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C moMOIIbI0 KBaHTOBO-XMUMHUYIECKOTO METO/Ia CHJIBHON CBSI3W MPOBOJUTCS TIO-
UCK CTAOMJIbHOM KOHMUIYpaIlud KOMIIO3UTa Ha OCHOBE YIJIEPOJIHOW HAHOTPYOKU
U KepamMuku. B KadecTBe KepaMHU4YeCKOro MAaTepHaJjia pPacCMaTPUBaIACh HAHOYA-
cruna pytmiaa ¢ nosepxaocthio (110) m3 148 aromos. Kpurepmem crabmmbHOCTH
SABJISIJIACH BEJUYNHA SHTAJIBIUNA PEAKIIMH OOPA30BAHUS MCCJIELYEMOTO KOMIIO3H-
Ta. YCTAHOBJIEHO, YTO TPU YBEJUYEHUU TUAMeTPa HAHOTPYOKM SHTAJIBIUS peak-
nmur 00pa30BaHUsT KOMITO3UTAa MOHOTOHHO YMEHBINAETCs. BBISBIEHO, UTO POCTY
CTabUJILHOCTA KOMIIO3UTA, CIOCOOCTBYeT yBesmdeHue umcia caseit C-O mexiy
aTOMaMHU HAHOTPYOKM W PyTHUJIa, & TaK>Ke PACIOJIOKEHUE WX B JBa Psia.

KiioueBbie ciioBa: crabMiibHOCTH, KOMIIO3UT, YIVIEPOJAHAS HAHOTPYOKA, PYTUJI, SH-
TAJIBIINSI, METOJ, CHJIbHOW CBSI3W.

1. IlpenBapuresibHble CBeAEHUS

C MOMeHTa OTKPBITHSI YIJIEPOIHBIX HAHOTPYOOK HAYaJd Pa3BUBATHCSI HOBBIE TeX-
HOJIOTUYEeCKHe c(ephbl, HAIPpaBJEeHHbIE Ha PACIIMPEHWe TPAHUI] [IPUMEHUMOCTHU CyIIe-
CTBYIOIIAX MATEPUAJIOB. B WacTHOCTH, KepaMuKa IMHUPOKO HUCIOJb3yeTCsd B TexX 00Ja-
CTsIX, /e TPeOyIoTCS MPOYHOCTD, KECTKOCTh, IIOTHOCTH, COINPOTUBJIEHHE HCTHPAHUIO,
9pO3UU U KOPPO3WH, TEMIEPATYPE OKPYXKAIOMIEN Cpesbl 1 0oJiee BHICOKUM TEMIIEPATY-
paM. O)]‘HaKO TpaJUIIUOHHbIE KepaMU1IeCKe MaTepuaJibl XapaKTePpU3yroTCd JIOMKOCTBIO,
OrpaHUYUBaIOIIell nX ucnojb3oBanue. OO/ ast BBICOKUMH [TPOYHOCTHBIME CBONCTBAMU,
a umenno mozyieMm FOmnra 1,5 TIla u npounocrbio Ha pacrsizkenue csoie 100 T'la [1],
YIJIEpOIHbIE HAHOTPYOKH MOTYT HCIOJIB30BATHCS B KAYUECTBE YIIPOIHSIONIETO SJIEMEH-
Ta JJIs KOHCTPYKIMOHHBIX Marepuasos. CiemoBarenbHO, pa3paboTKa KOMIIO3UTOB HA
OCHOBE YIJVIEDOJHBIX HAHOTPYOOK U KEPAMHUKH SIBJIAETCS OJHOM M3 aKTYaJbHBIX 3334
COBPEMEHHOI'0 MAaTEPHAJIOBECHUS.

1PaGora BbIONHEHA @pU IOJJEpPKKe TIpaHToB PODOU (npoekr Ne  12-01-31036, mupoekT
Ne 12-02-00807, mpoekt Ne 13-08-00986) u Penepanbhoil nesesoit nmporpammMbl “Haydnble u Hay<IHO-
rmearormdeckue Kaiapbl nHHOBammoHHOM Poccmn” ma 2009-2013 rompr, XLI ouepenb, MepompusiTie
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CymecrByer 60JbII0e pazHoobpasue Mojiesiell KOMIIO3UTOB Ha OCHOBE HAHOTPYOOK U
KepaMUKW, CUHTE3UPYEMbBIX SKCIIEPUMEHTAIbHO. Cpein KepaMUIecKuX MaTepPUAJIOB, UC-
[TOJIB3YEMBIX JIJIsI CO3/IAHUST TTOJOOHBIX KOMIIO3UTOB, 00JIAIAIOIINX TTOBBIIIEHHBIME IIPOU-
HOCTHBIMHU CBOIiCTBaMu, HambOJIee NPUBJIEKATEIHLHBIME JIOJTOE BPEMs CUUTAJNCH Kap-
6un kpemuust (SiC)[2] n okeuyy amomunns (Al2Os) [3]. OgHako caokHOCTE 06pabOTKI
U HEJIOCTATOYHAsT OHOJIOTUIECKasi COBMECTHMOCTh OTPDAHUYNBAET UCIOJIH30BAHUE 000~
HBIX MarepuaJyioB. Hapsiy ¢ KapOHIoM KpeMHHUSI U OKCHJIOM AJIOMUHUS JJIsI TIPOMBIIII-
JIECHHBIX L[eﬂef/i TaK>Ke HCIIOJIb3YIOT KepaMUYeCKUue MaTepruaJibl Ha OCHOBE ITMPKOHUSA [4]
Tem He MeHee Takne MeXaHHUYECKHE XaPAKTEPUCTHKN MaTepUaJia C IIMPKOHHEBOH OCHO-
BOIl, KaK BJ3KOCTH Da3pyIIEHUsI, HE SIBJIAIOTCS JIOCTATOYHO BBICOKUMHE ISl Y/IOBJIETBO-
penust TpebOBaHMIA, MPEIbABIAEMBIX K HAJEXKHBIM KOHCTPYKIIMOHHBIM MaTepUaJjiaM.

B mnocnennee BpeMsi aKTHBHO CTaJd HCIOJb30BATH KEPAMEKY, COCTOSAIIYIO M3 aTO-
MOB TuTaHa [5]. DTO OOBSICHAETCS TeM, YTO TUTAH MIUPOKO HCIIOJIb3YETCsS B MEIUIUHE
y2Ke B TedeHHe MHOruX JieT. IIpenMyInecTBo Takoro mMarepuajia 3aKJIOYaeTcs B IIPOU-
HOCTH, COTPOTUBJIEHUN KOPPO3UM W BBICOKON OHOJIOIMYECKO# COBMECTUMOCTU TUTAHA W
OCHOBHBIX €r0O CIJIABOB C KUBOW TKAHBIO.

[IpuBejieHnble BBIME JAHHBIE CBUJETEILCTBYIOT 00 aKTyaJbHOCTH WCCJIEIOBAHUN
KOMITO3UTa Ha OCHOBE YIVIEDOJHBIX HAHOTPYOOK M wactui Kepamuku. Hecmorps Ha
6OJIBIIIOE KOJTMIECTBO paboOT B 3TON 00JIACTH, ONTUMAJIbHAS KOH(MUIYPAIHAS TAKOI'O KOM-
MO3UTa JIO CUX TOp He BbIsBJeHA. TakKe MAaJI0 BHUMAHUSI YIEJSIETCSl BBISBICHUIO 3a-
KOHOMEDHOCTEH BJIMSIHUSI TEOMETPUYECKHUX ITapaMeTpoB HAHOTPYOKH Ha CTaOUIBLHOCTD
kommo3uTa. [losTomy 1esibio JaHHOH pabOTHI SIBJISETCSA MOUCK CTAOMIbLHONW KOoHMUTypa-
MU KOMIIO3UTA HA OCHOBE YIJIEPOJIHOI HAHOTPYOKH M YACTHUI[ KEPAMHUKU C I[TOMOIIHIO
KBAaHTOBO-XUMHUYIECKOI'O METO/IA CHJILHON CBSI3MU.

2. Metoa cuibHOIT CBI3M

Crocob dbopmMupoBanusi raMUJILTOHUAHA, 3aKJIIOYAIONIANACA B MOCTPOCHUU B PEAb-
HOM TIPOCTPAHCTBe B 0a3nce s- U P-OpOHTAJEHl BHEITHUX JIEKTPOHHBIX CJIOEB ATOMOB
yIJIepojia, MO3BOJISET PACCUUTHIBATH METPUYECKHE XApaKTEPUCTUKHA ATOMHOI'O KapKaca
U 3JIEKTPOHHBIE YPOBHU IPU PA3JUYHBIX JIOKAJHHBIX U3MEHEHUSX B CTPYKType MOJie-
KYJIBL.

s co3manusi 3eMEHTAPHON sIYeKd pPyTUaa HEOOXOINMO pPAacCMOTPETh XUMUYe-
CKOEe B3aMMOJEHCTBAE MeXKJy aTOMaMH TUTAaHa W KHCJIOPOoJa. VI3BECTHO, YTO aToM TH-
TaHa WMeEEeT dYeThIpe CBOOOIHBIX 3JIEKTPOHA: TPU JEKTpoHa Ha d OpOUTANSIX W OJIUH
9JIEKTPOH Ha s-opburtasju. B manHoit Momenu Obuin B3gThI opbutasn dxy, dxz, dyz.
st MOJIe TMPOBaHUsT XUMUIECKOTO B3aMMOJIEHCTBUST MEXKJy aTOMaMH THTaHA W KUC-
JIOpO/ia OBLJIO MPOBEIEHO YIIPOIEHNEe, B paMKaxX KOTOPOro d-objako paccMaTpUBAJIOCH
B KadeCcTBe IJIOCKOro Kpyra. IlapaMerpbl raMujIbTOHHAHA M3MEHSJINCh B 3aBUCUMOCTHU
OT YIJIOB B3aUMOJIEHCTBHUSI MeXKJy OpOMUTaIsIMU aTOMOB. KcjiM KOCHHYCBI YIJIOB ITOBO-
pora dxy-opbuTasieit OgHOrO aroma THUTaHa u dXy-OpOHTaJiell APYroro aroMa THUTAHA
SIBJIAIOTCSA HYJIEBBIMU, TO HEINATOHAJIBHBIM 3JIEMEHTOM MEPEKDPBITHS TaMIIbTOHUAHA
JUIsT TAKUX TUIOB B3auMozeiicTsuii Oymer sHeprermdeckuit tepm Vdds. Ecim kocumy-
Chl yIJIOB MOBOpOTa dxy-opbuTtajieii aTOMOB THTAHA HEHYJIEBbIE, TO HEINATOHAJHHBIM
9JIEMEHTOM II€PEKPBITHsI TaMUIbTOHMAaHa Oymer sHepreruueckuii Tepm Vddd (puce. 1).
Anajiornunbie B3aUMOJIEHCTBUSI, 3aBUCAIIUAE OT YIVIOB IIOBOPOTa MEXKJy OpOUTAJISIMH,
OynyT HaOmOmaThCA myia dxz-opbutaseil u dyz-opOurtaseit aromoB TuTaHa. [lapamerpsr
B3aMMOJIEHCTBUST MEXKJy aTOMaMU TUTAHA W KUCJIOPOJA, a TAKXKe MEeXKJy aTOMaMU TH-
TaHa TpencrasieHbl B pabore [6]. [Ipu onmcaHun B3amMOAEHCTBUS MEXKIY TUTAHOM U
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KHCJIOPOAOM (heMEHOJIOTAYIeCKas SHeprus He yduTbiBaeTcs. llosHas sHeprusi cucreMbl

Puc. 1. BzanmomeiictBue sneprerutdecknx Vygq 00TaKOB

Haxoaurcs 1o dopmyse [7]
Etot = Ebond + Erepa (21)

rje Eyong — 9HEprust 3aHATLIX 3JEKTPOHHBLIX COCTOAHUil ¢ yderoMm cuuHa, K., — aHep-
rus OTTaJIKMBAaHMsl, KOTOpas sABJdeTcd Pe3yJabTaToM 3JIEKTPOHHOI'O B3auMMOJeHCTBUA
MEXK/Iy aTOMaMHu YTJIEPOJIA.

DHeprus 3aHSTHIX JEKTPOHHBIX COCTOSHUN OIpeJesseTcs 0 (QopMyIie:

Ebond =2 Z €n- (22)
n=0

31ech €, — dHEPrus 3aHATOIO 3IEKTPOHHOI'O COCTOAHHS, N — UHCJO 3AHATBIX COCTOL-
auii. COBOKYIHOCTH BCeX (CBOOOMHBIX M 3aHSATBHIX) COCTOSHMII COCTABIIAET SJIEKTPOHHBII
CIIEKTD, KOTOPBIA PacCUMTBLIBACTCA B PE3y/bTaTe JIMAarOHaJIN3alud FaMUJILTOHHAHA, I10-
CTPOEHHOI'O B OJIHO3JIEKTPOHHOM IpubsmkeHnu. HeamaronajapHble 37€MEHTHI TaMUJIb-
TOHHAHA JJIsl YIVIEPOJHOI'O B3AUMOJEHUCTBUS DPACCUUTBHIBAIOTCS CJIELYIONIMM O00pa30M:

ija  P3 r p3
Vija(r) = Vo' (=) exp(p1[—(—)"* + (=)™]), (2.3)

r D2 D2
TJIe 7 — PACCTOSHUE MEXKJIy aTOMaMu, i, j — OpOUTAJIbHBIE MOMEHTHI BOJHOBBLIX (DYHK-
muil; p, — UHICKC, YKa3bIBAIOIIUNA TUII CBA3U (U Wi ) Ilapamerpsr p, (n =

=1,2,3,4,5), paBHOBeCHLIE HHTErPAJIBl MEPEKPBITHT Visss, Vospss Vopps, Voppp B &TOM-
Hble TEPMBI €5, €, [ yIVIEPOAHBIX CTPYKTYP IpPEeNCTaBlIeHBl B pabore [7]. dms B3an-
MOJIEHICTBUSI ATOMOB THUTAHA C KHCJIOPOJOM, TUTAHA C THUTAHOM, & TAKXKE€ KHCJIOPOJIA C
KHCJIOPOJOM HeINarOHAJIbHbIE MATPUYHbIE 3JIEMEHTHI I'aMUJIBTOHUAHA PACCUNTHIBAIOTCS
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CJIEIYIONMIM 00OPa30M:
_ yijaP3\pg r Pp3
Vija(r) = Vo (=5)P® exp(p1 [~ (—)P* + (—)7]), (2.4)
r D2 D2
IMapamerper  pn  (n=1,2,3,4,5) ¥ paBHOBECHbIE WMHTEIPAIBI  IIEPEKPBITHS
Voddeo » Voddrs Voddd, Vosde DTUX THIIOB B3aMMOJEHCTBHUIl IIpejcTaBjieHbl B Tabsa. 1-3.
OTTra/JIKuBaTeIbHAST SHEPIUsl, YINTHIBAIOIIAS MEXKIJEKTPOHHOE U MEXK'bIEPHOE B3a-
UMOJIEHCTBUSA, MPEICTABISIETCS B BUIE CYMMBI HApPHBIX MOTEHIIMAJIOB:

IlapameTpsl Jisi B3aUMOJIEHCTBUS ’KUCJIOPOA-KUCIOPOT’

P1 P2, HM p3, HM 2z
1,6876 2,9628 2,1346 6,23
Vopo pf,pa, 3B Vopr ngm 3B
0,25 -1,16 -0,05 -1,16

ATomHast CTPYKTYpPa HAaHOY9aCTHUIbI PYTHUJIA

Erep =Y Veep(lri —751), (2.5)
i<j
rje 4, j — HOMepPa B3aUMOJIEHCTBYIOMIUX ATOMOB, Tj,7j — JIeKapTOBBIE KOOPIMHATEL,
Vrep — ONPEIEJISCTCs BBIPAXKEHHEM
p3 r P3
Viep(r) = ps(==)P° exp(ps[—(—)"* + (==)"]). (2.6)
r D2 D2
Tabauma 1
ITapamerpsl aJisi B3amMoOAeHCTBUA ’TUTAH-TUTAH’’
P P2, HM Pp3; HM P4
3,1792 | 5,0613 2,964 1,868
Voddo | Poag> 9B | Voddr | Piar, 9B
-0.5 2.28 0.26 2.2796
Vodad | Poag» @B | Vosdo | Pl4ys 9B
-0,035 2,2796 | -2,0294 | -1,0141
Tabsmia 2
ITapameTpsbl [Jjisi B3auMO/IeiicTBUS ’TUTAH-KUCJIOpOa’
P1 P2, HM Pp3, HM P4
8,0445 5,0613 2,1346 43,918
V;nda pf)d[ﬂ 3B V}ad‘rr p?)dﬂ'? sB
-1,68 -36,859 0,77 -35,69
V;da pgdo-a 3B
-0,2576 -10,56
Tabsma 3

B macrosimee Bpemsi puokcuy turasa (Ti0;) sBisiercss MHOMO(QYHKIMOHAILHBIM
MaTepuaJoM, KOTOPbIff HaAXOJIUT IIPUMeHEHHe B IIMPOKOM JiMalla30He TeXHOJOTMYeCKUX
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obstacteit. B wactoocTn, G/1aromapss CBOMM ITOBEPXHOCTHBIM CBOMCTBAM JUOKCHJ THUTA-
HA UIPaEeT KJIIOYEBYIO POJIb IPHU CO3/JAHUU IIEJIOT0 Psijia JIEKTPOHHBIX ycTpoiicTs. [lu-
OKCHJ TUTAHA CYIIECTBYET B TPEX PA3IUIHBIX KPHUCTAJIIOTPADUIECKUX KOH(PUTYDPAIH-
sX: pyTUJ (TeTparoHasbHasl YIAKOBKA, IPOCTPAHCTBEHHAs IPYINa, BEKTOPa PEIIeTKU
a=b=0,458 um, ¢=0,295 um), anaras (TeTparoHaJbHasg YIIAKOBKA, [IPOCTPAHCTBEHHASI
rpyuma, Bekropa pemerku a=b=0,378 um, ¢=0,95 um) u Gpykur (pomGosapUUecKasi
YIIAKOBKa, IIPOCTPAHCTBEHHas Ipyina, Bekropa perterku a—=0,543 um, b=0,916 um).
O):[Ha.KO JJId IIPAKTUYIEeCKOr'o IIpUMEHEHU A 60.HI)HI€ OCTaJIbHBIX IIOAXOJIUT PYTHUJ, IIO-
CKOJIbKY obsajaer Hambosee crabusbHON KoHburypanueit [8]. Cpenu mMHOrooGpaswust
HOBEPXHOCTE! PyTU/Ia NPEANOYTEHUE OTAACTC HU3KOUHJIEKCHBIM 1oBepxHocTaM (110),
(100) u (001) mo mpumumHe nMX BBICOKOH crabmibHOCTH. CaMoil CTaGUIIbHOM CYUTAeTCs
noBepxHocTh pyruia (110), 94T0 HOATBEPAKIEHO TEOPETHYECKUMU U IKCIEPUMEHTAJIb-
ueiMu uccaenoBanuamu [9]. Tlouek crabuiabHON KOHDUrypamuu aTOMHON CTPYKTYDBI
HAHOKOMIIO3UTA HA OCHOBE YIVIEPOJHON HAHOTPYOKM U KEepPaAMUKH HAYAJICs C TEOPETUde-
CKOI'0 HCCJIEJIOBAHUS MOJEJN CJEAYIONero Tuna. B KadecTBe 4acTUIBI KEPAMUKN HAMHU
Gbuta B3siTa HaHoudactuia pyruia (T902) ¢ mosepxHocTbio (110), cocrosimast u3 148
aromos [10]. IToepxuocTs (110) cOoAEp:KUT ABa PA3IMIHBIX TUIIA ATOMOB: THTAH U KHC-
JIOPOJI. DJIeMeHTapHAs siueifKa PYyTHJIa MMeeT CJIEHYIONYI0 CTPYKTYDPY: KayKJblii aToM
TUTAHA OKPYXKEH OKTA3/IPUYECKU IIECTHI0O aTOMaMM KHCJIOPOJA, B TO BPeMs KaK KarK-
JIBIL aTOM KHCJIOPOJia OKPYXKEH TPEeMsl aTOMaM{ THUTaHA, PACIOJIOXKEHHBIMH B YIJIax
paBHOCTOpOHHEro Tpeyrojbauka (puc. 2). Iosepxuocrs pyrusa (110), ucciemyemas B

Puc. 2. Duemenraphas siueiika pyruna (Ti0s)

JIaHHO#I pabore, cTpomach cieayomuM obpaszoMm. [IlecTukpaTHO KOODIMHUPOBAHHBIE
aroMbl TuTaHa Ti(2) dwepeayioTcd ¢ IATUKPATHO KOOPAUHUPOBAHHLIMU ATOMAME THU-
rada Ti(4) ¢ omHOIl HEHACDHIINEHHOH CBA3BIO NEPIEHIUKYJIAPHO IIOBEPXHOCTU. ATOMBI
kuciopona O(3) u O(5) TpexkpaTHO KOOPIMHHUPOBAHBI.
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Puc. 3. Aromuas crpykrypa Komiosura HaHOTPYOKu (5,5)-pyTmi

4. OmnpeneneHne cTabUJIbHON KOHMUTYypanun
KOMIIO3UTa HA OCHOBE YIJIEPOAHOI HAHOTPYOKM
U PyTHJIa

UcciemoBanre cTabUIbHOCTH HAHOKOMITIO3UTA yIJIEpO/IHAs HAHOTPYOKa—PyTUI’ OCy-
IIECTBJISJIOCh HA HAHOYACTUIIE PYTH/IA, KOTOpPas COCTOUT m3 148 aroMoB M HAHOTPYOOK
pasnoro gmamerpa. lmamerp manorpybok mamensiics ot 0,725 mo 1,028 mm.

Ucxonnasa Momenb, uccaeayeMass B JAaHHON paboTe, MPeICTaBIsSIa COOOH HAHOKOM-
[O3UT HA OCHOBE YIJIEPOAHON HaHOTPYyOKm armchair (5,5) mquamerpom 7,25 A u pommoit
16 A u HaHouyacTuibl pyTuaa (110), cocrosimeit n3 148 aromor. C mOMOIIBbIO KBaH-
TOBO-XMMHMYECKOIO METO/a CHJIbHOW CBsi3U ObLIa HaiijleHa pPAaBHOBECHAs KOH(UTYpPAIUs
ATOMHOI1 CTPYKTYPBI yIyiepoguoii Hanorpyoku (5,5) u Hanouactuupl pyrusia. Hanorpy6-
K& ¥ JaCTUI@ PyTWIa ObLIN COeIUHEeHbl 4eThipbMsl cBa3samu C-O, pacrosaraionyuMucs
B omuH psja. llpucoennusnacs TpybKa K BEpXHEMY DIy aTOMOB THUTAHA, HAXOJISAIIHX-
Csl B IEHTPE I[OBEPXHOCTU PYTHA. ATOMHAs CTPYKTypa ITOJIyYHUBIIErOCsi KOMIIO3UTA
[peJICTaBIeHA Ha pHC. 3.

[Touck crabuabHON (hasbl HAHOKOMIIO3UTA OCYIIECTBJISIJIC MUHUMU3AIMEH ITOJHON
SHEPruu 00pa3I@a Mo JUHEHHBIM Hmapamerpam. Jljis ONeHKH CTAaOMIBHOCTH HAHOKOMIIO-
3UTa OCYIIECTBJSJICH PACUYeT JHTAJIBINN PEAKIUU COEINHEHUs HAHOTPYOKH U DYTHUJIIA.
PesynbraTs! pacdera s 1epBoil paccMaTpUBaeMOl MOJIESIN ITOKA3aJIU, YTO SHTAJIBINA
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peakyn 00pa3oBaHUA KOMIIO3UTa Ha OCHOBE YIJIEPOJHON HAHOTPYOKHM M PYTHJIA COCTAB-
nget 13 9B. CieoBarenbHo, IPOUECC ABISIETCA SHJI0TEPMUIECKUM, & 3HAYUT, B JAHHOM
caydae coeluHeHHe TPYOKU W PYTUJIa He SIBJISETCS SHEePreTUYeCKN BBITOJIHBIM.
Jlanee onmcaHHBIA BBINIE aJTOPUTM BBISBJICHHS CTAOMJILHON (ba3bl HAHOKOMIIOZHTA
ObLI IPUMEHEH K MOJIEISIM C yIVIEPOJHBIMA HAHOTPYOKaMu armchair Gosibirero mmamer-
pa. C mOMOIIBIO KBAHTOBO-XUMHYECKOTO METO/A OBLIM BBIOIHEHBI PACIETHI SHTAIBIIAN
peaknuu o0pasoBaHUst KoMnosuta ¢ TpyOkamu (6,6) (mmamerp 0,82 uwm), (7,7) (nma-
merp 0,953 M) u (8,8) (nquamerp 1,028 um). JnuHa TpyOKu ocTaBajach HEM3MEHHOI.
B pesynbrare pacderoB OBLIO yCTAHOBJEHO, UTO JJIS HAHOKOMIIO3HTOB Ha OCHOBE yT-
JIepoJHON HaHOTPYOKH amamerpoM 0,82 HM M BBIINIE SHTAJLIHS PEAKIUN COEJIUHCHHS
TPYOKH U pyTHJIa CTAHOBHTCA OTPUIATEJNLHON, a 3HAYMT, 0Opa3OBAHME TAKOTO HAHO-
KOMITO3HUTa SABJISIETCA BBITOIHOMN 110 SHEPruH. ' paduK 3aBUCHMOCTH SHTAJIBIIUA PEAKIAN
HAHOKOMIIO3UTa OT JuaMeTpa HaHOTPYyOKH IpejcrapieH Ha puc. 4. 13 rpadguka BugHO,
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JluameTp HaHOTPYOKH, A

Puc. 4. I'paduk 3aBUCHMOCTH IHTAJIBINN PEAKIINNA 00PA30BAHUS KOMIIO3UTA HA OCHOBE
YIJIEPOIHON HAHOTPYOKU M PYyTUIIA

9TO C YBeJMYEHUEM JHAMETPA HAHOTPYOKH SHTAJBINS PEAKIIUU COeIUHEHUs TPyOKu
C HAHOYACTUIEHl PyTHJIa MOHOTOHHO yMEHBIIAETCS.

Hasnee Hamu nccieioBajgach KOHGUrypaIys KOMIIO3UTa, B KOTOPO#l yriepojiHas Ha-
Horpybka (7,7) u Hamoyacruna pyruia Obuin coeguHeHbl BoceMbio cBs3samu C-O -
woit 0,316 um B nBa psama. TpyOKa nprucoeInHsAIaCh K ATOMAM TUTAHA, PACIOJIOKEHHBIM
CUMMETPHIHBIM 00pa30M B BEpXHEM DsJIy MOBEPXHOCTH PyTHJa. ATOMHAsI CTPYKTypa
00pa30BaHHOIO KOMIIO3WTA IIPEJICTAaBJIeHa Ha PHUC. D.

IMokazaHo, 4TO IHTAIBIUSA PEAKIMU KOMILIEKCAa U3 HAaHOTPYOku (7,7) M dYacTUnbl
pyTmia, cocrosimeit m3 148 aromoB yriepoga, cocraBmia —23,8 3B. Ha ocrose sToro
MO2KHO 3aKJIIOYUTh, YTO Iporecc (hOPMUPOBAHUS CBS3€ll B TAKOM KOMILJIEKCE SBJISETCS
SHEPI'eTUYIECKHN BBITOJIHBIM.
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(7.7)

Hf=-23.83B

JK30TEpPMUHECKUI NpoLece

Puc. 5. Aromuas crpykrypa KOMIo3ura HaHOTpyOka (7,7)-pyTui

BriBoapbl

B xome KBaHTOBO-XMMWYECKOTO UCCJIEIOBAHNS, ITPOBOAMMOIO METO/IOM CUJIBHON CBsi-
3u, HaiifieHa crabwibHas KOHMUIYPAIMS KOMIIO3UTA ~YIJIEPOJAHAs HAHOTPyOKa — py-
Tir’. CTabUIBLHOCTD CTPYKTYPBI OIEHUBAJIACH 110 BEJIMINHE SHTAJBIINN PEAKIUU 0Opa-
30BaHUs] KOMIIO3UTA. YCTAHOBJIEHA 3aBHCUMOCTH MEXKJy CTAOUIBHOCTHIO KOMIIO3UTA U
reOMeTPUYECKUME TTapaMeTpaMyu HaHOTPYOKU. B paMKax JaHHOTO WCCJIEIOBAHMS CAMOMN
CcTaOUIbHON KOHQUTrypanueil KOMIIO3UTA sIBJISIETCS COeJMHEHNe HAHOYACTHUILI PYTHUJIA
u3 148 aromoB m mHanOTpyOkm mymaoit 1,6 HM m auamerpom 0,95 um. Bzammopeiictue
pyTmwia u HAHOTPYOKM B TAKOM COEIMHEHHH OCYIIECTBJISETCS YE€THIPbMS XUMUIECKUMU
csassimu C-O. Ilpu yBesimuenun xosudectBa csaseil C-O crabuibHOCTH KOMIIO3UTA HA
OCHOBE YIJIEPOJHOW HAHOTPYOKU M pyTujia Oyjier yBeIuduBaThCs.
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THEORETICAL STUDY OF STABILITY OF COMPOSITE
BASED ON CARBON NANOTUBES AND RUTILE

© 2013  O.E. Glukhova, A.S. Kolesnikova, I.N. Saliy, M.M. Slepchenkov®

With the help of quantum and chemical method of close coupling, finding
of stable configuration of nanocomposite on the basis of "carbon nanotube and
ceramics"is carried out. Rutile nanoparticle with surface (110) consisting of 148
atoms was considered as ceramic material. The criterion for stability was the
enthalpy of reaction of formation of investigated composite. It is found out that
the enthalpy of reaction decreases monotonically with increasing diameter of
nanotube. It was revealed that the growth of stability of composite contributes
to the increase in the number of bonds O-C and their location in two rows.

Key words: stability, composite, carbon nanotube, rutile, enthalpy, method of
close coupling.
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