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Abstract-In order to evaluate interactions between vaporizing fuel droplets, a cylindrical cellmodel based on
a single sphere has been suggested by the authors in previous works as a replacement for the existing spherical
cell model. Since wake effects are important, a multisphere cylindrical cell model has been developed in the
present work. The Navier-Stokes and energy equations have been solved numerically within the
representative cells for intermediate Reynolds numbers. Using a nonuniform mesh suited for the problem,
several spheres in tandem are considered and the importance of wake effectsin considerably reducing the drag
and Nusselt number in the bulk is discussed, The quasiperiodic features of the results are indicated and

compared favorably with a model assuming periodicity a priori.

I'O;\II::1\CLATURE

a, radius of sphere in array;
A, increment in the positive x direction;
b, half distance between sphere centers in array;
B, increment in the negative x direction;
C, increment in the positive y direction;
Cd' total drag coefficient;
Cdr, friction drag coefficient;
Cdp, pressure drag coefficient;
D, increment in the negative y direction;
11, heat transfer coefficient;
K Il , thermal diffusivity;
Nil, Nusselt number, 2all/K Il ;

II, normal to the surface;
Pr, PrandtI number, Cpll/K Il ;

Re, Reynolds number, 2aVcro/KH ;

T, dimensionless temperature,
(T' - T~)f(T'oo - T~);

Twall , dimensionless wall temperature;
T(x), average temperature at cross-section x;
T', temperature;
T~, surface temperature;
T'oc" inlet temperature;
U, scaled dimensionless vorticity;
tI, velocity component in the x direction;
Vcro ' inlet velocity;
x, axial coordinate in cylindrical polar system;
y, radius in cylindrical polar coordinate system.

Greek symbols
0, scaled temperature function;
JI, viscosity;
t/!, dimensionless stream-function, t/!'/Vcro a

2
;

v, kinematic viscosity;
w, dimensionless vorticity, w'a/Vw

I"TRODUCfIO:-<

THE VAPORIZATIO" of liquid fuels is an important
combustion problem since in many practical situations,
vaporization can be the rate-controlling phenomenon.
Real liquid spray behavior is quite complicated.

Important elTects include: relative motion between gas
and droplet leading to convective heating and internal
circulation, transient heating of the liquid, droplet­
droplet interactions, droplet-turbulent eddy interac­
tions, and multi component liquid behavior. The
present analysis is intended to concentrate on droplet­
droplet interactions with convective heating in a
steady-state situation, Among other items, mass
transfer and vaporization, internal circulation, and
transient heating will not be considered. Rather an
idealized array of constant diameter spheres will be
examined with the intention to understand the
hydrodynamics and convective heating. Clearly, such a
basic understanding is vital to the combustion field but
also applies to many other problems.

A non-steady state solution for the problem of
droplet vaporization at intermediate Reynolds num­
bers, featuring the effects of internal circulation, was
developed by Prakash and Sirignano [1, 2] and Lara­
Urbaneja and Sirignano [3]. This solution is limited to
a single droplet, while Chigier [4] in a'review paper
indicated that individual droplet combustion is rare in
practical systems. Nevertheless, most studies on the
combustion of atomized fuel consider the burning of
individual droplets and relatively fewworks have been
done on interactions between droplets. This point is
most evident in an extensive review by Faeth [5].

Fedoseeva [6] and Twardus and Brzustowski [7]
used bispherical coordinates for calculating the
interactions between vaporizing and burning droplets.
Labowsky [8, 9], Labowsky and Rosner [10],
Fedoseeva [11], Fedoseeva et al. [12], Ray and Davis
[13] and Chiu and Liu [14] addressed the problem of
transfer rate calculations in arrays of interacting
droplets. All of the above-mentioned studies of droplet
interactions were limited to quiescent environments,
thus being diffusion analyses.

In real combustors, the Reynolds number based on
fuel droplet diameter can be as high as 200, thus
indicating that a diffusion-only analysis of interactions
between vaporizing droplets should be inadequate. For
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FIG. 1. Assemblage geometry. (a) Side view. (b) Front view.

latest numerical techniques, we replace the square duct
with a cylindrical duct of equal cross-section. As all the
length dimensions will be expressed in a dimensionless
form based on the sphere radius a, the cylindrical cell
radius is (b/a)(4/1t)1/2. Clearly, the void fraction of the
cylindrical cell is equal to the void fraction of the whole
assemblage.

The governing differential equations for the flow field
and heat transfer in cylindrical polar coordinates are:

(a) The Navier-Stokes equations in vorticity stream
function formulation,
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Ihat reason, an analysis for vaporization of interacting
droplets is being developed. The interactions between
droplets in an assemblage stem from modified
boundary conditions of the continuous (gas)phase, the
disperse (liquid) phase being influenced through
interface boundary conditions. Therefore, the continu­
ous phase solution is presently pursued, and will be
later coupled with existing or on-going liquid phase
solutions [1, 2, 28]. A cylindrical cell model for the
hydrodynamics of sphere assemblages at intermediate
Reynolds numbers was developed byTaland Sirignano
[15]. This model provided significant improvement in
compliance with experimental results as compared to
the spherical cell model first applied to the range of
intermediate Reynolds numbers by LeClair and
Hamielec [17]. Besides its quantitative advantage, the
cylindrical cell model is physically more meaningful, as
it distinguishes between the streamwise and cross­
stream directions in formulating the problem. The
cylindrical cell model has been also used by Tal and
Sirignano [18] for numerical heat transfer calculations
in an assemblage of spheres at intermediate Reynolds
numbers. An interaction parameter has been defined
and found to be quite independent of the Reynolds and
Prandtl numbers. The Nusselt numbers calculated
were found to be closer to experimental results [19]
than previous analyses by LeClair and Hamielec [20]
and Woo [21] based on the spherical cell model.
Notwithstanding the reasonable agreement between
calculated and experimental data, this comparison has
been done only for average values. Experimental data
for velocity distribution and local heat transfer rates in
assemblages are unavailable. The most important
limitation of both the spherical and cylindrical cell
models is that some assumption is necessary for the
values of the vorticity, stream-function and tempera­
ture on the cell boundaries. For example, the
breakdown of the assumption of zero vorticity is
reported by Akiyama et a1. [22] for a Reynolds number
of above 70, indicating the importance of wake effects.
In fact the multisphere problem is truly elliptic and, for
that reason, it should be solved as an entity. However, it
is realized that such a 3-dim. solution is presently not
feasible without some idealization. In order to estimate
the amount of idealization involved in using a single­
sphere cell and especially the wake effects, a study of
multisphere cells is undertaken in this paper.

We consider an infinite array of spheres of radius a
with a uniform spacing 2b(Fig. 1).Due to symmetry and
the nearly periodic character associated with an infinite
array we assume no heat transfer or momentum
transfer takes place at the streamwise equidistant
planes between the spheres. By this assumption, the
problem is reduced to a multitude of spheres in tandem
in a square streamtube(Fig. 2).As this isclearly a 3-dim.
problem and appears to be intractable even with the

(b) Front View

FIG. 2. Multisphere cylindrical cell. (a) Side view. (b) Front
view.
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(19)

(20)

(18)

w= O,

(e) On the cylindrical cell envelope

2t/! = -(b/a)2,
7t

aT
-=0.ay

(The basic idea in solving the system of equ ations for a
multi sph ere cell is that the upstream and downstream
boundar y conditions might affect the sph eres closer to
the inlet or to the ou tlet , but the spheres in the bulk
would be less affected by the type of boundary
conditions used.)

with Reynolds and Prandtl numbers defined as

Re [at/! au at/! au] ReU at/!
2y ay ax - ax ay +y ax

a2u a2 u 1 au
= ox 2 + ay2 - y ay (2)

with U being defined as wy.

(b) The energy equation,

Re Pr [at/! aT_ at/! aT]
2y ay ax ax ay

2V"aRe=--,
v

(4)
FIl'\ITE Dt f FEREl'\CE FOR;\IULATIO","

Al'\D SOLUTIO"'" PROCEDURE

U, t/!, T and yare dimensionless var iables .
The boundar y condition s for the cylind rical cell

model are:

Pr = cpJl .
Ku

(a) At the inlet:

w=O,

T= 1.

(uniform flow).

(b) At the outlet

(5)

(6)

(7)

(8)

For the num erical solution of the problem, it is
important to select a mesh which enables a convenient
expression to be obtained for the boundary conditions.
For this reason, we select a nonuniform cylindrical
polar mesh . The basic unit of the cell geometry,
including 55 x 23 points, is shown in Fig. 3, and th is
unit can be extended in the streamwise direct ion , thus
generating a multisph ere cell. The important factors of
thi s coordinate system are :

(1) orthogon ality ;
(2) the coord inat e lines are parallel or perpendicular

to the cell boundaries ; .
(3) the sph ere surface, even not including con stant-

t/!=O, (15)

w=O, (16)

aT
ay = O. (17)

(The vorticity boundary conditions a re calcul ated by
using the two stream -function boundar y con ditions.)

(d) Along the axis of symmetry

Ct/J
ax = 0,

aw
ax = 0,

aT
. ax 7= o.

(c) On the sphere surfaces

t/! =0,

at/!
~=O,

T=O.

(9)

(10)
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FIG. 3. Nonuniform mesh geometry.
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coordinate lines, passes through grid points only, not
intersecting the mesh lines elsewhere;

(4) the mesh is fine near the surface and coarse
elsewhere.

The partial derivatives of any function F appearing
in the differential equations are expressed in a divided
differenceform [23] for a nonuniform grid based on the
following expression:

aF I = (A2_B2)Fij+B2I;i+l.i-A2FI_l.i, (21)
ax ii AB(A+B)

aFI (C2-D2)F..+D2F. ·+I-C2F. '-1
I,) I,) I.j (22)

ay ii =- CD(C+D)

a
2
F I 2BFi+ l.i+ 2AFi- l •r=·2(A +B)Fii (23)

ax2 ii AB(A +B)

a
2FI

= 2DFi,i+1 +2CFi.i_ I-2(C+D)Fij (24)
ay2 ii . CD(C+D) .

Note that for a uniform grid, the above divided
difference scheme reduces to the usual five point star
difference scheme for the Laplace operator. The
diffusion terms are expressed using a centered difference
scheme and the convective terms (both in the vorticity
and the energy equation) using an upwind difference
scheme.

The nonlinear coupling of the stream-function
equation and the vorticity equation was treated by pure
iteration, i.e. first solved for stream-functions, then
solved for vorticity and iterated, until a desired
accuracy was reached. The matrix problem generated
by the difference scheme for each variable is solved by
matrix iteration. The adaptive successive over­
relaxation (SOR) method is used for the stream­
function equation. For the vorticity and temperature
equations, a reduced system method with conjugate
gradient acceleration is used, this also requires that the

linear system be re-ordered Into a "red-black" indexing
[24].

RESULTS OF TilE l'iU;\IERICAL SOLUTION

Constant property line plots
Two spacings have been evaluated at Re = 100and

Pr = 1: bla = 1.5 and bla = 3.0. The stream-function
patterns, constant vorticity lines and isotherm patterns
for a cylindrical cell containing three spheres are
presented in Figs. 4 and 5. Note the qualitative­
periodicity evolving in some of the patterns, especially
comparing the second and thin} sphere in each cell. A
detailed quantitative estimate of the periodicity wiII be
undertaken in the next section.

Ecolution ojperiodic conditions
Comparing the values of the stream-function and of

the vorticity at equidistant planes between the first and
second spheres (x = 3for b]« = 1.5)and the second and
third sphere (x = 6 for the same bla) we find a
remarkable periodicity evolving already one sphere
after the entrance section. There is virtually no change
in the stream-function profile and only very little
change in the vorticity profile (as vorticity is generated
and diffused downstream) (Fig. 6).

As vorticity is related (approximately) to the second
derivative of the stream-function, the slight changes in
the stream-function curvature are equivalent to the
changes in the vorticity profile. Based upon the
vorticity pattern, it is believed that the changes would
be even less significant at the following stages if the
present model is applied for four or more spheres in a
cell.(There is no limitation in our model for the number
of successive spheres in the cell to be considered.
However, because of practical considerations of
computer time and storage, we limited the present
study to three spheres in a ceiL)

6.754.502.25o
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x

FIG.4. Stream-function (a), vorticity (b) and isotherms (c) patterns for three spheres in a cell. bla = 1.5,
Re = 100, Pr = I.
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FIG. 5. Stream-function (a), vorticity (b) and isotherms (c) patterns for three spheres in a cell. b/a = 3.0,
Re = 100, Pr = 1.

(25)

Despite the similar shape of the isotherm patterns,
periodicity was neither expected nor obtained for the
temperature field. However, as indicated by Patankar
et al. [25], for uniform wall temperature, profiles of
similar shape recur periodically.

A sectional average temperature is defined as

_ r:.~· [T(x,y)-T"'Il]luI2ny dy

T(x)- T".11 = If
=u,u!2ny dy

Ymoln

A scaled temperature function O(x, y) is defined as

O(x,y) = T(x,y)-Tw • 1l = T~x,y). (26)
T(x)- Tw• 1l T(x)

Obviously, O(x,y) satisfies the condition

(27)

FIG.6. Comparison of stream-function and vorticity values at
x = 3.0 and x = 6.0. Re = 100, ii[a = 1.5.

Note that Tw• 1l is 0 by definition and will be dropped
subsequently.

Results based all assuming periodicity a priori
Patankar et al. [25] identified the periodicity

characteristics of fully developed flow in ducts having
streamwise-periodic variations of cross-sectional area.
The geometry considered was a transverse plate array.

Knowing the evolution of periodic conditions in a
multisphere cell and given the suggestions of Patankar
et al. [25], we performed a numerical solution of the
Navier-Stokes equations based upon a periodic
boundary condition. The values'of the stream-function
and vorticity at the cell entrance and exit sections are
assumed to be equal (but unknown). The other
boundary conditions did not change and the equations
were solved iteratively following the same numerical
process as in the previous cases presented. Stream­
function and vorticity patterns are given in Fig. 9.

The problem is more complicated for the energy
equation. T(x, y) is replaced by O(x, y)T(x) and the

O(x,y) has been calculated for Re = 100, Pr = 1, bla
= 1.5and is presented in Fig. 7.

Comparing the values of O(x,y) at x = 3 and x = 6
(Fig. 8) the quasi-periodicity of this function is
established, without any a priori assumption.2.00
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y

FIG. 7. 0 function pattern for three spheres in a cell. b]a= 3.0, Re = 100, Pr = 1.0.

following non-homogeneous equation is obtained '.' .
Re Pr [at/! ao _ at/! aOJ_[8

20 + a2
0 + ~ ao]

2y oy ax ax oy ox 2 oy2 Y oy

=~[Od2T(X) + dT(x) (200 _ RePr at/! o)J
'rex) d~2 dx Ox 2y ay .

(28)

As O(x,y) is assumed to be periodic, the RHS of the
equation has to be periodic as well. Note that T(x) is an
unknown function which has to be solved as an
eigenvalue. The additional condition (27)can be used in
the iterative process to identify the valid values of T(x).
An iterative procedure for solving O(x, y) for a periodic
array of plates is presented by Patankar et al. [25]. In
the present problem, a modified and significantly
simpler version of the above-mentioned procedure was
used. This procedure is presented in great detail
elsewhere [26]. The isotherm pattern obtained in a
representative cell, based on this procedure is given in
Fig. 9.The quasi-periodic nature of the flowfieldas well

3.01.5
x

o

o-t--t---.,---..+-----I

y

as of the scaled temperature fieldareassessed in the next
section, by comparing drag coefficients and Nusse1t
numbers for various situations.

o-t---I...-'----,.---~-j

y

1.125

Drag coefficients and N usselt number results
The values of the drag coefficients and Nusselt

numbers calculated using the multisphere cylindrical
cell model and the periodic model are given in Tables 1
and 2. For the case of three spheres in a cell, the values
are given in consecutive order. The periodic solution as
well as the unconfined solution have to be compared
with the values for the second sphere, which are the
closest to the bulk values (the first sphere and the third
sphere represent inlet and outlet conditions
respectively). '

The conclusions of Patankar et al. [25] about
periodicity of the temperature profiles are: (a) for
modularly repeating wall heat flux, the temperature
field is periodic after a linear term related to the bulk
temperature change is subtracted; (b) for uniform wall
temperature,profiles ofsimilar shape recur periodically
but the temperature field is not periodic. Our study
assumed uniform temperature on the sphere surfaces
and despite the apparently similar patterns of the
isotherms (Figs. 4 and 5), periodicity was neither
expected nor obtained, nor was a study assuming
periodic boundary conditions performed. The quasi-

1.600.80
RADIUS

D-X=3
O-X=6

o

lAO

e

FIG.8.Comparison ofOfunctionva!ues atx = 3.0andx = 6.0.
Re = 100, bla = 1.5.

FIG. 9. Stream-function (a), vorticity (b) and isotherms (c)
patterns assuming periodicity. bja = 1.5, Re = 100, Pr = I.
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Table I. Drag coefficients in cylindrical cells (Re = 100, b]a = 1.5)

Type of solution

1271

3 Spheres in a cell
Periodic
Unconfined

0.966, 0.692, 0.677
0.673
0.675

0.977,0.693,0.671
0.657
0.639

1.964, 1.385, 1.349
1.330
1.314

Table 2. Values of Nusselt number in cylindrical cells

Type of solution

3 Spheres in a cell
3 Spheres in a cell
Periodic
Unconfined

Nu

7.644,4.765,4.061
7.644,6.151,6.270
5.935
7.910

Remarks

Nil based on inlet to first sphere
Nu based on inlet to each cell unit

periodic nature of the flow field and the aperiodic
nature of the temperature field will now be assessed, by
comparing drag coefficients and Nusselt numbers for
various situations.

The values of the drag coefficients calculated for
several spheres in the cylindrical cell are summarized in
Table 1.The values of Cdr, Cdp' Cd' corresponding to the
friction drag and total drag coefficients for the first
sphere in the cell are considerably higher than for an
unconfined sphere. This result is in compliance with
previous studies of LeClair and Hamielec [17] and Tal
and Sirignano [15]. The physical cause is increased
shear stresses on the spheres and changes in the
pressure distribution due to the acceleration of the flow
as a result oflateral confinement. Wake effects are not
present on the upstream hemisphere of the first sphere
in the cell.For the following spheres in the cell, the wake
of the previous sphere extends out to the upstream
hemisphere, creating a low pressure region there. This
effect reduces the pressure drag. In addition, the
recirculating nature of the flow causes a reversal in the
direction of the friction drag in the corresponding zone.
The lateral confinement effects are still present for the
second and third sphere in the cell,but they are limited
to the non-recirculating zones and are almost offset by
the longitudinal wake effects. It is evident that the
periodic solution gives a very good approximation of
the values of the drag coefficients for the second and
third sphere in the cell. Furthermore, given the trend of
a slight decrease in the drag coefficients between the
second and third sphere, it is expected that the values
for subsequent spheres would be even closer to the
periodic values.

A comparison of the values of the average Nusselt
number is given in Table 2. For the temperature field
there are also two types of interaction between the
spheres: lateral interactions, which tend to increase the
Nusselt number and wake interactions, which tend to
reduce the Nusselt number. On the first sphere in the
row, these two types of interactions almost offset each
other. On the following spheres in the row, the wake
interactions are stronger than the lateral effects,and the

24.0

o FIRST SPHERE

o SECOND SPHERE

6 THIRD SPHERE
a::
w
m

~ 160
z

~
w
(f)
(f)

::::l
Z

;i 80
o
o
-J

80 160
THETA (degrees)

FIG. 10. Local Nusselt number comparison.

forward stagnation region, which is in this case a slowly
recirculatingzone, is a low heat transfer rate region. The
local Nusselt numbers for each of the three spheres in
tandem are presented in Fig. 10, and the effect of the
wakes is evident.

The different nature of longitudinal and lateral
interactions is most evident when arrays with various
longitudinal and lateral spacings are considered.
Nusselt number values for the second sphere in a three­
sphere cell (being most representative of bulk
conditions) are presented in Table 3.

Table 3. Average Nusselt number values for the second of 3
spheres in a cell, Re = 100,Pr = 1

Lateral spacing Longitudinal spacing Nil

1.5 1.5 4.765
1.06 1.5 5.708
1.5 1.35 4.594
1.5 1.2 4.372
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CO:,\CLUSIOI"'S

A multisphere cylindrical cell model has been
developed for the hydrodynamics and heat transfer in
assemblages of spheres. The hydrodynamic solution
has been found to be periodic (within a reasonable
degree of approximation).

There are trends of decrease in the drag coefficient
and in the Nusselt number in the streamwise direction
where the definitions of the drag coefficient and of the
Nusselt number are based upon the free stream velocity
and upon the temperature dilTerence between the inlet
and the sphere surface, respectively. Defining the
Nusselt number by using average bulk temperature of
the cell unit inlet, a periodic result is obtained for the
Nusselt number (since the flow field is periodic).
However, this periodicity does not imply periodicity in'
the absolute value of the heat transferred to each
sphere.

A solution based on predicting periodicity a priori
predicts the drag coefficient and Nusselt number with
good accuracy. As spacing decreases, the overall heat
transfer rates are reduced. This feature is in compliance
with the experimental results of Sangiovanni and
Labowsky [27], who found a considerable decrease in
the rate ofvaporization in sprays as compared to single
droplets.

In order to predict rates of vaporization in
assemblages, the present gaseous-phase analysis will be
coupled with the liquid phase of Tong and Sirignano
[28] in the near future.
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HYDRODYNAMIQUE ET TRANSFERT THERMIQUE DANS DES ASSEMBLAGES DE
SPHERES-MODELES DE CELLULES CYLINDRIQUES

Rcsumc- Pour evaluer lesinteractions entre des gouttclcttes de combustible qui se vaporiscnt, un modele de
cellule cylindrique base sur unc sphere unique a ete proposee par lcsauteurs dans des travaux antericurs cn
remplacement du modele d'une cellule spherique. Puisque les e1Tets de sillage sont importants, un modele
cylindrique multisphere est developpe ici. Les equations de Navier-Stokes ct de l'energie sont resolues
numeriquernent dans leseellulesrepresentatives pour des nombres de Reynolds interrnediaires,Utilisant une
maille non uniforme adaptee au problerne, plusieursspheres en tandem sont considerees et l'irnportance des
eflets de sillage dans la reduction, la trainee et de l'effet du nombre de Reynolds est discutee, Les aspects
quasiperiodiques des resultats sont indiques et compares favorablemcnt avec un modele supposant a priori la

periodicite.

STRtlMUNGEN UND WARMETRANSPORT IN ANORDNUNGEN VON KUGELN­
ZYLlNDRISCHES ZELLENMODELL

Zusammenfassung-Um die Wechselwirkungen zwischen verdarnpfenden Kraftstofftropfchen zu
beschreiben, wurde von den Verfassem in friiheren Arbeiten als Ersatz fiir das bestehende kugelforrnige
Zellenmodell ein-zylindrisches Zellenmodell auf der Grundlage einer Einzelkugel vorgeschlagen. Da die
Vorgange im Nachlauf wichtig sind, wurde in der vorliegenden Arbcit ein zylindrisches Modell fUr vicle
Kugeln entwickelt. Die Navier-Stokes- und Energiegleichungen wurden numerisch fUr die reprasentative
Zelle und intermediate Reynolds-Zahlen gelost, Mit Hilfe eines dem Problem angepaflten, gleichformigcn
Netzes werden verschiedene Kugeln in Tandemanordnung betrachtet und die Bedeutung von
NachlaufeffektenfUr die erhebliche Verminderungdes Widerstandes und der Nusselt-Zahl imGesamtbereich
diskutiert. Die quasiperiodischen Merkmale der Ergebnisse werden aufgezeigt und lassensich gut mit einern

Modell vergleichen,das Periodizitiit apriori voraussetzt.

nWPO.llHHAMHKA H TEnJIOnEPEHOC B 01>EPH4ECKHX CIiOPKAX.
MO.llEJIH UHlllIH.llPH4ECKHX 51 4EEK

AHHOTaUHH-C uensio oueaxn BJamlll.:leikTBllii MelK,ly IIcnaplilOWII~IIICli Kan.ll1~1II ron.maa B
npeaunyumx pafiorax aaropou 6bl.~a npeanoxena ~1O.:le.lb UII.ll11l.:lPIIYCCKOii lI~eiiKII, pacnono-senuoli
aa ellllHII~HOii cljJepe, D~ICCTO paucc ncnonsayexiof MO.:le.ll1 c¢cplIyecJ(oit lI~eiiKII . nOCKO.ILKY 60.1,"WYIO
POJlL urpaior J¢ljJeHbl cnena, Buacroxtuext nccncnosauuu 6bma paapatioraua MO..lenb ~1II0roc¢eplloit

unnuunpuxecxoii ll~eiiKIl . Ypaeucuus Hanse-Croxca II oueprun PCW3.1I1Cb ~IlC.1eIllI0 11.111 xapaxrcpusrx
~lcineJlbllhlX sxeex npn yxrepcnnux auaxeuusx 'IIlCml Peiino.n.nca. llcnom.rys cooracrcreyiornyro
aanaxe ucpaauosrcpnyto ceTJ(Y. paccsrorpcno lIeCKO.lbKO nocnenoaarcm.uo coenuuennsrx c!JJep II

OOCYlKllCIIO B.111111111e c.leMallacllIIlKellllcCOIlPOTIlIJ.lellllli II YIIC:JO Hyccem.ra, ocpcaucnnoc no nccil
lI~eiiJ(e. OrMCYCII xsanmepnonnxecxun xapaxrep nonyueuusrx peJy.1LTaTOIl, ~TO asrronuo OT.111~aeTCli

OT ~1011e.l11, IJ J(OTOpOll ncpIl0.ull~1I0CTb npunnvraet cs anpuopno.
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