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INNOVATIVE METHODS OF TEACHING THE DISCIPLINE HIGHER MATHEMATICS
TO STUDENTS STUDYING CHEMICAL TECHNOLOGY AND ENGINEERING

The article discusses some innovative methods that can be used in practical classes in higher mathematics, teaching students of chemical specialties.
The possibilities for the development of competencies in complex interuniversity projects are closely related to the issues of classifying all types of
interrelationships of disciplines within the framework of courses according to curricula, as well as the choice of additional universal competencies.
Mathematics for chemical process engineers is, first of all, a useful tool for solving many chemical and technological problems and tasks. The
typical curriculum takes into account the modern needs of related and special disciplines in the mathematical education of students, and consists of
four main sections: the foundations of algebra and analytical geometry, mathematical analysis, differential equations, probability theory and
mathematical statistics. When writing the article, many years of experience in teaching students of chemical specialties by the department 'Higher
Mathematics' of the National Technical University «KhPI» were used. The purpose of the scientific research of teachers and students presented in
the article is to increase the competitiveness of Ukrainian technical education in the world market by developing and implementing innovative
models and methods. When writing this article, the authors pursued three goals. First, to give the general course of mathematics for students of
chemical and related specialties an appropriate professional orientation; secondly, to form in students of the first years of study ideas about the
mathematical apparatus, information technologies and the mathematical modeling of modern chemistry and, thirdly, to instill in students the primary
skills of building mathematical models of the simplest physical and mathematical processes when studying a mathematics course.
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O. I1. IIPIIIIEHKO, H. B. YEPEMCBKA, T. T. YEPHOI'OP, C. I. BYXKAJIO

THHOBAIIIMHI METOJIU BUKJIAJIAHHS TUCIUILITHA BUIIIA MATEMATHKA
CTYJAEHTAM, SIKI BABUAIOTH XIMIYHI TEXHOJIOI'Ti TA IHXKEHEPIIO

VY cTarTi po3MISHYTO JEsAKi iHHOBaliliHI METOAM, SKi MOXHAa BHKOPHCTOBYBAaTH HA NMPAaKTHYHUX 3aHATTAX 3 BUINOI MAaTEeMaTUKH, HABYAIOYU
CTYJEHTIB XiMIUHUX cHelianbHOCTell. MOXIIHBOCTI PO3BUTKY KOMIIETEHIil KOMIUIEKCHHX MiXKBY3iBCHKUX HPOEKTIB TiCHO HOB'A3aHi 3 MUTAaHHIMU
kiacudikarii Bcix BUIIB B3a€MO3B'I3KIB JUCIHUILIIH B paMKaxX KypciB 3a HaBYaJbHHMH IPOTpaMaMy, a TaKo)K BHOOPOM JOIaTKOBUX YHIBEPCAIBHUX
KOMIleTeHILil. MaremMaTuka /Uil iH)XEHEPiB XiMIKiB-TEXHOJIOTIB — II€ HacamIepe] KOPUCHUH IHCTPYMEHT Ul BHpILIEHHS OarathbOX XiMiKo-
TEXHOJIOTIYHUX M[pobJieM Ta 3aBJaHb. TWIIOBAa HaBYajbHA [POrpaMa BPaxOBYe€ CydacHI MOTPEOM CyMDKHHMX Ta CHEMiadbHHX JUCLUILUIH Y
MaTeMaTH4YHil OCBITI CTYJICHTIB, i CKJIAIA€ThCS 3 YOTHPHOX OCHOBHUX PO3/IIIB: OCHOB aJIreOpH Ta aHANITHYHOI F€OMETpil, MATeMaTHIHOTO aHAIli3y,
nmudepeHnialbHUX PiBHAHB, TEOPii HMOBIPHOCTEH Ta MaTeMaTH4YHOI cTaTUCTHKH. Ili)l 4ac HamMCaHHS CTATTI BUKOPHCTAHO OAaraTOpiYHUE TOCBiX
BHUKJIQJaHHs CTYJCHTaM XIMIYHHX cIeniagpHoCTel Kadenporw «Buma maremaTnkay HamioHaqbHOrO TEXHIYHOTO yHiBepCHTETY «XapKiBCBKHIA
NOJIITEXHIYHUH IHCTUTYT». MeTOol0 MpEeJCTaBICHOr0 y CTAaTTi HAayKOBOTO JOCTI/DKEHHS BHKJIANa4yiB Ta CTYIEHTIB € IIJIBUIICHHS
KOHKYPEHTOCIIPOMOXKHOCTI YKPAIHCHKOI TEXHIUHOI OCBITH Ha CBITOBOMY PHHKY LUIIXOM PO3POOKH Ta BIPOBAIKEHHs IHHOBALIffHHX Mojenell Ta
MmetoniB. [Ipu HanucanHi crarTi aBTopy Manu Tpu mHimi. [To-neprme, HagaTH 3arabHOMY KypCy MAaTeMaTHKH JUIS CTYAEHTIB XIMIYHHX Ta CyMDKHHX
CIeiAIbHOCTEH BINMOBiNHY NpodeciiiHy CHpsIMOBaHICTh; IO-Apyre, cHOpPMyBaTH y CTYHEHTIB IEpIINX pOKIB HAaBYAHHS YSBICHHSA MPO
MaTeMaTHYHUN amapat, iHpopMauiiiHi TeXHOJOrl Ta MaTeMaTHYHE MOJENIOBAHHS CYYacHOI XiMil, MO-TpeTe, MPHILETHTH CTYACHTaM MEepPBUHHI
HAaBUYKH T00YT0BH MAaTeMAaTHIHNX MOJENeH HalMpPOCTIHX (i3HKO-MaTEeMaTHYHHUX IIPOLECIB MIOJ0 KYpCy MaTeMAaTUKH.

KarouoBi ciioBa: iHpopMalliiiHi TEXHOJIOTI, MAaTeMaTHYHE MOJICITIOBAaHHS, iIHHOBAIIHI METO/IHM, XiMiYHa KiHETHKA, (DYHKIisl OJIHI€T 3MiHHOT,
3akoH Payist, niHis piBHOBaru, audepeHiianbHe piBHIHHS, BEKTOD, perpeciiHuii aHamis.

O. I1. IIPHIIEHKO, H. B. YEPEMCKAA, T. T. YEPHOI OP, C. H. BYXKAJIO

NHHOBAIUMOHHBIE METOJABI NIPENIOJABAHUA JTUCHUIIJIMHBI BBICIIAAA MATEMATHUKA
CTYAEHTAM, N3YYAIOIIIUM XUMHUYECKUE TEXHOJIOI'1 U UTH)KEHEPUTO

B cratee paccMaTpHBaIOTCA HEKOTOpbIE MHHOBAMOHHBIE METOIBI, KOTOPbIE MOXKHO HCIIONB30BATh HA NPAKTUYECKHX 3aHATHUSAX IO BBICIIEH
MareMarHke, oOydas CTYICHTOB XHMHYECKHX CIeNUaNbHOCTeH. BO3MOXHOCTH pPa3BUTHS KOMIIETEHTHOCTEH KOMIUICKCHBIX MEKBY30BCKUX
IIPOEKTOB TECHO CBSI3aHBI C BOIPOCAMH KIAacCH(UKAIIMU BCEX BHIOB B3aMMOCBS3€H NUCHUIUIMH B PaMKaxX KypcoB IO y4eOHBIM IporpamMmam, a
TaKKe BHIOOPOM JOIOIHUTENBHBIX YHHBEPCAIbHBIX KOMIIETEHTHOCTEH. MaTeMaTuka Ui HH)KCHEPOB XHMHKOB-TEXHOJIOTOB — 3TO, B IEPBYIO
ouepeb, MOJIC3HBIH HHCTPYMEHT JUISl PENICHUS] MHOTHX XHMHKO-T€XHOJIOTHYECKHX HpoOieM u 3agad. TumoBas ydeOHas IMporpaMMa yUHTHIBAET
COBpPEMEHHEIE TTOTPEOHOCTH CMEMKHBIX U CIEIHAIbHBIX JUCIHILIMH B MATEMaTHYECKOM 00pa30BaHUH CTYJEHTOB, H COCTOHT M3 YETHIPEX OCHOBHBIX
pa3IenoB: OCHOB alreOphl U aHATUTUYECKOH IeOMETPUH, MaTeMAaTH4eCKOro aHaiu3a, Iu(QepeHnaabHbIX YPaBHEHUH, TEOPHU BEPOSITHOCTEH H
MaTeMaTHYeCcKoH cTaTUCTHKU. [Ipy HamMcaHUH CTAaTHU HCIOIb30BaH MHOTOJICTHHI OIBIT IPEIOJaBaHUs CTYISHTaM XHMHYECKUX CIIeNUaTbHOCTeH
kadenpoil «Bpicmias Mmaremarnkay HaIOHaJIBHOTO TEXHHYECKOTO YHHBepcuTeTa «XapbKOBCKUH ITOIUTEXHHYSCKUH MHCTHTYT». 3amadeit
IPEJCTAaBICHHOTO B CTaThe HAYYHOTO HCCIEIOBAHMS IpenofaBaTesneil H CTYACHTOB SBISIETCS HOBBINIEHHE KOHKYPEHTOCIOCOOHOCTU YKPAaHHCKOTO
TEXHUYECKOr0 00pa30BaHUS HA MHPOBOM PBIHKE IyTeM pa3pabOTKH M BHEIPEHUsS HHHOBAIMOHHBIX Mojenel u MetonoB. IIpu HanmmcaHuu cTaThu
aBTOPBI NPECIIeIOBAIM TPH LelH. Bo-mepBbIx, mpuaath oOmeMy Kypcy MaTeMaTHKU IS CTyJEHTOB XMMHYECKAX M CMEXHBIX CIICHUaTbHOCTEH
COOTBETCTBYIOIIYI0 NPO(ECCHOHANBHYIO HAIPABICHHOCTb; BO-BTOPHIX, C(HOPMHPOBATH y CTYIEHTOB IMEPBBIX JIET OOYYCHMS MpPEJCTABICHUS O
MaTeMaTHYeCKOM ammapare, iHGOPMAIiHHEIX TEXHOJOTHAX M MAaTEMaTHYECKOM MOJEIHPOBAHUM COBPEMEHHOM XUMHH U, B-TPEThUX, HPHBUTH
CTyJeHTaM IepBUYHbBIC HABHIKU ITOCTPOCHHS MAaTEMAaTHYECKUX MOJAENeH MPOCTeHIMX (PH3NKO-MAaTEMaTHYECKHX MPOIECCOB IPH M3y4eHHH Kypca
MAaTeMaTHKU.

KnroueBble ci10Ba: HHOOPMAIIHOHHEIE TEXHOJIOTHH, MAaTEMaTHUECKOS MOJIEINPOBAHHE, NHHOBAIOHHBIE METOJbI, XUMUUECKass KUHETUKA,
(YHKIVS OXHOM ITepeMeHHOMH, 3akoH Payiis, muHus paBHOBecus, TuddepeHnanbHoe ypaBHEHHE, BEKTOP, PErPECCHOHHBIN aHaN3.

Introduction. The possibilities for the development
of competencies of complex interuniversity projects are
closely related to the issues of classifying all types

© Prishchenko O.P., Cheremskaya N.V., Chernogor T.T.,
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of interrelationships of disciplines within the framework
universal competencies, example, the information
technologies. Mathematics for chemical process
engineers is, first of all, a useful tool for solving many
chemical and technological problems and tasks. It is
difficult to find a branch of mathematics that is not used
to solve these problems at all stages of their analysis. The
basis of statistical thermodynamics is the theory of
probability, organic chemistry uses graph theory to
predict the properties of complex organic molecules, the
main tool of chemical kinetics is differential equations,
chemical thermodynamics makes extensive use of
topology and differential geometry methods.

The course of higher mathematics is the basis for
the physical and mathematical training of university
chemists, example, the information technologies. [1-5].

Statement of the problem in general and its
connection with important the information
technologies. scientific or practical problems.

The main goal of teaching the academic discipline
'Higher Mathematics' is to prepare students to use the
modern mathematical apparatus as an effective tool for
solving scientific and practical problems in the field of
chemical and related disciplines.

The main tasks of teaching the academic discipline
'Higher Mathematics':

* to form students' understanding of the modern
mathematical apparatus necessary for solving theoretical
and practical problems in future professional activities;

* to instill the ability to independently expand
mathematical knowledge, to use reference literature on
mathematics and its applications in practical and research
work;

* to develop the following personal qualities
necessary for solving scientific and applied problems:
logical thinking, analytical skills, intelligence, interest in
the formal-model description and study of reality using
the language, means and methods of modern
mathematics.

The typical curriculum takes into account the
modern needs of related and special disciplines in the
mathematical education of students, and consists of four
main sections: the foundations of algebra and analytical
geometry, mathematical analysis, differential equations,
probability theory and mathematical statistics [6-9].

As a result of studying the discipline 'Higher
Mathematics', the student should know: elements of set
theory and mathematical logic; matrix calculus, methods
for solving algebraic equations and their systems;
methods of vector algebra, analytic geometry, probability
theory, mathematical statistics, mathematical analysis as
applied to functions of one and several real variables;
numerical methods applied to solving problems of
chemical content; the natural scientific meaning of
differentiation and integration, the meaning of critical
and stationary points of a function in relation to the first
derivative of a function and derivatives of higher orders
in problems of chemical content, solving problems for
the material balance equation, problems of dissociation
and extraction, and other problems of special content; be

able to: use the conceptual apparatus of matrix calculus
and apply the methods of linear algebra, methods for
solving algebraic equations and their systems; apply the
methods of vector algebra, methods for solving
differential equations and a number of problems of
mathematical physics, mathematical analysis as applied
to a function of one and several real variables; give a
geometric interpretation of functional dependencies on
the plane and in space; apply methods of probability
theory for mathematical modeling of random variables
and finding their numerical characteristics; apply
methods of the theory of statistical estimation, testing of
statistical hypotheses, regression and correlation
analysis; own: the mathematical apparatus of matrix
calculus and linear algebra for solving problems on the
composition of complex mixtures and the direct problem
of chemical kinetics, methods for solving algebraic
equations and their systems; skills in constructing and
analyzing graphs of functional dependencies on a plane
and in space; applications of mathematical analysis in
chemistry; applications of differential equations and their
systems in chemistry; probabilistic-statistical methods of
mathematical processing and analysis of the results of a
chemical experiment [8].

Presentation of the main research material.

The Department of Higher Mathematics of the
National Technical University 'Kharkiv Polytechnic
Institute' has many years of experience in teaching
chemical specialties to students.

The purpose of the scientific research of teachers
and students presented in the article is to increase the
competitiveness of Ukrainian technical education in the
world market by developing and implementing
innovative models and methods.

When writing this article, the authors pursued three
goals. First, to give the general course of mathematics for
students of chemical and related specialties an
appropriate professional orientation; secondly, to form in
students of the first years of study ideas about the
mathematical apparatus of modern chemistry and,
thirdly, to instill in students the primary skills of building
mathematical models of the simplest physical and
mathematical processes when studying a mathematics
course [11-15].

Let's consider some tasks with a chemical content,
the solution of which in practical classes in higher
mathematics will allow us to realize some of the above
goals and objectives.

When studying the topic “Investigation of a
function of one variable”, it is useful to solve the
problem of constructing an equilibrium line.

Let some substance of M being in an air
environment as steams be taken in by water. In such the
case it is said that a substance goes across from a gas
phase @ in a liquid phase @ , where x and y at are his
concentrations accordingly in liquid and gas phases.

Clear that in initial moment of process concentration
x=0.
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With beginning of dissolution of substance of M in
water there is a transition of part of his molecules in
retrograde with speed, to the proportional concentration
of M in water and on the border of division of phases.

In course of time speed of transition of M will
decrease in water, and speed of reverse transition to
increase, thus this process will proceed until transition
speeds in both directions will not become equal.

Such process state is named a dynamic equilibrium,
and at him there will not be a change of concentration of
substance in each their phases. Concentrations of
substance of M set here in contacting phases @, and @

named equilibrium and are in certain functional

dependence:
y=s),

chart, named that by the line of equilibrium.

Raoult’s law: partial pressure of any component in
pairs above mixture of liquid is equal to the product of
pressures of the saturated steam of this component on his
mole fraction in a liquid, that is

p =P,
where p is partial pressure of component in pairs; P is
pressure of steam of clean component; x is a mole
fraction of the indicated component in a liquid.

Such property is possessed, for example, mixture of
benzol and toluene, mixture of isomer hydrocarbons of
and other.

Dalton’s law: common pressure of P of steams of
mixture is equal to the sum of partial pressures of
components, that is

P=Px,+Px,, (1)

where 4 and B are the components included in mixture.
We will consider binary mixture from components
A and B, conformable to the Raoult’s law, and we will set
connection between the equilibrium concentrations of
component 4 in gas and liquid phases.
We will designate the mole fractions of components
A and B a liquid accordingly through x, and x, .

Considering, that
X, +x,=1 2)
we will write down the Raoult’s law for each of them:

p,=Px,;
Py =PFx, =F,(1-x,). 3)

According to equality (1), we will find common
pressure of P of steams of mixture, taking into account
here correlation (2):

P=P +F(I-x). “4)

On the other hand, knowing common pressure of P
above mixture and partial pressure of nerkomerydero

component 4, it is possible to define maintenance of him
in pairs, shown in mole fractions:

from (see formulas (3), (4)) where

P,
Yai= >
quA + R;(l _'xA)
or
ax

: )

Y :1+(a—l)xA’

where a = Ll and named relative volatility.
B

Equation (5) expresses analytical connection
between the molar stakes of highly volatile component in
pairs and in a liquid and named equation of line of
equilibrium [17].

Problem. To investigate the line of equilibrium of
binary mixture from components 4 and B, conformable
to the Raoult’s law, and to build her chart.

Decision. We will write down equation (5) in a kind

e X
k +kx’
1 1
where y=y,, x=x,, k,=—, k,=1-—=0, and we
a a
investigate a function
x
X)=
J@) k, +k,x

1 2

subject to condition k, >0 u k, <0.
Range of definition

xe —oo;—ﬁ U —ﬂ;—i-oo .
k, k,

We will find limits on the left and on the right in a
point

1
X, = _k =—=0
k, a-1
im =400, lim = —o0,
x=x=0 ky + ki x x-x+0 k) + kyx
Consequently, x= _k is a vertical two-sided
2
asymptote.
We will find unvertical asymptotes:
k= lim —— =0, lim —~ -1
X—>too kl + k2x x—to0 kl + kzx kz
So, y= L is a horizontal asymptote.
2
, ki . .
Because, )'=————>0 the investigated
(k1 + kzx)

function increasing.
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Knowing a second derivative " =Lk23 , We
(ky +kyx)

find the intervals of direction of concavity of chart of

. k, o
function, namely x <——- a concavity is sent up, and for

2

x>—£ — downward. Because x>0 and y<0 (as
2

mole fractions), then the line of equilibrium of binary
mixture will be located in the first quadrant (fig. 1).

A

y

=V

Fig. 1

Let us consider a problem for the solution of which
differential equations are used.

Problem. A container, the walls of which form
some surface of rotation with a vertical axis, is filled with
liquid to a height 4. Let a hole with area f'be made in the
bottom of the vessel, through which the liquid flows out
of the vessel. It is necessary to determine the time
required for the liquid to drop to a given level or to drain
completely. Assuming that during the entire process
there is no inflow of liquid into the vessel and that the
difference in air pressure at the surface and at the outlet
can be neglected, determine the time required for the
liquid level in the cylindrical vessel to drop by 0.6 m due
to the outflow of liquid , if the diameter of a cylindrical
vessel is 3 m, the hole at the bottom of the vessel has a
diameter of 57 mm, the vessel filled with liquid up to 1.8
m. Determine how long it will take all the water to drain
from the vessel [5].

Decision. The amount of liquid dQ flowing out

over time d7 ataspeed @ through the hole is obviously
the same f@dr. The level of the liquid, the surface of
which F will be considered constant over time dz , will

decrease during this time with a certain speed @ to the
height @wd 7 , and therefore, the volume of liquid in the
vessel will decrease by the amount F@d 7 . This value
should be equal to the value of dQ . From here we get:

d0 = fwdt = Fodr 6)
a6o fo, =Fw. (7

According to the law, the speed @ of liquid
outflow from an opening with a cross-sectional area f

is equal to the speed acquired by a freely falling body
after passing a distance equal to the height of the
column of liquid above the opening.

Let us now introduce a rectangular coordinate
system, taking as the axis Ox the axis of the vessel, and
as the axis Oy any line perpendicular to it, lying in the
plane with which the surface of the liquid coincided at
the beginning of the process (at the moment r=0).
We point the Ox axis vertically down. Then, according
to the above-mentioned law, we will get the following
expression for the speed of outflow @ from the hole

o, =~2g(h—x), at the moment 7, where g is the
acceleration of gravity; /2 is the initial height of the
liquid column (at 7= 0); x is the level at the moment .
Substituting the value into formula (7), we obtain an
expression for the rate @ of fall of the level at the
moment 7:

w =%«/2g(h -X)
®)

If the container has the shape of a vertical cylinder
or prism, then F is constant: if the container is a body
of rotation, the derivative of which has the equation

y = f(x) (Fig. 2), then F = 7y’

TN

»

i
y =1

X v

Fig. 2. Graphic model of the process

dx
Substituting d_ into equation (8) instead of o, we
T

get:
Fdx
h—x

& f«/2g(h—x)a6odz'= L

dr:F f

Solving the equation, we have:

&
]
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e ;fm“

Let's use the initial conditions: at the initial moment

o s

of the end of the drop in the liquid level is zero. So, if
r=0,then x=0.
So:
F\2 \/‘
ik

where 7=

F\2 —
ﬁwﬁ Jh=x).

Having received the formula that allows you to
determine the time required for the liquid to drop to a
given level, we will substitute the problem data into it
and determine the time required for the liquid level to

dropby 0.6m, g=9,8m/s’; h=1,8m; x=0,6m:

2 2
fo= wd _ 3,14-0,057 —0,003:
4
53,6-1,4

= 0005, \/_(\/7 J1,2) = 26 min.

To determine the time required for all the liquid to
flow out of the vessel x = & , we get the formula:

F\2 o SB6L4 e i

Tzﬁ\/z’ 0,003/9,8

When studying the method of regression analysis, it
is useful to consider the following problem.

Problem. During testing, a chromel-alumel
thermocouple at constant (reference) points: metal
crystallization temperatures Pb (327,5 °C), Zn (419,6
°C), Al (660,0 °C).

The corresponding thermopower data are obtained
accordingly: 12,1 MV; 16,0 MV; 26,1 MV. It is
necessary to calculate the regression equation for the
linear dependence of temperature on the thermocouple

zd®> 3.14.9 , thermopower values.
Fo.= i . =53,6m’; Decision. Create a table 1 to calculate the regression
coefficients:
Table 1. Calculation of regression coefficients

Numbpr of . y 2 Xy
experience

1 12,1 327,5 146.,4 3962,75

2 16,0 419,6 256,0 6713,6

3 26,1 660,0 681,2 17226,0

> 542 1407,1 1083,6 27902,3

p 1407.1-1093,6-27902.3-54.2
0 3-1083,6—54,2° T

3.27902,3-1407,1-54,2
' 3-1083,6—54,2°

=23,76.

Thus, we have obtained the regression equation:
y=39,75+23,76x, which allows us to calculate the

temperature (°C) from the thermocouple readings [10].
Regression coefficients can be found using Excel.
The procedure for calculating both regression
coefficients is the same. A small difference is that in the
Wizard of Functions dialog, in the Statistical category,
we select the SLOPE function to find the linear

coefficient 4, and the INTERCEPT function for the

free term of the equation 4,.

The dialogs Argument of functions — SLOPE and
Argument of functions — INTERCEPT will appear on
the screen, respectively. In the appropriate fields, enter
the range of values y and x from the worksheet and . In

the Function Argument dialog, the value of the
specified coefficient will appear, which, after pressing
the OK button, is transferred to the specified cell of the
worksheet.

Excel produces more accurate values of regression
coefficients than manually calculated values.
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Function Arguments ? X
SLOPE
Known_ys | €204 E| = (32754106660]
Known_xs | 8284 B - t21me26)
= 2376039206
Returns the stope of the linear igh the given data points.

that contain numbers,

Formula result = 2376039206

Help on this function

co

Known_xs is the set of independent data points and can be numbers or names, arrays, or references

Fig. 3. Dialog 'Argument of functions' — SLOPE

The Microsoft Office Excel 2016 program allows
simultaneous dispersion, correlation and regression
analysis with an assessment of the significance of the

Function Arguments ? X
INTERCEPT

Known_ys | C2:C4 [E] - pzrsuissee
Knewn_xs | 8284 [ = v2ane2en

= 3976225018
Calculates the point at which a line will intersect the y-axis by using 2 best-fit regression line plotted through the knowin x-values and
yevalues.

Known_xs isthe ir of
references that contain numbers.

data and canb names, arrays, or

Formula result = 39,76225018

Help on this function

Fig. 4. Dialog 'Argument of functions' —
INTERCEPT

coefficients of the obtained regression equation [18].

o e E,

J

Fig. 5. Illustration of Ohm's law in an anisotropic medium, for which o,, =30,, (€ and €, are the orientation of the axes of the

orthonormal coordinate system)

During the study of linear and vector algebra, it is
proposed to solve such a problem with physical and
chemical content.

Problem. Find the magnitude and direction of the
current density vector j in the coordinate system
X, X,X,, arising in a crystal plate with area S and

thickness d (\/§ >>d ) under the action of an external
field £=150V/cm in the direction (+/2/2;~/2/2;0), if

the specific conductivity of the crystal (107Q'em™ ) in
this coordinate system X,X, X, is described by a tensor

9 -2 8
o,=|-2 16 0
§ 0 25

Decision. The components of the external electric
field E(E,, E, E,) strength vector are equal to

E, =150-+/2/2 V/cm; E, =150-+/2/2 V/em;
E, =0. According to Ohm's law in differential form, the

components of the current density vector j(,, j,, j; ) in

3
the crystal are determined by the formula j, = Zo-ikE L

i=1

=0y E+0,-E, +0, E,
S, =0y E +0y E,+0y-E,,

Jy; =03 E +0y,-E, +0y - E;.

Numerical values
Ji=7,4-10° Afem?; j, =14,7-10° Afem?;
j,=8,46-10° Afem’;  |j|=18,5-10°A/em®. The

direction of the vector j is determined by the angles

@, ¢, @, using the formula cos ¢, :|]—f| , where (i =1; 2;
J
These angles are ¢, =66", ¢, =37", @, =63".
Problem answer: | j|=18,5-107 Afem?, @ =66,
0, =37", ¢, =63" [16].

3).
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Conclusions and development prospects of this
direction.

The article discusses some the information
technologies and innovative methods that can be used in
practical classes in higher mathematics, teaching students
of chemical specialties. Examples of tasks with a
physical and chemical content are given. Most often,
when studying a higher mathematics course, you have to
solve problems of a general nature. But for the students
of the Educational and Scientific Institute of Chemical
Technologies and Engineering, tasks that are directly
related to their specialty are of greater interest. Thus,
considering tasks similar to those given in this article, we
will increase the interest and motivation of future
specialists to study this material. Also, with the
application of complex educational classes, the formation
and development of students' professional competencies,
which allow them to perform engineering and research
work according to specific technological processes, takes
place.

And although mathematicians and engineers,
chemists and technologists think in completely different
ways, those cases when they manage to achieve
interaction lead to the appearance of non-trivial results
and contribute to the enrichment of both these sciences.
Thanks to such actions, it is possible to achieve more
specific results on some issues on the topic of innovative
activity. Thus, classes with students and their
independent work form skills in formulating conclusions
from the work carried out. At the same time, students
develop the necessary skills: use of computer technology
in order to identify regularities in research processes and
methods; conducting a patent search and implementing
the obtained results; public defense of scientific
development, analytical competence analysis of the
scientific and applied part [19].
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