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Mpencraenenbl pesynbTaThl NCCNefOBaHUS CTPYKTYpbl ODPasLOB MAEHOYHbIX WHBEPTMPOBAHHBLIX OMasoB Ha

ocHose okcupa xenesa (III) meTogom ynbTPamanoyrioBOro PeHTreHOBCKOro paccesHus. lMokasawo, 41O unc-

cnepoBaHHble poToHHble KpucTannsl uvenu ILUK-cTpykTypy ¢ gedektammn ynakosku, nprHeM Konm4ecTso no-

CNeAHNX MOXET BbiTb pasnunyHbIM Asis pa3Hbix 0bpasuos. PaspaboTaHHbili MeTos NO3BONSET NErKO PasnnynTb
obpa3subl ¢ npenmyLiecTBeHHol ABoliHnkoBaHHON ILIK-cTpykTypoii n 0bpasubl ¢ nocnefoBaTesbHOCTBIO CNOEB
6nuskoii k ngeansroii I'LUK-ctpyktype. Habntogaemblie pasnuuuns 8 cTpykType 06pa3LoB, NoOnyHeHHbIX B OfMHA-
KOBbIX YC/IOBUSIX, CBA3AHbl C BEPOATHOCTHbLIM XapaKTepom (hOPMUPOBAHUS CII0EB NpN CaMOCOOpPKE KOMIONAHbIX
KPWCTaNoB, NCMONb30BABLUNXCA B Ka4eCTBEe TEMMIATOB A5 CUHTE3a WHBEPTUPOBaHHLIX onanos. OnucaHHbIi
MeTod aHann3a CTPYKTYpbl (POTOHHbLIX KPUCTA//IOB SIBASIETCS YHUBEPCASbHBIM 11 MOXET ObiTb 3(beKTNBHO
CMOb30BaH AN UCCNE[OBAHNS NHBEPTNPOBAHHBIX OMANOB HA OCHOBE Pa3/InyHbIX MaTepuasnos, KOJMOUAHBIX
KPWUCTANOB, @ TAKXKE TPEXMEPHbIX (POTOHHbBIX KPUCTaAsIOB APYrux TUMOB.

PACS: 42.70.Qs, 41.60.Ap, 61.05.cf

1. BBEJEHUE

®orounbie kpucramibl (PK, photonic crystals) —
9TO YHNOPSAOYEHHBIE CTPYKTYPBI CO CTPOrO MEPHUO/IU-
YeCKON MOAYIANMel TNIIEeKTPUYIECKO MPOHUTIAeMOCTH
Ha cybmukpounom maciirabe [1]. B mociennee Bpems
OK mpuBmekarorT Bce OOMbIee BHUMAHHE HCCIEI0BA-
Telell B CBSA3UM C BO3MOYXKHOCTBIO WX WCIOJIH30BAHUS
B KA4YeCTBE OCHOBBI JJIsi CO3AHUS BBICOKOI(DEKTUB-
HBIX CBETOM3JIYYAIOIMIAX HTEMEHTOB, HU3KOMOPOTIOBBIX
JTa3epOB, BOJHOBOIOB HOBOTO THIIA, CBEPXOBICTPHIX OII-
TUYECKUX MEPEKTI0UaATeIel U IPYTrUX MePCIeKTUBHBIX

*E-mail: sinitsky@inorg.chem.msu.ru

37

yerpoiicrs. Ograko npakrudeckoe npumenerue OK u-
MUTHPYETCS OTCYTCTBUEM YHUBEPCAILHBIX W JIOCTYII-
HBIX METOJIOB WX CHHTe3a. B HacTosiee BpeMs B Ka-
YecTBe OJHUX W3 HAubOIee NePCHeKTUBHBIX METOIOB
cuareza ®K paccmarpuBaroTcs mMOaX0IbI, OCHOBAHHDBIE
Ha caMocBopKe KOMTONIHBIX dacThll [2]. OgHaKo CTpyK-
TypHbIe Ae(PEeKThI, KOTOPbIE BOSHUKAIOT B MOy YeHHBIX
takum obopazom @K, memsberkHO MpUBOIAT K yXyIIiie-
HUIO NX ONTHYECKUX CBOHCTB [3-5]. B cBsa3u ¢ stum
OTPOMHOE KOIMYECTBO paboOT OBIIO MOCBAIIEHO pa3pa-
oorke MeronoB cuHre3za ®K Ha ocHOBE KOMIOUIHBIX
YACTHUIL ¢ HU3KWM cofepykanveM nedextos [6-8]. TIpn
9TOM DEITEeHNI0 COMyTCTBYIOMIEH 33249 — pa3padoTKe
MeTo0B anann3a gedextanoctn @K — mo cux mop yae-
JISITOCH CYIIECTBEHHO MEHBIee BHUMAHUWE.



B. B. Abpamosa, A. C. Cunnykuii, H. A. Ipuropsesa u ap.

MIT®, Tom 136, Bomn. 1(7), 2009

Ilepuonugeckne CTPYKTYphI, 0Opa30BAHHBIE ILTOT-
HOYMAKOBAHHBIMUA KOJIJIOUTHBIMUA  C(HEPUUCCKUMU  Ua-
crunamu (KOJTOUIHBIE KPUCTAJLIBI), 9aCTO HA3BIBAIOT
OITAJTAMHP U3-3a AHAJOTMH C NIMPOKO W3BECTHBIMHU MPH-
POJIHBIMU MHHEpaJIaMu cXoyero crpoenus [9]. Omasnsr,
B CBOIO OU€Peh, YACTO MCMIOJb3YIOTCS IJIs CUHTE3a WH-
BEPTUPOBAHHBIX onasoB (inverse opals) — crpykryp,
MOMYYEHHBIX B PE3y/TbTATEe 3ANOJTHEHWS MTyCTOT MErK-
ny cepruueckuMy YacTUIAMU HEKOTOPBIM BEIIECTBOM
1 TOCTeAYIomero yaameanss Mukpocdep. Cornacuo re-
OPETUIECKMM DPACYeTaM, WHBEPTUPOBAHHBIE OMABI C
I'IK-crpyxrypoii obmamaror 60jiee MepCreKTUBHBIMU
ONITUYIECKUMU CBOMCTBAMHU, Y€M OTAJIBI ¢ AHAJIOTHYIHOMN
crpykrypoii [10,11] — B wacrHocTH, nonHas (GHOTOH-
Has 3aMpelIeHHast 30Ha OTKPLIBAETCS B UX IHEPTETH-
YECKOM CITEKTPE yIKe MPU COOTHOIICHUN MoKas3aresed
npenomiennst ny /ne ~ 2.8 [10]. Kpome Toro, ecnu ko-
JIOUJTHBIE KPUCTAJIBI, KAK IPABUIIO, COOUPAIOT U3 MOHO-
JIUCTEPCHBIX MUKPOChEP Ha OCHOBE TNOKCHIA, KPEMHUS
WA NOJTHCTUPOIA, TO HBEPTHPOBAHHBIE OMABI MOZKHO
MOy YUTH HA OCHOBE CAMBIX PA3HOOOPA3HBIX IO CBOEH
XUMHUUECKON TPUPOIE MATEpUaIOB — METAJLIOR, HEeMe-
TAJITIOB, TOJIYTTPOBOAHUKOB, OKCUIOB 1 1p. [12], uro or-
KPBIBAET MIMPOKUE BO3ZMOKHOCTHU [T UCIOTH30BAHUS
OK ganHOrOo THMA B KAYECTBE OCHOBHBIX KOMIIOHEH-
TOB CAMBIX PA3HOOOPA3HBIX YCTPOUCTE — OT BHICOKOI(-
(beKTHBHBIX CBETOM3IIYYAIOMINX /TeMEHTOB [5] U ma3e-
poB [13] 10 cBepXOBICTPHIX TepeKIIoYaTeNeil CBeTOBBIX
noTokos [14] n dorosnekrpoxnvuuecknx siaeek [15]. B
CBSI3U C STUM HACTOAMAS PaboOTa, B MEPBYIO OYEPEIb,
ObLTA HAIPABIEHA HA W3y4YeHHE CTPYKTYPBI MHBEPTH-
POBAHHBIX OTAJIOB, XOTS AHAJOTUYIHBIE TTOAXOIBI MOTYT
OBITH TAKZKE HMCIOTB30BAHBI JIs1 AHAIU3A CTPYKTYDPBI
KOJITOMIHBIX KPUACTALIOB, a Takzxke OK apyrux tunos.
B kauecTBe 00HEKTOB MCCIEIOBAHUS MUCIOIL30BAIN 00-
Pa3Ibl MHBEPTUPOBAHHLIX OMAJIOB Ha, OCHOBE OKCHUIA
xkenesa (IIT).

Jlma @K Ha oCHOBE YHOPSIIOYUEHHBIX KOJIOWIHBIX
YACTHIL XaPAKTEPHBI MHOTHE THUIMHI Je(EKTOB, U3BECT-
HbIe 1T ATOMHBIX, MOHHBIX WM MOJEKYISPHBIX KPU-
crasuioB. Toueunbie nedekTsl (BakaHcuu) 9acro Ha-
omogatorcst Ha n3obpaykennsx @K, momydeHHbIX Me-
TOIOM CKAQHUPYIOIIEH 3JIeKTPOHHON Mukpockomwmu. O1-
HAKO AHAJN3 3THM METOJOM IPOTSKEHHBIX Ae(eKTOB
(,ILOMGHHI)IX CTEeHOK, JUCIOKAIUM, MIOCKOCTel ITBOWHU-
KOBAHWsS W JIp.) HA MPAKTUKE OKA3BIBAETCS BECHMA, 3a-
TPy AHUTENBHBIM [16].

Paznmuanble onTHYECKHE METOIBI,
sepuas gaudpakuusa [16-20] u meroxn kosen Kocce-
a5 [21, 22], TaksKe MMPOKO MCTIONB3YIOTCS JIJIsT AHAJN3A

TaKue KaK Jia-

crpykTypst @®K. B mepBom ciydae obpazert o0myIaior
cPOKYCUPOBAHHBIM JIA3€PHBIM Ty IKOM W AHAJTU3UPYIOT
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[TOJIOKEeHNE ¥ WHTEHCUBHOCTh SAPKUX PedIeKCOB HA MO-
JIYIEHHBIX Tu(PAKIHOHHBIX KapTuHax. Merosd, OcHO-
BAHHBIA Ha HaOMIOIeHnn Kojer Koccens, 3aKaIiovaeT-
csI B M3yYeHNM KapTUH TudPy3HOTO paccesHus, Ha KO-
TOPBIX MOTYT HAOMIONATHCA TEeMHbBIE JTUHUH (TaK Ha3bl-
BaeMble KOMbIa Koccesst), cBsi3aHHbIE ¢ OCIabIeHneM
WHTEHCUBHOCTH MPOIIE/IIEr0 W3JIyIeHus 3a CYer -
dpaxmun Ha PA3TUIHBIX KPUCTATTOTPAPUICCKAX TLTOC-
roctax K. Oba meroma 6611 3P HEKTUBHO WCTTOTH30-
BAHDI [IJIsI AHAJU3A CTPYKTYPbI KOJIOUIHBIX KPUCTAJI-
JIOB, OJHAKO OOJAJAI0OT PsAIOM CYIIeCTBEHHBIX HeI0-
craTkoB. KapTuubl ga3epHoii 1ndpakiimm MOKHO HaO-
JIIOJIATH TOJIBKO B TOM CJIyYae, CIU TEPUO, CTPYKTYPhI
GOJIbIITe JITMHBL BOTHBI JIA3EPHOTO U3y YeHUS, 9TO Je/1a-
€T HEeBO3MOKHBIM UCIOIB30BAHIE TAHHOTO METOIA JJIst
amamm3a OK ¢ meproit poTOHHOI 3ampeITeH ol 30H0 B
BUIUMOM [IMANAa30He CIEKTPA, KOTOPbIE, KAK IMPABUIIO,
nmeror nepuogundHocTh Meree 300 am. Bo muormx ciry-
Jasx, HAMPUMED, TPU U3YYEHUH JIEHOYHBIX WHBEPTHU-
DOBAHHBIX OIMAJIOB, IPUMEHEHNE ONTUIECKUX METOIOB
MOZKeT OBIThb 3aTPYyAHEHO W3-3a CYIECTBEHHOTO BKJIa-
Jla, TOBEPXHOCTHOTO paccesinusi. HakoHer, ncmoan308a-
HU€ ONITHYECKUX METOIOB HEBO3MOKHO, €C/TH OCHOBHBIM
xommorenToM PK sgBrgercsa BemecTBo, CUILHO MTOTITO-
MAIIee B BUJAUMOM JUANA30He CIeKTpa (Hampumep,
okcn Kenesa Fes O3, MCOIL30BaBIIHIICS B HACTOSIIEH
pabore). B wactHOCTH, ONTHUECKHE METOBI IPAKTHYE-
CKU HEMPUMEHUMbI [IJIsT UCCJIETOBAHNS (DOTOHHBIX KPH-
CTAJITIOB Ha, OCHOBE METAJIOB [23, 24].

B macrosieit paboTe MbI TOKA3hIBAEM, ITO CTPYKTY-
Pa MHBEPTUPOBAHHBIX KPUCTAJLIIOB MOYKET OBITH YCIIeII-
HO MCCIeIOBAHA METOOM YIbTPAMAJIOYTIOBOTO Paccesi-
HUST CHHXPOTPOHHOTO M3JIyY€HHUsI, KOTOPBINA, OUEBUIHO,
HE WMEET YIOMSHYTHIX BBINIE OTPAHUIEHUN.

2. 9KCIIEPUMEHT

WNuBepTupoBannble OMaIbl OBLTM CHHTE3UPOBAHDI
remmatHbiM MeroznoMm [12]. Ha mepeom stame cdepu-
YeCKUe MOJMCTUPOIBLHBIE YACTUIIBI CO CPETHUM JIHa-
MerpoM 420 HM W OTHOCHTETBHBIM CTAHIAPTHBIM OT-
KJIOHEHWEM pa3MepoB OT Cpearero menee 5% Obum
CUHTE3WPOBAHBI METOIOM rerepodasHoii 6e33Mysbra-
TOPHON MOMUMEPU3AIUN CTHPOTIA € HUCHOTB30BAHUEM
nepcyabdara Kaaus B KAYeCTBE WHUIIMATOPA MOTHME-
pusannu [25]. Ha BTOpOM 3Tarme Ha OCHOBe MOJIY9eH-
HBIX YACTHUI] OBLTU BBIPAIEHBI KOJIOUTHBIE KPUCTAJI-
JIbI METOJIOM OCAaKJEeHUsl HA BEPTUKATHHYIO MOJTOK-
Ky [7,26]. TTosydentble KOMIOWIHBIE KPUCTAIIIBI MPO-
MUTHIBAJIA HACBIIIEHHBIM BOIHO-CITUPTOBBIM PACTBOPOM

(50 % HoO + 50 % CoH50H) wnurpara xenesa (III),
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AHanu3 cTpyKTypbl (DOTOHHBIX KPUCTAMSIOB . . .

BBICYIIIUBAIM HA BO3IyXe B TEYEHUE CYTOK, MOCTE Yero
HATrpeBasn co ckopocThio 0.1 rpaj/MuH J0 TemMmepary-
pot 500 °C 1 M30TEPMUYIECKU OTKUTAIN B Tedenne 10 .
Temmeparyprast 06padOTKA MPUBOIAIA K Y IATEHIIO IO~
JINCTUPOJIA W YITPOYHEHUIO TTOPUCTOTO OKCHUIHOTO KapKa-
ca. CoryiacHo pe3ybTaTaM peHTreHO(A30BOTO AHAIN3A,
(mudppaxromerp DRON-3M, CoK ,-usiyuenue), nomiy-
JeHHBIE 00PA3IBI OBLTH OTHO(MA3HBI I COOTBETCTBOBAII
KPUCTAJIJIMIECKOMY TeMATHUTY.

Arrecranuio  0Opa3OB  METOIOM CKAHUDYIOIIEH
9JEKTPOHHON MUKPOCKOMUH MPOBOIUIN HA MHUKPOCKO-
me LEO SUPRA 50 VP nipu yCKOPSIIOIIEM HATPSYKEHUH
5 kB, m300paKeHusi MOJYyYAJU BO BTOPUIHBIX 3IJIEK-
TPOHAX. DKCIEPUMEHTHI MO  YIBTPAMATIOYTIOBOMY
PaCCeSTHUI0 CUHXPOTPOHHOTO W3JIYUEHUs] TTPOBOIUIN
wa cranmun BM-26B DUBBLE Erpormeiickoro merTpa
cunxporpounbix ucciaenosanuii (ESRF) B r. I'penobiib,
Opamrus; AHAJTOTHIHY O
ommcannoit B pabore [27]. IIy<Iox CHHXPOTPOHHOTO
w3sydenns ¢ auHol Bommsl A = 0.95 A dokycuposanu

HUCTHOJIB30BAIN  YCTAHOBKY,

COCTABHBIMH OTParKAIOIIMMH JHH3aMu [28] Ha 9KpaH —
12-6urayio CCD-kamepy (Photonic Science) ¢ pas-
pemmermem 4008 X 2671 sueek mpu pasmepe sSUCHKH
22 x 22 mrM?. O6pasel yCTAHABIHBATE HEIOCPe]-
CTBEHHO 3a JIMH3AMHU Ha TOHUOMETDE Ha DPACCTOSHUN
8 M or gerekropa. JlaHHAs yCTAHOBKA TMO3BOJISET
JIOCTHYH YTJIOBOTO PA3PEIIEHHs MOPSAIKA 5 MKPAI, 9TO
cooTBeTCTRYeT mpuMmepro 3 - 1074 mm L.

3. PE3VJIBTATHI I X OBCVY2KJIEHUE

Ha pwuc. la npencraBierHo u3obpaskerue (pparMeH-
T& TOBEPXHOCTU OJHOTO W3 KOJLUIOUIHBIX KPUCTAJIIOB
HA OCHOBE MOJUCTUPOTIHLHBIX MUKPOCHEP CO CPeIHUM
guameTpom 420 HM, KOTOPbIe HCIOIb30BAIUCH B Kate-
CTBE TEMILJIATOB [IJIsi CHHTE3a WHBEPTUPOBAHHBIX OITa-
noB FeyOs (puc. 16). Xopowo BUAHO, YTO UHBEPTH-
DPOBAHHBIN OTAT HACTEIYET YIOPSI0YeHHYI0 CTPYKTY-
Py KOJIOMIHOTO KPUCTAJIIA, XOTS CPEIHee PACCTOSTHIE
a = 380 HM MEXKIy IMEHTPAMU COCEIHUX CEePUIEeCKUX
nycror B Mmarpuiie FeaO3 HECKOTBKO MEHBIIE CPeHero
JMaMeTpa MOJUCTUPOIBHBIX MUKPOChEP, UTO CBA3AHO
¢ ycaakoit obpasia B mporecce ero orxkura [20].

BaxkHO OTMETHUTBH, YTO BEPXHUIl TIOTHOYIAKOBAH-
HBIA CMOH cepuiIecKux MyCTOT B OKCHIHOW MATPHIIE,
HabJTI0IaeMblii Ha puc. 16, MOYKET COOTBETCTBOBATH JIU-
60 mwiockocru (111) TTIK-perierku, rae ciou gepey-
iorcst B mopsaake ABCABC. .., mu6o mnockoctu (0001)
['IIV-pemerku ¢ uepenosanumeMm ciaoes ABABAB.. .,
OO0 BHENIHeH TMOBEePXHOCTH VIAKOBKH, O0Opa30BaH-
HOU TIPOU3BOJIBHBIM YePEIOBAHUEM TLIOTHOYTAKOBAH-
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Puc. 1.

DNeKTPOHHO-MUKPOCKONUYeckne n3obpaxe-
HUSI KOMJIOMAHOrO KPUCTasia Ha OCHOBE MOHOANCNEPC-
HBIX MOMMCTMPONbHBLIX Mukpocdep (a) 1 nHBEpTUPO-
BaHHOro onana Ha ocHose Fe; O3 (6)

ueix  cmoes  (cayuaiinag [ITY-ymaxoska). Cormacuo
97eKTPOHHO-MUKPOCKOMUIECKIM M300parKeHUsIM TT0TIe-
pPeYHOro cKoIa 0Opasna, TOIIMUHA WHBEPTUPOBAHHOTO
omaJjia coctaBisia mpuMepHo 40 MIOTHOYMAKOBAHHBIX
CJTOEB, MAPAJIETbLHBIX MOJTIOKKE, OHAKO MOTyYeHHbIe
n300pazkeHusl He MO3BOJIN Pa3auduTh cjion A, B u
C, a 3aaqurt, yctaHoBuTh cTpykrypy ®K. Mexkay rem,
JaHHAs 3a7a4a ABAAETCS YPe3BBbIYAHO BAYKHON, MO-
ckonbKy IIK-cTpykTypa aBageTcsd onTuMaIbLHON JITs
@K, nomyuennbix merogamu camocbopku [10], Toraa
KaK JOObIe OTKJIOHEHWST OT «TPAaBUJILHOTO» YeperoBa-
uust cinoes (ABCABC...) HeraTwBHO OTparkamoTcs Ha
OTITHYECKUX CBOUCTBAX 0OPA3IOB.

Orvernm, uro B HemasHeil padore [29] Gwio MO-
KA3aHO, 9TO [ KOJLTOMIHOTO KPUCTAILIA HEDOIBINOM
TomuHbl (3—5 c0eB) ydacTKu 00pa3ia ¢ pa3iudHol
ymaxoskoii (mampuvep, ABC u ACB) moxHO pasmiu-
YUTH METOJIOM OMTHYeCKOi Mukpockonuu. OHAKO TaH-
HBIA MeTos, 3(pHEKTUBEH B TOM CIydae, eCIu KOTOWI-
HBI KPUCTAJITT 00pa3oBaH MUKPOChEpaMi OTHOCUTEIb-
HO DOMBIIOrO pas3mMepa, Jjisi KOTOPOTO B BUAUMBIN 1Ha-
MA30H MOMAJAI0T (DOTOHHBIE CTOM-30HBI BBICOKUX I0-



B. B. Abpamosa, A. C. Cunnykuii, H. A. lpuropsesa u ap.

MIT®, Ttom 136, Bbin. 1(7), 2009

I\

Puc.2. Cxema 3kcnepumenTa: 1 — obpasey; 2 — ge-
TEKTOP; 3 — My4YOK CUHXPOTPOHHOrO M3/y4EHNS

psiakon [30]. Kpowme Toro, ¢ ysennuennem uncna N ciio-
€B KOJTMYIECTBO BO3MOZKHBIX IJIOTHEHIITNX YIAKOBOK PaC-
ter kKak m = 2N "2 (N > 2), 9TO CymeCTBEHHO YCIOMK-
HSIeT aHAJW3 CTPYKTYPHI KOJLIOWIHOTO Kpucrayuia. B
TO JKe BpeMsi aHanmm3 CcTpyKTypsl @K meromom yiab-
TPAMAJIOYTIOBONO PEHTTEHOBCKOTO PACCESHUST TIO3BOISI-
eT ONpPEeJIeNATh I HCCIeAYEMOro yaacTKa 06pasina co-
oTHOIeHne (PPArMEHTOB C PA3JIUIHBIM YePeTOBAHUEM
CJI0eB HE30THOCUTENBHO K €0 TOJIIIMHE U CYMMADHOMY
KOJTUYECTBY PA3JIUIHBIX (DPArMEHTOB.

s Beiapaenus nedeKTOB YIMAKOBKU B WHBEPTH-
poBaHHBIX omajiax FesO3 Mbl mosyuanu audpakinoH-
Hble KAPTHUHBI [IPU PA3JUYHBIX yTJIaX MOBOPOTA ¢ 00-
pasia BOKPYT BePTHKAILHON ocu 2z, yroa a = 0 coot-
BETCTBOBAJI HOPMAJILHOMY TAJIEHUI0 W3JIy9IeHUsT HA TO-
sepxuoctb DK (puc. 2). Ha puc. 3 npeacrasienst qu-
dpaknuoHHbIE KAPTUHBI, MOJYyYEHHbIE IS OJHOTO W3
MCCIIeIOBAHHBIX 00PA310B. XOPOIIO BUIHO, YTO TIPH MO~
Bopore @K mpomcxoanT m3MeHeHHEe Kak ODIIEro BHIA
AupPAKIUOHHON KAPTUHBI, TAK W OTHOCUTETHLHOW WH-
TEHCUBHOCTH PA3JIMIHBIX PEe(IIEKCOB.

pupomxy pedIeKCOB  MOYKHO
OOBSICHATD CHEAYIOMUM 0o0pa3oM. PaccMmorpum  mme-
ampupiii @K ¢ TTIK-crpykTypoit m ymakoBKoii Twuma
ABCABC..., cxema pacroyioKeHusi y3J0B 00paTHOM

HaOJITIOLAEMBIX

DeIIeTKy Jijisi HEero B MPOEKIUH HA ILIOCKOCTb Ty
nokazana Ha puc. 4. Ecim uzobpasurs cdepy IBaib-
na (cdepy B 06paTHOM TPOCTPAHCTBE C PAJUYCOM
27 /A, tae A — [JIMHA BOJIHbBI M3JIyY€HHUs ), TO YCJIOBHUE
Bpsrra—Bymsda Oymer BLIMOTHATLCA M7 TEX y370B
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OOpaTHONW pPEeIIeTKH, KOTOPbIe OKAKyTCsa Ha  ITOM
cdepe. Tockompky mpu wucciaegoBanun PK meromom
YABTPAMAJIOYTJIOBOTO  PACCESTHUSI ~ CHUHXPOTPOHHOTO
UBYYeHUsT JJTUHA BOMHBI A MHOIO MEHbIIE TePUo/Ia
®K, xkpususuoii cdhepbl IBaAIbIA MOKHO MpeHEODEUD;
MO3TOMY Ha puc. 4 JUHHWIO Tepecedenusi chepwul ¢
paccMaTpuBaeMoOil MIIOCKOCTBIO TY, COAEPZKAIIECH y3JbL
oOpaTHOW pemeTKd, MOKHO CYHTATh mpamoit. U3
puc. 4 Bumno, uro ansa paccmorpenroro 'IIK-OK c
gepegopanneM cioes ABCABC... nomkubl Habio-
JaTbesa  AuPAKIUOHHBIE pedIeKChl TP MTOBOPOTE
obpasma Ha HEKOTOPbIE XapaKkTepHble yriabl. Hampu-
Mep, TIpU MOBOPOTE 00pa3ma Ha yroa a = 19.5° gomken
nHabmonarses pedaexe (111), a npu moBopore Ha yron
a = 54.7° — pediexc (220). Iockonbky st FITK-OK
¢ gepenonanmem cnoeB ACBACB... y3maer obparHoit
DEIIeTKH PACIONOKEHBl CUMMETPUIHO OTHOCHTETHHO
mwiockocTn xz, ans Hero pedmexcer (111) m (220)
JIOTKHBI  HADJIOJATHCS COOTBETCTBEHHO TMPU  YTJIaX
Q@ —19.5° u « —54.7°. AnanormanbiM 06pazoM
MOZKHO TOKa3aTh, 910 s [TIY-cTpyKTypBI JTOMKHBI
HabT0IATHCs pedJIEKCHI TIPU YT/IaX TOBOPOTA 00pa3Ia
a = 0, £27.9°, +£46.7°, coorBercTByIOITHE pedIeKcam
(10-10), (10-1+£1), (10-1+£2).

Ucnonb3oBanue puc. 4 mo3BOISIET CAETATh BasKHBIE
BBIBOJIBI O CTPYKTYPE aHAJU3UPYEMOTO WHBEPTUPOBAH-
HOTO omaja 1Mo AuPPAKIMOHHBIM KapTHHAM, W300pa-

keHHbIM Ha puc. 3. Tak, cormacuo puc. 4, qusg FIK-OK
¢ gepenosanuneM cioes ABCABC. .. npu nmosopore 06-
pasma Ha yrom a = 54.7° momKeH HADIIOIATHCS pe-
daexc (020). dannbiii pediekc geiicrBuresbHO HAGITIO-
JlaeTcst ¥ OTMEeYeH Ha puc. 32. B To ke Bpemst npu 1mo-
BopoTe 0obpasmna Ha yroia a = 35.3°, cormacHo puc. 4,
anst uaeanbaoro FIIK-®K mbr #He 10mKHBI HAOTI0IATH
BOsu3u «uponasuiero» pediekca (020) HUKAKOrO WH-
TEHCUBHOTO OTpaskenusi. OIHAKO B JIEHCTBUTEILHOCTH
Takoii pediekc mabmomaercsa (puc. 36). Ilossaenue
9TOro pediekca MOKHO OODSCHAUTH MPUCYTCTBHEM B
CTPYKTYpEe MHBEPTUPOBAHHOTO omnaja (pparMeHToB TH-
ma ACBACB... — B 3TOM ciiydae npu MOBOPOTE 00pa3-
1a Ha yrou o = 35.3° MblI JOJIZKHBI HADTI0AATH pedieKre
(111). Takum 06pa30M, MBI MOZKEM CJEIATH BBIBOJL, 9TO
B aHasm3upyemMom OK oIHOBpPEMEHHO MPUCY TCTBOBAJIN
dparventsr kak ABCABC. .., tak u ACBACB... Tlo
9TOM MPUYUHE HA PUC. 3 MbI UCHOJIB3YEM DA3JIUIHBIE
obo3uadenust st pedpIeKCOB, CBI3AHHBIX € (PparMeH-
ramu u60 ABCABC. .., mu6o ¢ ACBACB. ..
Type OK.

Ormerum, 9ro He Bce pedIIeKChl MOYXKHO OTHe-
cru k ['IIK-permerke, HeKOTOpbIe U3 TAKUX pediek-

B CTPYK-

cOB oTMeueHbl Ha puc. 3a u 36 crpenxkamu. [Ipwm
srom ecnu pedeKChl HA PHUC. 3a MOTYT OTHOCHTH-
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Puc. 3.

a =0 (a), 19.5°(6), 35.3° (6), 54.7° (2). Kpectukamn obo3HaqeHbl pedpnekchl, cBsizaHHble ¢ gudpakunein Ha ['LIK-ppar-

meHTax ¢ yepeposaHuem cnoes ABCABC. .., pombukamu — ¢ gudpakuueii Ha FTUK-dparmenTtax ¢ yepegoBaHuem cnoes

ACBACB. . .; pednekcbl, He OTMeY€eHHbIE CMBOMAMN, XapakTepHbl ans obonx Tunos ILIK-cTpyktypbl. CTpenkamn obo3Ha-
YeHbl pedrekchl, KoTopbie Henb3st oTHecTn K [ LIK-cTpykType

I
I
113
I
I
002 ,
I
I
I

O
O

131

111(

022

—35.

002

=
—
Wl

Puc. 4. Cxema pacnonoxeHus y3nos obpaTHOii peieT-
kn gna [LUK-cTpykTypbl ¢ YepegoBaHueM MAOTHOYMNa-
koBaHHbIx crnoes ABCABC. .. B npoekuun Ha ropusoH-
TanbHYIO NAOCKOCTb Ty U XapaKTepHble yrabl Audpak-
unn. 3se3gouqkoit otmeden ysen (000). B TLUK-cTpyk-
TYpe pacCTosiHue MexXAy MJI0CKOCTbIO, CofepKaLlueii
LWITPUXOBbIE NTUHNN N Y3Nbl Ha Heﬁ, 1N NMAOCKOCTbH, CO-
[ep>KaLlLeil OCTabHbIE Y3/ibl, N300PaXKEHHbIE HA PUCYH-
ke, coctaensiet 27 /a (a — puametp ccpepuyeckoii nyc-
TOTbI)

ca Kk ['IIVY-crpykrype, To peduiekcel Ha puc. 36 HE
B npemnonoxkennn ['TIK-permrerku, HU B mpeamoroxe-
uun LIIV-ctpykrypsr @K ob0bacanth memnss. dan-
Hble pedIeKChl, HHTEHCUBHOCTH KOTOPBIX OTHOCHTETh-
HO HEBBICOKA, CBA3AHBI C TAK HA3BIBAEMBIMH OPITTOB-
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KapTuHbl ynbTpamanoyrnoBoii peHTreHoBCkol audpakuum ans obpasua uHeepTuposaHHoro onana FexOs npu

HTEeHCUBHOCTH

Puc.5. 3aBncriMoCTu MHTEHCMBHOCTN Pa3nMyHbIX LU~

dpakumoHHbIx pedhnekcos oT yrna o nosopoTta obpas-

Ua: TOYKN — ISKCNEPUMEHTAJIbHbIE€ OAHHbIE, JINHNN —

onucaHue Habnrogaembix Nukos pacnpegenequavu Jlo-
peHua

ckumu crepxkugvu (Bragg rods), Bo3HUKHOBEHUE KOTO-
DBIX CBS3AHO C HATHIWEM Ie(DEKTOB YITAKOBKA B CTPYK-
type ®K [31, 32].

Ha pwuc. 5 mpencraBienbl 3aBUCHMOCTH WHTEHCHB-
HOCTEHl [7isi HEKOTOPBIX DediercoB, HAOIIOIAEMBIX
Ha puc. 3, or yria mosoporta obpasma. CoorHo-
MeHre TUIOTHOYMAKOBAHHBIX CJIOEB B (parMenrtax
ABCABC... n ACBACB... MOXHO OIEHHTHb IIO
OTHOIIEHNIO WHTErPATFHBIX WHTEHCHUBHOCTEH COOTBET-
CTBYIOIINX THWKOB. lI3 OTHOMEHW WHTEeHCHWBHOCTEH
nuxos (111) npu yrmax o = 19.5° (ABCABC...) u
a = —19.5° (ACBACB...), nukos (220) npu o = 54.7°



B. B. Abpamosa, A. C. Cunnykuii, H. A. lpuropsesa u ap.

MIT®, Tom 136, Bomt. 1(7), 2009

(ABCABC...) u a« = —54.7° (ACBACB...), a tak-
xe mukor (111) mpm « —35.3° (ABCABC...) u
a = 35.3° (ACBACB...) MOXKHO ¢/ieIaTh BBIBOJ, 9TO
COOTHOIIIEHUE TIOTHOYNAKOBAHHBIX CIOEB B (hparMeH-
tax ABCABC... w ACBACB... B anaamsupyemom
obpasie WHBepTUpOBAHHOTO omana Fes(Os cocras-
gsimo npumepro 2 : 3. Ilpm stom orcyrcrBue SpPKO
BBIPAZKEHHOTO MAaKCHMyMa Ha yTJIOBOH 3aBUCHMOCTH
unTencuHocT pediexca (111) ais  dparmenTon
ABCABC... u ACBACB... (cM. puc. 5) cBHIETeb-
cTByeT 00 OTCYTCTBUU B CTPYKTYPE WHBEPTHPOBAHHOTO
omaJjia 3HaunTeNsLHOro KosmuectBa [TIY-dparmenTos,
MOCKONIbKY, KaK y¥Ke OBLIO OTMEeYeHO pamee, s
HUX OPH yTJe MOBOPOTe 00pasna o 0 nmomxen
unabmogarses pediexce (10-10).

[Monydennstii BBIBOM, COTJIACHO KOTOPOMY WCCIIE-
noBauubiii obpasen mmen [IIK-crpykrypy c medex-
TaMM YIAKOBKHU, XOPOIIO COIJIACyeTcs C pe3yJibTaTa-
MH MHOTOYHMCIEHHBIX YKCIIEPUMEHTAIBHBIX pador (cM.,
Hampumep, [3]). B To ke BpemMsi BayKHO OTMETHT,
9TO METOJ, YIBTPAMAJIOYTJIOBOTO PEHTTEHOBCKOrO Pac-
CessHWs MO3BOJISIET TOJYyYUTh CYIIECTBEHHO Oojee je-
TAJIBHYIO CTPYKTYPHYI0 HH(MOPMAIUIO O KAZKJIOM KOH-
KPETHOM HCCTIeIyeMOM O0PA3Ie U He TOJIHKO BHISBUTH
npenmytnectBerryio ['IIK-ctpykTypy, HO u ycTaHo-
BUTH BO3MOXKHOE TpucyrcTBue kak ['TIY-dparmenTos,
tak u caydaitaerx ITY-dparMenTos, a Tak:ke y3HATH
coornorterne  ABCABC- u ACBACB-dparmentos.
I[Mpu srom ecmm T'IIK-crpykTypa ObLTa XapakTepHA
IS BCEX MCCIEIOBAHHBIX B paboTe 00pa3IoB WHBED-
TUpOBaHHBIX omanoB FeyOsz, To coornomenue dpar-
veraToB ABCABC: ACBACB 06buto pa3iudHbIM J11st
pasabix OK: wapsamy c¢ obpa3nmamu, i KOTOPBIX
ABCABC:ACBACB= 1 : 1, Mbl Takke HabI0OIa-
JIA UHBEPTUPOBAHHBIE OTAJIBI C OJHUM ITPEUMYIIECTBEH-
wbiM tunom [IK-ctpykTypsl. OdeBugHOo, 9TO HAOIIO-
JaeMble CTPYKTYPHBIE Da3JNYMs CBSI3aHBI C BEPOSIT-
HOCTHBIM XapakTepoM (hOPMUPOBAHUS CJIOEB MIPU CAMO-
cOOPKe KOJLUIOUIHBIX KPHUCTAJIIIOB, MCMOJIH30BABITAXCS
B KQYeCTBE TEMILIATOB JIJIsI CHHTE3d WHBEPTUPOBAHHBIX
onasioB. [Ipu 3TOM € yMeHBIIEHHEM KOJTMYIECTBA CJIOEB
BEPOSITHOCTH (DOPMHUPOBAHUST B KOJLJTOMTHOM KPUCTAJLIE
JIOMEHOB 0e3 1eheKTOB yIaKOBKU BO3PACTAET.

Takum 00pa3oM, € TOMOIIBIO METONA YJIbTpPaMa-
JIOYTJIOBOTO PEHTTEHOBCKOI'O PACCEsiHUsT MOZKHO Pa3iid-
9UTH 00PA3IBI ¢ MPENMYIIECTBEHHON IBONHUKOBAHHOMN
I'IK-crpyxTypoii u 06pasIibl ¢ MOCIeI0BATETHHOCTHIO
croes 6mm3Koit K mmeanbHoit IIK-cTpykType, onTude-
CKHe CBOWCTBA KOTOPBIX JOJKHBI CYIIECTBEHHO Pa3JIu-
garhes [3]. CpaBHeHHe ONTHYECKUX CBOWCTB TaKWX 00-
pa3noB Tpebyer JaTbHEHIINX IKCIEePUMEHTATbHBIX HC-
caeJIOBAHMIA.
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4. BAKJIFOYEHUE

B pabore Tmokazamo, 9TO MeTOH YJIbTpaMaJo-
YTJIOBOTO DPEHTTEeHOBCKOTO DACCesTHUsT MOKeT ObITh
9P PEKTUBHO HCIOTBL30BAH I AHAMNA3a CTPYKTYPbI
WHBEPTUPOBAHHBIX ONAJOB. B KadecTBe mnpumepa
TTPEeICTABIEHBI PE3YJIbTATHI MCCIEIOBAHNST WHBEPTHPO-
BanHoro onana FesOg, cormacHo KOTOpbIM obGpaszer,
nmen npenmytectBennyio IIK-cTpykTypy ¢ cooTHo-
menuem ¢parmearos ABCABC... u ACBACB...
MPUMEPHO PaBHBIM 2 : 3, a TakyKe Comep:Kajl 00JIacTu
cnygaitaerx  TITV-ctpykTyp. dpyrume obpasmpl Tako-
o 7K€ COCTaBa TaKyKe WMEIN TPENMYIIeCTBeHHYIO
I'IK-cTpykTypy, HO € WHIWBHIYAJIHLHBIM COOTHOIIIE-
nmem ABCABC:ACBACB,
npucyrcreueM Hebombiux pparmentos [ITY. Omwm-
CaAHHBII MeTon amamm3a cTPyKTypsl DK samaserca

a TaKzKe BO3MOZKHBIM

VHUBEPCATBHBIM M MOYKET OBITh 3(PPEKTUBHO HCIOTb-
30BaH [T AHAJIM3a HWHBEPTUPOBAHHBIX OMAJIOB HA
OCHOBE JIDYTUX MATEpUaJIOB, KOJIJIOUIHBIX KPUCTAJIIOB,
a takxke tpexmepubix @K apyrmx tumos. Kpowme
TOrO, JIAHHBIA AJTOPUTM, MOYKET OBITH WCIIOIB30BAH
st audpaKIUOHHOTO aHaan3a CTpyKTypel @K ¢
WCIOJTH30BAHNEM U3JIy9IeHNsT IPYTOTO THUIA, HATTPUMED,
HEUTPOHHOI'O U JIA3EPHOIO.

Patora seimonuena npu nomaepxke PODOU (rpan-
o1 NeNe 07-03-92113, 08-03-00938), TocymapcTBeHHBIX
koHtpakroB  NeNe(2.513.11.3185,  02.513.11.3186,
02.513.11.3352, a Takxke IIporpamwmbr dyHmaAMEH-
TanbHBIX uccaenosanmii  [Ipesmnmyma  Poccnitckoit
akageMun HaykK. ABTopbl paboThl Omaromapst Hu-
JIEPIAHICKYI0 OPTaHU3ANUI0 HAYIHBIX HCCIEIOBAHUN
(NWO) 3a mpegocTaBIeHHYI0 BO3MOYKHOCTH PabOThI
C TMYYIKOM CWHXPOTPOHHOTO W3JIyYeHHs, a TaKiKe Tep-
conan lomnamncko-Benbruiickoit crannun DUBBLE
(K. Ksamnwmna u D. Detollenaere) 3a momoinp B
MTPOBEIEHUH CHHXPOTPOHHOTO IKCTTIEPUMEHTA.
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