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Abstract—Numerical predictions are compared with the experiments of turbulent swirling flow and mixing

in a stationary pipe. Two kinds of turbulence models, the k—¢ two equation model and the stress/flux

equation model, are employed in the present calculations. The axial and tangential velocity profiles and

the characteristics of the retardation of mixing in the presence of the swirl can be predicted by the stress/flux

equation model, whereas the k— two equation model fails in this respect. Comprehensible interpretations

of the phenomena, especially of the retardation of turbulent transport of momentum and species (He) due
to swirl, are presented.

1. INTRODUCTION

TurBULENT swirling flows are often encountered in
many furnaces and combustors as well as in fluid
machinery. In these flow fields, turbulent transport of
heat, mass and momentum are significantly influenced
by swirl. Swirl is known to have two contradictory
effects, i.e. promotion and suppression of turbulent
transport of heat, mass and momentum. This paper
aims to obtain a better understanding and to establish
the prediction procedures of the characteristics of tur-
bulent swirling flow including mixing. Numerous
experimental and numerical studies have been con-
ducted in order to investigate the effects of swirl on
heat, mass and momentum transport.

The turbulent swirling flow produced in_a pipe
rotating around its axis is one of the fundamental
swirling flows where the swirls suppress the turbulent
transport of heat [1] and momentum [2]. In these flow
fields, characteristic phenomena due to the swirl, such
as the laminarization phenomena [2] or the heat trans-
fer deterioration [1] have been pointed out. The pre-
sent authors showed that these phenomena can be
predicted by employing the stress/flux equation model
[3, 4]. The dominant factors of the laminarization
phenomena and the heat transfer deterioration were
revealed by the calculations {3, 4].

On the contrary, the authors studied the turbulent
swirling flow in which the turbulent transport of heat
and momentum are promoted by the swirl [5]. Exper-
imental and numerical studies of heat and momentum
transport in a concentric annulus with a rotating inner
cylinder have been conducted, and the causes of pro-
moting the heat and the momentum transport were
elucidated [5].

Various computations of turbulent swirling flows
were conducted using turbulence models with and
without modifications related to the effects of the
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swirls. Launder er al. [6] and Leschziner and Rodi
[7] calculated boundary layer flows developing over
curved and spinning surfaces and strongly swirling
free jets, respectively, introducing the swirl-related
modifications into the k—¢ two equation model. Laun-
der and Morse [8), and Gibson and Younis [9] com-
puted swirling jets employing the stress equation
model. However, there has been no report on the
computations of turbulent swirling flow including
mixing in a confined circular tube.

It is known that the standard k—¢ two equation
model fails to predict the turbulent swirling flow field
in a confined tube [10, 11]. Kobayashi and Yoda
proposed a modified k—¢ model with the hypothesis
of anisotropy and turbulence [11]. As for the exper-
iments of turbulent swirling flow with mixing in a
stationary pipe, the phenomena of the retardation of
mixing due to the swirl were revealed [12, 13].

In the present study, numerical predictions were
compared with the experiments of refs. [13, 14} of
turbulent swirling flow and mixing of He with air in
a stationary pipe. Two kinds of turbulence models,
standard k—¢ two equation model and stress/flux equa-
tion model, were employed in the present calculations.
The applicability of the turbulence models is exam-
ined paying attention to the retardation of turbulent
transport of momentum and species due to the swirl,
and the interpretations of the turbuient transport
characteristics in relation with swirl are presented.

2. ANALYSIS

2.1. Basic equations

The analysis is based on the time-averaged con-
servation equations of mass, momentum and species
in an axisymmetric cylindrical coordinate system, with
and without swirl. There is no recirculating zone due



122 S. Hiral et al.

Ct, C;, C, constants in k—¢ turbulence
model

Cls CZa Csl’ C529 Cm Clc’ /lc’ C2cs Cu
constants in stress/flux equation model

Cw.» Cowi» Comy  cOnvection terms in stress/
flux equation model

D diffusion coefficient

Dy, Dy yy Dy, diffusion terms in stress/flux
equation model

k turbulent kinetic energy

M,m time-mean and fluctuating mass fraction
of He

)4 time-mean pressure

Py, P i Py production terms of stress/
flux equation model

Ri s R Row,;  redistribution terms of stress/

flux equation model

R distance from the central axis

U,V,W time-mean velocity components in
the x-, r-, 8-directions

u,v,w fluctuating velocity components in the
X-, r-, B-directions

U*  non-dimensional velocity, U/U*

U* friction velocity

NOMENCLATURE

X, r coordinates

X axial distance from the nozzle tip

XD  axial distance from the inlet cross section
of calculations

y* non-dimensional wall distance.

Greek symbols
o, B,y constants in stress/flux equation model

£ dissipation rate of k
n laminar viscosity
Uy turbulent viscosity
v kinematic viscosity
p density
o4, 0., 0, diffusion constants in k—¢ model
Ty wall shear stress.
Subscripts
1 laminar
t turbulent
w wall.
Superscript

time averaging.

to the swirl and the boundary layer approximation is
applied. The basic equations are
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where x, r are the coordinates in the axial and radial
directions, respectively. U, V, W and u,v,w are the
time-mean and fluctuating velocity components in the
axial, radial and tangential directions, respectively. M
and m are the time-mean and fluctuating mass fraction

of species (He), respectively, p the fluid density, y, the
laminar viscosity, D the diffusion coefficient, p the
pressure. p and g are evaluated from the con-
centration of species (He). An overbar (7) denotes the
time average. The transport of momentum and species
(He) by turbulent motion, represented by correlations
between fluctuating quantities in equations (2)—(5) are
evaluated from the turbulence models.

2.2. The turbulence models

The turbulence models employed in the present cal-
culations in order to estimate the Reynolds stresses or
the turbulent flux of species are the standard k- two
equation model [15] and the stress/flux equation
model {16, 17].

In the k—¢ two equation model, kinetic energy of
turbulence £ and its dissipation rate ¢ are calculated
from the following transport equations [15] :
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The turbulent viscosity u, is determined from the
relation y, = pCpk?/e. The empirical constants in the
k—¢ two equation model are adopted from refs. [15,
18, 19] and are listed as follows:

Cp=0.09, C| =145,
Oy = 1.0,

5 =195,
o, =13,

The turbulent transport terms puv, pow and pvm in
equations (2), (3) and (5) are related to the gradients
of the time-mean flow quantities and they are mod-
elled as puv = —u,0U/or, pow = —u,ro(W/r)/or and
pvm = —u,/g,,0M/dr. Here, o, is the turbulent
Schmidt number and takes the value of 0.7 in the
present calculation.

The stress/flux equation model adopted in the pre-
sent study is that proposed by Launder et al. [16]. But
for the diffusive transport term (the triple velocity
correlation term), the present study applies the sim-
pler form approximated by Daly and Harlow [20]. The
flux equation model employed in the present study is
that proposed by Launder [17]. The stress/flux equa-
tion model is composed of transport equations of six
correlations of the velocity fluctuations (u v%, we,
uv, uw, vw), of the dissipation rate ¢ and of three
correlations of velocity fluctuation and mass con-
centration fluctuation (um, vm, wm). These transport
equations are described as follows in the axisymmetric
cylindrical coordinate system, applying the boundary
layer approximation :
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where

P = —wwdU[dr—vwrd(W/r)/or.

The empirical constants in the stress/flux equation
model are adopted from Launder ez al. [16], Hanjalic
and Launder [21], Morse [22] and Launder [17] and
are listed as follows :

C, =15 C,=04, C, =022 C, =145,
C,=190, C,=015 C,, =38, Ci. =—22,
C,. =033, C. =0.11.

2.3. The boundary conditions and the calculation
procedure

At the near wall boundaries, the boundary con-
ditions are determined for the grid point in a turbulent
region one mesh inside the wall. Near the wall region,
the non-dimensional velocity U*(= U/U*) and the
non-dimensional distance from the wall y* (= U*y/v,)
are assumed to obey a universal relation U+ = f(y*)
in a fully developed turbulent flow. Here, U* denotes
the friction velocity (= (7.,/p)*°), 1. the wall shear
stress, y the distance from the wall and v, = y;/p. The
von Karman universal velocity distribution [23] is
applied for the relation, U* = f(y*). In application

of this relationship to the swirling flow, the composed
velocity of the axial velocity component U and the
tangential velocity W is used instead of U in the uni-
versal velocity distribution relation noted above and
in this case, 7,, becomes a composed wall shear stress.
From these relations, the boundary conditions of U
and W near the wall region are evaluated and the wall
shear stress is also evaluated. The boundary value for
the turbulent kinetic energy near the wall region is
evaluated from the relation k = t,,/(pC2°) derived
from the local equilibrium assumption.

In the calculation employing the k— two equation
model, the boundary value for the dissipation rate ¢
near the wall region is obtained from the assumption
of the local equilibrium of equation (6) and from the
boundary value for k.

In the calculation employing the stress/flux equa—
tion model the velocity fluctuation correlations u?,

v? and w? are evaluated dividing the turbulent

kinetic energy k (= (2+0v+w?/2) in the ratio
1.05:0.42:0.53, respectively, which are estimated
from the experiment [14]. The boundary value for the
dissipation rate ¢ near the wall region is evaluated
from the assumption that it is in equilibrium with the
production term in the transport equation of k. The
boundary conditions for uw are evaluated from equa-
tion (12), with the approximation of &/0x<« d/cr,
V =0 and neglecting the diffusive transport. The
boundary values for the velocity fluctuation cor-
relations uv and vw near the wall region are evaluated
from the wall shear stress of the axial direction com-
ponent (z,), and of the tangential direction com-
ponent (z,y)., respectively, which are the components
of the composed wall shear stress 7.,

The boundary conditions of M, um, vm and wm
near the wall region are that the gradients of M, um,
vm, wm in the radial direction are zero.

The inlet profiles of U, W, k, u°, v%, w?, M are
evaluated from the experiments. uv, vw and uw are
given by linear profiles connecting the boundary value
near the wall region with the zero value at the central
axis. The dissipation rate, ¢ is determined from the
turbulent kinetic energy k and the length scale. um,
vm and wm are evaluated solving transport equations
(15)-(17), respectively, with other dependent vari-
ables fixed in the initial profiles.

The above differential equations are solved numeri-
cally using a finite difference method based on the
procedure developed by Patanker and Spalding [24].
Thirty grid points are located in the radial directions
at non-uniform intervals.

3. RESULTS AND DISCUSSIONS

The effects of the swirl on the characteristics of
turbulent flow and mixing in a stationary pipe were
studied experimentally [13, 14]. Turbulent swirling air
flow was formed in a pipe of 60 mm i.d. and He was
coaxially injected from a round tube nozzle of 7 mm
i.d. installed at the central axis. The radial profiles
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FiG. 1. Comparison of experimental and calculated axial velocity profile. Plots, Yamada’s experimental
results [14]. Lines, predictions: (a) stress/flux equation model; (b) k—& two equation model.

of axial velocity U and tangential velocity W were
measured by a laser Doppler velocimeter (LDV) at
the cross sections of 100, 300, and 500 mm down-
stream from the nozzle tip [14]. The concentration
profiles of He were measured on the axis and in the
cross sections of 100, 200 and 500 mm downstream
from the nozzle tip. The concentration of He was
analyzed by a gas chromatograph after gas sampling
by a probe. It was pointed out that:

(1) the axial velocity U retains the radial profile
depressed near the central axis at the downstream
region in the swirling flow;

(2) the tangential velocity W becomes the solid-
body rotational profile near the central axis and the
free vortex profile at the outer region;

(3) the retardation of the turbulent mixing occurs
due to the swirl as compared with the mixing in the
non-swirling flow in the region more than 100 mm
downstream from the nozzle tip.

In the present study, numerical computations were
conducted employing the k—¢ two equation model and
the stress/flux equation model. The computations
were compared with the above mentioned experiments
to examine the applicability of the turbulence models
to the swirling flow, putting the check points on the
turbulent swirling flow characteristics and the retar-
dation of the mixing due to the swirl. The causes of
the characteristic phenomena due to the swirl were
also investigated.

In Fig. 1, the experimental and the calculated radial
profile of the axial velocity U are compared. Plotted
points in Fig. 1(a) are Yamada’s experimental results
[14]. XD denotes the distance from the inlet cross
section of the calculation. The inlet cross section
(XD = 0) of the calculation is selected 100 mm down-
stream from the nozzle tip where the measured data
are available and the density nonuniformity is not
significant. The lines in Figs. 1(a) and (b) are the
predictions employing the stress/flux equation model

and the k— two equation model, respectively. R is the
distance from the central axis. The inlet conditions of
the calculations are equal to the experimental ones at
XD = 0. The experimental axial velocity U (plotted
points in the figure) retains the radial profile depressed
near the central axis at the downstream region (Fig.
1(a), XD = 200, 400 mm). However, the calculated
axial velocity employing the k—¢ two equation model
becomes flattened rapidly (Fig. 1(b)). The rapid flat-
tening is caused by the overestimation of the turbulent
flux of the axial momentum. The axial momentum is
excessively transported toward the central axis in the
calculation employing the k—¢ model as compared
with the experimental results. The calculation employ-
ing the stress/flux equation model, however, can pre-
dict the tendency of the measured axial velocity which
retains the profile depressed near the central axis at
the downstream region (XD = 200 and 400 mm). The
experimental axial velocity U shows a protruded pro-
file near the central axis whereas the calculation
employing the stress flux equation model fails to pre-
dict this experimental tendency. This disagreement
seems to be small as compared with the overall agree-
ment of the experimental and calculated profiles of
the axial velocity U (Fig. 1(a)). This overall agreement
is caused by the fact that the calculation employing
the stress/flux equation model estimates the turbulent
transport of axial momentum toward the central axis
less than that of the k—¢ model. The causes for the
retardation of momentum flux puv obtained by the
stress/flux equation model as compared with that by
the k—& model, can be investigated by evaluating the
magnitude of the terms in transport equation (11) of
uv.

The radial profiles of the magnitude of the terms in
equation (11) at the cross section of XD = 200 mm
are indicated in Fig. 2. The marks in the figure
Py Ry Cwys Dy (i=1,2,.. ), indicate the terms
in equation (11), which are shown beside Fig. 2,
respectively.
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Fi1G. 2. Calculated radial profile of the magnitude of the terms in the transport equation of uv.

P, is the production term. Py, (= —020U/dr) is
concerned with the radial gradient of axial velocity U
and takes a negative value in the region where the
axial velocity shows a depressed profile (dU/dr > 0).
Then P , has a tendency for the axial momentum to
be transported toward the central axis and for the
axial velocity U to recover the depressed profile.
The redistribution term R;; , (= av?dU/dr) has the re-
verse effect against the production term Py,

= —0%U/dr). But the coefficient « takes the value
0.76, which means that Ry; , never overcomes the effect
of Py . Particularly, in the case with the swirl, Py ,
(= uwW]r) including the tangential velocity com-
ponent has a sign opposite to P ,, which retards the
turbulent transport of axial momentum toward the
central axis. Ry, (= pu’0U/dr) has the same effect
but it is much smaller than that of P ,. According to
these considerations, the stress equation model con-
tains the production term Py , (= uwW)/r), which con-
tributes to predict well the axial velocity profiles
obtained in the experiments. The same term Cg
(= uwW]r) is contained in the convection terms.

In Fig. 3, the predicted radial profiles of the tan-
gential velocity W are compared with the experimental
values. Plotted points in Fig. 3(a) are the experimental
results of Yamada [14). The lines in Figs. 3(a) and (b)
are the calculated results employing the stress/flux
equation model and the &—¢ model, respectively. The
inlet conditions of the calculations (XD = 0) are equal
to the experimental ones at XD = 0. The experimental
tangential velocity W retains a solid-body rotational

profile near the central axis and a free-vortex profile
at the outer region (Fig. 3(a)). The experimental tan-
gential momentum increases slightly in the down-
stream region which might arise from experimental
errors. The measured tangential velocity profiles show
clearly the solid-body rotational profile near the cen-
tral axis and the free vortex profile at the outer region.
These characteristic profiles of tangential velocity are
obtained in other flow conditions, where CO, is
injected from the nozzle instead of He [14]. The cal-
culated tangential velocity employing the k—& model
becomes a solid-body rotational profile rapidly in
almost all flow regions. That is to say, the tangential
momentum is rapidly transported toward the pipe
wall in the calculation employing the k—& model and
the solid-body rotational profile without the free vor-
tex region becoming stable.

The calculation employing the stress/flux equation
model, however, can predict the experimental tend-
ency, that is, the tangential velocity retains the solid-
body rotational profile near the central axis and the
free vortex profile at the outer region in the down-
stream region (XD = 200 and 400 mm). The causes
of the good prediction are elucidated by investigating
the magnitude of the terms in the transport equation
of vw which prescribes the profile of the tangential
velocity W.

The radial profiles of the magnitude of the terms in
the transport equation of vw (equation (13)) at the
cross section of XD = 200 mm are indicated in Fig. 4.
The marks in the figure Pr,, Ruy, Cois Do
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imental results [14]. Lines, predictions : (a) stress/flux equation model; (b) k—¢ two equation model.

(i=1,2,...) denote the terms in equation (13), which
are shown beside Fig. 4, respectively.

In the region where the tangential component W
shows a solid-body rotational profile, the turbulent
transport of the tangential momentum in the radial
direction, pvw, becomes nearly zero in the present
calculation. Therefore, the solid-body rotational pro-
file tends to be retained in the downstream region.

In the region where the tangential velocity W shows
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a free vortex profile, the production terms Py,
(= —v?0W/or) and Py, , (= w?dW/dr) take positive
values, which have the effect of transporting the tan-
gential momentum toward the pipe wall. The redis-
tribution term Ry ; (= —vk(0W/dr—W)r)) has a
similar effect to Py, and Py, Rys (=av2dW/or)
and Ry ; (—aw?W/r) take negative values, which
never overcome the values of Py, and Py ,, respec-
tively. On the other hand, Cy; (= — (02 —w3)W/r), in
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FiG. 5. Comparison of experimental and calculated con-
centration of He along the central axis. Plots, experimental
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the convection terms, takes a negative value, which
has the effect of transporting the tangential momen-
tum toward the central axis. Other terms in the trans-
port equation vw are smaller than these terms. The
free vortex profile retained downstream is considered
to be caused by the negative term — (v>—w?)W/r,
including the anisotropy between v and w’.

In Fig. 5, the experimental and calculated con-
centrations of He along the central axis are compared.
Plotted points in Fig. 5 are the experimental values of
ref. [13]. The lines in Fig. 5 are the predicted ones
employing the stress/flux equation model and the k—
& two equation model. X denotes the distance from
the nozzle tip. The calculation starts from X = 100
mm (XD = 0). As for the non-swirling flow, the cal-
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culation employing both the k~¢ turbulence model
and the stress/flux equation model can predict the
experimental concentration of He. As for the swirling
flow, however, the experimental results show the
retardation of turbulent mixing as compared with the
case of the non-swirling flow. The calculation employ-
ing the stress/flux equation model predicts the con-
centration profile and the retardation phenomena
fairly well, whereas the calculation employing the k—
& model fails to predict the phenomena. In Fig. 6 the
calculated radial profiles of the concentrations of He
employing the stress/flux equation model (Fig. 6(a))
and the k— model (Fig. 6(b)) for the swirling flow are
compared with the experiments [14], respectively. The
calculated profiles of He concentration using the k—
model are flattened more rapidly as compared with
the experimental values, whereas the calculations
employing the stress/flux equation model predict the
experimental ones fairly well. The calculation employ-
ing the stress/flux equation model estimates the tur-
bulent transport of He in the radial direction pvm less
than that of the k—¢ model. In order to investigate the
cause of the retardation of the turbulent mixing due
to the swirl, the radial profile of the magnitude of the
terms in the transport equation of vm, equation (16),
at the cross section of XD = 200 mm are indicated in
Fig. 7. The marks in the figure Py, R Com, and
Dy (i = 1,2,...) indicate the terms of equation (16),
which are shown beside Fig. 7, respectively.

P, are the production terms. Py, (= —v20M/
Or) is concerned with the radial gradient of the
time-mean concentration of He and contributes
significantly to the production of vm. Pg , has an
effect on the concentration of He to diffuse in the
radial direction. Particularly, in the case with the swirl,
Py, (=wmW]r) becomes a negative production
term, which reduces the magnitude of vm and has an
effect to retard the turbulent transport of He. Ry ;
(= — C,,wmW/r) has an effect to produce vm. But the
coefficient C,, takes the value 0.33 and so it never
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F1G. 6. Comparison of experimental and calculated radial profile of concentration of He. Plots, Yamada’s
experimental results [14]. Lines, predictions: (a) stress/flux equation model; (b) k—¢ two equation model.



Numerical prediction of flow characteristics 129

Tox,
2.0

1.0

m/s?

P.R,D

-1.0

-2.0 ’ L
0 10 20 30

R mm

FiG. 7. Calculated radial profile of the magnitude of the terms in the transport equation of vm.

overcomes the effect of Py , to suppress vm. Other
terms in the transport equations of vm are smaller
than these terms. Hence, the negative production term
P2 (= wmW]/r) in the stress/flux equation model
predicts the retardation of the turbulent mixing due
to the swirl. The same term Cg; (= wmW/r) is con-
tained in the convection terms.

4. SUMMARY

Computations on the turbulent swirling flow and
mixing in a stationary pipe were conducted to inves-
tigate the applicability of the turbulence models and
to study the causes of the swirling flow characteristics
and of the retardation of mixing due to the swirl. Two
kinds of turbulence models, the stress/flux equation
model and the k—¢ turbulence model, were applied
and the computations were compared with the exper-
iments. The results obtained in this study are as
follows.

(1) The calculation employing the stress/flux equa-
tion model can predict the experimental turbulent
swirling flow characteristics such that the axial vel-
ocity profile retains profiles depressed near the central
axis in the downstream region and the tangential vel-
ocity profile becomes the solid-body rotational profile
near the central axis and the free vortex profile at the
outer region. The calculation employing the k—¢ two
equation model fails to predict these characteristics.
The success of the prediction employing the stress/flux
equation model comes from the effects of the terms
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wwW/r and — (v>—w?) W/r in the transport equations
of uv and vw, respectively.

(2) The stress/flux equation model can predict the
phenomena of the retardation of mixing due to the
swirl as compared with the non-swirling flow, whereas
the k—¢ two equation model fails to predict it. The
negative production term wmW/r in the transport
equation of vm plays important roles on the sup-
pression of the turbulent mass transport in the radial
direction.
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PREDICTION NUMERIQUE DES CARACTERISTIQUES D’ECOULEMENT ET DU
RETARDEMENT DU MELANGE DANS UN ECOULEMENT TURBULENT
TOURBILLONNAIRE

Résumé—Des prédictions numériques sont comparées avec les expériences, sur un écoulement turbulent

tourbillonnaire et sur le mélange dans un tuyau fixe. Deux sortes de modeles de turbulence, le modéle k—¢

4 deux équations et le modéle a équation contrainte/flux, sont employés dans ces calculs. Les profils de

vitesses axiale et tangentielle et les caractéristiques du retardement du mélange en présence du swirl peuvent

étre prédits par le modéle contrainte/flux, tandis que le modéle k—¢ ne le peut pas. Des interprétations de

ce phénoméne sont présentées, spécialement sur le retardement du transfert turbulent de la quantité de
mouvement et des espéces (He) di au swirl.

NUMERISCHE BERECHNUNG DER STROMUNG UND DER BEHINDERUNG DER
MISCHUNG IN EINER TURBULENTEN WIRBELSTROMUNG

Zusammenfassung—Numerische und experimentelle Ergebnisse fiir eine turbulente Wirbelstrémung und
deren Mischungsvorginge in einem Rohr werden verglichen. Zwei unterschiedliche Turbulenz-Modelle
werden in den vorliegenden Berechnungen untersucht. Bei der Bestimmung der axialen und radialen
Geschwindigkeitsprofile und der Behinderung der Mischung in Gegenwart von Wirbeln ergeben sich bei
der Anwendung des k—&-Zwei-Gleichungsmodells Fehler. Interpretationen der Phiinomene, insbesondere
der Behinderung des turbulenten Impuls- und Stofftransports infolge der Wirbel, werden vorgestellt.

YHUCJIEHHBIA PACYET XAPAKTEPUCTHUK TEYEHHMSA U 3AMEJJIEHUSA CMEIMEHHUSA B
TYPBYJIEHTHOM 3AKPYYEHHOM I10TOKE

Amsoramus—IIpoBesieHO CpaBHEHHE YHCIEHHBIX PACYETOB C 3KCIEPUMEHTAILHBIME JAHHLIMH 10 TypGYy-

JICHTHOMY 3aXpyeHHOMY MOTOKY M CMEIICHHIO B HenoaBRkHOMH TpyGe. IIpu pacueTax BCnonb30BaINChH

Apa BUAa Mozenel TypOyneHTHOCTH: OBYXNapaMeTPHYeCKas MOJEIb k—¢ B MOZIENb JUIS HaNpsXeHHl

Peltnonnaca. IMoxasano, ¥To npodHM 0ceBOH M TaHTEHUMANBHON CKOPOCTH H XapakTepUCTHKH 3aMel-

JICHHS CMCIICHMS NPH HAIMYMH 33KPYTKH MOXHO PAacCUMTaTh TOJNBKO C HOMOILIBIO BTOPO# MOMIENH.

Hasio nonpo6uoe ofsscHeHHe HaGmIONaeMbIX ABJICHHH, B 0COGEHHOCTH 3aMensieHus TypGyjeHTHOro
NEPEHOCA KOJIMIECTBA IBHKEHHS M BEINECTBA, BLI3BAHHOI'O 3aKPYTKOIA.



