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KowMmmproTepHOEe MOJEIUPOBAaHME HAHOPA3MEPHBIX TBEPIBIX PACTBOPOB CYINECPUOHHBIX
MIPOBOJHHUKOB TIO3BOJISIET OOBSCHUTH MPUPOJYy HOHHOTO TPAHCIOPTAa HA OCHOBE aJ[EKBATHOTO
onucanus HU3NKO-XMMHUECKHUX CBOMCTB HanboJjee MepCrneKTUBHBIX GTOPIPOBOAAIIUX cucTeM [1].

MeTo0oM KIacCHYECKOW MOJEKYNISAPHOM IHHAMUKH MOJEIHMPOBAach MOJIBUKHOCTH HOHOB
¢dTopa B chepruueckux YacTHUIIAX TBEPIBIX pacTBOpoB Ha ocHoBe (ropuaa ceunia (1) PbggSrooF2
muamerpom 4 HM. OOmiee yucio atoMoB coctaBisuio 1959. Coznmanue CTPYKTYpPHOM MOAENH
HAHOYACTHIIBI, MapaMeTpu3alusl MapaMeTpoB CHIJIOBOTO IMOJIA, PacdyéT METOJO0M MOJICKYJISIPHON
JIMHAMHUKHA ¥ aHAJIHM3 MOJYYEHHBIX PE3yIbTAaTOB MPOBOIMIICSA C MOMOINBLIO mporpaMm Amorphous
Cell, Gulp u Forcite u3 nporpammuoro nakera Materials Studio. Pacuér BBIMONHSICS B peKUME
NVT, o6iiee Bpemst pacuéra coctanisuio 50 ps ¢ mrarom unaterpuposanus — 1 fs npu remneparype
oxosio 1000 K.

Pa3paboTrka pacu€THON cxeMbl ocyliecTBieHa Ha 0aze ¢ropuaa cBuHua. Ha mepBom sTame
Oblla ONTUMH3MPOBaHA TeOMETpUsi HaHoyacTHibl PDF, u Ob1 mpoBen€H pacdyér MeToaoM
MOJICKYJISIpHOM guHamuku. Ha BTOpoMm srtame, uis MOJENIMpOBaHUS cHCTeMbl PDggSro.F, 20%
aTOMOB CBHUHIIA CITy4yalfHBIM 00pa30oM ObLTH 3aMeleHbl Ha aTOMBI CTPOHIIUS.

Ha ocHoBe aHanm3a BEINOTHEHHOTO MOAETUPOBAHUS, MOXKHO CJENaTh CJIEAYIONINE BHIBOIBI:

1. Beenenue 20% aTOMOB CTpOHIMS CTaOWIM3HPYET (DIIOOPUTOBYIO PEIIETKY HAHOYACTHIIBI
PbogSrooF2, Torma kak B Hanouactuiie PDF, HaOmomaeTcs 3HAYMTEIBHOE Pa3yNoOpPSI0YCHHE B
KaTHOHHOM MOTHBE IIPH TeMITepaType MOJACITUPOBAHNS,

2. AHanu3 CpeHEeKBaIPATUIHBIX CMEIIEHUI HOHOB ()TOpa B OMHAPHOW CUCTEME TBEPAOTO pacTBOpa

Pbg gSro 2F2 mokasasn yBennueHue ux moaBHIKHOCTH.

bracooaprocmu. Hccnedosanus 6uliu nposedensvl ¢ UCHOIb308aHUCM BLIYUCTUMENbHBIX PECYPCO8
Pecypcrozo enmpa "Beiuuciumenshoiii yenmp CII6I'Y" (http://cc.spbu.ru). Paboma svinonnena npu
unancosoit nooodepoicke epanma PH® Ne 22-23-00465.
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Computer simulation of nanosized solid solutions of superionic conductors makes it possible
to explain the nature of ion transport based on an adequate description of the physicochemical
properties of the most promising fluorine-conducting systems [1].

The mobility of fluorine ions in spherical particles with diameter of 4 nm of solid solutions
based on lead(ll) fluoride PbogSro2F, was simulated by the method of classical molecular
dynamics. The total number of atoms was 1959. The creation of a structural model of a
nanoparticle, parametrization of the force field, calculation by the molecular dynamics method, and
analysis of the results obtained were carried out using the Amorphous Cell, Gulp, and Forcite
programs from the Materials Studio software package. The calculation was performed in the NVT
ensemble, the total calculation time was 50 ps with an integration step of 1 fs at a temperature of
about 1000 K.

The design scheme was developed on the basis of lead fluoride. At the first stage, the
geometry of the PbF, nanoparticle was optimized and the calculation was carried out using the
molecular dynamics method. At the second stage, for simulation of the PbggSroF, system, 20% of
lead atoms were randomly replaced by strontium atoms.

Based on the analysis of the performed simulation, the following results are presented:

1. The introduction of 20% strontium atoms stabilizes the fluorite lattice of the PbggSrq,F, nanoparticle,
while in the PbF, nanoparticle, significant disordering in the cationic motif is observed at the simulation
temperature;

2. An analysis of the root-mean-square displacements of fluorine ions in the binary system of the PbggSrq,F,

solid solution showed an increase of their mobility.
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