Qu3uKa peasibHO20 Kpucmarsisna

8. Ynpyaue nons (nons Hanps»xeHud)

K "1 } 80KpYy2 oucsiokauuu. dHepaus oucriokauuu.
Q?’ I Iy B3aumooeucmeus mexxoy oucriokauusimu.
", \ TepmoduHamuka oucriokayud.

Ses

€ ) :

» , [lbopeccop b.N.Ocmposckuu
21{}

<,, I ; " ostr@cea.ru



Yripyaue ross u Harps>XeHus 80Kpyea
oucriokauuu



[lone cMmeweHUU 80Kpy2 s8UHMOBOU OucrioKauuu

» Representation as a cylinder
of elastic material

» Slit LMNO || z axis, surface
displaced by b

Displacements:

u,=u,=0

b0 b 1Y
=—=—tan =
2r 2w X

zZ

LlunuHdpu4yeckue , : ;
KOOPAUHAMBI: Volterra screw dislocation

5 ' [Hull, Bacon 1992]
r®,z u,=u,xy)
X2+ y?=r
tgo = y/x

» Cylinder with radius r, not taken into account:
ptions of /inear elasticity theory not valid




KomrioHeHmbI meH30p08 HaripsXXeHuu u oegpopmauyul 8
UUITUHOPUYECKUX KOOPOUHamax

UCT10/1b3y51 COOMHOWEeHUHA.!

2z = 0x; €080 + 0).sIn @

u, aHarnoau4HeiM obpa3omM, Or1s1 cosu208bix deghopmauyud,
rnosy4yaem:




KomrnoHeHmMbI meH30pa Harps»XeHusl 8
UUITUHOPUYECKUX KOOpOUHamax

z face

The elastic distortion contains no tensile or compressive components
and consists of pure shear: 0.y acts parallel to the z-axis in radial planes
of constant ¢ and oy, acts in the fashion of a torque on planes normal
to the axis (Fig. 4.4). The field exhibits complete radial symmetry and
the cut LMNO can be made on any radial plane 6 = constant. For
a dislocation of opposite sign, i.e. a left-handed screw, the signs of all
the field components are reversed.




Yripyaue rorns uckaxeHuu 8oKpya oucriokayuu
dgersaromces oanbHooeucmeyrowumu!

Omnu4Hbie om Hyrisi KOMITOHEeHMbI €; U O, ybbigarom ¢

paccmosiHueM om OUC/IOKauuU Kak r 7




3ameyamernbHasa aHanoaus ¢ MacHUMHbIM
rosieM rpsmMosriuHeluHo20 rnPo8ooHUKa

B~JR;

B = aKcuarsbHbIU

b x, 8eKmop
x30

BByurmosas ducrokauyus
Hanpaerexa edosb ocu X,
=z

E~o~r-1




Anekmpu4eckoe riosie pagHOMEPHO 3apsiXKeHHOU
npsIMosiuHeUHoUu HUmu

TOVILE [R5 TR 0

npenebpeuyb BJAHSIHMEM €€ KOHIIOB, T. €. CUMTaTb ee Kak Obl Gecko-
HEYHO NJIMHHOH. M3 cooOpaxkeHHH CHMMETPHH SICHO, 4TO CO2JaBaeMOe
TaKOH HHTBIO IIOJI€ He MOXET HMEeTh COCTaBJ/SIIOLUX B Ty MHJH JApy-
Iyio CTOPOHY BJOJb HHTH (IIOCKOJbKY 06 3TH CTOPOHBI COBEPIIEHHO
9KBHBAJIEHTHbI), T. €. JOMKHO ObITb Hampas-
JIEHO B Ka)JIOH TOUKe NepHeHAUKYJsSPHO HH-
Td. [loab3ysick 9THM, JIETKO OnpejeauTh mnose
auTtH. PaccMoTpuM JJis 3TOro moTox moJig ue-
pe3 3aMKHYTyI0 MNOBEPXHOCTb pajuyca r Hu
AMuHBL [ ¢ ochio BRoab HUTH (puc. 5). Tak
KaK MoJje IepNneHAuKyJasipHO OCH, TO IOTOK
yepe3 OCHOBaHMS HHJHMHAPA OYZeT paBeH Hy-
= - Jio. IlosToMy moOMHBIH NOTOK MOJSA Yepes pac-
CMAaTPUBAEMYIO 3aMKHYTYIO NOBEPXHOCTb CBO-
JUTCS K IIOTOKY Yepe3 GOKOBYIO NOBEPXHOCTH
uuaunapa. OH paBeH, ouesuuno, E-2mrl. C
Teopema [: aycca — APYTro# CTOPOHBI, IO TeopeMe ['aycca on pasen
4me, T]e e — 3apaji, HaXOXAUIMHCS Ha IiHHe [

- Ocmpogpadckoeo HUTH; ec/1H 0003HAYMTh Yepes ¢ 3apsi, NpH-
XONAMNCA Ha €IMHHUILY JUIHHBI HUTH, TO e = ql. Takum obpasom,

nMeeM

e
—r
——
e

2arlE = 4ne=4nql,
OTKYJa




Mgb1 BuAuM, 4TO HOJE, CO3JaBaeMOe PaBHOMEDHO 3apmerHon HHUTBIO,
o0paTHO NPONOPLHOHAJBEHO PAaCCTOSSHHIO ! OT Hee. |

Onpenenum norenuuan storo nous. Ilockonbky noae E HanpaB-
JIEHO B KaxJOH TOUKe BJIOJIb pajuyca, TO €ro pajHajbHasl NPOEKIHUS
E, coBnagaer ¢ nosHoi BemuuuHOH E. B cuay obiiero cOOTHOMIEHHUS
Mem,uy HanpsXKEHHOCTbIO M [IOTEHIHAJOM HMEEM NO3TOMY

dp  r _2q
=

OTKYy Ja

¢ =—2¢ In r 4 const.



Yrpyaas aHepaus oucriokayuu

lNonHas 3Hepaus ducriokauuu cocmoum u3 08yx yacmeu:

E=E__.+E

core ul

[1lnomHocmb yripy2ou aHepauu, 3arnaceHHou 8 ducriokauuu:

1
Ecl = T)' '(.o-(_): Egz T Op&- )
Gh’
—8'7272 EC MOJTH =_[ E~ av
[lornHas aHepaus, 3araceHHas 8 rosiomM yunuHope paduyca R u OnuHbl L :

L 2 R "

 (Gb%/8 2))dz'1de Jrdrr2  LGE i LGb™, R

I rNMoOJiH
— 0 0 r, . ~r  4m 1
Unu Ha eQuHuuy OnuHbkl ducriokauuu: Gb~ | R

Enom L= 4/% lnlb




OueHKU yripya2ou aHepauu oucriokauuu

Mpu 06b14HBIX 3HaYeHusx nnomHocmu ducrokauuti P =107 cv?, cpedree
paccmosiHue mMexdy Humu cocmasnsem R = p'” 22 3.10"* cm, ymo daem

ons -ln£ =~ 10
’;'n

u EkxlnonH/L = (_7/):

Mou G = 10'2 dur.cm? u b =2.10 S cum
umeem:

E romdl = 4.10 * apa/em
Umo e nepecyeme Ha 0OHY c85i3b Oaem:

E,_ .= 410 spe/cmx2.10 % cu =8.107% ape = 56



[lone HanpskeHUU rpsamMou Kpaesou oucriokauuu

(cninowHas usomporiHas cpeda)
u = ux(x,y) ['lnockoe OeghopmuposaHHoe

u,= uy(x,y) cocmosue: U =0

Oy =04 =0, =0, = 0
 Gb  y(BxT+yY)
2r(1-v) (x* + y*)?
L Gh yF )

Oy = 2 . 22
2r(1-v) (x° + y°)
. __Gb x(x* —=y*)
B 2 -v) (B Y)Y

0,=vV(0,+0,)

‘l
ﬁ
L
|

-‘--— -

-~
-q--
. =

N

W

\

Volterra edge dislocation
[Hull, Bacon 1992]

E =2G (1+ V) 1 <v<1/2




BbiyucrieHue KoMrnoHeHmM meH30p08
oegpopmMmayuu U HarpsxeHuu

B mzorponnom caygae ypasHeHus (2.21) 06BIYHO BaIECHBAIOT € MCIOIB3O-
BaHIeM J(BYX YIPYTUX MOCTOAHBRIX: A (koaghpuyuenm Jlamns) n w (modyaw cisuza) *,
B CJEAYIONEM BUJe:

oy = (A + 21) &44 + Aegp + Aegs;
Os = heyy + (A 4 21) €99 + Aegs;
O33 = Aeyq + Mgy + (A 4 21) e3;
093 = 2!.1,803
O3 == 283;
01 = 20845;

i» (2.46)
J



[lons ynpyaux cMeweHUU 80Kpye
NpsMOosIUHeUHOU Kpaegou oucriokayuu

e b y xy
Ye=om [amtg T A G |

4

1 aHaJOTHUYHO

b 1—2v x%—y2 3
Uy = 5 O [ 4(1__\7)' In (x2+y2) “r 4(1—\?) (22 - y2) J’




Cxemarnmgeckoe m300pajKeHHe IOJA HAIPIKEHUH
BOKPYI' KPaeBOH MUCIOKAIMM.




KomrioHeHmbI nosisi HarnpsixeHuu Orisi
Kpaeesou oucriokauyuu

Contours of equal stress

about an edge dislocation
[Hirth, Lothe 1992]




KomnoHeHmMbI meH30pa HanpsixxeHuu 8 criy4ae
8UHMOBOU oucrioKkauuu

Oz = Oxy = Opx = 0

Gbh » ~ Gbsinb
T 2 (X242 27

N Gbcost

Gb/217(1-

Bb1800: 8ce aHepaemu4yecKkue oUEeHKU, 8bINMOMHEHHbIE paHee
OJ151 BUHMOBbIX OucsioKauul, ocmarmcs cripaseodriuebiMu U
07151 Kpaesbix ducriokayuu




Curnbl, deucmeyrowue Ha oucriokayuu



LeuxeHue oucriokayuu 8 Kpucmaririe rnoo oeucmeuem
OOHOPOOHO20 €O8U208020 HallpPSAXXEHUS

—_— —_—
x Yy

slip plane %
___ ¢ z
<__

-

(a) (b)

Figure 3.4 Movement of an edge dislocation: the arrows indicate the applied
shear stress.

ObpaszosaHue cmyrieHeK CKOJibXXeHus!




Cuna, deucmeyrow,as Ha eOuHUUYy OnuHbl ducriokauuu

Jusi  Haxoxkume-
HHSI CHJIBI, HeHCTBYIOIIEH HA eNUHUIY AJHHBI NMPSAMOJHHEH-
HOH JHCJOKALMH B KPUCTAJJe IOJ OJHOPOJHBIM HallpsKe-
HUEM, BBHIUHCAHUM paboTy, NPOH3BEAEHHYIO
BHEIIHEeH CHJIOH NpH TNepeMelleHuH JAHCIO- i O
Kallud AJunbel L=1 uepe3 KpHCTAJJI TOJI-
munoi [ (puc. 28). C onHOH CTOPOHBI, 3TA i
pa6ora paBHa cuie oLl ymuoxennoit ma [ |
AJUHY b TIacTHUECKOro cJBHra IpH Hpo-
XOXKeHHH OJHOH JAHCJAOKALHH, € JAPYyroM
CTOPOHDLI, OHAa paBHA IPOH3BEJEHHIO HCKO- ‘___L___,.l
MOil cuabl [ Ha AauHy [ nyTH AHCJIOKAIHH.
[TpupaBuuBasi o6a BbHIpaxKeHHs, IOJyuyaeMm

28. K Boiyncse-

olLlb =fl HJTH HHUIO  CHJIHI,
f=oabL=0b. . (16.1) ﬁé‘;“y‘o s
Oxy oflleM cJjaydae cJelyer yuecTb, 4TO JHCJIOKA-
- y [3K€HHOE COCTOSIHHE KpHCTaJjla MOXKeT HED G =bo
L R )_.x CJIOKHBIM, a HalpaBJeHHe CHJbl He ' i i
z HO cOBNajaTh C HanpaBjeHueM Bekropa Dioprepca.
i . (16.1) 3amenutcsi Qopmyaoii ITuua — Kesepa nis 8eKkmop
e MeXaHHUeCKOl CHJIBI, AeliCTBYIOLIeH Ha SHEMW
Cuna ecez0a HarnpaerneHa F = (ba‘)( (8.22)
neprneHOUKYSpHO TUHUU
oucriokayuu WHWYHas KacaTtebHas K aunun. B atom ypaBHenun b nedcTyeT Ha

1ANRLIU UHIIEKC TEHRONA O o (bag); = b;o::. xak B (8.21). D10 3aMeUaHHE



®opmyna lNuya - Kennepa
(cuna, detcmsyrowas Ha eOuHUUYy OrUHbI Oucsiokayuu)

exerted on a unit length of dislocation line by externally applied
forces:

t = f , GOUHUquIl:I F= (tsz e tsz)i “I“ (tzGa: Ty thz)j + (thy = tny)k7 (3'18)
8eKkmop 800s1b where
NUHUU oucrokayuu e b gl o B,
Gy = oyzbz + oyyby + oyzbz, (3.19)
Gz = C'szx + O'zyby e Uzzbz-

The quantities bz, by, and b, are the three components of the Burgers
vector, and oyz = 01y, ete. If we let Equation (3.19) define the three
components of a vector G, Equation (3.18) can be rewritten as:

Tt k
F—=|t, ¢t & |=txG. (3.20)
q, Gy . G

Cuna eceeda HanpaereHa is fundamental formula was derived first by Peach and Koehler. It
neprieHOUKYSPHO JTUHUU  yld be noted that, because of the cross product on the right, the
oucriokayuu ce on the dislocation is always directed normal to the dislocation line.




Cuna luya - Kennepa

t =<, edunuunbiil
8eKmop 800/1b
JIUHUU ducriokayuu

Cuna ecea0a HarpaerieHa rieprieHOUKyapHoO fIuHUU ducriokayuu



Cuna luya - Kennepa

General case of a shear force on a crystal: F = o°n
(n unit vector of the swept-out surface, n = &u. with line vector &, direction of motion #)
Displacement by Burgers vector b if dislocation moves
Work done by the crystal:
W= {(en)b=(cb)n
W= (ab)(EXu) = (6-b)x&u

Force to move the dislocation in the direction u

Peach—Koehler force F,=06:bx¢
Force acting on a plane perpendicular to b

¢ || dislocation: F always normal to the dislocation

(All eq. are given per unit length of dislocation L.)




B3aumoodeucmeaue oucriokayuu



Curnbl MexX0y oucriokauusamu

-=- Slip plone

?

Slip plane A
Slip plone B

A simple semi-qualitative argument will illustrate the significance of the
concept of a force between dislocations. Consider two parallel edge dis-
locations lying in the same slip plane. They can either have the same sign
asin Fig. 4.11(a) or opposite sign as in Fig. 4.11(b). When the dislocations
are separated by a large distance the total elastic energy per unit length of
the dislocations in both situations will be, from equation (4.24)

aGh? + aGb? (4.32)

When the dislocations in Fig. 4.11(a) are very close together the arrang-
ement can be considered approximately as a single dislocation with
a Burgers vector magnitude 2b and the elastic energy will be given by

aG(2b)? (4.33)

which is twice the energy of the dislocations when they are separated by
a large distance. Thus the dislocations will tend to repel each other to
reduce their total elastic energy. When dislocations of opposite sign
(Fig. 4.11(b)) are close together, the effective magnitude of their Burgers
vectors will be zero, and the corresponding long-range elastic energy
zero also. Thus dislocations of opposite sign will attract each other to
reduce their total elastic energy. The positive and negative edge disloca-
tions in Fig. 4.11(b) will combine and annihilate each other. These

AHarozus ¢ 3aPA>KeHHbIM KOHOeHcamO,DOM




B3aumoodeucmeue 08yx naparreribHbIX
8UHMOBbIX oucriokauuu

1. Buntossie Oucaokayuu. Juciaokalys, Jexauias BAOAb ( g,
Ox; (¢ur. 2.12), cospaer Ha MI0CKOCTH x;OXy UHCTO KacaTesbk
HANPSKEHUs: 0s9=pbyi/2mr, ecnu npenebpeub aericTBHEM Haphi (
Ha ee konuax (cm. § 1). Cuaa, neicTByrollas Ha eIUHULY JIJIH F
napaJsJejbHod BHHTOBOKM JIMC/JOKAIHH, IMPOXOJSILIEH uepes To!

O30

i M
M (r,0), nepnenaukyasipaa osg 4 Ox; U, CJA€I0BATENbHO, HANIPABJIE P
Ha Biosb paauyca OM, a mo BequMuuHE PABHA T35 :
(b))
ub,b
FZF,Z 2 (24( ® ur. 2.12. BaaumopeiictBue

2nur MEXy JBYMs IapaJelb-

HBIMH BHUHTOBBIMH JHCJIOKaA-

rne by u by — nBa BekTopa Droprepca. drta ueHTpadbHasg Ccuaa SIB LU M
JasieTcs nputsrupatouieit, ecau bb,<0, M oTTasKHUBaIOWEH, ec/au

b.b,>0; ona yObiBaer ¢ paccrosinieM kak l/r.



CHoBa 803HUKaem aHasioausi ¢ Ma2HUMHbIM 83aumodelicmauem
dsyx npamonuHelHbIx napannenbHsix mokos: F = J J/r




B3aumodeucmeue 08yx naparreribHbIX Kpaegbix oucriokayuu

The basis of the method used to obtain the force between two dis-
locations is the determination of the additional work done in introdu-
cing the second dislocation into a crystal which already contains the
first. Consider two dislocations lying parallel to the z-axis (Fig. 4.12).
The total energy of the system consists of (a) the self-energy of disloca-
tion I, (b) the self-energy of dislocation II, and (c) the elastic interaction
energy between I and I1. The interaction energy Eiy is the work done in
displacing the faces of the cut which creates Il in the presence of the
stress field of 1. The displacements across the cut are by, b, b-, the
components of the Burgers vector b of I1. By visualising the cut parallel
to either the x or y axes, two alternative expressions for Ej, per unit
length of II are

3 (4.34)

00
Eint == = / (1).\‘U.v.\' + b,\‘ay.\' o b:O-:,\')d)”
_V

where the stress components are those due to 1. (The signs of the right-
hand side of these equations arise because if the displacements of b are
taken to occur on the face of a cut with outward normal in the positive
y and x directions, respectively, they are in the direction of positive x, y, z
for the first case (x-axis cut) and negative x, y, z for the second (y-axis
cut).)




BbiyucrieHue cun ezaumooeucmeuu

The interaction force on II is obtained simply by differentiation of
these expressions, i.e. Fy = —0Ej,/0x and F, = —0Ejy/0y. For the two
parallel edge dislocations with parallel Burgers vectors shown in Fig.
4.12, by = b, = 0 and b, = b, and the components of the force per unit
length acting on II are therefore

Fr=0xb F,=—0xb (4.35)

where o, and o, are the stresses of I evaluated at position (x, y) of II.
The forces are reversed if 11 is a negative edge i.e. the dislocations have
opposite sign. Equal and opposite forces act on 1. F, is the force in the
glide direction and F), the force perpendicular to the glide plane. Sub-
stituting from equation (4.16) gives

Gh*  x(xt —9P)
27(1 = v) (x2 4 y2)?

.\‘:

Gh*  y(3x2 4+

B =
? 271’(1 i I/) (xz +}:2)2




Since an edge dislocation can move by slip only in the plane contained
by the dislocation line and its Burgers vector, the component of force
which is most important in determining the behaviour of the disloca-
tions in Fig. 4.12 is F,. For dislocations of the same sign, inspection of
the variation of F, with x reveals the following:

Fy nature X range

negative repulsive —oco<x < —y
positive  attractive —p<x<0
negative attractive O<x<y
positive  repulsive P L XE 0

The sign and nature of Fy is reversed if I and II are edge dislocations of
opposite sign. F is plotted against x, expressed in units of y, in Fig. 4.13.
It 1s zero when x =0, £y, +o0, but of these, the positions of stable
equilibrium are seen to be x = 0, =00 for edges of the same sign and +y
if they have the opposite sign.
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Figure 4.13  Glide force per unit length between parallel edge dislocations with parallel Burgers vectors from
equation (4.36). Unit of force Fy is Gb?/2x(1 — v)y. The full curve A4 is for like dislocations and the broken curve B for
unlike dislocations.




Bzaumopeiictue puenoxammii

[TockonbKy AMCIOKALHN CO3/1AIOT BHYTPEHHIE HAMpsiKe-
Hust (cm. § 14), a B noJie HanpsiKeHHH HCHBITHIBAIOT CUJY

*

—
X

29. Iuciaokauuu I u 2 B mna-
PaJNIeNIbHBIX  IJIOCKOCTSIX
CKoJbKenHuss (a). Cuaa
B3aHMOJCHCTBHA  OJHO-
HM)eHHbIX JHCJIOK AU i
(6): - -

F>0 oTBeyaer oOTTaNKHBaHHIO
npu x>0

(16.2), Mexay HHMH BO3HHKA-
I0T yIpyrue CHJABI B3aHMO/Leil-
CTBHA. PaccMoTpuM HeCcKOJIbKO
BAX>XHbIX CJydyaeB B3aHMOJeiicT-
BHSI JHCJOKAILH.

JIBe ONHOMMEHHBIE HEBHHTO-
Bble  JHCJOKAUMM B  napad-
JeJbHbIX MJAOCKOCTAX CKOJIbXKE-
Hus. Ilyctb mepBas nuciaoxkanus
pacnosioxkena B HauaJjie KOOpIH-
Hat (puc. 29,a), a BTOpas ABH-
JKETCS B IlapaJjiebHoi IJIOCKO-
CTH CKOJIbXKEHHSI Ha PacCTOSHHUH
d. U3 puc. 29,6 BuanO, 4TO NpH
x>d pucjoxkaunus 2 orrajKuBa-
€TCA OT JAucJokauuu [. 3to
BBITEKAET TaKXkKe H3 CJACAYIOIEro
MPOCTOTO  paccyxkaeHusi. Ecawn
x >>d TO MOXKHO CUHTATh, YTO




o6e JANCJOKAILME HAXOAATCS NMPAKTHUECKH B OAHOMH IJIOCKO-
oTH ckoapkenusl. Torjaa obaactu cxkaThst 00eux AHCA0KALHUM
nepexpuiBatorest (cm. puc. 24) uo6sacTH pacTsAKEHUs: TOXKE.
Takoe mepekpbiTHe 3HEPreTHUECKH HEBBIIOJAHO H JHMCJIOKA-
nuu orrajkusalorcsa. CorsacHo puc. 24 3HAK HaNpsKeHHS

Oxy M, CJIEJOBATENBHO, CHJIbI B3AHMOJEHCTBHS H3MEHSIOTCH
npu x=d. dta TOYKa OTBEYALT HEYCTOHYHBOMY IIOJIOKEHHIO
paBHOBECHSI ABYX nncnoxaunﬁ a npu x<<d Bropasi JLHCJIO-
KAIlHs NPATATHBACTCS K YCTOHYHBOMY IMOJIOKEHHIO paBHOBE-
cusg x=0. Hanpaszenue cuspl, HelcTByloLlell HA JAHCJIOKa-
ILHIO 2, yKa3aHO Ha pUc. 29 cTpesKaMH.




CmaburibHble KOHgbu2ypauuu Kpaesbix ducriokauuu

CmaburnbHas
KOHgbuaypauus
0s1s oucriokayuu
00HO20 3HaKa

CmaburibHble durnorsibHbIe
KOHuzypauuu 0nsi
oucriokayuu rnpomueo-
[10/10)KHO20 3HaKa

stable when the dislocations lie vertically above one another as in Fig.
4.14(a). This is the arrangement of dislocations in a small angle pure
tilt boundary described in Chapter 9. Furthermore, edge dislocations
of opposite sign gliding past each other on parallel slip planes tend to
form stable dipole pairs as in Fig. 4.14(b) at low applied stresses
(section 10.8).



JIMCJOKAUNOHHBIH AMNoJb, Eciin H3MeHHTh 3HAK JHC-
JIOKAIMH 2, To B Touke A ee paBHOBecHe HEYCTOHYHBOE, a B
B u C— ycroituupoe. Takasi ycTofiunBasi napa pasHoMMeH-
HBIX JHCJOKAUMH Ha3bIBAETCs, AHCJOKALHOHHBIM JIHIIOJIEM
(d —nneyo aunons). Kougpurypauun B n C yCTOHYHBHI
TPH OTCYTCTBHH BHELIHEro Hanpsikenus. ECian ke KpHCTaI
HAXOMMUTCS IOJ OMHOPOAHBIM KacaTeJbHBIM HampsKeHHeM
Oxy== 04, YCJOBHE yCTOHUHBOCTH Tpebyer, YTOOB cyMMapHas
cuJia, feficTBylolIas HA KaXAYI0 JAHCJIOKaIHIo, Obljia paBHa
Hymo. J1as Jucjaokauuu 2 3T0 03Havaer, yTo

0a b+ (Db/r) cos B cos20 =0,
HJIH B J1€KapTOBBIX KOOpAHHATAX

S0
Oab=—Db g (17.1)

I'paduk npasoit yactu (17.1) kak GyHKUHH X NPH Y=
—d mnpencraBien na puc. 29,6. Cuna oTJOKeHa B €JHHH-
nax Db/d. Ee makcumanbHoe 3Hauenue pasuo 0,2500. Cue-
J0BaTeNbHO, MPH 04>0"=0,2500 D/d ypaBnenue (}7.1) ne
MMEET BelleCTBEHHOrO PeLIeHHs, T.€. NMOJ AeHCTBHEM HaIpsi-
JKeHHust 0>>¢° AUN0Jb TEPSeT YCTOHYHBOCTL H pa3phbiBaercs,
JIMCJOKAIMH PaCXOASTCS B IMPOTHBONOJOXKHbBIE cTOPOHBI. Ec-
JIU TIOJ JeHCTBHEM HanpsiKeHuss 0>0 K MOKOsUencs HJIH
CKOJb3dAeH aucaokauuu I npubJankaercss B napajiiejbHoH
IJIOCKOCTH JHCJAOKalus 2, OHa NpOXoAHT MHMO. Ecinu
o<<0? oHa 3axBarbiBaercs Jucaokauueit I u obpasyercs
nunoan. Y3 (17.1) caenyer, uto nose manpsasceruti Ouciro-
KAyUOHHO20 OuUnoAs ¢ uyeHTpom Ha npamod r==0 npu

bvleaer KarK r=—2. - :




[louemy oucriokauyuu He A8Ira10mcs
mepmMoOUHaMu4ecKu pasHO8ECHbIMU
oegbeKkmamu pewemku?

bLly

Bexmopa b u { onpedensiiom
MTOCKOCMb CKOSTbXXEHUST




OueHKu yripyaou aHepauu oucriokayuu

Mpu 06b14HBIX 3HaYeHusx nnomHocmu ducrokauuti P =107 cv?, cpedree

paccmosiHue mexdy Humu cocmaensem R = p2 = 3.10* cm, ymo daem

ons -lnﬁ = 10
7

Mou G = 10" dun.cm? u b=2.10 S cm
umeem:

/

Ee roJsiH

Umo e nepecyeme Ha 00Hy ce8513b Oaem:

E =~ 410 “ape/cmx 2.10 8 cm =8.10"% 3pe = 5 38



Pacyem aHmponuu oucriokayuoHHoU muHuuU

«mpaekmopusi» ducriokayuoHHOU
JIUHUU 8 IM/10CKOCMU CKOJIb)XKEeHUS

Jleako ebiquciums obwee 4ucrio nymeu OnuHbl N :
ecs1u KaxobllU y3er1 pewiemku umeem z coceoel,
MmO 4UCII0 PasfiuyHbIX 803MOXHOCMeU Ha KaxXoOom
waee ecmb z-1, U obwee 4ucro nymeu pasHo

Q=yQ, =(z-1)

®][O)]

(cyMmMa cmamucmu4ecKux eaecoe ecex
KOHghu2ypayuu, 03MOXXHbIX 8 cucmeme).

OOOOOOOOOO\
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Iumponus S onpedensiemcs 6CeMuU 803MOXHbLIMU KOHGOPMaUUsMU
uenu, Komopble Ha4UuHamcs 8 Hadasne KoopouHam u 3akaH4yusaromcsi 3a N
waeos:

S =k InQ =k Nin(zZ-1)

J{BymMepHbII cityuail, D=2, z = 4: S =k Nin3




B cnyyae ducnokauuu, cocmosweti us N 36eHbes, ee ce0600HY0
3Hepaur MOXHO 3arucams 8 8UOE:

F=NE-TS =NE - k,TNn3
usnu 8 rnepecyeme Ha OOHY C853b.

F/N = E —k,TIn3
T=T

melt

ky T =14 1071° 3pr/K x 1200 K =1.6 103 apr = 10" a8

E=Ebondz 5 986. E>>kBT

Takum obpa3som, ripupocm 3HmMporiuu briazodapsi co3dasaeMomy
oucriokayusamu 6ecriopsao0Ky, HedocmamoyeH, Ymobbl KOMeHcuposame

pocm 3Hepauu OucrioKayuoHHOU JTUHUU.



CormnacHo Beipakenusm (8.14) u (8.15), Bennunna ub® ecTh THIAYHAS YHEP-
rUS AUCIIOKALMOHHON JIMHUHN, IPUXOJISIIIASICS HA MEKAaTOMHOE PacCTOSIHUE BLOJb

muann. B TLHK-metamne Al, ub® ~ 2,29B (u = 2,7 x 1019 H/m?, b = %[110],

b = 0,29 um). B onusune, poMO0O3IpHUECKOM CMelanHoM cuimkare Mg u Fe,
HanboJiee pacpoOCTPAaHEHHOM B 3€MHOW KOpe MUHEpase, HMEeM: ub® ~ 52 5B

1
(u=8x1019HMm% b = -2-[110], b = 0,48 Hm). DHEPTUM AZIEP, KAK MBI YBUIUM,
HMEET TOT ke MOPANOK BeTnuuHbl. Takum 06pazoM, MosHas SHEPTHs IUCIIOKa-

LIMOHHOW JIMHUW, W3MEPEHHAs HAa aTOMHYIO WU MOJEKYISIPHYIO JUIMHY BAOJb
JIVHUY, 3HAYUTE]ILHA W, CAaMO€ MEHbIIEe, UMEET TOT K€ TMOPSJI0K BEJINYUHBI,
yTO W dHEpTHUs CBsi3u. Clea0BaTeNbHO, 32 NCKITIOYEHHEM CTIEIIMAIbHBIX CITyYacs,
JIUCIIOKALIMS ABJISIETCS HEPABHOBECHBIM OOBEKTOM, TaK Kak MPUPOCT SHTPONHUH
Onaromaps co31aBaeMoMy AUCIOKaUUAMK OECIIOPSIKY Mal, ;




Takum obpa3om ceobOOHas aHepausi cucmemsl
Moxxem 6bimb MUHUMU3UPOBaHa MmoJsibKO ecril 8ce
aucriokauuu yoarieHbl U3 Kpucmarina.
TepMoOuHamu4ecKu paBHoOB8eCHbIe ducsioKauuu He
Mo2ym cyuiecmeosamse 8 Kpucmairise.

Lucrnokayuu, 8 omnu4yue om mo4ye4yHbix 0egheKkmos,
A8110MCs JIUHEUHbIMU 0ehekmamu pewemeku. 3mo
moriosioaudeckoe omisiudue rposierigiemcs rpu rnoodc4yeme
yucria cocmosiHuUU U 3Hmporuu oucriokauud.



PasHogecHas KOHUeHmpauus mo4yeyHbix
oegheKkmos

Bo3MOIKHOCTD CYIIECTBOBAHUS JEPEKTOB CO CTOHb BBHICOKOH .mepmen B yc-
JOBUAX TePMOIUHAMUUECKOTO DPaBHOBECUA OODBACHACTCA TeM, UTO oOpaszoBanue
TogeanbX Ne(eKToB HAMHOTO TOBLIIIAET dHTpONMI0 KpucTaiia. l13 kpucranaa,
coiep/Ramero N oJMHAKOBLIX aTOMOB, MOMRHO YIAQJIHUTH 712 aTOMOB

("TL il N!
NN —on))

pasauuabiME  cnocobamu. llo dopmynse boabpnmama coOTBETCTBYIONmIee IpUpa-
menne KoHQUIYpaIMOHHOM BDHTPONUH DPABHO

N N!
A3 = kln nl (N —n)! ° (1)

Ecan sneprus oOpasoBaHuA OJHOTO nederra pasua £, 1o ob6pasoBanue n gedex-
T0B TpHu Temuepatype I m3MeHseT CBOOOAHYIO 9HEPIHIO KPHCTAJJAa HA

AF = nE — TAS. (2)

Q =C," = NIl/nl(N-n)! c=n/N=e &
kT



Dislocations and crystal growth

Thermodynamically stable density of dislocations in a stress-free crystal is zero

Nevertheless, dislocations occur in all crystals

Introduction during the growth process

Dislocations or other defects in the seed give rise to the extension of dislocations

in the growing crystal

Other processes:

» Heterogeneous nucleation of dislocations due to internal stress of particles,
thermal expansion/contraction

» Formation of dislocation loops due to aggregation of supersaturated point defects

» Impingement of different parts of the growing interface with imperfect matching
(misfit)



