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A PLANE DISTORTION PROBLEM

WITOLD N O W A C K I (WARSZAWA)

8 u and the stress components; atj

1. Introduction

Consider a sianply connected thin plate free from stresses at the edges.
Assume that a given state of strain exists in the region F of the plate;
let- the strain components e"- be equal to zero outside that region. The
introduction of initial strains e?. will provoke a certain state of strain
(e,y) and stress (ery) throughout the entire plate. The object of this paper
is to determine the strain components
for given initial deformations efj.

The problem stated above is of prac-
tical interest. It will be illustrated by way
of two examples.

(a) Consider an arbitrary plate. Let
the strains e" — const, e?„, = const,

xx yy

and exy = 0 (Fig. 1) be prescribed in
the region of the rectangle F, with the
edges a and fa. The state of stress due to
these initial strains can be interpreted as
follows. Let us cut out of the plate the
rectangle F and replace it by a rectangle Fig_ i
of the same material but with the edges
a-\-Aa, b + Ab, where A a and Ab are assumed to be small quantities
in relation to the lengths of the edges of the rectangle. The «assemblage»
of this rectangle can be only done by force: a state of stress (cr.) will
result in the plate. The field of initial strains is characterized in our case
by constant quantities exx — A a/a and syy = A b/b. It is clear that we
can imagine cases in which the components ej. are point functions in the
region F. In the cases considered in this paper, we are concerned with
assemblage stresses resulting from errors in the manufacture of plate
elements.

(b) Let the region F of the plate toe heated to the temperature T.
Let T = 0 outside the region F. If a region F of the plate is removed and
heated to the temperature T, it will undergo dilatation. The dilatation
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418 Witold Nowacki

00 __ eo^ _j_ £o —2atT will be constant over the whole region. The
«reassemblage» of the heated region in the plate will provoke a state of
thermal stress (a{J) in the plate.

By contrast to the problem of thermal stress due to a discontinuous
temperature, such as has been considered in many investigations among
which mention should be made of the recent works of M. H i e c k e, [1],
[2] and [3], the more general problem of assemblage stresses has, as far
as the present author knows, not yet been treated in greater detail.

The solution of the problem stated to begin with will be obtained here
by using G r e e n function for generalized displacement equations and
the generalized A i r y equation.

The relations between the state of stress (o^) and1 the state of strain
(e;y) for initial strain have, in a plane state of stress, the form

(1.1)

E

E

E
Dxy>>

Here E is Young ' s modulus, G modulus of elasticity in shear and v
P o i s s o n ' s ratio. Expressing the strains as a function of displacements
we have

_ du _dv _du dv
dx' yy dy' xy dy dx'

(1.2)

Introducing the relations (1.1) in the equations of •equilibrium of a plate
element,

(1.3)
d

xy '
doxy

dx dy ' "' dx ^ dy

we obtain the displacement equations of our problem' in the form

2 d

(1.4)

where

d©

do 2 d
e d y i—v dy • yy ^Vbx*

Wy
dy '

del,

1—v'
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This system may ibe transformed to the form

„o
bxy>

For a given state of strain (e^) the right hand members of the Eqs. (1.5)
is known. From the solution of non-homogeneous biharmonic equations
for assumed boundary conditions, we obtain the functions u and v, and
from the Eqs. (1.1), {1.2), the strains and the stresses.

Note that in the particular case, exx = syy = e°, exy = 0, the Eqs. (1.5)
can be reduced to one equation. Then, introducing the function 0 cha-
racterized by the relations

(16) « - * * „ = ? *
dx dy'

we reduce the system of equations (1.5) to

(1.7) P2 |72<Z> = {1 + v) F36°.
The solution of the problem of state of stress (ffj due to a given strain
field (e?.) over the region F, will be obtained in a most simple manner
using the G r e e n function. Consider the case in which the field e°xx

alone is given over the region F. Assume first that exx exists only over
an inifinitely small region dF surrounding the point P{£,rj) and is equal
to zero over the remaining part of F. The quantity (exx dF) is called the
nucleus of elastic strain. This nucleus provokes in the plate displacements
the components of which are u*{x, y;£, rj) and v*(x, y;£,rj), and,the state
of stress the components1 of which are o*(x,y; I, r\). These functions are the
G r e e n functions ol our problem. If, now, a state of initial strain exx (£, rj)
exists in the region F of the plate, and if sxx = 0 outside that region, the
displacement and stress components may be expressed by the integral
expressions

u(x,y)=f j E°xx(£,ri)u* (x, y;f j ł ?)df dr),

& \*£i y) —• J J bxx\£> 'i* \ ? " ?

(1.8.2) au (x, y) = J f exx(£, rj) ff* (x, y, •
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The functions u* and v* will toe determined from the equations

(1.9)

where d denotes a D i r a c function.
If a nucleus of elastic strain (s°yydr) and (ejjydF) exists in the plate

the G r e e n functions are constructed in an analogous way. Thus the
G r e e n functions for the nucleus (e°yvdr) will be oibtained by solving
the system of equations

(1.10)
8oj/ d r )

If u*** and V*** denote the G r e e n functions for the displacement
components in the case of the nucleus (e°xydr), the corresponding system
of differential equations will take the form

(1.11)

Finally, ior the state of initial strain (e?;.), in the region F, we obtain by
superposition

(1.12)

u (x, y) = . V, ^ e°yy (S, v) «** (x, V, £,

u (x, y) = / / [e^(f, ri) V* {x, y; £, rj)+eyy (£, rj) u** (x, y; £, rj)+

+ ^ (f,i?) »*••(*,»; ft i

r/; (X, y) = / / [««, (ft r,) 4 ( a , y; ft j tf+e^ (ft q) <7»*(a;, y; ft/ /

2 1 '—' tC XI (7 (T
j J } tj J ii ji *

Further considerations will chiefly concern the determination of the
G r e e n functions. The knowledge of these functions will enable us to
determine, Iby means of integration, the state of stress in the plate due
to the action of the initial strains (e?).
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In many particular cases, the problem considered in this paper can
be solved in a much simpler manner by introducing the A i r y function F,
characterized by the relations

„ ,ON ^ F d2F d2F

It satisfies the equilibrium equations. (1.3). Using that function to deter-
mine the deformations (ey) appearing in the Eqs. i(l.l) we have:

( e —eo = -

1 WF
eyy-eyy--E[dx2

G dxdy'

Introducing the above relations in the compatibility equation

(115) * - + *!*,-*!&,
( 1 > l b ) dy* + dxa dxdy' .

we have the following non-homogeneous biharmonic equation for the
function F:

-0

(1.16) 1/17^ — 2 6 ( 1 + . ) ^ + ^ g ^ |

The convenience of using the A i r y stress function F consists above
all in that one equation must be solved instead of two.

Denoting by F* the G r e e n function for the nucleus (s°xxd.r) acting
at the point (£,r?), and by F** and F*** for the nuclei (s°yydF) and (s°xydr),
we olbtain for the strain field over the region F of the plate, the relation

(1.17) F(x, y) - / J(<4 F* + eyy F** + ̂  F**«) df d,?.

The G r e e n functions for stresses will be obtained by means of dif-
ferentiation according to the Eqs. (1.3). The considerations presented here
will be completed with certain particular solutions for plates of most
simple types: an infinite pl'ate, a semi-inifinite plate and a plate strip.

2. An Infinite Plate

Let us determine first the functions u*, v* and F* for an infinite plate
with a nucleus of elastic strain (e°* dF) acting over an infinitely small
neighbourhood of the point P (I, rj). The system of equations {l.fy and
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the Eq. (1.16) will be solved assuming that displacements and stress should
vanish at infinity.

Moreover, the function u* should1 (be symmetric with respect to the
straight line y = rj and antisymmetric with respect to the straight line
x — £. On (the other hand, the function v* should be antisymmetric with
respect to the axis y = rj, and symmetric with respect to the axis x = | .
The function F* should ibe symmetric with respect to the lines x = | and
y = rj. This follows from the symmetry of normal stresses with respect
to these lines. The above conditions will be satisfied assuming that,

(2.1)

u- / (A (a, /S) sin a(x — () cos p(y — ri)da d/9,
ó 6ó 6

r r
V* — J j B(a,jl) cos a(x — f) s i n /? (y — rj)da dfi,

ń óń ó

F* =fj C (a,/J) cos a (a: — f) cos/3 (y —
o o

Expressing the D i r a o function by means of a F o u r i e r integral, we
obtain the solution of the Eqs. (1.9) in the form

(2.2)

JJ
o o

+ (1 I
gt)! s i n a ( x ""•' ^ c o s ^ (y —»?) d a d/S =

j
0 0

a~joa)2 c o s " ('x — f) sin /5 (y —

r = y(x — I)2 + (y — rjf.

Integrating the Eq. (1.16), we obtain

(2.3) F*=2G(l + v)(e°M
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From the Eqs. (1.13), we obtain

(2.4)

where

0 0

« & -
2G(l + v)(exxdF)

0 0

o o

; cos a(x — f) cos p (y —

^ sin a (x — f) sin 0 (y —

Knowledge of the G r e e n function a*j enables us to determine the
state of stress ay in a case in which the state of initial strain e°xx (£, q)
is given over the region F. The stresses <T,y will be obtained Iby integration
according to the Eq. (1.8.2).

In the case of the nucleus of elastic strain (eyy d F) at the point P (£, rj),
the functions a%- will be obtained in an analogous manner. We have

** _ K211 8 (a: — if (y — rjf\

(2.5)

2K.,

- 2 K ,
(a: — rj) [, Ay — rjf\

1 — 4——«-*— ,
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where
v)(e°vvdr)

yy

Let a nucleus of elastic strain (exydF) act at the point P (£,??) of an
infinite plate.

The function u*** should be symmetric with respect to the line x = f
and antisymmetric with respect to the line y — r\. On the other hand, the
function v*** should foe antisymmetric with respect to the line a: = f and
symmetric with respect to the line y — rj. Moreover, the displacement
components should be zero at infinity. The function F* should be anti-
symmetric with respect to both the axis x — £ and y = rj. This follows
from the fact that the stress a*Xy* is symmetric with respect to the axis x = f
and y = rj. Let us assume therefore that

(2.6)

u *** = / J A(a, fi) cos a (x — $) sin 0 {y — r,) dad£,
h o

v *** = / J B {a, P) sin a (x — ?) cos /? (y — rj) da d/S,
o o

OO DO

F*** = J JC (a,P)sin a (a;— f) sinP(y--rj)dadf}.
o o

E x p r e s s i n g a lso t h e D i r a c f u n c t i o n b y a d o u b l e e v e n F o u r i e r i n t e g r a l ,
w e h a v e ,

(2.7)

i J
0 0

cosa(x

[( i-')+2<i+')(V4
0 0

X cos p (y—rj) da dp =

(aa+/Sa)a sin a (x — I) X

F *** J J
a o («2+i32

n
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The G r e e n functions for the stress components off take, according
to the Eqs. (1.13), the form

(2.8)

Oxx — —

,, (x f)(y r?)L 4
Oyy — — Kg -J 3

a.x

where

K8 I 8 ( x - f ) 2 ( y ~ t ? ) 2 ]

3. A Semi-Infinite Plate
• *

Let a nucleus of elastic strain • (e^ d F) act at the point P {§, 0) of
a semi-infinite plate. The function F* should satisfy the Eq. (1.16) with
the boundary conditions,

(3J1) a*xx—0, a*xy = Q for x = 0 .

Moreover, all stress components atj should vanish at infinity.
The function F* will comprise two parts $* and- W*. The first of

these functions should satisfy the equation

(3-2) F 2 F a 0 4 = - 2 G ( 1 + .) (el d F) ~ d (x - I ) 6 (y)

with the boundary conditions <P* = 0 and F 2 O* = 0 at the edge x = 0.
These conditions may also foe expressed in the form

(3.3)

on the line x = 0.
The function y* should satisfy the homogeneous biharmonic equation

(3,4) . , # .-• ,, F 2 P 2 t F l = 0

with the boundary conditions

(3.5) S Ł - - j j — o . < ^ - a ^ = ° far x - o ,
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where

The final form of the Green function is obtained by superposition, thus,

FA- W i * I 1 7 / * * — * I *

= 0 -\- V , Oxx= Oxx-\-Oxx,

Oyy — Oyy -f- Oyy , Oxy — Oxy ~t~ Oxy •

(3.6)

The function 0* is obtained as a result of the action of two nuclei of
elastic strain of which one, positive, is located at the point P(£, 0) and the
other, negative, at the point P'(—£, 0) of the infinite plate.

Using the Eqs. (2.4) we obtain

Oxx

(3.7)
I ayy = -3-T- = Kt \-S \

i/a1 I I 8M-DVI1
r I 1 7 I > ,

J r2 L r2 J)

It is seen that the stresses o*x and o*y vanish at the edge x = 0.
The stresses ~axy remain different from zero.

It will be convenient for the subsequent considerations to represent
the stresses [o*y]x=o by means of a F o u r i e r integral

\o-°) \Oxy\x:

The function T* is assumed in the form
CO

W * = x f B (/?) e & cos jgy d/S.
o

This function satisfies the conditions at infinity and the first of the con-
ditions (3.5).

From the second of the conditions (3.5) we have

(3.9)
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Hence,

r
= 2Kxx£ I p cos /Jj/d/S = 2K1

Then, we obtain successively

(3.10)

— 3 x 1

12a

i J l "
On the basis of the Eqs. (3.6), we obtain the G r e e n functions afj for

the case of a nucleus of strain (e°xxdr) at the point P(£, 0) of a semi-
infinite plate.

The case of a nucleus of elastic stnain \e^ dl) at the point P (f, 0)
of a semi-infinite plate offers nothing essentially new in our considerations.

Considen, finally, the case of a nucleus of elastic strain {exy d F) acting
at the point P (f, 0) of the semi-infinite plate,
be assumed as before in the form

(3.11) F*** = #*** + f***,

in which the function 3>**1|r satisfies the equation

(3.12) p 2 (73<Z>*** =

with the conditions

The function F*** will

(3.13)
d&*

dx — 0, dy '

at the edige x = 0.
These conditions are identical with

(3.14)

for x = 0.

u*** = 0, a xv = U
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The function !F*** should satisfy the equation

(3.15)

with the boundary conditions

dxdy '
(3.16) _ ^_ r»*»

~~ dxdy' axx

)2 nj*
n

for x = 0.
The Eq. (3.11),, together with the conditions (3.13), will be satisfied

if a positive nucleus is located at the point P (f, 0) of the infinite plate,
and a neigative nucleus at the point P' (—|, 0) of that plate.

Using the Eqs. (2.8) we have '

(3.17)

'- 1-

(x+E)

J/

—***
Oxy — —

i '

.# = ri_ (A+

The function

(3.18)

satisfies the Eq. (3.14) and the conditions at infinity. Since \'a***]x=o can
be represented in the form

(3.19) h=o = K,

It follows from the boundary conditions (3.15) that

(3-20) A = B, ,4 = K3££2e--^.

Thus we have

(3.21) ! P * - K 8 J



A Plane Distortion Problem 42S

We obtain successively

¥*

(3.22)

Adding the stresses of the group (3.16) and (3.21), we obtain the G r e e n
function a*** of our problem.

4. A Plate Strip

Consider a nucleus of elastic strain {e°xxdr)t acting at the point P(£, 0).
We assume that the edges x = 0, x = a are free from stresses, that is
o xx = 0, oXy = 0 at those edges.

In order to determine the G r e e n function for stresses ovy, we shall
determine first the function F*, which should satisfy the equation

with the boundary conditions

(4.2) = 0, dxdy = 0

at the edges x = 0 and x = a.
We assume that

(4.3) F* = 0* + T*,

where the function 0* should satisfy the
equation

(4.4) P2 p2 O* = —

with the conditions

(4.5) a:
d2®*

for x = 0 and x = a.

The function W* should, on the other hand, satisfy the biharmonic

equation

(4.6) F a (7 2 ^* = 0
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with the conditions

(4.7) a*xx = dy,2 — "> dxdy dxdy
for x = 0 and a; = a.

The function $* will be assumed in the form '

(4.8) 0* = J y An (/S) sin anx cos /Syd/3.
o n = l

Expressing the D i r a c function by means of a F o u r i e r series and
integral, we have the following solution of the Eq. (4.4):

(4.9)

* 4K f v i p12

= — / . 7 o i >ia s i n a«
s m a « x c o s

0 71=1

This function can be expressed in the closed form

K
(4.10)

where

0* =

= In
ch - - — cos—-{x —

a a

ch : n
-cos — (a: •

a

It can easily be verified that the function 0* satisfies the conditions '(4.5)
and those for y ->- oo. For a: -> f the function (P* increases indefinitely
showing a singularity of the logarithmic type. The knowledge of 0* enables
us to determine the stresses ~atj in the closed form

(4.11) Jyy

Gxy

dx*

a y 8 / '

KL d*y>
dxdy 4 \"dxdy +y dxdy2)'

1 It is assumed that alternating positive and negative nuclei are periodically
distributed along the x-axis {see also [4] and [5]). . '
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It will be convenient for further considerations to represent the stress
~o$y at the edge x = 0 and x = a in the form of the F o u r i e r integral:

(4.12)

where

= —,S2 y

(4.13)

2

sin
o /

4 *2 V
""*— P y

CL -^—'2 2 i /?2\2

a

i

L

0'

oxdr ' y

2
\

i r
/ - i

— i

x,x'

Fig. 3

The action of the nucleus of thermoelastic strain at the point P (|, łj) can
•be replaced by the action of a system of nuclei represented in Figs. 3a
and 3b.
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For symmetric nuclei (e°xx dF)/2 (with respect to the y-axis), we have

f J 0 <?'f
0

or

(4.14)

"where

For antisymmetric nuclei (e°xxdr)/2 we have

0

/?£' ch^shfff —

(4.15)

where

(•)( f ' ) = ^' s h ^ c h ^ ~ ^ c h ^ s h ^£<

For symmetric nuclei, the function !P*(s| will be assumed in the form

(4.16) V*W = J -^ (A ch Bx'+B 8 x' sh Bx') cos By' dB.

From the condition (4.7), we oibtain

<4.17) B = — A A = l
2 sh /u ch n +

Knowing the function !F*|S), we calculate the stresses

•(4.18)

2 ./ c h jM s h ,w -f- /•«
c h ^ _

— Bx ch n sh Bx') cos By'dB,

1 ' •**• r u P \Lt C )
7o —• _ I ~ i~ j I \/^ *^-^ /^ '

0

— 2 ch j«) ch Bx' — Bx ch /* sh jSx'J cos By' dB,

Jx' — /3x' ch /w ch Bx'] sin By'dB.
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For nuclei antisymmetric with respect to the y'-axis {Fig. 3b)., the function
!P*(a) will be assumed in the form

(4.19) W*W = J JL [A sh /Sec' + B/Jsc' ch /3a;'] cos jSj/'d/J.
ó

From the boundary conditions (4.7), and (bearing in mind (4.15), we have

(4.20) B = •

Then,

fxch /J,'

(4.21)

5* (a)
2 J sh^ch^— / v p ^ p

— sh 3a;') cosj3y'd/3,

xsh/3a;' Sx'] cos|3y'd(3,

fall p «A- p i** oil p. oil p vi. j mu p y vx p •

It should be noted that for nuclei of elastic strain symmetric with respect
to the y'-axis, the stresses o£i£! on the straight lines y = 0 and x' = 0
vanish. We obtain a normal stress distribution symmetric with respect
to the x- and y'-axis, and a shear stress distribution antisymmetric with
respect to these axes. In the case of antisymmetric nuclei, we obtain just
the contrary.

The final form of the solution of the Eq. (4.1) is

(4.22) L* = 0* + ^*(

and the G r e e n functions for stresses at] will be obtained from

(4.23) aij = ~51j + 3&W + aj/al

Consider, finally, the action of a nucleus of elastic strain (e°xy dT) at the
point P (£, 0) of a plate strip. Let the edges of the strip be free from
stresses.

Arch. Mecli. Stos. — 5
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The G r e e n function F*** should satisfy the equation

(4.24) P2 P2 F*** = 2 G (1 + v) (E°XV dD —^ [S (x — $)d (y)J

with the boundary conditions

(4.25) T7T--0.
**

at the edges x = 0 and x = a.
Assume that

(4.26) F*** = 0*** + 'i7***,

where the function $*** should satisfy the equation

(4.27) V3 F20*** = 2G(l + v)(e0^ dD - ^ \d(x — £)d(y)\

with the boundary conditions

(4.28 a*** = — ~ p - = 0, u-g— = 0.

*̂  dxdy dx

The function !̂ *** should satisfy the equation

(4.29) p2 (72 <?*** = 0
with the boundary conditions

J2 If/*** A2 W***

(4-30) ^ST+^^p 0, o y — ^

for x = 0 and a: = a.

Assume the function (P*** in the form

on oo

(4.31) $*** = J £ An (P) cos an x sin
o n=i

Expressing the D i r a c function by means of a F o u r i e r series and
integral, we have the following solution of the Eq. (4.27): • '

UV\ **** 4 G ( ! + * ) ( < , d-D — gnp
(4.32) 0 = —• ~^~^~ ^ J 7^2—~2 sin a„^ cos a,,

This function can be represented in the closed form
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where

nc h — y — cos — (x — | )

ch — -y — cos — (x
a a

The stress components (cr?/*) are easily found:

(4.34)

2 \*dxdy ' ydxdy2}'y
d3y>

The !f*** function will be assumed as composed of two:

(4.35) ^***==nr + n*r>
of which the first will oorrespond to the action of two nuclei (e°xy d T)j%
located symmetrically with respect to the y'-axis, and the second to the
action of nuclei, antisymmetric with respect to the sarnę axis.

We assume that

W = f Ł (A ch fix' + B/Sx' sh px') sin Py'dp,
o P

|ay = J A (C sh px' + Dpx' ch /SaO sin /?y'd/3.

(4.36)

The following conditions should be satisfied at the edge ;r' = a/2:

', fx) sin /S y' d(S = 0,(4-37) - j - - f ^ 7 -

and

(4.38) ---

where the functions Q{s){aJ') and"e(a>(u,l') are expressed iby the Eqs. (4.14)
and (4.15).



436 Witold Nowacki

From the boundary conditions, we have

A = K.0(tQli)(/J.,C)-r h ; , B= -A
(4.39)

c = D=-C ...

Next, we determine the stress components:

(4.40)

LT J
) — — A-o

I (fi ch n + sh fi) ch Bx —

— Bx sh fi sh fix'] sin $y dB,

- Bx' sh fi sh Bx'] sin By' dB,

— fix sh itch Bx'\ ch By'dB,

[ (ch ^ + fi sh ,«) sh 8 x —

— Bx ch fi ch jSx'J sin By dB,

s h ^ ' -

— /Sx' ch x'] sin /Sy' d/3,

b
— fix ch ft sh /Sx'J cos /Sy'd/3.

The final form of the G r e e n function for stresses is obtained by-
superposition:

ff(7 = <Ty + <T//(i)
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S t r e s z c z e n i e

O PEWNYM PŁASKIM ZAGADNIENIU DYSTOBSYJNYM

Celem pracy j est wyznaczenie składowych stanu naprężenia oy i sta-
nu odkształcenia ey, wywołanych w tarczy działaniem odkształceń po-
czątkowych e°ij, występujących na obszarze F tarczy. Równania prze-
mieszczeniowe teorii sprężystości przyjmuje w rozpatrywanym zagad-
nieniu postać (1.5). Rozwiązano je w założeniu, że w punkcie !,9j dzia-
ła jądro sprężystego odkształcenia e^-dF. Otrzymuje się w ten sposób
funkcje G r e e n a dla przemieszczeń u, v. Użycie ich zezwala na wyzna-
czenie przemieszczeń u,v i składowych stanu naprężenia a u wywołanych
działaniem początkowych odkształceń e9 występujących na obszarze F
tarczy [patrz wzory (1.12)].

W wielu przypadkach wygodniej jest posługiwać się funkcją A i r y ' -
e g o. Zagadnienie sprowadzone zostaje do rozwiązania równania różnicz-
kowego (1.16). Znajomość funkcji A i r y ' e g o F pozwala na wyznaczenie
składowych stanu naprężenia aj [wzór (1.14)]. Sposób wyznaczenia sta-
nu naprężenia 07/, wywołanego w tarczy działaniem początkowych od-
kształceń e"y., objaśniono trzema prostymi przykładami. Dotyczą one tar-
czy nieograniczonej, półpłaszczyzny tarczowej oraz pasma tarczowego.

P e 3 10 M e

O HEKOTOPOH IIJIOCKOH flHCTOPCHOHHOH 3AAAHE

Pa6oTa MMeeT u,ejitio onpe/i;e.nMTb KOMnoHeHTbi HanpHJKemioro COCTOH-
HMfl Oij, M 7I,ecpOpMMpOBaHHOrO C O C T O H H M H Bij, BBI3BaHHbIX B nJIOCKOM

Tejie fleMCTBMewc nepBOHanajibHBix fledpopMaujHJi E^, KOToptie BbicTyna-
K)T B oSjiacTM r Tejia. ypaBHeHM.H nepeMemeHMM TeopwM ynpyrocrn
B paccMaTpMBaeMOM npoSjieMe npnHMMaioT BM,n; (1.5). 3TM ypaBHeHwa pe-
maiOTCH npM npep;nojio5KeHMH, H:TO B TOHKe I, r\ fleiłCTByeT ynpyroe
fledpopMan;iiM s°r dF. TaKMM o6pa3OM nojiynaeM dpyHKii;HM P p M H a
nepeMemeHHM u, v. Mcnojib3OBaHne MX no3BOJraeT onpeflejiHTb nepeMe-

U, V K KOMnOHeHTHbl HanpHSCeHHOrO COCTOHHMH CT//, BbI3BaHHbie



438 Witold Nowacki

,zi;eMCTBHeM nepBOHanajibHbix flecpopMaiiHM e°y, KOTopbie BbicTynaiOT B 06-

F TeJia [CM. cpopMyjibi (1.12)].

Bo MHornx cjiynaax yfloSHee Mcnojib3OBaTb dpynKU,mo 3 p u. Tor/ja

CBO^MTCH K perueHMK) ^M^cpepeHi^MajibHoro ypaBHeHMH (1.16).

3HaieHMe cpyHKii,HM 3 p w ^aex BO3M03KH0CTb onpe^eJiMTb, no

(1.14), KOMnoneHTbi Haiq)H3K.eHHOro cocTOHHMH Oij. CnocoS

HanpajKeHHoro COCTOHHMH otj, Bbi3BaHHoro B Tejie flewcTBueM nepBOHa-

^ajibHbTx fletpopManHM e?., o6rbHCHaeTCH TpeMH HecjioacHbiMM npHMepaMn.

OHM OTHOCHTCH K 6ecK0HeHH0M njiocKOCTM, nojiynjrocKOCTM M nojióce.
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