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CONSTRUCTION OF REGRESSION MODELS
FOR DEVELOPING THE TECHNOLOGY TO OBTAIN
TABLETS BASED ON MEDICINAL GINGER

Scientific research in pharmacy, due to their multifactorial nature, is closely related to modeling of
complex static systems. For this purpose, the so-called “input-output” mathematical models, which are built
based on the results of the experiment, are widely used. Modeling of static systems based on the experi-
mental data requires the solution of three interrelated tasks: planning of the experiment and its implemen-
tation; identification of the model structure and its parameters; approximation, if necessary, of a complex
model to a simpler mathematical description.

Aim. To develop a methodological approach to the determination of regression equations in a two-
factor experiment based on the analysis of the individual influence of factors on the target quality indica-
tors of the dosage form.

Materials and Methods. The Mathcad computer environment (MathSoft Ins., USA) was applied in the
study. The least squares method was used to determine the coefficients of regression equations. To develop
atemplate, which automatically searched for the type and coefficients of the equation, the MS Excel applica-
tion was used, namely the data analysis package (regression analysis); the possibility of creating macros;
the VBA programming environment. The MS Word processor was used to edit the code.

Results. The methodological approach for determining a mathematical description of the influence of
quantitative factors on targets at the experimental stage of the dosage form development has been developed.
The method of constructing regression equations proposed makes some additions to the determination of
the regression model based on the planned two-factor experiment and allows in certain cases to reduce the
required number of experiments. A macro for MS Excel has been developed and tested to optimize calcula-
tions in order to obtain the coefficients of regression equations.

Conclusions. The algorithm developed for identification of two-factor mathematical models includes
the stage of identifying the main consequences of the influence of individual factors on the target indicators;
itallows analyzing the mechanism of action of factors. The method is effective for determining a mathematical
description in the form of linear algebraic polynomials and making a decision about the need for additional
experimental observations within the factor space. The method of processing experimental data described
has been tested according to the results obtained when developing specific dosage forms.

Key words: two-factor experiment; separate influence of quantitative factors; regression equation;
algebraic polynomial; function of the geometric average.

0. B. KyToBA, O. A. PyBAH, P. B. CArAlAAK-HIKITIOK, I. B. KOBAJIEBCHKA, H. B. JIEMYEHKO
HayioHaavHutl papmayesmuyuHutl yHisepcumem Minicmepcmea oxopoHu 300po6’st YkpaiHu,
M. Xapkie

IOBYAYBAHHS PETPECIMHUX MOJAEJIEH /11 PO3POBJIEHHSI TEXHOJIOTTI OTPUMAHHS
TABJIETOK HA OCHOBI IMBUPY JIIKYBAJIBHOTO

HaykoBi gociigpkeHHs y ¢papmaiii yepes ix 6araTo$pakTOpHICTb TiCHO MOB’sA3aHi 3 MO/IeTIOBaHHAM
CKJIQJHUX CTaTUYHUX cucTeM. /il 1bOTO IUPOKO BUKOPUCTOBYIOThCS TaK 3BaHi MaTeMaTHU4YHI MojeJi
«BXiJ| — BUXiZ{», Ki OyyI0TbCsI 32 pe3ysibTaTaMU eKcrepuMeHTy. Mo/ieJIloBaHHSI CTATUYHUX CUCTEM Ha
OCHOBI eKCIIepUMEeHTAIbHUX JaHUX BUMarae BUPillleHHs TPbOX B3aEMOIOB I3aHUX 3aB/jaHb: IJIAHYBAHHSA
eKCIIepUMEeHTY Ta Horo peaJiisallis; BU3HaYeHHs CTPYKTYpHU MoJeJii Ta Ii napaMeTpiB; HabGJMKeHHs, 32
HeoOXiAHOCTI, ckIaZHOT MoZesi 10 GiJIbLI TPOCTOr0 MAaTEMAaTHUYHOI'O OIHUCY.

MeTa: po3po6sieHHS] METOA0JIOTIYHOTO MiAX0y 10 BU3HAYEHHS PiBHSIHB perpecii y BodpakTopHOMY
eKCIlepUMeHT] Ha OCHOBI aHa/i3y iHAUBIAyasbHOrO BIJIMBY GaKTOPiB Ha 1iJIbOBi MOKAa3HUKU SIKOCTI JIi-
KapcbKoi GopMH.
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Marepia/u Ta METOAU: BUKOPHCTAHO KoMIT'toTepHe cepenoBuie Mathcad (MathSoft Ins., CIIIA); meTog,
HaWMeHIINX KBaJpaTiB - /1 BU3HaueHHs KoedillieHTiB piBHAHB perpecil. [l po3po6KH 111a6/I0HY, B IKOMY
ABTOMATHYHO 3/1iHCHIOETHCS MOLIYK BUAY Ta KoedillieHTIB piBHSAHHS, BUKOPUCTaHO fojaTok MS Excel, a came:
HaKeT aHaJli3y JlaHuX (perpeciiHUi aHasli3); MOXJ/IMBICTb CTBOPEHHS MaKpOCiB; cepe/ioBHUIIe TPOrpaMy-
BaHH#A VBA; /151 peiaryBaHHs Koy — TeKCTOBUH nporecop MS Word.

PesysibTaTH. Po3po6/ieHO MeTo/0/10TiYHUH NiAXiJ A0 BU3HAUeHHS MaTeMaTUYHOr0 ONUCY BIJIUBY
KiJIbKiCHUX GaKTOPiB Ha L[i/IbOBi MOKAa3HUKH HA TEXHOJIOTIYHOMY eTarni po3po6JieHHs JiKapcbKoi popmu.
3anponoHOBaHUM aITOPUTM MaTeMaTUYHOI'O MOJIe/IIOBAHHA BHOCUTD JlesIKi 3MIHM y BU3HAY€HHH PiBHSHb
perpecii Ha OCHOBI 3alJTaHOBAHOI0 BOGAKTOPHOr0 eKCIIePUMEHTY Ta 3MeHIIye He0OXiAHY KiIbKiCTb eKc-
nepuMeHTiB. Po3po6sieHo i BUnpo6yBaHo Makpoc AJist mporpamu MS Excel 3 meToto ontumisanii o64uc-
JIeHb [ OTpUMaHHs KoedillieHTiB asire6paluHUX MOJTiHOMIB.

BuCHOBOK. Po3po6JieHuii aaroputM ijleHTudikanii BopakTOpHUX MaTeEMAaTUYHUX MO/JeJieil BKIIO-
Ya€ CTafilo0 BUsBJIEHHsI OCHOBHUX HACJ/i/IKiB BIUIUBY OKpeMUX GpaKTOpiB Ha IiIbOBI MOKAa3HUKH, 1[0 /10~
3BOJISIE TPOAHAJiI3yBaTH MeXaHi3M ix Ail. MeTo/1 € epeKTUBHUM /1J151 YCTAaHOBJIEHHSI MaTeMaTUYHOTO OMHU-
Cy y BUIISAZI JIIHIMHUX anre6paiuHUX NOJiHOMIB Ta NPUUHATTS pillleHHs Npo HEOOXiAHICTb MpoBejeHHS
JI0OJJaTKOBUX eKClIepUMEeHTaJbHUX CIIOCTepeXXeHb BcepeJuHi GpakTopHOro npoctopy. OnucaHuit MeTo[,
06pO6KH eKCllepUMeHTAIbHUX JaHUX OYB BUIIPOOYyBaHUM 3a pe3y/bTaTaMU, OTPUMaHUMH IIiJ 4ac po3-
po6JieHHs crieludivYHUX JIiKapChbKUX GOopM.

Katouoei caosa: 1B0daKTOPHUN eKCIIepUMEHT; OKPEMHUM BIJIMB KiJIbKiCHUX GaKTOPiB; piIBHAHHA
perpecii; anre6paiuHuii mosiHoM; GyHKIis cepeHbOro reOMeTPUIHOTO.

0. B. KyToBasg, E. A. PyBaH, P. B. CATAWIAK-HUKUTIOK, U. B. KOBAJIEBCKAS, H. B. JIEMYEHKO
HayuoHansHblll papmayesmuveckull ynusepcumem MuHucmepcmaa 30pagooxpaHeHust
Ykpaunul, 2. Xapvkos

ITOCTPOEHME PETPECCUOHHBIX MOJEJIEH JI/151 PASPABOTKU TEXHOJIOTHH IOJIYYEHUS
TABJIETOK HA OCHOBE HMBHP$ JIEKAPCTBEHHOTO

HayuHble ncciegoBanus B papMalnuy BeaeACTBUE UX MHOTOGAKTOPHOCTH TECHO CBSI3aHbl C MOJ,eIUPO-
BaHHEM CJIOKHBIX CTaTUYECKUX CUCTeM. JlJ1sl TOH 1iesTH INMPOKO NPUMEeHSI0TCs TaK Ha3blBaeMble MaTeMa-
THYeCKHE MOJIEIN «BXOJ, — BBIX0/1», KOTOPBIE CTPOSITCS MO pe3y/bTaTaM 3KcepuMeHTa. MoJeMpoBaHue
CTaTUYeCKUX CUCTEM Ha OCHOBE 3KCIIepUMEeHTa/IbHbIX JaHHBIX TPeOyeT pellleHusl TPeX B3aUMOCBSA3aHHbIX
3a/lay: JIaHWPOBaHHe 3KCIIePUMEHTA U ero peasn3alus; uAeHTUUKALKA CTPYKTYPhI MOZIeIM U ee mapa-
MeTPOB; NPUOJIMKEHNE B CJIydae HEOOXOAUMOCTH CJI0XKHOU MOZIesTH K 60Jiee TPOCTOMY MaTeMaTHYECKOMY
ONMCAHUIO.

Ilesb: pa3paboTka METO/[0JIOIMYECKOT0 MOJX0/]a K YCTAaHOBJIEHHIO YPaBHEHUH Perpeccuu B JByX-
$aKTOpPHOM 3KCIepUMeHTe Ha OCHOBE aHA/IM3a UHAUBU/AYAJbHOTO BJIHSIHUS GAaKTOPOB Ha IieJeBble I0-
KasaTeJIM Ka4ecTBa JleKapCTBeHHOH GOpMBblL.

Martepuajibl 1 METOABI: HCIIOIb30BaHa KoMIbloTepHas cpefa Mathcad (MathSoft Ins., CIIIA); meTop,
HavMeHBIINX KBaJPaTOB — /JIs ONpe/eseHns KoapPUIMeHTOB ypaBHEHUH perpeccud. [ pa3paboTKu
ma6JI0Ha, B KOTOPOM aBTOMaTHYeCKH OCYLeCTBJ/ISETCsA MOUCK BUAA U K03PPULIEeHTOB ypaBHEHHS, UC-
N0JIb30BaHO npuoxkeHre MS Excel, a MMeHHO: nakeT aHa/IM3a IaHHBIX (perpecCUOHHbIN aHAIN3); BO3MOX-
HOCTb CO3/JaHUSI MAaKpOCOB; cpesia nporpaMMmupoBaHus VBA; s pefakTHpoBaHUs KOJa — TEKCTOBBIN
npoueccop MS Word.

Pe3ynbTaThbl. PazpaboTaH MeTOZ0JOTHYECKUH MOJX0/ K YCTAaHOBJIEHHIO MaTEMAaTHYECKOTO OIKCca-
HUS BJUSIHUS KOJIMYeCTBEHHBbIX GaKTOPOB Ha IieJieBble MOKa3aTeJd Ha TEXHOJIOTHYeCKOH CTaiuu pas-
paboTKH JleKapcTBeHHOU popMbl. [IpeAiaraeMblii aIrOpUTM MaTeMaTHY€CKOTO MOZIeJTUPOBaHUSI BHOCUT
HEKOTOpble U3MEHEHHs K OIpe/ieJIeHHI0 YPaBHEHUH Perpeccuy Ha OCHOBe IJIaHUPYeMoro JiByxdakTop-
HOTO 3KCMePUMEHTA U MO03BOJISIET B ONpe/ieJIEHHBIX C/Iy4assX COKPAaTUTh HEOOXOAUMOEe KOJUIECTBO OMbI-
TOB. PazpaboTaH 1 NpoTeCTUPOBAaH MaKpoc AJs npunoxeHus MS Excel ¢ 1jesibio onTUMHU3aL UK pacieToB
JU151 ToJTydeHust KoapPpHULMeHTOB anre6pandecKux MOJUHOMOB.

BbiBOABI. Pa3paboTaHHBIM aJrOPUTM HAEeHTUPUKALNY ABYXPAKTOPHBIX MaTeMAaTHIECKUX MOJieslel
BKJIIOYAET CTaJiUI0 BbISIBJI€HUSI OCHOBHbIX I0C/e[CTBUM BIUSHUSA OTAENbHbIX GaKTOPOB Ha LieJIeBble M0-
KasaTeJIH, YTO N103B0JISIeT IPOAHATU3MPOBATh MEXaHU3M UX iedcTBuUsA. MeTos addeKTHBEH J1s1 onpesieie-
HUS MaTeMaTHYeCKOIo ONMKMCAHUSA B BUJE INHEHHBIX aire6pandecKux MOJMHOMOB U MPUHSATHS pPelleHus
0 He06XOAUMOCTH NPOBeJIeHUs JOMOJHUTEIbHBIX 3KCIIepUMeHTaIbHbIX HAabII0leHU I BHYTPH GpaKTOPHOT0
npocTpaHcTBa. OnrcaHHbIA MeTOZ 06pabOTKH 3KCIIePUMEeHTa/IbHbIX JaHHBIX 6bIJI UCIIBITAH MO pe3yJibTa-
TaM, OJIy4eHHBIM IPU pa3paboTKe crnenruduiecKux JeKapCTBEHHBIX GopM.

Knwueevle caoea: Byx$aKTOPHBIN SKCIIEPUMEHT; OTAe/bHOE BIMSHME KOJIUYeCTBEHHbIX paKTOpPOB;
ypaBHEHHE perpeccuy; aarebpanyecKuii MoJMHOM; GYHKIMs CpeJHETO reOMEeTPHYECKOTO.

Statement of the problem. Scientific re-
search in pharmacy, due to their multifactorial
nature, is closely related to modeling of com-
plex static systems [1-3]. For this purpose, the
so-called “input-output” mathematical models,
which are built based on the results of the

experiment, are widely used [4]. In most cases,
the relationship between input and output vari-
ables in such models is described by algebraic
polynomials of the 1st or 2nd degree of both
complete and incomplete form. Modeling of
static systems based on the experimental data
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requires the solution of three interrelated tasks:
planning of the experiment and its implemen-
tation; identification of the model structure
and its parameters; approximation, if neces-
sary, of a complex model to a simpler mathe-
matical description.

The first stage of constructing a mathema-
tical model of a pharmaceutical object is based
on the results of the experiment. To estimate
the coefficients of the regression equation ap-
proximating the experimental dependence, it
is necessary to collect static data characteriz-
ing various states of the system. Taking into
account the multifactorial nature of pharma-
ceutical research and its specific features ex-
periments must be carried out in large num-
bers [5-7]. In this regard, the task of efficient
processing of the minimum possible experi-
mental base is very relevant.

Analysis of recent research and publi-
cations. The works of Groshovyi T. A., Gordi-
enko O. I., Barchuk O. Z., Zaliska O. M., Shala-
ta V. Ya., Maksimovich N. M,, etc., are devoted to
the determination of the influence of quantita-
tive pharmaceutical factors on the main phar-
macopoeial characteristics of drugs by the me-
thod of random balance [1-3]. Divak M. P. [4]
paid attention to the methods of solving the
problems of the experiment planning, para-
metric and structural identification of interval
models and simplification of complex models
under the condition of ensuring guaranteed
accuracy. The studies related to mathematical
planning of the experiment during scientific re-
search in pharmacy were performed by Gro-
shovyi T. A., Darzuli N. P, Martsenyuk V. P, Ku-
cherenko L. I. and others [3, 5-7]. Considera-
tion of solutions of engineering and technical
problems using the MathCAD version 14 mathe-
matical package is described in the works of
Voskoboynikov Yu. E. [8-9]. The use of the Ms Ex-
cel computer program was studied by Vosko-
boynikov Yu. E., Zhuravsky A. A, Toryanyk E. I,
Sinyaeva O. V. and Zavgorodniy O.1.[10, 11, 13].

Identification of aspects of the problem
unsolved previously. One of the pressing issues
in the research planning in pharmacy, which
needs to be addressed, is the identification of
mathematical models of systems with two de-
pendent quantitative factors, which total va-
lue is determined by the quantitative composi-
tion of the mixture and fixed at a certain level.

Objective statement of the article. The aim
of this article was to develop a methodological
approach to the determination of regression
equations in a two-factor experiment based on
the analysis of the individual influence of fac-
tors on the target quality indicators of the
dosage form.

Presentation of the main material of the
research. This material considers an example,
in which the output parameters of the system
are studied depending on the quantitative
content of two excipients in the drug mixture.
Such a problem can arise in the case when the
overall quantitative composition of the drug
mixture is maintained by changing the content
of the filler due to an increase or decrease in
the amount of certain two independent mix-
ture components.

The planning of the experiment was car-
ried out according to the type of full-factor ex-
periments 22 and 32

[t should be noted that the experimental
data according to plan 22is sufficient to de-
termine the coefficients of the classical linear
multiple regression model:

yi(x1,x2) = a, + a;x1 + a,x2 (1)

[t is also possible to determine a regres-
sion equation with the interaction of factors:

yix1x2)=a,+axl+ax2+ax1x2 (2)

For this purpose, the means of modern com-
puter programs with built-in functions are ef-
fective. A representative set of basic functions
and algorithms that implement the least squares
method (LSM) allow a researcher, without know-
ledge of special sections of higher mathemat-
ics, to technically quickly obtain an estimate
of the regression coefficients. This article uses
Mathcad (MathSoft Ins., USA), the most popu-
lar computer environment among users; it is
one of the recognized world leaders in the num-
ber of universal mathematical systems [8, 9].

In some cases, the regression equations
obtained have a high coefficient of determina-
tion and make it possible to carry out calcula-
tions with high accuracy at basic experimental
points, thereby indicating the adequacy of the
mathematical description. However, this re-
sult can be refuted by additional experiments

[5]
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within the factor space. In order not to con-
duct additional research, it is proposed to carry
out the following sequence of actions. Based on
the available experimental base 22 we deter-
mine and analyze linear dependences of the form:

yi:f(X1)x2:min and.yi :f(XIJXZ:max;
yi :f(xz)xlzmin andyi :f(xz)xlzmax'

If these dependences have a unidirection-
al character at the minimum and maximum
levels of the second factor, it is possible to cre-
ate the final dependence as a geometric mean
function of the form [8, 9]:

¥ (x1,x2) = V(ap, + a;,x1)(ag, + a,,x2). (3)

To obtain more accurate mathematical de-
scription, it is advisable to further refine the
final dependence based on obtaining a corre-
lation between the experimental and theore-
tical results [10]. The functional dependence
can be defined as a linear or quadratic function.
The correlation coefficients are determined by
the least squares method using Mathcad tools.
Thus, the adequate functional dependence ob-
tained indicates the sufficiency of the experi-
mental information for compiling a mathema-
tical description.

If the dependences y, = f{x1) and y, = f(x2)
have a multidirectional character at the fixed
values of the second factor, the creation of a
geometric mean function will not be effective
since the nonlinearity of the influence of fac-
tors on the target indicators studied will ap-
pear inside the factor space, and to determine
it, additional experimental data are needed.

The nonlinear influence of two factors on
the target functions can be described by various
variants of the quadratic dependence. For all
possible combinations, an equation is selected
according to the equation by its static quality
indicators. The most common least squares
method is used to determine the coefficients
of regression equations. From the technical
point of view, such a method seems to be very
difficult since the number of models that will
need to be analyzed turns out to be extremely
large.

One of the tasks of the work was to devel-
op a template for the MS Excel application, in
which the search of the type and coefficients

of the equation would be carried out automati-
cally. To achieve this goal, we used such MS Ex-
cel tools as the data analysis package (regres-
sion analysis); the possibility of creating mac-
ros; the VBA programming environment [11].
The MS Word processor was used to edit the
code. For the equation obtained, a block of gra-
phical interpretation of the calculation results
is provided; with its help it is possible to com-
pare the experimental and theoretical graphi-
cal dependencies. If there are several adequate
options, the choice is made by the researcher
based on his practical experience and taking
into account the advantage of a simpler mathe-
matical description.

When developing the formulation of tab-
lets based on medicinal ginger the research was
conducted to study the effect of excipients on
the pharmacological and technological para-
meters of this dosage form at the Department of
Industrial Technology of Drugs and the Depart-
ment of Processes and Apparatuses for Che-
mical and Pharmaceutical Production of the
National University of Pharmacy of the Minis-
try of Health of Ukraine [12]. According to the
data of experiments to determine significant
factors, kollidon K30 (x1) from the group of bin-
ders and neusilin as a moisture regulator (x2)
were selected. The permissible amount of these
components in the composition of tablets was
determined by the variation intervals 2 <x1 <5
and 1 < x2 < 2, respectively. The total amount
of these excipients was not strictly limited,
and the average tablet weight was controlled
by the Galen 1Q 721 filler, which was also se-
lected on the basis of the previous studies.

To characterize the tablets obtained, such
pharmacological and technological parameters
as disintegration (y1), resistance of tablets to
crushing (y2) and friability (y3) were determined.

At the first stage of the experimental data
processing a graphical dependence of the in-
dicators studied on the factors analyzed was
built (Fig. 1) based on the results of a full fac-
torial experiment of type 2% with experiments
at points corresponding to the maximum and
minimum levels of factors (Tab. 1).

Tab. 1 contains the average results of two
parallel experiments with the indication of the
confidence interval of measurements.

The graphic interpretation made it possible
to determine the intended type of regression

CoyianvHa meduyuHa i papmayis: icmopisi, cyuacHicms ma nepcnekmuagu po3guUmky
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(x1,x2,y]),Y1

(x1,x2,y2), Y2

(x1,x2,y3),Y3
Fig. 1. The graphic interpretation of the experimental data

Table 1
THE MATRIX FOR PLANNING THE EXPERIMENT OF MODEL TABLETS ACCORDING TO PLAN 22

No. of the experiment x1 x2 yl1 y2 y3
1 5 2 509.5 +65.33 39+4.17 0.873 £0.036
2 5 1 466.5 + 45.87 75.25+13.20 0.63 +0.028
3 2 2 441.5 £20.85 60.125 = 104 0.783 £0.147
4 2 1 419278 51.25+0.69 0.922 +0.022

equations. The behavior of the response sur- y1(x1,x2)=378.5+9x1 +

faces obtained indicates the clear nonlineari- +8.833x2 + 6.833x1x2, (4)

ty of the objective functions studied. This type y2(x1,x2) = -3.708 + 23.042x1 +

of dgpendepce can be a consequence of.both +38.958x2 - 15.042x1x2, (5)

the interaction of factors and their nonlinear

impact on the target indicators. y3(x1,x2) =1.516 - 0.227x1 - 6)
Mathematical processing of experimental -0.399x2 + 0.13x1x2 (6)

data by Mathcad 14 allowed us to determine
linear regression dependencies with the in-
teraction of factors:

Functions (1) - (3) in Mathcad 14 are given
in Fig. 2.

3

z(a0.al.a2.a3) = z [:,-1.[- [atr-: al - xl, - x2, + a2 - (x1 ) + a3 - gxzi;]]‘
i=0

al =1

ab =1 al =1

Given

d d d
—z2(al. al a2 a3y =0 —zxal al. a2 al)=0 —z(al al a2 a3) =0 —z(al al a2 al) =0
S ) 2 ) e ) 2 )

Z = Find(al.al,al.a3)

(378.5)
6833 |
. |
\8.833)

Mn]_ﬂ] =3785+6835-x1 -22+9-x1+8833-x2

Fig. 2. The example of determination of regression coefficients in Mathcad 14

[7]
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[8]
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x11, x12 x22, x25
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Fig. 3. The individual influence of factors on the target indicator y1:
a)y1=f(x1),,.,and y1 = f(x1),,.,; b) y1 = f(x2) ., and y1 = f(x2) ;s
80 80
70 — 70 X
21 60 fee — 222 60 [ —
S _—T
¥22 50/ - ¥ so [ 1
40 o 40 -
30 30
2 2.6 3.2 3.8 4.4 5 2 26 32 38 44 5
x11, x12 x22, x25
a) b)

Fig. 4. The individual influence of factors on the target indicator y2:
a) y2 = f(x1) o and y2 = f(x1) .55 b) y2 = f(x2) 1., and y2 = f(x2) ..

To assess the adequacy of the equations ob-
tained we calculated the coefficient of determi-
nation RZ It shows that part of the variations
depends on the variables due to variations of
the objective function:

R -1 - Z a0 -y
z?:lO’i _}_’i)z

Such docking parameters as the experimen-
tal value - y, the theoretical value - y, and the
average experimental value - y were determined.

All equations obtained had a high coefficient
of determination R?= 0.9999. The average rela-
tive computation error was also determined:

_ 1|l
A== 21 v ‘100%.
For regression equations (4) - (5) A=0, for
(6)-0.2 %.

In case of uncertainty of the researcher in
the mechanism of the influence of factors, it is
necessary to expand the experimental base on
the basis of a full factorial experiment of type 32
The methodological approach proposed by the

authors of the work to the experimental data
processing according to plan 22 makes it pos-
sible not to carry out additional experiments
in the factor space for making a decision re-
garding the mathematical description.

At the first stage the analysis of the indi-
vidual influence of factors on the objective func-
tions was performed, provided that the second
variable remained fixed, and linear regression
equations were determined. These dependen-
ces are shown in Fig. 3-5.

As can be seen from the presented figures,
both factors at the boundaries of the variation
interval affect the tablet disintegration in one
direction, namely the dependences y1 = f{x1)
and y1 = f{x2) increase monotonically.

In the case of two other indicators, there is a
multidirectional influence of factors at the levels
studied: y2 = f{x1),,., y2 = f{xX2) 1.5 ¥3 = f{x2) 15
Y3=fx1) 5., - increasing; y2 = f(x1),,-, y2 = f(x2),,-,,
y3=f(x1),.,y3=f(x2),,_, - decreasing.

This fact is the key moment for making a
decision on the need for additional research.

To determine the interaction of factors
such a mathematical technique as multiplying
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Fig. 5. The individual influence of factors on the target indicator y3:
a) y3 = f(x1),,.; and y3 = f(x1),,.,; b) y3 = f(x2),;_, and y3 = f(x2),,_5

a)

b) c)

Fig. 6. The graphic interpretation of geometric mean dependencies:
a)yl =f(x1,x2); b) y2 = f(x1,x2); c) y3 = f(x1,x2)

these equations by each other is used. All func-
tions will reflect the interaction of factors at
the x1x2 level. We get the final equations of
geometric mean expressions of the form:

y1(x1,x2) =\(391.75 + 19.25x1) (410 + 32.75x2), (7)

y2(x1,x2) = V(54.729 + 0.479x1)(76.937 - 13.687x2), (8)

y3(x1,x2) = V(0.907 - 0.032x1)(0.72 + 0.056x2). (9)

To obtain more accurate mathematical de-
scription, it is advisable to carry out an addi-
tional refinement of the final dependence ba-
sed on obtaining the correlation dependence
between the experimental and theoretical re-
sults. The functional dependence can be defi-
ned as a linear or quadratic function. The cor-
relation coefficients are determined using the
least squares method.

For the objective function y1 = f(x1,x2),
the geometric mean dependence with the cor-
responding correction is the mathematical

description with a relative calculation error at
the base points of no more than 1 % and a good
coincidence of the experimental and theoreti-
cal response surfaces (Fig. 6a):

y1(x1,x2) =-2.426 +
+0.002191(391.75 +
19.25x1)(410 + 32.75x2) =
=349.326 + 17.28x1 + 28.097x2 +
+1.38x1x2 (10)

(10)

For the objective functions y2 = f{x1,x2)
and y3 = f{x1,x2) the response surfaces ob-
tained from the geometric mean dependences
with the corresponding correction do not co-
incide with the experimental ones (Fig. 6b,c).
This result indicates the nonlinear nature of
the influence of factors on the target indica-
tors and the need to expand the experimental
base to determine an adequate mathematical
description of these dependencies.

The graphic interpretation of the experimen-
tal data according to plan 32 (Tab. 2) shown

[9]
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Table 2

THE MATRIX FOR PLANNING THE EXPERIMENT OF MODEL TABLETS ACCORDING TO PLAN 32

No. X1 X2 yl1 y2 y3

1 5 2 509.5 + 65.33 39+4.17 0.881 +0.036
2 5 1 466.5 £ 45.87 75.25+13.20 0.63 +0.028
3 2 2 441.5 £ 20.85 60.125 +1.04 0.783 +0.147
4 2 1 419+2.78 51.25+0.69 0.922 +0.022
5 3.5 2 474.25 +27.10 79+5.56 0.736 + 0.061
6 3.5 1 437.75 £ 61.85 93.5+6.95 0.652 +0.086
7 3.5 1,5 456.5 £51.43 118.75 £ 0.69 0.528 £0.0

8 5 1,5 487.99 £5.53 89.62 £ 3.34 0.60 = 0.03

9 2 1,5 430.25+11.12 88.18 + 4.5 0.69 £ 0.028

(x1,x2,y1) (x1,x2,y2)

(x1,x2,y3)

Fig. 7. The graphic interpretation of the experimental data according to plan 23

in Fig. 7 confirms that the quantitative factors
studied have a nonlinear effect on the objec-
tive functions y2 = f(x1,x2) and y3 = f(x1,x2),
and for y1 = f{x1,x2) the nature of influence of
the variables has not changed.

Tab. 2 contains the average results of two
parallel experiments with the indication of the
confidence interval of measurements.

Determination of the corresponding quad-
ratic dependences for y2 and y3 requires the
mathematical processing of the additional data
within the factor space.

Based on the plan of experiment 23 the follo-
wing regression dependencies were determined:

y2(x1,x2) =-395.941 +
+115.889x1 + 428.687x2 -
-15.042x1x2 - 13.264x1% - 130x2%,

(11)

y3(x1,x2) = 3.288 - 0.574x1 -

- 2.347x2 + 0.13x1x2 + 0.05x12 +  (12)
+ 0.658x22,
and dependence (4) was corrected:
y1(x1,x2) =375.64 + 9x1 + (13)

+10.08x2 + 6.83x1x2.

The results of evaluating the adequacy
of the regression equations are presented in
Tab. 3.

The p-values of the coefficients for all the
regression equations obtained do not exceed
0.05, it shows their significance. Significance
coefficients with a reliability of 0.95 % cor-
respond to the calculated ones. The intervals
that with a probability of 95 % fall into the

Table 3

ESTIMATION OF SIGNIFICANCE OF REGRESSION EQUATIONS

Equation R? Significance of criterion F A % Conclusion
13 0.9995 0.000001 < 0.05 0.28 The equation is significant
11 0.9976 0.000385 < 0.05 0.23 The equation is significant
12 0.9967 0.000001 < 0.05 1.22 The equation is significant
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Table 4

INTERVAL ESTIMATES OF THE VALUES OF THE REGRESSION EQUATIONS

Regression equation

Confidence intervals

y1(x1,x2) =375.64 + 9x1 + 10.083x2 + 6.833x1x2

;2) £23.65;y1(5;1) £ 16.77; y1(2;2) £ 10.12;
2) £13.14;y1(3,52) £ 18.3; y1(3,5;1) £ 13.38;
5;1.5) £ 15.7;y1(5;1.5) £ 20; y1(2;1,5) £ 11.55

’

y2(x1,x2) =-395.941 - 0.574x1 - 2.347x2 +
+0.13x1x2 + 13.64x1% + 130x22

;2) £8.8;y2(5;1) £ 8.3; y2(2;2) + 2.35;
i2) £3;y2(3,52) £5.24;y2(3,5;1) £ 4.7;

5
2
3
5
2
3,5;1.5) £4.9;y2(5;1.5) £ 8.5; y2(2;1.5) £ 2.6

y3(x1,x2) =3.288 + 115.889x1 + 428.687x2 -
- 15.042x1x2 + 0.05x1% + 0.658x22

5;2) £0.62; y3(5;1) £ 0.58; y3(2;2) £ 0.16;
2;2) £0.2;y3(3,52) £ 0.37;y3(3,5;1) £ 0.3;

yU(
y(
y1(
y2(
y2(
y2(
y3(
y3(
y3(

3,5;1.5) £ 0.34; y3(5;1.5) £ 0.6; y3(2;1.5) £ 0.18

Iy
—
LTS
Vo Zittin, ‘
LELL0T77
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: h,
SR
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Fig. 8. Comparison of graphical interpretation of experimental and theoretical response surfaces:
a)yl = f(x1,x2); b) y2 = f(x1,x2); c) y3 = f(x1,x2)

individual values of functions (1), (5), (6) are
presented in Tab. 4 [13].

The experimental and theoretical respon-
se surfaces obtained using equations (5) - (7)
are compared in Fig. 8. The results of the com-
parative graphical analysis correspond to the
estimates of the adequacy of the equations.

The method proposed for processing the
data of a two-factor experiment of type 22 allows
with a minimum amount of the experimental
data to draw a conclusion of the possibility of
using linear regression with the interaction of
factors.

The method of processing experimental data
described in two-factor experiments was tested
on the results obtained when developing specific
dosage forms, and it proved its effectiveness.

In the case of an obvious absence of the ex-
tremum of the function within the factor space,
as determined during the research, it is possible
not to carry out the planned experiment, but to
use the values of the quantities studied, which
do not change uniformly in the corresponding
range.

The formation of the geometric mean fun-
ction will be an effective solution for display-
ing the linear influence of factors and their
possible interaction. Moreover, the use of the
geometric mean function as a mathematical
description in these conditions is possible for
any number of factors.

The VBA programming environment made
it possible to quickly create a program skele-
ton for determining the type and coefficients
of various modifications of the quadratic equ-
ation with two variables. It can be used for fur-
ther block modifications of the template, such
as adding analyzing blocks for cubic equa-
tions.

The algorithm developed for regression
equations for pharmaceutical research can be
used to determine the influence of quantita-
tive factors on target indicators in any other
field of research.

Conclusions and prospects of further re-
search. Based on the methodological approach
developed the regression equations, which
characterize the quantitative effect of a binder

[11]
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[12]

and a moisture regulator in the composition further studies to optimize the technology for
of ginger-based tablets on the pharmacopoe- obtaining tablets.

ial parameters of this dosage form, have been Conflict of interests: authors have no con-
determined. These equations can be used in flict of interests to declare.
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