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PaccMoTpeHbI TOTH TIepPBOTO MCIBITAaHUS H3MEpHUTeThHOIO KOMILTeKca, NpeHa3HauYeHHOTo /g MCCJIe0BaHNuI
CoJlep>KaHusI a9pPO30JbHBIX MpHUMecell 1 MeTeomapaMeTpoB. Ha ocHoBe pesyibraToB usMepenuil B aBrycre 2022 r.
[IPOBE/IEHO CPAaBHEHNE OIBITHBIX 00PA3I0B KOMILJIEKCA ¢ JAHHBIMU KaJUGPOBAHHOTO OINTHYECKOTO a9PO30JbHOTO CeH-
copa M cTalllOHAapHOH MeTeocTaHINK. [IpuBoauTCS onucaHue BBISIBJEHHBIX HEJOCTATKOB KOHCTPYKIIMH KOMILIEKCA,
00CY>KIAI0TCSI BApUAHTBI JOPAOOTKU YCTPOICTBA U pacIIUpeHus: ero (pyHKIIMOHAJBHBIX Bo3MoskHocTeil. [Ipencras-
JIeHbI TJIAaHBI 10 Pa3BePTHIBAHUIO MHOTOTOUEUHO! CeTH a’spo30JIbHBIX HabJoleHMil B I. EkaTepuHOypre 1 ero okpe-

CTHOCTAX.

Kniouesvie cnoea: armocdepnsiit asposonb, yactuibl PM, s, onrtuueckue cencopnl, Panasonic PM2.5, mac-
coBasl KOHI[EHTpAIlMsI, 9KOJOIHIeCKUi MOHUTOPHHT, Ypas; atmospheric aerosol, PM,s particles, optical sensors,
Panasonic PM2.5, mass concentration, ecological monitoring, Ural region.

BBeaeunne

Bo3HuUKHOBeHMe 3aJaul UCCJIEOBAHUS 3arpsi3He-
HUS OKpy:Kalollell cpeJbl gBJSETCS OJHUM U3 IIOCTe[]-
CTBHI 6yPHOTO HAYYHO-TEXHNYECKOTO IIpoTpecca M IJIo-
6asbHON MHAYCTPHATN3AINA Hallell TJIaHeThl B TTOCJIe/T-
Hee CToJIeTHe. IDJIEKTPUMUKAIA, pa3BUTHE IIPOMBIII-
JICHHOCTU W aBTOTPAHCIIOPTa CYIECTBEHHO WU3MEHWJIN,
KOJIMYeCTBEHHO I KadeCTBEHHO, COCTaB aTMOC(hepHOro
BO3/[yXa, B OCOOEHHOCTH Ha TOPOJCKOIl TeppUTOPHH.
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ITo manubiM BceMupHOil opraHm3anuu 3/paBooXpaHe-
nng (BO3) moutu Bce sxurenu 3emuoro mapa (99%)
JIBITIAT BO3YXOM, COIepKaHNe 3aTPS3HAIONINX BETeCTB
B KOTOPOM IIpeBbIIaeT pekoMeHAoBaHHble BO3 mpe-
JesbHO-JoyctuMble  kKoHteHTparun (ITIK) [1]. Tpu
3TOM B CTpPaHAX C HU3KUM W CPeJHNM YPOBHEM I0X0[a
HeTaTUBHOE BO3/eiicTBUE Ha 370pPOBbe HaceJeHWSI 3a-
TpsI3HeHNUs aTMocdepbl MPOSIBISeTCs B HanGosblIei
CTelleHU, TOCKOJbKY MMEHHO Ha HX TePPHUTOPHIO IPH-
XOJAUTCS HANOOJBbIINIT TPOIIEHT MUPOBOTO TPOMBIIILIEH-
HOTO TIPOM3BOJICTBA OJIarosaps JeleBoil padoueil cuie
1 HU3KUM CTaHJapTaM OXpaHbl TpPy/Ja U OKpyskaolileil
cpeapl [2]. Kak cieactBme, oKoJio 7 MJIH YeJIOBEK
B MHpe €KeroJHO YMUPAIOT WM3-3a NPUYUH, TaK WJIH
nHavye OOGYCJOBJEHHBIX 3arps3HeHNeM aTMochepHOTOo
Bozayxa [1].

YpoBeHb cofiep:KaHUS a’po30Jiell — B3BeCH TBep-
JIBIX, SKUJAKUX WU CMENIAHHBIX YAaCTUIl PAa3JUYHOTO CO-
cTaBa B Ta30Boil daze — oAMH M3 (HAKTOPOB, XapaKTe-
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PHU3YIONINX KayecTBO BAbIXaeMoro Bosayxa [3]. Oco-
60e BHUMaHIE YeJISIeTCS] MEJKOAUCIIEPCHOMY a3pO030JIi0
C 29POAMHAMHUYECKUM [UAMETPOM MeHee 2,5 MKM —
PM, 5 (or anru. particulate matter — B3BemenubIe wac-
THIBI), TPEACTABJSIONIEMY OIACHOCTh /IS 3/0POBbS
TP BJABIXaHUU U COCTOSIEMY B OCHOBHOM M3 IPOIYK-
ToB cropanusi [4]. [IpoHukast B opraHbl JbIXaHU, Yac-
itk PMy 5 JIerKo TMpeojioJieBaloT TKaHEeBbIil Gapbep
1, 6y Iyun TlepeHeceHHBIMT ¢ KPOBBIO, OCeaioT BO BHYT-
peHHUX opraHax. [Ipw AauTesbHOM BO3/EfICTBHU BHI-
COKHNX KOHIIEHTpAIUuil MEeJKOIUCIIEPCHOTO  a3PO30JIsI
Ha YeJIOBeKa TIOBBINIAETCS PUCK BO3HUKHOBEHUS TSKe-
JIBIX 3a00JieBaHU, TaKUX KaK HireMudeckass 6oJie3Hb
cepla, WHCYJbT, MTHEBMOHUS, XPOHMYECKasT OOCTPYK-
TUBHAg O60JIe3Hb JIETKUX ¥ OHKOJOTHUSA, BIJIOTH [0
mpeskaeBpeMeHHON cMeptn [S5]. [l1s9 olleHKH YpoBHS
a3PO30JIBHOTO 3arpsi3HEHUS] U COMYTCTBYIONIEH OIacHo-
CTH /i HAaceJleHUs 10 BCEMY MUDPY ITIPOBOJATCSI He-
TIpepbIBHbIE HATYPHbIe U3MepPEHUs CO/epPKAHUS MUK-
pouactuir PM, 5 B atmocdepe [6], ndygaiorcs 3aBucu-
MOCTb KOHI[EHTPAI[UH a3P030JI OT METeOPOTIOTHIECKUX
mapaMeTpoB MPHU3EMHOTO CJI0sI Bo3AyXa [7], BiusHue
KOHKPETHBIX HUCTOYHUKOB PMys [8, 9] um kpaTko-
CpOYHOe Bo3/lelicTBUe BBICOKMX KoHIeHTparuit [10]
Ha 37I0POBBE JKMBBIX OPTaHu3MoB. OTIeTHHOTO HCCJIe-
JTOBAHUS 3aCTy>KUBAIOT AaHOMAJIbHBIE COOBITHS TI06ATH-
HOTO WJIH JIOKAJBHOTO MacliTaGoB, TP BO3HUKHOBe-
HUU KOTOPBIX HAOJIOAeTcsl CYIIEeCTBEHHBI POCT MU
ImajieHne cofiep:XaHUS asposoJeil B atMocdepe, Kak,
HampuMep, B MEPHUO JKeCTKOI M30JATNN M3-3a TaH/e-
mmn COVID-19 [11, 12].

Ha CpenneM Ypaie pacriosnoskeHo 6OJIbIIOE KOJIH-
YeCTBO TPEANPUSATHI MeTaJUIyprid, TSDKeJOH U XUMU-
YeCKoil oTpaciell IIPOMBINLJIEHHOCTH, BCJIEJCTBHE YeTo
HeoOXO/INM PEeTYJISIPHBINT KOHTPOJb 32 COCTOSHUEM aT-
MocdepHOro Bo3ayxa. KpymHemmM ropofoM Y paib-
CKOTO permoHa siBisiercss ExatepmHOypr, Ha HUccJeno-
BaHUEe YDPOBHS 3arpsi3HeHUs] atMocdepbl B KOTOPOM
HalpaBjieHa Hay4YHasl JesITeJbHOCTb JTabopaTOPUU KO-
JIOTO-KJIMMATHYeCKNX Tpo6aeM Apktukn MHcTuTyTa
npoMbiiienHolt  axkosorun (UI19) YpO PAH. s
HaGJIIOIEHNST 32 COJIEPKAHUEM a3PO30JbHBIX MHUKPO-
YacTUI[ B MPH3EMHOM CJIOE BO3/yXa WUCIOJIb3yeTCs
JIBYXTOUe€YHAsI MOJleJb U3MepeHWil <«Topoj — (POH»:
TOPOJICKOIl TYHKT M3MepeHUil pacrojaraeTcsa Ha Tep-
putopun  MIID (56°50'59,9 c.m., 60°39'14,0 B.1.),
a IIyHKT (POHOBBIX U3MepeHnit — Ha yAajgeHuu ~ 70,5 KM
Ha TeppuTopun KoypoBckoit acTpoHOMIYeckoil o6cep-
BaTOpHH Y paibcKoro ¢eaepaqbHOTO YHUBEPCUTETA
(57°02'12,1 c.m., 59°32'50,4 B.1.) [13]. Kpyraoroamy-
Hble U3MepeHNs MO3BOJISTIOT OCYTIECTBIISATh CPABHUTEb-
HBIIl aHAJIN3 IUKJINYECKUX H3MeHEeHUl KOHIEHTPAIuu
aspo3osieli B ITUX TOUYKAX, OlEHUBATh <«(OHOBLIH»
YPOBEHb COJleP:KAHUS a’9PO30JbHBIX TpHuMeceil B pe-
THOHE W WX aHTPOIOTEHHYIO COCTABJAIONIYIO HAa TOPO/I-
ckoil tepputopun. [laHHbIE M3MepEHUl ABJSIOTCSI OC-
HOBOIl /1T MHOTO(MAaKTOPHOTO aHaIn3a 3aBUCUMOCTHU
KOHIIEHTPAIUU aTMOC(EPHOTO a3PO30Jist OT XapaKTepH-
CTHK OKpYysKaiotieil cpeznl [14].

IIpenmMyirecTBO JBYXTOUEYHON MOJe/IN M3MepPEeHUN
3akTodaeTca B ee mpocToTe. OHa TO3BOJIIET TIpOCIIe-
IUTh KayeCTBEHHOE Pa3jinviie B YPOBHE KOHIEHTpAIUU
MpH HEe3HAYNTEJbHBIX 3aTpaTaX Ha O0OCIyKUBaHUE
U WHTepKamu6poBKy mnpubopoB. OpHako cobupaeMast
B eIMHCTBEHHOIl <«TOpOJICKOI Toukey HH(OpPMAII He
MOJKET 0XapaKTepH30BaTh COCTOSIHHE BO3/AyXa B OIpe-
neleHHOM paifone. [l aHamm3a cofepKaHUS a3po3o-
Jig B MacmTabax BCero TOpoJa W OIEeHKH BKJIaJa KOH-
KPETHBIX JIOKAJBHBIX WCTOYHUKOB peNIeHo TepeiTn
K MHOTOTOYEYHBIM W3MepeHWSAM, Pa3BepHYB COOCTBEH-
HYIO ceTb HaOJIo/leHusI 32 aTMOC(epHBIM a3PO30JIEM.
CHpoeKkTHPOBaH M3MEPUTEIbHBI KOMILTEKC, 06ecredn-
BAIOIIUIl TOJIHOE YIIPaBJIeHHe XOJO0M HM3MepeHWil KOH-
LeHTpaImu aspososst PM, 5 u MeTeonmapaMeTpoB, e/IH-
CTBO W aBTOMATH3aINIO c60pa JAHHDIX.

Ilesm paboTBI — WCIBITAHNE KOMILTEKCA B peab-
HBIX YCJOBUAX, aHAJIU3 MOJTyYeHHBIX Pe3yJbTaTOB U WX
CpaBHeHNE ¢ JaHHBIMU KaJNOPOBAHHOTO a3PO30JBHOTO
ceHcopa ¥ CTallMOHAPHON MeTeOCTaHIUN.

K.oueBble KOMIIOHEHTDI H3MEPUTEJIBHOTO
KOMILJIEKCa

OCHOBY paccMaTpUBAEMOTO M3MEPHTENBHOTO KOM-
IUTEKCA COCTABJISIIOT MHHHUATIOPHBIE ONTHYECKHE CEHCO-
pot Panasonic PM2.5 [15]. Onu pa6oTaioT 1o cJeayio-
1IeMy TPUHIUIY: BCTPOEHHBIII HarpeBaTeJbHBIH 3Jie-
MEHT CO3[]aeT TPAJMEHT TeMIepaTypbl, 06pasylomuiics
TIPH 3TOM KOHBEKTUBHBIN MOTOK IEPEHOCHT a3PO30JIb-
HbIe YACTHUI[BI B 30HY OOTyYeHNS KPACHBIM CBETOINOIOM
(L = 625 um). Ilo yacToTe UMITYJIBCOB U HHTEHCUBHOCTH
PACCESTHHOTO Ha a9PO30JIbHBIX YACTHIAX CBETa OIpe/ie-
JITIOTCSL KOHIIEHTPALUSI M pa3Mep JeTeKTupyeMbIx ¢ho-
TOJMO/IOM YaCTHI[ COOTBETCTBeHHO. Pa3aMepHbIil quara-
30H OTPAHWYEH YACTHIIAMHU a3POJANHAMUYECKUM [IaMeT-
pom or 0,3 g0 2,5 MKM, MaKCHMaJbHOe 3HauyeHIHe
H3MepsieMoil  KOHIeHTparmn cocTap/sier 300 MKr/M°.
B koncTpykimu ceHcopa umeiotcs (hOTOJIOBYIIKH [T
MUHUMHU3AIIN  HCKAKAIONUETO Pe3yJIbTaT IIYMOBOTO
currana (puc. 1, a).

Cucrema ympabjeHuss u c60pa JaHHBIX DPeaTH30-
BaHa Ha 0asze MHKpoKoMibioTepa Raspberry Pi
(puc. 1, 6), o6ecneynBaOIIErO BHICOKYIO aBTOHOMHOCTD
U KOMIIAKTHOCTb M3MEPUTEJbHOTO KoMiulekca. [l
y106CTBa BelleHUsI CETEBbIX MHOTOTOYEYHBIX N3MepPEeHUH
pa3paboTaHo coGCTBEHHOE TPOTpaMMHOe oGecIieyeHue,
MO3BOJISTIONee OPTaHU30BaTh IEHTPATH30BAHHBIH CO0D
JMAHHBIX W WX BU3YAJIH3AII0 B DEXUME peaTbHOTO
BpeMenn. Yactp dyHKIUil M0 06pa6oTKe JAaHHBIX BBI-
MOJTHSIETCS  HEMOCPE/CTBEHHO  MUKPOKOMITBIOTEPOM,
CyIIeCTBEHHO yIpollagd UX AajbHeimuii anamm3. bima-
rofiapsi TMOJKJIIOYEHNI0 HEOOXOAMMBIX ILIAT PaCIIupe-
nus Kk Raspberry Pi MoxxHO moctnub skesaeMoii (hyHK-
IIHOHAJTBHOCTU KOMILJIEKCA, JOTOJHUB ero, K IpuMepy,
JaTYNKaMU  MeTeolapaMeTpoB. B paccmaTpuBaeMoM
KOMILIEKCE HCIOJIb3YIOTCSI JATYNKU TeMIepaTypbl BO3-
Jyxa 1 oTHocuTenbHol Baasknoctn SHT-31 (puc. 1, 6),
n3MepsIiollie TeMIEpaTypy B auanaszone or —40 o
+125 °C, a oTHOCHTENBHYIO BIasKHOCTD — oT 0 710 100%.
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Puc. 1. OcHoBHbBIE 2JIEMEHTHI K1 yciioBusa IpoBEAEHUA HUCIbITaHNA IIPOTOTUIIOB paspaéoTaHHoro HU3MEpPUTEJIbHOTO KOMILTEKca: d —

NpUHIMI paboThl ceHcopa Panasonic PMys; 6 —

BHEITHWI BUJ] 3J1eMEHTOB KOMILIEKCa B pasoépaHHoM BHE!: 1 — CEeHCOp Pana-

sonic PM2.5; 2 — mukpokommbiotep Raspberry Pi 3B+; 3 — matunk TeMmepaTypbl Bo3IyXa U OTHOCHTeJNbHOI BiraskHocTH SHT-31;

4 — nepexXoJHUK JJIf IIOJKJIIOYEHHS JOIOJHUTEIbHBIX JaTYUKOB; 5 — HOPTHI NepudepuitHoil anmaparypbl; 6 — IOPT A HOAKJIIO-

YeHNS 3JIeKTPOIHTAHUA; 6 — (DOTO PACIOJOKEHNS 3JeMeHTOB KOMILJIeKca BO BpeMs HCIBITAHUSA: 7/ — CHCTeMa yIIpaBJIeHUS CEHCO-

POM B 3alIUTHOM Kopiyce; 8 — cercopbl Panasonic PM2.5 (Ne 33, 34, 35) B samuTHOM Kopmyce; 9 — KaJuGPOBAHHbBINA CEHCOP
B 3aIlUTHOM KOpILycCe; 2 — CXeMa PACIIOJOXKeHU YCTPOICTB BO BpeMs HCIBITAHII

Pe3yJIbTaTI)I IMepPBbIX HCIbITAaHUH KOMILIEKCA

B 2022 r. 6p111 co6paHbl TpH OMBITHBIX 06pasiia
usMepuresbHoro komiekca (ceracopsl Ne 33, 34 u 35;
Pe3yIbTaThl I3MepeHi MoCcTIeJHeT0 He pacCMaTpUBAIOT-
cs B JaHHOHN cTaTbe, MOCKOJLKY OH OBLI U3BAT NS
UCIIOJb30BaHusA B MHBIX Iienisnx). CeHcopbl ObLiu pas-
MellleHbl Ha Kpbllile MeTeoKoHTeliHepa (Ha BbIcoTe TIpH-
MepHO 2,5 M Ha/l TIOBEPXHOCTHIO 3eMJIN), PACIOJIOKEH-
Horo Ha Tepputopnu WIID u mpenHasHaueHHOTO /IS
HelpepbIBHBbIX aTMocdepHbix Habmogenuii (puc. 1, 6).
ITepBble ucnbiTanus npopoauwiauch ¢ 1 mo 31 asrycra
2022 1. COBMECTHO € OTKAJINOPOBAHHBIM KOHTPOJLHBIM
ceacopoM Panasonic PM2.5. Ncnosb3yemble omnTHde-
CKHe CEHCOPbl MNPOXO/AT €XKEeTOJHYI0 KAJIMOPOBKY
C TOMOIIBIO TIOBEPEHHOTO pu6opa, a uMeHHO Huddy-
3MOHHOTO a’p030JbHOTO crekTpoMerpa JAC 2702-M
[16, 17]. Opnako B aBrycte OH He OBLI [OCTYIEH
I paGoThl, TI03TOMY HCIIBITAHHE OIBITHBIX 06pa3IoB
N3MEPHUTETBHOTO KOMILIEKCA CBOJIIOCH K UX TOBEpKe
C KOHTPOJIBHBIM CEHCOPOM.

Crenyer OTMETUTD, UTO B TIepUO]l U3MepeHWil Ha-
6JII0JIATIOCH  BBICOKOE  CO/lepsKaHue a’pososist PM; s
B BO3/[yXe, BBI3BAHHOE AaHOMAJIbHO BBICOKOIl TeMIiepa-
TYpOil OKpYy:Kaiolleil cpelbl M JIECHBIMU TIOKapaMu
B CBep/JIOBCKOU U coceHUX 06JACTSAX, KOTOPBIE CO-
MIPOBOKJIATNICh YXYIIIEHNEM BHINMOCTH U OTYETJIH-
BBIM 3amaxoM rapu [18, 19]. MakcuMagbHBIH ypOBEHD
Habmogancsa 8—9 aBrycra, Korja KOHIeHTpaimsa PM, s
npeBbllIajga pekoMeHoBanuyio BO3 cpeaHecyTounyio
ITAK [20] nenpepbiBHO Ha mpoTszkeHun 19 4 co cpej-
HIM 3HaueHmeM 36 MKr/M° u cpeamecyrounyio IIJJK
110 OTeYeCTBEHHBIM HOpMaM [21] HellpepbIBHO B TeueHIe
549 cO CpeHUM 3HaueHueM 45 Mkr,/M° (110 JaHHBIM
KaJuOPOBaHHOTO KOHTPOJIBHOTO CeHcopa).

PesysbTaThl NCIBITAHUIT TOKa3aJIM He TOJBKO CXO-
JKyI0 IUHAMUKY W3MeHEeHWS KOHIIEHTDAIMN I BCeX
cercopoB Panasonic PM2.5, HO n BBICOKHII ypOBeHD
COOTBETCTBHS aGCOMOTHBIX 3HaveHuil (puc. 2, a). Ha
IuarpaMMax pPacCesTHUsl Pe3yJIbTaTOB H3MepeHHs CeH-
copoB Ne 33, 34 um kontposnbHoro (puc. 2,6 u 6)
MOKHO 3aMeTUThb HEKOTOPYIO CTYMEeHYaTyIo CTPYKTYpPY
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¢ TIOPOTOM OKOJI0 35 MKT,/M°, BbIllle KOTOPOTO PA3HHIIA
B TIOKa3aHMUAX CEHCOPOB Bo3pacTaeT. Bo3Mo:kHOI mpH-
YUHOU B OTKJOHEHUU Pe3yJbTaTOB TPH BBICOKUX KOH-
I[eHTPAIUIX IBJAeTCA U3HOC ONTHUECKONH CHCTeMbI KOH-
TPOJIBHOTO ceHcopa, paboraiomiero ¢ 2016 r. u, Bepo-
SITHO, HYK/JAIOUIErocsl B TEXHUYECKOM OOCIIY KMBAHUU
(ounctka smH3). Takie 3TH OTKJIOHEHHs] MOTYT OBITH
CBg3aHbl € PA3JNYMSIMU B KOHCTPYKLIMM 3aIlUTHBIX
KOPIIYCOB CEHCOPOB: B OTJINYHE OT ONBITHLIX 06pa3iioB
KOHTPOJIBHBIH CeHCOp IOMeIlleH B IOJINIIPONNIEHOBBII
BEHTUJIATNOHHBIN «TpU6» I TOTIOTHUTETbHON 3aIUTHI
ot ocaakos (cM. puc. 1, ). B mo6oM ciydyae s BbI-
SICHEHHs1 TIPUYMHBI BO3HUKHOBEHUSI 3TUX OTKJIOHEHMUI
TIpeJICTaBJIsIeTCS HEOOXOAUMBIM TIPOBECTH COBMECTHYIO
TIOBEPKY OIBITHBIX 06Pa3IOB HM3MEepPUTEJbHOTO KOM-
IJIeKca U KOHTPOJIBHOTO ceHcopa oTHocuTesnbHo [JAC
2702-M, xenaTelbHO B IIUPOKOM JHMalia30He KOHIIEH-
tpauuil. Ilpu coxpaHeHuUHU CTyneHYaTroil CTPYKTypbI
KaJIMOPOBKY CEHCOPOB OY/eT KOPPEKTHee BbINOJHATD
Ha OCHOBe JIBYX JIMHUN perpeccuu sl HU3KUX U BbI-

cOKNX KoHIeHTpauuii. [Ipm 3ToM mopor pasaeneHus
JAaHHBIX CJeAyeT ONpeAessATh MCXOAd M3 TpeGOBaHUA
MakcnMu3anun Kosdduimenta getepMuHaumn R s
006e1X 3aBUCUMOCTEI.

Mesxny cob6oit cencoppr Ne 33 u 34 JeMOHCTPH-
PYIOT BBICOKHUII YpPOBEHb KOPPEJSINH, OJHAKO TaKKe
Hab6JiolaeTc HEKOTOpas aHOMasbHasg 06JacTh, B KO-
Topoil cencop Ne 33 3aBpimaer uau ceHcop Ne 34 3a-
HIKaeT pe3yabTaThl (puc. 2, 2). 3aMeueHo, UTO JAaHHast
06J1acTh XapaKTepHa JJISI <HOYHBIX» M3MepeHHil, MeK-
ay 3axomoM u BocxogoMm Cosnia (B cpeiiHeM 3a pac-
cMaTpuBaeMbIii nmepuoa 3axox Comnma 6b11 B 20:30,
a Bocxo/ B 05:30). D10 MOsKeT GbITh CBA3AHO C yCUIle-
HIeM KOHBEKTHBHOTO BO3IYIIHOTO IOTOKA B «JHEBHOE»
BpeMs, BBI3BAHHOTO HArpeBOM KpBIIIN MeTeOKOHTeli-
Hepa [0 BO3JeHcTBUEM COJNHeYHbIX Jydell (cMm.
puc. 1, ¢). V3-3a ycusieHus IepeHoca Bo3[AyXa B pa-
60uyio 06JaCTh CEHCOPOB, pPa3MeNleHHBIX Ha KpBIIle,
«[THEBHBbIE» W3MEPEeHUs CTAaHOBUJINCH O6oJiee COTJIaco-
BaHHBIMU. BepodTHO, MaHHBIH 3((dEKT He MPOABUIICS
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Puc. 2. PesyabTrarhl n3aMepeHus KoHueHTpauu PM, 5 IpoToTHIIaMu U3MepHUTeIbHOTO KoMILTekca B epuoj ¢ 1 o 31 aBrycra 2022 r.

a — JMHaAMUKa U3MeHeHUsT KOHIEHTPaIuu aspo3ost PMy s miust cencopoB Ne 33 u 34 ¥ 11 KOHTPOJIBHOTO ceHcopa ¢ 12-4acoBbIM

paspeleHueM. /[narpaMMbl PacCesTHUS Pe3yJIbTaTOB M3MePEHNS: 6 — KOHTPOJBHOTO ceHcopa u cercopa Ne 33; 6 — KOHTPOJIbHOTO

ceHcopa u cercopa Ne 34; 2 — cercopoB Ne 33 u 34. Ha pmmarpamMMax mpejcraB/ieHbl JaHHble, ycpeaHeHHble 3a 10 mMuH: o —

«aueBHble» usMepenua (05:30—20:30), o — «Hounbie» (20:30—05:30). Cpeanecyrounas IIJIK asposonss PM,;, cormacHo «Iimo-

GambHBIM pekoMeHzanusaM BO3 mo kauectBy Boszmayxa» (IPKB 2021), cocrasiser 15 Mkr/ M°, [0 OTeUeCTBEHHBIM cTaHIapTaM
(IIIK Poccust) — 35 Mkr/M°
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JUIT KOHTPOJIBHOTO CeHCOpa BBUAY WHOW KOHCTPYKITHH
3amuTHoro kopmyca. Ilo uroraMm ucnbiTaHuil B JAaJib-
HellllleM peleHo MPUBECTH KOHCTPYKIHIO BCEX UCIIOJIb-
3yeMbIX CEHCOPOB K €JMHOMY BH/Y C JONOJHUTEIbHOI
3aIIUTOH OT OCAJKOB.

OTnesbHOI 3a/jadeil SBJSAJIOCH CpaBHEHUE IOKa-
3aHuil gatuynkoB MeteonapamerpoB SHT-31 u yabrpa-
3BYKOBOil MeTeocTaHInu «Meteo-2» [22], a Takke Me-
TEOIaHHBIX, MPEJOCTABISIEMBIX BeG-PECYPCOM <«IPS.rus»
(touka  pacuera B ExarepunGypre:  56°50' c.u.,
60°38' B.1.) [23]. N3 rpaduka BpeMEeHHOTO XO[a TeM-
neparypbl Bo3zayxa (puc. 3, @) BUAHO, 4YTO Ha TIEPBO-
HauaJIbHOM 3Tame mcubitanmii (mo 11.08.2022 r.) gat-
yukn SHT-31 «auem» (05:30—20:30) meMoHCTpUpOBa-
JIN 3aBBIIIEHHOE 3HAYeHUEe TeMIIEPATYPbl OTHOCUTEIBHO
nokasauuii «MeTeo-2» (cpefHss aMILUIUTy/a BapUalluu
cocrapasma 11,9°C). Ilpu stom <«Hounble» (20:30—
05:30) pesybTaThl TOKa3bIBaIN BBICOKHI ypOBEHb CO-
orBerctBus (puc. 3, 6) gaHHBIM MeTeocTaHuun (cpe-
Has amiuuTyAa Bapuaiun — 1,0 °C) u caiita <rpS.rus.
OueBUHO, YTO <«JHEBHOE» PaCXOKIEHHE SBJISAETCS
CJIeICTBAEM BO3/IEHCTBUS TIPSIMBIX COJTHEUHBIX JIydeil, ma-
JIAIOIUX Ha MoBepXxHocTh gatunka SHT-31 (puc. 1, 2).
ITocme  cMeHBI ~ Kopmyca  JepsKaTessd — JaTIWKa

No 33 — Ne 34

Temnepatypa Bosayxa, °C

...... Meteo-2 ¢ rp5.ru

(c 12.08.2022 r.) cuTyarusi U3MEHWJIACH, U PasJiuyue
B <«/IHEBHBIX» TeMIlepaTypaxX 3HAYUTEJbHO YMeHbIIH-
soch (cpemHue aMILIUTYAbI BapUallUMl COCTABUJIH 5,5
u 0,8 °C 3a «JHEBHOIT» 1 «HOYHOI» MEPUOJBI COOTBET-
CTBEHHO). BbIlo/IHeHHOE cpaBHEHHUE TIOATBEeP:K/1aeT KPH-
TUYHOCTD TIPABUJIBHOTO PACTIOJIOKEHUS JaTINKa B TPO-
CTpaHCTBe: TIPU yCTAaHOBKE M3MEPUTETBHOTO KOMILIEKCA
B ITyHKTE MOCTOSTHHOTO MOHUTOPUHTA KOPITYC JiepsKaTeJis
narunka SHT-31 cieayer 3amumarh 10 BO3MOKHOCTH
OT BO3/IefICTBUS MPSAMBIX COJIHEYHBIX JIydeil.

[Ipn m3MepeHMU OTHOCUTENbHOI BJIa’KHOCTH BO3-
ayxa (puc. 3, 6) pasHMIA MeXIy ITOKa3aHUAMHI JaT-
YUKOB U MeTeOCTAHI[NN He WMeJa SIPKO BBIPAKEHHOIT
3aBHCUMOCTH OT CMeHBI JHA M Houu (CcpeJHSAd aMILIH-
Ty/la Bapualuu 3a «JHeBHOIl» nepuoa o 11.08.2022 r.
cocraBasiia 17,4%, 3a «HouHol» — 15,2%). Kyna 6o-
Jee odeBHAHO, 4yTo maTuynkn SHT-31 cucreMaTnmuecku
TTOKA3bIBAIN 3aHIKEHHbIE Pe3yJbTaThl O CPaBHEHUIO
¢ «Meteo-2». ITlocne cMeHBI KOopityca JepsKartess AaT-
YMKa CHTyalUsl HECKOJbKO yJaydruaach (cpeanne am-
wmTyapl  Bapuanmit 10,5 u  9,8% 3a  «aHEBHOI»
U «HOYHOH» IepUObl COOTBETCTBEHHO), HO ofllee 3a-
HUKEHHe Pe3yJ/IbTaToB ocTtaioch (puc. 3, 2). Ormerum,
YTO TIPN CPABHEHUHW MOKA3aHUI JATYNKOB C JTaHHBIMU
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Puc. 3. PesyabraTbl u3MepeHus MeTeollapaMeTpOB IIPOTOTHIIAMM U3MepUTeJbHOro KoMIliekca B mepuoj ¢ 1 mo 31 asrycra 2022 r.
a, 6 — BpEMEHHBIE XOIbl TEMIEPATYPbI W OTHOCHUTETbHON BIAKHOCTH BO3/yXa, MOJYYEHHBIE C MOMOMbIO AaTdnkoB Ne 33
u 34, mereoctaniuu «MeTeo-2» U 10 JaHHBIM caiiTa «rp5.ru» (pe3ynbTaTbl U3MEPEHUil JaTYMKOB U METEOCTAHIIUH IIPE/ICTABJIEHDI
¢ 10-MUHYTHBIM paspellleHHeM, JaHHbIE ¢ cafiTa — ¢ MaKCHMaJbHO MOCTYIHBIM 3-4acOBbIM); 0, 2 — IMArPaMMbl PacCesHUs pe-
3yJIbTaTOB M3MepeHHs TeMIlepaTypbl I OTHOCUTEJbHOH BJIAKHOCTH BO3AyXa s AaTdnKoB Ne 33, 34 1 MeTeocTaHINW [0 U IOCJIe
(11.08.2022 r.) cMeHbI KOpIIyca Aep KaTesis 1aTYMKOB. Ha auarpamMMax mpe/cTaB/ieHbl yepeaAHeHHbIe 32 1 4 JaHHbIE; © — «IHEBHbIE>

uamepenus (05:30—20:30), o — «Hounbie» (20:30—05:30)
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cafiTa «rpS.ru» cUcTeMaTHYecKoe 3aBBINIeHNe WJIH 3a-
HIDKeHNe pe3yJbTAaTOB He HabJIofaeTcs W M3MepeHs
BBITJIAAAT GoJiee corstacoBaHHbiMU (puc. 3, 6). TeM He
MeHee «TOYKa pacuera MeTeoJaHHbIX» (rp5.ru) Haxo-
mutcst Ha paccrosHun 3 kM ot MIID, uro BHOCUT m0-
TOJHUTETbHYIO PA3HUIy IPH CPAaBHEHNH IOKA3aHIH.
Bo3MoxHO, TIOTyueHHBlE [JaHHbBIE CJIeAyeT TPAKTOBATDH
KaK 3aBbIlIeHNe Pe3yJbTaTOB W3MepPEHUsT OTHOCHUTETh-
HO#l BJIaXKHOCTH MeTeocTaHIueil «Meteo-2». [lna mon-
TBEPJKJEHUS] WM OINPOBEPIKEHUsI 3TOH TUMOTE3bI pe-
IIIEHO BBIMOJHUTD HOBYIO MOBEPKY METEOCTAHIIUH.

OTMeTHM, YTO HCHBITAHNUS ONBITHBIX 06PA3IOB W3-
MepUTeJIbHOTO KOMILIeKca IIPOIOJIKUINCH oceHbio 2022 T.
OpHako pu NaJeHUN TeMITePaTyPhl OKPY KAIOIIET0 BO3-
nyxa Hibke +5 °C 3amuch pe3yJabTaTOB M3MePeHMil CeH-
copa Panasonic PM2.5 ocyiecTB/sIach HEKOPPEKTHO
(¢ momoGHBIMU TIPOGJIEMAME CTOJNKHYJIUCH U JPYTHE
HayuHble rpynmbl [24]). TpuuuHoii ommbok B pabote
YCTPOHCTBa CTadl OCOGEHHOCTH B IPOTPAMMHOM Kojie
mepenayn  JaHHbIX. [locse ycTpaHeHWS HeMOIAI0K
paccMOTpeHHbIe 06pasiibl KOMILIEKCa € YHUPHUIHPO-
BaHHBIM 3aI[UTHBIM KOPITYCOM ILIAHUPYETCS BBHICTABUTH
Ha UTOTOBYIO Kaiu6poBKy coBMectHOo ¢ [JAC 2702-M
U TepeiTH K pa3MeIleHWI0 YCTPOUCTB B BBIOPAHHBIX
MYHKTaX CO3/]aBaeMoil MHOTOTOYEYHOI CeTH.

ILranbr NMEPCHEKTUBDI

Jlnga ocymiecTBIeHHS 3aJadu IOITAITHOTO pPa3Bep-
TBIBAaHUSI MHOTOTOYEYHOIl Hay4YHO-UCCJIe[0BATETbCKOIT
CETU a’PO30JIBHOTO MOHUTOPHHTA HA OCHOBE PAacCMOT-
PEHHOTO M3MepUTETHbHOTO KOMILIEKca cpOpMHIPOBAH PSif
KpHUTepUeB pasMellleHns eJMHUYHBIX ITYHKTOB Ha6JIio-
neHns. Bo-TlepBbIX, TePPUTOPHAIBHBIN: N3MePUTeTbHbIE
ycTpolicTBa O6YAyT paclojaraTbcsl Ha JAOCTAaTOYHOM
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yAaJleHuu Apyr oT Apyra IS oXBaTa Pa3/IMyHbIX paii-
OHOB TOpOAa W/WJIN Pa3JINYHBIX (DYHKIIMOHAIBHBIX
30H — CIaJIbHOM, TTapKOBOIi, O6IEeCTBEHHOH, MPOMBIII-
JIEHHOM, TpaHCHOPTHOH WHQPACTPYKTYpbl u 1p. Bo-
BTODBIX, TeXHUUECKWil: /I obecriedeHMs] CTaGUIbHOM
paboThl ycTpoiicTBa HEO6XOIUMO MOCTOSTHHOE 3JIEKTPO-
MUTaHue, JJisi aBTOMATHYECKOTO c60pa U MepeJadn JaH-
HBIX — JIOCTYIl K HHTEpHeTy, [JIs1 IeJIOCTHOCTH U CO-
XPaHHOCTH KOMILJIEKca — 3allUTa OT BaHAAIU3Ma.

B cooTBeTcTBUM € 3TUMHU KPUTEPUSAMHU TOTOBBIE
YCTPOICTBa TJIAHUPYETCS pa3MeliaTb Ha TePPUTOPHUHN
apyrux mHcTHTyToB YpO PAH, KopmycoB n ¢uma-
jg0B Yp@DY (puc. 4, a). IIyHKT HempepbIBHBIX aTMO-
cepHbpIx n3Mepenuit Ha Tepputopun U1 craner mep-
BBIM TOPOJICKIM 3BeHOM Oynayieil ceTu; 31ech ke 6yaeT
pACTIOIOJKeH eINHBIH cepBep XpaHeHHS U 06pabOTKH
AaHHbIX. Cilepylomuil IIyHKT U3MepeHHs y:Ke COIJIaco-
BaH u OyJeT HaxoauTbcad B MHCTHTYTe Temaopu3nKu
¥YpO PAH. /laHHbIft HHCTUTYT PacIoJiaraeTcs B JIPYyTroM
paiioHe TOpo/ia, B HEIIOCPEACTBEHHOIT GJIM30CTU K O3KUB-
JIEHHOI1 aBToZOpOre, T/e B 4achl MUK, KaK IPaBUJIO,
HaGJII0[AI0TCA  «BBICOKOGA/LIbHbIE» IIPoOKH  (TpaHc-
noprHast 30Ha). O6CYKIAIOTCS HOBblE BapUAHTBL: [IPO-
mpiteHHasg 3oHa (r. Bepxusa IlbmmmMa), mapkosast
(Borarnuecknii cag YpO PAH), o61ecTBeHHO-/1e/10Bast
(MHCTuTyT ecTecTBeHHBIX HayK U MaTeMatuku YpdDY).

B UIIO pasBuBaeTca MeToanKa (GJIIONA-JTOKAITIT
atMocdepst (DJIA), Mo3BoAIONIAsA TIOCTPOUTD CPEIHEE
a(pPexTnBHOE TI0JIe KOHIIEHTPAIINH ATMOC(HEPHBIX TIPU-
Meceil B IIPOCTPAHCTBE IO JAaHHBIM JIOKAJbHBIX H3Me-
penuii 6e3 mpuBIeYeHNS MHPOPMAIUU 06 UCTOYHHKAX
BBIGpOCOB TIpIMeceil B atMocdepy [25, 26]. [lna pac-
LIMPEeHUs BO3MOXKHOCTEH 3TOI MeTOJUKH IIaHUPYeTCs
pasMelieHre JOTOJHUTETHHBIX TOUEK N3MepPeHus B OK-
pectHocTaX ExatepmHOypra m IpyrHX ropojax ¥ pajib-
CKOTO PerroHa Ha JBYX KOJIbIIEBBIX Tpynnax (puc. 4, 6):
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Puc. 4. Kapra pacroyiokeHust JefCTBYIOIMX U IIAHUPYEMbIX MYHKTOB aspo30JibHOro Habmonenus B Exatepunbypre () u ero
okpecTHOCTAX (6)
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6JmkHUe MyHKThl MoHuTopuHra (B pazuyce 70 KM OT
ExarepunGypra), K KOTOPbIM OTHOCUTCS JeHCTBYIOIIAs
Touka <«(pOHOBBIX u3MepeHHil» B KoypoBckoil acTpo-
HoMHYecKoil o6cepBaTopunt YpdDY, u yraieHHble MyHK-
o1 MoHuTOpuHTa (B pammyce 300 kM). Bo Bzaumogeii-
CTBUM C HAYYHBIMH KOJIIEKTUBAMU JPYTHX PETHOHOB
MOXKHO Oy[eT peajn3oBaTb JaJbHUe ITYHKTbI MOHHTO-
pHUHTA, pacHosokeHHble B paguyce Gosee 1500 kM oT
Exarepun6ypra, 4To MO3BOJHUT CYIIECTBEHHO MOBBICUTD
TOYHOCTL pacueToB MetogoM DJIA mHa GoJbImoM Tpo-
CTPaHCTBE.

OHUM 13 KJIOYEBbIX JOCTOMHCTB HCIOJIb30BAHUS
pu6OpPOB COOCTBEHHOIT Pa3pabGOTKH SIBJISIETCSI BO3MOIK-
HOCTb WX BH/OM3MeHeHUs Noj TpeGyeMble 3aJa4H.
[IpencraBisieTcsl HepCeKTHBHBIM BOCIIOJIb30BATBCSI KOM-
MAKTHOCTBIO M3MEPUTEJBHOTO KOMILIEKCA U 3a/eiicTBO-
BaTh €T0 B IPOBeIeHNH M3MepeHHil BBICOTHOTO POt
cofiepKaHusI aTMOC(EPHOTO a3p030JIs ¢ MOMOIIbI0 6ec-
MIUIOTHBIX JIeTaTeJIbHBIX allllapaToB, a TaK:Ke MOOMIHHBIX
n3MepeHnil YpOBHS 3arpg3HeHHs BO3/1yXa B 06IIeCT-
BEHHOM TpaHcIopTe W Ha paboumx Mecrax [27]. Jlaa
KOMILIEKCHOTO aHAIN3a a3PO30JBLHBIX MUKPOYACTHUI]
BO3MOKHO pa3MellleHne IAaCCHBHOTO IPOGOOTOGOPHUKA
B eIUHOM KODIyCe C W3MEPHUTEJIbHBIM KOMILIEKCOM.
CoueTaHue KpYyTJIOTOAUYHOTO MOHUTOPHHTA KOHIIEH-
Tpanun aTMOc(epHOTO a’po30JI U aHAIN3a TePUOIH-
YecKN co6upaeMbIX TIPo6 MO3BOJHT IIOJyYaThb HHOP-
MaIllio 0 XUMHYECKOM COCTaBe YCJIOBHO IOCTOSIHHOTO
TOPOJICKOTO a3PO30JIbHOTO 3arpsI3HEHNUS, a TaKKe O COo-
CTaBe MUKPOUYACTHUI[, COOTBETCTBYIOINX aHOMAIbHO BbI-
COKIIM 3HAYeHUSAM KOHI[eHTPAI[HH.

3akouenue

UccnenoBanne 3arpsiHeHust aTMocgepHOro BO3-
JIyXa aspO30JIbHBIMH MUKPOYACTHIIAMU SIBJISIETCS AKTy-
aJbHOMN 3ajaueil /I OLIEHKH KauecTBa M 6e30IIacHOCTH
JKU3HU HaceJleHHs COBPEMEHHBIX TOPOZOB. PaccMor-
PEHHBII N3MepUTETbHBIN KOMIIEKC Ha 6a3e ONTHYeCKO-
ro cencopa Panasonic PM2.5 Mo)keT cTaTh OCHOBOIi
JUIT MHOTOTOYEYHOH CeTH MOHUTOPHUHTA aTMOCc(hepHOTOo
a3po030Jid, pa3BepThIBaHNE KOTOPOIl 0COGEHHO aKTyaslb-
Ho miug ExatepmHOypra — OMHOTO M3 KJIOUEBBIX IIPO-
MBIIIJIEHHBIX IIEHTPOB CTPaHbl. PacmpocTpaHeHHas CETh
a9PO30JIbHBIX HAOJIOJIeHUNl OTKPOET BO3MOKHOCTD H3Y-
YeHHWsS [IUHAMUKH 3arpsi3HEHHs TOPOJICKOTO BO3AyXa,
TTOMOJKET OTIPE/IEIUTh BJIUSHIE KOHKPETHOTO MCTOYHU-
Ka Ha MPOCTPAHCTBEHHOE paclipejiesieHne adPO30JIbHBIX
Mukpodactuil. OHa MpecTaBasgeT 0co0yTo MEHHOCTD /IS
TIpeAyIpeskAeHnsT PUCKa 30POBBIO KUTeJell B caydae
MOCTYIUIEHUST GOJIBIIOTO KOJMYECTBA 3arpPS3HSIONINX
BellecTB B atMocdepy. [IpuMepoM Takoro aHOMAaJIbHO-
ro coOBbITHS SBJsIeTCS CUJIbHBII cMor 8—9 aBrycra
2022 r., kormga Ha npoTs:keHuun 19 4 co cpegHUM 3Ha-
yeHHeM KOHIeHTpanuun PM,s B 36 MKr/ M° maGmoza-
JIOCh JIBYXKpaTHOe TIPeBBINIEHNE PeKOMEHJOBAHHOTO
BO3 cpennecyrounoro II/IK mo maHHBIM n3MepeHMii
Ha Teppuropuu UII9 ¥YpO PAH.

[TepBble MCTBITAHUSA OMBITHBIX O6PA3IOB W3MEPU-
TEJIbHOTO KOMILJIEKCA IEMOHCTPUPYIOT BaKHOCTH COBJIIO-
JIeHUS eJIMHBIX YCJIOBHIT KaJuGpPOBKU CEHCOPOB, 4TOOBI
rapaHTHPOBATb BBICOKOE COOTBETCTBUE MEXKIY U3Mepe-

HUSAMH KakJoro ImyHKTa Gyayuieit cetu. HabuogaeMbie
OTKJIOHEHHUSI B pe3yJbTaTaX M3MepeHHs CEHCOPOB IpH
KOHIIEHTPAIUSAX BBINIE 35 MKT,/M° rOBOPAT 0 HeoGX011-
MOCTH YHUMUIIUPOBATD KOHCTPYKIIUIO 3AIUTHOTO KOP-
myca U IPOBECTH /OMOJHUTEIBHYIO KaJlOpPOBKY € 6o-
Jlee TOYHBIM TOBEPEHHBIM CPEJCTBOM U3MEPEHUsI, Ke-
JIaTeJIbHO B IIMPOKOM [[Malla30He KOHIleHTpalwmii. BoJee
TOTO, OpTaHU3aNus KPYTJOTOAWYHBIX W3MepeHuil Tpe-
6yeT aTbHENIIET0 COBEPIIEHCTBOBAHUS ¥ J0PAaGOTKH
KaK KOHCTPYKIIMH, TaK U IPOTPAMMHON YacTH KOM-
wiekca. Ilocse ycrpanenust c60si 3amicu JaHHBIX TIPH
TeMIlepaType OKpysKaoleil cpeabl Hike +5 °C u uto-
TOBOII KaJmOpPOBKU 06pa3IoB KoMILTekca ¢ 6oJiee TOY-
HBIM IPHOOPOM IJIAHUPYETCS MepeiiTh K pa3MeleHHIo
YCTPOMCTB B BBIOPAHHBIX IIYHKTaX CO37aBaeMOil MHO-
TOTOYEYHON CEeTH a’PO30JHbHOTO MOHUTOPHHTA. llpen-
CTaBJIeHHbIE PE3YJIbTaThl MOTYT IIOCHOCOGCTBOBAThH pea-
JIN3AIIU HAIHOHAJIBHOTO TIPOEKTA « IKOJIOTUST>.

BaarogapHoctu. Boipaskaem oco6Gyio GJarogap-
Hocth Bacwinio AnekceeBuuy Ilomay6HoMy, Bemyiiemy
HayuHoMy coTpyanuky UIID YpO PAH, 3a npossien-
HYI0 BHUMAaTeJbHOCTb U MHOTOYNCJEHHblE IIpeJIosKe-
HU TI0 YJIyYIIEHHIO TeKCTa CTATbH.

Dunancuposanue. llcciresoBanue BbIIIOTHEHO IPH
¢uHanCcOBOI Toxmepskke PAODU B paMkax HaydyHOTO
mpoekTta Ne 19-05-50138.
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