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2.3 On the Use o f A lgorithm s in Teaching 
Probability  Theory*

0. Chernobai

*The article is published in the author’s translation

In tro d u c t io n

The theo ry  of probabilities is a branch  of m athem atics th a t  
s tud ies the  p a tte rn s  of random  phenom ena: random  events, 
random  variab les, th e ir  functions, p roperties and operations 
on them . M athem atical models in the  theory  of probabilities 
describe w ith  certa in  accuracy level the  tests , re su lts  of 
which are com plexly determ ined  by te stin g  circum stances 
(see e.g. P rokhorov1, 1999).

The s tu d y  of the  theory  of probabilities in m odern 
conditions becomes especially re levan t. This is caused 
by th e  fac t th a t  grow ing num ber of specialties requ ire  
application  of m athem atical knowledge, p ractica l skills and 
expertise  of a su ffic ien tly  high level. The developm ent of 
U krain ian  national h igh  school includes the im provem ent 
of both  m athem atical education in  general and its  separate  
sections. The m ain areas of im provem ent are updating  the  
con ten t and technology of teaching  h igher m athem atics 
and m athem atical disciplines. In th is  a rtic le  there  will be 
reviewed specialties of algorithm ic approach usage w ith in  
teach ing  of th e  theory  of probabilities, probabilistic  process 
and m athem atical s ta tis tic s .

Analysis o f latest publications related to the topic

In h igh  school, depending on the specialization, the 
course of p robab ility  theory  is e ith er stud ied  as an 
independent discipline, or is included in  the course of 
h igher and applied m athem atics. The purpose, m ain task s

1 Prokhorov, Y. (1999). Veroyatnost і matematicheskaia statistika: 
Entsyklopediia. [Probability and m athematical statistics: Encyclopedia]. Moscow, 
Russia: Bolshaia rossiiskaia entsyklopediia. [In Rus.].
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On the Use of Algorithms in Teaching Probability Theory

and th e  m otivation  of the course were considered earlie r 
(see e.g. ab strac ts  p apers2 3).

In our re p o rt4 i t  is s ta ted  th a t  the process of learn ing  the 
b ranch  of p robab ility  theory  by s tuden ts  has a num ber of 
fea tu res . F irs tly , the scope of knowledge to be stud ied  re la ted  
to p robability  sections is quite large and tim e prescribed for 
these sections of h igher and applied m athem atics is lim ited. 
Secondly, th e re  are a num ber of d ifficu lties  faced by s tu d en ts  
while s tu d y in g  the theory  of probabilities. They are re la ted  
to such aspects as presence of abstractively-logical analysis, 
p robabilistic  (am biguous) assertions in the discipline, which 
are requ ired  to  tra n sfo rm  the  con ten t of the task  in to  the 
language of p robabilistic  models fo r its  fu r th e r  solution. 
The m ain  d ifficu lty  is th a t  events are less clear th an  figu res, 
num bers, or expressions, and the probability  and possib ility  
are no t as in tu itiv e  as leng th , area or volum e. An event 
and its  consequences are special types of m ental objects, the 
m athem atical fo rm ation  of which is m uch m ore d ifficu lt 
th an  the fo rm ation  of a figu re  (in geom etry) or q u an tity  (in 
a rith m etic  or algebra).

In add ition , every year th ere  is a decrease in  level of 
m athem atical preparedness of candidates for adm ittance 
to h ig h er educational in s titu tio n s . M odern s tu d en ts  o ften  
come to an in s titu tio n  being unable to th in k  logically and 
perform  analysis. The tra d itio n a l d ifficu lty  of m athem atical 
d isciplines -  analysis of the  ta sk s ’ te x t and, as a re su lt,

2 Chernobai, O. (2015). Pro deiaki osoblyvosti vykladannia kursu  «Vyshcha 
ta  prykladna matem atyka» [About some specialties of teaching study course 
«Higher and Applied M athematics»]. Proceedings from M athem atics in modern 
technical university ґ14: I I I  M izhnarodna naukovo-praktychna konferentsiia (25- 
26 hrudnia 2014 roku) -  3rd International Scientific and Practical Conference. 
(pp. 211-213). Kyiv, Ukraine: NTUU «КРІ». [In Ukr.].

3 Chernobai, O. (2017). M otyvatsiia pry vykladanni kursu  vyshcha ta  
prykladna m atem atyka [M otivation w ithin teaching of study  course «Higher 
and Applied M athem atics»]. Proceedings from M athem atics in modern technical 
university ґ іб :  P iata M izhnarodna naukovo-praktychna konferentsiia (29-30 
hrudnia 2016 roku) -  5 th  In ternational Scientific and Practical Conference, (pp. 
183-184). Kyiv, Ukraine: NTUU «КРІ». [In Ukr.].

4 Chernobai, 0 . (2019). A lhorytm izatsiia v protsesi navchannia teorii 
ym ovirnostei [A lgorithm ization in the process of teaching the theory of 
probabilities]. Proceedings from M athem atics in modern technical university  
ҐІ8: Soma M izhnarodna naukovo-praktychna konferentsiia (28-29 hrudnia 2018 
roku) -  7th In ternational Scientific and Practical Conference, (pp. 197-200). 
Kyiv, Ukraine: NTUU «КРІ». [In Ukr.].
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the  ab ility  to solve the  tasks in te x t fo rm at - is crucial in 
th is  subject as all tasks are in te x t fo rm at. Text tasks on 
the theory  of probability , com binatorics, s ta tis tic s , and 
probabilistic  processes are m uch m ore diverse th an  algebraic 
ones. A p art from  classical tasks (throw ing up the dice, coins, 
random ly pu lling  the colored balls) there  is a large num ber 
of sim ilar contexts.

W hen solving a new task , to u n d erstan d  th a t  th is  is the 
m ain task  u sually  tu rn s  ou t to be quite d ifficu lt fo r the  
s tu d en t. N ot enough prepared  s tu d en ts  do not see an analogy, 
even in the  task s  of pu lling  colored pencils or m ulticolored 
balloons ou t of the box.

In th is  regard , the teacher faces a ra th e r  d ifficu lt task  
of adap ting  s tu d en ts  to s tudy ing  his subject. One way to 
overcome these d ifficu lties  is to apply algorithm ic approach 
to solving p robabilistic  tasks. A lgorithm s can be provided 
to s tu d en ts  in  the  form  of tables, sequence of actions 
and schem es.

The aim o f the study

To develop algorithm ic  com ponents of the m ethodical system  
of teaching  probability  th eo ry ’s certa in  topics.

Presentation o f main material

In the  ab strac ts  of papers m entioned above, i t  is said th a t  one of 
the f ir s t  topics in  the  course “P robability  theory , probabilistic 
processes and m athem atical s ta tis tic s” is the  classical 
defin ition  of the  p robability  of an event. U sually, a f te r  reading  
the  task , th e  s tu d e n t faces chaos in  his m ind, every th ing  is 
m ixed: events, re su lts , probabilities. The following a lgorithm s 
help to s tru c tu re  analysis and to  build a logical chain 
of consideration:

1 Define w hich experim ent occurs in task  being analyzed.
2 How m any probable outcom es does the experim ent have 

(n). I t  is good a t th is  stage when s tu d en ts  fo rm ulate  
questions aloud.

3 In troduce event A, the  probability  of which should be 
found in th e  task .
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4 D eterm ine how m any outcom es con tribu te  to the  
event (m). I t  is also im p o rtan t to fo rm ulate  questions 
aloud here.

m
5 A pply th e  fo rm ula  of classical probability  P(A) = —.

n

A t each stage , i t  is im p o rtan t to o ffer th e  s tu d en t to 
fo rm ulate  the  question which should be answ ered a t th is  
stage . In doing so, one should obtain from  the s tu d en t a 
clear u n d erstan d in g  of w hat is a te s t (experim ent), w hat is 
an event, and w hat is the  probability  of the  event.

Exam ple. The group consists of 25 s tud en ts , 5 of them  are 
p a rtic ip an ts  in  the skills com petition on H igher m athem atics. 
W h at is the p robability  th a t  a random ly selected s tu d en t 
will be a p a rtic ip a n t of skills com petition.

To solve the  task , le t’s apply the  algorithm .

1 E xperim ent: a s tu d en t from  the group is chosen.
2 Probable outcom es of the  experim ent (n = 25).
3 E vent A  -  «random ly selected s tu d en t is a p a rtic ip an t of 

skills com petition  on h igher m athem atics».
4 Outcomes co n trib u tin g  to the event A  (m = 5).
5 A ccording to  th e  known form ula  of the classical p robability

171 5
defin ition , we obtain  a num erical value P(A) = — = —  = —.

n 25 5

The classical d efin itio n  of probability  cannot be applied to 
an experim ent w ith  an in fin ite  num ber of equally possible 
consequences. In  th is  case, the  geom etric determ ination  of 
p robability  is used. W ith in  analysis a num ber of fea tu res , 
such as th e  e lem entary  event in  the  experim ent can be lim ited 
to the  choice of th e  poin t, elem entary  events are equally 
possible, the  num ber of elem entary  events is in fin ite , and th e ir  
num ber form s a f in ite  dim ensional area, d irec t the s tu d en t 
to the  conclusion on possib ility  of applying a geom etric 
probability  -  th e  probability  of poin t fa lling  w ith in  an area 
(section, p a r t  of th e  plane, etc.). The solu tion  of the  task , 
in com parison w ith  the  previous ones, is connected w ith  the
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necessity  of in te rp re tin g  the experim ent as a po in t choice in a 
certa in  range.

The a lg o rith m  fo r solving tasks on the  geom etric 
p robability  can be fo rm ulated  as follows:

1 Define which experim ent occurs in  task  being analyzed. 
As the num ber of outcom es of experim ent defined in  the 
task  is in fin ite , geom etric approach should be applied 
to p robab ility  calculation. For th is  purpose, experim ent 
should be defined as po in t choosing in  certa in  range.

2 Define G range of all possible outcom es and fin d  its  
m easure (leng th , area  or volume) -  mes G.

3 In troduce event A, the  probability  of which should be 
found in the  task . Define the area Q, which is a subset 
of the  se t G , and is the  se t of resu lts  co n trib u tin g  to the  
event A. F ind  the  m easure of the Q set -  mes Q.

4 F ind the  p robab ility  of th e  event A  by the  form ula:

p ( A ) = ^ s Q _
mes G

Solving ta sk s  on geom etric probability  causes a lot of 
d ifficu lties. This is due to the  d ifficu lty  of in te rp re tin g  
the  task  in  te x t fo rm at in a way of p u ttin g  a poin t in to  a 
certa in  area. In th is  case, i t  is inapp ropria te  fo r a teacher 
to im m ediately  give s tu d en ts  the  idea of th is  in te rp re ta tio n , 
b u t in stead  w ith  the help of a series of questions he should 
s tim u la te  the  appearance of r ig h t idea w ith in  the s tu d en ts  
by them selves.

Exam ple. Two s tu d en ts  agreed to m eet in a certa in  place 
in the tim e in te rv a l from  t 1 to t2 hours, as well as th a t 
the  one who comes f ir s t  will w ait fo r the second w ith in  t3 
hours. F ind th e  p robability  th a t the  m eeting will occur if

each person can arriv e  a t any tim e /3 є [/,;t2\
L et’s apply the a lgo rithm  to solve the task .

1 E xperim ent: two persons are located in  a certa in  place 
w ith in  a ce rta in  tim e fram e.

2 G range of all possible outcom es -  set of poin ts of a

square w ith  a side t2 — t{ = T.
3 Event A -  m eeting will occur.
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4 The area Q corresponds to the shaded p a r t of the  square, if
th e  m om ent of a rriv a l of each person -  A  will take place

under conditions |jc - y\ < t3i where 0 < x < T, 0 < у  < T.

5 These conditions are represented  in the  X O Y  coordinate 
system . The set of all resu lts  corresponds to the area  of 
th e  square ONCK,  and A  event -  area of the  hexagon 
OEDCBA.
U sing the  geom etric defin ition  of probability , we will get:

r , n  §щсвл T ' - ( T - t J  - Г 2 + 27Y3 - t \  t , ( 2 T - t 3)
'  '  о  тг>2 r p 2  r p l

°OVCK 1 1 1

The m entioned ta sk  was considered in the w orksheet on 
p robability  theory  of M. Semko5 (2011).

W ith in  s tu d y  of axioms and theorem s on probability  
theory , i t  is advisable to p resen t them  in the  form  of the  
follow ing tab les (see e.g. C hernobai6, 2018):

To solve task s  using  the theorem s of addition  and 
m ultip lica tion  of probabilities, we propose the  following 
a lgorithm :
1 F orm ulate  an event, th e  probability  of which m ust be 

found in th e  task .
2 F orm ulate  an even t th ro u g h  which you can express the  

sough t even t by adding, m ultip ly ing , and su b trac tin g  
events.

3 F ind  the p robab ility  of an event fo rm ulated  in  p. 2.
4 Express th e  sough t event th ro u g h  the  event fo rm ulated  

in  p. 2, by add ing , m ultip ly ing  and su b trac tin g  events.
5 Pass on to th e  p robability  of the sought event and apply 

th e  add ition  and m ultip lica tion  probability  theorem s.
5 Semko, M., Zadorozhnia, Т., Kuchmenko, S., Mamonova, H., Rudenko,I.,

6  Chernobai, O. et.al. (2011). Teoriia ymovirnostei ta matematychna  
sta tystyka  (robochyi zoshyt dlia indyvidualnykh zan ia t) [Probability theory 
and m athem atical S ta tistics  (workbook for individual tasks)]. Kyiv, Ukraine: 
In sty tu t m atem atyky NAN Ukrayiny. [in Ukr.].

0 Chernobai, 0 . (2018). Osoblyvosti vykladannia teorii ymovirnostei u 
suchasnykh umovakh. [Specialities of probability theory teaching in modern 
conditions]. Proceedings from  Accounting and taxation: realities and perspectives 
ґ18: I I I  Vseukrainska naukovo-praktychna internet-konferentsiia (18-20 kvitnia  
2018 roku) -  3rd All-Ukrainian Scientific and Practical Internet-confercnce. (pp. 
665-666). Irpin, U kraine: UDFSU. [in Ukr.].
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Figure 2.3.1 Geometrical presentation of task conditions.

Exam ple. To com plete the task , the  m anager addresses 
two independent perform ers. The probability  th a t  the  f ir s t  
p erfo rm er will execute the task  is equal to 0.7 and the  second 
-  0.8. F ind probability  th a t the  task  will be executed.

L et’s solve the  task  using  the  above-m entioned algorithm :
1 L e t’s define event A  -  «the m anager’s task  is 

com pleted».
2 Let event А г be «task is com pleted by f ir s t  perform er» .
3 Event A 2 « task is com pleted by second perform er» .
4 W e find  the  probability  of the sought event, using  the 

sum  of th e  probabilities of com patible b u t independent

events P(A) = P(At) +P(A2) - P ( A lA2) (refer to Table 2 .3 .1).

5 Thus, th e  probability  of event A is equal to:

P(A) = P(A' ) + P(A2)~  P(A,A2) = 0,7 + 0,8 -  0,56 = 1,5 -  0,56 = 0,94.

Exam ple. Three s tu d en ts  take the exam in h igher 
m athem atics. The probability  to pass the exam  w ith  excellent

P(A + B)
A and В are mutually 
exclusive A  and В are compatible

Probability that only one 
event will occur

Probability that at least one 
event will occur

P(A + B)=P(A) + P(B) P(A + B) = P(A) + P(B) -  P(AB)

Table 2.3.1 Probability of the sum of two events.
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P(Al + A2 + ...A n)
Mutually exclusive events Compatible events
Probability that only one 
event will occur

Probability that at least one 
event will occur

P(AX + A2 4-.,. An) =
= P(A1) + P(A2)+. . .P(AH)

P(Al + A1+... + A1}) =

= 1 - p ( Ä r Ä~2- ...J ,)
A = Ax + A, + ... + Atl 

A Ax A2 *... A n

Table 2.3.2 Probability of the sum of several events.

m ark  fo r th e  f i r s t  s tu d en t is 0 .5 , fo r the second one — 0.3 , 
and fo r the  th ird  one — 0.2. F ind the probability  th a t th ree  
s tu d en ts  will pass the  exam w ith  excellent m ark.

L e t’s apply the  algorithm  fo r solving tasks based on the 
theorem  of independent even ts’ probability  m ultip lica tion  
(refer to  Table 2 .3 .3).

1 L e t’s fo rm u la te  event A — «all th ree  s tu d en ts  will pass 
the  exam  w ith  excellent m ark».

2 Let event A  — « f irs t  s tu d en t will pass the  exam w ith  
excellent m ark» ,
event A 2 — « second s tu d en t will pass the exam  w ith 
excellent m ark»,
event A3 — « th ird  s tu d en t will pass the exam  w ith 
excellent m ark». Then sought event can be presented  as

p roduct A = Aj • A2 • A3.
3 The probability  of event A can be found by the  form ula 

fo r m u ltip ly ing  the  probabilities of independent events:

P(A) = P ( A , ) P ( A 2)-P(A3).

4 So the  p robab ility  of event:
P(A) = P(Aj ) -P(A2). P(A3) = 0,5.0,3 • 0,2 = 0,03.

Some princip les and exam ples of using  the  algorithm s 
of the  course have been earlier considered by the  au thor. 
A nd now we suggest an algorithm  fo r solving a task  using 
fo rm ula  of to ta l probability  and Bayes fo rm ula. The form ula 
of to ta l p robab ility  is a consequence of the addition  and 
m ultip lica tion  theorem s. For these form ulas, s tu d en ts  can 
be offered the follow ing algorithm :
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P(Ar A2: . . A
Probability of occurrence of all events together

Independent events Dependent events

P(Al -A2 : . .A e) =
= P(A,)-P(A2):. .P(A„)

Р(ЛГ Л2: . ,  4,)  = 
P ( 4 ) - pa (a , ) - pU!(a ,)-

Table 2.3.3 Probability of the product of events.

1 F orm ulate  an event A , the  probability  of which m ust be 
found in  th e  task  (or for Bayes fo rm ula  -  event, which 
occurred as a re su lt of experim ent).

2 F orm ulate  hypothesis H ]9 H 2>. . .Hn.

3 Find probab ility  of hypothesis P(Hl)i P (H 2)9^ .P (H n).

4 P erfo rm  check using  form ula  P(H]) + P(H2) + ... P(Hn) = 1.
5 Define to ta l probability  fo rm ula fo r defined task:

P{A) = f j P(Hi)-PHu(A).
i=1

6 F ind conditional probabilities PH (A). A t th is  stage it 
is p referab le  th a t  s tu d en ts  a t least orally  define the 
p robab ility  of which event and under which conditions 
they  are search ing  for.

7 S u b stitu te  th e  values found in poin ts 3 and 6 in the 
fo rm ula  of to ta l probability  (point 5).
For th e  Beyies form ula, one m ore poin t is added (point 8).

8 C alculate the  probability  of the so u g h t-a fte r hypothesis 
w ith  the  Bayes form ula:

p (
V P{A)

Exam ple. The departm en t of the  SFS of U kraine receives 
in fo rm ation  from  th ree  independently  operating  centers. 
From  th e  f ir s t  cen ter comes 50% of in fo rm ation , from  the  
second — 30% , and from  the  th ird  — 20% . The probability  
of e rro r w hile processing in fo rm ation  from  th e  f ir s t  cen ter is 
equal to  0,1; from  the  second — 0,05, and from  the  th ird  — 
0,15. W h at is the  p robability  of receiving in form ation  w ith
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an erro r?  In fo rm atio n  was received w ith  e rro r, calculate the 
p robability  th a t i t  was received from  the th ird  center.

L e t’s solve th e  task  using’ the above-m entioned algorithm :

1 F orm ulate  an event A  ~ «inform ation was received w ith  
e r ro r» .

2 F orm ulate  re lev an t hypothesis:

H, -  in fo rm atio n  was received from  the f ir s t  center,

H., -  in fo rm atio n  was received from  the second center,

Н ъ -  in fo rm ation  was received from  the  th ird  center.

3 F ind p robab ility  of hypothesis:

P(H, ) 0,5. P( H?) = 0,3. P{H\)  = 0,2.
4 P erform  check using  form ula:

P(tf , ) + P{H2) v P (/ /3) = 0,5 4 0,3 4- 0,2 •---1.
5 D efine to ta l p robability  fo rm ula fo r defined task:

P( 4)r. Y > ( / / , /'.
h: I

Find conditional probabilities:
PHi (A) = 0,1: PH. ( A) -  0,05, P h = 0,15.

6 S u b stitu te  the  values found in the form ula of to ta l 
probability . W e have:

P(A)  = £ /> ( / / , ) •  P„ (A) ■ 0,5 ■ 0,1 + 0,5 • 0,05 + 0,2 • 0.15 = 0,095.

7 C alculate the  p robability  of the so u g h t-a fte r hypothesis 
w ith  the  Bayes form ula:

, .. Р(Я,)Ря (A) 0,2-0,15
p(ffI = J - i J U  =  0,316.

' P( i )  0,095

C onsequently, th e  probability  th a t in fo rm ation  w ith  e rro r 
was received from  the th ird  cen ter is 0 ,316.

For task s  in  w hich there  is a series of te s ts  under the  
B ernoulli schem e, the  following algorithm  can be set:

1 F orm ulate  an event A,  the probability  of which m ust be 
found in the  task .

On the Use of Algorithms in Teaching Probability Theory
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2 Set B ernoulli scheme:

• define w hat should be trea ted  as one te s t,
• define q u a n tity  of te s ts  n,
® check if  te s ts  are independent,
• sp lit so lu tions of one te s ts  in to  two groups: «success» and

«fail». «Success» = {solutions, which con tribu te  to event
A},  «fail» =  {solutions opposite to «success»},

• fin d  p robab ility  of «success» - p i  «fail» -  q. I t  should be 
checked th a t  p  and q do not change from  te s t to te s t  in 
th is  series of tests .

3 To express th e  p robability  of event A  v ia the probability  
of m  success in n te s ts  perform ed under the Bernoulli

scheme Р(А) = Ри(т).

4 Apply th e  B ernoulli fo rm ula  to p. 3 Pn (m) = C”p mqn~m or in 
case q u an tity  of tests  is big, the  approxim ate form ulas: 

if  n is big and p  is very  sm all (np < 10) -  Poisson form ula:

if  n is b ig  and p  is no t very  sm all (np > 10) -  M oivre- 
Laplace form ula:

Exam ple. O ut of 25 people, 8 are en titled  to  a tax  benefit. 
W h a t is th e  p robability  th a t  two ou t of th ree  random ly 
selected ind iv iduals will be en titled  to tax  benefits?

L e t’s solve th e  task  using  the corresponding algorithm .

1 F o rm ulate  an event A  -  «two ou t of th ree  random ly 
selected ind iv iduals are en titled  to tax  benefits» .

2 Set B ernoulli scheme:

• one te s t  is to  select one person ou t of 25,
• define q u a n tity  of tests  n — 3,
• te s ts  are independent,

Pn(w )«  — , Ä = np,
ml
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• 8 cases co n trib u te  to «Success» of te s t, 17 correspond to 
«fail»,

g
• p robability  of «success» p = —  = 0,32: and probability

25

of «fail» is q = \ — p -  \ —0,32 = 0,68.

3 Express the  p robability  of event A  as per B ernoulli

form ula: P(A) = P3(2).

4 Calculate th e  p robability  using  the B ernoulli form ula: 

P,(2) = c 3v y  = ^ _ _ ( 0 , 3 2 ) 2(0,68)' =0,208.

The task  was considered in the artic le  of T. Zadorozhnia7 
(2016).

L e t’s fo rm u la te  a task  which can be solved using  the 
approxim ate fo rm ulas (see e.g. s tudy  guides of O. B ashchuk8, 
2019; I. R udenko9, 2017).

Exam ple. The firm , which perform s repair of apartm en ts, 
p u ts  the  prom o leafle ts  in m ailboxes. P revious experience 
has shown th a t  about in nine ou t of a thousand  cases orders 
will be placed fo r rep a ir of apartm en ts. F ind the  probability  
th a t  when 300 leaflets are placed, the  num ber of orders will 
be equal to two.

7 Zadorozhnia, Т., Kharenko, S., Kuchinenko, S., Chernobai, O., 
Bashchuk, O., & Skaskiv, L. et al. (2016). Zadachi pro podatky [Tasks about 
taxation]. M atem atyka  и ridnii shkoli. -  M athem atics in home school, 10. 16-21. 
[In Ukr.].

8 Bashchuk, O., Kuchmenko, S., Skaskiv, L., & Chernobai, O. (2019). 
Vyshcha ta  prykladna m atem atyka: zbirnyk vprav ta zadach [H igher and applied 
mathematics: collection o f exercises and tasks]. Irpin, Ukraine: U niversytet DFS 
Ukrainy. [In U kr.].

9 Rudenko, I., & Chernobai, O. (2017). Vyshcha ta prykladna m atem atyka  
[H igher and applied m athem atics]. Irpin, Ukraine: U niversytet DFS Ukrainy. 
[In Ukr.].
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L e t’s apply th e  algorithm  :ö£ scheme.

1 F orm ulate  an event A -  «when 300 leaflets  are placed}, t^iej 
num ber of orders is equal to  two».

2 Set B ernoulli scheme:

• one te s t is to place promo leaflets,
® define q u a n tity  of tests  n = 300,
• te s ts  are independent,
• 9 cases ou t of 1000 con tribu te  to «Success» of test,
• p robab ility  of «success» p = 0,009; and probability  of «fail» 

is q = \ - p  = 1-0,009 = 0,991.

3 E xpress th e  probability  of event A  as per Bernoulli 

fo rm ula  P(A) = P300 (2).

4 In our case n -  300 is q u it big and p = 0,009; is very small 
and np = 2,7 < 10, therefo re  Poisson fo rm ula  is applied:

Ате~яp„(m)a---- — , Я=пр = 2,7,
ml

■PmV) = b l A L  s  2 J ^ 0 6 7  e  0Д)9045

L e t’s review  the  task , being solved applying M oivre- 
Laplace theorem .

Exam ple. A ccording to s ta tis tic s , 2% of residen ts of 
ce rta in  c ity  who ren t out apartm en ts  do no t pay taxes. F ind 
the p robab ility  th a t 300 residen ts do no t pay taxes out of 
5000 resid en ts  who ren t out apartm en ts.
L e t’s solve the  task  applying boundary  theorem s of Bernoulli 
scheme.

1 F orm ulate  an event A  -  «300 residen ts do not pay taxes 
ou t of 5000 residen ts who re n t ou t apartm en ts» .
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2 Set B ernoulli scheme:

• one te s t  is re n tin g  out apartm en ts,
• define q u a n tity  of tests  n = 5000,
• te s ts  are independent,
• 2 cases ou t of 100 contribu te  to «Success» of te st,
• p robability  of «success» p  = 0,02; and probability  of «fail»

is q = 1 — p  = 1 -  0,02 = 0,98.

3 Express th e  p robability  of event A as per B ernoulli form ula

In our case n = 5000 is qu it big, and probability  p  = 0,02
and np -  100 > 10, therefo re  M oivre-Laplace fo rm ula  is 
applied.

F irs tly , we find :

P(A) = PS ooo (300).

pnpq ф000-  0,02-0,98 98

C orresponding probability :

^5ooo(3°0) « -=L=,cp{x)
Vnpq

<p(x) = — £>(2,9591) -  = 0,0005.v v у 98 v v . 9g
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C o n c lu s io n s

A lgorithm iza tion  of the  task-solving process on probability  
theory  helps s tu d en ts  to clearly see a plan for solving the 
task , analyze the task  conditions, teaches them  to th in k  
analy tically , logically and in a s tru c tu red  way. This approach 
con tribu tes  to  a b e tte r  acquisition of knowledge, a more clear 
and conscious application  of the  basic concepts and theorem s 
of p robab ility  theory . Besides, the  use of a lgorithm s does 
not only enable to teach  s tu d en ts  to solve tasks, b u t also 
develops the  ab ility  to analyze tasks and solve them  not only 
by exam ple, to  draw  concrete conclusions and to sum m arize 
the re su lts .

Considered a lgorithm s w ith  the use of classical probability  
d efin itio n , theorem s of addition  and m ultip lica tion  of 
p robab ilities , B ernoulli scheme can be also applied by 
m athem atics teachers of general education in s titu tio n s  while 
teach ing  the  theo ry  of probabilities.
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