Qu3uKa peasibHO20 Kpucmarsisna

10. Cosuzosas rnpo4HOCcMb Kpucmarisos.
Mooernu ss0pa oucrnokayuu. bapbep
[Naueprica. MexaHu3mbl nnacmudyeckou
degopmauyuu.
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[lboyHOCMBb Kpucmarsios Ha cosua



AmomHas cmpykmypa siopa oucriokauyuu

OnbiT NOKa3bpiBaeT, YTO CBOWCTBA JMCJOKAUHH, O0COOEHHO MX TOHBHK-
HOCTh, B pPa3HBIX KpPHCTAJJIAX CHJLHO pasauyaiorcss. OQHM KPHCTAMJb]
NJAACTHYHBI, JAPYyrHe NPaKTHYeCKH He CIMOCOOHBI NjacTHuecKH nedopmu-
poBaTthcsi (no KpaiiHeli Mepe NMpH He OYeHb BLICOKMX 'TemIiepaTypax) H
noj JeHCTBHEM HaNpsiKeHUsi XPYNKO paspywarorcs. YKasaHHble H He-
KOTOphe APYrHe 0COGEHHOCTH ONPeENesioTCs a'rowmovi CTPYKTYPO# siApa

AHCJIOKALHH,

[lnacmuyHbie

wamepuansi @8 Fe, Cu — nnacmuyHel;  Si, Ge — xpyrnku

MOX>XHO Kogsamb!




[lnacmu4eckas degbopmauus Kpucmarssios

» Existence of dislocations as line defects deduced as early as in the 1930ies
(Orowan, Polanyi, Taylor independently in 1934)

» Important contributions 1930-50 by Dehlinger, Seitz, Burgers, Cottrell, Frank, ...

» Strong evidence for dislocations: comparison of theoretical and experimental
shear stress (Frenkel)

Periodic shearing force to move the Stress

_ 0000
top atomic row: aI
. 27
t(x)= A sin— X ....

b

b

[na manbix caBUroBbix gedopmMaumii, € = x/a, cnpaBennme

sakor Nyka: T = GE€ = GX/a. Mpu atom T(X) = A2TTX/D

Max. 7 is thcorctg‘ag critical shear stress: Experimentally:
“9.a e A=G/2m 10% t0 108G

hsl 2005 — Defects in crystals — 3.1 Dislocation topology / . -

HanpsixeHue me4dyeHusi



IylgeM pasaeJae.

Yoo Mol N

TEOPETHYECKAA IIPOYHOCTD A \_/ NG
HA CABUT HIEAJBHOTO HPUCTAJIIA

Hiraccmueckyio paGory B aToit obnactu £
semmonaua @Operkens [13], koropwiit menoan- —__
30Bajl MOKa3aHHyI0 Ha puc. 1.2 3aBucumoctn O=T~= 'dU/dX
MEeKIYy KacaTeJIbHBIM HaHpH}KeHHeM: n cMme-

Moae b meruem ciasura. @OpeHKea b TPEAIOTOKUIT, | A
9TO B IPOIECCe ILIACTHIECKOTO CABHUIA IIO X
PaIEOHAIBHON ITOCKOCTH KPHCTAJJ LPOXO- Ppuc. 1.2. Ilepumopmueckuii IoTeHmma
@peHKenﬂ OUT 9epe3 CepHI0 dKBUBAJEHTHBIX COCTOAHUH  POIIETKH U COOTBETCTBYIOIAd BeIndu-
¢ ONUHAKOBHIMEI ODHEPIHAMI M C IepHOojoM 118 HACATeILHOTO HANDKEHHS, HeoO-
X0guMOTo i cCAaBuUIra B HOCAJIBHOH
MEKIY COCTOSTHUAMHU, PaBHBIM b — BeJH- DOTETIO.
YUHE IPOCTOr0 BEKTOPa TPAHCAANNEA PeIIeTKH.
Maasivzm rpaHHYHBIME 9Q(EKTaMu, CBSASAHHBIME ¢ 00pasyoOIUMHACS HA IOBEpPX- -
HOCTH B pesyibTaTe caBUra crymeaskamu, Openkens npernedperan. Hacareaproe
' HampsiyKeHHe, KOTOpOoe HeoOXOMMMO HPUIIOKHATH K KPUCTAJLIY, YTOOBI IIPOU3BECTH

aw
CABUT HA BEJIUIUHY &, IPOIOPOHAOHAJIBHO e rage W — 9Heprmda mepeMemeHn

HA eUHANY [JIUHEL B JaHHO# mirockoctr. Dperkens TPEIIOI0KII, UTO B IEPBOM
npn6mzmcemm IePHOAUTIECKAs BaBHCHMOCTD yKaaaHHon 9HEPTUU ABIAETCSA CHHY-
COUIANBHOM, T. €.

o]
0=0Teopsm—gf—. (1.1)

Il na maasix gepopmanuit casura z/d, roe d — MERIIOCKOCTHOE PACCTOSHMIE,
BBITIOJIHAETCsT 3aKoH  ['yKa:

3necs p — momyas cusura. llpmpasmmsas ypasmenms (1.1) m (1.2) B cuyuae
MaJwex gedopmanmit, korma sin (2mz/b) ~ 2mz/b, pusa TEOpPETHUECKOTO Hanpﬂme—
HOS CHBUTA Ogeop IOJYUAEM

b
Greop = 5 2 - 1.3

Bo Bpemena paGorsr Dperkesns sKCIePUMEHTATHHEE BHAYCHISA KacaTeIbHOTO
HAIPAKEHHN s, KOTOPoe TPe6oBaIoCh I HaYalda IJIacTHUeCKOTO TeYeHU S B MeTaJl-
Jax, He MPEeBHIIIAIH (1073 = 10-%) p, wTo BaMeTHO PACXORHTCA C BEIMIMHOIM,
ITPEeICKAa3EIBAECMOM ypaBHeHneM (1-3).

VuuTeBag BTy CHTYamuio, ABTOPH (0jee MO3MHEX PaGoT OTMETasm, dTo
ypasrerme (1.3), BO3MOKHO, 3aBBINAET BEJIUINHY Opeop L0 TOIl NPHIMHE, UTO
COrJTaCHO PAa3JIMYHBIM HOIYDMIWPUUECKUM B3aKOHAM ME;KaTOMHOI'O B3amMOJei-
CTBUA CHIbl HPUTAKEHHUS yOBIBAIOT C PACCTOSHEEM Topasmo OhcTpee, YeM CHHY-




10~

1 |l | 1

3-10° cm/s _—

Velocity of dislocations

-

Velocity of (110)]110] shear waves

Stress dependence of dislocation velocity
in LiF

= /Yueld stress

C.RS.S.
- 100 500 1000

[Gilman, Johnston 1959/Hull. Bacon 1992]

'0/MN m2

Dislocation velocity LiF 11






IKcriepumeHmarsbHble ghbakmel

HCnbITaHne MOHOKPHCTAIIA HA PACTHKEHHE NMPH HHIKOH TEMIEparype
(puc. 8.13) BLIARIACT MHHHH CROVTERE HHA, PACTIOVIOMEHHEBIC B TEX IJIOTHLLX M/10C=
KOCTAX PELUSTKH, KOTOPBIE QUIHAR BCENO K IVIOCKDCTAM ¢ MAKCHMAIBHEIM CIBH=
FOBBIM HANPAAKSHHEM, BRIZRIEACMEBIM NMPHJICKEHHOH PACTATHEAIONISH CHIOH, T. €.

45°

Puc, 8,13, PacTsirisuonse Hii-
TIPSR

CCTh QUIHZKD K MIOCKOCTAM, COCTARMAIOILIHM
yIroul 43° ¢ OCEK PACTIKEHHA. DTH IUIOTHLIS
TUIOC KOCTH ABTAIOTCH, KAK JIETKD NOHATh, IU10C=
KOCTAMH CHOIEACHHA H PasMHOMEHHA HC-
JokaunH, Ho He <pazy OYEBHMHO, MNOYEMY
HANPARTCHHA CMELICHHA ABMAIOTCH MJOTHEI=
MH Hanpaarenegivyd B THX TUOTHBIX TUIOCKD=
<X, CROWIEKCHHE HAYHHACTCA NPH ZHAYCHHH
C/BHMOBDIO HANPAKCHUA ¢ 5, HAZBIBACMOM Fig-
npsorceituen meyvered, Monenk Iadfepnca o0b-
ACHACST TPH aKTa: |) ABHAKSHHE JTHCIOKALHI
OONEryYeHe Mo MJIOCKOCTH, B KOTOPOIl ¢ aAMl=
PO «PAEMAZAHG, TAKHE TUIOCKOCTH ARAOTCA
IUIOTHBIMH: 2) HANPARICHHE CMEHICHHA ABNA=
STCA NIOTHLIM HANPARICHHEM: 3) HANPAKSCHHE
TEHCHHA &CTh HANPAKEHHE, HEDOXOMHMOS L1
NPSOAGTICHHA JHEPTETHYSCKHX OAPLEEPOB, Co=
WIABACMEIX HIMEHEHHAMH HEPIHH ANpA NpH
JBHAKCHHH JTHCIOKAUHHE YePes HEIKBHEAIGHT=

HEIC MTOVIOAKCHHA B PCILCTRS, HTO &CTE CHITA TPCHHA.




bapbep lNaueprica

Ces3u 8 nsiockocmu
CKOJIbXKEHUS p8ymcs

JloKaribHO, OOHa 3a
opyeoul!

IFI = oS = -dU/dx

Schematic diagram of the energy of an edge dislocation
as a function of its position in the lattice.




bapbsep lNaueprica

L) 1AL
I

[

E/D <<kg T

Kpumu4yeckoe cdsueoeoe
HaripsikeHue

10°+107G

for fce and hep metals
(very small!)

Fig. 3-23. Sketch illustrating the
definition of the Peierls energy £,
and the Peierls stress T, T, Is
given by the negative gradient of
the Peierls potential and is the
stress which a dislocation has to
overcome to glide on a slip plane.
In materials with relatively large
. e.g, in Ge T, = 107 G,
dislocation can move at T << T, by
thermally activated formation of
kink pairs  which can then
propagate sidewards.




Moodernb lNaueprica - Habappo

Disregistry <> core energy, resistance to dislocation movement

Simple approach (Peierls—Nabarro model): sinusoidal force relation
between planes A, B

Calculation of the dislocation energy per unit length as a function of the
dislocation position

Maximum: Peierls energy

«LUpUHa»
A0pa
oucriokay

Peierls stress: resolved shear stress required to moveng dislocation in the
perfect crystal
Direct consequence of the lattice periodicity T, = 105G

7, depends on the core structure
for fcc and hep metals

(very small!)




PacripedeneHue sekmopa bropaepca
8 A0pe oucriokayuu




Dislocation motion — The Peierls-Nabarro Stress

Elasticity theory tells us a lot about dislocations’
stresses, energetics & interactions, but to
understand dislocation mobility we need to look
at the core structure and how it changes as the
dislocation moves.

1.  Can we define the width of a
dislocation core and what does it
depend on?

What happens as the dislocation
moves on the glide plane?

Why do dislocations choose particular
crystallographic planes within a crystal
on which to glide?

In principle slip could take place on
any plane.




In the original Peierls Nabarro model the core structure of
a dislocation is derived by balancing the forces produced by
deforming two half crystals with a one-dimensional periodic
potential acting across the ghde plane [21.22]. The model
Is attractive n 1ts simplicity, incorporating atomistic effects
into a continuum framework. However. it involves solving an
integral equation:

00 i ot
C/ L”;dx' = Fu), p{x)= -d—" (2)
J_ o X—X dx
where p(x) 1s subject to a normalization condition corre-
sponding to the closure failure produced by the burgers vector.
Here x 1s in the plane of the dislocation core perpendicular
to the line direction. and w(x) 1s the misfit in the direction
of the burgers vector. Eq. (2) equates the restoring stress of
the atoms mteracting across the glide plane. Flu). with the
stress produced by a continuous distribution of infinitesimal
dislocations (p(x)). The analytic solution for the PN model
for a sinusoidal potential takes a tan—! form. though in prac-
tice the potential realized in an actual lattice may be more

[21] R. Peierls, Proc. Phys. Soc.. London B 52 (1940) 34.
22] F.R.N. Nabarro, Proc. Phys. Soc.. London B 59 (1947) 256.




Mopens Ilaitepnca

Jl18 KONMMYECTBEHHOTO MCCAGNOBAHUS POJIH IMCKPETHOCTH
RPHCTAIIAYECKON PEIeTKNn B AHMCIOKALNMOHHON sedopManun
P. Iaiiepac (1940) mpenmnosxmn HOJNYMUKPOCKOIIUICCKYIO MO-
Ai€lb, MO3BOJNAIOMIYIO, C OJHOW CTOPOHBI, Y9€CTh TPAaHCJAIU-
OHHYIO CHMMETPHIO KPHUCTajjda, a ¢ APYTLoi,— HOJYYATH He-
MOCPENCTBeHHBIN [pe/leJbHbIH Iepexol K pesysbTaTaM Teo-
pum ynpyrocru.

YT100bI NONY4YNTb KOH- ,
(urypauuio AMCJOKALUUU B YIPYIroi cpelie ¢ TIepUHOLHYECKOH

CTPYKTYpPOH B HanpasJeHuu PP (puc. 42) c mepuomoM, pas-
HbIM b, mpoBejeM B IJIOCKOCTH CKOJIbXKeHHsI PP cHBHUI' OA-
HOH IIOJIOBHHBI KpHCTaJljla OTHOCHTEJbHO Apyrofi Ha b/2,
3aTeM COXMeM BEDXHIOIO NOJIOBHHY M DPacTsl 8M HHKHIOW,
uToOBl Ha OECKOHEYHOCTH (a4 NpaKTHYECKH Ha HEKOTOPOM
paccTOSTHUM A/2 OT LieHTpa PHCYHKA) BOCCTAHOBHJIOCH Ipa-
BHJIbHOE B3aWMHOE pAacnoJio:KeHHe BePTHKAJbHBIX IJIOCKO-
CTed B BepXHeH M HMXKHEH moJsioBuHe. Torga B IJIOCKOCTH
PP BO3HHKAET KpaeBasi |




CaBur ogHOW rnonoBUHbI

KpucTtarnna OTHOCUTESTbHO
apyron Ha b/2

Coxmem BEPXHIKOK MNMOJIOBUHY

4 i Kpuctariia n pacCtdHemM HUXHKOHKO

42, OGpasopanue ZHC/IO-
Kanud B mMojenn Ilaii-
epJca:

O —kpaft obprsatmouiefica
atToMHEOff nnocKocTR



. Teopusi Maitepaca — Ha6appo

PaccMoTpuM KpaeBylo AHCIOKAalLHIO C BeKTOpom Brop-
repca b,0,0, nexamyto B nHanpapjgenuu [001] B mmocko-
ctu (010) mpocroii xky6uueckoit pelietku. Beibepem Ha-
yaJo KOODAMHAT Ha JUCJAoKaluu U 0603HAUHM uepes
#(X) KOMIOHEHTY CMEeIleHUs BepXHe#l CTOPOHBI IJIOCKO-
'CTH CKOJIbXKEHUS B HaNpaBJeHHUU CKOJbXKEHHS, a COOT-
BETCTBYyIOLIee CMELIeHHe HHKHefi CTOPOHbI—uepe3 d(x).
INpexnonoxum, uto u(x) =—u(x), u npeHeGpexem Bep-
THKaJbHBIMU CMelleHUssMU. Torma B3auMHOE CMelleHHe
JABYX aTOMOB, PaCIOJIOKEHHbIX OAHH MPOTHB APYroro o
pasHble CTOPOHBI OT IJIOCKOCTH CKOJIbXXEHHS, NaeTCs BbI-
paxeHueM | '

f

| J-Q—b+2u(x) mpu x>0,

cp(x)={| |
l——2—b+2u(x) npu x<0.

(Z.2)

[Tocko/bKy Ha GeCKOHEUHO GOJIbIIOM PAaCCTOSHHH OT IH-
CJOKALMHM aTOMBbl PACHOJIOKEeHbl MPaBUJABHO, MOXKHO Ha-
nucaThb

@(+00)=0, u(xo0) i (7.3)

T. e. GyHKUUSA «(x), MO-BUAUMOMY, AOJKHA GBITh TaKOH,
Kak Ha ¢ur. 29.

@yHKUUSA 83aUMH020 CMeWeHUs
08yX amoMo8, PacriosfioXeHHbIX
OOUH rpomueg Opy2020 Mo
Pa3Hble cmopoHbl om ririockocmu
CKOJIb)XXEHUS




PacrionoxxeHue n 0OHOUMEHHbIX oucriokauuu
8 M/10CKOCMU CKOJIb)XXEHUS

~3ajaya 0 paBHOBECHOH KOH-
(pnrypauun f IHCIOKANHI B CKOIJIEHHH Oblia pacéMOTpeHa

Suwen6u, Ppankom u Habappo. Ona cBOAUTCH K pelIeHHIO
CUCTEMBl YpaBHEHHH paBHOBECHS IJsI KaXKJOH H3 7 LHUCJO-
Kaluid, HMelolux BUJL (B COOTBETCTBHH C IIPHHLUIIOM CY-
IepPNO3UIHU HANpPSI)KEHHH B JIMHEHHOH TEOPHUH YIPYLOCTH)

= | ), : xizxj e D = Gb/27T(1-
o= V)



PacripedeneHue sekmopa bropeepca
8 A0pe oucriokauyuu
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T(x) =0 (x) = (Gb/2mr
d)sin(2m/b)x

Periodic shearing force to move the . ___m Stress
- q
top atomic row: d I

T(x)=0(x)=

Asin(211/b)x 3 «—>

[na manbix caBUroBbix gedopmMaumii, € = X/d, cnpaBennme

sakor Nyka: T = G€ = GX/d. Mpu atom T(x) = A2TTX/D

Max. 7 is theoretical critical shear stress:

, A =Gb/2md



[Tpermosio-
JKHM, 4TO JIMIIHAS aTOMHAs IIOJy-

MJIOCKOCTh Ha PHCYHKE He JHCKpeT-
Has, a pPaBHOMEPHO pa3Ma3aHa B
IIPOCTPaHCTBE, 00pasyst sJeMeHTapHble JHUCJIOKAIHUH C TJIOT--

HOCTbIO BekTopa bBiroprepca b’(x), Tak 4TO NOJIHBII BEKTOP
Bioprepca

(o0)

jb a0 (20.23)

,_ooﬂ

C Apyroi cTopoHbl, QUE€BH/HO, UTO

00

S (—d—”—) dx’. (20.24)
dx Jx—x’ ; :

e @O

Kaxnas sseMeHTapHast HHCJIOKALHA B TOUKe X' CO3La-

€T . B TOYKE X  KacaTeJbHOe HAMPAKEHUE  Oxy=




=—Db’dx’/(b(x—x’)). TlosHoe HampsKeHHe B TOUKe X
paBHO ! e
: = yb( = (20.25)
U - . < ‘.
o b Jx—x' : |
B paBHOBecun Hanpsikenue (20.25) 10/KHO GHITH CKOM-
IIEHCHPOBAHO HANPSKEHHEM, BBI3BAHHBIM B3aUMOJEHCTBHEM
(20.22) o nppyroii IIOJIOBHHOH KpPHCTaJlJla H PaBHBIM

el T u ' P Gb . 4dnu g
RS . — e et ” == 2 i o s ° 2 .26
‘ Qxy 2GBxy 2G d od osed 811 P (20.26)
Kosgpduuuent nponopunonaibuoctd mepe sin (4nu/b)
MOAO0OpaH TaK, YTOGHI IIPH MaJbIX & BBIIOJHSJICH 3aKOH -
ka. IlpupaBuuBas’ (20.25) u (20.26) ¢ o6GpaTHBIM 3HAKOM

¢ yueroM (20.24), ndayyaem HHTErpaJbHOE ypaBHEHHE

G U T e 4
J et P i oo
1 X—x 2d Lb

—00

-




D = Gb/2mr(1-
V),
e

i
U =— o arctg -E- ; - (20.28)

Ero pelienune umeer Bu/

The.
¥ | T=d/[2 (1 —w)]. (20.29)
' HOJ_IC\T&HOBK& (20.28) B (20.26) maer -
& Oy (x,0) = Dx/(x% 4 £2). (20.30)
Tak ucuesaer pacxommumoctb npu r—>0 B dopmysax
Or1s1 c08U208bIX HaNpPsXKeHUU, MoTyYeHHbIX Ha OCHO8e

KOHMUHYyarbH020 rnodxoda Bonbmeppa
- onpenenseT «LWUPUHy»
aapa gucrokaumm




Cpasuenme ¢gopmya (8.13) u (3.42) moxassBaer, 4To mone Hanpsurenuit Ilai-
epica JIIs AHCIOKAIUU CBOAUTCA K IOJI0 HANIPSAKeHWH pucioranuu Boabreppa
mig r = (2 + y?)1/2 > {. NarepecHo oTMeTHTh, YTO Iapamerp { B Mojein
Ilaitepsica CHEMaeT CHHIYJISIDHOCTH B Hadaje KoopamHar I = (), uMeo0myo MecTo

mis nucroranmu Boawreppa. Tawkmm o6pasom, mopens [lafiepica, B KoTopoit
VUNTHIBAETCS JUCKPETHOCTH KPHUCTAIMYECKON PEMIeTKH, YCTPAHIeT MCKYCCTBEH-
HYI0 PacXOJMMOCTh HA sIfpe, CYMecTBYIOIYIO B HeaJu3UPOBAHHON KOHTUHY-
aabHONl Momenu nuciokanmm Bouapreppa. Tem me memee mus puciaoramunm Ilai-

nehopmanuy B 00JACTH SAAPA CTOJH BEJIWKH, YTO IPUMEHHMOCTH 3aKOHA




[latueprioeckuu pernbe Kpucmarina

~ Bupaxenne nysa cmemenusi (20.28) mosBosisger BEIYHC-
;,_';Jme H OCTaJIbHBIE YIPyrHe XapakTePHUCTUKH AUCIOKALMH,
B ‘MACTHOCTH SHEPTHIO0 OJHOI'0 aTOMHOIO psana W(x) u ee
usmenenne W (x, a) PH CMELIEHAH BePXHEi II0JOBUHEL
‘Kpnc'ra.rma OTHOCHTEJIbHO HHXKHEll Ha paccrosinue ab. JHep-
rus pucaokauun W(a) nosydaercsi cymmuposanuem W(x,

@) 1O BCEM aTOMHBIM psaaaM x=mb u x= (m-+1/3)b coor-
'BETCTBEHHO B HHXKHEH M BepXHeH NOJIOBHHAX KpHCTaslJa H
ecTb, OYEBHIHO, NIepHOANYECKAsT (yHKUHs. Brrunciaenus na-

0T [4]

»
W (&) = */4Db-}- Db cos 4na exp (— 4ng/b). (20.31)
Hepno;mqecxu namenﬂxomylocs{ SHEPTHI0 KpHCTaIa C

- IUCJIOKALIUEH IIpH ee NepeMeIleHHH B IJIOCKOCTH CKOJb¥Ke-
HHUS  NMas3plBAIOT nadepacosckum peavedpom xpucramia, OH




COCTOHUT M3, KAHABOK H pa3Aaeasiolux ‘HX I‘Op60B. Hanpﬂ-
Kenue Ops Heob6XxoauMoe J1JIsI IIpeoaoJieHus IMOTEHIHaJbHO-

ro 6aprepa B (20.31), HasviBaercs wHanpasceruem Ilail-
epaca: ‘

1 av(/(oc)) _ .26 exp (—4nl/b). ~  (20.32)
oo -

max i 1 —WV

Z=d2(1-v)= (3/4)d:

exp(-3m d/b) = 2x10 “ (UK

rae d-— paccrosinde Mexnay COCEJIHHMH  IJIOCKOCTSIMH
CKOJIbXKEHHs, Olpelelsiionlee aMIUIMTYLy IIOT€HIIHAJIbHOIO

pemveda A. Hanpumep, aas T'LIK pewerku a/b = 1/ 2/3 u

Bripaxenune 20.32 moxarBepikiaer H3BECTHOE IMIHpH-
YeCKOoe npasunro orbopa naockocreli CKOAbNCeHUA: UMH SIB-
JAIOTCA TAKHe I1™~~KOCTH, B KOTOPBIX aTOMBI PaCIIOJOKEeHKl
niotHo (Mmazoe b) um paccrosinms - d MEXIY KOTOPbLIMH Be-
qukd. B I'LIK-pewerke aro maockoctn {111}.




['LIK cmpykmypa

KoagpgbuuyueHm yrnaxkoeku
K =0.74.
Xapakmepu3lyem ece

CMPYyKmMypbl, MOCMPOEHHbIE
o npuHyunny rninomdedweu
yrnakosku (8 mom 4qucne ['T1Y)

Puc. 97. T'paHeuneHTpupoBaHHAas
KyOHuueckasi CTPYKTypa:

C plane

A plane

1apos); 6 — ykJgajika u1apoB B siueii-
Ke; HanpasjgeHue [001] BepTHKaJBHO




Peierls energy

Peierls stress:
T, = 10 * G (I'UK pewemka)

E/O =pr2/277 ~ 10 4 Gb?

Umo e nepecyeme Ha OOHYy c853b 0aem:

[ns cpasHerus: k, T = 1.4 107° apa/K x 300 K= 4x 107 spe
=~ 3x107%3B




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



OHepaus (bapbep) lNaueprica

W e

I, = 10°+107G

for fce and hep metals
(very small!)
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propagatc siacwards.



exp(-kd/a) = Slip planes are planes with largest distance d
a -min = Slip on close packed planes

Close packed planes are also atomically most flatest planes
= Minimum friction

Ey<b® = p: shortest lattice vector

[lnacmuyeckas deghopmauyus - 08UXXeHUE U pa3MHOXeHUE
oucrioKkauuu 8 rniioCKoOCmMuU CKOJIbXXeHUSs




Lucrokayuu 8 epaHeyeHmMpuUpo8aHHOU
Kybu4yeckou pewemke

If ais the lattice parameter of an f.c.c. crystal (Figure 4-3), the length
of the smallest Burgers vector possible to a perfect dislocation in this
crystal structure is a/y/2. This Burgers vector can be written:

a
b=[110], (4.2)

where [110] represents the vector i -+ j (or its equivalent). The square
of this Burgers vector is:

a2
E.

2
b =beb = (i +j)- (i +) =

(4.3)

[ool] [ric] ' HucrokayuoHHble cemku
! C MpPOUHbLIMU y3riamu

Ficure 4-3. Face-centered cube.




Slip system (slip plane + Burgers vector)

hexagonal

(0007)

Fig. 3-24. Slip planes and Burgers vectors in the hep, fee and bee crystal structures.

a
fcc: Q:E< 110 > glip plane: {111}

3 ship directions per plane x 4 parallel planes = 12 slip systems




[ ekcacoHasribHas
[lnomHas yriakoska




hep: c¢/a>163: Zn, Cd. Mg, ...
b =a <110 >, slip planes: {001} = {0001} basal plane

3 slip directions per plane x 1 parallel plane = 3 slip systems

cfa <163: Ti, Be, ...
b =a <110 >, slip planes: {1010} prism plane

(other slip planes also observed)
1 slip direction per plane x 3 parallel planes = 3 slip systems

bce: b= % <111> lip plane: {110}
{1 1 2} and {1 1 3} also observed.

2 ship directions per plane x 6 parallel planes = 12 slip systems

Deformation of polverystals requires 3 slip systems (sce below).
= hcp polyerystals generally brittle!




Common crystal structures in metals:

— Face centered cubic (fcc): ABCABC...
packing: Ni, Cu, Ag, Al, Au

— Hexagonal close packed (hcp): ABABAB
... packing: Mg, Zn, Co, Ti




Kinks and jogs

E=10236
Ha c8s3b

/ ——

HekoHcepsamugHoe d8uxxeHue

The jogs described have a height of one lattice spacing and a character-
istic energy E; ~ 1eV (0.16aJ) resulting from the increase in dislocation
line length (section 7.2). They are produced extensively during plastic
deformation by the intersection of dislocations (see Chapter 7), and exist
even in well-annealed crystals, for there is a thermodynamic equilibrium
number of jogs (thermal jogs) per unit length of dislocation given by

n; = ngexp(—E;/kT 35
j L

KoHcepsamueHoe
osuXxeHue

36 Ha
CBA3b




Legekmbi ducriokauyUoHHOU ITUHUU 8 nM/1ocKkocmu
CKOJIbXXeHUS - napsbl. kink u antikink

Yyacmku suHmMosbix ducriokauyud

rpomueoriosiO’cKHOeO 3H{Ka KUuHK U aHMUKUHK -
> il [lapa. - arleMeHmapHbie 8036yXO0eHUs,

Kink + UBMEHSIroWUe rosnoxeHue
antikink  oucrokauyuoHHouU NUHUU 8
M710CKOCMU CKOJTbXXEHUS.

[lycmb OnuHa KuHKa pasHa 10

\, ces3gM. Toeda Ha OOUH KUHK
npuxooumcs sHepaus lNaueprca,
Ep MHO20 MeHblasi merosou

9Hepeuu K, T

Epz5x10'336<<kBT

KuHKku u aHmuKuHKU 803by0aromcs 3a cyem
meriiosbix ¢hriykmyayul u 3amem pacripo-
CMpPaHSMCs 8 MyI0CKOCMU CKOJIbXXeHUS 100

~ -2
deticmeuem cnabbix Hanpspkerui T <<T kg, T= 3x10“ 3B




[lomenruyuan lNaueprnca (1)

Closed packed
direction

w Peierls valleys
(dislocation equilibrium
Dislocation at position at 0 K)

finite temperature ;

w oc exp (= F/kgT)

- npuHyun bonbumaHa




Crystallography of kinks

Js Kink also have structure — they will have lowest energy if
1\] aligned along “secondary Peierls valleys”. (1)
f

However, this gives maximum line length — maximum line
\{/ energy.

Minimum line energy configuration is to have dislcoation
A line and kinks “ignoring” the primary and secondary

ARV, V. Y LR §

~
« Peierls valleys. (2)
" ~
: Real dislocation structure will be a compromise, giving
N ~n i minimum total energy (3).
<
s . % Balance will depend on bonding strength and temperature.
NNy, ¥ ’, Stress to produce glide at given rate will then depend on:
N “ .
o I \ i 1.  Stress to produce double kinks;
I » 2.  Stress to move kinks
R # .
~ . These will depend on the details of the kink structure
é ; N (material & temperature dependent) and the amount of
I . thermal activation available (temperature dependent).
e

~ e
\] Theories have been worked out in detail (see Hirth and Lothe), but are
1N beyond the scope of this course. We will look at simplified theories
which ignore the “kink mechanics”.




llomeHyuan lNaueprica (2)
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Figure 10.6 Schematic illustration of the potential energy surface of a
dislocation line due to the Peierls stress 7,. (After Seeger, Donth and Pfaff,
Disc. Faraday Soc. 23, 19, 1957.)




3aknroyumeribHble 3amMevyaHus

HeobxogmMmo oTMEeTUTb, YTO BENUYMHLI 3Hepruu Nanepnca Ep 7

KPUTUYECKOro Hanpsi»kKeHus casura Tp 4ypesBblHaNHO YyBCTBUTESNbHbI
K npupoae MexXaToMHbIX CUIT U XapaKTepy YnakoBKM aTOMOB B
arleMeHTapHON A4enkKe.

T = 10%+10° G ona K u MY memannoe:

-2
10 011 Ko8aslleHMHbIX Kpucmarioe murna
KPeMHUs U anma3sa
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