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Abstract-The general development of the theory given here considers the material to be
orthotropic and continuous over (n - 1) elastic or rigid supports. The effect of rotatory inertia
and in-plane loads are also included while formulating the equations of motion. Double and
triple series solutions are given for orthotropic continuous plates. By matching the continuity
conditions at the intermediate supports and satisfying the boundary conditions at the outer
edge, the frequency determinant is obtained. For the purpose of numerical computations, an
isotropic plate continuous over an intermediate-rigid or elastic-support and free and with no in­
plane loads at the outer edge is considered. It is found that the influence of Poisson's ratio on
the frequency parameter is significant only for the first symmetric or asymmetric modes. The
rotatory inertia influences the frequency parameter when the radius to thickness ratio is less
than 80, viz, when the plate is thicl<. Moreover, the elasticity of the support influences con­
siderably the free vibration of plates.

NOTATION
a, b. outer radius of the continuous plate
D = Eh3 /12(l - v 2

), flexural rigidity of the plate
E Young's modulus of elasticity
1,,10 area moment of inertia in the r- and e- directions
m number of nodal dia.
N hao, the radially compressive force per unit width applied at the outer boundary
s number of nodal circles
v (0 - o.,)fO,x 100,0., being the frequency parameter 0 when v = 0·3000
Y mass density per unit volume
v Poisson's ratio
p, = b,fa, radial distance to the support
ao the applied stress at the outer boundary
w circular frequency in radians.

INTRODUCTION

Con~inuous plates are widely used in almost every complicated engineering structure such
as aeroframes, marine structures like ships and submarines, pressure vessels, rocket launching
pads, instrument mounting bases for space vehicles etc. The influence of a concentric rigid
ring support, placed at an arbitrary distance from the centre, on the free vibrations of a thin
isotropic circular plate has been studied by Bodine[l, 2]. An allied problem of the vibra­
tion of the circular plate stiffened by concentric rings has been investigated by Fleyshman
and Shabliy[3] and Kirk and Leissa[4].

The object of the present work is to investigate the free vibrations of isotropic and ortho­
tropic plates continuous over (11 - 1) intermediate-elastic or rigid-concentric ring supports.

t Professor.
:I: Associate Lecturer.
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While formulating the equations of motion the influence of rotatory inertia and in-plane
loads are also considered. Double series solutions and triple series solutions are obtained
for the orthotropic plates which reduce to known exact solutions in the case of isotropic
plates. By matching the continuity conditions and satisfying the boundary conditions, fre­
quency equations are obtained. For the purpose of numerical calculations, an isotropic plate
continuous over an intermediate concentric ring support and free at the outer edge is con­
sidered. Since in practical cases rigid intermediate supports are only an approximation to
the actuality, the study also takes into consideration the influence of the elasticity of support

GOVERNING EQUATION AND SOLUTION

The equations of motion for the transverse vibration of cylindrically orthotropic circular
plate element shown in Fig. 1, with rotatory inertia and in-plane loads are,

oN, 1 oNe, N, - Ne = 0
a;:-+;ae+ r

aNre + ~ aNe + N,e + Ne, = 0
or r 00 r

oM, + ~ oMer + My - Me _ Q = -yl a
3
w

or l' of) l' ' r ot2 or
oM'B 10MB M'B - M fJ, rIe (l3w
---;;;:- -; 00 + r + Qe = - -;: 0(2 00

oQ, 1. oQe Q, a2
w Nil ow No a2w (~ ow _ ~ 8
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where,

Vibration of continuous circular plates

0 1 = 812/811

k 2 = 822 /811

03 = 8 66/811

60S

(3)

(4)

and 8 11 , 8 12 , 822' 866 are the elastic stiffness, h is the thickness of the homogeneous plate
and yIr , yIe are the mass moment of inertia of the plate in the r- and e- directions.

Combining equations (l and 2), the differential equation for the displacement of the middle
plane of the plate is obtained as,

8 11 h
3

[04W+ (20 1 + 40 3)~ + k
2

a
4
w + ~ a

3
w

12 ar4 r 2 ar2ae2 ,4 ae4 r ar3

_ (2a 1 + 4a3)~ _ k
2

a
2
w + (2a 1 + 2k

2 + 4a 3) a
2
w

r3 or ae2 r 2 ar2 r4 ae2

k
2

OW] 0
2

[ yIr a (aw) yIe a
2
w]

+ r3 or + 01 2 yhw - -; or r or - -;:T ae2

[
a2w (1 ow 1 a

2
w) (1 ow 1 a2w)]

- Nr ar2+ Ne -;. a;. + r2 ae2 + 2Nre r2 ae - -;. or ae = 0

where N r , Ne and N re are the stress resultants acting on the element of the plate.

,.

(5)

Fig. 1. Forces and moments acting on a plate element.

The sign convention of forces and moments are shown in Fig. 1, along with the coor­
dinate sytems. To generalise the derivations, the above equation is non-dimensionalised by
the proper choice of parameters and can be written as,

[
a
4
w (2al + 403) a4w k2 a4w 2 a3w-+ .--+--+--ap4 p2 ap2 ae2 p4 ae4 p ap3

_ (2a 1 + 4a 3) a
3
w _ k

2
a
2
w + (2a 1 + 2k

2 + 4a3) a
2
w+ k2a~

p3 ap ae2 p2 ap2 p4 ae2 p3 apJ

+ Q2 ~ [w _ IfJ ~ (p OW) _~ a2w
al2 ha2p ap ap ha2p2 ae2

12b; [a
2
w (1 ow 1 a

2
w) ( 1 ow 1 a2W)]

- Sllh3 Np ap2 + Ne p ap + p2 ae2 + 2Npe p2 00 - Pap ae
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where,
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w= w/b"

p = rib"

l = wt

0 2 = 12yhb~lt.l2

Sl1 h3

(6)

The plate is continuous over intermediate ring supports as shown in Fig. 2. The plate
continuous over (n - 1) intermediate concentric ring supports can be split up into a set
of(n -I) annular plates of radii (bI, b2), ••• (b j - I , b), ... (b"-l' b,,) and a central complete

N

(7)

Fig. 2. Continuous plate with (n - 1) rigid and elastic ring supports.

plate of radius bl • The method of approach to obtain the solution for the vibration of
continuous plate is based on matching the continuity conditions at each intermediate
support and satisfying the boundary conditions at the outer edge. This can be done provided
the solutions for the vibration of annular and complete plates with rotatory inertia and in­
plane loads are available.

SOLUTION TO ANNULAR PLATE

The direct stresses acting on the jth annular plate and the central eomplete plate, under
the action of radially inward forces at the outer edge, are shown in Fig. 3. The stresses de­
veloped in the annular plate due to radially inward and outward stresses of uJ andUj_I can
be obtained by solving the plane elasticity equations. The expressions for the non-zero stress
components are seen to be in the following form:

N p = hap = h[B1pk-l + B2 P-k-I]

No =huo =hk[Blpk-l - B2 P-k-I]

Np(J =0



Vibration of continuous circular plates

Fig. 3. Annular and complete plates.

where,

b - k - 1( bk-1 b k - 1)B_ n (1jj-1-(1j-1j

2 - b. k-1b~-1 _ b~ lb. k-l
J-l J J-l J

(b )
k-l

j-l
(1j-1 = (10 b;

(
b .)k-1

(1j = (10 ~ •

Assuming a separation of variable type deflection function in the form

w= R(p) cos me ell
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(11)

and substituting equations (7) and (9) into (5), and using the change of variables p = eU
,

we get,

where,

l2bn
l B I h

f.11 = Sl1h3

12bn
l Bl h

f.11 = S h3
11

Al = m2(2a1 + 4a3) + k l

el = m4e - m2(2al + 2kl + 4a3)'

A closed form solution to equation (10) is not seen to be readily available. Equation (10)
cannot be solved by the Frobenius method using a single infinite series, since there are three
different variables in u, namely, e(l +klu, e(l-klu and e lu appearing in (10), each giving rise
to three completely different series which cannot be incorporated into the single series of
Frobenius. Moreover, it is not easily possible to reduce equation (10) to a simple differential
equation by any transformations. However, it is seen that a solution can be obtained by
modifying the single Frobenius Series into a triple series, each varying independently. Such
a series which would lend itself as a solution to (10) can be represented as,

if) if) if)

R = L I L cij/e[Q+i(l+k l + j (l-k l +ll)U

1=0.1 j=O.1 /=0,1

(12)

where q represents the unknown roots to be determined. Substituting this into equation (10)
and collecting all like powers of the exponent in u and equating them to zero, we get the
indicial equation,

(13)

and the recurrence relations,

{[q + (1 + kW - 4[q + (1 + kW + (5 - Al)[q + (I + kW

+ (2Al - 2)[q + (1 + k)] +e2}c100 - f.11{ql + (k - l)q - km2}cooo = 0

{[q + (1 - k)]4 - 4[q + (1 - k)]3 + (5 - Al)[q + (1 - kW

+ (2Al - 2)[q + (I - k)] + e2}co l0 - f.12{q2 - (1 + k)q + kml}cooo = 0

{(q + 2)4 - 4(q + 2)3 + (5 - Al)(q + 2f + (2Al - 2)(q + 2) + el }cOOI

l{ I r 1 10m2
}+ n - q - -- COOO = 0hal hal
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([q + i(l + k) + j(l - k) + 2/]4 - 4[q + i(1 + k) + j(1 - k) + 2!P

+ (5 - A,2)[q + i(1 + k) + j(1 - k) + 2W + (2A,2 - 2)

x [q + i(l + k) + j(1 - k) + 2/] + e2}C;jl - Jll{[q + (i - 1)(1 + k) + j(1 - k) + 2W

+ (k - l)[q + (i - 1)(1 + k) + j(1 - k) + 2/] - km2}c;_I, j, 1

-Jl2{[q + i(1 + k) + (j - 1)(1 - k) + 2W

-(1 +k)[q + i(1 +k)+(j-l)(1-k)+21]+km2}c;,j_l,1

{
I r •. 2 10

m2
} 2 0+n2 ha2[q+I(1+k)+J(1-k)+2(1-1)] - ha2 Ci,j,l-l- nC;,j,I-2= .

The roots of the indicial equation (13) are found to be,

ql = 1 + r:J. + f3
q2 = 1 + r:J. - f3
q3 = I - r:J. + f3
q4 = 1 - r:J. - f3

where,
r:J. =·HI + A,2 + 2(A,2 + e2)1 /2]1 /2

f3 = -HI + A,2 - 2(A,2 + e2)1 /2p /2

Hence the solution to equation (5) can be written as,

W= [A1cPl(Jll' Jl2, n, p) + A 2cP2(Jll' Jl2, n, p)

+ A3cP3(Jll, Jl2, n, p) + A4cP4(Jll' Jl2, n, p)]cos m() e'l

where,

609

(14)

(15)

(16)

(17)

00 00 00

cPiJll' Jl2' n, p) = L L L CijI P[Q4+i(l+k)+j(l-k)+21]
;=0 j=O 1=0 (18)

(19)

The coefficients Cijl are obtained by using the recurrence relations (14). Similar solutions
can be obtained for the other (n - 2) annular portions of the continuous plate.

SOLUTION TO COMPLETE PLATE

The solution to the complete plate shown in Fig. 3 is obtained as discussed below. The
stresses up and Uo are obtained by solving the plane elasticity equations of a complete plate
subjected to radially inward loads. The solutions are,

Np = hup = -hUOpk-l

No = huo = - khuopk-l.
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(20)

Assuming a deflection function of the form given by equation (9) and again making the
change of variable p = eU

, we get,

d4R d3R d2R dR
- - 4 - + (5 - A2) - + (2..1,2 - 2) - + e2R
du 4 du 3 du 2 du

[
d

2
R dR ]+ f.l3e(l+k)u - + (k - 1) - - km2R

du 2 du

[ (
1 d

2
R 1 ) ]+n2 e2u _, 8 m2R _e4uR =0

ha2 du2 ha2

where,
12b; huo

f.l3 = 3' (21)
Sllh

Proceeding in the same way as for equation (12), equation (20) is solved by assuming a
double series of the form,

00 00

R = L L dije[Q+(l+k)i+2j]u.
i=O,l j=O, 1

(22)

Substituting the above into equation (20) and collecting the similar exponents in u and equa­
ting them to zero, we get the same indicial equation (13), as previously obtained for the
annular portion.

The recurrence relations are given as,

{[q + (1 + kW - 4[q + (1 + k)]3 + (5 - A2)[q + (1 + kW

+ (2A,z - 2)[q + (1 + k)] + e2}dlO + f.l3[q2 + (k - l)q - km2] doo = 0

{(q + 2t - 4(q + 2)3 + (5 - A2)(q + 2)2 + (2..1,2 - 2)(q + 2) + e2}d01

2 [I, 2 18 2]+ n ha2 q - ha2 m doo = 0

([q + i(l + k) + 2j]4 - 4[q + i(1 + k) + 2jP + (5 - A2)[q + i(l + k) + 2j]2

+ (2..1,2 - 2)[q + i(1 + k) + 2j] + e2} dij + f.l3{[q + (i - 1)(1 + k) + 2j]2

+ (k - 1)[q + (i - 1)(1 + k) + 2j] - km2}di_1 ,j

2{/,. . 2 18 2}d n2d 0 (23)+n ha2 [q+I(I+k)+2(j-l)] -ha2m i,j-l-U i,j-2='

Hence the solution to equation (5) can be written down as,

w= [A1I/I1(f.l3' n, p) + A2I/Iif.l3' n, p) + A31/13(f.l3, n, p) + A41/1if.l3' n, p)] cos m(J e'l

(24)

where,

00 00

./. ( n)=" " d~.p[Q2+i(l+k)+2j]
'I' 2 f.l3' ,p '-- '-- 'J

i=O j=O

00 00

1/13(f.l3, n, p) = L L d7j p[Q3+ i
(l+k l +2j]

i=O j=O

00 00

1/13(f.l3,n,p) = L L dijp[Q4+ i(1+k)+2j]
i=O j=O

(25)
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The coefficients dij s are obtained by using the recurrence relations (23). For a complete
plate, considering the finiteness of the deflection function throughout the plate including
the center, the deflection configuration given by (24) shall be modified as,

w= [A 1rfil(fl3, n, p) + A 2 rfiAfl3' n, p)] cos me eil
• (26)

REDUCTION TO ISOTROPIC PLATES

For isotropic plates, the series solutions given in equations (17) and (26) reduce easily to
exact solutions in terms of Bessel functions. For isotropic material, the physical parameters
will get reduced to,

at = v,

h3

1-­
6 - 12'

1 - v
a3 =--

2
(27)

and the roots of the indicial equation become,

ql = m + 2, q3 = -m + 2, (28)

Substituting the above parameters and roots into equation (17), we obtain in the case of an
annular isotropic plate,

(29)

where,

For a complete isotropic plate, the solution obtained from equation (26) is

w= [AJm(<5p) + Clm('7P)]cos me eil.

BOUNDARY AND CONTINUITY CONDITIONS

At p = 1,
Plate fixed at the boundary,

w=O

ow
op = o.

Plate simply supported at the boundary,

W=O

Mp=O.

(30)

(31)

(32a)

(32b)
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Plate free at the boundary,

Mp=O

oM 8

Vp = Qp - piJ~ = O. (32c)

The continuity conditions can be specified in the following manner. Consider the plate as
supported over (n - 1) intermediate supports. The intermediate supports could be considered
as rigid or elastic. At any of the intermediate support p = p j ,

For a rigid support,

For an elastic support,

G;) j- = G;)j+

(Mp)j_ = (Mp)j+'

(W)j_ = (w)jt

(OW) (OW)
op j_ = i3p j+

(33)

(34)

(Mp)j_ = (M,..)jt

(Vp)jt - (Vp)j_ = k 1(w)j-

Using the boundary conditions of (32 a, b or c) and the continuity conditions of (33) or
(34) in equations (17) and (26) or (29) and (31), we get (4n- 2) equations containing (4n - 2)
arbitrary constants. These (4n - 2) equations lead to the frequency equation which must
be solved to find the eigenvalues of the continuous plate. From the eigenvalues, the eigen~

vectors and the non-dimensionalised deflection modes can be calculated.

EXAMPLE PROBLEMS AND FREQUENCY EQUATIONS

For the purpose of numerical calculations, two specific problems shown in Fig. 9 are con­
sidered. Plates are assumed to be isotropic in the calculations. The frequency equations for
both the cases are given as equations (35) and (37) [Ji = 0].

For the rigidly supported free continuous plate, the frequency equation is,

J;"(bps) I;"(tfPs) -J;"(fJps) - Y;"(bps) -I;"(1JPs) -K';,,(tfPs)
J'",(bps) 1~(tfPs) -J'",(bps) - Y~(bps) -l:"(l1Ps) -K'",(f/Ps)
Jm(ops) Im('1Ps) 0 0 0 0

=0. (35)
0 0 Jm(bps) Ym(opS> Im(YJPs) KmCYfPs)
0 0 J;"(bpo) Y';,,(bpo) I~(t1Po) K;"Cf/Po)
0 0 J';:'Cbpo) Y;;:(fJpo) I;;:CYfPo) K';:.(YfPo)

where

Po = 1

J;"({)p) = mJmCfJp) - OJmt1(fJp)
P
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For an elastically supported, free plate, the frequency equation is,

613

(36)

J~{fJps) I~{YJPs) -J~{fJps) - Y';;{fJps) -I~{YJPs) -K~{YJPs)

J~{fJps) I~{YJPs) -J~{fJps) - Y;"{fJps) -I~{YJPs) -K~{YJPs)

Jm{fJps) Im{YJPs) -Jm{fJps) - Ym{fJps) - Im{YJPs) - Km{YJPs)
aJm{fJps) alm{YJPs) bJm{fJps) bYm{fJps) bIm{YJPs) bKm{YJPs) =0 (37)

0 0 J~{fJpo) Y';;{fJpo) I~{YJPo) K~{YJPo)

0 0 J',;;{fJpo) Y';;'{fJpo) I',;;{YJPo) K',;;{YJPo)

where,
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2 3

bI::;(YJP) = + ;YJ Im(YJp) + k
YJ

Im+1(YJP)
IP I

mt/ 2
'13

bK';,(YJp) = + k Km(YJp) - k-:- Km+1(YJp)·
IP I

(38)

NUMERICAL RESULTS AND DISCUSSION

Numerical calculations were done in an IBM 7044/1401 computer. The program was
written in Fortran Language and three subroutines-one each for evaluating the elements of
the determinant, the Bessel functions and the determinant value with or without eigenvectors
-were used along with the main program. The accuracy imposed on the calculation of
Bessel functions was 10- 8. The iteration process for calculating each eigenvalue and the
corresponding deflection mode took 8 sec on the average.

Examining the continuity conditions in equations (33) and (34), it can be seen that the
physical conditions of bending moment and shear can be replaced by the second and third
derivatives with respect to P of the deflection function w. From equation (35) it can be seen
that the physical parameters that influence the frequency parameter n are v, the Poisson's
ratio, h/a, the thickness ratio and Ps' the distance of the concentric ring support from the
centre. In the case of a free plate on elastic support, the parameters are v, h/a, Ps and k 1,

the coefficient of support elasticity.

E,g
cj
'0-2.0

i
.1:

tj-3.0

-4·0
5=0'----..

~Q!
, ]. ! !

:Jtb,J
---m=O

-----m= 1

Fig. 4. Influence of Poisson's ratio" v" on the frequency parameter" .Q " (ps = 0'60).
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Figure 4 shows the influence of Poisson's ratio on the frequency parameter of a free con­
tinuous plate on rigid support. The percentage difference in the parameter to the standard
value of n when v = 0·30 is plotted on the y-axis against v on the x-axis. As seen the varia­
tion is linear in the case of symmetric and first asymmetric modes (m = 0 and m = I). For
higher modes it is parabolic as could be proved from equation (35). n increases with an
increase of v. The first eigenvalue of both the modes (i.e. s = 0, m = 0 and s = 0, m = 1) are
found to give greater differences than the subsequent eigenvalues. The difference is found
to be ± 1·36 per cent for a difference of ±0'05 in v for the lowest mode (m = 0, s = 0). For
the higher frequencies, the difference is small and thus can be neglected.

200

160

180

A

80

40

.....,----7-......-___...... - 5=0

o~==~=-=--=--~-~=:i:=~d
0.10 ().30

t's

Fig. 5. Effect of support distance ..P." on the frequency parameter" n" (v = 0'30).

Figures 5 and 6 show the effect of varying P. on the frequency parameter n. The results
shown in Fig. 5 agrees with the results of Bodine[2]. It is found that when P. is less than 0'25,
the first asymmetric (m = 1, s = 0) mode occurs before the first symmetric mode (m = 0,
s = 0). For all the other cases, the asymmetric modes give values higher than the symmetric
mode. Figure 6 shows the results obtained for the case of an elastically supported plate
(v = 0'300, k1 = 170'0). Comparing the results in this figure with those given in 5, it can be
said that the support elasticity influences the frequency spectrum considerably. The well­
defined crests and troughs seen for the rigidly supported plates are not present here, except
in the case of the first and second symmetric and asymmetric modes (m = 0, s = 0; m = 0,
s = 1; m = 1, s = 0; m = 1, s = I). For the higher modes the elasticity of the support does
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------m= I

18

ISO

i

-----------/------~
s.'\, 1

1
$=2 ~
~ ,/ i-------------- ---- ---------... 1

_-----_ //" I
_--------- $ =;:;,.-- .&/ 1------

-

o

30

60

120

90
.n.

Ps
Fig. 6. Influence of support distance" ps" on the frequency parameter" n" (v = 0'30, k 1 = 170).

not give rise to much differences in n when the support moves outward from the centre. It is
quite important to note that for Ps less than 0'46, the first asymmetric mode (m = 1, S = 0)
gives lower values than the first symmetric mode (m = 0, S = 0).

Figures 7 and 8 show the frequency spectrums for the two support conditions of interest.
From these figures the influence ofrotatory inertia on frequency parameters can be estimated.
At low values of n for any a/h ratio the rotatory inertia effect is seen to be very small. But
for higher modes of vibration, the effect is seen to be discernible when a/h is smaller than
100. If the effect of rotatory inertia is not taken into account in the study, then all the curves
in Figs. 7 and 8 must be horizontal. For the twelvth symmetric mode (s = 11, m = 0) of

the elastically supported plate with ~ = 20, the influence of rotatory inertia is about

22 per cent.
Figure 9 gives some of the interesting vibration modes for the rigidly and elastically sup­

ported plates. For the rigidly supported plate, the support is always a circle of zero deflec­
tion. Unlike in the case of a free plate[5], the frequency parameter continuously increases
with the number of nodal diameters and circles. As could be seen, the elasticity of the sup­
port affects the mode shapes considerably. There is always an upward or downward deflec­
tion of the elastic support. The second symmetric mode of the elastically supported plate
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does not have any nodal circle. The first asymmetric mode (m 1) has a nodal circle within
the elastic support while the second asymmetric mode (m = 1) again has only one nodal
circle which is now located outside the elastic support.

Figure 10 gives the influence of the elasticity ofthe support on the frequency parameter.
It is found that for the lower modes, a value of 10,000 foJ,' k1 (i.e. loglo kl = 4), it is found
to behave almost like a fixed support; and at higher modes even this value of k1 affects the
results very much. For higher modes it is also found that n is almost stationary up to
k1 = 1000 (i.e. loglo k1 = 3) and then increases rapidly for higher values,

It may be mentioned that the method developed in this work can be applied to stepped
circular plates as well.
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AocTpaKT-no TeopHH npHBe~eHHoH B :nOR pa60Te MaTepmlJI ClffirueTCjl oprorporrHll:ecKHM
If Hepa311bIBHhfM Ha~ (n - 1) 3JiaCTH'lHOH HJiH lKecTKOH oilopaMH. )J,Jlll $OPMYJlllUHH ypasHeHHH
IJ.BllJlCeHHlI TaKlKe BKJiIO'IalOTCll 3CfJ4JeKThI Bparn;aTeJIbHOH HHepl\HH II 3<MJeKTbl HarPY3KH no
UJiOCKOCTR. )J,JIlI OpTOTpOIlH':IeCKHX Hepa3pbIBllblX nJiaCTHIi HamJiH ABYXpllp;Hble H TpeXpjl~Hble

peweHIIl'I. COrJlaCOBaHHeM YCJiOBHH Hepa3pbIBHOCTH Y npoMelKyTo'lHbIX orrop H Y.IlOBJIeTBope­
HHeM rpaHlI'fHhlX YCJiOBHH Ha HapylKHoM KpalO, llOJi)"l:HJiH onpe,l1eJlHTeJib 'lacTOTbl. ,l],.rrll
lffiCJIOBOrO pac'IeTa paccMaTpHBaeTcll H30TporrH':IecKaJI Hepa3pMBHaJI UJIacTHHaH~ rrpOMelKY­
TO'l:HOH 3JiaCTH'IHOH HJIH lKecTKOH onopaMH, 003 llJlOCKOCTHbIX Harpy30K Ha HapYlKHhlH Kpail:.
HarnJiH, 'ITO BJIHlIHHe K03$$HUHeHTa nyacCOHa Ha napaMeTphl '1aCrOrbI llBJIlleTCli CymecTBeH­
HbIM TOJIbKO llJill nepBbiX ClIMMeTpH'lHhIX HlIM aCHMMeTpH'lHhIX Kone6aHHH. BparnaTeJibHall
Imepl.\Hll BlIHlIeT Ha napaMeTp '1aCrOTbI Torp;a, Kor,ll.a Pll,1l,H)'c no oTHoureHHlQ 1'OJiIl\HHbl MeHee
80, a HMCHHO, CClIH JiHCT TOJiCThIH. KpoMe 1'01'0, :maCTH'lHOCTb orropbI 3aMeTHO BJiHBeT Ha cao­
60,L\HOC KOlIe6aHHe llrracTHH.


