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USING OF METHODS OF CROSS-CORRELATION AND REGRESSIVE
DETERMINATION OF FUNCTIONAL DEPENDENCE BETWEEN SIZES

ANALYSIS FOR

In article it is told about use of methods of correlation and regression analysis when determining functional dependence between values. When
studying different objects of a research in laboratory or working conditions there is a need of establishment of the most probable interrelations and
interdependence between two or more variable. Sometimes it happens simply as communication easily is found or is in advance known from any
theoretical premises. However identification of such communications between different indicators, factors is much more often, signs is extremely
difficult task. Researchers face need of introduction of some hypothesis of the nature of communication in the form of functional dependence, i.e.
approximation by its some rather simple mathematical expression, for example, linear equation or a polynomial. Methods of correlation and
regression analyses are very useful to search of such mathematical functional or structural dependences between two or more variable (on the saved-
up experimental data).

Keywords: correlation analysis; regression analysis; functional dependence; approximation; mathematical expression; linear equation;
correlation coefficient; thermopower thermocouple.

O. I1. IIPIIIIEHKO, T. T. YEPHOI' OP

BUKOPUCTAHHS METO/IB KOPEJISIIIMHOI'O I PETPECIMHOI'O AHAJII3Y NP
BU3HAYEHHI ®YHKIIIOHAJIbHOI 3AJIEZKHOCTI MIK BEJITMUMHAMMU

V crarTi BU3HAUCHI MOXJIMBOCTI BHKOPHCTAHHS METOJIB KOPEILifHOrO i perpeciiHoro aHamizy (yHKIIOHAIBHOI 3aJIXKHOCTI MK BEJIMYMHAMH.
Ilpn BHBYEHHi pi3HHX OO'eKTIB EKCIEPHMEHTAIBHOTO JOCIDKEHHS B JIa0OpaTOPHUX ab0 BHPOOHMYMX YMOBaX BHHUKA€ HEOOXIJHICTH
BCTAHOBJICHHSI HaHOLIbII BipOriJHUX B3a€MO3B'SI3KIB 1 B3a€EMO3aJIGKHOCTEH MiX JBOMa abo Oinblie 3MiHHUMH. [HOAI 11e OyBa€e MPOCTO, OCKLIBKH
3B'S30K JIETKO BHSBIETHCS 200 3a3/1aJIeTib BiIOMHUIT 3 IKHX-HEOyIb TEOPETHUHHX IepeayMoB. IIpore HabaraTo Jacrime BUSBICHHS TaKUX 3B'S3KiB
MiX pi3HHMH IIOKa3HUKaMH, (paKTOpaMH, 03HAKAMH € HaJ3BHYAWHO CKIaXHUM. JIOCIITHUKY CTUKAIOTHCS 3 HEOOXINHICTIO BBEACHHS JESKOI IiloTe3n
PO XapakTep 3B'I3KY y BHUIUILAI (yHKI[IOHAJIBHOI 3aIKHOCTI, TOOTO anmpokcuManii 1i JAeSKUM BIIHOCHO IPOCTHM MaTeMAaTHYHHM BHPAXCHHSM,
HANpUKIAM, JHIHUM PiBHSHHSAM a00 MHOrOWIEHOM. /I MOIIYKy TaKMX MAaTeMaTHYHUX (YHKIIOHATBHHX ab0 CTPYKTYPHHX 3aI€KHOCTEH Mix
JBoMa abo Oible 3MIHHIMH (32 HAKOIMMYEHIMH €KCIIepUMEHTAIbHUMU JaHIMH) TyKe KOPHCHI METOIU KOPEIIIHHOro i perpeciifHoro aHaisis.

Kaio4oBi ciioBa: KopeisiiHuN aHani3; perpeciiHuii aHaii3; GpyHKIiOHAIBHA 3aJICKHICTD; alPOKCHUMAIlisl; MATEeMaTHYHUI BUpa3; JiHiiHE
PIBHSHHS; KOe(iLiEHT KOPEISALil; TEepPMOEIC TEPMOIIApH.

O. I1. IPHIIIEHKO, T. T. YEPHOI' OP

HNCIIOJBb30BAHUE METOAOB KOPPEJIALIMOHHOI'O U PETPECCHOHHOI'O AHAJIM3A ITPU
OINPEJIEJIEHUM ®YHKIIMOHAJBHOMN 3ABUCUMOCTHA MEXKY BEJIMUYAHAMMA

B crarbe 0003HaYECHH BOSMOXKHOCTH HCIIOJIB30BAaHHS METOIOB KOPPEIIHOHHOTO U PErPECCHOHHOTO aHanH3a (yHKIMOHAIBHOU 3aBUCHMOCTU
Mexny BenmduHaMmu. [Ipu mpoBeIeHHH SKCIEepUMEHTa 4acTO IIPUXOIUTCS CTAIKUBATHCS ¢ HEOOXOIMMOCTBIO YCTaHOBJICHUS B3aHMO3aBUCHMOCTU
MEXIy IBYMS WM HECKOJNBKHMH BEIMYHHAMH C LEIbI0 MOTyYeHHS SMIHpHIecKold GopMynsl. B HEKOTOPHIX CiIydasx 3TO OKa3bIBAETCS HPOCTOI
3ajauelf, Tak KaK JTH CBS3M INIPaKTUYCCKH HATJISAHBI MM 3apaHee H3BeCTHB. Kak IpaBmIO, yCTaHOBUTH B3aHMOCBSI3b MEXAY DPa3IHIHBIMU
nokasaTensiMy, (akTopaMH U IPU3HAKaMH, JaJieko He TpUBHAlbHAs 3ajada. Bo3HHKaeT He0OXOAUMOCTb HCIIOIb30BaHUS HEKOTOPOU THIIOTE3H! B
BUJie (DYHKIMOHAJIBHOH 3aBUCUMOCTH. JIpyTHMH CIIOBaMH, HEOOXOAMMO 3aMEHHTH 3Ty ()YHKIHOHAJBHYIO 3aBUCHMOCTH IOCTaTOYHO IIPOCTHIM
MaTeMaTHYEeCKUM BbIpaXKeHHEeM. TakuM MaTeMaTHYeCKHM BBIPRKCHHEM MOXKET OBITh JIMHEHHOEe ypaBHEHHE HIM MHOrOWIeH. J[Is TOro 4rolsl,
HCHOJIB3YS JAHHBIE SKCIICPHMEHTA, ONPEeIUTh TaKyl0 MaTeMAaTHYECKYIO WIH (yHKIMOHAIBHYIO 3aBHCUMOCTb MEXIY II€PEeMEHHBIMH, IPUMEHSIOT
METO/IbI KOPPEISIIHOHHOI0 U PErPECCHOHHOI0 aHATIN30B.

KiioueBble cj10Ba: KOPPEIAMOHHBIN aHAIN3; PErPECCHOHHBIN aHaAH3; QyHKIHOHAIBHAS 3aBHCHMOCTD; alllIPOKCUMAIUS; MaTeMaTHIeCKOe
BBIpa)KEeHHU E; TMHEHHOE ypaBHEHUE; KOOI PUIINEHT KOPPEISIIUH; TEPMOI/IC TEPMOIIAPEL.

Introduction. When studying various research
objects in a laboratory or production environment, it
becomes necessary to establish the most likely
relationships and interdependencies between two or more
variables.

Sometimes this happens simply because the
connection is easily detected or is known in advance
from any theoretical premises. However, it is much more
often to identify such links between various indicators,
factors, signs is extremely difficult.

Statement of the problem in general and its
connection with important scientific or practical
problems. Researchers face need of introduction of some
hypothesis of the nature of communication in the form of
functional dependence, i.e. approximation by its some
rather simple mathematical expression, for example,
linear equation or a polynomial.

Methods of correlation and regression analyses are
very useful to search of such mathematical functional or
structural dependences between two or more variable (on
the saved-up experimental data).

Correlation analysis gives the answer to a statistical
hypothesis about absence or existence of communication
between variables with some beforehand the set
confidential probability.

Definition of functional dependence between
different values (in the simplest case y from x) on their

experimental values is carried out by means of regression
analysis. Widely known least-squares method is its
cornerstone. Offering this or that equation of regression,
the researcher defines both existence of dependence
between variables, and its mathematical look.
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Presentation of the main research material.

1. Correlation coefficient. The concept of
“correlation” comes from the Latin word correlatio -
correlation. In mathematical statistics, correlation refers
to any relationship between two or more variable random
variables.

The presence or absence of a connection between
two random variables in the first approximation is judged
by the correlation field (Fig. 1).

y y

X j X

Fig. 1. Correlation field of two random variables: with a
different nature of correlation: a — strong positive; b — weak
positive; ¢ — strong negative; d — absence

A positive correlation between random variables
characterizes such a probabilistic dependence, at which
with the increase of one of them the other will also
increase on average (Fig. 1, a). With a negative
correlation with an increase in one random variable, the
other decreases on average (Fig. 1, c). Correlation
analysis allows us to estimate the closeness of the
relationship of various parameters or factors affecting the
process. In general, the task of identifying and assessing
the strength of communication in mathematical statistics
has not been solved. There are only indicators that allow
to evaluate one or another side of a random connection.
Of these, the most important indicators is the correlation
coefficient.

If we assume that » tests have been carried out and
the values of two random variables x, and y, were noted

for each, then the sample correlation coefficient will be
equal to:

m

Z(xi _f)(yi -¥)

.:1
Y =" , 1
Ty (m-15.5, (1)

where S, S — standard deviations.

The correlation coefficient is a dimensionless
quantity whose modulus does not exceed one. r, <I.

For independent values x and y r, =0 means no linear

relationship. Equality =1 indicates the presence of a

r
Xy

linear relationship between the quantities at which each
x value only one matches y .

The correlation coefficient is a rather rough
estimate of the closeness of the connection, which makes
sense only with a linear relationship between the
parameters. Even with a high correlation coefficient, it is
impossible to draw reliable conclusions about the
presence of a statistical connection, since the
simultaneous adjustment of parameters leads to their
artificial (false) correlation. Similarly, a small correlation
coefficient is not always a consequence of the lack of
connection between the parameters, but may be the result
of a non-linear nature of the relationship.

2. Construction of a mathematical model based
on the results of the experiment. A mathematical model
is a relationship between parameters and process factors,
obtained  theoretically or  experimentally.  The
mathematical model is compact and convenient for
researching and managing the actual process.

The use of a mathematical model allows:

. choose the optimal technological mode of the
process;

e  reduce the research plan in the development of
production technology;

] create a process control system.

In the experimental study of functional dependence
y on x produce a series of measurements of magnitude

v at various values x.

Results can be presented in the form of tables or
graphs. The task is to provide an analytical representation
of the desired functional dependence, that is, to select a
formula that describes the results of the experiment.

The peculiarity of the problem is that the presence
of random measurement errors (or, as they say, the
presence of 'noise' in the experiment) makes it impossible
to select a formula that accurately describes all the
experimental values.

Y

Xy X2 Xi Xn x

Fig. 2. An example of the variation of experimental points

So, for example, sequential connection of all
experimental points with straight line segments will give
a very complex dependence (Fig. 2). Therefore, the graph
of the desired function should not pass through all points,
but should, if possible, smooth out the “noise”.
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Smoothing “noise” will be the more accurate and
reliable, the more experiments will be performed.

First of all, the researcher must choose the type of
curve for which he will look for an approximating
equation. The following is for reference a few of the
most common types of approximating curves and their
corresponding equations:

straight line y =, +b,x; )
square parabola y = b, +b,x+b,x*; 3)

n-degree parabola

y=by+bx+b,x* +..+b x"; 4)
hyperbole

y=1/b,+bx w1/ y =b, +bx; (5)
logarithmic curve y =b, + b, 1gx. (6)

Of course, many other types of curves can be
applied. In order to decide which approximation to use,
one should study the correlation field and compare the
location of the experimental points with the shape of the
curves corresponding to different equations.

The shape of some of them is shown in Figure 3.

a b

Fig. 3. Forms of various regression curves:
a) y=b,+bx if b >0, b <0;
b) y=b,+bx+b,x* if b, >0, b <0;
c) y=by+blgxif b >0,b<0.

The form of communication is not mathematically
selected. One can only check how adequate the form of
connection chosen by the researcher is to the
experimental points.

Thus, the task is reduced to determining the
parameters of the equation b,, b etc. In addition, the

type of formula can be known in advance from the
theoretical description of the object being modeled.

Denote the selected functional dependence through
the equation:

y=1(:8), (7)

where i =1,2,...,n; B[ — experimental estimates of

the parameters of the equation.
This equation is called the regression equation, and the
expectation of this functional dependence

M) =M f(x:5)] ®)
called regression.

The word “regression” entered into the statistics of
Francis Galton (1822-1911) — English mathematician.
Finding parameter estimates and studying the resulting
models are called regression analysis.

The resulting equation is called the empirical
formula, and the parameter estimates for the function f

is called estimation of empirical formula parameters.

3. Determination of the regression equation by
the method of least squares. One of the most common
methods of regression analysis is the least squares
method, the first presentation of which was given by the
French mathematician Adrien Marie Alexander (1752—
1833) and further developed by the German scientist
Karl Friedrich Gauss (1777-1855).

For the simplest, single-factor case the response
function or the regression equation when we have two
variable random variables y and x, is:

y=b,+bx,. ©)

This is a straight line equation. The purpose of
determining the parameters of the empirical formula is
the calculation of unknown coefficients b, and ,.

If all the experimental points were strictly on a
straight line, then each of them would be true:

Y, —by—bx,; =0. (10)
where i =1, 2, ..., n —number of experience.
In practice, this equality is violated, instead you

have to write:

y[_bo_blxu =4y, (11)

where Ay, — the difference between the
experimental and calculated by the regression equation
values y at thei experimental point. This value is

sometimes called the discrepancy.
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Denoting by y the calculated value of the function
(according to the regression equation), we get:

(12)
(13)

y=b,=bx,,

Y, =V =4y,
The discrepancy Ay, arises for two reasons:

1) experiment error;

2) unsuitability of the model.

Moreover, these reasons are mixed and without
additional information it is impossible to decide which of
the reasons prevails. For this purpose, methods are used
to estimate the errors of experience and the suitability of
the model (the adequacy of the model).

Always seek to find regression coefficients at which
the residuals will be minimal. Here is one of the possible
entries:

U=)Y Ay’ =min. (14)
i=1
It leads to the least squares method.
The smallest cubes method is also possible:
Z|Ay[3|:min. (15)

i=1
A method is also possible in which the sum of
modules (absolute values) of residuals is minimized:

Zn:|Ay[|:min. (16)
i=1

The condition (14) underlying the least squares
method is considered the most successful compromise.

When setting up an experiment, more experiments
are usually conducted than the number of unknown
coefficients. Therefore, the system of linear equations

Ay, =y, —b,—bx

112

> (17)

Ay, =y, b, = bx,

is often controversial.

If all the experimental points lie on a straight line,
then only then the system becomes defined and has a
unique solution with respect to b, and b,.

The method of least squares has the remarkable
property that makes any arbitrary system of equations

defined. The number of equations is equal to the number
of unknown coefficients. The regression equation is:
¥y = b, +bx,. It has two unknown meanings (b, and b,).

Using the least squares method, we rewrite equation
(14) otherwise:

n

U =Zn:Ay[2 =Z(y[ -b, —blx”)2 =min.
i=1

i=1

(18)

It is known that the minimum of some function, if it
exists, is achieved while the partial derivatives over all
unknowns are equal to zero, that is:

oUu ou

oo, T,
ob, ab,

Calculate partial derivatives:

_22(%‘ —b, —bx, ) =0,
iml

(19)

: 0)
_2Z(yi — by, —byx, )xli =0.
im1

Open brackets, convert:

n n
nb, +inb1 = Zyia

=1 =l
n l n lz n
leibo = lei b :zyixli'
iml = iml

This system is called a system of normal equations.
Formulas for calculating b, and 4, are convenient to find

21)

with the help of determinants.
The final formulas are:

b = Zyt'zxuz _Zyixlilei
o = .
”leiz _(lei )2

b = DRDREDRDRS .
anliz—(Zx“)z

Let us now see how the sums included in these
formulas are calculated. To perform the calculations
form a matrix of experimental results, as shown in
Table 1.

(22)

(23)

Table 1. Results of an experiment

Number of
experience & Y %,/ X, s 6ty (% +y )2
1 X i x112 N y12 Xt 0 (xn + )2
2 X2 b x122 YaXiy y22 X+ ), (x12 +¥, )2
n xln yn x1n2 yn‘xln yn2 xln +yn (xln +yn )2
Z qu Zyi quz Zyixli Zyiz - Z(xli +y )2
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It can be seen that more calculations have been
made than are required for the calculation 5, and b,.
They are marked with an asterisk. These “extra” data are
needed to verify the correctness of the calculations.
There are two ways to check:

1) condition is checked

2 2
Z(xli+yi) =lei +2Zyixli+zyi2; (24)
2) the test can be carried out by the following
equation

J=b,+bX,. (25)

The second method is the most complete and tough.

With its help not only the sum calculation, but also the
coefficients is checked. In practice, both checks are used.
It must be borne in mind that no verification is
guaranteed against errors in the recording of the original
data. Therefore, you need to be careful when rewriting
the original data.

Example. 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
thermopower values. Decision. Create a table 2 to
calculate the regression coefficients:

Table 2. Calculation of regression coefficients

Number of . y 2 Xy
experience
1 12,1 327,35 146,4 3962,75
2 16,0 419,6 256,0 6713,6
3 26,1 660,0 681,2 17226,0
> 54,2 1407,1 1083,6 27902,3

_1407,1-1093,6-27902,3- 54,2

b, >
3-1083,6—54,2

=39,75.

_3-27902,3-1407,1-54,2
3-1083,6—54,2°

=23,76.

1

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

temperature (°C) from the thermocouple readings.

Conclusions and development prospects of this
direction.

Often, when studying the topic ‘“Functions of
several variables” from the course of higher
mathematics, one has to solve problems of a general
nature. But for students of the Educational and Scientific
Institute of Chemical Technology and Engineering, of
greater interest are the tasks that are directly related to
their specialty.

Thus, considering the tasks similar to those given in
this article, we will increase the interest and motivation
of future specialists to study this material.

References

1. Bricmas maremaTHKa B IpHUMepax M 3ajadax : yd. 1mocod. :
T. 2 /¥O.JIL T'eBopxsH, JI.A. bamaka, C.C. I'abpuensn u ap. ;
nox pexn. FOJL. I'eBopksna. — X.: Iigpyaranx HTY «XTIID»,
2011.-376c.

2. Buma MatemaTnka B mpUKIaAax i 3amavax :y 2 T. T.2 :
Judepennianbae Ta iHTErpadbHE YHCACHHS (YHKIIN
Oaratpox 3MiHHEX. JludepeHmianpHi PIBHSAHHS Ta PSOH :
Hapd. moci6. / JIL.B. Kypma, H.O. Kupmmnosa, I'.b. Jlinank
Ta iH. ; 3a pen. JL.B. Kypnm. — Xapkis : HTY «XI1I», 2009. —
432 c.

3. TI'eBopxs 0.J1. Kparkuii Kypc BBICIIEH MaTEeMATHKH : yde0.
mocob.: B 2 u. U. 2 / KO.JI. I'eBopksn, A.JI. I'puropses,
H.A. Ynkpna. — X : Iigpyaauk HTY «XIIl», 2011. —
476 c.

4. IlucdepeHnianbHi pIBHAHHA Ta iX 3aCTOCYBaHHS :@ H.-MeT.
tioci6. / Ipimenxo O.I1., Yeprorop T.T. — X. : HTY «XIIl»,
2017.-88 c.

5. Epémun B. B. Maremaruka B Xumuu. — 2-¢ u3A., ucmp. /
B.B. Epémun. — M. : MITHMO, 2016. — 64 c.

6. 30ipHEK pO3paxyHKOBO-TpaidHMX 3aBAAaHb 3 BHIIOL
Matematuk : y 2 4. U. 2 / H.O. Yikina, A.M. Taiigam, B.J.
Kpynka Ta in. ; 3a pen. H.O.Uikinoi. — X. : Iligpydnux
HTY «XIll», 2013. — 216 c.

7. Meronndeckue yka3aHUS K PELICHUIO PACUCTHBIX 3aJaHUN

mo Tteme «/luddepeHnuansHple  ypaBHEHHS U HX
MPWIOKEHHS» MO KypCy BBICIICH MaTeMaTHKH IS
CTYICHTOB  XMMHYECKMX  CIeIManbHOCTel /  coCT.

AM. Mamnyiinosa, E.W. Opnosa, T.T. YepHorop u np. —
Xapskos : XIIH, 1989. — 76 c.

8. Ilpimenxo O. II., Yepmorop T. T. Amamiz mnpuxmazais
3aCTOCYBaHHS IU(EepeHIianbHuX pPIBHAHb B XIMIUHIH Ta
xapuoBiii Texnonorii // Bicaux HTY «XIII». — Xapkis :
HTY «XI1l», 2018. — Ne 40 (1316). —c. 39 — 45.

9. Ilpimenko O.I1., Yepuorop T.T., byxkxamo C.I. esxi
0COONMMBOCTI  TPOBEACHHS  KOpeNALiiifHOro  aHami3y
Indopmariiini TexHONOril: Hayka, TEXHIKA, TEXHOJOTIS,
ocBiTa, 3710poB’si: Te3u mpomoBineit XXVII wmikaapogHOl
HayKOBO-TIpakTH4IHOi KoH(pepennii MicroCAD-2019, 15-17
tpaBust 2019 p.: y 4 u. Y. 1. / 3a pen. npod. Cokoma €.1. —
XapxkiB: HTY «XIII». —¢.320.

10.IIpimenko O.IL, UYepuorop T.T. Jleski ocobmmBoCTI
NPOBEACHHS  perpeciiHoro  amamizy  Iudopmarmiiini
TEXHOJIOT11: HayKa, TeXHiKa, TEXHOJIOTis, OCBiTa, 37I0POB’S:
te3u ponoBimeit XXVII MixkHApoaHOT HAYKOBO-IPAKTUIHOL
koH(eperii MicroCAD-2019, 15-17 tpaBas 2019 p.: y 4 4.
Y. II. / 3a pex. mpod. Cokoma €.1. — Xapkis: HTY «XIII». —
c. 319.

11.Ckareuxuit B.I'. MaTemaTudeckre METOIBI B XUMUH : yueO.
mocob. mns cryneHtoB By3oB / B.I. Ckaremxwii, [1.B.

Bicnux Hayionanvnoeo Texniunozo Yuisepcumemy «XIy. Cepis: Innosayitini
40 docnioxcents y Haykogux pobomax cmyoenmis, 2019, Ne 15 (1340)



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

Cupunos, B.U. SlmkuH. — Munck : TerpaCucremce, 2006. —
368 c.

12.TepsmieB A./l. Buma Mmatemarnka y puKiIaax Ta 3aaqax :
y 3 a. U.3 : Jludepenmiansui piBHsHHEA. Psmu. Oyskmii
KOMIUIEKCHOI 3MiHHOI. OriepaniifHe 4ncieHHs : HaBd. Mocio.
/ A 1. Tessmies, O.I'. JIutBun. — Xapkis : XHYPE, 2002. —
596 c.

13.byxkano C. L [esxi wMomeni TpOIECIB XIMIYHOTO
CIIHIOBaHHS BTOPHHHOro momierwneny // Bicnux HTY
«XHIy». X.: HTY «XTIII». 2017. Ne 18 (1240). — C. 35-45.

14.byxxkano C. L 3aearbna  mexmonocisa  xapuosoi
npomucnogocmi: mecmogi 3ag0ants (MAPYIHHUK 3 TPUPOM
MOHY), Kuis: Llentp ya60Boi niteparypu, 2014. — 412 c.

15.byxxano C. L. Irmin C. II. esxi Momemi IOCTIIKEHHS
CTDVKTYPHO-XIMIYHUX 3MiH IIPH EKCIUTVaTallii MOoIiMEepHUX
BUPOOIB. [nmeeposani mexnonozii ma enepeosdepesicenns.
X HTY «XTIIl», 2016. Ne 3. — C. 52-57.

16.6yxkano C.I. Jlesiki BIacTUBOCTI MOJIMEPHUX BIAXOAIB Yy
SIKOCTI CHPOBHHHM MJISI €HEepPro- i pecypco3depiraioanx
nporieciB // IHTerpoBaHi TeXHOMOTIi Ta eHEPro30epesKeHHS.
— X.: HTY «XIII». 2014. — Ne 4. — c. 29-33.

17.Byxkano C.I. Mogpeini eHepreTHIHOro MIiKCy U yTHiIi3amii
nomimepHoi gactku TIIB // Bicauk HTY «XII». — X.: HTY
«XIII». 2016. — Ne 19 (1191). — c. 23-32.

18.S. Bukhkalo, A. Ageicheva, O. Komarova. Distance
learning main trends. Ingopmayitini mexnonozii: nayxa,
MexHiKa, MeXHON02isA, 0c8ima, 300pos8’s: TEe3W IOMOBiIeH
XXVI mixa. H-1Ip. KoHP. MicroCAD-2018, 16-18 TpaBHS
2018p. Y. II / 3a pen. mpod. Cokxona €.1. X . HTY «XIII».
205 c.

19.byxkano C.I. Irmin CIL J[leski Momeni IOCHimXKEHHS
CTDVKTYPHO-XIMIYHUX 3MiH MPH EKCILTVaTallii MOoIiMepHUX
BUDPOOIB. [nmeeposani mexnonozii ma enepeosdepesicenns.
X HTY «XTIIl», 2016. Ne 3. — C. 52-57.

20.byxkano C.I, bimoyc O.B., [emummoB LM. Pozpobka
KOMIUIEKCHOTO aHTHOKCHJIAHTY 13 €KCTPAKTIB JIUCTS TOPIXy
BOJIIOCBKOTO  Ta  KaleHaynd. Bocrouno-Esponelickuil
XKypHAJI TepeRoBEIX TexHomorui. 2015. Ne 1/6(73), — c. 22—
26. — X. : TexHOMI. TEHTP.

21.Bukhkalo S.I, Klemes J.J., Tovazhnyanskyy L.L.,
Arsenyeva O.P., Kapustenko P.O., Perevertaylenko O.Y.
Eco-friendly synergetic processes of municipal solid waste
polymer utilization. Chemical Engineering Transactions,
Vol.70, (2018), — pp.2047-2052.

References (transliterated)

1. Vysshaja matematika v primerah i zadachah : ucheb. posob.
: T. 2/ Ju.L. Gevorkjan, L.A. Balaka, S.S. Gabrieljan i dr. ;
pod red. Ju.L. Gevorkjana. — Har'kov : Pidruchnik NTU
«HPI», 2011. - 376 s.

2. Vishha matematika v prikladah i zadachah : u 2 t. T. 2 :
Diferencial'ne ta integralne chislennja funkcij bagat'oh
zminnih. Diferencial'ni rivnjannja ta rjadi : navch. posib. /
L.V. Kurpa, N.O. Kirillova, G.B. Linnik ta in. ; za red. L. V.
Kurpi. — Harkiv : NTU «HPI», 2009. — 432 p.

3. Gevorkjan Ju.L. Kratkij kurs vysshej matematiki : ucheb.
posob. : v 2 ch. Ch. 2 / JuL. Gevorkjan, A.L. Grigor'ev,
N.A. Chikina. — Har'kov : Vid-vo «Pidruchnik NTU «HPI»,
2011. - 476 p.

4. Diferencialni rivnjannja ta ih zastosuvannja : navch.-
metod. posib. / Prishhenko O.P., Chernogor T.T. — Harkiv :
NTU «HPI», 2017. — 88 p.

5. Erjomin V. V. Matematika v himii. — 2-e izd., ispr. / V.V.
Erjomin. — M. : MCNMO, 2016. — 64 p.

6. Zbirnik rozrahunkovo-grafichnih zavdan' z vishhoi
matematiki : u 2 ch. Ch. 2 / N.O. Chikina, A.M. Gajdash,
V.D. Krupka ta in. ; za red. N.O. Chikinoi. — Harkiv : Vid-
vo «Pidruchnik NTU «HPI», 2013. - 216 p.

7. Metodicheskie ukazanija k resheniju raschetnyh zadanij po
teme «Differencialnye uravnenija i ih prilozhenija» po
kursu vysshej matematiki dlja studentov himicheskih
special'nostej / sost. A.M. Manujlova, E.I. Orlova, T.T.
Chernogor i dr. — Har'kov : HPI, 1989. — 76 p.

8. Skateckij V.G. Matematicheskie metody v himii : ucheb.
posob. dlja studentov vuzov / V.G. Skateckij, D.V.
Sviridov, V.I. Jashkin. — Minsk : TetraSistems, 2006. — 368

p-

9. Tevjashev A.D. Vishha matematika u prikladah ta zadachah :
u 3 ch. Ch. 3 : Diferencialni rivnjannja. Rjadi. Funkcii
kompleksnoi zminnoi. Operacijne chislennja : navch. posib.
/ A.D. Tevjashev, O.G. Litvin. — Harkiv : HNURE, 2002. —
596 p.

10. Buhkalo S. I. Dejaki modeli procesiv himichnogo
spinjuvannja vtorinnogo polietilenu // Visnik NTU «HPI».
H.: NTU «HPI». 2017. Ne 18 (1240), pp. 35-45.

11. Buhkalo S. I. Zagal'na tehnologija harchovoi promislovosti:
testovi zavdannja (pidruchnik z grifom MONU), Kiiv:
Centr uchbovof literaturi, 2014. — 412 p.

12. Buhkalo S. I, Iglin S. P. Dejaki modeli doslidzhennja
strukturno-himichnih zmin pri ekspluatacii polimernih
virobiv. Integrovani tehnologii ta energozberezhennja. H.:
NTU «HPI», 2016. Ne 3, —pp. 52-57.

13. Buhkalo S.I. Dejaki vlastivosti polimernih vidhodiv u
jakosti sirovini dlja energo- i resursozberigajuchih procesiv
// Integrovani tehnologii ta energozberezhennja. — H.: NTU
«HPI». 2014. — Ne 4, — pp. 29-33.

14. Buhkalo S.I. Modeli energetichnogo miksu dlja utilizacii
polimernoi chastki TPV // Visnik NTU «HPI». — H.: NTU
«HPI». 2016. — Ne 19 (1191), — pp. 23-32.

15. S. Bukhkalo, A. Ageicheva, O. Komarova. Distance
learning main trends. Informacijni tehnologii: nauka,
tehnika, tehnologija, osvita, zdorov’ja: tezi dopovidej
HXVI mizhn. n-pr. konf. MicroCAD-2018, 16-18 travnja
2018r. Ch. II/ za red. prof. Sokola €.1. H : NTU «HPI». —
205 p.

16. Buhkalo S.I., Iglin S.P. Dejaki modeli doslidzhennja
strukturno-himichnih zmin pri ekspluatacii polimernih
virobiv. Integrovani tehnologii ta energozberezhennja. H.:
NTU «HPI», 2016. Ne 3, —pp. 52-57.

17. Bukhkalo S.I., Bilous O.V., Demidov LM. Rozrobka
kompleksnogo antioksidantu iz ekstraktiv listja gorihu
volos'’kogo ta kalendulr. Vostochno-Evropejskij zhurnal
peredovyh tehnologij. No.1/6(73), (2015), — pp. 22-26.
Harkiv : «Tehnolog. centry.

18. Bukhkalo S.I, Kleme$ J.J.,, Tovazhnyanskyy L.L.,
Arsenyeva O.P., Kapustenko P.O., Perevertaylenko O.Y.
“Eco-friendly synergetic processes of municipal solid waste
polymer utilization”. Chemical Engineering Transactions,
Vol.70, (2018), — pp.2047-2052.

Haoitiwna (received) 23.04.2019

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Ilpiwgenko Onvea Ilempisna (IIpuwenxko Onvea Ilempoena, Prishchenko Olga Petrivna) — acucteHT KadenpH BHUILIOL
MaTeMaTuky, HarioHanbHM TEeXHIYHWIA YHIBEpCHTET «XapKiBCBKMM MONITEXHIYHWHA IHCTHTYT», M. XapkiB, Ykpaina; ORCID:
http://orcid.org/0000-0003-0530-2131 e-mail: priolga2305@gmail.com

Yepnozop Temana Tumodhiiena (4epnozop Tamwana Tumogeesna, Chernogor Tetyana Timofiyivna) — crapmmii BUKIagad
kadenpy BUMO] MaTeMaTHKH, HarioHanpHMI TEXHIYHUI yHIBEPCHTET «XapKiBCBKUH IONITEXHIYHUH 1HCTUTYT», M. XapkiB, YKpaiHa;
ORCID: http://orcid.org/0000-0002-7823-7628 e-mail: tatyanachernogor54@gmail.com

Bicnux Hayionanvnozo Texuiunoeo Yuisepcumemy «XIIIy. Cepis: Innosayitini
docaidicen s y HayKosux pobomax cmydenmis, 2019, Ne 15 (1340) 41



