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Abstract-A two-dimensional boundary-layer program STAN5 is modified to incorporate a low-Reynolds 
number version of the K--E, two-equation turbulence model to simulate automatically the laminar, tran- 
sitional and turbulent flow zones and also the onset of transition and to account for the influence of inlet 
turbulence intensity upon the flow and heat transfer in a smooth pipe. The prediction for Reynolds number 
ranging from about 1000 to 10000 is made under inlet turbulence intensity ranging from 0.1 to 8.0%. 
Results show that when Re < 2068 and Re > 4809, inlet turbulence intensities have no influence upon flow 
and heat transfer but when 2068 < Re < 4809, the influence is rather strong, and when the inlet turbulence 
intensity is 1 .O%, the predicted relation between average Nusselt number and Reynolds number is in good 
agreement with the experimental correlation. In the fully developed region, flow and heat transfer are not 
affected by inlet turbulence intensities, and the agreement between the results and data for the friction 

coefficient is good. 

INTRODUCTION 

THE TRANSITIONAL flow and its convective heat trans- 
fer in a smooth pipe are areas that have not been fully 
investigated. Among the early experimental works on 
transitional heat transfer in a smooth pipe are the 
contributions by Sherwood and Petrie [I] for the effect 
of Prandtl number, by Morris and Whitman [2] and 
Smith [3] for the effect of heating and cooling, and by 
Sherwood et al. [4] for the effect of the pipe length- 
diameter ratio. The measurements of Cholette [5] give 
the local and average coefficient of heat transfer for 
air flow of the laminar, transition and turbulent 
regions. A fairly detailed study about the effect of 
high surface-to-fluid temperature ratio, and entrance 
configuration and pipe length-diameter ratio, etc. has 
been made by Humble et al. [6]. However, among the 
published experimental data, a great deal of confusion 
exists for predicting the heat transfer coefficient in the 
transitional region. One of the main reasons would be 
that the transition process is very sensible for the 
turbulence in the flow at the inlet of the pipe. Gen- 
erally the magnitude of the critical Reynolds number 
in the pipe flow is 2200, nevertheless it is observed in 
experiments that if inlet turbulence can be depressed 
carefully, laminar flow could be maintained to higher 
Reynolds number [7]. On the contrary, if inlet tur- 
bulence increases, transition will take place at a lower 
Reynolds number [8]. Therefore, in order to simulate 
transitional flow and heat transfer in a pipe, the effects 
of inlet turbulence have to be introduced in the cal- 
culation model. 

In this paper, the boundary layer equation and low- 
Reynolds number K-E model are used to study the 
effect of inlet turbulence intensities on transitional 
flow and heat transfer in a smooth pipe. The algorithm 

used to solve convective transport equations is the 
same as in ref. [9]. A modified version of the Lam- 
Bremhorst [lo] low-Reynolds number turbulence 
model suggested by the authors, is applied. Calculated 
results indicate that, using the turbulence model men- 
tioned above, the effect of inlet turbulence intensities 
on transition and transitional flow can be simulated 
successfully. 

CONVECTIVE TRANSPORT EQUATIONS 

The time-mean continuity equation for the pipe 
flow is given by 

&rpU)+ $(rpV) = 0. 

The time-mean momentum equation in the x-direc- 
tion is given by 

The time-mean stagnation enthalpy equation is 
given by 

-P(*-+Jg~)-puE]}. (3) 

In these equations, the x coordinate coincides with 
the axis of the pipe ; r is normal to and a distance from 
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NOMENCLATURE 

c,, c,, c2 empirical constants in turbulence TU turbulence intensity 

model U, V time-mean velocity 

cr friction coefficient of fully developed u, u fluctuating velocity 

region ui, friction velocity 

Cf.r local friction coefficient u+ non-dimensional velocity, u/U, 

D pipe diameter x, X distance in the flow direction from the 

f,,.f,>f* empirical functions in turbulence entrance of the pipe 

model X+ non-dimensional distance, X/(D Re Pr) 

H 

h 

h’ 

L 

K, E 

NU 

Nk 
P 

Pr 

Pr, 
r 

R 

Re 

mean total enthalpy, h + U 2/2 
mean static enthalpy 
fluctuating static enthalpy 
turbulent length scale 
turbulence kinetic energy and its 

dissipation rate, respectively 
average Nusselt number 
local Nusselt number 
mean static pressure 
molecular Prandtl number 
turbulent Prandtl number 
distance from axis of pipe 

radius of pipe 
Reynolds number based on the pipe 

diameter 

y, Y distance from the wall, R-r 

Yf non-dimensional distance from the wall 

.x0 location of the initial station. 

Greek symbols 

p molecular viscosity 

/4 turbulence viscosity defined in equation 

(11) 

P density 
ok, aF empirical constants in the turbulence 

model. 

Subscripts 

Re,, Re, turbulence Reynolds number 
defined in equation (13) 

i inlet station 
W wall. 

the axis, and the thermodynamic quantity-velocity 
fluctuation correlations are neglected. 

It is assumed that the profiles of velocity and tota! 

enthalpy are both symmetric to the axis of the pipe, 
therefore, the following boundary conditions at the 
axis can be taken : 

au aH 
-_=O 
ar ) F=o. 

At the pipe wall, if there is no fluid injection or 
suction, according to the no-slip condition 

u, = 0, VW = 0 (x b XJ. (5) 

Assuming the wall temperature is T,, the boundary 
condition for the total enthalpy H at the wall is 

H, = C,T, (x 2 x,,) (6) 

where x0 is the location of the initial station (to be 
discussed later). 

The initial station should be located in the vicinity 
of the entrance of the pipe. Owing to the small thick- 
ness, the annular boundary layer at initial station 
could be considered to be approximate to a flat plate 
boundary layer, therefore a modified Pohlhausen vel- 
ocity profile [ 111 can be used 

u”= [2n-2t$_t$] 1-i +[2s-4 (7) 
( > 

1 
y/6 fory<6 

‘= 1.0 fory>b (8) 

where y is the distance from the pipe, 6 the boundary 
layer thickness which can be predicted like that on a 
flat plate, and R the radius of the pipe. 

The total enthalpy distribution at the initial station 
is related linearly to the velocity profile as shown in 
ref. [ 121 

H 
-=1+ S-1 ;. 
HI ( ># W 

(9) 

The turbulent-shear stress - puV and turbulent heat 
flux -pub’ in equations (2) and (3), can be related to 
the mean-velocity gradient and mean-total enthalpy 
gradient, respectively 

(lob) 

where Pr, is the turbulent Prandtl number, for the 
pipe flow, by Hishida et d’s data [13], it is equal 
approximately to 0.9 when Yt > 30 and when 
Y+ < 30, and increases reaching 1.6 at Y+ = 10. A 
constant value of 0.9 has been taken in this paper for 
simplicity. pLt is the turbulent viscosity, which has been 
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modelled by Lam-Bremhorst’s K-E two-equation 
model as discussed below. 

TURBULENCE MODEL 

In order to simulate the transition process, it is 
assumed that turbulence exists in any real laminar 
flow, if turbulence increases and reaches a certain 
extent, laminar flow will become turbulent. If we can 
model this process by the numerical method, it is 
possible to predict transition automatically. 

It should be noticed that most of the commonly 
used turbulence models are unsuitable for this cir- 
cumstance, because the effect of viscosity has not been 
considered and it is very important for transition. 

In 1972, Jones and Launder [14] suggested a low- 
Reynolds number K-E turbulence model. The main 
feature of this model is that the viscosity of fluid is 
taken into account, therefore it can be used in the 
vicinity of the wall and would be suitable for simu- 
lating transitional flow. In 198 1, Lam and Bremhorst 
[lo] modified the model and adjusted the form of 
some parameters to make it more perfect. Rodi and 
Scheuerer [12] used the modified model to calculate 
external boundary layer transition with some success. 
In this paper the low Reynolds number K-E model 
suggested by Lam-Bremhorst is used with some modi- 
fications to simulate the transition process in the pipe 
which has not been seen in published papers before. 
In the model used in this paper turbulent viscosity can 
be expressed as 

(11) 

where C, is a constant and f, takes the following 
form : 

f, = [1-exp(-0.016Re,)]*(1+19.5/Re,) (12) 

K"*Yp/p (Y < 6) 

Rey = K'126p/p (Y 2 S) G-4 

Re, = pK*/(pe). (13b) 

Both K and E can be calculated by the following 
equations : 

+;w-iPt-C2f2Pal (15) 

in which 

P,=p g’ ( > (16) 

is the production of turbulence kinetic energy. f, and 
f2 take the following form : 

f,=l+ !y3; ( > f2 = 1 -exp (-Re,)2. (17) 
P 

The empirical constants in equations (1 l), (14) and 
(15) take the following values : 

C, = 0.09; C, = 1.44; C2 = 1.92; 

fJk = 1.0; 6, = 1.3. (18) 

The boundary conditions of equations (14) and (15) 
are 

on the axis 

aK a& 
-_=-_=o 
ar ar 

on the wall 

K=%O. 
ar 

(194 

WI 

The initial profiles of turbulent kinetic energy K 
and its dissipation rate E play important roles in the 
calculation. It is assumed that these profiles are com- 
posed of two parts. The first part is similar to turbulent 
flow even though these profiles are taken in the lami- 
nar region. According to the classical mixing length 
theory and equation (1 l), using the method similar to 
ref. [15], the expressions for both turbulent kinetic 
energy and its dissipation can be obtained 

K = 

E = (Cpfp)3'4K3'2/1 

where the mixing length L is determined 
following expressions : 

L = 0.41y, for y < 0.096/0.41 

L = 0.096, for y > 0.096/0.41 

where 0.41 is the von Karman constant. 

(204 

GObI 

from the 

The second part comes from the influence of inlet 
turbulence intensity. It can be seen from equations 
(20a) and (20b) that K and E will take the value of 
zero at the outer edge of the boundary layer. This is 
true only in the case of no turbulence intensity in 
the free stream. If we assume that inlet turbulence 
intensity produces a linear profile for K and E then the 
initial profiles for them will take the following forms : 

(24 

E = [(C,f,)3'4K3'2/Z+~i~]C0 @lb) 

where r] is defined in equation (8), C, is a constant 
along the pipe, K, and .ai are turbulent kinetic energy 
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FIG. 1. Relation between (f,),,, and Re. 

and its dissipation rate in the inlet flow, given, respec- 

tively, by 

K, = ~S(U,TU,)~ 

E, = (Cpf,)“4K”~2/l. 

(224 

(22b) 

Calculations show that if this turbulence model is 
used, good results could not be obtained unless the 
following problems are treated properly : 

(1) The initial profile of E should be set up properly. 
Up to now, we know very little about the behaviour 
of E in the laminar zone. The constant Co in equation 
(21b) is used to adjust the profile. The correlation 
plotted in Fig. 1 indicates its suggested values, which 
are related to the Reynolds number Re. 

(2) The profile behaviour of f, should be set up. 
The minimum value off, should be limited near the 
wall. Calculation results show that if f, is determined 
by equation (11) near the wall, it will take too small 
a value, and a large value of E will be obtained, which 
will prevent the transition from taking place. There- 
fore, the minimum value of f, should be limited. 
Chapman and Kuhn [ 171 give a different profile of f, 
near the wall from that determined by equation (11). 
In this paper, we took it as a constant that depends 
upon the Reynolds number Re as shown in Fig. 2. 

It is also discovered that Co and (_Q,,,,, are both 
related to inlet turbulence intensity. 

Re 

FIG. 2. Relation between C, and Re. 

20 
Kays and Crawford I1 81 

15 - * 

5 . 

X+ 

FIG. 3. Comparison of local Nusselt number profiles with 
the results of Kays and Crawford. 

RESULTS AND DISCUSSION 

The numerical simulation of flow and heat transfer 
in a pipe is made at constant pipe wall temperature. 
The Reynolds number Re ranging from 1000 to 
10 000, and inlet turbulence intensities Tui from 0.1 to 
8.0%. The results are discussed below. 

(1) Re = 105G1850 
It can be seen from Figs. 3 and 4, that the predicted 

local Nusselt number and friction coefficient for 
different inlet turbulence intensity levels are both in 
good agreement with Kays and Crawford’s [18] and 
Langhaar’s [19] results, respectively. This shows that 
when the Reynolds number is lower than 1850, inlet 
turbulence intensities do not affect significantly the 
local Nusselt number and the friction coefficient. In 
these cases inlet turbulent fluctuation decays along 
with the motion of the fluid. Figure 5 presents cal- 
culated turbulence kinetic energy profiles on eleven 
sections along the pipe. From X+ = 0.00034 to 
0.0009, turbulence kinetic energy decreases rapidly, 
after that it decreases gradually and approaches zero 
at about X+ = 0.027. It can be seen that the decay is 
moving from the wall to the centre of the pipe. 

(2) Re = 20684490 
In Fig. 6 the predicted local Nusselt number Nu, is 

given for the case of a Reynolds number of 2068. 
When inlet turbulence intensities vary from 0.1 to 
l.O%, the flow in the pipe stays laminar. When inlet 

FIG. 4. Comparison of local friction coefficient profiles with 
the results of Langhaar. 
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1 x+=o.o34x1w 
2 x+=0.639x16* 
3 x+=0.655x1 62 
4 X+=0.073x10* 
5 x+=o.661x1tY 
6 x+=0.116x10* 
7 x+=0.263x10* 
6 x+=0.36&1 02 
9 X+=0.726x10* 

10 x+=1636x16-* 
11 X+=2.746x10* 

FIG. 5. Turbulent kinetic energy distribution at different sections along the pipe. 

turbulence intensity is raised to 3.0% or higher, there 
is a rapid increase in the local Nusselt number which 
can be considered as an indication of transition from 
laminar to turbulent flow taking place. The higher the 
inlet turbulence intensity, the earlier transition occurs. 
After completing the transition the local Nusselt num- 
ber has nearly the same value for different inlet tur- 
bulence intensities. This means that the magnitude of 
inlet turbulence only affects the transition and does 
not give an important influence on the fully developed 
turbulent flow. This seems to be different from the 
case of external flow for which free stream turbulence 
has an influence upon the turbulent boundary layer 
[20, 213. 

When the Reynolds number is equal to 23024990, 
similar results can be obtained, and in these cases 
transition is always present even though the inlet tur- 
bulence intensity takes a rather small value (0.1%). 

(3) Re = 4809-9200 
In Figs. 7 and 8 the predicted local Nusselt number 

and local friction coefficient are given for three inlet 

1 Tu,=O.l% 
2 T+l.O% 

. Kays and Crawford I181 3 Tq=3.0% 

I I I I I I I 
0 0.01 0.02 0.03 0.04 0.06 0.08 0.07 - 

x+ 

turbulence intensities with Re = 4809. It can be seen 
that these curves have small differences in the tran- 
sitional zone, which means that inlet turbulence inten- 
sity has a rather weak effect on the flow of this case. 
Similar results have been obtained at higher Reynolds 
numbers, however, the difference in the transitional 
zone became smaller than that given in Figs. 7 and 8. 

(4) The predicted average Nusselt number for 

t 

1 Tq=l.O% 

30 
2 Tu,=B.O% 

I 

3 Tu,=5.0% 
26 

FIG. 7. Local Nusselt number distribution of Re = 4809. 

1 Tu,=l.O% 

:i- 

20 I I I I I 
0 0.004 O.M#) 0.012 0.016 0.02 

x+ 

FIG. 6. Local Nusselt number distribution of Re = 2068. FIG. 8. Local friction coefficient distribution of Re = 4809. 
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FIG. 9. Comparison of average Nusselt number results with FIG. Il. Velocity distribution at different sections along the 
the commonly used formula. pipe. 

different Reynolds number and inlet turbulence inten- 
sities are shown in Fig. 9. If Re < 2068 Nu does not 
relate to inlet turbulence intensities, and agrees with 
the well-known laminar formula 1221. When 2068 < 
Re & 4809, average Nusselt numbers vary with Tu,, 
the predicted relation between Nu and ipe at Tu, = 
1.0% is in good agreement with that given in ref. 
[23]. When Re > 4809, Nu does not relate to inlet 
turbulence intensities, and agrees with the commonly 
used turbulent flow formula [24,25]. 

The friction coefficient of the fully developed region 
is given in Fig. 10 only for 7’Ui = 3.0%. The inlet 
turbulence intensities have a very weak influence on 
the friction coefficient in this region (see Fig. 8). The 
predicted value is in good agreement with that intro- 
duced in ref. [Xl. 

In order to study the whole process of transition, 
the profiles of velocity, turbulence kinetic energy and 
its dissipation rate on nine sections along the pipe are 
given in Figs. 11-13 at a Reynolds number of 4809 
and an inlet turbulence intensity of 8.0%. The 
locations of these sections are listed in Table 1. 

A Experiment I261 
- Pmdiin 

0.8 I 
3 3.5 

I _ 
4 

log (fle) 

FIG. 10. Comparison of friction coefficient of fully developed 
region with the experimental data. 

20 5 

6,7,8.9 
16 

o Schildknecht et a/. I281 
* Laufer 1271 

0 1 2) 

It can be seen from Fig. 7 or Fig. 8 that sections l- 
3 are located in the laminar region ; sections 4 and 5 
are transitional and sections 6-9 are fully developed 
flow. 

The velocity profiles for these sections are given in 
Fig. 1 I. The modified Pehlhausen profile is assumed 
as the initial condition in the calculation. In sections 
69, the profiles become invariable and agree excel- 
lently with the measurement for the fully developed 
turbulent profile given in refs. [27,28]. 

The turbulence kinetic energy of these sections is 
plotted in Fig. 12. From sections 1 to 2, turbulence 
kinetic energy decreases moderately, from sections 2 
to 3, it still decreases in the outer part of the boundary 
layer and increases in the inner part. From sections 3 
to 4 and to 5 turbulence kinetic energy K increases 
rapidly, which comes from the unbalance between 
the production term and dissipation term in equation 
(14) therefore the transition to turbulence takes place. 
In this process, the set of maximum turbulence kinetic 

FIG. 12. 

0 Schikknecht et al. I281 

0 20 40 80 50 loo 

Y+ 

Turbulent kinetic energy distribution at different 
sections along the pipe. 
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Table 1 

Number 

1 2 3 4 5 6 7 8 9 

100x+ 0.05 0.09 0.15 0.34 0.46 0.93 1.23 1.53 1.84 

XID 1.79 3.29 5.80 12.06 16.10 32.55 43.08 53.79 64.69 

energy is moving to the wall gradually. The profiles 
of sections 7-9 are nearly the same. The agreement of 
these profiles with the measured data given in refs. 
[27, 281 is good. It is noticed that the site of largest 
turbulence kinetic energy is located at about 
Y+ = 10-30. This is the value corresponding to the 
outer edge of the buffer layer of turbulent flow. 

In Fig. 13, the turbulent kinetic energy dissipation 
rate of these sections are plotted. In the fully 
developed region, agreement between prediction and 
data [27] is good. 

CONCLUSIONS 

From the predication results given in this paper the 
following conclusions can be drawn : 

(1) When Re < 1850, the transition from laminar 
to turbulence will not be present even if the inlet 
turbulence intensity is rather large (Tui = 8.0%). 

(2) When Re < 2068 and Re > 4809, inlet tur- 
bulence intensities have no significant influence on 
average Nusselt number in the long pipe (X/D = 60). 

(3) When 2068 < Re ,< 4809, the average Nusselt 
number of the long pipe is influenced by the inlet 
turbulence intensities. The predicted results under 
Tu, = 1.0% are in good agreement with the relation 
introduced in ref. [23]. 

(4) The fully developed region does not influence 
the inlet turbulence intensity and for the friction 
coefficient of this region, the agreement between the 

60 6 

k 

7.8.9 
60 

A Laufer I271 

s’ 
$30 

20 

10 

0 

FIG. 13. Distribution of turbulent kinetic energy dissipation 
at different sections along the pipe. 

predicted value and experimental data introduced in 
ref. [26] is good. 
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SIMULATION NUMERIQUE DE ~~COULEMENT DE TRANSITION ET DE 
T~NSFERT~ERMIQUE DANS UN TUBE LISSE 

R&mu&--Un programme STAN5 i couche limite bidimensionnelle est modifik pour introduire une version 
K-E ;i faible nombre de Reynolds pour simuler automatiquement les zones d’tcoulement laminaire, 
transitionnel et turbulent et aussi l’apparition de la transition et pour tenir compte de l’influence de 
l’intensitk de turbulence B l’entr&e sur I’&coulement et le transfert thermique dans le tube. La prkdiction 
pour un nombre de Reynolds variant de 1000 B 10000 concerne une intensite de turbulence & l’entrke aliant 
de 0,l ii 8,0%. La rtisultats montrent que lorsque Re < 2068 et Re > 4809, les intensitCs de turbulence 
n’ont pas d’infiuence sur l’&coulement et le transfert thermique; mais Iorsque 2068 < Re < 4809, I’influence 
est forte et quand l’intensitk de turbulence est lo!, la relation prkdite entre le nombre de Nusselt moyen 
et le nombre de Reynolds s’accorde bien avec la formulation exp&imentale. Dans la rigion pleinement 
itablie, I’Bcoulement et le transfert thermique ne sont pas affect&s par les intensites de turbulence $ l’entrbe 
et l’accord entre les rksultats du calcul et les donnees exp&imentales pour le coefficient de frottement est 

bon. 

NUMERISCHE SIMULATION DER STRZiMUNG UND DES WARMEOBERGANGS IN 
EINEM GLATTEN ROHR IM UBERGANGSBEREICH 

Zusammenfassung-Ein vorhandenes Program (STANS) zur Berechnung zweidimensionaler Grenzschicht- 
striimungen wird durch Einfiihren eines K-e-Zweialeichungs-Turbulenzmodells fiir kleine Reynolds-Zahlen 
erweiterty Damit kann es automat&h die StrG&ng imlaminaren, im ubergangs- und im turbulenten 
Bereich sowie das Einsetzen des &ergangs simulieren. AuBerdem wird der EinfluB der anf~nglichen 
Turbulenzintensit~t auf Strijmung und Wgrtneiibergang in einem glatten Rohr beriicksichtigt. Es werden 
Berechnungen fiir Reynolds-Zahlen im Bereich von 1000 bis 10000 und fiir anfgngliche Turbulenz- 
intensitgten von O,l-8,0% durchgefiihrt. Es zeigt sich, da8 fiir Re <: 2068 und Re > 4809 die anf&gliche 
Turbulenzintensitlt keinen EinfluD auf StrGmung und WLrmeiibergang ausiibt, und dall dieser EinfluB im 
Bereich 2068 < Re < 4809 recht stark ist. Fiir den Fall einer ahf&@ichen Turbulenzintensitgt von 1 ,O% 
stimmt die Abhlngigkeit der berechneten Nusselt-Zahl von der Reynolds-Zahl gut mit der Korrelation 
von Versuchsdaten ii&rein. Im Bereich der voll ausgebildeten Stramung verschwindet der EinfluD der 
anf”anglichen Turbulen~~tensit~t auf Str~mung und W~rme~~rgang vollst~ndig. Die ~~reinstimmung 
zwischen Rechenergebnissen und vorhandenen Daten fiir den Reibungsbeiwert ist in diesem Bereich gut. 

YMCJIEHHOE MO@XiPOBAHME HECTAL&iOHAPHOl-0 TE9EHEIX I? 
TEl-iJIOiIEPEHOCA B 1-JIAAKOR TF’YBE 

~T~~po~~a STAN5 muis ~ByuepHoro norp~Hq~oro en011 Mox~~~~pyeTc~ MUIR YgeTa 
2ZByXnapaMeTpH~eCKOii K-& MO&ZJIH +yp6yneHrnOC7u B cnysae HHPKHX *Hcen PekHOJIb2wB c ~enb~) 
anToMaTwiecKor0 bfonen~poeaxinn nawiHapHor0, HecraunoHapHoro H Typ6yneHTHoro Telreasfi, a 
TaKxce B~~HHKHOB~HHJI nepexomioro COCTORHH~I H c uenbro 0npeneneHHn B~HRHHR HwencHBHocTH gyp- 
6yneHTHOCm Ha sxoneHaTe~eHHeaTennonepenocerna~oiiTpyCie.~Hcna PeiiHonbncaa3MetrnroTcnn 
118XIa30He 07 IO00 A0 low npH H3MaeHHAYI HHTeHCHBHOCTH TypfiyneHTHOCTH Ha BXOLle OT 41 A0 
8,0%. nOJiyqeHHbIe pesynbTaTu riOKa3bIBaH)T, YTO npH YHCJI~X PeiiHOJibaCa Re< 2068 H Re>4809 
u~eHcnHH~b T~y~eH~~ Ha Bxoae ne oKa3HBaeT ~n~sii~s na Teqemze B Tiwronepenoc, B TO 
BpeMI KitaK rtpH 20685 Res 4809 ee. BJJHKHHe AOBOnbHO CyUZWTBeHHO.npH 3HBSewILH HHTeWHBHOCTH 
Typ6yJIeWrSiOCTHHaBXOAe,COCrBBZ~WeM I,0%,nOn~eHH~COOTHOtIIeHHCMe~~~HMH¶HCJIBMH 
HyCCWIbTa H PeHHOJTbAW XOpOUIO COrJIBCycTCK C ZJKCriepHMeHTaJlbHO yCTaHOBJIeHlibW. B ,'lOJHWCTbH) 
pZiB&iTOk o6nacre Te'ieHHeH TeIlJlOIIepeHOGHe SBBHCRT OT HHTeHCHBHOCTWTyp6yJteHTHOCTn HaBXOAeH 
paCW?THMe pe3ynbTaTbl &"a R03@&LIHeHTa TpeHHK XOpOmO COrJmCy,OTCK c Z,KC,,epHMeHTaJ,bHbWH 

A~HHldMH. 


