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JaTtaceT MalMHHOro obyuyeHnsa gna ce3oHHbIX AOpor: co3aaHne u obHosneHue (1)

) ) ) ) ) I[aTaceT 3UMHUKOB Kpacnonpcxoro Kpas
A machine learning dataset on winter roads of Krasnoyarsk Krai, Russia B
for the forestry and infrastructural projects cmamoa 6 MeolcoyHQPOOHblu HCYPHAI EJFE

(https://dergipark.org.tr/en/pub/ejfe)

Podolskaia E. 8. @3, Sinitsina A. N. @

Table 1. Sources of data on collected winter roads of Krasnoyarsk Krai (example)
(1) Isaev Centre for Forest Ecology and Productivity of the Russian Academy of

Sciences (CEPF RAS), Layers | Data Spatial Access Last Comments
(2) HSE Uﬂ_iversityl type resolution | date update
date

Road Funds | https://ckad. p Vector, | Multi-scale | 04/01/202 | 07/10/20 | Data on
Abstract: 5

Control Tabular 5 25 roads in the

System region used
Machine learning in transport modeling has become a trend in the science and industry. In the paper we observe to correct

1ts main directions and focus on a dataset of seasonal roads creation. Seasonality as a parameter of transport (FGIS OSM
modeling has a seriows impact on transport scenarios but is underestimated in the world and in Russia with all SKDF)
ity modern data challenges. One of the limiting factors in studying seasonality i3 a lack of systematic data for
different extent from a country to a region. Taking the data on the winter roads of Krasnovarsk Krai, Siberian
federal district, Fussia as an example we created a small machine learning dataset with winter roads. It consists
of 60 muonicipalities and has a number of parameters mfluencing the presence of winter road. ML -analysis
pipeline consists of several steps: data collecting, spatial preprocessing, feature engineering, model training,
and evaluation. The best-performing predictors are forest area combined with eryolithozone (R2=0.282) and
rivers, cryolithozone and snow cover (R*={0.5). Other individual predictors had low predictive value, requiring
additional spatial and temporal refinement. Study revealed that the hishest density of winter roads is observed
in those municipalities where there are large waterways (rivers), settlements and industry, especially logging.
The dataset iz planned to be extended for the scale of the whole Siberian federal district and mamtamned to
collect statistics in the future. Its practical use is in the forestry, road development, regional planning, and MpOTAXEHHOCTS AOPOAMOR CaTw: 1584 240876 ke

petrolenm, and could be of interest for any related to zeasonal roads research.

® Mecthbie popor 1015281204 @ PeruoHansHbe Aopork  SO24S6ETG KM @ GefepansHeie ACPOTW 66 503,80 Kk >

geometry

AHanUTUYecKne nokasartenu

Keywords: Machine learning; small dataset; road network; winter roads; forestry; Krasnovarsk Krai.
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B Peoaxuuu na peyenszuposanuu (na 20.10.2025)
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dakynbTeT reorpadum u
reoMHPOPMaLMOHHbIX

TEXHOI0TUM

JaTtaceT MalWMHHOro obyueHnsa gna ce3oHHbIX AOpPOr: co3aaHne u obHoBneHue (2)

A machine learning dataset on winter roads of Krasnoyarsk Krai, Russia
for the forestry and infrastructural projects

Podolskaia E. S. 13, Sinitsina A. N. @

(1) Isaev Centre for Forest Ecology and Productivity of the Russian Academy of
Sciences (CEPF RAS),
(2) HSE University]

Abstract:

Machine learning in transport modeling has become a trend in the science and industry. In the paper we observe
1ts main directions and focus on a dataset of seasonal roads creation. Seasonality as a parameter of transport
modeling has a seriows impact on transport scenarios but is underestimated in the world and in Russia with all
its modern data challenges. One of the limiting factors in studying seasonality i3 a lack of systematic data for
different extent from a country to a region. Taking the data on the winter roads of Krasnoyarsk Krai, Siberian
federal district, Fussia as an example we created a small machine learning dataset with winter roads. It consists
of 60 muonicipalities and has a number of parameters influencing the presence of winter road. ML-analyais
pipeline consists of several steps: data collecting, spatial preprocessing, feature engineering, model training,
and evaluation. The best-performing predictors are forest area combined with cryolithozone (F2=0.82) and
rivers, cryolithozone and snow cover (R*={0.5). Other individual predictors had low predictive value, requiring
additional spatial and temporal refinement Study revealed that the highest density of winter roads is observed
in those municipalities where there are large waterways (rivers), settlements and industry, especially logging.
The dataset iz planned to be extended for the scale of the whole Siberian federal district and mamtamned to
collect statistics in the future. Its practical vse iz in the forestry, road development, regional planning, and
petrolenm, and could be of interest for any related to zeasonal roads research.

Keywords: Machine learning; small dataset; road network; winter roads; forestry; Krasnovarsk Krai.

B Peoaxuuu na peyenszuposanuu (na 20.10.2025)

A total of 9 predictors were used for ML modeling of winter road usability
duration:

mean snow height (raster, resampled to 500m:
https://agroatlas.ru/ru/content/Climatic_maps/Snow/Snow maxim/index.h
tml);

elevation (GTOPO30: https://www.usgs.gov/centers/eros/science/usgs-
eros-archive-digital-elevation-global-30-arc-second-elevation-gtopo30);
distance to nearest settlement (calculated with QGIS:
https://www.openstreetmap.org);

land cover class (MODIS: https://developers.google.com/earth-
engine/datasets/catalog/MODIS 061 MCD12Q1);

slope angle (derived from DEM, similar to elevation);

road proximity to the rivers (Euclidean distance:
https://www.naturalearthdata.com/, https://www.openstreetmap.org);
forest area (EC JRC Global Forest Cover 2020:
https://developers.google.com/earth-
engine/datasets/catalog/JRC_GFC2020 V2);

cryolithozone area (HSE geoportal:
https://geoportal.hse.ru/portal/home/item.html?1d=60da3a29425342819cc
9991de3f4e514)

territory urbanisation (Rosstat statistics data:https://24.rosstat.gov.ru/).
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Pa3paboTka MHCTPYMEHTa AN aHA/M3a gaTtaceTa MallUHHOro obyueHus (1)

— 7~ 3 AKTyanbHOCTh pa3pabOTKH OOYCIOBJIE€HA OTCYTCTBUEM Ha
@ cexTatins- 2 ceminbin 28257, Rxcaeascs, Poccas PBIHKE CIIEHHATM3UPOBAHHBIX, TOTOBBIX K UCIIOJIb30BAHUIO
pelIeHN, TpeHA3HAYEHHBIX JIJIs1 KOMIUJIEKCHOTO aHaJIn3a

PA3PAEOTKA UHCTPYMEHTA AHAMU3A MaJbIX reorpauuecKux JaTaceTOB C yUETOM UX CHEIU(UKH.

AATACETA MALLMHHOIO OBYYEHUA
ONS PEFTMOHANBHOIMO NPOEKTA [Touemy He0OX0IMMa UMEHHO Pa3pabOTKa HOBOTO

WHCTpYMEHTA?
Cekuus «TeXxHONormm UCKyCCTBEHHOro CTPyME

MHTennekTa u Big Data»

ARSI PR T OTCYTCTBHE TOTOBBIX CIIENUAIN3UPOBAHHBIX AHAJIOTOB
CuannnHEa ArHa Hako1aeeHa,

CTyAeHTKa 1ro Kypca MarmcTpaTypsl 00 HPOCTPAHCTEEHELIM JaHHED 0 IPH K12 HOMH re0aH LTHTHKE . HeI[OCTaTKH CyH.IeCTBYIOHIHX pGIHeHI/Iﬁ ( HCT HO
DapyIeTeT reorpadnn u reonH popMan BOHHLIX TexHOTor Hit HTY BIIT3

sinichka.ann.nikimgmail com O6’I)€I[I/IH;IIOH_IGFO FI/IC u data SClenCG)
Hogoasckan Exatepnaa Cepreeesa, KaH1. TeXH. HAYK,
Beym il HayIHLI coTpyaEEK JlaGopaTopnn MOHETOPHHT A JecHLIX 3KocacTem I[ITLTPAH, . OpHrI/IHaHI)HOCTI) " HpeI/IMyHleCTBa HOBOI'O I/IHCTPYMGHTa

JonmeHT PaKyIbTeTa reorpadun H reonsEdopiMa IIoHELX TexHoTo T HITY BIITS

ek atcrina podolskaiafmmilcom (rpaduueckuit uHTEpdENC U HArJISAIHOCTh PE3yIbTAaTOB)
epodolskaya@hse.ru CHCHH&HHB&HHX ( l—vI/IC)
https./frprs.sfu- , ['MOKOCTH M TOCTYIIHOCTD
kras.ru/sites/default/files/nauchnaya programma kof
erencii 1p dez 2025 3.pdf . Otkpsrtasg munensus (Open-Source)
Bo3MoXHOCTH MacIITaOupoOBaHUs U UHTErpallii



https://rprs.sfu-kras.ru/sites/default/files/nauchnaya_programma_koferencii_rp_dzz_2025_3.pdf
https://rprs.sfu-kras.ru/sites/default/files/nauchnaya_programma_koferencii_rp_dzz_2025_3.pdf
https://rprs.sfu-kras.ru/sites/default/files/nauchnaya_programma_koferencii_rp_dzz_2025_3.pdf
https://rprs.sfu-kras.ru/sites/default/files/nauchnaya_programma_koferencii_rp_dzz_2025_3.pdf
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nHTennekTa (MN) ans peleHnn nHKeHepHo- o o
FeOMHd)OpI\i\aLI,VIOHHbIX reofieanuecknx 3agau» 23 okTabpa 2025 roaa 06paBOBaTEI'IbeIVI n nccnenoBaTeiIbCKUM onbiT
TexXHonormm

Pa3paboTka MHCTPYMEHTa AN aHA/IM3a gaTtaceTa MalUHHOro obyueHus (2)

[{enbr0 pabOTHI ABJISAETCS pa3padoOTKa U allpOoOUPOBAHUE .
HIPOrpaMMHOI0 00€CIICUCHHS ISl aHAJIM3a MPOCTPAHCTBEHHO- I.!I pandas
aTpuOyTHUBHOTO JaTaceTa 1o 3uMHUM JoporaM KpacHosipckoro kpast '
C MCITOJIb30BAHMEM METOI0B MAIIMHHOI'O O0YyUYEHUSI.

3anaun UCCIIETOBAHUS:

yseaborn

Pa3paboTaTh mporpaMMHBIM HHCTPYMEHT C TpaMIeCKHM
uHTepdeicoM s 3arpy3Ku, 00pabOTKHU M aHAIM3a JaHHBIX. &

0”

[IpMMEHUTH UHCTPYMEHT /ISl MOJEIUPOBAHUS 3aBUCUMOCTH ’ = N u m Py

IPOAOJKUTEILHOCTH (DYHKIIMOHUPOBAHUS 3MMHUKOB OT
NPUPOIHBIX U HHPPACTPYKTYPHBIX (PAKTOPOB C UCIOJIb30BAHUEM

METOJI0B MallIMHHOT'O 00YyYEeHHs. m a t p , t , i b
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nHTennekTa (MN) ans peleHnn nHKeHepHo- o o
I'eOMHd)OpI\i\aLI,VIOHHbIX reofieanuecknx 3agau» 23 okTabpa 2025 roaa 06pa3OBaTEI'IbeIVI n nccnenoBaTeibCKUM onbiT
TexXHonormm

UHCTPpYMeHT aHa/iu3a gataceta MallMHHOro obyueHus:
BUA, nHTepdeiica B HACTONIbHOM BapuaHTe

¥ nnanus perpeccam

| Ao/ Language: [Pycmna  ~| | Bmﬁop I3LIKA

Buspum guin| owinmesutpm  Komposacsv [witss ] | BEIGOD csv (haiiza H ero KOJHPOBKH

MNpeanpocMoTp SHHEX

Otobpaxenne nepBeix 100 cTpox csv daiina mocire TpoYTEHHS

Brioop MeToa Koppelanun
Buiop Nepemertng

Aocrynmme xonome Uenesas nepesennas: Mero Koppensupm:

Brrdop mapameTpoB s
NOCTPOSHHS PerPeCCHH ] [pesrson

Mapasmerped olydeHna

Pasiatp obyuamouiei eurbopion (N): Hactpoiiku oOydJaromel BEIOOPKH (OMITHOHAILHO) Maxc. crpox recra (D=sce, o 10%)
30 0

Moscazams xoppenaumm | Beancarmwme perpeccus | Chpocwme embop |
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nHTennekTa (MN) ans peleHnn nHKeHepHo- o o
I‘eOMHd)OpI\i\aLI,VIOHHbIX reoMe3MIeCKIX 3083 23 OKTAGPA 2025 roga obpasoBaTesbHbIN U UCCNeA0BaTENbCKUIA ONbIT
TEXHO/I0TUI

UHCTPYMEHT aHa/Iu3a gartaceta MallUMHHOro obyueHus:
BbIBOAbI NO pa3paboTke

Pa3paboTaHHOE TTPOrpaMMHOE OOECIIEUCHUE PEIIACT 3ajady aHaliu3a CE30HHBIX JOPOr C MCIOJIb30BAHHUEM METOIOB
MaIMHHOTO 00y4eHus. OHO TMO3BOJIAET BBISBJISITh KIIOYEBBIE MPUPOJHBIE U HHPPACTPYKTYPHBIE (PAKTOPBHI,
BIIMSIFOIIMAE HA CPOK AKCIUTYaTallMi 3MMHUKOB, U CTPOUTH ITPOTHO3HBIE MOJEH.

I MOBBIIEHUST TOYHOCTH MPOCTPAHCTBEHHOI'O AaHAIN3a IUIAHUPYETCS BHEIPEHUE HMHCTPYMEHTOB si3blka R, B
gacTHOCTU TakeToB spdep, sf um spatialreg, mo3BONSIOIMIMX pPacCUUTHIBATH IPOCTPAHCTBEHHYIO ABTOKOPPEISAILIMIO
(Hampumep, u"aekc Mopasna, ['eapu, LISA) u cTpouTh IpOCTPAHCTBEHHBIE PETPECCUOHHBIE MOJCIU. DTO PACIIUPUT
AHAIMTUYECKUE BO3MOKHOCTH MPOEKTA U MO3BOJIUT TIIy0Xke BBISIBIISITh 3aKOHOMEPHOCTH B PaCIpe/ieICHUN 3UMHUKOB
C y4€ToM reorpauuecKkux 0COOCHHOCTEU TEPPUTOPUI.

B nanpHeieM TIaHUPYETCS aBTOMATHU3MPOBATh 3arpy3Ky JaHHBIX, PACHIUPUTh TMOACPKKY MOJCIeH u
unrerpuponats [10 ¢ Be6-I'MC.
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dakynbTeT reorpadum un )
nHTennekta (U ANA peweHna NHXeHepHOo- v v
reoMHGOPMaLMOHHbIX reoMe3MIeCKIX 3083 23 OKTAGPA 2025 roga obpasoBaTenbHbI U UCCNe0BaTENbCKUIA ONbIT

TEXHOI0TUM

Jatacetr mawmHHOro obyuyeHma ana npocek nog, J13M: ncnonb3osaHue Hepocetn Yolo
Kapma paitona uccneooseanusn u pacnooxycenus

CoBpemeHHble NpoGnembl QUCTAHUWMOHHOMO 30HOWPOBAHWA 3eMNK M3 Kocmoca. 2025. T, 22, N4, C. 11-26

mecmoeblx yuacmkKoe

ABTOMaTUUecKoe OeTeKTUupoBaHWe NpoceK nog NMHNAMN
3neKTponepenady Ha CHMMKax Sentinel-2 ¢ nomouwbo MmeToaoos
MalWWHHOro O'GYHEHMH 1N KOMMNbHTEPHOIo 3peHuA
BoryuaHcKuit paios

A. O. baxpamxan 11 M. EpMﬁKOBI'S, E.C. IMogonsckas "*

! Hauyuonanwinill uccaedosamenvckuil yHueepcumem « Bulcuias wkoaa sk oHOMUKU»

Mockea, 109028, Poccus
E-mails: ybahramhan@gmail.com, podols_kate@mail.ru
2 Huemumym kocmuveckux uccaedosanuii PAH, Mockea, 117997, Poccus
E-mail: d.m.ermakov@cosmos.ru
3 Opssunckuii unuan Huemumyma paduomexnuku u 21eKmpoHuKu
um. B. A. Komeavnuxoea PAH, ®pazuno, Mockoeackas ooa., 141190, Poccus

4 [lenmp no npotaeman sxonoeuu u npodykmusrocmu aecoe um. A. C. Heaesa PAH

Mockea, 117997, Poccus

500 1000 kv

PerynspHblii MOHHTOPHHT COCTOAHMS JIMHMI 31eKkTponepenay (JIDTT) neodxonum 115 Oecnepedoii-
HOTO 3/IEKTPOCHAGKEeH WS HAceNEHHBIX IIYHKTOBR M 0OBeKTOR MHGPACTPYKTYphl. OIHAKO HA JIECHBIX
TePPHTOPHAX ¢ HH3KOI IUIOTHOCTBLIO HACR/IEHHS | JIOPOr 3a/1a4a MOCTOAHHOTO MOHHTOPHHTA YCII0K-
Haercd. 118 IMCTaHIIHOHHOTO MOHHTOPHHTA Npocek nox JIDTT B TPy IHOAOCTYTHBIX IECHBIX TeppH-
TOPHAX HACTOSLIMM MCCAeNOBAHMEM Mpelaraefes anronurae mirnonainniuil DOCIILID DNOCOKIL 110
KOCMHHECKHX CHHMEAX Senﬂne}_g‘ TaKOH a:”—op Knumepeuuun MONoAbIX yY4eHbIX QOYHABMEHTBHI:HEIE W npuUKnagHble KoCMUYeckue { \ >

IIAra ABTOMATH3ALMH JIHCTAHITHOHHOTO MOHHTO) MCCnERoEaHHE> L / PauoH
CTH, JeTEeKTHPOBAHHS M3MeHeHHH (IPOKIAIKH, : : : f \

Jloruka paboThl ATTOPHUTMA UMEeT HATJISIHYIO WY b : g ' / \ YcnoeHble 0603HaueHns
TOB HHTEpeca B IPOCTPAHCTEE JelH(POBOYHBIX 3
CTHK MOJe/b JIOTHCTHYECKOH perpeccHu BHIIENS : ; :
CeKaM, 3aTeM BepOATHOCTHOE MpeodpasoBaHue X CQI'MGHTE!U,Wil JIeCHbIX MpoceK nog, J1aN . Fg P e “T'fummm; ? ¢ ‘ [ TR

0 0 0% UWETCKUA 7 { 3

MacKe DTHX Y4acTKOB. Pa3paGoTaHHBIN anropn Ha CHUMKax Sentinel-2 ¢ MOMOLLHO MacwrabHag nuweiika Cadions = ponepenay

He TpebyeT HHIMBHIYATLHON HACTPOHKH Mmapam DCHOBKOM KapTh ! - Tpauu OHA HCCAEAOBAHUS

TATOB CO3JAHH METPHKH KA4ecTBa BhlIe/TeHHs 11 HEﬁpOHHOﬁ cetn YOLO
WITOPUTM KOPPEKTHO ONpeiensieT o01acTH pacrq
HBIX CIYTHHKOBBIX H300PaOKEHHX B NIPellefax pe

Kmiouensie ciopa: npocexi, JIDTL, mucramion  22xpauxan B0, Y B3 - https.//kmu.cosmos.ru/sites/default/files/2025/presentations/

HHTE PITPeTHPYEMOCT ANFOPHTMA, MIPeo5pA30BaH Epmakos .M., UKU PAH, ®UP3 um. B.A. KoTenbHukoea PAH
YEL My Moponbckas E.C., LI3MJ1 PAH, HUY BLU3 \
Bakhramkhan _DZZ.pdf

http://jr.rse.cosmos.ru/article.aspx?id=3045



https://kmu.cosmos.ru/sites/default/files/2025/presentations/Bakhramkhan_DZZ.pdf
https://kmu.cosmos.ru/sites/default/files/2025/presentations/Bakhramkhan_DZZ.pdf
http://jr.rse.cosmos.ru/article.aspx?id=3045

@ dakynbTeT reorpadun n Kpyrabiit cton «MpumeHeHNe UCKYCCTBEHHOTO MawwnHHoe 0byyeHne B peLeHnn NPOCTPAHCTBEHHbIX 3a4au: 20

nHTennekTa (MN) ans peleHnn nHKeHepHo- o o
I‘eOMHd)OpI\i\aLI,VIOHHbIX reoMe3MIeCKIX 3083 23 OKTAGPA 2025 roga obpasoBaTesbHbIN U UCCNeA0BaTENbCKUIA ONbIT
TEXHO/I0TUI

BbiBOAbI NO AOKNAAY

Jlnst tepputopun Poccun B OTKPBITOM JOCTYIIE €CTh HEJOCTATOK JAHHBIX MO 00bEKTaM UH(MPACTPYKTYPHI JUHEHHOTO
MPOTSKEHUS (IPOCEKH, JOPOTH); JOPOKHOM CETH OOIIETro M CNENUAIBHOTO (HAIPUMED, JIECHBIE), a TAKKE CE30HHOTO
UCIIOJIb30BaHUSA (3UMHUKM W JIETHUKH), YTO MOXET OBITh pEIIEHO MNyTeM cOopa, OOpabOTKM W OOHOBJICHUS
Pa3HOPOHBIX TAHHBIX UCCIIEI0BATEIbCKUMU/YU€OHBIMU IPYIIIAMHU B PAMKaX PETHOHAIBHBIX ITPOEKTOB.

EcTh mepcneKkTHBBI pPa3BUTHS MaJlbIX JaTaCETOB IIPOCTPAHCTBEHHBIX JAHHBIX, COOp JAaHHBIX JUIS KOTOPBIX
00BEKTHBHO OIPAaHUYEH TPYI0€MKOCTbIO 00paOOTKHU/OCTYyIOM/(PHU3UUECKUM HATUYUEM HCTOYHHUKOB.

[TomyueHHbIE pe3yJbTaThl JAEMOHCTPUPYIOT MPAKTUYECKYIO 3HAYUMOCTH I PSAJa OTPacie XO3sIMCTBA CTPAHBI.
MoryT OBITh UCTIOJIB30BAHBI JJIs1 TOJAJAEPKKHU MPUHSITUS PEIICHUN B JIECOTPAHCHOPTHOM U PErMOHAIIBHOM JIOTUCTHUKE.

Pa3paboTka mporpaMMHOro OOECIIEUeHUS M0 aHAIU3Y JIAaHHBIX C MOMOIIBI0 MAIIMHHOIO OOYYEHHs] MacliTabupyema
U MOKET ObITh aJalTUPOBAHA JIJIS TAHHBIX IO APYTUM peruoHam Poccuu.

Pe3ynbTaThl paboThI SIBISIIOTCS YacThiO BeIoHEHUA ['ocynapctBenHoro 3ananus [[I11J1 PAH no teme
«buopazHoobpasue u s3kocucTeMHbie PyHKIMH JiecoBy (peructpannonnsii Homep HUOKTP 124013000750-1)




Kpyrnabii cton «MprmeHeHWe UCKYCCTBEHHOIO
nHTennekTa (MN) ans peleHnn nHKeHepHo-
reoesnyeckmx 3agay» 23 oktabpa 2025 roga

daKkynbTeT reorpadpmn u
reoMHGOPMaLMOHHbBIX
TEXHO/IOTUM

AKTYyaNIbHbI reo-ucKyccTBeHHbIN UHTenneKT B 2025 rogy

OcHoBHBIM yueOHbIM TTocoOoueM 1o reol Ha ocenb 2025 rona MmoxkHo Ha3BaTh padoty Handbook of
geospatial artificial intelligence (Gao et al., 2024).

N3ydeHnne BO3MOKHOCTEHM U OrpaHUYEHU UCTIOIb30BaHusl MHCTpyMeHTOB U, Takux kak ChatGPT
(Candrasari et al., 2024; Gultom et al., 2024) u ero moaudukaruii - MapGPT (Zhang, He et al., 2024) u
GeoGPT (Zhang, Wei et al., 2024), TpeOyIOT OTJAEIBHBIX UCCIICTOBaHU.

HNucrpymentsl MU yixe NpUCYTCTBYIOT B y4eOHBIX Kypcax o reomH(popMaTukKe, €CTh IPUMEPHI
JOMYCTUMOCTHU ¥ HEJOMYCTUMOCTH NpUuMeHeHust tHCTpyMeHToB U nipu BeinonHenuu yueousix ['MC-

3amannii (Mooney et al., 2023), ecTh MOHUMaHUE HHCTPYMEHTOB KaK KapTOrpapuIecKuX MOMOIITHIKOB
(Juhasz et al., 2023; Stutz et al., 2023).

HccaenoBaresibcKHe BO3MOKHOCTH CBSI3aHbI ¢ KOHIENTYAJIN3alleil HOBbIX MojIeJIeil ApXUTEKTYPbl
reoU (GeoAl), yuntbiBaronux 0COOEHHOCTH MPOCTPaHCTBEHHBIX JaHHBIX (Boutayeb et al., 2024).
Taxoke ormeudaercst Heo0xouMOCTh uHTerpanuu oobacaumoro MU (Al explainability) B 00paboTKy
MPOCTPAHCTBEHHBIX JTAHHBIX.

Konnenuus runepcnenuaausupoBannoro UWN (htips.//medium.com/bevond-left-and-right/hyper-
specialized-vertical-ai-the-new-jargon-in-town-4b5bdbb58c63 ?source=rss artificial intelligence-5)
MOJTHOCTBIO MPUMEHUMA JIJIsL PEIIeHUs] reo3aaad.

Tepmun reoIU ucnionb3yercs B psijie padot (Janowicza et al., 2020; Lunga et al., 2022; Mai et al., 2025;
Lee, Li, 2025; baanyuna, 2025).

MalmnHHoe 0byyeHMe B pelleHMn NPOCTPAHCTBEHHbIX 3a4a4:
obpasoBaTesibHbIM U UCCea0BaTeNbCKUIA ONbIT

HANDBOOK OF
GEOSPATIAL ARTIFICIAL
INTELLIGENCE

Song Gao, Yingjle Hu,

Wenwen Li

]

Heroscrull peztiononozuieckusi xoyprar. Tow 21. N [ /2025
HAYKA H PETHOHAJIBHOE PAJBHTHE
SCIENCE AND REGIONAL DEVELOPMENT

VIK 911.3+004.738.5 DOL 10.37490/8221979310032649-6
B. H. Branyma
Hncraryt reorpadun ma. B. B. Couassr CuSuperoro otgenenma
Poccrifcroft apagemnn Have, ¢ Hpeyrex, Poccan
E-mail: blanutsa@list.ru

TEOIPOCTPAHCTBEHHBIH HCKYCCTBEHHBIH HHTEJIEKT
71 TEOTPA®HYECKOH SKCIEPTH3BI IPOEKTOB
PETHOHAJIBHOTO PASBHTHA: TPH IMMAPATHT MBI

B snoxy Gomsunee Sapre u uew) ma et HoSHE -
anaUsa, 1eKaNE UHEGOP-

o nomora 5 P
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Marucrepckaa nporpamma
«MpocTpaHcTBEHHbIE AaHHbIE U NPUKNagHaa reoaHanautuka» (NANI)
daKynbrerta reorpadum u reonHPopmauMoHHbIX TexHonorui (PrrT) HAY BLUD

@ HauumoHansHeIi nccnefoBaTensckuin yHusepeuTeT «Boicwas wkona skoHoMuku» — OBpa3sosatensHble nporpamMmbl MarucTpatypsl (Mocksa) — Qakynstet reorpaduu 1
reouHPOPMaLMOHHBIX TexHonoruin — Maructepckas nporpamma « IpocTpaHETBEHHbIE AaHHbIE U NPUKNaaHan recaHanuTuka» — O nporpamMme

MarucTtepckasa nporpamma «llpocTpaHcTBEHHBIE
AaHHbIe U NPUKNafHas reoaHaMTuKa»

O nporpamme v ABuTypueHTam v Crynentam v

https://www.hse.ru/ma/geoanalytics/about/

O nporpamme

Mporpamma «[pocTpaHCTBEHHbIE AaHHbIE U NPUKNaAHAN re0aHaNMTUKa» BUAUT CBOIO OCHOBHYIO Liefib B NOArOTOBKE
CneunanncTos, Bflafeiolmx Kak COBPEMEHHbIMU UHCTPYMEHTaMM re0aHaNMTUKU U HayKW O NPOCTPaHCTBEHHbIX AaHHbIX
(BKNIOYAS UHCTPYMEHTBI UCKYCCTBEHHOIO MHTENNEKTA), Tak U COBPEMEHHBIMW NOAXOAAMM K NPUHATUIO NPOCTPAHCTBEHHBIX

peLeHuit, 4To 1 obpasyeT KOHKYPEHTHOE NPEUMYLLECTBO NPOrpaMMbl.

Mporpamma BkNOYaeT ABe TpaeKTOpUK: NpUknagHas TpaekTopus «leocaHanuTUKa ANS NPUHATUA peLueHunit B BrusHece u
rocyfapCTBEHHOM YNpaBneHUn» 1 uccnefoBaTensckan Tpaektopus «Hayka 0 NpocTpaHCTBEHHbIX AaHHbIX ANs

uccnefoBaHun npupoabl 1 obuecTsay.
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Pa3pa0doTaHHbIA NIPOrPAMMHBIN HHCTPYMEHT aHAJIMU3A 1aTACeTa: CPABHEHHE ¢ AaHAJIOraMU

UHCTpyMeHT
Kputepwmii / Mnhatdopma

®POoKyC Ha Mmanbix

partacetax CneuymannsnpoBaHHbIN

ONTMMM3NPOBAHHbLIN
Habop (oTbop Npu3HaKoB.,
cneumannsnpoBaHHblie
METPUKN)

Hanunuue nHcTtpymeHTtoB
Data Science

YyeT NnpocTpaHCTBEHHOMN

aBTOKOppenauum BcTpoeHHble meToapl

padurueckuii uuTepdeiic NHTynTnBHbIM GUI

NnueHsus OTKpbiTaa (Open-Source)

Bbicokan (ana uenesbix

MpocToTa ucnonb3oBaHUA nonb3oBaTtenemn)

Bbicokasa (MmoaynbHan

Kactomuszauus apxXuTeKTypa)

UHTEerpauma B cMctembl APl n moaynbHOCTb

CroumocTtb BHegpeHusA Hu3kana (oTKpbITan)

Coobulectso +

NoppaepxKa pa3paboTumKm

Bbicokuii (aapo npoayKra)

GeoDa QGIS + MnaruHbl

Ob6Lero HasHayeHun

OrpaHUYeHHbIN
Habop (4epe3 nnarnHbl)

OTCyTCTBYIOT (TO/IbKO
6a30BadA CTaTUCTUKA)

Yepes nnaruvHbl nnm
BHewHee MNO

OcHoBHas ¢yHKLMA
(MHpekc MopaHa, LISA)

MpocToii n

y3KOHanpasneHHbi GUI MonHoueHHbI GUI

MoNHOCTbIO OTKPbITanA OTKpbiTaa (Open-Source)

CpegHsas (TpebyeT 3HaHWN

Hu3kumin nopor Bxoaa Q)

O4yeHb HM3KanA (3aKpbiTas

NIOTUKa) OrpaHWYeHHasa naarMHamm

OTcytcTBYET

(nsonmposaHHoe MM0O) OrpaHuYyeHHas

becnnaTtHas Hu3kaa (oTKpbiTasn)
AKagemunyeckoe
coobulectso AKTMBHOE coobLlecTBo

Python 6u6nnoreku

ArcGIS Pro (GeoPandas + Scikit-learn)

TpebyeT 3HaHWi

Obuiero HasHayYeHMA nporpammmcTa

PaclimnpeHHbI
Habop (MHCTPYMEHTbI
Spatial Analyst)

MonHbI Habop (BcA
akocuctema Python DS)

BcTpoeHHble MHCTPYyMeHTbl  Bubanoteku (libpysal)

Tpebyet

MpodeccnoHanbHbIN GUI nporpamMmmmpoBaHma

MponpueTapHas OTKpbiTaa (Open-Source)

CpegaHsan (Tpebyet Hu3Kkan (TpebyeT HaBbIKOB

06yyeHus) nporpammmpoBHUA)
OrpaHuyeHHas
NHCTPYMEHTapmnem MonHas (KoanposaHue)
LWnpokas (ESRI LWnpokas (Python
aKocucTema) aKocucTema)

Bbicokas (nuueH3sumn) Hu3kana (oTKpbITan)

Mposanaep Coobuuectso

R Bubanoreku
(sf + spdep)

TpebyeT 3HaHWUM
nporpaMmmucTa

MonHbI Habop (Bcs
sKkocuctema R DS)

Bubnnoteku (spdep)

Tpebyet
nporpaMmmMpoBaHuUA

OTKpbiTaa (Open-Source)

Huskan (Tpebyet coding)
MonHanA (KoaupoBaHue)

LWnpokas (R akocucrema)

Hu3kaa (oTKpbiTasn)

Coobulectso
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