W MOTYT
CJIYKUTb OCHOBOH /i1 o6pa3oBanusd aspososeit AKM.

Boimre  6bLIM OTMeYeHBbI HU3KHE KOHIIEHTPAI[IN
armMocdepHoro aspososisi B Poccuiickom cekTope ApK-
Tukn, B ocoberHHoct I'B/l. 910 06CTOATEIBCTBO JIETKO
OOBSICHSIETCS TIEPUOJIOM TIPOBEJIECHUST IKCIepUMEHTA.
B centabpe, mo ganHbIM psaaa uccaenoBaTeneit [63—66],
B ApKTHKe HalI0aeTcs ero MUHWMaJbHblE KOHIEH-
Tpalum.

3akouenne

[IpoBenennniii 3a [OCTAaTOYHO KOPOTKOE BPEMS
CaMOJIETHBIII 9KCIIEPUMEHT TTO3BOJIAJ COTIOCTABUTD MUK-
podusuveckre XapaKTEePUCTUKU a’pPO30Js HaJ BCeMU
MopsiMmu Poccuiickoro cekropa ApKTHKH.

Boum 3aperncTpupoBaHBl pa3JNYHbIE THIIBI Bep-
THKAJTbHOTO paclipe/ieJIeHNsT CYETHOH KOHIIEHTPAIIUI
A9PO30JIbHBIX YACTHUI], XapaKTepHble KaK /I TPHOpesK-
HBIX MOPCKUX, TaK W IS TOJIIPHBIX W JlaXKe yIaJjeH-
HBIX KOHTHHEHTAIbHDBIX paiioHoB. Hekotopbie mpoduiin
KOHIIEHTpaun uMenn Z-o6pasHyio cTpyKTypy. bBoub-
IITTHCTBO K€ BEPTUKAJBHBIX paclpe/ieIeHnuil ObLIN KOH-
TUHEHTAJBHOTO TUMA, KOTJa MAaKCUMyM KOHIEHTpPAINH
HaXO/IUTCSA y MOBEPXHOCTH U 3aTeM OHA YMEHBITAeTCs
¢ BbIicoTOl. O6paiaer Ha cebGsg BHUMaHUe TaKKe TOYTH
MOJIHOE OTCYTCTBHE TPYOOAUCIIEPCHBIX YACTHI[ BbIIIeE
2—3 kM Haj BceMu Mopsamu. [lig dpaxiun gaep ART-
KeHa XapakTepHO yObIBaHue KOHIEHTPAIMH C 3araja
Ha BOCTOK: HaWOOJbIINE 3HAYEHUS B NPUBOIHOM CJIOE
(200 m) mabmiomatorca Haj 3amagHbiMu Mopamu (Ba-
penueso n Kapckoe), HamMenbpmme — Haja BocTouHo-
CubupckuMm n UykoTckuM. BepogaTHo, Takoe pacmpe-
JlelleHIle a3po30JI CBA3aHO C TIEPEHOCOM ero ¢ IIpH-
OpeKHBIX TEPPUTOPHUI, TTOCKOJDBKY HaJ GOJIBITIHCTBOM
aKBaTOpUil ero ¢opMa COOTBETCTBOBaJA TIPOPUIISIM
KOHIIEHTpaIuu, HaGII0JaeMbIM Ha/l KOHTUHEHTAMH.

OTMeYeHbI TaKKe PerHOHAJbHbIE PA3JINYHs B pac-
IpeJeleHIH YacTUIl 1o pasMepaM. B 3amajgHoil gacTu
Poccuiickoro cexktopa ApKTHKH Hambosee TUHAMUTHO
n3MeHseTcd KaK 00Iasg KOHIEHTPAINSA adpo30ysd, Tak
U KOHIIEHTPAIMN U MOJAJbHBIE pa3Mepbl (QPaKIHii.
CrieKTpbl pa3MepoB 37leChb 3aMeTHO IIHpe, YeM B BOC-
TOYHOI YacTH, r/ie CYUIeCTBeHHbIe U3MeHeHUs HalJIo-
JTATICH TOJIBKO B HYKJICAIIOHHOM JIHalla30He Pa3MepoB
(D, < 0,007 mxm). Kommentpamms Moasl  AffTkeHa
U aKKyMYJAIHOHHON (paKIUl, COCTABJAIONINX OC-
HOBHYIO JI0JTI0 0O0Iell cYeTHOI KOHIIEHTpaIlnd, He Tpe-
TeplieBajia 3HAYNTEJNbHBIX M3MeHeHUil ¢ BbIcOTOIl. [lo-
JiydeHHble B XO/le ApPKTUYECKO#l KaMIAHUU /aHHbIe
MOKHO CYNTATh YHUKAJIbHBIMU, TaK KaK BO BCEM MIEpe
B GOJIBIINHCTBE CAMOJIETHBIX WCCJIEOBAHUIT M3MepeHMsI
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aspo30/bHbIX yYacTull ¢ D, <0,1 MKM IIpoBoAATCA CO
3HAYUTEJIbHO XY/IINM paspeliieHueM, a B Poccuiickom
ceKkTope ApPKTUKHI TOA0OHOTO pojia WCCaeoBaHne Obl-
JIO TIPOBE/IEHO BIIEPBHIE.

B xmMmueckoM cocTaBe apKTHYECKOTO a’pO30.Jist
Ha BeicoTax 200 m 5000 M TPUCYTCTBYIOT HOHBI MOP-
CKOTO W KOHTHWHEHTAJbHOTO Tponcxoxkaenusa. Hax Ba-
PEHIIEBBIM MOPEM OCHOBHYIO JIOJI0 MOHOB B a9PO30JISX
Ha BbicoTe 200 M (moutn 65%) coctasmstim Li*, Na*
u SO?{, Ha yposHe 5000 M goMuHHpPYIOT MOHBI Na',
Mg?", Cl"u Br (z0 88%). BoaMosxHO, 3T0 06ycI0oBIe-
HO PA3JNIHBIMI TPAEKTOPUSMHU TMOCTYTLIEHUS BO3IyXa
B pailoH sKcIepuMeHTa Ha 3TU BbIcoThl. [l Kapckoro
Mops Ha o6enx BBICOTaX B COCTaBe YacTHUI[ TIpeolia-
natoT nonbt Li*, NHj, Ca** u NO;, SO . Hax mMopeM
JlanteBbrx Ha BbicoTe 200 M — monbl Na“, Cl™ (45%)
n Ca* SO% (35%). Ha yposre 5000 M OCHOBHOI
Braag (67%) BHOCAT MOHBI MOPCKOTO TTPOMCXOKIEHMUST
Na®, Ca®" u Br, Cl", 1o 18% TMOBBINIAETCS POIb HO-
Hos H, o6yciioBIeHHas HeJOCTaTKOM KaTHOHOB. B co-
cTaBe a’po30sia Haja BocTouno-CubupckuM MopeM oc-
HoBHOIT BkJag Ha BbicoTe 200 M BHocuam Na*, Cl~
(46%) 1 Ca*" SO2™ (33%), ma Bsicote 5000 M — Ca®"
(41%) u Cl~ (37%) Ha QoHe TIpeaesbHO HU3KUX KOH-
nentpamuit Na™ u SO2". B asposome Haz UykoTckum
MopeM Ha BbicoTe 200 M Tpeo6Jasagn MOPCKIE HOHBI
Na* (30%) u CI™ (37%).

TakuM o6pa3oM, TIO Mepe Tepexojia OT 3alaHbIX
Mopell K BOCTOUHBIM B COCTaBe a3PO30JisST YMEHBINAJICS
BKJIQJ KOHTHHEHTAJBHOTO U, BO3MOKHO, aHTPOIOTEH-
HOTO a3P030Jid U YBEININBAJIACDH TOJIST MOPCKOTO.

B cocraBe 6eccosieBoii 6e3yTJepOHON YacTH atT-
MochepHOTro a’spo30Jis IO Mepe TPOJBUIKEHHS C 3alia-
Jla Ha BOCTOK YMEHDBIIAJOCh KOJMYECTBO UAEHTH(DUII-
PYEMBIX MHUKPOIJIEMEHTOB. OJIEMEHTBl TEePPUTEHHOTO
MIPOUCXOK/IEHUST B COCTaBe adpo30Jis  TIpeobagain
npeuMyIiecTBeHHo Ha BbicoTe 200 M Haj BapeHieBbM
n Kapcknm wmopsamm (Al, Cu, Fe, Si), Ha BbICOTE
5000 m Hazx BocrounbiMu Mopsimu (Ti, Ca, Fe, Si, Al,
Cu, Fe, Si, Cu, Al). Kpemuunii (Si) moMuHEpOBaI Hax
KapckumM, JlanteBoix, Bocrouno-Cubupckum u Uykort-
CKUM MopsMu, ero Bkiaaa 69—85%. Ha dome Bospac-
TaHWS € 3alajla Ha BOCTOK MOpCKoro (aktopa B ¢op-
MHUPOBaHWN HMOHHOTO W 3JIEMEHTHOTO COCTaBa YMEHb-
majics BKJAM KOHTHHeHTaJabHoro dakrtopa. Creayer
TaKykKe OTMETUTH, YTO B COCTaBe a’dpo30Jisd HaJ MOPSIMU
Poccuiickoro cextopa ApKTHKH, 0COGEHHO Ha BBICOTE
5000 M, OTCYTCTBOBAJM 2JIEMEHTBI SIBHO aHTPOIOT€HHO-
ro npoucxoxaenus — Pb, Co, Sn, Ni, Cd, V.

Ananmu3 o6paTHBIX TpaeKTOPHUH TMOKa3aj, YTO BO
BCeX PACCMOTPEHHBIX CJIyYasX TPAEKTOPUH BO3YII-
HBIX MacC TIPOXOJWJIM M HaJ MOpeM, W Haja Cylleii.
BaxkHo Takske MOMYEPKHYTb, YTO B TMEPHUOJ| IKCHEPU-
MeHTa KOHIIEHTpPAINU BCeX aHAJIU3UPYEMBIX WOHOB
U 2JIEMEHTOB ObLIN HU3KUMU, XapaKTePHbIMU s (o-
HOBBIX, YJAJeHHBIX PAiiOHOB.

MDunancupoBaHue. 30HJUPOBaHUE aTMOcdepbl
BbiostHeHO Ha YHY camomer-nma6opatopus Ty-134
«OnTuky, co3manHoro B pamkax rocsajganus MOA CO
PAH. O6pa6oTka TaHHBIX W aHAJIN3 Pe3yJIbTAaTOB MPO-

BeJleHbl TIpH (DUHAHCOBOI TO/Iep:KKe MUHHCTEPCTBA
HayKH W BbIcmiero o6pasoBanus P®, mpoext «Mccre-
JIOBaHNe aHTPOTIOTEHHBIX W eCTeCTBEHHBIX (PAKTOPOB
n3MeHeHNI cocTaBa BO3yXa M 06BEKTOB OKpYysKaioleit
cpeapt B Cubupnm um PoccuiickoM cekTope ApPKTHKH
B YCJOBHAX OBICTPBIX M3MeHEHHUIl KJIMMara ¢ HCIOJb-
3oBanneM YHY «Camomet-ma6opatopus Ty-134 «Om-
Tuk» (cormamenne Ne 075-15-2021-934).
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Bo3ayxa Haja PoccuiickuM cekTopoM ApKTHKH. 2. YT.e- Kozloo A.V., Law K., Nédélec Ph., Rasskazchiko-

kucabiii raz // Omntuka armMocd. u okeana. 2023. T. 36, va T.M., Paris J.-D., Savkin D.E., Simonenkoov D.V.,
No 4. C. 280—288; Antokhina O.Yu., Antokhin P.N., Sklyadneva T.K., Tolmachev G.N., Fofonov A.V. Air
Arshinova V.G., Arshinoo M.Yu., Belan B.D., Be- composition over the Russian Arctic: 2 — Carbon Dioxi-
lan S.B., Gurulev E.V., Davydov D.K., Ivlev G.A., de // Atmos. Ocean. Opt. 2023. V. 36, N 5. P. 490—500.

O.Yu. Antokhina, P.N. Antokhin, V.G. Arshinova, M.Yu. Arshinov, B.D. Belan, S.B. Belan, O.I. Ber-
dashkinova, L.P. Golobokova, D.K. Davydov, G.A. Ivlev, A.V. Kozlov, N.A. Onischuk, T.M. Rasskaz-
chikova, D.E. Savkin, D.V. Simonenkov, T.K. Sklyadneva, G.N. Tolmachev, A.V. Fofonov, T.V. Khod-
zher. Air composition over the Russian Arctic. 4. Atmospheric aerosols.

This work presents the analysis of the spatial distribution of number concentrations, size distribution, and
chemical composition of aerosol particles measured for the first time over the seas of the Russian Arctic. Vari-
ous types of vertical distribution of the number concentration were recorded, characteristic of both coastal ma-
rine and continental areas. Most of them turned out to be of the continental type. Attention is also drawn to
the almost complete absence of coarse particles above 2—3 km over all seas. The chemical composition of the
Arctic aerosol at altitudes of 200 m 5000 m contains ions that can be attributed to both marine and continental.
The identifiable non-carbon elemental part of the aerosol (without ions) over the Arctic is 3—4 times larger
than of ions. Over all seas and at both altitudes, the Arctic aerosols mainly contain elements of terrigenous ori-
gin — Al, Cu, Fe, Si. Over almost all seas, except the Barents Sea, Si dominates in the elemental composition
of the aerosol, its contribution over the Chukchi Sea reaching 85%. The analysis of backward trajectories
showed that in all cases considered, whether the aerosol was formed over the continent or sea, air trajectories
passed both over sea and over land. In this case, the formed particles could be enriched with additional ions
and elements along the way.
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Puc. 4. PacrnpeneneHue wacTwll 10 pasMepaM Haj MopsMu Poccuiickoro cexktopa Apkruku: Bapenmeso mope (a); Uykorckoe
Mope (6); Kapckoe mope (6); Bocrouno-Cubupckoe mope (2); mope Jlantesbix (0)



Puc. 6. VonHbrii coctaB asposong Hajx Mopamu Poccuiickoro

cekTopa APKTHKH, %-3KB., Ha Bbicotre 200 (ciesa) u 5000 M

(cmpaBa): Bapenneso Mope (a); Kapckoe mope (6); Mope

Jlanrepix (6); Bocrouno-Cu6upckoe Mope (2); Uykorckoe
Mope (0)

4



Puc. 8. OneMentHbIil coctaB 6e3yrjiepoaHoOi GeccoieBoil yac-
TH aTMOC(EPHOTO aspo30Js Hajl MopaMu Poccuiickoro cexkro-
pa Apkruku, Macc.%, Ha Bpicote 200 (cnea) u 5000 M (cmpa-
Ba): Bapenneso mMope (a); Kapckoe mope (6); mope Jlamre-
BbIxX (6); Bocrouno-Cubupckoe Mope (2); Uykorckoe mope (9)




NOAA HYSPLIT MODEL
Backward trajetories ending at 08500 UTC 04 Sep 20

NOAN HYSPLIT MODEL
Backward trajetories ending at 1200 UTC 04 Sep 20

Source # at multiple locations

Source *at 1

Melers AGL

Meters AGL

06,00 18 13106 00 18 12 08 0 1R 13 06 00 18 13 08 00 18 12 00.00 18 13

NOAA HYSPLIT MODEL
Backward trajetorics ending at 0900 UTC 06 Sep 20

00 00 18 1700 00 18 106 00 18 1 08,00 18 13 08,00 18 13 08,50 18 12

NOAA HYSPLIT MODEL
Backward trajetories ending at 0900 UTC 06 Sep 20

Source # af mnltiple locations
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100 00 18 13000 00 14 1 00 00 14 £2.00.00 18 17 00,00 18 120800 18 12

NOAA HYSPLIT MODEL

NOAA HYSPLIT MODEL

Backward trajetories ending at 0200 UTC 09 Sep 20
I

Source # at multiple locations

Backward trajetories ending at (0400 UTC 09 Sep 20

-
2
£

Meters AGL
T

150 18 1310 59 18 1300 00 18 13 06 08 18 13 08,00 48 13 00 00 1 1200

~ Meters AGL

NOAA HYSPLIT MODEL
Backward trajetorics ending at 0000 UTC 16 Sep 20

NOAA HYSPLIT MODEL
Backward trajetories ending at 2300 UTC 13 Sep 20

T .
R

o

Source # al multiple locations

o

o

le locations

Soarce #al m

~ Meters AGL

181310850 18 13.08.50 18 13,0850 10 13 00 50 1R 13 08,05 1A 13 04 03
D! D4 Dww  paw  own  paw

Miters AGL
5 i

7208 00 18 1206 00 14 1206 00 18 108,00 18 13.08.00 18 12 08 50

NOAA HYSPLIT MODEL
Backward trajetories ending at 0200 UTC 15 Sep 20

Source #at multiple loeations

~ Meters AGL

Puc. 9. OO6parHble TpaeKTOPUU BO3IYIIHBIX MacC, IOCTY-

MUBIIHX B pailoH or6opa mpob aspososs B Poccuiickom

cekrope ApkTuKu cexTope Ha Bbicote 200 (cieBa) u 5000 M

(cmpaBa): Bapenueso mope (a); Kapckoe mope (6); mope

Jlanresbix (6); Bocrouno-Cubupckoe mope (2); Uykorckoe
Mope (0)




