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STRESSES AROUND A CIRCULAR HOLE IN A
SHALLOW CONICAL SHELL

B. Basava Raju, M. V. V. MuUuRTHY and RAMESH CHANDRA

National Aeronautical Laboratory
Bangalore-17, India

Abstract—Analytical solutions are presented for the stresses in a shallow conical shell having a circular hole on
its lateral surface. The shell which is closed at both ends, is subjected to a uniform axial tension and internal
pressure balanced only by distributed transverse shear forces at the boundary of the hole. The method of analysis
involves perturbations in parameters defining curvature and the cone angle of the shell (8 and ¢ respectively).
For small values of these parameters, significant membrane and bending stresses are obtained retaining terms of
order of 2 and &%
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NOTATION

Poisson’s ratio

Young’s modulus

thickness of the shell

second principal radius of curvature in the circumferential direction at the centre of the hole
(Fig. 1)

semicone angle

radius of the hole

3

Eh
1—2(1—_‘)—2) bending rigidity

JI12(t—v3)
En?
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, a constant

non-dimensional curvature parameter

rotano

; non-dimensional parameter
0

Euler-Masceroni’s constant (Iny = 0-5772)
uniform internal pressure

total axial load

PRy, internal pressure constant

5= axial load constant
2R, cos’a

polar coordinates with apex as the origin (Fig. 1a)

polar coordinates with the centre of the hole as the origin (Fig. 1a)

angle between s and r (Fig. 1a)

membrane forces in polar coordinates with apex as the origin

membrane forces in polar coordinates with the centre of the hole as the origin (Fig. 2)
stress couples in polar coordinates with the centre of the hole as the origin (Fig. 2)
transverse shear and effective transverse shear per unit length of shell element (Fig. 2)
normal displacement of a point on the middle surface of the shell, positive outwards
stress function
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¢ complex stress-displacement function (W~ imF), i = \/ —1
H{V[/(2i)fr] Hankel functions of first kind and nth order
superscripts T corresponds to total solution: A bar (7) corresponds to initial undisturbed stress system

1. INTRODUCTION

THE determination of the state of stress around circular openings in cylindrical shells has
received considerable attention in recent years [1-3]. On the other hand, a systematic
analysis of stresses around openings in conical shells is still not available. A first attempt
at an approximate analysis of stresses around circular opening in conical shell was made
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F1G. 1(a). Conical shell developed on a flat surface.
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F1G. 1(b). Section of conical shell.
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by Guz [4]. Perturbation method was used to determine the membrane state of stress due
to axial and torsional loads. However, due to certain errors in the differential equations,
these solutions are incorrect. These errors are eliminated in this paper and the work is
extended to include the important case of internal pressure. Further, both the bending and
membrane solutions are obtained for small values of the parameters defining the curvature
and the cone angle (8 and ¢ respectively) by perturbation method. Therefore, the present
study is a first step to obtain a systematic solution for this problem. Formulae, from which
the membrane and bending stresses can be computed, are presented and numerical results
are given for various values of these parameters.

2. THE GOVERNING EQUATIONS

2.1 The differential equation

The differential equations for shallow thin shells are given in curvilinear co-ordinates
in [5]. In these equations, if the non-dimensional co-ordinates s, of a conical shell are
substituted, the following two governing equations, involving the membrane stress function
F and the normal displacement W, result

To aZF(S, !//) = Lr?)‘

4

44
v (S’¢)+Dstana 0s? D (1a)

Ehry 0*W(s,y)
VAF(s, ) ——ro TS V)
(5 ¥) stana  0s* 0 (16)
where
ge_ [P 10 1 2\

et asta?

By defining a new function ¢ = W—imF, the differential equations (1a) and (1b) reduce to
a single equation

8ip* 0%¢p  pry
Vip P 070 _ o
¢+ es 0s> D @
where
\/ [12(1— vz)]
m=
1— 2y11/4
= [3( 2v ) = r ’3)1/2, is a curvature parameter
0

and

ro tan o

, defines the cone angle.
0

We now look upon this problem as a sum of the initial problem corresponding to the
uniform stresses in the absence of hole and the residual problem corresponding to the
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additional stresses arising due to the hole. We denote the quantities corresponding to the
initial problem by @, W, F, N, ...etc. and those corresponding to the total problem by
¢T, WT, FT NT etc. We get the total solution as

o7 = d+ ¢, WT=w+w,
FT = F+F, NT=N,+ N,, etc.

Here, the symbols ¢, W, F, N, ... etc. correspond to the residual problem. For the residual
problem, equation (2) reduces to a homogeneous equation

Ri 2 82
0 4

V4o
By substituting,
1
ssinyg =y, scosu,b=g+x,

equation (3) becomes

v o2 © Yo
Vi +8if [es ox? e’ oxdy es*\0y? ox?

L 8% ext1) 39 )P[0 M)] -0 “

2.2 Stress resultants
In (r, 0) polar co-ordinates, the stress resultants are determined by

_ 1(16F 1 62F)

G- P
1 &F
2 or?
1 0[16F
Nor = “735(;55)

D{o*w W v oW
_ ( v v ) )

o’ " rt a0 Tr oo
_D(1EW 10w oW
T2\ %0 T e
D1-wf1¢*W 1 0W)

Mo = Mo ==\, 200 72 20

D{ ¢ (1—v) 81 *W
oF = »[—Vzw + 9z
r3| or r or\r 00*.

, =

2
ro

7

where QF is the effective transverse shear

1M,
Qr - Qr+; o0 .

The positive stress resultants are shown on a shell element in Fig, 2.
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(a)

(b)

F1G. 2. Shell element : (a) stress resultants; (b) stress couples.

2.3 The boundary conditions
The boundary conditions at r = 1 are:

NI'=0
. (6a)
NZO =0
M, =0
2r
f 0 rdO = mrap (for the case of internal pressure) ( . (6b)

and QF = 0 (for the case of tension)

3. METHOD OF ANALYSIS

The method of analysis involves perturbations with respect to the parameters f and ¢.
The hole is assumed to be small enough so that § < 1, i.e.,

ro/s/(Roh) < 1
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In other words,
ro/Ro < (h/Ro)é
or

e < (h/Ro)! tan a. (7

Hence, even for a as large as 45°, ¢ will be a small quantity for thin shells for which
h/R, < 1. Therefore, the complex stress-displacement function and all the stress resultants
can be expressed in series in powers of &.

¢ = f 8j¢u)
j=0

o0

N, =3} &Ny,
j=o

Ny = Z &'No(j)
j=0

Nyg = Z EerO(j) (®)
j=0

e8]
M, = ) &M,
j=0
* .
Mo = Z SJMG(J'), etc.

j=0

Later it will be found that it is necessary to expand each one of the terms in the & power
series further in even powers of f, and products of even powers of § and powers of In §.

For instance
by = Do+ B In B+ BPdyyay+ B In B by + - ..

We use similar expansions for W, F, N,, Ng, N,o, M,, Mg, M4, Q, and Q,
We now substitute

¢ = Py +edy+ErPay+ ..

and

1
s = E\/[l +2ex + 2 (x? + y?)]

in equation (4). Expanding in powers of ¢ and collecting coefficients of &/, we obtain

V4 8 262¢(j) . :R2 = I)L 9
¢+ 8if ax? ip ZO G-mPm 9
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where L ;_,, is a differential operator. For example,
0* 0*

Ly = 8x62 6ya T

(10a)

2

2 2
L, = 4()* —2x2) +32xya J — +8y2( J 0 )

T2 1
ox?  0y? (106)
4. SOLUTION FOR SMALL VALUES OF ¢ AND

4.1

The membrane and bending solutions will be obtained by considering only the first
three terms of the series in equations (8), namely

¢ = by +eduy+Eidat -

N, = N, o)+ eN,1,+ &N, o)+ - ..
Ny = Ny +eNga)+EXNo(2)+ ...
Mg = Mg+ eMyay+ 6 Mgy + ...

For this approximation, equation (9) reduces to three differential equations for ¢, ¢,
and ¢, given by

Vi o)+ 8if* 52 ¢‘°’ =0 (11a)

v ¢(1)+8’ﬂ2 4’(1) = if?*Liy[d0)] (11b)
524’(2) 2

v ¢(2)+8132 = if*{L)[dw)]+ Laybo]} - (11c)

The differential operators L;, and L,,, are defined in equations (10a) and (10b).

Equation (11a) is same as the well-known shallow shell equation for cylindrical shells.
In fact, solving this equation with its boundary conditions is actually equivalent to solving
the problem of a circular opening in a cylindrical shell, for which a perturbation solution
in f has already been obtained by Lurie [2] for both the membrane and bending cases.
Therefore, no attempt is made here to solve this equation with its associated boundary
conditions. In this paper, we obtain a solution of equation (11b) and (11¢) and add it to the
corrected Lurie’s solution [3] for equation (11a). The solution of each of the equations
(11b) and (11c) consists of two parts, namely the complimentary solution and the particular
integral. The complimentary solution is similar to that obtained by Lurie [2] and Van
dyke [1], except that here we have to consider all the terms which are symmetric with
respect to x-axis. This solution can be expressed as a product of Krylov functions, Hankel
functions of the first kind and trigonometric functions, as follows:

a0

¢(j) = Z (An1+iBnl)(an1+iﬂn1)+ Z (An2+iBn2)(an2+iﬁn2) (12)

n=0 n=0
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where
%y +iBn = cosh[(1—i)px]H [/ (2i)Br]cos nO

%y + i,y = sinh[(1 — )Bx]H [/ (20)Br]cos no. (13)

4.2 Modified boundary conditions

We now reformulate our boundary conditions (6a) and (6b) in powers of ¢, as follows ;

The details of the derivation of basic membrane stress resultants are given in the
Appendix. These are obtained as power series in &. To an accuracy of the order of £2, the
membrane boundary conditions at r = 1 can be formulated as follows:

Nr(j}‘f‘N ):O

rij
Nogpt+ Nogy =0

where j = 0, 1 and 2.

Substituting for N,;, and N, (j = 1.2) from equation (5) and for N,;, and N,4;,
(j = 1,2) from the Appendix in the above equations, we obtain the following boundary
conditions for the first and second order approximation in &:

cos 0+ @pgj—q-o cos 30,

Ar  or r? 86?

i(l 8F“)‘O‘le621:(1)(0)) _ 2po—34o
Fo

1[8{10F 0 (2po—3qo) . , {(6po—qo) .
_ [ Xfliimoy H—
r(z)[ﬁr(r 06 8 St 8 sin 36,

10F ), lazFu)w —0
r or r?  00? ’

ﬁlame -0
or\r 08

wherej = 1 or 2.

1{1 0F )0, 1 0*Fayo) _ (2po+340) | (30ps —3q0)
—_ — —_— = 4
(r a 2 a0 2 o oW

G

3go—30
(390 Po) sin 40,

1 @1 JF —
711 (2)(0)) _ U2po—6q0) . 20+

“rZor\r 06 32 32
(14)
laF(Z)m i 0*Fo) -0
roor rr  00* ’
ﬂ laF(zm) _—
or\r 06

where j = 1,2.
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The boundary conditions for bending solutions at r = 1 given by (6b) can be written as
Mr(O) = 0
2n
Qo d0 = nrfp.  for internal pressure case
Q¥oy =0  for axial tension case

(15)
Mr(j)=0 (Jj= 1,2)

2n
Qryrdd =0 for internal pressure case (j = 1, 2)

0%, =0  for axial tension case (j = 1,2).

5. FIRST APPROXIMATION

We now proceed to evaluate ¢y,. i.e. the first approximation in ¢.
The particular integral for ¢, is obtained by substituting for ¢, on the right hand side
of equation (11b). The function ¢y, is of the form

Py = Wioy—imFo

Wy = B2 In . Woya) + > Wy
FBYIN B Wigyn + - .-

Fio) = Foyoy + 82 In . Foy,
+ B F o+ B In B Foynt - ...

where

The equation (11b) becomes

P
2

Vi, +8if* ™

02F, &*F,
= /;Zm[z;x‘ a;";“”—ley ax‘°5‘§’]+0(/34 In p). (16)

The particular integral corresponding to this is to be assumed as

b, = Poan B Inf. ot .-
Substituting this in equation (16) and equating coefficients of like powers of # we obtain

aZF 02F
Vo = m[gx e ax(.oc:;)] (17)

For the sake of convenience, we rewrite equation (17) in polar co-ordinates;

or?

3F(0)(0)+1 *Foxo)
or r 067

4 *Fiono)
V¥ 12y = m| 2(cos 0+ 3 cos 36)r

+ 6(cos 8 —cos 30)( (18)

1 OF, 0°F
+4(3 si —si (0X0) ol |
(3 Sin 30 Sin 0)(r ————r ‘
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5.1 Membrane stresses

It is evident from equation (16) that the particular integral of ¢;, to our degree of
approximation in f8, contains only real part thus contributing to only bending stresses, i.e.
the membrane stresses involving ¢ can be evaluated only from the complimentary solution.
The number of terms to be considered in (12) depends upon the desired degree of accuracy,
whereas the choice of particular terms depends upon the boundary conditions. For this,
one has to examine the expansions for a,,;, f8,,, ®,, and f,, and choose in equation (12)
those values of n which can contribute the appropriate terms necessary to satisfy the
boundary conditions. The associated arbitrary constants in equation (12) are also taken
in the form of series in powers of § and products of powers of § and log # in such a way
that all the boundary conditions can be satisfied.

Separating the real and imaginary terms in equation (12), we get the stress function
in the form _

cos 0 cos 360 cos 360
* El) = Al ’ +A2 r3 +A3

cos 0 cos 30 cos 36
+ﬁ21nﬂ[A4 5 + As o + Ag ]

As—A 0
+ 2 [Mr cos 0+ A7COS
4 r
cos 36 cos 30
+ Ag 3 + Ay

where 4, to Ay are independent constants, which can be evaluated from the boundary
conditions, equation (14).

3g.—2
A1 qol Por(z)
6p -
12 0] ‘Ior%
—6p
13 qdo : Or(z)

and all the constants A, to Ao vanish individually. The membrane force Ny, is now
calculated from

— 1 6% (990 —6po)
Niy = Nom*‘% é?z‘F(l) =

rcosf
(3qo—2po) cos 8

(6P0 —q0)
Ty 8§ r

rcos 30+

qo—6po cos 30 (6py—q,) cos 30

19
2 r3 8 r (19)
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5.2 Bending stresses
The particular integral of W,;, from equation (18) is given by

W1y, [particular integral] = 0

6
W1y [particular integral] = mr. O[M 3logrcosf

16
2po—1
+Mr3 log r cos 30+£——~—q—0) > cos 50
48 6
+Wr cos 30+qo_2p0r cos 50:].

The complimentary solutions for W, are given by

. . 2
W,1)1) (complimentary solution) = mr} [Cl —M] rcos @

W1)2) (complimentary solution) = mr0|: | In ) cos 6

V2

+%cos(9 M (ln—) cos @

(6po+9go) (qo—6po) cos O
_ g+ =2 "
oo+ -

Cs
T e ) 05 39+ 0= SPo) €03 30
ror 96 r
_U0po+g9)
64

(q0—6po) 1 (6P —q0)
+ 9% rcos50+ 192 rcos 56 |.

0s 30+ 3C0859+ cos 50

The complete solution for W,,, is given by

Wiy = B2 In BWinya) + B Wiy

where

VV(”(J') = VV(I)U) (particular integra])

+ W1y (complimentary solution)

wherej = 1,2
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The constants C,, C, ... C, are determined from boundary conditions (15) and are given
below:

= _Po

Cir= -7

C. - [6po(11 +4v) + 5¢o(2+ v)]
i 48(1—v)

Cu— [Po(14+8v)+qo(12v—19)]
P 48(3+v)

C. - [2po(6v? — 12v —10) +¢qo(57v2 — 84v + 115)]
e 1801 =3 +v)

. = 1200+ 5qo(v—T7)]
ST 480(3+v)

C. - [6po(5v—17)+5¢0(7 — 3v)]
. 960(3 + v) :

From equations (5), the expression for M}, becomes:

T+ 3v)(6 1
M, = Dmﬁz[‘%s 0{(_1"-)%6”&“:@ e

+(6Po+¢10)(1 +v) 1 (6po+qo)

8 r 16

x[(2+6v)logr+(5v+ 1)]r}—cos 30

y {4170(6\)2 — 12v— 10)+2qo(57v? — 84v+115) |
33+v) 5

[10po(1 +v)+5qo(Sv=D](5—v) 1
48(3+v) 3

_(po+qo)1+(13qo—2po)[(5v+1)—6(1—v)ln r]r}
2 r 48

o 50{[6P0(5v— 1)+ Sqo(7= 30 (1 =) 1
32(3+v) -

[24po+4q0(v=T)1(7—3v) 1
24(34—\!) r5

(6po—40)(v—13) | g0 1
48 P4

(g0 —2p0)Bv—11)
4 o= 200 r}]

~

—+
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6. SECOND APPROXIMATION

In equation (11c), we substitute
b0y = Woy—imFg

buy = Way—imFy,
where W, and Fy, are of the form given in Section 5 whereas W, and F;, are of the form
Wy = B2 InB. Wiy + B W+ -
Fiuy = Fayoy+ B2 In B Fiyyy + B2 Fiaya + - -

It then follows from equation (11c) that the particular integral for ¢y, to our degree of
approximation in  contains only real part and hence does not contribute to the membrane
solution. We now proceed to obtain the membrane solution in second approximation in ¢
using only the complimentary solution.

Proceeding along the same lines as given in Section 5.1, we get an expression for the
stress function F,, in the form

20
F, =B, m$+B,+ByInr+ B, cos 249+Bscos2
;

cos 46 cos 40
+B(, r4’ +B7 r2 +ﬁ21nﬁ|:Bs+Bglnr

cos 20 cos 40 cos 40
+B10C0528+Bll r2 +Bl2 r4 +B.13 r2 jl

+ﬁ2[B14+Bls In r—g(34+33)r2+316 cos 20

cos20 = . cos 40
+ By /2 —§(234+33)r200320+318 2

cos 40
+Bjo r4 :l +B%(In B)* Byo.

We can evaluate the arbitrary constants in the above equation from boundary con-
ditions (14).

B (2po+3q0)rd
3 T AT
32
(390 —6po)rs
B, = % 070
4 32
(2po—4q0)r3
B, = 2% 1070
3 16
B. = (340—301’0)’3
6 128
B, = (IOPO—(IO)V%.

32
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All the constants Bg to By 3 vanish individually

2

n(3qo— 14P0)’3
Bro="mg
B, — 75(14[’0“3‘10)"(2)

256

The constants B;g and By also vanish individually. We can now obtain an expression
for the membrane stresses in the &2 approximation from the stress function F,,.

2po + 6po—3
Ng(z) (2po +3q0) 32 ( Po 40) cos 20
32 8
(3q0—30po}{ , 2 5
-~ R i, 4
+ » r r“+r° cos 40 (20)

(14p —3q0) 3
+nﬁ2[ (1+—) -—;’—23—0(1+r~4) 00520].

The evaluation of bending stresses in the ¢? approximation involves very tedious
algebra. But a careful examination shows that the magnitude of these stresses is very
insignificant. The real part of ¢,,, involves 2 terms and hence the bending stresses in the
second approximation include the term &”f2. It can be seen from equation (7) that for a
cone angle even as large as 90° (¢ &~ 45°), ¢ is only of the order of (h/R)* which is quite
small for a thin shell. In other words, in practice, ¢ will be smaller than B itself i.e. 242
will be smaller than B*. Since, we have already neglected terms involving f* In 8 every-
where, we are justified in omitting the bending stresses in the &? approximation.

7. COMPLETE SOLUTION

The complete solution to the problem up to terms including &* can be written by
adding the zeroth, first and second approximation solutions. Since the only non-vanishing
stress along the boundary of the hole is g4, we derive here expressions only for this stress
component at r = 1.

Oy = Ogimy+ Ogep)

where the subscripts m and b denote membrane and bending solutions.

1
Oomy = E[NoT(O) +eNgy+8°Ng)]

6
O'g-(b) = P[M&O) +8Mg(1)].

The expressions for Ng, and Mg, can be taken from the corrected Lurie’s solution.
Complete expressions for the membrane and bending components of g, at r = 1 are
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recorded below:
(2P0 +34,)

5 +(g0—2po) cos 26

[ho'o(m)]r 1=
np?
+_4 (490 + (50 — 2po) cos 20]

+§[(3q0 —2pe) cos 8+ (6py, —q,) cos 36]

2
+ 15 (8po+12q0)+(48po — 24qo) cos 20
+(12g4 — 120p,) cos 40
+nB2{8po +(14p, — 3g,) cos 26}].

31+ v)p? 9
[hO'O(b)]r 1 = [3(1 V)[;’] |: do In %"F%“%

q0(19+41v) p0(7+5v)
12 (3+v) 6 (B3+v)

+In —(21’0 5‘]0) )

V2 +)

@po=g0) (1=¥) 40]

}cos 20

4 G+
_3a +v)B%e[ 5(6po+qo) o0s 0
(3(1 —v)]? 8
cos 360
24(3+ ){po(2v 34)+ 11g0(1 +7v)}
cos 56
+m(1 —v)(12p— 5‘10):|-

8. DISCUSSION

It is interesting to note that ¢ order term in the membrane stress N is independent
of # as in equation (19). This is due to the fact that the constants 4, to A, in the expression
for F;, vanish individually and also the non-vanishing r cos 6 term does not contribute
any stress in the shell. But, the ¢? approximation term in N§" does depend on f as in
equation (20).

The membrane and bending solutions have been obtained to an accuracy of the order
of #% and &2. These have been plotted in Figs. 3-6 for § = 0-3 and ¢ = 0, 0-04 and 0-069.
These different values of ¢ correspond to semi-cone angles of 0°, 30° and 45° for a shell
whose Rg/h is 46-2. The Poisson’s ratio is assumed to be 0-3. The variation of stresses in
the conical shell from the cylindrical shell is observed to be more in the case of axial tension
loading than in the case of internal pressure.
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FiG. 6. Bending stresses due to internal pressure (f = 0-3).
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APPENDIX

DERIVATION OF BASIC STRESSES N,, N, AND N,,

Consider a conical shell as shown in Fig. 1(b) closed at both ends and subjected to a
uniform internal pressure p and an axial load of P. Then from equations of equilibrium,
it is possible to show that the membrane stresses are given by

N, = (1+2er ccl))s()0+82r2)%+q—20(1 +2er 008 0+ &%)}
Ny = qo(1 +2er cos 6+ ¢2r?)t (A1)
Ny =0
where
4o = PRy,
P
Po = 2aR, cos?a’

We shall now calculate N,, Ny and N, from the above stresses by using the transformations
HN+ Ny +3(Ny—Ny) cos 2
Ny = #N,+N,)—3(N,—N,) cos 22
N,y = —3(N,—Ny)sin 21 (A2)

=
il

where 4 is the angle between s and r (see Fig. 1a).
It is possible to show that

27 = (cos 20+ 2¢r cos O+ €%r?)
cos et = (1+2er cos 0+ £%r?) A3
o (sin 20 + 2er sin 0)
sin 24 =

{1+2¢ercos 0+¢2r?)’

By substituting (A1) and (A3) in (A2) and neglecting terms of order &>, we get,

<  390+2po 2po—qo
N=
r 4 4

+ sr{qu ;21)0) cos 0+ o _861)0) cos 30}

cos 20

2,2

+%{(2P0 +34)+(30po — 3g,) cos 46}
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— 3go+2 -2
do P0+610 Po

N =
o ) ) cos 26
9g . — —
+er ©do—6po) cos 0+(6p0 90) cos 360
8 8
82’.2
+¥{(6p0 +990) +(24po — 129,) cos 20+ (3q, — 30p,) cos 46}
_ -2
N,y = 90=2P0) G5
4
6D — _
+ sr{——( Po—4o) sin 30_'___(3(10 2r0) sin 0}
8 8
82r2 )
+§{(12p0 —6q,) sin 260 4-(3go — 30p,) sin 46}.

(Received 26 July 1967 ; revised 11 March 1968)

AGcTpakT—IIpeaCTABNAIOTCA AHANIMTHYECKUE DELLECHUS] AN HANpsAXEHWHA B MONOrUX, KOHWYECKHX 0001~
oukax, obnamarollMX KpYyribiM OTBepcTHeM Ha OokoBo#t moBepxHocTH. OGonoyka 3aMkHyTa Ha 00ex
TOpPLAX ¥ HATPYXKEHHA PaBHOMEPHBLIM OCEBLIM PACTAXKEHHEM W BHYTPEHHHM AABJICHHEM, KOTOPBIE YPABHO-
BEPLUEHHBI TOJBKO PACIPEAEIEHHBIMU MTONEPEYHBIMH CHJIAMM COBUTA HA Kpasix OTBEpCTHS. Metoa pacyera
BO3BOJMT BCTEMEHb BO3MYLUEHHMS [TapaMeTPOB, ONMUCHBAIOLUMX KPUBU3HY U YTON KOHYCHOH 00004kH (B K
€ OTHOCHTENbHO). [N ManbiX 3HAYEHWH 3TUX MapaMeTpoOB OTPEAENSIOTCS CyLUECTBEHHbIE MeMOpaHHble
¥ MOMEHTHBIE HATIPSXKEHUA, C TOYHOCTBIO A0 “WIEHJB Nopsnka B2 u €2,



