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Annotation

The main problem: The article is devoted to the mathematical modulation of a complex of
experimental data obtained in the process of experimental studies of processed cheese products,
processed by mathematical methods. The purpose of this study is to establish the type and amount of
the melting salt that promotes the formation of the plastic structure of the processed cheese product.

Objective: The analysis of scientific research in the field of food technologies showed that
mathematical modeling is used in the following areas: clarification of the modes of technological
processes, design of recipes and assessment of the quality of finished products, as well as forecasting
the shelf life of new products when they are put into production. The most relevant in describing the
processes of food production are models of multivariate variance-regression analysis using methods of
mathematical planning of the experiment. The authors carried out mathematical modeling and
established graphical dependencies characterizing the degree of influence of the regulated factors X
and X, on the controlled ones that determine the quality and safety of processed cheese products. It is
important that the mathematical analysis of the graphical dependences of the rheological parameters
on the adjustable factors indicates the reliability of the data obtained. It is concluded that an increase in
the melting salt dose leads to an increase in the — limit shear stress, which reflects the nature and state
of the consistency of the processed cheese product. The process of normalization of the controlled
factors by the maximum value was carried out.

Methods: Graphical dependencies were built and regression analysis was performed, the
results of which allow an objective assessment of the degree of influence of the type and dose of the
melting salt on the chemical and organoleptic characteristics of the test products.

Results and their significance: The authors have proven that the optimal efficiency of
transforming the structure of the constituent components of the recipe into a plastic structure of a
processed cheese product that is stable during storage is provided by a combination of adjustable
factors X (Solva 85) and X, (Solva 120) taken in a ratio of 1: 1, with a total amount of 1,2 mas.%. At
the same time, the quality indicators of the experimental products are characterized by the following
values of the controlled factors: ¥V, — 1280 Pa; V, — 9 points, V3 — 9,301 (2,0-2,2-10° colony forming
units/g).

Keywords: mathematical modeling, controlled factors, controlled factors, melting salt,
ultimate shear stress, objective function, graphical dependencies.

Introduction

The development of a new generation of melted cheese technologies is based on the use of
established correlations between characteristics within these conditional groups, as well as between
groups. So, a qualitative or quantitative change in the component composition makes it possible to
regulate product quality criteria or quality management [1, P. 27].

When developing the technology of a new cheese product, rennet fat and low-fat cheeses are
used as the main raw material for its production for melting in propionic bacteria.

The structure of melted cheese products and their properties are determined by the state of the
protein network, including fat droplets, proteolysis products, low molecular weight compounds and
water. The primary element of the spatial network of the gel is the casein macromolecule, and the
gelation itself occurs in several stages. When heated, casein particles aggregate to form small chains
and conglomerates, from which a spatial network subsequently emerges. This network is quite
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incoherent; this network is quite inhomogeneous; dense areas of casein particles are interspersed with
areas not containing casein. These casein-free areas turn out to be quite large pores filled with liquid.
The possibility of the appearance of such structures has been repeatedly proven by computer
modeling, and gelation is presented as the appearance of fractal structures. The chaotic breaking of
bonds and the existence of an activation volume affects the compactness of the resulting floccules and
the geometry of the randomly formed spatial network, but does not qualitatively change the overall
picture. It has been proven that hydrophobic electrostatic interactions take part in the formation of a
spatial network of casein gels, van der Waals forces take place, as well as steric entroy effects
associated with the peculiarities of the confirmation state of the protein.

The most important criterion for the quality of melted cheese is the state of its consistency,
which depends on the characteristics of the structure formation. The main factor providing the
structural transformation of paracasein under heat exposure during the melting process is known. It is
a melting salt, which acts as a calcium removing agent and promotes the breakdown of casein micelles
into submicelles, which causes the dispersion and peptization of the elements of the protein framework
with the formation of a sol phase [2, P.4].

The purpose of this study is to establish the influence of the type and amount of cheese
melting salt on the formation of the structure of a melted cheese product with functional properties.

Materials and methods

The prototypes were based on the protein-fat base of melted cheese product, determined on the
basis of experimental studies and mathematical processing of the data obtained. The following
requirements are set as the main requirements for the consistency of a new product: the consistency
must be homogeneous, viscous, paste-like, moderately dense.

When choosing the type of melting salts, first of all, were guided by such important criteria as
minimizing the influence of the melting salt on the taste and smell of the cheese product, preserving
the natural spicy sour-milk cheese taste of the main raw material - rennet cheese with propionic
bacteria. The effect of the melting salt on the shift in the pH of the raw material was also taken into
account, that is, adhered to the requirement that the pH value of the finished processed cheese product
should not differ significantly from the pH of the main raw material.

The efficiency of the process of structure formation (new terminology - cream formation), the
essence of which is the transformation of the basic structure of the components of the protein-fat base
into a three-dimensional structure due to the combined action of physical factors: temperature, mixing
and chemical - the action of the melting salt.

Based on the above, for the experimental study, the melting salts Solva-85 and Solva-120 were
selected, which are recommended by the manufacturer by «BK Jolini» (Germany), since the
recommendation does not provide for the exact dosage of the melting salt, it is of scientific and
practical interest to establish for new multi-component system type and dose of melting salt. Three
series of experiments were carried out, in which the type and dose of the melting salt were varied.

For an objective judgment on the degree of influence of the type and dose of the melting salt
on the quality indicators of the test products, a mathematical modeling of the complex of experimental
data obtained in the process of experimental research, processed by mathematical methods was carried
out. [3, P.31].

Statistical processing of the experimental results was carried out using regression analysis on a
personal computer. [4, P. 12]. The reliability of the results was determined using the Cochran's Q Test;
the Brandon method was used to describe the mathematical model [5, P. 32].

To identify and eliminate gross experimental errors (blunders), they were processed by
methods of mathematical statistics. For this, the homogeneity of the variance estimates was
determined using the Cochran's Q Test according to the following relationship [6, P. 24]:

maxs?
G, = — i
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=1 (D

2
i

where: max — maximum variance of a series of parallel experiments;

N
Ssi
i=1

— sum of variances.
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For each series of parallel experiments, the arithmetic mean of the response function was
calculated:

1 k
ch - 7 iZ:l:Ya,i 2

2
The variance of the experiments was calculated by the formula:
1 K
SIZ - —Z(Yai T ch)29
k —1= ’ (3)

where 1 is the series number;
k — number of parallel experiments carried out under the same conditions;
N — number of series of experiments (number of variance estimates).

The hypothesis of dispersion homogeneity was accepted if the calculated value of Cochran's Q
Test G, is less than tabular G T.6. Gp < G, Critical, i.e. the maximum permissible values of
Cochran's criteria were determined according to tables [7, P.11].

To find the Cochran criterion G, it is necessary to know the total number N of variance
estimates and the number of degrees of freedom f associated with each of them, and f = k-1.
Experiments are considered reproducible when the condition G, <= Guui. If the experiments are
reproducible, then the calculation of the variance of reproducibility of a series of parallel experiments

is calculated by the formula:
1 N
Szocn — Z Slz >
N = @

In this case, the number of degrees of freedom is determined by the formula:

f = N(k —1), “

Determination of the regression coefficients. The relationship between the response function
of Y and the selected factors in the study area has linear character.

In this regard, there is a search for a correspondence in the form of a linear regression
equation:

Y, =b,+bx,+b,x, +b,;x; +...+b, x,,

(6)
In matrix form, the system of normal equations can be written as follows:
The matrix of independent variables was represented in the form:
Xoo Xy o Xy
X X X
02 120 ’ k2
X =
°9
X X X
ON IN, kN
- - )

Vector matrix as observations in the form:
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Y
Y2

S ®)

Matrix as a column of coefficients of the regression equation:

- ©)

When using the least squares method, the system of normal equations to determine the
coefficients by , by, ... by, is:

bOZX(Z)i +b]ZXOini +"'+kaX0iin = ZXOiYi
bOZXIiXOi +bllezi +"'+bkleixki = ZXHYi

bOZinXOi +blzxkixli +"'+bkzxii = ZxkiYi (10)

The column matrix of b coefficients is defined as follows:

b=(XxX)"'"XxY, (1n

The calculation of the regression coefficients was carried out according to the algorithm we
developed in computer systems MathCAD 2001 Pro and Maple-7 [8, P.94].

Testing the hypothesis about the significance of the regression coefficients b;. To establish
whether the coefficient is significant or not, it is necessary to calculate the variance estimate with
which it is determined:

SZ y
b II >
(12)

It is known that the regression coefficient is significant if the condition is:

b|=S, -t, .

where t — the value of the Student criterion is determined from the table at the specified
reliability of the experiment (p) and the number of degrees of freedom ().

Having received the regression equation, its adequacy is checked, i.e. the ability to describe
the response surface well enough and to predict the results of experiments. To check the adequacy, the
estimate of the variance of the adequacy was calculated by the formula:

Siu Z (Y:-n 1 >

N B i=1 (14)

where B is a number of significant regression coefficients;
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Vs, Ypi — experimental and calculated value of the response function

in 1 experiment;

N — number of full factorial experiment runs.

The estimate of the variance of adequacy is associated with the number of degrees of freedom f =

Results

The purpose of mathematical modeling is to establish the type and amount of the melting salt
which contributes to the formation of the plastic structure of the processed cheese product. Complex
data of experimental studies are given in the table 1.

The regulated factors are: X; — amount of Solva 85 melting salt, mass content %; X, — amount
of Solva 120 melting salt, mass content %.

Controlled factors that objectively characterize the consistency state of the test products were
selected: V| — yield value, Pa. delimitation, not > 1300 Pa; ¥, — organoleptic estimation of
consistency, points — max (9 points); Y3 — logarithm of the number of viable cells of probiotic
cultures, CFU/G of product — max.

To implement the set tasks, it is necessary to carry out the process of normalizing the
controlled factors by the maximum value. Normalization of the controlled factors by the maximum
value is carried out according to the formula:

Y
Y =S s (15)

/ .
where Y. — normalized control factor value;

1

Yl — experimental value of the controlled factor;

Y MAX ) )
; — maximum value of the experimental controlled factor.

The objective function is the sum of the normalized values of the controlled factors and is
determined by the formula:

Y, =YY 16)

where YO — objective function value;

Z Yi/ — the sum of the normalized values of the controlled factors.

n=1

The conversion of controlled factors into dimensionless number s is given in the table 1. To
achieve this goal, mathematical models were built in a specific sequence. Graphical dependencies
were mathematically established that characterize the degree of influence of the regulated factors X;
and X» on the controlled ones that determine the quality and safety of melted cheese products.

Table 1 — Comprehensive data characterizing the degree of influence of cheese melting salts on the
quality indicators of test products

Product Regulated Controlled factors Conversion of controlled 5
factors factors into dimensionless Z Y
numbers 0
Xi | Xa | V,Pa | V5, v, Vi Vv y; | M
points CFU/g
Experience 1 | 0,8 - 265,0 6,0 8,954 1,00 1,00 1,13 3,13
Experience 2 | 1,0 - 400,0 6,5 8,914 1,51 1,08 1,25 3,84
Experience 3 | 1,2 - 680,5 6,8 8,898 2,57 1,13 1,12 4,82
Experience 4 | 1,4 - 780,0 7,0 8,813 2,94 1,17 1,11 5,22
Experience 5 | 1,6 - 900,0 7,5 8,716 3,40 1,25 1,10 5,75
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continue table 1

Experience 6 1,8 - 1040,0 8,0 8,602 3,92 1,33 1,08 | 6,33
Experience 7 - 0,8 270,5 6,0 8,778 1,02 1,00 1,11 3,13
Experience 8 - 1,0 450,0 6,5 8,716 1,70 1,08 1,10 | 3,88
Experience 9 - 1,2 720,0 6,8 8,602 2,72 1,13 1,08 | 4,93
Experience 10 - 1,4 840,0 7,0 8,505 3,17 1,17 1,07 | 541
Experience 11 - 1,6 1010,0 7,2 8,301 3,81 1,20 1,05 6,06
Experience 12 - 1,8 1100,0 7,8 7,939 4,15 1,30 1,00 | 6,45
Experience 13 | 0,4 | 04 620,5 7,5 9,079 2,34 1,25 1,14 | 4,73
Experience 14 | 0,5 | 0,5 1005,0 8,0 9,342 3,79 1,33 1,18 | 6,30
Experience 15 | 0,6 | 0,6 1280,0 9,0 9,301 4,83 1,50 1,17 | 7,50
Experience 16 | 0,7 | 0,7 1310,0 8,5 8,991 4,94 1,42 1,13 7,48
Experience 17 | 0,8 | 0,8 1480,0 7,5 8,929 5,58 1,25 1,12 | 795
Experience 18 | 0,9 | 0,9 1600,0 7,0 8,875 6,04 1,17 1,12 | 8,33

Dependence diagrams (pictures 1-9) were built and regression analysis (table 2) was
performed, the results of which allow one to give an objective assessment of the degree of influence of
the type and dose of the melting salt on the chemical and organoleptic characteristics of the test
products.
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Picture 7 — Influence of the type and dose of the melting salt on the rheological parameters
of the test products

Table 2 — Regression analysis of changes in active acidity and organoleptic parameters of test products

depending on the type and dose of the melting salt
Option Regression equation The value of the approximation
accuracy (R"2)
Active acidity
Series | Y =-0,3929x% + 1,8114x + 3,7666 R?=10,843
Series 11 Y =0,2009x> + 0,442x +4,5875 R?=0,984
Series 111 Y =0,5893x> + 1,3025x +4,6772 R?=0,907
Organoleptic indicators
Series | Y =0,3571x2 + 0,9571x + 5,0771 R?=0,986
Series 11 Y =0,0446x> + 1,4982x + 4,855 R?=0,966
Series 111 Y =-23,214x* + 28,893x - 0,3786 R?=0,850
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Picture 8 — Influence of the type and dose of the melting salt on the water activity in the test products
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Picture 9 — Influence of the type and dose of the melting salt on the microbiological parameters of the
test products

Discussion

The mathematical analysis of the graphical dependencies of rheological parameters on the
regulated factors indicates the reliability of the data obtained.

An increase in the dose of the melting salt leads to an increase in the indicator of the yield
value, which reflects the nature and state of the consistency of the melted cheese product.

Some decrease in microbiological parameters in the test products, characterized on the graphs
by the logarithm of the total number of viable cells of microorganisms, was established: lactic,
propionate and bifidus bacteria.

Conclusion

As a result of the experimental studies and mathematical analysis of the data obtained, it was
found that the high efficiency of transforming the structure of the constituent components of the recipe
into the plastic structure of the melted cheese product, stable during storage, is provided by a
combination of controlled factors X; (Solva 85) and X, (Solva 120) taken in the 1:1 ratio, with the
total number 1,2 mass content %.

At the same time, the quality indicators of the experimental products are characterized by the
following values of the controlled factors:
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Vi (yield value) — 1280 Pa;

VY, (organoleptic estimate of product consistency) — 9 points;

V3 (logarithm of the total number of viable cells of probiotic microflora) — 9,301 (2,0-2,2-10°
CFU/G).
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I1.B. JIyoposun’
! BopoHexx MemiiekeTTik yHuBepcuteTiHiH bopucorne6ek dunuasl, Peceit

BankeITelIFaH ipiMInik eHiMaepiH 33ipJieyaeri MaTeMaTHKAJIBIK MOJAEJIbACY HITHAKeIepPi

Maxkana MaTeMaTHKAIBIK OJICTEPMEH OHJEIreH OalKbITBUIFaH IpIMIIK  eHIMAepiH
9KCIEPUMEHTTIK  3epPTT€y TNPOLECIHJAE aJblHFaH OKCIHEPUMEHTTIK MOIIMETTEP IKUBIHTBIFBIH
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MaTeMaTHKAJBIK MOJEIBACYTe apHAIFaH. byl 3epTTeyaiH MakcaThI-0adKBITBUTFAH ipIMIMIK ©HIMIHIH
TUTACTUKAJIBIK KYPBUIBIMBIH KaJIbIIITACTHIPYFa BIKITAJT €TETiH OANKBIThUIFAH TY3/IbIH TYPi MEH MOJIIEPiH
aHBIKTAy.  ABBIK-TYJIK  TEXHOJOTHSUIAPbl  CajaChIHAAFbl  FBUIBIMH  3€pPTTEYJICpAi  Tajjay
MatreMaTuKasblK MOJENbICY/IiH Kelleci cananapia KOJIaHbUIATHIHIBIFEIH KOPCETTI: TEXHOJIOTHSIIBIK
MPOLIECTEP/IIH PEKUMJICPIH HAKTBUIAY, PELENTypajiap/bl 93IpJey JKOHE JallblH ©HIMHIH CarachblH
Oaranay, COHmai-ak >kaHa OHIMIECp OHIIPICKE CHTI3UINeH Ke3[e cakTay Mep3iMmiH Ooipkay. Tamak
OHIMJICPIH OHJIPY TPOIECTEPiH CHIATTAy Ke3iHJe 3KCIePUMEHTTI MaTeMaTHKAJbIK >KOocHapiay
OmiCTEepiH KOJIJaHA OTBIPBIN, KOI OJIIEMIl IUCICPCHSUIBIK-PETPECCUSIIBIK Talaay MOMACThACPl CH
©3eKTi Oonbin TaObutaabl. ABTopymap X1 skoHe X2 perTeneriH (akTOpiapblHbIH OaKbUIAHATBHIH
(dakropiapra ocep €Ty JOPESKECIH CHINATTAUThIH, OHJCIICH IPIMIIK OHIMACPIHIH canackl MEH
KayilCi3MiriH ~ aHBIKTAUTBIH ~ MaTEeMaTHKAIBIK ~ MOJENBACYAl  JKYPri3fi  KoHe  TpaUKaIbIK
TOYCNIUTIKTEPi aHBIKTAAbl. PEOJOTHSIIBIK MapaMeTpliepAiH peTTeNeTiH (pakTopiapra TrpaduKaibiK
ToyeIIuTikTepiH MaTeMaTukanplK Talfay alblHFaH MOIIMETTEP/iH IYPBICTHIFBIH KOPCETETiHi
MaHbI3/Ibl. BaNKbITBUIFAH TY3/BIH J103aChIH JKOFAphUIATy OaJKBITBUIFAH IPIMIIIK ©HIMIHIH TaOWUFaThI
MEH KOHCHUCTCHIFSICHI KYHIH KOPCETETIH MaKCHUMAJIBI BIFBICY KEPHEYIHIH KOFapblIiayblHa OKeJemdl
JIETeH KOPBITHIH/IBI JKacasJibl. bakbUIaHATBHIH (haKTOPIAPAbl MAKCHUMAJIbl MOHIE KAJBIIKA KENITIPY
mporieci Ky3ere achlpbUiAbl. | paduKaiblK TOYENIITIKTEp KYPBUIABI JKOHE PETPEecCHsIIBIK Talaay
KYPri3Uiai, OHBIH HOTIDKENEPl 3epTTENICTIH OHIMICPIH XUMUSIIBIK >KOHE OpPraHOJENTHKAIBIK
cUMarTamMayiapblHa OaJKbITBUIFAH TY3/IbIH TYPI MEH J03aChIHBIH 9CEp €Ty JOpPEKECIH OOBEKTHUBTI
Oarajayra MYMKIHIIK Oepermi. ABTOpiap pemenT KOMIIOHEHTTEPiHIH KYPBUIBIMBIH CakKTay Ke3iHIIe
TYPaKThl OAJKBITBUIFAH IPIMIIK OHIMIHIH IUIACTHKAIBIK KYPbUIBIMBbIHA TYPJCHIIPYIH OHTAMIIbI
trimMaiiri X1 (Solva 85) xone X2 (Solva 120) perrenerin dakTtopiapsHbIH 1: 1 KaTbIHACHIHIA,
xanmbl Kypambl 1,2 mac.%. CoHbIMEH Karap ToXipuOenik ©HIMHIH canajblKk KepceTKilTepi
OakpUTaHATHIH (PaKTOpJIApIbIH MBIHAIAH MoHAepiMeH cumartaiansl: Y1 — 1280 IMa; Y2 — 9 6amn, V3 —
9301 (109 KOE /r 2,0-2,2).

Tyuin ce30ep: MaTeMaTHKAIBIK MOJENbACY, OaKbUIAaHATBHIH (akTopiap, OacKapbUIATHIH
¢daxTopnap, OalKy TY3bl, HIEKTi BIFBICY KEPHEYi, MAKCATThl (DYHKIHUS, IPAPUKAIIBIK TOYESIALTIK.

I1.B. Iyoposun’
! Bopucornedcekuii Gpumran BopoHE)CKOro rocy1apCTBEHHOr0 yHUBEpcUTeTa, Poccust

Pe3yabTaThl MaTeMaTH4€CKOT0 MOJAeTHPOBAHUS
NpU pa3padoTKe MJIABJEHbIX CHIPHBIX NPOAYKTOB

CraTbs MNOCBSIIEHA MAaTEMaTHYECKOMY MOJICIMPOBAHUIO KOMIUIEKCA SKCICPUMEHTAIBHBIX
JTAHHBIX, IIOJIyYeHHBIX B TIPOILIECCE DKCIEPUMEHTAIbHBIX HCCIEeI0BAHUI TUIaBICHBIX CBHIPHBIX
MPOJYKTOB, 00pabOTaHHBIX MaTeMaTHYeCKMMH MeTofaMu. Llenap AToro mccienoBaHus - YCTaHOBUTH
TUI M KOJIMYECTBO IUIABSILEHCS COJM, KOTOpas crocoOCTByeT (HOPMUPOBAHUIO IIACTUYHON
CTPYKTYPHI TUIABJICHOTO CHIPHOTO MPOAYKTa. AHAIN3 HAYYHBIX WCCIIETOBAHUN B OOJIACTH IMHUIIEBHIX
TEXHOJIOTHH MOKa3ajl, YTO MaTeMaTHYECKOe MOACIMPOBAHHE MCIIOIB3YETCs B CIEAYIOMIMX 00JIacTsIX:
YTOYHEHHE PEKUMOB TEXHOJOIMUYECKHX MPOIIECCOB, pa3paboTKa pelenTyp W OLEHKa KadecTBa
TOTOBOW TPOJYKIMH, a TakKe MPOTHO3MPOBAHME CPOKOB XpaHEHWS HOBBIE MPOIYKTHI, KOT/IA OHH
3aIlyCKaloTCcsT B MPOM3BOJCTBO. Hambosiee akTyanbHBIMH TIPH ONMCAHWUU TPOIIECCOB IPOU3BOJICTBA
MUIIEBBIX TPOAYKTOB SBISIOTCS MOJEIH MHOTOMEPHOTO JIMCIEPCHOHHO-PErPECCHOHHOIO aHalu3a ¢
HCIOJb30BAaHUEM METOJIOB MAaTEMaTHUECKOTO IUIAHUPOBAHMS SKCIIEPUMEHTa. ABTOpaMHU MPOBEAEHO
MaTeMaTHYeCKOe MOJIENMPOBAHHE WM yCTAHOBJIEHBI TpaUUecKre 3aBHCHMOCTH, XapaKTEepPU3YyIOIINe
CTEINECHb BIUSIHUSA peryiaupyembix GakropoB X1 u X2 Ha KOHTPOJIHUPYEMbIE, OTIPEACISIONINE Ka9eCTBO
1 0€30TaCHOCTH TJIABJICHBIX CHIPHBIX MPOJIYKTOB. Ba)XHO, YTO MaTeMaTn4yecKuil aHAN3 TpaPuIecKux
3aBUCHMOCTEH PEOJOTHYECKUX MapamMeTpoB OT pEryJIUpyeMbIX (DaKTOpOB CBHUIETEILCTBYET O
JIOCTOBEPHOCTH TOTYYEHHBIX JaHHBIX. C1esaH BHIBOJ O TOM, YTO YBEJIHUYEHHE JJ03bI TUIABALIeHCs COTU
MPUBOJUT K YBEIWYCHHUIO TPENEIbHOTO HAMPSHKEHUS CJABHUra, KOTOPOE OTpakaeT XapakTep W
COCTOSIHHE KOHCHCTEHIIMH IUIAaBJICHOTO CBHIPHOTO MpPOAyKTa. OCYIIECTBIEH MPOLECC HOPMalU3alluu
KOHTPOJIMPYEMBIX (paKTOPOB HA MakCHUMallbHOE 3HadeHHe. [locTpoeHsl rpaduieckre 3aBUCUMOCTH U
MPOBENEH PErPEeCCHOHHBIN aHaIN3, PE3YIbTaThl KOTOPOTO MO3BOJIAIOT OOBEKTUBHO OIEHUTH CTEIICHb
BIUSIHUS THIIA W 03Bl IUIABSIIEICS COJMM Ha XWMHYECKHE W OPTaHOJENTHYECKHE XapaKTEePHUCTHKU
UCCIIeyEeMBIX MPOAYKTOB. ABTOpaMH JJOKa3aHO, YTO OoNnTHUMaibHas 3 eKTUBHOCTH mpeoOpa3oBaHus
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CTPYKTYpPbI COCTaBIISIFOLIMX KOMIIOHEHTOB pEIENTa B IUIACTHYHYIO CTPYKTYPY IUIABJICHOTO CHIPHOTO
MPOJIyKTa, CTAOWIILHYIO MPH XPaHCHHH, 00eCTieunBaeTCss KOMOUHAIMEH perynupyeMbix ¢akropos X1
(Solva 85) u X2 (Solva 120) B cootrotmenuu 1: 1, ¢ oOmmM conepkanuem 1,2 mac. %. B To e Bpems
KAa4eCTBCHHBIC TMOKA3aTEeNId OIBITHONH MPOJIYKIUH XapaKTePU3YIOTCS CICAYIOIMUMH 3HAYCHUSIMU
KOHTpOJIMpyeMbIX (aktopos: Y1 — 1280 ITa; Y2 — 9 6amwios, Y3 — 9 301 (2,0-2,2-10° KOE /).

Kniouesvie  cnoéa: MaTeMaTHYECKOE€  MOJCIMPOBAHME, KOHTPOIMpYyeMble  (DaKTOpEI,
ynpasiseMble (aKToOphl, IUIaBUIIBHAS COJb, NPEACIBHOE HANpsDKCHUE CABUTA, LeneBas (QyHKIus,
rpapuuecKre 3aBUCHMOCTH.
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