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3 BUKOPUCTAHHSIM METONY AaTOM—aTOMHUX TOTEHINAJIB PO3PAXOBAHUIT KOJWBHUIT CIEKTP KpH-
crana Cgp B 00s1acTi 30BHINIHIX (POHOHHUX MO y meHTpi 30uu Bpimmoena. [Ipunyckanu, mo mo-
TeHniaT MIKMOJIEKY/IAPHOL B3a€Moii MicTuTh nBa BHecKH: morTenuiasn Jlemnapna—lxonca (12-6)
i TOTEeHITaJT eJIEKTPOCTATHIHUX B3AEMOIill 3apsIiB, pO3TANIOBAHUX HA OJWHAPHWX Ta TMOABIHHIX
3B’s3Kax. 3a Teopieo 30ypeHb Bu3HAUeHI mBUAKOCTI 3ByKy B kpucrasi Cgp, obuucseni toro xon-
cranTu Ta Momysi npyxuocti. Orpumani pesysbraTru 100pe ONUCYIOTh HAABHI €KCIEePUMEHTAJIHHI

OaHi.

Kurouosi ciioBa: dysiepen, nunamika rpaTki, arTOM—aTOMHI TOTEHIia u, Teopida 30ypeHb.

PACS number(s): 61.46.+W; 61.50.Em; 62.20.Dc; 63.20.Dj

I. BCTVYII

Bucokuii temn mocsmimkenust dysiepeniB Ta ixHix
KOHIIEHCOBAHUX CUCTEM — (DYJIEPUIiB — 3yMOBJIEHUI
MIMPOKUMHA TEPCHEeKTUBAMHU iX MPAKTUIHOIO BUKOPHU-
crannsa y rexuiui [1, 2]. Binkpurra cnouarky nposim-
HOCTi #I OIpa3y BMCOKOTEMTEPATYPHOI HAIMPOBIIHOCTI
mBepaoro dyaepuny Cgg, JIETOBAHOTO JIYKHUMU MeETa-
Jtiamu [3], 1aJIM MOYATOK IHTEHCUBHOMY BUBYEHHIO PI3HUX
GisnYHMX BJIACTHBOCTER HAraroarOMHUX KJIACTEPIB BY-
ryero. OCKiIbKY MIZKMOJIEKYJIAPHI KOJTHBAHHS MOXKYTh
BimirpaBaTu BazkJIMBY POJIb ¥ MEXaHi3Mi HAIMPOBIIHOCTI
dbystepunis [4], Bunukae iHrepec GLIbII AETATBHO II0-
caigmTi koamBHMI ciekTp kpucrasia Cgo. Bir Takox mo-
TPiOHUI 115 TOOYIOBU MiKMOJIEKYJISIPHUX TIOTEHIAJIIB,
fAKI BU3HAYAIOTH MOJIEKYJIAPHY OWHAMIKY Ta TePMOIHU-
Hamiuni BsiactuBocti TBepmoro dynepumy Cgo [5—13].
Kpim Toro, 30BHIMHI KOJMBAHHSA BiHirpaioTh BaXKJIMBY
POJIb M Yac MOC/IIKEHHsT QUHAMIKYW TPUILIIETHO 30y-
[DKEHUX CTAHIB B OPraHi9HUX MOJIEKYJIAPHAX KPUCTAITIAX
[14, 15].

Mu, BuOpaBIIu MOTEHINIAJ MiKMOJIEKYJISIPHOI B3a€MO-
nii Ta itoro mapamMeTpu, METOIOM aTOM—AaTOMHUX MOTEH-
uiasis [16] pospaxyBasiu KOJIUBHU{I CIEKTP HU3LKOTEM-
neparypHoi kpucrasaiguoi dpasu dyrepeny Cgo B 0b1acTi
30BHIMIHIX (DOHOHHUX MOI y [eHTPi 30HM BpistoeHa.
3a Teopieo 30ypeHh OTPUMAHO XAPAKTEPUCTUIHE PiB-
HSIHHS JIJIsl BU3HAYEHHS MBUIKOCTEN 3BYKY y KPHUCTAJI
Cgo. O6unCIEHO HOr0 KOHCTAHTHU T MOMYJI MPYXKHOCTI.
3pob/IeHO TTOPIBHSIHHSI OTPUMAHUX PE3YJIBTATIB 3 HASB-
HUMW eKCreprMeHTaIbHnMn narnmm [17, 18].

II. JOCJILO2KEHHA KOJIMBHOI'O CIIEKTPA
KPUCTAJIA ®YJIEPEHY Csgp

OCHOBOIO KPHUCTATIYHOI CTPYKTYpU TBepHoro ¢ye-
puny Cgp € mosexyna Cgo [19]. Bei 60 aromis Byrsiemio
pPO3TAIIOBaHI B MOJIEKYJIi HA MOBepXHi chepu miame-
Tpom 6im3pko 7 A, yreoprooun 12 maru- Ta 20 mectu-
KyTHHKIB. EXciepuMeHTa bHI JOCTIKEeHHS 3 HeATPOH-
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HOTO poscisuast [20] sacBimumim, mo TpyW TeMmmeparypi
T = 4 K 60 omquuapuux (C—C) 3B’A3KiB MatoTh JOBKWHY
1.46 A i yropioors 12 m'sruxyTHuKiB, a 30 iHmmx,
nomsiitaux (C=C), mators moBxkuny 1.381 A i e crisb-
HUMHW JJI CYCiTHIX IMEeCTUKYTHUKIB.

Teepauit dymepun Cgp HATEKUTH HO KITACY MOJIEKY-
aspunx kpuctasiB. [Ipm ximMuaTHiii Temmeparypi kpu-
cran Cgp Mae rpaHelieHTpoBaHy KyOiuHy rparky, i Mo-
JIEKYJIH BiJTBHO 00epTAlOThCS y Hifl. 31 3HUKEHHSIM TeM-
neparypu (T. < 250 K) s6iibuyerbcs anizoTpomnHa
MiXKMOJIEKYJIAPHA B3aE€MOJIisA, 1 MOJIEKYJIAPHI PEOpieH-
rarmii sunkaoTh [21]. BinbyBaeThes crpykTypHUii haso-
BUil TIepexin Bim rpaHeneHTPOBAHOI 10 TPOCTOI KyOiaHOI
rparku [22]: mpu T' = 4.2-5.0 K napamerp rparku — a =
14.04 A, kinbkicTs MOJIEKYJT B eJIeMeHTapHiit Komipii —
Z = 4, nmpocTopoBa rpyna cumerpii — Pa3, mosumiitna
CEMeTpif MOJIeKYJ Y KPHCTATL 3 .

YV rapMoHiiiHOMY HADJIMKEHH]I YACTOTHU Ta BJIACHI BEK-
TOpU KOJIMBAHb KPUCTAJIA BUSHAYAIOTH 3 PiBHsHHSA [16]

w2€us = ZDusursreursr’ (2.1)

u's'

Ie e,s — S-Ta KOMIIOHEHTa BEKTOpa 3MillleHHs [-1 Mo-
nexymn; Dygp s — CHMeTpHYHA IWHAMIYHA MaTpPHUILA
kpucrasa ¢ynepeny Cgo Bumiprocti 24 X 24, sxa onucye
MpYKHI B3AEMOMI1 T Yac TPAHCAAMNHIX Ta JTibparriii-
HIX PYXiB MOJIEKYJI, & TAKOXK iXHilf 3B’sI130K:

b , ,€Zka.

1
Dusuisr = s Zb: A ors

(2.2)

[Min Besmamnoio M*® My po3yMieMo Macy MoJekyn y-
sepeny Cgo (M = 720 a. om. M.), SKWO iHIeKC s Bii-
MOBIJIA€ TPAHCTAIISIM, Ta MOMEHTH iHEpIIii i€l moJte-
kymu (I, = I, = 6.2x10° A2 a. om. m.; I, = 5.9 x 10> A?
a. of. M., Z||Cs), siximo s onmcye mibparri; inmgekc b Hy-
mepye Komipku kpucrasia Cgo:
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Ab 82VMM’ (2 3)
-y = - -~ .

usp's ae”sae,ﬂy 0 ’

ne V,, — eHeprisi rparkm (mOTeHHiaIbHA eHEpris

B3aE€MOZil MOJIEKYJT). SHAYEHHS CHJIOBUX CTAJIHX /\Zsu’ o

0GUNCITIOTh ¥ piBHOBaszKHil Toumi 3a dopmynavn [23].

Y paMkax Mmeromy aroM—aroMHHUX noTeHiiasis [16]
€Heprisg B3aEMOJIii MiXK MOJIEKYJIaMH BU3HAYAETHCA K
cyMa TapHUX B3aEMOIiil aTOMIB ¢ Ta j, sKi HAJEKATDH
Pi3HUM MOJIeKyJaM p Ta pu':

1
V= 3 ZVMM’(|rMi —Twjl)- (2.4)
!

Mono snbopy dbywxmii V,, 3asmaunmo Take. Crpoba
BUKOPUCTATU MIXKMOJIEKyIApHUil noreniian Jlennapma—
Ilxonca (12-6), Binomuit muist rpadiry, 3acBimuuna, mo
BiH HE33JOBIJIbHO ONMHUCY€E MOJIEKYJISIDHY OUHAMIKY KpH-
crana Cgo [5]. O ycyHenns posbizkuocTell moreHmian
Jlennapma—II:KoHCA TOMOBHIOBAJIN IMOTEHITAIOM €JIeK-
TPOCTATUYIHUX B3AEMOIill 3apsAmiB, AKi OyJM Ha aTo-
max Byrmemo Ta Ha 3B’askax C=C. VY mpami [11]
II7TsT TIOJTIIIIIEHHT MOIEIi OyJI0 3ampOIOHOBAHO PO3TIs-
JaTh KyJOHIBCHKUI MOTeHIias 3 ypaxyBaHHAM (DyHK-
1ii mommustok. Asropn [10], kpim morenmiany JlenHapma—
IlxxomHca, Opajn [0 yBaru HEIEeHTPAJbHY KOPOTKOIII0-
9y B3AEMOIIII0, 3YMOBJIEHY TEPEKPUTTAM MOJIEKYJISIP-
HAX opbirtaseil cycimmix Mosekysr y kpuctasi. Ilin
4aC pPO3B’sI3yBAHHSI AUHAMIYHOI 330349l [IJIs KPUCTAJIA
Cgo BUKOPUCTOBYBAJIN TAKOXK ATOM—ATOMHUIA TTOTEHIII AT
Bykinrema (6-exp) [12, 13].

Y npononosasiit nparui dbyukuis V,, MicTuTb 1Ba BHe-
ckM: aroM—aTomHMit morenmnias Jlemnapma—Ixxonca Ta
MOTEHIIAJT eJIEKTPOCTATUIHNX B3aEMOMIN 3apsmiB, pPo3-
MilmeHux Ha 3B’s3Kax (1s1 MOJIEJIb BPAXOBY€ HEPIBHOLIH-
micrs 38’13kiB C-C ta C=C) [7]

60 U 12 - 6
TS o
|rpi — Tl |rpi — Tl

ij=1
90
Amn

+ —
Tpm — Tl

m,n=1

(2.5)

Je Ty Ta Ty — BLINOBLIHO KOOPIUHATH i-TO aTOMa. BY-
DJIEII0 Ta [EHTPA M-TO 3B’SI3KYy B MOJIEKYJH [4; Gm —
edeKTUBHMI 3aPsiI M-TO 3B’SI3KY, TPUIOMY ¢y, = ¢ —
s 38’s3ky C—C 1 ¢, = —2¢ — nna 38’a3ky C=C.
BHavueHHs MapaMerpiB €, ¢ i ¢ TiAOUPATU TAaKUM Y-
HOM, MO0 PO3PAXOBAHI YACTOTH MIZKMOJIEKYJISIPDHUX KO-
auBaHb kpucrasa dynaepeny Cgo sikHaiijinme omucy-
Basn excriepument [18]. [Ilisxom MomeoBaHHS TTOTEH-
uiasy (2.5) 1Uis HUX OTPUMAJIU TAKi YUCJIOBI 3HAYECHHS:

£=0.059meV, 0 =347A i ¢=0.03¢ (e — enemen-

tapuuit 3apsin). PospaxyHku BUKOHYBaJIU y HAOIMKEHH]
JKOPCTKUX MOJIEKYJT 38, YMOBY 30€pEKEHHSI CUMEeTPii Kpu-
ctaja. ¥ IbOMY BHUMAJKY BPAXOBYBaJM Jiuine 12 mHaii-
O/IKYUX CYCiIiB KOXKHOI MOJIEKYJTH, sIKi Oy 1 BCepeInHi
cdepu paaiycom a/ V2. Bisbll 0asieKOCSIKHI eIeKTPO-
CTATUYHI B3a€MOJIii TAIOTH BHECOK Yy PO3pPaXOBaHi 3HA-
wenHs 3 TounicTio 1o 1073104

Il 3HAYEHHST XBUJIHOBOrO BekTOpa K=0 nuHamidHy
samady (2.1) MOXHA PO3B’A3aTH OKPEMO JIsT TPAHC-
JAMHTX Ta, JiOpaImiifHux pyxiB MOJIEKYJI y KpPUCTAJIL
(mus. Homarox). Teoperuko—rpynoBuil anasi3 nuHamid-
HOl 3amaui s xpucrana Cgg [9] 3acBimuus, mo mis
9uCTO JIOpAIiiHNX KOJMBAaHL IPATKN TBEpHOro QyJie-
puny Cgp cuMeTpuyHa TUHAMIYHA MATPUIS POIMIPHOCTI
12x12 micTuTh JUIre BiciM He3aJIeKHUX KOMIIOHEHT:

dy = Dlzlm; dy = Dlzlya d3 = DlmZza
dy = Dlz2y; ds = Dlz2za dg = Dlema (26)
dr = Dig3z, ds = Digaa-

Ijist 9ucTo TPAHCTAINHUX KOJMBAHD T'PATKUA KPU-
crasna dysepeny Cgy CUMETPUYHA OUHAMIYHA, MATPUILSA
posmiprocTi 12X12 MicTuTh Jmmmme m'sTh He3aJIEKHNAX
KOMIIOHEHT (L@ CHpOolleHHs OyBae, AKIO HAasBHA TPU-
KPATHO BHPOIKEHA aKyCTHIHA MOma) [9]:

di+ds+dg+ds =0, dy=—ds, ds=dys. (2.7)

3a momomorow Meromy nosuliiinol cumerpii [24] Gysi0
MOKA3aHO, W0 HABAAUATH YOTUPU KOJIMBHI MOOM KPU-
crasna gynepeny Cgo MOMIIAIOTHCS HA TATH JTiOparriii-
HUX Ta YOTUPU TPAHCIANIAHI HOpMasbHi Momu (omHa
voma F,, € TpuKpaTHO BUPOMKEHOI AKYCTHUIHOI MO-
JI010):

Flibr — Ag +Eg + 3Fg; rtr = Au + E, + 2F,. (28)

s meBupomxkenux A, i A, mon gacroru [9)

w2(Ag) = d1 +2d2 -|-d3 — 2d4 — 2d5 — d6 — 2d7 —dg,

w?(Ay) = 2(dy 4 2dy + ds — 2dy). (2.9)
s nBokparHo Bupomkenux E, i E, mon gactoTu [9]

w2(Eg):dl—d2+d3+d4+d5—d6+d7—d8,

WQ(EU) = 2(d1 —ds +ds + d4) (210)

Hnsa Tpukparao Bupomkennx Fy i F,, Mom 9acToTn BU-
3HAYAIOTH 3 XaPAKTEPUCTUIHOTO PIBHSIHHSI
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Cii — w? Cia Cis
Crz  Cp—w® Oy =0, (2.11)
Cis Cas Csz — w?

ne IJiss g—MOOn

Cin =di +ds +dg+ds, Ch =d —ds+dsg—ds,
Cio=ds —dys+ds +d7, Coz3 =ds+dsy+ds—dy, (2.12)

Cis=dy+dy—ds+dy, Cs3=dy —ds—dg+ds
1 OJIs1 u—MOIn

Cii =C12=Ci13=0, Ca =2(di +dg),

023 = 2(d2 + d4), 033 = —2(d3 + dﬁ) (213)

Orpumani Hamu cruiBBinHomenHs (2.12), (2.13) Biapisusaorbes Bin pesysbrary [9] 3aBasKu HEONHOZHAYHOMY BU-
6opy dopm HOpMaILHUX KOJIUBaHB rparku kKpucrasa Cgo. Y HAIIOMY BUTAAKY BOHU MAIOTH MPOCTIiuii BUTIIsA (IUB.
Honarox).

Ba3HagMMo, MO YACTOTU TPAHCIIANINHIX MO 3aI0BOJIBHSIOTH TAKI YMOBH:

{3[w (Fu) + w3 (Fu)] + 2w* (By) + w?(Au)}/12 = dy,
{20 (Ey) + w?(Ay) — 3[wi(Fy) + w3 (F)]} /12 = ds, (2.14)
(Wi (Fu) — w3 (Fu)]” = 4[(ds — ds)” + 4(d> + ds)?],

W (E,) — w?(A,) = 6(dy — da). (2.15)

YucsioBi po3paxyHKN €IEeMeHTIB AUHAMITHOI MATPUIN 7151 IUCTO TPAHCIAMINHAX KOJUBAHD 3aCBIIUmIn, mo dg
ds. Toni 3 piBuaun (2.7), (2.15)

1
de = —E(dl +d3),

{3lw3 (Fu) — wi(Fu)] + 2w’ (Au) — w?(Ey)]}/24 = do, (2.16)
{2[w?(Bu) — w?(Au)] = 3[wi(Fu) — w3 (Fu)]}/24 = da. (2.17)
Cumetpisn xosmBanb | Teopis (T = 4.2-5 K) | Excnepument [18] (T = 10 K)

A, 35.0 —

E, 46.7 —

F. 42.9 40.8

F, 51.0 54.8

A, 18.6 18.5

E, 18.5 —

F, 17.1 —

F, 17.5 —

F, 22.0 —

Ta61. 1. Yactorn (w, cM™ ') MiKMOTEKyIApHIX KOMUBaHD KprcTasa dystepery Ceo, PO3PAXOBaHi METOIOM ATOM-ATOMHIX

morenmiamis mpu k=0, cm~ .
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Awnaniz crniBBinHomens (2.14), (2.16) cBinuuTh, WO 33 BIIOMUMHU 3 €KCIEPUMEHTY 3HAYEHHIMU YaCTOT [IJIsT TPAHC-
aaniitanx mom xpucrasia dysepeny Cgp MOXKHA 3HAWTH BCI KOMITOHEHTH HOTO OWHAMIYHOI MATPUIN i, BiAMOBIIHO,
YTOYHUTH 3HAYCHHS MAPAMETPIB MiKMOJIEKYJIApHOro morenmiady (2.5) €, ¢ i q (obepHeHa CHeKTpaIbHA 331a9a).

Y 1a6a. 1 naseneni pospaxosasui 3a dbopmysiamu (2.9)—(2.11) mizkmonekysisipui gacroru aisg kpucrana Cgo. Ak Ha-
9UMO, YACTOTH TPAHCAAMNRHIX Mo, 3 siknx 2F, Mmomn aktusHi B [Y—morinHamHi, 1€XKaTh BHUIIE Bil 9aCTOT JTibpartiii-
HUX KOJWBaHb, akTuBHNX y cnekrpax KPC. OTprMani sHA9eHHA 9acTOT JAIOTH BIIXUIEHHS 10 7% Bim, eKCTepuMeH-
TasbHUX maHnX [18].

III. BUBHAYEHHSA KOHCTAHT TA MOIVYJIIB ITPY2KHOCTI OJId KPUCTAJIA ®VYJIEPEHY Cgo

3 kstacuuHOI TEOpii MPY*KHOCTI BimOMO, MO KyOiYHMIT KPUCTAJT XapPAKTEPU3YEThCS JIUIIE TPHOMA HE3AJIEKHUMU
KoHCTanTaMm npyxHocTi [11, 16]: 11, €12 1 c44. IX BUBHAYAIOTH Yepe3 MBUAKOCTI 3BYKy B KpucTasi 3a (bopMyaMu

[11]
c11 = puP[100], c12 = c11 — 2pv3[110],  cq4q = pvi[100], (3.1)

ne p = 1.73 r/em® — rycruna xpuctana dynepeny Cgo; v; i v; — TO3I0BXKHA Ta MOMEpeYHA IBUIKOCTI 3BYKY Y
BigmosinHux xkpucrasorpadivanx vHanpsavkax [100] i [110], [100].

3a Teopi€ro 30ypeHb MU OTPUMAJIM PIBHSAHHS QUCTEPCii aKyCTUYHUX XBUJIb 3 YPAXyBAHHSIM BILINBY JIiOpaIiitHmx
kosuBanb (auB. Jonarok), sike nae 3Mory o64YMC/IUTH IXHI MIBUOKOCTI 38 TakuMu (popMyIamMu:
y Hanpamky [100]

2
2 _ a_ 2 U 1\ 2
vir = g {dl +ds + —wf(Fg)(d3 + dg) } ,
2
2 a 2 1 U 1 \2 2 !
— 2
ot =5 e+ (g * ) o+ 80 Sy ) &
a? 2
’U%tg |:d1 + ds + m(dg — di;)2:| H
y Hampamkax [110] Ta [111]
v? — T11 T12 T13
Tia V2 —Ta T3 =0, (3.3)
Ti3 Taz  0° — T3
ne s Hanpamky [110]
=l —dg ot [ L N @ d)?+ — 2 (d+ d)? + — 2 (d + dL)?
v =15 [0~ (G * oy F Oy B Gy et
a? 1 1 (ds + dg)(dy —di)  (dg + dg)(ds + df))
- d - dl dl dl dl 3 8 7 5 6 8 7 4
no =g [t 5 (g * oy ) (6 + 0+ )+ (BT ) (BT REEEA
2 U ! U U U !
a®, , | ds + AL+ dE —dy dy 4 dy
_a _ 4
mis = 76(d7 +d5) { 32(4,) (5, ]’ (34)

a? [ ( p 1 ) (d, —d)?  (d, +d)?
Tog = — |dy —dg + + di +di)? + 257 4924 7},
22 16 e 3w2(Ag) w2(Eg) (d ) w%(Fg) ‘Ug(Fg)

0,2
To3 = g(dg +dl8) |:

dy +dy +dg —dj  ds +dy
3w?(Ay) 20w2(E,) ]’

a2
= — — 2
733 16 |:d1 d3 +

b o) (),
7(4,) 2E) T EE) )
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i Hanpsamky [111]

= §_2 [3d1 +dg + 7&”2? ™ (V2(ds + d) — (V2 = 1)d5 + (V2 + 1))
1 ) s e L o(ds Fdy)? | (dy + dy)?
+7w2(Eg)(d5(\/§+1) (V2 —1)d.)? + 2 TE,) +2 ) } ,
_ 2y L (V3 +d) — (V3— 1) + (V3 +1)d
7'12—1—6[2+<m( (ds +dg) — (V2 — 1)ds + ( +)7>
1 ' i oy, ds +dg)(dy —dy) | (dg +dg)(dy + d7)
Ay V24 1) = (V2= D)+ ) + B ],

a2
= — |V2
T3 = g [\/_dQ + 357(4,)

(V2(d + dy) — (V2 = D) ds + (V2 4+ D)dL)(d + ds + (V2 — 1)d, + (V2 + 1)db)

(3.5)

bt V24 1) = (VB D)V, + ) — s — )+ 0t )y + )|

e 2 LN e im0+ )

o = g s+ o+ (ot + o) 0+ g 2 R

o = 5 | V3t (g s+ b (VB = 0+ (VR4 ) + s (VI 4 ) = s = ) ) (d + )

- V2

(d + d7)(ds + dr)

w%(Fg) wg(Fg) ’
a? 2
o = 5 |30 oy (VB 1)+ (V2 1)
1 (d5 —dy)* | (d5 +db)°
+———(V2dy + dy) —dy —db)? + 222 44
w?(Ey) ! ! ’ s w%(Fg) w%(Fg)

Jé]

Tyr semmanan did' (d' = 5 [D' (k)]|k—0) Bupaxeni de-
pe3 KOMIOHEHTH TNHAMIYHOI MaTPHIIl KPUCTAJIA i OTnCy-
IOTh BIZIMTOBIIHO YMCTO TPAHCIANINHNI PYyX MOJIEKYJT TA
iforo 3B’s30K 3 JIOpAIiiHIM PyXOM Y JTOBrOXBIIBOBOMY
nabmmkenHi (k— 0).

Hampsimoxk y xkpucrasi| vy Vot v
[100] 2.50 2.50 3.60
[110] 1.98 2.50 3.96
[111] 2.21 2.21 4.16

Tabur. 2. HIsuakocri 3ByKy (B kM/c) y kpucrasi dbysepery
Ce0, pO3paxoBaHi METOAOM ATOM—ATOMHUX TMOTEHINAJIB] Ut 1
V] — TIOTEePeYHa i MO3I0BXKHS MIBUIKOCTI 3BYKY y BLIMMOBiI-
HUX KpuUcCTajaorpadivHux HATPAMKAX.

Y 1abJ1. 2 HABENEH] 3HAYEHHS PO3PAXOBAHNX ITBUIKO-
creit akycTuaHUX XBUJIb y Kpuctasi ¢yiepeny Cgo mpu
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T = 4.2-5.0 K. Orpumasni pe3yibTaT y3roIxKy0ThC 3
manmu [9-12], y sAKMX MIBUIOKOCTI MONIMPEHHST 3BYKO-
BUX KOJIMBaHb y TBepaoMy dysepuni Cgy BU3HATAIN 33
HAXMJIOM IUCHEPCIHHNX KPUBUX aKyCTHUIHUX BITOK OL7Ts1
toukn k=0.

BaxmmBo 3asHaunTH, MO TPHU PO3PAXYHKY MIBUI-
Kocreil 3ByKy 3a dopmysoo (I.8) ocHoBHuii BHe-
cok (6smsbko 80-85%) 3ymoBJieHuii IpyruM IOMAHKOM
y coiBBignomenni (1.7). Ile cBimunrs npo cusbHuMi
3B’S130K TPAHC/AIINHIX Ta JiOpaIiiHuX pyxiB MOJIEKYJT
y xpucraJi gynepeny Cgo.

s xpucrasa Cgo KOHCTAHTH MPYKHOCTI, Mbap: ¢11
= 0.224, ¢12 = 0.091, ¢44 = 0.116.

st xybidHOrOo KpucTasa MOMYJb 00’€MHOTO CTHUC-
wendsa K ta momyss HOura E Busnadaiorh 3a (opmy-
mamu [11]

1
K = 5(011 + 2c12),



OOCJIIOYKEHHA JUHAMIKU TPATKI KPUCTAJIA ...

1
E =3 (B + Ey),

e
B (c11 — c12 + 3caa)(c11 + 2¢12)
! 2c11 + 3c12 + C44 ’
— 2
B = 5caa(c11 — cr2)(c11 + 2¢12) . (36)
caa(3c11 + c12) + (c11 — ci2)(c11 + 2¢12)
Koediuienr Ilyacona
1 E
=—-(3-=. 3.7
=5 (3- %) (37)

PospaxoBani momysti mpyxuocti K, E Ta koedimient
IMyacona v mns reepmoro dynepuny Ceo mpu T = 4.2-5.0
K Bigmosinno mopisaiooTh: K = 0.135 Mb6ap, E = 0.227
Mb6ap i v = 0.22. Orpumane HAMWU 3HAYEHHS IIJIsT MO-
nysst ob’emHoro cruchHendss K mobpe y3rOmKyeThes 3
pesysibrarom [17]: K = 0.130 Mb6ap B obsiacri Temme-
paryp 1.4 < T < 20 K.

JOIOATOK. BUSHAYEHHSAA I_T_IBI/I,H,KOCTEﬁ
3BYKY B KPUCTAJII ®YJIEPEHY Cg 3A
TEOPI€IO 3BYPEHBb

Banumiemo piBHAHHA pyXy rparku Kpucrasna (2.1) y
posropuyTiit hopmi

5 et Dtt Dtr et
w <er>:<Drt Drr><er>a

ne D% D" i D — Gnoku nuHaMidHOl MaTpuii, aki
ONHUCYIOTh TPYKHI B3aEMOMIl IMiA 4Yac TPAaHC/IALIINHNX,
JTIGpaIiffHIX pyXiB MOJIEKYJI, a TAKOX ixmHiil 38’a30K; e
i e — BigmoBimHO TpamcasAmiiina i Jibpariiina KoMmIo-
HEHTH AMILTITYIHOTO BEKTOPA 3MIMIEHHSI MOJIEKYJI KPH-
craJia.

OcCKiTbKT MOJIEKYJIa ¥ TPATII 3aiiMag TOJIOKEHHS TIEH-
Tpa iHBepcii, TO B MOBrOXBIJILOBOMY HAOJIMKEHHI I1JIsT
IUHAMIYHOI MATPUIN KPUCTAJIA CIPABEIJINBI Taki CHiB-
BimHomenns [16]:

(1)

D (k) = D*(0) + o(k?), D" (k) = D™ (0) + o(k?),

D' (k) = o(k). (.2)

Orxe, mpu k = 0 38’s13Ky TpaHCAANIHHAX Ta JTIOpAITiii-
HIUX PYXiB HEMA, i FpaHNYHI aMTLIITY/IHI BEKTOPW MOMiIs-
I0OThCS Ha, JIBi I'PYTH, AKi OMUCYIOTH YNCTI TPAHCIIAIII Ta
qncTi gibparii. KoMmomenTr mux BeKTOPiB 3aI0BOJIbHSI-

I0Th PiBHAHHS

w2eg = Dt (O)eg,

w?ef = D""(0)e,.

(1.3)

BasmammMo, WO BeKTOpM ey i ef MU oTpnmasm
aHATITHIHO 3a JIOTOMOTOI0 TEOPEeTHKO-TPYTOBHX Me-
Toxis [25]:

< Ay| =< A,| = —— (111111111111,

1
V12

1 o
< E,)=<E,| = %<011011011011|,

1, _
< Fu| =< F,| = 5(100100100100] (11.4)
1 .
< Fu| =< Fy| = 5(100100100100),

1
< Fy| = 5(100100100100].

Tpu Bexropn ef = et, 0 = (e, €2, e3), aKi BignOBiNA-
10Th TPUKPATHO BHPOMKEHOMY BIACHOMY 3HAMEHHIO W =
0, MOXXHa BHODATY HATIPABJIEHNMN B3IOBXK KPUCTAJIiU-
HUX Oceii:

1

el = 5(100100100100|,
1

ey = 5(010010010010|, (4.5)
1

ez = 5(001001001001|.

IMpu k # 0 3’430k TpaHCIAUiiiEUX Ta JHiOpariitnnx
PYyXiB MPUBOOUTH [I0 TOTO, MO AKYCTUYIHI KOJTUBAHHS Ma-
OTh AK TPAHCIAMIHY, Tak i JOpamiiiHy KOMIIOHEHTY.
Buxopucrosyioun rpannuni sekropu ([1.4), (I0.5) i ua-
croru (muB. TabJ1. 1) AK HyJIbOBE HADTUKEHHS Ta, BPAXO-
Bytoun cuiseinuomenus ([1.1), (II.2), moxHa BusHaguTu
Il KOMIIOHEHTH 3a Teopieio 30ypenb. B obsacti simHiii-
HOI aucriepcii iXHi TpaHCSIIIHI KOMITOHEHTH He MICTAThH
JIOMIITKY TPAHUYHAX ONTUYHUX (DOHOHIB, iX MOXKHA 00-
YUCJIUTH 3

[v}(n) — 7(n)] ez} (n;) =0, (1.6)
e
62
m(n) = W[D”(k) + D" (k)D" (k) D" (K)]lk—o. (I.7)
Tyr vj(n) — dasosa mBunxicts donoma j-i Birkm,

aAkuil momupooeTbesa B310BXK BekTopa n = k/|k| i iioro
MOKHA BUSHAUNTH 3 XapaKTEPUCTUIHOTO PIBHSIHHS

|U?(n) —7(n)] = 0.

([-8)
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INVESTIGATION OF LATTICE DYNAMICS FOR SOLID Cg

Yu. I. Prilutski, V. A. Andreev, G. G. Shapovalov
Kyiv Shevchenko University, Chair of Physics
64 Volodymyrska Str., Kyiv UA-252017, Ukraine

A calculation of the vibrational spectrum of intermolecular modes of the low—temperature orientationally
ordered crystalline phase of fullerene Cgo is carried out in the approximation of intermolecular potential which
includes two contributions: the atom-atom Lennard-Jones (12-6) potential and the electrostatic potential of
charges located at the single and double bonds. Sound velocities, elastic constants and bulk modulus are calculated
using the perturbation theory. The obtained results were compared with the available experimental data.
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