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HAHOABOWHUKOBAHUE MAPTEHCUTHbIX KPUCTAJIJ1I0B

U TEOPUA ABANTUBHbLIX A3
C.B.Pywuny, B.J1. Unbnyes

B cmnaBax ¢ a¢dexroM namati GOpMBI, HCIHI-
THIBAIOIIMX MAapTEeHCHTHOE NPEBpAllEHUe HMCXOTHOM
OLK-¢a3bi, oOHapykeHH MJIMHHONEPHOXHLIE Map-
TEHCHTHBIE CTPYKTYpBl, NPUPOAA KOTOPHIX OCTaeTCs
He sacHoit. Tak, B cimaBax cucreMsl Ni—Al ¢ mommke-
HUeM cojepxkanus Hukens Bmecto I'LIT-maprencura
obpasyercs JUIMHHOIEPHOKHAS MOHOKIIMHHAS CTPYK-

Typa 7M ¢ cuMBosioM JKnaHoBa (52), KOTOPYIO MOX-

HO TpakToBaTh Kak rumoreraueckyio I'IIT-cTpykrypy
€ YepeoYIOMWUMUCS MPOCIOHKaMK MaTPUYHOR U OBOA-
HMKOBOM OpPHMEHTHPOBKH TONIIWHOX B IMTh H JBa
cnos, coorsercrseHHo (puc. 1). B cnnase Ni,MnGa

aHAJIOTWYHAA CTPYKTYpa B CHIY aTOMHOrO YHOPSAZO-
ueHnd obo3HauYaeTca kak 14M.
OTHOCHTeIEHOE CMEIEHHE &, ILIOTHOYIIAKOBaH-

HBIX CIOEB B MOHOKIIMHHOM CTpykType 7M mpeBocxo-
IUT BENMWIWHY a/3, XapakTepHYIO U1 HMICabHBIX
IUIOTHOYTTAKOBAHHBIX CTPYKTYP, H MOXKET OBITh Dpen-
cTaBJeHo KaK O = (a/3)(1+¢) . Benmnmauna MOHOKINH-

HBIX HcKaxeHH# & ua cmwiaBoB NiAl u Ni,MnGa

JIEXWUT B MHTepBaJie 3Hadenwit 0,26-0,28 [1, 2].

B psane pabor obpazopanme cTpyKTYpsl 7M 005b-
SCHAIOT OCOOEHHOCTAMH MPEANICPEXONHOTO COCTOMA-
Hus OL{K-¢dazpl, a mMeHHO, pa3MarieHueM MOJI KoJie-
GaHuit c BONHOBBHIM BekTOpoM q=1/7[011] mu6o

aHrapMOHWYECKHMH CMEINEHHAMH IIECTHCIOMHBIX
nradex cnoes (011) ¢ ¥X ymopsixOYeHHBIM PacIoioke-
HHEM Yepe3 oouH cioi [1].

AJbTEpHATHBHAA THUIOTE3a O IIPHPOAE CTPYKTY-
pel TM U Apyrux ATHHHONEPUOIHBIX MapTEHCHTHBIX
CTPYKTYp, W3BECTHad Kak TeOpHA alalTHUBHHIX (a3,
npexnoxena B pabore [3]. CyTh TeopHH amanmTHBHBIX
¢a3 sawmouaeTcsa B ciaenyromeMm. O6pa3oBaHue Map-
TEHCHTHBIX KPHCTAJIOB CONPOBOXIAETCA BO3HHKHO-
BEHHEM YIpPYyroil >Hepruh, oOycIOBICHHON HECooT-
BETCTBUEM KPHUCTALNHIECKHX PpEIIETOK Ha TpaHule
paziena MaTpUYHONR M MApTEHCHUTHBIX CTIPYKTYP.
OmuH w3 crnocoboB MUHMMU3AUMM 3TOH ympyroi

W

1‘1 0]

9Hepruu - (PopMUpOBaHME MAPTEHCUTHBIX ILUIACTHUH,
COCTOSILIMX M3 KBa3UINEPUOAUYECKUX TIACTUHUYATHIX
JOMEHOB [BYyX OPUEHTUPOBOK TOJIUMHOK d, u d,
HaXOASUIMXCS B JIBOMHUKOBOM COOTBETCTBUU. OTHO-
LIEHNE UX OOBEMHBIX HOJei

@ _d .

I-w, 4, M
JOJDKHO OBITh TaKMM, YTOObI OOECMEYUTh MaKpOCKO-
MUYECKW HEUCKaXKEHHYI0 TUIOCKOCTh rabutyca Map-
TeHCUTHBIX KpucTtauioB. CornacHo [3] B ciyyae HU3-
KO SHepruu JABOMHUKOBBIX TPaHUI] TOJNILIMHA JOMe-
HOB YMEHBILAETCS 10 MUHUMAJbHbIX 3HAYEHU, UYTO
pPaBHOCUJIBHO  (DOPMUPOBAHUIO  MPOMEXYTOUHbBIX
aIaNTUBHBIX CTPYKTYp C TepuogoM A =d, +d,.

B paGore [3] xoHLemuMsI TEOPUM amalTHBHBIX
a3 ucnonb3oBaHa IS ONMUCAHUS TMPEBpAIICHUsT UC-
XOOHOU KyOuueckoil ¢ha3bl ¢ TMapamMeTpoM peleTKh
a, B TETPATOHAJILHYIO CTPYKTYpy C IapameTpamu a,
n ¢, Cuuranoch, YTO MapTEHCUTHas IUIACTUHA CO-
CTOUT U3 4YepeNyIoUIMXCS TeTparoHaJbHbIX JOMEHOB
JBYX JBOWHUKOBBIX OTHOCHUTENBHO Iutockoctu (110),
OPUEHTUPOBOK C OCSMM TETparoHaJbHOCTU, 0Opa-
syromMucs u3 HanpasneHuit [100], u [010],, coort-
BeTCTBEHHO. Torma B HpuONIMKEHUM JUHEHHON Teo-
pUU YIIPYTOCTU TEH30DP YCPEAHEHHOW MaKpOCKOMUye-
CKoOI1 nepopMaliy IPUHUMAET CISIYIOIINA BU:

e 0 0 g 0 O
<g@y>=w| 0 ¢ O0|+(0-w){0 & 0. (2
0 0 ¢ 0 0 ¢

3necy g =(a,—a.)/a,, e3s=(¢c,—a,)/a,, ® - gonsa
JOMEHOB TepBOii opueHTHpOBKU. s obecrnedeHus
CBOOOIHOI OT HANPSKEHWI I'PaHUIBI pa3aeia MEeXIy
KyOMYecKoil MaTpuiieil 1 MapTeHCUTHBIM KPUCTALJIOM
nedopmanus (2) OOMKHA SBISATBCS dedopManuein ¢
WHBApUAHTHOM peIIeTKOW. DTO BO3MOXHO IIPU BBI-
MOJHEHUU [BYX YCJIOBUIA: BO-TIEPBBIX, OAWH M3 3Je-

Puc. 1. Ucxoanast OLIK-cha3a (a) n mapTeHcuTHble cTpykTypit FLUT (6) n 7M (B)
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Pywuy C.B., Mnbuyee B.J1.

HanodeoliHukogaHue MapmeHCUMHhLIX
Kpucmainnoe u meopus adanmuseHbix a3

MeHTOB (2) ofpamaeTca B HONb, BO-BTOPBIX, 1Ba ApY-
THX d7eMeHT2 (2) DOJDKHB! MIMETh pasHble 3Haku, [lep-
BOE€ YCJIOBHE ompelelieT TpebyeMyio o0beMHYyI0 N0~
O TUIACTHH NEPBOH OPUECHTHPOBKH

4
Wy =———. 3
€&
BTopoe ycioBHE BHINIOIHACTCS, €CIH SJIEMEHTH € U
€, MMEIOT pasHble 3HaKH, IPHIeM le3| > lell.

IInorHoCTs CHBUTOB Yynakosku (2/7=0,286) B
cTpykrype 7M Omm3ka K paccumrtassod B [3] mome
IBOHHUMKOBON opueHTUPOBKH (~0,3), TpeOyemoit mis
obecredernsi WHBApUAHTHOH IUOockocTH raburyca
MapTeHCUTHBIX kpucTtamnmoB npd OLK—TUT mnpe-
Bpamernud. Ha sToM ocHOBaHmM B [3] cienad BHIBOX O
TOM, 910 00pa3oBaHne MHHHATIOPHBIX IPOCAOEK IBYX
opueHTHPOBOK I'L[T-CcTpYKTYpHl TONMHHOH B UATH U
IBa cnost, GopMUPYIOIMX CTPYKTYpY 7M — pezyiibTat
CTPEMIICHHS CHCTEMB! B MakCHMAaIbHOH CTENCHM II0-
HUSHTH YIPYIYIO SHEPTHIO MeXx(dasHOM MOBEPXHOCTH.
B 3roM cMpIce cTpyKTypa 7M, 10 MHEHRIO aBTOpPOB [3],
ABIfgeTCA afanTHBHOM dazoif. OmHako B pacyerax [3]
UCHONB30BANOCH JOMyWEHAE 0 OEeCKOHEYHO Manoi
BeJlguHe AedopMaryii peBpaIleHys, Tak 9T0 CaMH
pacueTsi ¥ BEIBOIHI [3] TpeOyioT yTOUHEHMS.

BomonauM TOYHBIN pacueT kpucrajuorpadude-
CKUX XapaKTePHCTHK MapTEeHCUTHOTO IpPEBpaINCHUA
ucxopaot OLK — crpykTypsl 6e3 HCIIONB30BAHAS
npuGMKEHMH JuHEHHON Teopuu ynpyroctu. Bymem
CYUTaTh, 4T0 HeOpMalys HpeBpalIeHHs OCYIESCTB-
nsercs AByMs HOCNEOBAaTENbHBIMY JedopManiusaMu ©
HWHBAPHAHTHBIMYA IIOCKOCTAMM:

T=§,-§,. 4)

Ilepsas nedopmauus S, npencrtasnger coboii
cxsur [101](1 10)p ¥ HebOMNbIIYIO MUIATAIMIO, HEOD-
XozumMbie 11 npeoOpasosanus mwiockoctr (110)5 B

IIIOTHOYNAKOBAHHbIE IUIOCKOCTH MApTEHCHTHOH CTpyK-
Typsl. Jedopmarus S, obecrnevuBact NPaBHILHYIO

YKITa[Ky ITIOTHOYTIAKOBAHHBIX CIIOEB B MAapTEHCHTHOMN
CTPYKTYpE 3a CHET OMHOPONHOTO CIBWIa II0 CHUCTEME
[110](110) p- Hedopmauwms S, Ha Makpockonmde-
CKOM YPOBHE KOMIECHCHUPYETCS 3a CUET CKONBKEHHA
9aCTHYHBIX IWCIOKAIMi# 110 IUIOTHOYHAKOBAHHBIM
IUTOCKOCTSM MapTeHcHTa. COOTBEICTBEHHO, IUIOC-
KOCTh raburyca MapTEHCHTHOTO KPHCTaJUIa ompeje-
JIeTCA HENOCPe[ICTBEHHO kaK HWHBapHaHTHas IUIOC-

KOCTh fedpopManiu S, .

H3BecTHO, 9TO OAHOPOAHYIO NeOPMAIIEO MOXK-
Ho 3amath Matpuueit S=I+b-n’, roe I — exuumu-
Hasd MaTpHLa, b — BEXTOP CMEINEHHT, B — HOPMaIb K
IUIOCKOCTH cMemeHus. HMcnons3ys 5To mpexicraBie-
Hyl€e, 3aITHIIeM BeIpaxenus anst aedopmannit S; u S,
B paccMaTpHUBaeMOM CIIy4dae:

S, =I+[l+¢,1+¢y,05][L1+¢y,e5) )

S, =1+¢g[110][110}" . (6)

Bribepem B ucxomno OLK — pemerke opto-

poMbuueckyio smeliky — «mpoobpas» Oymymeidt pe-
etk MapreHcuTa. Opropombudeckas seiika (110),4

3aaercd OasMCHBIMH BEKTOpaMH X, = a[110] 5>
Ym =a[001]5, nexamwumu B rwiockocts (110)4, n

BEKTOpOM Z,,, KOTophilf TpaHCchopMupyercs B OcCh
¢,, MapTeHcuTa. Bribop BexTOpa Z,, 3aBUCHT OT THIIZ
obpasyromeiica MapTeHcHTHOH CTpYKTYphl. Hedop-
mams npespamenus T =8$,-S, mnpeobpasyer BBe-
NEHHBIE BBINIE BEKTOPA X,, , ¥, > Z, B OpTOpOMOIIC-
cxuie GasucHblE BekTopa a,,, b, , ¢, MapTeHCHTHOH

pemerki. COOTBETCTBEHHO, HEM3BECTHBIE TIAPaMETPH
¢, nedpopmampm T nerko HaWTH YHCICHHBIM pelne-

m

HUEeM cleyIole# CHCTEMBI YPaBHEHMIH:

(T-x,)(Ty,)=0, IT-x,,|=a,,
(T-x,) (T z,)=a,b,cos(B), |T-y,|=b,, D
(T-z,)(T-y,)=0, T z,| = ¢,

Ilepeoie Tpu ypaBHeHHs B cuctreMe (7) OTpakaroT OpTo-
TOHAITBHOCTH BEKTOPOB @,,, b, , a Taroke TOT (akT, 410

B MOHOKIMHHBIX CTPYKTypax OCh €, MAapTeHCHTA CO-
CTaBIIET C OCBIO d,, YroNl [ , 3aBHCAIMIL OT BEWIHMHBI

MOHOKJIMHHEIX MCKaxceHU# & . TpH IOCNENHMX ypaBHE-
HUA 00ecTieyMBalOT COBMaicHAe abCOMOTHRIX 3HAYCHIH
3THX BEKTOPOB C MX 3KCHEPUMEHTAbHBIMY 3HAYCHISIMI.

Ilocie HaxOXIEHNS HEU3BECTHBIX ¢, YHCIICHHBIM
pemenneM crcTeMbl (7) HEMOCPEICTBEHHO OIpene-
JUIFOTCA UHAEKCHI IUIOCKOCTH raburyca

I'=11+¢,c5), (8)
HalpaBJieHHE U BEJHYIHA MAKPOCKOIIMYECKOTO CIBUTa
s=[l+¢,1+06,6], 9
BenuIHHA gehopMarid IpH HHBAPHAHTHOH pelieTke
_ "C60m
d

¥ TJIOTHOCTH CHBMIOB YIAKOBKH (0N NBOMHMKOBOMH
OpPHEHTHPOBKH)

d
wo=§5-, an

TpebyeMas i1 KOMIIEHCAIMK CHBHUFOBOH KOMIIOHEH-
Thl HetopMaiuu NpeBpameHus S,. 3aech d — Mex-
CIIOEBOE PAcCTOSHME IIOTHOYNAKOBAHHBIX ILIOCKO-
cTeit MapTeHCUTHOH CIPYKTYpBl; & = (a,, /3)(1-2¢) —
BeKTOp Broprepca wacTiaHON AUCIOKALUA.

Hmxe (cM. Tabnuily) ImpuBeleHb! KpHCTAIIIOIPa-
(uyeckue XapaKTepUCTHKM MapTEHCHTHHIX IIPEBpa-
menuit cmnaBoB Nigy sAly; s 1 NiMnGa, paccan-

TaHHBIE C HMCIOJB30BAaHHEM MAapaMETPOB JIIEMEHTap-
HBIX fYeeK, IPUBENEHHBIX B paboTax [1, 2].
PaccuuTaHHBBIE TWIOCKOCTH raUTyCca ¥ OpHEeHTAI-
OHHBIE COOTHOLIEHMS XOpPOIIO COTIIACYIOTCS C IKCHEpH-
MEHTAIbHBIMU JaHHbIMU. Haubosnee BaxHBIH pe3yiib-
TaT BHIIONHEHHBIX PacyeTOB 3aKIMIO9AETCA B TOM, A0~
JIs CNIOEB B JBOHMHHUKOBOW OPHEHTHpOBKE, Tpebyemas
Ui obecreueHrs MHBapHaHTHOM ILIOCKOCTH raburyca

Cepusa «<MeTtannyprus», sbinyck 11
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Kpucrannorpadmyeckue xapakrepuctuku OLIK—7M npeBpalueHus

Kpucramorpadideckas XapakTepHCTHKA Cnnas Nig, sAly; 5 Cmnap Ni,MnGa
IInmockocTs raburyca (-8,8,1, —11,8) (-5,2, 1, -7,8)
Yron mexay wiockoctsiva (110)5 u (100),, 2,3° 2,7°
Vron Mex /Iy HampapieHuIMHE [110] p 1 [100],, 2,9° 3,6°
Benuuuba MaKpOCKOIIMYECKOro CIBHUra 0,109 0,135
Benmuvna nedopMalivi ¢ MHBapUaHTHOM PEINETKOMN 0,111 0,109
Tpebyemas noyis TBOMHUKOBHIX MPOCIIOEK 0,348 0,326
TpebyeMmast nons DBOHHMKOBBIX MPOCIIOEK MO pacdeTaM [3] 0,29 0,30

z 04 z 04 JlomoHUTEMbHEIE HOBOIBI NPOTHB TAIOTE3bI 00
1 g 03 g 03 aJlanTBHOU MpHpoie MapTEHCUTHOM CTpYKTyphl TM
= gf E 02 B HHKEJNIEBBIX CIUIABaX CIEAYIOT M3 aHAIU3A HX [H-
o é 00 E 01 ¢bpaxkuuoHHBIX kapTuH. Hibke NpeAcTaBICHBI Teope-
g 012345678 a 00135678 THdeckue npoduan mHTeHCHBHOCTH I'TIT-KpHCTaiNa,
T TonumHa nnactim TonLmHa nnacTvH conepxxamero apoMuuku cuctemsr (111)[112] ¢ po-
_ci> *] aeit 2/7 (puc. 2). BuguM, 4ro ceMb OTpaKeHHMit Ha
o neprosie 06paTHO peleTKy, CBHIeTENbCTBYIOIHE 00
< o0pa3oBaHuK JINHHHOTIEPHOIHOM CTPYKTYphI ™,
BO3HMKAIOT TOJILKO IPU IPENETbHO HU3KOH Iucmep-

cuu TonmunyHe mwactu (D <£0,2).
3 60 120 180 240 a00 360 TpymarO HpenCTaBUTh, YTO €IWHCTBEHHAf IIPU-

MepemeHHasn oBpaTHOro NPOCTPaHCTBE

,S:0,4 §0,4
5 0.3 5 03
g 02 £ 0,2
= 0,1 x 0,1
204 & [
S 0,0 g 00
012345678 012345678

TonwmHa nnacTnH TonwuHa nnactus

NHTeHcnBHOCTL

(0,348 — m1x ciuasa Nig, sAly; s 0,326 — g cruna-
Ba Ni,MnGa ) 3Ha9UTENBLHO OTIIYaeTCA, KaK OT olle-
Hok [3] (0,29-0,30), momydeHHBIX B paMkax HpHOIIH-
KeHuA GeckOHeYHO MabIX AedopMaliyii, Tak W OT 3Ha-
yenus 2/7=0,287, COOTBETCTBYIOIIETO CTPYKType
7M. CooTBeTCTBEHHO, HET OCHOBaHMIl TPaKTOBaTh
CTPYKTYPY 7M B yKa3aHHBIX CIUIaBaX Kak afaliTHBHYIO
¢pazy. Cxopee B KadecTBe Takoii amanTHBHOH (asbr
JojpkHa ObLIa BRICTYNATh CTPyKTypa OM (21), ¢ mnot-
HOCTBIO cIBMTOB ymakoBku 1/3 = 0,333, obpasyromas-
cfl, HarpUMep, B MEIHbIX cIviaBax. OHako B CriaBax Ha
OCHOBE HHKeNd CTpykTypa 9IM He oOpasyetcs.

YpHA — CTpeMJIeHHE IIOHH3WTh YHPYIYIO JHEpTHuio
Mex(azHOH TIOBEPXHOCTH — MOXKET 0DECHEYUTh CTONb
BBICOKYIO PErYIAPHOCTb ABOMHUKOBOM CTPYKTYDBL,
TeM Gonee 4To nons (2/7) COABUIOB yNaKOBKY B Hell He
CTPOTO COOTBETCTBYET TPeOOBaHMIO HEWCKaKEHHOM
IDIOCKOCTH raburyca.

Taxkum 00pa3oM, BBIIIONHEHHBIE KPHUCTAJLUIOrpa-
(bugeckue pacuersi ¥ MOJAENUpPOBaHMe AUGPAKIUOH-
HBIX KapTWH CTPYKTYphl 7M K NO3BONAIOT yTBEp-
XKIaTh, 9T0 BEBOJ paboT [2, 3] 06 aganTUBHON MpU-
polle MAapTEHCHTHOM CTpyKType 7M B cInasax
Nigy sAly;5 1 Ni,MnGa sBisercss OMHMOOTHBIM.

HctuHHblE NPUYHHBl MOABIEHHA OSTOH CTPYKTYpHI
CBS3aHBl ¢ OCOOCHHOCTAMH IIPEIMAapTEHCHHOIO CO-
CTOSIHUS, a UIMEHHO ¢ pa3MATYeHHEM MOJb! Koseda-
HHUIi ¢ BOJTHOBEIM BeKTOpoM ¢ =1/7[011}.

Pabota noppepxana rparrom PODU 05-08-33707-a.
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