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V. M. OLEKSENKO

TASK SOLVING AS THE BASIS OF MATHEMATICAL PREPARATI ON OF FUTURE ENGINEERS

The results of the study of the problem of solvingthematical tasks in the preparation of futurereregs are revealed. The urgency and importance
of the topic is substantiated by the need of Ukaairenterprises in qualified specialists of engimegespecialties and the need of the society tarens
high quality of education. An approach to task sw\in higher mathematics is theoretically devethpehe peculiarities of its practical implementa-
tion are clarified. Guidelines and steps for savimoblems are explained. Rules for verifying resdltasks are produced. The errors that future engi
neers make when solving tasks are classified. €segsity of making changes to the higher mathemsyitabus at the National Technical University
"Kharkiv Polytechnic Institute" and the introdugctiof laboratory works using Mathcad, Mathlab, Stigdc. are substantiated.
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B.M. OJIEKCEHKO

PO3B’SA3YBAHHS 3AJTAY SIK OCHOBA MATEMATHUYHOI MMIAI'OTOBKU MAUBYTHIX

IH’)KEHEPIB
CTaTTIO MPUCBAYEHO HAMTOJIOBHIIIOMY aCHEKTY MaTeMaTUYHOI MiJArOTOBKM MalOYTHIX IHXKEHEPIB — PO3B’ A3yBaHHIO 3a1a4. TeopeTHyHO po3poOIeHO
MiIXiZ D0 po3B’3yBaHHS 3a1ay 3 BUIIOI MareMaTHKU. PO3KpUTO 0COONMBOCTI HOro MpakTWYHOI peanizawii. BusBieHo MeTOAMYHI peKOMeHaaLii Ta
eTanu po3B’ A3yBaHHs 33/1a4. BUCBITIEeHO NpaBuIia NepeBipky po3B’ s3aHuX 3a1a4. KnacuhikoBaHO MOMUIIKH, SIKUX MPUITYCKAIOTECS MailOyTHI iH)KeHe-
pH iz yac po3B’ 13aHHA 3a1a4. JloC/IiPKEHO CTPYKTYPY NMPAKTHYHOTO 3aHATTA Ul €)EeKTHBHOIO BUPIIIEHHS MOCTaBIEHOI podieMu. PekoMeH10BaHO
CXEMy caMoaHaii3y BHK/IAJa4yeM MPOBEICHOTrO 3aHATTS. [1inTBep/KeHO BUCOKHMI Pe3yIbTaT po3B’ A3aHHSA MAaTEMAaTUYHUX 337a4y Ha CTYIAKTHBHUX 3a-
HATTAX.

Kuio4oBi ci10Ba: po3B’ s;3yBaHHs 3a/1a4, MaTeMaTH4Ha MiIrOTOBKA, iHXKEHEp, BUIA MaTeMaTHKa.

B.M. OJIEKCEHKO

PEHHEHUE 3AJIAY KAK OCHOBA MATEMATUYECKOU MMOATI'OTOBKHU BY 1Y LIUX

HUHXEHEPOB
CTaThsl IOCBAIICHA BAKHEHIIIEMY aCTIEKTY MaTeMaTHYECKOI MOArOTOBKH Oy IyIINX HH)KEHEPOB — PENICHNUIO 3aaa4. TeopeTndeck pa3padboTaH MOAXOM
K PEIICHUIO 33124 10 BBICIICH MaTeMaTHKe. PacKpbIThl 0COOEHHOCTH €ro NMPaKTHYECKOi peaan3alyi. BhIsBICHbI METOANYECKHE PEKOMEHAALNH U 3Ta-
bl penIeHus 3anad. BeipaboTaHbl NpaBuia NPoBEpKM pelleHHbIX 3anad. KiaccuduumpoBansl ommOky, KOTOpbIE IENaloT OyAyIye NHXEHEPH! pH
pemeHnn 3afad. MccnenoBana CTpyKTypa MPaKTUYECKOTO 3aHATHA A 3((EKTUBHOTO peIeHus MOCTaBIeHHON mpobiembl. PexoMenoBaHa cxema
caMoaHaJIi3a MperoaBaTesieM MPOBEICHHOro 3aHATHs. [10ATBepIKIeH BRICOKHIA PE3yNIbTaT PEIIeHNs MaTEMaTHYECKUX 3a/1a4 Ha CTY/IAaKTHBHBIX 3aHs-
THSIX.

KnroueBsle c/10Ba: pemeHne 3a1a4, MaTeMaTHuecKas MOAroTOBKA, MH)KEHEP, BBICIIAs MaTEMaTHKa.

Introduction. The urgency of the problem of mathematical trajrfior future engineers is substantiated by the ob-
jective need of Ukrainian enterprises in highly Iffieal engineers and the need of the society tovigo high quality
technical education. There exist an obvious linkmeen this problem and the important theoretical practical tasks
of specialist training stated in the Law on Higkslucation adopted by the Verkhovna Rada of Ukraiis Law es-
tablishes the basic principles of the functionidigh® higher education system in order to prepampetitive human
capital for the high-tech and innovative developtmainthe country, self-realization of the individuto provide the
needs of society in skilled specialists [1].

Analysis of recent studiesThe results of the analysis of recent researchpadications indicate that scientists
are interested in the problem as a whole AndrushchenkoV. Kremen and others) and its individual aspects
(S Skvortsoval. Suhinaand others). Academician V. Andrushchenko argoes fgreater focus on fundamental disci-
plines. Scientist emphasizes demonstrations ofipdidregard for them and predicts serious matésisdes and social
miscalculations as a result [2].

The Commission of the European Mathematical Socityich pays close attention to the current prokslerh
mathematical education for young people, adopteitheatevel of the European document a scheme anpeters by
which the contribution of mathematics to the depetent of personality could be determined. Thinkamgl algorithms
are attributed to the parameters of general devadop. The analysis of the scheme allows to concthdethere is a
connection between the general parameters of paigodevelopment and mathematical knowledge ariitssks well
as to identify indicators that indicate the apple@ntation of mastering mathematical disciplifs4].

The holistic nature of mathematics is based orinttrensic essence of this science: mathematickdshiasis of all
accurate natural and scientific knowledge. The neaiterion for testing mathematical knowledge is #bility to solve
tasks. Task solving is the process of performirtgpas, or mental operations, aimed at achievinga that is set within
a problem situation — a task. This process is atsmtegral part of thinking [5].

There are different approaches to task solving.0Aby it is believed that in most problem solvingdhes, the
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process itself consists of:

— identification of problem situation;

— resolution of the task;

— finding a solution to the problem.

Such stages of the problem solving process aredfou@. Zelts K. Duncker Greenoand others [5].

The main distinguishing characteristics of worktasks in the so-calleld V. Zankovsystem are:

— various forms of short recording;

— analytical method of finding a solution;

— different forms of recording the solution;

—research on a task after solving it.

These stages of task solving are revealed in madggogical and developmental teaching textbooks.

O. Ovchardemonstrates the need for applied tasks in thdy sitimathematics and reveals the methods of splvin
them. It is concluded that solving applied problesystematizes the acquired knowledge and experigmoenotes the
comprehensive development of mathematical thinhg

A new century is a new frontier, a dream, a hoge bgic of real life developments, including unmsigy ones,
necessitates the introduction of new approachtastosolving. Higher mathematics is the scienaghefages, which has
its own peculiarities. Moreover, it is a fundamémtiscipline in technical higher education instituis, which is of im-
mense importance for the engineer.

The purposeof the article is to theoretically develop and @ practical implementation of an approach te-sol
ing mathematical tasks in the preparation of fuemgineers.

At the National Technical University "Kharkiv Pogghnic Institute” (NTU "KHPI") higher mathematicsstudied
at lectures and practical classes. Experience hasrsthat the quality of application of theoreticahterial depends
largely on the ability to solve tasks. The mainu®és on task solving in practical classes. S¢s Betplore this kind of
training in higher mathematics at the oldest tecdniniversity in Ukraine.

It is well known that a practical class is a tragnisession in which the teacher organizes a ddtatamination of
the students in certain theoretical topic of theeighline and forms the skills of their practicapépation by making stu-
dents individually solve practical tasks [1]. Prea&l classes are modeled on the basis of the pkygibal characteristics
of future specialists, their level of knowledgetlie course of school, professional choice. Thevalhg structure of the
practical lesson was justified:

1. Upgrading students' basic knowledge, skills anahgetences to successfully complete their tasks.

It is carried out on the basis of the following heeds and techniques: setting a problem task, iiyargi knowl-
edge and skills needed to solve the problem, pefpbactivity.

2. Motivation of educational activity.

The main impetus for the implementation of a spegfactical assignment is the students' awareniegge practi-
cal importance of the knowledge, skills and algiitthey need to learn in the classroom, for futwoek in the specialty.

3. Communication to students of the topic, goals drjdatives of the practical work.

It emphasizes the nature of the independent tasith approach it, how the results of each studewrk will be
evaluated.

4. Independent performance of students’ tasks urdestipervision of the teacher.

The complexity of pedagogical treatment of studenthis stage is that they have different traintifferent abili-
ties, which determines the different pace of acadewark. All this requires an individual approachdtudents, differ-
entiation of tasks.

5. Generalization and systematization of student weskilts.

After solving the problems, students analyze tlselts, organize them using diagrams, tables ané.mor

6. Students’ report on methods of solving probleneptbtical substantiation of the obtained results.

On the basis of the obtained results, analysis,peoison, generalization in the form of regularitiesnclusions,
rational methods of solving problems, the individwark of students is comprehensively evaluatedpdrticular, the
following factors are included in the evaluationaogolved problem:

— what concepts, theorems, facts are involvetiémprocess of solving the problem;

— what are the ways of solving problems;

— how to activate your brainstorming activity.

7. Summary of the lesson.

Students report what they have learned in the dass The teacher focuses on studying what subjsdtin gen-
eral, where the knowledge acquired today is applied

8. Homework
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You are constantly advised on how to do your honmkwetter.

How to check your homework without wasting time whbere are a large number of students in a gr@ip#a-
ously, without checking the quality of the assiriia of the material, the overall level of training specialists is re-
duced. It takes more than 5 minutes for a teachezview homework and make appropriate entriessndurnal. If stu-
dents ask questions individually, this time is @ased three or more times. With today's syllabubés situation can
lead to negative consequences.

The following rules must be followed to ensure thath work is effectively controlled and effective.

1. Create multiple microgroups. The number is deteechihy the teacher. Later, if necessary, it is [sdd re-
compose microgroups to include students with ddffiedevels of cognitive abilities. Determine thader of the micro-
group.

2. Motivation of educational activity of each microgm promotion of a purpose, comprehension of a fofme-
alization of self-control and self-assessment liogdics which are studied.

3. Getting tasks. Setting terms for finishing them.

4. Identification by the leader of gaps in knowledghen performing homework in such a microgroupelatively
formed self- assessment.

5. Consultation of the microgroup leaders with theshes.

6. Student consultation with the microgroup leaders #@acher. Rediscovering gaps in students' knowlédghe
course of homework on the same topic by leademsiafogroups.

7. Checking the adequacy of self-assessment of eaclerst belonging to a microgroup by all the micragro
members; setting jointly the grade for each menalbé&ne microgroup and the overall score of the ogcoup.

8. Supervision of work of microgroups by the teacl@reating a standard that requires self-con&olanalysis of
the journals that microgroup leaders provide totdaeher before the class begins. Differentiateckvad the teacher
with students who have poorly mastered the subjedtthose who are successful in studying the nadteri

The advantage of such a technique is that the igdpsowledge of even those students who have Hefem a long
time are eliminated. Practice has shown that dmyactivity of students in the realization of pusppself-control, use
of knowledge, skills promotes the conscious masfeof educational material by students, forms thiétg to think and
work independently.

Teacher’s introspection of the conducted clasdifaies the improvement of the quality of trainiehgring practical
classeslt is recommended to conduct self-examination atiogrto the following scheme:

1. Characterization of learning opportunities ajup students.

2. Students' understanding of the basic concepteréms, rules, studied in this topic. What weegettisks of the
education, training and development of the studdgr@desson was designed for?

3. Thoughtful selection of training material, indiog typical tasks, for the whole class.

4. Argumentation for choice of structure of empla&ym forms and methods of organization and stiranatf ed-
ucational and cognitive activity of student, cohtind self-control.

5. Teaching students the methods of creative cegraictivity.

6. Vocational guidance.

7. The system of repetition of students' educatioreerial.

8. Ensuring students complete their homework.

9. Personal contribution of the teacher and theaaatribution of students to mastering the topic.

10. Evaluation of the results of the lesson. Factioat positively and negatively influence the arggion and con-
duct of the practical training. Suggestions: wleadb personally to increase the effectiveness pfagtical training
course.

The effectiveness of studactive classes in soltiregproblem of higher mathematics training has baewved.
High results are gained by following the technolagystudactive classes, including powerful motieatdf educational
activity, permanent and frequent feedback, indigldesearch, analysis and presentation of scierifd educational in-
formation. At studactive classes knowledge is olgdiin a conscious and active way, based on rdsdagtiefs, profes-
sional orientation. Responsibility is reached imratly. By such conditions future specialists raalivhat benefits
knowledge gives to them and their society and aqunsetly the level of knowledge quality is risingf710].

A decisive condition for solving a new task is fimgl an effective strategy for solving it. At thensatime, it is
known that many students are trying to implemeaetfitst or better known strategy, or under theuefice of individual
fragments of the task, attempt to perform any actith data or numbers. This is largely due tofdet that in modern
learning conditions effective methods of solvingdgints' tasks are formed quite often spontaneolrsiytder to teach
the future engineer to solve problems, one must tirach him the approach in which the task actasbject of careful
study, and its solution — as an object of desighiagention, a habit of reasoning that gives rialkit§: it develops that
special mathematical ingenuity that can help iradety of situations. Sometimes it can even do re@xpected service,
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allowing you to confidently recover a partially fmtten formula. Learning how to "see" and invertialve problems
requires theoretical knowledge, ingenuity and thiétg to think.

Our research has shown that the success of matisahtlculations is greatly facilitated by thelésting meth-
odological recommendations for the step-by-steptioi of the task.

The first stageStudy and comprehend the condition of the taskd Bt what the calculations are, what the prob-
lem is, and the conditions under which it is tosbé/ed. The student analyzes the problem.

The second stag®evelop the ability of the student to schemalycedcord the task. The consequences of the task
analysis should be recorded. The verbal formtig léffective. Schematic recording is the widesgrese of signs, sym-
bols, drawings etc. The schematic record captungswhat is needed to solve the task, and discalldsther details
that are in the task condition. The step is skipfjpedimple tasks or when the answer becomes appatfter analysis.

The third stageMake a plan for solving the problem, find a mettiodsolving it. Identify the type of problem it
belongs to and apply the corresponding theorera,etd.

The fourth stageCompleting the task.

The fifth stageChecking the resolved task. The student must reakethat the solution is correct and that it satis
fies all the requirements of the task.

The sixth stageAnalysis of the solution of the problem. Find dfuthere is another, more rational way to solve,
whether the task can be summarized, what conclsisian be drawn from this solution, determine therdependence
and the relationship between the values givendrtdkk and the found.

Our extensive experience in teaching mathematisshighlighted students' common mistakes in solvagks.
Those relating to linear algebra and analyticalngetoy can be found in the textbook [11]. We clasaif the errors that
students make into three types.

First. Recording errors. As a rule, they arise due attémtion.

Example. 6inx) = cosx . A derivative sign is omitted when differentiatiagunction.

Second Substantial errors. They usually occur when sitslenove on to solving problems without studying th
theoretical material.

Example. An error can occur when deriving the eiquat of tangent and normal to the graph of the tionc
y =xY2 at the origin.

Third. All other errors.

How a student will learn higher mathematics, how ke will solve the tasks depends on the studeatevel of
knowledge of school mathematics. What will be tharhing depends largely on the teacher, his priofegistraining,
erudition, ethics and even appearance. The qu&litnaining of future engineers depends on thentifie and methodo-
logical literature, didactic material, equipmentloé auditorium with modern computers and more.

We live in computer times. Ukrainians own smartpd®or iPhones and ha&l /7 access to a computer. Even a
large proportion of schoolchildren carry gadget&llW{nown companies in the world have fantastic patar technol-
ogy. A few years later, they predict mass productd gadgets that will be able to execute commamdsided by the
owner's opinion. Not by pressing keys, not by voimg by thought.

Is higher mathematics syllabus outdated? Isn‘thiegchigher mathematics far behind such rapid dlpbagress?

As a result of the analysis of the syllabuses atDkepartment of Higher Mathematics, the NTU "KRIivas con-
cluded that they have not changed substantiallhénlast 25 years. The changes involved a sigmificaduction in
hours with a reduction in mathematical content. $thulied material was also regrouped or part ofais assigned for
students’ self-learning. During this period, sombjects were lost at the department. The partefttntent of the lig-
uidated disciplines was introduced as separatéosscdf "Higher Mathematics”, such as, for exampliegar Algebra
and Analytical Geometry. At the same time, muclthef important mathematical material has disappeatech as, for
example, mathematical statistics, despite the kwedwn applied nature of problems in probabilitydheand mathe-
matical statistics.

Therefore, we suggest a major revision of the bylkgs in higher mathematics and other mathematidgécts,
eliminate unnecessary duplication of school mathiesaget rid of some topics, enrich the disciphvieh new sections,
taking into account the wishes of specialized dmpamnts. Today, you can offer first year studentshsas 123 Com-
puter Engineering majors, to solve some problenmsguslathcad. Such engineering software allows youmbke im-
portant calculations and analyze them. The mathieatgireparation of future engineers will only bénfrom such an
innovation. Moreover, the necessary material aoldrtieal base exists in the NTU "KPI".

Deploying Mathcad requires no additional workloadroduce changes to the syllabus by replacing sofrtee
lab classes. The contents can be reduced by asgigome topics in the sections "Derivative of acfiom of a single
variable" or "Linear algebra and analytic geomefigt' students’ self-learning providing them witludy guides with
accessible and detailed material.
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We also propose to use the Mathlab platform, specially designed for engineers and scientists, when studying highel
mathematics. We pay attention to Scilab — a package of applied mathematical programs for engineering, technical anc
scientific calculations. This is the most comprehensive of the available Mathlab alternatives [5].

The prospect of further exploration in this direction is a more detailed study of the students' typical mistakes in
solving problems and methods of their elimination.

Conclusions.Thus, task solving is a complex and necessary process for future engineers. Learning to solve them is
a common problem of the student and the teacher. Our approach to task solving takes into account not only the feature
of higher mathematics, but also the professional orientation and specialization of the engineer. The well-researched
structure of the practical class allows you to form the skills and competencies that are necessary for successful comple
tion of the tasks. It has been found out that self-analysis of the conducted lesson by the teacher helps to increase th
quality of knowledge. The scheme of such introspection is recommended. The guidelines and steps of solving the tasks
are disclosed. The rules for quick checking the out-of-class unsolved tasks are suggested. All the mistakes that student
make when solving tasks are divided into three types, such as writing errors, content errors and others. The propositior
to change syllabuses in mathematical subjects at the NTU "KPI" is substantiated. We suggest to eliminate unnecessar
duplication of school mathematics, get rid of some topics, enrich the discipline with new sections of modern mathemat-
ics. Moreover, we recommend to introduce into the educational process laboratory work using Mathcad, Mathlab, Scilab
etc. The high efficiency of studactive classes in solving this problem is highlighted.
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