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OT PEJAKTOPA NEPEBOJA

Hacroawyro xuucy u ee asropa, amepuranckozo ¢usuxa 9. Kurreasa, uer
HYyoObL NOOPOBHO npedcTasAATs HAWUM 4UTATEAM, NOCKOAbKY nepseie Jsa ee
usdanus yowe guixoduau 8 pycckom nepesode (8 1957 u 8 1962 ze.). Xopowo us-
secTHbl Opyeue Kuueu asgropa: «Keawrosas reopus reepdsix reas (pycckuil nepe-
800 souuer 8 1967 e.), «Idrementapuan crarucruseckas ¢uauxas (1960 2.), «Cra-
Tucrideckan Tepmodunamuxas (1977 e.) u, maxowey, opuetuasvusil xypc obuerd
pusuxu, nodzorosaenusiti 8 Kaaugpopuuiickom ynusepcurere s beprau (CHIA)
nod pyrxogodcrsom Y. Kurreas u npu eeo Henocpedcrsennom yuacriu {(umeercs
8 pycckom nepesode). Bce aru usdanus, orpascaoujue onelr 00HO20 U3 AYHUIUX
6yso6 CHIA, 6 cuay ux 8vlcoKuUX HOYuHbLX GOCTOUHCTS NPUOBPOAU 3ACAYNCOHHYIO
NONYAAPHOCTL Y CTYOEHTOS8, NpPenodasareieil 8y308 u MmO.1006IX HAYYHOIX PaGOT-
HUK08. Buoumo, neauwune Tarsce HANOMRUTL O TOM, 4TO ABTOD ~—— Kpynusld creyua-
auct 8 06aacTu Gu3uKy TEEPOO20 TeAd, XOPOUIO U3BECTCH HAWUM (UIUKAM W UH-
HeHepam No CE0UM OPUSUHAAbHBIN UCCACO0BAHUAM, OCOBCHIO NO TEOPUU MA2HUT<
HOLX A6ACHULL.

Hacroswuid nepegod cOeaan ¢ 4eT8epTOR0 AMEPUKAHCKO20 u30anua «Beedc-
HUsf 8 usuxy t8epdoco teaa». Knuea O»iaa 3wmauuiesdbro nepepadorana a6Topos
yome 6 TpeTvem uzdanuy (NOABUAUCL HOSble 2aa8bl 1 pasde.tst, 9x0.10 300 HOsbLX
pucynkos u poroepaguil, ocsexenvt Oawnvie 8 Tabanyax u Oubauozpagpus).
B uergeprom usdauuu, Kax coobuwyaer astop 8 ceoem npeducaosuil, TEKCT TpeTbs
ez0 uadanus nodsepecs Oaavuetiutett modepyusayiu, 8 xo0e KOTOPOL NO4TU 1040
BUHA TeKCTQ TpeTveo uadanus Oviaa naAnucawa 3an080, dobagacHo euwje 140 no-
BoLX UAMOCTPAYUL, nossuslce HOBbie Tabauyvt, auteparypa u T. 0. Taxum obpa-
30M, MO CPaABHEHUIO O 8TOPbiM uddanuem {pycckuii nepesod emuten 6 1962 o)
MbL uMeeM RPAKTUYECKU NOAHOCTHIO HOBYO Kuuey. COXPAHLACS Autb 00wl nAuM
nOCTPOeHUS, TEMATUHECKASL NOCACOOBATEAbHOCTb u3A0Ncenus marepuaiq. IIpu ne-
pepaboTKe a8TOP yuea KPUTUMECKUE 3AMEHAHUS CBOUX KOANe2 U COTPYOHUKOE RO
Kaaugpoprutickomy ynusepcurery i, 470 OHeHb BaXCHO, CTYOEHTO8 — cayware.lel
Kypea, YUTAeMO20 QBTOPOM 8 ITOM YHUBEPCUTETe 8 Tederde MHO2UX AeT. IDTOT
KYpc Aeian 8 OCHO8e KHuzu, U, KaK BbLpa3uACs asTop, «06paTHas C843by ¢ ayol-
TOpUEl 80 MHO20M CROCOGCTBOBAAG COBEPUIEHCTBOBANUIO USAONCEHUS MATEPUAAd.

Xora o06vem KHuzu no cpasHentto ¢ npedvidyuwumu U30AHUAMU 3HALUTEALHO
8bIPOC, OH TeM He MeHee OCTABGACS <OSPUHUYECHHbIM CBEPXY> NPO2PAMMOL Aek-
HUOHKO2O KYpca u 7Tpebosanuimu U30ATeAbCT8Q, a4 NOCKOAbKY 4HUCAO HAYYHOIX
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GarTog, nHosoLy udeld u OTKpuiruli 8ce 803pacTund, TO as8ropy NPHULIOCH ONYCTUTD:
pa0 sonpocos. Kotopeie Owau ocsewjenvt 6 npedvldyuux usoanutx. K ux wucay
OTHOCATCH, HANPUMOD, TEPMOIAEKTPOHHAS IMUCCUS, TUK HA3bIBAEMbIl aHOMAAbHOUE
cnun-3PPeRT 8 merarsax, npoyeccor pexombunayuu u ouppysuu 6 noAYnpoeoo-
HUKQX, HONHQQ NOASPUSYEMOCTD OUIAEKTPUKOS 1 Ip.

Pasyscerca, nesoamoxmino 6 pamikax 0OHOTOMHO20 YueOHO20 Kypea UBAOHUTL:
TeKOU nbine ¢T0ab o0wuprotli npeduer, kex ¢usuxa reepdoeo resa Tem re me-
HEE MQAb, HTO 6 KHU2E UX HET — 3TIX ONYU|eHHbIX pazfenos.

[Tepesoo knuew Odaercs noAnocToo, Ge3 KaKuY-aubo COKpauierui WAl u3me-
wewwtl. [Ipu aroat no pady Apusus LPUWA0Cs OTKA3AT6(L OT NONLITOK €¢ Jdab-
nedwed modeprusayuu 8 pycckom u3lanui, 0axe 8 paMxox pedIKyUOHHLIX Api-
mevanud 1 Oubanoepaguueckux Oonoanmenuil, Keraru, 8 atom 1 ne 6vi10 00604
necbxodunocru. Te ynomunaemowe agropom Kuueu it c630poi, KOTOpble UMEIOTCS
8 pycckom nepesode, samcnenui 8 Oubauoepaduu Ha C03ETCKuE U30AHUA.

Kuuea colepxcur ofwiupnbli uAAOCTPATUBHbILL NMATEPLUS, APLOCTABAROUWLLE
cpwectgennnill unrepec. Yacrv 37020 marepuasa nodobpora U3 UCTOLRUKOE, KO-
TOpLIC HE 60uULll 8 CNUCOK AUTEPGTYPbL, O 4ACTb NPpedoCraBAeHa Q8TOPY pas.lud-
HBIMU YHenbistl Cneqianono 0 OanHo20 u30aHus KAuew. B atux caywasx Mot
6 NOONUCAX K UANOCTPQYILAN 60CAPOU3BOCUM NO OPUSLHARY Gamiauy AUy, KOTO-
poix Y. Kurreav ¢ 640200aprOCTOI0 OTMEUaeT KAK A8TOPO8 OGHHbIX UANOCT payull.

Trasnoim QOCTOURCTBOM KHUSU S684AACTCE NOCALOOBATEALHO nPOEOQuMbLl, 8HUL-
marervroili 1 2ayboKuLl AHAAU3 MUKPOCKONUYECKO20 MEXQHUSMAQ pusudeckuy ag-
Acunl 8 ToepLdoix Teaax, Yo6eouTeAbHO U YMEAO COoYeTAeMbil ¢ a0eKsaTHyiMit
cpedCTeaMU apCeHan TeopeTuHecKkol Guauxku. ITa CTOPOHE U3A0NHCEHUS, HETKO HA-
METUEWAACT 8 npedsiOyuiuy u30aHUIx, 8 HACTOAWEM U3OQHUU SHAUUTEAbHG [(N-
BELUWLHCTBOGANA. ITO UMEHHO TOT (PYHOAMEHT, KOTOPLI HEOOXOOUM MAHUHAIOULLUM
CReYuUaANCTaM Oafl COZHATEALHO20 U ULACYCTPEMACHHOZO NPOOBUNCEHUL 8 HaYKe,
Odasn Bvicrpefimeco u 3hhexTusrnoe0 anarusa Gecuuciesnux npubOpHblX, TeXHUYe-
CKUX U TCXHOAOSUHECKUX HPOOACM, pelienie KOTOPLIX O8eUjeCcT8ASLeT Ha NpPAKTUKe
HOYUHbLIE OTKPOITIA 1 COCTUNCEHUS,

Mosxcno Hadeatses, uro HAcTOawes Kuuea Oyder 6CTPedena ¢ UHTEPECOM
HQLUUMUL qUTATeAAMY, u30pAsWIUMI C80el CHeYUAAbHOCTDI0 HAYUHblE UCCALO08AHISE
U npumenenuss OOHOU U3 CaMbIX NPAKTUYECKUX HAYK HAWE20 8PEeMeRl — GUILKL
reepdozo reaq.

A. Tycee



NMPEJAUCIAOBHE

Hacrosmas KHHTa COACPIKHT SJEMEHTAPHO® H3JI0MKewHs 0OCHOB-
HEIX pasiae]oB QU3UKH TBepaoro TeJja. OHa HamucaHa B KaideeTne
yueOHIIKa (DU3UKH TBEPAOrO Teda U MaTepHAJIOBCAeHHs 15 CTY/lCIH-
TOB CTAPIIHX KYyPCOB €CTECTBEHHOHAYUHBIX M MH)KeHEpHBIK (Daxy.1-
TETOB 1 jAJ5 HAUMHAIOIIUX CAMOCTOSITENbHYIO PadoTy CHEelHaMICTOB.
HeoOxoauymelM GyHAAMEHTOM KHHIH SIBJASETCH KYpPC COBPeMenHOH
ATOMHOH (DHU3HKH.

@®u3HKa TBEPJAOIQ Teda CBOAMTCA, B CYLWIHOCTH, K YCTAHOBJACHHIO
CBA3H MEXKAY CBOHCTBAMHU HHAMBHIYAJAbHBLIX ATOMOB H MOJCKYI W
cBolicTBAMU, OOHAPYIKHUBAEMEIMH HPH OOBEIHHEHIIH ATOMOB HJAH MO-
JICKYJl B THraiTCKHe aCCOUHALHH B BHIEC PEryJsipHO-YIOPAAOYEHHEIX
CHCTEM — KPHCTaJAJA0B. 3TH CBOACTDA MOKHO OODBACHHTB, GIUPasich
Ha TpOCTBie (DU3MYeCKHEe MOAESJAH TBepRALIX Ted. Pea’bHble KpHCTad-
Jel 1 aMopbHble TBepAble Tejaa 3HAUHTCILHO CjoxkHuee, HO 2ddex-
THBHOCTb M NOJIE3HOCTH INPOCTBIX MoOJeseil easa JAH MOXKHO uepe-
OLLEHHTh.

[Ipy RNOATOTOBKE YETBEPTOro M3NAHHA HPUMCPHO NOJOBIHA TEK-
cra Tperbero H3gaHus OBLIA HaNicana 3aHOBO, IIPH 2TOM ObLLIO
poGasaeno 140 Hoppix namocTpaunfi. (JCHOBHbIE Hampasielis ua-
MEHEHHH CBOAATCH K CACAYIOHHM.

1. [Mapanaenbuo ¢ rayccorod cuctemofi ennunn CI'C Bresena
MexkayHaponHas cuctema eaunuy CH. B pesyabrate Te pasjedtl,
KOTOPbIe NepBOHAYya bHO OLLIM HamicaHbl C HCIOAL30OBAHHEM JHUID
eannn ciucremnl CI'C, crani, Tak ckasath, ABYS3buubiMH. Heolixo-
AUMDBIe B CBASH € BTUM HOACHEHHS AAOTCH HHXKE, 3aMeTUM DROAYTHO,
y1o cicrema CH B OCHOBHOM COBHIAKAET C H3BECTHOH NPAKTHICCKOMH
cuctemoll equdun MKC.

2. B Buje HOBBIX pasiesoB WJIH B pe3ioMe K IaBaM HJIU B 3a-
JAuYd BKJIOUEHBI: OMHUCAHHE TBEPJAOTEJbHBIX Ja3€pCB, HKO3¢{GCOHOD-
CKHX 1epexofoB M nepexojos MorTa, KBAHTOBaHHS NOTOKA, TCOPHA
pepMU-KUIKOCTH, 3HHEPOBCKOro TYHHe/HpoBauus, apderra KoHno,
reJHKOHOB M HEKOTODHLIX NpHMEeHeHWIl MArHUTHOro pesoHanca. lu-
3JeKTpHUecKnlt dopMaau3M BBOAUTCS B KauecTBe €AMHOTO NOAXOAA
NpH TPAKTOBKE PAacHpPOCTPaHEHHS 3/JIEKTPOMArHHTHHIX BOJIH, ONTH-
4eCKHX (DOHOHOB, IIJ1a3MOHOB U IIPU TPAKTOBKe 3KPAHUPOBAHHS U NO-
JISIPHTOHOB,
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3. T'maBel 0 Audpakuun B KPHCTANIaX, SHEPTETHUECKHX 30HaXx,
CBEPXIIPOBOAUMOCTH M MarHHTHOM Pe30HaHCe B 3HAUHTEJIBHOH Mepe
nmepepaboraunel. [1py 3TOM BO BceX C/aydasX NPeANpUHUMAJHUCh YCH-
JHS K TOMY, 4TOGH c/leaTh H3JdoxeHHe OOJee SICHBIM, MOHATHBIM,
HarJdsiiHoO WMIOCTPHPOBAHHBIM, HAaHOO/lee OTBCYANOLIHM HHTEpecam
CTVIACHTOB. §1 cTapaJjici NPOACHUTbL BCE TPYAHBIE BONPOCH, € KOTO-
pHIMH KO MHe o0pallajuch CTYIeHTHL.

4. Tabanuubl YHCIOBBIX XapaKTePUCTHK TBePABIX Tes 3HAYHTEb-
HO pacmiupeHbl u nepecMorpennl. Copok TalJiHll, COJepKALINX Hak-
60/1ce 4acTO MCIOAb3YEMBlE NaHHble, HePeUHCICHBl {(C yKasaHHeM
CTPaHHIl KHHTH) B OTJIE€IbHOM CIIHCKE NOcJe OrJiaBiacHHA.

Baxcneie peayabTaTsl, HOJyUYeHHBI€ B HCCJA€10BaHHAX 3JHEPreTi-
YCCKHYX 30H, CBCPXMPOBOANMOCTH, MATHHTHOTO Pe30HAHCA H B pas-
paGoTKe MCTOAOB, OCHOBAHHBIX Ha PACCESHUH HEHTPOHOB, OCBEILeND!
B TCKCTe B TeX jKe pasjenax, Ide 3TH BONPOCHl H3JaraJHCh B TPeTh-
ey usjgannu. Ocoboe BHuMaHIe VAeJeHO 3JeMeHTapHbiM BO30VHIe-
115M — DOHOHaM, IIA3MOHAM, NOJASIPOHAM, MAarHOHAaM H 3KCHTOHAM,

IMoutn Kamgoe Ba:uoe yYpaBHeHHE HJAM COOTHOIIEHHE BbHINCH: -
Baetcs Kak B cucreme CH, tak u B cucteme CI'C (ecas oHH HMEOT
pasauynbld Bua). HMckiaodycHug M3 3Toro NpaBmia AONYCKAWOTCA
TOJbKO B HOAMHCHAX NOJ pUCYHKamH, B TexcTe [Ipuaoxenuil (B xou-
1le KHUTH), B pe3loMe K [JiaBaM M B TeX pasjciax, rjie Mepexox oOT
cuctemnt CI'C g cucreme CH ¢BoAUTCH K TPUBHAJAbHOH 3aMeHe ¢ Ha
1 unn 1 #a 1/4mep. Hucaossle 3Haucnns B tabanuax Aamrcs B C/1H-
HHLax, naubosec y100UbIX AJAST BLIPAKEHHS COUTBETCTBYICUIEH (ir-
3iyeckoil BeqnuiHbl. [leped xaskIofi riaBofl jdaeTcst ee cogepa-
e (no pas3AesaM € yKaszaHHeM CTpaHun), a AAA HEKOTOPHIX IJaB
3a coleprkaHueyM AaHLl 3aMeYaHHs H COBeTHl O TOM, KakK CHedaTh
napasiie bHOe HCNO/db30BaHye 00enx CUCTeM eIHHHI HakboJiee npo-
CTBIM 1I eCTCCTBeHHDIM. [Ipu pelleHHH 3azad, NOMEHIEHHBIX B KOHIIe
KaAIOH r1asbl, BHIGOP CHCTEMBI eHHHIl NPEACCTABIIETCS YCMOTPE-
HilF0 UHTATEAS W lIpcHojiaBatets.

S cuca ueaeccooGpasHniM 106aBUTh TakiKe KOe-Kakue CBefeHIs
00 HCTOPHHM HAyKH, NOCKOJABLKY (H3HKa TBepAOro Teja MpelocTas:
JsIeT MHOTO BO3MOMKHOCTEH NPOACMOHCTPHPOBATH HENOCPEACTBCH-
H0e W BecbMa YCHeNIHoe NpHMeHEeIHe KBAHTOBOW TCODHH K OKpPY-
JaiouieMy Ha¢ wmupy npupoabl. O1HaKo, omacasch MOBEPXHOCTHO-
CTH Nipu Takux (PparMeHTapHLIX 3SKCKYpcaX, s YacTO BCHOMHHA.I
crpoxu Xopxe Jlyvuca Dopxema: «CKOJbKO XOPOLIErc y:Ke He HPH-
HaJJeKHT HHKOMY OOJbIDe.., BONAA YK€ B Hall A3bIK H B Hallil
HPCACTABJACHUAY. '

[lpunsitast B 3TOH KHHTe NOCAEJ0BATEAbHOCTD M3J/0XKEHHUSI JerKo
[103BOJsieT BbIOpaTh MaTepuana [/ CAHOCeMEeCTpoOBOro Kypca. Ta-
KOBBIM MOKET ObITh MaTepuas 1-—11 rnas c poGaBjieHHeM HEKOTO-
PLIX Pa3fenoB M3 MOCJAeAVIOIIHX TJ1aB WJH H3 JIPYTHX MCTOYHHKOB.
OaHako BRIGOP BONPOCOB, U3JIOXKEHHHX B 3THX TJaBaX, He CJeAyeT
paccMaTpuBaTh Kak MONBITKY OTPA3HTh coBpeMennbie 00JjacT# Ha-
VYHOH aKTHBHOCTH: HH OfuH yUeOHHK He MOXKeT ceHyac OTpPa3HTL
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pech JHalla30H TBOPUECKOH AeATeNbHOCTH YUeHBIX. [1o BonmpocaM, He
3aTPOHYTLIM B 3TOM KHHUTIe, YHTATEMAIO caelyeT ofpaimathest K 063G-
paM, NyOJIHKYeMbIM B OsecTsiiedl cepun cOOpHUKOD «Dusuka 13ep-
noro tenas («Solid State Physics», ed. by F. Seitz, D. Turnbull
and H. Ehrenreich), rie ofuuiro naercs taxxke ofmupHast O1d.1i10-
rpadua. Ilo Bompocam, ocpelaeMslM B 3TOH KHUIE, B JHTCPArype
onyHINKOBANO, BHIHMO, YVike cpbiie 10 ThIcsSY cTaTell BHICOKOrG Ha-
VUHOTO KauecTBa, 0 BCe OHU BHOJIHE AOCTOMHEI OBITh YIOMANYTHMI.
I, 011aKo, MOMLTAJCS BBIOPATL (INIIL HEeMHOrHe, Haudosee HO.IC3-
HLIC T IPHTOM Handosee J0CTVIHLIE s duTATeIeH, TTOTB3YVIONIIXCA
aHrTHICKHM  A3KKOM. B nmepemojax npeis1vIOHX H3Jaudil 3Tof
KHITH, BEILIEJIUINX Ia GPaHUIY3CKOM, lIeMelKoM, HCMAHCKOM, SIIOH-
CHOM, PVCCKOM. IIOJILCKOM, BCHTEPCKCM M apadCcKOoM f3blKaX, COLIMHO
1aBaqich Oudanorpaduueckue IOMOJIHEHIS, colepzKauiie padoiui,
onyOMIKOBAMIbIE HA 3THX SI3bIKAX.

Boaee Tpyaiibie M OTHOCHTEILHO TPYI0SMKIE 3a3a4ll OTMC-
gelibl 3Be370YKoiT. Byksa e npumensercs Ias ofdo3unadeHns 3apsia
potona: e =480-10-1° CI'C3-e1. = 1,60-10~19 K. Kpsineuxa
(«HLTIMKa») Hal BeKTOpOM, HampuMmep £k, o3iadaeT eIHHAUHDLIT
BEKTOP.

MoaroTeoBKa 5TOTO H3AAHWY 0Kas3ajdach BO3MOMKHON ToILKO Giaa-
rodapsa MOMOMUT MHOTHX MOMX KOJLIer H 1pysed. Y cunrtaw Heoluo-
TIMBIM VKA3aTh XOT# OBl HCKOTOPBIX, TAK KaK MHe iie xpaTitio Ol
MecTa, 4To0Ll YIOMAHYTh BeeX. JL0Jr 0653LIBACT MeHS 10 JIaHHOMY
S27AnIo OTMeTHTh  caeaviownx auu: T, Tlaraymits, B. XefiHe,
A, @, Xoaxomg, Y. Tavme, A. Bepma, 10. Dcuvan, X. Tpeltd.ie,
I1. Montromepu, K. T'mnefinnep (ma.), X. @peaepuke, V. Kenuur,
®. Jureas, K. Kvaiit, U, Qonr, I1. Aurorr, k. Tovac, P. ledava,
X. Crenan, C. T'eanep, P. Kan, P. I'pe#r, I1. Puuapac n J1. ®aan-
Ko, ¥. Maxon uw Mapraper Teq1ep npocMoTpeTi uacTh PYKORICH,
a Pooept KaefinOepr npocMoTpeT ee IIEJIHKOM,

sI moaospceeaio, uro Muccue Maqiaen Myp cymveaa Oul NOATOTO-
BUTb 3TO M3Jalde 1 0e3 MeHsi, O COBepIUeHHO YBepeH, uto s caM
He chpaBiiacsg Obl ¢ 3THM AedoM Gesz ee novouwu. Pobepty Toddy
s 00si3aH 3a HAIJISAHbIe H BEJIHKOJENHO H3TOTOBJASHHLIE DHCVHKII
B 370l kuire. ¥ Becbma npusnareden Hdonaaay Henexy n I'epxapay
Bpauvcy 3a mocTosiHHOE COTPYIHHYECTBO M UEIHbBIE COBCTH.

B npeAdcaOBHM K TPETbheMY H3TaHHIO s oTMeda’ l H 0Jaro1apiLl
elle psi;1 JHI, BOCHPOH3BOXKY COOTBETCTBVIONUIYIO UacTL 3TOTG fipe-
ZHCJAOBHS B TOM BHIE, KAK 3TO Tax OGHLIO H3JCMKEINO.

«PVyKkOTHNCh B 1eJ0M HANNUCAHA NOA CHJABHLIM BJAHsSHUEM 00CTOs-
TeJbHOW KPHTHKH co cTopolnbl Mapsuna KosHa n Maiikina Muamvena.
Hwm g 06s13ad odenb MHOTEM. Bee pUCYHKHM, OAHH 3a APYTruM, OblIH
Jo6esno nposepersl UYnnr flo @ourom u dkoszepom Puycowm, a 3a-
payn — Jlenapaom Cengepom. OTAedbHble TaBbl PEUEH3UPOBAJIH
Anonngp Haber, Yapas Cumur, Masun Temnaron, Peiimona bayspe,
Cunnu dftépaxamc, Upa Tlapkep, Jx. Tomac u M. TuHkx3aM; Yoa-
Tep Mapwana Jw0Ge3Ho NpeioCTaBUA MHe Ha BHIGOp OGLIHPHBEIN
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MaTepHaJs MO pe3yJbTaTaM HelTPOH-AU(DPAKIHOHHBIX HCCACLOBAHHIT.
B 10aroToBKe BBOAHBIX MCTOPHUECKMX CIPAaBOK MHe [OMOTaJH
Anonpd MMaber, I1. DBanbn, dnusader Xadd, Miopusa Kurreis,
Howopaxuana Tafitec 1 paGOTHHKH (usnueckofi 6ubanoreku Bric-
well nopMadbHoRt wkoJael ([Tapux).

3a xkBaauduUUIPOBAHHBIE COBETH HPH 0TOOpe 3KCepHMCHTa/ b-
HLIX JaHHBIX A8 Tabaum, COACPMXKAaULIX UYHCAOBLe JaHHble, s HCK-
peutie npusnatescu Jluo bpwoapy, P. bosopty, Hopmany @uainncy,
Bepay Martrtuacy, Bepe Komnron, M. Tuukxamy, Hapaszy Cwuty,
3. bepceredtny, . Ilxona o C. Crpeccacpy.

HMamocerpanun nodyunJIu CBOIo OKOHuateapnyio Gopmy 6aaro-
napst ®equxcy Kynmepy mnpu npeABapHTedbHOH [OMOUIH  IVLIIC
Maiiepc. CrienuanapHoll 6AaToA4PHOCTH AOCTORHH Te, KTO NMpelocta-
BUJI Mlie OTAeabHble doTorpadin u PHCYHKH; B BHX OTOOpe Heowe-
HHMYIO TOMOIL OKaszadu MHe PobGept Ban Hopactpauna, T. Lxebed,
Y. lMeppuw, Bercn Bepucon, M. Temnarow u Hxk. Tomac, a Takxe
X. Maxckumen, X. Yuabame, P. debaya, . Xan, A. ¢on Xunne.is,
B. Bpokxays, P. Muagaep, P. Jle Kpo, 3. Mioanep, [1. Cpuan
JI:x. Bakon, k. Jdxxopaon u Anan XoJageH.»

Bepkan, Kamidopnus . Kurteaw



3AMETKH O YUTATEJSA

Fnaewt 1 n 2 06 ananuse CTPYKTYpHl KPHCTAJ-
JIOB OTHOCATCH K 4HCIAY (yHAaAMCHTAaJILHUX. KaK-
Jloe TOHATHE WX TNOJOXKeHHe, H3JO0KEHHOe B TJi-
Be 2, CYU1ECTBEHHO HCNOMbL3YeTCA B I1aBax 0 30HHOH
3HepPreTHUeCKOH  CTPYKType H  TNOJYNPOBOANH-
kax. OcofeHHo 3TC OTHOCHTCS K MOHATHIO 0OpaTHOl
pewieTkH H 30HaM bpuJiwosHa. OGwHR meron, pas-
putell B [lpraowennu A ans audpakuuu peurre-
HORCKHUX JydeH, Tak:Ke H3JOoxeH B rjase 9 8
Ka4cCTBE OCHOBBI AJ151 OCTPOEHHS TEOPHH JIEKTPOH-
HbIX 3HepreTudeckux 3oH. [y1aBy 4 npu nepsom ure-
HIH MOXKHO ONYyCTHTb. B raapax 4 u 5 paccMoTpeHbt
CKOPOCTb, KBAHTOBAHHE H B3aUMOJeHCTBHE YHDYTHX
BOJIH B KpHCTaJJaX; K YHCJIY BOIIPOCOB, 3aTPOHYTHIX
B THX INIaRax M HCIOJb3yeMBbIX I0O37Hee, OTHOCHT-
¢s OTIpejesieHHe UMcaa COCTOSIHHE B 3oHe Dpuanios-
Ha H 49ucJa COCTOSHHH HA €JMHUYHBIH 3HepreTHye-
CKHI HHTepBaJ.

I'naBbl 7—10 nocesilleHH 37eKTPOHAM B MeTaJ-
aax. [maol 9 u 10 06 sHCepreTHUeCKHX 30HAX —
HauboJiee BaKHBIC TJIABHI KHHUTH, 3/eCh clocod H3-
JOXKEHNS SBJACTCA HECKOJLKO HOBBIM mad yuel-
HHKa, HO 3aTO OTpa)kaeT COBPeMEHHHH} ypOBeHb
HceneloBaHHE B 3TOl o6Gaactd. LlenTpasbHblM 175
NOHUMAHHA COMRPXKAHHS STOH [IVIAaBH aBJAsAeTCs
JlOKa3aTeabeTBO Teopembl DBisoxa. PaccmoTpenne
CBOHCTB JABLIPOK NPOBOJHTCS 3J€Chb C TaKHM pacue-
TOM, u4ToOL NOATOTOBHTb YUTaTeNst K padoTe Hajl
H3ydeHHeM raaBel 11 o HosynpoBoaHHKAX.

[rapa 12 0 CBEPXIPOBOAMMOCTH COHEPIKUT OC-
HOLlIble 3KCIePHMEHTaJbHHe (hakThl, OcBelllaeMble
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¢ touku spennst Teopun BKII, no na npunartom
VPOBHEe H3JOXKeHHA HEBO3MOXKHO JaTh cojepa-
TeJAbHOe H3/I0KEHHE CaMOH 3TOH TEOPHH H TO3TOMY
aBTOD peKoMeHAYeT obpamatbes K APYILOH CBoell
kuiire «KpaHTOBas Teopusi TBEPABLIX Tea» IJH K
ruure JIx. 3afimana «IIpuHMIIIE Teopuy TBEP10r0
Teaa,

[1aBet 13--17 LOCBAMIGHBI THJIEKTPIUECKHM 1
MarHlTHBIM CBOHCTBaM TBepablx Ted. ['maBa 18 no-
CBSILUCHA 5KCHTOLAM H ONTHYSCKHM CBOWCTBaM; B
el TakKKe COIepIKITCA onlicanrhe TBep I0TEIbHBIX
Ja2epoB,

[Tocaeanne npe raasnl (19 u 20) xacawrcs B
OCHOBHOM Ae(eKTOB B TBEPIBIX TCIAX H MOTYT ObITh
npodnTanb Ha 000 yA0OHOM 3Tans L3yvenis
MaTepHala KHUTIL



I'nasal ONUCAHUE CTPYKTYPhl KPUCTAJJOB

TIepHOAHYSCKHE ATOMIBIE DATEI .« o o« v« 4w « « 4 v v v v v o o v« . 20
Tpadc1guuil 1§ Kpuctatinyzckite pewraten (21), Hadop omepamnit cuaerpin (22),
Basuc u kprcrasiindeckas ctpystypa (23), Iunvurasubie sdaafixn 2,

OCHOBHBIE THIIBI KPUCTAJITHYECKIX PEIICTOK . . . o « « « v v o v v v o . 27
JByxmepHble KpHertadaimueckie poemerkn (29). TpaxvepHbiz KPHCTATHIU2CKHE D2
W2TKH {33).

TToqokente 0 opfedTallna IVIOCKOCTell B KPHCTATIAX . + v o & &« « « + o 37

IMogoxeHne y3.10B zteventapunofl siwefikin . . . . o . v « « v v v v o . » 40

IIpocTeie KPUCTANLTHYCCKIIE CTPYRKTYPEL o+« 4 v v 4 v 4 o o o v o« o « . 40
Crpyktypa xdopicroroe uatpua (42, Crpyxrypa xdao)uertoro u=aias (42, Texcaro-
HaJbHA® CTDYKIYpPa ¢ manTtuoil ymaxonkoil (13, Crpyxrypa aimasza (49). Kydéu-
y2cKag MoIuUKannA CTPYKTYPH cysabdiiia nmika (16}, [ekcaromasasHas MoIiadiu-
Kanisi CTPYRTYPLI CcvJabdirga Hka (47).

Peaabnbie KpHCTATIHYCCKHE CTPYKTYPH . . . O 1

Ochk cHMMeTDI USTOrO NOMMIKA B Kpucramdiax (49, TTrou3Bo T 111 Viiako3Ka aTo-
MOB M o HImi3y (32), CHpaso4iunkil Mo cTPYKTY )2 KOuoTa.l o @1

Pesiore . . . . . . T L L e e e s e e e e . BB
RS T B = £ O 14
JIHTEPaTYPa . « v v v v e e s e e e e e e e e e e e e e e L TT0

@usuxa TBepAoro Te/1a, kKak HAayKa, POIMIACh B Hauajde Hallero
BeKa B CBA3M € pa3BHTHeM atoMHOU ¢usnku. OHa 3aHHVACTCS
rjarublM 00pasoM H3yUeHHEeM KPHCTAMMHUeCKHX TBCPABIX TEX I HO-
BeJCHUEM 3JEKTPOHOB B 3THX TeJax. Cro JeT Haszaj KPHCTaJdIbl
H3Y4aJINCh TOJBKO C TOYKH 3PeHHS HX BHemHeH (OpMel H CIIMMeT-
PUUHBIX CBA3eH MeXAY PA3JHUYHBIMH KO3(DOHIHCHTAMH, OMUCHLIBAIO-
WHMH (u3nvYeckHe cBOWCTBA KpucTadior. [locie orkpuiTia Aud-
(hpaknuu peuTreHOBCKHX JAydell H nyO0JuKamiu CepuH TPOCTHIX I
BeCbMa YCIeWHHX paloT ¢ pacuyeTaMH M NPeACKA3AHHAMH CBOHCTB
KPHCTAJMJIHYCCKHX BeLIeCTB Hayajoch (PyHIAMEHTAJbHOE H3YUeHHe
ATOMHOH CTPYKTYPBl KPHCTaJJOB.

KpucTa/ibl MHOTHX MHHEPATIOB H JAParoucHHBIX KaMHed OblIH
HU3BECTHBl U OTKCAHL! ellle HEeCKOJbKO ThicAdeseTHH Hasan. OnHa u3
HauGoJiee PAHHUX 3aPHCOBOK KPHCTAJJIOB CONEPKHTCH B KHTAHCKOR
tdhapMaxonee OIHHHAALIATOrO BeKa Hawell spel. Kpucra/in ksapua
U3 UMIEPaTOPCKOH KOPOHHKI, COXpaHUBIeca ¢ 768 roga uauieli aph,
naxoaarca B CéconHe, COKPOBHIIHHLE SMOHCKHX HMIOEPATOPOB B
Hapa. KpucranioMm HaswBaJH BHauajle TOJNLKO JeJ, a 3aTeM H
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Puc. 1.1, MsoGpaxkenne kpucranna,
B39TOS M3 CTAPOTO TPAKTATA MO Mu-
nepasorun. (Fawou.)

Puc. 1.2. Csssb BHewrsedf (QOPMBI KPUCTAMIOB € (HOPMOfi 3MeMEHTAPHBIX CTPYK-
TYpHBIX 3ieMenToB. CTPYKTypHBlE JEMEHTH OJUHAKOBH B CJAy4asX, H306pasceH-
HBIX CJ€Ba M CNpaBa, HO Pa3BHTHE NOJyuawT pasusle rpauu. (Ms atnaca k xuure
Tawon [3].)



KBapu, CYNTABIIHACA OKaMeHeBLIMM JbAOM. B KOHIe 3moXH cpenne-
BEKOBbS CJOBO «KDPHCTAJ/LA» CTAJO YNOTPelhJsATbCs B OoJdee obuleM
cMBICIIE.

[eomeTpHyecky npaBH/ibHAs BHEIIHAs (OpMa KPHCTaJIOB, 00-
pasyloILHXCA B NPHPOAHBIX HJIH Ja60PATOPHBIX YCJIOBHAX, HATOJK-
HyJa yUYeHBIX €lle B CeMHAALaTOM BeKe Ha MBICJb, YTO KPHCTAJILL
06pa3yioTest NOCPefCTBOM PeryJ/SpHOTO MOBTOPEHHS B NPOCTPAHCTBE
QAHOIO M TOTrO K€ CTPYKTYPHOIO 3/7eMeHTa, TaK CKa3aTh, KHPIHULKA
(puc. 1.2). Ilpu pocre KpHCTaMla B HACAJbHBIX yC/I0BHAX (opMma
ero B TeUEHHe BCEero pocTa OCTAeTcs HEeH3MEHHOH, Kak ecau Onr K
pacTyImeMy KPHCTaJIy HeNPephiBHO TPHCOCAHHATHCH Obl HJEMCH-
tapHble KupnuiMKH. Cefluac Mbl 3HaeM, 4TO TaKiMH 3J1eMeHTap-
HBIMH KHPIHYMKAMH SIBJSIOTCH ATOMBI WM IPYONbl atomos. Kpu-
cTaqddbl COCTOSIT H3 ATOMHBIK DPSAOB, NEPHOIHUYECKH MNOBTOPSIIOUWIHX-
csl B MPOCTPAHCTBE W 00pa3yioUlUX KPHCTAJIMIECKYID PeIeTiy.

B BocemuanaToM BeKe MHHepasoraMu ObLIO CdAeJaHo BarmKioe
oTkpbiTHe. OKkazanoch, uTOo HIAEKCH (HaHJeHHDblE ONpPeAeICHHEIM
croco0OM, ONHCAHHBIM HHXKE), ONpeAe/sioliHe INOCJOKEHHe B IIpO-
cTpaHcTBe 00O TpaHd KpucTasia, CcyTh wneqasle uicia. aton
[1—3] mokasaJg, 4To 3T0 MOMKHO OOBACHHTL PACHOJOXKEHHEM HICH-
THUHLIX YACTHYEK B PAAb, NePHOAHYECKH NOBTOPSIOUIMCCH B IIPO-
crpanctBe. B 1824 r. 3ubep [5] n3 ®paibypra npeanonoxua, d4ro
3JIeMeHTapHble COCTaBJSIOLINE KPHCTANIOB (KKHPIHUHKH», ATOMbI)
ABASIOTCH MaJdeHbkHMU chepaMi. O NpemIORIT IMIHPUUECKUH
3aKOH MEKATOMHOH CHJABI ¢ YUYeTOM KaK CHJ DPIHTSIKeHus, Tak 4
CHJ1 OTTaJKHBAHHS MeXIy aTOMamH, 470 OblA0 HeoOXoxNMo s
TOro, uTO6L KpHCTAMIHUecKas pellleTKa Oblaa CTahHlbHBIM PaBHO-
BECHBIM COCTOAHHEM CHCTEMbl WAGHTHUHLIX aTOMOR.

[oxaay#, nandodee BaxKHON naTOW B HCTOPUU (PH3HKH TBEPAOrO
Tesa spasercss 8 uiona 1912 r. B stor gcub B basapckoin Axa-
Jevud  Hayk B Mionxene caywanca gokaan <Hurtepgepents

Puc. 1.3. Mozens Kanb-
uurta (CaCOj3) no loi- :
rency [4]. ;




Kpucraan ¢moopira {CaFy)
uMeomni  HopMy oxtasipa

Packansianie no naocrocry cnalfHoeTH KPHCTawIa Raventoi coat (NaCl).

Kpynreit MOHOKPHCTAMT
FOTHCTONO  nmatpus  (Nal)
C NPUMEChIO  Ta1aus, 10-
Gamjennoit B Kpucrasa
AL TOTO, YTOOLI €6 MO XK-
HO  OBLIO  HCMOJB3ORATH
B KauecTRe  pmetekrtopa
ramMMa-usayyenus.

»



Morokpucrann  noxncroro wesust (Csl) B modeuT moabesa ns pocTonoflt neun
Kpyuuwiil (nopsaxka 25 Kr) KpHCTAMT BBPACTACT H3 Maf2.iLKOFO 33TPABOYIONO
kpucrania, Just ofecnedennst paBHOMEPHOTO POCTA KPHCTaMAHYeCKan Gyas (noxa-
3dna CTPesJKOH) HenmpepbBHO BpallaeTcs, M 3TO BpailedHe KOHTPOJIHPYETCH C MO-
MOIL'0 aBTOMATHKHU, MOMelleil:of I1a ONOpPHOH pave Hajl neuplo. as obecrneue-
HU) BeDTHKAIBHOTO pocra Oyas MELJIEHHO BBHITACHBAaeTcs H3 pacmiaBa Co CKO-

POCTBIO IPHMEPHO 25 MM B I€Hb.
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peHTreHoBCcKUX nydefi». B neppofi uactu moxkaapna Jlays BeICTYnILI C
H3JIOXKEeHHEM 2JeMeHTAPHOH TeOPHH AH(PAKUHH PEHTTeHOBCKHX JY-
yeHd Ha NMepHOAHYECKOM aTOMHOM psny. Bo BTopoii yactu aokmaaja
@puapux 1 KHunmuur coo0miiId O TEePBHIX 3KCIEePHMEHTaJbHBX Ha-
Ouro/leHusix AuGpakUMH PEeHTreHOBCKHX Jydveli B Kpuctaanax [6] 1),

3roit paGorofl GO HOKA3;*n, Y4TO PEHTrEHOBCKMe Jy4ll SB-
JSIIOTCA BOJNHAaMH, TaK KakK OBH cliocoGHB audparuposaTh. Pabora
HeONPOBEPKHMO JoKasaJja TakKxXKe, YTC KDHCTAMJIBl COCTOAT U3 Ie-
puogHueckux psagoB atoMmoB. C sToro jaHs Hawagdach ta (Gu3HKA
TBEPJAOTO TeJa, KaKOl Mbl 3Haem ee cerciHsd. B ronpi, nenccpea-
CTBCHHO caenyowiue 3a 1912 roaoM, B dusuke TBeproro TeAa ObL10
cIe/aHo MHOTC BaKHBIX nuoHepckux pabot. Ilepeeivu Kpucramain-
YeCKHUMH CTPYKTYpaMmH, onpenencHHbiMu Y. JI. Bparrom B 1913 1.
¢ TIOMOIILID PEHTIEHOBCKOro AHOPAaKUMOHHOrO aualnza, Obllid
c¢TpyKryphl KpuctaJaiaoB KCl, NaCl, KBr u KI [10].

NEPHOAHUYECKUE ATOMHDIE Psi/ibl

s onmcanus kpucTaJIuuecKHX CTPYKTYP Obia cO3Jal che-
IHAJbHBEA CUMBOAHYECKHH s3bIK. UeloBeKy, H3yuUHBIIEMY 3TOT KpH-
craJaorpaHueckKdl s3blK, JAerk0 BOCCTAHOBHTb CTPYKTYPY KDU-
cTanJa 1o HeCKOJAbKHM CHMBOJAM. 371eCh OVAET H3JOKEH PSIL NDO-
CTHIX HAeH, TOJOKCHHBIX B OCHOBY CO3JaHHA 3TOTO fA3BIKA, JTHX
uaeli 6yneT AOCTATOMHO JJsT TeOMETPHYECKOTo ONHCAHHUS NPOCTLIX
KPHCTAMIHYECKHX CTPYKTYD.

Wneanburlit KpuCTadJ MOMHO HOCTPOHTb NyTeM OECKOHEUHOro
3aKOHOMEPHOTO IIOBTOPEHHA B NMPOCTPAHCTBE OJMHAKOBLIX CTPYKTVD-
HLIX eAuHHN. B HauboJee NPOCTHIX KPHCTaAJAaX, HalpHMeD B KpH-
cTannax Meau, cepebpa, 30J0Ta, KPHCTaMIaXx LIEJOUYHBIX METaJlJIOB,
CTPYKTYpPHasi e[{HHHIIA COCTOHT M3 OZHOTO atoMa. B kpucraaiax 6o-
Jee CJOKHLIX BELLeCTB CTPVKTYpHAsl eIHHHIa MOXKeT COAepxarTh
HECKOJBKO aTOMOB HJH MOJIEKYJ. B kpHucraldnax HeKOTODBIX Heop-
raHnyecKuX BelleCTB CTPYKTYPHAs eANHHIlA MOXKET COLeprKaTh 0
100 aToMOB MJAHM MOJIEKYJ?), a B GeJKOBLIX KPHCTaJ/dl1aX 3TO WHCJIO
MoxkeT gocrurath 104

Kpucrann moxeT COCTOATH H3 aTOMOB HECKOJbKHX XMMHUECKHX
sseMenTos (Hanpumep, kpuctaia NaCl) nam cojep:kaTb CBsi3zaH-

1) 3toT noKAan, a TakkKe elle HECKOJbKO CTaTell, HAMHCAHHBIX KOJJleraMu
Jays, naneuaransl (¢ wHTepecHbIMH aunortaiuamu) 8 [7]; ocofniit mHTepec npen-
CTaBJIAIOT BHIAEPIKKH U3 3HaMeHaTenbHON Jexuun Jlays npu Bpyuenun emy HoGe-
Jesckofi npemud. ToMy, KTO XOueT O3HAKOMHTLCA C HAYAJbHAIM 3TANOM H3yueHHs
InPaKURY PEHTIeHOBCKHX JIydeH B KPHCTa/JaxX, MOXKHO NOPEKOMeH10BaTh cOop-
HHK, TIOCBSILIEHHBI NMATHAECHTHACTHIO PEHTIeHOCTPYKTYPHOro aHamiza [8]. Onpas-
AaBlinecs BINOCJIEACTBHHY MNPElNO/IOKeHHs O CTPYKTYPE HEKOTOPHIX KPHCTaJi0B.
6Ll BbiCKadahbl Bapsoy HamMHOro panbille OTKPBITHS AM(PAKUHA PEHTTEHOBCKHX
nyuyeft [9]; on cnenan ux u3 cooOpaX<eHHH CHMMETDHM H KOHUEMNMKH YNAKOBKH.

?) UurepMerasnuueckoe coenunnenve NaCds: nmeer xyOHuecky:o suefiKy, co-
nepxaumyio 1192 atoMa; sta suefixa BAsETCH HAHMelibllell CTPYKTYPHOR efnnd«
nefl coemuuenus; cm. [117].
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gHle TPYNAE OJAMHAKOBLIX aTOMOB (HallpuMep, Kpucraan H,). KpH-
CTaMIHYECKYIO CTPYKTYpy OyleM ONHCHIBATH ¢ HOMOILbLIO HEePHOAI-
yeCKH MOBTOPSIOEHCS B NPOCTPAHCTBE 32JiIEMEHTapPHON HacTd KpH-
CTAMTHUYECKON pellleTKW, Ha3blBAEMOH 3AeMEHTApHOU  Aveltrol
(uMemollleli ¢opmy napaJielentnera H OOTOMYy Ha3biBaeMOI
HHOTZa 3JeMeHTAPHBIM mapaJJenenuile/loM), ¢ KaXX/J0H TOUKOH KO-
TOpOH CBfI3aHa HEKOTOpasa rpyllla aTeoMOB. DTa Ipylna aToMOB Ha-
aplBaeTcsi 6asuconm; 0asuc NOBTOPsSieTCA B NPOCTPAaHCTBe H o0pasyer
KPHUCTAMJIHYECKYIO CTPYKTYPY.
PaccMOTpuM 3TH onpeleeHHA GoJiee MOAPOOHO.

Tpaucasuuy ¥ KpucTasaudyeckne pewetki. Onpeneinn ulieanb-
HBIH KPHCTAJMJd KaK TeJNo, COCTOsIliee H3 aTOMOB, DacClOJOMeHHDIX
B OPOCTPAHCTBEHHON pellleTKe TaK, YTO MOKHO BBECTH TPH 8EKTOpQ
OCHOBHBIX Tpancaayud a, b, ¢, obJlaiaoumux CcJIeaAVIomHuM CBoO-
creoM. [Ipu paccMoTpenuu ol aTOMHOH peLIETKH H3 [POH3BO.Ib-
HO# TOYKH r pellleTKa HMeeT TOT :Ke BHi, UYTO M IPH PacCMOTPEHHH

H3 TOYKH r’:
r'::r—}—nla+n2b+ﬂ30, (1‘1)

riae ny, Mg, Ny — NPOU3BOJBHBlEe nedabie yucaa (puc. 1.4). OcHOBHbIE
BEKTOPHl TPaHCHAUHH HHOTAa 0003HAUAWTCH @, ds, Q.

CoBoKynHOCTb Touek ¢/, onpegensieMas cooTHouennem (1.1) npu
pA3JIMUHBIX 3HAYEHHAX UHCEA 1y, Mg, M3, OUPEIEIALT KpucTa.liuve-
CKYi0 peuleTKy, TPeACTaBadIomyo coboil peryaspHoe nepHoaHue-
CKOE pacroJjioKeHHe ToueK B nmpocrpaHcTse '). Kpucranauyeckas pe-
nleTka fiBJAseTcs MareMaTHyecKoil alcTpakuuell: KpucTajjaHdycckas
CcTpyKTypa obpasyercst JHIIb TOTAA, KOTAAa ¢ KaxKiao#l TOuko# pe-
LWIeTKH CBf3aH (OAHHAKOBHIM o6pasoM) Oasuc. Takum obpasowm, J10-
THYHO 3aMucaThb, 4TO

peuteTka - 6Q3uc = KPUCTAANULECKAS CTPYKTYPQ.

Kpucrannuyeckas pelleTKa Ha3blBaeTCA MpUMUTUBHOU, a Bex-
TOpH @, b, ¢— sekTOpaMU NPUMUTUBHOLIX TPAHCAAYUL, €CJIH [Be
a06ble TOUKH r U ¢, IpH HaOMIOJEHHH H3 KOTOPbIX aTOMHOe Paclio-
JOXKeHHe HMeeT OJHHAKOBLIHA BUJ %), BCeria ya0BJIeTBOPSIOT COOTHO-
ulenyro (1.1) npyu cooTseTCcTBYIOLLEM BLIOODPE LEJBIX YMCEJ ), Mg, A3,

BekTOpbl NPUMUTHBHEIX TpaHCAAUH#A MBI Oy/eM 4acTo BBIGHpaTh
B KauecTBE OPTOB Kpucraarroepaguueckux ocefi KOOPAHHAT, XOTH

1) Mbl HCNOJb3yeM CloBa <«pellleTKa» # <«TOYKH DelleTKH» KaK papHoslaua-
ipe. BpaBe orMeuas, UTO TOUKU pelleTKH SIBJAAIOTCS KOPHAMH yPaBHEHHS

sin? (ng/a) + sin? (mn/b) + sin? (ng/c) =0,
rne E, 1, {— KOOpIHHATH B TPeXMEPHOH CHCTeMe KOOpAMIIAT, KOTOpas B ofileu
cayyae sBAseTcst KOCOyroabkoil. Epuiuunbie BeKTOPH 3TOH KOOPAMHATHON CHCTe-

Mbl o6o3Havalores a, b, c.

?) 310 onpenesneHde, BO3MOKHO, 3BYYHT AOBOALHO TIPyBO, HO OHO TeM He
MeHee yTBep:Klaer, 4TO He CYIleCTByeT siuefiKH MeHbUIero pasMmepa, KoTopas
Morsia 66l CAYXKHTb CTPYKTYPHBIM 3JEMEHTOM AJSl KPHCTAJUIHYeCKOH CTPYKTYPHL.
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Puc. 1.4, Uaetp kpueraiia (B AByXMepHOM H303IPaKeHli), DOCTPOLIION0 13 TIIO-
Te1rueckiX 0eqKoBLIX MOIeKY. 1. (MBl BHIGpAdN GeJKORYD MOJEKY.1y MOTOVY, 4TO
3Ta MOJeKYyJa, BCPOSTIO, He HMeeT cBoefl coGeTBennoil cmnerpun.) Atoyuoe
paciieaoxedile B Kpucraldie EMecT OJIMHAKOSBIA BMI KaK NPH PacCMUTDEHIN U3
Teuri ', Tax W OpH paccuorpenny U3 touxkw r. Ilosromy sektop T. crusniBaio-
wut #7 B oF, MOMEO BEIPA3UTh KaK (Lleoe) Kpatioe Bek1opoB a it b. Hanpuwep,
ua 31oM pucynke T = —a -+ 3b. Buxtopel @ u b aBA%IOTCS BEKTOPAME NPUME-

THBEHX Tpamcaauufl AByxMephofl pellerTx!,

Hapsay ¢ 2TuM OYAVT HCNONb30BATHCH M ADyriie {HC NPHMUATHBHYeE)
TPOIi:{l BEKTOPOB, KOorja oHH OoJdce yroCHB! B IOJb30RATHCH HMH
npoie. BekToper @, b, ¢, BRIOpaHHBIC B K2eCTBe ODTOB KPHCTALI0-
IpagIuecKHx ocell, 00pasyloT TPH CMEZ HBLIX 3jT.1a 3JeMCHTaploro
Lapasreaenuneia. Ecan Touku pelIeTsn HaxoIuTCsl TOJBKO B Y-
Jlax napaJuaedsenunela, To Takoll napasieaennne] HaskBACTCS NPH-
MITIBHLIM.

Onepauiio nepeMCUIZHHS LPHCTAL1a Kak I11eJ0T0 MapassicabHo
cadoMy cele, ONUCHBACMYK BEXTOPOM

T=na+nbt+nec=ma +ma+na, (1.2)

6 710N HasLBaTL rparcagyued. BexkTop Tpaucasuun KpHcTadliie-

RS

CKCGIT PELICTKH ¢BfizbiBaeT .MOOLIC ABE TOYKI DPeLueTKIl.

Ha6op onepauuit cummerpuy. [Ipn onucarnn CTPYKTYypH KOH-
KPETHOTO KpHcTalda HeoOX0AHMO: ONPEALIHTh KPHCTALIHUCCKYIO
pelieTky '), onpedededHnbM 00pa3oM BbIOPATL KpucTaaacrpaduuc-
CKHe ocH KOOpAMHAT, HalTH Oasuc p Habop onepauMil CUMMETPHH,
¢ TOMOIBI KOTOPOTO OCYUIECTBIASETSS IHMEPEIoc KPHCTAMIHYECKOH
CTPYKTYpPhl mapadueibHo camoil cele.

1) Hast pansoll kpHCTaJuIH4eckofl CTPYKTYpPBl BCerda MOXKHO BHOpaTh He-
CKOJIDKO KPHUCTAMIMYECKMX pPElIeToK, a /st JAaHHOH PeLIeTKH — HEeCKOJbKO KpH-
crasIorpaHueckHx cucreM KoopaunHat. Mbl He MOXeM ompelenuTs 6asuc, noxa
He BhIOpaHBl pellleTKa W CHCTeMa KOOPAHHAT, KOTODOH MBI XOTHM MOJL30BATHCH.
OpHako Kakod Obl CHCTEMON KOOpAMHAT Mbl HH TOJB30BAIHCh, pe3yfdbrar Oyaer
OAMH M TOT XKe (HampuMep, OJHOM W TOH Ke OyReT CHMMETPHS KaPTHHBL peHTre-
NGBCKOK AKM(pPaKUUA), TaK KAK B KOHeYHOM Cdere BCe oOflpefesieTcs IPaBHJBHO
BLIGpaHHBIM Oa3HCOM.
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K onepauusiM (Han npeo6pa3oBaHHSIM) CHMMETPHH OTHOCSTCS
TPAHCJASIHHOHHBle TNpeoOpa3oBaHusi, ONpejesasieMble COOTHOLIEHHEM
(1.2). UmetoTcst, KpoMe TOro, ONepauuH BpalleHHst H OTPaKeHHs,
Ha3blBaeMble TOueuHbiMU onepayusmu cummerpuu. Onepauuu spa-
LUEHHST ¥ OTPaKEHHST MOXKHO NPHUMEHHTb B paHOHE IPOU3BOJIBHBIX
TOUEK pelieTKH HJaH 0coOblX TOUEK BHYTPH 3Jd€MEHTapHOro mnapa.-
Jejienunera, B pe3yabTare Wero KPUCTAJ/IMUecKasi CTPYKTypa «Ile-
pefizer cava B cebs». ToueuHble onmepanyu CHMMeTPUH SIBJAIOTCH
JIOTMOJIHEHMEM K TPaHCJIANHOHHBIM oONepaiusiM. Bo3MoxXHEL ele II
ApYTHe, CJOXKHBIE CHUMMETDHUHbie NpecOpasoBaHHs, KOTOpPHle CO-
CTOAAT M3 KOMOMHAUMH Onepauui TPaHCJISANHMH H TOYeUHBIX oOrnepa-
uui. [IpeanasHaueHnem KpHcTa/MIorpadHuecKoro sizpika fABJseTcH
rJaaBHbiM 00pa3oM KpaTKoe ONlUCalue OfNepanuil CHMMeTpHH.

Ha prc. 1.4 mokazana xpucTajnauyeckas CTPYKTypa, HMelollasd
TOJBKO TPAHCASIHOHHEE INIpeo0paszoBaHUd, He CUHTast TOUYRUIIOH
onepauny Bpawenus Ha 360°. Crpyxrypa, Hso0pakeHHaa Ha
puc. 1.5, o6aataer xak TpaHCAALHOHHBIMH, TAaK H TOUEUHLIMH OIle-
pauusiMvp cliMMerpui. BekTopaMM NHDPHMHTHBHBIX TPaHCAANMNA B-
Jasilotest BekTophr @ 1 b. [1pu nomoporte cTpykTypsl Ha 180° BoxpyT
JI060H TOUKH, 0603HATEHHON Ha PHCYUKEe KPecTOM, OHA COBMCCTHTCS
cama c codofl. To ke OyaeT HadIA01aTbCA U NPH NMOBOPOTE BOKPYT
aHaJOTHUHBIX TOYEK B JPYIHX SuefikaX, XOTs KPCCTOM NOMEUeHbl
TOYKH TOJLKO BUYTPH OJHON fyeHKU.

HIeTKH Mbl CBA3LIBAEM HEKOTOPYIO T[Pynny aroMon (/I OJIHH
atom)— 06asuc, npuueM Bce TPYANL HIEHTHUUHB! O COCTABY, paclo-
Joxenuo 0 opHeHtauuu. Ha puc. 1.6 mokasaHo oOpasoBanue kpii-
CTaJJIMYeCKOH CTPYKTYPBI AyTeM IpHcoeanHeHus 6a3uca K Kam (00
TouKe pemnicTkl. B cTpyxTypax, nsoOpaxcHHLIX Ha puc. 1.4 u 1.5,
pelieTka o0o3naducHa Toukamu. Ha puc. 1.6, 8 ToueK peIICTKH yKC

basuc u kpucradagiveckas crpykrypa. C kKamaofl Touxoii pe-

Puc. 1.5, PucyHOK, nogo0HBH BpeIblayIieMy, HO ¢ GeIKOBBIME MOJIEKYTAMH,
C€KOMIIOHOBAHHBIMH TIONaPHO. BeKTOpaMu TpaHCAAUMM SBIAIOTCA BEKTOPH @ H b.
Tlpu moBopore Ha yros 7 BOKPYT 060l TOYKH, 0603HAYEHHOH KpecToM, Kpii-
cramn 6yjer COBMeIaThes €aM ¢ CoGoM.
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a) pocmpaHcimBennas DEMETNE
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b Lasue, codepmauid 38 paanumwerx done

© © & © | Puc.1.6. O6pasosaune Kxpi-

@ | craundeckoli  CTPyKTypuI
D (@) @ nyxeM(g;pncoezumeyHn oa-

3uca K KaxIofl Touke

O O pewerkn (a). Ha puc (8)
© © & & BHAed 6a3uc, HO TOYEK pe-
nleTkH yixe He Buano O1-
] %] AKO BONMPGC O TOM, Ka-

O KUM crecoGoM Basuc pac-

noJjaraeTcss OTHOCHTEJIBIIO
TOUKH peUIeTKH, Hecylle-
CTBeH.

8) Kpuemanmuyeonas copyrinyoa

He BHAHO. B KpHcTasaax MHOTHX MeTaJ/IOB M HHepPTHBIX rasos Ga-
3MC COCTOUT U3 OJHOTO aToMa, HO U3BECTHH HeopraHudyeckHe H OHO-
XHUMHYECKHE CTPYKTYPbI, 6a3uC KOTODLIX COAEPXKHT Thicsdy u GoJjee
aToMoB. Onucanue KPHCTAJJHUYECKOH CTPYKTYyPHl C NMOMOLIbIO pe-
weTKH ¥ 0asuca NOJEe3HO HCIIOJAb30BAaTb B PEHTIEHOCTPYKTYPHBIX
WIH HeHTPOH-IM(PaKIUOHHLIX HCCJAeJ0BAHHUsIX, O 4eM T[OBOPHTCH
HUKe B TJ. 2.

basuc, cocrosmuit 3 N atoMOB WJIM HOHOB, onpejessercsl Ha-
6opom N BEKTOPOB

ri=x;a+ y;b+ ze,

KOTOpbie ONpele/siioT MeCTOMOJIOXKEHHsT UeHTPOoB aToMOB 0Gasuca
OTHOCHTEJbHO TOUKM PelleTKH, ¢ KOTOpo# cBsizaH Gaszuc. ATOMBI,
cocrapisomue 6a3uc, OOBIUHO paclnofaraioT OTHOCHTEJNLHO NaHHOH
TOYKH pellleTKH TakKuMm ofpasoMm, uto O << xj, yj, 25 << 1.

Mpumutushble sueitkn. [lapansesnenunen, n300paKeHublil Ha
puc. 1.76 m uMerouuii B Kadectse pe6ep BEKTODPH a, b H ¢, Ha3bl-
BaeTca npumutugnol sueixod. [TpiMuTHBHAs fiuchKa siBAseTCs yacT-
HBIM CJyuyaeM 3jeMeHTapHoll suefiku. [locpedcréom  coorser-
creyrouux onepayull TPAHCAAYUL ¢ NOMOULIO IAEMEHTAPHOL a4el-
Kth MOJCHO 3ANOARUTG 6Ce NPOCTPAHCTBO KPUCTAAAUMECKOU CTPYK-
Typel. Tlpumurusnaq aueiixa a848eTCA AHCUKOL € MURUMALLHOIM
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Puc. 1.7a. Toukn nByxmepuofi kpucTainuueckoff pewerxn. Bee nsobpaxenusie na
pHCYHKe Napbl BeKTopos @ U b sBISOTCS BEKTOPaMu TpaHCasuuil pelleTkH.
O11aKO BEKTOpHl @g U by e SIBATIOTCS ApUMUTUGHbLMI BEKTOPaMHU TParc/siui,
NOCKOJABKY BEKTOD TpaHCAsLuu Kpucraanuuyeckoil pewetkn T Heab3sa BHIPA3HTH
kax T =n,a; + nyb,, rae n. 1 ny — ueable yucaa. Bce ocranbuble mape BeKTO-
pos @ " b MOXHO BHOpPATH B KAaueCTBE BEKTOPOB NPHMUTHBHLIX TPaHC/IALHH.
ITapannenorpamMmp /, 2, 3 uMeroT paBHYI NJI0waAb U J0G0H U3 HUX MOKHO BhHI-
6paTh B KauecTse NjAOCKOH NPHMHTHBHOH stduefixH,

Puc. 1.76. IlpumuruBuaa suelixa npo-
CTpaKCTBeHHOR KpLCTaMIndecKoH  pe-
LIeTKH

Puc. 1.78. Bonpoe o ToM, Kakie BeKTOPH NPHMUTHBHBIX TPAHCIINHA MMEET H30-
GpakenHas na 3TOM DHCYHKE <«pelleTKa», JHIIEH CMBICIA, NOCKOALKY OHAa He
SIBASIETCS DEUIeTKOH € TOUKH 3PeHHs NPHHATOLO HAMH ONPeNeJeHHs PeleTKH:
TOYKH 9TOH «pellleTKH» He/b3d «nepefpaTe» ¢ NOMOIbI0 Habopa BEKTOPOB THMA
ma + neb, rme ny w np — AO6He Hedsle uucaa. Ho npexnonoxums, uto H3oGpa-
JKEHHBlE TOUKH SABJAAOTCA HAGOPOM ONMHAKOBEIX 4TOMOB, MOMHO BEIGPATh TOUYKH
pemeTky (HanpuMep, MeXkAY aTOMaMH, BXONSILHMHA B NAPy), BEKTOPH HOPHMHTUB-
HBHIX TpaHCAALMH, NPUMUTHBHYIO sueliKy M GasnC aTOMOB, CBs3aHHbI C ToukoH
peleTKy.
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Puc. 1.7r. Artomupie pamel TpeX pasidYHBIX KPHCTaLIHUeCKHX cTPyKTyp. Toukm
KDHCTAJI/HYECKOH pellleTKH OCO3HAaYeHH KpPeCTHKaMH. B 1epBOM aTOMHOM pPsIy
BbIODAaHHBIEC NPOH3BOJBLHEIM 00pa3soM TOUKH pPELIeTKH AeAsT PacCTOAHHE MEeXAY
aroMaMH fonosaMm. ToukH pelleTKH MOJKHO IOMECTHTb M B JIPYTOM MecTe NpH
YCJIOBHH, 4TO AJMHMHA H HampaBJeHue BekTopa @ ocraworcs Ge3 navenenus. Bo Bcex
TPeX pPslax TOYKH DelleTKH CBfA3aHbl APYC ¢ APYroM HOCPeICTBOM BeKTopa HpH-
MHTHBHOH TpaHcasuun . [IpuMuTiBHbIE (mauMenbllui) Gasuc nmepBOro psfa co-
CTOMT H3 OJHOTO aTOMa M OTCTOMT OT TOYKH pemeTKH Ha !/ a@. TlpuMHTHBHBIR
fasuc BTOPOro psifa COCTOAT H3 JBYX OJHHAKOBHX aTOMOB, OJHH H3 KOTOPHIX
OTCTOMT OT TOYKH pelleTKH Ha @, a BTOPoH Ha wua. IIpuMHTHBHHIA Ga3uc
TPeThero psja COCTOUT H3 ABYX Pa3HBIX aTOMOB, OTCTOAIUHX OT TOUKHM DelIeTKH
Ha u;a M upa. Ecom 65 MBI XOT€JNH onucaTh aTOMHBIH psiji DepBOf CTPYKTYpPH
MOCPeACTBOM BEKTOPa NPHUMHTHBHOH TpaHcasusu pemetkd a’ (=2a), to 6a3uc,
cBA3aHHHIE ¢ @', cocTosan Obl M3 ABYX OJHMHAKOBBIX AaTOMOB, OJHH H3 KOTOPHIX
Haxofuiacs Gbl B mojoxkenud '/.a’, a npyroi — B noaoxenud °/ua’. Ecau 6w
HAYal0 BEKTOpa a’ COBNAJAN0 C OJHHM H3 aTOMOB, TO 6a3uc cocrosas Obl H3 aToMa
B nosultny 0 u aroma B no3uuuu 'y @’. Kpucranndueckas pelierka, oGpasoBa-
Has BEeKTOPOM @', HMeeT B [1Ba pasa MeHblle TOYEK DeMIETKH, YeM DeIueTkKa,
06pa3oBanHasa BeKTOpoOM a.

Puc. 1.8. TlpuMuaTUBHYIO AuefKy MOXKHO
Tak¥ke BbODPaTh CJAEAVIOUIHM 06pasoM:
1) npoBecTH MUK, COeTUHSIOLUE AAH-
HYI0 TOUKY PEHIeTKH CO BCEMH COCe/L-
HHMH TOUKaMu; 2) uepe3 CepelHibl
3THX JUHUH NEePneHIUKYJSIPHO K HUM
NpOBECTH HOBHIE JHHHH HJIH NMIOCKOCTH.
IToryuennas rtakuM cnocoboM syelika
HaHMEeHBUIETO 00beMa €CcTh NPHMHTHB-
was Augelixa Burmepa — 3e#itya. C no-
MOILbIO TAKHX sifeeK MOMKHO 3aATOJHHTH
BCE IIPOCTPAHCTBO  KPHCTAIIHYECKOH
peleTkH TaKk e, KaKk H C NOMOLIbIO
syeek, nokasamHmXx ma puc. 1.7.

\
/

o6vemon ). Ha TPHMHTHBHYIO sueHKy HDHXONHTCS TOABKO OJHZ
TOUKa KPHCTAJLIUYeCKOH peureTku?). XOoTs B Ka)»KIOM H3 BOCbMH
yrJjoB Mapajiejelulega HaXOoAHTCS TOUKA PEUICTKH, OJAHAKO KaxkK-
Jasi Takasd TOYKa MpPHHAMJIeXKUT OAHOBDEMEHHO BOCHMH SlUeHKaM,
KOTOpHIE CXOIATCH B paccmaTpuBaeMoil TouKe, OOGbeM NPHMHTHB-

1) CymecTByeT MHOTO CnOCOGOB BEIGOpa BEKTOPOB NPHMUTHBHBIX TpaHCAALui
¥ NPHMATHBHBIX s4eeK AJs JTaHHOH KpucTaaidyecKodl pelleTkn (puc. 1.7a).
2) Uncsno aToMOB B NPUMHTHBHOM sidefike paBHO UYHc/ay aroMos Ga3uca.
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goll siuelikn V. onpeaensercs CMeLIaHHLIM HPOH3BEJEHHEM BEKTO-
poB a, b, c:
V.,={aXb-c} (1.3}

OH MOXKeT ObITh HaliieH ¢ NOMOINbIO NPaBUJ 3JeMeHTAPHOH BeKTOp-
HoH aare6pul. Basuc, cBA3aHHBIA ¢ TOYKOH pelIeTKH NPHMHTUBHOH
AYCHKH, MOXKHO Ha3BaTb IPUMHTHBHBIM 6a3ucoMm. [IpUMHTHBHLIA
6asuc apJasiercss 06asucoMm, HMERINUM HaHMeHblliee YHCJAO aTOMOB.

Jlpyroii BapumaHt BLIOOpa siueliknm obbemMa V. NokaszaH Ha
puc. 1.8. fluefika, BbIOpaHHasi TakuM 00pa3oM, HasbiBaeTcss B (PH-
3UKe npumuTugHol sauetlixol Buewepa — Jetirya.

OCHOBHBIE TUINbI KPUCTAJIJIMYECKHX PEWIETOKY)

Kpucranauyeckue pelieTKH MOTYT OBITb NPHBeJEHHB B CaMOCOB-
MelleHHe He TOJbKO B pe3y/bTaTe TPaHCASHHOHHBIX Npeobpa3oBa-:
HHH, HO W B pe3yJbTaTe Pa3/JHUHBIX TOUEWHHIX ONlepaluil CHMMeT-
puH. TUNHUHOK oNepanued CHMMETPHH SIBJSETCSt BpalleHue BOKPYI
ocH, NpoXoasiiell dYepe3 Kakyw-HUOyab Touky peluieTkd. Cyuiect-
BYIOT pelleTKH, HMEloIl¥e OCH BpallleHHs IepPBOro, BTOPOro, TPeTb--
€ro, 4eTBEPTOro H IIeCTOro NOpsjaKa, KOTOpble COOTBETCTBYIOT NOBO-
poTaM Ha yrawl 2z, 2m/2, 2n/3, 2n/4 n 2n/6. Ocu spawjenus unaue
Ha3blBAlOTCS IMOBOPOTHBIMH oOcsimu. OHM oO03HauarTcst uH@paMu
1,2 3, 4u6.

He cyuiectsyioT KpucTaJAnuecKHe pelleTKH, UMerllde NOBOPOT-
Hble OCH TISITOTO WJH CeibMoro mopsjaka. MoJekysa caMa no cebe
MOJKET HMeTh TOBOPOTHYIG OCb CHMMETPHH J000ro Mopsiika, B OT-
Judne oT GeCKOHEUHOH NepHOIHYeCKOH KPHUCTaMIHdecKOH pelieTKH.
Kpucraan moxer cCOCTOSITD U3 MOJeKyJ, KaKaasd H3 KOTOPbIX MMeeT
MOBOPOTHYIO OCh ISITOrO MOPsAKa, HO KpHCTadJHdecKas pelleTKa B
nesgoM He Oyjaer UMeTb 31y ocb. Ha puc. 1.9a mnokasano, utd npo-
HCXOJHUT, ecJH TONLITATBCA CO34aTb NePHOAMUECKYIO pelIeTKy ¢
OCbI0 NSITOTO TOPsiAKa: MATHYTOAbHHKH He HOAXOHAT APYT K APYIY
BIJOTHVIO. TakuM oO0pa3oM, BHAHO, UTO HeJb3fl CO4Y€TaTb MNATH-
KPaTHYIO TOYEYHYIO CHMMeTPHIO ¢ TpeOyeMOol TPaHCIASAIHOHHON CHM-
merpuell. Ha pue. 1.96 noxasaHo, 4To B KpHCTa/wjdaX He MOXKeT
OLITb MOBOPOTHOH OCH ceAbMOTro nopaaka. Masocrpanus 3t1oro npu-
Bedena Ha puc. 1.10.

Toueunyro epynny (KJAACC) CUMMETPUU KPUCTAAAUYECKOL pe-
werTky MOXKHO OIpeAenuTb KaK C€OBOKYMNHOCThL oOliepalliii CHM-
MeTpHH, T. €. CHMMETDHYHBIX Npeo0pasoBaHHB, OCYHUIECTBJECHHBIX

1) PabGora Bpase, B KOTOpoHl OH BBIBeJ OCHOBHEE THNBE KPHCTAJNIHIECKUX
pellleTok, BrnepBble mnosBuiack B 1848 r. 3areM OHa Gbia BKJIOUEHA B ero KHHLY
{12]. Hemeuxuii nepeBox Bbmuen B 1897 r. [13]. Hua Toro, 4yroGn NOAyYdTH
HcuepnbiBaloliiee NpefcTaBjeHHe O CHMMETPHHM KpPHCTa/JIOB, cM. paborh 3efiTua
[14] 'w 7. 1 cnpabounmka [15]. ITompoBuoe ¥ KOBOABHO Xxopollee ONHCAHHE MPO-
CTpaHCTBeHHbIX IPynn JaHo B kHure ®ujunca [16].
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Puc. 1 9a B kpucranamueckoil pemerxke
ile MOJKET CYLIeCTBOBATb OCh CHMMEeTPHH
IATOrO MNOPAAKA: HEBO3MOXKHO C IIO-
VOB NATHYTOABHUKOB 3af10AHHTL BCE
TPOCTPAHCTBO  pewleTKH 6e3 mpoMe-
wyTkoB. Ha puc 1.32 nokasan npunep
MOTHOH YNAKOBKH TBepABX IIapoB
(MOLEJMHPYIOUIHX AaTOMBI) € OCBIO CHM-

Jes ¢y

MeT{ 1 NATOIO MOpsiiKa KOTopasn, Oi-
#aKo. ke oOOJajgaer TpaHCAALHOHHON
HHBAPHAHTHOCTBIO.

/

————
7’

Puc. 1.96. Pucynox Kensepa («Harmo-
nice mundi», 1619), us kotoporo Bumuo,
UTO B KPHUCTANJIHYECKOH pellleTke He
MOMET CYLEeCTBOBATL OCh CHMMETpHI
cenpmoro mopanka [17].

o«

\ -0

S

Puc. 1.10. ToukH KpHCTaJAHYECKOl pCLIETKH NOBOPAUHBAIOTCT Ha yroa @ o1HO-
CHTENbHO  (QHKCHPOBAHHOH TOuKu peutersu [IpW BPaUleHHH BeKTOD @ mnepexomuT
B BeKTOp @’. [lpu omnpenenesibx 3unayeHHsx yraa @ HOBEPHYBINAACH DpereTka
coBmajaer ¢ ucxoamofl Jas KBaaipaTHOH PeLIETKH 3TO NPOHCXOTHT npu @ ==mn/2
H yriax, KpaTHBHX 3TOMY 3HAYeHMIO, TaK YTO TOYeYHas rPymna KBaApaTHO pe-
LIeTKH BKmoyaeT B cela HOBOpOTHyEO OCh CHMMETPHH qeTBepToro nopsiaka.
Bo Beex cayuasx comagenus nopepuyBefics n HCXOTHOH PelieTok BekTop @' — @
OyJeT BEKTOPOM pelleTKH. 3TOT BEKTOP He MOKET OHITh KOpOoYe BexkTopa @,
TaK KakK Takoro BEKTOpa peweTK He CyI.ILeCTByeT, 3a HCKAIOUYEHHeM HYJeBOTO
BeKTOpa. AHa./'IO!‘I/I‘{Hble TpeﬁOBaHHH onpeneastiioT yacTHhie BeJHUHHBL yraa () aas

BCeX BO3MOIKHBIX DEIUETOK.



Puc. 1.11. Yerbipe nByxMepunle KpH=
.crajaiorpaduyeckHe TOYEUHLIE TPyM-

bl UepHBIME KDYXKKaMH MOKasaHBl
9KBHBaJEHTHRE TOUKH. [lepBas To-

yeuHasi TPynna He HMeeT 37eMEHTOB
CHMMETPHH, H NOTOMY TOYeK, KBH-

paJeHTHBIX AaHuoil, Her. Toueunas

rpynna lm MMeeT O&OCKOCTB 3ep-

KaJbHOTO  OTpaXeHHsl:  HCXOAHAsd

TOYKA, OTPA3UBIUACL B 3Tof nJo- 7
CKOCTH, NMepexonuT B SKBHUBAICHT-

pylo nosuuuio Toueunas rpynna 2

HMEEeT MOBOPOTHYIO OChb CHMMETPHH >
BTOPOr0 NMOpsiiKa: NPH MOBOPOTe Ha

yroa T mepBas ToYKa COBMellaeTcs

co Bropoil. JlefictBue ocn 2 # mao- .
CKOCTH  3ePKaABHOr0  OTpaKeHus
obycoBAMBAET  Ha/JIMuMe  BTOPOH
IJIOCKOCTH, nepneHARKY AsPHOH L
K nepBoil. B pesysasrare wuMeeM 2
TOYEYHYIO TPYNIY CAMMETDHM 2mm

C UYeTHIPbMS SKBHBAJEHTHBIMH TOY-

KaMH

0 U

OTHOCUTEALHO KAKOU-HUOYOs TOUKW peuleTKil, B pe3yJabTaTe KOTOPBIX
peliecTKa coBMeulaercd cama ¢ cobofl. Bo3moxkHble B KpHCTaJLIHue-
CKHX peLIeTKaX I[IOBOPOTHLiE OCH CHMMETPHH OBIAM IepedHCIeHbl
Bhlllle. K CHMMETDHUHLIM NpeoGpal30BaHUSIM OTHOCHTCS Takike 3ep-
KA.1bHOEe OTPasterue OTHOCHTEAbLHO ILJIOCKOCTH, NpoXoAsilieHl uepes
BEIOpaHHYI TOUKY peUIeTKH. DTa [JOCKOCTL HasbBaercs ILJIO-
CKOCTBIO 3€PKAaJbHOIO OTpa)keHist U o0o3Hauaercs GyksoH m. Ore-
pauMsi CHMMETPHH, Ha3dblBaeMmasi uHgepcuetl, COCTOHT U3 IOBOPOTA
Ha yroJ g M NOCJAeAVIOULCrO OTpaXKeHHst B IVIOCKOCTH, TNEpIeHIH-
KyJsipHOH K ocH IoBopoTa. B pesysabraTte paauyc-BeKTOp r 3ame-
HSleTCA Ha —-F.

Ha puc. 1.11 noxasaHsl COBOKYMHOCTH TOUEK, CBsi3allHble MEKAY
co00H oNepauHsMH CHMMETPUH UeThipeX TOUEUHLIX I'PYNI. ITH CO-
BOKVIIHOCTH TOYEK MNOJAYHaKTCs U3 OAHOH TOUYKH, KOorTopas C IO-
MOLIbIO OllepalHtii cHMMeTPHH JaHHOHI TOUEYHOH IpyNNB IepeXOoAIlT
BO BCe BO3MOXHBIe 3KBHBaJeHTHble No3unuu., CamMu €OBOKYNHOCTH
TOYEK MOTYT M He COJAepxKaTh 3J1eMeHTOB cuMMeTpud. OHH MOryT
ObiTb, HalNpUMep, PA3HOCTOPOHHHMH  TPeyTrOJbHHKAMH  HJH
MOJIEKYJaMH, He UMEIOLWHMHE 3JeMEHTOB CHMMETPHH.

Ha puc. 1.12 nokasasbl Bce BO3MOXKHBIE B Ky0e OCH U ILIOCKO-
CTH CHMMETPHH.

JAByxMepHBblie KpACTANTUIeCKHe pelleTKH. Moo NocTpouTh Gec-
KOHeuHOe MHOXKECTBO JABYXMEPHBIX peIUeTOK, TaK KaK Ha AJHHBI @
H b BEKTOPOB TPaHCASUHE pelieTKd M Ha yroJ MexAy HUMH ¢ HE
HagJajblBaeTCsi HHKaKux orpaHnuenufi. Ha puc. 1.7a gas npowus-
BOJIbLHBIX BEKTOPOB @ W b M300parkeHO RECKOJAbKO ABYXMEDHHIX pe-
WeTok. DT pelleTKH ABASICTC Kocoyeoasnvimy, OHY HHBapHAHTHEL
TOJILKO OTHOCHTEJBHO MOBOPOTAa Ha ;1 ¥ 2.
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Puc, 1.12. TliockocTn # ocu cuMMeTpud B KyS2. a) Tpu NJIOCKOCTH CHMMETDUM,
napaanenbHble rpansM kKy6a; 6) IIecTb IHAroHaJgbHEIX NJOCKOCTeH CHMMeTDHHU;
8) tpu ccu 4; 2) uernipe ocu 3; 9) mectb ocefl 2. Llentp uuBepeuH He yKasaH.

HexoTopble KocoyroJbHble pelleTKH MOTYT ObITb HHBapHaHTHEI-
MH 10 OTHOUIEHHIO K MOBOPOTY Ha 2m/3, 2n/4 nau 2x/6 uawm no or-
HOUIEHHIG K Oliepallud 3epKajibHoro orpaxennst. Ecam Mur xoTHM
IIOCTPOHTL peIleTKy, KoTopasi 6bijla Obl HHBADHAHTHOH 110 OTHOle-
HHIO K OJHOMY MM GoJjee H3 3THX IOBOPOTOB, TO Ha BEKTOPH a U B
HeoBX0AMMO HaJOXKUTb OrpaHHYEHMHA. DTH OrpaHHUeHHUs YKa3aHbl
HHxKe. MMeloTcst ueThipe ThHITa OrpaHHYeHuMH, W KarKablfl H3 3THX TH-
NOB NPHUBOAMT K Tak HA3bIBAaEMOMY CHEYUAAbHOMY TURY KpUCTAA-
AU4eCKoll peuieTku.

Taknm o6pa3oM, HMeerCst [siTh THNOB JABYXMEPHBIX PeLICTOK:
KOCOYroJqbHast M HeThpe TUMa CHeUHAJLHBIX pellleToK. IJTH NATk
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¢ ° 4 )
# a
a
° )
.
. . e
. . .
&) Hiadparmias ‘ b) [ encaeosansias
N
a . a a
)
b )
. . .
. .
8) Noamagecnenas 2) lYenimpupolannas
TPIHOYROAH ST
Puc. 1.13 Ocuosupie apyxmepnble pemeTkd. a) Ksaiparwas; |a]l=|b), ¢ =90°

0) lexcaronatbnas; |a|=|b], ¢=120° @) [pavoyroaenas; |a|+=|b], ¢ = 90°
e) Uenrpuposannas npsaMoyroJjbliasi; noxasanbl OCH Kak [AJA NDPUMHTHBHON, Tak
H 15 NPAMOYCOJAbHOR 3.1eM2HTApPIOH si4efiKH, A/ KOTOpOH | || b, 9 = 90°.

THIIOB peIIeTOK HMeT oaHo o0llee HasdBaHuwe: pewerku Lpase!).
CrnenoBatesibHo, HMeeTCS BCero NsiTh [BYXMeEpHBIX pelleTok bpase.

Onepauui To4euHoH rpynnot 4 Tpebyior, OUeBHIHO, YTOOL pe-
weTKa Obl1a kBagpaTHod (puc. 1.13,a). Onepauun rpynn 3 u 6
TpeGyIoT rekcaroHaJbHON petteTkH (puc. 1.13, 6). IloctenHsis HHBa-
PHAHTHA MO OTHOUIEHHIO K IOBOPOTY Ha yroa 2m/6 OTHOCHUTEIbLHO
OCH, NpoXoasiiedl dYepes TOUKY peUIeTKH MEepIeHIHKYJISPHO K ee
IVIOCKOCTH.

Baxkuble c1eacTBHS uUMeeT NPHCYTCTBHE IIOCKOCTH 3€pKaJIbHOTO
OTpaKeHHst /1. BeKTOpb NPUMHUTHBHHIX TPaHCASIUEA @ H b MLl BbI-

PasuM uepe3 eAMHHYHDLIC BEKTOPHl X H y ocell X U y Hallell KOOP/IH-
HAaTHOH CHCTeMDI:

a=ax+ay, b=bx-+4by. (1.4
Eciu Bektopnl @ u b 3epkadbHO OTPasuThb OTHOCHTEABHO OCH X, TO
B pesy/bTaTe HOJYUHM HOBble BeKTOpH @ u b’

g ~ s N ~
a=ax—ay b =0bx—>by. (1.5)
~—~
') Mubl wHrse se namiu onpefesnexne pelieTku Bpase: «Peuwertkoli Bpase ss-
JHIETCs...»; BMECTO 3TOMO roBOPAT: «IT0 peweTka bpaBe». Ml cuntaeMm, uro Hc-
M0/Ib30BaHAe BLIPAXKEHHS! «OCHOBHOH THN DEIIETKH» MpPEATOYTHTE/bHE,
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Ecan pemserka unpapuaHTHA OTHOCHTEJLHO OTparkeHust, 10 @’ H b’
TAK/Ke [0JIZKHB OBITh BEKTOPaMH PeIIETKH, T. €. OHH JOJKHLI sB-
ASIThCSL BbIPAXKEHHAMH THIA M@ + ngb, rae n; 1 ng— neasie uicaa.
Eciu Mbl HmeeM -

a=ax, b=by, (1.6)

To @’ = a u &’ = —>b, Tak 4TO pelleTKa NoBTopsAeT cebd. PeuieTka,
onpedeasierasi cootHowenueM (1.6), dABAsieTcs NPSAMOYroJbHOM
(puc. 1.13,8).

BTopy1o BO3MOXKHOCTE AaeT APYrofl THN PelleTKH, HHBAaPHAHTHOH
10 OTHCLIEHHIO K OTpaKeHHlo. 3aMeTHM, 4To BekTop b’ Oyier aB-
JSTLCST BEKTOPOM DellleTKH, eCJH

b=a—b. (1.7)
3arteM, noab3yach (1.5), MOXKHO 3anmHCATD:
by=a,~b,=0b, byzay—by=——by, (1.8)

PemenneM 310ff cucrembl 6ymer a, =0, by == a,/2. Takum oGpa-
30M, B Ka4eCTBe BEKTOPOB NPHMHTHBHBIX TPaHCJASUHE A peUleTKH
¢ OTpaxkaTeJbHON cuMMeTpHell MOTYT OBITH BHIOPAHBI

~ax, b="fax+ b,y. (1.9)

3T1oT cayuall oTBedaeT LIeHTPHPOBAHHOH MPSIMOYIOJbHOR pelleTKe
(pio 1.13,2).

Pitax, Mbl NONYYH.IH BCe [BYXMepHble pelleTkd Dpase, o6aa1aio-
mixe CHMMeTpHEH, BolTeKaloulell U3 NpHMeHeHus1 omepauuil CHMMeT-
pHM TOUCHYHBIX TPYNI K ToukaM pewerkd. Onucanuble naThb BapHau-
TOB cucTeMaTH3UpoBaHbl B Tabu. 1.1. Ykazanuas B tabaune Toueu-
nast rpynna CHMMETPHH $BJSIeTCH TOUEYHOH CPYNNOH CHMMeETPHH
pewerku. Peadbnas KpHCTaJ/JnuecKas CTPYKTYPa MOMKeT HMeTb
CHMMCTPHIO HHIKE, UYeM CHMMeTpHsi pemieTkH. TakiM o6pasom, KpH-
{TaJ] ¢ KBAaJApPaTHOH peleTKOH MOXKeT HMeTb OMepallidio CHMMEeT-
pun 4, a e 4mm.

TABJAHLA LI

Mars geyxmepibx pemerok Bpase

Toueunas
PeureTka DileMeHTapHas siuelka rpymna
CHMMeTpHH

Kocoyroaniaz IMapanaenorpavMm; as=b, @+=90° 2

Ksanpartias Kpaapar; a=b, ¢ ==90° dmm
TekcaronanbHas 60°-untfi pomB; a=b, ¢ = 120° 6mm
IlpumutuBRAsA MPAMOYToObHAT [Ipamoyroabuux; as=b, ¢ = 90° 2mm
HeHTpHpOBaHHaﬂ npsimoyroabHas | Ipamoyrosbuuk; as=b, ¢ = 90° 2mni

O6o3nadedde MAl yKasblBaeT Ha HaJAHYHe JABYX IJIOCKOCTER 3epKaJbHOro OTpameiisf
(B NpOEKIHE — OPSMBIX JHHHI).
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Hyduvecxas P Kyduvecras [ Hyuvecran

Tempaeorareras P Temoazonansras I

SeNB Ay =

Forbuyeckas P Pomdusecras & Fomdusscras [ Pormdusecras F
Mowornuwsas P Mowornunwes € TOURAUHHAST
Touzonanenas R Toucowansyis u

cencrzonaneresg P

Puc. 1.14. YernipsaauaTe npocTpascTBeHHnX penteTox Bpane. IToxkasausl o6uuimg
HCIOJb3yeMble sYeliKd, KOTOPhe He BCcerja AB/IA0TCH NPUMHTHBHBIMA, P — cHMBOX
NPUMHTHBHOHR siefikd, [ — 00beMHOLEHTPHPOBAHHOH, F — IPaHeleHTPHPOBAHHON,
C — ¢ UEHTPHPOBAHUBIMH OCHOBZHHAMH, R — poMBO3pUIeCKON.

Tpexmepunie Kpucranauieckue pemeTkd. CymeCcTBYIOT NATb TH-
OB ABYXMEPHBIX peLeTOK, a TPEeXMepPHbIX HPOCTPaHCTBEHHBIX pe-
weTok Oyjaer Ve dYeThlpHaauaTb. [l1pocTpaHCTBeHHBIE peELIETKH
Bpare nokasaHot Ha puc. 1.14 u mepeuncienn B Taba. 1.2,

UersipHaauaTth pelileTok BpaBe 0OLIMHO moapasjaensiioTcs Ha
CeMb CHCTeM, B COOTBETCTBHH C CeMbIO pa3jHUHBIMH THIAMH
3JleMEHTAapHbIX slYeeK: TPUKJIHHHOH, MOHOK/JIHHHOH, pPOMOHYeCKOH,
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TABJUHILA 1.2
dneMeHTapHpe suelikM YeTHIPHAANATH MPOCTPAHCTBEHHBIX pemieTok Bpase

Kpucraaaorpagpn- Yycmo
HecKasn fleer B Cunpo XapaKxTepHCTHKI 3JeMeHTapHo# sAueliky
cuereMa cHcTeMe AUCHKH
Tpusinuras 1 P az=bs=c;, aFE=fFEy
Monoxauiuast 2 P C az=bz=c; g=v=90"%p
Pou6rueckasn 4 P, C, I F | asebstc: a==p=y==90°
Terparonanonas 2 P, 1 a=bc; ¢ =f=y=090°
Ky6uyccrasn 3 P I, F a=b=rc; a==p=1vy=900°
Tpurona.asnas 1 R a="b=r; a=p=1y < 120° =£90°
lexcaronanbuas 1 P a=bztc; 0==p=00° y=120°

TeTparonaabloH, kKyOIUCCKOHA, TPRHrOHAJBHON M rekcarona.ibHoil.
Kamxzas u3 cucreM XapakTepH3yeTcss CBOHM COOTHOUIEHHCM oceil
a, b, ¢ u yrios o, B, y, olipeneldseMbix TaK, Kak nokazaHo Ha puc. 1.15.

D.eMeHTapible suelKll, MokasaHuuple Ha puc. 1.14, He Bee aB-
JAI0TCA DPHUMHTHBHBIMH. B psge ciayuaeB HEeHPHMHTHBHAsS sucllKa
TCCHee CBfI3aHa C 3JeMeHTaMH CHMMETPHH JAalHOH TOuedyHoH Tpym-
IIbl, 4eM npuMuTHBHAasA. HuKe paccymaTpuBaercs noiapasiesiedue pe-
ureToK bBpape Ha cuHCTeMBl.

l. B rpukaununod cucreme CAHHCTBEHHAs NMPOCTPaHCTBeHmas pe-
1leTKa UMeeT NPUMHTHBHYIO (P) ajeMeHTapHyio fueliky, B KOTOPOH
BCE TPH OCH VMEIOT Pa3Hyio AJHHY, a BCe YIJbl He PaBHbl MEmRIy
co6ot.

2. B monoxaunuoi cucTeMe 1MeEOTCS 1B€ NPOCTPAHCTBCHHLIE pe-
LWeTKH: 0JHa HMeeT NPUMHUTHBHYIO 3JeMCHTApHYIO siuelky, JApyras
(C) umeer »7eMeHTApHYI0 #AYefKY C UEGHTPHPOBAHHBIMH OCHOBa-
uuaME (He TPUMHTHBHYIO); Y Hee TOYKH DeIlleTKH PacHoJIOXKEHBl 3
HeHTpax rpaHefl SYeHKH, HOPMAaJbHBIX K OCH C.

3. B pombuuecxoii cucteMe HMEeTCst UCTBIPe NPOCTPAHCTBEHHKIR
pelieTkH: THI P HMeeT IPHMHTHBHYIO siuedKy, Tun C-— suefiky ¢
IeHTPHPOBAHHBIMH OCHOBAHHSAMH, THN [ — O0BEMHOUEHTPHPOBAK-
Hylo (o0osHaueHne [ [Jst 3TOrO THIA HPOM3OLLIO OT HEMELKOIo
caoBa Innenzenfrierte, 1. e., OyKkBaJgbHO, «BHYTPHIEHTPHPOBAH-
Hasi») H, HAaKOHeIl, THI F —— rpaHeuenTpupoBaHHYIO.

Puc. 1.15. Kpucrainorpaduueckue
ocH a, b, c.
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TABJMHULA 13
XapakTepucTHKHM KyGHUEeCKHX pelleToK

Tun pemerkn

npocras

Ky 6u- OLIK LUK

yeckas
Of6beM sreMcuTaproil sueliki a? ad ad
Upedo  FOUCK  DellleTKH  1a  OAuy
fyelKy 1 2 4
O6beM npuMHTHBUHOR Ayeliki asd a’/2 a’/4
Uycao TOYEK PEUmeTKH ha  elHiuly
o6bema /a3 2/a? 4/a®
Yucao Gamkafiunix cocefeit 6 8 12
Paccroanme  mexay  Sawxalimumu /3 a .
cocelsiMH a 5 a = 0,866a — = (),707a

42
Yucno cocenclt, eneaytouiux 3a 6ian-
watuuMu 12 6 6
Paccrosinnie fo cocelell, CJAEAYIONIHX .
sa OmixafiimMu 27q a a
Taﬁ.}'l)lllbl, collepxatlie CBC.leuusa O HHCJIe COC@LLCI"{ H PACCTOSTHHAN MEXK1Yy HHMH A CTPYK-

Typ npocrtoit ky6udeckoii, OLK, THK, rexcaroua:suofi ¢ MJI0THOS ylUaKoBKOH M a.Masa, Aanbi
B kiure I'npudeasiaepa, Keprtica n Bepaa [18].
BinsailiinMu coceIAMH Ha3bIBAIOTCA Y3.1bl pelieTKH, GamKali e K 1aHHOMY,

4. B rerpacona.avrol cucteMe npocteitiell siueitkoit Oyaer npa-
BHJbHAst TpU3Ma C KBaJpaTOM B OCHOBaHHU. Dra Auefika INPHUMH-
THBHas, H NO3TOMY pelleTKa Ha3bBaeTCs TeTparoHaJbHOH THma P.
Bropasi TerparonaJsbHasi suefika, tuna /, o6beMHOUEHTPUPOBaRHAS.

5. B kybuueckod cucteMe BO3MOMKHBI TPH pellleTKH: NMpocTas Ky-
6uyeckast (P) ¢ OpUMHTHBHOH siuelikoil, o6beMHOUEHTPHpOBAliHAS
(I) xyouueckas peuwterka (OLIK) u rpanenenrpuposaunnas (F) xy-
6uueckast pewerka (I'I1K). XapakrepHcTHKH TpeXx Ky6HUeCKHX pe-
IeTOK NpuBegensl B Taba. 1.3

[TpuMuruBHasg sdefika 0O0LeMHOIEHTPHPOBAHHON Ky6uuecKol
peuleTkH Toka3aHa Ha puc. 1.16, a BeKTOpPbHl NPHUMHTHBHBIX TpaHC-
AU 5TOR pelleTKH — Ha puc. 1.17. BekTopbl NPUMHTHBHBIX
TpaHCASNUI rpaHeleHTPUPOBAaHHON KyOHuecKoH pelleTKH IOKasaHbl
Ha puc. 1.18. Ha npuMHTHBHYIO 2JeMEHTapHYIO S4eliKy HPUXOAHTCH
oJuH y3eJ pelietkH, a sieMeHTapHbie suelikn OUK u K pente-
TOK COJepXKaT COOTBETCTBEHHO ABa H UeThIpe y3J/a.

6. B rpuconaavroll cucTeMe B KauecTBe JEeMEHTAapHOH siueHKH
06buHO BEIOHpaT poMbosap. Pellerka fpaseTcs NPHMHTHBHOMH, HO
o6o3HauawT ee obbyHO OykBoll R, a He P, H COOTBETCTBEHHO Ha-
3BIBAIOT €e TPHUIOHAJbHOH NMPOCTPAHCTBEHHOR pellleTKOH THHaZ K.

7. B eexcaeonaibnoil cHCTeMe 3JE€MEHTapHyI0 sueliky Yyao0HO
BboIGpaTh B BHAe NPAMOH MPH3MBEl, B OCHOBAHHH KOTODOH JIEXKHT
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Puc. 1.17, TlpumuTuBHble BEKTOPHI TPaH-
caauuil 00beMHOLERTPUPOBAHHON Ky GH-
YeCcKOH DEIUeTKH; 3TH BEKTODbHl CBA3HI-
BaioT Me:xAy co0oH TOUKY pelleTKH B
Hayale KOOPAHHAT ¢ TOUKAMU PELIETKH,

pacrno/NoXKeHHBIMH B HeHTpaX KyGoB.
[pu Jocrpausanui nosyuaercss poMGo-
pApHYECKAs NPUMHTHBIAs AuedKka. Bex-
TOPBl NPHMUTHBHBEIX TPaHCJALHI caeny-
I0LAM 06pa30M MOXKUHO BHIPA3HTL Yepes
Aaudy peGpa kyba a:

@ ='fa(x-+y~ 2)
O ='hal—x+ y+ 2,
¢ ='ha(x—y+2).
Bexktophi NPHMUTHUBHLIX  TpaHcasuult
o6pasyior yras 109°28".

Puc. 1.16. Ilpumutneuas pom6o-
sApHUECKas AveHKa, NOCTpoeH-
Hasg Ha 0Oase 00beMHOUEHTPHUPO-
BaHHOH KyOHueCKOH pelueTkH,

HMerollas peGpo ('\/5/2) a H YyroJa
peGpamu

MeXIy
109°28’,

CME@XKHBIMH

Puc. 1.18. MpumutnBaas pomGosapHue-
cKkast sueiflka, mnocTpoeHHass Ha Oase
TPaHeHeHTPHPOBAHHOH KyOuyecKoil Kpu-
CTasnueckodl peulerxi. Bekropwr npu-
MUTHBRHBIX Tpaucasuuit a@’, b’, ¢’ coasul-
BaOT MeXAy COGOH TOYKY pelleTkd B
HayaJle KOODAMHAT C TOYKAMH pellleTKi,
pacnooxeHHBMH B HeHTpax rpauelk
KyGa. M3 ueprexa BUAHO, UTO

@ ="a(x+y)
b =")a(y + 2),

¢ ='a(z + %)
¥ran mexay a’, b u ¢’ pasubm 60°

Puc. 1.19. Conocrasnenue npu-
MHTHUBHOH sYeHKH reKcaroHaJb-
HOW  CHCTEMH {yToaueHHble
JNMHME) M reKcaroHaabHOHR npHs-
MbBl. 3hecs a =b=c.



poMO ¢ yraom 60°, Peuretka — npuMuTHBHas. s TOro uto6H MOI-
YEePKHYTb IPHHAAJMEKHOCTh [AaHHOH 3/7eMeHTapHOH sidefiku K rek-
CarOHaJbHOH cHCTeMe, 4acTO A00aBJSAIOT K HeH eule ABe stuclky,
NOBEePHYTHE OTHOCHTEJbHO APYr Apyra na 120°, mosmyuasi taxum o6-
PpasoM  YTPOEHHYIO «sueliky» B (PopMe TeKCaroHaJ/JbHOH HPH3MLI
(puc. 1.19).

NNOJTO)KEHHE H OPHEHTALHMSA MJOCKOCTEW B KPHCTAJINTAX

[TosoxeHnue U opueHTaMs MJIOCKOCTH KPHUCTAMIa OlPeaeasioTes
3aj/laHHeM KOODJHHAT Tpex aTOMOB, JexalluX B 3TOH INJIOCKOCTH.
Ecau xawabiéi U3 Tpex aTOMOB HaXOAUTCH Ha OJHOU U3 TpeX KpH-
cra1JorpaduuecKuX KOOPAHHATHBIX ocefl, To I»oJoxelHe TaHHOH
MJIOCKOCTH MOKeT OblTb 3aJaH0 COOTBETCTBYIOLHMII KOoOp1HHa-
TaMH aTOMOB 110 OCSIM B ©AIIHHIAX NOCTOSIHHBIX pellerkH. Ecau, na-
pHMep, aTOMBl, ONpele/siouilie MA0CKOCTb, HMEIT KOOpAiHATH
4,0,0), (0,1,0), (0,0,2) B Kakofi-To cHcreme KpHcrtamiorpaduue-
CKIIX KOODJAMHATHBIX OCeil, TO yKasaHuas I[JI0CKOCTb MOKET OLITh
-0XapaKTepH3oBaHa TpeMst yncaami: 4, 1 u 2.

boJsee 0OBIYHBIM METOAOM ONHCAHUA NOJOMKEHHS IJOCKOCTH, KO-
TOPHIM LIMPOKO MOJB3YIOTCS NPH CTPYKTYPHOM aHaJtu3e, ABJAIOTCH
undercor Mu.aiepal), Kotopsle onpeaessiioTcst TaK, KaK HOKAa3aHO
Ha puc. 1.20: 1) nafizeM TOYKH, B KOTOPHIX AaHHAas IJOCKOCTH Ile-
peceKaeT OCHOBHLIE KOOPJIMHATHbIE OCH, H 3alHUIEeM HX KOOpDIMHATH!
B €JIHHHLAX NMOCTOSIHHBIX PelIeTKH; 2) Bo3bMeM oOpaTHBle 3HAUEHUS
MOJIVUEHHBIX yMcesJ H NpHBeJeM HX K HaHMeHbUIeMy lleaoMy, Kpart-
HOMY KasKAOMY U3 uncest. Pe3yjabTaT 3aK/JAIOUUM B Kpyrable CKOOKH.

Puc. 1.20. TlnockocTh, HoOKa- V4
3aHuasi Ha PUCYHKe, OTCeKaeT

4

Ha OCSIX KOODJHMEAT OTPE3KH \\Q
3a, 26 u 2¢. O6Gpatubie uyueaa
paBubl /3, Ya, s Hanvens- Q
e Hedble 4MCAd, OTHOILE-
HHS MeXJy KOTODBIMH DABHBI \\\
ngomeng gx%sa?{ux npg- \ \
‘Gelt, ectp 2, 3, 3. Taknm o6- &

A}}}\\\ﬁ\\\\\\ \\\\\\\\\“\

pasoM, mpgekcs  Muaaepa NN
JanHOR MA0CKOoCTH ecTh (233). 3

JJIst IJIOCKOCTH, KOTOpast NepecekaeT OCH B TOYKaX € KOOp/AHHA-
Tamu 4, 1 n 2, oOpaTtHbie uuciaa 6yayr 1/4, 1 n 1/2; caenosaresibHo,
uHzekckl Muanepa i atofl naockoctu ectb (142). Ecau nao-
‘CKOCTb IepeceKaeT JaHHYI0O KOOPAHHATHYIO OChb B OECKOHEWHOCTH, TO
‘cooTBeTCTBYIOUME nHAeke Muanepa paeen Hyao. Muaekcn Mua-

!) Ha nepBofi B3rjs HCIOJL30BAHMEe WHAEKCOB Mussepa [Js ONHCAHHA TO-
JIOZKEeHHA TJOCKOCTeH KaXXeTCs MasioNpHrolRbIM, OAHaKO B T, 2 ynobcrso u
3J1eraHTHOCTb 3TOr0 METOJA CTAHOBATCH OYEBHIHBIMH.
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(200) ()

Puec. 121, Mujgexent Muasepa HeKOTOPBIX Ianfosee BaXKHBIX TJOCK seTefl KyOi-
weckoro kKpucraana. Ilaockoers (200) napadanesnsna miockoeru (100)

Jepa st HanGodee BayKHBIX IL10CKOCTeH B KyOHYeCKHX KPHCTaalax
HILTIOCTPHpYIOTC pHcyHKOM 1.21.

Ha6op unjaekcos {(hkl) MokeT 03HAUaTb OTAENLHYIO NIOCKOCTH
HJIK ceMeHcTBO NapasdedbHbix miockocted !). Ecan miaockocts te-
pecekaeT och B 00JacTH OTPHIATEJNLHBIX 3HAaU€HH{I KOOpAMHAT, CO-
OTBETCTBYIOWHA HHAEKC TaKxke OVAeT OTPUIATEJbHBIM, HO 3HAK MHU-
HYC B 3TOM cJayuae NoMmenjaercs He nepej MHIEKCOM, a Haj HUM, —
wanpumep, (hkl). Tlaockoctn rpaHell KyOHYeCKOro KplcTadaa
umeroT uugexcel (100}, (010), (001), (100), (010) u (001). Ilao-
CKOCTH, 3KBUBAJEHTHble O XapaKTepy CHUMMETpPHH, o0o3HauaoTcs
HHIEKCaMK, foMellaeMbiMH B (uUrypHbie CKOOKH; HanpuMmep, Bce
rpaun ky6a MOXKHO 0603HauuTb uepes {100}. Uacto npocto roso-
part — maockoctd (100). [Maockocts (200) — 310 MiaocKkocTb, mapad-
JgenpHas naockoctt (100), HO oTceKkaroUias Ha OCH @ OTPE3OK BABOE
MeHblI#H, yeM 1miIockocTe (100). Ha puc. 1.21a—1.21p nmokasano
o6pasoBanne naockoctelt (110), (111) u (322) B KyOnuecko# rpa-
HEleHTPHPOBAHHOH CTPYKType, €C/AM 3a HCXOAHBEIE aTOMHble [.10-
CKOCTH B3s1TH miockoctH (100).

JJst 0003HaueHNst Halpas/deHUA B KpPUCTadJe MPUMEHSIOTCH HH-
JeKchl, TpeAcTaBasiioiiue co6oil Habop HaHMEHbLLUMX HEJBIX YHCed,
OTHOCALIUXCS MeXAY COG0H Kak KOMIIOHEHTH BEKTODa, Iapasdienbio-
ro JaHHOMY HANpaBJEHHIO B COOTBETCTBYIOWCH CHCTeMe KOOpAHHAT.
ATH uesable YHC/Aa B CJydYae HanpaBJIeHHl NMUIIYTCH B KBaAPaTHBIX

1) JloBOJibHO 4acTO BMECTO MHAEKCOB h, k, | HCNONL3YIOT HHAEKCH u, U, W.
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Puc. 1.21a. Tlmockocts (110)
rpaselenTpuposantoli  KyGuue-
CKOfl KPHCTaJAH4YecKol CTPYK-
TYDEL, nocrpoenias na Gase mio-
ckocreit (100). (91a dororpadua
u 1Be caexyiomie B3aTH U3 [19].)

Puc. 1.216. Ilaockocts  (111)
rpaileleiTpupoBanioil  KyGuue-
CKOfl CTPYKTYDHL, NOCTPOCHHAR HA
Gaze naockocreii (100).

Puc. 1.218. [Tnockoets (322) rpa-
HeHeHTPHPOBAHIOH  KyOHUeCKoH
CTPYKTYDPHI, DOCTPOenHas 1a 6ase
naocxkoctelt (100). Konuenrpauus
ATOMOB B IJIOCKOCTAX € G0Jb-
IMAMH  3UaYeNHAMH  HHIEKCOB
Mussepa uMeeT TeHAeHUUIO OHITS
HH’KE, YeM B ILIOCKOCTSIX € Ma-
JIBIMH 3HAUEHHAMH HHJIeKCOB Mun-
Jepa.




Puc. 1.22. KoopaunaTsl LeHTPAAbHON TOUKK
AueliKH, BLIDAMEHHbIE B JOASX JJAH:d BEK-

TOpOB @, b, ¢, paBibl 55D

ckob6kax: [hkl]. B xyGuueckuX KpHCTalJax HanpaBJeHHE OCH ¥
3anumercsi kak [100], oTpuuaTenlbHoe HanpaBAeHHe OCH y— Kak
[010]. Yacro uepe3 [hkI] 0603HauaOT ¥ 9KBUBaJeHTHble HamlpabJte-
HHS, KOTOpPble TPOCTO Ha3bBaioT [hkl]-HanpaBieHusmu. B KyGHuye-
CKMX KpHcTa//aX HanpasJjenue [hkl] Bcerna nepneHaHKyJsipHO K
naockoctu (hkl), umeromelt Te e upgexcs (cM. samauy 1.3), on-
HAKO [Jis KPUCTAJAJIOB [PYrHX CHCTeM 3710, Boolmie roBops, HE
HMeEeT MecTa.

NOJIO)KEHHE Y3JiOB 3JIEMEHTAPHON AYEWKH

[MonoxkeHue y3na 3aeMEHTapHOM S4YeHKH 3ajaeTcsl Koopjuua-
TaMH, KOTOPHIE BBIPaKaloTCs B A0JSX AJHH BeKTopos a, b, ¢; Ha-
YyaJo KOOpAHHAT BHIOUpaeTcs B BepLIHHE YIJa JeMeHTapHOH fuel-
ku. TakuM o6pa3oM, HanpuMmep, B KyGHUecKOH pelleTKe UEHTpaJ/b-

<55 (puc. 1.22), a yaisl B LeHT-
11 11, 1

550 0553 505. Koopdunara
aromoe 8 'K u OLK pewerkax naxo0darca ob0bi4Ho no Koopdu-
HATAM Y3408 COOT8ETCT8YrOW el INeMEHTAPHOL Kybuyueckol ayelku.
B rabauuax ¢ XapaKTeDHCTHKaMH KPHCTaMAAHYECKHX CTPYKTYP
OOBIUHO YKa3blBaeTCsl THN H pa3Mep 3JeMeHTapHOH siuelku, a 3a-
TeM MNPUBOASTCS 3HAUEHHs KOOPAMHAT KaXk/J0ro atoma sdeHKH,

HbIH y3eJq uMeeT KOOpAHHAaThi

pax rpaHefl — KOOPJAMHATLI

NPOCTbBIE KPUCTAJTJHUYECKUE CTPYKTYPb!

Huke MB KPaTKO ONHLIEM HEKOTOPHIE NPOCTbie KPHCTa/lHue-
CKHEe CTPYKTYpbl, NpeacTaB/somte OOWMA HHTepec; K HHM OTHO-
csTCs, B UaCTHOCTH, CTPYKTYPHl XJOPHCTOIO HATPHSA, XJOPHCTOrO [e-
34sl, reKCcaroHaabHasl CTPYKTypa ¢ IJIOTHOH YNaKOBKOH, CTPyKTypa
anMasa H KyGHueckas CTPYKTypa Cy/AbdHAa NHHKA.

Crpykrypa xjaopucroro Harpus. CTpYKTypa XJAOPHCTOTO HaTpH,
NaCl, nokasana na puc. 1.23 u 124, Pewerka bpase NaCl—
Ky6uyeckas IPaHElleHTPUPOBAaHHA4. Ba3nc coCTOMT M3 ABYX aTOMOB:
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Puc. 1.23. Mogeas CTPYKTYPH  XJ10-
pucroro martpua [20]. Monm marpus
HMEIOT MeHbIIHe Da3Mephl, UeM HOHBL
xJopa,

Puc. 1.25. TTpuponnsie KPHCTAJ/IIE CYJlbe
‘bHAa cBuuma PbS, uvewnpme CTPYK~
Typy rena NaCl. (B. Burleson.)

Puc. 1.24. Kpucraninueckas CTPYKTYpa
XJopucroro Harpua. IlpocrpancTeennoi
PeleTKOll SIBAAETCH IPaleleHTPHPOBAH-
Hag KyOu4eckasd pellerka, a 6asuc co-
CTOHT M3 HOoHa Nat ¢ KoopauHarazMu 1000

Cl™ ¢ koopauua L1 —
H HOHA KOOpAHHATAMH T 5

Pue. 1.26. Kpucraninueckas CTPYK-
Typa XJOPHCTOro uesus. [lpocrpan-
CTBEHHOH pellleTKOR sBiseTCH npo-
cTas KyOuueckasi pelueTka, a Gazue
coctoHT U3 Hona Cs+ ¢ kooppuua-
taMu 000 n uona Cl- ¢ KOOpAHHa-

111
TaMH§2?.



oAuoro atoma Na u ogmnoro atoma Cl, raxoasiixca OAMH OT Apy-
rOr0 Ha pacCTOsiHHH, PABHOM IOJOBHHE /MBI HopOCTpaHCTBeHHOﬁ
JMaroHaju 3JdeMeHTapHOro Ky6a. DJemeHTapHbIi Ky6 CcodepxKuT
detoipe modekyanl NaCl. AToMb HMEIOT CACAYIOUIHe KOOPALtHATDLL:

P I I L,
Na:OOO, 372"0, ?0'5, 0-52,
111 1 PR
555 00—2—, 070, 200.
Kaxablfi aToM uMeer lecth OJMKaHIIKX cocelel, SIBAAIOLLHXCS
aToMaMu Jpyroro copra.

IIpeacraputen KpucTasnos, umeiowux crpykTypy thna NaCl:

Cl:

Kpucraan ‘ a A H Kpuera.ia a, A
LiH 4,08 AgBr 5,77
NaCl 5,63 MgO 4,20
KCl 6,29 MnO 4,43
PbS 5,92 KBr 6,59

3nauenust ¢ npuBegensl B aurerpeMax; | A == [0-8 cm == 10-10 .
Ha puc. 1.25 npusenena ¢ororpadua o6pasnos kpiucrauaiaa PhS,
HMeOUX YBHO BbIpaxkeHHYI0 (dopmy Kyba.

Crpykrypa xgaopucroro uesus. CTpyKTypa XJAOPHCTOrO 1e3us
CsCl noxaszana ua puc. 1.26. B cTpyKType XJIODHCTOro He3us Ha
aJeMeHTapHyl0 suefiky TpHXOIUTCs OAlla MoJekyda. Basuc comep-

it ogud atrom Cs ¢ xoopanuaramu 000 n omiu atoM xJaopa ¢ Koop-
111

2279

[TpocrpancTBennas peltetrka — npocrast KyOuueckasn!)., Kawx-
Ibl aToM, SBJAIOUMACT HeHTPOM Kyba, HMeeT COCeAsiMH B Yraax
3TOro Kyfa aToMBbl APYroro copra, Tak 4TO KOOPAHHAUHOHHOE UHCJI0
PaBHO BOCBMH.

[MpexacraBuTeny KPHCTAJNIOB, HMEIOUWHX CTPYKTypy Thnma CsCl:

JHHATAMH

a, A H Kpuera.a a, A

Kpucraaan

CsCl 411 ‘ CuZn (P-nraryun) | 2,91
TIBr 3,97 || AgMg 3,28
TII 4,20 | LiHg 3,29
NH,ClI 3,87 || AINi 288
CuPd 2,99 || BeCu 2,70

1) Kpucranmiveckne CTPYKTYphl, UMelOllHe APOCTYIO KyGHUeCKylo peLieTKy
Bpase, Boofule rosops, He PeNKOCTb, OLNAKO XHMHYCCKHE 2.2€MEH:bl «1DEAINQUU-
TalOT» He KPHCTAJIJH30BATHCH B TAKHE CTPYKTYpH, A% KOTOPBIX XapaKTepHLl OT~
CYTCTBHe IJIOTHeflllell YNAaKOBKH H HaNnpaBJeHHOCTb CB3ed.
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Pic. 1.27a. Ilnornoynakopahnble €10d TBepAbIX mwapoB. [lewtpwm mapor nove-
ek Toukasi A Illapst BTOpPOro ¢1os Moo DasMeCTHTh Hal LIapaMH MepPBOrc
c10d Tasinv o0pasoM, uTO HX LEeHTPbl 3aHMYyT nosoxenus B (uan, uTto sKBHBA-
aseutno. nodosxkenuss C). Ecan wmapet Broporo €iIos samuMalotT nosomenuus B,
TO VXJAaIKY IWAPOB TPETBErO €0 MOKHO OCYLIECTBHTh JABYMs crnocoGaMu:
noMeuiass ux au6o wai A, auGo naz C. B neprody cayuae noayuiaM nocaesoBa-
TeribliocTh croen ABABAB... u CcTpPyKTypa sIRIfETCs I'eKcaronadnliol CTpyKTy-
poit ¢ uwitoreoil vnakonkofl. Bo BrOpOM cayuae moTyUHM  NOCIEI0BATENbIUOCTh
caoes ABCABCABC ... i crpykTypa siBasercs kyOmieckoil crpykrypoil ¢ maor-
noft ynaxorkoii. Ilrockoctsio maoTHoH ynakoBku ssadercs miockoern (111), kax
noKazano ua puc. 1.276.

Fexcaronaannas CTPyKTypa ¢ nacTHol ynakoexoit. Pacnonoxunte
OAHHAKOBBIC TBEpPAblC [WAapPbl B IPOCTPAHCTRe Tak, uTOOB 00beMm,
OCTAWILHIACH MeXKAY HUMH, OblT MINIHMAaJeH, MOMKHO JIBYMSi CNOCO-
Gamu (puc. 1.27a). Oann cnocoG UPHBOANT K CTPYyKTYpe obJanat-
niefl KyOuveckoH ciMMeTpiell, a iMenHo K [ paHCLel i pHPoEAnIol
KyOlucckoll cTpyKktype (KyOHYeckaf CTpyKTypa ¢ NJOTHOH VIAKOB-
KO}, JAPYyrofl — Kk CTPVKType, 00.1a.141011eH reKCaronaapiol cHM-
seTpHell W HOCANLCH HA3BAaHHC I'CRCArOHAJbHOH CTPYKTVYPLI € IIOT-
1oil vnaxosroil (puc. 1.278). Hacty ofwmero obbena, 3anstag TBep-
AbiMH mapamu, coctasaset 0,74 kax aas kyOuueckofl, tax u AaA
rekcarouadbuol CTPYRTYDP ¢ NAOTHOIT YIIaKORKOH.

[Hlapsl MOXKUO VIOKUTH IVIOTHOVHAKOBAUHBIM [JOCKHM  CJI0EM
TaK, 4TOOBl KaxJILIA Iap COOpiKACaIcs ¢ HI1eCThio APYruau., DTOT
c1oft MoxkeT OblTb 1100 0asMCHOHA [LIOCKOCTLIO eKcaronaJbHON
CTPYKTYPBI € MJIOTHOH ynakoBkofl, .Ji16o maockoctbio (111) rpane
LeHTPHPOBAHHOA KYOHUCCKOHR CTDVKTYPLL. BTOPOH Takofl caol MoXK.
HO VJIC)KHTB Ha NepBHH TaxuM 00pas3oM, YToOH KaxkAblll ero wap
conpuracaJjca ¢ TpeMs lapaMii HMKHEro cJios, Kdak NOKa3aHo Ha
puc. 1.27a. Cuenviomuii, TpeTHii ¢a0fi MOXKeT GBITb YJIOMeH JBYMS
cnocobamu. B cayuae kyOMueCKOH TpaHeNECHTPHPOBAHHOH CTPYK-
TYPLI Llapp TPeThero ¢JI0d PacloNokaTCa HaJl TeMH yriayOaenHAaAMH
(AyHKaMH) NepBOro CA0fl, KOTOpble He 3aHATL LlapaMu BTOPOro
CJI04; B CJydae reKCcarOHaJ/JbHOH CTPYKTYPBI LUapel TPETLETO CJ0d
pacrnoJoxKaTcst HeloCPeACTBeHHO Hal llapaMu nepsoro. Yepenosa-
HHe CJ10eB AJ KyOu4eCKOH NJOTHOH VIAKOBKH MOMKHO HO3TOMY
samicath Tak: ABCABC ..., a gnsa rexcaronaJgphoil — ABABAB . ...
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Punc. 1.276. TI'paneuenTtpuponannan Ky6mcc1<;m crpykrypa. OauH yroa cpesan

AJs Toro, wToObl moKasaTh maockocts (1115

IMaockoctn (1) aBasiores maoTHo-

YNaKOBAHHBIMII CJAOSIMH TBEPJABIX LIapOB [21]

Puc. 1.278. T'ekcaronanbHass CTPyK-
Typa ¢ mJIoTHOH ynakoBKo#. Pacno-
JIOXKEeHHe aTOMOB B 3Tofi CTPYKType
He OTBeuaeT NpOCTPaHCTBeHHOH pe-
meTKe. [IpocTpaHCTBeHHOH pelleT-
KOH sIBJIsT€TCSl MPOCTasl reKcaroHasb-
Has penrerka, 6asHc KOTopoH cCo-
CTOHT M3 JIBYX OIHHAKOBBIX aTOMOB,
CBA3aHHBIX C€ KaMZAO# TOUKOH pe-
LICTKH.

=l

Puc. 1.27r. Ing npuMUTHBHON SueliKi:
a=0 u yron Mmexny a u b papen
120°. Ocy ¢ nepneHAHKYAApHA
K MJOCKOCTH, B KOTOPOH Jexkar 4
u b. Ina uaeanbHoll rexcaronajbHoR
CTPYKTYDH C TJIOTHOM YIAKOBKOH
¢=1,633a. JBa artoma, o6pa3yio-
me 6asuC, NMOKa3aHBl Ha DHCYHKE
yepubiMn  Kpyxkamu. OAun atom,
PACTIONIOXEHHBIA B Hayaxe Koopau-
uat, umeer koopauHatel 000, BTO-

w 1
poun —3— ?E ¥ CBfA3aH € HauaJaowm

KOOPAHHAT 1paImyC-BeKTopoM r=
2
= '3— a —I— *3‘ b —I— 5— C.



diemeHTapHasn sAuefika rekCcaroHaJbHOH CTPYKTYDH ¢ IJOTHOH yma-
KOBKOIl mpeacrasiaser co60l NPHMHTHBHYIO I'eKCaroHalbHyio sAuci-
Ky; B 0a3uce ee — asa atoMa (cM. puc. 1.27r). Ilpumurasuas aneii-
Ka, Boi6paHHas BHYTPH FpaHeLeHTPHDPOBAHHON KyOHUeCROH suefiku
TaK, KakK Mokasano Ha puc. 1.18, cOMep!KHUT OHH ATOM.

OrHoutense ¢/a I TeKCaroHaJbHON MVIOTHOYIAKOBAHHOH C1DPVK-
Typu pasHo (8/3)"% = 1,633. YCI0BHAHCL OTHOCHTH KPHCTaMIL K
KJaccy HMEIUX MJIQTHOVIIAKOBAHHYIO reKCcaroHadbHyIo CTPYKTYPY
JaXe B TOM CJiyuae, KOTJ1a OTHOILeHHE (/@ HEeCKOJABKO OTAHYaCTCH
OT TeopeTHuecKOoro sHauenid, Tak, UHMHK, Vv KOTOPOro OTHOLUeHHE
c¢/la =186 (a = 2,66 A ¢=4,94 A), no/:xen GuITb OTHECEH K Hlc-
JAY CTPYKTYD € IeKcaroHaJbHOH NJOTHOH VIIAKOBKOH, XOTs YIJb{ MC-
JKAY ATOMHBIMH CBA3SMU B €ro CTPYKTYpe 3MaYHTeJbHO OTJAHYAI0TCS
OT TeX, KOTOpHle NPHCYWM 1eajbHOIl TeKCaroHalbHOH CTPYKTYpe
¢ 10THOH vroaroBko#. Maruuil, y Kotoporo otHouense cfa == 1,623,
HMECET IOYTH HIeaJbHVIO CTPYKTYPY € TeKCaroHadbHOH [MJi0THOIM
VIaKOBKOH.

Mpuortie MeTaJJ bl Npl ONpeLeJeHHDLIX TeMIepaTypax JI0BO.JIbHO
JCTKO HM3MEHSIIOT CBOIC CTPYKTYPY C FpaHeUeHTPHPOBAHHON KyOHue-
CKO Ha CTPYKTYPY € FeKCaroHadbHOU MJIOTHOH YIIaxkoBKOW ¥ Haobo-
poT. 3aMeTuM, 49T0 KOOPOUHAUUOHHOE YHUCAO, OMIpeledseMoe Kak
YPCJ0 aTOMOB, ABJASIOIHXCS OJAHKaHWHMH COCEAAMH JaHHOIO aro-
Ma, OJHHaKOBO [Js 060HX BHAOB CTPYKTYP C TMJOTHON YNAaKOBKOH.
Ecau 611 3Heprusl cBA3H 3aBHceJda TOJBKO OT UHCIa CBA3ed aroma
C COCEeASIMH, TO 3HEPrHH TPAHSHEHTPUPOBaHHOR KyO6iiuecKol CTPYK-
TYPBl H CTPYKTYPHI C ME€KCATOHAALHON MJIOTHON YIIaKOBKOMH Obliin Obl
OJMHAKOBHI.

[TpuMepsl KPHCTAJ/IOB, HMCIOIUHX TeKCaroHaJbHYylo MJIOTHOYMA-
KOBAaHHYIO CTPYKTYPY:

it
Kpucraan cla ;l Kpueraaa cla Kpucrava cla
[
He 1,633 Zu 1,861 Zr 1,694
Be 1,681 Cd 1,886 Gd 1,592
Mg 1,623 Co 1,622 Lu 1,586
Ti 1,586 Y 1,670

Crpykrypa aamasa. [lpocTpaHcTBeHHas peuieTka anmasa sipias-
eTcsd KyOuueckoH rpaHemeHTpupoBaHHOH. C KaXJIbM Yy3J0M pe-
UIeTKH CBSI3aH NPHMHTHUBHBIA 6asuc, COCTOAUMA M3 ABYX OJAMHAKO-

BbIX atoMOB ¢ KoopauHatamu 000 u 1 puc. 1.28) 1). Terpaaa-

1
471(

1) Duementapnas fuefika anmasa, uMetomras GopMy Ky6a, COZEDKHT BOCEMb
aToOMOB; ecjH MB OyleM ONHCHLIBATH CTPYKTYDY a/JMasa noCPefCTBOM TaKoH 3Je-
MexTapHOi suefikM, TO mnoayunMm €asuc, copepxKamnii BoceMb aromoB, Oaxako
B CTPYKTYpPe ajiMa3da ie ynaetcd BHOpaThb NPUMHMTHBHYIO siuefiky Takum ofpasoMm,
ytoObl Ha3HC COCTOSIMT TOMLKO H3 ORHOrO aTroMa.

45



Puc 1.28 PacrnoaoxeHue atoMOB B 3ne-
mentaproil Kyduueckoli siyelike asmaza
(npoeknua Ha rpaus xyBa) 3iauenus
apoGeff yKa3biBaloT BLICOTY aTOMOB
Ha1 0a3HCHON NMJAOCKOCTBIO {33 emnuuuy
JUuuBl npHiATo peépo kyoa) Touku
¢ puicotoft O o !/y cocraBamior rpane-
HENTPUPOBAHNYIO Ky BIUCCKY IO PelieTKY;
Touru ¢ Bucovoll '/y u 3/, oGpaayior
TAKyIO KE DCUICTKY, CMEUIeHHYI0 B10ab
npocTpaHCTBeNHOH jHaroxan kyda Ha
yeTBepThr ee¢  JAauipt  Basuc cocront
03 IBYX OIHHAKOBBIX ATOMGB, HMelo-

111
wux koopantate 000 i TTT

3 |
/ 2
L

\Z/ N

pliueckoe pacroJoKeHHe CBA3cH B CTPVKTYpe ajamasza HAIOCTpH-
pyercs cxemoli, npusejennoft na puc. 1.29. Kamawmit atom nmeer
yerpipex Oanskafllinx coceledl n JABeHajUaTbh coceqeH, cIelyIolux
3a GJAMKAHUHIMI. DJeMCHTapHbI KYyS CONEpIKIT BOCEMB 410MOB.
PewreTka aavasa He OTHOCHTCS K HHCIY IMIOTHBLIX: MaKCHMAa.bHbl{
OTHOCHTENBHLIH 00BeM, KOTOPBIH MOMKeT ObiThb 3AHAT TBEPIbIMH Ula-
paMH, UMHTHPYIOLIHMHE aTOMbI, cocTasiascTt auib 0,34, T. ¢ upu-
mepHo 46% o1 pesnmiuap Koz duUHenTa 3aNO0NHEHNA, XapaKTep-
HOH AJA% [OJOTHOVIAKOBAHHOH CTPYKTYPLL.

B ctpyrType aavasa KPHCTALIH3VIOTCA VIJICPOA, KpeMiunil, rep-
MaHHE 1 cepoe 071080, NOCTOAHNDIE PCLICTKH 3THX KPHCTALIOB paBb-
Hpl cootBercTBeHHO 3,56; 5,43; 5,65 u 6.46 A. B crpyxType anmasza
4TOMBI CBI3aHBl MEXIY CODON KOBAJCHTHBIMI CBA3AMH (cM. 1. 3),

~\

KyOuucckas moandukauusa cTpykTypsl cyabduna uunka. s toro,
4yTo OBLIJIO CKa3allo Bhillle 0 CTPYKTYPe adnmasa, BILIHO, UTO €€ MOXK-
HO TIPEeACTaBIATL ccde COCTOAUCH 13 ABVXN ILIGHTHUYIIBIX FPAdHEIEHT-
PHPOBAHHLIX KYOHYCCKIIX PELIETOK, CMCIUCHHLIX O1HA OTHOCHTEILHO

Puc. 1.29. HzoGpaxkeune xpu- Puc. 1.30 KyGuueckas Moxudura-
CTaNIAYeCKOH CTPYKTY P bl a1Ma34, HHS CTPYKTYPBl Cyabduia umika.
HoXa3hBaoUiee TETPAsAPHYECKOE

pacrnonoxenye CBAsefl
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IpYToil B HalpaBJeHHH NPOCTPAHCTBEHHOH puarodany kyba Ha pac-
CTOSIHHE ueTBePTH AJMHM 3TOH aAmaronasu. KyOuueckyio Moaudu-
Kaliio CTPYKTYPH CyAb(HI2 HHHKA MOXKHO TOJYYHTL H3 CTPYKTYPbHI
a1Masa, ec/H ATOMBl LIHHKA PasMeCTUTb B OJHOH H3 rpaHeleHTPH-
POBAHHBIX KyGlYeCKMX peleTOK, a aTOMBI Cepbl — B APYroff, Kax
nokazano ua puc. 1.30. DaemeHTapHOH duelKOH aBJseTCHd KVO.
ATOMBI LHMHKA HMEOT KOOPAHHATH

LR IR

1
00 0355 9% 530
a aToOMBbl Cepbl — KOODAHHATHI
rrr. 133,313, 331
R R A I

ITpocTpaHcTBeHHOH pelIeTKON SIBJIseTCs TPaHEUueHTPHPOBAaHHAS KV-
Ouueckas. DJjeMeHTapHas suelika COAEPKUT HeThIpe MOJIEKYJIH
ZnS. Bogpyr Kaxjoro aroma Ha Pa3HOM PacCTOSAHHH OT Hero HMe-
eTCs yeTulpe aToMa APYroro CopTa, pasmMellieHHBX B YrJax IPaBMJb-
HOTO TeTpasipa.

Crpykrypa anMa3za obaaiaer UEHTPOM CHMMETDHH, pacloJo-
JKEeHHLIM Ha cepejHHe KaxXA0H NpsAMOH, coeAMHsIOUIeH aTOMBI, SB-
asrouiiecs 6anKalIMHE CoCeaAMI, O/HAKO CTPYKTYpa ZnS nentpa
CHMMeTDPHH He HMeeT'). DTO CTAHOBHUTCS OUEBHAHBIM U3 PACCMOTpE-
HHS DACNIONOKEHUs aTOMOB B IpPOCTPAKCTBeHHOU pemerke. B aa-
wmagze (puc. 1.28 1 1.29) mMb HMeeM I10CJAeN0BaTEJAbHOCTbH BHIA
CC--CC--CC, rae ToOuKn 03HA4alT BaKaHTHBE y3auw. B Zn$S
(puc. 1.30) mno TomMY Ke HalpaB/JeHUIO HMeeM pacloJoXKeHHe
ZnS--ZnS--7ZnS, KoTopoe HeNHBAPUAHTHO NO OTHOUWIEHHIO K Ole-
pauyuy HHBEPCHH.

[IpuMepnl KpHCTaMIOB, 00J1a1a0WHX KyOHYecKoH CTPYKTYypo#
THa ZnS:

Kpucract a, A Kpucraut a, A
CuF 4,26 CdS 582
CuCl 5,41 InAs 6.04
Agl 6,47 InSb 6,16
ZnS 5,41 SiC 435
ZnSe 5,65 AlP 5,42

lekcaronanbnass MoAauUKalUA CTPYKTYPbl CyabHla UMHKa.
[ekcaronadbHass MOAM(pHUKALUSA CTPYKTYPbl KPHCTAJNJIOB aaMasa
Gbljla BIepBhle HAHJEHA B COCTaBe MeTEOPHUTOB, a 3aTeM BLIpallleHa
B JdabopaTopHulX yCJIOBHAX [22]. DTa MoanduKauus, Tak xe Kaxk U

') Onepauus nHBepPCHH [EPEBOANT KaKAYIO TOUKY H3 TIOJOMEHHS I B I0OJO-
Henue — ¥, 3aMeTHM, YTO T€TPA3AP He HMeeT UEHTPA MHBEPCHM.
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Puc. 1.31. Pacnosoxenue Terpas/pHUecKHX CJ0eB B KyGHueckoit (a) u rekcaro-
Haabnofl (6) MomuduKauuAX cTpyKTyph ZnS. Boabmne Kpyxknm — atoMbl S, ma-
JleHpKHE — aToMbl Zn. 'eKcaroHasibHasi MOAHQBKaUUs HMEeT BEPTHKAJALHYIO BHH«
TOBYIO oCb 03, JeflcTBHe KOTODOH COCTOHT B NOBOpOTe aToMOB Ha 60° ¢ mnocae-
AYOLNM CMeIIelneM HMX BJOJAb CCH € Ha NOJORHHY TpaHcaauud. UepenoBanue
croes 012012... u Ol0l... amajgorduHO MOCJEIOBATENLHOCTH CHOEB B KyGHue-
CKOWl M TekcarouanbHOll CTPYKTYpaxX ¢ mjaoTHO# ynakoBKofl (cM. puc. 1.27a) [23].

KyOndeckas, uMeer TeTpasjpHyecKUe KOBaJeHTHhle CBsizH. [1aoTHO-
ctn 00enx MoAMMHMKAlUHH OJUHAKOBLI. DTH ABE CTPYKTYPLI CBSI3aHH
Mex 1y coboil Tak e, Kak KyOHdecKas M reKcaroHafdbHasi MOAHMH-
kanuu Kpuctajaos ZnS1'). Ise ¢opMB anmMasa MOAEIHPYIOTCA
ITHMH CTPYKTYPaMH, €CcJH BCe aTOMBl B HMX 3aMeHHTb aTOMaMH
yraepona. Ha puc. 1.31 noxasanwm kyOuueckass ¥ rekcaronajbHast
MonHUKauud CTPYKTYprRl ZnS ¢ BePTHKAJbHBIMH TeTpasipuue-
CKHMH CBs13saMH. KybGuueckass MoaudHKauus ZnS npuH HarpeBaHuH
no Temnepatypsl soiie 1300°K 1epeXxoiuT B reKcaroHaJdbHYIO,

Kak kyGuueckas, Tak u TeKcaroHaJjJpHas CTPyKTypw ZnS, pac-
NOJd0KeHHBle TaK, Kak MoKa3aHo Ha puc. 1.31, cocToAT U3 NBOMHEIX
CJIOEB; OJHMH CJOH B Ka:KJAOM JBOHHOM CJOe 3aHHUMAalOT aToMbBl Zn,
apyrofi — atombt S, JlsofiHpte c10M B 00X CTPYKTYPaX YKJiajbl-
BAOTCSA B CTONKY OAMH HaJ APYTHM, a NMOCTeAYIOIIHe ABOHHBIE CJAOH
CMeLLAoTCs] FOPU3OHTANBHO. DTO cMellleHne HeoGX01HMO AJs1 COXpa-
HeHUs! TeTPa3/PHUECKUX cBsa3el: ecan Obl CMelleHHe OTCYTCTBOBAJIO,
TO TMOCAEAOBATEALHOCTb aToMOB S — Zn — S joJixkHa Obljia Obl CO-
CTaBJASATH NPSIMYIO JIHHHIO, YTO He COOTBETCTBOBAJIO OBl TeTPaspH-
YeCKOMY paClOJOKEHHIO CBf3ed, COMIAaCHO KOTOPOMY YroJI MeEKiay
CBA3AMYU JOJIKeH ObiThb pasen 109°28'.

1) Ynaunoe onvcanne 3THX JBYX CTPYKTYD cCOAepXKHTcs na crp. 308—313
kuuru Beppu w Mssona [23]. I'ekcaroHaibeas moAu@HKAauus ZnS oGBIUHO HA3HI-
Baercs eropyutrom. Vafixodd [24] uasbiBaer CTPYKTYPY YUHKUTOM, N0 AHAJOTUH
¢ ZnO.
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B kyb6Hueckofi mogudukaulin ZnS ABofilble CJOH CMeILAIOTCH
TaK, 4TO CJAOH, oGo3Hauenusie 0, 3, 6 ..., JexaT CTPoro Apyr Hal
apyroM, 6e3 cMeuesis B CTOpoHY. Takum 006pa3oM yJaoxeHHad
CTONKOM MHOCJAEN0BATENbHOCT B KyOHuecKofl Moandurauuu ZnS
samuceiBaercs Kak 012012012... B rekcaronaabuoft MoAudHKaiu
ZnS pBoliHBIe CJa0H CMelalTcsd Tak, 4ro caoum 0, 2, 4, ... sgexar
ApPYT Hajg APYroM. 37eck MOCIeI0BaTeNbHOCTh CJIOEB 3alIChIBAeTCA
kak 010101 ... Bee cBsizy mMeng1y GaumaRuwnMu coceasimit B 0Geux
CcXeMaX HMEKT TeTpasapliiecKoe PacNOIOKCeHHC, EcTi OrpaHuuuTs-
¢Sl pacCMOTPEHHeM TOMbKO OJHKaRLINX cocelell AaHHOIO aroMa, To
HeIb3sT ONPEAeNHTh, SIBJISETCS JH paccMarpusacMas Mo HdHKains
KYOHUECKON MJIM IeKCaroHaAbHOM, HO eCJAH pPacCMaTPHBATL aTOMBI,
caeaviomue 3a OmmKalWIMMH COCeISIMH AAHHOIO aTtoMa, TO Takoe
pasjiejenne MoHO npouspectu. JunHol cBsizeli Zn — S Oamxall-
mwux cocecii B o6enx CTPYKTypax IOYTH paBHDL

[Tpumepr KpucTaanos, o6JajaloliMX IekcaroHaJbHOR CTPYKTY-
polt THuna ZnS:

Kpucraaa a, A c, A Kpucra. 11 a, A ¢, A
Zn0O 3,23 5,12 SiC 3,25 5,21
ZnS 3,81 6,23 Anamas (rekc.) 2,52 4,12
ZnSe 3,98 6,53 CdS 413 6,75
ZnTe 4,27 6,99 CdSe 4,30 7,02

PEAJIbHBIE KPHUCTAJUUJIHYECKHE CTPYKTYPbI

Kaaccuueckuil naeaJsbHBll KpHCTa/d o6Gpasyercss myTeM ICpPHO-
JIHYECKOro MOBTOPEHHSI B IIPOCTPAHCTBE TOXKAECTBEHHBIX CTPYKTYp-
HbIX eguHHIL. He noKasaHo, OfHAKO, YTO HAeaJbHbIA KPHUCTaJJ fIB-
JIseTCsl COCTOSIHMEM C MHHHMAJbHOH 3Heprueii atoMoB npu abco-
JoTHOM HyJel). B NpHPoJe CYLIECTBYET MHOTO KPHCTAJJIHYECKHX
CTPYKTYP, fBJSIOLUXCS DeryJspHbIMH, HO He CTPOro TNepHopuHye-
ckumi. Heo6xoxuMoCTh CyliecTBOBaHHA HJAEAJbHOTO KpUCTaJja He
ABJISIETCS 3aKOHOM NPHPOAbl. HekoToprie HemepuoauuecKHe CTPYK-
TYPBI SABJAIOTCA MeTacTaOU/JIbHBIMH, HO HMEIOT, OJ1HAKO, OYeHb 60Jb-
oe BpeMs XKH3HH.

Ocp cMMMETpPHM NATOrO NOPsAKa B Kpuctaanax. AToMbl MOryT,
NpUYeM CTPOTO 3aKOHOMEPHO, 66Pa30BaTbh KPHCTANIHYECKYIO CTPYK-
Typy, KoTopas He sBJsercs ujieadbHoH. Hampumep, na puc. 1.32

1) Caenyst Kypanury, 6bl1a AoKasaHa TeOpeMa O TOM, YTO NJOTHOYNAKOBaf-
HOE DaclnojioXeHHe KPYKKOB B MJOCKOCTH JEeHCTBHTeNbHO ofpasyeT pemeTKy.
Onuxaxo aHajioruyHas TeopeMa JJjsi cep B NPOCTPaHCTBe NOKa3aHa He ObLia.
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Prc 132 [Be naockoCTH, COCTOSLIHE H3 TBEP/ABX MAPOB, 00pPa3yOLLIX KOH-
HeHTPUYeCKy pacnooxeHible nentaroisl. CTOPOHB NEHTATOHOB, PACHOJOKCHLBIX
B IHXKHeH nJOCKOCTH (BHJA CBEPXY), MMEIOT HEUeTiIoe YHCJAO IAPOB, a CTODOHB
MeHTArOHOB, Pacno.M0KeHBIX B BepXued ILIOCKOCTH, — UYETHOC YHMCJI0 IHAPOB,
Llapbr, pacnonoxeniible B yriax NeHTaroOHOB, JEJAATCS NMOPOBHY MEKILY CMCK-
ubIME cTopoHavu [25].

NOKazaHa IJIOTHASl YIIAKOBKA TBCPALIX LIAPOB, HMeIOLLasl OIHY 0OCh
CUMMCTPHY 0ATOro nopsinka [25] 1).

[lnockocTs (HuKHAS, BHA cBepXy, puc. 1.32) M3 TBepabIX 1LMapoB
cTpouTcs TakuM o0pasoMm, uto wmapn o0pasyioT KOHUEHTPHUCCKH
PacnoJioXKeHHble [EeHTAarOHbl, CTOPOHBI KOTOPBIX HMEWT HeYeTHoe
yuciao wapos. Hlap, pacnosoxennulii B yray NMeHTaroHa, AeaHTCH
TNIOPOBHY MEXKJAY CMeKHbBIMH cTopoHaMu. Llapw, oGpasyouiie cro-
pOHBI IIEHTaroHa, cONpHKacalTes, a NapaJdgelbHbie CTOPOHLI TCH-
TaroHoB — HeT. Bropas, BepxHAs MJI0CKOCTh Ha pHe. 1.32 coctas-
JieHa W3 TBEPALIX HMIAPOB TaKUM 00pa30oM, 4TO OHM TakxkKe 006pa3VioT
KOHLEHTPHYECKHE NIEHTAaroOHbl, HO KX CTOPOHBI COJAEPzKaT 4eTHOe UHC-
JI0 wapoB. ITa MJIOCKOCTh conpukacaercs ¢ neppofi, Obe naocko-
cTH 00pasyoT ABOAHON CJO#; aHAJOTHUHble ABOHHbBIE CJAOM MOTYT
6LITh YJIOXKEHH B CTOINKY OJXHH HA APYroH, U Tak 10 6eCKOHEeUHOCTH,
NpUueM MeCTONOJOXKEHH OCH TISTOro HopsjKa B 9THX CJIOSIX OVAyT

") Bsram [25] npuBoguT cCcbJAKM Ha PaGoTH, B KOTOPLIX OMHCBIBAIOTCS OCO-
GeHiIocTy  IKCNEePHMEHTa MO BHIPALIHBAHHIO HEKOTOPHX KDUCTAJIOB, HMEIOULHX
OCh CHMMETPHU MsToro nopsika. K Takum KpucTanlaM OTHOCATCH cuHTEeTHYecKie
anMa3sbl, Meanble geHiaputbl, ycot Ni, Fe, Pt, xpucraminl koGasabra, NOJyuelHble
BOAOPOAHBIM BOCCTaHOBJAeHHeM CoBra.
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coBnaaaTh, TaK YTO B pe3y/abTaTe MOJYUHBILASCS CTPYKTypa OyaeT
HMCTL OJAHY oCb ngroro nopsiaka. KosdduuneHT ynakoskn 3Toi
cTpyvKTYypbl paBed 0,72357. Ero sennunHa HeCKOAbKO MeHblle Ko3(h-
(UILIIeHTa YNaKOBKH I'PAHCUCHTPHPOBAHION KyOHYECKON CTPYKTYPHI
Il FeKcaroHaJbHoH CTPYKTYDPB ¢ IJIOTHOH YNAKOBKOH, KOTODBHIH pa-
BeH U,74048 (cm. 3azpauy 1.4).

[TenraronanbHas CTPYKTYpa MOXKET BLPACTH H3 NOAXOSAUWIX 3a-
poabilueli. XoTsl 9TO NPOHCXOLNT DPEAKO, OAHAKO NPHUUHIIMAJbLHASA
BO3MOXKHOCTb LJIsT 3TOTO HMeeTcsl. Hano, HapepHoe, pacilHpuTh [le-
pCUCHL CTPYKTYP, PACCMATPHRAEMBIX OOBLIYHO B KJacCHUYeCKOl KpH-
crasiorpadun, ¢ TeM YTOOK BKAIOYHTD CIOAA TAKHE CTPYKTYPb!.

Ha puc. 1.33 nokasana 3KclepHMcHTaIblo Habmolasuiasics
Mnabvanom H Ap. [26] nenTaroHaldinliasi YOaxKOBKa BHPYCHBIX Hac-
T, OTAeALIe BHPYCHDIC YACTHIBL HMCIOT, BePOStTHO, HKOCA31pH-
YyecKvio CHMMETpPHIO, Kak IoKasaHo Ha puc. 1.34, ocb cnvmeTpuu
NATOro MNOPRAKA B YacTHUe OJaronpHATCTBYeT MOEUTATOHAAbHOMY
pocty. [laseoiiTotorn HCNOAB3YIOT Hauule ocell NATOrG NOPsika B
HCKOLE2eMbIX A5 J0Ka3aTeIbCTBA UX OHOJOTHYECKOIO (a lle Ieodo-
FHUECKOT0) NPOUCXOACNHS.

Puc. 1.33. 3Saexrponno-mukpockonundeckast ororpadus nentarosasbuodl  yma-
KOBKH BMPYCHBIX uacTul (Bepositho, Bupyc R17) [26]. VBeanuenue 430 000, Takas
cuMMeTpHs Oblia ofuapyxeHa nyTeM ¢oTorpaduyeckoll CynepnosHumH nsTH
HOC/IeI0BATENBHEIX BHI0B, NMOJYYEHILIX BPalleHHeM NepBouayanbHOH ¢ororpapuu
Ha 72° BOKPYT LEHTPa NEHTAroHanbHOH IPYMNIIH.
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Puc. 1.34. Tlpasnasinil 1xocasap, nMeo-
wHi ocH cuvMMeTpui 5, 3 n 2 u nBai-
uath rpaueit. Mnorie BUDYCIBIC YACTH LT
mMeror Takymo dopmy Kawkiaa uacruua
COCTOMT M3 MHOTHX OJHiIaKOBBEIX Cy0-

yactull. HMKocasipHueckas CHMMETPHUsE
tpe6yer mo kpatinefi aepe 6 Takiux
cyGuacrun (cu. paSorn [27, 28]).

ITpousgoJibHas yIIAKOBKA ATOMOB W MOAUTHIU3IM. Mbl BHIETH, UTO
KaK rpaHeleHTPHPOBaHHAs Ky&HYeCKas CTPYKTYpa, TAK H rekcaro-
HasbHas CTPYKTYPa ¢ IVIOTHOH YNAaKOBKOH COCTOAT U3 NJAOTHOYIA-
KOBaHHDIX ¢J0eB aTomoB (puc. 1.27a) u oTimuarwTes TOJLKO Noc.ae-
JAOBATEIBHOCTLIO YKIaAkK 9TuX cioes: jisg [LIK erpykrypst ata no-
caenoBaTeabliocts nmeeT g ABCABC ..., a 1jas réKcaroHa bHoll
CTPYKTYpDI ¢ naotnolt ynaxkoskoli — ABABAB ... Hapectusl tarke
CTPYKTYDBI, B KOTOPHIX IIOCAEA0BATEABHOCTL MJIOTHOYHAKOBAHHBIX
cjloeB TpouspodbHal), Hanpumep ACBCABAC ... DTo sBieHue
HOCHT HasBaHHe npousgoavroli ynarkosxku. OHo Habdwogaercs, Ha-
npuMep, B He0OJbIIMX yacTHHAX KoOaabTa., Ko6adbT MOKeT Kpi-
CTaJJIM30BaThCsl B ABYX KPHCTaJJIHYeCKHX CTpyKTypax: go 400°C
CTaGH/ILHON fABAACTCA rekcaroHajphas CTPyKIypa ¢ NJOTHOH yma-
KoBKoii, a Bbiiie 400 °C — rpanenenTpupeBaniag KyGnueckas CTpyK-
Typa. Pasuuua B 3HEPrHAX 3ITHX ABYX CTPYKTYp NpPH KOMHATHOH
TeMmnepatype HeBeJnka. Lo HeKOTOPO# CTemeHH NMPOH3BOJBHO YIia-
KOBAHHYIO CTPYKTYPY MOXKHO NPeACTABHTb KaK HMEIOUIYIO IBYyXMep-
HYI0 NEPHOJHUYHOCTL B PacHoO:KeHHu 4acTHl, T. €. KaK ABYXMep-
HYIO KPHCTAJdINYECKYIO CTPYKTYPY; B TPETbeM H3MepPEeHHH TepHo-
JIMYHOCTL oTCyTCTBYeT. OTCYTCTBHe TNEPHOJHUYHOCTH BO BCeX Tpex
U3MepeHunx XapaKTepHO M CTeKJI000pasHBIX CTPYKTYP.

Moautunusm?y, ABAKIOIWMACH OAHKM U3 CJydaeB MOAAMOD(H3-
Ma, 3aKJI04aeTcss B TOM, UTO OJHO H TO e BelleCTBO MOJKeT KDH-
CTaJJIH30BaTLCA B HECKOJBKUX MOJIH(DUKALHUIX, OTAUYAIOIMUAXCSA TH-
NOM yNakoBKH., KJIacCHUECKHM IMPHMePOM IMOJHTHIH3Ma SABJSAETCSH
cymecTsoBanne Kkpucraanos SiC He TOABKO B MOAupHKALUAX,
UMeolWHX TocuaenoBaTebHocTh ciioes 012012 ..., kak B KyGuue-
ckoit moaudukanng ZnS, u 010101 ..., KaK B reKCaroHaJbHOH MO-

1) 3ametum, uTo mnocaegoBaTeasHocTs THna ACCB.. mpakrtHuecknm weocyuile-
CTBHMA: OJHH NJOTHOYNAKOBAHHBII CJI0A He MOMer ObiTb yaoxeH DpPAMO Ha Ipy-
roil (e3 3HAUMTEILHOTO YBEJNUUEHHs IHEDTHIL

2) Cm. [29]. KpaTkoe nszoxenne nosutnnuaMa SiC coaepXutcs B nepsom
TOMe cnpaBodnuka Yaiikopda [24], crp. 113—120. CBaAsb mexxAy NOJHTHNHIMOM U
auciokaunamu (ra. 20) o6eyxpaercs Bepma B kuure [30].
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nuukaunn ZnS, HO U B 45 APYTUX MOAH(HKAIHAX, HMEIOUHX pa3-
JIMUHble TeKcaroHa/dbHble YMaKOBKH.

Jas moauTUmnaMa XxapakTepHa YIAKOBKA, NP KOTOPOH MHOBTO-
PAOLIHECs CJA0H 3HAYHTENbHO yaajJeHbl APyr oT Apyra. Hampuwmep,
nonutun SiC, ussecTunlt kak 393R, uMeer saeMeHTapHYIO SIUEHKY
c a=3,079 A u ¢=989,6 A. Camyio OoJbliyl0 3JEMEHTAPHYIO
gueiiky umeer moauguxauisg SiC, B KOTOpoH NOBTOPEHlE CJA0CH
Habaoaerces uepe3 094 caos. Taxoll panbuofgeficTBYOULIE KDH-
cTa.aorpaduuecknii Nopsa ok oOycIoBaed He 1aJbHOACHCTE VIO ML
CHAAaMH, a NPUCYTCTBHEM B POCTOBBIX 3aPOJABIIIAX CHHDPAJIbHLIX CTY-
NeHeK, BLI3BAHHLIX AICAoKauusiMu (cM. ra. 20).

[Tops10K yNakoBKH NPH NOJHTUIIHAME He CJaIyvaeH, Tak KaK Oll-
peaeselHbl NOPSANOK HEONHOKPATHO MOBTOPSCTCS B Ipele]ax Mo-
HOKPHCTadaa, XoTs sipdeHHe NMOJHTHIN3MA H YKJIa1bBaeTcs B K.jaac-
CHUCCKYIO KPHCTALIOTpadHIo, HO Ka bl pas, Koria oH oOHapy-
JKHUBAETCA, Mbl BHOBb YAHBJAAEMCH.

Maenurnas ynopadouenrocrs. JlaHHBIL MarHuTHBIA KpHCTaJL
MOZKeT MMETh pasJiulible 2JCMeHTapHble fiuefiki B 3aBHCHMOCTH OT
TOro, BEIGHpaeTcs 1M fyelika, UCXOAsT U3 NepHOAHYHOCTH INIOTHOCTIH
3apsaaa WM U3 NePHOAHUHOCTH IMJIOTHOCTH MAarHHTHBIX MOMEHTOB
3JeKTpoloB. Pacnpenenenne nJOTHOCTH 3apsila MOXKHO ONPENCTHTD
C HoMOUIbI0 AUGPAKIHH PEHTIeHOBCKHX Jyuel (ri. 2), a pacnpeje-
JeHue IJIOTHOCTH MAarHUTHBIX MOMEHTOB — ¢ TOMOWbIO AHDpaKyuu
nHeirpoHon (ra. 16). Ilepnoan NOBTOPSAEMOCTH 3THX paclpejede-
HHEE He 00513aTeNbHO AOJIKHB ObITh CBS3aHBI MezKay coO0H Kak ue-
JAble KPaTHBie YMCJ/A: HANPHMEp, €Cd CIHHBl PAacioJOMKeHLl CIH-
pajgbHo, TO Mepno] NOBTOPSAEMOCTH BHOJbL OCH He MoX<eT ObITh iie-
JALIM KDATHHIM NepHOAY NOBTOPSEMOCTH B XHMHYECKOH CTPYKTYPE,
KOTOPBIH 06yCJa0BINBAET TIEPHOAHUHOCTL NJIOTHOCTU 3apsiia.

CnparoyHHKH MO CTPYKType Kpuctamiop. Huratenapb, weaawoii
HAfTH CBejeHHs 0 KPHUCTAJJAHUECKOH CTPYKTYpPe TOTO HJM HHOTO
BCLLECTBA, MOXKET BOCHOJAb30BATLCSA (YHAAMEHTAAbHLIM CIPABOUHH-
KoM Yafikodhda [24]. lleHHBIMH NMOCOGHAMH MOTYT CJOYXKUTH TAKMKE
cnpaBounnku Strukturbericht wu Structure Reports. OcnoHbIMH
XKypHaJdaMu, NyOJHKYolHMu paboTsl TO CTPYKTYPe KpPHCTAJJIOB,
spastorest Acta Crystallographica u  Zeitschrift fir Kristallo-
graphie.

B ra6a. 1.4 npuBeneHsl HauboJdee THHHYHBIC ISl KaKJAOro JaH-
HOTO 3JeMeHTa CTPYKTYPH M INOCTOSHHBle PeIleTKH 3JeMEeHTOB.
B kunre IOM-Posepu [31] raua cepus nostesHwbix Tabaum no CTpyk-
Type KPHCTAJJIOB 3JE€MEHTOB, paclOJIOZKEHHBIX IO TPYNNaM Mepuo-
JHYeCKOH cHCTeMbl. BeTHuuHE NIOTHOCTH M aTOMHOH KOHLEHTDAauHH
daHul B TabJ. 1.5.

MHorue a7eMeHTH MOTYT CYIIECTBOBATL B HECKOJBKHX KPHCTaJ~
JHYECKHX CTPYKTypaX M NEPeXOAHTb M3 ONHOH B APYryIo HPH H3Me-
HeHHMH Temneparypbl. MHorja Takue nmpespaiueHHst IPOUCXOAST NpH
[IOBLIIIEHHOM JaBJeHHH. BO3MOXHO cyliecTBOBaHHE ABYX CTPYKTYP
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npH OJHOH ¥ TOH XKe TeMmilepaType, XOTA OAHA M3 HHX MOXKET GbITh
uyThb Gosiee cTabuabHa, yeM Apyras. MoKHO 3aKJIOUYHTL, YTO pas-
HUIAa B IHEPTHsIX HJAH CBOOOJAHBIX IHEPTHUAX ONpeAeJeHHBIX CTPYK-
TVD MOXKET OLITh HAaCTOJAbKO MaJja, YTO €e HEeBO3MOXKHO PacCUHTaTh
TeopeTnyecku. [IpuBeneM HeCKoJbKO NPHMEPOB HpeBpalueHui.

a) Harpuii npu KoMHaTHOH TeMIepaType HMeeT 00 bEMHOLCHTPH-
poBanaylo KyOMYecKylo cTpyKTypy. [lpu oxuaxpenun jno temmnepa-
Typhl HXKe 36°K, a nog axeiictsuem pedopmanun — nuxe 51 °K oH
YaCTHUHO NEPeXOAUT B CTPYKTYPY € TeKCaroHaJbHOH MJOTHOH yna-
koBkoll {33].

0) Jlutnii npn KomuaTHON TeMmiepaType umeeT O06bEMHOUCHTPH-
poBaHHYyI0 KyOuueckyio cTpykrypy. 1lpm temmepartype 78°K cocy-
L1eCTBYIOT 00beMHOUEHTPHPOBaHHAS KyOHuecKas CTPYKTypa H TeK-
caronanbHag CTPYKTYPa ¢ IJIOTHOR ynakosxoil; mocseiHdas npespa-
uraeTcss B IPaHEeleHTPHPOBAHHYIO KyOHMYeCKYI0 CTPYKTYpy IHOCpen-
CTBOM XOJ0AHOH 006paGoTKH (HakK/Aena) NpH HU3KUX TeMllepaTypax.

B) Jnas xobasabTa npu KOMHATHOH TeMmmnepatype CTaOUJLHOH fB-
JAeTCSl TeKcaroHaJbHasi CTPYKTypa ¢ IJIOTHOH YIAKOBKOH, x0T B
MEJIKO3EPHUCTOM TOPOIMIKOOOPA3HOM COCTOSIHIIM OH MOXKET HMETb
TpaHeleHTpUPOBaHHYI0 KyOuueckyw cTpyktypy. llocnennss crano-
BHTC1 cTabuJAbHON NpH TemnepaTtypax Bruie 400 °K.

r) ¥Yraepoja cyulecTBYeT B BHJAe anaMasa, rpadura, rekcaroHadb-
HOTO asJMa3da H B aMop(dHOM COCTOSIHMM, NpuYeM BCe 3TH (HOPMH
B OCHOBHOM CTaOUJbHB IPH KOMHATHOH TeMmneparype.

) JKeneso npu temnepatypax enaoth no 910°C umeer o6beM-
HOUEHTPHPOBAHHYIO KyOHUECKYIO CTPYKTYpY, B HHTeDBaJe TeMmepa-
1yp ot 910°C no 1400°C — rpaHeneHTPHPOBAHHYI0 KYOHYECKYI0 H
npu Temnepatypax Bbiie 1400°C —onsate 006beMHOUEHTPHPOBAH-
HYI0O KYOHUECKYIO CTPYKTYDY.

PE3ICME

1. Kpucraanuueckoil pemieTkol HasblBaeTes COBOKYNHOCTb TO-
ek (y3JI0B pelleTKH), CBS3AaHHBIX MeXJy COJOfl BEKTOpaMu Tpamc-

ARUUH
T —=na+ b+ nse,

Tie #,, Ny, M3— LeJble uncia, @, b, ¢— BEKTOpbl NPHUMHUTHBHBIX
TpaHCAALKH, BhIGpPaHHBIE B KAUeCTBe OPTOB KPHCTAMJIOrpadHyecKux
ocell KOOpJAHHAT.

2. Jlas ofpasoBaHusl KPHUCTAJJIHUECKOH CTPYKTYDBI € KawJa0H
TOUKOH peleTKH CBA3BIBAETCS OJMHAKOBHIE 0as3uc, COCTOAIMA H3
aTOMOB, HMEIOIUX KOOPAHHATHI

rj=Xja+‘yjb+ch, j=1,2,...,N.
3HaueHHs] X, y, 2 MOXHO Mogo6paTth TakuM 00PasoOM, yToGbl OHH
Jexasu B uHTepBaJge or 0 no 1.
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3. BekTophl NPHMHTHBHEIX TPaHCIAAUHUH @, b, ¢ o6pasylor aueliky
MHHHMaJbHOTO o6bema Ve = |a-b X ¢|. Ilpu nomoiun atoit aueiiky,
BekTopoB TpaHcasiuuii T M Gasuca, CBSI3aHHOTO ¢ KaxKJ0H TOUKOH
peuleTKH, MOXHO 06pa3oBaTh KPUCTANIHUECKYIO CTPYKTYPY.

4. Nuorpa GwiBaet yaobHee (0ocofeHHO s KyOHUeCKHX KDH-
CTaJJ0B) ONMCHIBATH KPHUCTAJNJIHUECKYIO CTPYKTYPY LOCPEACTBOM
slYeHKH, KoTopas oObluHO BHIOMpaercs TakuM oOpasoM, 4YTo ee
o6beM KpaTeH 00beMy NPUMMTHBHON siucHKH.

5. TlosoxeHust MJIOCKOCTEH M HampaB/JeHHII B KpHcrasie o00-
3Ha4alTCa ¢ TOMOIbI0 HHAeKCOB Mummepa hkl, KoTopele 3aKJIO-
a10TCs B KPYrJble CKOOKH JJIs TJIOCKOCTEH M B KBajpaTHtie — A
HanpasJIeHHH.

6. [lpakTHYEeCKH BaXHBIMYM H JOBOJBHO HNPOCTHLIMHU CTPYKTypaMit
ABJARNIOTCS OOBEMHOUEHTPHPOBAHHAN KyOHYecKas, TPanemcHTPH)o-
BaHHast KyOHYecKasl, rekcaroHajbHas CTPYKTypa ¢ NAGTHOH via-
KOBKOH, CTpyKkTypa asamasa, ctpyktypsl tuna NaCl w CsCl, kyOu-
yecKas U rekcaroHajgbHas MOAH(DHKAUHM KpHcTanasaa ZnS.

3A0AUYH

1.1. Crpykrypa aamasa. a) CKOJABKO AaTOMOB COJEPKHTCH B MPHMHTHBHOMK
AiuefiKe anmasa?

6) KakoBa asanua (B A) BeKTOpa NMPUMHTHBHON TPaHCJSILHU?

B) Hokasarb, 4T0 Yyros MexAy TeTPasAPHUECKMMH CBSI3IMH B ajaMase paBen
109°28’'. Vrasanue: Ha puc. 1.16 3To yroa Mexay OOLEMHBLIMH JAHArOHAJIAMH
Kyba.

r) CKO/JBKO aTOMOB COAEPXKHTCS B IPAHEUEHTPHPOBAHHON KyOHYCKON 3ie-
MEHTapHOH syeiike?

1.2, Ocy cummeTpur natoro nopsaka. Kpucrannnueckas penieTka ile MOKeET
HMeTb NMOBOPOTHYIO OCb CHMMETPHH NSITOro nopsiaka. Jokazate ato yrBepkiciive,
paccMaTpuBasi HEKOTOPHIi BeKTOP @, COOTBETCTBYIOIUMHA HaHMeHbiuell He pannoir
HYJIO TPAHCJAAUMH DelIeTKH; MOKa3aTh, YTO BekTop a” 4+ a’ Oyzner no Reapuuue
Menbille, UeM @, ecan @” u @’ — BEKTODHI, IOJYYEHHble W3 @ (OBODOTAMH Ha YO
4-27/5.

1.3, Nepneupnkyasp k njaockoctd. Jokaszatb, uyT0 B KyOnueckom Kpucradne
ranpassenne [hkl] nepnenankyasipuo ¥ naockoct (hkl), uMerouiell Te e Hii-
aekckl Muanepa.

1.4. Kosdduunent ynaxosxu. [Toxasatp, 4to oruocuTesnbnas Aons obbena, 2a-
HHMaeMOro TBEPABIMH IIapaMyi, MOJENHPYIOULMMH aToMbl, MpH 00pa3oBanun nepe-
YHC/ICHHBIX HHXKEe CTPYKTYp HMeeT CJelylollie 3HauyeHHs: AJAs NPOCTON KyOide-
ckoit 0,52, ans oGbeMHoleHTPHPOBaHHON KyGuueckoit 0,68, ans rpaneueHtpupo-
BauHOH KyOuyeckoit 0,74.

1.5. Tekcaronasibhas cTpyKTypa C miioTHOll ynaxoBKoil. a) ITokasaTb, 4TO OT-
HOUIeHHE /o NS WieanbHOM TEKCATOHANBHOM CTPYKTYPB C IUIOTHOH YIHAKOBKOH
paBro (8/3)1/% == 1,633. Ecay c/a sHauuTenbHo Go/blle 3TOTO 3HAYEHHA, TO KpH-
CTaJ/IHYECKYIO CTPYKTYPY MOJKHO PAcCMaTpHBATH KakK COCTOSIIIYIO H3 IJIOTHOYIA!
KOBaHHLIX aTOMHBIX TJAOCKOCTell, YJNOMKEHHBIX OjHa Ra APYryl AOBOJLRO DHIXJO,
HENJIOTHO.
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6) Tlokasatb, uro He MoOKeT CylUeCTBOBATb IIPOCTDAHCTBEHHAs pellieTKa ¢ rex-
-CATOMAJILHON TUIOTHON yHakoBKOfl ¢ GasHCOM, COCTOAWNM H3 0JHO2O aToMa Ha
"ORMY TOUKY peuleTkH. ¥Yxasanue: Ilokaszatb, YTO HeJb3f HallTH TakHe BEKTOPHI
peweTky a, b, ¢, utodu Hadop Bextopos Tpancasumni T fem. (1.2)] ofpasosan
6bl pellerKy ¢ rekcaroHaabHoll INNOTHOI ynakoskofi. Xors MOXHO BulGpaTbh BeK-
TOpL @ 1 b, kKoTopuie 006pa3ylOT TEKCArOHaJbHYK CeTKY B 6asHClON NJIOCKOCTH,
‘OHAKO NOCTPOHTH NPOCTPAHCTBEHHYI PeINeTKY ¢ reKcaronuajbloli TJOTHOH yna-
KOBROIl APIE 1OMOUTH BEKTOPa € HeJlh3sl.

1.6, Kpucranauueckue crpyktypsl. Onncarb KpucTaamideckue CTPYKTYpH rekca-
ronadnioro ZnO u NiAs. Onpesenyrth HCHOAb3YEMYH KPHCTAAIHUECKVIO DeIIeTKY
u Oasnc.

1.7. Doppewerku. [okasats, 4TO 08 LEMHOLEHTPUPOBAHUAA KyHHUECKas pelueT-
Ka MOmeT OblTh pasjeneHa lia jJBe npocrole KyOuueckile pewletza A u B rax,
uTO HM OAHA mnapa Oankalluinx cocefeil HCXOAHO{ PeWlCTKH He OKaKeTcs B pe-
werke A (4 coorsercrBenno B pewerke B). Ilokasat, taxike, 4ro ags cobJio-
HIewust 3TOTO YCA0BURl MpocTas KyGuueckas pelleTka AOMKHA PAsSIEqUTILest Ha [Be
TP2HelleHTPUPOBAHHbIE PelleTKH, a TPaHeleHTPHUPOBaHHAs, B CBOIO OQuepeslb, — Ha
geteipe npoctble KyOuueckue peuwletkd. PaccMoTpeHlie 3TOro BOUpOCAa UPERCTAB-
JsieT HHTepeC Als TeOpHH aHTH(deppomarserusMa (ra. 16).

1.8. MaoTHeitan ynaxorka ronokod. HaiiTd ni10THOYNAKoBauuoe pacooxe-
Hlie HASHTHYHBIX OGECKOHEYHLIX MpPSIMbIX BOJOKOH B KPYIJIOM TOIepedlioM ceuelldi.
Onpeaenuts Ko3GOUUHENT YNAKOBKH AAA 3TON CUCTEMbl.

1.9. Ocu cummerpun rpethero nepaaka M KyGuueckde kpucraaast. [Toxasars,
YTO KPUCTaMI, UMEIOIMH YeThipe OCH TPeTbero #opfiKa, oGpasyloiiie nonapio
qeThIPeXTpanHbie yranl (cM. samauy 1.1) ectb kprcramm ¢ KyGHWecKoft pelleTkoil.
(Hanuane 4etwipex oceft TpeTbero MOPAAKA ABARCTCA MHUHHMAaJbHLIM TpeboBannem
K CHMMeTPHI KyOHUYeCcKOro KpHcranjia)

1.10. Crpyxvypa xaopuctoro uesus. Buibpats 3a ucxoauuwfi von Cst B nosi-
nun 000 B npoctoll KyOHUYECKOI NMPUMHTHBHON siuefike.

a) OnpeneanTt 4Hcao OmpKafHX K HCXONLHOMY MOHY COCEAINX MOUOB (MOHDI
Cl7), 3aTeM UHCAO HOUOB, CJAelyIOWUX 3a OmixabwuMu (uonbt Cs*), u, wakowel,
4HCJAO HONOB Cjejlyiomiero, tperbero «caod» (uouw Cs'), Vkasanue: [opsnox s
PacnoJIoKEHHH COCeIHHX aTOMOB HarJs/lHee BCero BhifiBasetcss B niockoctu (110).

B 370ii nAOCKOCTH HAXOAATCH TPH [AABHLIE HATIPABJECHUS, KOTOphie HMeer Kyb:
pebpo kyba, Auaronasnb rpaHu u 00beMHAs JTHATOHATD.
6) Onpenenutb KOODAMHATLI X, 4, 2 GCEX 3ITHX HOHOB OTHOCUTEIBUQ HCXOR-

doro Hota Cs* ¢ koopaunatamu 000.
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ITpuaoocenne, oTHoCAUCECA K OAHHOL 2.2082:
A. Pacupocrpauenue SNEKTPOMATIHUTHLIX BOJH B HEPHOHUECKOH CTpYyKType 717

«Joporoit Hnkomait Anexcannposuy, Bu 3a-
KdaHyHBaeTe CBOe IIHCBMO CJOBAMH, 4TO Y€JIOBEK
Hukoraa He yBuauT aroma. Ho Bwl nanucanu sro
KaK pa3 NpHOJH3UTENLHO B TO XKe caMoe BpeMs,
KOIla 4YeJI0BEK YK€ YBILAe] aToMEl COGCTBeHHbl:
MH TJa3aMli; ecan 1 He caMH atoMel, TO (OTO-
rpacduueckoe 11300parKenie, BLI3BAHHOE MMM . ..
Ilas wac, kpucraanorpados, 3T0 OTKPHITHE HMeet
gpe3Bbluaiioe 3Hadenue .. .»

L. @®edopos, 2 oxtabpsa 1912 r.
(Buiaepxkka u3 nucema I1. A Mopososy [1].)

HenocpelAcTBenHOe MHKPOCKONHUYECKOe M306pazKkeHne CTPYKTYPh
KpucTaJg/ia yjaaercsl NMOJYUHTb JHWDb B PeAKHX CJAyyasx, DJIEKTPOH-
HBII MHKDOCKON ¢ pasperuamouieli cnocobHocThio 2 A Moxker paspe-
IIHTH BBICTyMAalOUlHe IVIOCKOCTH CJAOHCTHIX KPHCTAJJIOB, TAKHX, Ha~
npuMep, KakK KpucTa/sl rpaduTa, HO paspelleHHe 3JeKTPOHHOTO
MHKpDOCKONA He [MO3BOJISIET B HACTOSILIee BpeMs OCYIIECTBJISATh
NpsAMoe OlpejeseHHe HEH3BECTHLIX KpHCTAAMNYECKHX CTPYKTY[-
HenocpexncrsenHoe H3o0paxende!) pacno/oxeHdss aToMoOB Ha

1) O630p MeTolnOoB SMHCCHOHHOH (aBTO3/EKTPOMHOW) MHKDOCKONMWM jaH G pa-
6ote ['yaa n Mioasepa [2]; cm. Taxixke [2a]. Enuununpie aToMe 3jJeMeHTa ¢
60/IbLIMM aTOMHBIM BeCOM, HAHECECHHOTO Ha YIVIEPOJAHYIO NOAMOKKY, HalMonanucs
Kpio u ap. Ha CKaHHpYIOUEM 3/JeKTPOHHOM MHKDOCKONE C BLICOKHM pa3pelleHueM
[3]; ucnoansyemast B paboTe [3] 3/exTporHO-OonTHYECKAs CHCTeMa (OKYCHPYET
3JEKTPOHLI B NATHO AHAMETPOM NpHOAH3HTENbHO 5 A,
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Pue. A, ®Qortorpadus BoandpamMoBoro ocTpHs paanycom = 450 A, NonydYeHHas
Ha HOHEOM npoekTope. (. Mwaaep.)

MOBEPXHOCH BOJAB(PAMOBOro OCTpHS NOKa3ado Ha puc. A, a Heno-
CPelCTBeHHOE H306parKeHHe pacloJ0KEHUsT aTOMHBIX NAOCKOCTel 8
KpHCTaJ/lle, N0Jy4yeHHOe C NOMOILbI) 3JEKTPOHHOIO MHKPOCKOIA, —
Ha plic. B,

OnHako 06bIYHO A1 HCCAEA0BAHHS CTPYKTYpPbl KPHCTAJJOB HC-
fOMb3YIOT  NU(PPAKUHIO BOJH, KOTOPBIE B3aUMOAEHCTBYIOT ¢ aTo-
MaMu; AJHHBL 3THX BOJIH CPaBHHMBI C MEXKATOMHBIMH DPacCTOSHHS-
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Puc B DuaeKTpPoHHO-MHKpOCKONHUECKast hoTOrpadia ATOMHBIX MAOCKOCTeH KpH-
craria AlO; - 4Si0; - HpO. Veeauuenne 3 250 000,

MH B kprcraaaax (1078 em). Maayuenus ¢ Goubluell AJduHON BOJIH
He MOryT BBIBHTL jAeTasqedl CTPYKTYpbl Ha aTOMHOM ypoBHe, a 00-
JIC KODOTKOBOJIHOBOE H3JYy4YeHHe AH(pPaArupyer, OTKJIOHAACH JHIIb
Ha OueHb MaJple YTJIbl, 4TO BecbMa Heyao6Ho. [lpuBerenuas Bbiile
BblAepKKa U3 nucbMa E. @enoposa oTnocHTCs Kak pas3 Ko BpeMcHH
IEPBLIX ONLITOB MO Hal/10AeHI0 AHQPaKUHH PCHTTEHOBCKHX JYyuelt
B KpHUCTaJJIaX.

Llesb wacTosimiell raagsl COCTOMT B TOM, 4TOOLI IIOKa3aTb, KakK
€ NOMOLLBIO AHPPAKLHK BOJIH B KPHCTA/Ie MOXKHO OTPEIETHTh pas-
Mep 3/JCMEHTADHOH suelKH, NOJOKEeHHs siiep u paclpepesaeHHe
JICKTPOUOB BHYTPH SIYEHKH.

HUcnosan3osanue usiydennii Tpex tunos. Mp HCCaenyenM CTpyk-
TYPY KpHCTa/Ja, HCNONL3ys audpakuuio GOTOHOB, HEHTPOHOB H,
pezxKe, 3JeKTPOHOB. YToJ, Ha KOTOPLI OTKAOHSETCS AHPPArHpOBaH-
Hasl BOJHA, 3aBUCHT IJIaBHBIM 00Pa30M OT KPHCTAJIHYECKOMH CTPYK:
TYPEL ¥ OT AJUHBI BOJIHB NafaiOLLero H3JyyeHHs.

Penteenosckue ay4u. Jrepriro KBANTA PEHTIEHOBCKOTO H3JTydeHHus
MOZKHO ONpPEAENHTb MO €ro JJHHE BOJHBI A, [10b3YSICh (BOPMYJION

= hv = hc/h, rae h = 6,62-10~¥ spr-cex = 6,62-10-34 I - cex—
nocrosinHas [lnanka.

B Gosiee yno6ubix exuuiuax Hamepenis

K(A)= 12,4

e (k3B) ’

2.1)
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Jevsus 42717{770#17,/{.95 BOLB OT 9SHEPLHH HACTHLLL
wepeus wedmpona, 40730 Anst POTOHOB, HEHTPOHOB I
Fweveus anenmpora, 10038 3EKTPOIIOB

rae A— Aduna BosHb B anrctpeMax (1 A = 10-8 cm), a &— 3nep-
rus B KWI03aexTpoH-soabTax (1 3B = 1,60-10'2 spr = 1,60 X
X 10719 JIxk). Jas uccsenoBanus KpucTaaos tpebyetcs penrre-
HOBCKCE N3nyuenne ¢ snepruelt kBantos oT 10 a0 50 kB (cm. puc. 2.1).
Takoe H3JAyueHie MOKHO NOJAYYHTb KaK 3a CueT TOPMOKeHHs Obl-
CTPLIX 3JEKTPOHOB B MeTaJNYeCKHX MMIEHsX (TOPMO3HOe H3.1y-
yeHue), Tak H MPH HEYNPYroM HX CTOJNKHOBEHHN ¢ BHYTPEHHHMII
3JeKTPONaMIl aTOMOB MHIIEHH (XapaKTepHCTHUECKOoe H3JyUeHue).
Topmosiioe #3aydenne HMEET HWIHPOKHH HEHPEepbIBHBIL CIEKTp, Xa-
paKkTepucTHUECKOe — JuiieiuaThiii CMeKTp ¢ y3KuMH Juuusamu. Ha-
npumep, npy 6oMOapANPOBKe MEMHON MHIIEH! OBICTPBIMU 3JAEKTPO-
HaMB T0JyyaeTc# UHTEHCHBHAS Julins uaayderus (aunusa Ke) c
aannoit Boaub 1,541 A; pauna BoaHel JuHHU Koy MOJHOACHOBOIMN
Miuenyn pasua 0,709 A,

Korgia Ha aToM nmajaer /JeKTPOMAarHuTHas BOJHA, OHAa MOKET
6bITh UACTHYHO HJAH LEJHKOM paccesiHa 3/JeKTPOHAMH 3TOro aroma,
4aCTOTA W3JAYYEHHs NPH 3TOM He MeHseTcs. st AjauH BOJIH, COOT-
BCTCTBYIOULHX ONTHYECKOMY AHAINA30HY, NOPAIKa 5000 A, cynepro-
3UIUSL YIPYro PACCessHHBIX OTAEJNbHBIMH aTOMaMH KPHCTaJljia BOJH
NPHBOAHT K OOBLIYHOMY OLTHYECKOMY IIPEIOMJICHHIO. OnHako ecau
JJIHHA BOJHLI Nafaloliero M3JydyeHHs CPaBHHMA C NOCTOSHHOH pe-
LIeTKH HJH MEHble ee, TO MOXKHO OOGHAapYXHTb OAMH HJan 0Oo.1ee
Au(pParHPOBaNHBIX MYYKOB B HAlPABJIEHHAX, CHIBHO OTJIHHAKOIIHX-
¢Sl OT HanpaBJeHHs 1ajAaloulero Iydxa.

Heiitponsl. [InuHa BOJHB Ae-Bpoil/is A HeHTPOHA ¥ ero SHeprus
¢ cBAsanp dopmysoit & = h%/2MnA?% rae Mg = 1,675-107%% r —
macca Heiitpona. (Hamomuum, uto &= p?/2My, a AJnHA BOJIHBL A
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CBsi3aHa ¢ MMIIYJIbCOM p COOTHolleHHeMm A = h/p.) B Gogee ymotpe-
OHTe/bHbIX elHHHIAX
MA) v 22 (2.2)
[e (sB)] *

rjic e — 3HCPrus HefiTpona B 3B. M3 puc. 2.1 Buano, uto A =1 A
npn e =~ 0,08 3B.

baaroaaps nadawunio y HEATPOHOB MArHHTHOrO MOMeHTa OHHU
B3aHMOACHCTBYIOT € «MATHHTHHIMH» 3JeKTPOHAMH TBEpPAOro TeJa;
NO3TOMY HCIOJAb30oBaHHe HeATPOHOB nNpejacTasiseT OoabluYio Iel-
HOCTh A/ CTPYKTVPHOro aHaJH3a MaruHTHbIX KpHCTA/MLI0B. B He-
MarHHTHLIX MaTepuaiax HeATPOHBl B3AHMOACHCTBYIOT ¢ AApaMH
aToMOB, 00pa3yloluX pelIeTKY.

S.aexrponsl. Jlmna Boans ge-Bpolfiis aas sjexrpoHa ) cpd-
3aHa ¢ ero sHeprHell ypasHeHnem & = h?/2mi? rae m == 0911 X
X 10-% r — macca saexktpoua. B Goaee ynoTpeGUTe IbHbIX exinnuax

12

7\/ [D\ ~ .
(A) AL

(2.3)

nOCKOJIbe JCKTPOHBl MPEACTABAAOT cobolh 3apsizKennpie dac-
THL LI, OHH CHJDBHO B33HMOHCI§ICTB}’}OT C BCLUCCTBOM, T‘le()HHa HX NIpo-
HUKHOBCHHA B KPHCTaJJ/Jd CPABHUTCJALHO HEBeJHKA. H09TOMy CTPYK-
TYPHOE HCCJe0BaHHe MeTOA0M ILHquaKUMH 2JICKTPOHOB HauGoJee
CVIICCTBEHHO MpH H3YUCHHH HOBGPXHOCTef/’I, JICHOK, O4YeHb TOHKHX
KpHCTAJJIOB U ra3osB.

3akon bBparral'). Bpsrr [4] naa npocroe obbsiciienie yadamo-
JaCMOMY B KDIHCTaJje H3MEHeHMIO HalpaBieHHus Jdyuefl, HCIbITAB-
mix atdpakuno ?). [IpeanosoxiiM, 4To nagaloniue BOJHB 3ePKaJb-
HO %) 0TpaKaloTcs OT fapadieablbiX ATOMILIX IJOCKOCTEeH, npHuem
OT Kax10#H IJOCKOCTH OTparaercst JWIUbL OYEHb MaJjas Aoas Ia-
ZAWUIEro H3JyueHHsd, Kak OPH OTPaKeHHH OT cJjcrka fnocepedpeH-
noro 3epkana. HaGuaonenune nudparvHpoBaHHBIX [YYKOB BO3MOMKHO
JHIIbL TOrAA, KOrJa OTPAaMCHHbIE OT MapaJsJedbHLIX aTOMHBIX IJIO-
CKOCTCH MYYKH HHTEpP(CPHPYIOT C B3aHMHBIM YCHJENHeM, Kak 3TO
NoKa3aHo Ha puc. 2.2. Mpl paccMaTpHBaeM TOJbLKO YOpyroe pacces-
HHe, IPH KOTOPOM IJHHE BOJH (POTOHOB HJIH HEHTPOHOB HC H3MC-
HamoTes npu orpaxkenun. Heynpyroe paccesnine (paccesnue, conpo-
BOXdawlleecs BosOy:IeHHeM YNPYIrHX BOJH B KPHCTalje) pac-
CMOTpPEHO B TJ. 5.

') B pycckoit nayunoll sMTepatype 3akod DBpsrra oO6bluHo HashHIBamT 3aKo-
HoM (Mam ycaosuem) bparra — Byabda, nockosbky 3TOT 3akod Obll I10OJY4eH
OIHOBpeMeHHO U HesapHcHMO OT Y. Bparra pycckam yuenoiv I'. A, Byasdom B
ToM e 1913 r. — Tpun. peo.

) BuiBox Bpsrra ouenb NMpocT, HO yGenuTesdey TOJbKO [OTOMY, 4TO BOCHPO-
U3BOAMT pe3yablaThl Jlays [cM. Boipaxenus (2.22)]). Hubpakuus oT 0aHOH aTOM-
HOII TIJIOCKOCTH paccMarpuBaeTcs B 3anaue 2.6,

8) Ilpu 3epkanbHOM OTpa{eHHH YIOJ OTParKeHMsi paBed YIJy najeHus.
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asiné

Puc. 22. K muBoay saxona bBpsrra
24 sin 0 = ni; 31echb d — MeXNJIOCKOCT-
HOe paccTogude 1as cemeHCTBa mapas-
NeapHBIX NAOCKOCTEH; 2A7 €CTh PAa3HOCTH
$as aas ayuell, OTPaKeHHBIX OT ABYX
NOCA2OBATEABHEIX  aTOMHBIX HJIOCKO-
crefi kpucraana. Ilox cucremolt napasa-
JIeJTbHBIX 0TPAXKAoWUX NI0CKOCTE MO~
pasyMeBaeTcs NDOU3BOJbHAH CHCTEMa
NJOCKOCTeH, B KOTOPOH KaxkJas IJo-
CKOCTb IPOXOIHT MO KpaiHel Mepe uepes
TPH HEKOJJIHHeapHble TOYKY pPelIeTKH.
TlpuMepbl Takux CHCTEM TOKa3anel Ha

(770)

Puc. 2.3. Hexoropwle cucteMsl oTpa-
KAIGUX 1aockocTefl B mpocToft Ky-
GuueckKOH KpHCTaAJIMUeCKOH pelIetke.
TloxasanHsle MJIOCKOCTH OTMEYEHH! CO-
OTBETCTBYIOIWMM T HHAekcamu Munaepa.
Jlas  kamAOH CHCTEMDBI TapaniesbHhiX
NJIOCKOCTell Ha  pUCYHKe TNOKAa3adbl
TOJALKO JApe miIockoctd. Haukpartuaii-
Ilee PaCCTOSIHHE MCKAY NapajuielbHbI MY
MJIOCKOCTSIMH  YMeHbUIAeTCs 1o Mepe
yBeaHUeHHs] uHAeKcoB Munnepa; Takum
06pa3oM, AJst Toro, utobul 3akoH Bpsrra
BHIIOMHSAACA JJIs1 MJIOCKOCTeH ¢ 00Jb-

HIUMH 3HAYEHHAMH HHIEeKCcOoB MuJepa,
Heo6XOHHMMO HCNOJL30BaTh Oosee KO-
POTKOBOJIHOBOE H3JyueHHe. B npHHIHie
UHCIO Pa3THYHHX THHOB  OTpaxalo-
KX IJIOCKOCTeH HeorpalHYeHHO, ecIH
KpHCTal BecKoHeyeH.

puc 23 Orpancarouyue RIOCKOCTU He
UMeIOT Hu4ee0 00wee0 ¢ NAOCKuMU
ROB2PXHOCTAMU,  O2PAHUYUBAIOUUMU
dannotii obpasety, TdK KaK PEHTIEHOB-
CKHe JYYH H HeHTDO:bl NPOHHKAIOT Ha-
ckBO3k!

PacecmoTpuM ceMefiCTBO NapaduelbHBIX, PaBHOOTCTOSIIUX APYT
OT Apyra aTOMHBIX IJIOCKOCTeH B KPHCTaJJe; MEXILTOCKOCTHOE pac-
crosHne papHO d. [lycTh Nanaonui NYY0K JeKHT B IJJOCKOCTH Yep-
texka. Jdas ayuelt, OTPaKeHHbIX OT COCEJHHX MJOCKOCTeH, PasHoCTb
xona paBHa 2dsin®, rxe O —yrosa, oTcuHTbiBaeMbI#i OT aTOMHOM
MJOCKOCTH. M3ayueHiie, 0TpaXKeHHOE OT COCEAHHX aTOMHAIX MJOCKO-
crefi, 6yaer npu HHTepdEepPeHINH YCHIHBATLCA B TOM cJiyuae, KOraa
pasHocTb XOAa paBHa LeJoMy yucay n ajuH Boad A. Takum oGpa-
30M, YCJIOBHEe HHTephEePEeHUHOHHOr0 MaKCHMyMa IpH OTpaKeHud
CCTh

2d sin 6 = na. (2.4)

d1o u ecTb 3axon Bpseea. OTMETHM, UTO XOTA N0 NPEANOJOKEHHIO
oTpakeHHe OT KayKJ0# IJOCKOCTH W NPOHCXOAHT 3ePKajbHO, TOJb-
KO IIpH OMNpejieJeHHbIX yraax 6 oTpakeHHble OT BCeX MapaJJelbHbIX
nJocKocTel AyYn CKAagbiBaoTcs CHHGMA3HO, 4To HPHBOAMT K IOSB-
JeHHI0 CHIbHOro oTpakenHoro (andparnposannoro) nyuka. Haobo-
por, ecd OBl Kaxjas MJIOCKOCTb NOJHOCTbIO OTpaaJa najaouui
Hy4yOK, TO TOJMbKO MepBasi IJIOCKOCTb M3 CeMeHCTBA HapaJJebHbX
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IJIOCKOCTeH «uyBCTBOBAJa» Obl H3JYUeHHe H 3€pKajibHOe OTpa)se-
HHE MPOUCXOAUN0 OBl IIPH BCeX AJMHAX BOJH.

3akoH bBparra siBasiercs caeacTBHEM NEPHOAMYHOCTH IPOCTPaH-
cTBeHHOH pemerku. OH He CBSI3aH ¢ pacloJOXeHHeM aToMOB B
dueflke WJH ¢ Ha3sHCOM B KaXJAOM y3Je pellleTKH. PacnojoxeHue
aToMOB B §asuce olpegessieT JUIIb OTHOCHTEAbHYI0 HHTEHCUBHOCTH
AHQPAripoBaHHEIX NYUKOB B PA3JHUHbIX NOPAAKAX # AJs JaHHOIO
cemelicTBa mapaJlje/bHBIX IJOCKOCTeH.

bBparrosckoe orpaskeHHe HMeeT MECTO TOJNbKO IMpH AJMHHAX BOJH
A << 2d. Bor nouemy He Moxer ObiTh HCNOJb30BaH BHAHMBIA cBet!
PaccMorpuM usiayuende ¢ agaunoft BoaHwm 1,54 A, nmajpawoiiee Ha
KyOHuecKkHH KpHcTaada ¢ nocrosiHuolt pewwetku 4,00 A. [lpu orpaxe-
HHH OT ceMeficTBa MapaJjJelbHbiX mjaockocTeit (100) B mepsom no-
paake (n = 1) umeem:

8 = arcsin (1/2d) = arcsin (1,54/8,00) = 11°.

C YME@HbUIeHHEeM JAJHHBl BOJHB YMeHbIIdeTCd B yroJ, TakK 4TO AJd
I‘aMMa-JIy‘-IteI HeoOX0AMMO IOJb30BAaTLHCH CKOJb3AIIHMH nyukKaMHi.

QKCNEPUMEHTAJBHBIE NH®PAKILHOHHBIE METO/ bl

[To 3akony Bparra (2.4) ans orpaskeHHs HeoOXOAHMa Onpec-
JIeHHad CBA3b MeXAY 0 M A: penrcerosckue aydu ¢ OAUHOU B80AHOL
A, nadaroujue Ha TPexXmepHoili KPpUCTAAA 100 NPOUSBONbHBIM YeAOM,
goobuwe eosops, orpancarscs He Gydyr. Utobbl BHIOOJHHTL YCJAOBHE
3akoHa bparra, notpebyercs noA6HpaTh HJIH AJHHBL BOJIH, HIA YIbl
najgenns (mpousBoas ckaHilpoBanue). OGLIYHO TaKoe CKaHIPCBaHue
NPOH3BOAAT 3KCIepUMeHTa bHO, BEIOpPas 00/acTh HeNPephIBIOro 13-
MeHeHHUSl 3HaueHHl A 1an O (vame 0). C1anaapTHble METOLBI CTPYK-
TYypHOTO aHaJH3a KpPICTaJJ0B, OCHOBaHHble Ha audpakumil, paspa-
60Tanbl HMEHHO /1Js 3TOH LeadH. B CoBpeMeHHBIX HCCAeqOBAHHSIX
NpHMEHATCA TPH MeToaa (IHOrAa HeCKOJAbKO MOJIepHH3HPOBAHHBIX
MO OTHOLIEHIIIO K OMHCAlHbIM HIXKe).

Meron Jlays. B metole Jlays yskuil (HEMOHOXpOMAaTHYECKHH)
NMyuoK PEeHTreHOBCKHX Jyuefi (uJan HeHTPOHOB) HamnpasJseTcs Ha
HEeNOABHXKHO 3aKpeNJeHHBIl MOHOKPHUCTAJNJIHUECKUui obpasen. DTOT
NY4Y0K COAEPKUT PEHTFeHOBCKHE JY4H ¢ HaGOopOM IJHH BOJH B IIU-
pPOKOM HHTepBaJe 3HaudeHHH. B KpucTajje NPOHCXOAHT «OTOOp», H
Au(parupyeT TOJbKO H3JYUYeHHEe C JHCKPETHBIM Ha0OpOM JAJHH BOJH
A, TAKUX, YTO AJA 3THX JUIMH BOJH MEKIJIOCKOCTHHeE PaccTodHuA d
H yriabl najeHud 6 yaos/eTBOpPAIOT 3akKoHy bpsrra. Mertop Jlays
uype3BHIUaliHO yno0eH Ajst OBICTPOTO OlpeleseHUss CHMMETPHH KDH-
cranga # ero opuentaunnn. OH HCUoJb3YeTCs Tak:Ke AJs onpenede-
HH{ pa3sMepoB HCKAaXKCHHH H Ned)eKTOB, BOSHHKAIONIHX B KpHCTAJJIE
OpH MexaHWuecKoH H TepMHuecKol oOpaboTke.
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Puc. 24. Cxema kamepn Jlays. [ns noayuedus Jay3rpaMMBel MOIOKPHCTANIH-
YECKOro 00pasua HCMONMb3yeTcsl PEHTTeHOBCKOE H3JyueHHe, UMeiOllee CIJIOMIHON
cnektp.  Kpuerannozepxartens (peryaupyemulfi roduoMeTp) NO3BONseT MEHATH
OPHEHTALMIO MOHOKPHUCTA/IA, YTO YacTO GBIBACT HEOGXONHMO W B APYTHX 3KCIle-
PHAMEHTaX NO_¢H3KKe TBEPAOrO Tesa. PeHTreHOBCKas nuenka B menonbayeTcs aas
noayueunss 06paTHHX JaysrpaMm (0OPaTHHX AH(PAKUHOUHEIX KapTHH).

Ha pnc. 2.4 nokasana cxema kamepn Jlays. Mcrounnk pentre-
HOBCKHX JIy4yedl HCIYCKaeT H3JyuyeHHe, HMelollee CHJIOUIHON CNEeKTP,
C AJMuHaMHu BOJH, HanpuMep, or 0,2 A no 2 A. Cucrema amagpparm
NO3BOJIAET MNOJYYHTb XOPOWIO KOJJIHWMHPOBAaHHLIE NyuoK. Pasmepni
MOHOKpPHCTaJMJIHuecKoro 00pasiia MOTyT He npesuimiate 1 mMM. [1jo-
CKas PeHTreHOBCKas ILTeHKa pachoJaraercs Tak, 4To Ha Hee Iomna-
HdaioT Jaubo mpoxoasmue (NpsMas cbeMKa, noJoxenue A Ha
puc. 2.4), mu6o orpaxeHHble (06paTHAasn cbeMKa, NOJOKenHe B Ha
puc. 2.4) pudparuposannple nyuku. JndpakunonHas KapTiHa cO-
CTOHT U3 CepUH NATeH (pedJeKcoB); Ha puc. 2.5 mMoKasaHa Takas
NHPPAKUHOHHAS KapTHHA [JJ51 KPeMHHS.

Kaxpas oTpaxkaiowas mI0CKOCTh KPHCTaAa BLIGHpaeT W3 ma-
Jarolero Nyyka H3JyuyeHHe ¢ TON AJTHHOH BOJIHBI, KOTOpas YIOB-

Puc. 2.5. Jlaysrpavva Kpncranaa kpe-
HUsl, CHATAs B HANPAaBJEHHH, GJH3KOM
k [100] Buanmuo, uro naysrpaMma noutu
HHBAPHAHTIA OTHOCHTENBLHO BPalleHHs
Ha yroa 2m/4. Ota HHBApHAHTHOCTE
00yC/IOB/JEHA TEM, YTO B KPeMHHH C Ha-
npasiaeHaeM [100] commamaer och cum-
METPHH 4YeTBepToro mopsaxa. Yeproe
NATHO B UEHTPE NJeHKH — wepabouas
vacTp mieHkd. (J. Washburn.)
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JeTBopseT 3akoHy bparra 2d sin @ = nA. [lonyuaemas audpak-
LHOHHAsA KapTHHA XapaKTepH3yeT CHMMETPHIO KpHCTaJia: ecJil
KpHcTaaa, o0nanamuHii OCblo CHUMMETPDHH 4YeTBepTOro Nopsika,
ODHEHTHPOBaH TakK, UTO 3Ta OCb napaJJ/edbHa NafaOLEMY IYUYKY,
TO JayarpaMma Takxke OyzZer o0jazaTb OCbio CHMMETPHM 4HeTBep-
TOrO MOPSAKA, UTO OTYETJHBO HalJawaaercs Ha puc. 2.5. Jlaysrpam-
Mbl WHPOKO HCIOJb3YIOTCA AJS OPHEHTallHM KPHCTAJJOB NPH 3KC-
NepUMEeHTaJbHOM H3yUEHHH pa3JHUHbIX TBEepIAHIX TeJ.

Merton Jlays npakTHuecKH HHKOrJga He NpUMeHAeTcA AJd Olpe-
JeJeHusl KpHCTaaJHUeCKOH CTPYKTYphl. [lelo B TOM, 4TO OJHA H Ta
)K€ aTOMHas IJIOCKOCTb MOXKET [aBaTh HECKOJbKC OTpa)KeHHil Das-
JHYHBIX MOPSAKOB, TaK KaK AJs MOJYUYEHHS JayarpaMm HCHOJb3yert-
cd WHPOKHH HHTepBAas 3HAUEHHUHl AJHHM BOJH; NO3TOMY OTARIbHBIC
NATHA Ha JaysrpamMMme MOTYT OKa3aTbCsi Pe3yJbTaTOM Ha TOKeHHs
OTpaxkeHHl pasJHuUHBbIX NOPAAKOB, ITO 3aTPYIHSET OIpeaeseHlie
MHTEHCHBHOCTH JNaHHOTO OTPa)KeHHs, 4TO, B CBOIO OYepeldb, 3aTpyl-
HAeT onpejesneHue Basuca.

MeToa BpameHus Kpuctaana. B meToae BpanieHHs MOHOKPHCTAM
Bpamaercss BOKPYr Kakof-1HG0 (pUKCHDOBAHHOI OoCcH B MOHOXpOMa-
THUECKOM IMyUKe PEeHTreHOBCKHX Jyuel (uau HefitpoHoB). Ilpu us-
MEeHeHHH yrya 6 pasJHyHble aTOMHble IJIOCKOCTH 3aHHMaICT TaKue
NOJOXKeHHs!, [IPH KOTODBIX MOXKeT IPOHCXOAMTb OTpaKeHHe (oTpa-
Kawmue noJoxenus). Ha puc. 2.6 nokasana npocras kamepa, Hc-
noJb3yeMasi B MeTOJe BpallleHHs KpHcTajana. Ilaenka sakpenJeHa
Ha BHYTpPEHHell MOBepXHOCTH UUJHHIPHUYECKOro AepiKaress, KOTO-
pHIl KoaxkcuaJJeH OCH BpalleHHS MOHOKDHCTAJJIH'CCKOro obpasua.
O6biuHO pasMepnl 06pasua, HeoOXOAHMbBle B 3TOM MeTOAe, He Ipe-
BrIMaT 1 MM. MoHoxpomaTuzanus Iagamllero PeHTIeHGBCKOro
nyyka oodecneunsaercs QUABTPAMK HJH C IIOMOIIbI MOHOKDHCTA.I-
JHUECKOr0 MOHOXPOMATOpPa, PAacHoJo:KeHHOTo mepejl Kamepoil. Ila-
JIAIOHA My4ork Audparupyer Ha onpeieseHHol aTOMHOH MIOCKOCTH
KpHUCTaaJa BCAKHI pas, Koraa, NpH BpallCHHM, 3HadeHHe yria 0

Abucmany Ve

Aompurmamop
—————
Penmeenoberud
ok
Puc. 2.6. Kamepa, ncnoab-
3yeMas B MeTOJe Bpalle-

HHS  KpucTasia. Mowo-
KpHCTaANHuecKuil ofpasel
yKpensaed Ha Bpaluawoled-
caocu. (M3 guuru K. DBa-
perra «CTpyKTypa Meran-
J0B>.)
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Puc. 2.7. a) CnekrpaibHoe pacnpeleneHHe HHTEHCHBHOCTH H3JyYeHHs] DEHTIeHOB-
ckoll TPYOKH ¢ MOAMGASHOBHIM aHTHKATOAOM npx Hanpsukennu 30 kB. 6) Pacaope-
JleJieHHe [0 SHEePruaM HeHTPOHOR, HCIYCKAEMbIX PeakTopoM; 3alUTPHXOBAH HHTEpBAT
JJIHH BOJIH, NPOMYCKaeMEIX KDHCTaLIOM-MOHOXPoMaTopoM [6].
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Pue. 2.8. Ha RpuCTAaNI-MOHOXPOMATOP NajaeT MYyUOK DEnTreHOBCKHX ayuel us
TPYOKH uAW HeHTPOHOB M3 PeakTopa. MOHOXPOMATOpP B Pesy.ibraTe GPIrroBCKOrO
OTpaKeHHs BhHAEANET Y3KYIO MOJOCY K3 IMHPOKOTO JHanasosa AJHH BOJH 11a1aio-
Lero u3ayvenns. Brepxy mokasawo passioxenue (MOJYUECHHOE OTPAXKEHHEM OT BTO-
poro KpHevanna) myuka mefirponos ¢ A = 1,16 A NOJYYeHHOFO ¢ MOMOIBIO MOKO=
xpoMaropa (kpucTamn aooputa Kaiblus)., MakCHMYM HHTEHCHBHOCTH NOpPH
A =058 A cocrapaser Menee 1% MAKCHMyMa HHTEHCHBHOCTH OPH A =116 A.
CrpRiKoli MOKa3aH MAKCHMYM MHTEHCHBHOCTH, OTBEYalUIMH OCHOBHOMY NyUuKy
(180 000 otcyero B MuHyTy). OCHOBHEIM SIBJSETCH NYYOK, MPOXOAALLUH uepes
BTOpO# KpHcTana Ges orpamenus [6].



Puc.  2.9. He6onbwoi
CHEKTPOMETp, HCNOJAb3Ye-
MBH A HCCAenoBaHu#
METOJO0M BpallleHHst KPH-
cratna (Xapysnn). Bodab-
o CHeKTpOMeTD MOXKeT
WMETH CYETUHK HEHTPOHOB,
OKPYXEeHHBbIl 3KPaHHPYIO-
LM MaTepHasoMm. boab-
HIHHCTBO CYETUHKOB, HC-
NO.Ib3yeMbiX B 3KCIEpH-
MeHTaX mo  gudpakyuu
FeATpOHOB, HanoJHEeHE!
rasoobpaseeiM  tpexdiro-
pucteiM 6opoM ¢ ofora-
wedneM usotonom BlO [6]

VIOBJIETBOPsAeT ycaoBHIO Bparra. Bee nyuku, oTpaxeHHBle OT mJ0-
CKOCTeH, TapaJljleJIbHbIX BEPTHKaJbHON OCH BpauieHus, GYayT Je-
#aTh B FOPH3OHTAIbHOH MaockocTH. TTJ0OCKOCTH ¢ APYyrHME OpHeH-
TauHAMH OYAYT HaBaTb OTPa)KeHHs, PACIHOJOKEHHbIE BhIllle H HHKE
FOPH30HTAMbHONH IJIOCKOCTH.

Ha puc. 2.7, a noxasano cnexrpaibHoe pacnpeieneHne HHTEH-
CHBHOCTH U3JYYEHHs PEHTTeHOBCKOH TPYOKH ¢ MOJUGIEHOBBEIM aHTH-
KatoxpoM npu Hanpsikenun B 30 kxB. Ha puc. 2.7,6 nokazano pac-
npeacseHne 1o HeprusaM HeHTPOHOB, HCIYCKAEMBIX S;1ePHLIM Peak-
TopoM. OTpasHB Ny4oK PeHTreHOBCKUX JYuell HJIH HEATPOHOB OT
KPHCTa/l/1a-MOHOXPOMATOpa, Kak MOKa3aHo Ha puc. 2.8, mosayyaiot
MyYOK C pacnpeieqeHHeM HHTEHCHBHOCTH, KOTOpPoe, HalpHMep, Ha
pic. 2.7,6 nokasaHo 3alITPHXOBaHHOH noJocoit. I1pocToil HEHTPOH-
HDIT CIIEKTPOMETD, HCIOJMb3YeMBIl 15 HCCIeA0BAHHE METOAOM Bpa-
LieHHsl KpHCTAANa, H300paxKeH Ha pHc. 2.9,

Ha npaxTuke ucnosabsyercss HECKOABKO Pa3sHOBHIHOCTCH METOxa
Bpaulenus xpucranga. Tak, B serode Koaedanutll BMECTO TOrV, UTO-
Obl BpalWath KpucTaan Ha 360°, ero 3acTaB/isIOT KauaThesi B Orpa-
HHIEHHOM HHTepBase yrios. OrpaHuueHHOCTb 3TOro HHTepBasa Io-
HIZKaeT BCPOATHOCTb HAJIOKEHHA OTPaXKeHHH PAsJMYHBIX MOPALKOB.
B conuomerpe Baiicenbepea, a Takike B npeyeccuonHoLx ramepax
CHHXPOHHO C KaYaloWUMCs KPHCTAJJIOM NPOHCXOAHT MepeMelieHHe
NJIeHKH. B COBpPeMeHHBIX MeTogaxX MPHMCHSIOTCA Takke AHPPAKTO-
METPHI; B HUX /151 PerHCTPAUHK AHPPATHPOBAHHBIX MYYKOB HCHOJb-
3YIOTCA  CUMHTH/LISIOHOHHBIC HJAH  INPONOPUUOHAJBHBIC CHETUHKH,
C nmomouibo 3THX METOL0B BO3MOYKHO aBTOMAaTHUeCKOe MOJVUeHIe
AaHHbIX, YTO BeCbMa CYLICCTBEHHO, TaK KaK CJOXKHble CTPYKTYDHI
MOryT faBaTh OOJ/IbIIOE YKCA0 oTpaxmeHull (mopsiaka 10000).

CtpykTypa GO/MbUIMHCTBA NPOCTHIX KPHCTAMNOB OIpege/eHa C
MOMOIIBI0 PEHTTEHOCTPYKTYDHOTO aHaJan3a AOBOJbHO naBHO. B Ha-
cToslliee BpeMs OLHOH HU3 rJaBHBIX 3a1au PEHTTEHOCTPYKTYPHOTO
apannsa dBigeTcAd oNpejesenHHe KOHQUrypauun (epMeHTOB
MoJlexkynsapHEIM Becom oT 10 mo 100 Twicay. Kpucraanusauus dep-
MEHTa H NOCAeAYIOULHH DEHTTeHOCTPYKTYpPHbIH aHaAu3 CTPYKTYpHI
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Puc. 2.10. Kawmepa, HCIIOIb3yeMast A1 DEHTreHOBCKOf Indpaknun B MeTode N0-
powka. Henoansyercst o6pasen B Buae TMOJIMKPHCTAJLIHIECKOTO NOPOLIKA.
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Pue. 211 Cxema omnoro
H3  NEPBBIX  HeHTPOHNBIX
CHEKTPOMETPOB, NPHMeHTe-
MOTO B MeTOAE mnopoLi-
ka [5]. Ha ueprexe no-
Kasan KpPHCTALI-MOUOXDO-
MaTop  (LeTanbHO noKa-
3alHBl B uenTpe caena),
ueJb KOMHMAaTopa, orpa-
KIeHHE, BTOPOH cnekTpo-
MeTP ¢ pAacnoIoKeHHeM
10polikoo0pasHoro odpas~
La H CyeryHK
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Puc. 2.12. ITopowkosas HeliTposorpaMmma anmasa [6].

KpHcTalia sBasercs Haubosee 3b(PEeKTHBHBIM METOLOM ONpejee-
HUsA QOpMBL MOJIEKY.IBl pepMeHTa. B Xoxe Takoro amagusa HeoOXo-
AUMO ompeaenuts KoopanHatel 500—5000 atomMoB B 3s1eMeHTapHOl
sAueHKe, 1Js1 yero TpebyeTcst No KpaiiHell Mepe Takoe e 4HCJIO JIH-
WUl OTpaxkeHus. BEIUMC/HTENbHblE MAITHHBLL CyLIECTBEHHO ynpo-
AT NpobJemMy onpejeldeHust CTPYKTYpHI.

Meron nopowka. B meroge nopoiuka (cu. puc. 2.10) nyuox Mo-
HOXpOMATHYECKOI0 M3JYy4YeHHd NagaeT Ha 3akKJOYeHHLIH B TOHKO-
CTCHHYIO KalWIspHYIO TPYOKY o6paseil B BH/E MeJKOTo NOPOLIKa
HJIH MEJIKO3ePHHCTOro NOJHKPHUCTANINYECKOr0 MaTepuasa. B Takom
00pasile IPHCYTCTBYIOT IOYTH BCe OPHEHTALHH KPHCTAJJIHTOB. Y 106-
CTBO 3TOTO METOJa COCTOHT B TOM, UTO HeT HeOOXOAMMOCTH HCIIOJb-
30BaTb  MOHOKpHCTa/lJHYecKMe obpasubl. [lagaromune ayum orpa-
KaloTCA OT T€X KPHCTAJJIHTOB, KOTOPHIE MO OTHOLIEHHIO K HAIpPaB-
JIEHHIO Majalouero nyiyka OKas3blBalOTCH OPHEHTHPOBAHHLIMH TaK,
MTO COOTBETCTBYIOLUMH yroJ YAOBJAETBOPsAET ycloBH0 Bpsrra.

QQ £4007 777
a0 22
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g 2255/7 i 331 Y25 L 531 520 535
7200 400 3 20
5l el P T s
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Puc. 2.13. PentrenorpaMMbl KpeMuus, nOJyYeHHble METON0OM NOPOIUKA (BepXHsA)
¥ € MOMOLIBIO DPEHTIEHOBCKOIO audpakroMerpa (HuxkHasi). Bepxuss Pentrero-
TpaMMa monydeHa nyTeM PErHCTPANHH OTPaKEHHEIX JIyWell HA MJCHKY, HHIKHAST —
< IOMOWIBIO CYETYHKA OTPaiKenHbx Jayuwed. (W. Parrish.)
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Ha puc. 2.11 nokaszaHa cxeMa OJHOIO U3 INePBHIX HeHTPOHHLIX
CnekTpoMeTpoB, npumeHsemoro B Okpuaxe. [lpumep noaydeHnoi
TAaKHM CHOCOOOM TOPOIIKOBON HEHTPOHOTpaMMbl IpUBeJdeH Ha
puc. 2.12, penrtrenorpaMMmul — Ha puc. 2.13. OTparkeHHble JIy4d BHI-
XOAAT K3 ofpaslla No HaNpaBJeHHID o0pa3ywlHX CeMeHUCTBa KOHY-
coB, ofuasi ocb KOTOPHIX COBNAagaer ¢ HalpaBJdeHHeM Iajaioiuero
Jayda. Yroa Mexay O06pasyiomHMH U HanpaBjeHHeM [EPBHUHOTO
Jyua paBeH 20, rge 0-— OpsrroBckuil yroa. Potorpaduueckas
IJIeHKa, Jiexallas B NJOCKOCTH, NMepPIeHAUKYJAsPHOH K Naaaiiemy
Jyuy, peructpupyer Au(paxkuHOHHYI KapTHHY, COCTOSIIYIO H3 Ce-
pHH KOHUEHTPHUECKHX OKPY KHOCTeH.

BblBOJl YPABHEHUSA JIAY3 AJi1 AMIIJIUTYOAb]
PACCESIHHOHM BOJIHDI}

BriBoj GparroBCKOro ycJaoBHA AHGPAKUHH COACPXKHT KPaTKoe I
SICHOE H3JIOXKEHHe YCJOBHS HHTep(depeHLHHd C B3aUMHBIM YCHJEHHeM
ISl BOJIH, PACCESHHBIX TOUEUHBIMH 3apAajaMH, PacHoJOXEHHLIMH B
ysJax NpocTpaHCTBEHHOH pemeTKH. OQHAKO €CJAH HAc HHTepecyer
UHTEHCUBHOCTL W3JYyYeHHS, PacCesHHOIO NPOCTPAHCTBEHHBIM pac-
TipejieleHHeM 3JIeKTPOHOB BHYTPH KaiK/J0# 3JeMEHTapHOH suefiki,
TO caeayet nponspectu Gogee noapodusii ananns. Hanbosee

Bargyrr Houemnn Lawyyn

'L

Puc. 2.14. Ha KpuCTann najaer SACKTPOMATHHTHAs BOJNA C BOJIOBAIM BEKTO-
poM k. Myl XoTHM nailTy BOJTHOBHE BEKTOPH B’ BHIXOAAUIHX M3 KPHCTAMTA BOIH,
KOTOpble 06pa3oBalHCh B pe3yabraTe JH(pPakUH{M Ha atoMax Kpucraina. Bek-
TOP Ompp HPOBOAHTCS H3 TOUKH, NIDHHATOR 33 HCXOAHYIO, M NPHHHMaeT BCe
BO3MOXKHHE 3HAUEHHS B COOTBETCTBHH € BHIPaXEHHEM pmnp——ma—{—nb-i—pc,
rae m, n, p-— nease uucad. Ecau  $asoBuni  MHOXKHTeNb NAJAIOINEH BOJXHEL
B TOYKe, BHIGPAHHOR 3a Hayajs0 KOODAMHAT BHYTPH KDHUCTA/LI4, PaBeH elLUHULE,
TO (a3oBHH MHOXKHTeNb 9TOH BOJHH B TOUKE Ompp PaBeH exp [iR- Omnple
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TIPOCTOH MeTOJ, INpeljoxkeHHbilt Jlays, cocTour B CYMMHPOBAHUI
BKJI4J0B OT 3JIeMEHTAPHBIX BOJIH, PACCESTHHBIX OT KAXKAOro sJeMeHTa
Kpucraana. B apyrom MeToge, usnokeHHOM B [Ipuaoxenun A,
UILYTCA PelleHHs ypaBHEHuA AJs 3/JeKTPOMArHHTHON BOJIHBL B cpeje
¢ IHONEKTPHYECKOH NMPOHUNAEMOCTbIO, ABASONEHCT MeproaUuyecKoi
(OYHKIHEH MeCTONOJOMKEeHUst BHYTPH KpucTatia (PpyHkuHed Koop-
JAHHAT).

B zagaue, npeasoxenHoll Jlays, Hy:kHo HalTH HalpaBJCHHA
pACIPOCTpAHEHHS! BOJIH, BHIXOAALIMX M3 KPHCTaaaa, OTHOCHTENbHO
3a3/J1aHHOTO HalpaBJeHHs pPacnpoCTpaHeHHd [azarollell BOJHBL
(puc. 2.14). OxoHuarteJbHbIl pe3y/JbTaT NPeACTaBJeH COOTHOIIe-
sty (2.20) u (2.22), Kotopble NPUBOASITCS HIKe. [lpeAnonoxu,
4TO OTBeTHAs peakuus (OTK/IHK) KpHCTaMla siBasercst JHHeHHOH,
TAK 4TO 4acToTa @ OTPayKeHHOH BOJHBI, NOPOXKAEHHOH OTBeTHOH
peakuMell KpUCTajsda, paBHa 4YacToTe  Najdmouled BoJHBL BesH-
YHHA BOJHOBOTO BEKTOpa'!) BOJIHBEIL, pacnpocTpaHAamluefics B Baky-
yMe. CBfi3aHa C 4acTOTOH COOTHOWIeHHeM @ = ¢k, a TakK Kak
®w =, T0 B’ =k, rae kR’ — BeJuvnHa BOJHOBOI0 BeKTOpa OTpa-
KeHHOWM BOJIHBI B BakyyMe. Taxum o6paszoM, B UTOre HMeeM:

o =00, kK =E* (2.5)

Mpl XOTHM BBIPA3HTL HallpaBJieHHe OTPa)KeHHOH BOJHL (Ha-
npapJeHHe BeKTopa k') uepe3 BOJHOBOIH BeKTOp B nagawuleil BOJHbL
¥ BEKTOPH NPUMHUTHBHBIX TpaHCAAUNA a, b, ¢ KpHCTaLlHYeCKOR pe-
weTKH. JIAS x-KOMIOHEHTHl 3JeKTPHUECKOro MOoJs agamlielf BOJIHBL
B CBOOOAHOM IIPOCTPAHCTBE HUMeeM:

E (x) == E gl tk-x—0h) (2.6)

SDTa BOJHa B3aI/IMOIIteICTBy€T C pacceuBarmomiiM HOEHTpOM, Haxonad-
wyMes B TOYKE @, B pe3yabtaTte dero 06p83yeTCH paccessniHaa BOJI-
Ha, BbIpaKeHHe AJd KOTOpOIjI MO2KHO 3allucaTb B BHIE:

ikr ei (kr—ot)

Es. = CE (p) £— = CEqei*r —-— (2.7)

r

3pech NPONYIIEH YIJAOBOH MHOXKHTEJNb, He HMEOWHA CyleCTBeH-
HOTO 3Hauenusd. AMIVIATYa PacCesiHHOM BOJHLI B TOYKe p MpPOMOP-
nMoHaJbHA aMIMIMTyle Najawuefd BoJaHb %) (2.6): 370 o6yCa0BJH-
BaeT nosiBJenHe MHOXKHTeas E(p) B (2.7); C — kosdpduunent npo-
NMOPUHOHANBHOCTH, BEJHYHHa KOTOPOTO 3aBHCHT OT 0COGEHHOCTeH
pacceuBaiomiero neHrpa. Muoxureas l/r HeoBxoaum ans coxpate-
HHSl SHEPTHH B IIOTOKE pacCesiHHOH BOJHBI, a BCe BbIpaXKeHHe

1) BosaroBo@l BeKTOp B HOpMaJjeH K NJAOCKOCTSIM PaBHOH (Daskl; ero BeJHuHHA
paBHa 2m/Ak, rae A — guHHA BOJIHbL

?) Mbl mpeanonaraeM, YTO KPHCTaJs MMEeT MaJjble pasMepbli, TaKk yro B Hep-
BO%I npubauKeRHl 3aTyXaHueM NaJaloulefl BOJHBI BHYTPH KpUCTaMIa MOMKHO Hpe-
#Hebpeyp,
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Puc. 2.13. Il1s BexTOpa r MOMKEO 3anucath: ¢ + 7 =R, uau r = R — p. Boapexsr
o0e uaCTH NOCKEAHErO BHIPAXKelHst B KBaAPAT, NOJYYHM:
r?==(R —p)*=R* — 2pR cos (p, R) + p*

HM3pjeyeM KpaapaTHoifi KopeHb H, mpeHedperas usesaMn nopsaaka (p/R)? u Brilte,
NO.TYYHM:

r=R [1 — %;—) cos (p, R) + (%)2]‘/’2zR (I ——}g—cos (p, R) + )

Dasopuift MHOXKKMTEAL B Toyke O: 1 (nmajnawimas sosana).
®azopmil MEOKATEIL B Toyke p: el# P (nagawiuas BoJxa).
Dazonbiil MuoxUTeAL Ha naeuke B touke R: e®? e’ (paccesunan Boaua),

ABJISIETCA penreHiicM pa;lH"JleOI'O BOJIHOBOTO ypavHenud

&
(5= +F atZ)ESC(r )=0, (2.8)

HMeuero q:)OpNIy KJ1acCHYECKOTO 3JEeKTPOMATrHHTHOIO BOJIHOBOIO

YpaBHEHHsI B BaKyyMe:

’E

5
VE = c2 T (2.9)

Hama zajaua 3axjgouaeTcsi B CYMMHDPOBaHHH 3JeMEHTAPHBIX
BOJIH, PACCCTHHBIX BCEMH LIEHTPaMy paccesHHs B KPHCTaJie, B pe-
3yJAbTAaTE 4Yero Mbl IOJYUHM aMIVIATYAy CyMMapHo# paccestHuof
BOJIHHL B TOUKE C PadUyC-BeKTOpPOoM R, NpOBeNCHHHM 13 Hauajda Ko-
opaunaT O BHYTpPH KpHCTa/na. B 3To#t TouKke pacnogoKeH CUETHIK
¢oroHoB, M3 puc. 2.15 Mbl BHAHM, 4TO PACCTOSIHHE MEXKAY pacceH-

BAMOIHUM IEHTPOM H TOYKOH HaOJIOLeHHS PaBHO

r~R—opcos(p, R), (2.10)
NPH YCJAOBHH, UTO MJIEHKA HAXOAHUTCA OT KpPHCTaAsna Ha PacCTOSHHH,
3HAYUTEIBHO NMPEBbIIIAIILEM ero pasMephl.

TTonuuit npocTpaHcTBeHHBIH (Pa30OBLII MHOXKHTeJNb pPaccesiHHOH
BOJIHH C ydeToM pbipakeuuit (2.7) u (2.10) MoXKHO 3amHcaTh Tax:

gl (k-otkr) — oikR oxp {i [k - p — kp cos (p, R)]}. (2.11)

Tak Kak BeJHYHHA BOJHOBOTO BEKTODAa PaccesHHOH BOJHB & paB-
Ha BeJHRUNHEe BOJHOBOIO BeKTOpa Najalolledl BONHH R, a HaupasJe-
Hue BeKTOpa R’ coBmajaet ¢ HanpasJeHueM R, to

kpcos (p, R)=k'pcos(p, B)=Fk -p. (2.12)
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|
|
Puc. 2.16 K onpenenensio BeKtopa :
paccesnusn Ak, pasuoro k' — k. Ilpu I
YOPYroM pPacCesHHH BeJTHYHHE BEKTO- !
pos k" u k papuu, k' =k k !

D10 ecTb cradApHoe npoussenenHe. OtTcioaa caeayeT, uto QasoBul
MHOXHTeAb (2.11) MOXKHO 3afHcaTb Tak:

gl (B otkn) = pikR oxp [i (k- p — k' - p)] == et*R exp (— ip - AR), (2.13)

rie uepes AR 06o3HaueHo H3MeHeHHe BOJHOBOIO BEKTOPA B Pe3yJb-
Tate paccesinusa (puc. 2.16):

A=k —k, kK =Fk+ Ak 2.14

BekTop pacceanus Ak HrpaeT BaXKHYI poJb B TEOPHH paccesiHHA.
C yueTOM BBIIIEH3JOXKEHHOTO JAJs BOJHBI, PacCesHHON UEHTPOM
paccesHUst B TOYKE Pmnp, BbIpaxkeHHe (2.7) MOXKHO 3amucaTh Tak:

kR ~iwt
Ee ()= (™ Yexp (— ity - M), (2.15)

rae ¢ JOCTATOYHOW CTelleHbi0 TOUHOCTH B 3HaMeHaTeJe r 3aMeHEHO
Ha R. Boipakenue 1Js1 cyMMapHOro paccesuusi B IaHHOM Halpas-
JEHHH OT PeleTKH TOUEYHBIX aTOMOB MOXKHO MOJYYHTbH C NMOMOIIBIO
CYMMHpOBaHusi pbipaxkenus (2.15) naa Esc mo BceM Toukam pe-
tetku. MHTepecyrolilass Hac BeJHYHHA sBAseTCs CYMMOH (a30BhIX
MHOMHTENeH:

o= exp (— i, - AR). (2.16)

mnp

Jst 310l cymMMmBl onpelensroTCs pas3pelleHHble HalNpaB/eHHs1 pac-
cesHHdA, KaK NokazaHo HHike, Haubosee THNHUHBIM cayuaeM pac-
cestHusl ABJAAETCS paccesHHe Ha paclpefefeHHH 3JIeKTPOHHOH IJIOT-
HOCTH [0 BCeMy KpHcraaay. Ecau paccednne Ha s/leMeHTe o0bema
KpucTranna dV nponoprHOHaNbHO JIOKAJAbHOI KOHUEHTPAaUUH 3JeK-
TpoHOB #n(p), To aMMJIHTYyZa pacCesHHs MNPONOPHHOHA/JIbHA HHTeEr-

pary

S dV n (p) exp (— ip - AR). (2.17)

Paccesanue pemerkodl royedHbix aromos. [IycTe B xpucTaJdile KO-
HeuyHHIX PasMepoB, HMeiouieM (Qopmy NapaJienenHilena, 0AHHAKO-
Bble TOUEYHHIE LEHTPHI paccesHHs DPACIONOMXKEHb B KaxXkJI0M y3nae
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pelueTkH
Omnp = ma + nb + pe, (2.18)

rjae m, f, p— lUeJble 9HCJa, 3HAUeHHs] KOTODHIX Je€XaT B Opejelax
ot 0 to M. B sTom cayuae KpucraJa coaepkuT M3 NPHUMHTHBHEIX
Aueek. Mz (2.16) BuaHO, YTO BeJHYMHZ CYMMAapHOTO PAaCCeSHHOrD
H3Jy4eHHs NPONOPIHOHAJbHA

o = Z exp [— [ (ma 4+ nb+ pc) - AR). (2.19)

mnp

Bennuuny &£ HaznBawT amnauryloll paccesnus.
CymMa, B3fiTasg 1o y3/aaM pelieTKH, MakCuMaJbHa, KOraa

Omnp * AR = (ma 4 nb + pc) - Ak =2 - (menoe uucao) (2.20)

JJISL BCEeX Y3JOB pelleTKH, TaK KaK Kaxaui ulen, uMewlni dopmy
exp (—ipmnp-AR), pasen eaunune. Korjga AR ypoBaersopsieT Bbipa-
KeHuo (2.20), cymMMa mast aMIIMTYIbl pacCesHHs B Ipepegax KpH-
craJgia, HMepouiero M3 ysnos pelreTxu, gaer:

Aan = M>. @.21)

Ortx/1onenne 3HaueHuss AR 0T BeJUYHHE], YIOBJETBOPSIONIEH COOTHO-
wenno (2.20), 6yzeT 3HAYUTENAbHO VMeHbIIaTh BEJAHYHHY CYMMBI B
(2.19). OrnoxuM gmo pelleHHsl 3apa4H 2.5 pacCMOTpeHHE TOro
haxTa, UTo aMIJIHTYAa PAacCesiHAN CTPEMUTCS K HYJIO [0 Mepe yBe-
JIHUEHHS UKCIa y3J0B PELIETKH, €Cau TONbKo AR He YIOBJIETBOPAET
TOUHO yCJoBHIO gudpakunn (2.20).

Ycaosusi nudpakuuun. Beanuuna Ak = kR’ — k ynoBieTBopsier
yeaoBHIo atndpaxunu (2.20), ecau caenyouite TPH ypaBHeHHA OAlO-
BpeMeHHO YAOBJAETBOPSAIOTCA AJA UeAHX uticea h, &, [

a-Ak=2nh, b-Ak=2nk, ¢-Ak=2nl {2.22)

ITu ypaBHeHHs HA3BIBAIOICA ypasHeHuamu oupparyuu Jays. Oui
MoryT ObITh pelieHbl OTHOCHTeJALHO BekTopa Ak. Ecau Ak ynos.aer-
BopsieT ypaBHeHHAM (2.22), ToO aMOJAHTYZa PaCCeAHHOH BOJIHbI, Bbl-
paxaemas cooTHolieHueMm (2.19), moxeT OHTh 3alHcaHa CAEAYIO-

muM obpasom:

SF = ) exp[— 2ni (mh + nk 4 pl)), (2.23)

mnp

rae cymma mh - nk -+ pl npuHuMaeT TOJBKO LeJble 3HAYEHHS, MO-
cKoabKy h, k, I, m, n, p—ueaple uucja. [Jas Kpucrasaniueckoro
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ob6pasua B dopme napadgienenunena c¢ pebpamu Ma, Mb, Mc no-

Jqyqaem:
M=1 M=t M=1

d= 2 X X ()=», (2.24)
m=0 n=0 p=0
rle Ak vioBJeTBOpsieT ypaBHeHUAM audpakuuu Jlays!),
Pelrenue ypaBHenuit Jlays ocobGeHHO IIPOCTO, eCaM KPHCTAJJO-
rpaguueckue ocu a, b, ¢ B3aUMHO NepHeHHKYJAPHB. B 3sTom cay-
yae BeKTOp AR, yIOBJeTBOPAMIHA 3THM YpaBHEHHSM, eCTb

se=2n (a5 410, (2.25)

rae a, b, ¢ — eguHUUHBle BEeKTOPLI B HaNpaB/JeHUH KPUCTaJJIorpa-
dhuueckux oceft, a h, k, [ — uesanle yucaa.

Ecau xpucraagsorpaduueckie ocH He B3aUMHO MepIeHAHKY-
J5pHBI, BeKTOD AR, onpenessdeMblil Boipaxkenuem (2.25), He sBJjderT-
cq yKe pelleHHeM ypaBHeHUH (2.22), Tak KakK B 3TOM CJydae He BCe
BeJMUUHBE THIIA @-b paBHbl HyJI0. [IJd peureHus sToll 3agauyu B 00-
luleM BHJAe HaM HeoOXOAMMO BBeCTH HOHATUE BeKTOpPoB 06paTHOH
pelieTkd. DTO MOHSATHE OKa3blBaeTCsl HACTOJBKO MOJe3HbIM H Kpa-
CHBBHIM H HMeeT cToJb oliiee IDHMeHeHHe, 4To Mbl Oygem CHCTe-
MaTHUYEeCKH IOJb30BAThCd MM B HallleM H3JOXKEHHH NPH pelleHHH
BcexX 3ajlay, CBS3aHHBIX C BOJIHOBBLIME IIponeccaMy B KpHcTaJdaax,
BKJIOUAS TEOPHIO 3HePreTHUeCKHX 30H. [ToHsiTHe o6paTtHO#l pelreTkid
6bl10 BBegeno k. Tut6com.

OBPATHASL PEWIETKA

PaccMOTpPHM BEKTOP
Ak=hA -+ kB -+ IC, (2.26)
rae h, k, | — menvle unc/aa, BXogsmiue B ypaBHeHus Jlays (2.22), a
A, B, C — noagexaniue onpenejenuio Bektopul. [Toncrasass (2.26)

B (2.22), Mbl BuAuM, uto (2.26) ecTb peluende ypaBHeHHH (2.22),
ecJIH BBINOJHEHB! CJAeAYIOLIHEe YCAOBUS:

A-a=2n, B-a=0, C-a=0,
A-b=0, B-b=2n, C-b=0, (2.27)
A-c=0, B-c=0, C-c=2n.

M3 nepsoro cronbua (2.27) caenyer, uto BeKTop A J0JKeH ObiTh
nepneHAHKYJIsipeH K b 1 c¢. Tak Kak BeKTODHoe MPOH3BeAeHHE

1) Tax xe xax u dopmyna Bparra, ypasuenus Jlays npeacrasasior cofofi ne-
obxonuMble ycaoBus audpaxuud. Ecan sneMeHTapHas suefika KpucTalaa coaep-
#MHT GOJee ONHOrO aToMa, TO STH yPABHEHHS He ABJAIOTCH AOCTATOUHBLIMH YCJIO-
BASiIMH, TaK Kak 1HeoOXOAMMO Takxe, 9ro0bl CTPYKTYpHBII (axtop (onpenesenue
€ro JlaHo HHKe) Ille Gbll pased Hymo. Ecaum ou papen nymo, To amniuryaa pac-
CestHHOl BOJIHE OyJAeT paBHa HYJIO
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b X ¢ ecTb BeKTOp, MepPNeHAUKYJIAPHBA U K b, U K ¢, TO Aaa ompe-
aeqenus A ocTaeTes TOMbKO NPOHOPMHpPoBaTh BeKTOp b X ¢, uToOb!
VAOBJAETBOPUTL ypaBHeHHio A.-a = 2n. Bribpas

_ bXe¢ . cXa _ aXb
A-Qn_—_a'ch’ B-—2n—————a_b><c, C—2n-————a_b><c, (2.28)

MBI MOXKeM YAOBJETBOPHTb BceM ycaoBusaM (2.27). Dto u Oyayr
OCHOBHble 8eKTOpbL 06paTrol pewetku'). OHY OPTOTOHANBHBE TOJb-
KO B TOM cJyuae, ecJH &, b, ¢ TakKe OpToroHanbubl. Bce 3HameHa-
TeJqH B BHpaweHHAX (2.28) zanucanwel B BHIe a-b X ¢, TakK Kak H3
BeKTOPHOHR ajre6pel H3BECTHO, 4TO

b-cXa=c-aXb=a-bXec.

DTa BesHuMHa eCTb o0beM 3JeMeHTapHOH sveitku. Jlobolt npous-
BOJIbHBII HaGop BeKTOPOB NMPUMHTHBHBIX TpaHcasuuit a, b, ¢ npi-
BOAHMT K TOH ke caModl OGpaTHOH pellleTKe.

Heo6xoxuMocTh OTUETAHBOrO NMPEACTaBJEHHS CTOJAbL JKe cylie-
CTBEHHA A/ oOpaTHOH pelleTKH, KaK « AJds peasbHO KpHCTaJTH-
yecKoll pelueTku. Kakaol KPHUCTAMIHUECKOH CTPYKType COOTBET-
CTBYIOT JIB€ DELUETKH: KpHCTaJJIMYecKas pelleTka u oOpaThHas pe-
metka. OHY CB3aHB Mexay cobol cooTHOIeHUAMH (2.28). MoxHo
CKas3aTb, 4TO AH(QPaAKUHOHHAsA KapTHHA IpeAcTasaser coboil kapry
06paTHON pelleTKH KPHCTaJJ/la, TaK K€ KakK MHKPOCKOIHYecKoe
H3o0parkeHHe MpeacTaBJjsieT co0OH KapTy peaJbHOH CTPYKTYpHI
KpHcTaaaa. [Ipn noBopoTe KpHcTaJjga NOBOPAuMBAIOTCH KaK KpH-
crajjnyeckas (npsimasi), Tak H o6paTHas pelleTKH. Bektopu Kpu-
CTANANUECKOH pelleTKy HMEKT Pa3MepHOCTb AJIHNH, a Pa3MepHOCTh
BeKTopoB ofpaTno#i pemierkn [anmual—!. Kpucrannnuseckas pe-
eTKa — 3T0 penietka B 06bIYHOM, peasbHOM HpocTpaHcTBe; o6par-
Hast pellleTKa — »TO pelreTka B npocTpaHcTee Pypoe. Breaenne mo-
HATUS «IIPOCTpPaHCTBO Pypbes 0OOCHOBBIBAETCSH HUIKeE,

[TonoxkeHue y3J0B KpHCTAIJHUECKON peUWETKH Pmn, ONpele-
JS1eTCS BHIPAXKeHHEM:

Omnp = ma -+ nb - pc (m, n, p— ueasle uncaa). (2.29)

AHasiornuno onpeaeasiioTcs NOJOMKEHHSt y3.108 obparHoll peuleTku,
Uan sexTopst obpatnod pewerku G, 8 npoctpaHcTBe Pyphe:

G=HhA+ kB0 (h, k, |— ueable uucJaa). (2.30)

1} Kpucranjorpadhsl 00bl4HO ONYCKAOT B 3ITHX COOTHOWEHHAX MHOXUTEAb 20T
H 0603n24al0T BekToph OOpaTHON peleTKn kak by, by, b3, HO Ooablimucrso ¢u-
3HKOB, 3aKHMAIOUIUXCst TeopHeli TBEpAOro Tena, COXPAHAIOT MHOXHTenb 27. Me-
KAy Kpucramiorpadamu v QHINKAMU-TBEPAOTENbIUKAMH PASrOpaiorCs no 3TOMY
BONpPOCY O’KeCTOUeHHbie CHOPbl, a4 OJHH H3 BBIAAIOLIMXCA KPHCTANIOrpadoB gaxe
ckasan, yro I'u66c Gyner KPYTUTLCS B MOrmJe CO BCE BO3PACTalollefl CKOpOCTLIO,
n0Ka (U3HKH-TBEPAOTENLIHKH TaK MIYyMATCS Haj 3aMedarenbHbiM 1300peTenHeM,
KaKOBbL:M ABJsieTcs o6patyas pewterka. (Pacckasano Dsaabaom.)
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B npoctpaHcTtBe Dypbe Kaxkaas TOUKA HMEET CMBICA, OAHAKO
y3Jbl o6paTHOH pelleTKH, ONpeneaseMbie Bhipa:keHHem (2.30), oco-
feHHo cyliectTBeHHH. Buipaxenue aisi G (2.30) coBnalaer ¢ BHIpa-
KeHHeM ans Ak (2.26), tax uto ecau AR paBeH KakoMy-Jaulo Bek-
Topy oGpaTHO¥# pelleTkd G, TO NpH 3TOM YAOBAETBOPHAIOTCA ypaB-
HeHHus audpakuuu Jlays.

Jaa toro utoObl NOHATb, KAKOe 3HaueHue HUMeloT BekTopo G,
COCTaBUM CKaJsipHOe NMPOU3BEAeHHE!

G0, =(hA+ kB-+IC)- (ma-+ nb -+ pc) =

=2 (hm -+ kn - Ip) = 27 - (uesioe umcI0).
O1crona caenyer, 4To

exp (iG + Pmpp) == 1.

Mpumep. Pypve-anaius nepuoduyeckux pacnpedesentsi. KoHUEHTPAILHIO 376K«
TPOHOB B KpHUCTaLle 712(P) MOMKHO BHIpa3uth B BHue psaja Pypoe!)

n(p) =7 nge'", (2.31)
K

rie p-— paiHyC-BCKTOP NPOH3BOJLHON TOUKH KpHCTatna. JlokameMm BaxKHYlO Teo-
peMy: IJs TNPOU3BOJbHOH PYHKUMH, 00Jajalouieldl B pelleTKe TPaHCATLHOHHON Tie-
PUOAHYHOCTBLIO, TOMLKO Te Beanuunnl K, mosBasioiliecs B COOTBETCTBYIOWEM PAILY
®ypre, ABAAIOTCS BeKTOopaMmil o0paThoi pewetku G, KOTOPbie ONPEAeNeHbl COOTHO-
wenneM (2.30). 3amuweM n(p -4 Pmap), TAE Pmnp = Ma + nb - pc — TpaHc sl
KPHCTALIHIeCKO! pelleTKH:

{0 + Pmnp) = . ng exp (iK - 0) exp (iK - Pimnp). (2.32)
K
Ora ¢yukuus OyJer HMeTb KeJaeMyio TpPaHCAAUHONNYVIO MePHOIMYHOCTs Hn Oyier
pasua n(p), TOJbKO eCJH BBITOJHACTCS Caeaylonlee VCIOBHE:

K- (ma -+ nb+ pc) =2n - (ilenoe qucio). (2.33)

[Tocaennee BoIpakcHue B TOYHOCTH coBrnajgaer ¢ yclosiemM G-pmnp = 277 (ueaoc
YHCJIO), KOTOpPOE BCTPeYasoCh HaM Bollle. Takum obpasom, (2.31) MoxKHO

') Pasnosxenne B psa1 @ypue BellecTBeHHOl nepuoindeckoi QyHKwim #(x)
B OJ(HOMEPHOM CJydae OOBIUHO 3aNHCHIBAETCS CASAYIOLWEHM 06pasoM:

nx)=0=C,+ Z (Cpcos px + Sp sinpx), (2.31a)
p>0
rie Bce koadduunentsl € n S — aeficTpuTennuble Yucaa. Pag
n(x)=mnq+ Z npe'P* =
p=a

=1y + Z [ap (cos px + isin px) +n_ (cos px —isinpx)] (2.316)
p>0

MOXHO TpPUBeCTH K Buay (2.31a), BHGpaB COOTBETCTBYIOLKM O6PA30M BelleCTBEH-
HYI0O H MHHMYIO 4YacTH KO>(DQHIHEHTOB fp H fi_p, KOTOPble SABJAIOTCS KOMILJIEKCs
HBIMH YHCJIaMH:

Cp =R {np + n_p}; Sp = [np —in_p=— F {np — n_p}; /1; =n_p
(2.31g)
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Pue 2.17.

TiepernncaTtb Tak:

n (o) = ngexp (iG- o), (2.34)
G

tne G == hA 4 kB -+ (C ectb npou3BONLHBIE BekTop 0o8paTHol pemerku. Benu-
uuHbl R, £, | SBAAIOTCA UEJBIMH SHCIAMH, KAaK CleAYer H3 onpelefeHds Bextopa G.
HaGop Beanuun 75 mosnocTblo OMHCHIBAeT pacripeleseHie 3MEKTPOHHON MJOT-

HOCTH B KpHCTaJJle, a TaK:Ke NuPaKUHIO PCHTTEHOBCKHX Jyuwell. Hdjs Toro utofst
TPOAEMOHCTPHPOBATL 3Ty CBs3b, NMoixcTaBuM B (2.17) Boipakenwe (2.34):

S dV n (0)exp (—ip-AkR) = Z g S dV oxp (iG-p) exp (— iAk - p). (2.35)
G

Wnrerpan pasen obvemy V, eciu Ak pased pekTopy oOpaTnofl pemierkn G, g
MOJKHO TIOKa3aTb, 4TO HHTerpan OyAer paBHaThes 1yao, ecin AR He pased Bek-
Topy obpartHo#l pewerku. CooTrolrende (2.35) yGekjpaer HAC B TOM, YTO BEJIH-
YHHA Rg SABJASETCS MepoHf BeJHUMHB aMIJIUTYAbl AM(parupoBarioro mayua.

Ha puc 2.17 u 2.18 npupeneH npuMep ¢ypbe-aHANH3a NEPHOLHYECKOTO pac-
npenesienns B kpucradte. Ha pue. 2.17 nokasana oTa2/bHasi NPAMOYIOAbHAs [pH-
MHTHBHAs fYefika ¢ ocaMH @ u b u 6as3HCOM, COCTORLUMM H3 ABYX OAMHAKOBHIX
aroMoB. KOHTYpHBIMH JMHHSIME COeAVHeHH MecTa C OAMHAKOBOH 3JEKTPOHHOM
Koutledtpauneit. Ha puc. 2.18 samrpuxoBaHa sauefika ofpatuoil peumetku. OKOJMO
KaXJoro ysaa ofpaTHOf pelleTKH TPUBOAMTCS 3HAYeHMe 71g A4 KO3 (HUHMEHTOR

®ypre pacnpeseneHus 3apsana, MoKasapHoro Ha pHc. 2.17,
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Puc. 218 TIlaor-
HOCTL BCPOSITHOCTH

MOXKHO BbIPA3HTh 2it/a = s0005  +001 s07 13 67 000t «0008
uepe3 pan Pypobe
006 14 *R9 el66 39 14 °006
n (f) - wia ==
=Z”GGXP ([G.r)’ °002 «03 °22 a0, \\\-22 «03 0002
G B \
0= e—me e .. KNNS B
raie G — BeKTOpHl 02 43 27 st A 27 43 02 ¢
00paTHOR PelIeTKH ]
Ha pucynke npu- *002 003 s22 40 022 e03 *002
BOISITCA  3HAYeINUs swla= I
lnG i 10® B yamax ©0.06 014 .89 166 €89 .14 €006
o6patHoll pelIeTKH, {
PACHOTOXKEHHBIX =Z2ala== 40005 * 0.0 0.7 1.3 .02 001 0005
BOJIM3H HayaJgaa } | } ] | ] j
pypre-npoctpai- =3/a =2zfa_  =nla 0 *la 2tla  37la

ctBa, AJs pacnpe-

Negennst 3apgia, nokasamuoro na pnc 217, B neficTpurtesnHoCTH CyllecTByeT
feckoneyHoe YHCIO Y340B obpaTHoH peuwretkn. OBparure BHHMaHHe 1a TO, Kak
6picTpo  yMedbluaoTes koagduuuentnt ®ypee no Mepe yasgenus of G==0. 1o
XapakTepnoe yMeHplIeNHe Ko3(D(HIHEHTOB 3aTPYyIHseT oOHApYIKeHHe jHdparu-
POBAHHBIX PEHITEHOBCKHX Jayuefl npH Oonblunx 3HaveHHsax G Pacnpelesenue
3aps1a OLIIC B3ATO B BHJE TayCCOBA DACNpefeseHHs L5 YIpOients BHUICICHUHT,
Pacnpelenenne BOKpyr aToMa BOIODOIA He SABJASETCS FayCCOBLIM, @ OTJAHYAETCA OT

nocaeaHero MiomureaeM e ', rae A — kouctanta (Y Tsang.)

Tipumep. dsysmepuasn obparnasn pewersa. PaccMOTPHM HEKOTOPY:O ABYXMCp-
Hyto pemeTKy (puc. 2.19), uMeiollyl0 OCHOBHBlE BeKTOPH @ == 2%, b = x + 2y.
HaiineM ocHOBHLIE BEKTOpB! OOPATHOH DelweTKH.

Hans Toro utoOnl UpH pewleHHH 3TOA ABYXMEPHOIl 3alauil Mbl CMOTJIH BOC-
HONbH30BAThes HALIHMH ONpejeseHHsiMH AA% TPeXMEpHBIX pelleTOK, NpelloJoNHM,
4TO BEKTOP € MapaJijesned OCH 2; B 3TOM CJydae IJOCKOCTb, B KOTOPOHl OYAVT
Jexarh BeKTopbl obpaTHOfl pewerku A u B, coBnamaer ¢ mIoCKoCTBIO, B KOTOPOi

pacrnoJioxkensr BekTopbl @ 1 b. [Tosomum ¢ = z. Torna
eXa=2X(2%) =29 bXc=xXz+2X2=—§+2% a bXc=4

[ ]
] (o]
/4 .
é
a © .
N
Hpucmamieveckas Jboarmwas N
DELULETHE ' DEUETAE

Puc. 2.19. Jlsyxmepnas o6partnas peulerka. Bektopsl 4 u B neprenauKyaspHbl
K CHCTeMaM mjockocTell (B MPOEKUHH Ha MJIOCKOCTH 4epTeka — K JIMHHSAM) B KpH-
crajinueckolt pelretke, a uMeuno: A u B nepnewamkynapHE K CHCTeMaM mJo-
ckocTell, KOTOpbIe MPOEKTHPYIOTCH HA NJOCKOCTH yepTexa B BHJe JHHuH, Mapa-
JejqbHBIX BeKTOpaM b u @ coorBercTBenHO. [IpON3BOABUHIE BEeKTOP, COSAHHSIOULIIT
y3asl 00paTHOR pelleTKy, NePHEHANKYJSAPEH K HEKOTOPOH IJIOCKOCTH B KPHCTAN-
JMYECKOH peLleTKe.
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Toncrasus 3T pe3yabrats B (2.28), noayunm:

A=n§c—%n?/. B = ny.

yTO CXEeMaTHUeCKH H306paxeHo Ha puc. 2.19.

Mocrpoenne Jsanpna. Mmeiorea 18a ycaoBHSt AHGPAKUHK: mep-
BO€ — YCJOBHE JJS 4acTOTbl, BTOPOE — VCJOBHE [JIsi BOJHOBOI'O BEK-
topa. OObeauHeHHe 3THX JABYX YCJOBHH NpUBOAHT K HauGoJee
yAaUHOMY TEeOMEeTPHYEeCKOMY BLIPaXKeHHIO VCJAOBHS JARPPaKimHu,
O6o3nauum uepes kK W ), COOTBETCTBEHHO, BOJTHOBON BEKTOp H Ha-
CTOTY MAaJamilero nAyua, a uepes B’ u © — aHAJOIHUHBle BeJIHUHHEI
Js paccesiHuoro ayda, Toraa:

a) Paccesande ODPOHUCXOAUT ynpyruMm o6pasoM, Tak 4TO 3HeprHd
KBAHTa PEHTIEHOBCKOTO U3JyUeHUS He MeHseTcs:

Ao’ = ho. (2.36)

A MOCKOJAbKY AHCNEPCHOHHBIE COOTHOWEHUSA AJS 3JeKTPOMarHHTHHIX
BOJIH B BAaKyyMe HMCIOT BHA @ = ¢k’ H o == ck, TO

R =k. (2.37)

6) VYcnosue audpakuun ectb Ak = G, uau, ucnoansys (2.14),
3TO YCJAOBHE MOKHO 3alHcaTh TaK:

KF=Fk+G. (2.38)

B neficrsurensHoctn (2.38) npeacrariser colofi npasuao ordopa
JUTSl BOJHOBOIO BEKTOPa paccestHHON BOJHBL !).

1) TlpaBuso or6opa B = k -+ G MOXKHO paccMaTpHBaThb KaK OMly H3 (hopu
3aKoHa COXPaHeNHS LMIy.ILca B KpHCTadle B cBOGOAHOM IIPOCTPAHCTBE HMIYJLC
thoToHa, HMeloluero 3Hepruwo fiw, pased Aw/e, nau Ak Ilycth nnockas BoJaHa
e®'T 5 CROGOIEOM MpPOCTpaHCTBe MOXYJMNPYETCS NOCAC BX0Za B KPHCTA’T Ie-
PHOAMYECKUM pACTpedesieHlieM 3MeKTPONHOTO 3apsila WAl JOKaJbHLIM TOKaszates
neM MpeJIOMJEHHs, TaK 4TO B KpliCTaJIe

it it iG-r
e'k'~>e‘k'ZCGe s
G

rpe CG’—-KOHCTZHTbI, 3aBuUcCallre OT pacnpenenends SJIeKTpOHHOﬁ NJAOCTHOCTH.

Mpbr BHANM, 4TO MJIOCKas BOJHA B KPUCTajje [0 CPABHEHHIO CO CBOGOAHBIM Tpo-
CTpaHCTBOM OyzeT coxepxaTb J100aBouHble KOMIOHEHTH BOJIHOBOTG BeKTOPa
k + G. D11 xomnoHentH 00pa3yioT Aupparnposannbie Boansl. Oraenbuas gudpa-
FHPOBAHHas BOJHA BeneT ceOd Tak, Kak ecad OLl OHa Oblia QOTOHOM ¢ HUMIIYJIbCOM
h(k 4+ G).

YeaoBue coxpanenus OOUIero HMnyabca CHCTEMBI BRINOJHAETCS, €CVIH KPH-
CTaJl;l 3aTeM HCNBITBIBAET OTAAuy ¢ uMnyJabeoMm —AG, Kak nokasawo ua puc. 2.20a,
Otpaua KpHcradaa CIOHIIKOM MaJda, uTO8bl ee MOXKHO OBIO OOHADYKHUTb, XOTS
AHAJNOrWUHbIE IPOLECCH OTZauu ObIMM 3aPEerHCTPUPOBAHBL NS aTOMOB U AJs sifep.
CKOpocTh OTnaum KpHeTanna, uMelomiero maccy ! r, A OTPaXeH®Hs ¢ BEKTOPOM
o6paTHOil pemweTky aanHHOH 1-10-8 cM paBHa

v = AG/M ~ 10719 cm/cex.

Ora BeanuMHA SBASETCS CAMIIKOM MaJOH JUIST TOTO, YTOOH OBITh 3aperucTpupo-
BaHHOM.
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Puc 2.20a. Ilpu oTpaxKeHHH, KOTOpOe NOAYHHAETCS ycaoBuio kK =k -+ G, xpu-
CTaNLTHYECKHE 06pasel] HCIBITHBACT OTAAYY ¢ HMOYyJabcoM — HG; umnyasc hk' — hG
cucreMnl  «oGpasell -+ GOTOH» NOC/Ie OTpaKeHHs paBusieTcss OOWEMY HMIYabCY
CHCTCMBI B HAYaJbHOM COCTOSIHHHM, NPH KOTOPOM KPHCTAM1 HAXOAHTCS B IOKOE.
ViMuybe naaawowero ¢oToHa pased Fik, roe £ = o/c

BosBenem ofe yactu cootHouleHust (2.38) B KBaaApaT U NOJNYYHM:
R?=(k+G2=Fk+2k- G+ G (2.39)

HJIH, TIOCKOJIBKY ¢ yueTom (2.37) &%= k2,

9k -G + G2 =0. (2.40)

Mpl noctosiHHO OyJeM BcTpeuaThesi ¢ cooTHouennem (2.40) npu
pPaccMOTPEHHH NPOLECCOB PacnpocTPaHeHHs BOJH B NEPHOAHYECKHX
peurtetkaX. MOXHO BHAeTb, 4TO coOTHouleHHe (2.40) 3KBHBaJEHTHO

Puc. 2.206. Toukn B npaBofi YacTH PHCYHKA — 5TO y3JH OGPaTHON pemieTKH KPH-
crassia. Hanpasienne BeKTopa k cobnagaerT ¢ HANpPaBJAGHWEM NAfaloLero Ha KDH-
crand PeHTTeHOBCKOro Jay4ya. Bektop k 3akaHuMBaeTcs Ha NPOMU3BOJBYOM Yaje
obpaTtHo#i pemerkn. Ha pucynke nokasana coepa paguyca k=2mn/A ¢ ueHTpOM
B Hayaae BekTtopa k. [IudparupoBannmil ayuy obpasyeTcd, ecan sta cdepa nepe-
ceueT KakKoH-uMOByab apyro# ysea oGpatHod pewerkd. Coepa. nokasanHHas Ha pH-
CyHKe, IeDeCeKaT y3eJs, CBA3aHHBII C KOHIOM BekTopa k BeKTOPOM OGpaTHOH
pemerkn G JlubparupoBaHubIH Jiyy pacnpocTpaHsieTcs B HanpaBieHHH BeKTOpa
k =k 4 G 3OTo nocTPOEHHe Ha3HBAETCA MOCTPOCHHEM DRajbja.
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szakoHy Dbparra 2dsin® = n), u no 3TOH NpHUYHHE NPHHATO CCLI-
JaThCS HA HEro Kak Ha 3akoH bpsrra. 3pech Mbl He A0KasbiBaeM
3KBHBAJIEHTHOCTb 3THX JABYX COOTHOUIEHHHA, W B jaJjbHeiilleM Mbl
Bcerla OyaeM no/ab3oBaTbesd YCIOBHeM Audpakuuu B PopMe COOT-
HouleHus (2.40). D710 cooTHoLleHHe HCHOJbL3YETCsl B AajdbHeluleM
H3JI0’KeHHUH IIpH NOCTPOEHHH 30H Dpusiaiosna.

B ¢ypbe-npocTpancTBe npasuaa oT6opa, BHpa)KaeMble COOTHO-
wennamu (2.37) u (2.38), WMEIOT reOMeTPHYECKYIO HHTePTIPeTalliIo,
HIIOCTpUpyeMyto pucyHkoM 2.206. 3ameTtum, uTo AJMHHA BeKTOpa
k' Oyner paBHa JJHHe BeKTOpa Kk, ecau B/ orpaHuyed rie-HuGVIb
Ha cepHUeCKOH MOBePXHOCTH panHycoMm k. Kpome Ttoro, ecau oba
BeKTOpa, k u K/, 3aKaHUUBAIOTCS Ha ya3Jjax oGpaTHOH peuleTKH, TO
OHH AOJIKHBEL OBITh CBA3aHBI ¢ BEKTOPOM 0OPATHOH pewerkH, OTKY1a
cieayer, uto kB’ = k -4 G. [loctpoenue, Buinoganennoe na puc. 2.206,
H3BCCTHO KaK nocrpoenue J6aip0a W LIMPOKO HCHOJIb3YETCS B PCHT-
rCUOCTPVKTYPHOM aHaJ/Ju3e W HeUTPOoH-IH(PAKIHOHHBIX HCCae10Ba-
Husx. B caeayollem pasaene onucaHo NOCTpPoeHHe DpuaMiosHa,
KOTOpO€ 4acTO HCHOJAb3yeTcsl AJs ONUCAHHS 3MEKTPOHHBIX COCTOf-
HUll B TBePAbIX TeJaX M, XOTH JAOBOJBHO PEAKO HCIOJb3yeTcd B
PeHTTeHOCTPYKTYDHOM AaHAJU3e, TeM He MeHee JACT ACHYIO KapTUHY
VCJIOBHH AuQPaKIUHU.

30HbI BPHJAJIOIHA

Sona bpuaawana npedcrasasner cobol aueliky Buenepa — 3etir-
ua e obparnoti peuterke. (Suefika BurnHepa — 3efitua npamoi pe-
etk nokasaua Ha puc. 1.8.) Onpenenennas takum obpasom soua
Bpunmiosna gBasercd HATJAAAHON rcOMeTpHYeCKOR HHTEpIpeTanueti
' 2k-G+G*=0.C 0 10-
yesosus audpakunu + . CHauasna yao0HO B 3TO yCJI0
Bite nojictasutb —G BMecto (G, 4T06Bl 3anucaTe ycjaosue Audpax-

unu B dopme
2k - G = G2 (2.41)

JTa NOACTAaHOBKA He MeHsleT CYILeCTBO YCJOBHS AH$pPaKiHH, NO-
CKOMBKY, ecan G — Bektop o6paTHO# pelleTkKH, To U —G Takxke
ABJASICTCA BeKTOpoM obpatHo#l peluetku. [lepemmimem (2.41) coe-

ayioutiM o0pa3sos:
k- ([,G) = ([,G). (2.42)

[TocTpoum naocKOCTb, NMepHeHAHKYJAAPHYIO K BeKTOpy &G u Ipoxo-
ASULYIO Yepes ero cepeauHy; toraa (puc. 2.21) npoussoaenelli sek-
Top k, nposedenusili Jo 9TOL NAOCKOCTU U3 TOHKU, 8610pAHHOL 30
rauaaro koopdunar, 6yder ydosaersopATy ycaosuro Juppaxyuu.
IMocTpoeHHasi TakUM 00pa3oM IJIOCKOCTh 06pasyeT 4acTh T'PAHHUIL]
30HBl DpHJAIIO3HA.

Bextop o06paTHOl pelleTKn HMeeT ONpeAeNeHHYIO AJHHY U ollpe-
IeJleHHOe HallpaB/eHUe OTHOCHTEIbHO KPHCTaJJIOrpauueckux ocelt
a, b, ¢ paccmMarpuBaeMoro KpucraJjinieckoro obpasuna. PeHTrenos-
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Puc. 221 ¥Yszan obpaTsoil
peleTKH B OKPeCTi OCTH 7
Toyky O, BoIOpaHHO# 3a 7 i
Hayano KoopauHar Bek- |
Top 06paTHOH peHIeTKH Gg ‘L/
cBa3pIBaeT MexAy cofof -
ABa y3na ofpateofl pe- - I
metkn — O u C, a Bek- ) . . . .
Top G — y3abl O un D Pre k,

[Mrockoctu [ un 2 npose- - 767 {
neubl TAKHM 00pasom, UTO ~ ‘N |
011 NepPNeH;IHKYAAPHbBL CO~ ° ARG RNy .

L 2
OTBETCTBEHEO K  BEKTO- V4

7
pam G, n G, u Ic 2

!
i
Jaat ux nonoaaM. IIpous- !
BOJIBHHE BEKTOPH, MNPOBE- |
JeHHble M3 HayaJla Koop- |
JHUAT H OKAHYHUBAIGILHECH :
na maockcerax [ u 2, Ha- i
npuvep BekrTopn R Ry {
OyayT YAOBJIETBOPSTL YC- . . . i
JIOBHAM AU(PAKLHH !

k- (G[2) = (G /2"
ka(Gp[2) = (Gp/2)"

CKHil Jy4, najamliuil Ha kKpucTaad, OyaerT Audparuposathb, €cjaH
ero BOJHOBOH BEKTOD HMeeT BEJHUHHY H HanpaBJeHue, yAOBJETBO-
pslolue cooTHowen o (2.42), u audparuposanubiil 1yu Oyaer pac-
NpOCTPaHATLCS B Hanpas/icHun Bektopa k + G.

HaGop numockocTtell, KoTopble, 6yayuyu NePNeHAHKYAAPHbl K pas-
AUUNBIM BeKTopam O0paTHOR peilleTKH, AEAAT uX NONOJAM, UrpacT
0coB0 BarkKHYIO POJib B TEOPHH pacnpocTpaHelHss BOAH B KpHCTAI-
Jax, TOCKOJAbKY BOJHA ¢ BOJHOBBIM BEKTODOM, NPOBCAGHHBIM H3 Ha-
yajsa KOOPAMHAT M OKAaHUMBAIOUIMMCA Ha KaKOH-iHOO M3 3THX MJ10-
ckocTell, GyaeT yAOBJAETBOPATH YCJAOBHAM AH(PpaKkuuu. ITH 070~
CKOCTH AeJAT (hypbe-mpoCTPaHCTBO KPHCTaJ/Ia Ha HepaBHble 1acTH,

Puc. 2.22. Kpanpatuas obparHas pe-
meTka. TOHKAMH CIIOMIHBIMH JIHHUAMH
NnoKasaubl BeKTOPH 00pPATHOH pelleTKH.
[lyuKkTUpHBIE JUHHH NEPNeHIUKYASPRLL
K 3THM BEKTOpPaM M Ae/SIT HX [0moAaM.
KBasnpar, pacnodoxeHnnil B ueHTpe pH-
CYHKa, HMeeT HaWMeHbIIylo ILIOLIaAb
M3 BceX KBaJPaTOB, DAaClOJNOMXKEHHHIX
B OKPEeCTHOCTH HavaJa KOODAUHAT, H
MOJIHOCTHIO 3aMKHYT NYHKTHPHBIMU JIH-
HUAMH, DTOT KBajapar aBAAETCH NpPH-
muTHBofl Auefikoit Burnepa — 3efitua
B o0paTHOH pelleTKe.




\ / \A\" Puc. 2.23. IlocTpoenHe mepBOH 30HH
Bpunnosna s aByxMepHOH  Koco-

L yroabuolt pemrerkn Kpucraminueckas
peuieTka HMeeT BHA, NOKAa3aHHBIA Ha

hd puc 2.19 Buauane npoBoAHM BeKTODH,
coennHsome Touky O ¢ OaHKaRWuMH

b y3aamu ofparHofi perietku. 3atem npo-

BOAMM  JIUHHM,  [epHeHAHKYAAPHbIE

d K 35THM BEKTOpaM H JeJslliHe HX [O-

noaaM. [lonyuaeMbilf npH 3TOM MHOrO-

YrOJNBHHK € HaHMeHbIIeH IIOWANBIO

. aBasgeTca nepBol 3oHOH BpuaniosHa

KaK MOKA3aHO AJs ABYXMepHOro ciyuas Ha puc. 2.22. Ksaapar
B LeHTPe Ha puc. 2.22 ecTb NPHUMHUTHBHAR fuelixa o6paTHOR peLleT-
KM, BHAHO, UTO 3TOT KBaApaT Obla NOCTPOEH 1o NpaBuaaM MOCTpoe-
HHS NPHMHTHBHON Aueiikn Burdepa — 3efiTna, H3/J10XKeHHBM B TV |,
3a HCKJIOUeHHeM TOrO, UTO TaM 3Ta fvefika Oblia rmocrpoeHa B pe-
aJbHOM IPOCTPAHCTBe, a 34eCh — B (pypbe-NPOCTPAHCTBE.
LlenTpasbHas siuefika 06paTHOH pelieTKH UrpaeT 0co60 BaKHYIO
polb B TEOPHH TBepAOro Teia, H Mul HasblBaeM ee MEPBOH 30HOH
Bpuamosna. [lepsas 30na Bpuaatosna A8a2eTCA 30HOU ¢ HAUMCHb-
wum 06DeMOM; OHA NOAHOCTLIO 02PAHUYEHA RAOCKOCTAMU, KOTOpbLE
deaar nonoaam nepneHOUKYyAApHole K HUM BeKTOPbL 00paTHOL

———ee Q- —Q— — = — JE== =0 — - —O = —— —0— — — —
SuHednasg
HDUCITIRSTIU Y ECH A
“EUEITHE

. ®

b —

Ddparmmas
DELEIHE

Puc. 2.24. OpafoMeDHBe KDHCTalaH4eckas M ofpaTHas petueTkd. BasucHmiM pex-
TOPOM 06DATHON pelleTKH stBaAsteTcs BekTop A Anunofl 2m/a KpaTualliMMH Bek-
TopaMH oOpaTHOH pelleTKH, NPOBEJEHHBIMH M3 Havasa KOODAHMHAT, SBAANTCA
BekTopn A H —A. JIuHuH, NMEPNEeHANKY/IAPHbE K 5THM BeKTOpaM H AC/I4UHe uX
nomno.JaM, — rpaHuis nepeofi 3ouk Bpuaniossa Ha srux rpasunax k== tnja.
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Puc. 225, [Ipumurusuble 6Gasucipie  Puc. 2.26. [Teppas 3oua Bpusaosua OLIK
BekTops OLIK pemerxy peweTkH, HMewoluas (opMy npaBilib-
HOTO poMGo10ReKa’1pa.

peuterku, nposedenrvle u3 Hawaaa Koondunar. IlepBast 3oHa bpua-
JI03HA UL IBYXMEPHOH KOCOYrOJIbHOM pellleTKH TMNokazaHa Ha
puc. 2.23, a 14 JuHeHHOH OJHOMepHOH pelweTkd — Ha puc. 2.24.
I'pannuamu  30HE JAHHEHHON  pelleTKH  ABJAIOTCH  3HAUEHHS
k = 4-nfa, rie a— MOAY/Ib BeKTOpa NDPHMHUTHBHOW TPaHCJAUIUH
KPHCTAJAINIeCKOW PCIIeTKH.

HMcTopHuecKH CJOXKHAOCH Tak, 4TO 30HBI DpHJIIO3HA NpaKTH-
YeCKH He HCNOAb3YIOTCS B INGPAKIHOHHOM PEHTI€HOCTPYKTYPHOM
aHa/y3e, 0JJHAKO B TEOPHH 3/JEKTPOHHLIX 3HEPreTHUECKHX 30H B
kpucraaaax (ra. 9 u 10) X nNpuMeHeHHe COBEPUIEHHO HEOOXOAHMO.
Oco6asi Ba)KHOCTb NMEPBOH 30HBI CTAHOBHTCA OUYEBHAHOH B ra. 10.
locrpoenue Bpuanwosna nokassisaer soanossie gextopol k 6cex na-
darowux Ayued, KOTopole Moeyt ObiT6 OTPAINCEHLL KPUCTAAA0M HO-
cpedereon Gpaceosckoli dupparkyuu.

Obparnan pewerka npocrod Kybuweckod peuwierky. Bextopst
NPUMUTHUBHBIX TPaHCASUUHA NPOCTOH KyOHUECKOH peUIETKH MONKHO
3anucaTh CJaeAyIoIEM 00pas3oM:

a=a§, zayA, —az. (2.43)

O0beM »JeMeHTapHOH siuelikH paBeH a-b X ¢ = a®. Bextopw npu-
MHUTHBHBIX TpPaHC/IALHMH OOpaTHOH pelleTKH HAXOASITCS ¢ IOMOLUBIO
cooTHowenuu (2.28):

2

_ bXe __ 2n% 22 -
A—Qﬂm—— p X, B= 2 Y, C =

2 @44
Takum o6pasom, ofpaTHast peuleTKa caMa siBjaseTcsl NPocTOll KyOH-
YeCKOH pelIeTKOH, HO ¢ MOCTOSIHHOM pellleTKH, paBHOH 2m/a.
[lepBasi 30Ha bpuaniosna 6yner orpaHuueHa mJIOCKOCTSIMH, fep-
HEeHJMKYJJISAPHBIMU K CJAeAYIOLMM IIeCTH BEKTOPaM:

1 1 1 1 l A, 2
i—2—A—i;x, ;t?B=i;y, d:'EC——i;Z (2.45)
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ITu WeCTh MJAOCKOCTeH saBagoTCs rpansmMu Kyba ¢ pebpom 2x/a u
obbveMoMm (2m/a)d; STOT KY6 M Oyaer nepBofi 30HOH bBpuaaiosna
IPOCTOH KyOHUeCKO!l KPHCTaMJHYeCKOH PelleTKH.

Ob6parnas pewerka OIK pewerxku. BektopaMn NpUMHTHBHBIX
Tpancaauuit OLK pemetkn (oHu moxkasanwm Ha puc. 2.25) apasiorcs

@ =1ax+g—2),
a(—x-+y-+2), (2.46)

a(x—y+2),

b =

o] — tof = 1o

c’:

Tlle @ — CTOpoHa OOBIYHOrO 3JeMEHTapHOro Kyba, X, ¥, 2 — OpTOro-
Ha/bHble eUHHYIIbie BEKTOPH, napananeibubie pebpaM kyba. O6bem
NPUMHTHBHON 3MEMEHTAPHON siuelikH papen

V=la b X |=ga. (2.47)

Hcnoan3ys onpejesneHne BeKTOPOB NPHUMHUTHBHBEIX TPaHCAALUE
A, B, C o6partHoit pewteTky (2.28) u cootHowenus (2.46) u (2.47),
noJyvyaem:

2r - ~ 2n ~ o 2n - o
A=Z(x+y), B=T(+2), c=(x+2. (248)
CpaBHugasi ¢ puc. 1.18, MOXKHO BHAETb, 4TO 3TH BEKTOPBI SIBJIAIOTCH
BeKTOPaMH NPHUMHTHBHBIX TpaHcasuuit ['LIK pewerku. Takum o06-
pasoM, I'llK pewerka asanerca obparnoi das OLK peuwerku.

Ecau h, k, | — uenble 4ncsa, TO NPOH3BOJBHAIN BEKTOp 0GpaTHOM

pelleTKH MOXKHO 3anucaTh TaK:

G=hA+kBHIC="D(h+Dx+(h+Ry+(k+D2). (249

KparuafimuumMu OoTaHYHBIMH OT HyJdss G-BeKTopaMu OOpaTHOH pe-
HeTKU SABJAAIOTCS CJaeyIoliHe ABEeHaAlaTh BEKTOPOB:

Pwzry), S(xgxa, D(xrd (250

3Haky caeayeT BHIOUpaTb HE3ABHCHMO /s KaykJOro BeKTopa.

B kauyecTBe NPUMHTHBHON fAuefikH OOpaTHOA pPelUeTKH MOKHO
BHGpaTh Napaagedenunen ¢ peGpamu A, B, C, onpenejaseMbIMu Co-
orHoweyusimy (2.48). O6beM Takol NPUMHTHBHOH fUYelKH paBeH
[A-B X C| = 2(2n/a)?. [IpuMHUTHBHEIA Napas/e/enunes COAepKHT
OAHH y3eJ 06paTHOW pelleTKH, Tak KaK KaxKiAbll U3 BOCBMH Y3JI0B
B €ro BeplIHHaX siB/asieTcst OOIIMM AJs1 BOCbMM COCEJHHX HapaJie-
JeIHNeN0B, U, TAKHM 06pa30M, Ha KaxKABH napaJjJelenunen NpH-
XOJHUTCS OIHA BOCbMAsl 4aCTh OT Kax/JOro U3 BOCbMH y3J0B. OaHAKO
B (PU3UKe TBePJAOrO Tesa NPUHATO BHIOHPAThL NPUMHTHBHYIO AYeHKY
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Puc. 2.27. IlpumnTtueasie 6asucuble ek~  Puc. 2.28. 3ouwm Bpuaniosna 'K pe-

topsl 'lIK peuretku wetki. M3obpamenn sueilkn B obpar-
HoM npocrpancrse. Biuano, yto o6pathas
pelierka SBJASIETCS] 0O'BEMHOUEHTPHPO-
BaHHOH KyOmnueckoil pelueTkofl.

0o0paTHON pelleTKH B BH/Je sYeHKH HauMeHbuUlero o0beMma, Ka)Kaas
rpanb KOTOpPoH NPOXOAHT Yepe3 CepelHHy COOTBETCTBYIOLLIEro BCK-
Topa G, MMeEoLlero MHHHMAJbHYIO JJAuHY, NepleHAHKYJAIpPHO K
Hemy. Kaxkpas u3 3tux (HOBBIX) sueeK COAEPKHT OAHH y3ed pe-
IeTKH, KOTOPBIH pacnoJolKen B LieHTpe dueHKH. YKasaHHag siuelika
npeacrasaser coboll suefiky Burnepa — 3efitua Aas o6patHofl pe-
WeTKH, 1 OHa ABJfAercsl nepsofi 30HOK Dpuamosna OULK peulerkiu,

[padu 3710fi 30HLI NepNeHAUKYASPHB K JABEHAALATH BEKTOPAM,
onpepeaseMpM Bolpaxenuamu (2.50), u npoxoAsiT yepes ux cepe-
JHHB., 30Ha MMeeT BHA NPAaBWIbHOIO ABEHAANATHIPAHHHKA -— POM-
bopomexasapa (puc. 2.26). BexToprl, npoBeaeHHble U3 Hauaja Ko-
OPAHHAT K IEHTPY KaxKaof W3 rpaHe, —- 3TO MOJOBHHB BCKTOPOB,
onpeneafeMbIX BbipaxeHusMu (2.50), nau

(£ x & 2). (2.51)

JT I - -

®)
Qja

[Tocko/ibKy BBIGOp 3HAKOB He3aBHCUM, OOIUee UHCIO BEKTOPOB —

JBEHA1aTh.
O6parnas pewerka 'K pewerku. BexTopel NPpHMHTHBHEIX
tpancasiuuil I'LIK pelueTkn, nokasaHuble Ha puc. 2.27, paBHh

w:%a&+@,b%=gu§+a,c%:éui+5-(2w)

OTH BeKTOPH napaJsenbhs Bektopam A, B, C (2.48). O6bem npu-
MHTHBHOH 3JleMeHTAPHOH siueHKH

V=la’-b’><c’i=%a3.
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ITo ompenenenuo (2.28) BeKTOpPH HPHMHTHBHBIX TPaHCJASLHHA
A, B, C o6paruoit pewerku Aas [LIK pelrerkn TakoBHI:

2 ~ ~ o~
A== (x+y—2),
2 o~ -~ -~
B=="(—x+y+2), (2.53)
2 ~ -~ —~
C= _7:; (x—y +2).
ITo BeKTOPpH NPUMHTHBHBEIX TpaHcasiuuil OLIK pewerku. Cienosa-
tesibio, OLLK pewerka smasierca obGpartnoft mas LK pemerxn.
O61beM NPUMHTHBHOH 5/1€MeHTapHON sueliki 06paTHOH pelleTKH pa-
BeH |A-B X C| = 4(2rn/a)3.

JJ1s1 BeKTOpOB 06paTHOfl pellleTKH MOJydaeMm Caefyolee obllee
BblpaxkeHue:

G="Flh—k+Dx+(t+E—Dg+(—h+k+D2), 259

rae h, k, [— npousBoJibHble Helbie 4ucaa, Kpatuafiuyx OTJIHYHBIX
OT HYJASl BEKTOPOB G — BOCEMD:

?aﬂ (= %+ g +2). (2.55)

[IpuMutuBHaf suelika oOpaTHON pelieTKH MOYTH MNOJHOCTHIO
OrpaHUYUBAETCH BOCEMbIO IIJIOCKOCTAMH, MepNeHIUKYJAsIPHLIME K
YKa3aHHEIM BeKTOpaM M NPOXOASI(UMH Yepe3 wux cepeaudnl. Ofn-
HaKo BepLUMHLI TAKOro OKTasApa OKa3blBAIOTCH CPe3aHHHIMH NJO0-
CKOCTSIMH, KOTODHe HePHeHJHKYJSPHb K APYrHUM LIGCTH BEKTOpaM
0o0paTHOM pelneTkH !)

rom), T(x2g), E(x2) (2.56)

¥ JedsT 3TH BeKTOpnl nonoJsaMm., Takum o6pasom, NPUMHUTHBHASA
siuefika sBJsleTcs1 OJMKafulell K Hauaay KOOPAHHAT fAYelikofl ¢ HaH-
MeHbUWIHM 00BeMOM U NipeiacTaB/sieT cob0l yCceueHHBIH OKTasxp, no-
Kaszaddb#l Ha puc. 2.28. D10 u ecTh nepsas 3oHa bpuiawsna 'K
pellIeTKH.

CTPYKTYPHbIN ®AKTOP BA3HCA

YpaBHenus (2.22) onpegessiioT Bce BO3MOMKHBIE OTPAXKEHUS AJis
JNaHHOH KPHUCTANJINYECKOH pelueTKH. DTH OTPaKeHHs MOXKHO ONHCATh
¢ MOMOINBIO Y3J10B 06paTHON peuleTKH, 3afaBaeMblX BEKTOpPaMHu 06-
pariio pewetrku G(hkl)= hA + kB + IC, n 0603Ha4YuTL OTpaxe-
nus Kak (Akl). VIHTeHCHBHOCTH Pa3JHUYHBIX OTpaxKeEHUH 3aBHCHT OT

2% o~ )
') 3aMernM, 4TO BeKTOp —a—-2x ABJAETCA BEKTOPOM OODAaTHOH pellerkH,
TaK Kak oH pased 4 4+ C.
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Puc. 2.29. IToaoxkenue j-ro atomMa B sJae-

MeHTApHOH siueflke 3aJaHO BEKTOPOM

(»,—_=x].a+yib—|—2fc,r11e X Yp 2=
] .

KOHCTAHTH

coCTaBa 3JeMEeHTapHOR siuelKH, T. €. OT YHCJAa H PACIHONOKEHUST
aTOMOB B siuelike H OT pachpeiesieHusi HX 3JEKTPOHHOH MJIOTHOCTH.
PaccMmoTpum 310T BOmpoc noapobHee.

JlonycTuMm, uTo Kaxjaad dyedKa COCTOUT H3 § aATOMOB H [10.I0-
JKeHHe sipa j-ro aToMa sauefiku (puc. 2.29) onpenessiercsi BEKTOPOM

0,=x;a+ yb+ 20, (2.57ay
KOTOPBII NpoBelJeH H3 y3Ja pelleTKH
O, = ma 4 nb 4 pe.
DTOT y3e/] KeCTKO CBfI3aH ¢ PAcCMaTpUBaeMOfl SIUeHKOH, Tak 4TO
MOCJEIHIOI MOXKHO 00603HauUTh map. Bribepem Hauaso KoOpAHHAT
B y3Je
P00 = 0.

OTHOoCHTENbHO 3TOrO HauaJga KOOpAHHAT NOJOXKeHHe j-FO aroMa B
syelKe mnp onpeneadaercst BEKTOpOM

0; + Omnp-

Kak u3BecTHO, 3JA€KTPOHLI B aTOMe He KOHUEHTPUPYIOTCS BOJIU3H
d7pa, a pacnosaaralpTcs B ero OKPecTHOCTH. Pacmpenenenue 3.1ek-
TPOHOB B KPHCTaJJle MOXKHO OMUCATh ¢ NOMOILBbIO CYNepPrO3UIIHU
(OYHKIHUA 3/eKTPOHHON IJIOTHOCTH ¢, KaxKaas H3 KOTOPHIX CBA3aHa
¢ OoTAenbHbIM atoMoM. Tak, QyHxius

c;(p— 0;— pmnp) (2.576)

onpeje/sieT KOHIEHTPAIIMIO 3JEKTPOHOB B TOYKe p BOJH3H j-rO aToO-
Ma sueftku mnp. Takum o6pasoM, NoJaHasl 3JeKTPOHHAS NMJIOTHOCTh
n(p) B KpUCTaJJe MOXeT ObITh 3allUCaHa B BHAE CYMMEH

S

n (p) = Z 4 c] (p - pi - pmnp); (257B)
mnp f=1
rjge nepBoe CyMMHpOBaHHE (]= 1, ey S) IIPOU3BOAUTCA MO BCEM

atomaM 0asuca, a BTOpOe-— IO BCEM y3/aM pPeIleTKH, YUCJAOC KOTO-
pBlX, onpenelieHHoe Bolmle, paBHO MS. Bripaxkenne (2.57B) aadg
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n(p) He ABJIAETCA OJHO3HAUHLIM, €CJHM Dacnpeaesenus 3apsioB
pas/HYHBLIX HOHOB NEePeKPLIBAIOTCs: B 3TOM CJydyae Mbl He Bcerja
MOXKEM ONpeAeJHTb JOJI0 3apsija, CBA3aHHYIO C KaXKAbBIM aTioMOM,
HO 3TO He siBJMeTCH CYULeCTBEHHBIM 3aTpyaAHEeHHeM.

B coorBerctBuM ¢ (2.17) 0o0uiyio aMOJUTyAy DaccesiHUsl B KpH-
cTanjie ISt BeKTOpa paccesiHus AR MOXKHO 3amucaTh TaK:

Fap = S dV n(p)yexp (— ip - AkR) =
= Z Z S dV ¢ (0 — 0, — Omnp) Xp(—ip - AR). (2.58a)
mnp J

Branan B S epMHHYHOTO ujieHa ;{0 —0; — Omnp) B BhHIPAKE-
nuu (2.58a) pasen

L v e 0 —0;— 0mmy) exp(—io- Ak) =
=\ dv ;@) exp(— i’ - AR) exp[— i (0;+ Omay) - A =
= f;exp|—i(0; + 0mn,) - AR]. (2.586)
TTpu sanucu BulpaxeHnus (2.586) Myl crenanu HOXCTAHOBKY

D'Ep"‘f)i'—pmnp

X BRCJAH BEJHUHHY

f= S dV ¢; (0") exp(— ip’ - AR), (2.59a)

KOTOpasi Has3blBaeTCd aromMuoim (pakropom pacceasus WIH (Popm-
¢paxkropom {paccMOTpPpeHH!O 3TOH BeJHUHHBL NOCBAEH CJIEAYIOUIM

pasneds).
Bropaxenue a5 aMIJIUTYAL pacCesHUs MOXKHO TENepb 3a-
MHCATh TaK:

Aap= m; Z]: frexp[—i(p; + Omn,) - ARl =
=( 2. exXp(— iy - AK)) (; Frexp(— ip; - AR))

mnp

HJIH
st = MTa. (2.596)

Ilpu 3anmucH mnoc/ejHero BuIPar<€HHS Mbl HCMOJAb30BA/IH NOJyYeH-
Hblit BblUE pesyasTar [eMm. dopmyay (2.21)], 4To

Z exp (_—‘ iomnp : Ak)

mnp
HEe paBHO HyJO TOJLKO Torpa, Korna AR pased BekTopy 0GpaTHOH
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