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Pegepar. IlonydyeHo ycinoBHe paBHOBECHsSI HETOHKOIO BUHTOBOIO KJIMHOBHUAHOTO JIBOMHMKA, HAXOASIIErocs BJAJIM OT IO-
BEPXHOCTU KpHCTamia. PaccMoTpeH ciyuail HeeOpMHPYEMOTO TBEPAOTO Tena. YCTAHOBIEHO, YTO NMPU TaKHX YCIOBHUSIX
BHHTOBOH JIBOWHHK CYIIECTBOBATh HE MOXET. Pe3ynbpTaT HaXOAUTCS B TTOJHOM COOTBETCTBHUH C OOILIEU3BECTHBIMHU PE3YNbTa-
TaMU ISl JUCIOKAI[MOHHBIX CTEHOK M3 BUHTOBBIX JUCIOKAIMi. B MeToauke BBIBOJA YCIOBHUSI PAaBHOBECHS HCIONB30BANOCh
NIpuOIMKeHNne HENPEPHIBHOTO paclpesiefieHus IBOWHUKYIOIIX TUCIOKAIMN Ha JBOWHHUKOBEIX TpaHHIax. Popma 1BOHHMKO-
BBIX T'PAaHHI[ OIHCHIBAJIACh (DYHKIMSMH, 3aBUCSIIMMH OT IDIOTHOCTH JBOMHHUKYIOIIMX IHCIOKAIMH Ha JBOWHHMKOBBEIX Ipa-
Hunax. [IpyHUMAanoch paBeHCTBO HYMIO CHJI, ACUCTBYIOIUX HA JIBOMHUKOBBIC IPAHUILIBI CO CTOPOHBI JUCIOKAIMHA JBOMHUKA.
Jlnst ABOWHMKYIOIINX JHUCIOKALMH MPeAIonaraiach oHa CTeleHb CBOOOBI BJIOJIb HAIIPABJICHUS ABOMHUKOBaHMA. B Monemn
3¢ QKT epenoI3anus TUCIOKALUI HCKITIOYEeHBL. PacdeT mosneil HanpspKeHUi ABOMHKKA BEJICS B paMKaxX TEOPUH YIPYTOCTH.
IIpu 3TOM paccmarpuBanach Cyneprno3ulusl HanpspDKEHUH OT KaKAOM ABOMHMKOBOM IpaHMLbl. PeleHue ypaBHeHHMH Hckanu
B BUJ€ MONMHOMA. JeTanbHO PacCMOTPEHO JIMHEHHOoe mpuOmmkeHne Takoro pemreHus. IlomydeHHOE ycloBHE paBHOBECHS
BBITIOJTHSIETCS TIPH [IBYX PaBHBIX HYJTIO 3HAYEHHUSX — JUIMHBI IBOMHUKA M €ro MIMPUHBI y YCThs. Pe3ympTaT nmeer Gombimoe
3Ha4YeHUE B 00IaCTH MEXaHUKHU ABOHHHUKYIOIIUXCS MaTepPHANOB, MaTepuaioB ¢ 3¢dexrom mamsaTu GopMsl, a Takke B paspa-
00TKE METOIMK MPOTHO3MPOBAHUS Pa3pylIeHHs] U (YHKIMOHUPOBAHYS ABOWHHUKYIOIINXCS MaTEpHAJIOB.

KnioueBble cioBa: MexaHHYECKOE JBOMHUKOBAHUE, OCTATOYHBIM ABOMHUK, YCIOBHE PaBHOBECHS, JBOWHHUKYIOIIAS IHCIOKA-
LIS, BAHTOBOM JTBOMHUK
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The Equilibrium Condition of a Non-Thin Screw Wedge-Shaped Twin Located
in the Distance from the Surface of an Undeformed Crystal
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Abstract. The equilibrium condition for a non-thin helical wedge-shaped twin located far from the surface of the crystal
is obtained. The case of an undeformed solid is considered. It is established that under such conditions a helical twin can not
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twin can not exist under such conditions. The result is in full conformity with generally known results for dislocation walls
from helical dislocations. An approximation for continuous distribution of twinning dislocations at twin boundaries has been
used in methodology for deriving an equilibrium condition. The shape of the twin boundaries has been described by functions
that depend on density of the twinning dislocations at the twin boundaries. It has been assumed that the forces acting on the
twin boundaries from the side of the twin dislocations are equal to zero. One degree of freedom along a twinning direction
has been presupposed for twinning dislocations. Dislocation creeping effects have been excluded in the model. A calculation
of stress fields for a twin has been carried out within the framework of an elasticity theory. In this case a superposition of
stresses from each twin boundary has been considered. The solution of equations has been sought in the form of a polynomial.
A linear approximation of such solution is considered in detail. The em resulting equilibrium condition is satisfied for two
values equal to zero that is a twin length and its width at the mouth. The result is important in the field of mechanics for twin-
ning materials, shape memory materials, and in the development of techniques for predicting destruction and functioning of
twinning materials.

Keywords: mechanical twinning, residual twin, equilibrium condition, twinning dislocation, helical twin

For citation: Vasilevich Yu. V., Ostrikov O. M. (2018) The Equilibrium Condition of a Non-Thin Screw Wedge-Shaped
Twin Located in the Distance from the Surface of an Undeformed Crystal. Science and Technique. 17 (6), 515-520.
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BBenenne

B03MOXHOCTh 3apOXIEHUS U CYLIECTBOBAHUS
MEXaHWYEeCKUX JBOWHUKOB BJAIH OT MOBEPXHOCTHU
KpHCTaJJIa AKCIIEPUMEHTAIBHO ObLTa TIOKa3aHa elle
B IIepBO# MoJIoOBHHE Tporuroro Beka [1]. Cymect-
BYET TEOpPHUS TOHKUX JIBOMHUKOB, HAXOJSILIUXCS
BJIaJIU OT MOBEpXHOCTH [2—5]. B [6—8] pa3BuBaercs
TEOPHsI OCTATOYHBIX HETOHKHX MEXaHWIECKUX
JBOWHHUKOB. JTa Teopus TpeOyeT naibHEHIIEero
pPa3BUTHSI, TaK KaK TPAHUIGI HETOHKUX JTBOWHUKOB
SIBIISIIOTCS KOHIIEHTPATOpaMH OOJBIINX BHYTPEH-
HUX HaNpsHKEHUH, CIIOCOOCTBYIONIMX 3apOKICHHUIO
TpemuH [9, 10].

Lenpio manHOM paboOTHI CcTal BBIBOJ YCIOBHUS
paBHOBECHs BUHTOBOTO KIMHOBHIHOTO JBOWHHKA,
HAXOJSIIErocsl BAATH OT IMOBEPXHOCTH TBEPAOTO
Tena, B MPUOIMKEHUH HEMPEpPHIBHOTO pacmpese-
JIEeHUsl JBOMHUKYIOUIUX IUCIOKAUUH Ha BOWMHU-
KOBBIX TPaHUIIAX.

ITocTaHOBKA 3a1a9N

KoHTyp KIMHOBHIHOTO JIBOMHHKA B IUIOCKO-
CTU, TIEPIEHUKYJIAPHON TUIOCKOCTH JBOWHUKOBA-
HUsI, CXeMaTHYECKU IpeIcTaBieH Ha puc. 1.

®dopMy TpaHUI] JBOWHUKOBOTO KJIMHA OyneM
onuceiBaTh QyHKUMAMH f1(E) u fr(E), rme & — Te-
Kyllas KOOpJIWHATa TOYKH HA TPAHUIC JBOWHU-
ka (puc. 1). B nannoit pabote He OyaeM yUUTHIBATH
HaIpPsOKEHUS JUCIIOKAITMA YCThsl TBOMHMKA, (op-
Ma KOTOporo Ha puc. 1 omucana ¢ynkuueit f3(E).
Taxoke 3a1aAUMCsl BOIPOCOM O paBHOBECHOH (hop-
Me NBOMHWKA 0€3 ydera HaIlpshKEHUH WX KOHICH-
Tparopa (puc. 1), y KOTOPOro 3apoAmiCs IBOHHUK.
[lycTh NBOMHHMKYIOIIUM IUCIOKAIUSAM HE OyAyT
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MIPETIITCTBOBATH CUJIBI TPEHUS, TN BEIMYMHA dTHX
cuI TycTh OyneT mpeneOpekumo manoi. Torma
JUIST paBHOBECHsI JBOWHWKA HEOOXOIMMO BBIMOJ-
HEHUE yCIIOBUI:

F=0; (1)

F, =0, (2)

rae [, — cuna, ACHCTBYIOIAsA B TOYKE HAa TPAHU-

ne 1 JBOMHHMKA CO CTOPOHBI MOJIS HaIpPSKEHUM
JBOMHUKYIOIIUX AUCIOKAUMKA Ha TpaHunax 1 u 2;

F, — 1o ke, nelCTByIONas B TOYKE HA TPaHHILE 2

JIBOMHUKA CO CTOPOHBI MOJISI HATIPSKEHUN TBONHU-
KYIOIIUX AUCIOKAMK Ha TpaHunax 1 u 2.

AY I'panuna ycres 1BOHHMKA,
Popma f3(€)
Konuenrparop I'pannua 1,
HaIpPSDKCHUN dopma f1(§)

H v
Q

XV

A

I'panuna 2,
dopma f2(§)

Puc. 1. Cxematnueckoe n300paKeHUE KITHHOBHTHOTO
JIBOMHMKA, HAXOAALIETOCS BAAIU OT IOBEPXHOCTH KpUCTAIIa

—

Fig. 1. Schematic diagram of wedge-shaped twin
located at distance from crystal surface

BBegem 3amper Ha mepemeleHue ABOMHUKY-
FOLIMX JHMCIIOKAuii B1oJib ocu OY, T. €. HCKIIIOYHUM
Mpoliece nepernoi3anus aucinokanuii. Torma u3 (1)
u (2) noxy4um:
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F, =R+ 15, =0 ®)
F2x :F'22x + EZX = O’ (4)

rae Fy, — npoekuus Ha ock OX (puc. 1) cuibl,
JEeUCTBYIOLIEH Ha JBOMHUKYIOIIWE TUCIOKAIUU
Ha TpaHUIle 1 CO CTOPOHBI MO HANPSDKCHHMA, CO-
37aHHOTO JIUCIIOKAIUAMU 3TOU e rpaHullbl; Fop, —
TO ke Ha och O.X CWIBI, ACUCTBYIOIICH HA TBOWHU-
KYIOIIAE TUCIOKAITMN Ha TpaHuile 1 co CTOPOHBI
MOJISL HANPSKEHUN, CO3JaHHOTO JABOMHUKYIOITUMU
JIUCIOKAIUSIMU TpaHulel 2; F5), — KOMIIOHEHTa
CWJIBI, JACUCTBYIOIIECH HA JBOMHUKYIOIIHUE IHUCIIO-
Kalliy Ha TpaHuIle 2 CO CTOPOHBI MOJSl HaIpsKe-
HUM, CO3IaHHOTO JMCIIOKAIMAMM 3TOW XK€ T'paHH-
1bl; Fp — TO K€ CHUJIbI, IEUCTBYIONIEN HA TBOUHU-
KYIOIIAE TUCIOKAITMN Ha TPaHUIle 2 CO CTOPOHBI
MOJISl HaNPSXKEHUH, CO3/IAaHHOrO JABOMHUKYIOITUMU
JIACIOKAITUSMU TPaHUIIBI 1.

Cornacho [11], npoekruu cui (3) u (4) MoryT
OBITh HAMJECHEI C UCITOIH30BAHUEM COOTHOIIICHMUS

F.= bBcsyz, ®)]

rae b, — MOy BUHTOBOM COCTAaBIISIOIICH BEKTO-
pa broprepca IBOWHHUKYIONIEH AMCIOKALMHU; Gy, —
CIBUTOBAas KOMIIOHEHTAa TEH30pa HAaIPSKCHUMH,
CO3JIaHHBIX AUCIIOKAIUSIME TPAHUI] TBOMHUKA.

B pamkax Teopuu ynpyrocTd CIpaBeIUBO CO-
OTHOILICHHUE

o, (5,y) =0\ (x,p)+0) (x,), (6)

rae G(Vlz) (x, ), c(yzz)(x, y) — HampspKeHue, 00yciIoB-

JIEHHOE TEpPBOM M BTOPOHl TpaHUIlAMU JBOWHHKA
COOTBETCTBCHHO.

Kak Oputo mokazano B [8], HampspkeHHs (6)
PacCUYUTHIBAIOTCS TIO (hopMyIam:

ol (x.y) =

= I VI (E)’ p (©)0L" (3.8, /; (E))dE;

(7

o\ (x,) =

j VI (BE pE)020 (6, 3,8, /5 (£))dE,
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10 (x, 1.8, £ (£)) = o 5 )
2 (x-&) +(y- £(¢))

620 (0., 1, () = 5 (10)

2 =8 +(y-£(8))

L — BennuurHa npoekuuu Ha ock OX TpaHull ABOM-
Huka (puc. 1); pi(€), p(&) — MWIOTHOCTH IBOWHU-
KYIOIIUX JUCIIOKAIMI Ha MEPBOM U BTOPOU JBOM-
HUKOBBIX TPaHUIAX; |[L — MOIYJb CIBUTA; V — KO-
s¢durment [lyaccona.

®opmyisl (9) u (10) ucmonb30BaHbI AT ABOH-
HUKa, HAXOMAIIETOCS BIAIH OT IMOBEPXHOCTH KPH-
cramra [1].

C yaerom (7)—(10) B (3) u (4) MOXXHO TIPHHSITH:

F=b j I I+ (FE)’ )0 x

x(c,fl(c),aﬁ(a))dadc;

Fy, =b f I\/H(/Z(&)) P (B2 x

X(C%(C),é,fz(é))d%dc;

Fp,=b I j\/1+<f2<a>) P (E)o 0 x

X(C,Jz(c),a,zz(a))dadc;

Fa, =b j j JI+(FE) p (oL x

X(Cafz((;),a,ﬁ(a))dadc,

riae { — mapaMeTp UHTETPHUPOBaAHMUS;

(11)

(12)

(13)

(14)

o'2(C. £ (6).6. /1 () =
_ by £-¢ . (3)
(-8 +(£(0)-£(8)

20 £(8).8 £ (8)=
_ b, £-& . (19
2 -8 +(£(Q)-£4 )
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S (A (GRS
_bb, £-¢ %)
2 -8 +(£(0)-£(8)

S (A (SR E
_ kb, c-¢ .U
2 -e” +(£(9)-£)

ITonctasum (11)—(14) B (3) u (4). B pesynbrare
MOJTYYUM:

I+ HEN pESS (8, £ (0):8. £ (8))ded +

LL
[ 1+ (@) p E)02" x
00

x(C, £;(C).&. 1, (8))ded = 0;

© —_— i~
O Gy

(19)

o — 1~

[N+ (5@ (@02 (6.2 (€).8 /2 (&) )dedC +

+ [V1+ (@)’ p @00 x
%(6. /2 (6).& £ (8))dedg =0,

Pemenue nanHbIX ypaBHeHHI Oy/ieM UCKaTh B
BHJIE TTOJTMHOMOB [12, 13]:

(20)

f1@)=a8’ +at +..+a, & +..+ak"; (21)
fi©=al’ +al' +..+a, " +..+al"; (22)
fo(&)=b& +bE +..+b, E" . +D E"; (23)

£ =bL" +bC +..4b, " 4D, C", (24)

rne a;, b; — xoapdunmenter (i =0, 1, ..., n; j =
=0,1,...,m).

IIpu stom mst (19) u (20) yuarem cooTHOIIIE-
HUSL:

REAO)

P (&) cde (25)
d
P, (&)= %f;—(;) (26)
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TJIe ¢ — MEXIUIOCKOCTHOE PaCCTOSHHE B TUIOCKO-
CTH, TEPHEeHAUKYJISPHON TUIOCKOCTH JBOHHUKO-
BaHUSI.

B nepBom mpubnwkennu (mpu n = 1 um = 1)
u3 (21)—(24) nomyuum:

Si®=ay+at, f(C)=a,+aC; (27)
&) =by +H&, f,(8)=b, +b&; (28)

fll(&) =day, fz'(&) = b()a

a b, (29)
P (&)=? Pa (é)=?;

K- fi(&)=a(C-¢), £(C)-f,(8)=
=(ao —by) +(a,&-bg); 0

(&)= £(8)=b(5-8), /(6)-1i(8)=
=(b0 —a0)+(b1Q—al<i).

Hanee cootHomenus (15)—(18) mnpeobpasy-
I0TCS B!

€2))

S0(C £ (6):8 1 (8)) = zn(ilbfy)ﬁ; (32)

620(C, £(C).& f3(E)) =
_nb, £-¢ . (33)
n (-8 + ((ao —by)+(aC _bla))2
ub, 1

20, £,(8).8 £ () = — (34

2n(1+57)C-&

o). (G £ (6)-& /(€)=
_ub, c-¢ (3%
n (¢-¢y +((b0 —a0)+(b1C—a1§))2

a cootnomrenus (19) u (20) B:

ag\1+a? ﬁ; dadc+b0«/1+b§ §
00 ¢

c(l1+a’
(1+a)

-
: (36)
— —dEd=0;
bo) +(aC _b@))

Jx

XH«;—&Y +((ay -
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(37

xLL -5 déd;=0.
2['([ —a0)+(b1§—a1§))2

U3 (36) u (37) mocne HECTOXKHBIX Tpeodpa3o-
BaHUH TOJMYYHM YCJIOBHUE PaBHOBECHS pPacCMaTpH-
BaeMOr0 BHWHTOBOTO IBOWHUKAa B TBEPIOM Tele
MOCTIe CHATHS HArpy30K M MPHU JOMYIIEHWH O Hy-
JIEBOM CHUJIE TPEHUS NJid ABOWHUKYIOUIUX JIUCIIO-
Kalumn

b, 1+b02(1+a12)
ao\/l+a§
LL c-t
X
'([2[ O_b0)+(a]€_bl<:))
ag\J1+ag (1+b12)
- X
boyJ1+ b7
LL C-t
X
Eu(@ é) + _a0)+(blg_alé))2
HpHHHMaeM:

H H H H
a, =?; a, =—Z; b, =—?; b = YA (39)

X

7ddG~

(38)
dede, =0.

rae H — mmprHa JBOMHMKA Y YCThs (puc. 1).
Torma mias (GyHKIME, OMUCHIBAIOIIUX (GopMy
TPaHUI] IBOWHHUKA, TOTYIHM:

H( By [, 8
f1(§)-2(1 Lj’ H(©) 2(1 Lj’ (40)

_ A8 _ A8
L8 = 2[1 LJ, L(©)= 2[1 LJ- (41)

B mannoMm ciydae (38) mpuMeT BUA

Tj L-¢
00 2 C+E
C-8°+H (1 2LJ

(42)
- 6= ~ |dedg=0
- a)++ﬂ(g+§ q
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3710 ycnmoBue BIMOHAETCS Tipu L = 0, 910 Co-
OTBETCTBYET  PACIHOJOKCHUIO  JIBOMHUKYIOIINX
JTUCIIOKaIuil B cTreHKy. OmHako m3BectHo [11], 9ro
TaKOE PACIIONIOKECHNUE BHHTOBBIX AWCIIOKAWN He-
YCTOMYMBO. YUHUTHIBasi BTOPOE 3HAYCHUE, MPH KO-
TOpOM BBINONHSETCS Yyciosue (42), sto H=0,
CTeHKa BUHTOBBIX IHUCJOKAIlMA CTpEMHUTCA K 3a-
XJIOTIBIBAHUIO. B CBSI3M € 3TUM MOXHO 3aKIIIOUYHTH,
YTO YCTOHYMBOE PABHOBECHE HETOHKOTO KIIMHO-
BUJHOTO BHHTOBOTO JBOHHHKA, HaXOJSIIECrOCs
BJIAJTK OT MOBEPXHOCTH HenehopMUpyeMoro TBep-
JIOTO Teja, OTCYTCTBYET.
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