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BJIMSIHUE 3KCITO3ULIUU JIASEPHOI'O U3JIYYEHUSA
HA MEXAHUYECKHWE CBOVCTBA 3D Cso
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B pabome uccneoosano 6030eiicmeue cuopocmamuueckozo oasnenusn 0o 80 I'lla u rxcno-
3uUyUY NA3EPHO20 USYUEHUS HA 00BEMHBLIL MOOYIb YAPYZOCIU MPEXMEPHO HOAUMEPU3I0BAHHBIX
cocmoanuii 3D Cgo. Obpaszey Ceo Hazpyscanca 6 Kamepe ¢ aiMazHblMU HAKOBATbHAMU 8 OKPYJHce-
Huu NaCl, komopulii npumenaica 6 Kauecmee cpeovl, nepedarouieil oaenenue. B npouecce nazpy-
JiceHus noo oaenenuem pezucmpuposanuce Pamanoeckue cnekmpui. Ilpoyecc 3D nonumepusa-
yuu Haonwoanca no Pamanosckum cnekmpam, oH XapaKmepus3yemca yuupeHuem u ciusnuem
svicokouacmommuwix Moo Ceo. Cnexmp 3D Ceso cocmoum u3 06yx wupoxux nonoc okono 1560 cm™
u 600 cm™. B naweii pabome npovecc popmuposanus 3D Cso pecucmpuposanca npu oaenenuu 28 I'lla.
Jna uccnedosanus enuaHUA IKCHOZUWUN 1A3EPHO20 USTYUEHUA HA CIPYKIYPY HOAYYAEMO20 NOO
oasnenuem 3D Cgo Ovi1u nposedenvl 06e cepuu IKCHEPUMEHM 08, 8 Komopulx oopazyvt Ceo noosep-
2a7UCh IKCROZUWUAM, paznudarowumca 6 15 pas, na onune éonnvl n1azeprnozo uziyuenun 532 Hm ¢
Oouanaszone oaenenuii om 20 0o 80 I'lla. Bauanue sxcnozuyuu na oasjienue, npu KOmMopom Haodio-
oanocw gpopmuposanue 3D Ceo, 06napysceno He 6b110. IKCNEPUMEHMATILHO YCIAHO6IEHO, YO
oovemuwit mooyap ynpyzocmu 3D Cso ymenvwaemca c 571 I'lla 0o 454 I'lla npu yeenuuenuu
IKcnosuyuu usnyyenusn ¢ 15 pas. Mooynw evtuucnanca us sagucumocmu Pamanoeckoil wacmomaor
1560-1580 cm™ 3D Ceo om oasnenus. Hecneoosanue nonyuennvix oopazuyos 3D Ceo ¢ nomouqsio
npoceeyusaiouiell 31eKMPOHHON MUKPOCKORUYU ROKA3A10, YO 6 00PA3UAX OMCYMCMEyem 0anb-
Huil nopaook. Ilpu smom He 6b1110 6bIAGNEHO CYULECHEEHHBIX CHIPYKMYPHBIX 0COOEHHOCHmEll, ¢
KOMOpbIMU MOJHCEm ObIMb C8A3AHO HADI00aeMoe Pa3iuyue 8 00beMHBIX MOOYIAX YRPY2OCMU 00-
Pa3yoe, NOJYUEHHBIX NPU PAZHOI IKCROZUUUU NPU 6bICOKOM OA6TEHUU.

KiroueBble ci10Ba: BBHICOKUE TaBiICHUS, QYIIepUT, (OTOMHIYINPOBAHHbBIE PEBPAIIEHuUs, 00bEMHBIN
MOJyJIb YIIPYTOCTH
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The effect of hydrostatic pressure up to 80 GPa and laser radiation exposure on the bulk
modulus of 3D Ce three-dimensional polymerized states is investigated. The sample Cgo was loaded
in a chamber with diamond anvils surrounded by NaCl, which was used as a pressure transmitting
medium. In the process of loading under pressure, Raman spectra were recorded. The 3D polymer-
ization process was observed using Raman spectra, it is characterized by broadening and merging
of high-frequency Cgo modes. The 3D Ceo spectrum consists of two wide bands of about 1560 cm™
and 600 cm™. In our work, the process of 3D Ce formation was recorded at a pressure of 28 GPa.
To study the effect of laser radiation exposure on the structure of 3D Cgo Obtained under pressure,
two series of experiments were conducted in which Cs samples were undergone to exposures vary-
ing by 15 times at a laser radiation wavelength of 532 nm in the pressure range from 20 to 80 GPa. The
effect of exposure on the pressure at which 3D Cg, formation was observed was not detected. It has
been experimentally established that the bulk modulus of 3D Cg decreases from 571 GPa to 454 GPa with
an increase in radiation exposure by 15 times. The module was calculated from the dependence of
the Raman frequency 1560-1580 cm™ 3D Cgo on pressure. Study of the obtained 3D Ceo samples
using transmission electron microscopy showed that there is no long-range order in the samples.
At the same time, no significant structural features were revealed, which may be associated
with the observed difference in the bulk modulus of samples obtained at different exposures at

high pressure.
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BBEJEHUE

Wzyuenne u ucciepoBaHWE MEXaHUYECKUX
CBOWCTB MOJIMMEPU30BAHHBIX (DYIUIEPEHOB MPEJICTAB-
asieT ocoOblit nHTepec [1-17]. Cpenu Takux COCTOSHUI
BoiesieTcs Qymeput 3D Ceo, KOTOPHIH 001a13a€T BbI-
COKHMMH IMOKa3aTeIsIMU MEXaHIMUECKIX XapaKTePHUCTUK
(0OBEeMHBIIT MOIYIIb YIIPYTOCTH W TBEPJOCTH), KOTO-
pbl€ IPEBBIIAIOT 3HAYECHUS! TBEPAOCTH U O0BEMHOTO
MOyJIst yipyrocTs anMasa [1-3, 5, 9-13, 15, 16]. Ipu
3TOM TBepAoCcTh 00pasnoB 3D Ceo BappupyeTcs B Tna-
nazone ot 200 1o 300 I'Tla, a 00beMHBIN MOIYIB YIPY-
roctu oT 600 1o 1000 I'TTa [1-3, 9, 16]. Bricokue nas-
JICHUST W BBICOKHE TEMIIEPATYPhl SIBISIOTCS OCHOB-
HBIMH YCJIOBUSIMH TIOJYYEHHUS] MOJIMMEPH30BaHHBIX
¢a3z 3D Ceo. CunresupoBars 3D ¢as3sr Cep MOXKHO,
HampuMep, pH cieayromux yciaopusax: npu 18 ['Tla ¢
NPUIOKEHUEM CABUTOBBIX Aedopmanmii [1, 2]; okoio
25 I'Tla B yciiOBHAX THAPOCTATHYECKOTO HArpy>KEHUsI
[1]; oxono 7 I'Tla ¢ npumeHeHneM Katanu3aropa (ce-
poyriepona) u cisura [1, 10, 11]; mpu 13 I'Tlam 1100 K
[2], 8-10 I'Tla mpu uMIyJILCHOM HarpeBe Jia3epoM 0
temmepatypst 2700 K [9].

Pamanorckuit cnextp nommmepa 3D Cgo xa-
pakTepu3yeTrcs B OCHOBHOM ABYMsI YIIHPEHHBIMU ITH-
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kamu: 600 cm™t m 1560 cm? [1, 2, 10, 11]. Co cnextpo-
CKOITMYECKUMHU 0COOCHHOCTSIMU JaHHOH (ha3bl CBA3aHO
TaKKe CMEIIEHHE YITMPEHHOTO MTHKa B BEICOKOYACTOT-
HOHM o0iacTH PaMaHOBCKOTO CHeKTpa B 3aBHCHMOCTH
OT JUTHHBI BOJIHBI J1a3epHoro u3nydenus [1, 2, 8]. Ta-
KO€ CMeIleHHe HaOMIoaeTcs TakkKe M B HEKOTOPBIX
JPYTUX YIIEPOIHBIX CTPYKTYpax, HalpuMep, B HaHOAI-
Ma3zax [4, 18, 19]. CornacHo padote [4], B PamanoBckux
crekrpax noymmepos 3D Cgo Momy B paiione 1550 cm™
MOYHO CBSI3aTh C SP° THOPUIN30BAHHBIMU CBS3SMH.

B pabote nzy4aercs BnusiHre GOTOMHITYIIUPO-
BaHHBIX NpeBpanieHnii B 3D Cgo mommumepe mnpu BbICO-
KHUX JaBJICHUSIX Ha HM3MEHEHHE OOBEMHOIro MOAYJIS
cxatus 00pasIoB.

METOAMNKA 3KCITEPUMEHTA

B pabote B xadecTBe MCXOTHOTO MaTephana
ucrnonp3oBasics Qymiepen Cgo umcToThl 99,99%.
Harpy>xeHue npoucxoauiio Ipu BICOKUX JTABICHHSIX
B Kamepe ¢ anMa3HbeiMu HakoBanbHSAMHU (KAH) ¢ nc-
M0JIb30BaHNEM BONb(pamMoBbIX TackeT. Cgo Harpy-
xancs no nasnenwii 70-80 I'Tla B okpyxxenun NaCl,
KOTOPBIA MPUMEHSJICS B KaueCTBE CPEbI, Mepearo-
me nasieHue. B skcnepuMeHTax HUCIOIb30BAINCH
aJMa3Hble HAKOBAJILHU 0e3 (pacok ¢ pazmepom pabdo-
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geit miomaaky 200 MkM. J[naMeTp oTBepCTHS B BOJIb-
(hpamoBoii rackere coctarisin 60 mxMm. PamaHoBckue
cinektpel [20, 21] peructpupoBanuch Ha mnpuOOpe
Renishaw inVia 522C43 ¢ anuHO# BOJHBI BO30YX1a-
oniero unyueHus nazepa 532 am. [Tydok nazepa Obu1
cOKyCHpOBaH B ISITHO HA 00pasle pazMepoM 1-2 MKMm.
OO6nyuyenue oOpas3ua Ja3epHBIM H3IIyYCHHEM OBLIO
COBMEIIIEHO C peructpalnue PaMaHOBCKUX CIIEKTPOB.
OO0yyeHre POUCXOMIIO MPU MOIIHOCTSX 15 MBT 1
IMBT (Ha 1-2 MkM) B Teuenne 10 muH. OOnmyyeHue
HAYMHAJIOCH ¢ naBjieHuid B oopasie 20 I'Tla u Bbimie.
JlaBieHue onpenesiioch METOIOM IbE30CIIEKTPOCKO-
nud 1Mo PaMaHOBCKMM CIIEKTpaM HAampspKEHHOTO CO-
CTOSHUS pabodell TUIOMIAJKK alMa3HON HAaKOBaJbHU
[22]. s w3ydeHuss CTPyKTYypBl 00pa3IoOB HCIOJIB30-
BAJICS ITPOCBEYMBAIOIIMM 3JIEKTPOHHBIA MUKPOCKOI
JEM-2010.

PE3VJIBTATBI U X OBCYXIEHUE

W3BecTHO, YTO B YyCHOBUSAX T'MAPOCTAaTHYE-
ckoro Harpyxenus 3D mommmepuzanusa Ceo HaOMIO1a-
ercs npu aasneHusx Beime 25 I'Tla. Ipouecc 3D mo-
JTUMEpH3allui MOKHO (PUKCHPOBATh 10 PaMaHOBCKUM
CIIEKTpaM, OH XapaKTepU3yeTCsl YIIMPEHUEM H CIHS-
HUEM BBICOKOYAaCTOTHBIX MoI Ceo. XapaKTepHBI
crektp 3D Ceo COCTOMT M3 JBYX HIMPOKHUX IIOJIOC
okoso 1560 e u 600 cm? [1, 2, 10, 11]. B naweit
pabote npouecc GopmupoBanus 3D Ceo HabmIOMANICS
npu nasinenuu 28 I'Tla.

Mo ciekTpam orpeaemnsuIoch MOJI0KEHNE TTHKA
B BBICOKOYACTOTHOH oOnacTu PamanoBckoro criektpa
U JaBlICHHE, KOTOPOMY 3TOT MK COOTBETCTBYeET. [list
aHaJIN3a MCIOJIb30BAIMCH CIIEKTPHI, NOIy4YECHHbIE IPU
yBenuueHnn JaieHus Boie 28 ['Tla u npu cHATHH
nasienus (3D cocrosiane Cgo cOXpaHseTcs mocie 00-
paboTKH THUAPOCTATUYECKUM JaBICHHEM BbIIIE 25
I'Tla). U3 3aBucuMocT PaMaHOBCKOH YacCTOTHI OT JaB-
JIEHUS1 BBIYUCIISTICS OOBEMHBIN MOIYNb ynpyrocta Bo
MaTepHa’a 1o COOTHOLUICHUIO MeKAY K03 (HUIIEeHTOM
I'pronaiizena y u gactoroit ® donona [1, 9, 14, 23]:

B, dw
w, OP

Kak u B pa6ore [14] momaraem, 4to Marepua

3D Ceo siBnsietest uzotponnbiM 1 ¥ = 1 (xapakreproe

S3HaA4YCHUC JI1 KOBAJICHTHBIX MaTC€pHUaioB, B HaCTHO-
cTH, Jns yraepona). [lo HakIOHy JTHHEHHBIX 3aBUCH-
MOCTeW 4acTOThl PamMaHOBCKOTO paccestHusi CBETa OT
JIABJICHNSA, TOKA3aHHBIX Ha puc. 1, orpenemnsieM 00beM-
HbIe MOAYyTH yrpyroctu moimmMepoB 3D Ceo mipu pas-
JUYHBIX MOINHOCTIX Ja3epHoro wusiydeHus. Ilpu
MomHocT 15 MBT monmywyaem 3HaueHHMe 0OBEMHOTO
Moyt By = 454412 I'Tla (110 3aBucumMocTH 1 Ha puc. 1),
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a ipu MoutHocTd 1MBT — Boz = 571424 I'lla (110 3aBu-
cuMocTH 2 Ha puc.l). BuaHo, 4To yBenuueHue SKCo-
3ULUHM NPUBOJMUT K YMEHBIIECHHIO OOBEMHOTO MOAYJIS
ynpyrocti. O¢dext doTtononmumepuzanuu Ceo ObLT
u3BecTeH panblue 1 aumepoB U 1D Ceo CcTpYKTYp
[13]. B nameli pabote Mbl OOHApYKWJIH CYILECTBEH-
HOe BJIHSHHUE OOJIydeHHUs Ha JITUHE BOJIHBEI 532 HM Ha
nporiecc GopmupoBanus cTpykrypsl 3D Cgo, KOTOpOE
MIPOSBIISIETCS B 3aMeTHOM (Ha 25%) yMEHBIIEHNN 00b-
€MHOT'O MOZyJISl YIPYTOCTH.
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Puc. 1. 3aBucumocts Pamanosckoit yactotst 3D Ceo OT qaBreHusL.
3aBrCHMOCTH | MoTy4YeHa mpu 00IydeHHH 00pasiia Jia3epoM Ha
JUTHHE BOJHBI 532 HM MOIHOCTHIO 15 MBT, 3aBHCHMOCTS 2 — TipH
morHocTH 1 MBT
Fig. 1. The dependence of the 3D Cso Raman frequency on pres-
sure. Dependence 1 was obtained by irradiating the sample with a
laser at a wavelength of 532 nm with a power of 15 mW, depend-
ence 2 — at a power of 1 mwW

NuTepecHo cpaBHUTH 0OHApYXKEHHBIH A ekt
SKCIO3UIMH JIA3EPHOI0 H3JIy4YeHHs] Ha cBoicTBa 3D
Ceo c TOBeieHHEM JPYTUX YIIEPOAHBIX HAHOKJIACTE-
POB B aHAJIOTHMYHBIX ycioBUAX. Haubonee Oam3kumu
10 CBOMCTBAM SIBJISIFOTCSI HAHOAJIMA3bl pa3MepOM 2-5 HM.
PamaHOBCKUIl CIIEKTp TaKMX HAHOAIMAa30B TAKXKE CO-
JEPKUT MUPOKyIo yuHuIo 1500 M, koTopas, kak mo-
Ka3aHo B pabote [24], otHocutcs K sp° cBszsaM. OOb-
€MHBIII MOAYJIb YOPYrOCTH HAaHOAIMa3oB 2-5 HM co-
crassietr 607 I'Tla [4, 24], uTo OIU3KO K 3HAYECHUSIM
1t 3D Ceo. st cpaBHeHus, ctpykTypa 3D Ceo comep-
KUT 70% sp® cBsa3eii. DKCIO3UIMS JTa3€PHOTO U3ITyde-
Hus noj gasiaenuem go 70 I'Tla, amamornyanas ycio-
BHSM HACTOSIIEH pabOThI, HE MPUBOIUT K U3MEHEHUSM
CBOMCTB HaHOAMa30B 2-5 HM. [Ipu Tex ke ycroBusax
9KCIIO3UIMK OOBIYHBIN anmma3 (pa3mepoM 25 HM)
TpaHCPOPMUPYETCS B OHHUOHBI MPH JABICHHUIX 55-
115 I'Tla [25].

IMocne cHATHA naBieHUs 00pa3iibl ObUIM HC-
CJIEIOBAaHbI C MOMOIIBIO IPOCBEUNBAIOLIEH 3JIEKTPOH-
HOM MUKPOCKONHH. BEISICHEHO, UTO M3MEHEHMSI IPOUC-
XOZST TOJIBKO B 3HAUCHUAX 00BEMHBIX MOIYJIEH yIpy-
TOCTH, TOT/Ia KaK BUAMMBIX Pa3JIMUUil B CTPYKTYPHBIX
0c0OEHHOCTAX HE BBISBIEHO (puc. 2).
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10 nm

Puc. 2. U3obpaxenust 06pa3nos 3D Ceo, MONy4EHHBIX C TTOMO-
IIBIO. IPOCBEYMBAIONIETO JIEKTPOHHOTO MUKPOCKOIIA: &) 10 1 b)
1ocje yBeIU4YeHHs! 9KCIO3UIMHU B 15 pa3
Fig. 2. Images of 3D Ceo samples obtained by a transmission elec-
tron microscope: a) before and b) after increasing the exposure by
the factor of 15

BBIBO/IbI

OOHapy>keHO CYIIECTBEHHOE BIHUSHHUE OOJIY-
YeHMsI Ha JIJTHHE BOJIHBI 532 HM Ha mporecc GopMupo-
BaHus cTpyKTyphl 3D Ceo, KOTOpOE MPOSIBISIETCS B 3a-
MeTHOM (Ha 25%) yMEHbIICHUH 0OBEMHOTO MOJIYJIS
ympyrocTa: Moxyns yMenbinaercs ¢ 571 I'Tla mo 454 I'Tla
IPH YBEIMYCHHH SKCIO3UIIMU H3TydeHus B 15 pas.

V3MeHeHus, TNPOMCXOMASINUNEe B 3HAUYCHHSX
00BEMHBIX MOJTYJIEH YIIPYTOCTH, HE BHI3BIBAIOT Pa3JIH-
YUMBIX TpaHC(HOPMAIMH B CTPYKType MHOJIUMEPH30-
BaHHBIX 00pa3oB 3D Ceo.

BIIATOJAPHOCTH

Paboma evinonnena c ucnonvzosanuem oo6opy-
ooeanus L{KII ®T'EHY THCHYM.

Asmopul  3aaenar0m 00 OMCYMCMBUU KOH-
Gauxma unmepecos, mpedyouie2o pacKkpolmus 8 OaH-
HOU cmambwe.
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