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QUANTITATIVE COMPUTER TREATMENT OF SYNCHROTRON TOPOGRA.MS: 

III. DETERMINATION OF MISORIENTATION PARAMETERS 

OF MOSAIC CRYSTAL 

The spectrum continuity and nearly parallel character Of 

the synchrotron radiation enable to reveal the mosaic micro­

st:ruot11re ot imperfect crystals and to determine the misorien­

tation angul,ar parameters by a rather simple method that essen­

tially differs from previous ones. The suggested new method is 

based on a high-precision determination of orientation of the 

crystal-sample separate blocks. The method enables to determine 

with a high accuracy (of the order one angular minute) the di­

rection of the misorientation ax.is and the rotation magnitude 

of crystalline blocks (not necessarily having a common. boundary 
on the diffraction pa ttern) . 
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BBe,n;eIDie 

lt.JuI HCCJle.n;oBa.HIDI CTene:im: COBepmeHCTl;la pea;n,mnc KPKCTaJIJIOB 

,D;OCTaTO"t!HO ycnennro rrpEMeWIDTC.f.I: pa.3JI1f<l'f!He peHTreHOBCKHe TOIIO­

rpa.qm:trec:rme MeTO,IJ;li [ I-5 J BYJIBJie.HWI 6JIO'l!HOfi: Ml!!:rtpOCTPYKTYPll. a 

TaJOKe orrpe.n;e.neHRII HaIIpa.BJ.teHRI! ocK K BeJIH"llIHll yrJia pasopKeHTa­

ium MelK,Ily MOKruAE:. 

Cpe.n;R ~ ~6oJiee pa.3BKTll cne~a.JI.DHHe MeTO.n;l:l, B KOTopnc 

rrpmm;mr n~eHHJI ~~omwro J1Iso6paxemm oT 6Jto'!!Horo xpKc­

TaJIJia OCHOBaH Ha KCllOJI];30Ba.HKl!! pa.cxo,IJ;ffilleroCJI peHTreHOBCROI'O MO~ 

HOXpoMa.TH3ll!poBaHHOro K3JJy'l!e.HWI, a orrpe,n;MeHKe yrJIOB Mez,mr O.n;R­

Ha.KOBllMH KPRCTaJIJiorpaqnrqecxm.m IIJiocxocTmv11t cocemmx C!JIOKOB ,u;oc.,. 

Tl'!I'aeTCH nyTeM KSMepe:imH. BeJ!KtW:.Hl:l CMemeHKH MeJK,Dy H3o6putemtmvm 

~OH-TO TO"IOO'I rpa,mmH ~ MOKOB [2] . 0TMeTWI, "ITO npe,u;eJID­

HaR: TO'l!HOCTb orrpe,n;eJI~HKH yr:na pa.30pKeHT~ ,ll;OCTHraeT HeCKOJib­

ImX yrJIOBl:iX MKHYT (:aanpmllep , B [3] ) . 0,mra.RO ,ll;OCTIDKemie aTOH 

TO'l!HOCTM rrpaxTM'l!eC:K.R 3a ':l.'py;n;HeHO B CM3K c TeM, 'l!TO B rrpe.n;:narae .. 

MllX CXeMaX [3] HeK3BeCTHO TO'l!HOe B3aKMHOe paCilQJIOJ!(~HKe Iq)KCTaJI­

Jia J1I IIJIOCKocTK pemcTpa.n;im ,ll;KW:pa.KIJ;KOHHOI'O K300pa.lltemm. He yrxy-

6.nJmcL :S ,u;eTaJm aTKX MeTo,u;oB, OTMeTHM, 'l!TO Oilll!camme cnoco6bl: 
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rrp:1rnu;Wllia.JlhHO HSIIIJHrO,n;HH .JJ;1lH pemeHIDI 3a,IJ;a'Ili pa30pK9HT~ Mel!t­

Jzy MOK8.MH ITO TOIIOrpaMMaM, IlOJJy'l:SHHHM Ha CliIHX:.POTPOHHOM H3Jiy'!9-' 

!IllH. 

n elicTBY.TSJI.bHO, ~CJm B a TKJC MSTO,n;a.x: Y.IJ;OBJ19TBOpeHHe yCJIOBHF.I: 

~pl.K:Umi OT paSOfM9HTH.POBamWX 6.nOKOB npmICXO.IJ;KT sa C'!eT 

pacxO.ItKMOCTH na.na.111tero :aa KPKCTaJl.11 MOHO.lCpOMaTK3Mp0Ba.HHOro H3-

JiytreHHII, TO HS. CIDDCpoTpOHHHX TOilOrpaMMa.X, BO-rrepBHX,H306pruKe­

IDl:e. .OT.IJ;eJThHHX 6.nOKOB o6pa30BaHO pa3.lm'lHHMR wnma.MR BOJIH He­

rrpepHBHOro peHTreHOBCKOro cnexTpa. CHXpoTpOHHoro KSJiy'qe.HWi [6], 

H, BO-BTO.PHX, Ha o6pa.3e~ na,na.eT KSJiy'qeirn:e, l'!Meroll(ee O'I9Hb MaJiyD 

pacxo.n;z:MOCT::b , T. e. peHTreHOC'.beMRa npoBO.IJ;KTCR: B no'l:TK rrapaJIJie.ill>­

Hli.x: Jiy'!a:x.. MMeHHo rroCJie.IJ;Hee 06cTo.R:TeJ11>CTBO .n:eJiaeT HenpKro.IJ;HHM 

II.PHMeHeHHe cymecTBYJ.OOtKJC .M8TO.IJ;OB paci:reTa yrJIOBHX IIapa.MeTpoB 

OJIO'IHOH MHKpoCTPJKTY.PH pea.m;HHX KPKCTaJIJ!OB npH pa.6oTe c CHH­

X.POT.POHHhiM H3Jiy"tJ:8HHeM. MeJJQlY TeM, IlO.IJ;OOHa.H crreu;aj>H1lHOCT::b.CHH­

xpoTpOHHOro HSJiy"qeirn:H ll03BO~eT npHcTYrn;Tb K pemeHRro sa,Ita'Ili 

onpe.n:~JieH11.ff pasopHeHT~ .IJ;OBOJ!bHO n!>ocTHM crroco6oM,cym:ecTBeH­

HO OT.lllI'IB.~CH OT npe,I(H.I(.YIJ.lID. 

MeTo.n: onpe.n:eJieHru:r pasopz:eHT~ 

B OCHOBy M8TO,IJ;a 3aJIOllt9HO BHCOKonpe~SHOHHOe onpe,IJ;eJieHHe 

opneHTalUIH OT.IJ;9Jll>Hl:lX MOKOB KpHCTa.JIJia-06pasup [8] . Ta:KO~ rro.n:­

XO.IJ; OTKpHBaeT He TOJll>KO HOB!lli IIJ:lHMO~ cnoco6 ;rr,J1R pemeHmI noc-

TaBJiemro:l1: sa,n;a'Ili, HO H CO.IJ;8pllG!T 6M::bll1He IIO,TeHIJ;l'IaJl])HHe B03M021t­

HOC'l'li ;rr,J1R IIOBHID8Hl'l.fi TO'l:HOCTH B onpe,IJ;eJ!eHHH HanpaBJieHH.R: oce:lt H 

BeJIH"<IIDil:I yrJ!OB pa.sopxeHT~ M8JK,IIY pa.3JIH'UlHMH OJIOKaMH (Heo6.R:-

3U T9Jl::bHO coce,ItHHMK) 6e3 .IJ;OIIMHKT8Jll>HOro yCJIOJKHeHH.!I peHTreHOOII-
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T11"'!€\C!' ;f~ rxeMl:I aRcrrepHMeE.'l'a. Tarw.M o6pasoM, sa,na'l'a c:eonHTCFI K 

"E PG,i.:C"TB8l."1IO;zy n~i.;\I.JY..OHHO!JY U:>Mepei;ro l\OOP.L.lllia'l' ,,n:mpµU'Hpo-

pa3JIB. 'IHW: IJ!U!l. "KOC?.f.!M'.! ,!tJIJ! HeCKQj• ,,,_ 

u. 1'0\llJ18KCOB pell rreHOrlX3.1."\1'i, c IlOCJl8JJYKl$1M orrpe.n:e.nemi:eM op:a­

amm !'8X,Il;O:&.'O ll.3 6JIOY.OB !TO MCTO.IJY [ b J . 
(6] ' Ea '19HT:'rHOrpaMM.3.Y. tlOJiytle!IBHX CID!-; 

®'L~.'! ) ~lIM:iSHhlli Ue-f .?"€KC HBJ1.lI8TCII TOITO-

•co.1toro ::ns 

F..J.F ~ 

''\'Wille y HJIH pasA 

rla rro.n;o6HHX Torrorpa.ri!Max 

B rl3Me_pemm He ·i 

6J,( ~· ,-;_ Co: . 10 v sa " 

eaJI:bHO pas 1y_, n.io6pa.gemi:R 

c·-rn:o0Tn1; 

taC 

l IIJJ0,n:Cia.BJieHa TonorpaMMa, 

cxeMe 6ol!'..OBO. 

1!800 _ 

8KT~ H oco6eHHOC 

llo Bee:..: aTJ:.'; pe(jl!le1wu ... -ToII.JilXt1>ll .. 1 E3\teT1c:· 

Paiitemm Me"tJ:eHoit TO'!lm H91'0TOporo " OCHOBHor,)' JJIOJ:(a. ilO •te'" )­

h · [8]1rpe1.~s:n0:mo YTO'll!R:eTC.f£ Op:0;el'l'r~ .IJ;a.HHOro KpHCTa.JIJll~V.eCKt--­
ro 6JroKa a c OOJIDllieki ':O"llHOCTI>IO orrpe.n;eJliieTCJr pa.ccTorurn:e X0 KP'' 
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T8.JIJI-IIJ10Cli.OCTl> peI'liCT~ .n:mlJpa.:D;aOID!Oit Kapnnra • .U:a.Jiee B Tpex 

pequteKoax-TOIIorpaMM8.X H3Mepsi!OTC1I ROOp;n:mra.TH l'l'.306pru1temaii .Mel!e­

Hh!X ToqeK HeKoToporo .u;pyroro 6.JloKa ( Heo61I3a.Te.1lhHO RMeD11ero 

06Iey!O rpa.mmy C OCHOBHRM MOKOM) • 

Tue.I CmocpoTpOHHM TOIIOrpa.MMa,no.JJyqeHHa.1! Ha 
OTpa.iKemi:e OT M03ru!'IHOro MOHOKpl'l'.CTaJIJ1a 
MO.mI6,rcaTa CBllHI.l;8. 

IIycTb KOop;n;rutaTH .aso6pa..JKeHIDt Mel!eHOii TO"tllG1 "OCHOBHOro" 

6JIOK8. Ha penTreHorpaMMe 6y"IJYT ( '::lni. , i!nL), a BTopor o 6JIORB.,-

• 'I ( ~nv ,eot'), ( 1..,L ==' I,2,3). 

. ll1cnOJI:r:,sy.ff yTo'!HeHHOe suaqeHJi!e paccTommR KPHCTaJIJI-q')oTo­

IIJI.aCTY.HKa ·xo H .113Mepemrne KOOp,n;mra.TH, CJie"lJY.ff [8]. MO.lltHO - -IIOCTpOHTJ:, BeKTOIJl:l nt • nv o6o:ax 6JIOKOB 

- Si. - .... nL =-:;-I IS.I- I Sol, 
Is~ 

(I) 

h 

r.rce IS: I= - Xo , Ha.rrpa.BJieHHe BeKTopa S: coBna,n;aeT c 

rrepmi'llil:lM J:Iyl!KOM, a st - BeKTOP B Harrpa.BJieHllll: :n;mj)paxr:r;l!OHHOH 

BOJ!HH (CM.pHc.2). 3TH BeKTOpH I<a.K OTMff'i8HO B [8] IIapa.JIJieJIJ:,HH 

. -· -.,. 
BeKTOpaM o6pa.THoli pcmeTKH H~ .a HvHccJie,nyeMIDC KPHCTaJIJ!HqecK:ax 

6JIOKOB. 

~n 

!:In 

P:r.i:c . 2 CxeMa llOCTpoeHltfI BeKTOpa n;,. JI.M .nBYX 
6.JlOI\OB M03aHKl'I IIO EX .n;IDI>pamn!OHBHM 
H300.J.l8X8HRR'.M • 

HCHO, qTO Ra."!iJlaJI TpoJll<a. o6paayeT CHCTet~ HeROMIIJiaHapma: :seF.TO 

"(>OB., .iipK'l8M yrJZH Y8ltll;Y BGL.'TOpa!GI nep:aoft Tpoihat ~ COOTBe·· -

CT;aeBlD:DI yr'J1aM :B~opoft Tpo~ BeRTOPOB.Pas.mrcme B YO;ByJIJDC BTKX 
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BeK'.i:'OpuB He 21rpaeT l;JOJil'l, Ta..l\ Ra.R .1J,J1R pe!Uemur rroqa.BJieHHo1i sa­

.JJ;a'!:rr Ba..JK.Ho o6HapyD'rJ> pas.mi:"tfile m.1eHHo B rrpocTpa.HcTBeHHoir op:rreH­

Tan;Hl'I rrepBOH TPOHKli'l B8KTOp0B OTHOCHT8JI:bl{_O BTOpo~.)J.Jil:I 3TOro He­

'.)0XO.JJ;IDi10 imil:TH Ha.npa:BJleHHe OCH ~30PH8HT~ l H B8.7Ili'llllfY ITOB<>t 

poTa 6' BOiq)yr 3TO~ OCH,KOTOplflt COBMe~aeT rrepBYJO Tpo2Ky B8KTOpoB 

co BTOpoli. CooTB8TCTByro~ M8.TP:mJ;a npeo6pa30:Ba.HIDJ: orrpe.JJ;eJl!IeTCH 

CHCT8MOH ypa:eHe1Ilri1: 

nvj ~ ..Q.jK nil( ' (2) 

:.JJ;e L , l' = I , 2 , 3 ; i., K = X , f:J , 2!. 

Iloc~e pemeHIDI c:rrcTeMH (2) Haxo.JJ;HM MaTpHIJY rrpeoopasoBaI!K.'I 
I\ .... 

..Q. • Co6CTB8HHHH B8KTOP e 3TOH I~aTpllJ'.UI c COOCTBeHHh!M 3H8.'!8HH-

~M. pa:eHHM e.JJ;HHHIJ;e , HBJIReTcH oc:oro pa.3opHeHTa.m.m. HMe.a r.iaTpHuy 

" rrepexo.JJ;a S2.. ' MOJKHO ~er1w HaHTl'l yro~ IIOBOPOTa 5 BOKpyr OCH 

r [ 9]. JurropHTM Bhl1Il!CJl8Hllli IIpe.JJ;CTaMeH HIDKe. 

3KcrrepRM8HTa.Jll,HaH rrpoBepRS. MeTO.JJ;a 

WiH npoBeprur rrpe.JJ:~OJKemroir cxeMH pac'IeTa owr llSroToBJleH 

1.lO.JJ;e.1.bHl:lii: .JJ:BYO~O'Illl:lii KPHCTaJJJI KpeMHlllI TOJILUIDIOH u, 3 MM c opHeH­

Tau;ue:H [rnu] B Harrparuemnt HOPMa.JII:f r• IJ.,10CKOCTH M8.CT¥.lill. 06pa­

eu IIO.JJ;BepraJICB: "MeXa.IUN8CJ\OMy paCKa.J11IBi:ilill!O ITO n.JIOCKOCTflM cnaii­

HOCTH {III} • .Il,a.Jie'9 OOa l\YCKa KpHCTaJTJL:' TIO.JJ: MHKPOCKOIIOM COBMe-

'.J. I\OJla H Cit.iieliBaJillC 

:•n.v 

ll 

poBa.JIM IIO Jiaysrpa.MMa.M "ocHOBHoro" MOKa, rrpH pacIIo~o/KeHHH 

II~OCKOCTH llmCT1Ilrn rreprreH,JJ;HKy~HO IIa.JJ:~JJlll8MY IJY'IKY ( [IOO]H8.­

IIpaM8H B.JJ;OJ!D OCH x ) . Iloc~e 3TOro IIOJ!Y'I8Ha peHTreHOrpaMMa OT 

.JJ:BYMO'IHO:i1: 00.JiaCT>l:. Ha pHc.3 npne.JJ;eHH <PoTOCHHMIG'I lli8CTH pecp.. 

~8KCOB-TOIIOrpa.MM, KOTOpHe HCII0~:030Ba.JIHC:O .1J,J1R orrpe.JJ;e~eHl'!.iI rrapa­

MeTpoB pa3opueHTa.u;1rn 6~0KOB. ,lJ.ruI H3Mepemm KOOp.JJ;HHa.T rqrn:CTaJl­

JllrqecrtHX MOKOB HCIIOJ!DeyeTCH rrepeKpeCTHe Ha nepBH'!HOM nyi:r­

Ke [7 ,s] . HsMepemm KOOP.JJ:HHa.T Mei:reHHx Toi:reK rrpoBo~c:o Ha 

H3MepHTeJI!>HOM MHitpocKorre YHM-23 . Ilo~'!eHHYro.peHTreHorpaMMY 

Hli,I(Hil;l!IpOBaJIH ITO MeTO.JJ:Y [7] H ,IJ,JIB mecTH petlJ,JieKCOB 110CHOBHOro" 

6~oKa rrpoBo~ rrpeD;Hs:aoHHoe yTO'!HeHHe opHeHTau;HH "ocHOBHoro" 

6~oxa H onpe.JJ:e.Jl.ffJIH TO'llioe 3Ha'!eHHe paccTOHHliI.H KpHcT~-<PoTo-

rr.Jiac THHRa X0 = 33,00 MM. 11H,r(e!WH pecfmeKCOB H FI3MepeHHHe Koop-

.n;m.raTH npne.JJ;eHH B Ta6~.I 

Ta.6~a I 

Jm hKe !:Ii. ~l Yv ~t' 
-
I 3I7 2I.U5 -27,91 I9,99 -26,76 

2 244 II,95 -35,6I II,32 -34,0I 

3 355 0,03 -34,69 L,l.A -33,I2 

4 242 -II,bI -35,22 -II,25 -33,73 

5 371 -30,67 -27,3::. -I9,bb -26,47 

6 242 Il,4 34.22 11 .. !;> 36 . .'I 

--
l'O't!He:adle JHa'!emm rra.pa.'v!eT 

, a Ta.JOKe z31,1.::in£ -,- _ -.• ic;p.mrna.TI> .1e11 ~·LL ,·u'<.er 



RJll[CTaJIJIKqecronc 6J.tOKOB, pemrumc:E> CKCTeMl:l ypa.BHemlli (2). IIoCJie 
Ha:x:cm,n;emr.H MaTPKUH nepexo.n;a BH'iRCJIHIOTCH rrapa.MeTpH pasopn:eRTa-

rurn:: 

"!ll 

' ' ~-\ .. , _ ... •. ,, : ••• · .• :_"::t 

.. ', ·." . ->;:'fj-

~. ~~~ 

4• 

•• 

.. ~ 
~-~. /-~~·'·"Y. 

PHc.3 YBe.mrqeHHHe WOTOKornm: pequreKCOB TonorpaJMA ,ltByOnoq­
Horo MO,n;eJibHOro KPll!CTaJIJia KpeMHX!l,IlQJ1Y'l:6HHOro Ha 
cmocpoTpoHHoM ll!3.r.Y'l:e:mm 

:i;_o 

HanpmJteHKe OCH pasopl'IeHTari;BlI l H yroJI noBOpoTa 5 BORpyr 

aTo:l!: UCJI!. IlOJiy'IeHHble pesy.lll>TaTH c l'!Cll0Jlb30:sa.HR0M pa.3.1IH'lHlilX 

peqiJleKCOB npll!Be.n;eHH B Ta6JI.2 (HOMepa peiflJieKCOB B Ha6ope COOT­

B6TCT:ay!OT RX IlOpa:.wf.OBIDll HOMepa.M B Ta6JI.I). 

Ta6Jnma 2 

I~ HOMep pequ1eKCOB 
B HB.Oope 0 ex f ~ ei! 

l I23 0,5123 0, 1084 0, 9886 0, 1085 

2 234 0,4940 0,1051 0,9892 0,1022 

3 345 0,5021 O,I048 0 , 9901 0,0934 

4 456 0,5036 0,1047 0, 9889 0,1054 

5 136 0,5118 0,1045 0,9892 0,1028 

Tio.nyqeHHHe SHaqeHJl!H HaJipa.BJ16HRH OCJI! pasopaeHTa.IJ;lm llOKa3H-
. -

Ba!OT, qTO OC!> . e_ 6Jm3Ka K RpHCTaJIJ10rparpKtI6CKOMY HanpaBJI6Hl'I!O 

[orfJ . 

3a.K.!II0'1!6Hli e 

Ilpe;rr,no~eH HOBIIli MeTo.n; onpe.n;e.neHRfl napa.MeTpoB pa.aopn:eHTan;IDI 

M03alflll{Oro KPHCTaJIJ1a npll! liCilOJib30~ Henpep!:IBHOrO cneKTpa 

IIO'l:TR J.JapaJIJI~Horo cmi:xpoTpoHHoro ll!3JIYqemm, OCHOBalillll:l!: Ha 

BHCOROnpeD;11I3KOHHOM cnoco6e onpe.n;eJieHHH opll!eHTan;IDI OT,Il;6J!&Hb!X 

6JIOKOB. MeTO,Il; ll03BOM6T onpe.n;e.llliT!> mu:rpa:BJieHE:e OCH li Be.Jm'filHY 
I 

y ;.., Jl.a paaopHeHTaIJ;llli KpliCTa.JL7l.li'l6CK!IIX 6JIOKOB 1 HeooaaaTeJr:&HO HM6IO­

!ItHX oOiqHe rpa.HKUH. IlpaKTRti:ecKR .n;ocTHraeMaH TO<IHOC Tl> onpe.n;eJie-

IJ 
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