























02, =0:3; =0:4
=0:1;, =0:2;, =0:3, =0:4
=45 = 05
=2, =2
=45 = 05
=2, =2
05 ( =2; =2)
(
2, =2
100);, ( =0:5; =300); ( =0:5 =500)
100), ( =0:5 =300); ( =0:5 =500)
100), ( =0:95 =300); ( =0:95 =500)
100), ( =0:95 =300); ( =0:95 =500)

I © T

o n
w N

(

(

10, =15

e3=0

=0:95

= 0:95



=0:5; 1.0

0=
0:005

"=
0:010

"=
0:020

=2; =2; k=0:001; k. =0:01

=2; =2; k=0:001; k. =0:01

2; ko =0:001; k. =0:01
=2; =2; ko=0:001; k. =0:01

=2; =2; kp=0:001; k. =0:01

=2; =2; kg=0:001; ke =0:01

1= Up=Uy 2< 1



U U

Up=0:08 =15

ko =0:001; =0:9; =100; =15

U=0:2; &3; 0:35

U =0:05; 010; 015; 020; 025; 040
U=0:25
U=0:4



- |l

n o
5 K=]
























((fv

Z h
((fy

_ T

_ )T

(fv

)

=+

)y v+ d)dV:

d+b W dv

)+ =0;

hdS =0:



|»

T=T(r;t)

rT

|U)

u

d+br h

av " Nys

—Hl o

=U ST



_(R;

)

d _

d=0;

T!

@ (R;

= ft; T;

)

ST

—=0;

—=h

T=0;

0, S o

"(R; )

s[r

;" B; @g:

g4

T(R;

)

B (R;

)



X X ro
1Z
X(ro) € o x(r) (1 ro)av
rvr
(r)= e k.
Z
Vi = e &gy
Vi
C
kr k n=2
"(r) o
2
"(r)z"(ro):% (1 ro)+%%r4 (r roy+
1@ 3, 1@ 4
+§@ (r r0)+m@ (r ro)'+



Z Z

T l n ckl r0k2 1 @ ckl I ok?
= + - = 0 +
(ro) Vi (ro)e dv v @ (r ro)e dv
VrZ Vr
1 1@2
VA igr (r ro)’e sl Mok gyy
r
2z
1 1@3
r H
pa
1 1@
VA ﬁgr (r ro)*e ki Tok gy 4 ..
r .
Vi

r2=rr

Mo

"(ro)="(ro)+ falc;M)r 2 (ro)+ facs V) M (ro)+ i

"(ro)="(ro)+ fa(c; V)4 " (ro)+ falC; M) 42" (ro)+ it

"(ro) "(ro)+fuc; V)4 " (ro):

= (" TB@)[r (M4 (" @)
@

nvp
nwvd




= st TB " " ;D [
[ o(rT)[ | 4";4""; 4" 4p;41,4 ;4 ;4D

- S t, u;T;qu;D [ g(rT)[ | 4n;4uvd;4D

_,e_.@ .o .e
V= e~ . e, @ "
@_e,0,0,0 .0
@. @ @ @T @9 @b
e _@e _@
@, @T @
@e_@ . @ . @
@ @ @ " @b
@, @ .. @..@ .. @
o _()_@@t-'-@ _+@@_|]’_+ @ _(;@DD_+
n nvd
e e ‘@ f-Tamoth



Q e vd Q @ @
e - - @e'°" @ @
— e+'vd
_ e .. @ e _.
e ete
w @_h @
- @ T @t
.
.
nvd
h
D Y
4D Y9
( Y)( Y9)
_ @ _ e
“a@avy ' ep
_ @ @
6 (1)
(T; ) =
@ @ |
e - o o



—D O
@D

4

(D)= @ DY

C







D=D(eT;t )




O<a

(0]
1

i = P=

OUH

NI =

(1 2°+( 2 3)°+( 1 3~
e:% 1+p§i
p_ ) 3
1t = —p——;
1+ 3



br

11 (")

é_ ")(, ||x S O,
- 1n n )
- X» X < 01

— _br

= —

br

= "11€1€1 + "2€2€5 + "33€3€3+
+ "1p(e182 + €201) + "p3(€263 + €362) + "13(€1€83 + €3€1);

O n n n 1
11 12 13
n |21 ||22 "23A :
||31 II32 ll33
”1;"2;"3
12(") l3(")
Il("): :tr("):"l+"2+"3;
|2(ll ) - ("1"2 + ll2II3 + "1"3);

|3(" ) = II1"2”3;

=3e e



l2(e) =

1

3

I,(e)
0

C

n 1 + n 1 n 1
2 3 2 3 33
1
: é ("1 ll2)2 + ( II2 ll3)2 + ( "1
‘c
4C = Cijkl €€ e
4H = Hijkl €€ e
Ci111 Cii22 Crizz Ci112 Cians
Cao22 Cozz Coo2 Cozos
"' Csszz Caziz Caaos
"' Ci212 Cioo3
i Cozos
0., 1 0 1
X X
Y y
n z z
llxy Xy
2")/Z yz
2"ZX ZX

"3)?

Cii13
Co13
Csas
Cio13
Coai3

QI.313

[EEN



=

0 45 0 0 O
e +2 0O O O
B o > +2 0 0 O
€= o > 2 0 0
% > 2 0
_ 2
0 1
@3 ++2 y 2 (3++2 ) 2 (3B +2) 0 0 0
i B+2) 2@+2) 0 0 0
H = % % ==y 0 0 0
o o o = 0 0
o .“ mo o A0

_ E
T @+ ) 2)
. E

‘G'2a+)

2( + )
_ @+2)

H
;5+‘moo o o
—

+‘mooo o o



J"a <"1

II1> O




e=

S

(+ ) + )"

21 ("))

B +2)

S

1 ) ("?) 2|2(");

e= 1+ )T 2)



Y+

S
é: "4
A
EC -
4
T
4
4

4
_
__(
PP )To
0
Q r0: AT A
ikl —
| ikjl -

b_
=pT
P

b= "
ho i
102+
h",i2+ h

X
+ jXj




S

1 ( 1) 12

_ " 1 "
N LR A o D A e L)
S S
" 3la(e) ("1 "7+ ("2 ")PH("1 ")
1+ )2 ~ 21+ )? ’

e=oh()+ Ba(e)+

&= Ell(")"' p§|2(e)+"1 a;

23 +2)1:(")
sli(")+ T 3h(e)+ "




r

= ph"lip+h"2ip+h"3ip+ip(jh "1ijP+ jh "Li0jP+ jh "5ijP):

q 1
e= €
. “ "eo4C e




e= g h"1i2+ h",i2+ h"3i2

e= e h"]_ip+ h"zip+ h"3ip

q
B — 1 n 1 1)2 2 12
e_2(1 2)|1( )+2_ (1 2)2'1( ) 1+ )2'2(8)

q
= P T()+ AC()  T()= Wil v
+h'aiP C()=jh "iP+jh "iP+jh sl




e=

aw +(1

)&u

(1



v=01 v=02 v=03 v=04
0,04 0,02 0,00 0,02 0,04
: : : : t
0,04 \ - 0,04
o \
x 002 + 002
=
=
(3]
=
o
o 000 -+ 0,00
&
Q
=
-0,02 + -0,02
-0,04 -+ -0,04
t } } . t
0,04 -0,02 0,00 0,02 0,04
Hecbopmanusa 1
=0:1;, =
004 \
o 002 \\\ |
x \
=
=
@©
2
o 0001 | _
8 — v =01
= ‘
—_— = 02
0,02 4
— v =203
— v =04
0,04
-004 0002 0,00 002 004

=0:1;

Hedopmayumsa 1

=0:2; =0:3;



HedopmMayus 2

Oechopmauua 2

0.4

0.2+

0,04

0.2 4

044

0,00 T

-0,02

o

o

iy
§

-0,06 +

-0,08 +

-0,10

04

0z

0,08
i

oo

-0,04
|

T
0z

Hedopmayua 1

-0,02
|

04

-0,10

-0,08

0,08

-0,04

-0,02

Dedopmauns 1

0,00

-0,02

-0,04

-0,06

-0,08

-0,10

0,02



Odechopmauua 2

Hedopmayuns 2

0,02 +
0,04 1 \
0,06

R %

0,10 0,08
0,02 + |

0,00 +

0,06 0,04

0,02 0,00 0,02
| 1 + 0,02

+ 0,00
< .0,02
1 .0,04

+ -0,06

} + -0,08

-0,10 : . : : : -0,10
0,10 -0,08 -0,06 -0,04 -0,02 0,00 0,02
HDedropmanusa 1

p=3

0,00 A | //’:’:;/E&

/ 2

K =25

-Dluz i /// u//
0,04 4 / (‘ // /

o 0/ /
-006 - :
-0,08 - <= 15 / |

--..______,_./
D,1D T T T T T
0,10 -0ps 0,06 -0,04 -0,02 0.oo

Hechopmayums 1

=15



;. Backonb - Maco
nnacTukbl 16 X 16 x 3 cm i

3

TYTT
ot b,

Kyndpep - Munbcaopd - Paw
nnacTuHel 20 x 20 X 5 em

Lasatem—rasanba s anaL,

rd

—ire IR g ]

e
Tesagasane

L
/i '
; b s 5
! 1
1 Bune
\ nnacTuHbl 25 x 25 x 10 cum I
\
§ MawoH 1
KyBbl ¢ pebpom 7 1 14 cm
—+-2

w, PoseHTans - MMioknnx
cxaTne Tpyd

OnbIT MaloHa

OneiT Kynepa-lfinecgopca-Pawa
Mepa a3 Pu (k=15)

PacwupeHHas mepa Masapca (k=15)

ObbepgvHeHHana mepa (a=0.7)

-2
[l [ 1 ] |
T L] T 1 v
-
F
&
»
of
/
r
o/
/
s ¢
i
L
i
]
.{ L] T
] "
i L
®
e\ L]
\ .' 4
L]
e ®
. . s * -+ -2

e3 =0



=(1 D)C

= ‘@)
‘©()

‘c
(1 D)E, B(,=(1 D)E, B,=(1 D)E, €&, =(1 D)Gy 6,,=(1 D)G,
(1 D)Gy

Ex
@XZ



(b)

(a)







Sp(x)

D) = max
(n) =ms

Sp(x)

Disc = max D = max
iso q ny oy S




(1 D)




(1
(1

5

D b= 1[ o2
=1 D)C

"=%(ru+ur):(ru)s:

r +f,=0

:O’

1 b()y’c " =0,

D")r ‘C " r D(") Cc "=0,

Du)r ¢ (ru)®>r D(u) C

(r



n C ((I D)(ru)®)j =0:
u
(@ D)ru)®)j, =f,
uj . =uj;
i Uuj
_ @b |
> ~avl




Fo

f(ek)=0

D=g(&D)g

k
f(ek)=8

f(gk)=0;

k = max[&(t)]:

f(ek)<O

'p;
f(g! p)=F D

ko



f=0 f—=0:




(@)

= fk=0;f Ok 0 |

( n
D = g(éD)& \ k>0;D< 1
(0 X
k D
Zk
D= g(k;D)dk:
ko
k
8
20 K Ko;
D=_1 %Ii(cklfo; ko <k<Kkg;
S kK ke
8
20; kK Ko;
g(k):>%; ko <k<ky;
"0 k ke



Damage
1

1 T T T T T T T T
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Strain &,

ko =0:001; k. =0:01

" f 0:01 0:003 0:0030;0;09

220

200 |
180 |
160 ]
140 ]
120 ]
100

Stress o,

80 ]
60 ]
10 ]

20 ]

T T T T T
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Strain &

kK Ko;
ke ko kKo <k<Kyg;
k ke

W ANV @O
= PO
=&

S
~




Damage

kK Ko;
ko<k<kg:
kK ke

0:5 =9: = 1

T T T T T T T T T
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Strain €

e= k>ko



Stress ©,

Damage

0

T T T T
0.001  0.002 0003 0004 0003

Strain &

T
0.006

T
0.007

T T
0.008  0.009

0.01

0

T T T T T T T T T T T T
0.001 0.002 0.003 0.004 0.005 0.006

Strain €

D (

0.007

=5;

T T T T
0.008 0.009

=0:5)

0.01

(

2)



(=20, = 1) ( =5 =0:5) ( =2; =2

;o Koo ke

8

20, kK ko;

D=>1 kTO 1 + @ (k ko) : ko<k<kc;

T kK ke
8
20, ko ko

gk;D)= k¢ 1+ (1+ k)e (kK | ko<k<keg;

o kK ke

1 > 0

"IIilm =(1 )Eko:

( =05 =100); ( =0:5 =300); ( =0:5 =500)



( = 0:95
100) ( =0:95 =300); ( =0:95 =500)

=keto1 )+1

( =0:5; =100); ( =0:5; =300); ( =0:5 =500)

( =0:5; =100); ( =0:5; =300); ( =0:5 =500)



( =0:95 =100); ( =0:95; =300); ( =0:95 =500)

( =0:95 =100); ( =0:95; =300); ( =0:95 =500)

E=14 45 ;

=0:11 02

20 40



v = 0:96;
c=1;, ke=0:1

17 0:14
10 20
=1 4 X
Ko
Mi: M
m =0:96; u =350:
Gy G
k = ko
k
c=1+Ko m m &Gﬁ;
=31, ¢c=1; ke=0:1:
M = 350

5:8810 °

ko






(";D)= of"; D)+ 1(D);

4

;D)= 71 Dy ‘C




@o " @ o+ 1)

— D O
@ @D
T=0;rT=0
=(1 D)C
@ @
(Yo Y)R 0 Yo= 2 Vi= oo
q a— p__
f Yy:Yi = Yo Y1 Yp Yy = —tr """
0
0 YD
P —— . X+ X
&= h";i2+ h",i2+ h"3i2 hxi = ,
1* w Py Py
D=- 0 p 1 & ;
Yc
Yc m
= e1e; "="e e "e,es " ezez
= Eo(1 D)" Eo
1_ .5 o+
Y0=—E0 Y0=Y0k(),

2






1
D) =1
(D)=1In 1D
B
" = (D)+"Dy
" =In ! +"
- 1 D b
1
1 1
1:2—Eock()(D 1) In? 5 +21In b +2
2
1= 3—Eo"§k ()D?










(1 e )






(D)

d= d(D;t):

(D;";t)= o(";D)+ 1(D;t):

@ . @ @0 @:
@ - @ @ @ > °
D = f (§g(4);
g

€60



gx)= ax+ b

4= &=D (fg):

e g= 1+E ;> 0; >0




1=£Eok ()

2

D3 tD* t2D°
+

3 2 522

4

(";D)= 21 D) T

D)"

4

C

1

T+ Bk ()

0> ©
3 2

t2D°
5 2 2




Y O

2D5 D4
t25 5 O
t 2
4D
t E;
( = (@1 D)"
R CH RO
: 1 D)
< = "
dD ﬁ:) D tD Em
« = 7 =1 = "
d n n . n " d" .
d—t_ 1 T’t D(t) + - d—t



Q.‘Q-
~—+

"o ()

"o(D)

Q_‘Q-
2

=0:5; 10; 20; 1000



=0:5; 10 = 0:050; Q100;
0:125; Q175; 0225: Q300

= 0:050



=0:5; 1.0

= 0:005; 0010; QO015;
0:020; Q025 =30
N =533; 273; 183; 138; 110

= olsin(lt)j:

= 0:005



=1; 5 10; 30

" =0:1; 02; 04
= 50; 100; 200; 800



=800

= "o sin(lt )j:

"y =0:05; @10; G20
N =1390; 713; 365



"o = 0:05 = 800
N = 1390

", =0:005

"9 =0:10 =800
N =713



N = 365

", =0:20

= 800

", =0:010

"y =0:020






=0:38; 4 =1000;

=27



e=0:05; 020; 050; 100

o(t; & =

g

1+ &+

=0:5;



D = f(§g(t; ¥

t ¥+ (1) & D=0

(t) + (t) 1+ B

(t)=1+ 1 e¥d ;

(1) |

2t

t<
D

Q)

_ 4 14Dt 116D% ** = 364D° %t°
- 2 2(t) 8 2 4(1) T g I e 6(t)
e D D2t 2D3 22 2D3 22

Oz

R

(D;1)

4D° 33
3 6(t)



D Dt 2D 2 2t2

)= ORI

_Ek D> . Dt _2D?% 2
2 221 2 24

1(D;t)
Eock D3 4 4*D* 2 3t3D3 %t?2pD? tD 1
1(D;t) = + + —
2 22y 7481t 338 24t 2 () 3
1(D; 1)

Eok D3
84%711(0(240 qt) “*D* 224 qt) 33D3 (1) +252 qt) A2D2? 2 A1)

84 qt)tD ° °(t)+28 qt) 4 8(t) 96 “3D* (t)+84 3D3 3(1)
84 %tD? 2 5(t)+21 D 3 ‘(1))

Yt =

i



e Fud

D ‘(&t)



ko<k<k,












F(;X)=F(X) f=0

(X Xy Xn)=F (XXt X)) fi=0 i=1n
X
Ag n Xo 0
r(Xo; 0)=0:
"rect
Rn+1
r "rect
@ @ n
@( @ rect
A kJ(r)k r
Ag X
X =X()
Xo= X( 0);
dr =d
r(X) J
@r
Jj = ==
ij @)ﬁ
Ao
A Aq



@&, e _,
@ d @
r(Xo, 0)=0
o
X 60
dX 1@ :Q
d J @ J &
4X 4
4| n+1

P(4X;4 )=(49? (41)?= a4 X 4X+P4 2 (41)2=0;

a b RN+1
0 1,
(Xi+4%i;i+4 l)p
p(dX;d ):% a2dX dX + kd 2§ (41)2=0
(Xi:i)
| k
n+1 4 XX n

(X5 i)



/v 00

Y

r i+ 4 k;Xi+4Xk

p 4Xk4

a4 XP 4XP+1P4 (

( i, X4)

F

Xi+aXk (i+4 9f

a4 Xk 4aX*k+ 1?2 4

AXKaxk o.axka

p)2

n»

Kk 2

(i+1:Xi41) =

Rn+1

=4 PXP RP=K,
Ktp:—@:
@ p

a® 4 PRP 4 PRP

4 % a®> RP RP 4

4 P

=0

(4142 =0:

i+ 4 k;Xi+4Xk

+ P4 2 =

P =(41)?



. (41) : detk P60
4 P — a2 kp ﬂp + 12

/V/ 00

Y

4XP=4 P RP

4A=(4 P) 4XP

(Xi; 1)
(Xi+4XP j+4 P)

(Xold; old)
(Xod; od)=(Xi+4XP, +4 P)

“ =1 (X o old)+% Xk+% “+o( X; )

k.
r Xogt X% ogt

. _ @ (X od; o).

K ¢ (X oid; o) = X ’
- @ (X oid; old) .
@ ,

r Xoa+ X ga+ ¥ =1 (Xog; o) +K(Xoa oa) X<+f *¥=0



P 4X g+ X584 ga+ K =p(4Xoawd ou)+28%4 Xgg XK+2074

Poid = P(4 X od;4 oid) Tod = T (X o od) Ky
K ¢ f f
4 Xoid
K f Xk INold
2a24 X1, 24 | “ 7 Pou
Xk _ K 1 Toid K = Ky f
ko = Pold B 23.24 X(-)r|d 2b24 old
K
kk k 8 0
N
4livg =41 N_: :
Ng N
k > 0

k Xk=" X X "u

jXorj "y

k
old

4 X;

0



(Xi; if)

4
4 XP
(XP5 Pf) r(xp; ?
k=0
k=0 4 XK 4 k
4Xk=4XP 4 k=4 7P

AXK=4Xk1+ XKL 4 k=g K14 k1

Xisp = X + 4 XK
= if +4 7

4 Ii+1

k=k+1




f 11y 227 33 120 23 310

fo 100 a3 2 12, 2" 25, 2" 31, O

F(")="Cc "(1 D(");

p(4";4 )=a4" 4"+1P(4 ) (41)*=0:




a=0;bs6o0
a60; b=0
06 a=bso0
06 a6 b6 0
4
= C "(1 D);
(o4
a= 'C :b=k .k
P(474 )= C 4" T 4" +k K(4 ) (41)7=0
K
@ ‘C "(1 D(")) ’
K= o= y -c @ oene €3
k k
4"
p= a 4|| :
\1 1
a? Ktl c Ktl S o




Kt

Kt

2224 "T o4 i oo

RS r(hr AT v A P)SF(rATP) (kt 4 P)

PL=p(4"%4 P)=a’4 "P 4"P+1P(4 P)
nl 1
4"2=4"P+ "1

42:4 P4 1

@ @°T "(1 D(")
@

= @ = c
-t oy ¢ 23

(1 D("))EE

41 2



D(")= D(e(")) e

en") _ @ne(") @("),

@ @(") @

Kik = Kji 6 Kyji = Kuij  Cijw = Gjim = Cuiji = Cuai

NE )2 (7) 51 (7)

@"(1a(")s12(")01s(")) @ (™)
@i(") @

or _
@

@' 1 : : J2
@=§E+%e+d1 e? ?ZE




g = écos#i); 1 1 =0
2 ( f0+f);
8
>0; 1 1
¢ = FigsinG); = 0;
'f04'
agy
J ' 4 S
=J—z J2= gla(e); Js= " 4ls(e)
8
20 i =1;
arccos ( 3
#H=H#+ = (), i = %; I =2;
3 >
Z; i=3:

@) @ ") @ @ ) 1_ ., .
@ = @ @ @ FEr et a e

[ - i j J22
@("1;"2") _ Ml Eraerq & ZE

@ U2+ W2+ Higi2
@iy M HErerg @ e
@ (H'1iP+ W0+ i)t &




@("1;"2;"3 HiiP L+ Sjh "ijP t JE + e+ ¢ € ZE
@ - L. L. . :
H'2iP + RSP+ H'3iP+ 2 (jh "4ijP+ jh ",ijP+ jh "3ijP) Ly
P

" i1 i i J2
@("v) S E+de+c e E ‘o «
@ - é SI - Oy | O,
1 "> 0
@
— = aE + be + fe?
@
h'ii i ]2 L
36 l+3CI1J72 h'iicy H'iiCil
& 2
HiiP 1 .12 - ;
- 1+3¢% miiP tch fyie 1d
w1 1
e 1
HiiP 1+ Ljhvije L . - ,
— & 1+3d1% (i l+;rfﬂlnu" ), | (wiie b+ e 1)d,
b 1




T":E,
2(e)= FIE() gl 7
) - SE

@(1.(")s12(e)) _ @(1.(")sla(e))@1(") N @(1.(");12(e)) @i(e).

@ B @1(") @ @i (e) @

@(ll(");IZ(e)) _ 1 + . (1 21))22 l( )

@1(") 2 (1 2) 2 (1 21))22|2( ) (1?)2'2(9)

12

@(1.("):12(e)) _ ar?
@i (e) 4 ) Eyla(e)

(1 2)2'1 )2

@(1.(");12(e)) _ 6
@ S+ )2 ( )

L, () 21.(")
21 2) @ 21 () @+ 2 (")

E|;




o ( 1)2 . 12
(")=2 m'f( ) m'z(e)
@(") _ ‘c
@ Ee
@Oe)
@
@D('é‘):\ ; &=k
@ 0; b< k
{
@Oe) _ (i e=k
@ 0; e<k
@ME) _ & 1+ (1+ k)e (k) 6=k
@ 0; t<k




—~

ke k ko _ - =
@ne) _ ke Ko k kY ok &=k
@ 0; e< k
lnew = 1=2
new
lnew = Inew =4
lnew = lnew + 1=4
Inew
lnew = lnew =8

lnew = lnew + 1=8




0:001; k. = 0:01; =2; =2

"¢ (3000;0,0,0;0)
"¢ (300300G0;0;0,0)

". (300,200 30Q0;0;0)



2; =2; ko=0:001; ke =0:01

2; =2; ko=0:001; ke =0:01



=2, =2; ko=0:001; kc =0:01

=2, =2; ko=0:001; kc =0:01

2; =2; ko =0:001; k¢ =0:01



=2;

n+1

=2; ko =0:001; k¢ =0:01



u(r)
N (r)

u=NU

" :(r U)S

Fint(U): Fext;
. : R
Flnt (U) = Flnt( ("(U))) = BT dv Fext =
R \Y

R
NTf,dv+ NTf.dv
\%

R
K= BTCBdv
Vv

<

F" = KU

R
K= BT % B dV

(n+1) (n+1)



rk

Kt Fext Uk rkl .

1:Fim(Uk 1) leext

pK 1= a24 Ukt Tyklyppa K14 12

g:

=]

_ @p_ @34 (UYTU+1R4 2 4 |2

@ @ U =2a’°4 U

T 2 2
%pz@é4(U)li@4+b24 4|=2bz4
n

KtUkz leext Fint(Uk 1)
KU = Fex

] —k
u“ U

T —

gk 1+(ak l)T U
Uk= T+ *T

k— k1, k1

Uk=Uk1+ Ukl


















t=1

E =42000

U=05 ;U =05
U=0:7 ;U =07
U =04 ;U =07
U=0:2 ;U =07

t=0 t=1
t=1,
= Ut t)=(tx ty)
U U
1= Up=U1 2< 1
=0:9; =100; kg =0:001
=0:2
U U



U=0:2 ;U =07



Uo

Uz






U, = 1=10U,

=25 = 0:96; = 350; kg = 0:000059
E = 37000
=0:2 fo=
54.5 fi =2:18 fo =517

ft =2:18












— UO
Uy_

Uy

1 :lwo



25

25

=0:96; =350; ko =0:000059

E = 37000
f. = 54:5
fo.=51:7 fy =2:18

15 =0:9; =100; ko =0:001 E =35000

=0:2
ft = 218



Up =0:08

15

25



ko =0:001; =0:9; =100; =15









E =210000 =0:3
E = 35000 =0:2 =10 ko =0:00008
0:96 =350 fo0=28
f2=2:8

50°

U=0:2; 03; 035

U=0:2; 0:3; 0:35



60°

U =0:05; 0:10; 0:15; 0:20; 0:25; 0:40

60°



U=0:25
u=0:4



re =8

, =7

e =75

= 0:28

y =7

350



550

Rpmn =1:95
Rpe = 25:5
ko = 5:575 10°% = 0:96; beta= 750
= Rpc=Romn 13

50



10

10






10






U =0:06
p=10






Oy

E = 35000

0:2



=5; 10; 15
=5: 10; 15

Ninc =5; 10, 30, 50, 70, 120 200 300 60Q 1000
1. 2, 6, 10 13 19 24 35 54 78



ko=0:001; =0:9; =300 U = 0:0025
Ninc =5; 70, 200 1000

30 0:01

=15 ko = 0:001; 9; =300

E = 35000 ; =0:2



y
W(D)= ( Y)DaV;

Y V
Ve D=0
Vg D>0
Z Z
W(D)= ( Y)DdV + ( Y)DdV:
Ve Vy
D=0 V.

Z
W(D)= ( Y)Ddv;

\Z
Vg! O

Z

im  ( Y)DdV
Vg! O
\Z



z z
( Y)DdV < ( Y, Dadv;

Vg Vd

Z
im  ( Y)DdV =0
Vg! O

Vd




































































































































220 5









