ISSN 2220-4784 (print), ISSN 2663-8738 (online)

VK 378.65. 011.56 doi: 10.20998/2220-4784.2021.01.05
O. P. PRISHCHENKO, T. T. CHERNOGOR

APPLICATION OF ELEMENTS OF STUDYING THE FUNCTION OF ONE VARIABLE
WHEN SOLVING CHEMICAL PROBLEMS

In the article some problems are examined with chemical maintenance, for the decision of that the elements of research of function one variable are
used. A course of higher mathematics is basis of physical and mathematical training of specialists-chemists of university profile. The primary
purpose of teaching of educational discipline "Higher mathematics" is preparation of students to using of modern mathematical vehicle as an
effective instrument for the decision of scientific and practical problems in area of chemical and contiguous disciplines. Mathematics for chemical
engineers is primarily a useful tool for solving many chemical engineering problems and tasks. It is difficult to find a branch of mathematics that is
not at all used to solve these problems at all stages of their analysis. As a result of study of higher mathematics a student must know the methods of
mathematical analysis in application to one function and a few real variables. Many chemical phenomena are described through functional
dependence. At the study of chemical processes, it is necessary to use research elements functions of one variable, the exposure of properties of
function, characterizing her different internals, behaves to that. In practical classes in higher mathematics, when considering the topic 'Derivative
and its applications', it is often necessary to solve problems of a general nature. But for students of chemical specialties, tasks that are directly
related to their profession 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.
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O. II. I1PIIIIEHKO, T. T. YEPHOI' OP

3ACTOCYBAHHSA EJJEMEHTIB JOCJIKEHHS ®YHKIIIT OTHIET 3SMIHHOI
IIPHU PO3B’A3AHHI XIMIYHUX 3AJAY

VY cTaTTi pO3rIAAAOThCS ACsIKI 3a4avi 3 XIMIYHUM 3MiCTOM, IPH PO3B’SA3aHHI SIKHX BHKOPUCTOBYIOTHCS €NEMEHTH NOCIIKCHHS (QYHKIIT oHiel
3minHOI. Kypc Bumoi mMaTeMaTHKH € OCHOBOIO (hi3HKO-MaTeMaTHYHOI MiArOoTOBKH (haxiBLiB-XIMIKiB yHiBepcHTETChKOro mpodimo. OCHOBHOIO
METOI0 BHKJIaJaHHsI HABYAJIBHOI AMCUHMILTIHN «BHINa MaTteMaTHKay € MiAroTOBKA CTYACHTIB JO BUKOPHCTAHHS CY4aCHOrO MAaTEMAaTHYHOTO amapary
B SIKOCTI €()EKTHBHOIO iIHCTPYMEHTY JUIsl BUPIIICHHS HAYKOBHX 1 MPAaKTUYHUX 3aBJaHb B 00JACTI XIMIYHHX I CYMDKHUX JUCLHMIUTIH. MaremaTnka
JUI  IHKEHepiB XiMiKiB-TeXHOJOTIiB — Iie B HEpIIy 4epry KOPHCHHUH IHCTPYMEHT JUIS PO3B’s3aHHS 0araTtboX XiMiKO-T€XHOJOTiYHHX NpoOlieM Ta
3aa4. Baykko 3HAWTH Takuil pO3MLN MaTEMATHKH, SIKHil 30BCIM HE BHKOPHCTOBYETHCS JULS BUPIIICHHS X IPo0JIeM Ha ycix cTafisx ix aHamizy. B
pe3ynbTaTi BUBYCHHS BHIOI MaTEMaTHKHU CTYACHT MOBHHEH 3HATH METOAM MaTEMAaTHYHOTO aHAIi3y B 3aCTOCYBaHHI 10 (YHKLIT OfHi€l Ta KiIBKOX
NIHCHUX 3MiHHMX. barato XiMiYHHX SBUILI ONUCYIOTHCS 32 IOMOMOTOK0 (DYHKIIIOHATIBHOI 3a/eHOCTI. [Ipy BUBUEHHI XIMIYHUX HPOLECIB TOBOTUTHCS
BUKOPHCTOBYBATH €IEMEHTH JOCIiLKEHHS (QyHKIIT ofHiel 3MIHHOI, JO SIKHX BITHOCUTHCS BUSIBICHHS BIACTUBOCTEH (YHKII, [0 XapaKTepH3yIOTh
pi3Hi ii sikocTi. Ha NpakTHYHUX 3aHATTAX 3 BUIOI MaTeMaTHKH, P po3risaai Temu «IloxinHa Ta 1 3acTOCYBaHHS» 4acTO JOBOJUTBCS BUPILIyBaTH
3aBJJaHHs 3arajbHOTO XapakTepy. AJie Ui CTYICHTIB XIMIYHUX CIIeHialIbHOCTEH OUIBLIMK i1HTepeC MPEACTABISIOTH 3aBIaHHS, SKi 0€3M0CEepPEaHbBO
MOB's13aHi 3 iXHBOI npodeciero. TakuM YHHOM, PO3IIISIAIOYN 3aBJaHHS, MONIOHI HABEACHUM B JIaHIN CTATTi, MU MiJABUIIUMO iHTEpEC 1 MOTHBALiO
MaiOyTHIX (axiBLiB 10 BUBUCHHS JAHOTO MaTepiaiy.

Karouosi cinoBa: ¢ynkumis, ¢yHkmis ommiei 3MiHHOI, cTarioHapHi Toukd, rpadik ¢yHKmil, JuHaMiUuHa piBHOBara, IIBHAKICTh PEAKIi,
KiHeTHYHE PiBHSHHS, 3aKOH PayIns, KOHIEHTpaIist KHCHIO, ACHMIITOTA, MiHIMYM (YHKITIT.

O. II. IPHIIEHKO, T. T. YHEPHOI'OP

NPUMEHEHHWE DJIEMEHTOB UCCJIENOBAHUSA ®YHKIINA OTHOW MEPEMEHHOMN
TP PEHIEHUN XUMHWYECKHUX 3AJIAY

B cTaThe paccMaTpHBAIOTCS HEKOTODPBIC 3a7a4d C XUMUYCCKUM COZACPKaHHEM, IIPH PEIICHUH KOTOPBIX HUCIIONB3YIOTCS JJICMEHTBI HCCIICIOBAHHS
¢dyHKIMKM onHOM mepemeHHo#. Kypc BbIcuieil MaTeMaTHKM SBISCTCS OCHOBOW (DM3MKO-MATEMATHYECKOH INOATOTOBKH CIICLHANHCTOB-XUMHKOB
YHHBEPCHUTETCKOro npoduis. OCHOBHOU HENbI0 IPEeroJaBaHus yueOHOH NUCIHHUILIHHG «BrIciias MaTeMaTHKay SBIISETCS MOATOTOBKA CTYICHTOB K
HCTIONB30BaHUIO COBPEMEHHOTO MAaTEeMAaTHUYECKOTO ammapara B KadecTBe 3((EKTHBHOTO MHCTPYMEHTA UL PELICHHS HAyYHBIX U HMPAKTHIECCKUX
3a/1a4 B 00JaCTH XMMUYECKNX U CMEKHBIX IUCIMIUIMH. MaTeMaTuKa JUIs MHKCHEPOB XMMHKOB-TEXHOJIOTOB — 3TO B TIEPBYIO OYEpPEb MOJEC3HbIN
HHCTPYMEHT AJIs PEUISHHS MHOTUX XMMHKO-TEXHOJIOTHYECKHX IpoOiieM u 3amad. TpyaHo HaiiTH Takoil pa3zmenl MaTeMaTHKU, KOTOPBIH COBCEM He
HCTIONB3YeTCS A PelIeHHs STHX MPoOJieM Ha BCEX CTAAWSX UX aHanu3a. B pesympraTe M3ydeHHs BHICIICH MaTeMaTHKH CTYACHT NOIDKCH 3HATDH
METO/Ibl MATEMATHUECKOTO aHAJIM3a B IPUMEHCHHH K QYHKIIMK OJJHOM M HECKOJIBKUX ACHCTBUTEIBHBIX IIEPEMEHHBIX. MHOIHE XUMUYCCKUE SIBICHUS
OIHCBHIBAIOTCS IIPH HOMOIIM (DYHKIMOHAIBHON 3aBHCHMOCTH. IIpH H3ydeHHHM XMMHYECKHX IPOLECCOB IPHXOIUTCS HCIIONB30BAaTh IIEMEHTHI
HCCIeOBaHUSA (YyHKIIMH OJHOI MEepeMEHHOH, K KOTOPHIM OTHOCHTCS BBIIBICHHE CBOMCTB (DYHKI[HH, XapaKTEPU3YIONIUX PA3JIMIHBIC €€ KadecTBa.
Ha nmpakTuyeckux 3aHATHAX IO BHICIIEH MaTeMaTUKE, IPU pacCMOTPeHUH TeMbl «[Ipon3BoHas M ee NPHIIOKEHU» 3a4acTyl0 IPHXOJUTCS pelaTh
3amauy obmero xapakrepa. Ho I cTyIeHTOB XUMHUECKHUX CIENUaIbHOCTeH OONBIINIT HHTEepec IPEACTABIIIOT 331a9l, KOTOPbIEe HEIIOCPEICTBEHHO
cBs3aHBl ¢ ux mpodeccueid. Takum oOpas3oM, paccMaTpuBas 3aadd, IOJOOHBIE MPUBEACHHBIM B ITAaHHOH CTaThe, MBI IOBBICHM HHTEpEC H
MOTHBALHMIO OyIyIIUX CICIMAINCTOB K NU3YYEHHUIO JAHHOTO MaTepHana.

KaioueBble cioBa: ¢(yHKIUA, (QYHKIHS OJHONH HEpPEeMEHHOH, CTAallMOHAPHBIE TOYKH, rpaduk (yHKIHH, JUHAMHYIECKOE DPABHOBECHE,
CKOPOCTb PeaKIUH, KHHETHIECKOe ypaBHEHHE, 3aKOH Payiis, KOHIIEHTpaIHs KUCIOPOAa, ACHMITOTAa, MUHIMYM (DyHKITHH.

Introduction. A course of higher mathematics is  students to using of modern mathematical vehicle as an
basis of physical and mathematical training of effective instrument for the decision of scientific and

specialists-chemists of university proﬁle. ) practical problems in area of chemical and contiguous
The primary purpose of teaching of educational disciplines.
discipline «Higher mathematics» is preparation of © Prishchenko O.P., Chernogor T.T., 2021
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As a result of study of higher mathematics a student
must know the methods of mathematical analysis in
application to one function and a few real variables.

Statement of the problem in general and its
connection with important scientific or practical
problems. Concept of function — one of basic in modern
mathematics. Many chemical phenomena are described
through functional dependence. At the study of chemical
processes, it is necessary to use research elements
functions of one variable, the exposure of properties of
function, characterizing her different internals, behaves
to that.

Research of function y= f(x) is expedient to the

new in a certain sequence.

1. To find the range of definition of function.

2. To find (if it is possible) the intersections of chart
with the axes of coordinates.

3. Find the intervals of constant sign of the function
(the intervals at f(x) <0 whichor f(x)>0).

4. To find out whether a function is even, odd
number or general view.

5. To find the asymptotes of chart of function.

6. To find the intervals of monotony of function.

7. To find the extremums of function.

8. To find the intervals of bulge (to the concavity)
and inflection point of chart of function.

On the basis of undertaken a study to build the chart
of function. We will notice that the brought chart over of
research is not obligatory. In more simple cases it is
enough to execute a few operations only, for example 1,
2, 7. If the chart of function is not quite clear and after
implementation of all eight operations, then it is possible
additionally to investigate a function on periodicity, to
build a few points of chart are additional, to educe other
features of function. It is sometimes expedient to
accompany implementation of operations of research the
gradual construction of chart of function.

Rules of research of stationary points

First rule.

1. To find f'(x).

2. To make and decide equation roots of that
x;(j=L2,..,k) are stationary points.

3. To investigate the changes of sign f'(x) in
transition of stationary point x;. If in transition of this

point a derivative changes a sign with «+» on «—», then

x; is a point of local a maximum of function; if f '(x)

changes a sign with «—» on «t», then x;

local a minimum of function; if a sign does not change,

then x i only stationary point.

Second rule.

1. To find f'(x) u f"(x).

2. To make and decide equation roots of that
x;(j=12,...,k) are stationary points.

is a point of

3. To define a second derivative sign in a stationary
point x iz

If f"(x)>0, then x; is a point of local maximum,

f(x;) is a local minimum; if f"(x)<0, then X;

point of local minimum, f(x ) is a local maximum [1—
10].

is a

Presentation of the main research material. We
will consider some problems with chemical maintenance,
for the decision of that the elements of research of
function one variable are used.

Construction of line of equilibrium

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.

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= f(x), 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 = Px,

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,+Fx,, 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
4 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,;
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Py =Px,=P,(-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 +P(1-x,). @)
On the other hand, knowing common pressure of P
above mixture and partial pressure of nerkoneTydero
component 4, it is possible to define maintenance of him
in pairs, shown in mole fractions:
Y P’
from (see formulas (3), (4)) where

A
Y |
|
|
I _ K
XTI
| k,
|
|
|
[
|
|
|
I -
7 | >
0] | X
|
|
|
______________ I ————
|
1 |
y= K, |
Fig. 1
’ PAxA+PB(1_xA)’
or
ax,
=, 5
Y @, )
P, . .
where a =—* 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.

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

1 1

where y=y,, x=x,, kk=—, k,=1-—#0, and we
a a

investigate a function

x
f@= k +kx

subject to condition k, >0 u k, <0.

Range of definition

xe —oo;—ﬁ U —ﬁ;+oo :
kz kZ

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

im o0, lim
x—x,-0 kl + k2x x—X+0 kl + ka

k. . .
Consequently, x =—k—‘ is a vertical two-sided
2
asymptote.
We will find unvertical asymptotes:
k= lim 0, lim —* =1
o+ hox ok v kx k,
1 . .
So, y= . is a horizontal asymptote.
2
, k, . .
Because, )y'=————>0 the investigated
(ky +kyx)
function increasing.
. L " 2k k,
Knowing a second derivative y"=———=, we
(ky +kyx)

find the intervals of direction of concavity of chart of

. k, T
function, namely x < —k—‘ a concavity is sent up, and for

2

x>—£ — downward. Because x>0 and y<O0 (as
2

mole fractions), then the line of equilibrium of binary

mixture will be located in the first quadrant (fig. 1).

A maximum of speed of oxidization of oxide of nitrogen

Mathematical formula, relating speed of reaction
with concentrations, name equation of speed of reaction
or kinetic equation.

In general case the type of kinetic equation cannot
be predicted coming from stoichiometric equation of
reaction. However, the basic law of chemical kinetics,
that can be set forth so, is known: speed of reaction at
every instant is proportional to the product of
concentrations of the reactive substances, erected in
some degree, being an order of reaction on this
component.

As an example we will consider the trimolecular
reaction

2NO+0,=2NO, .

In this reaction kinetic equation looks like in the
conditions of practical irreversibility

v=k[NOJ'[0,]. (6)

If to enter denotations
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[Nl [o]
[TQ()]O’ [()2]0’

where [NO] and [O,] are initial concentrations

accordingly NO and O,, that equation (6) can be written
down so:

v=he'y, (7)
where k =k [NO] [0, ]

Problem. To set at what percentage of oxygen in
gas mixture speed of oxidization of oxide of nitrogen will
be maximal.

Decision. In equation (7) it comfortably the
concentration of NO and O to express in by volume
percent’s. Then x+y =100 and kinetic equation will

0°

assume an air v = k(100x> — x*).

Thus, a problem stands in that, to find a maximum
of function.

For her decision we will take advantage of the
second rule of research of stationary points, that is we
will find

V' =k(200x-3x") and v"=k(200-6x);
we will work out an equation
200x —3x% =0,

deciding that, we will get stationary points x, =0,
x, =200/3.

We will now find the value of the second derivative
at fixed points:

v"(0) =200k > 0;
V"(200/3) = k(200 —400) < 0,

since k>0.

So, x,=200/3 is the maximum point of the
function and therefore y, =100—200/3=33,3 is the

maximum concentration O, (fig. 2).

w4
I
I
|
I
I
|
I
|
I
0 200/3 100 x
Fig. 2
Conclusion. Speed of oxidization will appear

maximal, if in mixture it will be contained 33,3%
oxygen. So in the process of reaction stoichiometrical
correlation y:x is saved, then at maintenance in initial

mixture of 33,3% oxygen speed of reaction will be

maximally possible during all process. However, this
result is faithful only in one case, when the examined
reaction will be irreversible, that maybe in the certain
range of temperatures.

Problem. Let gas consisting of oxide of nitrogen
and rare gas is mixed up with air, the concentration of
oxygen in that makes 20,8%. To define, what volume of
air must be added to the volume of oxide of nitrogen, to
provide high speed of oxidization last.

Decision. Though a and b are by volume stakes in
mixture accordingly oxide of nitrogen and other rare
gases, that is a+b=1. Then, if to designate the added

volume of air through x, then concentration NO and
0O, accordingly will be equal

a 0,208x
NO|[=——, [0, |== .
[ ] 1+x [ 2] 1+x

Putting these concentrations in equation (7), we get

v =0,208ka* —>

(1+x)

For determination of value of x, at that speed of
oxidization v has at most at set a, we find the first
derivative from v on x:
1-2x

4 0

V' =0,208ka>
(1+x)

and we determine a stationary point x =0,5. Applying
the first rule of research of stationary points, we set that
x=0,5 is a point of local a maximum of function.

Conclusion. At adding to one volume of initial gas
0,5 volume of air composition of gas mixture will meet
the condition of high speed of oxidization of NO. The
corresponding here concentration of oxygen in mixture
M =0,0693, that is 6,93%. During

+0,5

such concentration of oxygen high speed of reaction will
be arrived at during all process of oxidization.

Arrhenius’ equation

The constant of speed of chemical reaction in most
cases sharply increases with the height of temperature (as
governed, in 2-3 times at the increase of temperature on
10 °C near-by a room temperature). Temperature

dependence of constant of speed of elementary reaction
in many cases is well described by equation of

Arrhenius:
E
k=k, exp| — |,
0 p(RTj

where 7T is an absolute temperature; E is Arrhenius
energy of activating; R — universal gas permanent; k0 is a
constant (so-called Arrhenius multiplier).

As values of concentrations small depend on a
temperature, then speed of the chemical reaction,
described by general stoichiometrical equation

will be equal

/ m
a4 > bB;,
i=1 Jj=1

depends on a temperature as follows:
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v=hyexp| o Jl4T 41" 4]

or
V=Y, Xp| —
0 %P RT ’

vo=ko[4]"[4,]"..[4]".

where

Problem. To investigate and build the chart of
constant of speed of reaction as to the function depending
on energy of activating of E, that is

k(E)=k, exp[R—b;j , where E>0.

Decision. We will mark foremost, that a function
k, exp(ﬁ) in equation of Arrhenius is always

positive, because k, >0 and

E
exp| — |>0.
p(RT]

At E=0 constant of speed of reaction k(0)=k,.
With the height of £ a size k(E ) diminishes and

_E
lim kye Yir |
E—+x©

Since

K (E)=k, [—%)e%ﬂ <0;

2
k"(E)=k, [ﬁj e 7R 50,

that a function koef%T droningly decreases and the
concavity of her chart is sent up (fig. 3) [11-17].

k(E)

Fig. 3

Conclusions and development prospects of this
direction. On practical employments on higher
mathematics, at consideration of theme «Derivative and
her applications» it is frequently necessary to decide the
problems of general character. But for the students of
chemical specialties greater interest is presented by
problems that is directly related to their profession.

Thus, examining problems similar to resulted in this
article, we will promote interest and motivation of future
specialists in the study of this material [18-23].
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