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DYNAMICAL THERMOSTABILITY OF SHELLS OF REVOLUTION WITH AN
ELASTIC FILLER AND UNDER THE ACTION OF MERIDIONAL FORCES,
NORMAL PRESSURE AND TEMPERATURE

SERGO KUKUDZHANOV

Abstract. Dynamical thermostability of closed shells of revolution, close by their form to cylin-
drical ones, with an elastic filler and under the action of meridional stresses, external pressure and
temperature, is studied. The shells of middle length whose midsurface generatrix is a parabolic
function, are considered. The shells of positive and negative Gaussian curvature are investigated.
Formulas to find lower frequencies and boundaries of regions of dynamical instability depending on
the Gaussian curvature, initial stress, temperature and amplitude of shell deviation from cylindrical
form, are obtained.

1

The present work considers dynamic thermostability of closed shells of revolution, close by their
form to cylindrical ones, with an elastic filler, and under the action of meridional stresses distributed
uniformly over the end-walls of the shell, external pressure and temperature. We consider a light filler
for which the effect of tangential stresses on the contact surface and inertia forces may be neglected.
The shell is assumed to be thin and elastic. Temperature in the shell body is uniformly distributed.
An elastic filler is simulated by Winkler’s base, its extension caused by heating is not taken into
account. We investigate the shells of middle length for which the shape of a midsurface generatrix is
a parabolic function, and also the shells of positive and negative Gaussian curvature. The boundary
conditions on the end-walls correspond to a free support admitting certain radial shift in the initial
state.

In solving the problems under consideration the main attention is paid to the finding of the most
dangerous area of dynamical instability and to lower frequencies, which are practically most important.
Formulas in dimensionless form and universal curves of dependence of lower frequency, shape of wave
formation and boundaries of regions of dynamical instability on the Gaussian curvature, prestress,
temperature and shell deviation amplitude from a cylinder, are derived. It is shown that in the
presence of an elastic filler and prestresses, the temperature may change considerably lower frequencies
and boundaries of regions with dynamical instability.

1. We consider the shell whose midsurface is formed by the rotation of square parabola around
the z-axis of the Cartesian coordinate system xyz with origin at the midpoint of the rotation axis
segment. It is assumed that the cross-section radius R of the midsurface of the shell is defined by the
equality

R =1+ 01 =& (r/1)%], (1.1)
where r is the end section radius, &y is maximal deviation (for §o > 0, the shell is convex, and for
do < 0, is concave); L = 2l is the shell length, £ = z/r. We consider the midlength shells [6] and it is
assumed that

(6/7)%, (80/1) < 1. (1.2)

The equations of the theory of shallow shells were taken as the basic equations of oscillations [5]. For
the midlength shells under consideration, the oscillation modes corresponding to lower frequencies have
weak variability in longitudinal direction in comparison with circumferential, therefore the relation

32 f106* < 0°f /09" (f =w, ) (1.3)
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is valid, where w and v are the functions of radial displacement and stress, respectively. As a result,
the system of equations for the shells under consideration reduces to the following equation:

Bw  tw 0w *w O%w O%w Bw
49 462 t9 — 9 — 25
“oo5 T aer T 0%,z TG00 T lgaga g T2 geags
tw  pr? 0% 0w
+73<p4 T E e (aw) =0, (1.4)
To
e =h?/12r%(1 = v?), & = 6or/I*, v = pr?/Eh, tOZE—’h, s =Sy/Eh (i=1,2),

where E and v are the modulus of elasticity and the Poisson coefficient, respectively; 17, Ty, S° are
maridinal, circumferential and shear force in the initial state; p is density of the shell material; v is the
“bed” coefficient of the elastic filler (charactrizing elastic rigidity of the filler); ¢ is angular coordinate;
t is time.

The initial state is assumed to be momentless. Relying on the corresponding solution and taking
into account the filler reaction and also relation (1.2), we get the following approximate expressions:

10 <A1+ 2 (€1 1)) - aso [ - 1),
T = — 2P150r/l2 —qr + Borwg, S =0,

(1.5)

where wy and §y are, respectively, the deflection and “bed” coefficient of the filler in the initial state.
Taking into account that

2
‘g? (r/1)2 _1‘352 < 2(r /) a—“’

62w

’52 /) _1’852 dp?’

the expressions (1.5), after substitution into equation (1.4)7 can be simplified. Thus they take the
form
w_bh T Py o, o
Eh _ Eh Eh  Eh° Eh ' “Eh
Bearing in mind that in the initial state the shell deformation in the circumferential direction 68, is
defined by the equality

T, =o’h (i=1,2). (1.6)

0 2

oy — VO w
0o _ 92 1 o_ %o
g, = +al, e,= b

where « is coefficient of linear extension and 7' is temperature, we get

wo = (—oJ + Va?)% —aTr. (1.7)
Substituting (1.7) into the second equality (1.6), we obtain
T: 9 P, 2 1 T Bor?
2 2_27164_507“ (—09 4 vot)~ _ @ Bor

Eh Eh “ER° T En E Eh

whence
0 2 2
o9 ( Br ) _oqr P a? Bor? Bor
SEY (NG N (R S ey
B\ ER Bn B’ TVE ER Y ER
Introduce the notation
P R
Eh =q, Eh D, Eh Y0, Y0 g.
Then expressions (1.6) take the form
a? a9 — -1
=p, ——4 =(T—2pd+vpy+aly)g (1.8)

E Y E
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As a result, equation (1.4) can be written as

Pw 0w ow , otw _,1 0%
57 + o et +458£28 2 +4(6 +7/4) +(q — 2pd + vpyo + aTy0)g 67(,06

O%w Br? 0w B
282051 fﬁ(@) =
First, consider harmonic oscillations. The above boundary conditions of free support and equation
(1.9) are satisfied by the solution

+p (1.9)

w = Apn €08 A€ sinnp coswpnt, Ay = mar /2l
(m=2i+1, i=0,1,2,...). (1.10)

Substituting (1.10) into equation (1.9), to find eigenfrequencies we obtain the following equality (in
the sequel, for w,y,,, the indices m and n will be omitted):

E ~
w? = — [En4 + AT 4602 02 4 4(6% +4/4) — p(\3, — 26n7) — (G + 'yOozT)g_an] (1.11)
pr
Introduce the notation
—=2 ~ _ — _ _
5 =6 +7/4, 0=(0-0,5070)9"", §=(7+aT)g
Then (1.11) takes the form
E - ~ ~
w? = — ent + X 0Tt 45N 0T 4 43° - p(A\2, —20n?) — an] (1.12)
pr
Thus it can be seen that for p = 0, 6 > 0, the value m = 1 corresponds to the least frequency. It can
also be shown that this condition holds for 6 < 0, taking into account inequalities (1.2) and also the
fact that w? > 0. Thus we first consider the modes of oscillastions under which one half-wave (m = 1)
is formed along the length of the shell and n waves in circumferential direction. For compression,
p > 0, and for tension, p < 0; ¢ is a normal pressure and regarded as positive, if external.

Represent expression (1.12) for m = 1 in dimensionless form and towards this end, we introduce
the following dimensionless quantities:

_ 2,2 _ ~ _ (1*V2)71/2E _ 9 4/4(@)3/21
N=n /n’07 P _p/p0*7 Q - q/QO*a Pox = \/g ’I"’ QO* - 0a855(1 v ) r L7
_ 2h —
5. =0 e =(1— y2)*1/2(%) 5o =MV A =mr/L, 3 =024 /4,  (1.13)
- q q T
e =Aest, Bo=(6-0,5um0)e %l w? = 2Rl 5o = (*q + @i)g_l’
pT qO* qO* qO*

where wy, po«, Qo are, respectively, the least frequency, critical loading under compression and critical
pressure for the cylindrical shell of middle length [2,6]. As a result, equality (1.12) can be written in
the following dimensionless form:

Wi (N)/w? =0, 5[N2 +N"242376, N1 +1,4045° — 2P(1 — 1,1858,N) — 1, 755@N] (1.14)

The least frequency (for w?(N) > 0) is determined from the condition [w?(N)] = 0. Thus we obtain
either B _
0,8775Q — 1,1858,P = N —1,1855, N2 — N3,
or B
N* —(0,8775Q — 1,1856,P)N® — 1,185, N — 1 = 0, (1.15)
whence for P = @ = 0, we have the well-known equation
N*—1,1856,N —1 =0,

whose roots were obtained explicitly in [3]. Moreover, from (1.15), for d, = 0, @ =0( =9 =0,
q = 0) we obtain the equation N* — 1 = 0 with the root N = 1. Consequently, for the cylindrical
midlength shell the least frequency is realized for N = 1, regardless of P, which is in a full agreement
with [4].
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Let us consider equation (1.15) and write it in the form
N*+bN?* +dN +e=0, b=1,1855.P —0,8775Q, d=—1,1855,, e= —1. (1.16)

The roots of this equation coincide with the roots of the two quadratic equations

N by —d
N0 By + (0t Tpo) =0 Bua = Vb TER)

Introduce the notation
7=y +0%/8, =y — b /4
Then the roots of the these equations take the form

V8 b by —d b8y — 4
Nig = _vInmEy, [ + n 727 (1.17)
’ 4 \/8’)/1 8
V811 —b by —d by 4
Nyg=¥on=b, Jy—d byén +dy (1.18)
’ 4 \/8")/1 8
where y; is any real root of the cubic equation
Yy’ + 3py +2¢ =0,
1,185%62PM 1,185%52(1 — P2M? ~
3p:17f, 2q = — (8 ), M =1-0,7405Q/0. P
for B
1,185262|PM
’fw <1 (0. <05, |PM|<0,5) (1.19)
1 -
p=3 4= —1,185%62(1 — P?M?)/16
since the dinscriminant of this equation is D > 0, we have one real root
y1 = (—q+ VD)3 4+ (—q— VD)3, VD= \/1 +0,2085%(1 + P2M2)2/33/2, (1.20)
Taking
0,2080%(1 — P>M?)? < 1 (1.21)

and expanding into series the expressions appearing in (1.20) neglecting therein the values of the second
order of smallness, we obtain y; = 0, 17556%(1—P2M?). Under the restrictions (1.19), inequality (1.21)
is fulfilled all the more.

Substituting the values yi, b, d, 71, 72 into expressions (1.17) and (1.18) and taking also into
account inequality (1.19), we find that for d > 0 (J, < 0) only the root Ny is positive, whereas for
d < 0 (6. > 0), positive is the root N3. Thus we have

N = [140,175562PM; (1 — P>M?) — 0,087762(1 + 2PM; — 2P>M?)]'/?

+0,2962(1 — PM;) (6, > 0). (1.22)
N = [140,175502 PMy(1 — P2M2) — 0,087762(1 4+ 2P M, — 2P>M3)]"/?
—0,2962(1 — PMy) (8, < 0). (1.23)

My =1-0,7405Q/6,P, My =1+ 0,7405Q/5,P.

For &, > 0, P/é > 0, the value M; =0, if 5y = 0,7405P/C§; for 0, < 0, P/Cj < 0, the value My =0,
if |04| = —0,7405P/Q. In addition, formulas (1.22) and (1.23) take the form

N :\/1 —0,087762 4+ 0,29620, (8, > 0),

N :\/1 —0,087762 — 0,2962[6,| (. < 0).



DYNAMICAL THERMOSTABILITY OF SHELLS OF REVOLUTION 49

It should be noted that this case of the defined values 5: corresponds to the cases under which normal
cicumferential stresses caused by meridional loading, external pressure and temperature, mutually
neutralize each other.

For ~,. = 0, we have d, = 0. and for N, we obtain the formulas given in [3]. In what follows, we
take v = ~q.

m/(,_)x e—

0.8 1.2 P

FIGURE 1

Substituting the values of N on the basis of formulas (1.22), (1.23) for fixed (d,,P,Q,~.) into
formula (1.14), we obtain the least value of dimensionless frequency w/w,. Figure 1 shows the values
w/w, depending on P for the relation Q = 0,54P (for 6, = 0,4;0;—0,4) and (v, = 0;1,272). The
corresponding dependencies for . = 0 are given by solid curves and for v, = 1,272 by dashed curves.
Moreover, we can see, for comparison, the curves of the least frequency dependence on P, when @ = 0,
~ =0 for §, = 0,4;—0,4, which are denoted, respectively, by 1 and 2.

For w = 0, from equality (1.14), we get

1,755Q = N + N2 +2,376, N2 —2P(N~' — 1,1854,). (1.24)
The least value @ > (0 depending on N is realized for Qvﬁv = 0, whence it follows that
N* 4+ eN2 4 dN +e=0, c¢=2P—1,4045., d=—4,745,, e= —3. (1.25)

The roots of equation (1.25) coincide with those of the two quadratic equations

A d
N? + —1’2N+ (yl - 7) =0, Aiz=+V8a

Al
a —d aq

,/ —Ey == 1.26
\/ V8a 2 V8a 2 (1.26)
a=yi-5 =y + 2 5 (1.27)

where y; is any real root of the cubic equation

2
3_C2_ (E_i>:o 1.28
vogy eyt (5 g , (1.28)
or
24 3p2+2¢=0 (2=y—c/6), (1.29)
=2
— 1 — 2P —1,4040,)3
p=1-—(2P-1, 40463)2/36, qg=—=-(2P +1, 40463) [1 — ( : *)72 . (1.30)
2 108(2P + 1,4045,)
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If we take
(2P — 1,4045°) < 1, (1.31)

then expressions (1.30) have the form

—2
1 - 9P —1,4045- )3
p=1, q:§(2P+1,40452)[1— ( ,4043,) )]

108(2P + 1,4043

Since the discriminant of equation (1.29) is D = ¢ + p® > 0, we have one real root

2=(¢+ V@ +p°) + (¢ - V& +p°). (1.32)
Taking
(2P +1,4046,2)%/36 < 1, (1.33)

expanding the expresseins appearing in (1.32) into series and omitting the values of the second order
of smallness, we obtain z = [2P + 1,404(0,2 + 3+,)]/3. Then relying on (1.25), (1.27), we get

_ 2 3
o =z—c/3=2-1,4040.2/3, a1 =z+c=2P+ 1,404(5*2 + Zy,ﬁ)/3. (1.34)

Since N2 = n?/nZ, therefore of our interest are only the positive roots of equation (1.25). Taking
into account inequality (1.31) and also the fact that y; is the root of equation (1.28), we find that for
d.« > 0 (d < 0), positive is only the root of N3, and for ¢, < 0 (d > 0), positive is only the root of Nj.

Substituting the values d, «, a; according to equalities (1.25) and (1.34) into expressions (1.26),
we obtain

N \/\/§+0,234(5f + %7*) — P 40,6845, (6, >0),

(1.35)
N :\/\/§+ 0, 234(33 + z%) — P —0,684/6,] (5. <0).
As a result, we get
nis = (\/\/ﬁ +0,2703=1 [(51—0)2 + %7 (%)2} — P 0, 7355—1/4|5—;’|)A161/4, (1.36)

where index (1) corresponds to dp > 0, and index (2) to —dp < 0. In particular, for §o = v =p =0,
we obtain the known formula for a critical number of waves of the cylindrical shell of middle length
n?2 = /3 e V4 [6].

From formula (1.36), it is not difficult to notice that under the action of compressive forces the
number of critical waves around the circumference decreases, whereas under tensile forces it increases.

Formula (1.35), as it has been mentioned above, holds when condition (1.33) is fulfilled. In case
this condition is not fulfilled, it is necessary to proceed from full expressions (1.26). Defining thus
the values of N, (for fixed 0., v«, P) and substituting them into (1.24), we obtain the corresponding
critical value of @*

Figure 2 shows in dimensionless form critical values of N, depending on P for §, = —0,4;0;0,4 and
v« = 0;1,272. The corresponding graphs for 7, = 0 are represented by solid curves, and for v, = 1,272
by dashed curves. The values Q. (d«, v, P) denoted, respectively, by solid and dashed curves are given
in Figure 3. Note that the curve @*((5*, Vs, P) for P > 0 in Figure 3 coincides practically with that of
the work [4].

Further, consider the value m > 1. Using notation (1.13), formula (1.12) can be represented as
follows:

w?/w? =0,5m?|Q* + Q72 +2,376,0 'm " +1,404(62 + . /4)ym 2
—2P(1 —1,1850,0m ™) — 1,75500m " |. (1.37)
0= N/m. (1.38)
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FIGURE 3

Consider now the expression for finding critical loading @ > 0. The right-hand side in relation
(1.37) vanishes for

1,755Q = m(6% + 02 — 2PQ 1) + 2,376,072 + 1,4045-0~'m~" + 2, 37P3,. (1.39)

Next, taking into account inequality (1.2), we restrict ourselves to |d.| < 1.
The quantity @, realizing the least value of @ (for fixed m) is defined by a positive root of the
equation

6" + (2P — 1,4045,)0> — 4,746,0 — 3, 8, =6./m, 3, = (53 T %) |m?.

Similarly to the above-said, taking into account inequality (1.33) (replacing d, by d,), we obtain

0 —\/\/§+ 0,234(3f + %'y*)/mQ — P +0,6846,/m (0. > 0),

0 :\/\/§+ 0,234(3f + %’y*)/m2 — P —0,684]6,|/m (5, <0).
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In case d, V4, P do not satisfy inequality (1.33), we have to proceed from the full expressions for
the roots of @1, Q3. They are of the same form as Ny, N3 defined by equalities (1.26), where J, should

be replaces by 4, 33 and 3,2/.
Q-« k\ \ ’é
\ \\ @ ] (%)
EAAN

5
\l
1\
S
~<\

(28]
o

NS
-~

0 1 2 P 0 1 P

FIGURE 4

Figure 4 gives critical values of é*(m, P) under m = 1,3,5 (7. = 0;1,272) for 6, = 0,4 (Figure 4a)
and under J§, = —0,4 (Figure 4b). Corresponding dependencies for v, = 0 are given by solid curves,
and for v, = 1,272 by dashed curves. It can be seen that for §, > 0 and P < 0, the least value of C~2*,
irrespective of +,, is realized for m = 1, whereas for P approaching from above to unity, the critical
value of @* is realized for large m. For §, < 0, the least value of é* is realized for m = 1 when

0 < P < P, (P, is a critical value of P for @ = 0).
Consider now expression (1.37). The least value w? with respect to @ (for fixed m) is defined from
the condition

(W) = 0,5m>(20 — 20~% — 2,376,072 + 2,37P5, — 1,7550,) = 0
Qv =Q/m, 6,=24./m,
which implies that
0' +b0° +df+e=0, b=1185,P —0,8775Q,, d=—1,1855,, e=1.

This equation is of the same form as (1.16), where ¢, should be replaced by d,; 5, by 5~V, and @ by
Q.. Therefore, analogously to the above-said, we find that

0 = [1+1,75562PM; (1 — P2M?) — 0,0877562(1 + 2P M, — 2P>M?)]/?
+0,29626,(1 — PMy), (6. > 0),

0 =[1+1,75562PMy(1 — P>M?) — 0,0877562(1 + 2P M, — 2P?M2)|'/?
+0,29626, (1 — PMy), (6, < 0),

(1.40)

where o
M2 =1F(0,74050/|9.| P);
indices (1) and (2) correspond to d, > 0 and 0. < 0, respectively.

Figure 5 presents the least values of frequency w(m, P, é) for é = 0,54P under m = 1,3,5; v, = 0,
v« = 1,272 for 6, = 0,4 (Figure 5a) and 4, = —0,4 (Figure 5b). Corresponding dependencies for
v, = 0 are given by solid curves and for v, = 1,272 by dashed curves. It is not difficult to see that
for 0, > 0 and P, varying in the interval 0 < P < 1, the least is the frequency for m = 1, whereas for
P, approaching from above to unity, the least frequency is realized for large values m. For d, < 0 and
P varying in the interval 0 < P < P, (P, is the critical value of P for @ = 0), the least frequency is
realized for m = 1.
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FIGURE 5

It follows from the above formulas (1.38) and (1.40), that for m > 1, the values 6 are close to
unity (6 &~ 1), i.e., when n? ~ Ame /4. Therefore the given results are valid only for sufficiently thin
shells, when e ~1/4 >> \,,, then the relation n? > A2, holds and the given theory is valid. Moreover, by
formula (1.37), we find that for comparatively large m, when Q ~ 1, w? /w? ~ 0,5m?(0*+072 —-2P) =
m2(1 — P) i.., the influence of 8, and 6 may be neglected.

Thus it is shown that if the stresses arising in the shells under the action of external pressure,
temperature and filler constraint significantly change the lower frequencies, then the influence of
these factors on the higher frequencies is practically insignificant. At the same time, the influence of
meridional loading is significant both on the lower and on the higher frequencies.

2
Consider now the case for
g1 =qo+qicosQt, P = Py+ PicosQt, Ty =Ty+ T;cost.
We seek for a solution of equation (1.9) in the form

W = fmn(t) cos A\ Esinnep.

Substituting the given solution into (1.9) and requiring that the latter be satisfied for any £ and ¢,
we get

a2 f, E 4 - gl
pra W{5"4 AT H 6T 4 467 4 £ = P(H)(A, — 20m7)

[0 (6) + VT3 (8)] f g~ fn = 0. (2.1)

Frequencies of natural oscillations of the shell (for ¢1 = qo, P1 = Py, T1 = Tp) are defined from
equation (2.1) by putting fnt = Csinwm,,t and expressed by formula (1.11). Since equation (2.1) is
identical for all forms of oscillations, the indices m and n may be neglected.

Analogously to the above-said, let us introduce dimensionless values (1.13), (1.38) and write equa-
tion (2.1) as follows:

2
a7 +0,5m2w2{0% + 072 + 2,375,071 +1,404(6% + v, /4) — 2(Py + P, cos Qt)(1 — 1,185,0)

dt?
—1,755[(Qo + aTo) + (Q¢ + ayT;) cos Qg™ Q;, } f =0, (2.2)
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where

Qi :az'/%*v PL :pi/p0*7 T’i :Tl/aO* (Z:O7t)a 5V :5*/77’1, Tv :7/m2
Further, we introduce the notation Q; = (Qi + ﬁ)g_l7 TJ = ayT; and reduce equation (2.2) to the
standard form of the Mathieu equation

d?f/dt* + w*(0)[1 — 2u(0) cos Qt]f = 0, (2.3)
W?(0) = wp(0)[1 — Mo(0)], w3 (0) = 0,5wIm>D(0), w=2\e"?E/(pr?), (24)
D(0) =62+ 072 +2,376,0"" +1,4045., 8> =02+, /4,

M;(0) Py Qo Py Q:
0) = - 4 M, (9) = —_— 2.5
P(#) = D(#)/2(1 — 1,1856,6), Q(8) = D(A)/1,755m 4. (2.6)

If % = X, then £ = (Q; = Qi + anT; i = 0,t) and, in addition, we obtain
My = %0 M, = g Q. = D(6)/2x(1 — 1.1855,6) + 1,755m 6.

The value p is usually called an energizing coefficient. The solution of equation (2.3) has been
investigated in a number of works where it was mentioned that under certain relations between pu,
Q, w and t — oo the solution of equation (2.2) is infinitely increasing in the regions of instability.
Generalizing the results of [1] to the shell under consideration, below we present the following formulas.
To elucidate the influence of temperature on the location of regions of dynamical instability, let us
consider first the case for P, — 0 (u — 0).

Thus we find that these regions are located in the vicinity of frequencies

Q. = 2w(6) /.

Depending on a number k, we distinguish the first, second, third and so on regions of dynamical
instability. The region of instability (k = 1) lying close to Q, = 2w(#), when w(f) takes the least
value, is the most dangerous and hence of greatest practical importance. This region is called a
principal region of dynamical instability. If P, is other than zero, then for the boundaries of the
principal region of instability we obtain the following formula:

Q, = 2w(0)\/1 £ pu(6),

Taking into account the resistance forces, proportional to the first time derivative with respect to
displacement (with damping factor €), the formula for finding the boundaries of the principal region
of instability takes the form

Q. = 20(0)\/1 £ 12(0) — (A/m2, A =2re/w(6), 2.7)

where the terms involving higher degrees A/7m are omitted, taking into account that the damping
decrement A is usually very small as compared with unity. The values of w(8), P(0), u(0) are defined
by formulas(2.4), (2.5), (2.6), where m and 6 correspond to the least value of w(f). For m = 1, on the
basis of formula (1.38), § = N, the corresponding values w(N) depending on P, and ¢, are presented
in Figure 1.

It follows from (2.7) that the minimal value of the energizing coefficient (critical), for which un-
damped oscillations are still possible, is defined by the equality

w=A/m.

*]1

For the boundary of the second region of instability (k = 2), the following formula

Q= w(9)\/1 +p2(0) £ v/ pt(0) — (A/m)2[1 — p2(0)] (2.8)

holds.
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In this case, a critical value of the energizing coefficient is defined approximately by the equality
p = (A/m)Y/2. Analogously, generalizing the results of [1], we can likewise give formulas for the
*2

boundaries of the third region of instability which is practically rarely realized.

On the basis of our formulas and graphs, it is not difficult to determine intervals of change energizing
frequencies (depending on 0., Py, P:, Qo, Q¢, To, T) falling into the regions of dynamical instability.
Thus, for example, for 6, = 0,4; P;/(Q; + Tl) =1,85, (i=0,t), Ph=0,2, P, = 0,05 (Qo = Q¢ = 0,
fo = 0,108, ﬁ =0,027), A = 0,01 we find that the least frequency is realized for m =1, § = M =

1,11, w(N) = 1,167w,, T.(N) = 0,842, u(N) = 0,0183, u = 0,00318, pu = 0,0564.
*1 *2
Then, by formula (2.7) we find that the values €2, appearing in the interval 2,292w, < Q < 2, 355w,

lie in the principal region of dynamical instability. Since u(N) < u, the second region of instability
*2

is not attained.

In case §, = —0,4 and for the same values of external loading and temperature the least frequency
is realized for m = 1, § = N = 0,924, w(N) = 0, 486w, T.(N) = 0,1761, u(N) = 0,1978. In addition,
by formula (2.7), we find that the values 2, appearing in the interval 0, 7798w, < Q < 1,1643w,, fall
into the principal region of dynamical instability. In the given case, the second region of dynamical
instability is attained, since u(N) > p. In addition, by formula (2.8), we find that the values Q

*2
appearing in the interval 0, 486w, < 2 < 0,5046w, fall into the second region of dynamical instability.
The above formulas for the above posed questions allow one to define in a sufficiently simple way
to what extent temperature and acting loadings affect the regions of dynamical instability.
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