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The plane problem of stress concentration near a thin absolutely rigid inclusion is considered. Under the action of a force
and a moment, applied to the upper edge of the inclusion, which is completely bonded to an elastic medium, the lower edge
of the inclusion separates into layers: a crack opens in a certain inner section and finite slippage zones occur outside it. The
problem is equivalent to a system of four singular integral equations in different sections. In the symmetric case, the reduction
of this system to a single singular integral equation of the Mellin-convolution type in the interval (), 1) turns out to be effective,
as the latter equation can be solved using a previously proposed scheme [1] as a consequence of the smallness of p. In the
general case, the system is reduced to two Riemann vector problems which are solved successively and for which analytic and
asymptotic solutions are constructed. The zones of slippage and detachment, the angle of rotation of the inclusion, the normal
displacements of the lower edge of the inclusion and the contact stresses in the slippage zone are found. Copyright © 1996 Elsevier
Science Ltd.

A fundamental mixed problem for a crack, that is, the problem of the separation of a layer from an
inclusion, has been solved earlier in [2-5] without introducing slippage zones in the neighbourhood of
the inclusion ends. Even in the case of a homogeneous medium, this formulation leads to the non-physical
oscillations back and forth of the edges of a crack in the neighbourhood of its vertices. A similar situation
arises [6] in the problem of an interface crack and this was overcome in [7] by introducing slippage
zones. An oscillating singularity in the case of stresses and displacements in the neighbourhood of the
ends does not arise [8] in the antiplane problem for delaminated inclusion. An exact solution of the
plane problem of contact between an inclusion and elastic material, when there are delamination sections
and no account is taken of shear stresses, has been constructed in [9].

1. DELAMINATION UNDER THE ACTION OF A CENTRALLY
APPLIED VERTICAL FORCE

There is an absolutely rigid inclusion (@ <x < a,y = +0) in a homogeneous elastic plane and a
vertical force P is applied at the point x = 0 to the upper edge of the inclusion which is bonded to the
medium

u=0, v=0, -asx<a, y=+40 (1.1)

The lower edge of the inclusion peels off. The median segment (-b, b) of the crack (¢ < x < a,
y = -0) opened under the action of the force P

6,=0, 1,=0, -h<x<h, y=-0 (1.2)
and the conditions of frictionless slippage
1,=0, v =0, b<hl<a, y=-0 (1.3)
are satisfied in the end sections (-4, -b), (b, a).
The position of point b is determined when solving the problem from the condition for the smooth

joining of the lower edge of the crack

ovfdx(x,-0) > 0, x = £b*0
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It follows that one should accept as being physically correct that solution which eliminates tensile contact
stresses in the slippage zone and the oscillations back and forth of crack edges in the separation zone

o,(x,-0) < 0, b<lxli<a; vix, 0)=<0, -b<x<bh (1.4)

We introduce the discontinuities

XN(x)=(0,), A2 (x)=(1,) x;(x)=2G<—gu>, Xa(x)= ZG<8U >
X ox
((f) = fl_\V=—O _fl'\~=+0)

and express the contact stresses and the tangential derivatives of the displacements on the liney = 0
in terms of them

2x*0).(x, —0) =2ty (x) =% T 0 (x) = Tpxa(x)

2%, (x,~0) = % T, () + 2" g, (1) = T x3(x)

4Gx*u / 9x(x,+0) = w, X, (x) = x g3(x) =% Ty x4 (%)

AGx v 1 Ix(x,+0) = w0, (X) + % T, x5 (x) = % x4 (x)

x=3—4v, xf=2EL I‘cx(x)=%]1(j§%d§

(1.5)

2

On satisfying conditions (1.1)—(1.3), we arrive at the system of four singular integral equations

1 (1) =% T x (x)-Tyxa(x)=0, —b<x<b (1.6)
L (X)) +%* % (x)-T,x3(x)=0, -a<x<a (1.7)
xL X2 (1) = %" Y3 (x) =% Tpxe(x)=0, —a<x<a (1.8)
L) +x T3 (x)~x"xe(x)=0, -a<x<a (1.9)

with the supplementary conditions for the closure of the slit and the equilibrium of the inclusion

[ x3(x)dx=0, [ x(x)dx=P (1.10)

—a -a

(the remaining conditions are automatically satisfied by virtue of the evenness of ¥;(x) and the oddness
of %,(x), x4(x)). On expressing the functions I',;x;(x) and I,x5(x) from Egs (1.7) and (1.9) and applying
the operator I, in a class of functions with integrable singularities at the endsx = + a4, we find

_ 1 14 @-E)%(
x.(X)‘_m[C“EL—g_X— 2 a®) =5 % ®) |
(1.11)

_EWWM
Xs(x)=—_—l—y|: I(a é ~ ( T Xz(§)+ Xa(é))di:'
( x?)

On satisfying the supplementary conditions (1.10), we have C; = 0, Cy = —Pr”" and, on substituting
expressions (1.11) into Eqs (1.6) and (1.8) and taking into account the oddness of the functions x; and
Y4, after the change of variables £ = a§;, x = ax; we obtain

L l-éz 2x2(a8) LY, §2 | 2rata) P
=) [Eee Cng £~ x na(l - x?)%
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O0<x<hy o= bla (1.12)
-E2 ) |28x,(a8) , N 1-¢? 2§x4(a§)

() e 5 s

O<x<l

Analysis of the Cauchy-type integrals in (1.6)«1.9), as well as the condition for the smoothness of
the profile of the slit at the points x = b, leads to the following class of solutions

XE)=0E), §E—+0 x,E)=0(a-E)H4}, E-a-0
X&) =0E), E>40; x,(E)=0{(b-E)%), E—b-0

We now introduce: the new functions

@1 = 2%, (a(l-12)%2),  ¢,(M) = 2mx4(a(l- 1)) 1.13)
and simplify system (1.12) to the form
%! _ P
3t 3 s
L TGP TG P S 19
Ro Tl—)’ m‘ A Nty
where A = (1 - A3)!? and the functions 1, ¢, have the asymptotic forms
QM=0(-14), n>1-0. gm=0m*%), n-+0 (1.15)

P =0{1-M%), no1-0; @M =0(M-1)%}, nor+0

We express the function ¢;(n) from the second equation of (1.14), taking account of (1.15), as

%
_x (I-m § 9, (&)
so-S{5 {(7%e) 2o e

This last relation is substituted into the first equation of ( 1.14) and use is made of the equality

1LEAa-gfiae o4 (1 1 m 2y VA
“!) E+yE+n) n-y 7'?)‘ T'(m ' ”(ﬁ‘;} . 0<m, y<l o (117)

As a result, we arrive at an integral equation which, after introducing the variables t, ¢ and the
functions

_ nx'a 1’
(p(T)__Px(z—tz) A = (1.18)

reduces to an equation of the Mellin-convolution type

21 % -
()T T 1 20 Y2

I, ) ( Yzyjd‘t=’—2_—2, H<r<l, u=(m) , Y=3(-; (1.19)

T,

We extend this equation along the positive half-axis
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—J<P.( )ETZ)T—“ﬂ-f(t)Hp ®O+¢,(), 0<t<oo

(2-2)"' o<r<1 o), uU<t<l
£ = { t>1 ‘P.(’){ 1E (1)

supp@_(1) c[O,1u]. supp@,(2) <[l 00)

and introduce the Mellin transforms

1y
oy (S)—Jcp(t)t‘dt, & (s)= jcp(p.t)t‘dt

d5(s)= j'(p_(ut)t“dt, ®3(s)= [, (1)t°dt
1

hY

<
12—2

1

——— , Re(s)>-1
o 27N s+2j+1)] (s

Mz

F (s)=

Q== O

(1.20)

The application of a Mellin transform to Eq. (1.20) leads to the following Riemann vector problem

O} ()= p~" D] (s)

D3 (5)= (g ms+y2ctg Y rs)®) (s) - b ()= F(s)
sel: Re(s)=v4€(0,1)

The solution of this problem is constructed using a scheme which has been described previously [1].

We shall only present the final formulae

&7 () =[K O Z@O+p™M KO (5), P3()=K (¥ (s)

D) =K (IZE)+ 5 2 B =) 5 27
+ . = -
1RO 2 T HOETE ,Z‘;o K¥(=2j - (s +2j+1)

K*(s) = (1=-yHT -5/ 2T (%-5/2) K~ (s) = T(s/2)['(4+5/2)

Fr-s/2-iB/2)FA~-5s/2+iB/2)" T(s/2+iBI2)T(s/2-iBl2)

At o N
W)= S . wg=F —N gty _Inx

j=t S—Sj j=1 S+Sj—2 T 1-'}' 2r

S =iB+2j, 5, =-if+2j
The coefficients 47 are the solution of the infinite algebraic system

R l—‘Yz[I‘(m+iﬁ/2)r(m—}/2+il3/2):|2 R
o 2m

n T(m)T(m +iB) = A2m-1

- (m-Y%+iB/2)* , - =
A = _(IL,Y—B)I_ m-1s Bom =A%

(1.21)

(1.22)

(1.23)
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fo=—t_% vll"(%+i[3/2+j)|2
" —y? S0 2T+ f)jNs, -3-2))

In order that y4(8) = O{(b - £)?}, £ — b - 0 or, what is equivalent, () = O{(t - )"*}, 1> p +0,
it is necessary and sufficient that the quantity p should be a root of the following equation

‘M1

A7 =0 (1.24)

0

J
Then
b=2a(2-p?y'(1-p2)4
A numerical analysis of the solution of system (1.23) shows that, as in the problem of an interface
crack [1], Eq. (1.24) can only have a root among the values of u which are close to zero. In order to

analyse the solution of the system for small p, we transform system (1.23) in terms of the recurrence
relations

T 7 (1:25)

j=1 sm+32j_,|—2 S~+321—2

a:n - :tAf,' 2": [umagj-l.n;‘l—-j + l»rmaz;j.u;—j ]
n,.=n, n_=n+l; n=12,...; m=12,..
On substituting formulae (1.25) into Eq. (1.24), we obtain
uPar +az, +O(?)=0, p—0

from which we find the following asymptotic formula

1 219, ® 1 2
W, =4exp{———amtg —-(IH-—-) +0 , k=012,..
, T - B 5 (i)

Q+ig =(1+iBYF(B+B12, %-iB/2; %; K), Im(q,.4,)=0

The values of the first few roots for some values of v are presented below

v 107 0.1 0.3 0.45

Mo 0212x 107" 0107x10"  0417x10°  0321x107"
™ 0266 x107°  0350x10°  0.212x107° 0993 x 107
™ 0333x107  0.114x107° 0.108x 107  0.307 x 1078

It now remains to verify that the solution obtained is correct, that is, to verify the practicability of
conditions (1.4). Lzt us determine the jump in the normal displacements {v)(x). By virtue of (1.13) and
(1.18), we have

Xe(X)=Y(=x?1a?) K, ((1-x2 1 a?)f) =

= ~fxa ¢ %
mt (a2 - 2+ —xYh]  \[1+(-x21a2) R 1%

where the function ¢(t), which is the solution of Eq. (1.19), is determined from (1.21) using an inverse
Mellin transform and the theory of residues
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+ =S} - Sm=3
¢(r)——j¢ syt lds = 2 (A nt 7 An(T/1) J

K (s,) K*'@2-s,)

p<t<li (1.26)

We will now investigate the convergence of series (1.26) at the points T = p and t = 1. By virtue of
(1.22), we have the asymptotic form when s — o K*(s) = O(s %), s € D*, K (s) = O(s'%),s € D", D*:
Re(s) = v,. When account is taken of equality (1.24), analysis of relations (1.23) gives

A, =0(m "), AL =0(m™'u"), mo e

32 whenm — oo, and this means that

so that the elements of series (1.26) behave as m
P =0{(1-p)%), Tou+0; @) =0{1-1%) 1-1-0
The displacements of the lower peeling edge have the form

1 b
v(x,4>>=—EI Xa(E)dE

We now find the contact normal stresses 6,(x, -0) in the contact section b < x < a. Taking account
of relation (1.5) and relationships (1.11), (1.13), (1.16), (1.18) and (1.20), we obtain

2nar® 2a(1-12)% _ 21 1e(1)
P(2—12)70y( 2-1? 0= 9 -2 1:“ -1 ( )dt:

=Q_(+9, (1), O0<t<oo

On applying an inverse Mellin transform to the second equation of (1.21), we arrive at the relations

"
Pa 2A(x)
(x,—0) = , (1.27)
0y(x.~0) rA(x)[a+ A(x)) ¢~[[a+A(x):l ] bex<a

Ax)=(a® -2t

o.=-2% & 1)'"[ ) LOf—m¥"(2-2m) p | T(4—m)¥~(1-2m)
ot T(m) FA=m+B/DF 1 T(G-m+BIDF

Analysis of these formulae shows that the contact stresses increase monotonically in the neighbour-
hood of the point x = a and, moreover, that

0,(x,-0)=0((a-x)"), x—>a-0; 6,(x,~0)=0((x-b"}, x—b+0

The calculations lead to the conclusion that the stresses and displacements satisfy only conditions
(1.4) in the case of the root p, (the largest among the roots of (1.24)).
The results of the calculation presented below

v 0 0.1 0.2 0.3 0.4 0.45
m 0212x10"  0107x10?  0356x102%  0417x107> 0.782x10° 0321 x 107"
A 0225%x1072 0575x10*  0633x10°  0.867x107 0306x1072 0515x 1072
Va 0252x107 0.165x10°  0201x107° 0376x10°“ 0468x 1077 0.133x107%

show that the length of the contact/ = a — b is a maximum when v = 0 and decreases to zero as Poisson’s
ratio increases up to v = 0.5.

A graph of the displacements —2Gv(x, —0)/P in the separation zone 0 < x < b for v = 0.3 is shown
in Fig. 1. Note that the derivative with respect to x of the function v(x, 2) -0) vanishes at the pointx = b.
Plots of the dependence of the function ¢* (’t) = -10" (p_(‘r) on t = 1071, for the case when v = 0.1
(curve 1) and of the function @*(t) = -102¢_(t) on T = 1073ty for v = 0.3 (curve 2) are also shown.
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In both cases 0 < 1 s p. The normal stresses are connected with the function ¢_(t) by relation (1.27).
It can be seen from the graphs in Fig 1 that the solution satisfies the correctness conditions (1.4).

Compresswe contact stresses arise in the small segments where slippage occurs (with a length of less
than 2.5 x 10%z). These stresses are equal to zero at the point x = b and tend to infinity monotonically
asx — a — 0. The stressesx — a + 0 are bounded when oy(x 0). This fact follows from an analysis of
the behaviour of the function ®*,(s) when s — «, s € D* and theorems of the Abel type.

2. AN INCLUSION IN THE CASE OF ASYMMETRIC LOADING

Let a vertical force P, a horizontal force T and a moment M be applied to an absolutely rigid inclusion
(0 =<x =<1,y = +0) at the pointx = 1/2,y = +0 (Fig. 2). The upper edge of the inclusion is completely
bonded while the lower edge peels off as a layer and, moreover, the segment which has peeled off is
subdivided into thrce intervals: two slippage zones (0, b,) and (b,, a) and a single separation zone

(b1, b2)
u(x,+0)=0, v(x,+#0)=y, O<x<l

0,(x,0)=0, b <x<by; 1,(x,-0)=0, O0<x<l 2.1)
v(x,-0)=wm, O<x<bh, b <x<a

where vy is the turn angle of the inclusion.
Using representations (1.5) and boundary conditions (2.1), we arrive at the system of singular integral
equations

% Y () =0 T (x) =Txe(x)=0, b <x<b, (2.2)

2 T () + % Y (x) - T3 (x) =0, 0<x<1 (2.3)
%Yo (x) =% Y3 (x) =% Txe(x)=0, 0<x<1 (2.4)
20X (0) + 27Ty 3(x) = 2 x4 (x) =4Gx*y, O<x<1 (2.5)

1 1
=21 X2 & suppy, ()<l by)
0 -X

The solution of this system completely satisfies the following supplementary conditions for the closure
of the slit and the equilibrium of the inclusion

¢l -2GP u(x/a -
| 051 (x/a.-0)
\
05 0 95 lx/a
2 i
0 05 11

Fig. 1.
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Fig. 2.
]
jxs(x)ydx =0, 7x4(X)dx =0,
0 b

1 1 1
Jt(x)dx=P, [x(x)dx=-T, [y;(x)xdx=M (26)
0 0 [}

Without loss of generality, we will assume that the left-hand zone where slippage occurs is smaller,
that is, b; < b,. The points b, and b, are determined when solving the problem from the smoothness
conditions

Xs(x) 20, x5 +0; % (x)>0, x5, -0

We now express I'g;(x) from Eq. (2.5), substitute into (2.3) and then introduce the functions @x(x),
93(x)

Xz(x)=¢z(x)‘(x*/x)¢3(x), x;(X)=—(k/x*)%(X)—(p3(X) (2.7)

Equations (2.3) and (2.4) then become

T+ D)oy (x)+(2%) ' (I =Ty (x)=-y,, 0<x<I
(I=-T)@y(x) - (2" ) ' (I + Dy (x)=(x*) 'y, 0<x<l
Y, =2G(x" / %)Y

where [ is the identity operator. We extend the definition of the last two equations to values of x > 1
using the functions ¢, (x) and @5, (x), respectively, and apply a Mellin transform. We now have
()P +%7(2%) 7 b5 e_(5)D(s)=—7, (s + 1) + D} (s) (2.8)

c_()P3(5)— %" (2%* ) b5 e, ()P (5) = " (s + D]y, +DI(s), —Vi<Re(s)<0

1 o
D, (s)=[0,(x)x'dx, ®(s)=[@,,(x)x°dx (m=2,3)
0 !

1
D, (s)= [ xa(byx)x’dx, c,(s)=clgmstl
bk,

We factorize the functions c.(s) and construct a solution of problem (2.8) without using Cauchy-
type integrals and assuming that the function ®y(s) is temporarily known

Ii(s) = b3M'as(s) 29)
Ky (s) 2xagnr(s-4%)

-5+l -
O (s)= K __xY, . ()= Zy(s) | %2 b Dy(s)
=K ORS00 PO e o wre- )

=D"y.e., = A
s+1

¢;(s)=xa(s)z.(s)+ﬁ°7. ®;(s) =

L.(5)=C,+¥i(s)+ , Vi)=Y —2=—— (m=12)

k=) S—k+m/2-Y
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K ()= (1" 22T (NG =n/ 2=, & =1KS (DI
K:(5)=TU+)T(%+n/2+]" (n=0,1); e =x{x"K; (D]

where A, are coefficients which are subsequently to be determined from the conditions that the
functions ®3(s) and ®3(s) should be analytic at the pointss = k- 1/4ands =k -3/4(k=1,2,...),
respectively, and C, and C, are arbitrary constants.

Taking account of (2.7), we now transform the remaining two equations of (2.2) and (2.5) to the form

%2 (X)) =% T, 0, (x)+x*%” 1 xT,@;_(x) T, X4 (%)= Xo-(x)+ %o, (x)
L - (x)=»" /%' T, @, (x)—%"/ xF,Q3_(x)~x" 12y (x)=
=20x" 17 WY, Y_(X)+ %y, (%)

O<ix<oo (2.10)
SuppXo-(X) < 0.8)),  suppXo.(x) ©[by,o0), suppy,,(x)c[l,eo)

0% @2 95.10), O<x<l

HX1- (%), @2-(x), @3.(x), Y-(X)|l={
110,0,0,0],  x>1

Tx(x) =% (I) xéé_)'f

On denoting the Mellin transforms with a weight x* of the functions yq (b4, ), 1-(x), X0+(b2x) and
X1+(x) by Do(s), ®i(s), <bo(s) and ®7(s), respectively, and taking account of relation (2.9), the system
of integral equaticns (2.10) is reduced to the three functional equations

D7 ()~ [ Kg (7 E,(5) = % [xKT ()7 E5(5) + by h(s) D (5) =

= g ns{D} (5)+2x*y, [% (s + D]}

8(IDL(s)+(by 1 b, DG (s) = D} (s) + b;° ' Qs) (2.11)
Dy ()= ~(by 1 by) ' [g(5)D7 (5)+ DG () + b7 'Q(s)

s . 2xty, x"c_(s) x*%7c, (5)
Q(s)=x"tgns| ® + - 2 o)
& [ 1(5) x'(s+l)] K Ot ke

* 2
h(s) = —(—tgzm—"—:gm g(s)=2xcos4m+x +1
* x xsin 4ms

A solution of the Riemann vector equation (2.11) is constructed using the scheme which has been
proposed earlier [1]. Its solution is determined apart from an arbitrary constant C;. The constants C,,
C, and C; are found from the first, third and fourth conditions of (2.6). From the remalmng two
conditions we obtain the following formula for the turn angle of the inclusion ¥ = (2G%") 'xy.

k=1 | T~ Yk ~30)  x(k=¥)k~%)  (k-%)k-%)
~ZP~ (" /)T +4MMx e 7 2%+ (* Y1, T, =T(Y), Ty =T()

- {-[ xTAy |, 3wTody vk, }

and the following transcendental equation for determining the point b,

18y, + G0, G4 + 7,168, (4) — e85 GD1+

+ ,gl [_nlkl(%)Alk - T\zu(%)Au kA4;§:|+ 0{(b T} =0, b -0 (212)




674 Yu. A. Antipov

o Ap xT o Ay

T
= -t , Cy==v,e+ +
CI Y.a 2r| E] k—% 2 Y.€2 2x+r0 E‘] k-%
- bj—%+m/2h ' 1 1
”nmbnemntCmn”(t)=Z 2 MI“ Il

S nej-t fk+ji-1" j=%+m/2}
o x T(n-¥%)IT2n-1+iB)) _ wxT(n-Y%)IT2n+iP)]
" RATmrn-¥r@n-1) " w2’ T(m(2n- %) (2n)

hy

where B = (21)'In x. As a consequence of the fact that b; < b, (the quantity b; is smaller than the

length of the slippage zone found in Section 1 in the symmetric case), the coefficients A, satisfy the
following infinite system

Ao +7 i 1
Am" = ambz lm"‘/l{fm” +kzl [E]bl()\'”l )Alk +E2Im()"m _E)Azk +

+Hn+k=A,, +%)"A4k]} (m=1,2,3)

- "—% < (n_%)AJn =l 2
Ay, =%03,b, [f4n+k§l T k—D)(k+ %) (n=12,...)

where the following notation has been adopted
M=l M=% A=Y Ep®=-Mp 0 +k=j12+%)7"8,,0)
fmn = F;I(A'm’)"m _%) (m= 1,2,3); f4n = 7.83(—n+y2)(n _%)—l _n‘yzp
F,(p.q) = BTI-T 01, (p) + (%7 %" )5 02, ()] +

+Y. {elleln(p)+ Cln(p)] - 82[92n (q) + CZII (q)]}

o T+ %-A )T Q@n+2-2A, +iB) 1,y P . pzf_
T AT(TQn+2-20, )T 2n+%—-2X,) ' 2’ P 2 T«

The length of the smaller slippage zone is sought from the condition for the profile of the slit to be

smooth in the neighbourhood of the point x = b;. Using asymptotic analysis and allowing for the
smallness of the quantity b,, we find

b‘=b2exp{—-!-arctg 2Rk, —-2—n-(m+—l-)}. m=0,1,...

BUR-R; B\ 2 o
2.1

+i [El“(z'#-%)zqu +E2k](%+iB/Z)A2k +(k"%—lB/2)_IA4k]} N Im{RI,Rz} =0
k=1

As in Section 1, from all of the lengths b; < b,, we choose the longest, that is, the length which
corresponds to the case when m = (0.

The solution of problems (2.8) and (2.11) for values of the quantities b; and b,, which satisfy Eq.
(2.12) and relation (2.13), generates a solution of system (2.2)—(2.5) possessing the properties

1 0=0x%), x50, 3;0=0(1-07%), x-1 (j=123)
L) =0((x=b)%) x=2b Xe(X)=0l(b - 0%}, x> b,
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Numerical calculations were carried out for v = 0.3 and T = 0. We present the values of P'b, (1 -
by—the length of the larger slippage zone) and 2GyP~ ! (yis the turn angle of the inclusion) when M =
—Pe for several values of the eccentricity e (when -1 < e < -1/2 it is assumed that a pair of forces P
and -P with an eccentricity e/2 is applied to the inclusion)

e -1 -0.8 -0.6 -05 -04 ~0.3 -0.1
P“bz 0.835 0.848 0.865 0.876 0.890 0.906 0.954
2GP Yy -3.17 -2.76 -2,35 -2.15 -1.95 -1.74 -1.33

If, however, P = 0, then only the magnitude of the turn angle changes when there is a change in M
and the lengths of the slippage zones for fixed v do not vary. The greatest length of the right-hand slippage
zone occurs when v = (: b, = (.7438. Values of the turn angle of the inclusion are presented below for
some values of the moment M

M -100 -10 -5 -2 -1 -0.5 0.1
26y -203 -203 -102 -4.07 203 -1.02 -0.203

It can be seen that the turn angle is a linear function of the moment (when P = 0).
This research was carried out with support from the International Association for Cooperation and
Collaboration with Scientists from the Independent States of the former Soviet Union (INTAS-93-2600).
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