Abstract

It is shown that the prediction of the kinetics of impregnation process oriented and woven fibrous fillers epoxy
binder solution is based primarily on an analysis of the structure of fibrous fillers. In this case, the capillary
structure of [ibrous fillers should include the most important factors that affect the speed and completeness of the
impregnation process, after impregnating fluid flow in these materials is a process, which is mainly governed by
laws of capillarity and viscosity. It is shown that in general the capillary structure of any fibrous material consists of
material microstructure fiber from which it is made, as well as macro-fiber material, the diameter of the capillaries
of the two structures is a completely different order. Are analyzed that the penetration depth of the liquid in the
impregnation of capillaries in individual fibers, especially for those short periods during which there is a treatment,
there can be significant. Therefore infinitely more practical importance is the penetration of impregnating fluid
in the space between the fibers (interfiber space or penetration) or filaments of fibrous material. Describes an
effective approach to the selection of an adequate physical model of capillary-porous bodies in the technology
of construction of the oriented fiber composites. This physical model is then used for the determination of refined
mathematical model of the process of impregnation of fibrous fillers epoxy bonding using conventional filtration
theory of laminar flow of viscous non-Newtonian [luid which is not compressed.
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1. Beryn yabTpadioseToBOro 10 iHHpavepBOHOro BUIIPOMiHIOBAHHS,
dKa BJIAaCTUBA MaTepiaJly, aloTh MOKJIUBICTh BUTOTOBJIA-
Bimomo, mo B cywacHux mnpujagax MmUPoOKo  Tu carndipoBi BiKHA Ta JIH3W [JIs ONTUYHUX TPUITATIB.

BUKOPHUCTOBYETHCS TaKWH YHIKAJBbHUHM Marepias K
candip. Ha npukmani nmeraneii i3 camndipy mnokasano
MOJKJIMBICTh BUMIipPIOBAaHHA BHYTPIIIHIX HAIPYKEHb 3a
JIOTIOMOTO010 TOJIPU3AIIHHUX METO/iB KOHTpoJI0. Buco-
Ka CTIMKICTb 0 MEXaHIYHUX, XIMIYHUX i TeMIlepaTypHUX
BILJIMBIB, XOPOIIA IIPO30PiCTh B ONTUYHOMY Jialla3oHi Bix

[lerani i3 candipy BUKOPHUCTOBYIOTh B TEPMOSIIEPHUX
yCTAaHOBKaX IIPU AiarHOCTUIL TepMOALEPHOI ILJasMHU Ta
aHaJIi3i cTaHy MOBEPXHi PO3PSANHUX M11a3MOBUX Kamep [1],
a TaKOXX B KOCMIUHIii TEeXHilli — /[JIsT BUBEJEHHS Jla3epHO-
0 BUIIPOMIHIOBAHHS B KOCMIYHUI MPOCTIp i B cucreMax
3B’I3KYy KOCMIUHMX amapatiB. Bucoxi esmexTpoizosmoroui




BJIACTUBOCTI calmdipy NOCHPUANN TaKOX YCIIIITHOMY
oTO BUKOPUCTAHHIO B MIKPOEJEKTPOHII SK MaTepia-
miIKJIajika JJs CTPYKTYp «kKpeMHiil Ha candipi» (KHC),
a B OCTaHHINl Yac — JJs BUTOTOBJIEHHS Ha camdipoBuX
MiIKJIAKAX BUTTPOMIHIOIOUNX CBITIOIOIB [2].

[Ipn BuponryBaHHi 37MBKiB MOHOKPHUCTAJIYHOTO Call-
¢ipy y HbOMY BUHUKAOTh Ae(eKTH y BUTIAAAI MIKpO-
Oyb6aniok, rpaHuilb OJIOKIB Ta MeXaHiYHi HAIIPYKEHHS,
SIKi CYTTEBO BIJIMBAIOTH Ha HOTO BJAACTUBOCTI. [Ipobaemy
KOHTPOJIIO SIKOCTi cardipoBUX CTPYKTYP BUPILIYIOTH Ga-
rarbma crocobamMu, ajie BOHM He JOCTaTHHO YYTIUBI JJIs1
norpeb cydacuoi ¢bizukn a6o ckIaAHi y BUKOPUCTAHHI
(peHTreHiBebki MeToan). TpaauiiiiHUil KOHTPOJb BHY-
TPINTHIX MEXaHIYHUX HANPYKEHb 3MIICHIOITD Bi3yaJabHO
Ha nossipuckomi-nosnsipumerpi I[TKC-250, B ocHOBY SIKOTO
MOKJIAJICHU I MeTO/ HOABiTHOTO TpoMeHe3asoMIeHHs Ce-
HapMmona [3], mpoTe TeXHiYHi MOXJUBOCTI IIbOTO TPa/H-
IHHOTO MeTO/Y He /JI03BOJISIOTh BUKOHYBATH KiJIbKICHUI
KOHTPOJIb IKOCTi 3pa3KiB MOHOKPHUCTAJIB candipy 3 Mikpo-
HanpyskeHHsaMu. ToMy akTyajJbHOIO 3a/layelo Cy4acHOTO
MpUIAKO0YAYBaHHS € PO3POOJIEHHS HOBUX METOJIB TeX-
HiYHOI JiarHOCTUKU Ta HEPYUHIBHOTO KOHTPOJIO SKOCTI
JeTasel i3 ONTUYHO MPO30PUX MaTepiaiBb.

2. IMoasipusaniino-MoAy IANiAHMIA CIOCIO KOHTPOJIIO

Bpo6oTi[4] nocaiaKyBasiack MOKIUBICTD BUKOPUCTAH-
HS METO/LY 1OJIPU3AliiHO - MOJYJIATIIHOT clieKTpoMeTpil
Al BUpilleHHsT nocTaByenoi 3azxadi. [leit merox GyB y
CBill yac [eTasbHO MAOCT/KEHWI Ta y3araJbHeHUU B
MoHorpadii [5]. Bei moayisiiiitni MmeToau moeaHy€e ojiHa i
Ta X caMa (DyHKIIOHAJbHA PUCA, IO TTOJIATAE Y DIBUUHOMY
nudepeHIiioBanHi BiAMoBinHOI (DYHKIIOHATBHOI Xapak-
TEPUCTUKM TOrO 4u iHmoro sisumia. [loTpeba y Taxiii
poleaypi NPOAMKTOBAHA HEOOXIAHICTIO MOMOMAHHS
TPYJAHOIIIB, 1[0 BUHUKAIOTH NPU aHaJisdi ci1abKo BUpa-
JKEHUX 0COBJIUBOCTEH MOCTKYBaHOI XapaKTEePUCTHKH,
YU ITPU HASIBHOCTI y Hill TOCTIIIHOI cKJIazioBoi — «doHas.
Tomy npouenypa audepeniioBaHHsg (QYHKIIOHAIBHUX
3aJIe’KHOCTel, 1Mo BUKOHaHA Ha (i3MYHOMY DiBHi, a He
Ha eTani MareMaTuyHoi OOpOOKM eKCIlepUMEHTaIbHUX
pesyibrariB, € QOCTOBIPHUM Ta A0JAaTKOBUM, a [IEKOJH
i HOBUM BHCOKOUYTJIUBUM [’)KepesioM iHdopmalii mnpo
BJIACTUBOCTI JIOCJI/IKYBaHOTO 06’EKTA.

Onnak Ttaka XapakKTepUCTHKA BUIIPOMIHIOBAHHS $K
CTaH TOJIApU3allii, Ma€ 3 TOUYKU 30py AudepeHIianbHol
CIIEKTPOCKOIIi CyTTEBY BiIMiHHICTH Bii iHIINMX crOCo6iB
Moaynaauii. Bona mnossrae, nepur 3a Bce, y TOMY, IO
[oJIApU3allid, gK IPOCTOPOBA XapaKTEPUCTUKA XBHJI,
BUPa’KAETbCA CYKYIIHICTIO 3HaYyeHb — KOMIIOHEHTaMU BEK-
Topa Maxkcsena-/[:xonca abo sektopa Crokca. Takum 4yn-
HOM, Ha BiIMIHY BiZf MOAYJIATIH iHITNX (Qi3UUHNUX BEJTTINH,
110 OIepyloTh 3 €UHUM IapaMeTpoM, IoJjsgpusaliiina
voxyssatiss (ITM) xapakTepusyeTbcs IBOMIPHUM BIIJIN-
BoM Ha xBuiio. Is, HecyTTeBa Ha nepruuii morss, oo6-
CTaBMHA 3HAYHO YCKJIA/JHIOE 4K TEXHIKY €KCIepUMEH-
Ty, TaK i iHTepIpeTalilo OTpPUMaHUX 3a JOIOMOTOIO0
I[IM pesynbraTiB. HacTKOBO y IIbOMY i HOJATA€ NMPUYN-
Ha TOTrO, IO B IIepioj] BCe3araJbHOTO PO3IOBCIOIKEH-
Hs AudepeHiiiHuX MeTO/iB, KOJU MPAKTUYHO Yy BCIX
(hisMUHUX HAY KOBO-0CIIHUX 1a60PATOPisSX PO3BUBAJIUCS
MOJLYJISTIIHI METOJMKY 3 BUKOPUCTAHHSIM Pi3HOMAHITHUX
dbismunux Besmunn, [IM 3anumanacs mosza ysarowo. Ha

puc. 1 mokasaHa HaiiGUIbII eeKTUBHA KOHCTPYKILS MO-
NyJSITOpa TOJSIpU3allii, B SKOMY BHUKOPUCTAHUN OJIWH
i3 caMux HaJiiHUX CHOcOoOiB OAepKaHHI HEPO3'EMHUX
0Oe3KJIelOBUX 3'€lHaHb OITUYHUX €JEMEHTIB, a caMe TJIH-
6okuil ontuunuii kontakt (FOK), axunii 3acHoBaHnii Ha
CcuJIaX MOJIEKYJISIPHOTO 3YEIJICHHS KOMILJIEKTYIOYUX T10-
BEpXOHB [6].
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Puc. 1. Mogynatop nonspusaii onTUYHOrO BUNPOMIHIOBaHHS:
71— n’e3ope3oHaTtop (KpUcTaniyHui kBapu); 2 — AUHaMiyHa
ha3oBa nnacTuHka. A3MMYT e/IeKTPUYHOTO MO XBUJT, LLLO

MOy IIOETbCS, CTaHOBUTb 450 BifHOCHO HanpsMKyY aKkycTHUHOT

XBW/i CTUCK@HHA-PO3TATYBaHHS

IIpoBeneni momepenui pocruijkenus [4] moxasanu
TepCIeKTUBHICTD MOJSAP3AIUHHO - MOAYIAIIIHOTO METOA
BU3HAYEHHS PO3INOAiNY MiKpOHANPYKEHb Y NperusiiHux
BikHaXx i3 candipy, ajsie B 1ili po6oTi He Oy/iu BU3HAYECH]
abCOJIIOTHI 3HAYEHHS] JIOKAJbHUX MIiKPOHANPYKEHb B
JNOCJiIKYyBaHUX 3pa3Kax.

B pesyabrari nposeseHoi poboru [4] pospobiieHo me-
TOAUKY OTpUMaHHS abCONIOTHUX 3HAYeHb BHYTPIlIHIX
MEXaHiYHUX HAIIPY’KEHb 3 JIOIIOMOr0I0 BUKOPUCTAHHS 110~
JISTPU3ATHITHO-MOYJIAMINHOT crieKkTpocKorii. YyTanuBicTb
METOAMKHU BiJl iHTEHCUBHOCTI Jladepa i TOBIIMHU 3pa3Ka
BU3HAYAETHCA CIIBBIIHOMEHHAM:

Bucoxa uytnusicts MeTozy, siKka focsirae NOKa3HUKa B
0,001 ITa, ro3BosiuIa MOSCHUTY TPUYNHY HEBIITOBITHOCTI
JOCJIIKeHUX 3Pa3KiB BUMOTaM Jla3epHUX CUCTeM, a caMe:
Ha 3MiHy reomeTpii GPOHTY J1a3ePHOTO BUIIPOMiHIOBAHHSI,
SgKe NMPONIIJIO Yepes /ati BikHa, BIJIMBAE BeJNYMHA i He-
PIBHOMIPHICTH PO3IOALNY BHY TPIIIHIX MiKPOHAIIPYKEHb 110
TJIONIMHI ITMX BiKOH.

Ha puc. 2 naBeneno pesysbratit JOCJiZKEHb OJHOTO i3
3paskiB candipy. Beboro must gocuiakens 6yio BUKopuc-
TaHo TWATH candipoBuX BiKoH (miameTp 62 MM, TOBIIUHA
5 MM), siki Oysiu Hagawi dipmoro «Impex Hightech GmbH»
(Himeuuwna). Ha pucynky Gaummo, 1mo 3pasku camdipy
MalOTh HEOJHOPiAHY BHYTPIIIHIO CTPYKTYPY PO3NOALLY
MiKpOHAIIPYKEHb.
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Puc. 2. Peaynbtatv pocnigkeHb npomuciosoro 3paska Ne3,
AIKi 3MOAENbOBaHI 3 JONOMOroto nporpamHoro nakety MatLab




3 JI0NIOMOT0I0 BUKOPHUCTAHHS 3alPOTIOHOBAHOI METO-
MKW BU3HAYMJIN MAKCUMaJIbHY (CTUCHEHH) i MiHIMaJIbHY
(PO3TSATHEHHS) BeJIUYMHY abCOJNIOTHOIO 3HAUYEHHSI BHY-
TPINTHIX MEXaHITHUX HATIPY’/KEHb, sIKi HaBeaeHi B TaOI. 1.
[IpoanasizyBaBiiu pe3y/bTaTh AOCHIIKEHD, OAYUMO, 110
HEPIBHOMIPHICTh Y BMKOPUCTAHUX 3pa3kax carndipoBux
BikoH zpocarae 1 Ila.

Tabauvus 1

MakcuManbHi (CTUCHEHHS) Ta MiHIManbHi (PO3TArHEHHS)
3HaYeHHs BHYTPILLIHIX MeXaHiYHUX Hanpy>KeHb B ONTUYHKUX
cangipoBux BiKHax

Ne 8 it (cTHCHEHHS) O ar-(PO3TATHEHHS )
Sample Net 855 Ila — 480 ITa
Sample Ne2 900 ITa — 500 ITa
Sample Ne3 500 ITa — 520 ITa
Sample Ne4 460 Tla — 415 Ia
Sample Ne5 900 Ila — 580 ITa

[MongpusatiiiitHo-MOAYIAIIHHII crocib 103BOJIIE Ta-
KOJK KOHTPOJIIOBATU PO3IO/AIJI BHY TPILIHIX HAIIPYKEHb, 1110
BUHWKAIOTH MNPY 3'€/IHAHHI MPeNu3iiiHuX nerauei (puc. 3)
i OITUMI3yBaTH TEXHOJIOTIIO 3’ €lHAHHS.

Puc. 3. Posnogin HanpysKeHb y 3pa3Ky CK/IOKepaMiku, niHis
CKaHyBaHHs napasie/ibHa NaoLuHi 3’€iHyBaNbHOrO LIBA

3. IMoaspusaniiinuii cocié KOHTPOJIIO BEIUKOTaGaPUTHUX
aerajen

Bizomuit  moagpuckomn-moaspumerp  I[TKC-250
JI03BOJISIE TIPOBOJIMTH KOHTPOJIb BHYTPIIIHIX HANPYyKEHb
B MIPO30PUX AETATAX, PO3MIP AKUX HE TTepeButrye 250 M.
Jlsts1 BupitieHHst 1po6JieMU KOHTPOJIIO BEJIUKOrabapuTHUX
JleTajieil TUIy JIMCTIB 3arapTOBAHOTO CKJIa 3alIPOIIOHOBAHO
BUKOPUCTOBYBATH CHOCIG KOHTPOJIIO MEXaHIYHUX HAIMpPY-
JKeHb B ONTHMYHUX MaTepiaiax [J].

3ajadero 3ampornoHOBaHOTO crocoby € peaJsizaliis
MOJKJMBOCTi MPOCTOr0, MOGLIBHOTO KOHTPOJIO BEJIUKO-
rabapuTHUX 3paskiB y BupoOHuuux ymosax. [locraBiena
3a/1a4a JOCATAETbCA THUM, IO Y BiIOMOMY ONTHUYHOMY
c1roco6i KOHTPOJIIO MEXaHiYHUX HANPYKEHb B ONTHYHUX
Marepiajax, AKUi 1MOJATa€ B OCBITJIEHHI OCIiIKYBaHOTO
3paska IMOJISIPU30BAHUM CBITJIOM 3 HaCTyIHOKW 06po0-
KoIo iHdopmallii 3 BUKOPUCTAHHSM aHaji3atopa, sSIKHi

BiZIPI3HAETHCA TUM, 10 AK aHAJIi3aTOP BUKOPUCTOBYIOTHC
TOJISIPU3ATliliHi OKYJISIPH, a aHasi3 indopMarliii TpoBOAUTH
6e3rocepesiHbo ONepaTop BidyaabHo. [Ipu oMy siK jKe-
peJio MOJISIPU30BAHOTO CBiTJA MOKe OyTH BHKOpHCTaHe
BiftbuTe COHSIYHE CBITIIO.

IIpu HeoOXigHOCTI JOKYMeHTallil, BidyaJbHa iHpopma-
ist Moske OyTu coTtorpacdoBana Ha MUMPOBY Kamepy 3
noJIApu3aliiHuM GiibTpom.

Ha puc. 4 moxasana ¢dotorpadis sarapToBaHOTO CKJIa,
chororpadosarne Ha nudposy kamepy Olimpus 3 moaspu-
3alilHIM (BLTHTPOM.

Puc. 4. 306parkeHHs 3arapToBaHOro JIMCTOBOrO CKJla
500x500x5 mm

MoskHa 106auMTH HAIIPYIKEHHS, [0 BUHUKJIO B HACJI-
JIOK JIOKaJbHOTO 06yBY (OpPCYHKAMU [IPU 3arapTyBaHHi
Harpitoro ckJja.

4. BukopucraHHA JMCIUIEHUX eKpaHiB, K JsKepea
TOJIIPU30BAHOTIO CBiTJIAa

Yepes Te, 10 HASIBHICTH Ta iIHTEHCUBHICTh COHSIYHOTO
CBiTJIa 3aJIEKUTH BiJl TOTOAHUX YMOB, BUHHKJA HE06-
XiZHICTh PO3pOOJIEHHS BeJIUMKorabapuTHUX eHeprosbepi-
raounx JKepes TMOJsIpU30BaHOTrO cBiTia. B pesymbrarti
[POBEJEHUX [OCJKeHb OyJio 3anpornoHoBaHo [6] Bu-
KOPUCTAHHS B 4KOCTi JKepeJsa IOJSPU30BAHOTO CBiTJsa
PILIKOKPUCTATIYHOIO JUCILIIEIO.

Puc. 5. Nonspwusauis BMNpoMiHIOBaHHS AUCNIEWHOrO eKpaHy
(BepxHil aHanizaTop B NOMIOXKEHHI MPOMNYCKaHHS, HAXHIN B
NONOXeHHI «BUMKHEHHSI»)




Ha puc. 5 okasaHo, 1o AUCIIEHN eKpaH KOMITfoTepa
Ma€ HaMiifHWi mossipusaniiinnii edekT, TomMy, MO 1Ba Of-

BUMIpPIOBATH JIOKAJIbHI MeXaHiuHi HalIpyKeHHA B
JleTagX i3 ONTUYHO MPO30PUX MaTepiais.

HAKOBMX IIJIBKOBUX aHaJi3aTopa IMOKa3ylOTb JiB KpaliHi 2. BuxopucraHus Bigburoro COHSYHOTO
TIO3WIIii — TOBHE IMMPOIYCKAHHS CBITJIa Ta HOTO «BUMWKAHHT». BUIIPOMIHIOBAHHA  JO3BOJAE KOHTPOJIOBATHU

BHYTPIlIHI HAIPYKEHHA B JIMCTOBOMY CKJIi BeJIU-

Kux rabapuTis.

5. BucHoBkHn 3. Bmepme 3aTpPOMOHOBAHO BUKOPUCTAHHS
PIAKOKPUCTAJNIYHOTIO JUCILIEI0 B AKOCTI JXKepesa
Cuoci6 MONAPU3ANINHO-MOAYAAIHHOT TMOJISIPU3AIiNHOTO CBiTIA.

CHEKTPOMETPIi /103BOJISIE 3 BUCOKOIO YYTJIUBICTIO
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Abstract

The article deals with the problem of the new ways of polarization control of internal stresses in the optically

transparent materials details.

During the process of growing, the optically transparent materials, such as mono-crystal sapphire ingots, may
obtain some defects, e.g. micro-bubbles or the grain boundaries, as well as the mechanical stresses that affect their

properties significantly.

The aim of this work was to study the new ways to control the polarization of the internal stresses in the
optically transparent materials details. In order to implement this task we used a new highly polarized - modulation
spectrometry method. This method allows us to measure the local mechanical stresses in the optically transparent
materials details with high sensitivity, and the usage of the reflected sunlight enables to control the internal stresses
in the sheet glass of a large size. As such, the usage of the LCD as a source of light polarization was introduced for
the first time. The point is that the intensity of sunlight depends on the weather conditions, and that factor affects

the results of the research

Keywords: internal tension, polarized - modulation method, mono-crystal sapphire



