struct Null {
typedef void enabled t;

template<class C, class ... args>
struct is RE<C, Concatenation<args...>>
: std::conjunction<is RE<C, args>...> {};

template<class ... args>
struct is RE<Union<args...>>
: std::conjunction<is RE<C, args>...> {};

template<class arg>
struct is RE<Iteration<arg>> : is RE<C, arg> {};

template<class C, C c>
struct i1s RE<C, Character<C, c¢>> : std::true type {};

template<>
struct is RE<C, Empty> : std::true type {};

template<>
struct is RE<C, Null> : std::true type {};

s Toro, 4To0Bl NPEAOTBPATUTH YKAa3aHUE B KAUECTBE [IOJIBBIPA’KCHHS TUIIA, HE ONMCHIBAOLIE-
TO peryiisipHOe BhIpakeHHe, ObLIM HCIOJB30BaHbl YAaCTUYHBIC W TIOJIHBIC CIICHUaIN3alny ImadaoHa
kmacca is_ RE.

PazpaboTannblii Habop MIA0IOHOB KIIACCOB TIO3BOJISET OIMMCHIBATH PETYISIPHBIC BBIPAKEHUS C TIO-
MOIIIBIO CTATUYCECKON MH(GOPMAIMU O THIIE, YTO MO3BOJISET OCYILIECTBIATH 00PaOOTKY PETYIIIPHBIX BbIpa-
JKEHHH, CTPYKTYpa KOTOPBIX ONMCAHa C IIOMOIIBIO 3TOr0 Ha0Oopa 11a0JI0HOB, Ha HTaIe KOMITHIISILIUH.

3akmawuenue. bt pazpaboTan HabOp KIacCOB, KOTOPEIH MO3BOJISIET OMUCHIBATH CTPYKTYPY pe-
TYJISIPHOTO BBIPAXKEHHUS C MMOMOIIBIO CTATUYeCKOW HH(popManuu o tune. bbuta peann3oBaHa nmpoBepka
TOr0, 4YTO BCE IMOJABBIPAKCHUA ONHMCBIBACMOI'0 BLIPAXKCHUA ABJIAIOTCA PETYJIAPHBIMH BBIPAKCHUSAMU.
IToka3aHo, 4TO JaHHBIA MOAXO[ 00JazaeT HEKOTOPBHIM NPEHMYILIECTBOM: IIO3BOJISIET 00pabaThiBaTh
CTPYKTYPY PETYJISAPHOTO BBIPAXKEHUSA Ha dTAIle KOMITWIALUU.

1. ®punn, k. Perynspnsie Beipaxenns / JIx. ®pumn. — CII6 : «lIutepy, 2001. — 352 c.
2. KoMmmsTopsl: MpHHIMIEL, TEXHOJIOTHH U HHCTpyMeHTapHii / A. B. Axo, M. C. Jlam, P. Cetn, [Ix. JI. Yneman. — 2-e n3x. : Ilep.
¢ auri. — M. : 000 «U. I. Bunbsmcy, 2008. — 1184 c.

HNCCIEJOBAHUE MEXAHNU3MOB POCTA U PACIIPEJAEJIEHUA IIPUMECHU
B JIETHPOBAHHBIX KPUCTAJIJIAX TGS - TGS +Cr

AJL T Oﬂcmuxuﬁal, Bb.C. Pou;qu, B.H. l[lymz’s, C.E. M03:)fcap063, U D. Kawesuy’
Mockea, Uncmumym kpucmannozpagpuu umenu A.B. [Iy6nuxoéa PAH
Bumebck, BI'Y umenu IT.M. Maweposa

*Bumebck, UTA HAH Benapycu

[IpakTHdeckn BakHbIE CBOWCTBA CETHETORIEKTPUUECKUX MATEPHAIIOB CBA3AHBI C XapaKTepoM H
KOH(HUTYypaluei uxX JOMEHHON CTPYKTYphI. B CBSI3U € 3THM B MOCIIEHUE TOMBI B 00JIACTH TEOpEeTUYe-
CKOT'0 M MPAaKTUUYECKOTO UCCIIEAOBAHNS CETHETOIEKTPUKOB OOJIbIIOE BHUMAHUE YACTSCTCS Pa3BUTHIO
JIOMEHHOM MHXEHEPUH, IIETBI0 KOTOPOH SIBIIIETCS YIIPaBJIEHUE CBOMCTBAMHU TaKUX MAaTEPHAIIOB IyTEM
CO3/aHUA 3aJJaHHBIX JJOMEHHBIX CTPYKTYP.

OpauM W3 HalpaBJIEHWH JOMEHHOW WH)KEHEPHH SBIISETCS MOJYYeHHE KPUCTAIIOB C PETYIsp-
Holi nomeHHOH cTpykTypoit (PIIC), koTopast popMHupyeTCsl Kak pe3yibTaT MPOsBICHUS MUKPO30HAP-
HOT'O CTPOEHUS IPUMECHON MOJICTPYKTYPHI MIPH BBIPALIMBAHIH KPHCTAIJIOB U3 paciiiaBa, coaepKarie-
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TO JIETUPYIOIIYIO TIpUMeECh. YKa3aHHOE HalpaBleHHE IHMPOKO MPEACTABICHO B HAYYHOU JIUTEpATypE,
HO OOJIBIIMHCTBO PabOT HOCUT YMCTO TEOPETUYECKUI XapaKTep U MOCBAIIEHO KOMIIBIOTEPHOMY MOZE-
JMPOBAHUIO OINMCAHMS IIPOLIECCOB B CIIOMCTBIX CETHETORJEKTPHKaxXx. B mpukmagHoM acmexre
HauOOJbIINE YCTIEXH AOCTUTHYTHI JUII BBICOKOTEMIIEPATYPHBIX MOHOKPHCTAZIOB HHOOATa JTUTHS U
TaHTaJIaTa JINTUS C PETYISPHON TOMEHHOU CTPYKTypoii co 180-rpasycHbIM IPOCTPaHCTBEHHBIM H3Me-
HEHHMEM HaIIPaBJIeHUS BEKTOpa Hossipusanuu Ps., obnamaromumx OONbIIMMH 3HAYEHUSIMH HETMHEHHO-
ONITUYECKUX U DIEKTPOONITHYECKIX KOIPPHUIINEHTOB.

TpyAHOCTH TpH MOJY4YEHHE JIETMPOBAHHBIX MPUMECHIO CIOEB 33JaHHOTO pa3Mepa IpU BhIpa-
IIMBAaHUM CETHETOIIEKTPUKOB U3 PACTBOPOB, KAaK ITOKA3bIBAET IPAKTHKA, 00YCIOBIEHbI OCOOCHHOCTS-
MH MexaHu3MoB pocta. Ko duuneHTsl BXoxaeH!sT Hen30MOp(pHOI MpUMECH B KPUCTAILT 3[€Ch CO-
CTaBIISIIOT, KaK MPaBUJIO, HECKOJIBKO TIPOLIEHTOB U 3aBUCST OT MHOTUX (PAKTOPOB, OCHOBHBIM U3 KOTO-
PBIX ABJSIETCS U3MEHEHHE CKOPOCTH POCTa KpUCTAlIa U3 PacTBOPa B IPUCYTCTBUU IPUMECEH U CEJICK-
TUBHOE BXOKACHHUE [IPUMECH B Pa3IMYHbIC CEKTOpa KpUCTaIa.

Takxe Kak M JUIsl IPYTUX KPUCTAJUIOB, BBIPAIMBAEMBIX U3 PAaCTBOPOB, MEXAHU3M BXOXKICHUS
npuMeced B CErHETORJIEKTPHUYECKUE KpUcTauibl TpuriuimHcynbdara (TGS) B mporecce pocra us3
pacTBopa, ComeprKaIlero JIETUPYIOILYI0 IPUMECh, HOCHT CJIOKHBIA XapakTep U NpUUMHBI (HOpPMHUPOBa-
HUSI U paclpeie]ICHUs IPUMecH B 00beMe KprcTallla 10 KOHIA He BeIICHEHBL. [loaToMy mpencTaBinsieT
MHTEpeC N3yUueHHE BIUSHUS HEM30MOPQHBIX IPUMEcel XpoMa Ha CKOPOCTh pocTa kpuctamuioB TGS u
BO3MOXXHOCTHU CO3JaHUS PETYJISIPHON IPUMECHON CTPYKTYPHI B HUX.

Llenpro qaHHON PabOTHI ABJSETCS ONpeeSCHUE YCIOBUI BBIPALLIMBAHUS U MOJIyYEHUE KPUCTaI-
JIOB TPUTIIAIUHCYIb(AaTa ¢ MepHoANIeCKOi TPUMECHON CTPYKTYPO HEM30MOPQHOIN MpUMECH HOHOB
xpoma (TGS — TGS +Cr), popmupyromieiics mo BceMy 00beMy KpUCTaIIa, a TaKKe HCCIeTOBaHUE
npo¢HIBHOTO pacrpeesieHus IPUMECH B TAKUX KpUCTaNJax.

Marepuaj u MeToaAbl. MaTepruaioM UCCICIOBAHUS CIY>KUIIHU JITUPOBaHHBIC KpucTauiel TGS+
Cru c nmepruoAnYecKUM MpOPUIBLHBIM pacnpee’eHueM IPUMECH HOHOB XpoMa, BhIpalieHHbIe B 1H-
ctutyte TexHuueckol akyctuku HAH benapycu. Kpuctamner TGS — TGS +Cr BblpaliuBaiu CKo-
POCTHBIM METOJIOM IIpU MOCTOSIHHOM Temmeparype pocra (T,=32°C) u3 nByX pasnuyHbIX KPUCTAJIIH-
3al[MOHHBIX PAcTBOPOB, OJIUH M3 KOTOPBHIX OBbIJT HOMHHAJIBHO YUCTHIM, a APYTOH COAEPIKANI MPHUMEChH
XPOMOBBIX KBacLoB (10 6 Bec.% MOHOB Xpoma). Pa3smep nerupoBaHHBIX 1 OECIPUMECHBIX CIOEB 3a/1a-
BaJICS BPEMEHEM pOCTa 3aTPaBOYHOIO KPUCTAIa B KAXKIOM U3 pacTBope. M3roroBineHHas Ui 3THX
eNnel anmnapaTypa o3BoJijia aBTOMaTH3UPOBATh 3TOT IPOIIECC.

OmnpeneseHne CKOPOCTH poCTa MPOBOIMIIOCH BECOBBIM METOJIOM ISl BBIPAIIEHHBIX KPHCTAILIOB
U3 PACcTBOPOB, COACPKALIMX PA3TMYHYI0 KOHLIEHTPALMIO MPUMECH MOHOB XpOMa, IPU YCIOBHH CO-
0JII0/IEHUS OJMTHAKOBBIX TEXHOJIOTHYECKUX PEKIMOB.

s BU3yanu3anuy NpruMecHON CTPYKTYPHI M OIIEHKHU €€ MapaMeTpOB HaMH ObUIa HCIIOIb30BaHa
ONTUYECKAs U PeHTreHoTonorpapuyueckas MUKpockonus. [IpocTpaHncTBeHHOE pacnpeiesieHle pruMe-
CH M3Yy4aJIOCh METOJOM peHTreHoduryopecienTHoro anainusza (POA) u 6su10 BeinonHeHo B MHCTHTYTE
kpucramwiorpadguu um. A.B. lllyonnkosa ®HUL] “Kpucramnorpadus u poronnka” PAH.

Pe3yabTaThl M MX 00cyskaeHHe. BbUIo BBIpaIieHO HECKOJIBKO IPYI KPUCTAJUIOB U3 PACTBOPOB
C Pa3IMYHBIM COAEP)KAaHMEM IPUMECH MOHOB XpOMa U HCCIIEIOBAaHBl M3MEHEHHE Ta0HuTyca KpHCTal-
JIOB, BECOBAasi CKOPOCTh POCTa, CKOPOCTh pocTa KpucTauioB B HampasieHusx (010), (001) u ux otHO-
IIIEHHE B 3aBUCUMOCTHU OT KOHIIEHTPALIMU IIPUMECH U TIEPECHILIIEHHS paCTBOPOB.

B pe3ynbrare npoBeJeHHBIX UCCIEI0BaHUM OBIJIO yCTAaHOBIEHO, YTO JJIsl BCEX KPUCTAJUIOB, BbI-
pallleHHBIX B IPUCYTCTBUU MOHOB MPUMECH XpOMa HAOII0IaJI0Ch N3MEHEHNE rabuTyca KpUCTAIIOB U
YMEHbIIATach CKOPOCTh POCTa MO CPABHEHHIO C KPUCTAJUIaMH, BHIPAIICHHBIMH M3 HOMHHAJIBHO YH-
CTBIX pacTBOpoB. Kpome Toro, ObUI10 YCTaHOBIIEHO, YTO BXOXKICHUE IPUMECH B KPUCTAJUT HOCUT MHEP-
IIMOHHBIM XapakTep — BXOXJACHHE NMPHUMECH B KPHUCTAJl HAYMHAETCS JIMIIb IOCIE ONPENEIEHHOrO
BPEMEHH BBIIEPIKKH €r0 B PacTBOPE.

Onrtryeckoe U peHTreHoTonorpadguyeckoe n300paKeHUs! HCCIEIOBAaHHOTO Ha pacupeesieHne
npumecu kpuctamia TGS — TGS +Cr ( 2x5.5%7.5 mm ) nokazano Ha pucyHke 1. TemHble 0J0CH Ha
ONTUYECKOM HM300paXEHHH COOTBETCTBYIOT JIETUPOBAHHBIM YYacTKaM IMPHMECHI0O XpOMa ydJacTKaM,
OoJiee CBETIIBIE TOJOCH — HOMHHAILHO YHCThI TGS, B peHTreHoronorpaguieckoM 300pakeHIH—
HA000pOT.
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Pucynoxk 1 — Ontrueckoe (a) u peHtreHoTononoruueckoe (6) m3odpaxenue oopasua TGS - TGS +Cr.

Pesynbprar POA pacnpenencaus npuMecu ykazanaoro oopasua TGS — TGS +Cr npuBeieH Ha
pucynke 2. lllar nepeaBmkeHNs] peHTT€HOBCKOTO MsITHA 10 00pasity 0.1 MM u ero pazmep 150 MKkM 1m0

BEPTUKAIM U 5 MM IO TOPHU3OHTAIH MO3BOJIMIIN BBIIBUTH MUKPOCKOIMUYECKYIO KapTHUHY paclpeneiie-
HUS IPUMECH.
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Pucynok 2 — 3aBUCHMOCTh MHTEHCHBHOCTEH NPOIIEANIEro CKBO3b KpHCTAUT m3inydeHus (1) m BeIxona
¢moopecuenTHoro namydeHus suHun Cr-Ko (2) 0T BEpTHKIBHOTO MOJI0KEHHUS KPHUCTaIA.

[lomyueHHBIN XapakTep pachpeiesieHUs] MPUMeCH yKa3blBaeT Ha OJOYHBIA MEXaHU3M pocCTa
KPHCTAIUIOB NMPH CKOPOCTHOM METOJe, a TaKXe MO3BOJIIET OOBSCHUTh MHEPIHOHHOCTH Mpolecca
BXOXICHHS IPUMECH B KPUCTAILIL.

3akiaouenue. CormacHO MPOBEICHHBIM HCCIEAOBAHMSM, IS MOJydeHus! kKpuctamioB TGS —
TGS +Cr ¢ ognHaKOBOM MIMPHUHON YUCTHIX W MPUMECHBIX CJIOEB U MepuoaoM pocta mMeHee 150 MkM
HEOOXOIUMO YMEHBIINTh BPEMS POCTa B IPUMECHOM PACTBOPE OJHOBPEMEHHO MOBBIMIAS CKOPOCTh
pocta. Jlns momyyeHns: Ka4eCTBEHHBIX KPUCTAIOB HEOOXOIMMO B PacTBOPE C NMPUMECHIO CO3/aBaTh
HU3KOE MepEeCHIIIeHNE, MTPH 3aJaHIH BPEMEHU POCTa KpHCTajula B IPUMECHOM pPacTBOpE HYKHO y4H-
THIBaTh HHEPLIMOHHOCTH NMPOLIECCa BXOXKEHHS TPUMECH B KPUCTAILIL.

OB YCJIOBUAX IMPEACTABUMOCTH ITOJIMHOMA BOCHMOM CTEITEHA
B BUJE CYIIEPIIO3ULIUU TPEX KBAJIPATUYHBIX ITIOJIMHOMOB

10.B. Tpybnuxos
Bumebck, BI'Y umenu I[1.M. Maweposa

AKTyaJbHOCTb JIAaHHON pabOThI 3aKIIF0YAETCS B TOM, YTOOBI IMOyYUTh Haubosee YIOOHbIH Me-
TOJI PELEHHUS CIIELHATIBHOTO Kiacca alreOpaniyeckux ypaBHEHHH, 1 OTBETUTHh Ha BOIIPOC Pa3peIiuMo
I JAHHOE YPaBHEHUE B pajuKajax.
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