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B ApkTuke noremieHue KJuMara IPOUCXOJUT B HECKOJbKO pa3 ObicTpee, 4eM B JAPYTUX paifoHaX 3eMHOTO
mapa. JTo MOXKeT GbITh Pe3yJbTaTOM YCUJIEeHHS OGPAaTHBIX CBSI3ell MeXXIy KJIUMaToM U cocTaBoM aTtMmocdepnl. O-
HAKO [JaHHBIX 00 M3MEHEHHSIX KOHIIEHTPALUH KJIMMATHYeCKU aKTHBHBIX BeNIeCTB B 3TOM peruoHe KpaifHe Maio.
ITosToMy n7g BocmosHeHHT mpo6esa B JaHHBIX O BePTHKAJIbHOM paclipefieJeHIH Ia30BOIO M a3PO30JbHOTO COCTa-
BOB Bo3zayxa HaJ PoccuiickuM cekTopoM ApPKTHKE B ceHTs6pe 2020 r. Ha caMoutete-tabopaTopunt Ty-134 «OnTuks
OBLT IIPOBE/IEH IKCIIEPUMEHT 110 30HAMPOBAHUIO aTMOC(Epbl U BOAHON IOBEPXHOCTH HAJ aKBATOPHUSIMU BCEX POC-
cuiickux Mopeit CeepHoro JlemoBuroro okeana. B HacTosieil paGore MPHBOAMUTCS AHAIN3 IIPOCTPAHCTBEHHOTO
pacIpefieJIeHUsI Ta30BOTO U A39PO30JIbHOTO COCTABOB apKTH4YecKoil Tponocdepsl. [lokazano, 4To B Iepuoj sKcIepH-
MeHTa KoHIeHTpanuss CO, B HalpaBJeHUM € 3alaja Ha BOCTOK POCJa B IIPUBOJHOM M IIOTPAHUYHOM CJIOSIX U, Ha-
o6opor, y6biBasa B Tponocdepe. ColepkaHue ke MeTaHa B IPUBOJHOM CJI0e B TOM ’Ke HAIpaBJeHUU YMeHbIIa-
snock. Konnenrparmmu CO, NOx u SO, B PoccuiickoM cektope APKTUKH ObLTA OUYe€Hb HU3KUMH, YTO XapaKTepHO
IUIS yAaJIeHHBIX (DOHOBBIX paiioHoB. Bce dpakuum aspos3o/is Takke AeMOHCTPUPYIOT YObIBaHHE COAEPKAHHS C 3a-
nmajia Ha BocTok. IlosyueHHbIe pe3yJbTaTbl MOTYT ObIThb HCIIOJb30BaHbI IPH MOJeJUPOBAHUHM aTMOC(EPHBIX INIPO-
11ecCOB, TIPONCXOAANINX B APKTHKe B YCIOBHIX H3MEHSIONIET0Cs KJINMara.

Kniouesvie caosa: Apxruka, atMocdepa, aspo3oJib, BePTHUKAJIbHOE pPaclpelesieHie, IUOKCH[ Cepbl, MeTaH,
030H, OKCH/IBI a30Ta, OKCHJbI yIJepoja, IepeHoc, coctas; Arctic, atmosphere, aerosol, vertical distribution, sul-

fur dioxide, methan, ozone, nitrogen oxides, carbon oxides, transport, composition.

BBeaenne

[To 3akmoyennio MeXIpaBUTeIbCTBEHHON TPYIIIIbI
SKCIEepPTOB Mo maMeHenmio kamMata (MITOUK, IPCC),
rI06aJbHOE TIOTeIlIeHNe, OOYCJIOBJIeHHOE B OCHOBHOM
n3MeHeHNeM cocTaBa Bo3ayxa [1], mpomoskaercs.
IIpu 3TOM OHO TIPOMCXONUT HEPABHOMEPHO II0 3eMHOMY
nrapy. Haubosiee 6picTpo TeMIepaTypa Bo3lyXa pacTeT
B ApKTHKe, T[le OHA YyBeJWYWIJIACh B YeTBbIpe pasa II0
CPaBHEHUIO C JPYTHUMU permoHaMu [2—4]. ITo BBI3bI-
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BaeT Pl BOIIPOCOB: KAaK M3-3a IMOTEIJIeHNS N3MeHseT-
cs COCTaB BO3[yXa B DPETHOHE M KaKuM 06pa3oM pe-
aJIbHble BapHAIli COCTaBAa MOTYT CKa3aTbhCs HA CAMOM
noterieHud [5—7]? OTBeTUTb Ha 3TH BOIMPOCHI MOKHO,
TOJIbKO pacmoJiarasi umH@opMalmeil o cocTaBe BO31IY-
xa [8]. OxHako TakuX JaHHBIX /19 POCCHUICKOTO CeK-
Topa APKTHKH KpaifHe MaJo.

W3mepeHust coctaBa BO3yXa B 3TOM CEKTODE BbI-
MOJTHAJIOCh TOJBKO B TIPU3EMHOM cJoe Bo3ayxa [9],
MPUBOJHOM cJioe Ha Jpelidyromux crannusax [10] mwin
¢ 6opTa cynoB [11], mpuueM mcc/eOBAINCh B OCHOB-
HOM NapHHUKOBBble Ta3bl [12]. KoHleHTpaius Apyrux
MaJIBIX Ta30BBIX COCTABJLIIONINX BO3AyXa W3ydasiach
B DervoHe 3MU30MYEeCKH.

BHe moig 3peHHSA YYEHBIX OCTAIOTCS TIPOIECCHI
o6MeHa TIPUMeCSIMU MeK/y BOJHOII TTOBEPXHOCTBIO, BCE
60Jiee 0cBOOOKJaIOIIElCS OTO JTh1a, 1 aTMocdepoii. Co-
BEPIIIEHHO OTCYTCTBYIOT CBEJIEHUSI O BEPTHKAJIBHOM pac-
npefeseHun Inpumeceii. HarpeBanme MoxxeT IPOHCXO-
JIUTDb He TOJIbKO B TIPH3EMHOM CJIOe BO3/IyXa, HO U B CPe/l-
Helt Tpomocdepe, Kak Tokaszano B [13, 14], 4To oveHb
3aTPyHSET MOJETMPOBAHUE KJINMATHYECKUX MPOIeC-
COB W M3MeHEHUS OKpYsKalolell cpepl.
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Ha ceropnsamnuii neHb HeT CepHilHO BBIIIyCKae-
MBIX CPE/CTB /I M3MepeHHs BepTHKAJILHOTO paclpe-
JleJIeHUsI Ta30BBIX M Aa3PO30JBHBIX COCTABJAIOMIUX aT-
Mocdeppl. PemreHne mpo61eMbl MOHHTOPHHTA COCTaBa
BO3/lyXa B APKTHYECKOM permoHe, Kak M B [JPYTUX
yAaJeHHBIX TOYKAX 3eMHOTO IIapa, CBA3BIBATH C pa3-
BUTHEM CHCTeM CITyTHHKOBOTO 3oHAmMpoBaHus. Corrac-
HO maHHBIM o630pa [15] B 2007 r. y:xe PyHKINOHUPO-
BaJgu 15 THIOB KOCMUYECKUX allapaToB, U3MepAIOMUX
a3PO30JIBbHBII U Ta30BbIi cocTaB Bo3ayxa. OgHAKO MX
IKCILUTyaTallnsg TIOKa3bIBaeT, YTO TIOKA CIIYTHIKOBBIE
JlAaHHbIe He WMeIOT HeOoOXOJMMON TOYHOCTH HU3Mepe-
Huit [16]. IlostoMy Tpe6yeTcss coBepIllIeHCTBOBAHUE
KaK allapaTHOll, TaKk M MeTOAMYecKON COCTaBJISIONINX
3TOTO MeTojla 30HaAMpoBaHus [17, 18].

3a py6eskoM I WCCTeOBAHUS BePTHKAJILHOTO
pacmpesieJieHnsI Ta30BBIX W a3pO30JBHBIX MpHUMeceil
B ADKTHKe NIMPOKO HCHOJIb3YIOTCSI CaMOJIEThI-Tabopa-
Topuu. CaMOJETHBIIT MeTo[ TPU3HAH 3TAJOHHBIM 7SI
MCCJIeIOBaHNS cocTaBa Bo3/AyXa 1o Beptukaam [19].
[TosToMy n71s1 BocHOJIHEHUsT TIpo6esia B JaHHBIX O Bep-
THKAJbHOM pAaCIpe/IeJIeHHN Ta30BOTO M a3pPO30JBHOTO
COCTaBOB Bo3AyXa Haja PoccmiickuM ceKTopoM ApKTH-
ki GBI HUCIOJB30BaH caMoJieT-yaGoparopust Ty-134
«Onruks.

IKCIepIMeHT 0 30HANPOBAHNIO aTMOC(ephl 1 BOA-
HOIl TIOBepXHOCTH Haj akBaropusaMu Bcex Mopeil Ce-
BepHOro JlemoBUTOrO OKeaHa OBLI TIPOBEJEH B CEHTIO-
pe 2020 r. B [20] mpuBeneHO ero ommcaHWe, Xapak-
TEPUCTHKH OOCOPYZOBAHUSI U Cpe/lHIE KOHIEHTPALUH
npuMeceil HaJ BceMu MopaMmMu. B [21—24] 6bL1 BbITION-
HeH TOoAPOOHBIN aHamm3 oco6eHHOCTe! paclpeeseHus
cocTaBa BO3/JyXa HaJ KaXIbIM U3 Mopeil.

Ilems paboTsl — 06OGUINTL Pe3yJIbTATBI HCCJIe-
JIOBAHNSA TPOCTPAHCTBEHHOTO pacIipe/leleHNs Ta30BBbIX
U a3pO30JbHBIX KOMIIOHEHTOB BO3/yXa, IOIy4eHHBbIE
B PoccuiickoM cektope ApKTHKH B ceHTss6pe 2020 r.
B orymyme ot mpexabAymux pa6oT, B HacTosmiell cra-
Tbe IIPUBOJAATCA He OT/eJbHbIe BepTHKAIbHbIE pacIpe-
JeeHns, a o60O6IIeHHble I KaKI0TO U3 Mopeil Tpo-
¢nm m crenuaTbHO MOCTPOEHHBIE Pa3pes3bl C MCIIOJb-
30BaHIeM MeTo/a Kpuruhra [25]. 1o mo3BosseT 6oJiee

HATJISITHO TPEJCTABUTH [aHHblE U3MEPEHUl U MOJIHee
OTPa3uTh KapTHHY IIPOCTPAHCTBEHHOTO PacCIpe/eseHIs
Ta30B U a3pPO30JIA.

1. MarepuaJjbl 1 METOABI

ApKTHYeCcKasl aBUALMOHHASA KaMITaHWSI IIPOBO/IM-
gach 04—17.09.2020 r.; cxema MapuIpyTa II0OKa3aHa Ha
puc. 1 (uB. BkiIazka). B Xo/e BBIMOJHEHUS IKCIEPH-
MeHTa ObLIM M3MePeHbI MPO(UIN KOHIEHTPALUN ra3o-
BBIX M a3PO30JbHBIX KOMIIOHEHTOB BO3/yXa OT MHHH-
MaJIbHO JOMycTUMbIX BbicoT (200 M) 0 BEpPXHHUX CJIOEB
tponocdepnr (9000—10000 m). IIpu HaGope BBICOTHI
U CHIDKEHHH HaJ MOPSMHE TOJIEThI MPOXOAMIN Ha TPex
yposrax (200, 5000 u 9000 M) B TeueHne 5—15 MuH
6e3 u3MeHeHU:A BbICOTHI (TOPU3OHTAJIBHO) C LEJbIO
ot6opa Tpo6 aspo3osieil Ha GUIBTPHI U HCCTIeTOBAHUS
[IPOCTPAHCTBEHHOIl HEOAHOPOAHOCTH B PaclpeieseHnn
ra30BbIX KOMIIOHEHTOB M METEOPOJIOTHYECKINX BEJTNYUH.
Hang xaxaeiMm m3 Mopeil 6blIo HW3MepeHO UeThIpe
BEPTUKAJIBHBIX MTPOQILIA.

B Hacrosmeit paGore paccMaTpUBAIOTCS KOHIEH-
Tpaumn Amokcuga u okcuga yraepoga (CO, m CO),
okcuzioB azota (NOy), nuokcuzma cepnl (SO,), Merana
(CHy,), ozona (Os3), a9p030JIbHBIX YaCTUI] HYKJIEATOH-
Horo auamnasoHa pasmepos (HYK), axep Aiitkena (SIA),
akkyMyssaionHoit (AKM) u rpy6oaucnepcuoit (TBJT)
(pakuuii  asposossg. XapaKTepUCTHKU IIPUGOPOB, HC-
0JIb30BABIINXCS IPK U3MEPEHUX, IPUBEIEHBI B TalI. 1.

2. PeayabTaThl HccJeI0OBaHUS
U 00CysK/IeH1e

2.1. 'a3oeawtit cocmaa

Ha puc. 2 (uB. BK/JIaJKa) IpeACTaBJeHO BepTHKAJIb-
HOe paclpefieieHHe KOHIEHTPAIlUi MaJbIX Ta30BBIX
COCTABJISIONINX aTMOC(epPBI, KOTOPOe U3MEPSIOCh HaJl
akBaTopusaMu Mopeit CeBepHoro JleoBuTOro okKeaHa
B nepuoj ¢ 4 mo 16.09.2020 r. 13 puc. 2, @ BUIHO,
YTO MMeeTcs CYIIecTBeHHas pa3HUIlla U3MeHeHUs KOH-
nenrpaiu CO, 1o goJrore B ¢Bo6oaHOI Tporocdepe

Ta6auma 1

Texuuuyeckue XapaKTepPUCTUKHU ra30aHaJu3aTOPOB U CHIEKTPOMETPOB a3p0O30.Jis

I N3amepsembrit [lnanason [TocTosiHHAs
pu6bop ., Heonpegerennoctnb
apameTp u3MepeHuit BpeMeHH, C

CO, 0—1000 mua! <0,2 mau! 1
G2301-m CH;y 0—20 M <0,0015 M 1

H,O 0—70000 man! <150 man! 1
Model 49C O 0—200 muH™ +0,001 mam! 1
Model 48C CO 0—10000 M +<1% 4
Model 42i-TL NO/NO,/NOx 0—0,5 mn"! +0,0004 MaH" 10
Model 43i-TLE SO, 0—20 M +0,0002 mam™! 10
JuddysuoHHbIH D, (20 xananos) 3-200 mm — 80
CIIEKTPOMETP a3p030.Ji N 0—500000 cm? +10%
GRIMM D, (31 kanan) 0,25—32 MkM — 6
Model 1.109 N 0—2000 cM™ +3%

IIpumeuanue. D, — quaMerp yactur; N — KOJMYECTBO YACTHI[ B eUHUIIE 06beMA.

KomMiuiekcHasi olieHKa cocTaBa Bodayxa Haa Poccuiickum cextopoM ApKTHKH B ceHTsiope 2020 r.
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7 TOTPAaHUYHOM cJjioe atMocdepbl. [lockompky 3amas-
Hast EBpoma SBJISIETCS MOIIHBIM aHTPOIIOTEHHBIM WC-
TOYHUKOM Pa3/IMYHBIX IpHMecel, KOTOpble 3aTeM Iie-
peHocSTCsI, KaK MpPaBWIo, C 3alaja Ha BOCTOK, TO
B CcBOOOJHOII Tpomocdepe 3TO HaXOAUT OTpakKeHUe
B YMEHBIIIEHUN UX COJEpPKaHUsI B TOM >Ke HalpabJe-
HUW BCJIEJICTBHE PACCEBAHUS IPH IepeHoce.

B morpanmyHOM cioe KapTuHa nHasg. OkeaH IIo-
ryomtaer 6ojiee TpeTu M3GBITOYHOTO YTJIEKHCJOrO Trasa,
uMmetotnieroca B atMocdepe [26]. ITo Xopolmo BuIHO
Ha pHC. 2, @, Tlle KOHIIEHTpalUusl B IPHUBOJHOM CJIO€
BO3/yXa 3HAUHUTEJbHO HIIKE, YeM B CBOGOIHOU TPOIIO-
cepe, Hag Bceit axkBatopueil Poccuiickoro cekrtopa
ApkTukHu. BHYTpH [OrpaHHYHOIO CJIOS COJepsKaHHe
CO,, B oTJiMune OT BBINIEJIEKANINX CJIOEB, BO3PACTAET
c 3amaja Ha BocTok (Taby. 2).

CorylacHO JaHHBIM TabJ. 2 MUHUMAJTbHASA KOHIIEH-
tparua CO, Habmiomanach Haa DapeHIIEBBIM MOpeM
(397,2+0,5 M), MakcumanbHag — Hag UyKOTCKEM
(410,3+1,8 muH'). YMenbirenne mormonternst CO,
OKeaHOM, Ha Halll B3IJIS, MOKHO OODBSICHUTD CJIeIyIo-
muM. C ofHOIl CTOPOHBI, €C/ii OKeaH ACCUMUJINPYET
VIJIEKUCJIBI Ta3 MyTeM PacTBOPEHUS, TO JOJLKHA CY-
IIIECTBOBATH OTPHUIIATeIbHASI 3aBUCUMOCTD €T0 MOTJIOoNe-
HHUS OT TeMmepaTyphl Boabl [27]. C apyroil cTOpOHBI,

TJIAHKTOH, HAXO/ANIUIICS B BepXHEM CJI0oe OKeaHa, ac-
cummmpyetr CO,. CKopocTb MeTaboJm3Ma 1T MHOTHX
€ro BHUJ/IOB TIOJIO)KUTEJTbHO ¥ HEJUHEITHO 3aBUCUT OT
TemIepaTypbl Boabl [28]. 13 Taba. 3 ciaemyer, 4To 4eM
BbIlllE TeMIIepaTypa BOABI B MOpe, TeM HIKe KOHIEH-
tpamsi CO; B Bo3JyXe HaJ HUM. IJTO O3HAYaeT, 4TO
31ech Oouibire morJomnienne CO, okeaHoM. TaxkuMm 06-
pasoM, B TIepUOJl NMPOBeJEHUs SKCIEPUMEHTa I MO-
pefi Poccuiickoro cexkrtopa ApPKTUKHU TIPeo6JIagaton M
TIPOTIECCOM SIBJISIETCS ACCUMUJIANNS YTJEKUCTIOTO Ta3a
MUKDPOOpPraHM3MaMH, HAXOAAIMIUMUCS B BEPXHEM CJIOe
OKeaHa.

Puc. 2, 6 mokasbIBaeT, YTO KOHIEHTpAIls MeTaHa
B TorpanmdHoM cjoe (> 2040 MJIpz[’1) CyIIeCTBeHHO
BBIIIe, yeM B cBoGoAHOil atMocdepe (<1940 mupa ).
[Ipu o6ureil TeHIEHIIUN YMEHBIIEHUS COAEPKaHUS Me-
TaHa ¢ 3amajza Ha BocTok (puc. 2, 6, Taba. 2 u 3) BbI-
nensterca Kapckoe Mope, T/ie Ha6Ii01aeTCs eT0 BCILIECK.
ITO OTYACTH TOATBEPKIAIOT Pe3yJIbTaThl paboThI [29].
OaHako TpoBe/leHHBbIH HamMKu paHee aHaymu3 [21] moka-
3aJI, YTO B JaHHOM caydae Habuonancs mepenoc CHy
¢ MaTepuKa Ha aKBaTOPHIO OKeaHa. B JoKa3aTeJbCTBO
mpuBeseM puc. 3 (I[B. BKJIaJKa), Ha KOTOPOM IIpeJ-
CTaBJIeH BePTUKAJIBHBII pa3pe3 pacipeiiesieHns KOHIIEH-
TPAINy, TOCTPOEHHDBIH I MPUOPEKHBIX TePPUTOPHIl.

Ta6auma 2

Cpennue U MeJuaHHble 3HaYeHHs] KOHIIEHTPALMH MaJbIX Ta30BBIX COCTABJSIONNX aTMocdepsl
HaJ MopsiMu Poccuiickoro cexropa ApKTHKH

Mope Cunoit, kM |CO,, mau™'| CHy, mapa™ |CO, mapa |NOx, mapa|SO,, mapa | O3, Mapa
Cpeonee 3nauenue + CKO
IICA < 1,9 400,1+4,7 2009,1+31,2 89+18 0,68+0,22 0,55+0,22 32+13
bBapeniieso
CT>1,9 411,4+1,4 1932,7+10,7 95+20 0,42+0,12 0,39+0,13 54+6
Kapekoe IICA < 1,8 405,6+2,9 2065,4+35,5 112+17 0,56+0,18 0,43+0,10 28+10
P CT>1,8 411,8+1,2 1937,8+24,2 94+19 0,34+0,13 0,35+0,08 53+6
F— IICA <1,6 407,8+1,6 2003,7+21,1 106+18 0,27+0,07 0,36+0,08 33+9
CT >1,6 410,6 +1,6 1942,4+15,3 90+18 0,28+0,08 0,37+0,07 53+7
Bocrouno- IICA < 1,8 409,2+0,8 2006,7+13,5 104+16 0,29+0,07 0,42+0,07 31+£5
Cubupckoe | CT > 1,8 408,3+1,0 1950,0+13,8 87+16 0,24+0,05 0,41+0,08 43+6
IICA < 1,3 409,6+2,1 1998,4+17,5 96+14 0,26 0,04 0,39+0,08 31+4
Yyxkorckoe
CT >1,3 409,5+2,1 1947,8+9,90 88+17 0,26+0,09 0,38+0,08 46+8
Meouannoe 3uauenue (MKP)
B TIICA < 1,9 397,4(7,4) 2018,2(51,2) 89(24) 0,60(0,39) 0,50(0,18) 26 (18)
ApeHIIeBO
petit CT>1,9 411,5(1,7) 1930,1(10,6) 95(24)  0,42(0,14) 0,38(0,11)  54(7)
TICA < 1,8 406,2(3,4) 2084,6(36,3) 111(23) 0,48(0,21) 0,44(0,13) 23(12)
Kapckoe
CT>1,8 411,9(1,5) 1934,0(31,8) 94(25) 0,34(0,16) 0,35(0,10) 53(8)
1 IICA < 1,6 407,5(2,8) 2006,4(34,2) 106(25) 0,26 (0,05) 0,36(0,11) 32(13)
aTITeBBIX
CT > 1,6 410,7 (2,3) 1943,1(21,1) 89(24) 0,28 (0,11) 0,37 (0,09) 54 (10)
BocTouHo- IICA < 1,8 409,2(0,6) 2012,1(6,6) 105(23) 0,27 (0,11) 0,41 (0,10) 29(2)
Cubupckoe | CT > 1,8 408,7 (1,4) 1952,1(18,3) 87(22) 0,25(0,07) 0,41(0,11) 45(10)
IICA < 1,3 409,3(4,0) 2002,7(28,4) 97 (19) 0,26 (0,05) 0,38(0,13) 31(7)
YykoTckoe
CT>1,3 409,4(3,7) 1943,5(14,6) 87 (19) 0,26 (0,13) 0,38(0,11) 49(11)

[Mpumeuvanue: IICA — norpannunsnii ciaoii atmocdepnr; CT — cBo6ognas tponocdepa; MKP —

MeXKBapTHJIbHBIN pa3Max.
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Ta6auma 3
CpeaHiie KOHIEHTPAL[MH Ta30B HaJ apPKTHYECKUMHU MOPSIMU
Ha Bbicote 200 M B 3aBHCHMOCTH OT T€EMIEPATYPbI BO/BI

Mope Toom, °C | CO,, mma™ | CHy, mapa
Bapenieso 1 397,2+0,5 2027,4+10,4
Kapckoe 8 406,2+1,9 2088,2 +6,30
JlanTeBbIX 7 407,9+1,6 2007,8 +16,8
Bocrouno-

Cubupckoe 5 409,5+0,4 2013,5+1,50
UykoTckoe 4 410,3+1,8  2003,3+13,3

ComoctaBjenne puc. 2, 6 u puc. 3 TOKa3bIBaeT,
YTO KOHIIEHTPAINSA MeTaHa HaJ mobepeskbeM ObLaa BBI-
e, yeM HaJ akBatopueil Kapckoro Mopsi. Y4uTbIBasi,
YTO B TIEPHUO]] IKCIIEPUMEHTa B 3TOM palioHe Ha6JIIO-
Jajics Toro-3amafHbiii mepeHoc [20, 21], craHoBUTCS
OUYeBH/IHBIM, 4YTO TIOBbilleHue cojaep:kanug CHy Hafx
3TUM MOpeM OBbLIO BBI3BAHO aJBeKIlUeil Bo3ayxa, 060-
TallleHHOTO MeTaHOM, ¢ 3a60JI0UeHHBIX TeppuTopuii 3a-
nagHoit Cubupu.

B mosb3y Takoro BBIBOJA TOBOPAT W KOHIEHTpA-
IIMU OKCHUJa YIJepoja, TIpHUBeJleHHble Ha pHC. 2, 6.
ODTOT Ta3 OOBbIYHO paccMaTpUBAEeTCs KaK WHIMKATOP
AQHTPOTIOTEHHON eATeTPHOCTH WJIN JIECHBIX TI0KapoB,
KOTOPBIE B JaHHOM CJIydae MOTJIM OBITh TOJHKO Ha Ma-
tepuke. CpaBHeHUe puc. 2, 6 U 6 BBIABIAET 6IU30CTh
30H TIOBBINIEHHBIX KOHIEHTpaIlNii MeTaHa W OKCH/a
yraepoga. Camu sxe konuenrpaunu CO (puc. 2, 6),
Tak ke kak u NOyx (puc. 2, 2), u SO, (puc. 2, 9),
B PoccuiickoM cekTope ApKTHKM O4Y€Hb HU3KHE
(1abu. 2), xapakrepHble i yIAJEHHBIX (DOHOBBIX
paiionos [30, 31].

W3 puc. 2, 2 BUIHO, YTO KOHIIEHTpAIUS OKCHUIOB
asora HaJ 60JbIlIell YacThI0 aKBATOPHUM JIEKUT B IIpe-
gemax 0,2—0,3 MaH' W TOJPKO B 3amafHONl dYacTu

nosbimaerca 10 0,6—0,7 mua™!. 7o, cKopee Bcero,

oTpakaeT IIOCTyILJIeHHWEe [JaHHBIX Ta30B M3 J3alajHoil
Erpomnbr min ¢ Kosbeckoro moJsryoctposa.

Konnenrparusa SO, HaJl apKTUYECKUMH MOPSAMU
Takyke ObLIa HeBBICOKOH, B mpexaesax 0,3—0,6 MUTH |
(puc. 2, d). Pacnpenenienne 3Toro rasa mofo6HO pac-
MpeJleIEHUSIM OKCHUIOB a30Ta, YTO TOBOPUT O BO3MOK-
HBIX AHTPOIIOTEHHBIX IPUYMHAX IOBBIMIEHNS €ro COo-
Jepxkanus (cM. JeByto 4acTb puc. 2, 9).

CoBepieHHO nHade BeJeT ce6S B apKTHIECKUX
paifonax TponocdepHbiit 0301 (puc. 2, €): B IOrpaHuY-
HOM CJIO€ €TO KOHIIeHTpAINs 3HAYNTeTbHO HILKE, 4eM
B cBobGomHOI Tpomocdepe. A 3HAYHUT, ero (POTOXUMHU-
Yyeckasl TeHepalusl MOJTHOCTbIO oTcyTcTByeT [32]. Ilo-
CTyHaloNNii ke W3 cTpaTocdephbl 030H PacxXogyeTcs 3a
cYeT B3amMMO/eIICTBISA BbIIEIAeMBIX OKeaHOM TraJore-
HOB: (pTopa U XJOpa, TaK Ha3bIBaeMbIil a(ppeKT HCTo-
menus [ 33, 34].

Takum o6pa3oM, B Mepuo/| IKCIIePUMEHTA Ta30BbIH
coctaB at™Mocdepbl HaJl PoccuiickuM ceKTopoM ApPKTH-
KU XapaKTepHU30BAJICS MOBBLIMIEHHBIMI KOHIIEHTPAIUS-
M CH; m oueHb HU3KUMH 3HAYEHHSIMHU COJAEPKaHUS
CO, NOX n SOQ

2.2. Ammocgpepnuiit aspo3onv

B Tabu1. 4 puBeieHbI CpeHNE U MeIUaHHbIE 3HAUE-
HIsI CyMMapHOM CYeTHOM KoHIeHTpatuu aspososieii (Ny),
YaCTUIl HyKJIeallMOHHOTO AMana3oHa pasMepoB (Nyyg;
0,003—0,025 mxm), sagep Afitkena (Nga; 0,025—
0,200 MxM), akkymyaanuoHHoi (N agn; 0,25—1,0 MrM)
u rpy6oaucnepcHoit (Nrpg; > 1,0 MkM) dpakiuii aspo-
30JI51, KOTOpbIe M3MepSINCh HaJ aKBATOPHUSIMH Mopeit
JlenoButoro okeana B nepuog ¢ 4 mo 16.09.2020 r.

Ta6nauma 4

CpesHue U Me[UaHHbIE 3HAYEHHS CYETHOI KOHIEHTPAIMH a3po30Jieil pasauyubIx ¢pakuuii, cM>,
HaJ mopsiMu Poccuiickoro cexropa ApKTHKH

Mope CJIOﬁ, KM N}: NHyK N;]A NAKM | Nr];;[
Cpednuee 3nauenue + CKO
Bapentieso IICA < 1,9 1797+937 464+471 1081+£544 290+144  0,414+0,291
CT > 1,9 374+302 166+128 162+180 53+105 0,075+0,536
Kapckoe IICA <1,8 2049+700 317+315 1287+484 538+177 1,295+2,024
CT>1,8 370+399 139+172 167 +199 88 +128 0,170+ 0,919
TlanTeBbix IICA <1,6 369+173 83+104 192 + 64 199+156  0,473+1,263
CT>1,6 350+366 145+239 166+ 143 48 +23 0,010+0,027
Bocrouno- IICA<1,8 570+£558 282+302 243+273 177 +£358  0,450+0,831
Cubupckoe | CT > 1,8 136 + 50 46 + 32 66 + 26 37+9 0,015+0,028
TICA < 1,3 7041227 273+174 358+114 159+135 0,927 £ 0,904
YykoTckoe
. CT >1,3 213+120 61+73 129 + 64 27 +14 0,020 + 0,066
Meduannoe snauenue (MKP)
Bapenteso IICA < 1,9 1603(1688) 343(551) 1039(732) 249(212) 0,375(0,375)
CT>1,9 252(206)  122(142) 105 (93) 19 (21) <0,07
Kapckoe IICA < 1,8 1804(513) 262(262) 1172(334) 579(195) 0,700(0,500)
CT>1,8 325(145)  101(93) 129 (105) 36 (71) <0,1
1 Pe— IICA < 1,6  324(148) 54.(56) 179 (49) 120 (154)  0,150(0,225)
CT>1,6 230 (98) 77 (68) 124(79) 46 (36) <0,01
Bocrouno- IICA < 1,8 184(1016) 94 (475) 80 (243) 54(121) 0,250 (0,500)
Cubupckoe | CT > 1,8 140 (44) 45(39) 69 (30) 38(10) <0,01
Uyxorexoe IICA < 1,3 710(342) 246(327) 336(158) 108(162) 0,775(0,900)
CT > 1,3 186 (57) 42 (46) 125(57) 23(19) <0,1
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Beprtukasbuble pa3pesbl pachpefiesieHUs KOHIIEHTpa-
muit yacrtui MukpoguctepcHoit  dpakunu  (Nygg =
= Nuyk + Nga), Naxkm u Nrpg IpeicTaBieHbl Ha
puc. 4 (11B. BKJIaJKa).

Jlannbpie Taba. 4 m puc. 4, @ TOKA3bIBAIOT, YTO
a1 Ny 1 Ny XapakTepHO yObIBaHUE KOHIIEHTPAINN
¢ 3amaja Ha BOCTOK. HawmboJibliie 3HaUYeHUS B IMOTpa-
HUYHOM cJIoe aTMOcQepbl HabMI0AAI0TCS HaJl 3aI1a[HBIMU
Mopamu — bapenineBbiM u KapckuM, HauMeHblINe —
Hag Bocrtouno-Cubupckum u Uykorckum (tabi. 4).
[ AKM sra 3aKOHOMEPHOCTb YAaCTUYHO HapylIaercsl
(puc. 4, 6). HauGoJiblag KOHIEHTpAIUA HAGIIOLaeTCst
Haa Kapckum mopeM. Tak:ke nMeeTcsl He OUeHb MHTEH-
CUBHBI ¢JIOff BHYTPU TOTPAHUYHOTO CJOS aTMOCQepb
HaJl BCeMH BOCTOUHBIMU MopsiMu (Tabu. 4). TTomoGHoe
pacnpenenenne 3adukcupoBano u aaga B/l ¢pakiuu
(tabn. 4, puc. 4, 6). BeposarHo, Takoe paciipe/e/eHne
a’po30JId HA/J MOpPSIMH CBSI3aHO C €ro IepPeHOCOM
¢ TpHUOPEKHBIX TEPPUTOPHUIl, MOCKOJbKY Ham O60Jb-
ITMHCTBOM aKBaTopuii Mopeil CcTpyKTypa mnpodueii
uMeeT BUJ, XapaKTepHbIH 51 KOHTMHEHTAJIbHBIX paii-
OHOB [24].

Crenyer OTMETUTh, YTO TeHJEHIIMS yMeHbIIeHUS
KOHIIEHTpaIuu aspo3oJid B PoccuiickoM cektope ApK-
TUKH C 3alajla Ha BOCTOK ObLIa paHee 3apUKCHpOBaHA
B XOJle MHOTOJIETHUX MOPCKHX 3Kcreauiuii [35, 36].
B Hactosimeii pa6ote, B mepuoJ KOPOTKOIl JeTHOM
KaMIIaHUM, OHA TOJATBEPKIAeTCsI.

151 OTZIeIbHBIX COCTABJIAIOIINX XUMHUYECKOTO CO-
CTaBa a’pO30JiI TAKMX BEPTUKAJbHBIX Pa3pe3oB TIO-
CTPOUTH He yJAaeTcd, TaK KakK [ aHajinu3a HYKHO
HAKOIUTh HEOOXONMOe KOJMYECTBO BeEIeCTBAa, OTOU-
paemoro Ha GuiabTpbl. aentuduiupyemas ke 1Mo oOT-
JIeTbHBIM TIpo6aM  aJieMeHTHasl 4YacTb a’3Po30Jis HaJ
ApKTHKOIl B TpH-4eTbIpe pa3a 6oJblle, YeM JJI HOHOB.
Hax BceMu MopgaMu B COCTaB apKTHYECKOTO adPO30JId
B OCHOBHOM BXOJAT 3JIEMEHTBI TePPUTEHHOTO IPOWC-
xoxaenuss Al, Cu, Fe, Si, 4To cBU/IeTENBCTBYET O €T0O
KOHTHHEHTAJIbHOM TIpoucXoxkAeHnu. Haja HekoTOpbIMU
MOpSMHU B COCTaBe YaCTUIl JOMUHUDPYeET Si, BKJIQJ KOTO-
poro cocrasisier or 67 10 85%. AHaam3 o6paTHBIX
TpaeKTOpUil TOKa3aJ, 9YTO BO BCEX PACCMOTPEHHBIX
CIyYagax, 3aposkAajcd JU a’po30b HaJ KOHTHHEHTOM
I MOpeM, TPaeKTOPUHU BO3/yXa MPOXOIUIN Hal 060-
UMH BHJaMU TIOJCTUJIAIONIEN ITOBepXHOCTH. B Takom
caydae 06pa30BaBIIMECS YACTUI[BI MOTJHN O6OrallaTbhCst
110 IIyTU JOIOJHUTEJbHBIMI HOHAMU U 3JleMeHTaMU.

3akaoueHnne

KpaTkocpoyHOCTb caMOJIETHOTO 3KCIIepPHMeHTa II0-
3BOJIIJIa TIPOBECTU COIOCTABJIEHHE COCTaBa BO3AyXa
Hajg BceMu MopssMu Poccuiickoro cektopa ApPKTHKH.
[TosmyyenHble pe3yJabTaTbhl IO3BOJISIIOT CleJIaTh CJie-
JyIOIIre BBIBOJIBI.

KoHIeHTpanusg yrjaeKnucaoro Tra3a B CBOGOJHOI
Tporocdepe yMeHbIIAETCS € 3alajla Ha BOCTOK IO Mepe
yJaJeHnsd OT OCHOBHBIX AHTPOTIOT€HHBIX HCTOYHIKOB,
pacmnoJioskeHHbIX B 3amagHoit EBpome. Ilorsomnienme
JIUOKCU/IA YTJIepo/ia OKeaHOM B TIEPHOJ IKCIIEPUMEHTA
3aBHUCEJO OT TeMIepaTypbl BOABI. JTa CBA3b ObLIa

TIOJIOXKUTEJIBbHOM, Y4TO O3Ha4daeT IpeobJaJaHue ITIpoliec-
coB accumugiun CO, MJIAHKTOHOM, a He eTr0 PacTBO-
peHus B Bojie.

1 MeraHa Taxoil OJHO3HAYHOIN TeHAEHLIUU WU3-
MeHeHHUs ¢ 3amajla Ha BOCTOK He Habmiomaercsa. Hawm-
6oapiiag xoutmentparmsa CH; ma Bbicote 200 M 6blia
Hag KapckuM MopeM, HamMeHbITasd — HaJ UyKOTCKUM.
BeprukanbHoe pacnpeesienrie MeTaHA TOBOPUT O TOM,
YTO OCHOBHOI €ro WMCTOYHMK HAXOJUTCS Ha IIOACTHU-
Jatonteil mosepxHoctu (6yap TO Cylla WX MOpe).
CpaBHeHMe coflepyKaHUS MeTaHa HaJl MopeM U cylueit
Ha OMHOW W TOH Ke BbICOTE BBIABUJIO, YTO B paiioHe
BapennieBa n Kapckoro Mopeii KoHIleHTpamms ObLIa
BBIllle HaJl MPUOPEKHON TeppuTopueil, yeM HaJ aKBa-
Topueii. ITO CBUIETESBCTBYET O TOM, YTO 3TO IIPEBbI-
IIeHue co3/1aBajoch 3a cueT nepeHoca CHy ¢ cymm.

BepTuxajibHoe pacipejie/ieHle 030HA XapaKTepu-
30BaJIOCH POCTOM KOHIIEHTPAIINH C BBICOTOIl. IDTO TOBO-
puT 06 OTCYTCTBUH (POTOXUMUYECKUX TPOIECCOB B TIO-
TPAHUYHOM CJIOE U TPeobJalaHii MOCTYIUIEHUST 030HA
u3 crpatocdepsl. [lageHne KoHIEHTpallUd BHYTPHU II0-
TPAHUYHOTO cJIosT atMocdepbl Takke oTpaxkaeT (akT
ero rubean Ha TaJoreHaX MOPCKOTO IPOMCXOXKIEHUS.
Y ocTasbHBIX N3MepPEHHBIX Ta30B KOHIEHTPAIUN OBLIN
OYeHb HU3KUMU, XapaKTePHBIMU MJd yIAAJeHHBIX (o-
HOBBIX PAflOHOB, KAKOBBIM U SABJSIETCSI APKTHKA.

J17151 cueTHOI KOHIIEHTPAINH a3PO030JIs XapaKTepHO
yObIBaHNe ¢ 3amajila Ha BocTOK. Hambosbinue ee 3Have-
Husl HaGJII0JAI0TCS HaJl 3alaJHBIME MopsaMu — BapeH-
meBbIM U KapckuM, a HaumMeHbIe — HaJ BocTouHo-
CubupckuM n UykoTcKUM. B TOB3y «UUCTOTBI> 3TOTO
peTrHoHa CBU/IETENbCTBYET TakyKe (PAKT MOYTH IMOJHOTO
OTCYTCTBUSI T'PYOOIUCIIEPCHBIX YACTHI[ BBINIe 2—3 KM
HaJl BCEMU MOPSIMU.

[TockosibKy TaKOro poja 3KCIEPUMEHT SIBJISIETCS
NIePBbIM B POCCHUIICKOIl MCTOPUU HCCJIEJOBAHUS COCTaBa
Bo3/yxa B aTMocepe APKTUKI, TO €CTECTBEHHO, UTO
TOJIy4eHHble Pe3yJIbTaThl CJeyeT pacCMATpUBATh Kak
npeaBapuTesbible. Heo6xoauMo mpoBejieHne MOA06HO-
TO 30H/INPOBAHUS U B [IPYTHe CEe30HBI roJla, KOT/Ia 4acTb
UCTOYHIKOB U CTOKOB MOJKET OBITh «OTKJIIOYeHa». Ha-
mpuMep, B 3UMHee BpeMs TIPH 3aMep3lieM OKeaHe
7 OTCYTCTBUY BeTETAINN PACTUTETHHOCTH.

(MdunaHcupoBaHue. 3OHIUPOBaHIE aTMOC(epbl
BoimotHeHo Ha YHY camosere-naGopatopuu Ty-134
«OnTuky, co3nanHoil B pamkax roc3ananuss M1OA CO
PAH. O6pa6oTka JaHHBIX W aHAJIN3 Pe3yJIbTATOB MPO-
BeJIeHBI B paMKaxX IIpoekTa MUHHUCTepCTBA HAYKH
u Bbiciiero obpasoBanusi PMD «lccieqoBaHne aHTPO-
TIOTEHHBIX U €CTECTBEHHBIX (DAKTOPOB U3MeHEHUit co-
cTaBa BO3/lyXa U 0OBEKTOB OKpy:Kaioleil cpenpl B Cu-
6upn m PoccuiickoM ceKkTope ApKTHKH B YCJIOBHIX
OBICTPBIX M3MEHEHUIT KJTMMaTa ¢ Mcrnoyb3oBanneM Y HY
«Camouter-na6oparopuss Ty-134 ,Ontux“»> (corarie-
uue Ne 075-15-2021-934).
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In the Arctic, climate warming is occurring several times faster than in other regions of the globe. This
can be the result of strengthening feedbacks between climate and atmospheric composition. However, there are
very few data on changes in the concentration of climatically active substances in this region. Therefore, to fill
the gap in data on the vertical distribution of gas and aerosol composition of the air over the Russian Arctic,
an airborne survey of the atmosphere and water surface over the all Russian seas of the Arctic Ocean was per-
formed with use of the Tu-134 Optik aircraft laboratory in September 2020. This paper analyzes the spatial dis-
tribution of gas and aerosol composition in the Arctic troposphere. It is shown that during the experiment,
the CO, mixing ratio changed from west to east in the opposite direction in the near-water and boundary layers
compared to the free troposphere (FT), namely, it was increasing in the planetary boudary layer (PBL) and was
decreasing in the FT. The methane content in the near-water layer decreased in the same direction. Concentra-
tions of CO, NOy, and SO, in the Russian Arctic were very low, which is typical for remote background areas.
All aerosol fractions also showed a decrease in their content from west to east.
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Puc. 2. BeprukanbHoe pacipezeseHiie KOHIIEHTPAIIUN MaJbIX Ta30BBIX COCTABIISIOMNX HaJl MopsiMH Poccuiickoro cekropa ApKTH-
ku: a — COy; 6 — CHy; 6 — CO; 2 — NOx; 0 — SO»; e — Os. 3aech u Ha puc. 4 mudpst Ha ocu x: 1 — Bapenieso mope, 2 —
Kapckoe mope, 3 — mope JlanrteBpix, 4 — Bocrouno-Cubupckoe Mope, 5 — Uykorckoe Mope
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Puc. 3. BeprukajibHoe paclipejiesieHrne MeTaHa Hal IpuOpeskHbIME paffoHamu Poccuiickoro cekropa Apktuku: 1 — ApXaHTesbCK,
2 — Hapbau-Map, 3 — Ca6erra, 4 — Tukcu, 5 — AHaJbIph
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Puc. 4. BeprukaibHble pa3pesbl pacupeejenus kKouientpanuu: @ — MK]l; 6 — AKM; ¢ — TB/I dpaxiuii aspo3osiss Ha MOpAME
Poccuiickoro cektopa ApKTUKI



