Uloha 3
Bifurkace
-rozbor rovnic krystalové plasticity
-nekonecéné prostiedi,nulové objemove sily
-konstanty B,F,Aq,b,P k,ry jsou kladné
-(konvence oznaceni je stejna jako v zadani ulohy)
Vysledkem rozboru rovnic linearni poruchovou analyzou je linearni systém rovnic pro
amplitudy y,6,,,0,V, B,€, . Provedeme rozbor podminky existence netrivialniho
feSeni,tedy v pfipadé,ze je determinant soustavy roven nule.

Determinant soustavy je roven:

det = {bpoE(2kik§ +(1-0)k2K*)+K*(1-0*)[v,B(-k sinB, +k,cosS, )i +

2
B+ x(k, cosf, +k,sin,)> + Pp, (k sin, —k,cosB,)” + A,bp,F1} 2 OE‘”
a pozadujeme:
det=0 . (1)

Rozbor pro pripad B#0:

0.) (1) je triviadlné splnéna pro po=0 ,pro =0,pro K=0.

1.) Déle uvazujme pfipad kdy po#0 , ®#0,K#0. Nutnou podminkou ke splnéni (1)
je,aby jak realna tak imaginarni ¢ast determinantu byly rovny nule.

Im = v,B(-k,sing, + k,cosf3,) =0 (2)
Re = bpoE(2kik§ +(1-0)k2K*)+K*(1-0*)[Bo + x(k cosf, + k,sing, )’ 3)
+Pp, (k sinf, —k,cosf3,)> + A,bp,F]=0
Podminka (2) splnéna pro:
V0=0 (4)
B=0
-k, sing, +k,cosf, =0 (5)

i) Necht je splnéna podminka (4):

po je homogenni feSeni hustoty dislokaci,proto soudim ze by mélo byt nezaporné.
Uvazujme tedy po nezaporné a navic vezméme v uvahu 0.),potom je po>0.

V tomto pfipadé z (3) plyne,ze musi byt w<o. Z rovnice (3) plyne,ze pfipustny
utlumovy faktor w zavisi na vinovém vektoru k

~ b’ p, B2k k; +(1-v)k;K?)

W= K (1-0%) +x(k, cosf3, +k, sinB,)* +Pp,(k sinB, —k,cosf3,)’ + A,bp,F |/ B
-v

(6)

Kvalitativni pfedstavu o tvaru zavislosti nam poskytne rozbor pro hodnoty konstant
n=1/3,B=1,E=1,F=1,A0=1,b=1,P=1k =1, po=1,bo=n/4 (viz.obr.¢.1,2).
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F(X,Y,Z) 1= (x*2"({-0.5)-2%2*(~0.5])*2+(x%2* (-0.5)+2%2* (-0.5])*2+1+1.125% (2/3%z"
2% [XO24Y 24272 242 FRTZFYNZ) B (XA 24+Y 24+272) * (-4)

obr.c.1 Isoplochy — plochy tvorené podle rovnice w=konstanta={-3,-4,-5,...}, jsou

tvofeny vzdy rota¢nim utvarem,ktery se od valce lisi jen mirnym zuzovanim pfi

pfibliZovani k roviné xz, a Gtvarem okolo pocatku (k.=x, ky=y, k,=z).

Wt Glmemdia

SEeh e

(el A

F{X,¥,Z) := (x%2*(-0.5]-2%2"(-0.5])*2+(x*2" (-0.5]+2%2" (-0.5])"2+1+1.125% (2/3%z"
2T (X ZHYEHER) CEHZ RN YE) T XC 24y 2422 ¢ (-4)

obr.c.2 Isoplochy

Lze rozlisit dva kvalitativné odlisSné pfipady. Pro o < —3-1 je typickym tvar jako
na obr.C.3-8.



T d-2r2) . win = -1.7193E+00
ol wax = 1.7193E+00
5 AE ]
X

F{X,¥,Z) 1= (x%2*(-0.5]-2%2"(-0.5])*2+(x*2" (-0.5]+2%2" (-0.5])"2+1+1.125% (2/3%z"
2T (XCZHYEHER) CE4ZTRNEZ YR TN 24Y 24202 Y (-4) -2 = O
obr.c.3 ®w=-4, pohled na rovinu xz
T d-2r2) win = -1.7193E+00
ol wax = 1.7193E+00
B o AEE i

s - S
F{X,¥,Z) 1= (x%2*(-0.5]-2%2"(-0.5])*2+(x*2" (-0.5]+2%2" (-0.5])"2+1+1.125% (2/3%z"

2F(RAZHYI2HENZ) P2 T2 TR ) T (kP 24y 242 2] (40 -4 = O
obr.¢.4 w=-4, pohled na rovinu xy, utvar se li§i od valce mirnym zuzovanim pfi
ptiblizovani k rovin¢ xz ptiblizovani k roviné€ xz



X : (-0.6:0.6) 3 wmin = -5.2481E-01
Y : (-0.6:0.6) wax = 5.2481E-01
Z ¢ (-0.6:;0.6] N

& —_—
F(X,Y,Z) 1= (x*2"({-0.5)-2%2"(~0.5])*2+(x%2* (-0.5)+2%2* (-0.5])*2+1+1.125% (2/3%z"
2% [XP24Y 24272 CZH2TRAZTYNZ) T (XN 24y 24272) % (-4) -4 = O
obr.c.5 w=-4, detail na utvar okolo poc¢atku
X : (-0.6:0.6) x win = -5.2464E-01
Y : (-0.6:0.6) wax = 5.2464E-01
Z ¢ (-0.6:0.6)

¥

F(X,Y,Z) 1= (x*2"(-0.5)-2%2"(~0.5])*2+(x%2* §-0.5)+2%2* (-0.5])*2+1+1.125% (2/3%z"

ZE KB EAEN D N B AN E Yt R Nt 2yt 242 S b1 -2 = O
obr.¢.6



B (-0.6:0.6) min = -5.2464E-01
b [(—0.6:0.6] max = 5S.2464E-01
z (-0.6:0.6)

=

¥

FiX,¥,2) := [x*2*{-0.5)-g*2*(-0.5)1" himias i -0. 5]+z*2*i —0.5) j*2+1+1.125% (2/3%z"
ZF (2424t tEHETRCETYNE ) T (NN B2t E) Y (-2 - =
obr.c.7

V(G

, okolo pocatku se nachéazi chyba ve vykreslovani ve tvaru
¢tverce, ve skutecnosti mé utvar v pocatku singularitu k niz se pfiblizuje ,,ndlevkami* ze
sméruosy X ay

obr.¢.8 pohled ,,zevnitf



Pro pfipad w > —/3 -1 viz 0br.&.9,10.

s o s min = -9.6515E-01
B e e ey max = 9.6515E-01
B o b e v

FIE,¥,E) 1= (H%2*(-0.5)—-g%2"(-0.58) ) "Z+(x*2" (-0.5)+2%2* (-0.5) )1 *Z+1+1.12Z5% (2/3*"

2% [XP24Y 24272 C242FRA2FYN2) T (XM 24yt 242t2) t (-4)-2 = O
obr.¢.9 w=-2, do singularitu v pocatku se propada utvar blizici se asymptoticky k valeci
zevnitt

T e -9,.6515E-01
S ke e et 9,6515E-01
Z : (-1.5:1.5)

b4
FIX,¥,2] i= (x*%2*{-0.5)—z%2*(-0.5)1*2H(x*2* {-0.5) +=*2* (-0.5) ] “2+1+1.125%(2/3*=z"

ZE (ATt BEEA | ARAR AR Eh B [t Byt 2 et R (—d) =2 = [
obr.¢.10 w=-2



ii) Necht je splnéna podminka (5) (viz obr.¢.11):

¥ : (-10;10) min = —-1.0000E+01
T : {-10;10) max = 1.0000E+01
Z : {-10;10] z

t

FIX,¥,2) (= ®x¥%ziniz)-vy*cos(z) = 0

obr.c.11 k sinf, —k,cosf, =0,kde k, =Xk, =y,B, =1

Vzhledem k (5) Ize upravit rovnici (3) na tvar:

(2k§cos2ﬁ0 +sin’ B, (1-v)K*)k2b* p,E + (1-0°)K* (sin’ B,bp,FA, +sin’ f,0B + xkk>) = 0

(7)
Pokud by=0 pak k=0 a rovnice (7) je identicky spinéna. Uvazujme tedy tyto
veli€iny nenulové,pak pripustny utlumovy faktor pak musi splfiovat:

Y (2k;cos’ B, +sin’ B, (1-v)K*)k;b’ p,E

(10K +(sin”B,bp,FA, +xk?’) |/(sin* 3,B) (8)
-v

Zavislostwna k si opét ukazeme pro specialni konstanty n=1/3,B:=1,E:=1,
F:=1, Ao:=1,b:=1,P:=1,k =1,10=1,bo=p/4 (viz.obr.¢.12).
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FIX,¥,2] i= z*2%((-2.2 Ao

obr.c.12 Isoplochy w={-2-3,-4,-5,...}

Opét rozliSime dvé moznosti: pro w < —/6 —1 viz obr.&.13-16.

X1 (-2:2) z min = -1.2218E+00
e R max = 1.2218E400
2 (=2:2) ‘]‘

FIX,T,2) 1= 227 (2.25% [y 2+ (% 247" 242 21" 2/3)/ [ (% 247 242°2] 4] +2)-3 = O

obr.¢.13 w=-4, ttvar je zrcadlové symetricky podle roviny Xy, v poloprostoru lezi
»fazole®, ktera se asymptoticky bliZi pocatku a plocha liSici se od roviny propadanim se
v blizkosti osy z



Xo: o (—2:2) win = —-1.2218E+00
T i (-2:Z2) mwax = 1.2218E+00
5 AE ]
FiX,¥,2) := LB YRR Ry 24t B MRS AN I 2yt 242 4 4213 = O
obr.c.14 w=-4
B (-0.7:0.7) Z min = —-6.9103E-01
T [-0.7:0.7) wax = 6.9103E-01
z (-0.7:0.7)

x
FIX,T,2) 1= 2*2%(2.25% (v 2+(x 247" 2+2%2) *2/3)/ ( (x*24y*24272) 541 42) -3 = O

obr.¢.15 w=-4



X o: (-0.7:0.7) / min = -6.9105E-01
T i (-0.7:0.7) f max = 6.9103E-01
Z i (-D.7:0.7] f)jé'-

1
y
x
=

FIZ,T,21 1= 2% (2.25% (v 2+ (0 B4+ 2422 2/5)/ (X 2+y 242241 +21-3 = 0O

obr.c.16 w=-4

Pro w > —\/g—l viz obr.17-19

¥ : (=5:5] min = -7.0781E-01

¥ : |(=5:5] max = 7.0781E-01

B e z

.3
FIZ,T,21 = 2% (2.25% (v 2+ (x 2+v 2422 [ 2/5)/ ((x 2+y 2422 “41 +21-1 = O

obr.¢.17 w=-2, plochy jsou zrcadlové symetrické podle xy



B [—=5:5] win = -7.0781E-01
T [-5:5] wax = 7.0781E-01
zZ T ki

b

FiX,¥,2) 1= = 2#(2.25% [y 24 (X 247 24221 “2/3 )/ [ (® 2+7 242 2] “4)+2) -1 = O

obr.c.18 w=-2

B P -7.0284E-01

T P ey 7.0284E-01

z P

FIX,¥,2] i= z*2%(2.25%(y"

doioyaniioi g o
obr.¢.19 w=-2, detail na tvar ,,prohlubn¢*



