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Abstract: Poly (vinyl alcohol) composites reinforced with thee
kinds of papers which differ by voids content werdnvestigated.
Paper fibre length distribution was established aswell as the
structure of cross sections of paper and compositegere studied
by scanning electron microscope. The denser is a pap the more
loosens its structure after immersion in water andthe more
decreases its tensile strength after soaking and Issequent
drying. The less dense is a paper, the more compdy it was
filed by polymer and the greater is an increase ofstrength-
deformation characteristics of the composite. Thencrease of
these characteristics is grater in the direction pgendicular to
the fiber orientation route. The air permeability of composites
and untreated paper as well as character their bioggradation
were investigated.
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| INTRODUCTION

There is a growing worldwide interest to incredse tse of
renewable resources in commodity plastic productsrder to
diminish the waste associated to their use, pdatilyuin
packaging applications. The utilization of biodetghle
plastics and resources is one of the many stratetpe
minimise the environmental
plastics [1].

As a result, interest in the use of naturally ddglde and/or
biodegradable polymers for plastic manufacturers drawn.

aid in the process of papermaking: dyes, sizingnege
strength aids, fillers, drainage aids and retentdds. The
quality of the different components determines doelity of
the paper and also the runnability on the papethimad4,5].

The aim of this paper is to prepare and charaeteris
paper/poly (vinyl alcohol) (PVA) composites, whepaper
formally acts as a reinforcing component for polymeatrix.
Structural and mechanical characteristics of broathe of
papers potentially to be used as polymer matrixfoecement
have already been examined and described in [6fe€Th
distinctive types of papers which differ by voidsntent
(volume fraction: 0.40, 0.56 and 0.70, respectivelyere
selected for development of composites.

I MATERIALS AND METHODS

Partly crystalline water soluble PVA (GOST 10779-W&s
used. Its molecular weight was 133 kDa, density Qn?,
melting temperature 226°C, glass transition tentpega77°C
and content of acetate groups 0.98 wt%.

The polymer was laid on the paper base from polywaer
solution by hand applicator. Four different PVA
concentrations (7, 10, 12 and 15 wt %) and twoieggr gap
heights (0.30 and 0.50 mm) were used to vary tHgnper
contentg,g in composite.

impact of petroleum-lbase The most important macrostructure characteristicgaper

and composites are thickndssand voids contenp.iqs There
are some characteristics to be established forhdurt
calculations: density of PVAl,, = 1.28 g/cm and density of

Efforts have been made to develop environmentaligellulosed., = 1.52 g/cm Weight mg of samples with 100

compatible plastic products by incorporating reneea
polymers as an alternative to petroleum-derivedmitals.

The renewable polymers are relatively cheap, enwientally

friendly, and also naturally biodegradable. PVAwisll suited

for blends with natural polymers since it is highdglar and
can be processed in water solutions [2].

The key to successful packaging is the selectioproper
material and package design that best satisfy fipgrbduct
demands [3]. In order to tailor the properties aeduce
material costs, it is often desirable to combineplzstic
materials with other, ideally, more inexpensive sahces,
such as natural fibres (e.g. cellulose) [1].

One of the most known cellulose products is paper -
pliable material used for writing, packaging, hygeand a
variety of specialized purposes. The celluloseefils strong
and has a great bonding capacity of its own. Tlopgnties of
pulp fibres determine many of the characteristit¢he final
paper. For instance, long fibres give strength shott — better
formation and more even surface. Paper may alsdaicon
various additives used to improve the finished pajself or
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cn? areaS was determined on “Precisa XT 220A” balance.
The thicknessh was measured with “Mitutoyo” flat digital
micrometer.

The volumeV, densityd, grammagams, volume of voids
Vioigs @nd voids volume fractiom,qgs Was calculatedVp,, =
Svashoap  Goap = Myap / Voap Mspap = Mhap / Spap - IN the same
way respective/, d andmg of composite were calculated.

Assuming thatVee = mpap/ deel Vool = My / dpol; Vioidsp =
Vpap = Veel @NAVygigsc = Veomp = Vpol — Veel it is possible to
determine:

(1)

where indexes designate following: pap — paper, pol
polymer (PVA), comp — composite, cel — celluloseidgP —
voids in polymer, voidsC - voids in composite.

It was assumed for calculations that the only dhrestt of
paper is cellulose ignoring other possible constita of
negligible quantity.

DyoidsP = voidsp/ Vpap and(ﬂvoidscz voidsc/ Vcomp
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Lorentzen & Wettre “Fiber Tester”
incorporated analyser instrument and a computegrpro for

estimation of cellulose fibre dimensions of paperswised.

About 0.2 g of paper fibres disintegrated in 200ofdlistilled
water was necessary to perform the test and establbire
length and width as well as their size distribution

Code 912 withwas inserted in Petri dish with humidified soil tmitate

environment conditions and exposed to @%emperature.
After set time samples were washed from soil, draeutl
weighted.

Z = (Me-m)/my - 100%, (3)

The tensile properties of paper and composites were

determined by “Zwick/Roell” universal testing dewicFor
tensile experiments samples according to stand&8 EN
ISO 1924-2 in machine and cross directions (MD &1l
respectively) were prepared and tested. Tensiggth ©z),
elongation at breaks§) and elastic (Young) modulug) were
calculated by use of supporting computer progrestXpert®.

To evaluate the water sorption of paper, 2 x 2 eames
were prepared, immersed in distilled water and sgbsntly
weighted until constant weight was reached to dater
sorption dynamics. The percental mass changewere
calculated according to equation

W = (m-my)/my - 100%, )
where m, — initial sample weight, g,
m, — sample weight after exposing in water, g.
Biodegradability was assessed as mass |@ds irf

microbiologically active garden soil. Sample ofesi& x 3 cm

where my — initial sample weight, g,
m — sample weight after exposing in soll, g.

For microscopic studies of structure of paper amuposite,
samples were cooled in liquid nitrogen and fractutey
bending. Brittle fracture cross sections were cedewxith gold
(Emitech, K550X) and investigated by Tescan, MiMlL
Shottky scanning electron microscope (SEM) at @ 6 and
1000 x magnification and voltage of 7 and 15 kV.

Air permeability was estimated by measuring theflaiw
through a defined ared = 5 cnf under 2 kPa pressure
difference

I RESULTS AND DISCUSSION

The essential structure characteristics of examipeolers
are demonstrated in Table 1 but strength - defoomat
characteristics in Table 2.

TABLE 1
CHARACTERISTICS OF PAPER STRUCTURE
o ) ) Paper designation
Characteristic Designation
FL 70 KP 90 ML 150
Thicknessum h 158 136 165
Conventional density, g/cin d 0.46 0.67 0.91
Voids volume fraction Duoids 0.70 0.56 0.40
Volume fraction of absorbed water o0 0.82 0.74 0.66
Gas permeabilityAp = 2 kPa), I/min q 8.30 1.15 0.37
TABLE 2
STRENGTH— DEFORMATION CHARACTERISTICS OF PAPERS
o ) ) Paper designation
Characteristic Designation
FL 70 KP 90 ML 150
Ultimate tensile strength, MPa OB
- machine direction (MD) OB MD 17.7 53.9 53.5
- cross direction (CD) OB CD 8.0 211 22.7
MD/CD OB Mp/ OB cb 2.2 25 2.4
Elongation at break, % &
- machine direction (MD) &8 MD 1.3 2.3 2.4
- cross direction (CD) &8 cD 1.7 4.8 4.3
CD/MD & col & mp 1.3 2.1 1.8
Tensile elastic modulus, GPa E
- machine direction (MD) Ewmp 2.3 5.0 4.8
- cross direction (CD) Ecp 1.0 1.9 2.0
MD/CD Ewmo/ Eco 2.3 2.6 2.4
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Tensile strength of the less dense paper FL 70hés t
smallest both in machine and cross direction. Haneas we
have already observed in [6], there is no striatradation
between density and tensile strength and elongatibneak.

Cellulose fibre length distribution (Fig.1) for pap whose
og values are similar (KP 90 and ML 150) is almost
equivalent. Although amount of cellulose fibrespaper FL
70 within range 1.5 — 3.0 mm is extended but fdreottwo
papers dominate fibres with length in smaller war0.5 to
1.5 mm, there was observed three times lessergsiréor FL
70 while its density is only two times lesser.

amount of fibers, proportion
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Fig. 1. Distribution of cellulose fibre length

SEM images (Fig.2) also gives no explanation alatmbst
equivalent tensile properties of KP 90 and ML 1B@.the
same time density of both reinforcements is comaiulg

(c)

Fig. 2. SEM images of cross sections of untreated pafers$:L 70, (b) KP
90, (c) ML 150

different. Obviously the strength characteristiéspaper are
determined by a complex: density, cellulose fibemgth
distribution as well as bonding between fibres pied by
various additives used in paper manufacturing.

No additives can be seen in SEM images of FL 70lstvh
for KP 90 and ML 150 some additive inclusions were

observed.
TABLE 3
CHARACTERISTICS OF PAPER WATER ABSORPTION
Paper
designation Pvoids PH20 PH20 = Puoids (@20 - Pvoias)/ P20
FL 70 0.70 0.82 0.12 0.15
KP90 0.56 0.74 0.18 0.24
ML150 0.40 0.66 0.26 0.39
TABLE 4
THE INFLUENCE OF WATER ON PAPER TENSILE STRENGTH
Paper designation roids o8, MPa a8"%°, MPa (- 08"/ 0w
FL 70 0.70 17.6 15.7 0.11
KP 90 0.56 53.9 42.6 0.21
ML 150 0.40 53.5 375 0.30

Since composite materials are developed by treataper special interest. 90 - 95 % of absorbed water #xitim
with PVA water solution, paper water sorption dpivas of values all kinds of papers reach in first 5 minutdter
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where a — factor, that characterizes volume fraction of
polymer that really has filled paper voids.

immersion in water (about 2 % of time necessargdbieve
equilibrium). Samples absorb equilibrium amountaiter in
approximately 240 minutes.

When paper voids fills with water, its structureosens.
Consequently the equilibrium volume fraction of aibed
water gp0 IS greater than voids fractiop,igs for all studied If all applied polymer fills voids (whil@cigsp> @pol), o = 1.
paper reinforcements. Table 3 demonstrates: tieedesse is  Changes of voids content in composiigissc With ¢y are
paper structure (highep,.iqs vValue), the lesser loosens theshown in Fig.4, respective changes of relative yaidntent
paper structure — differeng®o - @yoigs is smaller. Pvoidsd Pvoidsp— 1N Fig.5. Ideal filling ¢ = 1) in Fig.4 and Fig.5

Besides, the loosening of paper structure durindemwa are represented by dashed lines.
sorption is not completely reversible, and thaluiefices also
paper strength properties after drying. Initialsié: strength
og of all papers is higher than that after soakingd an
subsequent dryings"?° (Table 4).

Relative decrease of paper strengd { oz"'2°)/ o as well
as relative increase of voids volume fractiomb -
Puoids) Pr2o decline with rising ofaeigs Value (Fig.3).

0.40 0 03

a = (Q’\/oidsP'@/oidsC)/%ol-
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*
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a
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Fig. 3. Relative decrease of paper strength (triangled)ralative increase of
voids volume fraction (squares) for papers witliedént voids contentigs

Poiasc/ Proiase

All established facts brings to the opinion thagsledlense 0.6 -
paper FL 70 is most suitable for creation of reiofal PVA
composite materials.

Alteration of voids volume fraction in compositg,igsc With
increase of volume fraction of incorporated polymegg, o0
should conform to following expression:

0.2

0,0 0,1 0.2 0.3 0.4 0,5 0.6 0,7

Ppa
¢FL70+PVA mKP90+PVA AMLI50+PVA
. - . -0 , 4
ProidsC = ProidsP Ppol ( ) Fig. 5. Change of relative voids contepkidsd ¢roigse With ¢l
TABLE 5
FACTORS CHARACTERIZING FILLING OF PAPER BY POLYMER IN COMPSITES
Paper PuoidsP a alql/owdsP ﬂ
designation - - -
complete experi- complete experi- complete experi- no
filling mental filling mental filling mental filling
ML150 0.40 1 -0.03 2.50 -0.08 11 0.60
KP90 0.56 1 0.52 1.79 0.83 0.14 0.44
FL70 0.70 1 0.57 142 0.73 =0 0.30
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Figures 4 and 5 together with Table 5 data obviousl Figure 6 and Table 5 give evidence that relatignshi
demonstrate that only a part of polymer fills papeids ¢ < @ o
0.57). The higher is voids content of papgsissp the greater —P%__ for less dense paper
is a value. 1- D pol

mp

and FL 70

between
pap

Surprisingly little part of applied polymer peneé&s into
paper ML 150 {igs = 0.40). At lowgy, valuesg,gigsc iS even

a slightly higher them,,igsp
Certain information concerning composite strucfuresents

complies with complete filling of voidg & 0).

Equations (4-8) describe situation when structdr@aper
does not transform in a course of penetration, lWewehe
experimental results obviously confirm that somearges

measurements of its thicknesgm, In idealized case, when occur (see Table 3 and Fig.3).

all amount of applied polymer flows into paper \&ibomp =

SEM images show that distribution of polymer insitie

hpap @and heomdhpap = 1. On the other hand, if polymer do notpaper structure is not uniform. Micrographs of eated paper
flows into paper voids at all and forms a sepatayer, the FL 70 (Fig.3(a)) show its loose and porous strigtwhereas
thickness of this layer can be calculated accordinghe Fig.7(a) disclose that after application of PVA ufimn its

following equation:

_ q)pol hpap (1_ q)voidsP)

h ®)
pol
1- (opol
The thickness of composite in this case:
Moo =h.+h,=h_+h_(@ Yo (6
komp — ''pap + pol = "'pap + pap( _(ovoidsP)—'( )
— % pol
and its relative value can be estimated subsequentl
h, D pal
— = 1+ (1_ (ovoidsp)¢ . (7)
pap 1-¢n

In common case relative value of composite thickniss

described by equation:

hkorrp :1+ﬂ ¢po|

hpap 1_(ppol

2,0
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Fig. 6. Interconnection between relative composite thisknand polymer

amount in composite
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structure arranges and gets more compact. As dt,réise
thickness of composite does not grow; it even dishies a
little.

The change of paper structure more likely is aaeashy
equation (4)@idsd @po) affirms that voids of paper FL 70
have filled partly:a = 0.57 (Table 5), whilst equation (6)
heomd @po)) indicates complete fillings ~ O (Table 5).

(a

(c
Fig. 7. SEM images of cross sections of composites pagét/iPa) FL 70,
oo = 0.24; (b) KP 90¢5q = 0.21; (c) ML 15044 = 0.28.
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Fig. 8. Change of relative values of strength — defornmatibaracteristic&.omdRoap With polymer contents,q in the composite: (a) tensile strength in MD; (b)
tensile strength in CD; (c) tensile elastic modufusD; (d) tensile elastic modulus in CD; (e) edation at break in MD

Even a small amount of applied polymeg4 = 0.21 vol.

restrictions for polymer penetration into the papsucture.

fraction) forms thin 3 -5um layer on paper KP 90 surface,Remarkable (30 - 4@um) polymer layer has developed on

however the thickness of composite is similar tdreated
paper. Comparing structure of untreated KP 90 wdtmposite
(Fig.7(b)), polymer inside the paper is visible,dathe
structure seems more dense. According to measutsraad
calculations, the composite has filled partlys 0.52;5 = 0.14
(Table 5).

surface (Fig.7(c)). Besides, paper structure itsa#f loosened,
and its thickness has considerably increased.

The change of relative valud%,mdR.ap Of most essential
strength-deformation characteristics (Wh&¢gn, and Ry, are
values of certain characteristic for composite gvaber,
respectively) with polymer content in the composépresents

For paper ML 150« = 0 andp = 1.1 (Table 5). Besides, Fig. 8.
value of p is even greater than calculated value of this It seems acceptable to approximate the dependenad o

coefficient for a case if no filling occurg & 0.60). Due to

relative values on polymer content in composite limgar

great density of ML 150d(= 0.91 g/cm), there are some equation:
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Rcomp

pap

=1+ Ag, 9)

This appoints that polymer matrix increases bondintpng
cellulose fibres what is essential for strengthpprties in
cross direction. Table 7 demonstrates the nornlizéues of
tensile strengtlos of composites apy,, = 0.3 and 0.5 (italic).

Value of the empirical factot indicates an extent how the The greatest increase of strength in comparison witreated

actual parameter grows with increase of polymertemn

paper shows the less dense paper (in MD more thiames,

(Table 6). The highestvalues possess FL 70 - the less dendsut in CD almost 8 times). Consequently, the refatD/CD
reinforcement (greatest,qqsp value) which shows the highestof tensile strength decreases from 2.2 for untce&te 70 to

level of filling with polymer (greatest value).

Paper is an anisotropic material. The orientatiboetlulose
fibres mostly along machine direction (MD) can beserved
easily (Fig.9). As can be seen from Tables 2 atiteensile
elastic modulus as well as tensile strength in Dnore than
twice of cross direction (CD) value.

Fig. 9. Orientation of paper cellulose fibres

1.3 for composite.

Experimental measurements of the gas (air) perikyatt)
of paper and its composites (Fig.10(a)) show camaile
drop of permeability with growth of polymer volunfiraction
®p0l in cOmposite. In addition, the greatest decreasepering
to permeability of untreated paper was observedefss dense
paper: more than 30 times @, = 0.5 (Fig.10(c)). As
predicted, there is a correlation between air pabii¢gy and
voids content (Fig.10(b)), what means that compssibntain
no closed pores (voids).

The preliminary experimental data on biodegradatoe
promising. The mass loss in soil of untreated papehuge
and there is only a little difference among examipapers. In
first two weeks papers lose about 40 % of thetiahmass but
after 5 — 6 weeks papers are completely disintedrat
Considering data of mass loss, composite witheligtblymer
content (o < 0.2) disintegrates faster than paper. It was
established that after two weeks there remaineg aimbut 30
% of initial mass. After four weeks composites aoeally

The o values in cross direction with increase of polyme€lisintegrated.

content grow more efficiently than in MD {actor is higher).

TABLE 6
VALUES OF FACTORA
A
Paper designation Duoidsp E o &
MD CD MD CD CD MD
ML150 0.40 -0.7 1.1 0.3 1.9 6.3 0.3
KP90 0.56 0.1 3.1 0.5 3.5 7.0 0.5
FL70 0.70 3.0 6.3 1.7 12.8 7.5 1.7
TABLE 7
COMPARISON OF TENSILESTRENGTH 05 IN MACHINE DIRECTION AND CROSS DIRECTION OF PAPERS AND COMBITES
Paper Paper Composite
g:tsll)gr; OB MD pap 0B cD pap OB MD pap/ OB OB MD comp OB MD comp/ OB OB D comp OB CD comp/ OB OB MD comp/ OB CD
CD pap MD pap CD pap comp
FL 70 17.7 8.0 2.2 53.1 3.0 39.2 4.9 1.4
76.1 43 60.0 75 13
KP 90 53.9 21.1 2.5 70.1 1.3 42.2 2.0 1.7
80.1 15 59.0 28 14
ML 150 53.5 22.7 2.4 53.5 1.0 36.3 1.6 15
535 10 454 20 12
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Fig. 10.(a) Influence of polymer content on air perme&pilif paper and composites; (b) influence of vaidstent on air permeability of paper and composites

(c) changes of air permeability after treatmenhwaidlymer (all at 2 kPa pressure difference)

IV CONCLUSIONS

Tensile strength of papers with similar fibre
distribution is similar, however greater amountasfger fibres

in less dense paper FL 70 alone do not provide ehnigh

strength. Strength characteristics of paper arerohéted by a
complex: density, cellulose fibre length distrilmutias well as
bonding between fibres.

All investigated papers absorb water very rapi@ly:- 95 %
of absorbed water equilibrium value is reached imst f5
minutes after immersion in water (about 2 % of timeeessary
to achieve equilibrium). Volume fraction of absaibsater at
equilibrium is greater than volume fraction of veith dry
paper. The denser is structure of paper, the namsehs its
structure during sorption process and the more righes
their tensile strength after subsequent dryincaaifles.

Experimental results and respective calculations
characteristics of composites approve that withréase of
polymer content in composite the voids content e@ses.
Voids are not filled completely; a part of unfilledores
remains. The less dense is paper, the greateiofmact voids
is filled by polymer. SEM images evidence, thatistore of

systems paper/PVA is more compact. No separatenaoly b

layer can be observed on more porous paper, althdoig

lengt

other two papers compact polymer layer can be sebitker
for denser paper.

The dependence of relative values of most essential
strength-deformation characteristics (tensile sgftien and
elastic modulus) on polymer content in composita te
approximated by linear equatioR;omdRoap= 1 *+ A4 @pol (Reomp
and Ryqp - values of certain characteristic for compositel a
paper, respectively). Factor indicates an extent how the
actual parameter grows with increase of polymeitern The
highest/ values possess the less dense reinforcement which
shows the highest level of filing with polymer. fFall
composites the properties in the direction acrbssrbute of
cellulose fibre orientation are enhanced more tidang fibre
orientation. It appoints to increase of bonding wesn
cellulose fibres in the presence of polymer.

All established facts let conclude that less deuegger (FL
07f0) is most suitable to create reinforced PVA cosites.

The air permeability of composites is consideraloyer
than that of untreated paper. The greater is voatgent in
paper, the more it fills with polymer, and conseatle the
drop of air permeability in comparison with unteghipaper is
greater.

The data on biodegradation show very fast disimtign of
oth paper and composite. Paper and composite smitall
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polymer content totally disintegrate approximatelfter a composite // Proceedings of the Estonian Acaden8ca#nces. Materials
month. Composites with higher polymer amount in shene Science. — Tallinn: Estonian Academy of Scienc8892— [58], P.40-44.
period have lost about 80% of their initial weight.
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Dace Cerpakovska, Martins Kalnin$, Velta Tupureina, Anda Dzene. Ar pafru stiegroti biodegradabli polivinilspirta kompoziti

iepakojumam.

Petiti stiegroti polivinilspirta (PVS) kompati, izmantojot par stiegrojoSo matdti tris daidu veidu papu paraugus ar dgigu tukSumu
tilpuma dau (0,40 — 0,70) un,&ksekas, ar akfrigu stiepes elagtas moduli (2,3 — 5,0 GPa), siipas robeZspriegumu stigfl7,7 — 53,9
MPa), tikSanas rel@o pagariajumu (1,3 — 2,4). Noskaidrots pap veidojoSo celulozesk®@dru izneru sadajums: visiem papu veidiem
domirgjosas (lidz 80%) ir §iedras ar garumu intedld no 0,5 1dz 1,5 mm. Ar skegjoZas elektronu mikroskopijas pdiabu Etita pafra un
kompoaztu struktira &ersgriezuna (trauslais lauzumsgp iztureSanas §dra slapekk). Jo bivaks paprs, jo vaigk uzirdinas & strukiira idens
absorbcijas procesin lieka mera neatgriezeniski samazis & stiepes stipba [Ec piedicinaSanas afideni un sekojoSasiveSanas. Jo ligka
ir tukSuma tilpuma da papra struktra, jo pilnigak notiek & struktiras aizpildSaras ar polingru un jo liekka mera pieaug kompaitu stiepes
stipribas-deforracijas raksturlielumi. Eksperimeiiiis relaivas stiepes elagtas modia, stiepes stifibas robeZsprieguma unukSanas
pagarirmjuma \ertibu atkatbu no polingra tilpuma dégas kompo#a pirmag tuvinajuma iesgEjams aprakst ar lineiru vieradojumu. Rtitie

papru paraugi raksturojas arutisku strukfiras un stipibas-deforricijas @ditaju anizotropiju. Liefiks elastbbas modia, tmtikSanas
pagarifijuma un stipibas robezsprieguma pieaugums ir paraugiem vizigms perpendikats stiegrojoSo I§edru oriendcijas virzienam.
Kompoztu gaisa caurlaitba hitiski samazias, palielinoties polirfra saturam kompdata. Lielakais gaisa caurlaidas kritums nogrojams
mazk bliviem papriem. Retita papru un komporu dezintegtSaras biolasiski sadaloties augsn Izejot no masas zudumugrijumiem,
kompoati ar nelielu polingra saturu (tilpuma da < 0.2) dezintegjasatrak, safdzinot ar atbilstoSo pam veidu.

Jane Yepmaxoscka, Mapreinbmi Kannbiabm, Benara Tynypeiina, Anaa /I3ene. ApmupoBanHble Oymaroii Ouopasiaraipoummecs
KOMIIO3UTHI HA OCHOBE NOJHBHHUJIOBOI0 CIIUPTA VISl YHAKOBKH.

HccnenoBanbl apMUPOBaHHbBIE KOMIIO3UTHI HA OCHOBE IOJIMBHHWIIOBOTO CIIMPTA. B KauecTBe apMHUPYIOIIEro MaTepuaia HCIONb30BAINUCh TPH
BHIa OyMmary, oTJIHYaoIHecs coaepkanneM oosemHoi nomu myctot (0,40 — 0,70, kak ciaeacTBHe, PA3IMYAONIMECcs] 3HAYCHUSIME MOYILSI
9IIACTHYHOCTH NpH pacTsukennu (2,3 — 5,00'Tla), npexena npouHoctu npu pactsukenunn (17,7 — 53,9 Mila) i oTHOCHTEBHOM AedOopMaIH [PH
paspeiBe (1.3 — 2.4).  BbiCHEHO pacmpezelieHHe 10 pa3MepaM o0pasyroIiux OyMmary BOJIOKOH LEJUTIONO3BL IJIS BCEX BHIOB Oymaru
npeobnagaot (1o 80 %)BosokHa quHOM ot 0,510 1,5MM. MeTogoM ckaHupyroLIei 2JIEKTPOHHONH MHKPOCKOIIMH UCCIIE0BAIACh CTPYKTypa
HONEPEYHBIX CeYCHHII OymMar M KOMIIO3UTOB (XPYNKHH H3JIOM IOCI]IE BBIICPXKKU B KUIKOM a3zote). Uem IuioTHee Oymara, TeM B OoJbLueH
CTENEHH Pa3phIXILICTCS €€ CTPYKTypa U TEM CYIIeCTBEHHEe HeOOpaTHMO CHIDKAETCSI €€ IIPOYHOCTD IPH PACTSHKEHUHN II0CTIe HACBHIIICHNS BOJOH
u nocnenymoomei cymku. Yem Gosbliie 00beMHast 10N IyCTOT B CTPYKType Oymaru, TeM IOJIHEEe MPOUCXOIUT 3allOJHEHHE €€ CTPYKTYpBI
MOJINMEPOM M TeM B OOJIbIIEH CTENeHH BO3PAcTAalOT 3HA4CHUs JAe(OpMalOHHO-IPOYHOCTHBIX XapaKTEPUCTUK KOMIIO3UTOB. 3aBHCHMOCTH
9KCHEPUMEHTAIBHBIX OTHOCHTEIBHBIX 3HAYCHUH MOJYJIS SJIACTUYHOCTH, HpeJieNia NPOYHOCTH TIPU PACTSDKEHUU U YUIMHHEHUS TIPH Pa3pbIBE OT
00BEMHOH /10U MOJMMEpa B KOMIIO3UTE B NEPBOM NPHUONMKEHHMHM MOXHO alllpOKCUMHPOBATh JMHEHHBIM ypaBHEHHeM. IlciienoBaHHbIC
o0pa3ipl Oymaru XxapakTepH3yIOTCsl CYIECTBEHHOH aHU30TPONHEH CTPYKTYpHI M JIe(OpMAaIIMOHHO-TIPOYHOCTHBIX XapaKTEePUCTHUK. Bompmmii
MIPUPOCT 3HAUCHUH MOMYJSI JIACTUYHOCTH, YIJIMHHEHHS IPH pa3pblBe U INpeAeNna IPOYHOCTH HaOMomancst Uit 00pa3loB HCIBITAHHBIX B
HANpaBJICHUH IIEPICHANKYISIPHOM HANPaBICHHUIO MPEHMYIIECTBEHHONH OpHEHTalMH apMHUPYIOINX BOJOKOH. BozmyxompoHuiaeMocTs
KOMIIO3UTOB CYIIECTBEHHO CHIDKAETCSI C POCTOM COJEpKaHWs MHolMMepa B KommosuTe. boiblnee CHIDKEHHE BO3AYyXOHNpPOHUIAEMOCTH
HaOmromaercss g oOpa3moB MeHee IUIOTHOM Oymaru. MccnemoBanmachk aesuHTerpamus oOpasnoB Oymard M KOMIIO3HUTOB B IIpolecce
OGUOJIOTHYECKOTO PA3IOKEHUst B MOUYBe. VICX0Is M3 M3MEPeHHIl MOTeph MAcChl, KOMIIO3UTHI ¢ HEOOJNBLINM comepaHueM nomumepa (< 0.2
00BEMHBIX JI0JI€#T) JE3UHTErPUPYIOTCSI OBICTpEE, B CPABHEHUH C 00pa3iamu Gymar.
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