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Currently topical problems of teaching mathematics at the Technical University

This article considers the issue of higher professional education improvement in Kazakhstan, on the example
of «Mathematics» discipline teaching for university students enrolled in «Biotechnology» and «Chemical
technology of organic substances» specialties. Through mathematics course professional orientation to stu-
dents future professional activities, to increase students’ level of academic performance and to arouse interest
in mathematics study, laying the foundation for scientific activity of applying mathematical methods in bio-
technology. In the article there was conducted the analysis to identify the differences in volume of mathemat-
ical disciplines studied in the Republic of Kazakhstan, 4 universities were considered; 10 universities in the
Russian Federation; 2 universities in the Republic of Belarus. The authors analyzed the content of textbooks,
manuals and topics for compliance with the standard curriculum for considered specialties. The article pre-
sents ways to solve the problem for «Improving mathematical training quality». There are presented the re-
sults of students’ training on the professionally-oriented program designed by the authors, which allowed to
increase mathematical knowledge level. The authors consider the issue of the discrepancy between the num-
ber of allocated hours for mathematical disciplines study in the Republic of Kazakhstan and other countries of
near and far abroad, which results in the problems of two diploma educations.

Key words: mathematics, teaching, mathematical methods, mathematical preparation, vocational guidance,
interest, cognitive interest, vocational education, specialty, quality improvement.

Introduction

On 23 January 2019 at the opening ceremony of the Year of Youth N.A. Nazarbayev said: «Investments
in human capital are the most profitable country’s investments. In the Young Literacy Index, Kazakhstan
ranks 15th place among 155 countries of the world. In terms of youth education, our country takes 9-th place,
ahead of Switzerland, the USA, Norway and Finland.

Kazakhstan can become a «new intellectual empire».

Taking into consideration that our country is preparing for a more advanced technological and digital
future, it is extremely important to keep up with the latest trends in the field of education.

Kazakhstan should provide the youth with required knowledge and skills that will ensure success and
prosperity for everybody [1; 2].

On 5 September 2012 in the lecture given to the students of Nazarbayev University, N.A. Nazarbayev
mentioned that Kazakhstan is moving towards a post-industrial world where the triad rules «education —
science — innovations» [2; 1]. In this regard, one of the most important factors is to increase the level of to-
day’s youth education, who in near future will have to develop Kazakhstani science, and the sooner we start
to introduce elements of professional orientation into the educational process, the more deeply students will
be able to understand the role of each science in their future professional activities.

Mathematics teaching in higher education has always faced with great problems: low level of pre-
university training and no desire to study mathematics, but at the root of all these problems there lies the fact
that students have no desire to study mathematics, since they do not understand and do not know its place in
their future professional activity. Therefore, by professional orientation of the mathematics course on Bio-
technology, we can achieve the following:

— improve students’ academic performance;

— teach students to use mathematical methods in Biotechnology;

— teach students to work with modern technologies, since they are all based mainly on the mathematical
methods application;

—carry out scientific works at the intersection of sciences such as Biotechnology-Mathematics
[3; 93891].
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Main part

As practice shows, the role of mathematics in future biotechnology specialist training at university is
unremarkable, since in all cases biological and chemical disciplines have top priority, and theoretical ones,
including Mathematics, are sidelined. This is due to the fact that the university’s educational process does
not take into account the rapid biotechnology mathematization based on the fact that new technologies and
methods based on mathematical achievements in Biotechnology are being introduced [4; 12]. It results in
misunderstanding and careless attitude to mathematics study by students. Thus, students underestimate the
role of Mathematics in their future professional activities.

Vast experience has been accumulated in various fields of pedagogical science in Kazakhstan on prob-
lem of vocational education improvement: works devoted to technical education: B.A. Abdikarimov,
A.M. Abdirov, T.T. Galiev; works devoted to vocational education improvement in higher education
schools: G.Z. Abilgazinov, V.V. Egorov, G.D. Zhangizina, N.A. Zavalko, G.K. Nurtaeva. Nevertheless, the
problem of Biotechnological vocational education and its psychological and pedagogical aspects are not suf-
ficiently developed and are not given due attention.

Students’ negative attitude to Mathematics study is aggravated by low initial level of school knowledge.
The carried out analysis made it possible to identify the level of students’ pre-university mathematical
knowledge enrolled in a higher education institution, that is, the average unified national test (UNT) score
is 13.1 out of 25 possible, which is 52.4 %, which certainly affects mathematics future study in high school.

In the modern world, mathematics is increasingly being introduced into chemical practice — mathemat-
ical analysis is becoming an essential tool of chemical science and technology. Advanced mathematics use to
solve chemical and chemical-technological tasks leads to valuable results, the obtaining of which in other
ways can be difficult or impossible. At all stages of design and management of chemical-technological pro-
cesses, mathematical models are used, adequacy and informativeness of which depends on research depth of
physicochemical regularities processes and functional relationships among their parameters [5; 52].

So, let us consider mathematical methods used in Chemistry and Chemical technology, in particular:

1. Theory of graphs. This use makes it possible to predict chemical transformations, explain essence
and systematize some basic concepts of Chemistry: structure, configuration, conformations, quantum-
mechanical and statistical-mechanical interaction of molecules, isomerism.

2. Topology is used in stereochemistry and it allows to explore potential energy surfaces properties.

3. Knot theory. Knots formed by polymer chains are studied.

4. Combinatorics is used to study spiral relationship and interdependence in periodic table of chemical
elements.

5. Groups theory is used to classify crystal lattices and molecules symmetries.

6. Fractal geometry helps to study fractal systems in Chemistry, dendrimers are a prime example.

7. Differential equations are widely used in Chemical kinetics.

8. Dynamic systems theory is used to study dynamic systems in Chemistry.

9. Catastrophes and bifurcations theory is used to describe molecules structural changes.

10. Operator algebra is used in quantum mechanics.

11. Mathematical logic is used to study chemical transformations and molecular logic.

12. Information theory and artificial intelligence methods are used in Chemoinformatics

13. Integral differential equations theory helps to study processes on non-uniform surfaces.

The upcoming trend of Modern chemistry is mathematical planning of experiment, which can be con-
sidered as one of the sections of mathematical modeling. For Bioorganic and Pharmaceutical Chemistry,
study of physiological activity dependence on structure, is a very important problem. The mathematical cal-
culations use can significantly improve chemist-synthetic’s performance.

From all discussed above it follows that Chemistry development is impossible without the mathematical
methods use in it.

Thus, mathematical methods use in Biotechnology is quite wide and when giving lectures and conduct-
ing practical exercises, we demonstrate to students the importance of a separate topic in their future profes-
sional activity. This implementation made it possible to arouse interest in Mathematics study, since we put
the following into the basis of Mathematics teaching: Mathematics is necessary for technical students as a
tool for deeper and more complete mastering of special disciplines, which in turn will allow to become a
highly qualified specialist in their field in the future (Fig. 1.) [6; 104].
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Figure 1. Results of students’ survey

Models are objects of study in Mathematics. In these models, Mathematics studies correlations between
elements, quantitative and qualitative, links between them, and their forms. The same mathematical model
can describe properties of very distant from each other by their specific content real phenomena with a cer-
tain approximation. Mathematics abstraction gives it power, universalism and community. Mathematics pro-
vides powerful methods for world understanding, as well as for studying its laws. Mathematical models al-
low to analyze the results of practical activity with a sufficient degree of reliability. The history of the natural
science development convincingly testifies to high efficiency of natural sciences mathematization [7; 25].
A quantitative mathematical description raises science to a higher level, deepens processes understanding,
and sometimes is the only way to link into a single, coherent picture the effect of numerous interrelated and
sometimes quite diverse factors peculiar to the phenomena under consideration. Therefore, it is necessary for
us, mathematical disciplines teachers at university, to arouse students’ interest in studying advanced mathe-
matics course by demonstrating them the field of mathematical knowledge application in their future profes-
sional activity. But in educational process we have to deal with negative attitude bordering on rejection, and
the reason is due to the low level of basic knowledge, students are afraid of this science and cannot realize its
importance in their future professional activity. The teacher’s task is not only to arouse interest in Mathemat-
ics studying by various pedagogical methods, but also to teach students to use mathematical apparatus as a
tool to become a highly qualified specialist in their field [8; 7].

To achieve this goal, we introduced the following into educational process of Karaganda State Tech-
nical University for «Biotechnology» specialty:

— course of lectures for specific purposes;

— at practical classes we solve not only mathematical tasks, but also, for example, problems of the fol-
lowing content we solve not only purely mathematical problems, but also, for example, tasks of the follow-
ing content:

Task 1. Consider a differential population model that is connected with reproduction or extinction.
Let x(#) — is the number of individuals in population at moment #. Then if 4 is a number of individuals in

population born per a unit of time, and B is a number of dying individuals per a unit of time, then with good
reason it can be argued that the rate of change x with time is determined by the formula

dx
—=A4-8B. 1
7 (1)
The task is to describe the correspondence of 4 and B from x. Let analyze the situation when
A=ax, B=bx, (2)

wherea and b are indexes of individuals’ birth and death per a unit of time respectively. Taking into ac-
count equality (2) differential equation (1) will be presented as following

dx
—=(a—-b)x. 3
dt ( ) 3
Considering that at the moment in time ¢ = ¢, is a number of individuals in population is x = x, from the

equation (3) we define
x(1) = xoe(“_b)(l_’“) .
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From the equality it follows that if a > b, so when ¢ — o0 number of individuals x — co. On the other
hand, if a <b,so x - 0 when ¢ — o« and population is becoming extinct[9; 47].

Task 2. The rate of bacteria reproduction is proportional to their number. At the initial moment of time
t =0 there were 100 bacteria, and within 3 hours their number doubled. To calculate proportion of bacteria
number to time. How many times will increase the bacteria number during 9 hours?

Let assume that x is a number of bacteria at the moment. Then, according to the task, differential equa-
tion of the task takes is the following:

dx _
dt ’
where & — proportionality coefficient. Let separate variables and integrate, as a result we get:
x=Ce".
To determine C we use initial condition: where =0 x=100.
We have:
C =100,
and so
x=100e" .

Proportionality coefficient & we determine from additional condition:
wheret =3 x =200.
We have:
200 =100e* or 2 =€,
and, therefore,

e =23,
So the required function is
x=100-23,
it follows that when ¢ =9
x=3800.

It follows that, for 9 hours the number of bacteria increases 8 times.
— for students’ independent work we select tasks with professional orientation, for example:
Task 1. Find the growth rate of bacteria population, if the growth of bacteria number of a certain popu-

1000¢'
1+0,1(e" =1)

Task 2. Under favorable conditions, an increase in bacteria number over time occurs according to expo-
nential law, mathematical model of this law is: n(f) = Ce" , where t — time, k — proportionality coefficient.
Determine the rate of bacteria number over time.

Task 3. The decomposition of chemical proceeds according to the equation: m =me ™, where m —

substance amount at the moment of time t, k — positive constant. Determine decomposition rate of the sub-
stance and express it as a function of m.
Task 4. Proportion of substance amount Q , obtained in chemical reaction from time t is determined by

lation obeys the law: f(¢)=

formula: Q=a (1 + be"’“) . Determine speed reaction v and express it as a function of Q.

— at final examination, examination cards contain tasks and question of specific purposes.

Of course, such a professionally-oriented activity requires teacher’s high qualification not only as a
mathematician, but as a teacher, because training is time consuming, and it requires revision of all students’
learning material for vocational guidance purposes.

The similar situation is among students of «Chemical technology of organic substances» specialty,
mathematics is studied in the amount of 3 credits, which is not enough for students of this profile. In order to
identify the problem of non-compliance of mathematical disciplines hours, an analysis of educational pro-
grams for the designated specialties was conducted in various universities of the Republic of Kazakhstan, the
Russian Federation and the Republic of Belarus (Table 1).
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Table 1

Summary table of mathematical disciplines hours for «Biotechnology» and
«Chemical technology of organic substances» disciplines

Total volume of studied
No Country Name of university mathematical dI.SCIplll’leS
. Chemical technology
Biotechnology .
of organic substances
1] Sh. Ualikhanov Kokshetau state university 135 -
| 2 | The Republic Karaganda state technical university 135 180
| 3 |of Kazakhstan | M.H. Dulati Taraz state university 135 180
4 S. Seifullin Kazakh AgroTechnical university 135 -
15 Moscow state university of food production 108 -
6 Ivanovo state university of chemistry and 578 578
e technology
1 7 Ufa state oil technical university - 432
| 8 | Vyatsk state university 108 324
The Russian N.G. Chernishevsliy National research Sara-
9 . o - 288
|~ |Federation tov state university
110 Russian state university of oil and gas 216 432
111 Tomsk polytechnic university 108 432
112 Kaliningrad state technical university 273 -
113] Tyumen oil-gas state university - 578
14 Novosibirsk state technical university 468 -
The Republic of
Mordovia (part |Ogarev National research Mordova state uni-
15 ; : 180 -
of the Russian | versity
Federation)
116 | The Republic Belarus state university 234 658
17 |of Belarus Brest state university 234 658

From the above data it is clear that there is rather large difference in the volume of hours in these spe-
cialties. Therefore, it is rather difficult for students of these specialties to study in two-degree programs in
other countries. In universities of far abroad-countries, hours spent on studying mathematical disciplines are
much more than in universities of the Republic of Kazakhstan, Russia, and the Republic of Belarus. Mathe-
matical disciplines studying in all universities presented in the analysis is a compulsory basic component,
and abroad, these are optional disciplines, as students of these specialties understand that they need to master
their basic mathematical apparatus for further successful professional activity.

In universities of the Republic of Kazakhstan, it is necessary to develop students’ interest in mathemati-
cal disciplines study, and then students will be able to understand why they need to study mathematics and
will choose math courses among «optionaly disciplines, which in its turn will lead to their being more mobile
in school, process of two-degree program education. And the development of students’ interest in mathemat-
ics study, we see through — professional-oriented learning. We also analyzed the content of textbooks, man-
uals and topics corresponding to the standard curriculum, thus we came to the following conclusion: none of
the existing textbooks and manuals meets the modern requirements of the SES RK and standard curriculum.
The absence of such a textbook or manual creates certain difficulties in teaching mathematics and affects the
quality of its study. Mathematical education issues of technical university students need to be solved as rap-
idly as possible, since mathematical training is a component of basic general higher education, the purpose of
which is students’ intellectual education, thinking development, cognitive abilities development.

In order to successfully apply mathematical methods in specialist’s further professional activity, to sim-
ulate various chemical and biological processes and technologies, first of all, you need to have necessary
knowledge and be able to properly handle mathematical apparatus, know Geometry — for geometric analy-
sis of living forms; lines, planes and surfaces — to describe forms of molecular bonds, spatial models of
DNA, membrane structures; rate of enzymatic reactions in tissues and biological fluids is linear, it can natu-
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rally be described by linear algebraic expressions. To record research conducted and results obtained, there is
used language of numbers, various mathematical symbols, formulas and logical descriptions. All this must be
learned by students in their first year as a result of mathematics discipline studying.

Conclusions

Thus, despite all the difficulties, this technology of vocational-oriented learning has been introduced
in KSTU since 2015. As a result, we can ascertain at this stage the annual increase in student performance,
an average of 9 %.

The students’ interest can also be characterized by the following, at annual student scientific confer-
ences held by Karaganda State Technical University in 2015-2019 on the topic «The contribution of youth
science in implementation of Strategy» Kazakhstan-2050», the largest number of participating students was
in the section of «Applied Mathematics», of specialties «Biotechnology» and «Chemical Technology
of Organic Substances». They are interested in doing scientific research at junction of mathematics and bio-
technology and chemical technology. And we are confident that it is these students starting from the first
year, are engaged in scientific activities to the best of their abilities, in future will be able to put into practice
the words of our President «education — science — innovation».
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TexXHUKANBIK KOFAPFbI OKY OPHbIHa MATEeMATHKAHBI
OKBITY/IbIH 63€KTi MaceJiesepi

Makanana «OpraHukajblK 3aTTapblH XUMHSUIBIK TEXHOJOTHACHD» KOHE «BHOTEXHOIOTUs» MaMaHIBIFbIH/A
OKHUTBIH K00 CTyAEHTTepiHe «MaremaTHka» IIOHIH OKBITYy MBICAIBIHIA JKOFaphl KociOm OimiM Oepymi
KETUINIPYIIH CypaKTapbsl KapacTHIPbUIFaH. ABTOpJIAp MaTeMaTHKa KypChIH CTyHEHTTepAiH Oormamax ic-
OpeKeTiHe KociOu Oarmapiiaif OTHIPHIN, OHOTEXHOJOTHSIAa MaTEMATUKAIBIK dICTEepIi KOJAAHYIBIH FBUTBIMHI
iC-OpeKeTiHIH HeTi3iH Kajall, CTyJCHTTepAIH KETiCTIK ACHIeiIepiH apbITThIPYFa j)KOHE MaTeMaTHKaHbI OKyFa
JIeTeH KbI3BIFYIIBUIBIKTEL OsTyFa Ooslajgpl aenm caHainsl. Kasakcran PecnyOnukachlHAQ OKbBITBUIATBIH
MaTeMaTHKAJIBIK IIOHJIEp KOJIEeMiHAeri aiblpMalIbUIBIKTapAbl aHBIKTay YLIH Taniay kyprisiam. Peceit
Oenepanusceiably — 10, benapycs PecniyOnukaceiasiy — 2, Kasakcran PecnyOnukacbiHBIH — 4 KOFapbl
OKy OpHBI KapacThIpbUIIbl. ¥CBIHBUIFAH MaMaH/BIKTap OOWbBIHIIA THOTIK OargapiaMaHblH — OKY
OarapraMachlHa COMKECTIT YINIH OKYJIBIKTap[blH, OKY-9MICTEMENiK KYpaJJapblH KOHE TaKBIPHITapIbIH
Ma3MyHBI TaJgaHabl. Makamaga «MareMaTHKanblK OKBITYJBIH CalachlH apTTHIPY» MOCENECIH IIenry
JKonmapsl OasHpanran. MareMaTHKanbIK OLTIM IEHreHiH KeTepyre MYMKIHIIK GepeTiH aBTopiap a3ipiiereH
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KocinTik-O0araapianran OarqapiaMa OOMBIHIIA CTYISHTTEPAl OKBITY HOTHIKENEpl YCHIHBUIABL. Makana
aropiapsl Kazaxcran PecnyOuukachinzia KoHE JKaKbIH XKOHE aJIbIC LIETENACPAS MaTeMaTHKAIBIK MOHAEPAI
OKyFa OeJiHI'eH caraTTap CaHbIHBIH COMKEeC KeIMEYIH CaJIbICTBIPIIbI XKOHE aHBIKTAJIbl, OYJ ©3 Ke3eriHae Koc
JUILUIOMAEI O11iM Gepy MacenenepiHe oKenesi.

Kinm ce30ep.: maTemaTnka, OKbITY, MATEMaTHKAJIBIK 9JIICTEP, MAaTEMAaTUKAIIBIK JaspIibIK, KociOu Oarnap Oepy,
KBI3BIFYIIBLIBIK, TAHBIMJIBIK KBI3BIFYIIBLIBIK, KOCIITIK OUTiM Oepy, MaMaH/BIK, OUTIKTUTIKTI apTTHIPY.

H.®. Ab6aera, 1.1. Epaxtuna, JI.M. Mycradpuna, C.I'. Kypeimbaes

AKTyaJIbHbIe IP00JIeMbl PeNOIaBAHUSI MATEMATHKH B TEXHHYECKOM BYy3e

B cratbe paccMOTpEH BOIPOC O COBEPLICHCTBOBAHMM BBICHIEr0 INPO(ECCHOHAIBHOIO 00pa30oBaHUs
B Ka3zaxcrane, Ha mpuMepe NpenofaBaHus JUCHHUIUINHBI «MaTeMaTHKa» y CTYICHTOB By3a, OOydJarolIMXCs
Ha crneruansHocTd «brorexHomorus» 1 «XUMUYecKast TEXHOJIOTHSI OPTaHMYECKUX BEIIECTBY». ABTOPHI CUH-
TaloT, YTO MyTeM IpodeccHoHaIbHON OpHEHTAIM! Kypca MaTeMaTHUKH Ha OyIyIIylo IesTeIbHOCTh CTYACH-
TOB MOXKHO IOBBICHTH YPOBEHb YCIIEBAEMOCTH CTYIEHTOB M BO3OYAUTH MHTEPEC K M3YUCHUIO MAaTEMAaTHKH,
3aJI0)KMB OCHOBBI Hay4HOMH AEATEIbHOCTH HIPUMEHEHHS! MaTeMaTHYECKUX METOI0B B OnoTexHosioruu. IIpose-
JIeH aHallM3 Ha BBIABJICHUE Pa3HULBI B 00beMe M3y4aeMbIX MAaTeMaTHYECKUX AMCHMIUIMH B PecnyOinke Ka-
3axcraH. Paccmorpeno 4 By3a B Pecmybnuke Kazaxcran, B Poccuiickoit ®enepauun — 10, B Pecybnuke be-
napycs — 2 By3a. [Ipoananu3upoBaHbl comepkaHus Y4eOHUKOB, Y4eOHBIX TOCOOUIT U TeM Ha COOTBETCTBUE
y4eOHOH THIIOBOM HporpaMMme Ui NIPEACTAaBICHHBIX CHEeNHaIbHOCTEH. ABTOpaMH NPUBEICHB! KOHKPETHBIS
ITyTH perieHns npobiems! «[1oBEIIeHne KadecTBa MaTeMaTHIECKOil MOATOTOBKMY. IIpencTaBieHs! pe3ynbTa-
Tl 00YYEHHs CTYICHTOB MO Pa3pabOTaHHON IpodeccnoHaTbHO-OPHEHTHPOBAHHON IIPOrpaMMe, KOTopast 11o-
3BOJIMJIA TIOBBICHTH YPOBEHb MaTEMAaTHUECKUX 3HAHWH. ABTOPHI CTaThbH CPABHIIIM M BBIIBIIM HECOOTBETCT-
BHE KOJMYECTBA BBIICISIEMbIX YaCOB HA W3YYCHHE MaTEeMaTHYECKUX QUCLUIUINH B Pecny6Onuke Kasaxcran u
JPYTHX CTpaHax OJMKHEro M JaJIbHErO 3apyOexbs, 4TO, B CBOIO OYEPElb, IPUBOIUT K NpOOIeMaM JBYIHII-
JIOMHOTO 00pa30BaHMs.

Kniouesvie cnosa: MaTeéMaTukKa, MpernoJgaBaHUE, MATEMATUYECCKUE METOJbI, MaT€MaTH4YE€CKas IOArOTOBKaA,
HpO(i)eCCI/IOHaJILHaSI OpuC€HTalus, HUHTEpPEC, TT03HABATEIHHBIN HUHTEpEC, HpO(i)eCCI/IOHaIII)HOG 06pa3013aH1/1e,
CIICIUAJIbHOCTD, ITOBBINICHUEC Ka4€CTBA.
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