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VIIK 539.18

I'PYIIHBI CHMMETPHH YT AEPOAHLIX HAHOTPYEOK

Axcenos B. JI., laxmaros B. C,
JH® OVAU, 141980, JyOHa, Mockorekas o

Ocaungan ¥0. A,
HDTT PAH, 142432, Yepnoronoeka, MockoBckas oOIL.

WcenenoBana cTpykTypa M IPEANOKEHS! TPYITILI CHMMETPHH Pa3/iTHbIX
THHOR YrIEPORHRIX HaHOTPyGOK. YrRepooHsle HAaHOTPYOKH THTA 3Mrsar

. ) . i
(zigzag), (n, 0), n-enoe 9uCI0, HMEIOT ABE TPYIUIE] CHMMETPHE D,. n
2
D,,, 14 HeuerHoro u yeTHOro n, coorsercTBeHHO. TPYOKH THmA CTY-

. 3 4
MeHRKH (armchair), (n, #), MMEIOT Takxe ABe IPYIIIH, D, H D, xo-

TOpRie HOMOP(HE! MPENBUYLUIAM IPYINIAM, HO OTHMUAIOTCH OT HHX OC-
HOBHEIM BEXTOPOM TPAHCIALMK BAOML ocH TpyOxH. HaHotpyBku ofimero

r o

DA {1, m) (1> m B m # 0) UMEIOT [PYIIE CHMMETPHH D;"" . B Cydae

ecnn N = Z(n2 +m+ nmy f (n - m) — Lenoe QHCHO, A Hefble SHena ' | m’
OMPeASRAIOT OCHOBHOH BEKTOD TPAHCISITH.

B nocneasue rogs vabmogaercs SHAYMTENbHBL MHTEpeC K HCCTe-
AOBaHUIO yIiepoAHbix HauoTpyOok (YHT). Oto ceasano xak ¢ HX uH-
TepecHbiMH (QHIHIECKMMH CBOHCTBAMM, TAK ¥ ¢ GONBIUHME BOIMOM-
HOCTAMK TEXHUIECKHX NIPUMEHEHHH, HATIPUMED, B HAHO3/ICKTPOHHKE.
Orzensnas YHT ofnanaer 160 Meramnmudecko, THOO XOTyIpoBO-
HUKOROH NPOBOAUMOCTEE) B CTPOro# 3aBHCHMOCTH OT BEAMHMHHBI Pa-
auyca TpyGKy unm yria cnxpansHoctH {1]. Tpupona mux 3aBHCHMO-
CTe B HACTOMLIEe BpeMa He CHA.

Xopomo u3BECTHO, YTO JUIA OMACAHHMA (HIUYECKHX CBONCTE JIO-
OBIX 00hEKTOB CYIIECTBEHHYIO MOMOIIL OKAGIBAET 3HAHME HX CHM-
MeTpuH. Oanako NOMHbIH cuMMeTpuiiielt ananns YHT no cux nop He



nposened. B pacrosmeit pabore uicenenoBana CTPYKTypa W ycAoBUA
COBMECTHOCTH TPAHCIAUNOHHOH ¥ NOBOPOTHOR CUMMCTPHH YHT.

Onpegennm Tpybky cneayionmm obpasoM. PaccMoTpuM naocc-
KOCTE, OGTAZAILEYIG HEKOTOPOH AHCKPETHOH TPRHC/IAUNOHHOH CUM-
MeTpueil. 3Ta CUMMETpHA 3a1aeTCH ABYMS OCHOBHBIMY HEKOJUIHHEAP-
HBIMH BEKTOpaMu #8; M 2z {(CM. puc. 1). JroBo#t BexTOp TpaHCHAIHH
R = na, + ma, onpeaensercs b 6asuce BeKTOPOB {2, 8} ABYMSA UHC-
namu (1, m). TpybKa Tawke MOMHOCTHIO onpenensercs sexktopoM R,
T.e. IBYMS umcaamy (n, m) B BuiGpanHom Gasuce {a,, a;}. Harpumep,
VHT (3, 1) moayyaercs ¢ MOMOU(BIO “CKNEHMBAHMA~ ABYX Pa3peios
IUIOCKOCTY BJ0Nb ITyHKTUPHBIX RAHHA TaK, wro0e!l Toukyd O 0 A coB-
naJy, a Ta e Npouefypa “CricHBaHUs” NBYX APYTHX paspesos nioc-
KOCTH, NPH coBnagenny Touek O u A’, mpusoput x YHT (4, 2) (oM.
Takke [2]).

Pue. 1. Ucxonuas nnockocTe ans moctpoenua YHT. Vraepondbie
aTOMB] HAXONSTCS B BEpHIMHAX LIECTHYTONLHHKOB; {4, 42}-0asucHbie
BEKTOPH TpaHcasiud Juis  iockocTd. [lpwmuwruBHas — sweiika,
MIOCTPOEHHAA HA BEKTOpax {a), &1}, COJACPKUT JBa aToMa yriepoaa.
“CgeMBanne” JBYX pa3pesoB INIOCKOCTH BROJB IYHKTHPHBIX JIMHHH
TaK, yroOsl Touku O W A conamu, npusoaar k YHT (3, 1}, a npy
ApYroM paspese, npu cobliageHHH Touek O M A’, Bosnukaer YHT
4, 2).

Ha puc. 2a noxaszaua crpykrypa YHT (4, 2). Kak BuaHO U3 puc. 2a,




TpyOKy (4, 2) MOKHO HOCTPOMTH C NOMOIOBIO “HAMATBIBAHUS Ha crep-
KEHB” HBYX YTNIEPOHHBIX HUTEH BHOML HATIPABACHUS A MAM YETBHIPEX
YIASpOAHBIX HHTSH BOONL NPYrOro HANpPABICHUA @y (oM. puc. 1 u 2).
H3 Takoro nocTpoeHua CISAYST, UTO B WHIHHAPHUYECKOH CHCTEME KO-
OpAHHAT {@, 0, Z}, TAC YTON ¢ OTCHHTHIBAETCA OT OcH X (M. puc. 2),
CHMMETPHIO TPYGKM MOMNHO ONHCATE HA OCHOBE LMKITHYECKOi FPYMITE]
JAVUCKPETHBIX HOBOPOTOB € 3/EMEHTOM IpPYIIIEI (qo|1:), rie ¢—
[IOBOPOT HA HEKOTOpPH KOHEUHBIH YroX BOKPYr ocH Z, a T—
COMYTCTBYIOUIMHA BEKTOP TPaHCIRUHH BAONL ocit Z. Pamuyc P TpySku
(n, m) onpegensercs U3 GopMyIInl:

(ZF 0y = (1 4 it + ), (1)
a

rle a — JIHHa 6a3UCHOT0 BEKTOpa a1 (WM a,).

Puc. 2. a) Ctpyxtypa YHT (4,2); b) Crpyxrypa VHT (2,2) tvna
CTYNEHbKYM. TeMHBIM LBETOM BBIACNCHB JIBA IUECTHYTONBHHKA,
KOTOPBIC CBA3AHBI MUHHMMANLHON Tpascagiuelt t BAORL ock Z.

Pacemotpunm oady u3 manGonee cummerprunnix YHT. Ha pue. 2b



nokazana crpykrypa YHT (2, 2) tuma CTyNEHbKH. BugHo, uTe noso-
poT Ha yron 7t BokpyT och Z, C; = €2 = C9Cy, v nusepcus I sensoTes
anemerTamu cuMmeTpun s1olt YHT. OcHOBHON BekTOp TPaHCIISIIHH,
t (| = a), sumen w3 puc. 2b. MimeeTcd TaloKe SHEMCHT CHMMETPHU
(C4t/2), cocTapneHBBIA U3 MOBOPOTA HA YroN /2 BOKpYT ocHl Z U cO-
ITYTCTRYIOUIEro BekTopa 1/2 # IOBOPOTE! BOKPYT HEThIPEX oced BTopo-
r'o MOpAAKA, KOTOpHIE MEPNEHMKYAAPHBI ocH Z. 31U otH 0003HaIHM
Uy, (Ugt/2), Us 1 (Uylt/2). Ocn U, 1 U napanie/ibHel 0CsM XuY ne-
KAPTOBOM CHCTEMBI KOODIHHAT, COOTBETCTBEHHO. (IeNOBATERBHO,
cTpy«Typa rpynnst cammerpuu YHT (2, 2) umeer BUf

(E, (Ct12), C&, (G WD)®(E, Uy, (Ut12), Us, (U2)}®

QE, }®{E, t,..., t....}, (2)

3nech E— TONKIECTBEHHEI 3MEMEHT, ® — 03HAYaeT NpAMOoe npou3-
BeeHNE FPYIII, SJIEMCHT TPAHCIAIMH t“=tote.. .ot =kt. 3amerum, 9T0
HOBOPOTHBIE MEMEHTH CHMMETPUH COCTABIAIOT TOUEUHYIO TpyITy

D., (3], nosToMy ofosHadum rpyriry CHMMETPHH YHT (2,2) xak
Dib . Taxum o6pazom, rpynmnoii cummerpun moboit vetHolt YHT Tu-
na cTynewbkd, (2n, 2n), n= 1,2, 3,.., ABIIA€TCH rpynna Dinh :

(E, (Caaft/2), Can'srr (Can™' [W12)}B{E, Ul, (U)t12),..., (Uadt/i2)}®(E,
N®{E t... t5..}, (3 '

v
3aeck Ca, ABASETCH NOBOPOTOM Ha YTOI on BOKpYF OCH Z.
ft

AHaNOrMubbli ananuz pns Heuerpolf YHT Tuma crynedbid,
(2r + 1, 2n + 1), maeT ¢NSAYVIOLIYIO CTPYKTYPY IPYHITRE

{E, (Camsplt2) Cagns pies (Caarn™ ' WDIBLE, Ui,
(Uat/2)serrs (Unaa + nlt/2)} ®LE, (WDIB{E. 1,..., ... 1. (@)




Ot™ernm, uro B omutue ot (3), yHBepeus s (4) COMEPHKHT COMyT-
CTBYfOUIMH 3NEMEHT TPAHCMUMA b2, MOITOMY OGOSHRYHM JAHMYIO
7 .
TPYLIly Kak D2(2n+l)h .

HManee paccmorpum YHT Tuna sursar, (n, 0). Anammn CTPYKTYPhBI
NPHBOJMT K IPYNNaM, KOTOPBIE ABIAIOTCE WM3OMOPOHBIME Ipyrimam

1 2 ]
Dsonay® Dy, > OAHEKO B TaHHOM Ciiydae OCHOBHOH BEKTOP

TPAHCAALMY PaBeH V3 t, a COrmyTCTBYIOUIMH BEKTOP /1S FOBOPOTHBIX

3MEMEHTOR CHMMETPHH (M HHBEPCHH) PaBeH —2—t. H3-3a paznuusg 8

TPAHC/SHMOHHON CHMMETPHH, 0603HAYHM 3TH TIpYHIBl CHMMETpMH
3 4
Dy ¥ D, .., » COOTBETCTREHHO.

Janee paccmotpum cummerpito YHT (n, m) ofmero Ttuna, rie
n>mum#0,ayron cIHpaNBHOCTH ¥ (M. puc. 1) paseH

m~/3

m+2n ) ®

Y =arctg (

Tax kak HHBEPCHA MEHSCT YFoJ CIMPATEHOCTH HA APOTUBOTIONOXK-
HuIi, OHA HE ABNAETCT INCMEHTOM cumMmeTpua YHT ofmero thna. 3a-
METHM 37eCh, wTo Ana YHT tuna crynensku (n, 1) yron cruupanbHoO-
et ¥ =1/6, a TpyOka ofnanaer cuMmeTpueli Mo OTHOMEHMIO K MH-
BEPCUM B PE3YALTATE TOTO, YTO Y0 MEXy DasHCHBIMM BEKTOPaMH 4,
W a; pased /3.

Ans VHT (4,2) (cm. puc. 2a) umerorcs CIEAYIOIHUE INEMEHTEI
CHMMETPHH:

{E, (Caafo), (Csf)’,..., (Coit)” }®{E, Uy, (Uft),..., (Ungt®)}®

®{E, t,..., t5,...}, (6)

3neck (Cpslt) — aBnseTcs 06pasyIOMHM  3JEMEHTOM IHKIMNECKOM

10



rpynnsl popagka 28, T-— ABIACTCA COMYTCTBYIOWMM BEKTOPOM

TpaHCIALWY, 1T} = a~J27128 , a t — OCHOBHO¥W BEKTOp TPAHCILALMH, B
GasHce BEKTOPOB (@i, @} OTOT BEKTOp  3allHChIBACTCA KakK
t =@, m)=4,-5). leane ypcha 7' ¥ p’ SBIKIOTCH HAMMEHBIIHMH 110
MOZYJIO [EMbIMH 9HCNAMH, KOTOPbie YIOBAETEOPAIOT CRETYIONIEMY

ypasHEHHIO:

n'(2n +m)+m'(n+2m)=0. (7

M3 dopmyisl (7) cremyet, 4TO UEbIe TMCIA n v m WMEIT pasHble
3HAKHM, ¥ YTO BCErfa HMEETCA OUEBMIHOE PCILCHHC, n=(r+2mu
m' = -(2n + m), Xotopoe ¥ Gyaet TpeGyeMbIM PELICHHEM, SCIIH HHCA
(n+2m) v (2n+m) He HUMEIOT obmux muoxurenci. IlosopoTHbiC

3IEMEHTH CAMMETPHH (6) HamOMMHAIOT TOHUEYHBIC TIpPYIITES D.-

KOTOPHIE MCTOIB3YIOTCA B TEOpHM  CMMMETpHR TpeXMEpPHBIX

kpucrawios [3], mosTOMY TpyOmy CHMMETPHU VHT (4,2) moxio
&,~5 e

0G03Ha4UTE Kak J),. . 3MECH HIKHUA MHIICKC yKA3bBaeT Ha TIOPAICK

LHKTMYEECKON HOArPYIibl, @ CIOMXKHbIH BepXHMH HHICKC OUPEACIHACT
OCHOBHOM BEKTOp TpaHc/wumm (3 Gasnce {a;, &2}) BRons ocn Z YHT
(4,2).

VHT (1, m) MMEET CHC/IYIOUIKS IREMCHTRE CHMMETPHM:

(E, (CxJD), (Ca[r).... (Crft)™ 1B E, Uy, (Uat),.... (Un £ 1} ®

O(E, tooy ten ), ®
TMopanoK MUKIMUECKOR TOArpYIInL! B (8) paBex N, ecnn N - uesnoe

uncno, N=2(n"+m’+nm)/ (n-m), ‘Tl=a(n+m)q"2N(j_m')*

t = (', m') - OCHOBHOM BEKTOp TPAHCAALMH, 4 HAMMEHBIITHE 0 MOIY-
mo uenple wucaa 1’ | m’ YIOBNETBOPAIOT ypasHeHHio (7). Cumpon

5TOI TPYTIIE! MOJKHO 3aMHCaTh KaK D

11



CoopmynupyeM NONyueHHbie pe3yasTaThl. Ha OCHOBe aHanusa
cTpyxTypel YHT npeinomkeds! rpynnsl CHMMETPHH THX OGDBEKTOB.
3ameTiM, YTO MOBOPOTHbIE 3rieMeHTsl cummerpun YHT moxoky Ha
SJIEMCHTE! TOYEYHBIX IPYNnt [) u J)  , KOTOPHIEC XOPOILO U3BECTHE B

TEOPHH CHMMETPUH TPeXMEpHBIX KpucTamnos [3], OgHake B OTIHMYHE
OT KpUCTALIOB, TpaHCHAluoHHAA cumMerpus YHT sapnserca oammo-

. 1
Meprol. YHT (n, 0) onucsIBAtOTCSK TpyImamMu cHMMETpEH [), | anu

2 3 4
Dy aYHT (mon)— ), wim [), ., And HEYETHOTO ¥ YETHOTO A,
cooTeercTBeHHO. YHT obumero tvna (n, m) onBceBalOTCA rpyrmamMy
CHMMETpHH D, eCIIH N - uenoe HHCHO

N=2(n"+m’+nm)/ (72 - m), 2 HAMMEHBIIME 110 MOIYIIIO LIE/IbiE UHCA
n’ v m’ ynoBACTROPAIOT YCroBMIO 1’ (2n +m) +m’ (n+2m) =0 u on-
PemesioT OCHOBHOH BEKTOD TPaHC/HALMH BAORL OCH TpYOKH,
t=, m).

PaGora BhnonHeHa B paMKax nporpaMMl “@yaepeHb! H aTOMHbIE
Kiractephi”; rpant Ne 20002,
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SYMMETRY GROUPS OF CARBON NANOTUBES

Aksenov V. L., Shakhmatov V. S.
Frank Laboratory of Neutron Physics, JINR, 141980, Dubna, Russia

Ossipyan Yu. A,
ISSP RAS, 142432, Chernogolovka, Russia
The structure of carbon nanotubes of different types is investi-
gated and the symmetry groups of them are proposed. A carbon nano-

tube of zigzag type, (1, 0), where n- an integer number, has the Dim
Symmetry group or Di . group for odd or even #, respectively. Tubes

of armchair type, (n, n), have also two groups, D; , and D:n,,. for

odd or even n, respectively. The latter groups are isomorphic to previ-
ous ones but are different from them by the translation vector aiong

axis of tube. A nanotube of general type (n,m) (n>m and m # () has
the symmetry group D:,"' if the number N = 2(n” + m* + nm) / (n - m)
is an integer. The basic translation vector in this case is defined by the
numbers »’ and m’.
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VK 552,12

KPHCTANLAYECKHE 'HIPODY ILIEPEHEBI:
IIOJIYYEHHUE B CBOMCTBA

Ilyasra 0. M., Tapacos B. 1L
Mucturyr npobieM xumueckoit husuka Poccuiickoii Akagemun
Hayk, 142432 Yeproroaoeka, Mockopckaa obnacts, Poccus

B powksiane npescTaBaeHs] IRTEpaTypHBbie JaHEEE O CTIOCODAX HOTYYSHHA
M HCCHCHOBANHM  CROHCTE  ruapodyiiepeHos. Ams  ruz-
po(zeittepo)dynnepenos CooH(D),, nOMyYeHHBIX asropamu myTeM ofpa-
Gorku TBepaore Cyp Tasoobpasabmvu Hy #mu Dy, onucaHs! peHTreHOBCKHEE
Butpaxrorpammer, uHppakpacksle (MK) u pemtrenonckue dorodnex-
Tposiibie (PQP) crextpht. YCTaHOBACHO, UT0 AeHTEpHI [IPEACTABIILET CO-
ol MOMMKpHCTANNMYECKHA TOPOLIOK ¢ 2yx-peieTkol. TTpoayKTs Tepmu-
Heckoro pasnoxenia CeH(D), cocToAT, B OCHOBHOM, U3 MOTEKYR yiute-
peHa, pacCTOAHWE MEekIY KOTOPHIMH 3aMETHO TIPEBLINAET TAKOROE B HC-
XOAHOM ryrinepuTe.

Iuapodysiepensl Win CHAPHALT QysiepeHoB aKTHBHO HCCIEAYIOT-
€l B CBA3H € BO3MOXHOCTBLED CO3JaHHA Ha UX OCHORE BOIOPOJHBIX aK-
KyMyZaropos [1]. Bmecte ¢ Tem, J0 CHX HOp He YAQTOCh HONYTHTE
MOHOKPUCTAIUIB! THAPHAOB Qyiiepedos. g HONHKPUCTAIITITYECKOro
CeoHss, OMyueHHOTO THAPHPOBAHHEM (YIUIEPEHA TIPH BHICOKOM [aER-
nexun, OBUI0 YCTAHOBIIEHO, YTO YNAKOBKA MOJEKYA ABJISETCH OOBEM-
HO-UCHTPHPOBAHHOA KyOuueckol (oyx) [2]. JIpyrux ceesensit o xpu-
CTAANKYCCKOH CTPYKTYpe THAPOGYANEPEHOB B IMTEpATYpe 0GHApyKe-
HO He OBUIO.

B nacrogmem noxnage Mbl NpencrabiseM paboty mo rasodazuomy
THIOPHPOBAHKIO Teepaoro QymiepeHa (dymepura) Cop, B X0/ KOTO-
pofi ynanock nomyeuts CeH, (10 < x <24), kotopslif coxpanser rpa-
HEUCHTPHPOBAHHYIO KyOMUECKy 0 (2yx) CTPYKTYpPY MCXOAHOTO (yiLie-
puta. IIpeacTaBAsiocs MHTEPECHBIM HCCIIENOBATh TAKKE HEKOTOPHIE
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CBOHCTBA TAKHX PUAPHIOB (JCHTSPHAOB).

OcoBeHHOCTH IKCIEPRMEHTA

B pabote #cnonszoBaics KPHCTANUTHIEC KU dymieper Ceo uHcTO-
Toi 99,8 mac. %. unpupoBatue (AeliTepupopaHie) FPOBOIMNOCH [PH
napnerya 1,0...2,5 MIla u temnepatype 673 K B CTaHAAPTHOH ycTa-
HOBKE BEICOKOTO Jasienus. Ilpe/papurensHas Jeraanus Qyiepena
OCYHIECTB/IANACE [(PH €r0 HarpeBaHud -0 500 K B Bakyyme (~1 Tla).
T4 noBbiHeHnst 3GOHEKTHBHOCTH IPOMECC TIPOBORUACA B LHKIMME-
CKOM TEPMHHECKOM DEXMMe, T.¢. obpasell HoJ AaBNeHHCM BOAOPOTA
(neitrepus) Harpesancs 1o 673 K, eelaepxuBancs rpu 3TOH TeMilepa-
type 14, 3aTeM pPeaKLMOHHAS CMECh OXJaXKAaNack o KOMHaTHOH
TEMIIEPATYDHI M LKA TIOBTOPSIICA He MEHee 5 pas, 1o criocobcTeoBa-
no Gojiee MoNHOMY POTEKAHKIO NPOLECCA M MOMyHeHHIO 00paslos ¢
FOMOTEHHEBIM pPACTPEAENEHHEM KOMIOHEHTOB.

IMonyuenHnie pe3yIbTAThI @ HX 06cyX/IeAne

HMudpaxrorpaMMsl [HIPHAOB (aelirepunos) OTNWYAKOTCA OT AW-
(PaKTOrpaMMB! HCXOHOTO (yIUIepeHa He TObKO CABHIOM fIHKOB, HO
M KX ACHMMETPHUHBIM yIIUpeHHeM (prc. 1). Yiuuperue JIUHME Ha AH-
dpaxTorpaMmax MPUHATO CBA3BIBATE C YMEHHIIEHHEM DasMEpOB CO-
crasnmomx ero xpucramiuros. Onenka 3(QQEKTHBHOrO pasmepa
KPHCTAUIATOB 10 NOIYIMUPHHAM Tpex HauG0/1ee HHTEHCHBHEIX AMHTHA
nana 3uavenws 8 upemenax 510...560 A min neftrepuna CeoDas. Ilo-
crosuuas 2y pemerki B CeDys pabHa 14,55 A. Jlna nexozaoro dyn-
nepura a, = 14,17 A. BeUAM OTpee/eHs ! TakKe 3HAUCHHA a, A4 f0-
JYYeHHBIX AHAJIOTHTHBIM o0pa3oM THAPHEOB CeoH o v CeoHys. 3aBu-
CHMOCTE 2, OT COePKaHKs BOAOpoHa (neiTepnst) JOCTATOUHO XOpOIIO
ONMCHIBaeTCA NPAMOH a, = 14,17 + 0,015x (B A), rae X —— KOJM4eCTBO
ATOMOB JieliTepust (BOAOPOZA), TPHXOAAINCECd Ha OJIHY MOJCKYIly
dhymiepesa.

]
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Puc. 1. Hanomenue mudpaxrorpamm Cg u CgDuy B oGnacTi
Haudoee HHTEHCHBHBIX TTHKOR.

W3 nwnreparypst w3secTHo [3—S5], uto mpH Harpeee B BakyyMe
(823...923 K) runpodyyinepesst Moryr Beigenstsh sogopos. Tepmuye-
CKOS PA3NOXKEeHHE UCCHICAYeMBIX FUApHaoB (AeiTepumor) mpa 823 K
BENET K TOMY, 4TO MHTEHCHBHOCTE IIMKOB Ha A¥(pakTOrpaMMax npo-
AykTOB TepMuyeckore pasnoxenus (IITP) Heckonbko Bo3pactaer,
YMEHBIIACTCA UX ACHMMETPHUS, HIPOHCXOAUT CMEINEHHS HEHTPA THXkKE-
CTH JAHHUH B CTOPOHY MEHBIIMX MEKIUIOCKOCTHBIX paccTosuil. Of-
Hako 3HaueHHe a, Ansd HTP ocraercs eme goctatouno SombwmM {Ha-
npumep, anst TITP Celye 8, = 14,52 A [6)).

HK cnexrpni

OcHosusle nonock nornomenua (nn) Ha crekrpe ITTPE (527, 577,
1182 v 1428 cm™') coBMaatoT 0 CBOEMY [IONOKEHHIO H tdopme ¢ UK
aKTHBHEIMK MogamH (Fp,) xonebaunii BricokocummeTpranoi (1) Mo-
nexynst Ce. ITO mOATBEPKAAET BRIBOAK pabor [3—5] o mpespaie-
HHH f1py Harpese raapodymneperos B dyanepur. Opnako B MK cnek-
Tpe [TTP npucyTeTayeT Taroke HOBONBHO MHTEHCHBHAS KK ¢ MAKCHMY-
mom npu 766 cM™, KoTopas orcyreTByer B MK criexTpe HcxomHoTo
dynnepena. Hamuune pana ronoc B o6macti 700...800 ecm™ wacto cps-
3RIBAKOT ¢ oOpasoBanueM Ronumepok dymiepena. IloaTeepxacHUe
NpHCYTCTBHA nonumepa B IITP Oblio momyyeHo npu HecKeAOBaHUH
pacTBopumocTy. Okasanock, uto Tonpko 50 % ITTP pacrsopsercs B
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ToNyoNe, AaBast XapaKTepHYr i PacTBOpOB Ceo HONETOBYIO OKpa-
CKY, TOT/I& KaK KOHTPOJIbHAs HABCCKa HCXORHOTO bynnepusa nipu aHa-
JIOUMYHBIX YCHOBHAX PACTBOPINACE THOJFHOCTRIO.

CpasuuM crekTphl aelireprjia Ceol)as M APOXYKTOB €ro TEpMUHC-
cxoro pasiaoxenus. Tax, nn npu 527 oM™ mmeer Ty e PHPOIY, YTO U
&msKasn o noxoxenuio ni B Co. OTHOCHTENBHBIC HHTCHCHBHOCTH 1171
npu 577 n 1182 cM” npu nelTepHPOBAHUM PE3KO YMEHBUAIOTCS, HO
HX TAKOKE MOXHO BHISTH B CHEKTPE ASHTEPHAZ. A BMECTO nn IPM
1428 cm! Ha cnextpe npossmiotes 2 pn npu 1419 1 1462 em’. DTm
nM OTHOCHTCA K KonebaHWAM YTIEepOJHOTO Kapkaca, MOCKONBKY OHHU
MIPHCYTCTRYIOT TAKXKE B CIEKTPE MONYYEHHOTO aHANOTHIHBIM CHOCO-
6oM riuapufa. PacnieruicHHe np NpH 1428 cM™ TIpOH30LING, BUAMMO,
BCTIEICTBHE 3ATOPMOXKEHHOCTH BPAMIEH!A MOICKYJIb ACHTEpHIa {rvg-
pu/a) BOKPYT EHTpa TOKeCTH. HakoHel, InpoKas nk ¢ MakCHMYMOM
mpu 2168 cM’ 1 maeuom mipu ~2130 e’ OTHOCHTCH K BANIEHTHBIM KO-

neGanuam ceazeit C—D.

arb.unit

1478 1182

Transmiltance,

2500 2000 1500 1000 500
Wave numbsgr, cm’

Puc. 2. UK cnextper  gmeditepuna  CeDaa(1) B mpomykTa €10
TEPMHUECKOrO pamioxeHua (2). 3Be3noukoli noMedena nn Ipd
527 cm™.

P® cnexTpbt

TTonoxenue maxcumyma Cls muxa B cyyae fefiTepiia CABUHYTO B
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CTOpOHy Oojtee HU3KMX SHEPruii CBA3H 10 CPaBHEHMIO ¢ TAKOBBIM IS
uuctoro Cqo. OTclopa cneaver, uro Ha aeiitepun B Ceob)yy HaxooHTes
HebosbIIoH nmonoxuTeAbRbIH 3apsa. [py TepMigecikom paznokKeHuH
ACHTePH/R MK CTAHOBUTCH DOllee Y3KMM U €ro ICHTP TOKECTH CABH-
raercd B CTOpoiy 0oee BRICOKHX 3HepTHH CBA3H.

290 285
Binding energy, ey

Puc. 3. PO criektps ¢pynnepena CooDay # Cgg.

PaGota Buinonmena npu duuatcosoit noaaepxxe POOU (mpoexr
No 06—03--32106) u PHTII “@ynrepens! # aTOMHbIE KIACTEPSI".
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C.239.

CRYSTALLINE HYDROFULLERENES: DERIVING AND
PROPERTIES

Shul’ga Yu M. and Tarasov B. P.
Tnstitute of Problems of Chemical Physics of the Russian Academy of
Sciences, 142432 Chernogolovka, Moscow Region, Russia

In the report the literature dates on methods of deriving and
study of properties hydrofullerenes will be introduced. For
ydro(deitero)fullerenes CeoH(D),, obtained the authors by treating
solid Cgy gaseous H, or D,, describe X-——ray diffractograms, infrared
and X~—ray photoelectron spectra. Is established that the deuteride rep-
resents a polycrystallic powder with fec lattice. The products of ther-
mal decomposition of hydro(deitero)fullerenes consist, basically, of
fullerene molecules, spacing interval between which one exceeds those
in usual fullerite noticeably.
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VIK 541.11

OHNPEAEJNEHHUE DHTAJBIIHI CBS3E C-X (X=F, H)BO
DOTOPOYILIIEPEHAX CgF g, CeoFis HTHAPHUIE
DOYIUIEPEHA CyH;,

Konecos B. I1., Mearxanosa C. B., Hangua T. C.,
JAykeanosa B, A., [Tamenosa C. M., Boaraausa O. B.,
Jiykonun A, 10,

MockeBckuit rocyqapcTaeHHBIH yHHBEpCHTeT, MOCKBA

Jobau A. C.
HuctutyT xumideckoit pusuku PAH, Yeprororoska

SHeprau cropadna ¢ropuma gynnepena CeoFs u ruapeaa dyiepena
CooHlas ONpeneneHtl BuepBEle B BOAZHOM KaTopHMeTpe © Bpamawcuueiics
BomOGoH K B BOJANOM KANOPHMETDE CO CTauxoHapHoH SoMO0i cooTBeTCT-
BeHHo. Halizens! surambmau cessell C-X (X = F, H) so fropugax ¢yane-
peHa CeoFys, CooFs6 1 rumpune dynnepena Ceollse.

Brenenne

ManHas paboTa SBASETCA YACTRIO HCCHEIOBAHHI TEPMOAUHAMHYE-
CKUX CBOMCTB (Y/IA€pPEHOB W HX NPOM3BOAHBIX, MPOBOXUMBIX B Tafo-
pavopuu TepMoxuMuE MI'Y. OnmOH W3 KIIOYEBBIX XapaKTepUCTHK
BCLIECTBA ABNACTCH €r0 TEPMOIMHAMHYECKAS CTAOHTBHOCTE, MepoH
KOTOPOH, B MePBOM NPUBTIIKEHNM, MOKET CTYKHTD SHTATBITHA obpa-
SOBAHMA M3 JJIeMeHToB. JUin AByx HamGonee LOCTYNHBIX dyniepe-
HOB — Cgg H Crg 3HTANENMH 00pa3oBannd onpeneeHbl B HECKOIBKUX
paboTax. Yro ke KacaeTcs TEPMOAMHAMUYECKUX CBONCTE APOH3BO/1-
HBIX (YJINICPEHOB, TO OHM NPAKTHYECKN He HCCNENORANBL. MeeHHoe
Pa3BHTHE DKCICPHMCHTAIBHLIX  TEPMOXMMMHUECKHX  MCC/IEIOBAHME
TIPOH3BOHEIX QYJLICPEHOB CBA3aHO, [IIABHEIM 06Pa3oM, ¢ TPyAHOCTI-
MH B HONYHeHHH AOCTATOUHOrO KOMMYECTBa YHCTOTO BemecTa. B To
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Ke BpeMs, POH3BOLHBIE QyIUIEpeHoB, Kak COBEPLICHHO HOBBIH Ki1ace
BEWIECTE, NPeACTABIIOT OONBUION WHTepec ANid HX BCECTOPOHHEID
H3YUEHHS.

HenagHo Gbut paspaGoTal METOA CeneKTUBHOrO MoMyvueHus ¢rop-
y/LIepeHOB B MAKPOKOIHHecTsaX. B Hawel npeApiymeH pabore [1]
MBI BIIEpBbIE OTIPE/ENHNH SHTANbIMMM Cropatis X oOpasoBaHus drrop-
dynnepena CgoFsg. Ceasp C-F B 3ToM COeIHHEHUM OKa3anach fonee
npoukoll, 4eM FMPeCKa3pIBANOCH TeopeTHieck. B mocnenmee ppems
TIO/YYEH CLIE O{UH MHAUBUAYaNsHEIH PTopdy Uiepen — CooF3s [2}.

He MeHee MHTEPECHBIMH [POWIBOXHBIMA (DYICPEHOB ABAIOTCA
rupuasl. Henasso 66Ul CHHTE3HPOBAH THAPHI Ceolzs 3 veobxonu-
MOM JUTS KATOPHMETPUM KORIHECTRE [3].

Llenvto HacTOAmEH paGoTH ABIANOCh ONpEAENEHHe SHTATBLUMH
cropanus u obpasoBanud CeoFss B Ceollsg Ha ocHOBE 3THX BEUMH
OKA3a10Ch BO3MOXCHBIM MPOBECTH CONIOCTARJICHHME 3HTAIBNMI CBA3CH
C-X B npomsBoassx pymrepena (X = F, H).

XapakTepHCTHKA BEMECTB

Obpasent CgoF3¢ monyueH ¢ ucrons3osanmeM Mnbs B xavectse
dropupyromero arenta [2]. CMech TaTebHO pacTepThix Coo 1 Mk,
R3STHIX B CTEXHOMETPHMUECKOM Komuuectse, Harpopamy npn T =653 K
Ip¥ NOHIDKeHHOM AasiiennH (~2 Ia) B Teuenne 4 gacos. [lomyueHunoe
FOPOLIKOOBPA3HOE BEMIECTBO HMENO JKEeNTO-KOPHUHEBbIH 1BET # Gh1I0
OuHIIeHO BakyyMHOM cyGmumaimedt npu T = 573 K. [lo nanneiM Xu-
MHYECKOro aHATIHZ2 B odMlIeHHoM ofpasue orHomrenue n(F) / n(Cqgp)
cocrapiger 36 £ 1. Macc-cTiexTpoMeTpHUYEKHM aHaNK30M YCTaHOBIICH
cAexyompil MONeKySIApHRIi cocTas ofpasua (B MONBHBIX JOMAX X}
X(CeoFs6) = 0,831; X(CooFaa) = 0,054; X(CsoF340) = 0,061;
X(C(,()Fg.éO) = 0,038; X(Cﬁopgg) = 0,015.

O6pazen rugpuna dynnepera CoHie OBLT CHHTE3HPOBAH 1O peaK-
il Ceg ¢ 9, 10-guruppoanrpanetom [3]. [lofy4eHHOS BEICCTBO UME-
(v ﬁncnm.ﬁ-fbm& BAKYYMHOM cyGnumanuei.
Pesyasrathl 3NEMEHTHOIC AHATH3A OYHIUEHHOTO ofpasua Ha Cu H B
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tipenesiax norpemnocty onpeaenerma (0,5 %) coBnanarot ¢ pacyeToMm.
Y@-CIIeKTPOMETPHYECKHM METOIOM B 0fpaslie oGHapyxeHa pHMeck
auTpatiena, (0,33 £ 4,10) mace. %.

Meroarka

Oueprua cropanus o6pasta CepFys ObIa onpefecHa B BOAAHOM
KamopUMeTpe ¢ Bpautatomedics GomGod. BHYTpeHHS® OBEpXHOCT:
Gombel 6b1IA MONHOCTEEO TIOKPLITa IUIATAHOMN. O6pazen cnpeccosbiga-
iR 8 TabneTku ¥ XPOOKITH Ha MEJIKUE KYCOUKH, KOTOPHIE IOMEIUANH BO
B3BCIICHHLIC aMITyJIbl M3 TePHNCHOBOM ILIeHku. Macca ofpasua s
onbite coctasmuia ~0,06...0,07 r. Amoysy ¢ BeurecTeoM M TalneTky
GeHI0HHON KMCIOTH TOMEITANY B IUIATHHOBEIA THTeNs, B GoMBY Ho-
Gasnann 10,04 on’ AVCTHUIHPOBAHHOU BONBE s pactopenus HF.
HauansHas remmepatypa onmita T =(298,15+0,03)K, nauansHoe
AaBlieHmMe kuciopoia B Sombe p = 3,5 Mila. CymmapHas aHeprus cro-
pauns OeH3oMHOH KUCMOTEI M TEpUACHOBOH IUIGHKH coCTaB/ILIA
90...92 % or ofwero KOJMYECTBA JHEPTHH, BHLACTHBIIEHCH B XOHe
sKCnepuMeHTa. Takas J0Ms BCIOMOTATEeNEHON SHepraM Ghlna HEoOXo-
AHMa 714 00eCTIeUe IS TOTHOTH CrOpanus o6pasia.

Tocie KKROTO OMBITA IPOBOXHIIK AHATH3 IPOAYKTOB CTOPAHUS Ha
cofepxanue CO; (r), HF (pacts.) # HNO; (pacrn.). Boing Haiiaenm
HeGonpume xomwaecTa CF; M HeCropeslnerc OCTaTKA B THIHE
(~0,4-10° r); 6euro YCTAHOBJICHO, YTO OCTATOK MpeACTaBiderT coboi
caxcy. Konmsectso CF, pacCHHTBIBAIIOCH ABYMS ITYTAMM: [O HEJIOCTAT-
Ky B IIPOJIYKTaX CTOPaHAA yriepoa wig ¢gropa.

JHeprua cropanua ruxpuna drymnepena CooHse 6buta OTIpeneneHa 8
BOAZHOM KanopuMeTpe ¢o cTaiHoHapHoi Oomboil. Ofpasen cnpecco-
BBIBAIM B TabneTkH mMaccolt ~0,05 r i 3anauBany BO B3BEIICAHYIO aM-
IyJTy W3 TepWICHOBOH TUIEHKY. B MnaTHHOBLEE THTeNs GoMObI moMe-
wanu TabieTky Gex3oHHON KHCIOTH, 4 HA Hee—aMIIYIIy C BeUIGCTBOM.
B GomGy pobapnanu 1,0 cm’ FMCTHJUIMpoBaHHOM Bomsl. HauanpHas
TemiepaTypa onmsra T = (298,15 + 0,03) K, nauansHOe AaBnesme KH-
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cnopoaa B 6omGe p = 3,04 MIla. CymmapHas 3Heprus CropaHus Gen-
JOHHOH KACIOTH M TEPUISHOBOM IUieHKy cocTana 80...82 %.

Tloce KKIZOre OIBITA IPOBOAMITH aHAAH3 IPOAYKTOR CTOPaHUA Ha
copepxkanue CO, (r) u HNO; (pacts.).

Pesyabrarel § obcyxaende

Dueprus cropanus obpasua drropuna dymuepena CooFss ObIna oil-
pee/iena B 5 KaJOPUMETPUHECKUX onbiraX. Hocne BBeIeHHA NOMpaB-
KM HA SHEPTMIO CropaHus npumecedi, sseprisn cropanmsi CeoFss mpu
T =298,15K cocrapmwia -AUy (18) = 24714 + 199 kJhre-Mons™, 1mo-
CPELIHOCTL PaccuMTana A 5 % ypOBHA 3HAMMMOCTH. DHTATLIHA 00-
PasOBAHMA JUI  KPUCTAZIMuECKO# # rasoBod a3  cocrapuna
5362 £ 201 x/Dx-mone™ 1-5223+201 KJBK-MOITB ' COOTBETCTBEHHO.

TomyuenHOe 3HAYeHHe SHTANBIMM 00pasoBauui rasoolpaskoro
CeoF3s OBLIO MCIIONB30BAHO 1S PACETa IHTANBIIHE PeaKHHH

CeoF36 (1) = Cgo {r) + 36 F (1) (1)

BMECTE CO CIASRYIOUIMMY Be/TMUMHAMH;
AFC (Ceo, TBY = (2355  15) Jlxe-Moms™,
Ay H°o(Ceo, T8) = (181 + 2) xJbK-MonE ",
AHCL(F, 1) = (79,38 £ 0,30) x/bi-mons” {1]. B pesynsrate NOMydeHO:
AH, = (10617 £ 202) k/li-vons , wmn (295,0 £ 5,6) klbiomons™ B
pacaete Ha oauy C-F cBa3b. Panee Hamu ObLIO NOMYYCHO UL PEaK-
LMK

CeoFug (1) = Ceo (r) + 48 F (r) (2)

AH, = (13800 + 167) kllcmons”, win (287,5 £ 3,5) x[bxmons” B
pacuere Ha oy C-F cpasp {1]. Hemonssys penuaunbt AH, u AH,
HETPYAHO PACCYHTATh TAKOKE IHTAbHUIO PEAKIUIH

CeoFas (r) = CsoFae (1) + 12 F (1) (3)
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AH; = (3184 £ 261) x/Txemomp ™, wnu (265 + 22) klbic-mons” B pacye-
Te Ha ofHy C-F cBask. CpaBHeHWe NOAYYEHHBIX BETHUUH HOKA3BIBAET,
HTO MMECTCA TCHASHLMA K YMEHBIIEHHIO SHTansIMU cBau C-F ¢ ype-
JTUCHUCM KOAWYECTEA aTOMOB (TOpa, NPHCOEAHHEHHbIX K (pynnepe-
HOBOMY KapKacy.

Onpenenenne sHeprun cropaHns ruapuga drynnepena nossonuno
paccyuTaTy SHTANBNHIO obpasopanus CeHis B KpHCTRLMYECKOM M
rajooGpasHOM COCTOAHUM, DTO [Af0 BOIMOKHOCTD, AHANOIHIHO H3-
NOXEHHOMY BHIINE 18 Ceol3s, paccuuTarth 3HTANENMG cBs3w C—H B
ruzpuae Cooll, a Taioke SHTANBOMIO peakimu

CeoHag (1) + 36 F(r) = CgHsg (r}+36 H (r).

Pafora ssinonnena npu nognepxxe cneagyromux rpanros: POOH
{Ne 00—03—32623), MHTH “@ynnepeHst M aTOMHBIE KIacrepsr”’
{“Cepa” 98064), UHTACI7—30027.
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The enthalpies of C—X bonds (X = I, H) in fluorofullerenes CaFys
AND Cngﬁ and in the hydrlde CsoHis

Kolesov V. P., Mel’khanova 8. V., Papina T. 8., Lukyanova V. A.,
Pimenova S. M., Boltalina O. V., Lukonin A. Yu.
Chemistry Department, Moscow State University, Moscow

Lobach A. S.
Institute of Chemical Physics in Chernogolovka RAS

The energies of combustion of two fullercne derivatives, CeoFss and
CeoHss, were measured in a rotating-bomb and a static-bomb calo-
rimeters, respectively. Benzoic acid was used as auxiliary material in
both cases. It was found that rather large auxiliary energy was needed
to produce a suitable temperature rise and to ensure complete combus-
tion. Using above-mentioned calorimetric data, the standard molar en-
thalpy of formation of CgFas and CeHys were calculated. The enthal-
pies of formation were used to calculate the enthalpies of reactions:
CeoFis (g) = Coo () + 36 F (g) and CgoHis (g) = Coo(g) + 36 H(g). The
comparison of the enthalpy of C-F bond in CsF16 with that determined
previously in CeoFyg shows, that there is a tendency of C-F bond en-
thalpy decrease with the amount of F atoms attached to the fullerene
cage.
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YIOK 535422 + 536.758

INEKTPONUHAMUKA YTJFEPOIHBLIX HAHOTPYEOK

Maxkcumenko C. A., Cnensu I, 5.
Huetutyr apepubix npotnem benrocynupepcurera, Munck

EsTtymenxo O. M.
HrceTrtyT panvodusuku i anextponnka HAH Vipauusl, XaprKoB

Pazeur Gazopuiii meTon peluenus 3afay 2MEKTPOAHHAMUKK YTAEPOMHBIX
HAHOTPYGOK — METOH YPGEKTHBREIX TPAHIIKEIX YCIOBYH MMIeAZHCHOTO
T, PacCMOTpeHsl SMIEKTPOMATHHTHEIE CBOHCTBA YIIEPOAHLIX HAHOTpPY-
60K B MHKPOBOAHOBOM, WH(PAKPACHOM H BUOMMOM AWANA30WAX [UTHH
BOJIH. BBeZeHA KOHUENUHT HAHOTPYOKY KAK HAROBOIHOBOAA HOBEPXHOCT-
HEIX BOJIH. B pamkax teopms 3¢eKTHEHON Cpembl NPO2HANM3EPOBAHBL
CBOHCTRA HAHOKOMIIO3HTA Ha OCHOBE YINEPOAHBIX HAHOTPYGOX. chopmy-
XRPOBAH PAL AKTYANEHBIX MPOBIEM 3HEKTPOAHHAMUKR HAROTPYHOK,

Breneune

MOKHO © YREPEHHOCTBIO YTBEPAKHATE, YTO OAHHM M3 MarucTpans-
HBEIX HATPABACHHH DasBUTHS COBPEMEHHOM SMEKTPOAMHAMUKH CTAHO-
BUTCH SNEKTPOAHHAMEYECKOE MORCITHPOBANKE HAHOCTPYKTYp. Trep-
AOTENBHEIC HAHOCTPYKTYPHI MpeACTABNAIOT coGolf HaHopasMepHble
HEQTHOPONHOCTH PasIN4HONH NPUPOIBI ¥ KORGUTYPALMH BHYTPH TIO-
TYNPOBOAHMKOBBIX M IUDJICKTPUYCCKHX cpefl. B cuwity ManocTu pasme-
poB, Bcero Ha 1-2 MopsA/IKa NpeRsILIAXOIIMX MEKATOMHBIE PaccTOSHMA
B HaHOTPYOKax, B TIONHON Mepe [IPOABIAETCH KBAHTOBAS pHposa
ABWKCHAA HOCHTENGH TOKA, a TPAIHLHUOHHOR /IS SIEKTPOLUHAMMKH
BBENICHHC MATEPHANIBHEIX [1APAMETPOR IIOCPENCTBOM MAaKpPOCKOIHMue-
CKOTO YCPERHEHNS CTAHOBUTCA HEBOIMOKHbLIM WM Tpebyer mMoaudu-
KatyH. B 0AHOPOLHBIX Cpelax PellcHHAMA AHCIEPCHOHHOTO YpaBHe-
HIA SABAAKYTCS CDﬁCTBeHHHe BOJIHBI CpeHbl, KBA3IN4UECTHILDbL, KOTOPLIC
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OTIMHAIOTCA OT CBOGOJHBIX JACTHLL CIIOXKHBIM BHUIOM JIUCIIEPCHOHHOH
XapakTepucTHky. [Iepexos kK HaHOpasMEPHbIM HEOAHOPOAHOCTAM CO3-
[aeT ycnoBus Juis JU(PaKIii ¥ paccessHus KBasUIaCTHL, MX npeobpa-
30BaHMS APYT B ApYra, KaK 3TO UMEET MEeCTO IS SNEKTPOMArHMTHBIX
BOJIH B HEpEryJspHbIX BOIHOBOAaX. CyleCTBEHHYIO pOJIb TIPH 9TOM
UI'PaloOT PE3OHAHCHDIC B3aMMOJEHCTBHS PA3IMUHbLIX MO W COOTBETCT-
BylOWIME YCIOBMsA coryacosanus. IlepBeiii mar B OMMCAaHMM TAKOro
posia siBJieHMH GbUT ClieNan IpH PacCMOTPEHHM KBAHTOBBIX MOJIYIPO-
BOIHHKOBHIX cBepxperieTok. IIporecchl B3aUMOAEHCTBHS PasIMIHBIX
MOJ{ B HAHOCTPYKTYpax OKa3bIBAIOTCA emie Oonee CIONKHBIMMU BBAIY
Gonpiero pasHoobpasus B3aMMOACHCTBYIOMMX MOX U CJIOJKHOH Tpex-
MEpPHOM KOH(UTYpaLMK HEOXHOPONXHOCTEH.

B nanHoii paGoTe NpeACTaBIeHbl, NPOAHAIM3UPOBaHbl i 060OMIeHE!
pe3ynsTathl [1-4] 110 JIMHEHHOM 3/1eKTPOIMHAMUKE HAaHOTPYOOK —KBa-
3U-0JJHOMEPHBIX KPUCTAIIMYECKHX CTPYKTYpP aTOMOB yriiepoja [5]- C
MOMEHTA OTKPBITHSA 3TH 06pa3soBaHus NPUBIEKAIOT IOCTOSHHBIH HHTE-
pec wuccienoBarenei OGnaronaps CBOMM YHHKAILHBIM busHIeCKUM
CBOMCTBaM M OrpOMHOMY TIOTEHIHAILY HpHK_JI&JiHOl"O KCIIOIE30BAHMS.

DddexTUBHBbIE rPAHAIHBIC YCHAOBHS /151 HAHOTPYOOK

IIpu BeiBosie 3hdexTMBHBIX rpanwuHbX yenosui (3IY) Ha no-
BEPXHOCTH HAHOTPYOKH HAMH WCIIO/Ib30BAHA MOJIENH IPOBOMMOCTH, B
paMKax KoTopoii npeHeGperaeTcst a3uMyTaIbHOMN COCTABIISIIOMIEH TOKA.
DI'V BO3HUKAIOT B PE3YJILTATE YCPEJHEHHS MUKPOCKOTIMYECKHX MONCH
1o (u3Hueck GECKOHEUHO MAIOMY 3JIEMEHTY LMIHHAPHICCKON 110-
BepxHOCTH. [IpHHUMAs HeNpPEePHIBHOCTb TAHICHLHMATLHOM COCTABIIIO-
Ieil MIEKTPHUECKOro oM Ha MOBEPXHOCTH HAHOTPYOKM M aKcHalb-
HO¥M KOMITOHEHTHI MArHUTHOTO, MBI [IOJTy4aeM:

E

$.z E

ﬂ-"n—c

=0, H,| -H|  =0. (1

B R0 -0

Cnenyiomee YCIOBHE BBITEKACT W3 YPaBHEHUA JULL aKcuaJibHOH
TIPOBOIMMOCTH HaHOTPYOKH, TTOJTy4EHHOrO B paborax [3, 4]:
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1l =T o ). @

R+0 #lpy

2
)

EQ+ivie)y o
necr k=w/c, o, (co) — aKCHANTLHAA JIHHAMMYECKAS IPOBOH-

MOCTE HanoTpySkH, R — ee pamuyc, v =3-10" 1/c — wacrora penak-
caguu; sermauHa / ~ 107 [3, 4] xapakTtepusyer Brnag TIpOCTpaHCT-
BEHHOH HEOZHOpOAHocTH noja. Pasencrsa (1) u (2) ofipasyroT mon-
Hylo cHcTeMy OI'Y JUIM SNEKTPOMATHMTHOTO MONS HA TIOBEPXHOCTH
HaHOTPYOKA. MIX BU aHANIOrHYeH 3KBHBA/ICHTHBIM IPAHHUHBIM YCIO-
BuiM Babumtetina -— CuBoBa ana ceTyathix CTPYKTYP B INEKTPOJIU-
Hamuke CBY.

HosepxmocTabie 31eKTPOMAIHATHBIE BOIHBI B HAHOTPYH-
Kax

Hamu pacemotpensl cofcTBeHHbIE BOHEL B HaHOTPYOKax, yAoBie-
TBOPSIOIINUE OFHOPOMHBIM ypaBHenus MaKcrenla, rpaHAYHbIM YCII0-
BiAM (1)-(2) ¥ YCIORMAM OTCYTCTBHS CTOPOHHMX HCTOYHHKOE Ha Gec-
KOHEeHHOCTH. JlaHHas NOCTAHOBKA 3a4a4H AHANOTHYHA 3aa4¢ 0 cobeT-
BEHHBIX BOJHAX CHHPANBHEIX 3aMensiomux cuetem CBY-aHanazona.

Hamu noxasauo [1, 3], aro & uH(pakpacHoM AManasomne yYacTor
(107 <kb< 107, roe b— MmexaTomuoe PaccrosHHE B rpadiTOBOM
MOHOCNO®) B HAHOTPYGKAX BO3ZMOMKHO PacHpOCTPaHEHHEe cnabosary-
XAINX TIOBEPXHOCTHEIX BONH. BechbMa cymecTBeRHO, YTO B yKasaH-
HOM 9acTOTHOM Jyanasole (asoBas CKOPOCTb M KO3(GHIMEHT 3aMe-
nenua ponnel B =k/h (h— ee xoncranTa PacTIpOCTPAHEHHI ) OKA3KI-
BAKOTCA HACTOTHO-HEZABHCHMEBIMH: CM. pHacC. 1. Cﬂﬁ,[!,OBaTeﬂbHD, BOJITHO-
BOH nakeT OyAeT pacnpocTpaHATLCS B Takol HAHOTPYOKe Oe3 BCAKHX
HekaxeHHd. TakuM 06pa3som, BEINOTHEHHBIH aHaATU3 OPHBOAMT K KOH-
UETHA HAHOTPYOKHM KAK HAHOBOXHORONA NNOBEPXHOCTHEIX BOJIH, TIep-
CIEKTHBHOTC B KAYECTBE HOBOFO 3TEMEHTA HAHOS/ICKTPOHHKH.

28



r;

105 CN {(9,0) slow-wave coefficient
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Pue. 1. YactorHas  3aBMCHMOCTR  KOMTUIGKCHOrO — koa@QuuueHTa
saMetenua B (9, 0) MeTaHueckol zigzag-HaHoTpyOxe U DOTAPHO-
CHMMETPHYHOM TTOBEPXHOCTHON BOJHBL.

KoMIO3ATHEIE MATEPHAJIL! HA 0CHOBE HAHOTPYOOK

Hamp paccMOTpeHbl ONTHHECKHE CBOMCTBA KOMIIOBHTHBIX MATC-
pHAROB O0Pa3OBAHHBIX HAHOTPYOKAaM¥, MHCIIEPTHPOBAHHBIME B HEKO-
TOPOM ONHOPOAHOM JudieKTpuke. Hcmonbays NpHOMIDKCHNKE Mak-
csenia-T'apHeTa B Teopuy 3¢peKTHBHOM CPEIBI, Mbl NOKA3aIK {2], 41O
MACCHB BBICTPOSHHEBIX HEKUPATBbHAIX 2IEKTPHUECKH MallbIX HAHOTPY-
§SOK MOKET PACCMATPHUBATECH KaK JBYTYUeNpelioMILTONad OaHOPOA-
Had CPena, OTMCHIBAEMAs CNEAYIOMUM 2QCKTHBHBIM TCHIOPOM M-
3IEKTPHYECKON IPOHHILAEMOCTH:

Eyp = I-uu,+ sc(a))uzuz .
TAE s _{w)= [1 _ _Qi/wzl/[] + Qi/wz], Q, —~ yHEOBOH TIApaMeTp .C
Pa3sMEPHOCTBIC YaCTOTHI, MPOIOPLMOHANBHEIH 00BEMHOM KOHIEHTPA-
HY HaHoTpyGOK M ux moispusyemocty (2]. Prec. 2 neMoncTpUpyeT
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e, (w) 7719 KOMIO3HUTA Ha OCHOBE zigzag HaHoTpyOok. OTMeTsM cye-

CTBEHHYIO PasHHLlY YacTOT NEPEX0AA PO3PATHOCTD - HEIPO3PAYHOCTE
B METAANHYECKHX H HOTYAPOBOAHBKOBEIX HaHOTPYOKax. Dto mosso-
JAET CACAATH BBIROA O BOSMOXKHOCTH YTIPABACHHS OOTHYECKIMHE CBOJH-
CTBAMM KOMOO3MTa BHCUIHAM aKCHANBHEIM MACHUTHBIM [OeM. Meusa
BEAHYHHY TIPHIOKEHHOTO FOIS MOMKHO OCYINECTB/INTh [1EPeXo Npo-
3pavHOCTh ~— HETIPO3PaYHOCTE Ha Jio00il 3ananHoMi qacToTe.

1.5

1.0

0.5}
e

1: CN (36,0)]
2: CN (37,0)

0 200 400 600 800 100
w1012 g1

Pac. 2. HactorHas 3aBHCHMOCTD AaKCHANRHOMN KOMNOHEHTEL
3(peKTHBHOrO Tewszopa AMINEKTPHYECKOM NPOHULAEMOCTH LIS
MeTaLTHdecKoi (1) # nonynpoBoanukoroii (2) HaHoTpyOoK.

Sainroaenne

B sakmiouesne copMynupyeM i KpaTKO NPOKOMMEHTUPYSM HEKO-
TOpBIE 334a4M JMEKTPOAMHAMHKH HAHOTPYOOK, peMieHHE KOTOPHIX
HMEET CYIIECTBCHHOS 3HAYEHHE AN CO3JaHHy (H3MYeCKNX OCHOB HX
IIPUMEHEHHSE B YCTPOMCTBAX HAHOIEKTPOHWKH. He mperenays na
NONHOTY, HIDKECNEAYIOMHMI [epedeHh NOKA3bIBACT, KAaK TPaJHI{MOH-
HBIC AJIA COBPEMCHHON JNIEKTPOXHHAMUKH CXEMBl H METOMNBI MOTYT
GBITE € YCIIEXOM aAanTHPOBAHBI TEPUMEHHTENRHO K HAHOCTPYKTYpaM.
Pons nonepeynot npoeodumocmu, BrIONHEHHSIH BAMK GHATH3 OCHO-
BBIBANCA HA NPEANONOKEHUH 06 OJIHOMEPHOM XapakTepe IPOBOOMMO-
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crtu B HaHOTpybKax. Ionepeunas npoBOAMMOCTh BO3HMKAET KaK pe-
3y/BTAT HEMPSMBIX MEK3OHHBIX [EPEXO/IOB M MOXET, HANpPHMEp, Mr-
paTh CyUIECTBEHHYIO POJib B KHPAJIbHBIX HAHOTPyOKaX. Ve ee BKia-
na TpeGyer cootBercTByoniero obobmerms SI'Y.

Kpaeevie sghpexmur ¢ wanompybrax. Ilpu pacCMOTPEHHH MOBEPXHO-
CTHBIX BOJH B HAHOTPYOKax GbLUIa HCIONB30BAHA MOJEIH GECKOHETHO
JUIMHHOM HaHOTPYOKH. Y4eT KOHEYHBIX pasMepOB SBJISETCS MPHHIM-
MUANBHEIM, TAK KAK MOXET [PUBECTH K PE30HAHCHBIM JKM(PaKIMOH-
HBIM 3 dexram, NOJOOHBIM MMEIOIIUM MECTO B AHTEHHBIX BUGpaTo-
pax. HcciejoBadue TakMX PE3OHAHCOB BEChMa CYIIECTBEHHO C TOUKH
3peHHs paciudpOBKM CIIEKTPOB TOIVIOWEHNsS HAHOTPYOKaMH BONH
uHppakpacHoro guanasona. Ui perieHus JaHHOW 3ajavd MOXKET
6BITH HCMONB30BaH MeTo/a Buepa-Xonda.

DNeKmpoOUHaMUKA HepezyNApHLIX HAHOMpPYOOK. PasBUTHE TEXHONO-
MYECKMX METONOB CHHTE3a HAHOCTPYKTYpP MOKAa3ano, 4TO paBHOBEC-
Hble KOH(HUrypauuyd HAHOTPYOOK HE HCYEPNBIBAIOTCS PETYISPHBIMHU
crpykrypami. B wactHOCTH, OBIIM CHHTE3MPOBAHEI IUIABHEIE TIEPEXO-
ABl MeXIy HaHOTpyOKaMM pasiH4HBIX pajdycoB. PacmpocrpaHeHue
IOBEPXHOCTHOH! BOJIHBI Yepe3 TakoH mepexoj OyaeT COnpoBOXAaThCs
ee mauctbopmauueﬁ B H3JTydaeMble BOJHbL. MI3BeCTHEI HaHOTPYOKH C
'me u nepuonmecrm cxpyquHme fpyﬁm CaoiicTBa cOOCTBEHHBIX
3JIeKTPOMATHHTHBIX BOJIH B EPHOHYECKH HepOpMHPOBAHHBIX HAHOT-
py6Kkax GyIyT CyIIECTBEHHO 3aBHCETh OT AM(PPAKUMOHHBIX a¢dpexTos,
CBf3aHHBIX C NEPUOAMYHOCTHIO.

Jlugpaxyus Ha nepuoduueckiux cmpykmypax us narnompybok. Cpeny
3anmau NUQPAaKIMK SIEKTPOMATHMTHBIX BOJH Ha TMEPHOAMYECKUX
CTpyKTypax W3 HaHOTPYOOK OcoObIi HHTEpEC NMpEeACTaBIsieT Ciydai,
KOIJIa TIEpHO/| COM3MEpUM C JUTHHOMN BOJHEL. IIpu 3TOM B pemerke u3
HaHOTPY6OK Gy/lyT BOHMKATh PE30HAHCHBIE AU(PAKLMOHHBIE adex-
ThI, XapaKTEpHbIC [JIA NEPHOMYECKUX CHCTEM U M3MEHEHHA 30HHOM
CTPYKTYPBI, xapampnme II..I'IH dpcrronumx KPHETANION.
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ELECTRODYNAMICS OF CARBGN NANOTUBES

Maksimenko S. A., Slepyan G. Ya.
Institute for Nuclear Problems, Belarus State University, Minsk

_ Yevtushenko O, M.
Institute of Radiophysics and Electronics, Nat. Ac. Sci. of Ukraine,
Kharkov
Electromagnetic properties of carbon nanotubes (CNs), are consid-
ered in the microwave, the infrared and the visible regimes. Micro-
scopic consideration of a CN's conductivity and Coulomb screening is
undertaken both in the semi-classical approximation and on the basis
of a rigorous quantum-mechanical model. Analytical expressions for
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the dynamic conductivity are derived and numerical results for differ-
ent types of CNs are presented. Effective boundary conditions for the
electromagnetic field and the electrostatic potential in CNs are stated
on the namotube surface providing thereby the most appropriate tool
for solving electrodynamic problems involving CNs. A detailed analy-
sis of the eigenwave problem in a single homogeneous CN is pre-
sented. The existence of surface TM-waves is pointed out and fre-
quency ranges are shown to exist wherein these waves can propagate
to distances essentially exceeding the CN length. That allows the con-
cept of nanotubes as nanowaveguides. A composite medium compris-
ing electrically small CNs dispersed in some host material is also con-
sidered. The Mossotti-Clausius homogenization procedure for esti-
mating the effective permittivity of a dilute CN-based composite is
described and some optical properties of such composites are dis-
cussed. A brief review of unsolved problems of electrodynamics of
nanotubes, with the emphasis on potential applications, is presented.
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HCCIEJOBAHHME COPEIIHH BOJXOPOIA
HAHOIIOPHCTHIM YT IEPOAOM

Epapx E. A., Tabuc U. E.
HMH Guznku CII6TY, 198904, Canxr-Ierep6ypr

I'opaees C. K.
HHHU Marepuanos, 191014, Canxr-Tlerep6ypr

Merozem TepmogecopBimonnoi CHCKTPOMETPHH IPOBEASHO HCCACTOBA-
HHe cOpOLHM BOACPOAZ HAHOTIOPHCTLIM yraeponoM (HITY) npu Temnepa-
Typax 570...970 K. Tepmogecopbunonnsie CHCKTPHI COCTOAT H3 HECKONL-
KHX ()33, KOTOPEEE CBAIBIBAIOTES G XeMOCOpOLHeit B HE3aRMCHMBIE COCTO-
HIEL Ha TIOBEPXHOCTA HAHOMOPHCTOrO yrnepomd. Kaxmoe ma mux oXapak-
TCPHIOBZHO BENHMHHAME HEPIUU aKTHBAIMH M NPEADKCIOHEHIHATLHBIX
MHOKKTETCH KOHCTAHT CROPOCTH ZeCOpOINL. Hoxyyers! ouenxu sdier-
THMBHOH SHEPr i aKTHBALHH H TEIUTOTHI COPOIHMM.

Beenenne

Husuit aromusli Bec yriaepoaa 1o CPaBHEHMIO C METaIaMH, CITo-
COBHBIMH & 0OpasoRANIIO TAIPHIOB, ONPC/AENISET OTPOMHBIA UHTEpeEC
K HAaKOIUICHHIO U XPAHEHHIO BOXOPOJA B dynnepenax, nanorpy6kax,
HaHOBOJIOKHAX H APYIUX YTIEPOAHEIX HaHOMaTepHanax. bonsmuEcTRO
VCCAENO0BANUA B 3TOM 0ONacTH nocpsmeno $usneckoit ancopbimu
BOROPOJA NP KOMHATHOH WIH KPHOIeHHOM Temneparypax [1]. Fun-
PHPOBAHAC DK NOBLILIEHHBIX TEMIIEPATYPAX, OOBMHO, sBAAeTCA akx-
THBHPOBAHHBIM NPOLECCOM U NPUBOAUT K XEMOCOPOHPOBAHHOMY CO-
CTOARHIO CBA3AHHOTO Bonopoaa. [pu 31om BOOPOA AMCCOHHHPYET Ha
NOBEPXHOCTY YTIEPOAHOTO HaHOMaTepuaia ¢ obpazoBannem Xumuue-
CKHUX CBA3CH ¢ PASMHYHBIMU KMHETUYSCKHMU B IHEPreTHYECKHMH Tla-
paMerpaMu fecopbuun. Kax ApaBHIO, gecopOHHA Takke gBIgeTeH
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CHIbHOAKTHBHpOBaHHOH [2]. B pabote npusenensl pe3ynsTaTsl Hecne-
goBakmusd  CcopOIMM  BROAOPOAA TNpPHM DOBBINEHHBIX TOMIESPATYpax
570...970 K u gapncauax 0,1...6, 9.3 u 266 Mila, a Takoke KUHETHKH
BhIZEeHHd BOJOpOoJa B Auanasone Temnepatyp 370...1470 K.

Meroanka

[poBoarnrcs ABa THITZ 3KCIIEPHMEHTOB!

nacoimenne HITY npu BeicokoM gamrenud (9,3 u 266 Ml1a), ero
TPaHCTOPTHPOBK2 K CBEPXBLICOKOBAKYYMHOH YCTAHOBKE ¢ Macc-
CHCKTPOMETPHUYECKHM AHANH3OM BBRIAENSIONMAXCA [a3oB, NOAPOOHO
onucaHHOH B [3], ¥ TepMomporpaMMHpyeMas XecopSips Bopopona
(TIIMT) B 3akpeITHI BAKYYMHPOBAHHBEINA 00BEeM % OLIEHKH KOJHYECT-
Ba COpOMPOBAHHOTO T'a3a;

H3YYEHHEC KUHCTHKH COpOLMH M JecopOIHH BONOPOJA IPH HAckl-
HIEHMH B yCJIOBHAX HM3kMX nasnenunii (0,1...6,65 xfla) wenocpener-
BEHHO B 3TOH yCTaHOBKE.

Pezynetars! # ofcyxaenne

Copbuya npy NOBBILEHHEIX TEMIIEPATYPAX WACT ¢ NPEOACTSHHEM
aKTHBALMOHHOTO Oapbepa, H ABMNAETCH AMCCOUHATHBHBIM ITPOLECCOM.
OKCHEPHMEHTANBLHBIM NOATREPA(TeHHCM THCCOLMAaTUBHOTO XapaxkTepa
a7icopOIHK ABASETCH TEMIIEPATYPHAS 3aBHCHMOCTE AECOPCIIMOHHOrO
notoka ./, npuseaennas na puc. 1. Xopouiee coBnajieHHe ¢ YKCNepy-
MEHTATBHOH KpHBOH HA€T €€ pasNoKeHHe Ha HeTHIPS HE3aBHCHMBIE
dassl o, B, ¥ H 8, COOTBETCTBYIOMHE AeCOPOIHH BTOPOro NOpaKa

E
J=N%, exp| - =41,

rae by — npeasKkcroHeHTa M Ej— 3HEprus akTHBALMY ACCOpOLHM,
N — xonuuecTBo apcopbaTa B Kakao# pase.

TH,H—CH&K’I‘pB‘I, TIOMYUCHHBIC (IPK Pa3luuHEIX TeMIeparypax copb-
IHH, XOpOLIQ aRFpOKCHMHPORAMICE HPH DOMOIUH CICOYIOINETD nabo-
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pa napameTpos:

a-drasa [-dasza y-thaza S-thaza
Ey Jli/mons] 108 + 10 12 £ 15 80+ 40 124 £ 10
by, 167210710 | 21070100 [ 2107 410 [ 107 2107

Jns ‘neenexopanys xMHETHKH ancopGiuu Gbiia IIPOBENEHA ceputs
skcmosmumé  mpn  6,65kfla B nmanasowe  Temieparyp
523...973 K. KonmvecTBo ancopOMpoRaHHOTO BOAOPOA2 B B-thase 110-
CTCAHHO MNpH TeMmepatypax copbuuu ot 523 no 973K, a Bknag
y-()a3bl OTHOCHTEIBHO HEBENHK. D10 4AeT HAM BOIMOXHOCTD OLIEHUTE
SHEPreTMKY coplLiMM B TEPBBIX ABYX (710 Temmepatype HECOpOIMM)
dazax o u B.

3aBUCUMOCTE copSumn B o- i B-azax or obpaTHol TemnepaTyphl
noxasana #a puc. 2. Haknos npaMol Ha pric. 2 Jaet yopeqHEHHYO 1O
JBYM $azam SHEPTHIO AKTHBAITHH afcopOLKH
E, =104 £ 12 x[[x/mone. TpemokcnoHenta ckopocTy amcopOuuu ky
OLIEHHBACTCS BeNMUHHOH Ky~ (10 + 5)10% ¢ klTal. {lonpobuo npo-
LeAypa IKCOepuMeHTa onucana B pabote [4].

45
sl 7
42
40
38
0. 4 16 18

2 14 .
10004T, K™

In{N, oTH. ef.}

30 800 1200
T.K

Puc. 1. TIT-cnextp HITY Puc. 2. Temneparypras

Nocsne Hacsinenus npH 6,65 klla  zaspcuMocTs copbumu B - H

B Teuetne 10800 ¢ npu 823 K. B-pasax  wpm  waceImeHMH,
JATeKOM OT PARHOBECHOTO,

BenuuuHst sHepruit akTHBanAM oecopbimn £y ¢ ydeToM norpem-
HOCTH HE3HAYMTEJIBHO NPEBHINIAIOT YCPEMHEHHYIO SHEPTHIC aKTHBa-
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1mE copbuun F,. 3T0 03Hauaer, ¥To TennoTa copBuuH KOIDKHA OBITH
Matoil TOAKMTENBHOH BEIMMUHON, & KOJIMUYECTBO COpPOMPOBaHHOIQ
BOZOPO/IA JIOJIKHO PACTH C YMEHBINSHHEM TEMICPATY Pl COPOLIH. 310
JAKTOUCHAE IOATBEPAMAOCH JKCASPEMEHTAIBHO 3aBHCHMOCTE pas-
HOBECHOTo HakomwieHHs Bogopoaa e HITY or TemmepaTypst HAcHIIIE-
HUS AAST HHTETPAIbHYIO TelnoTy ancopbin AH = 13 + 4 kJhx/moitb.

PeHTreHOCTPYKTYPHBI aHaim3 nokaskeaet Hamgaue B HITY rpa-
¢urononobubix ¢dparMeHToB [5] ¢ MEXIINOCKOCTHRIM PacCTOSHUEM
0,346 HM, YTO HECKONEBKO I(IPEBHINIZET COOTBETCTBYIOUYYO BEIHUMHY
Amst MonokpicTanna rpadpura (0,335 am). Mecnegoranuwe HITY Meto-
[IOM PEHTTeHOBCKOH (HOTOEKTPOHHOH CTCKTPOCKOIHM IMOK2A3bIBAET,
Yo 3HauMTeNbHad HacTs marepuana (60...80%) xapaxkTepusyercd
sp’—rubpumusppopanmeiMe C—C CBA3AMM, 9T0 TAIOKe HOATBEPKAET
BEICOKYIO CTefieHb rpaduTisaunu obpasua.

Pasmepst 4 dopMa rpaduTOHOROGHBIX (IParMSHTOR HCCIE0BANHCE
METOOM MATOYITIOBOrO PEHTTeHOBCKOro paccesiHun [6]. IlapaMeTphl
(bparMeHToB, OUEHEHHbIC M3 FaHHbIX MYPP, CBUCTEIBCTRYIOT O BEI-
COKOM OZHOPONHOCTH Pa3MepoB paccenBaromux dacTru. [Ipu atoMm
MAKCHMATBHYIO DOI0 o6heMa COCTaRIAIOT Haubonee MOIKUE JacTH-
HBI, NMHEHAEIH pazMep KOTOPHIX COCTARIACT ~1...1,5 HM, 2 TOJMLUKMAA B
TIOATOPA—IBA Pa3a MEHLLIE, YTO MOXKET COOTBETCTBOBATS “CTOMKE” U3
Tpex rpadUTONoROGHEX MIOCKOCTEH.

Mbi OJIaraeM, UTo HauBonee BEpOSTHBIMH MECTaMH Td copOwuam
sojopofa B HIIY sBisiioTcd HEHACHIICHHBIE YIJICPOJHBIC CBA3M HA
FOBEPXHOCTH 3eped [7] Wil OIMCAHHBIX HAHOKIACTEPOB. ATOMBL yr-
JTepoJa, PACTIONOKEHHBIE Ha PAIMHMUHBIX FPAHULIAX TAKHX rpadTono-
DODHBIX (JPArMEHTOB, MMEIOT HEHACHIIEHHbIC BAIEHTHRIE CBA3H H MO-
Tyt agcopbuposark BoZopod. OpHEHTAIUS FPEHHLIB KPHCTAINTA Ofl-
pejienser JHEPIHH AKTHBALMH U CKOPOCTH afcopbiuH o necopbuun
Bofiopona. MOXHO IPEATIONONKHUTE, YTO O- B [B-askl B HALIMX TIA-
cTIEKTpaxX CB#3aHp! ¢ afgcopbusell BONOPO/a Ha TAKHX PASAMMHO OPH-
€HTHPORAHHBIX IPAHMYHBIX aTOMax Yricpoaa. Makcumaneias BO3-

37



MOXHas copBuys B 3TOM CAyHae OrpaHuueHa KoHHeHTpaiweH o6op-
BanHBIX YTICPOAHSIX CBAsci. OUCHHM 3TY BETWHMHY B IIPEITIONONKE-
unaK, 9T B copOupn npunmuMaet y4actue 8§0 % marepuana, COCTOSINE-
ro 13 rpaduTonoROOHBIX HPAMOYTONBHBIX (PArMEHTOB PasMEpOM
1,5 x 1,5 uM. Yucao oGopBaHHBIX CBA3cH B 3TOM CAyYae COCTABILACT
~1/5 wacth OT WHCNTA ATOMOB YrA€poda, 4YTO HPMBOAMT kK (mnax
H/ACy~ 0,8 %02 ~ 16 ar. %o. D1y OIICHKY NMOATBEPKAAOT Pe3yNIbTaThl
onpeAeNeH s [IPEACILHOT0 KOMUYECTBAa BOAOPOXA, KOTOpOE MOXET
copSuposats HITY, rposenenHoro npH 266 Mila u 773 K. Ono co-
cTannseT 15,6 at. % npu 266 MIla u 773 K.

3akaouenue

CnosxHas KapTHHA TepMOASCOPOLHOHHEIX SKCHEPHMEHTOB MOKET
OBITh ONKCAHA B PAMKAX MOACHH XeMOCOPHIUMH BOACPOAA B HECKOJIBKO
HE3aBUCHMBIX COCTOAHMA Ha moBepxsocTy HITY. Kaxaoe U3 aTHX co-
CTORHKE 0XAPAKTePH3OBAHO BEIMYMHAMH DHEPIHH AKTHBAIMH H KOH-
cTaHThi ckopocTH Aecopbuun. MHTerpansHas Temwiora copbuuu, noay-
ueHHAd U3 3KCIIEPUMEHTOB HPH PaBHOBECHOM HACHIECHHH, OKa3hiBa-
€TCA MATIOM BeJIHYHHOMH, YTO COBNAAET C CLSHKAMH, HOTYYCHHBIMH U3
IKCIIEPUMEHTANLHEIX JHEPrHil aKTHBALIMH AACOPOLIHH H AecopOLniL.

TlosyueHbt BenHuMHbl KOHCTAHT CKOPOCTeH afcoplumu u gecopl-
LIHH.

ABTOpBl OnarofapsT 3a MOOMOLIF B MApOBeAeHHHM pabOTel
FOxumuyka A. A., Tapacosa b. I1. u Knamxuna C. H.
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INVESTIGATE OF HYDROGEN SORPTION BY
NANOPOROUS CARBON

Evard E. A, Ga_bis L E.
Research Institute of Saint-Petersburg University

Gordeev 8. K,
Saint-Petersburg Central Research Institute of Materials
Hydrogen sorption by nanoporous carbon was investigated at tem-
perature range from 570 to 970K by TPD method. TPD spectra con-
sist of several phases that are associated with chemisorption in inde-
pendent states on carbon surface. All of these states are characterized
by values of activation energy and preexponential factor of desorption
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rate. Evaluation of the effective activation energy of adsorption and of
the sorption heat was done.

Influence of microstructure of carbon material on possible adsorp-
tion sites is discussed. On the base of X-ray diffraction and photoelec-
tron spectroscopy data up-limit of hydrogen sorption is evaluated.

40



VK 541.67

MATHUTHBIE CBOMICTBA HAHOMATEPHAJIOB,
OBPA3YIOIUXCS ITPH DJIEKTPOAYTI'OBOM
PACHBLIEHVH I'PAPUT-KOBAJLT-HUKEJEBBIX
SJAEKTPOAOB

Miyasra Q. M., Tapacos b. IL., Kpunuunas E. II., Mypansn B. E.

WneruryT npobieM XuMU4eckod pusuky Poccuiickol AkaneMun
nayk, UepHorosnoska, MockoBckas 06/1aCTh

Mopo3sos 1O. I.
MHCTHTYT CTPYKTYpHO#M MakpokuneTHky Poccuiickon Axanemuun
Hayk, HepHOrojaoBka

Iyaera H. FO.
MocKoBCKHil PUIAKO-TEXHHIECKHH HHCTHTYT, JloronpyaHbIi

JUIs HAHOMATEPHAJIOB, TONYUCHHBIX MPH SMEKTPOAYTOBOM PACIBUICHHH
rpauT-KoGANLT-HUKENEBEIX JNEKTPOJIOB, WU3MEPEHBI KPHBBIC HaMarHu-
yegHocT# B Tomnx no 10 kOe. YcTaHOBNEHO, YTO MarHWTHbIE CBOHCTBA
MATepHANOB CYNIECTBEHHBIM 06pa3oM 3aBHCAT OT MECTa MX OCAKIACHWL B
Kamepe pacnsuieHw. J[eno3uT, pacTyiluii Ha KaToxE, ABJACTCA JjaMarke-
THKOM, TOF/1a Kak OCTANbHbIe POAYKTHI PACTLLICHHA deppomarauTHSL. Hx
deppomarneTism oGyciopied Co-Ni HaHOYACTHIAMH, HEKOTOPBIE U3 KO-
TOPBIX MHKATICY/IMPOBAHEI B YIJIEPOAHYIO 060/0YKY, KOTOpas NPENOXPaHi-
eT WX OT OKUC/eHHs Bo3ayxoM (BwioTs 1o 470 °C) u pacTBOpEHHA B COMIA-
Ho#t xucnore (mpu 95 °C).

MerToJ| NOMyHEHHs YIIEPOXHBIX HAHOTPYOOK MyTeM pachbUICHM

rpaMTOBOrO CTEPXHS B aTMocdepe HHEPTHOTO rasa JI0CTaTOHHO X0~
pomo m3secTeH [1], T.K. KMEHHO 5TOT METOA JIEXUT B OCHOBE Haubo-

nee 3¢ exTHBHOM TEXHOIOTHH nonyqeﬂga_r_:hymege_ﬂgn_[2]. Yeenuge-

HHe BBIXOa HAHOTPYOOK B MPOMYKTaX PACHbUICHHS MOMHO JOCTHYL

[lyTeM BBEJICHHs KATAIM3aTOPa B rpapUTOBBIH CTEPIKEHE, A TAKKE IPH
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M3MEHEHHH PEXUMA PACIbUIEHUA W JapneHHs WHepTHOro rasa. MHo-
roYMcieHHbIe PpaboTel IO IPUMEHEHHIO METAJIOB B KaYecTBe KaTallk-
3aTOpOB TO3BOJIANK YCTAHOBMTH, YTO OJHUM U3 HauGosee >(dexrus-
HBIX KaTaJM3aTOpOB AB/LIOTCS CMECH METAUIOB IPYMIB! Xkelnesa (CM.,
HanpuMmep, [3]).

MexaHu3m KaTaJUTHYECKOTO NEHCTBUS M pacnpefesieHne MeTasuia
B MPOJYKTAX JYrOBOrQ PACIHBUIEHHMS TAKKe aKTUBHO HCCIIEIOBAIUCE.
VcTaHOBIEHO, YTO NPH MCIONL30BAHHM FafOJMHMSA B KauyecTBE KaTa-
NM3aTOpa B CaXKe MPHCYTCTBYIOT YacTHIbBl TafJONUHMA, U3 KOTOPBIX
BBIPACTAIOT ITy4kH ofHocTeHHBIX HaHOTpybok (OCHT) [4]. Momumo
TAKHX CTPYKTYP, KOTOpBIE NPSAMO CBHJECTENBCTBYIOT O TOM, YTO Me-
TaJUICOJEpPXKalAe YACTHLBI SABIISIOTCS KaTaIMTHYECKUM LIEHTPOM pOC-
ta OCHT, arombl MeTanna B HEKOTOPHIX Ciydasx obHapy:uBaroTCs
HEMOCPEe/ICTBEHHO BHYTPH HAaHOTPYOOK WM B YIJIEPOAHBIX 060JI04KAX
Apyroro tuna. ECTeCTBEHHO, COOTHOLICHHE MEXKAY 3THMH (OpMamMu
METAUICONEPAIMX YACTHI[ ¥ MX paclpejie/ieHde B IMPOXYKTAX pac-
MBUICHHS 33aBHCHT OT MHOIMX NapaMeTpoB, B YacCTHOCTH OT THMA W
KOHLEHTPAIMH METAJUIOB, BXOULIHX B KATAIU3ATOP.

B HacTosiieM COOGIIEHHH MBI MPUBOAMM pE3YJIBTATH M3YYEHHS
MArHUTHBIX CBOMCTB NPOAYKTOB 3NIEKTPOIYTOBOTO PACIIbUICHHMS Yriie-
poaHsIX crepikHed, conepxamux 10 macc. % cmecu Co—Ni, rae Ha
TpH aToma xobankta npuxomurcs 1 atom Hukens. Mccnenosanuchs
TAKKE CBOMCTBA 3THX NPOYKTOB nocie o0paboTok, HanpasieHHbIX Ha
YMEHbUICHHE B HUX COIEPXKaHHA METAUIA H YBEIHYEHHE CO/ICpyKAHMS
OCHT.

OcolennocTn 53KCIEPEMEHTA

MeTtop nmoyueHHs W3y4aeMsIX 00pa3ioB GIH30K TOMY, ¢ TOMOUIBIO
koToporo noxydanu ¢ysepenst [2]. 'paduroBsiii crepikens, conep-
JKaIUK KaTaJM3aTop, UCIONIB30BalM B KavecTBe aHona. Karanuzato-
poM B Haiuem cirydae ObU1a CMech OPOIIKOB KobanbTa W Hukens. Pac-
nbUIeHHE MPOBOAKIM B atMochepe remus (p = 650 Torr). Tok paspsaaa
coctasisur 100 A npu nanpspxenun 28...30 V. IIpu pacrisuienuy npo-
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MEKYTOK MEXIY aHONOM M KaTOJOM IOJUICPKUBAJICS PaBHBIM IPH-
6musurensHo 2 mm. PaccTodgHue OT J/IEKTPOIOB JI0 CTEHOK OXJIAX-
JaemMoit Boio# kamepsl cocTaBisio 70 mm.

VrneponHeli Marepual, TOJXYyYEHHBIH B pe3ynbTaTe pacrblUIeHHS,
JIeJIIH Ha YeTHIpe YaCTH B 3aBHCUMOCTH OT MECTa, IIe OH HaXOJUIICH
NpPH BCKPBITHH OXJIDKJACHHOH JO KOMHATHOM TEMIIEpaTyphbl KaMephl.
[Tepyio (Haubospinyio 0O Macce) 4acTh coOupaiu ¢ ODOKOBBIX CTEHOK
kaMepsl (Tak Ha3bpIBaeMas NpPUCTEHO4YHas caxka). Bokpyr karoja B
TIpoliecce pacHbUIeHHA pacTeT “BOPOTHHK” (BTOpas 4acTh), NMpelcTaB-
Jsrommid coboi peIXIIBIA MaTepuall, KOTOPLIH, B OTIIMYME OT TIPHCTe-
HOYHOM Ccaxw, 06?13}!,&81‘ onpe,neneﬂﬁoii anactu4HOCTHIO. Henocpencr-
BEHHO Ha KaTOJe TakKe 'I)acre'r JOBOJIBHO TUIOTHBIH HANeT WK Jieno-
3uT (TpeThs Yacts). Ha nHe kamephsl cobupaercs MarepHain, cOCTOS-
Ui U3 KycoukoB rpadura, KOTOpHIH WHOTZAA “OTCTpenHBaeTcs” OT
PacHblUIIEMOTO EKTPOAA, H HEKOTOPOrO KOJHYECTBA CAXKH, KOTOpas
N0 KakKuM-TO NPHYHHAM HE 3aKpEnuiachk Ha CTEHKE KaMepsl HIIH B BO-
poTHHKE. JTa (YeTBepTas) HacTh MaTepHalla B JanbHelllieM He uccie-
JloBayach, T.K. 0/ HAHOTPYOOK B HEl oYeHb Mana.

IKcnepHMeRTANbHbIE PE3YNLTATHI M HX 00CyxIeHHe

Conepixanme KaTanM3aTopa B OCTATKE SJEKTPOJA CYIIECTBEHHO
MeHbIIe 00BEMHOTO CO/IEPIKAHUS KATAIM3ATOpa B DIEKTPoJe JO pac-
nbuteHus (Tabn. ). CiepoBarenbHO, METAUT HCHapseTcs B OCHOBHOM
HEMoCpe/ICTBeHHO U3 KaHala 3MeKTpojia, B KOTOphIH oH ObuT 3anpecco-
BaH.

HamaruM4eHHOCTh HACBHILEHHUsI KOPPEIMPYeT NPEX/IE BCEro ¢ Co-
nepxanueM metauia (Tabn.). OueHka cofepxaHus MeTaia 1o BeJid-
YHHE HAMarHMYEHHOCTH HAchIIEHHS (B MPENNOIOKEHHH HEH3MEHHO-
CTH COOTHOIIEHHSI MCXOMHBIX BEJIMYHH B Pe3yNIBTATe PACTIBUICHHS) J1a-
€T 3aBHINIEHHBIC 3HAYUCHMS M0 CPABHEHHIO C JAaHHBIMM XHMHUYECKOIo
ananusa (cymma Co + Ni, cronben 4). M3 npecrapneHHbIx B Tabnune
DKCIIEPUMEHTANIEHEIX JIAHHEIX CJIeJlyeT, YT0 B BOPOTHHKE COINEPIKUTCS
meTana npubnuspresHo B 10 pas 6onbiie, 1eM B AETIO3UTe.
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Ta6aama. PesylibTaTs! XHMHWECKOTO  2HAIM3a M MArBMTHBIX
HCoIe0BaHUH HOPOAYKTOB BTEKTPOAYTOBOIO pacAeUTeHAS
rpaduTOBOTO  CTepkHs, cogepwamero 10 macc. %  Co+Ni
KaTaaMs3aTopa.

ConepskaHue
Y nembHasn
MeTamma Koapum-
Co Ni, (Co+Ni),| uamarnu-
Oopazen, ? {cormacHo THBHaR
Mace. %o macc. % Mace. ¥ EHHOCTH, C
HaMarnwycHao-| cuna, Or
emu/g o
. /g(," 1), Mace. %
Henosxt 0,7 03 l 2,35 1,86 173
Mp.caka 4,65 1.42 6,07 14,82 11,75 259
BopotHux 7.38 2,87 13,25 20,55 16,30 31l
Bnextpon Hewmsy. | Hewom. 0,17 0,13 248
Henosur * Hewmm. | Hemm. 0,06 0,05 370
{Tp.caka * Hewssm. | Hewum, 12,55 9,95 312
“|Boponk * | He msss. | He m3m 18,52 14,69 34
Me-
OCHT** Menee 0,5| Menee 2 1,72 1,36 490
Hee 1,5
Karantiarop 75 25 100 126,1 100 175

¥ uocne ofipaborsu conseoll KueaoToH mpu 85-95 °C

*# — EPUCTEHOYHAS CAKA MTOCIE BTOPOrO 3TAlla OHHCTKE (CMOTPH TEKCT).

ObpaboTka B CONIHOH KUCIIOTE NPHUBOINT K YMCHBLIUCHUWIO Hamar-
HHYEHHOCTH HACHILICHUA HCCIeyeMEIX 00pa3nos. KodpuuTHpHas CH-
Ja TIpH 3TOM TaKoke H3Mensercs. [IpeacTaBneHHbIe AaHHBIC [O3BONAIOT
.CYUTATH, YTO B BOPOTHUKE U B OCAJIKE HA CTEHKE KaMephl NPUCYTCT-
BYIOT KAK OTKPBITHIC METALIHYECKHE YACTHUb), TAK U YACTHIBE METAll-
j1a, NOKPBITHIC CIIOEM YTJIEPOMa, KOTOPHIH JAenaeT HX HeAOCTYNHEIMHK
ST KHCNOTHOTO TpaBNeHus. MeTail M3 AETO3HTA NPAKTHYSCKH Mo~
HOCTBIO yAandercs NpH ero obpaborke congHol kucnoToil. Bo BHeuI-
HeM MATHWTHOM mone Beime 3 kOr deppoMarHMTHAA COCTARIAIONIAL
BOCTIPHHMMHBOCTH HENO3UTA OPAKTHYECKH BBIXOAWT HAa HACBINEHME,
YTO [FO3BOJIAET JISTKO OHCHHTE NHAMAFHUTHYEO BOCIPHUMUYHBOCTE 3TO-
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ro marepuana. Jlns paccmarpupaemoro ofpasiia OHa COCTaBJAET
—(8,2+ 0,4) x 10" emu/g. U nockonbky mosis (heppoMarauTHOrO Mare-
puana (Metaiia) B 06pasie He NPEBHIIAET HECKOIBKO COThIX TPOIEH-
TA, MOXXHO I'OBOPUTBH, YTO JAHAMATHETH3M MENIO3MTa, ONpeAeaseMblii
YIIEPOIHBIMH aTOMaMH, TIPH KOMHATHOM TemnepaTtype 6IM30Kk K Tako-
BOMY JUlsl JENO3UTA, MOJYYEeHHOro 6e3 MCHONB30BaHMs KaTaaM3aTopa
(cm. mmke). Orbop MaTepuana U3 LIEHTpa AENO3MTA MMYTEeM IOCTEIEH-
HOTO y[aleHusi BHEUIHMX BU3YaJIbHO HEOAHOPOAHBIX YaCTei, YMEHb-
oiaer Jiomo QgeppoMarHeTuka B HeM. TakuM crocoboM MoxHO 6e30
BCAKOH KHCIOTHOH 0GpaGOTKH BBIACNHTH OPAKTHYECKH MMOAHOCTBIO
AMaMarHATHLIA MaTepual. BocnpuUMYHBOCTE TakUX 00pasLoB Takike
NOCTaTOYHO  BBICOKA MO  abcomoTHOH  Beimauude  (OKo-
7o - 6,5 * 10 emu/g).

HMuckyccns

HaMaranyeHHOCTS HachIeHHs o6pasia nocie BTOporo 3rana oyu-
ctku (obo3nageHnbii B Tabi. 1 kak OCHT) TeM He MeHee JOCTATOYHO
BbICOKa —1,7 emu/g, 4TO COOTBETCTBYET COAEPIKAHMIO KOOAILTA MpPH-
GmmsurensHo 1 mace. % (wis Hukens 5ta uudpa Oymer HeCKONBKO
Bbile). BuaumMo, ocTaBIIMHC METAILT HHKATICYIMPOBAH B YTJEPOTHYIO
06050uKy, MpHYEeM YAeIbHAs IUIOTHOCTH TAKOM KOMIO3HIMHE MEHBLIE
TUIOTHOCTH rpadura, 9TO M MO3BOMAIO TAKMM KOMIIO3HLMOHHEIM Yac-
THLAM OCTABaTLCS BO B3BECH IIPH JIEKAHTHPOBAHHH.

Heo6brunbIM CBOMCTROM MHKAIICYTMPOBAHHBIX YaCTHIl METa/Ia SB-
JAETCS MX BbICOKas koopuurusHas cua H, (490 Or). Onenka pasmepa
MeTalHYeckux uactHy D mo SKCHIEPUMEHTANBHON 3aBUCHMOCTH
H, = He (D), onucanuoii B [S], naer 3Hauenue 5...7 nm. OueHky mipo-
BOJMJIH B TPE/ITIONIOKEHHH, UTO MATHATHBIE CBOHCTBA YACTHIL omnpene-
JUIIOTCSI B OCHOBHOM KkobanbToM. Bropoe, cymecTBeHHO Gonee BbICO-
Kkoe 3HaueHue auameTpa gactull kobansra (D = 100 nm), 11 KoTopeIX
H, Taxoxe pasno 500 Or, uciumoumiy U3 pacCMOTPEHHMS, T.K. TAKHE Yac-
THIIB! BBITAZAIOT B OCANOK NPH HEHTPU(YTrHPOBaHHH.
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Wmelonmmecs B auTepaType JaHHbIE O MATHUTHBIX CBOMCTBaX MHO-
TOCTEHHBIX HAHOTPYOOK, COCTAB/IAIOIIMX OCHOBY JEMO3MTa, 00pasyio-
LIErOCA NPH PACHbUIEHHH YHCTOrO IpaUTOBOrO MEKTPo/a, He COBMIa-
JaloT Apyr ¢ apyroM. MuHMMaNbHOE 3HaYEHHE YAENLHOH MATHUTHOH
BOCIIPUMMYMBOCTH  JIENO3WTa TNPH  KOMHATHOW  TeMIeparype
(-8,5%10° emu/g) 6bu10 MoOMyueHo B pabore [6] M Mo3gHee MHOro-
KpaTHO LMTHPOBAHHOMY B KayeCTBE 3HAYECHHS MAarHWTHOH BOCIIPHHM-
YHBOCTH YINIEPOAHBIX HaHOTPYOok. B pabore [7] ynanoce usmMepuTh
BOCIIPHMMYHBOCTh /11 MHOI'OCTEHHBIX HAHOTPYOOK, OObelMHEHHBIX B
[Iy4KH, KOTOpast OKa3ajachk PaBHOM —IO,_’;’S*ll’)"'i emu/g JUis MarHUTHO-
ro mons, mapaviensHoro ocu myuxa. Ilpy mepneHmuKyIspHOM Ha-
[paBIeHAM MAarHUTHOTO MOJIS 3TO 3Ha4€HHE NPHOIH3UTEIBHO B
1,1 paza MeHbLIE IO a0CONOTHON BETHYMHE.

[TpakTuueckoe OTCYTCTBHE WHKAMCYJHPOBAHHBIX B YINIEPOJHYIO
0005104Ky YacTHIl MeTajlia B Jierno3ure, o0pasyloiemcs MpH paciibuie-
HHH 7IeKTPOJia ¢ KATaTH3aTOPOM, OOYCITOBIEHO, TIPEXIE BCEro, TeM,
YTO KOHACHCAIMs AEMO3MTa NMPOMCXOJHT NPH TEMIepaTypax, INpeBbl-
IIAIOIMX TeMIepaTyphbl NaBneHus kobambra W Hukens. Benuuuna
JHaMarHUTHOH BOCHPHUMYMBOCTH B 3TOM CIIy4ae OCTAaeTCs TaKOM e,
Kak ¥ B CNy4ae pacHbUICHUA YHCTOTO rpadpuToBoro crepxus. MojHO
IyMaTh, YTO CTPYKTYpa U COCTaB JEMO3MTa TaioKe HE 3aBHCHT (Masio
3aBHCHT) OT MPUCYTCTBHA METaJLIA B ra3oeoil dasze.

BriBomn

IIpoBeseHHbBIC HCCIENOBAHMS NOKA3AM, YTO MarHMTHbIE CBOMCTBA
MPOMYKTOB  BJIEKTPOMYTOBOrO  pachbbieHus rpadur  kobanbT-
HHKEJIEBOTO 3JIEKTPO/IA CYIIECTBEHHBIM 06pa3oM, pasnu4aioTcs B 3aBH-
CHUMOCTH OT MECTa MX OCaXKIEHHA: €CIIM B NPHCTEHOUHON! Cadke U B BO-
POTHHKE MOXKHO HaWTH 4aCTHIGI METAUIA, HHKANICYIHPOBAHHEIE B YT-
NEPOJHYI0 000JIOUKY, TO B JEMO3MTE TAKHE YACTHIIBI OTCYTCTBYIOT.
HeKOTopbie M3 MHKANCYIMPOBAHHBIX HACTHL MeTALIa OCTaloTes (ep-
pOMarHMTHBIMK [a)Ke T0CIIE OKMCIECHHS Ha BO3AyXe Opy 470 °C u xu-

46



mAvYenws B conanoll kucnore. Ipu taxoit o6paGoTke npomykTel pac-
IBIICHHA, BXOASILE B COCTAB BOPOTHHKA ¥ COOPAHHBIE CO CTEHOK pe-
aKTOpa, 00OramaTea OAHOCTEHHEIMH HaHOTpyOKaMu. Matepran se-
No3uTa, O6pasyIoIerocd TIPH pacTbIeHHH rpadHTOBOTO 3MEKTIPOnA ¢
KaTaAU2aTOpOM, FI0 CBOHM MATHHTHbIM CBOHMCTRaM GIH30K K TAKOBO-
My, MOMyHeHHOMY 0€3 MCrop30BaHUs KATAIM3ATOPA, T.C. ABIACTCA
JHAMArHETHKOM C BOCHPHUMUHBOCTBI) ~ -8%10° emu/g npu xomuar-
HOU TeMIIeparype.

PaBora BBINONHEHA NMpH GUHAHCOBOH moanepxke PODH (npoexTsl
Ne 00—03—-32106 u Ne 99—03-—32647).
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MAGNETIC PROPERTIES OF NANOMATERIALS
PRODUCED BY AN ELECTRIC ARC PULVERIZATION OF
GRAPHITE-COBALT-NICKEL ELECTRODES

Shul’ga N, Yu.., Tarasov B. P., Krinichnaya E. P., Muradyar V. E.
Institute of Chemical Physics Problems of RAS, Chernogolovka,
Russia

Morozov Yu. G.
Structural Macrokinetics Institute of RAS, Chernogolovka, Russia

Shul’ga N. Yu.
Moscow Institute of Physics and Technology, Dolgoprudny, Russia

Magnetization curves in fields up to 10 kO are measured for nano-
materials obtained at electric are pulverization of graphite-cobalt-
nickel electrodes. It was established, that the magnetic properties of
materials significally depend on a place of their precipitation in jet
chamber. The cathodic deposit is diamagnetic, whereas the remaining
products of pulverization are ferromagnetic. Their ferromagnetism is
related with Co-Ni nanoparticles, some of which are incapsulated in a
carbon shell, which one safeguards them from oxidation in air up to
470 °C and dissolution in hydrochloric acid at 95 °C.
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VJIK 533.92 + 543.8:543.51

MACC-CIHEKTPAJBHBIE HCCIEJTOBAHUS PEAKITIA
BO3BYXJIEHHBIX @YJIIEPEHOB

Psbenxo A. I'., Mypaasn B. E.
UncturyT npobnem xumudeckor usmku PAH, Heproronoska

Ecunos C. E., Yepenanosa H. H., Turos M. H.
WncruryT 6noopranmdeckoit xumuu uvern M. M. [llemsxuna u
0. A. Opuunnukosa PAH, Mocksa

B pabore ¥ccieaoBaHa TPaHCYOPMALMS MACC-CTIEKTPOB MCIIapAeMBbIX Jid-
3epom 06pasuoB Ceo H Cyo PH MOCHENOBATENLHOM YBETMUCHIH MOIMHO-
ctu nazepa. OGHAPYIKEHO, YTO B HaYyase ¢ POCTOM MOIHOCTH Jia3epa Io-
aesmorest mpmsHaky o6pazosarnsi (Ceo + Cz) 1 (Coo + C) METACTAOMIIL-
HBIX KOMIUIEKCOB. 3aTeM HabmopaeTcs IOSIBIEHHE TIHKOB OCKONKOB Csg,
Css, Csa 11 Cez, Cos, Cos crafaromeii ammmmtyzpt. Hpu JIanpHeHImeM pocTe
MOIIHOCTY Jlasepa TIOABINOTCS makM ¢ Maccamu 1440 (1680) m 2160
(2520), cooTBETCTBYIOLIME ABOMHBIM 1 TPOHHEM Komiurekcam Ceo (Cp)ec
COMyTCTBYIOMMM HaOOPOM MOANMKOB YaCTHTHOrO PaspyIIeHUs KOMILICK-
cos ¢ BeiGpocom C,. TlomyyeHHble JaHHBIE cnmé%enbcmym 0 CKJIOHHO-
cTH BO3OYNCIEHHBIX MOEKY/ (YJUIEPeHOB K CIMNaHHIO C nochenyrome i
crabunusanueii 3a cuer BhIGpoca HEGONBIIOTO OCKONKA, ITOT MEXaHH3M
pocTa XJIACTEPOB YIepoAa HEOOXOMMMO yHHTHIBATE IPH MOACTUPOBAHHN
npotiecca 06pa3opanuA (yIJUIepeHoB. <

Beenenmne

K HacTosIeMy BPEMEHH OIyGIIMKOBAHO HeMasio paboT, MOCBALIEeH-
HBIX KAK TEOPETHYECKHM, TaK H SKCTIEPUMEHTANIbHBIM HCC/ICOBAHHAM
MexaHu3Ma oGpasoBanus (yIIEPEeHOB M HAHOTPYGOK B rasoBOH daze
TIpy KOHAEHCALMH yriiepoaHoro napa. OJHAKO 0 CHX IIOp MpH aHaIM-
3€ ITOr0 MEXAHM3Ma He YAENSNOCh JO/UKHOI0 BHUMaHUA 6eccropHoMy
(axTy CHIBHOrO HEpPaBHOBECHOIrO KONEOATE/IBHOrO BO30yKACHUA 06~
pasyionmuxcs B mporecce pexkoMOMHALMHU NPOXYKTOB [1, 2]. 3akoHbl
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MUFPALIMM 1O BHYTPEHHUM CTETEHAM CBOGOAR, TpaHCGOpPMALMH U
pefaKcauuy 3TOM BHYTPEHHEH JHEPIUM ONpeHS/fOT BpeMs JKH3HH
obpazyiouIuXes HPOMEKYTOYHBIX METAacTAGWIBHBIX UYACTHML, KAHANBI
WX pacHaga H peKoMOWHaUMH, [o3ToMy 03 MX ydera HEBOIMONKHO
NPaBHIBHO TIOHATE MeXaHH3M oOpazopanus (ryinepeHoB H OQHOCTEH-
HBIX HAHOTPYOOK. B paboTax, HOCBAINEHHBIX TEOPETHYECKOMY pac-
CMOTPEHMI0O MEXaHH3Ma poCcTa QYJUIEPEHOBRIX KIACTEPOB OOBIYHO
npeAnonaraeTcs {3-5], 4ro pocT KAACTEpA, COCTOSMIEro M3 KaK MUHH-
MyM 30 atoMoR, (B Tom quche u ofpasosanne Cro uz Cgo) HmeT 3a cuer
MOCJICAOBATENBHONO NPUCOSAHHEHHA K HeMy HeGOMbumx Monekyn (B
[3] B xauecTre Takol yacTHOR paccmatpuBaercs Cs, B {4, 5] — Cy).

ABTOPEl HAcTOAINeH paboThl CUMTAIOT, YTO CYINECTBYET H JPYroi
MEXaHH3M POCTA, 4 HMEHHQ, FIPOCTO CHHIIAHKE BO3GYXKISHHBIX Kia-
CTEPOB € OCACAYIONIHM Pa3BalioM HA JRBA OCKOSKA ¢ Pa3HO Maccoil.
Ota anvrepraTira obpasopaHua Ci u3 Cgp 3a CUET CHUTAHHA JBYX
Bo30yRICHHBIX Cgo, KakeTCa HaM Gosee BepOATHOM, MOCKOALKY Bblae-
ASUOWAACH JHEPrUs CIAMIAHMS Ppaciipefensercd II0 CYLECTBEHHO
GOJILIIEMY HHCITY CBA3EH, UTO YBC/IMUHMBACT BPEMA U3HN KOMIUIEKCA.

[Ipn nazepuom mcmapeHMu M HoHM3aumH ofpasua ¢ Cy B Macc-
CHOEKTPOMETPE BOCCO3NAETC OAMH H3 ITATIOB CUHTE3& IIPH HCNAPCHHH
TpaduTa, a UMCHHO, TOT MOMEHT, KorZia B hakene rpadMTOBRIX YACTUL
yKe 06pa3oBaica nepsplii cTaGIWILHLIH, HO e BoabyKucHHbH dyi-
meped Cep. YBENMUKBas MOWHOCTE Na3epa Macc-ClEKTPOMETPa, MOXK-
HO AOJYHaTh B PA3THYHOM CTeNenH BO30YKAeHHbE MOJIEKYIE! U PerH-
CTPHPOBATE NPOAYKTBI HX B3aHMOZEHCTBRI mpy HeGONBIIOM WHCTE
CTONKHOBEHHUH.

Metopuxa
B pabote ucnonb3oRancs BpeMANPONETHBIN MAacC-CHEKTPOMETP ¢©
naseproii xecopbiedr Qupmbl FINIGAN. JinurensHocTs fa3epHOro
mmayiasca (337 nm) cocTaBnaga 3 ns, MaKCHMATbHAS DHEPrHS HM-
mynbea 250 mkJ. Jlyu dokycHpoBascs Ha 3epKalBHYI0 MeTamTHue-
CKYI0 MMLUIEHD B IMITHO AMAMeTpoM [puMepHo 10 pm. Opasusl Hano-
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CH/THCH HA MHIIEHb M3 TONYOIBRHOMO PacTBopa ¢ HNOCHEAYIOLMM BBI-
CynIMBaHMEM MUKpOKArUly, Takum 00pa3oM MCTIApPEHUE W MOHM3ALF
HPOMCXOIMIY U3 MUKPOKpUCTAIOB Cep WK Cy) TIPAMO B BAKYYM C
MOCIEAYIOIAM YCKOpeHneM HWOHOB. CTONKHOBEHMS TACTHIl MOTIHA
TIPOMCXOANTL TOJIBKO B (akerne naseprodt pecopbiun. DyrepeHs
NONyYATKHCh B MEKTPOIYTOBOM PEAXTOpe ¢ MOCHEAYIOMMM XPOMATO-
rpaduueckuM pasfencnuem. dnctoTa 00pasloB COCTABNANA HE MEHEe

99 %.

PesyabTarhl

[loydeHHBIe MacC-CIIEKTPHI IPUBEACHEE Ha PHC. 1...3. Kpupasg | ra
puc. 1 nonyuyeHa NpH MAHUMAIEHOR SHEPrUy, NpH KOTOpOH NOABJINET-
ot otuerTnupbiit ik 720 (Ceo). XOpollo BHAHA M30TONHAS CTPYKTYPa
nuka Cep. [IpH YBEIHYICHHH SHEPTHH HA 10 % (xkpuBas 2) noggiaseTcsa
NOTIONHATENbHEET MK 731 Macchl cpasa. 3TOT OHMK MOXHO Obu10 OBl
OBBSICHUTH PEAKIWAMH MOJEKYJ (PYJICPEHOR ¢ OCTATKaMH PaCTBOPK-
Teila, MPUBOISIUME K TPHCOEAMHEHUIO 11 aTOMOB BOZOPOAA K Ceo.
Ho 3aMena pacTeopuTens (Tonyona) Ha neifrepupoBaHubtii Genzomn,
CS, 1 ourcTka Cgp CYOIHMALHONHON TIEPETOHKOH B BAKYYME HHKAK HE
HOBAKSLTH Ha 5TOT NHK. [Ipu GolblueM YBEIHUSHHH DREPLHH Nasepa
YTOT MUK CTAHOBKTCA GoJice BRIpOKEHHBIM, nuku 720, 721, 722 macc
CMIBHO YIIUPAHOTCA BAPABO M NOABAAETCA HeKHii MbefecTal B paHoHe
725...728 mace. OTHET/IMBO MPOABIAETCA TAKKE YIIHPEHHDIH NHK B
paitone 696 maccer {Csg). Tlocaeanee €CTh CICACTBHE XOPOTIO M3BECT-
HOFO paspyuIeHHs BO30YKICHHBIX (y/IIepeHOB ¢ peIGpOCOM (parMen-
Ta Cs.

Ha pue. 2 nokazaHa TpaHc(GOPMANASL CNEKTPA Ceo mipd ctie GONB-
1el FHEPTIY MCHAPAIOIETO MMITyHbCa fNasepa. K3 Hero TAKKe BRIHO,
yro moNMs paspymieHHBIX Monexyl (g MHOMOKpaTHO BO3pOCHA IO
CPaBHEHMIO ¢ NaHHBIMH pHC. |, NOABHIIICEH JOCTATOHHO MHTEHCHBHBIC
KK, COOTBETCTBYIOUIMe MoaekynaM Cse, Css , 8 T.0. Ha mmxHeM
CIIGKTPC OTHSTAHUBO BHAHA CHCTEMA MHKOB MACTHRHOTO paspVvILHeHUuA
gnactepa Cizo (mxy 1480 — cameli npasklii, 1456, 1432, u T.J).
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Puc. 1. Usmenenue ¢opmer Mace-criektpa Ceo € POCTOM  3HEpruu
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Puc. 2. [Todrnenue mikoB aumMepos # Tpumepos Cgp.Bepxnuii criekTp
HOJTy4eH U1 TOTOXKHTEABHEIX HOHOB, HIDKHHIM U1 OTPHLATE/IBHbIX.
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AuanoryyHan kaprana Habmomaerca ¥ and Cyg (prc. 3). Mornexyna
Cyp Toxe paspylizeTcd ¢ IOCICAOBATENBHBIM BpiOpocoM C,, B OpH
AOCTATOYHOH 2HEPruM BO30OYKAEHMA MONEKYNbI HOSBIAIOTCA THKH

JHMMEDPOB U TPHMEPOB.
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Puc. 3. OGpazopanye AuMepoB u TpuMepor Monexyst Cr. Ha tikHem
CneKTpe IHCPrus Bo3OyAReHHA Donbile.

Obcyxenye pesyLTATOB

Habmonaiomeecs yIIupenye NUKOB Bripaso (puc. 1), Koropoe Ha-
6monaerce kak ans Cep Tak ¥ A Crg , CKOPEES BCETO, CBUACTENLCTEY-
et 06 o6pasoBAHMKM METACTAGHILHOrO KoMILekca ¢ yacTrueH C;, Ko-
Topas o0pasyeTes IpH pasBaie 9acTi BO3GYKACHHBIX MOTEKY. dyn-
neperos, Breapenue uactuiel C; BRI3HIBaCT ZeQopMAlMIO Kapkaca
JynnepeHa, BOJIHA BOIMYLUIEHUA PACTIPOCTPAHAETCE MO 0BONoMKe, UTO
MOXeT b0 BRBBATH BHIGpoc Qparmenta C; B IPOTHBOIIOIOKHOM
BHeIPEHHIO TOuKe chephueckoro (ymiepeHoBoro kapxaca, ubo, 4ro
Gonee BEPOATHO, BO3BPALIEHMIO BONHSI ¢ POKYCHPOBKOH BO3MYIISHMS
B TOuKe BHEAPSHMSA, UTO NpUBEAeT K 0OpaTHOMY BLIOPOCY BHEADHE-
ntefica vacTuup. Takum ofpasom, mux 731, mo- BMAUMOMY, COOTBET-
CTBYET BPEMEHM BO3BPAINEHMA BO3MYLUICHHA, a MBEACCTAN B paiione
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725...727 — BpeMeHH KOHLECHTpALAY BO3MYHICHHA Ha IPOTHBOMNO-
noxkHo# credke. Hockonsky npu JazepHO# AecopOLUM TPOUCXOTHT
6BICTPOE pacUIHpeHHe NPOAYKTOR B8 BAKYYM, UMCJIO CTOJKHOBEHHI
HacTUl B cBOGORHO pacuiHpsomeMcs daxese OTPAHHYCHO HECKOJIb-
KuMu pecaTKami, [1o3ToMy npucyTcTBHe 3aMETHBIX THKOB JHMEPOR H
TPMMEPOB TOBOPHT O BeChMa BBICOKOH 3heKTHBHOCTY NpoNeccoB
CTHMIAHHA BOZOYKAEHHEIY, YaCTHIL
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MASS-SPECTRAL EXAMINATION OF REACTIONS
EXCITED FULLERENES

Ryabenko A. G., Muradyan V. E.
Institute of problem of chemical physics RAS, Chernogolovka

Esipov S. E., Cherepanova N. L, Titov M. L.
Institute of bioorganic chemistry RAS, Moscow

Transformation of the mass spectrum of the laser desorption Cegg
and Cyo by means of series magnification of a laser power was ex-
plored. 1t was found that the indications of formation (Cg + C,) and
(Cy + C;) metastable complexes appear at first. Then the peaks of
fragments Csg, Css, Csq and Cgs, Cgs, Cgs with diminished amplitude
arise. It testifies to formation of activated fullerene molecules at their
desorption by the laser. At further propagation of a laser power there
are peaks with masses 1440 (1680) and 2160 (2520), corresponding to
double and triple complexes Cep (Cro). These peaks always occur with
a set of peaks of partial destruction of these complexes with an ejec-
tion of pieces Cy, Cy, ... The obtained data testify to predilection of
activated fullerene molecules to coalescence with the subsequent sta-
bilization by ejection of a small debris.

As the synthesis of carbon nanostructures at condensation of a car-
bon vapor runs by formation of excited clusters, it is necessary to al~
low for this mechanism of carbon cluster growth at the theoretical
analysis of this process.
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YIAK 853925

TTOJIHOCHUMMETPHYHBIE KOJEBAHUA
OYJLIEPEHA Cg

Bybens O. H., Buipro C. A., Kucaskos E. D., lToknoncknii H. A.
benopyccxuit rocyaapereenssti yumpepeuTer, Muuck

HomysMIBpHeckuM METONOM MOJEKYIpHLIX opOuraneif wccrenyoTca
TNONHOCHMMETPHYHbe koteBarus Monekynst Cgp. Pacyets! pammosecHoit
FCOMETPHIECKOH KOHQUIYPAIMH COBNAJAIOT ¢ HPEIHIHOHHEIMH SKCIIepU-
MCHTAMBHBIMK TAHHEIMH B OPENeNax NOTPEIIHOCTH H3MepeHuit. Brrauc-
JACHHOE OTHOINEHKE XECTKOCTEH aBYX pasmuinelx C-C ceazeit B dymnepe-
He paryo 1,389, ConocTapnenue pacueToB ¢ JAHHBIME IO KOMOHHALHOMN-
HOMY PACCesHHIO [TOKa3bIRAET BOIMOXKHOCTD pesoxanca MepMu NpH mon-
HOCHMMETDHMYHRIX KOSeBaHiLax.

Baeaenne

B cwry Beicokoii cummerpuu Monekyaa Cgy NOABEIKEHA PA3ZHOTO
pola HEYCTOHYMBOCTAM, CBA3ZAHHLIM KAaK C BIAMMOJCHCTBHEM M1eK-
TPOHHEIX ¥ A/IEPHSIX CTeneHed cBOGOMbI (3ddekr Ana-Temnepa [1]),
Tak @ ¢ BIANMOACHCTBUCM PAZIHYHBIX KOJCGATENBHBIX MOR MeIy
coboit (pesoHanc Depmu [2]). Taxue HEYCTOHUYHBOCTH ONpenenioT
CBOHCTBA MaTEPHAJIOB Ha OCHORE (Y/UTEPEHA, B YACTHOCTH {3], Temre-
PaTypy Nepexofa B CBepXOpoBoAdinee cocToaHne byiepuros MsCe,
rae M -— aTom memounoro metamia. _

B pabore [4] mpusoaarcs pesynsraTs: H3MepeHuii cnexTpa KomOu-
HalMOHHOro pacceanus dyiepena Ceo, BEINOIHEHHBIE ¢ TOMHOCTBIO,
AOCTATOYHOHA /1A KONHYECTBEHHOTO UCCHEOBAHKA TOHKOH CTPYKTYPbI
CHEKTPANBHBIX THEMHA. Jinnus, COOTBETCTBYIOILAS BRICOKOYACTOTHOM
MOTHOCHMMETPHHHOH MOZe AL(2), ofHapykuBaeT TOHKYIO CTPYKTYPY,
IPOHCXOKACHUE KOTOPOH OCTAETCHA H ACHBIM ABTOpaM paboTh {4].
HonnocummeTpunnbie kKoneGanus Ag ABITOTCH AH-TENNEPOBCKH aK-
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tupHbiME B Hopax (i, 1103TOMy IpPeACTaBISIOT HHTEpEC M ¢ 2TOH

TOUKH 3PCHHS.

Llens paGoThl — BbIACHEHHE KaueCTBEHHBIX ocobeHHoCTel nosiHo-
CHMMeTpHUHBIX KxonebaHui momexynsi Cgp. HConn3yerca MeTom Mo-
Jexynspheix opburanci (mporpamma MOPAC 7,0 [5] ¢ napamerpusa-
uneit PM3).

Hopmanbubie KOOPARHATEI IOTHOCHMMETPHYHBIX Koeda-
HAH
Ha puc. 1 mobpakeHa monexyna Ce B BHAC YCEUEHHOIO HKOCA-
pa. IIyHKTHpOM [OKA3aHbl OTCEYEHHBIE YACTH MKOCA3Apa, KPyKKa-
My — aTomel C. '

Puc. 1. Monexyna d¢ynnepena Cg. CBCTNBIE KPYXKH —  aTOMBI
YEACPOAQ; Crutomixbie THHHN — C-C CBA3H: TOHKUEC — 1y, AUPHBIE —
1. [IyHKTHp ~— OTCEYEHHBIE JACTH HKocadapa. 3aTeMueHa ojHa u3 30
MONYIUIOCKOCTEH, B KOTOPHIX [ABIDKYTCH aTOMbl YFIepoda HpH
Kofe0aHIX, He HAPYIIAKLMX CHMMETPHH HKOCa Hpa.

B momnekyse Cgy NPUCYTCTBYIOT CBAZH IBYX THIIOB [6]. Chasu [, ab-
AAKOTCH CTOPOHAMH HCHTATOHOB, ACKAUIMA B INOCKOCTAX YCCUCHHIA
HKOCA3Apa; [, npecTaBIoT cO00H CRA3M MEXITY BEpLHMHAMH IIEHTa~
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TOHOB ¥ JIEXAT Ha pedpax ycekaemoro ukocasgpa. Cunraercs [6], yro
©BA3b /5 Ou3Ka K ABoHHOH C-C cB43d, a |, — K O/iMHapHOI.

[poBeneM ceuenMe MKOCAdApa MWIOCKOCTBIO, MPOXoAsifell uepes
MOJSIPHBIE BEPLIMHEL H pebpo. B ukocasape uMmeercd Beero 15 Takmx
ceuenuii. [TonospHa ogHoro 13 Takux ceyenuit mogpobHO MokasaHa Ha
pHc. 2.

Puc. 2. Ceuenne wukocasfpa. TOHKaMM  yK43aHO  IIepeceveHue
w1ocKoCTEO C—C chszei; CIVIOMHBIMH TOHKHMU JTHHUAMH — TIpaHeit
YCEYEHHOTO uKkocasapa;, Ax', Az'— HOpMalbHblE KOOPAUHATHI
HOJHOCHMMETPHUHBIX KOIe0aHKH (ocTasibHEIe 0003HRUEHHA — PHC. |
H TEKCT),

Hns onucanus konebanuii dyiepera BHIGEpeM B TWIOCKOCTH cede-
HHA TIPAMOYTOIbHYIO CHCTEMY KOOP/MHAT ¢ HAYajoOM B LISHTPE MOne-
kynbt. Ock OX HampaBuM napamiensHo cBssM J,. TlonmocummeTpud-
HBIE KOJ1E0AHHA MOJIEKYNbl ONMUCHIBAKOTCA JBYMS HE3aBHCHMBIMY Ma-
paMeTpaMu, B Ka4eCrse KOTOPHIX BhiOEpeM HEeKAPTOBBI KOOPIHHATHI
4TOMA YIepoJia X U Z.

Kunetnaeckas sepryn 60 aToMoB yriepoaa

Kzsog[(mu(azr], B (1)

rue Ax, Az — MMPOCKIMH CMEIEHHA aToMa yIiIepoaa MAaccol m K3 1o-
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JTOKEHHUS PaBHOBECHI.
B rapMOHHYECKOM TPHOTIDKSHHH CyMMa HOTEHIHANbHBIX 3HEPTHit

C-C cpaseit:

2 k 2
U=3o%(m,,)-+60--2ﬂ—(mp) : @

rae ky, k, — KeCTKOCTH CBA3eH; Al,, Al, — u3MeHeHus JIMH CBS3CH
FIPH OTKJIOHEHHH OT FIOIGKEHKR PABHOBECHS.

Hs puc. | u 2 BUAHO, YTO YCOBHAMM COXPAHEHHS MKOCA3pHHe-
CKOM CHMMETPHH TIPH JBMKEHVH ATOMOB YEJIEPOAQ ABJISIOTCA:

Al, =2Ax, Al = Azctga - Ax), 3)

K

rae l/cosa =2cosl8° (oM., Hampumep, [6]).
Cxrnagereag (1) # {2) ¢ yueToM cOOTHOIISHH#H (3), TIOAyYMM ra-
MHIBTOHHAH NOJTHOCHMMETPHUHEEX KoneOanuil dynepera:

H= 60%[(55;)2 +(Az')2]+ 30%”(2;&:)2 +60%’(Azctga—m)2. @)

Toropor koopauHAT Ax, Az Ha yron

¢= %arctg[ 2 ), (3)

clga - (2)/ + l)tga

rae y =k, /k , npueonut (4) K AUArOHANBHOMY BHILY-
Bripakenue (5) noka3bpIBaeT 3aBUCHMOCTh HOPMAJIBHBIX KOOPIAUHAT
dynnepena —— Ax', Az’ 0T OTHOLICHUS KECTKOCTEH CBA3CH Y.

PacueT Qyaiepena MeToAoM MOJEKYJAAPHBIX opOuTanek

PacueTsl paBHOBecHOM reomerpudeckoit koudurypanuu Ce MeTO-
pom PM3 paror #,= 1,384 A w 1,= 1,458 A, wro coBnagaer ¢ 3kcme-
PHMEHTANILHEIME JaHHbIMK [7] (B Dpenenax HOrpermHoCTH n3Mepenuit

59

i
i
i
i
]
H
!
i
|
:




[pH TEMIICPATYPE JKUAKOro refiua),

Otrnuuue XKe Hawux pacueToB B FAPMOHMMECKOM TIPUOIDKeHUH
HacTOT QyHIaMEHTambHBIX KosieGanuii dy/uiepeHa O SKCIepHMEH-
TaJBHBIX AaHHBIX [8], kak M pacyetor [9] no MeTony MNDO, cymect-
BeHHO. OCO0eHHO BETHKO pasnuMHe MEKRY PacCHHTAHHBLIMH YaCTOTA-
MU TTOTHOCHMMETpUUHBIX MOJ A1) = 623 em™, Af(2)=1752 o’ u
USMEDEHHBIME SHaveHusMK A (1) = 497 em™, Ad2) = 1468 cm™ [4].
J18 NPOSCHEHMS TaKOTO PA3fMYUA MBI APOBENM PAacueTsl MOTEHLM-
ANBHOH [TOBEPXHOCTH (OJHOCHMMETPHYHBIX MO B MPEAETAX OTKIIO-
HCHHA OT paBHOBCCHRIX 3HadeHuBl gnun C-C  csgsedl Ha
+ 0,04 A. Hecnenosanue noTeHnuaibHot MOBEPXHOCTH ¢ yveToM (3)
maetT ky'ky =~ 1,389. CooTBeTCTBYIOUIHE ITOMY 3HAUCHHIO ¥ HOPMAJTE-
Hbie KOOPAMHATEI NMOKA32Hbt Ha pHc. 2. Buawo, 4To onHO M3 HOpMas-
HBIX KOsebaHHi ABNAETCA ABIXATENLHOM MOAOH, BTOpOS NpUbmH3H-
TENBHO COOTBETCTBYET CKOALXEHHIO aTOMOB yriiepoda mo pebpam
YCEKaeMOTO HKOCAdZPA.

Pe2ynsTarsl pacueroB MOTEHUMANBHON MOREPXHOCTH B 2aBUCHMO-
CTH OT HOPMANBHAIX KOOPAMHAT NPUBCACHE Ha pHC. 3. Buana samer-
Hax aCHMMETPHR KPHBLIX, 0COOSHHO B CYUAS BBICOKOYACTOTHOH MO-
Asl. [IpH annpoOXCHMAlHY PACCYHTAHHEIX KPHBBLIX TOAMHOMAMH Bia
Ulxy =xx” + Px’ NOoIy4acM napamMeTphi aHrApMOKHYHOCTH
B1=0,427-10°eV-A” n1s HuskouactoTHOH W Br=-6,22-10° eV-A™
T BBICOKOYACTOTHOH MOJEL

Pezonanc ®epmu B pyanepene Cg

Brintonsenusie B [4] u3Mepends GopMbl CEKTPAIBHON AVHHM
Af2) B KOMOHHALMIOHHOM PacCEAHHM UTA H3OTOMHO YHCThIX diymnepe-
HoR “Cgo 11 Cyy npy Temneparype 2 K ofHapyxmuBaior B 06oux cay-
Hanx AyGIETHYO CTPYKTYPY AHHAY C BEAHYMHOMN paciueruteHus 2 cm
U pasnuuaromuMucs 8 10 pas sHTeHCHBHOCTAMM nukoB AyGreta. [lo-
CKOABKY M3MepeHHan 4acToTa MoJEt AL{2) npubnusurenso pasHa yT-
POCHHOMY 3HAYCHHIO 9acTOTbi A1), ¥ pesynpraTe pacueros (puc. 3)
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[IOKA3BIBAIOT AHFAPMOHMYHOCTE TIOMHOCUMMETPHHHBIX  KoseDanki,
MOJKHO HPEIIONIOKHTE, 9TO B 3TOM Ciydae Habii0AaeTcs pe3OHancC
Depmit [2] Mexy dyHAaMeHTATEHBM KonebanueM A{(2) U BTOPHIM
obeprorom 34, (1). ¥z HaGmonaemoro COOTHOWEHM HHICHCHBHO-
CTEH NHKOB jIY6J'IETa H BEIHMHHBI pacilclNeHHA AHHHA B NICPEOM TI10-
PAIKE TEOPHH BO3MYINEHUH [T ARYX GIIH3KO NIEKALHX YPOBHEH 110-
JMy4aeM KoHcTauty ceasm 0,55 £ 0,08 cm” MexIy BIaUMONEHCTBYIO-
HMME KOTeOaHHAMM. DTO IKRCHCPUMEHTANBHOS 3HAUSHHE KOHCTAHTLI
CBA3M, B NPEJUIOSONEHHN CIPABETHBOCTH NPEANIAragMOro MEXaHus-
Ma paclueTUIeHus JIHHMH, MOXKET ObITh HCTIONB3OBARO AT YCOBEPIHICH-
CTBOBAHMY CYIIECTBYOUIMX Mosenel Monekyist Cep.

12
[_ 1

[ =i P

e T

—0.04 =002 0 0.02 0.04
Ax', A A

Pae. 3. 3aBsicuMOcTh  oHeprul  yiiepena U 0T  HOpMAaJIBHBIX
koopauHar  Ax, Az, Cuuommas  JMHHA  COOTBETCTBYCT
BRICOKODHEpreTHYecKoit Moge Agf2), TprxoBag — JBIXaTeNLHOH
Ag(1). 3a Havao orcueTa dHeprun U npuHATa SHEPrAs paBHOBECHOH
reoMeTpHHeckoll KoH(purypauus.
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FULLERENE Cg TOTALLY SYMMETRIC VIBRATIONS

Bubel O. N,, Vyrko S. A, Kislyakov E. F., Poklonski N. A.
Belarusian State University, Minsk

The totally symmetric vibrations of Ceo molecule are studied by the
semi-empirical method PM3. Calculations of the equilibrium geomet-
rical configuration agree with the precise experimental data within the
error of the measurements. Raman-scattering data analysis of the
fullerene Cg totally symmetric vibrations shows the possibility of
Fermi resonance.
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VIK 553.9:552,12

OYJIJEPEHRI B MIYHTHTOBOM YIJIEPOJE

Poxxosa H. H.
WncrutyT reonorum Kap. HLI PAH, Tlerpozasopck, Poccus

Auppuesckuii I'. B.
WncturyT Tepamas AMH Ypannsi, Xapbkos, YKpansa

Ilist SKCTpaKIRy (yJIEPEHOB U3 ULYRTHTOBOTO yraeposa (1Y) npumenen
paHee OPCHTIOKEHHBIH METOA MONMy4eHHA CcTabUALHOTO  MOJIEKYJIAPHO-
KONIONIHOTO BONHOFO pacTeopa Ce. Kpome HaTuBHeIX (iysuiepeHoB B
BOAHOM 3KcTpakTe 1LY 0OHapyseHB QyIiepeHOBbIE POH3BOAHBIE B MO-
NEKyNAPHBIE KOMINEKCE (YJUIEPCHOB C TMOXAPHEIMH MOIEKYIaMH, obpa-
SYIOIIMMU KOOAAHBIC AUCTIEPCHH B BOIC. IIpy BHINApUBAHHH KOATCHEA
Ha BO3IYXe ¢opunpyeié'ﬁ“rfom“a, HEPACTBOPHMaA B BOJE H
OpraHMueckiX pactaopuTessx. CBOECTBA BOAHO-KOANOWAHBIX PACTBOPOB
(yILIEPEHOB NO3BOAMOT 00RACHITH HEKOTOPRIC panee HabmonaeMeie di-
dexts B cucteMe 1LY -pona.

Beeaenne

YENepoA B PasiMuHBIX HEKPHCTAHYECKHX (opMax SBASETCS OC-
HOBHBIM 37IEMEHTOM XMMHUECKHX, GUIMUECKHX H OMOIOTHMECKHX AB-
newwit 1 nporieccor, [oaTomy noxaTen Gonee YeM BEKOBOH HHTEPEC K
YIIEpOCOAEPKAIIAM LYHTRTOBSIM Fopofam Kapenuy, M3BECTHBIM
REICOKHM coJepskanue amopgroro yrnepofa {1]. SnemeqTapHbi yr-
JIEpOJT UTYHTHTOBBIX NOPOJ IIPEACTABNICH NPEHMYIICCTBEHHO HAHOMOT-
POBBIMH MOJISIMH MHOTOCHOMHBIMA 00pazoBaHUAMH (rnoGynamu) ¢
npustaxave yiUiepesonoaobubix cTpykryp (2], Hetounui akTHRHO-
cTi mryHrHTOBOro yraepoja (LLIY), no-BuauMOMy, CBA3AH € J3THMH
YTAEPOAHBIME HAHOCTPYKTYpamu. OfIHAKO IT0 yAaBanooh HpoBepurs
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TObKO KOCBCHHBIMU METOIAMH, T.K. TONBITKH BhIAE/ICHHS o6y 11o-
Ka OCTaBanuck Oe3pe3y/BETaTHbIMH, [IpH pPa3NMYHOM BO3ACHCTBHM
(repmoobpaboTKe H MeXaHHYECKOM AUCIIEPTHPOBAHYHN) HabIFOaeTcs
HepecTpoka-MoaudHKald HAHOCTPYKTYpP, YTO CBA33HO ¢ HX MeTa-
cTabUABHOCTHIO [3].

Crrres bynsepeHoB, HOBOH KiacTepHOR MOZHGUKAIMH yriepona,
BBI3BAJ OUCPeIHYIO BOMHY unTepeca k 1Y kak BOIMOKHOMY HCTOU-
HAKY Qymnepenos. [HY okasancs B ueHTpe BHMHMAHHMA H IPH NoCTa-
HOBKE Hay4HOH IIpoONeMBl, CBA3AHHOM C YCIOBHAME (GOPMUPOBAHMS M
KOHCEPBAUMH DYHIEPEHOB U (Y/UICPeHONOAOGHEIX CTPYKTYD B fIpH-
poze [4].

Ha ocHoBaHKHE reosiornueckux FaHHbIX 06Pa3OBAHHE MIYHTHTOBOTO
KOMIUTIEKCa [IPOM3OLULNC B pe3ylibTare OOIIAPHOM MUApOTEpMATBHON
AEATENHHOCTH, OTKYAA CASAYET, UTO MOMSIPHBIC PACTROPHUTENH M, Mpe-
KHe BCere BO,E[a, IOMmKHL! 00/1a7aTh HONMBIIHM CPOLCTBOM X HAHOCT-
pykrypaM LY. Bona wrkancymuposana B riofyiax U Mekrio0ynap-
HOM npocTpancTee LIV, rie, cornacHo mpemIoxeHHOH HaMU (PU3UKO-
XHMUYCCKOH Mofiend crpochmst 1Y, moryr HaxomuTscs dymmepe-
HH {3].

HecMotpsa Ha To, 9TO HEKOTOPEIE KOCREHHBIE METONBI CBHAETENBCT~
BOBAIH O AOCTATOYHO OCNBIINX KOHLEHTPauMAX (yIIEPEHOB B
LIV [6, 7], SKCNePUMEHTHE HO IKCTPAKLMH ¢ HCHONB30BAHHEM Tpany-
[AOHHEIX OPTaHH4CCKUX PaCTBOPHTENESH He NATH OTBETA HA BOMPOC O
HAXOXIEHNU H KOHLUEHTpaunu dynnepexos B LY [8, 9]. Bee 3ty 3ke-
MEPHMEHTE! OOBEAMHAET TO, YTO OHM HCXOAMTH U3 HPEATIOAOKEHHMA O
rufipooOHOM XapaxTepe cBasu ¢yirepero H LY. Onxako B mo-
CICRHEE BpPEMA IIMPOKO M3YHRIOTCA KOBANCHTHbIE M HOHOPHO-
AKLEITTOPHBIC COSAMHCHHA (YAICPEHOB — PE3YALTAT B3aHMONEHCT-
BHA ¢ HYK/IEOQUIBHEIME MOIEKYSIAMH, B TOM YMCE H C MONEKY/IaMH
Boxel [10]. '

B 310# cBask ocobeill uHTEpeC MpeACTABRLIOT BOJOPAacTEOPUMEIS
(bopmer dynneperor. MeTos NOMYYESHHA BBICOKOCTAGHIRHONO MOe-
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KYAPHO-KOMMONHOFO BOAHOIO PACTBOPA XUMUYECKH HEMOAMGMUUM-
porannoro dymrepera (CeFWS), Obu1 mpepsoxken B pabore [11).
37oT crocot monyYeHHs BOAOPACTBOPUMBIX DyilnepeHon Bbii B3AT 3a
OCHOBY [pH MPOBEACHUU DKCTPaKHMH QY/UIEPEHOB U HAHOCTPYKTYP H3
HIV. AHanus coOCTaBd BOAHBIX KOJUIOHUAOR, nonyyeHHbix u3 HIY B~
eTca HeNbio AaHHOH paboTsL.

MeTonaxa

Bonusle pactsopsl ¢pyuiepenon (CeFWS), (B BUAe ruapaTuposan-
HBIX KNACTepoB ¢ pasMepoM 3...36 HM) HCHOIb30BaHbI B KaYecTRe 3Ta-
JIOHA B JAHHOM HCCJICHOBAHMU.

Jing moayveHns KOUIOHAHOIO PacTBOPA UPOBOAWIH YIBTPa3ByKO-
Byl0 06paboTky mopowka ITyHrHTa | pasHosuaHocTH (M, [HyHbra) B
BOHE ¢ A00ABISHHEM CMECcH TOMyOs-n3orponanon (4:1 no obwemy) Ao
MOJNHOTO KCIApeHHst TOIYoAsHOH (hasbl. 3aTeM CMeCh QUILTPOBAIIM Y
tesrpudyrupopany npu 5000 06. /Mun. B pesynstare Obin nonydeH
cTabMBHBIH CEPO-KOPWYHEBATHIE PACTBOP, ONANCCIUHPYIOUMHA B OT-
paskeHHOM CBeETe.

JIns anaii3a KOMIOMAHOTO PacTBOPa HUCIIONB30BAIK METOIBE Macc-
CHEKTPOMETPUH (*®Cf wmerom mmasMenHOH paecopOImH, Macc-
cnekrpomerp “Cemmu™), YB- u HK-cnexrpomerpuu (cnextpodoro-
meTpe “Specord M-407, “Specord M-80”).

Qodcyxaenue peé.ynsm*ros

Mace-creKTp MOMy4eHHOTO BOAHOTO >KcTpakTa LY nprBened Ha
puc. Ha HeM AcHO BUJGH NMK, COOTRETCTBYIONIHH HAaTHBHOMY (hynie-
peHy Ceo (720 m/z),

Ha YB-cnieKTpe 3T0r0 pacTeopa NpOTHB BOABI PUKCHPYETCH IHpO-
Kas 1oioca MOTIOMEHHS OpH Ly, = 265...267 v, xapakrepdas s
CeoF WS. B criektpe oca/ixa (ynapessoro 6e3 JOCTyria BO3yxa) noche
IEPEPACTBOPEHHS B FEKCAHe OTMEUAKITCA XOPOLIO BHPANKSHHBIC OO~
ey mornomennn; 213, 256, 330 uM, copmamaise ¢ JaHHBIMH I
PAcTBOPOB B reKcare CHHTeTHIecKoro ¢ysuiepena. HpH BBIIAPHBAHUN
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SKCTPAKTa B CTpye BO3AyXa 00pasyercs TeMHas NileHKa, HepaCTBOpH-
Mas B BOJIC # OPraHyHeCKHX pacTBOPHTEIAX.

Ha HK-crexTpax niaeHok, nomydvennnix Ha Tabnerkax ¢ KBr, 6bumn
OIPEACACHE! XapaKTePHCTHYECKUE YACTOTH! MOrIomerHs: 576, 1183 u
1430 ev™, KOTOPBIC MOIBOMAIOT NPEANOROKUTE NOTHMEPH3ALHIO (Y-
TEPEHCOACPHKALUCTO BOAHOTO KOJUIOHMAA, MoyuerHoro us LIV [12].
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Puc. Macc-criekTp Kariy KoIOHIHOTO pacteopa LIV,

Konnenrpauus ¢yiiepenos, aifencHublx uz 111V omucaHHM
crocoBom, cocrapnser 107 %. Ha Heckanbkux naptusx obpazios LIIY
IOy eHbl BOCTIDOM3BOAMMBIC KOHIEHTPaMH (yJ/UIepeHoB, YTO 10-
3BOMACT BBIACTHTD H CKOHHCHTPHUPOBATE (DYMIEPEHH, MX NPOUIBOA-
Hble ¥ HaHOCTPYKTYpH LY s mocnemyiomux wccnemopanmii, Pas-
MEpSI HACTHL, COCTABALKIIHX KOUION, ONPEACHCHHbIE ¢ HOMOMIBIO
MPOCREHMBAIOIUETC EKTPOHHOTO MHKPOCKOIA B UNEHKE, BBICYIIEH-
HOH Ha KBapUeBOH NOAI0XKKE, exar B quanazone 10...300 um.

CpaBHUTENEHBIE aHATH3 3KCTPAKTOB, MOMYYSHHBIX U3 1y, u
CBOHCTB  paHee  OIMCAHHBIX HpPH  [CTATBHOM H3IYYEeHUH
CooF WS - IOHOPHO-aKUENTOPHEIX KOMILIEKCOB GyiUtepeHoE U BOHI,
fIO3BONIACT BBICKA3ATh NPESMTIONMKEHHE, 9T dynepenst B IV npe-
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AMYIECTBEHHO CYHISCTBYIOT B BHAS MX XMMHUECKHX IPOM3BOIHEIX H
NPOYHBIX MOAEKYJAPHBIX KOMIJIEKCOB H CTa0MIM3HPOBAHB! CKOpee
JOHOPHO-aKIENTOPHBIMY CBA3AMY, YeM ruApoQoOHBIMH B3anMopeii-
CTBHAMH. PazpylieHye TakuX AOHOPHO-ZKUETTOPHbEX KOMIUIEKCOB, H
cobeTreHHO akcTpakuus hynnepesos u3 LY, [omKHEI HPOMCXOANTH
HAMHOTO JIeT4Ye B MOJAPHBIX cpelax (TOXYOJNbHO-CIIUPTOBLIX, BOJHO-
CIYPTORBIX H BOJAHAIX) 4eM B HEIIONAPHBIX. JT0 M OBUIO YCTAHOBIECHO
B XOJIe NIPORENEHHBIX HCCIIeAOBAHHA.

JagaoucEne

Jita sxctpaxuuu yanepenor u3 LY npameren merox, ucnonnso-
BaHHBIi Vi1  TOMY4YeHHs  BBICOKOCTAOMJIBHOTO — MOJIEKYNAPHO-
KOAMOHAHOTO BOJHOFO PACTBOpa XMMHYECKH HEMOJU(PHIPOBAHHOIO
dynnepena.

B konnounanoM soanoM pacteope IEY maeHTHUIMPOBaHSL:

- (y1iepeHOBBiC MPOH3BOAHBIE M MONEKYJBIPHBIE KOMIUIEKCH! (yi-
JNIEPEHOB C HONAPHBIMH MOJIEKYJIAMB, 00Pa3yiOLUMMH KOWIORAHBIE
JHUCTISpCHH B BOJE H B HOMSIPHBIX cpefax;

— HaTHBHBIC (ylepeHbl B HEKOTOpBIE MX HPOH3BOIHEIE, KOTOpPbie
PACTROPHME! B HETIONAPHBIX CHCTEMAX.

[ipy BRImapuBannyN KOJUIOHAA Ha RO3NyXe ofpalyerca nonuMepHas
TUIeHKA, HEPACTBOPUMAs B BOJE W OPraHHYECKMX pacTBOpHuTensax. Pas-
MEp HacTHII, MOCHTHOUIMPOBAHHEIX B [UIEHKE COCTABMNACT AECATKH —
COTHU HAHOMETPOB. o

Pabotra BeimonHeHa mpu  mogmepkke POOH  (npoekT
Ne 99-03-32388).
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FULLERENES IN SHUNGITE CARBON

Rozhkova N. N.
Institute of Geology Karelian Research Center, RAS, Russia

Andrievsky G. V.
Institute of Therapy AMS of Ukraine, Kharkov, Ukraine

Attempts on extraction of fullerenes from sh ungite carbon (ShC) by
conventional methods using organic solvents were not always success-
ful. Thus occurrence of fullerenes in ShC has remained questionable
until now.

The recent achievements in producing molecular-colloidal solution
of fullerenes in water (FWS) and study of fullerenes donor-acceptor
complexes promote revision of the initial approach to extraction of
fullerenes from ShC. The difficulties in the extraction were supposed
to be connected with interaction of fullerenes in ShC by donor-
acceptor bonds rather than hydrophobic ones. In order to prove the
supposition, method proposed for FWS production was tailored for
extraction of fullerenes from ShC, The extracts produced were regis-
tered by mass-spectrometry and photoelectron spectroscopy. Concen-
tration of Cg, extracted is equal to 10” %. The results obtained are pre-
sented in the paper.
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VIIK 553.9

TBEPABIE PACTBOPH] ®YJIVIEPEHOB Cg Cr,
IIOAYUYEHHLIE U3 TEKCAH-TOXYOJIBHOI'O PACTBOPA

Boek O. M., Heaxuna A. I1., I'az6yz A, C., Kpasuenxo KO. T'.

OU3UKO-TEXHUYECKUH HHCTUTYT HUIKHX TEMIIEpaTyp
uM. B. Y. Bepkuna HaunworanbHoit AkageMHM HAyK YKpPauHbi,
XapekoB

Mpencrasnens pesyisTatht MCCICIOBAHME TBEPIBIX PacTBOpoR Cep(x)—
Cap{1 —x), (0 <x < 1) MeTomaM¥ pacTpoBoft 3MEKTPOHHON MHKPOCKOITHH,
MACC-CTIEKTPOMETPHM M PeHTreHorckol MudparTomeTpun. O6pasib: HLUTH
TIOAYYSHB METOJIOM BBEICATHBAHHA I'€KCAHOM H3 COBMECTHOT( TOIYOIbHO-
ro pactopa Ce U Cz. M3 pacTBopa BEIPACTAIOT KPHCTAWIH CIOKHOMN
OpMBI, OCHOBAHHS KGTOPLIX COCTOAT W3 — cMecH JIBYX (a3 TRepAbIX pac-
BOpoB Cgp-Crp ¢ coctasamu x; = 0,83 n x, = 0,23, a BrIpocTel — H3 dasnl
quctoro Ceo. [lepnoit ¢ase TBepabix pacteopos cootsercTRyer ITK cTpyk-
Typa ¢ TapameTpoM pemeTxu a = 14,20 A, Bropo#t — pomGoompuaeckas
pemerka ¢ a = 10,10 A, ¢ = 26,05 A. [IpeqnoskeH MeXauuaM pocTa TAKHX
KpHCTAILIOE.

Beeaenue

Taepasie pacteopst Cgg-Crg NPEACTABMLIOT 3HAMKHTEIBHBIR HHTEPEC,
KaK MoZenbHble 0OBeKTHl AAA pPasBUTHA TEOPHH PacTBOPOE MOJICKY-
JAPHBIX KPHCTAAIOB, TaX M A HOMCKA HOBSHIX 3((EKTHBHEX METONOB
Pa3HENeHUs 3THX COSAWHEHHH METOIAMH KPMCTALIM3ALMH U cybnu-
MalHy.

Teepasle pactBopbl PysaneperoB Ce-Crg NMONYHAT TPEMst CHOCO-
Bamu: 1) U3 :mupkuX pacTeopos [1], 2) MeroaoM COBMecCTHOI CyOmu-
manue [1, 2] 1 3) METOgOM MIUTENBHOTO OTIKHIA CMECH 33JaHHOTO
cocTara [3]. B 3aBUCHMOCTR OT HCIOAB3YEMOIO METORA NMOMAYUAKTCH
pasHble Fpeaenss B3auMHON pacTeopuMoctu: 16...30 mon. % ans pac-
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TBOpa Cr9 B Cep 11 30...35 Mo, % s Ceo B C-,ro [1-3]. Bce apTopsI Bee-
r/a ofHapyKuBaioT 001aCTh PACCIHOSHHS TIPH TPOMEXKYTOUHBRIX COCTa-
sax. Tonbko B pabote [1] MeTONOM COBMECTHOM CYDNTHMALIKA HA TIOA-
NOXKKY ¢ Temneparypol 250 °C ynranoce nomyuuts ['1IK dasy cocrasa
Cao-Cqp ¢ OTHOIIEHHEM KOMIOHEHTOR 1:1.

Hacrosman pafoTa MOCRSUISHA YCTAHOBICHMIO NpPEHENOB B3a-
HMHON pacTBOPHMOCTH dyrneperos Ce M Cro TIpU KOMHATHOH TeM-
nepaType ¥ BHIIBACHWIO OCOOEHHOCTEH pocTa KpHCTAoB Qyswiepn-
TOB M3 HX COBMECTHBIX TeKCAHTONYO/IBHEIX PECTBOPOB.

BKCﬂepHMeﬂTaﬂbHaﬂ YaALTh

Cwmech nopolnka QynnepeHos, cocTosas B M3 Ceo U Cyp B COOTHO-
mernn 4:1, pacTBOPAIACH B TOAYOse IIPH KOMHATHOH TeMIieparype.
Pactrop ¢unerpoancs ¥ K QuapTpaTy A06asnsica H-IeKCaH A0 COOT-
Houleyusa Tomyos:rexcad 1:20. [lonyyeHHE pacTBOp BLICTAMBAJCA
npu KOMHAaTHO# TEMIICpaType B TEUCHHUE MecsAa,
AT <7 °C. BelliaBuive KPHCTAJUIBI HMENH Pa3Mepe! 0 2 MM H CIIOM-~
nyto dopmy. [Ipn nomoum pacrposoro Muxpockona (PEM-100, Selmi,
Vxpanna) nosyyeHbl H300paKeHUs KPUCTAIUIOB Ha NOANOXKKE U3 TIPO-
BojAmIel cepebpoconepxauieil macTel ¢ 100-kpaTHbIM YBEIMYCHHEM.
Coctap pasHbix HacTell KPHCTAJVIOB MOAYYAIH C HCTOAL30BAHHEM
macc-criektpomerpa (MH-1201, Selmi, Vxpauna) ¢ npuMerenMeM
KHYCEeHOBCKOTO MCTOYHHKA HOHOB Ji/is AHATM3A TBEPAOTENBHBIX 00-
pasitos. O6pasilbl HCIAPSUTECH M3 TAHTAAOBOrO THIIIA [PH TEMIIEPaTY-
pe 300...400 °C. PeHTreHOCTPYKTYPHBIN aHAIH3 [IPOBOOMIICA HA PEHT-
reHoBckoM audpaktomerpe (HPOH-4.07) npu komuarHod remmepa-
Type ¢ WCAONb30BaHHEeM Fe-K, H3Ay4YeHHA ¢ JUIMHOA BOMAHM
Aepense = 1,9373 A, Jlnst ocnaGnerns [ H3myueHHs B [ICPBAHHOM I1yuKe
HeTIoNB30BAINCE Ni uibtpel. [To peHTreHoBCKOR muddpakrorpamme
ONPEASITHCH MEKPOCTPYKTYpa ofpasiios, napaMeTpsl pemieTky, mpo-
BOJIWICS KaueCcTBEHHbIH U KoMuuecTBeHHR ha3oBbIi aHANH3.
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PezynsTarel

FomyseHHble KpACTAIUTB! IPEACTABIAH coboM Tiomycepsl pazme-
poM oT 1 10 2 MM M HMETH TOJIMKPHCTAITMYECKYIO CTPYKTYPY. Ha
HEKOTOPBIX KPHCTALTAX HaGMORAIHCH Apy300o6pasHbie BrIpoCTHL. Ko-
AAMECTBO KPHCTALIOB C BRIPOCTAMH COCTABIANO DPHMEPHO [5% or
OBIIEro KOMHYECTRA BCEX KPHCTANIOB. AHRAH3 n300paxKeHuit, mony-
YeHHSIX TPU NOMOILM PAacTPOBOI 3MEKTPOHHOM MHKPOCKONMH, MOKa-
3aJl, 9TO KaK OCROBAHHME KPWUCTAaJUIOB, TAK M BBIPOCTEI COCTOAT M3 Iy4-
KOB POJONNOBATHX KPHCTALTMKOB, BBITAHYTHIX B PajAalibHOM Ha-
IpaBJeHUy OT LEHTPA OMYCQEpE], ¥ UMEIOT AOBONBHO XOPOUIO OTpa-
HeHHbIE rpaHd. McxoAd u3 CTPYKTypef KPHCTA/UIOB, MOXKHO 3aKIIEO-
YHTB, YTO BHLIPOCTH 06pasyroTcs nocie GopMHEpOBanus chepaIecKnx
xpucrannutos. Takum 06pa3oM, B pacTBoOpe, MO KAKHM-TO NPHIHHAM,
B IIPOLECCE POCTa KPHCTANNOB MPOUCXOQMT CMEHA MEXaHHU3Ma MX pOC-
Ta.

COrnacHo Mace-CrieKTPOMETPHHECKOMY AHAIM3Y, OCHOBAHHS KPH-
cTannoB cocTosT u3 Monekyn Cgg H Crp (Cgo/Cro = 1,05) u oBorameHs]
Crp TIO CPABHEHMIO ¢ HCXOAHBIM PAcTsopoM. B To ke BpeMs BBIPOCTEI
KPHCTAIIIOB COCTOAT TONBKO M3 MONEKYI Cg. AHANU3 CYXOr0 OCTATKE,
BBLIIENCHHOTO M3 OCTATOMHOTO  PacTBOpa, [aeT OTHOLIeHWE
CyofCeo = 0,16, uro yxassiBaer Ha OOCAHEHHME HCXOXHOTO PacTBOpa
monexynamu Cyo. M3 pe3ynsTaroB MacC-CIEKTPOMETPHYECKHX H3ME-
PEHMIT HeNb3s OAHOIHAYHO CKA3ATH, COCTONT OCHOBAHHA KPHCTAIIOB
H3 ONHOH a3kl MNu W3 cMecH das.

(ha30BHi COCTAR OCHOBAHWA ONPERENANcs IpH MOMOILH PEHTIeHO-
CTPYKTYDHOTO aRamiia. PacumidpoBka AudpaxTorpaMm HO3BOIMNA
YCTAHOBMTS, 4TO 0Gpasel| cocTouT a3 AByX ¢as: 1) TBeprore pactsopa
Cr B Ceo ¢ Kybuueckoit pemetkoi, a = 4,20 A u 2) 18eproro pacrsopa
Ceo B8 Cn ¢ pomGosmpudeckodt peluetkol, a=10,104,
¢=26,05 A. Cregyer ormeruts, 4T0 oforamieHHas Cs dasza umeeT
TIPOCTYEO KyGHYECKYIO PeHIETKY B OTIIMHHE OT 4ucToro dymneputa Ceo,
koTopsiil umeer LK ¢TpyKTypy IpH KOMHATHO# TemiiepaType. B To-
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ke Bpems s oborawennoil Ci Gassl He HAbGMIOJAeTC 3aAMETHBIX
OTKNOHEHMH 0T pOoMOO3EPHUECKOll CTPYKTYDHI, xapampmy}omeﬁ
YHCTHIHA GyanepuT (g IPA KOMHATHOM TEMITepaType.

B pe3ynpTaTe KOIMUECTBEHHOTO (PAa30OBOTO AHANIH3A, OCHOBAHHOIO
HA COOTHOWIGHHH HHTETPajibHbIX MHTEHCHBHOCTEH AMGPAKMHOHHBIX
JMHUH, MPHHAKIEKAIMX PA3HeIM (a3aM, YeTaHORIEHO, UT0 Ceo M Crg
oborauennsle ¢assl cocTapasaoT 16 u 84 obpeMuRIx % B 0Opasne co-
OTBETCTBEHHO.

Obcy;kIeHHe pe3y bTaToR

Onpenenense cocTaBa TBEPABIX PacTBOPOB IIPOBOMIIOCH HA OCHO-
BAHUH MORUGUIHPOBAHHOTO 3aKk0oHa Berapna ama ['TIK kpueramior B
NPEAOONIOKSHIHM AUHEHHON KOHHEHTPAanHOHHOH 3aBHCHMOCTH Kpat-
yalIero pacCTOAHUS MEKIY COCCAHMMH MOJieKysiami. B pesynbrate
yeTaHoBNCHO, 410 Cgo-o0oralgennslii TBepABR pacTBOP CORSPIKUT
17 % Cyg, & Cro-oborameHHbIH TBEIBIA pacTBop — 23 % Cop.

PacrsopumocTh Cgp 1 Cop B TOIYONE TIPH KOMHBATHOH TeMImieparype
cocTapaeT 2,8 MI-MT | 1.4 Mr-Mﬂ'l, COOTBETCTBEHHO, a pacTBOPH-
MOCTE  FFHX  COEfldHeHMit B H-rekcane — 0,043 meemn! w
0,013 mrnn™' [4]. D10 [aerT BOIMOKHOCTD HCIIONE30BATH FEKCAH AN
BBICATHBAHKA (YAACPEHOB M3 KX TONYOMBHEIX pactsopos. ITo jan-
HEIM [4] B CMellIaHHBIX TONYOJ-FeKCAHOBBIX PACTBOPAX He 00pazyloTcs
KJIacTepsl QyLIepPeHOB NpH J00aBIeHUY rexcaHa K TOMyOnbHBIM pac-
TBOpaM (QYHIEPEHOB, Kak 970 HMeeT MecTo NpH JobaBleHuH Nonap-
HEIX PacTBOpMTENeH Tuma aueToHRTpUAaa. OOpasopanHe RKIACTEPOB
MOKET OPHBOAUTE K ObIcTpoMy cOpa3oBaHHIO 3apOABIIEH H, CIIefoRa-
TENBHO, OBICTPOMY BRITAICHUI) OCAJKOB, YTO B CBOIO OMepelh MPHBC-
AT K 00pa3OBaHHIO COBMECTHBIX TBEPABIX pacTBOPOB Cgp-Crp ¢ HUB-
KoM KoHIIGHTpauueli BTOporo KomroHedTa. McroneaoBaHue rexcada
[O3BONAET H20eXkKaTh 3TOro SBJICHHA H NOy4aTh Dotee BHICOKHE TIepe-
CHIIICHHA PACTBOPOR H, CJISJIOBATENEHO, TBESPALIC PACTBOPEI ¢ BHICOKOMN
KOHLIGHTpaIiuell BropoTo KOMIIOHEHTa. :
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Hosinenue kpucrannos umcroll asel Cgo, BBIPOCIIMX Ha KpH-
CTaJUIAX TBEPABIX pacTBOPOB Cyo-Cyy HabmonaeTcs Brepsbie. [Ipy mo-
faBneHMH rexcaHa K TONYONBHOMY pacTeopy dymiepeHos Ce o Cro,
€03]a€TCA NEPECHILICHNE KOMIIOHEHTOB B PacTBOpe, KOTOPOE Onpee-
asercs pacTBOPUMOCTRIO Cop H Cio B MONYYCHHOM COCTAaBE TEKCAH-
TONYONBHOrO pacTsopa. JIMILHee KOJNHYECTBO BEIIECTBA AQKHO CO
BPEMEHEM BBINACTH B Ocanok. CTpPyKTypa ocajxa, KOTOPbiil MoOxKer
OBITH Kak YMCTRIMH dazaMi, TaK H COBMECTHEIME PacTBOPAaMK, OXIpe-
AEASETCH COOTHOIMICHHEM MHOTHMX (hakTOpOB, HANPHMEP, HANHUHMEM
33POABILEH, LEHTPOB KPHCTANUTH3AIMH, COOTHOLICHHEM CBOGOIHBIX
IHEePruif I'ensMIonbua YMCTHIX (a3 ¥ TBEpABIX PACTBOPOB, COOTHOLIE-
BHeM ko3hhuupenTos auddy3HH KOMIOHEHTOB 1 Ap. B Hamem ciy-
Y8 HAYHHAIOT (QOpMHUpPOBAThCA TBEpAble pacteopbl Cg-Cre, 0fora-
menHeie KaK Ceo, Tak # Coo. Tlpn aToM dopmupyiores dassi ¢ Gpyrro
cocraBom Cg/Cro = 1, HOJTOMY HEPECHIIUEHHE FO0 KOMNOHEHTY Cog B
pacTBope yObiBaeT GnICTpee, Tak KAaK €ro KOHHEHTPALWS MeHbile.
CreayeT MPeANONOXKHTE, YTO BHIMIPHIL B CBOOGOXHON JHEPrHM NpH
00pa3oBaHMU TBEPAKIX PAcCTBOPOB HACTONEKO BENHK, UTO CBODOAHASA
haza Cr He 06pazyeTcs BIIOTH 0 CHATHA EPECHIICHHS PACTBOPA M0
aToMy komrosienty. Ilocne pacxonosanus Beero “nuinero” Cy, pac-
TBOP OCTASTCH NEPECHIEHHEIM HO OTHOMIECHHIO K Cgo, KOTOPbL M KPH-
CTAIM3YETCH B BHNe =ucToH (asel. Takoil MexanuaM cornacyercs ¢
pacueTaMH cBoOozHOM aHeprun Fenbmronsua [1], H3 KoTopeix o e
€T, 9TO TBepaABie pacTeoph! Gy/UIepeHor Gonee yCTOMYHEBEL, €M CMECh
HHCTBIX a3 Coo ¥ Cry COOTBETCTBYIOLIErO COCTABA, H T4 YCTOMYM-
BOCTE ONPEACSETCA SHTPONHMHEIM BKIAOOM,

Hcxops u3 BBEIIE ONHCAHHOIO MEXaHH3MAa obpazoBaHus TEEpPABIX
pacTBOpoB Ceo-Cry METOZOM BBICATMBAHMA, JNIF DONYYEHHS MAKCH-
MATBLHBIX 3HAYCHHH PACTBOPHMOCTH KOMIIOHEHTOR B TBEPABIX PACTBO-
pax HeobXOMMMO noAGHpaTh PpAcTEOPHTENE ¢ OGONBIIMMH KO-
ddunuenTaMs muddysum komnonent. Jlpyroe yenosue YCHEIHOro
IOJTYIEeHHA TBEPABIX PACTBOPOB C BEICOKUMH THAUCHUSMH BIapMEOH
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PACTBOPUMOCTH — 31O OTCYTCTBHE KJIACTEPOB (PYIIEPEHOB B PACTRO-
pe, KOTOpBIE MOrYT CTAath MACCOBBIMU 3apO/IBIEHAMM W TPHBOAUTE K
OBICTPOI KPHCTANTH3AIMY.

Bripoan:

B pafioTe MeToaoM BHICAIMBAHYSA [EKCAHOM H3 TOJIYOIBHOIO pac-
TBOpa MOMyYEHB! TBepALie pacTBops! Cep-Coo coctaBa 17 % Cyy B Cp W
23 % Cgp B Cyo. OmpefienieHs! 3aBHCHMOCTH TIAPAMETPOR PEHIETKM OT
KOHLEHTPaUHy BTOporo kommnoHeHta. Brnepsrie Habmopanocs Bbige-
aeuue dHcToM (asel Ce M3 rekcan-ToayosabHoro pacteopa Ce u Crg.
Tlpennoxennsii MexanusM o0pasoBaHMs Takod (a3bl MOXET OBITH
HCIIOIB30BaH A% OYHCTKH Cgg 0T Cop.
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SOLID ALLOYS OF C4-C; OBTAINED FROM
HEXANE-TOLUENE SCLUTION
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National Academy of Sciences, Kharkov
Scanning electron microscopy, mass-spectrometry and X-ray
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diffractomerty investigations of solid alloys of Ce(x)Cro(1 —x) are
presented. The samples were prepared by addition of hexane to mutual
toluene solution of Cg and Cq. The crystals of complex form are
grown from solution. The base of crystals consists of mixture two
phase of fullerene ailoys with x; =83 and x; =23, respectively. The
first phase has foc stucture a=14,20A, the second one has
rhombohedral lattice a=10,10 A, ¢=126,05 A. The second part of
crystals is pure phase of Cg. The mechanism of growth of stich
crystals are offered.
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VIIK 541.67 + 541.142

O IPUMEHEHUU TEPMOTPABUMETPHH K OIIEHKE
BECOBOI'O COAEPKAHUA OJHOCTEHHBIX
YIJIEPOJHBLIX HAHOTPYBOK B ITPOAYKTAX

YMEKTPOIYIOBOI0O CHHTE3A

3gepena I'. H., Kpecrunun A. B., MypaasH B. E., Tapacos B. IL.,
®ypeuxos I, B.
UHcturyT npobrnem xuMadeckolt dusuxi PAH, YepHoronosxa

3axapos J. H.
UncturyT kpuctamnorpa¢us PAH, Mocksa

[Mocie 0MHCTKK TDPOAYKTOR CHHTE3a B JASKTPOLYIr0BOM PEAKTOPE OT HOHA-
HOTPYOHOTO MaTepHaNa TePMOTPABHMETPHA TIoKasasa nerepio 95 % mac-
bl 06pa3na B MHTepBae TeMreparyp 550...850 °C ¢ MaKCUMYMOM CKOpO-
cru okucnenus pu T = 30...740 °C. D10 XOpOIIO COBHAAAET C XapaKTe-
PHCTHKEMH TEPMOTPABHMETPHIECKMX KPHBBIX OKUCHEHUS YUCTRIX HAHOT-
PYOOK, TIONYIeHHEIX Ja3ePHEIM METOAOM CHHTe3a. TeM He MeHee, 1o HaH-
HBIM 3/IEKTPOHHOH MHKDOCKONHE COIEpiKaHue HaHOTPYOox B 0Opasle He
npespiurano 50...70% no macce. TakuM 00pa3oM, 8 APOIYKTAX KOHAEHCA-
LMY MEKTPOAYNOBOTO METOLA HMEeTCA (paKiis MHKDPOYACTHL, MapameTr-
DBI KPHBEIX TEPMOTPABHMETPHH KOTOPOH GAM3KH K TAKOBBIM 1A FHCTBIX
OHT. B cuny sroro, zadusle TT' M-auani3a ne yAaercsa OOHO3HAYHO CBI-
3aTs ¢ Becosol fonelt OHT, mpucyrcTeyromel 3 oOpasue.

Brejeane
YaeaHABaoLMiica COpoc Ha OHHOCTEHHLIC YITIEPOAHLIe HAHOT-
pybku (OHT) B mccremoBaTeabCKux s1abopaTopusix Tpebyer paspa-
GOTKH ACLIEBEIX cIIOCOOOB MX CHUHTE3a M BRUIEICHHA H3 COMYTCTRYIO-
nmx npoaykros. Jina orrraMusanuy mpoueccos canresa OHT u pac-
iIMpenns cep UX NPAMEHEHHS HeoGXOQHUMO MMETE HanaexKHbIH Cro-
cob onpenenenus Becopoil monn OHT B NMpOAYKTaX churesa, B na-
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CTOfIee BPEeMA MIA OLEHKH KONHYECTBA HAHOTPYOOK MCMONBIyeTe:
UX [IPAMOY TIOACUET HA PpacTPOBEIX SIEKTPOHHLIX MUKpO(hOTOrpaduax.
JT0 TPYyROEMKas H HETOYHas npouenypa. M3BECTHRI NOHBITKH [10/Ty-
KOJIRHCCTBEHHO OUeHUTR Becopoe comepkadue OHT 3 mpoaykrax
CHHTe3a NpUMeHeHHeM MeToaa TepmorparaMerpru (11 M). Haubonee
MHTEpeCHa B 3T0M OTHoLIeHHM pabota [1], B koTopol K mpomykram
Ma3ePHOr0 CUHTE3R NPHUMEHEHa MpocTas METOOHKA OYHCTEM, IOCHES
Hero, [0 YTBEPKAEHMIO aBTOpoB, noAyded ofpaseu OHT ¢ =ucToToit
He xyxe 98 % (o mamHHBIM NpocBeuMBarOmEeR SMEKTPOHHON MHKPO-
ckonuH). Taxodh obpasen Ha gepuBarorpade nNokazan yMeHLIUEHHE
Beca Ha 98 % B HHTepRajc YBEIMYSHHS TeMMNEPaTypel ot 550 mo
850 °C ¢ MaxcuMyMoM CKOPOCTH OkuCaeHHA tipu 735 °C. Taxim obpa-
30M, fabbbte TI'M ¢ Xopolleit TOUHOCTEIO XapakTepH3YIOT KAYECTRO
ofpasla ¥ B COBOKYIHOCTH ¢ NpPOHEAYPOH OYHCTKH (MOCTE OLICHKA
rioteps OHT B Helt) MOTYT JaTh BECOBYEO METOAHMKY ONpeeNeHHs KO-
muuecTea OHT B #Cx0aHBIX npoaykTax cuHTeza. XoTa mpsMoe [pu-
MeHeHie paspaboTaAHHON POUEAYPS! OUMCTKU K HPOAYKTAM 3EKTPO-
AYroBOro CHHTe3a 0Kasanoch GesyCHemnHsM [1], urTepecHO NMOHSTS,
KaK JajleKo MOXHO [IPOARBUHYTECA B Henons3opanuu TI'M ans cepru-
ukanuy o6pasios ¢ OHT. [ins pewsensis 910l 3amaun Gruta paspaGo-
TaHa MCTOIHKA YAAICHUA HEe-HAHOTPYOHOTO MaTepuana M3 IuCHepc-
HBIX MPOXYKTOB 3/ICKTPOAYTOBOrG CHHTE3a K AOMy4YeHHBie 06pasiisl
HCCEAOBAHLI METONOM TEPMOrPaBHMETPUH.

IKCOEPHAMERTAIbHDbIC METOABKH

Karanurwueckuit curres OHT nposoamica 8 “cranaapTHOM” diek-
TPOAYTOBOM DEaKTOPE C BEPTHKANLHEIM PACHONOXEHHEM IHIHHAPH-
HECKUX TPa@MTOBEIX 3AEKTpofios [2, 3]. Auon npencrasmsn coGoi
rPAQHTOBEIA IWIMHAD, 3aNOAHEHHBIN CMECHLIO 3aJdHHOTO COCTABA
AucrepcHbix Metawnos (Co:Ni=3:1) W rpaduroBoro nopomka Tak,
HTO  COACPXaHME MeTata 8 rpadure aHOZR COCTABIANQ
2,1..23 ar. %. Ortu ycnopus ObUu HaligeHbl ONTHMATBHBIME JAs
cunresa OHT [4]. JIucnepcHEIe HPOAYKTSI CHHTE3A COGHpPAIH H IIOL-
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BEPTajiy 3KCTPAKIHH TOAYOJIOM IS BBIACICHHS QYIUIEPEHOB N0 CTaH-
AAPTHHIM METOMHKAM. DeKTPOHHO-MUKPOCKOITHYECKHE HCCIEA0BAHKA
nposoawMck Ha Mukpockone Philips EM-430ST ¢ yckopsiioum Ha-
npsexeaneM 200 kaB.

KpuBble H3MEHECHHs BECa H €6 NIPOH3BOAHAR O BPEMEHH B NPOLEC-
ce OKHCHCHUA 00Pa3sIa NpH NPOrPpaMMHPYEMOM Harpese CHUMATTICH Ha
nepuparorpade Q-1000 (Berrpua). MenonssoBanncs o0pasiet Maccoit
~ 20 Mr ap¥ MOCTOAHNOM ckopocTH marpea 10 °C/MHH M ckopocTH
NPOAYBKH BO3nyxoM 100 CM*/MHEH.

Ounctka OHT 0T KATANMTHYECKHX YACTHI] ¥ He-HAHOTPYOHOro yr-
NePOJHOTO MATEpHaNa MPOBOIIIACE IPOMBIBKON B KHC/IOTE U OKUCITE-
HHEM KHCJIOPOHOM BO3HYXA. :

PesyabTarhl 0 o6CyHIeHHE

[ponyxTet FOMOFEHHOM KOHACHCALTHH B MISKTPOXYTOBOM PEAKTOPE
NpeACTABAAIOT co00H cMech HAHOYACTHIL, PAIAHYAIOMIKMXCA O XHMH-
YeCKOMY ¢OCTaRy # Mopdonoruy. 3to kpuctanie ¢ysuieperob Ce U
Cre (mo 10 % 1o macce), OAHOCTONHEIE YITIEPOJHbIE HAHOTPYOKH (A0
10...20 %), caxespte yacTuus! (o 60..,70 %), KaTATUTHULYECKHE Yac~
IR (A0 20 %). B 3aBHCHMOCTH OT YCIOBHH KOHAEHCALHMH YITIEPOA-
HOFO 0apa, MATEPHAN CAXEBEIX HacTULl HMEST DasIHYHYIO CTENICHB
CTPYKTYPHPOBAHIS, KOTOPYIO KaYCCTBEHHO XAPaKTEPHIYIOT B AUTEpa-
Type TepMUHAMH aMOpPQHBIN, KBasHKpHCTLRMMECKHH (rpaduraHpo-
BAHHBI) WAM KPUCTAWIAYCCKui yrnepon. Pasmuuus Mexgy amopd-
HBIMH M KBA3HKPHUCTAIUTHHECKHMH CAKEBLIMH HACTHHAME SCHO MPOAER-
NAOTCS HA KAPTMHE 3MEKTPOHHON mubpaxinu. B ciyuae amopdHoi
ca HabmONAIOTCs CUNBHO PasMBITBIC KONl pediekcoB rpagdura
120 u 110, B To BpemMa Kak ¥y KBAIHKPHCTAILIMYECKON CaKM 3TH
KONBIA Goee YeTKHE W JONMOJHUTSNIBHO K HMM ITOABIIAIOTCA KOJIBIA
002 1 cnabpie kompia 221, 112, oTBeTCTBEHHBIE 33 3-X MEPHYIO Iie-
PHOAMMHOCTE pelleTk. Takum o0pasoM, yrHepo/IHbie HAHOYACTHUBI B
JUCHEPCHBIX HPOAYKTaX KOHACHCAUMYN SEKTRAMYTOROID peaxTopa
CHIIBHO Pa3MIYaloTcs Mo MOPQONOrHM H MHKPOCTPYKType obpasyio-
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IEro MX MaTepuaia. OTO 00BACHASTCS PA3TMYHEIMH YCIoBHAMU Gop-
MHUPOBaHH: JMCTICPCHBIX [POYKTOB, KOTOPbIC PEATH3YIOTCH B PA3HBIX
4acTIX TypOyNeHTHOM CTPYH, H B 3TOM OGHAPY)KMBAETCS CYIUECTBEH-
HOZ OTIIMYHE MEKTPOAYTOBOIO METOAA CHHTE3A OT Aa3ePHONO.

ITpuMeHenHas HaMH METOAMKA OYHCTKH TIO3BOMIA IIOSHOCTBIO
yOpaTk w3 MCXOJHOTO ofipazua aMOp(GHBIH YIIEPOA H MeTall, ocTa-
TOYHOE COAEPKAHHME KOTOPOro B o0pasie MO AAHHBIM XMMHUECKOro
aHaamsa He npeewimano 1 %. Tunuunsie TIM-kpuBsic ans obpasua,
TPOUISAIIETO TAKYIO 06paboTKy, MOKA3BIBAKOT YMEHbBIICHHE MACCHE 00-
pasua Ha 95 % nipu pocTe TeMOepaTypsl B HETEpBane oT 350 g0 850 °C
(cM. puc. kpugas ). [Ipn 3TOM, MAKCHMYM CKOpPOCTH W3MEHEHHS Beca
ROCTHTaeTCs TpH Temmnepatype 740 °C (kpuBan 1°). Taxum ofpasom,
13 peaynsratos TI'M-ananu3a u onupasics Ha aaHHsle {1} Mul MOrIM
Obl 3aKkmounTs, yTe Maccopas aons OHT g marepuane mopsanka 95 %.
Oznaxo, NpocBeuHBAIONIan STEKTPOHHAS MEKPOCKOITHS T(OKA3AIA, YTO
peankHoe conepxanue OHT B HeM He npersiziaer 50...70 % . Takum
obpaszom, Aakusic TI'M u TIOM scHO yKa3hIBaOT Ha To, YTO cpenu
NPORYKTOB KOHACHCALUU B DNCKTPOLYFOBOM PEaKTOpe MPUCYTCTBYET
3aMeTHad JOJA HAHOYACTHH, MATEPHal KOTOPBIX MO CBOeH XHMUYE-
CKOH aKTMBHOCTH B PEAKIMM OKHMCICHMA KHCIOPOAOM IIPAaKTHYECKH
HACHTWYSY ONHOCTEHHBIM HaHOTpyOkaMm. Benencrere atoro, ouesurs
ero IoMo TO4YHO [0 faHunM TIM-anammsa we vaaerca. Jns toro,
4Tobh YOEIUTHCH B 9TOM, MBI HACTHMHO OTAETIH He-HaHOTPYOHBIH
MaTepuan METONOM UEeHTPH(YIHpOBaHMA M HOTyuwnM ofpasen ¢
ouetb MateiM conepkadnem OHT. Tem He menee, TTM-kpuesie wis
HETo (CM. puc. KpHBBIE 2,2°) G/MIKH K COOTBETCTBYIONIMM KpHBBIM
g YMCTRIX HAHOTPYOOK 13 paboTet [1].

PaGora nopnepxana Poccuiickum GoHIoM (yHaaMeHTaATEHBIX He-
cnefiopaHui, rpauT Ne 99-03-32081 u  Poccmiickoli  HayaHO-
TEXHA4ECKOH NporpamMmosi “@yJInepeHsl ¥ aTOMHBIE KiIacTeps:”, TpaHT
Ne 99025,
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Pnc. Tepmorpasumetpus ofpasiios ¢ OHT. Kpusbie notepu seca — 1,
2 U BX NPOM3BOIHKE IO Bpemerd — 17, 2. MunnMyM Ha xpusoii 17
cooTeetcTRyer Temmeparype 740°C w ma kpupok 27 - 723 °C.
Tlponyeka Bo3ayxom 100 eM /MuH. Y BeTAYENHE TEMIIEPATYphi (KpHBas
3) co cxopocthto 10 “C/MuH.
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APPLIED THERMOGRAVIMETRIC ANALIS TO WEIGHT
CONTAINMENT ESTIMATION OF SINGLE-WALL
NANOTUBES (SWNT) IN THE SAMPLES SYNTHESIZED BY
AN ELECTRIC ARC

Zvereva G. L, Krestinin A. V., Muradyan V. E,, Tarasov B. P.,
: “Fursikov P. V,
Institute of chemical physics problems of RAS, Chernogolovka

. Zakharov D. N.
Cristallography Institute of RAS, Moscow

Thermogravimetric analysis (TGA) was used to characterize the
samples of SWNTs synthesized by an arc discharge method with
Co/Ni catalyst and purified by acid reflux and oxidation in air. TGA in
flowing air (100 sccm) showed more than 95 % weight loss in the tem-
perature interval of 550...850 °C with the decomposition temperature
is equal to 740 °C. These values are very close to those which are
characteristic of the thoroughly purified SWNTs synthesized by a laser
vaporization method. Nevertheless transmission electron microscopic
analysis revealed only 50...70 wt. % content of SWNTs in the sample.
Thus, condensed products of an arc discharged method has a non-
nanotube carbon fraction which is characterized by the same TGA-
features as the completely purified SWNTs. This is a reason which
does not allow to use TGA in a simple way for estimation of SWNTs
weight percent in condensed materials produced by an arc discharged
method.
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CBOMCTBA KOMITO3MIIHOHHBIX ITOKPLITUN HUKEh-
®YJUIEPEH, OCAMXTEHHBIX QAEKTPOXUMUYECKYM
CIIOCOBEOM

Xmuab A, A, locTanko A. IL., EMeananos B. A., [Haoyun A. B.
besopycckuit rocyRapeTReHHBIH YRUBEPCHTET HHDOPMATHKH H
PATHOIMEKTPORUAKH, MHHCK

Hinunxepcknit M. J.
Benopycckuil rocy(apcTBeHHEIH yHUBEpCHTeT, MUHCK

H3yveusl pusuKo-MexauHIecKHe CBONCTRA KOMIOZHEIMOHHEIX (y/epeH-
COAEPKAMMX INCKTPOXUMHIECKHK NOKPuITH Ni-Cg. Hokasaxo, 4TO BBe-
JeHHe B HWKENEBYI0 Matpmily ¢yinepeHa Cg B KONMYECTBE
0,5...0,7 Macc. % NpUROHHT K YBEMHICHHIO MUKPOTREPROCTH 10 5,5 [Tla,
YACALHOTO 3NEKTPUYECKOTO COMPOTHBIEHHS — A0 13...46 MxOm-cm. Ipu
3TOM YNyulIRKOTCE TPHOOMOIrMMECKHE XapaKTepUCTHKE: Ko3(duuseHT
TpeHns cHikaeTed ot 0,74 aua HEkenepnix nokpuiThit o 0,49...0,59 nna
noKpBITHH Ni-Cgg. HomydeHHbe pesynsTaThl 06CYMAAIOTCS ¢ DO3HIAR H3-
MEHEHHA CTPYKTYPRI IPH BKIFONECHAM dyIUlepeHa B HUKENERYK MATPHUY.

Bregenne

TMocrognnoe moseilneHKe TPeGOBAHUA K NMPUMEHACMEIM B TEXHHKE
MaTepyaiaM BBI3HIBACT HEOOXOOMMOCTh YAYULIEHHS HX (H3HKO-
MEXaHHYECKUX xapakTepucTHK. Dyinepensl, Onarofaps CBOHM YHM-
KalbHbiM CBOHCTBAM, MOTYT OTKPHITE HOBBIE BOZMOKHOCTH IPH MO-
fnduKaui MaTepHator. Meenenopanne hymiepeHcoep alX TOH-
KHX IUVIEHOK Ha OCHOBE METAIUIOB, TIONYYEeHHBIX BAKYYMHBIM OCAXKe-
HHeM [1-3] mokazano CYIIeCTBEHHYIO 38BMCUMOCTE HX CBOWCTB OT
KOHLUEHTpaumy (pysviepeHoB. B nurepatype OTCYTCTBYIOT AaHHBIE 06
HCCIICOBAHMH  (QYJUISPEHCOISKAMX MATEPHANOB, IIONYHUEHHBIX
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3NERTpoXUMUYecKHM TyTéM. Hacrosnas pabora seagerca ozHofl u3
NepBRiX B MIYHEHUH TaKHX MaTepuanos. Miayuenne 3akoHoOMepHOCTEH
poLecca  MEKTPOXMMHUSCKOr0 OCAXKACHHS [IO3BOJHT PaciIHPHTEH
BOIMOIKHOCTH OYAYIUHX NPHMEHEHHEH KOMIORHUMOHHBIX CHCTEM TaKo-
ro Knacca A8 CO3Aa4HA JNEKTPOHHbLIX YCTPOHCTS.

MeToauka

DNEXTPOXUMHUECKOE  OCHKIEHHE KOMIIOIALMOHHEIX  [TOKPBITHI
«METAT-(YANeper» MPOBOAKAOCE B BIIEKTPOAWTE HUKETHPOBAHHMSA
cnenytoutero  cocraBa:  NiSOg7H, O —  2251/n, MgSO47H,O —
40 r/n, Na;SO, — 1153 r/n, H;BG: — 30 r/n, NaCl— 10 r/n, Cgp—
2 r/n. Dynnepencoseprallinit [OPOIOK A00ABLUTH B DJEKTPONTHT,
KOTOPbIH TIIATENBHO EPCMELIHBAICS MATHMTHON MEUIANKON A%t pas-
HOMEPHOTo ero pacnpenenenus B BaHHe. ILnéHku Ni v Ni-Cgy Tonnm-
Hoff 5 u 20 MKM OcaXkaanK Ha CTEKIHHYIO 110/I10KKY, KOTOPAs Tpe/i-
BApPHTE/BHO B BAKYYMHOR Kamepe MOKPBIBARACH CIOEM HOPKABEIOIUEH
cranu Tonupnol 0,1 mxm. ITomroxkn nepen TCKTPOXHMHHECKUM
ocaykaenvieM O0CIHKHPHBATHCE B auerode. [ITOTHOCTE TOKa M BpeMA
NPOTEKAHNA TIPCHECCa BAPLHPORANHCH TaKUM 0OpazoM, WTODRL TONY-
YMTE MJIEHKH OOMHAaKOBOH TOILIMHBL MceneaoBaHsl MHKPOTBEPAOCTS,
YAENRHOS ¥ KOHTAKTHO® JNEKTPOCOIIPOTHRIESHNS, 4 TaKkkKe TPHOOJZOTH-
YECKHE XaPaKTCPUCTHKK KOMITO3HHUOHHBIX MOKPBITHH Ni-Cgp, mony-
YEHHLIX TIPH PA3HBIX PEXUMaX OCAKICHMA. MeTomukn y3MepeHus
YKA3aHHbIX CBOWCTBE NOPMBEIEHBI B CllenuansHob nurcparype [4-6].
Pezyneratei yepeansnvcs 1o 10 usmepenusm Ha Kakaom odpasie.

Pesynbratei n ebcyxaenue
Ha puc. 1 nipusencHp cpenHue 3HaueHHS MUKpOTBEPAOCTH Hv Tio-
kpe1Trit Ni 1 Ni-Cgg B 3aBUCHMOCTH OT IUIOTHOCTH TOKA { [IPH OCake-
Hiuu. TIpH MabIX MIOTHOCTAX TOKA MHKPOTBEPLOCTH NIEHOK HMKENA
HEBBLICOKR BCMEACTBHE KPYMHOKPHCTALTHYECKOH CTPYKTYPBI CI0S W
coctapnger 3,5[Tla. VYpeanucHHe M[AOTHOCTH TOK& TNPHBOAHT K
YMEHBIUEHHIO pazMepa 3EPEH THEHOK M YBETHUEHHID MUKPOTBEPIO-
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cru. [Tpy nroTHOCTH TOKA 0,7 A/mM® HaGIOAAETCA MAKCHMYM Mﬁxpo-
TBépaocTH. CHIDKEHHE MHKPOTBEPAOCTH Hpyt GORBLIMX HIOTHOCTAX
TOKa OBbACHASTCH BRIAECNCHHEM BOAOPOJA HAa MOBEPXHOCTH KATONA.
BriieneHre BOAOPOAA CHIKAECT KAHSCTRO MOKPHITHSA BCHEACTBUHC NUT-
THHro06pazoBaHKs H 0GPa3oBaHuA MOPHETOH PEIXIION cTPYKTYpHE [7].

Hyv, I'lla
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Prc. 1. 3aBHCHMOCTE MUXPOTBEPJOCTH HOKPLITHH OT ANOTHOCTH TOKA
ApH HX OC@KICHHH.

Wsmenenne mMukpoteépaoctd miéHox Ni-Cgp OT ILIOTHOCTH TOKA
¥MeeT aHAJOrHYHYIQ 3aBHCHMOCT, B HHamasose 0,1...1 A/nm’. Max-
CHMYyM MHKPOTBEPAOCTH HabMIOAaecTCad QIpH  FUIOTHOCTH  TOKA
0,4...0,5 A/nm’, n MukpoTEEpaOCTS Ha 25...30 % Gonblne, HeM y nné-
HOK HpKens. Jobaspenue QyiliepeHoB B MUEHKY CMOCOGCTBYET, MO-
BUIUMOMY, H3MENBUEHHIO CTPYKTYPH, KAK U B CIySac APYFUX BHIOB
KOMIIO3HIMOHHBIX 2TeKTPOXUMHYeCKkHX Tokpeimii [8]. CyiuectrenHoe
PACXOKICHHE 3aBHCHMOCTEH HabmoKaeTes OpH IUIOTHOCTAX Toka 60-
nee 1'A/mv’. [To HalmeMy MHEHHIO, B 3TMX YCHOBMAX IIPOHCXOMMT
Bzaumoselicteue Cg ¢ HHTEHCHBHO BBIAEISIONIMMCA BOAOPOAOM H
ofpazosanue HOBBIX ha3, B Pe3y/IbTATE Yero MUKPOTBEPAOCTE IUIEHOK
Ni-Cgp pezxo yReIHuHBaSTCA.

3ABUCHMOCTD YAENBHOTO JICKTPHIECKOTC COTPOTHRICHHA P Tuné-
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Hok Ni-Cgy OT IIOTHOCTH TOKa MPR HX OCAIICHHH (PHC. 2) KOppey-
PYeT ¢ 3aBUCHMOCTBEO MEKPOTBEPAOCTH, YTO KOCBEHHO [OATBEPHKAACT
OfIHOCT MPWYHH, BbISHIBAIOIMIMX M3MEHEHWA MUKPOTBEPAOCTH H
YAENBHOTO DEKTOCOTIPOTHRIEHAS. Y ICABHOE BIEKTPOCONPOTUBNEHHE
dyanepenconepKaLUX TNIEHOK Ha 6...10 % Gonblue IEKTPOCOIPO-
THBICHHMS [UIEHOK HMKeNs, 410 MoXeT GbiTh 0DBACHEHO BKILOYCHHEM
(yTepeHoB B DOKPHITHE.

P MrOM¥cM
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Puc. 2. 3aBHCHMOCTS  YAEIBHOIO ANEKTPOCONPOTHRIECHAA TOKPBITUN
Ni-C(g OT ILIOTHOCTH TOKA [IPH OCAKAEHHH,

Ha skcriepuMeHTansHO ONpejeseMble 3HaYCHns YAETBHOIO JJIEK-
TPHUECKME CONPOTHBIICHHA MATEPHANIOE TOKPHITHH CYIECTBEHHOS
BIHAHHE OKAIBIBAET COCTOAHHE TOBEPXHOCTH (2NCOOLIHOHHEBIE, OKHC-
HBIE CJIOM M fAP.), KOTOPOE ONPEAENIAET KOHTAKTHOE NEKTPOCONPOTHB-
nende R, 3aBUCHMOCTh KOHTAKTHOIO JISKTPOCONPOTHBICHHMA OT
FIIOTHOCTM TOKA HPH OCAXISHHH Ajig MIEHOK HAKEI UMEeT PKO Bhi-
pasceHHBI MimuMyM npu 0,5 A/oM’ (puc. 3). OTKIOHEHHE OT 3TOro
3HAYEHHS TIFOTHOCTH TOKA TIPMBOOMT K YBE/IHUYEHHIO KOHTaKTHOTO
3MEKTPOCOTPOTHBIICHMA, TaK KaK B 3THX YCITOBHAX CHIOKAETCH Karoj-
HBI BRIXOJ METANA TI0 TOKY, M YBEIHHHBACTCA KPUCTA/UTHYeCKas ule-
poxoBarocTs HauHoCHMBIX NdHoK [9]. Tlnénxu Ni-Ce BMEOT aHAA0-
FHYHYH0 3aBHCHMOCTH KOHTAKTHOTO EKTPOCOMPOTHBACHHS OT FIOT-
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HOCTH TOKA TpH OCHXICHWH, OFHAKO MUHHMYM AOCTHTaeTCs IIpH
ioTHocTH Toka 0,3 A/mv?. Tlpw GONbHVMX IUIOTHOCTAX TOKA fIpH
OCAKIEHNY 10 CPABHEHHIO ¢ HUKE/EBBIMM MIOKPHITHIMU HabmoAaeTCs
Gonee OBICTPHI  POCT KOHTAKTHOrO  3JEKTPOCONPOTHBICHUA  C
TUIGTHOCTBIO TOKA. DTO MOKHO OB BACHUTE BKIIOUEHNEM (yIepeHoR B
METAUTHEECKYIO MATPULYY U YBETHHCHHEM YCHBHOI'0 SJICKTPHHIECKOTO
COTPOTHRjfeHMA HOKPHITHI. Tak kak OCHOBHOM MeXaHM3M JOCTaBKH
monekysT Cep K KaTOAy 00YCIOBNEH 3IeKTPodOope3oM, TO MOKHO npell-
[IO/IOKUTS, T10 TiPH IIOTHOCTH Toka Gomee 0,3 A/mv® yexopsaioTes
IPOUECCHE HOCTABKH (bY/UICPEHOB K KATOMY .

R Om
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Pric. 3, 3aBHCHMOCTS KOHTAKTHOTO 3MEKTPOCONPOTHBICHHA THIEHOK OT
IUIOTHOCTH TOKA NPY OCAKIECHHU.

VaMeHeHHe CTPYKTYpPS! IOKPBITHA, BKITIOUEHHE B HETO HOBOM dashl
OTpa3HNCck U Ha Tpuﬁonormeclmx cpoiictBax Mmarepuana. Kosddu-
[HEHT TPEHHMA |\ i TECTOBLIX 06pa3IIoB, MOKPHITBIX CII0EM HHKE/IEM
TONMEHOH 1 MM, GBICTPO YBEIMUMBACTCA ¢ KOIMUECTBOM LIFKIIOB 7 H
[OCTHraeT  ycTaHoBuBmlierocs  3pagenms 0,74 (puc. 4}, 3a
100...150 MMKXTIOB IPOUCXONKT NpUPaBOTKa KOHTPTENA K IOBEPXHOCTH
eHky. Beeneuse B THIEHKY YacTHIl @y /UICPEHOB HECKOIBKO YBEJIR-
yupaeT nepHop NPEPabOTKA M CHIWKAST KOIPPUUMSHT Tpewus RO
0,49...0,59. To HauleMy MHEHHKO CHWKEGHHO koa(ipuuHenTa TPeHUA
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TIOBHIIMEHHE H3IHOCOCTOHKOCTH TIOKPBITHEH IEPOHUCXOJUT BCIEACTRHE
Toro, 4ro Cgp BLICTYTI2ET B KAUECTRE CYXOH CMa3KH.

3akaluenne

B pesynesrare npoReseHodt paboTbi YCTAHOBICHO, YTC (PyliAepeHE]
Cgo BKTIOUAIOTC B METAIMYECKYIO MATpHLy, CPOPMHPOBAHHYIO B
Opolecce  NEKTPOXHMHYECKOro  HHKenpoBasmd. (O6paszopaHne
KOMIIO3HUMOBHBIX TNOKPBITHH  «HUKEIb—(yTepeH» NpPHBOAUT K
YBGJIWYSHUI0 MUKPOTBEPAOCTH IUTEHOK H WX H3HococTolfkcctd. TIpu
3TOM ILIEHKH XapaKTePH3YIOTCA ONIPEAC/IEHHBIM CHIDKeHHEM YASTRHOM
SMEKTPHYSCKON I[IPOBONHMOCTH ¥ YBENHYEHHEM  KOHTAKTHOTO
IAEKTPOCONPOTHBICHNA,

| e e e e
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ar -
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Pac. 4. 3apucumocTn xoadduLMeHTa TPeHHS OT KONKHYECTBa LUKIIOB.
Harpyska Ha xonTpTeno — 2 H, ¢KopoCTh HOBIDKEHuS KOHTpTE A —

4 mm/c. 1— nnépka  Ni 2,3,4— nmmdaxku Ni-Cg:
2—i=07 A/md’; 3 —i=0,75 Alam®; 4 — i = 0,65 A/m’.
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PROPERTIES OF THE COMPOSED NICKEL-FULLEREN
PLATINGS

Khmyt A. A., Dostanko A. P., Emel’yanov V. A., Shapchitz A .V.

Belarusian State University of Informatics and Radieelectronics,
Minsk

Shpilevsky M. E.
Belarusian State University, Minsk

Microhardness, conductivity, contact resistance and tribological
properties of Ni-Cgy platings have been researched. Inclusion of
0,5...0,7 mass percent buckminsterfulleren into nickel matrix increase
microhardness up to 5,5GPa and specific resistance up to
13...46 pOhm-sm. Friction coefficient was decreased from 0,74 for Ni
plating to 0,49...0,59 for Ni-Cg, plating. The results are considered
from a stand point of structural changes caused by fullerenes.
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VIIK 543.422.27:539.216:546.26.162

®YJIEPEHOTIOTOBHEIE CTPYKTYPE! B KPHCTAJLIAX
AJIMA3A (OB30P)

Anawkeruy C, B., Bapnuenko B. C,, 3aituer A. M.,
Janyyk H, M., Crearmax B. @,
Besopyccknii rocyaapcrseHHsIH YHUBepCHTET, MuHCK

Ha ocuobe 0000IMEeHMA IKCIIEPHMEHTANBHEIX BAHHLIX {10 BIHSHHEQ BRICO-
OK3IHEPreTHUHOM MOHHOH WMIUTAHTAIUM Ha TapaMarHMTHBIE M CTPYKTYp-
HEIE CB0HCTRA anMa3oB MPeRNCHKeHa MOJISAL TPEKA BRICOKOAHCPICTHHROID
HOHA B MATpPHIIE AIMA34 KaK OJHOMEPHOre TyOymeHononobHOTO 3TeMenTa
B TBEPAOTEILHOH MATPULE.

Cpeav Hanpasienuil uccliefIoBaHui B coBpeMeHHOH (H3HKE KOH-
JECHCUPORAHHOIO COCTOAHHA B HAYYHOM W B [IPAKTHYECKOM IJIAHES
NPeACTARIACTCK BAXHBEIM H3YUeHHe Hu3KopasMepHeix (HP), T.e.
HYJIb-, OHO- ¥ ABYMEPHbIX 3MEMEHTOR U CHCTEM, QUIHHECKUE CBOKCT-
Ba KOTOPHIX TMPHHUMIMAIBHO OTIMYAKTCA He TOABLKO OT CBOMCTB 30-
JAPOBAHHBIX ATOMOR ¥ MOJIEKYN, HO i OT ¢BOJCTR TDEXMEPHBIX KpH-
crannos, pasMephl /; (i = 1, 2, 3) KoTOpLIX BO BCEX TpeX M3MEPeHMAX
npesbiaor ~107 M. CHATHE OrpaHMuEHHM MO ONHOMY, HABYM WIH
TPEM U3MEPEHUSAM ONpPEACILIETCS Pa3MEPaMH, NPpU KOTOPEIX (usuye-
ckde CBOMCTBA 3MEMEHTOR ¥ CHCTEM HAMHHAIOT yAOBIETBOPAThH YCNO-
BMAM TPAHCALMOHHON WHBADHAHTHOCTH. Benuunna J; apnsetcs mapa-
METpOM MaTepHANa M MOXKET Pa3iIKuATECA A718 HyJb-, OZHO- H ABYMED-
HbIX o0pa3zoBasHil ¢ OAMHAKOBBIM ATOMHBIM COCTABOM BCAEACTBHE TO-
ro, 9T0 CaMH ¢dmzpgeckue cBolicTBa ITHX CHCTEM CYLECTBEHHO OTNH-
YyaloTes Apyr OT Apyra. B onpelneneHHM HIDKHEH TPAHULEBI OAHOTO H3
pazMepor HP snemeHTOR Lenecoobpa3Ho BBIAGIHTE HBA KJACCa 31e-
MEHTOB: Knace 00BEKTOB HAHOTEXHOIOTHH (10'8. .10 M) H [IpOMEXCY-
TOUHBIH KIace (]0""...10's M)} MeXIy OObexTaMH CYOMMKPOTEXHOIO-
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THH H HAaHOTEXHOJIOrHM. SIcHO, UTO ¢ y4eToM B3auMoRelicTRRS HHAH-
BHIyalbHBEIE CBOlfcTRA oTaeneHplx HP sxemenToR HenzbexHo Mers-
OTCH, 3aMETHM, HTO HyNlb-, ONHO- H ARYMEPHEIE 3AEMEHTLI, HAXOLA-
IMECH, NMOMEIICHHEIE JU0O CO3JaHHBIE B YIOPSAOOYEHHON TBepno-
TEALHOH MATPHUE, MOTYT TIPOABIIATL CBOHCTRA Oolee BRICOKOH pas-
MEpHOCTHM BCHEACTBUE BlauMOACHCTSHA KaK MOKIy co0oif, Tak H ¢
MaTpUIIEH.

OkcniepuMeHTaNbHble HecienoraHua ceolicts HP anemeHTOR ye-
MEIUHO [IPOBOAATCA Ha HX aHCAMONAX HHTEIPANBHBIMH METOJAMH, K
KOTOPBIM OTHOCHTCA H pajiocrekrpockonudeckue. [pu stoM Haubo-
Tee NonHy¥o HudopMalgo 06 HHANBWYAITBHEIX CBOMCTBAX OTAEIBHO-
ro MeMeHTa MOXHO IIONYYMTH IyTeM H3YHEeHH4 CROWMCTB aHcambng
IEMEHTOB B 3aBUCHMOCTH OT WX KOHUEHTpPAIlUH, NUOO H3ydeHuem
OTKJIMKA CBOMCTB aHcamMbnA Ha MEHSIOIEecs 60 HHTEHCUBHOCTH
BHeutHee BozAeHcTRue. PAn XapaKTepUCTHK dleMeHTa, HAPUMED [€0-
METPHA, MOXKET OBITh JOCTATOUHO HPOCTO W HAHEXHO YCTAHOBAEH pa-
JHOCTIEKTPOCKOIYECKUME METOAaMH M3 CBOMCTE aHCaMONs.

B pafore paccMOTpeH HOBBLET KIIACC OAHOMEPHBIX CHCTEM H CHOCO0
¥X (HOPMUPOBAHHMSA, Pa3BHTH! METOABI AMATHOCTHKH HX ceoiicTs. Ho-
BU3HA KJIACCA COCTOHT B 'TOM, UTO OIHOMEpHBIE MIESMEHTHI, o01anas
COOCTBEHHBIM IIPOCTPAHCTBEHHBIM YIIOPANOMEHMEM ATOMOB, Ipei-
CTaBRAOT coboit obnemMuyi0 CBepXpelleTKy B TpeXMepHOH Kpucranl-
NHYeCKOl MaTpHLie U3 TeX e aToMoBs. HoeuzHa cnocobop dopMupo-
BaHud HP crpyxtyp obycrnoenena tem, yro HP anemenTs! cosparoTes
TIPY MOHHOA UMILTAHTAIHH, B TOM HHC/IE BRICOKOHEPTETHYHBIX HOHOR,
YTO AKTYAARHO VI COBPeMEHHON (OM3MKH B3aMMONEHCTBUA BEICOKO-
FHCPICTHYHBIX 4aCTHL ¢ BCIHCCTBOM.

Onnomeptsie dynnepenonofobHele (Tuma TyOYIEHOB) CTPYKTYPBI
HOBOTO Kjiacca OBAM COPMUPOBAHDI B alNMa3aX, HMILIAHTHPOBAHHEIX
BBICOKOBHEPTETHYHAIMH HOHamH ~1...6 MaB/a.e.m. Anmas waubonee
NOAXOMMT AMA pellicHia AaHHOMR 3273y BCIAEACTBHE METacTadrIsHO-
CTH M HPOCTOTH pelieTkH, 1IpescraBaeHHbIe peaynsTaThl IOKA3BIBRIOT,
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YTO ¢ MOMOLIEK) HOHHO-TYYeBOH TeXHOMOIHH MOXeT ObITh ITOMyHeHa
oGBeMHas CBEPXPEIIETKA OJIHOMEPHEIX NISMEHTOB ¢ 107...10° m pas-
MepaMu 1 oBNafaloIuX CBOMCTBAMH, NEPCIEKTHBHLIMM AT co3anmst
NprOOPOR HOBBIX TUTIOB.

Hcenenopamucs obpasiel la w [la npupogrHore anMasa, #MONaHTU-
poBanHbie uoHAMA MemH (63 MaB, 510 cm?), meoma (26,7 MaB,
510" eM?) u mukens (335 MaB, 510%, 510, 510" cm?) Brons kpu-
crannorpaduueckux Hanpasnesuit <il1>, <100>, <}1{0>. OcnHoBHsle
PE3YALTATH 110 HACHTUDUKALME OXHOMEPHBIX CTPYXTYP, a TAKKe WX
dHIHYEeCKHe XapaKTEPHUCTUKN Tronydensl metogoM IIIP [1]. bemo ye-
TAHOBIIEHO, HTO P PAgUOCIICKTPOCKONMYECKHX CBOHCTB JaHHBIX
OOBEKTOR TPUHLMIKHANLHO HOBEIH, OCHOBHEIE M3 HHX! CyHepIHHeHHad
KUHETHKA PE30HAHCHOTO TOINIOMEHHA, NOABACHHE AONOIHHTEABHOIO
capHra asel peruCTpUPyeMOro CUrHaa MorfiOLEHAS 110 OTHOIICHHIO
K BBICOKOYACTOTHOH MOTYNALUM B OTCYTCTBHM HACKILIEHHSA, 3HOMAJb-
HOE BO3pacTaHKe MHTEHCHEHOCTH INOTTIOLISHHA C YBEIHYCHHEM YacTo-
Thl MOJYJISAIMY CTATHYECKOrO MOMA (B OTCYTCTBHE HACHIILCHHA), CY-
nepropeHLesa (opma AUHKI pe3oHaHCHOTO nortouienus. Kpome To-
ro, aHaIH2HPOBANIKCH TAKKE AHHZOTPONHA g - (hakTopa NpeRaTHpyio-
wedt suayn 1P ¢ MHHAE TOYeUHBIX UEHTPOB, BXOMAINUX B AeeKT-
HYIO CTPYKTYPY MMILUTAHTHPOBAHHOTO €0, OCODEHHOCTH HPOCTPAHCT-
BCHHO-BPEMEHHOMH JCTOKANMIALMY 3apAR0B H Ap.

PeayseTaThl HcoMeAOBAHUH NO3BONNIOT KOHKPETH3HPOBATE MOJEND
TPEKOB B anMaze, BRICKARAHHYIO B [2-5], YTOYHHTL MOAENE CaMOIo
poriecca TPekooOPa3oBaHMA B TBEPABIX TENAX, Pa3BUEAEMYI0 B [6-9].

Bo3MOXHOCTE CO3AHUA B PEIYNLTATE HOHHOIO BOSHCTBAA pas-
HOOOpa3HeIX CTPYKTYp oTmeuanach B [10-12]. YctanoBNeHo, uro Tpe-
Ki, 00pasylouiHecs B OHOM H TOM XKe MaTepﬁane, MOTYT OTNHHATBCA
110 opMe H pazMepaM IIONEPEHHOTO CEUSHHA M APYrHM QU3IMUecKuM
XApaKTepHCTHKAM, MOTYT OBITh HEIPEpLIBHBIMH JUOO JHCKPETHBIMH.
B {3] Brickazano npeznmoncweHHe, YTO B aiMaze UMEET MECTO OJHO-
BPEMEHIOe TIPOTEKAHHE MEXAHM3MOB “KyNOHOBCKOTO £3pbiBa’ u Ter-
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Hosoro. Bce Momenu TPekooGPA3OBAHMS BEIIHIBAKT 3ATPYMHEHHS TIPH
oOLACHEHH N MEXaHHU3MA oGpa:sosaHmi JNMCKpPETHBIX. TPEKOB.

Ham npencraensercd 6osee BEpOSTHOH CICAYIOWAZ MOACHs JIMC-
KPETHOTO TpekooGpazoBaHHs. Tparcdopmaiws GmixHero nopaaka
IEKTPOHHBIX CBA3CH COBOKYMHOCTH aTOMOB, y4acTBYIOIIHX 3 copmu-
pOBAHMH TpPeKa, ABAACTCA OCLHILAMpYIOLIeH (pyHKiHeH >Hepruu BTO-
prvHEX. POSIB BTOPHIHBX §-37€KTPOHOB CBOAMICA K CTHUMYJIAIHY
BHOAL IYTH MOHA MPOLECCOB KOHIEHCALMH TakOH ATOMHOH CTpYKTY-
pbi, KOTOpas “COOTBETCTBYeT OHEPIUMH BTOPHHHBIX $-3ACKTPOHOSB,
TIp#t 3TOM BYAET UMETE MECTO pe30HaHCHBII 3aXBaT §-2MeKTPOHOB MpH
COBNAJEHNH UX IHEPIHH ¢ HePreTHUECKHMH yPOBHAMH COBOKYIHOCTH
ATOMOB Kak HYJIbMEPHBIX AHHAMIMECKHX 3JIEMEHTOB —3apo/bIIICH
tioBo# Qasel. Camo 06pasoBanHe S-HICKTPOHOB MOKET OBITE pe3yAb-
TATOM PE30HAHCHON [epe3apaky ¢ OCUMLIAIMOHHEIM MEXaHH3MOM.
[IpH BLICOKORHEPTETHYHON WMIUIAHTALIAW AOCTUTACTCA BHICOKAS CTE-
NeHb KOHH3AHUM H CaMEX UMIUTAHTHPYEMBIX ATOMOB, 3ap#AJ1 KOTOPHIX B
‘Hayane mpobera NPAaKTHHECKW PaBeH 3apamy AApa. JHannoe obcrod-
TeNbCTBO OGecredrHBaeT PAN BEPHAHTOB PE3OHAHCHOH Nepelapaiku.
Bo-epBEIX, BOZMOKEH 3aXBAT BEICOKOZHCPreTHUHBIM HOHOM 3JICK-
TPOHA HA BHYTPEHHIOI 0GOMIOUKY HEMOCPEACTBEHHO 3 BHyTpeHHeH
o60a0uKn (5-3eKTPOHB! 06PasyOTCd B Pe3yJIbTaTe OxKe-Ipouecca Ha
ATOME MATPHLEI). BO-BTOPHIX, CYIECTBYIOT BOSMOMMHOCTH pe3OHaHC-
HOTO 3aXBaTa 3AEKTPOHOEB U3 00Jice BHICOKMX PHEPreTHYECKHX COCTOR-
HUll aTOMa MaTpHIlbl TICPBOHAUATIBHO HA BO3DYKIOCHHOE COCTOAHHE
Houa ¢ mocheRytomeit pexomOunauyeit. [Ipollecc pe3oHaHCHOH mepe-
3apSAKH peayuiyercs ¢ HauDOABIEH BEPOATHOCTRIO, KOrAa HPOCKIHA
WMITYICA COOTBETCTBYIOMMX ATOMOB CPE/IbI COBNANAET WK Gru3ka k
MMIYAbCY MoHA. B JanHoit MOAENH O0BACHACTCA HAMPARIECHHOCTD T10~
TOK& BTOPHYHBIX O-3NEKTPOHOB BROIL MYTH.

Cremyer HOAYEPKHYTh, YTO HMEHHO MHOroo0paste yCTOMUMBEIX
dopm yriepona 00ecTIeUHBACT YCIORUS JUIS CO3NAHHA HOBBIX CTPYK-
TYP METOAOM HOHHOH MMILTAHTALUH.
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OcHOBO# U YCTAHOBJICHHMSA CTPYKTYDb! TPEKOB MOIYT CITYXHTBb
YIIEpOAHbIe IIEMEHTHI, HOBOOHEIE OCTOBY TPAHC-NIONRBALICTHIICHA.
CyHIECTBEHHBIM MOMEHTOM 3/€Ch SBIAETCA CoBNajiende g-(hakTopos
COJTHTOHOB B TpaHc-nosmauethieHe [13-15] ¢ g-daxropamu noMHHH-
pytoumx II[ B mMruraHrdpopanHoM anmasze [11]. Takue smeMenTs!
MOTYT BBEIREASTECA M B OCHOBE KOHCTPYKuMH {yiUiepeHoB H TyOyne-
HOB. DTO JAe¢T BO3MOXKHOCTS HHTepnpempOBaTb nasnste o 1IP Tpe-
KOB KaK OJHOMEPHBIX CTPYKTYD IpH HMMIUTAHTALMH BAOAE <1[1> B
BHIE 110108 TpYOKH ¢ ONEepeuHBIMA pa3sMepaMu HaHoAuaNasoHa, Ho-
CKONMBKY ee oOpasoBanue B aiMase 0osiee BBIFOJHO NIPH MMILIAHTALHH
HOHaMHM ¢ Heprueii ~1...6 MaB/a.e.M., uem pexpucTaUIM3anus. Jaud-
Has MOJENE COMNACYETCA ¢ pesyabTaTtaMu paboTs [16], 8 KoTOpOi Me-
TOAOM TYHHEABHOI CHEKTPOCKOTIMM B aJIMa3e, HMINaHTHPOBAHHOM
BLICOKOSHEPTETHYHEIMH HOHAMH KPHITTOHA, OOHAPYXKEHBI AKCHANLHO-
CHMMETpUYHEE YUACTKH DOBEPXHOCTH AuamerpoM 3...20 HM, cooT-
BETCTBYIOIRME TPEKY OTACEHOTO HOHA WIH HECKOABKUX HOHOB.

OTMeTHM, 4TO eCiTH IPK YMIUIAHTALMHE BROME <111> onHoMepHbIH
3MEeMEHT IpencTaBiseT coboit TyOyneH, HMEOWUH OCEBYI0 CHMMET-
prio, o npu <100>-uMIuIaHTalMK TpeK uMeeT rodipupoBalHyio dop-
MY C JICHIECTKAMH, OCY KOTOPBIX MICPACHANKYIIAPHB] HaNPaBIeHHIO M-
INaHTALUBH ¥ TPHHALIEKAT coroKymrocTH ocefl <100> mcxoaHoH
MaTpuilsl. Ha BO3MOKHOCTS CYIECTBOBAHHSA YTIIEpoAa B OpMe HAHO-
TYyOYNEeHOB YKa3hiBAeT P aBTOPOB [17], 4TO HOMONHHMTENBHO CBUAE-
TENBCTRYET B [IONB3Y fIpeAnNaraeMoit MOAENM OAHOMEPHBIX CTPYKTYP
HOBOTO Kiacca. XoTa coobuleHne 0 MOgeIH HAHOBOJIOKOHHOH (asbl
YEIEpOAa IOABUAOCH CPABHHTENIBHO HEJABHO, B HacTOAILEE BPEMR B
HdaHHO# 0fmacTV NpOJOJDKAlOTCH HHTeHCHBHBIE Hecaenopanus, Kax
H3BECTHO, HAHOTYOYNMEHE! OBINH IOEYSeHsl Pa3NMYHBIMH METOJAMH:
INEKTPOHHO-NYUERBEIMOrO HCTIApeHUA B Bakyyme [ 18], B myroBoM pas-
pane [19], ucnapenues B atmocdepe HHEPTHBIX Ta308 ¢ METATIOKATa-
m3aTopami [20].
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FULLERENELIKE STRUCTURES IN A DIAMOND MATRIX

Adashckevich S. V., Varichenko V. 8., Zaitsev A, M.,
Lapchuk N. M., Stetmakh V. F.
Belarusian State University, Minsk

Using generalization of experimental data on influence of high-
energy ion implantation upon paramagnetic and structural diamonds
properties the model of a high-energy ion track in a diamond matrix as
one-dimensional tubulenelike element in a solid-state matrix has been
suggested.
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BJIHAHUE KHCJIOPOJA HA HAPAMATHATHEIE
CBOHCTBA ®YAIEPEHONMOAOBHLIX CTPYVKTYP

Creasmax B. ®., Crparyuxui JL. B., Ilnanepcxnii 3. M.
Benopycekuii rocyaapcTBeHHBIH yHUBEpCHTET, MUHCK

Kyxorexuii 11, , Kapsar Y.
Jrobnurckuil TexHwueckull yuusepeutet, Jlrobnun, Hombswa

B pamkax moneny cucteMe! [IML] ¢ pasaHyaolMMHECs BpeMeHaMR penak-
cauyy oBCYKEAeTCH BIHIHAE MONEKYIAPHOTO KHCIOPOAA HA [epaMarHuT-
HbI€ CROMCTEA YTNIEPOAHLIX MaTepHANes, KOTCPHIE CCAEDKAT OFHOMEPHBIE
dynnepedononodusie (TydyneHonomobusie) CTPyKTYPHL, POPMADYKITNECS
HA KOHEUHOH CTAZHM NHPONH3IA HCXOZHBIX BONMOKHHCTRIX YITIEPOACOAED-
KAAX MATEPHANOR H HX ananoros. Tlokasasa BOIMOKHOCTS dopmupona-
HUR HHEWE cyHepaopeHIesoif dopmsl cnextpos 31IP, xapakrepusyromeii- -
¢4 Donee MONOTMM CNAMOM KpPBUTKGB IO CPAaBHEHMIO ¢ AOpeHteBoll ¢op-
MoH, npu copGnun (yinepeHoNoJOOHEIME CTPYKTYPAMH IT2paMATHETHBIX
MOJIEKY] KHCHopofa. BpeneHt! KoNUyecTBeHHEIE TAPAMETDBI UL ec aHa-
ausa. PazpaboTaHbl QU3HYECKHS OCHOBBI QUEHKH COPOLMOHHLIX CBONCTE
KapOOHAI0BAHHEIX BeIeCTs ¥ uaeHTHGHKAUME HalHyus B HUX ¢yiutepe-
HOTIOGOOHBIX CTPYKTYD.

IIpaxTyeckH ¢ caMoro oTkpeiTda Meton DIIP cran npumeHsThca
JUI1 HCCTTEA0BAHHA CTPYKTYPHBIX 0COOCHHOCTEH NMPHPOMHBIX Yriel H
TepMeoOPadOTAHHBIX YTIEPONCOACPKAIUMK MATCPHANOB, ABNSAIOLINXCHE
. TIPOMEKYTOYHBIMH [IPOJYKTaMu TPU MNOMYyYeHWMY AKTMBRHEIX YIJIEH,
- llpuHitMniHaneHeie MpobieMbl, BO3HHKIUHME APH H3YYSHWM JAHHEBIX

obnexros, chopMyiupoBadbl eme B [1}. B wacTHoeTH, Obuto OOHapy-
KEHO AHOMAMBHOE yMeubllcHHe cHrHana 3[1P napamMar#MreelX IieH-
TpoB (IIML]) B psige yrIepoaHEIX Be1EeCTB NPHU aACOPOUHH KUCNOpOaa
HAa BEHYMHY, COOTBETCTRYIOLIVIO HECKONLKMM AecuatkaM [IMI] xa
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omHy MonteKy:ry kuciopoza. Ilpu sTom koHuenTpauuio ITMIT onpene-
sam o gopmyne [1] '

N = alpas (AHmax ), (Y

rae fpe — AMIBFIATYAA NPOU3BOMHON CHIHAIOB TIOTJIOIIEHH, Al —
JUPHHA AUHHH, A -—— NOCTOAHHBIA KOIPPULHCHT.

Taxke HaOMOAANOCh YMEHBIIEHHE HACBHIIGHHA, AMITUTYABI NPH
HEKOTOpOM YilMpeHHH munuil cnektpa 2[IP nocne Hamycka BO3Ayxa
110 CPABHEHHIO ¢ BaKyyMOM. HeCMOTPS Ha MHOrOYHCNCHHbIE PaGOTH,
TPOBENEHHEIE B TEUEHHE HECKOJNBKHX AECATKOB f€T, He BBUIO Mpeasto-
JEHO HHA MOAENY COMHOBOTO B3aHMOJEHCTBUS, HH CTPYKTYPHBIX MO-
nencH yriepoaHEIX BELECTR HJ8 KHTEPHPETALMY COBOKYNHOCTH AdH-
HBIX ABJTeHwri [2].

Jlna ofbacueHHs yKA3aHHLIX (PAKTOB, NPEUIATACTCS YUYECTh BO3-
JeHCTBHE NAPAMATHUMTHBIX MONIEKY/ KHCIIOPOAA Ha BPEMA NPOAOJBHOH
peaakcauun Ty TIMLI, PacemarpuBas MOREKYITy KMCAOPONA KakK TPex-
YPOBHEBYIO CHCTEMY, MOKHO NOKa3aTh, 4T0 8peMa T, JOKanH30BanKo-
IO YIEpONHOTO LEHTpa, OfyC/IOBICHHOE HENOCPSACTBEHHBIM ¢¢ AeH-
CTBHEM Kak LISHTpa ¢ MaJibIM BPEMEHEM PEIaKCailii, OTpeleNseTcs us
oTHOTIEHHUA [3]

T, = (23R + @*(10) V(B 105in’20), ()

rge R — paccrosuue mMexIy MOnexynoH xucnopopa M YIJICpOAHBIM
IIMLI, ® — pe3onancHas NHKIMYECKAd 4acToTa, To — BpPEMA IMpo-
AONbHOM pelaxcalii CUMHA MONEKYJIbl KUCIOpOAa, i —- HOCTOsHHAS
TInaHKa, Y — 'HPOMAarHWTHOE OTHOLIeHUe, © — Yroi Mexay Halpas-
NEHHEM TOCTOSHHOTO MATHUTHOTO MOMS M JMHHEH, COeNUHAIOUICH
YKa3aHHbie LUESHTPLL.

B ciyuae. AeNOKATH3AUMA HECHAPEHHOIO 3MEKTPOHA YIIEPOAHOro
TIMI{ no crereme T-caszedl oanoMepHol dymiepesonoaobuoi (Tyby-
JIEHOBOMH) CTPYKTYpB! MMeET MECTO yMeHblieHHe ShOEKTHBHOTO 3Ha-
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ueHHd R.pg [0 cpaBaeHsro ¢ R. Jas oueHku R.pp MOXKHO paccmor-
PETb CUTYALMIO B33BMOACHCTBHA MONEKy/H KHCAOPOAA H JAENOKATH-
30BAHHOTO 110 OTPE3KY HECTAPERHOTO SJIEKTPOHa (MOAEKyIa, fpei-
CTapjisieMasd KaK TOYKa, H OTPE30K HAXOAATeA Ha ogHo# nmpamoi). To-
ria

Ainex

(Rachdl.)—ﬁz ! (amax‘amjn)-lR-édR = ((amin)_s"(amax)'j) / (S(amax'amin))s (3)
2 -

THE Apin H Apex - MHHHMATEHOC H MaKCHMAIBHOEC pPaCCTOAHHA MEXTY
MOJIEKYNIOH M 0011aCTHIO AEJIOKUIH3AIIHH,

C YYCTOM COOTHOLLIEHHUA HEOMNMPENeNeHHOCTH HMeeM Jif eCTeCT-
BEeHHOI HIHPHHEBE CITHH-TIAKETA, onpeneﬂaemoﬁ DPOIONTEHEIM BpEME-~
HCM pellakcalliH

Mg = 1AYTy). 4

B [4] 610 nokazano, uto 1o ~ 107" ¢, T.e. @1~ 1, 4T0 CooTRETCT-
ByeT MUHHMYMY Qyrxitd Ti(1o). TakiuMm obpazom, npu JOCTATOYHO
ManbIX PACCTOAHMIX MONEKYJIA KHCIOPOAA CYILIECTBEHHO, Ha HECKOIIb-
KQ TOPAIKOB, YMEHBUIAET BPEMEHa DENaKcailid OMikaflupx yIiiepos-
HBIX UeHTpPoB. Toraa NpH OTHOCHTENEHO GONMbiNKX JOKAIBHBIX KOH-
uesTpangsx (10%... 10" cnum/r) yroepomHsx LEHTpOB, Ne/NOKATH30-
B2HHBIX 110 (yIICPEHONONOGHEIM CTPYKTYPaM, BCTYHAeT B aeHcTBHe
“3CTa(ETHBIN MEXAHH3M”, CYTh KOTOPOTO COCTOHT B cleayiomeM. ITa-
PEMarHHTHbIE MOAEKYIIbI KHCIOPOZA CYIHECTBEHHO YMEHLUIAIOT Bpe-
MeHa pernakcaiuu Oawkaiiiuux yriaepoansix IIMIL, B caoro ouepens,
3TH LICHTPBI CAMH CTRHOBATCH LIEHTPAaMH ¢ KOPOTKHEMH BpeMeHaMH pe-
TIaKCALM M YMEHHILAIOT BpeMEHa peNlakCAlM CBOMX COBGCTBREHHEIX
cocefielt, Oosfee YOANCHHLIX OT MOJieKyn KHCAopoaa. Te, B CBOO Ote-
peap, YMEHEINAIOT BpeMeHa peaakcauny eme Gones ynaneHHex [TML]
u T.4. Takum obpasom, yrmepoausie IIMLI “no scradere” mepeaator
ApYr OPYTY NEPBUYHOC BO3RCHCTBHE MONEKyNn Kuciopopa. Moxuo
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rokazathk, yro yriepoansie IIME| ¢ KOPOTKHMK BpeMEHAMH pejlakca-
1AM YMEHBLIAKT BPEMEHA PENaKCauyH APYTHX YINEPOAHEIX UEHTPOB B
COOTBETCTBMM ¢ BhIpaseHHeM [3]

T( = 16/9(Rogy) (1 + 0 T/ Y (hy T 5in"26). (5)

Uns cnextpos DIIP yraepomHBIX MATepUANOB C AC/OKATM30BaH-
HEIME 110 TyGY/eHononoBHEM cTpyKTypam [IMLL, HaXOAAMMMHCA TOK
RIMSHHEM a7COPGHPOBAHHBIX MOJIEKYSI KUCTOPOJa, ObINO TMPOBEAEHOD
MaruHHOe Moaenuporanne, J(GGEeKTHBHOE PACCTOSHHE B3AUMOJCHCT-
BHS Ry OLICHMBAIOCE € MOMOLIBIO (OPMYbI 3).

B pesyipTaTe MONENHPOBAHHS YCTAHOBAEHO: HACHIICHME JIMHWH
crextpos JIIP yrneponamx [IMLL HaXOIMHUXCS [0 BIASHHEM MO-
JIeKy/1 KHCTIOPOa YMEHBIIAeTC; HabiTioaaeTcs yIuMpeHHe NaHHOH JTH-
HH#, MCTHHHAA MHTErpadbHasd HHTCHCHBHOCTH HE OTNUYAETCE OT MC-
XOZHOM, B TO BpeMA KaK AMITUTYA CHIHANA Ly, ¥ HHTCrpaibHas WH-
TEHCHBHOCTE, OMPE/eNieMas ¢ NOMOMIBIO (1) CYLICCTBeHHO YMEHbLIA-
ercs. JIMBNS XapaKTepU3YeTcs IIPH 3TOM SHAYUTEbHO Dosee TIONoriM
CHAjloM KPHUIBEB N0 CPABHEHWIO ¢ JIHHHEH SIOPEHLECBOH QOPMBL. Jlo-
FMYHO Ha3BaTb TAKYHO GOPMY JIMHHH — CYIIEpIIOPEHHEBOH.

C uenplo BBEJCHHS KOJMUECTBEHHOIO IiapaMerpa Ijld aHanusa
(opMB NIMHUK OOPATHMCA K METOAY NHHEHHbIX agamopdos A no-
penuesoit dopmsr HruH [1]. [lpu nopenieBoH dopMe nosnydaeTes
upaMas. Ecm uceeyeman TuHMA umeeT Oonee KpyToft crian (raycco-
Ba WM JIOpEHI-TayccoBa (opMa), TO KpHBas JHHEHHOH aHaMopdo3s
GyZeT YAAIATESA BBEPX OT NPSMOMN JTHHHM, T.6. OHa GyleT UMeTe no-
NOKUTENBEHYIO BTOPYIO Ipouseoanyio. Ilpu fonee mororoM cnane {cy-
fepopeniieas gopMa) Bropad npoussonHas GyzeT OTpPULIATEARHOMH.
Hasoem ocwosgHotl cmenenvio cynepraopenyesocmu (bsh) 3natenne
BTOPOH NPOH3BOJHOH KPUBOH JIMHEHHON aHAMOPQO3E! JIOPEHIEBOH
opMbt TMHEK, B3sTOH €O 3HAKOM MuHYC. Toraa, eciu bsl > 0, nuHAA
MMeeT cyNepiopeHIEBy GopMy, ecnu bsl = () — noperueBy1o dopumy
suEmK, echiu bsl < 0, munut of1anaeT rayccoBOM nau TIPOMEKYTOHNOH
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fopeHi-rayccoBoit dpopmoi. Ha puc. n3obpaken rpaduk bsl (x) munun
cynepaopeHiescH GopMei.

1.07

bsl,
ab. g s}-
units

x Q.01

i | | | i
0 5 10 15 20
(H-Ho)/(0.5dHimax)

Puc. I'padrx  HopmupoahHoH ¢dyukuuud bsl (x) ang nuuuum OIIP
HEBAKYYMMpPOBaHHOrO 00pazna MOHOKkapOOKCHRLIEION03b, TEPMO-
obpaborannoro mpu 600 °C.

Oubpunnipaas CTPYKTYpa BONOKOH LIETUTIONO3BI NPERONPEASIAET
thopMupoBaHMe OIHOMEPHBIX OYIUIEePeHOMOAOOHHX CTPYKTYP IIpH
600...800 °C omxure. JIuuus DIIP BaxyyMHpOBaHHBIX 06pa3LOB UMe-
eT upuny ~1 I'c. ITpu Ramycke BO3gyxa OHu yIUMpAKoTCs Goree 4eM B
10 pa3 (npu OHHOBPEeMEHHOM (POPMHPOBAHHH CYTEPIAOPEeHUEROH dop-
Mb! THBUM). ChefyeT 3aMeTUTh, UTo JaHHOE TToBejeHue criekTpor J1IP
MOKHO OOBACHUTH TOJIBKO HANMH4HEM B o0pasnax ¢ymwiepeHonopob-
HBIX CTPYKTYp. JeHCTBUTENRHO NpeAnokeHHas MOJENh, XOPOLIO OnH-
CEIBAIOIIAS OSKCHEepUMeHTANbHEIE (pakThl, TpelyeT nemoxanmu3alMu
TIMI o cucteme R-cesizelt cTpyKTYpHBIX (hparMeHToR. B TO ke speMs
y3Kad JIMHUA BaKyyMHpPOBaHHOTC of0paslia YKa3blBaeT Ha OTCYTCTBHE
BHM30TPOTIME g-(haKTopa, WTC IENaeT HCYAORIETEROPUTENBHBIM Nped-
nonokenue o genokamuzauun [IMI] no dparmenty rpaduroroii
CTPYKTYPbl H JO/DKHO EMETh MECTO IIPY OSJIOKAHM3alpH o Gyiepe-
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HononobHEM cTpykrypaM. Crexrpsl OIIP $F03¢HOB IEPMPOAHBIX yI-
fleil TaKKe XapaKTepU3yioTes NogobHEM nopenerueM [5]. Kpome To-
ro, (rO3EHBI, ABNTOLIHECSH NPOAYKTAMH OOy rIepORUBAHIS APCBECHBIX
MATEPHANIOB, UMEIOT OOMUIME FeHETHUECKUE KOPHH ¢ HCXOIHOH LEJBTO-
70308, MOMHO cAenats BHBOL, 9TO GIO3CHE IPUPOAHBIX YTHEH TAIOKS
UMEIOT OIIHOMEPHBIE (QyInepeHonoa00HbIEe CTPYKTYPSL. Ananoradysoe
CO CeKTpaMH KapOOHHU3OBAHHOH UENNFOIO3BE TIOBEJCHHUE CTEKTPOR
SIIP TepmooBpaboTAHHBIX CaxapHbiX KOKCOB M JAPYTHX UCKYCCTBCH-
HBIX YTIEPOACOKCPKALINIX MaTepranos 1] Ho3poIAeT NPE/INOIOKHUTE,
YTO ¥ OHH COAEPXKAT (y/UIEpPeHOTIOAoOHBIE CTPYKTYPBI.

op3ysch pesyabTaTaMH MOAENH “KHMCIOPOHOTO spdexra” M ero
CBA3M €O CTPYKTYpOii [3], MOXHO MPEIOKATH (QHIHHECKHE OCHOBHI
METONA OLICHKM COpOIMOHHBIX CBOWCTE YrAGPONHRIX MATEPHatos H
HATHYMA B HEX (QYAIepeHONONoBHBIX CTPYKTYpP NYTEM CPaBHEHUA JIH-
rur DIIP BaKYYMHpPOBAHHLIX H HEBAKYYMHPOBAHHBIX 00pa3LOB. ITpu
Masoii copOLHOHHOH cnocobHOCTH U OTCYTCTBHH (ynneperononob-
HBIX CTPYKTYp TIAPAMETPHI CTIEKTPOB B 0GOHX CilyHasx NpakTHICCKH He
pasnmuaiores. [lpu GopMHpoBaHHE (bynaepeHoNIOBOOHBIX CTPYKTYD,
CTI0COBCTBYIONIHX BCTYILUIEHHIO B JeliCTBHE ICTAQETHOrO MEXAHUIME,
H BCe eiite Manol copbuponHol cnocobHOCTH GopMa JIMHIHA BaKyyMu-
poranHOro obpasaga we Syner cyRepropeHuerof. AMIUINTY/a CHrHama
HEBAKYYMHMPOBaHHOTO 00pasiia OyJeT B HeCKONBKO pa3 MEHBLIC, 4 Ii-
pHHA B HECKONbXO NECATKOB pas BoMbLIe N0 CPABHEHAIO ¢ BaKyyMHPO-
BasabIM o0pastioM. FIMEHHO B 3TOM CJTy4ac ANl HeBaKyyYMHPOBAHHBIX
06pasiioB XapaKTepHBl MAKCUMANBHBIE 3HAMSHHA bsl. TIpy BBICOKOH
copOUHOHHON CTIOCOBHOCTH M HANMIHK dyanepeHONoAOOHEIX CTPYK-
Typ Habmozaetcs cymepropenuenas opma IHHHY 1aXKE Y BaKyyMu-
pOBaHHBIX OOpasLUOB H3-32 HANMYMA B NOPAX OCTATOMHBIX MOJICKYI
xucaopoaa. 1Hupuna urmm ~1 I'c. Hpy Hamycke K4Ciopoja npoMC-

XOOHT IMajieHHe B HECKOJIBKO ACCATKOB-COTEH Pas aMIUTATYABl B 10H-.

PHHBL THHUH.
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THE OXYGEN EFFECT INFLUENCE ON PARAMAGNETIC
PROPERTIES OF FULLERENE-LIKE STRUCTURES

Stelmakh V. F, Stryhutski L. V., Shpilevsky E. M.
Belarusian State University, Minsk

Zukowski P., Karwat Cz,
Lublin Technical University, Lublin, Poland

A model of the interaction between oxygen molecules and carbon
paramagnetic centres as centres with various relaxation times has been
proposed. “Relay-race mechanism” concept has been introduced in
which the transmission of initial effect of oxygen molecule with car-
bon centres are considered. This model explains the anomaly decrease
of registered intensity during oxygen molecules admission. Possibility
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for the formation of a superlorentz form, characterised by shallower
slope of the wings as compared with the forentz form has been demon-
strated. Quantitative parameters for the line form analysis have been
introduced. It has been proved that heated cellulose samples and fusain
of natural coals contain tubulene-like structures. The physical bases of
methods for evaluation of adsorption properties and fullerene-like
structure existence have been worked out.
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TYJUIEPEHOINIOZOBHBIE CTPYKTYPhI B KAMEHHBIX VIJISIX

Apamkesud C. B., Creasmax B, @,
benopyccxuii rocyrapeTBeHHLIN yHHBEpCHTET, MuHCK

Mnxsos C. A,
UrcTaTyT MOSTEKynIpHON M aToMmHoH dusuke HAHE, Murck

®poaxos I, I,
MakHUWMH, r. [axte1, Poccus

Mapreika 5., Benrepsk IT.
JlroGnuHcKuit TeXHHUeCkrit yuusepeutet, [lonema

AHTPAGKTE! PACCMATPHBAROTCA B KAUECTBE CBIPLS [UTA FOMYYeHHs (yine-
PEHOB, & METOJL PABUOCTIEKIPOCKONKE KaK CHOCOD 3KCIpece-HarHocTHRH
YTHEPOAHOIO ChIphS. AHATHIHPYIOTCA OCOGEHHOCTH BIUTHMA PasMepos,
OPMEI H CTPYKTYDEI 06PA3OE AHTPALIMTOR HA CHTHATH IIIP. IMoxasaHo,
4HTO COBOKYIHOCTD 0COOCHHOCTEN PErHCTPpUPyeMBIX cnektpos SIIP yrieit
BHICOKHX CTETCHEH MeTamop@usMa CBAIAHA ¢ BiMAHHEM BBICOKMX KOHLICH-
TPALKME JIOKANH3OBAHHEIX CIHHOB HA YCHIOBHA DETHCTDALH, 8 TaKkKe G
OCOBEHHOCTAMM MX NPOCTPAHCTBEHHO-BPEMEHHON AENOKANHIAIMY B dyn-
JIEPEHOTIONOGHEIX CTPYKTYPaX yrieli.

ATOMBI YINIepoAa COCOGHB! 06PA3OREIRATE HENbIil paa anAoTpon-
HEIX (OpM, 3HANHTENBHO Das/MMAIOUMXCS CTPYKTYpPOH u tbuzmKo-
XHMIMECKMMU CBOMCTBAMH — OT MOHOKPHCTAIUIOR aiMa3d ¥ rpauTa
AC CTPYKTYP MEHEE YNOPAROYSHHsIX, kBaznamMopdueX. /Ina pana Ha-
NpaBNeHvud QYHAAMEHTANbHOM HAYKH B TeXHHYECKWX TIPMIOKEHHH
AIUTOTPOIIHbie POPMB! YITIEPOAA CTATH MOAESIBHEIME OOLEKTAML, Tep-
MHHE! “anMasonofobusie”, “rpaduTonofoGHLIE” BOULTA B apceHan
MOHATHH M KOHUEHIMH, WHMPOKO NCHONEIYEMBIX [P OIHCAHMH
CBOVCTB CTPYKTYPHO- H XHMMUECKH Pa3lIHYHBIX TBEP/IBIX TEN.

Otkpertsie  ewie  omuolt  amnoTpomHoll  Gopmsl yIiepo-
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na-QynnaepeHa-He TOJbKO UPHHUMNHATLHO I8 TEXHONOTHI M MaTe-
praOBeteHiA, HO U ABJISETCA CTHMY/IOM [JIA JATbHEHINGIO pa3sBuTHs,
YTOYHCHHS M Jaxe IMepecMOTPa KOHLCHLMHA, NOHATHH, Mogened
CTPOEHHMS BEINECTB. J(pyrumu ciioBamMy, MOMKHO OXUJATE, YTO TEPMH-
HBE “dynnepeHonofiobHEIe MMEMEHTEI, CTPYKTYPE” CTAHYT TAKHMH K
NpPUBBIYHBIMM, KaK M HOHATHA “‘anMa301l0Ao0HBIe, I'PadHTONOA0H-
Hpie”... llonstue “dynaepenononoCHLIL” faxke Gonee rnpeamouTy-
TENBHO AiIs ONHCAHMA MHMKPOCKOIIMYECKMX (HAHOCKONMYECKHX) 0CO-
GeHHOCTEH CTPYKTYDPB! BEIHECTBA B CBA3H CO CBOMMH Pa3MepaMu #
opmoii (0-, I-pasMepHOCTBIO).

K dynnepeHonoobHbIM SMeMeHTaM, CTPYKTYPaM MOMKHO OTHECTH
He TONBKO 3AMKHYTBIC ONHOCIONHEIE H MHOrOaTOMHBIe 0-MepHEIE yT-
nepopdsie 06pa3oBaHUA ¢ N >> 60, HO H OJHO- U MHOTOCTONHBIE
I-mepHsie TyGenensl, MHOTOCHOREbIE YIIBTPAUCNEPCHBIE KAACTEPLI C
PasnMYHBIM YTIOPAAOUEHUEM, MX CPOCTKM KM arperathi. [lojuepimeM,
YTO B OTJIMUME OT 2-MepHbIX rpadHTonoo6HbIX CTPYKTYp, (yanepe-
HOTOAOOHEIE 2MEMEHTH HMEIOT GoNiee HU3KYO pasMepHocTs. Mneans-
Hele dynnepeHononobible MEMEHTH HMEIOT 3aMKHYTYIO cHCcTEMY
O-cafi3ei H CnocOOHHB K arperaTHPOBAHMIO Yepe3 T—-COTPAKESHHA,

Monenu dynneperononolHex CTPYKTYp pasiMuHBIX BUIOB CTAMK
IHPOKC OBCYXKAaThCs B Hayutbix MyOIHKALMIX B CBA3M ¢ 0COBEHITO-
CTAMH (PUBHYECKOTO CTPYKTYPHPOBAHMS YIJIEPOAMEIX ATOMOB B IIPO-
LieCCe MHPOIIU3A OPTAHMYECKHX BONOKOH H CETOK, TPEKONGPa30oBaHils B
MOHOKPHCTANIAX aAMa3a HPH BBICOKOSHEPTETHYHOH MOHHOH HMMAIAH-
TALAH, [IPH COTIOCTAB/ICHAH MOJCNICH CTPYKTYpPSI KAMEHHBIX yIHed, Hx
MeTaMop(u3Ma, yCTaHOBNEHHH PONIH CTPYKTYPHO-H3HUMECKUX pakro-
POB B GOPMHPOBAHUM KPHTHYECKHX COCTOSHHH B YIIIAX, IPOSBIAIO-
IDHUXCA B OMACHBIX rA30AHHAMHYECKHX SBJICHHAX,

B npoMEIDUieEHOM TeXHOMOMMA NMONy4enns QyNIepenos B KauecT-
BE HCXOMHOTO CHIPBSA, KK MPABHIIO, HCNO/B3YETCS TEXHHUCCKUN rpa-
dur. Ilonck Gonee feIeBEIX HCTOYHHKOB CHIPbSA /1 CHHTE3a (yIle-
peHoB npopo/pkaeTcs. HocneAoBaHHA aHTpauWTa HEOOXOAMMBl Al
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YTOYHEHHUS ero CTPYKTYPH M BOSMOKHOCTH HCTIONL30BAHUS B KAUeCTBE
CHIPBS UL TOTY4eHHA (hyIUIepEeHOB.

Hcenenoeanun 1P B KaMeHHBIX VIVIAX. TPAOAIHOHHO nponomi*cs
na nopomxax {1,2]. EcrectBenHo, HpH H3MeRbUCHUM YINIA MOKHO
OMMIATE HAPYINEHUA er0 CTPYKTYPBI, YCHIEHUS aiCOPOIFIOHHBIX NPo-
LECCOB M, BOSMOMKHO, XMMHYECKSX PeaKlMi. B CBA3M ¢ 3THM IIApaMeT-
pBi MapaMarHETHOTO HOTJIOLIEHIS TOPOIIKA B MOHONWTHBIX o6pasuos
MOTyT pasnuyarhcd. B nadsoi pabote M3yueHB! CBOMCTBa flapamar-
HUTHOTO HOTMIOWICHHA B OCHOBHOM MOHONUTHBIX 00pasioB Ha CIeK-
tpoMerpe SE/X-2544 (RadioPAN).

CHuxende SOOPOTHOCTH pe3cHaTOpa HPH NMOMEIEeHAH obpa3iia 3a-
BHCE/IO OT €r0 OPHEHTALHM H AOCTHIaN0 HaubONBIICro 3HAYCHUS [pH
opuenTaudd X L Hy, rre H; — BEKTOp MarHUTHOM KOMIOHEHTS! TIOJA
CBUY, a X — mqnuunHOoe pebpo ofpasia.

Crextps! DIP obpasnia ¢ pasMepamy 7x3x3 MM’ TIPEACTABNEHbL HA
puc. 1. Kpusete 2 B 3 3aperHCTPHPOBAHBl B HOMHHAJIBHOM DEXHME,
T.2. [IPY BKIEOMEHHOMH aBTONOACTPOiKe yacToTsl (AITH) KiMcTpoHa no
yacToTe pabouero pe3cHATOpa MPH NPAMOM (C BO3pAcTaHUeM MarHuT-
HOTO TIONs, KpHBas 2) H ofparHoM ckaHuposanud (kpuBag 3). B oboux
cayuasx HaGMEOJAIOTCE CKAauKM MHTEHCHBHOCTH, a (opMa CnEKTPOB
pasidgHa. CKauKy HETEHCHBHOCTH OTCYTCTBYIOT HpPH perucTpaiiu
6e3 ATIY (xpusas 1). Habmogaemas fpd 3TOM aCUMMETPUYHAS JTAHHA
umeeT mupuny AH = 0,025 mTn.

Ha BeAHuMHY CIIEKTPANBHOTO MHTEPBANA MEKAY CKauKaMu UHTEeH-
CHBHOCTH (IIMPHHY M¥CTepesuca) BIHMIOT MonocTh CBY-uamyyerus
P, u go6potHocTs pesonaropa. Ilpu ypenuuenun Py mupuHa rocrepe-
3UCa YMEHBIIAETCs, a NPH CHIDKEHHM JOOPOTHOCTH (HArpuMep, IIpH
yBenmucHuu 00bema ofpastja und NpH BHECCHMW IOTJIOTUTENA) —
pacrer. HauBonpinee 3Hauenue mmpuubl THcTepesuca (0,55 MTn)
noaydeno npa X 1L H;.

TIpn ofbeme obpasima < 20 mm’
nabmogaercs ¥ 1A Honbiiux o6pasloB, ¥ KOTOPIX LWIHPHHA AHHME

rucrepesdc oTeyreTByer. OH He
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3HP > 0,1 mTn. Jina obpasua 06beMoM 50 MM B 3aBHCHMOCTH OT €10
opuenTaiun HabmoaaioTed Tpyu dopMst nuxuy OIIP: B BUAC cHIHANa
JHCIICPCHH H ¢ OTHOLIEHHEM HM3KONOJIEBOH A K BHICOKCHONeBoit B
qacTel ee amuryapl kak A/B>>1, tak u A/B<<].

3356 335,/0410

Puc. 1. CrrexTpe!  mepsod  npomssofHoll curHama OSIIP obpasua
antpanmTa 7x3x3 mv’, X L Hy Ges ATTY (1) 1 ¢ AITY npu yBeTudenun
Hy (2) u ymenvmernun Hy (3); Py = 3 MBT, Metku —uepes 0,1 mTo.

Hlupuma aunape SFP xoppenupyeT ¢ MPOBOJUMOCTBIO ofpasua.
Tax, s 06paznoe o6bemom ~0,5 MM, BEIKONOTHIX H3 OHONG KYCK4,
BenuunHa AH konebanach B npepenax ot 0,018 mo 0,11 MThn, a nposo-
IUMOCTb, HM3MepeHHada ans obpasuos mmmHoE 7 MM-—or 0,09 mo
0,25 Onm’'em™’. Tlocie orxira B paxyyme nipH 950 °C & Teuerue 30 Mun
npoBoauMOcTs coctasmna 28 Om’em”, a AH—22 mTn. Ilupuna
NPaKTHUECKH CHMMETPIYHON NHHHH [OPOIIKa AHTPAIHTA HA BO3HYXe
cocragmna 15mTn; nocne oTkaukd  BosAyxa (o0  JaBieHHs
5-107 Mm. pr. e1.) — 0,145 MT1, a TOCIE 3aTOMHEHNs AMITYITBE TOIYO-
nom — (0,45 MTh.

PesynbraTe! HCCASAOBAHHYE HHTEHCHBHOCTH MAPAMATHHTHOIO MO-
PIICINEHHS B 3aBHCHUMOCTH 0T MomHoCcTH CBY-usmyuerus P}’rz fnpen-

craencHsl Ha puc. 2. Kprpad 2 na pHc. 2 oTpakaer N3MEHEHIe UHTeH-
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CHBHOCTH TIOTTIOUICHUA pyOrHa, PAsMEIEHHOIO B LEHTPE Pe3OHATOPA,
ot Pi” _ 3aBECHMOCTH HMEET Cabo BHIPOKCHHYIO TEHIEHLMIO K Ha-

3
cpieo. B cnydae MOHOJMTHOFO obpasua obvemom 0,5 MM, AL
KOTOPOTO HAGMIOARETCS CHMMETPUIHAA JHHIL DIIP, 3aBMCHMOCTS OT

Pif ? npepcrasaser coOoR KONOKOIOOOpAsHYIO KPHMBYIO C MAaKCHMYy-

moM npd Py =34 mBr (puc. 2, kpuBag 1). ABAnoryMHLIA BUI 33aBHCH-
MOCTH MOAYYEH V11 MOHOJHTHSIX obpastiop ofsemom 8, 27, 32 m
63 MM°, And KOTOPBIX JHHMS TIOTKOMIEHHS UMEET aCHMMETPHIO THIZ
Tastcona [3} win ¢opMy CHTHAA AUCTIOPCHA.

Cynepnaneiinas 3aBHCUMOCTD, nomofHAs 3aBHCHMOCTH AMIE HM-
[AHTMPOBAHHOrO anMasa [4], HaBoaaeTes A NOPOLIKOR aHTpauy-
Ta (kpuBas 5) W YIICPOJHOTO CTSPXKI AJA CTIEKTPATIBHOTO AHAH3E
(kpupas 4). Kpuras 5 u3MepeHa A nopoiuka AHTPALYTa, CMOYECHHOT'O
TONYONOM. AHATOIUYABI BUJ 33BHCHMOCTH MMEET MECTO A nopou-
Ka, pasMEIleHHOTo B BAKyyYMHPOBaHHON aMITyJIC.

Taxum o6pa3loM, SIBJIEHNE THCTEPEIUCA B CIICKTPAX 3I1P anTpanu-
TOB, CKaukooOpasHble H3MEHCHMA MX MHTCHCHBHOCTH TIPOABIAIOTCA
MPY OAHOBPEMEHHOM COUETAHKM TPEX YCTOBMIL: BbiCOKAA abCOIOTHAS
KOHHEHTpAIHs TAPaMArHUTHBIX LEHTPOB B ofpasie, manas MUPHHA
CTEKTPATLHBIX JIRHAN, CYMECTBCHHEIE UONGKTPHICCKHE noTepy,
BHOCHMBIE 00pasiioM B pabourid Pe3OHATOP.

Takoe coveTaHue CBOWCTE 0Opasua IPUBOIMT K (QOPMHPOBAHHMIO
cnosoii CBY-crcTeMB! “pafouuil pesoHaTop — ofpasen”, KOTopai H
ofecneunBaeT HecTaHAAPTHEIN pexXHM paboTsi GnoKa AITI: 3axsat
wactots remeparopa CBY me pafoumm  pesoHaTtopom, 2
“BEICOKOACOPOTHLIM PE3OHATOPOM obpasna”, JacToTa KOTOPOTO HIME-
HAETCS MarHHTHLIM [HONEM.

B CBOKX Ouepemb, HEOOHIUHOE COYSTAHHE XAPAKTEPHBIX U HTPa-
AT [APAMATHHTHEIX CBOWCTB (QHOMANBHO y3Kaf LIMpUMHA HHHM
JMIP, ee dopMa ¥ 3HaUeRHe g-(aKropa OpH 3aMETHON ANMEKTPOIIPO-
BOZHOCTH M FETEPOTEHHOH CTPYKTYPE BEIHECTBa) Tpebyer npHBACUC-
ups NS HX  AHTEpIPETallid  MEXaHU3MOB  IPOCTPAHCTRCHHO-
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BpPEMEHHOH [eOKATH3AIMH DAEKTPOHOB B OCOOOM CTPYKTYPHOM OK-
PYXKEHBH —HAMMYUs B aHTpalHTe (dyinepeHonoaoOHsIX 3HEMEHTOR K
cTpYKTYp. POPMHPOBAHHE TAKUX CTPYKTYp HpeAONpeAcnierca rpo-
HeCCaMH MeTamopdHimMa (IpEIMYIICCTBEHHO ORHOMEPHBIX HCXORHBIX
YIREROXOPOAHBIX CHCTeM. [leTporpadudeckre HCCTGAOBAHNA KAMCH-
HBIX YT/Teft COIacy OTCs ¢ Tako# Mogesbio [5].

1, oTH. eg-

y — L 1

0 a5 P’ﬁmﬁ.e&.

Pue. 2. 3asucumMocts uRTeHcHBhoctd 1 murpm OIP or mompocTd
CBY-msyyerms P12 i ofpasua asrpauwmra obsemom 0,5 v (1),
pyOuna (2), TaHeHHas 3aBHcUMOCTB | 0T Pi"z (3), nopolKa crekT-
paTbHOTO yriepoa (4), opolllka aHTpauuTa B Toryone (5).
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FULLERENELIKE STRUCTURES IN A COAL

Adashckevich S. V., Stelmakh V. F.
Belarusian State University, Minsk

Mikhnov S. A.
Institute of Molecular and Atomic Physics of NASB, Minsk

Frolkov G. D.
MakS], Shakhty, Russia

Partyka Ja., Wegierec P.
Lublin Technical University, Poland

The features of influencing of the anthracites sizes, shape and
structure on signals EPR are analyzed. The anthracites esteem as mate-
rials for obtaining fullerenes, and method of radiospectroscopy as a
express — diagnostic way of carbon raw. It is showed, that the combi-
nation of registered spectra EPR features of metamorphism high de-
gree coal is connected to influencing of high concentrations of the lo-
calized spins on conditions of registration, and also with features of
their time-space delocalization in coal fullerenelike structures.
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YIK 541.67 + 541.142

AKKYMYJMPOBAHHWE BOTOPOJA B YIVIEPOAHBIX
HAHOCTPYKTYPAX

Tapacos b. I1.
HuctutyT npobnem xumudeckoi ¢pusuku PAH, YepHoronoBka

IIpeacrasner 0030p HaHHBIX 10 cOpOLUH BOAOPOA YIVIEPOJHBIMU HAHO-
MaTepuanaMu — (ymiepeHaMy, OJHOCTEHHBIMH HaHOTpyOKkaMu u rpadu-
TOBBIMH HAHOBOJIOKHAMH.

Iporpecc B MaccoBOM HCIIONL30BAHMM BOJOPO/A B KauecTBE 3KO-
NOTMYeCcKH YUCTOrO HCTOYHHKA SHEPrHH, BO MHOTOM, 3aBHCHT OT pe-
meHus npobaeMel 3pPeKTUBHOrO criocoba ero XpaHeHUs ¥ TpaHcHop-
TupoBkd. O{HAKO, HU OJJHH U3 NPHMEHSEeMBIX B HACTOSILEE BpeMs Me-
TOJIOB XPaHEHUS BOJOPOAA (MOJ BBICOKHM AaBJICHHEM, B XKHAKOM CO-
CTOSIHUM, B PUAPUJIAX METAIOB U UHTEPMETAUTMYECKUX COENUHEHMH,
B aJIcCOpOMPOBAHHOM COCTOSHHMM IPH TIOHWKEHHBIX TEMIIepaTypax)
(rabn. 1) HE yHOBNETBOPSIET NPEABABISCMbIM TPeOOBaHHAM, HANpPH-
mep, Jenapramenta suepreruxy CIIA (HyxHB: MOOUIBHBIE CHCTEMBI
XpaHeHHs, coJiepkaliye BOAOpox No macce - bonee 6,5 %, mo oObe-
My — Gonee 63 kr/M’) WM MexIyHAPONHOrO JHEPreTHUecKOro
areHTcTBa (CHCTEMBI XpaHEHWS [OJDKHBI COJilep)kaTh He MeHee
5 mMacc, % BOJOPOAa M BHIIENATH €ro NpH TeMreparype He BbIe
373 K).

~ Jis MCTIONB30BARKS B KAYECTBE BOLOPOJAKKYMYTHPYIOLIMHX MaT-
PHMII B HACTOSIIEE BpeMs HauboJiee NepCHeKTHBHBIMY IIPEACTABIAIOTCS
YIJIEpO/IHBIE MATepHalibl, 0OCOOEHHO B CBS3M C OTKpBITHEM (ysutepe- /
HOB, KOTOpBIE 11OC/E MHAPHPOBAHMA BCEX ABOMHBIX CBI3EH MOIM ObI ./
conepxarhb 110 7,7 macc. % BOLOpOA.

B 3T0M COOGIIEHMU NpeCTaBien 0630p MAHHBIX MO copfuuu Bo-
HOpoAa YIJIEpOAHBIMM HaHOMaTepUanaMy — (yliepeHaMy, HaHOT-
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pyGKaMH H HaHOBOROKHaMH.

Tabannoa 1. TpaguuuoHHbe METOAB XPAHEHHS BOAOPOAA

Copepxanue | OonemHoe
MeToapl xpaHe- | BOAOpoAa B |coZeprKanme Tprmesars
HHS BOZOpOAAa | copbemrte, | BOZOpOAA,
mace. Yo Kr/M°
Fazoobpaznbrii Bonrwas macca
H, 160 7,7 Tapel, Manad o0h-
(300 K, 10 MITa) €MHAd EMKOCTh
Haaxui bonsmpe notepy,
H; 100 71 BBICOKAH CTOH-
(20K) MOCTB
Mertaano-
THAPHAHLII Hepoctarounas
TiH, 4.0 150 eMKOCTB,
MgH, 7,6 120 Heobxoaumocts
LaNisHs - 1,4 85 noaorpesa,
TiFeH, 1,9 96 YyBCTEATEBHOCTD
Mg, NiH, 4.0 81 K [IpUMecaM
Kpno-
ancopinEONHBIH
AKTHEHDOBaHHBIN Heobxomumocts
YroJih 0,05...2 ~1...2 OXNTAKACHAS H
(155K, 6,9 Mila) KOMIIPAMHPOBAHHA

Panee namM Obbin moApoOHO HM3YWeHB! XHMMUUECKME HNPEBPANICHHS
B cHcTeMax (yIepeH-MeTaludeckas (asa-B0A0poA B MIHPOKOM HH-
TepBane AaBfACHUA M Temueparyp [1-5). TuapupoBanme ripu NaBneHH-
ax 1,0...5,0 MIla n Temnepatypax 573...673 K npuBoguT Kk ofpazosa-
HHIO CMECH THAPHOOB Metallios H ruapunodynnepeHor CgH, (Mak-
cHMaEHEIH cocraB CeoHig): '
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{C60+M} +H‘}. 1.5 MPa, 570...670K___>{C60HX + M_I_Iy}.

[1pu Barpepanuy noxyuennoit cmecu ao 800 K TIPOHCXOANT SETH-
pHpoBaH#e ¢ 00pasosanueM (ymIepeH-MeTALTHYECKHX KOMIIOIMITHIA:

{Coox + MH,} = ¥ (CioH, + M} 5P %5 50, + M),

Harpesanue perne 950 K npusonur e psae cayuaes k peakumay of-
pasoBaHus KapOuaOB METANIOB.

ITpu B3auMOAEHCTBHH CHeUHAaNbHO CHHTE3HPOBAHHBIX dyrutepugon
CeoPt 1 CeoPdys c BOZIOPOAOM B 32BHCHMOCTH OT YCNOBHE THAPHPORA-
HHS 00pasyioTcs WIH BOROPOAHSIS COCHMHEHUA METAIUIOPYILICPHAOB
WIK CMeCh rHApodyiepenos u Pt unn PdH,:

CﬁﬂPt + H2 1.3 l\{Pa, 40&..550](_) <C6{)PtHx>
Cﬁopt + H2 1...3 MPa, 600...7001{___) CﬁﬂHx + Pt
Cﬁ()Pdai‘g + H2 1...3 MPa, 400,..5501(_) {C50Pd4_9HX>

CﬁOPdLQ + H2 1.3 MPa, (JOU,.,?OUK___} CﬁUHx + PdHy.

Ilpu Harpepanan 2o 800 K Bech BONOpOX Bhimensiercs M3 THAPO-
dyanepena, a obpasyromasics cmech ¢ynnepura ¢ meraniom (Pd, Pt)
MOXeET OBITh MOBTOPHO NPOTHAPHPOBAHA ¢ OGPA30BAHHEM CMECH THA-
podynnepena ¢ PdH, unn Pt [6, 7].

Ilpu Braumoneticrsun Gynnepura Cg c BOROPOZIOM, BELAENSCMEIM
H3 MCTAJLIOrHAPHAOS, TIpu RaBiewvin 1,5...5 Mlla u nposenenuu ne-
CKOMBKHMX IHKIIOB “nHarpes no 673 K < oxnaxaenue zo 300 K oGpa-
3YIOTCR KPUCTAUTHYECKHE mnpotpynnepenbr Coolly {(x=2...30) [8, 91.
B obpazytomuxca C-H cBaasx snexrporas Napa CMELICHA B CTOPOHY
yreporna. Iapamerp 2yx pemerku CooHy MOHOTOHHO YBEMMYHBASTCA C
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POCTOM COZEPIMAHMA BOZOPOZA — OT 1,417 am s Cgo mo 1,455 uM
s CeoHas. TIpy HArpeBaHuy rUIPOQYIIEPEHOB CgoHx 1o 800 K mpo-
MCXOMUT BBUIENCHHME BOJOpOJa C 0OpazoBaHMEM ¢ymnnepura Cgo ©
“pacTAHYTOH” PEIIETKOH, KOTOPBIH MOXHO TOBTOPHO IMPOrHAPHPO-
pars. TakuM 06pazoM, MOXXHO TOBOPHTH 00 o6paTMMOCTH peaKiyH:
Ceo + xH; < CooHox- OpHako — TIpH NpOBEACHUH LUKIIOB
“IUApUpOBaHHE <> [erHApUpOBaHKE” HAYMHACT MPOIBIATBCA noboy-
Has ~ peakuus  [ONMMEpH3ALHH. Jlobasnenue K BOJAOPOAY
5...10 macc. % NH;, HJ, C;Hs] cymecTBeHHO MNOBBIIIACT CKOpOCTE
rupupoBanust (GywuIeprTa, OJHAKO NPA STOM POMOTHPYETCS 1 peak-
s OJIMMEPH3alH.

Taxum 06pa3oM, HalIM KCCIE/JOBAHMSA NOKa3aIH, 9T0 I HCIOIb-
30BaHus (y/UIEPEHOB ¥ HX METALIONPOU3BOJHBIX, KAK copOeHTOoB BO-
NOpOAa, HeoOXOMMO TTOBBICHTD COpOLMOHHYIO eMKOCTE (B ruapodyn-
nepere CgoHis conepxures 4,5 macc. % BOAOpONA), YBEIUYHMTEL CKO-
pocThb m,upnponaﬁﬁﬂ, CHM3MTH TEMIepaTypy JeruipupoBaHus U ycT-
panuTs nobounsie peaxiyu [10].

Hawmuoro 6osee nepCNEKTUBHBIMU VISl XpaHeHHA BOAOPOIA KT
Csi APYTHE YrIepoHbIE HAHOCTPYKTYPbI — rpadUTOBBIC HAHOBOJIOKHA,
yIJIepO/HEIE HAHOTPYOKM M WX [OMMPOBaHHbIC METalIaMH Mo u(H-
KALH, OCKONBKY N0 HMEIOLIMMCS JAHHBIM HX BOJOPOACOPOLMOHHBIE
BO3MOYKHOCTH HaMHOT'O TPEBBINIAIOT M3BECTHBIC JUIA JPYTHX crmiocoboB
XpaHeHHsi BOAOpoOAa 1 Gnu3ky K HeobxomuMbiM TpeGoBamuaM. Yrie-
pozHble HAHOTPYOKH Npe/ICTaBoT cofoli cBepHYTHIE B JUIMHHBIC 1A~
muBzps! rpaderossie mucTsl. OHU MOTYT 65ITH OHO- WM MHOTOCIIOH-
HBIMH, 3aKPBITSIMH I OTKDBITHIMU. Ji1st copOLmy BOAOPOZa Haubo-
7iee MHTEPECHB! OTKPBITHIE OJJHOCTCHHBIS nanoTpy6xu (OHT), nuameTp
M AMMHA KOTOPBIX COCTaBsoT ~1...3 HM H 1...100 mMuKkpoH, COOTBET-
creenno. I'padurosoe HanosonokHo (I'HB) npeacrasisier coboit men-
xvie TwiacTHHKM rpadura (3...100 aM), pacmooKeHHbIEe NApalIe/bHO,
TIEpIIeHIMKYIAPHO WIM MO/ YTJIOM K OCH BOJIOKHA, C YBEIMICHHBIM MO
CPaBHEHMIO C OOBIMHBIM [PAYUTOM PacCTOSHHEM MEXLY rpacdeHOBEI-
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MH JIACTAMH.

B Tabnune 2 npencraBieHsl JaHHBIE O BOOPOACOPOIIMOHHOH CTI0-
cobuoctn OHT u I'HB. Emkocts no Bojopoxmy OHT, momydeHHbIX
JIa3epHbIM HernapenneM rpadura B NPUCYTCTBUM METAIMYECKOro Ka-
tanusaropa, npu 80 K u 7 MIla cocrasnser Gonee 8 mace. % [11]. B
paborax [12-14] TOKA3aHO, 4TO BOJOPOACOPOLHOHHAA EMKOCTh OJ{HO-
CTEHHBIX HAHOTPYOOK, TIONYYEHHBIX 3JIEKTPOJYIOBEIM WCTIApEHHEM
METAICOAEPHKALIMX rpaduTOBBIX CTepKHEH, coCTaBsieT
4...10 macc. % npu IKCHOZMIMM YIJICPOJHOrO Marepuaia mpu
133...300 K u nasnenuu Bomopona B 7...11 MIla. B pabore [15] co-
obmaerca o comepxanuu Bomopoma B OHT B komuyecrse
6,5...7 macc. % npu komHarHoi Temneparype u 0,1 MIla. Hamu nc-
CJIEJIOBAHMS BOAOPOCOPOLMOHHBIX CBOMCTB YIJIEPOIHOTO MaTepHaa,
MOJYYEHHOTO 3NEKTPOAYTOBBIM METONOM M CONEPIKALIEro OKOJNO
70 macc. % OQHOCTEHHBIX HAHOTPYOOK, MOKa3aid, 4TO TAKOH Marepu-
an agcopbupyer okono 3,5 macc. % sojopona npu 10 MIla u noTo-
pennn wukitos “oxnaxaenue 1o 77 K <> narpes o 300 K” (Tabn. 2).

Haubosee cencanoHHbIe pe3y/bTaThl MO HAKOIUIEHMIO BOAOPO/a B
rpaMTOBBIX HAHOBOJOKHAX, IOJYYEHHBIX NMHPOJHM30M YIIEBONOPO-
nos, coobmatorcs B pabore [16] — 11...66 macc. %. ABropsl noja-
rarT, 4ro BofopoA npu Aapienmix 11 Mlla u koMHaTHOH TeMnepary-
pe copbupyercs B miockux nopax I'HB mapunoii 0,337 um. B pa6o-
te [17] onmucaHa Beicokas BomopoxcopbiuonHas emkocts I'HB, ponm-
poBausbix Li u K, — no 20 macc. %. Cnexyer oTMETHTH, 9TO MOIIBIT-
KM MHOTHX HccliefioBateneii BOCpousBecTH pesynbTatsi [16, 17] He
YBEHYAIHCh ycriexoM. Hammu wuccneoBaHus BOZOPOACOPOLHOHHBIX
cBOMCTB caxu, copepxaueli 'HB u nomyyeHHOH KaTanuTHYECKUM
mUpoiu30M dTHiIeHa Ha Hukene npa 900 K, nokasanu, uro ona crno-
cobua ancopbuposars oxono 2,5 Macc. % Bogopona npu 5...7 Mlla u
MOBTOpPeHHH HUKIOB “oxnaxjenne no 77 K <> Harpes mo 300 K”
(tabn. 2).
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Tabauua 2. CopOuuoHHbIe XapaxTEPHCTHKU YTTIEPOAHBIX HaHOMATe-
puanos

MakcHMmansEas Py,

Marepnan CMKOCTS, Mace.% K MITa Ccrika
OHT 8,25 80 7,18 1
OHT 5...10 133 0,04 [12]
OHT 4,2 300 10...12 | [13, 14]
OHT 6,5...7 300 0,1 [15]
OHT 3,5 30077 5...10
I'HB 11...66 300 11 [16]
I'tHB 0.4 298...773 0,1 [17]
I'HB 2,5 30077 | 5...10

Li-T’HB 20 473...673 0,1 117]
K.-I'HB 14 473...673 a,1 (17]

Kak BuaHo u3 TaOMMIB! 2, MONMydeHHbIe PA3HLMH aBTOpAMH HaH-
HBIE O KOJIMYECTBE BOAOPOJE, AKKYMYIHPYEMOTO YINEPOIHBIMH HaHO-
Matepuanamy, cyIieCTBCHHO pasnuyatoTcs. IIpuuuHamMy pacxoxaeHuit
ABIFETCA OTCYTCTBHE HAJEXKHhIX criocobor noayuenns yrererx OHT u
I'HB, a Tarke o6menpHHATEX METOIHK HX ATTCCTALNI, HanpuMep, B
caygae OHT — no 4HCTOTe, CTeneHy X “OTKPAITOCTH”, M0 AHAMETPY,
KOIMUECTBY METANNIHYECKHK KATAH3ATOPOB, KOTOPHIE CYIECTBEHHO
BJIATIOT Ha copOumio Bonopozna. BenescTaue 57010 pesyisrarsl, Oy~
HaeMbIE NPH HCCIICAOBAHNN COPBIUM BOAOPO/A, XAPAKTEPHIYIOT TONE-
KO KOHKPCTHBLH MaTepras W [I0Ka HE MOTYT OBITh UCTIONB30BAHB! JULS
cpapHeHUs I(PEKTHBHOCTH YITIEPORHEX HAHOMATEPHATOR PAa3IHUHO-
ro Tina. Hedacen Taioke MexaHuaM yHUKANBHO BBICOKOM BOAOPOIHOHR
COpOIUH YISICPOAHBIMH HAHOMATEPHANIAMH, PACCMATPHBAIOTCS pasHbie
MEeXaHuIMel: (usndeckas agcopbums # xemocopSims monexyn H, Ha
NOBEPXHOCTH TpadeHOBOrO NHCTa; pasMelleHHe 6ojiee OMHOrO CJIOA
Monekyn Hy mexay rpadeHOBSIMH IUTOCKOCTSMH; KAIWITAPHAS KOH-
ACHCAUUA BOAOPOZA BHYTPH HAHOTPYOOK H B HPOCTPAHCTBE MENITY
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rPageHOBRIMH JIUCTAMH NIPH AHOMASBLHO BBICOKUX TEMIIEPATYpax (Bbi-
e T, =33 K); 3apmkeHHOE COCTOAHME BOAOPORA B YIMEPORHbIX Ha-
HOMAaTepHANIaX.

TaxuM ofpazoM, HeOOXOAUMO MPOAOIKATE HCCTENOBAHUA BOJO-
PONCOPOLIMOHHBIX CBOHCTB YIAPOAHBIX HAHOCTPYKTYP U Kak (yHza-
MCHTAILHYIO HayUHy10 3afady, K KaK NPHKIAAHYI0 npobieMy paspa-
00TKH MOOMIIEHEIX CHCTEM XPaHEHHs! BOAOPOIA.

PaboTa seimonHesa npu nogaepikke POOU (mpoexT 99-03-32647)
u PHTII (poext 99005).
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ACCUMULATION OF HYDROGEN IN CARBON
NANOSTRUCTURES

Tarasov B. P.
Institute of Problems of Chemical Physics of RAS

The review of resuits of the investigations of hydrogen interaciion
with carbon nanostructures — the fullerenes, the carbon nanotubes and
the graphife nanofibres — is presented. The causes of contradiction of
the information on hydrogensorbing capacity are discussed. The possi-
ble mechanisms of the interaction of hydrogen with carbon nanomate-
rials are noted.

The comparison of carbon nanomaterials as possible accumuiators
of hydrogen with traditional methods of hydrogen storage is con-
ducted. The conclusion about a perspectivity of indicated nanostruc-
tures for hydrogen accumulation is made.
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VK 539.213

KOPPEJISAIAS ONITHYECKHX CBOHCTB A-C:H ILIEHOK
B OBJACTH KPAS COBCTREHHOI'O HOIJIOIEHHA U
ITAPAMETPOB I'PAGHTOHOJOBHLEX KAACTEPOB

Bacuu A. B., Mareeena JI. A.
Hrcruryr dmsuxe nonynposoguukos HAH Yrpauns:, Kues

Hpupomatest pesyidbTaTel UCCIGZOBAMA CTPYKTYPEL M ONTHYECKHX
¢BOUCTE IUICHOK M'MAPOTEHIIHPOBAHHOTG YINEPOA ¢ pAIMIHOH CTEREHEBIO
ruaporedy3anuy. [loxasaHo, 4To ONTHIECKAA OIHPAHA 3AMPEHICHHOM 30HbI
B a-C:H nnesxax ofpaTHO BpoROpHHOHANLHA pa3Mepy IpadRTOROAOGHEIX
wiactepor. KpyTu3Ha Kpas AOIMONIICHAS, ONpeaesdeMas KaK HAKIOH Cliek-
TpaJBHOH 3ABUCHMOCTH B koopIuHatax Tayua, NponoplHoHansia pasMe-
py rpaduTonoacOHEIX KIacTepos W o6paTHO MPONOPUHOHANBHA CTEREHN
ux pedexTrOCTH, JeheKTHOCTh KIACTEPOB OMPEeIACTCS PANHANHOHHRIM
BO3ICHCTBHEEM UOHOE Ma3Msl, OOMOApAMPYIOIHHX pacTYILYio IEHKY B
HPONECCe KOHACHCALINH.

Brenenue

Haenxu amMopdroOro yriepofs npuBNEKarot k cefe sHUMAHHE HC-
CNICNOBATENCH ¥ TEXHONOTOR G/1aropaps IUPOKOMY JHAMa3oHy Gr3u-
YECKHX CBOUCTB, KOTOPBIMH OHH MOTYT 001aJjaTh B 3aBHCHMOCTH OT
METONA W YCJIOBHH CCHKACHHA. Tak MUKPOTBEPAOCTH IUIEHOK JOCTH-
raet 20 I'Tla n Belle, yIeNpHOE CONPOTHRICHWE W3MEHACTCA OT 8-
cstioB fo 10'2 Om-oM, onTadeckas IHMPHHA 3aNpeleHHOR 30HBI H3-
MEHAETCA OT ZoneH anexTponponsta Ao 4 3B, KpoMe Toro yrnepoamsie
IUIEHKH YCTOMUMBBL K Pa3fiHiHbIM XHMHUYECCKH ArPECCHBHBIM CpeiaM H
MOTYT umeTh Hu3kuil koaddumpent Tpenus. Kpome OTHOCHTENBHOTO
dasoBoro cocTaga (YAENBHOTO COACPAHHA ATOMOB YIJIEPOIA B Sp’-
WM SP’-THOPHAHZANK) HE MEHEe BAKHEIM [FAPaMeTpPoM ABNIETCH
CTeHeHBb FMAPOTreHM3alMH (COACPAKAHHE BOAOPOAA) M CTENEHs YIIOpPS-
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AOUEHHOCTH rpadutoodpasHoil CTPYKTYPEL.

MeToanka

TIneHKH PMAPOrEeHH3HPOBAHHOIO YPIEPOa NOMYYATHCE METOAOM
razoha3sHoro  OCaKACHHA ¥3  aKTuBupoBanuoii  BY-paspsaom
(13,5 MI'u) ra3osoi cMeCH METaHA W BOAOPOAA NpH RABNEHHH OKONO
10 ITa. Hzmepenns komGuHaiMoHHOro pacceanus ceera (KPC) npogo-
JAHIHCH ¢ aoMouibio cnekrpoMetpa JIPC-24, ¥CNone3ys A perscT-
paluu curHata oxamixaembii @IY-136 B pexcumve cuera doronos. B
KauecTRE MCTOHHUKA BOIGYHICHHA WCNOJB30BAC aproHOBLIA Aalep
JITU-404 ¢ mnudol Bonust wanyuenust A =514,5 am. [ing anammsa
CHeKTPATbHON 3aBUCHMOCTH a{Av) 8 00nacTh xpas QyHIaMeHTATBHO-
ro mOrAolEHHS B IMeprerrueckoit ofnacty 1.4...4,5 3B uenonezo-
panca cnekrpodoromerp SPECORD M 400. Copepxanue sogopoaa
OnpeAeTANOCH COrNIACHO CTAHAAPTHON MeTORMKE [1] MO MHTEHCHBHO-
CTH CYMMapHOH FOJIOCH fTOTAOHEHHS B CIEKTPaX NOMMOLICHNS B HH-
pakpacHoit obnactd, cooTsercreyiomel konebanuam cpsseit C-H.
Conepkanue BONOPOJA B [UICHKAX BAPEUPOBANOCH MYTEM W3MEHEHNS
AApaMETPOR OCAXKICHMA, TAKHX KaK OTHOCHTENBHOC COACPKAHHE ME-
Tava v BOZIOpoIa B pabouci ra3osoil CMECH W MOUIHOCTL palpsaa. B
KaYecTBe 1apaMeTpa, IKBUBAICHTHOTO MOLHOCTH paspadd, HCHOL30-
BAach BENHUMHA OTPHUATENILHOTO NOTEHUMANA ABTOCMENIEHHA Ha pa-
OoueM neKkTpole V-

PesynbraThl B o0cykaenne

Ha puc. | npeacrasneda 3aRHCHMOCTH COACPKAHHA CBAIAHHOTC
BOAOPOAA B [ASHKAX OT KOHUEHTPALIWH METaHa i BETHHBI V- Kak
BHAHO, CTEMEHb THAPONCHU3AUMK, TO €CTh COHEpIKAHHE BOAOPOAA,
MO}K-('.‘,'T HIMEHATECS MOHOTOHHO JIBYMR [I}"T}IMHI H3IMEHCHUEM COOTHO-
IIeHHA MeTan/BOICPOA B raz0Boil CMeCH H MOUIHOCTBIO paspsa. lpu-
Y¢M BO BTOPOM CTydac 3aBUCHMOCTE fosiee cUIIBHAA.
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Puc. 1. Conepxanue HMK-aktusnoro sonoposa B a-C:H rmenxax B
3ABHCHMOCTH OT YCROBHIL OCaykaenus.

Hamu Gbit nposenen awanns mapametpos cnekrpos KPC mienox
FHAPOTEHN3MPOBAHHOrO YI)iepoAa ¢ pasfiMuHbIM COIEpkaHHEM BOJO-
pona. Cnexrpst KPC nnenok npeacraBaany cofoll wiupokyio acum-
METPHUHYIO nosocy B auanasone 1000... 1600 cm™, XaPAKTEPHYIO Ans
aMOPQHOro yriepoda. 31a 0Noca JOCTATOMHO XOPOUIO BOCMPOH3BO-
Auntach koMOURauUMel ABYX NUHMIL C raycCOBBIM KOHTYPOM ¢ LEHTPOM
B oBnactu 1350 u 1540 em™ (D- w G-aunau cooTeereTBetHO). Ilapa-
METPBl 3THX AMHUH, TAKHE KaK OTHOCHTENLMAA NHTEHCHBHOCTB, 4YAC-
TOTHOE [ONOXKCHWE W MOAYUIMpHHA Oblay npeaMeToM aHamnza. Ha
puc. 2 npeacTasienst criektpsl KPC renok, NIOYYEHHBIX TIPH PANIHY-
HBIX 3HaYCHHIX TIOTEHNHANa aBTOCMeHenus ¥, (a) H cocTasax razo-
BOH cmecH (6). KomnibioTepuoe pasnoxenue ciekTpoB Ha ABe JHHUM
MO3BOJMIO CAENATL CIEAYIOWIAE BLIBOABL IIPH YBEIHYEHHY HOTeH-
Hyana apTocMelleHus, PaBHO KaK M NPH YMEHBINCHHH NRPHUANTLHOTO
AABNICHV® METaHR B razo80d cMecH NpoRCXoaHT: 1) pocT oTHoCHTENB-
HOM  HHTEHCHBHOCTH D-mumum; 2) yMeHblucHue MOy WHPHHB
G-munuu. Aranornupoe w3MeHeHne napameTpoB cnextpos KPC mne-
HOK MPOHCXOJHNO B YCIIOBHAX BAKYYMIOTO OTXKHMIa NAEHOK MpH TeM-
nepatype seine 4350 °C. H3secTHO, 4TO APH ODKATE NACHOK IIPOUCX0-
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AMT 5hGy3Ha BoAOPORa u3 06beMa LIeHOK [2, 31, 4T0 CONpPOBOKIACT-
¢S YMEHBIIEHHEM HHTCHCUBHOCTH COOTBETCTBYIOIGMX TIONOC B UK-
cniextpax {4]. Kpome TOrO uMeer MecTo MPOLECC PeKpHCTALIH3AMMH
rpaduroobpasuoit cTpykTypHl [S]. 1losroMy pOCT BEIMTHHBL In/ls
(PaBHO KAK ¥ YMEHBLICHHE HINPHHBI G-HOAOCH) MOXKHO CBA34TH ¢
yBeAMUCHACM PazMepoB rPaguTOOGPasHO YIOPAAOHCHHETX HaHoObNa-
creil (knacrepos). C 5TOM TOWKHM 3peHMA MOMYHEHHBIE PE3yIbTATHL
MOXHO COPMYTHpOBATE CIEMYIOLIMM 06pasoM: YMEHbIICHHE CTere-
HW THAPOrCHM3aHMH IUIGHOK amMOp(HOTO YIJepona, NOMydJeHHBIX
[Ia3MOXHMMHEUECKHM OCKICHUEM W3 TasoBoi ases, crocobeTByeT
POCTY pa3MepoB $p’-KOOPLMHUPOBAHHBIX KIACTEPOB.

T T T
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%

\
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BanxoBoe wMena, TM

Puc. 2. Criektppt  KPC  mnesok, MOMy4eHHBIX DNPH  PasHHAIX
YCHOBHAX. 4) HHKCHPOBaHHEI COCTAB ra3oBod CMecH 5 0 % meTaHa,
HIMEHASTCS Veen: 1 — 100 B, 2—300B, 3 —3500B;
6) hUKCHPOBAHHBIA MOTCHUUAN ABTOCMEILEHUA =300 B, m3mensercs
comepxanue metana: 1 — 100 %; 2 — 70 %3 3 — 30 %.

Taxas HHTCPITPCTAIIHA BIIOIHE noclefoBaTeNbHA, TaK KAk OUCBHH-
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HO, 9I0 AaTOMbl BOROPOJA, CBA3AHHLIE HA TPAHHLS pPACTYHIErd
sp’-xracTepa, MPEIATCTBYIOT JANLHEHIIEMY YBEIUUCHHIO €I0 pasMe-
pos. Kpome roro, YrieBomopoHLe paaHKaisl, agcopOUpoBaHube Ha
TIOBEPXHOCTH ITO/UIOKKH, MEHEe IOABIKHEI, YeM CBODOIHBIE aTOMBI
yrnepoga. [Hoatomy H3BHITOK CBE3aHHOTO BOJOPOAA CMOCOOCTBYeET
tdhopMupopanmio foee pazynopiacueHHol cCTpyKTYpELl. B npenensnoM
CIyyae BHICOKOrO COAEMKanHa Bofopopa (240 ar. %) GopmupyeTcs
AOJIMMEPONOAO0HAA CTPYKTYPA ¢ OTHOCHTENBHO “MATKHM” KAPKACOM.

Kak u3BecTHO, MacCHBHBIA rpaduT ABNAETCA HOMYMETANIOM C HY-
NeBOH IIMPHHON 3anpelnerHod 30861, C Opyroif CTOPOHEI, CHEKTpPSI
IIPOIYCKAHHMA IUIEHOK aMOpdHOTo yriepofa XapaKTepH3YIOTCs HaH-
YHEM CHJIBHOIQ pOocTa kosddHLMeHTa FOTIIOMEHNS B BHAMMOM obac-
TH. DTO CBHAETENLCTBYET O HANHYIMY Kpasd NOFTONMIEHUT, XapaKTepHO-
TO Ui MOMYNpOoBOJHUKOBBIX Matephanos. Ouruueckas HIMPHHA 3a-
TpelieHHON 30H8 aMOpPGdHBIX NOMYIPOROFHAKOBE. eHOK £y obsm-
HO OTIpeAeNAeTCH ¢ MOMOIHBK) NMUHEeHHOH IKCTPANOIIUAH 3aBHCHMOCTH
Tayia

ahv = B(hv - Ep), %)

FOe o -— KOMDHIMEHT mornoleHns, Av — 3HEprud KBAHTOB CBETA,
Ey — muprHa 3anpeleHHo# 30HBL, B — KOIQGUUHEHT, NPONOPHHO-
HafLHEA MATPHYHBIM HTEMEHTaM JHUIMONBHBIX NEPEXONOB U XApaKTe-
PHIYIOWIAH KpyTH3HY Kpas niornomenus [11]:

B~ IVE @)
nOAEC

30eCh Mg —— NMOKA3ATEAR NPETOMICHHA; AK; — IIHpHHA XBOCTA IUIOT-
HOCTH COCTOSHHH 30HSI npoRoauMocTh;, N{E.) - AMOTHOCTh COCTOS-
HHH Ha Kparo 30Hb! POBOABMOCTH.

Ha puc. 3 (nepas mkana 3aBHCAMOCTE 1) MpeACTABICHBI 3HAYCHNUA
onrudeckod MWUPHHEL 3anpeimieHHoit soubl a-C:H nneHok, ocaxpen-
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HbIX OPH pasiutHBIX NOTEHIUATaX apToCMeHIeHN s Vg, BHaHO, 9TO0 ©
POCTOM TIOTCHIMANA ABTOCMELIEHUA OITHYECKad [MUPHHA 3ApeIIeH-
HOMt 30HBI yMeHbIIaeTcq, AHaNOrHYHaA, Ho Gonee cnabas, TeHACHHMA
Ha0MroaeTed NpY VBENMMCHYM KOHLEHTPALMM MeTaHa B ra3oBoi cme-
cH. Taxum oDpA30M, MMeeTCA IPAMad KOPPeialus ONTHISCKOH ILHpH-
Hbl 3aNpenieHHoH 30HBI U napameTpos cnekTpoB KPC neHok.

Jo cux rop HeT ofuenpHHATOre 00BICHEHUS POCTY MHTEHCHBHO-
¢t D-MONOCHL, CRA3aHHOMY C YrHoOpsigodeHMeMm rpaduroobpa3HOro
OIWKHEro TOpAAKa (HAIPHMEp NpH TepMuYecKoM oTkure). Hekoro-
pbie aBTOPE 00BICHAIOT ITOT (aKT yBeRHYEHHEM TLIOTHOCTH (POHOH-
HBIX COCTONHHMA B COOTBETCTBYIOLIEM YaCTOTHOM JAHara3oHe, KOTOPSIA
CBA3BIBACTCH ¢ POCTOM CTEIIEHH YIIOpANOUeHHS rpaduroodpasHoii da-
3pl. OnHaKo HabmoaaeMoe CMellende NonokeHns D-nosocs! npy u3-
MEeHEHHH JUIHHEI BONHB! BO30YKIAIOHIEro UATyYeHHs CTaBUT IIOX CO-
MHEHHE TAKVIO KHTepIpeTauuio [6].

B nocnejjHue roasl Obuia NPEAIOKEHA ANBTCPHATUBHAA MOJEE pe-
30HaHCHON nipEponkl D-noaock! [6]. 3ta mopene Ovia mocTpoeHa Ha
OCHOBAHHH 3KCHEPUMCHTANIBHO HADAIOJAEMOTO YBEIUUEHHMST HHTEH-
CHBHOCTH M BBICOKOYACTOTHOTO ¢HBHUra D-HOJOCH B MHKPOKPHCTAN-
AHYECKOM IpadUTe U rNeHKaX FHIPOreHH3UPOBAHHOIO YIIIepoJa, MpH
apuOIIKeHMH SHEPTHE GOTOHOB BO30YKIRIOLIETD HIMYUCHHS K BEJIH-
YHHE ONTHMECKOH MIUPHHEI 3aTIpeLlieHHOH 30HE MaTepHaia. CormacHo
3TOH MOZeNH (OHOHBL, OTBETCTBEHHEIC 32 NPosBICHHe D-IHHUH, OPH-
Hagnexat Moxe E,,, To ecTh TOH ke MORe, KoTopas uMeercd B Touke I
30mK1 Bpumnioena K nposeigercs B e (G-NHARH,

B pasynopsanoueHHHIX rpadHTO0OpazHEIX CTPYKTYPaX NMpaBHIIO OT-
opa 0O BONHOBOMY BEKTOpY AK = () He BRINOJHACTCA BCIESACTBHE Ha-
PYLICHUA TPAHCTALHORAOH CHMMeTpHH. BmecTo sToro npaeuna aeto-
PBL BBOIAKT APYroe HPABHIIC, COTIACHO KOTOPOMY B PE3OHAHCHOM pac-
CeIHHM Y4acTBYIOT (JOHOHBI C TEM JK€ BONHOBBIM BEKTOPOM, MTO H
BIEKTPOHHBIC TIePeXOpl, OTBETCTBeHHEIe 3a pe3soHaHe. ArTopaMu [6]
ObLI0 YCTAHOBJICHO, YTO BBEJCHHE TAKOTO TIPEBHIA JAET XOPOIuee co-
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rNacoBAHWE TEOPETHUECKH TIOCTPOEHHBIX JAHCIEPCHOHHBIX 3aBHCHAMO-
cTel a4/t POHOHOB M WIEKTPOHOB € IKCIICPUMEHTANBHO H3MEPCHHBIMH
3HAYEHMAMH 4acTOTHOrO monoxends MHHAR KPC u sHepradi syek-
TPOHHBLIX TIEPEXOI0B.

3.6

428

Eo, B

=426

B, 10! cnlaB!

0.5

s i 1 1 i L A i 1
0 -100 -200 -300 -400 -500 600
flaTexynan aatocMewsnwn vV, B

Prc. 3. OnTudeckan mdpuHa 3anpelteHHOM 3081 Ey (neras mxana, 1)
H Kospduumuent B (mpaBasg mKana) Kak (yHKLUHN HOTEHIHANA
ABTOCMELICHUA Vy A4 IUIEHOK, OCAKNEHHBIX NpPH PasiM¥HEIX
cocTaBax razoBo CMecH: 2 — CH, 30 %+H,70 %;
3 —CH;50 %+ H, 50 %; 4 — CH, 70 % + H, 30 %. '

YyuTeIBad 370, MOYKHO HPEOHOICKHTE, YTO B HAIIEM CITY4Yae HMEET
MECTO KapTHHA, oOparHas 1o oTHomeHyto K uamepeHuam KPC c pas-
JIMYHOM 3Hepruel KBaHTOB BO3OYKAAIOIIETO H3MyyeHks. MaMepssa ob-
pasiBl ¢ pasIHdHbBIM pasMepoM rpaduToofpasHEIX KAacTepoB (a 3Ha-
4UT 4 PAINMUHOM IMHPHYHOIM 3aHpeIleHHOl 30Hb) HPH (JEXCHPOBAHHOM
Indse gondsl Bo3byxatomero wanyqaenus (514 ma, ~0,6 sR) mur ua-

127




OIII0MAEM PE3OHAHCHOE H3MEHEHHE HHTEHCHBHOCTH D-TI0MOCHL.

Ha puc. 3 (npapag 1xana, Kpussie 2, 3, 4) Npe/CTaBICHbE 3aBUCH-
MOCTH 3HaueHs kKoddduiuenta B u3 ypasuenua Tayua oT napamer-
poB ocaxkaeHus. XapakTep 3aBHCHMOCTH B 0T IOTCHUMATa aBTOCME-
eHs, B 00UIEM, OIMHAKOR A PAVIHYHLIX COCTABOB ra30BOH CMECH.
Tlpu 3HadeHHAX Ve, Bonbmkx —100 B npoucxoaut peskoe ypenude-
HYME KPYTH3HBI Kpas norionieHus. JansHeHuIRd pocT aBTOCMENICHHS
cnabo BAMACT Ha 3HaveHve 5. OnHHakoBBIN 00N XapaKTep 3aBHCH-
MOCTEH BeNuYuHBEl B, KaK (yHKUAM Vi, A PayIMYHBIX COCTABOB
paloueit razoBoil cMecH NO3BOMSET COEIATs BRIBOJ, YTO MMEHHO MO-
TEHIHAL aBTOCMEIIIEHHS, B OCHOBHOM, BAHSCT HAa CTPYKTYpPHSIE OCO-
GEeHHOCTH, OHpeICNAIONIHe KPYTU3HY Kpad HOIVICLCHHA.

OnTH4YecKHe CBOMCTEA INCHOK FHAPOreHU3HPOBAHHOTO YIIIEpoaa B
obstacTi Kkpas HYHAaMEHTANBHOTO MOTVIOINEHHI OIPEASsRIOTCA 3JIeK-
TPOHHBIMH TIEPEXOAAMH n-n B rpadmToobpazsofl dpakumy. Tlepexo-
Ibl MEXTY O-30HAMH, Kax B anMaszono/o6HoiM, Tax ¥ B rpadmToobpas-
HOM CTpYKType, JIKaT B BRICOKOIHepreTHueckoH ofnactu (Buie
53B). C srofi Todkd 3peHHsS MOXKHO NPENNOIOKHTE, YTO KPYTH3HA
Kpas HOTJIOWICHHA ONpede/ICTCA IVIOTHOCTEID N-3ACKTPOHHEIX CO-
CTOAHHH, KOTOPBIC YHacCTBYIOT B ONTHYECKOM MNOIIOINSHUH B HCCIIE-
ayeMoit o0nactd snepruil. Torga NoMy4eHHBIE DKCTIEPHMCHTAIBHBIE
pe3yALTAThE OGBACHAIOTCSA B PAMKaX CHeRYIOUMX NpeacTabacHui. [Tpn
MAJIBIX MOLIHOCTAX pa3pasa (Voo < -100 B) 13-32 Maoi CTENeHH AHC-
COLMATMM MONIEKYNI METaHA B MNEGHKY HHKOPIIOpHpYeTcs O0Mbinoe Ko-
TMYECTBO CBA3aHHOTO Bogopoda. CeA3aHHBIH BROAOPOA IPEengTCTBYET
pocty rpaduToobpasHEX HAHOKPUCTAIMTOR, IOITOMY pasMmep yio-
pAIoueHHRX ofiacrelt ocraeTcd MansiM (< | 8#M) [7]. Mansie pasMepsl
KIaCTEPOB ONPEACIIAIOT HA3KYH IUIOTHOCTh COCTOAHHH BICKTPOHOB H,
COOTBETCTREHHO, Pa3MsIThll Kpail nornomenud. [Ipu Sonpinux Morm-
HOCTAX Paspsia NMPOMCXOJHT POCT CTElIeHH AMCCOLMALMH MOJIEKYI
MeTaHa, 4TO CHOCOGCTBYET YKPYTIHEHWIO rpadHTooOpasHEIX HAHOKPH-
cTawMToB. CBA3aHHBIA C 3TUM POCT IFIOTHOCTH IEKTPOHHEBIX COCTOA-
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Hui 00ycnapiupaer Goslee peskail Kpali DOTTOMIEHHMS .

M3BecTHO, HTO BEIMYHHA OTPUIATENHLHOrO MOTEHLHANA ABTOCME-
IWeHHS Vo ONpPEICNACT IHEPTHIO HOHOB M HHTEHCHRHOCTH MOHHOMN
bomOapAupoRKH pacTyiledl Ienku. [T03TOMY OTCYTCTBHE MOHOTOH-
HOTO pOCTA MIIOTHOCTH COCTOAHHMH TIPH POCTE DA3MEPOB rpadRTooh-
pasHbix kiacTepor (aanusie KPC), moxer GBITH cBS3aHO C pocToM
CKOPOCTH  pafidaliMOHHOTO  gedekToOpaszoBanus BHYTPH K/acTepos
(BaKaHCHHU, ATH- H CEMHWICHHEIE KOMBLA). 3 hopmynsl (2) cnenyer,
YTO 3Ha4CH#e B HPOMOPLUMOHAILHG KBAAPAry IUIOTHOCTH COCTOSHHN
Ha Kparo 30HBI MPOBOAMMOCTH M 0OOPATHO NPONOPLHOHANLHO LIMPHHE
XBOCTa 30HBL MPOBOAMMOCTH AE,. Vumpenune XBocTa 30HB npoBoay-
MOCTH 32 CHET pocTa Ae(EXTHOCTH YrASPOAHBIX KNACTEPOB MOXET OfI-

PEACHATE OTCYTCTBHE POCTAa B 1py yBenMUEHUWH PA3sMEPOB HAHOKPH-
CTA/JIHTOB.

3axamuenne

Ha ocxoBanuy aHATH3a JAHHBIX, TIOYHEHHBIX € TIOMOLIBIO KOMGH-
HALMOHHOrG pacCesHHA CBETA M OTTHHECKOH CLIeKTPOCKOMHH ycTa-
HOBJICHO, YTO ONTHYCCKAS UIMPHHA 3aMpeleHHON 30Hbl B IUIEHKAX
THAPOTCHHIMPOBAHHOTO YTIIEpoAa OSPAaTHO MPONOPUHOHANEHA pasMe-
Py Tpaduronionobyeix Kiactepos. KpyTusua kpas IHOTHOIUEHUA, Xa-
pakTepusyeMas HAK/IOHOM 3aBHcHMocTH Tayla, opeengerca TAKMMH
CTPYKTYPHBIMU (AKTOPAMH, KAK Pa3Mep U CTENeHs Ne(eKTHOCTH rpa-
(urononobHex xnacrepor. Pasmep rpauTO0OPa3HBIX KIACTEPOR B
a-C:H nnenkax; onpene/sterca conepianuem cesasanmoro BOJIOPOAA, a
CTENCHE WX Ne(EeKTHOCTH — PalHALMOHHBbIM BO3ACHCTRHEM MOTOK:
HacTal, 6oMbapANPYIOIMX KoHAEHEAT BO BpeMs pocTa.

Jnreparypa
L. Mopomenko A. A., Cemenopma B. A., Xangoxko C. U, u ap. Xa-
PaKTep KONEDATENBHBIX CIEKTPOB amMMas’onOZOGHBIX MNEHOK //
CBEpXTREpAbIC MaTepuanel. 1993. No 4, C. 15—20.
2. Wild Ch., Koidl P. Thermal gas effusion from hydrogenated amor-

129




phous carbon films // Appl. Phys. Lett. 1987. V.51, Ne 19.
P. 1506—1508.

3. Kourkos O. K, Kanutonos H. H., Tpamezuuxosa K. H.,
Tepykos E. Y. Hsmepenne komdecTea CBOGOAHOTO H CBA3AHHOIO
Bonopoza B amopduom yraepone // Iucoma B KTD. 1997. T. 23,
Ne i, C.3—8.

4. Tang X.-M., Weber J., Mikhailov J. , Muller C. Structure stability of
hydrogenated amorphous carbon films during thermal annealing //
Jornal of non-crystalline solids. 1995. Ne 185. P. 145—150.

5. boiiko B. T., IManaraux JL C., Jepesaudenxo @. C. Mexanu3sM rpa-
(irTv3aMHM TOHKMX [ieHok yrmepopa // ®TT. 1971 T. 13, Nel.
C.611—613.

6. Poesik I, Hundhousen M., Koos. M. et. al. Origin of the D peak in
the Raman spectrum of microcrystalline graphite // Jornal of non-
crystalline solids. 1998. V. 227-—230. P. 1083-—1086.

7. Tsai H., Bogy D. B. Characterization of diamond carbon films and
their application as overcoatings on thin-film media for magnetic
recording // f. Vac. Sci. Technol, A. 1987. V.5, Ne6. P.3287—
3312.

CORRELATION OF THE OPTICAL PROPERTIES OF A-C:H
FILMS NEAR FUNDAMENTAL ABSORPTION EDGE AND
GRAPHITELIKE CLUSTERS PARAMETERS

Vasin A, V., Matveeva L.A.
Institute of semiconductor physics, Kiev
The correlation of the optical properties of the hydrogenated amor-
phous carbon films near the fundamental absorption edge and
oraphitelike clusters (GLC) parameters were analyzed by means of
Raman scattering and optical spectroscopy. It was found that optical
band gap inversely proportional to GLC dimension. Slop of the ab-
sorption edge determined bey tow competing factors: GLC dimension
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and their imperfections. Dimension of the GLC determined by hydro-
genation level and inversely proportional to hydrogen content while
imperfection of the GLC determined by intensity of the ion bombard-
ment during deposition process.
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VIK 541.11 + 53773

BJIMAHHUE Cy U YTJIEPOJAHBIX KJIACTEPOB HA
OYHKIHAOHAJJBHBLIE XAPAKTEPHCTHKH
IPAHYJJOBOUTOB

3opusn B. II., Kpasuenko H. E., Capunkai B. 1L,
MInnaesckuii M. 3., Iyakesra T. M.
Benopycckmit rocy{apcreeHHEIH YHUBEpCHTET, MIHCK

HceneaosaHbl MPOLIECCH B3auMoaelicTBus qiynneperna Cgp # yNbTpajmc-
IePCHBIX YEREPOAHBIX KIACTEPOB C IPaHYNOLHTaMi rnepHdepuveckoi
kposy. [Toxa3aHo, YTO CBA3EIBAHWUE ATPETATOR MONEXYN QyjUiepeHa H yr-
NEPOAHBIX KNACTEPOR NPHBOAMT K CTHMYJFUMY KHCIOPOAAKTHBHPYROLUEH
dyukuMe rpaxyioudror. [peanonaraercs, 4ro madevie >dibexrsl 00y-
CAQBJEHs!, APEUMYIMIECTBEHHO, AeficTsueM (yIAepeHOB Ha IMa3MaTHIe-
CKY10 MeMOpaHy KIIeTOK.

Bregenne

Hensto paboTsl ABIANOCH HCCAGAOBAHME BAMAHMA dryanepera Ceo U
VIRTPAgHCTICPCHBIX arperatos yraepoga (YHAY) Ha KHCIOpPOAaKTH-
BHPYIORLYK CHOCOOHOCTE MPaHyNOHHTOB Nepudepuyeckolt kpoeu. Ie-
Hepauds KHCHOPOZHLIX PAAMKANOB [PAHYIOLMTAMH ABJIAETCH OHHOW
U3 OCHOBHBIX (YHKIMOHAJBHBIX OcobeHHOCTel NaHHBIX KIETOK, TIPH-
HjeM MHTEHCHBHOCTE ZAHHOIO [IPOLECea, COrNacH0 AanHEIM HTEpaTy-
PHI, KOPPENMHPYET ¢ YPOBHEM aKTHRHOCTH (harolldro3a, KISTOYHON af-
re3WH ¥ OPYTHMH MPOLECCAMH, BOBICYCHHBIMH B pEATTH3ALEIO HECHE-
U HYecKoro IMMYHHTETAa OPTaHW3Ma, B TOM YHCIC NMPH peakl Ha
pa3THMHEIe MaTepuadisl [1, 21,

MeToqHK2

B paGore Mcnonb3oBaiH ynsTpaguciepcHple arperaThl Yriepoaa 1
npenapar gymepeda Cgp tipoussoactsa FHITT “KBTM-OMO”. Cg
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PACTBOPANM B TONyosIe B KOHuenTpauun 10° M u sareM BB B
docdarno-comesoit pacTrop B cooTHowenum 1:100. VYIAY rotoBuny
B BOJAHOM PACTBOpE B KOHUEHTpAIkHE 1,5 mr/Mir.

T'paHyIOLMTE! BHUAEMSTM U3 KPOBH 3XOPOBBIX JOHOPOR B rpagpenTe
IIOTHOCTH (HKOJI-BEporpadiH N0 CTAHAAPTHON METOmMKE U IIOMe-
IWanK B pacTeop Opaa. Peructpammo axtupebx dopm KHCIopona
KICTKAMH OCYINCCTBIIANK METONOM MEOMHHON3ABMCHUMOM XEMEUTIOMH-
HECLUCHUNH aHAJOrHYHO [3], ofpazosanue mepexucu Bozopoaa B Lu-
TOTTa3Me  KIICTOK pErHCTPUPOBATIA B Tecte ¢ 2,7-AHXNoppryopec-
leuHIMaueToM [4]. B metofe npotouHoli mmromerpus OMpEaSsIn
MHTCHCHBHOCTE CBETA, PACcCesHHOrO mOA MambiMu (1...10°) yrnamu
(FSC} v non 6onpivmu (70...90%) yrnamu (SSC). Hpu uccnenoranuu
WSMEHCHUH CTEIIeHH XKH3HECTIOCOBHOCTH KIIETOK KPOBH, a TaAKOKe npo-
UECCOB 0OPA3OBAHHA NIEPEKUCH BOAOPONA B eAMHHUYHBIX KIETKAX peru-
CTPUPOBAJIH HHTEHCHUBHOCTh (IYOPECUSHUHH KIETOK B CIIEKTPATBHBIX
HHTEPEATAX, COOTBETCTBYIOUIHM IIONOCaM HCITYCKaHUA (UIyopecLeHHa
Uny sTUAMYM Spomuna [5).

Pesyanrare

Heceredosanue xucnopodaxmusupyroueis PyHKyUL epanyroyumos
npu deticmeuu grynneperos. Ha puc. | npepctasnens: PE3YNBTATHI HC-
CIENOBAHNA  KMHETHKH  M3MCHEHWMS WHTEHCHBHOCTH  JIIOMHHOJM-
3aBUCHMOH XEMWIOMHHECHICHIMY T PaHYIOUMTOR PN CTUMYJTALMY
dymiepenamu. B cpene Ge3 uccnexyemnix IIpenaparoB yPOBEHL XeMH-
MOMHUHECIICHTHOTO CBEYCHHUA HEBBICOK M 0GYCIOB/IEH, NO-BHAHMOMY,
CIOHTAHHOH aireswed KICTOK Kk cTekny. BeegcHue B cpeny uHKybDa-
LK KIETOK npeniapator dywrepena 1 YIAY OpHBOAHT K 3HAYMTEIL-
HOMY YBENMUCHHIO 06pazoBaHia aKTUBHBIX (GOpM KHCJIOpOAa rpaHy-
JOIHTaMHM, NPHIEM HHACKC CTHMYASITHM Kietok YIAY 3HauurenbHo
BEIIE B CPABHEHHH € Cgo. XapaKktep KHHETHKM Pa3sBHTHA XeMUTIOMH-
HECLICHTHOTO OTBETA JUIA WCCIEAYEMBIX IIPENAPATOR CYLICCTBEHHO
pazanuaercd. Ecan B crydae bymnepena cxopocrs reHepalgy KHCIo-
PORHEIX  DAZUKaNOB  MOCTUraeT —CTAWOHAPHONO yPOBHS  Hepes

133




1...2 MHHYTBI MOCT€ BBEACHHS NPENApaTa, TO KHHETHKA OTBETA KICTOK
ua peiictere YIOAY xapakTepusyercs HajwWdueM ABYX (has — HOcie
HHICTPOTO POCTd WHTEHCHBHOCTH XEMWIIOMHHECLCHLMH HalmofaeTcs
MIMTEIPHOS MEAJIEHHOE YBENHMHEHHC CBEUSHUA CTHMYITHPOBAHHBIX
KJIETOK.

[, ora.en.

25 r
20
i5

10

0 5 10 15 20 b MuH

Pue. 1. 3arucHMoOCTE HHTEHCHBHOCTH XeMUNIOMUHECICHLMH
rpaEyNOLUTOR OT BpemeHH nocie aoGaenennd narexca (1), YAV (2),
Cso (3). Ilpenaparsi A06aBIAIR B MOMCHT BPEMEHH 5 MMH.

C ucronb30BaHUEM TEXHPKH IPOTOYHOH LHTOMETpHH GBUIO 1Ipo-
aHANW3MPOEaHO BrvsHue YJIAY u ¢ymnepena Ha obpasosanue nepe-
KHCH BOZOPOZA B LIMTOMIa2Me IpaHyOHHTOB, C 5ToH HENBI0 KReTKH
KpOBH  MHKyOHpoBAMM B DPHCYTCTBMM  2,7-Auxnopduiyopec-
HEMHAHAIIETATA, SBIAIOMIEMCS XHMHUYECKHM HHAUKATOPOM IMEPEKUCH
sosopona. OOpasopaHHe HepeKHCH BOAOPOAA B CTHMYIHPOBAHHBIX
KIeTKaX BeAET K HAKOIUICHHIO B LMTOIUIaIMe (iyopeclHpyromero
UPOAYKTA, YPOBEHb KOHIEHTPALMH KOTOPOTC ABIAETCH IIOKA3dTeNeM
OpOAyKLEK nepokeusa. CpaRHeHHe YACTOTHBIX PACTIPeAe/ieHHWH HH-
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TAKTHLIX H CTHMYITHPOBAHHBIX NPeNaparaMH KISTOK 10 BeJTHUMHE HH-

TEHCHBHOCTH (MIYOPECLICHIMH TIOKA3ANI0, 9TO AeHCTBHC (bynnepena u
YJAY conpoBoxiaeTcs UL HEeIHATHTETBHBIMU (20...30 %) yeean-
YEHHMEM CKOPOCTH OOpa3OBAHHA NEPeKHcH BOAOPOAA B rpaHyAOLHATaX
(puc. 2). TTpHHHMAs BO BHHMAHME 3HAYUTEILHEIC pasuuMg B CTETICHH
AKTUBMPOBAHMA CYMMApHOIC UPOU3BOACTRA AKTHBHBIX (OPM KHCAO-
POAia, ONPENCIIAEMBIX B TeCTe C JIIOMUHOJ-38BHCHMON XeMUTIOMEHEC-
UCHIHMEH, ¥ B LIMTOINA3ME, MOXKHO TIPEATIONOXHKTE, YTO MoIMHKaLHA
KHCIOPOZIAKTHBHPYIOMIEH (yHKIMA TpaHy/OLHTIOB IpH  JelicTBHM
(hynIEpeHOB CBA3aHA ¢ AKTMBHPOBAHUEM PENOKC CHCTEM TUIa3MaTHde-
CKOH MeMOpaHb! KITeTok. .

Ananuz cmenenu 2emepozennocmu 800ubIx oucnepcusi YIJAY u Cg,.
Brenenne pactropa Cgo B BOIHYIO Cpeay IIPHROAUT K arperalyy Mo-
nekyn Qymuepera. i xapaxrepuctiiu AUCTICPCHEIX CROHCTE (ynse-
pesa B BOAHON cpeae, a Takxe npenapara YIIAY bl MCHOMB0BANH
TEXHUKY U3MEPCHU CBETOPACCEAHNA IO PASNMIHEIMA YTIAMH.

[

ae 101 102 10%* 1p«
FL3-Height

Pue. 2. Heenenosasme  wactorsoro PaCHpeAEHEHHA  IPAHYJIOIHTOR
NepUGEPAYECKOit KPOBM N0 MHTEHCHBHOCTH (uTyopecuesImyM B nonoce
530 M po (neBas ructorpamma) m mocne 20 MHHYT HHKyDainm ¢
10°M  Cg (mpaBas rucrorpamma). Krerxu peABAPHTENIEHO
OKpalleHs! 2,7-1uxn1op(ryopecuenHIHaLeTaToM,

Kak BupgHo U3 pesynnTaToB EccneaoBamus pacnpejgencHus N0 Be-
madeHam FSC u SSC (puc. 3) gacrurer YJIAY u arperatsi MORCKYT
Céo XapaKTepu3yIOTCs BEICOKOH CTENeHBIO IeTeporeHHOCTH. Mcmons-
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30BaHHE AN KAIMOPOBKH CTAHZAPTHRIX HacTHI NATEKCa NO3BOJIHIO
3aKJIEOYHTh, 4TO B cOCTaBe mpemapara YJAY, Tak u 8 cocTane BORHOM
aucriepcum (yinepena Cgo NpeobaafaloT NpeUMYILECTBEHHO YACTHRIbL
¢ nuneiissivMp pasmepamy 0,2...0,5 Mxm. Cpennye pasmephbl HacTyl
VIIAY B 1,5...2,0 pasa IpeRbILIAOT PA3Meph! arperaToB MOMEKYI Ceo.

1023
1023

SSC-Helght
S3C-Height

o BB T:7
a) FSC-Height 6) FSC-Height

Puc. 3. Pacnpeaenenue qacTuy Cep U VIIAY mo senu4MHAM NpAMOFO
u GokoBoro cperopaccesHmi. a — Cg; 06— YJIAY. B npenapar
VIIAY an4 kanuOpoBkH NOGaBIEHB! HACTHIIb! JIaTEKCA 2 MKM (pPerioH
R).

Heenedosanue ceszviganut Cop u YHAY ¢ xnemxamvu xposu memo-
dom npomoynoil yumomempuie. Kak BUAHO H3 KaHHEIX, HPCACTAB/ICH-
HBIX Ha PHC. 4, B cocrase CyMMapHOH ¢paxuyuyu Gebix KIETOK KPOBU
#a ocHOBaHKM wiMepenmit peanuul FSC u SSC moryT 6bITh Bhigene-
nbi pakupH mumboimToB (peron R1) w rpanynoumuTor (persod R2).
BBegenue B CYCHCH3MIO KIETOK nepHiepHdeckoil kposn Qyiiepena
OPYBOGMT K ZHAYHTENLHOMY H3MEHEHHIO WX CBCTOPACCEHBANOMMX
CBOHCTB. J{f1s BeeX KAETOK KPOBH TIPOMCXOINT YBEIHUEHE HHTCHCHB-
HOCTH GOKOBOIO CBETOPAcCEAHHA, UTO CBH/CTENLCTEYST O SHAMMTENE-
HOM YEETHYCHUN CTENeHH MX rPaHyIMpOBAHHOCTH. BenndauHa Mpimo-
TO paccesHusi, XapaKTepH3YIOlad NHHEHHBIE pasMephi KIETOK, TIpH
ITOM NPAKTHYECKH He H3MeHAeTCA. AHANOTMMHEIE PE3YLTATHL IOMTY-
YeHB! U TIPU HCCe JOBAHMH B3aUMOAeHCTRHS WIETOK kposu ¢ Y IAY.

CTONB 3HAYATEALHBIC M3MCHEHHUA CTPYKTYPHBIX XAPaKTEPHCTHK
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KIICTOK KPOBH IIpH AEHCTBAM MCCIERYEMBIX NPEnapaToB HE CBA3aHbL ¢
TIOBPEXKACHHEM KICTOK. AHAAH3 H3IMEHEHWH CTErnedy XH3HeCHOCoO-
HOCTH KASTOK ¢ HCIIONB30BAHHEM KPACHTEN 3TUANYM OPOMMJL MOKa-
3an, yro geerere Cg u YIAY npaxruyeckd He BIMFeT Ha LENOCT-
HOCTB IDIa3MaTHYECKOH McMOpaHs! KIeTOK.

1023

SSC-Height

a) FSC-Height 6)

Puc. 4. Pacnipesienenyie KIETOK KPOBH MO BeAHUYHHAM TPAMOTo M
BokoBOrO cmertopaccesHMs A0 (a) u mocne (6) nobamrenns Cg B
xoHuerTpatmy 10~ M. Pernon R2 — JHMboLuTaM.

YBemuueHue CTENeHH rpaHy IHPOBAHHOCTH KIETOK KPOBH NPU Heii-
CTBUH (PyIUIEPEHOB, TIO-BUHMMOMY, SBIACTCA CIICHCTBHEM WHTEHCHB-
HOTO CBA3BIBAHHMS KI€TKaMH 4ACTHI{ mperapatos. 1IogBIcRue B COCTa~
BE€ KJICTOK §OBIUIOFO YHMCIA HUIKOPA3MEPHBIX YACTHIL © OTIHYHBIM OT
Cpelbl KO(PQUIMEHTOM NPeTOMISHHA MOXKET HHTEpHpETHPOBATHCA
AHATTOTUYHO YBEJIHYEHHIO CTETIEHH TPaHyJMPOBAHHOCTH HHTOFLTAZMBI
iieToK. IosyHennbie pesyabTaTsl HEROCTATOUHB! IS AHATH3A PACIIO-
JIOXKEHUS 4acTUl, fpenapatos B o0beMe wietky. ONWHAKOBO 3HAYM-
TEMBHBIE 10 AMIUIMTY/IE M3MEHEHHS BenHarHE SSC s numMeponuTon
H rpasiy/JOHATOB MO3BOMNAOT IIPEANONOKITE, YTO MPOLECCH KISTOY-
HOTO (harolMTo3a He HIPAIOT PSWAIOIIEH PONH B HPOLECCAX HAKOMIIE-
HHUA TIpETIAPaToR B KieTKax. Beposrtho, yactuier dynnepena u VIAY
HECTICHM(IHYECKH CRA3BIBAIOTCS HA TIOREPXHOCTH KIIETOK, JUBO npo-
HHKAIOT 4epe3 KACTOYHYH MeMOpaHy MOCPelCTROM AHQ(YIHH WM
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[MMHOLKTO34.

IaKIHUeHEE

TlomyueHHBIe Pe3ysbTaTh TI0KA3SIBAIOT, yto Cep ¥ YJIAY B BOHOH
cpene CHOCOOHBE H3MCHATE KHCAOPOAAKTHBRPYIOUIYIO dynkumo da-
FOLATHPYIOLIEX KIETOK KpOBH. Jlasmbtit 39PexT OYCIOBICH CTHMY-
asEHeR peHOKC-CHCTEM [Na3MATHuecKol MeMOpaHBL (aroLUTHPYIO-
LMK KIETOK HPH CBASLIBAHNH Ceo 8 YIAY ¢ CYIIECTBEHRO 3ABHCHT oT
pasMepa AUCTIEPCHBIX FACTHLL. '
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INFLUENCE Cg AND CARBON CLUSTERS ON THE
FUNCTION PERFORMANCES OF GRANULOCYTES

Zorin V. P., Kravchenko 1. E., Savitsky V. P., Shpilevsky M. E.,
Shunkevich T. M.
Belarusian State University, Minsk

The mechanism of Cgp and carbon clasters interaction with granulo-
cytes was analysed using luminol-dependent chemiluminescence and
flow cytometry techniques. It was shown that Cq aggregates and ulfra-
dispersed carbon clusters displayed unspecific binding to blood cells.
Interaction of Cg and carbone clasters with granulocytes results in in-
creasing of active oxygen species generation by these cells. The effect
was more pronounced when granulocytes were stimulated by carbone
clasters. The results show that Cg and small carbone clasters are able
to change structural and functional properties of granulocytes.
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YIK 577.322:552.12

MOJIEKY.ISIPHBIE ACIIEKTHI BUOJAOTAYECKOIT
AKTHBHOCTH BOAHOH MOJEKYISIPHO-KOJLIOWIHOM
CHCTEMBI I'HIPATIPOBAHHBIX ®YJLTEPEHOB B
MOJEJBHBIX PACTBOPAX BUOIIOJIMMEPOB

Poxwos C. I1., Topronos A. C., Cyxanopa T. A,
Hucruryr Omonorun Kapessckoro HL PAH, Tletposasosick, Poccus

Poxxora H. H.
HuctutyT reonorun Kapensckoro HL{ PAH, Ilerposaponck, Poccus

Anapnescknii I'. B,
Wucturyt repamin AMH Vipaussl, Xapbkos, YkpanHa

Merogamu OMP CrMH-METKR W MHKPOKANOPUMETPHIL HCCIEIOBAHB MEXa-
HUBMBI BIMARRA BATHBHBIX MUAPAaTHPOBAHERIX (ysuiepeHoR Cgy Ha CTPYK-
TYPHO-KOHPOPMALIHOHHbBIE CBONCTBA MOJISKYN CHIBOPOTOUHOID anbGyMH-
Ha. OcoleHHOCTH rumpatauy GeNkoE ¥ QyMIePCHOR 00YCIABIHBAIOT
B3aMMOZICHCTBHE, KOTOPOE BENET K HAAMORKYIAPHOH (KIacTepHoit) opra-
HU3AUMHK HX PacTBOpOB. KOHKDETHBIE MEXaBM3MLl RKTHBHOCTH ymepe-
HOB 3UBHCAT O KOHICHTPALHH KOMNOHEHTOB, 0cO0EHHO INeKTpOiHTa. B
GecconeBbIX pacTBOpax BEPOATHA COMCCHNMIAMHA THIPATHPOBAHHLIX Cgo
GenkoBEIMH KnactepaMy Ge3 M3MEHEHUN KOHGOpMauun Genxa, Ipu yme-
penHbIX KoHUeHTparuax NaCl dyuiepeust eramMynapyioT siamMonehicrane
HOHOE 3MTEKTPONINTA C DErYIATOPHBIMH LEHTPaMH HX copfius B BenkoBoil
rnodyse. IIpH npeBBIIEHUH COMBIO TIOPOra KOATY/ISIHA MYAPATHPOBAHHEIX
Ceo BO3MOXKHA COPOLIMA MOMEKYNT GeAKOB ¢ HIMEHEHHEM HX KoHbOpPMAanvH
HA PPAKTANBHBIX KIIACTEPAX FACTUYHO HeTHAPATHPOBAHHEIX Cag.

Bpencnne

Dynnepensl H HX NPOM3BOAHBIE OGNAZEIOT EHICOKOH GMOIOTHIe-
CKOH aKTHBHOCTEIO “in Vivo”. BMecTe ¢ TeM ¢e MEeXaHU3ME! clIabo M-
CTCAOBAHBI HA MOJCMHHBIX CHCTEMAaX M3-33 HHU3KOW PacTBOPHMOCTH
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dynnepeHOR B BOJgE. 3Ty MPOOIEMY PElUAlOT MyTeM COMIOGHIH3AHY
QYInepHOB  JieTepreHTaMH, (GOPMHPOBAHUA CYNPAMOAEKYMAPHEIX
KOMILASKCOB THIA [OCTb- XO3AMH, CHHTE3a BOJOPACTEOPUMABIX HPOM3-
BOAHLIX, O4EBUIHO, UTO MOIU(UKAUMA cMocoBHA H3MEHATD duzirue-
CKYIO, XMMHYECKYIO W OHONOPHYECKYIO 2KTHBHOCTS (DYIIIEPEHOB, 0CO-
OeHHO Mo OTHOINEHMIO K B3aHMOACHCTBHIO ¢ Bopoit. Hemasno Geun
paspabotay METO MOTYUeHMs CTAGWIBHBIX BBICOKOMCIIEPCHBIX Pac-
TBOPOB HATHBHBIX IMAPATHPOBAHHEIX (hynepenos B soe (CeFWS) ¢
KOHUCHTpaIuen a0 2,2 MM, ¢o cBoifcTBaMy IHOGOOHO-KOITOUIHEIX
CHCTEM IYTEM NepeBoaa (y/NICPeHOB H3 TOyoia B BOAHYIO dasy mox
AeHcTBHEM yneTpassyka [1]. YeTaHOBNSHE! OCHOBHbBIE aCIIEKTH CTPYX-
TypHoit oprammaimy CopF WS [2], cocTosmedt us MoHoMepoR 1 pery-
JSPHBIX HOTHAHCTIEPCHBIX CEPUYECKUX HACTHI| (KIJACTEPOR) ¢ pasMe-
pamit oT 3,4 go 36 BM, M3IMEHSHOLIAMUCH JHCKPETHO ¢ I[UIarOM B
3,6...3,8 nm. Haumensmuii xinactep conepxut 13 THOPATHPOBAHHEIX
Monekys Cgp CO CPEIHEH CTENEHBIO rvaparatiy 0,6 v Boasr Ha 1 r Cg
Bsaumopeiicteue ¢ Bomoit oSycmosneno 3REKTPOHHO-aKIEFTOPHBIMH
CBOHCTBAMU (y/iepeHa W MeKTPOHHO-TOHOPHBIMH CBOMCTBAMH ATO-
Ma KHCiiopofa Bosbl. B ¢Boro ouepens, ociabnenne OH ceazu obier-
HaCT NUCCOLMAHMIO MIPOTOHA M NPHAAET MOBEPXHOCTH KONMOHIHBIX
4acTHL, Iy/LIepeIlos OTpHOaTeNbHLH 3apas. Cheprieckue arperatsl
MOI'YT paCCMATPHBATECA KaK KPHCTAIIOTHAPATH! ¢ (BPAKTANLHON pas-
MEPHOCTBIO 2,1. OrpezeneHr! OCHOBHBIE 3AKOHOMEPHOCTH H YCTAHOB-
NeHBI NOPOTH KOArY/ILMU NHOPOGHEIX KOMIOUAOB GyINEpeHoR Hi1ek-
TPONUTAMH.

Ansi pacTROpoB GenoB Taxke XapaKkTepHa KIACTepHAs OpraHm3a-
unst. [Ion06Hbie KOHIEHTPALMOHHEIE FETEPOTeHHOCTH MOTYT paccMar-
PHBATBCH KaK CTabMIM3MpOBanubie GIyKTYauHM KOHUEHTDALMH M
3apOABINIA “cKpHITOH” dassl [3]. OHR UMEIOT BaxKHOe 3HAYCHHE B pe-
TYJALME OCMOTHYECKOTO TOMEOCTasa M (YHKOMH GHONOIMMEpOB.
Bosuuxarowue B pane cliy4aes GefkOBEIE Arperatsl Takke XapakTepu-
3YIOT paxTaNbHOR pasMepHoCcThio, OKazaTens koropoit (1.75) yxa-
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3p1BaeT Ha MA(MAYIHOHHO- OrpaHHHEHHYI0 KIacTep- KAaCTepHylo ac-
cotmanmo. TIpH TEIUIORO JeHaTypauMy 3TOT TI0Ka3aTenb yBeaHiupa-
ercs 10 2,1...2,6. YBENnuUeHHE KOHIICHTPALIHH 3JCKTPOINTA pajpyula-
et xiacTepst Henxa [3]. MaMeHeHue CBOHCTB rUApaTHOH 0COJIOUKY OpH
5TOM MOMHO PACCMATPWBATE KAk (ha3oBBIH TepeXOil THNA MHAKOCTb-
KUJKOCTB.

PesyauTaThl A 0bcyRaeHne

Hamu uccneaopaHo BisiHuE CeoF WS Ha naMeHeHus KoHGOPMALHH
MoKy chiBopoToasoro ansbymuna (CAY) u CTPYKTYPHBIX CBOHCT®
pacTeopa fenxa ITpU pasHbIX TeMACPATYpax H KOHUCHTPALMAX Genka ,
dyepena H snekTpomuTa MeTofiamu J1IP cnuHoBol Metku (PO-1306
#1 EMX (Bruker)) B MUKPOKAIOPHMETPHH (JACM-4). CiuHosan MeT-
ka (CM) Ha OCHOBE MaIeHMEa MONUQULHPYET MOACKYTY benxa
(CAU-CM) u paer undopMauMio O peakuui Oesika HA NPHCYTCTBHE
CooF WS o M3MCHEHHIO CTPYKTYPHOH AHHAMMKH CAY-CM. CooTHO-
LIeHue WHTeHCHBHocTel koMmronent criextpa JIIP sBrseTca IyBCTBH-
TeNLHBIM TECTOM HE H3MeHeHHe KoHdopMaumm Genka. AHANH3 CrieK-
tpop DIIP mokasan, 910 B GeCCOIeBEIX PACTBOPaX (ynnepeHst B KOH-
genTpauad 10 100 MxM He BAHSIOT Ha HCXOAHYIO fenKoByIO KOHOP-
MalMIo B Auanazone Temreparyp 25...55 °C M upH KOHICHTPAHHIX
Benxa o | MM. [Tpu 3TOM, Cy/fd N0 H3MEHEHHIC MHPHH KOMIOHEHTOB
cheKTpoB, cHITHX npd 77 K W CBHAETEALCTBYIOMIMX O AHIONL- TH-
HONBHBIX B3AHMMOJSHCTEHIX METOK COCEJHHX MONEKYN fenkoe [3],
COXpaHIeTCH KIACTepHas OpraHu3alMia MONEKYI CAY-CM, xapaxTep-
Hag O OEeccONEBRIX pPAcTBOPOB. B COMEBHIX pPacTROPaX KApTHHA
B3auMOJieiicTBAA Delka ¢ QyIIepeHaMy YCIOAHACTCA H 3aBUCHT OT
koruenTpaunM Cgo. BOAH3E nOpora KOaryIauyu CeoFWS (35 mxM Cgp
B npucyTererr 0,15 M NaCl u 6enka ot 0,2 5o 2 MM )} ofHapyKHBa-
STCH 3HAYHTE/IEHOE NEpepaciipelieNieHHe HHTEHCUBHOCTEH KOMIIOHEHT
crexTpa DIIP, ykasbiBalollee Ha INACTAQUIUPYOLIES jeiicTeHe ByTI-
nepeHoR Ha GeNoK , M KOTOpOoe PacTeT ¢ TCHCHHEM BPEMEHH (20 cy-
TOK). DTH M3MEHCHHS BEPOATHO CBA3AHBl ¢ BOZHHKHOBEHHEM dpak-
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TaNBHBIX KimacTepoB CeFWS B mponecce yX HOCTeneHHo koarys-
IHH, KOTOpbIC MO cBOeH mpHpoae Goxee rufpohobHLE! M crocobHw
copOUpoBaTE Ha CBOEH NOBEPXHOCTH MOJIEKYIbI OEIIKOB ¢ H3MEHEHHEM
HX koHdopManMK,

Ilpu xonuenrpamuu Ce 6 MKM, 4TO Hike mopora KOAryAsHHH,
(yrepensl Takxke CTAMYIMPYIOT Sonee rubKyio KoHbopManuo benka
OZIHAKO MACIITA0 H3MEHCHHH CYUlCCTBEHHO MEHbIle NPH OTCYTCTEMM
KUHCTHKH. 3TO CBHACTENHCTEYET 00 OTHOCHTENBLHON CTaGHABLHOCTH
CHCreMbl. Panee Takoro TMna usmexeHus B cnextpax SIIP CAU-CM
HablONAIH FIPH MHAYLHPYEMBIX cOMBIC (BasOBBIX NEpexonax Bojsl
THApaTalUMH, YTO CONPOBOKIANIOCH YCHICHHEM B3auMOZEHCTBUS
AHHOHOE CONH C PEryNATOPHBIMH HEHTpamMH COpOIMM B HHTEphepe
6eunka [3]. IlockombKy CONb YMEHBILAET PACTBOPHMOCT tysepeos s
BOJE (YBEIHMMBACT HX KOI(GUUMEHT aKTUBHOCTH), TO, COTACHO Te0-
peme B3anmbocTd ['ulbca, noBasnenne Cgp Tarkoke momKkHO YBETUYH-
BaTs KO3QOUUMEHT aKTHBHOCTH COMM, YTO NPHBEACT K YCUNCHUK
copbumi HOHOB Ha Oenke. UTOGH OGHAPYXUTE 3T0T 3ddeKT, IPoBO-
AW CTYNICHYaT0e (Yepes 4 °C) HarpeBaHHE MTHOBEHHO 3aMODOXKEH-
Horo po -60 °C pactBopa CAY-CM B KoHuenrpamum 1,6 MM B
0,001 M docdaruom Gydepe, pH 7,3 B npucyrereun 0,3 M NaCl 6es
dynnepenos u ¢ 5 MkM Cgq ( 3Ta KOHLEHTPAUM CONH pa3pyluana Kia-
CTepsi Gelika, HO He NMpuBoawia k koarynstud CoFWS ). Jlanee cie-
AWIH 32 0ABICHUEM NOABIKHOCTH CM 10 YMEHBLISHHIO PacCTOARMA
MeXIty KpaliHHMH KOMIIOHEHTAMH MMMOOWIHIORAHHOTO cnekrpa 311P,
Kak u3BecTno, niepeoii nposBIseTCH HMHAMMKA, CBA3AHHAT ¢ MOBWIH-
3almeil  MONGKYN BOABI BOKPYr 3apSDKCHHBIX FpYNIL, 3aTéM Mph
-40...-45 °C -BOKpYr NOJSPHBIX CPYrM ¥ TNpw TEeMIIEpaTypax BBILIS
-20 °C — BoKpyr HemosspHex rpynm. QKa3anock, uto B NPHCYTCTRUH
(yinepeHos BOAA, CBA3AHHAY ¢ 3APHKEHHBIMI rPYIITAMH, BBIMOPAXKH-
BaeTCA Npu Gonee HM3KIX TeMIEpaTypax. B ocTanbHOM e KpuBbie
comazaor. Ilo HalleMy MHEHHIO, B NIPUCYTCTBUM (yIIepeHoB B
CTpYRTYpe Deftka MOSBIIMIOTCA HOBbIE 3aPSUKEHHBIE THAPATHPOBAHHEIC
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ueﬁ’rpm, KOTOphle OTBETCTBEHHBI 32 TMOBBHUEHAY) MOOWIEHOCTE MO-
TeKys BOABI IPH HU3KHUX TSMIIepaTypax.

B cepuu MHKPOKATOPHMETPHYCCKHUX H3Mepenuli Ob11o ofHapyxe-
HO cTaOWIH3HPYIONIES BAMAHUE (BysuiepeHOB (koHuenTpaiua Ce o1 4
f0 40 mxM u Genka 60 MxM) Ha pHarMBHYIO KoH(opManmo Oenka
HOCKOJIBEKY TEMIICPATYpa JEHATYPALlAU ero B APUCYTCTBHH Cgp MOREI-
wanace Ha [...4 °C B 3aBucumoctd ot pH pactBopa, TMn2 Gyhepa H
KOHiIeHTpauA 3nekTponura (Gez comu u ¢ 0,15 M NaCl). Haubone-
muit apdexr (AT=4°C) own B 0,01 M docharaom 6Bydepe,
pH 7,3 + 0,15 M NaCl + 40 mxM Cgp .CTabmwmsanus, BepodaTao, dvu1a
ofycnoenena copOuneil moaekyn CAY Ha QpakTalbHeIX KIacrepax
(dhynnepeHoR, CONBIO YaCTHYHO AETHAPATHPORAHHBIX, a roToMy Gonee
ruapodobusix.: B Oecconersix pacTROpax, a TAKKE B COAEBHIX C
MemblIel KoHueHTpauHed Cg MeXaHu3M cTabIIH3ALMY MOXeT OBITH
HHBIM. CTa0HAM3aToOpsl CTPYKTYPH OeNKa MPSANOYTHTENBHO HCKIIIO-
YaroTcd H3 THHPATHOH 00o0NovkH Oelka B CHITY pa3smHYHBIX MEXaHM3-
moB. llpennoururenbHoe HCKAICHEHMe OOBIYHO BeHeT K pPOCTY II0-
BEPXHOCTHOIO HATAKSHHA PACTBOPUTEI B ROJHO- OEIKOBOH MaTpHile.
Ha 6ase MeToga cMHOBOM MeTKH OBUT NpemTOXKeH HoaxoX [4], nosso-
JSIOMKI ¢ [OMOLIBIO BA3KOCTHBIX H30TEPM OLSHWBATHL H3MCHEHUH
TMOBEPXHOCTHOrQ HATHKEHHA © , HHYIIMPYEMBIC TIPUCYTCTBHEM TOCTE-
BEIX MOJIEKYJ (Tabnuua).

Bugro, uto B fecconeBhiX pacTBOPAX NPHCYTCIBHE ByIRepeHoB He
CKa3pIBaeTCA HAa 3HaueHMs X ©. IIpu oToM wiacTepHas opraHHM3aHus
pacteopa Oenxa coxpaHsercs. Beenenue B pactBop CAU cmaHoBOTO
sogna TEMIIOH, crocofuoro koHUEHTpHpoBaThes B ofbeMe BOAEL
PACTBOpa C HeHapyLUeHHOH BlaUMOICHCTBHEM C MOBEPXHOCTHIO Geln-
x08 umu CgeF WS CcTpyKTYypol, MO3BONSET PerdcTPUPORATH KOHHIEH-
TpalKOHHOE YUIHpeHHe NuHREH cnekTpa JITP 30HAa NpY YMEHBILIEHHH
obrpema cBOOOAHOM BOABI BCACACTBHE riapaTaiuny 6enkos i Ce. On-
HAaKo B TPHCYTCTBUM B pacTBope Oenka CoFWS mononuwrensHoro
YIONpeHKd JHHUE ciiekTpa 30HAz2 oOHapyxeHo He DBT0. 3TH $aKTel
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MOXKHO OOBACHHUTEH COMHOOHAM3aLHeED I'MApPaTHPOBaHHAIX QYIUIEPEHOB
OETKOBLIMU KIIACTEPAMH, HTO NPUBOAHT K HX B3AMMHOMN CTaOUNH3AIMH
¥ YCTOHYMBOCTH GenkoR K AeHATYpauy. B npHCyTCTBHM CONH B KOH~
UCHTPALMAX, NPEBBILIAIOMIAX KPUTHUECKYRO, CKasbiBaeTcad ekt
NIpEATIOUTHTENBHOH THAPATAUMH, IPHBOASAIUME K yBennuenuio ¢. Q-
Hako non BmuaHueM CeFWS o cranosutcs Mensiue. Dto ymeusime-
HHE O MOXHO OOBACHHTE HHAYUHPOBAHHOH CoF WS copbumeit HoHOR
SIEKTPoNUTa Ha benke. IIpu 9TOM BOBHHKAeT OCMOTHUECKMIl TOTOK

BOJIb{ B BOJHO- O€/IKOBYN MAaTPULY, MPHBOMRUME K YMEHBHICHHIO
YAENEHOH NOBEPXHOCTHOH 3HEpruu.

Tabauna. Bnuanne konnewrpanuu Genka, conn u tbymneperos sa
BE/IMYUHY YAC/IBHOH TOBEPXHOCTHOM 3HEPrUH G BOXHO-GEITKOBOI
Matprubl CAY-CM B ofNacTd NOKAMM3aUMM CHHHOBOH MeTKH
®0,01M docharreit 6ydep, pH 7,3; sona, pH 5,6; @ -0,04 M
aleTaTHEIH bydep, pH 5,0 CAY drpmMBt *Peanan”,
(*) - obexxumpennntit CAY pupmsl “Broton”.

G, Konnewrpa- HobasouHsle COCTOAHUE pac-
(MIBr/M%) ul(i;g;?)m KOMITOHEHTEI TiSOpa Benka
26" 210 0,6 M of Na(l MOHOMEpEI
117 140 0,15 M of NaCl MOHOMEpEI
7.5° 1140 0,15 M of NaCli KJIACTEpB
8,5° 710 KJ1acreps
8,5 710 20 MM Cgp KJ1acTephl
8,5° 710 10 mxM Cgp KnacTepsi
14,5¢ 600* HE HCCJICAOBRHO
14,9° 600* 5 MM Cg, HE HCCIEHOBAHO
18,8° 600+ 0,15 M NaCl He HCCIenoBato
11,5° 600* +SOI:{1KSMMCI?;{-31 He HCCHELOBAHO
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ESR spin-labelling and scanning microcalorimetry techniques have
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been employed to elucidate the mechanisms of the effects of molecu-
lar- colioid systems of natural hydrated fullerenes over the structural
conformational properties of serum albumin molecules. The specific
patterns of protein and fullerene hydration along with the protein-
protein, protein- fullerene, protein- salt interactions causes formation
of supramolecular (cluster) solution organization. The concentrations
of solution components, primarily salt, influence the specific mecha-
nisms of fullerenes biological activity. The effect of fullerenes over the
protein conformational dynamics has not been revealed in salt- free
solutions using ESR spin- labelling. In presence of physiological salt
concentrations (0,15 M NaCl) a weakly pronounced plastifying effect
of fullerene over the structure of albumin has been observed. An ap-
proach of controlled freezing of mobility of different water fractions in
water- protein matrix has been used. The results indicate that the con-
formational changes can be related to the formation of additional
charged sites at protein globule thus being induced by electrolyte ions
sorption induced by fullerenes. A slow kinetic process is registered in
ESR spectra at the salt concentration exceeding the hydrated fulierenes
coagulation threshold. This effect can be interpreted by the protein
conformational change accompanying the sorption of protein mole-
cules on the fractal clusters of partially hydrated fullerenes. As meas-
ured using scanning microcalorimetry fullerenes produce the stabiliz-
ing effect on the protein structure with respect to thermodenaturation
process.
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VK 548.12-071.1

OYJJIEPEHOIIOAOBHABIE CTPYKTYPHI B KOMITIO3UTAX
HA OCHOBE IIO.THMEPOB

Muxaitsosa JL. B., Iaono B. A,, Crpyk B. A.
I'poasenckuif rocyapcTseHHBH yHuBepeHTeT M, Hrkn Kymarner,
I'ponro

Ha noeepxsocty mosmreTpadtopaTunesna Meroiom ACM oGHapymeHb]
chepOAHTOBbIE CHCTEMB, KOTOPEIE PACCMATPHBAKTCA Kak {yJUIepeHono-
noGHEIE CTPYKTYPBI, CO3JAHHBEIC MOJICKYJaMH [eHMEpPA BOKPYT YIbBTpa-
JUCOEPCHOH YTHEPOIMOH YacTHIRL.

3a nocneanne ABa mecaTHAeTHA Obiny o0HApYXKEHBl HOBBIE BeHIe-
CTBA ¢ HEOOBIYHBIMH CTPYKTYPHLIME XapaKTepHCTHKAMH, CPEIH KOTO-
phix HaMGONBUIHI MATEpPEC, HA HALN B3I/, IPEACTARIAIOT KBA3HKPH-
cTa/uTel, BPAKTaNsl, KNacTepr! ¥ dynnepensl. KRasHKPUCTAIABI MOTYT
O5ITh NOJTYUEHBI NP PEIKOM OXNKACHHH PACINABOB HEKOTOPBIX Me-
Taoe, Ha AndpakiinoHHBIX KapPTHHAX 3THX 00pasuoB BHEHEI OTHET-
JHBBIE MAKCUMYME], PACTIONOXKEHHBIE B COOTBETCBHH C HEKPHCTAILIO-
rpaduueckoi ([ICHTATOHANBHOH WIM JCKATOHANBHOH) CHMMETpPH-
efi [1]. Pemrerra ¥ ock AATOTC MOPAJIKA B PAMKAX KAACCHUECKOHM KpH-
cTannorpaui HeCOBMECTHMEI, HO CYIIECTBOBAHHE 3THX BelecTs B
HacTOALECE BPEMs HH Y KOTO HE BBI3BIBAET COMHEHHA. (DPaKTanbl KaK
MOJIEKYNSPHBIE CHCTEMBI MOFYT OBITE NIPEACTARICHM KAK peryIApHbIe
CTPYKTYPbI BAOJL JIOMAHBIX H BETBAIIIHXCA OPAMOIHHEHHBIX OTPE3KOB.
Kinactepsl — 3TC BelilectBO ¢ Go/ee BLICOKHM YIOPAAOUYEHHEM MOTIe-
Ky/, MO CPAaBHEHMIO CO CPeHHM YIOpAZOUEHHEM MO BeeMy ofbeMy
BemecTba, B npenesax OTASNBHOTC KIACTEPA JIOKAJIBHA® CHUMMETpHS
MOJIEKYJIAPHOH KOHQHIYPALHM TAkOKE MOXET XAPaKTePU3OBATHCA He-
KpucTawiorpagueckoll ciMMerpueti [2]. MMeHHO HOITOMY DOXY4eH-
Hag HOBas (JOPMA YTTEepona TIPH Pe3KOM OXNUKIEHUM Napop rpadurta
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HEKOTOpOE BpeMA paCCMaTpHBANAch KaK MHKPOMONEKYASPHBIA Kia-
CTep. 3Ta HoBas YImepommas (asa NOTY4Hna Ha3BaHHe dyrnepena.
ATombl yraieposa B Heli o6pasyior MOJIEKYIBI ¢ 3aMKHYTBIMHA TTOBEPX-
HOCTAMH, KOTOpbIie 06pasytoT miGo cdepsl, mubo chepormmmmnpuye-
CKH€ HaHOTPYOKHM, HA KOTOpHIE “HaTaHyTH” yrepop#ele (rpadiro-
BBI€) reKCArOHANBHBIC CeTKH. TIpH 5TOM vacTe YITIEPOAHBIX TeKcaro-
HOB NpeobpasyloTes B MeHTAroHs! (pre. 1). YeTanoBaero, YTo aTom-

HbIA COCTaB YIIIEPOAHBIX (yANEPEHOR MOKET HIMEHSITLCS B IHPOKHX
npenenax {3].

Puc. 1. a). Oymnepen Cyy; 6). Ipumep yrneponnoi HaHOTpYOKH.

B gynnepenax monexymst C, obpasyror ceoeobpasnsie CTPYKTYp-
HBIC CAMHALS] H IOCPEACTBOM PaHUYHEIX XUMHYECKHX AFCHTOR MOTyT
CO3NABATH KPYMHEIE MOJISKYIIBE © MIOCACAYIOWNM (OPMHPOBAKHEM pe-
TYJAPHSIX CTPYKTYP (pHc. 3).

BuyTpu dysnepena moryr pasmemarscs OTAC/IbHLIE ATOMbBI HIU
Fpynna aTOMOB PAITHYHBIX XUMHYECKHX JJIEMCHTOB, CTPYKTYpA TaKo-
TO THIIA MOMYHIIA HA3BAHHE YHAOIAPATBHBIX (pHc. 4) [3]

B paSore [4] npusenens! crumiu TIOBEPXHOCTEH, NONYICHHBIE ME-
TOROM CKAHHPYIOWEH TYHeNbHOH MHKPOCKONHMH (pHC. 5) H ytBepKIa-

€TCH, YT0 0OHApYMEHHBIE HA PHCYHKE ¢epoaHTONnONOOHEE CTPYKTY-
PBL H eCTh (ynnepeHsl.

149




Pue. 3. Oyeperst Cqy CBA3AHEI B JMMEp epe3 aTOMBI xnopa ¢
06pa3oBaHHEM PEryIsIpHOH CTPYKTYDBL.

HW3BecTHO, YTO HE3HAUMTENsHBIC A00ABKH YABTPAAHCIIEPCHOIO yr-
Nlepofa CYIECTBEHHO WMIMEHSIOT (H3NKO-XMMIHECKHE ¢BOWCTBA IIO-
numepa [5]. Dto sierko o6BACHAETCA, €CTH NPEANCRMKUTD, Yro To-
BEPXHOCTh YFAEPOAHOH HAHOWACTHLIGE BIMACT Ha KOH{(HIYPAIUIO MO-
leKyA TIOJIMMEpa BCEro B ABYX IPHIIOEEPXHOCTHBEX CIOAX {6]. H3-
BECTHO, YTO BJIMAHHC IOBSPXHOCTH KpUCTALIA B piane CIyuaeB pac-
NpOCTpaHseTcd Ha ACCATKM U Jake COTHH MOBEPXHOCTHBIX CHOCH Be-
mecrea (7).
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Puc. 4. Crpyxrypa monekyn CaCsy 1 SyCan.

Puc. 5. CTM-uzofpaxenus nepporo cnoa Cg Ha MOBEPXHOCTH
Si(100)-2x1 [4].

- Hamu MeTonoM atomuo-cuiosoit Mukpockommun (ACM) npoBegeHs]
HCCNEROBAHMA NOJHMMEPOS ¢ YIRTPAANCHEPCHBIME YEICPOIHBIMY A0~

151




Gagkamy. Ha puc. 6 npupesennt ACM-CHUMEKM 3MEKTPOHHO-BAKYYMHOTO
HanbUleHHs (PTOPONIACTA ¢ YKA3AHHBIMA J00ABKAMM HA MOHOKpHCTRIUIBI
xpeMii. Ha NoBEpXHOCTH KOMFIU3MIA OTHETIMBO BUIHB! SaCTHIIb! chepu-
eckolt Gopmbt, MOROGHBIE TEM, UTO TPHBE/IEHb! Ha PHC. 5. DTH YacTHLpB
MOJKHO HHTEPIIPHTHPOBATH KaK (y/I1epeHONONO0HBI CHCTEME, cthopMu-
POBAHHBIE 13 NOJMMEPHBIX MOJICKY/ BOKPY! YIBTPANUCIIGPCHON YIIEpOR-
Hoif wacTurpl. [1o/106H0e peImoIokeHHe OfbACHSET, NoveMy IKe Manad
J06ABKA YALTPAIVMCTIEPCHONO HAMOMHMTEIS CYIIECTBEHHO BJIMACT Ha CBOFH-
CTBa NOJVIMEPA.

Puc. 6. ACM-cHUMKY NOAHTETPapTOPITHIEHE, JCKTPOHHOBAKYYM-
HOEC HANBIICHHE HA MOHOKDHUCTAINI KpeMHUA (pasMep Toas
25 am x 25 BMm).
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THE FULLERENE-LIKE STRUCTURES IN COMPOSITES ON
POLIMERIC BASE

Michaylova L. M., Liopo V. A, Struk V. A.
Yanka Kupala Grodno state university, Grodno, Belarus
The surface of polytetrafluorethiline was investigated by the
atomic-force-microscope method. It was found the spherolite systems
which were interpreted as fulleren-like structures. These structures
were constructed from polymeric molecules surrounding carbon ultra-
dispersed particles.
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PACCESTHUE 3JEKTPOMATHHUTHOI'O HOJIS
YTJIEPOJHOM HAHOTPYEKOU

Kpanusun H. A., Caensin I, 5., Makeamenko C. A.
Hucturyt anepaeix nponem benrocynusepeureta, Mukck

Egprymenxo O. M.,
Hucturyr pagnopusuky i anexrponnkd HAH Ykpauar, Xapekos

PacemoTpeHa 3anada audpakiiy 31eKTPOMATHHTHOTO IO HA KP2LO OH-
HOYHOH YraepoAHOH HaHOTPpyOk#. BelyucaeHa aMIWIKTYIA paccesHua s
nomyGeckonedHOH HanoTpyBrn. Tounoe pemerme Haliieno MeTonoM Bu-
Hepa-Xonga. [lposeneH awann: ARGPAKUHOHHBIX 3G@EKTOB B MMPOKOM
IMAMAa30HEe 4acTOT, B MACTHOCTH, NOKA3aHO, 4To Raubolmiuee pacceddme
HabNOIaETCs B ONTHMECKOM HUATIAZOHE.

Beeaenue

INocne orkpertus [1] yraepoausx HaroTpy6ok (CNs), 66U BEION-
HEH pal (YHIAMEHTANLHBIX UCCIEAOBAHNMN HX INEKTPOHHEIX U OTTH-
YeCKUX CBOUCTB. TURMYHOH CTPYXTYpoH, B KOTOPOi HpOSBIAROTCH
onrthueckie cpoitctea CNs, spngerca ToHkas mneHka. Teopetudecky
OHa OTHMCHIBANACH HA OCHOBE ICKTPOJHHAMUKH KOMIO3ZHTHBIX Cpef.
3TO OnMCaHHE OCHOBLIBACTCA HA BBEACHUN d(PPEKTHBHEIX MATePHANB-
HBIX mapaMeTpos. Omucadue CN -— ancambrell Kak KOMHAORMTHEBIX
cpel TpedyeT BRIMHCACHUA TeH30pa nossipusveMocTH CN M OCHOBBIBa-
€TCs Ha NPUOITHKEHHOM PellieHWH AMQpaKIHOHHON 3aJaYH [T OfH~
#ounoi CN. Jing cmydas, xorga musa CN u ee papuye R u gnana L
YHAOBICTROPAIOT YCIOBUAM

kR, kL >>1, ' (1)
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rae k =27/ A; A — nnusa BonHsl, K — BOJNHOBOE YHCAO.

Temsop 3D — nomipusyemoctr zigzag CN  BBIMMCTSH B [2],
2D - TeHzop YHAENBHOH MONSPHU3YEMOCTH ANA MOACTH GecKOHETHO
asaaroi CN paccuuTtad B [3]. OgHako, And THIHYHBIX reOMETpUHE-
ckix napamerpo CN B HIMPOKOM AHMANA30HE 4aCTOT BRUNOIHAKOTCR
yenopna kR »>> 1,kL = 1. Taxo# o0BEKT B CHITY [IOCIEHErO H3 YC-

n

nosuii (1) BoOOImE HEB3A OXAPAKTEPH3OBATE TEH30POM MOAPH3YEMO-
CTH, TaX KaK CYLIECTBEHHBIN BKNIa/ B HOPMUPOBAHUE PACCEAHHOTO UM
IOJf BHOCAT BHICIUIME MYIETHIOMH. COOTBETCTBEHHO, 3HAYUTENBHO
yCnoKHsteTC AAPpaKiMoHHasd 3aia4a Ay oauHounoid CN, a 1jid aH-
cambneit CNs CTAHOBWTCS HEMPUMEHMMOI TCOPHA KOMITO3UTHBIX CPEA.
[lome, paccesnHoe oauHOuHOH CN, Xxapakrepuayercs AMIVIUTYIOH
paccesHus TON0GHO TOMY, KaK 5T0 JefaeTCs B TEOPHH AHTEHHRIX BHO-
patopoB [4]. AMINMTYZOM paccesHHA XapakTepusyercs TaloKe U au-
camGi1e BHGPATOpOB ~— hasHpoBaHHAs AHTEHHAS POIUCTKA, MPHYEM
AMIUTHTY/Ia paccesHIsi aHcaMO/Is BHIPAKACTCH Hepes amIUIMTy ALl pac-
CesHHUA OMMEOYHbIX BUOpaTopos. Takum ofpasom, kmoHesoi mpobne-
moii omexkd CNs [pH BEIDOJNHCHNH ycoBui (1) ABMACTCH BLITHCIIE-
Hue aMIVIHTYIH paccestis oquHouHoi CN KOHEUHOMN IIVHEE.

HocragoBka 3aga4n

PaccMoTpuM  moyGeckoHenHyio omuHoudyo CN  pagmyca R.
Bocmonesyemcs WATHHAPHICCKON CHCTEMON KOOPAHHAT (r.¢.z), Ha-

yajno OTCYeTa MOMECTHM B IIEHTPE cedexis TpyOKH, OCh Z HAlPABHM
mapanneneHo oci CN, Tak uTofbl TpyGka HaXOMWIACH Ha MOJIOKH-
TenbHol nomyocH. TIpexie Yem NepelTH K NIOCTAHOBKE KPAaeBol 3a/ia-
un, obcynuM Mouens kpas CN. TunidHOH SBAAETCH 3aMKHYTas KOH-
¢urypaups, 6an3kas 0o GopMe K TIOBEPXHOCTA noaycdepst. Oauaxo,
cTabWBHOH MOMXKeT GBITH H OTKPEITa KOH$uUrypaims kpas. Tlocnen-
HSI% TIPOLLE JUIS CTPOTOro DEIleHHs 3afaud AuGpakilu. Cnegyet oT-
METHTb TAIOKE, TO IPH BeINONHBCHUH (1) XapaKTepHCTHKH Oudhpakim-
OHHOI'O TIONA BOOGHIE HE JOMKHE! 3ABHCETh OT KOHKPETHOH KOHGHIY-
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paumu kpas (CHIyal¥s 371ech TAIOKE AHAIOIMYHR NOJIOKEHHIO B TEO-
purt BMOPATOPHBIX AHTEHH, A€ NIPH BLHIONHEHUH (1) nonwtii u crutom-
HOH BuOpaTOpbl OKA3BIBAIOTCH SKBMBaICHTHBIMU). (OCHOBBIBASCH Ha
STOM, NPHMEM B KAYECTBE MOAENBHONH OTKPHITYIO KOH(HTYpaLmEo
kpas. Bremrnee none npencrasum 5 suge E — NOIAPU30BARHON MO-
HOXPOMATHYECKOH UMAMHAPHYECKOH BONHBI ¢ BPEMEHHOM 3aBHCHMO-

cthro e, Hudparaposannoe rione yzobHo BRIPA3UTE MPH IIOMOLUH
noreHunana 'epua i

1+_[2_£2_ ﬂ(/' _B_gyi =ifr% az_y/.pkzw +O
Ko | or LM O lpo) ick (& ’
0<z<m,
| .|
8_:;/| _% o<z <0, 2)
arlr:RrO af‘ reR={)

mr:R«J = M.;.—.»M’_ X<z

TAe O, CCTh MOBEPXHOCTHASA NpoBogMMocTE CN, ¢, k -BosnxoROE uHC-
JI0 A CKOPOCTB CBETA B BAaKyyMe€ COOTBETCTBEHHO. O — (hyHKLHMA,
CBA3AHHASL C IOTCHLMAIOM HCXOMHOTO {10, I - napameTp, OIMUCEHI-

BAIONHE NPOCTPAHCTBEHHYI) Aucaepeuto {5]. K rpaniumeM yenosu-
Am (2) cresyeT foGaBuTh YeIoRus VBITyYEHUA, BEITEKAIOLIME U3 NPHH-
UMHA NPEREIBHOTO OLNOLIEHHA, H YCIOBHS Ha pebpe, Beipaxaromme
OTCYTCTBUE HA OCTPOM pebpe CTOPOHHEIO HCTOYHMKA.

YpaBuenne Brnepa-Xonda, daxropusauns, ogenxa am-
IIATYAbI pACCeSIANA B NaJLHelH toHe

Kpaeryo zanauy (2) Gymem PeIuaTe MeToNOM ypaBHeHHs Bmne-
pa — Xomda. CymecreyeT aBa 3KBHBAIGHTHLIX MORX0JA K ero nomy-
HCHHIIO — METO/T MHTETPANEHOTO YPABHEHNS H METON Jbxonca. B nan-

Ho#t pabote uchonssosan MeToa JDxouca, sakmouatomuiicd & TOM, YTO
anmapar npeodpasosauns Pypse npumensercs HETIOCPE/CTBERHO K
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kpaerol 3afage. OmycKasd noapodHbIe BbIBOAbI NPHBEACM KOHEHHbI#H

pe3yJIbTAT:
T Do
@] KGR LR -5 o Ry - R 3
raeé =4% Y= \J’Eit!-(?;Kf(») 0 — MOAMGUIEPOBAHHEIC
i
1-4 1k

mxuan beceem, T'=—7—5;

dyuxumn beceens R

®(cx, R) -QyHxins, onpenesioulas Haaolee ToRe.

Jlanee, BAJKHGIH 1uar B PEIIEHHH 3a]129K cocTapaseT GaKTOPU3ALAA,

10 ccth pasbuenvic qymxuun G(a) = Ky }?)‘J’r(‘yR)#;‘;-I;—2 HA MHO-

snreny G =G, -G_, TOe + 1 — 03HAYAI0T OTCYTCTEHE Hynel | CuH-
FYNApHOCTEH B HIpKHeH M BepXiiel MOAYNUIOCKOCTAX COOTBETCTBCHHO.
Peluesue ypaBHEHMA Bunepa-Xonda (2) no3poiset naiitn Gypoe 0b-
pas J, (0¢) -MOBEPXHOCIHOM MNOTHOCTH T0K4, TIp¥ NOMOLIH KOTOPOTC
MOxHO Haittn @ypbe ofpas ARpparipoBaHHGTO HOJLE. (Q6paTHoe rpe-
obpazopanke Oyppe ObIIC TONYHEHO IprOIIKEHIIO METON0M TIepeBa-
Ja B JanbHEH 20He.

YycacHHBIE Pe3Y IbTATh] ¥ BHIBORb

Ha puc (1) npeactaBneHbt BLMHCICHHS DJIOTHOCTH paccesdHHOH
MOLIHOCTH /UTA pasnpusbix CN Tura “zigzag” B ONTHISCKOM JBanaso-
He. BUAHO, 4TO pacceusanie uMeem YACHOMHO-PE3OHAHCHBLI XAPAK-
mep. Tlps CpaBHUTENHHO HEOOTBIIMX oTcTpolikax 0T pe30HAHCa
P(8) ymenpuiaeTes Ha 2...3 nopsika. Bropoit Haubonee CYMECTBEH-

HeIil BLIBOJ 3AKITIONAETCA B TOM, UTO MOACIE WICAMRHO nposousiieH
Tpy6KH, BPUMEHABLIAACH B [6], nenpumenuma B 3afauax SNEKTPOAN-
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HamMHukun CN’s,

=~
B
o 1
< 10
T
=
o
=
]
=
2
O -
§ 10° R
= - ‘\H - T 4
E 10'7 h-‘n L i i 1
/4 /2 /4
0 K Yron e T 3

Pac. 1. HoTHOCTE paccesHHOH MOINHOCTH B 3aBUCHMOCTH OT yiia 8
B OIITHYECKOM JHaNa30Ke. 2: Ha [JIaBHOol [U1a3MenHoi yactoTe g CN
(9,0); 3: To xe camoe WA NONYIPOBOUHUKOBON TpyOku (23, 0); 4:
(9, 0) s6am3u pesoHanca; |: wucanbHblil NPOBOJHMK TOTO XKE pasKyca
4TC B MeETanIHYecKas TpyoKa (9, 0).
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ELECTROMAGNETIC WAVE SCATTERING BY THE EDGE
OF CARBON NANOTUBE

Krapivin N. A,, Slepyan G.Ya., Maksimenko S.A.
Nuclear Problems Institute of Belarusian State University, Minsk

Yevtushenko O.M.
Institute of Radiophysics and Electronics, NAS of Ukraine, Kharkov
Quasi-one-dimensional structures of carbon atoms — carbon
nanotubes(CNs) ~— shows some unique electronic and optical proper-
ties . In Ref. [2, 3] an effective medium theory of the electromagnetic
response of CN-based composite has been elaborated for composites
with kL =1, —> o, where k is the wave number, R,L arc the

radius and the length of single CN, respectively. However there exists
a frequency region where kL =1 (ie, the wavelength 1S
% = 600 = 6000 nm), and, thus, the effective medium approach is
unapplicable. Within this range, electromagnetic response of CN-based
structures can be described in terms of the scaitering amplitude of sin-
gle CN. In the present work we emphasis on evaluation of scattering
amplitude of semi-infinite CN using the effective boundary conditions
derived in Ref. [5]. Exact solution of the boundary-value problem is
obtained by the Wiener-Hopf technique. We approximate scattered
field in the far zone by the saddle-point method. As a result, we obtain
‘the scattering amplitude of single CN. Characteristics of scattered field
of metallic and’ semiconductor CNs are compared. We state that the
role of finite-length effects is dominant in the vicinity of the main

plasmon frequency A = 2y, , where ¥, is the overlap integral.
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HPOCTPAHCTBEHHBIE XAPAKTEPHCTHUKH 3APSIIOBbIX
KJIACTEPOB B KUAKUX JAJIEKTPHKAX

Porukos 10, M., 3aiikosa C. A., Bacunesuy A. F.
I'pI"V um. Suxu Kynamer, r. Tpogzo

B paGote npemnoxen meton u peanmsyiomas ero IKCICPUMEHTANEHAS yC-
TaHOBKA 110 OHPEARNCHIIO XaPAKTEPUCTHK 3APSHOBHIX KNacTepoB B caabo-
TPOBOMANIX JuAKoCTsX. [1o pesynbTaram sxcnepuMenta crenan BEBOS 0
MOJIEXYIAPHOM CTPOCHHH KOHTAKTHOIO /IO

Beeaenne

HecnenoBaune xontaxTHOro ciiog “METAIDT ~— XKUAKHR aHaTek-
TPHK” SBISETCA OAHOM M3 OCHOBHBIX 3ajay ICKTPOrHAPOAVHAMHE-
K [1]. Monrexynspuas CIPYKTYpa JTOTO CIOS [0 CHX TIOp HE HiydeHa
¥ B HACTOALLEE BPEMA M3BECTHO FHIUL TO, YTO OHA ABAAETCH CKORJIC-
HHEM 3apANOBBIX KIACTEPOR Y BIEKTPOLOR {2,3). B naunoit paGore
NPEANOKEHB] PE3YNBTATH! UCCIEAOBAHMS 3TOM CTPYKTYpbI, TIOAYYEeH-
HBIE METOOM W3MEPCHHI Yriia MOBOPOTA ILIOCKOCTH MOJIAPUIALIK
CBCTA, IPOHIC/IIETO Yepes AMMEKTPHK. MeTo/ ] 0CcHOBAK Ha TOM, 4TO B
INEKTPHYECKOM NOJTE MATPALMA KJIACTEPOR K SNMEKTPORAAM ¥ WX NONA-
PH3ALMS NPEBPAAIOT [EPBOHAYATBHO H3OTPONHBIH OUBIEKTPUK B
AHW3OTPOTIHEH C HANPABNEHHEM ONTHYSCKOH ocy NApaLienbHO 31eK-
TprieckoMy momo. Ipu npoxosxaemiu cera qepes paccMaTpiBae-
MYIO CpERy BO3HMKaeT ABOMHOE ITydenpenoMaenve u HOOBOPOT IHIOC-
KOCTH MOMPH3ALNK. YO NOBOPOTA [UTOCKOCTH NOIAPUZALHK @ JTH-
HEHHO NOPU30RAHHOTO CBETA, NPOMIEIIEro B TAKOM Cpene paccTon-

are D nepresauky1apHo oc z onpenensercs n3BecTHEMM COOTHOIIE-
Huem [4];
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D —
p =" fwe: ~Je)- M

[36 € — OTHOCHTENBHAS AMDIEKTPHYeCKasd MPOHULAEMOCTS CPEIEL,
OJIMHAKOBA% B HATIPABNCHUAX X U ¥; & — OTHOCHTENbHAA NUIJICKTPH-
HecKas POHUL@EeMOCTE Cpellbl B HATIPABIICHHM Z.

KaK MOKA3BBAIOT FKCIEPEMEHTHE [3], B AUIIEKTPUUCCKIX SKHIKO-
CTAX € M & OObIYHO ONH3KM HPYr K Apyry. [TosToMy, cuntas B =1,
cooTHoweHKE (1} MOKHO 3aMEHHTE npHGITHKeHHOR QOpMYIION:

o3y T GW @
1

rae Ag = €5 — €;; A — JUTHHA BOJIHBI CBETA B BAKYYME; &; &~ €.

3HAYEHHE € 3ABHCHT OT COCTABA JU3NEKTPUYECKOH KUIKOCTH (ot
KOHHEHTpaUMy HOJIAPHON MEKTPOSUTHYECKOH NpuMecH N, B Hefo-
naproM pacteoparesic). [JockoAbKy CTENeHb AMCCONAALH npuMecei
oL OveHk Masa (o ~ 10°%) % OTHOCHTETBHBIM H3MEHEHNEM MX KOHLEH-
Tpaiuy Y 3MEKTPOAOB MOKHO npeneGpeyb, 3HAMEHHE £ MOXKHO CHd-
TaTh AOCTOSHHBIM M0 BCEMY MEHDICKTPOAHOMY MNPOMENCYTKY- Beny-
quHA AE 33RBUCHT OT MONAPU3ALMHE 3apsAfOBLIX KIACTCpPOB (ot P.—
IWIONIBHOTO MOMEHTA OAHOM TIONKPHOM MOMEKYIE!} B HOCTOSHHOM
ANEKTPUYECKOM [ONe DICKTPOJOB H MOXKET OpiTh BBIYHCACHA IIO
dhopmyne Jebas-Jlamxesena [4]:

= 3)

FI€ I — KOHIEHTpallis 2apsaoBhIX KIACTEPOB, N — ¢peasee 9HCIO
TOJIAPHEIX MOJIEKY/L B OMHOM KIIacTepe.
Taxum oOpasom, M1 ¢ BEPHO:

162



7DnNP,”
= 4
61(6 KT @

Popmyna (4) MO3BOIAET MO HIBECTHBIM 3HATCHHMAM ¢ OIpeJiesTHTE

npouzseaenue n N. JIng ganpHeiimero onpeaeneHusi N HeoBxomumo
3844Tb N, HT0 MOMHO CHENATE UCXONA M3 Pe3Y/LTATOB [3, 6]. B3 BEI-
P®KEHHS JUTA NAPLBATLHOM ITOTHOCTH TOKA KAACTEPHBIX HOHOB

j=ZebnE — (Zny e = ZoehnoEy, (5)

rne Eg, ng, Zg— nanpsxennocts JJEKTPHYECKOTO TIOMAS, KOH-
UCHTPalEA A 3apa080€ YHCIIO KIACTEPOB BAANA OT INEKTPOMOB,
n' — IPOU3BOAHAN N [0 KOCpAHHATE Z, HANpPaBIeHHO#H 0O MON0

HOpMancHo x snektpolam; JI, b— xoapduument mubbyzuu u
IOABIKHOCTE KIACTEPOB, CICAYET yPARHEHNE:

- Zn _E | Zn =1 =%
Zyn, ) E, \Z,n, R,

Obosnavas nanee & = z s Oy MM
r
Z-n E { Z n
- =-1, 6
(Zo-noJ E, [Z n J ©

FA€ ITPHX Yike 0003HauaeT IPOMZBOAHYIO HO E_,
YpasHeHue (6) uMeer Touroe peitiene:
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d

n ¢ B %

LR zef 1+ |e7dEr =l 7

7o, B! 3 M
4
ZrE

F= j=-d&; Zomo= oo ®)
iEO

rae d — paccTosnMe MEKTY SJICKTPOAIMH. Oyuxuua E(E) MOKET
GEITH ONpERETICHA PKCIEPUMEHTANILHO METO/I0M [7], mocne uere, Npo-
ysBeneAne Z -l Onpefenserc Kak QyHKIuA oT U,d, &

Zn=1(U, d, &) = 1Zono, ®)

1J — HampaKCHUS MEXTY JACKTPOAAMMU.
Mo [5] ans cpeawerc papuyca IUIOTHOM 4acTH Knactepa Ry
HMECM:

]

2 1

R, =o.7(§‘1—) “L N, (10)
£,8,kT

rae L — JIMHA TIOMIPHOH MOJEKYss! NPUMECH; TO U3MEPSLT @ KaK
bynxmuio ot U, d, §, MOXKHO ONPEACIHTE napameTphl 3apAoBLIX Kia-
CTepoB B NPUANEKTPOTHOM CNo¢. FIMEHHO: paccMaTpuBak COOTHOLIIE-
rud (4), (9) v (10) kax cucTeMy YPABHEHMIL, Ionyvacm:

cpenHee HHUCM0 MOJICKY B KacTepe

3 3
6regeik’T°L

N= o
7DeP,

(1)

cpedHee 3apAL0BOE YUC/O KHacTepa
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— TL’N
7 o 2g,8 KTL*N ’ (12)
eP,
KOHUEHNTPALHIO KITaCTepOB
f
nx =, (13
Vi )

Dopmyiet (11), (12), (13) SBIAOTCS OCHOBOH A OIIHCAMNA IKC-
NEPUMEHTATEHEIX BaHHbIX,

Meroauka sxcnepamMenta

BK  VIIK
D”m R A
Ug
| kB

Puc. CxeMa sxcriepumMeHTa.

JluneHHO  MOMAPU3OBAHHEIN  CBET  IeAHMit-HEOHOBOIO Jasepa
(JI'H-222) nocre nuadparmsr Ml pasaensercs CRETONeTHTeNbHEM Ky-
buxom AK Ha nBa syua: onopHeli U,,; 11 npeaMeTHbit Uy, IIpeamer-
HBIH JIysl paCluMpeHHBill TERECKONMuecKo# cuctemoii TC o nonepey-
HOTO CEHEHHs KIOBETHI, IPOXOANT MAPASIENBHO 3MeKTPONAM H3MepH-
TenbHOl Kkroserst UK. TToBOpOT NtockocTH N0AspH3aIMY IIPEAMETHO-
'O My'a NpH HATOKCHHY CTATHHECKOIO 3MICKTPHHMECKOTO MO HA KO-
TICPUMCHTANBHYIO KIOBETY C MCCIENYeMOl >XMIKOCTBIO MPUBOIMT K
HEMCHCHHID HHTCHCHBHOCTH CRETOBOFQ UOTOKZ. Komuuectrenras
OLCHKA MHTCHCHBHOCTH CBETOBOTO IOTOKA OCYILECTBIISETCA BHISOKA-

165




mepoit BK (MSF-468). Jlns xamubposke AaHHBIX HA BEIXORE BHIEO-
KaMephi Henosbayerca mapa noaspusaropos 1l v A. Hoswienue pas-
peniaroied criocobHOCTH 1Mo YTy IIOBOPOTA YCTAHOBKH OCYIICCTRIA-
erca ycrpodictaoM ToBbuienus kourpactHoctd YIIK [8]. Awmanoro-
sbic manmsie GoTonpuémuuxa O u puneoxamepsl BK npeolpasyror-
cs B nudposoii kod kaproii Beosa KB n sBuneoananrepom BA, yora-
HOBJIeHHBMH B Pentium 150. B pesyneTaTe BUAcokap npeobpasyercs
B MaTpHLy &; {500%582) nuxcenor. Kakapii ateMEeHT MATPHI pe]-
cTamaseT coboil (POTOTYRCTBUTENEHRIH 3N1eMeHT. MHTEHCHBHOCTE TOKE
Ha BRIXOM® 3aBMCHT OT OCBELeHHOCTH dyeMeHTa. Mamewenie ¢ npu-
BOJUT K M3IMEHEHHIO aMIUTUTYREI CBETA H COOTBEICTRCHHO K U3MEHE-
HUIO TOKA HAa BRIXOME RIIeMEHTA MAaTpHUe! a;. Pacnpenenenue yria ne-
BOPOTa ¢, 0OBEIHHEHHOE ¢ aHANOTHYHBIM PACOPEACACHHEM E/E,y ,
nmquﬁmm no meromuke [7], nozsonger o dopmynam (i1)...(13)

npouseectu pacuer N, Z, n.

PesyabTarThi H3MEPEEHH W BHIBOAbL

OO0beAMHAn HOMYyYEHHBlE Ppe3yIBTaTEl ¢ pesyjabTaTamMu pabor
{2.3,5, 6], MOXKHO CHENATh BHIBOA O TOM, YTO MOJNCKYJHIPHAA CTPYK-
Typa KOHTAKTHOTO CNos B caboNpoBOASHIMX JKEAKOCTIX COCTONT M3
HETIOCPEACTESHHD NPUMBIKAIOLIEH K 31eKTPORY IWIOTHOH (~20 MKM) #
pexaoi (~300 MkM) dacteif. B rmoTHoH uacTm Habmoaaercs mpe-
HMYIECTBEHHO HOHHAA MPOBOJMMOCTE C pasMepaMi HOCHTENeH 3aps-
12 COOTRETCTRYIOILWMHE OIHOW MOHH3UPOBaHHON Monekyne. B perxioi
yactTH HAGMONASTCA TIPEHMYILECTBEHHO KIacTepHan APOBOIUMOCTE ¢
nepeMEHHBIMEL Pa3MepaMit U 3apAA0BHIM YHCIIOM KaacTepor. Cpessee
YHCJIO MONEKY/ B OJIHOM KJAacTepe BO3PacTacT 34eCh M0 HECKOJBKHX
TRICAY C ONHOBPEMEHHBIM YBENMYCHHEM 3apialoBOro 4ecjia 00 He-
CKOMBKHX JIECATKOB HOHOB. B 11€10M B KOHTEKTHOM ¢j10¢ HabmogaeTes
nocnoiHoe MONEKYIApHOE YIOpPAAodeHHe B HalpaBICHHH [IEpIeHIH-

KYJISPHOM 37EKTPOAY.
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SPACE CHARACTERISTICS OF CHARGED CLUSTERS IN
LIQUID DIELECTRICS

Rychkov Yu. M., Zaikova C. A., Vasilevich A. E.
Grodno State University

The method and appropriate experimental device for determination
of basic features of charged clusters in slightly-conducting liquids is
proposed. Method is based on measurement of angle of polarization
rotation of light, passed throw slightly-conducting liquid in electric
field. It was found, that contact layer contains two parts:
dense(~20 pm) and porous (~250 pm) parts. In dense part there are
mainly ionic-type of conductivity by one ionized molecule. In porous
part there are mainly cluster-type conductivity of variable size and
charge carriers.
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VK 537.635; 546.273

PAAROCTIEKTPOCKOIMMAYECKAS METOUKA
IKCIIPECC-KOHTPOJISA COXEPXKAHUS @Y JLIEPEHOB B
YTJIEPOAHOM HPOJAYKTE

Anamxesuy C. B,, Januyx H. M., Creapmax B. .
benopyccxuit rocynapereeHusiii YHUBEpCHTeT, MuHCK

MaBxosen C. M.
MucturyT MogexynapHoii 1 aToMuo# buzuku, Munck

Depopyx I'. T'.
HUM npuianusix ¢usigecknx npoGiem, Munck

Mpemnoxena meromuxa IKCNPECC-KOHTPONS COREPKAHHA (PYIEPEHOB B
YUICPONHOM NPORYKTE, MCTIONb3YIMNAA CHH$ASHELE 1 KBagpaTypHeli pe-
MUMB! IETEKTHPORAHNA CHYHana 1P,

XOTS B HIeaTKHBIX TBEPRBIX BELECTBAX HA OCHOBE dyirepenos
(bynnepurax) vabmomenns curnanop DIIP we OKUIACTCH, TEM HE Me-
HEC JaKe B XOPOIHO OYHILEHHbBIX TakuX 00heKTax curiais DIIP peru-
CTPHPYIOTCS M MOIYT OBITh OOYC/AOBNEHE AMOO MX CTPYKTYPHBIMH
0COBEHHOCTAMH, THBO OCTATOUHBIMH NPOAYKTAMH CHHTE3d M OYUCT-
K [1, 2]. B mopomkoo6pasuex obpasuax Cg Haubonee uacro obHa-
pyxuraerca cursan ¢ g=2,0027 + 0,0004, HICHTUGHUHPOBAHHBIH
Kak Cgo' panmxan [1,2]. Dtor curnan, npeacrapimonuii coboi onu-
HOMHYIO  GeCcCTpYKTYpHYIO  [HHEHIO ¢ HIUDHHOH  JIMHHM
4B~ 0,1...0,2 MTn {mMexny IKCTPEMYMaMH TIPOM3BOAHONH CHIHala
TIOTIOUIEHUA), PErUCTPHPYETCH B MHTEpBATE TeMnepatyp 1,7...300 K
H HAChIIACTCA Naxe NIPU KOMHATHOM TeMIepaType mpH o6BIMHO He-
HOJAB3YEMEIX B CTALMOHAPHOH criektpockonuu TP Mommocrsx CBY
o, OH MOMET ObITh WCTIOMBIORAH jUIN OOHApymMeRus u KOITPO/LA
comepkanus QynnepenHos.
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DUIHKO-XHMPIECKON 0CHOBOH TIpeliaraemMoro aKCnpecc-kOHTPpoid
cofepranua (GyUICpeHOB B YITEPONHOM TPOAYKTE SBAAOTCA yCTa-
HOBJICHHBIE ABTOPAMH 34KOHOMEPHOCTH PENaKCalIHOHHBIX XapaxTepH-
CTHK MAPAMATHHUTHLIX LEHTPOB, HAXOAAMIHXCA B PAIMHBIX YLIepoa-
HBIX MATPHLAX — B YHNOPAAOUCHHBIX ¢yimepenax ¥ HX accoluarax H
B MATOYOPSAOUEHHBIX YITIEPOIHbBIX KacTepax (uacTHHax caxm). Ia-
PAMATHUTHEIE LEHTPE! YABTPAAUCIICPCHBIX YIAEPOIHBIX KNACTCPOR H
WX arperaToB UMeloT onee [HHPOKME, UeM B YNOPAROISHHBIX bysuie-
penax nuHan OIIP {3]. Creyer OTMETHTB, HTO M4 tdyisiepeHoB, He-
AOCTATOMHO OUHMILEHHBIX OT COPOHPOBAHHBIX Ha HX MOBEPXHOCTH MO-
NeKyN pacTBOPHTENA, TAKOKE XAPAKTCPHE! HapaMarHUTHAIE LCHIPH( C
KOPOTKHMH BPEMEHAMH PERAKCALINH, UTO ABNACTCA yaOGHBIM [TPH KOH-
TpoJIE CTENEHH OUHCTKH (yILTEPEHOB OT MOJICKYIl PACTBOPHTENA.

MeTtonamH uMmmynecHoii cnekrpockomuu 3I1P [4, 5] Obino ycta-
HOBJEHO, UTO XapaKTepHBIE BPEMEHA PeNaKCalidi BO3GYKICHHBIX CO-
CTO4HUN B CIIHHOBOH crcTeMe (yJIIepeHOB T > 107 ¢, a B cucTeMe He-
YOOPAKOYEHHBIX KIIACTEPOB T < 107 ¢. TIpH UCHIOMB30BAHHUH B CTALHO-
HApHLIX PEXMMaX PErHCTpalMH CHEKTpa DIIP BEICOKOYACTOTHOH MO-
DySIHMH MATHMTHOIC MOJA ¢ NEPHOIOM ~ 10” ¢ GynyT UMETh MecTO
TOJIBKO CHEAYIOLIHE BAPHAHTBI.

1} npH cHH(pa3HOM AeTekTHpoBaHMH chrHana JIIP (¢asa onopnoro
Hanpskeuus U dasa curnana DIIP Ha BXoAe CHHXPOHHOTO ACTEKTOPA
COBNIAARIOT) OYAET PeTHCTPHPOBATHCS CHIHAM TOJRKO OT TiapaMarHHT-
HBIX LEHIPOB ¢ T< 10° ¢ ¥ TOmABNATRCH CHTHAN OT UEHTPOB ¢
1> 107 ¢ (xBampaTypHBIl CUrHAX), uto obecmeuuBacT PErHCTPAlIMK
NApaMarHHTHBIX LEHTPOB, CBA3AHHKEIX C CUCTEMOH HEYTNIOPANOYEHHBIX
KRACTEPOoB (HACTHI CaXKH), _ _

2) IIPK KBAAPATYPHOM JeTeKTHpoBaHNu curHama JIIP (daza omop-
HOTO HanpsxeRns u dasa crraana JIIP oTmavatorcs Ha 90°) Gyner
pervcTprpoBaTses curHan J1IP oT eHTpoB ¢ T> 10" ¢ u noaarnaTEC
CHFHAN OT LEeHTPOB € T < 107 ¢, yeM Oyzaer obecneyeHa PeTHCTPAIIHA
CHTHAJIA, CEA3AHHOPO ¢ MAPAMATHMTHBIMK LEHTPaMA B YHOPAAOUeHHOH
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CTPYKTYpe (ynnepenon.
Takum 06pazoM, ¢ HOMOLIBIO PATMOCIEKTPOCKOITHYECKOr0 METOa

B CHH(A3HOM H KBaJpaTypHOM DEOKUMaX ASTEKTHPOBAHMA CHIHAJA
OIIP MOKHO pasfefuTe CHIHAMbI NapaMArHHTHBIX HEHTPOB CHCTEMEI
(ynnepeHOB, HaXOAAMEHUCS B CMECH C HEYIOPAROYCHHBIMH YIIIEPO/-
HBIMHM KRacTepaMy {caxeil) Oe3 BRIMONHEHMS TEXHOIOTHHECKOH omne-
paLuH skcTpakiy dymnnepenos w3 QyniepeHcopepxkaeit caxu. Ko-
NHHYECTBO NMapaAMArHUTHLIX LEHTPOB B cUCTeMe (Y/IEPESHOR H B CHC-
TEME YIJICPOAHBIX KJIaCTCPOB, BRICTYIAIOIMX Kak MH(OPMAalHOHHBIE
CHHP-METKH, MNPOTIOPLHOHARLHO KOJIMYECTRY aHANMHIHPYEMEIX MpPO-
Ayk1os. KosdduiumerTs) MponopuHOHANbHOCTH MEXHY BENHUHHOMN
curHaios DIIP u Maccoll KOHTPONHPYEMSIX IPOAYKTOB YCTAHABNMEA-
IOTCA C TIOMOIIBIO OFIEpAIA KanuOPOBOYHEIX MIMEPEHHH 3aTaHHBIX
KOJIMYECTB IKCTPATHPOBAWHEIX (yANCPEHOBEIX NMPOAYKTOR H OCTATOY-
HOH CaKH M MCHOJB3YIOTCS 3aTEM {IpH BEUIONHEHHM OLEepatii onpe-
ACNCHUS COAcpXRanua GynnepeHoB B hynnepeHcoaepxamest caxe.
Orpabotka 310l MeToAuKn Obuta BRINIONHEHA ¢ HCMIONL3OBAHUEM
KOHTPONPHBIX HCCIENOBAHHIH, BKINCUAIOMHX NPHUBICYCHUE HMITYALC-
HBEX MeTonoB DIIP I yeTaHOBIeHNs BPEMEH TApAMATHHTHOM penax-
caluu B Qy/ulepeHCoepKalieM NPOIYKTe H XpomartorpadHIecKoro
AHAMM3A JJil HE3aBHCHMOTO Y3MEpeHss CoNcpkaHus bymnepenos, B
PE3YABTATE IPOBECHHBIX HCCICROBAHMM [0Ka3aHa HEOOXOAMMOCTE
YHETa [IPU TOM YCHOBMI XpaHeHHUs W TepMuueckolt obpabotku dyn-
REPCHCOACPHKALUETO NPOAYKTa. HaMl TOATBEPIKIEHD! YIOMMHABIITHE-
s B AUTEpaType [6] cBefieHHa 0 TOM, UTO ONTHYECKOE HITYUCHUE B
COUCTAHMH C KUCIIOPOAOM NPHBOANT X FEHEPALHHM B (ByJuiepeHe paju-
Kamos, NpeUMyUIeCTBEHHO KAaTHORHBIX dopM. [TonnoeTeio m3bekath
BIMAHUS 3THX (aKTOPOR peansHo He yaaerca. [ostomy 1pu IOAro-
TOBKE OOpasIloB I H3MEpeHHs HEOOXOOMMO CTPEMHTECA K obecre-
Y€HHIO OMUHAKOBBIX YCJIOBHH XpaHEHUA, OIITHYECKOTO BO3ACHCTSHS 1
TepMuYeckor ofpaboTxH dyuepencomepxaero mpogyxra. s aTo-
TO 00pasupl NPEANOYTHTENSHO XPAHUTE B BAaKyYMHPOBAHHBIX NHOO

171




JAMOJIHEHHBIX HHEPTHHIM Ta30M amnysaX. [lepen stuM HeoOXommMMO
IIPOBOANTE Tepmuteckyto obpabotiy (160...200 °C) obpasuos B au-
HAMHYECKOM BAaKyyME HE MeHee 107 mMM. pr. ¢r. B coueTaHuu ¢ KOH-
TPONHPYEMBIM CBETOBBIM (HOHOM B APOLIECCE IKCTPAKUMK QYIIIEPEHOB
U ero MoMemleHys B aMIyNy 3TM Mephl obecreuuBaloT cTabuipHOe
COOTHOLIEHHE MCKIAY KOHLEHTpalMel rapaMarHHTHBIX LEHTPOB H
YUCJIOM MONeKYI ¢y/iepena B QyJuiepeHcoJepikatieM TIPOAYKTE.

Kax nokasany MceiefoBaHus Ha uMnysecHoM JP crniexrpoMerpe,
H3MEeHeHHe YCIOBEH MONYHSHMs M XpaHeHns o0pasloB MOKeT H3Me-
HATH BPEMEHA CHHH-CMHOBOH H CMMH-PELISTOUHOH penaKcauuy na-
paMarHWTHBIX LEHTpoB B (ywiepeHe. B cBow ouepelssb 3TO MOKET
BAMATH HA COOTHOMICHHE KBAAPATYPHOro M CHH}AIHOTO CHIHAIOB
SIIP ¢ TeM caMbiM Ha TOYHOCTS OMPEEAeHISI COASpKaHUA Pysutepe-
HoR. [Tpy M3BECTHBIX BPEMEHAX PENAKCAIIHH 3TO BIMAHME MOXET OBITh
YCTpaHEeHO BbIGOPOM 4acTOThI MOIYAAUMM Mempured [/7), rae T; —
BpeMA CHWH-pellleTOqHOH pefakcauuy. [loToMy UpH H3MEHEHHM
TEXHOROTHH ROJNYYCHHS ¥ XpaHeHWs oOpasuop JUid NPaBWIBHOLO
BeIGOpa YACTOTH! MOZYJSUMK HeoDXOAMMO OrpefleiuTh BpeMCHa
pellaKkcalKa 13 BMITYNBCHBIX D11P HaMepeHui.

JIpYTBM BADHAHTOM Y'€TA OTMEUEHHOTO (axTopa ABNAETCA HO-
BTOpHOE OnpeaeNeHne kamnbpoBodHOro koadpuiMenTa B cTaumoHap-
HeIX DTIP M3MEpeHHAX ¢ HCTMIONB30RaHMEeM KATHOPOBOUHbIX 06pa3Los,
HOMYYEHHEIX B AAHHBIX TEXHOMOTHHMECKHMX ycJoBHAX. IIpn aToM [yl
HE3aBHCHMOTO ONpeieNeHds cogepkanns Gy;UISpeHOB fIPH M3TOTOB-
nenHy KanubposouHoro obpasta LerecoobpazHO HCIIONIB30BaTh TOY-
HEIH, HO TPYIGEMKHI METO XpOMAaTOrpaQHIeCKOrs ananiaa.
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RADIOSPECTROSCOPIC METHOD OF FULLERENE
CONCENTRATION EXPRESS CONTROL IN CARBON
PRODUCTS

Adashkevich 8. V., Lapchuk N, M., Stelmakh V. F.
Belarussian State University, Minsk
Pankovetz S. M.
Institute of Atomic and Molecular Physics, Minsk
Fedoruk G. G.
Institute of Applied Physics Problems, Minsk
The EPR method for express control of fullerene concentration in
fullerene soots and carbon-containing products has been proposed. The

method is based on the different relaxation time of paramagnetic cen-
ters in carbon clusters and fullerenes.
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VK 536, 541.113

TEPMOTAHAMHYECKHAE CBOWCTBA YIVIEBOJAOPOJA
CooHso

Kypa JL. C., Aukaii B. B., Kaéo I'. 51
Benopycckuii rocynapeTreHHbIHA yHuBepeuTeT, MuHCK

[lo MOAEKYNAPHEIM H CIEKTPANGHEIM JaHHBIM BBIMHCICHE] TEPMOIHHAMA-
qeCKHE CBOHCTBA B COCTOSHUM MISANBEHOTO 433 yCEMeHHOTO HKOCA3ApaHa
CsoHsp, KOTOpEIHE ABAAETCA TIONHOCTRI) THAPHPCBAHHBIM CTPYKTYPHBIM
aHanoroM (ymnepera Cg. OleHeHa KISTOUHAA SHEPTHA HaNPAKCHW
CepHgo 1 AHTANBIHA GOMHOTO rEApUpoBaHus dymiepena Cap.

B nocaendee BpeMs BO3PACTACT HHTEPEC K CHHTE3Y M HCCIEIoBA-
Hmo mpomsoankx QyanepeHor. Yrnesogopon CeHep (yceueHHBri
MKOCA3ApaH) SBASETCS TOJHOCTBIO THAPHUPOBAHHBIM CTPYKTYPHBEIM
aHanmorom dynnepena Cgo, UMEIONIETO YTVIGPOAHDHA CKENET, COOTBET-
CTBYFOLIMH YCEUSHHOMY MKOCAAPY (PHC. a).

Ho HacTosmero BpemeHH yCeueHHBIH Wkocasgpana Ceols B ero
TIPOM3BOAHBIE HE CHHTE3HPOBAHEL. MeTogamu CTaTHCTHUECKOH TepMO-
nuHamuku [1] HaMH  paccuyMTaHbl TEPMOAHHAMMYECKHE CEOHCTEA
CeoHgo B muTepeane remneparyp 100...1500 K. Merosom monexynap-
HoM MexaHwkH (nporpamma MM?2) BRIYMCIEHE! TeOMETpHYECKHe Na-
paMeTphl MOMNEKY/El M MPOH3BENCHHE TJABHBIX MOMCHTOBR HMHEPLHH
monekyimel CgpHgo; l,‘lylz=2,30-10'129 Kro-m®. YceueHHsI uKocadApas
OTHOCHTCA K TPYDIE CHMMETPHH Iy, 1t €My COOTBETCTBYET YUCIO CHM-
MeTphy G = 60. YacToTh HOPMAIBHEIX CKENeTHBIX KoieGaHud Obinm
pacCUMTAHBl ¢ MCHONB30BAHMEM MeToJa cunoBoro rons [2]. /ina sa-
ntewreix ¥ aedopmaunonusix CH-xonebasuil npuHATEL 3HaUeHMs,
THIMUHABIE A/I% HACHILICHHBIX yITerozoponos 2900 i 1300 cm™'. Hioke
NpUBEACHBl BOAHOBBIE 4Mcna (B CKOOKaX -BEIPOKICHME), MCTIONS30-
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BAHHEIE B CTATHCTHUSCKOM pacuere TCPMOOJHHAMHAYECKHX CBOMCTR:
2900 (60), 1410 (5), 1409 (5), 1376 (4), 1373 (4), 1368, 1365 (3), 1355
(3), 1343 (5), 1322, 1322, 1322, 1303 (4), 1303, 1300 (120), 1296 (4),
1279 (), 1203 (3), 1156 (3), 1126 (5), 1056 (3), 1055 (5), 1027, 1011
(4), 967 (5), 871 (3), 837 (3), 836 (4), 773 (3), 709 (4), 690 (5), 651
(5). 584 (3), 537 (4), 535 (4), 522 (3), 493 (3), 478 (4), 447 (5), 421
(3), 420, 413 (5), 380 (3), 360 (3), 358 (5), 323 (5), 313 (4), 303 (5),
279, 278 (3), 275 (3), 228 (5) oM™ Buauenns TepmomHHAMIHeCKIX
CBOHCTB YCEUEHHOTO HKOCAa3ApaHa NMpHUBCASHEl B Tabnuue |,

a) 6)
Puc. 1. Yceuennniit MKkocaszp (a) u cxema o6pazopanys YTIIEPOAHOTO
kapkaca CgoHgo U3 “nporomsmueckoro” yrneronopona (CsH;s),, (6).

Tabuuna 1. Tepmomuuamuseckue caoicTsa YCEUEHHOTO MKOCasfpaHa
CeoHgo B COCTOAHNM MACATBHOTO raza.

O 0
77K s° G Hr—Hy
T
Jox-moms K «Jbx-mos ™!
298,15 693,70 696,99 286,65 1766,28
500,00 1205,11 1318,08 581,13 1653,01
1000,00  2433,59 218865 1201,80 1554,53

A¢Hy
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TaGauna 2. DHTanblvy THAPHPOBAHUA ra3co0pasHbIX yTIEB0A0Pea0s
rpu 298,15 K. :

> AH D/ n(Hy),
CaRL K,I{JK-MOJIL.']
C
CGHe g, S 2Hs 11363
STHIEH . TaH .
C
CHe p Ho 18,6
Hc-GyTeH-2 Oyran -
G 4w o Cstho -110,4
[MKIOEHTEH LHKJIOTIEHTaH
Cetlio Hy, - CsHz 1184
UKIIOreKCceH LHKIOTEKCaH
C
s ) 3y, Celliz -68,6
GeHzos LHKITOIeKCaH
ClOHIS
CoHl
0% 4+ SH, > TpaHC-AEKArMAPO- -66,4
HadTAINH
_ nadranus
Cy4H o TpaHC-CHH-
Crathio + 7H. — TpaHc-TETpa-AeKa- -67,7
AHTPaLCH 2 P =IP ’
THApPOAHTpaLeH
CH CgH,¢ Tpanc-
% 4 4H, —» oxrarugpo-1H- -48,0
UHIER
AHASH
Ceo +30H, — CeoHgo ycewennpiit | -25,5 (MM2)
thyanepex nkocaspan | -44.5 (MNDO) |

Y [1p# pacueTax HCOOTB3OBAIKCH NanHbIE [6]

2 n(H,) — umcito Moselt Bogopoaa

3 sHTansnus obpaszoBauns dyrepeHa Ceo
A H (298,15, ras) = 2530 kx-mons™ [7].
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Duranenus obpasosanus razoobpaskoro CeHg mpu 298,15K e
COCTOAHUM HJCANBHOIO Fa3a PAacCUHTaHA NOMYIMITHPHYECKUM MeTo-
aoM MNDO (AH = 1194,2 kJlx-moms ') u meTomoM MOJIEKYAAPHOH
mexanukn (MM?2; AH = 1766,28 kJIx-Mons™). Pacxoxaenue >1ux
BEJIWYHH CYLIECTBEHHO M COCTaBnger 572 Kﬂ}K'MOﬂb-l. Hna onenku
3 PeKTHBHOCTH pPA3IMMHBIX METOJOB PacueTa JMTAILHMEA opazoBa-
HEA HaMH ObUIO HPOBEASHO COMOCTABACHHE DKCHEPHMEHTANBHEIX 3HA-
YCHUH HTATHNAN 0OPA3OBAKMA HEKOTOPHIX KAPKACHBIX YINIEBOAOPO-
AOB C COOTBETCTBYIOLUHMH PAaCHETHBIMH BEIHUMHAME M OKA3aHO, YTO
Adt BBIMMCHEHHS JHTAALIUM 00PasoBaHMA COSAMHEHHM, COMEPIANMMX
DoNbIuMe M CPenHUE UKL, GO/ee TOYHBIM SBIACTCS METOX MOJIeKY-
IAPHOH MexaHukH (porpamma MM2). Tloaromy ans CeoHgo & Kauect-
Be PEKOMEHOYeMOit BeITHMYHHEI BrIOpaHo 3HAYECHUC
A (ras, 298,15 K) = 1766,28 kx-mons"™".

MBEI paccHuTany KAETOYHYI0 IHGPIHIO HANPAKEHMA (SHEPrus Ha-
NPSUKEHHA, BOSHUKAIOWIAK 38 cueT oOpa3oBaRud TpexMepHoit WIeTou-
HOU CTPYKTYpb! #3 IUIOCKOTO “HPOTOLIRKTMYECKOTO” COEMHEHMS)
yceuenHoro uxocasgpaHa CqHgo. B coorBereremm ¢ mmaccuueckoii
Teopuel CTpoeHns Moeky [3] nonHas sHeprus HanpsKeHus YTIERBO-
AOPOLOB MOMET OBITS BLIYMCEHA %3 COOTHOILCHMS:

Eparp= A HY, - 1 AH(C), W

rae AH{(C;) — nond snransnun 00pazoBaHug, NPHXOAAINAACE HA COOT-
BETCTBYIONIIE CTPYKTYPHbIE PPAarMeHTsl B ATH(ATAUECKHX YITIEROLO-
poAax. Hona C-(Ch(H) tdparmenTa
AH[CAC):H] =-7,95 xlx-Moms™ [4]. KrneTounas sHeprus Hanpsoke-
HHA Eye; MOXET OBITH paccumTana rio popmye (2):

Elcﬂer = Hamp ~ Eu’ (2)

e £, ~— 3HEPryud HanpsHKEHU BeeX NPOCTHIX HHKIIOB I COOTBETCT-
Byrowe# NpoTOUMKNAYEeCKOR CTPYKTYpPEL, 00Opa3opanHOl B clydae
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CeoHgo 12 MaTHYACHHBIMHE HHKITaMU {PHC. 16). Dueprus HAOPKSHHA
IWKHAOB paBHa £, = - Fy, 1ie F — SHEprus HaTPKOHHT npocToro
k — wienHoro mKkna k=2, 3, 4, 5, 6 H T.4., & » — HHCNIO [MKIOB CO-
OTBETCTBEHHOIO pasMmepa. Jast [ETHUIEHHOTO LHKIA
Ey=251 g/heMoms” [5]. JUIS YCeUeHHOro uxocasnpaﬂa KAETOUHAA
SHEprus HafpiKeHUA Ky = 1942 xJTx- MOJTB ! , paccuMTaHa Mo IH-
TanpHA 00pasoBaHHA C63H60 npu 298,15 K u3 Ta6n 1. Bemanna E,.
erin =324 K,[bxc—monb YAOBACTBOPUTENBHO KOPPEIHPYyeT C COOTBET-
CTBYIOLTMMH BEIUTIHHAME 1% APYTHX NOMMIAPAHOB CoHp.

VIHTepecHO COMOCTABJIEHHE IHTANbIHA MAPHPOBAHIA YIHCBOM0-
POHOB PA3NMYHOH CTPYKTYPBl ¥ IHTAJIBIHA TUApHpOBAHHA GyuIepeHa
Ceo. B Tab. 2 mpuBeeHb! 3HAIEHUA IHTAIBIMEA TIOHOTO THAPHPOBA-
HUA YTIIEBOXOPOIIOR,

A6coniotsoe 3nauenne AH/n(H;) ymenbiaceres B paiy STHICH —
ruc-ByTed-2 — LHMKAOMeKCeH — UUKAONEHTeH — HeH30N — aHTpa-
ued — HaTAIMH — HHACH, DHTATRITHA NOAHOTO HAPHPOBAHHI tdym-
nepera Cg B pacdeTe Ha OHY MOJEKYTY BOZOPONA MHHHUMAJIbHZ 110
aBCONIOTHOMY 3HAMEHMIO, YTO, BEPOATHO, MOXET OBITE o0YCNOBICHO
BOMBIION KWIESTOUHOM SHEPTHEH HANPKEHHA YCEHEHHOTO HKOCA3pana
CeoHeo, ¥ T-CONPSBKEHNEM CBI3€H YTACPOA-YIIIEPOL dynnepeHa Ceo.
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THERMODYNAMICS PROPERTIES OF HYDROCARBON
CooHgp

Zhura L. S, Diky V.V, Kabo G. J.
Belarussian State University, Minsk
Thermodynamic properties of truncated icosahedrane CooHgy —
completely hydrogenated fullerene Cyp it the ideal gas state were calcu-
lated basing on molecular and spectral parameters. Calculation of the
enthalpy of formation by the molecular mechanics and the MNDO
methods gave different resuits: A= 1766,28 and 1194,2 kJ-mol’,
respectively. We consider the first value is more reliable. Enthalpy of
complete hydrogenation per 1 mol of H, decreases in the sequence
alkenes — cycioalkenes — polycyclic  aromatic hydrocarbons —
fullerenes. Probable reasons of this relation were discussed.
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VK 536,75

M3IMEPEHHE BLICOKOTEMITEPATYPHOH
TEILIOEMKOCTH ®YJUIEPEHA Cq B TBEPIOM
COCTOSIHAU

Jlmxuii B. B., KaGoe A. I',, iKypa JL C.
Beopycckuii roCy JaApCTBEHHbIH YHHBCPCHTET, MuHCcK

MeToAOM CKAHRpYIOILeH KaiopPHMETPHH H3MEPCHa TETTOEMKOCTE (yIe-
pena Cgo B HETEpBLIES 285...675 K. Pe3ylsT4aTh] CONOCTABNCHD! ¢ APYTHMH
MCCTIENOBAHIAME B C TEOPETHIECKOH MOAENLIO.

BeepeHue

ViceTenoBanye TeILIOEMKOCTH (ynnepeda Cgo TpH BRICOKHX H TO-
spimeHHbX (Bbiute 350 K) TemmepaTypax ABJASTCH HE petlieHHoH 1o
KOHLIA 3a7aueci. 3HaUEHHA TETUI0EMKOCTH B HHTEpBAlC 300...700 K,
wmepennsie Merogom JICK B nuonepckoit paGore Steele u ap. (1], He
TIOATBEPAMIMCE NATBHEHIUIMU HCCICAOBAHHAMH [2], a TarKe He CO-
[IaCYIOTCA C© pesy/nbTaTaMi $osiee TOMHEIX HU3KOTEMIIepaTypPHBIX H3-
MepeHWi. BenuguHbl TeIUI0eMKOCTH B HHTEPRATIE 120...560 K, noxy-
yenrse Wunderlich u ap. [2] metozom HCK, YIOBICTBOPHTCABHE CO-
racyioTes ¢ pe3ylbTaTaMu U3MEPEHHH METOAOM aguabarudeckoi
anopumetpuu ke 300 K {3] u co 3HaueHUAMH, paccYHTaHHBIMH
METOHOM CTATHCTU4ECKOH TepMOJUHAMHKH [2]. Horpebuocts yBenu-
qeHUS MAKCHMATBHON TEMIIEPATYPbl V3MEPCHUH TEINOGMKOCTH $yn-
fIepEeHOB CBA3aHa, B 4aCTHOCTH, ¢ TeM, 4TO GONBIIMHCTEO HCCIIEA0BA-
apit y/Iepenos B ra3006pasHOM COCTOSHHM NPOBOAITCS HpH TEMIIE-
parypax 700...800 K u BeiLue, F/¢ JABICHHS HACHIIEHHOTO mapa AoC-
TeraeT pemuuuH nopanka 1 Tla. AKTyadbHEIMM ABISIOTCA Takuke Hesa-
BUCHMOE NOATBEPIKACHHE JAaHHBIX [2] # IKCIEPUMCHTAIBHAA poBEp-
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Ka pe3ynbTaToB IKCTPAIOAALMH TermnoeMkocTH Cqg [4].

IKcnepaMenT

Obpazen dpymrepera 6pt NORYYeH KpHCTAITHALIKEL B BaKYyMe H3
TQJIyONa, NMPOMBIT I'€KCAHOM W BHICYIIEH HA Bosgyxe npu 120 °C.
HPLC ananus onpemennn menee 0,02 % IpEMECEH OKCHIOB H BRIC-
IIHX (ynnepesos.

Mamepenns remoemkocty B ofinactn 310...675 K lIPOBOMITHCE C
TIOMOLIBI0 CKAHUPYIOLIETO KAaNOPHMETPa THIA TEMIOBOTO MocTa [5].
Orandue npolleaypsl W3MepeHuii OT TpagHuMoHHOro Meropa JICK
COCTOANIO B TOM, YTO PEruCTPMPOBANACE HE PA3HOCTh, 4 OTHOLNEHUE
ABYX TCILVIOBBIX NIOTOKOB, 9YTQ HO3BOJSIC HACTHHHO KOMITEHCHPOBATD
BO3MOKHBIC PA3NUYHA CKOPOCTH HATDEBAHHMSA IPH ABYX KaIMGPOBOY-
HbIX H OHOM H3MEPHTENBHOM oOfibiTe. TOUHOCTE METona B obaacTH
300...600 K ouennsaerca & 2 % [51.

Ana waMepenuii ucronbsosanca ofpasell Maccoii 0,9147 r. Macca
o0pasua nepecunTana K BAKyyMy ¢ MCIONb30BAHHEM 3HANCHMA IUIOT-
Hoctd 1,69 rem’ [4]. Tlpunsto 3HaueHue MO/HIPHOH  MACCh
720,642 r-moas™ [6]. Konreinep sanonusica obpaziom Ges yTpambo-
BBIBAHIA, NOCKONBKY 3T0 MOITIO OB BRI3BATH M3MEHEHHE er0 CBOHCTS.
BosgeHcTEHE BEICORMX TeMyepatyp MoceT OPUBOINTE K YACTHUHOMY
Pa3pywWeHnio (ynneperos, 0co0eHHO B NPUCYTCTBHK 3arpssHeHuit. C
LCJIBIO KOHTPOJIs NOCTOAHCTBA 00pa3ia MEl IPOBEHM HCCIEA0BAHME
IO TEIUIOEMKOCTH B 00nacTi TBepaodasHoro nepexoia s aguadar-
HecKoM Kajiopumetpe [7], koTophlil obecneuHBacT TOYHOCTS H3Mepe-
HHs TEIUIOEMKOCTH HE Xyxe (0,4 %.

PezyiantaTer m ofcyxienue

OKCIEPUMOHTANEHEIE 3HAYCHHA TETIOEMKOCTH Cso, HM3MEpEeHHEIR
METOAOM TEIUIOBOro MOCTa, IIpesicTaBneHsl Ha puc. Hapymenue pery-
JAPHOTO XOJAA TEMICPATYPHOH 3aBUCUMOCTH TeIIOEMKOCTH BEILE
600 K, ouesmano, cBi3aHo ¢ HecTabunbHol paboroit nputopa B 06-
JlacT# BEPXHErc Mpefesia ero TeMilepaTypHod ofnacth. B o6mactu
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380...560 K Hamy pe3ynpTaThl XOPOUIO COTNACYIOTCA ¢ JAHHEIMA 23
[Ip# TeMAepaTypax OKOMO 310 K 3HaueHHA, U3MCPEHHBIE MCTOAOM
TM, na 5 % Menbliie pe3y/bTaToB aanafaTHUecKuX M3MepeHui.
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Puc. DKCIIEPUMEHTANIBHBIC 3HAUEHHA TEIUIOCMKOCTH Cgo, HIMEPEHHOE
METOIOM TEILIOBOTO MOCTA.

TemMriepaTypa H 3HTaBIHA TBepROdazHOro nepexosa dymnepera
Cep CIYAKUT KOCBEHHOH XapAKTEPHUCTHKOH HHCTOTH H KaueCcTBa obpas-
ya [4]. MakcHMyMm HA fTHKE TEMIIEpATYPHOH 3aBHCHMOCTH TCTUIOSMKO-
T Hamero o6pasua xabmopasca npu 258,9 K o M3MEpEHUIl B Kano-
pHMETpe TEILIOBOTO MOCTa ¥ NpH 258,75 K mocne M3MepeHHid, uTO
CRUMETSIBCTBYET O X0pOLled COXPAHHOCTH o0pasiua focKe HarpeBAHRA
no 700 K.3HaweHns HW3KOTEMIEpaTYpHOW TETNOSMKOCTH HALIeTo
ofpaslia ociIe BEICOKOTEMIIEPATYPHbIX H3MEPeHMi Xopollo cornacy-
JOTCH ¢ JaHHbBIMH [3], OAHAKO 3HTANLIIMA TBEpHAO(GA3IHOrO Mepexona
6,33 + 0,01 xI[;x-Monb" 3aMETHO HIDKE BENUYITHEL
7,46 £0,15 K,ch-mons‘l [3]. HauGonee 4HCTHIC H COBEPIICHHBIC 06-
pasibl QyIIepeHOB HMEIOT pauGoee BHICOKME TEMIIEPATYPH TBCPAO-
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(basHBIX TIEPEXONOB M OCTPHIE NPKK HA KPUBOH TemnoemkocTH {7).
CpaBHeHMe NMKOBOH TeMiepaTyphl Hanlero ofpasna ¢ BeJHYBHAMH
260 K {311 262,1 K [7] nossoasier npeANONOKETE HATHYME GOALITEro
4Hena fedexkTos B Halem obpasue. [IpHCYTCTBHE 3HAYMTENLHOTO KO-
JINYECTBA 3aTPA3HEHHH MaRoBEpUATHO, TAK Kak 8 3TOM CAy4ae Clieao-
BaJI0 &bl OXKHATE HACTIMHOTO paspyuleHrd QyIIepeHa npu Temnepa-
Typax okono 700 K u, xak ciecTBHE, 3aMETHOFO CHIKEHHS TeMItepa-
TYpSI TBEpRO(ha3sHOro nepexoxa Hocne H3BIeUCHHS 06pasid M3 Kajo-
pHMETPA TENIOBOro MoCTa. TerIoeMkocTs (ynepeHOB 3HAUNTENBLHO
MEHBLIE 3aBUCHT OT KauecTea o0pasi(a, YeM TeMIepATYpH M IHTafdb-
MU TBEpACPasHEIX nepexoos. [TosToMy MBI fIOMaraeM, 4To norpem-
HOCTE M3MEPEHHOM HAMM TEIUIOEMKOCTH He NpPeBhINIAET MOrPEUIHOCTH
METOAZ U3MepeHus.

Jns 3KCTpanoAHY TeIUIOEMKOCTH KPUCTANIHLECKOTO QynepeHa
Ceo m0 1000 K Gbinu BEINOJIHEHBI pacyeTht METOLOM CTATHCTHYECKOH
TEPMOJHUHAMUKH. BHYTpHMONEKYNAPHBIC BKNALB PacCUHTAHB] 110 dac-
TOTaM xOneGaHHH, UCTIONb3OBAHHBIX JfIf PACYETA CBOHCTB HAEATHLHOTO
rasa. Bennunna (C,-C,) paccyurada no 3KCIEPHMEHTAbHBIM 3HaYe-
HUAM K03 (hULHEHTa TEIIOBOTO DACUIHPEHHS M  H3O0TEPMHUECKOL
CKUMaeMOCTH. TpancnsunOHHad COCTap/EArOWAs oOleHeda B 3R, a
AnOpalFoHHAs PACCUMTAH2 JUIA 3aTOPMOXKEHHOTO BPAIISHHA ¢ BesTH-
yuHOH Dapsepa, nogobpaHHOR A1 HaWIyHIIEro COrMacORaHHA © PKC-
TIEPHMEHTAILHON  TeILIOEMKOCTBI0  KpHCTaNIna B MHTepBasie
300...560 K. Bknan BHyTpUMONEKYIAPHEIX KONEOaHMH B TEINOEM-
kocThb cocrasui 91 % npu 300 K u 95 % npu 550 K. Conocrapnenue
HPOrHO3UPOBaHHOH [4] W M3MEpeHHOW HaMM TelnoemxocTH (pHc.)
CBHJIETENRCTBYET O XopoleM (B npenenax 1,5 %) cornacopannu B 06-
nacti 310...665 K.
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HEAT CAPACITY MEASUREMENTS OF Cq FULLERENE IN
THE SOLID STATE

Diky V. V., Kabo A. G., Zhura L. S.
Belarussian State University, Minsk

Heat capacity of Cgo fullerene in the range 310...675 K was meas-
ured by scanning calorimetry. Stability of the sample during high-
temperature measurements was confirmed by calorimetric investiga-
tion of heat capacity in the solid-to-solid transition region. The meas-
ured heat capacity agrees within 1,5 % with a theoretical prediction in
the range 310...665 K and is lower than the results of other authors
below 370 K.
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YIIK 537.635; 546 273

AMITYJJbCHBIA 3P Cy' PAARKAJIOB
B ®VJIEPHTE

Degopyx I, T'.
Hayuro-ucenemoratentekuii HHCTHATYT NPUKNATHEIX HUINIECKHX
mpobnenm, Mumck

Crenpmax B. @.
benopyccknii rocyapeTReHHBIH yHHBEpCHTET, MUHCK

C noMompr HMIynbcgoro JIIP npu xoMHaTHOH TemIlepaType Hocaeno-
BAHA KHHETUKA Ciyb-peiueTtoqnol 1 $azosoll penakcauuy paguranos Cgp'

B HO{)OHIKOOﬁp&SHGM Cep- YCTAHOBACHO, 9TO 3T KHHOTMKA HMEET BH[I

-

expi— avt) u obycnobiena cnexTpankiol I dysuel, spasantoll opu-

CYTCTBHEM MOJIEKYA KHCIIOpO/2.

. B nopoiukoofpasrom @ynnepnre Ce 9acTo obpapyxuBaetes CHr-
wan OIIP karnon-pasukana Cg' © g=2,0027(3) B mupuHoi
AB =~ 0,15 MTa [1, 2]. Bpemera cnun-pemrerousnoll (77) u dazosoit
({y) penakcauum NPeACTaBIAIOT Qosee MMPOKYIO HHpoOpManuo 00
sTHX pagukanax. B [1] obuapyxeHo, 4ro penakcaius Ceo B TBEPIO-
thazHoM Cgy MMeeT ARYXIKCHOHEHIHANBHBIA Xapaktep. IlpHpona Ta-
KoM KHHETHKH MoKz He AcHa. K toMmy ke T} yMeHBIDaeTCd ¢ pOCTOM
TeMIlepaTypbl HAMHOIO MeljieHHee, HeM OKHARETCA ¢ TOUYKH 3pPeHNs
CTAHZAPTHRIX MEXaHH3MOB CIHH-PEIIETOYHOH pelaKcalluM, y4WTbi-
BAIOIMX OJHOGOHOHHbIE, PAMAHOBCKHE HNH OPBAXOBCKUE MPOUECCHI.
“AHoMansHas” TeMilepaTypHas 3aBucuMocts I; pammkanos Ce' B
byanepure Habmogamack Taxoke B [2] mpm T=1,7...15 K. Onnako
HH3KOTEMNCPATYPHBIC pe3yiaeTathi [1] K [2] komudecTseHHO CHIBHO
paznauarotes. Penakcaunonssie spemena Cqp', U3MEPEHHEIE METOAOM
HEnpeprIBHOTO Hachimenus npa 7> 90 K [2], xkaxkyres crpatnsimu:
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T, < T, OBHapykeso [3], uro 7) paguxanos Ceo B (ynnepercoaep-
ALK [TOPOLIKAX 3HAYATEABHO GONIBILE NOYHCHHbIX B [2] 3HayeH#i.
B mactosmmeit paGoTe NpeACTABIEHB! PE3YABTATHl HCCACAOBARUA
CIIHH-PEILETOUHOM H (a30BOH pefaKcalind Ceo' B NopomkoobpazHOM
Ceo, TOTyHEHHBIC AMITYA6CHBIM J1IP mpu KOMHATHOH TeMIeparype.

MeToauka

HecratpoHapubie curaane S1IP (HyTauui, AByXUMITYJIbCHAA 33-
HA3ARIBAKOMIAY HyTAaUHs H JABYXHMHOYJIHCHOE 3IEKTPOHHOE CMHHOBOC
3%0) (QOPMEPOBAIICE UMITYIIHCAMH [FONAPU3YIOLIETO MATHHTHOTO [TO1A
¢ AAVTEBHOCTBIO f1 H f H MHTEPBanoM T MEXITy HAMH [4]. Heeneno-
_ paHUA BHIAOMHEHs Ha MMOymbesom SIIP cnexrpomerpe 3-cM gnana-
" soua [4]. MakcHManbHOe 3HAUYCHHC CBY nons B, = 0,054 mTur obec-
"peumBayio  (hopMUpOBAHKE HyTauMit ¢  9acToTod @y = Y5
(Y - THPOMATHUTHOE OTHOIEeHNe) A0 1,5 M. AMONATY 8 HMIOYASCOB
MOIAPHYIOILETO MATHATHOrO TONA AB=0,12 MTn. KuseTuka ciMH-
peleTOuHOH peslaKcalyy vr) WIMepINach METOZOM ABYXUMITYJIbC-
Ho¥l 3ana3phBAIOMEH HyTaiuuu [4], B KOTOpPOM HCCITEAYeTCs 3aBHCH-
MOCTD HaUANBHOH AMITINTYIE! HyTauil Bo Bpems AEHCTBHA BTOPOTO

HMITYNECA OT T.

VicoreoBalinch TIopotkooBpasubie obpasibi Ceo BEICOKOH CTETICHH
ouHcTKH (= 99.9 %). Tlepen namepeHusiMi 06Pasilbi OTHHUIANACH TPH
T=150°C B TeyeHHe 5 4acoB B AWHAMHUYCCKOM BaKyyme OKOIO
107 Torr 1 BAKYYMUPOBANUCS.

PezyabTarhl

KuxeTvka CridH-peIHETOMHOM pefakcalyi Ceo’ MpHBencHa Ha PHC.
HamepeHua B BO3AyXe MPOBOIMINCE HEPE3 30 MHHYT TOCJIC PA3BAKYY-
mupoBanua ofpasta. [IpHBEACHHYIO KMHETHKY MOXHO affpOKCHMI-
pOBATH ABYXIKCTIOHCHLIKATBHBIM CIIAZOM, OAHAKO NPH 3TOM HE YAaeT
¢A HaliTy Npu4HHY Takoro cmafafl]. B To ke BpeMA éxcneprmeﬂ-
TajAsHbe AaHHbIE XOPOLIO OMUCHIBAIOTCA 3aBUCHMOCTRIO BiIA U
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u(r) =y, {1 - exp(— a\/;)}, (1

XapaKTEPHYIO [NI# CUTYAUMH, KOP1a MMEET MECTO PaCIIpe/eNieHHe Ma-
PaMATHWTHBIX UEHTPOB 1Mo BpemeHam T [S]. 3mecs o, - navanshas

AMIUIMTYa HYTAlMH BO BPEMN BTOPOTO HMITYIIBCA npu T >> 7,
a - k03¢ dHLHEHT NpotopuronansHocTy.  pu aTOM Haubonee BEPO-

ATHOC 3HAYECHHE BPCMEHR CHHH-pGH.IéTO‘-IHOﬁ pelaKcalHi paBHO

-2 @
4

I -wviv

L L 1
Lt 5 1o

V2 i iz

Prc. KuneTnka cOHH-pewieTodHoM penakcain BaKYYMUPOBAHHOTO

(1) u nepakyymupoBanHoro (2) ofpasuor Cg. JIMHEH — TOITyora-

pugMueckad aHamMOp(O3a KHHETHKH, ONUCHBACMON topmyitod (1),
Cormacno (2) ans waxyymmuposansoro (a = 0,115(12) mxc') o we-

Bakyymuposanoro (a =0,166(17) mxc™?) ofpasuoe 3uavesus 7,"
pasabt 151(15) Mxc 1 73(7) mkc.
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3aTyxauue JBYXUMITYIECHORO 3Xa (t; = 5 = 0,2 MKc,
®; = 1,52 MI't} onmMcs1BaIoch COOTHOIICHHEM

U(Z'r) =0(0) exp(— 2br— a«;’?) (3}

npu b= 0,042 MKC .

[TepBEIii WICH N0/ KCTIOHeHTOH B (3) onuchiaeT (asoByio penak-
CALIMIO 3@ CHET THMONb-AHIIONLHOTO B3aMMOJEHCTBUS Ceo 1O Mexa-
HA3My MmraoserHol mnddysuv, a Bropon COOTBETCTBYET MEXaHH3MY
creKTpansHOH MU Qysuu H3-3a AHIONE-AUIONBHOr0 B3ANMOACHCTBHA
mexay Ceo' ¥ MOTIEKY/TAMH KACIOPOAA.

Hcponesys sHaueHde b, MOXKHO ONEHHTH NOKANBHYIO KOHUCHTIPA-
HHIO pagukanos N. MakcHManbHO BO3MOMKHAA CKOPOCTE Caja Curia-
Jia IEPBMYHOTO 3XA 32 CYET HUIIOMb-AHIOIBHOTO B3aNMONEHCTRHSA Me-
Ky Cru#amy, CTydalHeiM 00pasoM PacloNOMEHHEIMM B PEUICTKE,
paBHa 5]

Ariy’hEN
b=—>"=—. 4)
9-J/3
CornacHo (4) as Hanx oGpasuos 3HaueHue N < | - 10" em™,

Obcyxnenne pe3yabTaTOR

B MAFHUTHO-pa30ABNEHHMX TBEPHMX TelaX KuHeTHka THINA (1)
MOXET HabmoIaThCA B CHTYALUAX, KoTAa B 00pasiie HMeeT MECTO pac-
npepeneHue ppemen 1) [5]. 3aBUCHMOCTD CKOPOCTH PENIAKCAilH Ceo'
oT ZoCTyna B o0pazel] BO3AYXa YKa3bIBALT Ha CBA3H HAONIOAGEMON Kil-
HETUKH ¢ [IPUCYTCTBHEM B 00pa3nax MapaMArHUTHEIX MOJIEKYST KHCIO-
pona. DTH MOJEKybl MO OTHOIISHHIO K paiMKaiaM AB/ULIOTCA GbicT-
POPENaKCHPYIOLEMMH TIPHMECSIME B HTPAIOT PO MECT CTOKA SHEPTHUH
CIIMHOBOH CHCTEMBE B pelneTky. IIpH 3TOM OxmAaeTCA, 4TO NapaMeTp a
TIPONOPLHOHANICH KOHUEHTpatuy npuMeceit. B 2] Takxe ormeHanocs,
1o I pagukanos Ceo” mpu T'= 4.2 K nocne OTXMra yBEITHIHIOCE HA
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NIOPAROK, a HX KOHIEHTPALHA TIPH 3TOM 3aMeTHO He H3MEeHMIach. Buir
CACNAH BHIBOK, MTO B NIPOLECCE OTXKHFA M3MEHHICS XapaKTep JOKAb-
HOTO paciipeencHud PaAHKATIOB B CTOPOHY YMEHBIEHHS HX OBMEHHO-
B3aHMOCHCTBYIONMX arperaToB. OTCYTCTBHE AHAMUZA BOIMOKHONO
BIIAHAA KHCTIOPOAA, NMPOGACMATHIHOCTS OCTOBEPHOTO OIPENeneHH s
T M nOKanRHOM KOHUEHTPAUMM paiHKATOE H3 HACHILHHA ¢Tanmo-
HAPHBIX CHIEKTPOB, OCOGEHHO NPH KHHETKHKE PeNAKCALMM THIA (1), me-
TAOT OTMEYCHHBIN BBIBOJ [2] HeyGemuTenbubiM. HamoMimm o napa-
AOKCANLHOCTA  TIOMy4CHHBIX B (2] 3HaueHWN BpemeH penakcaumu
(1 < T,).

[Monywennele Hamy 3HaueHua 7 Ha apa uopAaka Soseme 3Have-
HHH, ONPEHEAEHHEIX METONOM HEMPEPEIBHOTC HackiueHud [2], Onu
JMIWE B 3 pasa MEHBIIC BEAWYMH, MOMyYEHHBIX B{l] BMIyabcHBIM
OIP npu Hu3kux Temnepatypax (20...90 K) ana HeorosckeHHBIX 06-
PaslloB Ha Bosgyxe. Kax sumno, 7) papguxanoe Ce* B TBEPAOPAIHBEX
dynrepenax comoctaBumo ¢ 7, I aTOMOB A30T4, KaNCyIHPOBAHHEIX
B MosteKye Ceo, B PacTBOPAX IHAO3APANOR N@Cq [6].

BbI3biBas  MHOTOSKCTIOHEHDMANBHY O KHHETHKY, CIICKTpaNbHas
Auddyus, obycnopnensas OBICTPOpeIIaKCHPYIOIHMH TIPHMECIMH,
MOMET IPHBOMMTE TAKOKE K AHOMANIBHON ¢ TOMKU 3PCHUS CTAHAAPTHEIX
MOXAIHIMOB TEMIICPATYPHOH JABUCUMOCTH CIHH-PELISTONHON 1 ta-
3080H penakcauuu {5]. Takas BO3MOMHOCTD iie YUYHTHIBANACE [IPH aHa-
JIH3E IKCTIEPHMEHTAABHBIX pesy/IbTatos B [1, 2].
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PULSED EPR OF Cg' RADICALS IN THE FULLERITE

Fedoruk G. G.
Institute of Applied Physics Prroblems, Minsk

Stelmakh V. F.
Belarussian State University, Minsk

The spin-laitice and phase relaxation kinetics of Ceg' in polycrys-
talline Cyo has been studied at room temperature by pulsed EPR tech-
niques. It has been found that the kinetics is well described by a func-
tion exp(— avt ), as expected when the distribution of relaxation time of
paramagnetic centers takes place. Qur results suggest that OXygen
molecules cause the observed kinetics. These molecules play role of
fast-relaxing impurities and accelerate relaxation of Cgo' radicals. The
eatlier obtained peculiarities of Cso radical relaxation in fullerites are
discussed.
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VIIK 542.128

®YJLVIEPEHOBASI YEPHDB KAK KATAJM3ATOP
JAETHIPOIMKI3ANMMA #-AJTKAHOB.
MOHO®YHKIUOHAJIBLHLIN MEXAHU3M
JAETAAPOIAKJIA3ALANA

®ypeukoe II. B., Kym C. JI., Mypansn B. E.
HucruryT npobnem xumudeckoi Gpusmku PAH, Yepnoronosxka

Mccnenosans! npespaiieHis HachIEHHLIX npu 22 °C TIAPOB H-AJIKAHOB
Cs—Cy Ha QynnepeHOBOM YepHH B YCIIOBHAX MPOTOYHOTO U30TEPMHUYECKO-
ro peaxropa mpu 550 °C. ®ymiepeHoBas 4epHb, B OTIHIHE OT APYTHX yr-
JICPOZIHBIX MaTCPHAIIOB, KATANM3NDYET PEaKUHH AErHAPOLMIUTH3ALNH, Kpe-
KHHIa ¥ METHITHPOBAHKA H-AJIKAHOB, HO MATOAKTHEHA B PEAKIHAX H30Me-
pusaiwi. [1py 3TOM H-ankambi C; —Cg 110ABEPrAIOTCH APOMATH3ALMK © 0-
pazoBaHHeM OeH30Ma B Ka¥eCTBE OCHOBHOIO MPOAYKTA 663 3aKOKCOBAHHA
Katanu3atopa. MexauusM neruapoLKIn3almy ~—MOHO(YHKIMOHANBHBIIA,
QyJuUiepeHoBas 9epHb BEChMa AKTHBHO MOBEpraeTCs THAPOTEHONHN3Y B
OTCYTCTBHE Karanusaropa npu =500 °C.

Oynnepenonas yeps (PY) B ocHOBHOM aktusupyer C—C u C-H
CBA3H H—aJIKAHOB. B yCIIOBHAX NPOTOYHOrO M30TEpMHUECKOro peaxrto-
P2 € HENOABIIKHBIM CJIOEM CMeceBOro katamusaropa (®Y/ksapu) npu
550 °C naceinennbie npu 22 °C naphl #—meHTaHa MOJIBEPraloTcs B
OCHOBHOM JCrMPUPOBAHMIO H KPEKHHTY ¢ 06pa3oBaHueM, Kpome cre-
XHOMETPUIECKHX KONMYECTB BOAOPO/A, aKkaHOB U aikeHoB C;—Cs npu
BbIxXozie Gensona 5,8 %. Kpome HesHauurenpHOro KPEeKUHTa, H-aJIKaHbI
Cs—Cg, B OCHOBHOM mNpHTEPHEBAIOT AEruAPOIMITM3ANMOHHEIE TIpe-
BpallCHHs ¢ 00pa3OBaHMEM MPEUMYIECTBEHHO GEH30/1a HEe3aBHCHMO
OT JUIMHBI LIeTIH UCXOZIHOTO #—allkana 6e3 3aKOKCOBAaHUS KaTaliu3aTopa
(tabun.). JleruaponMmmsanya H—-rexcana NpoTeKaeT Yepes IpoMeXKy-
TOMHOE 00pa3’oBaHME HANENO MPEBPAMIAIOMIETOCS B STHX YCIOBMSIX
LMKJIOreKCaHa.
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Tabanua, KoHpepcus H-alKaHOB HA @Y npu 550°C (HachlLeHHbBIC

npu 22 C napsl #-ankana /Ar, 1000 g, 1 arm).

TipoAyKTsl KOHBEp- | CefleKTUBHOCTS (%) npH KOBBEPCHN H-2/IKAHA
cHH u-Cs | H-Cg r-Cy #-Cg
DY+
®U+keapy | 0,05 1 ALO;+
: KBapLl

CH, 3.2 3,2 0,8 0,8 0,1

C.Hs 13,11 34 5.2 4,0 0,6

C,H, 38 3.4 18 2,5 0,2

C;Hg 7.1 2,0 74 5,3 0,6

CsHs 1691 355 10,2 4,8 10

C, YTIeBOEOPOIBI 8.8 6,8 7.4 3,1 4,0
C5 anxaysl 6,3 0,2 8.4 04 0,7

Cs KEHB 7.7 0.1 4.7 0,1 0,5

C ANKaHb - 1,7 3.4 0,1 4,0

Cs aIKEHB 1,9 7.9 0,3 2,0
Cq - - - 20,0
CeHg (Bemsom) | 34,9 | 71,7 32,7 5.4 43,6

CH; (tomyon) - - 10,0 73,1 50 |
CeH o (RCHNOME! - - - - 174
ApoMaTHKa 4,97 TL7 42,7 78,5 66,0
Cremesh KORBEPCHH) 46 ¢ | 56,8 78,8 95,0 96,3
H-aKAKa

Ha mpuMepe NpeBPaINeHyiA #—TeNTana ToKa3aHo, Hro IerdapoLHK-
AM3AIMA TPOTEKACT TI0 MOBOQYHKLHOHANLHOMY MCXAHH3MY, T. €. 18-
THIPHPOBaHHEE M UMKIN3ANMS MPOHCXONAT HA hynnepenosoi YepHH,
OHAKO OTPaB/eHME HerUAPHPYIOmEH (GYHKUMH COCTHHCHUAMU CCphl
B M3Y4EHHBIX YCNOBHAX BRIPAXKEHO cnato. Tlpu BBEACHHMH B KaTaNusa-
TOpP HEAKTHUBEHONO B AETHAPOLMKIH3ANNH OKCHA AMIOMUHHA KaK KH-
CIIOTHOTO KOMIIOHEHTA, Ha KOTOPOM B CIIyuae TPafMIMOHHBIX KATajH-
3aTOPOB OCYIIECTRIAETCH CTaH LMKIN3AUMH, YBCIUTHBACTCA cTE-
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TIEHh KOHBEPCHH HCXOJHOIO H-TENTaHa U CEIeKTHBHOCTB IO TOIYOIy
(Tabn.). 510 MO3BONAET 3AKTIOYHMTH, YTO AEMETHITHPOBAHHE (xpexuHr
10 60KOBOI IIENH) OCYIIECTBISIETCS HA LEHTPaX, akrusupyommx C—C
1 C-H cBaszn.

Briepsbie nokasano, 4ro npu temneparypax =500 °C B armocepe
BOZOpoZia (yiiepeHOBas YEPHb B OTCYTCTBME METANA MOBEPraeTcs
FHPOTE€HONM3Y ¢ 00pa3oBaHHeM MeTaHa, 3TaHAa M HTEHA B MOJBHOM
coorHomenuu 100:10:1. 3a 48 4 mpu Temneparype 700 °C moreps
maccel @Y 3a cuer ruaporenonumsa npessinaror 50 %. I HJIPOT€HOJIU3Y
TOABEPTalOTCA TONBKO YIJIEPOJHbIE MATEPHANIBI, KATATH3UPYIOLIHE
AernApoLMKIM3auMIO #—ankaHoB. @Y Gonee akTuBHA, YeM Apyrue yr-
JIEPO/IHBIC MATEPHAJIBl — OKHCIISETCS KUCIOPOIOM BO3JyXa yKe MpH
Temneparypax 320-350 °C, B ommuue or rpadura (680 °C) u yrus
BAY (650 °C).

Hanubie KaTamuTHYECKMX M (QUMKO-XHMUYECKMX HCCIeOBAHM
TO3BOJISIOT rOBOPUTE 00 aKTUBHOM YacTH (hyJTEPEeHOBOMN YEPHH —
(penrreno) amopgroM yriaepose Kak TIOTULIMKITHYECKOM
YIJIEBOJIOPOJIE C YEPEAYIOMHUMHUCS, HO HECONPSDKEHHBIMU KPATHBIMH U
NpOCTHIMM  cBs3sMM. T, 'HaUpUMEp, TONOBHO HeMpeeThHbIM
yrnesopoposiaM, @Y npoBoaMT NerMApHpOBaHME TETpPAIMHA W
9,10 - purupponadranuea B HadramMH  npu TeMreparypax ux
Knenns. OJHaKo IPU ITOM HETHIPHPOBAHHE IPOTEKAET B OTCYTCTBUE
KaTalnu3aTopoB NepeHoca BOAOPO/a.

Pabora Bemonnena npu GuHAHCOBOMH nopuepxke Poccuiickoro
douna Gyunamenransubix vceeopanmii, npoekt Ne 99-03-32080a, a
TaKke MeXoTpacneBol HayuHO-TeXHHYECKOH nporpaMmMel  Poccuu
“@ysiepens! ¥ aTOMHBIE KIacTepsi”, npoekT 99005 “Byran”. Acnu-
pant I1. B. ®ypcukos Beipaskaer Gnaropapsocts (HpMe “Xanpmop
Tonce A/O” (“Haldor Topsoe A/S”) 3a oxasaHHyo HOAAEPIKKY B
(bopme uMeHHOM cTHNEH M.
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- FULLERENE BLACK AS A CATALYST FOR n-ALKANES
DEHYDROCYCLIZATION. DEHYDROCYCLIZATION
MONOFUNCTIONAL MECHANISM

Fursikov P. V., Kushch S. D., Muradyan V. E.
institute of the Problems of Chemical Physics, Russian Academy of
Sciences, Chernogolovka

Conversion of saturated at 22 °C p-alkane (Cs-Cg) vapors over
follerene black has been studied in an isothermic flow reactor at
550 °C. It has been found that in contrast to other carbon materials,
fullerene black can catalyze the reactions of dehydrocyclization,
cracking, and methylation of n-alkanes. It is coking-resistant and low-
active in the reactions of isomerization. n-alkanes Cs—Cg undergo de-
hydrocyclization down to benzene as a main produét. Dehydrocycliza-
tion is likely to proceed by the monofunctional mechanism, fullerene
black being a dehydrogenating agent. If alumina is introduced into the
catalyst, the process runs by the bifunctional mechanism and fullerene
black and alumina bear dehydrogenating and acidic functions, respec-
tively. Fullerene black undergoes hydrogenolysis at >500 °C.
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YK 531.44.

YCTAHOBKA C XOJLIOBCKUM JATUHKOM MAJIBIX
IHEPEMEINEHMHA JUISI U3MEPEHIS
TPUEOJOTHYECKUX HAPAMETPOB
OYIIEPEHCOAEPKAINUX ILTEHOK

Bacnaren H. U., llporomun B. H., Menrepcknii 3. M.
Benopycckuit rocynapcTBeHHBIH yHuBEpcHTeT, MuHcK

IMpennokena yCTAHORKA /14 H3MEPEHHL TpUDOTOTHIECKIX XADAKTEPHCTHK
dymrepencoiepxaniinX Mhenok. Mcnoms3opasa cxeMa c BpamarniMca
JHCKOM, TAE BEAHYMHR OTKIOHEHHI KOPOMBICTA IO AeHCTBHEM CHNEI
TPEHUA M3MEPSAETCH GECKOHTAKTHBIM AATYHKOM MAILIX MEPEMELEHHIT Ha
anemente Xomid. Takoe yCTPOHCTBO OIBOJISET WIMEPATH CHITBI TpEeHUA OT
0,005 no 0,20 H B unipokoM anana3oHe CKOPOCTeERE.

Hcenenosanie HoBore matepuana BEAST K NOABIEHHIO HOBBIX,
MHOPOOGeINAIOIIMX HATIPaBIeHuUH ero npumerenns. ORHO U3 HAIIpaB-
NeHuk npumMerenus ¢yianepesa Cg— HCIONL30BARANA (hysUIepeHco-
ACpPKAUMX TOKPBITHH, 3HAYMTENHHO YIyYLIAIONUX TPHOONOrMIeCKIe
CBOHCTBA, T.K. MOEKY/B! (ySIepeHORB, HALPHMEP, MOTYT HPOABIATH
cehd Kak MOAeKySIPHBIH nomummauK [ 1, 2].

Jis H3MepeHUs CHIT TPEHHS MCTIONB3YIOTCA pasiHdHble METOIb! U
obopyzosaHsie [3]. 3a ocHOBY 6bna NPUHATA YCTAaHOBKA ¢ BPAILAO-
HIHMCs. roprsoHTansHEIM AuckoM. Ha puc. 1 nprsesena cxema yera-
HOBKH, I7le ucclaedyembtii miockui obpasen (1) kpenuTca Ha mHcKe,
BPAMAIOHIEMCS B MOAWHTIHUKE (8), KOTOPBIA HECTKO HNPHKPEIUIEH K
ocuoBaHmio. CONPKEHHEIM TENOM CIIyXMT chepudeckuil wHmeH-
TOp (2) U3TOTOBACHHBIN W3 TBEPIOrO METAILIa, KOTOPHIH YCTAHABIHBA-
€TCsl Ha YPasHOBEIIeHHOM NoBecoM (4) kopomeicie (3) u npuxuma-
€TCd TIOA AelicTBUeM Harpysku (7) k Bpamaomemycs oGpaziy. Kpen-
JIEHHE KOPOMBIC/IA TIPOHIBOANTCH ¢ MOMOIBBIO OCH (), Aaronel xopo-
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MBICITy ZIBe cTefleHH cBobosbl. CKOPOCTh CKOMBKEHT MEXKIY HHIEH-
TOpOM ¥ 0GPa3sLioM MOXKHO MEHATH B HIMPOKOM WHTEpBAJIC AyTéM pe-
[YIUPOBAHAS PAIHANBHOTO PACCTOSHMA R MexUly USHTPOM AMCK2 M
TOUKOH KACAHHS W M3MEHEHWeM CKODOCTH BpaiLeHds apurateia (9),
KOTOpas CTAGMAMBUPYETCH TaxOI€HepaTOpoM (10). Cumenienre Kopo-
MBICITA, BLI3BAHHOE CHION TPEHMA, OTKAORKET Me3flo3y (6), OTKIOHE-
HHE KOTOPO M3MePAETCca AaTUHKOM MaskiX nepeMeLieHi Ha OCHOBE
s(pexra Xosmia.

g 10 i
Puc. 1. Cxema yCTaHORKH.

OcobeHHOCTBIO Pa3paboTaHHON YCTAHOBKH ABMACTCS:

1) OTKIOHEHVE MHACHTOPA NOR ISHCTBHEM CHIIBE TPEHUA UIMEPAETCH €
MOMOBI0 GECKOHTAKTHOTO AATYHKA MATHIX MEpeMEICHHR Ha OC-
Hose >(ipexta Xomia [4]; '

2) xanuBpoBKa BHIXOAHOrO HATIPAKEHWA OT CHIBI OCYIECTBIACTCI C
IPHUMEHEHHEM POJIHKA Ha ABYX BPAMIAIOHIHXCHE OCHX;

3) BHIXOHO® HANPDKEHUS JATHHKA [OAAETeA Ha PUIBTP HIOKHHX Hac-
TOT [ TOJABNEHHA TEePeMEHHBIX MyNbCALMH ¢ YacTOTOH cpesa
Bonee 5T,

4) Touka kacaHua 06pa3la HHACHTCPOM TIEPEHECCHR 32 OCh BpalleHnd

 AMCKA.
TTpumenenue GeCKOHTAKTHOTO AATHHKA MalbIX nepeMelleHuil Ha
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ocHoBe dddekTa Xo/U1a MO3BONMIQ JOCTHUD YYBCTBHTENBHOCTH YCTa-
HoBKH 1,04 B/MM KOHCTPYKTUBHO Taxkol AaT4MK COCTOMT M3 YyBCTBU-
TERBHOTO 3fieMeHTa XOITa M3 2HHTaKcHaNsHOH n-InSb rinéHkn Ha no-
myusommpyoilell nopnoxkke GaAs ¢ MHOCKEMH KOHUEHTpaTopaMy
MATHHTHOTO [0S B3 MATHHUTOMATKOIO MaTteprana ¢ OOMBIIOM MarHuT-
HOI poHALZEeMOCTEIO [5]. ITocTosHHBIH MarHUT W3 caMapuii-kobamsra
KperMrcs K MesZo3e Ha HeMarHWTHOM KpoHuwTeiHe, [pu wymctan-
TensHOCTH Nprbopa | MB BO3MOXHO M3MepeHHe OTKIIOHEHUA WHIEH-
Topa B | MEM.

YMeHsienue OHeHUH MHASHTOPZ OT BPAIHAIIIErocs AHUCKA ARMA-
€TCcA BeChMa CHOKHOMW 3ajagedi npr pabore ycranoeku. HOCTUpoOBKa
TOPH3OHTAABHOCTH NOBEPXHOCTH TIPOBOAKIACH HO MHAKRKATOPHOM ro-
JIOBKE, © MHHHMAIbRAA BeNNuMBa OHeHH COCTaBImIa <5 MKM Ha Mak-
CHMaJISHOM pafuyce H3IMepeHHd.

I'pamyHpoBKa BLIXOAHOIO HAMPSKEHUS OT BEJHUHHB] CHNBI, OTK/IO-
HAOMIEH WHISHTOP, OCYUISCTBALETCS THPAMH OT AHAJIMTHUSCKHX Be-
coB. Jlis u3MEHCHHA HanpaBiIeHUS CHJIbI HCHOML3YETCH [OBOPOTHEIN
POJIMK Ha IBYX BpaiiaouiMxca ocax. [fepeas ock KpenmTcs Ha 1MTATHB,
a BTOpas (PHBOAMTCA BO BpauicHME, NMPHUEM B OQHOM HANDABICHHH
BEC M CHJIA TPEHHSA B OCH CKJIAJBIBAIOTCS, & B APYI'OM — BBIYHTAIOTCS.
Komnencanss CHIBI TPECHHMA B NMOALUMITHHKE IIO3BOMMNA YREIHUWTEH
TOUHOCT: FPAAYHMPOBKH [IPH MAbIX Harpyzkax. YyBCcTBHTENLHOCTH
rpubopa paBHa 5,5 B/H 1 nocrosnna B JHamaz’oHe OTKIIOHEHHS HH-
TEHTOPa B0 3 MM.

Touxa kacanns MEAEHTOPA M 0Opa3ila HAXOAWIACKE 32 OCKIO Bpalile-
HHA JUCKA ¢ LEAbH0 KOMIEHCALHH KPWBOJMHEHHOCTH TPaexTopHu
BPAIUCHHS JHCKA ¥ KPHUBOJIHHEHHOCTH TEpeMeIleHHA phlYara WHACH-
TOpa, KaK NMOKA3aHO HA puc. 22, a BHIBOA QOPMYNEI C YU&TOoM 3TOH
KpHBOAMHEHHOCTH — puc. 26.
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Puc. 2. Cxema paGoThl YCTAaHORKH {a), cxeMa pacuéTa BEIHYMHB! CHIIbI
TPEHHs ¢ yUETOM PaoMabHbIX TpaekTopHii (6).
Frp — cuna Tpenus; For — CWIa OTKIOHEHHS uHAeHTopa; O u O —
LIEHTpbl BPAIICHH® OHCKE H KOPOMBICHA COOTBETCTBEHHO; Ay —
yHIMpeHHe AOPOXKKH Tpenus; R — HauanbHoe paccrosuue or O mo
uHIeHTOpa; L — JUTHHA KOPOMBIC/A; 0 — OTK/IOHERHE UHICHTOPA.

For = Frpcos{o—B);
Pacuér cuipl Tpewna Frp 10 H3MEpAeMOH CHNE OTKNOHEHHA For
NPOM3ROIHTCA HO (opMylie

Frp = For/cos(a — B), (1)

cos(a-B)=[2LR+L_REZJ/ZL"HSQ +R- (2)
L L

OcHOBHBIC HapaMeTpsl YCTRHOBKH: MAKCHMANTBHOS OTKIOHCHHE
HHIEHTOPa ~— | MM HpPH CH/IE OTKIOHEHUS HHAeHTopa 0,2 H; paccroa-

roe

HMe R or 1eHTpa BpamleHds Ac HageHTopa —>3...10 MM; cKOpoCcTh
ppauieHna Bana ot 50...300 06./MHH; CKOpPOCTh ABHKEHMA TTOATIONKH
OTHOCHTENBHO WHAEHTOP2 MOXET [UIABHO MEHATHCS B JAUANa3OHe
1,50...18,0 m/MuH. Jins OLEHKH BpEeMeHHOH 3aBHCHMOCTH CHIHI TPE-
HUf, TogkmodeH camonmcey Mapku H307/1. B npubope umeerca
cadTYK KonuuecTea obopoTos go 100 TRicau. YeuNHe Ha MHACHTOD
Mensercds B guamazone 0,005...0,200H ¢  AMCKPETHOCTBIO
0,005 H. MHgeHTop KpemuIcs K KOPOMBICIY ¢ MOMOIIBIO pe3sfoBoro
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COSNUHEHHS, YTO NMO3BOJAET HPOBOAMTH OBICTPYIO 3aMCHY WHIEHTOPA.
Fomoeka uugeHTOpa M OTHONMHpoBaHa 4O 12-13 Kiacca YMCTOTHL NpH
AvaMeTpe 2,5 MM 1o TpaHHie [HAOCKOCTH CONPHKOCHOBEHHAS.

Ha prc. 3 npusemeHsl 3aBMCHMOCTH CHJIB TPEHUS WHAGHTOPa M3
THTaHa No OopocwnxKaTHoMy oTexity (1) u wiénke Qyinepena Ceo (2)
Tonmuroit 50 HM, TOAYYEHHON HA CTeKJIe BAKYYMHBIM HAMBLACHUEM,
OT BpeMEHH.

Fop H

0,06

0,04

0,62

Pure. 3. 3apucumocts CHUIBI TpeHHUA oT BPEMEHH.

| —TuTaHOBOE KOHTPTENO MO CTEKTY; 2 — THTAHOBOE KOHTPTEAO IO
rinénke Cyg Ha cTEKe.

PaspaboTaHnas ycTaHOBKa MCIIONB3YETCS WIS M3MEPeHH TprGoo-
THHECKHX XAPAKTePUCTHK TOHKMX NUISHOK PasiHUHBIX MATEPHA/IOB, B
TOM YHCHIE U (PYIUIEPEHCOACPIALLIHNN, NPH MANTHIX Harpy3Kax.
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VHK 541.1+548

KPUCTANIHYECKAS CTPYKTYPA AJLTOTPOIIHBIX
®OPM YIJIEPOJA — TPAGUTA, AJIMA3A, DYILIEPATA

Maprunoepuy B, A., Hlunaerckui 3. M.
benrocynmeepcurer, Munck

lpeanoxena nabopatophas pabora, koTopas MOKET ObITh HCIIONBIOBAHA
ANA OOeCTICHe A KypcoB GUIRKH TBEPIOTO Tea, Kpuctajuiorpadus, Kpu-
CTanoxumMie. B fanuoi paGoTe pacCUMTHIBAIOTCS [AOTHOCTE ATOMOE H
JHEPTHA PEETKH ANA TPEX KPHCTAINIMHECKHX AILIOTPOTHBIX (JOPM yriie-
poja ~ rpadirta, amMaza, yiiepyra. '

Bseaenne

Yriepoa ABNSAETCA OCHOBHBIM COCTABNAIOLIMM JMEMEHTOM Ui
OONBUIOrO YHCIIA TBEPABIX B aMOPPHBIX Tel (yrnepogucThie ClIaBk,
NONUMEPHI U JIP.} ¥ HA MOHOATOMHOM OCHOBE MOMET OOPA30BHIBATH
TpH KPHCTA/LINYECKHE A/UIOTPONHbIE Qazel — rpadur, anmas, ysore-
PHT.

ANMa3 MIMEET MPOCTPAHCTBEHHYIO CTPYKTYPY, B KOTOPOIf aToMel
YEIepoaa, oOpasyioliie Mexmy coBoif CHIbHBIE XUMHMECKHEe CBA2H,
OPHEHTMPOBAHBI IPYF OTHOCHTENLHO APyra He B OJHOH [UTOCKOCTH, a B
npocrpancTee. CIpykTypa rpadmra comcrad, T.e. KaXabIi aTom of-
Pa3yeT CUIIBHBLIC XMMHHYECKHEe CBA3M ¢ APYFHMH aTOMAaMH, PACIIONO-
KCHHBIMM B OMHOH C HMM IUIOCKOCTH, B TO BpeMs KaK XHMMYECKuC
CBA3H ¢ OMIDKaMIIMMH aTOMaMH COCETHErO CHOA OTHOCHTENBHO Cla-
6rie. CreoBaTellbHO, PA3TENAThL COCCAHNE COH IHATHTEILHO Jlerye,
HEM pasopBaTh KKOEIH M3 cnoes. CKIOHHOCTh aTOMOB YIJepoaa K
06pasoBaHHIO TIOREPXHOCTHEIX CTPYKTYp GHIe B GOMBIIEH CTEHeHH
[pOABANACE B HOBEIX OpMax yrlepona - Qy/uiepeHax.

Hess pabousl — cpaBHeHMe KpHCTamIOrpadREeckux o SHEpPreTH-
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yeck¥X NapaMeTpoB PasEHHbIX GOPM YIiepora.

CrpykTypa rpadura

Tpy OOBIMHBIX YCHOBHAX TEPMOJIMHAMMIIECKH craOunbHol tajor
yriepofa ABASETCA TPapul [1]. Tpadut uMeeT TeKCaroHAJBHY KpH-
CTA/UTMUECKYK PEIIteTKY M COCTOHMT U3 MapamneibHbIX CHOCE {bazmc-
HbIX IUICCKOCTEH), 0OPa3OBaHHbBIX MPABMIBHBIME MIECTUYTORbHUKAMH
{3 ATOMOB YINIEPOia, KOTOpSIe PACHOIOKEHEL IPOTHR UEHTPOR HICCTH-
YTOMBHAKOR, HAXORAIUUWXCA B COCCAHHMX CIOAX (HMKHEM H BEPXHEM).
[TonoxeHUe ¢j0eB NOBTOPAETCA depe3 0AWH H KaxapId cnoi CABHHYT
OTHOCHMTENBHO APYFOro B FOPH3OHTANLHOM HAUp2BJICHAN HA 0,i4 mm
(puc. 1). DneMenTapHas suelKa MPEACTaBIACT c000i Mpu3My, B OCHO-
BAHHY KOTOpOH NexuT poMd ¢ yrioM 120°. Jina noacdera KOOpAHHa-
LUOHHOrO yuesa (K.4.) — uucnia SanKaHIiuX OAHOTHIHELX COCCAHUX
ATOMOB B KPHCTANIHUECKON CTPYKTYpE — YHMTLIBAIOTCA ATOMB, Ha-
XOZALMECs B JAHHOM €loe Ha OmualiiieM paccTOSHUN OT JAHHOIO
aToMa, a aaTeM, BO BTOPYIO OYepellh, — Oawxadlune aToMbl B COCCA-
uex cioax. 1lpu TakoM moacyere HonydacM L atoMOB B BazucHoR
mnockoeTd k4. 3 m 12, a B AephedIHKYIIpHOM HANPaBICHHH — 3u
2 [21.

Tabnmnua. _
TlapaMeTph! CTPYKTYpBI anMasd, rpaduTta 1 dynneputa |5, 6]
Oynaepur
[MTapam Anmaz | Dpadur
paveT pabur | (i)
TTpocTpancTBeHHAA [PYNNA Fd3im P63mce Fm3m
a=10,246
[Mocroguuas pewerky, BM | 0,357 c=0.671 1,42
PaccrosiHue Mexay OHKai- _
UrMMHA cocenHuMH atomamu | 0,154 0,142 1,005
(MONIEKYIAME), HM
DnekTpoHHas KOH(UIypanni sp’ sp’ sp
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Puc. 1. Kpucranmaueckas peirérka rpadura (2, ¢ — napaMeTpst
pemérku). TOHKMMM IMHUAME NOKa3aHa 3/IeMeHTApHAS SUekKa.

B npenenax cnos TP BaREHTHBIX 3NCKIPOHA ATOMa yraepona ob-
PasyloT KOBAJICHTHYH) CBf3b ¢ COCEAHHMM 4TOMAaMH  yriepofa
sz-rHGpH,E[HBIMH OpGMTANMH, a YETBEPTHIH SAEKTPOH OCTAETCH CRO-
BomHbIM (“KOMIEKTHBH3UPYETCA™), KAK B METAIAX, HO, B OTIHIHE OT
METa/LIIOB, TOMBKO B Cloe. BiaumonelcTere MKy COaMU OCYyIHECT-
BAETCA 32 cueT CHi Ban-aep-Baaneca [3].

CTpyxTypa aamasa

ANMa3 — MeTacTabHIbHag IAoTponHas (opma yrnepona [4]. B
HeliTpantHoi armocdepe tpu 1800 K Haummaercs rpapUTH3aALS, T.E,
MICPEXOA B TEPMOAUHAMHYCCKH CTabunsHOe cocTosume. Kpuctanmge-
CKag pElIeTKa amMa3d ABJAeTCs Kybudeckol rpaHelenTpHpOBAHHOI,
€€ MOXKHO NPEACTABUTS B BHAE JIBYX NPAHELEHTPUPOBAKHLIX PELIETOK,
COBMEILCHHBIX TAKHM 06pasoM, 4To 0IHA U3 HUX cMelreHa Ha 1/4 mpo-
CTP2HCTBERHOMH AnaroHany (puc. 2). DneMeHTapHas suekiKa IPeACTaB-
nset coboii KyG (k. €. — 4). B anmaze panenthrie 3MCKTPOHBI 0bpasy-
10T HallpaBlleHHbIC TeTpasuprveckde sp -opburamu. Kancipri aTom
YTIepoa COSNUHEH ¢ COCEAHHMH KOBANEHTHBIMU CBS2AME U CHYXHT
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UEHTPOM TETPAdAPA, B BEPLIMHAX KOTOPOTO PACHIONOKEHBI ompxail-
1IWe COCE/IHHE ATOMBL.

—

Prc. 2. Kpucranmmieckas pelréTka anmasa (2 — 0apameTp peInéTKu).
LITpUXOBEIME JWHUAMA TOKA3aHO TETPASIAPHHECKOS  OKPYHEHHT
ATOMOB YITIEpOAA.

e Ctpyxrypa $ynepara

S dynnepen — ALIOTPOHHAS MONEKYAAPHAL bopMa yrepoa, B Ko-
TOpOIt aTOMBI PACIONOKEHBl 8 BEPIIHHAX NPABWIEHBIX IMECTH- H 1%~
THYTONBHHKOB, MOKPHIBAIOLINX nosepiﬂocm chepst wiIn chepou-
na [5]. Takue MOMeKyibl MOTYT CORC kaTh 28 32 0, 60, ?0, ,6 78

\"‘\-’ g2 f;./,.&'».\-
84 u .o aTomo? ymepona Heprson Oria 3apemcrpnponana Kak-kita-

fue g,
cTep € Mamqecmm qncn:om AFOMOB I&bJ‘IBK)’J'Ia Cio. Ona obnapmaer
Hanbonaee BHICOKOH cpeau ¢yIIepeHoB CUMMETPHER M, ClIeN0BaTeNb-

uo, Haubonpmeil cTabwIbHOCTRIO. Cgo UMEET CTPYKTYPY NPABANBHOFO

e

-

YCeueHHOro MKocasapa (pue:3). Kaxapi# aToM yriepona B MOISKyIIe Lo
PACTIONOKEH B BEPIUHHAX YITIOB ABYX HISCTHYTOMbHHKOB M OfHOTO
HATHYFOALHUKA. BaneHTHbie SJIEKTPOHBL KAXKAOTO aToMa ofpazyrot
LBE ONMHAPHEIE M OIHY ABOMHYIO CBA3H C COCEIHWMH ATOMAMH, 4TO

| ABJIAETCA CBIIETENBOTBOM $P=IHOPHAM3ALHH SIEKTPOHKBIX ATOMHBIX

. opbuTaneit, kak y rpadura. ‘B Teepraom cocTosHmH Cgo MPEACTABILET

“coboik kpacTai (GyIIIEpHT) ¢ IIOTHOYHAKOBAaHHOH reKcaroHaJbHON
¥nK rpaHeugHTpBpoBaHHoR xyGumeckoi (LK) CTPYKTYpO# (B 3aBB-
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CHUMOCTH OT YCHOBMI NOaydenns KpUCTa/ia), B KOTOPBIX Kaxuas Mo-
Jlekyna umeer 12 Gmkalimnx coceneit {puc. 4). Dynrepur apasercs )
THOMHHBIM MOSTEKYJIAPHBIM KPHCTAIUIOM, B KOTOPOM B3aHMOZEHCTRHE
MEHIY aTOMAMH Yrepoia BHYTPH MOJIEKYB! CYMECTBEHHO CUbHEE,
HEM MEXITy ATOMAMH COCCIHUX MOMEKYH, KOTOPHIE YAEPKUBAIOTCA B
KPHCTAIANYECKOU PEIIETKE 3a cHeT cun Ban-mep-Baansca.

Puc. 3. Atomuas crpykTypa ¢ynnepena Cq — 3amkhHyTas obonouka,
COCTOAIAA U3 MECTHYIOMBHBIX U NATHYTOIBHEIX KONell,

Puc. 4. Kpuctammmeckas pelicTka  dynneputa  (a — napaMerp
peureTkn). Monekyns! Cgo NpeIcTaRaeHs CruToU MY chepamu,
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JHeprus KPHCTALIAYECKOH peneTrH

Bueprus KPUCTAMTHEECKOH PEIIETKH (DKP) — aT0 BHEPrHA, Heol-
XOAUAMAS /I8 PATORCHHA TIPH 0 K onHOro MOJA KPUCTATLIA Ha H30/IH-
poBaHHBIE HACTHIB! (BEIOPAHHEIS B KAYECTES OCHOBHBIX TIPH HOCTPOE-
HUHF PELUSTKY) M YAaneHUd MX B GeckoneunocTs [7]. 3uauenune JKP
77460 3BHCHT OT TEMIEPATYPBI: OHO NHHIL HECKONBKO YMEHBIIACTCA c
ee pocTOM H3-32 “pasphIXICHUA PEHICTKA NOJ BO3LeHCTBHEM TCILIO-
BbIX KoneGaHuH, NOITOMY SKP B TepMOIMHAMHYECKHX pacHeTax Hac-
TO OTHOCSAT K HOPMAIBEHEIM YCIOBHAM (293 K). Yem Gonbine cuna cBi-
4¥ MeskAy ATOMAMH, HOHAME W MOJICKYTaMH, TCM Gonvme DKP.
IKP grnsreTcs Mepoi cTAGHABHOCTH CTPYKTYPBL JUI% OAHOTO H TOrO XKe
BEI[ECTBA B PASIUHEIX MOQM{UKALIMHX. Ecnu B pesyiprare cyGinMa-
1pK obpasylonmMiics fap COCTOMT W3 TEX e 4acTHLl, w10 H caM Kpu-
crani, 7o DKP cosnagaet ¢ TEINIOTON cyOnUMaLiHi KprcTana,

DHEprHK) PEIMETKH KOBAIEHTHBIX KPHCTAINOB MOKHO pACCUHTATE
ro sweprum cesau [8]. PaccTodHKe MExITy aTOMaMH yrieposa B pe-
HeTKe anmasa M anudaTHIeCKUX COENMHEHUSX YIIEpOaa ONHAKOBO,
NOITOMY MOXKHO TPHOMIKEHEO paccuuTaTh 3KP no sHepreu cBasu C-
C (Ecc= 244 xJIx/MOns). ITpu paspylieHHH CTPYKTYDBl anmasa
BCNTESICTBME YETHIPEXBATIEHTHOCTH KAXA0FC aTOMA ocpoboskpatoTea 4
ceasH, [TOCKONBKY B TAKOM CIIy4ae KaKIbIE aTOM yunThipancs Obi
BAKBE, HEOOXOAMMO fenenue Ha 2. Taxkuu obpazom,

4

p R ZE

U E..=2E.c. (L

Inauenne IKP rpadmira MOXHO OLEHUTE MO dopmyme

3

U = EEC_C ] (2)

phrm.

T.K. IPAKTHYECKH TOMBKO TPH IaBHEIE BACHTHOCTH, JIEXKAIMNE B Ga-
apcHOH Tuiockoctd rpatura, sHocst Binans JKP. PacrionoxeHHe
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ATOMOB YIJI€pOJa B CIPYKIYPE rpadiTa CXONHO ¢ PACIIONOKEHHMEM
aTOMOB B ApOMAaTHYECKMX  COEAMHEHVH, U  KOTOPBIX
Ec.c =337 x]JIx/mons.

IKP MoneKkymIpHBIX KPUCTALIOR NO CPEBHEHHIO ¢ KOBAIEHTHBIMH
OHeHb Mana u3-3a ¢1aboro BaH-AEP-BAANbCOBCKOTO B3aUMOJEHCTRS.
Ana omucanms xpucranna dynnepura IPK OTHOCUTEABHO BBICOKMX
TEMIIEPATypax, KOrAa, COrflacHO SKCTICPHMEHTANIBHEIM JTAHHBIM, M3-32
BpatieHns monexyst Coo He BaXHA WX CHMMETPH, IIPHMEHHMA MOISHE
cdepraeCKU-CHMMETPHYHBIX JKECTKHIX urapok [9]. B stom mpubimoke-
HUH TIOTCHIMATLHAA SHEDTHS B3AHMOMEHCTBHA MEXTY MOJIEKYIAMH,
UCHTPbE KOTOPHIX HAXOAATCA Ha PACCTOSHUH 7, paBHa

olr)=o" [e(x)dz dx, , 3)

rae

e(r)=-21, 2 @

MOTEHLMANLEAS SHEPrUsl B3SAUMORGHCTBUS MEKIY aToMaMK yraepoga

60

HAa pacCcTOAHWY x; 0':4—2— — MOBEPXHOCTHAA INIOTHOCTH ATOMOR
viced

yrnepofa Ha ¢epe; a — panuyc xakzod cheprr; 4 u B—nocroan-

Hete. Iocne unrerpupoBanns no TIOREPXHOCTAM ABYX ¢thep HOTeHIMal
HMeEST BUJL:

g}?(?’)=-—a _'( : I')3_+ ( ! 1)3 __24'
S5 — Sis + M

6)
| 2

+ﬂ ——1__.‘_+.,. —_—
s(e-1F  s(s+1)  s°

TRe s =r/2a; @ M ff— NoCToAHHEle, BRIpaKaromuecs gepez A u R co
oTBeTCTBEHHO. B paGorte [8] ans LK crpyxrypht GeitH HOOTyeHb!
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upcileBHble 3HAUECHMS MOCTOSHHBIX, PACCTOAHHE ¥ MCKAY Smkaliim-
MH MOSEKYJaMH B KPHCTA/LIC NYTCM BBIYHCICHHA BKP npu ydere
BIAMMOIEHCTRHA MOREKY TIepBoit, BTopoll H TPETheH KOOPAHHAIMOH-
HbIX chep M COTNACOBAHUS TOMYYERHBLIX pe3ylhbTaTos ¢ 3KCIEEPHMEH-
TATBHBIMH 3HAYGHMIMH TEIUIOTH cySmiMany ¥ MOCTOAHHOH peHISTKH
(o= 74,94 x 107 T, B = 135,95 x 107 T, r = 1,005 nm).

Mcxons ¥3 NOTEHIMAana B3aMMOAEHCTBHA, MOJKHO OUCHHTE 3KP
dyIepuTa KaK

U,.. =60(r), | (6)

YUHTH{BAs B3AMMOACHCTEHE TOJIBKO SmpKalflIX MOTeKyn, T.K. BKIAK
MocAeAyIOLIHX cocTaBndet ye fonee 5 %.

3aganne
1. &) QupeneaHTh YHCIO aTOMOB (MONEKYJT) B HJIEMEHTAPHBIX SucHKax
anmasa, rpaduTta, QyepuTa.

6) Paccyurats IUTOTHOCTE aTOMOB B Kax a0 13 GopM yriepona.
[TapaMeTpsl KPHCTAUTMYSCKUX PEHIETOK YKa3aHbl B tabaune, OOBLEM
sneMeHTapHb fueek pasen: ais THK cTpyKkTypsi — V =2a’, ana rex-
caronanbHolt — V = 0,86 a’ c.

B) PaccuntaTh MWIOTHOCTH KPUCTAMLIOR rpatuTa, anmasa, gynnepu-
Ta HCXO/A H3 ILIOTHOCTH ATOMOB YI/IepoJia B KKAOH U3 bopm.

2. a) Oneunts OKP xpucTanios anmasa i rpadura.
6) Ouenuts JKP kpuctanna ¢yviepara (pamuyc Monexyasl Ceo

pased 0,357 BM).
3. JanOHATE CPaBHUTEIIBHYIO TabIALLY.

KoHTpoaLEbIE BOIIPOCH]

1. K Kak¥M MpOCTPAHCTBEHHEIM TPyHIaM OTHOCATCA paccMaTpuBae-
MBI KPUCTILTEL, ¥ Y€M 5T TPYIINB] OTNHYAIOTCA?

2. UYem OTIHYAETCH SP -THOPHIM3ANNES ATOMHBIX opburane ot sp?

3. B xako# #3 $opM yrueposa GpICTpee MPOH3CHAET Npouece cybmu-

MaLHH [IpY MOBBILIEHUA TeMnepaTypbl?
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THE CRYSTAL STRUCTURE OF ALLOTROPE CARBON
FORMS — GRAFITE, DIAMOND AND FULLERITE

Martinovich V. A,, Shpilevsky E. M.
Belarusian State University, Minsk
A practical work which can be used to study the crystallography,
crystallochemistry and solid state physics courses has been proposed.
The carbon atoms density and crystal energy of three crystal allotrope
carbon forms (grafite, diamond, fullerite) are computed in this work.
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