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Abstract—A model developed for calculating mass-transfer coefficients in packed beds at low Reynolds

numbers showed that coefficients derived from measurements in beds of inert and active particles should be

dependent on the geometric arrangements between active and inert particles. Experimental results with

particles of size range 0.0171-0.9 cm supported the model prediction. Conflicting results obtained by a

number of investigators concerning particle diameter effect on j, factor are explained by these findings which

also indicate that dispersed bed experimental measurements and calculations involving cup-mixing
concentrations cannot result in valid mass-transfer coefficients.

NOMENCLATURE

a, specific surface [cm? cm™*];

A, surface area for mass transfer [cm?*];

c, concentration of transferable component
[gem™];

Co» Concentration of transferable component at
entrance [gem ™ *];

Cs saturation concentration of transferable

component [gcm™];

Ac,,,, log-mean driving figure [gem™3];
d,,  particle size [cm];

D,, gas diffusivity [em?s™'];

F,  Dyu,;

Jas mass-transfer factor;

k, average mass-transfer coefficient ;

I, height of cell [cm];

N,, instantaneous mass-transfer rate [gcm™'];

Ng.. modified Reynolds number, d up/u(1 —e¢);

Ns.,  Schmidt number, y/pD,,;

S,,  particle surface area in unit cross-section of
height {[cm?];

u, superficial gas velocity [cms™'];

u,,  gas velocity in cell [cms™!];

V,,  fluid volume in unit cross section of height
I{em®].

Greek symbols

g, void fraction;

0, angle at z-coordinate from bed axis;

©, absolute viscosity [gem™1s™'];

o, gas density [gem™?];

o, dimensionless concentration ;

v, shape factor.

INTRODUCTION

SUBSEQUENT to the work of Gamson, Thodos and
Hougen [1] and Hurt [2] a number of experimental
studies have been made to extend their investigations
of mass-transfer behaviour between solid particles and

gas in packed beds into the low Reynolds number
region. To maintain a significant driving force for mass
transfer throughout the entire depth of a packed bed at
low Reynolds numbers requires either a shallow bed or
else that a non-shallow ‘dilute’ bed be used. The dilute
bed is obtained by dispersing ‘active’ particles through-
out the matrix of inert or inactive material. In this
latter approach the flow patterns within the interstices
of the dilute or dispersed bed will be comparable to
those of a deep packed bed, a situation that would not
prevail in a one- or two-layer shallow bed in which
entrance and exit effects could be significant.

In their work Thodos and co-workers [3,4] va-
pourized water or hydrocarbons from saturated por-
ous spheres dispersed in a matrix of nonactive plastic
or glass spheres. A number of investigations have
involved the naphthalene—air system in which either a
layer of active naphthalene particles was sandwiched
between layers of inert particles [5] or else active
naphthalene particles were dispersed in a matrix of
inert particles [6,7]. In most of these works the
investigators assumed that the mass-transfer coef-
ficient as calculated from the measured mass-transfer
rate, the area of active material in the dilute bed and
the log-mean driving force based on inlet and outlet
driving potentials would be identical to that expected
from measurements made in a bed composed only of
active particles. Hsiung and Thodos [7] measured
concentration profiles within the packed bed to estab-
lish the mass transfer coefficients. The departure of the
measured driving force from the log-mean value
should produce information that reflects, in some
lumped manner, the contribution of axial and radial
dispersion effects associated with the transport of mass
across a stagnant film.

No study has been made of the possible effect of
different geometric arrangements among the active
and inert particles so as to determine if measurements
made in a dilute bed would, indeed, be applicable to a
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packed bed of active particles. In this work a simple
mathematical model is developed for mass transfer
from active particles in an inert matrix at low Reynolds
number. The major purpose of this model was to
explore the possibility that measured mass-transfer
rates in dilute beds could be dependent on the mutual
geometric or spatial arrangements and relationships
between the active and the inert particles. The model
could also be used to cast some light on the conflicting
experimental results in the literature in which some
investigators observed a particle diameter effect ad-
ditional to that accounted for in the Reynolds number
[2,35,6] whereas other investigators [1,3,4,7] did not
observe a diameter effect. Experimental measurements
were also made to confirm the model predictions.

FORMULATION OF THE MODEL

The model that is developed is as simple as possible;
consistent with the purposes of the model. This is
because the model was to be used primarily to study if
measured mass-transfer coefficients were dependent
on the spatial relationships between active and inert
particles. The model was not intended to be used for
numerical prediction purposes but, as will be seen, it
was surprisingly accurate in this respect in spite of its
simplicity.

The model is based on subdividing the free volume
in the bed into a number of equal-volume clements
that are formed between the particles (Fig. 1). Each
hollow element is assumed to be cubical in shape and
surrounded by inert or active particles. Perfectly mixed
fluid enters at the bottom of the cube and the stream
exits from the top where it is immediately mixed. The
remaining four sides of the cube are formed by the
surfaces of neighbouring particles. The size of the cube
is a function of particle diameter and bed porosity. In
the event that the packed bed is composed only of
active particles all four surfaces of the cubical element
would be active surfaces from which mass transfer to
the fluid can take place. In the case of a dilute bed in
which each active particle is surrounded only by inert
particles, only one of the surfaces would be an active
surface. Three additional possibilities exist for the
active surfaces: two adjacent active surfaces, two

Fii. 1. Representation of model.
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opposite active surfaces, and three active surfaces.

The assumptions used in deriving the model equa-
tions are: (1) Plug flow in the hollow channel {2}
Physical properties of the fluid are constant and
independent of concentration of the transferring me-
dium. (3) Concentration of transferring medium at an
active surface corresponds to saturation conditions.
(4) Material is transferred in a direction normal to the
flow direction only by diffusion.

Axial diffusion was neglected. Tts inclusion would
have complicated the model unnecessarily. It would
have had no effect on the qualitative conclusions
reached with the model and only a second-order effect
on the numerical predictions.

Development of model equations

The volume of fluid and the surface area of particles
in a unit cross-sectional area of bed of height { will be,
respectively,

v, =i ()
and
S,=la {2)

and a, the surface area of particles per unit volume of
bed, will be

= el (3)

If all of the cubic elements in the bed are assumed to be
identical, the width of the fluid in the element can be
calculated as

j— ‘/‘ﬂ (4)

15, |

Substituting from equations (1), (2) and (3) gives the
characteristic dimension of the cubical element

SR
=20 (5)

In the subsequent development it will be assumed that
the particles are spherical, thus, y, is unity.

The velocity, u,, of the fluid in the element can be
calculated from the superficial gas velocity, u, which is
flowing at the angle, 8, from the z-coordinate by

U

_ ot 6
e = cos ¢ o)

An average value for cos @ of 0.5 will be assumed.

Formulation for one active surfuce and three inert
surfaces

Cubical cell elements with one active surface and
three inert surfaces would correspond to a dilute bed in
which active particles would be surrounded only by
inert particles. The cell material balance for this case
with molecular diffusion in the x-direction and forced
convection in the z-direction will be
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dc o
— =D, —.
"“az " ox?

Expressing the concentration in dimensionless form as

M

bt 4

QS'—

Cs—Co
and substituting into equation (7) yields

o0 0%

u,— = D,—%
€ oz v ax?

®

the boundary conditions will be

¢ =0 when x=0, z=>0
%= when x=1I, z2>0
oz

op=1 when z=0, x>0
$=0 when z=o, x>0

Equation (8) can be solved by separation of variables

yielding
42 _ (n+ 12 Fn?
— e 7
T r Z 2n+1 42
.1 2n+1)
sm[ T x| (9)
where
D
F="2
ue

Upon substituting [ = z and integration of equation
(9) between the limits of x =0 and x = [, the con-
centration of transferring species in the mixed stream
leaving the cell can be calculated. This cup-mixing
concentration, which would be the concentration
measured by an analytical device, will be

¢, = ¢, — 0.81(c,—co) Z (2n+1)2

2
xexp[« 1.852n+1) } (10)

N re N
where Ny, is a modified Reynolds number defined as
dup/[u(l — ¢)]. as proposed by Gamson, Thodos and
Hougen [1].
The instantaneous rate of mass transfer per unit area
will be

oc 2D ot
N,=D, =TT
4 <6x >x=0 l (€ =<o) ngo

xexp[—— z] (11)

and the rate of mass transfer from the active surface
upon integration of equation (11) between the limits of
z=10to z = | becomes
_ 8D, l(c —-Co) &
N s 0
A% ; 2n+1)2

Fr*(2n+1)?
4%
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2 2
X {1 - exp[ff——(i';—HL:]}. (12)

The average mass transfer coefficient defined as

Ny

k= AAC,,

(13)

will, according to this model, be

8D, ey -y &
T 2F  Acy,

M

(2n+ 17

2 2
{1 _ exp[— sz_’x_”]} (14)

The j, factor for mass transfer, kNZ/3/u,, becomes

-
i =08INBE "y (15)
A Cim
where X, is the summation term in equation (14). The
term involving concentrations in equation (15) can be
evaluated with the aid of equation (10) yielding
In0.81%,

= 16
0813, — 1 (16)

Cs—Cp
Acy,

where X, is the summation term in equation (10).
Thus, for the case of one active surface and three inert
surfaces and introducing Ng, and Nj,

n081%,
i, =081N2P "¢l
Ja 5 081%, — 1,5

1 185(2n + 1)

N ReN Sc

Formulation for other configurations

Expressions for the j, factor for the four remaining
configurations for the cell model were derived in a
similar manner. The complete derivations are avail-
able elsewhere [8]. The final equations are presented
below :

Four active surfaces. This model would correspond
to the case of a packed bed of active particles only. The
expression for the j; factor is

In0.657(ET), ”i i
0657(ZL), — 1 > &, .=

74[(2n + 1) + 2m + 1)2]}
(18)

Ja = 0.0823

l—cxp{— NN
Re+ VS

@m + *[(2n + 1) + 2m + 1)7]

where

ee] o] 1
(EZ), = ,go .Eo @n+1*2m+1)

2 2
y exp{‘ 74[2n+ 17 + 2m+ 1) ]}‘ (182)

N Re N, Sc
Three active surfaces, one inert surface. For this case
the j,; factor is
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In 0.657(25),
' =0.436»——~
Ja 0657(2%), - nzo ,"Zo
. p{ 185[42n+ 1D + 2m+ 1]
NReNSc s (19)
Qm+ 1D [42n+1)? + 2m+1)]
where
1
(ZZ); = Z Z

n=0 m= 0 2"+1) 2m+1)2

2
Xexp{_l.85[4(2n+1) +(2m+1 ]}' (192)

NRe NSr
Two adjacent active surfaces, two inert surfaces. The
js factor is

In0657(EE)s, yvas

Ja= O3 G TS~ | P
2 2
L exp{_ 1L85[(2n + 1) + 2m + 1)77]7}
x NRPNSC -~ (20)
Cm + P2+ 1 + 2m + 1)?]
where
1
¥
(L) = "ZO ,;0 2n+1)22m+1)?
1.8 2 2
8 exp{_ sSfen+ 1)+ 2m+ 1) ]}. (20a)
NzeNs, 4

Two opposite active surfaces, two inert surfaces. The
j4 factor for this configuration is

In0.81%,, Nis Z
0.81%,,—1

n=0

7.4(2n+1)°
{1 ﬂexp{ALn+ ) —I} 21
. NRENSC .
where

i . 1
_ b el e oy
X, = 0.81 Z PRt exp[ NNy ] (21a

jo=0.204

2ty

Line Active
surfaces
o i One ]
o8 2 Two opposite
06 3 Two adjacent
i 4 Trree
04 5 Four
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3
w
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FI1G. 2. j, factor as a function of Reynolds number-model

behaviour for naphthalene-air (Ng, = 2.53).
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MODEL BEHAVIOUR

The model equations developed above were evaiu-
ated for the naphthalene-air (N;, = 2.53), naph-
thalene—helium (Ng. = 5.45) and naphthalene-CO,
(Ng. = 1.52) systems over the Reynolds number range
of 1-60. A value of 0.40 was assumed for the bed
porosity. The results are presented graphically in Figs.
2 and 3.

In Fig. 2 the j, factor is presented as a function of the
Reynolds number for the naphthalene- air system for
the different cell configurations. It is apparent that j, is
a function not only of Ng, but also of the mutual
geometric or spatial arrangement between the active
and inert particles. The highest values for the j; factor
are obtained for the case of a cell with one active and
three inert surfaces, 1.e. a very dilute bed, and the lowest
values are obtained for the cell with four active
surfaces, i.e. a packed bed consisting only of active
particles. Thus, if a dilute bed 15 to be used in
experimental work at low Reynolds numbers so as to
avoid bed exit concentrations approaching satu-
ration, the model shows that the experimentally-
measured transfer coefficients should be a function not
only of the flow regime but also of the geometric
arrangement of the active particles in the bed. This
effect was, indeed, noted by Petrovic and Thodos | 3]
who made mass-transfer measurements in packed beds
of active particles as well as runs in which the active
particles were dispersed in a matrix of inert particles.
They reported that the dilute beds yielded j, values that
were always 15-25% higher than the values obtained
in packed beds of active material. They noted, cor-
rectly, that the differences can vary for cach bed
arrangement and attributed the effect to a contribution
other than mass transfer. Their reported results are
consistent with the model predictions cited above.

In Fig. 3, in which the j, factor is presented as a
function ofthe Reynolds number for three values of the
Schmidt number, it can be seen that the model predicts

I ©One gchve surface

! il Four cohve surfaces

ioe AR g5
2-Ar N

3-CO, N
N
\\\
T
\\
\\\\
NI
AR N
— \\ 3

/
/7
/
/
/
/

206 i
g0
004 A ] — bk
' 2 3 4 5678910 20 %O 405060 80 0O
dp up
Reynolds number, ST

F1G. 3. j, factor as a function of Reynolds number-model
behaviour for several values of Schmidt number.
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a small effect of the Schmidt number additional to that
accounted for in the definition of the j, factor. Again,
the effect of the geometric configuration of the active
particles is apparent.

An experimental programme was designed to test if
the results predicted by the model would be borne out
by experimental measurements. To test this, mass
transfer measurements were made in beds in which
different known configurations of active particles in a
matrix of inert particles could be effected.

EXPERIMENTAL EQUIPMENT AND PROCEDURE

The mass-transfer measurements were mainly for
the naphthalene—air system although some measure-
ments were made for the naphthalene-helium and
naphthalene-carbon dioxide systems. Particle sizes
used covered the range of 0.0171-0.9cm. Two ‘re-
actors’ were used with a 92 mm dia. glass reactor being
used with the larger particles and a 42 mm dia. glass
reactor for the smaller particles. The reactor and its
associated equipment were installed in a constant-
temperature air-bath whose temperature was main-
tained at 33 £+ 0.1°C.

Naphthalene concentration in the gas exiting from
the bed was measured by passing part of the stream
through the flame ionization detector of a gas chro-
matograph. The electrometer output of the FID is
proportional to the concentration of organic material
in the gas and was calibrated with air saturated with
naphthalene. Detector linearity was checked by
measuring electrometer output for gas streams con-
taining known ratios of clean air to naphthalene-
saturated air. This analytical technique permitted
accurate and continuous measurement of the naph-
thalene concentration in the gas stream leaving the
reactor.

The large particles, diameter greater than 0.3 cm,
were steel balls. Active particles were produced by
coating the balls with a thin layer of naphthalene by
immersion in molten naphthalene and uncoated balls
served as the inert particles. The area of the active
surface was calculated from the number of active
particles inserted in the bed and the ball diameter as
measured with a micrometer. The total volume of inert
plus active balls used in the reactor was 500 cm?.

The small naphthalene particles were made by the
same technique used by Bar-Ilan and Resnick [5].
They were air-dried and screened into several size
groups. Particle size was determined from measure-
ments on photomicrographs of the various fractions.
Glass beads of appropriate size were used as the inert
material with the active naphthalene granules. The
total volume of inert plus active particles used in the
reactor was 100 cm?® and the active surface area was
calculated from the weight of active particles (less
than 1 g).

Experimental runs were of short duration and were
terminated before any bare surface appeared in the
case of the large coated spheres or before there was any
appreciable reduction in active area in the case of the
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small particles.

For each run the bed was made up as a mixture of
inert and active particles, appropriate connections
made to the reactor in the constant-temperature bath
and the run begun after temperature equilibrium was
reached. Dried laboratory air was used for the naph-
thalene—air runs and helium and carbon dioxide from
cylinders for the helium and carbon dioxide runms.
Gas flow was started and the flow rate set after the FID
flame was ignited, a sidestream of reactor exit gas was
fed to the detector and the electrometer output was
recorded after the output had stabilized. The gas-flow
rate to the reactor was then changed and the cycle
repeated. A total of 369 mass-transfer rate measure-
ments were made in 49 runs with each run comprising
from 4 to 9 different gas flow rates. Complete details of
the experimental equipment and procedure are pre-
sented by Golt [8].

EXPERIMENTAL RESULTS

The experimental results obtained with the large
particles, 0.3 < d, < 0.9 cm, are presented graphically
in Figs. 4-6 as j, factor vs Reynolds number. The
results presented in Fig. 4 are for a dilute bed with the
active particles arranged in a random manner. From
40-100 active particles were present in a total volume
of 500 cm? of inert plus active particles in the bed. The
geometric arrangement between active and inert par-
ticles was different for each of the 12 runs presented in
Fig. 4 but in all runs each active particle would ‘see’
only inert particles. The correlating line obtained by
Bar-Ilan and Resnick [5] in their work with pellets of
naphthalene dispersed in pellets of inert material is
presented for comparison. Also shown in Fig. 4 is the
model prediction for the case of a cell element with one
active and three inert surfaces, equation (17), In spite of
the simplicity of the model, the predicted results are
surprisingly close to the experimentally-obtained
transfer coefficients.

The results obtained for a number of different
arrangements between active and inert large particles
are presented in Fig. 5. The upper line presents the

T Y T T T T

b bedddodod.

Model prediction )
B equation |7

boedetbdedt ]

| 1 —

t 0 100
dp up

ot L T

Reynolds number,

e

Fi1G. 4. Experimental results for j, factor for random arrange-
ment of large particles.
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2 Dense loyers 7
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Factor
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Reynolds number, 292
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F1G. 5. Experimental results for j, factor for single dilute layer
of large particles.

experimentaliy-obtained value for the j; factor when
only two active large spheres were present in the entire
bed. The next line is the result obtained when the active
particles were arranged as one horizontal layer, one
particle deep, in dilute packing so that active particles
were not adjacent to active particles. The next line
down is for the same number of active particles but
arranged in one densely packed layer, ie. active
particle adjacent to active particle, which did not cover
the entire bed cross-section. The additional arrange-
ments studied experimentally were: two layers of
densely packed active particles; 50 active particles
arranged in five columns of 10 particles each ; 50 active
particles in one clump; 60 particles arranged in six
clumps of 10 particles each. It is apparent from Fig. §
that the experimentally-determined j, factor decreases
as the geometric arrangement proceeds from less dense
to more dense packing of the active spheres, as is
predicted by the model.

The effect of the Schmidt number on the j, factor is
presented in Fig. 6. All runs were for a single, dilute
layer of active spheres in the bed. The progression is
as predicted by the model with naphthalene-helium

OF T T T T T T I LI S B
o » Helium b
L +  Air 4
- x\ 5 CO, E
®w
- o ]
&xx
5 x
R N % _
1) - s ~ ]
€ F S
.8 - %
B w% 4
=
ol [T W et b 4
O 1 o] 100
dp up
Reynolds number , s

F1c.6. Experimental results for j, factor for single dilute layer
of large particles with different values of Schmidt number.
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FiG. 7. Experimental results for j, facter for small particles in
single laver.

yielding the highest values for the j; factor and
naphthalene—CO, the lowest. The model also predicts
a cross-over and a small extrapolation of the CO,
correlating line would lead tv a cross-over with the air
line at a Reynolds number of ~ 2.

Some of the small particles results are presented in
Figs. 7 and 8. In Fig. 7, j, factor for the case of a very
shallow single layer of active particles are presented
and a strong particle diameter effect could be inferred.
A closer examination of the cxperimental results.
however, would lead one to question this inference,
The data shown for the two smaller particles (0.0171
and 0.0229 cm) were obtained from one run for cach of
the particles, 1.e. the bed was not disturbed or remade
as the air velocity was changed to change the Reynolds
number. The data points for the largest particle shown
(0.0604 cm) were obtained from two different runs with
the data for one run being well above the least-squares
correlating line and the data for the other run being
well below the correlating line. Each set of data could
have been well-correlated by a scparate line. It i
apparent that the j, factor as measured was dependent
upon the actual intra- and interparticle arrangements
that are obtained when single layer of active particles is
obtained by pouring fine naphthalene particles onto a
bed of inert glass beads. Replicate arrangements would
be almost impossible to obtain when fine particles are
used.

The same effect is shown in Fig. 8 which is for small
particles arranged in three shallow layers. Three pairs
of lines are shown with each pair representing two
separate runs made with the same particle diameter. As
can be seen the data for each run can be nicely
correlated but different runs using the same particle
diameter require different corretating lines. This, again,
is the result of the impossibility of producing replicate
geometric arrangements between active and inert
particles of small size. 1t can also be pointed out thai
the four runs shown in Figs. 7 and 8 for active particie
diameter of 0.0604 cm produce four different correlat-
ing lines. These results again confirm the model
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Reynolds number , atmet

FiG. 8. Experimental results for j, factor for small particles in three layers.

predictions that the measured values for the j, factors
will be a function, among others, of the mutual spatial
arrangements that exist between active and inert
particles.

SUMMARY AND CONCLUSIONS

A simple mathematical model predicted that gas—
solid mass-transfer rates obtained by measurements in
a packed bed of active particles dispersed in a matrix of
inert particles would be a function not only of the
Reynolds and Schmidt numbers but also of the mutual
spatial arrangement between inert and active particles.
Experimental measurements with large particles
which permitted controlled geometric arrangements
between the active and inert particles supported the
model predictions.

The experimental work on small particles indicated
that discrepancies among the reported results of a
number of investigators were probably the result of
differences in the geometric arrangements between the
inert and active particles and were not the result of
particle diameter effects additional to those accounted
for in the Reynolds number.

An additional conclusion is that it is an exercise in
futility to attempt to obtain valid mass-transfer coef-
ficients by measurements in dilute beds of active
material dispersed in a matrix of inert material when
the calculated coefficients are based on driving forces
at the bed inlet and exit. Although in-bed driving force
measurements as performed by Hsiung and Thodos
[7] provide an improved experimental technique, their

calculated coefficients are based on cup-mixing con-
centrations and, hence, cannot result in true mass-
transfer coefficients in the case of low Reynolds
numbers.
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MESURE DU TRANSFERT MASSIQUE ENTRE UNE PARTICULE
ET UN GAZ ET COEFFICIENTS DANS DES LITS FIXES
AUX FAIBLES NOMBRES DE REYNOLDS

Reésumé—Un modele pour calculer les coefficients de transfert massique dans les lits fixes & des nombres de
Reynolds faibles montre que les coefficients déduits des mesures pour des particules inertes et actives peuvent
dépendre des arrangements géométriques entre les particules inertes et actives. Des résultats expérimentaux
avec des particules de taille comprise entre 0,0171 et 0,9cm soutiennent le modéle. Des résultats
contradictoires obtenus par des chercheurs, concernant Peffet du diamétre de particule sur le facteur j,, sont
expliqués par ces résultats qui indiquent aussi que des mesures expérimentales dispersées et des calculs i
partir des concentrations de mélange ne peuvent conduire a des coefficients corrects de transfert massique.

FESTSTOFF/GAS-STOFFTRANSPORTMESSUNGEN UND -KOEFFIZIENTEN
IN HAUFWERKEN BEI KLEINEN REYNOLDS-ZAHLEN

Zusammenfassung — Ein zur Berechnung der Stofftransportkoeffizienten in Haufwerken entwickeltes
Modell bet kleinen Reynolds-Zahlen zeigte, daf3 die aus Messungen gewonnenen Koeffizienten in Festbetten
von der geometrischen Anordnung der inerten und aktiven Teilchen abhéngig sind.

Versuchsergebnisse mit Teilchen der GroBenordnung 0,0171 bis 0,9 cm bestitigten die Aussagen des
Modells.

Widerspriichliche Ergebnisse iiber den EinfluB des Teilchendurchmessers auf den j,-Faktor, die von
mehreren Forschern erhalten wurden, konnten durch diese Erkenntnisse erklart werden, die auch darauf
hinweisen, daB3 Versuchsergebnisse an dispersen Feststoffbetten und Berechnungen, die “cup-mixing’-

Konzentrationen enthalten, nicht zu giiltigen Stoffiibergangskoeffizienten fithren konnen.

HCCIIEAOBAHHUE MACCOOBMEHA MEXJAY YACTHLUAMH U T'A3OM U
ONPEJAEJEHUE KODPOUUHAEHTOB MACCOINEPEHOCA B HEINO/JBUXHBIX CJI0AX
MNP MAJIOM YHCJE PEMHOJBACA

Annoranms — C NOMOLILIO MOJENH, pa3paboTaHHOW L1s pacdeTa KOMPDHLHMEHTOB MACCONEpeHOCA
B IUIOTHBIX C/IORX NPH MasioM 4ucile PefiHOAbACA. NMOKA3aHO, YTO 3HAYEHUA KOXDOUIIMEHTOB B CIOSX
HHEPTHBIX ¥ AKTHBHBIX YACTHI[ AOJKHBI 3aBHCETb OT HX B3dHMHOIO reOMETPHHYECKOTO PACHOJIOKEHUS.
[TonyueHHble IKCIEePUMEHTaJIbHBIE AaHHbIE 1% YacTHR pasmepom 0.0171-0.9 cm noaTeepanin pesy:ib-
TaThl pactieros. [Ipe/toxeHHas Mojelb NO3BOJWIA OOBACHUTL NPOTHBOPEYHBOCTL PE3Y.IbTATOB.
NOJYYeHHbIX PAa3TH4YHBIMH 2aBTOPAMH MPH HCC.1CJ0BAHUH BJHAHHA IMAMETPa 4aCTHU Ha KOXDUUHMEHT
Js. [okazaHo Takke. YTO TIPH IKCIEPHMEHTAILHOM H TEOPETHYECCKOM HCCIIE/I0BAHHH ICTIEPCHBIX
CJI0EB METONOM O0BEMHBIX KOHUEHTPAUKH Helb3s NONYYHTh 10CTOBEPHBLIX 3HAYeHHH KoyhdHIHeHTOR
MacconepeHoca.



