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Pedepat. VccnenoBansl U3MEHEHHUST MUKPOCTPYKTYpPbI M TEKCTyphl 00pasnoB Mmean M1 mocne mmactudeckoi nedopmannu
TIPOKATKON M BO3JCHCTBHA HU3KOTEMIIEPATypHOIl HEPaBHOBECHOH IIa3MBbl BEICOKOYACTOTHOTO EMKOCTHOTO pa3psa, Bo30yxk-
nmaeMoro Ha vactote f = 5,28 MI' B Bo3ayxe npu HU3KoM aaBieHun (p ~ 1 Topp). Metomom metamiorpadguyeckoro aHamusa
MOKa3aHO, YTO W3MEHEHHsS MHUKPOCTPYKTYpbl HE3HAUMTENIbHBL. Pa3Mep 3epHa He HM3MEHSETCs; YJIy4IIaeTcs BH3yalu3alys
CTPYKTYPBI, TIOBBIIIAETCSA YETKOCTh BBISBICHUS TPAHUI] 3€PEH MOCIE METAIIOrpauuecKoro TpapieHus. Pe3ynbpraTel peHTre-
HOCTPYKTYPHOTO aHANM3a CBHIECTEIBCTBYIOT O TOM, YTO BO3JEHCTBHE IUIa3Mbl IPHBOIUT K U3MEHEHUIO OTHOCHTEIBHON WH-
TEHCUBHOCTH MHTEp(EepeHIINOHHBIX JIMHUI peHTreHorpamMmel. Ilocie nedopmarmu npeBanupyrome siBiIsieTcss OpUEHTHPOB-
ka (011), 9To XapakTepHO I TEKCTypHl IPOKATKH Menu. Bo3nelicTBue mia3Mel B TedeHHE 5 MUH NIPUBOAUT K MOBBIIICHHUIO
uHTeHcuBHOCTH JHHUH (200), (220) u (311). [Ipu o6pabotke B TeueHue 10 MHH OTHOCUTENbHAS MHTCHCUBHOCTD JIMHUN TaKKe
HE3HAYUTEIbHO Bo3pacTaeT. [lapaMerp KpUCTaIM4ecKol peleTKy mociae BO3ACHCTBUS MIa3Mbl HE U3MEHsIETCS. Y CTaHOBJIE-
HO, 9YTO U3MEHEHNE HHTEHCUBHOCTH JIMHHUI PEHTI€HOTPAaMMBI HE CBSI3aHO C JISHCTBHEM MHUKPOHANPSDKEHUH, N3MEHEHHEM pas-
MepOB OJIOKOB KOI€pEHTHOIO paccesiHus. 3HaueHHe OTHOMIEHUs sind ;q0y/sind 1) = 1,15 cBUmeTENLCTBYET O TOM, UTO Aeek-
Tl YNIAKOBKU B MpoIecce BO3/ACHCTBHA He 00pasyrorcs. PentreHoBckue 3((GeKTsl Mpy BO3ACHCTBUM IIA3MBl AaHAIOTHYHBI
HaONIOZaeMbIM TIPH OTITyCKE Je()OPMUPOBAHHBIX METAUIOB, KOIZla OCHOBHBIC OPHCHTHPOBKH TEKCTYpHI Je(GOpMaIUu HIN
COXPAHSIOTCS Ha YPOBHE Ae(OPMHPOBAHHOIO MeTajlla, WK yCHIuBaloTcs. [Ipy BO3AEHCTBUM IIa3MBl peain3yeTcsl Hauallb-
HBIH TIpoIiecC penakcaliy HanpsDKEeHUH, CBA3aHHBIN ¢ IepeMeIleHneM aTOMOB Ha PacCTOSIHUS, MEHBIINE MEKaTOMHBIX, KOT1a
KpHCTAIIMIECKasl pelieTka coBepuieHCTByeTcs. OCHOBHON NMPUYMHONW M3MEHEHUH SIBISIIOTCS HANPsDKEHUsT 3-ro poxa, o0y-
CJIOBJIEHHBIE CMEIIEHHSMH aTOMOB U3 MOJOKEHUH PaBHOBECHSI.
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Abstract. The changes in the microstructure and texture of M1 copper samples after plastic deformation by rolling and exposure
to low temperature non-equilibrium plasma of a high-frequency capacitive discharge excited at a frequency of f'= 5.28 MHz
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in air at low pressure (p ~ 1 Torr) have been studied in the paper. The metallographic analysis showed that changes in the
microstructure of samples are insignificant. The grain size does not change; the visualization of the structure is improved,
and the clarity of detection of grain boundaries is increased after metallographic etching. The results of X-ray structural analy-
sis showed that the effect of plasma treatment leads to a change in the relative intensity of the interference lines of the X-ray
diffraction pattern. After deformation, the prevailing orientation is (011), which is typical for the texture of copper rolling.
After exposure to plasma for 5 minutes, the intensity of lines (200), (220) and (311) increases. A slight increase in the relative
intensity of the lines is observed after plasma treatment for 10 minutes. The parameter of the crystal lattice does not change
after exposure to plasma. It was found that the change in the intensity of the X-ray lines is not associated with the action
of microstresses or a change in the size of coherent scattering blocks. The ratio sinyy/sinf; ;)= 1.15 indicates that stacking
faults are not formed during plasma treatment. X-ray effects under plasma exposure are similar to those observed during tem-
pering of deformed metals, when the main orientations of the deformation texture are either maintained at the level of
the deformed metal or are enhanced. Under plasma exposure, the initial process of stress relaxation is realized, associated with
the movement of atoms over distances smaller than interatomic distances, when the crystal lattice is improved. The main rea-

son of the changes is third-order stresses, caused by the displacement of atoms from their equilibrium positions.
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BBenenue

OpHuM 13 OBICTPOPa3BUBAIOIINXCS HaIpaBIIe-
HUN B TEXHUKE SIBIISIETCS UCIOJIb30BAHUE BBICOKO-
SHEPreTUYECKUX BO3ACUCTBUNA I YIy4dIIECHUS
CBOMCTB DPAa3IMYHBIX MaTEPUalOB. 3HAUUTEIHHOE
MECTO B 3TOM PsiAY 3aHUMAIOT TEXHOJOTUHU Ha OC-
HOBE XOJOJHOM TIJIa3Mbl C Ta30KMHETHYECKOU
temnepatypoi 1o 350 K, akTuBHO mpuMeHsieMble
BO MHOTHX OTpAcisiX, BKIIIOYash OMOTEXHOJOTHIO,
OMOMeANIIMHY, TEKCTWJIBHYI0 M IHIIEBYIO IPO-
MeImieHHOCTh  [1-3]. Ilmasmennas oOpaboTka
MO3BOJISIET OCYLIECTBIISITH HETEPMUUYECKYIO MOJIH-
(hKanMo CBOWCTB MaTEPHAJIOB, SBJISETCS 3KOJO-
TUYECKU YUCTOM M 3KOHOMHUYECKH BBITOJHOM TEX-
HOJIOTHEH, YTO BAXKHO JJISI YCTOHYMBOTO Pa3BUTHS
3KOHOMUKH [1].

HccnenoBanns BIUAHMS XOJMOIHOW TUTa3MbI Ha
CTPYKTYPY U CBOMCTBA IMOBEPXHOCTEN U MOKPHITUI
npeAcTaBlIeHbl B psae pador [4-6]. MHuorue uc-
CIIEIOBAHMSA JOBEACHBI JIO MPOMBIIUICHHBIX TeX-
HOJIOTHI W WCIIONB3YIOTCS, B YaCTHOCTH, B 00pa-
0OTKe METa/UIOB I YIOPOYHEHUs paboumx
MOBEPXHOCTEN JIeTallel U HAaHECEHUS] TOHKUX MO-
KPBITUH Pa3nuyHOro (YHKIMOHAIHFHOTO Ha3Hade-
Hus [7]. B [8] mokazana Beicokas 3¢pPpeKTHBHOCTH
BIIMSIHMSI TUTa3MEHHOTO BO3JEHCTBHS Ha W3MEHe-
HHE  MOpQOJOTHH  TIOBEPXHOCTH  TaIbBaHU-
YECKUX MOKPBITHHA, B PE3YyJIbTATE YET0 U3HOC CHH-
xkaetcq B 1,5-2 pasza. IlmasmeHHbIe METOABI MPH-
MEHSIOTCS JUIst (POPMHUPOBAHUSI 3aITUTHBIX TTOKPBI-
THW, YIPOYHEHMsI WU3ACIUNA B MAIIUHOCTPOEHUHU.
B kauecTBe mimazMooOpasyromiero rasa, Kak Impa-
BUJIO, MCIOJB3YIOT APrOH, TENHM, a30T WIU BO3-
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nyx. O6paboTka MmIa3Moil H3MEHSIET CBOWCTBA TI0-
BEPXHOCTH, BO MHOTOM OIIPEACISIIONINe KadecT-
BO M3JENUil TPpUOOTEXHUUECKOro HazHadeHus [9].
[Tokazana mpuHIMNHAIbHAST BO3MOXKHOCTH yIIPaB-
JICHUST CTPYKTYPOH M HANPSHKEHHBIM COCTOSIHUEM
MOKPBITHH, 00pabOTaHHBIX BO3AYIIHOW ILIa3-
moii [10]. BrimosHeH aHain3 ONTHUMAJbHBIX Ppe-
JKUMOB YIIPOYHSIFOIIEeH 0OpaOOTKU [UIsl TIOBBIIIIE-
HUS JKCIUTyaTallMOHHBIX XapaKTePUCTUK WHCTPY-
MEHTOB M3 OBICTPOPESKYIIUX CTane, Momaudu-
LIUPOBAaHHBIX  IOTOKOM  HH3KO3HEPTeTHYECKOMH
mw1a3mbl [11]. BeIsIBIeHBI M3MEHEHHS XapaKTepH-
CTHK TOBEPXHOCTHOTO CJIOS YIPOYHEHHBIX WH-
CTPYMEHTOB M YCTaHOBJICHAa 3aBUCHMOCTH BEIH-
YHHBI MUKPOTBEPJIOCTH OT PEKUMOB 00pabOTKH.

UccnenoBana Ttpancopmanus CTPYKTYpHl B
miazMe Tiaewomero paspsga (He) u usmene-
HUE IUIACTHYHOCTH CIUIABOB HA OCHOBE AJIOMH-
Hus [12]. [IpuduHON MOBHIICHHS TUTACTHYHOCTH
CIUIABOB QJIFOMHHUNW—MArHUH SIBIIIETCS TOBBIIIIC-
HUE OJHOPOJHOCTH CTPYKTYpPBI TIOCIE BO3ZCH-
cTtBusA TiasMbel. Ilocime Tepmudeckoir o0paboT-
KM CIJIaBa, NpeJBapuUTeIbHO 00pabOTaHHOIO
IJ1a3MOH, B aMIOMHUHHUEBBIX CIUIaBaX peau3yeT-
Cs pacmaji TBEpJOro pacTBOpa M M3MEHEHHE TTOpH-
CTOCTH.

ABtoper [13] paccMmaTpuBarOT IIA3MEHHYIO
o0pabotky mpu Hu3koM nasiennu (300 Ila, raz H,
npu 500 °C, AauTenbHOCTh 0OpaboTKH 5 ¥) Kak
METO/I, TTO3BOJIAIONINI c(HOPMHUPOBATH MOITHOCTHIO
IUIOTHBIA OOBEMHBIN AMOKCUA mHUpKOHHUS ZrO,
0€3 3HAYUTEIBHBIX CTPYKTYPHBIX MOIU(DUKAIUI.
[Ipu 3TOM C WHCIOIB30BaHUEM CIIEKTPOCKOITHHU
muddysnoro orpaxenus (DRS) obnapyxeno cy-
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IIECTBEHHOE yBEJIMYEHUE TIOTJIONMICHHUS] CBETa:
CcpeqHee yBeINWYEeHHE aOCOJIOTHOTO TOTJIOIMIEHHUS
coctaBisier 66,2 % u >65 % 1o BceMy CIEKT-
py (200-3000 uM). DTO CBUAETENBCTBYET O BO3-
MOJKHOCTH HCITOJIb30BaHUS TUTa3MEHHBIX METOJIOB
B IIpOlECCaX CO3JaHUS DKOJOTUYECKU HYHCTOTO
mpou3BojacTBa MatepuanoB ZrO, . CIEAYIOIEro
nokosienus. B [14] npenoxeHa HoBask METOLOJIO-
TUSl CTPYKTYPUPOBAHUS COCTaBA U MUKPOCTPYKTY-
PBI AMAJIEKTPUIECKIX TOHKOIUIEHOYHBIX MaTepHa-
JIOB C WCIIONIb30BaHUEM Ar Iia3Mmbl. B kadecTBe
OCHOBHOI'0 MEXaHH3Ma, OTBETCTBEHHOTO 3a TOSB-
JICHUE TOMEHOB C Pa3IMuyHON Mopdosiornet u Xu-
MHUYECKHM COCTaBOM, paccMmarpuBaercs (QOKy-
CHpOBAHHOE IIONAJAaHHE HOHOB Ar’ IIa3Mbl Ha
OTIpe/IeTICHHBIE YYACTKU TOJUIOKKH. Pe3ynbraTsl,
MoJTydeHHbIE B TOCIEJAHEE BpEeMs, Nal0T OCHO-
BaHUS YTBEPXKJaTh, YTO HCIIOJIIL30BAHUE BBICO-
KODHEPTeTHYCCKUX  (U3WUSCKUX  BO3ICHCTBUI
Ha HEMETaJUIMYEeCKHe MaTepuaibl, B YaCTHOCTH
MOJIUMEPHBIC KOMIIO3HUTHI, MOXET SBISATHCS (-
(heKTHBHBIM METOJOM YTPABICHHS WX CBOWCTBA-
Mmu [15].

HecMoTpst Ha TO 4YTO yXe€ HAKOIUICH 3HAYU-
TETBHBIA OIBIT WCCICAOBAHUM B 00JaCTH MpHUMeE-
HEHHs XOJIOJHOW BO3AYIIHOHN IUIa3Mbl U WU3Me-
HEHHUs CBOWMCTB METAIJIOB U CIIITaBOB, HMCIOTCA
mpoOsieMbl B HMHTEPIpETAlMA TOJIYYEHHBIX pe-
3yJbTATOB, TaK Kak HaOJrOgaeMble MHUKPOCTPYK-
TypHble 3((}eKThl BO3ACHCTBHS HE3HAYUTEIHHEI
WA HaXOAATCSA Ha TPAaHU YyBCTBUTEIHHOCTH Me-
tona. EcTh ocHOBaHWE monaraTh, 4YTO W3MEHEHUS
CBOWCTB MaT€pHajoB, BbI3BaHHBIE BO3JEHCTBUEM
XOJIOMHOW TIJIa3MBI, CBA3aHBI C MPOIECCAMH, MPO-
UCXOASIIUMH Ha YPOBHE KPHCTAJUTMYECKOH pe-
HIeTku oOopabaThIBacMbIX 00pa3IoB.

Lenpro maHHOW pabOTHI ABIAETCS HCCIIEIOBA-
HUE BIMSHHUS XOJIOAHOM BO3MYILIHOM IIa3Mbl Ha
M3MEHEHHE TeKCTYphl 1eOPMUPOBAHHON MEIH.

MaTepHaJ’lbI U METOAMKHU IKCIICPUMEHTA

B kagecTBe 00pa3IoB ISl UCCICIOBAHUN BBI-
Opana mens mMapku M1, sBisromascs Hawmbolee
pacrnpoCTpaHEHHBIM JIEKTPOTEXHUYECKUM Marte-
puamom. TpaHchopmanmst TEKCTYpH MEIU C FC-
MOJIb30BAHUEM PAa3JIUYHBIX METOJOB 00pabOTKU
M3y4deHa JOCTAaTOYHO MOAPOOHO, YTO MOBHINIACT
JIOCTOBEPHOCTDh WHTEPIPETANNN TIOIYICHHBIX pe-
3yJIbTATOB.
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[Mnactuueckyto apedopmanuio Memud ocymie-
CTBIISUIM XOJIOMHOW TMPOKATKOH CO CTENEeHBI0 00-
xatust 75 %. 3atem nedopMupoBaHHBIE 00pa3LBI
Memu o0pabaThIBaId HU3KOTEMIIEpaTypHOH He-
pPaBHOBECHOM IJIa3MOM BBICOKOYACTOTHOIO €M-
kocTHOro paspsnga 5 u 10 mun. [lompoOHas cxe-
Ma JKCIEpUMEHTAIHHONW YCTAHOBKH IIpeICTaBIIe-
Ha B [10].

MertannorpaduuecKkuii aHaaIu3 MPOBOJMICS Ha
WHBEPTHPOBAHHOM METAILIOTPapUUECKOM MHUKPO-
ckorie MU-1. IInudsr ans MerammorpadugecKux
HCCIIEIOBAaHUH M3TOTABIMBAIH MO OOIIEHPUHSITOMN
MeTtoquke. TpaBlieHHe Ha MUKPOCTPYKTYPY OCY-
MECTBIUIOCH peakTnBoM coctaBa: FeCl; — 20 T,
HCI — 6 mn, C,HsOH — 100 M. doTorpadupoa-
HUE ¥ KOJMYECTBEHHYIO 00pabOTKYy MHKpPOCTPYK-
Typ OCYIIECTBISUIM B MporpamMme oOpaboTKH
uzobpaxxenuss IMAGE SP. Jlns xapakTepucTHKH
pa3Mepa 3epHa HCIONb30BAaIN 3KBUBAJICHTHBIN
IUaMeTp (ImameTrp Kpyra, IUIOmAAb KOTOPOTO
paBHA IIOMIAIH 3EPHA).

PeHTreHoCTpyKTypHBIE HCCIENOBaHUS IPO-
BeZeHbl B u3nydenun Cug, Ha audpaxTomer-
pe HAPOH-3, ocHameHHOM amnmapaTHO-TPOTpaM-
MHBIM KOMIUIEKCOM Uil yOpaBieHHus Audpaxro-
MeTpoM H 00pabOTKH pe3ylNbTaTOB H3MEPEHUHU.
®Da30BbI aHAN3 MPOU3BOIWICS O OOIIETIPHHSI-
TOM MeToauKe. TeKCTypHBI aHalnu3 MpPOBEICH
METOJIOM OOPATHBIX MONIOCHBIX (BUTYD TIO METOIY
Moppuca [16]

1,/1
P1 — hkl hkl ' , (1)
" z Ahkl (Ihkl /Ihkl )
A

rae Py — moarocHas INIOTHOCTR; Iy i [, — UH-
TEHCUBHOCTH WHTEP(EPEHIIMOHHBIX JHHUNA TEeK-
CTYpOBaHHOTO 00pa3la W 3TajloHa COOTBETCTBCH-
HO; Apy — Qpakuusi KpUCTAJUIMTOB B OECTEKCTYp-
HOM oOpa3ie, pacceuBarolias pPEHTICHOBCKUE
aydu OT tiockoctu (hkl). Bemmuwsbl Ay nns
I'lIK-pemterku nassl B [16].

Onpeersiiay MOoNICHYIO TUIOTHOCTh MPU ChEM-
K€ C IUIOCKOCTH NPOKaTKH (P)) U C IUIOCKOCTH,
MIEPIICHNKYJISIPHOH IIOCKOCTH MpoKatku (P)).

Pe3yabTaThl U MX 00CyxKaeHUE

Crpykrypa Memu mocie aedopMaIuu, Tpea-
CTaBJI€HHas Ha puc. 1, XapakTepHa IS TUIACTHYE-
CKOW nedopMalii TPOKATKOW. 3epHa BBITSHYTHI
B HampaBlieHuH JeopMalluy, PU TPaBICHUU Tpa-
HUITBI 3¢PEH BBIABILIIOTCS HE MTOJHOCTHIO (pHC. 1a).
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ITocne Bo3AeHCTBHA IIa3Mbl CTPYKTYpHBIE Y dek-
THl aHATOTHYHBI HaGmofaBmmMcs B [17]. Pa3mep
3epHa CYMIECTBEHHO He H3MeHsercs (puc. 1b: 2).
Ha0mronaroTcs HECKONBKO IIydmiasg TPaBHMOCTH
CTPYKTYpHl H COOTBETCTBEHHO JTyumIas YETKOCTh
TPaHHI] 3€peH, YTO MOXKET CUHTAThCA MPH3HAKOM
CTaOHIIH3aIHH CTPYKTYPEL.

a

Puc. 1. CtpykTypa Meau: a — ocie AepopManiy IPOKATKOM;
b — mocie Bo3aeiicTBAA IIa3MBI 5 MHH

Fig. 1. Copper structure: a — after deformation by rolling;
b — after exposure to plasma for 5 min
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Puc. 2. PacupesienieHHE 3¢PEH IIO pa3sMepaM:
1 — mocne nepopmannu; 2, 3 — mocie Bo3AeHCTBHA ILIA3MBI
B TeueHHe 5 H 10 MHH COOTBETCTBEHHO

Fig. 2. Distribution of grain sizes: 1 — after deformation;

2, 3 — after exposure to plasma for 5 min and 10 min,
respectively

Ha penrtrenorpamMme aeopMHPOBaHHOH MeIH
MIPHCYTCTBYIOT 5 OCHOBHBIX HHTE€P()EPEHIIHOHHBIX
muHEH (pHC. 3a, Ta6n. 1). M3 aHamH3a H3MecHe-
HHS OTHOCHTENbHOH HHTEHCHBHOCTH JIHHHH BHJI-
HO, 9TO IPEBATHPYIOMEH ABIAETCS OPHEHTHPOB-
Ka (011), 9T0 XapaKTepHO A TEKCTYPHI IPOKATKH
memu [18]. ITocne Bo3meHCTBHA ILTa3MBI B TeUe-
HHE 5 MHH Ha0II0JaeTcsi H3MEHEHHE OTHOCHTEb-
HOH HHTEHCHBHOCTH HHTEP()CPECHITHOHHBIX THHHH
(ta6n. 1, puc. 3b). MaTeHCHBHOCTS THHHE (200),
(220) u (311) noBemmuaercs. ITocie oGpaGoTKH
m1a3Moi B TeueHHe 10 MHH HaOmIr0ogaeTcs HE3Ha-
YHTETbHOE H3MEHEHHE OTHOCHTEIBHOH HHTCH-
CHBHOCTH B CTOPOHY moBbmmeHHA (pHc. 3c). Ila-
paMeTp KPHCTAUIHYECKOH PENIeTKH IIOCIE BO3-
JEHCTBHA II1a3MBI HE H3MEHAETCS.

VI3MeHEeHHEe HHTEHCHBHOCTH HHTep(epeHIH-
OHHBIX JIHHHH pPEHITEHOTPaMM MeETAUIHYECKHX
MaTepHAIOB CBA3aHO ¢ H3MEHEHHEM YPOBHA MHK-
POHANPSUKEHHH H Pa3MepPOB 0II0KOB KOT€PEHTHOTO
paccesHHs, 00pa3oBaHHEM JAe(EKTOB YIAKOBKH
H H3MEHEHHEM TEKCTYpPHL B oTcyTcTBHE 1edeKTOB
ynakoBKH A1 ['TIK-pemeTky BHIIOIHAETCA COOT-
HOIIICHHE, HE 3aBHCAIIEE OT H3MEHEHHS IIEPHOIOB
KpHCTATHYeCKOH penteTkH [19]:

sin@uoy VI + k2 +17 oo

sin@aiy N2 +k% + 12 gy

=1155. (3)

Jia  oOpa3moB, 00pa0OTaHHBIX ILIA3MOH,
cooTHomeHHE (3) He m3MeHAeTca (Tadmd. 2), 9To
CBH/ICTENBCTBYET 00 OTCYTCTBHH OOpa30BaHHA
Je(eKkToB YIMakoBKH B IIpOIECcCe BO3ACHCTBHA
TUTa3MEL

a b c

Puc. 3. ®parMeHThI peHTTeHOIpaMM MeJH: a — nocie aepopmanuy; b, ¢ — mocie 5 u 10 MHH Bo3AeHCTBHA ILIa3MBI COOTBETCTBEHHO

Fig. 3. Fragments of X-ray diffraction patterns of copper: a — after deformation; b, ¢ — after 5 and 10 plasma exposure, respectively
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Tabnuya 1
PacmudpoBka peHTreHOrpaMmsl
nedopmupoBanHoii Meau (puc. 3)

Decoding the radiograph of deformed copper (Fig. 3)

Tabauunbie Tedopmats [lna3ma, | [1na3ma,

Ne | naHHBIC 5vun | 10 Mun
e noe | 29 L ad L | L | L%

rpai.

1| " 00 | 43,27 [ 2,089 | 100 | 100 | 190
2290 ] 46 | 5035 | 1,811 | 46 | 82 88
31220 ] 20 | 7405 | 1279 | 34 | a1 46
43| 17 | 89.80 | 1091 | 19 23 25
5122 5 |os16] 1,043 4 3 4

Tabauya 2

Vbl Audpakuuu ¥ olleHKA BepOSITHOCTH 00pa30BaHus
nedeKTOB YyNIaKOBKH
Diffraction angles and assessment of the probability
of formation of packing defects

VYron nudpakuun .
11\/?1 Bun 06paboTku 20, rpa. :ﬁgﬂ
111) | (200) am
1 | debopmanus 43,27 50,35 1,151
2 |Ilna3zma, 5 MuH 43,36 50,44 1,154
3 |IIna3ma, 10 mun 43,50 50,57 1,151

Panee ObLIO MOKa3aHO, YTO M3MEHEHHE UHTEH-
CHUBHOCTH JIMHAW PEHTTeHOTPAaMMBI HE CBS3aHO
C JeicTBHEM MUKpPOHANpsSKEHUH, H3MEHEHUEM
pa3MepoB OJOKOB KOTEPEHTHOTO PACCesHUS MPHU
BO3JECHCTBAN XOJIONHOM IUIa3MBI TICIOILErO pas-
psana (apron) [8]. U3MeHeHuEe HHTEHCUBHOCTH JIH-
HUIl Ha pEHTreHOrpaMMax CJEIyeT CBS3bIBaTh C
TpaHchopManue TeKCTyphl aedopmarun [20].
IIpyn BO3IEHCTBHM IUIA3Mbl XapakKTEP TEKCTYPhI
coxpansiercsi. OcHOBHBIM 3¢ dexkToM BO3AEHCTBUSA
Tra3mbl (Tabin. 3) sSBJseTCS YCHUJICHHE TIONFOCHOMN
IUIOTHOCTH opueHTHpoBKU (111) mpu HEKOTOpOM
CHIDKEHHUH TIOJMIOCHOW IUTOTHOCTH OPHEHTHPOB-
ku (110) mns P, ; ycuaeHHue MONFOCHON TIOTHOCTH
opueHTupoBok (200) u (220) mna P

H3MmeHeHne OpHMEHTHPOBOK TEKCTYpHI nedop-
MAaIi MOKHO OOBSCHHUTH CIEIYIOIIMM 00pazoMm.
B [21] Ob1u pa3BUTHI MIPEACTABICHUS O TOM, YTO

B OCHOBE TpaHC(OpPMALUU CTPYKTYPhl METAJJIOB U
CIUIABOB TIPYM BHEIIHUX BO3JCHCTBUAX JHOOOH
MIPUPOIBI JIEKAT «TETUIOBOW» M «JIehopMaIuoH-
HEIY» dddexTr. Jdedopmanmonusiii 3pdexT oT-
BETCTBCHECH 3a HAKOIUICHHE Ne()EKTOB KpHUCTAI-
JMYECKOTO CTPOEHUS W TIOBHIIICHWE YPOBHS Ha-
MIPSKEHUH, TEIIOBOM — OO0ECTIeYnBAacT Pa3BHUTHE
peNlaKCalMoOHHBIX TpoleccoB. [IpuMepom Termio-
BOro 3¢ eKra, TOMUMO COOCTBEHHO TEPMUYECKOMH
00pabOTKH, MOMET CIYXUTh TeIioBod 3ddext
IJIaCTUYeCKo nedopmanum — JTUHAMHYECKHMA
BO3BpaT. Briian TemioBoro unu aedopMaIrioHHO-
ro 3QQeKToB pa3Nmu4eH AJs Pa3HbIX BO3JEHCTBUN.
CooTHOIIEHNE TEIUIOBOH W JaedopMarmoHHON
KOMIIOHEHT B KOHEYHOM MTOTC OIpPEACsIeT BHUI
c(hOpMUPOBABIICHCS CTPYKTYPHI.

HaknenmanHelii MeTal TEPMOJMHAMHYECKH
HEYCTOWYMB Tpu JI000M Temmeparype [22]; ero
nepexos B OoJjiee yCTOWYMBOE COCTOSHUE TpeOyeT
OTIpE/IETICHHON SHEPTruu aKTHBAIMH, KOTOpas Iie-
pemaercst metamty. llpu HarpeBe aedopmmpoBaH-
HBIX METaJUIOB W CIUIABOB B MPOIECCE BO3BpaTa
WCKXEHHS KPUCTATNYECKON pelIeTKH YaCTUIHO
CHUMAIOTCS BCJIEJICTBHE TIPOIIECCOB pellaKca-
nuu [21]. U3MeHeHnid CTpYKTyphl METaJIa B MPO-
[lecce BO3BpaTa Ha MUKPOCKOIMUYECKOM YPOBHE
emle He HaOMogaeTcs, HO M3MEHEHHUS MOTYT OBITh
3aUKCUpOBaHbl peHTreHorpaduuecku. OCHOB-
HBIM HaOM0AaeMbIM 3P (EKTOM MPH ITOM SBISCT-
Csl YCWICHHE OPHEHTHPOBOK TEKCTYpHI nedop-
manmu [23, 24]. Ha peHTreHorpamMmax Takxke
HaO0JI0IaeTCs CYXKeHHE MHTEP(PEPEHIIMOHHBIX JIH-
HUH, YCUJICHHE WX WHTCHCUBHOCTU W TOHIKEHUE
(hoHa, 9TO ABISETCA MPU3HAKOM CHUKCHHS CTATH-
YECKUX HCKAXKEHUW KPUCTAINIMYECKOW PEIIETKH.
Ha »Tol cTaguu KpUCTAJUIMTHI NPUHUMAIOT WC-
XOqHYI0 HenedopMmupoBaHHYIO (opMy 3a cuer
CHSTHSI YIPYTMX HM3rMOOB KPHUCTAJIMYECKOH pe-
metku. CTaTHYeCKue MCKAXKCHHsS CBS3aHBI C OT-
KIIOHEHHEM aTOMOB W3 IOJIOKEHUI paBHOBECHS,
OTIpE/IETISIEMBIX Y3JIaMH KPHCTAILTMYECKOM perrer-
KM, U BO3HUKAIOT MPU HATHYUHU Je(PEKTOB — JHC-
JIOKaIWi, BHEIPSHHBIX aTOMOB M BaKaHCHUH.

Tabruya 3

IHorocHAs1 NJIOTHOCTH OPUEHTHPOBOK TEKCTYPbI

Pole density of texture orientations

OpueHTHpOBKa Jedopmanust [Tna3ma, o6paboTka 5 MUH [Ina3ma, o6paboTka 10 Mun

hkl Py P, Py P, Py P,
111) 9,3 12,6 7,1 16,1 6,8 17,8
(200) 6,7 6,1 8,2 6,2 8,6 6,3
(220) 5,0 5,5 6,1 4,1 6,1 2,8
311) 6,7 5,1 5,2 4,5 5,0 4,9
(222) 4.2 4,2 0 0 0 0
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B uccnenyemom ciywae miasma BO3TyXa MO-
JKET SABJATHCS MCTOYHMKOM DHEPTHH, 32 CUET KO-
TOPOH peamu3yroTcsl U3MEHEHUS B TEKCType Jie-
dhopmarn Meau. Ilpu BO3IEHCTBHH «TEIIOBOTO
a¢dexTay TUTa3MBl pean3yeTcsl HadalbHBIH MPO-
L[ECC peraKcaliy Hanps>KEHUH, CBSI3aHHBIN C Tie-
peMEeIeHueM aTOMOB Ha PACCTOSHHSA, MEHBIINE
ME)XaTOMHBIX, KOTJa KpPUCTAJUIMYecKas pelieTka
MeTalllla COBEPIICHCTBYETCS. JTO, MPEAIOIONKH-
TENhHO, COOTBETCTBYEeT | cramum BO3Bpara Impu
omxure [23, 25], yuuThiBasi, YTO HEMOCPEACTBEH-
HBI HarpeB B mpouecce oO0paboTKM IIa3MOi OT-
cyrcryer [10]. B [23] paccmarpuBanucey n3MeHe-
HUS B MEIM W JIaTyHH, BBI3BIBACMBIC BO3/ICHCTBH-
€M XOJIOHOW TUTa3Mbl, Ha Pa3IMIHBIX CTPYKTYPHBIX
YpOBHSX. BBIIO TMOKa3aHO, YTO XOJOJHAS IIa3Ma
HE BBI3BIBAET CYIIECTBEHHBIX W3MEHEHHH MHUKpPO-,
a TaKkKe CyOCTPYKTYpBHI (JHCIOKAIIMOHHOH CTPYK-
Typsl). JIBrKymenW cuiaoil mpouecca H3MEHEHHS
WHTEHCUBHOCTH JIMHUHA PEHTI€HOIpaMMBbI TIOf BO3-
JIEVCTBHEM TUTa3MBI MOYKET OBITH CMEIIEHHE aTOMOB
W3 TIOJIOKEHWH PaBHOBECHS (MJIM CTAaTHYECKHUX HC-
Ka)XEHU KPUCTAIUTMIECKOH PEIIeTKH), O0YCIOBIIH-
BaIOIIMX AEHCTBHE HANpsHKEHUH 3-To poaa.

B HacTodiee BpeMs BOIPOC O HaNPSKEHUSIX
3-ro pona paccMaTpHUBaeTcCs, MPEUMYIIECTBEHHO,
MIPUMEHUTENFHO K (OPMHUPOBAHUIO TBEPIBIX pac-
TBOPOB, BIHSHUIO TPHMECEd Ha CTPYKTypy H
CBOICTBa MaTepHANIOB, a TakkKe (a3oBBIX MPeBpa-
menuii [26, 27]. IlpencraBieHus 00 aTOMHBIX
CMEILEHUAX HCTONB3YIOTCA JUISl ONMUCAHUS MeXa-
HU3MOB MAapTEHCUTHOrO TMpeBpaiieHus [28, 29].
CraTudeckne aTOMHBIE CMEIIEHHS CBS3BIBAIOTCS
C HaJu4dueM BO30YKACHHBIX COCTOSHWH B CIUIa-
BaxX; pPacYEeTHbIM IIyTE€M YCTAaHOBIEHBI HaJIHIUE
U BEIMYMHA aTOMHBIX CMEIICHHN, U OOCYKIaeT-
Cs1 UX BO3MOXHOE BJIMSHUE Ha CBOMCTBA CIJIABOB.
[lo BenuumMHE CTaTWYeCKHE CMEIIEHHS aTOMOB
B KaTOAHOM HUKeJe, BBI3BAHHBIE BO3JEWCTBHUEM
Ia3MEl, cocTaBistoT mopsanka 0,03...0,09 A [30],
YTO IO TOPSIIKY BEJMYUHBI COTIACYETCS C PE3yIIb-
TaTaMy, MOJNYYEHHBIMU JUIsI TBEPIBIX paCTBO-
poB (0,04 A) [31]. B [18] a1 0TOXKKEHHOM Meu,
00paboTaHHOW TUIa3MOW BO3AyXa, OBUIM TMONTyYe-
el 3Hauenus ~0,075 A.

BbIBO/IbI

1. HUccnenoBaHo BIUSHUE XOJOIHOM BO3AyIL-
HOM TUIa3MBI Ha TpaHc(OpMaIHI0O MUKPOCTPYKTY-
PBL ¥ TEKCTYphI M€y, Ae(HOPMUPOBAHHON XO0JIO-
HOM mpokaTkoil Ha 75 %. YcTaHOBIEHO, YTO U3-
MEHEHUH MHKPOCTPYKTYpPHl HE HaOIogaercs.
[Tocne 0OpabOTKM HECKONMBKO yNy4IlaeTcsi BU3ya-
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JU3aIysl TPAHMI[ 3€PEH, YTO MOXKET CUYHMTAThCS
MIPU3HAKOM CTa0MIIM3AIUU CTPYKTYPHL.

2. Ilokazano, uro 3¢deKxT Bo3AeHCTBHS IIIa3-
MBI TIPOSIBIISIETCS, TPEUMYIIIECTBEHHO, B YCHUIICHUH
OpPUEHTHPOBOK TEKCTYpHI nedopmarun. [1pu atom
UCKITI0YaeTcss (OpMUPOBAHUE JCPEKTOB YITaKOB-
KM U U3MEJIbUCHUE O0JIACTEH KOTePEHTHOI'O pac-
CCsIHUA.

3. HabmomaeMsblit 3G deKT cieayer CBI3bIBaTh
C pa3BHUTHEM IIPOIIECCOB, AaHAJIOTHYHBIX BO3BpPATY
B JehOPMUPOBAHHBIX METalIaX MPU HX OTIKUTE.
OTBETCTBEHHBIMH MEXaHU3MaMU TIPU 3TOM SIBIIS-
IOTCS HampsOKeHHUsS 3-TO poja, BO3HHKAIOIIKE 3a
CUYCT U3MCHCHUSA CTAaTHYCCKUX CMeHleHI/Iﬁ aTOMOB
U3 TIOJIOKEHUM PaBHOBECHS.
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