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ITpuBeAeHE! Pe3yILTAThI HCCICA0BAI TCIUIONPOBOJHOCTH KOMIIO3MUTAa I10-
JIMeP-HATPHBI M KapOmpl Meraiwton. IToxasaiio, 4ro 3aMeTioe pacxoXACHHE
TEOPETHYECKHUX M IKCIICPMCHTAILHELIX 311aUctiii TCIONPOBOIIOCTH B JIMCHECPIH-
POBAHHOM IOJIMMEpe 00YCIIOBIICHO TICPEXO/IOM MOJHMEpHoii (hasbl MEXLy 4acTH-
LaMM HANOJHHTENS HA IIPHUIIOBEPXHOCTHLI ¢l10H M MeX(asHLIMH B3aMMONCH-
creusamu. Tlokaszano, uro pemiuuia 0apnepa XapaKTepH3yeT COCTOSHHE IPaHMIIbI
pasnema a3, mpHYEM ¢ YBEIMUCIIHICM MOK(]A3IOro BIaUMOJICHCTBII H  yCOBEp-
IMEHCTBOBAHHUEM CTPYKTYPBI MPUITOBEPXIIOCTHOLO CIIOST BCIIHYMIIA ITOTEHIHABHO-
ro bapbepa YMEHBIIAETCS, 8 TEMUIONPOBOUIOCTL KOMIIO31Ta PACTET.

[IspoKue BO3MOKHOCTH YHHKAJILHLIX codcTalui TeruIopU3HIecKuX,
TEKTPHUYECKUX, MEXAHHYECKUX CBOHCTB H CTPYKTYPBI IOJIMMEPOB U HHT-
PUJIOB M KapOUIOB METAJUIOB JICNAIOT KOMITO3MTLI HA MX OCHOBE 3(p(EKTHB-
HBIMH MaTepUaIaMH JJIs CO3/Ialus TCIUIONPOBOAIIMX AUIICKTPUKOB pas-
JTMYHBIX HasHadenuid. [Tpu oToM Bakiiciiiee 3navcHue nprodperaer ycra-
HOBJICHHME BKJIaJIa CTPYKTYPbI M JICKTPOU3HUCCKHX [TapaMeTpoB OTHCIb-
HbIX a3 ¥ ABJCHMIT Ha TpanHIe pas3jiesa nojuMep (MaTPHIIA) - YACTHIIBI
HUTPHJIOB ¥ KapOWIoB MeTaiuIoB (icrieprarop) B GOpMUPOBAHUH TEILIO-
MPOBOMIALIMX CBOHCTB KOMIIO3UTOB. YKa3aHibIC 3aBHCHMOCTH, KOTOPBIE JIO
HACTOSINErO BPEMEHH MAJIO H3YUCHBI, MPEJICTABINIOT KAK TCOPETHYECKUHM,
TaK M MPAKTHYECKHI HHTepec, TaK KAk HalH4HC HX MO3BOJISCT BbIABHTL Me-
XaHH3M YBEJIHYEHHS TETUIONPOBO/IHOCTH MOTMMEPHBIX JUIJIEKTPHKOB IOC-
Jie JUCTIIEPrHPOBAHUS MX 4acTUIAMH HCOPralHYCCKHX MaTepHaJloB, B YacT-
HOCTH TOJIYMPOBOAHKHKOB. OTMeriM, yro Hanbolee NpUMedaTeIbHOH Yep-
TOM MOJIMMEPOB C JUCIICPCHLIMU MOJTYNPOBO/IHKOBLIMY HATIOHHTEIAMH
ABJISIETCS. KPAaMHAS TMOJAPHOCTL MPAKTHYCCKN BeeX (M3HYECKHX CBOKCTB
KOMITOHEHTOB CHCTEMbI. DTO, B CBOIO OUCPC/Ih, TOPOMJIACT PSIIL TCOPETHYEC-
KHMX M MpaKkTHYecKuX npobiicM, npuobperaloliix Bee bosbliee 3HaYCHHE B
¢usmke 1 PU3HIECKOH TEXHOIOIHH MOJIMMEPHELIX KOMITO3HTOB.

Ienbio maHHOI paboThl sBjseTcs BbisBliciie ocobenocTel TeruIone-
peHoca B KOMITO3HMIIMOHHBIX CHCTeMaXx MOJMMEp-HHTPHILI H KapOuIapl Me-
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TaJUIOB Ha OCHOBE M3YYCHUS B3aMMOCBS3H MEXY TErIONpOBOHOCTHIO H
ABJICHUSIMHM Ha IpaHHUIle pasaena ¢as.

B xauecTBe MaTpHIIb! HCIIONL30BAH MOJMITHIICH BBLICOKOIO JaBIICHUS
(IISBM). AucnepraTopaMy SBISUTMCH YaCTHIILI HUTpHIA atoMUHHA (AIN),
HuTpuaa 6opa (BN), uurpuna turana (7TizN,), aurpuna xpeMuus (SizN,),
xap6onurpuna turana (TICN) u xap6uaa tutana (7iC ). O6pasip! noy-
YeHbl METOJIOM ropsYero npeccoBaHus npu Temnepartype 433K u nasnenuu
180 MIla no TexHonoruy, onucanHoi B [1]. O6pasipl UMEIM LIMHIIPH-
geckyro dopmy muamerpom 15+ 0,1 mm. Tommuna obpasioB BapsUpoBaHa
oT 6 mo 20 MM. TerutonpoBoHOCTh omnpejiesieHa Ha ycraHopkax OT-1 u
HT-2-400.
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Puc. 1. 3apucuMocTthb K03¢duimieHTa TEIONpoBoHOCTH (A) KOMIIO3UTOB OT
cojiepkanuA (@y) Hanommrena 1-IT9BI-BN, 2-IT9B-AIN, 3-TII9B/I-
Ti;N,, 4-TIOBI-Si;N,, 5-IIOBA-TiC, 6-TI9BO-TiCN.

3aBucumocTs k03 uIMeHTa TEIUIONPOBOIHOCTH (A) KOMIIO3UTOB Ha
ocHoBe IIOB/I-HUTPUIOB M KapOUIOB METAJUIOB OT COflepKaHus (¢, ) TUc-
IIEpraTopoB Mpe/icTaBIeHbl Ha puc.l. BuaHo, YyTo 3aMeTHOE yBesM4YeHHE A
mucneprupoBantoro I19BJ] nabmopnaercs npu (¢,) Gombiie 30% Mace.
Bonee addexTrBHbIMU KOMMIO3uTaMu sBsoTes [I9B/-AIN u II9B/I-BN.

72



BO EKTPHYECKHX KOMITO3UTOB H 0

Takue pasmiuus B 3Ha4eHMAX A yKa3aHHBIX KOMIIO3UTOB CBHICTEIILCTBYIOT
O BIMAHMH CBOMCTB HAIIOJHHUTEIS Ha TEIUIONEPEHOC B FETCPOrCHHOM CHC-
TeMe moJmMep-aucriepratop. OTMeTHM, 4T0 Haubollee pacrpocTpaHEHHOE
IpE/ICTABIICHHE O XapakTepe TeIUlonepeHoca Gasupyercss Ha ydyeTe TeIUIo-
MpOBOjIHOCTH 06pasyromux ¢as [2]:

A + 22, = 2 (1= @y )( Ay = A1)
'13¢¢=’2‘n
Ay + 20, +(1-2) (A, = Ay)

rae @, ¥ (I- @,) - colepKaHus HCIEPCHON M IOIMMepHOH a3, A, U 4, -
TEIUIONPOBOJHOCThL HAMIOJHUTEIS U TIOJIMMepa cooTBeTcTBEHHO. Mcnonb3o-
BAaHHEM 9TOH (OPMYJIIBI PACCHUTAHBI 3HAYCHHSA Aypp. KoMMIO3HTa [IIB/-BN
wis @, = (10-70) % macc (puc.1, xpusas 7). Bujno, 4To SKCIEpHMEHTAIIb-
HbIE U TEOPETHUYECKUE PE3YJILTATHI COBIMAAIOT TOJLKO MPH HU3KMX HAIOJI-
HeHusx: @,<30 % macc. CpaBHeHHE TEIUIONPOBOJHOCTH KOMIIO3UTOB Ha OC-
HOBE OJIHOT'O M TOrO e MOJIMMepa ¢ Pa3IMYHbIMH HAIlOJHUTEIIAMH TaKXke
MOKa3bIBaeT, YTO K03 IHUIMEHTDI TCILIONPOBOIHOCTH KOMIIO3UTOB HE Mpo-
MOPLIMOHAJILHBI Aii JICTIEpraToOpOB. Tak, HaripuMep,
A, 300BT /MK

Arje  30Br /MK
Amsg-sn 1,4BT /MK
Ao e DpBBBLNE

TOB TEIUIOIIPOBOIHOCTH HAIOTHUTENeH (Ax) H KOMIIO3UTOB Ha HX OCHOBE HE
PaBHBI, YTO CBHJETEILCTBYET 00 OMpEIEIAIONEeH PO MOJIMMEPHON MpH-
MOBEPXHOCTHOH (pa3pl MeXIy 4acTHIAMH B TEIUIONEPEHOCE JIMCIIEPIHpo-
BaHHOro nojuMepa. [lo HalieMy MHEHHIO, BO3HMKHOBCHHE MeX(pasHOIro
CJI0S ¥ TIepeXojl MOIMMEPHOM (as3bl B 3TOT CJIOH, a TaKXKe OTIIHYHE CTPYK-
TYpbl TPAHHYHOr'O CJIOSl OT CTPYKTYPhl TMOIMMEPHOH MaTpPHIlbl ABJIIOTCA
ITaBHOH NPHYMHOM PacXOXeHHs TEOPETHYECKHX M OKCIICPUMEHTAIBHBIX
PE3yJILTATOB MO TEIUIONPOBOJHOCTH KOMIIO3UTOB. TakoMmy Mpenooxke-
HHIO CITOCOOCTBYIOT CIICYIOLIHE OKCIIEPUMEHTaIbHbIE Pe3YIbTaThL.

1. Korma momumepnas ¢aza mepexoJuT B MexdasHBIH CIIOH, T.e. B
CJIOH, HAJIMOJIEKYJIApHAs M XUMHYCCKass CTPYKTYphl KoToporo QopMupy-
IOTCA TIOJ BJIMSHHMEM IMOBEPXHOCTH YacTHLl JMcCIEpraTopa, TEIUIONPOBOJIL-
HOCTb KOMITIO3UTa 3aMeTHO OoJIbllle, YEM TErIONPOBOJHOCTE HCXOIHOIO
nommMepa A (puc.1). Ilepexox noymmepa Ha MexdasHbIH cI0H OIMpeIeicH
M3 TEMIIEPATYPHbIX 3aBUCUMOCTCH & 1gS M DJICKTPONPOBOJHOCTH (o )
KoMmo3uToB. C yBelMyeHHeM coJiepiKalus HAIOIHUTENS (@,) B KOMIIO3HTE
TeMIIepaTypHble MaKCHMYyMbl YKa3aHHBIX 3aBUCHMOCTeH cHayajaa CIBHra-
IOTCS B CTOPOHY 00Jiee BLICOKHMX TEMIIEpaTyp, a 3aTeM IpH @, = 40 % Mmacc
crabwmsupytores. Crabwmisaiys TeMnepaTypbl MaKCHMyMa 3aBHCHMOC-

=10 a 19 KOMIIO3HTOB Ha HMX OCHOBE

= 1,75. Bumso, 4ro oTHoleHUus koadduimen-
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Teil e=f(T), tgd=f(T) nlgo=f(T) cBa3ana c nepexo/[OM NMOITUMEPHOI da-
3bI MEX/Ty YaCTHIIAMU Ha NMPUIIOBEPXHOCTHLIIT ctoii. MMenHo mpu 2ToM Ha-
GmomaeTca 3aMeTHBIH PocT K03 dUIMEHTa TEIUIONPOBOIHOCTH KOMIIO3H-
TOB (A;).

2. Ilocne mepexoia monMMepa Ha TPHIIOBEPXHOCTHLIN ciIoi (HampH-
Mep nipH @, = 50% Macc) w1 xomnosura [I3B/I-BN otnomenue 4,/4,=3.5,
a A2y = 5 103. D10 nokassIBact, YTO TEIUIONEPEHOC B KOMIIO3UTE IO-
CPCIICTBOM KOHTAKTa 9acTHI[ JUCICPraTopa OTCYTCTBYET, a OH IIEIMKOM
OMpEAENACTCA COCTOSHHEM TpaHMLBI pasfena ¢as. [eficTBurensuo, ecim
TEIUIOTNPOBOTHOCTh KOMIIO3UTa HE ONpeesuiach Obl MPUMOBEPXHOCTHBIM
cnoeM (rpanuueii pasnena ¢as), To 3HaveHMEe A, MPAaKTHYCCKH 6bUIO Gbl
PaBHBIM Ag, & 3TO SKCMEPHMEHTAILHO HE MOTBEP K/ IaeTcs.

TaxuMm o6pa3oM, aHaU3 TEMIEPATYPHBIX 3aBUCMMOCTEl & tgd U (o)
9YBCTBUTEIILHBIX K CTPYKTYpPE MOJMMCEPHOH (ashl MEXTYy YacTHIIAMHM Ha-
TTOJTHUTEIS, BO3SHHKHOBEHHIO T'PAHUYHOTO CJIOS M POCTY ero obhema, a Tak-
e MOJTHOMY MEPEXo/Iy MOIMMEPHOH (a3bl Ha NMPUMOBEPXHOCTHEIN C€JI0i B
3aBHCHMOCTH OT COJIEPKAHHS HUTPUJIOB U KapOHIOB MCTAIUIOB B KOMITO3U-
T€ YKa3bIBaeT Ha M3MCHCHHE PEJIaKCallHOHHOIO MOBECICHUS MaKpOMOJIEKYII
BCIIeCTBUE 06pa3oBanus GU3NKO-XUMHYCCKUX CBA3CH MEKIY MOIMMEPHBI-
MH LIEMSIMH M TIOBEPXHOCTBIO YacTHIl. B yacTHOCTH, MOBLINEHHE TeMITepa-
TYpbl ¢azoBoro mnepexosa, oGHAPYKUBACMOE U3 TEMIEPATYPHBIX 3aBHUCH-
MocTeil g [gd M (o) ¢ yBelIMYCHHEM COJIEPKAHMS HATIOIHUTEIIS CBUIETE b=
CTBYET O 3aMCTHOM OrpaHHYeHHH ITOABMKHOCTEIl lienei B pe3yabTare 06-
Pa30BaHMs JIONOJHUTEILHLIX CBs3eil pasiMYHON MPUPOJLI M M3MEHEHHS
KoH(opMaIMK MaKpoMOJIeKyIL.

CocrosHue rpaHuipl pasnena ¢as HCCIeIOBAHO ONCHKON BETHYHMHBI
NIOTeHIHAJILHOro G6apbepa ¢, Bricora noreHnmansioro 6aphepa onpese-
JIEHA M3 3aBHCUMOCTEH CTAIMOHAPHOIO TOKA OT HANPSDKEHHS H TEMIIEPaTy-
pbl. OYEBHHO, YTO @, 3aBUCHUT OT PEaKLMOHHOI crocoGHOCTH ¢as. Tax,
HarpUMep, HaJIMYHE MOJIIPHBIX IPYII M IaJIOreHOB B MaKPOMOJIEKYJIaX Mo-
TMMEpHO# ¢a3bl OMycKaeT MOSBJICHUE MOHOPHO-AKLECITOPHBIX CBA3ei ¢
NOBCPXHOCTHBIMHM aTOMAaMH M MOJIEKYJIAMU YaCTHIl HUTPHIOB U KapGHJIOB
merautoB [2]. CymecTBoBaHMEC TaKMX XMMMYECKHX CBS3¢ii HECOMHEHHO
NPHBOIUT K YMEHBUICHUIO TEPMHYECKOTO CONMPOTHBIICHHS TPAHUIBI pas-
mena ¢as. Peaximonnas crocoGHOCTh HEMOMSPHOTO MOPOMIKOOGPa3HOro
noymmepa [I9BJ] yBermaiena myTeMm npeBapHTeIbHOM 06paboTKy ero B
YCHIOBHSIX JEHCTBHSA JNIEKTpHyeckoro paspsua. UK-criexTpsl o6pasiioB u3
06paboTaHHOro paspsAIOM MOIMMEpPA MOKA3BLIBAIOT O TIOSBICHUU B LIEMH
MaKpOMOJIEKYJIbl KHCIOPOCOAEPKAIUX MONApHLIX rpynn : C=0; C-0-C;

OH, -C ?{ (puc. 2). BuaHo, 4To 3aKOHOMEPHOCTH U3MEHEHHS ITHX IPYIIIT

B 3aBHCHMOCTH OT BpeMeHU oOpabGoTku paspsia (7,;) NpaKTHYECKH
coBnana-er ¢ A=f(t,s) (puc. 2, kpusag 5).
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Puc.2. 3aBUCHMOCTS KO3 ()(PHIMEHTA TEMUIONPOBOIHOCTH (A) u ontu-
deckol wioTHoctH (D,) nonoc oT Bpemenn o6paboTiu paspana.
U,s=15kB.
1-1230 em! (C-O-C); 2 -1650 cm™* (C=C); 3-1735 em™’ (C=0);
4-3380 cm™” (OH);5 - A
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Puc.3. 3aBucuMocTs k03¢ puimenTa TeronpoBoIHOCTH (A) U BeH-
- 9HHBI NOTCHIMAILHOTO 6aphepa (¢,) oT BpeMenu o6paboTku
paspsia.
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H3MeHeHue BeMYMHBI MOTEHITHALHOTO Gapbepa (@;) U K0ahbuuueH-
Ta TEIUIONPOBOAHOCTH KOMIIO3UTOB Ha OCHOBE IOJIMMEPOB, MOJIBEPTHYTHIX
BO3JICHCTBHIO paspslia pasjIMuyHON MPOJIOIDKUTEILHOCTH (1,5) MOKA3aHO Ha
puc.3. EciM mpHHATL BO BHUMAaHHE TOT (akT, YTO YEM MEHBINE @ , TEM
Gomblne creneHb B3aUMOJICHCTBHSA TMOMMMED-IUCIICPTATOP, B TOM YMCIE H
Gonblte YHCIO XMMHUYCCKHX CBs3el Ha rpanuie pasfena ¢as, TO MOXKHO
OMpE/IE/IEHHO BBICKA3aTh, YTO HU3KOC 3HAUCHUE ¢ COOTBETCTBYET HU3KOMY
TEPMHYECKOMY COIIPOTHBIICHHUIO TPaHHIl M, CIIEOBATEILHO, BHICOKOMY
3HAYCHHIO TEIUIONPOBOJHOCTH M (PU3MKO-XUMHUECKHX CBSA3¢H Maxpomorie-
KYJI € TIOBEPXHOCTBIO YACTHI| HATTOJTHUTEIIS.

Taxum obpasoM, mpH paccMOTPEHMH MeXaHW3Ma MepeHoca Terula B
KOMIIO3UTE CIIeyeT NpPeACTaBUTh €ro KaK coYeTaHue JIBYX IOCIeI0BATEb-
HO COEIMHCHHBIX BOJIHOBOJIOB, MEPBbIt M3 KOTOPBIX COOTBETCTBYCT ITOJIH-
MEPHOMY IPHIIOBEPXHOCTHOMY CJIOIO, 2 BTOPOM - YacTUIE HAIOJHHTEIS.
DHU3MKO-XMMHYECKHE TPOIECChl H KOHGOPMAIH MAKPOMOJICKYJT B TIEPBOM
BOJIHOBOJIE OIpEENIsAeT TEMIONPOBOTHOCTL KOMITO3UTA B IICTIOM.
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POLIMERLOR - NITRIDLOR VO KARBIDLOR OSASINDA
DIELEKTRIK KOMPOZITLORIN ISTILIKKECIRICILIYI

Polimerlor-metal nitridleri ve karbidleri esasindaki kompozitlorin istilikkegi-
riciliyi tedqiq edilmisdir. Mioyyen edilmisdir ki, disperqasiya edilmis polimerde is-
tilikkegiriciliyinin nezeri ve tecribi giymetlorinin xeyli forglon-mesi disperqator
hissecikleri arasindaki polimer fazasinin kegid tobaqoeye kegmesi ve fazalar arasin-
daki qarsiigh te'sir ile elagedardir. Gésterilmisdir ki, potensial ¢eperin giymeti
fazalar aras: serheddin giymetini xarakterize edir, belo ki, fazalar aras1 qarsiligh
te'sir artdiqca ve kegid tebegenin strukturunun tekmillogmosi ilo potensial geperin
qiymeti azalir, kompozitin istilikkegiriciliyi iso artir.

76



BOIHO HOJEKTPHYECKUX KOMITO3HUTOB HA OCHOBE ...

== Kh. S. Aliev, M.A. Kurbanov, A.O. Orudzhev
M.G.Shakhtakhtinskiy.

THERMAL CONDUCTION OF THE DIELECTRIC
COMPOSITES BASED ON THE POLYMERS-NITRIDES AND
CARBIDES.

There have been given the results of thermal conductivity investigation of
polymer-metal nitrides and carbides composites. It is shown that distinct
divergence of theoretical and experimental values of thermal conductivity in
dispersion polymer is coursed by the transition of polymer phase between the filler
particles on transition layer and the interphase interactions. The barrier quantity
characterizes the phase boundary states and by the increasing of interphase
interaction and improvement of structure of transition layer the potential barrier
quantity decreases, but the thermal conductivity of composite increases.
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