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MeTofoM MOsIeKynsipHOV ANHAMUKI MPOBEAEHO NCCEA0BAaHNE MUMPALMN IPaHuL, 3epeH HakaoHa (100) n (111)
B Ni u nntepmetannnge NisAl. lNokasaHo, 4To B Ni n NigAl manoyrnossie rpanuus (100) murpupytoT 3Ha-
4uTenbHo Mmegnennee rpavuy (111) (npumepHo B gBa pasa npu TemnepaType 1700 K), 4to cesisaHo ¢ pas-
JNYNEM MEXaHM3MOB Murpauun manoyrnoebix rpavuy (100) u (111). BeisicHeHo, 4To Murpauusi rpaHuus
(100) ocyliecTBAsieTC NOCPEACTBOM PACLLENIeHNsi NapHbIX 3€PHOrPaHNYHBIX AUCIOKAUWMA C nociegytoeli
cMeHol aucnokaumnii-naptHepos. CMeHa ANCIOKaLMiA-NapTHEPOB MPONCXOAUT 33 CHET CKOJIbXKEHUSI pacLLernJieH-

HbiX Aucnokaunii. Murpauus rpaHuubl HaknoHa (111) ocywecTensieTcs nyTeM KOMBUHUPOBAHHOrO AEACTBUS

ABYyX MEXaHW3MOB: OMUWCAHHOIO BbilWle MEXaHU3Ma U MEXaHU3Ma, 3aKJ1Ho4HaloWerocs B COBMECTHOM CKOJIbXXe-

HUW NapHbIX 3€PHOrPaHNYHbIX p,l/lCJ'IOKaLI,I/IVI, KOTOpbIE, B OTZINHNE OT 3€EPHONPaAHNYHbIX p,I/ICﬂOKaU,IAﬁ B rpaHunuax

<100>, NMEKT 06LLI,VI€ naockocTn ckonbxeHns. CoBMeCTHOE CKONbXXeHune NnapHbIX ,D,I/ICJ'IOKaLI,I/Iﬁ NMMeET CpaBHUN-

TENIbHO HU3KYIO SHEPruo akTUBaLMK, BCIEACTBNE Hero rpaHuubl HaknoHa (111) noasuxHee rpanuy (100). Kak

nokasasiyi MOJIEKYISIPHO-ANHAMMNYECKNE NCCNIEA0BAHUS, CKOPOCTb MUMPaLLMM aHaNOMMYHbIX FPaHnL, B NHTepMe-
tannnge NizAl 3HaunTensHo meHblue, dyem B Ni (npumepHo B Tpu pasa npu temnepatype 1700 K). Mpudntoii
3TOro SIBASIOTCS, B HaCTHOCTW, JOMOJIHUTENbHBIE 3aTPaThl 3HEPruy Ha obpa3oBaHme pasynopsgoveHHol obnac-

T nosagu murpupytowein rpanuubl 8 NisAl. V3-3a oTHocuTensHO HeBbICOKOW nogBu>kHOCTU rpaHuy B NigAl
BKNag Anddy3noHHbIX CMeLLeHnii aTOMOB B npouecce ux murpauun bonbwe, yem B Ni.

1. BBEAEHUE

Murpanus rpaHuIbl 3epeH — IepeMeleHne rpaHi-
bl IO HOpMAaJIn K ee moepxHoctu. Mwurparus wurpa-
eT olpedessIOnlyIo poJb B ILpolecce PeKpUucTa/lIn3a-
nuu Bo MHOTHX (ha30BBIX IIpeBpariennsax. Hecmorps na
JIaBHUIT MHTEpeC K 1pobJieMe MUTPAIUU I'DAHUI] 3€DEH,
B HACTOIIEe BpeMs BCe ellle OCTAIOTCs Pa3HOIJIacus U
HepelleHHbIe BOIIPOCHI, CBA3aHHbIE C MEXaHU3MOM MHU-
rparmu. CIuTaeTcs, 9T0 MaJIOyTJI0Bble IPAHUIIBI 3€PEH

* E-mail: gmpoletaev@mail.ru
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HAKJIOHA, MUTPUPYIOT TTOCPEICTBOM KOMOMHUPOBAHHO-
ro JefCTBUS JIBYX MEXAHU3MOB: CKOJIbXKEHUsI U TIepe-
1OJI3aHUs] 3epHOrPAHIMHBIX Auciokanuii [1. B pabo-
tax [248], HanmpiMep, ABTOPBI IPUXOJAT K 3aKTIOUEHHIIO,
YTO OCHOBHBIM MEXaHM3MOM MUTPAIMU IPAHUIL HAKJIO-
HA ABJISIETCH I€PEHOI3aHIE 3€PHOIPAHUIHBIX JIUCIOKA-
nwit. Ho, ¢ npyroit croponbl, n3sectro, uro B ['TTK-Mme-
TasjIax MAJOyTJIoBble TpaHubl HakgoHa (111) mmeror
CaMYyIO BBICOKYIO IOABHXKHOCTb, TOTJA KAK TDAHUIIBI
naksiona (100), Hanpumep, MUIPUPYIOT CYIIECTBEHHO
MeJjIeHHee El:,gﬂ_")'], XOT$I IJIOTHOCTD M3JIOMOB Ha, 3epHO-
PAHUYHBIX JUCIOKanugx B rpanunax (100) Boime, T. e.
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[eperoJI3anme JIOJKHO MPOXOUTh NHTEHCUBHEE, €M B
rpanunax (111). Ilpuanna ¢Tosb PAa3UTEIHLHOTO pa3Jiu-
qust nojsrekHOCcTH rpannn (111) u (100), kak 1 Mexa-
HU3M MUTDAIUH, JI0 KOHIA HE SICHBI.

WsBecTHO, 9TO MAJIOYTJIOBBIE IPAHUIBI MUTPUPYIOT
MeJIJIeHHee, 9eM OOJIBIIEYTTIOBbIE F_];',ﬁ] O tHaKo oTHOCH-
TeJIbHO SHEPIUU aKTUBAIMU MUTPAIIUU JIO CUX TIOP €CTh
passoryacusi. Hampumep, sHeprusi akKTHUBAIIMA TOYTH
MOHOTOHHO YMEHBITACTCs TP YBEJTUIEHUN YIJyIa Pa30-
PUEHTAIUN B JIHAITA30HE MAaJOyTJIOBBIX T'DaHUIIL ['ﬁ, :_7.]
Pesynbrare! 9KCIIepuMeHTOB 110 MUTDAIUN TPAHUI] Ha-
KJIOHA TIOKa3aJI1 [:3, g], 9TO MAJIOYTJIOBBIE I'DAHUIBI C
OJ/THOM M TOH 2Ke OChIO PA30PUCHTAIIMU UMEIOT II0YTHU
OJIMHAKOBYIO SHEPTUI0 aKTUBAINUA MUTPAIUU B ITHPO-
KOM JIHAIla30He YTJIOB PA30PUEHTAINH, U9TO KOCBEHHO
CBUJIETEILCTBYET 00 OJIMHAKOBOM JIEMEHTAPHOM MeXa-
HU3ME MUTDAIANA TAKUX TPAHUIL.

Crabon3ydeHHol sIBJISIETCS MHUTDAINs TPAHUIL 3e-
PEH B YIIOPSIOYEHHBIX CIIABAX W WHTEPMETAJIIUIAX.
OfHNM U3 UHTEPECHBIX WM IEePCIeKTUBHBIX HHTEpPMe-
TasuaoB spisterca NigAl, mmerormmit 'ITK-pemerky
u ynopsyiodenue 1o tumy Lls. Marepmerasmmn NigAl
BBIJIEJISAETCS U3 Psifia T0I00HBIX YIOPSIOIYE€HHBIX CILIa~
BOB YHUKAJHHBIME (DUTIECKUMHU U MEXaHIICCKIMU
CBOIiCTBaMM, K KOTODPBIM, IIPEXKJE BCErO, OTHOCATCSH
[TOJIOYKUTEJIbHAST TEMIIEPATYPHAsT 3aBUCUMOCTD IIPEJIe-
JIa TEKYYeCTU M BbICOKas TePMOCTAOMIILHOCTD (TeMIiie-
parypa $Ha30BoOro mepexo/ia MopsI0K—0eCIOPSIIOK JIJIs
Nig Al jiezkuT Bblilie TeMIIEPATYPbI ILIABJICHUA ) FQ,:l-Ql] B
CBSI3U C 9TUM JIAHHBI HWHTEPMETAJIINJ] HAXOUT TPaK-
THYECKOe TIPUMEHEHIE B KA9eCTBE YKapPOIPOIHOTO KOH-
CTPYKIIMOHHOTO MaTePHUAJIA.

Hacrosmmas paboTa mocBsImneHa nccae[0BaHI0 0CO-
OGeHHOCTEN W MeXaHW3Ma MUTDAIUU TPAHUI] HAKJIOHA
(100) m (111) B Ni u uaTep™meramanae NigAl ¢ momo-
BI0 METOA MOJIEKYJISIPHON JINHAMUKI.

2. OIINCAHVE MOAEJIN

B pabote 3a ocHOBy OblIa B3sTa METOINKA UCCIIE-
JIOBAHUST MUTPAIUK IPAHUIILI 3€PEH HAKJIOHA, IPEJIO-
JKeHHast 1 passuTas B padorax b, 11]. Coznaercs er-
KO aTTeCTOBaHHAsl TpaHuna B hopMe MeTIN I apKH,
KakK Ha PUC. :_]: (mokazana 4epHOil IITPUXOBOil JuHEEiH).
Cuita HATSI?KEHHs TPAHUIBI, KOTOpast, NOA06HO TTOBEpX-
HOCTHOMY HATSI>KEHUIO, BOSHUKAET BCJIEJCTBUE CTPEM-
JIEHUsI TPAHUIBI MUHUMU3UPOBATH CBOKO SHEPTUIO, SIB-
JISIeTCsl IPUYMHON HAIIPABJICHHOTO TEPEMENIeHUsT I'Pa-
HUIIBI B CTOPOHY yMeHbIIeHus ee miormaum. Cuia, mpo-
BOIMPY OIS MUTPAIAIO, U CKOPOCTh MUTPAIIAN IPAHU-
IIbI OCTAIOTCA B PACCMATPUBACMOI MOJIEIA TOCTOSHHBI-
MU B T€YEHUE MIOUTU BCETO JIBUKEHNsI TPAHUIIBI, ILJIABHO
YMEHBIIAsCh K KOHILy KOMITbIOTEPHOTO SKCIIEPUMEHTA.

7 KT, B 1

97

LY

Puc. 1. PacuetHbili 6nok gns mogenuposaHusi Murpauun

rpaHuubl HaknoHa (111) ¢ yrnom pasopuentauun 6 = 30°.

TemHO-Ccepble aTOMbI Ha Kpak pacyeTHoro 61oka B npouec-

Ce KOMMbIOTEPHOrO SKCMEPUMEHTA OCTAaBaINCh HEMOABUXKHbI-
M (XKECTKME rpaHUYHbIE YCI0BUS)

B paGorax [[2-]5] moxozxas Mozess Hemomb3oBa-
JIACDH JIJIsT MOJIEJTUPOBAHMST METOJ/IOM MOJIEKYJISIPHON /i~
HAMUKI MUTPAIAA TPOHHOIO CTHIKA I'DAHUIL 3epeH. B
paborax [:i@,iéﬂ MOJIEJTUPOBAHIE TPOBOJIMIIOCH B JIBY-
mepHoit Mozesin. Crieyer 3aMeTHThb, 9T0 OTHOCUTEHHO
MeXaHM3Ma MUTIDAIU 'DAHUI 3epeH, OCOOEHHO MaJIo-
YIJIOBBIX, JIByMEpHAasi ¥ TPeXMepHasi MOJEJM PUHIU-
MHAJBHO Pa3JIMIaioTCst. B JIByMepHOIT MOJIeTN 3epHO-
rPAHUYHBIE KPAEBbIE JIUCIOKAINA HE UMEIOT [TE€PUO/IU-
YECKM PACIIOJIOKEHHBIX BJIOJIb SIJIEP JINCIOKAIUI U310~
MOB, KOTOPBIE UT'DAIOT BaXKHYIO POJIb B 3€PHOTDAHUY-
HBIX TIpoIrieccax, ocobenno B muddy3un [:_1-6] [TosTomy
OBLIO IPUHSATO PEIIeHne CO3/aTh TPEXMEPHBIIl paceT-
HBI OJI0K B MOJIEKYJISIPHO- THTHAMUYIECKON MOJIEN B BU-
Jle TIACTUHBI TOJIIUHON B 12 aTOMHBIX IIIIOCKOCTEH (CM.
puc. -'1.') DTOi TOJIIMHDI BIIOJIHE JJOCTATOYTHO JIJIST TTOSB-
Jternsi 3pHEKTOB, CBI3AHHBIX C M3JIOMAMHU 3€PHOIDAa-
HUYHBIX jucsokanuii. B ciayuae rpanun nakiaona (111)
pacueTHbIil OJI0K HUKessT nMes Bbicoty 18.0 HM, mm-
puny 12.0 um u ronmmuuy 2.4 am. s rpanurn (100)
pa3MepbI COCTABJISIN COOTBETCTBEHHO 18.2 M, 12.1 HM
u 2.2 uMm. Pacuernbie 610ku NigAl uz-3a pasHunpl na-
pamerpos perterok Ni u NigAl umenn ayrh Gosbinue
pa3mepsl. Bitoku coneprkasnu npumepao 50000 aTomos.
Btosts ocu 2 (eM. puc. i) IMETHPOBATOCEH GeCKOHeHHoe
[IOBTOPEHUE CTPYKTYPHI, T.e. ObLIN HAJOXKEHBI IePHO-
JIMYecKre TpaHudHbIe ycjioBus. Ha Kpaio pacdaeTHoro
6J10Ka, JIOJ>KHBI OBITH 3aDUKCUPOBAHBI TPAHUIIBI 3€PEH,
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Puc. 2. a) DHeprus rpanuy Haknona (100) (A) n (111) (e) u 6) ckopocTb nx murpauum npu TemnepaType 1700 K B 3aBucumoctn
oT yrna pasopvieHTauuu 6 B Ni

9TO 0/Ipa3yMeBaeT COXPaHeHNe OPUEHTAIINN KPUCTAJI-
JINYECKOU DPEIIeTKN JBYX Pa3HBbIX 3€PEH Ha TPaHUIE
60ka. B cBsA3M ¢ 9TUM 110 OCsM & W Yy TPAHUIBI OJIO-
K& (BBLIEIEHBI TEMHO-CEPBIM Ha PHC. i) GbLI JKECTKO
3aKpeIvIeHbl Jist (puKcanyuy 3a/aHHONl PA30PUEHTAIIN
3epeH.

s onmcaHust MeXKaTOMHBIX — B3anMOJEHCTBUiL
B Ni u B unrTep™merasmmiae NizAl wucmosib3oBajuch
MHOTOYaCTU4HblE IoTeHIma bl Kiepu —Pozaro [:_fﬁ‘]7
[IOCTPOEHHBIE B TPUOJIMZKEHNN CUIbHOM cBsi3u. [loren-
[IHAJIBI JAHHOTO THUIA HEOJHOKPATHO HUCIOJIH30BAJINChH
B MOJIEKYJIIPHO-TMHAMUYIECKUX MOJIEJISIX U [IPOIILIH
arpodaInuio 1o  OOJIBIIOMY HUHCIY XapaKTEePHCTHK
['._1-§',:_1-_9'] OmnpIT WX OPUMEHEHHUS IOKA3BbIBAET, UTO C
X TIOMOIIBIO YJIAETCs OMMCATH PAa3HOOOpa3HbIE CBOM-
crBa Mera/uioB u cijiaBoB. lllar wHTErpmpoBaHust
[0 BPEMEHH B MeTOJe MOJIEKYJISIPHOW JIHHAMUIKI
on1 paBen 2 dce. Temmeparypa B Mojenn 3a/iaBa-
Jlach dYepe3 HadasJbHble CKOPOCTH ATOMOB COIVIACHO
pacmpenenieauto Makcpesuta— BoJsbiiMana, 1pu 3ToM
YUIUTBIBAJIOCH TEIJIOBOE PACIIUPEHNE PACUYETHBIX OJI0-
koB. JIjisi coxpaHeHWsl TeMIepaTypbl ITOCTOSHHOW B
[IPOIIECCE MOJIETTUPOBAHUS HCIIOTIB30BAJICSI TEPMOCTAT
Hoze—-T'yBepa.

3. PE3VYJIBTATBHI 11 OBCY2KJEHNE

Ha puc. -_2 [IPUBE/IEHBI 3aBUCHMOCTH SHEPIUH TPAHUIT
seper Hakiona (100) u (111) u ckopocTH nX MUrpa-
nuu npu remueparype 1700 K B Hukesie B 3aBucuMocTn
oT yria paszopuenrtaryn. CrennaibHble ¥ CHMMETPU Y-
Hble TPAHWIIBI B HACTOMAIIEH paboTe He paccMaTphBa-
JINCh. DHEPrusl T'PAHUIL 36PEH PACCUUTHIBAJIACH KAK OT-
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HOIIIEHUE Pa3HOCTH YHEPrUil PACIETHOTO OJI0KA C TPAHU-
el M TAKOTO K€ YHC/Ia aTOMOB B UICATHHOM KPUCTAJI-
Jie K ILIONIa U IpaHulibl. [lepe il BoIuc/ieHneM SHEPIUU
[IPOBOJIMJIACH peJlakcarus crpyKTypol. Ciieiryer orMe-
TUTH, 9TO SHEPIUs TPAHUIIBI 36PEH — BEJIMIUHA, BKJIIO-
Jaroliasi HEKOTOPYIO IOI'PEIIHOCTh M3-3a BO3MOXKHO-
CTH HAJIMYUsI B IPAHUIIE 3€PEH Pa3IUIHBIX J1e(DEKTOB.
TTomumo reomerpuveckn 00s3aTeILHBIX Ae(PEeKTOB, Ha-
[IpUMep 3ePHOIPAHUYHBIX JUCTIOKAINANA B MaJIOyIJIOBBIX
rpaHuUIlax, TPAHUIIBI MOI'YT COJEPYXKATH PABHOBECHBIE U
HepaBHoBecHbIe (M30bITOUHbIE) JedeKThI. DTO PA3HOOH-
pasue 1edeKTOB, a TaKKe HCKPUBJIECHHOCTD IPAHMUIL MO-
I'yT BHOCUTH IIOTPEITHOCTh B OIIpejiejieHre SHepruu. B
HaCTOSIIEH paboTe pacCINThIBAIACH IHEPTHSI TEX I'pa-
HUI[, MUTPAIlsi KOTOPBIX 3aTE€M HCCJIEI0BAIaCh B MO-
JIEJIH.

Harsokenune TpaHwil 3epeH MTPOMOPIMOHATILHO WX
suepruu. C pocToM yriia pa3opueHTAIlnN PACTYT SHEP-
rus U HaTsKeHue (puc. :_Za). st 6OIBITEyYT/IOBBIX Tpa-
HUI[ SHEPIUU TPUMEPHO OJMHAKOBBI, UYTO XapaKTepHO,
[0 MHEHWIO MHOI'UX ABTOPOB, JJIsi DOJIBIIOrO KJIACCA
GOJIBINEYTJIOBBIX TPAHUI] U TPAHUI] CMEIIAHHOTO THUIIA,
B CBSI3W C Y€M, HAIIPUMED, OOJIBITHHCTBO YIJIOB MEXK/LY
rPaAHUNAMU B TPORHBIX CTHIKax O0Jn3ku K 120° [2-(;;,:_2-1:]

Wsmepenne cKOpOCTU MUTPAIAN TPAHUIL 3ePEH IIPO-
Bogmiock npu temueparype 1700 K. Ilpu sToit Tem-
repaType, OJM3KON K TeMIilepaType IJIABIEHUS HUKe-
Jist, MUTDAIlAsi TPAHUIL C YTJIOM PAa30PUEHTAINH BBIIIE
10° mpomcxomiia ¢ JHOCTATOYHO BBICOKON CKOPOCTHIO,
9TOOBI €€ MOYKHO OBLJIO M3MEPSATH B MOJEKY/ISIPHO-
JauHAMIIeckoit Mogein. CKOpOCTh MUT'PAIIAN B IIPOIEC-
ce MOJIeJINPOBAHUS OCTABAJIACH IIPUMEPHO IIOCTOSHHOIA,
9TO IIO3BOJIAJIO CPABHUTEIHHO IIPOCTO €€ OIIPEJIEJISITh
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Puc. 3. AToMHble cmelLeHnst B NPOLEecce MUTpaLn rpaHinL, Ha-

knona (100), 6 = 20° (B Teuenne 540 nc) (a) n (111), 6 = 20°

(8 Teuenne 300 nc) (6) 8 Ni npu temnepatype 1700 K. V306~
pakeHbl cMeleHnst, bonbwmne 0.1 Hm

KaK OTHOIIEHUE [IePEMEITeHUs BEPXHEHl 9aCcTH IPAHUIBI
(cM. puc. -1:) KO BPEMEHU MOJIEKYJISPHO-THHAMAIECKOT'O
IKCIIEPUMEHTA.

Yron pa3opueHTAIME 3epeH, §, BapbUpPOBAJICS OT
10° go 45° mua rpanun (100) u o 40° g rpasui
(111). B cayuae rpannt (100) yroa 45° — aro makcn-
MaJIbHbLI yros pasopuentanuu. B ciyuae rpanur (111)
IPUHUMAJICS BO BHUMAHUE TOT (baKT, 9TO HAMOOJIbIIIEH
MOJIBIZKHOCTBIO 00IaIal0T rpaHuipl HakgoHa (111) ¢
YIJIOM pa3opueHTanuu 38° @,:fi,{j] C pocrom yria pa-
30PUEHTAINN CKOPOCTh MUTPAIMN TPAHWIL, BO3pacTaJa,
9TO SIBJISIETCS M3BECTHOM 3aKOHOMEPHOCTHIO @,ﬁ]

Ciremyer oOpaTuTh BHUMaHIE HA TOT (DAKT, 9TO [IPU
yIyiax pa3opueHTaIuu Boiire 25° 00JIbIIeyrIOBbIe IPa-
aunpt (100) u (111) Murpupyior npubiu3uTesbHO C OJl-
Hoit ckopocrbio (30-37 M/c upu Temueparype 1700 K),
TOrJ[a KaK CKOPOCTH MUTPAIMHA MaJOyIJIOBBIX T'DaHUIL
nakiona (100) u (111) pasaudarorTcs CyIeCTBEHHO —
MaJsIoyTsoBble rpanuisl (100) MUTPUPYIOT IPUMEPHO B
zBa pasa Mejyiendee rpanut (111).

Ha puc. :}" n300pazKeHbI IPUMEPhI ATOMHBIX CMeIIe-
Huil B nporecce murparnuu rpanur (100) u (111) ¢ yr-
oM pasopuenTamnun 20°. CMelnenns moka3aHbl B BUAJIE
OTPE3KOB, COEIUHSIONNX HAYAIbHBIE M KOHEYHBIE II0-
JIOYKEHUsT ATOMOB (IIOKA3aHBI TOJBKO CMEIIEHNUsT, GOJIb-
mwe 0.1 um). Ha pucyHnkax Xopoio BHJIHO, 4TO aTOM-
HBIE CMEIEHUs] [IPU MUTPAIANA PACCMATPUBAEMBIX I'Da-
HUI[ HE XAOTUIHBI, & UX TPACKTOPUH MMEIOT YeTKUil
pucyHOK: s rpanur (100) — ceTka ¢ KBaJpaTHBIMU
staedikaMu, jyist rpasun (111) — ¢ 1mecTuyroabHbIMI.
HecvoTpst Ha cpaBHuTEIbHO OOMBINOI YTOJI pa3opUeH-
Tanuu, 20°, OTHOCAIIUHCT OOBITHO K OOJIBIIEYTJIOBBIM
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rpaHunaM (T.e. IpaHUIAM, B KOTOPBIX HE BBIIEJISIIOT
OTJIEJIbHBIE 3€PHOIPAHUYHBIC JUCIOKAINN), CMEIeHUs
aTOMOB ITPU MUTPAITUU MAJIOYTJIOBBIX IPAHUIL MMEJIA Ta-
KOI1 7K€ BUJI, OTJINYAICh JIUIIb ODOJIBIINM PA3MEPOM sve-
€K, KOTOPBII YMEHBIIAJICI C POCTOM yIJIa pa30pUeHTa-
nuu. [Ipu yriax, Gosbmmx 25-30°, y»Ke CTaHOBHJIOCH
CJIO?KHO PACCMOTPETH YIOPSI0UEHHYIO CETKY aTOMHBIX
CMEIeHNA.

YT0o6BI pa3obpaThcsa B MEXaHU3ME BO3ZHUKHOBEHUST
[TO/IOOHBIX CETOK ATOMHBIX CMEIIEHHMI IPU MHUTDAIIN
MaJIOYIVIOBBIX I'DAHUI] HAKJIOHA, PACCMOTPUM JIHCJIO-
Kallui B TaKuX rpaHunax. Kpaesble 3epHOrpaHUTHBIC
JIUCJIOKAINN OTJIMIAIOTCST OT OOBIYHBIX, BHYTPU3EDEH-
HbIX. BO-1IepBBIX, OHM, KAK MUHUMYM, HapHble (puC. 2_1:)
Ha wmanmoyrioBeix rpaHumnax oOpPBIBAIOTCS ATOMHBIE
ILUIOCKOCTH O0OOWX 3€peH, T.e. IMPUHAJJIeYKAINe KPU-
CTAJIMIECKUM PeIeTKaM ¢ pa3Hoit opuentarmeii. Ta-
KM 0OOPBaHHBIM ATOMHBIM IOJIYIIIOCKOCTSIM, IIPIHA/I-
JIEYKAIIIM PAa3HBIM 3€pHaM, KakK IIPaBUJIO, SHepreTnde-
CKH BBITOJHO OObEMHUTHC B OIUH JedEKT, IIPeICTaB-
JIATOTITAH cOOOit 3ePHOTPAHUIHYIO JIMCIOKAINIO, HEKO-
TOpBIE U3 KOTOPBIX UMEIOT CPABHUTEIHHO OOJIBIIIE BEK-
Topbl Broprepca. Bo-BTOpbIX, 3¢epHOrpaHUYHbBIE JTUCJIO-
KaIll#, B OTJIMYHE OT OOBIYHBIX, UMEIOT BBICOKYIO ILIIOT-
HOCTb U3JIOMOB, KOTOPas 3aBUCUT OT OPUEHTAIINH T1JIOC-
KOCTHU I'DAHUIILI U HANIPABJICHUS OCH pazopueHnTanuu. B
HaIlleM CJIyYae BaKHO IIePBOEe 00CTOATEIBCTBO, & TAKKE
TO, YTO 3TU IAPHBIE JUCIOKAIINA MOTYT PACIICIIATH-
ca. B rpanumnax (111), manpumep, JUCIOKAIME MOIYT
pacIierIAThCA 1o peakmnn [16]

1/2[110] — 1/6[211] + 1/6[121],
B rpannnax (100) — no peaxiwmn
1[010] — 1/2[011] + 1/2[011].

ITpu u3ydeHnu B JUHAMEKE aTOMHOIO MEXaHH3Ma
Murpanuu Manoyrioseix rpanui (100) n (111) 6o
BBISICHEHO, YTO B IPOIECCE JIBIZKEHUS I'PAHUIBI I1ap-
HBIC 3ePHOIDAHMYHbIE JIMCIOKAIMA PACIICIUISUIICH CO
CMEHOU JHcJIOKauii-napTuepoB. B pesyabrare sToro
BOSHUKAJIN 3UI'3ar000pa3HbIe CMEIEHUsT aTOMOB, Kak,
HanprMep, Ha GOKOBBIX TPAHUIAX Ha pHC. 3. [Ipmaem
paCIIeIJIeHHbIE JIUCIIOKAIINE CKOJIB3UIIN, [IEPEOJI3aHNsT
3aMeveHO He ObLIO.

Murpanusi MaJjoOyIJIOBBIX TDAHHUI] IIPOTEKAIa IIy-
TEeM DACIICIVICHUsT ¥ CMEHBI JIUCIOKAIUI-IIADTHEPOB.
Ha puc. Ba BHUJIHO, UTO B pe3yjbTare paboThl JTaHHO-
ro MexaHu3Ma IIPH MHUIDAIMN MAaJOYIVIOBBIX T'DAHMII
HakJoHa (100) cMmereHnst aToMOB 00PA3yIOT CETKY C
KBa/IPATHBIMHI s9eiiKaMi. B cirydae Murpanum rpanui
(111) moMHUMO yKa3aHHOIO MEXaHU3Ma JI00aBIISAETCS Me-

7*
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Puc. 4. Cxema MexaHU3Ma MUTpaLMn MasoyrioBbix rpanuy, Haknona (100) n (111) B MoHoaToMHOl nnockocTu: a) rpanuua (100),
6 = 10° — cmeHa gucnokauuii-naptHepos; 0) rpavuuya (111), 6 = 7°: 1 — cmeHa gucnokaumii-napTHepPoB, 2 — COBMECTHOE
CKOJIbXXEHNE MapHbIX SUCAOKALM
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Puc. 5. a) DHeprus rpanuy Hakaona (100) (A) n (111) (e) u 6) ckopocTb nx murpauum npu TemnepaType 1700 K B 3aBucumoctn
oT yrna pasopuentauuu 0 B nntepmetannunge NigAl

XaHU3M COBMECTHOI'O CKOJIbXKEHHUS IapPHBIX 3epHOIDa-
HUHBIX EcioKamuii (2 na puc. 46). B ormmame or
3epPHOIPAHMYHBIX JuciIoKanuii rpanur (100), napHble
muciokanmu rparut (111) mmeror obmme mI0CKOCTH
CKOJIBYKEHU, BJIOJIb KOTOPBIX OHM MOTYT CKOJIB3UTDH CO
CPaBHUTEJIbHO HU3KON SHeprueil axkTupanuu. B mpo-
necce murpanmu rpanun (111) Habaopanocs KoMOU-
HUPOBaHHOE JIefiCTBIE 000MX MEXAHU3MOB: COBMECTHOE
CKOJIbYKEHUE TIAPHBIX 3€PHOTIPAHUIHBIX JUCIOKAIAN 1
UX paclielJieHue CO CMEHON JIMCJIOKAIUi-TIapTHEPOB.
IIpu murparmum B TOM 3epHe, Ky/a JBHUrajach I'DaHU-
1a, OOPa30BBIBAINCH CUMMETPUYHBIE YYACTKH, KOTO-
pBbIe IyTeM MTOBOPOTA MOJCTPAUBAINCEH MO, CTPYKTYPY
JpPyroro 3epHa. B cBA3M ¢ 9TUM s9eiiKi CETKHM aTOMHBIX
cMeneHnii ipu murparn rpaaut (111) uvenn rekca-
TOHAJILHYIO (hOpMYy.

Anajiornynble HMCCACIOBAHUA MUIPDALANA IPAHMNLI
ObLIM IpOBeJieHbl Jiist uHTepMeTasuga NigAl. Ha
T
PHC. i@ N300 PAKEHDI 3ABUCUMOCTH SHEPIUH I'PAHAIL Ha-

100

ksona (100) u (111) ot yrua pasopuentanuu B NigAl
Cirestyer 3aMeTUTb, YTO HEPIHsi TPAHUIL IPUMEPHO
B IOJITOpa pas3a Bbilie, 4eM B Ni. DTo 00yCJIOBJIEHO,
B IEPBYIO OdYepesb, BKJIAJIOM 3dhdexTa pa3ymnopsio-
YeHUs, T.€. YBEJIUYEHUEM IPU PA30PHEHTAINN 3€peH
gomu cesizeit Ni-Ni m ocobenno Al-Al, umeronux
MEHBIITYI0 SHEPIUIO [0 CPABHEHUIO CO CBaA3bI0 Ni—Al.

Ha puc. r§6 [IPUBEIEHBl 3aBUCUMOCTH CKOPOCTHU
vurparuu rpanul; B NigAl or yrsa pasopuenranuu.
Hecmorpst Ha Gojiee BBICOKYIO 9HEPIUIO I'PAHUIL, & 3HA-
9UT, U CHJIy WX HATSXKEHUs, CKOPOCTh MUTDAIMH I'Da-
Hull B uHTEpMeTasumie NigAl okazasiack CyiecTBeHHO
MeHbIre, 9eM B Ni — IPUMEpHO B TPHU pasa IpH TOi Ke
remueparype 1700 K. ITo Bceit Bummmoctu, 310 00y-
CJIOBJIEHO JIOTIOJIHUTEILHBIMEI 3aTPATAMU SHEPIUHA HA
pasyropsijiouerre 1 pas3pbiB cBszeit Ni—Al npu jiBuxKe-
nun rpanun B NigAl. Ha puc. :ﬁa pUBEIeH TpuMep 00-
pa30BaHusl Pa3yHoPsI0IeHHON 0OJIACTH 10381 MATDHU-
pytomeit rparunst (111), 6 = 20°. Tlopsimok He ycnesa-
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MOJ'IeKyJ'IﬂpHO-,EI,VIHaMVI‘-leCKOG nccnefoBaHne MUrpaunmn rpaHnd. ..

Puc. 6. OcobeHHOCTM Murpauum rpaHuL, 3epeH B UHTEpMe-
tannnge NizAl: a) obpasosaHue pasynopsigoueHHoi obnactu
nosagn ABuxyLelica rpanuysl (1 — HavYanbHOe nosnoxeHune
rpaHnubl, 2 — TeKyLlee NONIOKEHNE) NPU MUTPALUNA TPaHNLbI
Haknona (111), & = 20° npu Temnepatype 1700 K B Teue-
Hue 1000 nc; 6) «TpybouHas» camopnddysns Bonb sigep
3epHOrPaHNYHbIX GUCAOKaLUii B NPOLECCe MUrpaunu rpaHu-
ubl (100), 6 = 10° B Teyerune 4000 nc

€T BOCCTAHOBUTHCS, IIPOIECC YIOPSIOYEHUs] B TAHHOM
clydae IPOTEKaeT ropaso MeJjIeHHel, YeM MUTPAIus
TDaHUIBL.

Kaxk u B cmygae rpanut B Ni, MaJIoyrI0BbIe TPaHHU-
et (100) B NigAl umesnn npumepHo B jiBa pa3a MEHb-
IIYIO TOBAKHOCTD, YeM rpamupt (111) (puc. 6). Me-
XaHU3M MUIPAIUU MajoyrjaoBbix rpanull B NigAl, B
1ejioM, ObLI TakuM 2Ke, Kak u B Ni. OyHO u3 cyiue-
CTBEHHBIX Pa3/IMuuil 3aKII0YAJI0CH B GoJibineM (u3-3a
CPaBHUTEJIbHO HEBBICOKOU CKOPOCTU MUTPAIUU TPAHUI]
B NizAl) Bruazge quddy3uoHHBIX CMelleHuil aToMOB
B nporecce murpanun. Ha puc. 66 NIPUBEJIEH IIPUMED
ATOMHBIX CMEIIEHWNT B pe3y/brare «TpybodHOil» mud-
dyszun (nuddysun Brosb gliep 3epHOrPAHIYHBIX JHC-
JIOKaIuii) B IPOIECce MUIPAIMN MAJIOYIJIOBO I'DaHU-
et (100), 6 = 10°: BUAHLI TUNUYHBIE ATOMHBIE CMEIIE-
HUs BOJIN3U 3ePHOIPAHUIHBIX JIUCTOKAIHIL, spa KOTO-
PBIX DACIIOJIOXKEHbI [IEPIIEHIUKYJISPHO PUCYHKY (HEKO-
TOPBLIA painyCc TPACKTOPUI 9TUX aTOMHBIX CMCIICHUN
JIaeT IMpEeJCTaB/IeHne O KOJeOAHUHU IOJIOXKEHUN sijiep
JIUCTIOKATIHI ).

4. SAKJIFOYEHUE

B pabore ¢ momorbio MeTo1a MOTEKYISTPHON JTnHa-
MUKHU TIPOBEIEHO UCC/Ie0BaHNe 0COOEHHOCTE 1 Mexar-
Hu3Ma Murpaiuu rpaxun Haksona (100) n (111) B Ni
u uarepmerasumae NigAl. Tist Ni u NigAl nosyuens

101

3aBUCHUMOCTHU SHEPIUil I'PAHUI] U CKOPOCTEH UX MUI'Da-
nuu ipu TeMireparype 1700 K ot yria pazopuentariyi.
TTokazano, uro Gosbuieyryiosble rpanuis (100) n (111)
MHUTPUPYIOT TPUMEPHO C OJUHAKOBONW CKOPOCTHIO TIPH
paccMaTpuBaeMoil TeMIeparype, TOrJIa KaK MaJIOyrJIo-
Bole rpanuipl (100) MUrpUPYIOT IPUMEPHO B JBa pa-
3a memiennaee rpanur (111). Beiscaeno, 1To 310 CBA-
3aHO C Pa3IUYIMeM MEXaHM3MOB MUTPAIUN MaJIoyTJIO-
Bbix rpanur (100) u (111). Murpamums rpanun (100)
OCYTIIECTBJISIETCST TIOCPEJICTBOM PACIIEIIICHUST TAPHBIX
3EPHOIPAHUYHBIX JAUCJIOKAIMN C IIOCJIeAyIOoLeil cMe-
HOW JucyioKanuii-napruepos. [Ipu cmene juciokarmii-
MapTHEPOB HAOJIIOJIAIOCH CKOJIbYKEHIE PACIIEILIEHHBIX
JTACJIOKAITNI; TIEPEeToI3aHne 3aMedeHo He Ob110. B cy-
yae MUrpAIMi MAaJIOYIJIOBBIX rpaHul, Hakjona (111)
HabJII0IAJIOCh KOMOMHIUPOBAHHOE JEfICTBHE JBYX MeXa-
HU3MOB: OIMCAHHOTO BBIIIE U MEXaHU3Ma, 3aKII0TAI0-
MErocst B COBMECTHOM CKOJIBYKEHNN TTAPHDBIX 3epHOTpa-
HUYHBIX JUCJOKAIW, KOTOPbIE, B OTJIUYNE OT 3€PHO-
IPaHUYHBIX JcaoKanuii B rpanunax (100), umeor 06-
M€ TIJI0OCKOCTU CKOJIbXKEeHMs. BTOPOit MeXaHn3M MMeeT
CPABHUTEJIbHO HU3KYIO SHEPIUI0 AKTUBAINH, B PE3YJlb-
rare vero rpauinl (111) ropaszmgo nojBuKHEe TPAHUIL
(100).

Kak mokazaJin MOJIEKYJISTPHO- THHAMITIECKIE UCCTIe-
JIOBAHUSI, CKOPOCTH MUTPAITMN AHAJOTUIHBIX TPAHMUIL
B unrepmerasinie NigAl 3HaAaUMTEILHO HUXKE, YEM B
Ni (upumepno B Tpu pasa upu remueparype 1700 K).
IIpuaumoit 3TOTO SABISAIOCH, B YaCTHOCTH, 0OPA30Ba-
HIE PA3yIOPSI0UEHHON O00JACTH 10331 MUTPUPYIO-
meit rpanunnl B NigAl. Mexanusm mMurpanuun MaJjioyr-
JioBbIxX rpanut] B NigAl Obu1, B 11€/10M, TAKUM ¥Ke, KaK U1
B Ni. O/IHO U3 CyIIECTBEHHBIX Pa3IUYUil 3aK/IF0YaI0Ch
B boJsibeM BKJIa e 1udy3UOHHBIX CMEIIEHIIT ATOMOB
B IIPOIECCE MUTPAIMY W3-38 CPABHUTEIBHO HEBBICOKOM
ckopocTu mMurpaiuu rpasuin B NigAl.
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