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AnHOTanus. TeXHOIOTHH, TIO3BOJISOIIHE TIPOU3BONTE ONICPATHBHBIM MOHUTOPHHT (DAKTOPOB OKpYXKaroIIeH
Cp€abl U yCJIOBI/Iﬁ MIPOXXKUBaHWA HACCJICHHA C OHeHKOP'I HX YJICJIIBbHOI'O BKJIaJa B MHTCTPAJIBHBIC IMOKA3aTC/IN
OKOJIOTHYECKON O€30MacHOCTH TEPPUTOPHH, SIBIAIOTCS ONHUM W3 YCJIOBHMA TPUHSATHS ONTHMAIBHBIX
ympaBieH4YecKux pemneHuit. Llempro  wmccnemoBaHus  sBisieTcs  pa3paboTka  reorH(OPMAIIOHHO-
AQHATUTUYECKOM MOJIETH, TIO3BOJISIIONIEH CHCTEMATH3UpPOBAaTh M3YyUYEHHUE IMapaMETPOB HKOJIOTHYECKOUN
0e30macHOCTH  YpOaHW3UPOBAaHHBIX TeppUTOpuii ToponoB lleHTpamsHOo-UepHO3éMHOTO pernona Poccrm
(Boponexa, Jlumenka, benropoma). s TOCTIOKEHMS MTOCTABICHHON IETM CO3MaHa T'eOMH(OPMAITHOHHAS
cucteMa <«KoJIorMyeckasi Oe3omacHOCTh ropoaoB llentpanbhHoit Poccum», conepkamias 4 pasgena —
MIPUPOIHBIC YCIIOBHS, MHUKPOKIMMATHUYECKHE YCIOBHA, COIUAIBLHO-PKOHOMUYECKUE YCJIOBHS, MOJIENb
«Oxonorudeckasi 0€30MacHOCTh HaceneHus». [laHHbIe, comeprKaiecs: B IEPBBIX TPEX pa3zienax, MOTyIeHBI
HA OCHOBE KOJIOr0-TEOXUMHUYECKUX HCCICIOBAHUN, MaTEPHUAIIOB TUCTAHIIMIOHHOTO 30HIMPOBAHUS 3eMIIH, a
TaKKE MHOTOJICTHEW CTaTUCTUKH. B pamkax wMojenn «OKojoruueckas Oe30MacHOCTh HACEICHUS
TIPOM3BE/ICHA OIIEHKA YNENHFHOTO BKJIa[la B MHTETPAIBHBINA MOKA3aTelb AKOJOTHUECKON Oe30MacHOCTH Kak
MPSAMBIX (PAaKTOPOB — DKOJOTHYECKHX YCIOBHU HCCIIEMyeMBIX TOPONOB, TaK M KOCBEHHBIX (DaKTOpOB —
COIMAIIBHO-3KOHOMUYECKUX M MHUKPOKIMMATHYSCKUX yclioBui. Pa3paGoraHHas reorH(OPMAIOHHO-
aHaJIUTHYECKas: MOJIENIhb MOKET BBICTYIATh B POJIH CIPAaBOYHOTO MaTepHANa YIS PUHATHS YIIPABIEHYECKIX
PEIIeHUI 110 ONTUMHU3AIMY Ka4eCTBa OKPYKAIOIIEH Cpelibl, palMOHAIbHOMY TIPHPOIOIIONB30BAHHIO, a TAKKE
pa3paboTKe PerHoHATEHON SKOJIOTUIECKOM TIOTUTHKH.
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Abstract. Technologies that allow for operational monitoring of environmental factors and living

conditions of the population with an assessment of their specific contribution to the integral indicators of
environmental safety of the territory is one of the conditions for making optimal management decisions.
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The purpose of the study is to develop a geoinformation and analytical model that allows to systematize
the study of environmental safety parameters of urbanized territories of cities in the Central Chernozem
region of Russia (Voronezh, Lipetsk, Belgorod). To achieve this goal, the GIS "Ecological safety of cities
in Central Russia” was created, containing 4 sections — natural conditions, microclimatic conditions,
socio-economic conditions, the model "Ecological safety of the population”. The data contained in the
first three sections are obtained on the basis of ecological and geochemical studies, materials of remote
sensing of the Earth, as well as long-term statistics. Within the framework of the "Environmental safety of
the population™ model, the specific contribution to the integral indicator of environmental safety of both
direct factors — the environmental conditions of the studied cities, and indirect factors — socio-economic
and microclimatic conditions was assessed. The developed geoinformation and analytical model can act
as a reference material for making management decisions on environmental quality optimization, rational
nature management, as well as the development of regional environmental policy.

Keywords: geoinformation mapping, urbanized territories, urban pollution, anthropogenic pollutants,
environmental safety, Earth remote sensing data

Acknowledgements: The research was carried out with the financial support of the Russian Science
Foundation, project 20-17-00172.

For citation: Yeprintsev S.A. 2022. Geoinformation and Analytical Assessment of Environmental Safety
of the Cities of the Central Chernozem Region. Regional Geosystems, 46(3): 398409 (in Russia).
DOI: 10.52575/2712-7443-2022-46-3-398-409

BBenenune

CoBpeMeHHbIE YpOaHU3UPOBAHHBIE TEPPUTOPUM IPEICTABIIAIOT COOOM CIIOKHBIE MHOTO-
KOMIIOHEHTHBIE CHCTEMbl, KOHEYHOI LIEJIbI0 KOTOPBIX SIBJIAETCS 00eCreueHNe BBICOKOTO YPOBHS
xu3Hu Hacenenus [Kpynko, Hlynsruna, 2019; Cadonos, ['myxos, 2021]. CrnaxkeHHbIe B3aMMOCBSI-
34 pa3lIUYHbIX KOMIIOHEHTOB FOPOJICKUX CHUCTEM — 3TO OCHOBA YCTONYMBOI'O Pa3BUTHUSI TEPPUTO-
puu [I'ya3s, yOpoBckas, 2018]. Haunnast co Bropoit nonoBunsl XX B. B Poccuu u apyrux pa3su-
TBIX CTpaHaxX MUpPa HaOJIIOJIaeTCs CYIIECTBEHHbIN pOCT SKOHOMUYECKOT0 OJIarOCOCTOSHUS Hacee-
Hus [Enpunues u ap., 2019a]. IIpu aToM HeraTuBHOM NPONU3BOAHOM TaHHOTO MPOLIECCA BHICTYIIAET
pPOCT  QHTPOIIOTEHHOTO  3arpsi3HEHUs]  aTMOC(ephbl,  MPOBOLMPYIOLIETO  SKOJIOTUYECKH-
00ycIlioBNICHHBIE 3a00JI€BaHUs Y HACEIEHUs, TEM CaMbIM Hapyllas IIeJIOCTHYIO CHCTEMY YCTOWYM-
BOT'0 pa3BUTHsI ypOaHU3UPOBAHHBIX TeppuTopuii [Enpunues u np., 20196; Kyponan u ap., 2019].

Bomnpock! sxonoruueckoil 6e30nacHOCTH M €€ yJeNbHOTO BKJIaJa B MHTErPaJIbHBINA MOKa-
3aTeab YCTOMYMBOIO Pa3BUTHUSL TEPPUTOPUU AETAIBHO M3YUYEHbl BO MHOTHX TPYy/aX OTEUECTBEH-
HBIX UM 3apyOexxHbIx uccienoparenedt. Tak, H.C. Kacumossim u np. [2014], A.A. Kemnnepowm,
B.U. KyBakunsim [1998], C.A. Kypomanom u ap. [2019], O.B. KnenukoBeiMm u ap. [2021],
B.B. ITpoxopoBeiM 1 1ip. [2007] omucaHbl MPUYUHHO-CICICTBECHHBIC CBSI3H (POPMHUPOBAHHUS OYa-
TOB 3KOJIOTUYECKU-00YCIIOBJIEHHBIX 3a00J1€BaHUI U TMOSBICHHE 30H 3KOJIOIMYECKOro pucka. B
YaCTHOCTH, KOHIIETILIUS SKOJIOTUYECKOr0 pUCKa, 00OCHOBaHHAs B TPYAAX BEIYLIMX OTEUYECTBEH-
HbIX TurueHucToB: [.I'. Onumenko u ap. [2014], b.A. Pesuya u ap. [2015], }O.A. Paxmanuna u
ap. [2015], ucxonut U3 TOro, 4TO COYETAHUE B OKPYKAIOUIEH Cpele MOTEHLHAIbHO ONAaCHBIX
XUMHUYECKHUX BEIIECTB U JIPYIMX BPEIHBIX IKOJIOTUYECKUX (DAaKTOPOB CO3AAET yrpo3y 3J0POBBIO
4eJI0BEKa.

OCHOBHBIM YCJIOBHEM Kaue€CTBEHHOW OLIEHKH KOJIOTMYECKON 0Oe30MacHOCTH SIBJISIETCS Orepa-
THUBHOCTB B aHAJIM3€ MApaMETPOB OKPYXKAIOIIEH Cpeibl, UTO OCTUTAETCs OBICTPOTOH 00paboTKU reo-
JIAHHBIX, KOTOPBIE B CBOKO OYEPE/b JIOJDKHBI B ITOJTHOM MEpE OTPaXKaTh PENPE3CHTATUBHOCTD OT/IENb-
HBIX BBIOOPOK, YTO JIeNIaeT X OONIBIIMME 110 00bEMY [MexaHTbeB 1 Jp., 2021]. Takxke BaKHBIM KpH-
TEpUEM SIBIISIETCSI IPOCTOTA B IOCTYITHOCTH M CHCTEMATU3alus HCXOIHBIX JaHHBIX ISl OJTy4YeHUs Ha
MX OCHOBE MH(OpMAIWH, MO3BOJISIONIEH MPUHATH YIpaBleHYeCKHe pelieHus. JlaHHble yCIoBus Jie-
JIat0T HEOOXOJUMBIM HCIIOJIb30BAHUE COBPEMEHHBIX Te€OMH(OPMAIIMOHHBIX TEXHOJIOTMH M JTAaHHBIX
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JMCTAHIIMOHHOTO 30HMPOBAaHUS 3eMJIM MIPU OLIEHKE AKOJIOTMYECKON 0€30MacHOCTH ypOaHU3UPOBaH-
HBIX TeppuTopuii [Jlebenera u ap., 2021; Jluceukuit u ap., 2021].

Bricokyio 3(ppexkTUBHOCTD HCIIONB30BaHUS T€OMH(DOPMALIMOHHBIX TEXHOJIOTUN B MPOBE-
JIEHUU DKOJIOTMYECKUX HUCCleoBaHui oTMeTwin B cBoux Tpyaax A.M. bepnsut, UK. Jlypse,
B.C. Tukynos, A.B. Komkapés u npyrue Benymue kaprorpads! [Apxumnosa, Enpunues, 2017].
Tak, reoskonorumueckuii atmac PecryOnmmuku MopaoBusi, CO3JaHHBIA TOA PYKOBOICTBOM
A.A. SImamikuHa, ctan sspkuM npumepomM perunoHanbHoi ['MIC, no3Bosisromeir 06001maTs u ore-
pPaTHBHO aHAIM3UPOBATH SKOJIOTUYECKYI0 MHPOPMALIUIO, YTO CHOCOOCTBYET ONTHMU3ALUHU TPH-
POAOIOJIb30BaHKS HA PETMOHAIILHOM ypOBHE [SAMamikuH u ap., 2022].

B 2018-2019 rr. KoMIEKTHBOM HCCIEIOBATENCd TIOJ PYKOBOJACTBOM Ipodeccopa
C.A. Kypousana co3faH 3J€KTPOHHBIA MEIMKO-3KOJOTMYECKHIl aTiiac r. BopoHexa, BKIIOYaro-
IMA CIEAYIOLIUE Pa3eiibl:

e OKpyXarmmas cpeaa (IKOIOTHUecKuil (OH: MmapaMeTpbl TEXHOTEHHOT'O BO3ACHCTBUS
U 3arps3HEHHs] aTMOCQEPDI, MOYBBI, CHEKHOTO MOKPOBA; COCTOSIHHE POJHUKOB; PadallMOHHbII
¢oH; puToTOKCHYECKHE YIPPEKTHI; COCTOSHUE OUOTHI);

® 3J]0pOBbE HAcCENEHUs (II0 OCHOBHBIM COLMAIBbHO 3HAUMMbBIM KjaccaMm 3a00JieBaHUN
OTJIEIBHO JJISL B3POCIIOTO U JETCKOTO HACEICHUS [0 TePPUTOPUAM OOCTYKUBAHUS TMOTUKIMHHUK
ropoja);

® HSKOJIOTUYECKUE PUCKU Ul 3J0POBbSI HACEIEHUs (PUCKHU, CBSI3aHHBIE C MUKPOKJIMMA-
TUYECKUMH YCIOBUSMHU, TPOMBILUICHHO-TPAHCIIOPTHBIM BO3/IEUCTBUEM M TEXHOI'€HHBIM 3arpss-
HEHUEM T'OPOJICKON CPEJIbI).

DNEKTPOHHBIM MEIHUKO-3KOJIOTHUUECKUI ariiac I. BopoHexa 1aér KOMIUIEKCHOE Ipea-
CTaBlieHHE O (aKTOPax IKOJOTHMUYECKOW OE30MaCHOCTH TEPPUTOPHU TOPOACKOTO OKpyra ropoja
[Enpunnies u ap., 20196].

enbto HaAcCTOAILErO HCCIENOBaHUS SBISETCS pa3padoTka TeoMH(POPMAIMOHHO-
AQHAJUTUYECKON MOJENH, TO3BOJISIOIIEH CUCTEMATU3UPOBATh U3YUEHHE [1apaMETPOB IKOJIOruye-
CKOM 0€e30IMacHOCTH ypOaHU3UPOBAHHBIX TeppUTOpuil Topo 0B LlenTpansHo-UepHo3émHoOro pe-
ruoHa Poccun (Boponexa, JIunenka, beiaropona).

O0beKTHI U METOABbI UCCJICAOBAHUSA

Jnst apdexTrBHOrO obecreueHns: SKOJOrnIecKoil 6e30MacHOCTH HacelleHnsl ypOaHU3UpPO-
BaHHBIX TEPPUTOPUI U IPUHATHS PELIEHUN B COOTBETCTBUU C a/IEKBaTHOM yrpaBiieHUECKON popMy-
70 HeoOXoMMa CUCTEMa OINEPaTUBHOIO HKOJIOTMUECKOr0 MOHUTOPHHIA, MO3BOJISIONIAS CBOEBpE-
MEHHO pearupoBaTh Ha HW3MEHSIONMeEcs YCIoBUA. (PYHKIMOHMPOBAHME JAHHOM CUCTEMBI OCY-
IIECTBIIACTCS Ha OCHOBE T'C€OMH(OPMAMOHHBIX TEXHONOTWH. J[MHAMHKY MHOIMX MpPUPOJHO-
AQHTPONOT€HHBIX (PAKTOPOB TOPOCKOI Cpelibl 1IeTIecOo00pa3sHO aHAIN3UPOBATh MO JAHHBIM JUCTaH-
LIMOHHOT'0 30H1upoBanus 3emin [Apxunosa, Enpunues, 2017].

Pe3ynprarhl 3K0JI0r0-reOXMMHYECKUX UCCIEA0BAHUM, CTATUCTUYECKHUE JTaHHBIC, a TAKXKE
JTaHHbIE JUCTAHIIMOHHOTO 30HIUPOBaHUS 3eMJIM UCCIIEAYEMbIX TEPPUTOPUN 000OIIAIOTCS B CO-
3nanHyr0 Hamu ['YIC, 4T0 mo3BOIsSET MPOU3BOINTH KOMIUIEKCHYIO OLIEHKY 3KOJIOTMYECKOU CUTY-
aruu ropozioB L{TUP ¢ BeisiBIeHHeM (akTOpoB, BO3AECHCTBYIOUIMX Ha 3/10pPOBbE MPOKHUBAIOIIETO
Ha JaHHBIX TEPPUTOPUSIX HACEICHUS.

Jlnst aHaym3a MPOCTPAaHCTBEHHBIX JaHHBIX, 0000mEéHHbIX B [YIC, ucnons3yroTes pasiny-
HbIE TIOAXO0/BI. B OTAeNbHBIX Ccaydasx JOCTATOYHO MCHOJb30BAaHUE BU3YyAJIbHOIO AHAJIN3a — IIPU-
HATHE YIPABICHYECKHX pelIeHHi, Ha ocHoBe co3aHHbiX [ UC-kapt. B cutyanusx, TpeOyrommx
Oosee rIyOOKOro aHalM3a, MPUHATHE OJAHO3HAYHO MPaBWIbHBIX pemieHui Ha ocHoBaHuu ['MC-
KapThl HEBO3MOKHO, IIOCKOJIBKY UCIIOJIB30BAHUE OJHOIO JIMIIb BU3YAJIbHOIO aHaIM3a HE I103BO-
JSET TOJYYUTh TMOJIHYI0 MHQOpMAaIuio 0e3 JONOJHUTENbHON MaTeMaTHKO-CTaTUCTHYECKON U
reorH(OpMaIIMOHHOW 00PaOOTKHU JaHHBIX.
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Coznmannsie 'MMC-kapThl HccaeayeMbIXx ypOaHu3upoBaHHBIX TeppuTopuii [IUP obecneun-
BalOT: TOYHYIO IPOCTPAHCTBEHHYIO NPUBS3KY, 000OLIEHHME M CHUCTEMAaTH3aIUIO IOJYYEHHBIX
JaHHBIX, OTOOP, aHAJIN3 PENPE3CHTATUBHOCTH U aJanTallio Bcel MmocTynaromuieil napopmaiuu ¢
e€ MOCIEAYIOIUM XpaHEHUEM (€AMHOE aJpECHOE MPOCTPAHCTBO); HAIISAHOCTH M JOCTOBEP-
HOCTh HH(OPMAIINH JIJIS IPUHATHS PEIICHUH 0 aICKBAaTHON yIpaBICHUECKOH (hopMylie; aHaIu3
JUHAMUYECKUX XaPAKTEPUCTUK HUCCIEAYEMbIX MPOIECCOB U SIBJICHUI; aBTOMATU3AIUIO PEIICHUS
MIPUPOJTOOXPAHHBIX 337a4, C Y4ETOM OCOOCHHOCTEH TEPPUTOPUHU; BO3MOXKHOCTH OIEPATHUBHOIO
pearupoBaHus B OKCTPEHHBIX cinydasx [Enpunies u ap., 2020].

CoznanHasi HaMH TeOMH(OPMAIMOHHO-aHATUTUYECKAsT MOJIENIb COCTOUT M3 CHCTEMbI 0a3
JTaHHBIX, 00OBEAMHEHHBIX B TEMATHUECKHUE PA3/eIibl, XapaKTEPU3YIOIINE IKOJIOTUIECKOE COCTOS-
HUE ypOAHM3UPOBAHHBIX TEPPUTOPHH, COIMAIBHO-DKOHOMUYECKHE TMOKA3aTeld U TPHPOJIHO-
pecypcHblii moTeHnuan. DOYyHKIUOHMPOBAHHE TIe€OUH(POPMALIMOHHO-aHATUTHUECKONH MOJENN
ocymiectBisieTcss Ha ocHoBe [ MIC «Oxonorndeckas 6e3omacHocTh TopoioB LlenrpansHoit Poc-
CUMY», CTPYKTYpa KOTOpOi Ioka3zaHa Ha puc. 1.

) HcTo9HHKHE JaHHBIX l
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Kocmuueckue cHUMKU
ucc1e006anun OaHHbIe
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| IKo02UYeCKUEe
yeaoeusn CKue yeaosus —
S h yeaosusn
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’ Mogeas ""Jxo1ornuecKasi 0e30MacHOCTh HacejleHHus " ‘

Ctpyktypa T'MC

OnTaMH3aNHA KAa9eCTBa OKPY KAaomeH cpeabl

PernoHaIbpHasi 3K0JI0rHYE€CKAS MOJATHKA

Puc. 1. Crpyxrypa I'IC «9xonorndeckas 6ezomacHocTb roponos LlenTpansHoii Poccum»
Fig. 1. GIS structure "Ecological safety of cities of Central Russia"

Jlns mosydeHus: NaHHBIX JWCTAHIMOHHOTO 30HIMPOBAaHUS 3e€MIIM, MPUMEHSEMbIX MpU
OLIEHKE JKOJIOTMYECKOW Oe30MacHOCTH TOpOJICKOM cCpelbl HCCIeAyeMbIX YpOaHU3MPOBAHHBIX
tepputopuii llentpanbHo-UYepHozémuoro pervona Poccun, ucnonb3zoBan nopran GeoMixer
kommanuu UTL CKAHDKC. [lannblit mopTan mpeacraBisieT coooi Be0-reonHpOpMalioHHYIO
wiat¢opMy JUIs IHUPOKOTO Kpyra 3aad, KOTopas Mo3BosisgeT paborarh ¢ reofgaHHbIMU. [loiy-
YEHHbIE HA IOpTaj€ MHOTIOKAHAJIbHBIE KOCMHYECKHE CHHUMKH, CJIEJIAaHHBIE CO CITyTHUKOB
Landsat-8 u Sentinel-2 3a nepuoa ¢ 2015 mo 2021 rr., o6o6mieHsl B apxuBe. Kocmuueckue
CHUMKH apXuBa, COJEpKalue Hanboyiee akTyalbHyl unHbopmanuio mo urtoram 2021 r., mpen-
CTaBJIeHBI B Ta0m. 1.

Jl1s OLleHKM IMHAaMUKHM aHTPOIIOI€HHOM Harpy3kHM FOpOACKUX TEPPUTOPHUH Ha MpUMEpE
r. Boponexa, JIuneuka, benroposaa 3a aBagnaTuiaeTHuil nepuos, CO3AaHHbIA apXuB ObLI AOMOJI-
HEH apXWBHBIMH MHOTOKaHaJIbHBIMH KOCMHYECKMMH CHHUMKaMH, CAEJTaHHBIMU CO CIIyTHUKa
Landsat-7 3a mepuox ¢ 1999 mo 2001 rr. (Tadun. 2).
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Tabnuna 1
Table 1

Kocmuaeckne canmiu 2021 1., HCTIOIB3yeMBbIe ISl OLICHKH
JKOJIOTHYECKOHN 0€30IMacCHOCTH FOpOI[CKOﬁ CpcablL
Satellite images of 2021 used to assess the environmental safety of the urban environment

Ne Jarta cb€MKHU, Bpems CryTHHK [ndp canMka Buaumele ropoaa
1 25.08.2021r.,8.17 Landsat-8 LC81760242021237LGNOO Boponex
2 16.08.2021 r., 8.24 Landsat-8 LC81770252021228LGNOO Benropon
3 22.06.2021r.,8.17 Landsat-8 LC81760242021173LGNOO Boponex
4 22.06.2021r.,8.17 Landsat-8 LC81760232021173LGNOO JIunenk
5 5.02.2021r., 8.24 Landsat-8 LC81770252021036LGNOO Benropon
6 29.01.2021r., 8.17 Landsat-8 LC81760242021029LGNOO Boponex
7 29.01.2021r., 8.17 Landsat-8 LC81760232021029LGNOO JIunienk
8 20.01.2021r., 8.24 Landsat-8 LC81770252021020LGNOO Benropon
Tabnuna 2
Table 2
ApXI/IBHLIG KOCMHUYECCKUE CHUMKHU MECTHOCTHU, UCITIOJIb3YEMBIC JJI aHaJIn3a JUHAMUYECCKUX
XapaKTePUCTHK (DAKTOPOB IKOJIOTUUCCKOH 0€30MaCHOCTH FOPOJICKOM Cpeibl
Archival satellite images of the terrain used to analyze the dynamic characteristics
of environmental safety factors of the urban environment

.. Buaumeie
Ne Hata cpémku CnyTHUK udp canmka ropoma
1 10.08.2001 r. Landsat-7 LE71760242001222KI1S00 Boponex
2 06.09.1999 r. Landsat-7 LE71760231999249EDC00 Jlunenk
3 16.08.2001 r. Landsat-7 LE71770252001197EDCO0 | benropon

OO6paboTka U TMOCIEAyIolee TeMaTHUeCcKoe AeMHU(PPUPOBAHNUE MOTYYSHHBIX KOCMHUYE-
CKMX CHMMKOB MECTHOCTH TPOM3BOIWIOCH B MporpaMMHOM makere Scanex Image Processor,
MO3BOJISIONIEM OCYIIECTBISATh TEMAaTHUYECKYI0 KIACCH(UKALUIO U300paxKeHHM, UCTIONb3Ys pas-
JIMYHBIE aITOpUTMBbL. BBICOKass MPOU3BOIUTEIBHOCTh JAHHOTO MPOrPaMMHOIO MakeTa Aa€T IIu-
pPOKHE BO3MOXKHOCTHU Il PEIIEHUs 33a7a4 [0 TeMaTHYeCKOMY JAemUu(PUPOBAHUI0 KOCMHUYECKHIX
CHHMKOB.

Jlns pemieHust OTAENBHBIX 337a4, CBSI3aHHBIX C XPaHEHUEM, aHAIM30M U BU3Yyalu3alHlen
JAHHBIX JUCTAHIIMOHHOTO 30HIUPOBAHHUS 3eMJIM, OBLI HCIOJIB30BaH MPOTPAMMHBIA TaKET
ArcGIS.

[IpocTpaHCTBEHHO-BPEMEHHOW AaHAJIW3 CTENEHW AHTPOIOTE€HHOI'O BO3ACHCTBUS HA pas-
JIUYHBIE 30HBI UCCIEYeMbIX YpOaHU3UPOBAHHBIX TEPPUTOPHIL, & TAKKE 30HBI IPUPOIHOTO Kap-
Kaca npou3BeAEH onpenenenruemM naaexkca NDVI B npenenax ropogoB ¥ IpUTOPOIHBIX TEPPUTO-
pU.

3nauenus uHaekca NDVI npeactapistor coOol Kak CTaHAApTH30BaHHYIO HETIPEPHIBHYIO
TpaJMEeHTHYIO, TaK M JUCKPETHYIO IIKAIbI ¢ pa3dpocoM 3HaueHui B mpenenax ot —1 mo 1. Kpome
TOTO, TAaHHBIN TTOKA3aTeIh MOXKET OBITh MIPE/ICTaBJIeH B MacmTabupoBanHou mkaie (ot 0 mo 255).

[To 3nauenusm NDVI mpencraBisiercs BO3MOXXHBIM HACHTHU(PHUIIMPOBATH HAa KOCMUYE-
CKOM CHHMKE KaK MPUPOJHBIX, TaK U aHTPOMOTEHHBIX OOBEKTOB C MOCIEAYIOIMIHMM aHAIH30M
CTEIIEHU aHTPONIOTE€HHON HAarpy3KHU Ha TEPPUTOPHIO.
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Pe3y.1'leaT[>I H UX oﬁcymeﬂne

Paszpaborannas reoMH(pOPMAIMOHHO-aHAIUTHYECKAs MOJIENb OIEHKH 3KOJOTHYECKOU
Oe3omacHoCTH ypOaHU3MPOBAaHHBIX TepputTopuil llenTpansHo-UepHo3zémuoro permona Poccum
COJIEPKUT 4 OCHOBHBIX pazjena (cM. puc. 1).

B pasznene «lIpupoanslii moreHuam» 0000IEHb] JaHHbIE, XapaKTEePU3YIOLIHE CeInTe0-
Hble JaHamadTel ypObanuszupoBaHHbIX TeppuTopuid [IUP, ux cocraB, cTeneHb yCTOWYHMBOCTH.
HccnenoBanue mpoCTpaHCTBEHHO-BPEMEHHBIX XapAKTEPUCTUK CTEIIEHW aHTPOIIOICHHOM Harpys-
Ku ropooB LlenTpansHoit Poccun, a Takke MPUTrOpOAHBIX 30H 10 MaTEpUAIaM JUCTAaHIIHOHHOTO
30HAMPOBaHUS 3eMJIM MO3BOJIWIO JU(PEepeHIUPOBATh U3ydaeMble TEPPUTOPUU Ha 4 30HBI —
CHJIbHOW aHTPOIOI€HHOM Harpy3koil (MHOI'O3Ta)KHbIE CTPOCHMsI, IPOMBIIIICHHAs 30HA), Cpe-
HEeil aHTPONOreHHOM Harpy3koW (Malo3TaXHbIE CTPOCHHUS, CEIbCKOXO3AHCTBEHHBIE YIrOAbs),
IPUPOJHBIN KapKac (TEppUTOPUH, 3aHAThIE 3€JEHON PACTUTENBHOCTBIO), BOAHBIE OOBEKTHI.

[TosryueHHbIE 1aHHBIE CBUAETEILCTBYIOT O TOM, UTO Ha TEPPUTOPHH BCEX MU3YyUEHHBIX I'O-
ponoB llenTpansHoii Poccun 3a ABagnaTWiICTHUN MEPHOA HAONIONACTCS POCT TEPPUTOPHUU C
CHJIbHOW aHTPOINOTEHHOM Harpy3koi Ha 3-9 %. B Hamboubmieii crerneHn Tako pocT Habmoaa-
€TCsl Ha TEPPUTOPUH TOPOACKOro OKpyra r. BopoHexa. YBennueHue TEppUTOPHUI C CUIIBHOM aH-
TPOIIOT€HHOM Harpy3KOoi IPOUCXOAMT IIPEUMYILECTBEHHO 3a CUET BO3PACTAHUSA HArpy3Ku Ha Te
TEPPUTOPUH, KOTOPBIE B MPOLIIOM OTHOCHIIMCH K 30HaM €O c1a00i aHTPOIIOreHHON HAarpy3KOi.

Ha Teppuropun r. Boponexa, JIuneuka u benropona ycraHoBiieHa TeHACHIMS yYBeInYe-
HUS TUIONIA/IeH 3eNEHBIX HacaxACHUN Ha 1-5 %, OTHOCSIIMXCS K 30HaM MPUPOJAHOrO KapKaca.
HauOonee ycToitunBas TeHIEHIMsI yBEIMUYEHUS 30H IIPUPOJHOro Kapkaca (Ha 5 %) ¢pukcupyercs
Ha TEPPUTOPHUHU I'. benropona u NpUropoAHbIX TEPPUTOpUsX. [uHamMKMKa M3MEHEHUs IUIOIIALEH
BOJIHBIX 00BEKTOB Ha TeppUTOpUU I'. Boponexa, Jlunenka n bearopona 3a 1BaauaTuieTHUH me-
puoz pukcupyercst puOIM3UTEIHHO Ha OJJHOM YPOBHE.

Paznen « MuUKpOKIMMaTHYECKUE YCIOBHU» 00001IaeT JaHHbBIE TapaMeTPOB MUKPOKIMMA-
Ta OPSIMO WM KOCBEHHO BJIMSIOLINE HA SKOJIOIMUYECKYH0 00CTaHOBKY TEPPUTOPUU — PO3a BETPOB,
CPEIHEMECSYHBIE TEMIIEPATYpPbl, CPEAHUE CKOPOCTH BETPA, METEOPOJIOTMUECKUN NTOTEHLIUAN aT-
Mocepsl U Tak ganee. PazMep npuposHOro Kapkaca TEPPUTOPUH, a TAaKXKe €ro pacrojokKeHHue
OTHOCHUTEJIHO PO3bl BETPOB BO MHOI'OM OIPEAEIIAET MUKPOKIMMAT HACEIEHHOIO ITyHKTA, a TaK-
K€ BIIUSET Ha pacHpOCTPAHEHHE AHTPOIIOI€HHBIX MOJUIIOTAHTOB B aTMocepHoM Bozayxe. [lo
JAHHBIM JTUCTAHIIMOHHOTO 30HAMPOBAaHMS 3€MJIM Ha TEPPUTOPUU TOPOACKOro okpyra r. Bopo-
HE)Xa Ha0JII0Jal0TCsl HAaMMEHbIINE IO, a TaKXKe HeyauyHOoe pacIojioskeHue (C MOoABETPeH-
HOW CTOPOHBI) TEPPUTOPHUI IPUPOAHOTO KapKaca. JlaHHBIN (HakT 00yCIOBIEH SKOHOMUYECKUMHU
IIpUYMHaMU. BbICOKasi CTOMMOCTB 36MJIM BHYTPH TOPOAA CTUMYJIUPYET MECTHBIX MPpEANPUHUMA-
TeJe BBIHOCUTH NMPOU3BOJICTBA B MPUTOPOAHYIO 30HY, YTO C OJIHOM CTOPOHBI YMEHbBIIAET aH-
TPOIIOT€HHBIE BEIOPOCHI B TOPOJICKON Cpeze, a ¢ APYroil CTOPOHBI COKPAIIAEeT IIIOIAAN JIECOB,
OTHOCSIIMUXCS K 30HE MPUPOJHOr0O Kapkaca. B kauecTBe MOJOKUTEIBHOIO acleKkTa cileayeT OT-
METUTh POCT IUIOUIAN MPUPOAHOIO KapKaca 3a ABaJLATUIETHUN NEPUOJ, YTO SIBISETCS CIEI-
CTBMEM peallu3alluyl psijia MPUPOI0OXPaHHBIX mporpamm. HanGombinas miomaas TeppUTOpHH,
3aHsATas IPUPOHBIM KapKacoM, HabIoAaeTcs B Mpeieax ropoJICKoro okpyra r. bearopona, uto
MOKHO OOBSICHUTH I'PaMOTHOM 3KOJOTHYECKON MOJUTHUKOM PETMOHANBHBIX M MYHHMIIMITAJIBHBIX
BJIacTEN Ha JaHHOHN Tepputopuu. Ha teppuropun r. Jlunenka cienyer OTMETUTE POCT TEPPUTO-
pUH IPUPOJHOTO KapKaca 3a ABaJALIATUIETHUN IEPUOJ U €r0 yJa4HOE PacIlOIOKEHHUE.

Paznen «ConuanbHO-3KOJIOTHUYECKHE YCIOBUs» 0000I1aeT CcOOCTBEHHBIE HKOJIOTO-
reOXMMHUYECKHUEe UCCIIeJoBaHus (pUC. 2), CTAaTUCTUYECKHUE TaHHbIE IPUPOJOOXPAHHBIX BEJOMCTB
U YUYpeXJIEeHUN CTaTUCTHKH, MOJyY€HHbIE B paMKaxX MEKBEJOMCTBEHHOTro obomeHa. Pazgen co-
JEPKUT KaK JIaHHBIE 110 SKOJIOTMYECKUM YCIOBUSAM, TaK U COLMAIBHBIM (haKTOpaM, KOTOpbIE MO-
T'YT NPSIMO WJIM KOCBEHHO OKa3bIBaTh BO3/IEHCTBUE HAa UHTErPajIbHbIE BETUMUMHBI SKOJIOTHUECKON
0€30MacHOCTH.
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3arpsisHeHue atmocdepsbl r. BopoHexka B Ténnbii nepuoa roga
YcnosHo-uucrast tepputopus (M3A <10)

Teppuropwust ipeiebHo qonyctumoro prucka (M3A 10-15)
VMepeHHo 3arpsisaénHas Tepputopus (U3A 15-20)
Hocrarouno 3arps3uéuuas teppuropus (MU3A 20-25)
CunbHo 3arpsizHéHHas Teppuropus (U3A 25-30)

OueHnb cuiTbHO 3arps3uéunas teppuropus (M3A >30)

Puc. 2. TUC-kapra nnaekca 3arpszaenus armochepsl (M3A) Teppuropun ropoJIcCKOTo OKpyra
r. Boponexa B Téruiblii nepuog roja
Fig. 2. GIS map of the Atmospheric pollution index (ISA) of the territory
of the Voronezh City District in the warm season
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[IpoBeaEHHbBIE HKOJIOrO-TEOXMMUUYECKUE MCCIEAOBAHUS TMOKa3aid, YTO MO PAAY aH-
TPONOTEHHBIX TMOJUTIOTAaHTOB B Topoaax llentpansHo-UepHo3zémHoro peruona Poccuu
HaOJI0Ia0TCsl IPEBBIIICHUS HHANBUIYAIBHOTO KAaHI[EPOTCHHOTO PHUCKA Il HACEIICHHS, YTO
BBI3BIBAET OMACEHUS B CBSI3H C CHJIbHOM 3aBUCHUMOCTHIO OHKOJIOTHYECKHUX 3a00JIeBaHUM Hace-
JIEHUsI KPYIIHBIX FOPOJIOB OT KauecTBa okpyxatouei cpeasl [Censix u ap., 2021; Cranumes-
ckas u np. 2021].

OneHka coluaibHO-?’KOHOMUUYECKUX yciaoBui roponos L{UP no3Bosnmiia ycTaHOBUTH
psal pakTOpOB, KOCBEHHO BIUSAIOIIMX HA YPOBEHb DKOJIOTHYECKOM Oe3omacHocTH. Tak, 10X01
HACEJICHHUS B TOM WJIM MHOM PETHOHE OIpeenseT o0Iee KauecTBO KU3HH, a TAKKe OKa3bIBa-
€T BIMSHUE Ha YPOBEHb aJaNnTaluu J0JIed K HeOJarompusTHbIM (akTopaMm OKpyKarouiei
cpeabl. UeM BBINIE T0XOJI, TEM O0Jiee KaueCTBEHHOE MUTaHUE, MEAUIIMHCKOE 00CTyKHUBaHUE,
OT/ABIX U T.A. MOXET cebe MO3BOJUTh TOPOKaHUH, YTO MOBBIIIAET €r0 YpPOBEHb aJanTaluu.
Hawubonee ysi3BUMBIMU TPyHIIaMH 711 BOSHUKHOBEHUSI YKOJIOTHYECKHU -O0YCIIOBICHHBIX 3200-
JIeBaHUU SBIISIIOTCS Tpa)xaaHe, J0X0Jbl KOTOPBIX HUXKE MPOKUTOUHOI0O MUHUMYMa.

OuenuBasi ypoBeHb O€THOCTH HacelieHus: B Poccuilckux ropoaax 1o CTaTUCTUUECKUM
JAHHBIM, MOKHO MPOCIEIUTh CYIIECTBEHHYIO AU(eEepeHIIMalui0 JTaHHOTO IOKa3aTels B
npenenax Poccuiickoit @enepanuu (ot 7 10 33 % B pasnuuHbeix ropoaax P®). Ha teppuro-
puu uccnenyemsix ropoaos LlentpansHoit Poccuu on konebnercs ot 7,9 % B benropone no
8,9 % B Boponexe, 4To MOKa3bIBa€T OTHOCUTEIBHOE SKOHOMUUECKOE 0JIarOnoaydne TaHHbIX
TrOpOIOB.

K apyrum conmanbHbIM YCITOBHSIM, OKa3bIBAIOIIUM CYIIECTBEHHOE BIMSHUE HA Kaye-
CTBO JKM3HU HAcCeJIeHUs U HanbOoJblIee KOCBEHHOE BIUSIHUE Ha YPOBEHb SKOJIOTHUYECKON Oe3-
OTMaCHOCTH, MOXXHO OTHECTHU OOECIIEUCHHOCTh HACENEHHUs KUJIOW IUIOMIAJbI0, IEHTPaIN30-
BaHHBIM BOJOCHA0KEHUEM M IEHTPAIM30BAaHHOW KaHAIN3aIMEH.

[Inomanp >KUIBIX TOMEIICHUH, MPUXOMSAINAsICS Ha YeloBeKa, SBISIETCS (HAKTOPOM,
CHUYKAIOIIUM paclpOCTpaHEHUE pa3IMYHbIX 3a0oJjieBaHUN. UeM BbllIEe JaHHBIA MOKA3aTellb,
TEeM BBINI€ WHIWBHUAyalbHas aJanTallMOHHAs YCTOWYMBOCTH HaceneHus. Mcciemys obecrie-
YEHHOCTh HacesieHus Poccuu Kuiiod miomaasio cieayeT OTMETUTh, YTO M0 CPEHUM 3Hade-
HUSIM JAHHOTO MOKa3aTessl MPaKTHYeCKU BCe peruoHbl Poccuu obecreueHbl KUIou mioma-
JIbIO BBINIE MUHMMAJIFHOTO 3HaYeHNs 7 M2 Ha dyenoBeka. B mceiemyeMbIx ropoaax LleHTpans-
Hoi Poccum namHEIH mokaszaTens m3Mensercs oT 30,1 M? Ha yenoBeka B T. BopoHexe 0
31,1 m? Ha yenoBeka B T. Jlumenxke.

AHanu3 Hanu4Ms LEHTPATU30BaHHOTO BOJOCHA0XKEHUS B permoHax Poccuu mokasan
CYIIECTBEHHYIO AU PepeHInanuo ropoJioB Mo 1aHHoMy nokazarento — ot 0,4 1o 67 %. Ha
TEPPUTOPHUH HCCIENYEMBIX TOPOJIOB Hanbosee HU3KUM MOKa3aTedb 00eCIeueHHOCTH Hacee-
HUS [IEHTPAJIU30BaHHBIM BOJIOCHAOKEHUEM (PUKCUPYETCS HA TEPPUTOPUU TOPOJCKOTO OKpyra
r. Boponexa — 30,1 % >XUIbIX TOMEINIEHUN HEe UMEIOT LIEHTPATN30BAHHOT'O BOJOCHA0OKEHUS.
Haunyumue nokazarenu ¢uxcupytores B r. Jluneuke — 11,6 % XuiblX noMeuieHuil He UMe-
I0T I[EHTPATU30BaHHOTO BOAOCHaOKeHMI. KonnuecTBO KUIBIX MOMEIIEHHH, B KOTOPBIX OT-
CYTCTBYET IEHTPAJIN30BaHHAS KaHAJIU3aIlUs CUJIBHO Pa3IM4aeTcs B pa3HBIX peruoHax Poc-
cuiickoi @enepaunu — ot 0,5 mo 62 %. Ha Tepputopum ucciienyemMblx HaMH TOPOJIOB
HanOoJbIIee KOTUYECTBO JKMIIBIX IMMOMEIIEHHUI 0e3 I[eHTpaIn30BaHHON KaHalu3aluu 3aperu-
CTPUPOBAHO HA TEPPUTOPUH TOPOACKOro okpyra r. Boponexa — 22,9 %. Haumenbiiee — B T.
Jlunmenike — 14,7 %. Ha >Tu nanHblie cienyetr oOpaTUTh 0CO00€ BHUMAHHE, TaK KaK OHU SIBJISI-
IOTCS Ba)XHOM 4YacThIO MHTETPaJbHBIX 3HAYEHUU CAHUTAPHO-TUTMEHMYECKOM M HKOJIOTHYe-
CKOW 0€30MacHOCTH.

Paznen «Mojenb 3KOTOTHYECKON 6€30MacCHOCTH HaceJIeHUs» 1aéT BO3MOXKHOCTH IPO-
BEJICHUS MaTEMAaTHKO-CTaTUCTHYECKOI0 aHalii3a C Mocleayrouieil pa3paboTKoil WHTerpasb-
HBIX TOKa3aTeneil aKkojoruueckoil 6e3omacHoctu HaceneHus roponoB [[UP — Boponexa,
Jluneuxka, bearopona.
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3akjouenue

Pa3paborannas reonHpOpMAIIMOHHO-aHAIUTHYECKAass MOJENb OLEHKH 3KOJIOTUYECKOM
0e30macHOCTH ypOaHU3UpOBaHHBIX Tepputopuii LlerTpanpro-UepHo3émHoro perrnona Poccum —
Boponexa, Jlunenka, benropona, cocrosimiasi u3 4eThIpEX pa3zenoB, MO3BOJIUIA 0000UIUTH KO-
JIOTUYECKHE, COLIMAIIbHO-3KOHOMMUYECKHE U MUKPOKJIMMATHYECKUE JaHHBIE UCCIEAYEMbIX IOpO-
JIOB C BO3MOKHOCTBIO MOCJIEIYIOIIEr0 aHAIN3a U MOJy4YeHUs] HOBOM MH(OpPMAIIUU MPU UCTIONb-
30BaHUHU PA3IMYHBIX METOOB.

Pazpen «lIpupoanslii moTeHIMAM» COAEPKUT JaHHBIE, MTOJIYYEHHBIE 110 MaTEpUaIaM JIU-
CTaHLIMOHHOTO 30HAWPOBaHUS 3emiu. J{aHHBINA pa3en Mo3BOIHI TudPEepeHIIpOBaTh TEPPUTO-
PUIO UCCIIEAYEMBIX TOPOJIOB, @ TAKKE MPUTOPOJHBIX 30H 10 CTENEHU aHTPOIIOT€HHOW HAarpy3KHu.

Paznen « MUKpOKIIMMAaTHYECKHE YCIOBHS» OOBEAMHACT CTATUCTHUECKUE TAaHHBIC U MaTe-
puaibl JUCTAHIIMOHHOIO 30HAUPOBAHMS 3eMIIM. AHAIN3 JAHHBIX 3TOTO pa3jiesa MO3BOJIAET Olie-
HUTh KOM(OPTHOCTh MPUPOIHBIX YCIOBHUH, BIUSHUE (PAKTOPOB MUKPOKJIMMATAa HA WHTETPAIh-
HBIE MTOKA3aTEeNH SKOJIOTHUECKOI 0e30MacHOCTH.

Pazgen «CoumnanbHO-3KOJOTUYECKUE YCIOBUSA» 0000IaeT MpPOBEIEHHBIE 3KOJIOTO-
F€OXUMHYECKUE UCCIEIOBAHNS U CTaTUCTUUYECKUE JTAHHBIE MPUPOJOOXPAHHBIX BEIOMCTB. AHa-
JIM3 JTaHHBIX 3TOTO Pa3felia MO03BOJIAET YCTAHOBUTH 30HBI 3KOJOTMYECKOTO PUCKA UCCIIENYEMBIX
ypOaHN3UPOBAHHBIX TEPPUTOPUH, MPOU3BECTU OLIEHKY KaK MPSIMbBIX (PAKTOPOB, OMpPEIEISIONINX
HKOJIOTHYECKYIO 0€30MIaCHOCTh — HKOJIOTUYECKUE YCIOBHS, TaK U KOCBEHHBIX (PaKTOPOB — COIIH-
aJIbHO-3KOHOMUYECKHE YCIOBHUS.

Ananu3 nansbix B cpene [MC «Okonorunyeckas Oe3omacHOCTh ropoaoB LleHTpansHOi
Poccuny» no3Bonui co3gaTh aBTOPCKUE 3JIEKTPOHHBIE KapThl, OTPAXKarOLIUE YPOBHU IKOJIOrHYeE-
ckoi Oe3onacHocTH ropoaos LlenrpansHo-UepHo3émHoro pernona Poccuu. Ha ocHoBe co3man-
HBIX KapT (a TaKxkKe CO37AaBaeMBIX B OyIyIIeM) MPEICTaBIsSETCS BO3MOXKHBIM pa3paboTKa KOM-
IJIEKCA 3KOJIOrO-IPOCKTUPOBOYHBIX MEPOIPUSATUMN, MOBBILIAIOIINX HHTETPAIbHBIA MOKA3aTEelb
HKOJIOTHYECKOH Oe30MaCHOCTH HACENICHHS UCCIIEyEeMBIX YPOAaHH3UPOBAHHBIX TEPPUTOPHIA.
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