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TeopeTndeckn HCCIEOOBAHO IBIDKCHHE KPAaEBBIX MUCIOKANWNA B OONYYCHHBIX MaTepHallaX, COJESpPIKAIIUX
paIuanoHHbIe TOYEUHBIE Ne(EKTHl W AUCIOKAIMOHHBIE MeTid. [IpoaHamnM3upoBaHO BIUSHHE 3THX Ae()EKTOB Ha

BEJINYMHY TIpeesia TeKyIeCTH.

BBEJEHHUE

Kak wu3BecTHO, IepeMelleHHe AWUCIOKALUA B
3HAYUTEIbHOW CTENEeHN OMpe/eNsieT MeXaHUYeCKUe
cBoiictBa kpuctama [1]. Camo ke IUCIOKAllMOHHOE
JBUXKCHUEC UCIBITHIBACT CHJIBHOC BJIIMAHUEC
MOTEHIUAIBHBIX 6apbepos, C0O3/1aBaeMbIX
CTPYKTYPHBIMH JeeKTaMu. DTH Oaphepbl AUCIOKAIHS
MOXET IIPEOOJIETh JABYMs CIIOCOOAMM: C ITOMOIIBIO
TePMUYECKUX  (UIYKTYallMif, ©eCIM  KHHETHYECKas
SHEprus TUCIOKAIWU HIDKE Oapbepa, W JUHAMHYCCKUM
o0OpazoM (HambapbepHOE CKOJBKEHHE) B TPOTHBHOM
ciydae [2]. B pabore [3] mokazaHO, 9TO B OOJIYYCHHOM
IepopMHpPYEMOM MaTepuane MOXKeT HaOIIoaThCs
3pdexT peskoro Bo3pacTaHWsS OJIW JAUCIOKAITHM,
MPEOJIONIEBAIOIIMX  TIPEMATCTBUSL B JTUHAMHYECKOM
pexuMe, TpU 3TOM C YBEITHUYECHHEM J03bl OOJIy4YeHUS
3TOT 3(PPEeKT MOXKET HAOIIOAATHCS MPHU 0oJice HU3KHUX

ckopocTax gaedopmanuu. Kpome Toro, oOnydenue
TPUBOIUT K 3HAYUTEIILHOMY BO3paCTaHHIO
KOHIICHTPAL[MH CTPYKTYPHBIX JAE(EKTOB, IMPU 3TOM

MHTEHCUBHOCTbH Pa3BUTUSI MUKPOCTPYKTYPBI 3aBUCHT OT
BUAAa OONYYEHHS W €ro XapaKTepPUCTHK (CCUCHUH
ANEPHBIX PpEeaKknuil, 3apigoBBIX W 3HEPreTHYECKHX
CHEKTPOB ¥ T.1.) [4]. DTH XapaKTepUCTHKH ONPEACIIIOT
MHTEHCUBHOCTb 00pazoBaHus BaKaHCHUIl u
MEKY3€IbHBIX aTOMOB — map DOpeHKems, pa3IndHBIX
IMPHUMECEH, IUCIOKALMOHHBIX IeTenb. MccinenoBaHuio
BIIMAHUSA DTUX )le(l)eKTOB Ha MEXaHMYECKHE CBOMCTBA
O0JIy4eHHBIX KPUCTAJUIOB TIOCBSIIEHO 3HAYHUTEIbHOE

KosmyectBo  pabor [3-7]. OmHaKO  COBMECTHOE
JMUHAMUAYECKOS BO3JCHCTBHE JE(PCKTOB Ppa3THIHOMN
Pa3MEpHOCTH, a WMEHHO, TOYCYHBIX Je(EKTOB W

JAUCJIIOKAMOHHBIX TETEJIb Ha ABWKXYINUCCA AUCIOKAIUN
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— KOMIIOHEHTa  TEH30pa  HAaNpsDKEHWH,

CO3JaBaAC€MBbIX TOYCYHBIMH ,Z[e(beKTaMI/I Ha JIMHUHU
JHUCJIIOKaIlUU, O'xLV — KOMIIOHCHTAa TE€H30pa HaHpH)KeHHﬁ,

CO31aBacMbIX Ha 3TON JHMHHUH MMpU3MaTUICCKUMHU
neTnsaMu; b — Momyns BekTopa broprepca nBmkymeiics
IOUCIIOKAllMM; B — KOHCTaHTa JIeMI(HUPOBaHMS,
o0ycnoBieHHAsT  (POHOHHBIMH, MArHOHHBIMH  WJIH
QJICKTPOHHBIMHU MC€XaHU3MaMU AUCCUIIALUU; m — Macca
CAUHUIIbI JJIMHBI JHUCJIOKaIluu, C — CKOpOCTh
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MPUBOJNT K BO3HHKHOBEHHIO HOBBIX JIHHAMHUYECKHX
3¢ QeKToB, CHOCOOHBIX OKa3blBaTh CYIIECTBEHHOE
BIIMAHUC Ha MEXaHHUYECCKUEC XapaKTCpUCTUKH
o0ny4eHHBIX MaTepuanoB. llenpro HacTosIeld PabOThI
SBJSIETCSI  TEOPETHUYECKMH  aHaau3  COBMECTHOTO
JMHAMHYECKOTO  BIHMSHUS — JAe(DEKTOB  Pa3IMYHOM
pasMEpPHOCTH HAa MpEeAeN TEeKyuecTH OOJy4eHHBIX
MaTepPHAoB.

OCHOBHBIE YPABHEHMUSA
N AHAJIN3 TIOJTYYEHHBIX
PE3YJIbTATOB

PaCCMOTpI/IM 6€CKOHe‘lHyIO KpaceByro AUCJIOKAlHIo,
CKOJIb3AIYIO IOJ HeﬁCTBHGM IIOCTOSAHHOI'O BHCHIIHECTO
HapsDKCHUA O, B IOJIOKUTCIILHOM HallpaBJICHMH OCH

OX ¢ mOCTOSIHHOM CKOPOCThIO V. JIMHUS AMCIOKALKU
napauiensHa ocu OZ, BekTop broprepca mumcimokanuu
mapaienieH  ocu  OX.  IIIOCKOCTh  CKOJBKEHUS
IHCIIOKAIIMM COBIIAJAaeT C INIOCKOCThI0 XOZ, a ee
MOJIOXKEHHE onpeaenseTcs GyHKIHeH:

X(y=0,z,t)=vt+w(y =0,z,¢). @)

IlnockocTy NUCIOKALMOHHBIX HETENb MapalielbHbl
IUIOCKOCTH CKOJIBXKCHUS TUCIOKAIMH, a WX IIEHTPHI
pacrupeneneHsl B KpPUCTaUle CIy4allHBIM —0Opa3oM.
PaccmoTpuM ciywaif, korza Bce JAHMCIOKAalLlMOHHBIE
TIETIH SBJISIFOTCS TPU3MATHUECKUMU. JIJIsI MPOCTOTHI BCE
meTyin OyeM CYHUTaTh OAMHAKOBBIMH, T. €. HMEIOIIUMH
OJIMHAKOBbIE PAJMYChl, PaBHbIE da, U OJUHAKOBBIE
BekTopsl broprepca b, =(0, —b,, 0), mapamiensHble
ocu OV. YpaBHeHHE JBUXKEHHS IUCIOKAIUA MOMKET
OBITh MPEJICTABIICHO B CICAYIOIIEM BHJIE:

oX
_ d L
—b[0'0+0'xy+axy]—B—at ’ @)
pactpocTpaHeHHS B KPHUCTAJUIE MOTIEPEYHBIX 3BYKOBBIX
BOJIH.

Brrauciaum CHJIy JMHAMHUYECKOIO TOPMOKCHHUA
IlBPI)KyH.IefICﬂ JUCIIOKaIun HCTIO ABU>KHBIMH
JUCIIOKAITMOHHBIMHU NnCTIAMUA, BOCIIOJIb30BaBIINCH

NOAXO0JI0OM, Pa3BUTHIM B paborax [8-12]. MexaHusm
JUCCUINIAIIMK HCCIIELyEeMOro Mpolecca 3aKI0YaeTcs B
BO30Y)KIICHUU IOMEPEYHBIX KOJCOAHMI TUCIIOKAINU B
IUIOCKOCTH €€ CKOJNBXEHUs. OQPQPEeKTHBHOCTH 3TOTO
MeXaHHM3Ma 3aBHCUT OT BHJA CIIEKTPa JUCIOKAIIMOHHBIX

27



KoJieOaHui, B YaCTHOCTH, OT HAIMYHS B HeM mienu. [1pu
BBICOKOW KOHIIEHTPAIMU TOYEUHBIX Je(PEKTOB Takas
meab BO3HUKAET B pe3ysbTaTeé HUX KOJUIEKTHBHOTO

BO3JICHCTBUS Ha JUCIIOKALIUIO, MO3TOMY
pe3yapTHpyOLIas CHuja TOPMOXKEHHs JUCIOKallUu
HENOJBIDKHBIMU ~ TETIsIMH (a2 CIIEZOBaTeNbHO, U

COOTBETCTBYIOIIMIA BKIIJ B IpPEIENl TEKy4decTH) OyneT
3aBHCETh KaK OT KOHIICHTPAIMW IIeTeNb, TaK H OT
KOHIICHTPALIUH TOYCYHBIX J1e(EeKTOB.

Kak m B paborax [8-12],

ycIIOBHE

OynmeM cuWTaTh
[Bbv /(mc* )] <<1,

MIO3BOJISIIOIIEE TTPeHeOpedb BIMAHNEM KOHCTAHTHI B Ha
CHIy TOPMOXKCHHS  AWCIOKALMH  CTPYKTYPHBIMH
nedexramu.

Cuna IMHAMHUYECKOTO TOPMOKEHHUS ABMXKYILEHCS
KpaeBoii JHCIOKalluU IpU3MaTHYECKUMU
JUCIIOKAIMOHHBIMU METIAMHU corjacHo [9, 12] moxer
OBITH BBIYHKCIIEHA TT0 (popMyIe:

BBITIOJIHCHHBIM

n,b* 2

F, =——[dqlq|-|[oh@] (g} -’ @), ©)
87°m

roe @(q.) — CHEKTp AWCIOKALMOHHBIX KOJeOaHMI;

n, — o0beMHas KOHIICHTpalus NneTeJib.

B  paccmarpuBaeMoM HaMM  cIy4ae  CHEKTp
JIMCIIOKalMOHHBIX KoJieOaHnil nMeeT BHU:
2 2 2 2
o (q.)=c'q. +A". “)
lenb A B KoieOaTeIbHOM CIIEKTPE BO3HUKAET

6naroapsi KOJJIGKTUBHOMY B3aHMOJICHCTBHIO JiepeKkToB

¢ nucinokammedr u cormacHo [10] omuceiBaetcs
(dhopmyoi:
1/3 c
2
A= Ade[ b(nodg ) NI_’ (5)
d
rae [, — cpemHee pPAcCTOSHHE MEXIy TOUCTHBIMU

neeKTaMu, CIlydaifHBIM 00pa3oM pactpelelIecHHEIMA B
o0beMe KpHucTajia; H,, — 0e3pazMepHas KOHLEHTpaLus

otux gedekroB. Hanmmume mienmum — CyIIECTBEHHO
U3MEHSIET  XapaKTep  TOPMOXEHHUS  JIUCJIOKALHU
METISIMU, B YACTHOCTH, CKOPOCTHAsI 3aBUCUMOCTB 3TOM
CHJIBI CTAHOBHUTCA HEMOHOTOHHOH. Ilociie HECIIOXKHBIX
mpeoOpa3oBaHUil BBIpAKEHHE [T HMCKOMOW  CHIIBI
TOPMOKECHHS MOXKET OBITh IIPECTABIICHO B BHJIE

f,(q,-,q.,O)2

v 9. — 7
oy

C npakTHYeCKOW TOYKH 3pEHUS HauOOIbIIHA
HMHTEpeC MpEeACTAaBIsIET WHTEpBal JUCIOKAILlMOHHBIX
CKOpOCTeH Vv <V,, THE BEIMYMHA XapaKTEPHOH

(6)

CKOPOCTH V; OHPENENAETCA COrnacHo [9] BhIpaxeHHEM
,=aA .

KOJUIEKTUBHBIM BO3JICHCTBHEM TOYEYHBIX Je(EeKTOB,
BBIpaKCHUE ISl 3TOH CKOPOCTH MPUMET BHI:

cydas, KOTJa IIeNb CO3MaeTCs

a 251/3 a
v, =alA, =c—(n,&) =c— | 7)
b [,
W310/KEHHBIE  BBHIIE  TOJOKEHHS — COTNIACYIOTCH ¢

BbIBOJIaMHU paboThI [3].
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OrnernM 3HaYCHHE aTOM CKOpOCTH,
BOCIIOJIb30BABIIUCh  JAaHHBIMA  paboter  [7]. s
a=510"wm, n,=10", 5=310"wm, n,=10",
£=10"" momyunm, 4TO XapakTepHas CKOPOCTb V, TIO

TIOPSIZIKY BEJTMYMHBI COMIOCTaBUMAa CO CKOPOCTBIO 3BYKA.
3TO 03HAYAET, YTO MOJIyYSHHBIH pe3yJIbTaT CIIPABEIIINB
MPAaKTHUECKH TSI BCEX CKOPOCTEH JMHAMHYECKOTO
JMara3oHa.

Bocnons3oBaBmmck pesynsraramu pabdot [9, 10],
NONTyYlM NPUOJIIDKEHHOE BBIpAXKEHHE [TUISL  CHIIBI
TOPMOJKEHHUS TUCIOKAIMU JUCIOKAIMOHHBIMU TIETIISIMH
B BHJIE

2
_ n ubjac )
=k
(-7)A
3mech 4 — MOOynb caBura, ¥y — Kod(hduImeHt
IIyaccona. TIlocime HECMOXHBIX  IpeoOpa3oBaHUit
MMOly9UM OKOHYATEIhbHOE BBIPAKCHHE I BKJIana
TOPMOXKEHHSI ~ TUCIOKAIMKM TMETISIMH B BEIHYHHY
mpeziena TeKy4ecTd 00JIy4eHHOro MaTepuana:
2
n, ubja
— L 0
T, = )

2 25\1/3
(1_7 ) (no(Jg )
Kak CIICAYET M3 IOJTYYCHHOI'O BBIPAXCHHA, 3TOT BKIA[
3aBHCUT HEC TOJIBKO OT KOHIICHTpAIMH II€TCJIb, HO U OT

KOHIICHTPALIMUM TOYCYHBIX Ie(PEKTOB: YBEINYCHUE
KOHIIGHTPAMH  3TUX  JAe(EeKTOB  NPUBOIUT K
YBEIMYEHUIO PAa3MEpPOB  CIEKTPaJbHON Imenu, a

CJICIOBATENIPHO, K YMEHBIICHUIO CHJIBI TOPMOXKEHHS
JUCIOKauuu  neTiasamu.  [lomydeHHas — ¢opmyia
CIipaBejinBa Jid BBICOKHX 3HAYCHUMN KOHICHTpaluu
TOYEYHBIX Ae(EKTOB, IIOCKOJIBKY TOJILKO B 3TOM Cilyyae
BO3MOXXHO KOJUIEKTHBHOE JHHAMHYECKOE BO3J/EHCTBHUE
nedexkToB Ha JAWCIIOKAIMIO W TEPEHOPMHPOBKA ee
KosiebaTenpHOrO criekTpa. Kak ciemyer u3 pesynbraTtos
pabot [9, 10], 6e3pa3mepHas KOHIIEHTPAIS TOYCYHBIX
Ne(EeKTOB JOJDKHA COCTABIIATh HE MEHEE 107°...107".
BbInomHUM 9HCIIEHHBIE OIEHKH, BOCTIONB30BABIINCH
IaHHBIMH paboThl [7], o0myuennoit cramm 08X 18H10T.

Jns  3HaveHWit , =102 M7, a=2,510" m,
=710 12, 5=2,5-10""n e=10",
, =107 monyuum 7, =50 MIla, uto cocTasiser

20 % mpemena TEKy4eCTH HCXOTHOIO HEOOIYYCHHOTO
o0pasa.

3AKIIOYEHHUE

B  pabore  npoaHaANM3HPOBAHO  COBMECTHOE
BO3JICHCTBHE TOYCYHBIX PAAUAIMOHHBIX Ae()EeKTOB U
TUCIIOKAIIMOHHBIX TIETENb Ha CKOJBHKEHHE TOIBIKHBIX
IUCIIOKANINH, TPHUBOAANICE K YBEIHMUCHHIO TMIpererna
TEKy4eCTH OOJIyUYeHHBIX MaTepuajoB. B momyueHHOE
BBIp@XEHHWE IS  BKJIAJa JAHHOTO  MeXaHu3Ma
JIUCCUTIAIINK BXOIAT XaPaKTEPUCTUKHA KaK TOYEUHBIX
JNe(eKTOB, TaK U MeTeNb, 00Pa30BaBIIMXCS B MPOIECCE
oOnyueHus.  BBIMOJHCHHBIC  YHCJICHHBIC  OICHKH
MOKAa3bIBAIOT, YTO M3MEHEHHe TMpelena TEeKydecTH
MOXET COCTaBIISATh AECSTKHU MPOLIEHTOB.
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BILIUB KOJEKTUBHOI JMUHAMIYHOI B3AEMO/III CTPYKTYPHUX JIE®@EKTIB
HA MEKY TEKYYOCTI OIIPOMIHEHUX MATEPIAJIIB

B.B. Manawenko

TeopeTH4HO MOCTIIKEHO PyX KpaHOBHX AWCIOKAIii B ONMPOMIHEHHWX Marepiajax, IO MICTATh pamiamidHi
TOYKOBI eeKkTH 1 aucnokaniifHi metmi. [IpoananizoBaHo BIUIMB IUX Ae(PEKTiB HA BEMTUUNHY MEXi TEKYIOCTi.

COLLECTIVE EFFECT OF DYNAMIC INTERACTION OF STRUCTURAL DEFECTS ON
THE YIELD POINT OF IRRADIATED MATERIALS

V.V. Malashenko

Motion of edge dislocations in irradiated materials in the presence of radiation point defects and dislocation
loops is studied theoretically . Impact of these defects to the yield point value is analyzed.

ISSN 1562-6016. BAHT. 2012. Ne5(81)

29



