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Annoraunn: Cronuua EpeBan  cuuTagTes  caMbIM - 3ATPASHEHHBIM M HMEKIIHM  CEPBE3HBIS
IKOJOTHUECKUE Podaembl ropoaom PecrmvOauku Apvenus. OTHOCHTEIBHO 3ArpA3HEHHUS aTMOCHEPHOTO
BO3JvXa B EpeBaHe CVINECTBVET OYEHb MANO HavyHBIX HccIedoBaHui. (OCHOBHAs LENb CTaTbH -
MPOAHATHIUPOBATL H OLCHHTH 3ArpsA3HCHHOCTb aTMOCHEPHOro Bo3ayvXa ropoaa Epesana, mveromyoca
JUHAMHKY H OPHYMHBL 3arpasHeHus. B pesynbTaTte yCTAHOBISHO, UTO KOHLIEHTPALMA JTHOKCHIA A30Ta
npeebicu1a [TJK toaeko B 2017 1., mpumepHo B 3 pa3za, a B 2018 r. oHa npudnuzunace k ee1u4anne [TAK.
B neaom, 3a mccnenveMslil mepHOA CpeaHss KOHLEHTPALMS IHOKCHIA a30Ta B r. EpeBane cocrasmna
0,03 Mr/M°, uTO He npeebiacT e 1uuuHb [IK (0.4 MI/M’). [IpeBBilIcHHE AMOKCHAA a30Ta Had.1KIATOCh
B LCHTPATbHBIX HAOMKOJATENBHBIX MYHKTAX TropoJa. 3a BCE OOCYIKIACMBIE TOJBI CPEIHAA ToJ0Bad
KOHLICHTpauus nel1d B ¢peaHeM mpesbimaia K npuvepno B 1,2-1.5 pasza. CaMele HU3KHE 3HAUCHUS
KOHLIEHTpAalUUHX MblNK OblMH 3apeructpuposansl B 2018 r. Juokcua cepel He mpebwiinan 3HaueHus [1TAK
(0.3 mr/v’). B 2014-2013 rr. Habnrogaiace Hebo1piwad TeHaeHuma pocta (0,1 Mr/a’). B 2015-2018 rr.
COAECPAKAHME AMOKCHAA ¢epbl He Hi3MeHunoch (0.3 wr/am’). B 2018-2019 rr. mpousomno CHIKEHHE
nokazate1d (0,1 Mr/m’), 31oT TeMn coxpaHuics U B 2020 r. TeMmn 3TOro CHIKEHUA MOXKHO OOBACHUTH
nepuogoM manHaemuu COVID-19, Bo BpeMa KOTOpOil 3aBOJbl He padoTald, a TAKKE VMEHBLIMIACH
ABTOTPAHCIIOPTHAS JAEATESIbHOCTb, HTO INPHUBEJIO K COKPALICHHIO BHIOPOCOB M. CICIOBATENBHO, K
CHHCHHIO CTOMMOCTH JHOKCHIA cepbl. OCHOBHBIMM HMCTOUHMKAMH 3arps3HEHHs Bozdvia B EpeBaHe
ABJISIOTCA TPAHCIOPT, MPOMBILIIEHHOCTb, JHEPTETHKA, IPAIOCTPOUTEIBCTBO.

Karuepsle cnopa: 3xo1orus r. EpeBaH, OKpysKarollad cpeda, MOHUTOPHHT, 3aTpa3HEHUE aTMOCOHEpPH,
MHIEKC 3arpa3HEHHs, MIPEJEIbHO I0MYCTHMAS KOHLEHTPALHS
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Abstract, The capital Yerevan 1s considered the most polluted and having serious environmental
problems city of the Republic of Ammenia. There 1s very little scientific research on atmospheric air
pollution in Yerevan. The main purpose of the article is to analvze and evaluate the pollution of the
atmospheric air of the city of Yerevan, the existing dyvnamics and causes of pollution. The ¢oncentration
of nitrogen dioxide exceeded the MPC onlv in 2017 by about 3 times, and in 2018 it approached the cost
of the MPC. In general, during the study period, the average concentration of nitrogen dioxide in the
concentration was 0.03 mg/m>, which does not exceed the MPC (0.4 mg/m?). Excess of nitrogen dioxide
was observed in the central observation points of the citv. For all the vears discussed, the average annual
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dust concentration on average exceeded the MPC by about 1.2-1.5 times. The lowest dust concentrations
were recorded in 2018. The main sources of air pollution in Yerevan are transport, industry, energy, urban
planning. Sulfur dioxide did not exceed the MPC value (0.3 mg/m?). In 2014-2013, there was a slight
upward trend (0.1 mg/m®). In 2013-2018 the content of sulfur dioxide has not changed (0.3 mg/m°). In
2018-2019, there was a decrease in the indicator (0.1 mg/m?), this rate remained in 2020. The rate of this
decrease can be explained by the period of the COVID-19 pandemic, during which factories did not work,
and motor transport activitv decreased, which led to a reduction in emissions and, consequently, to a
decrease in the cost of sulfur dioxide.

Keywords: ecology of Yerevan, environment, monitoring, atmospheric pollution, pollution index,
maximum permissible concentration
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Beeaenue

3arpsAsHeHHe aTMOC(epHOTO BO3AyXa ABAIETCA OOHOM H3 CaMbIX CEPhEe3HBIX IKONOTHUECKUX
npodnem coBpeMeHHbIX roponos [[lepesenenues u ap., 2004; Karimian et al, 2016; Li et al,, 2017;
boposnes, 2020]. 3arpa3HeHHe BO3OYXA CO3MALT ONACHOCTD UL 3A00pOBbs Henoseka [Uydupko, [Tu-
uy:kkHUHa, 2008], npencrapnser coboil rmodanbHbIl KpU3KC B 00NacTH 3apaBooXpaHeHHs [besyrnad,
CmupHosa, 2008, I'apanosa, 2011; Kanunkud u ap., 2013; Jleskuun u gp. 2014]. HekoTopble 3a-
TPA3HUTENH BO3YXa BBI3BIBAKOT «KMCJIOTHbIE noxkau» [Jloporosa u ap., 2010; Maknakosa, 2019].
[Tpu BO3NEICTBUM HA PACTE€HMA THOKCHIA CEPbl OTMEYAETCs MOSBIIEHHE 0eeChIX NTEH, HEKPOTH-
YeCKHX MOJIOC Ha JIUCThAX, 00eCLBeUHBAHHE XJIOPO(UINa, MPUBOISLILEE K TMOKENTEHHIO JIHCTHER,
CHH/KEHHE MPOOyKTHBHOCTH, 3aMeaieHre pocta SO2 oTHACTH CMOCOOCTBYET MOAKUCIEHHIO TMOUBHI
[Axumos, 2017]. OcaxxaeHHe BpeIHbIX XHMHYECKUX BELUECTB BO3AyXa (OT TPAHCIIOPTA, KOTEIBHBIX,
paboTAKOLINX HA TBEPAOM H SKHIKOM TOILIHBE, NMPH CKUTAHHH MyCOpPa) MOXKET NMPUBOIUTDL K HApy-
IIEHHIO NPOAYKTHUBHBIX 3eMenb [BapblliHukoB, Mycuituyk, 1992].

Llenbro HacTOALLErO HCCASNOBAHUA SIBIANACH OLEHKa 3arpsi3HeHHs Bosayxa r. Epesana.
3arpsa3sHeHHe BO3JYIIHOIO OacceiiHa ABJASTCs aKTyalbHOI npodnemoii, T.k. r. Epesan xoauT B
CIHCOK HauboJiee 3arps3HEHHBIX TOPOJOB APDMEHHH ¢ BBICOKHM HHIEKCOM 3arps3HEHHs aTMO-
cepHOro BO3OYXA.

O0bEeKTbI H METOABI HCCJIETOBAHHA

HccnenoBaHUio 3arpsi3HEHHst aTMOC(EpPHOTO BO3AYXa IMMOCBALUEHbl MHOTOYUCIEHBIE
HayuHble palGoTbl [Besyriaas, 1986, Mepkynos u ap., 2012; Maprapsan, 2016, 2021; Mewyposa,
2020]. B pabore Henonb3oBaHBl APXHBUPOBAHHBIE AaHHBIE «LIeHTpa ruApOMETEOpPOIOrHH U MO-
nutopuHray ['HKO Munncrepcta okpykaromei ¢peabt PecnyOmuku Apmenus 3a 2014-
2020 rr. B 2020 r. KOHTPOJb 3a COCTOsIHUEM aTMocdepHoro po3ayxa EpeBaHa ocyLlecTBIANCS
Ha MATH CTALUMOHAPHBIX CTAHUMAX MOHMTOPHMHIA aTMOCQepbl, pasNUYaOUXcad Mo PH3HKO-
reorpapHueCKUM YCIOBUAM H MO CTENEHH AHTPONOreHHOro BiausHuA (puc. 1). CraHuus Ne ]
pacnojioxkeHa B ceBepHOH 4dacTH I. EpesaH, craHuus Ne 2 - B C€BEPHO-3aMafHONH 4acTH
r. Epesan, cranuus Ne 7 — B uenTpanbHoi yactu r. EperaH, ctaHuua Ne 18 — B ueHTpanbHOMH ya-
ctu . EpeBaH u QoJblie BCero HeCET aHTPOMOreHHoe Bo3AeicTBHe, cTaHUMsA Ne 8 — B cepepo-
BOCTOYHOMH yacTu I. Epesan.

MOHHTOPHHIOBOE HCcenoBaHHe aTMOocdepHOro Bo3ayxa B I. Epesane Bkuano s ceds
onpedeNeHHe CoAep/KaHUs B BO3AyXe B3BEIUEHHBIX BELISCTB, TUOKCHOA CEpbl, AUOKCHAA a30Ta,
NbUTH U MPH3eMHOH 030Ha.

B pabore ObliM HCHONB30BAHBI MATEMATHUYECKHE, CTATHCTHYECKHE, AHAHTHYECKHE
METO/IbI.
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Puc. 1. Cets MoHHTOpHHTA KauecTBa atMocdepHoro Bosavxa r. Eperana
Fig. 1. Yerevan Atmospheric Air Quality Monitoring Network
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Pe3yabTaThl 4 HX 06CYRIEHHE

B r. Epesan cocpenotoueHo Oonblias 4aCTh MPOMBILUIEHHBIX NMpeanpusathii (42 %) u
HaceneHus (34 %) ApMeHHH, a TakkKe ropoi BblOeNSeTcs BBICOKON TPaHCMOPTHOH Harpyskoii.
OCHOBHBIMH HCTOYHMKaMH 3arpsi3HeHHsA BO3OYIUHOI cpenbl B I. EpeBaH ABNAIOTCS XUMHUECKas
1 METAJIJIyPruuecKas MPOMBILLIEHHOCTD, JJIEKTPO3HEPr€THKA, TPAHCTIOPT.

JIMOKCHI a30Ta OTHOCUTCS K NMPHOPHTETHBIM 3arpsi3HAKIINM BewecTsaM. Ero conepika-
HHE B aTMOC(EPHOM BO3AyXe KOHTPOJIMPYETCS Ha BCEX MOCTaX KOHTPOJNS 3arpsA3HeHHs aTMo-
ctepbl. Ha puc. 2 ueTko BUAHO, UTO KOHLIEHTpaUMs AHOKcHaa azota npesbicuna ITJIK Tonbko B
2017 r., npumepHo B 3 pasa, B 2018 r. oxa npudnusunace k 3HadeHur [TJIK (puc. 2). B npyrue
HCCJIeIyeMble OJla 3HAYEHHS JUOKCHIA a30Ta ObUIH B Npenenax HOpMblL. B nenom, 3a uccnenye-
MBI MepHOI CpelHsas KOHLEHTpalus OHokcHaa asoTa B T. Epesane coctaBuna 0,03 Mr/m’, uro
He npesbiaer IIK (0,4 Mr/M®). 3HadeHHs OHOKCHOA a30Ta B PasHBIX TOUKAX 3PEHHA BbIpae-
HbI B Pa3HBIX KOJHYECTBAX.
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Puc. 2. AuHaMuKa cpeIHUX 3HAUYEHHI COAepKaHUg AUOKCHIA a30Ta B aTMOCHEPHOM
BO3avXxe . EpeBana
Fig. 2. Dynamics of average values of nitrogen dioxide content in the atmospheric air of Yerevan

CornacHo cpennum naHHeIM 2014-2020 rr. (puc. 3) B Epesane conepkaHue OHOKCHAA
a3oTa B HaduonarenbHbIX myHkTax Ne 2, 7, 8 npespicuna [TJK, a B HabnrogaTenbHOM NyHKTE
Ne 1 u 18 ona gocturna 3Hauenusa [THK. HaOmoparenbHele myHKTB Ne 2, 7, 8 pacroNoKeHbl B
LeHTpaJbHOH 4acTH ropoga. B maHHBIX pafioHaX ropoga HaxXoIsATCs OCHOBHble 00pa3oBaTellb-
Hble, KyJbTYpPHBbIE, (PHHAHCOBO-OAHKOBCKHE, O(UCHBIE, MPABUTEIBbCTBEHHBIE, MPOMBILIICHHBIS
YYPEKACHHS, OITOMY 31€Ch COCPENOTOHEHO OOMbIIOE KOIHYECTBO aBTOMOOUIEH U BBIOPOCOB,
KOTOpble HEeraTUBHO BJMAIOT Ha KaueCTBO aTMOC(epHOro BO3AYXa M SABNAKOTCS MPUUUHON yBe-
JUYEHHA KOJHYEeCTBa OJUOKCHAA a30Ta.
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Puc. 3. YcpeaHeHHbIe 3Ha4eHHs auokcuaa azota (NQO:) B atmocdepHoM Bozavxe r. EpesaHa (Mr/m?)
A1 BCEX HADMIOAATE IbHBIX MYHKTOB ropoaa, 2014-2020 rr.
Fig. 3. Average values of nitrogen dioxide (NO.) in the atmospheric air of Yerevan (mg/m?)
for all observation points of the city, 2014-2020

Kak BHAHO Ha puC. 4, B HCCIEAYEMBIH MEPHON THOKCHI Cepbl HE MPEBbIIAT 3HAYEHHS
ITIJIK (0,5 mr/M®). B 2014-2015 rr. Hadnronmanack HeSonblnas TeHZeHLHs pocta (0,1 Mr/m?).
B 2015-2018 rr. comep/kaHue IMOKCHMIa cepbl He m3MeHmnoch (0,3 mr/m’). B 2018-2019 rr.
NMPOH3OLLIO CHIbkeHHe nmokasarens (0,1 mr/m®). tor Temn coxpanuncs u 5 2020 r. Temn 3Toro
CHIDKEHHS MOXKHO OOBACHHUTL nepuonom nasaemun COVID-19, B0 BpeMs KOTOPOI 3aBOABI HE
paboTanu, a Takke YMEHbLINIACH aBTOTPAHCIIOPTHAS AEATENbHOCTb, YTO MPHUBENO K COKpalle-
HUIO BHIOPOCOB M, CIeOOBaTeNbHO, K CHHKEHHIO CTOUMOCTH OUOKCHAA Cephbl.
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Puc. 4. Vepeanennsie sHauenus 1uokcua cepsl (SO-) B armochepronm Bosavxe r. Epesana (mr/v’)
AT BCEX HADMIOAATE IbHBIX MYHKTOB ropoaa, 2014-2020 rr.

Fig. 4. Average values of sulfur dioxide (SO:) in the atmospheric air of Yerevan (mg/m®)
for all observation points of the ¢ity, 2014-2020
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BoszaeiicTBue nuokcHaa cepbl B KOHLEHTPALUMIX BhILIE MpeleNbHO OONYCTUMBIX MOXKET
NPUBOIUTD K CYLUECTBEHHOMY YBEJMUYEHHIO pasNUuHbIX Gone3Hel abIxaTeNbHBIX MyTel, Bo3oeii-
CTBOBATh HAa CJM3HUCTbIE OOOJOYKH, BbI3BIBATH BOCMATEHHE HOCOIJIOTKH, OPOHXHTBI, Kallefb,
XPHIIOTY H 00JIb B ropne [Axkumos, 2017].

Ha puc. 5, 6 npuBeneHa OMHaMHKa KOHLUEHTpPaUMU NbIIM 101 Beelt Tepputopun Epesana
(2015-2020 rr.). 3a Bce obcyskOaeMble rodbl CpenHss rogoBas KOHLEHTpALUs MbITH B CpeaHeM
npesbiana [IJIK npumepno B 1,2-1,5 pasa. Cample HH3KHE 3HA4UEHHs KOHLEHTPALMH NbUTH Obl-
M 3aperucTpupoBaHsl B 2018 r. BricokHe 3HAYeHHs KOHLEHTPALUH MbUTH B aTMOCHEPHOM BO3-
nyxe EperaHa oOycioBNeHbl Kak MPUPOIHO-KIUMATHUECKHUMH YCTOBHAMH U IPYTHMH HCTOYHHU-
KaMH 3arpsA3HeHUs, Tak U Ae(pULHUTOM 3eNeHbIX TeppuTopHil. OCHOBHBIMM HCTOYHUKAMHM 3arps3-
HeHHUs BO3nyxa B EpeBaHe ABJNATCA TPAHCMIOPT, MPOMBILJIEHHOCTD, 3HEPIE€THKA, TPafOCTPOU-
TEBCTBO.

HauOonplwiuil yoenbHblil Bec 3arpsA3HeHUs BO3Ayxa HaOmwoaaeTcd B aIMHHUCTPaTHUBHOM
paiione Kentpon (Ne 7 u 18) (puc. S, a), KOTOpHIH XapakTepu3yercs:

— Hanmu4HeM OOpa30BaTeNbHBIX, KYJIBTYPHBIX, PHHAHCOBO-0aHKOBCKHX, OQUCHBIX, Npa-
BUTENIbCTBEHHBIX YUPEKASHHIT,

— DOJIBLUOTO KOMHYECTBa aBTOMOOUEH, BHIOPOCHI KOTOPBIX HEraTHBHO BIMAIOT Ha Kaye-
CTBC aTMOC(epHOre BO34yXa,

— MUIOTHOCTBK) H BBICOTOH 3JaHHH M COOPYXKEHHH, YTQ NPENATCTBYET OUULIEHHK) aTMO-
chepHOro BO3ayXa OT NbLIH U APYTHX MPOMBILIIEHHBIX BBIOPOCOB.
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Puc. 5. KoHugHTpauus 3arpsa3HeHUS MbLIbIO aTMOCheph! 1O HAOIIIATE IbHBIM ITYHKTAM (a)
U MEXI010BOC H3MEHEHHE KOHUEHTpauui neutu (§), r. Epesan
Fig. 3. Concentration of atmospheric dust pollution by observation points (a)
and interannual change in dust ¢cong¢entrations (b), Yerevan

Jakaouenue

ConepxaHue aszoTa B aTMocepHOM Bo3ayxe I Epemana mpepbicuno 3HadeHue [IJK
Tonbko B 2017 1., a B 2018 r. oHO npudansunock k sHaveHH ITJK.

B nenom, kOHLEHTpaLMA AHOKCHAA Cepbl B aTMOC(pepHOM BO3ayxe r. Epesana Ha
NPOTAKEHHUH BCeX M3YUeHHBIX JIET HUKoraa He npesblwana 3HadeHue ITJK u Obina B npene-
nax HOPMBI.

Konuentpauusa neim B aTMochepHOM Bo3ayxe EpepaHa 3a BCe U3y4€HHBIE TOfbl Mpe-
sbiasa [IJK, 4To co3paeT cepbesHble NPOOIEMbl ¢ TOYKH 3PEHHS 3KOIOTHH H, KOHEHHO, 310p0o-
BbA JHOOEH.

ConepsxaHue a30Ta M JHOKCHAA Cepbl, a TaKKe MbUIH B LEIOM Bbllle B aAMUHHUCTPATHB-
HOoM paiioHe KeHTpoH, 4To 0BycoBneHO BBICOKOH ypOaHH3aLHel, H HMEHHO 3Ta 4acTb ropoaa
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HCTIBITBIBAT HAUOONBLIVIO aHTPONOTEHHYIO HAarpy3ky. A Takke Ha 5TOM y4acTKe Majo o3ele-
HEHHBIX TePPUTOPHIL.

HurepecHo To, 4re ¢ 2019 r. HAdMOOANOCh CHUXKEHHE 3HAUEHHI HCCNEAYEMbIX 3JIEMEH-
TOB B CTaThe, UTO OOYCJOBJIEHO KAPAHTHHHBIMH OTPAHHYEHHSIMH, OCYLUECTBIEHHBIMH rOCynap-
CTBOM BoO Bpems snuaemun COVID-19.
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