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BBEAEHWE

OnTuyeckue MaTepHalbl UMeIOT BaJKHOe 3HAadeHHe
B pa3paboTKe COBPeMEHHBIX ONTHYECKHX CHCTEM.
B ocHOBHOM, [/l IIPeJIOMJISIIOIIHX Cpef, HCIIO/Ib3Y-
I0TCS CTeKIO0 M KPUCTA/UIBI, HO C Pa3sBUTHeM HayKH
1 TeXHOJIOTHI BO3HHKAeT HeobXO0AMMOCTh B CO3IaHUH
HOBBIX, HETPaJIMLIMOHHBIX ONTHYECKMX MaTepHasIOB.
3HavyeHHe pa3paboTKU U IIPUMeHEeHHs TaKUX MaTepH-
aJI0B ISl ONTHYeCKHUX CHUCTeM TPYAHO IIepeolleHHUTb.
B yC/IOBUSIX CTPEeMHTENBHOIO TEXHOJIOIMYEeCKOIo IIpo-
rpecca M BO3pacTalOMMUX TPeOOBaHUE K IPOH3BOIM-
TeJIbHOCTH ONTHYEeCKUX CHCTeM HOBBle MaTepHalibl
CTaHOBSTCS K/IOUEBBIM PAKTOPOM, CIIOCOOCTBYIOLUIMM
pasBUTHIO. Martepuassl, obnafaioniye BBITOJHBIMH
CBOMCTBaMH, He TOJIBKO IIOBBIIIAIOT KauecTBO Cylle-
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With the advances in optical technologies,

the quality requirements for the optical and
technical products are increasing. Therefore,
there is a need to develop new optical

materials that can improve the parameters

and specifications of optical systems,

such as transparency, lightness, strength,
environmental resistance and cost efficiency.
The paper considers some non-conventional
optical materials and their practical application.
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INTRODUCTION

The optical materials are of great importance in the
development of state-of-the-art optical systems. Glass
and crystals are mainly used for the refractive media.
However, with the advances in science and technol-
ogy, there is a need to develop new, non-conven-
tional optical materials. The importance of developing
and using such materials for the optical systems can
hardly be overestimated. In the context of vigorous
technological progress and increasing performance
requirements to the optical systems, new materials
are becoming a key factor contributing to the process
of development. The materials with favorable proper-
ties not only improve the quality of available solutions,
but also open up new opportunities for innovation and
scientific research.
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CTBYIOIIHX peI_HeHI/II;I, HO ¥ OTKPbIBAIOT HOBBIE BO3MOK-
HOCTH OJ14 I/IHHOBaLlI/II;I H HAaYYHBIX I/ICCJIE,Z[OBaHI/Ifl.

TEPMOPEAKTUBHDbIE ONMTUYECKUE
MOJIMMEPHDbIE KOMMO3WUTbI
(TEPMOPEAKTDbI)

B oT/IM4Me OT OIITUYeCKUX CTeKOJI ¥ KPUCTAJJIOB IIOJIH-
MepHBIe MaTepHasIbl 0671a1a0T 6oee HHU3KOK CTOKMMO-
CTBIO, MeHBIIEH IUIOTHOCTBIO M BBICOKOH YAApOIIPOdU-
HOCTBIO. IIpOM3BOACTBO JeTaled M3 OPraHUYeCcKoro
CTeKJIa OCYILeCTB/ISIeTCS C MCIIONb30BAHKMEM BBICOKO3(-
(PEKTUBHBIX ¥ SJKOHOMUYHBIX TEXHOJIOTHH.

B 1iengx paclIMpeHHs KaTalora IIOIMMEePHBIX OIITH-
YeCKHMX MaTepHajoB ISl IIPOKTHPOBAaHUSA axpoma-
THYEeCKHUX OOBEKTHBOB OBUI CO3MAH IIOHMEp OITHYe-
CKHM 3HOKCHAHBIM ([10J) [1]. MaTepHan COCTOUT M3
SMOKCUIHOM CMOJIBI, IeKaJIUTa 6, ,ELI/IGYTI/IHOBOI‘O 3dupa
ceballMHOBOM KHCIOTBI, OKCHOeH30heHOHa, HH3KO-
MOJIeKyJISpHOro IonHaMuja, l-HomHadranuHa 10.
H3MepeHHBIe IIOKa3aTe/X IIPeIOM/ICHHUS: Np=1,56662;
n,=1,55852; np=1,55491; n.=1,55148. Obnacth IIpo3pau-
HOCTH pa3paboTaHHOro MaTepHana U ero BHEIIHUH
BH/[ IT0Ka3aHbl Ha puc. 1. Ha ocHoBe I1IO3 paccuuTaH
obbpeRTUB-axpoMmar [2].

TEPMOTNMJTACTUYHbIE ONTUYECKUE
MNOJMMMEPDbI (TEPMOTIJIACTDbI)

CUHTe3UPOBaH Psifi TePMOIUIACTUYHBIX (TepMOIIIACT-
HBIX) ONTHYeCcKHuX MaTepHanoB (TOM) c 3amaHHBIM
XOIOM [JMCIIEPCHOHHON KPHUBOM, XapaKTepHUCTUKHU
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THERMOSETTING OPTICAL POLYMER
COMPOSITES (THERMOSETS)

In contrast to the optical glass and crystals, the poly-
meric materials have reduced cost, lower density and
high impact resistance. The organic glass parts are
produced using the highly efficient and cost-effective
technologies.

In order to expand the range of polymer optical
materials for the design of achromatic lenses, the
optical epoxy polymer (OEP) has been developed [1].
The material consists of epoxy resin, decalite 6, seba-
cylic acid dibutylester, hydroxybenzophenone, low
molecular polyamide, 1-iodonaphthalene 10. The mea-
sured refractive indices are as follows: np=1.56662;
n,=1.55852; n,=1.55491; n.=1.55148. The transparent
region of the developed material and its appearance
are shown in Fig. 1. An achromatic lens has been
designed based on the OEP [2].

THERMOPLASTIC OPTICAL POLYMERS
(THERMOPLASTICS)

A number of thermoplastic optical materials (TOM)
with a given run of dispersion curve have been syn-
thesized which specifications are given in Table 1. For
the obtained TOMs, the reflectivity of the refractive
surface is no more than 0.06 (6%); its homogeneity
is no lower than 3; its attenuation is no lower than 2;
its unstriae is no lower than 3B; its bubble class is no
lower than 3B; its integral optical transmission coet-
ficient in a 2 mm thick layer is no less than 0.85.

A = 0AUHA 80/HbI U3AYYEHUS!

Puc. 1. PazpabomaHHbili Mamepuan u cnekmpanbHoe nponyckarue MNO3, 20e T - ko3pduyueHm nponyckaHus,

Fig. 1. The developed material and spectral transmittance of OEP, where T is the transmittance factor, A is the radiation length
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KOTOPBIX IIpefCcTaB/leHbl B Tabna. 1. ISl MOTy4eHHBIX
TOM - K03QPUIIMEHT OTpakeHHs IIpeToMIISIOIIeN
IIOBepXHOCTH He 6ormee 0,06 (6%); OMHOPOLHOCTH He
HIKe 3; ocnabneHue He HUKe 2; 0eCCBUIBHOCTb He
HKe 3B; My3pIpHOCTD He HIKe 3B; HMHTerpa/bHBIH
KO3Q HUILIMEHT CBETOIIPOIYCKAHHS B C/I0e TOJILIMHOMN
2 MM He MeHee 0,85.

TOM ¢ HavMeHBIIMM IIOKa3aTejleM IIPeIOM/IEHHS
M3 IIpe[CTaB/JIeHHBIX — 3TO IPOAYKT KOHJAEHCALUH
SMIOKCUAHO-TUAHOBOM CMOIBL D1-22 ¢ OUTTHITUINIIO-
BBIM 3drpom 1,4 6yrananona u AubyTHIOBOro 3drpa
cebalIMHOBOK KHC/IOTHI IIPH TeMIlepatype 60 °C B Teue-
HHe 8 4acoB. B KauecTBe OTBepAMTeS UCIIONIb30BAIUChH
[IOJIMOKCUITPOIIJIeHAMHUHBI.

TOM ¢ HauboNBIIUM I[T0Ka3aTeieM IIPeIOM/IEHUS 13
[IPe/ICTAB/ICHHBIX — 3TO IIPOAYKT KOHMEHCALIMK SIIHX-
JIOPTHAPUHA C TeTpabpoMIudeHUIONIPOIaHOM MpHU
Temneparype 90 °C B teueHue 20 yacoB. B kaudecTse
OTBepAMTe/ISl MCIIO/Ib30BAIMCh IIPOAYKTBI B3aHMOJeH-
CTBUSI IIOJIMMEPHU30BAHHBIX SKHPHBIX KHUCIOT, PaCTH-
TeJIbHBIX MaCeJI U MOIHUAITUIEHIIOTMaMHHOB.

Ha ocHOBe HEKOTOPBIX IIOJy-
YeHHBIX MaTepHaloB PaCcCUMUTAH
00BeRTHUB-aIIoXpomar [3].

|
| m//y MATEPWAJIbl U NOKPbITUA

The TOM with the lowest refractive index of those
provided is a condensation product of epoxy-diane
resin ED-22 with 1,4-butanediol diglycidyl ether and
sebacylic acid dibutylester at a temperature of 60 °C
for 8 hours. The polyoxypropyleneamines have been
used as a hardener.

The TOM with the highest refractive index of those
provided is a condensation product of epichlorohydrin
with tetrabromodiphenylolpropane at a temperature
of 90 °C for 20 hours. The hardener used has been the
reaction products of polymerized fatty acids, vegetable
oils and polyethylenepolyamines.

Based on some of the materials obtained, an apo-
chromatic lens has been designed [3].

GEL-LIKE OPTICAL MEDIA (GELS)

A number of gel-like optical media (GOM) with a given
run of dispersion curve have been synthesized which
specifications are given in Table 2. For the obtained
GOM:s, the reflectivity of the refractive surface is no
more than 0.05 (5%); its homogeneity is no lower

Tabnuua 1. TexHn4yeckme xapakTepuctukn TOM

Table 1. Technical specifications of thermoplastic optical materials (TOM)

FEJIEOBPA3HDIE

ONTUYECKUE CPEADbI (FE/IN)
CHHTe3HpPOBaH Psifi reneobpasHbIX
ornTHuueckux cpexn (FOC) ¢ 3anman-

[MokaszaTenn
npenomaeHns

Refractive indices

Obnactb
npo3pavyHo-
CTU, MKM
Transparent
region, pm

MnoTtHocTb, [lOBEPXHOCTHOE
r/cm? HaTaXeHMe,
Density, g/ OVH/CcM
cm? Surface tension,

dyne/cm

HBIM  XOJOM  JMCIIePCHOHHOM
KPUBOM, XapPaKTePUCTUKH KOTO- 1 1,6501 | 1,6385 1,6236 1,34 43 0,35+2,0
PBIX IIpeACTaBlIeHsl B Tabn. 2. s

2 1,6310 1,6203 1,6074 117 36 0,33+1,8
nonydyeHHeIXx I'OC - Kko3dpduIH-
€HT OTPaKeHHS MPpeToMIISIOen 3 1,5766 | 1,5621  1,5540 1,20 39 0,31<1,5
IIOBEPXHOCTU H %);
OBEPXHOC e Goee 0,05 (5%); 4 1,4818 1,4783 1,4730 1,08 34 0,3+2,5
OIHOPOIHOCTH He HIDKe 4; ocnabie-

HHe He HIDKe 3; 6ecCBHIBHOCTH He
HipKe 3b; I1y3bIpHOCTh He HKe 3B;
HHTErpaIbHBIN KO3PHULIMEHT CBe-
TOIPOITYCKaHMS B C/10€ TONILHHOH
2 MM He MeHee 0,85.

Tabnuua 2. TexHnyeckme xapaktepnctmim rocC
Table 2. Technical specifications of gel-like optical media (GOM)

[MokasaTtenu MMNoTHOCTL, = [lOBEpPXHOCTHOE Obnactb
['OC ¢ HanMeHBIIMM IIOKasare- npenomaeHus r/om? HaTskeHMe, Npo3payHo-
JleM ITpeJIOMJ/IeHUSI H3 IIpenCTaB- Refractive indices Density, g/ ONH/CM CTU, MKM
JIEHHBIX ~ 3TO I1epTOPreKCHIOBBIH . cm? Surfacetension, ~ Transparent
Mg fc dyne/cm region, pm
CIUPT mocie QUIBTPALIMHU Uepes
GyMaXHBIF QUIIBTP (CHHSAIEHTAY, | 3 14515 14497 14440 1,05 33 032:2,0
B KOTOPOM PaCTBOPEH IIOTUBHHHUII-
HI/IPPOHI/II[OH o 06pa30BaHH;{ Tes. 2 1,3390 1,3376 1,3347 1,02 67 0,28+1,0
FOC ¢ mamonbmum moxasate- | g 13380 1,3374 11,3347 131 19 0,25+2,0
JleM IIpelIOMJIeHHs M3 IIpefCTaB-
JIEHHBIX — 3TO PacTBOp IIOJIMBHU- 4 1,3369 1,3370 11,3336 1,01 33 0,35+1,5
HUIGYTUPA/IL B MMKIOTEKCAHOHE | o 13243 1,3234 13204 1,39 17 0,25+3,0
nopu TeMmriieparype 60 °C B TeyeHUe

42 DOTOHMKA TOM 19 Ne1 2025
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4 yacoB. [lanee riIbTpaLys depe3 6yMasKHBIA QUIBTP
«besasi JIeHTa» U BBefleHHe I1OJIMBHUHUIIUPPOTHIOHA
1o obpasoBaHuUs rensi. Ha puc. 2 mokasaHa AuarpamMmma
A66e n,(v;) IpenCTaBIeHHBIX B Tab/1. 1-2 MaTepHaoB.

OMNTUYECKUE MATEPWUAJIbI

C NOBbIWEHHOW PAAVALIMOHHOM
YCTONYMBOCTbIO

JlIs  TIPOeKTUPOBAHHUS OOBEKTHBOB-aIIOXPOMAaTOB
C TIOBBIIIEHHBIMHM TPeOOBaHUSIMU K PafHALMOHHOU
Harpyske (pagHallOHHO-OIITHYeCKON yCTOMYHUBOCTBIO
K y-M3/1ydeHHIO Jo3amu 10° P) 6plna co3maHa Iapa
MartepuasoB: 1) TOC Ha OCHOBe OPraHOCH/IOKCAHOB,
KOTOpasi II0ydaeTcsl IIPH TMAPOTH3HOMN IOIUKOHJEeH-
CaLIMH AUXIOPIIONIMOPraHOCHIOKCAaHOB; 2) TOM, momy-
YeHHBIN IIyTeM OYHCTKH 3MOKCHUAHOMN CMOJIBI OT COJIH,
obpasylomerics py CUHTe3e. TeMIIepaTypHBIH K03¢-
GUIIMeHT IOKas3aTels IIPeOMJIeHHS CIeKTPaJlbHOM
nuHUH D dn/dt=3-10" K. TexHHUYecKkHe XapaKTepH-
CTHKH MaTepHasIOB IIpeJicTaB/IeHbl B Tab. 3.

Ha ocHOBe pa3paboTaHHBIX MaTepHaJIOB BHIIIOTHEHBI
pacyeThl OITUYECKUX CXeM 00beKTHBOB [4, 5]. B onTH-
YeCKHUX CHCTeMaxX, Ihe MPHUMEHSIOTCS el U TepMo-
IUIACThI, B&YKHOM KOHCTPYKTHBHOM 0COBEHHOCTBIO IS
HAJIeKHOIO YAepsKaHHS POPMEL 3/IeMeHTOB SIBJISeTCS
HeobXOAMMOCTh KX pa3sMellleHHs BHYTPU KaK MHUHU-
MyM TPeXJIMH30BOM CKJIeHKH 13 TBePJBbIX MaTepHaJIOB
o 6oxkam. IIpuMep TaKOH KOMIIOHOBKH B pafiHally-
OHHO CTOMIKOM O0OBEKTHBe H300pakeH Ha pHC. 3, ThAe
I'OC-P 1 TOM-P pacronaraioTcs MeXAy JHH3aMH K3
cTexia TK216.

ONTUYECKUE XXKNOKOCTHU

CHUHTe3UPOBaHBl KUAKKE OITHUecKHe cpemsl (PKOC)
C «0COBBIM» XONOM JHCIEPCHH (0COBOAHUCIIEPCHOH-
Hble) [6] Ana 30PeKTUBHOHM KOPPeKLUHH XPOMAaTH-
yeckux abeppaumi, T.K. IIpU-

meHeHue JKOC B o0O0BeKTHBax

i g

Tabnumua 3. TexHMYeckMe XxapakTepUCTUKM
pPaAMaLMOHHO-YCTOMYMBbLIX ONTUYECKMX Cpej,

Table 3. Technical specifications of radiation-resistant
optical media

XapakTtepucTtumka OGP TOM-P
lMoka3aTtenv npesioMaeHuns: ng 1,416 1,598
Refractive indices:

np | 1,410 1,586

ne 1,407 1,581
OTHOCUTeNbHAdA YacTHasa 0,667 0,706
avcnepcns ppp
Relative partial dispersion pgp
KoadpouuneHT gucnepcmn vy, 45 34
Dispersion factor vy,
Pabounin nHTepean Temnepatyp, °C —-50...+150 | -60...+80
Range of operating temperatures, °C
O6n1acTb NpO3pav4HOCTN, MKM 0,29-2,5 0,39-2,0
Transparent region, pm

than 4; its attenuation is no lower than 3; its unstriae
is no lower than 3B; its bubble class is no lower
than 3B; its integral optical transmission coefficient
in a 2 mm thick layer is no less than 0.85.

The GOS with the lowest refractive index of those
provided is perfluorohexyl alcohol after filtration
through a blue-ribbon paper filter where polyvinylpyr-
rolidone is dissolved for gel formation.

The GOS with the highest refractive index of those
provided is a solution of polyvinyl butyral in cyclo-
hexanone at a temperature of 60 °C for 4 hours. Then it
is filtered through a white-ribbon paper filter with an
introduction of polyvinylpyrrolidone for gel formation.
Fig. 2 shows the Abbe diagram n,(v;) of the materials
presented in Tables 1-2.

II03BOJISAET IIOJIYUYHTDH AIIOXpOMa-

THUYeCKylo abeppallMoOHHYIO KOp-
pexumio B 1,52 pasa 6Gombuiem
CIeKTPAJIbHOM [HAIla3oHe II0
CPaBHEHHIO CO CTEKJISHHBIMHM aHa-
noramu. Kpome toro, B JKOC He
HabloaeTcs [BOMHOe Jyderpe-
JIOMJIeHHe, OTCYTCTBYIOT CBHIIH

U Me/KO3ePHUCTHIe HEeOTHOPOIHO- rocs

rocs

1,7
11,65
11,6
TOM3* | 135

TOM1
ToM2 e °

115 &
o TOM4

TOCl e 11,45

11,4

roc3 rocz 11,35

ctu. Obnacts mmpospavyHocTH JKOC - o 100
AA~0,4+1 MKM. KOHCTPYKTHBHO

JKOC II0JIHOCTBIO 3aIIOJIHAIOT Iep-
MeTHYeCKH 3aMKHYTBIH 06beM
MeXKIy OIITHYeCKMMHU 37IeMeHTaMH

Puc. 2. Juazpamma A66e dnss TOM u FrOC
Fig. 2. Abbe diagram for the TOM and GOM

1 1 1 1 1 1 1’3
80 70 60 50 40 30 20

B TBepIOM $Ha30BOM COCTOSIHHH.
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TexHUYeCKHe XaPAKTEPUCTHKU MATePHAJIOB IIpef-
cTaBieHsl B Tabn. 4. JKOC ¢ mokasaTelsiMH IIPesIoM-
neHus 6omee 1,5 onucassl B [7, 8]. Ha puc. 4 mokasaHa
JUarpaMma 3aBUCHMOCTH OTHOCHUTE/IBHOM YacCTHOM

n,—n
nucriepcuu, P =—2—=, or ko3dbdHUIHeHTa TUCTIEPCHH,
n,~1 Me=Mc
= , A nony4veHHBIX JKOC. C MCIonb3oBaHUEeM

V=
ﬂg—l’lc
HeKOTOPHIX IIpefcTaB/eHHbIX JKOC CO3maHbl ONTHYe-

CKHe CUCTeMBI [9-12].

ONMTUYECKUIN KNEWN

[Tony4yeH 3JacTUYHBIN ONTHYECKHM KjeH, BKIIIO-
YaIOIIMK OCHOBY M OTBEPAUTENb: IIOTHOKCUIIPOIIH-
JeHaMHH H >KHUIKYI0 QOTOYCTOMYHBYIO IPHCAAKY
2-oKCH-4-anKkoKCcH OeH30beHOH. B KayecTBe OCHOBBI
KCIIO/Ib3yeTCsl CMeCh SMOKCHUAHMAHOBOM cMonbl YII 631
U OUIHIIEeINIOBOrO 3dHpa 1,4—6yTaH,uH0na. Knen
MOXKET OBITh MCIIONB30BaH )i CKIEMBAHUS OITHYe-
CKUX JeTajlel, B YaCTHOCTH, IIPU CKIEHBAaHUU OYKO-
BbIX JMH3. IIpHM MCII0/IB30BAaHHMU PacCMaTPUBAEMOIO

|
| m//y MATEPWAJIbl U NOKPbITUA

rOC-P TOM-P

K208
TK216

TK216 1 20 MM
Puc. 3. Obsekmug-anoxpomam ¢ Ucnonb308aHuem

OC-Pu TOM-P

Fig. 3. Apochromatic lens with the GOM-R and TOM-R

OPTICAL MATERIALS WITH INCREASED
RADIATION RESISTANCE

To design the apochromatic lenses with increased
requirements for radiation load (radiation-optical
resistance to y-radiation with the doses of 10°R), a pair

Tabnunua 4. TexHn4eckme XxapakTepuCcTUKN XXUIAKNX onTudeckmx cped (OKOC)
Table 4. Technical specifications of liquid optical media (LOM)

CuHTe3npoBaHHble 06pasLbi XXOC Ha OCHOBE:
Synthesized LOM samples based on the following:

dn/dt,
rpag.™

MokasaTenu npesomaneHuns npun t=_20°C
Refractive indices at t =20°C

deg.™

n, ng n, fe

1 aueramuia v BoAbl 1,3401 1,3371 1,3344 1,3310  -11-10— 0+100
acetamide and water

2 GTOPMPOBAHHOIO CAMPTA 1 BOAI 1,3264 1,3243 1,3226 1,3204 -31-107 -5+60
fluorinated alcohol and water

3 TeTpabopaTa HaTpus, CONSSHOM KMCAOTbI U BOAbI 1,3921 1,3878 1,3842 1,3796 | -22-107 0+60
sodium tetraborate, hydrochloric acid and water

4 auetammza n ¢ocdopHOM KUCAOTbI 1,4238 1,4201 1,4169 1,4127 -18-10 -40+60
acetamide and phosphoric acid

5 consaHon n ¢ochopHOM KUCNOT 1,4188 | 1,4151 1,4118 @ 1,4076 | -21-10° -40+60
hydrochloric and phosphoric acids

6 MOYEBUHbI, CONSHOM N GOCHOPHON KNCAOT 1,4331 1,4288 1,4250 1,4203 -20-10— -40+60
urea, hydrochloric and phosphoric acids

7 6pOMMCTOro Kanus n GocHopHON KUCNOTbI 1,4263 1,4226 1,4193 1,4150 @ -19-10° -40+60
potassium bromide and phosphoric acid

8 $ochOpHOM KNCNOTbI U BOAbI 1,4325 1,4389 1,4257 1,4215 -19-10° -40+60
phosphoricacid and water

9 rekcMaoBoro v GTopupoBaHHOIO CINPTOB 1,3283 1,3261 1,3242 1,3221  -14-107 -5+60
hexyl and fluorinated alcohols

10 GTOpPUPOBAHHOIO CMMPTA, OKCMBEH30dEHOHA 1 aLleTOHA 1,3477 1,3442 1,3415 1,3385  -35-10° -15+60
fluorinated alcohol, oxybenzophenone and acetone

11 | docdaTos Kanms nBoabl 1,4192 1,4157 1,4126 1,4085 | -20-10— -40+60
potassium phosphates and water

44 DPOTOHMUKA TOM 19 Ne1 2025
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KIesi CHHKaeTcsi ¢peHeneBCKoe
OTpakKeHHe, a TakKe YBelHMYHBa- 1,45 .
eTcsl IpoIyckaHue U pOTOyCTONYH- 135] O3KCl
BOCTb IIPH OJHOBPEMEHHOM IIOBBI- 125
IIeHUH 3alUTHI I71a3 OT ONACHOI0
Y®-u3snydyenus [13]. OueBUHO, UTO L5y .+ OKCIO
9 O3KC9
MCIIO/b30BAHME CKIEMKH B Kate- 1,05 :_"631&'6“““‘031 ________ ks < OXC2
CTBe OYKOBOH JIMH3bl I103BOJISIET <[ 0,95 . et S
3ppexkTHBHee YCTpaHATh abeppa- | 0,85 X P oxent
LMH. B KadecTBe IIpuMepa AJs 0,75
CPaBHEHHSI 3TO IIPOJEeMOHCTPUPO-
BaHO Ha pHC. 5. 0,65
0,55
KPUCTAJJ1bI 0,45 OXKC8
HA OTPAXXEHWE I N S O S
HecTaHIapTHO MOYKHO HCIIOIb30- 30 35 0 p-1 B >0 =
BaTh U YK€ JABHO ITPHMEHSEMBbIe My~ A
B ONTHYECKUX CHCTeMax MaTepu-
a1bl. Tak, Hampumep, IO pe3ysb- Puc. 4. luazpamma ocHosHbIx 06pazyoe XXOC. MyHKMUpPHAs AUHUS
TaTaM W3MEPeHHsl OTPakaTe/IbHOM coomaemcmayem «HopmaAnbHoL» NpsAmMoli
CIIOCOGHOCTH HeﬁKf)C&Hq)HPa (MOHQ‘ Fig. 4. Diagram of the main LOM samples. The dotted line corresponds to the
KPHUCTA/UIMYeCKUH  ONTHYeCKUH reqular straight line
candup, ALO,) BBIICHHIACH ero

IOCTaTOYHO XOPOIIasi CIIOCOGHOCTB
orpakaTh UK-m3nydeHue (puc. 6).

Hcxomss u3 3TOM 0CobeHHOCTH, Ha ocHoBe yerko- || of materials has been developed: 1) GOS based on
cambrpa MOXKHO CO3/aBaTh [BYXCIIeKTpaJbHble || organosiloxanes obtained by hydrolytic polycondensa-
06BeKTHBBl I OLHOBpeMeHHON paborsl B Buau- || tion of dichloropolyorganosiloxanes; 2) TOM, obtained
MoMm M HK-usnydeHuu. Ha puc. 7 mokasaH Takoi || by epoxy resin cleaning from the salt formed dur-

MonnkapboHat MonumeTuameTakpunat + MoankapboHat
Polycarbonate Polymethyl methacrylate + Polycarbonate

IleHTp | Center  30Ha | Area Kpai | Edge IlenTp | Center  30Ha | Area Kpaii | Edge
g : g
1 e | o Fre
o v o
o o
~ ~

Puc. 5. Cxembl u duazpammbl NIMHA paccesiHus 00UHOYHOU 04K080U AUH3bI U 04K0B0U AUH3bI 8 8UOE CKAELIKU C onmu4eckumu
cuaamu +5 onmp

Fig. 5. Schemes and diagrams of the circle of confusion of an einzel spectacle lens and a spectacle lens in the form of a bond with
the optical powers of +5 D
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3€pKaJIbHO‘JII/IH3OBI>II:I O6'I>eKTI/IB, rme H6ﬁKOC3H¢Hp
ONHOBPEMEHHO SBJISIETCS IIPEJIOMJISIOIIKMM (J'II/IH?:OI;I)
H OTPa’KaIOIMHM (BQPKaHOM) 3JIEMEeHTOM OIITHYECKOM

CHUCTeMBI.

3AKJ/TIOMEHUE

I[IpencTaBIeHbl pa3IMYHble HETPAJULILOHHBIE OIITHYe-
CKMe MaTepHaJbl, pa3paboTaHHbIe C HCIIO/Nb30BAaHHUEM
HOBBIX COCTaBOB M TeXHOJIOTHH, objajaroliue yHH-
KaJIbHBIMH CBOMCTBAMU: T€PMOPEAKThI, TePMOIIJIACTHI,
reyid, SKUAKOCTH M Kied. OIHCaHBl HeKOTophble obia-
CTH HeTUIIMYHOIO IpHMeHEeHUs] MaTepHasoB. YKa-
3aHO UX IIpaKTHYecKoe IPHMeHeHHe B OINTHYEeCKUX

CHUCTeMaX.
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ing synthesis. The temperature coefficient of the
refractive index of the spectral line is as follows:
D dn/dt=3-10" K!. The technical specifications of
materials are given in Table 3.
Based on the developed materials, the optical cir-
cuits of the lenses have been designed [4, 5]. In the
optical systems where the gels and
thermoplastics are applied, an

important design feature for reli-
able shape retention of the ele-

ments is the need to place them
inside at least a three-lens bond
made of solid materials on the
sides. An example of such a lay-
out in a radiation-resistant lens
is shown in Fig. 3, where COS-R
and TOM-R are located between
the lenses made of TK216 glass.

OPTICAL FLUIDS

The liquid optical media (LOM)
with a special dispersion run
(extra-dispersive) [6] have been

mpodeaumenem u3 Aetikocanpupa

leucosapphire

Puc. 7. 18yxKaHanbHbili KOAKCUAAbHbIL KAMAaduonmpu4eckuli 06seKmus co cnek-

Fig. 7. Double-channel coaxial catadioptric lens with a spectrum splitter made of

synthesized for efficient chromatic
aberration correction, since the
LOM application in lenses allows
obtaining apochromatic aberra-
tion correction in a 1.5-2 times
larger spectral range compared
to the glass analogs. In addition,
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birefringence is not observed in the LOM, there are no
hairlines and micrograin inhomogeneities. The trans-
parent region of the LOM is AA~0.4+1 pm. Structurally,
the LOM completely fills the hermetically sealed vol-
ume between the optical elements in the solid phase
state.

The technical specifications of materials are given in
Table 4. The LOMs with refractive indices greater than
1.5 are described in [7, 8]. Fig. 4 shows a dependency
ng-n

- e

¢ and

diagram of the relative partial dispersion P=

for the LOMs obtained.

. . f,—
the dispersion factor v=

The optical systems have Peen developed using some of
the presented LOMs [9-12].

OPTICAL ADHESIVE

An elastic optical adhesive has been obtained
including a base and a hardener: polyoxypropyl-
eneamine and a liquid photostable additive with
2-hydroxy-4-alkoxy benzophenone. A mixture of
epoxy resin UP 631 and 1,4-butanediol diglycidylether
is used as a base. The adhesive can be applied for glu-
ing optical parts, in particular when gluing the spec-
tacle lenses. When using the adhesive in question,
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the Fresnel reflection is reduced, and transmission
and photostableness are increased with simultane-
ous advanced eye protection against dangerous UV
radiation [13]. Obviously, using a bond as a spectacle
lens allows for more efficient aberration elimina-
tion. This fact is shown in Fig. 5 as an example for
comparison.

CRYSTALS FOR REFLECTION

The materials that have long been used in the optical
systems can also be applied in a non-standard way.
For example, based on the reflectivity measurement
results of leucosapphire (single-crystal optical sap-
phire, ALO,), it was found that it has a fairly good
ability to reflect IR radiation (Fig. 6).

With due regard to this feature, the dual-spectrum
lenses for simultaneous operation in the visible and IR
radiation bands can be developed on the basis of leuco-
sapphire. Fig. 7 shows such a catadioptric lens, where
leucosapphire is simultaneously a refractive (lens) and
reflective (mirror) element of the optical system.

CONCLUSION

Various non-conventional optical materials developed
using new compositions and technologies with the
unique properties are presented, such as thermosets,
thermoplastics, gels, liquids and adhesives. Some
areas of non-standard application of such materials
are described. Their practical application in the optical
systems is indicated.
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