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1. AHOTAIUA

ChpBpeMEHHHUTE HAYyYHH HM3CIJICABAHUS CHIIHO 3aBUCSIT OT HAJMYHUTE CKCIIEPUMEHTAIHU JaHHU. 3a
Ta3® 1eJ OT 0COOCHA 3HAYMMOCT € MPaBUITHOTO ChOUpaHe M 00pabOTKa Ha BCE TIOBEYE KAaUeCTBEHHU

CKCIICPUMCHTAJIHU JaHHHU. JIuncara Ha TTO3HAHUS U YMCHUA IIPU pa60TaTa C JaHHHU 4€CTO MOrar ga

NNOJIOXKAT Ha MU3IMUTAHUC WU MPOBAJIAT BCCKU CBbBPCMCHCH HAYUCH CKCIICPUMCHT. 3aroBa ociaTa Ha

TO3HU KypC 1€ 6’I>I[C HACOYCHa 34 IMOATI'0OTOBKAa Ha NOKTOPAaHTH (I)I/ISI/IKa, XHUMMUA, ouojorus u HAYKH 3a

3eMsITa, UKOHOMHKA M COITMOJIOTHS 3a paboTa ¢ TaHHU, TSIXHATa TOYHATa Kiacudukamnus, oopadboTka

U OCHOBHHUTE METOIM 3a aHanmu3. KypchT chabpka OOSCHUTENHH JEKIUHM W TPAKTUYHU

KOMIIOTHPHHU yrpakHeHus Ha R wmu Python.
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2. HeoOxoaumu npeaBapuTeTHU 3HAHUS

Omnwut npu pabora ¢ Excen u nporpamupane ¢ R u Python e npeaumMctso.

3. KoMIeTeHTHOCTH, NPUAOOUTH B Pe3yJITAT HA 00yUYeHHETO

[IepBruHa u 06azoBa 00pabOTKa HAa EKCIIEPUMEHTATHH JaHHU. Pa3paboTka Ha CKpHUIITOBE 3a

exeaHeBHa 00paboTKa Ha TaHHH.

4. TeMaTH4HO ChABPKAHME

Opoit Opoii yacoBe
Tema 4acoBe | MPAKTHYECKH
JEKIUU | YIOpaKHEHUs
1. YBoa B cTaTHCTHKATA
* TumoBe naHHU, BEPOATHOCT M BEPOSATHOCTHH Pa3MpeesICHUsI.
OCHOBHU MOHSATHUS. 10 10
*  OneHku ¥ TOBEPUTETHH UHTEPBAIIH.
* [lapameTpuuHU U HeTapaMETPUIHHU TECTOBE.
e JluneiiHa perpecus.
2. MeTroau 3a HANpeAHAIH
e IloaroroBka Ha e€KCIIEpUMEHTa M KadyeCcTBO Ha JaHHU.
OtkpuBane u mpemaxsane Ha Outliers.
* Bpewmesu penose.
¢ GLM perpecus. 10 10

* Jlucnepcuonen ananu3. CmasiBaHe Ha Pa3MEPHOCTH.

e IIpocTpaHcTBEeHU NaHHMU.

* Cross-validation. Bootstrapping. ABTOMaTU3UPaHH
CTaTUCTHYECKH NPECMATAHUS.

5. Koncnekr

Tunose JaHHU ¥ OCHOBHH MOHSATHUS B CTaTUCTUKATa

IloaroroBka Ha naHHM 3a a”HaiIn3. KayecTBO Ha JaHHUTE

BpemeBu penoBe: aHAN3 U MOJICTTHPaHE

S I i

9. Meroau 3a HaMalIsIBaHE Ha Pa3MEPHOCTTA HA ITaHHU
10. AHanu3 Ha NPOCTPAaHCTBEHU JaHHU

11. Ouenka Ha Mozenu upe3 cross-validation

12. Bootstrapping METOI¥ B CTATUCTUYCCKHS aHATTU3

OTtkpuBaHe 1 00pabOTKa Ha OTKIIOHSBAIIM ce CToOWHOCTH (outliers)

OnensBane Ha napameTpu. TOYKOBHM OLIEHKU U TOBEPUTEITHU UHTEPBAIH
ITapameTpu4HM U HETAPAMETPUYHU TECTOBE: CHIIHOCT U IPUIIOKECHUE
JIuneiina perpecus: U3rpaXkiaHe, OLEHKa U MHTEPIIPETalus Ha MOJENa

I'enepanusupanu auHeHN Moaenu (GLM): ChIIHOCT U NPUIIOKEHHE




6. Ilpenopnuana aureparypa:

Edward W. Frees; Regression Modeling with Actuarial and Financial Applications. (1993)
George E. P. Box, Gwilym M. Jenkins, Gregory C. Reinsel; Time Series Analysis, (1970)

Ton J. Cleophas, A. H. Zwingerman, et.al.; Statistics Applied To Clinical Trials, (2009)

Robert I. Kabacoff; R in Action; (2011)

Efron, Bradley, and Trevor Hastie; Computer age statistical inference, student edition:
algorithms, evidence, and data science. Vol. 6. Cambridge University Press, (2021).

A

7. PecypcHO ocurypsiBaHe Ha 00y4eHHETO:

KypchT € miiaHupaH 3a nosi3BaHe Ha OTBOPEHU 3a MOJI3BaHE IPOrPaMHU IPOAYKTH.
JlaHHUTE 32 KOMIIOTBPHUTE MPAKTUKYMH I1I€ ObJaT OCUTYPEHHU OT MperoiaBaTersl.

8. Kpurepumn 3a onenka

OT mokTopaHTa ce U3UCKBa pa3pabOTKa Ha MPOEKT C TeMaTHKa OJiM3Ka A0 paboTHATa TeMaTHKa IO
JOKTOpaHTypaTa Ha cTyjAeHTa. M3MUThT ce ChCTOM OT MpeCTaBsiHE Ha pa3paboTeHaTa KypcoBa
paborta. M3nuTBaHUAT TpsOBa 3a 3aIlIMTH CBOETO pPELICHHE NpEeN Xypu U Jla Mpeaaje BaluIHU
MPOrpaMHU KOJOBE, pa3pabOTeHU B paMKHUTE Ha KypcoBaTa pabora.

Kpaiinata onenka e ot 2 10 6 (¢ Tounoct g0 0.5).

Tst ce popmupa Ha 6a3ara Ha CIETHOTO CHOTBETCTBHUE!

OtnunueH OTnuuHO Biajiee Matepuaia. M3noxeHneTo e H3uepareinHo, nocaeJ0BaTeIHO, KOMIETEHTHO,
(6 mm 5.50) | mormuHO M XapMoHHYHO. [IpaBMIIHO 000CHOBaBa MpeIaraHuTe PEIIeHHs, 3Hae Kak 1a 0000masa u
u3Jara Marepuaia 0e3 Ja npaBH IpelIkd. YMee Ja U3MbJIHsABA MPAKTUUECKH 3a1a4H.

MH. 1o65sp [To3naBa maTepuana. Mznara ro mpaBmiHo 0e3 Aa JOMycKa ChIIECTBEHN HETOYHOCTH. [IpuTekaBa

(5 v 4.50) | yMeHus 3a U3MBJIHEHNE HA MIPAKTUYECKH 337241 C JIEKH HETOYHOCTH.

Ho6bp Bnanee ronsima yact marepuana, HO IOITycKa HETOYHOCTH IIPU M3JI0KEHHETO U OTTOBOPHTE HA

(4 mu 3.50) | BeOpocUTe. 3aTpyAHSBA CE MPH MIPUIAraHETO Ha MaTepUaa B IPAKTUUYECKU CUTYalLluH.

Cpenen Bnanee camo wacT ot Marepuaia, HO ce 3aTpy/HsBa B OTAEIHUTE JeTaiiu. Jlomycka HETOYHOCTH BbB

3) (GOpMyIMpOBKUTE M HapyllaBa IIOCIEAOBATEIHOCTTa IPU NMpeAcTaBsHeTo. MMa 3arTpyqHeHHs NpH
U3IIBbIIHEHNE Ha PAKTUIECKH 3aJauH.

Cnab He mo3HaBa 3HaunTeNHA YacT OT MaTepualla, JOIyCKa CHIIECTBEHH I'PEIIKH U C TOJEMHU TPYAHOCTH

2) M3ITHITHSABA TIPAKTHYECKH 3a/1a9H.

VYuyebHata nmporpama e o0Ch/ieHa M 0100peHa Ha 3acelaHue Ha cekuus ,,l3cnenBane Ha onpenuure,
BEpOSITHOCTH U cTtaTucTuka“ Ha 04.02.2025 1.

PrnkoBoauTEN CEKIIUS:

(mom. I{BeTenuu 3aeBCKH)

Pasrnenana ot {upexropckus cpBer Ha UMU-BAH Ha 13.02.2025 (mmpoTtokon Ne 7).

[Tpuera or Hayunus cwsBer Ha UMU-BAH na 07.03.3035 (mpoTtoxoi Ne 3).
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1. Annotation

Modern scientific research heavily relies on the availability of experimental data. For this reason,
proper collection and processing of increasingly high-quality experimental data is of particular
importance. A lack of knowledge and skills in working with data can often challenge and even
compromise any modern scientific experiment.

Therefore, the goal of this course is to prepare doctoral students in physics, chemistry, biology,
earth sciences, economics, and sociology for working with data, including its accurate
classification, processing, and fundamental methods of analysis. The course consists of explanatory
lectures and practical computer exercises using R or Python.
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2. Prerequisites

Working experience with Excel and programing with R or Python is advantage.

3. Expected Learning Outcomes

Primary and basic processing of experimental data. Development of scripts for daily data
processing.

4. Topical Outline of Content

Tobic Hours Hours
P Lectures | Exercises
1. Introduction to Statistics
* Types of data, probability, and probability distributions. Basic
ts.
con.cep ] ' 10 10
» Estimates and confidence intervals.
* Parametric and non-parametric tests.
* Linear regression.
2. Advanced Methods
* Experiment design and data quality. Detection and removal of
outliers.
« Time series analysis.
*  GLM regression. 10 10

Analysis of variance (ANOV A) and dimensionality reduction.

Spatial data analysis.

Cross-validation,  bootstrapping, and  automated  statistical
computations.

5. Questionary

e R I SIS

10.
11.
12.

Types of data and basic concepts in statistics

Parameter estimation. Point estimates and confidence intervals
Parametric and non-parametric tests: essence and application
Linear regression: model building, estimation, and interpretation
Data preparation. Data quality

Detection and handling of outliers

Time series: analysis and modeling

Generalized linear models (GLM): essence and application
Methods for dimensionality reduction

Spatial data analysis

Model evaluation through cross-validation

Bootstrapping methods in statistical analysis
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7. Resource provision of training

The course is designed for the use of open-source software. The data for the computer practicums
will be provided by the instructor.

8. Evaluation criteria

The PhD student have to develop a project related to the student's doctoral research topic. The exam
consists of presenting a developed coursework project. The examinee must defend their solution
before a jury and submit valid program codes developed for the coursework project.

It is formed based on the following correspondence:

Excellent Excellent command of the material. Comprehensive, consistent, competent, logical and harmonious

(6 or 5.50) presentation. Proper justification of the proposed solutions, good summary and presentation of the
material without making mistakes. Good necessary skills to perform practical tasks.

Very good Satisfactory command of the material. Correct explanation without significant inaccuracies. Proper

(5 or 4.50) application of the theoretical principles and appropriate performance of practical tasks.

Good Good command of the material, but with inaccuracies in the presentation and in the answers to

(4 or 3.50) questions. There are some ambiguities in attempts to apply the material in practical situations.

Average Limited command of the material, difficulties in the individual details. Inaccuracies in the wording

3) and inconsistency in the presentation of the material. Difficulties in the performing of practical
tasks.

Weak A significant part of the material is not known, serious mistakes are made, and the practical tasks are

(Failing grade) performed with great difficulty.

2

The curriculum was discussed and approved at a meeting of the Department “Operational Research,
Probability and Statistics”, held on 04.02.2025

Head of Department:

(Assoc. Prof. Ts. Zaevski)

Approved by the Board of Directors of IMI-BAS on 13.02.2025 (Minutes No. 7)

Accepted by the Scientific Council of IMI-BAS on 07.03.2025 (Minutes No. 3)
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