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PE®EPAT

Tema BeIMyckHOW KBanmubuUKaMoHHOW paboTel  «IIpocTpaHCcTBEHHO-
BPEMEHHOM aHAJIN3 HEOJAHOPOAHOCTEN TemIiepaTypsl B I. KpacHosipcke Ha ocHOBe
CIYTHUKOBBIX JaHHBIX Landsat 1 maHHBIX MeTeocTaHIMID» coaepxut 41 cTtpaHuna
TEKCTOBOro ToKyMeHTa U 20 KCI0Ib30BaHHBIX HCTOUHUKOB.

OCTPOB  TEIUIA, TEIUIOBOE  M3JIYUEHHUE, LANDSAT,
KPACHOSIPCK, TEOMH®OPMAIIMOHHBIN AHAJIN3, NDVI, QGIS.

OObeKT HccneoBaHUN — TeMmImepaTypHas aHOMalus B Ipeaeiax ropoja
Kpacnosipcka.

[lenp paboThl — aHaMM3 TEMIEpPaTypHBIX aHOMAJIMM B Ipelenax ropoja
KpacHosipcka 1o JaHHBIM METEOCTAHIIMHI U CITyTHUKOBBIM JlaHHBIM Landsat8.

3amaun:

- TIOCTPOUTH KapTy TEMIEpPaTypbl BO3IyXa B MPHU3EMHOM CIIO€ aTMOC(EpHI
10 TaHHBIM MeTeocTannuii ropona Kpacnosipcka;

- IOCTPOUTH KapThl TEMIIEPATYPHI IOBEPXHOCTH 3eMi B I'. KpacHospcke 1o
CITyTHHKOBBIM JTaHHBIM TEIUIOBOTO Jauara3oHa Landsat8.

- BBIINOJIHUTH AHAJIU3 IIOCTPOCHHBIX TEMIEPATYpPHBIX IIOJIEH, IIPOBECTH
CPaBHEHME IOJyYEHHBIX PE3yJIbTAaTOB.

B pesynbrare BBINOTHEHUS [UIUIOMHOM pabOThl MPEACTABICHBI KapTa
TEMIEPATypbl MOBEPXHOCTH 3€MJIM MO JAaHHBIM KJIAacCU(UKALKUU U IO JaHHBIM
NDVI, a Ttakxe B pe3ylbTare HMHTEPHNOJHUPOBAHUS IMOBEPXHOCTU IO JAHHBIM
MeTeocTaHIuil. B utore ObLI NMPOBENEH CPAaBHUTENIbHBIN aHAIU3 pPe3yJIbTaTOB U

AHAJIM3UPOBAHBI TCIIJIOBBIC ITOJIA T KpaCHOﬂpCKa.
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BBEJAEHUE

B nocnennue pnecATUNeTHs OTMEYAETCS YCTOMYMBBIA POCT HAy4YHOTO U
OOIIECTBEHHOTO WHTEpeca K KIMMATHYECKMM OCOOEHHOCTSIM MErarojiucoB — B
YaCTHOCTH, TOPOJICKOMY OCTpOBY Teruta uiau Urban heat island (UHI).

B ropojckoii cpene npoucXoauT CUIIbHEHIIEE aHTPOIIOTEHHOE BO3/ICUCTBUE
Ha BCce KOMMOHEHTH jganamadra. OgauM w3  (GaKTOpPOB, 3HAYUTEIHHO
npeo0pa3yroluM  3KOCUCTEMY TOpOJa, SBJSICTCS 3aledyaThblBAaHUE JHEBHOM
MOBEPXHOCTH IMOYBEHHOTO TIOKPOBA IUIOTHBIMH C€J1a00 BJIArONMpPOHUIIAEMBIMU
JIOPOKHBIMU TOKPBITUSIMU (acanbTOOETOH, IIEMEHTHBIE TUIMTHI, IIEOEHb U JIp.).
Becbma HeOnarompusTHBIM U MaJIOMCCIIEIOBAHHBIM ACIEKTOM 3alle4aTaHHOCTH
MOBEPXHOCTH siBIIsieTCs A(@eKkT ocTpoBa TeIUIa: HaKalUIMBaHUE TeIJia Ha
TEPPUTOPUM  TOpPOJA 3a  CUET  3HAYUTEIBHOTO  CHUXKEHHUS  alb0eso
achaabTOOETOHHBIX MOKPHITUN MO CPAaBHEHUIO C €CTECTBEHHBIMU JIaHIIIapTaMu.
JIns KpynmHBIX TOPOAOB KOHTPACThI TEMIIEPATYp TOPOJ MPUTOPOJ COCTaBisieT 1—
3°C. OaHako mpH COOTBETCTBYIOIIUX MOTOJHBIX YCIOBHUSIX «OCTPOB TEILIA» MOKET
otinuatbes oT mpuropoaa Ha 10°C u 6onee [1]. [logoOHbIE yCIOBUS B IPU3EMHOM
cinoe atMocdepbl SABIAIOTCS HEOJIArONMPUSTHBIMU, MPEMSATCTBYS €CTECTBEHHOM
MUPKYJISIIUA BO3AYIIHBIX MAacC, YTO CIIOCOOCTBYET YBEIMYEHUIO KOHIICHTPAIUU
3arpsI3HAIONIMX BEIIECTB B TOPOJACKOM Bo3ayxe [2,3].

N3ydyeHne ropoIcKOro OCTpoBa TEIUIA OYEHb BAXKHO HE TOJBKO C HAYYHOU
CTOPOHBI, HO W JUIsl y4yeTa HauboJjiee BPEIHBIX U OMACHBIX MJi HAceJeHUs |
OKpYXaIoIIEH Cpelbl METEOPOJIOTUUECKUX yciaoBuil. HOBbIE pe3ynbTarhl
3aKOHOMEpPHOCTEH  (OpMHUpPOBAHUS OCTpPOBA TeIJIa TO3BOJSAT  PACIIUPUTH
BO3MOKHOCTH CHCTE€MbI PAHHETO MPEAYNPEKICHHUS O TUAPOMETECOPOTIOTHYECKUX
SABJICHUSX.

KpacHosspck — oauH u3 KpynHeumux ropoqoB B Poccun, kpynHenmmi
KYJbTYPHBIM,  SKOHOMHYECKUM,  TPOMBIIUICHHBIH U  00pa3oBaTesIbHBIN
ueHTp LlenrpanbHoit 1 BocTounou Cubupu. Kpacnosipck SIBIIAETCS

aIMUHHACTPATUBHBIM ueHrpoM Kpacnosipckoro Kpas (BTOpOTO 1o
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TJIOMAIN CyOBEKTa Poccun), a TaK xKe KPYITHEHTITIM u3
cTapuHHBIX ropogoB Cubupu. KpacHosipck ocHoBaH B 1628 u pacnoyiokeH B
neHtpe Poccum Ha o00oux Oeperax Enuces, Ha cTbike 3anagHOCUOUPCKON
paBHUHBI, CpemHecHOUPCKOTO TIOCKOTOphs M CasHCKUX TOp; B KOTJIOBHHE,
oOpa3oBaHHOM caMbIMU ceBepHbIMU oOTporamu Boctounsix CasiH. Hacenenue
ropoja coctanisier 1 066 934 yenoseka Ha 2016 rox [4].

OOBEKT HWCCIAeNOBaHWN — TeMIEpaTypHas aHOMalHs B Mpefesiax ropojaa
KpacHospcka.

[lens paboThl — aHaIM3 TEMIEPATYPHBIX AHOMAIMKA B MpEjeax ropoaa
KpacHosipcka 1o JaHHBIM METSOCTAHIMI U CITyTHUKOBBIM JTaHHBIM Landsat8.

3amaun:

- TIOCTPOUTH KapTy TEMIIEPAaTyphl BO3AyXa B MPU3EMHOM CJI0€ aTMOCHEPHI
0 JTaHHBIM MeTeoCTaHIHi ropoaa KpacHosipcka;

- OCTPOUTH KapThl TEMIIEPATYPHI MOBEpXHOCTU 3eMiu B I. KpacHospcke mo
CIYTHUKOBBIM JIAaHHBIM TEILUIOBOTO JHarna3oHa Landsats8.

- BBINOJHUTH aHAJIU3 TOCTPOCHHBIX TEMIIEPATYpPHBIX IOJIEH, MPOBECTU

CpPaBHCHHUC ITOJIYUCHHBIX PC3YJIbTATOB.
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1 O030p npeameTHOI 00J1acTH

1.1 Onpenesienne ropoICKOro 0CTPOBa TeIUIA, €ro POCT U pa3BUTHE

l'oposickoli OCTpOB Temia — MOBBIIICHUE TEMIIEPATYpbl BO3yXa BHYTPHU
ropo/jia Mo CPaBHEHUIO C TEMIIEPATYPOU OKPY’KAIOIIEH MECTHOCTH.

SlBieHne ocTpoBa Tema B MOJIE MPU3EMHOM TEMIIEPATypbl BO3AyXa
MpUCYIIE JIIOOBIM TOpojiaM U Jake JII0ObIM HACEJICHHBIM ITyHKTaM; 4eM OOJIbIle
MOCEJIOK WJIM TOPOJ, TeEM OOJIbINe, KaK MPAaBUIIO, PA3HOCTh TEMIIEPATyphl BHYTPH
HEro U B YCIOBUSIX (JOHOBOM MECTHOCTH 3a €ro IMpejeiaaMu. DTO SBJICHUE BIICPBBIC
OTKPBITO BBIJAIONIUMCS aHTJIMACKUM METEOpoJioroM - Jsrooutenem Jlrokom
['oBapnom B 1820 rony Ha nmpuMmepe CpaBHEHUS TEMIIEPATYpPHI B JIOHIOHE U B €ro
OKpecTHOCTHX [5].

OctpoB Temna SBISETCA OTPAKEHUEM CYMMbI MHKPOKIMMATHYECKUX
W3MEHEHUM, CBSI3aHHBIX C AHTPONOTCHHBIMH MPEOOPa30BAHUSIMU TOPOJIACKON
cpenpl. CyiecTByeT Heblid psij (aKTOPOB MOBBIIICHHS TEMIIEPATYPHI B TOPOJIE:

- OoJsbIasi TEMJIOEMKOCTh ac(aiabTOBBIX MOKPHITUA W CTEH KaMEHHBIX
3JIaHUM;

- CYILIECTBEHHO MEHBIINE 3aTPaThl TEMJIA HA UCITAPEHUE OCAJKOB BCJIEACTBUE
X HCKYCCTBEHHOTO CTOKAa M HAa TPAHCIHUPALMIO PACTEHUW M3-32 OTPAHHUYECHHBIX
3€JICHBIX HaCaXXJCHUM;

- MpsIMO€ BO3JCHUCTBME HCTOYHUKOB TEIJIA BCIECACTBUE YEJIIOBEYECKOM
JEATEIIbHOCTH (OTOIUICHUS 31aHUM) U Jp.

Jlaxxe U30MpOBaHHBIN KOMIUIEKC 3JJaHUM CO31AET MUKPOKJIMMAT, OTIIMYHBIN
OT TOT'0 KOTOPBIN OBbLT ObI HA ITOM MECTHOCTH B €€ €CTECTBEHHOM COCTOSIHUH.

Tak k€ UHTEHCUBHOCTb TOPOJACKUX OCTPOBOB TEIIA BECbMA CUJIBHO 3aBUCST
oT oco0eHHOCTeH penbeda. B ycrnoBusx cioxxkHoro penbeda Ha pa3BUTHE OCTPOBA
TeIIa BIWAIOT PA3JUYHbIC JIOKAIbHBIE UUPKYJsinuu. [lomumo 3TOro, 3ametrHoe

BJIMSTHUC OKA3bIBAIOT KPYITHBIC PCKH, IIPOTCKAIOIIUC 110 TCPPUTOPHUU T'OPOIOB.



EctectBennble ycnoBus emie 0ojee MCKaKaloTcsl B YCIOBUSAX TOpoAa H3-3a
Majoro wucrnapeHus. ConHedHas SHEprus 3a ropofOM pacxoAyeTcs yTpOM Ha
UCIIApEHUE POCHI, TYTTAIMI0 PACTEHUH U JIp., B TOPOJI€ HEMOCPEICTBEHHO
NOTJIOIIAETCA 3AaHUSAMU. DBANOTPAHCIIUPALUs B FOPOJE PE3KO YMEHBIIEHA, TaK
KaK pacTUTEIbHBIN MOKPOB HE3HAUYMTENICH. BBICTpoe ynaneHue OCaJKOB JelaeT
HEBO3MOYKHBIM CO3/IaHHE€ 3arlacoB BJIATM B MOYBE U, CJIEIOBATEIbHO, UCIIAPEHUE C
Hee. TeM cambIM YBEJIMYMBAETCS BOCXOSIINI MOTOK SIBHOIO TEIJIa B CTPYKTYpE
pazuaMoHHOr0 OajaHca 3eMJIH 0JT TEXHOTCHHOM HHPpacTpyKTypo [6].

OOBIYHO HAMOOJBINIAS WHTEHCUBHOCTh OCTPOBA TEIJIa B CYTOYHOM XOJC
HaOJTI0/IaeTCs B IIEPBO# IMOJIOBUHE HOYH, HAMMEHBIIAs — B CepeuHe JTHS [7].

B cnyuae, xorna ycioBus 0JaronpHUsATCTBYIOT Pa3BUTHIO OCTPOBa TeEIUIA,
MaKCUMaJIbHbIE PA3IUYMsl TEMIEPATYPhl 0OBIYHO OTMEUAIOTCS uepe3 2-3 yaca mose
3aKaTa ¥ UCYE3al0T B HEOOJBIIMX rOpoax Mocie NojdyHouu. B Oonbimx ropogax
OCTPOB TEIIa COXpaHSAETCS BIUIOTH JIO BOCXOJA COJHIA, YTO YBEIMYHMBAECT
MUHUMAJIBHYIO TEMIIEPATypy B YTPEHHHUE YacChl.

CaMbIM  yOeIUTENbHBIM JIOKA3aTEIbCTBOM CYLIECTBOBaHMS B TOpOJE
OCTpOBA TEIIa SIBJISIETCA CPaBHEHUE JIBYX PAJIOB TEMIEPATYPHI, U3 KOTOPHIX OJHMH
BKJIIOYAET JlaHHbIC, MOJY4YEHHbIE Ha TEPPUTOPUU OyAyIIero ropojaa A0 €ro
OCHOBAHMSI, @ JIPYroil COCTOUT M3 M3MEPEHHBIX 3HAYECHUW TEMIEPATYPhI YXKE B
noctpoeHHoM ropoje [8]. IlpakTudeckn TPOBECTH TaKOE CpPaBHEHHE YIACTCS
OYEeHb PEJKO, HO TpeOyeMoe JA0Ka3aTeIbCTBO MOYKHO MOJIYYUTh UHA4Ye, 3 UMEHHO
yTEM COCTaBJIEHUS TPEHJAa TEMIIepaTyphl BO31yXa B pacTyIIEM ropoje U OOIIEero
KJIMMAaTUYECKOro TpeHJa B Ooyiee MIMPOKOM peruoHe. Ecmum nns kakoro-mmoo
ropojia IEpBbIA W3 YKAa3aHHBIX TPEHAOB MPEBBIIIAET BTOPOM, TO MOXHO C
YBEPEHHOCTHIO TOBOPHUTH O CYIIECTBOBAHUH B ATOM TOpOJIe OCTpoBa Terria [4].

3aMeTHUM TaK €, YTO POCT IUIOIIAJNA TOpoJa U YIUIOTHEHUE TOPOJCKON
3aCTPOMKH BEAYT K YCHJICHHIO 3 (eKTa TOpOACKOr0 OCTPOBa TEIUIA CO BPEMEHEM.
B ToM umcne, ocTpoB Temia OBICTPO pa3BUBAeTCs B HauOOJee HaCEICHHBIN
ropogax. KoHe4YHO, 4YHCIEHHOCTh HaceleHHUs He ABIAeTcs (HU3MUECKOH

BCHH‘IHHOﬁ, HO OHa 11044acTcCiAa HpOCTOﬁ OLICHKC B OTIWMYHUC OT APYIrUXx
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napaMCeTpoOB, TAKNX KaK INIOHIA[Ab, CTCIICHb U3MCHCHUS YCJIOBI/Iﬁ Ha ITOBCPXHOCTU
HJIN KOJIMYCCTBO IIPOU3BOJAMMOIO TCILIA. 9T0 CO34acT OMPCACIICHHBIC CIIOKHOCTU
IIpU HHTCPIIPECTAIUU TCKYIIHUX W3MEHECHHUH KJIuMaTra Mo JaHHBIM TOPOACKHX

cTaHmwmi [7].

1.2 Onucanue TeppUTOPUM HCCIEIOBAHUSA

Tepputopueii uccienoBanusi 661 BeIOpaH Topoa KpacHosipck. KpacHosipck

— OIMH W3 KpyHHEHIuX ropoaoB B Poccnn, KpynmHEWIIMM — KyJBTYPHBIN,

SKOHOMHWYECKHM, ITPOMBIIUICHHBIN 51 o0pa3oBaTeIbHBIN
ueHTp LlenrpansHoit 1 BocTounou Cubupu. Kpacnospck SIBIIACTCS
aIMUHHACTPATUBHBIM ueHrpoM Kpacnosipckoro Kpas (BTOpOTO o
wioniaau cyobeKra Poccun), a TaK xKe KpYIIHEUILIUM u3

cTapuHHbIX ToposoB Cubupu [9]. Ha pucyHke Hmke w#300paxeH QparMeHTt
CITyTHUKOBOTO HW300pPaKECHHUsSI TEPPUTOPUH TOpoJa €  IMPOCTPAHCTBEHHBIM

paspeuierreM 30 M.

N VL

Pucynok 1- M3o0pakenue ropoaa Kpachosipcka co ciytHuka Landsat 8
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https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B0%D1%8F_%D0%A1%D0%B8%D0%B1%D0%B8%D1%80%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%BC%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B9_%D1%86%D0%B5%D0%BD%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D1%8F%D1%80%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D1%80%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%B4%D0%B5%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%81%D0%BE%D0%BA_%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%BE%D0%B2_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B8_%D1%81_%D1%82%D0%B5%D1%80%D1%80%D0%B8%D1%82%D0%BE%D1%80%D0%B8%D0%B5%D0%B9_%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%B5_100_%D0%BA%D0%B2%D0%B0%D0%B4%D1%80%D0%B0%D1%82%D0%BD%D1%8B%D1%85_%D0%BA%D0%B8%D0%BB%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B1%D0%B8%D1%80%D1%8C

Kpacuosipck ocHoBaH B 1628 u pacnoniokeH B nieHTpe Poccuu Ha 00omx

oeperax Enuces. Hacenenue roposaa coctasiusier 1066934 uenoseka Ha 2016 roj
[10].

1.3 Hcnoan3yemoe mnporpammHoe obecnedyenue Quantum GIS

(QGIS)

Quantum GIS — cBoboHas kpoccmiaaTdhopMeHHasi TeouH(pOopMaIuOHHas
cucrteMa. [lannaga I'MMC sBnserca ONHOM M3 CaMbIX HIPOCTHIX B OCBOCHHH:
uHTEeppEeiic HAMHOIO TMOHATHEE [Js HEHCKYIIEHHOrO II0JIb30BaTeNsl, a B
HEKOTOPBIX aCIMEKTax Ja)ke MPEBOCXOAMUT MHUPOKO pacupoctpaneHHsie [MC.
BecomMbIM 1OCTOMHCTBOM SIBJIIETCS TOJJIEPIKKA CTOPOHHUX MOAYJIEH, KOTOPBIE
MOTYT 3HAYUTEIBHO PACIIMPUTH (PYHKITMOHAT IPOrPaMMBI, HE TPeOys IPU ITOM
HAaBBIKOB IPOTpaMMHUPOBaHUSI — BCE HEOOXOIMMOE 3arpykaercs U3
peno3uTopusi U He TpeOyeT MAOMOIHUTENbHBIX BMEIIATENbCTB B MPOLECC
ycTaHOBKH. OJHAKO [JI1 ONBITHBIX TMojib3oBaTeneit QGIS moxker OBITH
aJanTUpPOBaH K OCOOBIM MOTPEOHOCTAM C TOMOIIBIO  pacUIMpsIieMOn
apxutektypsl Moayied. QGIS mpenocrtaBisier OMOTUOTEKH, KOTOPHIE MOTYT
UCIIONB30BaThCA ISl CO3MaHusl MoxyJsied. MOXKHO co3/1aBaTh OTAEJIbHBIC
MIPUJIOKEHUS, UCTIONB3YS A3bIKK nporpammupoBanust C++ umau Python.

B QGIS moxHO co3aBaTh M pENaKTUPOBaTh BEKTOPHbBIC JAaHHBIE, a
TaKXe HKCIOPTUPOBATH UX B pa3Hbie (hOpMAaTHI.

Tak e B QGIS cymecTtByer MHOXECTBO HWHCTPYMEHTOB st
BBITIOJIHEHUST CETEBOT0 MW TCOMH(POPMAIMOHHOTO aHajIM3a: OBEpJCiiHbIC
omepaluy, MocTpoeHue Oy(pepHBIX 30H, HAXOXKIACHUE KpaTdallux IyTeu,
HaXOXKJCHHE 001acTeit 1OoCTyMHOCTH U apyroe [11].

OcHoBHast paboTa BhINOJHsUIACh B Iutarmae Semi-Automatic Classification

(SCP). Ilnarun siBisercs OTKpbITBIM st QGIS, W MO3BOJISET BBINOJIHATH

M0JyaBTOMATHYECKYIO KJIaCCHU(UKAITHIO (Takke KOHTPOJIUPYEMYIO

KJ1IacCU(UKAIIMIO) N300paKeHUN TUCTAaHITMOHHOTO 30HAUpoBaHus1. Kpome Toro, on
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https://ru.wikipedia.org/wiki/%D0%95%D0%BD%D0%B8%D1%81%D0%B5%D0%B9

NPEIOCTABIIAET HECKOJIbKO HWHCTPYMEHTOB [JIsi TpPEABapUTENbHON 00paboTKU
n300paxkeHuit, 00pabOTKU KIacCU(PHUKAIUI U KAIbKYJISTOP pacTpa.

SCP mno3Bonsier ObICTpoe co3naHue TpaHCHOPMHUPOBAHUE TOJIUTOHOB,
KOTOpBIE XpaHATCs B mieun-daiinax. CrnekTpaibHble CUTHATYPBl TPEHUPOBOUHBIX
IUTOMIA/Ie PaCcCUMTHIBAIOTCS ABTOMATHYECKH, W MOTYT OBITh OTOOpaKEHBI B
CTIICKTPAbHOW TOJIMUCH YydYacTKa Hapsay ¢ uX 3HaueHusMdH. Kpome Toro,
WHCTPYMEHT I103BOJISIET BBIOPATh U 3arpy3UTh CHEKTpasbHbIX curHatyp ot USGS
CIIEKTPAJIbHOM OUOJIUOTEKH.

SCP peanmusyeT WHCTPYMEHT [JIsi TIOMCKa W 3arpy3ku Landsat CHUMKOB.
Crhenyrompe WHCTPYMEHTBI JOCTYNHBI ISl TPEABApUTENBHON  00pabOTKH
n300pakeHMil: aBTOMatuyeckoe mnpeoOpa3zoBanue Landsat Ha oTpaxaTenbHYIO
CIIOCOOHOCTh TIOBEPXHOCTH, OTCEYEHHME HECKOJbKHMX pPAacTpOB M pACIICTUICHUE
pacTpa Ha MHOXECTBO JHANa30HOB.

ANroput™Mbl  KiaccU(UMKAIMKM  JOCTYIHBI: MMHHUMAaJIbHOE pPacCTOSHUE,
MaKCHUMAaJIbHOTO MpaBaonooous, CrnexrpanbHbiii Yroa Mapping. SCP no3Bossier
OCYILIECTBIISATh MHTEPAKTUBHBIN NMpeABapUTEIbHBINA IPOCMOTP KIacCU(DUKAIIH.

NHCTpyMeHTBI MOCTOOPAOOTKM BKIIIOYAIOT B Ce0s: OLIEHKY TOYHOCTH,
U3MEHEHUE PacTUTEIBHOIO MOKPOBa, JOKJIaA Kiaccuukaiuu, Kiaccuuramum K

BEKTOPY, peKiacCu(pUKaIMU pacTPOBBIX 3HaUeHMI [12].
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2 ®du3nyecKre OCHOBBI JUCTAHIMOHHOTO 30HAMPOBaHNs 3eMJIu B

TCIJIOBOM I/IH(l)paKp ACHOM AHuaIa3oHe

2.1 CpoiicTBa TEINIOBOI0 U3J1y4YeHHUS

OOBEKTBHI OKpPYXKAIOIIET0 MUpPA, UMEKIIUe Temiepatypy Boime Hyns (0°K
nm —273°C), OCYIIECTBIISIOT OECHOPSIOYHOE IBIKCHHE YaCTHI[ BEIISCTBA —
MOJIEKYJI. DHEprus MOJIEKYJI B  XaOTHYECKOM JIBIDKEHMHM  Ha3bIBAETCs
KMHETHUYECKOW 3Heprue. Korga MoNeKyibl COyIapsitoTCs, OHU H3MEHSIOT CBOE
DHEPreTUYECKOE COCTOSIHUE M HCHYCKAIOT JJEKTPOMATrHUTHOE U3JIyYEHUE.
DTO U3IIy4eHHE HA3bIBAIOT TEIJIOBBIM.

TepMosaepHsblil cuHTE3, TpoucxoAsmnii Ha CoJHIe, TPOU3BOAUT MOIIHBIN
MOTOK M3JIy4YECHUS B IIUPOKOM CHEKTPE, COCTOAIIWM, B TOM YHCIE, U3
KOPOTKOBOJIHOBOI'O BUAMMOIO H3IydeHHs. YacTb 3TOro KOPOTKOBOJIHOBOTO
U3JIy4EHUS TPOXOAUT yepe3 aTMochepy U TOTJIOIIAETCS MOBEPXHOCTHIO 3€MIIH,
npeo0pa3ysich B KHHETUYECKYIO SHEPTHIO 3eMHBIX 00BEKTOB, T.€. HATPEBaeT ux. A
TaKXe pa3IMYHbIE TEXHOTCHHBIC (MPOMBIIUICHHOE MPOU3BOJICTBO, KOMMYHAJIBHOE
XO034MCTBO) M MPUPOAHBIE MPOLECCHl B COBOKYMHOCTH CO3JAIOT YCJIOBHUS IS
dhopMUpOBaHUS TTOTOKAa COOCTBEHHOT'O JICKTPOMArHUTHOTO M3IY4YeHUs] 0OBEKTOB.
Takum o0pa3om, Bce 3eMHbIE OOBEKTHI, U3TYYAIOIIUe TEMJIOBYIO YHEPTHIO, MOKHO
pa3lieluTh Ha JBE TPYIIbl - HWMEIIINE BHYTPEHHUH WCTOYHUK TeIUIa U
HarpeBaroIuecs Moja AeHCTBUEM HEMPEPHIBHO MEHSIONIETOCS MOTOKA COJIHEUHOMU
pamuanuu. OOBEKTHI, XapaKTEPU3YIOLIHUECS] HWHTEHCHUBHOCTBIO  TEILIOBOTO
U3JIyYEHUs, CYIIECTBEHHO OTJIMYAIOTCS OT MHTEHCHUBHOCTU TEIUIOBOTO M3IIy4YECHUS
OKpY’Karolel TEPPUTOPUHU, OKPYKAIOIMMNX OOBEKTOB (Kak B OOJBIIYIO, TaK U B
MEHBIITYI0 CTOPOHY), TPUHATO HA3bIBATh TEIJIOBBIMHU aHOMATUSIMU. COBOKYITHOCTh
TEIJIOBBIX aHOMAJIMA 00pa3yeT reoTeMrepaTypHoe MoJie MECTHOCTH.

Bce 00bekThl Ha MOBEPXHOCTH 3€MJIM, MPUPOIHBIC WM AHTPOIIOTCHHBIE,
U3ITy4aroT TETUIOBbIE NH(PPAKpACHBIE BOJIHBI, YTO OOYCIOBIMBAET BO3MOKHOCTh UX

JUCTAaHIIMOHHOTO  30HAMPOBAaHUSA B  TEIUIOBOM  JWanasoHe. TemnoBOu
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uHpaKpaCHBI JNMana3oH pacloioKeH 3a BUAUMOM, OMIKHEH U cpenHei
uH(paKpacHOM dYacTsAMH JJeKTpoMarHuTHoro cmektpa (3-1000 wmxm). B
JUCTAaHIMOHHOM 30HAMPOBAaHMM 3€MJIM K3 KOCMOCa TEIUIOBOM JMaIla30H
noHuMaeTcss Oosiee y3KO, MOCKOJBKY aTMocdepa 3aJepKUBACT OOJBIIYI0 YacTh
U3IIy4EHHUs], U ITIOTOMY IPUEM TEIUIOBOTO M3JIYyYEHUS BEACTCS TOJIBKO B Y4acCTKax
CIICKTpPa, COOTBETCTBYIOIIMX OKHAM IPO3PAYHOCTH aTMocdepbl (PUCYHOK 2).

Ucnons3yrores quana3onsl 3,0-5,0 MM u 8,0-14,0 MxM.

: Otpaxertpn Tennosoin
Buaumebiit MHDPaKpacHbin NHPakpacHbin
04-07 0.7-3 3-14
< > < »

Bnvwxnna  Cpeauni

n
paycan % 13-3

CNOCOBHOCTE
100%

0.1 02 03 040506 08 1 15 2 3 4 5 678 101215 20 30
AnuHa BONHBI, MKM

Pucynok 2 — OkHa mpo3pagHocTu aTMochepsl

B nmumamazone 8,0-14,0 mMxM 030HOBBIA cioii 3eMHOU atmochepsl (Os)
norjouiaeT 0oJbIIOe KOJIMYECTBO TEIJIOBOTO M3JIYYEHHUS C JJIMHOW BOJIHBI OT 9,2
MKM A0 10,2 mxm. [103TOMYy CIyTHHUKOBBIE CUCTEMBI MH(PPAKPACHOTO TEILIOBOTO
30HIMPOBAHMS PETUCTPUPYIOT JAHHBIE TOJIBKO B NpoMexyTkax 8,0-9,2 MkM u
10,5-12,5 MKM ISl MCKJIFOUEHUSI 3TOIO y4acTKa MOTJIOLIEHUS 3JIEKTPOMarHUTHBIX
BoJH. Hampumep, mepBeie Tpu TeruioBbix kaHaia paguomerpa ASTER (10-12)
OXBaTBIBAIOT Auana3oH oT 8,125 no 9,275 mkMm, a 13 u 14 xananer — ot 10,25 1o

11,65 mxm [13].

2.2 DuznyecKue 3aK0HbI

Jlns 00OBbsICHEHUST 3aKOHOB TEIIOBOro u3nmydeHus emé B XIX Beke ObLIO

BBCACHO IIOHATHC a0COJIFOTHO I-IépHOl"O TCJIa, II0J KOTOPLIM ITOHHUMACTCA
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UjcaTM3uPOBaHHAS MOJIETh U3Tydaroniero Tena. AdcomoTtHo u€proe Teno (AYT)
NOTJIOIIAET BCE H3IIyYEHHE, BCIO DHEPIUI0, MPUXOJAIIYI0 HAa €ro MOBEPXHOCTh
HE3aBUCUMO OT JJIMHBI BOJHBI JJIA JIFOOOW 3aJaHHOM TeMIepaTrypbl, HUUYETOo He
orpaxas. [Ipu atom AUT MoKeT u3ydaTh BOJHBI JTFOOOW YaCTOTBHI.

TennoBoe u3iydeHue Ma)ke NMpU OJHOM M TOW K€ TeMIEpaType COCTOUT U3
«Ha00pa» U3NMYUYEHUN C pa3HBIMH JIMHAMH BOJIH. CTENEHb y4acTus pa3HbIX JJIMH
BOJH B IIOTOKE TEIUIOBOTO M3JIyYEHHUs Te€Ja, HArperoro 10 ONpPeneIEHHON

TeMIIepaTyphbl, onuchiBaeTcs 3akoHoM [lnanka o popmyne (1):

4
PATS —unT: (1)

rjie U — u3aydaresibHas CioCOOHOCTh aOCOIOTHO YEPHOTO TeJa,
¢ — CKOPOCThH CBETA,
A — JUIMHA BOJIHBI,

T — TemMneparypa.

OO111ee KOIMYECTBO M3JIyUYEHHUSI BCEX YACTOT YBEJIMYUBAETCS OYEHBb OBICTPO
IIpU  TIOBBIIIEHHUM  TEMIIEPATYpPbl. ODHEPrUs  CHEKTPAIBHOIO  U3JIyYEHUS,
ucmyckaeMoro eauHuueid noepxHoctu AUYT, mnpomopiuoHanbHa 4YETBEPTOU
CTeneHu ero temmeparypbl. Hampumep, o00BEKT, HMEIOUIMI TeMIepaTypy
KYXOHHOM JTyXOBKHM (KOTOpas B 2 pa3a BbIlLIE KOMHATHOW TeMIEpaTypbl B IIKaje
abcomotHbix Temmepatyp — 600 K mpotus 300 K) uznmygaer B 16 pa3 Gombiie
DHEPIMM C EIMHMUIBI IUION[AAW. JTa 3aKOHOMEPHOCTh HOCHUT HAa3BAHHUE 3aKOHA

Credana-bonbumana u Beipaxkaetcs B hopmysie (2):
P = ¢oT?, (2)

IJIe 0 - TIOCTOSTHHAS,
T - abcomtoTHas TeMriepaTypa,

€ - U3JIy4aTesbHasi CHOCOOHOCTb.
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Takum oOpa3om, B cooTBeTcTBHM ¢ 3aKoHOM Crtedana-bBonbiiMana, B pealbHBIX
YCIOBUAX DPA3JIM4Ms B HM3IYYCHUU OOBEKTOB 3€MHON IOBEPXHOCTH CBS3aHBI C
pa3iIuuMsMU B 3HAYCHMSIX HE TOJIBKO MX TEMIEpaTypbl, HO U H3Iy4aTeIbHOU
CIIOCOOHOCTH.

CooTHoOlIeHHE MEXy MOTJIOUIATeIbHON M HM3JIydaTelIbHOW CIIOCOOHOCTBHIO
00BeKTOB omnuckiBaeT 3akoH Kupxroda. I''Kupxrod mpokaszan, 4tro oTHOIIEHHE
UCITYCKaTeJIbHOW U TMOTJIOMATEIbHON CIIOCOOHOCTEN HE 3aBHCUT OT MPUPOBI Tela
U SIBISIETCA JJIA BCEX TEJ OJHOM M TOM ke (PYHKIMeH 4acTOThl (IJIMHBI BOJIHBI)
U3My4YeHUs] M TeMIepaTyphl: COTJAacHO 3akoHy wusmydeHus Kupxroda, terno,
KOTOpPO€ MpU JAaHHOW TeMIlepaType CUJIbHEE IOIJIOIIAET, JOHKHO HHTEHCUBHEE

u3nydats [13].

2.3 U3nyuyaTebHble CBOHCTBA 3¢MHbBIX 00bEKTOB

OueHb BaXHBIM MApaMETPOM, VYUTHIBAEMBIM TIPU JUCTAHLIMOHHOM
U3YYEHUU TIOBEPXHOCTH, SBISETCS U3JIydaTelbHasg CIOCOOHOCTh OOBEKTOB.
OOBEKTHI OKPY>KAIOIIETO MUPA — TOPHBIC TIOPOBI, IOYBHI, PACTCHUS, BOJbI U T.]I. —
00JIaJal0T HEKOTOPBIMU  CBOMCTBaMH, KOTOpBIE OIPEACIAIOT  Pa3IdYHYIO
WHTEHCUBHOCTb U3JTyYEHHUSI pa3HbIX OOBEKTOB MPU OJIMHAKOBOM TeMIIepaType.

JIBa 00BbEKTa 36MHOM MOBEPXHOCTH MOTYT MMETh aOCOJIIOTHO OJMHAKOBBIC
KUHETUYECKUE TEMIepaTypbl, HO TIPH OTOM XapaKTepU30BaATHCS Pa3IMYHOU
WHTEHCHUBHOCTBIO TEIJIOBOI'O U3ITy4YCHUS, buxcupyemoit METOJIaMH
JHUCTAaHIIMOHHOTO 30HJAWPOBAHMS, B CHIIY Pa3IMUMi 3HAYCHUW WX W3JIy4aTeIbHOU
cnocobHocTH. M3mydarenbHas CHOCOOHOCTh OOBEKTOB, OIpPEAENICHHAas 110
CHHMKaM, MOJKET 3aBHCETh OT OINpeJelIeHHOro Habopa (pakTopoB, OTHOCSITUXCS
KaK K CBOMCTBaM OOBEKTOB, TaK U K OCOOCHHOCTSIM TIOJTYYCHUS TaHHBIX:

- 1BeT (00BEKTHI, UMEIOIINe OoJjiee TEMHBIN IBET, Jydllle MOIJIOMAT U -

U3ITy4al0T AJIEKTPOMATHUTHYIO JHEPrUi0 (T.e. OHU XapaKTEePU3YIOTCS OOJbIIei
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W3ITy4aTeIbHON CIIOCOOHOCTBIO), YeM OoJiee CBETIbIE OOBEKTHI, OTPAKAIOIINE
OOJIBIIMHCTBO MPUXO/SIICH Ha KX TIOBEPXHOCTH SHEPTHH);

- [ICPOXOBATOCTh IOBEPXHOCTH (4eM OOJIBIIYIO IIIEPOXOBATOCTH HMEET
MOBEPXHOCTh OOBEKTAa B CPAaBHEHWHU C JJIUHOW, MAJalOIIeld Ha HETO BOJHBI, TEM
OOMBIINI TIOTEHIIMAT UMEET JaHHAs MOBEPXHOCTH JJISl TIOTJIOMICHUS U WU3ITyUeHUS
SHEPIHH);

- coaepxanue Biark (4eM OoJbIe 0OBEKT COACPIKUT BJIATH, TEM BHIIIE €TO
CIIOCOOHOCTh TIOTJIONIaTh M HW3Iy4YaTh SHEPTHUI0 T.K. BOJAa HMEET BBICOKYIO
U3ITy4YaTeNbHYyI0 CIOCOOHOCTh. Tak, BiIa)KHBIE YYaCTKH TMOYBBI MMEIOT BBICOKYIO
U3JTy4aTeIbHYIO CIIOCOOHOCTD, CXOAHYIO C M3ITy4aTeIbHON CIIOCOOHOCTHIO BOIBI);

- CIPECCOBAHHOCTb MaTepHasa (M3JIydaresibHas CIOCOOHOCTh IOYBHI,
HanpuUMep, 3aBHCHT OT CTENEHU CIPECCOBAHHOCTH (KOHTIOMEPUPOBAHHOCTH):
0oJee phIXJIble MaTepUaIbl UMEIOT MEHBIITUN MOTEHIIMANI aKKyMYJISIIIUUA TETJIOBOM
SHEPTHUN);

- TNPOCTPAHCTBEHHBI OXBaT M paspelieHue ChEMKH (M3TydaTeabHas
CIOCOOHOCTh 0O0Jiee MENKUX OOBEKTOB M COCTOSALIMX M3 HHUX OoJjiee KpPYMHBIX
OOBEKTOB MPHU ChEMKE C PA3NUYHBIM pa3pelIeHHeM pasnndaercs. Tak, Hampumep,
U3NydareibHas CIOCOOHOCTh OJTHOTO JIMCTa, U3MEPEHHasl C MOMOIIBIO TETUIOBOTO
parioMeTpa BBICOKOTO paspelieHusi, Oy/neT MHOW, HEXEeIH BCSI KpPOHA JIepeBa,
BUJHAS TIPYW HCIOJB30BAaHWU DPATUOMETPOB Oo0Jiee HU3KOTO pa3pelieHus. ITO
CBOMCTBO YYHUTBIBACTCS MPU ChEMKE HE TOJIHKO B TEIVIOBOM JHMANa30HE, HO TAKXKe
1 B BugumoMm u oamkaem UK-nuanasone);

- JUTMHA BOJIHBI (M3JIydaTelbHAsl CIIOCOOHOCTH 3aBUCHT OT JIJIMHBI BOJIHBI
U3ITy4eHUs] camMoro oObekTa. Pa3Hble OOBEKTHI M3Iy4alOT BOJHBI HECKOJIHKO
pa3HoM IMHBL. Pa3nuuus B CrIEKTpaIbHOW U3TydaTebHON CIOCOOHOCTU 0OBEKTOB
B TEIUIOBOM HH(PPAKPACHOM JHMAMMA30HE HCIIOJB3YeTCs UIsi UX pas3fecHUs Ha
MHOTO30HAJIbHBIX CHUMKAX );

- yros o030pa (u3nmydatenabHasi CIIOCOOHOCTh OOBEKTa MOXET MEHSTHCS B

3aBUCHUMOCTH OT yTJia, [0l KOTOPhIM ero GuKcUpyeT Aat4yuk) [14].
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WznyyaTenbHas crocOOHOCTh aOCOJIIOTHO YEPHOTO Tejla MPUHHUMAETCS 3a
€AUHUILY, & JI1 BCEX pealibHbIX OOBEKTOB OHA JEXKHUT B mpeaenax mexay 0 u 1.
W3nydarenbHas CHOCOOHOCTh HEKOTOPBIX MaTepUajioB TMpHUBEIEHAa B TalOIuIe

HIMKC.

Tabnuna 1 — U3nydatenbHast cocOOHOCTh MaTepUasoB

Nreps e
Bopna 0,92-0,98
Beron 0,71-0,90
Acdanbt 0,95
CyrnunucTas nmoysa, cyxas 0,92
CyrnuHucTast movBa, BIaxHast 0,95
PacTuTelbHOCTh, COMKHYTHIN TIOKPOB 0,98
PacTutenbHOCTD, pa3pekeHHBIN TTOKPOB 0,96
Tpara 0,97
OTroMpoBaHHBIE METAJLIBI 0,07-0,20
Cuer 0,83-0,85
Kpacka 0,90-0,96
Koxa uenoBeka 0,98
A6comoTHO Y€pHOE TEJI0 1,0

Oco0EeHHO HU3KMMH 3HAYEHUSIMU U3JIy4aTeIbHON CIIOCOOHOCTH OTIIMYAIOTCS
METAJJIbl U CTEKJIO, YTO IIPUBOAUT K IMOSBJICHUIO HAa CHUMKax B TEIJIOBOM
UHPPaAKpPACHOM JMalla30HE XapaKTEPHbIX TEMHBIX MSATEH HAa MECTE 3JaHul U
COOPYKEHUH CO CTEKISIHHBIMM WJIH OTIIOJMPOBAaHHBIMA  METAUINYECKUMU

KPBILIAMMU.
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3 IlocTpoenne KapTbl TeMIepaTypbl NOBEPXHOCTH 3eMJHM IO

AAHHBIM METEOCTAHIIUNA

3.1 I/ICXOIIHLIe JAHHbIC

MereocTaHus — COBOKYITHOCTb Pa3IMYHbBIX npuoopoB TUISL
METCOPOJIOTHICCKUX ~HM3MEpPeHHH (HAONIOJCHUsS 3a TMoroaoi). Pasmudaror
aHaAJIOrOBBIEC U IU(PPOBBIE METEOPOJIOTHUECKUE CTAHITUH.

YroObl CHATH TMOKa3aHWS TEMIIEpaTypbl BO3AyXa IMPOCTO HCIOIb3yeM
OOBIKHOBEHHBI WJIM S3JIEKTPOHHBIM TepMoMeTp. i TOro 4YTOOBI MOTYYUTH
MaKCHMaJbHO TOYHBIE pPE3yJbTaThl HEOOXOJUMO YYECTh HEKOTOpbIE Ba)KHbIE
JeTalnu UX KOHCTpYKUuu. Ecinu He ciienoBaTh CTPOTUM MPUIIMCHBIM HCTUHAM, TO
BEPOSATHEE BCEro Bbl M3MEPUTE TEMIIEpaTypy OJU3JIEKalUX MPEIMETOB, CaMOTro
rpayCHUKA, HO HUKAaK HE HCTHHHYIO TeMIlepatypy Bo3ayxa [15].

JI71s1 TOro 4TOOBI MOJIYYUTh 00JIEe TOUHBIE JaHHBIE IO TEMIIEpaType BO3ayXa,
KaK BHYTPU, TaK M CHapyXHu IOMEIIEHUS MOXHO HUCIOJB30BaTh LHU(POBBIE
MereocTaHuu. KcraTtu, 3TH COBpEMEHHbIE MPUOOPHI MEPEJAOT JTAHHBIE O
BJIQXKHOCTH U aTMOC(EpHOM JaBJICHUH BO3yXa.

OCHOBHBIM HUCXOJHBIM MaTE€pUaJIOM JUIsl HMCCJENOBAHMS  TOCIYKHWIN
TeMIlepaTypHble JaHHble ¢ nocToB Ha0moaeHus Cpeanecudbupckoro YI'MC u HIIT
«Hayunoro MunoBammonnoro llentpa Ilpuxnannoit I'eoskonorum», Cubupckoro
PETHOHATIBHOTO Hay4YHO-UCCJEA0BATENBCKOTO TUAPOMETEOPOJIOTUYECKOTO
WHCTUTYTA (PUCYHOK 3).

[TocThl BEIOMpaANUCHh TAKUM 00pa30M, 4TOOBI TTOKA3aTh PA3HOCThH TEMIIEPATYP
32 TOPOJIOM U BHYTPHU HEro. 3a MCXOAHbIE MOCTHI HA JIEBOM Oepery ObLIU B3ATbI
cnenyromue: B JKenesHomopoxHoM padioHe mocT Ne 21 mo aapecy
KpacnomockoBckast 3271, nmamee Obiia B3ST moct No 3 Haxopsmmiics B
LentpaneHoM paiione no agpecy CypukoBa 54 m Ne5 B CoBETCKOM pailOHE IO
anpecy Tenpmana,16. Ha mpaBom Oepery Obumi B3siThl mocThl: Ne 7 1o aapecy

MarpocoBa 6 B CBepIsIOBCKOM paitoHe, B KupoBckom paiione nmoct Ne 8 mo aapecy
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Kyry3oBa 94, Ne9 ynuna YaiikoBckoro 7 JleHnHckoil pailoH u Ne2(0 Ha ynuue

ConHeyHast 8 B COOTBETCTBUH C PUCYHKOM 3.

Pucynox 3 — Meteoctanmuu ropoaa Kpacuosipcka

Jlanee it TOCTPOCHUSI KapThl HEOOXOJMMO CHEJIaTh WHTEPHOJISIIIUI0 B
pacTp, Il OTOOpakeHHUsI TeMIIepaTyphl IO TOPOJy M 3a €ro mpeaejaMu Mo Bcen

TEPPUTOPHUH UCCIIETOBAHUS.

3.2 IIpocTpaHCTBeHHAS] UHTEPHOJSIIUS

HNHTepronsuus — BOCCTaHOBIICHHE (PYHKIIMM Ha 3aJlaHHOM HHTEPBAJE IO
W3BECTHBIM €€ 3HAYCHUSM KOHEYHOTO MHOKECTBA TOYEK, MPUHAJICKAIIUX 3TOMY
MHTEpBANly. B Hactosimiee BpeMsl M3BECTHBI JECATKM METOJOB HHTEPHOJISIUN
MMOBEPXHOCTEH, HamOoJiee pacIpoCTpaHCHHBIC: JIMHEHHAS WHTEPIIOJSAINS; METO
OoOpaTHBIX B3BEIIEHHBIX PACCTOSIHUMN, KPUTHHT; CIUIAH-WUHTEPIOJSAIUS; TPEH]-
MHTEPIOJISALHUS.

HMcrnonp30BaHMEe M3BECTHBIX 3HAYEHUMM TOM MJIM HWHOM BEJIMYHMHBI B

OMMpCACICHHLIX TOYKaxX JJId OLNCHKH HCHU3BCCTHBIX 3HAUYCHUM B HEU3BECTHBIX
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TOYKAaX Ha3bIBAC€TCS IPOCTPAHCTBEHHOM uHTepnoysinuen. Hampumep, cosmasas
KapTy TeMIlepaTyp KakKoW-IM0O CTpaHbl, HEBO3MOXXHO HAWTH JOCTATOYHO
METEOCTAHIIMM,  PABHOMEPHO  PACOPEACICHHBIX IO €€  TEPPUTOPHHU.
[IpocTpaHCTBEHHAss WHTEPHOJISLUS IMOMOTAeT OLUECHUTh TEMIIEPATYpPbl Ha BCEU
TEPPUTOPHUH, HCIIONIB3Yysl CYLIECTBYIOIIME JAaHHBIE, B3ATbIE C METEOCTAHLIHM.
PesynbraT  Takod  WHTEPHOJSIMM  YAaCTO  HA3bIBAOT  CTATHCTUYECKOU
MOBEPXHOCTHI0. Mogenu penbeda, KapThl OCATKOB U HAKOIUICHUS CHETA, a TaKkKe
KapThl IUIOTHOCTHM HACEIIEHHSI — BOT HEKOTOpPHIE MPUMEPHI PE3YIbTATOB
POCTPAHCTBEHHOW MHTEpHOsuu [16].

CylecTByeT MHOXKECTBO METOJA0B UHTEPIOJISLIUH, OUH U3 KOTOPBIX METOJ
IDW (na anri Inverse Distance Weighting, Ha pyc. O6parHoe B3sereHnHoe
Paccrosiaue).

Meron wunTepnomsauuu IDW  3akmrouaeTrcs B TOM, YTO HPOUCXOIAUT
B3BEIIMBAHUE TOUYEYHBIX OOBEKTOB TaKUM OOpa30OM, 4YTO BIIMSHUE H3BECTHOTO
3HAYEHHS] TOYKU TACHET C YBEIMYEHUEM PACCTOSIHUA OO TOYKH C HEU3BECTHBIM
3HAQYEHUEM, KOTOPOE HaJ0 OMNpEeNeNuTh. B3BelllMBaHME NPHCBAUBAETCA TOUYKaM
cOopa JaHHBIX Ha OCHOBE KOA(PduIIMEHTa B3BEIIUBAHUS, KOTOPHI KOHTPOJIHUPYET,
KaK BO3/ICMCTBUE TOUYKH OyJET YMEHBIIATHCS C YBEIIMUYEHUEM PACCTOSHUA J0 3TON
Touku. Yem BbIie KOAI(DPUIIMEHT B3BEUIMBAHMS, TEM MEHbIIEe OyaeT 3ddexrt,
OKa3bIBa€MbI TOYKOM, €ClIM OHa OyJeT JajeKO OT HEM3BECTHON TOYKM, 3HAUCHUE
KOTOpOM OIpelessieTcss B Xoae uHTepnonsauuu. llo Mepe Bo3pacranus
ko3 uIeHTa 3HaYeHNe HEU3BECTHOM TOYKHM OyJeT MPpUOIMKATHCS K 3HAUCHUIO
Onv>kaiieit Touku cOopa JaHHBIX.

N3-3a BBICOKON CTOMMOCTH M OTPAHHUYCHHOCTH BPEMEHH U PECYpPCOB cOOp
JAHHBIX OOBIYHO MPOU3BOJUTCSA Ha OrpaHMYeHHOM KoaudectBe Touek. B T'MC,
WUHTEPIOJSALMS TOJIYYEHHBIX 3HAYEHUM TMO3BOJISIET IOCTPOUTH PAaCTPOBOE
W300paKEHWE, 3HAYCHHS  TUKCENed  KOTOPOTO  SIBJISIIOTCS — OIEHOYHBIMHU

SHAYCHUAMH, ITIOJTYUYCHHBIMHU Ha OCHOBC JaHHBIX TOYCK.
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Tabnua atpulOyToB TpeacTaBisieT 0OBEKTHI BbIAEIEHHOTO ciosi. Kaxkmas
CTpOKa TaOJUIBI COOTBETCTBYET OJHOMY OOBEKTy Ha KapTe W OTpa)kaeT ero
aTpuOyThI B CTOJIOIAX.

Ha pucyHke Hrke TMpeACTaBlIeH pe3ylbTaT HWHTEPIOJAINA B PACTp

TOYEUHBIX 0OBEKTOB C JaHHBIMHA MCTGOCT&HHHI’I.

Mpoextes Mpaexa Ban Cnofi Yorawoekw Moaymt Bextop Pactp Basanassix MwTepuer  Awame fawwnx  Cnpaska
DEBBRR A2, RPPLRAR Qe -K-ReEET= 0O B B Y
/BB AB>0E "HAFRRY & &
o i ‘\_\ = R F7 7 0t e i A 0 LN o
GevRRA

B r BSOS NNANS

4
o |

LY [ 10339752, 7559276 | o 11267 v Spauewe: 00 ) = mem;csssﬁm

(Coou | Crarwcrea |

Pucynok 4 — Untepnonsiuus B pacTp (JIaHHBIC 3a MapT)

Jlamee moCTpoMM  KapTy TEMIEpaTypbl 3€MHOW MOBEPXHOCTH IO

CIIyTHUKOBBIM JIaHHBIM Landsat.
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4 IlocTpoenne KapTbl TeMIepaTypbl NOBEPXHOCTH 3eMJHM IO

CIIYTHUKOBBLIM TaHHBIM

4.1 MHcxoaHbie JaHHBbIE

Jnsi aHany3a M IMOCTPOCHMS KapThl TEMIIEpaTyphbl IMOBEPXHOCTH 3eMIIU
HEOOXOMMBI CTyTHUKOBBIC JaHHBIC. bbIIM BRIOpaHBI CITyTHUKOBBIE M300paKCHUS
Landsat moToMy, YTO OHHM MOAXOMAT JJIA aHajiW3a TCIUIOBBIX IIOJEH, HX
CIEKTPAIbHOE pPa3pelIeHHEe MO3BOJISET padoTaTh W MPOBOIUTH aHAIN3 PA3THIHBIX
BUJIOB TTOBepxHOCTeH Ha 3emie. CBOOOIHbIC UICTOUHUKU ITUX JAHHBIX MO3BOJISIOT
BBIOpaTh CHUMKHU 0€3 00J1aKOB, IIIyMOB 1 B pa3HOE BPEMEHHU roja.

B Tabnuie 2 nmpeacTaBieHbl XapaKTepUCTUKH ciiyTHHKA Landsat 8.

Tabnuna 2 - Xapaktepuctuku nmpudopa Landsat 8 OLI

Cencop Pexxum creMku CrexTpalibHbII [IpoctpancTBEeH
JUana3oH, MKM HOE
paszpemieHue (B
HaJupe), M
oLl
VNIR SWIR PAN
oLl 0,43-0,45 (puoneroswrit wm | 1,36-1,39 (Cirrus), 1,56 0,50-0,68
coastal), 0,45-0,52 (cunwmii), | 1,66 (SWIR-1), 2,10-2,30
0,53-0,60 (3emensrii), 0,63— (SWIR-2)
0,68 (xpacHsrii), 0,85-0,89
(6mmxauit K)
oLl 30 m 30 m 15m

Cnytauk Landsat-8, siBistroriuiicss coBMeCTHBIM IpoekToM HarmonanbHOro
ArentrctBa mo al’poHaBTMKe H Kocmocy (National Aeronauticsand Space
Administration, NASA) u TI'conmormueckoii cuyx0b1 CIIIA (United States
Geological Survey, USGS), npogomkur mOMOJHEHHE OaHKa KOCMHYECKHX
CHUMKOB, IOJY4YaeMbIX C MOMOIIbIO CIYTHUKOB cepuu Landsat Ha mpoTskeHuun
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yxke 40 neT um OXBaThIBAIOIIMX BCIO MNOBEPXHOCTh 3eMiu. Ha kocMmuueckom
anmapate Landsat-8 ycTaHOBJEHBI JBa CEHCOpA:  ONTHKO-3JIEKTPOHHBIN
(Operational Land Imager, OLI) u temioBoit (Thermal Infra Red Sensor, TIRS)
[17].

4.2 KosgpuumeHT U31ydeHUsI TOBEPXHOCTH

Koaddumment umznydenuss moBepXHOCTH (CTENEHb YEPHOTHI) MOKA3bIBAET
OTHOUIEHUE YHEPTUU TEIJIOBOTO U3IYUYEHHS CEPOro TeJa K U3IYyUYEHUIO a0COIIOTHO
YEpHOro Teja MpU TOH ke Temriepatype. OH SBISETCS KIOYEBbIM (DaKTOPOM MpHU
OIpeIeTICHNH MIOBEPXHOCTHON TEMIIEpaTyphl 110 TaHHBIM TEIIOBOW MH(paKpacHON
cbeMKd. KorpduuueHT u3nydeHus: MOKeT ObITh ONpEeNeH € MOMOILBIO
CTaHJAPTHOTO TepMoMeTpa u3inydeHHus. OJHAKO ATOT METOJ MOXKET ObITh
3p(GEeKTUBHO  NPUMEHEH  TOJbKO  TPU  BBINOJHEHHUM  MCCIEIOBaHUMN
IPEUMYIIECTBEHHO B J1a0OpaTOpHBIX YCIOBUAX. B 3TOM mjaHe MeToAbl
JUCTAaHIMOHHOTO 30HAUPOBAHMS HMMEIOT PsJ NPEUMYIIECTB IO CPAaBHEHHIO C
TPaJAULIMOHHBIMU METOAAMH. JTH NMPEUMYIIECTBA 3aKII0YAIOTCS B MAaCIITAOHOCTH
0030pa, BO3MOXKHOCTH TMOJY4YEHHUS TJIOOATBHONW M JIOKAJIBHOW OJHOMOMEHTHOM
uHdopMaruu O TPUPOAHBIX OO0BekTax. COOTBETCTBYIOIIME BO3MOXKHOCTHU
CIYTHUKOBBIX JIaHHBIX MOTYT OBITh 3()()eKTUBHO MCIOJIb30BAHBI AJIs ONPEACICHHUS
K03 puIMeHTa U3IyYeHUs, a TaKKe JJIs OLEHKM Ha €ro OCHOBE TEeMIIepaTyphbl
3eMHOW MOBEPXHOCTH. ISl 3TUX Lenell MOryT ObITh MCIOJIb30BaHbl CHUMKH Kak
BBICOKOT'O, TaK ¥ CPEJIHETO MPOCTPAHCTBEHHOTO Pa3peIICHUS.

B Hacrosmiee BpeMs uig  ompefesieHus KO3(QQPUIMEHTa U3TyYeHUs
MOBEPXHOCTU HA OCHOBE CITYTHHUKOBBIX JAHHBIX MPHUMEHSETCS JBAa OCHOBHBIX
MeToja. B mepBom MeToie ncnosb3yeTcs pe3yabTaT KiacCu(puKauu 0ObeKTOB Ha
U300paXeHUH C TOCIEAYIOUIMM MPUCBOCHUEM KaXXJIOMY OOBEKTY KOHKPETHBIX
3HaueHU Koddduimenta wuznayyeHus. Bo BropoM Meroae KOIPPUIMEHT
W3JIy4EHUS IOBEPXHOCTH OmpeesieTcs Ha ocHOBe uHaekca NDVI. Ilepsbiid meTon

0omee HpOCTOfI B HCIIOJIB30BaHNH, HO €0 TOYHOCTb OIrpaHWYCHAa W HAXOJUTCA B
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3aBHCUMOCTH OT 3(()EKTUBHOCTH pEe3yNbTAaTOB Kilaccuukanuu cHUMKa. Bropoi
METOJI UMeeT 0oJiee BBICOKYI0 TOYHOCTh M TMO3BOJISIET BBIYUCIATH KOI(PPHUIIMEHT
U3ITy4YEHUs TOBEPXHOCTHU IO KaXIOMY MUKCEI0 N300paxeHusl.

Ha ocnoBe unaexca NDVI koadduiment nznyueHus: moBepXHOCTH MOKHO
paccunTath AByMs crocobamm, paspadoranasiMu Van De Griend, Owe M. (Van
de Griend, Owen, 1993) [18] u ValorE., Caselles V. (Valor, Caselles, 1996) [19].
Hopmanu3upoBaHHbI  pa3HOCTHBIM BeretaunoHHbld  uHACKC (NDVI) Obun

paspabotad Rouse B.J. B 1973 r. u Beruncisgercs mo cranaaptHoi popmysie (3):

p oux Kp

NDVI = ,
pﬁzuc + pr\‘p (3)

rie pkp — Ko OUIIMEHT OTPAKEHUSI B KPACHOU CIIEKTPaJIbHOM 30HE,

poux — k03P PUIUEHT oTpaxeHus B OkHel nH(PpakpacHOH 30HE.
B merone, paspadorannom Van De Griend A., Owen M [18], koadduripieHt
U3TY4YEHUS TTIOBEPXHOCTHU € OTMPEENIIECTCS Ha OCHOBE €r0 3aBUCUMOCTH OT MHJEKCa
NDVI no cnenyromeit hopmyie (4):

e =1,0094 + 0,047 In(NDVI ). (4)

OTOT MEeToJA NPOCTOH, HO OH MOXET ObITh A(PPEKTUBHO NMPUMEHEH s

OJTHOPOJIHBIX oOjacTel ¢ oquuM Trrom nosepxHoctu (Valor, Caselles, 1996) [19].
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4.3 MeToauka BbIYUCIEHUS] TeMIIEPATYPbl MOBEPXHOCTH

B cuumkax LANDSAT TM, ETM+ kpacHomMy u HH(ppaKpacHOMY
JUana3oHaM COOTBETCTBYIOT TPETUHM W YETBEPTHIA CIIEKTpajbHBIC KaHAJIbI, a B
nzoopaxkennssx LANDSAT 8 OLI - yeTBepThIii U MATHIN KaHAbl, COOTBETCTBEHHO.

Hwxe mnpencraBieHbl CHEKTpajbHbIE XapaKTEPUCTUKU MHOTO30HAIBHBIX
cHUMKOB Landsat, wcronp3yeMble i BbIUMCICHHS Kod(D(HIIMEHTa W3TydCHHS

IIOBCPXHOCTH.

Tabnuma 4 — Ucnons3yembie caumkun Landsat

Cl'IyTHI/IK CHGKTpaJILHBIC KaHaJIbI IIJII/IHa BOJIHbI, MKM
Landsat 8 4.5 0,63 -0,68
0,84 -0,88

Kak  BugHO, 005acTh  HUCCIENOBaHMS  NPEACTaBI€HAa  TOPOACKOU
MOBEPXHOCTBIO, PACTUTEIBHOCTBIO U CEIbCKOX035MCTBEHHBIMU MOJISAMU. TeroBas
uHppaKpacHas I0JIOCa 3JIEKTPOMAarHUTHOTO CIEKTpa OCOOCHHO MOJe3Ha s
OLICHKM PA3HOCTU TEMIIEpATyp MEXKy TOPOJIOM U MPUJIETAIOIINX K HEMY PaliOHOB,
a TaKXe JJIs U3YUYEHUs SIBJICHUS FOPOACKOTO TEMIOBOIO OCTPOBA.

Msb1 Oynem knaccuduimpoBaTh uzoOpakenue Landsat 8, momydeHHoe B
mapte 2016 roma, HCHONB3YyS MOITYaBTOMAaTUYECKHM moaxonx (T.e. Bce
u300paxkeHne Kiaccu(UUUpPyeTcss aBTOMATHMYECKH Ha OCHOBE HECKOJIBKHX
o0Opa31oB nukcenen "TpancpopMupoBaHus', KOTOPbIE HCIOJIB3YIOTCS B Ka4eCTBE
0a30BbIX KJaccoB). Jlamee HEOOXOIMMO OLIEHUTh TEMIEPATypy MOBEPXHOCTHU
3emiii, UCTOJb3Yys TEIIOBOM IHana3oH U KIACCU(PUKALMIO 36MEIbHOTO MOKpPOBa,
KOTOpast UCTIOIb3YETCS JIsl ONPEAeSICHUs TEMJI00TAa4YH MOBEPXHOCTH.

YrobObl onpenenuTh TeIIO0TAauy MOBEPXHOCTH, KOTOpas HeoOXoauma AJis
pacuera TeMIlepaTypbl IOBEPXHOCTH 3€MJIM, HEOOXOJMMO HCIOJIb30BaTh

KJIaCCU(PHUKALIMIO PACTUTENBHOTO MOKPOBA. JJis 3TOT0 HY>KHO BBITOJHUTH:
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- mpeoOpa3oBaHUe PACTPOBBIX MOJIOC B HU(PPOBOM GopmaT A OTpaKEHUS
CIIyTHUKOBOM TeMIlepaTyphl;

- KJ1accu(UKanms pacTUTEIHLHOTO ITOKPOBA UCCIIEAYEMON TEPPUTOPHH;

- mepepacnpezenieHHe — KilacCU(UKAUMM ~ 3€MEJIbHOTO  IIOKpoBa K
U3JIy4aTeIbHOM ClTIOCOOHOCTH 00BEKTOB OBEPXHOCTH;

- TepexoJl OT TEMIIEpaTyphl CIyTHHKA K TEMIIepaType Ha IOBEPXHOCTH
3emuu [20].

Jlns terutoBoro kaHanma Landsat mepexon ot mudpoBoro mzobpakeHus: K

COYTHUKOBBIM JAHHBIM O TEMIIEpaTypbl MNOBEPXHOCTH 3€MIIM 33JaeTcsi 110

dbopmye (5):

TB=K2/n((KL/L;)+1), (5)

rae K1 and K2 3HadeHus npeocTaBistoTes: B Metadaiiie n3o0pakeHus,
L » - cnexTpanbHas SpKOCTh MpHU AUadparMe AaTyuka, U3MepsieTcss B BaTTax /
(MeTp B KBajgpare * * crep MKM).

Jlns uzobpaxenuii Landsat ono 3amaercs mo gpopmyse (6):

L, =ML * Qcal + AL, (6)

rne ML - neHrouyHas  ynenbHbIH KOG OUIMEHT  MYJIbTUIUIMKATUBHBINA
nepemaciradupoBanus u3 MeraganHbeix Landsat (RADIANCE MULT BAND x,
I7I€ X O3HA4aeT HOMEP MOJIOCHI),
AL - JlentouyHas ynenpHas Jo0aBKa TepemaciiTaOupoBaHusi (akTop H3
Landsat metanansbix noJo(RADIANCE ADD BAND x, rae X 3To HOMEp Chl),
Qcal - kBaHTYIOTCS M KaJMOPOBAaHHBIC CTAHIAPTHBIC 3HAYCHUS MPOIYKTA
MUKCEJIOB.

Takum O6p830M, TEMIICpATypa MOBEPXHOCTHU 3CMJIN MOKHO PACCHUTATDH 110

bopmyne (7):
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T=Te/[1+ (A*Ts/p)In(e)] (7)

TZIe A — JJIMHA BOJHBI UCITyCKAEeMOTO U3ITyUeHUS,
p—-H*c/c(1,438*10"-2MmK),
h — moctosinnas ITnanka ( 6,626 * 10~ -34 Js),
S — moctosinHast bonbimana (1,38 * 10~ -23 Jx / K),
¢ — ckopocTh cBeta (2,998 * 10 * 8 M/ ¢),

e — KOd(pPUIMEHT U3TyYeHUs MOBEPXHOCTH.

4.4 BpruucijieHHe TeMIepaTypbl Ha OCHOBe KJIaccu(pukanuu

JIJis Havaja ckaurMBaeM CIYTHHKOBOE mM3o00paxkeHue Landsat. M3o0paxenue
IpeJCTaBIsieT COOOM MOJMHOKECTBO BCEM CILIEHBI, B TOM YHCJE CIEAYIOLIUE
Landsat kanaisl (ipeacTaBisgeT co0oit equublii 16-OMTHBII pacTp).

Jlanee HEOOXOIMMO BBIMOJHUTH MpPeoOpa3oBaHUE PaCTPOBBIX Mojioc oT DN
JUTSL OTPaXKEHUS TEMIIEPATYPHI.

Ha stoMm srtane mbl cobupaeMcst mpeoOpazoBaTh HUPPOBBIE U300PAKEHUS K
dbusznueckoil Mepe OTpakaTelIbHOW CIOCOOHOCTH W TEIUIOBOMY JHAIa30Hy
cnytHuka. Kpome Ttoro, mel OyaeM MPUMEHSTh MPOCTYI0 aTMOCHEpPHYIO
KOPpEKIMI0 B Mojocax 4actoT oT 2 ao 7 (r.e. meron DOS1). [ns storo
otkpbiBaeM 1O QGIS u BwimonHsIEM mMoJlyaBTOMaTHYECKyIO Kiaccudukanuoo. B
rmaBHOM wuHTepdelice BbIOpath BkiIaAky «lIpeaBapurtenbHass o0paboTkay —
«Landsaty, BeiOMpaem kaTajor, cojepkamuii kanansl Landsat (a Takxke TpedyeTcs
meradaitn MTL.txt) ¥ BBIXOAHON KaTajor, TJe KOHBEPTUPYIOTCS KaHAJIbI.
[Ipumensiem DOS1 armocdepHyro KOppekuuio, Ha)kaB KHOMNKY «BbIMOIHUTH

npeoOpazoBanue 1t Landsat mosioc B oTpaxaTenbHOM CIIOCOOHOCTHY.
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PucyHok 5 - BeimosHeHHEe aTMOC(EpHON KOPPEKITUH C IIOMOIIBIO TTaruHa Semi-

Automatic Classification Plugin

B koHI1e nporiecca, Bce mpeodpa3zoBaHHbIe KaHabI 3arpyskenbl B QGIS.

Jlanee BBINONHSIEM KJIaCCU(UKALMIO PACTUTEIBLHOTO MTOKPOBA UCCIIEyeMON
o0nacTu. IT0 00s3aTEeNbHBIN 1Iar JJid epexoa OT TEMIIEpaTyphl CIIyTHUKA K
SPKOCTHOM TeMIEepaType Ha MOBEPXHOCTU 3eMJIH, IOTOMY YTO Mbl OyJ1eM
UCIIOJIb30BaTh KJIACCU(PHUKAIIUIO PACTUTEIBHOIO TOKPOBA AJIsl ONpPEAEIICHUs
TEIUIOOTAAYH IOBEPXHOCTH 3EMIJIH.

Huxe npuBeeHbl OCHOBHBIE KJIACCHI 3€MEJIBHOTO TIOKPOBA, KOTOPBIE MbI
cobupaemMcs ONpeeNIuTh B U300paKeHUH: 3/1aHUs, IOUBa, PACTUTEIILHOCTh, BOJA.

J11st BBIOTHEHUS KJIacCU(UKAIIMU 3€MEJIbHOTO TOKPOBAa HAM HEOOXO0IUMO:

- OTIPEICNIUTh UCXOAHBIE JaHHbIE, KOTOpHhIE sABIsAt0TCA Landsat kaHanel oT 2
70 7 (32 UCKITIOUEHUEM TEeII0BOM mosockl 10);

- BBIJICIUTH 00Yy4aroIue BHIOOPKH;

- KJ1accuuIupoBaTh 00JaCTh UCCIEIOBAHUS, C TIOMOLIBIO CIIEKTPATILHOTO
yria Mapping ajiroputMa.

Pesynbrat knaccudukauy npencTaBieH Ha PUCYHKE HIKE.
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Pucynox 6 — Pe3ynprat kimaccudukanuy CiyTHUKOBOTO U300payKeHUS

Jlanee BBIMOJHSIEM MEpeKIacCU(DUKAIIMIO paCTPOBOTO M300pa)keHus. Ternepb MbI
Oynem pexkiaccu(puImMpoBaTh pacTp C MUCIONB30BAaHUEM 3HAUYCHUS KoddduimenTa

H3JIy4YCHHUSA ITOBECPXHOCTHU 3CMIIM.

Tabmuma 5 — 3HaueHus U3 TydaTeIbHOW CIIOCOOHOCTH TS KITACCOB 3€METbHBIX

00BEKT
[ToBepxHOCTH W3nydarenbpHas cilocOOHOCTh
[TocTpoiiku 0,93
[TouBa 0,98
PacturenbHOCTD 0,94
0,98
Bona
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Yepes HECKOJIBKO CEKYHIT OyIeT 3arpyxeH pe3yabtupyromnuii pact B QGIS.
Jlanee BeIOMpaeM MECTO VISl COXpaHEHUS, 1 HAKHMaeM KHOTKY «OK».

PesynbpraTt nepexknaccuuKkaiuy npecTaBiIeH Ha pUCYHKE HIDKE.
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Pucynox 7 — Pe3ynbrar nepeknaccudukaiimy pactpa

W HakoHel1, BBIIOJIHSAEM MEPEX0]] OT TEMIEPATyphl CIIyTHUKA K TEMIIEpaType
MOBEPXHOCTH 3eMJIH. Tenepb Mbl TOTOBBI ITPE0OPa30BaTh SIPKOCTh TEMIEPATYPHI, K
CIIyTHHKOBOM TeMIIEpaType MOBEPXHOCTH 3eMJIH.

Bce neiictBus Tak ke BoinosnHseM B nporpamme QGIS:

- TIOJI PaCTPOBBIMH CJIOSIMHU BBIOEPEM H3IydaTeIbHbIE PACTPhl U IPKOCTHYIO
TEMIIepaTypy pacTpa (M3jlydaTelbHas CIOCOOHOCTh pacTpa JOJIKHA OBITH BBILIE
TEMIIepaTypbl pacTpa spKOCTH).

B ctpoxke dhopmyna 3anuiieM ciaeayroilyto Gopmyiy, NpeacTaBIeHHYIO Ha
pucyHKe 9.
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RT_LANDSAT B7.TIF 1
RT_LANDSAT B6.TIF [EPSG-326311
RT_LANDSAT B85 TIF [EPSG:32631]

Pucynox 8 — Be16op kanasa 11 BBITOTHEHUS KIacCU(pUKAITIT

e Raster calculator ¥

=
b/{1+{10.8%b/14380)*In(a))

fhomejuser/Desktop/converted bands/surface temperature.tif 5

Pucynok 9 - Kanbkynsitop
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B pe3ynbTaTe BRIMOMHEHUS BCEX ACHCTBUM, OYJET 0TOOpaKaThCs pacTpoOBOE
M300paXKCHHsI TEMITepaTypbl HOBEPXHOCTH 3eMJIH (B rpaaycax KenbBuHa), Kak

MTOKa3aHO Ha CJICAYIOMEM PUCYHKE.

Il 272000000
W 2771957

280.285714
1 s
1 236571429
| moT4s

22857143

296,000000

239,142857
| 302285714
| sy
1 a057149
= 311714286

314857143

B 315000000

Pucynok 10 — TemnepaTtypa nmoBepxuocts 3emin (B KenbBrHax)

Jlanee BBITIOJIHSIEM BTOPOI MeTOT, Mcnoib3ys nanubie NDVI.

4.5 Borunciienue temnepatrypbl Ha ocHoBe NDVI

NcxonapiM M300pakKCHUEM TaKKe BBICTYyTIACT dbparMeHT
MHOT'OCIIEKTPaJILHOTO CITyTHHKOBOTO M300paxceHus Landsat 8.
Hns momydyenust 3nadenuit NDVI B kambkynstope pactpa HaOupaem

dbopmyay (3). PesyiapTaToM sBiIsieTcs H300pakeHUE, MPEACTABICHHOES Ha PUCYHKE

HMKC.
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M 0754000
-

Pucynok 11 — M3o0paxxenne NDVI

Hust oroOpaxkenus wunHaekca NDVI wucnons3yercs craHmapTU30BaHHAS
HeTMpephIBHAS TPAIUCHTHAsT WM JUCKPETHAS IIKajia, MOKa3bIBaoIlas 3HAYEHUS B
nuara3oHe ot -1..1 B % wuiam B Tak Ha3blBaeMOW MAacCIITaOMPOBAHHOW IIIKaje B
nuanaszone ot 0 mo 255 (ucmosb3yercs AJisi OTOOpa)KeHUs B HEKOTOPHIX TMaKeTax
o0paboTku /133, COOTBETCTBYET KOJMYECTBY Ipalaliiii CEpOTo), WINA B AUAINIa30HE
0..200 (-100..100), yto Gosee ymoOHO, TaK KakK KaXKaas CIMHHIIA COOTBETCTBYET
1% w3menenus mokaszatensa. bmaromapsi oco6enHoctu otpaxenus B NIR -RED
00JIaCTAX CIEKTpa, MPHUPOIAHBIE OOBEKTHI, HE CBS3aHHBIC C PACTUTEIHHOCTHIO,
uMeroT (GukcupoBanHoe 3HadeHue NDVI, (4To mMO3BOJSET HCMOIB30BATH ITOT

napameTp Juis ux uaeHtudukanuu). Ux 3HaueHus: mpeAcTaBieHbl B Ta0IUIE HUKE.
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Tabnuna 6 — @ukcupoBannbie 3HaueHuss NDVI

OtpaxxeHue B OrtpaxeHue B
o . 3HavyeHue
Tun o0beKTa KpacHoii obnactu | uH(ppakpacHoii odbractu NDVI
CIIeKTpa CIIEKTpa
I'ycTast pacTUTENBHOCTD 0.1 0.5 0.7
Paspskennas 0.1 0.3 0.5
pPacTUTENLHOCTh
OTKpbITasg moyBa 0.25 0.3 0.025
Ob6naka 0.25 0.25 0
CHer u neqt 0.375 0.35 -0.05
Bonxa 0.02 0.01 -0.25
HckyccTBeHHBIE
matepuaisl (0eToH, 0.3 0.1 -0.5
achanbT)

Jlanee BBINOJHSEM PEKIACCU(UKALUIO TOIYYEHHOTO H300paKeHHs,
ucnosb3ys Gopmyny (4). BeimosiHsgeM HaHHYIO NPOLENYpPY TaK K€ B KaJbKYJISATOPE
pactpa. B pesynbraTe moiydaeM pacTpoBO€ H300paK€HUE, OTpa)karoliee

TEeMIIepaTypy NOBEPXHOCTH 3eMiu B rpaf. Llenbcus.
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Pucynok 12 — TemnepaTtypa nmoBepxuocTtr 3emi (B Llenbensx)

PG3YJ'II)TaT IIOJIYUCH, OAaJICC BBIIIOIHACM CPABHCHHUC PC3YIIBTATOB I10 JdHHBIM

MCTeOCTaHHI/Iﬁ H 110 JaHHBIM KJIaCCI/I(I)I/IKaI_II/II/I.

5 CpaBHeHue pe3yJibTATOB

B pesynbraTe BhIMOMHEHUS pPabOThI, ObUIM MOJYYEHBI JBa PACTPOBBIX
U300paKeHHs: TEpPBOE  OTpaKaeT TEeMIEeparypy BO3dyXa IO JaHHBIM
METEOPOJIOTHYECKNX CTaHUuMi Topona KpacHosipcka, BTOpoe — TeMIIepaTypy
MOBEPXHOCTH 3€MJIM, HO M300paX€HUE TOJY4YeHO B pe3yibTaTe KiacCUpUKaIIU
CIYTHHUKOBOTO M300pakenus Landsat 8 ¢ mpoctpancTBeHHbIM paspemeauem 100 m
B JJaJlbHEM MH(GPaKpPaCHOM JIUAIa30He.

B nepBom ciayyae Mbl MOJIy4YyaeM MHTEPIIOJIMPOBAHHOE H300pakKeHHe
TeMriepaTypbl Bo3ayxa B ropoae KpacHospcke u 3a ero mnpenenamu. Ha

PE3YNIBTUPYIOLIEM H300paKEHUU MOXKHO BHM3YyaJbHO BBIIEINTH TEIUIOBOE IOJE
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ropona KpacHosipcka, Tak Kak TemIeparypa BHYTPH IOpOJa BBIIIE, YEM 3a €0
Ipeaenamu.

Bo BTOpOM cilydae Mbl MOJYYWIM PAacTPOBOE H300paKE€HUE TEMIIEpaTyphl
MOBEPXHOCTU 3€MJIM, HCIOJB3Yysd CIIYTHHUKOBOE H300paxeHHe U Kod(hdUIMEHT
U3ITy4aTebHONM CHOCOOHOCTH pa3JIMYHBIX BHJIOB IMMOBepXHOCTH 3emud. [lo
pe3yAbTUPYIOIIEMY H300paXEHUI0O MBI TaK K€ BUJMM TEIUIOBOE MOJE Tropoja
KpacHosipcka, HO 3HAYUTENbHO OOJbIlEe, YeM MO JIaHHBIM METEOPOJOTHYECKHX
CTaHIMM. MOXHO BBIJICTUTh palloHBl ¢ 0o0Jiee BBICOKOM TemmepaTypoi
MOBEPXHOCTH 3€MJIM U C caMOi HU3KoW. Hanpumep, Ha CHUMKE BBIACISIIOTCS O0Jiee
SAPKUM KpPacHBIM I[BETOM 00OpabaThIBaeMbI€ CENbX03 MOJIA (KPYIHbIE TJIOMAAM), a
takke KpacHosipckue 3aBojbl, paziaudHble (GaOpuku U MPOU3BOACTBA (MEJKHE
momaan ). COOTBETCTBEHHO CaMbIM OJIETHBIM FOJIyOBbIM LIBETOM — 00JIOTA, PEKHU.

MOHO czienath BBIBOJ O TOM, UYTO TEIUIOBOE MOJIE XOPOIIO BBIAEISETCS 10
CIIyTHHKOBOMY H300pakenuto Landsat 8, mHa koTtopoM B pe3yibTare 00pabOTKH
HaOJII01aeTCs pa3HULA TEMIIEPATYPbl TOBEPXHOCTH 3€MJIM BHYTPU FOpoJa U 3a €ro

npcaciaMu. KOppCHHHHH MCXKOAY 3TUMHU ABYMS JaHHBIMU HC Ha6JIIOI[a€TC5I.
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3AK/IIOYEHUE

[TocTaBneHHass 1enb pabOTHI TOCTPOUTH HU300PAKEHHE TEMITEPATyPhI
MOBEPXHOCTH 3eMJIM M MPOBECTU aHAIM3 TeMIlepaTypHbIX Mojei r. KpacHospcka
BEITIOJIHEHA. Bee 3amaun 6akanaBpckoi paboOThI pEIIeHHBI.

Jlns onpenenenus Kod3(pUIMEHTAa H3TyYCHUS IOBEPXHOCTH HAa OCHOBE
CITyTHUKOBBIX JIaHHBIX NMPUMEHSETCS JBa OCHOBHBIX MeToAa. B mepBoM MeTojie
WCITOJIB30BAJICSI  pe3yibTaT KiIacCH(PUKANMA OOBEKTOB Ha HW300pPAKCHUH C
MOCJICAYIONIUM  IIPUCBOCHUEM  KaXJIOMy OOBEKTY KOHKPETHBIX 3HAauYCHUM
ko3 dumenta wuznyyeHus. Bo Bropom wetone KO3DPUIMEHT H3IyYEHUs
MMOBEPXHOCTH ompeensics Ha ocHoBe unjaekca NDVI. IlepBoiii MmeTos Obu1 Ooliee
MPOCTOM B HCIOJb30BAaHUU, HO €ro TOYHOCTh HAXOAUTCA B 3aBUCUMOCTU OT
3 PEeKTUBHOCTU PE3YyJbTATOB KIacCUPUKAIIMU CHHUMKA. BTopoil meTom wumeer
0oJiee BBICOKYIO TOYHOCTh U TIO3BOJISIET BBIYMCIATH KOAI(DPHUIIMEHT H3ITYUCHUS
MOBEPXHOCTH IO KaXKJIOMY MUKCEII0 U300paKEHUS.

[Ipn BbIMONHEHUW 3ajad TOCTPOCHA KapTa TeMIepaTypbl 3eMHOMU
MMOBEPXHOCTH JIBYMsI METOJlaMH, ONUPasICch Ha JaHHbIe Kiaccudukaruu u NDVI. B
pe3yabTare MOXKHO CJejaTh BBIBOJl, YTO BCE 3E€MHbIC OOBEKTHI, HU3JIy4arollue
TEIUIOBYIO HEPTHIO, MOKHO Pa3/IeNINTh HA JIBE TPYIIIbI - UMEIOIINE BHYTPEHHHI
HMCTOYHUK TEIUIA U HAarpeBarOLIMEcs MOJ JACHCTBHEM HEMPEPHIBHO MEHSIOIIETOCS
MOTOKA COJTHEYHOM paJIhallnu.

Onnum u3 (HakTOpOB, 3HAYUTEIILHO MPEOOPa3yIoIIUM IKOCUCTEMY TOpoja,
SBJISIETCA 3arevyaTblBaHUE THEBHOM MOBEPXHOCTH MOYBEHHOTO MOKPOBA MJIOTHBIMU
c;1a00 BIArOnmpOHUIIAEMBIMU JOPOKHBIMU MTOKPBITHIMHU.

llenp w 3amaun paboOThl OBUTM BBITIOJIHEHBI, UCIOJB3YsS JIaHHbBIC

nuctanimonHoro 3ouaupoBanus u I'C. Best padota Beinosnnsiack B [10 QGIS.
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HNPUJIOXEHHUE A

Pe3yabTar o JaHHbIM MeTEOCTAHIUI

Pucynok A.1 — Pe3ynbTaT 1o JaHHBIM METEOCTaHIINI
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IMPUJIIOKXEHUE b

Pe3yabTart no kiaccupukanuu

Pucynox b.1 — Pe3ynbrar o knaccudukaum
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HPUJIOKEHUE B

Pe3yabTart no ganubim NDVI
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Pucynok B.1 — Pesynbrat no nanasim NDVI
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