





HOACHUTEJIBHASA 3AIIMCKA

VYuebnas aucummuinHa «Visualization methods in data analysis by R»
IpernofaeTcsi Ha aHIIMICKOM SI3bIKE JIJISl CTYICHTOB YIIIyOJIEHHOW JOPMBI BBICILIETO
o0pa3zoBaHus (MarucTpaHToB) crneruaibHoctu 7-06-0533-05 Applied Mathematics
and Computer Science.

Hean u 3ana4u y4eOHOMH TUCUUILIIMHBI

Heab yueOHOW TUCIUTIIMHBI — O3HAKOMJICHHE CTYJACHTOB MAarucTpaTyphl C
OCHOBaMU BU3yaJIM3aIlUU JTAHHBIX, & TAK’K€ OCHOBHBIMH BO3MOXXHOCTSIMH TaKeTa
ggplot2, pacmmpsromero 0a30Bble TpapUYecKue BO3MOXKHOCTA CHUCTEMBI
CTAaTUCTUYECKUX BBIUMCIICHUN SI3bIKa R.

3agauun y4eOHO JUCUUIJINHBI:

1. M3yuyeHue OCHOBHBIX TMOAXOJOB M METOMOB IpadUueCKOro aHalin3a
JTAHHBIX U CIIOCOOOB BU3YyaIU3allUH JAHHBIX;

2. ®opMupoBaHUE MPAKTUYECKUX YMEHHHA M HABBIKOB PabOTHI C MAKETOM
ggplot? B pamkax R u RStudio.

MecTo y4eOHOI AUCHUIIMHBI B CHCTEME TMOATOTOBKH CIIELHUAIUCTA C
yIIyOJICHHBIM BBICIITUM 00pa30oBaHUEM (MarucTpa).

VYyeOHast AUCIUIUIMHA OTHOCHUTCS K TOCYIApPCTBEHHOMY KOMIIOHEHTY H
BXOJIHT B MOAYJIb «Special softwarey.

Jucnummaa «Visualization methods in data analysis by R» cormacyercs ¢
JTUCIUIUIMHONW TrocynapcTBeHHOTO KommoHeHTa «Data analysis software» wu
CrocoOCTBYeT YCHENTHOMY W3y4YeHWI0 auciuiimH  «Multivariate Statistical
Analysis» momyns «Methods and computer tools of applied mathematicsy,
«Methods for statistical analysis of complex data» monyns «Specific methods of
analysis», «Visual analytics of time-oriented data» u «Infographic and data
analysis results presentation» wmomyns «Visual analytics and infographicy,
MIPOXOXKICHUIO MPAKTUKU M HAITMCAHUIO MAaruCTEPCKUX TUCCEPTAIUH.

TpeboBaHus K KOMIIETEHIUAM
OcBoenue ydeOHoM nuctuiuinHbl «Visualization methods in data analysis by

R» nmomkno obecrieunTs HOopMUPOBAHUE CISAYIONTUX KOMITICTCHITMN:

yuueepcanvhsie xommnerenimu (UC):

UC-2. To solve scientific and innovative problems on the base of
information and communication technologies basis.

UC-5. To develop the innovative acceptability and the ability for innovative
activity.

yenyonennsie npogheccuonanwvusie xomnerenuu (UPC):

UPC-6. To apply abilities to use fundamental data visualization methods
with R.

B pesynbrare ocBoeHHs YI4COHON TUCITUTUTMHBI MAarUCTPAHT JTOJKEH

3HATh!



- OCHOBHBIE IIeJIeBbIe (PYHKIIMU MPOIEcca BU3yalu3allii JaHHbIX;

- OCHOBHBIE TIOAXOABI K BU3yaIU3alMH JaHHbBIX;

- OCHOBHBIC BHIBI TpaduKOB, OOJACTH HMX NPUMEHEHHS W THIIMYHBIC
OTPAaHUYEHUS IS KQXKI0T0 rpapuuecKoro HHCTPYMEHTA;

- 0COOEHHOCTH aHaIM3a U BU3yaIU3al[il KOHKPETHBIX TUIIOB JIAHHBIX;

- TUMOBBIE CIIOCOOBI BU3YaJIbHO 3((EKTUBHOTO NPEICTABICHUS PE3yJIbTaToB
UCCIIEZIOBaHUS

- MOT€HLMAJIbHBIE OIIMOKH, BOSMOXKHBIE IIPU BU3yaJIU3alliU JaHHBIX;

- OCHOBHbIE rpaduueckue BO3MOXHOCTH Takera ggplot2  s3bIKa
CTaTUCTUYCCKUX BBIYMCICHUM R;

yMeTh:

- ICTIOIH30BATh PA3IUYHbIC METOAB! BU3YyaIN3allu JaHHBIX JJIs1 HOATOTOBKU
OTYETOB O pe3yJIbTaTax aHaIn3a;

- BBIOWpaTh aJIeKBAaTHBIC, ONTHUMAJIbHBIE WHCTPYMEHTHI BH3YyaJTH3aI[UH
TaHHBIX TS () ()EKTUBHON TOAACPKKU MPUHATHUS PEIICHUH;

- 93QPEeKTUBHO UCTIOIH30BATh HHCTPYMEHTAPHIA TPOTPAMMHOTO 00€CTICUCHHSI

HayK O JaHHbIX — maker ggplot? cpenbl R — g TeHepaluu BU3YyaJIbHBIX
IpEe/ICTaBICHUN JaHHBIX;
BJIA/I€Th!

- TEOPEeTHMYECKHMH 3HAHUSMHU 0a30BBIX KOHICMIUA W  THIIOBBIX
NPAaKTHYECKUX HWHCTPYMEHTOB, HEOOXOMUMBIX IS aHajn3a W BH3YyaIH3alHH
OOJIBIITINX JTAHHBIX;

- TEXHUYECKHMMH HaBBIKAMH BBIOOpa  aJIEKBaTHBIX HHCTPYMEHTOB
3¢hHeKTUBHOTO TpadhUIeCKOTO aHATN3A TAHHBIX PA3IMYHBIX THUIIOB;

- YMEHUSIMU T0JIb30BAThCSI HHCTPYMEHTAIBHOM 02301 Ha MPAKTHUKE.

CrpykTypa y4eOHOM TUCUMIIIMHBI

JucuuminHa u3ydaercsi B epBoM cemectpe. Beero Ha m3zyueHue yueOHOM
nucuuiuinHbl « Visualization methods in data analysis by R» oTBeaeno:

— JIJI1 O4HOM (POPMBI MOTYUYEHHUS YIITYOJIEHHOTO BhIcIero oopazoBanus — 106
yacoB, B TOM uuciie 50 ayauTOpHBIX YacoB, M3 HUX: Jekuuu — 20 yacos,
ceMuHapckue 3aHsatust — 10 yacos, maboparopubie 3anatust — 20 4acos.

TpynoeMkocTh yueOHOM AUCIHUIUIUHBI COCTABIISIET 3 3a4ETHBIC €AMHUIIBI.

dopma IMPOMEKYTOUHOUN aTTECTAUH — SIK3AMEH.



TEACHING MATERIAL CONTENTS
Section 1. Introduction

Topic 1.1. The tidyverse collection of R packages for data science

The R language for statistical computing and graphics. The RStudio
integrated development environment. The tidyverse collection of R packages for
data science.

Topic 1.2. The tidyverse style guide

The tidyverse style guide. Automatic code formatting using the styler
package. Automatic code checking for style guide compliance using the lintr
package.

Section 2. The ggplot2 package. Plot fundamentals in ggplot2

Topic 2.1. The ggplot2 package

The ggplot? package. Overview. Installation. Lifecycle. Ecosystem of
extensions. Learning ggplot2. The plotly package for creating interactive graphics.

Topic 2.2. Plot fundamentals in ggplot2

The ggplot(), aes(), +(<gg>), %+% , ggsave() functions and their
arguments. Layers. Geometric objects. Statistical transformations. Position
adjustments. Annotations. Aesthetics. Scales. Axes and legends. Facets.
Coordinate systems. Themes.

Topic 2.3. Visualization and recovery (imputation) of missing values

The naniar, VIM packages for visualization and recovery (imputation) of
missing values.

Topic 2.4. Color palettes. Color blindness simulators

Collection of color palettes of paletteer package. Color blindness simulators
of colorBlindness, colorblindr packages.

Section 3. Automation of reporting

Topic 3.1. Automated graphical exploratory data analysis

The dlookr, brinton packages for automated graphical exploratory data
analysis.

Topic 3.2. Quarto system for scientific and technical publishing

An open-source Quarto system for scientific and technical publishing.

Section 4. Graphing of a variable (probability) distribution

Topic 4.1. Graphing of a continuous variable distribution


https://ggplot2.tidyverse.org/reference/index.html#coordinate-systems

Continuous variable. Features. Basic methods for graphing of a continuous
variable (probability) distribution. Alternative methods for graphing of a
continuous variable distribution. Plot options.

Topic 4.2. Graphing of a categorical variable distribution

Categorical variable. Nominal variable, ordinal variable, discrete variable.
Features. Basic methods for graphing of a categorical variable (probability)
distribution. Alternative methods for graphing of a categorical variable
distribution. Plot options.

Section 5. Graphing of multivariate data

Topic 5.1. Graphing of multivariate continuous data

Multivariate continuous data. Features. Basic methods for graphing of
multivariate continuous data. Alternative methods for graphing of multivariate
continuous data. Plot options.

Topic 5.2. Graphing multivariate categorical data

Multivariate categorical data. Features. Basic methods for graphing
multivariate categorical data. Alternative methods for graphing multivariate
categorical data. Plot options.

Section 6. Time series graphing
Topic 6.1. Time series graphing

Time series. Features. Basic methods for time series graphing. Alternative
methods for time series graphing. Plot options.



YYEBHO-METOIUYECKAS KAPTA YUYEBHOM JUCIUILIAHBI

texHosoruii (JJOT)

Ounas dhopMa MmoTydeHus YITyOIEeHHOTO BBICIIETO 00pa30BaHMs C MPUMEHEHHEM TUCTAHIIMOHHBIX 00pa30BaTeIbHBIX

In-class hours

Supervise
Num Section, topic - d
berin P Lectures Practical Seminars Labs Other | self-study, Knowledge test form
classes
o hours
1 2 3 4 5 6 7 8 9
1 Introduction 2 2 2
1.1 | The tidyverse collection of R packages 1 1 1 oral test
for data science written report on
in-class practical
exercises
1.2 [ The tidyverse style guide 1 1 1 oral test
written report on
in-class practical
exercises
2 The ggplot2 package. Plot 6 6 6
fundamentals in ggplot2
2.1 | The ggplot2 package 2 2 2 oral test
test Ne 1
test Ne 2
2.2 | Plot fundamentals in ggplot2 2 2 2 oral test
test Ne 3
test Ne 4




2.3 | Visualization and recovery (imputation) written report on
of missing values in-class practical
exercises
2.4 | Color palettes. Color blindness written report on
simulator in-class practical
exercises
3 Automation of reporting
3.1 | Automated graphical exploratory data colloquium
analysis
3.2 | Quarto system for scientific and written report on
technical publishing in-class practical
exercises
4 Graphing of a variable (probability)
distribution
4.1 | Graphing of a continuous variable written report on home
distribution practical exercises with
their oral defense
4.2 | Graphing of a categorical variable written report on home
distribution practical exercises with
their oral defense
5 Graphing of multivariate data
5.1 | Graphing of multivariate continuous written report on home
data practical exercises with
their oral defense
5.2 | Graphing multivariate categorical data written report on home
practical exercises with
their oral defense
6 Time series graphing
6.1 | Time series graphing written report on home

practical exercises with
their oral defense




portfolio

TOTAL

20

10

20




NHOOPMAINNOHHO-METOANYECKASA YACTD

Principal textbooks

1. Bproc, I1. IIpakTuyeckas craructuka ais crneuuranuctoB Data Science: 50+
BOKHEUIINX MOHATUN ¢ ucnofib3oBanueM R u Python / I1. Bproc, 3. bpotoc,
I1. Tenek; [mep. ¢ anmi. A. JloryHoma]. - 2-e u3a., mnepepab. W JAOIM. -
Cankr-IlerepOypr:  BXB-Ilerepoypr, 2021. - 346 c. - URL:
https://ibooks.ru/reading.php?short=1&productid=380029.

2. Jlownr, Jx. . R. KHura penenrtoB: MpoOBEPEHHbBIC PEUENTHI ISl CTATUCTUKH,
ananuza u Busyanuzanuu / [x. JI. Jlonr, Ilon Tutop ; [mep. ¢ anrn. . A.
benukoBa]. - MockBa : JMK IIpecc, 2020. - 508 c. - URL:
https://ibooks.ru/reading.php?short=1&productid=387334.

3. Jlann, b. MammnaHoe oOyuenue Ha R = Machine Learning with R :
OKCIIEPTHBIE TEXHUKH JJIsl MPOTHOCTHYECcKoro aHayimsa / b. Jlani ; [mep. ¢
aurn. E. Canaunkoii]. - Caukr-IletepOypr [u ap.] : ITutep, 2020. - 462 c. -
URL: https://ibooks.ru/bookshelf/367984.

4. bla, A. Teopernueckuii muHumyMm 1o Big Data. Bc€, yTo Hy»XHO 3HaTh O
oonbimx nanubix / AnHanuH blH, Kenner Cy ; [mep. ¢ anri. A. Tumoxunal.
- Cankr-IlerepOypr [m ap.] : Ilurep, 2021. - 205 c. - URL:
https://ibooks.ru/reading.php?short=1&productid=359225.

Optional textbooks

1. Bertin J. Semiology of Graphics: Diagrams, Networks, Maps. — Esri
Press, 2010. — 456 p.

2. Chen C, Hardle W., Unwin A. Handbook of Data Visualization. Springer
Handbooks of Computational Statistics. — Springer-Verlag Berlin Heidelberg,
2008. — 936 p.

3. Gerbing D. R Visualizations. Derive Meaning from Data. — Chapman &
Hall/CRC, 2020. — 249 p.

4. Kabacoff R. Modern Data Visualization with R. — Chapman & Hall/CRC
The R Series, 2024. — 256 p.

5. Unwin A. Graphical Data Analysis with R. The R Series. — Chapman &
Hall/CRC, 2018. — 310 p.

6. Unwin A., Theus M., Hofmann H. Graphics of Large Datasets:
Visualizing a Million. — Springer-Verlag New York, 2006. — 275 p.

7. Wickham H. Advanced R. — Chapman & Hall/CRC The R Series, 2019.
— 588 p.

8. Wickham H., Cetinkaya-Rundel M., Grolemund G. R for Data Science:
Import, Tidy, Transform, Visualize, and Model Data, 2nd Edition. — O'Reilly
Media, 2023. — 576 p.
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9. Wickham H. ggplot2: Elegant Graphics for Data Analysis, 3rd Edition. —
Springer International Publishing, 2024. — 260 p.

10. Wilkinson L. The Grammar of Graphics. Statistics and Computing, 2nd
Edition. — Springer-Verlag New York, 2005. — 691 p.

IlepeyeHb peKOMeHIyeMbIX CPeICTB JUATHOCTUKH U METOAUKA
(GopMupoBaHUA UTOTOBOM OTMETKU

OOBEKTOM JMAarHOCTUKUA KOMIIETEHIIUA MAaruCTPAaHTOB SIBISIFOTCS 3HAHUA,
YMEHUS, TIOJyYEeHHbIE HWMHU B pe3yJbTaTe HU3yYCHHS YyYeOHOU TUCITUTUIMHBL.
BrisBieHrne y4eOHBIX JOCTHXKCHHM MAarvCTPAaHTOB OCYIIECTBISIETCS C TTOMOIIIBIO
MEPOTIPUATHAN TEKYIIETO KOHTPOJIS U IPOMEKYTOUHON aTTeCTaIUH.

JI1s1 AMarHOCTUKY KOMITETEHIIUN UCTIOIB3YIOTCS CeAYIOIIe (OPMBI:

1. YerHas ¢opma: onpoc;

2. IlucemenHas ¢opMa: THCBMEHHBIE OTYETHl IO  AYJAUTOPHBIM
NIPAKTUYCCKUM YIPAKHEHUSM, KOJJIOKBUYM, KOHTPOJIbHBIE Pa0bOTHI, TOPTHOIHO
pabor;

3. VYcrHo-nuchMeHHas (opma: NHCbMEHHBIE OTYETHl IO JOMAITHUM
MPAKTUYECKUM YIIPAKHEHHUSIM C UX YCTHOU 3aIllUTOM.

dopMoii TIPOMEKYTOUHOM aTTeCTalluu 1o JucHUIUImHE «Visualization
methods in data analysis by R» yueOHbIM M1aHOM MPEAyCMOTPEH IK3aMeEH.

[Ipu ¢opMupoBaHMM HTOTOBON OTMETKH WCIIONB3YeTCS PEUTUHTOBAs
CHUCTE€Ma OIICHKM 3HAHUM MarucTpaHTa, JArollas BO3MOXKHOCTh MPOCIEIUTh U
OIICHUTbH JIMHAMUKY IIpoIlecca TOCTUKEHHUS 1IeJieil 00yUeHuUsl.

PeiftunroBas cucrtemMa  mOpelycMaTpUBAaeT  MCIOJIB30BAHUE  BECOBBIX
KO3(PPUITMEHTOB B XONIE IMPOBEICHUS KOHTPOJBHBIX MEPONPUATHHA TEKyIIeh
aTTeCTalluu.

[IpumepHbie BecoBble KOA((OUIMEHTHI, ONPEAENAIONINE BKJIAA TEKYyIIeH
aTTeCTaIlMu B OTMETKY IPH TPOXOXKICHUU IPOMEKYTOUHOH aTTeCTaIlUu:

dopMUpOBaHHE OTMETKH 32 TEKYIYIO aTTeCTaIUIO:

—  KOJUIOKBUYM — 15 %;
—  BBINOJIHEHUE KOHTPOIBHBIX padboT — 35 %;

- IMoATrOTOBKAa ITMCBMCHHBIX OTYCTOB II0 AOMAIIHHUM IIPAKTHYCCKHUM

ynpaxHeHusM — 35 %;

—  moArotoBka noptdonno pador — 15 %.

HroroBas oTMeTKa MO JUCUUIUIMHE PACCUUTHIBAETCS HA OCHOBE OTMETKHU
TEeKyllled arrectauud — (PEUTUHTOBOW CHCTEMBbI OILICHKM 3HAHUN) U
9K3aMEHAIIMOHHOW OTMETKH C YYE€TOM MX BECOBBIX KO3 (ULIHEHTOB. Bec oTMeTkH
o TeKyuien arrectauuu coctapisieT 40 %, sk3aMeHAIMOHHON OTMETKH — 60 %.
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Sample list of topics for seminars

Seminar Ne 1. The tidyverse collection of R packages for data science. The
tidyverse style guide.

Seminar Ne 2. The ggplot2 package.

Seminar Ne 3. Plot fundamentals in ggploz?2.

Seminar Ne 4. Visualization and recovery (imputation) of missing values.
Color palettes. Color blindness simulators.

Seminar Ne 5. Automated graphical exploratory data analysis. Quarto
system for scientific and technical publishing.

Sample list of topics for labs

Class Ne 1. The tidyverse collection of R packages for data science. The
tidyverse style guide.

Class Ne 2. The ggplot2 package.

Class Ne 3. Plot fundamentals in ggplot?2.

Class Ne 4. Visualization and recovery (imputation) of missing values. Color
palettes. Color blindness simulators.

Class Ne 5. Automated graphical exploratory data analysis. Quarto system
for scientific and technical publishing.

Class Ne 6. Graphing of a continuous variable distribution.

Class Ne 7. Graphing of a categorical variable distribution.

Class Ne 8. Graphing of multivariate continuous data.

Class Ne 9. Graphing multivariate categorical data.

Class Ne 10. Time series graphing.

Sample list of test topics

Test Ne 1. Scales.

Test Ne 2. Markers and visual channels.
Test Ne 3. Geometric objects.

Test Ne 4. Layers.

Onucanne MHHOBAIMOHHBIX MOJX0/I0B U METOJ0B K NMPENoAABAHUIO
Y4eOHOM TUCUHMILIMHBI

[lpu  opranuzanuu  0o0Opa30BaTEIBHOrO  MpoIEcca  HCHONB3YETCs

NPAKMUKO-OPUEHMUPOBAHHBLIL NOOXO00, KOTOPBII MPEANOoIaraer:
- OCBOCHHUE coliepKaHue 00pa30BaHus Yepe3 pelleHus MPaKTUYECKUX 3a/1a4;
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- mpuoOpeTeHne HABBIKOB 3(P(GEKTUBHOTO BBINOJHEHUS Pa3HBIX BUIOB
npo¢eCCUOHAILHOM JIeSITEILHOCTH;

- OPUEHTAIIMI0O HA TEeHepUpOBaHUE UJCH, pealnu3aluio TIPYIINOBbIX
CTYIEHUECKHUX MPOEKTOB, Pa3BUTUE NIPEIIPUHUMATEIILCKON KYJIbTYPHI;

- HCTIOJIb30BAHUIO  MPOIIEyp, CIOCOOOB OIEHMBAaHUS, (UKCUPYIOIINX
c(hopMHUPOBAHHOCTH MPOPECCUOHATBHBIX KOMITETEHIIUH.

Taxke npu opraHuzaly 00pa30BaTEIBLHOIO MPOLECCAa UCHOIB3YEmCA
Memoo nopmghonuo, KOTopbid sBisieTcs: d3Q(PEKTUBHBIM CPEACTBOM peau3aliu
WHIMBUyalIbHON 00pa30BaTeIbHON MTpOrpaMMBbl oOyJaronuxcs. Bee pesynbrarst u
JOCTUXKEHHUSI ~ TPYINIUPYIOTCS  BOKPYT  OCHOBHBIX  BHJOB  JIESITEIBHOCTHU
oOy4aromuxcsi: yaeOHOM, Hay4YHO-UCCIEN0BATEILCKON U HHOM.

Taxxe mnpu opraHu3zalu 00pa30BATELHOIO NpOLECCa UCHOIB3YEmCA
Memoo 2pynnoeo2o 00yuenus, KOTopblil mpeacTaniser coooit popMy opranuzanuu
y4eOHO-MI03HABATEIbHOM  JIESITEIbHOCTA  OOy4YaroMMXCS,  IPEIOoJIararolryto
(GYHKIIMOHUPOBAHKUE PA3HBIX THUIIOB MaJbIX TPYII, pabOTaIOMIMX KaK HaJl OOIIUMH,
TaK ¥ CenU(PUIECKUMU YICOHBIMU 33JIaHUSIMU.

MeTtoauyeckne peKOMeHAAIUM 110 OPraHU3aluN
CaAMOCTOSITEJIbHOM PadoThl 00y4YarOIIUXCS

[Ipy wu3yyeHun y4eOHOM JUCHUIUIMHBI PEKOMEHIYETCS HCIIOJIb30BaTh
cienyomue GopMbl CaMOCTOSATENBHON pabOTHI:

— mouck (moabop) m 0030p JTUTEPaTypbl U SNEKTPOHHBIX HMCTOUYHUKOB IO
WHIMBHUIYAJIbHO 33JaHHOMN MpoOIeMe TUCIUILINHEI,

— BBITIOJIHEHUE JIOMAIIIHETO 3aJaHMS;

— paboThl, TpeayCMaTpPHUBAIOIINE pEHICHHE 3aJa4 U  BBIIOJHEHUE
yIpaXHEHH, BbIIaBa€MbIX Ha JIa0OPATOPHBIX 3aHATHUSAX;

— U3y4eHHUe MaTepualla, BRBIHECEHHOTO Ha CaMOCTOSATENIbHYIO TPOPadoTKY;

— MOATOTOBKA K CEMUHAPCKHUM 3aHSITHSIM;

— MOJITOTOBKA K 3K3aMEHY;

— Hay4YHO-MCCIIEJ0BATEeNLCKUE PaOOTHI;

— aHajJM3 MarepuajoB IO 3a/JlaHHOM TeMme, MPOBEIACHHE pPACUYETOB,
COCTAaBJIEHUE CXEM U MOJIEJIe Ha OCHOBE CTaTUCTUYECKUX MaTEpUaIOB.

Sample list of questions for the examination

1. The tidyverse collection of R packages for data science.

2. The tidyverse style guide.

3. The ggplot2 package.

4. Plot fundamentals in ggplot?.

5. Visualization and recovery (imputation) of missing values.
6. Color palettes. Color blindness simulators.
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7. Automated graphical exploratory data analysis.

8. Quarto system for scientific and technical publishing.

9. Basic methods for graphing of a continuous variable (probability) distribution.
10. Alternative methods for graphing of a continuous variable distribution.

11. Basic methods for graphing of a categorical variable (probability) distribution.
12. Alternative methods for graphing of a categorical variable distribution.

13. Basic methods for graphing of multivariate continuous data.

14. Alternative methods for graphing of multivariate continuous data.

15. Basic methods for graphing multivariate categorical data.

16. Alternative methods for graphing multivariate categorical data.

17. Basic methods for time series graphing.

18. Alternative methods for time series graphing.
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MMPOTOKOJI COINIACOBAHUSA YUEBHOM ITPOT'PAMMBI YO

Ha3zBanue Ha3zBanue [Ipennoxenus Pewenue, npunsitoe
yaeOHOM Kadenpsl 00 U3MECHEHUSX B kadempoit,
JUCLIMUILINHBIL, coliepkaHnM y4eOHol | pazpaboTaBieit
C KOTOpOi IPOrpaMMBbl y4eOHYI0
TpeOyercs YUpEeXACHUS BBICIICTO | IporpamMmy (c
COIJIacOBaHUE o0pa30BaHUS IO yKa3aHUEM JIaThl U
yUIeOHOU JUCHUIUIMHE | HOMEpa IPOTOKOJIA)
Multivariate Kadenpa reopun | Her OcraBuTh
Statistical BEPOSITHOCTEN U coJiepKaHue
Analysis MaTeMaTH4IeCKON y4eOHOM
CTaTUCTHKHU JTUCITUTUTMHBI 0e3
U3MEHECHUS
(mpotoxon Ne 12 ot
23 mas 2023 rona)
Data analysis Kadenpa reopuu | Het OcraBuTh
software BEPOSITHOCTEH U cofiepKaHHe
MaTeMaTu4eCcKou y4eOHOM
CTaTUCTHKHU JTUCITUTUTMHBI 0€3
U3MCHCHUS
(mpotokosa Ne 12 ot
23 mas 2023 roga)
Methods for Kadenpa reopun | Her OcrtaBuTth
statistical BEPOSITHOCTEN U coJiepKaHue
analysis of MaTeMaTH4€CKOM y4eOHOH
complex data CTaTUCTUKHU JTUCLUILINHBI 0€3
U3MCHCHUS
(mpotokos Ne 12 ot
23 mas 2023 rona)
Visual analytics | Kadenpa teopun | Her OcTraBuTh
of time-oriented | BeposATHOCTEH U coJiepKaHue
data MaTeMaTH4IeCKON y4eOHOM
CTaTUCTHKHU JTUCIUTUTMHBI 0€3
U3MEHEHUS
(mpotoxon Ne 12 ot
23 mas 2023 roga)
Infographic and | Kadenpa teopun | et OcraButh
data analysis BEPOSITHOCTEH U coJiepKaHue
results MaTeMaTH4eCKOn yueOHOMI
presentation CTaTUCTHUKU UCLIUILUINHEI 0€3
U3MEHEHUS
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(mpotokoin Ne 12 ot
23 mas 2023 rona)
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JIOMTOJTHEHUWSI U UBSMEHEHU S K YYEBHON TPOI'PAMME 110
N3YYAEMOU YYEBHOU JUCHUIIVIMHE
Ha / y4eOHBIH roj

Ne JlonmonHeHUsT 1 U3MEHEHUS OcHoBaHue
11/T1

VYuebHas nporpamMma nepecMoTpeHa u 0100peHa Ha 3aceaHuu Kadeapsl

(mpoTtokoi Ne oT 201 r)
3aBenytromuii kadeapoit
YTBEPXIAIO
Jekan daxynbrera
(y4eHas cTerneHb, yYCHOE 3BaHHE) (mommuck) (1.0.Pamumnms)
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