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AHHOTAIIUA

JlaHHast cTaThbsl TOCBSIICHA AaHAJIM3y COBPEMEHHBIX IOAXOJOB K pa3paboTke u
BHEJIPEHUIO CUCTEM MOHHMTOPHMHIA KayeCcTBAa BO3/JYyXa B YCJIOBUSX KPYITHBIX TOPOIOB.
brictpast ypOanu3zanus 1 UHAyCTpUaIU3alus MPUBOIST K 3HAUUTEIIbHOMY 3arpsi3HEHUIO
aTMOC(EpHOro BO3/yXa, YTO OKA3bIBAET HETATUBHOE BIMSIHUE HA 3I0POBBHE HACEIEHUS
U COCTOSIHHUE OKpy:Karoieu cpenbl. B pabote paccMmaTpuBarOTCs pa3iidyHbIE THUIIBI
TEXHOJOTUA MOHUTOPUHTA, OT TPATULUUOHHBIX CTAIlMOHAPHBIX TIOCTOB [0
MHHOBAIMOHHBIX MOOWJIBHBIX CEHCOPHBIX CETe U CIYTHUKOBOTO HaOIIOJICHMUS.
OO0cyKnaroTcst KIFOUEBbIE ACTEKThI CO3JaHUSI KOMIUIEKCHBIX CHCTEM, BKIIIOUAIOIIMX
cOOp NTaHHBIX, UX 00pabOTKy, MOJCIMPOBAHUE PACIPOCTPAHEHUS 3arps3HUTENCH U
BU3YyaJIM3aIMi0 UHPOPMAIIUU JIJIST TUPOKON OOIIECTBEHHOCTH M JIMII, TPUHUMAIOIINX
peumieHus.  Bploensitorcss  NpeMMyIecTBa — WCIOJIb30BaHUA  BBICOKOTOYHBIX,
paclpeneseHHbIX W JIOCTYIHBIX CHUCTEM MOHUTOPHHIA JUIsl  ONEpPaTUBHOTO
pearupoBaHusl Ha KpPU3UCHBIE CHUTyallMW, IUIAHUPOBAHUS TPaOCTPOUTEIHHOTO
pa3BUTHS W OUEHKH  A(OPEKTUBHOCTH  TPHUPOAOOXPAHHBIX  MEPOTPUSTHA.
OIHOBPEMEHHO aHAIM3UPYIOTCSI OCHOBHBIE MPOOIEMbI BHEIPEHUSI, TAKUE KaK BHICOKHE
3aTpaThl, HEOOXOAUMOCTh CTaHAAPTU3AIMH JJAHHBIX, 00ECIIEYEHNUE UX TOCTOBEPHOCTH U
WHTETpalys pPa3po3HEHHBIX HCTOYHUKOB uHMopManuu. Crarhsi MOJYEPKUBACT
KPUTHYECKYIO POJIb TAKUX CUCTEM JIJIsi 00€CIIEYEHHUs IKOJIOTMYECKON OE30MacCHOCTH U
YCTOWYUBOIO PAa3BUTUSI TOPOJICKUX arjioMepariui.

KiroueBbie cjioBa: MOHUTOPHMHI KadecTBa BO3/AyXa, 3arpsisHEHHE aTMochephl,
ropoJicKasi cpejia, CEHCOPHBIE CETH, IKOJOTUYECKast 0€30MacCHOCTh, OONbIINE JaHHBIE,
MO/JICJIMPOBAHUE 3arPSI3HEHNUM, YCTOMYMBOE Pa3BUTHE.

1. BBeaenue

KauecTtBo armocdepHoro Bo3ayxa sBISETCS OJHUM U3 BaXHEHIUX (aKTOpoOB,
OTIPEICIISIONTNX 3I0POBhE HACEJICHUS U COCTOSIHUE OKPYXKAIOIIEH Cpelibl, 0COOCHHO B
KPYITHBIX TOPOAaxX U MPOMBILIIEHHBIX HeHTpax. [lo nanubiM BecemupHol opranu3zanuu
3npaBooxpaHenus (BO3), 3arpsisHeHue BoO3Ayxa SBISETCS OJHOM W3 TJIAaBHBIX
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HKOJIOTUYECKUX YTPO3 Ul 3/I0POBbSI UYEIIOBEKA, €XKETrOoJHO MPUBOAS K MUJUIMOHAM
NPEeKIEBPEMEHHBIX cMepTeil. OCHOBHBIMM MCTOYHHMKAMH 3arps3HEHHs] B TOpOAax
ABIIIOTCS TPAHCIOPT, MPOMBIIUICHHBIE MPEANPHUATHS, JHEPreTUKa U SKUJIMIIHO-
KOMMYHaJIbHBIM cexkTop. /[t sddexkTuBHOro ympaBieHHs KadyeCTBOM BO3TyXa
HEOOXOJUMO HMETh TOYHYIO, OINEPaTHBHYI0O M KOMIUICKCHYI0 HWH(GOpPMAILUIO O
KOHIIEHTPAIUAX 3arPS3HAIONINX BEIIECTB.

TpaniuuuOHHBIE CUCTEMBI MOHHUTOPUHIA, COCTOSILIME W3 OrPAaHUYEHHOrO YHCIIA
CTallMOHApHBIX IIOCTOB, HE BCErjga CIOCOOHBI MPENOCTABUTH IOJIHYK KapTUHY
IIPOCTPAHCTBEHHOTO M BPEMEHHOI'O PACHPEICICHUS 3arpsA3HUTENEH B YCIOBUAX
rOpoJACKO arimomepanuu. B mnocnennue ronpl, Onaronapss pa3BUTHIO CEHCOPHBIX
TE€XHOJIOTHI, WH(OPMAIMOHHBIX CHCTEM W METOJIOB aHaiu3a OOJBIIUX JIAHHBIX,
MOSIBWJIACH  BO3MOXKHOCTH ~ CO3/1aBaThb  PACIHpPENECICHHBIE, BBICOKOTOYHBIE WU
HKOHOMUYECKH 3 (PEKTHUBHBIE CHCTEMBI MOHUTOPHUHTA. L{ebI0 TaHHO CTaThU ABISAETCS
aHaJIM3 COBPEMEHHBIX IMOAXOJOB K pa3padOTKE W BHEAPEHUIO TaKHX CHUCTEM,
0o0CYyXJIeHHE WX NPEUMYLIECTB U MpoOJieM, a TakKe OINpPEJEICHUE IEepPCIEKTUB
JANbHEHNIIEro pa3BUTUSI B KOHTEKCTE YCTOMYMBOTO rOPOJCKOTO Pa3BUTHSL.

2. JlocTH:KeHHs B pa3padoTKe CHCTEM MOHMTOPHHIA KA4eCcTBA BO3/IyXa

CoBpeMeHHbIE CHCTEMbl MOHHMTOPMHIA KauyecTBa BO3/yXa IHPEJICTaBIAIOT COOOM
CJIO’KHBI€ KOMILJIEKChI, HHTETPUPYIOIIKE PA3INYHbIE TEXHOJOTHU cOopa U 00pabOTKU
JTaHHBIX.

2.1. PaciimpeHue 1UAana3oHa TeXHOJIOTWI MOHUTOPHHIA

ITomumo TPAaAUIMUMOHHLEIX CTAMOHAPHBIX IIOCTOB HaﬁJ]IOI[eHI/IH, HCITOJIB3YIOIINX
BBICOKOTOYHOC 3TAaJIOHHOC o6opyz[013aHI/Ie, AKTHUBHO PAa3BUBAIOTCA U BHCAPATIOTCA HOBBIC
IIOAXOAbI:

Huskocroumoctabie cencopubie cetm (LCSN): Dto pacmpejeiieHHbIe CceTH
KOMITAKTHBIX U1 OTHOCUTEJIbHO HEJIOPOTUX TATYNKOB, KOTOPBIE MO3BOJISFOT 3HAYUTEIILHO
YBEJIMYUTH IUIOTHOCTh TOYEK MOHUTOpHHra B ropoae. HecMoTpss Ha MEHBIIYIO
TOYHOCThH IO CPAaBHEHUIO C DTAJIOHHBIMU CTAHIUSAMHU, OHU OOECIEYMBAIOT BBICOKYIO
JIeTaIu3aI|io MPOCTPAHCTBEHHOTO pacpeeiCHuUs 3arpsi3HUTENCH U MOTYT OBITh JIETKO
MaciTaOupoBaHbl. Takue CeTH MOTYyT ObITh YCTAHOBJICHBI Ha 3/IaHUSIX, (DOHAPHBIX
cTOJI0aX, OOIIECTBEHHOM TPAHCIOPTE WM JaXe MHTETPUPOBAHBI B HOCHUMBIE
YCTPOMCTBA.

MoOuwibHbIA MOHUTOPHHI: lcnonb30BaHWE MATYMKOB, YCTAaHOBJICHHBIX Ha
TPAHCIIOPTHBIX CpelICcTBaX (aBTOMOOWIM, OCCHMIIOTHBIC JeTaTeIbHBIC alllapartel,
BEJIOCHUIIE/IbI), MO3BOJISIET MOJIY4YaTh JAHHbIE O KauyeCTBE BO3[yXa BJAOJb MapIIPyTOB
JIBUKECHUS, CO3/1aBast TUHAMUYECKHUE KapThl 3arPsI3HCHUS.

CnyTHUKOBbIH MOHUTOPUHI: CHIYTHUKH, OCHAUIEHHBIEC CIEIUATU3UPOBAHHBIMU
CIIEKTPOMETPAMH, MOTYT HW3MEPSATh KOHIICHTpAIlMU 3arpsi3HUTENe (Hampumep,
JTUOKCHIAa a30Ta, JUOKCHIA cepbl, (opMaipaeruaa, al’po3ojie) Ha OOJIbIIHUX
TEPPUTOPHSIX, TIPEIOCTABIISISA I100ATbHBIA M PETHOHAIBHBIA KOHTEKCT ISl Ha3eMHBIX

U3MEpPEHUN.
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NuTerpanus ¢ MeTeopoIoru4ecCKUMH JaHHbIMHU: KauecTBO BO3/1yXa TECHO CBA3aHO
C METEOPOJIOTMYECKUMH YCIOBHSIMU (HAINpPaBIEHUE U CKOPOCTh BETpa, TEMIIEPATypa,
BJIQXKHOCTh, OCaJKu). MIHTerpamus 1aHHBIX METEOCTAHLIUN MO3BOJISIET CTPOUTH OoJiee
TOYHBIE TPOTHOCTHYECKUE MOJIEIN PACIIPOCTPAHEHUS 3arPSA3HUTENCH.

2.2. Pa3BuTHE TEXHOJIOTHi 00PA0OTKHU JAHHBIX U MO/IEJIMPOBAHUSA
CoBpeMeHHbIE CUCTEMbl MOHUTOPUHTA HE OTPAaHUYMBAIOTCS ITPOCTHIM COOPOM JTaHHBIX:

Big Data u odaaunbie Texnojoruu: OrpoMHbIe 00BEMBI JaHHBIX, TEHEPUPYEMBIX
CCHCOPHBIMHU CETSAMH U JPYTUMHU UCTOYHUKAMU, TPEOYIOT MPUMEHEHHUS TeXHOJIoTHH Big
Data nns wux XxpaHenusi, o00paboTku u aHanmuza. OO0JgayHble MIATHOPMBI
00ecreynBaT MaclITabuPyeMOCTb U JJOCTYITHOCTh JIaHHBIX.

MamuHHoe o00y4YeHHe W MCKYyCCTBeHHbIH wuHTe/LIeKT (MU): Anroputmsl
MaIIMHHOTO 00yUY€HHUS UCTIONB3YIOTCS JUIsl KATUOPOBKH HU3KOCTOMMOCTHBIX JIATYUKOB,
IIPOTHO3UPOBAHUS KayeCTBa BO3/1yXa, BBIABJICHUSA UCTOYHUKOB 3arpA3HEHMS, a TAKXKE
JUISE MACHTU(UKAIIMA aHOMAJIMA U MaTTepHOB B JaHHbIX. MM mo3BossieT co3pgaBaTh
0oJiee TOYHBIE U aJalITUBHBIE MOJIENIM PACTIPOCTPAHEHUS 3arpsI3HUTENEH.
I'eoundpopmanuonnbie cucrembl (I'MC) m Bu3yaausanus: /[aHHbIE O KadyecTBe
Bo3ayxa uHrerpupyrorcsa B ' MIC, 4To mo3BOJAET CO3/1aBaTh MHTEPAKTUBHBIE KapThl,
TEIUIOBBIE KapTel W 3D-Mozenu pacnpenesieHus 3arps3HuTenci. Busyanuzanus
uH(pOpManuu AenaeT ee JOCTYIHOM W TMOHSATHOM i IIMPOKOW OOIIECTBEHHOCTH,
OpPraHOB BJIACTH U HAYYHBIX KPYTOB.

2.3. [IppuMeHeHne U MPpeUMYIIECTBA

OddexTuBHBIE CHUCTEMBl MOHHTOPHMHTA KadecTBa BO3[yXa MPUHOCIT MHOKECTBO
MIPEUMYIIECTB:

OnepaTuBHoe uHdopmupoBanue HacejeHusi: [IpenocraBneHue uHpoOpMaLMK B
peaJIbHOM BpPEMEHHU IMO3BOJISIET TrOpo’KaHaM NPUHHUMATh OOOCHOBAaHHBIE PELIECHUS O
CBOCH aKTUBHOCTU Ha YJHIE, OCOOEHHO MJisi YSI3BUMBIX TPYII HaceJaeHus (JeTH,
MOKUJIBIC JIFO/IU, JIFO/IUA C PECIIUPATOPHBIMU 3a00JI€BaHUSIMM).

Honaepxkka NPUHATHA pelleHUil: /[aHHbIE MOHUTOPHMHIA SBISIOTCA KPUTUYECKH
BAKHBIMU Il TPAJOCTPOUTENIEH, SKOJOrOB M MECTHBIX BIIAaCTEW MpuU pa3zpaboTKe
CTpAaTeruii  COKpAILlEHHUsS BHIOPOCOB, IJITAHUPOBAHUM PA3BUTHS  TPAHCIOPTHOM
MH(DPACTPYKTYPhl U Pa3MEIICHUH MPOMBILIIEHHBIX OOBEKTOB.

Ounenka J(QPeKTUBHOCTH  NPHUPOAOOXPAHHBLIX  MeponpusaTHii:  CHCTEMBI
MOHUTOPHUHTA MO3BOJSIOT KOJIMYECTBEHHO OLICHWBATH BIMSHHUE BHEIPEHHBIX MEp IO
CHIDKEHMIO 3arpA3HEHM, TAKMX KaK BBEICHUE DKOJOTUUECKUX 30H WIA MOJEPHU3ALINS
IIPOU3BOJICTB.

Hay4Hnble ucciaenoBanusi: IlosydeHHbIE JaHHBIE SABIAIOTCA LIEHHBIM PECYPCOM UL
V3YUYCHHUS BIUSHHUS 3arpsA3HEHUS BO3AYyXa HA 3J0POBbE, KIIMMAT U DKOCUCTEMBI.



3. [IpobGy1eMbl BHeIpeHHUsI CCTEM MOHMTOPHHIAa KA4eCcTBa BO3yXa

HeCMOTpﬂ Ha 3HAYUTCIIbHBIC JOCTHXKCHMA, pa3pa60TKa N BHCAPCHUC KOMINJICKCHBIX
CUCTCM MOHUTOPHHI'A CTAJIKUBAIOTCA C PAAOM BbI3OBOB!

3.1. Boicokue 3aTpaTbl M (pUHAHCHMPOBAHME

Coznanne W NOAJEp)KAHUE PA3BETBICHHBIX CETEM MOHUTOPUHIA, OCOOEHHO C
MCIIOJIb30BaHUEM ATAIOHHOTO 000pyAOBaHUsA, TPEOYIOT 3HAUUTEIbHBIX (PUHAHCOBBIX
BJIOKEHUH. XOTS HU3KOCTOMMOCTHBIE JATYMKW CHIDKAIOT 3Ty NpoOieMy, I HX
KaJauOpOBKU U 00€CHedeHUsl JOCTOBEPHOCTH BCE PaBHO HEOOXOAMMBI CYLIECTBEHHbBIE

peCypChl.

3.2. JIoCTOBEPHOCTH U CTAHAAPTU3aLMSl JAHHBIX

OOGecrieueHre TOYHOCTH W HAJEKHOCTHU JAHHBIX, OCOOEHHO OT HU3KOCTOMMOCTHBIX
JATYUKOB, SIBIIIETCSl cepbe3HOM mpobiemoii. HeoOxonuma perymsipHas KainOpoOBKa,
BepudUKaIs U BaIuaalus JaHHbIX. Kpome Toro, 0OTCyTCTBYET eIMHAasi METO0JIOTHSI U
CTaHAapThl g cOopa, 0OpabOTKM W TPENCTABICHUS JIaHHBIX, YTO 3aTPYIHSET
CpaBHEHUE U MHTETpaIyio HHPOpMaIIUU U3 PA3TIUYHBIX UCTOUYHUKOB.

3.3. UnTerpanusi 1 COBMECTUMOCTH CHCTEM

Yacto B ropomax CymECTBYET HECKOJBKO pPAa3pO3HEHHBIX CHUCTEM MOHHMTOPHHTA,
VIIPABJISEMBIX PA3JIMYHBIMU BEJIOMCTBAMHM WM OopraHu3anusMu. UHTerpaumsi 3TUx
CHCTeM B ¢auHylo IuiatGopMy, OOECleUYeHHEe WX COBMECTHUMOCTH U CO3J/IaHHE
IIEHTPAJIM30BaHHbIX 0a3 TAaHHBIX SBJISICTCS CIOKHOW TEXHUUYECKOW M OPTaHU3aIIMOHHOM
3aJlaueH.

3.4. KaapoBblii nepuuut

Jlns pa3paboTKu, 0OCITY>KUBAHUS M aHAJIN3a JIAHHBIX CJIOXHBIX CUCTEM MOHUTOPHUHTA
TpeOYIOTCSI BBICOKOKBATU(UUIMPOBAHHBbIE CHENMAJTUCTBI B OOJACTH HKOJIOTHH,
MH()OPMAITMOHHBIX TEXHOJIOTHI, METEOPOJIOTHH U aHaIM3a JaHHBIX. JlepuimT takux
KaJIpOB MOKET 3aMeJISATh BHeIpeHue U 3(HEKTUBHOE MUCTIOIB30BAHUE CHCTEM.

3.5. Unopmannonnasi 6€30MacHOCTb U MPUBATHOCTH

CO6op 60J1bI1I0T0 00BbEMA JAHHBIX, B TOM YHCIIE O IEPEMEIICHUSIX MOOUIILHBIX JaTYMKOB,
MOJJHUMAET BOMNPOCHl HMH(GOPMAIMOHHOM 0€30MacCHOCTH U NPHUBATHOCTH.
HeoOxoaumo obecneunTh HAASKHYIO 3alIUTy JAHHBIX OT HECAHKIIMOHUPOBAHHOTO
J0CTyTIa ¥ UCTIOJIb30BAHMUS.

4. 3akaoueHue

Pa3pa60TKa N BHCIAPCHHUC COBPCMCHHLIX CHCTEM MOHHTOPHHI'A KadC€CTBa BO3yXa
ABIKOTCA KPHUTHYCCKHM BaKHBIMH  IJIA obecrnieueHus YCTOﬁqHBOFO pasBUTUA H
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HKOJIOTMYECKOI 0€30I1aCHOCTH KPYMHBIX ropo1oB. JlocTrxkeHNs B 0071aCTH CEHCOPHBIX
TEXHOJIOTHM, aHanu3a OOJIbIINX JAHHBIX U UCKYCCTBEHHOT'O MHTEIJIEKTa MO3BOJSIOT
co3maBaTh OoJyiee IUJIOTHBIE, TOYHBIE M OINEPaTUBHbIE CHUCTEMBI, CIOCOOHBIE
MPEIOCTaBUTh IITyOOKOE MOHUMAHUE COCTOSIHUS aTMOC(hephl. DT CUCTEMBI HE TOJIBKO
UH(GOPMUPYIOT HACeJICHHE M TMOACPKUBAIOT NPUHATHE PEIICHUH, HO U CIyXaT
MOIIHBIM ~ MHCTPYMEHTOM JUIsi  OLEHKH 3(P(EKTUBHOCTH  MPUPOJOOXPAHHBIX
MEPONPUATHN U IPOBEICHNS HAYYHBIX UCCIEIOBAHNMN.

OpHako IS MOJIHOTO PACKPBITHS MMOTEHIMANIA TAKUX CUCTEM HEOOXOUMO MPEOOJIETh
psi1 3HAYUTEIBHBIX POOJIeM, BKIIIOYasi BHICOKHE 3aTPAThl, BOIIPOCHI CTAHIAPTU3AIUH U
MHTETpAallMi  JaHHBIX, O00ECleYeHue WX  JOCTOBEPHOCTH U  TOATOTOBKY
KBaJIM(DUIIMPOBAHHBIX KaJpoB. KoMIIeKCHBIN MOIX0J], BKIIOYAIONIUN MHBECTULIMU B
UHPPACTPYKTYPY, pa3pabOTKy €IUWHBIX CTAaHIAAPTOB, PA3BUTHUE MEXKIMCHIUITMHAPHBIX
KOMaH/ ¥ aKTHMBHOE BOBJICYCHHE OOIIECTBEHHOCTH, CTaHET KJIIOYOM K CO3JaHHUIO
3¢(hEeKTUBHBIX W  YCTOWYHMBBIX CHCTEM MOHHMTOPHMHTa KauecTBa  BO3IyXa,
CIIOCOOCTBYIOLIMX CO3JaHHUI0 OoJiee 3A0pOBOM M KOM(MOPTHOW TOPOACKON Cpenbl
OyIylIero.

Jlureparypa

byrycop W.B., Kum B.E. Pa3paGoTka cucremMbl MOHUTOpUHIA 3arps3HEHUs
aTMoc(epHOro Bo3Ayxa B Troponae. BectHuk MOCKOBCKOrOo rocyJIapCTBEHHOTO
obnactHoro yauBepcutera. Cepust: EcrectBennnie Hayku. 2022. Ne 3. C. 60-68.

BacuibeB A.H. CrucreMbl MOHUTOPUHTA Ka4eCTBA aTMOC(HEPHOT0 BO3yXa: MOAXOAbI U
MEePCHEKTUBBI. DKOJIOTUS U NTpoMblliieHHOCTh Poccun. 2021. T. 25. Ne 4. C. 52-57.

HoBocenos A.JI., Cunoperko B.B. MoHuTOprHT KadecTBa aTMOC(hEpPHOTO BO3TyXa C
WCIIOJIb30BAHUEM CETH HHU3KOCTOMMOCTHBIX JaT4ukoB. [IpuOOphl W  CHCTEMBI.
VYmpasienue, KOHTpoJb, quardoctuka. 2023. Ne 2. C. 48-53.

CmupuoB C.A. Ilpumenenue reoMH()OPMAIMOHHBIX CHUCTEM [Jis aHaiu3a |
BU3yaJIU3alluM JaHHBIX MOHUTOPMHIA KaudecTBa Bo3ayxa. BectHuk Poccuiickoro
yHuBepcuTeTa  ApykObl  HapogoB.  Cepusi: Oxosoruss M 0€30MacHOCTb
xusHenestenpHocT. 2020. T. 28. Ne 1. C. 34-42.

ITormoB B.I'., 3axapoB II.A. MHTerpanus NaHHBIX Pa3IMYHBIX CUCTEM MOHUTOPHHIA
KadecTBa atMocepHoro Bo3zayxa. Merposorus. 2022. Ne 5. C. 3-8.



