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AHHOTa M

B cratbe wu3MOXKeHbI pe3ysbTaTbl UCCAE0BaHUM [JAHHBIX CIYTHUKOBBIX CHUMKOB BBICOKOTO TIPOCTPAHCTBEHHOTO
paspellieHus1 JJisl OLleHKU U3MeHeHUs AWHaMUKU HOpMaal30BaHHOrO BereTaloHHOro uHzekca (NDVI) 3eseHbIX Hacak[eHU
ropopoB UpkyTrckoii obnact Ha mnipumepe CasiHCKa, AHrapcka, TymyHa 3a 2013-2022 r. B mepuos MaKCUMasbHOM
BereTal[MOHHON akTHUBHOCTH. 3HaueHWss NDVI (uromb — aBrycT) MojiydeHbI Ha OCHOBE MHOTO30HATBbHBIX KOCMUYECKHX
cuuMkoB Landsat 8 OLI2. B OTKpBITHIX MCTOUHMKAX HET JAaHHBIX O COCTOSIHUU 3eJIeHbIX HacaXK/eHUs UCCeyeMbIX TOpO/iOB,
HO Habop CHMMKOB B TeUeHWE BCEro aHa/M3UPYeMOro Mepuoja TMO3BOMSeT WU3YYUTh O0COOEHHOCTH aKTUBHOCTHM BereTalldy
3e/IeHbIX HAaCaX/eHWI Ha HMCCIeyeMbIX TepPUTOPHsX. YcTaHOB/IeHb! 3HaueHuss NDVI B TeueHue ncciiefyemMoro repuoza,
COCTaB/IeHbI TPEHbI [BM)KEHUs W BbIOpAHbI MaKCHMa/lbHble M MHHUMA/IbHBIE 3HAUEHHUS M0 KaKAOMY ropoay. Ilpu 3Tom,
HECMOTPSI Ha TO, YTO CIYTHUKOBbIE CHUMKH HMMEIOT OOJIBIION 3aXBaT TEPPUTOPHM, a rOpO/ia HAXOZASTCS B OJHOM DEervoHe,
MaKCHMaJlbHble ¥ MHWHUMaJibHble 3HaueHus: uHAekca NDVI pasnsrcs mo rogam v o6Ijue 3aKOHOMEPHOCTH, CBSI3aHHbBIE C
TOrO/IHBIMK  YC/IOBUSIMU  (CpeJUMeCsSIYHOM TeMIlepaTypoidi M KOJIWYECTBOM OCAJKOB) He BbISIBJeHbl. AHanW3 3HaueHWH
BereTal[MOHHOTO MHZEKCa TI03BOJIM/ TOAYUYUTh YpaBHeHUs: rpadvkoB (YHKLUN TpeH[a, KOTOpble XapaKTepU3yIOT XapakTep
M3MeHEeHHUs] UH/IeKCa, KOTOpble XapakTepu3ytoT usMmeHenue NDVI B sieTHue Mecsibl B TeueHue 9 jieT. HecMoTpst Ha obiue
XapaKTepHble CXOZCTBA HCC/AeyeMbIX rOpOJOB M (DaKT HaXOKIEHHs WX B OFHOM perMOHe WCC/e[jOBaHWE BereTalliOHHOTO
VH/IEKCA 3€/IeHbIX HACAKAEHUN He BBIABWIO OOIMX 3HAUEHWH TI0 roflaM, TIOXOXKUX TPEHOB U CXOJICTBA COCTOSTHUS 3€/I€HBIX
HaCa)K/IeHUH.

KiloueBble c/0Ba: BereTalMoHHbId uHAeKC NDVI, Landsat OLI, cocTossHHe 3e/leHbIX HaCaXIeHWH,
reoMH(OpMaIOHHbIE CHCTEMBI.
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Abstract

The article presents the results of research of high spatial resolution satellite imagery data for estimation of changes in the
normalized vegetation index (NDVI) dynamics of green areas of Irkutsk Oblast cities on the example of Sayansk, Angarsk,
Tulun for 2013-2022 during the period of maximum vegetation activity. NDVI values (July-August) were obtained on the basis
of Landsat 8 OLI2 multispectral space images. There are no data on the state of green areas of the studied cities in open
sources, but the set of images during the whole analysed period allows studying the peculiarities of vegetation activity of green
areas in the studied territories. NDVI values during the study period were established, movement trends were compiled, and
maximum and minimum values were selected for each city. At the same time, despite the fact that satellite images have a large
coverage of the territory and the cities are located in the same region, the maximum and minimum values of NDVI index are
different by year and general patterns related to weather conditions (monthly temperature and precipitation) are not revealed.
The analysis of vegetation index values allowed to obtain equations of trend function plots, which characterize the nature of
the index change, which describe the change of NDVI in summer months during 9 years. Despite the general characteristic
similarities of the surveyed cities and the fact that they are located in the same region, the study of the vegetation index of
green spaces did not identify common values by years, similar trends and similarities in the condition of green spaces.

Keywords: NDVI vegetation index, Landsat OLI, green areas condition, geoinformation systems.

Beeaenne

JVCTaHIIMOHHBIM MOHUTODUHT JIECOB OT HeseranbHOW pyOku Befercsi ¢ 2013 roga. CerogHsi CUCTeMa CJIEXKEHUS
oxBaTbIBaeT cBbile 250 miH. Ta B 40 pernoHax crpaHbl. Ho JaHHBIX TIO Lie/leHarpaB/ieHHOW CUCTeMHOM paboTe C 3esileHbIMU
HaCa)KJeHUsSIMH TOPOJIOB C MCII0Jb30BaHNEM JAMCTaHLIMOHHBIX METOJOB MCCJIe[0OBaHUS KpaiiHe Masno. MCcTOUHMKaMH [JaHHBIX
JI7Is aHa/IM3a ¥ MOHUTOPUHIA UCIIOB3YIOTCS CHUMKH CITyTHUKOB Sentinel, Landsat v rpymimbl poccuicKUX CIyTHUKOB KoHoryc
— B. [nst oLieHKY 06I1Ier0 COCTOSIHUS 3e/IeHbIX HACaXKAEeHUH UCIIO/b3yeTCs [IIMPOKO W3BECTHBIN BereTaljMoHHbINA UHAEKC NDVI,
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PaCCUMTHIBAIOIIMICSA HAa OCHOBE JAHHBIX KPAacHOrO U O/KHero wHGpakpacHOro KaHasioB. [IpobiemMe KOppeKTHOrO pacuéTa
NDVI g1 KOHKpeTHbIX CITyTHUKOB y7essieTcsl MoBbIleHHOe BHUMaHue [1], [2], [3], [4]. [ nonydyeHus: U aHaau3a MHAeKca
NDVI B OTKpBITOM [OCTyTle HMMeEITCS HecKonabKo makeToB nporpamm (QGIS, SeaDAS), c moMolpi0 KOTOPBIX MOKHO
obpabarTbIiBaTh JaHHbIe, [10TyyeHHbIe C Haubosiee MOMY/ISIPHBIX CITyTHUKOBBLIX ceHcopoB: Landsat, MODIS u AVHRR.

Ouenka nameHunBoctd NDVI Ha uMmetoneiics 06a3e JaHHBIX TOKa3ana, uUTO CEeHCOphbl cryTHUKOB Landsat-8 Landsat-9
T0KAa3a/ M HauMEeHBLIYIO [TOrPelHOCTb U OTKJIOHeHUs. [I/1s1 3TOro pacCYMThIBA/IMCh CTaHAApTHBIE OTK/IOHeHHs BenruurH NDVIs
TSI K¥KZIOTO CITyTHHKA OTHOCHUTENBHO CpefiHero 3HaueHus. [Ipu gasipHeliieM cOCTaB/IeHUr MaTeMaTiieCKOY MOZeNM aHar3a
TOYHOCTM [JaTuvku Landsat TOKa3blBaM HauUMeHBIMe OTK/JIOHEHHS W JaBaau 0ojiee TOUHBIE De3y/IbTAThl, a JaHHbBIE
poccuiicKoro criyTHrKa KaHoryc-B mokasbiBaniy HaubOJIbIIYIO MOTPEIHOCTh U [JaBajii JIaHHbIe C OOJIBIIUMY OTK/IOHEHUSIMH
[71, [8]. Tem He MeHee cpeay POCCUHCKHX MyO/IMKALIMI MOXXHO HalTH METOAUYECKHE aCTeKThI OLIEHKH COCTOSIHUSI Pa3/IMuHbIX
TIPUPOJHBLIX 00BEKTOB Ha OCHOBE JJAaHHBIX CITYTHUKOBOM CheMKH C armnapara Kanomyc-B [9], [10].

B nepcriekTiBe iprMeHeHHe UHCTPYMeHTapHs reOMH(OPMaIIOHHBIX TeXHOJIOTUM TTPU MOHUTOPHHTE COCTOSTHUS 3€JIeHBIX
Hacax/ieHui ropozioB VIpKyTCKOM 06/71acTh MOXKET JlaBaTh OOBEKTHBHYIO KAPTUHY aKTyaJbHOTO COCTOSIHUS PACTHTEILHOCTH
MPaKTHUUYECKU €XKErofIHO, UTO HEBO3MOKHO C/Ie/IaTh IIPY MOHUTOPUHTE COCTOSIHUSI 3e/IeHbIX HACAXK/eHUH Ha3eMHbIM CrI0COO0M.
Kak mpaBu/io, MOHUTOPHHT 3eJIeHbIX HAaCAXK/eHUH MPOBOAUTCSA pa3 B 5 wiu 10 /IeT Npu yC/I0BUM HAIUUMS CY>KObI 3€/IEHOT0
xo3siicTBa. Taxke aHaymm3 auHamMuky vHZekca NDVI (anrn. Normalized Difference Vegetation Index) 3eneHbIX Haca)KZeHUMA
ropofioB VIpKyTCKO# 006/1aCTH TIOMOKET OTIEPAaTHMBHO OI[eHWBaTh BU/JOBOM COCTAaB M COCTOSIHUE 3€JIEHBIX HacakieHui. IIpu
COBpEMEHHOM YPOBHe pa3BUTHsI TEXHOJIOTUN AUCTaHIIMOHHOTO 30HAMpPOBaHus 3eM/u rpuMeHeHre NDVI cTaHOBUTCSI BaKHBIM
VHCTPYMEHTOM /[IJ151 TIONTyUeHHs] CBOEeBPeMEHHBIX U aKTyasIbHbIX JaHHbIX O 3eJIeHbIX HaCaKAEeHUsIX.

Marepuasnbl 4 MeTOAbI HCC/IeJOBAHUS

OOBEKTOM MCCIIe[IOBAaHUSI B CTaTbe SIB/ISETCS BereTaloHHbINA uHeKC NDVI 3e/ieHbIX HacaXkAeHWH ropofioB VIpKyTckob
obnactu. Topopa, 3eneHble HaCaKIEHWs KOTOPBIX HCC/IENYIOTCS B CTaThbe, PaBHOMEPHO pacrpejesieHbl M0 TepPPUTOPHU
WpKkyTckoli 0biacTu, KoTopast sIBSIeTCsl KPYITHEHIIIUM paliOHOM, UMEOI[UM Ba)KHOE SKOHOMHUECKOe 3HAueHWe B IKOHOMUKE
Poccuiickoii @egeparyu. ITnomjaae MpKyTckoii ob1acT coctassieT 774 846, pu 3TOM y/ie/ibHbIM BeC rOPOJCKOr0 Hace/IeHus
78, 25% ot 001Leli UMCc/IeHHOCTH HaceneHus. Ha TeppuTopun 061acTi pacrioniokeHsl 446 MyHULMIAIBHBIX 00pa3oBaHui, 54
nocesika ¥ 1488 cenbCKUX HaceleHHBIX MyHKTOB [11].

[ns  wvccnefoBaHWST COCTOSIHUSL 3€/IeHBIX  HACAKJAEHWM METOJAMH  /IUCTAHIIMOHHOTO 30H/UPOBaHUsI  BbIODAHBI
MPOMBIIILIEHHbBIe Topoga UpKyTckoit obsactu: AHrapck, TynyH u CasiHCK.

Awnrapck siBisieTcsi 00paslioBBIM TOPOJIOM M0 03e/IeHEHHI0 W 0J1aroyCTPOMCTBY, KOTOPBIM HEOJHOKPAaTHO CTaHOBHUJICS
nobeauTesieM BCEPOCCHIMCKOTO KOHKypca Mo OsaroyctpoiictBy v oseseHenuto (2003, 2005,2008 rogpi). AHrapck —
TIPOMBIIIJIEHHBIA TOPO/] C TIPeANPUATUSIMA He(TeXUMIUeCKOM, XUMIUeCKOUM TTPOMBIIIIEHHOCTH. Ha [0/T0 ropoia IpUxoauTCs
13,2 % nipoMeiiieHHOH npoAyKuun VIpKyTckoii obmactu [12].

TynyH — KpYyNHBIA LEHTP JIeCHOW M JIeCOXMMMUYECKOW TIPOMBIIUIEHHOCTH, a Takke IIeHTpP yIiefo0bIBaoIien
npoMbiiieHHOCTH VpKyTCKoi obactu. Ha teppuTtopun TynyHCKOro palioHa HaXo[sTCS iBa I€MCTBYIOLMX YTOBbHBIX pa3pe3a
(MyryHcKkuit 1 A3elCKHif), B aKTUBHBIH TTepro JoObIBatoIMe /10 25 ThICSIU TOHH yIvisi B CyTKH [13].

CasiHCK — OfIMH U3 CaMbIX MOJIOJBIX MTPOMBIIIIEHHBIX TOPO0B VIpKyTckol obsactu. CastHCK SIBSETCS OJHUM U3 JIJEPOB
permoHa B IUlaHe CO37laHHsI KOMGOPTHOM ropofackod cpeabl. OCHOBHBIMU TIPeATIpUSATUSAMU Topoja siBisitoTcsi OAO
«CasiHckxumriact», OO0 «CasiHckuii 6poiiiep», 000 «XumMrpoMcTpoii». Topog sIBsieTCs 3e/ieHbIM U 61ar0yCTpOeHHbIM
[14].

OTnuurTeTEHOM 0COOEHHOCTBIO MasTbIX U CPeAHUX TOpofioB MIpKyTCKOM 00/1aCTH 3aK/II04aeTcsl B TOM, UTO TIPY TOPOJCKON
3aCTPOMKe OCTaB/SUTCH JOBOJBHO OOJBIIE MacCHBBI TaeXXHbIX JIeCOB C Tipeo0OiaZiaHHeM XBOMHBIX TOpOA (COCHA
0OBIKHOBEHHasI, TMCTBEHHULA CUOUPCKasi, IMXTa CUOUPCKasi, elb CMOMpCKasi, COCHa KeApoBasi cubupckasi). Cpesiu JIMCTBEHHbBIX
nopoy, mpeo6azaroT Gepe3a roBucsasi, ocuHa. JIuib B KoHLe XX CTOJIeTHs B 3TUX rOPO/iax OPraHU30BaHHO CTaJv MTPOBOJUTh
03€e/IeHeHHe U WCII0/Ib30BaHWE MOPO30YyCTOMUMBBIX MHTPOAYLIEHTOB (TOMOJ/b Oanb3aMuueckuii). B GOMBIIMHCTBE TOPOJOB He
TIPOBOAUTCSI MHBEHTapU3aLlusi, a TakK)Ke OTCYTCTBYeT MOHUTODHUHI COCTOSIHHMSI 3eJIeHBIX HacaxJeHuid. [losTomy [/ Hauaia
OLIeHKH COCTOSTHHUSI 3e/IeHbIX HaCaXK/IeHHH OBbIIO PelleHO MCII0/b30BaTh MaTepHasbl JUCTAHIMOHHOTO 30HAMPOBaHMS, a 3aTeM
Tepexoly K MHBeHTapH3al[ii rOPO/ICKHX TOCA/0K.

CHUMKHM, HUCIOMb3yeMble st paboTbl Haj, JAHHBIM MCC/IEA0BaHWEM, MOMy4YeHbl W3 06a3bl CHUMKOB HarMoHambHOH
reojiornueckoii ciyk6el CIIIA 1Mo KaKAOMYy HaCeJieHHOMY TYHKTY M 3@ KaKAbli HCCiefyembid rop. [ aHamu3a
BereTaMoHHOro uHAekca NDVI 3a yKa3aHHbIN Mepuoy B pyYHOM peKUMe 0TOOpaHbl CHUMKH, JIaTHPOBaHHbIe ¢ 15 urons o 15
aerycra ¢ 2013 mo 2022 rog. Ilpu aHanu3e CHUMKOB He MPUMEHSIMCh UHCTPYMEHTBI 00/1ayHOM KOPPEKLIMH, TT03TOMY BeCh
cobpaHHbIH [y paboThl MaTepuas AaTUPOBAH JHSAMU, Korja Oblia sicHast 6e306sauHas oroza [15].

Ha puc. 1 u3obpaskeHa 1[BeToBasi aqUTpa pacrpezenenus 3HaueHnii NDVI, kotopasi MpUMeHsiach B TIPOLIECCe CO3/aHus
BU3ya/bHBIX U300pakeHui [yis AanbHekiel pabotel. 111abnoH B Buze (haitia ¢popmara txt mojgyueH U3 KOHTeHTa 1o pabore C
QGIS nHa Bugeoxoctunre YouTube [16].
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Pucynok 1 - 111a6s10H 1{BETOBO# ManuTphl pacripefenenvs 3HadeHuss NDVI
DOI: https://doi.org/10.23649/JAE.2024.41.11.1
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Anamu3 nposopauica B nporpamMme QGIS Bepcun 3.30.3 (akTyasbHas Bepcusl Ha [aTy HalMCaHMs CTaTbM). Tak Kak
rosyyaeMele pesynbTathl MHAeKca NDVI monydyeHHble ripu nomoriyd monyns Processing Saga NextGen Provider pgaBamu
HecTaOWIbHbIE De3y/bTaThl, KOKIbIM MHAEKC pacCUMThIBAJICS BPYUHYIO TIpU TIOMOILM KajbKy/sropa pacTpoB. B Tabmn. 1
TIpMBe/leHbl CpaBHUTeE/IbHbIe XapaKTepUCTUKY UCC/IelyeMbIX TOPOZIOB U (pakTHUeCKU 1cCe/lyeMble I/I0Iaju.

Tabnuna 1 - CpaBHHTe/IbHAs XapaKTePUCTUKA UCCTeyeMbIX TOPOJOB
DOI: https://doi.org/10.23649/JAE.2024.41.11.2

®dakTruecKu
Tox Hacenenwe, OdwunmanpHas
Topogp, ) nccenyeMast
OCHOBaHUs YeJIoBeK T710I1a/b, KM )
I/I0I1a/ib, KM
Awnrapck 1948 221296 294 116,79
TynyH 1927 38440 128 79,27
CastHCcK 1970 35561 83 20,69

Cpenu vcciefyeMbIx ropofioB TynyH siBsieTcsi caMbIM cTapbiM, CastHCK, Kak TOBOPHJIOCH paHee, CaMbIM MOJIOABIM. Takke
B ropoge TylyH Bu3yaJbHO HabmiofaeTcss caMblii OOMBINOH YacTHBIM CceKTOp. AHrapck ob6mnazaer camoi 6ostblioi

YHMC/IeHHOCTBIO Hace/leH!s ¥ TUIOLIa/IbI0 TOPOACKO# TepprTopud [17].
Beretaruonnsiit ungekc NDVI paccunThiBancs o ¢popmyiie:

— NIR-RED
NDVI = NIR+RED

Ine NIR — orpakeHue B GrmkHel nHpaKpacHoii obmacty criektpa RED — oTpaskeHHe B KpaCHOM 00/1acTH CIIeKTpa.

M

OCHOBHbBIE pe3y/IbTaTbl U 00Cy)K/IeHHEe
Ha puc. 2 wu3obpaxkeHbl (PaKTUUECKH HCC/E[0BAHHBbIE YUaCTKW TEPPUTOPUM TOPOJOB, TaK KakK OBbIIM HCK/TFOUEHBI

IMpOMBII/IEHHBIE W TIPOXU3BOACTBEHHbIE 30HBI.

Casinck

AHrapck Tyayu

PucyHok 2 - MI306pakeHue (hakTHueCKH UCC/IeJOBAHHBIX TOPOZACKUX TEPPUTOPHI
DOI: https://doi.org/10.23649/JAE.2024.41.11.3

Takum 06pa3om, B AHTapcKe »Kujble pardoHsl 3aHuMaroT 40% ot obiieit romagy, B . TyayH — 62%, u B 1. CastHck — 25%,
COOTBETCTBEHHO, MeTO/IOM Kaprorpaduueckoro obciefioBaHusl MOATBEPXK/IAEeT CTAaTyC KPYITHBIX MPOMBIIILJIEHHBIX L[EHTPOB, a
TaK)Xe OCTPYI0 NOTPeOHOCTh B 0C0O0M BHUMAaHHMH K BOTIPOCaM 03e/IeHeHUsI M aHAJIMTHUKE COCTOSIHUS 3eJIeHbIX HaCaXK/|eHWH.

Tabs. 2 npeacraBsieT coO0 CBOJHbIE JaHHBIE MOTYUYEHHBIX BEreTalMOHHBIX UH/IEKCOB 0ObEKTOB MCC/Ie[JOBAHHUS 33 BECh

TIepHof], a TaK)Ke COOTBETCTBYIOLLMX [1ePHOZly CpeZiHel TeMIiepaTypbl U 0Ca/iKOB.

Tabsuiia 2 - CBoziHbIe 3HaUeHHs1 BereTaloHHoro uHgekca NDVI 3a 2013-2022 rogsi
DOI: https://doi.org/10.23649/JAE.2024.41.11.4

AHrapck Tynyn CastHck
Cpenne Cpenne
Cpeapsisr | Moo HO Cpeausist | Moo HO Cpensss
pen, e Pen, e pen,
T'op Temrepa Temriepa Temrepa
(mio7b/a Typa 3a KoJ4ec Typa 3a Komvec Typa 3a
NDVI TBO NDVI TBO NDVI
BLYCT) WHOJIb - HIO/Tb - WIOTD -
aBTYCT, OCaAKoB aBTYCT, OCaaKoB aBTYCT,
C C’° 3a UIO/Th C C"’ 3a UI0/Th C C"’
ba. - aBTYCT, ba. - aBTYCT, pag.
MM MM
2013 0’6%493 17,5 27,5 0’9%900 16,3 54 0’655173 21,2

3
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2014 0,55796 17,1 65,5 0.85525 17 80,5 0,65623 21,2
4 7 4

2015 0,54534 19,5 77 0,67910 18,4 79 0,70322 23
3 7 2

2016 0,5(;921 17,8 119 0’53103 17,6 79,5 0’9?__)559 22

2017 0’9?:157 17,2 82,5 0’5(;295 17 46,5 0’5‘;028 21,2

2018 0’8%332 17,5 65,5 0’63373 16,4 108 0’927772 21,2

2019 0’685441 17,5 152 0’63373 17,4 156 0’537379 21,3

2020 0’512550 17,8 160 0’82451 17,2 111,5 0’92452 21,3

2021 0’8?__)774 17,4 136,5 0’93925 17,7 129,5 0’8%995 18,8

2022 0’813738 17,1 84 0’612569 14,7 54 0’6?5173 21,2

IMo pe3ynbrataM aHaiM3a Tab/i. 2 cocraesjeHbl rpaduku U obime TpeHAbl uHAekca NDVI U npousBefieHO BHU3yanbHOEe
CpaBHeHHe U300pa)KeHU C MUHMMAJTbHBIM U MAaKCUMaJTbHbIM 3HaueHreM NDVI.

HecMmortps Ha To, UTO HCCIeAyeMble TOPO/ia UMEIOT OUeHb TI0XO0KHe reorparueckie XapakKTepUCTUKY, HAXOSATCS B OHOM
perroHe TpeHAbl NDVI, MakcumanbHble M MUHMMa/bHble 3HAUEHWs] WHJeKCa He coBmazaroT 3a nepuog 2013-2022 r. Ha
pUCyHKax 3-5 mpezicTaB/ieHbl rpaUKu U3MeHeHHs MHJeKCa.

Hunexc NDVI
1.2 -
y =0.0022x* - 0.0476%° +0.3472x2 - 0.9197x + 1.3178
R2=10.4506
1
0.8
0.6
0.4
0.2

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

+=NDVI TlonrHOMHaEHAA (NDVI)

Pucynok 3 - I'pacduk nagekca NDVI . AHrapck 3a uccriefiyeMslii epuog
DOI: https://doi.org/10.23649/JAE.2024.41.11.5

I'paduk vHzAEKCa 10 AHrapCKy MpeCTaB/seT co00M JIOMaHy0 KPHBYIO C MUKOBLIM CaMbIM BBICOKMM 3HaueHueM B 2017 u
nagenyeM B 2020 rogax. B ¢Bsi3u ¢ 3TOM KapTUHOM 00IIWE TpeH 1 UHIeKCa UMeeT BOJTHOOOpa3Hyto Ghopmy.
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Hnpexec NDVI
1.2 . 5
¥ =-0.0052x" +0,0975%* - 0,5311x + 1.4802
1 R2=0.683

0.8

0.6

0.4

0.2 e=fe=NDV]  em===T]o1HHOMHATBHAS (NDVI)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

PucyHok 4 - I'paduk nuagekca NDVI r. TynyH 3a ucciefyemblii mepuof,
DOI: https://doi.org/10.23649/JAE.2024.41.11.6

I'paduk wHzaekca B Ty/nyHe He MMeeT SPKO BBID&)KEHHBIX CKAUKOB M0 roJaM M B LIeJIOM HaOMrOJaeTcs rapMOHUYHAs
KapTHHa obiero TpeHga NDVL

Hunexc NDVI

1.2 3
y = 0.0002x* - 0,003%% + 0,0016%> + 0.0942x + 0.5284

R2=10.1533

. AN A

0.6
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Pucynok 5 - I'paduk nagexkca NDVI . CastHCK 3a BcciiefyeMblil Ieproy,
DOI: https://doi.org/10.23649/JAE.2024.41.11.7

I'paduk nHaekca NDVI r. CasiHCKa HEOHOPO/JHBIN C pe3KUMH TieprojaMu CcHrbkeHwst, a 2018 u 2020 roxy, XoTs B 0b11ei
KapTHHe rpadyka TpeH, BBIVISAUT TIO3UTHBHBIM 3a CUeT T0fi0B, KOTa OH IpubmmKancs K 1.

SIpKO BBIP&KEHHBIX CKayKOB CpejHeMeCsYHOM Temrieparyphl 3a 2013-2022 roga 1o MeTeo/jaHHBIM, NIPHBE/IeHHBIM B Ta0I.
2 He Hab/oza0Ck. Bee rokasaresn UMeIOT He3HauWTelbHble KosiebaHust BOKPYT OHUX U TeX ke 3HaueHWH. CpeJHeMeCsiuHast
TeMIeparypa HI0/Is/aBrycra 1o AHrapcky 3a ucciefiyeMolii nepuog nmo Aurapcky — 17°C, B Tynyne — 16-18°C, B CastHCcke —
21-22°C.

Ha puc. 6 npuBeneH o6obiatomuii rpadmk 3HaueHus nHAekca NDVI o ucciesyemMeiM ropogam 3a repuog ¢ 2013 o
2022 rofpl.
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PucyHok 6 - O606111eHHbIH rpaduk nHgekca NDVI no uccneyeMbiM ropofiam
DOI: https://doi.org/10.23649/JAE.2024.41.11.8

Ha puc 6. BuzHo, uTo TpadmiKy BereTallOHHOTO MHZEKCA 3eleHbIX HacakzeHui CasHCKa M AHrapcka MMeloT ofiue
TeH/IeHLIUY K IOBBILIEeHUI0 U IOHWKeHU0, a AruHaMuKa uijgekca NDVI B 1. TynyH CyljecTBeHHO OT/IMYaeTCs OT IepBhIX JBYX

TOpOZOB.
Ha puc. 7-9 B KauecTBe npuMepa nprBefieHa 3aBUCMMOCTb uHZAekca NDVI ¢ ko/MuecTBOM 0CaiKOB, BBITIABILIMX 3a MeCHL]
WCC/IeIOBaHUs, CpeJHEeMeCsYHOM TeMIlepaTypoil 3a MWI0Ab — aBryCT U CyMMapHbIM MHJEKCOM IIOrOfibl, KOTOpPBIA

PaCCUMTBIBAETCA KaK IpPOM3Be/ieHN e OTHOCHUTE/TbHOU TeMIiepaTypbl 3a MeCdll UCCIed0BAHUA WU OTHOCHUTEJIBHOI'O KOJJIMYeCTBa
0CaJKOB 3a TOT >Ke I1epruoj 1o AHFapCKy.
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PucyHok 7 - CootHoeHre uHgekca NDVI ¢ konruecTBoM 0caikoB
DOI: https://doi.org/10.23649/JAE.2024.41.11.9

Kak BH/JHO 13 pUC. 7 KOJIMUECTBO OCA/[KOB U BesinunHa uHekca NDVI umeroT c1abyro KOppessiuio Mexkay coboi.
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PucyHok 8 - CooTHo1eHue nHAekca NDVI co cpefHeMecsuHol TeMmiepaTypoi
DOI: https://doi.org/10.23649/JAE.2024.41.11.10

[JaHHbIe pHC. 8 110Ka3bIBAIOT, YTO B3aHMOCBS3b MEeX/Y CpefiHEMeCSYHON TeMIlepaTypoi Bo3zyxa v uHgekcom NDVI 6ornee
TecHast (ko3¢ duriuent gerepmuHariu R*=0,315).
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Pucynok 9 - CoorHomueHre uxziekca NDVI ¢ cymmapHBIM KO3((HUIjIeHTOM TIOT0ZbI
DOI: https://doi.org/10.23649/JAE.2024.41.11.11

Taxke He3HauuTeSbHas KOppesLidsl MeXIy CyMMapHbIM KO3((UIIMEHTOM IOroAbl M BeIMYMHOM BereTaliOHHOTO
WHJeKCa.

MHorme aBTOpbl OTMEUAlOT OTPHULiATe/bHYI0 Ppeakly0 BereTal[MOHHOTO WHJEKCa Ha TIIOBbIIEHWe TeMIlepaTypbl U
TIOJIOKUTE/IBHYIO KODPESILIUI0 C BI&KHOCTBIO BO3Zyxa M IouBbl [18]. B Hammx ucciefoBaHUsIX MONYYUTb aHAJIOTHUYHBIE
pesyJbTaThl He yasoch.

AHam3upysi BU3yasbHYI0 WITHOCTpauyio uHekcoB NDVI 1o MakcManbHBIM M MUHUMAa/IBHBIM 3HaueHusM (puc. 10-12)
Kap/IMHA/IbHO MeHSIeTCs Tpe/iCTaB/ieHHe 00 WCIOMb30BaHUM 3TOTO WHCTPYMEHTA [/l UCC/Ie[0BaHUsS 3e/eHbIX HacaXIeHWH
MPOMBILIJIEHHBIX TOPO/IOB.
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PucyHok 10 - CpaBHeHHe MaKCHMa/IbHOTO U MUHUMa/bHOTo 3HaueHus nHaekca NDVI 3a ucciienyemblii eprof, B AHTapcke
DOTI: https://doi.org/10.23649/JAE.2024.41.11.12

PucyHok 11 - CpaBHeHHe MaKCMMabHOTO ¥ MUHMMaJIbHOTO 3HaueHus1 uHekca NDVI 3a ucciiefyemslii nepuog, I. TynyH
DOI: https://doi.org/10.23649/JAE.2024.41.11.13

Casinck, 2017 NDVI 0,995595 Casinck, 2018 NDVI 0,540287
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Pucynok 12 - CpaBHeHre MaKCHMa/IbHOTO M1 MUHMMa/IbHOro 3HaueHus1 uagekca NDVI 3a nccneayemsiii nepuog, T. CasiHcke
DOI: https://doi.org/10.23649/JAE.2024.41.11.14

Bmyaanaﬂ pasHulja MeXXay MaKCHMa/IbHbIM WU MUHHMaAa/IbHBIM 3HaY€HHeM OUeBHUAHO U SPKO BbIDa)KeHd, YTO OUeBHUIHO

TMOKa3bIBAOT WIJIFOCTPALIHUU.

3ak/roueHue

Ko Bcem ummocTpanusM ObUTM MPUMeHEeHbI O/JMHAKOBbIe HACTPOWKHU CTHWJIsL, HO TMPU 3TOM OFHO U TO K€ MaKCHMMaJlbHOe
3HaueHue uHzekca 0,99 B CasiHcke U TynyHe BBIVIIAUT COBEPILEHHO MO-pa3HOMY. IIpu MCCIe0BaHUM COCTOSHUS 3eJIeHBIX
HaCaKAeHWi HeoOXOAMMO YUMTHIBaThb (DaKTOPBI, KOTOpPBlE KACAlOTCs OKPYKAOIIMX 3TOT IOpOZ, NMPOU3BOACTB. M3-3a Takoid
6osbILION BU3ya/nbHOM pa3HuULbl B KapTiHe NDVI MOXKHO TIPe/ITI0/I0XKUTh, UTO OCHOBHOM (hakTOp BIMSHMS Ha XapaKTePUCTUKU
8
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WHJIEKCa MOTYT OKa3blBaTh MHOTOJIETHHE aTMOC(hepHBIe BLIOPOCHI MPOU3BOACTB, KOTOPBIE TTOBJIMUSAMN Ha MOYBEHHBINA COCTaB U
pactutencHOCTh. Tak Kak uHAeKc NDVI onjeHuBaer ofijee KayeCTBO paCTUTENBLHOCTM Ha HCCIeyeMOW TeppUTOpUH
(TI7I0THOCTh PacTUTENBHOCTU Ha UCC/AeAyeMOM TeppUTOPUM U KU3HEeCIIOCOOHOCTh HACaK/EeHWH B 1eJIoM), TO IIOSB/ISETCS
BO3MO)KHOCTb HCC/IE/|OBaTh JKU3HEHHOW COCTOSHWE DacTHUTeNIBHOCTH, B TOM UHC/Ie W JIeCONaTojorHueckoe U oliiee
CaHWTapHOe COCTOSIHME TI0f, BO3JeMCTBUEM NPOMBIIIJIEHHOTO 3arpsi3HeHHsl. PacTUTe/NbHOCTb 3e/leHbIX HacaK[eHuH
WCC/IelyeMbIX TOPOZOB MOXXHO 0XapaKTepu30BaTb, KaK pa3speXeHHYH B MepUoZbl C MUHUMAaIbHBIM 3HaueHMeM NDVI
(HabsroparoTesi GosbIIMe YYacTKW KOHTYPOB JJOPOT M JPYTHX OTKPBITBIX TeppuTopuii). IlpumeHenue uHzekca NDVI s
WCC/IeIOBAHUS 3eJIeHBIX HACaXKJEHUM TOpOJIOB, KOTOPbIE SBJISIFOTCS LIEHTPAaMH TPOMBILJIEHHBIX TPOU3BOACTE HEOOXOIUMO
OCYIIECTB/IATh UHAWBUYAIBHO M0 TPAHUIIE KaXIOro HACeNEHHOE TYHKTA, T.K. 00IMe YMC/IOBble XapaKTEePUCTHKHU KaHaia He
Jat0T 00beKTUBHOMN KapTHHBI Ha TeppuTopuu ropoga. [1o3ToMy cie/[yIoIiM 3TarioM HCCIel0BaHus SB/SETCS] THBeHTapU3aLus
3e/IeHbIX HacaK/leHWii ropo/j0B Ha3eMHbIM CIIOCO00M 10 YTBep)KAeHHbIM MeToiuKaM. Ho B Takux ropogax, kak TyayH, CasHCK
He TPOBOJWIACh HaseMHasi HMHBEHTapu3allusl 3e/eHbIX HaCaKJeHWi, M03TOMY IepBOHa4Ya]bHO BO3MOXXHO MCIIO/b30BaTh
naHHble /133, KOTopbie JOCTYIHBI /1S TFOOBIX TePPUTOPHIA.
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