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B xpucramiorpaduio BBOIUTCSI HOBOE MTOHATHE — MOJSIPHOCTh PETUKYISIPHBIX TPaHE KpHUCTAJIIA.
PetukynsipHble rpaHy pa3nesisitorcs Ha 6a3MCHBIE U AOMOJHUTEIbHbIE. baducHble rpaHu, cCUCTeMaTH -
YyeCcKHe B IPaHHOM CUCTEMe, YBEJIMUMBAIOTCS JIUIIb IIPU POCTe KpucTajuia. dopma KpucTajia MHBa-
pHMaHTHasI, YCTOYMBAs B ITpaHUIIAX €TO CTAOMIBHOCTH M HE BIMSAECT Ha COCTOSTHHAE €0 PaBHOBECHS.
JlomnoTHATENbHEIE TPAaHU, HATTPOTUB, COKPAIIAIOTCST M MCUYE3al0T, TO3TOMY SIBJISTIOTCSI TIepeMEHHBIMU
SKCTCHCHUBHBIMU MapaMeTpaMu I'paHHO# cucTeMbl. OHM He 00pa3yloT COOCTBEHHOM CUCTEMBI M acCo-
LMUPYIOT ¢ Oa3MCHBIMU, OIPEE/Isisi BADUAHTHOCTh TPAHHOM crucTeMbl. [loyisipHas cucteMa HepaBHO-
BECHasl, CaMOIIPOM3BOJILHO U HEOOPaTUMO MpeodpasyeTcsl B KOHEUHYIO 0a31MCHYIO TPaHHYIO CUCTEMY U
HaXOIUTCS B KBa3MCTaTUYECKOM paBHOBecHM. [a0uTyc 6a3McHOro KpucTajia MHBapUaHTHOI (hOpMBbI
M3MEHSIETCS B IIPOLIECCE €ro POCTA MO MEXaHU3MY TPAHC/ISILIMOHHOM CUMMETPUM.
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BBEJEHWE

O. bpase [1] pa3nennn COBOKYITHOCTh IpaHell Kpu-
CTaJlIa Ha ABa TUIIA: TPaHU IIepPBOro poaa, WM UIeH-
tuuHble o P.2K. Tarou [2], u rpaHU peTUKYJISIPHBIE,
obOpa3sylolye 3aMKHYThIIA TeOMETPUYECKUIA MHOTO-
rpaHHuK. I'paHu mepBOTO poga — MHIAMKATOPHI e~
MEHTOB CUMMETPHUU, KOTOPBIMU IIPUBOASITCI K COOT-
BETCTBYIOIIMM PETUKYISIPHBIM IpaHsIM. bruHapHyo
cucrteMaTnky bpaBe cumMTaroT B reOMEeTpUIECKOM KpH-
crajiorpaduu BIIOJHE TOCTaTOUHOM U UCITOJb3YIOT 10
cux nop. B Hell peTuKynsipHbie TpaHy IIPEACTaBIISIIOTCS
IUHAMWYECKHA OMHOPOMTHBIMU, T.€. OHU BEIyT ceOsI IIpu
pocTe KpucTaia uaeHTu4Ho. Kputepues ux pasuesne-
HUS HET. DTOTO Xe MPEeACTaBIeHUs 00 OTHOPOIHOCTH
npuaepxuBaics /x.B. [u066c¢ [3] mpu BeIBome yCIOBUS
paBHOBeCcHUs KpucTajia. B ero ¢yHKUUM MUHUMyMa
BCE€ PETUKYJISIPHBIE TPAaHU UICHTUYHBI:

Y0;F; = min ipu V' = const,

o))

r1e 0, — napuuaabHas CBOOOLHAs 3HEPTUs I'PaHMU,
F; — rutolmanb peTUKYISApHOM rpaHu, V' — 00beM Kpu-
crajuia. MoXHO NMPpOU3BOJIbHO MCKITIOUUTD JIIOOYIO pe-
TUKYJISIPHYIO TPaHb, HO CMbIC] (DYHKIIUM HE U3MEHUT-
cs. I'paHHYIO CUCTEMY KpPUCTaJlJla HEPEAKO CUYUTAIOT
ciyJaiiHoii [4].

I'panHas cucremMa KpUcTajjla — €CTECTBEHHOE Ma-
TepualibHOe obOpa3oBaHue. OHa XapaKTepU3yeTcCs
COOCTBEHHOI TEpMOAMHAMMNYECKOI YCTOMYUBOCTEHIO,
CaMOIIPOM3BOJIBHO TIpeobdpa3yeTcsl U MPUXOIUT B CO-
cTosiHUe paBHOBecusi. OJHAKO YCIIOBME PaBHOBECUS
Tn66ca, ocHOBaHHOE Ha IIpeIcTaBJIeHUHN 00 OgHO-
POIHOCTU PETUKYJISIPHBIX TpaHei, He BBHIIIOJIHSIETCS.
B nocienHee BpeMs KOHCTaTUPOBAJOCh [5, 6], uTo
PETUKYJISIpHbIC TPAHU JIIOOOT0 KpUcCTajljia MOJsipHBIE.
CoOOTBETCTBEHHO, CTUJIb PA3BUTHSI TPAHHOI CUCTEMBbI
npeoOpa3uicsd KOpeHHBIM 00pa3oM.

TUIIbl PETUKYJISIPHBIX TPAHEN

PeTukynsipHble TpaH — OCHOBHBIE TEPMOIUHAMMU -
YECKHE DJIEMEHTbl TPAHHOW CUCTEMBI, UAEHTUYHbBIE
rpanu l'atou — rpaHu cuMMeTpuM KpucTajia. o mo-
clleIHEro BpEMEHU PETUKYJIIPHbIE TPAaHU paccMaTpu-
BaJIM KaK OMHOPOAHbIE COBOKYITHOCTHU TPaHHOI CHUCTe-
MbI. DTOTO Xe MpeAcTaBIeHUs], KAK OTMEUYEHO BHIIIIE,
npunepxusaics Jx.B. Tu66c [3] mpu BbIBoOIe yCI0BUS
paBHOBecHus kpuctaiiaa. OqHaKoO 3TO MpencTaBieHue
0 PETUKYISIPHBIX IPAHIX 0OKa3aJI0Ch OIIMOOYHEIM [6].
AKTyaJIbHbIM CTaJIO UX pa3elieHue Ha Ba CaMOCTOsI -
TeJIbHBIX THMA: 0a3UCHBIE U TOTOJHUTEIbHbBIE, C MO/ -
pasnejieHueM AOTOJHUTENbHBIX PETUKYISIPHBIX I'pa-
Heii Ha peOGepHbIe U BEpILIMHHBIC.
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bazucnvie pemukynsaprnole epanu, uiu b-epanu, xa-
pakTepusylTcs MuJUiepoBcKuMuU nHaekcamu {100} u
{110}, M OAEHTUIHBIMU UHICKCAM 3JIEMEHTApHOM sTueii-
ku. OHY cucTeMaTU4YecKue, peryJsipHble, MOTYT 00pa-
30BbIBaTh COOCTBEHHYIO 3aMKHYTYIO b-IpaHHYIO CU-
CTEMY THUIIA TIPOCTOTO KPUCTAIIMYECKOTO 0a3UCHOTO
noau3apa. ITo cOeHUuOUIECKUN TUIT PeTUKYISIPHBIX
rpaHeli B TOM OTHOIIIEHUM, UTO h-TpaHU XapaKTepu3y-
J0TCSI HAMOOJBIIUMU PETUKYISIPHBIMU TJIOTHOCTSIMU,
COOTBETCTBEHHO, HAMMEHBIIUMU 3HAYEHUSIMU CBO-
0OHOI MOBEPXHOCTHOI SHEPTUU, CKOPOCTSIMU POCTA.
BasucHBIl KprcTalll OMHOPOIEH, JIUIIb B 3TOM CJTyJae
BBITIOJIHSIETCS YCJIOBUE paBHOBecHs [nO0ca.

Jlonoanumenshole pemuKyAspHble ePAHU, UAU S-ePAHU.
MX MI0CKOCTU OPUEHTUPOBAHBI KOCO OTHOCUTEIbHO
CUCTeMbl 0a3UCHBIX I'paHell, UMeIOT uHIeKChl {hk0},
{hkl}, He 0Opa3ylOoT COOCTBEHHOIT TPAHHOI CUCTEMHBI,
ACCOIMMPYIOT C b-TpaHSIMU, TOTIYNHSISICH CHMMETPUU
KpUCTaJIMYecKoi pemeTku. OHU XapaKTepu3yloT-
Csl HAUMEHbIIMMU PETUKYISIPHBIMU TUIOTHOCTSIMU U
CKOPOCTSIMU POCTa, COOTBETCTBEHHO, HAUOObIIIEH
napuuajabHOl cBOOomHOI 3Heprueii. Hambonbine
3HAYEHMS CBOOOMIHOM TTOBEPXHOCTHOM SHEPTUU JIejia-
0T 3T rpaHu HeyCTOMUYMBBIMU. [1pu pocTe Kprcrasia
OHU CaMOITPOM3BOJILHO U HEOOPATUMO COKpAIIIAIOTCs
W UCYE3aI0T, T.€. SIBJISIOTCS MePEMEHHBIMU SKCTECHCUB-
HBIMU MapaMeTpaMy FPaHHON CUCTEMBI.

OAHOPOJAHOCTbD U IOJIAPHOCTb
PETUKVYJIAPHBIX TPAHEUN

OIHOPOITHOCTh M MOJISIPHOCTh — JIBa (pyHIaMEH-
TaJbHBIX CBOMCTBA I'PaHHOI cUCTeMbl KpucTasia. Pe-
TUKYJISIDHbIE TPaHU CUMTAIOT OAHOPOJAHBIMU HauMHas
¢ kpuctaorpacduyeckux pador O. bpage [1]. I1pen-
cTaBlIeHe 00 OMHOPOTHOCTH MHTYUTUBHO BBITEKAET
U3 TEOMETPUUECKUX MMOHITUIN U pUHIIMITOB bpage,
OCHOBAHHBIX Ha TOYEYHBIM METOJIE, B KOTOPOM PETH-
KyJISIpHbIE TPAaHU UCCIAENYIOT B CTATUYECKOM peXUMe
C MOMOIUIBIO 2JIEMEHTOB CUMMETpUU. JINIb CIycTs
noutu 130 net H.H. ledTans [7] ocTopoxxHO oTMe-
TUJI, 4TO “ypaBHeHUe (ycioBue paBHOBecus [mb0Oca
(1) — aBTOpHI JILA. 1 A.A.) OTHOCUTCS K PaBHOBECHIO,
a KpUCTaJIJI B paBHOBECHOI ¢hopMe Bce XKe BhIpacTaer”.
Tak Kak IMHAMUYECKOE COCTOSIHME TPAHHOU CUCTEMBI
npexae He MPUHUMAaIM BO BHUMaHUE, BCe PETUKY-
JISPHBIE TPaHU CUMTAJIU OJHOPOIHBIMU, C COOCTBEH-
HBIMU PETUKYISIPHBIMU TUIOTHOCTSIMU, HO HE pa3jim-
YMMBIMU MO MOBEAECHUIO TIPU POCTE KpUCTAILIA. 3aTEM
npeacTaBieHue 00 OQHOPOIHOCTU ObLIO BOCIIPUHSITO
Hx.B. T166com [3] nmpu BBIBOIE YCIOBUS PaBHOBECHS
(1), B KOTOpOM MHIAEKC { YYUTHIBAET BCce 03 UCKIIO-
YEeHUSI PETUKYJISIPHbIE TPaHU CUCTEMbI KaK OJHOPO/I -
HBle. M 5TO ecTecTBEHHO, TaK KaK MCCIEIOBAIA CTa-
TUYECKYIO TPAHHYIO CUCTEMY, M B 9TOM Cliydyae HeT
Kputepust fudpdepeHInauun peTUKyISIpHbIX TPaHEe.
Jluurs B AMHAMUYECKOM PEXUME MOXHO BBISIBUTH He-
OTHOPOJHOCTb PETUKYJISPHBIX IPaHei 10 CTUIISIM MO0~
BeneHus. Takux Tpyni peTUKYJISPHbBIX IPaHEl BCEro

AJIMAKWH, ATMAKWH

JIBE€ — OHU BEAyT Ce0sT AuaMeTpabHO IPOTUBOIOIOX-
HO U SIBJISIOTCS MOJSIpHBIMU. B mossipHO#i cucteMe
KaXXIyl0 TPYINYy PEeTUKYJISIPHBIX T'paHeil B TMHAMM-
YEeCKOM pexXMMe HeoOXOIMMO YUYMTHIBATh Pa3aeibHO,
TaK KakK 0a3MCHbIE PETUKYSIPHBIE TPAaHU TOJIBKO pa-
CTYT, a JOIOJHUTEIbHbIC, HA0OOPOT, JIMIIIL COKpaIlla-
10TCcsa U ucueldaroT. Kaxmas rpyrma rpaHeil OomHOpPO/I -
Hasl, HO CUCTeMa, COCTOSIIAsI M3 UX COBOKYIIHOCTH,
SBJISIETCSI HEOMAHOPOMXHOM, TONSIPHOM [6], 1 DyHKIIMS
Y0,F; u3aMeHseTcsa CIOXHBIM 00pa3oM; BO3MOXEH
Jaxe BapuaHT, Koraa Y.o.F; = 0. HakoHen, dyHkumg
Y 0,F; HenpepbIBHAd, MIanKas, U TOYEUHBbIE OTIpenese-
HUS 1al0T MHOXECTBO YAaCTHBIX €€ 3HaYeHU, T0O3TOMY
paccMOTpeHre KaXIoro TaKoro 3HaueHUsl B KaUeCcTBe
MoKa3aTeJlsI paBHOBECHUS I'PAaHHOM CHUCTEMBI JIMIIEHO
cMmbicia. CinegoBaTebHO, MUHUMYM (pyHKIUM (1) He
CylLIECTBYET, ycjioBUue paBHoBecusl [1100ca He MOXeT
BBITIOJTHSITHCSI.

I'PAHHBIE CUCTEMbI KPUCTAJIJTIA

TepMonmHaMuKa KpUCTalJIa MUCCIEIYET COBOKYII-
HOCTH PETUKYJISIDHBIX TpaHel rpaHHoil cuctembl. B
3aBMCUMOCTH OT TOTO, HAXOMASITCS JIU B CUCTEME B CO-
BOKYITHOCTHU ¢ 6a3MCHBIMU TPAaHSIMH TOTOJTHUTEIh-
HBIE PETUKYJIIPHBIC TPAaHU WA HET, pa3anJaloTcs IBe
IPYMITBI TPAHHBIX CUCTEM: MOJIIpHas U 6a3ucHas [6].
DTO pazaeseHue HOBOE B TEOPUM POCTa KpUCTaia.
OHO TIPUBENIO K OTKPBITUIO TMOJISIPHOCTH PETUKYIISIP-
HBIX TpaHeli, KOTOpoe Mpekae 0CTaBaIOCh HEAOCTAIO-
wuM 3BeHoM. [loJisipHasi rpaHHas cucteMa OMHapHasl,
KOMOMHUMpOBaHHas1 — bs-rpaHHas cuctema. basucHasi,
npocrasi — b-rpaHHasl CUCTEMa.

Toaspuas epannas cucmema, uau bs-epanuas cu-
cmema. OTa cucteMa oOpa3oBaHa COBOKYITHOCThIO Oa-
3UCHBIX W JOTIOJIHUTENIBHBIX PETUKYJISIPHBIX TpaHel 1
XapaKTepu3yeTcss OCOOBIMU TMHAMUYECKUMU CBOM-
cTBaMM TIpu pocTe kpuctasia. Ee 6a3ucHble rpaHu
CHCTeMaTHYeCcKre, MHBapUaHTHBIC B CHCTEME JIF0O0TO
KpHCTaJlIa, MOTYT JIMIIIb PACTH, OCTaBasICh B KBa3WCTa-
TUYECKOM paBHOBecHU. [{OMOTHUTENbHBIE PETUKYISP-
Hble TpaHU — TepeMeHHble KpUcTaiorpaduueckue
BJIEMEHTHI, He 00pa3yloT COOCTBEHHOU 3aMKHYTOM CH-
CTEMBI, aCCOLIMMPYIOT ¢ 6a3MCHBIMU PETUKYISIPHBIMU
rpaHsIMM, compsrasch no ooumum pedpam. IIpeodpa-
30BaHMe TOJISIPHOM IpaHHOI CUCTEMBI COBEPIIIACTCS
10 cXeMe

bS—FpaHHaH cucrema — b-FpaHHaf{ cHUCTCMaA.

DTOT Mpolecc OJHOHANPaBAeHHBII, KaK IpeBpa-
LIIeHUe colepxalleiicss B bs-rpaHHOM cUCTEME CBO-
0OIHOIM SHEPTUU B TeIUIOTY. B KauecTBe UIIOCTpaliuu
npuBeaeM npeodpa3oBaHue MOJISIPHOUN MpuMaTUye-
CKH-pOMOO03IprIecKoii (hopMbl KpucTajia 3-KBap-
11a B 0a3MCHYIO I'PaHHYIO CUCTEeMY, MTPEACTaBICHHYIO
MOCJeN0BaTEIbHOCTBIO TIPU3MATUUECKU-OUTIUPAMHU -
JalbHOM U ounupamuganbHoil ¢popm (puc. 1). Ilpu-
3MaTu4YeCcKu-poMboanpudeckas popma (puc. la) Hu3-
koremnepatypHas [8]. Ha akcno3unimu 310if opMbl
noka3aHbl 0asucHbie rpanu {1011}, {1101}, {0111} u
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Puc. 1. Pan npeoOpa3zoBaHuii KpucTaia 3-KBaplia: a — MOJISIPHBINA, TPU3MATUIECKU-POMOO3IPUYECKMIT, HU3KO-
TeMIepaTypHbIil; 6 — 6a3UMCHBII, TPU3MATUUECKU-OUNTMPAMUIATIbHbBI, OTHOCUTEIBHO BBICOKOTEMIIEPATYPHBI;
B — 0a3MCHBII, KOHEUHBI OUNTMpPaMUIAIbHbIN, BBICOKOTEMIIEPATYPHBINA.

L 1172 |

| 3

Puc. 2. bunupaMunaibHBI KpUCTaJT 3-KBapila B Keoje
MopdUPOBUIHOTO rpaHUTa (3apucoBKa): I — moppupo-
BUIHBII IPaHUT, BKIIOYAIOLIMIA B ce0s1 3Keony; 2 — KPUCTO-
OanuToBasl MOUIOXKKA; 3 — KpeMHUCTO-(IIonIHas Kamepa
B TIpOLIeCCe POCTa KPUCTAJUIa OUMMMPaMUIATBHOTO (3-KBap-
1a. Macmra6 1 : 1.

nonoHuTeNbHbIe {5161}, {1121}. [Ipu3aMaTnyecKn-0ou-
nupaMmuganbHas popma (puc. 16) OTHOCUTETBHO BBICO-
KoTeMIeparypHasi; ounupaMmunaibHas popma (puc. 1B)
BBICOKOTEMIIEpaTypHasi, 3TO KOHeUHas ¢popMa Kpu-
crajna. bunupamuganbHas ¢opMa Oblja MpuBeneHa
A.H. 3aBapunkum [9] B kauecTBe nmpumMepa heHOKpHU-
cTajijia kBapua B nopduposbix nopogax. ObHapyxeHa
ounupamuganbHas opma [3-KBaplia B Keoje JehKo-
KpPaTOBBIX MOPMOUPOBUIHBIX TPAHUTOB B CEBEPHOM
oOpamsiennn MtakuHckoit BnanuHsel (3abaiikaine) [10].
Keoma mycTast, CTeHKM BBICTJIaHBI KPMCTOOATIUTOM.
bunupamuganbHbIi KpucTamut aauHoi 17 MM 1o Bep-
TUKaJIBHOM OCU L pOC Ha KPUCTOOATUTOBO MOMIJIOXKKE
(puc. 2). HaxoxneHue KpucTajlia B IyCTOI 3Keole CBU-
JIETENIbCTBYET O €r0 POCTe B KPEMHKMCTOM BOAHOM (hitto-
nne. OmHAKO U3BJIEYD KeOy, K COXaJICHUIO, HE YIAIOCh.

[IpeoOpa3zoBaHue MpU3IMaTUUECKU-OUNTUPAMU-
JajlbHOM (popMBI B OMITMpaMUIAIbHYIO BeCbMa 11000~
neiTHO. C KpUcTaIorpaduyeckoit TOUKU 3peHUsT 3TO
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nmpeoOpa3oBaHNEe MOXHO MHTEPIIPETUPOBATD CIICAYIO-
KM obpazoM. McuesHoBeHKe MpU3MaTUieckoit hop-
Mbl CTPYKTYPHO BO3MOXHO, ITPU 3TOM 3aMKHYTOCTh
OunUpaMuAaTbHOIO MHOTOTPpaHHUKA COXPaHSIETCs.
Takas npocTas rpusMa BefeT ce0sl mogo0HO s-TpaHHu,
T.€. MOXET COKpAIaThCs M McUe3aTh. TakKuM 00pa3oMm,
npusMaTudecku-ounupamuaaibHass ¢opMa — 3TO
MPOMEXYTOUYHOE COCTOSTHUE 0a3uCHOI rpaHHON CcU-
CTeMbl. bunupaMumgaabHBIN KPUCTAIT SIBISETCS KO-
HeYyHOU (opMOIi1, XapaKTepu3yeTcsa HauOOIbIIIe pe-
TUKYJISIPHOU MJIOTHOCTBIO, COOTBETCTBEHHO, HAUMEHb-
1Ieii CBOOOOHOM TMTOBEPXHOCTHOM SHEPTUEH.

BapuaHTHOCTD bs-rpaHHO# CUCTEMbI OIPEACIISIETCS
byukumeit [6]:

v=b+1-—x, )
rae ) — MaKCUMaJIbHOE YUCIIO PETUKYISPHBIX TPaHei
B KPUCTAJUIE, X — YUACJIO AEHCTBUTEIBHBIX PETUKYIISAP-
HBIX I'PaHeil B IPaHHOI cucTteme, | — 4MCII0 BHEIIHUX
MHTEHCUBHBIX TapaMeTPOB (TeMIIEpaTypa).
IIpn T = const

vE=1 —x. (2a)
B dyHkumu (2) Bu3yaabHO He TIPOSIBIEHO CBOMCTBO
TOJISPHOCTU PETUKYJISIPHBIX TpaHell. Bxonsiiue B Hee
IrpaHy PaBHO3HAYHBIE, TOPTOMY TOUEUHbIE OLIEHKU Ba-
PVaHTHOCTH JAIOT CIIy4aiiHble BETUYUHBEI Y 0,F).
Hanee paznoxum ¢pyHKIMIO (2) IO rpymniaM peTu-
KYJISIDHBIX TpaHEHN

v=(1|)b+l|)s)+1_(Xb+Xs)a
npu yciaoBuu T = const

v* = W, + ) — (x, Xs)a 4)

1€ NTHTCHCUBHLIC ITapaMETpPhbl C THACKCOM b oTHOCHT-
¢S K 0a3MCHBIM PETUKYJIAPHBIM I'paHAM, C THICKCOM
§ — K JOIMOJTHUTCJIbHBIM.
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Ternepb BapraHTHOCTbh TPAHHOI CHUCTEMBI SIBJISIET-
cs pyHKIMENH BHYTPEHHUX MHTEHCHUBHBIX ITapaMeTPOB
MOJISIPHBIX PETUKYJISIPHBIX TpaHeil 1 OMHOTO BHEIIIHE-
ro MHTEHCHUBHOTIO MapaMeTpa — TeMrepaTypbl. DTOT
MPUEM CITYXXKUT HaJEXKHBIM UHCTPYMEHTOM IOJYyYEHUS
ANPUOPHBIX OLIEHOK PaBHOBECUS TPAHHBIX CUCTEM
pa3HbIX KpucTasuioB. [IpeactapieHue o MOJSIPHOCTU
PETUKYJISIPHBIX TpaHell OTKPbIBAET HOBbIE CBOCTBA
cuctemsbl. IIpexnae Bcero bs-rpaHHasl CUCTEMa HEpaB-
HOBECHad, TaK Kak Bcerga ).0,F, < Yo.F,, moaTtoMy
MOXeT IOABEPraThCsl CaMOMPOU3BOJIbHOMY, HEOOpa-
TUMOMY MpeoOpa3oBaHUIO, T.€. SIBJSIETCS He3aBep-
meHHoi. ITpu pocrte KpucTaaia oHa TepseT A0TOoJ-
HUTEJIbHbIE PETUKYJISIPHBIE TPAHU U MTpeoOpa3yeTrcs B
b-rpaHHyto cuctemy. Ho h-rpaHu, Kak moguepKHYTO
BBILLIE, CHCTEMAaTUYeCKUe, UHBapuaHTHBIE (P, = X,),
BapuMaHTHOCTD MOJISIPHOM hS-TpaHHON CUCTEMBI IIPHU-
HUMaET BUJ

V:¢S+1_XS’ (5)

npu T = const
(6)

®Oyukiuu (5) u (6) IeMOHCTPUPYIOT TOT (HAKT, YTO
BapuUaHTHOCTb bS-TpaHHOI CUCTEMBbI HE 3aBUCUT OT
0a3uCHBIX 'paHell. [lonmoTHUTENbHBIE PETUKYISIPHbBIE
rpaHu MepeMeHHbIe B TPaHHOI cUcTeMe, Oa3UCHbIE —
uHIu@bepeHTHbIE. [JonoIHUTEIbHbBIE PETUKY/ISIPHbIE
rpaHU XapaKTepU3YyITCsI COOCTBEHHBIMU 3HAYEHUSIMU
napuragibHONH CBOOOTHON MOBEPXHOCTHOW 3HEPTUH,
JAOIIMMU TeraoBbie 3¢ (eKThl, KOTOPBEIE 00paTHO
MPONOPLUUOHAIBHBI PETUKYISPHBIM TJIOTHOCTAM. B
pes3yJbTare Mocjaen0BaTeIbHOCTh COKpAIEHUS] U UC-
Ye3HOBEHMUSI S-TpaHell MoauuHsIeTcs npaBuiy bepTio
[11], cormacHO KOoTOpOMY “B JAaHHOI CCTEME, Ie MO-
>KET TPOMCXONUTDH HECKOJIBKO XMMUYECKUX MpeBpalle-
HUI, peaJibHO TPOUCXOAUT TO MpeBpalleHue, KOTopoe
0CBOOOXKIaeT HanbosbllIee KoanuecTBo Teruia”. Cie-
JIOBaTEIbHO, JOTIOJHUTENbHbIE PETUKYISIPHBIE TPAHU
COKpalllaloTcs M Mcue3aloT He Bce cpasy, a B MOpsia-
K€ MOHMXXEHUSI BeJIMYUH TermnoBbix 3¢ dekToB. [lep-
BOI cokpalaeTcs U ucuye3aeT peTUKYJIspHasi rpaHb
(mpuBeneHHas1), 0CBOOOXIAIOIAsl HANOOIbIIee KO-
JIMYECTBO TeTJ1a, XapaKTepu3yollasics HauMeHbIIel
PETUKYISIPHOM MIOTHOCThIO, COOTBETCTBEHHO, Hau-
OoJbIIIeit MapUMaIbHOM CBOOOMHOI ITOBEPXHOCTHOM
sHeprueu. 3ateM ciemylomias u Tak ganee. Ha puc.
la mpuUCYTCTBYIOT JiB€ NIPUBEAEHHBIE JOMOJHUTEb-
Hble TpaHu {5161} u {1121}. Tak KaKk 6a3uCcHEIC TpaHU
WHBapUuaHTHbIE, TPU3MATUUYECKU-POMOO3IpUUECKUI
Kpuctau 3-kKBapua uMeeT ipu 7 = const BCETO J1Be
cTerneHu cBoOonbl. Tak Kak 0a3MCHBIE PETUKYISIPHBIC
rpaHu MHBapUaHTHbIC, MpeoOpa3oBaHue bs-rpaHHOMI
CUCTEMbBI MOXHO UAEHTU(DULUPOBATH IBYMS MyTSIMU:
CHavyajla MOHOBapUaHTHBIM, 3aTeM AUBAPUAHTHBIM.
B MOHOBapuaHTHOM cilyyae COKpallaeTcs U ucuesa-
€T PeTUKYJISIpHas TpaHb {5161}, B nMBaprMaHTHOM —
rpanb {1121}.

vE=1 —

AJIMAKWH, ATMAKWH

OnHako B bs-TpaHHOM CHCTEMe BO3MOXHO yCTa-
HOBJIEHUE CTAllMOHAPHOIO COCTOSIHUS, B KOTOPOM
WHTEHCHUBHbIE apaMeTphl IIPUHUMAIOT IOCTOSTHHbIE
3HauyeHus. KpaTko o6cynuM 3TOT BOIpPOC, UCHOIb3Ys
OPUHIUII BO3pacTaHUsI SHTPONMU B HEOOpaTUMOM
npouecce [12]. IIpeanoaoxum, 4To SHEPTUSI TPAHHO
CUCTEMBI B COCTOSIHUSIX bs 1 b omHaAKOBa, YTO JOTY-
CTMMO, TaK KaK 3TO COCTOSIHUS B OMHOI U TOM ke Cu-
creme. Ecau aHTpomnus cocTosiHUST b Goblie 3HTPO-
MUY COCTOSTHUS bs, TO cocTosiHUue b (6a3ucHas rpaH-
Hasl CUCTeMa) MOXET PacTy B bs-IOJISIPHOM rpaHHOMI
CcUCTEeMe CaMOIIPOU3BOJIbHO U HeobpaTtumo. Ilpoiecc
MpeoOpa3oBaHUS 3aBEPIIUTCS MOJIHBIM HCUYE€3HOBE-
HUEM S-PEeTUKYJISIDHBIX TpaHeil; ocTaHeTCsl MHBapu-
aHTHas b-rpaHHas cucteMma. OHa XapaKTepu3yeTCs
KBa3UCTaTUYECKMM, 0OpaTUMBIM paBHOBecueM. B cra-
IIMOHAPHOM bS-COCTOSTHMM 00I1Iee U3MEHEHME DHTPO-
MY TPaHHOM CUCTEMBI HE 3aBUCUT OT BpeMeHu [13],
cJieoBaTeNIbHO,

dS/dt =dS,/dt + dS,/dt =0, 7)
rae dS; — mpupaleHue SHTPOINNU, 00yCIOBIEHHOE
pOCTOM b-TpaHeil U coKpallleHueM s-TpaHeid, dS, —
MOTOK 3HTPOMNNU, OOYCIOBJIEHHBIA B3aUMOICHCTBUEM
bs-rpaHHOI CUCTEMBI C OKpyXKaloleil cpenoii. Tak kak

ds,/dt > 0, ®)
TOrma

ds,/dt < 0. 9)

VYcnoBue (9) cBUIETENBCTBYET O CAMOIPOU3BOJIb-
HOM TIOTOKE TeTlla U3 CUCTEMbI, UTO SIBJISETCS KpU-
TepUeM CTallMOHAPHOTO COCTOSIHUS bs-TpaHHOI CU-
creMbl. MOXHO cKa3aTh, UTO MOJsIpHAs rpaHHasl CU-
cTeMa Bcerma MOTeHIIMAIbHO CIIOCOOHA Co3IaBaTh
MOTOK TeIlIa, oHa HepaBHoBecHas1. HanmpoTus, 6a3uc-
Hasl IpaHHas cucTeMa XMMuyeckyu uHauddepeHTHas,
KBa3upaBHOBECHasl, oOpaTuMasi, SIBISIeTCSI KOHEUHOM
(opmoii kpucrania. Kpucramiorpaduueckas crenm-
¢prka 6a3MCHOTO KpHUCTajja COCTOUT B TOM, YTO €ro
rabuTyc npu pocTe ocTaeTcs IOoJ0O0HBIM cebe, T.e.
nHBapuaHTHBIM. [Ipouecc pocra b-Kpucrajia ocy-
ILIECTBJSIETCS] TI0 TPAHCISILIMOHHOMY/TIEpEHOCHOMY
MEXaHU3MY.

Hrak, bs-rpaHHas cuctemMa HepaBHOBecHasl. Yem
OoJIbllle B HEll S-PETUKYJISIPHBIX TpaHei, TeM MEHbIIIe
€€ SHTPOITNSI, COOTBETCTBEHHO, TEM BBIIIIE CKIIOHHOCTD
K CaMOITPOM3BOJIBHOMY COKpAIIlEHUIO M MCYEC3HOBE-
HUIO S-pETUKYJISIPHBIX TpaHeit. [Ipu mocienoBaTeb-
HOM HCYE3HOBEHUM S-TpaHeil SHTPOIUSI BO3pacCTaeT.
C ucYe3HOBEHUEM MOCIEIHE! U3 3TUX rpaHeil OCTaeT-
csl KOHEYHAasI KBa3ucTaTudecKasl b-rpaHHasl CUCTEeMa,
obparuMasi. B 3ToM cocTostHUM pecypc MepeMeHHbBIX
JOTOJTHUTEIbHBIX PETUKYISIPHBIX TPaHEel UCUepIIaH,
SHTPOIUS OCTUTIA MAKCUMYMa.

basucnas epannas cucmema, uau b-epannas cucme-
ma. MUNIEpOBCKHE MHACKCH PETUKYJISIPHBIX TpaHeit
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MOJIAPHOCTb PETUKYJIAPHBIX TPAHEN U TEPMOAMHAMUWYECKOE COCTOSHUE

{100} u {110} uEeHTUYHBI MHAECKCAM DJIEMEHTapHOM
sg4yeliku. DT1a opMa BO3HUKAET MPU UCYE3HOBEHUU
B TIOJIIPHOM CUCTEME BCEX MOMOJHUTEIbHBIX PETUKY-
JISIpHBIX TpaHeil. COOTBETCTBEHHO, U3 COOTHOIIICHUM
(3) u (4) nonyyaem

v=1y,+ 11—y,

npu yciaosuu T = const

(10)

VE= = X (11)

ComnacHo dyHkimu (10) MakcuManbHOE YUCIIO pe-
TUKYJISIPHBIX TPaHeil He MOXET MpeBbIIaTh

Vomax = ¥ T 1. (12)

Bapunanusg temmnepaTypbl yBeIMUMBAeT Ha €OUHUILY
CTemneHb CBOOOIBI TPAHHOM cUCTeMbl. BO3MOXHO BO3-
HUKHOBEHME NOTIOJHUTEIbHONM PETUKYISIPHON rpa-
HU, 00yCJIOBJIECHHOE BapHMaleil TeMreparyphl. Takyio
rpaHb MOXHO Ha3BaTb TEPMUYECKOI.

Hanee, yuuThiBass UHBAPUAHTHOCTb Oa3UCHBIX pe-
TUKYJISPHBIX TpaHeit (P, = ), MoaydaeM

y=1, (13)

npu T = const
v¥=0. (14)

PaBsenctBa (13) u (14) oTpaxxaloT KOHEUHBIE COCTO-
saHMUs Kpucrtaaia. PaBenctBo (13) mageHTudumnupyer
MOHOBapUaHTHOE COCTOSIHME TIPU Bapualluy TemIiepa-
Typhl. Bo3HUKaeT rabuTyc Kpucrajija KOHCepBaTUBHOMU
(bopMbI, U3MeEHSIOLIUIICS B MMPOlIecce POCTa MO TpaHC-
JISUMOHHOMY/TIEpEHOCHOMY MEXaHU3MY, COXpaHsIeTCs
Mopdosornyeckoe nmogoodue. PaBHoBecue b-rpaHHOM
CUCTEeMbl MTHBapUAHTHOE, U HEBO3MOXHO MOSIBJICHUE
XOTsI Obl OJTHOM NOMOJHUTEIbHON PETUKYSPHOI Trpa-
HU C MEHBIIEH PETUKYISIPHOM MIIOTHOCTBIO; 3TO CBOM-
CTBO HE 3aBUCUT OT CHHTOHWHU KpucTasuia. PaBeHCTBO
(14) npencrapisieT ycjlioBUe paBHOBecUsl 0a3UCHOI
TpaHHOI cUCTEeMbI KpUCTasia. OTO paBHOBECHE OCO-
OeHHOe, OHO a0COIOTHO KOHCEpPBAaTUBHOE B I'PaHU-
11aX CTabUJIBHOCTU KpHcTa/uia. BO3HMKHOBEHME HOBOM
TPaHU C MEHbIIIEH PETUKYISIPHON MJIOTHOCTBIO CTPYK-
TypHO HeBO3MOXHO. [Toatomy ycinoBue (14) siBasier-
csl MMoKasaTejeM JOCTUXEHUsI KOHEYHOTO COCTOSTHUS
TrpaHHOM cucTeMbl. Takoil BbIBOI U3 T€OMETPUYECKUX
MPUHIMINOB KpUCTAJI0Tpacuu HE BbITEKAET.

HTak, moasipHOCTb PETUKYJISIPHBIX TpaHel sSIBJIsIeT-
¢ (pyHIaMeHTaTbHBIM TTOHATHEM, XapaKTepU3YIOITM
BapUaHTHOCTh M PaBHOBECHE TPAHHOI CUCTEMBI KpH-
cTaJljla, COCTaBJIsIeT OCHOBY TeOpUU ero pocra. Kpu-
crajutorpaduIecKii MHOTOTPaHHUK TT0 CBOMM CBOM-
CTBaM TepecTaj ObITh TeOMETPUUYECKUM TTOHSITHEM U
KakK marepuajibHOe 00pa3zoBaHME XapaKTepU3YyeTCs
COOCTBEHHBIMHU CBOMCTBAMU, U3 KOTOPBIX Ha TTEPBOM
MecCTe T10 3HAaYeHUIO CTOUT TMOJISIPHOCTb.

B rpaHHoIi cucteMe BO3MOXHBI Baprallii COOTHO-
LIEHU TUToLLaei b- U S-rpaHeii py pocTe KpUcTasuia,
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TaK KakK 0a3MCHbIC U JOTIOJTHUTENIbHbIE PETUKYISIPHBIE
rpanu noysipHele. CornacHo yciaosuio (10), moka uuc-
JIO NEeMICTBUTEIBHBIX PETUKYJISIDHBIX TPaHEe OCcTaeTCs
MOCTOSTHHBIM, BAPUAHTHOCTh TPAHHOI CUCTEMBI HE
usmMmeHsieTcsi. B aTom ciiyyae 6a3ucHbBIe TpaHU MOTYT
pacTu, a JOMOJHUTEIbHbIE COKpallaThcs. BapnaHT-
HOCTB bs-TpaHHOM CHCTEeMbl U3MEHSIETCSI BCIIEICTBUE
VCUYE3HOBEHUSI S-PETUKYISIPHBIX TPaHE.

IIpeoOpa3oBanue bs-rpaHHONM CUCTEMbI — CJIOX-
HBIH Ipoliecc, U 3TO 00YCIOBIEHO IOJSIPHOCTBIO pe-
TUKYJISIDHBIX TpaHeli. B 3aMKHYTOM KpUCTaJINY€CKOM
bs-MHOTOIpaHHUKE S-TpaHU aCCOLMUPYIOT C b-TpaHsI-
MU I10 OOIIMM pedpaM, HO CTUJIM UX Pa3BUTUS AUA-
METpajbHO MPOTUBOIIOJOXHbBIE. KprcTanindecKuii
bs-MHOTrOrpaHHUK HEpaBHOBECHbBI, B KOTOPOM CO-
MNpPSKeHHBIA POCT b-TpaHell 1 MCUE3HOBEHUE S-Tpa-
Hell — mpolecc caMoIIpOU3BOIbHBINA, HEOOpATUMBIA,
COTPOBOXIAETCS UBMEHEHUEM COOTHOILIEHUST COTIPSI-
>KEHHBIX TUIoWaneit b- u s-rpaneit (F,/F,). D10 cooT-
HOILIEHUE TIPOSIBISIETCS B YCIAOBHUSIX CAMOIPOU3BOJIb-
HO TipeoOpasyolleiicss 1 HepaBHOBECHOM bs-TpaHHOMN
cucteMbl. OHO MOXET OBITH OIIpPEAeeHO Ha OCHOBE
npuHLUNa bepTio — mocienoBaTebHOIO COKpalle-
HUS s-TpaHell mpMu pocTe KpUcTalia, T.e. B J000M
MOMEHT MOXET COKpAIlaThCs JIUIIb OTHA U3 COBOKYII-
HOCTU IpaHeit. UMeHHO Ta, KOTopasl XapaKTepu3yeTcs
HauMeHbIlIell PETUKYISIPHOM MIOTHOCTHIO, COOTBET-
CTBEHHO, HamOOJIbIIeil mapluraJbHOM ITOBEPXHOCT-
HOM cBOOONHOI 3HEeprueii, Jarouieil HaundoJbIINi Te-
10Boit 3¢ dekT. OcTaabHbIe S-TPAaHU OCTAIOTCS HEli-
TPaJIbHBIMHU 10 MCYE3HOBEHMSI aKTUBHOM TpaHU. DTOT
MPOLIeCC MPEeACTaBIeH FeOMEeTPUUYECKU Ha 1uarpaMmmMme
[6]. IpencTaBisgs GYHKLMY ITOBEPXHOCTHOM SHEPTUU
(1) B nudpdepeHmaibHoi hopme

de; = odF,
MOJYyYMM OTHOIIEHUE TIoIAaAeii b- U s-rpaHeii:

dF/dF, = —o /o,de /de,, (15)
The €, M £, — CBOOOIHAs MMOBEPXHOCTHAS SHEPIUS J0-
MOJIHUTEJbHBIX U 0a3UCHBIX PETUKYJSPHBIX TPaHEN
COOTBETCTBEHHO, O, U G, — MaplyajibHas cBOOOAHas
MOBEPXHOCTHAsI YHEPrUsl TOMOJTHUTEIbHbBIX U 0a3uc-
HBIX PETUKYJISIPHBIX TPaHE COOTBETCTBEHHO. 3HAK
“mMuHyc” B ypaBHeHUU (15) 00ycloBIeH TeM, YTO N1O-
MOJIHUTEJIbHbIE PETUKYJISIPHBIE IPAHU MIPU POCTE KPU-
CTajula coKpaulaloTesl U ucuesaror. Tak Kak o,/0, 1Jis
KaX/I0i S-TpaHu — BeJIMYMHA MTOCTOSTHHAS, TTpUpallie-
Hus TUIoaaeit oopaTHo MPONOPLUMOHATbHBI IPYT APY-
ry. OcCo0eHHOCTBIO IMHAMUKU bS-TpaHHOI CUCTEMBI
SIBJISIETCSI TIOC/IEIOBATEIbHOE UCUE3HOBEHUE S-TpaHei
B COOTBETCTBHUH ¢ ITpaBmwiIoM beptio. Tak kak bs-rpaH-
Hasl cucteMa rnpeobdpasyeTcs MyTeM Mocjieq0BaTelbHO-
ro, CaMOIPOU3BOJBHOTO U HEOOPATUMOTO UCUYE3HO-
BE€HUS S-TpaHel, IIoaab KaXa0il akTUBHOM S-rpa-
HU NpUpacTaeT ¢ pa3Hoii cKopocThio. B pesynbrare
npodub Tpeka pocta h-rpaHHONM CUCTEMbI U3JIOMAH-
HbIi, TTOCIeOBaTEIbHO YMEHBILAOTCS YIJIbl HAKJIOHA
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TpekoB. ClenayeT NOgYepKHYTh, YTO ABIKYIIEH CHIION
B3aMMOJIEMCTBUS TIOJISIPHBIX TPaHelt SIBJISIETCS pas3iu-
qye 3HaYeHU CBOOOAHOM MOBEPXHOCTHOM dHEPIUMn
PETUKYJISIPHBIX TpaHeil pa3HbIX TUITOB, UTO CO3/AET
Pa3HOCTb MOTEHIIMAJIOB, a ycioBUe bepTio onpenens-
€T MOCJIEN0BATEIBHOCTh UCYE3HOBEHUS S-TPAHEN.

C reoMeTpuUECKOI TOYKM 3pEHUS JIIOOOTIBITEH BO-
npoc U3dMeHeHUs1 GOPMbI PETUKYISIPHBIX TpaHeil B
npolecce mpeodpa3zoBaHUs MOJSIPHOM TPaHHOM CH-
CTEMEBI B 0a3ucHy. DTa nmpobjiemMa B reoMeTpuye-
CKoIi KpucTayuiorpacduu uccienoBaHa HeEIOCTaTOYHO.
[ToHsiTME MONSIPHOCTU TPAHHOI CUCTEMBI TTO3BOJISIET
paccMOTpPETh HEKOTOPHIE 3aBUCUMOCTU. B bs-TpaH-
HOIi cucTeMe b- U S-TpaHU MPeacTaBsIIOT cO00i co-
MpPSKEHHBIE 110 peOpaM MHOTOYTOJbHUKM, BePIIUHBI
KOTOPBIX UMEIOT pa3IMuHble MHIEeKCH Muiepa. Bep-
IIMHBI MHOTOTPpaHHWKA, UMEIOIIME OTIMYHBIE OT MPO-
cToit (popMBI MHIEKCHI, HA30BeM BTOpUYHbIMU. Konu-
YeCTBO YIJIOB B 3TUX T'PaHsIX 3aBUCUT OT YMCJIA S-Tpa-
Heit, accoluupyloumux ¢ b-rpanbio. [1pu cokpaiieHuu
S-TPaHW YMCJIO BEPUINH COXPAHSIETCS MOCTOSHHBIM
OTHOCHUTEJIbHO MCXOAHOM rpaHHON (pOPMBEI, TIPU UC-
YEe3HOBEHUU U3MEHSIETCS B COOTBETCTBUM C MOCJIE-
JoBaTenbHOCTBIO BepTino. B pesynbsrate ynciao yrioB
B COINPSI)XKEHHOM 0a3MCHOM MHOTOYTOJIbHUKE YMEHb-
111aeTcs 32 CYET UCUYE3HOBEHUS MIEHTUYHBIX S-TPaHei.
YMeHbllIeHre Ynciia YIJIOB paclpocTpaHsIeTcs Ha o0a
TUIA TpaHEH U MPOMCXOOUT KaX bl pa3 Mpu NOCIen0-
BaTeJIbHOM MCUYE3HOBEHUM S-IrpaHu. [Ipouecc nponoJ-
JKaeTcs 10 MOJIHOTO MCYE3HOBEHUS BTOPUYHBIX YIJIOB
0a3MCHOTO MHOTOYTOJIbHUKA, KOTOPBIA MpeBpaliaeTcs
B I'paHb 3JIeMEHTapHOI sueiiku. CaMonpou3BoJIbHOE U
HeoOpaTMMoOe CTPYKTYpHOE MpeoOpa3oBaHue hS-MHO-
rorpaHHUKa B b-rpaHHYIO CUCTEMY 3aBepIleHO, 00pa-
30BaH KOHCEePBAaTUBHbIN rabutyc. OnHako KBa3ucTa-
TUYECKUI pOCT 0OpaTUMBI, MOXET MPOIOJIKATHCS
M0 TPaHCISILIMOHHOMY/TIEPEHOCHOMY MEXaHU3MY, HO
KOHcepBaTUBHasl ¢hopMa OCTaeTCsl ”HHBapUaHTHOM.

BA3BUCHBIN TABUTYC — KOHEYHAS ®OPMA
JJIOBOTI'O KPUCTAJIJIA

basucHas rpaHHast cuctema crneurdudeckas. OHa
BO3HUKAET MPU UCUE3HOBEHUU BCEX JOMOJIHUTEIbHBIX
rpaneii (puc. 1). IIpoliecc ncue3HOBEHUSI CaMOIIPOU3-
BOJIbHBIN 1 HeoOpaTuMblii. OOpa3yeTcs 3aMKHYTHII
0a3MCHBIN KpPUCTAIJINYECKUIA MHOTOTpaHHUK C CO0-
CTBEHHBIM HaOOpPOM pETUKYJISIPHBIX I'paHeil ¢ HaM-
OOJIBIIMMU PETUKYISIPHBIMU INIOTHOCTSIMM, COOTBET-
CTBEHHO, C HAUMEHbIINMHU 3HAYCHUSIMU TTaplIAaIbHOMN
cBOOOOHOI1 3Heprueit. B 6a3ucHoOl rpaHHOI cUCTEMe
HEBO3MOXHO 00pa3oBaHUE PETUKYJISIPHOK I'paHU C
MEHBIIEN PETUKYISIPHOM MIOTHOCTBIO, COOTBETCTBEH -
HO, ¢ OoJbllIeil MapuuaabHOM CBOOOIHONM MOBEPX-
HOCTHOM 3Heprueii. U3 BO3MOXHOT0o MHOroo0pas3us B
bs-TpaHHOI1 cucTeMe 0a3MCHBIM MHOTOrPaHHUK UMe-
€T HauMEHbIIIee YHCI0 PETUKYJISIPHBIX TpaHell, KOTO-
poO€ MOXET M3MEHSITHCS B 3aBUCUMOCTH OT KaTeTOpUH
CUHTOHUM OT eOMHUILIBI 10 TpeX. ba3ucHas rpaHHas
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cucTeMa MHBapMaHTHA, SIBJISIETCSI KOHEUHOM (hopMoit
Kpuctanna. JItoboi bs-KpucTajlsl, cCaMOIIPOU3BOJIb-
HO 1 HeoOpaTUMO MpeoOpa3oBaBIINCh B h-KPUCTAII,
NpUHUMaET MHBapUaHTHBIN radutyc. Oco6eHHOCTh
KOHEYHOM (pOpMBI KPUCTAJLJIa COCTOUT B TOM, YTO OH
nHIudGepeHTeH Ipy Bapruausax MTHTEeHCUBHBIX T1apa-
METPOB B IPaHUIIAX €ro CTaOMJIBHOCTHA. Takoe cOCTo-
sSIHME MOXHO Ha3BaTh IO aHAJIOIMU ¢ (ha30BOM cucTe-
MO KBa3UCTAaTUYECKUM, a paBHOBECHE — KBa3UCTa-
TUYeCKUM paBHOBecHueM [14]. KpucTtamibl KOHeUHOM
(opmbl pacTyT MenjieHHo. Te, UTo XapaKTepusyloTcs
OOJIBIIION KPpUCTAJIM3ALIMOHHON CUJIoi, 0Opa3yloTcs
Ha paHHUX CTaIUSIX KPUCTAJUIM3AllM MarMaTuyecKo-
ro pacmiaBa. B merporpacduu oHU UMEHYIOTCS aKilec-
COpHBIMU [9] 1, KaK MpaBWJIO, UMEIOT OTHOCUTEILHO
0oJiee cCoBepIIEHHYIO (OpMY.

SAKITIOYEHHUE

B reomerpuueckoii kpuctamiorpaduu rocromu-
CTBYET IPEICTABICHUE O PETUKYJISIPHBIX TPAHIX KaK
OIIHOPOIHBIX COBOKYMHOCTSIX Kpuctayijia. OHO JIEKUT
B OCHOBe ycJioBus paBHOBecust [m66ca. B mocinenxee
BpeMsl MOSIBUJINCh OYEBUIHbBIE CBUIETEILCTBA OIIM-
6ouyHocTu pyHkIMKU ['MO66ca, 1 HaXOXIECHUE TEPMO-
JUHAMUYECKOTO COCTOSIHUSI KpUCTajlJla CTajlo aKkTy-
ajibHbIM. COBOKYITHOCTh PETUKYJISIPHBIX TPaHEN Kpu-
cTajula Ha3BaHa TPAHHOW CUCTEMOM, SBJISIOLICHCS
aHajoroM (pa3oBOi cUCTEMBI, 4 PETUKYJISIDHBIE Tpa-
HU — aHajoraMu ¢a3. BmecTo npencrasieHus1 oo on-
HOPOJHOCTU PETUKYISIPHBIX TPaHeil BBEJIEHO MOHSITUE
00 UX MOJISIPHOCTU B KpucTajuie. BO3HUK HOBBIN MeTON
aHajqu3a BapUAaHTHOCTU U PaBHOBECHUS KpUCTasia —
METOJ MOJIPHOCTU. Ero 0OCHOBY COCTaBSIOT TUIIBI pe-
TUKYJISIPHBIX TpaHel (0a3UCHBIX U JOTIOTHUTENbHBIX) U
oOpasyeMble UMU MOJISIpHAsl U Oa3MCHasl TpaHHbIE CU-
creMbl. [IpuBeneHsl MoapoOHbIE XapAKTEPUCTUKHU ITUX
TePMOJMHAMUYECKUX JEMEHTOB. ba3ucCHbIE rpaHU
00pa3yloT COOCTBEHHYIO TpaHHyI0 cucteMy. OHH cu-
cTeMaTU4eCcKue, MOTYT JIMIIb PACTU WU HAXOAUTHCS B
COCTOSTHUM TMOKOS. JIOTOJIHUTENbHBIE PETUKYJISIPHbBIE
rpaHu He 00pa3yloT COOCTBEHHOM CUCTEMBI, aCCOLIMU-
PYIOT ¢ 0a3MCHBIMM TPaHSIMU U TIPU POCTE KpUcTasia
CaMOTIPOU3BOJILHO M HEOOPATUMO COKPAIAIOTCS U UC-
Ye3aloT, T.€. SBJISIOTCS IEPEeMEHHBIMU IPAaHHON cUCTe-
Mbl. [ToguepkHyTO, UTO COKpallleHue U UICUE3HOBEHNE
S-TpaHeM OCYIIEeCTBISIETCS B TOCIEA0BaTEIbHOCTH,
onpenenseMmoi nmpuHiunom beptno. [TpoBenen aHa-
JIN3 BApUMAHTHOCTHU IOJISIpPHON M 0a3MCHOM rpaHHBIX
CHUCTEM, YCTAHOBJIEHBI KPUTEPUM paBHOBecusi. Briep-
Bbl€ YCTAHOBJIEHO, YTO TOJISIpHAs IpaHHasi cucTemMa
HepaBHOBECHas1, MpeodpasyeTcsl MyTeM COKpalleHMUsI
1 MCYE3HOBEHMUS S-TPaHeil Mpu pocTe KpucTasuia, npe-
BpalllasicCh CaMOIIPOM3BOJILHO 1 HEOOpaTUMO B 0a3uC-
HyI0 TpaHHylo cuctemy. [IpuBeneH npumMep npeoodpa-
30BaHUsl bs-TpaHHOM (opMbl -KBapiia B 0a3UCHYIO
cuctemy. [TonsipHasi rpaHHasi cUCTEMAa MOXET HaXo-
JUTBHCS B CTALIMOHAPHOM COCTOSIHMM M OBbITh OXapak-
Tepu3oBaHa 3HTponuei. bazucHas rpaHHasi cucrema
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MOJIAPHOCTb PETUKYJIAPHBIX TPAHEN U TEPMOAMHAMUWYECKOE COCTOSHUE

WHBapUaHTHA, CUCTeMaThyecKasl, COCTaBIsieT OCHOBY
CHUCTEMBI, C KOTOPOIl acCCOLIMUPYIOT IOIOJHUTEIbHBIE
rnepeMeHHbIe BapuaHTHbIE PETUKYIsIpHbIe TpaHu. ba-
31CHAasI TpaHHAasI CUCTeMa SIBJISIETCSI KOHEUYHOI (hopMOit
KpucTauia, yCTOHYMBA B TpPaHULIAX €0 CTA0UJIbHOCTH.
B Heit HeBO3MOXHO BOZHUKHOBEHHE XOTsI Obl OMHOI
TPaHU C MEHBIIEH PETUKYISIPHOM IUNIOTHOCTBIO, COOT-
BETCTBEHHO, C OOJIbIIIEH (OTHOCUTEILHO 0a3MCHBIX Tpa-
Heit) mapiuyaabHOM CBOOOMHOI MOBEPXHOCTHOM 3HEp-
rueii. ['abutyc 0a3MCHOTO KpucTajjla MHBapUaHTEH,
MOXET U3MEHSTBHCS B MPOLIECCE POCTA MO TPAHCISLIM-
OHHOMY/TIepeHOCHOMY MeXaHU3My. OTKPBITUE TTONSIP-
HOCTM PETUKYJISIPHBIX TPaHeil N3MEHWJIO METO. hcclie-
JIOBaHUS U OLIEHKHW paBHOBecUsl Kpuctauia. Kpucramn
repecTa OJIMLIETBOPSITh COOOM OMHOPOIHYIO TeOMETPH-
yeckyio (popmy. Ternepb COBOKYITHOCTh €r0 PETUKYJISIP-
HBIX TpaHel MoJsipHas, MPEACTABISIET PEATbHYIO CIell-
UPUIECKYIO TEPMOIUHAMUUECKYIO CUCTEMY.
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POLARITY OF RETICULAR FACES AND THE THERMODYNAMIC
STATE OF THE FACE SYSTEM OF A CRYSTAL

© 2024 L. A. Admakin*, A. L. Admakin

00O International Association of Postgraduate Education (MAPO), St. Petersburg, Russia
*e-mail: admakin.leonid@yandex.ru

Abstract. A new concept is introduced into crystallography — the polarity of the reticular faces of a
crystal. Reticular faces are divided into basic and additional. The basal faces, systematic in a facet
system, only increase as the crystal grows. The shape of the crystal is invariant, stable within the limits
of its stability and does not affect the state of its equilibrium. Additional faces, on the contrary, shrink
and disappear, and therefore are variable extensive parameters of the facet system. They do not form their
own system and associate with the basic ones, determining the variation of the facet system. The polar
system is nonequilibrium, spontaneously and irreversibly transforms into the final basic facet system
and is in quasi-static equilibrium. The habit of a basic crystal of an invariant shape changes during its
growth according to the mechanism of translational symmetry.
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