





HHOACHUTEJIbBHASA 3AIIMCKA

esun v 3a1aun y4eOHOM TUCHUNINHbBI

[enp yueOHOM AMCHMILIUHBI — CUCTeMartu3alus U (OpMUPOBAHUE 3HAHUM,
YMEHUI U HABBIKOB MCIOJb30BAaHUS COBPEMEHHBIX MH(MOPMAIMOHHBIX TEXHOJOTUMN
00pabOTKU U TPE/ICTaBICHUS T€OJaHHbIX B PEUICHUH MPUKJIAJHbBIX 337a4 YIpaBICHUS
3eMEJIbHBIMH PECYPCaMU, M HCIIOIb30BaHUS I'€0JAHHBIX JUIsl PELIEHUS] SKOHOMUYECKUX
Y YTIPABJICHYECKUX 3a]1a4.

3amaun yaeOHON TUCIIUIUTAHEIL:

1. Tlonmyyenue HEOOXONWMBIX 3HAaHUW U (OPMUPOBAHHE HABBIKOB IO
ucnosb3oBanuo [MC-puiioxkeHuil B pa3auyHbIX 00y1acTIX NpodhecCHOHATbHOM
NEeSATEIbHOCTH;

2. OBnajieHue HaBbIKaMU MPUMEHEHHUS onepalfii reonH(OpMaIMOHHOTO
aHaJln3a U CpeJICTB 0OpaOOTKHU I'€0JaHHBIX AJIsl PEIIEHUS] KOMIUIEKCHBIX 3a/1a4 B
Pa3HBIX OTPACIISIX HAYKU U IPOU3BOJICTBA;

3. VYcBoeHue MaTeMaTHYECKOro ammapara (MaTeMaTU4YeCKUi aHajius,
CTaTUCTUKA, METOAbl MALIMHHOTO OOYUYEHHs), a TaKKe MHTETPalys UCIOJIb30BaHUS
COBPEMEHHBIX HHCTPYMEHTOB HCKYCCTBEHHOTO MHTEJUIEKTa (OOJBIIME SI3BIKOBBIC
MOJIEJIM) B TMPOILIECC MPOEKTHOrO OOydeHUs [UIsl pElIeHHs] aKTyaJbHBIX T€o-
MH(OPMAIMOHHBIX U SKOHOMUYECKHX 33]1aY;

4. TlpakTHuecKoe MPUMEHEHHE HAKOIUJICHHBIX 3HAHWM B peajbHBIX Keilcax u
MPOEKTAaX;

5. ®opMHpOBaHUE YMEHUI KOJJIEKTUBHOU PaOOTHI B PEILIEHUH KOMIUIEKCHBIX
MPaKTUYECKUX 3a]a4

MecTo y4eOHOW IUCHMILIMHBI B CUCTEME MOATOTOBKU CIEIUATIUCTA C
yrayOJIEHHBIM BBICIIMM 00pa30BaHUEM.

VYyeOHass  AMcUMIUIMHA  OTHOCUTCS K MoayJw  «CoBpeMEHHbIE
uHPOpMAIllMOHHBIE M O0pa3oBaTeibHblE  TEXHOJOTMH»  TOCYAapCTBEHHOIO
KOMITOHEHTA.

VYyebHas mporpaMMa COCTaBJICHA C YYETOM MEKIIPEAMETHBIX CBSI3€H ¢ yueOHOM
nuctutnHou «IIporpammMuoe reonHbopMaIimoHHOe 00eCTIeueHUE.

TpedoBanus K KOMIIETEHIIUAM

OcBoenue yueOHON mucummuivHbl «MHpOpMalIMOHHBIE TEXHOJOTUU B
npo¢eCCUOHATIBHON IESITEILHOCTH Y JJOJDKHO 00ecreunTh (GOPMUPOBAHUE CIICAYIONICH
YHUBEPCATbHOU KOMIETEHIINU:

IIPOTHO3UPOBATh YCJIOBUS peaM3alud MPOo(ecCHOHATBHON NEATENbHOCTH U
pemarth npodeccruoHallbHbIE 3a/1a4U B YCIOBUSIX HEONPEAECIEHHOCTH.

B pe3ynbTaTe ocBoeHUs y4eOHON NUCUUIIMHBI 00YyYarOIUNCs JOHKEH:

3HATB!

ocHoBHble ['MC-npunoxenus, HCMIONb3yeMble oOpraHumzauusiMu PecryOmnku
benapych u B Mupe, ux (yHKIIMOHAIbHBIE BO3MOYKHOCTH;

ocHoBHbIe onepanuu [ MC-ananusa, ux Ha3HauYe€HUE U OCOOEHHOCTH MPOBEICHUS;
OCHOBHBIE (POPMATBHI MPOCTPAHCTBEHHBIX JAHHBIX, HCIOJB3YEMBIX B IMPOrPaMMHBIX
npoaykrax ['NC;

poOJIeMHBIE BOIIPOCHl OCHOBHBIX OTpaciieil mpodeccuoHaIbHON eATeIbHOCTH
u Bo3MoxHocTh [MC mno wux pemeHdro; METoJbl MAIIMHHOTO —O0y4YeHUs,
CTaTUCTUYECKOTO aHAJIM3a JAHHBIX, MOJIETIM HEUPOHHBIX CETEH, MHCTPYMEHTHI OOJIBLINX
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S3BIKOBBIX MOJIENeH, BO3MOXKHOCTH uX uHTerpauuu B I'MIC aHanmu3 i MOBBIIIEHUS
3 PEKTUBHOCTH U KaUeCTBA PEIICHUS TeOMH(POPMAIIMOHHBIX 1 SKOHOMUYECKHX 3a/au.

YMETh:

CaMOCTOSITEIbHO aHAJIM3UPOBATh IMOCTABICHHBIE 3aJaydl M HWCKaTh IYTH HX
pELIeHHUS; CO3/1aBaTh CTPYKTYPY U OIPEEIIsTh CBOWCTBA 0a3 reoJaHHbIX;

BBIMOJIHATG BCE BUJABl IPOCTPAHCTBEHHOrO aHain3a B OCHOBHBIX ['UC -
NPUTIOKECHUAX; TPEICTABIATh PE3yIbTaThl TeOMH(OPMAIIMOHHOTO aHalu3a B BUJC
NPaBUIBLHO O()OPMIICHHBIX KapTOTpapruecKuX MpOayKTOB;

UMETh HABBIK:

UCTOJIb30BAHUS MTPOTPAMMHBIX U TEXHUYECKUX CPEACTB reOMH(POPMAIIMOHHOTO
aHaJN3a IaHHBIX B PA3IMYHBIX 00J7aCTAX MPO(HEeCCHOHANBHOM NesITeTbHOCTH;

npuMeHeHuss W uHTerpanuu coBpemenHbix [MC cucremM ¢ cucreMamu
UcKyccTBeHHOTO MHTeIvekTa (MM-arenTsl, 00JbIne SI36IKOBBIE MOJIENHN) JUIsl PEIICHUS
aKTyaJbHbIX T€OMH(POPMALIMOHHBIX 3a7au.

CTpykTypa yueOHOH IMCIUTIIHHBI

HucuunnuHa wusydaercs B 1 cemectpe. Bcero Ha wu3yueHue yuyeOHOM
JUCIMIUIMHBI «H(pOpMaMOHHbIE TEXHOJIOTUH B MPOPECCHOHATBHON AESITEIbHOCTI
OTBEJICHO:

— JUIsL OYHOUM (POPMBI TIOTYUYEHUS YTIyOJIeHHOTO BBICHIETO oOpa3zoBaHus — 96
94acoB, B TOM yHclie 48 ayAUTOPHBIX YaCOB, U3 HUX: JTa0OpaTOpHBIE 3aHATHS — 48 4acoB.

TpynoeMkocTh y4eOHOW AHUCHMUIUIMHBI COCTAaBISIET 3 3a4ETHHIC CIMHHIIBI.
dopma NpOMEKYTOUHOM aTTECTALUN — 3a4eT.



EXPLANATORY NOTE

Aim and tasks of the discipline

Aim of the discipline — systematization and formation of the knowledge, skills
and abilities for practical use of the modern information technologies in the processing
and presenting geodata for solving applied problems of land resource management, and
the use of geodata to solve economic and management problems.

Tasks of the discipline:

1. Obtaining the necessary knowledge and developing skills in using GIS
applications in various areas of professional activity;

2. Mastering the skills of using geoinformation analysis operations and geodata
processing tools to solve complex problems in

various branches of science and production;

3. Mastering the mathematical apparatus (mathematical analysis, statistics,
machine learning methods), as well as integrating the use of modern artificial
intelligence tools (large language models) into the process of project-based learning to
solve current geoinformation and economic problems;

4. Practical application of accumulated knowledge in real cases and projects;

5. Formation of teamwork skills in solving complex
practical problems

Place of the academic discipline in the system of training a specialist with
advanced higher education.

The academic discipline is part of the module «Modern information and
educational technologies» of the state component.

Connections with other academic disciplines: «GIS software functionalityy,
«Technologies for automated geodata processing», «Simulation and predictive data
modeling in GISy.

Requirements for competences

Mastering of the academic discipline «Information technologies in professional
activities» should provide the formation of the following universal competences:

to predict the conditions for the implementation of professional activities and
solve professional problems under conditions of uncertainty.

As a result of mastering the academic discipline, the student is expected to:

know: the main GIS applications used by organizations of the Republic of Belarus
and their functional capabilities; the main operations of GIS analysis, their purpose and
features of implementation; the main formats of spatial data used in GIS software
products; problematic issues of the main branches of professional activity and the
capabilities of GIS for their solution; methods of machine learning, statistical data
analysis, neural network models, tools of large language models, the possibilities of their
integration into GIS analysis to improve the efficiency and quality of solving
geoinformation and economic problems.

be able to: independently analyze the tasks set and look for ways to solve them;
create a structure and determine the properties of geodatabases; perform all types of
spatial analysis in the main GIS applications; present the results of geoinformation
analysis in the form of correctly designed cartographic products;



have skills in: the use of software and hardware for geoinformation data analysis
in various areas of professional activity; the application and integration of modern GIS
systems with artificial intelligence systems (Al agents, large language models) to solve
current geoinformation problems.

Structure of the academic discipline

The discipline is studied in the 1 semester. In total for the study of the discipline
«Information technologies in professional activitiesy is allocated:

— for full-time advanced higher education — 96 hours, including 48 in-class
hours, of them: laboratory classes — 48 hours.

The labor intensity of the discipline is 3 credit units.

Form of certification — end-of-term test.



CONTENT OF THE STUDY MATERIAL

Section 1 Introduction into modern information technologies, used in land
management, geodesy, urban and rural development
Topic 1.1 Introduction into GIS, ArcGIS and mapping. IT in urban development.
Basics of GIS-mapping and land management. The sources of data for geo analysis.
Representation of urbanized territories in GIS. Software products used in geo planning.
Introduction in ArcGIS, its functionality. Implementation of urban planning solutions
in GIS. Design and construction of a spatial database.

Topic 1.2 Information technologies in rural, agricultural and forestry development.
Agricultural lands as an object of geoinformation mapping. Areas of IT and GIS use in
agriculture. Software products used in agriculture. IT and GIS in forestry. Software
products used in forestry. Features of IT and GIS use in land reclamation. Methods of
statistical analysis, machine learning and forecasting using neural networks in
geography and geomatics.

Topic 1.3 Information technologies in environmental protection and tourism.
Software products used in nature conservation activities and its use. Planning of
ecological network in GIS. Tourist and recreational resources and features of their
representation in GIS. Software products used in tourist and recreational activities.
Features of using GIS in planning tourist routes.

Section 2 GIS and IT technologies in assessing the economic efficiency of
projects

Topic 2.1 Mathematical methods of optimization for georesources planning.
Economic calculations and research, their essence and features of implementation.
Methods of optimization of resource planning to achieve the target function
(minimization of cost, maximum use of resources, constraints). Types of tasks and
approach to solve it for optimization in geoinformatics area: optimal location of
production, transport task, resources-locations assignment task.

Topic 2.2 IT tools for economical management and optimization.
GIS and other tools for economic analysis. ArcGIS functions for optimization of
resource use and achievement of economic efficiency.

Section 3 Artificial Intelligence, LLM and Autonomous GIS: the next
generation Al-powered GIS
Topic 3.1 Al-powered GIS (GeoAgent) and its application for solving spatial problems
LLM as the reasoning core (DeepSeek, Grok) in management. Integration of LLM with
RAG = Retrieval Augmented Generation. Autonomous Al-agent). GeoAgent to
generate and execute geoprocessing workflow to perform spatial analysis.



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE

Full-time form of advanced higher education with the use of distance learning technologies (DLT)

In-class hours
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1 Introduction into modern information 26
technologies, used in land management,
geodesy, urban and rural development
1.1 | Introduction into GIS, ArcGIS and mapping. IT 10 Written reports on laboratory work.
in urban development Personal interview
1.2 | Information technologies in rural, agricultural 8 Written reports on laboratory work.
and forestry development Personal interview
1.3 | Information technologies in environmental 8 Written reports on laboratory work.
protection and tourism Personal interview
2 | GISand IT technologies in assessing the 14
economic efficiency of projects
2.1 | Mathematical methods of optimization for 8 Written reports on laboratory work.
georesources planning Personal interview
2.2 | IT tools for economical management and 6 Written reports on laboratory work.
optimization Personal interview
3 | Artificial Intelligence, LLM and Autonomous 8
GIS: the next generation Al-powered GIS
3.1 | Al-powered GIS (GeoAgent) and its application 8 Written reports on laboratory work.

for solving spatial problems

Personal interview




INFORMATION AND METHODOLOGICAL PART

List of basic literature
1. Kypaosuu, JI. M. T'YC B ynpaBnenuu 3emenbHbiMu pecypcamu = GIS for Land
Resourse Management : ydeOHO-MeTOIHWYECKOE TOCOOME I CTYI. YUYPEKICHHUI

nn

BBICIIIET0 00pa3oBaHus 1O crell. "reorpadus”, "3emMiIeycTpoicTBO, KaacTphl, T€Oe3Us
u reomatuka" / JI. M. KypnoBuu ; BI'Y. - Munck : bBI'Y, 2024. - 190 c. - URL:
https://elib.bsu.by/handle/123456789/325904

List of additional literature

1. Toms, S. ArcPy and ArcGIS: automating ArcGIS for desktop and ArcGIS online
with Python. ArcPy and ArcGIS / S. Toms, D. O’Beirne. — Birmingham Mumbai: Packt
Publishing, 2017. — 251 p.

2. Zandbergen, P.A. Advanced Python Scripting for ArcGIS Pro/ P.A. Zandbergen.
— ESRI Press, 2020. — 290 p.

3. Zandbergen, P.A. Python scripting for ArcGIS / P.A. Zandbergen. — New York:
ESRI Press, 2013. — 353 p.

4. Zandbergen, P.A. Python Scripting for ArcGIS Pro / P.A. Zandbergen. — ESRI
Press, 2020. — 420 p.

5. Bectpa, D. Pa3paborka reompuiiokeHuii Ha si3pike Python / 3. Bectpa. —
Mocksa: Packt Publishing, 2017. — 448 c.

6. XaitnemaH, J[. Anropurmer. C npumepamu Ha Python / [I. Xaiineman. — [Turep,
2021.

7. Conley, J. A Geographer’s Guide to Computing Fundamentals: Python in
ArcGIS Pro : Springer Textbooks in Earth Sciences, Geography and Environment. A
Geographer’s Guide to Computing Fundamentals / J. Conley. — Cham: Springer
International Publishing, 2022.

8. Jordan, D.S. Applied geospatial data science with Python: take control of
implementing, analyzing, and visualizing geospatial and spatial data with geopandas and
more. Applied geospatial data science with Python / D.S. Jordan. — Birmingham: Packt
Publishing, 2023.

9. McClain, B. Python for Geospatial Data Analysis / B. McClain. — O’Reilly
Media, Inc., 2022.

10. Yang, C. Introduction to GIS programming and fundamentals with Python and
ArcGIS/ C. Yang. — Boca Raton, FL: Taylor & Francis, 2017. — 302 p.

11. S3sik mporpammupoBanus Python / I'. Poccym [u ap.]; nep. ¢ anrn. — CIIO.:
AHO «Hucturyt norukm». Hesckuit quanekrt, 2001. — 454 c.

12. I'pekycuc, [Ix. Metoapl W MNpakTUKAa MPOCTPAHCTBEHHOTO AHAIM3a :@ C
npumMepamu pemerust ArcGlS, GeoDa u GeoDa Space / Ixxopmx I'pekycuc ; [miep. ¢ aHr.
A. H. Kucenesa]. - Mocksa : JIMK Ilpecc, 2021. - 539 c.



List of recommended diagnostic tools and methodology for final mark formation

The object of diagnostics of students’ competences is the knowledge and skills
acquired as a result of studying the academic discipline. Identification of students' learning
achievements is carried out by means of current and interim certification.

The following means of current certification can be used to diagnose competences:
written reports on laboratory work, personal interview.

The form of interim certification in the discipline «Information technologies in
professional activities» in accordance with the curriculum is end-of-term test.

Approximate list of laboratory classes

Laboratory class 1. Creating layers, identifying data types and attributes, assigning
symbols to data and categories. Create a basemap, attribute table, data distribution, find
railway tracks, find a place to build a school (Work with map of Shanghai)

Laboratory class 2. Introduction to Spatial Analysis: Map Projection, Basic
Analysis Tools, Raster Tools, Spatial Statistics Toolbox. Using Spatial Autocorrelation to
Identify Areas of High Unemployment. Checking Proximity to Transportation. (Use
provided government health center locations in Ghana maps).

Laboratory class 3. Use spatial statistics: apply spatial autocorrelation to analyze
spatial data (on the example of housing and rent in Greater Boston metro Area map).

Laboratory class 4. Analyze rainfalls using Interpolation (on the example of US
map).

Laboratory class 5. To model the forecast of real estate prices depending on the
location of objects on the map of the Grodno region using spatial statistics — regression
analysis.

Laboratory class 6. To determine the best location for building a new international
touristic & recreation center facility in Mogilev area.

Laboratory class 7. Identification of erosion zones in anti-erosion organization of
the territory. Use map of EU country (Belgium)

Laboratory class 8. Using the previous task and data determining a place to build
a new international touristic & recreation center facility in Mogilev area to practice
network analyst in ArcGIS (create a network dataset, create a multimodal network dataset,
finding the best route, finding the closest fire station, calculating service area and creating
an OD cost matrix, creating a model for route analysis)

Laboratory class 9. Planning route for a bicycle trip in GIS using the example of
several districts in Belarus Grodno region

Laboratory class 10. Using ModelBuilder in ArcGIS to model network analysis.
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Description of innovative approaches and methods
for teaching the discipline

When organizing the educational process, a combination of a case study method
(case method) and project-based learning approach are used, which entails the following:

- student's acquisition of knowledge and skills necessary for solving practical
problems;

- analyzing the situation by using professional knowledge, personal experience,
additional literature and other sources.

- mastering students’ skills of planning, self-organization and cooperation relevant
for both educational and professional activities, including the creation of one's own
product;

- acquiring skills to solve research, creative, social, business and communication
problems.

Additionally, the method of group teaching is used, which is a form of organizing
the educational and cognitive activity, involving different types of small groups working
on both general and specific educational assignments and laboratory tasks.

Methodological recommendations for the organization of independent work

When studying the discipline «Information technologies in professional activitiesy»
it is recommended to use the following forms of independent work:

- search (selection) and review of literature and electronic sources on an
individually specified problem of the academic discipline;

- fulfilment of homework;

- study of the material submitted for independent work;

- preparation for laboratory classes;

- research work;

- practice with GIS and other IT tools

The effectiveness of students' independent work is checked during the current and
final control of knowledge.

Approximate list of questions for the exam/end-of-term test
What is GIS?
Possible types of GIS. Which GIS to use?
Comparison and difference between ArcGIS and QGIS.
Main functionality of GIS.
What are the possible most used layers in the GIS Maps?
: Geospatial datatypes: vector and raster. What is this? What is the difference?
rovide examples.

TourwNE
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7. Vector data. Attribute table: description, structure, purpose, composition, GEOID,
examples. Vector file’s formats.

8. Vector data: symbolizing spatial data: purpose, principles, how to do?

Q. Raster datatypes: origin, how to generate, symbolization, attribute table structure?
10. Raster file’s formats. Georeferencing.

11. Tabular datatypes: purpose, how to use in geo tasks, formats.

12. Geodatabases: purpose, how to use, pros & cons

13.  Spatial data: abstraction, resolution, size, scale. Where and how spatial data can be
found (sources)?

14.  Maps and data: metadata. What is metadata, examples?

15.  Making good maps: main principles and approaches.

16.  Three steps of map design process.

17.  Vector and raster symbolization

18.  Classification methods

19.  Map layout design

20.  Spatial analysis. What are the main useful types of spatial analysis and tools exist
in ArcGIS?

21.  Specialized tools of spatial analysis: please list ones and describe how and when to
use.

22.  Maps projection: what are they, why and how to use?

23. A Geographic Coordinate System (GCS) and Projected Coordinate System (PCS):
principles, differences and characteristics. Mainly used GCS

24.  Tips on selecting a PCS

25.  Map projection: how to know the coordinate system of your data?

26.  ArcGIS Analysis Toolbox: how and when to use?

27. Vector analysis: buffer. What is it, how to use?

28. Create and edit feature

29. Clip (Vectors): when, how and for what purpose to use?

30. Extract by mask/Clip Raster: what is it, purpose, how to use?

31. Contour: what is it, purpose, how to use?

32. Slope: what is it, purpose, how to use?

33.  Spatial Statistics: spatial autocorrelation: what is it, what and how it measures?
Distance models. Methods/models to define neighbors.

34. Point Pattern Analysis and Analyzers: what is it, purpose, how to use?

35.  Spatial patterns analysis in data: what is it, purpose, how to use?

36.  Spatial analysis: Mean, median, standard deviation ellipse, normal distribution, QQ
plot, box plot. Outliers — how to detect, voroni map, histogram

37.  Spatial autocorrelation — Moran’s I: what is it, purpose, how to use?

38. Regression and Regression models: what is it, purpose, how to use?

39. Geostatistical Interpolation: what is it, purpose, how to use, types?

40.  Network analysis tools: what is it, purpose, how to use, types?
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AONOJTHEHWA U UBSMEHEHUWA K Y‘IEBHOfI INPOI'PAMME I10
N3YYAEMOU YYEBHOU JTUCIHHUIIJIMHE

Ha / y4eOHBIN TOJ

i JlonoaHEHHS U U3MEHEHUS OcHoBaHune

VYyebHas nporpaMma rnepecMoTpeHa u 0100peHa Ha 3aceTaHuu Kadeapbl
(mpoTokom Ne oT 202 1))

3aBenytomuii kadenpoit

YTBEPXIAIO
Jlexan ¢akynbrera
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