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Abstract: Poly (vinyl alcohol) (PVA) and poly (vinyl acetaé)  poly(vinyl chloride), polyurethanes, polyamides,

(PVAC) blend films were prepared by mixing of watersystems:
PVA solution and PVAc emulsion with subsequent dryig at
room temperature.

Differential scanning calorimetry (DSC) and SEM
investigation shows that components in mixtures fon discrete
phases. Blends are microheterogeneous. In blendstiwvhigh PVA
content where the dispersion phase is PVA, inclusis of PVAc
phase with predominant dimensions 2 - 4m are detectable. For
systems with low PVA content PVA inclusions as disete objects
are less visible. Tensile stress - strain ¢ relations of blend films
were determined. Some commone and g values were
fixed (maximum stressoyax and respective strain valuegyax,
yield stressoy and correspondingey, and characteristics at
fracture ogand gg), initial modulus of elasticity E
lim(do/de)|;.0 . Films with broad range of tensile strength-
deformation characteristics: E = 0,3 — 2,2 GPag yax = 9 — 106
MPa, oy =: 8 — 73 MPa,6z = 11 - 42 MPagg = 0,32 — 2,07 can be
obtained by variation of ratio of component contet in mixture.
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| INTRODUCTION

Poly (vinyl alcohol) (PVA), a polyhydroxy polymeis the
largest, synthetic, water-soluble polymer produdaedthe
world based on volume. It is produced commercialythe
hydrolysis of poly (vinyl acetate) (PVAc) [1]. Poeinyl
alcohol has excellent film forming, emulsifying,caadhesive
properties. It is also resistant to oil, grease soldent. PVA is
odorless and nontoxic, as well as has high oxygehasoma
barrier properties [2].

PVA has high enough tensile strength and satisfacto
flexibility. To improve deformability PVA is usuall
plasticized by the variety of low molecular compdsimmostly
containing polar groups [3], which associate witydroxyl
groups of PVA chain (with or without water assist@n
developing hydrogen bonds, thus reducing directrdyen
bonding between PVA macromolecules [4].

The comparatively high biodegradability in the eoaiment
may be one of the most important and desirableaciaristic
of PVA, because the polyvinyl-type polymer consigtiof a
carbon-carbon main chain is scarcely biodegradgdjleThis
property of PVA has recently been reevaluated, amath

polycarbonates and others [6]. Natural polymershsas
starch, chitin, chitosan, lignin or cellulose atsoaused [7].
Blends may be processed by conventional plastamtdogy
to form various articles, which exhibit good balaraf barrier
and strength properties, low moisture absorptivignd
toughness/modulus combinations adequate for panffagies
[8].

Development of PVA blends with another more defdrima
polymeric counter component could turn out effitieoly
(vinyl acetate) (PVAc) was chosen as this countengonent.
Comparison of some strength-deformation charatiesiof
both polymers looks promising [3,4] (Table 1).

TABLE 1
STRENGTH, DEFORMATION AND THERMAL CHARACTERISTICS OFPVA AND
PVAC
Parameter PVA PVAC

Crystallinity, % 60-70 0

Glass transition temperatuf€ 85 28

Tensile strength, MPa 65-120 23-35
Elongation at break, % 0-3 60 - 100

Seemed appropriate to use ecologically safe low
concentration water systems to prepare mixturesterwa
solution of PVA and water emulsion of PVAc.

The main objective of the present study was toréaicethe
possibility of preparation of respective PVA/PVAdxtres
and successive films and to evaluate their strattand
mechanical characteristics.

I MATERIALS AND METHODS

A Materials

Partially crystalline water soluble PVA (GOST 10778)
was used. Molecular weight of PVA - 133000 Da was
determined viscometrically usiridbbelohde viscometd®].
Degree of hydrolysis was established according 15023-

2 [10]. Content of acetate group in PVA - 0,98 %.

PVAc glue IMA-PVA D3 (Lithuania) was used As PVAc

emulsion

B Preparation of films
Blends of PVA/PVAc were prepared by gentle mixirfgl©

effort has been made to produce PVA-based b|0dagfad wt % agueous Systems of both Components_ Wateemﬁst

polymeric materials having preferred physical amgrgical
properties for use in industrial and medical fields

turned out to be easy mixable. Blends were visuediyer

uniform.

To improve mechanical or thermal properties PVA is

blended with different synthetic polymers, suche#isylene-
vinyl alcohol copolymer, poly(ethylene terephthe)at
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Blends with following weight fraction of PVAppya: 1;
0,9; 0,7; 0,5; 0,3; 0,1 and 0 were prepared (résmeeolume
fraction: p*pya — 1; 0,91; 0,71; 0,52; 0,31; 0,11 and 0).

Films were made by solvent casting technique. Méegu
were poured in to plastic Petry dishes (diametbfG mm) to

Films, obtained from mixtures are visually opalegcéhe
transparency is significantly less (Fig. 1). Thas@n is certain
heterogeneity of the mixture structures: separatactsire
formations scatter visible light. Films from mixés with PVA
contentppya = 0,1 — 0,3 have lower light transmission

reach thickness of layer — 1,5 mm. Mixtures weaieddat 17 values.

°C temperature for 5 days till the constant residwater
content (about 5 %). Final thickness of films wa® & 20
um.

Density of films was determined using hydrostat&ighing
method in ethanol according to LVS EN 1183 A (Sduko
KB BA 100).

C Mechanical properties

The tensile tests were carried out by a Zwick/RoeiVersal
testing machine at room temperature, according Nol&0O
527. The speed of the upper traverse - 20 mm /min.

Stress §) - strain(e) relationship were determined till the
breaking of specimens. All mechanical charactesstivere
the average of five specimens. The maximum vanatd
characteristics was less then 10% of the averafjeevall
parameters are set, by use of the original progestXpert
V11.0.

D Differential scanning calorimetry (DSC)

The thermal properties of the films were determird
differential scanning calorimetry on a Mettler TaxteDSC-30
calorimeter. Specimens of weight about 10 mg weyatdd
with heating rate of 10°C/min from 25 to 250° Caimitrogen
atmosphere. The samples are then cooled (10°C fithir§5°
C and reheated with the same heating rate (seceating
cycle). All parameters are set, by using the ogbjprogram
METTLER GrapWare TA72PS.

PVA phase of crystallinity is set by the crystatjnmelting
heat effect, assuming that the melting heat of detaly
crystalline PVA is 138 J/g [11].

E UV-VIS

Visible and UV light absorbance of films was measuby
use of the Tidas J&M MSP 800 system.

F Scanning electron microscopy (SEM) analysis

For microscopic examination of film structure samplesrev
cooled in liquid nitrogen and fractured by bendikgacture
surfaces of specimens were gold covered (Emite&50K).
The morphology of fracture surfaces of the specsnems
investigated by a Tescan, Mira//LMU Schottky scagni
electron microscope at the 3000x and 10 000x miagutidn
and voltage of 25 kV.

Il RESULTS AND DISCUSSION

Components (PVA water
emulsion) are easy mixable and form visually umifor
mixture.

The transmittance of the obtained films differs. A%¥nd
PVAc films are transparent and clear, transmissionisible
light range is very large and practically the safne90%)
(Fig.1). It means that both, PVA aqueous solutiowl déhe
PVAc aqueous emulsion during the drying process fiather
homogeneous structure.
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Fig.1 Transmittance T of visible light as function of P\6dntenty #ya in
PVA/PVAc blend films
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Fig.2. Experimental (1) and additive (2) density valuedative deviation of
experimental density value from the additive or®of PVA/PVAc blen®

Experimental values of the densijty(see Fig. 2, curve 1)

solution and PVAc wateare slightly lower than the corresponding densiglugs

(Fig.2, curve 2), that were calculated by use oflitace
relationshipsp* = ppya @* pva+ P pvac @* pvac Wherep pya ,
Prvac — density of PVA and PVAc, respectively# pya |

@ *pyac — respective volume fractions of mixture comporent
Mixtures with PVA contentp* pya = 0,3 — 0,5 shows the
largest relative deviation values of experimentalsity values
from the respective additive valugs:(- p) / p* (Fig. 2, curve
3). This deviation does not exceed 0,4 %. Mostlyikie
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reason of it is the presence of tiny, ultra micopsc inclusions
of gas, those arise while mixing.

Aimed to obtain additional information about theusture of
the blends the DSC test was made.

Pure PVA sample in the first heating cycle showstrang
endothermic peak in the temperature range of ZBU°C, with
the maximum at 222C (Fig. 3), that corresponds to the melting
process of the PVA crystalline part. Exothermal PVA
crystallization peak occurs in the subsequent ngaiycle that
compared with the melting peak is shifted to thevelo
temperature range (158 to 195, maximum at 198C). In the
second heating cycle melting is repeated in the esam
temperature range as in the first. Heat effetits of these
processes differs a little, and are accordingly@and 57 J/g.
Calculated crystallinity values are accordingly;, 86 and 41
%.

It means that in conditions of film formation bymgile
evaporation of water from the solution, PVA reactgstalline
structure, which practically does not differ fromystalline
structure that emerges by the crystallization i@ thelt. The
degree of crystallinity in the first case is evdigtgly higher,
apparently due to increased mobility of macromdhacin a
course of formation of the crystalline from theugialn.

Distinct glass transition of polymer amorphous jghean be
seeing on the PVA thermogram since the PVA crysigllis
not higher than 50%. In the first heating cycledturs in the
temperature range: 42 - 55 °C, with flexion at 48 th the
second heating cycle — in the range 70 - 93 °(h flétxion at
82 °C, which is typical to the PVA [3].

We can observe also an endothermic peak in thehfiating
cycle in the case of PVA, which is characterizdsase of
remains of bounded water (temperature range 89 *C74H =
70 J/g). Estimated amount of leaving water (thet béavater
evaporation - 2270 J/g, [12]) 1s3%.

The slightly reduced PVA glass transition tempematange
in the first heating cycle most probably is due vater
plasticizing effect.

Thermogram of amorphous PVAc in the first heatingle
(Fig. 3) shows a glass transition, in the tempeeatange: 25 -
41 °C, with flexion at 32 °C.

In the subsequent cooling condition PVAc glass sitam
occurs in the slightly higher temperature range: 38°C, with
flexion at 39°C, and re-heating in the temperatarege: 39 -
56°C, with flexion at 48°C.

PVAc also contains bounded water (see the endoiberm
peak, Fig. 3). Since PVAc does not contain hydrayyups,
comparing with PVA, water volatilizes at signifi¢gnlower
temperature range (53 — 145 °C); the amount of watéess
than ~ 1% AH = 23 J/g).

Another endothermic peak appears on the PVAc thgramo
in the temperature range of 168-233 °C. Most likilyis
associated with the evaporation or thermal decoitiposof
certain emulsifying additives of PVAc.

The observed low glass transition temperature ofA®V
increases at the re-heating cycle. It shows that RIVAC
structure formed by evaporation of PVAc water eimouls
somewhat assembles at elevated temperature, possbh
result of water release and more complete coalescefi
emulsion particles.

—
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Fig.3. DSC curvef PVA/PVAC blendsig* pya is depicted
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Glass transition of components does not appearaetha
on the thermograms of PVA/PVAc mixtures. Glass ditaon
at temperature region which corresponds to pohhathgohol
was observed for the mixtures with high contenPdA. In
their turn the blends with higher content of PVAows
polyvinyl acetate glass transition region.

We failed to assess melting process of PVA and
determine its degree of crystallinity in PVA/PVAdehds,
because the presence of PVAc affects PVA meltimggss.
As seen from the Figure 3 and table 2 data, witheiase of

PVA melting is no longer observed in the secondtihga
cycle.

DSC data show that the formation of a compounccsire
from water systems at room temperature (below thessg
transition temperature of both components and, mfrse,
below the initial melting temperature of PVA) PVAnd PVA
tbomponents exist as separate phases.

SEM micrographs of brittle fracture of compositag(F5)
confirm it. For systems witlp pya > 0,5 (dispersion phase is
PVA), inclusions of PVAc (average: 2 -dn) are seen. For

PVAc content in the mixture the PVA melting initial pjends with ¢ pya < 0,5 (dispersion phase is PVAc) PVA

temperaturel,, ; as well as melting maximum temperatdig
max Significantly decreases.

inclusions as discrete objects is harder to obsekgeseen
from Figure 5, the fracture surface relief changéh content

Melting heat values, calculated for PVA at low PVAcratio of components. While fracture surface rekdf pure
content (iH*) almost does not change. However, at highefomponents is relatively plane flat, with markedyé&asmooth
PVAc content valuesg pya > 0.5) it reaches illogically high flat surface areas, relief of composites is rouge reason is

values.

propagation of the fracture crack along the intfaof

There is serious ground to believe that at the drighconstituent phase inclusions. Samples with equiainve parts

temperature (> 150°C) deliquescence of melting P
PVAc melt takes place. Indeed, for the system with= 0,5
in the cooling cycle crystallization of PVA partetn’t occur.

of components ¢pya = 0,5) have more developed surface
relief of fracture. It is likely that this regiorf the ratio of the
component corresponds to the phase inversion.

TABLE 2
DSCCHARACTERISTICS OFPVA MELTING IN PVA/PVAC BLENDS

Melting temperature of PVAC

Heat of melting, J/g

r'3
preva Tm | Tm max Tm E AH AH*
1,0 191 224 234 69 69
0,91 180 222 232 64 71
0,71 172 209 220 39 56
0,52 160 187 248 60 120
0,31 144 200 244 36 120
0,11 148 195 234 16 160
Tm 1, Tm max, Tme— Values of initial, maximum and end melting tenapere, respectively;
AH - average heat of meltingkd* — heat of melting, calculated for PVA
(]
S 12 1
~ 100 - ﬂ
V)
g0 0.91
60
0,31
40 0,11
™, 0
20 TN
i i T
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£

Fig. 4. Typical o( ) curves of PVA/PVAc blend filmsg»ya are depicted)
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Fig.5. SEM micrographs of brittle fracture surfaces ofAPRVAc blend films (= pya are depicted)

On the micrographs of m.ix.tures in the areas thaiespond Tensile stresss - strain ¢ relations of blend films were
to the PVAc phase well visible densely spaced homeW- determined. Representatives(c) curves for all studied

like structure formations can be seen. These faomstwith  mixtures, as well as for base components are shiowigure
the size about 2am apparently are coalesced PVA emulsion.

particles (PVA emulsion particles typically areramgeof ~ 1
— 3um [13]).
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TABLE 3
STRENGTH AND DEFORMATION CHARACTERISTICS OPVA/PVAC BLENDS
o, MPA &
A E, GPa (omax - ov)
O MAX oy OB Owvax - Oy ! o) & MAX gy B
1,0 2,18 106 (1)* 73 (1) 42 (1) 33 0,45 0,08 0,11 ,320
0,91 2,10 93 (1,14) 65 (1,12) 44 (0,95) 28 0,43 70,0 0,10 0,23
0,71 1,58 66 (1,61) 49 (1,49) 37 (1,14) 17 0,35 60,0 0,21 0,85
0,52 1,15 46 (2,30) 36 (2,03) 37 (1,14) 10 0,28 70,0 0,23 1,65
0,31 0,83 32(3,31) 26 (2,81) 25 (1,68) 7 0,23 0,06 0,17 1,07
0,11 0,53 17 (6,24) 15 (4,87) 16 (2,63) 2 0,13 0,07 0,25 2,07
0 0,30 9 (11,8) 8 (9,13) 11 (3,82) 1 0,12 0,07 0,41 3,48

* in brockets: the ratio ofvalue for PVA to the respectivevalue for the mixture

Some distinct similarities in the resulting curveasn be
seen, which allows to fix some common stresand strain
¢ values(maximum stress yax and respective strain value
£ vax, Yield stresssy and corresponding,, and characteristics
at fracture og and &), initial modulus of elasticity E
lim(do/de)|,_o
o(e) curves are summarized in Table 3.

The values that characterize the end of rapidstlesp v
and &) are completely dependent on the content of the
composition. The stress fall certainly is assodatéth stress
initiated release of “frozen” conformations of PVA
macromolecules.

Values of characteristics obtained from The more rigid is composite structure (higher PVA

content), the greater is stress fall (the diffeeeagax - ov)

Elastic modulusE describes the resistance of the initiapnd its relative value (the differencevax - ov) / oy) (Table

structure of the material to the low deformatioruea, when
structures transformations nearly have not yet wedu

At temperature of the experiment (25°C) the amoushuart
of PVA is almost 50 °C below its glass transitiemperature.
This fact, as well as reasonably high degree aftailynity of
PVA provides a relatively high level of intermoléau
interactions. This is why the value of PVA is almost 7 times
higher than the modulus of elasticity of fully ampbous
PVAc (the experimental temperature is very clost&PVAc
glass transition range), see Table 3.

There is a reason to consider that load bearinfityaloif
composites withg pya > 0,5 is determined by rigid PVA
matrix,
inclusions are incorporated (see Fig. 5). Mixtuséth ¢ pya <
0,5 can be considered as composites with the cantgiVVAc
matrix, containing rigid inclusions of PVA, thatud play a
role of peculiar "filler".

For all the studied mixtures, as well as for bas@monents
the maximumoyax Of the o(¢) curves is in the beginning,
after which follows more or less rapid stress dexliAfter that
the stress, depending on the composite contenteases less
rapidly (@ pva < 0,7), remains constanp gya = 0,3 — 0,5), or

even slightly increasespeva < 0,3). At this stage the stress

falls rapidly, the sample loses integrity and qudles.

PVA deforms as a crystalline polymer, sufficientirge
amorphous part of which is in glassy state - intémperature
range between glass transition temperature andrttileness
temperature [3].

Deformation value ofyax respective taiax value is small
(<0.08) and for various mixtures is practically theeme. Just
as the modulus of elasticitypyax IS characterized by
composite structure resistance to deformation.

The individual characteristics of two componentsnifest
aso(¢) characteristics in further deformation process ak. w

60

3) and the lower is the strain valge(Table 3).

Surpassing thesy and ey values, systems with a high
content of PVA { pya< 0,7) are characterized by a significant
reduction in stressof > og) up to the collapse of the sample.
This clearly shows that the composite structureaties in the
deformation process.

For composites with lower content of PVA& gy, = 0,3 —
0,5) the stress is practically constasi €& og).

If the PVA content is very lowgpya = 0 - 0,1) the stress
slightly increasesdy < og). This increase is attributed to the
effect of orientation strengthening increase [Bi#jaightening
of macromolecules and mutually parallel orientatminthe

in which relatively compliant discrete PVACansile direction.

[V CONCLUSIONS

Development of PVA/PVAc blend films from water
systems (PVA solution and PVAc emulsion) by simpiging
and subsequent drying at room temperature (belengtass
transition temperature of both polymers) leadsotonftion of
mixtures in which components exist as separategshas

Blends are microheterogeneous. In blends with PVA
volume fraction > 0,5 where the dispersion phas®V&,
inclusions of PVAc phase with predominant dimensi@n- 4
um are detectable. For systems with PVA volume ibact<
0,5 (dispersion phase is PVAc) PVA inclusions ascidite
objects are less visible.

Films with broad range of tensile strength-defoiorat
characteristics: elastic modulus: 0,3 — 2,2 GPaaximum
stress: 9 — 106 MPa, yield stress: 8 — 73 MPanateé stress:
11 - 42 MPa, elongation at break: 0,32 — 2,07 earobtained
by variation of component ratio in mixture.
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Natalja Jelinska, Marti n$ Kalnin$, Velta Tupureina, Anda Dzene. Polivinilspirta/polvinilacetata maisjumu pléves.

Polivinilspirta (PVS) un polivinilacata (PVA) maigumi tika iediti sajaucotidens sistmas: PVS §dumu un PVA emulsiju. Komponentes viegli
sajaucas un veido vizli vienmeérigu maigumu. PEves tika iegtas lejot ar sekojoSuaveSanu istabas tempeiigt. PVS un PVA gves ir
caurspdigas un bezlasainas. Maigumu pEves ir opalisgosas, to caurlaiba redzarsis gaismas diapazarir zentka, kas liecina par noteiktu
strukiiras heterogeriti. Diferencili skergjosas kalorimetrijas (DSK) un skéjp3as elektronu mikroskopijas (SEM)efgumi liecina, ka
komponenti maiguma veido atsevigas fizes. Mai§umi ir izteikti mikroheterogni. Maigjumos ar lielu PVS saturu, kad dispersijasef ir
polivinilspirts, saskami polivinilace&ta ieskgumi ar domigjoSiem izngriem 2-4um. Savulért sisemas ar zemu PVS saturu, kad dispersifae f
ir PVA, PVS iestgumi ka disketi objekti ir gritak saskatmi. legitam plevem tika noteiktas sprieguma — defornacijas ¢ sakatbas stiepes
rezma. Eksperimerdli noteikti atsevi§i visam sisemam koggie sprieguma un ref@iis deformacijas raksturlielumi stigp (maksinalais
spriegumssyax Un tam atbilstas defornacijas \ertibaeyay, te@Sanas spriegums, un atbilstoaisy, stiepes robezspriegumssg un trikSanas
pagarimjums g), ka al sakotrgjais elasbas modulis E = lim(@/de)|,_o,. Kompoztu slodzes nestgju pie PVS tilpuma das kompo#a > 0,5
nosaka stingPVS matrica, kurizkliedetas relatvi padevga PVA iesegumi. Maigjumi ar PVS tilpuma da kompozta < 0,5 var tikt uzskati ka
kompozti ar padeigu PVA matricu, kut ietvertas stingi PVS iegdumi, kuriem ir savdagas ,pildvielas” loma Vagjot komponentu saturu
kompozta, iesggjams iegit pleves ar plaSu stifivas-deforracijas aditaju diapazonu: E =0,3 — 2,2 GP@yax = 9 — 106 MPagy =: 8 — 73 MPa,
og =11 - 42 MPagg = 0,32 - 2,0.

Hartanpsns Eauncka, Maprunbm Kagnunbsm, Beara Tynypeiina, Anna [I3ene. IlneHouyHble MaTepuaibl Ha OCHOBe cMeceil
MOJUBHHUJIOBOIO CIIMPTA M MOJMBHHUIALETATA.

Cwmecu nomuBuHmioBoro crupta ([IBC) u nommsuHmnanerata ([IBA) GbuUin moydeHsl mMyTeM CMELICHHsT BOAHBIX cucreM: pactBopa I[1IBC u
smynscnu [IBA. KoMITOHEHTHI JIETKO cMeMMBAIOTCsl 00pa3yst paBHOMEPHYIO cMech. [IIeHKH MoTyJary METOIOM JIUThSI ¢ TIOCTIEAYIOMEeH CyIIKOH
nipu KomHatHOH Temreparype. [Tnenku I[IBC u [IBA npospadns! u 6e3nBeTHs!. [IteHkn cMecei onamicupyioT, HX CBETOIPOITyCKaHHE B 00IacTH
BUIVMOTO CBEeTa HIDKE, YTO CBHJETENBCTBYET O HEKOTOPOH TI'eTepOTreHHHOCTH CTPYKTYpHl lcimenoBaHHMsS MeETOAAMU CKaHHPYIOIISH
b depentmanpaoit kanopumerpur (JCK) 1 ckanupyromiei »1ektporHo#H Mukpockonun (COM) CBHAETEIBCTBYIOT O TOM, YTO KOMIIOHEHTHI B
cMecu GopMupyYIOT oTzelbHbIe (Ba3bl. CMecH BBIPaKEHHO MHUKPOIETEpOreHHbl. B cMecsx ¢ BoicokuM cozepxanueM [IBC, rue nucnepcHoHHOI
¢azoii sBisiercst [IBC, oOHapyXMBAIOTCs BKJIFOYCHHS MOJMBUHUIIALICTATa C MpediafaoiuMy pasmepamM 2 — 4 MkM. B cucremax ¢ HHU3KHUM
conepxanueM [IBC, xorma mucpepcuonnoii ¢azoii seisterca IIBA, muckpernsie BximoueHust [IBC oOnapyxuBaroTcs MeHee OT4eTInBO. [l
TIOJTy4eHHBIX IUICHOK OIPEAENICHB 3aBHCHMOCTH HalpsDKeHHe G - fedopMamnms €. OKCHEPUMEHTAIBHO OIpeNelieHbl OTAENbHBIE 0o0mue
XapaKTECPUTCTUKU HAnpspKeHUs U aedopManun (MakCUMajbHOE HANPSDKEHHE Oyax M COOTBETCTBYIOIEE €My 3HaueHHE AeOpMallid Eyax,
HAIPSDKCHHUE TEKYYECTH Gy M COOTBETCTBYIOILEE £y, MPE/EN MPOYHOCTH PU PACTSHKCHUU Gg M OTHOCHTEINIbHAS JeopMalys IPH pa3pbiBe U €g), &
TaKkKe HavaJbHbI MOmyip snmactuyHoctd E = lim(ds/de)l, 0. Hecymryto crmocoGHOCTh KOMIO3UTHBIX IUICHOK mpH 00beMHoi moie IIBC u
kommo3ure > 0,5 ompenenser xecrkas matpuia [IBC, B KoTOpoii pactpenesieHbl BKIIOUCHHsS OTHOCHTENbHO moaatiauBoro ITBA. Cwmecu c
obovemuoit goneir [IBC < 0,5 moryr paccmarpuBaThCs Kak KOMIIO3UTHI ¢ mopaarnuBoi Marpuueit [IBA u sxeckumu Brmouenusmu [1BC,
BBITIOJIHSIOLIMMU  POJIb CBOEOOPA3HOTO «HATIOMHUTENS». BapbHpoBaHHEM COOTHOILIEHHUSI COJEPXKAHHS KOMIOHEHTOB MOTYT ObITh MONYYEHBI
IUICHKH C IIMPOKUM [IMANa30HOM 3HaueHUi 1eopMamoHHO-IIPOYHOCTHBIX Mokasareneit: E = 0,3 — 2,214, oyax = 9 — 106 Mla, oy = 8 — 73
MIla,cg = 11 - 42 MPagg 0,32 - 2,0.

61



