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BBenenue. CTpyKTypsl Ha OCHOBE YTJIepOJia UTPAIOT BAXKHYIO POJIb B TIOTYYEHUH MAaTEPHAJIOB JIIS
MOTJIOIICHUSI U PKPAHUPOBAHMS JICKTPOMAarHuTHOro uziyuenus (OMU) [1, 2] Giaronaps ux HU3KOM
Macce U COOTBETCTBYIOIIMM JJIEKTPOHHBIM CBOMCTBaM. PacTeT MHTepec K CO3/1aHHI0O KOMIIO3UTOB,
B KOTOPBIX UCTOJIB3YIOTCS HAHOYTIIEPOIHBIE MATEPHAIIBI B CBSI3H C TEM, YTO HAHOPA3MEpPHBIE HATIOJIHU-
TEJIU UMEIOT PAJ MPEUMYINECTB ¢ TOUYKHU 3PEHUS UX CTPYKTYPHBIX U JIEKTPHYECKUX CBOWCTB IO CPaB-
HEHUIO C TPAJAUIIMOHHBIMHU YTJIEPOAHBIMU HATIOJIHUTENAMH (YTJIEpOAHBIE BOJIOKHA, caxka U T. 1.) [3, 4].
Hecmotps Ha TOT PakT, 4TO SKpaHUPYIOLIUE CBOMCTBA B COYETAHUU C MEXaHHUECKUMHU, HJIEKTPHUIECKHU-
MH, TEMJIOBBIMH, ONTHYECKUMH U MHOTHUMHU JAPYTMMH CBOWCTBAMHM B MOCIEIHEE BPEMS IIIMPOKO HCCIIe-
IyIOTCS MHOTHMH HCCIIENOBATEIIbCKUMHU T'PYIIIaMH, JTaHHBIE O HUX JOCTATOYHO Pa3pO3HEHHBIE M HE
BCET/Ia SIBJISIOTCS YAOBICTBOPUTENBHBIMU. BBeieHNe B IOTMMEPHYIO MAaTPHILy YTIIEPOAHOTO HATIOTHH-
TeJIs MO3BOJISIET U3MEHUTD JUAJIEKTpUYECcKUe cBoiicTBa MaTteprana. OpueHTHPOBAHUE YIJIEPOJHOIO Ha-
MOJTHUTENS TIO3BOJISICT YCHIIMTD 3TH CBOMCTBA B OAHOM HAaIllpaBJICHUHU U 0clabuTh B apyroM [5]. B pe-
3yJbrare Marepuai 0onee 3pPpexkTHBHO dKkpanupyetr IMU.

Hens nanHO#M pabOTHI — U3yUYEHHUE MIEKTPUUECKON TTPOBOJUMOCTH, AUIIEKTPHUIECKOHN MPOHUIIAEMO-
cTH, ociabienuss OMU B nuanazone yactot 26—55,5 I'T'11 B koMno3uTHbeIXx Matepuanax (KM) Ha ocHO-
BE MHOTOCJIOMHBIX yTiepoAHbIX HaHOTPYOOoK (MYHT) B a1oKcHAHOM cMoOJIe ¢ OpUEHTHPOBAHHBIM pac-
Mpe/ieJICHUEM HATIOITHUTEISL.

MarepuaJjbl H METOAMKA JKCIEPHMMEHTOB. B KkadecTBe MOJIMMEPHON MaTpPULBI HCIIOJIb30BAIH
HU3KOBSA3KYIO AMOKCUAHYI0 cMouty Jlaput285 u otBepnutens H285, B kauectBe HanoiaHuTens — MYHT.
Conepxxanne MYHT Bapbsuposasocs ot 0,05 no 1 mac. %. s nosryyeHuss KOMIIO3UTOB C OPUEHTHUPO-
BaHHBIM pacnpeneneHrneM MYHT B nonumepHol MaTpHIle XOpOIIO JUCIEPrupoBaHHY0 cMech MYHT
W SIOKCUIHOW CMOJBI (IHUCIIEpPTamus IOCTUTANIAaCh BO3ACHCTBHEM YIBTpa3Byka dactoTod 40 xI'1p
n MorrHocThio 50 BT Ha mpoTskeHnn 15 MUH) 1ociie CMEITMBAHUS C OTBEPAUTENIEM Pa3INBaId B CUITU-
KOHOBBIE ()OPMBI, Ha TOPIAX KOTOPBIX MPEABAPUTEIBHO 3aKPEIJICHbI IBE MEHbBIC IJIACTUHBI B KAYECTBE
anextponoB. [locie BeuiMBaHKS B (pOpMy KOMIIOZUTHOI'O PAacTBOpa Ha JaHHBIC MJIACTUHBI HA MPOTSKe-
HUHU | 4 nojaBajgoch MepeMeHHoe HanpsikeHrue 4acTtoToi 15 kI, npu 3ToM HampsKEHHOCTh DJIEKTPH-
YEeCKOTro IMoJis cocTaBisa 125 kB/mM. 3HadueHne aMIIIUTY bl 2JIEKTPUIECKOTO OIS KOHTPOIUPOBAIIOCH
yHUBEpCaJbHBIM BOIbTMETpoM B7-17A. Ilociie 3TOro KOMIO3UTHI BBIIEP)KMBAIUCH NMPU KOMHATHOM
TemmepaType A0 OKOHYATEIbHOH MOJIMMEPU3allii, 3aTeM POCYIINBAINCH B CYLIHJIBHOM HIKady B Te-
yernne 5 4 nmpu Temneparype oT 40 no 80 °C (remmneparypa yBennuuanack Ha 10 °C kaxx1b1ii gac).

Pa3mepsl 00pa3LoB 7151 UCCIIEAOBAHUM UX B3aUMOJCHCTBUS C 3JIEKTPOMArHUTHBIM U3J1yUYCHUEM CO-
OTBETCTBOBAIIH CEUCHHIO METAIHYECKIX BOJTHOBOIOB M COCTABIIN 7,2x3,4%3.4 1 5,2x2,6%2,6 MM°.

Xapakrep pacupenencaus MYHT uccnenoBaicss METOIOM ONTUYECKOW MUKPOCKOIIUU € IIOMOILIBIO
OMHOKYJISIPHOTO cTepeockonnyeckoro Mukpockorna MBC-1, ocnamennoro nudposoit kamepoii Etrek
DCMS510. DnekTpoanHaMUYeCKHE XapaKTEPUCTUKU O0pa3loB M3ydaduch B IHAlMa30HaX 4acTOT 26—
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37,5 n 37-53 I'T'u. DxpaHupyomue cBOMCTBa U3MEPSINCh MOIEPHU3UPOBAHHBIME MTpubopamu P2-65
u P2-68, 3HaueHue IUAIIEKPUUYECKON MPOHUIIAEMOCTH KOMIIO3UTOB — METOJOM BOJIHOBOJIHOM HU3MEpPH-
TeIbHON TUHUH. VI3MepeHus: MPOBOIMIINCEH B PEKUME KOPOTKOTO 3aMBbIKaHNA. MeTo n3MepeHus dJiek-
TPOAMHAMUYECKUX CBOHCTB HCCIIEAYEMbBIX MAaTEPHAIIOB MTOAPOOHO oIucaH B [6].

Pe3yabTaThl JKCIIepHMEHTAa M X 00Cy:K/AeHue. AHAIU3 pe3ysbTaTOB HCCIETOBaHUA XapakTepa
pacmpeseNieHus HAlOJTHUTENS B TIOTMMEPHOW MaTpHIIE TPH (JOPMOBAHUH KOMIIO3HUTA B JIEKTPUUECKOM
TI0JIE METOJIOM OTITHYECKOH CIIEKTPOCKOIHMH MOKa3al [7], 9To mpy B3aMMOAECHCTBUY TIEPEMEHHOTO dJIeK-
TPHYECKOTO TIOJISI U KOMIIO3UTHOT'O pacTBopa snokcuanas cmona/MYHT nociiennue opueHTHPYIOTCS
10 HAIIPABJICHUIO CHJIOBBIX JIMHMI dJeKTpruueckoro mois. Ha puc. 1 npusenenst pororpaduu pacrpe-
nenenuss MYHT B monmumepHOM kommio3uTe ¢ KoHIeHTpanueid HanoiaHuTens 0,05 mac.% MYHT/Jla-
PUT285 TPy pa3THIHBIX YCIOBHUAX MPOBENECHUS TPOIIECCOB MOTUMEPHU3AIUH.

Kaxk BunnO u3 puc. 1, a, pactupenencare MYHT B anokcuaHoi MaTpuiie npu POPMOBAHHH KOMIIO-
3uTa 0e3 BO3IEHCTBHSI SJIEKTPUIECKOTO OISl JOCTATOUYHO OJTHOPOAHO, YTO 00ECIIeUnBaeTCs MpeBapH-

Puc. 1. OnTrueckue n3o0paxeHus KOMIIO3UTHOTO MaTepraia ¢ KoHneHTpamnuen Hanonuutens 0,05 mac.% MYHT/JIapnt285:
a — nonuMepu3anus 6e3 BO3ASHCTBHSI IEKTPHUESCKOrO MOJIsl; O — TOJIMMEPH3AIHsl IPH BO3ACHCTBUU AIIEKTPUIESCKOTO MOJIS
yactoroit 15 kI'1 u HanpsikeHHOCTHIO 80 KB/M
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TeJIpHBIM qucneprupoBanneM pactsopa MYHT B snokcuanolt cmosne Jlaput285. /115 KOMIIO3UTOB, MTO-
JyYEeHHBIX TPU BO3JIEHCTBUU ANIEKTpUUYECKOro mois yactotoi 15 kI’ m HampsbxkeHHOCTRIO 80 KB/M,
HAOJI0/1aeTCs 3aMETHOE CTPYKTYPUPOBAHUE HATIONHUTENSI B MATPUIIE, IPOSIBIISIIOIIEeCs B Bl popMu-
poBanus nenodek MYHT Bosib HanpaBieHUs: TPUIOKEHUS EKTPUUYECKOTO OIS

HccnenoBanus 3MeKTPONPOBOIUMOCTH MOJYYEHHBIX KOMIIO3UTOB ITOKa3aJM HaJW4YUe aHHU30TPO-
MAA AIEKTPO(U3NUECKUX CBOMCTB B oOpasnax MYHT/Jlaput285, momy4eHHBIX MpU BO3ICHCTBUH Ha
HHX 3JeKTpruUeckoro mous. Jist kommo3uta ¢ koHneHtpamnue Hanomuurens 0,05 mac.% MYHT/Jla-
puT285 BENMYKMHA IPOBOAMMOCTH 10 HAIIPABJICHUIO IPUIIOKEHH S IEPEMEHHOIO HOJIS G, IPEBLIIIAET €€
3HAYEHME B IEPHEHAMKYIIPHOM HalpaBieHuu G, B 290 pas, a 1y KOMIIO3MTa C KOHLEHTpALUel Ha-
nonautens 1 mac.% MYHT/Jlaput285 — B 25 pa3 (tadin. 1).

Tabnuna 1. KoHueHTpalMmoHHAasi 3aBUCUMOCTb AHM30TPoNuH d1eKkTponposoaumoctu KM MYHT/JIaput285

Cyyr Mac. % 0,05 0,1 0,2 0,4 1
c,, Cm/m 2,9010°¢ 60,2410 6,92:1076 14,01-107° 6,28'107¢
6, CM/M 0,01-10°¢ 0,3410°° 0,38:10°° 5,3510°¢ 0,2510°°

B nunamna3zone yactot 2653 I'T'11 mpoBeneHbl UCCIIeIOBAHUS TUDJIEKTPUUECKON MPOHUIIAEMOCTH KaK
opuenTHpoBanHbIX KM MYHT/JIaput285 ¢ xonuenrpauueii nanonuurens Cypypr < 1 Mac.% npu na-
pannenshoii (E || ocu MYHT) u nepnieanukynsipaoii (E Locu MYHT) opueHTanusx BeKTopa 3JIeKTpu-
4yeckoi nomsipuzannu BoiHbl E u oceil yrneponnbsix HaHoTpyOok (YHT), Tak 1 HEOpUEHTHPOBAHHBIX
KM. Ha puc. 2 nokazaHa 3aBUCHIMOCTb JUAJIEKTPUIECKON MMPOHUIIAeMOCTH 00pas3noB KM oT xoHIeH-
tpaniuu MYHT nipu paznudHoi 3ieKkTpruyeckoi nossipuzanuu Bojinbl Bektopa E u oceit YHT B kom-
MIO3UTE.

PesynpraThl uWccnenoBaHUs 3NEeKTpoAWHaMH4ecKux xapakrepuctuk KM MYHT/Jlaput285
¢ opueHTHpoBaHHBIMU MY HT nokassiBaroT MX 3aBUCUMOCTB OT nosisipu3anuu Bekropa E, magaromero
Ha 00pa3ITbl U3 Ty YCHHUS.

Kax BunHO U3 puc. 2 u tabin. 2, rae NprBeIeHbl JaHHBIE 10 OTHOCUTEILHOMY U3MEHEHHIO JTUAJICK-
TPUYECKON IPOHULIAEMOCTH SKM/SHapI/ITZSS’ pu napajuiensHoi opuenranuu sekropa E u oceit YHT 3Ha-
YEeHU S AUDJICKTPUUECKON TPOHUIIAEMOCTH OOJIbIIIE, YeM IIPU €ro NepIEeH IUKYISIPHONH OpUEHTALINH.

Jns KM MYHT/JIaput285 ¢ u3oTpor-

5,0 HbIM pactpezaenenueM MYHT B nonnmep-

o 487 HOW MaTpuie HaOJIoJaeTcs BbIpasKeHHasI
é 46 3aBUCHUMOCTb AUAIEKTPUYECKON MPOHHU-
§ 44 [IAEMOCTH OT KOHIICHTPAIlUX HAITOIHUTEIIS
Z 2] npu Cyyyr < 1 Mac%, omnako wacToT-
e 40 Has 3aBUCUMOCTH B guama3one 26—53 I'T'ig
8 5s.] MpakTH4YeCKH He Habmonaetcs. OpueHTH-
% 3'6_- poBanne MYHT B KM npusogut HE: TOJb-
g "] KO K YCHJICHWIO KOHIIEHTPAI[MOHHOW 3aBH-
g 341 CHMOCTH JIMDJIEKTPHYECKOH MPOHUIIAEMO-
§[ 3.2 CTH, HO U TIOSIBJICHUIO €€ 3aBUCUMOCTHU OT
3,0 / 4acTOThl (NOHMIKCHUE 3HAYEHHS € IIpH

28~ MOBBITIIEHUH YacTOTHI majatomiero DMN).
00 02 o4 o6  os 10 IIposeneno uccnenosanue >QQPeKTUB-
KoHueHTpauws, mac. % HocTH ociabnenus DOMU B KM MVYHT/

Puc. 2. 3aBucuMOCTb IUAIEKTPUYECKONH IPOHUIIAEMOCTH OT KOHIIEH- JlapuT285 KaK I KOMIIO3UTOB C OPHEHTH-
tpaunu MYHT B KM npu pa3nudHbIX opHeHTalUsAX BekTopa nons-  POBAHHBIM, TaK M /17151 KOMIIO3UTOB C HCOPUCH-
pusanuu BosiHbl DMU 1 ocsiX TpyOOK B KOMIIO3UTE ITPU Pa3HbIX yac- TUPOBaHHBIM pactipeaenenueM MYHT B ux

torax magaromero OMMU: f= 26 I'Tu (xpussle /, 2, 3), f= 53 I'Tg obbeme. Ha puc. 3 mpencTaBieHa 4acTOT-

(xkpussbie 1, 2°, 3"). Kpussie 1, 1" — neopuentupoBanasie MYHT, 2, 2" — 6
BekTop E L ocu opuentupoBanus MYHT, 3, 3" — Bektop E || ocu Hast 3aBUCHMOCTD Kod(puitmenta ocnatdie-

opuentuposanns MYHT Hust OMU nns KM MYHT/Jlaput285. Kak
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Tab6nunma 2. OTHOCHTeIbHOE H3MeHeHHe TudIeKTpuieckoil mponunaemoctu KM MYHT//Iaput285
NnpH noBbimieHUH KoHUeHTpauuu MYHT a5t oppeHTUPOBAHHBIX U HEOPUEHTHPOBaHHBIX KM
NPHU pa3HbIX YacToTax najgammero SMHU

OTHOCHTCHBHOC HU3MCHCHUE Z[HZ)J'ICKTPH"ICCKOI\/‘I MIPOHUIAEMOCTH EKM/SJ-[apMT’ %
Cyryirr, Mac% Hei‘l?:';g};;’;aﬂ' E || ocnt MYHT E L ocn MYHT Heii‘f:ﬁg‘;;’?aﬁ' E |l ocu MYHT E L ocu MYHT
f=53TTu f=26TTn
0,05 0,36 7,14 1,43 0 6,07 1,07
0,1 5,96 13,93 5,36 6,07 16,43 3,57
0,2 12,14 17,86 9,29 8,93 18,57 6,07
0,4 24,29 27,86 24,64 25,36 35,71 28,57
1 36,43 62,14 30,36 35,71 71,43 42,86
0
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YacroTa, My

Puc. 3. 3aBucumocts ko3¢ ¢unuenta ocradnernss SMU ot wactorer mis KM MYHT/Jlaput285; I —5 — och OpHEeHTAINH

MYVYHT coBmanaert ¢ HanpaBieHHeM pacrupoctpanenuss OMU, 6—10 — ocy opuentaunu MY HT nepnenaukynspHa HampaBJe-

HUI0 pactpocTpanenus OMU, //—15 — HeopueHTUPOBaHHBIH KoMno3uT; 2, 7, 12 — 0,05 mac%; 3, 8, 13— 0,1 mac.%; 1, 6, 11 —
0,2 mac%; 4, 9, 14 — 0,4 mac%; 5, 10, 15— 1 mac.%

BUJIHO U3 PUCYHKA, B nuarna3oHe yactot 26—37,5 ['T'y HaOnroaeTcst yBeJIMYeHUE TOTIIOMEHUS JICKTPO-
MarauTHoro u3nydeHus Y HT. Oto moareepxaaeT ToT QaxT, uTo yriaepon, B yactHoctu Y HT, 3a cuer
BBICOKOW TMOJIIPU3YEMOCTH B TIEPEMEHHOM JJIEKTPHUYECKOM IoJie croco0eH 3(peKTUBHO MOTIomaTh
3JEKTPOMarHuTHYI0 3Hepruio [1, 8, 9].

IIpumenenue komno3utoB ¢ MYHT, opueHTHpPOBaHHBIMU B MOJMMEPHON MaTpULE NPU OMOIIU
BHEIITHETO JIEKTPUUYECKOTO OIS, 3HAYUTEIbHO yBeTHInBaeT 3PpPEeKTHBHOCTH dKpaHupoBaHus MU

Ocnabnenne DMMU pacrer ¢ yBenumuennem koHteHTpanud MYHT B KM. Jlns opueHTHpOBAaHHBIX
KOMITO3UTOB B3auMoaeicTBue ¢ MU ycunuBaeTcs mpy napajiebHol opueHTannu Bektopa E u oceit
MVYHT - pactrer BHOCMMOE OCia0leHUEe, a TPU MEPHCHIUKYJISPHOW OPUEHTAIMU B3aUMOJICHCTBHE
YMEHBIIIaeTCS U 0CNabJICHNE CTAHOBHUTCS MEHBIIE, XOTSI OCTAETCS COU3MEPUMBIM C HEOPUCHTHPOBAH-
HbIM KM c Takoii sxe xornenTpanueit MYHT (puc. 3).

3akJiouenue. B pesynsrarte npoctpancTBenHou opueHTarmu MYHT B KM 1o neficTBrueM BHEIITHE-
T'0 AIIEKTPUUYCCKOTO TOJISI BOZHUKACT aHU30TPOIHUS CTPYKTYPHBIX, JEKTPHICCKUX U AJIEKTPOIUHAMMYC-
CKHX CBOWCTB (JIEKTPOIIPOBOAMMOCTH, TUAJICKTPHUSCKON TPOHUIIAEMOCTH, Kod(h(hUIIMeHTa ociabIeHus
OMMU B kommosute). lannblii ahdext ycunupaercs ¢ ypenudenuem coaepkanus MYHT B KM.

IToxazano, uto ocnmadienne DMU pacteT B cirydae mapasuiebHON opreHTaun Bektopa E n ocei
YHT. B ctydae neprieHauKyIsipaoit opueHTanuu Bekropa E DMU otHocuTensHo oceit MYHT BHOCH-
MOe€ OcJTabJieHHe MEHBIIIE.

KoHueHnTpanonHas 3aBUCUMOCTh JUANEKTPUUECKON MPOHUIIAEMOCTH AJISl HEOPUEHTUPOBAHHBIX
KM He 3aBucuT OT yacToThl. YacTOTHAsI 3aBUCUMOCTh JIMDJIEKTPUUECKON MTPOHUIIAEMOCTH BO3pacTaeT
¢ yBennyeHueM konneHTpanuu MYHT B KM.
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DIELECTRIC PROPERTIES OF COMPOSITE MATERIALS WITH ALIGNED CARBON NANOTUBES

Summary

The results of investigation of electrodynamic properties of polymer composite materials with multiwall carbon nano-
tube filler are presented. The influence of the filler alignment inside the composite material on its interaction with electromag-
netic radiation is investigated.



