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Mathematical modeling of the results of experimental studies of the influence of the type
and dose of cheese melting salt on the qualitative indicators of melted cheeses

Abstract

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. 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 X1 and X2 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. 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. 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 X1 (Solva 85) and X2 (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: V1 — 1280 Pa; Y2 — 9 points, ¥3 — 9,301 (2,0-
2,2-109 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].

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 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.
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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].

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].

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

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]:

maxs’
G, =— SZI ,
o (1)
2
where: max | —maximum variance of a series of parallel experiments;

N
28!
i=1

— sum of variances.

For each series of parallel experiments, the arithmetic mean of the response function was calculated:
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The variance of the experiments was calculated by the formula:
=Y, - Y,
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where i 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).
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The hypothesis of dispersion homogeneity was accepted if the calculated value of Cochran's Q Test
Gpisless than tabular Gtablr.e. Gp< Gtabl, Critical, i.e. the maximum permissible values of Cochran's criteria

were determined according to tables[7].
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 Gp<= GtabL.If the experiments are reproducible, then the calculation of the
variance of reproducibility of a series of parallel experiments is calculated by the formula:

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 X s Xy
X X X
02 125 > k2
X =
*
X X X
ON IN, " N
- s (7)
Vector matrix as observations in the form:
Y
v — Y2
YN , (8)
Matrix as a column of coefficients of the regression equation:
bO
b,
B =
b
K, 9)

When using the least squares method, the system of normal equations to determine the coefficients b0,
bl, ... bk, is:

bozx(z)i +bIZXOiX1i +"'+kaXOiin = ZXOiyi
bozxnxm +bllezi +"'+bkleixki = leiyi

bOZxkiXOi+b12xhxli+...+kaX§ =thyi (10)
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The column matrix of b coefficients is defined as follows:

b=(XxX)*XxY, (1)

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].

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

55
b — ’
N (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 atthe specified reliability of the
experiment (p) and the number of degrees of freedom (f).

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:

s L

w= g2V Y

(14)

where B is a number of significant regression coefficients;

yai, ypi — experimental and calculated value of the response function

in i 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 =N - B.

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: X1 — amount of Solva 85 melting salt, mass content %; X2 — amount of Solva
120 melting salt, mass content %.

Controlled factors that objectively characterize the consistency state of the test products were selected:
V1 —vyield value, Pa. delimitation, not > 1300 Pa; Y2 — organoleptic estimation of consistency, points — max (9
points); V3 — 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:

Yi
Yi/ = Y MAX (15)

/ .
where Yi — normalized control factor value;

Y| — experimental value of the controlled factor;

MAX
Yi — 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:
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where YO — objective function value;

%=iW
n=1

n
/ .
ZYi — the sum of the normalized values of the controlled factors.

n=1

(16)

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 X1 and X2 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 ZYO
numbers n=1
X1l | X2 | Vl,Pa VY2, points | Y3,CFU/g | V1 y2 V3

Experience 1 08 |- 265,0 6,0 8,954 1,00 1,00 1,13 3,13
Experience 2 10 |- 400,0 6,5 8,914 1,51 1,08 1,25 3,84
Experience 3 12 |- 680,5 6,8 8,898 2,57 1,13 1,12 4,82
Experience 4 14 | - 780,0 7,0 8,813 2,94 1,17 111 5,22
Experience 5 16 |- 900,0 7,5 8,716 3,40 1,25 1,10 5,75
Experience 6 18 | - 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 5,41
Experience 11 | - 16 | 10100 | 7,2 8,301 3,81 1,20 1,05 6,06
Experience 12 | - 1,8 | 11000 | 7,8 7,939 4,15 1,30 1,00 6,45
Experience 13 | 04 | 0,4 | 620,5 7,5 9,079 2,34 1,25 1,14 473
Experience 14 | 0,5 | 0,5 | 10050 | 8,0 9,342 3,79 1,33 1,18 6,30
Experience 15 | 06 | 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 7,95
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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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 =-0,3929x2 + 1,8114x + 3,7666 R2 = 0,843

Seriesl| Y =0,2009x2 + 0,442x + 4,5875 R2 = 0,984

Seriesl|| Y =0,5893x2 + 1,3025x + 4,6772 R2 = 0,907

Organoleptic indicators

Series| Y =0,3571x2 + 0,9571x + 5,0771 R2 = 0,986

Seriesl| Y =0,0446x2 + 1,4982x + 4,855 R2 = 0,966

Seriesl|| Y =-23,214x2 + 28,893x - 0,3786 R2 = 0,850
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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.
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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
X1 (Solva 85) and X2 (Solva 120) taken in the 1:1ratio, 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:

V1 (yield value) — 1280 Pa;

V2 (organoleptic estimate of product consistency) — 9 points;

V3 (logarithm of the total number of viable cells of probiotic microflora) — 9,301 (2,0-2,2-109 CFU/G).
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Ty3-0a1KBITKBIIITHIH TYPi MEH 103aChIHBIH 0ATKBITHLIFAH ipiMIIik HIMIHIH canajbIK
KOpceTKilTepiHe dcepiH IKCMEePUMEHTTIK 3epTTey HITHKeJIepiH
MAaTeMaTHKAJBIK MOJeIbey

Maxkana MaTeMaTHKAIBIK OIICTCPMEH OHJICITCH OaNKBITBUIFAH IpIMIIK OHIMAEPIH JKCIIEPUMEHTTIK
3epTTey NPOLECiHAe aNbIHFAaH JKCIICPHMEHTTIK MOIIMETTED JKHUBIHTBIFBIH MAaTeMaTHKalbIK MOJIEIbICyTre
apHaFaH. bynm 3epTreymiH MakcaThI-OamKBITBUIFAH  IpIMINIK  OHIMIHIH  IDIACTUKANBIK  KYPBUIBIMBIH
KaJIBINTACTBIPYFa BIKNAT €TETIH OajKbITBUFaH TY3IBIH Typi MEH MONIIEpPiH aHbIKTay. A3BIK-TYJIK
TEXHOJIOTHSUIApBl  CaJlaChIHJAFbl FBUIBIMH 3epTTeyiepil Tanjay MareMaTHKanblK MOJENbJICYAiH  Keneci
cajaapiia  KOJIAaHBUIATBHIHJBIFBIH ~ KOPCETTI: TEXHOJOTHSJIBIK IPOLECTEPAIH PEXHUMAEPIH HaKThLIAy,
perenTtypanapasl d3ipiicy JKOHE MailblH OHIMHIH camachlH Oaranay, COHJal-aK JXaHa eHIMIep OHJIpicKe
CHII3UIreH Ke3le cakray Mep3iMiH Oomkay. Tamak eHIMAEpIH ©HAIpY MpPOIECTEPiH CHUMATTay Ke3iHae
SKCHEPUMEHTTI MaTeMaTHUKAaJBIK >KOCIapiiay OMIiCTepiH KOJAaHa OTBIPHIN, KOIl OJIIeMIl IHCIIePCHSIIBIK-
peTpeccHsUIbIK  TallAay MOZENbAepl €H e3eKTi Oombim TaObutansl. ABTopiap X1 skoHe X2 peTTeleTiH
(akTopmapbIHBIH ~OaKpIIaHATHIH —(aKTOpilapFa ocep €Ty JOPEkKECiH CHIATTAUTBIH, OHIENTeH ipiMIIiK
OHIMJIEPiHIH carmackl MeH KayiICi3iriH aHBIKTATEIH MaTEMaTHKAIBIK MOJICIBACYAL KYPTi311 XKOHE TpapHKaIIBIK
TOYCNAUTIKTEpAl  aHBIKTagbl. PeoNOTHANBIK — MapaMeTpiepAiH peTTeNeTiH  QakTopiapra rpadukabik
TOyeNAiTiKTepiH MareMaTHKaNbIK Tajnay ajblHFaH MONIMETTePHiH IYPHICTHIFBIH KOPCETeTiHI MAaHBI3MBL.
BankpITBUIFAH TY3/BIH T03aChIH KOFAPBUIATY OAJIKBITBUIFAH IPIMIIIK OHIMIHIH TaOWFATHl MEH KOHCUCTCHITHSICHI
KYHiH KOpPCEeTeTiH MaKCHMAJJbl BIFBICY KEPHEYIHIH JXOFapbulayblHa OKeJe[i AEreH KOPBITBIHIBI Kacajbl.
bakpiiaHaTeiH (haKkTOpIApIsl MAKCUMAIAbl MOHIE KaJIbIIIKA KENTIPY MpOLEC] jKy3ere achlpbuiabl. ['padukalibik
TOYSNAUTIKTEp KYPBUIIBI KOHE PErpecCHsUIBIK Taujay *KYpri3iiii, OHbIH HOTIDKEIEepl 3epTTeNeTiH OHIMACPIiH
XUMUSUTBIK )KOHE OpPTraHOJICNTHUKANIBIK CUIaTTaMallapblHa OalIKbITBUIFAH TY3/bIH TYPl MEH J03aChIHBIH dCep €Ty
JIopexeciH 00bEKTHBTI Oarajiayra MyMKIHJIIK Oepeai. ABTopiap pelent KOMIIOHEHTTEPiHIH KYPbIIBIMBIH CaKTay
Ke3iHIe TYpaKThl OaJKBITBUIFAH IpIMINIK OHIMIHIH IIIACTUKAIBIK KYPBUIBIMBIHA TYPJICHIIPYIIH OHTAHIBI
tuimainiri X1 (Solva 85) xone X2 (Solva 120) perrenetin paxkropiaapslHbIH 1: 1 KaTBIHACKIHIA, KAl KYpaMbl
1,2 mac.%. CoHbIMEH Karap ToKipHMOENiK OHIMHIH camajblKk KepCeTKIITepi OaKpUIaHATHIH (aKTOpJIApPIbIH
MbIHaai MoHAepiMeH cunattananpr: Y1 - 1280 IMa; V2 - 9 6amr, Y3 - 9 301 (109 KOE /1 2,0-2,2).

TyitiH ce3nep: MaTeMaTHKAJIBIK MOJEIbICY, OaKbUIaHATHIH (akTopiap, OackapbUIaThIH (akTopIap,
0aJKy TY3bl, HIEKTI BIFBICY KEPHEY1, MaKcaTThl (DYHKIHS, IrpadUKaIBIK TOYEIILIIK.
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MaremaTHyeckoe MOJAeJHPOBAHNeE Pe3yJIbTATOB IKCNEPHMEHTAIBHBIX HCCIeT0BAHMIT
BJIMSTHUS BU/AQ M 103bI COJIM-TIJIABUTEJISI HA KaUeCTBeHHbIe MOKa3aTe TN
NIJIABJIEHOT0 CHIPHOTO MPOAYKTA

CraThs MOCBSIIEHA MaTeMaTHYECKOMY MOJCIHPOBAHHIO KOMIUIEKCA JKCIIEPUMEHTAIBHBIX JaHHBIX,
MOJYYEHHBIX B IPOIIECCE MCCJIEJOBAHMM IJIABJICHBIX CBIPHBIX MPOAYKTOB, 00pabOTaHHBIX MaTeMaTHYECKUMHU
Meromamu. llenb 3TOro ucciaeqoBaHHMS - YCTaHOBUTb THII M KOJMYECTBO IUIABSIIEHCS COJIM, KOTOpas
cnoco0cTByeT ()OPMHUPOBAHHUIO IUIACTHYHOM CTPYKTYPbI IUIABJICHOTO CHIPHOTO MPOJYKTa. AHAIM3 HAy4HBIX
HCCJIEJOBAaHHUI B 00JIACTH MUILEBBIX TEXHOJIOTHII TIOKa3all, YTO MaTeMaTHYeCKOe MOJICIMPOBAHNE UCTIONIb3YyeTCs
B CIEIYIOIMX 00JIACTAX: YTOUHEHHE PEXMMOB TEXHOJIOTMYECKHX IPOLECCOB, Pa3padoTKa peLeNnTyp U OLeHKa
Ka4yecTBa FOTOBOM IPOJYKIHH, a TAK)Ke IPOrHO3UPOBAHKE CPOKOB XPaHEHHsI HOBBIX MPOJYKTOB MPH HX 3aITyCKe
B NIPOM3BOJCTBO. AKTyaJbHBIMH IPU ONMHCAHWH NPOLECCOB MPOWU3BOACTBA MHUIIEBHIX MPOIYKTOB SIBIISIOTCS
MOJEIM  MHOIOMEPHOTO  JHCIICPCHOHHO-PEIPECCHOHHOIO  aHaju3a C  HCIIOJBb30BAHHEM  METOMOB
MaTeMaTHYECKOro IUIAHUPOBAHUS SKCIIEpUMEHTA. ABTOpaMH IPOBEJCHO MATEMAaTHYECKOS MOJICIHPOBAaHHE U
YCTaHOBJICHBI rpad)uuecKue 3aBUCHMOCTH, XapaKTePH3YIOLINE CTENeHb BIUSIHUS PeryupyeMbiX ¢akropoB X1 u
X2 Ha KOHTPOJIUPYEMBIE, ONpPEACIISIONINE KaYeCTBO U 0€30MacHOCTh IUIABJICHBIX CHIPHBIX NMPOXYKTOB. BaxHo,
YTO MaTeMaTHYEeCKUil aHalu3 rpaduuecKkux 3aBHCUMOCTEH PEOJOTHUECKHX IapaMeTpoOB OT PEryJIUpyeMbIX
(haKTOpOB CBHUIETEIBCTBYET O JOCTOBEPHOCTH MOJYYEHHBIX HaHHbIX. CIeNaH BBIBOA O TOM, YTO yBEIHYCHHE
JI03bl IJIABSUICHCST COJIM MPHUBOIUT K YBEIUUSHHIO MNPEAEIbHOrO HAMPSIKEHHUsl CIBHra, KOTOPOE OTpa)kaeT
XapakTep ¥ COCTOSHHE KOHCHCTEHIHUH IUIaBIEHOTO CHIPHOTO HMpOoAyKTa. OCyIIecTBIIEH IPOLecC HOpMaIn3aluu
KOHTPOJIUPYEMbIX (PaKTOPOB Ha MaKCUMaJbHOE 3Ha4YeHHue. [locTpoeHsl rpaduueckie 3aBUCUMOCTH U MPOBEJIEH
perpeccroHHbII aHaIH3, PE3yJIbTaThl KOTOPOTO MO3BOJISIOT 00BEKTUBHO OLIGHUThH CTEIICHb BIMSHUS TUIIA U JJO3bI
TUIABSILEHCS COJIM HAa XMMUYECKHE Y OPTaHOJIENTHYECKUE XapaKTEPUCTUKH UCCIIEYeMBbIX IPOYKTOB. ABTOpaMHU
JIOKa3aHoO, YTO ONTHUMajibHas 3(PQEKTUBHOCTh MNpPeoOpa3oBaHMs CTPYKTYpPHl COCTABISIONIMX KOMIIOHEHTOB
peuenta B IUIACTUYHYIO CTPYKTYpY IUIABIEHOTO CBHIPHOTO TIPOAYKTA, CTaOMJIBHYIO IIpH XpaHEHWH,
obecrieunBaercst kKomOuHaIen peryanpyemsix ¢axropos X1 (Solva 85) u X2 (Solva 120) B coorHomennu 1: 1,
¢ obmumM conepxxanueM 1,2 mac.%. B To ke BpeMsi KauecTBEHHBIE IOKa3aTeNH OMNBITHOW NPOIYKIUH
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XapaKTepU3yIOTCsl CIEeIYIONINMH 3HAYCHUSIMHA KOHTpOJIMpyeMbIX (akropos: Y1 - 1280 Ila; V2 - 9 6amios, V3 -
9301 (2,0-2,2-109 KOE / r).
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