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[1peauncnosue

Yuaebuoe mocobue «Pusuka TBEPIOro TEIA M UHKEHEPOBy 0A3UPYETC HA JEKIINOH-
HOM KypCe, KOTOPHIU B T€UEHUE [IUTEIHLHONO BPEMEHN YUTaeTca Ha Kadenpe pu3nkn
TBEpA0r0 TeIa, I CTYIeHTOB (PU3UKO-TEXHNIECKOr 0 dhakyabTeTa [leTpo3aBonckoro
rOCyJapCTBEHHOI'O YHUBEPCUTETA.

CTyIeHThl, 3aKAHIUBAOUINE YHUBEPCUTETHI [0 WHKEHEPHBIM CIEIUATLHOCTAM,
TAKUM KaK «pPU3UIECKAS DICKTPOHUKAY, MTOLKHBL PA30UPATHCA B BOIMPOCAX, CBIA3AH-
HBIX C TEOPUEN TBEPJOrO Tela W €€ MPWIOKEHUAMEU Ha mpaktuke. K HacTosamemy
BPEMEHU M3JAHO JOCTATOYHO MHOT'O yIeOHBIX MOCOOUU TIO DTOU OOIIUPHOU TEMATH-
Ke, OPUEHTUPOBAHHBIX B OCHOBHOM Ha CTYAeHTOB-Gu3nkoB. Cpequ HUX HEOOXOIUMO
OTMeTUThb Takue Kuuru, Kak «Pusuka tBepgoro remray H. Amkpodra u H. Mepmuna,
«Beenenne B pusuky tBepmoro reaay 1. Kurrers, «Teopus teepaoro rerar O. Ma-
neayHra. B oTux u qpyrux yaeGHUKAX ¢ PA3IMTHOU CTEIEHbIO CIOKHOCTY U3I0KECHUS
MaTepuaia MPUBEIEHBI TEOPETUYECKUE OCHOBBI, MAIOIINE MOHUMAHUE OOJBIIMHCTBA
BOIIPOCOB, CBA3AHHBIX CO CTPOEHUEM TBEPIOrO TEJd U MPOIECCAMY, IIPOUCKO IAIIMI
B HeMm. OIHAKO MAaTEMaTUYECKUN aNnapar, UCIOIL3YEeMbI aBTOPAMU, PACCIUTAH Ha,
CTYAEHTOB-(PU3UKOB, TOCTATOIHO O3HAKOMJIEHHBIX C OOJBIINHCTBOM Pa3aeI0B TEOPe-
TUIECKOU (PUBUKU: KBAHTOBOU MEXaHUKM, CTATUCTUIECKON (DU3NKM, TEOPUH IIOJIA.

Cpenu y4ueOHBIX TOCOOUU, OPUEHTUPOBAHHBIX HA UHKEHEPOB, HEOOXOAUMO OTMe-
TuTh KHUrY 1. Yopra u P. Tomcona «Pusuka TBEpI0ro TeIay, PyCCKOA3BITHAS BEPCU
KOTOpPOU ObLIa OMyOnuKoBaHa udgareasbctTsoM «Mupy B 1969 roay. 3a 5T0 Bpems mo-
SBIINCH MHOTUE WHKEHEPHBIE TPUIOKEHUs (PU3UKY TBEPJIOro Tera, 0COOEHHO B 001a-
CTU DIEKTPOHUKM, KOTOPBIE HEOOXOAMMO 3HATH COBPEMEHHBIM WHXKeHepam. Kpome
TOro (4TO KACAETCs HEePEBEeNCHHBIX AHIVIOA3BIMHBIX M3IAHUN), PA3AUIUe B yIeOHBIX
IUTaHAX 3aPYOEKHBIX U POCCUUCKUAX BY30B HE MO3BOJAET B IOJHOU MEPE BOCIOAb30-
BATBCS MEPEBOJAHBIMU yueOHBIMU nocobusamu. He nocaennen npuauHon, noby iuBuien
aBTOPOB K HAIMCAHWIO KHUI'W, SBASETCS HEIOCTYIHOCTH U PEIKOCTH IPEKPACHBIX
y9IeOHUKOB M0 (pU3UKe TBEPIOrO TeJd TaKuX aBTOPOB, kKak 1. Kureas, O. Manxerxysr,
G. Grosso, R. Van Overstaeten.

B By3oBckue o6pasoBaTeIbHBIE CTAHIAPTHL [T0 UHKEHEPHBIM CIEIUATBLHOCTIM HE
BKJIIOYEHBI B KA4eCTBE OOM3ATENbHBIX KYPCHI TEOPETUIECKOU (PU3UKM, KyPChl KPU-
craworpadgun, (U3NKN IOLYIPOBOJHUKOB U (PU3UKU TUIIEKTPUKOB, HA KOTOPHBIX
6a3upyroTcs aud0 B KOTOPHIX Jajee PA3BUBAKTCS OCHOBHBIE [TOJOXKEHUs (PU3UKU TBEP-
noro reaa. [0 »Tou mpUYMHE ABTOPLI CTPYKTYPUPOBAIU U3JIOKEHUE MATEPUATIA B
KHUTe TaKuM 00pa30M, 9YTOOBI BEIWWIEHUTH IO [VIABAM TEILIOBLIE, MATHUTHBIE, TADICK-
TPUIECKUE, DIEKTPAIECKAE U ONTUIECKAE CBOUCTBA TBEPALIX TEI. B KaxIou riase
[MPUBEIEHBI TEOPETUIECKOE OMUCAHUE IPOIECCOB U IPUMEPHI MHKEHEPHOU Deaan3a-
uuu >dpexTa b0 ABICHUA B TPUOOPAX U yCTPOUCTBAX. Y POBEHb MATEMATUIECKOIO
anmnapara, UCIONb3YEeMbIA DU U3JI0KEHUM MATEPUAIa, HAXOAUTCSA B PAMKAX BY30B-
CKOI'0 KypCa MO BBICHIEN MATEMATUKE [ NHKEHEPHBIX CIEIUATLHOCTEH.

Y4aebHoe mocobue Mo CTPYKTYPE U COAEPIKAHUIO COOTBETCTBYET IOCYAapCTBEHHO-
My 00pa30BaTEIHLHOMY CTAHIAPTY BBICIIErO MPO(MECCUOHAIBHOIO OOPA30BAHUA [
crenranbHOCTH 210101 «DPusmueckas >IeKTPOHUKAY B Pa3iele CIeNUaTIbHBIX AUCITHI-
wime gegepaabaoro kommonenTa CH.PD.1.1 «Pusuka TBepmoro remar. luasa cmeru-
ampuaocTE 010701 «Pusukay >TOT KypC HAXOIUTCA TAKXKE B Pa3aeIe TUCIUILIAH (e-
nepaiabaoro komnonenta C/I.@.0.1 ¢ mvanmenoBanuem «Pu3nKa KOHIEHCUPOBAHHOI'O
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cocTosHWDy. [0 ApyruM HAIpaBIEHUAM U CIENUAJLHOCTAM MOJATOTOBKU, BETYIIIM-
ca B [leTpo3aBoackoM TOCYIapCTBEHHOM YHUBEPCUTETE, NAHHLIM KYpPC HAXOAUTCS
B PAMKaX €CTECTBEHHOHAYTHOI'0 KOMIIOHEHTA I'OCYIapCTBEHHOI'O 00PAa30BATEIBHOTO
CTAaHAAPTA, yCTAHABINBAEMOI'O BY30M.

B npegnaraemom y4ue6HOM mocofum npeacTaBlIeHO CUCTEMATH3UPOBAHHOE U JIO-
CTYIIHOE U3JIOKEHUe OCHOB (PUBUKU TBEPIOI'O TeJad, COAePKAIIee KAK OCHOBHBIE De-
MEHTHI TEOPUX, TAK U MPAKTUIECKUE IPUIOKEHUs (PU3UKU TBEP JOrO Tela B Ipubopax
U yCTPOUCTBAX.

B mepBou riaBe KHUTH OPEACTABICHA KIACCU(DUKAIUA BEIIECTB B KOHIEHCUPO-
BAHHOM COCTOSIHAM, IPUHIWILI CTPOEHUS KPUCTALIOB U aMOP(HBEIX TBEPABIX TeEI,
KPATKO U3JI0XKEHBI OCHOBBI CTPYKTYPHOU KPUCTALIONPpAdUU. 3IECh XKe IPOBEIEH 00-
30p METOJOB, CYIIECTBYIOMINX s ONPENeNEHUsI CTPYKTYPHL BEMIECTB, HAXO IAIIIMXCS
B KOH/EHCHPOBAHHOM COCTOSIHAU. BTOpas riaBa IIOCBAIIEHA PACCMOTPEHUIO BOIIPOCA,
0 CIIAX, YAEPKUBAIOIINX JACTUILI BMECTE B TBEPALIX TeaaX. peThs riaBa KHUTHT
COIEepXKUT MaHHBIE O JedeKTax B KPUCTALIAX U PACCMATPUBACT MEXAHU3MBI UM Y-
sum. [lamee pacCMATPUBAIOTCA MEXAHUIECKUE CBOMCTBA TBEPABIX Tea (ri. 4), Teopus
KOJe0aHUI aTOMOB KPUCTALIUIECKOU pemerku (rvi. 5) m HA ee OCHOBE TEILIOBLIE
cBorcTBa TBepAbIX Tea (. 6). [uaBer 7 u 8 HOCBAIWEHBI PACCMOTPEHUMIO MATHUT-
HBIX U [UJIEKTPUIECKUX CBOUCTB BEIIECTBA B TBEPAOM cOCTOsHUM. B rmaBax 8-11
PACCMOTPEHBI BOIIPOCHL, CBA3AHHBIE C DICKTPUYECKUME M ONTUYECKUME CBOUCTBAMUA
TBEPIBIX TEJI: OCHOBLI 30HHOU TE€OPUU, PABHOBECHBIE HOCUTEIN, KHHETUICCKUE ABJIE-
HUA U HEPABHOBECHBIE HOCUTEIH. B oTgenbHyo ruaBy (rui. 12) BKIIOYEHBI CBEICHUA
O CBEPXIIPOBO/IAIIEM COCTOSHUM BEIIECTBa, a B raBax 13 u 14 paccmaTpuBaeTcs Te-
opusi (a3 u a30BBIX [EPEXOIOB U, COOTBETCTBEHHO, IOBEPXHOCTHLIE KOHTAKTHHIE
SIBJICHUS B TBEPJABIX TeJaX.

B pamkax moaroroeku k m3gaHuio yiebHOro mnocobus «Dusmka TBEPIOrO Teaad
s uakeneposy P.H. Ocaysenko 6bu1a pa3pab0TaHa 2IeKTPOHHAS BEPCUSI YKA3AHHOTO
yIe0HOr0 moCOOUs, KOTOPAs IIPeJCTABIeHA Ha cauTe Kadeapsl PU3NKN TBEPIOrO TEIA.

B koHIe kaxgou TJIaBBl MPUBEIEHBI 3aJa4U, & B KOHIE YyIeOHOrO MOCOOUs —
permenus >Tux 3a1a9. CPOpMUPOBAH U MPUBEIEH MPEIMETHBIN YKA3ATEb.

B IIpunoxennu nprpegeHbr TaOMUIEL C (PU3MIECKUME IaPAMETPAMU TBEP IbIX TEJ,
IePUOMIeCKas TaOINIA XUMAIECKAX DIEMEHTOB U TA0AUIA, B KOTOPOU KPATKO OIY-
caubl 29 HOGEJEBCKUX HpeMunl M0 (GU3NKe 33 OTKPLITHA U UCCAEJOBAHUA B 00IaCTH
(usuku TBepOTO Teaa. B mepuo udeckon TabauIe AEMEHTOB aBTOPHI UCIOIb30BAIN
AHIVIOA3BITHLIE HAUMEHOBAHUS DIEMEHTOB KaK HanbOomee pacIpOCTPAHEHHBIE B HAY -
HOU Cpeje.

Cuucok aureparypbl CTPYKTYPUPOBAH IO YETHIPEM HAIPABICHUAM U BKIOYACT
119 cebuok. B ux uucae monorpadun u HayaHble u3ganus — 44 nauvenosanus [1-44],
yaebHuku u yuebusie nocobus — 59 nauvenosanui [45—103], cOopauku 3aga1 — 4 na-
nmenoBanus [140-143], sHumkoneuu u cupaBoIHIKN — 12 HanmeHoBaHuUM [144-155].

B saxmodenume aBTOPHI BBEIpAXKAIOT OIar0TapHOCTH MPENOAABATEIAM U COTPYI-
HuKaM Kadenpsl ¢Gpu3uku TBepaoro Tena [leTposzaBoackoro rocyrapCTBEHHOTO YHU-
BEPCUTETA 33 MOJE3HBIE COBETHI U 3aMedanusi, a Takxke H.B. Ocaymrenko 3a momors
B IIOJTOTOBKE WLIIOCTPAIUU A yaebuoro nocobus. Ocobas GaarogqapHOCTh aBTO-
pOB Hay4uHOMY pemakTopy mnpodeccopy kadenpol dpusuku TBepgoro reaa [lerpl'y
JILA. Asemmvbon 3a 3aMevaHWS W OPEIJIOKEHUs MO COAEPKATEIHHOU YaCTU KHUDH,
a TaKXKe KPONOTJIUBYIO KOPPEKTUPOBKY TEKCTA.



I'Ipe,qwcnosme KO BTOpPOMY U34aHUKO

Co BpemeHn mepBoro m3jgaHusa yaeOHOro mocobus «Pusmka TBepHOro Tera [ WH-
JKEHEPOB» MPOILIO 5 JeT. B 3HAYUTENILHON CTEMeHN MAaTepual, U3JI0KEHHBI B KHU-
re, GasumpoBaica Ha Kypce Jeknuu «Dusuka TBepaoro temay u «Pusmka KOHIEH-
CHPOBAHHOI'O COCTOSHUS», YMTAEMBIX HA MPOTMKEHUU MHOIUX JIET s CTYIEeHTOB
UHXEHEPHBIX CHeNUAIbHOCTEN (PU3UKO-TEXHUIECKOro (akyabreTra [leTpo3aBoncko-
0 r'OCyAapCTBEHHOro yHUBepcuTeTa. Heo6xo 1mmMocTs mosaBreHus y1eHGHOro mocoous,
PACCINTAHHOTO HA MO AEPKKY YKA3aHHBIX JEKIIMOHHBIX KyPCOB, OBLTA CBA3AaHA C TEM,
9TO B OOJBIIMHCTBE CYHMIECTBYIOMINX VIeOHUKOB MaTepUal U3JI0XKEeH C IPUBICICHIEM
CEPBE3HOI'0 MATEMATHIECKOI'O ANIAPATa U PACCIATAH HA XOPOIILYIO [I0ATOTOBKY CTY-
IEHTOB MO TeopeTudeckou ¢usuke. BmecTe ¢ TeM B By3oBckue 06pa3OBATEILHBIE
IPOrPAMMBIL IS MHXEHEPHBIX CIEMUATBHOCTEN HE BKJIIOYEHBI HEOOXOMUMBIE KYDPCHL.
C Ipyrou CTOPOHBI, T€ yIeOHBIE TOCOOUs, DA€ OCHOBHBIE BOMPOCH! (PU3UKU TBEPI0-
IO Tela PacCMaTPUBAIOTCA B BAPUAHTAX, B TOU WM WHOU CTEMEHU aJAlTUPOBAHHBIX
i Oy AyIIUX MHIKEHEPOB, AUOO TPYIHOTOCTYIHL, JuO0 HE MEePEeBeJeHbl HA PYCCKUU
s3bIK. [laTHaeTHUN OOBIT moKasad, d4To ydebHoe mocobme «DPusmka TBEPAOrO Tera
U MHIKEHEPOB» BOCTPEOOBAHO U YCHEJO CTATH XOPOIIEU MONAEPKKOU [JIS OIHO-
UMEHHOTO Kypca Jexkiui. C Ipyrou CTOPOHBI, BO3ZHUKIA, HEOOXOAUMOCTD NTOPAOOTKA
U BHECEHVA U3MEHEHUN W UCTIPABJICHUN B TIEPBBIA BAPUAHT KHUTKM. ABTOPAMHU MOy Ie-
HBI OT3BIBBI, BKIIOUAIONINE B €04 KaK MOIOKUTENIBHYIO OLIEHKY YIeOHUKA CO CTOPOHBI
[pEnogaBaTeNel, ACIUPAHTOB U CTYJAEHTOB, TaK U HEKOTODPBIE 3aMedaHus, CBI3aH-
HBIE C [IOIYIIEHHBIMU HETOYHOCTSMU ¥ omedarkamu. Kpome Toro, 3a mpoureamue ¢
MOMEHTa NepBOT0 M3AaHUA yIeOHUKA oAbl (PU3NKA TBEPAOrO Tela, KakK U Jodas
dyHIaMeHTaTbHAA HAayKa, 3HAUUTENLHO HMIATHyJa BHepen. B wacTHOCTH, DTO Kaca-
eTCSA TMOABJICHU HOBBIX MAaTEPUAIOB C YHUKATLHBIMU CBOUCTBAMU. 110 >TOU mpuduHe
MaTepual KHATM OBLI HECKOJBKO MOIM(PULIAPOBAH U PACIINPEH.

ITeppast rmaBa momomueHa HOBBIM pa3genoM «Kpasukpucraianen, HOCBAIEHHBIM
CTPYKTYpPe U CBOUCTBAM DTHUX WHTEPECHEUIINX OOBEKTOB, 32 OTKPBITHE KOTOPBIX
m3pamnbekuu yaensiun [laumsas [lextvman B 2011 rogy 6nut ygocroen Hobemesckon
npemun. 3 5TOU MIaBbl UCKIIOYUEH maparpad, B KOTOPOM PaCCMAaTPUBAIACH METO BT
ompejeeHnus CTPYKTYPBL aMOP(MHEIX TBEPALIX Tel. BmecTo Hero B yuebHOe mocobue
BKJIIOYEHA ILITHAAIATAS [VIABA, I'€ MPUBOLATCS CBEIEHUS O CTPYKTYpPe aMOP(HBIX
MaTepuaioB U METOIAX ee OIPEIeNeHUs, & TaKkKe PACCMOTPEHBI BOIPOCHI, KaCak-
IeCsA MPUPOABI Ae(PEKTOB M CBOUCTB >TUX OOBEKTOB. [I0ABMIOCH MPWIOKEHUE, B
KOTOPOM KPATKO IIPEICTABICHBI CBEIEHU O HEJTaBHO OTKPBHITOM MaTepuase — rpade-
He. 3IeCh TPUBEIEHBI TaHHBIE, KACAIOIINECS ATOMHOU U 30HHOU CTPYKTYPHI CpadeHa.
Bubaunorpadus x rekcry ydebOHUKA HOMOMHUAIACH 27 IATEPATYPHBIMU UCTOYHUKAMU
[104-139], Takxke IONOJHEH IEPeYeHb NOHATUN B IPEAMETHOM yKa3aTele.

ABTOpEI TO-TIpekHEMY TIIyOOKO TPU3HATEILHEI COTPYIHUKAM U MPETOJABATEIAM
xadeapsl pusuxu TBepa0ro Teaa [leTpl'yY 3a momomb B o ArOTOBKE BTOPOTO U3 aHUA
y1e0HOTrO mocobus, a TaKXKe TeM, KTO CBOUMU 3aMEIAHUAMI U MOJTE3HBIMU COBETAMU
[IOMOI" YJIy4IINTH KAYeCTBO [IPEICTABIEHHOO HIKE MaTepruaJa.
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|.1. Knaccudmkaumsa koHAeHCMpOBaHHbIX cpej,

N3 arperaTHBIX COCTOAHUN BEMIECTBA MBA — KUIKOE U TBEPA0E — HABLIBAIOTCA KOH-
TEeHCUPOBAHHBIMU. B 060MX COCTOAHUAX Tema MPENCTABIAIOT COOO0M COBOKYITHOCTH
CWIBHO B3aUMOIEUCTBYIOIUX IaCTULl (ATOMOB, DJIEKTPOHOB, AAep U T. 1.). PaccTo-
SHAA MEXKITY JaCTUIAMU B DTUX TEJAAX YCTAHABIUBAIOTCA TAK, ITOOBI CHJIBLI IIPUTA-
KEHWSA U OTTATKUBAHKUA OBLIN yPABHOBEIIEHEL. [[05TOMY KOHIEHCHPOBAHHEBIE CUCTEMBI
OKA3BIBAIOT GOMBIIOE COMPOTUBIEHUE U3MEHEHUIO 00beMa. Te u3 HuxX, KOTOPBIE KPOME
PTOr0 OKa3LIBAIOT CUIBLHOE COMPOTURICHUE M3MEHEHUIO (POPMBI, HA3LIBAIOT TBEPILI-
MU CHCTEMAMHU, WIU TBEPIBIMA Tegamu. 2KUIKOCTH JErKO MEHAIT (GOpMy, HO HE
o6bem. Ha rpammne Mexny KXKUIKAMU M TBEPABIMEA TEIAMU HAXONATCA aMOPQpHBIE
MAaTEPHUAJIBL, KOTOPBIE COXPAHAIOT (POPMY IIUTEILHOE, HO He OECKOHETHO MOITOE BPEMI.

Bomee nerambras knaccudukanusa KOHICHCUPOBAHHLIX CPEI MOXKET OLITH MPOBE-
IeHa Ha OCHOBE MPEeACTABICHUN O XapaKTepe B3AUMHOTO PACIOIOXKEHUA COCTABILAIO-
mUX uX 9acTui. /[/19 BEIACHEHUSA CTPYKTYPHBIX 3aKOHOMEPHOCTEN, BO3HUKAIOMINX [IPY
KOHIEHCAIINU CUCTEMBI IACTHUI, MPELIOKEHA MOIETb, OCHOBLIBAIOIIAACA HA IPENCTa-
BJIEHUN O CUCTEME, COCTOAIMEN M3 AOCOMOTHO HECKUMAEMBIX U HE IPUTATUBAIOIIAXCS
ApYT K APYTY HIApoB [55].

IIycte MomenbHAsA cucTEMa COCTOMT W3 COBOKYHHOCTH N HECKUMAEMBIX MIAPOB
paguyca R. [lorenuuan sB3aumonencrsus rakux mapos U(r) (r — paccrosHue Mex ay
LEeHTpaMu MApOoB) OyAeT UMeTh BUJ OECKOHEIHO BLICOKOU crymnenu (puc. 1.1).

B o6aactu I (0 < r < 2R) BeIMvMHA MOTEHIMALA B3AUMOMEHCTBUA CTPEMUTCA
K 6eckoneunoctu Uy — oo, B obmactu II (1 > 2R) Upp = 0. DT0 3HAYUT, 9TO B3aUMO-
IEACTBUE MAPOB CBOMUTCA TOJIBKO K OECKOHEIHBIM CUJIAM OTTAIKUBAHUA, BO3HUKAO-
MM TIPU CONPUKOCHOBEHUH mapoB. PazmecTum N HECKMMAEMBIX MIAPOB XA0 TUIECKH
B o0BeMe V M pacCMOTPUM CTPYKTYpy CHCTEMBI B 3aBUCHUMOCTH OT HEKOTOPOTO
napameTrpa p = V/v, 06paTHO IPONOPIUOHAILHOIO KOHIEHTDAIMN YACTUL. 31eCh
v=Nuvyy = %WR3N — CYMMAapHBIT 00BEM BCEX MIAPOB, a Vg — OOBEM OTHOTO IIapa.
Boabmuym 3uavenusm napamerpa p (p — 00) GOPMAIBHO OTBedaeT Pa3daBIeHHLIN
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pPacTBOp YaCTHUIl B MIyCTOTE, CPEIHEe PACCTOSHUE MEXKAY YaCTUIAMU B DTOM CIyUae
OOJIbIIE X QUAMETPA. DTO COCTOAHNE MOXKHO CPABHUATDL C MOENBIO UAEAILHOIO I'a3a.

>

uin 4

2R

Puc. 1.1. ToreHmansHas sHEp-
rus IBYX HECKUMAEMBIX, He-
[IPUATATABAIOMINAXCS IIAPOB pa-
nuyca R

Bynem yBeawmauBaTh 9MCIO MAPOB JUOO0 yMEHBIIATD
00bEM CHCTEMBI IO TEX IOP, MOKA TaCTUIEI HE HATHYT
COIMPUKACATHCA APYT C APYyroM. B »ToM crydae cpen-
Hee PacCTOSHHUE MeX Iy HUMU CTaHeT 7'y, = 21, u cuis
OTTAIKUBAHUA OCTAHOBST MPOLECC C:kaTuA. [Ipu Manbx
3HAYEHUAX P MOMYIUM Pa30aBICHHBIN PACTBOP MyCTOTHI
B Kondencame dacrut,. CaeqoBaTelbHO, KOHIEHCHPOBAH-
HOE COCTOAHUE MOXKHO OXapaKTePU30BATH HENPEPBIBHON
CeTKOU KOHTAKTHBIX WIN, HAYE TOBODS, KOOPOUHAUUOH-
HbIT CBS3€U, MPOXOMANINX Uepe3 BeChb 0O0BEM CUCTEMBI.
ODTOMY COCTOSHUIO COOTBETCTBYIOT 3HAUeHUs p ~ 1 + 3
B 3aBUCAMOCTH OT (POPMBL TACTUIL ¥ K00PIUHAYUOHHO20
YUCAG M, PABHOIO UHUCAY OMMKAWIILX COCEIeH, OKpPY-
KAOMUX TAHHYI0 9aCTHUIly CHCTeMbl. B Hamen momemn
TAKVMI 9aCTULIAMHA ABLIOTCA [IAPHI, COMPUKACAOIITE-
€A C KAKUM-TUOO0 TAHHBIM IIapOM.

[Ipencrapmerne 0 XapakTepe «CTPYKTYpbD ra3a W KOHICHCHPOBAHHOU CHACTEMEI
MOXKHO MOJIYyYUTH HA IPUMEPE ABYMEPHBIX auarpaMM (puc. 1.2), HOCTPOEHHBIX 1A
9aCTUL KPYIVION u KBaapaTHon dopmel. «CTpykTypay rasa (ecau B ciydae rasa Booo-
II€ MOXKHO [OBOPUTH O KAKOW-1160 cTpyKType) (puc. 1.2, a) HeynopsgodeHHAs, B HEH
OTCYTCTBYIOT CONPUKACAIOMINECA TaCTUILI. SHAMCHUA MapaMeTpa p 31eCh BEIUKHU, a
kooparHanuouuoe ducao n = 0. Ecau B raze 00pa3yoTCsa MOJEKYIBI WK BPEMEHHBIE
CpYNNLL 9ACTUIl, TO MOXKHO TOBOPUTH O BHYTPUMOJEKYJIAPHBIX KOOPANHAIMOHHBIX
qucaax (Hampumep, B MOJEKYJIaX BOLAHOIO Hapa OHU PABHBI COOTBETCTBEHHO 1 u 2
[JIs1 ATOMOB BOJIOPOAA U KUCJA0POoAa). IIpu 5ToM MeXKMONEKYIAPHOE KOOD JUHALMOHHOE
YUCIO TIO-TIPEXKHEMY OCTAETCA PABHBIM HY.JIIO.

Puc. 1.2. [IBymepHble ImarpaMMbBL CH-
CTeM KpPYTUILIX U KBaAPATHBIX YACTHUIL
(p1 > p2 > p3; pa > P5 > Pe; Pe mmeeT
MUHAMAJIBHOE 3HAYEHUe, paBHOE 1)

by

a)
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KongencupoBaHHas CUCTEMa MOXKET HAXOAUTHLCA B IBYX MPUHIUIUAILHO DPas-
HBIX CTPYKTYPHBIX COCTOSHUAX: HEYIIOPSAAOIEHHOM ((KUAKOCTB) U «aMODP(MHOE TeJIoy,
puc. 1.2, 6) u ynopsagodenrom («kpucrawn, puc. 1.2, 8). B Heynopsgotennon crpyk-
TYp€e KOOPIUHAIMOHHOE IHUCIO OT IACTUILL K IaCTUIE (PIYKTYUPYET OKOJIO CPEIHErO
3HAYEHUA 1 = Ncp = An. YIOPALOIEHHAA CTPYKTYPA XaPAKTEPUIYETCA 3AKOHOM TE-
puoduurocmu. ETo CMBICT B TOM, 9TO OJIMHAKOBLIE WIN CTPYKTYPHO DKBUBAJEHTHLIE
YACTUILI UMEIOT PABHBIE KOOPAWHAIMOHHBIE YHUCIA 7; = CONst, roe i — HOMEpP ce-
MEHCTBA CTPYKTYPHO DKBUBAJEHTHBIX YACTHUI. DTOT 3aKOH HAPYIIAETCS TOJIBKO HA
CPAHUIE CUCTEMBI.

Mo genbio TpexXMepHOU HEYTIOPAJOUCHHON CUCTEMBI MOXKET CIYKUThH CHITYYIee TEI0
(mmapukum, Kpyma, mecOoK U T.[.), HACBIIAHHOE B COCY[J U yILIOTHAEMOE CHUJIOU TSXKE-
cru. [Ipu Merkux BCTPAXUBAHUAX COCYTa OOBEM MyCTOT YMEHBIIAETCA U IMIOTHOCTH
CUCTEMBL HECKOJIBKO Bo3pacraetT. [lo aHasorudson npudube (T.e. yMeHbLUIEHUE 00b-
eMa IIyCTOT) yMEHBLIAETCs 00BeM GOIBIINHCTBA KUAKOCTEHN IPU KPUCTALIM3ALNA U
BO3pACTaeT KOOPIUHAIMOHHOE YUCAO. YBeaundeHue obbeMa, HAOIIIaeMOe IPU KPU-
CTALIM3ANUA HEKOTOPLIX KUIKOCTE! (HAIPUMED BOXBI), CBA3AHO C YMEHBIICHUEM
KOOPAVHAIIMOHHOT'O YHUCIA MPU TEPEXONe KUAKOCTb— KpucTamwti. OHO OO0BACHAETCA
00pa30BaHMEM B KPUCTAJLIE HAITPABJICHHBIX CBA3EN.

CTpyKTYpHBII MEPEXO OT ra3a K KUIKOCTH MOXKHO OCYIIECTBATH HENPEPBIBHO,
myTeM OJHOBPEMEHHOI'O CKATHA MO BCEMy O00BbeMy rasa. [Ipum mocTaTovHO GOJBIIOM
YILIOTHEHUN JTIO0OU CUCTEMbI HECKUMAEMBIX TaCTUIl B HEU BO3ZHUKAET OCOOEHHOCTH,
00y CIOBICHHASA 3aKOHOMEPHOCTHIO B PACHOIOKEHUN Ommxkauimmx cocegen. LleHTpot
TAKUX FaCTUIl OyAYT OTCTOATH APYT OT ApPyra Ha PACCTOAHUAX, TMPUOIUIUTEIHHO
PABHBIX AMAMETPY YACTHUIl. IJTA CTPYKTYPHASA 3AKOHOMEPHOCTD, WA KOPPEAAYUSL, HO-
CUT Ha3BaHUE Oaudcnezo nopsadrae. Koppeasuus B PaCIOIOKEHUM MEPBBIX COCETEN
BBI3OBET KOPPEIUIO B PACIOJIOKEHUN BTOPBIX U psja caeqyoumx cocegent. O gHako
HEKOTODPHIN Pa3bpoC B OTHOCUTEIBLHOM DACIONIOXKEHUN dacTul] Ar/r ¢ yBeindeHueM
PACCTOSHUA MEXKIY HUMU YMEHBIIAET CTEMEHb KOPPEMAIUA TIPU Y IATCHUN OT KAKOU-
a0 IACTUIBI CUCTEMBI, IPUHATON B KAIECTBE UCXOMHOU. Panuyc obracTu 6amKHEro
HNOPAIKA, WA PGOUYC KOPPEAAYUL, ONPENENAET CTENEHb HEYNOPAIOIEHHOCTH CTPYK-
Typbl. B XXMakocTax u aMOPQHEIX TETaX 3TOT PAIUYC OOBITHO COCTABIAET HECKOIBKO
MEXKATOMHBIX PACCTOSHUM.

Banxuun mopsa0K ABIACTCA OTIXIUTEIBHBIM TPU3HAKOM KOH IEHCUPOBAHHOU CUC-
TEMBI 1 OTCYTCTBYET B PA3peXKEHHOM Tase. B raze, cxkaToM 10 MIOTHOCTY KU IKOCTA
UM CTEKJA, TAaXKe IMPU TeMIEPATyPaX BHIME KPUTUIECKOU BO3HUKAET OJIVMKHUU I1O-
pAnoK. BimKHUI MOPAIOK €CTh CIeNCTBIE HECKUMAEMOCTH IACTHII, T. €. T€OMETPUH,
00y CJIOBIEHHON CAJIAMU OTTAIKUBAHUA. XaPAKTEPUCTUKON HEYIIOPSIOIEHHOU CTPYK-
TYDBI ABIACTCA HYHKUUL PACNPEICALHUS UACMUY, KOTOPYIO MBI PACCMOTPUM HUKE
B TMIPUMEHEHUN K aMOP(MHBIM TeJaM.

YHopsagoueHHasA CUCTEMa, COOTBETCTBYIOMIAA HEKOTOPOMY 3aKOHY MEPHOIMIHO-
cTH, 00MANAET CTPOrOl KOPPEIANMEN B PACIONOKEHWN KAK OIM3KWX, TAK W CKOJb
YTOJHO YAAJEHHBIX IPYD OT APYra YacTUIl. JTO CBOUCTBO CUCTEMBI YaCTUIl HA3BIBA-
erca daavnum nopadkom. KoHgeHcupoBaHHasA cucTeMa C JaJbHUM HOPSIIKOM MIPEI-
CTaABJAAET COOOU UACATHHBIN KPUCTAMLI. B cucTeMe KOOPAMHAT, CBA3AHHOU C KPUCTAJ-
JITIECKON CTPYKTYPOU, MOXKHO TOYHO yKa3aTh KOOPIUHATHI BCEX €€ Y3JIOBLIX TOUEK,
HOJIOKEHNE KOTOPHIX OIPEAE/SET HOJ0KEHNE DIEMEHTOB CTPYKTYPhL (ATOMOB, MOJIEe-
KyJI, DPYIII ATOMOB).
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BepoATHOCTL pacupeneseHusa y3J0B MePpUOAUICCKON CTPYKTYDPHI OMUCHIBACTCS
0-Pynryuet, KOTOpas paBHA HyJIO BO BceM o0beme (0 = 0), KpOMe y3JI0BBIX TOYEK,
B Koropeix § = 1. Ecau npoBectu depes KakOU-1uO0 3IEMEHT CTPYKTYPBL PaILyC-
BEKTOD, OJIY K JAIONUINH, KAK JIyd IPOKEKTOPA, U 3A(PUKCUPOBATH €r0 MOJ0XKEHUE B TOT
MOMEHT, KOT'JIa, OH BCTPETUT APYTOU Y3eld, TO, TPOLOIKUB ero B MPOCTPAHCTBE, MO~
JYUUM MPAMYIO C TIEPUOAMIECKU PACTION0KEHHBIME y3aaMu. [II0THOCTE BEPpOATHOCTHI
B1OJIb Y3JI0BOU IIPAMOU MOXKHO U300Pa3UTh IIEPUO UIECKON «'PeOEHKOM 13 6eCKOHEed-
HO TOHKUX 3yO10B ¢ BeicoTon § = 1. [lnuna nepuoga OygeT 3aBUCETH OT HAIIPABJICHIA
Y3JI0BOU LPAMOU B CTPyKType [55].

1.1.1. Kpucraimieckoe COCTOAHUE U €ro KJacCuPuKaIusa

B okpyxkarwmeMm HaC MUPE MMEETCA OIPOMHOE HHCJIO BEIIECTB B KPUCTALIMICCKOM
COCTOSHUY, KOTOPBIM IIPUCYLIM MHOT'UE BECHMa, Pa3HOOOPA3HBIE CBOUCTBA, ONPENe/I-
eMBIe KAaK Pa3INIHBIM BHYTPEHHUM CTPOEHHWEM, TAK U MPUPOIOU ATOMOB, BXO IAIINX
B UX cocTaB. BooOIIe KPUCTANLINIECKOE COCTOAHUE MOXKHO ONPEIEIATH KaK TaKOe
COCTOSHUE BEIIECTBA, B KOTOPOM COCTABJIAIONIAE €0 ATOMBI, MOICKYJIbI JTUOO DPYTIIEL
aToMOB (B HampHeWmeM OyIeM HA3BIBATL UX TACTHUIAME) PACIONOKEHBI CTPOrO Ie-
PUOIMIECKT, 00Pa3ysa TeOMETPUIECKA 3AKOHOMEPHYIO KPUCTALIMIECKYIO CTPYKTYPY .
O HAaKO, HECMOTPA HA OOIMIHOCTEL TAKOTO NMPEICTABICHUA, KPUCTALITICCKAE TEIA B
PEaTbHOCTH MOT'YT UMETh pa3indHble BUIHL [59].

a) Udeanvrvie MOHOKPUCTNAAALL
Kax u srobas maeannsarys, uaeaJlbHble MOHOKPUCTAILIEL IPEICTABIIIOT COO0U HEKYIO
MOZEJb, C MOMOIIBIO KOTOPOU JErKO MPEACTABATH ATOMHOE CTPOEHUE KPUCTALIAYIE-
CKOT'O TBEpPAOro Tena. B paMKax 5TOU MOIEIN UMEET MECTO MPAHCAAYUOHHAA CUMME-
mpus B pacrnonoxenry dactut. OnpenenmM KpUCTaLI KAK TeI0, COCTOSMIIEE U3 TaCTHUIL,
PACIIONOKEHHBLIX B IIPOCTPAHCTBEHHON PEIIETKE TAK, ITO MOXKHO BBECTH TPU HEKOM-
—
. oy —> —

IUIAHAPHBIX BEKTOPA DIEMEHTAPHBIX TpaHcaiuun (mepemerenunt) a, b, ¢ . Ilepeme-

— _ — _
IasI KPUCTAJLI KK IEJI0€ MaPaJLIeJbHO caMoMy cebe Ha BekTop R =ma +nb +pc,
roe M, n U p — MPOU3BOJIBHBIE [ENbIE TUCIA, MBI MOXKEM TE€M CAMBIM MOCTPOUTH BCIO
KPUCTALIMIECKYIO permeTKy. Takum 00pa3oM, UIealbHBIN MOHOKPUCTALIT 0013 1aeT

o — — . —

CBOMCTBOM MHBAPUAHTHOCTU OTHOCUTENIbHO cMmemnernus: f(7) = f(7 + R), rge 7 —
BEKTOD, CBA3LIBAIOLIAN HAIAI0 KOOPAUHAT ([IPUHATOE B IPOU3BOILHON YACTHULE) C IO~
60 ApYrou dacTulied. TpaHCIAMUMOHHAA CUMMETPHUA B UACAJILHOM MOHOKPUCTAJLIE
SKBUBAJEHTHA CYIIECTBOBAHUIO TAJbHErO MOPAIKA B PACIOIOKEHUN ACTUII.

6) Mownoxpucmanabl ¢ dedexmamu

[edekTsr — >TO HApPYIIEHWS UAeAJBHOrO gasibpHero mopsaka. [lo ceoemy xapaxrepy
OHU TIOPA3IEAAOTCA HA TOUYCTHBIC, JUHEUHBIE, TIOCKUAE U 00HEMHBIE.

Yucno gedeKkTOB B KPUCTALIE MOXKeT OBITH KaK OYEHb MAaJjo, TaK U CPABHUMO
¢ qucaoMm aromoB B HeM. Hampumep, B cruiaBax MeTaIoB Takue Ne(eKThl BEI3BAHLL
BBEEHIEM B PACILIAB OCHOBHOT'O METAJIA PA3INIHLIX KOMIOHEHTOB. B 3aBucuMocTn
OT KOHIEHTpAuu AeGeKTOB B KPUCTALIMICCKOM MATEPUATIE CBOUCTBA €r0 MOTYT
KapIMHATHLHO MEHATHCA. B 2TOM caydae MOXKHO T'OBOPUTH O COXPAHEHUH JAJBLHErO
[IOpALKAa JUIIb B CPEIHEM.
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8) Hoauxpucmany
D10 HamboIee PACIPOCTPAHEHHOE B MIPUPOAE COCTOSHUE BerecTBa. [loaukpucTaswib
COCTOAT M3 OOMBIIONO YHUCAA PA3JIUIHBIM 00PAa30M OPUEHTUPOBAHHBIX MAJILIX KDPU-
CTALIOB (KPUCMAAAUMOE ), IPEACTABIIOMIAX COOOU UAeATbHBIE MOHOKPUCTAILILL WK
MOHOKPUCTAJLIBL € AedexkTaMu. B HUX TAIbHUN TOPSALOK COXPAHIETCA TOIBKO B IPe-
Ie1ax OJHOI'O KPUCTALTUTA.

2) Jdsymepuble K8a3UNAOCKUE CUCTNEMDL
K makum Tesam OTHOCATCS IUIEHKW WJIM TOBEPXHOCTHHIE CJIOM, BO3HUKAOIINE II0 TEeM
WIN UHBIM IPUYUHAM HA IOBEPXHOCTU TBEPABIX Teld. TPaHCAAINOHHAA CUMMETPUI B
HUX MMEET MECTO JWIh MapaLIeIbHO TOBEPXHOCTH C101. OcoOble CBOUCTBA TICHOK
00y CIOBICHBL PA3IXIUEM CUJI, TEUCTBYIOMINX HA WX BHEITHIOK U BHY TPEHHIOK MTOBEPX-
HOCTH.

d) Kesazuxpucmanabt
Nx cymecrBoBanue obHapyxkeno B 1984 romy B cruase amomunusa (Al) m mapras-
na (Mn), nomy4uennom GeicrpeiM (1000 K B 1 Mc) oxaax genmem pacmiaBa. CTpyk-
TYPHBIC CIMHUIBI B HUX HPEICTABIAIOT COOOU KAGCMEPDl, CYIECTBYIOIIUE B BUIE
UKOCAdIPOB U3 aTOMOB Al, (BCTaBJICHHLIX» BO BABOE GOIBIIAE UKOCASAPEI U3 ATOMOB
Mn. Knacrepsr pacnoaraTcsa B IPOCTPAHCTBE KBA3UIEPUOINIECKH.

e) Dyaaepenst

Buepsrie dysmiepen 6b11 cmonemuposas rpynmou yuenbix w3 CIHIA B 1985 rogy,
a 3aTeM TOJYYeH TeMU K€ YICHBIMU >KCIEPUMEHTATLHO UCTapPeHneM rpaduTa mpu
Boicokux (~ 1000 °C) remmeparypax. dy/iepeH IPeACTABIAET COOOU CEMEUCTBO
MapOOOPA3HEIX 3AMKHYTHIX MOIBIX MOJEKYJ yIVIEPOAa Pa3HBIX pas3MepoB. Pasubie
(y/LIEpEeHBI OTIMYAIOTCA YUCIOM ATOMOB yriepona B Mogdekyde. Ux obmas xumude-
ckas popmyaa C,, rae n — KOJXIECTBO aTOMOB yIJIEPOIa, OOPa3yIOMUX TaHHYO
Mosekyry dymaaepena. Ha ceromms msBectusl dymiepensr Cso, Cyy, ..., Cgo, Cro,
Cgo, 092, ey 0240, 0550, e

ae) HKudkue xpucmanol

Kugkme KpuCTaLIBl TPEACTABIAIOT COOOU MPOMEXKYTOUHbBIE (Da3bl, HAXOMANINECT B
KUIKOM COCTOSHUN, KOTOPBIE XapaKTEePU3YIOTCA TOABKO OIMKHUM MOPAIKOM B PaC-
MOJIOKEHUY TACTUL U OTHOBPEMEHHO 00IaJAI0T AaHU30TPOIUEN (3aBUCUMOCTBIO CBOUCTB
OT HAIIPABIEHW ), XaDAKTEPHOU [ KPUCTALIOB. KU IK1ue KPUCTALIBL CYIIECTBYIOT
B OIIPEJEIEHHOM TEMIIEPATYPHOM MHTEPBAJIE, HMKE KOTOPOTO KPUCTALIA3YIOTCA BO
BIIOJIHE YIIOPAIOIEHHBIN KPACTAJLT, & BBIIIE — (IIABATCA B U30TPONHYIO KUIKOCTD.
OHU ABIAOTCA MOMEKYIAPHBIMUA BEIIECTBAMEI 1 0018 1aI0T CTPYKTYPHOU YIIOPAOTCH-
HOCTBIO, TTPOMEKYTOUYHON MEXK Y KPUCTALIAIECKON U KU IKOCTHON.

1.1.2. AmopdHOE cocTosHUE

B aMOp(dHBIX TBEPABIX TEIAX OTCYTCTBYET TPAHCIAIMOHHBLIA JAJIbHUE MOPALOK. Pac-
CTOAHUSA MEXKIY COCETHUMU aTOMAMU OJU3KUA K CPEIHUM 3HAUYCHUAM, MODTOMY CUU-
TAETCA, ITO B aMOP(HLIX TEIaX PEATUIYETCA OMMKHUU TOPALOK B PACIOJOKECHUN
aromoB. Koudurypamusa 6aukaninero OKpyKeHus, Kak MTPaBuio, COOTBETCTBYET Ta-
KOBOU B OJHOU U3 KPUCTALINIECKUX (a3 qaHHOro coeaunenus. C pocToM paccTosHUs
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OT aTOMa, BEIOPAHHOT'O 38 HAYAJbHLIN, B3AMMHAA KOPPEIAUIA B UX PACIOJIOKEHUN BCE
6oabine HapymaeTcs. O THOCUTENBHBIN TOPALOK B aMOP(HOM TBEPIOM Tele OOBIMHO
COXPAHAETCS TOJABKO B IIPEIEIax 3-+5 MEXKATOMHBIX paccTosauu. [losromy amopdubie
Tela B OCHOBHOM U30MPOTNHbL, T.€. UX CBOUCTBA OJUHAKOBBI IO BCEM HAIPABJICHU-
AM BHYTDHU TeIa, B OTIAXYUE OT KPUCTALIOB, TPOABIAIOIIAX CBOUCTBO GHUZOMPONUL
[11, 37, 68].

Opnua u3 GopM CyHIECTBOBAHUS HEKPUCTALIMICCKUX aMOP(MHBIX TBEPIBIX TeJ —
crekn000pasuoe cocrosume. Cpenn BCexX APYrux BUIOB HEKPUCTALINIECKUAX TBEP IBIX
TeJl CTEKJIOOOpa3HBbIE BEIIECTBA OTINIAIOTCA TEM, UITO OHU IOJYYAIOTCA MPHU Iepe-
OXJIAYK I€HUU KU IKOCTY (OKCUIHOTO PACILIABA, BOLHOTO PACTBOPA, COJIEH, TOIUMEDA B
TeKydIeM COCTOSHUU, JKUAKOIO METALINIECKOro pacitiaBa u T. 4.). IIpoueccer oxaa-

K JIEHUS OCYIIECTBIAIOTCA C TAKOU CKOPOCTBIO, 9TO KPUCTANLIM3ALNSA HE YCIEBAET IIPO-
U30UTHU [0 MEePex0/a BEIIECTBA B TBEPAOE COCTOAHUE. B 5TOM caydae MOABUKHOCTH
COCTABJIIONUINX KUIKOCTh IACTHUL CTAHOBUTCA CTOML MAJTIOW, ITO CKOPOCTH MPOIEC-
Ca KPUCTAJIN3AINY CTPEMUTCA K HYJIIO U BEIIeCTBO MOXKET COXPAHATHCA B TBEPIOM
aMOP(MHOM COCTOAHUU CKOJIb YI'OLHO AJIATENLHOE BPEM.

1.1.3. 2Kuagkoe u razoo6pa3Hoe COCTOAHUSA

ZKugkoe cOCTOsHUE BEIIECTBA SBJISAETCS MIPOMEXKYTOIHBIM MEXKIy TBEDABIM U I'a30-
o6pasubiM cocTosHUAMEA. OTINYasCh OT TBEPIOrO Tela U rasa, KUAKOCTb UMEET
YEePTHI CXOACTBA C KAXKIBIM U3 DTUX cocToaHui [98, 99].

KukocTb, Kak # ras, IpUHEMAET (POPMY COCyAa, B KOTOPOM OHA HAXOIUTCA.
Mouieky bl XKUIKOCTH U ['a3a COBEPLIAIOT XAO0TUYECKUEe IIePEeMEeIleHusI, CTATKIBAICH
apyr ¢ apyrom. OmoHAKO, HADAMY C DTUM, UMEIOTCS CYIIECTBEHHBIE KA4eCTBEHHBIE
Pa3IuYIug 3TUX ABYX COCTOSHUMU.

Paccrosaue mexny mosexkymnamu rasa IpuU HEBBICOKHX [TABIEHUAX MHOI'O OOJIbIIEe
PAANYCOB CAMHUX MOJIEKYJI, T.€. IPAKTUIECKHA BECh OOBEM, 3AHATHIN ['a30M, OCTACTCSA
cBOOOMHBIM. B XuakocTu ke GObIIas 9acTh 00bEMa 3aHATA MOJIEKYJIAMEU, TAK ITO
CBOOOIHBEIA OOBEM MHOI'O MEHbBIIE 00BEMA, BAHATONO MOJIEKYIAMH.

Cpenusis KHHETUYIECKAsA SHEPTUs IACTULL I'a3a ONPEIeasaeTcs aOCOMIOTHON TeMIIe-
parypou T u paBHA %kBT, rae kg — nocrosuaas Boabinmana. JTa sHEprus 60abIIe
MOTEHIINATHLHOU dHEpruM ux B3aumogenctsus U. HampoTus, B XUIKOCTU MOTEHIU-
aTbHAsA DHEPTUA B3aMMOIEUCTBUAA MOJEKYJT OOJBIIE CPEIHEN KUHETUICCKON DHEPTUU
UX JTBUXKEHUS.

B rasze wacTuupl CTATKWUBAIOTCA NPU UX MOCTYMATETIHHOM [BUKEHUU, MPUUEM
YACTOTa CTOJKHOBEHUU 3ABUCUAT OT MACCHI YACTHUI], UX PA3MEPOB U TEMIEPATYPHL.
B xuakocTu Kaxnas qacTUIa COBEPIIAET KOMeOATENILHOE IBIKEHIE B OTDAHTICHHON
obuacTy IPOCTPAHCTBA, KOTOPYIO CO3ZAI0T OKPYXKAIOIINE €€ MOJIEKYJIbl, aMILUIATY 14
ATUX KOMCOAHUN 3aBUCUT OT CBOOOIHOrO 0OBEMA.

[uddysua dacTull B raze IPOUCXOAUT B PE3YIbTATE UX MOCTYIATEILHOIO IBU-
KEHUS, 8 B JKUIKOCTU OHA COBEPIIAECTCA B PE3Y/IbTATE MEPECKOKA IACTUIILI I3 OJHOU
CcBOOOMHOU O0IACTH B APYLYIO, IO3TOMY KO3(MPUIUEHTEl 1ud(y3un ra3oB BO MHOI'O
pa3 mpeBocxoqAT KoappuuueHThl 1udPy3un KIIKOCTEN.

Kpowme Toro, xuakoe COCTOAHUE IO PALY BAXKHBIX MOKA3aTeIeN OJU3KO K TBep-
IOMY. DTO MPOSABIAETCS, B YACTHOCTH, B TOM, UTO MEXMOJEKYJAPHBIE PACCTOSHUSA
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B XKUIKOCTU OJU3KM K TAKOBBLIM B TBEPIOM Teje, T.K. MPU ILIABJICHUU MOCJICTHErO
00BbEeM BELIECTBA U3MEHAETCS HE3HAIUTEAHHO (OOBIMHO OH yBEIMIUBAECTCS He Oosee
gem Ha 10 %). Pasnutue B SHEPrusx MeKMOMEKY/IAPHOIO B3AUMOACHCTBUA B KUJKO-
CTU U B TBEPIOM TeJe TaKXKe HEBEJIUKO. JDTO CIeAyeT U3 TOro (pakrTa, ITO TEILIOTa
mwiaBaeHusa AQ,, MHOIO MEHbIIE TeIIOTHL ucuaperns AQ,.,. Hampumep, mis Bogbl
AQn., = 6 xIx/Monb, a AQyen = 45 xk/x /Monb; nias 6erzona AQy, = 11 k/x/Momb,
a AQuen = 48 x/lx/Mons [144, 148].

TemmoeMKoCTh BemecTBa NIPU ILIABACHUN MEHSETCsA OYeHb C1ado, T.e. ee MOKa-
sarenu Oau3Ku mis oboux cocrosHmu. OTcooma caemnyer, YTO XapaKTep TeILIOBOrO
OBIKEHUA IaCTULl B XKUIKOCTA B HEKOTOPOU CTEIEHHM CXOXK C TAKOBLIM B TBEPIOM
Tene. 2KuakocTh, KaKk 1 TBEPAOE TEIO, BBIIEPKUBACT O0e3 Pa3pbiBa OOJIBIINE PACTSI-
CUBAOIINE YCUIUS.

Paznutine mex 1y :KUIKOCTBIO U TBEPALIM TEIOM 3AKII0IAETCA B TEKYI€CTH: TBEP-
IO€ TENO COXPAHAET CBOIO (POPMY, XKUIKOCTH TaxKe MO BIUAHUEM HEOOJIBIIOTO YCU-
JIAA JIECKO €€ MEHAET. DTU CBOMCTBA BLITEKAIOT U3 TaKUX OCOOEHHOCTEH CTPOEHUs
KUIKOCTH, KAK CAIHHOE MEXKMOJIEKYJIAPHOE B3AUMOMEUCTBUE, OJUMKHUN MOPAIOK B
PACIOMIOKEHUN MOJEKYJI U CIIOCOOHOCTB MOJEKYJI CPABHUTEIHHO JErKO MEHATH CBOE
MTOJIOXKEHNE.

IIpu HArpeBaHUM KUIKOCTU OT TEMIEPATYPHI 3aMeP3aHusA 10 TeMIEePATyPHI KUIIe-
HUs €€ CBOUCTBA TIABHO MEHAIOTCS, ¢ HAUPEBAHUEM MTOCTENEeHHO YCUIUBAIOTCA TepPTHI
CXO/JCTBA XKUIKOCTHU C Ta30M.

|.2. Kpuctannuyeckas peluetka

OCO6EHHOCTE CTPOEHUS KPUCTALINIECKUX BEIIECTB COCTOUT B HAJUYUUU MEPUOIII-
HOCTHU B PACHOIOXKEHUN 00pasyomumx ux Jactuil. OHa 00yCJI0BICHA TEUCTBUEM MHO-
PUX CUJI WM TPOIECCOB, BOZHUKAIIIUX TMPU B3AUMOMEUCTBUU YacTuil. AGCTpaKT-
HBIM I'€OMETPUIECKUM MOCTPOEHUEM, MTO3BOJAIIINM BBIACHUTH 3aKOHBI CUMMETPUN
CTPYKTYPHI KPUCTAILIA, ABIIETCI Npocmpancmeennas pewemsra. OHa CTPOUTCA Kak
TpexMepHaa NepuogudecKas CeTKa, COeIMHAINIAA MIEHTUYHBIE TOYKNA KPUCTAJIA,
HasbIBaeMble yaaamu pewemxu [83]. CregyeT OTMETUTD, YTO B y371aX IPOCTPAHCTBEH-
HOU PEIIETKA MOXKET U He OBITh HUKAKWX TaCTHUII.

Caenyer pasrpaHUYUBATEH MOHATUA KPUCTALIAICCKON CTPYKTYPBI U MPOCTPAH-
CTBEHHOU pemeTku. Kpucram: — 5T0 COBOKYIHOCTH ATOMOB WIM MOJEKYJ, Oope-
IelIeHHBIM 00Pa3oM PACIIONOXKEHHBIX B IpocTpaHcTBe. Kpucramimyeckume cTpyKTy-
PEL 1300paXKaloTCsa MOLEIAME, B KOTOPHIX IOKA3aHO PACIONIOKEHNE KaxKIOr0 aToMa
OTHOCUTEIBHO ero cocepeu. B kpucramie uMeercs DTAIOH WM MOTHUB, IyTEM IO-
BTOPEHUs KOTOPOI'O0 CO3MAETCA LML KPUCTAWLI. [[POCTPAHCTBEHHAS PEIIeTKA XKe
[IOKA3BIBAET, KAK PACIPEIENAI0TCA MOTUBEL B IIPOCTPAHCTBE U B OOLIEM ClIydae, KO-
r'1a MOTUB COCTaBJIAET I'PYIIa aTOMOB WIM MOJEKYJ, IPOCTPAHCTBEHHASA pelleTKa
OTJIMYHA OT PEANTBbHOU CTPYKTYPHI KpUCTALIA. [I05TOMY y3€es1 pemerku MOXeT OTJIu-
9aThCA OT MECTa, 3aHIMAEMOI'0 ATOMOM B KPHUCTAJLIE.

Ecau BuiGpaTh n1pousBOabHLIN y3ea ) 1 CBA3ATD ero ¢ OJUKANIIIMY W ICH TUIHBIMA
COCEJHUMHI Y3IaMV HEKOMILIAHADHBIME BEKTODAMH (@ , ?, < (puc. 1.3), To Ha uUxX
OCHOBE MOXKHO 3aIlOJHATH BCE IPOCTPAHCTBO KPUCTAJIA Y3JIaMU, a CBA3BIBAIOIINAE X
JUHUYM 00Pa3yoT HePUOAUIECKYIO CEeTKY.
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Puc. 1.3. IIpocrpancTBenHas perreTka.
Kpyxxamnu 00603HaYMeHBI Y37IBI — HIEH-
TUYHBIE TOYKNU

BekTopwr ﬁ, COEMUHSIONINE HAYAIO KOOPANHAT, BEIOPAHHOE B TPOM3BOJBLHOM y3JIe
peleTKy, ¢ TIOOBIM €€ Y3JI0M, HA3BIBAIOTCA 8eKmopamu mpancaayut. Kak yxe OBLTO
CKa3aHO BBIIIE, JIOOON TaKOU BEKTOP MOXKHO 3alINCATEL B BUIE 72) =md + n? +p¢,
rae m, n, p — IeJable YUCAa, KOTOPBIE HA3BLIBAIOT UHIEKCAMU Y3406 NPOCIPAHCITGEH-
not pewemxu. O603HaeHNe y3710B peuteTkun — [[mnp]]. Ecin Tpascaammsa 0o Kakon-
aub0 OCU [ JaHHOTO y3Ja COBEPUIAETCSA MPOTUB HAPABICHUSA STOU OCU, TO COOT-
BETCTBYIOIIAYN UHIEKC OTPUIIATEICH U 3alMCHLIBACTCA ¢ YepTon Hag uuM. Ha puc. 1.4
NOKA3aHbl MHIEKCHI HECKOJIBKUX Y3JOB B KOCOYT'OJBHOU IUIOCKOU CETKE (MHIEKC IO

TpPeTheN OCH paBeH Hyo) [75].
-X

_/ / /6520]]
/6'2'011 / /61: 101]
-y >y
S
/ﬁz'on /ﬁ 10‘]/

[220]]

¥ [(320]]

Puc. 1.4, CuMBOIbI HEKOTOPBIX Y3J0B B KOCOYI'OJBHOU IUIOCKOU CETKE

1.2.1. DaemenTapHas avenka. basuc pemerku

OHUM U3 OCHOBHBIX MPEICTABICHUN, CBA3AHHLIX CO CTPYKTYPOU KPUCTALIOB, ABJIS-
ercs noHATue 00 asemenmaproti suelike. B obmem ciaydae aIeMEHTAPHYIO SYCHKY
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MOKHO TPENCTABUTh KAK MAHIMAJILHEIA O0BEM KPUCTALIA, MAPALIEIbHEIE TEPEHOCH
(TpaHCIANME) KOTOPOT'O B TPEX M3MEPEHUAX MO3BOJIAIT IIOCTPOUTD BCIO KPUCTAIIN-
YEeCKYIO PelIeTKY. B KadecTBe »IeMeHTAPHON AIeUKN MOKHO, HAIIPUMED, PACCMATPH-
Barh napamterenunes OABCDEF | noka3auusn Ha, puc. 1.3.

3aKOHOMEPHOCTH CTPOEHUSA DIEMEHTAPHBIX AIEEK, B YACTHOCTH CTEIEeHb UX CHM-
METPUIHOCTH, OINPENeJsiOT MHOTME CBOUCTBA KPHUCTAJLIA, B IEPBYIO OYEPEnb HIEK-
TPUYECKNE, MATHUTHBIE M MEXAHUIECKUE. DJIEMEHTAPHAMA AIeUKa MOXKET COIEPKATH
KaK OJWH, TaK U HECKOJHKO COPTOB aTOMOB. Tak, y MHOIMX META/IOB, HAIIPUMED
XKelesa, XpoMa, Mean, cepebpa, OHa, COCTOUT U3 OJHOIO COPTa aToMa. B Tex ciywasx,
KOT'[Ia KPUCTALT COCTOUT W3 HECKOJIBKMX XMMUIECKUX >JIEMEHTOB, HAIIPUMED HATPUA
U XJI0pa, DIEMEHTAPHAA AIeKa OyIeT COMepKATh ABA COPTA aTOMAa: HATPUU U XJIOP.
[MMupoko pacupocTpaHeHbl KPUCTAWLILL C DJIEMEHTAPHOU SIEMKON, COCTOALIEN U3 He-
CKOJIBKUX CIEIUICHHBIX IPYT ¢ APYTOM MOJEKYJISAPHBIX CPYIIL, HAIPAMED KPUCTAJLIBL
JBbIA WK e MHOTUX MATCHUTHBIX MaTepuatoB. CymeCTBYIOT KPUCTALILI, HAIPUMED
6eIKOBBIE, DIEMEHTAPHAA AUENKA KOTOPBIX COCTOUT M3 MOJEKYJ, COAEPIKAIINX He-
CKOJIBKO TBICAY ATOMOB.

OuH 13 cnoco60B MOCTPOEHUA MPOCTPAHCTBEHHON PENIETKA COCTOUT B TPAHC/IA-
muu (Pa3MHOKEHUM) DIEMEHTAPHON AYEUKU, UMEIOMIEH BU DJIEMEHTAPHOrO IapasLie-
JIeTIATIe 18, TOCTPOEHHOT'O Ha, TPeX HeKOMILTAHAPHBIX BEKTOPAX @ , ?, T, HA3BIBAEMBIX
BEKMOPAMU OCHOBHLIT Mpancasyud (puc. 1.5). 3a HAYAIO >TUX BEKTOPOB MOXKHO IIPU-
HATE OO0 y3€T TPOCTPAHCTBEHHON pemreTku. Momxyrn BexTopos |a|, |?|, |C’| ma-
3BIBAIOTCA NEPUOJAMU IAEMENMAPHOT A%elKU, & YIVIBI MEX Y HUMA , (3, ¥ — yYeaamu
aaemenmaprot suetixu. Ecmm Beck mapaesenunes mocTpOEH Ha OCHOBHBIX TPAHCIIA-
nmax a, ?, T, TO dIeMeHTapHAs AUeHKa Ha3hbIBACTCA Npumumuenoti (0603HaMaeTCA
Oyxsou P). lpuMuTuBHAA DJIeMEHTApHAA AICUKA HE MMEET MOMOJHUTENLHBIX Y3JI0B
HU BHyTpH ce0s, HM HA MOBEPXHOCTH.

Kaxaem yses, HAXOQAIMUUCSA B BEPIIMHE DJIEMEHTAPHOU AICUKM, IPUHAIJICKAT
ele BOCbMU COCEJHUM 3JIeMEeHTAPHBIM sidenkaM. [JocKonbKy Beero y3/o0s (uiu Bepis
napaIenenumnesa) BoceMs, To (8 - + = 1) 1 Ha IPUMUTUBHYIO SIEMEHTAPHYIO AICHKY
IPUXO IUTCSA BCETO OMUH Y3EL.

X O O @)

Puc. 1.5. Duemenrapuas s4enka Puc. 1.6. Pasauunsie coco6sl BEIGOPA die-
MEHTapHBIX AYeeK

Kaszamnocn ObI, 9TO BBIOOD DIeMEHTApHOU suenku mpousBoaen. Ha puc. 1.6 Bce Tpu
IIOCKUE AYENKU TPUMUATUABHLL. XOTsA TPAHCIALINA B IBYX U3 HUX U HE ABIAIOTCA KPaT-
YAUIMIMMUY, HO J00asd U3 HUX BOCIPOU3BOAUT MPU IEPEHOCE HAPAIEABHO caMou cebe
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B [IBYX HAINPABICHUAX BCIO «CTPYKTYpy KpucTtamiay. O gaaxo Bpass Ovswiu cpopmy.un-
POBAHBIL 3 IPABUIA BBIOOPA DIEMEHTAPHBIX S9€EK, BHIIOIHAEMBIE B YKA3AHHON HUXKE
[IOCJIE JOBATENBHOCTH.

1. CuMmMeTpus >JeMEHTAPHOU AICUKHU NOTKHA COOTBETCTBOBATH CUMMETPUN KPU-
cTasnIa.

2. DmemMeHTapHAA AICUKA MOMKHA UMETh MAKCUMAJILHOE YUCIO PABHBIX pedep u paB-
HBIX YTVIOB.

3. Ilpu ycroBUM BBITTOMHEHUS IBYX MEPBLIX MPABUI DIEMEHTAPHAA AICUKA, JOTKHA,
UMETh MUHUMAJBLHBIUL 00HEM.

[Ipu BBIMOIHEHUM STUX MPABII DJIEMEHTAPHASA AICUKA, B OTIMYAE OT IPUMUTUAB-
HOU, KPOME y3JI0B B BEPUIKHAX, MOXKET UMETh NOMOJHUTEJIbHBIE Y3JIbL.

COBOKYITHOCTBH KOOPIUHAT BCEX Y3JI0B, MIPUXOIAMIAXCS HA, DIEMEHTAPHYIO ATCUKY,
HA3LIBAIOT €€ 0a3UcoM. B OTIMYMe OT WHIEKCOB Y3J0B KPUCTALIAICCKON DPEIeTKH,
UHIEKCHI 0a3uca MOTYT OBITh APOOHBIMU. OHM TMOKA3LIBAIOT JOJU BEKTOPOB DJIEMEH-
TAPHBIX TPAHCAALUNA MO COOTBETCTBYIOMIEN OCU [ NAHHOIO y37a OA3UCA DJIEMEH-
Tapuon syenku. CI0XKHYIO SIEUKY OOBITHO BBIOMPAIOT TaK, YTOOBI Y3JIbl HAXOJUINCDH
aub0 B IEHTPax I'paHel, mbo B neHTpe oobema. [losTomy npunaTa cucrema HauboJee
PACTIPOCTPAHEHHBIX BUIOB CJAOKHBIX AIEEK.

[IpuBegeM TpUMEPHI CIOKHBIX DIEMEHTAPHBIX AIEEK, B y3JIaX KOTOPHIX HAXOIATCS

ATOMEL OJHOT'O COPTa.
Ob6wemnoyenmpuposannas avetixa (obosnadaercs oyksou 1) (puc. 1.7, a). Kpome
y3J1a, HAXONAIMIETOCA B Hadale KOOPAWHAT, OHA MUMEET TOIOJHUTEILHBIA y3€I, pac-

MOJOXEHHBIN HA, TIEPECEYeHNN TeIeCHBIX auaroHasen. Takum o6pasoM, Ha NAHHYIO
111
373l

DIIEMEHTAPHYIO AYENKY IPUXOAUTCA Beero aea yaaa u ee Gasuc [[000]], [[

B) r)
Puc. 1.7. Ilpumepnl piIeMEeHTAPHBIX AI€eK

Bazoyenwmpuposannas avetixa (obosuagaerca 6yksou C) (puc. 1.7, 6), Tak xe,
KaK 1 00BeMHOICHTPIPOBAHHAA, XaPAKTEPU3YeTCA OA3MCOM I3 IBYX Y3JI0B, THICKCEL
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koroperx [[000]], [[$10]]. Ha pucyrke BuaHO, 9TO B 5TO#l Avelke JONOTHUTETbHBIE
Y3JIBI HAXOAATCA B HEHTPAX IPaHel, NePIeHInKY/IAPHBIX OCH ¢. SICHO, 9TO maHHBbIE
Y3JIBL IPUHALIEKAT DTOU AIENKE TOIBLKO HAIIOJIOBUHY, HO T. K. TAKMX I'PAHEN B AICHUKE
IBE, TO €l NPUHAMLICKUT OMUH Y3€J, HAXOIAMUICA Ha TPAHU.
Lokxoyenmpuposannas auetixa. Boamoxubl nBa BapuanTa: A-a4erka, B KOTOPOU
HEHTPUPOBAHA IPAHb, NEPIEHIUKYIAPHAA OCH G, U B-g9erKa, rae JOmOJHUTEIbHbIE
Y3JIbl HAXOAATCA B HEHTPE PAHEN, MePIeH IUKYIAPHBIX 0Ch b, 6a3MChl KOTOPLIX CO-
orsercrrerno: A — [[000]], [[051]] (puc. 1.7, 2), B — [[000]], [[303]] (pmc. 1.7, 6).
Ipaneyenmpuposannasn suetira (puc. 1.7, d) (obosuagaerca 6yxsou F). Tonomau-
TeJbHBIE Y3Jbl HAXOAATCA B IeHTpax rpaner. O0Imee Iucio y3/I0B, IPUXO0[AIINXCS Ha
rpaHeleHTPUPOBAHHYIO AelKy, — deTsipe. Ee 6asuc [[000]], [[031]], [[303]], [[$30]].

1.2.2. Kpucramiorpadpuieckue HanpaBJIeHUA,
IJIOCKOCTHU M 30HBI

Kpucmaanoepaduueckum nanpasienuem HA3BIBAIOT HAIIPABICHUE IPAMOU, TPOXOIi-
mIeW KaK MUHAMYM 9epe3 ABa y3Jaa pemerku. Undercol nanpasserutli pacCInTHIBA-
I0TCA KAK PasHOCTh MHAEKCOB Y3J0B, I€pe3 KOTOPHIE MTPOXOMUT TIPAMAs.

[IpueeneM mpuMep: MyCTh MPAMas MPOXOAWT FE€PE3 Y3JAbI PEIMIETKHA C WHIEKCA-
mu [[111]] u [[422]], cregoBaTenbHO, MHIEKCH HAIPABICHIN MOKHO PACCIUTATH KAK
4—-1=3;2—1=1;2-1=1. B srom cay4ae nngexc Hanpaenerus [311] (o6o3Haxe-
uue [mnp|). Ha puc. 1.8 iuHUsAME MOKA3aHBL KPUCTALIOrDADUIECKUE HAIPABICHUS B
IWIOCKOU (IIOCKOCTB ZY) CETKe y3J0B U COOTBETCTBYIOMINE UM CHMBOJEL.

Puc. 1.8. CuMmBoibl He- [010]
KOTOPBIX HAIlPABJIEHUU B y
ILIOCKOU CEeTKe [530] [130] [130] [230]
[320] b [320]
[310] [310]
[100] a [100]
A X
[310] [310]
(320] [320]

- [110]
[110] (55 _Z ! _ 3,
(2301 (130] oigy m3o) 1230

Kpucmaanoepaduueckue naockocmu
Beegem noHsaTHE KPUCTATIOrpAPUIECKON IIOCKOCTH. KpUCTALT MOXKHO IpEICTaBUTh
B BIJI€ COBOKYIHOCTH ILIOCKOCTEH, Ha KOTOPHIX PACIOIOKEHBI IIEHTPHL aCTHII.
IIycTh MIOCKOCTH IPOXOAUT Yepe3 KOO AUHATHEIE OCH B Y3JaX, KOTOPHIE HAXO0IAT-
¢ OT HAYAIa KOOPAUHAT HA PACCTOMHUM ma, nb, pc. VIHIEKCH 5TUX y3JI0B COOTBET-
creerno [[m00]], [[0n0]], [[00p]]. O6paruete yucaa 1/m, 1/n, 1/p. [lpusenem stu aucia
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€

K O0OLIEMY 3HAMEHATETIO: Tnp mm—rfp’ m”—;”p. IIpoussenenus np = H, mp= K, mn = L
[IPEICTABAAIOT COOOU MHIEKCH aHHOU KPUCTALIOrPA(PUIECKON IIOCKOCTH, KOTOPLIE
B KpUCTALIOrpadun HOCAT HazBaHue undexcos Muasepa. O603Ha9aI0T UH eKCH Mui-
Jiepa 3aIUChI0 B KPYIUIbIX CKOOKax 6e3 3amareix (H K L). [IpaBuibHO IpOU3HOCUTD Ta-
KYI0 3aIUCh A KOHKPETHOU IIockocTu, Hampumep (110), caiegyer xak «oquH-O1uH-
HOIb». Hampumep, mrockocts npoxoaut depes yaasl [[003]]; [[020]]; [[001]]. O6paTaere
qucaa — 1/3, 1/2, 1, caenoBarenpHO, TaHHAS ILIOCKOCTH UMeeT WHAEKCH Mute-
pa (236). Ecau miockocTs mepecekaeT OCb KOOPAMHAT B OOMACTU OTPULATEALHBIX
3HaYEHUN, TO ee uHaeke Muuiepa 6y1eT OTPUIATEABHLIM U 3AMUCBIBACTCSA C 9€PTOU
maj HuM, Hampumep (010).

Beaencreue mepuo[uIHOCTY KPUCTALTAYECKON PEMIETKY KaXkK Jas TIOCKOCTh UMe-
eT 0Y€Hb MHOI'O MAPAJLIEIBHBIX el IMIOCKOCTEN — cemeticmao naockocmet. Nugekcor
GUImKANLIIen K Havdaly KoopauHaT miockoctu cemerncrsa (H K L) xapakrepusyior Bce
IaHHOE CceMercTBO mmockocTen (puc. 1.9). Bamkanman K HaYaqy KOODIWHAT ILIOC-

KOCTB CEMENCTBA OTCEKAeT Ha OCAX DIEMEHTAPHBIX TPAHC/IALNA &, Y, 2 OTpe3ku a/H
b/K,c/L.

ZAog

2a (100)

(001)

Puc. 1.9. CuMBOJIBI OCHOBHBIX INIOCKOCTEN B KyOWYECKOUW PermeTKe

Kpucramiorpaduieckue mioCcKOCTH 0THOT'O CEMENCTBA HAXOAATCA HA PABHBIX PAC-
CTOAHUAX APYr OT apyra. Kpardanimiee paccTosHue MexXIy STUME ILIOCKOCTIMIE,
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M3MEPEHHOE MO0 HOPMAaJH K HIM, HA3BIBACTCA MEHCTLAOCKOCMHBIM PACCTNOARUEM T 000~
3"Hagaercsa dgkr,.

Kpucmaanoepaduuecras 30na
CeMencTBO MIOCKOCTEN, UMEIOIIX OO0 MPAMYI0, HA3BIBAIOT KPUCTALIOTpadUtie-
CKOU 30HOM, a OOLIYIO IPAMYI — OChIO 30HHL (puc. 1.10).

Puc. 1.10. [Ise nnockoctu ¢ nugexkcamu (Hi KiL1)
u (H2 K3 Ly) npurajgnexar 30ue ¢ nagexcamu [UV W]

[uvw]
1 (HszLz)

e m e

/\ (H\K.L,)

Ecau nse nnockocru ¢ ungexcamu Mwnepa (Hy K1 Ly ) u (Hy K2 Ly) npunagnexar
OHOU 30HE, TO undercwvl ocu 3onbt U, V, W MOKHO HAUTHU TakK:

U/VIW = (K Ly — KoLy)/(L1Hs — LoHy) /(H1 Ko — H2K7).

CHuMBOJBI OCH 30HBI, KAK U CHMBOJIBI HAIIPABICHUI, 3AIUCBIBAIOTCA TPeMs nudpamu
B KBaJPATHLIX cKoOkax [UVW].

1.2.3. CUHroOHUYM KPUCTALIOB

Ha ocuose mepeuncaennnix B moamaparpadge 1.2.1 npuemumos BeIOOpaA daeMeHTap-
HOU SYeUKN BpaBd BCIO COBOKYNHOCTH KPUCTANLIOB MOXKHO OTHECTH K CEMU DA3INt-
HBIM TDYIIAM, HA3BAHHBIM CUH2OHUAMY. K OTHON CMHTOHUM OTHOCATCS KPUCTAJLIBL,
HMEIOIIIe OINHAKOBYIO KPUCTALIOrPAPUIECKYIO CUCTEMY KOODAWHAT U O TUHAKOBYIO
CHMMETDHIO dieMeHTapHou adenku (Tabdm. 1.1) [75].

Tabauua 1.1. Kpucramiorpacpuieckue CUHIOHUU U UX XAPAKTEPUCTUKHI

CooTHOLIeHnEe MeX 1y
Kpucramwmorpaduieckue . YTJaBl Mex Iy
[EPUO 1AMy DJIEMEHTAPHOU
CUHI'OHUMN o ocaMMU
STIEUKY
Ky6nqecxaﬁ a=b=c a:5:7:90°
Texcaronaabnas a=b#c a = =90° v =120°
TeTparonanbuas a=b#c a=f=v=90°
Tpuronaabaas (poOMO0D [PUIECKA) a=b=c a=f=v#90°
Pomb6uaeckas a#b#c =B = =90°
Mounoknuunas a#b#c a=v7=90°# 3
Tpukiauanas a#b#c a# B £y #90°
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B zaBucuMocTU OT YMCIA PABHBIX [IJIWH TPAHCAANUNA U YIVIOB CUHCOHUM TPUHATO
pasgenaTh Ha 3 KATErOPUU: BBHICIIYIO, CPEIHIO U HU3IIy. K BBICIIEN KaTeropuu
OTHOCUTCA KyOUIeCKas CAHIOHUSA, K CPETHEN — IeKCArOHAMBbHAM, TETPArOHATLHAT 1
TPUrOHATBHAA, M K HU3MIEN KATErOPUU NPUIUCAAIOT POMONIECKYIO, MOHOKINHHYIO 1
TPUKJIAHHYIO CUHDOHUMU.

B nmureparype 9acTO MOXKHO BCTPETUTH ONMUCAHUE TOJIBKO IMECTH CUHCOHUE. [[e10
B TOM, 9TO TPUIOHANbHAA (MiIu uHAYE POMOO3APUIECKAsS) U DEKCANOHAIBHAS CUHIO-
HUM UMEIOT OJWHAKOBLIE IO (POPME AIEMEHTAPHBIE AIeUKU. [[05TOMY TPUrOHAILHYIO
CHUHI'OHUIO IIPUHUMAIOT 38 YACTHBIN COy9all I'eKCArOHAJBLHOM.

1.2.4. PemueTrku Bpasoa. fIluenka Buraepa—3euTna

Pewemxu Bpasa

Kaxayo KpucTaaimdecKyl CTPYKTYPY MOXKHO OXapaKTEePU30BAThH OIPEIeJeHHBIM
HaOOPOM DJIEMEHTAPHBIX TPAHCAANUEA. B 3aBUCMMOCTM OT COOTHOIICHUs 3HAYEHUN
U B3aMMHOU OPUEHTALMM OCHOBHBIX TPAHCIAIUHU @, b, ¢ IMOIy4alOTCA PEIIeTKH, OT-
JUYAOIINECA IPYD OT IPYra CBOEU CUMMETpuen. Bpasd MoKasad, uTo CyIIeCTBYeT
BCero 14 TUIOB PEIeTOK, OTINIAINIIMXCA cBoen cumMerpuen. OHY HA3BAHLL PeuLen-
xamu Bpass. Cpenn >Tux 14 pererTok 7 ABAAIOTCA MPUMATUBHBIMYA U 7 — OA3UCHBIMU.
Pacopeznesrenne 14 pemerox Bpaes no 7 curronusm nokasano B Tabma. 1.2.

Auetixa Buenepa — 3etimua

Buraepom u 3entiiem OBLI MPEIJIOKEH CIOCOO TMOCTPOCHUA TAKUX MTPUMUTUBHBIX
A9eeK, KOTOPHIE 00ga1aau Obl TOMHOU CUMMeTpuen permerku Bpass. IToT ¢mocob co-
CTOUT B TOM, 9TO IIPOU3BOJBHO BLIODAHHLIN y3eu penieTky bpass COeAnHAIOT IPIMbI-
MU JUHUAMEA ¢ OJMAKANMAMEI DKBUBAJEHTHBIME y3JAMU; 3aTE€M IPOBOIAT IIOCKOCTH,
[EPIEeH IUKYIAPHBIE STUM [IPAMBIM U IPOXOAsime depe3 ux cepeguny (puc. 1.11, a).
B pesyabrare mosydarT 3aMKHYTYH O0JACTh TPOCTPAHCTBA C IEHTPOM B BHIODAH-
HOM y3Jie, BCe TOYKM KOTOPOU JeKAT OMMKE K DTOMY Y31y, 9eM K JI00MY IPYyTOMY
Y3Jy pemerku. DTa 001acTb HOCUT Ha3BaHue suetiky Buenepa — 3etimya. Ona npumu-
TUBHA, IOCKOJIbKY TOJIBKO ATOM B IeHTpe npuHapiexkuT en. Q6beM ee paBeH o0beMy
SJIEMEHTAPHOU AYEHKH, [IOCTPOECHHON HA KPATIAUMINX TPAHCIALUAX PEIIeTKHA.

Auenka Burnepa — 3enTia 1A TPUMATUBHON KyOUIECKON PEIIETKU UMEET (hOPMY
ky6a. [las oowemuouentrpuposanuon kyoudeckon (OIK) pemerku BriGepeM B Kade-
CTBE MCXOTHOTO y3Ja IeHTPAJIbHBLIN y3ea Kyba. BoceMb meprneH IuKyIapHBIX II0CKO-
CTel, MPOBEJEHHBIX YePe3 CePEJIUHBI OTPE3KOB, COETUHSMIOMUX UCXOTHBIA Y36l C y3-
JAMU, HAXOSIIMMUCSA B BepuinHAX KyOa, 00pasyioT IPABWILHBIA BOCHMUTDAHHUK
(oxrapap). llecTs mepneHIUKYJIAPHBIX IIOCKOCTEN, MPOBEICHHBIX Y€PE3 CEePeIUHbL
OTPE3KOB, COCIWHSMIONINX UCXOMHBIA Y3€T C y3JaMU, HAXOMAUIUMUCA B IIEHTPE CO-
cemHuX KyOOB, OTCEKYT IIECTh BEPIINH OKTAAPa, 00pa3ysa IeTHIPHAAIATUTPDAHHNK.
Bocemsb ero rpanen — npaBwiIbHBIE MIECTUYTOJBHUKH, & MIECTh IPAHEN — KBAAPATHI
(puc. 1.11, 6). AHaTOruIHO MOXKHO HOCTPOUTH sS4eiKy Burnepa—3enrTua mis rpa-
nenenrpuposannon Kybudeckou (I'IIK) pemerxu (puc. 1.11, 6). fAuenku Burnepa—
3enTia OyIyT B JATbHEUIIIEM HEOOXOIUMBI TIPYU PACCMOTPEHUN TEIIOBLIX U DJIEKTPHU-
YECKUX CBOUCTB KPUCTALIMICCKUX TBEPIBIX TEJ.
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Ta6muna 1.2. Pemerku Bpass [83]

Tun pemerku
Cunromna [pusvmTuBmas BasounenTpu- | O6bemuonenTpu- | I'panenesTpu-
poBaHHAA poBaHHAA poBaHHAA
Tpukinuauasm @
P
MonokInHHAA Ai'
=] "V
Pombuveckas @ ‘i’
- | L
Tpuronanabuas
(pombodapmaeckas)
P
Terparonanabraas
P
<Fd
lekcaronaiabuas Ill
< = =]
Kybu4geckasn % "‘ Awg
e ?
P v i
B)

6) ﬁ~

>y

'\\\\\\\q\\\\\\\\mllliiilll

N v/"nﬂ'

s S

Puc. 1.11. fueuxa Burnepa—3euTna: ¢) — IBYMEpPHBIN ClIydan (3alITPUXOBAHHAA OOJIACTD);
6) — 11t OOBEMHOLIEHTPUPOBAHHOU KyOUIECKOUN AYEUKY; 6) — I PAHEIeHTDU-

POBAHHOU KyOUdYeCcKOU saerku [74]

\
[T

|.3. CummeTpua kpuctannos

IIpu onmucanum CTPYKTYpPHI KPUCTALIA HEOOXOIUMO ONPEIENUTh CUHIOHUIO KPUCTA-
JIa, T. €. BBIOPATh KPUCTALIONPAPUIECKYIO CUCTEMY KOOPIUHAT U DJIEMEHTAPHYIO A9el-



TI'nasa 1. punyunbt cmpoenus meepduit mea. IaemMenmpl KPUucmasiozpadus

Ky, OMpPENeNTuTh 0A3UC DAEMEHTAPHOW AYCUKN W HAOOP OMEpaIliil CUMMETPUM, MIPU
HOMOIIX KOTOPEIX OyIeT OCYMECTBIATHCA IEPEHOC KPUCTALINIECKON CTPYKTYPHI ITa-
paLIeIBLHO caMon cebe.

K omepanusam (wiu npeoOpa3oBaHUAM) CUMMETPUAU OTHOCATCA:

— N — N
Tpancasyuonmbie npeobpa3osanud, OIpeIerieMbe BekTopom R = m'ad +nb + pc .

2. Onepauuu BPAUWLEHUA U OMPAHCEHUA, TIPUBO JAIITNEC K COBMEIICHUIO PEIIETKN C Ca-
Mou coO0u. VIX HA3LIBAIOT 1MOUeUHbLMU onepayuAMU UAU 2PYNNAMU CUMMETMPUU.

3. Cuoxuble cCUMMETPUYECKUE IPeoOPA3OBAHUS, COCTOSAIINE U3 KOMOMHAIIMY [IEP-
BBIX [BYX ONEpALNU, 00Pa3yIOT MPOCTPAHCTBEHHbLIE TPYIIIEl CUMMETPUH.

1.3.1. Toue4dnbie onmepanuu CUMMETPUH

Boob6paxaembre TOYKHT, IMHUN U IIOCKOCTH, C IIOMOIIBI0 KOTOPHBIX OCYIIECTBIAIOTCS
YIOMAHYTHIE OIIEPAIINN BPAIIEHNA U OTPAXKEHNUA, HA3BIBAIOTCA 4EMEHMAMY CUMMEM-
puu. B kpuctammorpadun nia 0003HATMEHUA OMEPAIUN CAMMETPUA U COOTBETCTBY-
IOIINX UM DJIEMEHTOB CHMMETPUU CIyKAT CHeluaJbHbIe cUMBOJALI. Hambomee pac-
IPOCTPAHEHHBIMU U3 HUX ABISIOTCA MEXIYHAPOIHBIE CHMBOJEBL, HpuHATHE WHTED-
HAIMOHAJBHBEIM COI30M KPUCTAWLIOrPAdOB, U CUMBOJINAKA, OCHOBAHHAS HA (POPMYIax
cummerpuu [27]. [lepeducinm saeMEeHTHL U CBI3aHHBIE C HUMU OLEPALUY CUMMETDUH.

Lewmp cummempuu (yewmp wneepcuu) — >TO HEKasd BOOOpaXkKaeMas TOIKA BHY-
TPU KPUCTALIAICCKON PEIIeTKN, XaPAKTEPUIYIOMIAACI TeM, 9TO JI00as IPIMast, IPO-
BeJeHHAs Yepe3 Hee, BCTPEYAET WIAEHTUYHBIE APYD APYLY Y3Jbl PEIIeTKHA Ha PaB-
HBIX PACCTOAHUAX OT meHTpa. CuMmeTpuvHOe MpeoOpa3OBaHUE B IIEHTPE CUMMET-
pUU — BTO 3EPKATHLHOE OTPAKEHNE KPUCTALIMICCKON permeTku B Touke. O6o3Haqa-
erca ueHTp cummerpun Oyksou C.

Hosopommpie ocu cummempu, IPENCTABIIIOT COOOU MPAMBIE JUHUN, IPU TOBOPO-
T€ BOKPYT KOTOPBIX HA HEKOTOPLIU OMPENETCHHBIN YIOJd KPUCTALIMICCKAA PEIIeTKA,
coBMeIaeTcs cama ¢ cobou. Ilo popmyrne cummeTpun MOBOPOTHEIE OCH 0003HATAIOT
oykBamu L, Toe n — MOPAIOK OCH, KOTOPBIM MOXKET MPUHUMATE 3HAYEHU TOJBKO 1;
2; 3; 4; 6. Ilopsgok ocu cuMMeTpUR N IOKA3BIBAET, CKOIBKO Pa3 PEIIeTKa COBMECTUTCS
caMa ¢ cOOOU MPH MOJHOM HOBOPOTE BOKPYT 3TOU ocu. Takum 06pa3zoM, MOBOPOTHBIE
OCH OIpeJeA0T BPAIleHne BOKPYT HUX Ha YLl 27 (IepBBIN HOPALOK), 27 /2 (BTOpon
HOPAIOK), 27 /3 (Tperunt nopanokK), 2w /4 (deTBepThiil TOPAIOK), 27 /6 (1mecTou mops-
IIOK), KOTOPOE MPUBOJUT K COBMELICHUIO PEIIETKHU ¢ caMou cobou. [eomerpuieckue
0603HAMEHUsT HOBOPOTHLIX OCEN PA3IMYHBLIX MOPSIKOB npuBenensl B Tabua. 1.3. Cueny-
eT 0c060 OTMEeTHUTh, 9YTO B KPUCTALIAX HEBO3MOXKHEL OCH CUMMETPHUHU H-I'0 [OPSA LKA 1
HOpAAKA, OOIBIIEro YeM 6. DTO OrPDAHUYEHHE CBA3AHO C TeM, 9TO B KPUCTAITIECKOM
COCTOSIHUY BELIECTBO MPEACTABIACT COOOUN CUCTEMY MATEPUATLHBIX TACTUIL, CUMME-
TPUTHO HOBTOPSIOMINXCA B MPOCTPAHCTBE. Takue CUMMETPUYIHEBIE PSAbI, HEIPEPBIBHO
3AMOIHSAOIINE IPOCTPAHCTBO, HECOBMECTUMBL C OCSAMU D-I'0, [-I'0 U APYTUX MOPSI-
KOB. [[0Ka3aTeIbCTBO 3TOr0 yTBEPKACHUA MOXKHO OOHAPYXKUTH B JIOOOM yIeOHUKE
110 KpUCTAJLIOrpaduu.

Irockocmu 3eprasvbro2o ompaxcenus NeAAT (GUIYPY HA IBe HaCTH, PACIOIO-
JKEHHBIE DY OTHOCUTENBHO NPyra KakK MPeiMeT U €ro 3ePKAaJbHOe OTPaKeHUe.
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B mHTepHAIMOHATBHOUW CHCTEME TIOCKOCTH 3€PKAMBLHOIO OTPAKEHWUA MPUHATO 060-
3HAYATEL CUMBOJIOM m win P mo gpopmyse cuMMeTpun.

Cosokynuocrsio P, C, Ly, Ls, Ly, Lg (Tabu1. 1.3) ucuepnbiBaioTcs BCe BO3MOXKHBIE
MoUCURbIE ONEPAUUL CUMMEMPUL NEPE020 PO,

Tabauua 1.3. DJIeMeHTHl CUMMETPUU U UX 0003HATEHUS

MN3o06paxenue MO OTHOIIEHUIO
O6o03na1enne
Haspaune K IJIOCKOCTH depTexa
MeXIyHApOIH. | IO dhopMyie [epIeHIuKYy- | MapaelbHOe
CUMBOJL cmMMeTpun JIApHOE
ILrockocTs m P ” // - ©
CAMMEeTPUN
IlenTp T C c * O
CUMMeTpumn
IToBopoTHbIE
ocu n Ly
CAMMEeTPUN
NBOUMHAA 2 Lo ‘ ‘ ‘
TPOUHAA 3 L3 A H
qeTBepHAs 4 Ly . H
mecTepHas 6 Lg . . .
MNuBepcuonnas
0Ch 7 La = Lp;
CUMMeTpuu
TpOI;'IHaﬁ 3 Lg = L3i A H
JeTBepHaA 4 Lz = La; C 3 C
IrecTepHAS 6 Lg = L¢; @ \t/ g

Toueunble ONEPayUL CUMMEMPUL 6MOP020 PoOG TPEACTABIIIOT COO0H COBMECT-
HOE JeHCTBUE ABYX ONEPaldil CUMMETDHUN: BPAIICHIE I HHBEPCHUA B HEHTPE CHMMET-
PUE WM BPAIICHAE I OTPAKEHUE B IIOCKOCTY CEMMETPUH.

Husepcuonnas oco cummempuy IpeICTaBIgeT COBOH COTeTAHIEe HOBOPOTA BOKPYT
OCHU BpAIIEHWA HA yTOT 27 /1 ¢ OMHOBPEMEHHBIM OTPAKEHUEM B IEHTPE CUMMETDUH.

VMeroTes MHBEpPCHOHHLIE OCH IePBOI'0, BTOPOr0, TPEThero, IeTBePTOr0 U IIeCTO-
ro nopsaka (0603HAMEHUA B MeX IyHapOoTHON cumBomuke — 1, 2, 3, 4, 6). Uusepcu-
OHHAf OCh HEePBOI'O HOPAIKa 1 PKBUBaJCHTHA meHTPy cuMmmerpuu C, a BTOporo 2 —
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mwIockocTn cuMMeTpun P. MHBepcHonHAS 0Ch 4 BCerga 0IHOBPEMEHHO ABIACTCA IIO-
BOPOTHOM 0CBI0 Ly (HO HE HA060pOT). UHBEPCHOHHAA OCBH 3 MOKET PACCMATPUBATHCA
KaK COBOKYIHOCTBb OT/EJIbHO AencTByoumx ocu Lz u uenrpa uasepcun C.

Kpome uMHBEPCHOHHBIX OCEU, B TOYEYHBLIX OMEPANUIX CAMMETPUH BTOPOLO PO-
& MHOTJA MOMB3YIOTCA TAK HA3BLIBAEMBIMU 3€PKaA.AbHO-TLOB0POMHKLIMUY OCAMU CUM-
MEMPUL, KOTOPBIE IPEICTABIAIOT COOOU COUETAHNE OCA CUMMETDPUN M OTPAKEHUS
B IIOCKOCTY CHMMETPUM, MEPHEHAUKYAApHON dTou ocu. OIHAKO B MEXK IyHAPOIHOU
CHMBOJIIKE 3TU OIE€PAIMY CUMMETPUU HE YKA3BIBAIOTCS, IOCKOIBKY BCE 3€PKAJIbHO-
[IOBOPOTHBIE OCH, BO3MOXKHBIE B KPUCTALIAX, MOXKHO 3aMEHUTH MHBEDCUOHHBIMY OCSI-
MU CHUMMETPUU.

[TOMHBIA CIMCOK TOYEYHBIX OMEPAIMU CUMMETDPUU U WX OOO3HAUEHUU MPUBEICH
B Tabmr. 1.3 [83].

COBOKYITHOCTE ONEPAIINU CUMMETPUH, OCYIIECTBICHHBIX O THOCUTEILHO KAKOU-TN-
60 TOYKH DEIIETKU, B PE3YILTATE Y€ro PEleTKa COBMEIIAETCA CaMa C COOOU, HA3bI-
BAaETCA MOueunot 2pynnot Wi KiaccoMm CUMMEMPUY KPUCTALIUICCKON PEIIeTKY.

B xauecrse npumepa paccMoTpuM ocu cumMerpur Kybudeckou pemerku (puc. 1.12).
Y kyba mmeercs:

— TpU OCH IeTBEPTOro MOpaaka (L4), IpOXOAAIITE IePE3 HEHTPhI PO TUBOIOIOK-
HeIx rpaen (puc. 1.12; a);

— 9eTHIpe OCU TPeThero nopaska (Li), KOTOpHIE ABIAITCA IPOCTPAHCTBEHHBIMY
nuaronaaamu kyb6a (puc. 1.12; 6);

— MIECTb OCel BTOPOro mopsagka (Ls), IpOXOAINUX Yepes3 CepeauHbl Iap IPOTU-
BOIOJIOKHEBIX pebep (puc. 1.12, 8).

a) 6) B)

Puc. 1.12. Ocu cuvmerpun KyOUIeCKOU PEmeTKH: () — OCU I€TBEPTOro Hopsaaka, 6) — Tpe-
TBEro, 8) — BTOPOro (IOKa3aHa OIHA U3 IIECTH)

Bce ocu cummMerpun kyba mepecekaroTcs B OQHOU TOYKE — B LEHTpe KyOa.

1.3.2. IIpocTpancTBEeHHbIE I'PYIIILI CUMMETPHUH

IMocTpoeHme pemeTKNn KPUCTALIA TyTeM TPAHCIAIUA SIEMEHTAPHOU AICUKA — DTO
HanbOJIee MPOCTOU MOAXON K PEIIeHUI TaHHOU 3agadu. OKa3agoch, 9TO BeCh KPU-
CTAJLI, B y3JaX KPUCTALINIECKON PEIIIETKI KOTOPOr0 HAXOIATCA EHTPBI ATOMOB O[T
HOT'O U TOI'O K€ COPTa, MOXKHO IIOCTPOUTD, UCXO 15 HE U3 BCeH AIENKM, & U3 €JUHCTBEH-
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HOT'O aTOMA, MOBTOPSA €ro IPU MOMOIIM ONEPAIMU CUMMETDPUN NPOCMPaHCMEEHH O
2pynnab.

B npocrpascTBeHHOU IpyIIe K 3JEMEHTAM CUMMETPUU TOYETHOU IPYIILL 100a-
BJAIOTCS Omlepanuu Tpaucasanui. Beero npocrpaucrsennasix rpynn 230. Ecau cucrema
TOYEK TPENCTABIACT cOOoU pemeTky Bpass, TO KaX Iy MOBOPOTHYIO OCh CHMMET-
pUU MOXHO 3aMEHUTb BUHTOBOU, 8 KAXKIVIO IIOCKOCTH CUMMETPUU — TLIOCKOCTBIO
CKOJIB3SIIEr0 OTPAXKEHUS.

K mpocrpanCTBeHHBIM DieMEHTAM CHUMMETPUU OTHOCSTCSA BUNHMOBLIE OCU CUM-
mempuu. BUHTOBBIE OCH cHMMeTpUM XapakTepu3yioT, HALIPUMED, PACIOIOKEHNE Ye-
IIIyeK eI0BOU MIUIMIKA. Y MINWILKA O€CKOHEIHOU JJIWHEBI ¢ PE3LOOU UMEETCS BUHTOBASI
0Ch CUMMETPHUHU OECKOHETHOTO TOPAIKA, 8 Y BUHTA C MIECTUTDAHHOU TOJOBKOU —
BUHTOBAsI OCh IIECTOr0 MOPAAKA. 110 aHAIOrUY C MPOCTHIMYA WHBEPCUOHHBIMU U 3€P-
KAJIBHO-TIOBOPOTHBIME OCSAME OCH CUMMETPUU KPUCTAIUIECKOU CTPYKTYPHI MOLYT
OBITH TOJIBKO TBOWHBLIMU, TPOUHLIME, Y€ TBEPHBIMU U MIECTEPHBIMU. PasniuaaoT npa-
8ble U Aesble BUNMOBble ocu. [/ IPABOM OCHU MEPEMEIIeHNe BIOIb Hee COMPIKEHO
C TOBOPOTOM TI0 JaCOBOU CTPEIKE, a I JeBOU — MPOTUB IACOBOU CTPEIKH.

BunToBbie ocu 0003HAYMAT MU(POUN, PABHOU MOPAIKY OCH C NOOABICHUEM WH-
nexca BHu3y (raba. 1.4) [83]. YacrHoe oT menenus nudpbl, CTOAMEN B UHAEKCE, HA,
[OPSITOK OCH [TAeT BEIWYWHY IIEPEHOCA BJIOJIb OCHU, BBIPAXKEHHYIO Uepe3 BJIeMeHTap-
HYIO TPAHCIALUIO BAOJAL >Tou ocu. [Ipobb B Tabm. 1.4 moxkaseiBaeT, HA KAKYIO JOJIIO
TPAHC/AIUOHHOTIO BEKTOPA ?, COBIIAJAIOIIEr0 MO HAMPABJIEHUIO C BUHTOBOU OCHIO,
CMEIIAETCSA TOYKA MOCIE MOBOPOTA HA COOTBETCTBYIOIINY YOI BOKPYT OCH.

Tabauua 1.4
CunmBou | [Topsagok ocu | Tpancasms XapakTepucTuka
21 2 1/2
31 1/3 IIpaBas
35 3 1/3 Jenas
4 1/4 IIpasas
4o 4 1/2 Bkao1gaeT ock cumMeTpuu 2-ro mopsaaka
43 1/4 JleBas
61 1/6 IIpaBas
62 1/3 IIpaBasi, BKiIIO9alomas 0Cbh CUMMETPUU 3-I'0 MOPSIKA
63 6 1/2 Brkao1vaeT och cumMmMeTpuu 2-ro mopsaaka
64 1/3 JleBast, BKIIOYAIONIAsA OCh CUMMETPUU 3-I0 MOPAIKA
66 1/3 JleBasa

Omnepamus TPAHCAAIUN YeTBEPHOU BUHTOBOU OChIO 4; mokasama uHa puc. 1.13.
Buzaso, 9T0 11 Hee Bo3MOXKHHI Tpaucuanuu 1'/4, T'/2, 3T /4, pe3yabraThl KOTOPBIX
MMOKA3AHBI HA MPABOM PUCYHKe TOYKaMu. [Ipm >TOM mOBOPOT BOKpPYTr OCH TPAHCII-
UM COBEPIIAETCS MO YAaCOBOU CTpeIKe. B mepBoM ciaydae OCYyIIECTBIAETCSI MOBOPOT
BOKpYT ocu Ha 90° u cMemienue Ha 1/4 TPaHCIIIMOHHOIO BEKTOPaA, BO BTOPOM — II0-
BopoTt Ha 180° co cMmemeHneM, COCTAB/AIONINM [IOJIOBUHY TPAHCJIALNN, I B TPETHEM —
noBopoT Ha 270° ¢ TpaHcasAnuen Ha 3/4 IIMHBEL BEKTOPA T.

Bropas oneparius CiMMeTPUE — N40CKOCMb CKoab3awe2o ompaxcenud. OHa KOM-
OWHUPYET OMEPAINI0 OTPAXKEHUA B COBOKYITHOCTY C TPAHCIAINEN BIOIL COOTBETCTBY-
IOIIEr0 HAIIPABJIEHUs W, HHAYE, CO CKOJIbXKeHueM. [Ipu 5ToM nepeHoc npousBoauTCs
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HA BEJWYUHY, PABHYIO MOJOBMHE Ilepuoia TpaHcuinuu a/2, b/2, ¢/2 mubo (a + b)/2,
(a+b)/4.

Puc. 1.13. Oneparnuu TPaHCIAIUA BUHTO-

e RN BOH OCBIO 41
~ o _’
T
L - % h AN
~ - 4
HJIOCKOCTI/I CKOJIB3AIIET0 OTPaXKEHUA C Tpa,HCJI}IILI/IefI GT% Ha3BIBAKOT KAUHO-TII0C-
rocmamu, a C TpaHCJIf{HI/IefI ET+b — NAOCKOCMAMU AAMA3HO020 CKOAbHCEHUA.

Taxum 06pa3oM, TPOCTPAHCTBEHHBIE TPYINEI ONPEICIAIOT TPUPOLY SJIEMEHTOB
CUMMETPUHU, CO3IAIIMINX KATCUOCKOM, PA3MHOXKAIOUINA XapaKTEPHBIN 11 CTPYKTY-
PBI MOTHUB. DTO TO3BOJIAET MOCTPOUTEH HE TOIBKO DIEMEHTAPHYIO AIEUKY, HO U BECh
nepuoaumaeckul kpuctamwt. CucreMa TOYEK, MOMLYIAMAICT U3 OTHOU TOYKHU IIyTEeM
[MOBTOPEHUS €€ BCEMHU HIEMEHTAMYU CUMMETPUU IPOCTPAHCTBEHHOUN I'DYIIIBI, HA3LIBA~
eTCA NPasUAbHOU cucmemot mouex.

Ecnu pasmuoxkaemas IpOCTPAHCTBEHHOU I'PYNION TOYKA HE JEXKUT HA SIEMEHTE
CUMMETPUU, TO TOBOPAT, UTO OHA HAXOAUTCI B 00ULEM NOAOHCEHUU, ECIU JEKUAT, TO
B UGACTHOM TLOAOHCEHUL.

|.4. O6patHan pelueTka

B ¢usuxe TBepgoro Tesa npu aHaIu3e MHOIMX ABICHUN ( A PAKIWs, TBUKEHUAE DICK-
TPOHOB B IOTEHLUAILHOM II0JIE, paccesHue (POTOHOB), CBA3AHHBIX C HEPUOANTIECKAM
PACIIONOKEHUEM TACTULL, BAXKHYIO U HOJE3HYIO POIb UCPAET 00PAMHAAL PEULEMKD.

O6parHas pemerka npeacTaBiier co00u yao0HYI abCTPAKIIUIO, MO3BOJISIONLYIO
MATEMATIIECKU MTPOCTO OMUCATH YCJIOBUA NPOTEKAHUA TOTO WM MHOTO ABICHUA B TBEP-
IOM KPUCTALIAIECKOM TeJe.

Mex 1y BEKTOpAMU DJIEMEHTAPHBLIX TPAHCIANAN U IIEPUOIAMEA OOPATHOU PEIIeTKH
CYIIECTBYET BIIOJHE ONPEIETCHHAS CBA3b.

[IycTe B KpUCTANLINIECKON PEIMIETKE HIEMEHTAPHASA AICNKA ONPEneaseTCsa TPeMs
SIEMEHTAPHEIMI TPAHCIAIIAMEA @ , ?, ¢ (puc. 1.14) [75]. [IpocTelmmuMu WIOCKAME
CeTKAMU SBJISIOTCA CAMU KOOPAMHATHBIE IIOCKOCTU. CeMenCcTBO MIOCKOCTEN, Hapaj-

gy

JeTBHBEIX BEKTOpaM b u ¢ (Wim, IpyruMum caoBamu, miockocTu cemeiictsa (100)),
—

MOKHO M300pa3uTh TOYKOU HA KOHIIE HEKOTOPOT'O BEKTOPA a*, MEpIeH INKYIAPHOTO

K DTUM TIOCKOCTAM. 34 JJIUHY DTOr'0 BEKTOPA MPUMEM BEIMINHY, 0OPATHYIO COOTBET-
CTBYIOLIEMY MEXKILIOCKOCTHOMY paccrosuuio digg = |Oay|. 3mecs |Oay| — npoekuus



1.4. Obpammnas pewemra

N
N
BeKTOpa @ Ha HOpMaab K miockoctu (100). Jnury BEeKTOpa ¢ MOXKHO ONpEAEJUTH
73 yCIOBUA
a® - |Oay| = 1. (1.1)

N
Kpowme Toro, BekTop a* oTKI1a16IBAET-

Cs1 BJOJIb HOPMAJIX K IWIOCKOCTH TaK, ITO-
OBI 1A HaOMIO qaTenda, CMOTPAIIET0 BI0Th
— —

oy

| m*

HAIpAB/ICHAA a*, BpamleHume or b K €
COBEpIIAIOCH IO YaCOBOU CTpetke. B Bek-
TOPHOM BHUE DTU YCJIOBUS 3aTUCHIBAIOTCA
TpeMs CKATAPHLIMEA TTPOM3BEICHUAMU:

— —— — *
— ¢
(a@*@)=1; (a*b)=0; (a*C)=0.
(1.2) 100
- -

[IBa nmpyrux BekTopa b* u c¢* ompene-

JISIIOT, UCXO/sl U3 CETOK Ha APYTIUX KOOp-
TUHATHBIX ILIOCKOCTSAX:

&

o

F
(&

n
NG
Sa Sl

Il
SNECH

1

s| 8]

N
Il

Puc. 1.14. K BbIBOAY CBsA3M MEXAY HapaMeTpa-
( 3) MU IPAMOUM U OOPATHOM PenIeToK

—~
~—
Il
<
—

— — —
IIpoenem Tpu BekTOpa a*, b* um ¢* M3 KaKOU-TMOO MPOUBBOJIBLHOU TOUKM, KOTO-

PYIO HA30BEM HAYAIOM KOOPAWHAT OOPATHOTO HPOCTPAHCTBA. TovedHas pemerka,
HNOCTPOEHHAA HA DTUX BEKTOPAX, ABIACTCA OOPATHOU PEIIeTKON A UCXOTHOU (mps-
MOU) PEIIeTKA KPUCTAJLIA.

ITycTs 06beM DJIeMEHTAPHOU AYEUKU MPAMOU PeIeTKu Vy,,, Toraa

|Oa;| = Va —— = L/’W ) (1.4)
[Lromane napanterorpamma (b ¢) { b ?}
OTKyZa B COOTBeTCTBUH € cooTHomenusamu (1.1)—(1.3)
177
a* = Vo (1.5)

YruIbl MEXIY KaxKIOW MapOd BEKTOPOB a_*>, ﬁ, & 06o3HaMM o, B*, v*. Oun
PABHEI 110 BETMIMHE IBYTDAHHBIM YIJIAM TPUSAPA, TOCTPOCHHOTO Ha BEKTOPaX @ , ?,
T, M MOT'YT OBITH BBIMHCICHEI U3 YIVIOB (v, (3, 7y MEXKIy BEKTODAME TIPAMON DelIeTKn
o popMyIam:
cos B cosy — cos

cosa® = - .
sin fsin vy
cos . cosy — cos 3
cos B* = - 7, , (1.6)
sin o sin 7y
. cosacosf —cosy
cosy* = .

sin asin 8
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(¢

iy
TPAHCIALAN ot , b c 06PATHOH peleTKY Napa/LIeIbHE BEKTOPaM @, b, ¢ IpAMOLL
peIeTKu u O6paTHBI um 10 BemmuuHe. K 3ToMy pesyabrarTy MOXHO NpuuTu u3 (pop-
myJsl (1.5). JelcTBUTEIBHO, B 9TOM CIydae 00beM DIeMeHTapHOU sdenku V., = abe,

ECJII/I B KpI/ICTaJ[.T[I/I‘IeCKOI/I peureTke BCe yIVibl IpAMBIE, TO BeKTOpBI 3JIeMeHTapHBIX
—

-7 —
a BekTopHoe npoussegenue [ b ¢ | = be. Hosromy a* = 1/a.
O6beM DIeMEHTAPHOU AYEeUKYN OOPATHOU PELUIeTKY PABEH:
1 1
V¥=a"b"¢" = — = —, 1.7
abc Vi, (1.7)
OTKy 2
Vﬂuv* =1 (18)

Taxum 06pa3zoM, 0OBEM DIEMEHTAPHOUN S9erKku 06paTHOU perneTku V™ ecTb Bean-
YuHA, O0pATHAA 00BEMY DJIEMEHTAPHOU AYEUKNA KPUCTALIA. JTO COOTHOIICHUE B
ercsa OOIUM U MPUMEHUMO KO BCEM KPUCTALIMICCKUM DPeleTKaM, B TOM FHUCIe U K
HENPAMOYT'OJBHBIM.

— — — —

Jlrobou sexmop obpammnot pewemxu r*grr = Ha* + Kb* + L¢* nepnenguky.is-
per mwiockoctu (H K L) mpAMOU KPUCTALIAIECKON DEMIETKH, 8 JJIWHA erO ABIACTCA
BEIMYUHON, OOPATHOU MEXILIOCKOCTHOMY PACCTOAHUIO:

1
dukr’

Nrak, npsavas u 06paTHAA SIENKU B3AMMHO CONPKEHbL. Ecim mis onucanus Kpu-
CTALIMIECKOU PEIIETKN BMECTO MPUHATOU BHAYAE BHIOPATH IPYLYIO DIEMEHTAPHYIO
AYEUKY, TO [JIA DJEMEHTAPHOU AYEUKUA OOPATHOU PEIIETKU MOMYIUTCA TAKKE APY-
ras IpyIna U3 TPEX BEKTOPOB, HO B IEJOM pelIeTKa, MOCTPOCHHAA TAKUM 00pa3oM,
OyAeT UIEHTUYIHA [IEPBOU. DTO CICAYET U3 MPAMOU CBA3U MEXKIY JIOOBIM BEKTOPOM
OMHOU PEIIETKN C OJHUM TOJIBLKO CEMEUCTBOM ILIOCKOCTEHN APYIOU BHE 3aBUCUMOCTH
0T KoOpmuHATHLIX Ocern. COOTBETCTBME MEXIY NBYMS PEMIETKAMM, UX B3AUMOCBA3D
HE 3ABUCAT OT BLIOOPA DIEMEHTAPHOU ATCUKH.

Pemerka, o6paTHas 0OpaTHON PEIIEeTKE, ABIAETCA UCXOMHON (IIPAMOU) PEIIeTKOM.

Kaxaem ysen [[HKL]]* o6paTHON pelIETKN COOTBETCTBYET CEMEHCTBY Hapal-
JIeIBHBIX IwIocKocTel (H K L) npsaMOn pelreTKi.

O6parHas pererka cama ABIAETCA (0 OTHOIIEHNIO K KOHKPETHOU perreTke Bpasa)
pemerkon Bpass. Tax, 1isg NPUMUTUBHOU KyOUIECKOW AIEUKM BpaBd CO CTOPOHOU
a 00paTHOU SBIAETCS NPUMUTHUBHAS KyOudeckas sdenka Bpaes co croponou 1/a.
O6paTHas K IPaHEIEHTPUPOBAHHON €CTh OOBEMHOIEHTPUPOBAHHAA PEMIETKA, & MPs-
MOU 0OBEMHOIIEHTPUPOBAHHON COOTBETCTBYET 00paTHAA MPAHEIeHTPUPOBAHHAL. DTO
yTBEpXK IeHrne OyIeT JOKa3aHO B OTHOU U3 3a0a4, MIPUBEICHHLIX B KOHIIE DTOU TIABHI.

THKL = (1.9)

|.5. MNpvHUMN NnoTHOM ynakoBku aToMoB

11 yCTOMYIUMBOCTU KPUCTAINIECKON CTPYKTYPBL HEOOXOAMMO YCJIOBAE MUHUMYMA
ee MOTEeHIUAJBLHOU SHEPruK. Peann3anuio sToro ycaoBus 00ecnednBaeT IO THENIIAL
VIAKOBKA CTPYKTYPHBIX €IUHUIl IPU UX MaKCUMaTbHOM cOmmxkenun. [lnoTHOymako-
BAHHBIMU HA3BIBAIOTCA PEIIETKM, B KOTOPHIX MpPU 33TaHHOM MUHUMAJILHOM PacCTO-
SHAW MEXAY Y3JaMU TOCTUTAETCS MAKCHMATIbHAS KOHIEHTDAIUA Y3JOB B €INHUIE
obbema.



1.5. Ipunyun naommotll ynakosKy amomos

ATOMBI 1 MOHBI OGOJBLIIMHCTBA XUMUYIECKAX DIEMEHTOB 00J1aJaioT ChEepUIecKon
cummerpuen. Ecin aToMbI IPEICTABATL B BUIE MAJILIX TBEPABIX HECKUMAEMBIX IIa-
POB, MeXK Iy KOTOPBIMU NEUCTBYIOT CUILI B3AMMHOI'O NPUTSKEHUA U OTTAJIKUBAHUS,
TO OCOOEHHOCTH CTPOEHUA OONBIIMHCTBA KPUCTANIOB MOMXKHO YCJIOBHO PACCMATPH-
BaTh KaK MPOCTPAHCTBEHHYIO YHAKOBKY Takux mapoB. [laper ykmagbiBaioTcsa Tax,
ITOOBI YIAKOBKA, 0012128 HAUOOABIIEN CUMMETPUEH U KOMIAKTHOCTBIO. DTO YCIO-
BUE BBIIOJHAETCS, €CJAU KaXK bl AP CONPUKACAETCA C IIeCThio mapamu. [lpu sTom
B ILIOCKOM CJIO€ KAXKABIU MIAD OKPYKEH LIECTHIO TPEYrOAbHBIMY JyHKaMu (IIycToTa-
MU), a Kax[Aas u3 JyHOK — Tpems mapamu (puc. 1.15) [54, 74]. O6o3nadum mapst
oyxBamu A, a mycrorsl — GykBamu B u C.

Puc. 1.15. [InoTHAas ynakoBKa IIapOB:
@) — IJIOCKUU CJOU WIAPOB OTMHAKO-
BOr0 pagmyca; 0) — TOT e CJIOH,
[IPEJCTABICHHBIA B BU/Ie CETKU, Y3IaMU
KOTOPOU SIBIAIOTCSA LEHTPHI TPEYrOib-
HBIX IIyCTOT, 00pa3yeMbIx mapamu A

Kaxpas w3 mycror tuna B u C okpyxena Tpems mapamu, CJIeJ0BATEIBHO, KaXK-
IOMY M3 dTUX TPEX IAPOB OHA IPUHAJIEKUT HA OLHY TPETh. SHAYUT, HA KAKIBIU
Iap IPUXOTUTCS % -6 = 2 mycrorsl. Ecan yknaasBaTh CIeIyOMUNA CJIOU IIAPOB, TO
X MOXKHO PACIOJAraTh TAK, YTOOBI KAXLIU A CICIYIOMIEro CJAOs Jer Obl B JIyH-
Ky, OOpa30BaHHYIO TpeMs coceaHuMHu mapamu. I[0OCKOIbKY TpeyroJbHBIX MyCTOT B
IBa pasa 0OJBIIE, YeM IIAPOB, TO CASTYIOUIUA CJAOU MOXKHO PACIOIOKUTE IBYMS CIIO-
cobamu: au6o B yraybaenusx B, au6o C. Takas cuTyanus BO3HUKAET IPU YKJIATKE
KaxKJOT'0 CJIEAYIOLIEro CJI0s, CJAe[OBATENBHO, CYyIIECTBYeT OECKOHETHOE TICJIO BO3MONK-
HOCTEHU YIIAKOBLIBATH LIAPKI, IPUYEM KayKJIOU M3 HUX TOJKHA COOTBETCTBOBATH OTHA
U Ta e IWIOTHOCTH 3aIlOMHEeHUsA MPOCTpaHCcTBa mapaMu, pasHas 74,05 %.

OnHako cpenu OOJIBIIOrO YUCIA PEATBHBIX KPUCTALIMIECKUX CTPYKTYD TUCIO
TaKUX YIIAKOBOK OrPAHUYEHO. lale BCero BCTPEIAIOTCA NAOMHEUULASL 2eKCA20HAMb-
nas (puc. 1.16) u naomuetiwasn xyouueckas (puc. 1.17) ynakopku. B rexcaronanbron
wioraoynaxosaruou (I'ITY) crpykrype cion B nosepayT za 60° oTHOCHTEIBHO CaI0sT A.
IMocaenoBaTenbHOCTE yKAAIKA B oToun cTpykType ABABAB... mwm ACACAC. ...
B xy6udeckon ynakoBKe CJIOM PACIONArAI0TCA MEPIeHIUKYIAPHO HampasieHuo [111]
B rpadenenTpuposanton kyoudeckou ([IK) pemerke u depenoBanue CJI0EB mMeeT
sug ABCABCABC. ...

[lis MCIOMB30BAHUS TIPUHIUINA IOTHOU YIAKOBKYU B KAYECTBE MOAEIA CTPYKTY-
PBI KPUCTAJIOB HEOOXOAUMO YIUTHIBATE YUCIO U BUI MTyCTOT, OKPYKAIOIINX KAXK IBIN
aTroM. B mrmockom ciroe Ha map IPUXOIUTCSI ABE TPEYTOJbHBIE IIyCTOTHI, B IPOCTPAH-

0 /list onmcanus reKCaroHATLHBIX KPUCTALIOR MPUHATO MOJb30BATHCA TETHIPEXOCHOW CHCTEMON KO-
OpAUHAT, BBOAS AOIOJIHUTEIBHYIO OCh U, KOTOPas COCTaBIAeT paBHble yrasl (120°) ¢ ocamu ¢ u y u
napamenabaa ocu z. CUMBOJIBI HAIIPABICHUN B 9TOM CIy4ae 3aLal0TCA YeTHIPbMS UHAEKCAMU [mnip].
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CTBE KaXK IBIN AP OKPYKAIT MyCTOTHL IBYX COPTOB: TETPAIIPUIECKUEC U OKTAD [PU-
JecKue.

[111]
[0001]
A

N

A |/

6)
Puc. 1.16. I'ekcaronaib- Puc. 1.17. KyOwdeckas IIOTHasA ymakoOBKa: a) — yma-
Has IUIOTHEMIIAA YIAKOBKA, ! xoBka mapos B ['IIK-cTpykrype; 6) — Kybudeckas rpa-

HEINEHTPUPOBAHHAA DIEMEHTAPHAA AICUKA,

Ecau TpeyroibHyo mycTOTy IIOCKOTO CJI0A NPUKPLITH CBEPXY TPETBUM IIAPOM,
TO MyCTOTa B 0O0MX CJIOAX OKA3LIBACTCA OKPYKEHA, ICTHLIPbMA MIAPAMHU, HEHTPLI KO-
TOPBIX OOPA3YIOT NPABUIBLHBIN TETPadAp. Takas MyCTOTa HA3bIBACTCA MeEmpaddpuue-
ckoti (puc. 1.18, a). Ecau xe TpeyroabHasA IMyCTOTa BTOPOrO CJIOS MIAPOB HAXOUTCS
Ha IyCTOTOU MEPBOrO CJOS, TOAA BO3HUKAIOIIAA IPU DTOM IIyCTOTA OKPYZKEHA
IIECTHIO MAPAME, PACIOIATAIOIIUMUCA 110 BepumHaM okTadapa. CoOTBETCTBEHHO ITy-
croTy HasblBalOT okmasdpuueckot (puc. 1.18, 6). (Ha puc. 1.18 B Buge mapoBbix
CerMEHTOB MOKA3aHbI YaCTHU IIAPOB, HEMOCPENCTBEHHO OOPA3YIOUMe NAHHBIE BUIBI
IyCTOT.)

Puc. 1.18. IIycTOTEI B IIOTHON yIAKOBKE IIAPOB: () — TETPAdAPUIECKas; 0) — OKTadgpude-
CKas MyCTOTHI (IIApbl HUKHErO CJOS 3aIITPUXOBAHLL) [74]

Yucno TeTpad ApUYeCKUX IyCTOT B INIOTHENIIEN YIIAKOBKE B [BA pa3a OOJIbIIE YuC-
Ja okTadapuieckux. /[JokaxeMm >T0 yTBepxk aeHre. Kax gasa okTap IpuiecKas ImyCcToTa
OKPYKEHA B MPOCTPAHCTRE MIECTHI0 ATOMAMU, 8 KAXK BN ATOM OKPY¥KEH IIECTHI0 OK-
Tap IPUIECKUMU TycTOTaMu. TakuMm 00pa3oM, Kaxk Iasa Takasd MyCTOTa IPUHAIICKUT
TAaHHOMY aTOMy Ha % U, CIEJOBATENBHO, HA KAXKIBIA ATOM MIPUXOTUTCA 6 - % =1



1.6. IIpumepovr Npocmvis KPUCMAAAUYECKUT CMPYKMYD i\)

okTazapuieckas myctora. C Ipyrou CTOPOHBI, KAXK BN aTOM OTHOBPEMEHHO OKDY-
JKEH BOCEMBIO TETPAdAPUICCKUMU [IyCTOTAME,  KAXK s U3 HUX OKPYKEHA, Y€ ThIPbMSI
aromamu. CrefoBaTeNbHO, HA KAXK IBIM ATOM MIPUXOJAUTC 8 - i = 2 TeTpadIpUIeCcKue
yCTOTHL.

[Joast mpoCTpaHCTBA, 3aHUMAEMOIO ATOMAME DJIEMEHTAPHOU SYEUKU OT 00beMa
YUK, HA3BIBACTCA K0IPPUYUEHMOM YNAKOSKY 1) = V“?/M [%)], rae Vi — o6bem,
3QHIMAEMBIH ATOMOM, Mgy, — KOIUIECTBO ATOMOB, IIPUXO IAMAXCA Ha DIEMEHTAPHY IO
AIEUKY, Ve, — O0OBEM DIEMEHTAPHOU ATCUKH.

Baxknon xapakTepuCcTUKON KPUCTALINIECKON CTPYKTYPhL ABIACTCA K00POUH AU~
OHHOE YUCAO T, KOTOPOE PABHO UUCIY OMUKAUIIUX COCENEN, OKPYKAMIINX TAHHBIN
arom. Hampumep, B KyOUYIECKON U TMeKCATOHAJBHOW TUIOTHHIX YIAKOBKAX 1 = 12,
a kodppunmenTt ynaxkosku n = 74,05 %. B kybwaeckon 0O6BEMHOIEHTPUPOBAHHON
crpyktype n = 8, n = 68,1 %.

B Momenn mIoTHOYNAKOBAHHOU CTPYKTYPHI CYIIECTBYET BO3MOKHOCTD PA3MEIIIE-
HUs MEXKIY OCHOBHBIMU QTOMaMU aTOMOB MEHBIIIErO pa3dMepa Tak, ITOOBI OHU Kaca-
JIUCH OKPYKAIOMIUX ATOMOB. ECIu NPpUHATL PAAXyC OCHOBHOIO IIAPA 34 €IUHHUILY, TO
PAAMYCBI MIAPOB, KOTOPBIE MOXHO PA3MECTUTb B TETPAdAPUUCCKUX U OKTadIAPUUIE-
CKHUX IIyCTOTAaX, COCTABIAIOT coorBercTBeHHO 0,22 u 0,41.

[IpuHIMI WIOTHON YIAKOBKU ATOMOB MI'DAET BAXKHYIO POJb B ONPEIEJEHUN TUIA
KPUCTALIMIECKUX CTPYKTYP PA3IUYHBIX KJIACCOB BEIIECTB. DTOT IPUHIUI OIIpPene-
JIAET KOH(PUTYPAIINIO JACTHUI B TEX CIYIAAX, KOTTA MEK Y HUMU TEUCTBYIOT HEHACbI-
UWEHHBLE YT HEHANPABACHHbIE CBA3U. B DTUX CIydasx dHEPTEeTUIECKU OOJEe BHITOIHLI
CTPYKTYPBI C BO3MOXKHO OOJBIMUMY KOODAUHAIMOHHBIMU uncaamu. C TOYKEU 3pe-
HUs IUIOTHEUIIEN YIAKOBKU, HAIIPUMED, OCOOEHHO MPOCTO OMUCHIBAIOTCA CTPYKTYPHI
OKHCJIOB CyJIb(UIOB U TAJIOTE€HUJI0B, OCHOBY ILIOTHEUIIEN YHAKOBKU B KOTOPBIX CO-
CTABIAIOT KPYIHBIE AHUOHBI KUCJIOPOMAA, Cephl U rajoreHoB. KaTuowsr, Bxogsamue B
KPUCTANLT, PACIPENENAITCA B MyCTOTAX TUIOTHEUIIEN YITAKOBKU MO ONPEIEJEHHOMY
CUMMETPUIHOMY Y30DY.

|.6. prMepbI NPOCTbIX KPUCTANNIMHYECKUX CTPYKTYP

CTpyKTypa KpUCTALIA — DTO KOHKPETHOE DACIOJOKEHNE IACTUI] B TPOCTPAHCTBE.
OnuceiBasg CTPYKTYpy, HEOOXOAUMO YKa3aTh BUI U Pas3Mep UaCTHUIl, a TAKKE pac-
CTOAHUSA MeX Iy HUMU. ECIM BelecTBa KPUCTALIUZYIOTCA B CXOAHBIX APYT C APYTOM
pEIIeTKAX, TO TOBOPAT, YTO OHU OTHOCATCI K OJHOMY CMpyKmypromy muny. Y Kpu-
CTAJLIOB, MPUHALIEKAIIUX K OTHOMY CTPYKTYDHOMY THUILY, DJEMEHTAPHBIE SYEUKU
OIMHAKOBBI ¢ TOYHOCTBIO A0 mMOom00ua. OmuireM HEKOTOpbIE HAUOOJee TacTO BCTPE-
JAOIMecs CTPYKTypHBE Tumbl [27, 83].

OneITHEIE TaHHBIE TTOKA3BIBAIOT, 9TO H04YTH 80 % METALIOB KPUCTALIA3YIOTCA B
00BEMHO- U TPAHEIEHTPUPOBAHHLIX KYOUYIECKUX, 8 TAKKE B MEKCATOHATLHBIX IIOT-
HOYMAKOBAHHBIX PEIIETKAX.

Meramier ¢ I'IIK-pemerkon orHocaTca K cmpykmypnomy muny medu. K mum
OTHOCATCS, HATTPUMED, 30J0TO, CEPEOPO, HUKETb, AMIOMUHIN, KAJbIIUN, CBUHEI], (-KO-
GanbT U Op. Bce »TM MeTaNIBl CPABHUTENBHO MACKWE, MIACTUYHLIE, JECKO 00pa-
bareBaoTca. CTpyKTYypou Tuma Menu oOJaTal0T HEKOTODPHIE TBEPABIE PACTBOPHI,
Hanpumep TBepAbil pacTBop Meau B 3oioTe (Cu-Au), a Tak:Ke MHOIME TaK HA3BIBAE-
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Mble mHTepMeTamindeckue coequuenusa AuSb, ZrH, TiH u t. 1. ATombl B BermecTBax
CO CTPYKTYPHBIM THUIIOM MeIU PACIOIATAIOTCA B BEPIIMHAX U IEHTPAX IpaHen Kyba
¢ pebpamu, PAaBHBIMU IO JIUHE MEPUOLY dJIeMeHTapHou sienku. Ha anemenTapHyio
a9enKy npuxogurcsa 4 aroma. Kaxapim arom okpyxkeH 12 OaumXalIyMy aTOMaMHu,
T.e. KOOpIUHAIIMOHHOE 4ucao n = 12. CTpykTypa XapaKTepusyeTcs JIOTHEUIen
KyOuaeckou Tpexciaonnou ymakoskou ABCABC. .. .

OIIK-cTpykTypa XapakTepHa I Cmpykmypro20 muna 8oavb@pama. K sromy tu-
Iy KPOME CaMOro BOJAb(PPaMa OTHOCATCS TYTOILIABKUE METAJLILL: XPOM, BAHA UM, MO-
aubaeH, HuoOuM, TaHTal, S-KOOAAbT, -2KEeJIe30 U Apyrue. ATOMBI pacromararTcs o
BEPIIMHAM U B IIEHTPE AUYCUKH, T. €. HA AICUKY TPUXOIUTCA 2 aTOMa. ITa CTPYKTYPa
HE OTHOCUTCA K IIOTHOYMAKOBAHHBIM. KOOD IMHAIIMOHHOE TUCJIO IJIsI CTPYKTYPHOT'O
THna BoabppaMa coOCTaBLICT 8. PacCcTOAHIA MeXK Iy aTOMAMU PABHBI a\/§/2, rme a —
[EPUO DIEMEHTAPHON AIEUKH.

[pyrou CTpyKTYPHBIU THUIl, XaPAKTEPHLIN I HEKOTOPBIX METALINICCKUX KPU-
CTALIOB, — TNUN Ma2HUA, 00T AN NeKCAIOHAJILHON DIEMEHTAPHON adenkon. K
2TOMY CTPYKTYPHOMY THUIY OTHOCATCS, HAMPUMED, KAIMUN, OCPUIIUN, TaLIUN, THU-
TaH, HUKeJIb U 1Ip., uaTepMmerammndeckue coequuenus, AgCd, AuCd, CuCds u . 1.
DJIleMEeHTAPHAA AYeUKa MOCTPOEHA HA TPeX TPAHCIALUAX, IBE U3 KOTOPBLIX JEKaT B
IUIOTHOYTIAKOBAHHOM CJIOE ATOMOB U COCTABISAIOT MeXny cobou yrom v = 120°, a
TPeThs HEePIeH TUKYIAPHA DTOMY (JI0I0. B KpucTamiax, MMeoIuX CTPYKTY PHbIA THI
MarHug, Ha DIEMEHTAPHYI AYeNKy TPUXOAUTCA 2 aToma. KaxX I aToM OKpPYKeH
12 Gaumxanmvu aroMaMu: 6 B TOM ¥Ke CI0€ U 3 B COCEIHUX CJIOAX CBEPXY U CHU3Y.
CaeoBaTEIBHO, KOOP IUHAIMOHHOE YUCI0, XaPAKTEPHOE U JAHHOT'O CTPYKTYPHOIO
Tuna, n = 12. B ugeatbHbIX WIOTHOYIAKOBAHHBIX MEKCAIOHAJIBHBIX METALIAX OTHO-
LIIEHUE BBICOTHI DIEMEHTAPHOU SYEUKU ¢ K PACCTOSHUIO (¢ MEXK Ty COCETHUMY ATOMAMU
paBuo 1,633, XOTs caMu TEPUOIBI ¢ U ¢ I PA3HBIX BEIIECTB PABIUIHBI.

MHuorue meso9YHO-raJTON IHBIE KPUCTAJIBL OTHO-

~ CATCA K cmpykmypromy muny kamerwnot coaw NaCl

(puc. 1.19). Kpynusie uonsr Cl (anuonsr) o6pasy-

0T KyOM4IeCKyIo IIOTHENIIY 0 YIIAKOBKY, B KOTOPOU

BCE OKTaD IPUIECKUE [IyCTOTHI 3aCETEHBI KATUOHAMUI

C ) Na. Terpasapuieckue IyCcTOTHI HE 3aIOJHEHEL. [l

crpyktypsl NaCl koopausannonsoe duciao n = 6

( s 060UX COPTOB ATOMOB, T.€. KaXKIbld aToM Na
okpyxen 6 aromamu Cl u HAO60POT.

Kosdpuuumenrt ymakosku B crpykrype NaCl —
n = 52,3 %, T.e. OKOJIO TOMOBUHEI 0OBEMA, AICHKA

() MPUXOIUTCS HA MyCTOTHI MeX 1y aromamu. [lepuon

® . O ol sueitkn NaCl — a = 5,64 A. Pemerky Takoro tu-

a4 MOYXKHO PACCMATPUBATH KAK COBOKYITHOCTH ABYX

Puc. 1.19. Crpykrypa NaCl PPAHELNEeHTPUPOBAHHBIX PEIIETOK, CMEIIEHHBIX IPYT

(kaMeHHOU COuTH) OTHOCUTEJIBHO JApyra Ha 1/2 OpoCTpaHCTBEHHOU

IUATrOHAN Ky0a, KaX,1asg U3 KOTOPBIX COMEPKUT MO~

HBIL quins 0gHOro 3uaka. Crpykrypaeiv TunoMm NaCl xapaxTepusyroTcs, HanpuMmep,
OKMCJIBL Iepexo HbIX neMenTos: tutasa (Ti0), xkexesa (FeO), nuxens (NiO).




1.6. IIpumepovr Npocmvis KPUCMAAAUYECKUT CMPYKMYD

Ha puc. 1.20 u 1.21 uzobpaxena cmpykmypa cyab@uda yunra ZnS. DTUM CTPYK-
TYPHBIM THUIIOM XapaKTEPU3yIOTCsS MHOI'Me OMHADHBIE COequHeHus (HampuMep apce-
aug rawmsa GaAs, okucek nuaka Zn0). B npupoge ZnS Berpedaercs B ABYX MOAU-

pukanuax:

1. Obviunas yunkosas obmanka, wi cgasepum (puc. 1.20), umeer B OCHOBE Ky-
OWYECKYIO0 YIAKOBKY QHWOHOB IIMHKA 71N, ONHA TOJOBUHA, TETPAdAPUICCKUX MYCTOT
KOTOPOU 3aHATa KaTuoHamu cepbl S. CTPyKTypy cdasepura MOXKHO OMUCATH KAk
nee 'IK-pemreTkn — cepbl U MUHKA, CMEIIEHHBIE APYT OTHOCUTEIBLHO IPyra Ha te-
TBEPTH IPOCTPAHCTBEHHON [UATOHAIN KyOa.

Puc. 1.20. Crpykrypa cdanepura

2. TekcaronaabHas MOIUDUKAITAST —
sopyum (puc. 1.21) — umeer B OCHO-
Be IIOTHEUIIY0 [eKCArOHAIBHY IO yIIa-
KOBKY aHHOHOB CEPHI, & KATHOHEI IIUH-
KA 3QHIMAIOT [OJIOBUHY TETPadIpHie-
CKIX IIyCTOT.

CTpykTypa MMHKOBOH OOMAaHKIN
UACHTUYIHA CTPYKTYPE aIMa3a, eClu B
HEIl aTOMBI LMHKA U CEPbl 3aMEHUTH
aromamu yriuepoga. K crpykryprHOMy
THUITy aIMa3d OTHOCATCS, HAIPUMED,
apceang ramima (GaAs) (puc. 1.22),
kpemuun (Si), repmanun (Ge).

[lepevncieHHEIME CTPYKTYPHBIME
TUIAMYU, KOHEYHO, HE MCYEPIBIBACTCH
Bce mx MHOroo6pasue. Bosee momHO
C DTUM BOIPOCOM YHTATEIb MOXKET
O3HAKOMUTBLCS B yIeOHUKAX IO KPH-
cTajIorpaduu.

® 7, OS

Puc. 1.21. Crpykrypa BIOpOHUTa

Puc. 1.22. Crpykrypa apcenuga rawmsi GaAs [2]
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|.7. Monumopdusm

Croco6HOCTE HEKOTOPBIX BEIIECTB CYMIECTBOBATH B HECKOJIBKUX KPUCTALIMICCKUX
dazax, OTIUIAIOMUXCA APYT OT APYTa MO CUMMETPUU CTPYKTYPHI U II0 CBOMCTBAM,
Ha3BIBACTCA Noaumoppusmom. Kaxnas us rakux pasz — noaumopduas modupura-
Yus — CTAOUIBbHA B ONPEIEICHHON 0OJACTH TEMIIEPATYD W NABJICHWUN, 33 IIPEIeTaMu
KOTOPBIX HAOMIOAAETCA (PA3OBLIN IIEPEXOT — IPOIECC MPEBPAIIEHAA OTHON MO 1du-
kauu B 1pyryw. CKOpOCTh IpOTeKaHusa (pa3oBOrO MEPeXOga ONPEIETIAETCI HEeIBIM
paAnoM GaKTOPOB: TEMIEPATyPOU, TABJICHIEM U T. 1.

HawubGonbimee 1ucio moamMopdHbix MoAupUKALUEA 06pPa3yoT yraepo (13 IpOCThIX
BEIIECTB) U OKCUJ KPeMHUs (M3 CIOXKHBIX).

Hexomopuie noaumopduvie modudurayuu yeaepoda [83]

Asamaz (puc. 1.23) umeer HEIVIOTHOYIAKOBAHHYIO CTPYKTYPY, IIe KaXK LI aTOM yIJe-
PO/ia OKPYKEH YeTHLIPbMs TAKUME K€ aTOMAME, PACIOIATAIOMMMECA 10 BEPIIXHAM
TeTpaspa, MO3TOMY KOODAUHAIMOHHOE YUCIO N = 4. ATOMBI yriepoga 3aHUMAIOT
Bee yaiabl ['IIK-avenku, a TakKe HEHTPLL TOJOBUHLI OKTAHTOB, HA KOTOPBIE MOXKHO
pa3buTh Ky0, IPUIEM 3AMOJHEHHBIE U HE3AMOMHEHHBIE OKTAHTH YePEeAYIOTCA B IIaX-
MATHOM MOPAIKE: PALOM C 3aMOJHEHHBIM OKTAHTOM — HE3aTMOJHEeHHBIN, IO HE3AMOI-
HEHHBIM — 3AIOJHEHHBIU. B CTPYKTYPHOM THUIIE aJMa3a TEHIEHIUs ATOMOB yIVIEPOIA
06pa30BLIBATH HAIIPABJICHHBIE CBA3U CTOAb BEICOKA, YTO AJIMA3HAsA CTPYKTYPa OKA3bI-
BaeTcs 60see DPHEPreTUYeCKN BBINOMHOU, HEXKEIN IUIOTHOY TAKOBAHHAS.

I'pagum (puc. 1.24) cymecrByer B AByX MOAMDUKALUIX — [EKCATOHAJILHOU U
pombosapudeckon. [ekcaroHaabHas MOIUMUKALIUA TEPMOAUHAMUYECKN YCTOUIUBA
npu remneparypax muxke 1000 °C. Crpykrypa rpadura ciao-
uCcTasg, TPUIEM KaXKIBIN U3 YepeqyIOUInXCsa CI0EB MOCTPOEH
M0 OJHOMY ¥ TOMY XK€ BAKOHY M3 TIeKCATOHAJIBHBIX s9e-
ek. Kaxnpn CIOM CMEIeH [0 OTHOIIEHWIO K ABYM APYIUM
COCEHUM CJOSIM HA IOJOBUHY OOJIBIION [UATOHAIN I'e€KCATO-
Ha. [TopToMy CTPYKTypa ABYXCJIOMHAS C 9€PEIOBAHUEM CIOEB
ABABAB.... B bieMeHTapHOU A9eHKe COAEpKUTCA 4 aTo-
ma. Kparuaiimee mexaroMmuoe paccrosuue B cioe 1,41 A, u
HA DTOM PACCTOAHUU KAXKILIU aTOM YTJIEPOIa COCEICTBYET
¢ TpeMs apyrumu. Kpardanimee paccTOSHHE MEXIY CJIOs-
vy 3,347 A, u y HEKOTODBIX ATOMOB HA TOM DPACCTOAHHM
Puc. 1.23. CrpyxTypa HaXOAWTCA 2 cocela, a y APYTHUX uMeeTcsa 12 cocemen Ha
amvasa (ipyza 060ma- paccrosuuu 4,151 A. CrpyxTypa rpadura SBIAETCA MPUME-
HeHbL ATOMb YIEpO12) POM CJIOMCTOU CTPYKTYPBI: MEPUOALI DPEIIETKUA TO OCA ¢ U

[0 OCAM, JIEXKAIIUM B INIOCKOCTU CJIOEB, PA3IMIAIOTCA OYCHb
cuIbHO. BHYTpPU /1051 0EMCTBYIOT MPOYHBIE KOBAJIEHTHBIE CBA3M, MEXKIY CJIOAMUA —
crabble BaH-IEP-BAAJIBCOBBL CBA3U. B KpuCTALIAX CO CIOUCTOU CTPYKTYPOU OYEHBb
CUIBHO pazandue (GU3NICCKUX CBOUCTB BAOJL W TOMNEPEK ILIOCKOCTeN CaI0eB. Tak,
B rpaduTe IeKTPOIPOBOTHOCTL BAOML CI0eB B 10° pa3 Gomblne, 4eM B MmOIepet-
HOM HampasJeHuu. BeaencTBue CIoucToCTH CTPYKTYPBI KPUCTAWLIBL TPAPUTA, JEIKO
1edOPMUPYIOTCS CMELMIEHUEM OJHOTO CJIOS OTHOCUTEJIBHO APYroro, YTO MO3BOAET
OPUMEHATHh MPAPUT B KAIECTBE CMA3KU, MPUQEIeH KAPAHIAIIEH U IP.

Cuoco6HOCTL aTOMOB yIVIEPOJa OOPA30BBIBATH CTPYKTYPHI B BHUAE CETOK SPKO
IPOSB/ISETCS B TAKAX MHTEPECHBIX 00BEKTax, Kak (ysiepenvt. Kak yxe ObLIO CKa-

I\

- @




1.7. Hoaumopdusm \)

34HO BBINE, (PY/IEPEHBI MPEACTABIAIOT COOOM CEMENCTBO MAPOOOPA3HBIX MOJICKY.JI,
COMEPKAIMX PA3IUIHOE IUCIO ATOMOB yriepoaa. X MOBEpXHOCTb COCTOUT U3 CO-
IPUKACAIOMUXCA MECTUYTOJIbHUKOB (IMeKCasAPOB) U MATUYTOIbHUKOB (IEHTAOHOB),
B BEPIIMHAX KOTOPBIX PACIOIAraOTCA aTOMBL yriepoaa (puc. 1.25, a).

Puc. 1.24. Kpucrammmieckas pemerka
rpadura [52]

=== — —

HauGomee m3y<eHsl CTPYKTypa, CBOMCTBA U TeXHOIOruWsA nonydenus dpymaiepera Cgo,
kKoropein cocrour u3 20 rexcasapos u 12 menraronos [28, 98]. Aromsl yriepoga
B BEPIIMHAX MHOIOYT'OJbHUKOB COEIMHEHBI KOBAJTEHTHBIMU CBA3AMU, IPUIEM KAXK I
ATOM B MOJEKY.Ie CBS3aH C TPeMsa COCEIHHMHI aToMaMmm ofHoi xoporkon (1,39 A)
w geyma pmmEEbiME (1,493 A) casavm.

CZ4

Puc. 1.25. Kpucraminieckue Moaudukamuy yriaepoa: a) — Mouaekyuasl dymmiepena Cogq u Ceos
6) — onHOCIOMHAA HAHOTPYOKA [52]

[lenTp MoeKyIBL PysLIEpEHa IpEACTABIAET COO0U CBOOOMHYO chepy (mopy), B KO-
TOPOU MOT'YT Pa3MEIIATHCA ATOMBI IPYTHUX daeMeHTOB. OHUM UTPAIOT POJIb JETUPYIO-
mmx npumMeced. B py/epenax 60/bMKMX pa3MepoB MOIY T Pa3MeIIaThbCs, B YaCTHOCTH,
Iaxke MOJEKYJIbI IpYyrux (py/AIepeHOB MEeHbIuX padMepoB. Kpome Toro, aroMber mpu-
MeCel MOI'yT 3aMelIaTh aTOMBI yIVIEPOIa HA IOBEPXHOCTH MOJEKY.I.

IIpakTuvyecknu UHTEPEC MPEACTABIAIOT (DPY/LIEPEHBI B KPUCTALIXIECKOM COCTOSM-
HUU, KOTOPHIE MPEICTABIAIT COOOU €IIe OJHY TOJUMOPMPHYIO MOIUDUKAINI yIIe-
poaa. B sprom ciaydae orm mOocAT HasBauue @yagaepumer. Hanpumep, dymreput Cgo
npu remueparype 300 K obranaer rpaHeneHTpupOBAHHON KyOUYIECKOU PEILIeTKOU, B
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y3JaX KOTOPOU Pa3MEIIeHbl MOJEKYIbI (py/iepena. Mex 1y dTUMI MOJEKYJIaMu B Pe-
LeTKe AeUCTBYIOT Ci1abble BaH-AeP-BAAIbCOBBL CBs3u. C MOHMIKEHUEM TeMIEepaTypPh
o 255 K npoucxonutr npespamenune 'IIK-pemerku B npocryio kybuueckyo. Dyiure-
put Cgp OPOSABIIET MOSYNPOBOJIHUKOBBIE CBOUCTBA, IPUYEM ATOMBL IPUMECUA MOLYT
UIPATh B HEM POJIb TOHOPOB WIK AKIEITOPOB.

Baxuenee 3HadeHre B HACTOSIIEE BpeMs NPUOOPETAIOT HAHOPAZMEPHbLE Yeae-
poduvie mpybru (COKpaImeHHo — narompybry). [lo MexaHU3MY CBOEr0 0OpPA3OBAHUA
OHM Omu3KM K (y/aepeHaM. B mpocrenmeMm caydae HAHOTPYOKY MOXKHO MPEICTa-
BUTH KaK CBEPHYTHIM B IWIMHIP JUCT rpaduTa TOMIAHON B OTUH ATOMHBIN CJIOU
(puc. 1.25, 6). B orauaue or dymarepena, aroMbl yriepoia B HAHOTPYOKe Paciovio-
JKEHBL TOJBKO B BHJ€ COIPUKACAIIMXCS MIECTUYyrONbHUKOB. Ha KoHIax HaHOTPYyOOK
06pA3yIOTCSA (IANOYKIY KOHUIECKOU win chepudeckon ¢popmbl. Hanorpybku moryT
OBITH KaK OJHOCIOUHBIMU, TAK W MHOT'OCJOUHBIMU, UMETH PA3JUTHBIA TUAMETP U OT-
JUIATHCA PA3MEIEHUEM MIEeCTUYTOJBHAKOB TI0 LIUHE TPYOKU. MHOTOCIONHEBIE TPYOKI
0OLITHO UMeoT BHemHu quameTrp 40-50 A u cocroar u3 BerapreHHBIX OJHA B APY-
ryo TpyOOK MEHBIIEro nuaMeTpa.

Oo6aacTu >PpHEeKTUBHOTO NpUMEHEeHUs (PYLIEPATOB U HAHOTPYOOK HAXOIATCA Cel-
4ac B CTAIUU AKTUBHOI'O U3y IeHus. VIMerTCs IPOrHO3hL, 10 KOTOPBHIM DTU MaTEePUAJILI
OyayT uMeTh OOJBIIOE 3HAYEHNE B 0OJACTH JIEKTPOHUKM, MAIIUHO- 1 IPUOOPOCTPO-
eHUs, MEIUIUHLL U B Apyrux obmactax. Ocoboe 3HAYEHUE 3[1€Ch MOXKET UMETb UC-
MOJIB30BAHUE (PYJIEPEHOB /s TIOBBIIEHUA OLICTPO IENCTBUSA 2IEKTPOHHBIX TPUOOPOB,
peIHA3HAYEHHBIX 111 PAOOTHL B YCIOBUAX BEICOKUX TEMIEPATYP, & TaKkKe s CyIe-
CTBEHHOT'O TOBBINICHNUS TEILIONTPOBOIHOCTH, KOTOPOE HEOOXOIMMO A TATLHEUIIen
MUHZAATIOPU3ALUN 3IeMeHTOB nHTerpaitbHbix cxeMm. llupokoe ucnonp3oBanme B Me-
QUIIMHE CBA3aHO C XOPOIIEU COBMECTUMOCTBIO (PYIEPEHOB ¢ TKAHAME IEJI0BEIECKOIO
opraum3ma. HaHOTpyOKH 00Ma1aI0T XOPOUIUMEI MEXAHUIECKAMU CBOUCTBAMU U TIEP-
CTIEKTUBHLIL I CO3JaHUA MATEPUATIOB, 00JaJAOIINX BEICOKOU MTPOIHOCTDIO.

Hosumopgmvie modupurayuu duokcuda kpemnus (SiOz) [15, 24]
Huskoremneparypras mMogudukanus OKHCIA KPEMHUS (-K8GPY IPU TeMIeparype
575 °C mepexoaur B [J-xBapi. B 06eux Moaudukamusax KOOPIMHAIMOHHBIU MHOTO-
IPAHHUK — TEeTPadip, B yIVIaX KOTOPOr'O HAXOAATCA aTOMBI KUCJAOPOIA, a B IEH-
Tpe — aroM kpemuusa. CoceqHME TETPAdIPHI CBA3AHBI MEXKIY COOOU BEPIIUHAMU.
Ha puc. 1.26 nokasansl dJeMeHTapHas AIENKa (-KBapla 1 LMEMOIKa KOOPIAHAIMOH-
HBIX MHOCOI'DAHHUKOB B HE.

IIpu mepexome oT a- K S-KBapIily aTOMBI KDEMHUS COXPAHIIOT CBOU IOJOXKEHUS B
CJIOSIX IO OCH Z, a IO HaIpaBJIeHnio ocer X u Y MCHOBITLIBAIOT HEGOALIINE CMEIICHU
K IEHTPAM 2JIEMEHTAPHBIX TPAHCHAIUN. DTU (PAa3bl UMEIOT POICTBEHHBIE MPOCTPAH-
CTBEHHBIE T'PYINLI, HO CUMMeTpus B J-kBapiie Beie. B mpouecce 3Toro moaumopd-
HOT'O TIPEBPAIIEHUs MPOUCXOIUT TOJIBKO CHATHUE UCKAKEHUN U MOBOPOT TETPA3IPOB
(puc. 1.27), a casu Si-O He paspymaoTcs.

IIpu remmeparype 890 °C [-kBapi| mEPEXOAUT B CJAEAYIOULYIO0 TOAUMOPQHHYIO MO-
mupukanuio SiOy — B-rpugumur (puc. 1.28). Koop InHAIMOHHBI MHOTOTDAHHUK
7 XapakKTep CTPYKTYPBI COXPAHAITCA. Kak m B MEPBBIX ABYX MOIUMDUKAIUAX, Te-
TPasIphl 3M€Ch 00Pa3YIOT MIECTUWICHHBIE KOJAbIA, HO MEPUOL AYEUKU BO3PACTAET
[IPEMEPHO B IOJTOPA Pa3a. Y04 CBA3M MEXK Iy TeTpasapamu yeeanduBaercsa no 180°,
[IPUYEM CBA3b ABIACTCS 3EPKATBLHO CUMMETPUIHOMU.



1.8. 2Kudxue xpucmaiivl

Ecnu B a- 1 S-KBapiie aTOMBI KUCIOPOIa B TETPadApax, 00pa3yoIX Py B3MVIA L
HA CTPYKTYPY CBEPXY MIECTUWIEHHBIE KONbIA, HE JIEXKAT B OJHOU ILIOCKOCTH, TO B
[B-TprauMuTe OIHA U3 FPAHEN KAXKIOr0 U3 DTUX TETPadAPOB HAXOIUTCA B INIOCKOCTH,
[EPIEH TUKY/IAPHOU OCu Z .

@) @)

1

@ si Oo
Puc. 1.26. DunevenrapHas s4enka Puc. 1.27. DuemenrapHas s4denka
Q-KBapIia U KOO IMHAIUOHHBIE MHO- [-kBapua W Ienb KOO IWHAI[MOH-
rorpanauku SiO4 HBEIX MHOIOIDAHHUKOB B HEU

IIpu remneparype 1470 °C npoucxoaut noauMopdHOE NPEBpAIIECHIE [F-TPU TUMEI-
Ta B S-KpucTobaauT. B 5TON BHICOKOCUMMETPUIHON MOAUMDUKAIINA TBYOKUCH KPEM-
HUs ATOMBI KDeMHUA 00pa3yoT pemeTKy Tuma aaMasa (puc. 1.29).

Tax xe, Kak B KBapIle U TPUIUMUTE, TEPBLIM KOOPANHAIIMOHHBIN MHOTOT'PAHHUK
[B-kpucrobaniuTa MpeacTaBIAT COOOU TETpa’Ap U3 ATOMOB KUCIOPOAA, B IEHTPE
KOTOPOT'O HAXOAUTCSA aTOM KPEMHUS, a BCIO CTPYKTYPY MOYKHO TIPEACTABUTL B BUIE
CBSI3AHHBIX yIVIAME TETPA3APOB. YTOJ CBI3U MeXIy Terpasapamu cocrasiser 180°,
7 aTOM KUCJIOPOIa HAXOLUTCS B HEHTPE WHBEPCHUH.

Kpowme mepeducieHHBIX CyIIECTBYIOT U APyI'He KPUCTALIXIECKUE MOIU(PUKAINN
muokcuga kpemuusa. Hanpumep: Terparonanbras mogupukanus Si0Qs — cTumosur,
MOJYYEHHBIN B Ja00paTOPHEIX ycaoBuax mpu 1200-1400 °C u gaBmeHun mopsagka
1,6 - 10® Ila, momokmmHHEAA Momupukamua SiQy — KOICUT, TaKkKe IIOTyIaeMbIA Ipu
OOMBIIIOM JaBJICHUN.

AMOpDHBIT TUOKCHI KPEMHUA CINTACTCA eIlle OJHOU U3 MOJUMOPMHBIX MOIAU(U-
kanuu SiOs, TOCTATOYHO CTAOWIHLHOU M B MACCUBHOM, U B IUIEHOTHOM COCTOSHUU.
O HaKo, KaK MOKAa3a/Iu SKCIIEPUMEHTANBHBIE UCCACOBAHUS, «AMODMHBINY HE O3HAYA-
eT (OJAMHAKOBBIA [0 ATOMHOMY DPACIIPENENCHUIOn: ONUKHAU MOPATOK B HEM 3aBUCHUT
OT criocoba MOy IeHns .

|.8. 2Kugkue kpucrannsl

B page caydaes maibHUN MOPAIOK HAOMIOIAETCA U B XKUAKON daze. DTO TaK Ha3HIBA-
eMoe HCUIKOKPUCMaLIuYeckoe, nim mezomopdroe, cocrosuaue. CTPpyKTypHBIE CBOU-
CTBA KUJIKUX KPUCTAIIOB ABIAIOTCA TIPOMEKYTOIHBIMY MEXK,IY CBOUCTBAMU TBEP JOTO
KPUCTA/LIA U KAAKOCTH (OTCIOLA U HA3BAHUE «Me30(Ha3a» — IPOMEKYTOIHAS (DA3a).
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Puc. 1.28. DuemenrapHas s4enka Puc. 1.29. Daemenrapnas s4enka
[-TpuauMuTa B-kpucrobaaura

B TBepabIx KpucTamiax HabMIOMACTCA TaJAbHUU TOPALOK TI0 BCEM TPEM HalpPaBICHU-
AM, B OOBIYHBIX (aMOPQHBIX) KU IKOCTAX JATBHAN HOPAIOK IIOJHOCTHI OTCYTCTBYET,
a B XKUIKUX KPUCTALIAX UMEET MECTO OJHOOCHBIM MAaJbHUU MOPAJOK. JTO 3HAYUT,
YTO YIOPSIJOYEHHOE PACIOJIOKEHUEe MOJEKYJI B KUIKUX KPUCTALIAX HAOJII0IaeTcs
JIAIIB 110 OJHOMY HAIIPABJICHUIO, & [0 ABYM APYTHM JAJBHErO IOPSIKA HeT.

CTpykTypa, COOTBETCTBYIOIIA KU IKIM KPUCTALIAM, BOSHUKAET B OPTraHUIECKUX
BEIIECTBAX, MOJEKYJIbl KOTOPBIX UMEIOT HUTEBUIHYIO BHITAHYTYIO (POPMY WIH KE
opMy MIOCKUX MIACTUH. B Takux ®)uaKoCTAX HAOMOMAI0TCA KaK 061acT aMOPMHOU
KUJKOCTHU, IAe OOHAPYKUBACTCS JIUIIb OJMUKHAU MOPALOK B OPUEHTAIUU MOJEKY.I,
TaK U OOIACTY KUJKUX KPUCTAIIOB, I'Ie AMEET MECTO OJHOOCHBIN JAJbHUU TOPSLOK.

PaszauuaioT aBa OCHOBHBIX THIA XKUJIKUX KPUCTANLIOB: (HEMAMUUECKUT» U «CMEK-
muueckui» [55]. B HEMATHIECKUX KUJKUX KPUCTALIAX YIOPITOIEHHOCTH OPUEHTA~
MM COCTOUT B TOM, UTO B OHNpEIEICHHOM 00BeMe, COOTBETCTBYIOIIEM OTHOMY «KPH-
CTAUIMIECKOMY 3E€DHY», [IPOIOILHBIE OCH BCEX MOJIEKYJ Hapajuenbusl (puc. 1.30, a).

[IpomoabHBIE OCH BCEX MOJIEKYJI PACIIONOXKEHBL BED TUKAIBHO, & KAKOU-IuO0 APyron
OJUKHUY TOPAIOK B PACTIOIOKEHUN MOJEKYT OTCYTCTBYET.

B cMEKTHYECKIX KU IKAX KPUCTALIAX MOJIEKYJIBL PACTIONOKEHE c1osmu (puc. 1.30, 6).
PacTBopenHoe B BOgE MBLIIO 00pPa3yeT CMEKTUYIECKNE KU IKNE KPUCTALIBL. MoaeKy bt
MbLIa UMeIoT dopmy nanouek (gauaa — 3040 A, B nonepevyHuke — 4 A) u 00/magaoT
CBOUCTBAMY DJIEKTPUIECKOrO AUIOJIA.
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Puc. 1.30. Crpykrypa XKui-
KUX KPUCTAJIOB: ) — HEMaTHU-

9eCKOro; 6) — CMEKTHIECKOI'O
[51]; 8) " MBLIBHOT'O pPACTBO- G{]{] {] 8 {}8 8 GGGG{]{]G{]{]
5 inosdalt  onotor

60904949
609040409

a) 6)

ToT KOHEI] MOJEKYJBI, Ha KOTOPOM MPOABIACTCA OTPUIATEILHBIN 3apsal, TACO-
TeeT K MOJNEKYJaM BOIbL. ODTO U SABIAETCS NPUUUHOU YIOPSIOUYCHHOU OPUEHTAIUU
MOJIEKYJI MBLIA [I0 OTHOLIEHWIO K BOge. MbLIbHBIN pacTBOp (B Boae) cOCTOUT U3 GOJIb-
LIOrO YUCJIA ABOMHBIX CIOEB MOJEKYJ MbLIA, Pa3AedeHHbIX caoeM Bogsl (puc. 1.30, 6).
OTpunaTenbHO 3apAKEHHBIN KOHEI MOJIEKYJIBI MBLTA M300PaKeH KPYKOIKOM. D TUMEA
KOHITAMY MOJEKY.IbI MBLTA 3aKPEIIAIOTCA Ha CAOIX BOIBI, & IPOJOIBHBIE OCU MOJEKY.T
MBLTa OPUEHTUPYIOTCA MEPIEHIUKYJIAPHO K IOBEPXHOCTU >TUX CJa0eB. BHyTpu cios
MOJIEKYJIBI MBLIA PACIIONOXKEHBI TECHO, HO B OumkueM nopsake. [[Bonnsre ciou, o6pa-
3YIOMIME KUKAN CMEKTUIECKAN KPUCTAJLI, 00JaIaI0T OOJMBIION 110 [BUKHOCTBIO, ITO
B U3BECTHOU MEpe ONPENeNsAeT MOIIINE CBOUCTBA, MBLIA.

ZKukume KprcTalIsl CymeCTBYIOT B OIPENEIeHHOM HHTEPBAJIE TeMIepaTyp, pas-
JIMYHOM I PAa3HBIX BemlecTB. [[Jii HEKOTOPBIX BeIeCTB OOJACTH CYIIECTBOBAHUS
KU IKOKPUCTALIAICCKOTO COCTOSHUSA OIPAHUYIEHA, TEMIEPATYPHBIM NHTEPBAJIOM BCE-
ro B 3°, HO BCTPEYIAIOTCA U TAKUE COCIUHEHUS, 11 KOTOPBIX TEeMIEPATYPHBIA UHTEP-
BaJI 0OJACTHU CYIIeCTBOBaHUA HOCTATOYHO mmpok — 100-120 °C.

ZKugkume KpucTasibl, KOTOPHIE IMOJYYAIOTCA B MPOLECCe HAIDEBAHUS TBEPIOrO
BEIIECTBA WIN B IIPOLECCE OXIAK ICHISA U30TPOIHON KU TKOCTU, HA3LIBAIOTCS MEPMO-
MPONHBIMU KUIKAMU KpucTamiamu. Ho ecTh U Ipyron Crnocod MOMydeHus KUIKUX
KPUCTA/LIOB — PACTBOPEHUE TBEPIbIX KPUCTAJLIOB B OIPEAEJIEHHBIX PACTBOPUTELAX.

Kugkue kpuctaansi, 00gamasa yIOPATOUEHHON OPUEHTAIMEN MOJEKYJT B OTHOM
U3 HAMPABJICHUN, MPOABIAIT AHU3OTPONUI (udmaeckux cBOUCTB. OHa OXBATHLIBAET
IMMUPOKUY PAT (PUNIECKUX XAPAKTEPUCTUK: BA3ZKOCTH, MOBEPXHOCTHOE HATIXKEHUE,
AIEKTPOMPOBOJHOCTD, MAIHUTHBIE U AUAIEKTPUIECKHE CBOUCTBA, CKOPOCTH POCTA,
HOoKa3aTeab HpetoMaeHus (IBOUHOe pydenpenomienue). [Ipu BceM 5ToM B KuAKuX
KPUCTALIaX COXPAHAETCSA CBOUCTBO TEKYYIECTH; BA3KOCTH BEIIECTBA, B KUIKOKPU-
CTAITIECKOM COCTOAHUU MAJIO OTIMIAETCSA OT €ro BA3KOCTU B aMOP(HO-KUIKOM
COCTOSHUM.

MHorue BemecTBa B XUIKOKPUCTAIXIECKOM COCTOSHUM 00 1al0T BECbMA I[IE€H-
HBIM KQIECTBOM: HEKOTOPBIE UX CBOUCTBA PE3KO U3MEHAIOTCA MPU CPABHUTEILHO HE-
3HAYUTEILHON IIEPEMEHE BHEIIHUX yCJIOBUU (TEMIEpaTypa, HIAHA BOJIHBI OOIyTar0-
IETO CBETA, SIEKTPUIECKOE M MATHUTHOE MOJE U T.11.).

CBOUCTBO PE3KON 3ABUCUMOCTHU ONTUIECKUAX MOKABATENCHN KU JKUX KPUCTALIOB OT
X OPUEHTAINU UCIOIb3YEeTCSI B DKPAHAX KUIKOKPUCTALINIECKUX auciiees. Ha pu-
cyuke 1.31 mokasaH BHEIIHUU BUJ MOHUTOPA MEPCOHATHLHOINO KOMIBIOTEPA ¢ KU KO-
KPUCTALINIECKAM DKPAHOM.
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Puc. 1.31. BHemnnl BU/J MOHATOPA, C XKUIKOKPH-
CTAUIMYECKUM DKPAHOM

[.9. MeToabl onpeaeneHns CTpyKTypbl TBEPAbIX Tes

OcHOBHBIE JaHHBIE 06 ATOMHON CTPYKTYPE TBEPABIX TET MOXKHO MOy IATh, TOJb3YACH
paznauunbiMu MeTogaMu. OIHAKO He BCe U3 HUX TO3BOJAIT OTBETUTH HA OCHOBHOU
BOIIPOC: B KAKUX I[OJIOKEHUSIX HAXOIATCA ATOMBI TOIO WX WHOI'O COPTA B KPUCTAJ-
JIUYIECKOU PEIIeTKE M KAKOBBI paccTOsHusA Mexay Humu? [lego B TOM, 9TO aTOMBI B
TBePABIX TeJAX PACIOJI0XKEHBI HACTOIBKO OIM3KO APYT K APYLY U AMEIOT TaKue MaJble
pasMephl, ITO OMPENEIUTh DTU XaPaKTEPUCTUKN MTPU TOMOIIA OOBIMHBIX HAOJIIO IEHUN
HEBO3MOXKHO. B YaCTHOCTH, BUAMMELA CBET, 06.1a,1a JIMHON BOIHLL mopsaika 5000 A,
HE MOXKET OBITbH MHCTPYMEHTOM [IJIs BBIABICHUSA ATOMHBIX TO3UIMY. V3mydeHus, mpu-
MEHseMbI€e [ OIPEIeJeHNs CTPYKTYPBL, TOJKHBL UMETh [JIAHY BOJHBI, COM3MEPUMY O
C MEXATOMHBIMU PACCTOSHUAMEI, KOTOPHIE B TBEPABIX TEJIAX COCTABIAIT IPENMYIIe-
CTBEHHO BCEr0 HECKOJIBLKO aHI'CTPEM.

1.9.1. IncdppakiimoHHbIE METO IbI

[l onpeneeHns aTOMHO-MOJIEKYJIAPHON CTPYKTYPBL TBEPALIX TEI UCIOAb3YIOT IU-
dpaxumonnsie MeTogsr [6, 46]. VIx kraccudukanusa CBI3aHa C BUIOM UCIOIL3YEMOTO
nanydeHua. [lo HUIM MeTOABI TuMPAKIIMOHHOTO aHAIN3A CTPYKTYPHI HOIPA3AAAI0T-
€A Ha PEeHTreHorpadguio, dICKTPOHOrpaduio 1 HeuTpoHorpaduo. Bee »Tu MeTOIbI
OCHOBBIBAIOTCST HA TOM, ITO BOJHEIL, IPOXOIA Iepe3 KPUCTALINICCKOE BEIIECTBO, UC-
OBITBIBAIOT TU(PPAKIINIO, T. K. KPUCTAIAICCKAA PEIIETKA CO CPETHUME MEKATOMHBI-
My paccroaauaMu mopagka 10710 v apagerca 1A HuX IUQPAKIMOHHON PeIeTKON.
[JlmuHa BOJIHBI U3IYYIEHUA IPU DTOM AOMKHA OBITH CPABHUMA C DTUMU MeXKaTOMHBIMUI
PACCTOSHUAMU.

Penmeenoscroe usayuenue TPU MPOXOK JCHUYM UePe3 KPUCTALI B3AUMOJICUCTBY-
€T C DJIEKTPOHHBIMU OOOJOYKAME ATOMOB, M AU(PPAKIMOHHAS KAPTUHA OTPAKAET
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pacmpeereHue dIeKTPOHHON MIOTHOCTH p B BEIIECTBE, KOTOPYIO MOXKHO OXapaKTe-
pu30BaTh Kak (PYHKUMIO KOOpAUHAT P(T,Y, 2).

Aaexmponoepa@us, UCIOIb3YET DICKTPOHBI TAKUX DHEPTUU, UTO OHU B3AWMOIEU-
CTBYIOT HE C DICKTPOHHBIMU OOOJOUKAMU, & C DIACKTPOCTATUICCKAM IMOJEM ATOMA,
o(z,y, z). Takoe B3auMO1eNCTBUE 3HATUTEILHO CUIBHEE, 9€M B CJIy1ae DeHTT €HOBCKO-
'O M3TYYeHNA, HO3TOMY MHTEHCHBHOCTE JU(PAKINY SIeKTPOHOB mpuMepHo B 10° pas
GOMIbIIe, YeM 1A PEHTTEHOBCKUX JIyen.

B meTome netimponoepaduy HEUTPOHBI B3AaUMOIEUCTBYIOT C JeIbTOOOPA3HBIM IO~
TEHOUAJIOM sAepHBIX cul 0(z,y, z). Uarencusuocts nudpaxnuu npumepso B 100 pas
MEHBINEe, YeM IS PEHTTeHOBCKOro mamydenus. OgQHAKO METOX OOJagaeT TeM IIpe-
UMYIIECTBOM, 9TO C €r0 MOMOIIBIO JEerKO BHIABIAETCA PA3IMINE ATOMOB C OJU3KAMUI
MOPAJIKOBBIMU HOMepaMu B Tabaure MeHgeaeeBa, ITO TPYAHO CAEIATH METOTAMA
peHTreHorpadun 1 dJIeKTPOHOIpAdUAN.

KorevnbIn pesyapTar MCCAeI0BAHUA IEePEIUCIEHHBIME METONAMA — yCTAHOBJIE-
Hue BuAa pacupeneaeus p(x,y,z) aubo ¢(x,y,z), mb0 0(x,y,z) B dIEMEHTAPHON
saenke. MakcuMyMbl 5TuX (GYHKIUUA COOTBETCTBYIOT LIEHTPAM DPABHOBECHUS ATOMOB
UCCIETyEMOrO BEMECTBA.

leomeTputveckas Teopus AUPPAKIUA TEPBOHAYAIBLHO ObLIA PA3BATA [/ PEHTTe-
HOBCKUX JIy9el, & 3aTeM MePeHeCeHa Ha, DJIEKTPOHBI U HEUTPOHHI.

B penwmeenoepaduu mis mccaenoBaHUA aTOMHOU CTPYKTYPBI IPUMEHAIOT PEHT-
resoBckme Jtyuu ¢ gamHon Boassl 0,7 - 10719 + 3 - 10710 M, B saexTponorpadgum —
DJIEKTPOHKI ¢ JIHHAMHI BOIH Je Bpoitra 3-10712 +6- 102 M, B HefiTpoHOrpadun —
TEILIOBEIC HEMTPOHLI ¢ AIMHON BOIHEI 0K010 10710 M. B ciiyuae peHTreHo- i 5IeKTpo-
Horpadguu IU(GPAKIMOHHYIO KADTUHY MOMXKHO HOLYYUTH Ha IueHKe (POTo) miu mpu
HNOMOIIN CIENUATBHEIX CIETIUKOB, & B HEMTPOHOrPA(PUHA — IPK MOMOIIY MOHU3AIM-
OHHBIX CIETIUKOB.

[udpaxnnonHas KapTUHA MO3BOIAET KAIECTBEHHO CYIUTH O CTPYKTYPHOM COCTO-
sHAU TBepaoro tera. Ecim amdpakunonHas KapTUHA HA IUIEHKE IPEnCTABAAET COOOM
HAOOP TOYEK, TO TBEPAOE TEIO HAXOMUTCA B COCTOSHUM MOHOKpUCTaMLIa. Eciu oHa
ABAAETCA HAOOPOM KOHIEHTPUIECKUX KOJel (Ha IVIOCKYIO IUIEHKY) — MOJUKPUCTA-
aa. Ecan pasmeireie (quddysabe) koabua (rato), To TeI0 HaXOIUTCA B aMOP)HOM
COCTOSTHUM.

Ilo pacupeneneHuio W BEIMIMHE WHTEHCUBHOCTYU AM(PPAKIUOHHBIX MAKCUMYMOB
MOXKHO PACCIATATH MOJOKEHUSA ATOMOB, T.€. OMPENeIUTh CTPYKTYpy. PaccmoTpum
2Ty BO3MOXKHOCTB Ha, IPUMEPE PEHTTEHOBCKOU AU(PPAKIUN.

1.9.2. [Iudpakuus peHTTeHOBCKUAX Jy4YeHd B KPUCTALIAX

IMamaromasn Ha ATOM BEIIECTBA DIEKTPOMATHUTHAS BOJTHA PEHTTEHOBCKOTO W3y I€HUS
BBI3LIBACT WHIYIIUPOBAHHBIE KOJTCOAHUS DJICKTPOHOB. [IpU 3TOM U3IyIaeTCsA DIEKTPO-
MarHATHASA BOJIHA C TOU K€ IaCTOTOU, C KAKOU IIPOUCXOAAT Koaebanus. Msaydaemasn
DIEKTPOHOM BOJHA MMEET CHEPUIECKUU (PPOHT, B IMEHTPE KOTOPOr'O HAXOIUTCA OC-
MALIUPYIOIMIUN UTO0IE. Takum 06pa3oM, BOTHA PACCEMBACTCS IO BCEM HATPABJICHUAM.
OTOT MPOIECC TOMOUIEHNS SHEPTUU 114, JAOIIEr0 UMY ICHUA U OTAAYN DTON SHEPTUN
[P UCIYCKAHUN CPEPUIeCKON BOJHBI TOU Ke IJINHBI HA3BIBACTCA K02EPEHMHbIM PaC-
ceanuem A TAIMIEr0 U3IYYeHUA. SHASA PACIPENENCHNE DJIEKTPOHOB B ATOME, MOYXKHO



@// Taasa 1. Hpunyunbt cmpoenus meepiuis meda. SAeMEHMbL KPUCTNAAL02DaPUuL
TEOPEeTUYIeCKN PACCINTATh PACCEMBAIOUIYI0 CIOCOOHOCTHL aToMma. B peanbHOM Tene
ATOMOB OI'POMHOE KOJUYECTBO, U B MATAIONINN MYy9Y0K PEHTIEHOBCKUX Jydel BCeraa
nonagaeT GoAbLIIoe UX IUCI0. KaxX AbIN 13 aTOMOB CTAHOBUTCS UCTOMHUKOM PACCESH-
HBIX BOJIH, KOTOPBIE B PE3Y/IbTATe UHTEPHEPEHINA MOIYT YCUINBATD WK OCJAA0IATD
IpYyT Apyra. DTO O3HAYAET, YTO SHEPTUS U3JIYICHUS PACCEUBACTCS B PA3HBIX HATIPAB-
JEHUAX C PA3IUTHON WHTEHCUBHOCTBHIO. BUI KapTUHLI pacceanus OyIeT 3aBUCETH OT
COpTA ATOMOB, PACCTOSHUU MEXKIY HUAMU, GaCTOTHI HAJAIOUIEr0 W3LYUCHUS U PILA
apyrux GpaxTopos [46].

Pycckun yaenniz Byabd u anriumdane oren u CbIH Bperru gaam npocroe ToJaKoBa-
HUe MHTEP(EPEHIINN PEHTTEHOBCKUX JyYel B KPUCTALIAX, OOBACHUB €€ OTPaKEHIEM
OT aTOMHBIX CETOK.

Puc. 1.32. K BriBo1y dhopmyas Byiabda —
Bpoarros

B

ITycTs Ha KPUCTALI TION YIVIOM CKOJBXKEHUA f majaeT mapallelbHBIA MyI0K MO-
HOXPOMATUIECKUX PEHTIEHOBCKUX JIy9ed ¢ AIuHOKN BOaHbL A (puc. 1.32). Jlyuu orpa-
KAIOTCSA OT MAPALIETLHOIO MOBEPXHOCTU CEMENCTBA IMIOCKOCTEN ¢ MEKILIOCKOCTHBIM
paccrosaueM d mon TakuM ke yriaoM §. [lapamwtensasie orpaxennnie ayau [ u 11 un-
TepdEepupyT, T.€. YCUINBAIOT U OCAAOIAIOT APYr Apyra. Ecim mx pasHOCTH X0m1a
A = (AB + B(C') paBHa neiomy 9uciIy n JJIAH BOJH A, TO HAOIIOJAETCA UHTEPdEPEH-
[IUOHHBIN MAKCAMyM. YCJIOBUE BO3HUKHOBEHUs TAKONO MAKCUMyMa MOXKHO 3aMUCATH
B BH€

A =n\ = 2dsinf. (1.10)

Coorromenue (1.10) mocut Hazsauue gopmyavt Byavdia — Bpaeeos. 3axon Byuib-
da—Bpsrros ABIAETCA CIEACTBUHEM MEPUOJUTHOCTU MPOCTPAHCTBEHHOU DEIIETKU 1
HE CBA3AH C PACHONOKEHUEM aTOMOB B AU€UKE WK B y3/I1aX DELIeTKH.

Yeaosua Jays

Jlay> ompemenun ycaoBus, IpU KOTOPBHIX BO3HUKAIOT WHTEPMEPEHIMOHHBIE MAKCHU-
MyMBI MDA DPACCEAHUU UIIYUEHUsA HA y3MaX KPUCTALIAICCKOW pelneTKu. Borgennm
B KPUCTAJIE Y3JOBOU DS B HAMPABICHUU OCUA T C PACCTOSHUEM MEXIY y3JIaMHu a
(puc. 1.33). Eciu Ha Takon psj HAIPABUTH [O[ IPOU3BOJIBHBIM YIVIOM (P IIy<I0K Ia-
PALIEIBHBIX MOHOXPOMATUYECKUX JIyYIeH C UIMHOU BOJHBL A, TO HHTEP(EPEHINOHHBIN
MaKCUMyM Oy aeT HaOII0 [aThCA TOIBKO B HAIPABACHUAX, M1 KOTOPBIX BCE OTPAKEHUS
OT Y3JIOB YCUIUBAIOT APYT APYTa.
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O603HaUM PA3HOCTDH XOa MEXKIY MAJAIOMIIM U pacce-
SHHBIM KakuM-aubo yamom psaga aydom A = AC — BD.
Ee Taxxke MOXHO BLIPA3UTh I€PE3 IIEPUOT PATA U KOCHHYCHI
YTJIOB, 0OPa3yeMBIX DTUMU JIyIaMU C JUHUEH, CBA3BIBAIOIICN
Y3JIBL:

A =a(cosp — cospg) = Ah, (1.11)
rae menoe Iucao h — WHIEKC uHTep(hepEeHInn.

Ecaun pacemorpers yenosus Jlays miis Tpex HekoMIuiaHap-

s

v — —
HBIX HaIpaBIeHuu a, b, ¢, To oHu OyAyT UMETH BUJ
a (cos p — cospg) = hA,
b(cosy) — costhy) = kA, (1.12)
¢ (cosxy —cosxo) = I\,
rae Yo, Xo — YIVIBL MAJEHUAs PEHTTEHOBCKUX Jydel Ha y3-
—
o —
JIOBBIE DSIIBI, PACIOIATAONECS BAOIb HANpABIEHU b, ¢
COOTBETCTBEHHO, a k, [ — COOTBETCTBYIOIINE UHICKCHI WH-
Tepdepernum.
Wcmoab3ys moHsaTme OOpATHOM pPEIleTKM U OOO3HAYMUB
—

BekTOp oOpaTHOu pemerku H, ypasnenus Jdays (1.12) mox-
HO 3aMEHUTH OJHUM MHTEeP(HEPEHINOHHBIM ypaBHeHueM. /s
STOrO JOKAXKEM TOXKIECTBO

Puc. 1.33. K BrIBOIY

T3 (>\ (73 L < (=7
H=a"(dH)+b"(bH)+c (cH), (1.13) ypasmennma Jlays
- 77 = . - = —
* * *
rge @, b, ¢ — oceBBIe BEKTODHI IPSMOM pelIeTky, a*, b*, ¢* — cooTBercTByOMmIIE

—
BeKTOPHI oOpaTHOU pemerku. BekTop obpaTHou pemerku H, kak OBLIO MOKA3aHO
BBIIIIE, MOXKHO IIPEICTABATEL B BUIE

T P
H =ha™ + kb™ +1c". (1.14)
—
yMHO)KI/IM CKaJAPHO NPABYIO W JIEBYIO IaCTU 3TOT'O BBIPpAXKEHUA CHaYaJda Ha a , IIO-
— N = —— =
ToM Ha b wm Ha ¢ coorBercTBeHHO. | @ H ) = h; bH) = k; (cH) =1, T.x.

— — —— — —— —
<7b*) = (70*) = (b c*) = (?b*) = (b a*) = (?a*) = 0. D10 O3HAYAET, UTO
ToxkaecTBo (1.13) mencTBUTEIBHO BEPHO.
— —

Ecaur 06038a9uTh Kak So 1 S eIMHMYIHBIC BEKTOPLI, XapaKTepU3yIOMue HAIPaB-
. —a —a
JIeHWS MAJAIOIero ¥ PACCESHHOrO Iydeit, To acosy = (@ )%, acospy = (@ So) 5

u a(cos — cos ) = (7%). Toraa ycaosus (1.12) MOXKHO 3anuCaTh B BUAE
§-3 §-3 §-3
— [N — —
e P I e 1 ey I ) (1.15)

A A A

— = —
YMHOXKFM [PABYIO U JIEBYIO YaCTU 3TUX yPABHEHUUN COOTBETCTBEHHO Ha a*, b*, ¢ u

CJIOKUM UX.



- = - = — =
7@ i (T2 =50 7 (2250 L i i = B
A A A
(1.16)
YuureBas Toxgectso (1.13), noayuum unmepgepenyuonnoe ypasrenue
- =
H= @ (1.17)

DTO ypaBHEHUE MOJHOCTHIO OMPEAEIIeT MOMOKEHIE MAKCUMYMOB UHTED(MEPEHIUN U
3akmaodaer B cebe kak ycuaosme Jlays, rax u ycmosue Byabda—Bparros: uarepde-
- =

PEHIMOHHBIA MAKCUMYM HAOMI0[AeTCSA TOT 1A, KOrAa TU(MPAKIIMOHHBIA BEKTOD %

MO [JIMHE U HATPABICHUIO COBIAIAET C BEKTOPOM OOPATHOU PEIeTKN H.

[IponntocTpupyemM reoMeTpudecku MHTEPPEPEHINOHHOE YPABHEHNE B IBYMEp-
HOM caydae (pucynok 1.34). Takoe nocTpoeHre Ha3BIBAETCS MOCTPOEHUEM DBAIbA.

Ha nByMepHYO peneTKy ¢ M3BECTHBIMU MePUOAaMU ¢ U b U YIJIOM MEXK Iy HUMH 7y
B HATIPABICHUN ?0 MaJaeT IIOCKAsA MOHOXPOMATHYECKAsS BOMHA ¢ qiuHOu A. Oupene-
JIUM TIeproABl OOpaTHON pemeTku a*, b* u mocrpoum ee B Macitabe 1/\. Buibepem
MPOUW3BOMBHLIN y3€l A U U3 HErO B HANpaBICHUM, OOPATHOM ?0, OTJIOXKUM OTPEe-
30k 1/A mo touxm 0. W3 »Ton TOUKEM OmmMIIEM OKDPYKHOCTb pasuycoMm 1/A (Touka
0 me 00s3aTENBbHO HONAJAeT B KAKOU-1ubO y3en). Bee ysibl, momasmme Ha OKDPYXK-
HOCTB, HAXOIATCA B OTPAKAIONIEM MOJIOKeHur. Ha puc. L34 TAKUM Y3JIOM ABIAETCS
y3ex C. [l kax 1000 MoJ0GHOTO y371a TP BEKTOPA, %; %; H Y IOBIETBOPAIOT yPaB-
menuto (1.17).

Ilokaxem Temepb, ITO MHTEP(EPEHITUOHHOE
ypaeuenue Jlays u 3akon Byasda - Bparros sksu-

— —
BaleHTHLI Apyr apyry. Bexkrtopwt OA u OC
(puc. 1.34) ompenenasaroT HANPABICHUA COOTBET-
CTBEHHO NANAIOIETr0 U UHTEP(HEPEHINOHHOTO JTy-
qen |OC| = |OA| =1/A.

Pacemorpum Tpeyroabauk OAD, B KOTOpOM
cropoma |AD| = |H|/2 = |AC|/2. Hockoms-
Ky u3 ypapHeHus (1.9) mimea BeKTOpa O6GpaTHON
pemeTkn OOpaTHA 3HAYMEHUIO MEXKIIOCKOCTHOTO
paccroauus H = 1/d, ro |AD| = 1/(2d). Onpe-
neauM u3 Tpeyroasauka OAD yroa 6:
|[AD] 1 1 X
|OA|  2d " X 2d’

Torma 2dsinf = .

sinf =

Puc. 1.34. OxpyXHOCTH OTPaXKEHUN
DBadbla BO B3aUMOJEUCTBUM C ILIOC-
xou obparHon pemerkou (BB — cueg Takum o6pas3oMm, yCaoBrE BOBHUKHOBEHUS WH-

=
mwiockoctn (HKL), sexrop H eit mep- TepdepeHnnonHoro makcumyma Byabsda— Bpar-
ICHUKYIAPEH, § — GParrOBCKME YTOI)  pOB BEIIOJHACTCS OJII y3J1a, IOIABIIErO Ha OK-

PYXHOCTb OTPaKEHUA.
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Kpuctann

UcTouHuk
N3JTyHeHUs1
o >

Domonnenka

roHnomeTpuyeckas
rosoBka

a) 6)

Puc. 1.35. Judpakumonns meron Jlays: a) — cxema meroxa Jlays; 6) — maysrpamMMa Mo-
Hokpucrawia nuputa (FeSs) B 1Byx opmenTamusax (100) u (110) [88]

B rTpex m3aMmepeHusx mOCTPOEHUS HOPEACTABIAIOT cOO0U chepy Isaavda. Taxoe
[OCTPOEHNE MO3BO/AET ONPENEeINTh HAIIPABICHNE NHTeP)EPEHINOHHBIX Jydel U UH-
mexcel yanoB obpatHou pemtetku [[hkl]]”, KOTOpBIE COOTBETCTBYIOT OTpaKarOMIEMy
cemenicTBy mwiockocten (H K L) npAMON peIeTK.

1.9.3. OkcnepuMeHTaAJIbHBIE METOIbI OIIPEXEeICHUS
CTPYKTYPBI KPUCTALIOB

[Magaromme mox MPOM3BONBHBIM YIVIOM € HA MOHOKPUCTAJLI PEHTTEHOBCKUE Jy9H C
[UINHOU BOJHBI A B OOIIEM CIydae OTPaxkKaTbCs HE OyIyT, HOCKOIbKY HEU3BECTHBI-
mu B cucreme (1.12) sBisorcs yrisl ¢, ¢ u Y, & KBaIPaThl KOCUHYCOB DTUX YIVIOB
CBA3AHEI MEXKIY COOON IeTBEPTLIM ypaBHEHHEM COs> ¢ + cos’ ¢ + cos® xy = 1 maa op-

2 2 2
TOrOHATBHBIX 1 €0S> ¢+ cos? 1) +cos? xy = (Z_z + 5+ i—z) d2 ., 01 HEOPTONOHATBLHEIX

KpuCTALIOB. IT00B! BHIIOAHAIUCEH yeaoBus Jlays uiu 3akon Byasda —Bparros, zago
MO00PATH WK [IMHBL BOJIH, WX YIUILI ageHus1. Ha ocHOBaHUU >TOro moadopa ObLIr pas-
paboTaHbl TPU OCHOBHBIX METOAA MONYYeHUs JUPPAKINOHHON KapTuHs [46, 72, 78].

Memod Jlays
HeMOHOXpOMATUYIECKUT TIy9I0K PEHTTEHOBCKUX JIyden (3IeKTPOHOB WM HEUTPOHOB)
HAIPABJIETCS HA HEIIOIBUKHO 3aKPEIVIEHHBIN MOHOKpucTawl (puc. 1.35, a).

Kpucramnn «BoibupaeT»y Te AJIUHBL BOMH U3 BCETO UX MHTEPBAIA, M1 KOTOPHIX yI0-
BreTBOpseTca ycaoBue Byabda—Bparros. [lnockas dpoTorpaduieckas mieHka pac-
rmojaraeTcsa Tak, ITO Ha Hee MONagaioT JubO0 MpoXogdrme, Ju00 OTpaKeHHBIE -
dparuposannsre myuku. [ludpakunoHHas KapTUHA COCTOUT U3 CEPUU CHMMETPUIHO
pacmooxenubix uared (puc. 1.35, 6). Kax noe mwaTHO Ha 4aysepamme COOTBETCTBYET
IUIOCKOCTHU PEIIETKU, OPUEHTAIU KOTOPOU IOJTHOCTHIO ONPEIENACTCSI HAIPABICHIEM
IUMPAKIIMOHHOI O Tyda.

ITockonpky 3apanee HEM3BECTHBI IJIMHBL BOJIH, COCTABIAIOMIAX PA3JUYIHBIE OTPa-
JKEHHBIE [IyYKU, TO MO Jayd rPAMMe HEeJAb3s ONPENeAUTh PA3MEPHI DJEMEHTAPHOU SIer-
ku. Kpucramisl ¢ noqoOHbBIMEU A9€UKAMA U CTPYKTYPAMU, HO C PA3JIUIHBIMU MEPU-
OJaMU DIEMEHTAPHBIX AUeeK OyAyT TaBaTh OJMHAKOBBIE JayarpaMMbl. Kpome Toro,
OMHA U Ta K€ ATOMHAS IMIOCKOCTh MOXKET IaBaTh HECKOIBKO OTPAXKEHUN PA3IUTHBIX
[IOPAIKOB, B PE3YAbTATE UYer0 HEKOTOPHIE IATHA HA JAydI'DAMMe MOI'YT OKa3aTbCA
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Puc. 1.36. MeToa BpameHus MOHOKDUCTALIA: G) — CXeMa BO3HMKHOBEHUS MHTEPQEpeHnun B
[IPOCTPAHCTBE OGPATHON PENIeTKN; 6) — BU/ TUINXIHON DEHTTE€HOIPAMMBI Bpallle-
Hus [74]

PE3yIBTATOM HAJOXKEHUsA HEeCKOAbKUX oTpaxkenuu. Meron Jlays ucnonssyercs Kpu-
cra/orpadamMyu B OCHOBHOM [JIA OIPEIEICHUs DIeMEHTOB CUMMETPUU KPUCTAJLIOB,
XOPOLIO BBIABJIAIOMIENCS HA CHUMKAX, & TAKKE [JIS ONPEIeJeHUsI OPUEHTUPOBKYU KPU-
CTaJLTIOB.

Memod spawenus MOHOKPUCTNAAAG

MoHOKpuCTALI BpaIIaeTCsa BOKPYT KAKOU-TUO0 (PUKCUPOBAHHOU OCH, HATIPABICHUE
KOTOPOU 3apaHee HAUAeHO MeTonoM Jlays, B MOHOXPOMATUIECKOM IIyIKe PEHTTEeHOB-
CKUX JIy9el win HeUTPOHOB. [Ipy moBopoTe KpucTamLia pa3indHble aTOMHLIE ILIOCKO-
CTHA 3aHUMAIOT TaKHue IIOJOXKEHUsA, IIPU KOTOPBIX OTPAaXXEHHbIE€ OT HUX JY'IM MHTEP-
(depupyior. Bokpyr Bpallamerocs KpucTaLia TOMEIaloT (GOTOIIEHKY B KaCCeTe,
IpPEICTABIAIONIEN COO0U MUINHAP, OCh KOTOPOr'O COBIALACT C OChI0 BPAICHUA KPU-
cTaJLIa.

BCG IIy9IKN, OTPpaXKEHHBIE OT HJIOCKOCTeﬁ, IIapaJlJIeJIbHBIX BepTHKaJIbHOfI ocu Bpa-
IICHUA, 6yl[yT JeXaThb B FOpPIBOHTaJIBHOﬁ IIJIOCKOCTH. H.T[OCKOCTI/I C ApyruMm OpueH-
TATUAMA 6y,qu JaBaTh OTPAXKEHUA, PACIIONOXKECHHBIC BBIIIC U HUXKE FOpH3OHTa.HBHOI;,I
IIJIOCKOCTH. TaKoe PacCIIOIOXKEHNE pe(}pJIeKCOB OTPpaXKEHUA Ha3bIBalOT CIOEBBIMU JUHU-
SAMHU. CJIOGByIO JIMHUIO, JIEKAIIYIO B INIOCKOCTHU IIEPBUYTHOI'O IIyYKad, HA3BIBAIOT HYJIE-
BOﬁ. HOJIy‘IaIOH_IyIOCH rELI/I(I)paKI_[I/IOHHyIO KapTHUHY JEI'KO O6’bHCHI/ITb C IOMOIIBIO C(I)epbl
Ieaabaa (puc. 1.36). O6paTHas pemeTka BPAIAETCA, a cdepa JBadbIa HEIOIBUXK-
Ha. B MOMEHT, KOr'la KaKOfI—JIPI6O y3eJI O6pa,THOI;,I peneTKn BEIXOAUT Ha IMTOBEPXHOCTH
cdepsl B HAIIPABJICHUN (ﬁ’), U3 TEeHTpa CPEPBl K 3TON TOYKE TPOUCXOAUT OTPAKEHUE.

B oTmaue OT MeToda JIay:a METOO BpaIEeHUsA MOHOKPHUCTAJLIA IIO3BOJISAET BbI-
SACHUTH CTPYKTYPY KPHUCTAJLIA, T.€. YCTAHOBUTHL (POPMY U MEPUOALI DJIEMEHTAPHOU
AYENKN, & B HEKOTOPBIX CIydasix HAUTH KOODIMHATHI BCEX GABUCHBIX aTOMOB [75].

U cmoab3yoTes u pasHOBU JHOCTY MeTO1a Bparnenus. O IuH 13 HUX — MeTO[ Kada-
HUsA MOHOKPUCTAJIA — IIPEAnojaraeT IMOBOPOT KPUCTALIA B OTPAHUIEHHOM HHTEp-
BaJie yIVIOB. B IpeneccnmoHHbIX KaMepax BMECTe ¢ KAIaHUeM KPUCTALIA IPOUCXOMNAT
nepeMeneHue IIeHKNn.

Memod nopowwka (ebas)
IIy90K MOHOXPOMATHYECKWUX JTyHUel TaJaeT Ha MOTUKPUCTALTAYeCKn obpasern. [a-
JAIOIINE JYIM OTPAKAKTCA OT TEX KPUCTAIMTOB, KOTOPHIE IO OTHOMIEHUIO K Ha-
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IPABJICHNIO 13, TAIOMIEr0 Iy IKA OKA3LIBAIOTCSA OPUEHTUPOBAHBI TaK, ITO BHITIOJHACTCS
ycaosue Byasda—Bpoarros (1.10). Ucnoassyercsa asa cnocoba perucrpanuu gudpak-
[MOHHON KapTHHEL: Ha GoTomweHKy (dporomeron) (puc. 1.37, a) [74] u ¢ momompo

cuerduka (IudPAKTOMETPUIECKAN METON).

OTpaxeHHbIv
Yy

ObpaseLy

lneHka

Kamepa

6)

Puc. 1.37. [udpaxumonasm meros [Jebas: a) — cxeMa CHEMKM MOIUKPUCTALIA B IIWIMH DY~
yeckon kamepe (R — pajauyc Kamepbl); 6) — DEHTTeHOrpaMMa Ha (OTOILIEHKE,
MOy 9eHHAA MPU CHEMKE B IIJIWHIPUIECKON KaMepe

[udpaxuroHHas KapTUHA HA IVIEHKE BBIMVIAIUT B DTOM CJIydae KaK Cepus KOHIIEH-

Tpudeckux okpyxuocren (puc. 1.37, 6).

Augpaxmomemp perucTpupyeT KapTUHY B BUJE UE€PEIOBAHUI KPUBOU (HOHA U
MakcuMyMOB uaTepdepernunu. [lociennre BO3HUKAIOT HA OMPEIENIeHHBIX YIVIAX [I0JIO-
xkenus caerduka 26. C nomompio ypasaerus (1.10) 10 uaMepeHHOMY 3HAYEHUIO yIvia

paccesaHusa 26 MOXHO pPaCCIMTATB MEKILIOCKOCT-
HBIE PACCTOAHMA dppp MIA JT060ro mudpaxim-
OHHOrO MakcumyMa. /lajsee Ie1aeTCsa mpeamomoKe-
HUE 0 TUIE KPUCTALIMICCKOU CTPYKTYPHI TaHHOT'O
MaTepuaga U ONPENeNAITCS 3HAYCHWUS UHIEKCOB
MOJYYEHHBIX OTPAXKEHUHN. 3aTeM, €CIU dTOT DTall
pacieTa BBLINOJHEH, MOXKHO OIMPENEIUTh PAa3MepPhI
DJIEMEHTAPHOU sS9YeNKM. ECIM M3BeCTHBI XUMUYIe-
CKMU COCTaB U IVIOTHOCTH MaTEPHUAIa, PACCINTHI-
BaIOT KOIMIECTBO ATOMOB B DJIEMEHTAPHOU TICUKE.
Haxower, mo MHTErpaibHOU WHTEHCUBHOCTU [U-
(PPAKIIMOHHBIX JIMHUA MOXKHO YCTAHOBUTH AETATb-
HOE PACIOJIOXKEHNE aTOMOB B DJIEMEHTAPHOU sSI€l-
ke. Ha puc. 1.38 B xadyecTBe npumepa npuBegeHbI
3aBUCUMOCTY UHTEHCUBHOCTHU OT YIVIa PACCESHUI
nua mosukpuctasia maraerura (FegOy4), momryaen-
HbIE METOJOM NUMPPAKIUKA PEHTTEHOBCKUX JIyIen
(BepxHsis KpUBas) U HEUTPOHOB (HVKHA KPUBAS).

Kpome mnepeducieHHBIX BHINIE METOLOB, D€
OCHOBOU TOMYYEHUs NAHHBIX O CTPYKTYPEe KpU-

a)
(220)

a (222)
31T (311) (400)
&
N
[§]
I
o
I
<

6 (331

6 8 10 12 14 16

0 (rpagycsl)

Puc. 1.38. [ludppaxnuonnas xapTu-
HA PACCESHUA: @) — PEHTTEeHOBCKUX
Zygerl u 6) — HEUTPOHOB IOJIUKPH-
cramtom mareeruta (FezO4) (B cxo6-
KaX YKas3aHbl WHIEKCHI AUdPaKInOH-

HBEIX MaKcuMyMOB) [88]

CTAUIOB BBICTYIAET sABICHUE AUPPAKIUN KOPOTKOBOJHOBBIX WU3JIYYECHUU HA KPU-
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CTAIMIECKOU DEIeTKEe, B TEXHUKE YaCTO UCIONBL3YETCA CHenuaJbHas MapKUPOBKA,
KPUCTALIOB, MO3BOJIAIONIAA YCTAHOBATE, HAIPHUMED, IUNIOCKOCTb, MO KOTOPOU BHIPE-
3aH TaHHBIM Kpuctawl. Ha puc. 1.39 nokaszaHo, Kak Ipu MOMOIIU COOTBETCTBYIOMINX
FeOMETPUIECKUAX JIEMEHTOB MOHOKDUCTAIBHBIX IIACTUH KPEMHUs, BBIPAIIMBAEMBIX
ST CO3MAHUA OOMBIINX UHTErPANTBHBIX CXeM, MOXHO YCTAHOBUTH IIOCKOCTD, BIOJIb
KOTOPOU BBIPE3aH MOHOKDUCTAJLT, U TUIL IIOJIYIPOBOIHUKA (1~ WA pP-THUIL).

lMonvpoBaHHasi

lMonupoBaHHasi

MoBepXHOCTb —_ rMoBEepPXHOCTb —
Mepsas MepBas
NA0CKOCTb MI0CKOCTb
@opaﬂ
{111} n-tun MN0CKOCTb {111} p-tun
lMonvpoBaHHasi lMonvpoBaHHasi
MOBEPXHOCTb —_ oBepPXHOCTb —_—
MepBas Mepsas
NA0CKOCTb NA0OCKOCTb
BTopas
MIOCKOCTb
BTtopas
{100} n-Tun |<—-|7 NJ0CKOCTb

{100} p-Tun

Puc. 1.39. NxenTudukanusa MIOCKOCTEN B KPEMHUEBBIX MOHOKDUCTAIBHBIX IIACTUHAX [97]

|.10. Keasukpucrannsi

[oaroe BpeMsa CYMTAIOCH, YTO BEMIECTBO TOIKHO OBITH yCTPOEHO TOJIBKO JubO Kak
KPUCTALIAIECKOE, ub0 KaK aMOPQHOe, y KOTOPOr'0 eCTh ONIKHAN HOPALOK M HET
HUKAKOr'O MOPSAIKA [I0 POTAIMAM U TPAHCIANUAM Ha JaJbHAX PACCTOSHUSIX.

B 1982 r. Manmanem IlexTmanom (maypear HoGenesckon npemnu mo xumun 2011 r.)
OBLT OOHApPYXKEH CIIaB amoMuHusa ¢ mapranmeM AlggMnyy, 06pasern KOTOPOro, mo-
BEPIHYTHIA CIENUAIHLHOMY METOLY OBICTPOrO OXJIAXK TEHUS, PACCEHBAI MYIOK SJIEK-
TPOHOB TaK, 9TO Ha (GOTOILIACTAHKE 00PA30BEIBATACE APKO BBHIPAKEHHAA Au(DPaKIIH-
OHHAsI KAPTUHA C CUMMETDHEH ISTOr0 MOPALKA B PACIONOXKEHNN MU(PAKIMOHHBIX
MaKCUMyMOB (cummerpusa uxkocadapa) (puc. 1.40).

B xpucraniax, kak ObLIO OKA3aHO BHIMIE, MOT'YT CYIIECTBOBATH OCU CHMMETPUN
TonbKO BToporo (mosopor Ha 180° u 360°), Tperbero (mosopor ua 120°, 240° u 360°),
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9YeTBEPTOrO U IIECTOro MopAAkoB (moBopoT Ha 60°, 120°, 180°, 240°, 300° u 360°).
N3-3a aToro nmpu udpakiuy BOSHAKAIOT PUCYHKH JOBOJLHO CIIEN(pIIecKOro BIIA,
KOTOpBIE YK€ B Hadaje HPOILIOr0 BeKa yIeHBIM OBLTH XOPOIIO M3BECTHEL. 1loaToMy
JIerKO HOHATL yausaeHue lllexTMaHa, KOTOPEIR yBUAST HA KapP THHKE AKKyPATHEIN Ha-

60op m3 10 ToUex, paBHOMEPHO PACCTa-
BJIEHHBIX IO KPyTry. M3 3TOro ciemnoBaio,
YTO CPeau CUMMETPUM KPUCTAJLIA €CThb
moBopoT Ha 72°. YToOBI HAUTH OMIKO-
ky, HlexTman cpemanr eme HECKOJbKO
CHUMKOB 00pa3Iia Mo pa3HbIMU YIIAMU.
B pesynbpraTe oH Hamen eme HECKOJIbKO
oceﬁ cuMMeTpuu COOTBETCTBEHHO BTO-
poro um Tperbero mopsaikos. U3 sroro
cremoBat erne 6osee yIUBATEALHBIN Pe-
3yJAbTaT — I'DYIIIa CUMMETPUU UCCICTY-
€MOI'0 BeIIECTBA COnepKaJIa Mo ArPYIIILY,
KOTOPasg COOTBETCTBOBAJIO CHMMETDUN
UKOCa’Ipa — IPABUIBHOI'O IBAJLIATHU-
rpaHHVKa. Hamumdme Takouw mOArPYIIIbI
03HAYAJO, YTO B CTPOUTENBCTBE PEIeT-
KM NOPUHAI yIaCTHe UKOCAdAP, CIOXKUTH
13 KOTOPOr0O BCE TPEXMEPHOE MIPOCTPAHCTBO 6e3 00Pa30BAHUS MOJOCTEN HEBO3MOXKHO.

Puc. 1.40. Kapruna gudpaknuu dI€KTPOHOB OT
ctasa AlggMnig

Hanuuue peskux nudpaxnuonasx MakcumyMoB (puc. 1.40) cBuaeTenscTBOBAIO O
OPUCYTCTBUU B CTPYKTYPE TATHHErO TOPALKA B PACIOJIOKEHUN ATOMOB, XapaKTEPHO-
IO Ui KPUCTAJIOB, TIOCKOIBKY 3TO O3HAYAET, 9TO ATOMBI B PA3HLIX YIACTKAX 00pa3-
[[a OQUHAKOBO OTPAXKAKT MyY0K dIeKTPOHOB. OIHAKO CHUMMETPUSA HAOIIONABIICH-
¢l IAPPAKIMOHHON KAPTUHBI IPOTUBOPEYINIA (DYHIAMEHTAILHBIM [IPEICTABICHUIM
KJIACCHYIECKON KPUCTALIOrPADUU: TAKASA CAMMETPUS (PU3NICCKN HEBO3MOXKHA, VIS JIFO-
OBIX KPUCTALIMICCKUX BemecTs. [alpHennme uceieoBanns MOKA3AIM, 9TO B HOBOM
MaTepuaie Peanu3yeTcs HOBLIU TUM MOPAIKA, He KPUCTANLIUICCKUNA U HE aMOP(HBIA
(@A aMOP(MHOrO BENIECTBA XapaKTepHO HaIudue OIUKHEr0 MOPA LKA B PACIIOI0XKECHAN
ATOMOB, T.e€. HOPAAKA TOIBKO B IIpeegaX HECKOIbKUX MEXATOMHBIX PACCTOSHUMN).
IosTomy mamHOe BemecTBO OBLIO HA3BAaHO Keasukpucmaasom [116, 117]. Ksasukpu-
CTAJLIBI BOBHUKAIOT MPU BEChMA CIENUPUICCKIX CIOCOHOAX TPUTOTOBICHUS BEIIECTBA,
HapuUMep B pe3yJbTaTe OXJaxkIeHUA paciiaBa co ckopocTamu okomo 101-10% K/c
WIN TIPU pa3MoJsie YacTUll B MIApOBBIX MenbHuax [118]. B HacTosmee BpeMs u3BecT-
HO TOCTATOYHO MHOIO METALIAIECKUAX CILIABOB C JAJLHUM TIOPAIKOM, UMEIOUINX OCH
CUMMETPUU CEIbMOI0, BOCBMOI'0O, JECATOr0, TBEHAAUATOTO U T. J. HOPAAKOB, 3ampe-
meHHbe 11 Kpuctawios. Cpenu Takux BemecTs, HanpuMep, ciiasbl Alys Crr, AlysVr,
Als7Lig2Cuyy, CrsNizSis. Cenvac BBIpAIEHBI MOJUKBA3UKPUCTALIE], MOHOKBA3UKPHU-
CTAJLIBL U IBYMEPHBIE KBA3UKDPUCTAILIBL.

1.10.1. CTrpykTypa KBa3uKpPUCTALIOB

Baxnuyo npobiaemy GpU3NKN KBAa3UKPUCTALIOB IPEICTABIAECT UX ATOMHAA CTPYKTYPA.
Ee MOXHO HOHATH € TOMOLIBIO MATEMATHIECKOU TEOPUU 3AMOIICHUSI. SAMOIICHIE —
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2TO TOKPBITUE BCEU TIOCKOCTU WU 3AMOJHEHHE BCErO MPOCTPAHCTBA HEMEPEKPhI-
Batommumucs gurypamu. OObIMHBIN KPUCTALI MIPEICTABIIET COOOU MEPUOIUICCKYIO
CTPYKTYPY U3 aTOMOB WIM MOJEKYJI. JIF000M KPUCTALINIECKON CTPYKTYPe IMPUCYIIA
onpexenerHas cummerpusa. Kpucramwier 061a1al0T TaJIbHIM MTOPALKOM IBYX TUIIOB —
OPUMEHTAIMOHHBIM U TPAHCIAIUOHHLIM. TPaHCAAIMOHHBIN MOPAIOK, KAK OBLIO MOKa-
3aHO BBINIE, O3HAYAET BO3MOXKHOCTH MOCTPOUTHL KPUCTALIUIECCKYI) CTPYKTYPY IIy-
TEM TPAHCIALUE SJIEMEHTAPHOI'O CTPOUTEIBHOIO OJIOKA CTPYKTYPHI C OIPeneJeHHBIM
PACIIOJIOKEHNEeM aTOMOB Ha HEKOTOPBLI BEKTOP DJIEMEHTAPHOU AYEHKU KPUCTAJLIA.
B rakoMm ciaydae roBopsAT O CyLIECTBOBAHUM AAJbHErO MOpsaika B Kpuctawre. Opu-
EHTAIMOHHBIA TIOPAJOK O3HAYAET, YTO MOBOPOT KPUCTALIA BOKPYT OMPEIEJCHHOU
OCH COBMENIAET ATOMHBIE MO3UIINU ¢ caMumu cobou. Kpucramisr MOryT uMeTs Bpa-
IATEIbHYI0 CUMMETPHUIO TPETHEr0, I€TBEPTOr0 WK IMIeCTOro mopaska. CTpykTypa
DIEMEHTAPHON AIENKN GOJBIIMHCTBA KPUCTALIOB OCHOBAHA HA TAKUX IPOCTHIX '€0-
METPUIECKUX TeJax, KaK Ky, TeTpasap u OKTasap.

CTpyKTypa KBa3WUKPUCTALIOB, TAKUX KAK CILUIAB
ATIOMUHNS C MapraHIeM, OCHOBAHA HA APYT'OM CeoMe-
TpUIeCKOM Tejae — ukocasape. Ukocasap — >T0 MHO-
rorpasauk, uMeomun 20 rpaHen, Kaxaas u3 KOTOPBIX
MPEeICTABIAET COOOU PABHOCTOPOHHUM TPEYTONbHUK,

12 sepmn u 30 pebdep (puc. 1.41).

Uxocasap mmeeT CUMMETPHUIO IIATOrO MOPAIKA: B
KaxK IO €r0 BEPIINHE COeIUHEHBI [IATh Ipaden. ['eome-
TPUA MKOCADAPA 3aHUMAET BAXKHOE MECTO BO MHOTUX

00JACTAX MATEMATUIECKOT'O AHAMM3A, TAKUX KAK MIPO-
OJeMa, pEIeHUs YPaBHEHUN MOATOW CTEINEeHU, TEeOPUs
rpynn [119], reopus xaoca [120]. Uxocasaper neBos-
MOXHO YIAaKOBATh TaK, YTOOBI OHU ILIOTHO, O€3 3a30-
Puc. 1.41. [IpaBurpHbll IBag- POB, 3AIOJIHANIN BCe IPOCTPAHCTBO, IIOXTOMY OHU HE
UATUIPAHHUK — MKOCAD/AP MOTYT CIYKUATH DICMEHTAPHBIMU AICUKAMU KPUCTAJ-
JIOB.

Xopoumm aHaJIoroM ABYMEPHOIO KBA3UKPUCTAJLIA MOKET CJIYKUTh IapKeT (Mo3a-
uka). TpexmepHoe IpoCTPAHCTBO KPUCTAILIA 3AMOIHACTCS DAEMEH TAPHBIMU SIeNKAMU
TaK ke, KaK B MapKeTe AByMEPHOE MPOCTPAHCTBO 3AMOIHACTCs mInTkaMmu. [lepuonu-
YECKOU MO3AMKOW WU Pa30NeHreM IIOCKOCTY HA3bIBACTCA TaKas MO3anKa, B KOTOPOU
MOXKHO BBLAEIATH 00/IACTh, 3AII0JHAIONIY 0 6€3 MPOOEeIOB U HAJIOKEHUN BCIO ILIOCKOCTh
[IPU TPAHCAUAX U TAPAJLIENbHBIX IEPEHOCAX, T. €. IPU CABUrax obsractu 6e3 moBopo-
TOB win orpaxenunt. CymecTByeT MHOXKECTBO (PULYD, HAIPUMED MAPALICI0rPAMMOB,
MPABUIBHBIX MIECTUYTOIBHUKOB U JIP., U3 KOTOPBIX MOXHO CIOXKUTH IIEPUO TUIECKY O
Mo3auky. CylmiecTByeT TakKe MHOXKECTBO U APYTUX (PUTYD, U3 KOTOPBIX MOXKHO CJIO-
KUTH W MEPUOAUYIECKUE U Henepuoamdeckue mozauku. Cpean HuX 0COOLIN WHTEpEC
[IPEICTABIAIT KBA3UIIEPUO TUIECKIE 3aMOIIEHIs IPOCTPAHCTBA IBYMs CTPYKTYPHBI-
Mu eguHUIAMEU. PaccMoTpenue mog06HOro 3aMoiieHus y 106HO Ha9aTh C O JHOMEDHOI'O
KBA3UKPUCTA/LIA (LEIOYKM aTOMOB). B 01HOMEpHOM CiIydae yIoOHOU MOIETbIO 3aMO-
IIEHNs ABIAETCS IEN0YKa, COCTOAIIAI U3 KOPOTKOrO S U IIMHHOrO L OTPE3KOB, MOo-
PAIOK YKIAAKA KOTOPBIX BAOJB IIEMOYKY OMMCHIBAETCS MOCJAEIOBATEIABHOCTBIO YlUCE
Dubonauuy . TucroBas mocaenoBaTelbHOCTE PUOOHATYIN OMPEILTIICTCA PEKYPCUB-
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Puc. 1.42. Ilepuoamyeckue npubIMKEHUA OTHOMEDHOT'O KBasMKpucTasna. Ilepuon cTpykTyp
BBIJICJIEH KUPHOU suHuen. Ilo Mepe yBeaudeHUs HOpsAKa IPUOIUKEHUs (OT fo x
f4) cTpykTypa Bce Gojee TOYHO OMMCHIBAET KBABUIIEPHOAUIECKYIO 1enouKky Puco-
Ha4dY4M1

HOU (pOopMyJIOU
fo=1fi =1, fit2 = fi + frt1, (1.18)

T. €. KQXKI0€ MOCIAEeAYIONIee YUCA0 B IUCIOBOM paAny PuboHAUIN PABHO CYMMeE IBYX
IpeaBLIYIINX. XOPOIIO U3BECTHO, ITO B IpeIese

. [ 1++/5

hmﬁzT:i\/—zl,Gl&.., (1.19)
Tk 2

riae 7, Ha3blBa€MO€ 30JJOTBIM CEICHNEM, — “IUCJI0 UPPAaIXOHAJBHOE. BB}IB IBa OTPE3Ka

S u L u yknagplBas UX BAOJb OPAMOU TaK, KAaK MOKAa3aHO Ha puc. 1.42, moiay4dum
OHOMEDHYI0 KBAa3UIEPUOIUICCKYIO TOCIEI0BATEILHOCTE DUOOHATIN.

ZKupuon munuen na puc. 1.42 BbigeneHa dTeMeHTAPHAA AICUKA, O THOMEPHON CTPYK-
Typel. lenouku co Bce GOIBIIUM U GOMBIIMM MEPUOLOM IMOCJIENOBATEIABHO MEHEPU-
pytoorcsa 3amenon S — L u L — LS. Ilo mMepe yBeaudeHus B MOTHBE OTHOIICHUS
YUCAA IMHHBIX OTPE3KOB K YUCIY KOPOTKUX IIEPUOJ PACCMATPUBAEMOU OIHOMEPHOU
CTPYKTYPHL BO3PACTAET U CTpeMUTCA K 6eckonednoctu (taba. 1.5). Tak momygaercs
OMHOMEDHBLIN KBA3UKPUCTALI. HTEPECHO, ITO TY XKe CAMyK OTHOMEPHYI KBAa3UIIE-
PUOIUYIECKYIO CTPYKTYPY MOXKHO MOJYIUTH U APYTUM CIIOCOOOM, TPOEIUPY S TIO3UIINA
ATOMOB U3 [IBYMEDHOU MEPUOIUIECKOU CTPYKTYPBI HA OMPEAETeHHBIM 00PAa30OM OpH-
eHTUPOBaHHYIO 0Cb (puc. 1.43) Tax, uTob6wl tgh = 771, rae § — yron mex 1y mamHON
OCBIO 1 OCBIO a0CIIUCC.

Tabauua 1.5. DBouonusa pemreTkn PuboHATIN

Ilepuonx pemersku |12 (3|5 |8 |13 |21 0o
Tucno orpeskoB L | [1[2[3]5] 8|13 1618
Yucao oTpeskoB S 1|1]|2|3|5 |8 5010 ..

Ha ocp 7| mpoenmupyoTcs TOIBKO TOYKH, JIEKAIAE MEXKIY ABYMS MITPUXOBEIMA
JuHAAMEA. ITOOBL BJOMB OCH X||TTOMY TMIACH TOCIEI0BATEAIBHOCTE PubOHATIN KOPOT-
kux S U MIUHHBIX [ OTPE3KOB, HYXXHO OIPENETEHHBIM O0pPa3oM BBIOPATH pa3Mep
006MaCTU MEXIY IITPUXOBBIMU JUHUAMU (BIOMb OCA | ) U HAKJIOH OCH x| OTHOCHU-
TEJBHO IBYMEDHOU PEIIETKH.
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Puc. 1.43. O 1HOMEpPHBIN KBA3W-
KPUCTAJLI, I[OJYYEHHBIN IIPOEK-
uen JBYMEPHOU I1ePUOAUIeCKON
peleTKn

B mBymepHOM CiIydae y10GHON MOIETbIO0 KBA3BUKPUCTALIA ABAACTCA napkem [lenwpo-
yza (puc. 1.44, ), paspabOTaHHBIN €Ie 10 OTKPHITUSA KBasUKpucTamios [117-121].
B mosauke Ilenpoysa TpeOyoTCsa TOABKO ABe GUIYyPHI, 9TOOBI 3AMOCTUTE BCIO TLIOC-
KOCTBb 6e3 mycToT U mepecedenus Gpuryp: 3To asa pomba. BHyTpeHHUNE yribl 01HONO
pomba paBHEL cooTBeTcTBEHHO 36° 1 144° («ToHKUI poMb), a gpyroro — 72° u 108°
(«roncTeimy pom6) (puc. 1.44, 6). B 6eckoneunon mozauke [lenpoysa orHomenue quc-
JIa «TOJCTHIX» POMOOB K HUUCJAY «TOHKUX» TOYHO PABHO BEAUIUHE 30J0TOTO CEICHUS
(1,618...), 1, HOCKOJIBKY DTO YUCIO UPPAMUOHAIBHOE, B TAKOU MO3AUKE HEIb3s BHIIC-
JIUTH DJIEMEHTAPHYIO AYEUKY, KOTOpas CoAepxKaaa Obl Ie10e 9ucao PpoMOOB Kaxk I0r0
THUIA.

ITapxer Ilermpoysa He sABIIETCA MEPUOTUTIE-
CKUM 3aMOIIEHNEM, TaK KaK He IePEXOIUT B CeOs
HU npu Kakux caBurax. OmHAKO B HEM CyIIe-
CTBYET ONPEACICHHBIN MOPATOK, TaK KaK JTH0asd
KOHEYHAS YaCTh 3TOT0 3aMOIICHUs BCTPEIACT-
Cs1 BO BCEM 3aMOIIEHUN OECUUCICHHOE MHOXKECTBO
pa3. Ha puc. 1.44 BuaHO, ITO 5TO 3aMOIIECHUE
00J1a1a€T OCBIO TATOr0 MOPIIKA, T. €. IEPEXOMAUT
B cebA mpu TMOBOPOTE Ha yroa 72° BOKPYT HEKO-
TOPOU TOIKH.

Tpexmeproe ob6o06menne mapkera Ilenpoysa,

a) HEOOXOIUMOE [JISl PEANbHBIX MATEPUAIOB U CO-
) CTABJICHHOE U3 ABYX («OCTPOTO» W «TYIIOTO»)
Puc. 1.44. KBa3unepuo iu4eckuil map-

xer Tempoyaa (a) u POMGEI, W3 KOTO- pom6GoaapoB (puc. 1.45, @), Ha3bIBaeTCA CEmMbiO
peix o cocrout (6) Ammana —Maxxes . Tax xe xax n B IByMEpHOM

caydae, poMOO3APEL HE UMEIT OOIUX BHYTPEH-

HUX TOYEK U MEXJy HUMU HET MPOMEXKYTKOB. SAMNOJHEHUE IPOCTPAHCTBA DTUMU

POMOODIPAMU CBA3aHO C CUMMETPUEN MKOCAAPa U 00pa3yeT MOIENTb PEeryJsIpHOTO
KBA3UKPUCTALIA.

HamGosee mmpokoe pacnpocTpaHeHne B MpoOJaeMe MOCTPOEHUS MOIENe KBAa3U-

KPUCTALIMICCKUX CTPYKTYP MOLYHUUI IPOCKIUOHHBIL METO. YKe TOBOPUIOCH O ero
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NPAMEHEHNN [ MOCTPOEHUsA MOJEIN OJHOMEPHOI'O KBA3UKPUCTAJLIA C MCIOJB30Ba-
HUEeM [BYMEPHOU IePUOAUICCKON CTPYKTYPhL. [/ MOCTPOEHUs MOLEIUu TPeXMEepHO-
'O IKOCad [PUICCKOr0 KBa3UKPUCTAJLIA UCIOAB3YeTC s HeJOIUCICHHAA IePUO U IeCKas
CTPYKTypa — pemeTKa B MEIOTeTHIeCKOM MIeCTUMEPHOM HNPOCTPAHCTBE, M TPex-
MepHOe MOANPOCTPAHCTBO, OPUEHTUPOBAHHOE MPPAIIMOHAIBHBIM 00pa3oM K IIEeCTHU-
MEPHOU PENIeTKE. Y3Jbl PEIIeTKN, OJU3KNE K MOANPOCTPAHCTBY, MPOCIUPYIOTC B
HEro, ¥ DTa MNPOEKINs HPEACTABIACT COOOU MOAETL PEryIAPHOrO KBAZUKPUCTAJLIA.
s mosrydeHuss ATOMHOU CTPYKTYPBI KOHKPETHOT'O CILIABA IOIYIEHHYIO MOIEIb [Ie-
KOPUPYIOT aTOMaMu pas3audHoro copra (cum. puc. 1.45, 6).
Koucrpyknum takoro twma XOpomo OOBIACHAIOT
9eTKOCTb AU(PPAKINOHHBIX KAPTUH OT KBa3WKPUCTAI-
JIOB, HO 00/IaJal0T CYLIECTBEHHBIM HEIOCTATKOM: C Ca-
MOT'0 HaYaJIa NOCTYIUPYETCA CyIeCTBOBAHNE JAIBHEIO
IOPAIKA U He OOBACHACTCA, KaK OH BOBHUKAET U3 OINXK-
HEr0 yIopsAIOYeHus aTOMOB. B To ke BpeMs mpu pocTe
KPUCTAJLIA U3 PACIIABA ATOMBL IPUCOCAMHAIOTCA K yKe o 0\ Ocrpetit u  Ty-
00pa30BaBIIEMYCA 3aPOBIILY IO HEKOTODPBIM 3aKOHAM, on POMBOBPHI, COCTABIAIONIAE
MMEOIINM JOKAJBHBIA XapakTep. MOXHO CKa3aTh, 9TO  cernr Avvana - Maxkes (a); xe-
NPUCOEIVHAIOMNECA K MOBEPXHOCTH 3aPObINIA, ATOMBI ~KOPUPOBAHHLIE ATOMAMH POMGO-
HUYero «He 3HAIT» O TOM, UTO CTPYKTypa pacTeT aaprt (6)
B HEKOTOPOM HPPAIMOHAJIBbHOM HAIIPAaBJICHAU, B THU-
HOTETUIeCKOM MHOIOMEPHOM [POCTPAHCTBE. ATOMBL «3HAIOT» (B CWIy HPUPOIBL
MEKATOMHOI'O B3aMMOJEMCTBU) JUIIb, KAKUE JOKAJILHBIE KOH(UIYDALMU MOKHO
06pa30BLIBATH, a Kakue Helb3sa. OKa3bIBaeTCs1, A1 TPEXMEPHOIO NKOCAD IPUIECKOI0
KBA3UKPHUCTALIA CYIIECTBYIOT TaKHe JOKAJIbHBIC MPABUIA, CIeAYs KOTOPBIM MOXKHO
ob6pazoBarh ceTb AMmana—Makkes win B IByMepHOM ciaydae — napker Ilenpoysa.
ITpu orkasze or KaKUX-11OO JOKAJIBHBEIX IPABWI MBI IPUXOAUM K MOIENNA KBA3UKPU-
CTaJIA, KOTOPBI MOXKET OBITH IMOLYTeH MyTEeM CJIyIalHOU YKJIAJKIA MHOMOIDAHHUKOB
C 3aJaHHOU CUMMETPUEH.

1.10.2. CBoucTBa KBa3MKPUCTALIOB

C MOMEHTA OTKPBITUA KBABUKPUCTAIITIECKOTO COCTOAHUS BAXKHOU IPOOJIEMON SABJLS-
eTCsA BOIPOC O €r0 TEePMOIUHAMUIECKON yCTOMIUBOCTU. BOIpPOC cOCTOUT B TOM, IIpu
KAKIX CKOPOCTSAX OXJAXKACHWUS U3 PACILIABA OYAEeT 00PA3OBLIBATHCA KBABMKPUCTAI-
aumdeckas Qasa, OygeT Jau OHa 6oJee yCTOMYUBOU, T.€. UMETh MEHBIIYI) DHEPTHUIO 10
CPABHEHUIO C KPUCTALIMIECKAM AHAJOIOM IIPU TAHHBIX YCJAOBUAX TEMIEPATYPEI, CO-
CTaBa, MABJIEHUSA, CKOJAb MO0 OHA CYHNIECTBYET W HE MEPENAET JU MPU U3MEHEHUU
BHEITHUX yCJIOBUU B KPUCTALIAIECKYIO (hasy.

IlepBbie OTKPHITHE KBA3UKPUCTALINICCKUE UKOCADTPUICCKUE CILUIABBI ATIOMUHU
C MapraimeM MOXKHO OBbLIO MOJIYYIUTh JHAIIb Iy TEM OBICTPOTO OXJIAXKIEHUA C OImpene-
JIEHHOU CKOPOCTBIO U3 JKUIKOI'O COCTOSHUs (Ipu Gosee BBICOKOU CKOPOCTH OXJIAK e~
HUA TOIy9aauch aMopdHbie (ha3bl) 100 IPYTUMHU CTOMb K€ DK30TUIECKUMU METO-
gamu [117]. OTkperTre kBasukpucrawmmdeckon daser B cucreme Al-Cu-Li mokasaio,
UTO KBA3UKPUCTALIBI MOT'YT OBITH YCTOUIUBLIME BILIOTH 10 TEMIEPATYPHI IIABJICHU
U PACTH IPAKTUIECKU MPU PABHOBECHBIX YCIOBUAX, KAK U OOBLITHBIE KPUCTAJLILL.
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TeopeTuvIeckn OTHOCUTEMBHYI) CTAOUILHOCTH KBA3UKPUCTALIAIECKOTO COCTOSM-
HUA MOXKHO M3Y9IaTh C MOMONILI0 KBAHTOBOMEXAHUIECKUX PACIETOB SHEPIUU KBA3H-
KPUCTALIA, B KOTOPBIX AETAIA MEXKATOMHOI'O B3AaUMOIENCTBHAA BOCCTAHABIUBAIOTCA
u3 (PyHIAMEHTATBHLIX (PU3NIECKUX IIPEICTABICHUN, 331aBas DIEKTPOHHOE CTPOEHME
ATOMOB, COCTAB/IAIOIINAX CINIaB. Peamnmszanus TaKuUX «IEPBOIPUHIUIHLIXY DACICTOB
CJTOXKHA, TTOITOMY OOBLITHO MONB3YIOTCA YIPOUIEHHBIMA CXEeMaMU, B KOTOPBIX METAJLI
PaCcCMaTpPUBAETCA KAK COBOKYIHOCTH ATOMOB, KAXK LI 13 KOTOPHIX IOIDYKEH B He-
KyI0 5((PEKTUBHYIO OTHOPOIHYIO CPEMY, OTPAKAIONLYIO €r0 HEMOCPEACTBEHHOE OKPY-
x)eHme. B paMKax Takoro moaxoma MOXKHO PACCIMTATH DHEPIUIO TOCTATOTHO OOJIb-
IIIOT0 KJIACTEPA.

IMomo6ubIe pacdeThl OBLLIN BLITIOIHEHBI A KPUCTALIUICCKUX W KBA3UKPUCTAI-
amdecknx das cucrembr Al-Mn. B kadecTBe MOIeIM KBa3WKPUCTALTA, OBLT MCIOIb-
30BaH IEKOPUPOBAHHBLIN MKOCAdApP, cocrosaumu ud 54 aromos (uxocanap Makkes).
OKa3aj0oCh, 9TO PA3IMYHBIMU KOMOMHAIMAMEU UKOCAdAPOB Makkes MOXKHO A0OUTH-
€A CYIIECTBEHHOTO CHUKEHUs MOJHOU dHEPTUU TAKOT'0 MOAETHHOIO KBA3UKPUCTALIA
[0 CPABHEHUIO C KPUCTALINIECKOU (ha3ou CILIaBa TOro ke cocTasa. Caeqys TakoMy
OyTHU, B TPUHIIAIE MOXKHO MPEICKA3LIBATL BO3MOXKHOCTE MOABICHUA KBA3UKPUCTAI-
AuIecKnX a3 B PA3IUIHBIX METALIMIECKMX CIaBax. [[Ia MOJMHOTHI aHAIM3a Tep-
MOIMHAMUYIECKON YCTONIUBOCTY KBA3UKPUCTALINIECKON (PA3bl HEOOXOAUM eIl yIeT
KOH(DUTYPAIMOHHOTO GECIOPA KA, KOTOPBIA MOXKET CYIIECTBEHHO M3MEHUTH DHEPre-
TUIECKOE COCTOAHNE 00beKTa. [/ PEeryIapHBIX U CIyIalHBIX KBA3UKPUCTALIOB DTOT
BKJIAJ PA3IMYICH: B TIEPBOM CIydae OH MPOCTO paBeH Hyaw. OTHAKO IIA peasbHBIX
KBa3UKPUCTANIOB, CONEPKANMX CTPYKTYPHBIE N€(DEKThI, CATYanus OOJIee CJAOKHA,
TAK KaK MMOABJIEHNE aTOMHBIX KOH(pUIYPAIUi, KOTOPLIX HET B OCHOBHOM COCTOSHWN
PEryIapHOrO KBa3UKPUCTALIA, MOXKET CIOKHBIM OOPa30M M3MEHUTH SHEPIHIO CUCTEMBL.

Kaxk yxe OBLIO CKa3aHO BBIIE, KBA3UKPUCTALIHI, KAK MPABUIO — CILIABBI METAJ-
JUIECKUAX DJIEMEHTOB, HO UX (PU3UIECKUE CBOUCTBA OTIAMYAKTCA OT CBOUCTB APYTUX
METAITIECKAX CUCTEM.

DJIEKTPOCONPOTUBICHUE METALIOB YBEINIUBACTCA IPU BO3PACTAHUNA TEMIIEPATY-
PBI, KOHIIEHTPAIUK IPAMECEN, CTPYKTYPHBIX ne(deKTOB. B KBazmkpucTawmiax compo-
TUBJEHUE TIPU HUKAX TEMIEPATypaX aHOMAJbHO BEJIUKO, & C POCTOM TEMIEPATyPHI
YMEHBIIAETCA. HTepecHas 3aKOHOMEPHOCTh HAOMIOJACTCA Y AeKATOHAMBHBIX KBA3U-
KPUCTALIOB. DTO CIOUCTHIE OOBEKTHI: KBAZUKPUCTALINIECKUE TIOCKOCTH YIAKOBAHBI
BIOJb OCH IECATOrO MOPAAKA ¢ KOHEIHBIM MEPUOJOM. BI0Ib OCH yIAKOBKE SIEKTPO-
CONPOTUBJIEHNE BEAET O KAK B HOPMAJBLHOM METAILIE, 8 B KBA3UKPUCTALIAIECKAX
IIOCKOCTSX — ONMUCAHHBIM BBIIIE OOPa30M.

[lpyras 0cOGEHHOCTbL — KOHEYHBIN, KAK U Y METaLIOB, JUHEUHO 3ABUCAIIAN OT
TEeMIEePATyPhl DICKTPOHHBIN BKIA B YACILHYIO TEILIOEMKOCTL. 110 cpaBHEHMIO ¢ Me-
TAVIOM OH 3aHUKEH, HO €r0 IPUCYTCTBHUE YKA3BIBAET HA HAJUINAE CBOOOJIHBIX HOCH-
TeJen 3apsaia.

KBasukpucramiel — He U301ATOPHI U HE MOJLYNPOBOIHUKHA, HO B OTIUIHE OT
METAJLIOB YBEJAWICHUA CTPYKTYPHOI'O MOPAIKA U OTKUrA, 1eeKToB (yCcTpaHeHue re-
(PEKTOB MpU JIATEILHOM HATDEBE) B HUX HE MPOUCXOMIUT.

IMpakTuveckn BCe KBA3UKPUCTALIAICCKNAE CIUIABBI — TUAMarHeTUKU. VIcKmowue-
HUE COCTABMAIOT CILIABLI C MAPTAHIEM, AB/IAIOIMECT IaPAMArHETUKAM.



1.10. Ksa3ukpucmaaivt g\)

B Tabn. 1.6 B kavecTBe mpuMepa MPUBEICHBI HEKOTOPHIE XaPAKTEPUCTUKU KBa-
saukpucTamia, apejgcrasisaomero coboun cmias Al-Cu-Fe, rae maccoBbie nonu Al —
65%, Cu — 20%, Fe — 15%, B cpaBHEHUN ¢ aHAJOTMIHBIMU JAHHBIMU IS MaTepHua-
JIOB, 00JIAIA0IINX KPUCTAINIECKON CTPYKTY PO OOBIMHOIO THIIA.

Tabiauua 1.6. XapakTepuctuku KBasukpucramia AlgsCuzgFe;s m HEKOTOPBIX MaTepHUAJIOB:
HvV — MUKpPOTBEPIOCTb, A — KO(PPUIUEHT TelIonpOBOIHOCTH, (i — KO3(hbhu-
IVEHT TPEHUA MaTepuaJsa o Craan

Marepuan Hv (xr/mm?) | X (Br/(mK)) u
Anma3 6000-10000 2000 0,1-0,15
Crekno 750-1200 0,7-1,3 0,5-0,7
AlgsCuggFers 800-1000 2 0,14
Huskoyriepogucras cranb 70-200 50 0,22
Cu 40-105 390 0,24
Al 25-45 170 0,55

NuTepecHs ypyrue u miacTuIeCKne CBOUCTBA KBA3UKPUCTALIOB. YIPYT e MOIY-
JIM KBA3UKPUCTANLIOB MEHBIIIE IT0 BETUTINHE, IeM MOIYIU OJU3KUX 110 COCTABY KPUCTA-
andeckux ¢as. [1o ynpyrum cBOMCTBAM KBA3UKPUCTALIBI TOPA3A0 OJUKE K aMOpd-
HBIM METAJLIAM, YeM K KpucrawiaMm. Huskoe 3HadeHne ynpyrux MOIYJIEH YKA3bIBAET
Ha 6osee c1aboe MeKATOMHOE B3aMMO IECTBUE, M, HA NEPBLIN B3IV, KBA3UKPUCTAJ-
JIBL TOJIKHBL Jerde neOpMUPOBATHCS, 9€M UX KpucTamimdeckue aHajaoru. O mHako
BBICOKAs CUJIA COMPOTUBICHUA ABMKEHUIO TUCIOKAIUN B KBA3ZUKPUCTAILIE TEJAET UX
MeHee MIACTUIHLIMU U, COOTBETCTBEHHO, PEAThHBIMU KaHIUIaTaMU Ha POIb dhdheK-
TUBHBIX YIPOIHUTEICH B CILIABAX.

YHUKAIbHBIE CBOUCTBA KBA3UKPUCTAJLIOB, B MEPBYIO OYEPEIb, COUETAHUE MOBLI-
IIIEHHOW TBEPAOCTU W HU3KOTO KOX(P(DUIMEHTa TPEHUsA ¢ TEePMUIECKOU CTAOUIHHO-
CTbIO, JETAI0T UX MMEePCIEKTUBHLIME (DYHKIIMOHATLHBEIMI MaTepuatamu. Haunbomee mep-
CIEKTUBHO IIPUMEHEeHNe nX B (pOpMe HAHOOOBEKTOB I MOIU(PAKAIY CYLIECTBY-
IOIIAX MATEPUAIOB — B BUE MOKPLITUH, yIbTPATUCIEPCHBIX HANOJHUTENEN U MO-
IudUKATOPOB, IPU CO3JAHUM KOMIIO3UIIMOHHBIX MaTepuajoB. BeposTHO, HA OCHOBe
KBA3UKPUCTANLIOB OYIyT CO3MaHBI JOOABKU, 3aMETHO YIPOUHAIOIINE TABHO UCIONb-
3yeMble MaTepuaabl. He MCKIIOUEHO, ITO OHM MOMOT'YT Pa3pabOTaTh CHEIUATHLHLIE
[IOKPBITHS, OCYIIECTBILIIONINE IOBEPXHOCTHBIE PA3 [EIEHIs MATEPUAJIOB U CHIAKAIOLINE
K0>((PUIMEHT TPEeHus MexK Ty HuMU. Boree COTHU yxKe M3BECTHBIX BUJIOB KBA3UKPU-
CTA/LIOB, €3 COMHEHUs, CIIOCOOHBL 3aMETHO U3MEHUTH MU MaTEPUAJIOB.

Teopus TBepAOrO TeIa MPEKPACHO OOBACHAET DICKTPOHHBIE CBOUCTBA HOPMAJb-
HBIX METALIOB U UX CILIABOB. OTIPABHBIM MYHKTOM SBAAETCS MEPUOTUIHOCTH KPU-
craumaeckon crpykTypsl. O IHAKO Teopus ele He B COCTOSHUN OOBACHUTD, IIOYEMY
KBA3UIIEPUO TUIHOCTH ABJIACTCI UCTOTHUKOM CIEnU(PUIHOrO MOBEAeHU CBOUCTB. [l
OTBeTa HA DTOT BOIPOC HEOOXOAMMA OOJBIIAA DKCIEPUMEHTAIBHAA U TEOPETUIECKA
urdopManusa 06 DIEKTPOHHOM CTPOCHUHN (DIEKTPOHHOM CIEKTPE) KBA3UKPUCTAIIOB.

Bompoc 0 KBa3uKpPUCTALIMIECKOM COCTOSHUN HE OIPAHUIUBACTCS (PUBUKOU TBEP-
noro tema. CUMMETPUUHBIE CBOUCTBA KBA3UKPUCTALIOB OOIAMAIOT YHUBEPCATILHO-
CTBIO. DTO O3HAYALT, ITO ECAU KAKOU-TNOO CIOCO0 YIAKOBKH YeeK HEKOTOPOU ¢hop-
MBI HAIJEH B TBEPAOM TeJIe, TO TAKOU K€ CHOCO0 YIAKOBKU KUIKUX TIEEK» MOKET
ObITH OOHAPYKEH B MUAPOAUHAMUIECKUX TEIEHUsX, Ipobieme xaoca (B CTPYKType



@ TI'nasa 1. punyunbt cmpoenus meepduit mea. IaemMenmpl KPUucmasiozpadus

(Ha30BOM MIOCKOCTY QUHAMUYECKOU CUCTEMEI) U Ap. [102TOMY B UCCIEIOBAHNE KBA3U-
KPUCTAJLIOB BOBJIEYEHBI (DUBUKHU, MATEMATAKNA, KPUCTALIOIPAdEl I MATEPUAIOBEIHI.
O gHAKO BOIPOC O MPUPOAE KBABUKPUCTALIMIECKOO COCTOSHISA MATEPUN U OOBACHE-
HUU CBOUCTB KBAa3WKPUCTALIOB BCE EIIe OCTACTCS 3ara KO, KOTOPYIO MPEIoTHeCHa
HaM IPUPOIA.

[lo HeTaBHErO BPEMEHN CUMTATIOCH, UTO KBA3WKPUCTALIEI MOI'YT OBITH CO3IAHBI
auib uckycerBenno. O gaako B 2009 r. yganock 06HAPYKUTH IPUPOTHBIE KBA3BUKPU-
craummaeckue MuHepaibl. QOHU COCTOAT U3 ATOMOB XKeJIe3a, MeIU U ATIOMUHUA U ObLIA
HaugeHsl B Poccun BO hparMenTax ropHLIX HOPOJ, cOOpaHHBIX Ha Kopsakckom HArO-
pbe dykoTkm.

3ajaum

1.1. Hawnrtn yrox mexay sopmaaavu K mrockoctaMm (hikili); (hokzlz) aaa xpucrammos
KyOMYeCKOU, TeTPArOHAILHON U POMOMIECKON CHHTOHUM.

1.2.  okasars, uro ecau [UV W] — ungekcs! ocu xpucraworpaduieckon 30usl, a (hkl) —
WHAEKCHI OHOU U3 ILIOCKOCTEH, TPUHALICKALIIAX DTOU 30HE, TO BBHIMOMHACTCA PABEH-

crBo hU + kV +1IW = 0.

1.3. OnpegeanTs MaKCHMAIBHBIE PAJUyChl aTOMOB, KOTODBIE MOI'YT OBITH Da3MEIIEHBI
B TeTPadAPUIECKUX U OKTadApuieckux mycrorax ['IIK-guenku ¢ mepuogoM a.

1.4.  [okasarp, 1T0 mpamon obvemuouernTpuposannou xKybmaeckou (OIIK) pemerke co-
oTBeTcTBYeT 0oOpaTHas rpanenenTpupoBannas Kyoumieckas (I'IIK) pemerka, n Hao-
60poT.



