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IHocranoBka mpoOseMn. Y Cyd4acHMX TEXHOJOTifIX BHHHKae IHOTpeda y
BIIPOBA/DKCHHI TaKMX HOBITHIX MaTepialiB, sk rpadeH Ta HaHOTPYOkwu. [lepmmii 3
HaBEJCHUX MaTepialiB MpeJCcTaBise cOOO0 CYKYNHICTh ABOBHMIPHHUX KPUCTAIiB
BYIJICIIO, JAPYruil — ogHOMIpHUX. J[OCHIMKEHHS KOJNMBAJIBHUX MPOLECIB Y
MOMIOHUX MaTepiaaiB Mae TeOpeTHYHHMU iHTepec. Haiimpocrtima MartemaTHyHa
MOJeNb y ULUX CcHUCTeMax Moke OyTu mnoOynoBaHa Ha OCHOBI JIAHITHOXKKA
MaTeMaTUYHUX MAsTHHUKIB,, IO BIAKPHUBAE€ MOMJIMBICTH BHBUYCHHS KOJUBAJIBEHOTO
CIIEKTpa KpHcTaia i yTBOpeHHs Ne(eKTiB y KpUCTATIUHIN pemiTIli.

AHaJi3 ocTaHHIX AOCTiITKeHDb. SIK BiIOMO, CepemHs TeMmeparypa IesKOTo
00’eMy pEYOBHHH MpPONOpLiiiHa CepeaHhOMY apH(PMETHYHOMY KiHETHYHHX
SHepriil ycix aTOMIB pEUOBHHH, IO HAJ)KaTh L[OMY 00’ €My, MPUYOMY CHEpril
CNIZ B3STH OCEPEIHCHHMH IO JOCHUTh BEJIHMKOMY iHTepBany uacy. Tomy 3amada
MOJICTIFOBAHHS 3BOJUTHCS N0 3a]adi PO3MOBCIOKCHHS KOJIUBAJIBHOTO IPOLECY Y
OTHOBUMIPHOMY JIAHIIOKKY aTOMIB, MDK SKAMH JIiFOTh TPYKHI CHIH, TOOTO,
cUCTeMi (i3MYHUX MasTHUKIB.

Merta cTaTTi - pO3NIIHYTH HAUIPOCTII KOJMBAIbHI CUCTEMH, CHOPMYBATH
MiAXIA 10 PO3B’A3aHHS PO3MIIAHYTOT MPOOIEMH.

OcHOBHA YacTHHA.

Hexaii cucrema npeacrasiisie o000 Gisnunuii MasTHUK [1], po3rammoBanuii
TOPU30HTANILHO, 110 SKOTO MpuKiIaaeHa cuia F(t), puc.l.

, k m F(t
4 : (t) i
O

Puc.l. ®isuynuii MasiTHUK.
3rigHo Apyroro 3akoHy HproToHa

m; =>F
> 1

PIBHSHHS pyXy JJIsl HABEIEHOI CUCTEMHU
mx = F(t) —kx 2)

Takum 4YMHOM, 3a4ady 3HAXO/DKEHHS 3aKOHY pyXy Macd MOJXKHa
copMyITIOBaTH HACTYTHUM YHHOM:
Heo6xinHO 3HAHTH PO3B’A30K PIBHIHHA ,

mx+ kx = F(t) 3)
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IIpU MOYaTKOBUX YMOBax

X(0) = X,, X(0) =V, 5

3HaiileMo CIIOYaTKy 3araibHuii po3B’s30k piBHsHHA (3). 3  Teopil
audepeHiiHIX PIBHIHB BifioMo [2], 1m0 3aranbHuil PO3B’S30K HEOIHOPITHOTO
PIBHSIHHS € CYMOIO 3aTraJIbHOTO PO3B’SI3KY Xo OJHOPITHOTO PiBHSHHS

mx+kx =0 5)
Ta JISIKOT0 YaCTKOBOTO PO3B’ 3Ky X~ HEOMHOPIAHOTO piBHAHHS (3).
Cxunasuu aiist piBHsiHHS (5) XapakTepucTuuHe piBHIHHS [2],
mA? +k =0
OTPUMAEMO XapaKTEPUCTHIHI YHCIIA

TOOTO, 3arajJbHUN PO3B 30K OJHOPINHOTO PIBHSIHHS

Xo =C, cos\/%uc2 sin \/%t 6)

YacTkoBHil pO3B’s130K X~ HeoxHOpimHOro piBHAHHA (3) Gymemo ImIykatd y

BUIIAIL
X" = BIF(T)Sin(\/E(t—T)JdT 7

3HaigeMo moxiaHi

. . k k | k k | k

X = BF(t)sm{\F(t —t)] + B\ﬁj F(T)COS[\F('[ —T)]d‘[ = B\PJ F(f)cos[((t —‘L')jd‘[

m msy m msy m
>z.‘ = B\F[F(t)co{\ﬁ(t t)J *\Ej F(r)sin(\F(t T)JdTJ = B\EF(t) fix"
m m mg m m m

mx+ kx = BJKMF (t) — k<™ +kx™ = F(t)
- I RV O il 1Ko
3BIICH B—m, X _ME[F(r)sm[\/;(t T)jdl’,
R k
X —m‘!F(r)cos[\/;(t—r)]dr

3 ocTaHHIX piBHOCTEH BUAHO, 0 (QYHKINS X~ Ta ii mepma moxiana nmpu t=0

MpUAMAaOTh HYJIBOBI 3HaUeHHA: X (0) =0, X (0)=0.
OcraTouHo, miacraBusiiy y (6) moyatkoBi yMoBH (4), OTpUMaEMO pO3B’ 30K

3amaui Komi:
k m . k 1 . k
X=X, cos(‘fmt}vo,/k sm(‘fmt}mlF(r)sm[Jm(t—r)Jdr

PosrisiHeMo cucTeMy ABOX (i3MYHHX MasTHHKIB, 3’€IHAHHX ITOCIIIIOBHO
(muB. puc. 2)
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O
Puc. 2. CucreMa IBOX IOCIIIIOBHUX MasiTHUKIB.
Koopmunati Ta MBHAKOCTI Mac OyAeMO BiIpaxOBYBaTH Bil IX BIACHUX
MOJIOKEHb PIBHOBAry. 3a ApyruM 3akoHoM HproToHa

my X, ==K X, + K, (X, = X,)

m 2.;(2 = *kz (Xz - X1) 8)

IMoknaBiu x, =V,, X, =V,, CACTEMY PiBHSIHb (8) IepeTBOPUMO HACTYITHIM
YUHOM

1 =Vy
X, =V,
* k, +k, k,
v, =— . X, + m—lx2 9)
\;2 = kiz X = kiz X,
m, m,
CxiaieMo XxapakTepucTHIHe PiBHAHHS [2]
-1 0 1 0
‘ 0 ‘ —kl 0 1
_htKe K o ol 0
m, m, 10)
k—z - K, 0 -2
m, m,

a6o, micist COpOIIeHHS JIiBOI YaCTHHHU, OTPHUMAEMO

(ke ke ) ke
m, m m,m, 11)

Le GikBazpaTHe piBHAHHSI, HOrO KOpEHi

. 2
A k1+k2i\/[k2+k1+k2j Ak,

2\ m, m, m, m, m;m, 12)
3aranpHuil po3B’ 130k cuctemu (9):
X Tu Y12 V13 V14
X, —c, Ta oy, V2 e’ 4 C, V23 e’ 4 C, Vo ot
Vi Y1 Y12 Y13 V14
Va Ta V2 723 bn

ne 2- Bigmosinui Bnacui uucna (12), (yy,7,.74.74) - BUINOBiAHI BoacHi
BEKTOPH, IO 33I0BOJBHAIOTH OJHOPITHIN JiHIHHIA cHcTeMi anreOpaiyHuX piBHIHD
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=AYy +75 =0

—A¥s+74 =0
k, +k k
-2y, +m727/2i -7 =0

1 2
:TZJ/u _:,Tz}’m =74 =0
2 2

Sk G6aummo, BXXE€ y BHMNAJAKY JABOX Mac HaBiTh Ui BUIBHHUX KOJIMBaHb
CHCTEMM AaHANITHYHI BHUPA3W CTAIOTh OyXKe TPOMI3AKMMHU. Y BHIAAKy N Mac
XapaKTepUCTHYHE PIBHSAHHSA CHUCTeMH Mae 2N — W CTymiHb, 1 ioro TouHe
PO3B’sI3aHHS TIpU N>2 cTa€ HEMOXKIUBUM. ToMy Ui OOUMCIIEHHS! KOJHBAIBLHOTO
IIPOILIECY CHCTEM 3aCTOCOBYIOTh YHCENIbHI METOAHM, 30Kkpema, meron Pynre-Kytu
[3] po3B’sizanns cuctemu qudepeHIiTHUX PIBHSHD.

BucHoBkn. KonmmBaHHS aTOMIB y KpPUCTATIYHMX pEMIITKaX BU3HAYAIOThH
¢Gismyni i Mexaniuni BmactuBocTi Marepiamie  [1], Tomy MaTemaruume
MOJICITIOBaHHS KOJNUBAJIBHHUX ITIPOLECIB Ma€e MPAKTHYHE 1 TEOPCTUYHE 3HAYCHHS.
MatemaTuuHa MOJENb KOJIHMBaHb MOXKE OyTH MoOyJoBaHAa Ha OCHOBI CHCTEMH
OIHOBUMIPDHHX MAaTEeMaTHYHMX MasTHUKIB. Ha mpukinami cucreMH 3 JBOX
MasTHHUKIB, ¢opmynd (9), HOKa3aHO MOXKIIMBICTE OTPHMAHHSA CHUCTEMH PIiBHSHb,
sSIKa I[IJIKOM BHUPINTYBaHA 3 BUKOPUCTAHHSAM YHCETBHUX METOMIB [3].
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Anomayia. B ctaTTi po3rIgHYTO HpoOJIeMy MOJETIOBAaHHA KOJIHBAIbHUX
MPOIECiB B OJHOBHUMIPHOMY KpPHUCTalli, SKHHA PO3IIIIAETBCA SK CHCTEMA
MaTeMaTUYHAX MAaATHUKIB. MaTeMaTudHa MOJENb TpoIecy TNpeAcTaBlIeHa Yy
BUIJISII CHCTEMHU AU(PEPCHIIIAIbHUX PIBHSAHB, KOXKHE 3 SIKHX OIUCYE KOJUBAHHS
OIHOBHUMIpHOTO (i3MYHOTO MasATHHKAa B OKOJi By3na pemiTku. Ha mpukiami
pO3TISIAY ABOX MaTeMaTHYHUX MAasTHHKIB 3alpOolOHOBAHO METOJ PO3B’s3aHHS
3ajaui, ike MOXke OyTH peaTi30BaHO 3 BUKOPUCTAHHIM YHCEITbHUX METOIB.

Kniouosi cnosa: xonviBaHHS; KpPUCTAIYHA PEIIiTKA, MAaTEeMaTHIHA MOJIEIb;
MaTeMaTUIHUN MasTHUK; QI3MUHUI MasTHUK.

Annomayusn. B cratbe paccMoTpeHa mpoOiiemMa  MOJAEIHPOBAHUS
KoJ1e0aTeNbHBIX MPOLIECCOB B OTHOMEPHOM KPHUCTaJlIe, KOTOPBIA paccMaTpUBaeTCs
KaK cucTeMa MaTeMaTHYeCKUX  MAasTHUKOB. Maremartuyeckas  MOZENb
MpeACTaBlIicHa B BHUJAC CHCTeMBbI IuddepeHIraIbHBIX YpaBHCHUH, KaxIoe U3
KOTOPBIX OMHUCHIBAET KoOJeOaHUS OIHOMEPHOTO (U3UYECKOTO MasiTHHUKA B
OKpPECTHOCTH y37a pelieTkd. Ha mpumepe paccMOTpEHUs ABYX MAaTEMAaTHUCCKHX
MasTHUKOB TMpPEIJIOKEH METOA peLIeHHs] 3aJadyd, KOTOpOe MOXEeT OBITh
peaIr30BaHo C UCTIOIB30BAHHEM YHCICHHBIX METOIOB.
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Knroueevie cnoea. KOJ‘Ie6aHI/Ii{; KpHUCTAJUTUYECKasd peueTKa,
MaTeMaTu4deckKass MOJECJib, MaTeMaTU4eCKHUH MAasITHUK, (I)I/ISI/I‘{eCKI/Iﬁ MasiTHHK.

Abstract. In the article the problem of modeling oscillatory processes in one-
dimensional crystal, seen as the pendulum system. The mathematical model of the
process is presented in the form of differential equations, each of which describes
one-dimensional physical pendulum oscillation in the vicinity lattice site. For
example, consider two pendulum the method of solving the problem, which can be
implemented using numerical methods.

Keywords: fluctuations; crystal lattice; Mathematical model; pendulum;
physical pendulum.
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