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XUMU'IeCKUe 80JlOKHa M 3 2015 c. 

vnx 541.68: 547.458: 661.728.89 

CBOMCTBA KOMl103l1THbIX llJIEHOK
 
KAPEOKCI1METI1JIU:EJIJIIOJI03bI C APAEI1HOfAJIAKTAHOM
 

A.M Bonete, H.M. Satiueanoea, B.X. Jlaepeumsee, 
H.B. ForjJMaH, M. CP. Jletieoeea, E.B. Ilonoea, H.B. Cepoe 

(Hncmumym eucoxouonexynspnux coeouuenuii POCCUUCKOU akaoeuuu nayx, CaHKm-Ilemeptiype) 

Ilonyuenu xounosumuue nnenxu U3 60aHbiX pacmeopoe cueceii uampueeoii COJIU tcaptiotccuue­
mUJIlJ.eAJIIOJl03bl C apa6UHOZaJlaKmaHOM U usynenu ux rjJU3uKo-MeXaHUtteCKUe ceoiicmea, cmpyx­
mypnas opeanusauus U mepuocmoiacocms, a matcsce onpeoeneua 06J1aCmb cocmaeoe, 6 «omo­
pux nonuuepu C06MecmUMbl. flOKa3aHO, wmo xounosumnue nJleHKU C COaepJICaHUeM ao 20% 
(uacc .) apatiunoeanaxmana MaJlO omnusatomcs no nposnocmnuu xapaxmepucmuxau om nne­
HOK Kap6oKCUMemUJlu,eJlJlIOJl03bl. YcmaH06J1eHO, «mo Kap6oKCUMemUJlu,eJlJlJOJl03a C06MecmUMa 
C apa6UHOZaJlaKmaHOM npu COaepJICaHUU nOCJleaHeZO 6 nnenxax ao 70% (uacc.). B KOMn03um­
nux nnentcax otinapyxceuu cuetuannue cmpykmypnue 06pa306aHUJl, 6 «omopux MaKpOMOJle­
tcynu 3rjJupa uenntonosu U apatiunoeanatcmaua uaxoosmcs 6 auoptpuou COCmOJlHUU. 

3Ha'IHTeJIbHOe KOJIH'IeCTBO apa6HHOraJIaK­

rana (Al") B COCTaBe npeaecnnsr JIHCTBeHHH­

UbI, no 10-15% (xracc.), OTKpbIBaeT nepcnex­
THBy ero HCrrOJIb30BaHHH B rrpOMbIIIlJIeHHOM 

MaclliTa6e B 06JIaCTHX, B KOTOpbIX IIlHpOKO HC­

rrOJIb3YIOTCH rrpnpozmsre nonacaxapnnu (uen­

JIIOJI03a H ee npoasnoznrsre, XHT03aH, nexrn­

HbI, KpaXMaJIbI H T .rr.), T.e. B TeKCTHJIbHOH H 

mnuenori rrpOMbIIIlJIeHHOCTH, B Me.uHUHHe. 
113BecTHO, 'ITO Af MO)J{eT HCrrOJIb30BaTbCH B 

Ka'IeCTBe HOCHTeJIH JIeKapCTBeHHbIX BeIUeCTB [1 , 

2], a TaK)J{e caM nonncaxapun 06JIa.uaeT 6HOJIO­

rH'IeCKOH aKTHBHOCTbIO - HMMYHOMO.uyJIHpy­

IOIUHMH H raCTpOrrpOTeKTOpHbIMH CBOHCTBaMH 
[3, 4]. 

Ilonysenae IlJIeHO~ Af C y.uOBJIeTBOpHTeJIb­

HbIMH .uecPopMaUHoHHo-rrpO'IHOCTHbIMH xapax­

TepHCTHKaMH sarpyzmeao BCJIe.uCTBHe ero OT­

HOCHTeJIbHO He60JIbIIlOH MOJIeKYJIHpHOH Mac­

CbI H pa3BeTBJIeHHOrO XHMH'IeCKOrO CTpOeHH5I 

[5] . C ueJIbIO paCIIlHpeHH5I 06JIaCTeH npaveae­

HHH Af nposonar ero XHMH'IecKYIO MO.uHcPH­
KaUHIO [6, 7] HJIH rrOJIyqaIOT KOMrr03HTHbIe 

rrJIeHKH na OCHOBe CMeceH Af C .upyrHMH rro­

JIHMepaMH. 

B pafiorax [8, 9] H3yqeHbI CBOHCTBa BO.u­

HbIX paCTBopOB Af C MeTHJIueJIJIIOJI030H (MU) 
H rronyrennux KOMrr03HTHbIX rrJIeHOK. 1l0Ka­

3aHO, 'ITO rrJIeHKH MU-Ar rrpn conepxanaa B 

HHX no 30% (xracc.) Af 06JIa.uaIOT y.uOBJIeTBO­
pHTeJIbHbIMH MexaHWleCKHMH xapaxrepacrmca­

E-mail : abochek @mail.ru (EO'leK Anexcaunp MHxaiUIoBH'I). 

MH H B TaKHX CHCTeMax Ha6JIIO.uaeTCH 'IaCTH'I­

Ha5I COBMeCTHMOCTb nonacaxapunoa B TBep.uOM 

COCTOHHHH. Ilpencraanser HayqHbIH H npax­

TH'IeCKHH HHTepeC rronyxetrae KOMrr03HTHbIX 

rrJIeHOK aa OCHOBe nnrpoxo ncnorrsayeworo 

3cPHpa ueJIJIIOJI03bI - HaTPHeBOH COJIH Kap60K­

CHMeTHJIueJIJIIOJI03bI (KMU) . 
UeJIbIO HaCTOHIUeH pa60TbI HBJI5IJIOCb rro­

nyxenae KOMrr03HTHbIX rrJIeHOK KMU-Ar H 

HCCJIe.uOBaHHe HX CBOHCTB H CTPYKTYPHOH opra­
HH3aUHH. 

06beKTaMH HCCJIe.uOBaHH5I CJIy)J{HJIH rtpo­

MbIlliJIeHHbIH oopaseu KMU [crenens 3aMeIUe­
HHH 0.5, MOJIeKYJIHpHaH Macca (MM) 1.8.105] H 

Af', Bbr.ueJIeHHbIH H3 urernr npesecmru JIH­
CTBeHHHUbI C MM = 4.0.104 [8] . 

Ilpennapnrensno rOTOBHJIH 2%-HbIe (sracc.) 

nonaue pacrsopu KMU H Af' , xoropue 3aTeM 

CMeIIlHBaJIH B 3a.uaHHbIX rrpOrrOpUH5IX H Mexa­
HH'IeCKH nepeaeunrsamr B Te'IeHHe 4 'I . Ilnen­
KHrrOJIyqaJIH rrYTeM rrOJIHBa paCTBopOB 'Iepe3 

JIa60paTopHYIO cPHJIbepy C perymrpyexrsnr 3a­

30pOM ira CTeKJIHHHbIe rrJIaCTHHbI npn 20°C. 

Hcnapernre paCTBOpHTeJI5I H cPopMOBaHHe nne­

HOK npoacxonano B Te'IeHHe 2 CYTOK. 

CTPYKTYPHyro opraHH3aUHIO IlJIeHOK KMU, 
Af H HX CMeceH HCCJIe.uOBaJIH peHTreHOBCKHM 
MeTo.uOM na yCTaHoBKe «,lJ,poH-2.0». I1crrOJIb­

30BaJIOCb H3JIyqeHH~ CuK , MOHoxpOMaTH3aUH5Ia 
ocyrueCTBJIHJIaCb Nl-cPHJIbTpOM. 06pa3UbI ro­
TOBHJIH B BH.ue naxera rrJIeHOK TOJIIUHHOH 1-2 

MM. B cnyxae 'IHCTOrO Af H3 nopourxa rrOJIH­

xrepa rOTOBHJIH nozmpeccosanayro Ta6JIeTKY. 

CbeMKa rrpOBO.uHJIaCb B pe)J{HMe «na npocner» . 
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PHC. 1. Peurrenoscxne JlHcPpaKTorpaMMbl nJleUOK KMl(
 
(1), KOMn03HTOB KMl(-Af (2-6) H Af (7).
 
Conepxanne Af [a % (Mace.)] : 1 (2), 10 (3), 20 (4), 30
 
(5) l1 50 (6). 

Tevneparypy peJIaKCaUJoIOHHbIX nepexozton 
onpenensnn C rrOMOIUblO MeTo,na ,nJoIHaMl-p·fec­

xoro MeXaHHtfeCKOro aHaJII13a (,QMA). Hcnu­
TaHJoIH nponomrna ua yCTaHoBKe DMA 242C 

qmpMbI «Netzsch. npn 'laCTOTe 1 I'u B JoIHTep­

BaJIe rexcneparypsr OT 20 no 260°C npn CKOPO­

CTJoI narpeaa 5 rpan/xnn«, 
TepMOrpaBJoIMeTpI1'leCKI1H aHaJII13 (TfA) 

rrJIeHOK oCylueCTBJIHJIJoI na yCTaHoBKe TO 209 

PI qmpMbI «Netzsch». I1crrbITaHI1H npOBo,nJoIJIJoI 

B JoIHTepBaJIe rexmeparypst OT 30 no 600°C rrpu 
CKOpOCTI1 narpesa 10 rpa,n/MJoIH B cpezte nnep­
THoro rasa (apron) . 06pa3UbI rrOMeIUaJIJoI B OT­

KPblTbIH KepaMJoIlfeCKMM TJoIreJIb (AI203) . Macca 

06pa3UOB COCTaBJIHJIa 2-3 Mr. 

I13yqeHJoIe MexaHWfeCKJoIX CBOMCTB xovrro­
3I1THWX rrJIeHOK rrpOBo,nMJIJoI rrpM KOMHaTHOH 

resmeparype B pe:>KJoIMe O,nHOOCHoro pacrxxe­
HJoIH na YHI1BepCaJIbHOH yCTaHoBKe ,UJ1H Mexa­

HMlfeCKI1X I1CrrbITaHI1M UTS 10 (qmpMa 

«U'TStestsysteme», fepMaHI1H) . 06pa3UbI pac­
THrl1BaJIl1 co CKOpOCTbIO 20 MM/MI1H. B npo­

uecce I1CrrbITaHMH perncrpapoaamr nl1arpaM­

MY paCTH:>KeHI1H ofipaaua, rro KOTOpOH onpezie­

JIHJII1 MOnYJIb yrtpyrocrn E, npenen nJIaCTWI­

HOCTI1 an' npo-mocrs a 11 npenensnyio nediop­p 
MaUl110 no paspyurennn E . 

Ha pnc.I. npeztcraariens: peHTreHOBCKMe 

,n11<ppaKTorpaMMbI rrOJIY'IeHHbIX nJIeHOK. D,JIH 

KM U 11 Af naonronaercs TOJIbKO rro O,nHOMY 

pa3MbITOMY perpnexcy rtpn yrne 28 20° (KMU, 

xpasas I) 11 18 (Af', Kpl1BaH 7), 'ITO CBI1,ne­

TeJIbCTByeT 0 I1X npaxnerecxn aMOP<PHOH CTPYK­

Type . B CJIy'Iae KOMrr03l1THbIX rrJIeHOK KMU­

Af HOBblX pe<pJIeKCOB He OTMelfeHO, T.e. B CMe­

. CHX MOryT rrpl1CYTCTBOBaTb cxreruannsre CTpyK-

Tatinuua 1. J(e¢OpJlta uuottu o-np0'1 110 011 uue xapasme­
pucmuku KO.HIIUJ UII/llbL'( I1JleIlOK KMl.(-Ar 

CQllCPlKaHlIC Al",
 
% (xacc.)
 

o ('IJ1CTali KMIJ:) 76 ± 3 102 ± 2 19 ± 2
 
10 74±292±6 16±3
 
20 67± 1 88 ± 3 20 ± 2
 
30 64± 4 AO 65 no 8
 
50 2.61 ± 0.09 23 ± 3 1.0 ± 0.2 

rypsr, B KOTOpbIX MaKpOMOJIeKYJIbI 3<pl1pa uen­
mOJI03bI JoI Af Haxo,nHTCH B aMOP<PHOM COCTOH­

HI1I1. 

TIOCKOJIbKY KMU 11 Af naxonarcs B aMOp­

<pHOM COCTOHHI1I1, YTBep:>K,UaTb 0 lfaCTWfHOM 

COBMeCTI1MOCTI1 KMU C Af TOJIbKO rro nan­
HbIM peHTreHOBCKOM ,n11<ppaKUI1I1 aecsxra 3aT­

py,nHI1TeJIbHO. 

B CBH311 C TeM, lfTO Af 06JIa,naeT nJIOXOH 

rrJIeHK006pa3YIOIUeH cnoc06HOCTblO, ero BBe­

nernre B paCTBOpbI KMU OTpa:>KaeTCH na <p11­

3I1KO-MeXaHMlfeCKI1X CBOMCTBax rrOJIy'leHHwx 

KOMn03l1THbIX nJIeHOK (Ta6JI.l). TIo xrepe no­

BbIWeHI1H conepxanna Af B KOMn03l1Ul1l1 na­
6JIIO,naeTCH rrOCJIe,nOBaTeJIbHOe CHI1:>KeHl1e »cec­
TKOCTI1 rrJIeHOK, I1X npO'lHOCTI1 11 rrpenem.noa 
nerpopvauaa . Y,nOBJIeTBOpI1TeJIbHble xapaxre­
pMCTI1Kl1 TIJIeHOK OTMe'laIOTC5f npn COnep:>KUHI1I1 

B HI1X Af no 20% (xracc.). TIPI1 60JIbilleM co­

nepxamm Af TIJIeHKl1 nOJIYlfaIOTC5f O'IeHb xpyn­
KI1e: E CHI1:>KaeTC5f,no 1% npn COnep:>KaHI1I1 Af 
no 50%. TIo,n06Ha5f 3aKOHOMepHOCTb (yxynure­
nae nediopvamronno-npo-mocrnux CBOHCTB C 

YBeJIl1lfemleM conepxamer Af') aatimonanacs M 

,UJ1H KOMn03l1THbIX rrJIeHOK MU-Ar [9]. 

,QJIH yCTaHOBJIeHM5f 06JIaCTM COCTaBOB, B ­

KOTOpblX KMU COBMeCTI1Ma C Af', MeTo,nOM 

,QMA onpezterrann rexrrreparypy CTeKJIOBaHJoIH 

(T ) nOJIMMepOB B KOMn03MTHbIX nnenxax. Ha e
pac.Z B xaxecrae npmaepa npencraanerrsr 3a­

BI1CI1MOCTI1 ,QMA ,UJ1H nJIeHKM KMU JoI CMeCI1 

KMU-Af, a B Ta6JI.2 - pesynsraru I1CCJIe,no­

BaHI1H. TIo pe3YJIbTaTaM I1CCJIenOBaHI1H sna-re­

HI1H T ,UJ1H KMU, onpeneneunsre rro MO,nyJIIOe 
rroreps (E') 11 tg 8, OKa3aJIMCb paBHbIMJoI 226 11 

Tuiinuua 2. Teu nepamypuue nepexoou 6 KO.,m03UlIIllbL'< 

IlJIellKUX KMl.(-Ar, onpeoenenuue stemooou J(MA 

COJlCP lKa HiI C A l", CXOJlOB B nnca lI<IX . °C 

% (Moce.) no tg /) 

o 226 240 
10 228 241 
20 205 240 
30 196 218 
50 178 195 
70 172 186 
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Puc. 2. Tesmeparypnue aa­
0.4	 BUCUMOCTH MO.nyJUI ynpyroc­

TU E' (1), MO.nyJUI noreps Ell' 
(2) UTaHreHca yrna MexaHH­

0.2 
lJeCKHX noreps tgl:i (3) WUI 
nnenox KMIJ; (a) H KMIJ;­

0.0	 Ar (30:70) (6). 

100 
a 

Puc. 3. Kpasue TfA (a) U 

HX nponasozmue (6) nnenox 
80 

60 KMIJ; (1), cMeceH KMIJ;-Ar 
7.".....,. J 2 (2-4) H Ar (5).

40 '<. "' : '~ ~" '"'.:.~ 
Ccnepx a a ae Ar [8 % 

- .. ..-·- . . 5 (xtacc.j]: 10 (2), 20 (3) Jil 

30 (4). 
20 

o 100 200 300 400 600 T, DC o 100 200 300 400 600 T, DC 

240°c' AmlJIl13 JlaHHbIX Ta6JI.2 noxasuaaer, l.£TO 

)lJI5I ncex COCTaBOB KOMrr03l1THbIX rrJIeHOK na­
6mOJlaeTC5I OJlHa rexmeparypa CTeKJIOBaHl15I, l.£TO 

CBl1JleTeJIbCTByeT 0 COBMeCTI1MOCTI1 KMU C Af. 

Ha6moJlaeTC5I TeHJleHUI151 MOHOTOHHoro CHI1­
)J(eHI151 revrreparypsr CTeKJIOBaHI151 rro xrepe yne­
JII1l.£eHI151 JlOJII1 Af. ITOJl06Ha51 3aKOHOMepHOCTb 

aafimonanacs 11 )lJI5I CMeceM MU-Af [9]. C no­
MOrubIO MeTOJla ,UMA He YJlaeTC5I orrpenemrrs 
T JlJI5I Af, rrOCKOJIbKY nnenxa Af rronysaercs 
o~eHb xpymcoii. OTMeTI1M, l.£TO HaMJleHHOe C 
noxroursro npyrnx MeTOJlOB ana-renae T, Af 

COCTaBJI5IJIO 82 [10] 11 212°C [9]. 
Ha pnc.J B xasecrne npavepa npencranne­

HbI xpnasre TfA 11 I1X rrp0l13BOJlHbIe )lJI5I pana 

cuecei! KMU-Ar, a B Ta6JI .3 - pe3YJIbTaTbI 

Ta6JIlII(a 3. Xapatcmepucmuuu KOMIl0311mllblX lIJIellOK 

/10 OQ/l1IbLM Tt:A 

COACPlKllHIfC T_.oC
Af, % (ssacc.) 

0 44.6 271 287 
10 40.3 271 286 
20 37.7 264 287 
30 39.4 260 287 
50 34.7 235 285 
70 35.1 230 287 
100 14.5 262 305 

0601/ja~eHUR : m; - ocrarosaas Macca. % OT HCXDAHOH MacChi 

[JJ]CHOK (npn 599 °C); T\. Ts• TMaO< - reaneparypu nOTCpH I H 5% 
MaCChi [JJ]CHOK H pcamnauaa MaKCHMaJ1hHOH CKqJOCTH pi3J10lKe­

HH~ COOTBCTCTBeHHO. 

I1X aHaJIl13a. ,UJI5I YJlo6cTBa BOCrrpH5ITH5I xpn­
sue na pnc.J, 6 cueutenu ztpyr OTHOCI1TeJIbHO 

npyra rro OCI1 0PJlI1HaT. 3a xapaxrepncrmcy rep­
MOCTOHKOCTI1 rrOJII1Mepa rrpl1HHMaJIl1 reurre­
paTYPY, npn KOTOpOH Ha6JIIOJlaeTC5I rroreps 5% 
MaCCbI otipasua. OCTaTOl.£Ha51 Macca (m) cy­

rueCTBeHHO 60JIbllIe y KMU (45%) B cpasue­
HI1I1 C Af (21 %), XOT5I rexmeparypa, npn KO­

TOpOM peannayercs MaKCI1MaJIbHa51 CKOpOCTb 

pa3JIO)J(eHI151 (T ) , Y KMU HI1)J(e (287°C),
M 

l.£eM y Af (305 °e). EOJIee asrcoxoe snasemre 
T Af MO)J(eT 6bITb CB5I3aHO C ero pa3BeTB­

MaKe 
JIeHHbIM CTpOeHl1eM 11 HeOJlHOpOJlHOCTbIO rro 

XI1MI1l.£eCKOMY cocraay: OCHOBHa51 uerrs Af, BbI­

JleJIeHHOrO 113 JlpeBeCI1HbI JIHCTBeHHI1UbI, 

rrpemryurecrserrno COCTOI1T 1133BeHbeB ranax­

T03bI , COeJlI1HeHHbIX rJIl1K03l1JlHbIMH CB5I351MI1 

~- (1-73), a 6oKoBbIe uernr co CB5I351MI1 ~­

(1-76) - 113 3BeHbeB raJIaKT03bI, apa6HH03bI, 

a TaK)J(e YPOHOBbIX KI1CJIOT. 

BeJII1l.£I1Ha T B KOMrr03l1THbIX rrJIeHKaX
MaKe 

rrpaKTI1l.£eCKI1 He 113MeH5IeTC5I JlO COJlep)J(aHH5I B 

HHX Af 70% (CM. Ta6JI.3), l.£TO TaK)J(e KOCBeHHO 

YKa3bIBaeT na COBMeCTI1MOCTb KMU C Af: B 
npouecce pa3JIO)J(eHI151 o6a rrOJII1Mepa nenyr 

ce651 KaK OJlHO coeznmeane. 

ITOJIaraeM, l.£TO B KOMrr03l1THbIX rrJIeHKaX 

KMU COBMeCTI1Ma C Af. C yxerou JlaHHbIX 

penrrenocrpyxrypnoro aHaJIl13a (CM. pnc.I) 
rrOJII1MepbI MoryT B3al1MOJleMCTBOBaTb Me)J(Jly 
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C060M -repes BOLJ:OpOLJ:Hhle CB5I3I1 C 06pa30Ba­

HI1eM aMOPcPHhIX crpyxryp, TIOLJ:06Hhle aMop­

<pHh1e CMernaHHhle crpyxrypsr B 06JIaCTI1 CO­

craaon, B KOTOphIX IlOJII1MephI COBMeCTI1MhI 

I1JII1 QaCTI1QHO COBMeCTI1MhI , Ha6moLJ:aJII1Ch 

panee B KOMIl03I1THhIX IlJIeHKaX MU C IlOJII1­

N-BI1H11JIcP0pMaMI1LJ:OM (TIBcDA) [12] 11 IlOJII1­

N -MeTI1JI- N -B11H11JIaueTaMI1LJ:OM (IlMBAA) 

[11], a TaK)I(e r11LJ:pOKCI13TI1JIueJIJIIOJI03hI 11 

KMU C IIBcDA [13, 14]. 

.~- IIOJIY'leHbl KOMn03HTIlble lVIeHKH Kl\1U-Af. IIpH co­

JlepJKaHHH Af JlO 20% (Macc.) lVIeHKH 06JIa)laIOT YJlOBJIeTBO­

PHTeJIbHbIMH JleiIJopMaIIHoHHblMH xapaKTepHCTHKaMH. IIpH 

60JIbIIIeM COJlepJKaHHH Af n0JIY'laIOTCH xpyrncse lVIeHKH. 

- C noaoumo MeTOJlOB.LJ:MA H TfA onpeneneuu TeM­

neparypsr peJIaKCaUHOHHblX nepexonoa B nJIeHKaX H HX rep­
MOCTOHKOCTb. YCTaHOBJIeHO, 'ITO KMU COBMeCTHMa C Af 

B nnenxax npn COJlepJKaHHH nOCJIeJlHerO JlO 70%. IIoKa3a­

110, 'ITO TepMOCTOHKOCTb Kl\1U asnue TepMOCTOHKOCTH Af. 

B TO JKe BpeMH reaneparypa MaKCHMaJIbllOH CKOpOCTH pas­

JIOJKeHHH T..m MH KMU HHJKe, '1eM MH Af: 287 H 305°C 
COOTBeTCTBeIlIlO. BBeJleHHe JlO 70% (xacc.) Af B MaTpHuY 

KMU lie ausueaer 3aMeTHoro CMemeHHH T..m B CTOPOHY 

60JIee BbICOKHX 3Ha'leHHH. 

- MeTOJlOM pemreaoecxon JlHilJpaKIIHH H3yqeHa CTpYK­

TYPHaH opranasauaa KOMn03HTl1bIX lVIeHOK. IIoKa3aHO, 'ITO 

ua JlHilJpaKTorpaMMax KOMD03HTlIbIX lVIeHOK HOBblX peiIJJIeK­

COB He Ha6JIIOJlaeTCH, T.e. B CMecHX MOryT npHCYTCTBOBaTb 

CMelIIaHHble CTPYKTYPbI, B KOTOpblX MaKpOMOJIexyJIbl 3i1JHpa 

ueJIJIIOJI03bl H Af HaXOJlHTCH B aMopiIJlloM COCTOHlIHH. 

Patioma eunonnena npu rjJUHaHc080U noooepscxe epau­
ma POCCUUCKOZO rjJOH()a rjJYH()aMeHmaJlbHbiX UCCJlea08aHUU 
Ng 13-03-00584. 
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