
lim х^ т т ;Vx+ 1 - 3
Использование современных образовательных технологий позволя­

ет достигать более высоких результатов деятельности студентов. Умения 
и навыки, сформированные средствами образовательных технологий, по­
зволяют успешно реализовывать собственный интеллектуальный и творче­
ский потенциал в научно-исследовательской деятельности.
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ST R U C T U R E  O F T H E SO L U T IO N S O F SO M E  P R O B L E M S

Ву using formal means of modelling conclusions, the article treats structures for the 
solutions ofproblems, in the conclusion of which notions are used, breaking trichotomy 
the volume of their common universal generic notion.

Keywords: relation between the volumes of three notions, modelling in the 
language of sets or in the language of propositions, derivation rules.

1. Theoretical-didactic grounds
The article discusses some didactic problems relating 

the notions, which are in the relation of opposition (as per 
the terminology and the classification described in [2]).

This relation can be presented by Venn’s diagrams 
[2] and can be formally described by operations and re-
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x0 є  U о  x0 є  V v  x0 є  V2 vx0 є  V3 (1)

x0 eV1 о  x0 є  U л  x0 є  V2 u  V3 о  x0 є  U л  (x0 gV2 л x0 gV3) (2)

x0 є  V1 о  x0 є  U л  (x0 gV2 л x0 g V3) о  x0 є  U v  (x0 є  V2 v  x0 є  V3) (3)

x0 єУ1 о  x0 є ^  v x 0 єУз (4) 
lations with sets [3] in the following way:
V c U , V * 0 ,  i = 1; 2; 3, Vi nVj = 0 ,  i * j ,  и  Vi =U  (*).

The following conditions can be added to the preceding conditions
V = U \V  U V3 ) ; V2  = U\ ( V U V3 ) ; V3 = U\ ( V U V2 ) ( * * )

V  =  V U V3 ;  V 2  = ¥ 1  U V3 ;  V 3  = ¥ 1  U V2  ( * * * ) ,

which are not independent. The conditions (**) and (***) follow from the condi­
tions (*).

Here is also a description of the situation using the prepositional calculus.

The equivalence (1) describes the belonging of an object or of an n-let to the 
volume of the universal set. The equivalence (2) describes then belonging of an 
object or of an n-let to the volume of one of the notions, which are in this rela­
tion, i.e. it represents a model for generating examples from the volume of the 
respective notion. The equivalences (3) and (4) describe the non-belonging of an 
object or of an n-let to the volume of one of these notions, i.e. these are models 
for the generation of counter-examples.

The formalized models show that such examples for the learning of the 
respective notion can be consciously generated so that this didactical problem is 
turned into a standard didactical problem. In order not to generate counter-ex­
amples, which shall be beyond the volume of the generic notion, i.e. examples, 
which meet the requirement x0 Є U o f (3), then we accept in (4) that the object 
or the n-let belongs to the volume of the generic notion, but it belongs to the 
supplement of the respective set to the universal set.

The visual presentation of the relation of volumes’ notions by Venn’s dia­
grams and their formal description in the language of sets or in the language of 
propositions makes it possible to raise the research of didactical problems to a 
higher level, and to separate it from the specific knowledge. Thus the finding 
of solutions of didactical problems provides the opportunity for applying these 
solutions in each a specific case.

2. Applications
For the purpose of achieving the skills for using an indirect method of prov­

ing a statement, which can be re-formulated into an implicative form (p  ^  q )
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, and in q a notion is used, which is in the relation of opposition, then one of 
the necessary skills is the skill o f formation of a negation of reasoning [3] and 
equivalents of the same.

Structure o f  the solution o f  the problems following an indirect method, re­
lated with notions, which are in the discussed relation

We are solving_a problem with structure s ®  t and t ^  p  V q V r . We accept 
that the reasoning p  has been executed. In such case, following the rule for the
separation of disjunction, there follows the conclusion q v  r or qV r , since both 

p  V q V r , p  p  V q V r, p
diagrams qv r and q V r are derivation rules. The conclu­
sions reveal the logical structure of the solution and reveal the number of the 
cases, which have to be considered for the purpose of solving the problem. In 
the following considerations the conclusions are made following diagram (6) 
due to the more often used laws for judgements with disjunctive structure. The 
assumption that the reasoning q is correct would lead to a contradiction. Conse­
quently the_reasoning q is correct. By analogy it can be established that also the 
reasoning r  is correct. In such case, following one of the laws of De Morgan,

-  -  ------  p  v (  q V  r ), q V  r
it follows that q л r ö  q v  r (7) and as per diagram-----^ -------- (8) follows
the correctness of reasoning p. p

Example. If for the sides a,b, c and d  (taken in this order) o f  a quadrangle 
it is true that a2 + c 2 = b 2 + d 2 (5 ), then its diagonals are perpendicular (t).

С
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Comment. For angle ф between the diagonals of the quadrangle the follow­

ing cases are possible: p: А ф  is right, q: А ф  is acute and r: А ф  is obtuse. 
The three notions acute angle, right angle and obtuse angle are in relation of op­
position, if  the universal set is the set o f the elementary-geometric angles.

The arguments relating the solution of the problem specify the above de­
scribed logical structure of the solution of problems with structure s ®  t and

t p  Vq Vr . Let us accept that statement p  is fulfilled, i.e. А ф  is not right. 
In such case as per diagram (6) it follows that we have to consider two cases. Let

us assume that statementq V r is correct, i.e. 1) q: А ф  is acute or 2) r: А ф  is 
obtuse.

In case А ф  is acute, i.e. we assume that reasoning q is correct. If
AC  n  BD = O, AO  = m, BO = n, CO = p  and DO  = q , then from M O B  and

ACOD it follows that a 2 <  m 2 +  n 2 and c2 < p 2 + q2. Through addition ofthe in­
equalities member by member we obtain that a2 + c2 < m + n2 + p 2 + q (9). From

ABOC and AAOD by analogue we obtain that b 2 +  d 2 >  m 2 +  n 2 +  p 2 +  q 2
(10). From the derivations (9) and (10) and from the transitivity characteristic of 
the relation „is less than“, it follows that a2 + c2 < b2 + d 2, which contradicts the

fact that a2 + c2 = b_ + d 2, i.e. reasoning q  is correct. By analogue it is proven 
that also statement r  is correct. Then, on the basis o f law (7) and the derivation

rule (8) follows the correctness of statementp, i.e. А ф  is right.
Of an analogical structure is part of the arguments, by which it is proven 

that the number V3 is irrational. Of an analogical structure is part of the argu­
ments for the geometrical indirect proof of the theorem of Lehmus-Steiner in 
[1].

3. Conclusion
1. The use of formal models makes it possible to reveal the structure of the 

solution of the problem. Through the derivation rules (5), (6) and (8) strictly 
determined transfers are executed, considered from a terminological as well as 
from a logical point of view. The structure of the conclusions defines the number 
of the cases, which have to be discussed for the solution of the problem or for 
proving the statement, and the respective reasoning is are formulated in under 
the terms of the determined notions.

2. In view o f the complex logical structure o f such reasoning the teacher 
have to choose the form of activity -  collective or independent, when choos­
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ing the indirect method for proving of statements of implicative structure, in 
the conclusion of which we operate with notions, which are in the discussed 
relation.
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IN V E ST IG A T IN G  TH E  DER IV A TIV ES O F A  C O M P O SIT E  
F U N C T IO N  A N D  T H E  D ER IV A TIV ES O F T H E PR O D U C T S  
OF F U N C T IO N S U SIN G  T H E F U N C T IO N ’S C O M P O N E N T S

We present properties that hold for all the derivatives of composite functions and 
properties that holdfor all the derivatives ofproducts of functions. Using these properties 
and investigating the derivatives of each component separately, we obtain useful results 
concerning the high derivatives of both composite functions and products of functions. 
Based on this material, students can witness the stages of the investigation and perform 
active investigation by themselves.

Keywords: high-order derivatives, zeroing of derivatives, composite functions, 
product of functions.

Introduction:
Scientific research, and mathematical research in particular, generally com­

prises the following stages: (1) Observation of a certain regularity; (2) Posing 
a hypothesis concerning the existence of a rule that explains the regularity, or 
which is derived from it; (3) Proving the rule; (4) Using this rule to obtain other 
results that will help in solving other problems.
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