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MCIMOAb3OBAHUE AAHHbIX KOCMHUYECKNX CHUMKOB
AAS AKTYAAU3ALUUM BEKTOPHOM KAPTOTPA®UYECKOM
OCHOBbI TEMATUYECKUX KAPT
(Ha npumepe ropHbix parMoHoB Uae n XKetbicy AraTtay)

Tonorpaduyeckme KapTbl, UCNOAb3YyEMblE B KaUeCTBe KapTorpaguuyeckoin OCHOBbI TEMATUYECKMX
KapT, CO3AAI0TCSl HA OCHOBE AAHHbIX OMPEAEAEHHOr0 BPEMEHHOT O NEPHOAQ, @ UMEIOLLLAsiCsl TONIOOCHOBA
Ha MCCAeAyemylo TeppuTtopuio nsaaHa B 1975-1990 roaax, 4To He MO3BOASIET BM3YyaAM3MpPOBATb MO-
CAEAHWE M3MEHEHWS B COCTOSIHMM MECTHOCTU. OAHMM M3 CocoB0B peLleHus 3TON NPobAeMbl IBASETCS
MCMOAb30BaHWE aKTyaAbHbIX MCTOUYHMKOB AaHHbIX. 3aAaya yCMeLHO PeLlaeTcs Ha OCHOBE BU3YyaAbHO-
ro U aBTOMAaTU3MPOBAHHOIO MCMOAb30BaHMS AaHHbIX A33 MOAYUYEHHbIX M3 KOCMMYECKMX anmnapaToB
CPeAHEro, BbICOKOrO M CBEPXBbICOKOrO NMPOCTPAHCTBEHHOIO Pa3peLLeHus.

LleAb 3TOM CcTaTbW — MPOBECTU CPABHUTEAbHbIM aHAAU3 AAHHbBIX AMCTAHLIMOHHOTO 30HAMPOBAHMUS
3eMAM Ha npuMepe KocMmMYeckrx cHUMKOB Sentinel 2, Landsat-8, paccMoTpeTb MeToAMKM 06paboTKm
KOCMMYECKMX CHUMKOB M MCMOAb30BaHWE AQHHbIX AMCTAaHLMOHHOIO 30HAMPOBAHUSI AAS aKTyaAM3aLmm
BEKTOPHbIX CAOEB KapTorpadhmueckoin OCHOBbI TEMAaTUUECKMX KapT.

B pamkax BbIMOAHEHMS 33Aay C LIEAbIO aKTyaAM3alMU BEKTOPHbIX CAOEB AAS OOHOBAEHUS Kap-
TOrpagMueckon OCHOBbI UCCAEAYEMOWN TEPPUTOPUN, B AQHHOM paboTe ObIAM UCMOAb30BaHbl apXMB-
Hble W OnepaTMBHble AaHHblE CPEAHEro paspeLleHus, MOAyYaemble CO CMyTHMKOB cepum Landsat u
Sentinel-2 1 cepsucbl M306paxeHnin Sentinel-2, a Takxke umdgposas Moaeab peabeda (LIMP) Airbus
WorldDEM4Ortho.

BbiAM McnoAb3oBaHbl MeToAbI NpuMeHeHns M C-texHoAormin u A33, kaaccudmkaumm AaHHbIX A33
M CPaBHUTEABHOIO aHaAM3a, BU3yaAbHOrO U aBTOMATM3UPOBAHHOIO AelindgprpoBaHus. Aas puAbTpa-
LMK KOAAEKLMM M300pakeHmi Sentinel-2 1 onpeaeAeHns 06Aa4HOCTU M 06AQUHOM TEHM CDOPMUPOBAH
Habop ckpuntos Python.

Mcrnoab3oBaHme AaHHbIX A33 MO3BOAMAM OXBATUTb OOLLIMPHbIE U TPYAHOAOCTYIHbIE TEPPUTOPUM
rOpHbIX PaMOHOB, 3HAYMTEABLHO CHU3MTb 3aTpaTbl Ha COOP M 06PAbOTKY AaHHbIX.

B pe3syabTate 6biAa co3aaHa OOHOBAEHHAs KapTorpaduyeckas OCHOBa MCCAEAYEMON TEPPUTOPUM.
KapTorpaduueckyio 0CHOBY MO>KHO MPUMEHUTb MPK MOCAEAYIOLLEM aHAaAM3E AMHAMMKW U TEHAEHLMIA
M3MEHEHUS MPUPOAHBIX U COLMAAbHO-9KOHOMUYECKMX OOBHEKTOB.

KatoueBble caoBa: [ C-TexHoAOrMK, A33, KocMuyeckme cHUMKM, Sentinel 2, Landsat-8, aewmdppu-
poBaHue, 06paboTka KOCMUYECKMX CHUMKOB, KapTorpaduyeckasi OCHOBA.
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Using satellite images data for updating the vector cartographic basis of thematic maps
(using the example of the mountain regions of lle and Zhetysu Alatau)
Selection and Landsat and Sentinel

Topographic maps used as the cartographic basis of thematic maps are created on the basis of
data from the certain time period and the existing topographic base for the study area was published in
1975-1990, which does not allow visualizing recent changes of the area condition. One way to solve
this problem is to use up-to-date data sources. The problem is successfully solved on the basis of visual
and automated use of satellites remote sensing data of medium, high and ultra-high spatial resolution.
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The purpose of this article is to conduct comparative analysis of the Earth remote sensing data us-
ing the example of Sentinel 2, Landsat-8 satellite images, to consider methods for processing satellite
images and use of remote sensing data to update vector layers of the cartographic basis of thematic
maps.

As part of the tasks of actualization of the vector layers for updating the cartographic basis of the
study area, in this work was used archival and operational medium-resolution data obtained from Land-
sat and Sentinel-2 series satellites and Sentinel-2 image services, as well as Airbus WorldDEM4Ortho
DEM.

The work used the methods of GIS technologies and remote sensing, classification of remote sens-
ing data and comparative analysis, visual and automated interpretation. A set of Python scripts has been
generated to filter the collection of Sentinel-2 images and to determine cloudiness and cloud shadow.

The use of remote sensing data made it possible to cover spacious and inaccessible areas of moun-
tainous regions, significantly reducing the costs of data and processing.

As a result, the updated cartographic basis of the studied area was created. The cartographic basis
can be used for subsequent analysis of the dynamics and trends in changes of natural and social-eco-
nomic objects.

Key words: GIS technologies, remote sensing, satellite images, Sentinel 2, Landsat-8, decryption,
decryption, processing of satellite images, cartographic basis.
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TakbIpbINTbIK, KAPTAAAPABIH, BEKTOPAbIK, KapTorpacpmsAbIK Heri3iH
)KQHAPTY YLUIH FapbILWITBIK TYCIPiAIM AepeKkTepiH naiAaraHy
(Ine xxaHe JXKeTicy AraTaybl TayAbl ayAQHAAPbIHbIH, MbICAAbIHAQ)

TakbIpbINTbIK, KAPTAaAAPAbIH KapTOrpausaAbIK Herisi peTiHAe MarAaAaHbIAATbIH TOMOrparsAbIK,
KapTaAap OGeAriAi 6ip yakbIT Ke3eHIHAEr AePeKTep Heri3iHAE KypblAaAbl, aA 3ePTTEAETIH ayMakKa KOA-
AaHaTbiH TonorpamsaAblik, Heriz 1975-1990 xbirpapbl 6acnara LibIKKaHAbIKTaH, OA XXep GeAepiHaeri
COHfbl ©3repicTepai BM3yaAM3aumsaAayFa MYMKIHAIK Gepmeriai. ByA meceaeHi wewyaid 6ip >KOAbl —
aFbIMAAFbl AepeKkTep KO3AepiH narmaasaHy. MIiHAET KeHICTIKTIK ABAAITI OpTa, >KOFapbl XKoHe eTe XO0-
Fapbl FapbiwTbiK, XKK3 AepekTepiH BM3yaAAbl XoHe aBTOMATTaHAbIPbIAFaH MaAdAaHy HerisiHAe Lelli-
AGAI.

byA MakaAaHbiH MakcaTbl — Sentinel 2, Landsat-8 rapbIluTbIK, TYCipiAIMAEPIHIH MblCaAbiHAA JKepAi
KALbIKTbIKTAaH 30HATAY AepeKkTepiH CaAbICTbIPMaAbl TaAAQY, FAPbILWTHIK, TYCIPIAIMAEPAI BHAEY BAiCTe-
PiH KapacTbIpy >KoHe TaKbIPbINTbIK, KAPTAAAPAbIH, KAPTOrpadUsAbIK, HETi3iHIH BEKTOPABIK, KabaTTapbiH
>KaHAPTyFa KALWbIKTbIKTAH 30HATAY AepeKkTepiH namnaasaHy.

3epTTeAeTiH ayMaKTbiH KapTorpadmsAbIK, HEri3iH XKaHapTY YLUiH BEKTOPABIK, KabaTTapAbl XXKaHapTy
MakcaTblHAQ MIHAETTEPA] OpbIHAQY LueHOepiHAe 60A >kymbicTa Landsat xeHe Sentinel-2 cepmusicbibIH
CMyTHUKTEPIHEH >kaHe Sentinel-2 cepsucTepiHeH, >kaHe ae Airbus WORLDDEM4ORTHO »epaiH caH-
AbIK, MOAEAIHEH aAbIHFaH ABAAIT opTalla FapbIWTbIK TYCIPIAIMAEPAIH MYpPaFaTTbIK >KOHE XKeAEA aAblH-
FaH AepekTepi NanAaAaHbIAADI.

[AXK TexHoAorusaapbl MeH JKK3 koaaaHy, XKK3 AepekTepiH »ikTey KeHe CaAbICTbIPpMaAbl TAaAAQY,
BM3YaAAbl >KOHE aBTOMAaTTaHAbIPbIAFAH AeLInpAey SAICTEpPi KOAAAHBIAABL. Sentinel-2 Tycipiaimaep
JKMHafbIH OHAEY XKoHe OYATTbIAbIK, MeH OYAT KOAEHKECIH aHbIKTay YiliH, Python ckpunTep >KMbIHTbIFbI
KYPbIAABI.

KK3 aAepekTepiH nariaasaHy MeH KeH ayMakTapAbl XXK8He TayAbl ayAQHAAPAbIH KMbIH >KepAepiH
KaMTyFa, AEPEKTEPAI XKMHAY MEH OHAEY LLbIFbIHAAPbIH aiTapPAbIKTal TOMEHAETYTe MyMKIHAIK OepAi.

HaTuxeciHAe 3epTTeAeTiH ayMakTblH YKaHAPTbIAFAH KapTOrpagusAbiK Heri3 KypblAAbl. KapTor-
paUSIAbIK, HETi3AI TaOUFN XKOHE BAEYMETTIK-3KOHOMMKAAbIK, HbICAHAAPAbIH, ©3repy AMHaMMKacbl MeH
TEHAEHUMACBIH TaAAQy Ke3iHAE KOAAAHYFa GOAaAbI.

Tyiin cesaep: FAX texHoaormsachl, XKK3, rapbiuTbik, Tycipiaimaep, Sentinel 2, Landsat-8, ae-
wndpAey, FapbIWTbIK TYCIPIMAEPAI 6HAEY, KapTorpadmsAbIK, Heri3.
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BBenenue

Hacrosamass HaydHas cTaThs TOATOTOBIIEHA
B paMKax BBINOJIHEHUS TmpoekTra «HaydHo-mpu-
KJIaJHOe 00OCHOBaHHE Celie-, OMOJI3HEe- U JIABUHO-
0e30macHOCTH B TOPHBIX paitonax WUme m XKeTwicy
Anaray PecnyOmuku Kazaxcrany. [Ipunrunuaisb-
HOE OTJIMYUE UJICU MPOTPAMMBI OT CYIIECTBYOIIUX
aHanoroB B Ka3zaxcTtaHe 3akito4aeTcs B CO3TaHUU
JICTAJILHBIX KapT TPUPOJHBIX OINACHOCTEH W pH-
CKOB B IIM(pOBOM BHUJI€ C UCIIOIH30BAHUEM METO-
JIOB JTMCTAaHIIMOHHOTO 30HAMpoBaHus 3eMiun. [lms
CO3/IaHus 3THUX KapT HE0OXo1MMa KpyImTHOMAcIITao-
Has kaprorpaduyeckas ocHOBa. B cuiy Toro, 4to
CYIIECTBYIOIME HAa IAHHBI MOMEHT TOTOKApTHI
colepKaT TeHEPATU3UPOBAHHYIO M HEAKTYaJIbHYIO
nH(OPMAIUIO, B HCCIIEIOBAHHUAX HCIIOJIb30BaHBI
JaHHBIE UCTAHIIMOHHOTO 30HIMPOBAHUS 3eMIIH
(manee — J133), koTopbie 00ECIICUUBAIOT XOPOIIYIO
0030pHOCTh CHUMKOB M BO3MOXXHOCTH ITOJTY4YCHUS
nHpOpPMAITUU O TPYIHOTOCTYITHBIX JTHOO OOIIHp-
HBIX TeppuTopusx. I1o aroit npuunne nannsie J1/13
SIBIITFOTCS TIPAKTUYECKA €UHCTBEHHBIM HCTOYHU-
KOM OOBEKTUBHOM M aKTyaJIbHOH WHGOPMAIINH TTPH
HCCIIEJIOBAHUSX B YCIIOBUSIX IMEPECEUEHHOW MECT-
HOCTH B TOpHbIX paiionax. (PamaszanoBa, 2018:82;
Cheng et al., 2016:28; Sreenivasan et al., 2018:603).
Kpome Toro, HeCOMHEHHBIM JIOCTOMHCTBOM JTAHHBIX
33 sBnsgercs akTyalbHOCTh HA MOMEHT CBHEMKHU,
BBICOKAsI ONIEPATUBHOCTh UX TOyYeHUs, TOYHOCTh
00paboTkH, HHOOPMATUBHOCT U SKOHOMHYEC-
cKas 1esiecoo0pasHocTh JaHHbIX (Priyabrata et al.,
2024:101093; Jeffrey et al., 2021:2191; Manwmiox,
2017:11).

Hannsie 133 npuMeHeHbl 3[eCh NpU CO3TaHUU
6a3 maraex 1 ['YIC mpoekTa, B TOM 9HCIIE U B Ka-
YyecTBe «0a30BOro» pabouero cios, Ut akTyaan3a-
LMW BEKTOPHBIX CIIOEB KapTOrpaduuecKOil OCHOBBI
CIEIYIOMUX TEeMaTHYECKHX KapT: BOJOCOOPHBIX
OacceliHOB, TuApOrpaGUUECKOi CETH, JICTHUKOB,
MOPEHHBIX 03&p, TPAHCTIOPTHOM CETH, HACEIEHHBIX
ITyHKTOB.

[TonmydeHHble pPE3yJIbTaThl 3HAYUTEIBHO I10-
BBICAT YPOBEHb 3HAHWUH O TMPUPOJHBIX OOBEKTaX
W OTMACHOCTSX, a TakKe OyIyT WMCIOIB30BaHBI MPH
IUIAHUPOBAHUU TMPOQUIAKTHYECKUX MEp IO TMpe-
JIOTBPAIIICHUIO HETaTUBHBIX MMOCIIEACTBHI OMACHBIX
MIPOIIECCOB B Topax AJNMaTHHCKOW M JKeThIcycKoit
obnacteid. [ToTpeOuTensiMu MoIy4YeHHBIX pe3ysIbTa-
TOB OYJIyT OpraHbl MPEAYyIPEKIACHUS U TUKBHIAIIH
MTOCIIeNCTBUN upesBhryaitHeix cutyaruit MUC PK,
aKuMaTthl AMMaTuHCKOH 1 XKeTbIcyckoii obnacreit u
palioHOB, OpraHU3aIluy, 3aHUMAOIINECS TUTAHUPO-
BaHHEM Pa3BHUTHS TEPPUTOPUH.
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CymiecTByeT IMUPOKHA HAO0OpP ONTHICCKUX
nauueix JI/I3 cpemHero, BBICOKOTO M CBEPXBBI-
COKOTO TPOCTPAHCTBEHHOTO pa3pellieHusi, Kak
WorldView-3, GeoEye-1, SPOT 6/7, Pleiades,
Landsat-8, Sentinel u T.1. OfiHaKO, B OTKPBITOM JI0-
CTyIle HET CHMMKOB BBICOKOTO W CBEPXBBICOKOIO
MPOCTPAaHCTBEHHOTO paspemeHus. K OecruraTHeM
naHHbIM /133 OTHOCSTCS KOCMOCHUMKH € TIPOCTPaH-
CTBEHHBIM pa3pelieHneM He Bbiie 10 M, Harpu-
Mep, JTaHHBIE CO CITyTHHKOBEIX mporpamMm Sentinel
u Landsat (A6uesa [1.K., 2020:42; Komaposa A.D.,
2016:47; Landsat-8).

B mocnemnme Toapl AN WCCIETOBAaHHUS HYacToO
HCIIOJIB3YIOTCSI apXMBHBIC U OIEPATUBHBIC JIAHHBIC
CPEIIHETO pa3pelIeHus, IOJIy4aeMble CO CITyTHUKOB
cepun Landsat m Sentinel-2. CBOOOTHBIN JOCTYIT K
cHUMKaM co cryTHHKoB Landsat (Kanansr Landsat
8; USGS EROS Archive) u Sentinel-2 (Data
collections; 3arpyska cuen Sentinel-2; Sentinel-2)
JIeNlaeT WX MPHBIEKATEIbHBIMU Uil MCCIe0BaTe-
Jneil B pasHbIX oTpacisixX. [laHHBIE KOCMHYECKUX
CHEMOK CETOJIHS CTAJIH JOCTYITHBI IIUPOKOMY KPYTY
MOJIb30BaTENCH M aKTHBHO IPUMEHSIOTCS HE TOJIBKO
B HAYYHBIX, HO U TIPOM3BOJICTBEHHBIX LIENsIX (AHTO-
noB C.A.,2018:100; Sinc¢i¢ M., 2022:1360; Lim S.,
2023; Tonenbaera A.K., 2020:25).

B nmanHO# pabore ansi akTyanu3alld BEKTOP-
HBIX CJIO€B KapTorpa(uuecKoil OCHOBBI HCCIEIye-
MO¥ TeppUTOPHH OBLTU MCIIOJIb30BAHBI APXUBHBIC U
OTIepaTHBHBIE IAHHBIC CPETHETO Pa3pEIISHHUS], ITOITY-
gaeMBbIe CO CITyTHUKOB cepuu Landsat u Sentinel-2,
takke L[MP Airbus WorldDEM4Ortho (https://
www.esri.com/arcgis-blog/products/arcgis-living-
atlas/imagery/airbus-worlddem4ortho-in-arcgis-
living-atlas-of-the-world).

Hwxe mpuBeneHa KpaTkas COIIOCTaBHTEIbHAS
CBOJIKA TI0O OCHOBHBIM MapaMeTpaM ¥ CHEKTpab-
HBbIM KaHajiaM ciyTHUKOB Landsat u Sentinel-2 s
nemudpupoBanus reorpapuueckux oovexToB (Ta-
oymmma 1, Tabnwma 2).

[Iporpamma Landsat cymiectByer yxe 6osee 40
net. B HacTosmMit MOMEHT JEHCTBYIOT 1B CITyTHH-
ka cepun: Landsat-8 (cerncopsr OLI — Operational
Land Imager u TIRS — Thermal Infrared Sensor),
BBIBEJICHHBIH Ha opOuty B 2013 r., moguepxxuBae-
MBIl coBMecTHO [ 'eomormueckoi ciyxooi CIIA
(USGS) (trabmmma 1) m HanuonampHBIM AdpO-
kocmudeckuM AreHtctBom (NASA) m Landsat-7
(ETM+). Bce nanHbIe C 3THX CITyTHHUKOB, HAUHHAS
¢ 1982 r. coBMecTuMbI Mexy co00it 0Oe3 1omos-
HuTeIbHOM 00paboTku (Kanamer Landsat 8; USGS
EROS Archive).



A K. TonenbaeBa u ap.

C 2016 r. Ha perynsipHOil OCHOBE C MEPUOINY-
HOCTBIO CheMKH B 10 mHEH cTan J0CTYTHBI TaHHBIS
co cryTHUKa Sentinel-2A, BbIBeIEHHBII Ha OpOUTY

Ta6auna 1 — Ocuosusle mapameTps! Landsat-8 u Sentinel-2

23 utonst 2015 r. B pamkax nporpammsl Copernicus
EBpomneiickum kocmudeckuMm areHTCTBoM (ESA)
(Data collections; Sentinel-2; Sentinel-2A, 2B).

OCHOBHBIE TAPAMETPEI

Landsat-8

Sentinel-2

PexxuM cheMKH

MynbTUCTIEKTPaTbHbINH

MynbTUCTIEKTpaIbHBIN

15 (PAN)

[IpocTpaHcTBEHHOE pa3pelieHne, M 30, 100 (Temwioroi criekTp) 10
[loxpeiTHE TEPPUTOPUN CHUMKAMHU MIOJTHOE YaCTUYHOE
[[InprHa moa0Chl ChEMKHU, KM 183 290
TleproanyHOCTh CHEMKH 16 nueit 5 muein
BpewmenHoit oxBar c1984r c2015t

CaliT 3arpy3ku

https://earthexplorer.usgs.gov

https://scihub.copernicus.eu

Bropoll cnmyTHHK C aHaJOTMYHBIMH XapakTe-
puctukamu Sentinel-2B Obut 3amymien 7 mapta
2017 r., 4TO NO3BOJIMWIIO YJIYUIIUTH MEPUOJUUYHOCTD
CBEMKH 110 5 AHEM.

Cuumku Landsat OLI umeror 9 cnekrpaib-
HBIX KaHaJOB, KOTOpPBIE MPAaKTHYECKH COBIA/a-
10T ¢ KaHanaMu ceHcopoB Landsat-7 u Landsat-5.
Sentinel-2A  OCHaIIEH  ONTHUKO-3JICKTPOHHBIM
MYJIBTUCIEKTPAIBHBIM CEHCOPOM, KOTOPBIH BBI-
MONHSET ChEMKY B 13 CHeKTpambHBIX KaHamax

OT BHJHMMOTO U OJIMKHEro WH(PAKPACHOTO 0
KOPOTKOBOJIHOBOI'O HH(PAaKpacHOI'o Juana3oHa
crektpa. [Ipu OTCYyTCTBHM NaHXPOMAaTHYECKOTO
KaHalla, MPOCTPAHCTBEHHOE pa3pelieHne n300pa-
xeHnii Sentinel-2 B BunumoMm (R, G, B) u Gmmxk-
Hem nHppakpacHoMm (NIR) amanmazonax cmexTpa
coctasisiet 10 M, 4TO IpencTaBiIseT HAUOOIbIINN
MPUKJIAJIHON HHTEPEC U SIBJSETCS 3HAYUMBIM TIpe-
AMYIIECTBOM B CpPaBHEHUU C HU300paKCHUSIMH
Landsat (Ta0mnuma 2).

Tadanna 2 — CriekTpaibHbIC XapaKTepUCTUKY cIyTHHKA Landsat-8 u Sentinel-2

Landsat-8 OLI Sentinel-2
Kanan JnuHbI BONH, Paspe- Kanan Jlnunbl BonH, | Paspere-
MKM ICHUE, M MKM HHE, M
Kanan 1 — IToGepexss u Kanan | — mo6epexbs 1
aspozoiu (Coastal and Aerosol, 0,433 - 0,453 30 M p 0,419 — 0,465 60
asposoiu (Coastal / Aerosol)
New Deep Blue)
Kanax 2 — Cunwii (Blue) 0,450 - 0,515 30 M Kanax 2 — cunuii (Blue) 0,443 — 0,546 10
Kanan 3 — 3enéusiit (Green) 0,630 — 0,680 30 M Kanan 3 — 3enenstit (Green) 0,536 — 0,583 10
Kanai 4 — Kpacnsrit (Red) 0,630 — 0,680 30 m Kanai 4 — Kpacwusrit (Red) 0,646 — 0,685 10
o Kanain 5 — pactutensHocTH
Kanan 5 — bmoxnuit UK (Near | 561 660 | 30w | paitnnii kpacsiii (Vegetation | 0,694—0,713 | 20
Infrared, NIR)
Red Edge)
o Kanain 6 — pactutensHocTH
Kanan 6 — Emoxmmi UK (Short 1,560 — 1,660 30 M kpaituuii kpacubiit (Vegetation | 0,730 — 0,749 20
Wavelength Infrared, SWIR 2)
Red Edge)
o Kanain 7 — pacturensnoctu
Kanan 7 - bmwxnuit UK (Short | 1065300 | 30w | «paitnnii kpacwsiii (Vegetation | 0,766 —0,797 | 20
Wavelength Infrared, SWIR 3) Red Edge)
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Ipooonscenue mabauywvl

Landsat-8 OLI Sentinel-2
Kanan JUTuHBI BOJIH, Pa3zpe- Kanan Jlnuns! BonH, | Paszperme-
MKM HIeHNe, M MKM HHE, M
Kanan 8 — OmmkHUi
undpaxpacubiii (NIR) 0,763 0,908 10
Kanan 8 — [TanxpomaTmyeckuii 0.500 — 0.680 15 -
(Panchromatic, PAN) ’ ’ M Kanan 8A — Omwkuuii
nH}ppakpacHslii (Vegetation Red | 0,848 — 0,881 20
Edge)
Ka_Han 9 — Ilepuctsie obmaxa 1,360 — 1,390 30 Kanan 9 — Bopsnotii map (Water 0,930 — 0,958 60
(Cirrus, SWIR) vapour)
Juanazonsl TIRS (Thermal Infrared Sensor)
Kanan 10 — dansuuit UK (Long Kanan 10 — o6naxa (SWIR —
Wavelength Infrared, TIR1) 10,30~ 11,30 100w Cirrus) 1,336 - 1,415 60
Kanan 11 — 6mmxHMiA
N 1,540 — 1,685 20
Kanan 11 — Jansamit UK (Long undpaxpacublii (SWIR)
11,50 - 12,50 100 m
Wavelength Infrared, TIR2) Kanan 12 — 6aumsKamii
undpakpacubiii (SWIR) 2,067-2,323 20

C 2018 r. cuumku Sentinel-2 1ocTynHbl AJ1s pa-
00THI uepe3 NMHAMUYECKHH CepBUC M300paKeHUI,
koTtopsii noanepxkuBaetrcst ESRI. Cepsuc exennes-
HO OOHOBJIIETCS] HOBBIMU H300PaKEHUSIMH U TTO3BO-
nsieT paboTaTh CO CHUMKAaMHU B OHJIAMH pEeXUME U
B HacToNbHBIX TpoaykTax ArcGIS (Iloaxmiouenue
cepBHca co CHUMKamu Sentinel-2).

B kagectBe LIMP mcmnonb3oBanace mudposas
Mozenb penbeda Airbus WorldDEM4Ortho, koTo-
pas siBnseTca HanboJiee MocieIOBaTeIbHON U TOY-
HOM CIIyTHHKOBOH MOJENbIO penbeda B Tiodanb-
HOM MaciTade ¢ paspenieHueM 24 M U JOCTyITHA
MPU HAJIMYUH JUICH3UH HACTOJBHBIX MPOIYKTOB
ArcGIS.

Kak oTmeuarnock panee, sl HallUX HCCIENO-
BaHMH MCITOJIb30BANNCH APXUBHBIE U OTIEPaTHUBHBIC
JTaHHBIE CPEJHET0 pa3pelleHMs], MoJlydaeMble CO
cnyTHUKOB cepuu Landsat m Sentinel-2. Crek-
TpaJIbHbIE XapaKTEPUCTHKH cIyTHUKOB Landsat-8
n Sentinel-2 cxo0ku, MOCKOIBKY OHH pa3pada-
THIBAJINCH Ha 0a3e TECHOro COTPYAHHUYECTBA
ESA u USGS (xkpome TEIUIOBBIX KaHAJIOB CHUM-
koB Landsat-8 mo TemmoBomy uH(ppakpacHOMY
JATYHKY ).

Pasmemenne monoc Sentinel-2 MSI o cpaBHe-
Huto ¢ 7 u 8 momocamu Landsat Mo>kHO yBHIETh Ha
pucynke 1. OH cCpaBHUBAET CHEKTPAIBbHBIE MOJOCH
¢ nuamazonamu ETM, Landsat OLI npenocrasmsier
JIBa HOBBIX CIIEKTPAJbHBIX JHANa30Ha, OJUH U3 KO-
TOPBIX MpeJHA3HAUYEH CHEIHaIbHO JUId OOHapyxe-
HUSI IEPUCTHIX 00JIaKOB, a IPyToi A7t HaOIr0IeHUH
B MIPUOPEKHON 30HE.
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Hcxonuble TaHHbIE CIYTHUKOB Sentinel-2 mpe-
TIOCTABJISIFOTCS ¢ YpoBHEM 00paboTku «LL.1C» B BHuzIEe
anbOeno Ha BepxHel rpanune armocdepsl (Top-Of-
Atmosphere Reflectance, TOA) ¢ BeITOTHEHHON pa-
JUOMETPHUYECKONH M T€OMETPUUYECKON KOPPEKLHUEH.
OO6paborannsie naHHbIe YPOoBHA «L2A)» BO3MOXKHO
3arpy3uTh € MOTOKa scihub, Tak Kak OHU OBLIH BBI-
grcieHs! ¢ moMombio yTHauTel SEN2COR. Y1umm-
Ta TO3BOJICT BBIOJHUTH aTMOC(EPHYIO KOPPEK-
A0, KOPPEKINI0 penbeda M MEePUCTHIX OOTaKOB
BXOJIHBIX JaHHBIX ypoBHs 1C B BepXHEH yacTH aT-
Mochepsl. Sen2Cor co3aaeT N300paKeHUST HIDKHEH
9acTH aTMOCQephl, JOMOIHUTEIBHO CKOPPEKTHPO-
BaHHbIC Ha pacrio3HaBaHue peibeda U MEePUCTBIX
001aK0B; KapThl KJacCU(pUKAIMN ONTUYECKOH TOJ-
IIMHBI a3p030Jis, BOASHOTO TNapa, CICHbI W HHIH-
KaTopbl KauecTBa JUIsl BEPOSTHOCTH OOJaYHOCTH U
cHera. Kpome Toro, mIpuCcyTCTBYIOT TpH JHAana3oHa
¢ainoB o kauectBe (QA), tae ogun (QA60) — 3TO
IMana3oH OMTOBOW MacKu ¢ HHpOpMaIued 0 Macke
obnaunoctu. Ho momoca QA60 — 3T0 BCero nuib
JIBOMYHBIA KITaCCUPHUKATOP JUIS TOJICTHIX 00JIAKOB U
MEPUCTHIX 00JaKOB M HET crocoda TOYHO HACTPO-
UTh, YTO CUUTAETCS] OOJIAKOM WJIM HE OO0JIAaKOM W
TyT nomokeT ytunurta s2cloudless, koTopas o0e-
CIICUMBACT BEPOSITHOCTh TPUCYTCTBUSI OOJIaKa OT
0 mo 100 mporeHToB, KOTOPYIO MOXKHO HCIOJIB30-
BaTh JUIsl HACTPOWKU arpecCUBHOCTH IPOIECIYPHI
MackupoBanus obnaka. Habop nanubix s2cloudless
JTAeT BO3MOYKHOCTH BBIOPATh OOJIAYHBIN TIOPOT IS
ompezeneHus 00JavYHbIX / He 00ayHbIX Macok (Ta-
osmma 3).
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Comparison of Landsat 7 and 8 bands with Sentinel-2
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Pucynok 1 — CpaBaurensHslii rpadguk Sentinel 2, Landsat-7 u Landsat-8
(Atmospheric transmission — mpo3padHocTb arMmocdepsl B mpoueHTax, Wavelength — myinHa BOJTHBI B HM)

Tadmuua 3 — [lapameTpsl 171 QUIBTpAMK KOJUTEKIUH H300paxkeHuii Sentinel-2 u onpeneneHus 001aqHOCTH U 00JIa9HON TEHU

IIapamerp Tun Onucanue
AOI ee.Geometry | Cdepa nnTepecos
START _DATE CTpOKa Jlara Hauana cOopa n300pakeHHid (BKIIFOUUTEIHHO)
END DATE CTpoKa Jlara OKOHUAHHS KOJUICKIUH H300paeH i (9KCKITFO3UBHO)

CLOUD_FILTER LEJIOE YHCIIO

MaxkcuMaTbHBIH MTPOIIEHT 00IaYHOTO MOKPOBA H300paKeHNH, pa3penIeHHBIN B
KOJUTEKIIMU M300paskeHIH

CLD PRB THRESH LIeJIOE YHCIIO

BepositHocTh 06nauHocTH (%); 3Ha4YeHHs OOJbIIIe, YeM CYMTAIOTCS 00JIaKaMu

NIR_DRK_THRESH ntaBaet

OTpa)KeHI/Ie B OMMKHEM I/IH(i)paKpaCHOM JHAIa3’oHe, 3HAYCHUA MCHBIIIC YEM
CUUTAIOTCS TTOTCHIIMAIIBHON TEHBIO oOaka

CLD_PRJ DIST IJ1aBaeT

MaxkcumanpHOE paccTossHEE (KM) JUT IOMCKA TeHEH 0T KpaeB 00JIaKoB

BUFFER 1EJI0€ YUCIIO

Paccrostaue (M) 10 Kpast OII03HaBaeMBIX 00JIAKOB 0OBEKTOB

BaxHO THIaTeNbHO BBIOMPATH IOPOTrOBOE 3HA-
YeHHe, TaK KaK ONTUMajbHOE 3HAUCHHUE MOXKET Ba-
PBUPOBATECS B 3aBUCUMOCTH OT THITAa 00JIaKa, THIa
MOKPBITUS, MECTONOJIOKEeHUS U T. 1. st aTOTO He-
00X0/IMMO MIPOTECTHPOBATH HECKOJIBKO 3HAYEHHH Ha
BBIOOpKE M300paKEHHH B pPETMOHE HCCIICIOBAHMS,
YTOOBI MOTYYHUTH MPEJICTABICHHE O pacHpeaeIeHHN
BepOﬂTHOCTCﬁ 1 YyBCTBUTCJIbHOCTH K U3MCHCHUSAM.

ABTOpamMM oOmpeseNeHa METOJHKa BBIOOPKH,
(GOpMUPYIOTCS  KOJUICKIIMM HM300paxkeHuid, o0Opa-
0OTKM NaHHBIX CIYTHHKOB Sentinel-2 ¢ gopmupo-
BaHHeM HaOopa ckpuntoB (Python). Ha pucynke 2
0TOOpakeHBI TIPUMEPHI BCe 00IayHbIe U 00JIavHO-
TEHEBble KOMIIOHEHTHI Ha IpHUMepe AJIMaTHHCKOM
obnactu, ucmonb3ys m3oOpaxkenne s2cloudless, ¢

YCTaHOBJICHHBIM TTOPOTOM BEPOSTHOCTH HA YPOBHE
65% s 3axBaTa OOJNBIINEH YaCTU OOJIAYHBIX ITHK-
celei.

[Mapametpsl, aist pUIBTPALIMU KOJUIEKIIUU H30-
Opaxernnii S2 u onpeieneHust 00Ia9HOCTH U 00J1ad-
HOM TEHU:

AOI = aoi_boundary VHB
START DATE = ‘2020-06-20’
END_DATE = ‘2023-06-25"
CLOUD_FILTER =60
CLD_PRB_THRESH = 50
NIR DRK THRESH =0.15
CLD_PRJ DIST =1

BUFFER = 50
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VYrunura 1 nocrpoenus nzoopaxenuit RGB ¢
HaAJIOKEHHOH TBOMYHOI MacKOM:

def overlay cloud mask(image, mask=None,

actor=1./255, figsize=(15, 15), fig=None):

if fig == None:

plt.figure(figsize=figsize)

rgb = np.array(image)

plt.imshow(rgb * factor)

if mask is not None:

cloud image = np.zeros((mask.shape[0], mask.
shape[1], 4), dtype=np.uint8)

cloud image[mask == 1] = np.asarray([255, 25
5, 0, 100], dtype=np.uint8)

plt.imshow(cloud image)

OyHKIMA TOJIE3HOCTH ISl HOCTPOCHUS n300pa-
xennst RGB u ero kapTel BepoATHOCTH 00JIaYHOCTH
PAAOM APYT C IPYroM:

def plot probability map(rgb_image, prob_ma
p, factor=1./255, figsize=(15, 30)):

plt.figure(figsize=figsize)

plot = plt.subplot(1, 2, 1)

plt.imshow(rgb_image * factor)

probability (cloud)

dark pixels

plot = plt.subplot(1, 2, 2)
plot.imshow(prob_map, cmap=plt.cm.inferno)

(DyHKI_H/ISI JUJIA HOCTpOEHI/ISI MAaCKH ABOUYHOTI'O
oOJaka:

def plot cloud mask(mask, figsize=(15, 15), fi
g=None):

if fig == None:

plt.figure(figsize=figsize)

plt.imshow(mask, cmap=plt.cm.gray)

Bricokoe NpOCTpaHCTBEHHOE U BPEMEHHOE
paspemienune (5 nHe# ¢ IByMs CIyTHUKAMH ), CBO-
O0onHBIN nocTyn U coBMecTUMOCTh ¢ Landsat-8
OLI nenarot m3o6paxenus Sentinel-2 nHanbomnee
TOYHBIMH M PEJIEBAHTHBIMU JJISI PaclO3HAaBaHUS
M KapTHpOBaHUs reorpadudeckux 0OHEKTOB IO
uccienyemMoil rematuke. OCHOBHBIMH UCTOYHH-
kaMu wHpopMamuu ctainu CHUMKH Sentinel-2 u
IMP Airbus WorldDEM4Ortho. st o6HOBIIE-
HUS JaHHBIX 0 reorpauyeckux o0beKTax B rop-
HBIX palioHax OBLI UCIOJb30BaH KOMIUIEKC Me-
TOJIOB, OCHOBAHHBIA Ha 00pabOTKE KOCMHUIECKHUX

CHHMKOB.

cloudmask S2 SR masked

Pucynoxk 2 — Caumok Sentinel-2 nccienyemoit Tepputopu,
JIEMOHCTPHPYIOIINI Pa3InIHbIe THIIBI 00JIATHOTO MOKPOBA M 3aTE€M MAaCKHPOBAHHBIH CHUMOK
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Pe3y.]'leaTbI u oﬁcymeﬂne

st BBISBIIGHHSI 3aKOHOMEpHOCTEH (GopMupo-
BaHUS M PACIIPEICIICHUs OTIACHBIX SBIICHHM, TaKKe
JUTSI peLeHHsI TPoOJieM o0ecTieueHus: 0€30aCHOCTH
JKU3HEACSTETLHOCTH Ha TEPPUTOPHAIX, TIOJIBEPIKEH-
HBIX BO3CHCTBHIO OMACHBIX YK30T€HHBIX IPOLIECCOB
HEOOXOMMO ITOJIy9IUTh OObEKTUBHBIC, AKTYyaJIbHEIE,
JeTalbHble JaHHBIE O Teorpa)uuecKux 0OBEKTax.
brmaromapst meranmpHOW WHpopManuu o penbede,
BBICOTE, YKJIOHE, PACIOJI0KEHHH BOJIOTOKOB, JIE/-
HUKOB, MOPEHHBIX 03€p, HACEJIEeHHBIX ITyYHKTOB,
TPAHCIIOPTHOW CETH M APYI'HX MPHUPOJHBIX, aHTPO-
MOTEHHBIX 00BEKTOB, KOTOPBIE OMPEAETSAIOT yCTOH-
YMBOCTb FOPHBIX CKIIOHOB U BO3MOYKHBIE OMTACHOCTH
JUTSL JTEoJielt 1 MHQPACTPYKTYPhI, MO3BOJISIFOT CIie-
UaJKCcTaM MPOBOIUTH aHAJIHN3 YCTOMYMBOCTH TOp-
HBIX CKJIOHOB M BBISIBJISITH MIOTEHIIMATILHO OIACHBIE
YYACTKH.

Jannbie Tomorpaduyeckux KapT MpelCcTaBIs-
I0T COOOH Ba)KHBIH MHCTPYMEHT JIJIsl OIICHKH Celle-,
OTIOJI3HE- M JIABMHOOE30MACHOCTH B TOPHBIX paio-
HaxX. B cBs3u ¢ TeM, uTO TomorpaduvyecKre KapThl
CO3JIAI0TCS Ha OCHOBE ONPEICICHHOTO BPEMEHHOTO
Mepruo/ia, a WMEIOIINecs KapThl Ha HCCIEeIyeMYIO
TeppuTopHio u3nanel B 1975-1990 ronax, oHu Mo-
TYT HEe OTpakaTh TOCJIETHINE U3MEHEHHUS B COCTOS-
HUHM MECTHOCTH, B TOM YHUCIIE BOJIOTOKOB U PeK.

OnHUM U3 CTIOCOO0B PEIICHUS ITOH MPOOIEMBI
SBJISIETCS UCTIOJIb30BAHUE HOBBIX U 00JIee aKTyalb-
HBIX UCTOYHUKOB JAHHBIX, TAKUX KaK CITyTHHKO-
BbIC U300pakeHus, JaHHBIE Ja3€PHOTO CKAHUPOBa-
HUS MECTHOCTH, TAK)KE€ MOTYT OBITh NCITOJIB30BaHBI
BEKTOPHBIC JAaHHBIE W3 OTKPBITHIX HMCTOYHUKOB.
Hampumep, mpoBepka BEKTOPHBIX CIIOEB IMPOXO-
JIWIa TaKKe MyTeM HAaJOXKEHHsI CJI0s CO CITyTHH-
KOBBIMH CHHUMKAaMH, TOTOTpaUIeCKUMH KapTaMu
U JJaHHBIMHM OTKpbITOro cepsuca OpenStreetMap
(OSM), KOTOpHIN MPETOCTABIACT CBOOOMHBINA JT0-
CTYIl K OOHOBJISIEMBIM BEKTOPHBIM CJIOSIM 0a30-
BOW KapTel. HO npu HMCIOJB30BaHUM BEKTOPHBIX
cioeB n3 OSM 11 IpOCTPaHCTBEHHOT'O aHAIU3a,
HAIpPaBJICHHOTO Ha OLEHKY OIACHBIX MPHUPOJIHBIX
MPOLIECCOB, MOKHO BBIJACIUTH HECKOJIBKO KIIOUE-
BBIX HEJIOCTATKOB:

— Hemnonnora nanubiX. JlaHHBIE BOJOTOKOB B
OSM 1100aBisIOTCS TIOJIB30BATEISIME Ha J100pO-
BOJIEHOUM OCHOBE. DTO MPUBOJUT K TOMY, YTO HE BCE
BOJIOTOKH MOT'YT OBbITh BKJIFOUEHBI B 0a3y. B pe3yib-
TaTe, NMPU aHaIN3e HE YYHUTHIBAIOTCS Ba)KHbBIC TH-
JPOJIOTHUECKHUE DIIEMEHTBI, YTO CHH)KAeT TOYHOCTh
OIICHOK;

— HemocnenoBarenbHOCTh U OTCYTCTBUE CTaH-
napru3anuu. [1ocKoNbKY NaHHBIC BBOJSATCS MHO-
JKECTBOM PA3IMYHBIX IOJIb30BaTENeH, CYLIECTBYET
PUCK HECOOTBETCTBHUSI CTaHIapTaMm. Hampumep,
OJIMH M TOT € BOJOTOK MOXET ObITh OTMEUYCH Kak
«peKa» B OJIHOM MECTE M «pydei» B I[Pyrom, 4To
3aTpyHAET 00pabOTKy JTaHHBIX.

— Henonubie arpubytel. B OSM nannble ya-
CTO ONMCBHIBAIOTCS MUHHMAJIbHBIM KOJIHYECTBOM
aTpuOyTOB, OJHAKO JUIS TIOJHOLIEHHOTO aHalln3a
OIIACHBIX MIPUPOAHBIX MPOLECCOB TpeOyroTCes boee
JeTalu3UpOBaHHbIe JaHHble. HemocTaTok Takux
JAHHBIX MOXKET OIPaHUYHUTh BO3MOXKHOCTH aHAJIN3a
1 TIPOTHO3UPOBAHHSI.

— OOHOBIIEHNE U aKTyaJIbHOCTh TaHHBIX. YacTo-
Ta oOHOBIeHUs AaHHBIX B OSM He rapaHTupyercs,
M TIOJIb30BAaTEeNId HE O0O0s3aHBI OOHOBJIATH WHQOP-
Maluoo o reorpaduyeckux 00BEKTaX. ITO MOXKET
IIPUBECTH K YCTApEBAaHUIO NAHHBIX, OCOOCHHO B
H3MEHSIOIUXCS YCIOBUSIX, TAKUX KaK M3MEHEHHs
pyciia peK WX CTPOUTEIbCTBO THAPOTEXHUUECKUX
COOpY’KEHHH, KOTOPBbIE MOT'YT 3HAUYUTEIHLHO BIHAThH
Ha NIPUPOJHBIE IIPOLIECCHI.

— OTcyTcTBUE METAJaHHBIX M KOHTPOJIA Ka-
gecTtBa. B OSM 9acTo OTCYTCTBYIOT NETaIH3UPO-
BaHHBIC METaJaHHbIC, KOTOPbIE MOIJM Obl TOMOYb
OLIEHUTh TOYHOCTh W HAJIS)KHOCTH JIaHHBIX. Takke
OTCYTCTBYET LEHTPAJIM30BAHHBI KOHTPOJIb Kaue-
CTBa, YTO MOKET MPHBECTH K IMOSIBICHHUIO OIIUOOK
WM HETOYHOCTEH B TaHHBIX.

B pesynbTare paboT ycrapeBIIne JaHHbIC O T'€0-
rpaduyeckux 0ObEKTaxX ObUTM OOHOBJICHBI, aKTya-
JM3UPOBAHBI C YYETOM aKTYyalbHBIX U3MEHEHUH Ha
MECTHOCTH, Ha KapTy OBbLIN T0OABJICHBI HOBBIE 00h-
eKTBI, KOTOpbIE HE OBUIM YYTEHBI B TPEABIIYIIHX
BEpCUsX, BepU(UIUPOBAHBI TPAHULIBI CYLIECTBYIO-
UX 00BEKTOB.

BexropHEIi coit penbeda, KOTOPHIi TO3BOJIIET
OTIPEIECIIUTh TAKUE XaPaKTEPUCTUKH, KaK CKIOHBI U
YKJIOHBI TIOBEPXHOCTH 3€MJIH, ABISIETCS OCHOBHBIM
KOMIIOHEHTOM KapT MO OLIEHKE OMACHBIX MPUPOA-
HBIX TIpoIieccoB. Penbed MecTHOCTH OnMdpoBaH ¢
Tonorpadudeckux kapt macirada 1:200 000 B Buze
BEKTOPHBIX CJI0EB TOYEK BBICOT, IIOJUI'OHOB OJIMHA-
KOBBIX BBICOT. KOppeKkTHpOBKa JaHHBIX CIOEB HPO-
BoIMIach 1o IudpoBoi Momenu penbeda Airbus
WorldDEM4Ortho (Benuuuua sueiiku [124 wm),
KOTOpasi SIBIIsIETCS Hamboyiee IMOCIeI0BaTeIbHON
U TOYHOH CIIyTHUKOBOM MOJENbIO penbeda B II0-
OanmpHOM MacmTabe ¢ pazpemenuem 24 M (Pucynox
3) 1 JocTyIHA IPU HAJTMYUH JTULEH3UH HACTOIBHBIX
poayktoB ArcGIS.
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Pucynox 3 — Iludposas mozens penseda (Airbus World DEM4Ortho)
teppuropuu MneAnaray

[IpocTpaHcTBeHHBIE JaHHBIE TIO TUApoOrpadu-
YeCKOl ceTH, BOJOCOOPHBIM IJIOMIA/SIM BOJOTOKOB
CO3/IaHBI ITyTeM MHOTOATamHoi 00padotku [IMP, ¢
WCTIOJIb30BAaHIEM KOMITJIEKCA CHeTIMaIbHBIX JTOTION-
HUTEJIbHBIX MHCTPYMEHTOB, MOJYJIEH W pacIiupe-
HUN HacTonbHBIX nakeToB ArcGIS. CoBpeMeHHBIH
uncrpymentapuii I'MIC no3BossieT onpeneanTs ru-
nporpadudeckne U MOp(hoMEeTpUUEeCKHe XapakTe-
PUCTHUKH BOJHBIX OOBEKTOB M UX BOAOCOOPOB MpH
Hanuuuu koppektHoit LIMP.

Crnoti «['mnporpadudeckast ceTh» TPOSKTHOU
TEPPUTOPHUH CO3JABAJICS METOJIOM aBTOMAaTH3UPO-
BAaHHOT'O M3BJIEUEHHUS BOJOTOKOB Ha OCHOBE IpH-
MEHEHHUSI OTKPBITOTO HabOpa HMHCTPYMEHTOB MO-
nynst ArcHydro pacmmpenuss HEC-GeoHMS wu
WhiteboxTools-ArcGIS u LIMP, mmpoko ucnois-
3yembix B [ IC-kapTorpadupoBanuy u THAPOIOTHN
IpU OIpeleNcHHH TuAaporpaduuecKkux U Mop¢o-
METPHUUECKUX XapaKTEPUCTUK TEPPUTOPHUH, TPAHHMIL
BOJI0COOPOB .

ITonmy4yeHHBINH HA JAHHOM 3TaIe Pe3yJbTaT SB-
JIgeTCsl IEPBUYHBIM CIIOEM BOJOTOKOB, KOTOPBII
JOJDKEH MPONTH NPOBEPKY U aHAJINU3 Ha PSIJ OLIU-
00K, a Tak)Xe JOMOIHUTEIBHYI0 00paboTKy s
MOJIyUeHUS] KOPPEKTHOW CEeTH BOJOTOKOB. IIpum
HEO0OXOJMMOCTH, MCIPABICHHUS BHOCSTCS BpyY-
HYIO.

B pesynbrare 00pabOTKM M HCTIPaBICHUS BEK-
TOPHOTO CJIOST BOJIOTOKOB 1o Tomokapte (1:100 000)
1 KocMocHUMKaM Sentinel-2 cozgaercst KOppeKTHas
ruaporpadudeckas cetb Teppuropun (PucyHok 4).

OmudpoBka MPOCTPAHCTBEHHBIX JAaHHBIX TIO
JIeIHUKaM ¥ [0 MOPEHHBIM 03€paM MPOBOIMIIACEH I10
TonorpauIeckuM KapTaM, KOppeKTUPOBKA KOHTY-
POB JUIsl OTOOPAKEHUSI COBPEMEHHOI'O COCTOSHUSI —
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M0 CIyTHUKOBBIM cHUMKaM Sentinel 2 (Pucynok 5
u Pucynox 6)

CozfaHHbIE CIOM  OTOOpa)karoT aKTyallbHOE
MIPOCTPAHCTBECHHOE paclpe/icjiCHUe JICAHUKOB H
MOpeHHBIX 03Ep Ha 2023 rof.

HNudopmarnust o reorpaduaeckoM pacrosioxe-
HUU 1 XapaKTEPUCTHKAX JIEAHUKOB, a TAK)KE MOPEH-
HBIX 03€p IMO3BOJISCT POBOIUTH aHAIN3 M IPOTHO-
3UpPOBAHUE TOTCHIIMAIBHO OINACHBIX MPUPOIHBIX
MPOIECCOB, ONPECIUTh MOTCHIIUAILHO OITACHBIC
30HBI, pa3padboTaTh MEPHI MPEAOTBPAIIEHHS U COOT-
BETCTBYIOIINE TUTAHBI MEUCTBHUU I 0OeCIIeueHUs
0€30I1aCHOCTH JIFOJICH U UMYIIECTBA.

Poct yucna u npoTsHKEHHOCTH aBTOMOOMITBHBIX
JIOPOT OTHOCHUTCS K PSIy MIPHOPUTETHBIX MEPOTIPH-
SITUN 110 MOJICPHU3AIINN PECITyOJIMKAHCKUX U PErH-
OHAJILHBIX TPAHCIOPTHBIX CHCTeM. TpaHCHOpTHAs
CeTh TOKa3bIBACT CTEICHb 3aCEICHHOCTH TEPPH-
TOpWH, TAeT TpEeACTaBlIeHHe 00 IKOHOMHYECKOI
JKU3HU B PETHOHE, TOCTYITHOCTh KaXIOT0 HACEJICH-
HOT'O MyHKTa, U300paKeHHOT0 Ha KapTe, OTpa)kacT
BO3MOXKHOCTh TICPEBIDKECHUSI C YYETOM MECTHBIX
MIPUPOJTHBIX OCOOCHHOCTEH. AKTYaIH3aIHs Te0Tpo-
CTPAaHCTBEHHBIX JIAHHBIX 110 U3MCHEHUSM B KOH(H-
rypaiuy TPAaHCIIOPTHOM CETH SIBJICTCS YKU3HECHHO
HEOOXOMMOH MpHU pa3pabOTKe CTPATETHH U IJIaHa
neicTBUi npu Bo3HUKHOBeHHH UC mpuponHOro u
AHTPOIIOI'CHHOI'0 XapakTepa.

Ha pucynke 7 noka3aH npumep UCIOIb30BaHUS
KOCMHMYECKHX CHUMKOB Sentinel-2 111 0OHOBIEHHS
BEKTOPHOTO CJIOA TIO0 TpaHCHOPTHOH cetu. Ha wc-
cnemxyeMoit Tepputopun B 2022 1. OblJIa MOCTpPOCHA
HOBasl pa3Bsi3ka boibII0M aIMAaTUHCKOW KOJIBLIEBOM
aBTOMOOWIILHOMW JIOPOTH, OTCYTCTBOBABIIIAS I10 JIaH-
HBIM KOCMOCHUMKOB Sentinel-2 2018 roza.
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B) dparMeHT NepBUYHOTO CII0S BOJOTOKOB, r) ®parMeHT UCIPABICHHOTO CJI0S BOJOTOKOB
0e3 ncrpaBICHHS

PucyHnok 4 — ©parMeHTHI BEKTOPHBIX CIIOEB BOJOCOOPHBIX
IJI011a/Ied BOJOTOKOB M PEK IIPOCKTHOU TEPPUTOPUH
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Pucynok 5 — BekTopHbIi NONUTOHANBHBIN CIIOH 110 JEJHUKAM

Pucynoxk 6 — Mcnons3oBanne KOCMUYECKHX CHUMKOB Sentinel-2
JU1st OOHOBJICHHS TEMAaTHYECKOTO CJIOS 10 MOPEHHBIM 03epamM

Pucynok 7 — Mcnonp3oBaHne KOCMUYECKHX CHUMKOB Sentinel-2 i akTyaau3aluy TPAHCTIOPTHOH CeTH
(BPAKA/I — HoBas Bonpmias anmaTtuHCKast KOJIbIIEBask aBTOMOOMIIBHAS TOPOTa)
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Hacenennble myHKTBI SIBISIOTCA OAHUM M3 OC-
HOBHBIX DJICMEHTOB COJCP)KAHUS TEMAaTHICCKHUX
KapT IO OLIEHKE OMACHOCTH U PUCKA CENEBbIX, OMOJ3-
HEBBIX U JIABUHHBIX TPOIIECCOB B TOPHBIX paiioHAaX.
Jnst co3naHusi BEKTOPHOTO CJIOSI HACEJICHHBIX ITyH-
KTOB HCCIIETyeMO TEPPUTOPHH 32 OCHOBY HCIIOJIb-

30BAJICS CJIOW HACEJICHHBIX ITyHKTOB HA0OPa JaHHBIX
OpenStreetMap (OSM), B koTopoM 0OHApPYKEHBI
OIIMOKH, CBSI3aHHBIC ¢ TPAHUIIAMH M KOJUYECTBOM,
Ha3BaHUSIMU OOBEKTOB. AKTyanu3aiusi TpaHul] 00b-
€KTOB CIIOSl HACEICHHBIX MYyHKTOB MPOBOMIACH TIO
onepatuBHBIM naHHbM J[33 (Pucynok 8).

a) Ceno Apkabaii: po30oBbIM — 00BeKT B ciioe OSM, jKeNnThIM —
AKTyaJIM3UPOBAHHBIN MO CIIyTHUKOBBIM CHUMKAM O0BEKT

0) 3ona otnpixa «Jlecnas Ckaska: po3oBeiM — OSM, 3eneHbIM —
AKTYaJIM3UPOBAHHBIIL [0 CITyTHUKOBBIM CHUMKaM OOBEKT

B) Jlaun XKetoicy: B cioe Habopa OSM oTcyTcTBOBAIM

Pucynok 8 — Mcrnone3oBanne KOCMHYeCKUX CHUMKOB ( Sentinel-2)
JUISL aKTyaJIn3aluy TEPPUTOPHIT HACEICHHBIX ITyHKTOB
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Hcnonb3oBaHne NaHHBIX KOCMHYECKHX CHUM-
KOB II03BOJISIET IPUMEHHUTH aKTyaJIbHYO IETAJIbHYIO
“H(OPMAITUIO ITPH KapToTrpadupOBaHUH U TIOCTICTY-
FOLLIEM aHAJIN3€ JUHAMUKH U TEHJIECHIUN U3MEHEHUS
MIPUPOJIHBIX M COIMAILHO-I)KOHOMUYECKUX O0BEK-
TOB. Mcnons3oBanne manabx /(33 mo3BossieT mpo-
BOJUTH PEryJSIPHBIA MOHUTOPUHI M aHAJIU3 OIac-
HBIX MPOLECCOB B FOPHBIX paiioHaX, B UMIIAKTHOM
30HE KOTOPBIX MOTYT OKa3aThCs YSI3BUMBIE OOBEKTHI
COIMAJILHOM, TPAHCIIOPTHON U SKOHOMUYECKOW MH-

(bpacTpyKTypHL.

3akioueHne

Wudopmarust 0 IpUPOAHBIX U COMUATIBHO-IKO-
HOMHYECKHX OOBEKTaX B TOPHBIX M MPEATOPHBIX
paifonax Oblj1a OOHOBJIEHA C MOMOIBIO BU3YaIbHON
¥ aBTOMAaTH3MPOBAHHON 00pabOTKM KOCMHYECKHX
CHMMKOB, MHOT03TanHo# 00padoTku LIMP. Pe3yib-
TaT BBIMOIHEHHBIX paboT cTaim BO3MOXKHBIM Ha OC-
HOBE TUIATEILHOTO U3Y4YEHUSI COBPEMEHHBIX CUCTEM
33, cpaBHUTENHHOTO aHAIN3a U BRIOOpA KOCMHYe-
ckux cHUMKOB Sentinel 2, Landsat-8 xak nanbonee
PENeBaHTHBIX ITOCTABIEHHBIM 3a[auaM.

Jnst akTyalm3anud TeMaTHYeCKUX BEKTOPHBIX
CJIIOEB KapTOTpaUIECKO OCHOBBI HCCICTyeMOM
TEPPUTOPHH OBLTH UCTIOIb30BaHBI ADXUBHBIE U OTIC-
paTHBHBIE JJAaHHBIE CPETHETO Pa3pelIeHus, MoryJa-
eMble co cmyTHUKOB cepun Landsat-8 u Sentinel-2,
taxke [IMP Airbus WorldDEM4Ortho. Jlns drs-

TpauuM KOJUIeKIMH u3o0paxkenuit Sentinel-2 u
ompeeICHIUs 00JIaYHOCTH B 00JIaYHON TeHH Chop-
MHUpOBaH Habop ckpunrtos Python.

Hcnonp3oBaHre KOCMUYECKUX CHIMKOB B KOM-
miekce ¢ KoppekTHoi [IMP mo3Boiuio moiay4uTh
TOYHBIE ¥ aKTyaJIbHBIE TAHHBIE, HA OCHOBE KOTOPBIX
co31aHbl OOHOBJIEHHBIE TeMaTHueckue ciou «Iu-
nporpadudeckas cetby», «Jlemaukm», «MopeHHBIe
03épa», « TpancnoprHas cetb», «Hacenénusle myH-
KTb». JleficTBus 1m0 00paboTKe W MHTEPIpETaIiy
naHHblX /133 mo3BoNMIM OXBaTUTh OOLIMPHBIE U
TPYJIHOJOCTYTIHbIE TEPPUTOPHUH TOPHBIX PailOHOB,
3HAUNUTENIFHO CHU3MUTH 3aTpaThl Ha cOOp U 00paboT-
KY JIaHHBIX.

Oo6HnoBneHHas nHpoOpMaLuUs 0 reorpaduuecKux
00BeKTaX MOXKET OBITh MCIOIB30BAaHA I CO37a-
HUS KapT IO ONACHBIM NPHUPOJHBIM IpolieccaMm,
TUTAHWPOBAHUS W Pa3BUTHS MH(PPACTPYKTYpPHI, MO-
HUTOPHHTa M3MEHEHHH OKpY’Karollell cpenbl, MpH
pa3paboTke 3amuTHBIX MeponpusaTuil mpu YC npu-
POJIHOTO U aHTPOTIOT€HHOTO XapaKTepa.

baarogapHocTb, KOHQJIMKT HHTEPECOB

[lyOnukamuss MOATOTOBICHA IO PE3yJIbTa-
TaM ucciefoBaHuil no npoekty «Hayuno-mpu-
KJIaJlJHO€ OO0OCHOBaHUE cejle-, OIOJ3HEe- U Jia-
BMHOOE30TaCHOCTH B TOPHBIX paifonax Wne u
XKervicy Anaray Pecnybnmknu Kazaxcran», ¢u-
Ha"ncupyeMoMy Komurerom nmayku MHBO PK
(ITI® BR21881982).
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