BUILDING MATERIALS AND TECHNIQUES
UDC 666.972 DOI: 10.31650/2415-377X-2021-82-105-113

ASSESSMENT OF THE IMPACT OF MODIFIER AND FILLER ON THE
RHEOLOGICAL AND PHYSICAL AND MECHANICAL PROPERTIES OF PLASTER
SOLUTIONS

1Savchenko S.V., PhD., Assistant Professor,

koval sv@ukr.net, ORCID: 0000-0002-4973-0552
TAntoniuk N.R., Ph.D., Associate Professor,
antonuk_nr@ukr.net, ORCID: 0000-0003-1730-0723
'Bachynckyi V.V., Ph.D., Senior Research Fellow
slawa_dk@ukr.net, ORCID: 0000-0003-2187-8616

'Odessa State Academy of Civil Engineering and Architecture
4, Didrichson street, Odessa, 65029, Ukraine

Abstract. The possibility of using microsilica as a filler for cement plaster mortars was analyzed.
As a result of the analysis of reference data, the features of the hydration of cement with microsilica
were determined. In the experiments, the rheological characteristics of cement slurries containing
microsilica with different contents of amorphous silica and specific surface area were studied.

One of the most important objects of studying the effect of microsilica and superplasticizer
additives on the properties of plaster solutions was optimization due to the optimal selection of the
concentrations of additives, the rheological properties of mixtures and their ratio with technological and
operational factors.

For the analysis and optimization, the quantitative ratio between the indicators of the structure
and properties of plaster solutions and their determining factors, the formulations and technologies
were obtained in the form of experimental-statistical models calculated using the COMPEX system.

Based on the results of measurements of the rheological properties of cement solutions containing
silica fume with the highest specific surface area and SiO, content, complete rheological curves "strain
rate — stress" were constructed and models of the main rheological parameters were calculated.

To analyze the possibility of regulating the properties of cement systems with a superplasticizer,
depending on the grain and chemical composition of the ultradispersed filler, multicomponent
tetrahedral diagrams, which were combined with the concentration space of Dsp -Dyc in the "mixture —
technology — properties™ models were used.

A specially synthesized saturated plan of 21 points has been implemented. Models were obtained
in the form of reduced polynomials for different properties of cement-sand mortars (mobility and
compressive strength after 1, 3, 9, 28 and 81 days of hardening in normal humidity conditions). Using a
generalizing indicator, the sensitivity of the system to fluctuations in the fractional composition and
SiO; content was estimated.
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Introduction. Modern plaster mortars are multicomponent systems that include multifunctional
modifiers with multidirectional action and various types of fillers, which improve both the physical and
mechanical properties of mortars and their performance while reducing production costs. As a filler,
ultradispersed waste from ferroalloy industries was used, a distinctive feature of which is a highly
developed specific surface area on average 3500 cm?g and a high content of silicon dioxide or
amorphous silica up to 95%. The specific surface area of microsilica (MC) leads to an increase in the
water demand of solutions, which can be leveled by the introduction of a superplasticizer (SP).

Analysis of recent research and publications. The mechanism of action of microsilica is that in
the presence of microsilica from the liquid phase contained in the pores of the hardening solution, there
is a partial removal of hydroxyl ions and alkali metal ions, which reduces the rate of reaction between
alkalis and silica. The resulting gel of hydrated calcium silicate, sodium and potassium slowly adsorbs
moisture [1]. As a result, the expansion of solutions containing up to 15-20% MC decreases and slows
down in time. The introduction of small proportioning of MK (up to 5%) leads to an increase in the
expansion of solutions [2].
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As a result of the analysis of reference data [3-5], the features of the hydration of cement with
microsilica were determined:

— with an increase in the proportion of MC (up to 20%), the amount of chemically bound water
in cement with MC in the initial period are practically the same as in the non-additive cement
composition, however, on the 28th day, the water absorption becomes 1.5% more, despite the fact that
cement contains 20% less than in a non-additive composition;

— the process of cement hydration with the addition of MC proceeds and the release of more
heat than that of the non-additive composition, and the extremum shifts to the region from 10 to 20
hours. The position and amplitude of the peak depends on the proportionment of the plasticizer;

— the pozzolan reaction of cement with microsilica is characterized by a high initial reaction rate,
the absolute value and direction of which differ significantly from the corresponding values of fly ash.

In foreign sources there is information that the grain of MC is 100 times smaller than the
grain of cement [2, 4], or one grain of cement accounts for 50-100 thousand grains of microsilica.
Silica of this size is referred to as colloidal.

Due to the significant ability to aggregate and structure formation, the mineral filler is able to
form cluster structures [6, 7] and to capture into the volumetric excess amount of the liquid phase [3].
Thus, there is evidence that with the introduction of silica fume around the binder particles, relatively
thin (1-2 pum thick) films of water are formed than when mixing conventional cements [4, 5].
Aggregates containing free water in their cells are retained during vibration, which reduces
segregation of cement systems.

The introduction of microsilica noticeably reduces the mobility of cement systems, increases
the connectivity, sharply decreases delamination and water separation. A significant decrease in the
number of water separation channels due to the use of MC, contributes to reduce stratification and
improve the rheological characteristics of cement systems, as well as the physical and mechanical
characteristics of composites based on them [8].

There are three main directions of using MC in the technology of preparing plaster mixes:

— quality management of plaster solutions;

—reducing the resource intensity of plastering compounds;

— improved operating characteristics.

The developed specific surface area of microsilica contributes to a sharp increase in the
concentration of the dispersed phase, which leads to an increase in the water demand of the
mixtures and deterioration of the rheological properties. However, the use of plasticizing additives
makes it possible to compensate for this negative effect, improve not only rheological parameters,
but also create favorable conditions for the structure formation and hydration of cement stone [8].

The purpose of this research is to determine the optimal concentrations of microsilica and
superplasticizer to improve the rheological and physical-mechanical properties of plaster solutions, as
well as to assess the sensitivity of the system to changes in the mineralogical and chemical
compositions of microsilica.

Objects and methods of research. In the experiments, no additives Portland cement with an
activity of 375 kg/cm? of the Olshansk plant was used as a binder. River sand with M, = 2.1 was used
as a fine aggregate, which agreeable to the standards for plaster solutions. Superplasticizer S-3 was
used as a plasticizer.

The preparation of cement mortars was carried out using a mixer. Determination of the setting
time was carried out using a standard method. To determine the rheological characteristics were used:
Weiler-Rebinder device, technical viscometer "Polymer" RPE-1M and a modified plastometer.

For the analysis and optimization, the quantitative ratio between the indicators of the structure
and properties of plaster solutions and the determining factors of the formulation and technology in the
form of experimental statistical models (ES models) which calculated using the COMPEX system
were obtained.

In all experiments, the lower level of varying the proportioning of the superplasticizer and
ultradispersed filler x; = X, = -1 was combined with zero concentration, which allows one model to
research composites: reference (X; = X = -1); with superplasticizer (-1<x;< + 1, x, = -1); with
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microsilica (-1<xp<+ 1, x; = -1).

In the experiments, the rheological characteristics of cement pastes containing microsilica and
differing in the content of amorphous silica and spemﬁc surface area were 1nvest1gated w1 —
Si0; = 70%, Sy, = 44 m?/g; o — Si0, = 90%, Sg, = 20 m?/g; w3 — Si0; = 83%, Sy = 24 m*/g and w4 —
smb_7m@sw_33m%g

The results of research. The values of the effective viscosity n (Pa-s), obtained at constant
deformation (¢ = const = 1s™) (shown in Fig. 1, a), served as a compared characteristic of the
surface activity of fillers. They integrally characterize the structure-forming ability of fillers (due to
adsorption, chemical bonds) [9-13]. All other things being equal, the viscosity increases most
rapidly with an increase in the microsilica concentration w; in the absence of a superplasticizer. The
viscosity index increased according to the given sequence (the index "c" indicates the presence of a
superplasticizer): ;" — w3° — 4" — 7"

For cement pastes with microsilica ®;, the viscosity increases sharply with increasing
proportioning from 0 to 15%, however, with the introduction of 0.4% of superplasticizer S-3, the
effective proportioning of microsilica can be increased by 5 ... 7% without increasing n. It is known
[14] that the introduction of surfactants results in the separation of a part of the immobilized water and
a decrease in the aggregate stability of the system. Water demand depends on dispersion and increases
with an increase in specific surface area. An exception is the sample with w,, the viscosity of which
can be compared with the viscosity of the non-additive composition. This may be associated with an
increased content of hydrophilic components Cr,O3 and Al,O3 in m;, [15], but, first of all, with a lower
specific surface area of particles.

In Fig. 1, b shows plastograms obtained with the same water-binding ratio of cement pastes.
Plastograms clearly show two periods in the process of structure formation. The first — the period of
structure formation — is characterized by the predominance of a coagulation structure with thixotropic
reversible properties; the second — the hardening period — characterized by the predominance of the
crystallization-coagulation structure with the properties of an elastic-brittle body (according to
P.A.Rebinder).

a) . b
n , W, pm10* |
2 3 1
W, (SP =0.4) %) | |
n 80
o 30 i b / / /
2 W° (SP =0) %) | = /
g ! 3 / / /
S 20 | 7 40 / /
s e 8 / /
% 10 I o /// _t = //
— — — — — I
W,° 0 -
0 60 120 180 T. min.
O _

1- ; 2 — MC=10%; 3 — 10% MC+0,4% SP; 4 — SP=0,4%
10 15 20 Dye.% standard; C=10%; 3 - 10% MC+0,4% SP; SP=0,4%
Fig. 1. Change in rheological parameters of cement pastes:
a — effective viscosity n with the introduction of various microsilica ®w; — ®a;
b — plastic strength P,

Based on the results of measurements of the rheological properties of cement pastes containing
microsilica ®; with the highest specific surface area, carried out using a Weiler-Rebinder device,
complete rheological curves "strain rate — stress™ were constructed and models of the main rheological
parameters were calculated, in particular, the ultimate shear stress 1, (Pa):
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o= 1401 —1.1x; +1.9%° —1.6x:x, +1.8X:°%,
—1.1x, — 1.1x° — 1.8X%° (1)

In Fig. 2 shows nomograms for ultimate shear stress (tp), dynamic elastic modulus (G), and
relaxation period (n;). In Fig. 2, a shows the change in the value of 1o for various compositions with
the addition of MC + SP at a constant water content equal to that of the reference composition. The
analysis shows that with the transition from the additive-free composition to the compositions with
high proportioning of MC and SP, the ultimate shear stress will decrease, i.e. such mixtures will be
better processed. With an increase in the MC proportioning from 0 to 40%, the indicator increases

by 3-4 times and decreases by 1.5-2 times during using a superplasticizer.
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Fig. 2. Change in rheological parameters:
a — limiting shear stress to; b — dynamic modulus of elasticity G; ¢ — relaxation period n;
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In the factor space of Dyc-Dsp, there are areas in which the rheological parameters of cement

pastes, including 1o, G and n; (Fig. 2, a-c), with the addition of MC + SP are close to the rheological
parameters of the non-additive composition.
The conclusion about the existence of such "isorheological™ regions was confirmed by the
analysis of models of various indicators, including viscosity 1 and plastic strength Pm.
To maintain the condition of "isorheology” of mixtures, for every 5% MC, the concentration

of SP should be increased by 0.16-0.20%. In the technological aspect, the existence of areas of

"isorheological™ formulations made it possible to draw a conclusion about the possibility of using
ultradispersed filler in plaster solutions.

To analyze the possibility of regulating the properties of cement systems with SP, depending on
the grain and chemical composition of the ultradispersed filler, multicomponent tetrahedral diagrams
were used [16], which were combined with the concentration space of Dyc-Dsp in the "mixture —
technology — properties" models. The vertices ®; ... @4 of the mixed tetrahedron (Fig. 3, b) characterize

four types of MCs (differing, first of all, in the specific surface area and the content of amorphous
silica).

The mutually independent variables corresponded to: x; = Dsp = 0.45 + 0.45% — concentration, by

weight of cement, superplasticizer S-3 and x, = Dyc = 10 = 10% — concentration of fillers in cement.
A specially synthesized full experiment plan of 21 points has been implemented. For different
properties of cement-sand mortars (mobility and compressive strength after 1, 3, 9, 28 and 81 days
of hardening in normal humidity conditions), the models are obtained in the form of reduced value.
Strength model R.?® (MPa), displayed on the diagram "“triangles on a square" (Fig. 3) has the form:

R2 = +10.6x,° +1990; +14.7010; +54.1o1m4  +2.401X;  —2.201X>

+ 7.6X22 +21.7m- +24.40,03 +17.10204 +7.60oX1 +2.8moXs
—1.4%x:1%, +22.8m3 +3.4m3X1 +2.703X>
+19.604 +4.7m4Xo, (2)
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Fig. 3. Selection of the recipe area for optimal compositions:
a— nine three-component granulometric diagrams for the strength R.® of cement-sand
mortars, built on the bearing square "MC concentration — SP concentration™ with the
selection of the area of optimal solutions (hatching); b — four-component diagram R.*;
c — diagram R

The nature of the effect of fillers depends on the concentration of Dy and particle board. The
maximum possible strength is achieved by adding SP for mixtures of fillers w; + ®,. The optimum
strength changes over time: if the maximum strength for 1 day was provided by a filler consisting of
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a mixture of ®; and o, (a four-component diagram with Dsp = 0.9%, Dmc = 10% was shown in
Fig. 3, b), then at the age of 81 days the maximum strength moves towards the three-component

mixture ®, + ®3 + ma4.
When combining the isolines of the mobility of the mixture P> 3 cm (hatching lines in Fig. 3, a)

and the isolines of the efficiency indicator (determined as a percentage as the area on the three-

component diagram of the region R® > 35 MPa), the optimal proportioning of microsilica and
superplasticizer were identified, which are effective for plaster solutions (hatching area in Fig. 3, a).

Without the use of a superplasticizer, technologically acceptable compositions with microsilica

cannot be obtained at all; the best are two-component mixtures ®, + w3 — containing an increased
Si0O, as compared to other fillers.

The change in strength over time of cement compositions containing filler ®; (maximum Sgy) and
filler , (Maximum SiOy) is shown in Fig. 4, b, where: I — change in plastic strength Pm (t = 60 min.),

I1-VI — change in compressive strength, respectively, at 1, 3, 9, 28 and 81 days of hardening in normal

humidity conditions. Their comparison shows that in the early period of hardening the samples with

microsilica @; are characterized by higher strength than samples with microsilica w, and reference
samples. However, after 3 days of hardening, the nature of the effect on the strength of microsilica
changes: a greater increase in strength is associated with a filler with a high content of SiO,. At all times

of hardening, the strength of modified cement compositions is higher than the strength of no-additives.

The sensitivity of the system to fluctuations in the fractional composition and content of SiO,

was characterized by the models of the generalizing indicator e:
& =R{MK}:R{MK=0}, % 3)

In Fig. 4. the sensitivity of the system was analyzed with respect to the non-additive composition
(indicated by the hatching line). For various fillers, the & index can differ by more than two times,
which is associated with a time change in the structure-forming role of S, and SiO, (Fig. 4, b). So, if
the optimal strength in the initial period (1-3 days) is a single-fraction filler ®; with a maximum
specific surface area, then in a later period (28 days) the maximum solution strength was provided

by a two-fraction filler with an increased SiO, content at ratios ®, = 65 and w3 = 35%, and at the

age of 81 days. The maximum strength was associated only with microsilica, which has an
increased content of SiO, (w;) — the role of the specific surface is leveled.

Conclusions and prospects for further research. The research of the rheological properties
of modified cement systems showed that the structure-forming effect of the ultradispersed filler, as
a rule, is of a positive direction, but its introduction changes the rheological characteristics of the

mixtures (viscosity, plastic strength, etc.) and this can be compensated by the introduction of a

superplasticizer. The optimal ratio of MC and SP allows reducing the ultimate shear stress and
viscosity with an increase in the rate of structure formation (up to 2 times). To preserve the
condition of “isorheology" of mixtures for every 5% of MC, the concentration of SP should be
increased by 0.16 ... 0.20%. The effectiveness of using MC for plaster mortar was indicated by the
fact of a decrease in the elastic modulus, as well as the possibility of controlling the viscosity of the
mixtures and the ultimate shear stress — important technological characteristics.

After analyzing the changes in the properties of the multicomponent system, it was noted that the
nature of the action of fillers and the optimal granulometry of the filler depend on the concentration of
the superplasticizer and microfiller, along with this the optimum strength of cement-sand mortars
changes over time. At all times of hardening, the strength of modified cement compositions is higher
than the strength of no-additives. It was also noted that for various fillers, the indicator characterizing
the sensitivity of the system to fluctuations in the fractional composition and SiO, content may differ
by more than 2 times. Generalization of the models describing the properties of a multicomponent
system made it possible to hypothesize that the structure-forming role of SiO, factors and specific

surface area S, changes in time and, depending on the concentration of the superplasticizer.
In further researches, it is advisable to analyze the influence of the optimal ratios of the
concentration of superplasticizer and microsilica on the operational properties of plaster solutions.
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Fig. 4. Influence of the type of microsilica on the strength of cement compositions:

a — the kinetics of change in strength by using two fillers W1 and W5; b — change in
the efficiency of fillers during hardening (& = Ryc:Ren)
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Y00ecora OdepoicasHa akademiil OyOieHUYMEA MA apXimeKmypu

ByI. [inpixcona, 4, m. Ogneca, 65029, Ykpaina

AHoTanis. [IpoaHani3oBaHO MOXJIMBICTb BHUKOPHUCTaHHS MIKPOKpEMHE3eMy B SIKOCTI
HaroOBHIOBaYa JUIs IIEMEHTHHUX IITYKaTYpPHUX PO34MHIB. B pe3ynbTari aHamizy JiTepaTypHUX JaHUX
Oy/nM BU3HA4Y€HI OCOOJIMBOCTI TipaTtaiii HEMEHTY 3 MIKPOKPEMHE3ZEMOM.

B ekcniepuMeHTax MOCIHIKYBAJIUCS PEOJIOTIUHI XapaKTEPUCTUKH LIEMEHTHUX PO3UYHMHIB, 1110
BIJIPI3HAIOTHCSI BMICTOM aMOP(GHOT0 KPEMHE3EMY 1 TUTOMOIO TTOBEPXHEIO.

OmauM 3 HAWOUTBII BaXKJIMBHUX OO'€KTIB BHBUYEHHS BIUIMBY J00aBOK MIKPOKpPEMHE3EMY Ta
cynepruiacTugikaTopy Ha BIaCTHUBOCTI ITYKATYPHUX pO3uMHIB Oyna onTuMizamis 3a PaxyHOK
ONTUMAJILHOTO BI/I60py KOHI_ICHTpaI_III/I N00aBOK PEOJIOTIYHUX BIACTUBOCTEH CyMII_LIeI/I 11x 3B 3Ky 3
TEXHOJIOTIYHUMHU 1 eKCIUTyaTalliiHUMM 4YHHHUKaMu. Jlns aHamizy 1 onTumizamii  KuTbKicHI
CIIBBIIHOIIEHHS MK TITOKa3HUKaMH CTPYKTYpH 1 BIIACTHBOCTEH INTYKAaTYpHHX pO3YMHIB 1
BU3HAUaJIbHUMM iX UMHHUKAMU pELENTypd 1 TexHojorii Oylu oOoTpuMaHi y BUIIISAIL
€KCIIEPUMEHTaIbHO-CTATUCTUYHUX MOJIENIeH, po3paxoBaHuX 3 BukopuctanHsaMm cuctemu COMPEX.

3a pe3ynbTaTamMy BUMIPIOBAHb PEOJIOTTYHUX BIIACTHBOCTEH IIEMEHTHUX PO3YMHIB, IO MICTITh
MIKpOKpEMHE3eM 3 HalOUIbII00 MUTOMOIO TOBepXHE 1 BMicToM Si0,, moOyaoBaHi MOBHI
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peoNIoTiuHl KpUBI «IBUAKICTh Aedopmarii — Hampyra» 1 po3paxoBaHi MOJAETl OCHOBHHUX
PEOJIOTIYHUX MOKA3HUKIB. J[JIs MOMXJIMBOCTI PETy/IOBaHHS BJIACTUBOCTEH IIEMEHTHUX CHCTEM 3
cynepruiacTugikaTopoM B 3aJEKHOCTI Bl 3€PHOBOTO 1 XIMIYHOTO CKJany YJIbTPaIHCIEPCHOTO
HaIlOBHIOBa4ya OyJM BHUKOpPHCTaHI 0araTOKOMIIOHEHTHI JiarpaMu-TeTpacapH, sSKi MOEIHYBaIUCS 3
KOHIIEHTpaLIHHUM TPOCTOPOoM [cr-Lyk B MOJIENAX «CYMIII — TEXHOJIOTiS — BIACTUBOCTI».

PeanizoBaHo cremniaqbHO CHHTE30BaHUN HacW4eHWH miaH 3 21 toyok. OTpuMaHo Mojeni y
BUIJISI/II HABEACHWX TIOJMIHOMIB Il PI3HUX BJIACTUBOCTEH I[IEMEHTHO-TMIIIAHUX PO3YHHIB
(pyxJIUBICTH 1 MIIHICTD Ha cTUCK micas 1, 3, 9, 28 1 81 i TBepaHEHHS B HOPMAaIbLHO-BOJIOTICHUX
yMOBax). 3a JIOMOMOTIOI0 y3arajbHIOIOUOro MOKa3HHKA MPOBEICHA OIIHKA YYTJIMBOCTI CUCTEMH [0
KOJIMBaHb (PpakIifHOro ckiany i 3micty SiO,.

KirouoBi cjioBa: mTykaTypHUH PO3YMH, MIKPOKPEMHE3EM, CyNepIuIacTH(IKaTop, peosorivHi
BIIACTMBOCTI, MII[HICTb.
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yi. uapuxcona, 4, r. Ogecca, 65029, Ykpauna

AnHoTanus. [Ipoananu3upoBaHa BO3MOXKHOCTb MCIIOJIb30BAHUSA MUKPOKDEMHE3EMA B Kau€CTBE
HAIOJIHUTENA Ul LIEMEHTHBIX INTYKAaTYPHBIX PacTBOpoB. B pe3ynbTare aHaimsa JIUTEpaTypHBIX
JAHHBIX OBLIM OIpEeETeHbl OCOOEHHOCTU TMIpaTallii HEMEHTA C MUKPOKPEMHE3EMOM.

B skcnepuMeHTax HCCIIENOBAINCH PEOJIOTMUYECKHE XapaKTEPUCTUKU IIEMEHTHBIX PacTBOPOB,
COZIEpKAIMX MUKPOKPEMHE3EMBbl, OTIMYAIOLIMXCS COJCp)KaHMEM aMOp(HOro KpemHe3ema U
YIEJIBHON IIOBEPXHOCTHIO.

OmauM U3 HauOoJIee BaKHBIX OOBEKTOB H3Y4UEHMSI BIUAHHUS HOOABOK MHMKpPOKpEMHE3EMa U
cynepruiacTudrKaTopa Ha CBOMCTBA IUTYKaTypHBIX DPAacCTBOPOB SIBISUIACh ONTUMM3ALMS 3a CYET
ONTUMAJILHOIO BBLIOOpAa KOHIIEHTpAIlMM HO0ABOK PEOJOIMYECKMX CBOHCTB CMeCell M HX CBSI3H C
TEXHOJIOTMYECKUMHU M JKCIUTyaTalMOHHbIMM  (akTopamu. Jlnsg aHam3a W ONTHMU3ALMU
KOJINYECTBEHHBIE COOTHOILIEHUS MEKAY MOKA3aTeIsIMU CTPYKTYPbI U CBOMCTB IITYKATYPHBIX PACTBOPOB
U ONpENesIoIMMH  MX  (akTopaMH pelenTypbl M TEXHOJOTMHM ObUIM IOJYYEHbl B BHUJE
IKCIIEPUMEHTAIBHO-CTATUCTUUECKUX MOJIENIEN, PACCUNTAHHBIX ¢ Hcnonb3oBaHueM cucreMel COMPEX.

[lo pe3ynbraTaMm M3MEpeHHH PEOJOTMYECKHX CBOMCTB IIEMEHTHBIX PAacTBOPOB, COJEpMKallUX
MHUKpPOKPEMHE3eM ¢ HauOoJblIel yAenbHOH MOBEPXHOCTbIO U cojepikaHueM SiOz, MOCTPOEHBI
MIOJIHBIE PEOJIOTHUECKUE KPUBBIE «CKOPOCTh AePOpMalM — HANpPSHKEHHWE» M PAaCCUUTAHbl MOJAEIH
OCHOBHBIX PEOJIOTMUYECKMX IOKa3aTenei. s BO3MOYKHOCTH PETYIMPOBAHUS CBOMCTB IIEMEHTHBIX
CHUCTEM C CYNEpIUIaCTU(PUKATOPOM B 3aBHCUMOCTH OT 3€PHOBOIO M XHMMHYECKOTO COCTaBa
YIABTPAAMCIIEPCHOTO  HAMOJHUTENS] OBUIM  HUCIOJIb30BaHbl MHOTOKOMIIOHEHTHBIE — JHarpaMMbl-
TETPa’Jpbl, KOTOPBIE COBMEIIAINCH € KOHLEHTPALMOHHBIM IpocTpaHcTBOM cn-[Ivk B Mozemsax
«CMECh — TEXHOJIOTHsI — CBOWCTBAY.

PeannzoBan cnenuanbHO CUHTE3MPOBAaHHBIN HACBINIEHHBIM IUIaH K3 21 Touek. IlomyueHst
MOJIEIM B BUJE IMPUBEICHHBIX IOJMHOMOB Ui Pa3HBIX CBOMCTB IIEMEHTHO-TIECUYAHBIX PAacTBOPOB
(TOABMKHOCTh M NPOYHOCTh Ha cxkatve nocie 1, 3, 9, 28 u 81 cyTok TBepaeHHS B HOPMAJIbHO-
BIXHOCTHBIX  ycioBusX). C momompio  00oOIIarolmiero rokasarens MpoBeJeHA OlleHKa
YYBCTBHUTEIBHOCTH CUCTEMBI K KosieOaHUsIM (PaKIIMOHHOTO cocTaBa U coaepxkanus Si0s.

KiroueBble ci10Ba: IITYKaTYypHBIH pPacTBOpP, MHKPOKpPEMHE3EM, CyIepIuiacTuuKaTop,
peoJioruyeckre cBOMCTBA, MPOYHOCTD.
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