PR Funded by
... | the European Union MHTH m U

Math4You

2023-2025

Instructions for translators

1. Open this file on GitHub server. If you see https://um.mendelu.cz/. .. in URL, click View on
GitHub to open this file on github.com.

2. If you see this file on GitHub server, you can edit the content of the file. Open the file in an editor.
You can use simple editor (pres e on GitHub). However, an advanced VS Code editor (press . on
GitHub) is better, since it provides preview how the Markdown code renders. Alternatively press
pencil for simple editor or press triangle next to the pencil to get access to VS Code described as
github.dev.

3. Fix the keywords in the preamble.

4. Depending on which language version you want to use as a source for your translation, delete
either English or Czech version below.

5. Translate to your language. Keep Markdown marking and math notation. If you use a tool to get
first version of the translation, make sure that the markup is preserved.

6. In VS Code you can open the preview in another window by pressing Ctrl+V and K. Keep the
preview open as you work, or close using a mouse.

7. Instead of saving, you have to commit and push the changes to the repository. Fill the Message
under Source control (describe your changes, such as “Polish translation started”) and then
press Commit&Push.

8. Make sure that your changes appear in the commit history. In rare cases (if you work with si-
multaneously with someone else) you have to download /Pull/ and merge his and yours changes.
Usualy Sync (Pull & Push) should work.

9. When you finish the translation, change is_finished: False in headerto is_finished: True.

Instrukce pro prekladatele

1. Otevrete tento soubor na serveru GitHub. Pokud méate soubor otevien nahttps://um.mendelu.cz/. . .,
otevrete jej na serveru github.com.

2. Pokud tento soubor vidite na serveru GitHub, mizete obsah souboru upravit. Otevrete soubor
v editoru. Mizete pouZit jednoduchy editor (stisknéte e na GitHubu). Lepsi je vSak pokroily editor
VS Code (stiknéte . na GitHubu), protoze poskytuje nahled, jak se kéd Markdown interpretuje.
PFipadné stisknéte tuzku pro jednoduchy editor nebo stisknéte trojihelnicek vedle tuzky, abyste
ziskali pristup k editoru VS Code popsany jako github.dev.
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3. Opravte kli¢ova slova v preambuli.
4. V zavislosti na tom, kterou jazykovou verzi chcete pouzit jako zdrojovy kéd pro sviij prekladu,
odstrante nize uvedenou anglickou nebo Ceskou verzi.

5. Prelozte do svého jazyka. Ponechte znaceni Markdown a matematicky zapis. Pokud pouZijete
nastroj typu DeepL pro ziskani prvni verze prekladu, ujistéte se, ze zapis matematickych vyrazi
byl zachovan.

6. Ve VS Code mizete nahled otevfit v jiném okné stisknutim Ctrl+V. a K. Béhem prace nechte
nahled otevieny nebo jej zavrete pomoci mysi.

7. Misto ulozeni musite zmény zaregistrovat a odeslat do Ulozisté. Vyplite zpravu v poli Zprava
(popiste své zmény, napf. “Zahdajen preklad do polstiny”) a poté stisknéte tlalitko Commit&Push.

8. Ujistéte se, ze se vaSe zmény objevi v historii revizi. Ve vyjime¢nych pfipadech (pokud pracu-
jete soulasné s nékym jinym) musite stdhnout /Pull/ a sloudit jeho a vase zmény. Obvykle by
synchronizace (Pull & Push) méla fungovat.

9. Po dokonceni prekladu zménte is_finished: False v zdhlavi na is_finished: True.

Czech source

Ny

Pocatecni Sireni epidemie

Nejzndméjsim pripadem epidemie z posledni doby je pandemie virové choroby COVID-19, ktera je zptiso-
bena koronavirem SARS-CoV-2. Tato epidemie vypukla v prosinci 2019 ve mésté Wu-chan v provincii
Chu-pej v centralni Ciné.

Zacatek epidemie COVID-19 v Evropé se datuje na leden 2020. Prvni potvrzené pripady byly hlaseny ve
Francii dne 24. ledna 2020. Jednalo se o tfi pacienty, ktefi se nedavno vréatili z Ciny, kde byla epidemie
jiz v plném proudu.

Do Ceské republiky se pak nemoc rozéi¥ila pred 1. breznem 2020, kdy byly potvrzeny prvni t¥i pFipady.
K 18. breznu 2020 bylo u néas potvrzeno jiz 464 pripadi.

Siteni nemoci miva na zalatku epidemie exponencidlni charakter. AZ pozdéji se obvykle toto Siteni
zpomali a dale uz mé jiny pribéh (lineédrni, logisticky apod.).

Typicky priubéh epidemie

Na zakladé ziskanych dat zkusime namodelovat pocet nakaZenych osob v zavislosti na dnech od zacatku
epidemie. V tabulce jsou data popisujici pocet nakazenych v zavislosti na dnech od zacCatku epidemie.

Den (n) Poéet nakaZenych (a,)
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Den (n) Pocet nakazenych (ay)

8 33
9 39
10 64
11 95
12 117
13 142
14 190
15 299
16 384

Pozndmka. Jedn4 se o redlna data z Ceské republiky od 1. bfezna 2020.

Uloha 1. Vypoditejte pomér poétu nakaZzenych osob v jednom dni vzhledem k predchozimu dni.

Reseni. Oznacdime-li g,, pomér nakazenych v n-tém dnu ku po¢tu nakazenych v n—1-nim dnu, dostaneme

pro vypoclet vztah
an

qn = n > 2.

an—l’
Mizeme tak vypocitat vSechny tdaje a doplnit tabulku.

Den (n) Pocet nakazenych (a,) Pomér poétu nakazenych
1 3 -

P 3 1,000
3 5 1,667
4 6 1,200
5 9 1,500
6 20 2,222
7 27 1,350
8 33 1,222
9 39 1,182
10 64 1,641
11 95 1,484
12 117 1,232
13 142 1,214
14 190 1,338
15 299 1,574
16 384 1,284

Vypoctenou hodnotu poméru poctu nakazenych v jednom dni vzhledem k predchozimu dni mizeme
interpretovat jako rychlost Siteni nemoci. Pro presné exponencialni riist nebo pokles by tento pomér
vychazel konstantni. My pracujeme pouze s “namérenymi” daty, takZze ndm hodnota poméru vychazi
pouze priblizné. Pojdme se proto na tento pomér podivat blize.

Uloha 2. Viypoditejte aritmeticky a geometricky priimér pom&ru po¢tu nakaZzenych. Ktery z nich je
v tomto pFipadé vhodnéjsi?

Reseni. Aritmeticky priimér ¢ je dan vzorcem

Q2+ -+ qie

— 1,40731.
= 4073

q=



Podobné pro geometricky primér G plati

G= ¥/q - qe=1,38191.

Lepsi je v tomto pFipadé pouzit geometricky primér.

Aritmeticky primér mize byt ovlivnén extrémnimi hodnotami (pro nas napfiklad hodnota ¢g), coz mize
zkreslit interpretaci primérného riistu nebo poklesu. Geometricky primér naopak tento vliv zmiriiuje.

Navic v exponencidlnim ptipadé ristu (pokud se omezime na zakladni typ tvaru k - a®) se nasobi
konstantnim faktorem (tj. podil dvou naméfenych hodnot po pevné zvoleném intervalu je konstatni).
Geometricky primér pfimo reprezentuje tuto nasobnou povahu zmén. Pokud napriklad médme dvé po
sobé jdouci méreni s poméry

@ =2, q2 = 0,5,

pak aritmeticky priimér ¢ = 1,25 by naznadoval stabilni riist, zatimco geometricky primér G = 1 spravné
reflektuje nulovy Cisty rist.

Uloha 3. Navrhnéte funkci, ktera by aproximovala polet nakazenych v jednotlivych dnech. Vytvorte
graf v Geogebre (pfipadné jiném programu).

Reseni. Metodou pokus-omyl se pro tvorbu exponencilni funkce, ktera vhodné reprezentuje nase data,
nabizi napfiklad vyuziti vypocitanych priméri. Pro zapis funkce budeme vyuzivat obvyklé znaceni, které
je pouzité i v Geogebfe a na obrazku nize. V grafu x znadi ¢as ve dnech a y pocet nakazenych.

S aritmetickym priimérem ziskame funkci y = 1,40731%, s geometrickym primérem y = 1,38191%.
Tyto funkce jsou od vyznacenych bodi celkem daleko, proto je mirné upravime: y = 2 - 1,40731%,
y = 2-1,38191*. Grafy navrzenych funkci jsou zobrazeny v obrazku. Samozfejmé miizete ziskat jesté
presnéjsi exponencialni funkce.
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Obr. 1: Navrzené exponencialni funkce metodou pokus omyl

Uloha 4. Po vyuZiti regresni analyzy dat lze ziskat vhodn&j&i funkci popisujici chovani po&tu nakaze-
nych, ktera je tvaru y = 1,9466-e%3376  Porovnejte v Geogebte (nebo v jiném vhodném softwaru) vasi
funkci s touto funkci. Vypoditejte hodnoty navrZenych funkci pro 14. az 16. den, vysledek zaokrouhlete

7 v/

na celé Cislo. Porovnejte je s hodnotami v tabulce.

Poznamka. Exponencidlni funkci ziskanou regresni analyzou lze vytvofit v tabulkovém procesoru nebo
Geogebre. V Geogebre je nutny prikaz, v némz zadame body ziskané z tabulky: RegreseExponencialni ({(1,3),
2,3), (3,8),...,(16,384)1}).



Reseni. Véechny t¥i funkce jsou v obrazku nize. Pouhym pohledem miiZzeme vidét, ze vdechny funkce
jsou si na zacatku podobné, ale pro dalsi hodnoty funkce y = 1,9466 - e%-3376% yypad4 jako nejvhodnéjsi
pro popis zdanych dat.
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Obr. 2: Srovnani navrzenych funkci s funkci dle regresni analyzy

Toto pozorovani mizeme i kvantifikovat pomoci tidaji z tabulky.



Pocet dle

Pocet dle Pocet dle funkce
Pocet nakazenych funkce y = funkce y = y = 1,9466 -
Den (n) (an) 2-1,40731* 2-1,38191% e0:3376z
14 190 239 185 220
15 299 336 256 308
16 384 473 354 432

Jako ukazatel presnosti s jakou naSe funkce reprezentuji dand data mlzeme uvazit, jak moc se lisi
jednotlivé hodnoty od sebe. Postupné tak dostaneme

[239 — 190| + |336 — 299| + |473 — 384| = 175

|185 — 190| + 256 — 299| + |354 — 384| = 92

[220 — 190| + |308 — 299| + |432 — 384| = 8&7.

Obvykle se ale pro posouzeni pfesnosti pouzivaji druhé mocniny (&tverce) uvedenych rozdilli. A to proto,
Ze malé rozdily (mensi nez 1) se umocnénim zmensuji a velké rozdily se jesté zvétSuji.

V tomto pfipadé dostavame
(239 — 190)% + (336 — 299)* + (473 — 384)? = 11691
(185 — 190)% + (256 — 299)? + (354 — 384)? = 4174
(220 — 190)% + (308 — 299)? + (432 — 384)? = 3285.

Tedy i v tomto pripadé se jako nejlepsi ukazala treti kfivka. Toto neni zadnd nahoda, jelikoz k¥ivka
vytvorena pomoci regrese je ktivka, kterd ma tuto chybu nejmensi.

Uloha 5. Bude se epidemie Sifit neustdle podle navrzené funkce? Co mize mit vliv na jeji dalsi
chovani?

Reseni. Pro zachovani exponencialniho priibéhu epidemie by se nesmély ménit podminky $i¥eni nemoci.
V praxi se lidé zac¢nou chranit ochrannymi prostfedky, minimalizovat kontakt s ostatnimi nebo ockovat,
¢imz se nardst poctu nakazenych snizi. Epidemie se dostane do svého vrcholu a pocty nakaZenych se
zacnou snizovat. Pro trvaly exponencialni rist by také muselo existovat neomezené mnozstvi jedincd,
ktefi se mohou danou nemoci nakazit.

= European Centre for Disease Prevention and Control Novel Coronavirus: three cases reported in
France. Dostupné z https://www.flickr.com/photos/ecdc_eu/50321985653/in/dateposted/ [cit.
08.08.2024]

= Ministerstvo zdravotnictvi CR. Onemocnéni aktualné - COVID 19. Dostupné https://onemocneni-
aktualne.mzcr.cz/api/v2/covid-19 [cit. 30.8.2023]

English source



Initial Spread of the Epidemic

The most well-known recent epidemic is the COVID-19 pandemic, a viral disease caused by the SARS-
CoV-2 coronavirus, which broke out in December 2019 in the city of Wuhan in Hubei province in central
China.

The beginning of the COVID-19 epidemic in Europe dates back to January 2020. The first confirmed
cases were reported in France on January 24, 2020. They were three patients who had recently returned
from China, where the epidemic was already in full swing.

The disease then spread to the Czech Republic before March 1, 2020, when the first three cases were
confirmed. As of March 18, 2020, 464 cases had already been confirmed in our country.

The early phase of an epidemic is typically characterized by exponential growth. As time progresses, the
spread tends to slow down and follow a different trajectory (such as linear, logistic, etc.).

Typical Scenario of an Epidemic

Based on the collected data, we will try to model the number of infected individuals as a function of
the number of days since the start of the epidemic. The table contains the data describing the number
of infected individuals with respect to the number of days since the beginning of the pandemic.

Day (n) Number of infected individuals (a,,)
1 3

2 3

3 5

4 6

) 9

6 20
7 27
8 33
9 39
10 64
11 95
12 117
13 142
14 190
15 299
16 384

Note. These are real data from the Czech Republic starting on March 1, 2020.

Exercise 1. Calculate the ratio of the number of infected individuals on a given day to the number
of the previous day.

Solution. If we denote by ¢,, the ratio of infected invididuals on the nth day to the number of infected
individuals on the n — 1th day, we get the following formula




We can now calculate all the values and complete the table.

Day (n) Number of infected individuals (a,) Ratio of infected individuals
1 3 —

2 3 1.000
3 S 1.667
4 6 1.200
5 9 1.500
6 20 2.222
7 27 1.350
8 33 1.222
9 39 1.182
10 64 1.641
11 95 1.484
12 117 1.232
13 142 1.214
14 190 1.338
15 299 1.574
16 384 1.284

The calculated ratio of the number of infected people on a given day to the previous day can be
interpreted as the rate of disease spread. For a strictly exponential growth or decline, this ratio would
be constant. However, since we are working with observed data only, the value of the ratio is only
approximate. Let's take a closer look at this ratio.

Exercise 2. Calculate the arithmetic and geometric mean of the ratio of the number of infected.
Which one is more appropriate in this case?

Solution. The arithmetic mean ¢ is given by the formula

Q2+ -+ qie6

= 1.40731.
5 073

q =
Similarly, for the geometric mean G we get

G= %/q2- - que = 1.38191.

It is better to use the geometric mean in this case.

The arithmetic mean can be affected by extreme values (for us, for example, the value of ¢g), which can
distort the interpretation of average growth or decline. The geometric mean, on the other hand, reduces
the impact of such extremes.

Moreover, in the case of exponential growth (if we restrict ourselves to the basic form k-a”) it is multiplied
by a constant factor (i.e. the ratio of two measured values taken at fixed intervals is constant). The
geometric mean directly represents this multiplying nature of change. For example, let's assume we have
two consecutive measurements with ratios

q1 = 2) q2 = 055

then the arithmetic mean ¢ = 1.25 would indicate stable growth, while the geometric mean G =1
correctly reflects zero net growth.

Exercise 3. Design a function that approximates the number of infected individuals on each day.
Create a graph in GeoGebra (or another program).




Solution. Using trial and error, we can create an exponential function that suitably represents our data,
for example by making use of the calculated averages. We will use the standard notation that is also
used in GeoGebra and in the figure below. In the graph, x represents the time in days and y represents
the number of infected individuals.

By using the arithmetic mean we get the function y = 1.40731%, the geometric mean yields function
y = 1.38191%. These functions are quite far from the marked points, so we will slightly modify them:
y = 2-1.40731%, y = 2 - 1.38191%. The graphs of the proposed functions are shown in the figure. Of
course, it is possible to get even more accurate exponential functions.
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Obr. 3: Proposed exponential functions by the method of trial and error
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Exercise 4. By applying regression analysis to the data, a more suitable function describing the
behavior of the number of infected individuals can be obtained: y = 1.9466 - e*-3376* Compare your
proposed function with this function in GeoGebra (or another suitable software). Calculate the values
of all functions for days 14 to 16, rounding the result to the nearest whole number. Compare these

values with those in the table.

Note. The exponential function obtained by regression analysis can be created using either a spreadsheet
or Geogebra. In Geogebra, the points obtained from the table must be entered using the following

command: FitExp({(1,3), (2,3), (3,5),...,(16,384)}).

Solution. All three functions are shown in the figure below. At first glance, we can see that all the
functions are similar at the beginning, but for larger values of z, the function iy = 1.9466 - e%-3376* seems

to be the best fit for the given data.
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Obr. 4: Comparison of the proposed functions with the function obtained by regression analysis

We can also quantify this observation using the data from the table.

Modelled Modelled Modelled
values values values
according to according to according to
Number of infected Y= Yy = y = 1.9466 -
Day (n) individuals (ay,) 2-1.40731* 2-1.38191* 033762
14 190 239 185 220
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Modelled Modelled Modelled

values values values
according to according to according to
Number of infected y= Y= y = 1.9466 -
Day (n) individuals (a,,) 2-1.40731" 2-1.38191* e0-3376x
15 299 336 256 308
16 384 473 354 432

We can use the extent to which the individual values differ from each other as an indicator of the
accuracy with which our functions represent the given data. This gives us the following results:

1239 — 190| + |336 — 299| + |473 — 384| = 175
185 — 190] + [256 — 299 + [354 — 384| = 92
220 — 190| + |308 — 299| + |432 — 384| = 87.

However, usually the squares of the differences are used to assess accuracy. This is because squaring
reduces the impact of small differences (less than 1) and increases the effect of large ones even more.

This results in:
(239 — 190)% + (336 — 299)* + (473 — 384)% = 11,691

(185 — 190)% + (256 — 299)2 + (354 — 384)% = 4,174
(220 — 190)% + (308 — 299)? + (432 — 384)% = 3,285.

In this case, the third curve also turned out to be the best. This is no coincidence, as the curve created
using regression minimizes this type of error.

Exercise 5. Will the epidemic continue to spread according to the designed function? What might
influence its future behaviour?

Solution. In order for the epidemic to continue to grow exponentially, the conditions for the spread of
the disease must remain unchanged. In practice, people will start to protect themselves with protective
equipment, minimize contact with others or get vaccinated. This will reduce the rate at which the
number of infected individuals increases. The epidemic will reach its peak and the number of infected
individuals will start to decrease. For sustained exponential growth, there would also have to be an
unlimited number of individuals who can become infected with the disease.

= European Centre for Disease Prevention and Control Novel Coronavirus: three cases reported in
France. Dostupné z https://www.flickr.com/photos/ecdc_eu/50321985653/in/dateposted/ [cit.
08.08.2024]

= Ministerstvo zdravotnictvi CR. Onemocnéni aktualné - COVID 19. Available from https://onemocneni-

aktualne.mzcr.cz/api/v2/covid-19 [cit. 30.8.2023]
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