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fiOK33biB3eT, \JTO B o6rueM cnyqae )'3eJI COCTaBHOH o6p~T~OH peweTKH MO)KeT CO.IJ.ep;KaTb 

OT li.Byx 11.0 BOChMH KOMllOHeHT B 3aBHCHMOCTH OT TOro, CKOJlbKO 3JieMeHTOB CHMMeTpHH 

HC-¢a3bl coxpawnor csoro opneHTaUHJO npn <t>33oBOM nepexoJle. KaK npaBHJJO, npn 

norepe noaopOTuoH ocn 4.:ro nop$l.!lKa, peweTKa Kpncranna coxpaHSter 3TO HanpaB.TieHHe 

B npocrpaHCTBe H, CJ1eli.OB3TeJlbHO, "lHCJlO KOM:noHeHT )'3Jl3 COCT3BHOii o6paTHOH: 

peweTKH HC-¢a3bl MO;KeT 6b!Tb 4 wm 2 .. HMeuuo raKM CH1)'3J,I.WI peanmyerc51 a 

KilHCTannax KH,PO, (nepexoJl J42d--.Fdd2) HJJH YBa,CuO,., (nepexoJl 

P4/mmm~Pmmm). JlBOHHHKOB3HHe 3THX KpHCTaJmOB H3}"JaJIOCb BO MHOniX pa6oTax 

(CM., HanpHMep, [12,13] H [14,15]), H 6b!Jl0 nOK232HO, 'ITO peanHJ)'IOTC• o6e CHty2UHH, 
KOTOpbie B repMHH3X Cli.BHfOBbiX Jle<!JopM3UHH MO:lKHO llpeli.CT3BHTb Kax. .O.BOHHHKOB3HHe 

no MeX3HH3MY "LJHCTOro" HJlH "npocroro" C.O.BHroB (pHc.l). llpH, li.BOHHHKOB3HHH ll)TeM 

liHCTbiX C.!lBHrQB BCe )'3Jibi o6paTHOH: peweTKH COCTOSIT H3 JlBYX KOMllOHeHT. QqeBH.UHO, 

"'TO KOH<IJHryp3UHIO, o6p33yJOlllylOC51 B pe3yJibT3Te npoCTblX Cli.BHrQB, MO:lKHO llOJI}"JHTb, 

paccMaTpHBrul JlBYXCT3Jl.HH:HbiH: npouecc - "lHCTblH Cli.BHr H llOCJie.nyJOWHe llOBOpOTbl 

51t:JeeK no H npoTHB "l3COBOH CTpeJJKH Ha yroJI y/2. IJpH 3TOM BCe )'3.llbl COCT3BHOH 

06paTHOH: peWeTKH CO.!lep)K3T t:feTblpe KOMllOHeHTbl, KpOMe )'3JIOB THll3 (hhQ), 

COCT051lllHX H3 Tpex KOMllOHeHT. 
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Puc.]. Cxe.wa pacUlen./ieHUJl. }'31108 o6pamHoU pewemKu KpucmaJUla npu ¢a3ooo.M 

nepexoOe 4/mmm-»nmm o pe3}'llbmame 11ucmwx cOeuzoe no [ 1 10] u [-1 10] 
HanpaoJleHUJU4 (a) u npocmblX cOouzoo no [ 100] u [010] HanpaoJieHUJLM (6) 

mempaZOHOJibHOU pewemKu HC-tjJa3bl. llpu OooUHuK060HUU no cxe.we (a) o6pa3yemc.R 

oOuH mun Oo.weHOO c npomueonollO:iKHbl.MU 3HOKO.Mu cOouzoooU OetjJop.walfuU (;tP), npu 

OooiiHUK06aHuu no cxe.we (b) o6pa3y10mC.R Ooa muna, e KaJKObtU U3 KOmOpt>I.X exo0Jlm 

Oo.weHbl c npomuoono.11o~Hbl.MU 3HOKO.MU cOeuzoeoU Oet/Jop.waijuu (:tSa. :tSo). Yzo.11 

OooUHUK06QHUJl. o603HOIIeH &~epe3 r 

B nureparype HH<IJOpMaUH.SI o noMenax B La2Cuo .. npaKTH"lecKH orc)Tcrsyer. B 
[16] ynoMuuaerc51. \fTO B ornuque or Y-123, B La2CuO.. He Ha6monanHcb 
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HeKorepeHTHLte rpannUDI Mel<.lly JlBOit:HHKaMH. B pa6ore [17] c nOMOWbJO 3JJeKTponnoro 

MHKpocKona myqMacL 3aonwr.iWI JJ.BoHnuKoaoH CTp)'KrypLt a La2Cu04 npu H3Meneuuu 

reMneparypLI. fioJJ.po6uDIH . aH3JlH3 MHKpocTp)'KTypLI KPHC!3JIJIOB La2_xSr:w.Cu04+b• 

BLlpalllCHHLIX_ B DOTOKe CuQ C_ DOCJJCJl)'IOlllHM ODKHfOM B 02, CJl,eTI3H B pa6ore (18]. 

3KcnepHMCHTLI 6WJH BbiDOJJHeHLJ Ha HeHTpoHHOM MOHOKpHCT3JlbHOM JJ.H<PpilKTOMeTpe C 

A.--Q.833 A B LLB, CaKJie, Ha HecKOJJbKHx Kpucra.rmax, B TOM I.JHCJie c x;:::;O. C noMOlllhJO 

(1)-CKaHHpoBaHHJI H36JIJOJJ.3.110Cb paCIUellJICHHe DHKOB, H 6bUIO DOKa3aHO, 'ITO no KpaifHeif: 

Mepe B HeKOTOpLlX KpHCT3JIJlax ,llOMCHH<UI CTp)'Krypa COOTBeTCTBYeT OXHJl,3CMOif:, T.e. 

)'311Ll COCT3BHOif: peweTKH COJJ.epxar lfeTbtpe KOMDOHCHTLI. 

3. II poBel{enue 3KcnepHMeHTOB 

3KCnepHMeHTaJibHble .llaHHbJe, DpHBeJl,eHHble B lf3CT051Weii pa6ore, 6bUIH 

DOJJyt~eHLJ Ha "I.JeThlpeX KpHCTaJUiax La2CU04~6 , KOTOpbie B ,ll3JlbHeif:WeM 06o3H3lf3JOTC.ll 

KaJC Ll, L2, M4 u NL KpHCT3Jl11bt Ll, L2 u M4 BhtpamnaarrucL a repMO.UHH3MHlJ"ecKH 

paBHOBecHbJX yCJIOBIDIX MeTO.llOM paCTBOpa-paCIDI3B3 H .llODHpoBaJIHCb KHCJIOpOJJ.OM B 

K3Mepe BbiCOKOro .u.aa'leHIDJ JJ.O 8;:::;0.02 - ?-04- KpHCT3Jl11 Nl Bbtpaweu MeTO.llOM 30HHOH 

rut3BKH DO.ll ,ll3BJieHHeM KHC110p0.D.3 8 3TM npH CKOpOCTH KpHCT3JIJIH33UHH 0.6 MMfttaC. 

IJo .ll.3HHbiM HH3KOTeMnepatypHbiX peHTreHOBCKHX H HeifrpOHHbiX H3MepeHHH JlB3 H3 HHX 

(L2 u N1) ucnbtTbiBaJIH ¢33oaoe paccnoeaue ua o6oraweHHbte u o6e.uueHHbte 

Kncnopo.uoM o6nacru, .usa .upymx (Ll u M4) - uer. PacCJioeuue npo.aBJUlJlo ce6SI KaK 

JlODOJlHUTeTibHQe (KpOMe JlBOifHHKOBOfO) pacweruteHHe .llH¢'paKUHOHHbiX DHKOB C 

ueuyneBblMH k H I HH.lleKcaMu MHJUJepa, 'ITO CBRJauo c p33HbiMH napaMerpaMu b H c 
311CMCHtapHbiX StteeK B03HHK310WHX <IJa3 (no.o.po6uee CM. (3-6]). 

HeHrpouorpa¢HttecKue 3KcnepHMeHTLl BbtnOJIHCHbl B JIHCI> OliSIH ua 

HMDYJibCHOM peaKTOpe 116P-2 Ha .llH¢'paKTOMeTpax no BpeMeuu npOJieTa Cl>,UBP H ,UH-2. 

CJ>,UBP SIBJUI"eTCSI KOppeJUIUHOHHbtM ueHtpOHHblM CDCKTpoMeTpOM BbiCOKOro pa3peweHWI 

C HCDOJib30B3HHeM 6btCTporo <IJypbe-npephtB3Te.JIJl" ,llJUI MO.O.YIDI:UHH HHTeHCHBHOCTH 

HeHtpoHHOfO D)"'IK3. 0rHOCHTeJ1bHoe pa3peweuHe <l>,UBP DO MeXDJIOCKOCTHOMy 

paCCT051HHJO dhkl 33BHCHT OT M3KCllMa.JlbHOH CKOpoCTH BpaW.CHIDI npepblB3TeJI5f H B 

3KCnepK."!:eHT3X C La2Cu04 COCT3BJUUIO OT 0.0009 Jl,O 0.0015. B OCHOBHOM Ha <l>JlBP 

JUMepSUIHCb OJlHOMepHbie .D.H¢paKUHOHHble cneKTpLl C pa3BepTKOif B,llOJib HeKOTOpblX 

uanpaBJieHHH panu-yca-seKropa a o6paruoM npocrpaucrne H c perncrpauueH acero 

orpaxenuoro n)"!Ka c nOMOlUbiO .uereKTopa c 6onhwoH aneprypoH. IlpHMep raJCoro 

cneKTpa .n.au ua puc.2, ua KoropoM BH.llHLI nOp5UlKI-i orpa.xeHIDJ OT rutOCKOCTeH (hOO) I 
(OkO) CO 2-ro no 8-H, COCTO.IlWHC H3 .II.Byx flHKOB, COOTBeTCTBytOlUHX JlB)'M OpHeHT3UH.SlM 

.Il.OMCHOB 8 o6beMe o6pa3Ua. ,UonOJJHHTeJibHO H3 cl>Jl.BP 6wiH npoae.n.eHhl H3MepeHID1 c 

xopoweH ymosoH KOJIJIHMauueH nanawwero H paCCe$1HHOro DYlfKOB (OKOJIO 10 ym. 

MHH.}, ttTO fl03BOmUJO p33JleTIIITb KOMDOHeHTLl COCTaBHOH o6paTHOif pellleTKH, 

pa3sepuyrbte no yrny. 

Ha .ll»¢paiCroMerpe .UH-2, o6opyJJ.oaauuoM .D.ByxKOOp.llnHaTHblM no3HUHOHHLIM 

.IleTeKTOpoM (IJII,Il) C npocrpaHCTBeHHhlM pa3peWCHHCM OKOJIO 0.3 CM, H3Mep.l111HCh .D.By-
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HJIH tpeXMepHbte pacnpe,lleTICHIDI HHTeHCHBHOCTH B y:m:ax COCTaBHOif: o6paTHOif: pewenrn. 

MeTO.ll -BpeMeHH Dpo.11eT3 B KOM6HH3IUIH C JJtUl Jl3eT B03MOXHOCTb HenpepLIBHOI'O 

CK3HHpOB3Hllil (npHliCM 6e3 KaKHX-JIH6o DOBOpoTOB. o6pa3U3 HJIH ,llCTCKTOpa) o6beMa 

HJIH ceKTopa B o6paTHOM npocrpaHCTae KpHCT3JUla. Pa3BepTKa no .IJ.JIHHe BOJIHbl 

Heif:TpOH3 COOTBeTCTBYeT CK3HHpOBaHHJO BAOJib pa.D.Hyca-BeKTOpa H o6paTHOI'O 

npocrpaHCTBa, ropH30HTaJibH<UI H BepTiucaJibH<UI OCH IJII,Il o6ecnelffi83JOT CKaHllpoBaHMe 

B nepneH,!lHKYIDIPHLlX H HanpaBJieHIDIX, T .e. H3Mep51eTCSI 33BHCHMOCTb HHTeHCHBHOCTH 

paCCeSHIDI OT TpeX K00pJJ.HH3T B o6paTHOM DpocTpaHCTBe. IlpH C)'MMHpoBaHHH (B 

HCKOTOpoM HHTepBaJie) HHTCHCHBHOCTH DO O,llHOif: H3 oceif: ,lleTeKTOpa pern:CTjmpyeTC51 ee 

.D.B)'Mepuoe pacnpe.lleneuue B HeKOTOpoM ceKrope o6paTHOI'O npocrpaacraa. 

1.2 

4 
(hOOf I [OkOJ 
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Puc.2. HeUmpmwzpa.M.M.a, U3MepeHHa.JI. Ha (f>,ll.BP eOOJZb Ha"npaeJZeHUJl [hOO}![OkO] 

cocma(JHOU o6pamHoU pememK.u K.pUCma.Jl.lla L2 u npeOcmaeJZeHHa.JI. e mK.aJle 
.Me:«nJlocK.ocmH.bl.X paccmo.1muU. Ka:«OblU U3 nop.llOKoe ompa>KeHU.Jl cocmoum U3 Oeyx 

nuKOB, omHOC.IllquXC.Il K Oo.MeHa.M c npomueonoJZoJKHbLM 3H.aK.OM cOeuzoeoU Oelj;opMa!lUU 

O.o.uo H3 .llB:yMepHbiX pacnpe.IleneuuH noK33aHO ua puc.3 B KOOp.nuuarax apeMeHH 

nponeTa, COOTBeTCTBYJOIUefO liiKaJie MeXJIJIOCKOCTHbiX paCCTOSJHHif:, H yrna pacCe.liHWI. 

Auanu3 JlBy- u TPeXMepHLIX pacnpe.uenenuH HHTeHCHBHOCTH .uu¢pax:UHOHHLIX IlHKOB 

DOK333Jl, 'ITO )'3Jlbl COCTOST H3 .D.Byx wm: 1peX KOMDOHeHT, OJl,HaKO CpaBHHTeJibHO HH3KOe 

pa3peWCHHe .UH<IJpaiCTOMerpa no dhkl He TI03BOJIWIO npOaH3JIH3HpoB3Tb .neTaJIH. 3TH 

3KCnepHMeHThi Jl,aJIH TeM He MeHee BU.:Hoe .ll0Ka33TeJibCTBO 06DCMHOCTH H36JIJO.D.3eMblX 

3<!J¢eKTOB H, KpOMe TOfO, TI03BOJIWIH flOJiyqnTb OTHOCHTeJlbHbte BeJIINHHbl 

HHTeHCHBHOCTeJ:i KOMDOHCHT B p33HbiX DOpHJJ.Kax OTpU.:CHIDI. 

,!lru1 flOJI)"'eHIDI 6011_ee ,lletaJibHOH HH<}?OpMailHH 0 COCTaBHOif o6paTHOif peweTKH 

H3MepeHIDJ B OTJl,eJlbHbiX ee )'3Jl3X 6b!JIH npOBe,lleHbl Ha peHTreHOBCKOM JlH<}?paKTOMerpe 

SIEMENS D-500, MOJJ.epHH3HpoBaHHOM .IJJJJI nposeJJ.eH.llil H3MepeHnH c 

MOHOKpHCTaJIJ13MH, Ha C~l,al WlH Ha MOHOXpoM3TH3HpoBaHHOM Cul<.a, H:myqeHHH ,lliDI 
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KpHcra.rmos Ll, M4 u Nl. CKaaHpOBa.HHe OKpecrHOCTH )'JJIOB o6paruoH pewerKH B 

Puc.3. ll.oyMepHoe pacnpeOelleHue UHmeHcueHocmeU, U3.MepeHHOe Ha OucjJpaKmOMempe 

/l,H-2 e uHmepeOJie yzAOo pacce.R.HU.R. :t5° eOOJZb HanpaoJZeHUJI. (hhO) Kpucma.JiJla M4. 

BuOHo.t Qqa nop.R0Ka ompa)KeHUJI. (220) u (440), p03eepmKa cneKmpa no opeMeHu 

npollema u no )'ZllJ pacce.R.HUR coomoemcmqyem cKaHupooaHU10 oOoJZb u nonepeK 

paOuyca-oeKmopa o6pamHoU pememKu 

ll.r'TOCKOCTH paCCejiHID!: OC)'llleCTB.JUI'JIOCb pa3,1leJibHbiMH .:I.BH)KeHlUIMH ,lleTeKtOpa (no 28) H 

o5paJua (no ro), 'ITO no3BO.IUI1IO nonyqHTb HeHcKU:eHHOe oro6pa;t:eHHe 3a.D.3HHoro 

CeKTOpa B Ce'-teHHH (a*, b*) (pHC.4). KpHCTaJL'T L2 OKa3aJ1Cjj' COCTOjj;U.UW H3 HeCK011bKHX 

5JJOKOB, nonoMy )l)ljl Hero peurreHoBCKHe .ll.B)'MepHbJe pacnpeneJiemur He H3Mepjj;JIHCb. 

L1 
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Puc.4. /l,oy.MepHoe pacnpeOelleHu~ 

UHmeHCUOHOCmU, U3.MepeHHOe .HQ 

Cu(Ka]) U3ll)'!leHuu o 

OKpecmHocmu )'3Jla (060) 

KpucmaJUia LJ. BuOHo.t mpu 

OCH08Hble KO.MnoHeHmN, Oee U3 

KomopblX coeOuHeHN 

Henpepb18Hbt.M pacnpeOeJieHue.M 

UHineH"cU8HOC1nU 

4. PeJyJILTaTLI 3KcnepHMemou 

4.1. llapa.Mempbi:JJie.A.teHmapHbU .RI!eeK 

IJapaMeTpbl H CTCTICHb poM6H9HOCTH ~meMeHTapHblX ~lfCCK KpHCTaJIJIOB, 

onpe.D.emrnHcb H3 CneKTpos Bbtcoxoro pa3peweuiDJ, H3MepeuHbiX ua <l>JlBP (ra6nuua 1). 

,UmppaKUHOHHbte TIHKH OT .D.BOHHHKOB gBJISUiHCb xopowo onpe.neneHHblMH·, C wHi>HHOif 

6n:H3KOH K WHpHHe cil)'HKUHH. pa3peweuHJJ JlH.¢pax:rOMerpa. Ha OJlH0MepHb1X cneKTpax, 

H3MepeHHblX BJJ.Onb pa,uuyca-BeKTOpa B o6paTHOM DpocTp3HCTBC, HHTCHCHBHOCTb MC)KJJ.}' 

TIHKaMH JlBOifHHKOB COOTBeTCTBOBaJI3 clJOHOBOif ('ITO BH.UHO H3 BCT3BKC pHC.2). 3To 

03H3lJ3eT, lfrO KpHCTaJJJJbl COCTOstT H3 .llOMCHOB, HMCIOlllHX OJl.HHaKOBble napaMeTpbl 

::meMCHTapHblX J!:'-lCeK, 3 nepeXO.!I.HbiC o6naCTH DO MC:lt<ruJOCKOCTHOMy. paCCTO,SJHHlO, 

ua6mo.naswHeCjf, uanpuMep, s Yl23 s pa6ore [16], B La2Cu04.b orcyrcrsytOT. 

PoM6w.moCTb HCCJie.D.osaHHbiX KpHCTaJUIOB, onpe.D.eJUJeM351 KaK r-200(b-a)l(b+a), 

sapbHpye-rcjl or 0.58 no 0.83, '-ITO coorserCrsyer ymaM . .D.BOiiHHKOBaHlUI y ua cxeMe 

pHc.l OT 20 ,!J.O 28 yrn. MHH. 

Ta6JIU/.IQ I. napa.M.empbt (a,b,c) 3/le.MeHmapHoU .R.!leUKU Kpucma.JiJl08 La:-CuO(•& 

po.M6UilHOCmb r u yzo11 OeoUHuKoeaHUR y(T=293 K, np. zp. Bmab) 

KpHCTaJIJJ Ll, 6,0.03 L2, 6~0.04 M4, 6,0.02 Nl. 6,0.018 , 

a, A 5.3618(2) 5.3597(1) 5.3525(2) 5.3473(1) 

b, A 5.4001(2) 5.3907(2) 5.3959(2) 5.3919(2) 

c,A 13.1688(3) 13.1823(2) 13.1519(2) 13.1332(2) 

r=200(a-b)l(a+b) 0.712(5) 0.577(5) 0.808(5) 0.830(5) 

'f, yrn. MHH. 24.5 19.8 27.8 28.5 
-- - ---- -· 

_L_ 

Ha6mo.D.aBllJHecjl noracaHIDI He npontsope'-IWIH o6menpHID!tOH. .DJijl La2Cu04.b 

npocTpaHcrseuuoH rpynne Bmab, a HMeHHO, pa3peweuHbiMH jiBJijiJJHCb nliKH c h+l=2n 

}l)IJl pe<j>neKCOB mna (hkl), h=2n JJM pe<j>neKCOB (hOJ) H k=2n JJM pe<j>neKCOB (hk0). 

.IlmJ>paK.UHOHHbli:f CneKtp, )leMOHCTpHpylOWHii OJlHO H3 STHX npaBKll, npHBe,lleH Ha pHc.5, 

Ha KOTOpoM BH,llHbl nopMKH OTp3.)KeHID!: OT ruJOCKOCTeH (h02h) / (0k2k), npH9eM 9eTHble 

nOp$Ul.KH Otp3.)KeHID!: CQCTQjJT H3 JlBYX mtKOB, COOTBeTCTB)'IOUlHX JlB)'M OpHeHTalllliiM 

.U.OMeHOB B ofu.eMe o6p33Ua, a .DJISJ He9etHbiX nOpjj;JlKOB nHK (h02h) 3anpew.eH 

BCJie.D.CTsHe Bmab CHMMerpHH. 
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[!!] r.a,cuo,., 
Puc.5. HeUmpoHoZpa.M.Ma, 

(018) U3MepeHHQJl HQ C/J.U,BP 800Jlb 

HanpaeJZeHUJI [h02h]I[Ok2k] 
cocmasHoii o6pamHoU 

( .. ) 
pewemKu KpucmaJUia U. 1.99 2.00 2.01 2.02 2.03 

I 
lfemHtJte nop;u)Ku ompa";KeHUJl 

OJ 
cocmollm U3 Osyx nwcoe, 
omHOCJltqUXCJl K Oo;.ceHaM c 

npOmU60nOJI0)KHIJI.M 3HQKOM 

cOeuzoeoU Oe¢op.wat~uu, o 

'" '"' l.OS HellemHblX nop;u}K(u; nuKu c 

I <"'~ I (h02h) 3anpeUjeHbl 6 

I coomoemcmsuu c Bma_b , 
cw.t.MempueU Kpucma.Juw 

20 2.5 3.0 3.5 4.0 4.5 5.0 
[O,k,2k] I [h.0,2h] 

4.2. HeU.mpoHHble 06yMepHwe cetteHu..R 

Ll.B)'MepHbie pacnpe.u.eneHID!' HHTeHCHBHOCTH B y:max o5p3THOH' peweTKH ( O.UHO IB 
HHX DOK333HO H3 pHC.3), -~3MepeHHbie _H3 ;IH¢paKTQMeTpe JlH-2 B Ce'ieHHH [hk0] 
KpHCTaJIJIOB, 33Be.D.OMO He )'KJlail,blB3K>TC$1 8 KJI3CCHt:JeCKHe CXeMbl, npHse.ueHHble H3 
pHc.l. boJlee tJeTKO OTJJH1.Jllil BJ.UI.Hbl H3 pHc.6, rne UOK333Hbi Ce'ieHllif .!l.B)'MepHb!X 
pacnpe.aeneHHH sJJ.OJib Ko~moHeHTbi BeKTOpa H, nepneH.UuKy.ru!pHoH pau.Hycy-BeKTopy 
)'3.>13. Ec;m p)'KOBOJl.CTBOBaTbCJ!: o6br1.JHO scrpe1.IaiOIIUL\fCX sapHaHToM npocTbiX CD.BHfOB 
flO HanpaB.t1eHH.SIM (IOQ) M (010) HC.XO.D.HOH: TeTparoHaJibHOH: peweTKH, TO H~ pH.c.6a 
nomKHbi 6bJTb BH.!l.HbJ nsa nHKa, a Ha pHc.6b - TpH. PaccTOSHHe MC)!(Jl)' KpaHHHMH 
KOMOOHeHTaMH OHKOB (400)/(040) KpHCT3JVI3 M4 COCT3BJIXeT 37 yrn. MHH., "'TO B -1.5 
pa3a 60JlbWe, 1.JeM MO::KHO 6bl110 O::t'H.!lan; H3 Jl,3HHbiX no poM6H1.JHOCTH. C D.pyroH 
CTOpOHbl, .ll.r1Sf )'3 • .13 (440) paCCTO$JHlfe MC)!(Jl)' KpaHHH.MH KOMOOHCHTaMH COCT3BJUICT 
OKOJIO 39 )TJI. MHH., 1.JTO B -1.3 p333 MeHbWC, 1.JeM )l3eT CXeMa npOCTblX C)lBHfOB, 

4.3. YZJl060e CKOHUp060HUe HQ t:/JJ!BP 

3-ru H3MepeHrn~ 6wm nposen.eHbt ,U.TUI Kpucrarma M4. Onu no.nTsep.D.WIH B 
06lUHX \feprax .n,eTa.rm pacnpC,lleJICflllil HHTCHCHBHOCTH KOMOOHCHT B )'3113X o6paTHOi1: 
pellieTKH, OOpe.n,e..1eHHblC H3 nH-2, H 003BOJIWIH OOJI)'lJHTb .llOOOJIHHTeJlbH)'lO 
HHciJOpM3UHJO 0 napaMeTp3X 3JICMCHT3pHhiX Jl:1.JeeK .llJUI OT.D.eJibHbiX Jl.BOii:HHKOB. 1lruJ 
HanpaBJieHUH {100) H {010) OTHOCHTeJJbHb!H: pa36pOC B 3H3\fCHHXX napaMeTpOB Q H b He 
npeBbtllia.JI 0.05%. CTOJlb )!(C xopowo onpelleJJeHHbtMH oKa3a.JIHCb MC)!(n.llOCKOCTHble 
p3CCTO$JHHX OOpXJIKOB OTpUCHHSf OT rviOCKOCTH [ 110], H30pHMep d220 ,U.TUI p33HbiX 
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KOMnoueHT sapbupoBa.JIOCb He 6011ee llCM Ha ±0.00 1 A. 3ro 03HaqaeT, 1.JTO KOMriOHCHTbl 

)'3JIOB THna (hhO) pa3sepeym crporo nepneH.l!HK}'llllpHo pa,JlH)'Cy-seKTopy o6paTHoi! 
peweTKH. 

(a) 

0 20 40 60 80 100 120 
Yron pa<:ce!I}OOI (yen. en.) 

0 20 40 60 80 100 120 
YI'OJl p3Cce!!I!Hll (yen. e.a,.)' 

Puc.6. Pa36epmKa pacnpeOeJieHuU uHmeHCU6Hocmu 6 KpucmaJI..Ile M4 6 )'3/IOX (440) (a) 
u (400) (b) no yZJiy pacce.flHu.R, m.e. 6 Hanpa6JieHuu, nepneH0UK)'JI.JIPHOM paOuycy
aemopY )'3/la. CmaHOapmHoe 06oUHUK06aHue no cxe.ue npocmbi.X c0auzo6 Ooll>KHO 
6Wlo 6bl npu6ecmu K 06)'M Ha6Jl1o0aeMbl.M KOMnoHeH11Ul.M QJI.Ji ( 400) u mpeM 
3Kau0ucmaHmHbl.M. KOAmOHeH11Ul.M OJLR (440). CnllomHaR JIUHu.R - pe3)'Jibmam onucaHU.Jl 
mpeM.R zayccuaHOMU, noJio>KeHUR Komopbi.X noKa30Hbl IUmpu.xOMu 

4.4. PemnzeHoacKue OsyMepmxe ce'leHUJl 

PeuTreHOBCKOe .llB)'Mepuoe cKaHuposauue OT.lle.JibHbiX y:mos o6paTHOH: peweTKH 
6bl110 npose11eHO .ll1l$J KpHCTaJIJJOB L1, N1 H M4. Hau6onee no.npo6uo ucCJie.u.osaHbl 
KpHCTaJl.llbl LJ H NJ, Ha KOTOpblX 6bUJH H3MepeHbl pacnpeJleneHIDI (600)/(060) H (00!4) 
Ha 633HCHblX a, b, C - HanpaBJieHH.SIX H (440) Ha ,llRaJ'OHa.JibHbiX {110) H [-110) -
HanpaBJICHHSfX. .3TH pacnpene.neHHSf HMe.JIH K3K 06lllHC, T3K H OTJIH1.JHTe.JlbHbiC 
OC06eHHOCTH. 

Y3en (0014) y o6mu KpHCTaJIJIOB 6bm O.IlHHO'"lllhlM c WHpHHoH, 
COOTBeTCTBYJ:Ollleii <}1)'HKUHH p33pewemi.ll .D.Hci>paKTOMerpa. .IlmJ HeHCObiTbJB3l01UCfO 
cpa30BOf0 pacc.noeHIDI KpHCTaJL13 Ll Y3-'lbl Ha HanpaBJICHWIX a H b COCTOSUIH H3 TpeX 
r113BHbiX KOMfiOHeHT, paCOOJlO)!(eHHbJX B BH,UC TJ>C)T01IbHHK3, K3K OOK333HO H3 pHC. 4. 
CeqeHIDI pacnpe)leneHIDI (600)/(060) Ha ypoBHl!X k=6.00 H k=6.04 noKa3aH>I Ha pHc.7, 
rne xopowo BH.D.Hbl O.D.HH01.JHb!H: nHK (CJierKa HenpaBHJibHoH cpopMbi) npu. (0.00, 6.00. 0) 
H JlBa nHKa npH (±0.035, 6.04, 0). Ha pac.4 H 7 BH.!!HO TaK>Ce, 'ITO B!J.OJ!b pa.m<yca
BeKTopa HHTeHCHBHOCTb pacCe$JHllil Me)K,Il)' KOM110HCHT3MH npa.KTH1.JCCKH OTCyrCTB)'eT, B 
TO BpeMS! K3K MeJK.ll)' KOMOOHeHTaMH, pa3BepHyl'biMH DO yr.ny, HMeeTCSI HHTeHCHBHa.s!" 
nepeTSJKK3. 0rHOCHTeJibHOe pacmeiDieHne KOMOOHCHT BJlOJib H COCT3BJU!"CT OKOJIO 0.007, 
ttTO XOpoWO COOTBeTCTByet U3MepeHHOM)' 3H3lJCHHIO poM6H1.JHOCTH )l)ljl 3TOfO KpHCT3J1JI3. 
0rHOCHTeJlbHOe paCCTOSHHe Me:K.lly Kpai:fHHMH KOMfiOHCHTaMH y:ma (600)/(060) B 
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DOOepetmOM uanpaBJieHHH 6nHJK0 K 0.011-0.012, liTO 3KBHBaJieHTHO yrny pa3BOpoT3 

Me:lKJlY HHMH -40 yrn. MHH. 

-o.1o -o_oa -o.06 -o.04 -o.o2 ~) 002 o_04 o.06 o.oa o.1o 

Puc.7. Ce'leH/u. OsyMepHozo 
pacnpeOeJZeHUJJ uHmeHcusHocmu, 
U3.MepeHH020 Ha Cu(Ka]} u3Jly'leHuu 6 

OKpecmnocmu YJJla (060) KpucmaJIJla 
Ll (puc.4),· nocmpoeHHble Ha yp06Hll.X 
k;6.00 u k;6.04 (Kpueb<e 1 u 2 
coomsemcm6eHHO). Ha KpusoU 2 
xopomo suOHo Henpepbl6HOe 
pacnpeOeJleHue uHmeHcusHOcmu, 
coeOuH.RIOUJee Ou(jJpaK/.1UOHHble nuKu 

Y31lhl o6paruoH pewenrn KpHctanna Nl (HCDbiTbiBaJOmero ¢aJosoe paccnoeuHe 
npH OX.JHl)KJleHHH) HMeJIH 6onee perym~puyro cpopMy, qeM B cnyqae KpHCTaJIJla Ll. Ha 
HanpaBJieHIDIX·· THTI3 (hOQ) HHTeHCHBHblMH 6blJlH TOJJbKO ,llBC KOMDOHeHTbl H3 rpex 
(pHc.8), paCDOJ10;KeHH.bte TaK, lJTO Ha OTlleJibHbJX HanpaBJieHIDIX (hhQ) OHH CJIHBaJIHCb B 
01I.HH JJ.H¢pa.KUHOHHbiH nHK. B KOJ1WieCTBeHHOM OTHOWeHHH pacmermeHHe )'3JIOB Ha 
XOMTIOHeliTbl 6b1J10 6nmx.o X BeJIWU\HaM, H'3MepeHHh\.'i. Ha xpncranne Ll. 

Puc.8. P.6yM.epnoe pacnpeOeJZeHue 
uHmeHcuoHocmu 6 oKpecmHocmu yJJZa 
(060) Kpucma.n.na Nl. Buo"'" mpu 
OCH06Hble KO.MnOHeHmbl, 00Ha U3 KOmopblX 
o~JeHb cJZa6a 

PacnpeneneHIDI HHTeHCHBHOCTH, HJMepemme ua KpHcta.Jll1e M4, B o6mliX tteprax 
COOTBeTCTBOBanH CHTY3UHH, JapernCTpHpOBaHHOll )l)UI Ll: Tpli rnaBHbte KOMTIOHeHTbl Ha 
HaOpaBJieHIDIX THDa (hOQ),_ paCTIOJJO)KeHHble B BHlle rpeyronbHHK3, ¢opMa TIHKOB MeHee 
npasHJibHIDI, "lJeM y KpHCTanna Nl, c 6<mhwoH wHpHuoH nonepeK pa.o.Hyca-BeKTopa. 
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5. 06cylK)lenne pelyJILTaTOB 

01I.HHM "~ peJynbTaroe npoeen.eHHbiX 3KcnepHMeHTOB 51R.IUHOTC51 1I.3HHbie no 
CHMMeTpHH H napaMeTpa.M 3JieMeHT3pHbiX $1tteeK HCCJiellOB3HHbiX KpHCTaJIJJOB. Mbl He 
06Hapy)KHJIH K3KHX-JIH60 npH3H3KOB HapyweHID!: Bmab CHMMeTpHH HH y OD,HOro HJ 
KpHcran.noe. BenHttHHbt napa\.feTpoe JaKOHOM.epHbiM o6pa30M MeWI:IOTC$1 npH HJMeHeHHH 
COllep)K3HIDI CBepxCTeXHOMeTpli'·JeCKOfO KH~Opona (pHC.9) BHe 33BHCHMOCTH OT TOro, K 
KaKOMY THDy B OTHOWeHHH HHJKOTeMnepaTypuoro paCCJIOeHIDI OTHOCHTC$1 KpHCTaJU1, H B 
UeJlOM XOpOWO COOTBeTCTBYJOT HJBeCTHbiM H3 JlHTepaTypbl ll3HHbiM. B TO )Ke speM$1, KaK 
y)Ke OTMCttaJIOCb, H3MepeHHbie JlB)'MepHbie pacnpe.o,eneHllil HHTeHCHBHOCTH (KaK 
HeHTpOHHbie, T3K H peHTTeHOBCKHe) B y3;Jax COCT3BHOii o6paTHOii peWeTKH He 
)'K..1a.zJ.biB310TC$1 B KJJaCCHtteCKHe CXeMbl pHC.l. 

5.42 13.20 
/ 
c 

5.40 ~ ------------- /T ~ .13.18 Puc.9. 3aeucu.uocmu 
napa.Mempo6 3!/e.MeHmapHblX 

5381 r: [ "" ~ 
.R'leeK ucc;zeiJoeaHHbtx -< e: llemNpex Kpucma.JlJlOH om 

u C00ep>K.GHU.R 6 HUX 

" 5.36 13.14 csepxcmexuoMempullecKozo 
KUCJZOpoOa. J/unuu. 

5.34 ~ 13.12 npo6e0eHbl 0Jl.R y0o6cm6a 
oocnpu..RmU.R 

5.32 13.10 
0.01 0.02 0.03 0.04 0.05 

Co.uep::KaHHe KHCJTopolla 

ll.'l.l!' 3HaJIH33 ynaKOBOK ,llOMeHOB, B03HHK310WHX npH cflaJOBOM nepexo.ue 
La2Cu04 .. 5 B HC-¢a3y, H yc,10BHH HX conp$1)KeHH.I!' npyr c JJ.pyroM, ueo6xOJJ.HMO or 

H3MepeHHbiX pacnpeneneHHi1 HHTeHCHBHOCTii nepeiiTH K paJMepaM H OpHeHT3UHH 
3JJeMeurapubtX 51tteeK .aoMeHoB. HmKe npHse.neHbt cpopMy.'lbT, CB513btBatomHe seKropa 
o6paTHOH perneTKH, COOTBeTCTByK>lUHe KOHKpeTHblM KOMDOHeHT3.M paClUertlleHHbiX 
YJliOB, C BeKTOp3.MH, OTipeJJ.eJI5110UlHMH 3JJeMeHT3pHyK> .llttei1Ky B TOM HJIH IIHOM .UOMeHe. 
0HH cnpaseJUIHBbl .!UI.Il CJI)"--IDI JJ.BOi1HHKOB3HIDI B rL10CKOCTH, nepneHD.HKYll51pHOi1 
rerparoHanbHOJi ocH BC-cpaJbi. 

ITpeJJ.nonarasJ, ttro ¢a30Bbii1 nepexo.a conposoJK.II.aerc.ll ro.rTbKo .n.HJJarauHeii H 
paJsoporoM oceH, nerxo noKaJaTb, ttro seKropa o6parHhiX peweTOK HC-<}JaJbt (Bi) H 
BC-¢aJbi (bi) CB.I!'JaHbl JJ.pyr c .upyroM CJJenywtUHMH 4JopMyna\1H: 

b, ; (l + p1)B1 + <p1B2• b, ; <p,B I + (l + p,)B,. b3 = B3, (l) 
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rJJ.e Pi - OTHOCHTe,lb.fbte H3MCHCHIDI. J])lHHbl BCKTOpOB bi, <p 1 ;::; -<p2 ;::; <p - MaJioe spameHHe 

jllJeibm KaK uenoro BOKpyr b3. ci>opMynLt ( 1) onpen.emnor MarpHUY nepexoJJ.a a.ij Me;:K.D.y 

6a3HCaMH {Bi} H {bi} 06paTHbiX peweTOK KpHCTa.JUia H B COOTBeTCTBHH C npaBWiaMH 

nepexo.na B conpnl:eHHbiX CHCTeMaX KOOpllHH3T .Il.115l BeKTOpoB ::meMeHTapHbiX SltteeK HC

¢a3bl (Ai) u BC-¢33Lt (ai) cnpasewmso Aj ;:: O.ij-ai (C)'MMHposaHHe no crpoKaM), r.e. 

At ; (I + Pt)at + <p,a,, A,= <pt3t + (I + p,)a,, A3;::; a3. (2) 

TpoHKa BeKTOpoB {Ai} SIBJUleTCSI BCKTOpaMH 3JleMeHrapHOH SllJCi:fKH B O.ll.HOM H3 D.OMeHOB 

H ODpCJieJISICTCSI Ha6opOM napaMeTpoB (pJ,p2,(j)) ,!lJUI OJIHOro H3 KOMOOHCHTOB 

pacmenneHHOro )'3113 o6paTHOH peweTKH Ha 6a3HCHOM HanpaBJJCHHH. EcreCTBCHHO, "''TO 

KOMDOHCHTa\i C .D.pyntM H360pOM napaMerpos (p1op2,q>) 6y,nyr COOTBeTCTBOB3Th JJ.pyrne 

CHCTCMbl KOOp.llHH3T { Ai}. 
J.iJ npHBC.Il.CHHbtX B DpeJlbUl)'IUCM pa3JleJie pe3yJILT3TOB, CJ1C.D.j'CT, \ITO H3 6a3HCHbiX 

nanpaBJZCHHRX uccneJJ.OBaHHbiX KpHCTaJIJlOB npHC)'TCTB)'fOT TpH OCHOBHble KOMflOHCHTbl C 

Ha6opaMH napaMerpos pacwenneHIDI: 

(A) Pt=-L>, p,=+L>, <p=O; (B) Pt=+L>, p,=-h, cp=+2L>; (C) Pt=+L>, p,=-L>, cp=-2L>, (3) 

C BeJIHl.J:HHOii 8. .ll)UJ BCCX TpeX HCCJie.D.OB3HHblX KpHCTaJIJIOB 6JIH3KOH: K 0.002. JleJXO 

BH,IlCTb, 'ITO B 3TOH MOJleJIH JlBOiiHHKOB3HH.SI p=r/2, a q>=y (B OTJIHl.J:HC OT CTaH.Il3pTHOfi. 

MOJleJlH, B KOTOpoH ~-:::y/2}, rJJ.e r - poM6H'·IHOCTb I<pHcraJIJia, y - yron JIBOiiHHKOB3HIDI. 

Bee )'3Jlbl COCT3BHOH o6parHOH peweTKH COCTOSIT npH 3TOM H3 rpex KOMDOHCHT, 

paCnOROiKeHHb1X 8 BH.Qe Tpe)TO.libHHX:a, KpOMe )'3JIOB Ha HanpaBJJeHIDJX THDa [ JJ Q), 
COCTOSiUlHX H3 .ll.Byx KOMDOHeHT (OJlH3 H3 KOTOpblX o6pa30B3H3 TIHKaMH OT .D.BYX CHCTeM 

.noMeuos). 06pa3osaHHe npH ¢a30BOM nepexon.e B HC-¢a3y .noMeHOB, coorsercrsytoiUHX 

3THM rpeM aa6opaM napa\1:erpos, MO)KHO npe.ncraBHTL KaK .nsyxcra.n»ii.HLIH npouecc, ua 

nepBOM 3Tane KOTOpOro npOHCXOJJ.HT l.IHCTblii CllBHr rerparoHaJibHOfi. 14/mmm SltJCfiKH 

HC-c!Ja3LI (qro 3KBHB3JleHTHO .nHJJarauHH F4/mmm SitteHKH, nocrpoeHHofi Ha 8eKropax 

a '=a+b, b ;=a-h, c ';::c HCXOJlHOH 14/mmm Sl"''eHKH). B pe3ynLrare B03HHKaror .nse 

CHCTeMbl JlOMeHOB C p33BCpHyrbtMH. H3 90° OC2MH KOOp.ll.HHaT, Ha BTOpoM 3Tane, 

npOHCXOJ]Jl:T DOBOpDTbl O.ll.HOii H3 CHCTeM .D.OMCHOB H3 yron ±:y TaK, \ITO o6pa3j'lOTCSI 

KOrepeHTHLJe rpaHHUbl BJJ.OJib uanpaBJieHMii THna {lJQJ (pHc.JO) •. 

B KpHCTa.JL'le N 1 yKa3aHHblH: cueuapHH pearnnyerc51 no'ITH H.lleaJILHo, npHtteM Ha 

sropoM ::~rane nosopor H.ll.CT npeaMymecrseHHO s OJlHY cropoay, rax "'TO peanLHO 

B03HHKaiOT TOJlhKO .U.Be CHCTCMbi ,UOMCHOB C KOrepeHTHOii rpaHHUCii Me)I(Jly HHMH. 

Cl>aKTHlJCCKH KOHCliHOe COCTOSIHHf. MO)KeT 6biTb Upe,llCT3BJieHO KaK B03HHK.Wee B 

pe3yJILT3TC TOJibKO llpOCThiX C.D.BHr'OB B HanpaBJJeHH.SIX [100) H [-100) 14/mmm SllleifKH 

HC-¢a3bl. BeposrHOCTL Cll.BHroB B nepneH.a.HKYJistpHLJX HanpaBJJeHIDIX npH :=~roM Mana. 
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[II OJ 

Puc.JO. Cucme.Ma U3 mpex 0oMeliot1, 

coeOuHeHHblX K02epeHmHblMU 

zpGHUija.MU. llOKtl3aHbl .MOHOK.IlUH.HO 

ucKa:.KeHHble t1 pe3Jllbmame llucmozo 

cOsuza 3Jle.MeHmapHble .RlleUKU, 

.. o6pa3oeat1EUuec..R u3 14/mmm ..Rllee~e 
mempazoHaJZbHOU tjJa3bl, u 

po.M6ullecKUe ..RlleUKu HC-tjJa3bl. 

~ozepemnHble zpaHU/.Ibl uiJym no 

H.anpatJJZeHUJl.M muna [ 110] ./lllee~e 
HC-tjJa3bl. EyKtJbl A, B,· C 03HallaJOm 

coomeemcmeyJOUjUU t1apuaHm 6 

coomHolUeHU.RX ( 3) 

B KpHcraJIJJax Ll H M4 cwryauru~ 6.nH3Ka K Ha6.nJOnaeMoH B Nl, Ho B 

HCKOTOpblX lJ3CTSIX KpHcrarrna TIOBOpoTbl O,UHOH H3 CHCTeM Jl.OMeHOB peami3YIOTC$1 B 

060HX HanpaBJICHIDIX, H, \ITO H3H6oJiee XOpOlliO 3al,fCTHO, OHH He 51BJISIIOTC51 

JlHCKpeTHLIMH, r.e. c 33MeTHOH sepoSITHOCTblO yron nosopora npHHHMaCT mo6bte 

3Hal.J:eHrut H3 HHTepsana ±:y. B pe3yJILT3Te IlliKH HMelOT HenpaBWibH)'IO 4JOpM}' H Me~ 

OCHOBHLIMH KOMDOHeHTaMU:, p33BepH)'TblMH nonepeK pa.D.lfYC3-BeKropa, Ha6monaercg 

HHTeHCHBHaSI nepeTSl)I(K3. J.fMeHHO ee Ha.IIWIH.e ll03BOJUICT CJleJI3Tb Bb!BO.Il 0 TOM, tiTO 

npouecc o6pa3oBaHIDI .noMeHoB B KpHCTaJLIIax LJ H M4 BKJilO"llaJI JI.HJiaraUHJO pemeTKH c 

TIOCJie.ll)'lOUlHMH DOBOpOT~iH .IlOMCHOB BOKpyr OCH C 3JieMeHTapHOH gqe:iflrn. B 
HCKOTOpbiX CJ1)'l.J:35JX He6oJibW351 lJ3CTb ,UOMeHOB 0CT3Ba1I3Cb HCOO,UBWtmoi:f, l.JTO 

OpOSiBJUUJOCb HaJIHtJH.eM CJI360H.HTCHCHBH0rQ .ll.H¢paKUHOHHOr'O llHK3 Me~ 

pacmenneHHblMH DO yrny DHK3MH H3 6a3HCHbiX HanpaBJICHlliJX HJIH B BH.Il.C UCHTpaJibHOi:f 

KOMDOHCHTbl H3 H3Dp3BJJCHHSIX (110). 

6. 3aKJJIO'ICHHe 

PeJyJILTaTLI npose.neuuoro HeHrpouorpa¢H'IecKoro H peHrreHoscxoro 

HCCJ1CJJ.OB3HIDI JlOMeHOB B MOHOKpHCTaJIJiax L~Cu04+~ IT03BOIDIIOT C.lleJI3Tb CJICJl)'lOlUHe 

BhiBO)lbl. 

B npouecce o6p330B3Hllil .ll.OMeHOB B KpHCTaJIJie npH nepexoJJ.e H3 

BbiCOKOTeMneparypHOH rerparoH31lbHOH €fl33bl B poM6H'!ecK)'lO 4l33y MO)KHO BbJ,li.C.JJJfl'b 

.n.se CTaJUfH. Ha nepsoM cra,o;HH npoHCXOJl.HT Jl.H113T3l..l.Wl: (coKpameHHe H Y.lLIIHHeaHe 

napaMerpoB a H b) HCXOJIHOH "6o1IblllOH." f4/mmm rerparoHaJibHOH: .Sil.le:iflrn Ji 

06p33)'10TC51 .ll.BC CHCTCMbl Jl.OMeHOB C OCSIMH 3nCMeHT3pHbtX gqeeK, p33BepH}"Tb1MH H3 90°. 
IlapaMerpbi a H b a:BJISJIOTca: xopowo onpe.neJieHHbiMH, c pa36pocoM no BeJIH"''HHe, ue 
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npesblmaiolll.HM 0.05%. Ha BTOpoii CTa.D,HH: npoHCXO.lUIT p3.3BOpOT OJlHOii H3 JlOMeHHblX 

CHCTeM Ha yron )l.BofumKOBaHIDI y no wtH TipoTHB qacosoH: crpenKH .uo cosna.o.euwr 

HanpaBJJeHHii Tlilla [110] poM6WJecKHX. 3JleMeHTapHbiX $1lleeK, B03HHKWHX Ha nepsoH 

CTa.tUIH. B pe3YJibT3Te, B OTJIINHe OT .D.pymx XOpolllO H3)'lJ:eHHblX KpHCTa.JUl?B, B KOTOpbtX 

JlBOifimKOBaHHe Ta.JGKe npoHCXOJliiT npH nepexo.D.e H3 TeTpaJ'OHaJlbHOii <l><nbl B 

poM6WiecK)'10, TaKHX KaK KDP WIH Y-123, s La2Cu04 • .s npaKTWJecKH ue o6paJyercSI 

HeKOrepeHTHbiX I'paHHI.\ Me)i(Jl)' JlOMeHaMH. 

.!loM~HHbie CHCTeMbl KpHCTaJIJIOB L~CUQN, OTHOC$1lUHXC$1 K .D.8)'M pa3HblM B 

OTHOWeHHH HH3KOTeMneparypHOH: .nu<P<PYlHH KHCJIOpoJla THDaM, 3aMeTHO OTJIHl.J:aJOTC$1 

JJ.pyr OT .D.pyra no pacnpe.neneHu10 3Haqeuuii yrnos nosopoTa <p. B Kpucranne N 1, 
HCTibiTblBaJOIUeM 4>3.30800 paCCJIOOHHe DpH OXJIIDKlleHHH, <p H3MeiDH!TC$1 .II.HCKpeTHO 

(<p;::;:ty), npiNeM nosopOT HJleT npeHM)'lllecrBeHHo TOiiLKO s OJlHY cropouy, Tax lfl'O 

peanbHO B03HRKaiOT .D.Be CHCTeMbl ,D.OMeHOB C KorepeHTHOH: rpaHHUeH Me)KJly HHMH. B 

KpHcraJIJiax L1 H M4, ocraJOIUHXC$1 O.D.HOclJ3.3HhlMH npu OXJia)KJlemm, yron nosopoTa <p 
ue $1BJUieTCSI crporo onpe.neneuuoH senH'JHHOH, ua6.'1JO.IlaeTCSI uenpepb!BHbtH: pSIJI ero 

3Hat~eHHH C OCHOBHblMH Ma.KCHM)'MaMH BepOSITHOCTH DpH <p=±y H He60JJblliHM DpH cp=O. 
CJieJJ.OB3TeJILHO, B 3THX. KpHCTannax C)'llleCTB}'JOT )lBa THTI3 KOrepeHTHbiX rpa.HHU Me)KJly 

.D.OMeHaMH H, KpoMe TOI'O, 3aMeTHblil ofu.eM KpHCTaJina 33HSIT nepeXO.IlHblMH DO 

3HalleHHKl yrna. <p o6nacn:MH. 

Bo3lillKHOBeuue ¢3.3osoro paccnoemrn s La2Cu04..,s csS13LIBaercSI s uacroSimee 

BpeMSI C BbiCOKOii M06HJibHOCTbJ0 CBepxcteXHOMeTpHt~eCKOfO KHCJIOpoJJ.a, DpHlJ:eM 

npe,llnOJiaraeTC$1, lfl'O ero JlH<l><l>YlWI" npOHCXO.ll,HT DO rpaHHUaM (HJlH B6JIH3H HHX) Me)KJly 

JlOMeHaMH [19]. lh Haurnx Ha6nKUteHHH: CJieJJ.yeT, lfTO MO)KHO C.ll,e.JI3Tb 

TipOTHBOTIOJIO)KHbiii BbiBOJI: .D.H<l>!JJY3llil B OCHOBHOM HD.eT no KOrepeHTHbiM ,UOMeHHblM 

rpaHHUaM Me;K,ll)' .D.BOiiHHKa.MH H Hao6opoT, ecJIH 3a.MeTHbiH: ofueM Kpucranna 3aHSIT 

nepeXO.!lHblMH o6JiaCTIIMH HJIH HeKorepeHTHblMH rpaHHUaMH, D.H<i><\J)'3IDI 33TPY..IlHSieTCSI 

~aCTOJlbKO, 'ITO pacCJIOeHllil KpHCTaJllla H3 MaKpocKODHtfecKHe no p~MepaM o6naCTH He 

npoHCXO,llHT. 

ABTOpbi 6naroD.apHbi C.C.XacaHosy H. ,U.B.lllernSIKOBY 33 none3Hbte o6cy)KJleHwr, 

A.B.Ilone 3a noMOIUb s npose)leHHH HeitrpoHHbiX 3KcnepHMeHTOB. 

Pa6oTa BbiTIOJJHena npH no.u.o.ep)KKe nporpaMMbi Pel>Cl>li (npoeKTbi 96-02-17431 H 

96-02-17823), npOI"paMMbi "HeifrpOHHbie HCCJie)lOB3Hllil KOH,lleHCHpOBaHHblX cpe.!l", 

HayqH(:>ro cosera no Hanp.asneHHK> "Csepxnposo;:.vwocTb" (npoexr 96013) H <PoHD.a 

. SNSF (npoeKT 7SUPJ048473). 
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Eanarypos A.M. " 11p. Pl4-98-9 
TpaHc<jlopMauHOHHoe i!BOHHHKOBaHHe KpHCTaJIJJOB L"2Cu0 4 

)lsoiiHHKOBaJ! cTp)'KTypa csepxnposoronUHX KpHcTannoB LazCuO 4+ 0 c o 
OT 0,02 ]l0 0,04 H3)'\JeHa C npHMeHemteM MeTO.llOB Hei:il'pOHHOrQ H peHTreHOBCKOro 

CKaHHpOBaHH~ o6paTHoro npOCTpaHCTBa H Heii"rpOHHOH .UH<jlpaKUHH BhJCOKOfO pll3-
perneHIUI. J1cc.nenoB3HHbie KpHCTaJIJibl OTHOCHJIHCL K .llBYM pa3HbiM no OTHOII..I.eHHlO 

K HH3KOTeMneparypHOH .llll(jxpy:JHH CBepXCTeXHOMelpHqecKoro KHCnOpo.ua TH!laM -
C H3nHlJHeM H OTC)'TCT:SHeM MaKpOCKOnHlJecKorO <jJaJOBOro pacc.nOeHJ.UI. TIOKa33HO, 
lJTO B 060HX THnax KpHCT3nJIOB )lBOJ1:HHKOB3HHe COnpOBO)K)laeTC$l B03HHKH0BeHHeM 

nOlfTH OJl.HHaKosoH cHcTeMbi TpaHc¢opMauHOHHbiX .noMenoB. KoHqnuypauiDI o6pa-

3)'lOIUHXCSI )lOMeHOB TaKOB3, \ITO rpaHHUbl MeiKJ.l.y HHMH B OCHOBHOM $lBJUJ.lOTC$l 

KOrepeHTHbiMH. B KpHcTannax L~CuO 4+ o· HCnbiTbiB3J01UHX M3KpOCKOnW.JeCKOe 

¢33osoe pacCJToeHHe npH ox..TJa)K)leHHH, o6neM nepeXOJl.HbiX o6nacreH c HCKaJKeH
HoH cTp)'KT)'POH seCLMa MaJl, liTO MO)KeT $lBJI$1Tbc$l ¢aKTopoM, cnoco6cTB)'IOIUHM 

.UH¢¢y3HH CBepXCTeXHOMeTpHY.eCKOfO KHC110pO,lla. 

Pa6oTa BbinOnHeHa B JJa6opaTOpHH HeilTpOHHOH <jJH3HKH HM.I1.M.<l>paHKa 
0115!11. 

npenpHHT Ofu.eli.HHeHHOro llHCTHT)'Ta Slll.epHhiX HCCJleli.OBaHI·lli. lly6Ha, 1998 

OepeBOJl aBTOpOB 

Balagurov A.M. et a!. Pl4-98-9 
Twinned Structure of L"2Cu04 Crystals 

The twin microstructure of La
2Cu0 

4+ 
0 

superconducting crystals with o 
from 0.02 to 0.04 has been studied by neutron and x-ray scanning of reciprocal 
space as well as by high resolution neutron diffraction. The studied crystals belonged 
to two different types with respect to the oxygen mobility: with and without 
macroscopic phase separation. It has been shown that for both types of crystals 
the twinning is accompanied by arising of practically the same systems of domains 
(transformational twins). Configuration of the domains is so, that the boundaries 
between them are mainly coherent. In the macroscopica11y ijhase separated 
L"2Cu04+ 0 crystals the volume of distorted and tense areas is most probably small, 
that would be the factor, which furthers to oxygen diffusion. 

The investigation has been performed at the Fran, Laboratory 
Physics, JINR. 

Preprint of the Joint Institute for Nuclear Rc~earch. Dubna, 1998 
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0.05%. Ha BTopoii CT3.!lIIII rrpoIICX0.IlllT pa3B0poT 0,!{HOH II3 .Il0MeHHbIX 
)lBOHHIIKOBaHllil y . ITO HJill rrp0TIIB qac0B0H CTpeJIKII ,!{0 cosrra.aeHllil 

Ima [110] poM6nqecKIIX 3JieMeHTapHbIX l!qeeK, B03HIIKIIIIIX Ha rrepsoii 
! 
lbTaTe, B OTJI~e OT .IlP)Tl!X xop0III0 ll3)"1eHHbIX KpIICTaJIJI0B, B KOT0pb!X 
I TlllOKe rrpoIICX0)ll!T rrpII rrepexo.l{e m TeTparoHarrbHoii <pa3hI B 
TaKIIX KaK KDP lIJIII Y-123, B La2CuO4+6 rrpaKTIIqecKII He o6pa3yeTcl! 

I rpaHIIll Me)K.l{J ,!{0MeHaMII. . 
ble CIICTeMbl KpIICTaJIJI0B L~CuO4+6• OTH0ClllllIIXCll K .IlBYM pa3Hb!M B 

~KOTeMrrepaTypHOll ,!{II!p!pY3IIII KIICJI0P0.Ila TIIIIaM, 3aMeTH0 0TJillqaIOTCll 
! no pacrrpe.l{eJieHllIO 3HaqeHllll yrnoB II0B0porn <p. B KpllCTaJIJie N 1, 
! • 

I !pa30B0e pacCJI0eHIIe rrpu 0XJIIDK.l{eHllll, <p ll3MeHl!eTCll .IlIICKpeTH0 
I . ·- . . f II0B0p0T ll,!{eT rrpeIIMymeCTBeHH0 T0JibK0 _B 0.IlHY CT0potty, TaK ~o 
rnIOT ,!{Be CllCTeMhl )l0MeH0B C K0repeHTH0H rpaHlll{eii Me)K,!{y Hl!MII. B 
II M4, 0CTaIOllllIXCll 0,!{HO!pa3Hb!Mll rrpu 0XJIIDK,!{eHllll, 'yrorr II0Boporn <p 

rporo orrpe,!{eJieHHOll BeJinqIIHOH, Ha6rrIO.l{aeTCll HerrpepbIBHblll pll.Il ero 
IOBHbIMII MaKCIIMYMaMll Bep0l!TH0CTll rrpu <p=±y ll He60JibIIll!M rrpII <p=0. 

, B 3TllX KpllCTaJIJiax cymeCTBYIOT ,!{Ba Tllrra K0repeHTHbIX rpaHllll Me)K,!{y 
KIJOMe T0ro, 3aMeTHblll om,eM KpllCTaJIJia 3aHlIT rrepeX0,!{Hb!Mll II0 
cp o6rraCTl!Mll. 

IOBeHue cpa30B0f0 paccrroeHllil B L~CuO4+6 CBll3bIBaeTCll B HaCT0l!lllee 
:oKoii M06llJlbHOCTbIO csepxCTeXll0MeTpnqecKoro KllCJI0P0.Ila, rrpuqeM 
, q'fQ ero .Illl!p<pY3llil rrp0llCX0,!{IIT II0 rpaHIIl{aM (llJlll B6Jill3II HIIX) Me)K,!IJ 
~]. , lh HaIIIIIX Ha6JIIO)leHllll CJie.l{yeT, ~o M0:lKH0 C,!{eJiaTb 
[bill Bb!B0,!{: .IlllqJ!pY3llil B 0CH0BH0M ll,!{eT II0 KorepeHTHbIM ,!{0MeHHblM 
~y . .IlBOHHllKaMll II Hao6opoT' eCJill 3aMeTHblll om,eM KpIICTaJIJia 3aHlIT 
J6JiaCTlIMII llJlll HeKorepeHTHb!Mll rpaHIIl{aMII, ,!{ll!pqJY3llil 3aTpy.l{HlleTCll 
paccrroeHllil KpIICTaJIJia Ha MaKp0CK0IIllqecKue II0 pa~MepaM o6rraCTII He 

6rraro.IlapHbI C.C.XacaHosy II .[(.B.IIIeIITl!KOBY 3a rrorre3Hhie o6cy)K.l{eHllil, 
>M0lllh B rrpoBe,!{eHIIII HeiiTpOHHbIX 3KCIIepIIMeHT0B. 

lbIII0JIHeHa rrpu II0.Il,!{ep:lKKe rrporpaMMbl P<l><l>lf (rrpoeKTbl 96-02-17431 II 
IIpOrpaMMbl "HeiiTpOHHhie llCCJie,!{0BaHllil K0H,!{eHCllpoBaHHblX cpe.Il", 
ra II0 HarrpaBJieHlllO "CsepxrrpOBO,!{lIMOCTb" (rrpoeKT 96013) u !pOH,!{a 
7SUPJ048473). 
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