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AnHoramus. L{enp uccnenoBaHuii — u3yueHre U3MEHEHMI TpornochepHbix coaepkanuiit NO,, SO, u CO
Ha TeppuTopuu bemapycu, u3MepseMbIX C MOMOIIBIO KOCMHYECKOW cheMkH. Ilo pe3ynbraraM CheMKU
cnytHuka Sentinel-5P TROPOMI (3uma u steto 2022 roxa) moirydeHsl yCpeTHEHHbIE KOHIICHTPAIIMH HaJT
ropojiaMH, 0Co00 OXpaHSIEMbIMK MPUPOJHBIMH TEPPUTOPHUIMH U i benapycu B 1enoMm. Y CTaHOBJICHBI
3HAYUTENLHBIC Ce30HHBIC KoyeOanus conmepxkanuii NO,, SO, u CO. 3umoil cpeaHHe U MeIUaHHBIC
KoHUeHTpauuu SO Beilie getHux B 23,77 u 17,9 paza coorBerctBeHHo; NO;> — B 3,35 u 2,69 paza, CO — B
1,16 u 1,17 paza. Comepxanne NO, Hag TopoaMH BEIIIE, YeM HaJ 0CO00 OXPaHSIEMBIMH MTPUPOTHBIMH
TepputopusiMu B 1,2 pasa. B nerHuit mepwon Hambombmme KoHIEeHTpanuu NO; HaOIOAaIuCch Haj
T'omenem, I'ponno, bpecrom, Munckom, Peunneii, CBeTa0ropckoM; B 3UMHUI nepuosa — HaJ MUHCKOM,
TI'omenmem, Hosomomonkom, Burtedbckom. Konmentparmuum SO,  XapakTepH3ylOTCS  CHIBHOM
MPOCTPAaHCTBEHHO-BpeMeHHON n3MeHunBOCThI0. Konmentpanun SO, m CO nHam ropomamu u OOIIT
OJIM3KY U CTATUCTUYECKH 3HAYMMO OT ()OHA HE OTIMYAFOTCS.
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Abstract. The purpose of the research is to study changes in the tropospheric contents of NO,, SO, and
CO on the territory of Belarus, measured using satellite imagery. Based on the results of the Sentinel-5P
TROPOMI satellite (winter and summer 2022), average concentrations were obtained over cities,
specially protected natural areas and for Belarus as a whole. Significant seasonal fluctuations in the
contents of NO,, SO, and CO have been established. In winter, average and median SO, concentrations
are 23,77 and 17,9 times higher than summer ones, respectively; NO, — by 3,35 and 2,69 times, CO — by
1,16 and 1,17 times. The NO; content over cities is 1,2 times higher than over specially protected natural
areas. In summer, the highest concentrations of NO, were observed over Gomel, Grodno, Brest, Minsk,
Rechitsa, Svetlogorsk; in winter — over Minsk, Gomel, Novopolotsk, Vitebsk. SO, concentrations are
characterized by strong spatiotemporal variability. The concentrations of SO, and CO over cities and
protected areas are close and do not differ statistically significantly from the background.
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BBenenue

3arpsizHeHue aTMocQepbl — ocTpasi SKOJIOrHuecKas mpobdiemMa, KOTopasi MPOsBIAETCS KakK
Ha JIOKAJIbHOM, TaK ¥ Ha PErMOHaNbHOM ypoBHsx' [BuTiokosa, IllumyHnosa, 2020]. BaxHoe 3ko-
JIOTHYECKOEe 3HAYCHHE CPEId TEXHOTEHHBIX 3arps3HHUTENCH 32 CYET MaCCOBOCTH U TOKCUYHOCTHU
HMMEIOT BBIOPOCHI quokcuaa cepsl (SO2), nnokcuaa azota (NOz), yrapuoro raza (CO). Ucrounu-
KaMH BBIOPOCOB AMOKCH[IA CEPBI SBISIOTCS TEIIOAICKTPOCTAHIIMM HA YTIIe U Ma3yTe, peapHsi-
THSI METAJUTYPTrUM U HedTenepepadaThIBaroIIeil MPOMBIIUIEHHOCTH, U3 TIPUPOIHBIX UCTOYHHKOB
Haubosee BakHbI u3BepkeHus BynkaHoB [Filonchyk et al., 2022]. AaTponoreHHbIe UCTOYHUKU
BBIOPOCOB TMOKCH/A a30Ta — aBTOTPAHCIIOPT, TEIUIOIEKTPOCTAHIIMU Ha YIJIEBOAOPOJIHOM TOI-
JMBE, XUMUYecKasi U HepTeXUMUYECKasi MPOMBIIIJICHHOCTh, METAIUTYPTUsL; IPUPOIHBIC — JIECHBIC
noxaps! [lonov, 2010, Cunaes, CunaeBa, 2018, Tpouun u ap., 2021]. UcrounnkamMmu yrapHoro
ra3a CIy»aT JIECHbIE M CTEIHbIE TOKaphl, ACSITEIbHOCTD KUBBIX OPTaHU3MOB, BHIOPOCHI aBTOMO-
OMJIBHOTO TpaHCHOPTa, MPOMBIIIIEHHBIX npeanpusatuil [Kypcos, 2015, bonayp u ap., 2020].

CoBepilIeHCTBOBaHNE KOCMHUYECKUX METOJOB MPUBENO K MOSIBICHUIO CITyTHUKOB, CIO-
COOHBIX OCYIIECTBIJIATH JAUCTAHIIMOHHBIC M3MEHEHHs COJEp)KaHWi MOJUTIOTAaHTOB B aTMocdepe
[lalongo et al. 2019, Filonchyk et al., 2020, Cersosimo et al., 2020, Makineci et al., 2021, Zhu et
al., 2021, Khan et al., 2021, Mopo3zosa u ap., 2022, Shen et al., 2022, Uenuesa, 2023]. Kocmu-
YEeCKUEe METObl M3YUEHHUs 3arpsi3HeHusi aTMoc(epsl MMEIOT KaK MpPEeuMyIecTBa, TaK M HEJO-
CTaTKU MO CPABHEHUIO C HA3eMHBIMU M3MepeHHAMU. Cpey MPeuMyIecTB KOCMUYECKUX METO-
JIOB M3yUYEHUS 3arps3HeHHs] aTMOC(hepbl: BO3MOXKHOCTh OLIEHKH 3arpsi3HEHUS B PEKUME pPeasibHO-
rOo BPEMEHU; OLIEHKA 3arps3HEHHS Ha PETMOHAILHOM YPOBHE; BBISBICHHE HECAHKIMOHUPOBAH-
HBIX UCTOYHUKOB BHIOPOCOB; MOJyUYEHHUE YCPEAHEHHBIX 3a JII000M BpEMEHHOW MEpPHOJ] TaHHBIX;
M3y4YEHHUE TPAHCTPAHWYHOTO MEPEMEIEHUs 3arps3HEHHOr0 BO3[yXa; OLIEHKA 3arps3HEHUs Ha
TPYIHOJOCTYIHBIX TeppuTopusix. Cpean HeTOCTaTKOB MOKHO yKa3aTh: HU3KOE NMPOCTPAHCTBEH-
HOE pa3pelieHre, U3-3a KOTOPOro HEJb3s1 OLIEHUBATh BHIOPOCHI OT JIOKAJIbHBIX HCTOYHUKOB; BITH-
SHUE Ha Ka4eCTBO JaHHBIX METEOYCIOBUM, B YaCTHOCTU OOJIAYHOCTH; TPOIMOC(epHble KOHIICH-
TpaLMU 3arpsI3HUTENIENH HE MOTYT OLIEHUBAThCs ¢ oMouibio cucteMsl TTJIK.

[IpumeHeHne MUCTAHIIMOHHOTO 30HAUPOBaHUS 3€MJIM, B YaCTHOCTH JAHHBIX CITyTHUKA
Sentinel-5P TROPOMI, nns w3y4yeHus 3arpsi3HEHHst aTMocdepsl Ha Tepputopun bemapycu o
HACTOSIIIIETO BPEMEHH HE UMEJIO IIMPOKOTO MCO0JIb30BaHUs [[[pOrHo3 COCTOSIHUS TPUPOIHOM. . .,
2022], a mpeacTaBIeHO TOJIBKO B e IMHUYHBIX padorax [KarkoBckwuii, 2020, 'yces, 2023].

[lenp HAIMX MCCIEIOBAHUN — M3YyUYEHHUE MPOCTPAHCTBEHHON HEOJHOPOJHOCTH U CE30H-
HBIX KoneOanwmii conepxkanuit NO2, SO2 u CO B atmocdepe Han teppuropueit benapycu Ha oc-
HOBE CbeMKH ciyTHUKa Sentinel-5P TROPOMI. Pemaewmsbie 3amaun: 1) o6padoTka u mpeodpaso-
BaHUE JAHHBIX TUCTAHIIMOHHOTO 30HIUpPOBaHus (cbeMka cencopa TROPOMI ciytHuka Sentinel-
5P); 2) onpenenenue ycpeanéuubix coaepxkanuiit NOz2, SO2 u CO Haja pa3iIuyHbIMUA TEPPUTOPU-
ANBHBIMU €IMHULIAMU (TOpoa, 0c000 OXpaHseMbIe TMPUPOIHBIC TEPPUTOPHUH); 3) U3YUCHHE Ce-
30HHBIX U3MeHeHui conepxkanuit NO2, SO2 u CO; 4) BbIsICHEHHE BEPOATHBIX MPUPOIHBIX U aH-

! Akumosa T.A., Kysemun A.I1., Xackun B.B. 2001. Dxosorus. [Tpupona-Yenosek-Texnuka. M., IOHUTHU-
JAHA, 343 c.
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TPONOTEHHBIX (PAKTOPOB, BIUSIOMIMX HA IPOCTPAHCTBEHHYIO HEOIHOPOTHOCTH COJCPKAHHIMA
U3y4aeMbIX KOMIIOHEHTOB.

OO0BEeKTHI M METOABI HCCJICTOBAHNSA

Paifon wuccnenoBanuss — PecnyOnuka bemapycs (puc. 1). CormacHo — ¢usHKo-
reorpamyecKOMy pPafOHMPOBAHUIO TEPPUTOPUS HAXOAWTCS B Tpenesiax IBYX MPHUPOIHBIX 30H:
HOATAECKHBIX CMEUIAHHBIX JIECOB (CEBEp M LIEHTP CTPaHbl) U HMIMPOKOIMCTBEHHBIX JIECOB (IOT) yMe-
peHHoro nosica. KimmMar yMepeHHO-KOHTHHEHTANIbHBIN, HA 3aI1aJHOM OKpauHe IEPEXOIHBIA OT MOp-
CKOT0 K KOHTMHEeHTaJIbHOMY. CpeniHsisl ro/1oBasi TeMiieparypa usmensiercs ot 5,5 °C (ceBepo-BOCTOK)
1o 8,0 °C (roro-3aman). KommuectBo ocamkoB konebnercs ot 550 mo 700 mm/rox. Penbed paBHHH-
HbIH. bojee mooBUHBI TEPPUTOPUM XapaKTEPU3YeTCsl aOCOMIOTHBIMU OTMETKaMU B UHTepBaje 150—
200 M. B mouBeHHOM MOKPOBE MPe00IaaAI0T JEPHOBO-NOA30UCThIE (37 % TeppUTOpUU) U JEPHO-
BO-TO/30MCThIE 3a00s0ueHHble (33 %) mouBbl. PacTurenbHbl OKPOB (hOpMUPYETCSI XBOMHBIMHU,
CMEIIaHHBIMH, JIUCTBEHHBIMH JIECAMH, JIyraMH, Oootamu. boliee ooBHHBI TEPPUTOPUH 3aHUMAFOT
CEJIbLCKOXO3SMCTBEHHBIE yroAbs. UMCIeHHOCTh HaceneHust coctasiser 9,2 miH 4en. [InotHoCT
Hacenenus — 45,3 uen./km®. CaMbIMU KpYIIHBIMM rOpojaMu siBnsroTcs Munck (1,995 M yen.) u
l'omens (0,537 mnH yenoBek). Hanbosee pa3BuThie OTpaciu XO35iiCTBA — SHEPreTHKA, MAIHHO-
CTPOCHHUE, CEIbCKOE XO3SUCTBO, XUMHUECKas, JIECHas, MOOBIBAIONIas MPOMBIIUIEHHOCTh. 3HAYH-
TEJIbHOE BO3/ICHCTBHE HAa OKPYKAIOLIYIO Cpelly OKa3bIBaIOT pa3pab0TKa MECTOPOXKIECHUN KaTUMHBIX
coneri (OAO «benmapycbkanuiiy), TPEANPUATHS XUMUYECKOW W HedrenepepadaThIBarOmeH mpo-
MmbliieHHOCTH (I"'omenbekuii xumuueckuii 3aBoj, «I'poaHo A3ot», HoBomononkuii 1 Mo3sipckuii
HedrenepepabarpiBatoiye 3aBobl, «CBETIOrOPCKXUMBOIOKHOY» U JIPYTHE).

-~ o~

Poccuiickas
Denepanms

=

VYkpanHa

O6nexTsl: 1 — OOIIT; 2 — ropona
Puc. 1. Paiion uccnenoBanuii 1 pacnoyoXeHNUe TEPPUTOPUATEHBIX 00BEKTOB
Fig. 1. Study area and location of territorial objects
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Cnytauk Sentinel-5P ¢ cencopom TROPOMI (TROPOspheric Monitoring Instrument),
u3MepseT atmocdepubie konnentpanuu NO2, SO2 u CO B monb/M*. Habmoaenus BeayTcs exe-
nHeBHO ¢ okTsa0pst 2017 roga. [IpoctpancTBenHoe paspemienue 5,5 x 3,5 km (7 x 5,5 kM — 10 aB-
rycra 2019 roma). JlanHele pa3MemnieHsl B CBOOOJHOM JocTyme Ha caiite NASA
(https://search.carthdata.nasa.gov/) u mpeacTaBIeHBI B BHJIC apXUBa (XXX.NC).

[Tpu 06paboTKe UCTIOJIB30BAH METOJ OCPEAHEHUS U3MEPEHUN B 3aJJaHHOM BPEMEHHOM
OTpE3KE, C IEbI0 CIUIAKUBAHUS CIyYalHBIX KOJEOAHUN M BBIJEICHUS PETYJSPHON cOoCTaB-
JSOIEH MTOTOKOB M3YYaeMbIX KOMIIOHEHTOB OT 3€MHON MOBEPXHOCTH. BpemMeHHbIe HHTEpBa-
7Bl McclenoBaHuM — 3uMa u jeto 2022 roga. OnepalioOHHBIMU TEPPUTOPHAIBHBIMU €AUHU-
[IaMH SIBJSUTHCH TOpoJia U 0co0o oxpansemble npupoansie tepputopun (OOIIT) benapycu.
Jnst ananuza Oblnu BeIOpansl 15 ropoaos u 19 OOIIT (nis KOTOPHIX yaalnoch HaOpaTh NMpe-
CTaBUTENBHYIO BEIOOPKY M3MEPEHUI Ka)XJA0ro MOJUTI0TanTa). PacmonoxkeHue o0beKTOB MOKa-
3aHO Ha puc. l.

O06pabotky nanubix Sentinel-5P TROPOMI, pacTpoBble onepanuu, HOCTPOEHUE KapTo-
CXeM IMPOBOIMIIN C IIOMOIIEIO0 reonHpopManmonHoi cuctemsl OGIS.

['pynnupoBKa CyTOUYHBIX 3HAUYEHUN KaXKIOTO IMOKaszaTess B Mpelenax apeaja COOTBET-
CTBYIOIINX OOBEKTOB M CTaTUCTHUYECKasi 00pabOTKa JaHHBIX BBHIOJIHEHBI B porpamme MC Ex-
cel. Cratuctuueckass o0paboTKa BKIIOYAa OMpEeeIeHHe CPeIHEro, MEMaHHOTO, CPEeIHEKBAI-
paTHUYHOM OMMOKH, CTAHAAPTHOTO OTKJIOHEHUS, MUHUMAJIbHOTO, MAKCUMAaJIbHOTO 3HAUYEHUH.

Pe3yJ’lLTaTbI H UX oﬁcyme}me

st repputopun benapycu B 3UMHHI U JIETHUI MEpUOABI OB YCTaHOBIIEHBI (JOHOBBIE
CoJlepKaHusl MOJUTIOTAHTOB, U3MepsieMbix ceHcopoM TROPOMI (tabn. 1). BuaHo, 4T0 KOHIIEH-
TpalMKU BCEX PACCMOTPEHHBIX 3arpsi3HUTENEH HCHBITHIBAIOT CYIIECTBEHHbIE CE€30HHBIE KoJeha-
Hudg. CpeaHsisi KOHLIEHTpalus AMOKCUAA a30Ta 3UMOM BbIlIE, 4eM JIeToM B 3,35 pasa, MenuaH-
Has — B 2,69 paza. B 3uMHMIT 1Tepro CyImeCTBEHHO OOJbIlle HHTEpBaNl KoJeOaHUil KOHIEHTpa-
uuid. CpenHee coaepxaHuUE AMOKCUAA Cepbl 3UMOM Bbimle B 23,77 pa3a, MeQuaHHOE — B
17,9 paza. MaTepBan konebanuii 3umoii 6omnbme B 17,8 pasa. KoHneHTpamum yrapHoro rasa oT-
JMYaloTCA ropa3zo MeHbIIe BapuabenbHOCThI0. OHAKO B 3UMHUI MEPUOJI OHH BBIIIE JETHUX
(cpennsis — B 1,17 pa3a, menuannas — B 1,17 paza).

Taonuua 1
Table 1

CopeprkaHus 3arps3HSIOIINX BEIIECTB HAJ| TeppuTopucii benapycu
(o nanHBIM cheMkH Sentinel-5P TROPOMI)
Contents of pollutants over the territory of Belarus (according to Sentinel-5P TROPOMI survey data)

KommoneHT Ceson Cpemnee u oumnoka Menuana HHTepBaHv K03(I)qmm/leoH .
CpeIHero Konebanuii | Bapuauuu, %
05, 107 moms/en? | ™ 0,017 0,001 * 0,016 0,088 >L1
NO,, MOJIB/CM 3ima 0,057 = 0,001%* 0,043 0,589 89,9
SO», 10° momb/en? | ST 0,293 + 0,02 0,199 5,769 11,3
2, 107 Moib/cm 3uma 6,964 = 0,045 3,562 102,937 1244
co Jon? Jleto 0,0296 £+ 0,0001 0,0297 0,0315 10,0
, MOIIb/CM 3uma 0,0348 + 0,0001 0,0348 0,0300 7,9

PaccMoTpuM M3MEHEHHUS COCPKAHMIA TTOJUTFOTAHTOB HaJl 00BEKTaMH, KOTOPBIE Hanbosee
CHJIHO OTJIMYAIOTCS APYT OT Jpyra MO HAIMYHUIO B UX IpEeNiaX aHTPONOTCHHBIX UCTOYHUKOB
BBIOpOCOB, — Haj1 ropoaamu u OOIIT (tabm. 2).
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ConepskaHus 3arps3HsIomux Bemects Hag ropogamu u OOIIT

(1o nanHBIM cheMkH Sentinel-5P TROPOMI)
Contents of pollutants over cities and protected areas (according to Sentinel-5P TROPOMI survey data)

Tabnuma 2
Table 2

KommoneHrt
CraTucTtuka Ceson NO», 10 monb/cm? SO, 10 monb/cm? CO, momb/cM?
l'opona OOIIT l'opona OOIIT l'opona OOIIT
Cpennee Jleto 0,021 0,017 0,320 0,301 0,0295 0,0303
3uma 0,065 0,055 7,450 7,860 0,0351 0,0352
Memanoe Jlero 0,021 0,017 0,230 0,216 0,0296 0,0300
3uma 0,054 0,039 4,70 4,960 0,0351 0,0352
MUHIMATEHOE Jleto 0,001 0,001 0,001 0,001 0,0210 0,0192
3uma 0,001 0,001 0,020 0,001 0,0255 0,0267
MaKCHMATEHOE Jleto 0,072 0,077 2,390 5,670 0,0392 0,0421
3uma 0,455 0,295 70,560 69,58 0,0449 0,0456
(0)iiiZ (O] Jleto 0,001 0,001 0,054 0,035 0,0006 0,0005
CpETHETO 3uma 0,006 0,008 1,360 1,070 0,0005 0,0004
Koadpunuent Jleto 42.8 52,9 96,9 101,7 8.8 10,2
Bapuauuu, % 3uma 73,8 85,4 124.,4 105,9 8,0 7.9

,Z[J'IH AUOKCHOa asoTa HMECT MCECTO XOpOHIIO BBIPpAXXCHHAA 3aKOHOMCPHOCTD!:

HaJl

TEPPUTOPUSIMHU TOPOJIOB €T0 CpeHss KoHueHTpalws Boie, ueM Hag OOIIT B 1,2 pa3a (4 netom, u
3UMO#1), a MeauanHas — B 1,2 pasa netoM u B 1,4 pa3a 3umoii. B netnuit nepuoxa 13 u3 15 ropogos
XapaKTePU3YIOTCS KOHICHTPAIMSIMUA STOTO TOJUTFOTAHTA, MPEBBIMIAIOIIUME ()OHOBOH YPOBEHb, B
suMHul — 5 U3 15. Haubomnbime cpeaHne u MenIMaHHbIE KOHIIEHTPAITUH JIETOM HAOMIONaINCh HaJl
T'omenem, I'pogno, bpectom, MunckoM, Peunrieit, CBeTiioropckoM. 3uMoii HAMOOJBIINE CPETHUE U
MeJWaHHbIe KOHIEHTparmu — Hax MunckoMm, [omenem, Hoomomonkom, Burtebckom.
MakcuManbHble Pa3oBble KOHIEHTpalus oOHapy:eHbl 3uMoii Hajg Hosomomomkom (0,455 x 107
monb/cm?), Munrckom (0,379 x 107 moms/cm?) u Tomenem (0,285 x 107 moms/cm?). Ha puc. 2
TOKA3aHbl KOHIEHTpALlMK JMOKCUIA a30Ta B aprycre 2022 roma, npesbnuaromme 0,05 x 107
Monb/cM?. UeTKo BBIIENAIOTCA YYacTKH C 4YacTO MOBTOPSEMBIMM BHICOKMMH KOHILIGHTPAIUSMH,

IIPEUMYILECTBEHHO NIPUYPOYECHHBIE K ropoaaM — MuHcky, ['omento, bpecry, I'poaHo.

Puc. 2. Beicokue (6omee 0,05 x 10~ Monb/cM”) KOHIIEHTpaIMH JHOKCHIA a30Ta B aBrycre 2022 roza
Fig. 2. High (more than 0,05 x 10~ mol/cm?”) concentrations of nitrogen dioxide in August 2022
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Han OOIIT cpennue u meauanusie coaepxanus NO2 HE OTJIMYAIOTCS OT (POHOBBIX (Kak
3UMOH, TaK U JIETOM), YTO OOBSICHSIETCS OTCYTCTBUEM Ha OXPaHSIEMBIX TEPPUTOPHIX UCTOUHUKOB
BBIOPOCOB JJaHHOT'O BELIECTBA.

BrisiBnennsie paznuuus B koHueHtpauusx NO:2 Hag ropoaamu u OOIIT obOwscHsIOTCS
TEM, YTO UCTOYHMKAMHU BBIOPOCOB SIBJISIOTCS DHEPIreTHKA Ha YIJIEBOJOPOIHOM TOIUIMBE, aBTO-
TPAHCIIOPT, XUMHUECKass U HedTexumuueckas nmpombliiuieHHocTh. B cmydae OOIIT motenIm-
QJIBHBIM UCTOYHUKOM rtocTytuieHust NO2 B atMmochepy MOTYT CITYKHUTb TTOXKaphl.

Jlnst comepkaHusl AUOKCHIA CEpbl XapaKTepHA CHUJIbHAS MPOCTPAHCTBEHHO-BPEMEHHAs W3-
MEHYHMBOCTh. Ero cpemHss U MeauaHHasi KOHLIEHTPAIMK HaJ TOPOAAaMH BhIIEe (POHOBBIX 3HAYCHHUM
s benapycu, oqHaKO pa3mHums CTaTUCTUYECKHU HETOCTOBEpHBI. B netHuil mepuon Han 10 ropona-
Mu u3 15 cpennee comepxkanue SO2 npeBbimaet ¢poH. CTaTHCTUYECKH JOCTOBEPHBIC OTIHYHS OT
(ona HabmomaroTcs Tonbko i 2 roponos (Hosomononk, CeeTnoropek). MakcuManbHble yCpe-
HeHHbIe conepkanus SOz ormedensl Haa Horomosorkom (B 1,35 pasa Beimie ¢ona), CeTiiorop-
ckom (B 1,33 paza), Hobpymem (1,29 paza), Kiobunom (1,29 paza), Munckom (1,2 paza).
Haubonbime pa3oBble KOHIICHTpAIMA UMeNH MecTo Hajx MunckoM (B 8,2 pa3 Beiie (ona), bpe-
ctoMm (B 8,1 paza), ['ponno (B 7,4 paza), HoBononorkom (B 6,8 paza). B 3umHuii mepuo craTucTiye-
CKH 3HaYMMBbIE TIPEBBIICHUS )OHA HE OTMEYEHBI BooOIIe. Hanbomnpie KOHIEHTpaIlui UMEH Me-
cto Hax Morunesom, HoBomomorkoMm, Peuntieii, Bureockom.

JletoMm cpennee u MenuanHoe coaeprkanus quokcunaa cepsl Hag OOIIT Takke okazanoch
HECKOJIbKO BbIlle )OoHA (OTIMYUSA CTATUCTHUECKU HEJOCTOBEepHHI). [IprueM mpeBsiieHre QoHa
Habmoxanoce Hag 11 OOIIT u3 19. Haubonpimas ycpeaHeHHas! 3a JISTHHN TEPHOJ BEIUYHHA
ObL1a xapakTepHa s bepesunckoro 6uocdeproro 3anoseanuka (B 1,38 pasa Beiiie goHa), amns
HaIMOHANBLHOTO Tapka «bpacmaBckue osepa» (B 1,3 pasa), mis jganamadTHOrO 3aKa3HUKA
«Bwimpuia» (B 1,26 paza), nus BogHo-0010THOTO 3aKkasHuKa «/Juenp» (B 1,22 paza). Haubomnb-
LIM€ pa3oBble KOHLIEHTpAIlMM UMEIU MECTO HaJ HAallMOHAJIbHBIM HapkoM «bpaciaBckue ozepa»
(19,3 pa3a Boriie gona), bepesunckum 6uocdepHsiM 3anoBeaHUKOM (B 17,6 pa3a), Hall 3aKa3HU-
koM «BpiroHomanckum» (B 16,7 pasa), Haa HauuMoHaIBHBIM mapkoM «benoBexckas [lymmay
(8 8,1 paza). B 3umHMi1 neproa kKak cpeaHss, Tak U MeauanHast KoHieHTpanuu Hajg OOIIT oka-
3aJIMCh JJaKe BBILIE, YeM HaJ ropojamu. Tak, BBICOKHME CpPEIHHME U MEIUaHHbIE KOHLEHTpaLUu
MMeNIH MECTO HaJ HalWOHaNbHBIM mapkoM «bpacnaBckue o3epa», 3akasHHKaMu «EJdbHS»,
«CwMmbryok», «UmyTe». MakcumanbHble pa30Bble KOHIEHTpaluu — Haj bepesunckum O6mocdep-
HBIM 3amoBefHuKoM (69,58 x 107 monb/cm?), HamuoHanbHEIM mapkoM «Bpacrmasckue o3epay»
(68,89 x 103 Monb/cm?), HanMoOHAIBHBIM MapkoM «Hapouanckuit» (52,92 x 107 monb/cm?). Bei-
SIBJICHHBIE 3aKOHOMEPHOCTH OOBSCHSIOTCS TEM, YTO MPOCTPAHCTBEHHO-BPEMEHHBIE KOJeOaHUS
conepxanust SOz Hax Tepputopueit benapycn o0ycrnoBieHB MTPEUMYIIECTBEHHO TPaHCTPaHUY-
HBIM TIEPEHOCOM, TO €CTh BIHMSHUEM HUCTOYHHKOB BHIOPOCOB, HAXOMAIIUXCA 32 MpeAesiaMu CTpa-
Hel [['yces, 2023].

B netHwmii nepuos copepxkaHue yrapHoro rasa Haja ropojgamu usmensuiock ot 0,0278 mo
0,0313 monb/cM?. CpesHsis U MeJMaHHAs BEJIMYMHA HAJ FOPOJAMH He OTJIMYAnach OT (JOHOBHIX
3HaueHuil. HawmbGonpmme cpennue koHuentpauuu CO  ormeueHnsl Hax ['omenem
(0,0307 mons/cm?), Peunneit (0,0313), XKnobunom (0,0304), Csernoropckom (0,0302). Torma
Kak HaJl caMbIM KpYIHbIM ropogomM Munckom — 0,0292 MOJIB/CM?. CpenHsis u MeIMaHHAs BEJU-
guHa koHmeHTparuu CO Hag OOIIT npesbimaet GOHOBBIC 3HAYCHHMSI, OJHAKO OTIMYHUS CTaTH-
CTHUYECKH HeIOCTOBEpHBI. MakcuManbsHbIe pa3oBbie KoHIeHTpalmu CO oOHapy KeHbl HaJl HALIU-
oHanbHBIM TIapkoM «benoBexckas [Tymay (0,0421), BogHO-00I0THEIM 3aKa3HHKOM «CpemHsis
[punsate» (0,0411), 3akaznukom «Onpmanckue Oonota» (0,0398), HanMOHAIBHBIM MapKOM
«IIpunstckuity (0,0396), a taxxke Hax ropogamu — Peumneit (0,0393) u Ceernoropckom
(0,0392). B 3umumii nepuoxa kounrentpaus CO moBblanack OTHOCUTENbHO JeTa B 1,19 pasa
Haja ropoxamu u B 1,16 pasa mag OOIIT. Coxnepxanus Hag ropogamu U OOIIT ouens Gnu3ku.
[Tony4yeHHble naHHBIE CBUAETEIBCTBYIOT, YTO B ycioBusAX bemapycu nmotok CO, BbI3BAHHBIN
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OMOJIOTHYECKUMH TIPOLIECCAMH M, BEPOSITHO, B ONPENICIICHHONW Mepe JICCHBIMH TOXKapaMH, O0JIb-
1€ TI0TOKa, 00YCIIOBIEHHOTO BEIOPOCAMU MTPOMBIIUIEHHOCTH M TPAHCIIOPTA.

Ha puc. 3 u 4 nokazaHbl COOTBETCTBEHHO MakcUMalibHble KoHLeHTpauuu SO2 u CO B aB-
rycre 2022 rona. BuaHo, 9TO MX MPOCTPaHCTBEHHOE paclpeelicHHe He NMEeT NPUBSI3KU K Tro-
ponam. Beicokue conepxanust SO2 pactipeeneHsl o TEPPUTOPUN OTHOCUTEIIFHO PAaBHOMEPHO, a
BbIcoKue KoHIeHTpauun CO npuypoueHsl K 1ory benapycu, HaXoAaTcsi Ha 3HAYUTEIbHOM yaa-
JICHUHU OT TIPOMBIIUICHHO Pa3BUTHIX PETHOHOB.

Puc. 3. Bricokue (6omee 1,0 103 MOJ'IL/CMZ) KOHLIEHTpAaIuK IUOoKcuaa cepbl B aBrycre 2022 rona
Fig. 3. High (more than 1,0-10~* mol/cm?) concentrations of sulfur dioxide in August 2022

KM

Puc. 4. Beicokue (601ee 0,04 Momb/cM?) KOHIIEHTPAIMK YTapHOTO rasa B aBrycte 2022 roja
Fig. 4. High (more than 0,04 mol/cm?®) concentrations of carbon monoxide in August 2022
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3akao4YeHue

Takum o00pa3oMm, Ha OCHOBE aHalM3a KOCMMYECKOW CBHEMKHU CIyTHHKa Sentinel-5P
TROPOMI tepputopun benapycu yCcTaHOBIICHO ClIeAyIOIIEE:

® UMEIT MECTO 3HAYMUTEIbHBIC CE30HHBIC KOJICOAHUS COJEpPKaHUN TUOKCHUIIA CEpPHI,
JTUOKCHJIA a30Ta U yrapHOTO ra3a; 3MMHHUE CPEAHHE U MEIUAHHbBIE KOHIICHTPALUU JUOKCUA Ce-
pb! Bblle JeTHUX B 23,77 u 17,9 paza coOTBETCTBEHHO; MUOKCUIA a3ota — B 3,35 u 2,69 pa3za,
yrapHoro raza—B 1,16 u 1,17 pa3za;

e  cojepxaHue AUOKCHIA a30Ta Haja ropomamu Beie, yeM Hag OOIIT B 1,2 paza netom
u 3uMoii; Har OOIIT xonuentpauyu NO2 He OTIMYAIOTCS OT (DOHOBBIX; BBHISBIIEHHBIE Pa3INyus B
koHneHTpauusx NO:2 nax ropogamu u OOIIT o6ycioBieHsl mpeodiaaiaHueM aHTPOIIOTEHHBIX
MMOTOKOB JJAHHOTO KOMIIOHEHTA; B JIETHUH Nepruoa Hambombinue KoHueHtpanuu NO2 Habmoaa-
muck Hag ['omeneMm, ['pogno, bpectom, Munckom, Peuntieit, CBeTIOrOpcKOM; B 3UMHHI TEpH-
o4 — Hag MunckoM, I"'omenem, Hosomoaornkom, ButedckomMm;

®  KOHUEHTpalUuu JHOKCHAA CEpbl XapaKTEpPU3YIOTCS CHUIIBHOM MPOCTPAHCTBEHHO-
BPEMEHHON N3MEHUMBOCTBIO; MeXy coaepkanusmu SO, Haa roponamu u OOIIT paznnuus cra-
TUCTUYECKH He3HAUUMBIC; coaepkanus SO,, nmpespimaroniue ¢oH, Hadmogamiucs Hag OOIIT;

e B 3UMHHUU u JeTHU# nepuoasl cogepxkanus CO Han ropoaamu u OOIIT 6nusku u
CTAaTHCTUYECKH 3HAYMMO OT (pOHA HE OTIMYAIOTCS; B 3UMHUE mepuo] koHmeHTpamnust CO moBBI-
manach OTHOCUTENBHO JieTa B 1,19 pa3a Haa ropogamu u B 1,16 pasza mag OOIIT.

BrIsBIIeHHBIE 3aKOHOMEPHOCTH OOBSCHSIOTCS TEM, YTO MPOCTPAHCTBEHHO-BPEMECHHBIC
konebanus coxaepxkanusi SO2 Hang Teppuropueil benapycu 00ycioBiI€HBI MPEUMYIIECTBEHHO
TPaHCTPAaHUYHBIM TEPEHOCOM, TO €CTh BJIMSHUEM BHEIIHUX HMCTOYHHUKOB BBIOpOCOB. Ha moToku
CO, BeposITHO, B 3HAYUTEILHON CTETIEHN OKA3bIBAIOT BIUSHUE OHONIOTHYECKHe mporiecchl. Mcxoms
W3 MOJIyYEHHBIX PE3YyJbTaTOB BUHO, YTO KAXbII U3 PACCMOTPEHHBIX MOJUTIOTAHTOB UMEET CBOU
0COOCHHOCTH MPOCTPAHCTBEHHOTO Pacpe/IeIICHNs KOHIIEHTpalluii B Tipeenax bemapycu.
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