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AHHOTanVsA KnroueBbie c1oBa

ITposenen da3oBblil aHAIN3, UCCIIENOBAHA YACTOTHAs 3aBU-  Muxpopenved nosepxHocmu, peHm-
CUMOCTDb IM3NIEKTPUYECKON TPOHMIIAEMOCTH. PaccumTaHbl — 2eHogasosviii ananus, Ousnexmpuye-
onTIYecKue QYHKIMU pealbHON ¥ MHUMON YacTell Koad-  ckas npoHuyaemocmy, onmuueckue
GUIMEHTOB  IIpENIOM/IEHNsA, OTPaKEHWs, TOINIOUIEHNs, (PyHKUUU

MHMMOII 9acTit 0OPaTHOI BeMMYMHBI KOMIITEKCHOI [IVI9/IeK-

TPUYECKOI MPOHUIIAEMOCTH, PeaNbHOV ¥ MHVMOI YacTeil

OIITUYECKON 3IEKTPOIIPOBOAHOCTY KOMIIOSULIVIOHHBIX U

HaHOKOMITO3VLIIOHHBIX MaTepyajioB Ha 0ase MO/MMATHICHA

HU3KOI IUIOTHOCTM C HAIIOJHUTEIAMM OMOTIOTMYECKOTO Iocrymuna B pegaxumro 09.11.2016
MIPOUCXOXKIEHNSA © MI'TY um. H.9. baymana, 2017

BBenmenne. VI3BeCTHO, YTO GOMBIIYIO OO OTXOXOB IPOMBIC/IOBBIX PbI6 B OCHOBHOM
COCTaBIIAIOT OMOMOTMYeCKIie MaTepuasbl (KOCTH, KOXKa 1 Yellysi), KOTOpble B peanbHbIX
YCTIOBUSX IepepabaThIBAIOIIVIX IPEAIPYUATII IPEUMYIIeCTBEHHO HAIIPAB/IAIOT Ha IIPO-
M3BOJCTBO KOPMOBOIT MyKu. Takre 6momorndeckue MaTepyabl OTHOCATCS K KOJITareH-
COfieprKallleMy ChIPbIO, IEPCIIEKTYBHOMY IS O/TyYeHsl HaTyPaIbHbIX CTPYKTYp 0bpa-
30BaTe/Isl, MMEIOLIEro MINPOKNUIT CIIEKTP MPUMEHEHNsI B OTPAC/ISIX HAPOIHOTO XO3SI/CTBA
[1-3]. JKenaruH, momy4aemblit Ipyu HepepaboTKe KO/UTareHCOMIePIKAIIEero ChIpbs, Tpef-
CTaB/IsIeT cO00II TUAPONTN30BAHHBI PacTBOpP KojtareHa. OH MMeeT psifi 0COOEHHOCTelt
VI SIB/SIETCST YHUKA/IBHBIM BEILIECTBOM I10 XMMIIECKOMY U aMIHOKVICTIOTHOMY COCTaBY I
creryipudeckuM (GUSMKO-XMMIYIECKUM XapaKTepPUCTUKAM. AKTYaIbHOCTD MCIIONb30Ba-
HIsl KOJ/UTar€Ha He BBI3bIBAET COMHEHMII, TaK KaK IO CBOEl MpUpOfe KOIareH —
3TO 6EJIOK COEVHUTEIbHOI TKAHY — LIEHHbIII MICTOYHMK MUIIEBBIX BOJIOKOH, II0 CBOEMY
COCTaBy He YCTYHAIOLIMiI Ha3eMHBIM JICTOYHMKaM Oa/TacTHBIX BellecTB [4-7]. YHu-
KaJIbHble (M3MKO-XMMUYECKIe XapaKTepUCTUKM, HMPUCYLe OeKaM, IO3BOJIAIOT JC-
I0/Ib30BATh KOJITATeH B PA3/MYHbIX HAIIPAB/IEHNSX EATENbHOCT YenoBeKa. VI3 komma-
TeHOBOTO MaTepyaa MPpONU3BOAATCS MeMOPaHBbI, MOHOCTION U MHOTOCTIOVHBIE CTPYKTY-
ppl. B pabore [8] mokasaHo addekTBHOE UCHONB30BaHME IIbE303TEKTPUIECKIX
CBOVICTB OMOIOrMYeCKMX MaTepuanoB. Harmpumep, ¢ MOMOIIBIO 30/I0ThIX KOHTAKTOB
MOXKHO TTO/TYyYUTh MUHMATIOPHBII IeHepaTop albTepHATMBHON 9HEpPruu, KOTOPbIL UC-
HOJIb3YIOT I BXKUBJISIEMBIX MPUOOPOB 3IEKTPOHHOTO MOHMTOPYMHIA OPraHM3Ma U
Ip16OPOB, KOHTPOMMPYIOLINX HOCTYIUIEHNE IEKAPCTBA B OPTaHM3M.
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[lna ymoBneTBOpeHMA OBICTPO PacTYIMX TpeOOBAaHMII COBPEMEHHON TeXHVIKM
HeoOXOAVIMBI ITOMCK ¥ TIOJTy4eHle HOBBIX MaTepUaloB ¢ HOBBIMM KOMIIIEKCHBIMU (M-
3MKO-XVMIYECKVMM CBOJICTBaMI, HAIlpyMep TaKUX, KaK KOMIIO3MIIVIOHHBIE MaTepua-
TIbl, TJIABHBIM IIPEMMYIIeCTBOM KOTOPBIX AAB/IAETCA TO, YTO MAaTepyUasbl M KOHCTPYKLIUM
CO37IaI0TCsI OTHOBPEMEHHO U CBOVICTBAMM MaTepuaa yIpaBiAlT, MEHAA COfiep>KaHue
M COCTaB MaTpulbl ¥ HanmonHuTenA. CBOJCTBa KOMITO3UIIMOHHOTO MaTepyuana Cyllle-
CTBEHHO 3aBUCAT OT MaTepyaja HaIlOMHUTENA. B cCOBpeMEHHOI MuTepaType UMEIOTCA
MHOTOYMC/IEHHBIE Pa0OTBhI, MOCBAIICHHBIE TIOTYYeHNIO U VICCIESOBAHNI0 KOMIIO3VILI-
OHHBIX MaTepMaJIOB C pas/IMYHbIMY HanonHUTenAMA [9]. B Hactosmeit paboTte ms no-
Jy4eHNs KOMIIO3MIMOHHBIX MaTepya/lioB HOBOTO THUIIA B KayeCTBE HAIONHUTENA MC-
HO/Ib30BaH Ouonmormyeckmit Matepman — Koctu pbiobl (Kp). Llemp paborsr —
THIOJTyYeH)e HOBBIX KOMIIO3MIIVIOHHBIX MaTepuajoB C OMOIOTMYECKMM HAIIOTHUTENIEM,
npoBefieHne X (pasoBOro aHaIM3a, MCCIeOBaHNe IUSTEKTPUIECKIX CBOJICTB 1 OIIpe-
TefleHye ONTNYECKMX KOHCTAHT.

MeTtopuka sKcmepuMeHTa. [ MOMTydeHUs] OMONOrMYECKUX KOMIIO3UIIVIOHHBIX
MaTepyuanoB B Ka4ecTBe MAaTpPUIIbl ObUI MCIIONB30BAH IONMATIIEH HU3KOI IIOTHOCTH
(ITOHIT mapxu M-158), a B KauecTBe HAIIOHUTENsT — PbIObU KOCTU. [/ momyyeHus
MOPOIIKOB HAIOJHUTEN MX INOBEPXHOCTb CHAaYajIa TLIATEIbHO OYMILAIN M OCYILIAsIy,
IIOCTENIeHHO IIOBBIIIast TeMIrepaTypy A0 50 °C, ¢ BBIAEP)KKOIT IIPU ITON TeMIIepaType
B TedeHue 10 MuH, 3ateM Kp B crienjuanbHOl Me/TbHMLIE TIepeMalblBallCh B MTOPOILOK.
CopepxxaHyue OMOHANIOMHMUTENA B KOMIIO3MIMOHHBIX MaTepyazax BapbipOBaIOCh
B mpepenax oT 0 7o 7 % 06. Kommo3nTsl momy4yanm n3 roMOreHHOJ CMecH MOPOLIKOB
KOMITOHEHTOB MaTPMLbI ¥ HAIIOJIHUTEIA C IIOMOIIbI0 060rpeBaeMoro Ipecca Ipy TeM-
neparype 420 K u gaBnennu 15 MITa. Pexxum KpucTammsanyun 3akanaku — ObICTpoe
OX/Ta)KfIeHVe 00pasiioB B cMecu Bopa—yen. O6pasibl A/IsA M3MepeHVs AVCIePCHOHHBIX
3aBMCUMOCTEN IMU3TEKTPUIECKMX XaPAKTEPUCTUK TOTOBU/IN B BUJIE IMCKOB IaMETPOM
50 MM ¥ TONMIMHOI ~170 MKM. Ha/ie)KHbIIT 97IeKTpUYeCcKIil KOHTAKT 7IEKTPOIOB 0bec-
TIeYBa/I/ CMa3bIBaHMEM UX CepeOpPsAHOI MacTolL. [JV9/IeKTpUuecKyIo IPOHNIIAEMOCTD €
VI IV9TIeKTpudecKue noTepy tgd n3Mepsim ¢ momomipio Mocta E8-7 mpu mepemeHHOM
TOKe Ha yactore 25...1000 kI11 o MeToxuKe, ommcaHHoil B pabote [10]. ITorpemHoctn
u3MepeHus € n tgd coctapmamm 5 n 9 % coorsercTBeHHO. Hanokommosnts! II9HIT +
x. % 06. Kp +1 % ALOs (c mo6askoit HanowacTu 1 % 06. ALO3) TomumHoi 80 HM 6bI-
TV TIOJTy9€HBI 110 3TOJ YK€ TEXHOJIOTUM.

PenTrenodasosblit anamms nposopnam Ha ycranoBke [JPOH-2 (CuK, — n3my-
yenme, A=1,54178 A). TlorpemHocTb ompefieNneHns MapaMeTPOB PEIIeTKN COCTAB-

msuma 0,005A.

Muxkpopenbed nosepxaoctyu komroszutos [I9HII + x. % 06. Kp n HanokoMIto-
sutoB II9HII + x. % 06. Kp + 1 % ALOs 6511 MccegoBaH METOJOM CKaHMPYIOI[ETO
30H0BOTO MUKPOCKOIIA B aTOMHO-CUIOBOM PeXIMe.

M3BecTHO, YTO CKaHMPYHOIAsA 30H0Basi MUKPOCKONNA — OIVH M3 MOIIHBIX CO-
BpEMEHHBIX METOJOB UCCIIeTOBaHMsI MOP(]OIOTUY U TOKATbHBIX CBOJICTB IIOBEPXHOCTU
TBEPJOTO Te/la C BBICOKUM IPOCTPAHCTBEHHBIM paspelenueM [11]. Vzobpaxenne no-
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JTydaj CHelyaabHbIM 00pa3oM OpraHM30BaHHBIM CKaHMpOBaHMeM obpasua. CHavama
30H[], [IBUTAJICSL HaJl 0OPasIioM BJO/Ib ONpefe/IeHHOl JIVMHNUY, [PV 9TOM CUTHA/ Ha JC-
TIOJIHUTE/IBHOM 37IeMeHTe ObUI IIPONOPLIIOHAIEH penbedy MOBEPXHOCTH U 3aIINChIBAI-
Cs B IaMATb KOMIIBIOTEPA, 3aTeM 30HJ| BO3BPALIA/ICA B MICXOZHYIO TOUKY U HEPeXONII
Ha CJIEAYIOLYIO CTPOKY CKaHMPOBAHMA, M IIPOLIECC TIOBTOPS/ICS BHOBb.

PearbHble 11 MHMMBIE YaCTH JUIEKTPUUECKOI IPOHNIIAEMOCTI JAHHBIX KOMIIO-
sutoB [I9HII + x. % 06. Kp n mHanokommnosuros II9HII + x. % 06. Kp + 1 %ALO;
ObIIV OIIpesieNieHbl T0 popMynam:

€
g =etgd; g =———.
J1+1tg?d
Pe3ynbraThl U NX 06CcyKmenne. PenTreHorpamMmbl HanonuuTens — Kp momyde-

HBI [Ty TeMIeparypax 27, 350, 410 u 550 °C (puc. 1).
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Puc. 1. PentreHorpamma Kp kyTyma Ipu pasiIndHBIX TeMIIepaTypax:
1—27K;2—350K;3—410K;4—550K

Kak crenyer us puc. 1, ¢ yBenu4eHreM TeMIepaTypbl MHTEHCUBHOCTD AMdpak-
LIVIOHHBIX KapTUH CYILIeCTBEHHO yBEeIMYMBAETCS, A 3TO CBULETE/ILCTBYET O TOM, 4TO C
yBeIMYEHNEM TeMIIePaTypbl IPOMCXOANT KPUCTAIIN3ALA KOCTHU PhIOBL.

Pesynbrarhl nccnenoBanns MuUKpopenbeda noBepxHocty kommnosuros II9HIT +
+ X. % 06. Kp n manoxommnosutos II9HIT + x. % 06. Kp + 1 % ALO; B 2D- u 3D-
peXMMax NpuBefeHbl Ha puc. 2.

OKcIepUMeHTa/IbHble 3HaYeHMsl 3/1eKTPOEMKOCTU ¥ IM3NeKTPUYeCcKOl IPOHM-
raemMocTy Kommnosutos [I9HII + x. % 06. Kp n Hanokommosuros II9HII + x. % 06.
Kp + 1 % ALOs3 B 3aBUCHMOCTHM OT 4acCTOTHI, BEIYMC/IEHHBIE IO (GOPMYy/IaM peanbHO
Yl MHMMOJI 4acTeil AM3/IeKTPUIECKOil ITPOHUIIAEMOCTH, IIPUBENEHBI B Tab/IMIIE.
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2 () e

Puc. 2. Mukpopenbed nosepxHocty komnosuros [I9HII + x. % 06. Kp u HaHOKOMIIO31TOB
II9HII + x. % 06. Kp + 1 % ALOs:

a,2—XxX=3%00;6,0—x=5%00.;8,e—x=7% 06., 2D- u 3D-macmrabax (ckaH 24 x 24 MK)
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IOusnexTpuyeckas npouniaeMocts komnosnrtos I[I9HII + x. % 06. Kp 1 HaHOKOMIIO3UTOB
IISHII + x. % 06. Kp + 1 % ALO; mpu pasmuIHBIX 4aCTOTaxX

<=3 <=5 <=7 x=3+ x=5+ x=7+
e B B B +1 % ALO; +1 % ALOs +1 % AlLOs
j9bit
[ €; €, &; [ & & & t € g €;

0,025|12,789|0,384 {11,702 0,234 |10,235|0,151| 7,911 | 0,059 | 8,428 {0,337 10,631 | 0,641
0,5 |12,078|0,121 |11,5590,088 | 10,246 (0,072 | 7,728 | 0,077 | 8,489 |0,340|10,214| 0,675
1 |11,976]0,109 |11,415| 0,057 {10,267 | 0,027 | 7,769 | 0,016 | 8,557 {0,026 |10,338| 0,057
5 |11,873]0,083|11,2960,045|10,2970,025|7,708 | 0,039 | 8,485 | 0,058 |10,235| 0,102
10 |11,822{0,065|11,074|0,039|10,205|0,022 (7,708 | 0,038 | 8,475 | 0,051 {10,195 0,092
20 (11,771|0,067|11,007|0,048 |10,175|0,037 | 7,644 | 0,027 | 8,465 | 0,042 {10,154 | 0,091
100 |11,781|0,064 |10,8500,043 10,205 |0,037|7,677 | 0,046 | 8,153 | 0,060 | 10,072 | 0,094
200 |11,812|0,038{10,867|0,03110,216|0,015|7,718| 0,031 | 8,496 |0,042|10,072|0,071
500 |12,078|0,018|10,8600,011 |10,441 0,002 |7,892| 0,002 | 8,680 | 0,009 10,236 0,032
1000 |12,8970,023 |11,618|0,017|11,157|0,010 | 8,598 | 0,014 {10,030 0,181 | 10,646 0,277

V3BecTHO, 4TO OITHYECKNME CBOMCTBA TBEPHOTO Te€la C KOHEYHO IIpoOBOAVMO-
CTbIO IIOTHOCTBIO ONPENEATCA YaCTOTHOM 3aBUCUMOCTbIO KOMIIEKCHOM ANSJICK-
TpI/I‘IeCKOI‘/I IIpOHNIIAEMOCTHU 8((1)), MHMMasA 4aCTb KOTOpOﬁI CBs3aHa C JNIEKTPOIIPO-

BOJTHOCTDBIO G BbBIPpAXKEHMEM

2
g(w)=¢,(w) + iei(w)=8r(w)+im—c=(£j (1)
()] V

VIJIVL YaCTOTHOM 3aBMCHMMOCTDIO KOMIUIEKCHOTO II0Ka3aTelA MPeIOM/IEHNA
_ . c
n(w)=n(w)+ik(0)=—, ()
v

Iie € U € — MEMCTBUTENbHAA ¥ MHMMAasA 9aCTY AVSTIEeKTPUIECKON IIPOHNUIIAEMOCTH;
V — daszoBasg CKOPOCTb CBETa B BELIECTBE; 7 — IIOKa3aTeNnb IpeoMIeHns; k — mo-
KasaTe/Ib IOIIOLIEHNA.

OTM onTMYecKye MOCTOSHHBIE ONpefe/IAIoT a3y U 3aTyXaHMe CBETOBON BOJIHBI
B BelllecTBe. AMIUIMTY/Ja CBETOBOV BOJIHBI B BellleCTBe yObIBaeT Kak exp(—wkx/c),
II03TOMY MHTEHCUBHOCTD CBeTa IPOIOPLMOHAIbHA |E2| (E — 9MeKTpUYecKuit BeK-

TOp CBeTOBOI BOIIHbI) " YMEHDbIIAETCA KaK

exp( _Zt:kx j = exp(—Kx), (3)

rie K — xoadduument mornomenns, K = 20)k/ c= 4Ttk/ A, u ee obparHas BeMMYMHA

paBHa I‘Hy6I/IH€ IIPOHMKHOBEHNA CBETA B BEIIECTBO BOTHDI (YMeHbIHaETCH Be pas).
Iloka3arenp IIpEIOMJIEHNA U IIOKAa3aTEeNb ITOT/IOMIEHNA CBA3aHbl C ,T.[€I7[CTBI/[T€)'Ib-

HOM € ¥l MHUMOM €&; YaCTAMU ,I[I/ISJICKTPI/I‘ICCKOI/UI MMOCTOSIHHOW COOTHOUIEHUSAMMU:

g, =n’—k?%; (4)
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g, = 2nk =270 (5)
()}
Ie ¢ — MPOBOAMMOCTD IIPU JAHHON YacToTe (.

[l onpeneneHnst ONTMYECKMX QYHKIWI IIPU HAHHON YaCTOTe M3MEPSIOT IU-
37IEKTPUYECKYI0 IIPOHNUIIAEMOCTb MaTepuaa 1, UCIIONb3ys SKCIePUMEHTa/IbHbIe IaH-
Hble CIIEKTPAIbHON 3aBUCUMOCTU JMSTIEKTPUYECKOI IIPOHMUIIAEMOCTY, OIpPEeNe/IAIoT
onrtnyeckne GyHkuum [12].

PeanpHast yacThb moKasaTesi IPe/IOMIEHUS OIIPeeNsiach BbIpaKeHeM

n=\/%(8r+\/8$ +¢€? )

OHepreTMyecKye 3aBUCUMOCTI MoKa3sartens npenomnerna [I9HII + x. % 06. Kp
u [I9HIT + x. % 06. Kp + 1 % AlL,O; npuBesens! Ha puc. 3.

n 1 n

‘_‘__N—‘\h.._,/ 357 I WI
3,7t 2
351 \“‘——0-0—0—»—0/‘/3 3.3 Wﬁgl

2/

331 w4 291 ’W5
3’1 L L L _ L L 2’5 L L L L L

0,01 0,1 1 10 100 1000 0,01 0,1 1 10 100 1000

4 v-10°, Tt p v-10%, T

Puic. 3. YacToTHBIE 3aBUCMMOCTY PEATBHBIX YaCTell K09 GUIMEHTOB TIPETOMIEHNS] KOMIIO3UTOB
ITSHIT + x. % 06. Kp (a) n HanokoMmosutos IT9HII + x. % 06. Kp + 1 % ALO:3 (6):

1 —TI9HII; 2,2 —x=3%006.; 3,3-x=5%06.; 4,4 — x=7 % 06.; 5 — [I9HII + 1 % Al,O3

Ha puc. 3, a mpuBefieHa 4aCTOTHas 3aBUCUMOCTb PeabHOI 4acTu Ko3dduiiu-
eHTa npenomnennsa komnosurtos IIOHIT + x. % 06. Kp. Kak crnenyer u3 puc. 3, g,
st KoMo3utoB 97 % 06. II9HII + 3 % 06. Kp B gnamasone gactot 0,025...200 Iig
KOS(b(i)I/ILU/IeHT IIpeIoM/IEHNA YMeHbIIaeTca oT 3,58 mo 3,47, a ¢ yBenu4yeHueM 4acTo-
Tl o 1000 k11 — yBemumumBaetcsa mo 3,57. [Insa xommosura 95 % 06. IIOHII +
+ 5 % 06. Kp ymenbuienne n Habmogaercs B guanasoe 0,025...500 kI, a yBennde-
Hie — B anamnasoHe 500...1000 xIi. I kommnosuta 93 % 06. [T9HII + 7 % 06. Kp B
YacTOTHOM muarra3oHe 25...500 kIi1 # ocTaeTcsa MOCTOSIHHON, a B YaCTOTHOM [Iyaria-
3oHe 500...1000 kI yBenmmumBaerca or 3,23 no 3,34

YacrorHble 3aBucumocty HanokomnosutoB IIOHIT + x. % 06. Kp + 1 % ALO;
IpuBeeHbl Ha puC. 3, 6. ViccnemoBaHysi MPOBOAMINCH Ha KOMITO3UTAX C HATIOTHUTEIS-
mu x = 0; 3; 5; 7 % 06. Kak BunHO Ha puc. 3, 6, B yacToTHOM auamnasose 0,025...500 xI1g
peanbHast 4acTh Ko3dduimeHTa mpesroMieHnss MPaKTUIeCKM OCTAETCsI HOCTOSIHHOI,
a B uanasoHe 500...1000 xI11 — yBenuumBaeTcs. YBelueHue 1 HaOMIONAeTCs 1 C yBe-
NM4eHreM 00'beMHOTO COIePYKaHNS HATIOJTHUTENS OMOIOTYECKOTO IPOMCXOXK/IEHN.
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MHuMas 4acTb K03 duLMeHTa IpeIOMIeHNA ONpefenaeTcs GopMyIoi

k =\/%(—s, +4/e:+¢€? )

Ha puc. 4 npencraBieHsl CeKTpaabHbIe 3aBUCMMOCTY MHUMBIX YacTell Koag-
¢unmentos npenomaenHus kommnosutos IIOHIT + x. % 06. Kp n HaHOKOMITO3MTOB

IT9HIT + x. % 06. Kp + 1 % ALOs. Kax cnenyet 13 puc. 4, g, ijis BceX MCCIeOBaHHBIX
kommo3ntos IT9HII + x. % 00. Kp B yactrotHOM AuanasoHe 0,025...0,5 kIig k YMEHb-
mraercs, a B guamnasose 0,5...1000 xI1j mpakTuyeckn 0CTaeTcss HOCTOSHHOIL.

k ; k
0,10} " 0,101
0,08 | 0,08 |
0,06 » 0,06 |
0,04} 3 0,04}
0,02 |4 0,02}
0 ‘ 0 ‘
0,01 0,1 1 10 100 1000 001 0,1 1 10 100 1000
4 v-10%, T 6 v-10°, Ty

Puc. 4. YacToTHbIE 3aBMCUMOCTY MHUMBIX 4acTelt K03 UIMEeHTOB IPeIOM/IEHNSI KOMIIO3UTOB
IT2HIT + x. % 06. Kp (a) n nHanokommosutos [IHII + x. % 06. Kp + 1 % ALOs (6)
(1-5—cm. puc. 3)

VI3MeHeHMsT MHMMOII 4YacTy Kod(pQUIMeHTa IpeIoOMIeHNsT HaHOKOMIIO3UTOB
(puc. 4, 6) B 3aBUCUMOCTH OT YaCTOThI aHAJIOTMIHBI YACTOTHOI 3aBUCUMOCTH pPeasb-
HOJ 4acTu KoatquumeHTa NpenoMJIeHNs, T. €. B 4aCTOTHOM AnanasoHe 0,025...0,9 I
k octaercsa mocrosnHoi1, pu yacToTe 1 KII] CMIBHO yMeHbIIaeTCsA, IPY AaTbHENIIeM
pocte yacToThl o 500 KIIj CyIecTBeHHBIX M3MEHEHNIT He HAaOMIOfjaeTcs, a B AMamna-
3oHe 500...1000 xI1y yBenmmumBaercs, B n(v) u k(v) 3aBUCMMOCTAX CYyILIeCTBEHHBIX
RUCIIepCcuil He 0OHAPY>KEHO.

KoagdunyenT orpakxeHns npy HOpMaJIbHOM MafieHUM CBETa OIpeJe/sieTCs BbI-
pakeHueM

(n—-1)2+k2
(n+1)" +k2

Pesynbrarhl MccejoBaHNA YaCTOTHBIX 3aBUCHMOCTEN KO3 UIIMEHTOB OTPasKeHNsA
R xommosnros IT9HIT + x. % 06. Kp n Hanokommosutos II9HIT + x. % 06. Kp +
+ 1 % ALOs npuBeneHs! Ha prc. 5. BumHo, 4yTo B yacToTHOM Amanasone 0,025...500 kI R
B 3aBMCUMOCTH OT YacCTOTbI M3MeHsAeTC MuHelHO. [Ipy Ma/ibIX KOHIIeHTpalysaxX Harosl-
HUTENA R HE3HAUYMTENIbHO YMEHbINAETCA, B 4YacTOoTHOM amamnasoHe 500...1000 xlIiy

HaO/IofiaeTcs yBenmueHne koaddunmenTa orpaxenns R.

AHanornyHele YaCTOTHbBIE 3aBUCUMOCTU OéHapy)KEHbI n 0ad HAaHOKOMIIO3UTOB
[T9HII + x. % 06. Kp + 1 % ALOs (cm. puc. 5, 6).
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a

Puc. 5. YactoTHBIe 3aBUCHMOCTY K09 duIeHTa oTpaxkeHusa R xomnosnuros [IOHII +
+ X. % 06. Kp (a) n manokommosuros I[I9HIT + x. % 06. Kp + 1 % ALOs3 (6)
(1-5— cm. puc. 3)

[l ompeneneHNst XapaKTepUCTUIECKO (PYHKIUY TOTepb SHEPIUYU STIEKTPOHOB

MCTIONIb30Ba/IM BHIPAYKEHMeE
1 €;
—Im| = |=— ! >
e) e +¢?

CroexTpanbHas XapaKTepPUCTMKa MHMMON YacTy OOpaTHONM BelIMYMHBI KOM-
IVIEKCHOV OVI3NEKTPUYECKON IIPOHNULIAEMOCTH (Im(—e‘l)) NIpUBefieHa Ha puc. 6.

Im Im
0,005 ]
5
0,003 5 4
, K 1
3 0,005 3
0,001 [4 2
0 P
_ 0,00 1 I I 1 I I — 0,005 I I I I I
0,01 0,1 1 10 100 1000 0,01 0,1 1 10 100 1000
. v10%, Ty 6 v10%, T

Puc. 6. YacToTHbIE 3aBUCHMOCTY CIIEKTPAIbHOI XapaKTePUCTUKY MHUMOIL 4aCTU 06paTHOI
Be/INMYMHBI KOMIIEKCHOI AM37IEKTPUYECKOI TpoHNIaeMocTy koMmosutos IISHII +

+ X. % 06. Kp (a) n Hanoxommosuros [I9HII + x. % 06. Kp + 1 % ALO3 (6)
(1-5—cm. puc. 3)

ViccnemoBanuch peanbHble ¥ MHUMBIE YacTU ONTHMYECKOI 37IEKTPOIPOBOJHOCTH
KOMIIO3UIIMIOHHBIX MaTepIaIoB C HAITOTHUTE/LSIMI OMOTOTNYECKOTO ITPOMCXOXK/EHSL.
PeanbHadg 1 MHMMAas 4acTV ONTUMYECKON 3/I€KTPOINPOBOJHOCTY PacCYUTHIBAINCDH I10
dopmynam

G,:% u oi:—wgr.
i 4in

3asucumoctu G,(E) u o;(E) npuBefeHsl Ha puc. 7. BUupHO, 4TO 4acTOTHBIE 3a-
BUCUMOCTH O; U O, i Kommnosutos I[I9HIT + x. % 06. Kp 1 HAHOKOMIIO3MTOB MMEIOT
aHaJIOTMYHBIN XapaKTep, T. €. B 4aCTOTHOM AuamnasoHne 0,025...1 Iy mpakTudeckn He
U3MEHAITCA, a B 4acTOTHOM pauamasoHe 10...1000 I cuapHO yBeIMYMBAIOTCA.

B xommnosure 97 % 06. [I9HII + 3 % 06. Kp 0; 1 0, yBennuusawrcs ot 5,9 10 645 u oT

ISSN 0236-3941. Bectaux MI'TY um. H.9. baymana. Cep. Mammnocrpoenne. 2017. Ne 3 97



9.M. l'opmkaes, 111.B. Annesa, B.B. Canumosa

0,03 nol,15 coorBeTcTBeHHO. [Ij1s1 KOMIIO3UTA X = 5 U 7 % 00. yBenmueHue G; U G, IIPO-
ucxoguT or 5,5 1o 581 m 0,01 mo 0,87 coorBeTcTBEHHO. A 1M1a KoMmosuta 93 % 06.
[ISHII + 7 % 06. Kp ©; yBemmrumBaetcs ot 5,1 mo 581, a 6, — ot 0,01 mo 0,5. [l HaHO-
xommosuros II9HIT + x. % 06. Kp + 1 % ALOs, B yvacrorHOM juanazone 10...1000 kIiy
TaKXKe HaOJTIOfjaeTCs CUIbHOE yBeIMYeH e G U Cr.

Gr 0-7‘
40} I 40 1
30 ;8 I
L p:
20 1ol ¥
10 2 0 -
3 2
0 4 _10 ! I ! I !
0,01 0,1 1 10 100 1000 0,01 0,1 1 10 100 1000
. 3 . 3
a v-10°, I'no 6 v-10°, I'g
G; 1 Gi 1
2 4!
600 3 600 | 3
4 2!
400 |- 400 | 5
200 - 200 |
0 a L P & I 0
0,01 0,1 1 10 100 1000 0,01 0,1 1 10 100 1000
. v-10%, I'q , v-10%, T

Puc. 7. YacToTHBIE 3aBUCUMOCTH PeabHbIX (d, 8) U MHUMBIX (6, 2) 4acTeil ONTUIECKOI
anektTponposogHocTy komnosutos II9HIT + x. % 06. Kp (4, 6) 1 HAaHOKOMIIO3UTOB

II9HII + x. % 06. Kp + 1 % ALO3 (6, 2)

YBenuuenne B yactoTHOM pamamnaszoHe 10...1000 xIir o; g HaHOKOMIIO3UTOB
IISHIT + x. % 06. Kp + 1 % Al,O3 ¢ Hamomautensmu (x = 0; 3; 5; 7 % 00.) cocTaBisieT
ot 3,7 mo 408; ot 3,9 mo 430; ot 4,2 mo 501; oT 6,9 mo 715 coorBeTCTBEHHO. [N 3TUX
JKe KOMIIO3UTOB yBenudeHue O, cocrasnger ot 0,07 po 10; ot 0,01 go 0,7; ot 0,02 mo
9,3 u ot 0,04 o 13,8 COOTBETCTBEHHO.

3akmouenne. [lonydeHbl HOBble KOMIIO3MIIMOHHbIE MaTepualbl C HAIlOJTHUTeE-
JSIMU OMOTOTMYECKOTO TPOUCXOXK/IEHS, UCCIIEOBAHbI YaCTOTHBIE 3aBUCUMOCTHU Y-
37IEKTPUYECKOII IPOHUIIAEMOCTY M PaCCYNTAHbI ONTHYECKUe QYHKIMN 3TUX MaTepU-
a7noB. BeIsBNIEHO, YTO ¢ Bapualueit 00 beMHOTO COfep>KaHMsI HATIOMTHUTES] U ATIOMU-

HMEBbIX HAHOYACTUL, MOXXHO YIIPABJIATD AUINIEKTPUICCKUMU ¥ ONTUYICCKUMU CBOII-
CTBaAMM KOMIIO3MTOB.
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Abstract Keywords

The purpose of the research was to carry out the phase Surface microrelief, X-ray phase
analysis and investigate the frequency dependence of the analysis, dielectric permittivity,
permittivity. We calculated the optical functions of the optical functions

real and imaginary parts of the refractive index, reflec-

tion, absorption coefficient, imaginary part of the recip-

rocal of the complex dielectric permittivity, real and

imaginary parts of the optical conductivity of composites

and nanocomposites based on low density polyethylene

with fillers of biological origin
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