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CYNEPBAYENKA OBPATHOM PEINETKH KPUCTAJLJIOB

Toxaszano, umo kpucmannwl ¢ auetikamu bpass LF,C-muna ¢ 06pamuoil peuiemxe xapakmepuszyiom-
csl cynepuayerikamu, nepuodsl KOMopuix 6 n pas 6onvue a* = a’', 20e a — nepuod aueliku Kpucmaiuueckol
pewemru. [l CRONCHBIX CIPYKMYP, 0adice ecii OHU MOHOIIEMEHMHbLE, NePUOO CYNepbadeliku 00pamuoll pe-
wiemku modicem npegvliiams a* ¢ Heckonvko pas. Hanpumep, ons aimasza as* = 4a* noo cynepwvsuetixoi 00-
Pamnoil peuiemku Heooxo0umo 6pamev HauMeHbWUL NAPATLICIeNUNeo, 6eC 6CeX ePULUHHBIX Y3108 KOMOPO20
He paesen HyJio.

Beenenue

Pemerka kpucramia npeznonaraeT peryjsipHOCTb B PaclOJIOKEHUH aTOMOB (Molie-
KyJ1) BAOJb JIIOOOT0 HampaBiIeHUs. TO 03HAYAET, YTO MIPU BBIOOpE ABYX PSAJOM PACIONOKEH-
HBIX OJMHAKOBBIX CTPYKTYPHO-XMMHMYECKHUX (IFOMOJIOTMYHBIX) JIEMEHTOB C PAaCCTOSHUEM
MEXJy HUMHU @ , Ha IPSIMOM, MIPOXOAIIEH yepe3 3TU JIB€ TOUKH, OyyT HAXOJAUTHCS TOMOJIO-
TUYHBIC WM TOYKH C PACCTOSIHUEM ¢ = na , TA€ n — LeNnoe 4ucio. Benmnunna ¢ — TpaHcmanus,
IIEPEHOC KPUCTAJIa Ha KOTOPYIO IIPUBOJAMT €T0 K CAMOCOBNAJCHHIO. TpH HEKOMIUIaHAPHBIX
TpaHCIALUU ab.c, BBIOPAHHBIX IO COOTBETCTBYIOIIUM TPeOOBaHUAM, 00paszyIOT NapaJiene-
IUIE], Ha3bIBaeMbIi sueikoil KkpucTania. Sueiika JOKHA YIOBIETBOPATh TPEOOBAHHSIM:

a) ToueyHasi CUMMETPHUS SUEUKH Ta )K€ caMas, 4TO M KpUCTalla K LEJIOoM;

0) 4KCII0 MPSAMBIX YIJIOB B STYEHKE JOIKHO OBITh MAKCUMAJIbHBIM;

B) TTOJTHASI TIOBEPXHOCTH SIYCHKH JTOJDKHA OBITHh HANMEHBIIEH.

OTH TpeOOBaHUS MO3BOJSAIOT B OOJIBIIMHCTBE CIIy4aeB M3 MHOXECTBAa BO3MOXKHBIX Ba-
pHaHTOB BBIOpaTh OUH. B 001mem ciaydae siuelika peneTkd KpucTaia — KOCOyToJIbHBIHN Ia-
pajIesienunes, ¢ TpeMsl JTUHEHHBIMU (a,b,c) U TpeMs YIJIOBBIMHU (a, ﬂ,;/) napaMeTpamu.

Slueliky MOXHO ONHUCaTh BEKTOpaMu d,b,c, KOTOpble (OPMUPYIOT KPUCTALIOrPAdUICCKYIO
CHUCTEMY KOOpIUHAT (kr) (wm peniep bpas). KoopauHaTel TOUKH B TIpeesiax sIMEUKH H3Me-
PSIFOTCS B €IMHUIIAX TTApaMeTpoB a,b,c .

IapameTpbl NpsAMOii 1 00PATHON pelIeTOK KPUCTALIIA
JIro0ast MI0CKOCTh B KPUCTAJLIE OTCEKAET OT KpUCTAJIorpadMuecKux oceil KoopauHa-
ThI (x,y,z)kr H 00s13aTeJIbHO UMEET COBOKYITHOCTH I'OMOJIOTHUYHBIX en HHOCKOCTefI, MCECXKIIIIOC-

KOCTHOC PAaCCTOAHUC MCKAY PAAOM PACIIOJIOKCHHBIMU INIOCKOCTAMH PAaBHO d. HYCTB OJdHa
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U3 TIOCKOCTEH mpoxoauT Yepe3 TOYKY C KOOpI[PIHB.TOﬁ X+ I'omonoruunas el IJIOCKOCTh

B IIpeJiesiaX MepBoi sueliku, HaXOAUTCs B Hadasie koopauHat. Otpe3ok x,, < a. Jlro0as kpu-

o a
CTaJIJIOFpa(l)I/I‘{eCKaSI IINIOCKOCTh OTCCKACT OT KpI/ICTaJIJIOFpa(l)I/I‘ICCKOI/I OCH OTPE30K X, :; ,

rae h — o0A3aTeNbpHOE IEJI0E YUCIIO.
B tpexmepHom BapuanTe Kpuctamuiorpapudeckas mioCKOCTh MPOXOAUT Yepe3 TOUKH

g,é,g) Lensie uncna (h,k,!/) Ha-
h kI
3BIBAIOTCS KPUCTAIUIOTpapUUECKUMH HHIEKCaMH. V3 CKa3aHHOTO CIIEAYeT, YTO OJ{HA M3 COBO-
KYITHOCTH TOXJIECTBEHHBIX IIOCKOCTEN 0053aTeNbHO MPOXOAUT Yepe3 BE, TPH, YEThIpe Bep-
IIMHBI PEIIETKH.

3HaueHNEe MEXIUTOCKOCTHOTO PACCTOSHUS OMPENENIeTcs METOA0OM TUGPAKIUN PEHT-
TCHOBCKHUX AJIEKTPOHHBIX MJIM HEHTPOHHBIX JTydeil (METOBI PEHTTEHO-, SJIEKTPOHO- U HEUTPO-
HOTpa(uu COOTBETCTBEHHO).

Ecmu Ha kpuctamiorpaguueckyro miockocts / (pucyHOK 1) majaer peHTTeHOBCKHN
Jyd IO/ YTJIOM CKoJibkeHus 6 (Jiyd 1) u oTpaxkaeTcst OT Hee, a OT CJIeAYIONEeH MIoCKOCTH [/
(Jtyq 2), ¥ 9TH JTy4d UHTEPPEPUPYIOT, TO yrod Audpakuuu paBeH 26 . YTI0BOE MOJOKECHHE
OTpakeHHOTO Jiy4a (pediiekca) onuckiBaeTcs ypaBHeHHeM Byibda — bperros:

2d sin@ =ni, (1)

C KpUCTAJUIOTpapUUECKUMH KOOPIUHATAMHU (x, y,z)kr =(

Irac d — MEXIIIOCKOCTHOE pacCTosAHuC, A— AJINHA BOJIHBI U3JIYUCHUS, 71 — LICJIOC YUCIIO.

d(hkl)

dsin©®

Pucynok 1. — K yenosuio Byab¢a — Bperros

d d
3HayeHHEe — OIpeeNsIeTcs U3 HKCIEPUMEHTa U pacCMaTpUBaeTCs Kak — =d sl Co-
n n

OTBETCTBYIOIINX KpUCTALIOrpaduueckux miockocteit. Kaxas 3 miockocreii d(h,k,1) mo-
XKeT OBITh MPeJICTaBJIeHa B BUJE TOUYKU OOPATHOTO MPOCTPAHCTBA (PUCYHOK 2).
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PucyHok 2 — a) — oToGpaskeHue mIockocTu d (h,k,l ) ,
0) — B 00paTHOM HPOCTPAaHCTBE

Touka (*) SBIIAETCS OTOOpaKEHHEM IIIOCKOCTH d(h,k,l) MPOCTPAHCTBA KpHUCTAJIA.
sk g1
Pasiyc-BeKTop TOUKH (*) B 0GpaTHOM MPOCTpaHCTBE paBeH ¥ =d ' V).

[Mpuuem 7 * mnapasieneH d . OueBHHO, UTO nepexoja OT OOpaTHOTrO MPOCTPAaHCTBA
K MIPSIMOMY TaKXe JIETKO OcyIecTBUM. Kaxkaplii y3eia oOpaTHOW PEmIeTKH UMEET IEIOYHC-
JIEHHBIE KOOPAMHATHI (h,k,l ) B €€ KPUCTAJUIMYECKON CHCTEME, KOTOPBIE CBSI3aHBI C PEIEPOM
bpass kpucraina.

V361 (h,k,l ) B 00paTHOM MPOCTPAHCTBE (POPMUPYIOT PEMIETKY, HO B OTJIMYUE OT Tpsi-
MOTO TMPOCTPAHCTBA 3Ta PEIIETKA OMPENeNsieT TOJIBKO IOJIOKEHHE Y3JI0B, HO HE SIBISIETCS
TPAHCIISAIMOHHON cuMMeTpueit. Kaaplii peHTreHOBCcKHul pediiekc UMEEeT CBOK HHTCHCHB-
Hocts (/), KOTOpasi XapakTepusyeT «Bec» y3na odparHoii pemerku. Yem Gompme 1(h,k,1),

Tem Gostbine «Becy y3na (f,k,1), koTopsiii o6osHaunm F(h,k,1).

B oOpaTHOI#1 pemieTke, Kak U B IPSMOM, BBIOMpAeTCsl 3J1€MEHTapHBIN Mapajuieenunes
¢ mapametrpamu a* b* c* o f* y * , npudem 3TOT BBIOOP 3aBUCHUT OT SYCUKH MIPSIMOU pEIeT-

KW, TaK Kak (a,b,c,a,ﬂ,y):(a?,al.o)i:lvz‘g_

* *
CBSI3aH C (a"‘,b*,C"",Ol”‘,ﬂ*aﬂ/*):(apO‘_/)j:l23

YCIIOBHSMH:
o) 00) o o)
0) _ 4 SINQ;
a;” =~ JVo(*) —, (2)
.(0) _€OS a?ﬁ) cos a?f;) —cos a?(*)
cosa ;= T o) 3)
sina ),y sina,;
I
0(+)
. *(0) _ r
sina}”) = , 4
T sina’) sina’l) @
e

7o) = (1 —cos® & —cos® B —cos® y*") +2cos a* cos B cos }/0(*))2 ,
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V*© _ 66bembl o0OpaTHOH (MPsAMOiT) sTYEEK PELIETOK, OMpeeieMble 1Mo GopMyIie:
) _ ;#(0)p(0) #(0),.#(0) (5)

CkanspHble IPOU3BEACHUS BEKTOPOB pernepa bpass npsiMoiil 1 00paTHBIX SYeeK paBHbBI
(a;a,? ): 0, - W3 ycnosuii (2-5) caexyer, 4ro pemierka, odparHas 0OpaTHOi, — 3TO mpsi-

Masi pelreTKa.

SA4eiixy npsiMoOi M 00PaTHOM pelIeToK

Hecmotps Ha To, 4TO 0oOpaTHast M mpsiMasi PelIeTKH OMMCHIBAIOTCA (POpPManIbHO CHM-
METPUYHBIMU TIEpEeXoJaMH OT MapaMeTpPOB OJHOM pelIeTKH K mapaMeTpaM ApPYyroil u obe 3Tu
pEIIeTKH B KayecTBE HJIEMEHTAPHOM T'€OMETPHUYECKOW KOH(PUIypallH XapaKTepU3YIOTCS
sAYEUKaMU, 3TH JIBE€ PEUIETKN CYIIECTBEHHO OTIMYAOTCA APYT OT Apyra.

B xpucrammmueckoil pemieTke Bce siaeiKH aOCONIOTHO TOXKICCTBEHHBI JPYT JAPYTY.
T.e. Bcerza BBITOIHSIETCS IPABUIIO

A

TR(x,y,z)= R '(mx,ny, pz), (6)

rne T — OnepaTop TPAHCISALUHA. HpI/I‘leM TOYKH ()C,y,Z) n (mx,ny,pz) T'OMOJIOTHYHBIC,

T.€. UX MOKHO ITIOMEHATh MECTAMM, 1 HUKAaKHE CBOMCTBA PEUIETKN HE U3MEHATCs. B y3max pe-
HIETKU KpUCTaJlIa U, CJIECIOBATEIbHO, B BEPIIMHAX SIYEHKH HAXOAATCS TOMOJIOTUYHBIE TOUKH.
DTO0 MOXET ObITh OTAETBHBIA aTOM, JI00ask TOYKa MOJIEKYJIbI, ONpEeIeIeHHAs TOUYKa MOJIEKY-
JSIPHOTO pajuKala, IEHTP CTPYKTYpHOTO TOJIMdApa U T.I. B sueiike oOpaTHOM pemieTku
y3JIaMU SIBJIFOTCS] TOUKH C paJuyCcaMU-BEKTOPaMHU:

Fr=ha' +kb® +IE", (7)

T.e. BEPIIMHAMH TPSIMOU SYEHKH, HAXOIAMICHCS B OKTAHTE CHCTEMbI KOOPIMHAT X ,)",z",

aBisieTcs napaienenunes ¢ koopauHatamu Bepud 000; 100; 010; 001; 110; 101; O11; 111.
B obOpaTHOIi pemieTke SYeHKU TOXKISCTBEHHBI TOJILKO T€OMETPUUYECKH, T.€. BCE OHU —

mapasenenumes ¢ pedpamu @°,b",¢* . Kaxpiii ysen obpatuoii pernerku - (hkl) onpenens-
et mockocts (hkl ) CTpyKTypHas aMIUTUTyJja PEHTTEHOBCKOTO (3JIEKTPOHHOTO, HEUTPOHHO-
ro) u3nydeHus: F (h,k,l ) OTIpENIETISIET «BECY y3JIa 00paTHOM pemeTku [2].

Tpancnsamnus B 00paTHON pemnieTke ¢ ydetom F (h,k,l ) orcytcTByeT. Cam BBIOOD sSuci-
KM CBSI3aH C MPSMOW PEHIECTKOM, T.€. Ha4aJI0 KOOPAMHAT B OOpAaTHOM pelieTKe U HaIpaBICHUE
oceil x°,y*,z" He MOTYT H3MEHSTBCS, TAK KaK 3aBHCAT OT d,b,¢ . B siuelike KpUCTaIa MOXKeT
HaXOJIUThCS JI000E, B 3aBUCHMOCTH OT COCTaBa, KOJMYECTBO aTOMOB C KOOpAWHATAMHU
(x, y,z), MMEIOIUMU 3HAYEHUSI B UHTEpBAJIe (O + 1). JIro0oit TouKe B MPOCTPAHCTBE KPHUCTAII-

J1a €CTh €1 TOMOJIOTMYHAS B STYEMKE, IPUHATON 32 HAYAJIBHYIO.
B siueiike 0OpaTHOI pelieTkn He MOKET ObITh HUKAKUX y3J10B 3TOW PEIeTKH, TaK KaK

MX KOOPAMHATHI B pemepe a",b*,¢" uensle uncia. «Bec» y3ma oOpaTHON PEIIETKH MOKET
OBITH HYJIEBBIM.

B atom ciiydae HE06XOMMO 110 OCSIM X, ), z" MPOUTH 10 HEHYJICBOTO Y3JIa U siuciKa
JI0JKHA OBITH MIOCTPOEHA TaK, YTOOBI BCE €€ BEPIUMHBI ObLIM C HEHYIEBBIM «BECOMY. [lepro-
bl TAKOM CyNephAueiiKky, Kak U ee 00beM, Oy1yT KpaTHBIMU (a* b ,V*) (2-5).
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Cynepbsiyeiikyn 00paTHOH pelIeTKH KPUCTAIOB ¢ svyeiikamu bpass He npumu-
THUBHBIX TUIIOB

«Bec» y3ma oOpaTHON pelIeTKH OMUCHIBACTCS 3HAYEHHUEM CTPYKTYPHOW aMIUIUTYbI,
KOTOpasi PACCYUTHIBACTCS 110 PopmyIie:

F(hk,1)= z £(cy.2)explrilhn, +ky, +12, ), (8)

rie f, — aTOMHas aMIUIMTY/a PACCESHUs j -TOro aTtoma (TabnuvHas BenuuuHa). N — 4mcio

aTOMOB B sTU€iike, 00bEeMHO-IIEHTPUPOBAHHAS sSUCiiKa pemeTky kKpucrama ( / -tuma). bazucom

222
T.€. M000# Touke (JIToOOMy aTOMy) C KOOpJAUHATAMHU (x, y,z) 00s13aTeIbHO UMEETCS TOMOJIO-

. 111
siueKM [ -TUTIa SBISIETCS MapalICNICIIUIIE], KOTOPOMY IPHHAJIEKAT y3IIbI (0,0,0); (—,—,— ,

TUYHAs TOYKa (ATOM) C KOOpAUHATAMU (x + 5 v+ E zZ+ Ej .

CrnenoBarenbHO, CTPYKTypHas aMIuinTyaa (8) ans [ -Tuna pemerku NpuMeT BUL:

F(h,k,I) Zf X, V,Z

X exp27ri(hxj +kyj+lzj)+exp27ri(h(xj +%j+k(yj +%j+l(zj+%jj = 9)

=1+exp27rzh+§+ Zf exp27rl(hx +ky, +lz)

MHoXHuTENb, BEIHECEHHBIH 32 3HaK CYMMBI, IMEET BUI:
2 y b
[1 ezri(h+k+l)] [1 emC] (10)

[Toctosinnoe menoe uucino C MOXKeT OpUHATH ABa 3HadeHus: C =2n (4eTHOE),
C=2n+1 (ueuyernoe). CrnenoBaTenbHO, BCE Y376l 0OpaTHOM pemieTku / -TUIA ¢ HEYETHOM
CyMMON HMHJEKCOB MMEIOT HyJIeBOU «Bec». OOpaTHas penieTka B TaKOM CiIydae UMEET BUJ
(pucyHok 3).

Ha pucynke 3 mpuBeneHsl Onrpkaiiiine K Hadaly KOOPAWHAT OOpPaTHOM peIIeTKH
€€ y3JIbl C HEHYJIEBBIM «BECOM.

Ha sToM ke pucyHKe IpuBeIcHa ssueiika ¢ a',b",¢”, HO OHa UMEET YeThIpe y3Iia C He-
HyJieBbIM «Becom» 000,110,101,011.

Cyneppsueiika, BEpIIMHBI KOTOPOU NMEIOT HEHYJIEBOM «BECY», UMEET IIEPUO/IbI

{a;:2a*:%’b;:2b*:%’c;:zc*:%,V;:gV*. (11)
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Pucynok 3. — Cynepbsiueiika 00paTHOIi pelieTKH KpUCTAJLIA
¢ pemieTkoi I-ro Tuna, © — HeHyJ1eBbIe Y3JIbI

T.e., 0OObEMHOIICHTPUPOBAHHAS SY€iiKa B OOPAaTHOM MPOCTPAHCTBE OMHUCHIBACTCS TPAHEIICH-
TPUPOBAHHOU Cymnepbhsiueikoit ¢ pazmepamu (11).
I'paneneHTpupoBaHHas peIIeTKAa KpHUCTAUla Xapakrepusyercs Oaszucom bpard

000, 1 Lo Lol 0L,

22722722
dopmyna CprKTypHOﬁ aMIUTUTY B JUT TAaKUX KPUCTAIIIOB BMeeT BuJ (8):

hkl Zf xy,
exp27ri(hxj+kyj+lz >+exp27rl( (x + J (j+%j+lzjj+

+exp27ri[h(xj+1j+ky +l z,+ jJ-ﬁ- =
C 2 (12)

+exp27rl(hx +k(yj D

:(1+exp7ri(h+k)+exp7zi(k+l)+exp7zi(l+h))

WA
Zf exp27r1(hx +hky, +1z, )

X

MHOXUTENb TIEpe 3HAKOM CyMMBI (UETBIPEXUJICH) PaBEH HYJIIO, €CIIA MHICKCHI (hkl )
UMEIOT Pa3Hyl0 YETHOCTh: JBa YETHBIX, OJIMH HEYETHBIH, — U HaoOopoT. Eciau (hkl ) UMEIOT

OIWMHAKOBBLIC YCTHOCTHU, TO 3TOT YCTHIPCXYJICH PABCH YCTLIPEM.
CrnenoBatenbHO, Y3JIbl 00pPAaTHOM PENIeTKH ¢ UHIEKCAMU CMEIIAHHOM YeTHOCTH UMEIOT
HYJICBOM «BeC» (PUCYHOK 4).
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Pucynok 4. — Cynepbsiueiika 00paTHOii pelieTKH KpUCTAJLIA
¢ fyeiikoit F-tuna

Ha pucynke 4 npuBeneHa sueiika oOpaTHOM pelIETKH, Y KOTOPOW TOJBKO JBa y3Ja
¢ HeHyJneBbIM «Becom» 000,111. Cyneppsueiika umeet unaekcsl 000,111, T.e. cynepbaueiika

OTHOCUTCS K OOBEMHOIICHTPUPOBAHHOM suelike bpaps. COOTHOIICHUSI MEXy MapameTpamu
Cynepbsueku 00paTHOM pEelIeTKH KpUCTalia ¢ pPemeTkol F -Tuma U mapaMeTpamu sSYeex
0o0paTHOM M NMPSAMOI1 pelIeTOK Te K€, UTO U B ycioBusx (11).

basuc bpass siueex C -Tuna MMeeT 3HAUYEHUE OOO,%%O. CrnenoBarenbHO, CTPYKTYp-

Hasia aMHJII/ITy,Z[a TaKUX KpI/ICT aJIJIOB UMECT BU.
¥
F(h,k,l)= Z;fj (x,2,2),
=

x(epoﬂi(hxj +ky, +lzj)+exp27zi(h(xj +%)+k(yj +%j+lzjn=. (13)
N,

2
=(1+expzi(h+k))Y fexp2ri(hx, +ky, +1z,).
j=1
Crnenosarensno, F(hkl)#0 ToNbKO Jist YETHOM CyMMBI HHIEKCOB /ik (Ha [ orpaHu-

YyeHUs1 He HakiajbiBatoTcs). Cynepbsdeiika oOpaTHON pelieTKH TaKUX KPUCTAJUIOB MpHUBE/e-
Ha Ha PUCYHKeE 5.

Pucynoxk 5. — Cynepbsiueiika 00paTHOii pelieTKH KpucTaia
¢ sueiikoii C-Tuna
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W3 npuBeeHHOro pUcyHKa 5 BHJIHO, YTO siUelika OOpaTHOM PELIeTKH B CBOUX BEPIIM-
HaX UMEET y3Jbl C HYJEBbIM «BecoM». COOTHOIIEHUS MEXIY MapaMeTpamH Cynepbsiuerku
U MapaMeTpaMu siueek 0OpaTHOW U MPSMON PElIeTOK UMEIOT BUJL:

{a; :2a* :%)b; :2b* :%)C; :C* :é,V* :4V* . (14)

OueBuHO, U4TO STUEHKH P -THMa IpsIMOM peleTKr B 00paTHOM pelIeTKe XapaKTepusy-
I0TCS TaKXKe A4eUKou P -Tura, Tak Kak Ipu pacyere F (hkl ) Ha UHACKCHI HUKAKUX OrpaHuyYe-

HUI HE HaKJIaJbIBACTCA.

Jli1a 6osee CHOXKHBIX CTPYKTYpP 3TH COOTHOILEHUS MEXIY S4UeiikaMu KpHucTawia U cy-
nepbsiueiikaMu OOpaTHOM pEeHIeTKH MOTYT HapyllaThCs. DTO MOXKHO MPOWLUIIOCTPHUPOBATH
Ha [IpUMeEpe aamasa.

Cynepbsiyeiika 00paTHOM pelIeTKH ajiMa3a

Kpucrannel anma3a ommMchIBaIOTCS MPOCTPAHCTBEHHOM rpymmoit Fd3m. Ha pucynke
6(a) mpuBeleHa MOJUAIPUYECKAas MOJIETh CTPYKTYpPhI aiMa3a Kak COWICHEHHE TATPadIpOB
U sYeiiKa ero KPUCTATUYECKON PEIIeTKU:

PucyHok 6. — a) cxeMa co4/ieHeHUsI YIJIEPOAHBIX TETPa3ApPOB;
0) siueiika pemeTKH KpucTajia aimasa

Suelika anmmasa MmpencTaBiIseT cOOOH JBa I'PaHEIEHTPUPOBAHHBIX Ky0Oa, CIBHUHYTHIX

. 111
JIpyTr OTHOCHUTEIBHO Jpyra Mo IJIaBHOM JuaroHaiu Ky0a Ha TPaHCISALMUIO [ZZZ) Koopnu-

HAThl aTOMOB yTJIEPO/ia B sTUEHKE ajiMas3a MpUBEACHBI B Ta0wmIe 1.
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Tabmuua 1. — Kpucramnorpaduueckne KOOpAWHATHI aTOMOB B siueiike anMasa (HoMepa
KaK Ha pUCYHKE 60
Ne 1 2 3 4
xyz 000 ll() Iol ()ll
22 2 22
Ne 5 6 7 8
Xz 1t 331 313 133
444 444 444 444

[lepron kpucTanauyeckol pemieTKd ajama3a U MUHHMaJbHOE MEXAaTOMHOE PaccTos-

HHUE UMEIOT 3HaueHus: a =3,57 4, (rcfc ) =154 4 [3].
CrpykTypHas amIuatyaa (8) ¢ yaeToM KOopAuHAT aToMoB (Tabmuia 1) mocie mpeod-
pa30BaHUs MPUMET BUJI:

F(hkl)= f [1+exp7ri(h+k)+expm'(k+l)+expm’(l+h)]><

{ m‘(h+k+l)} - (15
X 1+expf .

IlepBas ckoOka B 3TOM BBIpa)K€HUH HE paBHA HYJIIO JUIsl HHICKCOB C OAMHAKOBOW YeT-
HOCTBIO. ECITH HHIEKCHI YeTHBIE, HO MX cymMMa paBHa 4n + 2, 1o F(hkl)=0. CnenoBatensHo,
NIEpBbIE HEHYJIEBBIEC Y3Jbl IS cynepbsueiku anmasa ciuenyromue: 400,040,004 . Ecnu un-

JIEKCHI (hkl ) B KOOPJIMHATHOW cucTeMe d,b,C Bce HEYETHBIC, TO F (hkl );t 0. Ecinu unnekcet

YEeTHbIE, TO UX CyMMa JIOJDKHA JENUThCA Ha 4 Oe3 ocTaTka.
. . . . 4
Cymepbsueiika KyOH4eckoi 0OpaTHOM PEIIeTKH aiMa3a UMeeT Tepro ag =4a” =—.
a

Bce rpanu nentpuposansr: 220,202,022 .

VY3161 00paTHOM PEMIETKH CO BCEMU HEYETHBIMH MHJICKCAMU HAXOJSATCS BHYTPH CY-
nepbsiueku U uMeroT uHaekcel: 111;311;131;331,113,313,133,;333. V316l ¢ HEYETHBIMHU

' (*) _ * _% =4 -
WHJCKCAaMHU 00pa3yrT KyO c pedpom (a) =2a =—, KOTOPBIM HAXOJUTCA BHYTPU CY
a

nepbsueikn 00paTHON pelIeTKy aiMasa (PUCYHOK 7):

Pucynok 7. — Cynepbsayeiika KyOu4eckoi
00paTHON pelIeTKN ajiMa3a
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Eciu B KauecTBe CTPYKTYPHOTO 3JIEMEHTA BHIOPATh TPOMKHU Y3JI0B OOPATHOM PEIETKH
* *
(x* y*z*)1 ¥ YYECTh TPAHCISALMIO X, =X, +4, TO MOIy4UM PACIpe/CIICHHE Y3II0B, IPHBEICH-
HOe B Ta0uIe 2.

Tabmuna 2. — [IpuBeneHne cynepbsiaeiky 00paTHOM PENISTKH ajaMasa K cynepsiueiike F -tuma

000 220 202 022
(ryz), 11 331 313 133
111 331 313 133
000 220 202 022
(x'yz"), 111 331 313 133
333 113 131 311

Kaxxiplif BepIIMHHBIA y3e HaXOAMTCS B LEHTPE TETpa’]pa U3 y3JI0B 0OpaTHOM pe-

metky. Y3en 000 mexuT B Terpadape u3 y3moB 111=333, 111=133, 111=313. Oc-
TaJbHbIE Y3JIbl MEPBOM CyNEPBhAUEHKN KOOPIMHUPOBAHBI y3JaMU C HEYETHBIMH HHJEKCAMU
10 aHAJOTMYHOM CXeM€. Y3IIbl C HEYETHBIMM MHIEKCAMM TAK)KE€ HAXONATCSA B TAITpadnpax,
BEPILIMHAMU KOTOPBIX SBJISIOTCS y37bl B BEPLIMHAX CYNEPbSIUYEHKH U TPEX y3J0B, KOOPAUHHU-
PYIOLIHMX TPaHH.

Tetpasap, KOOPAUHUPYIOUIUI y3/bl C YETHBIMH UHAEKCAMH, MOKET pacCMaTpUBaThCs
KaK «HEKHuil cynepysen» oOpaTHOM pewieTku. B 3ToMm ciyyae o4eBHIHO, YTO Cylepbsidenka
ajaMasa OTHOCUTCS K F' -Tully.

3akiiroueHune

OOpaTHas pemieTka KpUcTaia UrpaeT BaXXHYIO POJib B TEOPUH AU(PAKIINUN U3TyUEHUST
U TIpH aHaIM3e mpo0JIeM, CBA3aHHBIX C HCCIIC0OBAHUEM CBOUCTB KpUCTAILIOB [4—6]. Ilpu u3y-
YEHUH AUQPPAKIMU PEHTIC€HOBCKUX Jy4Yel UCXOSAT U3 TOrO, YTO MPH MOMAJaHUU y371a o0pat-
HOU peleTKy Ha cdepy DBanbla Mo paanyc-BeKTOpY y3Ja 3Toi chepbl HOWAET OTPaKEHHBIN
ny4 (pediekc), THTEHCUBHOCTD peduieKca OnpeIesisieT «BeC» y3Jia, PaBHbBIN CTPYKTYPHOUH aM-
wtyae. B 3aBucuMocTu ot Tuna stueiiku bpaps pemeTku KpucTaiuia HEeKOTOphIe y3ibl 00-
paTHON pEIIeTKH HWMEIOT HYJIeBOM Bec. Sluelika 0OpaTHON pEIIETKH HWMEET TEePUOIbI

£

a (i =12,3) Takue, uTo aa, =a.a; =9, . B BepmmHax sueliku 0OPaTHOH PEIIETKH JIOTKHBI
OBITH y37BI ¢ F (hkl );t 0. DT0 ycnoBHE BBIMOIHAETCS TOJIBKO I pemeTku P -tuna. Sdeiika
oGparHoii pemerkn ctpoutes Ha pemepe a’ =r"(100), b* =r(010), ¢ =r"(001). Taxas
sYeiika He MOXKET BKJIIOYATh B ce0s y3JIbl PEIISTKHU, TaK KaK MX HHAEKCHI UMeNU ObI TPOOHBIC

3HaueHUsA. YTBEPXKACHUE O TOM, UTO A4YeiiKa F -THUIAa PEIIETKH KpUCTaJlla XapaKTepU3yeTcs
a4yeiikoil [ -tuna B 0OpaTHON perieTke, HeBepHOe. Takue TUIbI B 0OpaTHOW pelIeTKE OTHO-

cATCS K cynepbIdeiikaM ¢ mapaMeTpaMu, B OCJI0C YHUCJIO pa3 MPEBbIIIAOIIUMHA a’
? J

[lonatue 0oOpaTHOM pELIETKH HCMONb3YETCs MPHU aHaTU3€ MEXaHWYECKHX, ONTHYE-
CKHX, TEPMOJAMHAMHYECKUX M KBAaHTOBBIX CBOMCTB Kpuctaiia [4—6]. [dns ananuza kpucrai-
JIOB C HETIPUMUTUBHBIMH sTYCHKaMH HEOOXO0AUMO HUCIIOIB30BATh MOHATHE CYNEPbIYCHKH.

[Tokazano Ha mpuMepe ajiMasa, 4To ISl STYCHKH pemieTKd F -Tura B 0OpaTHOM TMpo-
CTpaHCTBE Cynepbaueiika OTHOCUTCA Toxke K F -tumy. Cynepbsueilku oOpaTHOM perieTku
KPUCTAIOB C siueiikamMu bpaBs s kpuctaiuioB ¢ pemerkoi C -TUlla UMEIOT 00beM

Ve=4V",mns F-wu [-tuna Vg =8V, mist anmasza Vg =64V, tne V' — o6beM siueiiku 06-

paTHOM pelIeTKHU ¢ mapaMeTpamu a b'c”.



@DI3IKA 57

CIMCOK UCIOJIb30BAHHOM JIUTEPATYPhI

1. Baitnmreiin, b. CoBpemennas kpucramiorpadus / b. Baitnmreiin. — M. : Hayka,
1979.-T.1.-384c.

2. Ladd, M. Structure Determination by X-ray Crystallography / M. Ladd, R. Palmer. —
Berlin : Springer, 2013. — 756 p.

3. bperr, Y. Kpucramuindeckast ctpykrypa munepaios / Y. bperr, I'. KnapunOyn. —
M. : Mup, 1967. - 389 c.

4. Auikpodr, H. ®@usuka tBepaoro tena / H. Amkpodt, H. Mepmun. — M. : Mup,
1979.-T.1.-458 c.

5. Kurrens, Y. KBanTtoBast Teopust TBepabix Ten / Y. Kutrens. — M. : Hayka, 1967. — 492 c.

6. Mitin, V. Quantum Mechanics for Nanostructures / V. Mitin, D. Sementsov, N. Va-
gidov ; ed. by V. Mitin. — Cambridge : University Press, 2010. —431 p.

Pyxkamic nactymniy y pagakusito 01.06.2017

Liopo V.A., Auchynnikau Y.V., Sitkevich A.V., Sekerzhitsky S.S., Liaushuk 1.A. Super Cell
of the Reciprocal Lattice of Crystals

It has been demonstrated that crystals with Bravais cells of types I, F, C in the reciprocal lattice are
characterized by super cells, the periods of which are n times larger a= a” where a is the period of a lattice cell.
For complex structures, even if they contain one element only, the period of super cell in the reciprocal lattice
can exceed a* more times. For example, for diamond a*,=4a*. The smallest parallelepiped, with the weight of
all its points not equal to zero, should be taken as a super cell.



