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Abstract---In order to investigate statistical properties of temperature fluctuation in a boiling two phase 
boundary layer the corresponding intermittency functions, which describe liquid. vapor and interface region 
at an individual fixed point, have been defined. In water boiling on a horizontal surface the temperature 
fluctuation was measured with microthermocouple and the signal was processed through the digital 
computer wifh the detector function specified for liquid, vapor and interface region. The results obtained 
confirm that the temperature fluctuation in the boiling two phase layer can be divided into three parts 
corresponding to individual regions and that its statistical distribution depends on the properties of 
respective systems. It has also been shown that the temperature fluctuation in the interface region is 
determinative and corresponds to the temperature changes in the liquid layer surrounding vapor bubble 
growth. Amplitude distribution in the liquid region changes its form with the distance from the wall as a 
result of the change in the intensity ofturbulence at different distances. The probability density distribution in 

the vapor region shows very small amplitude fluctuation and is almost constant for all distances. 

NOMENCLATURE 

1t.x. I ). intermittence function for region P : 
., 
I) average volumetric vapor fraction in 

region P: 

J(.Y. f), intermittence function for region S: 
average volumetric liquid superheat 
fraction in region S: 
temperature: 
liquid superheat: 
saturation temperature; 

temperature fluctuation : 

?T 
~ temperature time derivative : 
it ’ 

time ; 
sampling time: 

standard deviation of the temperature 
probability distribution: 

standard deviation of the temperature 
time derivati\,e probabilit! 
distribution : 
heat tlux : 

AN”. AN’, AN’, number of the time 
intervals with amplitude 7; in the 

regions of superheat liquid, 
surrounding liquid and vapor phase, 
respectively : 

N, total number of time intervals in a 
single realization : 

15, distance of the microthermocouple from 
heated surface : 

x. distance from the liquid&vapor 
interface. 

INTRODUCTION 

DUE TO the fact that the essential mechanism of 
turbulent heat transfer relies on the field variable 
fluctuation in the boundary layer it is very important 

for us to understand statistical properties of these 
variables. 

The knowledge acquired by investigation of statisti- 
cal properties of field variables has led us to construct 
different models of the turbulent heat-transfer mech- 
anism in boundary-layer theory. From these models 

we have learned that fluctuations of field variables in 
the boundary layer are strongly dependent on the 
transport processes within the laqer. The statistical 
parameters of the field \,ariables tluctuation have 

shown definite correlation between the field ~ariqbles 
in the thermal boundary layer which describe the 

mechanism of transport processes. 
The boiling process is a heat-transfer process char- 

acterized by one additional field variable as compared 
to the turbulent convection heat transfer. This means 
that in addition to temperature, pressure and velocity. 
density is also a field variable in the thermal boundary 

layer. It is already known that man! typical boiling 
parameters. such as bubble diameter, bubble fre- 
quency. roughness of the heating surface, contact 
angle, etc. also have statistical nature. Since these 
parameters are closely correlated with densit! in the 
two-phase boundary layer. it is evident that this 
variable will also have statistical character. Present 
knowledge of the statistical properties of field I ariables 
in the two-phase boundary la!er is verb limited. It 
appears that e\‘en the classical statistical method for 

space and time aleraging of field variables in the two- 
phase boundary layer requires additional assumptions 
in order to obtain corresponding alerage values. In 
order to learn more about statistical properties of the 
field variables in the two-phase boundary layer, an 
attempt was made to measure and analyze tempera- 
ture fluctuations and their statistical characteristics 
[1L3]. The liquid superheat in the two-phase bound- 
ary layer is known as a driving thermodynamic 
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potential for the heat transfer process, so that the 
temperature field in the two-phase system is one of the 
essential parameters controlling the boiling process. In 
this respect, the aim of our investigation of statistical 

properties of temperature fluctuation in the 

liquid-vapor system is to study the mechanism of 
boiling heat transfer. 

2. LIQUID SUPERHEAT FLUC~A~ON 

A typical example of liquid superheat fluctuation at 
a fixed point of the two-phase boundary layer with 
boiling on the horizontal surface is shown in Fig. 1. By 

t. ms 

FIG. 1. 

comparing this histogram with the film from a high- 
speed camera, three different characteristic time 
periods could be distinguished. The period marked 
“I” corresponds to the time the hot junction of the 
thermocouple spent in the liquid superheat layer 
surrounding the bubble during its growth. Period “II” 
represents the time for which the thermocouple is in 
the vapor, and period “III” determines the time which 
the hot junction spent in the surrounding liquid. It is 
obvious that the thermocouple will read alternatively 
liquid superheat, surrounding liquid and vapor tem- 
perature. The boundary between these regions in the 
two-phase boundary layer is determined by two 
parameters: the temperature level and the rate of 

temperature change between the regions. 
Each region has its own particular temperature 

fluctuation, characterized by corresponding rate of 
temperature variation. The temperature variation in 
the liquid superheat boundary layer is canonical in 
character, and thus a sudden temperature increase in 
the layer is followed by a decrease which obeys the 
same functional relation. This points out deterministic 
nature of temperature variation in the liquid superheat 
layer. Since temperature fluctuations in the vapor are 
very small, their dispersion will also be small. Further, 
it follows that the vapor region will be characterized by 
small amplitude ~uctuation. It is certain that tempera- 
ture variation in the surrounding liquid is due to 
turbuIent mixing induced by fluid motion in the two- 
phase boundary layer. These characteristic features of 
each region justify criteria selection for determination 
of the intermittency function, which would describe 
the region to which an individual fixed point of the 
two-phase boundary layer belongs. 
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3. DEFINITION OF THE INTERMITTENCY 
FUNCTION FOR ~MPERATURE FLU~UA~O~ 

IN THE TWO-PHASE FLOW 

Generally, the intermittency function at the point 

M(x) for the region D is defined by 

i(.u, t) fc 
1 M(S)ED 

0 /n(s) $ D. 

In the case of a two-phase boiling system, with three 
different regions, liquid superheat layer S, surrounding 
liquid Tand vapor P, the intermittency function can be 
defined as follows: first, let us consider the in- 
termittency function for the region P. By definition, it 
is 

I(.?, t) = 
i 

1 M(.X)EP 

0 M(s)$P 

so that 

;’ = lim L “+“’ 
lCi-7. to s 

r(t)dt for x = .x0 
I, 

In order to specify the period of time the point M(x) 
spends in the region S and T, we have to introduce a 
new intermittency function, defined as follows: 

J(x, t) = 
i 

1 M(X)ES 

0 M(x)$S 

so that 

s 

r, +10 
fi = lim J(x)dt for x = x0. 

*ii-f I, 

If the temperature fluctuation is 

T(X, r) = T(s) t B(.Y, t) 

we can define the average T(.Y. t) value for the separate 
regions. For the region P it is 

T(x)+W(x,t)P = T’ = lim L 
I<>-+ I to 

for the region S 

1 
T(x)+ 0(.x, t)S = TS = lim ______ 

(‘o- ,. (I-;‘)& 

s 1,+t<, 

X I1 -I(t)l.l(t)lT+q(t)l dt for x = s,, 
f* 

and for the region T 

T(x)+ 0(x, t)7 = TT = lim 
1 

fl,?7 (I -?)(l -P)ro 

On this basis, the temperature fluctuation in the 
two-phase system is 
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Further it follows that the mean square value of the 

temperature fluctuation at any point of the two-phase 
system is 

02(x) = y(x). 18(X)12P+ 11 -~(X)l’~(.X). IB(x)12s 

+I~-Y~~~lI~-B~~~ll~~~~12T 
l tY(X)ll -v(xIl~(x)‘- GY- 
+/j(x)]1 -P(x)] ]T(x)s- T(x)T] 

where 

P 1 s rl+Io 

02(.x) = lim - r(t)02(t) dt 
ill-m Vo I, 

1 
82(x)” = lim ~ 

t-m (1 -,~)Bro 

s f, +1,, 

X 11 -1(rfl..Qt)~O’(t).dt 
II 

mT = lim 
1 

to-m (1 -Y)(l -B)ro 

s 

*l+fU 
X 11 -r(t)].]1 -J(t)].Q2(t).dt. 

II 

4. CRITERIA FOR DETERMINATION 

OF THE INTERMITTENCY FUNCTION 

In each particular case determination of the in- 

termittency function depends on the character of the 
phenomena under consideration. The method usually 
employed relies on the selection of properties of each 
region sufficiently different to be used as criteria for 
discrimination of an individual region. The analysis of 
intermittent phenomena in turbulent fluid flow is 

based on different forms of the detection function. 
These are defined in accordance with the type of flow 
under consideration. Table 1 presents some forms of 
the detection function used in the investigation of 
intermittent phenomena in the turbulent flow. 

It should be emphasized that the form of detection 
function should be such that it represents the selective 
criterion for determination of the time spent by the 
measuring instrument in a particular region. This 
means that each region can be recognized by the 
property of its detector function. For the two-phase 
boundary layer in bulk boiling on the horizontal 
surface, it is obvious, from the nature of the pheno- 
mena, that the superheat temperature has different 
properties in any particular subsystem, i.e. liquid 
superheat layer S, surrounding liquid T and vapor P. 

Table 1. 

Townsend [4] 

Kovaszny et al. [5] 

Hekley and Keffer [6] 

Zarii: [7] 

I 
at4 

U’-_ 
I I at 

Temperature at a point M(x) is a continuous 

function of time the absolute value of which changes 
on crossing from one region to the other. It should be 

noticed that the temperature of the liquid superheat 
layer always corresponds to the temperature which 
immediately follows the exit of the point M(x) from the 
vapor or liquid phase. The momentum of the point 
M(x) crossing from one region to the other, i.e. from P 
to S and T, is determined using the characteristic 
temperature time derivative corresponding to this 
jump. Also, the cross over from the superheat layer to 
the surrounding liquid, is determined by the approp- 
riate temperature time derivative connected with the 
heat-transfer process between these two regions. This 
means that the heat stored in the liquid superheat layer 
is partially transferred to the surrounding liquid by 
heat conduction establishing corresponding to rate of 
temperature change between regions in the two-phase 
boundary layer. A similar case exists in crossing from 
the surrounding liquid to the superheat layer region. 
From this description of the phenomena on the 

boundary between regions, it follows that the in- 
termittency function of the temperature fluctuation in 
a two-phase boundary layer can be obtained using the 
detector function (LJT/St). In order to obtain non- 
biased results, additional criteria are introduced which 
arise from particylarity of temperature fluctuation in 

the boiling two-phase system. Namely it is known that 
the temperature of the vapor phase is not liable to 
fluctuation and corresponds to the saturation tem- 
perature; at the same time, fluctuations in the liquid 
superheat layer correspond to those observed at the 
highest temperature in the system. It further follows 
that besides temperature time derivative the criteria 
for determination of the intermittency function should 
also include the temperature level. Thus, the detection 
function for the temperature fluctuation in the two- 
phase boundary layer will be: T and (?T/?t. The 
limiting values ofthe detection functions should satisfy 
the condition that the probability distribution error be 
the same for each region. Two limitations for the 
temperature levels have been introduced in this ana- 
lysis: saturation temperature (To) and superheat tem- 
perature (T,). The limiting values for the temperature 
time derivative G = aT/dt are determined by three 
characteristic temperature time derivative values: for 
the entry in the superheat layer G,, the entry in the 
surrounding liquid G,, and the entry in the vapor 
phase, G3. 

Characteristic temperature levels are determined as 
follows: temperature To corresponds to the saturation 
temperature for a given pressure; temperature T, 
corresponds to the saturation temperature increased 
for the double value of amplitude probability standard 
deviation, i.e. Tl = To + 20. 

The limiting values for the temperature time de- 
rivatives were determined in the following way: the 
temperature time derivative for the entry in the 
superheat layer G, is equal to the double value of the 
standard deviation of the temperature time derivative 
probability distribution, G, = 2og. The temperature 
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time derivative for entry in the surrounding liquid was 
determined experimentally, G2 = 0.2 grad/m s. The 
temperature time derivative for entry in the vapor 
phase is G, = 1.5 g9. Having in mind physical picture 
of two-phase boundary layer, the boundary between 
regions was determined using the limiting values of the 

detector function. For this purpose conditions for the 
crossing of the point M(s) from one region to the other 
have been defined. Conditional sampling of the tem- 

perature signal obtained with a microthermocouple 

and recording the intermittency functions were per- 
formed applying the following criteria: 

(I) The temperature signal will correspond to the 

liquid superheat layer until the following conditions 
are satisfied : 

for 7;) < T < TI with 

(a) G d G, it enters the vapor phase 

(b) Gz < G < G, it enters the surrounding liquid. 

(2) The temperature signal will correspond to the 

temperature of the vapor phase until the following 
conditions are satisfied : 

for T > 7;) with 

(a) G > G, it enters the superheated layer 

(b) 0 < G < G, it enters the surrounding liquid. 

(3) The temperature signal will correspond to the 

temperature of the surrounding liquid until the follow- 
ing conditions are satisfied: 

for T > TI with 

(a) all values of G it enters the superheated layer 

for r, > T > 7;, with 

(a) G > G, it enters the superheated layer 

for T < T, with 

(a) G d G, it enters the vapor phase. 

Although in this analysis WC have used detector 

functions which allowed discrimination of different 
regions on the basis of these criteria, there is still need 
for further investigation of the other detector func- 
tions. This might be especially important for the 

investigation of the other two phase systems. 

5. EXPERIMENTAL PROCEDURE FOR THE 
ANALYSIS OF TEMPERATURE FLUCTUATION 

IN THE TWO-PHASE BOUNDARY LAYER 

Temperature fluctuation measurement was per- 
formed in bulk boiling on the horizontal surface. 
The apparatus is shown and described in the paper 
[S]. Measurement was made at atmospheric pressure 
and surface heat flux q = 19.73 W/cm2 and q = 
25.17 W/cm’. A Chromel-Alumel microthermo- 
couple 4 12.5um, but-welded, was used. The static 
and dynamic characteristics are identified [9]. The 
position of the hot junction in relation to the heating 
surface was determined by an adequate micrometric 
positioning device. Temperature fluctuations were 
tneasured at five different positions of the ther- 
mocouple 8 = OS. I .5, 2 and 3 mm. The analogue 

signal from the microthermocouple was multiplied 
2675 times and recorded on magnetic tape with a speed 
of 1.524m.‘s (60in/s). Recording time for each position 
of the thermocouple was 7;) = 60s and presents a 
single realisation. 

The analog signal recorded 011 magnetic tape was 
reproduced with the speed of 0.381 ms (I5 ins). and 
thus real time was multiplied by a factor of 4. This 
enabled a decrease in sampling time by the same factor. 
The real sampling time was AT = 5 x IO Is. Ev#ery 

signal was converted into digital form and fed onto 
magnetic tape of CDC-3600 computer. In this manner, 
all realizations were converted into digital form and 
recorded on magnetic tape for analysis. 

Fro. 2. 

Further analysis of the digital signal was performed 
according to a computer program, the flow sheet of 
which is presented in Fig. 2. The first part of operations 
consists of the determination of the mean value of Tfor 
the whole realization and calculation of the pro- 
bability density function. After this operation. the 
conditional criteria for the intermittency function are 
applied, and the corresponding part of the signal 
belonging to the particular subsystem is obtained. 
Calculation of the probability density functions for 
each subsystem was the next operation on the flow 
sheet. At the end of this analysis, the mean values of the 
temperature in every particular subsystem are calcu- 
lated, Fs, r’, TT and 7;. In Fig. 3 a typical signal is 
shown and the corresponding intermittency function 
are obtained. 
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m J(f) 

3 

6. RESULTS 

From the definition of intermittency function, I(t). 

follows, that the mean value of this function ;,(.Y) is the 

volumetric fraction of the vapor phase at point M(s). 
Figure 4 shows the distribution of the void fraction in 
the boiling boundary layer obtained by this analysis. 

A q =19.73 W/cm’ 

o o-25.17 W/cm2 

I I L 
I 2 3 

6, mm 

FIG. 4 

The distribution of the temperature probability 
density at the distance 6 = 0.5mm is given in Fig. 5. 
Corresponding intermittency functions are obtained 
when criteria for conditional sampling are applied to 
the temperature fluctuation signal. This enables to 
obtain intermittency function I(T) and J(t). The 
corresponding part of the signal for each subsystem is 
obtained in turn by multiplying the intermittency 
function by the temperature fluctuation signal. The 
probability density function of temperature fluc- 
tuation for each subsystem obtained at five different 

8 

4 

t 

q=25.73W/cm’ 

AT, oc 

FIG. 5. 

AT, “C 

Fro. 6. 

/cm2 
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q=25.73 W/cm2 

0 2 3 4 5 

AT. oc 

FIN. I. 

6 

I 

q = 19.73 W/cm 

” 
0 

. 

2l 

of entries in the superheat layer is also assumed, 
because the character of the probability density distri- 
bution in the superheat layer region is very similar to 
the probability density distribution obtained for the 
canonical temperature fluctuation. Taking advantage 
of the number of canonical temperature variations 
available, it was possible to determine a temperature 
distribution corresponding to the mean canonical 
function of the temperature variation in the superheat 
layer. This analysis was applied to temperature fluc- 
tuation at the heat fluxes 4 = 19.73 Wicm” and q 
= 25 W/cm’. The temperature distributions for these 
two heat fluxes are shown in Fig. 8. These results 
confirm that our initial assumption of the canonical 
temperature fluctuation in the liquid superheat layer is 
justified. It should be mentioned that the obtained 
temperature distribution in the liquid superheat layer 
corresponds only to the distant temperature distri- 
bution from the liquiddvapor interface. But even with 

6 

q-25.17( W/cm’) 

3 

2 

I 

I 2 3 

x. mm 

distances from the heated wail is given in Figs. 6.7 and 
9. 

From Fig. 6. where the probability density distri- 
butions of the temperature fluctuation in the vapor 
region is shown, it can be seen that the amplitude 
fluctuation in vapor is very small and the dispersion is 
almost constant for all distances from the wall. The 
latter can be explained by the noise existing in the 
signal. which also does not depend on the distance 
from the wall. The small probability density distri- 
bution distortion at superheat temperature is ob- 
viously the result of a deficiency of criteria applied in 
the conditional sampling. When the number belonging 
to this distortion is compared with the total number of 
amplitudes in the vapor phase, it can be seen that the 
error obtained is less than one percent. 

Figure 7 shows the probability density distribution 
of the temperature fluctuation in the liquid superheat 
layer. It should be mentioned that in the process of 
analyzing the signal counting, counting of the number 

a deficiency, the obtained temperature distribution in 
the liquid superheat layer is a statistically averaged 
temperature distribution experimentally obtained 
under conditions which could be accepted as a 
realistic process. 

In Fig. 9 the probability density distribution of the 
temperature fluctuation in the surrounding liquid 
region is shown for five different distances from the 
heated wall. It can be seen that the probability density 
distribution changes its forms with varying distances 
from the wall. It is especially pronounced that higher 
momentums are different for each distribution depend- 
ing on distance from the wall. This is probably a result 
of the change in the intensity of turbulence at different 
distances from the wall. 

From the heat transfer point of view, the change in 
the mean temperature difference between individual 
subsystems depending on distance from the wall is 

certainly of great interest. Figures 10 and 11 show 
the change of p’ and p’ as a function of distance. 
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Ftc;. 9. 

n q=19.73 W/cm2 

o q= 25.73 W/cm2 
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I 
A 

;; 0.006 
A 
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A 
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As was pointed out earlier, it can be seen that 

the value of p’ IS very small in comparison with the 
corresponding value ofpIT. Also, e” is constant at all 
distances from the wall while (IZT changes with dis- 
tance. This also confirms that the intensity of turbul- 
encv changes with the distance. as would be exnected. 

A q= 19.73 W/cm’ 

0 q=25.73 W/cm’ 

L I I w 
I 2 3 

6, mm 

FIG. 11. 

7. CONCLUSIONS 

The results obtained show that the following con- 
clusions can be drawn on the use of the detector 
function as defined in the paper. 

(1) The use ofthe detector function in the analysis of 
the temperature fluctuation in a boiling two-phase 
layer makes it possible to obtain separate probability 
distributions for each observed region. 

(2) The temperature fluctuation in the interface 
region is determinative in its character and cor- 
responds to the change of the temperature field during 
the bubble growth. 

(3) The temperature fluctuation in the surrounding 
liquid depends on the turbulence intensity in the 
boundary layer. 

(4) The temperature fluctuation in the vapor phase 
is very small and independent of the distance from the 
heated wall. 

(5) Use of the detector function for determination of 
separate regions in the two-phase system allows 
determination of the local average volumetric fraction 
of individual phases. 
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PHENOMENE D’INTERMITTENCE DANS LA COUCHE LIMITE BIPHASIQUE 
D’EBULLITION 

Rbsumk--Pour ttudier les propriCt&s statistiques de fluctuation de temptrature dans une couche limite 

biphasique d'Cbullition, on d&finit les fonctions d'intermittence qui dkcrivent en un point fixe la r&ion 

liquide, vapeur ou d'interface. Dans I’&bullition d’eau sur une surface horizontale, la fluctuation de 
temptrature est mesurke avec un thermocouple et le signal est analysk par un ordinateur avec un 
dttecteur de fonction specifique pour le liquide, la vapeur et la r&&ion d’interface. Les rtsultats obtenus 
confirment que la fluctuation de temptrature dans la couche diphasique peut &tre divisCe en trois parties 
correspondant g des rtgions individuelles et que la distribution statistique dkpend des propri&s des 
systkmes respectifs. On montre aussi que la fluctuation de tempkrature dans la rkgion d’interface est 
diterminante et qu’elle correspond a des changements de tempkrature dans la couche liquide autour de 
la bulle de vapeur. La distribution d’amplitude dans la rCgion liquide change de forme avec la 
distance ti la paroi, en corrtlation avec le changement d’intensitl de turbulence. La densit& de probabilitk 
dans la rtgion de vapeur montre une tr& petite fluctuation d’amplitude et elle est pratiquement constante 

& toute les distances. 

SCHWANKUNGSERSCHEINUNGEN IN DER SIEDENDEN 
ZWEI-PHASEN-GRENZSCHICHT 

Zusammenfassung--Zur Untersuchung statistischer Eigenschaften von Temperaturschwankungen in 
einer siedenden Zwei-Phasen-Grenzschicht wurden die entsprechenden Intermittenzfunktionen definiert, 
welche Fliissigkeits-, Dampf- und Phasengrenzflachengebiet an einem einzelnen, festen Punkt beschreiben. 
In Wasser, das an einer horizontalen Oberflache siedet, wurde die Temperaturschwankung mit einem 
Mikrothermoelement gemessen; das MeBsignal wird in einem Digitalrechner mittels einer Priiffunktion 
fiir das Fliissigkeits-, Dampf- und PhasengrenzflCchengebiet weiterverarbeitet. Die Ergebnisse 
bestatigen, da8 die Temperaturschwankung im siedenden Zweiphasengebiet in drei Teile eingeteilt 
werden kann, die eigenen Gebieten entsprechen und da8 ihre statistische Verteilung van den 
Eigenschaften der betreffenden Systeme abhingt. Ebenfalls wurde gezeigt, daB die Temperatur- 
schwankung im GrenzflCchengebiet ausschlaggebend ist und der TemperaturCnderung in der Fliissig- 
keitsschicht urn eine wachsende Dampfblase entspricht. Die V$eilung der Amplitude im Fliissig- 
keitsgebiet Bndert ihre Form mit dem Wandabstand infolge der Anderung der TurbulenzintensitCt bei 
verschiedenen Abstanden. Die Wahrscheinlichkeits-Dichteverteilung im Dampfgebiet zeigt sehr kleine 

Amplitudenschwankungen und ist beinahe fiir alle Abstande konstant. 

RBJIEHME nEPEMExAEMOCTI4 B KMnRIItEM HBYXQA3HOM 
I’IOI-PAHMqHOM CJ’IOE 

Atmoraqw-C UeJlb)o MsyreHMn CTaTMCTMYeCKMX XapaKTepaC-WK IIyJlbCaWiti TeMnepaTypbl B 

Kwwnqer4 nByx@a3HoM norpatwiHoM Cnoe onpenenemr coomexrBymwie $YHKUAA nepehlema- 

eMOCTH, KOTOPb,C HC”OJfb3yFOTCn a,,54 0”MCaHMIl 06JMCTek )I(HDKOfi CI napOBOfi +a?, a TaKxe rpaHHUbl 

pa3~e~aBOTLIenbHOii~,MKCHpOBaHHOiiTO'IKe. npM KM"eHIlNBO~blHarOp1130HTaJIbHOtinOBepXHOCTA 

nynbcauwi TeMnepaTypbr A3MepRnHCb c noMotubto hwKpoTepMonapb1, CwHan npeo6pasoBbrBancn 

B UW$pOByH, $,OpMy H 06pa6aTbIBaJG-I C nOMOLUbK) BblWCnHTeJTbHOfi MamMHbl, npH“eM neTeKTII- 

pytooman+yH~uun3anasanacboTnenbHo nnnKamnoi7 ~3 paccMaTpeBaeMblxo6nacTeiJ. nonyYeHHble 

pe3ynbTaTbI CBAIIcTe."bCTByK)T 0 TOM,STO nyJIbCaUAA EMnepaTypbl B KMnRLUeM nByX@a3HOM CnOe 

MOXHO ,Xi3X,,F,Tb Ha TPll rpy”“b,, COOTBCTCTBYK)LL,W? KEWKKnOfi OTnenbHOti o6nacTA, A qT0 liX 

CTaTACTHYeCKOe paCnpeDeneHMe3aBMCMT OTCBO~CTBCOOTBeTCTByH)L"e~CHCTeMbI. nOKa3aHO TaKXG?, 

YTO nyJ,bCaUMB TeMnepaTypbl Ha rpaHllUe pa3nena RBSIRHJTCII L,crepMFIHHpOBaHHblMH N COOTBCT- 

C~BY~~T A3MeHeHwflM TeMnepaTypbr B cnoe ~H~~KOCTH, owpymarometi pacTyu&i nysblpex napa. 

PacnpeneneHHe aMnnuTynbr B win~ofi @ase H3MeHneT CB~H~ @op~y c yBenmemeb4 paccTonHA54 

OT CTeHKH B pe3ynbTaTe ASMeHeHMI( MHTeHCABHOCTH Typ6yJleHTHOCTA. PaCnpeWIeHIle rUIOTHOCTA 

BepOS,T"OCTL, B napOBOii @a3eCBMneTeJIbCrByeT 0 BeCbMa HeSHa'IATenbHblX "ynbCaUllnX aMnnHTynb1 

A IlB."ReTCIl "OYTA Her(3MeHHblM Ha'BCeX paCCTOSHAnX OTCTeHKB. 


