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MeTomoM PO3MHOXKEHHSI 0a3UCHOT IPYIIH BEKTOPIB OyJI10 100y I0BAHO TPUBUMIPHY
MOJIeJIb 0DepHEHOI IpaTKu iKocaeIpuvuHux KBasikpucrasiB. [lokazano moxsn-
BICTH 3aCTOCYBaHHS JITOPUTMY, 3IIPOIIOHOBAHOIO JIJISI MOJIETIOBAHHS CTPYKTY-
pH JIleKaroHaJbHUX KBasikpuctaaidaux ¢das. OTpuMany Moesb OyJIo TOPiBHIHO
3 BIJIIOBIJIHOIO €KCIIEPUMEHTAJBHOIO €JIEKTPOHOIPAMOIO. 3 BUKOPUCTAHHSIM De-
3yJIBTATIB MOJE/IFOBAHHS OYJIO IMPOIHAEKCOBAHO audpakiiiiiai pedJiekcu Bij iko-
CaeIpPUIHOTO KBa3iKPUCTAILY.

Kuro4oBi cioBa: ikocagapuuna ¢daza, obepHeHa rpaTka, 30J0THIH mepepi3, Mo-
JenbHa Tpyna, audpakiiiiiai pediekcu.

1 BCTYVYII

3 momenty BiakpurTs KBasikpucrauis (QC) 10 HUX IPUKYTO 3HAUHY yBara HAyKOBIIIB
y 3B’SI3KY 3 OCOOJIUBOCTSIMU IXHBOI CTPYKTYPHU Ta HE3BUIHUMU (DIZUIHUME 1 MEXaHITHH-
MU BjacTuBocTsME. KBazikpucrasidai Marepiaan XapaKTepU3YIOTbCS HASBHICTIO Ocei
cumerpil 5-ro, 8-ro, 10-ro Tta 12-ro nopsigkis, 3a60POHEHUX KJIACKIHOK KPUCTAJIOrpadi-
o [1-3]. IIpu npomy KOMILIEKC (DI3MYHMX Ta MEXaHIYHHX BIACTHBOCTEH OOYMOBIIOE IX
[EePCIeKTUBHICTD JIs IPOMHUCJIOBOro Bukopucranus [3-5]. Ha cporopmi Bizkpuro corni
QC-ciiaBiB y pi3HUX MeTaJIeBUX CHCTEMaX. BLIBMICTD i3 HUX — CIIABH HA OCHOBI aJIfo-
minito [3]. IIpore omuc crpykrypn QC-das s3aiumaerbesi akTyaIbHOIO 3aauero (hisnkn
tBepaoro Tita. Cepes MeToiB TeopeTndHol 100y 108U QC-CTPYKTYD HAWOIIBII MOITIpPe-
HOIO € JIBopparMeHTapHa MOJE/Ib, B OCHOBI SIKOI JIEXKUTH 3aIllOBHEHHSI IIPSIMOI, ILJIONAHA
91 00’eMy JIBOMA €JIEMEHTAPDHUME CTPYKTYPHUME OJWHUIAMU. Y BUIIAIKY OIHOBAMIp-
HOI'O KBa3iKPHUCTAJIa TAKUMU OJUHUISIMU € IOCJIJOBHICTh JIOBI'MX 1 KOPOTKUX BiJIPi3KiB;
IUTOIIUHA — «TOBCTUX» Ta «TOHKHUX» POMOIB, IO yTBOPIOIOTH TapkeT [lerpoysa [2]; 06 emy
— «TOBCTHX» Ta «TOHKHX» POMOOEJIpiB, 1m0 GopMmytoTh citky AMmana-Makkest. JIBodpa-
IMEHTApHY MOJIeJIb OTPUMYIOTH 3a JOIIOMOI'OI0 TTPOEKIIHHOTO METO/Ly, METO/IY Tepepi3iB
Ta METOJLY, [0 BUKOPUCTOBYE caMonoaibHicTh KBasikpucraaivuol crpykrypu [3]. B pobo-
rax [6-8] 6ysi0 3ampornonoBano iHmuii MeTox MojenoBanas obepuenol rparku QC, skuit
[OJISITAB Y PO3MHOXKEHHI TpyHu 6a3MCHUX BEKTOPIB KBa3irpaTKu. 3a JIOMOMOIOI0 IIHOTO
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MeToay OyJio TOOYI0BAHO MOJE/ OKTArOHAJIBHUX, JEKATOHAJIBHUX Ta JI0/IEKATOHATBHIX
kBasikpucraiis. Tomy meroro pobotu € mozemoBanns obeprenol QC-rpaTku 3 ikocae-
JPUYHOIO CUMETPIEIO, KA Ma€ TPUBUMIPHY KBa3ilEPIOIUIHICTD.

2 MOJIJEJIFOBAHHZ{

st MozesrtoBaHHsT OOEPHEHO! IPATKU 1KOCAEIPUIHNX KBA3IKPUCTAIB OYJI0 BUKOPH-
CTaHO aJIrOPUTM, 3anponoHoBanuil B [7] mis nexaronansaux QC. Biaminmicrs mossrasa
y TOMY, IO 3a BUXiamy rpymy I; 6ymo obpamo 12 By3miB, fKi 3a1ail0Th BEPIIMHU iKocae-
apa. Bekropu, mpoBejieHi Bisi movaTKy KOOPAUHAT 70 BY3JiB rpynu I; Oys10 mpuitHsTo 3a
6asucui. ['pyny Ir orpumyBasu nogaBanasM 12 rpyn [ , 3MileHUX BiJTHOCHO TOYATKY
KoOpauHAT Ha 6asucHI BekTopu. Ha HacrymHOMYy etari OyayBasu rpyiy I3 MUIsIXOM 018~
BauHsI 10 Tpymnu Ip 12 rpym, imenTuwarux 0 I , siki 3MintyBajm Ha BEKTOPH, 301/IbIIEH] B
7 pasis (7 — 3ou0tuii nepepis). Hacryuny rpyity Iy orpuMyBaJu pu JoAaBaHH] 10 IPyIu
I Tpyn BysuiB, imenTwuanux mo I3 , i3 3mimennsM y 72 pasiB 6iabmmnM. AsropuTM mo-
6ynosu rpynu I (puc. 1) € nonibuum 110 1o0y0BU HOLEPEHIX I'PYIL, ajle 31 3MileHHAM
By3JIiB MOJeNBHOI rpymn Iy y 73 pasis Ginmbmum. Tomi 3araipHUil aJropuTM II06yI0BH
00epHEHOT IKOCaeIPUIHOT IPATKU MOXKHA 3aIIUCATH Yy BUTJISJIL:

IQ = Il =+ {Qi}ll — 13 = IQ + {Tqi}lg — I4 = 13 + {TQQi}IS — I5 = I4 =+ {7’3(]1'}[4 — e
(1)

TobTo, mo0y10By N-01 MOMIEJBHOI ITPYIIA MOXKHA IIPEICTABUTH TaK:

In =In_1+ {7_71—2(]1_}1'”71 (2)

s OpiBHAHHS OTPUMAaHOI MOJIEJ 3 €KCIEPHMEHTAJbHOI €JIEKTPOHOIPAMOIO Bil
ikocaegapuanol dasu O6yno rpadivHO MOOYI0BAHO MOJEIbHY I'DYIY , 3arajbHUN BUIJIST
{AKOI IIPeJCTaBIeHO Ha PUCYHKY 1.

Puc. 1: Mogensua rpyna Is
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Ha puc. 2, a npejicraBieHo HJIOIMUHY MOJIEJIBHOI TPYIHN , KA IPOXOUTH Yepe3 Iova-
TOK KOOD/IMHAT 1 OPIEHTOBAaHA MEPIEHIUKYISIPHO JI0 OCi CUMETPIT 5-T'0 TOPSIKY MOJIETh-
Horo Kjacrepa. Ha puc. 2, 6 HaBeIeHO eKCIIEPUMEHTAIbHY eJIEKTPOHOIpaMy CILIaBy [3],
i3 BizmoBigHOIO OopieHTAaI€0. Hakaamanus TpOHOPMOBAHOI MOJIEILHOL ITPYIU HA, PEATbHY
€JIEKTPOHOIPAMy BiJ| IKOCAEAPUIHOrO KBazikpucrasy (puc. 2, B) J03BOJISIE CTBEPIKYBATU
PO KOPEKTHICTH 3aIIPOITOHOBAHOTO CITIOCO0Y MOIETIOBAHHS. BUXO9H i3 CITiBBiTHOITEHHS
MiK 0a3MCHUMU BEKTOPAMU , sIKi 33/1aI0Th BEPIIMHE iKOCAeIPa, BUILJIUBAE, 10 Oy/Ib-sIKUi
BY30JI MOJEJIBHOI I'PATK! MOKe OyTHU IIPeJCTaBJIEHUM y BUIVISIL JIiHIHHOI KoMbiHAI] Oa-
3UCHUX BEKTOPIB. TAKMM YMHOM KOXKHOMY BY3JIy IIi€] IPATKH MOXKHA IIPUITUCATHU iHJIEKCH,
SIKi € IIT0YInCJIOBUMY KOeiIlieHTaMu [IpY BiIOBITHIX 0a3MCHUX BEKTOPAX, & MIOPIBHIOK0-
91 MOJEJIbHY TPATKY 3 AU(MPAKINIHOI KAPTHHOIO Bij KBa3iKpUCTAIY MOXKHA BCTAHOBUTU
ingekcn audpakiiianx pedekcis.

OT2Ke, 3aIIPOITIOHOBAHUIL CIIOCIO JIO3BOJISIE OTPUMYBATH MOJIeJIb OOEPHEHOI IPATKH KO-
CaeIpUYHAX KBa3IKPUCTAJIB, sTKa MOXKe OyTH BUKOPHCTAHOK JJIsi ijeHTu(dIKaIil KBas3i-
KPUCTAJIIHUX IKOCAEIPUIHUX (a3 npu AudPAKTOMETPUIHUX JTOCIIIIZKEHHSIX.

Puc. 2: [lopiBusgHHS MOIEIBLHOI I'PyNU 3 €KCIIEPUMEHTAJIBHOIO €JIEKTPOHOIPAMOIO BiJl iKOcae pu-
qHOI pa3u: a) mepepiz MozEeaBHOI TPYIHU , OPIEHTOBAHOI NEPUEHUKYJIIAPHO J0 OCi 5-I0 HOPSIKY;
6) esleKTpOHOIpaMa ikocae puaHOro ciuiasy [3|; (B) Hak/aJaHHs MOJEIBHOI IPYIIM HA HABEJEHY
€JIEKTPOHOT'DAMY.

3a3HaunMo, MO 3iCTaBICHHS MOJIETHLHOI I'PATKHU 3 PEATBHOIO €JIEKTPOHOIPAMOIO BIMa-
rae nizbopy Jesikoro macinraby (Hopmysanus). Ilpu npomy MoxkHA BU3HAUUTH pediieKcy,
o BizimoBigatoTh 6as3ucHuM BeKTOpam. Ha BijMmiHy Bif eleKTpoHOTpaM, OTPUMAaHUX Bif
KPUCTAJIYHIX PEYOBUH, BUSHAYEHHS IIUX Pe(JIEKCIB JIJIs KBA3IKPUCTAJIIB HE € OUEBUIHUM.
Ile ozmauae mo 3icTaBjaeHHS MOJEIBHOI IPYIHM TOYOK 0OEpHEHOI IpaTKu 3 pedJiekcaMu
€JIEKTPOHOT'PAMU JI03BOJISIE KOPEKTHO 1X MPOIHJAEKCYBATH.

3 IHAEKCAIIA PE®JIEKCIB

VY pobori [9] 6y/0 3anpononoBano iHgekcalio audpakiiinnx KapTud Bij ikocaepu-
9HAX KBa3iKPUCTAJiB 3a J0noMorom aBox mmx dncesia N i M. Jlaanit MeTon rpyHTYEThCs
Ha TPOEIIOBaHH] TepioAnTIHOl MeCTUBUMIpHOI 0OepHeHo1 KyOiTHOI rimeprpaTku Ha, TPH-
BUMIpHHI TIPOCTIP.
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[MTecTuBuMipHMiT BEKTOP TaKOI T'PATKN 33 TA€THCS Y BUIJIAI:

6
Q=Q+QL=) ni-q (3)

i=1

Jie mj — misi gucna; Q) ta QL — CKJIAJI0BI IIECTUBMMIPHOTO BeKTOpa y (iznaHOoMYy
Ta, IEePIeHUKY/ISPHOMY [IPOCTOPAaX, BiAIOBIAHO; q; — BEKTOPU 0A3WUCY MEPIOJAUIHOI IIie-
CcTUBUMIPHOT OOEPHEHOT TilleprpaTKu, OpTOrOHAJIbHI MizK c00010. BUKOpUCTaEMO HACTYIIHY
OPTOrOHAJIbHY CHCTEMY BEKTODIB q; [9]:

(4)

@ = (170710)
@ = (101107
g = (017071
@ = (I170710)
g = (101107
%6 = (017071)

Jie TepI TPIHKN KOMIIOHEHTIB BEKTOPIB (fj BU3HAYAIOTH KOOPJAUHATH BEKTOpa v “di-
suaHOMy” mpocTopi Q) , a ocrammi Tpifiku — y “nepnengukynapuomy”’ Q. . Ingexcu
TPUBUMIPDHOI'O BEKTOPA B IIAPAJIEIHHOMY Ta IIEPIIEHIUKYJIAPHOMY [IPOCTOPAX MOXKHA BH-
pasuTH Yepes iHIEKCH MeCTUBUMIPHOTO BeKTopa (3).

MozkHa TOKa3aTH, I Qﬁ = N+ Mr , ne

M = n% + n% —|—n§ + ni + ng + n% + 2n1n + 2n1ng + 2nsng + 2nins +
—|—2n4n5 + 2712?’2,3 + 2”2”6 + 2713?14 + 2n3n6 + 2n4n6 - 2n1n3 — 2713715 —

—2’111’04 - 2’02714 — 277,2?’7/5

3 dopmyn (5) Bumamsae, mo Bysos (100000) mae imgekcn N=2, M=1 . Bukopucro-
BYIOUHU 1€, & TAKOXK MPUHHSBINM OA3MCHUI BEKTOP MOJE/i 3a OJUHUYHHUI 3 iHeKcaMu
(abo (2, 1) srimso 3 nosHaveHHsiMu Kana), GyJI0 IPOIHJIEKCOBAHO €KCIEPUMEHTAJIBHY
esiekTponorpamy. Ha puc. 3 mpeicraBiena ejgekTpoHorpama ikocaeapudnol dazu [10]
3 HyMepali€ pedJieKCiB y TOpPSIKYy 3pOCTaHHs BejudnHu . B Tabmuni 1 HaBemeHO
XapaKTEePUCTUKH BiMOBITHUX pedJieKcaM By3Jy1iB 00EpHEHOI TPATKU.
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Puc. 3: Enekrponorpama Bij ikocaeapudanoro ksasikpucraiy [10].

Tabuuus 1. Xapakrtepuctuku pedJieKciB, HaBeIeHMX Ha puc. 3.

Ne fNM| Qﬁ Q3 |
1 4 1.0515 || 1.7013
2 4.4 1.7013 || 1.0515
3 8.12 2.7528 || 0.6498
4 12.16 || 3.2361 || 1.2361
5 16.2 3.656 1.6228
6 20.28 || 4.2485 || 1.3965
7 20.32 || 4.4541 || 1.3965
8 28.44 || 5.2361 || 0.7639
9 32.48 || 5.055 1.2997
10 || 36.56 || 5.9156 || 1.0029
Bucunosku

1. BanpononoBano mMeTo MOOYIOBH MOjEi 06epHEHOI iKOCAEIPUIHOI I'PATKH, SIKUN
TIOJISITAE Y PEKYPEHTHOMY PO3MHOXKEHHI 0A3UCHOI TPy BEKTOPIB KBAa3irpaTKm.

2. Po3pobieno anroputm injgekcartil maudpakiiiinnx pedJiekciB Bif ikocaeIpuaHIX
da3 3a JIOIOMOr0I0 3aIPOIIOHOBAHOIO METOJLY.
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MODELING OF RECIPROCAL LATTICE OF ICOSAHEDRAL

QUASICRYSTALS

V. Girzhon, O. Smolyakov, I. Gayvoronsky

Zaporozhye national university
Zhukovsky str, 66, 69600 Zaporozhye, Ukraine
e-mail: igor.gayvoronsky@gmail.com

Most important problems, existing at studying of icosahedral quasicrystals as
well as ways to solve them by theretical and experimental methods are analyzed.
Main attention is focused on considering of modelling methods. One of these
methods suppose the modeling of reciprocal cell, which commonly has feature
for earch kind of quasicrystalline structures. Method, used in this work is based
on the known early methods, but it is supposed on the assumption that initial
group consists of 12 sites, which determine the tops of icosahedra. The second
group has been formed adding together 12 initial groups, but shifted from the
point of origin by basis vector. The next procedure was to add to obtained
group thel2 identical groups, but in this case the shift was by 72 in respect
to point of origin . The construction the reciprocal icosahedral cell of higher
order groups is similar with shift 7" (7-gold ratio). Obtained in such the model
group I® was compared with appropriate experimental data on electron diffracti-
on and good agreement was observed that confirms the ability of proposed
modeling to describe the structure of real icosahedral materials. It is shown
that any site of reciprocal cell can be presented as linear combination of basic
vectors. Therefore each site corresponds to some indexes, which are integer-
valued coeflicients at corresponding basic vectors and comparing the model cell
with diffraction pattern from quasicrystal it is possible to determine the indexes
of diffraction reflexes. Method, proposed in this work can be used in diffracti-
on studies, in particular at identification of quasicrystalline icosahedral phases.
It should be noted that comparison of model cell with experimental electron
diffraction pattern needs the fitting of certain scaling or in other words the
normalization. At this procedure it is possible to determine the reflexes, which
correspond to basic vectors. Contrary to case of electron diffraction patterns
for crystalline materials, the determination of such reflexes for quasicrystalline
phases is not trivial. This means that comparison of model group of points of
reciprocal cell with reflexes of electron diffraction patterns allows obtaining the
correct values of indexes. Method of indexation supposes the transition from
periodic six-dimensional reciprocal cubic hyper cell to three-dimensional space.
The equations, describing this transition are presented in detail.

Key words: icosahedral phase, reciprocal lattice, golden ratio, model group,
diffraction reflexes.
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MetoioM pazMHOXKeHHST 6a30BO# I'PYIIIBI BEKTOPOB OBLIO TOCTPOEHO TPEXMEP-
HYIO MOJIeJIb OOPATHOM PEIeTKH MKOCAIPUIECKOil KBa3uKpucTaios. 1lokaza-
Ha BO3MOXKHOCTD ITPUMEHEHUS aJTOPUTMA, MTPEJJIOKEHHOTO JIJIsT MOJIETUPOBAHUS
CTPYKTYPBI JeKarOHAJIBHUX KBa3UKpHUcTaindeckux ¢da3. [lomyderuyo Momesnn
ObLIa 10 CPABHEHUIO C COOTBETCTBYIOINIEH SKCIEPUMEHTAIBHON 3JIEKTPOHOTPAM-
me. C UCHob30BaHIEeM Pe3yJIBTATOB MOJEINPOBAHIS ObLIN ITPOUHIEKCHPOBAHBI
JUDPAKIMOHHBIE PedJIEKCHI OT MKOCAIPUIECKUX KBA3UKPUCTAJLIOB.

KuroueBbie ciioBa: unkocagpudna dasza, oOpaTHas PeIeTka, 30JI0TOe CeIeHHe,
MOJIeJIbHAS TPYIIa, AuMPAKINOHHBIE PEIIEKCHI.
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