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Abstract--In the paper the properties of constitutive heat-transfer equations that ensue from thermody- 
namic restrictions are analysed for materials with memory. In the case of the general nonlinear constitutive 
equation of internal energy, it is shown that the energy-temperature relaxation function must obey some 
integral inequality, from which it follows, in particular, that this function must have a non-negativederivative 
at zero. For the linear constitutive equation, the deviation of the energy-temperature relaxation function 
from its infinite value is nowhere greater than at the initial point. Finally, a sequence ofinequalities to restrict 
the behaviour of the inverse energy-temperature relaxation function is suggested with somewhat different 
choice of independent thermodynamic variables, the linear constitutive equation being written for reverse 

temperature. 

NOMENCLATURE 

e, internal energy; 

!z, temperature gradient; 

i”, influence function ; 
4 time ; 

% heat flux ; 
4 coordinate. 

Greek symbols 

energy-temperature relaxation 
function ; 
inverse temperature-energy relaxation 
function ; 
free energy; 
temperature; 
thermal history. 

1. INTRODUCTION 

IN HIS survey of the currently central heat- and mass- 
transfer problems [l] Luikov has drawn attention to 
that of heat and mass transfer in the materials with 

memory. This problem is treated most completely, and 
from the most general standpoint, in the nonlinear 
thermomechanical theory developed by Truesdell 
[2-91 and co-workers. In these works, based on the 
general principles of the above theory, proofs are given 
for a number of rather general theorems involving 
thermodynamic restrictive constraints on the con- 
stitutive equations. However, due to their extreme 
generality these theorems stay far apart from the 
demands of experience. Hence, it is highly desirable to 
obtain such consequences of these theorems (at least 
for particular cases) which would be of practical use or 
of clear physical meaning. The present work under- 
takes some steps in this respect. 

In Sections 3 and 4 some properties of constitutive 

internal energy equations that follow from thermo- 
dynamic restrictions for solid heat conductors with 
memory are considered with the second law of ther- 

modynamics formulated as the Clausius-Duhem in- 

equality. Section 3 deals with nonlinear constitutive 
equations governing internal energy, while in Section 4 

only the properties of linear constitutive equations are 

concerned. 
In Section 5 linear constitutive equations for reverse 

temperature are investigated within the same thermo- 
dynamic approach, the choice of independent vari- 

ables, however, being somewhat different. 
In doing this, more comprehensive information than 

in the previous case may be obtained on the properties 
of linear constitutive equations due to a specific form 

of the temperature functional. 

2. PRELIMlNARY INFORMATION 

The body B is a compact domain in the three- 
dimensional Eucledian space Q. At each point x of the 
body B we consider the following time functions: 

density of internal energy e(x, t), density of entropy 

g(x, t), heat flux per unit area per unit time q(x, t), 

absolute temperature Q(x, t) > 0, temperature gra- 
dient g(x, t) = V&x, t). The free energy density is 

defined as 
* = e-&l. (2.1) 

A solid uniform heat conductor with memory is 

governed by the constitutive equations 

$0) = $rwM~)l = $IIW,l, 
r(t) = ;i[Q1(~ 1, Tz’(. ,I = d[N 11, (2.2) 
q(t) = i[W’ 1, g’( ,I = Q[N ,I, 

where 0’(s) = Q(t -s) is the temperature history; g’(s) 

= g(t-s) is the temperature gradient history; and the 
pair A’(s) = [6’(s), g’(s)] is called thermal history. The 
functionals $, $, 0 are assumed continuous relative to 
the norm 

II A*(s) II = IA’(O)1 + II At(s) II r, 

where IA’(s)l = [0f(s)2 +g’(s)2]1’2, 

IlA’(s)ll, = 

(2.3) 
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<(. ) is a continuous lnonotone-decreasing inRuence 
function, which is square-integrable over (0, X. ). 

The functional 1,6 is also assumed twice continuously 

differentiable in the Frkchet sense. 
Norm (3.3) defines. on the set of pairs of the 

measurable function [O’( ), g’(. )], the Hilbert space 
denoted as Y?“. The set of pairs with the finite norm 
j.: constitutes the subspace W ~ of the space x 

Arcommon domain of functionals (2.2) is the subset 

‘1 of the space t/i consisting of the fun~tio~ial pairs 
[Vi 1 1. g’( )] for which li’( ) > 0. For the elements of 
this set the term “thermal history” is used. The subset 
(7 of the set Y consisting of continuous and piecewise- 

smooth thermal histories is called the set of admissible 
processes. 

The form ofnorm (2.3)allowsfunctionals (2.2)in the 
form 

(2.4) 

where A = A’(O) = [(t(t), g(r)], and A:( I ) is the re- 

striction of the function A’(’ ) from the semi-open 
[O, X) to the open (0, x ) interval. Allowing for the 
above assumptions. the chain rule for the time differen- 

tiation of $ may be proved [7] 

,il=~~-=D,I);lA1n:l.)]-n 

t&l&A. A:( ,/A:( I ,I. (23 

Here f),, = (O,,. n,) and 6, = (&,,, t&l are differential 

operators in the first and second independent variables 

of functionals (2.4). Constitutive equations (2.4) will be 
consistent with the thermodynamics provided only 
they obey the Clausius-Duhem inequality of the form 

li, + ljrl + :j g. 4 G 0. (2.6) 

~hcorrn~ 2.1 [X]. Constitutivc equations (2.4) obey 

inequality (2.6) for all admissible processes if and only 

if 

I. &@A’( )] z- - qn’c . I]. 
il. D,$[Ar(’ ,-j = 0. 

Inequality III is usually called a modified heat- 

conduction inequality. 
Theorem 2.1 has some interesting consequences 

concerning the behaviour of the material at a state of 
equilibrium. Remind that the functional pair (0”. 0’1, 
where the functions Cl’(~ ) and 0’ are constant over 
[O, zx ) and equal to 0 and 0, respectively, is called the 
equilibrium history A’. For equilibrium histories, 
functionals (2.3) reduce to equilibrium response func- 

tions being the functions of temperature 

!j[A’C ,] = l/*10), $[A’( ,] = l)*(m), 

lj[A’( )] = q*(o). 
(2.7,) 

Then the following consequences of Theorem 2.1 may 
be proved [S.lO]: 

I(2. I 1. Of all thermal histories A’ 

(-~~~~~s~~u~~~~,~ ? (2.1). ~quilibr~ul?~ response functions 

obey the equations of classical thermostat& 

- F/*(il). II. q*(f)) = (1 

Besides, we shall further need an integral rcpre- 
sentation of linear constitutive equations. Thus,, f01 

example, in terms of the Riesz theorem the lineal 
functional for internal energy in the normalized sp;~cc 
‘J’ with the norm 11 !j cm be represented for isotropic 
ffi~~terials as [lo] 

The continuous over (0, x1 ) function X( ) ha\ ing ;I 
completely integrable derivative over this intertal is 

termed an energy- temperature relaxation function. 
In Section 5 constitutivc equations are considered 

with somewhat different choice of independent var-i- 
ables, namely 

n~‘=ii+[c’(.i.g’i~)j. 

‘1 = Pj[&( . ). gt ,I_ 17.Vl 

q = c’r[e’( 1, g’i I] 

where e’( ) is the internal energy history [ c’( j, g’t, i_j 
= A( ) is the thermal histor> : W ’ is the re\cr<;e 

temperature. For such materials. the theorem simiku 
to 2.1 holds with the above assumptions used. 

Thr~r~m 2.2. Constitutive equations (2.9 1 obey the 
ClausiussDuhem inequality for itll admissible pro- 

cesses if and only if 

This theorem has a consequence of the maximum 
entropy for the equilibrium history which is identical 
to l(2.1) and the consequence which is identical to 

2(2.1). 
Also, functional (2.9) in a linear case for Isotropic 

materials may be represented in the form similar ttr 

relation (2.X) 

o- I = ~~~+~(~)~(~)~ [ ’ y’(sp(t - u)cls. (Lto) 
*I il 

We shall call the continuous function ;‘I. b an inc-crse 
temperature--energy relaxation function. 

3. SOME RESTRICTIONS IMPOSED Oh 

THE INTERNAL ENKRGY FI!NCTIONAI, BY THt: 

MODIFIED HEAT-CONDlJC’TtON IUEQl?AI.IT\ 

It is clear that the modified heat-conduction in- 
equality places essential restrictions on the class ot 
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admissible functionals for e, $, rl and q. We shall 
further analyse in detail the properties of the internal 
energy functional, which is important for the study of 
the heat-conduction equation obtained by Nunziato 
[lo]. To do this, the following lemma is 
necessary. 

Lemma 3.1. From the modified heat-conduction 
inequality it follows that for any equilibrium thermal 
history A: = (t&O’) and any function h such that 
(h, 0’) E .X and (dh/c%, 0’) E s%?, the inequality 

holds. 
Proof: Consider the subset J ofthe set D consisting of 

thermal histories of the form [e’(. ), Or]. Since only 
thermal histories of J are considered, we shall write 8’ 
rather than A’ as an argument in constitutive func- 
tionals. From theorem 2.1(M), we have for the 
histories belonging to J 

(3.2) 

Consider the expression 

6&&J +G,), (3.3) 

where (k,, Of) E X’,, and u is such a function that (0: 
+ u, Of) E %‘. Due to the assumptions for the functional 
$, the value of (3.3) at fixed k, is continuous and 
Frechet-differentiable in u and, hence, can be expanded 
into the following Taylor series (for the functionals) 

&$(% +ulk,) 

= Q,%%Ik,) + Q,~,,$(&lk,)u(O) 

+s,:~(eblk,,u,)+O(IIuII). (3.4) 

For any function h obeying the theorem condition 
such 1, > 0 can be found that (0; + Ah, Ot) E 9 for all 0 
< /I < 1,. Then, assuming u = Ah, k = a(dh)/& in 
relation (3.4) and allowing for equation (2.7,), we 
obtain 

+a;$(@$$ h,)]+O(i’). (3.5) 

Assuming 0’ = 0; + h in inequality (3.2) and compar- 
ing it with relation (3.5) give 

+S;$(+, h,)]+O(n’) > 0. (3.6) 

Hence, the result to be proved. Indeed, if the reverse is 
supposed, i.e. that there exists such a h’, obeying the 

conditions of the theorem, that the expression in 
brackets in inequality (3.6) is negative, then at i 
sufficiently small the whole LHS of inequality (3.6) 
written for h becomes negative, which contradicts 
inequality (3.6). This contradiction proves that 

D,,a,,~(s6l~!h(o)+aiS~l~, hr) 2 0. (3.7) 

When written accurately, it coincides with inequality 
(3.1). 

We shall now prove the main theorem of this 
section. 

Theorem 3.1. For any equilibrium thermal history 
A: and any /l> 0 the internal energy functional obeys 
the inequality 

G,,d(Able-“‘ti) > 0. (3.8) 

Proof: The function e-“/p satisfies the conditions 
imposed on h by lemma 3.1, whatever the function 
t(. ), and it can therefore be substituted into inequality 
(3.1) for h and into inequality (2.7,) for p assuming u 
= 0’. Thus, we arrive at 

D,$,,$(Af,l -je-s/O) 

+s,:$ 
( 

*;,-le-““, e-“‘” 
B i 

> 0, (3.9) 

* 
?$$(Able-“‘O, ems’“) > 0. (3.10) 

Using’ G,q(A\bjh,) = BoS,,e*(Ablh,), that ensues from 
equations (2.1) and (2.7,), as well as relation (1) of the 
Theorem 2.1 and commuiative property of the oper- 
ators a,, and D,,, the first term in inequality (3.9) may be 
transformed as 

e,&,;(i\bl~e-siO). (3.11) 

Substituting relation (3.11) into inequality (3.9) for the 
first term, multiplying this inequality by /?/le, and 
allowing for inequality (3.10), we obtain the result to be 
proved 

1 
G,,P(Able-s’fl) > -6~~(A~~e-“‘~, e-sis) > 0. 

e0 
(3.12) 

Inequality (3.8) just proved may be presented in a 
more obvious form if the integral representation of 
the Frechet derivative is used in terms of the 
energy-temperature relaxation function a( .) in- 
troduced in Section 2 and the Riesz representation 
theorem for linear functionals 

s 

m 
a’(s) e-“fi ds > 0. (3.13) 

0 

-Note that here a(.) depends, generally speaking, on 
the equilibrium history A& at which the Frechet 
derivative is taken. 

It should be emphasized that inequality (3.13) as 
well as inequality (3.8) holds not only for the linear 
functional of internal energy but also for the linear 
portion of an arbitrary nonlinear functional. 

It is obvious that inequality (3.13) considerably 
narrows the class of admissible energy-temperature 
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relaxation functions x( ) and can give some specific 
properties of admissible functions a( 1 ). Thus. assum- 

ing /I + 0 in inequality (3.13). we get 

5!(K ) 2 a(O). 

In the following theorem one more property of the 

energy. temperature relaxation function ensuinp from 
inequality (3.13) will be probed. 

Throw-en1 3.2. If the energy--temperature relaxation 
function has the limit 

lim x’(x) = x’(O) < x, (3.131 
,~._(I 

then from inequality (3.13 ) it follows that 

-1’(O) 3 0. (3.15) 

Proc$ Transform the LHS of inequality (3.13). 

multiplying it by l/p. as follows 

I* / 1 c A 

< -.. 

P . 0 
e -‘.‘;x (s)ds + ,i . 

I 
e ’ ‘+Y’(s)~ ds 

(lib) 

Adding and subtracting the quantity 

I *: 

P 
e ““r’(O) ds 

. 0 

from the RHS of inequality (3.16) yield 

0s J- I 
.i 

B 
ec”,“r’(O)ds 

. 0 

I 1, 

+P.o 
e ‘,‘j Ix’(s) - x’(O)1 ds 

e : ,q, - L 

* .- -. 

li .! 
la’(s)1 ds. (3.17) 

Here SUE [0, C] is the point of the interval [0, ~1, at 
which the modulus Ir’(s) - x’(O)1 assumes its maximum 
value within this interval. Now, in the RHS expression 
of inequality (3.17) pass to the limit at fi -+ 0. Since the 
integral 

1 

1, 
ld(s)j ds 

is limited by z( ) definition, the above procedure y-iclds 

x’(0) + IE’(s;) --~ a’(O)/ ;z 0. !i IX) 

Transition to the limit at J: --t 0 $cs s,,, ~+ (1 ;tnti. 
thereby. Ir’(s’,) - x’(O)1 -+ 0 [cf. (?.l4)]. ‘Thc:l l’ritm 

inequality (3. IX) it follows that 

X’(0) ;: (1 

We have IION proved that only those cnerg! 
temperature relaxation functions are adniis4iblc 

which include non-negative dertvativc at zero 
This finding is identical to the property of the $tr~s> 

relaxation function proved in 1 I?]. ‘l’hc prccnt 
proving is. however, different ;md I-~quircs its\ 

risorvus additional assumptions. 

4. ‘I‘HERMODYihAMIC RUTR1CTIONS 

IMPOSED 0% LINEAR C‘OYSTITlITI)'F: 
INTERKAL EKERGY EQI:AT101S 

Unlike Section 3 whose results hold for ~IIY toll- 
stitutivc equation governing internal encrfz. \re shali 

he here concerned with a lincnrl/ed yersiorl <)I‘ 11~1s 
equation (2.X). The method or proving irnplic< tll:i~ 
through the use oftheorcm 2.1 anil its consequencc~ an 
inequalit> mav be obtained l’ol- the Internal cnerp) 
functional which is similar lo thcdissipativc inequalil~ 

applied by Day [I I] f 01 viscoclasticity studies. I her:. 

using the approach similar tv the Dny mcthcd. I~C. 

restrictions on the behaciwr Cd’ I]lC cg-,c*-.,\ z- 
temperature relaxation functirjri ensuing Frrlnl 1h1x 

inequality are studied. 
Consider the time-derivative 01 the free cncr~~ 

which, in line with thechain rule I’..5 I and Theorem ? i 
(I. II). ma> be written a~ 

16 = --r$+5,,j,r.\!~ 2:1 .i;i 

By theorem 2. I (III). we obtain from relation (4. I 1 Ilic 
following inequality for thcrmai historic\ of the 5cl .I’” 

I// ‘Z - t/t). r-i.2 J 
Transform this inequality as I’(~il<~\\> 

Consider the process with ~hc icmpcratui c bc~r~y 

constant and equal to 0, for the moment t,. somewhat 
changing up to the moment t, and then again remaili- 
ing constant and being equal to 0, (*ithin the \\ hoic 
process g is zero). For this process WY shall intcgratc 

inequality (4.3) over the time from I, 10 I: 

*This does not restrict the gcner;dity of ltll-thct COW 
siderations, for in accord with equation (2.8) 6 is independent 
of g. 
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Here the integration limits are extended to the in- 
terval (-co, co), for n(t) = 0 beyond (ti, t2). Taking 
account of the consequence I of Theorem 2.1, from 
inequality (4.4) we obtain 
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On multipl~ng this inequality by &‘h2, pass to the 
limit I --f 0 

Allowing for relation (2.1) and consequences II (2.1) 
this inequality is transformed as 

{qey.,] - e*[fyt,J} $dt < 0. (4.6) 
--co 

As is pointed out above, we shall further use linear 
constitutive internal energy equation (2.8) which after 
integration by parts and substitution of the variable in 
the integral may be written as 

j 

f 
e = e,+LY(co)8(--co)+ a(t-u)B(u)du. (4.7) 

-m 

Hence, by the definition of the equilibrium response 
functions (2.7), we have 

e*(e) = e,+cc(co)@. (4.8) 

Regarding for equations (4.7) and (4.Q inequality (4.6) 
may be reduced to 

a&-u)8(u)gdudr < 0, (4.9) 

where o(,, = a( ‘) - E( co), and 19( .) is an arbitrary func- 
tion such that 8(. ) = 0 beyond some finite interval 
and [@‘(.),O’]ED. Consider the function e(t) of the 
form 

e(t) = 0, for EE[--,O], 

B(t)=8,+/*2t for tf (IO, a], 
c: 

Q(c) = 8, +aa for TV [.s, s], 

B(t)=O,+da+lih(t-s) for ~E[s,s+E], 
E 

e(t) = 8, +d(ai-b) for ~E[s+G, m]. 

Here s > 0, the values a, b, I > 0 and E > 0 are such 
that @(t} > 0 for all t. For such a process, inequality 
(4.9) assumes the form 

AZ& S+E P 

I s 

a,(t-s)dudt 

E2 s 0 B, +/h+lb(t-s)/&]2 

lZb2 s+c L 

+- s s a,(t-u)dudt 

E2 s s [S, +Aa+Ib(t-s),'~]2' (4'10) 

b2 sic t 

+- 
i s a,@---u)dudt < 0. (4.11) 

a s 0 

Transition to the limit at E --) 0 gives 

$&,(O)+ ub~~(s~~~b2~~(0)~ 0, (4.12) 

atb= -a,wehave 

atb=a 

a,(O) G ho, (4.13) 

&o(O) G -@o(S) 

or, by cl0 definition, 

(4.14) 

LY{O)-a(a)< *[K(s)-a(-co)]. (4.15) 

The above may be interpreted in terms of the following 
theorem. 

Theorem 4.1. For the energy-temperature re- 
laxation function of the linear internal-energy func- 
tional that obeys the Clausius Duhem inequality, 
relation (4.15) holds. 

Inequality (4.15) is identical to the property of stress 
relaxation function which has been proved by Day for 
viscoelastic materials. Note that inequality (4.15) 
incorporates the result of Theorem 3.2 but, unlike this 
theorem, relation (4.15) has been proved only for the 
linear functional of internal energy. 

5. THERMODYNAMIC RESTRICTIONS 
PLACED ON THE REVERSE TEMPERATURE 

LINEAR FUNCTIONAL 

We shall further be concerned with somewhat 
different approach, the independent variables being 
chosen by relations (2.9). As has been noted in Section 
2, in this case there exists a complete analogy of the 
theorems and their consequences with what has been 
considered earlier. Based on Theorem 2.2 identical to 
2.1 and its consequence, for this case we may therefore 
repeat the calculations of Section 4 using the same 
arguments. For this approach, the relation similar to 
inequality (4.6) is of the form 

I 
m {@‘[et(*)]-8*-‘[e(t)])ti(t)dt 50 (5.1) 
-m 

for any continuous piecewise-smooth e( . ) such that 
P( . ) = 0 beyond a certain finite interval. 

This inequality will be analysed together with the 
linear constitutive equation for reverse temperature 
(2.10). Similarly to equation (4.X), we have from (2.10) 

8*-“(e) = f$+y(co)e. (5.2) 

Substituting equations (5.2) and (2.10) in the form 
similar to (4.7) into inequality (5.1) gives 

m I 

s s 
yo(t-u)c”(u)&(t)dudt > 0, (5.3) 

-al -n 
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where 
jlo(') = jJ(')-Y(X). (5.4) 

The structure of-inequality (5.3) coincides with that of 
dissipative inequality of Day [ 1 l] for linear viscoelas- 
ticity. All the below results can therefore be trivially 
extended to the linear stress functional for viscoelastic 
materials. 

In inequality (5.3) the region of integration can be 
extended to the whole plane (u, t) if the function yo( ‘) is 
evenly determined for negative arguments, i.e. 

,* IX ,- 1 

j-J , 
y,(/r-ul)~(u)e(t,dudt > 0. (5.5) 

Consider the function e(.) of the form 

e(t) = L~JC for t~[.s,,s~+i:] 

c c a,ujy&--sjl) > 0. (5.7) 
i-1 j=l 

Inequality (5.7) is the requirement for the quadratic 
form with the matrix jbij} = yo(/s,-sjl)} to be non- 
negative. For this to occur, it is necessary that 

det[b,j] = det[y,(ls-sjl) 2 01. (5.8) 

Thus the following result is proved. 
Theorem 5.1. That constitutive equation (2.10) be 

consistent with the thermodynamics, inequality (5.8) 
must be valid for any sequence s,, s2,. , s,. 

From inequality (5.8) the conditions for the first- 

and second-order determinants to be non-negative 

give 

ye(O) 2 0, (5.9) 

Y:,(O) > I&s). (5.10) 

Whence 

?io(O) 3 iY”(S). i,5.1 I I 

This restriction is similar to the result of Theorem 4. i. 
The condition for the third-order determinant to he 
non-negative is as follows 

+zy”(s)y,,(.s,)~,,(.s, YS) 3 0. 15.12) 

By writing down the conditions for the higher-order 
determinants to be non-negative. we shall obtain new 
properties of the functions yO(. ) ensuing from in- 

equality (5.4). 

I, 

2. 

3. 

4. 

5. 

6. 

7. 

x. 

9. 

10. 

Il. 

12. 
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EQUATIONS THERMIQUES CONSTITUTIVES POUR DES MATERIACJX AVEC MEMOIR!? 

RisumC ~~ Les proprietis des equations thermiques constitutives conformes aux restrictions thermo- 
dynamiques sont analysees pour les materiaux avec memoire. Dans le cas de l’equation non lineaire dc 
I’energie interne, on montre que la fonction de relaxation inergie~~temperature doit obeir a une iniyalite 
integrale, de laquelle il rbulte en particulier que cette fonction doit avoir une derivtte non negative au 
zero. Pour I’equation constitutive lineaire, la deviation de la fonction de relaxation Cnergie temperature 
par rapport a sa valeur infinie est partout plus grande qu’au point initial. On sugghe ensuite une sequence 
d’inegalitb pour le comportement de l’inverse de la fonction de relaxation Cnergie--temperature, avec 
un choix different des variables thermodynamiques independantes, I’ttquation constitutive lineaire ttant 

&rite en inverse de temperature. 

DIE GRUNDGLEICHUNGEN FUR DIE WARMEUBERTRAGUNG IN 
MATERIALIEN MIT GEDACHTNIS 

Zusammenfassung-Es werden die auf den thermodynamischen Grundgesetzen basierenden Grund- 
gleichungen der Warmetibertragung fur Materialien mit Gedlchtnis analysiert. Fur den allgemeinen 
Fall der nichtlinearen Grundgleichung der inneren Energie wird gezeigt, daR die Energie-Temperatur- 
Relaxationsfunktion einer integralen Ungleichung gehorcht: hieraus folgt im besonderen. dab die 
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Ableitung dieser Funktion an der St&e Null nicht negativ sein darf. Bei einer linearen ~~ndg~~icbu~~ 
ist die Abweichung der ~nergie”T~m~ratur-Relaxat~onsfunkt~on van ihrem Endwert nirgends gr613er 
als zum Anfangszeitpunkt. SchlieDlich wird eine Reihe von Unglcichungen zur Eingrenzung des 
Verhaltens der inversen Enecgie-Temperatur-Relaxationsfunktion vorgeschlagen, wobei eine andere 
Wahl der unabhgngigen thermodynamischen Variablen getroffen wird und die lineare Grundgleichung 

fir die Rehrwerte der Temperatur angeschr~eben wird, 

OJS Ol-IPE,QESliKSQHX YPABHEHHIIX TE~~~~EP~~~A 3 MAT~P~A~AX 
C IfAMzZEbKI 

AmIoTaitQS-B pa6ore Pa~MaTp~Ba~Tc~ CBOiiCTBB On~Ae~~~~~X ypaBHeHu1 Tenno~e~e~oca 
B MaTepIf&IaX c I'IaMRTbH), BbrTeKaIoLWie 83 T~~MOJ@~HZ%MW~CKHX orpaIiuueHn%. B cnyqae o6iUerO 
Hemfie2iHoro onpenenff5omero ypanHeReHws3 BByTpeHHeZt sieprsin noKa3aHo,~ro 3Hepro-TeMnepaTyp- 
HaR ~~aK~~Ho~a~ CbyrrKlmsl lfonxcHa y~OB~e~Op~Tb HeKOTOpO~y UH~r~bHO~y nepa~~~By. 
Pi3 3Toro.HepaseficTsa B Yac*RocTB cneayeT, '1~0 3wepro-EbfnepaTypHaa @)YHKUUII pesraKcamiu 
AanmHa siMeTb HeoTpaqaTenbHym np0~3~onHy~3 B fiyne. flnr newaAHor0 onpeAensIourer0 ypale- 
~e~uanoKa3a~o,~~03Bepro~Te~neparyp~a~~y~~~Bpena~cau~n~~r~eHeoTKno~~eTc~0rc~Oero 
3HBYeHHS Ha 6ecKoBe~ocTu 6OJIbWe,'ieM BHWiaJIbHOfi TOYKe. HaKoHen,npw HeCKOJibKO UHOM EIbI- 
6ope Be3Bmfczfh3brx Tep~o~~M~~~~x nepeMeHHbix, Korfia ~~~He~Boe on~~e~~~~~ ypan~eH~e 
=cbiBaeTcx Jtna o6paTaol TeMnepaTypbt, yKa3arra uezaa no~~e~oBaTenb~o~Tb zzepaneWr3, 
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