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Abstract-A theoretical study has been made of the.pool boiling heat-transfer stability on a non-isothermal 
surface of the rod. The mathematical formulation of the problem is based on the thermal approach, which has 
allowed the stability study to be performed on the solution of the boundary-value heat-conduction problem 
for a rod with the boundary conditions of the first and the second kind. The stability to the finite temperature 
deviations has been analyzed. With the help of a variational principle a measure of stability is found which is a 
specially built functional. The suggested method is illustrated by calculation of the safe temperature 
distrubance. 

NOMENCLATURE 

a, thermal diffusivity of the wall 
material; 

c, specific heat of the wall material; 

F, distribution function for normal law; 
J[e,,J, value of the functional of a 

disturbed profile; 
J w,sh,, value of the functional “at the 

watershed”; 

L, rod length; 

M, mathematical expectation ; 
m number of disturbances for the period 

Ar; 

N, integer ; 
4 number of events ; 
P(n, AZ), Poisson function; 
q(O), boiling heat flux density removed in 

line with Nukiyama’s boiling curve; 
qboil,, heat flux transported by boiling liquid ; 
qsup,, heat flux supplied to the heating 

surface ; 

407 power of inner heat sources constant 
along the coordinate and in time per 
unit heat-transfer surface area; 

s, cross-sectional area of rod; 

T, wall temperature; 

G saturation temperature ; 
u, rod cross-section perimeter; 

2, coordinate along rod axis. 

Greek symbols 

Q, ~1~, heat-transfer coefficients at the 
boundaries z = 0 and z = L, 

respectively; 

Yi7 constants equal to 0 or 1, whose 
combinations yield the boundary conditions 
of the first, second or third 
kinds(i= 1,2,...,6); 

60, disturbance of steady-state temperature 
profile ; 

a@,, critical deviation of temperature 
resulting in one steady-state regime being 
replaced by another; 

0, excessive surface temperature, = T - T,; 
(20, %L> coolant temperature at the boundaries 

z = 0 and z = L, respectively, for 
the third boundary-value problem ; 

@Odd %,d temperature at the rod ends 
z = 0 and z = L, respectively, subsequent 
to disturbance 68; 
temperature profile of the rod 
subsequent to disturbance 60; 
thermal conductivity of wall material; 
minimum eigenvaiue in the Sturm-Ljuo~lIe 
problem [l l]; 
density of wall material; 
standard deviation of random variable 
68; 
time ; 
life-time of the system ; 
time of the setup operation; 

= r,,.lN ; 
parameter of the flux of disturbances 
of a sample temperature field; 
boundaries of stability to infinitesimal 
disturbances (i = 1,2,3,4,5). 

As IS known, the boiling regime is unambiguously 
controlled by the temperature of the heating surface. 
Stability of boiling on the surface of a sufficiently large 
heating element can be conceived as stability of the 
temperature field (or of a lengthwise temperature 
profile when the problem is reduced to one- 
dimensional) to various deviations of the regime 
parameters. This approach (we shall call it a thermal 
one) makes it possible to estimate the heat-transfer 
stability of infinitesimal and finite temperature de- 
viations for boiling of liquid on both isothermal and 
non-isothermal heating surfaces. The thermal ap- 

691 



692 S. A. KOVALEV and G. B. RYRCHINSKAYA 

preach relies on the assigned boiling curve. Con- 
struction of this curve is based upon the available 
correlations for the heat-transfer coefficient. The criti- 

cal heat fluxes are predicted by the hydrodynamic 
theory of the boiling crises developed by Kutateladze 

[ 11 and Zuber [2]. 

The problems of boiling stability based on the 

thermal approach have received attention in the works 
of many authors. Thus, Stefan [3], considering steady 
boiling on an isothermal solid surface, defined the 

instability as a tendency of infinitesimal wall tempera- 
ture deviations to increase with time. With the 

Liapunov’s first approach he established the condition 
for the heat-transfer stability as 

2. The mechanism of heat transfer in a boiling liquid 
is not considered, but the liquid is ascribed with the 
property of removing heat from the heating wall by a 
certain prespecified law, known as a “boiling curve”. 

This allows the stability analysis in a conjugate 

problem to be replaced by that in the heat conduction 

problem for a solid body. 
3. The calculation is based on the experimental 

boiling curve obtained in the steady-state conditions 
on an isothermal surface. According to [9], the effect of 
the surface non-isothermity on heat transfer is in- 

significant. 

4. Such disturbances of the regtme parameters are 

analysed, which are accompanied by the temperature 
profile deviations. 

Using it, Stefan worked out and theoretically justified 
the method of stabilization of a transient boiling 

regime. 

Employing the same method of small disturbances, 

Nishikava and Honda [4] obtained the stability 
conditions for a flat wall, and Hale and Wallis [5], for 
flat and cylindrical walls. 

Adiutori [6] based his analysis of the possible 
breakdown in the boiling stability on heat-balance 

grounds. 

Consider a rod of the length L, with liquid boiling on 

its lateral side and heat being supplied through its end 
faces (heat can also be generated inside the rod itself 

due to chemical/nuclear reactions or the current 
passage). If the radial heat flux is small as compared to 

the axial one and the cross-section mean temperature 
slightly differs from the true temperature at any point 
of this cross-section, then heat transfer between the rod 

and liquid is described by the following boundary- 

value problem 

Treating theoretically the problem of boiling heat- 
transfer stability on an isothermal surface, all of the 
above authors have derived a single experimentally 

confirmed criterion, which indicates the fulfilment of 

the heat-balance requirement. 
As to the same problem but on a non-isothermal 

surface, this has been studied insufficiently. In [7] a 
one-dimensional heat conduction equation was sug- 

gested for a lengthwise non-isothermal rod with 
boiling occurring on its lateral side. The author 

analysed the behaviour of its solution for occasional 
small deviations of the surface temperature and pre- 
sented the technique to calculate the magnitude of 

deviations which lead to a change in the boiling 
regime. A similar analysis, but based on slightly 
different premises. was made in [S]. 

As is seen from the above, the available works 
(except [7] and [8]) are concerned with the heat- 
transfer stability to infinitesimal temperature distur- 
bances in boiling on an isothermal surface. Meanwhile, 

in most cases arising in practice one has to deal with 
non-isothermal surfaces and the finite temperature 
deviations, Mathematically, the situation is much 
more complicated. Therefore, a more detailed physical 
statement of this problem and its strict mathematical 
solution have become imminent. These are the objects 

of the present paper. 

2. STATEMENT OF THE PROBLEM 

The problem is formulated on the following assum- 

ptions : 

Solution of this problem is not the aim of the present 

paper. For, in fact, all the processes in boiling equip- 
ment usually occur in a steady-state regime [a&& = 0 
in equation (l)], which can be easily described numeri- 
cally or even analytically. The specific feature of this 
problem is that, by virtue of the unique form of q(U) 

suggested by Nukiyama, the steady-state solutions to 
the problem may not be single-valued, i.e. two or more 

steady temperature distributions correspond to the 
same boundary conditions. This can be illustrated by 
the following examples. It is shown in [lo], that for 
boiling on a non-isothermal surface of the fins there is 

an S-shaped curve of the heat flux q, on the heated end 

of the rod (at z = 0) vs the local (at 5 = 0) excess 
temperature, 0, = T, - T, (Fig. 1, curve 1, the other 
end of the rod, z = L, is adiabatically insulated). If on 
the heated end the first kind boundary conditions are 
adopted, i.e. a temperature, b)OI,i,,,, is kept constant, then 
Fig. 1 shows that one of the three temperature profiles 
(denoted by points 1,2,3) on the rod is possible. The 
same situation is also observed under the second-kind 
boundary conditions on the heated end (regimes 
l’, 2’,3’). 

1. The heat-transfer instability in liquid boiling is With the above restrictions, the problem of de- 

due to the breakdown in the heat balance of a termining a stable steady-state boiling regime is identi- 

solid-liquid system. cal to the problem on the stability of steady distri- 
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Then displacement at the boundary will satisfy the 
conditions 

6e1,=, = 6el,=, = 0. (7) 

Consider the integral 

FIG. 1. Dependence of the heat flux q,, in the heated rod end 
(z = 0) on the local excess temperature &,. Dashed curve is for 

the internal heat source qv = 7.104 W/m2. 

bution of the heating wall temperature to the distur- 
bances introduced from outside. With infinitesimal 
disturbances we can avail ourselves of the already 
developed methods of the mathematical stability 
theory and of the small disturbances technique, in 
particular, as has been done by the present authors in 
[ll]. But if the temperature disturbances cannot be 
regarded as infinitely small, then this case has no ready 
solution. The problems of stability “in the great”, i.e. to 
finite deviations, have been developed only for or- 
dinary differential equations with the use of 
Liapunov’s second approach which is based on con- 
struction of a special functional. Its properties and the 
available proven theorems allow certain conclusions 
on the solution stability. However, as regards the 
problems of the mathematical physics, including 
(l)-(4) in the present paper, this theory has not been 
developed as yet. Therefore, the above problem re- 
quires new independent techniques for its solution. 

3. TECHNIQUE OF STUDYING STABILITY TO FINITE DIS 
TURBANCES 

With the magnitude of disturbances assumed not to 
be infinitely small, linearization of the boiling curve, 
q(O), in equation (1) is impossible. Let us consider 
initially the first boundary-value problem, i.e. equation 
(1) with boundary conditions 

13(z = 0) = 8, = constant (5) 

e(z = L) = 0, = constant. (6) 

We are in a position to formulate the variational 
principle which is equivalent to this problem. Let us 
specify for the temperature 0 some virtual displace- 
ment 60 consistent with the boundary conditions. 

6edz. (8) 

The following transformations are valid 

s L de de = 
o aAdz 

Subject to boundary conditions (5) and (6) 

de L 
zse =o. 

0 

Further 

s 

L 
/$I(@ - %lw dz 

0 

= 

Thereafter the integral (8) will take on the form 

+6 

in which 

+ 

is the functional determined in the set of functions e(z). 
Now we consider the second boundary-value pro- 

blem, i.e. equation (1) with the boundary conditions 

A!!! 
dz r=,, 

= q. = constant 

_A!!! 
dz I=,. 

= qL = constant. 

(14) 

(15) 

For the variational principle we consider the virtual 
displacement 60, consistent with conditions (14) and 
(15), i.e. the one which satisfies the equality 

$!! 
I I dz r=,, 

,sde =o, 
dz r=L 

(16) 

or 

In this case the integral (8) is transformed in a 
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somewhat different way. Let us perform the following 
transformations 

(18) 

where UL~,., and H(l ll1.i are the temperatures on the rod 
ends, z = L and 5 = 0. upon introduction of the 
disturbance M. 

Resides. 

“1. 
fi[q(fI) - q,.]N d,_ 

. 0 
“I, ^// 

YE 
1 / 

d B[q(H) - q,pH dz. (22) 
. 0 . 0 

With account of what has been said above, the 
functional (8) for the second boundary-value problem 

will be of the form 

It is easily seen that the extreme values of J(O), if any. 
may occur only in the solutions of steady-state equa- 
tion (1) and their stability is to be subjected to the 
analysis. While the functional behaviour in the vicinity 
of its extreme values or, in other words, near its 
stationary points gives evidence on the stability of the 

steady-state solutions. 
In fact, let (I(;, r) be the solution to equation (1) near 

the steady-state solution. Consider the derivative 
dJ;‘dz (the first boundary-value problem) with 5 
assumed as a parameter 

’ 1. 
+ 

. 0 
fl[q(ci)-q,.]g-dz. (24) 

However, according to (5) and (6). 

Therefore 

Then 

In a similar way we obtain for the second boundary- 

value problem [with boundary conditions (14) and 

(1511 
dJ dH dock ” dU d’H 

z - dt dz j,, _ .. d;zidl I 

.dz 5 0. (27) 

It follows from (26) and (27) that in the solutions of 
equation (l), with the corresponding boundary con- 

ditions, the functional (13) or (23) changes with respect 
to time in such a way that its value decreases, i.e. 
J[@(z)] tends to minimum. That the functional could 

decrease about the stable steady-state solutions 
(points 2 and 3 in Fig. l), it is imperative that its 

value in these very points be minimum. For the same 
reason, the unstable regime (point 1 in Fig. 1) should 
be either maximum or minimax. The fact that the 
required Legendre conditions for the maximum [12] 
are not satisfied at the point 1. indicates that this point 
is the point of minimax. In this way one can obtain the 
form of the surface which is determined by the values of 
the functional. In a three-dimensional space (provided 
the functional J[~(z)] is reduced to the integral 
J (pl, p2) and the disturbances are characterized by two 
generalized coordinates p1 and pz) the surface has the 
form as shown in Fig. 2. The domains of “attraction” of 
points 2 and 3 are valleys divided by the crest which we 
shall call “a watershed” and denote by a dashed-dotted 
line in Fig. 2. On this crest, point I of the minimax is the 
point of inflection. Transition from point 2 into the 
“attraction domain” of point 3 is possible only through 
the “watershed” in any of its points, i.e. by imparting to 
the initial profile a disturbance having a corresponding 
value of J not less than that at the “watershed”. 
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FIG. 2. Qualitative representation of the functional surface 
form in the system of generalized coordinates p, and p2. 

On the basis of the foregoing discussion, the analysis 
of the boiling heat-transfer stability to the finite 
disturbances is to be performed in the following 
succession : 

1. The stability of the steady-state profile 2 (or 3) to 
any chosen type of disturbance is to be considered. 

2. The analysed type of disturbance is to be given as 
a one-parameter family of functions involving the 
parameter p. When p increases continuously from zero, 
which corresponds to point 2, the surface of the 
functional J has a curve which is circumscribed from 
point 2 (or 3) and which either intersects the “water- 
shed” or not. 

3. Profile 2 (or 3) will be stable to the studied type of 
disturbances until, with increasing p, the “watershed” 
is passed, which can be expressed by 

J(Q,is,.) < Jws,,. (28) 
4. Since at point 1 (or I’), i.e. at the inflection point, 

the minimum of all the J,,_,,, values is achieved, 
inequality (28) can be a priori replaced by a more 
severe one 

or 

J(e,i,,.) < J(1) (29) 

J(0,ist.l > J(1’). (30) 

Thus, whatever the type of disturbances, fulfilment 
of (29), provided the quantity J(0,,,,,) has not passed its 
maximum, is a sufficient condition for the stability of a 
considered steady-state profile to the one-parameter 
class of disturbance functions. The calculation pro- 
cedure should, therefore, comprise the following sta- 
ges : 

(a) numerical evaluation of the steady-state values 
of the functional for the given boundary-value pro- 
blem and derivation of their corresponding de- 
pendence on the boundary conditions ; 

(b) choice of the class of disturbances; 

(c) calculation and construction of J(0,,,,,) in this 
class as a function of the parameter p; 

(d) determination of a guaranteed safe disturbance 
based on comparison of J(e,,,,.) with J(1). 

4. CALCULATION OF GUARANTEED SAFE DISTIJR- 

BANCES 

Using the method obtained above in Section 3, a 
study has been made of the heat-transfer stability to 
both infinitesimal and finite temperature deviations 
for the case of liquid boiling on the rod. Calculations 
are performed for Freon-113 and the copper rod 
(0.006 m in diameter and 0.03 m long, the free end 
adiabatically insulated) under the boundary con- 
ditions of the first, second and the third kind on the 
fixed end. 

Employing the Runge-Kutta method, sixty various 
steady-state regimes B(z) have been calculated for q, 
= 0, which have given an S-shaped curve at q, - B0 
shown in Fig. 1. 

Here, in Fig. 1, by dashes an S-shaped curve is 
plotted for the case when the internal heat sources are 
present. Their power, q,, per unit heat releasing surface 
of the rod is 7 x lo4 W/m’. As is clear from Fig. I, with 
the presence ofq, the S-curve undergoes a considerable 
deformation and displaces downwards. The points R,, 
!&, Q3, R,, are the boundaries of stability in the small, 
i.e. the boundaries at which a change occurs in the sign 
of the minimum eigenvalue p0 [I l] if one follows the S- 
curve. Thus, for example, instability of the regimes 
under boundary conditions of the first kind (pO < 0) is 
observed on the segment R,& of the curve, while 
under the boundary conditions of the second kind, on 
the segment R,R,. As is seen from Fig. 1, in the 
presence of the internal heat sources q, the boundaries 
of stability under the first and the second kind 
boundary conditions Qi still remain at the same points 
of the S-curve just like in the case of q, = 0. 

Let us consider now the case of the boundary 
conditions of the first kind in the fixed end of the rod 
provided that q. = 0. For every point of the S-shaped 
curve the integral (13) has been calculated which 
represents a steady-state value of the functional for the 
given boundary conditions (i.e. for the given 0,) and is 
plotted in Fig. 3 vs BO. For several regimes the curve 
has indications of the temperature of the free rod end, 
0,; In the range of the temperature heads, BO, from 62.5 
to 108”C, multiplicity (triplicity) of J is observed which 
is caused by the multiplicity of the steady-state so- 
lutions to the problems (l)-(4) in the same range of B0 
(see Fig. 1). On the segment R,Q,, the integral at every 
point has the maximum value as compared with the 
segments C&Q2 and Q,I2, for the same BO. This is in 
conformity with what has been said about the fun- 
ctional (13) acquiring the minimum values in the 
regimes stable to infinitesimal disturbances (points on 
the segments Q,,R, and R&) and the maximum 
values, in unstable regimes (segment R,Q,). 

Likewise, calculation of the integral (23) has been 
made for the boundary conditions of the second kind. 
In this case, for the fixed end of the rod (at q. = 0) the 
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FIG. 3. Stationary values of the functional (13) depending on 
8, at qL, = 0 (first kind boundary conditions). 

domain of multiplicity on the S-curve is located with 
respect to q,JA between 600 and 4100”C/m, i.e. on the 
segment $0,. The steady-state values of the integral 

(23) in this case are presented in Fig. 4 as a function of 

the boundary conditions q0 /.. Here agam ior- 
respondence in the values of the functional is obserbcd 

for steady and unsteady regimes with the same boun- 
dary conditions: .I on the segment Q,R, is larger than 
that on the segments R,Q, and C&R, I’or the given 

“lo. ‘EL 
With internal heat sources In ihe rod (c/, --: -, 

x IO” W/m’) with the boundary conditions of the first 

kind, the dependence of J on 0, is of the form presented 

in Fig. 5. However, under the boundary conditions elf 

the second kind, a quintuple (with respect to Y,,I 
domain appears on the S-curve in Fig. 1. AccordingI>. 

a quintuple domain also reveals itself on the .I 1s q,, L 
diagram in the form of an additional loop shoL\n 

separately m Fig. 6 in a larger xcaic. 
In accordance with items (c) and (d) ot the ahocc- 

outlined technique, let us determine the values oi the 
guaranteed safe disturbances which are compatible 

with the boundary conditions of’ the second kind. Fig. 
7. For their characteristic we shall take the tempera- 
ture deviation. CiO, from the steady-state profile (f(r) 

which is uniform at every point along the rod. 
With formulae (13) and (23), a calculation is made UI 

the functional of the disturbed profile when the 

characteristic of the latter is increased. Respective 
plots are given in Fig. X. According to the derived 
stability conditions (30), the safe disturbances (in the 

sense of transition into another steady state) :rre 
characterized by J( 1’) which should not be exceeded b) 
J(O,,,, ). In the figures, the horizontal dashed lines are 
plotted for J(1’) under the boundary conditions of the 
second kind. Its abscissa corresponds to the value 01 

the guaranteed safe disturbance. 

FIG. 4. Stationary values of the functional (23) depending on yO:i at q, = 0 (second kmd boundary conditions). 
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9” =70,000 

FIG. 5. Stationary values of the functional (13) depending on 8, at qv = 7 x lo4 W/m2 (first kind boundary conditions). 
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FIG. 6. Stationary values of the functional (23) depending on qo/A at q, = 7 x IO4 W/m’ (second kind boundary conditions). 
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replaced by another) is determined by the distribution 
function for the normal law 

F@O,.,) = 0.5 + C/I f ii”c~;; I\‘;1 ] ~ ii21 

where 
9 

I#] = (-& i’exp( ---t”j2)dt 
\- <’ 0 

is the Laplace function. The distur~n~s exceeding 
the critical ones are observed with the probability 

z ix: 1 

FIG. 7. Disturbance of the stationary temperature profile Let us divide the time of the setup operation, rtrp. into 1%’ 
comparable with the second kind boundary conditions. equal intervals AZ = t,JN, and denote the number of 

FIG. 8. Change of the functional with increase in the disturbance characteristic (second kind boundary conditions). 

5. ILLUSTRATION OF THE USE OF THE 
DEVELOPED TECHNlQUE 

Employment of the functional method allows a 
sufficiently simple evaluation of the rated heat flux 
which provides the required reliability of the setup 
operation. 

Suppose there is a certain steady-state profile g(z) 
into which disturbances Bdiat, = 6&&z) are introduced 
at times rt,rZ,... during the setup operation. The 
amplitude of the disturbances 66 is of a probability 
character. Depending on the operating characteristics 
of the setup, there can be different laws governing 
distribution of disturbances with respect to the ampli- 
tude. Let the distribution obey the normal law with the 
probability density 

.- x1 -_=ij6i ,x (31) 

where M is the mathematical expectation and c is the 
root-mean-square deviation of the random quantity 
68. The probability of this random quantity being less 
than the critical value, CiO,, (at which one regime is 

the tinite disturbances for the period ri+tiil by no,. 
Then, the concept of the temperature field djsturbance 
flow parameter can be introduced as 

The stable operating conditions allow the assum- 
ption that for the flow of disturbances the following 
conditions are satisfied : 

(a) The parameter of the flow of disturbances is 
constant quantity, x = constant. 

(b) The number of disturbances in the considered 
period is not associated with the number of distur- 
bances in the preceding interval of time. 

(c) Two or several disturbances at a time are 
impossible. 

With the fullilment of the above requirements, the 
probability of “n” events is described by the Poisson 
law 

wheren=0,1,2 ,,... x. 

(35) 
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FIG. 9. Time of safe operation of the system vs the heat flux density. 

When n = 0, i.e. the disturbances for the time z are 
absent, the probability of this event is given by 

P(r) = exp( -xr). (36) 

Using the law of reliability, we can determine the mean 
time of operation between the disturbances 

A?= m 
i 

V. exp( - XT 1 dz 
.O 

Lx 
= -zexp(-Xz)l,” + 

1 
exp(-Xr)dr = i. (37) 

.0 

This time seems to be connected with the above 
distribution of disturbances with respect to their 
amplitudes. Therefore, the final life-time of the system 
is 

1 

71.f. = x[l -F(68,,) 

As an example, let us estimate the life-time of the 
above system consisting of the copper rod and Freon- 
113 with the disturbances as shown in Fig. 7. Suppose 
the parameter of the temperature profile disturbances 

-flow, x, is equal to 10V3 h-‘, the RMS deviation cr of a 
random value of the disturbance is 30°C. Then, using 
the functional in the way as outlined at the end of 
Section 3, we shall find the values of do,,, correspond- 
ing to different heat flux densities q,//1 in the fixed end 
of the rod. Thereafter, with the help of formulae (38) 
and (33) and the table of the Laplace function we 
determine the life-time of the setup for each of the 
chosen heat fluxes. The results are presented in Fig. 9. 
The diagram demonstrates that, for example, for the 

heat flux close to the maximum, go = 1240 000 W/m* 
(go/I = 3300”C/m), the safe life-time is 1000 h. With a 
decrease in the heat flux to go = 263 000 W/m* (go/I. 

= 700”C/m), the safe life-time increases up to 4000 h. 

5. 

6. 

I. 

8. 
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CALCUL DE LA STABILITE DE L’EBULLITION EN RESERVOIR A DES 
PERTURBATIONS FINIES 

Rbumb-Une etude theorique de la stabilite de I’ebulliton en reservoir est faite pour une tige a surface 
non isotherme. La formulation mathematique du probleme est fondee sur une approche thermique par 
laquelle I’ttude de la stabilitt est basee sur la solution du probleme de la conduction thermique dans une 
tige avec des conditions aux limites de premiere et de seconde especes. On analyse la stabilite a des 
perturbations de temperature. Par application d’un principe varationel, une mesure de stabilitt est donnee 

par une fonctionnelle sptciale. 

BERECHNUNG DER STABILITAT DES WARMEUBERGANGS BEIM 
BEHALTERSIEDEN GEGENUBER ENDLICHEN STGRUNGEN 

Zusammenfassung-Es wurde eine theoretische Studie iiber die Stabilitat des Warmeiibergangs beim 
Behlltersieden an der nicht-isothermen Oberfllche eines Stabs durchgefuhrt. Die mathematische Formulierung 
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des Problems basiert auf dem thermodynamischen Vorgehen, welches erlaubt, die Stabilitltsuntersuchung aui 
die Liisung des Randwertproblems der W~rmeleitung fiir einen Stab mit Randbedingungen erster und zweiter 
Art zur~ck~uf~hren. Die Stabilitiit bei endlichen Temperaturabweichungen wurde analysiert. Mit Hilfe eines 
Variationsprinzips wurde als Mal3 fiir die StabilitSt ein speziell gebildetes Funkrional gefunden. Die 

vorgeschlagene Methode wird durch die Rerechnung der sicheren Temperaturstiirunp erl%utert. 

PACrIET YCTOfiUHBOCTH TEFIJIOOBMEHA I’IPtl KMIIEHHR XHjJKOCTM 
B IjOJIbIIIOM OI%EME K B03MYIIJEHHXM KOHEgHOii BEJIMYMHbI 

kiHHOTalQiSI--pOBeReHO TeOpeTWieCKOe HCCJIeROBaHZie yCTO%iWBOCTEi TeIUtm6MeHa II&X3 mnezim 
~~OCT~ B 60~50~ o6aeMe Ha Heu3orepM~~~Ko~ ~O~~XHOCTU cTepmH% MaTeMaT~yecKa~ 

@opMynwpoBKa 3anasi 0cywecTsneHa c n031w@l TepMaqecxoro noAxoRa, 83 pesynbwre zero 

HccneRolsawHw Ha y~~0#~130cTh nonmpraerca peureHue xpaeB0i-i sailawi TennorIpoBonHocT55 any 

CTepXWICrpaHW4IiblMHyCnOBlifIMU~-rOIi 2-l-O PORa. PaCCMOTpeHayCTOiiWBOCTbKTeMIIepaTypHbIM 

OTKJIOHeHHXM ICOHe'lHO& ZWIf%'iEiHbI.C ~OMOIIIbIO i%lpHaLViOHHOrO IIpZfHlIHila HagReHa Mepa yCTO& 

~BOCT~-C~e~a~bHO ~~p~HHb1~ ~yHK~~OHa~. ~n~~CTpa~~e~ ~~R~O~eHHOrO MeTORa 

CnyEKT&XtC'IeT BeRW%iHbI 6e3orracHoro BO3MyWeHHSI TeMIIepaTypbI. 


