PervonanbHble reocuctembl. 2024. T. 48, Ne 2 (210-220)
Regional geosystems. 2024. Vol. 48, No. 2 (210-220)

VYK 551.24+504.5+504.064.37
DOI 10.52575/2712-7443-2024-48-2-210-220

IIpocTpaHCTBEHHAsI M CE30HHAS U3MEHYUBOCTD COIEPKAHUU
NO:, SOz u CO naa reppuropueii besaapycun

I'yces A.IL., ®aepko T.I'.
I'omenbckuit rocy1apcTBEHHBIN YHUBEPCUTET UM. O. CKOPHUHEL,
PecnybOnuka Benapycs, 246028, r. ['omens, yin. Coserckas, 104
E-mail: andi_gusev(@)mail.ru; tflerco@mail.ru

AnHoramus. L{ens uccnenoBaHuii — u3yueHre U3MeHEHMI TpornochepHbix coaepkanuiit NO,, SO, u CO
Ha TeppuTopuu bemapycu, usMepseMbIX C MOMOIIBIO KOCMHUYECKOW cheMkH. Ilo pe3ynbrataM CheMKU
cinytHuka Sentinel-5P TROPOMI (3uma u steto 2022 roxa) momydeHsl YCpeTHEHHbIE KOHIICHTPAIIMH HaJT
ropoaaMu, 0co00 OXpaHsIEeMBIMH MPUPOTHBIME TEPPUTOPUSIMU U i benapycu B menmoM. Y CTaHOBIEHBI
3HAYUTENbHBIC Ce30HHBIC KoneOanus comepxkanuii NO,, SO, u CO. 3umoil cpeaHHe U MeIUaHHBIC
KoHLeHTpanuu 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. Comepxanue NO, Hag TopoaMu BEIIIE, YeM HaJ 0CO00 OXPaHSIEMBIMH MTPUPOTHBIMH
TepputopusiMu B 1,2 pasa. B nerHuit mepuon HamOoibmme KoHIEeHTpanuu NO, HaOIoAanuch Haj
T'omenem, I'ponno, bpecrom, Munckom, Peunneii, CBeTa0ropckoM; B 3UMHHUI nepuosa — HaJ MUHCKOM,
T'omenmem, Hosomononkom, Butebckom. Konmentpammmum SO,  XapakTepu3ylOTCS  CHIBHOM
MPOCTPaHCTBEHHO-BpeMeHHON u3MeHunBOCThI0. Konmentpanun SO, m CO nHam ropomamu u OOIIT
OJIM3KY U CTATUCTUYECKH 3HAYMMO OT ()OHA HE OTIIMYAFOTCS.
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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 IKOJIOrHUecKas mpobdiemMa, KOTopasi MPOSIBIIAETCS KakK
Ha JIOKaJbHOM, TaK U Ha PErMoHanbHOM ypoBHsx' [BuTiokosa, IllumyHnosa, 2020]. BaxHoe 3ko-
JIOTHYECKOEe 3HAYCHHE CPEId TEXHOTEHHBIX 3arps3HHUTENEH 32 CUET MacCOBOCTH U TOKCHUYHOCTHU
HUMEIOT BBIOPOCHI quokcuaa cepsl (SO2), nnokcuaa azota (NOz), yrapuoro rasa (CO). Ucrounu-
KaMH BBIOPOCOB AMOKCH[IA CEPBI SBISIOTCS TEIIOAICKTPOCTAHIIMM HA YIIIe U Ma3yTe, peIpHsi-
THSI METAJUTYPruM U HedTenepepadaThIBaroIIeil MPOMBIIUIEHHOCTH, U3 TIPUPOIHBIX HCTOYHHKOB
HauOosee BakHbI u3BepkeHus BynkaHoB [Filonchyk et al., 2022]. AaTponoreHHbIe UCTOYHUKU
BBIOPOCOB TMOKCH[A a30Ta — aBTOTPAHCIIOPT, TEIIONIEKTPOCTAHIIMK Ha YTIEBOJOPOIHOM TOI-
JUBE, XUMUYecKasi U HepTEeXUMUYECKask MPOMBIIITICHHOCTh, METAILTYPTUsL; IPUPOIHBIC — JIECHBIC
noxaps! [lonov, 2010, Cunaes, CunaeBa, 2018, Tpouun u ap., 2021]. UcrounnkamMmu yrapHoro
ra3a CIy»aT JIECHbIE M CTEIHbIE TIOKaphl, ACSITEIbHOCTD KUBBIX OPTaHU3MOB, BHIOPOCHI aBTOMO-
OMJIBHOTO TpaHCHIOPTa, MPOMBIIIIEHHBIX npeanpusatuil [Kypcos, 2015, bonayp u ap., 2020].

CoBepIlIeHCTBOBaHHE KOCMHUYECKUX METOJOB MPUBENO K MOSIBICHUIO CITyTHUKOB, CIIO-
COOHBIX OCYIIECTBIIATH JAUCTAHIIMOHHBIE 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, Usnuesa, 2023]. Kocmu-
YEeCKHE METOJbl M3YUEHHs 3arpsi3HeHus aTMoc(depbl MMEIOT KaK MpPEeuMyIlecTBa, TaKk M HEJO-
CTaTKU MO CPABHEHUIO C HA3eMHBIMU M3MepeHHAMU. Cpeay MPeuMyIecTB KOCMUYECKUX METO-
JIOB U3yUYEHUS 3arps3HeHHs aTMOchepbl: BO3MOKHOCTh OLIEHKH 3arpsi3HEHUS B PEKUME peasibHO-
rO0 BPEMEHU; OLIEHKA 3arps3HCHHS] Ha PETMOHAILHOM YPOBHE; BBISBICHHE HECAHKIMOHUPOBAH-
HBIX UCTOYHUKOB BHIOPOCOB; MOJyUYE€HHUE YCPEAHEHHBIX 3a JII000M BpEMEHHOW MEpPHOJ] TaHHBIX;
W3yYEHUE TPAHCTPAHWYHOTO MEPEMEIIEHUs 3arpsS3HEHHOr0 BO3[yXa; OLIEHKA 3arps3HEHHs Ha
TPYIHOJIOCTYIHBIX TeppuTopusix. Cpean HeTOCTaTKOB MOKHO yKa3aTh: HU3KOE NMPOCTPAHCTBEH-
HOE pa3pelIeHne, U3-3a KOTOPOro HEJb3sl OLIEHUBATh BHIOPOCHI OT JIOKAJIbHBIX HCTOYHUKOB; BITH-
SHHE Ha Ka4eCTBO JAaHHBIX METEOYCIIOBUH, B YaCTHOCTU OOJIAYHOCTH; TPOIMOC(epHble KOHIICH-
TpaLMU 3arpsI3HUTENIENH HE MOTYT OLIEHUBAThCs ¢ oMouIbio cucteMsl TTJIK.

[IpumeHeHne TUCTAHIIMOHHOTO 30HAUPOBAaHUS 3€MJIM, B YaCTHOCTH JAHHBIX CITyTHUKa
Sentinel-5P TROPOMI, ans u3ydenus 3arpsizHeHusi aTMocdepbl Ha TeppuTopuu bemapycu 1o
HACTOSIIIETO BPEMEHH HE UMEJO IIUPOKOTO MCIO0JIb30BaHus [[I[pOorHo3 cOCTOsIHUS TPUPOIHOM. . .,
2022], a mpeacTaBIeHO TOJIBKO B e IMHUYHBIX padorax [KarkoBckwuii, 2020, 'yces, 2023].

[lenp HAIMX MCCIEIOBAHUN — W3YyUYEHHUE MPOCTPAHCTBEHHON HEOJHOPOJHOCTH U CE30H-
HBIX Konebanwmii conepxkanuit NO2, SO2 u CO B atmocdepe Han teppuropueit benapycu Ha oc-
HoBe cheMKH cryTHHKa Sentinel-5P TROPOMI. Pemaemeie 3agaun: 1) 06pabotka u nmpeodpaszo-
BaHUC JTaHHBIX JMCTAHIIMOHHOTO 30HapoBanus (cheMka cencopa TROPOMI cnytauka Sentinel-
5P); 2) onpenenenue ycpeanéunnix coaep:xkanuiit NOz2, SO2 u CO Haja pa3inuyHbIMUA TEPPUTOPU-
ANBHBIMU €MHULIAMU (TOpoa, 0c000 OXpaHseMble TMPUPOTHBIC TEPPUTOPHUH); 3) U3YUCHHE Ce-
30HHBIX U3MeHeHui conepxkanuil 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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TPONOTCHHBIX (PAKTOPOB, BIUSIOMIMX HA TPOCTPAHCTBEHHYIO HEOIHOPOTHOCTH COJCPIKAHHMA
U3y4aeMbIX KOMIIOHEHTOB.

OO0BEeKTHI M MeTOABI HCCJICTOBAHNSA

Paifon wuccnenoBanuss — PecnyOnuka bemapycs (puc. 1). CormacHo — ¢usHKo-
reorpamyecKoOMy pPAfOHMPOBAHUIO TEPPUTOPUS HAXOAWUTCS B Tpenesiax IBYX MPHUPOIHBIX 30H:
MOATAECKHBIX CMELIAHHBIX JIECOB (CEBEp M LIEHTP CTPaHbl) U IMIMPOKOIMCTBEHHBIX JIECOB (IOT) yMe-
peHHoro nosica. KimmMar yMepeHHO-KOHTUHEHTAIIbHBIN, HA 3aI1aJHOM OKpauHEe 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 monoBUHBI TEPPUTOPUM XapaKTEPU3YeTCsl aOCOMIOTHBIMU OTMETKaMH B MHTepBajie 150—
200 M. B mouBeHHOM MOKPOBE MPe00IaTAI0T JEPHOBO-NOA30TUCThIE (37 Y% TeppUTOpUU) U JEPHO-
BO-TO/30MCThIe 3a00s0ueHHble (33 %) nmouBbl. PacTurenbHb IOKPOB (hOpMUPYETCS] XBOMHBIMH,
CMEILIaHHBIMH, JTMCTBEHHBIMU JIECAMH, JTyraMu, 0onoTamu. bosee moaoBUHBI TEPPUTOPUH 3aHUMAIOT
CEJIbCKOXO3MCTBEHHBIE yroAbs. UMcIeHHOCTh HaceneHusl coctasiser 9,2 miH den. [InotHocTs
Hacenenus — 45,3 uen./km®. CaMbIMU KpYIHBIMM rOpofaMu siBnsroTcs Munck (1,995 mii yen.) u
l'omens (0,537 mnH yenoBek). Haunbosee pa3BuThie oTpaci X035iiCTBa — SHEPreTHKa, MAIIHHO-
CTPOCHHUE, CEIbCKOE XO3SUCTBO, XUMHUECKas, JIECHas, MOOBIBAIOIIAs MPOMBIIUIEHHOCTh. 3HAYH-
TEJIbHOE BO3/IEHCTBHE HAa OKPYKAIOLIYIO Cpelly OKa3bIBaIOT pa3pab0oTKa MECTOPOXKICHUN KaTUMHBIX
coeii (OAO «bemapycbkanmii»), TpeAnpusITUs XUMHYECKOW M HedTenepepadaThIBarOMIe Mpo-
mbliieHHOCTH (I"'omenbekuii xumuueckuii 3aBog, «I'poaHo A3ot», HoBomomnonkuii 1 Mo3bipckuii
HedrenepepadaThIBarOIINe 3aBO/IbI, «CBETIIOTOPCK XUMBOJIOKHOY H IPYTHE).

O6nexTe: 1 — OOIIT; 2 — ropona
Puc. 1. Paifon nccnemnoBanuii 1 pactonoXeHHE TEPPUTOPHATIBHBIX 00BEKTOB
Fig. 1. Study area and location of territorial objects
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Cnytauk Sentinel-5P ¢ cencopom TROPOMI (TROPOspheric Monitoring Instrument),
u3MepseT atmocdepnbie konnentpanuu NO2, SO2 u CO B monb/mM*. HabmoaeHus BeayTcs exe-
nHeBHO ¢ okTsa0pst 2017 rona. [IpoctpancTBenHoe paspemienue 5,5 x 3,5 km (7 x 5,5 kM — 10 aB-
rycra 2019 roma). JlaHHble pa3MemnieHsl B CBOOOJHOM JocTyme Ha caiite NASA
(https://search.earthdata.nasa.gov/) u mpeacTaBIeHBI B BHJIC apXUBa (XXX.NC).

ITpu 00paboTKe UCIONIB30BAH METOJ OCPEIHEHUS U3MEPEHUN B 3aJaHHOM BPEMEHHOM
OTpE3Ke, C LENbI0 CIUIAXKUBAHUS CIyYalHBIX KOJEOAHUN U BBIJEICHUS PETYJSPHON cOCTaB-
JsoUIeil MOTOKOB M3yYaeMbIX KOMIIOHEHTOB OT 36MHOW MOBEPXHOCTH. BpeMeHHbIe HHTEpBa-
7Bl MccienoBaHuM — 3uMa M jeto 2022 roga. OnepauvoOHHBIMU TEPPUTOPHAIBHBIMU €AUHU-
JaMU SBJSUIMCH TOpoJia U 0co0o oxpaHsieMble npupoansie Tepputopun (OOIIT) benapycu.
Jnst ananuza Obnu BeIOpansl 15 ropoaos u 19 OOIIT (nns KOTOpBIX yaanoch HaOpaTh NMpe-
CTaBUTEJIbHYIO BIOOPKY M3MEPEHUH KaXkJI0TO MOJUII0TaHTa). PacmonoxeHne oObeKTOB MOKa-
3aHO Ha puc. l.

O6pabotky nanHbix Sentinel-5P TROPOMI, pactpoBble onepaiuy, MOCTPOSHUE KapTo-
CXEM TPOBOIIIIN C TOMOIIBIO TeonH(popMamonHoii cucreMsl QGIS

I'pynnupoBka CyTOYHBIX 3HAYCHMH Ka)JIOro IOKa3aTells B Ipeienax apeana COOTBET-
CTBYIOIINX OOBEKTOB M CTaTUCTHUYECKasi 0OpaboTKa JaHHBIX BBIMOJHEHHI B porpamme MC Ex-
cel. Cratuctrdeckas 00paboTKa BKIIFOYANA ONPEICICHUE CPEJIHEr0, MEANAHHOTO, CPEIHEKBAI-
paTUYHOM OMIMOKH, CTAHAAPTHOTO OTKJIOHEHHUSI, MUHUMAIIbHOTO, MAKCHMAaJIbHOTO 3HAYCHHIA.

Pe3yJ’lLTaTbl H UX 06cy>1c11e}me

st repputopun benapycu B 3UMHHI U JIETHUIN MEPUOABI OB YCTaHOBIIEHBI (JOHOBBIE
CoJlep>KaHusl MOJUTIOTAaHTOB, u3MepsieMbix cencopom TROPOMI (tabn. 1). BuaHo, 4To KOHIIEH-
TpallMHU BCEX PACCMOTPEHHBIX 3arpsi3HUTENEH HCHBITHIBAIOT CYIIECTBEHHBIE CE30HHBIE KoJeOa-
Hus. CpeaHsisi KOHIEHTpalusl TUOKCHAA a30Ta 3UMOM BbIIIE, YeM JeToM B 3,35 pasa, MeauaH-
Has — B 2,69 paza. B 3uMHMIA Tepro CyImeCTBEHHO OOJbIlle MHTEpBal KoJeOaHUi KOHIEHTpa-
uuit. CpenHee coiepkaHue TUOKCHAA cepbl 3uMOM Bbiie B 23,77 pasa, MeauaHHOE — B
17,9 pa3za. MaTepBan konebanuii 3umoii 6omnbme B 17,8 pasa. KoHneHTpamum yrapHoro rasa oT-
JMYaloTCA ropa3zo MEHbIIe BapuabenbHOCThI0. OJHAKO B 3UMHUI MEpPUOJI OHU BBIIIE JETHUX
(cpennsis — B 1,17 pa3a, menuannas — B 1,17 paza).

Taonuua 1
Table 1

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

KommonenT Ceson Cpemnee u oumnbka Menuana HHTepBaHv Koa(b(pl/mmoH !
CpeIHero KoyieOaHuii | Bapuanuu, %
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? Jlero 0,0296 £ 0,0001 0,0297 0,0315 10,0
, MOIIb/CM 3uma 0,0348 + 0,0001 0,0348 0,0300 7.9

PaccMoTpuM M3MEHEHUS COACpPKAHMIA MTOJUTFOTAHTOB HaJl 00BEKTaMH, KOTOPBIE Haubosee
CHJIHO OTJIMYAIOTCS APYT OT Jpyra MO HAIMYHUIO B UX IpEeNiaX aHTPONOTCHHBIX UCTOYHHUKOB
BBIOpOCOB, — Haz Topoaamu u OOIIT (tabm. 2).
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Tabnuma 2
Table 2

ConeprkaHus 3arps3HSIOIUX BenecTB Ha| roponamu u OOIT
(o manueM cheMkH Sentinel-5P TROPOMI)
Contents of pollutants over cities and protected areas (according to Sentinel-5P TROPOMI survey data)

KommoneHrt
CratucrHka Ceson | NO,, 107 monb/cm® SO, 10 monb/cm? CO, mMomb/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

JUia  nmokcuga a3oTa HMMEET MECTO XOpPOIIO BBIPAKEHHAs 3aKOHOMEPHOCTh: HaJl
TEPPUTOPUSIMHU TOPOJIOB €T0 CpeaHss 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 nepuox 13 u3 15 ropogos
XapaKTePH3YIOTCS KOHICHTPAIMSIMUA STOTO TOJUTFOTAHTA, MPEBBIMIAIOIIMME (OHOBOH YPOBEHb, B
suMHul — 5 U3 15. Haubomnbime cpearne u MenMaHHbIE KOHIIEHTPAITUH JISTOM HAaOIMIONaINCh HaJl
Tomenem, I'poxno, bpectom, MusckoM, Peunrieit, CBeTiioropckoM. 3uMoii HAaMOOJBIINE CPETHUE U
MeJWaHHbIe KOHIEHTparmu — Hax MunackoMm, [omenem, Hosomomonkom, Butebckom.
MakcuManbHbIe Pa3oBble KOHIEHTpalus oOHapy:eHbl 3uMoii Hajg Hosomosonkom (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 KOHIEHTpALlMH JMOKCUIA a30Ta B aprycre 2022 roma, npesbnuaromme 0,05 x 107
Monb/cM?. UeTKo BBIIENAIOTCA YYacTKH C 4YacTO MOBTOPSEMBIMM BBICOKMMH KOHIIGHTPAIUSMH,
[IPEUMYILECTBEHHO 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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Hapn OOIIT cpennue u meauanusie cogepxkanus NO2 HE OTJIMYAIOTCS OT (POHOBBIX (Kak
3UMOH, TaK U JETOM), YTO OOBSICHSIETCS OTCYTCTBUEM Ha OXPaHSIEMBIX TEPPUTOPHSIX UCTOUHHUKOB
BBIOPOCOB JJaHHOT'O BELIECTBA.

BrisiBnennsie paznuuus B koHueHtpauusx NO:2 Hag ropoaamu u OOIIT obObscHsOTCS
TEM, YTO UCTOYHMKAMHU BBIOPOCOB SIBISIOTCS DHEPIreTHKA Ha YIJIEBOJOPOIHOM TOIUIMBE, aBTO-
TPaAHCIIOPT, XUMHUECKass U HedTexumuueckas npombliiuieHHocTh. B cmydae OOIIT mortenm-
QJIBHBIM UCTOYHUKOM rtocTytuieHust NO2 B atMmoc(epy MOTYT CITYKHUTb TOXKaphl.

Jlnst comepkaHusl AUOKCHUIA CEpbl XapaKTepHA CHUJIbHAS MPOCTPAHCTBEHHO-BPEMEHHAs W3-
MEHYHMBOCTh. Ero cpemHss U MeauaHHas KOHLIEHTPAIIMK HaJ TOPOAAaMH BhIIEe (POHOBBIX 3HAYCHHUM
s benapycu, omHaKoO pa3mHums CTaTUCTUYECKH HETOCTOBEpHBI. B netHuil mepuon Han 10 ropona-
Mu u3 15 cpennee comepxkanue SO2 npeBbimaer ¢poH. CTaTHCTUYECKH JTOCTOBEPHBIC OTIHYHS OT
(ona HabmomaroTcs Tonbko i 2 roponos (Hosomononk, CeeTnoropek). MakcuManbHble yCcpen-
HeHHble conepkanus SO2 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).
HauOonbime pa3oBble KOHIIGHTpAIMA UMeNTH 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 3umMHuii mepuo craTucTiye-
CKH 3HaYHMMBbIC TIPEBBIICHUS JOHA HE OTMEUYEHBI BooOIIe. Hanbompie KOHIEHTpaIlui UMETH Me-
cto Hax Morunesom, HoBomomorkom, Peunrtieii, Bureockom.

JletoMm cpennee u MenuanHoe coaeprkanus quokcunaa cepsl Hag OOIIT Takke okazanoch
HECKOJIbKO BbIlIe poHA (OTIMYUSA CTATUCTHUECKU HEJOCTOBEepHBI). [IprueM mpeBsiieHre QoHa
Habmoxanoce Han 11 OOIIT u3 19. Haubonpimas ycpeaHeHHas! 3a JIETHHN TEPHOJ BEIUYHHA
ObL1a xapakTepHa s bepesunckoro 6uocdeproro 3anoseanuka (B 1,38 pasa Beiiie goHa), amns
HaIMOHANBFHOTO Tapka «bpacmaBckue osepa» (B 1,3 pasa), mist jmaHamadTHOrO 3aKa3HUKA
«Bwimpuma» (B 1,26 paza), nus BogHo-00710THOTO 3aKka3HuKa «/Juenp» (B 1,22 paza). Haubomnb-
LIM€ pa3oBble KOHLIEHTpAIMM UMEIU MECTO HaJ HAallMOHAJIbHBIM HapkoM «bpaciaBckue ozepa»
(19,3 pa3a Bormie ¢goHa), bepesunckum OuocdepHsiM 3anoBeaHUKoM (B 17,6 pa3a), Hall 3aKa3HU-
koM «BpiroHomanckum» (B 16,7 pasa), Haa HauuoHaIbHBIM mapkoM «benoBexckas [lymmay
(8 8,1 paza). B 3sumHMi1 nepuoa kKak cpeaHsis, Tak U MeauaHHas KoHieHTpanuu Hajg OOIIT oka-
3aJIUCh JJaKe BBILIE, YeM HaJ ropojamu. Tak, BBICOKHME CPEJIHHME U MEIUaHHbIE KOHLEHTpaLUuu
MMeNIH MECTO HaJ HalWMOHaNbHBIM mapkoM «bpacnaBckue o3epa», 3aka3HHKaMu «EJbHS»,
«CwMmbryok», «UmyTe». MakcumanbHble pa3oBble KOHIEHTpaluu — Haj bepesunckum O6mocdep-
HBIM 3amoBefHuKoM (69,58 x 107 monn/cm?), HamuoHanbHEIM mapkoM «BpacrmaBckue o3epay
(68,89 x 10 Monb/cm?), HanMoOHAIBHBIM MapkoM «Hapouanckuit» (52,92 x 107 mosb/cm?). Bei-
SIBJICHHBIE 3aKOHOMEPHOCTH OOBSCHSIOTCS TEM, YTO MPOCTPAHCTBEHHO-BPEMEHHBIE KOJeOaHUS
conepxanust SO2 Hax Tepputopueit benapycn o0ycrmoBieHB MTPEUMYIIECTBEHHO TPaHCTPaHUY-
HBIM TIEPEHOCOM, TO €CTh BIHUSHUEM UCTOYHHKOB 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  ormeuensl Hax ['omenem
(0,0307 mons/cm?), Peunneit (0,0313), XKaobunom (0,0304), Csernoropckom (0,0302). Torma
KakK HaJl caMbIM KpyIHbIM ropogomM Munckom — 0,0292 MOJIB/CM?. CpenHsis u MeIMaHHAs BEJU-
guHa koHneHTparuu CO Hag OOIIT npesbimaet GOHOBBIC 3HAYCHHMSI, OJHAKO OTIHYUS CTaTH-
CTHUYECKH HEeIOCTOBEpHBI. MakcuManbHbIe pa3oBble KoHIeHTpaluu CO oOHapy KeHbl HaJl HALIU-
oHanbHBIM TIapkoM «benoBexckas [Tymay (0,0421), BogHO-00I0THEIM 3aka3HUKOM «CpemHsis
[punsate» (0,0411), 3akaznukom «Onbmanckue 0OonoTa» (0,0398), HanMOHAIBHBIM MapKOM
«IIpunstckuity (0,0396), a taxxke Hax ropogamu — Peumneit (0,0393) u Cernoropckom
(0,0392). B 3umumii nepuoxa xounrentpamuss CO moBblanack OTHOCUTENBHO JeTa B 1,19 pasa
Haja ropoxamu u B 1,16 pasa mag OOIIT. Coxnepxanus Hag ropogamu U OOIIT ouens Gnm3ku.
[Tony4yeHHble naHHBIE CBUAETEIBCTBYIOT, 4TO B ycioBusAx bemapycu nmotok CO, BbI3BAHHBIN
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OMOJIOTHYECKUMH TIPOLIECCAMH M, BEPOSITHO, B ONPENICIICHHOW Mepe JICCHBIMH TOXKapaMH, O0JIb-
1€ TIOTOKa, 00YCIIOBIEHHOTO BEIOPOCAMU MTPOMBIIUIEHHOCTH M TPAHCIIOPTA.

Ha puc. 3 u 4 nokazaHbl COOTBETCTBEHHO MakcuMalibHble KoHLeHTpauuu SO2 u CO B aB-
rycte 2022 rona. BuaHo, 9TO MX MPOCTPaHCTBEHHOE paclpeelicHHe He NMEeeT NPUBSI3KU K ro-
ponam. Beicokue conep:xanust SO2 pactpeneneHsl o TEPPUTOPUN OTHOCUTEIIFHO PABHOMEPHO, a
BbIcoKue KoHIeHTpauun CO npuypoueHsl K 1ory benapycu, HaXoAaTcss Ha 3HAYUTEIbHOM yaa-
JICHUU 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

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 00pa3oM, Ha OCHOBE aHalIM3a KOCMHYECKOW CheMKH cryTHuka Sentinel-5P
TROPOMI teppuropun benapycu ycTaHOBIICHO CIeAyIOIIEe:

®  UMEIT MECTO 3HAYMUTEIbHBIE CE30HHBIC KOJICOAHUS COJEpKaHUN TUOKCHUIIA CEpHI,
JTUOKCHJIA a30Ta U yrapHOTO Ta3a; 3MMHUE CPEAHHE U MEIUAHHbIE KOHIICHTPALUU JUOKCUA Ce-
pb! Bblle JeTHUX B 23,77 u 17,9 paza cOOTBETCTBEHHO; MUOKCUIA a3oTta — B 3,35 u 2,69 pa3za,
yrapHoro raza—B 1,16 u 1,17 pa3za;

e cojepxaHue AUOKCHIA a30Ta Haja ropogamu Beie, yeM Hag OOIIT B 1,2 paza netom
u 3uMmoii; Ha OOIIT xonuentpanyu NO2 He OTIIMYAIOTCS OT (DOHOBBIX; BBISBIIEHHBIE Pa3INyus B
koHneHTpauusx NO2 vaa ropomamu u OOIIT o0ycioBieHsl mpeobdiaaiaHueM aHTPOIIOTEHHBIX
MMOTOKOB JJAHHOTO KOMIIOHEHTA; B JIETHUH Nepuoa HamOombinue kKoHueHtpanuu NO2 Habmoa-
muck Hag ['omeneMm, ['pogno, bpectom, Munckom, Peuniieit, CBeTIOrOpCKOM; B 3UMHHI TEpH-
o — Hag MunckoM, I"'omenem, Hosomoaorikom, ButedckomMm;

e  KOHIIGHTpAallMM AHOKCHIA CEpPbhl XapaKTEePHU3YIOTCS CHIBHONW MPOCTPAHCTBEHHO-
BPEMEHHON N3MEHUMBOCTBIO; MeXy coaepkanusmu SO, Haa roponamu u OOIIT pasnnuus cra-
TUCTUYECKH He3HAUUMBIC; coaepkanus SO,, nmpespimaroniue ¢oH, Hadmogamucs Hag OOIIT;

e B 3uUMHHUU u JeTHU# nepuoasl cogepxkanuss CO Han ropogamu u OOIIT 6nusku u
CTAaTHCTUYECKH 3HAYMMO OT (pOHA HE OTIMYAIOTCS; B 3UMHUH mepuo] koHmeHTpamust CO MmoBBI-
manach OTHOCUTENBHO JieTa B 1,19 pa3a Haa ropogamu u B 1,16 pasza mag OOIIT.

BrIsiBIIeHHBIE 3aKOHOMEPHOCTH OOBSCHSIOTCS TEM, YTO MPOCTPAaHCTBEHHO-BPEMECHHBIC
konebanus coxaepxkanuss SO2 Hang Teppuropueil benapycu 00ycioBiI€HBI MPEUMYIIECTBEHHO
TPaHCTPAaHUYHBIM TEPEHOCOM, TO €CTh BJIMSHUEM BHEIIHUX WMCTOYHHUKOB BBIOpOCOB. Ha moToku
CO, BeposITHO, B 3HAYUTEILHON CTETIEHN OKA3bIBAIOT BIUSHUE OHOIOrHUecKue mpoiecchl. Mexoms
W3 MOJIyYEHHBIX PE3YyJIbTaTOB BUHO, YTO KAl U3 PACCMOTPEHHBIX MOJUTIOTAHTOB UMEET CBOU
0COOCHHOCTH MPOCTPAHCTBEHHOTO Pacpe/Ie/ICHNs KOHIIEHTpalluii B Tipeenax bemapycu.
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