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OrnrcaH MeToj pacueTa W aHajiu3a CIEKTPAIbHOM SPKOCTH KOMIIO3MLMOHHBIX MAaTe€pHalIOB, CO-
CTOSIIIMX W3 KOMIIOHEHTOB, B3SITBIX B PA3JIMYHBIX IMPOMOPLUAX, C HU3BECTHBIMH ONTHUYECKUMH
CBOMCTBaMH.

Knrouesuvle cnosa: qMokcu TUTaHA, HHAUKATPUCA PACCESHUS, KOMIIO3ULMOHHBIE MAaTEpUAIIbI, KO-
3G QUINEHT CTIEKTPAILHON SIPKOCTH, ONTHYECKUI AWara3oH JUIMH BOJH, CIIEKTPAJIGHBIN CHTHAI,
LIYHTHT.

BBenenue

Komnosuuronneie MaTepuaibl HaXOAAT MIMPOKOE MPUMEHEHUE B Pa3IMUHBIX 001acTsIX TeX-
HUKHU. X cBOiicTBa 3aBUCST OT BHIOOpAa MCXONHBIX KOMIIOHEHTOB U TEXHOJIOTMH COBMELICHUS, TPH-
3BaHHON 00ECHEUNTh MPOYHYIO CBA3b MEXKIY KOMIIOHEHTAMHM IIPU COXPAHEHUH HMX IEPBOHAYATBHBIX
XapaKTepHCTHK. B pe3ynpTaTte coeanHeH s apMUPYIOLUIUX 3JIEMEHTOB U MaTpPHUIIBI (POPMHUPYETCS KOM-
IIJIEKC CBOMCTB KOMITO3UTa, HE TOJIBKO OTPAXKAIOIMHM MCXOMHBIE XapaKTEPUCTUKH €r0 KOMIIOHEHTOB,
HO ¥ BKJIIOYAIOIINI CBOWCTBA, KOTOPHIMH H30JIMPOBaHHBIE KOMIIOHEHTHI He oOmanaror. Takum oOpa-
30M, CO3/IaHHE KOMITO3UIIMOHHBIX MaTEPHUAJIOB C HOBBIM KOMIUIEKCOM CBOWCTB JUIS Pa3iUYHbIX 00Jac-
Tl MPUMEHEHUs TPEICTABIISETCS BEChbMa aKTyalIbHOM MpoOIeMOi.

OpHOll M3 XapaKTEpUCTUK KOMIIO3UIIMOHHBIX MAaTEpUANOB SBISAIOTCS  CHEKTPajIbHO-
MOJISIPU3ALIOHHBIE CBOMCTBA, KOTOpPBIE OOYCIaBIMBAIOT MX B3aMMOJCHCTBUE C JIEKTPOMArHUTHBIM
W3ITy4YeHHEM ONTHYecKoro auamnaszona. [Ipu ¢opMupoBaHMH KOMIO3UTa C TPeOYEMBIMH CIEKTPalib-
HBIMH XapaKTEepUCTUKAMH B LENSAX CHIKEHHS Pacxola MaTepHajioB BHIOOP COOTHOLICHUS MCXOIAHBIX
KOMITOHEHTOB JOJKEH OCYILECTBIISTHCS TEOPETUYECKUM IYyTEM, UTO TpeOyeT HaIUYHsl OnpeaeseHHbIX
pacyeTHBIX METOAOB, OTIMYAIOMINXCSI TOYHOCTBIO, OBICTPOTON U MPOCTOTOM peai3alty.

Henb paboThl 3aKmoyaeTcs B pa3padOTKe METOAa BEIYUCICHNS CIIEKTPATIBHBIX XapaKTEPUCTHK
KOMITO3UIIMOHHBIX MaTepHajioB, (GOPMHUPYEMBIX Ha OCHOBE KOMIIOHEHTOB (TIOIMMEPHOE CBSI3YIOLIEE U
MEJTKOIMCIIEPCHBIN HAIOMTHUTENb) C U3BECTHBIMU 3HAYCHHUSIMU CIIEKTPAIBbHON SPKOCTH.

MeTtoauka NMPOBEACHUSA IKCIICEPUMEHTA

B kadecTBEe KOMIIOHEHTOB ISl CHHTE3a KOMIIO3UI[MOHHBIX MaTEPHAJIOB C 3aJaHHBIMH ONTHYE-
CKMMH CBOMCTBaMH OBIIIM B35THl MPO3pAvHbId CUIMKOH, AMOKCHJ] THTaHa M IIyHTHT. J(Mokcua TuTana
MPEACTAaBIST OO0 METKOTUCTIEPCHBI OJHOPOIHBIA MOPOMIOK OENoro IBera C pa3MepoM YaCTHIL
10 mxm. IyHruT OBIT Pa3MOJOT B JaOOPATOPHBIX YCIOBUSAX IO MOPOIIKOOOPA3HOTO COCTOSHHS U
pasmepa ¢paxuuii 10 MkM. [{BeT IyHrHTOBOTO MOPOIIKA — YEPHBIH.

HccnenoBanne oNTHYECKUX CBOHCTB KOMIIOHEHTOB MPOBOAMIOCH B BUAUMOM M OJMKHEM HH-
(dpakxpacHoM nuana3zonax juH BoiH — 370...2500 HM. 3HaYCHUS JUTMH BOJIH U3 YKa3aHHOTO JTUamna3o-
Ha BBIOMPAJIMCH C 1IaroM 2,2 HM.
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Cxema U3MEpHUTEIFHON YCTAaHOBKHU MpuBeAeHa Ha puc. 1 [1]. YcranoBka Bkimovana B cebs ro-
Huomerp I'=5 (1), B KoTOpBIi moMeImancs uccieayeMblii 00bekT (5), cnekrpopaguomerp IICP-02 (2),
MIEepCOHATBHBINA - o ’ 7 ommmmatop (7),
CHCTEMY OXJIaK; (10).
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Puc. 1. Cxema u3MepHUTEIIbHON YCTAHOBKU

Crnexrpopanuomerp I[ICP—02 mo3Bomsin perucTpupoBaTh CIEKTPAIBbHYIO IJIOTHOCTh dHEpre-
tnaeckoit sipkoctu (CIIDS) nccnemyemoro obpasia, a mpu UCIOIB30BAHUH MOJSPU3ALIMOHHON Haca -
ku — CIIOS npu pa3nuyHbIX MOJNIOKEHUAX OcH noisiponaa. I'anorenosas nammna KI'M—-250 npumens-
J1ach B KaUeCTBE MCTOYHMKA CBETA. YTOI MaJeHUs KOJJTMMUPOBAHHOIO ITydKa CBETA HA UCCIIEAYEMBIN
00BEKT cocTaBisul 45°, a yriel HaOmroneHus — 45° n 65°. 3HaveHus YIIIOB MaJicHUs] U HAOIIOICHUS
OTCUUTHIBAIMCH OT HOPMAJHU K IUIOCKOCTH HccieayeMoro oonsekTa. [lomyuennsle naHHbIe OBUIN TIPH-
MeHeHEB! 1d BerauciieHus KCS.

KCAl mpencrasnser coboii BeTMUUHY, KOTOpasi XapaKTepu3yeT MPOCTPAaHCTBEHHOE pacrpere-
JICHHWE CIIEKTPAIbHON SIPKOCTH OTpakarollel MOBEPXHOCTH U PaBHA OTHOIIEHUIO SIPKOCTH TAHHOMU ITO-
BEPXHOCTH B 33JJaHHOM HAIpaBICHUH K SPKOCTH HJEATBHO PACCEMBAOLIEH MOBEPXHOCTH C €IUHUY-
HBIM KO3()(PUIIEHTOM OTPa)KeHHS U OCBELICHHON TaK e, KaK U JaHHAs TOBEPXHOCTb.

B xauecTBe maeanbHO pacceMBarollell MOBEPXHOCTU HCIONb30BAJIACH MJIACTHHA MOJIOYHOIO
crexia MC—20 Tomumuoit 10 M. [{ns nanHOTO MaTepuana ObIIH MOTYYEHBI CIIEKTPBI OTPaskeHHsSI IPH
YCIIOBUSIX U3MEPEHUH, aHAIOTHYHBIX YCIOBHUSAM M3MEPEHHH I HcclieayeMbIx o0pa3uoB. Ha ocHoBa-
HUU MTOJTyYeHHBIX pe3ynbTaToB ObLT pon3BeneH pacuet KCS, cornacuo gopmyse

Ry (%.9.9)
Ryc(2,9,0)

rae R (A,0,90) u R, (A,0,0) — crieKTpainbHble CUTHAbI 3aJJAHHOM JUIMHBI BOJHBI, OTPa)KEHHbIE OT

p(X,0,0)=

HuccjiIcayemMoro 00BEKTa U MOJIOYHOI'O CTEKIIa COOTBCTCTBCHHO, A — JJInHa OTpa)KCHHOﬁ BOJIHEBI, 0 -
yroja nagcHus CBCTa, ¢ — yroijl Ha6J'HO,Z[CHI/I$I OTPa’XCHHBIX CUTHAJIOB.

PesynbTatel u ux o0cy:kaeHue

Ha ocHoBe pe3ynbTaToB MpoBEAEHHBIX U3MepeHNH nomyyeHsl 3aBucuMmoct KCS npospauno-
0 CUJIMKOHA, TUOKCHIA TUTaHA W LIYHTUTa OT JJIMHBI Najaromiei BoiaHbl auanasona 370...2400 am
npu yrinax HabmogeHus 45° u 65°. I'paduku 3TUX 3aBUCUMOCTEl IpUBENEHBI Ha pUcC. 2—4 COOTBETCT-
BEHHO (KpHUBBIE | COOTBETCTBYIOT yriy HaOmonenus 45°, kpusbie 2 — yriy HaOmroneHus 65°).

20



0,7
0,6
1
05 “\\v
00 L 1 |
S04 \]
: N\ ‘
= 03
: O A
: nvas
02 I ! M \’\/\.« S el <
» |
\ﬂl‘\, M L/
" Patmens WA NS 8\
2 \\,—-/‘f MWN\"\#\/\_ V
0
370 370 770 970 1170 1370 1570 1770 1970 2170 2370
JIHHA BEOJIHBL, HM
Puc. 2. 3aBucumocts KCS mpo3pauHOro cuiavkoHa OT JUIMHBI BOJIHBI
0,7
0,6 I
1

iil
\
3
[
J
»)

5 04 Ve 4 |
E 0.3 \’b/v %j-\ L~ INA 3 f
3 2 [

"oz N }\\ﬁjj"

=
—

0 |
370 570 770 970 1170 1370 1570 1770 1970 2170 2370

JJIHHA BOJIHBI, HM
Puc. 3. 3aBucumocts KCSI nuokcuaa THTaHa OT JUIMHEI BOJIHEI
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Puc. 4. 3aBucumocts KCSI nrynrura ot AITUHBI BOITHBL

B pesynpraTe cMmemmBaHHMA MPO3PaYHOTO CHIMKOHA C TOPOIIKOOOpPa3HBIMH JAWOKCHAOM
TUTaHa, IIYHTUTOM JHOO HHBIM  MEIKOOUCIIEPCHBIM  IOPOMIKOM  JODKEH  MOJTYy4aThCs
KOMITO3UIIMOHHBIN Matepuad, 3HadeHus: KCA kotoporo nponopuuonansasl cymme KCS BeIOpaHHBIX

KOMIIOHCHTOB:
Pxrwm O\" 0, (P) =K- (pc (7‘»9: (P) +pPp (7\'7 0, (P)),

rie p.(A,0,0), p;(A,0,0), puy(X,0,0) — 3Hauenus KCH cessyromero BemiecTBa, MOpOIIKA U
MOJIyYEHHOTO B PE3YJIbTaTe CMEIIMBAHHUS 3TUX KOMIIOHCHTOB KOMIIO3MIIMOHHOTO MaTepuana
cooTBeTcTBeHHO, K — KO3((GUIMEHT TPONOPIHOHAILHOCTH, ONPENeIsieMbIll  (PU3MUIECCKUMHU
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XapaKTePUCTHKAMH MOPOIIKA M ero 00BEMHBIM COJICPKAHUEM B CHHTE3UPYEMOM KOMITO3UI[HOHHOM
marepuane, 0 < K <1.

3nayenune kodppunmenta K tak xe, kak 1 KCSl, 11 KOMIIO3UIIMOHHOTO MaTepHalla 3aBUCUT
OT €ro COCTaBa, BIAKHOCTH, TEKCTYPBI, CTPYKTYPBI TIOBEPXHOCTH, a TAKXKE LIBETa IOPOIIKOOOPa3HOTrO
HanonHuTes. B wacTHOCTH, H0OaBiIeHNE B CHIIMKOH MOPOIIKA MPUBOIUT K COKPAIIEHHUIO COlEpKaHUs
B HEM BJIaru, 4To 00yClaBJIMBAaET YMEHBIICHHUE [TOKa3aTens npeaomieHus (¢ n=14 mo n=1,2...1,3)
W yBemMueHHe Tokasartens morjomeHus. O6a addexra npuBogar xk cHmwxkenuto KCS, a 3Hauut, u
CHIDKEHUIO Kod(ppunmeHTa K.

TekcTypa MaTeprana XapaKTepU3yeTcsl COOTHOLLIEHUEM B HEM YacCTHIl Pa3lIUYHBIX Pa3MEpOB.
VYBenuueHue copepikaHUs B MaTepHalle YacTHIl MaJIbIX pa3MepoB MPHBOAUT K ymeHblneHuio KCA,
00YCITOBIECHHOMY YBEIMYEHHEM MHOI'OKPAaTHOTO BHYTPEHHEr0 paccesHus cBeTa. B paccmarpuBaeMom
ciydyae B CHJIMKOH JO0AaBJSIETCSl MOPOIIOK C OAMHAKOBBIM Pa3MEpOM 4YacTHIl, CJIeI0BaTENBHO,
TEKCTypa CUHTE3UPYEMOT0 KOMIIO3UIIMOHHOIO MaTepHalia ABISAETCS OJHOPOIHOM [2].

Bausinne wmukpopenbeda moBepxHOCTH Matepuaia Ha BennuuHy KCS  o0ycnosieHo
M3MEHEHHEM IIJIONAAH, 3aHUMAEeMON TEHSAMH. Y BETMYEHHE MIEPOXOBATOCTH MOBEPXHOCTH CHUIIMKOHA
BCIIeACTBUE J00aBICHUS B HErO IOPOIIKA NPUBOAWT K YBEIMUYEHHUIO JOJIM STOM IUIOANU W,
cnenoBarenbHo, K ymeHbuieHHI0 KCS. [l oleHKH IIepoXoBaTOCTH MOBEPXHOCTH MPHUMEHSIOTCS
kputepuil Panes [3]. CornacHo 3ToMy KpUTEpHIO, TOBEPXHOCTh CUMTAETCS IIIaKOM, ecin

P
16-0059’

rge i — BBICOTa MIEPOXOBATOCTH, O — yrom majeHust CBeTa, COCTABIAIOIMHA B paMKax
paccMaTpuBaeMoro uccienoBaHus 45°.

CrnenoBaTenbHO, NMOBEPXHOCTh KOMIO3MIIMOHHBIX MaTEpHalIOB, CHHTE3MPYEMBIX Ha OCHOBE
MOPOIIKOB JTHUOKCHAAa THUTaHa M LIyHTUTa ¢ pasmepoMm ¢pakuuii 10 MM, Oyaer cuuTaTbes
nrepoxoBaroil oTHocuTeNnbHO A <113,1 MkM. /Inama3oH [IMH BOJH, BBHIOPAHHBIA Ui MPOBEACHUS
WCCIIEIOBAHNH, YIOBIETBOPSIET yKa3aHHOMY YCIIOBHIO.

Kpome toro, KCS 3aBucur ot yrina Habmronenus. laHHas 3aBHCHMOCTb XapaKTEpU3yeTCs
WHIVKaTPUCON paccesHHs, Ha THUI KOTOPOH OKa3bIBae€T BIMSIHHE HIEPOXOBATOCTH IOBEPXHOCTH
Matepuana. KOMIO3ZMIIMOHHBIM MaTepHajiaM, KakK IpaBWJIO, CBOWCTBEHHA HEOPTOTPOMHAS
MOBEPXHOCTb, T.€. UX SIPKOCTh OMpeAessieTcss yriioM HaOmoaeHus. MHOUKaTpUCh HEOPTOTPOMHBIX
TUIIOB OTPAKAIOUIMX MOBEPXHOCTEH MOXHO aIlllPOKCUMUPOBATh KOMOWHAIMEH Monycdepsl H

ammuncounoB (puc. 5) [3].
A KCH, orn. ei.
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Puc. 5. OOmwmii BU MHANKATPHUCHI JJIs1 HEOPTOTPOITHBIX THITOB OTPAKAIOIINX MOBEPXHOCTEH

3aBUCUMOCTD KO3 (QUIMEHTa TPOMOPLUHOHAIEHOCTH K OT MPOLEHTHOTO coiepkaHus P B
CHHTE3MPOBaHHOM KOMITO3UIIMOHHOM MaTepuaJe IOpOIIKa TUOKCHAA TUTaHa ISl yIIIOB HaOMIOIeHNs
45° u 65° npencrasiieHa Ha puc. 6, TOpOIIKa IIIyHIUTa — Ha pucC. 7.
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JloGaBiieHMEe B CHJIMKOH IOPOIIKOOOPa3HBIX KOMIIOHEHTOB CIIOCOOCTBYET CHIDKEHHIO €ro
npo3pauHocTu. B ciaydae, korja KOHTPACTHOE COOTHOIICHUE MEXAY HANOIHUTENEM U CBA3YIOIIUM B
KOMIIO3WIIMOHHOM MAaTepHaie BEIMKO (KaK MEXKIy IIYHTUTOM U TPO3PAYHBIM CUJIMKOHOM), TO
W3MEHCHHUE YIila HAOIIOJICHUS MPHUBOJUT K 0OJIee YETKOMY OOO3HAUCHHWIO TPAHUIl pasjiena MEKIY
KOMITOHEHTaMU Ha noBepxHocTu Matepuana. [Ipu atom KCS nocnennero ysenuunpaerca. CHUXKEHUE
KOHTPACTHOCTH MEXTY HATIOJTHUTEIEM U CBSI3YIOIIEM COKpAIIACT CTEIICHb BIUSHUS YIila HaOI0ICHUS
Ha 3HaueHus KCSl xkoMmo3unnoHHoro mMmaTepuana.

YcTaHOBIEHO, YTO OTHOCHUTENbHAs HorpemHocTh onpeaeneHus KCS KoMmo3UIIMOHHOTO
MaTepuana MpeIokKeHHBIM MeTojoM coctaBisieT 10%. [lorpemrHocTs 00yCIOBIICHA YCPETHEHUEM
3HAaYCHHUH KO3 UIIMSHTOB MPOITOPIIMOHATLHOCTH K Ha BCceM MCCIIeyeMOM Tuana3oHe JJTHH BOJH.

3akjoueHne

Hcnonk3oBanue  pa3pabOTaHHOrO  METOAAa  CHOCOOCTBYET  COKPAICHUIO  BPEMEHH,
3aTPayrBaEMOro Ha MOJyYCHHE TPEOYEMBIX CIEKTPATBHBIX XapaKTEPUCTHK. DTO SIBISCTCS BaXKHBIM,
T.K. YCJIOBHUSI NMPUMEHEHUS (POPMHUPYEMBIX MaTEPHAIOB Pa3HOOOPA3HBI U B OMPEACTCHHBIX CIyJasx
OBICTPO U3MCHYUBHI.

OmnucaHHBI B paMKaX HACTOSINEH pabOTHI METOJ| pacyeTa XapaKTePHCTHK CIEKTPaTbHOU
SIPKOCTH KOMITO3UIIMOHHBIX MAaTEpPHAIOB ObLT apoOUpoOBaH Ha 00pasiiax, M3rOTOBJICHHBIX HA OCHOBE
CHJTUKOHA, IIYHTUTA U JUOKCHIA TUTaHa. ONTHUECKUE XapaKTEPUCTUKU ITHX 00pa3IioB, MOJYUICHHBIC
B pe3ynbTaTe pacuera, B npeaenax 10% pacxomsrcs cO 3HAYCHHUSMH aHAJOTMYHBIX XapaKTEPUCTHK,
MOJYYCHHBIX KCIICPUMEHTANBHBIM MyTeM. MICTOYHMKOM MOTPEITHOCTH B JAHHOM CIy4ae CIYKHUT
YCPEMHEHUE PE3YNIbTATOB MOMPABOYHBIX KOA(PPHUIIMEHTOB Ha BCEM HCCICIYEMOM JHAINa30HEe JJTHH
BOJIH. YMEHBIIINThH 3HAYCHUE TIOTPEITHOCTH MOXKHO TyTEM pa3OMEHHUsT pacCMaTPHBAEMOr0 JUama3oHa
JUTMH BOJH Ha TMOJAMANa30HBl M pacuera Il KaKAOT0 W3 HUX 3HAYCHHS Kod(UIMeHTa
MPOMOPIIUOHATEHOCTH.

[Momy4eHHBle MaTepHaNbl OTAMYAIOTCS TEXHOJOTHYHOCTHI0 M MOTYT HCIOJL30BATHCSA MPH
CO3JJAHMU  ONTHYECKMX MNPUOOPOB (KOCMHUECKHX TENECKOMOB, CHCTEM HOYHOTO BHJICHUS,
BBICOKOTOYHBIX TMPOCKIIHOHHBIX OOBCKTHBOB JII MHKPOIJICKTPOHMKM U T.1.), & TaKKe JUIs
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MacCKHpPOBaHUs 00BEKTOB B ONITUYECKOM Juara3one JuH BoiaH. Hampumep, KCS cuaTe3npoBaHHBIX B
paMKax HAcTOsIIell pabOThl KOMITO3WUIIMOHHBIX MAaTEpUalIOB Ha OCHOBe IIyHruTa cxoxu ¢ KCS
nokpoBa u3 Polytrichum commune (KyKyIWIKMHOTO JbHa OOBIKHOBEHHOro) uepe3 30 MuH. mocie
Hayaja OOJydeHHs MPSMBIMH Jy4amH CONHIA, a Takke ¢ KCS HHM3MHHOTO OCOKOBO-XBOIIOBOT'O
0oJI0Ta ¢ BaxTOW TPWIMCTHOW B wuioje Mmecsane. CHeKTpaibHBIE XapaKTEPUCTUKUA MAaTEpUasIoB,
MOJIYYCHHBIX Ha OCHOBE CHUJIMKOHA U AUOKCHJA TUTaHAa B aAuamna3zoHe AauH BoaH 450...800 HM
MOTOOHBI CIIEKTPaIbHBIM XapaKTEPUCTHKAM JIUIIIAWHUKA.

ANALYSIS AND CALCULATION METHOD OF COMPOSITE MATERIALS
SPECTRAL BRIGHTNESS CHARACTERISTICS

O.V. BOIPRAV, D.V. STOLER, T.V. BORBOTKO

Abstract

A method for calculation and analysis of the spectral brightness of composite materials consisting of
components combined in various proportions with known optical properties is described.
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