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HccnenoBano BIHSHHE TMPOLECHTHOTO COACPIKAaHUS IMOPOITKOOOPA3HBIX HAIONHUTEICH Ha CIICK-
TpalbHBIC XapaKTCPUCTUKH KOMITO3UIIMOHHBIX MATCPHAJIOB B ONTHYECKOM U  ONIKHEM
HK- mnanazonax mmH BoiH 400...2400 aMm.

Kniouesvie crosa: CIICKTPAJIbHO-TTOJIAPHU3alIUOHHBIC XaPAKTCPUCTHUKHU, OIITUYCCKUC CBOﬁCTBa, KOM-
MO3UIIMOHHBIC MAaTCPHUAJIbI, HOpOHIKOO6pa3HLIG HaIlOJIHUTCIIH.

BBenenue

Komno3unnonHble MaTeprabl HAUIA IMAPOKOE TPUMEHEHHUE B PA3IMYHBIX 00JIACTAX TEXHU-
ku. MIX yHUKaIbHOCTh O0YCIIOBICHA BO3MOXKHOCTHIO KOMOMHUPOBAHUS 00BEMHOTO COJIEPIKAHUS BXO-
JSIAX B HUX KOMIIOHEHTOB, YTO IO3BOJISET IMOJNy4aTh KOHCTPYKIIMHM HA UX OCHOBE C TPEOYEeMBIMH
3HAYCHHUSAMY MEXAaHUYECKOH MPOYHOCTH, JKAPOIPOYHOCTH, MOAYJNS YIPYrOCTH, a0pa3UBHON CTONKO-
CTH, a TaKXX€e CO37aBaTh KOMIIO3UIIUU ¢ HEOOXOAMMBIMU MarHUTHBIMH, TUJICKTPUYSCKUMHU, PAJOI0-
[JIOMIAIOIMIMMHI U APYTUMHU CIIEHHUANBLHBIMU CBOMCTBaMU. Takue KOMIO3UIIMU IIHUPOKO MPUMEHSIOTCS
JUTE (POPMUPOBAHMS PA3IMYHBIX TIOKPBHITUH, B TOM YHCIIE HCIIONB3YEMBIX B onTHke. Hanpumep, Ha ux
OCHOBE MOKHO CO3/IaBaTh ONTHUYECKUE PACCEHBAIOIIUE MOKPBITUS, CIEKTPaIbHO-MOMSIPU3ALMOHHEIE
XapaKTEPUCTUKU KOTOPBIX MOT'YT BapbUPOBATHCS B 3aBUCUMOCTH OT KOHIEHTPALIUM U Pa3MepoB yac-
THUI] TIOPOIIKOOOPA3HOTO HAIMONHUTENSA. B 3TOM ciydae paccesHuE 3ICKTPOMATHUTHOTO U3TYYCHUS
OIITUYECKOT0 Jpana3oHa 00yCIaBJIMBACTCS €ro MpPEIoMIICHHEM U Audpakiueil Ha YacTHIaX MOPOIII-
KooOpa3Horo HanoiaHuTems [1].

Lenp HacTosAMIEH pabOTHI 3aKIIOYAIach B UCCIICAOBAHUN BIMSHUS KOHIICHTPAIIMH TTOPOIIKO-
00pa3HBIX HANOTHUTENCH (TAypHUT, IIYHTUT U JUOKCHJ THTAaHA) HA CICKTPAIbHO-TIONISIPU3AIUOHHBIC
XapaKTePUCTUKHA KOMIIO3UIIMOHHBIX MAaTEPUAIIOB, (JOPMUPYEMBIX Ha X OCHOBE.

MeTtoauka NMPOBEACHUSA IKCIICEPUMEHTA

Bri0op B kauecTBE MOPOMIKOOOPA3HBIX HAIIONHUTENCH METKOAUCIICPCHBIX TaypuTa, IIyHIUTa
W IUOKCHJ THTaHa (pyThiI) 00yCIIOBJIEH pa3BUTON MOBEPXHOCTHIO TAKUX MAaTEPHANIOB, UX CTOWKOCTBIO
K (OTOIECTPYKIMH MO BO3IEHCTBUEM YIbTPa(HOIECTOBOIO M3IyYEHHUs, YTO MO3BOJIUT OOECIIEYUTH
XOpOIIYIO0 aAre3ui0 CO CBS3YIOIIUM BEIECTBOM M CTaOMIIBHOCTH ONTHYECKHX XapaKTEPUCTUK COOT-
BETCTBEHHO. /{7151 cO3/1aHNs KOMIO3MIIMH HCIOIb30BAJIOCH CBS3YIOIIEE BEUIECTBO — MPO3PAYHBIN CH-
JIMKOH, CTOMKHI K BO3AEHCTBUIO TeMmeparyp B auanasoHe —40...+150°C, nmo3Bonsommii noay4ars
ruOKue KOMITO3UIIMOHHBIE MaTepHalbl, 00JIaJaronie HU3KOH UCTUPAaEMOCTbBIO ITPH BIaYKHOH OUUCTKE.

Hcnonp3o0Basinch MOPOIIKOOOpa3Hble MaTepuajibl € ONMHAKOBBIM pa3MepoM  (pakuuii
(20 MKM), U3 KOTOPBIX OBUTH COPMHUPOBAHBI TP TPYIIIBI 0OPA3LIOB: epBasi — BHITOIHEHHAS! HA OCHO-
BE TaypHuTa, BTOpas — LIyHI'WTa, TPEThsl — TUOKCUAA THTaHa. KOHLEHTpauus NopomKooOpa3Horo Ha-

12



MOJHUTENS B 00pa3nax Kaxaod rpymnmsl coctaBisiia 20%, 30% u 40%. YBennyeHue KOHIICHTPALIUH
6onee 40% npUBOIUIO K 3HAYUTETBHOMY CHUKEHHUIO TIPOYHOCTHBIX XapaKTEPHCTUK 00pa3IoB.

Hns uccnenoBanusi oOpas3loB MaTepHajoB B BUAMMOM M OmwmkHem WK-nmamazonax muiH
BomH (400...2400 HM) HCIOJB30BANUCH TOHHOMETPUYECKAs YCTaHOBKA W  CHEKTPOPaJHOMETD
I1CP-02 (cnexTpanbpHOE paspenieHue B quanazone ;uH BoaH 400...1050 uM — 3 M, 1050...2400 M
— 15 HM) ¢ MONSIPU3ALMOHHON HACAIKOW, MO3BOJSIOMINN PETHCTPUPOBATD CHEKTPAIBHYIO TIOTHOCTD
sHepreruyeckoil sipkoctu (CIIDA) (morpemnocts u3mMepenus B auanasone AauH BoaH 400...1050 am
— "e O6omee 7%, 1050...2400 am He Oonee 12%) 00pa3loB MPH Pa3NUYHBIX MOJOKEHHUSX OCH IOJIS-
pouna.

B xadecTBe McTOUHMKA CBETa NMpUMEHANAch rajoreHoBas Jamna KI'M-250, nMeromiast Mmakcu-
myM CIIDS na mune Bonubl mopsiaka 1,0 Mkm (uBetoBast Temmeparypa ~3000°K). Yron mangeHus
KOJUTUMUPOBAHHOTO ITy4YKa CBETa Ha HMCCIeAyeMblid 00BeKT () coctasisin 45°. Mcnonb3oBanock Tpu
MOJIOKEHUS OCH TIOIAPOUAA OTHOCUTENBHO BEpTUKAIBHOM miiockocTH: 0°, 45° u 90°. Vel Habmoe-
Hus () m3mensuucs ot 20° mo 40°. Otcuer yriioB Yy U 3 BRIIONHSJICS OTHOCUTENBHO OCH, TEpIICHIU-
KyJISIPHOW TJIOCKOCTH 00pasia.

[IuTanne OCBETHTENBHOW JIaMITBl CTaOMIM3UPOBAIOCH U KOHTPOIUPOBAIOCH, MOITOMY SIp-
KOCTh UCTOYHHKA OCBEUIEHHS HE U3MEHsIAach B Iporecce u3mepeHuil. CrieKTpopaIuoMeTp perucTpu-
poBan CIIDS m3nmydeHus, oTpaxxeHHOTO OT 00pasia, B auama3oHe uH BoiH 400...2400 am. [Toxy-
YeHHBIC JAHHBIE MCIONB30BAIMCE ISl BEIYMCIICHHS CIIEKTpajbHOTo Koddunmenta sipkoctu (CKA) u
CTENEHU MOJSAPU3aLINH.

Jns ananuza criekTpoB oTpaxkeHust u BeruncieHust CKA nccnenyemoro oobexTa ObUM MOITY-
YeHBI CIEKTPHI OTPaKEHHSI sl 3TAJTOHHOTO 00paslia, BHIMOJIHEHHOTO HA OCHOBE MOJIOYHOTO CTEKJa
MC-20 ¢ paBHOMEpHON MHAMKATPUCOH paccesHus MpU YCIOBUAX M3MEPEHUH, aHAJIOTHYHBIX YCJIOBU-
M JUISL UccenyeMbIx 00pa3oB. CrieKTpanbHbi KO3 (UIUEHT SIPKOCTH BBIYUCISUICS KaK OTHOLICHUE
CII94 uccnenyemoro matepuana k CII95 mareprana ¢ paBHOMEPHON MHIANKATPUCON PACCESTHHUSL.

Jns onrcaHus COCTOSTHHSI OTPa)KEHHOT'O CBETa OBUIM paccuuTaHbl apaMmeTpbl CTOKca Ha Oc-
HOBE MEPBUYHBIX 3HAUCHUU: Iy, Iys5, lop — CIIDS nnst cooTBeTCTBYIOMMX OpueHTauul nomsipouna. Ha
ocHoBe napamerpoB CTokca Oblla paccuuTaHa CTeNeHb nojsipusanuu (P) g uccieayeMbix o0pa3ioB
Matepuaios [2].

OO0cy:kaeHHe pe3yJbTATOB

3nauenne CKSl cBs3yromero BemecTBa (CHIIMKOH) cocTaBiser He Oonee 0,2 mpu yriax Ha-
omonenus 5°, 25°, 65° B quanazone anuH BonH 400...2400 vM (puc. 1). Ilpu yrne nabmogenust 45°
CK4I cocramser He 6onee 0,5 B BumuMoii obnactu criektpa u e oonee 0,3 B onmmxaem K- auamazo-
He AnvH BoiH. CTeneHb MOSpU3allMK CBS3YIOLIEro BelecTBa He mpesbimaer 0,3 B uccienyemMom
Jiarna3oHe JJIMH BOJIH.

CKSl kOMNO3UTHBIX MaTepuajioB HA OCHOBE IMOPOIIKOOOPA3HOTO JWOKCHIAa TUTaHA XapaKTe-
PU3YIOTCS YBEIMYEHUEM CIIeKTpalibHOUM spkocT 10 0,67 B auamazone anuH BoiH 400...2400 HM npu
BO3PACTaHUU yIila BU3HPOBaHUs 10 65° (puc. 2). YBennueHne o0bEMHOTO COAEPKaHHs MOPOIIKO00-
pasHoro HanoiaHuTensa Ha 20% cumkaer CKA kommosuta Ha 0,06...0,09 B BUAMMOM Uana3oHe JJIMH
BoyiH 1 0,05...0,1 B 0mmwkHem MK-nuanaszone mumH BonH. [lonspusanus oTpaKeHHOTO U3ITYICHUS IS
TaKOro KOMIIO3UTa B BHJIMMOM JHATa30HE JUIMH BOJIH HAONIONAETCS MPHU YIiiax BU3HPOBAaHUS Oojee
25°, MakcUMaJbHOE 3Ha4YeHue koTopoii cocrasisier 0,28. B ommwkaem MK- muanazoHe creneHb Mmols-
pU3aluK 3HAaYUTENbHO BhIe U coctaBisieT 0,3...0,9. Paznuune B 3HaYCHUSX CTEMEHU MOISPU3ALUU
OT OOBEMHOTO COIEpKaHUS TOPOIIKOOOPa3HOr0 HAMOMHUTENS B Kommnosutre B OmmkHem UWK-
JaTa30He MPAKTUISCKU He HaOIr01aeTCsl.
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Puc. 1. 3aBucumocts CKS ciimmkoHa OT JITHHEI BOJHBI U3TydeHUs BUauMoro u ommkHero K- nuanazona mpu
yraax BuzupoBanus: 1 —5°% 2 —25°% 3 —45°% 4 —65°
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Puc. 2. 3aBucumocts CKS 0T ATMHEI BOHEI TSI KOMIIO3UTHOTO MaTepraia Ha OCHOBE MTOPOIIKOOOPa3HOro JIU-

OKCH/JIa TUTaHA IIPH yIiie BU3UpOBaHUs 65° B BunumMoM u OmmkHeM K- nuamasone, riie 00beMHOE COIepKaHHe
nopomrkoodpasnoro HarmonaUTE: 1 —20%; 2 — 30%; 3 —40%

KommosutHbie MaTeprabl, BEIIIONHEHHBIE HA OCHOBE MOPOLIKOOOPa3HOro IIYHTUTA U TaypH-
Ta, UMEIOT HAeHTHYHYyt TeHaeHnuio yBemuueHus CKA ¢ 0,05 mo 0,24 (mynrwur) u ¢ 0,01 mo
0,22 (tayput) B mmamnazone mnmuH BoiH 400...2400 HM, mpu pocTe yria BHU3MpPOBaHHS ¢ 5° 1o
65° (puc. 3, 4). YBenuuenne 0o0bEMHOT'0 COAEPXKAHHUA B TAKMX KOMIIO3UTaX MOPOLIKOOOPAa3HOTro Ha-
nonHuTens B npenenax 20...30% He no3BosnsieT BapbupoBaTh 3HaueHUs: CKS B cTONB MMpOKHX Tpe-
nenax, Kak Juisi AMoKcuaa Tutana. CTerneHb NOoNIpH3aliy U3IyUeHHs I TaKUX MaTepHalioB CYIIECT-
BEHHO 3aBHCHT OT yIjla BUBHPOBaHUS U Bapbupyercd B npenenax 0,04...0,82 nns raypura u 0,06...0,9
JUTS IIYHTHUTA B BUAMMOM Juana3one aivH BoiH u 0,29...0,98 B Ommxaem MK-auanazone mumH.

YcTaHOBNIEHO, YTO MPUMEHEHHE MOPOIMIKOOOPa3HOrO TaypuTa ¢ OOBEMHBIM COAEp)KaHHEM
40% B uccmenyeMbIX KOMIIO3UTaxX MO3BOJIAET CHU3UTH CTENEHb MOSAPU3AIMH OTPaKEHHOIO U pacce-
STHHOTO M3JIy4eHus Juid Takoro Matepuana Ha 0,05...0,3 npu yBenndeHuu yria BUMPOBaHUS ¢ 25° o

65°.
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Puc. 3. 3aBucumocts CKS oT anuubl BosiHbI u3nydeHus Buaumoro u UK-nuanazona st KOMIO3UTHOrO Mate-
pHualia Ha OCHOBE TTOPOIIKOOOPA3HOTo IMIIYHTHTA TPH YTJIe BU3UPOBAaHUS 65°, rie 00beMHOE COACpIKaHUE ITOPOIII-
koobOpasnoro HanoauTeNs: 1 — 20%; 2 — 30%; 3 — 40%
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Puc. 4. 3aBucumocts CKS OT ATMHEI BOJHBI U3ITy9eHUS BUAUMOrO U Onmkaero MK-nuama3ona uist KOMIIO3UT-
HOT'0 MaTepHalia Ha OCHOBE TIOPOIIKOOOPa3HOro TaypuTa MPH yIiie BU3UPOBaHUS 65°, rie 00beMHOe CoepiKa-
HHE nopoukooOpasHoro Hanomuurenst: 1 —20%; 2 —30%; 3 — 40%

3akjoueHmne

HccnenoBaHbl ONTHYECKHE CBOWCTBA KOMIIO3UTHBIX MaTEpUANIOB, MOTYYEHHBIX MyTEM 3aKpe-
TUIEHUS! TTIOPOLIKOOOPa3HOTO HAIONHUTENS (AMOKCHU] THTaHA, IIyHT'UT, TAYPHUT, JIaBp, XHA) B CBA3ZYIO-
IIeM BellecTBe (MPO3pauyHblii CHIIMKOH), BEIOOP KOTOPOT'0 OOYCIIOBIEH €ro CTOMKOCTHIO K BO3JEUCT-
BHIO Temnepatyp B auamazone —40...+150 C. Takoii MeToa MO3BOJNSET MONTYYaTh THOKHE KOMIIO3HUT-
HBIE MaTepHaibl, o0Nagaronue HU3KOH HCTHPAEMOCTBIO MPHU BIAKHOH OYMCTKE. Y CTaHOBIEHO, YTO
HU3MEHEHUE 00bEMHOTO COAEPKaHMs TOPOIIKO0Opa3Horo Marepuana B kommnosute ¢ 20% mno 40% mo-
3BosisieT ynpasisieMo u3Menats CKS u cTeneHp monspuzalvy U3Ty4eHHs], OTPaXEHHOTO M paccesH-
HOT'O 3TUMH KOMITO3UTHBIMU MaTepHajaMH. Y BelIn4eHHEe 00bEMHOT0 COIepKaHHs MOPOLIKOOOpa3HO-
ro Marepuana (IMOKCUA TUTaHa, IIyHTHUT, TaypuT) B Kommo3ute Oonee 40% sBusiercs: HeLenecooopas-
HBIM, TaK KaK IpH 3TOM 3HAUYUTENBHO CHIKAIOTCS IPOYHOCTHBIE XapaKTEPUCTHKH MaTepHaa.

AGENCY OF THE CONTENT OF POWDERY FILLER IN COMPOSITES ON
THEIR OPTICAL PROPERTIES

D.V. STOLER, T.A. PULKO, T.V. BORBOTKO, A.L. GURSKII, N.V. RZHEUTSKII

Abstract

Agency of percentage of powdery fillers on spectral characteristics of composites in optical
and IR-range of lengths of waves 400...2400 nm is explored.
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