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TopmoXeHne MeX3épeHHoro paspyLleHna LeHTPoOEXHOAUTOM
ctanu 40x25H20C2 BTOpPMYHbLIMU rpaHULaMK

O6cyxnatoTcst NPUYnHbI GOPMUPOBAHNS TPELLIMH B LIEHTPOOEXHOomTou ctanm 40X25H20C2. ViccnenoBaHbl MCTOYHUKMN
N MexaHu3M @OPMUPOBaHNS BTOPUYHBLIX PaHWL. YCTaHOBIEHAa [OJIMrOHaIN3aLUmnoHHas npupoaa 3Tux rpPaHuL].
lMoka3aHo BNSIHNE BTOPUYHbIX FPAHWL, Ha TOPMOXEHNE MEX3EPEHHOIr0 Pa3pyLLEHUs1 OT/INBOK.
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sedeHue. KayecTBO LEHTPOBEXHONMUTBIX 3aroTOBOK

n Tpy6 3aBMCUT OT ycrnoBur HOPMUPOBaHUS nep-

BMYHOWN CTPYKTYPbI, B NUTEPAType ONUcaHo BrmsiHWe

cnocoba nony4YeHns OTNMBOK U PEXMMOB TEXHOIO-
rMYecKoro mnpouecca Ha xapakTep CTPYKTYPHbIX 30H U
nvkBauuoHHble npouecchl [1]. B To e Bpems, B npouec-
Ce KpucTannusaummn 1 oxnaxageHus B cTanv npovcxogat
OOCTaTO4HO CNOXHbIE SABMEHWS, CBA3aHHbIE C 3apoxae-
HMeM 1 nepepacnpegeneHmem gedekToB Kpuctannnye-
CKOro CTpoeHusi. N3yyeHne aTux npoueccoB MO3BONUT
rmy6xe MOHATb O0COBEHHOCTU (HOPMUPOBAHUS MUKPO-
CTPYKTYPbl LEHTPOBEXHBIX CTanbHbIX OTIIMBOK, BbISBUTb
MPUYYHBI NOSIBMEHNS TPELLMH U MOKaXKET BO3MOXHOCTU
yMpaBnsaTb NX MEXaHNYECKMU XapakTepuctmkamm. Pas-
paboTka a(PPHEKTUBHLIX Mep MO YCTPaHEHUIO MPUYUH
MEXKPUCTaNNUTHOTO paspyLleHns LIeHTPOBEXHONUTbIX
OTNMBOK TpebyeT BCECTOPOHHEro U3yYeHnst X Npupoasbl
N MEXaHW3MOB BO3HMKHOBEHUS. M3yyeHuto cbopmumpo-
BaHWUS rPaHWYHON CTPYKTYPbl NUTLIX METanNoB 1 crnna-
BOB MoOcCBsilLeHa paboTa [2], B KOoTOpon o6cyxaarTcs
BOMPOCH! BAMSHWUS NEPBUYHbBIX N BTOPUYHBIX FPaHuL, Ha
MEeXKpUcTannutHoe paspylweHue. [pakTnyeckn He uc-
cnefoBaHbl Npoueccbl hopMUPOBaHMS BTOPUYHBIX rpa-
HUL, B LEHTPOBEXHONUTLIX cTansax. Llenbio HacToswen
paboTbl 6610 M3yvyeHne ocobeHHoCTEeN hOPMUPOBaHNS
BTOPWYHBIX FPaHWL, B MpoLecce Kpuctannmsauum LeH-
TpobexHonuton ctann 40X25H20C2 n nx BNuAHWsS Ha
TOPMOXXEHNE MEXIEPEHHOTO paspyLUEHUs.

Mamepuanbl u memoduku uccriedosaHud. Wccne-
AOBaHa MUKPOCTPYKTypa TPyOHbIX 3aroToBOK M3 cTanu
40X25H20C2, nony4eHHbIX Ha rOPU30OHTamNbHbIX MalUu-
Hax LueHTpobexHoro NuTbs. TemnepaTtypa 3anvBku pac-
nnaea coctaensna 1450, 1550 n 1600 °C. CkopocTb
BpaweHnsa manoxHuubl — 900, 1200 n 1500 o6/MuH.
Mpn npoBegeHun meTannorpadUYecknx wuccrnegosa-
HWIA MCnonb3oBanu crneunanbHble MeTOoAbl 3MeKTPonu-
TUYECKOro, XMMUYECKOro M TEMNfoBOro TpasreHus Ans
BbISIBIIEHUS] 30HaNbHOW W OEHOPUTHOW XUMUYECKOWN W
CyOCTPYKTYPHON HEOOHOPOAHOCTU. [Ans KavyeCTBEHHO-
0O M KOMMYECTBEHHOIO XMMWYECKOro MUKpOaHaHamnu-
3a npumeHann npubop Cameca MS-46. OcobeHHOCTM
06pa3oBaHNs BTOPUYHBLIX 3EPEHHbIX FpaHuL B CTanm
40X25H20C2 nccnepoBanu B IMTOM COCTOSIHAM U MOcne
omxwura npu Temnepatypax 1100 n 1200 °C c BbigepKKown
OOMH 1 NATb YacoB. [1poBoamnu metannorpaduyeckue

(HeodoT-21) 1 3nekTpOHHOMUKPOCKOMNNYECKME UCcre-
poBanus JSM-35, «Tesla», 9MB-1006.

Pesynbmambi uccrnedoeaHull u ux obcyxdeHue.
BaHenwmmMm TexHOnornyeckuMmy napameTpamu, oka-
3bIBaOLL MMM BANSHUE HA CTPYKTYPY M CBONCTBA LIEHTPO-
BGeXHONUTBLIX OTMMBOK, SABMSIOTCS TeMneparypa 3anvBku
pacnnaesa B OpMY, CKOPOCTb BpalleHus meTannuye-
CKOM hOpPMbl M CKOPOCTb OXMaKOeHWs B npouecce 3a-
TBEpAeBaHUsA oTnmBok [1]. NpoBeaéHHbIE NCCNeaoBaHNS
NOATBEPOUNN BNUSHME TEXHOMOrMYEeCKUX napameTpoB
Ha opMMpPOBaHME MaKpPO- M MWUKPOCTPYKTYpbl CTanw,
a Takke YCTaHOBUNN 3aBUCUMOCTb MEXOY XapaKTepom
CTPYKTYPbl U CKIOHHOCTBIO OTAMBKM K XPYMKOMY MEX3&-
peHHHOMY pa3pyLueHnto. MiccnegoBaHms LEeHTPOGEXHO-
NUTBIX 3aroTOBOK MoOKasanu, YTo B Tex cryyasx, Korga
NOBEPXHOCTHAsS 30Ha 3aMOPOXEHHbIX KPUCTaroB OTCYT-
CTBYyeT MO0 O4YeHb TOHKasi, OHW 06NagaloT NOBbLILLEHHON
CKIMOHHOCTBIO K XPYMNKOMY paspyLleHunto. TpeLumHbl BO3-
HUKaT NPEeUMyLLECTBEHHO Ha NOBEPXHOCTN UIN B Npu-
NMOBEPXHOCTHbIX y4acTKax 1 pacTyT Mo rpaHuuam cTonb-
yaTbIx Kpuctannos (puc. 1, a). MukpoTpeLmHbl 06pasy-
IOTCS KaK C Hapy>XHOW, Tak N C BHYTPEHHEN NOBEPXHOCTH
nuton TpybHOM 3aroToBkM. Hanuume rpybon TpaHckpu-
CTannMTHOM CTPYKTYpbl MO BCEMY CEYEHWUIO 3aroTOBKU
obneryaer Mexs3épeHHHoe paspylleHne. YMeHbLueHne
yncna obopoTOB U3MOXHULBI, MOHVKEHNEe Temneparty-
pbl 3anvBKM W yBEMMUYEHUE TEMMOBOro COMPOTMBMAEHUSA
dopMbl NYTEM HAHECEHWNST TEMNMNOU3ONMPYHOLLEro NOKPbI-
TWS TUNa CMECU Ha BHYTPEHHIOK MOBEPXHOCTb U3IOXHU-
Lbl CMNOCOBCTBYIOT YBEMNUYEHMIO 30HbI 3aMOPOXKEHHbIX U
PaBHOOCHbIX KPUCTANNoB, YTO CHUXKAET CKMOHHOCTb OT-
NBOK K MEX3EPEHHHOMY Pa3spyLLEHUIO.

B oTmnuBkax o6HapyXeHbl Kak ropsyMe TpeLUuMHbl
KpMCTanmnm3aumoHHOro npovcxoxgenus (puc. 1, a), Tak
N MONWIOHM3aUMOHHbIE, XOTHA MOCNEAHWE BCTpeYanucb
3HauuTenbHO pexe. CnegyeT OTMETUTb, YTO MEPBUYHbIE
rpaHuLbl BO3HUKAKOT MNP cpacTaHUn BETBEN OEHAPUTOB
nepBoro, BTOPOro 1 Tak ganee nopsigkos [2], 4To conpo-
BOXOAETCS OrpaHUYeHeM pocTa, USMEHEHNEM MEXaHN3-
Ma pocTa C AeHOPUTHOIO Ha S4YENCTbIN, a TakKe XMMude-
CKOV MUKPOHEOOHOPOAHOCTLIHO.

BTOpuWYHbIE rpaHuLbl, COrnacHo [2], nMelT pasnuy-
Hoe npowucxoxgeHne. OHM MOryT BO3HMKaTb NPy Murpa-
LUN NEePBUYHBIX FpaHuL, NOSBRATbCA Npy nonumopd-
HbIX MpeBpaLlleHusx, dgopMmMpoBaTbCs BCEACTBUE
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penakcaumm HanpskKeHU U NoKanbHbIX MUKPOCOBUIOB,  HWUA U kapbuagoB. Heobxogumo paccMoTpeTb NpUYMHbI
BO3HMKaTb BOMM3KM YacTuL BTOPOM hasbl, a Takke MMETb  BO3HUKHOBEHWS BTOPUYHbBIX FPaHuL, Npy 3aTBepAEBaHUN
MONMMroHM3auUMOHHOE NpoucxoxaeHue. MNocnegHun cny- 1 oxnaxaeHun ueHTpobexHonuTton ctanu. Cnegyet oT-
Yyan aBTop paboThbl [2] CBA3LIBAET C NEPECTPOMKON Ae-  METUTb, YTO hOPMUPOBAHNE BTOPUYHbBIX FPAHUL, MOXET
(PEKTHOM CTPYKTYPbl NMUTLIX METASINIOB U CNIIABOB B NMPO-  ObITb CBA3AHO M HE CBSI3AHO C Pa3BUTMEM MEPBUYHbBIX

Liecce MocneayoLLero oTxura.
KpVICTaJ'IJ'II/I3aLI,VIOHHbIe TPeLWMnHbI

BO3HMKAOT B npouecce pocta OeH- |

ApvToB. BHeWwHWM npusHakom 3Tux
TPeLWmMH ABNSAETCHA XapakTtepHasa pe-
nbedHasi CTPYKTypa Ux NOBEPXHOCTHU.
Kpome TOro, Habnwoganu TpeLumHbl

BONM3N HemMeTarmn4yecknx  BKIIHO-

YeHun (puc. 1, 6), a Takke B 30HaX
nvkBaumm (puc. 1, ). lMosBneHune
TPEeWwmnH BOMM3N HeMeTanIM4eckmnx
BKITHOYEHWIN CBA3AHO C TEM, YTO 3TK

YacTuubl ABNAKOTCA KOHLUEHTpatopa- :

MW TEPMUYECKUX HAMPSHKEHWUA B CTa-
N1, BENWYMHA KOTOPbIX 3aBUCUT OT
pa3mepa, (PopMbl U TNa BKIHOYEHUS
[3, 4]. Ponb BkntoyeHun B 06pasoBa-
HAM  KPUCTaNM3aUMOHHbIX TPELLMH
JorkHa 6bITb NpegmMeToM crieumarnbs-
HOro uccrnenoBaHus.

Ha o6pasoBaHne kpuctanmnu-
3aLUMNOHHbIX TpeLmH oonbLuoe
BMUSIHWE OKa3blBaeT XUMUYecKas
MWKPOHEOAHOPOAHOCTb, BO3HMKato-
lwas npv Kpuctannusauum OTNMBOK

m TpeLUMHbI KPUCTaNM3aLMOHHOTO NPOUCXOXAEHUS! B LLEHTOBEXHONMUTBIX OT-
nmekax B ctanm 40X25H20C2; x50 (a, &), x100 (6)

(puc. 1, 8). ®opmupoBaHue 3Toro KM

nedekra cBA3aHO C OTHOCUTESbHbBIM
nepemMelleHvemM Ccrioés pacnnasa
pasfiMvyHOM MNMOTHOCTU B LIEHTPO-
BGexxHOM cunoBoM rnone ¢ GonbLIow
nHTeHcmBHoCTbio [1]. Onpegensnu
BHYTPUKPUCTAINIMYECKYIO JIMKBALMIO
HUKENs, Xpoma, KpPeMHWs, xenesa
B LEHTPOBEXHONUTOMW  3arotoBke
40X25H20C2. AHanua nokasan, 4To
B LEHTPOOEXHONUTLIX 3aroToBkax
XMMUYECKOE  MWKPOHEOAHOPOAHOE
pacnpegeneHne BblOeneHun Kap-
6uaHoi dhasel (Cr,C,) npoucxoamt
B CTblKax U MeXayBeTBUAX AeHOpW-
Ta (puc. 2, a). Tennosoe TpaBneHue
MO3BONWUMO BbISIBUTb 00EOHEHHBIN
XPOMOM ayCTEHUT B BMAE CBETIbIX
060aKOoB BOKPYr M36bITOYHOM (hasbl
(puc. 2, 6). BolgeneHune n3bbITOYHbIX
kapbuaoB B MeXAyBETBUAX AeHOPW-
TOB CMOCOOCTBYET KOHLIEHTpaLMsam
HanpshkeHun, 4to obrnervyaetr obpa-
30BaHME MUKPOTPELLUH.
OTnMuMTENbHBIMKM  MPU3HAKaMW
TaK HasblBaeMbIX MOMUIOHN3aLMOH-
HbIX TPEWWH SBNSAITCA YéTKas WX
nokanu3aumsi no BTOPUYHBLIM rpa-
HMLaM, a Tawkke [nafgkue Kpasi ux
nosepxHoctTn. Kak npaBuno, atu
TPELUMHbI CBSA3aHbl C MPUCYTCTBUEM
BONM3N BTOPUYHBIX FpaHuL, BKItOYE-

m CTpyKTypa pas3nunyHbIxX 30H KpucTtannuaauum ctanu 40X25H20C2; x50 (a, 6),
x20 (8, e, e-x), x100 (9)
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rpaHuy. O4eBMAHO, OCHOBHOW MPUYMHON hOpMUPOBa-
HWSi BTOPUYHbIX MPaHUL, ABASIOTCS KOHLEHTpaumMm Hanps-
XEHUWN PasnMyHOro NPOUCXOXAEHNS, KOTOpble BO3HMKa-
0T B Mpouecce KpucTannm3aumm OTNMBKW. OTU Hanps-
XEHUSA MOryT BbITb CBA3aHbI C Pa3nNMyYHbIMU CKOPOCTAMM
BpalleHusa crnoés pacnnasa [1] n ux kpucrtannusaumm.
OHu Takke BO3HUKAIOT B MeCTax nepexoga oT O4HOro 3a-
TBEPAEBLUErO Crnosi K gpyromy (puc. 2, 8), rae npomcxo-
AT Nnbo TOPMOXEHWe pocTa KpUCTanmos (4eHOpUTOB)
N UX OTAEenNbHbIX BETBEN, NMOO NoKanbHbIA 3rnb BeTBemn
OEHAPUTOB MpuY UX cpacTaHum (puc. 2, ).

BrnonHe o4eBnaHO, rMapaBnuMyeckme siBNEHUd, npo-
ncxogsLime B pacnnase, CnocobCTBYHOT NOKarnbHbIM Typ-
OyneHTHbIM NpoLueccam, 0 YEM CBUAETENbCTBYET Creum-
dhmyeckoe pacnpegeneHne HemeTannMyecknx BKMAYe-
HUA (puc. 2, 8). ITO TakKe CNOoCcoBCTBYET fOKarbHOMY
n3rnby AeHOpPVTOB OTAENbHbIX UX BETBEW B npouecce
pocTa u, Kak CrneacTeue, K BO3HVKHOBEHMWIO NOKanbHbIX
HanpsbkeHUn. TypOyneHTHbIE MOTOKM OOYCMNOBMEHbI ABM-
XXEHMeM pacnnaBsa Kak B TaHreHumanbHOM, TaK 1 B oce-
BOM HanpasfneHuu, 4To B pedyrbraTe obpasyeT CroXHbIN
Xapaktep ero nepemMeLleHns OTHOCUTENbHO OPMbI NO
BMHTOBOW TpaekTopwuu [1, 5]. BO3HWKHOBEHME KOHBEKLM-
OHHbIX 1 TypOyneHTHbIX MOTOKOB B pacnnase, onpeaens-
IOLLMX YCMOBUSA pocTa AeHOPUTOB, 3aBUCUT OT YCrOBUMA
oxnaxgeHus. Hanpymep, oHM BO3HWUKAIOT Npu oxnaxae-
HUW OTNIMBKWM MO BHELLUHEW U BHYTPEHHEN MOBEPXHOCTU
(npu nutbe Tpy6) [1]. HakoHew, BO3HWKHOBEHMIO HaMNps-
XXEHWU CnoCOBCTBYET HAKMOH CToNB4YaThiX KPUCTanNoB B
CTOPOHY BpaLleHns (puc. 2, €), YTO CBA3aHO C BIIUSIHUEM
KOHBEKLMOHHbIX MOTOKOB, KOTOpblE OTKMOHSAIOT pacTy-
Wwme ctonbyartble kpuctanmbl (MOAOOHO HaKIOHY B BoAe

T +
."I'

ctebnen Bogopocrnen) [1, 6]. Kpome Toro, HakrnoH cton6-
YaTbIX KPUCTamNsoB B NPOLIeCcCe pocTa CBA3aH He TOMNbKO
C OTHOCWTENbHBIM ABWXEHMEM pacnnaBa nepeq poH-
TOM KpuCTannusaumu, HO Takke C NPenMyLLeCTBEHHbIM
POCTOM TEX rpaHen, KoTopble obpalleHbl HaBCcTpeYy no-
TOKY cBexero pacnnasa [1].

CnepyeT OTMETUTb, YTO MOKasnbHbIN U3TMG pacTyLLmX
OEHOPUTOB (MNU UX BETBEN) MPOUCXOAUT MPU BbICOKUX
Temneparypax, Korga OHW MpOSABASIOT MNiacTuyeckoe
noBefeHVe, a 31O CrnocobCTBYET 3apOoXAEeHU U OBU-
»KeHuto GonblUoro KonuyecTtsa Aucrokauuin. B mectax
TOPMOXEHMS PaCTyLLUMX KPUCTammoB TakkKe BO3HMKaKT
OVCMOKALUMOHHbIE CKOMMEHUS, YTO NMOPOXAAET CybCTpyK-
TYPHYIO HEOAHOPOAHOCTb NMTOro Metanna. MIMeHHo 3Tto
SIBMeHVe BbI3bIBAET (HOPMUPOBAHNE BTOPUYHBIX (MOMK-
roHanbHbIX) rpaHul. OBpasoBaHMe BTOPUYHLIX TPaHWUL,
B ctann 40X25H20C2 B npouecce KpucTanmsauum u
OXITaXXOEHNSI CBA3AHO C HAKOMMEHNEM OUCTOKauni B Me-
CTax KOHUEHTpauMmn HanpsKeHun, ux B3aMMogencTBMeM
1 nepepacnpegeneHvemM ¢ opmMmpoBaHMeM Maroyrmo-
BbIX rPaHuL,. BbICOKMI ypOBEHb HAMPSPKEHUI Ha rpaHmLax
BETBEN AeHOPUTHBIX KPMUCTanmoB CnocoBCTBYET TOMY, YTO
BONM3M NEPBUYHBIX 3EPEHHbIX FPaHnL, OPMMPYIOTCH BTO-
PUYHbIE rPpaHULbl BOMbLLION NPOTSHKEHHOCTM (pUC. 3, a, 6),
KOTOpbIE 4acTO PacrofoXeHbl BAOMb AEHOPUTHbIX rpa-
HWLL U UMEIOT JOBOSbHO 3HAYUTENBHYIO NMPOTSHKEHHOCTb.

B mecTtax TopMOXeHust pocta AEeHAPUTOB U MX BET-
BEWN B 30HAX KOHTaKTa pasnuyHbiX 30H KpUcTannmsauuu,
a TaKke Npuv HakroHe cTonbyaTbIX KPUCTanIoB BO3HMKa-
10T cneunduyeckne cybCTpyKTypHble BUXPEBbIE MUKPO-
30HbI C MOBbILLIEHHOW MIIOTHOCTbLIO ANCNOKALMI, KOTOpble
B Mpouecce B3aMMOLEWCTBUSA WU nepepacnpeneneHns

T Fr = T

u

m O6pa3soBaHne BTOPUYHbIX 3EPEHHbIX FPaHuL, B NMUTON U OTOxkEHHOW ctanmn 40X25H20C2; x150 (a), x2000 (6, e, k),

x20000 (8-9, x-u, 1)
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hOPMUPYIOT M3OTHYTbIE NMMBO 3aKpPy4EeHHbIE BTOPUYHbIE
cybrpanuubl (puc. 3, 8-0). TakMe BTOPUYHbIE TPaHMLbI
He UMEeHT BONbLUON NPOTSPKEHHOCTN U JTOKANM30BaHbI B
30Hax CyOGCTPYKTYpHOWN TypOyneHTHOCTH.

XvMunyeckas HeoOQHOPOOHOCTb UrpaeT BaXHY Porb
npu OPMMPOBaHNM BTOPUYHOW 3EPEHHOWN CTPYKTYPbI
(cm. puc. 2, x). Peub MOET He TONbKO O 30HaNbHOW MKK-
BaLMK, KOTopas cnocobcTByeT ob6paszoBaHMO B OTIMBKE
30H C NOKarnbHbIM U3MEHEHNEM NapameTpa KpucTannu-
4YeCKON peLleéTkM [2, 7], Bbi3BaHHLIM HEPaBHOMEPHbLIM
pacnpegeneHneMm nerupyowmx aremMeHToB, penakca-
LM KOTOPbIX MPOUCXOAUT NyTEM OOpa3oBaHUA CTEHOK
N3 KpaeBbIX AUcrokaumi. B nmMkBaumMOHHbIX 30HaxX BO3-
HUKalOT rpagmeHTbl KOHLUEHTPauMM HanpsKeHUn, 4To
BbI3bIBAET MnepepacnpefeneHne BakaHCMn 1M AMCroKa-
unn. Bece aTu npouecchbl cnocobCTBYHOT NOSBAEHUIO 30H
C MOBBIWEHHbIM M HEOAHOPOAHbLIM pacnpedeneHnem
aucnokaumn. O6pasoBaBlunecs BONU3W rpaHuL, BeT-
BEN AEHOPUTHBIX KPUCTannoB AUCIOKALMOHHbBIE CTEHKM
(cybrpanuupl) moryT nmbo 3amblkatbesl, NMMbo obbenm-
HATbCH, (POPMUPYS BTOPMYHBIE rpaHuLbl BONbLION Npo-
TshkEHHOCTU. [pomcxoguT Takke bpakuMoHMpoBaHue
npuMecen Ha 3TUX BTOPUYHbLIX rpaHuuax (puc. 3, e)
[7, 8], uTO cnocobGcTBYET MX CTabmnmMsaumm.

Ewé ogHMM UCTOYHMKOM (DOPMUPOBAHMS BTOPUY-
HbIX FpaHnL, SBNSAIOTCA HEMEeTannMyeckne BKIIYEHUS.
M3BecTHO, 4TO pasnuyme (PU3NYEeCcKnx, MexaHU4YeCKmx
N XUMWYECKMX CBOWCTB BKITHOYEHWS M MaTpuLbl CTanu
NMPUBOAMT K BO3HMKHOBEHMWIO HaMpshKEHUM Ha rpaHuue
ux pasgena [3, 4]. lMNMpu otcyTcTBMM AedopmMumpytoLLero
BHELLHEro BO3AENCTBUS B CTanu BO3HMKAKOT OCTaTOYHbIE
HanpsXXeHns, OOYCrOBMEHHbIE MNPUCYTCTBUEM  BKITHO-
YeHUN. OTU HanpsbKeHWst BbI3bIBAKOTCS MeXdasHbIMK
HanNpsXXeHNAMW Ha rpaHuubax pasgena BKYeHne-ma-
Tpuua, asoBbiM HaknNénom, oOycnoBneHHbIM NpeBpa-
LEeHNSMM B CTanu 1 Yactuuax npy M3MeHeHun Temne-
paTypbl, KOHUEeHTpaumen AedeKkToB KpUCTanm4eckoro
CcTpoeHus. B6rnman noBepxHOCTU 4acTuLbl OHU MMEKT
BenuuuHy nopsaaka G,, /100, rae G,,— moaynb casura ma-
Tpuubl [3, 4]. HanpspkeHusi, KOTopble BO3HMKAKOT BONM3K
HeMeTannMyecKknx BKITIOYEHU B Mpouecce KpucTanmu-
3auunM N OXNaxaeHus ctanu npu LeHTPoBeXHOM NuTbe
NUMeET TepMuyeckyto npupogy. MHorodncneHHble pac-
YETbl MoKasanu, 4YTo BENUYMHa TEPMUYECKUX Hamnpsxe-
HWUIA BONU3W BKMOYEHUI NPEBbILAET npeden TekyyecTu
ctanu [3, 4], nosToMy [OSMKHA pasBMBaTbCs niactude-
ckasi UxX penakcaumus B 30HaxX mMaTpuubl, NpunerarLmx
K BKITHOYEHWSIM, YTO CNOCOBCTBYET YMEHbLUEHMIO HaMnps-
XeHUN. Bokpyr BKIOYEHUI CO30aI0TCH «NnacTu4eckme»
30Hbl C MOBbILEHHON NNOTHOCTLIO AUCMOoKaumi. B npo-
Lecce OXNaxaeHus cranm TepMUYEcKMe HanpsxkeHus
HenpepbIBHO BO3pacTalT A0 ONpPeaenéHHOro ypOBHS
(KPUTMYECKOrO 3HAYeHWs1, PaBHOrO Npeaeny TekyyecTu
MaTpuubl), @ 3aTeM penakcupyroT NyTEM NNacTUYeCcKmx
COBMWIOB MIM poTaumi B obnacTtu, npunerarLLen K BKo-
yeHuo. Penakcaumsi ngéT HenocpeacTBEHHO OT MEX-
hasHoOW rpaHnLbl BKITOYEHNEe-MaTpuua, Kotopas MOXeT
BbICTYNaTb B KavyecTBe MCTOYHWKa Aucnokauun [3, 4],
UM Ha HEKOTOPOM PAcCTOsiHUKM OT Heé. [pu aToMm npo-
NcXoauT B3aMMogeuncTeme ANCIIoKaunn 1 ux nepecTpon-
ka ¢ 06pasoBaHMEM HOBbIX BTOPUYHBLIX MasoyrroBbIX U
cpegHeyrnoBbix rpanHul (puc. 3, x). NockonbKy nosiene-

HMEe TePMUYECKUX HaMpshKEeHUN CBS3aHO C OXNnaxaeHu-
€M CTanu oT JOBOSIbHO BbICOKOW TemnepaTtypbl, B penak-
CaLMOHHBIX Mpoueccax GonbLUy0 poNnb MrparT Tovey-
Hble AedeKTbl, MMeloLmecs Ha MexdasHbIX rpaHunLax
BKMoveHne-matpuua [3, 4]. MNoBbIleHHOe KOnM4ecTBO
BaKaHCU CrnocoOCTBYET Nepenon3aHnio AUCIoKaLmi,
4YTO obneryaeTt NOMUIOHM3aUMOHHbIE NPOLECChl BOnM3n
BKITHOYEHUIA.

Takvm obpasom, hopmMmpoBaHe BTOPUYHbBIX rPaHunL,
B NnpoLecce KpUcTannm3aumm n OXnaxxaeHnst nyvyaemowm
cTanu CBsi3aHO C BO3HWKHOBEHMEM KOHLIEHTPaTOpOB Ha-
NPS>KEHUN 1N 30H C NOBbLILLIEHHOW MAOTHOCTBLIO AUCIOKa-
LMK, a Takke C UX penakcaumen no NonmroHn3aunoHHo-
My MeXaHW3My B MeCcTax TOPMOXEHUSA pocTa AeHOPUTOB
N UX BETBEW, NOKanbHOro n3rnba BeTBen OeHOPUTOB, B
30HaxX XMMUYECKOW HEOQHOPOOHOCTM 1 BONN3M HemeTarn-
NNYECKMX BKMNIOYEHUI. TOpMOXEHWe pocTa AeHAPUTOB
N MX BETBEN OOYCMNOBMEHO Pa3fNUYHON CKOPOCTbIO Bpa-
LLIeHNs1 pasnnyHbIX CMOEB pacnnasa W, Kak CreacTeue,
pasnMYHON CKOPOCTbIO WX KpUCTannu3aumu, a Takke
nepexoaoM OT OAHOrO 3aTBEpPAEBLUEro Cros K Apyromy
npv U3MEHeHUn yCcrnoBui 3aTBepdeBaHus. Kpome Toro,
KOHLEHTpaLumn HanpsbkeHW BO3HUKAKOT MpW NoKanbHOM
n3rnbe BeTBeN OeHOPWUTOB B NpoLEecCe UX cpacTaHus,
HaKMoHe cTonbyaTbiX KpMCTannoB B CTOPOHY Bpalle-
HUSI NOA BMMSIHWEM KOHBEKLIMOHHBLIX MOTOKOB, a TaKke
C MpeumyLlecTBEHHbIM POCTOM TeX rpaHemn, KoTopble
obpalLeHbl HaBCTpeYy MOTOKY cBexero pacnnasa. lpu
3TOM pacTylme KpucTtanibl B YCIOBUSX BbICOKUX TEM-
nepaTyp NPoOSBNSAIT MracTu4eckoe nosegeHne, npouc-
XOOUT reHepupoBaHue, OBWKEHWE U B3aMMOogencTBue
AVCNOKaLMN, Takke BO3HWUKAKT 30HbI CYyBCTPYKTYpHOM
TypOyneHTHOCTU. B yyacTkax XMMWUYeCKOn HeoaHOPOA-
HOCTW NPOWCXOAMT NOKanbHOE W3MEHeHue napameTpa
KpUCTannu4eckon peluéTki, a Takke pakumoHMpoBa-
HWe npuMecen, 4YTo cnocobCTBYET KOHUEHTpaunsM Ha-
npsbkeHu. Ctanbe, Nony4YeHHast METOA0M LIEeHTPOGEXHO-
ro nNuTbs, obnagaet 3HAYNTENbHOW HEOOHOPOAHOCTbLIO
pacnpegeneHus HanpsbkeHu. Bce aTu cnoxHble npo-
Leccbl cnocobecTByeT hOPMUPOBaHUIO CyBCTPYKTYPHOW
HEO4HOPOAHOCTN U BO3HUKHOBEHMWIO BTOPUYHBIX FpaHumL
NOMUIroHM3auUMOHHOIo npoucxoxgexus. Crnegyer oTme-
TWUTb, YTO (POPMUPOBAHME BTOPUYHBIX FPaHUL, B Pe3yrib-
Tate MyUrpaumnm NepBUYHbIX rpaHnL B U3y4aemMon aycTe-
HUTHOW CTanun Takke MOXET MMETb MecCTo [2], B TO Xe
BPEMS UCKINIOYEHO MX 0Bpa3oBaHne B pesyrnbsrare nonu-
MOPGHOro NpeBpaLleHus.

Mpun nocnegyoLwemM OTKUre NPoONCXoanT NepecTpon-
Ka OUCMOKauMOHHOM CybCTpyKTypbl, kKOoTopasi cchopmMu-
poBanachk B Mpouecce KpUcTannm3aumm 1 OXnaxaeHus.
B cchopmmnpoBaBLUMXCS BTOPMYHBLIX FpaHMLax, a Takke
BONM3N HemeTannUYyeckux BKITHOYEHWA NPOMCXOoaaT
npoLeccbl Nnepenons3aHnud U MOMepeyHoro CKOnbXe-
HWSI UCnoKaumm, B TO Xe BpeMs (DOpMUPYIOTCH HOBbIE
BTOPWYHbIE FPaHULbI Kak B pedynsrtate obpasoBaHus u
YKpynHeHns cyb3épeH, Tak n NyTéM nepepacnpegene-
HUS gucrokauui ¢ obpasoBaHWEM rpaHuL B yyacTKax
C NOBbLILEHHON MAOTHOCTLIO AMcrokauui (puc. 3, 3, u).
Eweé ognH mexaHnsam obpasoBaHus BTOPUYHBIX rpaHumL,
B MpoLuecce OTXura cBa3aH C UCMyCKaHneM AeHAPUTHbI-
MM rpaHyLamMun peLléToyHbiX gucnokaummn. O4eBmaHo, B
npouecce KpucTannmaaumm B 4eHAPUTHBIX (MePBUYHBIX)
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rpaHuuax BCrneacTBue BO3HWKHOBEHUS HaMNpsKeHUN Ha-
KOMUNOCb MOBbILLIEHHOE KONMMYECTBO rPaHnYHbIX Aedek-
TOB, B YaCTHOCTU 3epHOrpaHnYHbIX Aucnokaumn [9-11],
nepepacnpegeneHne KOTOpbIX B npedenax 3Tux rpa-
HML B Mpouecce OTXura CnoCOBCTBYET CHUMXEHWUIO Ha-
NPSPKEHWI, YTO CONPOBOXAAETCH NCMYCKaHWEM B 3epHa
aHcambren peLéToyvHbIX ancnokaumn (puc. 3, k). AHa-
normyHble npoueccbl Habmwganu npu omxure BGNMU3K
MexdasHbIX rpaHuL, BKoYeHne-maTpuua ctanu [3, 4].
Mponcxoant B3aMMOLENCTBUE ITUX PELUETOYHbIX AUC-
noKauun, 4To NpMBOAUT K (DOPMUPOBAHMIO OUCOKaLM-
OHHbIX BTOPWUYHbIX rPaHuL.

OTXUI NUTbIX 3aroTOBOK MPUBOAMT HE TOMbKO K
ocrnabneHnio AeHAPUTHON NWKBaLMKW, HO M K nepepac-
npegeneHnio nervpyroLwmx aeMeHTOB B CBSI3U C Ya-
CTUYHbIM pacTBOpeHneM kapbugos. B To xe Bpems Ha
NMEILLNXCA NOMUIroHanbHbIX CybrpaHuuax, rge npoxo-
anno pakunoHMpoBaHNe npuMecen BCMeACTBME Tak
Ha3blBaeMOW «BTOPUYHON» XUMWYECKON MUKPOHeoa-
HOPOAHOCTM [2], BO3HUKAKOT OUCNEPCHbIE BblAENEHMS,
KOTOpble CMOCOBCTBYIOT cTabunusaummn atux cybrpaHuy
(pnc. 3, n). Mocne omkura npyu 1100 °C (1 4) obogku
06egHEHHOro XpOMOM ayCTeHUTa He ObHapyxeHbl. [Mo-
BbllLeHNe Temnepatypbl omxura go 1200 °C npusognt
K AanbHenwemy ocrnabneHunio eHOAPUTHOM NMKBaLMK U
YMEHbLLUEHWIO KonmMyecTBa kapbugHom gasbl.

Mpn BbICOKOTEMNEPATYPHOM OTXMre npouecchbl Mo-
AWUroHM3auMn 1 peKkpucTannnsaumn npoTekarT KparHe
HepaBHOMEPHO, YTO CBSA3aHO C HacnegoBaHWEM Heon-
HOPOAHOCTU CYBCTPYKTYpbI, COOPMMpPOBABLLENCS B MPO-
uecce kpuctannusauuu. [1oatomy yBenvyeHue oTxura
00 5 YyacoB He NPVBOAMWT K MOMHOMY 3aBepLUEHUIO Npo-
LLeccoB pa3ynpodHeHus. MNpun 3TOM NOMHOCTLIO He yCTpa-
HSAETCH XMMMYeckas MUKPOHEOOHOPOAHOCTb 3EpPeH ay-
cTeHuTa. [Ina e€ ycTpaHeHus, Kak 1 Ans CHUXeHus cyb-
CTPYKTYPHOW MUKPOHEOQHOpOoAHOCTH, TpebytoTcsa bonee
NPOOOIMKNTENbBHbBIE BbIAEPXKKM NMPU OTXKUrE.

MonyyeHHble pesynbraTbl NOATBEPXKOAOT MOMUro-
HM3aLWOHHYO NPUPOOY BTOPUYHBIX 3EPEHHBbIX rpaHuL,
KOTOpble BO3HWKAOT B JTOKANbHbIX y4YacTKax BbICOKOMW
NNOTHOCTM AebekToB. Bbicokas n HepaBHOMEpPHas MnoT-
HOCTb AMUCHOKauun B oTnmBKax u3 ctanu 40X25H20C2
onpefensieT CroXHbIN XapakTep U3MEHEeHUW OMCroKa-
LMOHHOW CTPYKTYpbl B MpoLecce MOfMroHn3aumm u pe-
KpucTannusaummn npu BblICOKOTEMMNEPATYPHOM OTXKHUre.

Takum 0b6pasom, BTOPUYHbIE FPpaHuLbl hopMUpyoTCs
B npoLecce KpucTannm3aumm n OXNnaxaeHus, a Takke
omxura ueHTpobexHonuton ctanu 40X25H20C2 B pe-
3ynbraTe nepepacnpegeneHns AMcrnokauun no nonuro-
HM3aLNOHHOMY MexaHn3My. B To e BpemMs otnmyatotcs
yCnoBus npoTtekaHus obcCygaembix NPOLEeCcCoB, YTO
BHOCMUT HeKoTopble pasnuuud. Mpu Kpuctannusauumn u
OXITaXXOEHUMN KOHLEHTPAaTOPbl HanpPsXeHUA BO3HWKaKOT
N penakcupyloT HenpepbiBHO MPW MOCTOAHHO U3MEHS-
olenca Temneparype, 4To crnocobeTByeT hopMupo-
BaHUO HEOA4HOPOAHOW CyBCTPYKTYpbl WM MpPOTEKaHWIo
MONMIroHM3aLUMOHHbIX MPOLECCOB B pedyrnbraTte ynopsao-
YeHHOro nepepacnpegeneHns AUCnokaumMn npu nocro-
SAHHO M3MEHSIOLWENCS UX MAOTHOCTM BOMM3N pasnunuyHbIX
NCTOYHMKOB KOHLEHTPAUMUW HanpsbkeHWn. YMeHbLUeHne
yncna obopoTOB U3MOXHWULI, MOHMXEHUE Temneparty-
pbl 3anMBKM W YBENUYEHNEe TEMrOoBOro CONPOTUBMEHNS

dopMbl NYTEM HAHECEHWNST TEMNMNOU30NMPYHOLLEro MOKPbI-
TS TUNa CMECU Ha BHYTPEHHIOI NMOBEPXHOCTb U3MOX-
HULbI CMOCOBCTBYIOT CHUXKEHUIO CKOPOCTU OXMaXaeHus,
YTO CO3[4aET BPEMEHHbIE YCNOBUS AN penakcaumm Ha-
Nps>KeHWU NyTEM YNOpsg0oYEHHOro nepepacnpegeneHns
Ancnokaummn n opmMmpoBaHms BTOPUYHbIX NOMMIroHarb-
HbIX FpaHuL, YTO CNOCOBCTBYET MOSYYEHUO Pa3BUTON
HEO4HOPOAHOWN CyBCTPYKTYpbl LIEHTPOBEXHONUTON CcTa-
nn. Mpu oTxure npoueccbl NONUIOHN3aLNOHHON nepe-
CTPOWMKM AMCMOKaLNOHHOW CyBCTpyKTYpbl, CHOPMUPO-
BaBLUENCA B NUTOW CTanu, NpOAOIHKalTCA B YCIOBUAX
NMOCTOSIHHON TemnepaTypbl U COMPOBOXOAIOTCA CHUXe-
HMEM YPOBHSI NMMKBaLUUW W BblOENEeHNEM AUCMEPCHbIX
a3 Ha HOBbIX BTOPUYHbIX rpaHuLiax.

PaccmoTpum BRvMsiHUE BTOPWMYHbLIX FPaHWL Ha pac-
NPOCTPaHEHNE MEX3EPEHHbIX TPELUH B LEHTPOobex-
HonuTon ctanu 40X25H20C2. B pabote [2] nokasaHa
HeraTuBHasi porib BTOPUYHbIX FPaHuUL, B PasBUTUN MEX-
KPUCTannmn4eckoro pa3pyLleHns CBapHbIX COeQUHEHWN,
OfHaKO yCroBUSA KpucTannmsaumm B 9TUX crny4vasx cy-
LLIECTBEHHO OTMNMYanMCb OT TakOBbIX NMPU LEHTPoGex-
HOM NuTbe. B TO Xe Bpems n3BeCTHbl MHOMOYUCTEHHbIE
paboTbl, B KOTOPbIX MOKa3aHO, YTO MOSMroHarnbHbIe
CTPYKTYpPbl MOFyT 3aTpyAHATb MEeX3épeHHoe pa3py-
LeHWe, AeNCTBYS MO NPUHLMMY NOKanbHOro cybCcTpyk-
TYpHOro ynpodHeHus. Pegkune crnyvyaum BO3HUKHOBEHMS
TPELWnH BAOMb BTOPUYHbBIX FPaHuUL, CBA3aHbl C NPUCYT-
CTBMEM KapObuOaoB W HemeTannMyeckux BKIHOYEHWUN.
OueBunaHO, (hopMMpOBaHME BTOPUYHbBIX rpaHuL, cneay-
€T paccmaTpmBaTh Kak hakTop YNPOYHEHNS 1 NOBbILLEe-
HUSA YPOBHSA MEXaHUYECKUX XapakTepUCTUK LEHTPOBEX-
HoONMMUTbIX cTanen. Noatomy HeobxooumMo B mpoLuecce
KpycTannusaumm UeHTpOoBexXHONUTbIX cTanen cosga-
BaTb YCMOBUSA A5 NPOTEKaHWs MOMUTOHMU3aLMOHHbIX
NpoLEeCcCoB B MeCTax KOHUEHTpauuu HanpsbkeHun c
uenbto hopMMpPOBaHMSA Pa3BUTON MONUIOHaNbHON Cy6-
CTPYKTYPbI, KaKk 3TO CTPEMSATCA JOCTMYb NpK nnacTnye-
cKkom gedopmauun.

PaccmoTpum BnsiHME BTOPUYHBIX MPaHML, Ha 3apoX-
OEHVEe N pa3BuUTME TPELLMH B LEHTPOOEXHONUTON CcTa-
nn 40X25H20C2. Kak npaBuno, KpucTannm3aumoHHble
TPeLUMHbI pacnpoCTPaHATCH MO rpaHnLamM ctonbyarbix
KpucTannoB (4eHAPMTOB) Ha AOBOMbHO GornbLune pac-
CTOSIHUSA, 4TO CnocobCTBYET OTOpPaKOBKE OTMBOK. JTU
TPEeLUMHbI OKPYXXeHbl 30HaMu (OpMMPOBaHUS BTOPUY-
HbIX rpaHuy. MiccnegoBaHne pasBuTus Kpuctannusaum-
OHHbIX TPELUMH B U3y4YaeMblX OTNMBKax mMokasano, 4To
npu BCTpeYe C yyacTKamu, MMEKLNMN pa3BuUTyto Ccyo-
CTPYKTYPY BTOPUYHbIX MOMMIOHArbHbIX rpaHuL, npouc-
XOAUT UX TOPMOXeHUe. 30Hbl CyOCTPYKTYPHOW HEOOHO-
POAHOCTU U TypByneHTHOCTM CNOCOBCTBYIOT pasBeTBre-
Huto (puc. 4, a-8), TOPMOXEHMIO 1 BNOKMPOBKE pPa3BUTUSA
KpUCTannn3auMOHHbIX TPELLMH BTOPUYHBIMW FpaHnLamm
(puc. 4, e-e). Pa3BeTBneHne KpucTannmsaumoHHON Tpe-
LUMHBI MPOUCXOAUT Ha HECKOMbKUX MEMKUX TpeLynHax,
KOTOpble NPOAOIMKATCA BAOb BTOPUYHBIX MONUIOHarb-
HbIX FPaHWLL, M B HUX XXe OCTaHaBNMBalTCA B CBOEM pas-
BUTMK. [1pyn 9TOM O4EBMAHO NPOMCXOAMT paccenBaHue
3HEpPrnn, KoTopas MMeEeTCs B YCTbe KpUCTannimM3aumoH-
HOW TPELLMHbI, HA SHEPITUN HECKOMBbKNX MUKPOTPELLIMH.

MMo-Buaumomy, HampawmMBalTCA HeKoTopble aHa-
norMm Mo BRUSHUIO M3MENbYeHUs 3EpeH Ha passButue

24 METANIN W ATBE YKPAMHBI Ne 2 (273) '2016
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MEX3EPEHHHbIX TpeLumH. [poucxoauT 3agepkka Mex-
3EPEHHHOTO Pa3pyLUeHns], B YCTbe 3aTOPMOXKEHHOW Kpu-
CTannM3auMoHHON TPELUMHbI BO3HMKAKOT BOSHbl Hanpsi-
XeHWI, cBPOC KOTOPbIX NopoXaaeT MukpoaedopmaLmio
Kak BOMM3N yCTbs TPELUUHbI, TaK U B 30Hax C BTOPWUY-
HbIMW NONUIOHANbHLIMW FpaHuuamn (puc. 4, x, 3). MNpu
3TOM B3aVMOAENCTBYIOT MOMS HanpsKeHW CoCcedHuX
KOHLEHTPaTOPOB HaMPSXXEHUA — BTOPUYHBIX FPaHuL, YTo
NPUBOANT K MOSIBIIEHNIO HOBbIX Ae(EeKTOB KpucTannmye-
CKOro CTpoeHus (gucnokaumi). Ha BTOpMYHBIX rpaHuuax
MEXMOBEPXHOCTHbIE (KOHTaKTHbIE) HanpshKeHWUst HOCAT
OCLMIIMPYOLLMIA XapakTep [3], onpeaenstowmin JUCKpeT-
HOCTb CKONbXEHWS BOnun3m 9TMX MONMroHarnbHbIX rpaHnL
KaK KOHLEHTPAaTOpPOB HaMpsPkeHUN, a Takke MosBreHne
NCTOYHWMKOB AMCIOKaLUIA, CBA3aHHbIX C rpagueHTammn Ha-
npsbkeHnn. [BWKeHne AMcnokauum B 30Hax nnactude-
CKOV penakcaumn HanpspkeHUn MOXeT COMpoBOXAaTbCH
reHepaumen To4eYHbIX 4edeKTOB, MO3TOMY CrneayeT y4uu-
TbiBaTb BKNag OT gpenda HepaBHOBECHbIX BakaHCUA B
n3yyaemble NpoLecchbl.

3T npouecchbl CNOocobCTBYOT (POPMUPOBAHUIO F10-
KanbHOW CyOCTPYKTYpbl yxe BOMM3N BTOPUYHBIX MO-
nuroHanbHbIX rpaHuy, (kak 6bl CyGCTpyKTypa BTOPOro
nopsigka), Y4To [AOMOMHWUTENbHO MPEensTCTBYeT pPOCTY
MUKpPOTpELUMH. Kpome TOoro, BO3MOXHbl MEePeCTPOnKu
CTPYKTYpPbl CaMWX NOMUIOHanbHbIX FPaHnL B pesyrbra-
Te nepepacnpegeneHns 3epHOrpaHUYHbIX AMCNOKaLMN
[8-11, 13], yTO MOXeT BbI3BaTb TpaHCHOPMaLMIO BTO-
PWYHbIX rpaHunL, B 60nbLUeyrnoBble cneumanbHble rpaHun-
Ubl C onpeaenéHHomn cTpyktypon. Cnegyer yunTbiBaThb U
BO3MOXHbIW NOKarnbHbIA pa3orpes MeTara B yCTbe Kpu-
CTannu3aumMoHHON TpewwmHbl [14], KOTOpbIN OKasbliBaeT
BMUSIHWE Ha CHUXEHWE HanpshKEeHUN 1 xapakTep penak-
CaLMOHHbIX NPOLECCOB.

OuyeBMaHO, NpWM aHanu3e xapakrepa pacnpocTtpa-
HEeHWst TPeLlMH BAOMb MEPBUYHbLIX FPaHWL AEHAPUTOB

N BTOPWYHBIX MOMMUrOHasNbHbIX FPaHWUL cregyeTt yyu-
TbiBaTb U OCOBEHHOCTW CTPOEHUSsI 3TUX rpaHuL, onpe-
gensiemble ycnosusiMm ux obpasoBaHus. [lepBuyHble
rpaHuupbl ctonbyaTbix A4EHOPUTOB OTHOCATCS K rpaHu-
uam obuwero Ttuna [2, 8-11], koTopble cogepxat MHO-
)KECTBO MPaHUYHbIX AeEKTOB, Y4aCTKMN «MIIOXOro» co-
BMageHns PeLléTok COCefHUX OEeHAPUTOB, MPUMECH,
MUKPOHECMIOLWHOCTA U Tak ganee, 4to ocnabnsaer atu
rpaHvubl M CMOCOBCTBYET PasBUTUIO MEX3EPEHHHbIX
TPELLMH B NUTbIX cTansax. BTopuyHble nonvroHanbHble
nnbo cneymnanbHble rpaHULbl UMET AUCIOKaUMOHHOE
CTPOEHne, AN KOTOPOro XapakTepHO ynopsgovYeHHoe
pacnonoxeHue rpaHUYHbIX edeKkToB, Hanmymne yyacT-
KOB «XOpOLUero» CoBrnageHuns coceaHnx cyb3épeH nnm
3épeH [8-11, 13], yTo cnocobCTBYET YNPOYHEHUIO 3TUX
rpaHuy. Kpome TOro, B OTMYME OT NPaKTUYECKU MNpsi-
MbIX MEPBUYHbIX rPaHUL, CTONOYaTbIX KPUCTamNMOB, BTO-
pU4YHbIE rpaHUUbl NpeacTaBnsaoT cobow pa3BeTBrEH-
HYl0 CeTb C u3rnbamu n NOBOpPOTaMM, YTO 3aTPyaHSIET
pacnpocTpaHeHne MeX3EPEHHHbIX TPELLMH.

BbiBoabl

dopMmpoBaHne BTOPUYHBIX FPaHuL, B MpoLiecce Kpu-
cTannmMsaumm N OXNaxKaeHus LeHTPOOEXHONMTON cTanu
CBSI3aHO C BO3HUKHOBEHMEM KOHLIEHTPATOPOB Hanpsixe-
HUA 1 30H C MOBbILLEHHONM MIIOTHOCTLIO AMUCHOKaLUWUN, a
TaKke C UX penakcaumen no nonmMroHn3aunoHHOMY Me-
XaHM3My B MeCTax TOPMOXEHUs1 pocTa AEHAPUTOB U UX
BETBEW, NOKanbHOro n3rnba BeTBen AEHOPUTOB, B 30HAX
XUMUYECKOM HEOOHOPOAHOCTU 1 BONU3N HEMETannmye-
CKUX BKITHOYEHWI. [pn oTXKnre nponcxoamT nepecTtporika
ANCNOKaLMOHHON CybCTpyKTypbl, koTOpas copmMupo-
Banacb B MpoLecce KpucTannmsaumm 1 OXNaXaeHus,
4YTO NPUBOOUT K (POPMMPOBAHMIO HOBBIX BTOPUYHBIX
rpanul. dopmMupoBaHME BTOPUYHBLIX TPaHWUL, cregyeT
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paccmaTpumBaTb Kak CbaKTOp YNPO4YHEHUA N NOBbILLEHUA TbIX CTaneun, a Takxke TOPMOXEHUNA pa3BUTUA KpUcTanin-
YPOBHA MEeXaHN4YECKMNX XapakTepUCTuK Ll,eHTpO6e>KHOJ'II/I- 3AaUNOHHbIX TPELUUH.
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Axorauin anbMyBaHHS MK3€PEHHOTO PYIHYBaHHS BiALEHTPOBONUTOI CTani
40X25H20C2 BTOPUHHUMM FrpaHULAMY

O6roBoprOTLCS NPUYNHN HOPMYBaHHST TPILLUMH Y BiALEHTPOBO/MTIV ctani 40X25H20C2. [ocniaxeHo axepena i MexaHiam
opmyBaHHSI BTOPUHHUX rPaHuLb. BCTaHOBIEHO rnoniroHi3auiviHy npupoay umx rpaHuub. lokasaHo BriJiuB BTOPUHHUX rpa-
HULIb HA rasibMyBaHHS1 MIXX3€PEHHOr0 PyViHyBaHHs1 BiAJIMBOK.

BIALEHTPOBO/INTA CTallb, MXXK3EPEHHE PYVIHYBaHHS, BTOPUHHI rPaHnLi

Knrou4oBi cnoBa

Gubenko S., Baleva J.
Retarding of intergranular fracture of centryfugal casting steel
40Cr25Ni20Si2 by secondary boundaries

The causes of cracks formation in centrifugal casting steel 40Cr25Ni20Si2 are discussed. The sources and mechanism of
secondary boundaries formation were investigated. The polygonization nature of these boundaries was mounted. It was
shown the influence of secondary boundaries on retarding of intergranular fracture of casts.

centrifugal casting steel, intergranular fracture, secondary boundaries
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