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OCco6eHHOCTU CO34aHNA TEMNJIOBU3UOHHbIX CUCTEM AN
MK-amnanasoHa Tpe6yloT pa3BUTUSA NPUHLUNNANIBHO
HOBbIX TEXHOJIOrNA U3roTOBJIEHMS ONTUYECKUX
3/1eMeHTOB TeNnJI0BU3UOHHbIX 06beKTUBOB. B cTaTbe
paccmaTpuBatoTcs NnpobsieMHble BOMPOChI,
Tpebyouwme pelieHUs B yC/IOBUAX MPOMbILLJIEHHOTO
NpousBOACTBA TEMN/IOBU3NOHHbIX 06bEKTUBOB

onsa UK- ananasoHa. OHM KacarlTcsa Kak aTana
U3roTOB/IEHUSA OTAE/NbHbIX ONTUYECKUX KOMMNOHEHTOB,
TakK M 3Tana c6opku U IOCTUPOBKU. PaccMOTpeHbl
Tak>Xe HarnpasJ/IeHUS UCMOJIb30BaHUSA COBPEMEHHbIX
Tena10BU3NOHHbIX NPN6OpPOB.

HacTosllee BpeMsd 3aMeTHO, KaKHMH
B OBICTPBIMHU TeMIIAMH IIPOXOLST KOMIIJIEKCHBIE

dyHmaMeHTalbHble, MPUKJIALHBEIE HCCIeL0Ba-
HUS U pa3paboTKu B oOnacTH CO3MAaHUS TeIlJIOBHU-
3MOHHBIX ONTHYeCKUX CHUCTeM. IIpexkae Bcero, 3TO
CBSI33HO C IOBBIIIEHHOM aKTYaJIBHOCTBIO LIeJIOr0 pafa
TeXHHUYeCKHUX 3ajay, pelleHHe KOTOPBIX HAXOAHUTCS
B chepe MHTepecoB BOGHHBIX BeJOMCTB pa3IMYHBIX
CTpaH, B TOM YHC/Ie U Poccuu, a TakyKe C KPYIIHBIMU
IOOCTH>KeHHUSIMH B 00/1aCTH Co30aHUS QOTOIIPHEMHBIX
YCTPOUCTB C IIOBBIMIEHHBIMH BBIXOOAHBIMH XapaKTe-
pucTUKaMu [1-6]. BeIIIONIHeH KayeCTBeHHBIM CKA4YOK
B IIOATOTOBKe KM OpraHM3alMH IIPOMBIIIIEHHOIO I1PO-
K3BOACTBA GOTOIIPHEMHBIX YCTPOMCTB, PaboTarOIINX
B CIIeKTPa/IbHOM [OHaIlla3oHe 3-5 MKM. 3TO JOJIKHO
obecrieunTs TpebyeMoe KaueCTBO U3HENHUH IJISI KOM-
IJIEKCUPOBAHHBIX OITHUKO-JIEKTPOHHBIX MPUOOPOB
Y KOMIIJIEKCOB Pa3IMYHOI0 Ha3HaveHUs [7, 8].
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Features and the creation of thermal imaging
systems for the IR-range require the development of
fundamentally new technologies for manufacturing
optical elements of thermal imaging lenses. The
article deals with the concerns that need to be
solved in the conditions of industrial production of
thermal imaging lenses for IR-range. They relate
both to a stage of production of individual optical
components, and a stage of assembly and alignment.
The directions of use of modern thermal imaging
devices are also considered.

urrently, you can see the rapid leaps of
‘ the fundamental, applied researches
and development in the field of thermal
imaging optical systems. First of all, this is due to
the increased relevance of a number of technical
problems, the solution of which is in the interests
of the military departments of various countries,
including the Russian Federation, as well as the
major achievements in the field of photodetectors
with high output characteristics [1-6]. A qualitative
leap in the preparation and organization of
industrial production of photodetectors operating in
the spectral range of 3-5 pum is done. It must provide
the required quality of the complexed optoelectronic
devices and systems for various purposes [7, 8].
Modern thermal imaging devices (TID) operate
in one of two spectral ranges (3-5 pm and 8-14
pm). Some types of TID operate in both bands
simultaneously, i.e. they are combined devices.
Each type has certain merits. The lenses working
in the range of 3-5 pm (Fig. 1) possess a number of
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CoBpeMeHHBbIe TeIJIOBU3UOHHBIe ITpubopsl (TBII)
paboTaloT B ONHOM M3 ABYX CIIeKTPaJbHBIX JHalla-
30HOB (3-5 MKM U 8-14 MxM). Hexotopsle Tumsl TBII
paborarT B 0boux AHMama3oHaX OJHOBPEMEHHO, T.e.
SIBJISIIOTCS KOMOMHHPOBaHHBIMHU Ipubopamu. Kak-
IOBIF K3 TUIOB 06/a/aeT ompeleleHHBIMHU [JOCTO-
vHCcTBaMU. O6BeKTHUBEl, paboraromye B obrnactu
crexTpa 3-5 MKM (puc.l), 061aaioT psiioM IIperuMy-
IIeCTB I10 CPaBHEHHUIO C 00beKTUBaAMHU sl 06/1acTH
8-14 MKM:

« OoHHM obecreunBaIOT H0sIee BHICOKOE Ka4eCTBO H30-
OpaskeHHUs 3a CUeT MEHBIIEro AUPPAKLIMOHHOIO
mpefesna paspentenus (€=1,22- A/D);

* HMeIOT MeHbIIHe rabapyUThl ONTHYECKUX CHCTEM
Y BXOOHBIX OKOH OIITHKO-3/IeKTPOHHBIX KOMILJIEK-
coB (O3K) 3a cueT BO3MOKHOCTH HCIIOTb30BAHHUS
bonpminix OuadparMeHHBIX 4YHCen (3TO TaKXke
ompepnesnsieTcs IMdpaKLer U3-3a MeHBIIUX JJIUH
BOJIH B paboueM CIIeKTpaIbHOM [HaIla30He);

* IIpH pacyeTe OITHYeCKHX cucTteM TBII MOXKHO
HCII0/1b30BaTh 60/lee MIMPOKKEI HOMEHK/IATYPHBIN
pAnL ONTHYECKUX MaTepPHajoB: MOHOKPHCTAJIIM-
4JeCcKHe TepMaHUM, KPeMHHH, QIIIOOPUT, XalIbKO-
reHUJHble MaTepHalibl, IIOJHKPUCTATIHYECKUE
cynpdUA U CeleHU]J LHHKA (3To pasHoobpaswue,
B CBOIO O4Yepelb, MO3BOJISET PACCYUTHIBATh OITH-
yecKHe CHCTeMbl C 6ojlee BBICOKMMHM BBIXOJ-
HBIMM ONTHYECKMMH I[apamMeTpaMU B CpaBHe-
HUM C CUCTeMaMH, paboTalomUMU B AHUAIIa30He
8-14 MKM);

e OHH 00/1aIaI0T IOBHIIIEHHBIMH CBETOTeXHUYe-
CKMMH IlapaMeTpaMH IIPOCBETISIONHX IIOKPHI-
THUH, U ONTHYeCKHe CUCTeMBbl HMeloT bojiee BBICO-
KOe CBeTOIIPOIyCKaHHe;

« oHHU obecrmeunBaioT 60mee BBICOKYI 3PPHeKTHB-
HOCTb PabOTBI B YC/IOBUSIX MOBBIIIEHHOM BJIAsKHO-
CTH U B paboTe ¢ BO3AYLUIHBIMHU LIeTIMHU [9].
Ocob6eHHOCTb CO3AHUS ONTHUYECKUX CHCTEM MJISI

TBII ompepnesnsieTcss TeM YCJIOBHeM, 4YTO YMeHBbIIe-

HUe IJIMHBI BOJHBI OJHOBPEMEHHO C YMeHbIIeHHeM

OUQPAKIIMOHHOIO ITpefieia ysKeCTouaeT TpeboBaHUS

K TOYHOCTH H3TOTOBJIeHHS AeTaler. Hamo y4dHUTHI-

BaTb, 4YTO KO3POOUIIMEHT IIpeIOMJIeHHsS MaTepHa-

JIOB C M3MeHeHHeM [JIMHBI BOJTHBI MeHSeTCS He TaK

OBICTPO M COCTaBJsIeT ISl OTHE/NbHBIX MaTepHaJIOB

BeIMUMHBI, 6/1M3KkMe K n=4 (repmaHui). IlosTomy

OTKJIOHEHHUSI OT 33aJlaHHOM (GOpPMBI ITOBEPXHOCTEM

OIS ONTHUYeCKHUX [eTajJler He JOJ/KHBI IIPeBBIIIATh

N/AN<3/0,5. BenuunHa [AeLleHTPUPOBKHU MAOJKHA

6pITh He 6osmee 10 MKM, a Ioje JOIMycKa Ha TOJ-

IIMHY II0 LeHTPY AOJKHO COCTABJIAThH B CpeJHEeM He

6omee 0,05 MM. DTH 0OCTOATE/NbCTBA, B CBOIO Odye-

penb, TpebyioT pa3spaboTKM U BHeAPEHUS IMPHHIIH-

i1

Puc.1. CospemeHHbili K-06vekmus
Fig. 1. Modern IR lens

advantages compared with the lenses for the area of

8-14 pm:

+ they provide better image quality due to smaller
diffraction limit resolution (e=1,22-A/D);

« they have smaller dimensions of the optical
systems and input windows of optoelectronic
complexes (OEC) by allowing the use of large
aperture values (this is also determined by
diffraction due to smaller wavelengths in the
working spectral range);

« when calculating the TID optical systems, a wider
product range of optical materials can be used:
monocrystalline germanium, silicon, fluorite,
chalcogenide materials, polycrystalline sulfide
and zinc selenide (this variety in turn allows the
calculation of an optical systems with higher
output optical parameters in comparison with
the systems operating in the range of 8 to 14 pm);

« they have enhanced lighting parameter of the
antireflective coating and, therefore, higher light
transmission properties of the optical system;

+ they provide greater operation efficiency in the
conditions of high humidity and by air targets [9].
The peculiarity of optical systems for TID is

determined by the condition that the wavelength

decrease simultaneously with a decrease in the
diffraction limit leads to increased requirements
to manufacturing precision parts. It should be
taken into account, that the refractive index of the
materials with the wavelength changes does not
change so quickly, and for the individual materials
the values are close to n=4 (germanium). Therefore,
deviations from the given form of surfaces for optical
parts should not exceed N/AN<3/0.5. The amount
of decentering should be not more than 10 pm,
and the tolerance for the thickness of the center
should be no more than 0.05 mm on average. These
circumstances, in turn, require the development
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IIMQJIBHO HOBBIX T€XHOJIOTHMM HU3TOTOBJIEHMS OIITHYe-
CKHX 3JIeMEHTOB C HCIIOJIb30BAaHHEM COBPeMEHHOIO
TeXHOJIOTHYeCcKoro obopynoBaHHUs, C TpebyeMBIMHU
IOITyCKaMH Ha BBIIIEYKa3aHHBIX ONITHYECKUX Cpefiax,
C HU3KOH ce6eCTOMMOCTBIO H3TOTOBIEHHSL.

ABTOpaMH IIpOBeJleHbl TeOpeTHUYeCKHe HCCIIe/lo-
BaHMS B 00JIaCTH ONITHUMHU3ALIMH PACUETOB BhIIIEyKa-
3aHHBIX OIITHYECKHUX CUCTeM. PacueTsl IOATBEPAUIIH,
YTO [JIs TapaHTHPOBAHHOIO obecriedeHHsl BBICOKOIO
KadecTBa OOBEKTHBA KPOMe H3TOTOBJIEHHUS OITHYe-
CKHX 37IeMEHTOB C BbIIIEYKa3aHHBIMH TOUHOCTHBIMU
IlapaMeTpaMH B pacueT OITHYeCKOM CXeMbl Heobxo-
OUMO 3aK/IafbIBAaTh 3HAUEeHHs [I0Ka3aTesleH IIpesioM-
JIEHHS. UCIIO0JIb3YeMBIX ONTHYeCKHUX 3ar0TOBOK C TOY-
HOCTBIO, KAK MHHHMYM, [0 TPeTbero 3HaKa IoCJe
3amsaToi. OQHAKO B HOPMATHUBHO-TeXHHUYECKOH JOKY-
MEeHTAallMM Ha yKa3aHHBle ONTHYeCKHe MaTepHasbl
OTCYTCTByeT TpebOBaHMe IIPOBef€HHUS ATTECTAL[HOH-
HBIX PaboT 10 K3MepeHUIO [T0Ka3aTesIs IIpeJIOM/IeHUS
U HUCIEPCHU KOHKPEeTHO K Ka’K[JOM H3TOTOBIEHHOM
[apTHH MaTepUaJIOB. [10 3TOM NPHUYMHE [I0CTABIIUKHU
ONTUYeCKHUX 3aTOTOBOK He ITPOBOAST aTTeCTAIHMOH-
Hble PaboTHl 10 M3MEPeHHIO II0Ka3aTess IIPeIoM-
JIeHUsI W IUCIIePCHH B KAKAOM IApPTHH 3arOTOBOK.
A KOHCTPYKTOP-PaCUETUYUK ONTHUYECKUX CUCTEM IIPU
pacyeTe HCIIOAb3yeT HOMHHAJIbHBIE 3HAYeHHS IIOKa-
3aTess IIpe/IOMJIEHHS, KOTOpble yKa3aHBl B HOpMa-
THBHO-TeXHHUYECKOH JOKyMEeHTAL[MH Ha MaTepHaJIbl:
OCTer, TY ¥ T.[. ¥ TOYHOCTH KOTOPBIX OTpPaHHUYEHA
BTOPBIM 3HaKOM II10CJIe 3aIISITOM. TeM CAaMBIM B LIeJIOM
psiie CIydaeB CHUCTeMaTHUeCcKHe OMIMOKM BHOCSTCS
IIpH pacyeTe KOMIIJIEKTOB ONTHYECKUX AeTaleH AJIs
oIpefe/IeHUsI TOUHBIX BO3YIIHBIX [TPOMEKYTKOB JIJIsI
KOHKPeTHBIX TAaPTHIH 06BeKTHBOB.

YTo6bl pemHTh 3Ty HECOMHEHHO BasKHYIO IIPO-
61eMy, Heob6XOLVMMO BBIIIOTHUTH LIeTBIH PsSfia Hayd-
HBIX paboT II0 KOPPeKTHPOBKE CTAHAAPTOB, TeX-
HUYeCKHUX YCIOBUM Ha H3TOTOBJIEHHE ONTHYeCKHX
MartepuaJIoB. IIpy 5TOM Hafo CHenaTh yIIop Ha Heob-
XOAMMOCTD B CIIeKTPaJIbHOM [HaIla3oHe OT 3 mo 5
MKM ITPOBOAMTDH HM3MepeHHs II0Ka3aTess IIperomiIe-
HUS U JUCIIEPCHUU C TOYHOCTHIO 10 YeTBEPTOro 3HaKa
mocsie 3amsitor. Takske Tpebyercst paspaboTars crie-
I[MaJIbHbIe METOAMKHU IIPOBE/IEHHS BbIIIEyKA3aHHbIX
HM3MepHUTe/NbHBIX IIPOIeyp, IOATOTOBKH HeOOXOmH-
MO MeTPOJIOTMYeCKOH 6a3bl, pa3paboTKu KOHCTPYK-
TOPCKOM JOKYMEHTAIIUH Ha CIIelHa/IbHbIe ITPHU3MBI-
CBUIETENH U T. [I.

3aMeTHBIM TPEeHJOM B 0b1acTu co3maHusl 06B-
eKTHBOB [I/Isl YKa3aHHOIO CIIeKTPAIbHOTO AHAIla30Ha
CTaJla MHHHMH3ALUS MaccorabapUTHBIX IIapaMme-
TPOB IIPH HEH3MEeHHO BBICOKOM KauecTBe GOpMHUpYe-
Moro H306paskeHHs. Kak IpaBH/IO, HCIIONb30BAHUE
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and implementation of fundamentally new
technologies for manufacturing optical elements
using modern technological equipment, with the
required tolerances on the above optical media, with
a low manufacturing cost.

The authors carried out theoretical studies in
the field of optimizing the calculations of the above
optical systems. Calculations confirmed that in
order to guarantee the high quality of the lens, in
addition to manufacturing optical elements with
the above accuracy parameters, it is necessary to
set the refractive indices of the optical blanks used
with an accuracy of at least a third decimal place
in the calculation of the optical scheme. However,
regulatory and technical documentation for the
said optical material lacks the requirements of
the certification works to measure the refractive
index and dispersion of materials specific to each
material batch produced. For this reason, suppliers
of optical blanks do not perform certification work
on measuring the refractive index and dispersion
in each batch of blanks. And the computing
designer of the optical systems uses the nominal
values of the refractive index in the calculation,
which are specified in the regulatory and technical
documentation on the materials: OSTs, TS, etc. and
the accuracy of which is limited to the first decimal
point. Thus, in a number of cases, systematic errors
are introduced in the calculation of sets of optical
parts to determine the exact air gaps for specific
batches of lenses.

In order to solve this undoubtedly important
issue, you must carry out a number of operations to
adjust standards, technical specifications for optical
media. Moreover, it is necessary to emphasize the
need for the spectral range from 3 to 5 pm to measure
the index of refraction and dispersion up to a fourth
decimal place. Also, it is necessary to develop special
techniques and to conduct the above measurement
procedures, preparation of the necessary metrological
base, development and construction documentation
for special detecting prisms, etc.

A noticeable trend in the field of creating lenses
for this spectral range has been the minimization of
mass-size parameters with consistently high quality
of the image being formed. As a rule, the use of
traditional spherical optical elements has exhausted
its potential for improving the output parameters
of lenses. Optical systems have a large number of
components, large weight and size characteristics
and, as a rule, very high production costs. As a
way out, optical systems use non-traditional optical
elements (aspherical, kinoform, hybrid aspherical-
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TPaAHULIMOHHBIX CHepHUeCKHUX ONTHUYECKUX dIeMeH-
TOB KCYepIla/l0 CBOM IIOTeHI|HajbHble BO3MOKHOCTH
II0 YIyYIIeHHIO BBIXOAHBIX IIapaMeTpPOB OOBeKTH-
BOB. ONTHYeCKHe CHUCTEMBI MMeEIOT OOolblIoe KOIHU-
YeCcTBO KOMIIOHEHTOB, 6onbplire MaccorabapHUTHEIe
XapaKTepUCTHKHU M O4YeHb BBICOKYIO ceb6eCTOMMOCThb
H3roToBAeHU . Kak BBIXOJ M3 [IOJIOKeHH S, B OIITHYe-
CKHX CHCTeMaXx MCIIONb3YIOT HeTpaJULIMOHHEIe OIITHU-
yeckHe 3jMeMeHTHl (achepuueckue, KUHOQOPMHEIE,
rubpugHsle achepruKo-KUHOPOPMHEIE 3JIeMeHTHI)
(puc.2). B pesynbTaTe ONTHYECKasl CHCTeMa, B COCTAaB
KOTOPOI BXOASIT 3TH ONTHUYeCKHe 3/IeMeHTHl, CTaHO-
BUTCSI KOMIIAaKTHOM. OHa IprobpeTaeT yayullleHHble
abeppaliiOHHBIE XapaKTePUCTUKHU, U ce6eCTOMMOCTh
ee M3TOTOB/IEHHUS OKa3bIBaeTCsl HU3KOMU [10].

[Tomo6HBIE ONTHYECKHE 3JeMEeHThl MOKHO H3ro-
TOBUTb, HCIIONB3ysl ABe TEeXHOJOTHH: TeXHOJIOTHIO
NPellM3UOHHOTO0 a/IMa3HOTO0 TOUYeHUs] K TeXHOJO-
THIO M3TOTOBJIEHHUS C HCIIO0/b30BaHHEM BaKYyMHOIO
MeTOfa HOHHO-IIa3MeHHOIO TPaBAeHHUS U QyHK-
LIMOHAJIBHBIX MAaCOK, CHHTe3HPOBAHHBIX C IIOMO-
IIbI0 KOMIIBIOTEPHBIX IIPOTpPaMM. BTopon MeTop,
[0 LleJIOMy psifly IPHYMH B HacTosilllee BpeMsi He
HCIIO/Ib3yeTCsl.

Hcnonb3oBaHHe MeTola MPeLIM3HMOHHOIO aaMas-
HOT'0 TOYeHHUsI [IpefilloaraeT IpUMeHeHHe CylepIipe-
LI 3MOHHOI0 TeXHOJIOTM4eCKoro Moy ¢ YITY (cepust
ctaHkoB Nanoform, ¢upma-mpoussogutens AMETEK
PRECITECH, CIIA) (puc.3), a Tak>Ke CIIeLIHAIbHBIX
aJIMa3HBIX pe3LoB. Ho psn upM-mpousBofUTeNeH
TaKKUM 060pyZoBaHHEM He BiIajieeT.

HM3roToBieHHe ONTHYECKUX 37IeMeHTOB K3 pPa3Iny-
HBIX ONTHYeCKUX MaTepHa/IoOB MeTOLOM IIpel|H3HOH-
HOTO aJIMa3HOT0 TOUYeHH S IpeiIio/IaraeT IIPoBe/leHue
IpefBapHUTe/NbHON ONTHMH3ALUH TeXHOIOIHYeCKHX
PE>KHMOB pe3aHus, a TakXke HHAWBUYaJlbHOIO IOJ-
bopa CMa304YHO-OXJIAXHAIOMIKUX >KHUIKOCTEH IIpHU-
MeHHUTe/IbHO K Ka’KAOMY KOHKPETHOMY MaTepHally.
HemarnoBasKHBIM PaKTOpOM SIBJsIeTCSI 06s13aTesbHOe
HCII0/Ib30BaHMe MIPeIIM3MOHHON CUCTeMbl aKTHUBHOIO
KOHTPOJISI TeoMeTpUM 0b6pabaThIBaeMOM ITOBEPXHO-
CTH B IIpOLlecCe Pe3aHUs B peaJIbHOM MaclIiTabe Bpe-
MeHH. K coKaIeHHIO, IIPOH3BOLCTBO [IOmOOHBIX Tex-
HOJIOTUYeCKUX KOMIIJIEKCOB, a TaKXKe CIIel[HaIbHOIo
peXXylllero HHCTPyMeHTa B Poccuiickon Pelepaliiu
OTCYTCTBYeT.

IIppMeHeHMe KHHOPOPMHBEIX, aCHepPHUKO-KHHO-
GOPMHBIX ONTHYECKUX 3JIEMEHTOB TpebyeT B HACTOSI-
Illee BpeMsI CHCTEMHOI'O pellleHH s 11eJI0ro psijia 3afad.
Heobxomymo pa3paboraTh rocygapcTBeHHBIE CTaH-
OapTel Ha KOHCTPYKLHIO KHMHOQOPMHBIX (achepHKo-
KHMHOQOPMHBIX) 3/IeMEHTOB C 00s13aTe/IbHBIM IIepey-
HeM KOHCTPYKTHBHBIX IIapaMeTPOB, PeKOMeH[ALINH

Puc.2. Cxemamuyeckoe u306paceHue KUHOPOopMHO20
nemeHma
Fig. 2. Schematic representation of the kinoform element

kinoform elements) (Fig. 2). As a result, the optical
system, which includes these optical elements,
becomes compact. It has better aberrational
characteristics and their manufacturing cost is low
(10].

Such optical elements can be manufactured
using two technologies: precision diamond turning
technology and manufacturing technology using the
vacuum ion-plasma etching method and functional
masks synthesized using computer programs. For
a number of reasons, the second method is not
currently used.

The use of precision diamond turning technology
involves the use of super-precision CNC module
(Nanoform series machines, by AMETEK PRECITECH,
USA) (Fig. 3), as well as special diamond cutters, but
the range of the firms producing such equipment is
limited.

Puc.3. CmaHok Nanoform 250, ¢pupma-npousgodumens
AMETEK PRECITECH, CLLA
Fig. 3. Nanoform 250 by AMETEK PRECITECH, USA
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II0 TOYHOCTH, Pa3pabOoTKU Ppa3IUUYHBIX METOLHUK
H3MepeHHUsl 5THX I1apaMeTpoB, a TaKKe CO3[aHHUSA
COOTBETCTBYIOIIEN MeTPOIIOrHUeCcKOk 6a3kl.

OmHUMM M3 Ba>KHEHIIUX KOHCTPYKTOPCKHX Iapa-
METPOB OITHYEeCKOM CHUCTeMBbl HE3aBHCHMO OT TOIO,
B KaKOM CIIeKTPajbHOM [AHala3oHe oHAa OQYHKIIH-
oHMHpYeT, sABAsieTcsl KO3QQUIIMEHT MPONyCKaHUS
usnydeHus [11]. OToT mapaMmeTp HaIpsSIMylo CBS3aH
C JAIBHOCTBIO OOHAPY’KeHHUS M PACIlO3HABAHUS 00B-
eKTa. A B C/Iydae CO3IaHMUS TEIJIOBU3HOHHOIO 00BbeK-
THUBA, paboTaromero B ofHON M3 yactell UK-criekTpa,
BJIMsIeT Ha YPOBeHb OINTHUYECKOr0 CUIHajua, MOCTY-
narIero Ha $oTonpreMHOe YyCTPONUCTBO, PEerUCTPH-
pyIolero usnydeHue oT obbekTa. [Isl yBelTHUEHUS
CHUTHaja HeoOXOLHWMO CHH3UTH IIOTEPH H3JIydeHHS
B paboueMm CcIeKTpaabHOM [AHama3oHe (3-5 MKM).
9TO 06CTOSITENILCTBO TpebyeT CHHTe3a CIellHaTbHBIX
MHOTI'OCJIOMHBIX OITHUYEeCKUX IIOKPBITHUI, KOTOpPble
6b1 0becreyMIuM MaKCHMAJIBHO HH3KOe OCTATOYHOe
OTpPa’keHHe OT Ka’kKAOM OITHUYECKOHN IIOBEPXHOCTH.
EcTecTBeHHO, yBelH4YeHHe UYHCIa C/I0eB IPHUBOSUT
K YBeJIHYeHHIO BeJIHYHHBl IOTepb Ha paccesHHe
U Ha IOIVIOIleHHe B CAMUX CJI0SIX. DTO, B CBOIO oue-
penb, NPUBOOUT K HeH30esKHBIM IIOTepSIM CHUIHAJA,
[IPOXOJILero uepe3 ONTHYECKYI0 CHCTeMy. JaHHYIO
npobseMy MOKHO PeIIMTb TOJIBKO OJHHM CIIOCO-
oM - myTeM 3aMeHBI KOHCTPYKIIMH MHOTOCIOHMHBIX
ONTHYeCKHX MOKPHITUM Ha OLHOCIOHHEBEIE IVIEHKH
C TPaAHeHTHBIM IIOKa3aTejeM IIpeioOMJIeHHUS, UTO
3KBHBA/ICHTHO MHOILOC/IOMHON HHTepdepeHIIHOH-
HOM IIJIEHKe. DKCIIePUMeHTaIbHble paboThl B JaH-
HOM 00/1aCTH IIPOBOJYUIMCH COTPYOHUKAMH OTIesa
ONTHYeCKUX MOKPBHITHH AO HIIO "THIIO" (r. Ka3aHb)
COBMeCTHO ¢ mpepnpusitueMm I1AO "KpacHOropckuim
3aBog uM. C.A.3BepeBa’ C HCIIONIb30BAHUEM OITH-
YeCKHX MOAJIOKEeK M3 MOHOKPHCTAIHUYECKOro rep-
MaHHS U MNOJIHUKPUCTALINYECKOrO CelleHHIa IIMHKa
U [IOKa3aJIK XOPOIIHH pe3yasbrar [12].

OCcobeHHOCTBIO OITUYECKHUX IOKPBITHH, HAHOCH-
MBIX Ha OIITHYeCKue 3jieMeHTHl ajasg UK-nuamnasoHa,
SIBJISIETCSI UX OTHOCHUTENbHO OoJbIllast ONMTHYECKas
TonmKuHa. CyMMapHas TOJNIIMHA OMNTHYeCKOro
IIOKPBITHS [OJIy4YaeTcsl C YUeTOM BBICOKHX ITOKa3aTe-
JIeN IIpeIOMJIEHHS HCIIONb3YeMBbIX IIJIeHKoo6pasyio-
IIKMX MaTepHaJoB, a Tak>Ke TONIIHUHBI KaXKIOro CJI05
B OTIeNBbHOCTH. B ciaydae HaHeceHHS OINTHYECKOIro
CJI0S1 Ha ONITHUYeCKYIO IOBEPXHOCTh C BAPbHPOBAHHOM
TOJIIIMHOM Ha BCel IIOBEPXHOCTH BeJleT K I10SIBJIEHUIO
3pdekTa HecooTBEeTCTBUS (PaKTUUECKOM IIOBEPXHO-
CTH ee KOHCTPYKTHBHBIM I'eOMETPHUECKUM TpeboBa-
HHUSIM. ITO TaK>Ke IPUBOAUT K $a30BOM 3aJiepP>KKe IIPU
IIPOXOKAEHUU H3/yUYeHHUS 4Yepe3 KaXXAYyI0 IOBepX-
HOCTb M YXY[ALIEHHUIO KadeCTBa 0OBEKTHBA B LIETIOM.

98 ®OoTOHUKA N21/69/2018

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
TEXHOJIOTMYECKOE OBOPYAOBAHUE U TEXHOJZIOTUA |
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

The production of optical elements from various
optical materials by the method of precision diamond
turning implies the carrying out preliminary
optimization and technological modes of cutting,
as well as individual selection of cutting fluids
for each specific material. An important factor is
the mandatory use of a precision system for active
control of the geometry of the machined surface
in the process of real-time cutting. Unfortunately,
the production of such technological systems is
not available in the Russian Federation, as well as
special cutting tools.

Application of kinoform, aspheric-kinoform
optical elements requires currently a system solution
of a number of problems. The state standards of
the design for kinoform (aspheric-kinoform)
elements shall be developed with a mandatory list of
structural parameters, accuracy recommendations,
various developing methods of measuring these
parameters, and the establishment of appropriate
metrology base.

One of the most important design parameters
of an optical system, irrespective of the spectral
range where it operates, is the transmittance of
radiation [11]. This parameter is directly related to
the range of detection and recognition of the object.
And in the case of a thermal imaging lens, working
in one part of the infrared spectrum, it affects the
optical signal level input to the photodetector device,
registers guide radiation from the object. To increase
the signal, you need to reduce radiation losses in the
working spectral range (3-5 pm). This circumstance
requires the synthesis of special multilayer optical
coatings that would provide the lowest possible
residual reflection from each optical surface.
Naturally, an increase in the number of layers leads
to an increase in the magnitude of the scattering
loss and absorption in the layers themselves. This in
turn leads to inevitable losses of the signal passing
through the optical system. This problem can be
solved only one way: by replacing the multilayer
optical coatings on single-layer structure films with
a gradient refractive index which is equivalent to
the multilayer interference film. Experimental
work in this area was carried out by the employees
of the department of optical coating of JSC "NCO
"GIPO" (Kazan) in conjunction with PJSC "S. A. Zverev
Krasnogorsky Plant" using optical substrates from
monocrystalline germanium and polycrystalline
zinc selenide and showed a good result [12].

A feature of optical coatings applied to optical
elements for the IR-range is their relatively large
optical thickness. The total optical coating thickness
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B HaubOJBIIEH CTEIeHH ONMCAHHBIA HeraTHBHBIHI
3¢ deKT NPOosIBISIeTCSI HA BOTHYTBIX KPYThIX IIOBEPXHO-
CTSX, KOTOpbIe, KaK IIPaBUJIO, XapaKTePHBI [JISl OIITH-
YeCKUX CXeM TeIUIOBH3HOHHBIX 00beKTHUBOB. UTOOHI
obecrieunTh HaHeCEHHE PAaBHOMEPHOIO II0 TONIIHHE
TIOKPBITHS 110 BCEM MOBEPXHOCTH KasKJOro 3lIeMeHTa,
HCIIOIb3YIOTCS IVIAHETAPHble MeXaHHU3MBbI BPAallleHHU
OIITUYEeCKHUX fAeTasel, a TakkKe CIellMaJbHO paccuu-
TaHHble QYyHKIIMOHAIbHBIe MaCcKH [13].

Pa3paboTka M IIPOM3BOACTBO OOBEKTHBOB C Tpe-
OyeMBIMH BBIXOZHBIMHU IIapaMeTpaMU obecreduT
co3JaHUe BBICOKOKAUECTBEHHBIX OTeYeCTBEeHHBIX
TeI/IOBU3UOHHBIX IIPUOOPOB HOBOIO IIOKOJEHHS.
TeHOEHLIMM IIOC/TeJHEro NeCsATHeTHs, Tpedyoliue
IIOCTOSSHHOM MMWHHMH3ALMU U MUHHATIOPHU3allHH,
He O6OIUIM CTOPOHOM U ONTHUKO-3JIeKTPOHHOE IIPH-
BopocTpoeHHe. DTa TeHAEHLUS HaKJIAaABIBAET CBOH
OTIIeYaTOK Ha Pa3paboTKy COBpeMEHHBIX TEIIJIOBH3H-
OHHBIX IIPHO0POB, Tpebys IIpHMeHeHH I HOBATOPCKUX
KOHCTPYKTOPCKUX pelleHUMN. OOHUM U3 HHUX SBIS-
eTcst pa3paboTka ONTHUYECKUX CUCTEM C IOMAaHHBIMU
OIITUUYECKUMHU OCAMHU (4TO IO3BOJISET H3MEHITH
HaIlpaB/leHHe BU3UPHON OCH 10 180°) ¢ HCI0/Ib30Ba-
HHeM HeTPaJHUILIMOHHBLIX ONTHYeCKUX KOMIIOHEeH-
ToB. HO 3TOT KOHCTPYKTOPCKUM IIpHEM YCIOKHSeT
rporecc COOpPKU U KOHTPOJISL BBIXOLHBIX [IapaMETPOB
00BeKTHUBOB.

Y>kecToueHHe TpPeOOBAHHUI IO AelLleHTPHUPOBKE
OIITUYeCKHUX KOMIIOHEHTOB, B TOM 4YMCJIe IIOIleped-
HOM U yIJIOBOU JIeLleHTPUPOBKE, BeJleT K IIOBBIIIEHH IO
KauyeCTBeHHBIX MoKa3aTener UK- oI TUYeCKHUX CUCTEM.
B 4acTHOCTH, [eLleHTPUPOBKA IMH30BbIX KOMIIOHEHT,
IpenHa3sHaYeHHBIX OJId pa60T1>1 B UK-muamnas3oHe, He
[IOJIXKHA IIPeBhIIATh 3-5 MKM. TaKHe MeToIbl LIeHTPU-
POBaHHS JIMH3 B OIIPaBaX, KaK aBTOKOJUIMMALIHOH-
Has BTOYKa C MCII0/Ib30BAaHHEM I1JIaBAIOIIEro IaTpoHa
HJIM ee yCOBepLIeHCTBOBAHHAS PA3HOBUAHOCTD ~ [IBY-
CTOPOHHSISI aBTOKO/I/IMMAIIMOHHAs BTO4YKa, B [IOJTHOH
Mepe He II03BOJISIIOT JOOUTHCSL TpebyeMbIX HOIYCTH-
MBIX 3HAa4YeHHUM MOeLleHTPUPOBOK JHH3. 1S pelle-
HHS TOROOHBIX 33a/ad COTpyAHHKH ITAO KM3 pas-
paboTanu MakeT CHELIMATIBHOIO CTEHA - Ja3ePHBIH
aABTOKO/I/IMMAaLlMOHHBIK MUKPOCKOII, HCII0/Ib3y O K
Ja3epHoe H3ny4deHHe. B ero mopaboTke u ycTpaHe-
HUHU 3aMeYaHUH K KOHCTPYKLMH, 0OHAPYsKeHHBIX Ha
3TaIle IPoBeJeHM s IKCIIepUMeHTaIbHBIX paboT, pu-
BJIEKAIOTCA COTPYAHUKH MITY mm. H.3.baymana
¢ kadpenpsl PJI22 pakynerera PII.

Bo BpeMsi GMHHIIHON COOpPKM 06BEKTHBA MJIs
OOCTMIKeHHUSI TpebyeMBIX ITapaMeTpoB Heob6XomHMo
C BBICOKOM TOYHOCTBIO BBIJEPKHBaThb BO3JYIIHBIE
IIPOMEXYTKHA MeXIy ONTHYeCKHUMH 3JIeMeHTAMH.
JJIst KOHTPOJISL II0JIyYeHHBIX BO3AYIIHBIX IIPOMEKYT-
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is obtained with the highly refractive indices of the
film-forming materials used, as well as the thickness
of each layer separately. In the case of deposition of
an optical layer on an optical surface with varying
thickness on the entire surface leads to the effect
of a deterioration of the surface correspondence to
the actual requirements of its geometric design.
This in turn leads to a phase delay in the passage
of radiation through each surface and deterioration
in the quality of the lens as a whole. The greatest
negative effect is described on the steep concave
surfaces which are generally characteristic for the
optical schemes of the thermal imaging lenses. To
ensure the deposition with the uniform thickness
over the entire surface of each element, planetary
mechanisms for rotating optical components are
used, as well as specially designed functional masks
(13].

The development and production of lenses with
the required output parameters will ensure the
creation of high-quality new-generation domestic
thermal imaging devices. The tendencies of the last
decade, which require constant minimization and
miniaturization, were not ignored by optoelectronic
instrumentation. This trend leaves its imprint
on the development of modern thermal imaging
devices. This problem is solved by innovative design
solutions. One of them is the development of optical
systems with broken optical axes (which allows you
to change the direction of the sighting axis to 1809)
using non-traditional optical components. But the
implementation of this solution in turn complicates
the process of assembling and monitoring the output
parameters of the lenses.

Tightening requirements for decentering of
optical components, including lateral and angular
decentering, leads to improved quality indices of
the IR optical systems. In particular, decentering
of the lens component intended for operation
in the infrared range should not exceed 3-5 pm.
Such methods of lens centering in frames, like an
autocollimation point with the use of a floating
cartridge or its improved version, a two-sided
autocollimation point, do not fully achieve the
required allowable lens decentering values. To solve
such problems the staff of PSJC "KMZ" developed
a special booth layout: laser autocollimation
microscope, using laser radiation. The employees
of N.E. Bauman MSTU from the department RL-2 of
the Radioelectronics and laser technology faculty
are involved to its completion and elimination
of flaws of the structure found at the stage of
experimental work.
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KOB C JOIIYCTUMOI IOrpeIllHOCThI0 mopsifka 0,01 Mm
TpebyeTcsi MpeLiM3MOHHOE MeTPOJIorhudeckoe obopy-
JoBaHHe. B KayecTBe OLHOIO M3 BAapHAHTOB METPO-
JIOTUYeCKOro o60pyAOBAaHUS MOXKET OBITh HCIIOIB30-
BaHa naboparopHas ckambs OptiCentric IR HeMeLIKOH
¢upmer TRIOPTICS, KOTOpyl0 HPOU3BOIAT CIELIH-
aJIBHO [I/151 KOHTPOJISl ONTHYeCKUX JeTajlell, IpefHa-
3HAaYeHHBIX /1S pa60T1>1 B UK-muamas3oHe.

[Ipu cbopKe 06BEKTHBOB C JIOMaHBIMHU OITHYeE-
CKHUMH OCSIMH TpebyloTcs ocobele CIIOCOOBI IOCTH-
POBKHM M BBICTABJIEHHMS JIMH3 B OIpaBax H 3epKaj
B Koprryce 06beKTHBa. COOCHOCTb OITHYECKHX KOM-
[IOHEHTOB [Pyl OTHOCHUTEJbHO Jpyra He OOJ/IKHA
npesblmaTe 0,01 MM B cHCTeMax 6e3 IOABUKHBIX
KOMIIOHeHTOB U 0,03 MM B CHCTeMaXx C IIOABHKHBIM
ONTHYeCKUM KOMIIOHEHTOM. Kpome 3Toro, Heobxo-
OUMO 00ecreduTh BBICTABIEHHE 3epKasl C YIJIOBOH
IIOr PeIIHOCTBI0 He 6osiee 20 yI/I. C OTHOCUTEIBHO Tpe-
byeMoro yria c ofHOBPeMeHHBIM BbI€pKHUBaHHEM
BO3JYIIHBIX ITPOMEXXYTKOB C TOUHOCTBIO He Ooee
10 MxM.

[l pellleHMsl 3THUX 3afad TpebyeTcsi co3fmaHue
OlpeJle/IeHHOHM HOMEHKJIATyphl CHelHaIn3HupPo-
BAaHHOTO KOHTPOJIBHO-IOCTHPOBOYHOTO 060pymoBa-
HUS, pa3paboTka MeTOAUK IOCTUPOBKHU JISI JAHHOTO
KJIacCa ONTHYeCKHUX CHUCTeM. Bce 3T paboTel Tpe-
OYIOT CHCTeMHOro IoAXola U 06sg3aTebHOr0 GUHAH-
CUPOBAHHMS TEOPETHYECKHUX U 3KCIIePHUMEHTaIbHBIX
pabor.

Kakwue ke TeHIeHILINH, CBSI3aHHbIe C pa3paboTKoHn
U [IPOU3BOACTBOM 06beKTUBOB As1 TBII, MBI Habmo-
naeMm? B HacTosllee BpeMsi PBIHOK OeCIIMIOTHBIX
JeTaTe/bHBIX allllapaToB Pas3JHUYHOrO0 Ha3HaYeHHUS
1 OXPaHHBIX CUCTeM GOpMHUPYeT 6OJBIIOK CIIPOC Ha
Co3aHHe MaHOPAMHBIX IIPHUOOPOB C KPYroBEIM 0630~
poM. B CBSI3H C 3TUM BecbMa BOCTpeOOBaHBI 3aKa34HU-
KaMH Ppa3paboTKHU U IIPOH3BOIACTBO 0OBEKTHUBOB I
obracTu crexkTpa 3-5 MKM C yIJIOM IIOJISI 3peHHsI He
MeHee 180°. IMeHHO 34ech B HauOoOJbIIeH CTeIeHH
TpebyeTcsi BHeipeHUe [epeuHC/IeHHbIX TeXHOIOTuye-
CKHX pa3paboToK.

[Ipu co3gauuu TBII, s paboThl B IIMPOKOM JHa-
[Ia30He BAapbUPOBAHHS BHEIIHHUX YCJIOBHI, B TOM
4Yucjie U [pU HeNONyCTHUMO HH3KHX TeMIlepaTyp-
HBIX KOHTpAcTax 'obbekT-PoH", HCIIONB3YIOT IIONY-
IIPOBOIHHKOBBIE KBAaHTOBO-KAaCKaAHBIe ra3epsl (KKII).
OTH j1a3ephl FeHEpUPYIOT HU3JIyYeHHe B JHualla3oHe
3-5 MKM M CJIy’kaT OCHOBOM MJISI MaJIorabapUTHBIX
HK-ocBeTUTeNeH, BXOOAIMIUX B KoMIIeKT TBII. Ilom-
pobHO 0 BO3MOXKHOCTH mpumeHeHHs KKJI B TBII
coobmanocs B pabote [14]. Ho mpu HCIIO/Nb30BaHUHU
HK-ocBeTuTener Ha 6aze KKJI niass dopMHUpPOBaHUS
ny4a HeobXOAHMMO BKJIIOUHMTL B ONTHUECKYIO CXeMy
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During the final assembly of the lens to achieve
the required parameters, it is necessary to highly
accurately maintain gaps between the optical
elements. To monitor the resulting air gaps with
an allowable error of about 0.01 mm, precision
metrology equipment is required. As one variants of
metrological equipment, OptiCentric IR laboratory
bench by TRIOPTICS (Germany) may be used which
is specifically produced to control optical parts
intended for operation in the infrared radiation
range.

When assembling lenses with broken optical
axes, special methods of aligning and exposing the
lenses in the frames and mirrors in the lens case
are required. The alignment of optical components
relative to each other should not exceed 0.01 mm
in the systems without moving components and
0.03 mm in the systems with a moving optical
component. Furthermore, it is necessary to ensure
the installation of mirrors with an angular error
of not more than 20 degrees with respect to the
required angle with the simultaneous adherence to
the air gaps with an accuracy of not more than 10
pm.

To solve these problems, it is required to create
a certain nomenclature of specialized control and
adjustment equipment, development of alignment
techniques for this class of optical systems. All these
works require a systematic approach and compulsory
funding of theoretical and experimental work.

What are the trends related to the development
and production of the lenses for TID that we observe?
Currently, the market of unmanned aerial vehicles
for various purposes and security systems generates
a great demand for the creation of panoramic
instruments with a circular view. In connection with
this, the customers highly demand the development
and production of lenses for the spectral range of
3-5 um with a field of view of not less than 180°. This
is where the introduction of the listed technological
developments is required the most.

When creating TID operating over a wide
range varying external conditions, including at
unacceptably low temperature contrasts "object-
background", the semiconductor quantum cascade
lasers (QCL) are commonly applied, operating in
the range 3 to 5 pm. They can create the basis for
small-sized IR-illuminators for TID kitting. Details
on the possible application of QCL in TID are given
in [14]. But the QCL-based IR-illuminator requires
suitable optics for the formation of radiation. It must
be calculated in accordance with the requirement
of collimation of coherent radiation, taking into
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COOTBETCTBYyIOIIMe 31eMeHTHl. CxeMy HeobXommmo
PacCUUTHIBaTh B COOTBETCTBUHU C TpeboBaHHEM KOJ-
AMMalMK KOIePeHTHOro M31y4YeHHs, C YYeTOM Tpe-
6oBaHMS COOPMHPOBATH IMSTHO IOJCBETa KPYIJIOKH
HUJIH NPSIMOYTOAbHOHM (GOpMBI, B BHIe KpecTa HIHU
MHOMU QUTYPHI, IPHeMJIeMOH IJISl CO3LAHU S Ia3epPHBIX
LiesieyKa3aTesen 1S TeIJIOBU3HUOHHBIX IIPHOOPOB.

Jlpyroi BaskHOM o6nacTeio NpUMeHeHHs TBII
CTaja MeAHIIMHA, U 3TO ellle OAHO M3 HallpaBleHUM
ux pa3BUTHS. TBII co3maloT TemaoBoe U306paskeHHe
OpraHu3Ma - TepMOIPaMMBI 3a CYeT COOCTBEHHOIO
HK-u3nyueHUs Tesa yenoBeKa. Ecu B 06/1acTH criek-
Tpa MeHee 5 MKM TeJIO Ye/I0BeKa M3/ly4aeT MeHble 1%
BCeHM SHepPruH, To B obmacTtu cmekrpa 5-9 MM, 9-16
MKM H CBBIIIIe 16 MKM — H3/Iy4eHHe COCTABJIseT COOT-
BeTCTBeHHO 20, 38 u 41% [15].

OnHaKoO MMEHHO B obiacTu CrekTpa 3-5 MKM
obecmeynBaeTcss Haubonbias paspemiaronias Cro-
cobHoCcTh MK-M306paskeHUsI Ha TepMOrpaMMax. JTO
OTKpBIBaeT IIMPOKHK TOPHU3OHT I/ HUX HCIO0JIb30-
BaHMA B KayecTBe 3PPeKTHBHOIO MeIHUIHMHCKOIO
KOHTpoOJsl. HeflocTaTOK 3HepruM, u3jlydaeMoH TeloM
Yyesi0BeKa B 3TOH 06/aCTH CIIeKTPa, MOKHO KOMIIEH-
CHpOBaTh IpHMeHeHHeM 6oyiee UyBCTBHUTEIBHBIX
copeMeHHBIX TBII 3-To IOKOIeHH, a TAKXKe 3a CUeT
JOIIOJIHUTEJIBHOTO MoACBeTa U3nydeHuem KKIL

Y Bcex 3[OPOBBIX JIIOAEHN paclipefie/ieHHe TeMIIe-
paTyphl II0 ITOBEPXHOCTH Tejla MMeeT MHOI0 0bmux
3aKOHOMEPHOCTeH, B TOM YHCJIe MPOSBIeHHE CHM-
MeTpUH u300pa>keHUs] OTHOCUTEJBHO CpeluH-
HOM NMHUHHUHU. OJHAKO abCONIOTHBIE 3HAYEHUS TeM-
IepaTypsl KOXKHU B 3aBUCHMOCTH OT psfa GaKTOpOB
(oKpy>Kalollell TeMIIepaTypbl KU BJIaKHOCTH, Bpe-
MeHH CyTOK M Trofia, MHIHUBHAYalIbHBIX 0COOeHHO-
CTeH 4esioBeKa U T.II.) MOTYT MU3MEeHSThCS B IOBOJIBHO
IIMPOKUX IIpefiesiaX, MOITOMY HAaMOOJBIIMN HHTe-
pec IpenCcTaBIsIOT CPABHUTE/IbHBIE paCIIpene/IeHus
TeMIIepaTypbl M BBIB/I€HHe HApYyLIeHHUM ero CHUM-
MEeTPHUYHOCTH. DTH HapyIlIeHHs BO3HHKAKT H3-3a
aHOMaJIUM COCYIHCTOM CeTH (HaIpHUMep IpH COCY-
OUCTBIX OIYXO/AX), IIPU HM3MEHEHHM TOHYCa COCy-
IOB, IIPH MEeCTHBIX PacCTPOMCTBAaX KPoBoOOpallleHHU s
(TpaBMBI, TPOMOO3, CKJIEPO3) U BEHO3HOIO0 KPOBOTOKA,
IIpY JIOKQ/IbHBIX IIeperpeBax (OIyXo/x, BOCIIaTHUTe b
Hble O4Yaru) U IpH H3MeHeHHHU TeIIOIPOBOLHOCTH
TKaHeH. TeXHHUeCKHe OCHOBBI TepMOrpadHH U alla-
paTypa AJis Hee omMcaHbl B pabortax (15, 16]. AHOMa-
JIUU COCYZOB B OCHOBHOM BH3yaJIM3UPYIOTCS Ha K30~
O6paskeHHUU 4eI0BEYeCKOro Tela B BHJE IIOSBJIEHMUS
y4acTKOB C Oosee BBICOKOM TeMIIepaTypoH. HcKiio-
YeHHe COCTABIISIIOT OKOT'H, 0OMOPOSKeHHUSI U TPaBMBI,
0671aCTH KOTOPBIX Ha HM300pa>keHUM BCerfa XOJIOA-
Hee OKPY’>KalOKMX TKaHeH. MK-TepMmorpadus umeer
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account the requirement to form an illumination
spot of circular or rectangular, in the form of a cross
or other shape acceptable for creating laser target
designators for thermal imaging devices.

Another important area of the TID application is
medicine, and it is still one of the directions of their
development. TID create a thermal image of the body,
thermograms, due to own IR-radiation of the human
body. If the human body emits less than 1% of the total
energy in the spectral region, then in the spectral
range 5-9 pm, 9-16 pm and above 16 pm, the radiation
is 20, 38 and 41%, respectively [15].

However, it is in the spectral region of 3-5 pm
that the greatest resolution of the IR-image on the
thermogram is provided. This opens up a wide horizon
for their use as an effective medical control. Lack of
energy, radiated by the human body in this region
of the spectrum, can be compensated by the use of
more sensitive 3-generation modern TID, and also by
additional illumination of the radiation by the QCL.

In all healthy people, the temperature distribution
patterns over the body surface have much in common,
including the manifestation of image symmetry
relative to the midline. However, the absolute values
of the temperature of the skin, depending on several
factors (ambient temperature and humidity, time
of day and year, the individual characteristics, etc.)
can vary within wide limits, so the most interesting
are the comparative temperature distribution
and detection of violations of its symmetry. These
disturbances arise due to abnormalities of the
vasculature (e.g., vascular tumor), vascular
tone changing, local circulatory disorders (injury,
thrombosis, multiple sclerosis) and venous blood flow,
local overheating (tumors, inflammatory lesions) and
tissues thermal conductivity change. Technical basis
of the thermography and the respective apparatus
is described in [15, 16]. All anomalies are mainly
detected as the appearance of regions with a higher
temperature than in the symmetric point as in
local areas and in large areas of the human body.
Exceptions are burns, frostbites and injuries, which
areas are always colder than the surrounding tissue.
IR-thermography has many important advantages
in comparison with X-ray tomography and nuclear
magnetic resonance [16-19].

Let’s consider the examples of TID for medical
diagnostics. Fig. 4 shows TID IRTIS2000 ME for medical
thermography, Fig. 5 shows typical thermogram,
and Fig. 6shows an example of thermal imaging
diagnostics medical office layout, Fig. 7 shows the
minimum size of an object based on the distance
[16-19].
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MHOTO0 Ba’KHBIX [IPEMMYILECTB I10 CPAaBHEHUIO C PeHT-
TeHOBCKOM ToMorpaduer M SiIepHBIM MarHUTHBIM
pesoHaHcoM [16-19].

PaccmoTrpumMm npumepsl TBII ngaa MegUIIHH-
CKOM AHarHocTUKU. Ha puc.4 npuBenmen supn TBII
HPTHC 2000 ME pgnast MeJHIMHCKOM TepMorpaduH,
Ha pUC.5 IpefcTaBieHa THUIIMYHas TepMOorpaMMa,
a Ha pHC.6 - IpHUMep OpraHH3allMU MeJUIIMHCKOIO
KabuHeTa TeIJIOBU3MOHHOM [HAarHOCTHKH, Ha
pHC.7 - MUHUMAJIBHBIHA pa3Mep 06beKkTa B 3aBUCHUMO-
CTH OT paccTosHUS [16-19].

TBII Thermovision®870 System ¢upmbl AGEMA
Infrared Systems (IlIBeriuisi) [15] BBIIIOJIHEH HA OCHOBE
®ITY Ha 6a3e nuHerku KPT ¢ 4ucioM 3/1eMeHTOoB 100,
pabodyert 061acThiO CIIEKTpa 2-5 MKM, TeMIIepartyp-
HOM pa3pemraromnier criocobHocTeio 0,1 °C, 4acToToH
KagpoB 25 T, maccom 2,5 Kr (cobcTBeHHO TIIB mpu-
6op) u 4,5 kr (TB MoHHUTOp), rabapuTaMU COOTBET-
CTBEHHO 92x150%205 MM U 252x129%x322MM, AUamaso-
HOM paboumux Temmepatyp 15-50 °C.

Ludposrle TerioBu3HoHHBIe I13C kamepsl TVC300
u TVC400 rpynmsl kommaHuu "CHUJIAP" [15], BhImon-
HeHHble Ha ocHoBe UKITI3C c 6aprepamu LIOTTKHY,
HCIIONB3YIOT KPHOTeHHOe oxlaxkaeHHe. Ero obecrie-
YMBAIOT WJIK 3aJMBKOMU XHJKOIO a30Ta B KPHUOCTAT
(Mmogudoukanus ML), UAM C IIOMOIIBIO MHKPOXO-
JoAuNIbHHKA CTHPIHHIA (Mmomuduranus ST). Bos-
MOXKHa paboTa B aBTOHOMHOM peskuMe 6e3 KOMIIbIO-
Tepa, C KOMIIBIOTEPOM, IIPeAyCMOTPeHA BO3MOXKHOCTh
3amuCcH H300paskeHUN B peasibHOM Maciutabe Bpe-
MeHHU (bormee 1000 Kazpos 6e3 mpomyckos). Ywcio
rnukcesnos I13C coctaBnseT 320x240 (momens TVC300)
1 480x320 (momenp TVC400), pa3mep IIHKCena COOT-
BeTCTBeHHO 40x40 MKM B 28x28 MKM, 4YacToTa
KazmpoB 25 'y, pabouas obnacte cekrpa 1,8-5,3 MKM,
OUHAMUYeCKHUI Auana3oH 6onee 56 ob, Temmneparyp-
Hasl YYBCTBHUTEIbHOCTD He 6omnee 0,1 °C, pabouunii nua-
I1a3o0H TeMIepatyp ot -15 go 35 °C [15].

TBIT "MPTHC-2000 ME" (OOO "HUPTHUC/IRTIS", PD)
[16-19], BBIIO/IHeHHBIHM Ha 6a3e OmHO3JIEeMEHTHOIO
HK-poTonpuemuuka InSb mnu HgCdTe, paboTaer
B IByX 067acTsIX CIIeKTpa: 3-5 MKM HIH 8-12 MKM.
[Tpubop mMeeT 4UyBCTBUTeNbHOCTh 0,02 °C (TemIre-
PaTypHOe paspelleHHe II0 BceMy o) npu 30 °C,
OHaIa3oH ero u3MepeHHUH oT —60 mo 300 °C (UPTHUC
21000 CB) u ot -60 mo 1700 °C (MPTHC 2000 CH), Tou-
HOCTb M3MepeHHUs *1 °C, quama3oH pabovyux TemIle-
patyp ot -40 mo 85 °C, mpoCTpaHCTBEHHOE pas3pele-
HYe 1 Mpaj, yroua mosus 3peHus 25x20°, paspelieHue
Kazpa 256x256 unu 640x480 mmuKcesnos, Maccy 1,4 Kr,
rabaputhsl 92x120x200 MM, HaIpssKeHHe IIHTAHUS
U=6 B, sHepronorpebienue 1,2 BT, BpeMs HeIlpephIB-
HOU paboTsl 6osee 8 Yacos, BpeMs GOPpMaTUPOBAHHUS
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Puc.4. TBIN NPTNC 2000 ME
Fig. 4. TID IRTIS2000 ME

TID Thermovision ®870 System by AGEMA Infrared
Systems (Sweden) [1] is CdHgTe range photodetector-
based device with a number of elements 100, workspace
range 2-5 pm, the temperature resolution 0.1 °C, a
frame rate 25 Hz, weight 2.5 kg (TID device itself) and
4.5 kg (TV monitor), with the dimensions, respectively,
92x150x205 mm and 252x129x322 mm, operating
temperature range 15-50 °C.

Digital thermal CCD cameras TVC300 and TVC400
by "SILAR" [1] made based on IR-CCD with Schottky
barriers, use cryogenic cooling. It is provided by
either pouring liquid nitrogen into a cryostat
(ML modification), or by means of Stirling microcooler
(ST modification). It is possible to work autonomously

I TX 7

Puc.5. TunuuHas mepmozpamma
Fig. 5. Typical thermogram
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Kazpa mepekirodaemoe: 0,8 ¢, 1,6 ¢ 1 3,2 c. Kamepa
HPTHUC2000 ME paboTaeT c n106bIM COBpPeMEHHBIM
KOMIIBIOTEPOM M MOXKET IOAKJIIOYAThCA K KOMIIBIO-
Tepy 3aKa3drKa. Bo3MokKHa TakyKe I0CTaBKa KaMephbl
B KOMILJIEKTe CO CTALJMOHAPHBIM KOMIIBIOTEPOM HJIHU
HOyTOyKoM. Biaromaps 0cobeHHOCTSIM KOHCTPYK-
LIMM KaMepbl NOCTUTAEeTCS BBICOKAsl IOBTOPSIEMOCTD
pe3y/bTaToB U3MepeHH s 0T KaJpa K KaApy, UTO [103BO-
JsIeT OCYINEeCTBAATh JUHAMHUYeCKoe HHpaKpacHoe
TePMOKapTHPOBaHHUe (MHOTOKPATHYIO ChbeMKY OJTHOTO
M TOTO >Ke ydacTKa Teja MallMeHTa 4yepe3 3aJaH-
Hble IIPOMe>XXyTKH BpeMeHH) U IPOCMaTpHBaTh 3aTeM
[Oo/Iy4eHHble TePMOTPAMMBI B BH/E JUHAMHUYECKOI0
TeIJIOBU3HUOHHOT0 QUIbMA.

[Ipubopsl, paboTarimmye B o061acTH CIIeKTpa
3-5 MKM, MOTYT OBITH M3rOTOBJIEHBl B BHJE MOAY-
7er, BCTpaHBaeMBIX B MHOIOKAaHAJIPHYIO CHCTeMY
HabniofeHusT W MpULEIUBAHUSA, U COCTOSIIYIO
M3 MoJy/ell TeIIOBU3HOHHBIX IpubopoB, Ppabo-
TAOIHUX TaKkXke B o00acTu crnekTpa 8-14 MKM,
a co BpemeHeMm 30-100 MkM, 13 TB Moayneﬁ s obna-
ctu crekrpa 0,1-0,25 mkm, 0,4-1,1 MkM, 0,8-1,7 MKM,
Ja3epHBIX Le/leyKa3aTelel-IaJIbHOMEPOB U APYrUX
mopynen. IIpy 3TOM C IOMOIIBI0 MHKPOIIpoLieccopa
1300paskeHUsI BCeX MOy CYMMUPYIOTCS B eIUHOe
WHTeIrpHUpOBaHHOe H3obpaskeHwme [1, 15]. B maHHOM
BapHaHTe TeIJIOBU3HMOHHOro Ipubopa MOAyIb ISt
obracTu cmeKTpa 3-5 MKM J0/KeH OBITh pa3paboTaH
M H3TOTOBJIEH C Y4YeTOM II0f00HOM CIIeLIUPHUKHU ero
[IPUMEHeHHUs], KOHCTPYKTHBHOIO MCIIOIHEHHUS BCeH
CHUCTEMBI U C BBIIIOJITHEHHEM YCIOBHH CTaHIAapTH3a-
LMY U YHUPHUKALIHH.

XoTenoch 6bI KOCHYThCS eIlle OHOIO IIepPCIIeKTHB-
HOI0 TeXHOJIOTMYeCKOro HaIlpaB/IeHUs CO3JaHUS
onTUKH a1 TBII - mpuMeHeHHe 3D-Tie4aTH OJ1s1 U3r0-
TOBJIEHUS PA3JIMYHBIX KOMIIOHEHTOB IIPHUOOPOB. ITO -
He yTOIIHUSl, a peajbHOCTb CeTONHSIMHUX fHeH. Cylle-
CTBYIOT JOCTAaTOYHO Cepbe3Hble IIPeAIIOChIIKHU [JIs ee
peasin3ally He TOJIBKO 32 pybeskom, HO U B PoccHii-
ckon ®epepannu. C noMomuisio 3D-ledaTH BO3MOXKHO
CO34aHHe MHUKPOMHHHATIOPHBIX TeIJIOBU3HOHHBIX
M TeJIeBU3HOHHBIX CHUCTEM, Jla3epHBIX ILiejleyKasa-
TesleH-0CBeTUTeNIer [ HaBeleHUs YIIPaBJIsieMBIX
PaKeT C IUCTAHLIMOHHOM Ilepefadel H300paskeHUS.

OTH >Ke HOAaTYMKMU MOXXHO HCIIO/Ib30BaTh OIS
CKPBITHOIO HabIIoleHusi B CHUCTeMaXx obecIiedeHHs
6e30IMacHOCTH.

3D-TexHOJIOTHS II03BOJIMT B IIepCIIeKTHBe CO34aTh
MHKPOMUHHUATIOPHBIE (Pa3MepoM C IT4erty), becrunor-
HEbIe JIeTaTe/IbHbIe aIllIapaThl ¥ Ha3eMHble POO0TH3HPO-
BaHHbIe MOOMJIBHBIE YCTPOMCTBA IJISI OCYILIeCTBIeHH S
CKPBITHOM pa3sBefKH U IPOBeleHHUS CIIelonepalyui
M COOTBETCTBYIOLIYIO OIITUKY [IJIs1 HUX, a BMECTO COBpe-

=

Puc.6. Mpumep opzarusayuu meduuuHcKo20 kabuHema
menAosu3UOHHOL OudzHOCMUKU
Fig. 6. Example of thermal imaging diagnostics medical office

without a computer, with the computer, the possibility
of recording images in real time (over 1000 frames
without gaps) is also provided for. The number of CCD
pixels is 320x240 (TVC300 model) and 480x320 (TVC400
model), the size of the pixel is respectively 40x40 pm
and 28x28 pum, the frame rate is 25 Hz, the working
spectral range is 1.8-5.3 pum, the dynamic range is over
56 dB, the temperature sensitivity is not more than
0.1°C, operating temperature range is-15 to 35 °C [1].
TID "IRTIS-2000 ME" (LLC "IRTIS", Russia)
[16-19], based on single-element InSb or HgCdTe IR-
photodetector, operates in two regions of spectrum:
3-5 pm or 8-12 pm. The instrument has a sensitivity
0,02°C (temperature resolution over the entire field) at
30 °C, the range of its measurements is from - 60 to
300 °C (IRTIS21000 CB) and from - 60 to 1700 °C (2000
IRTIS CH), the measurement accuracy is #1 °C,
operating temperature range is - 40 to 85 °C, the
spatial resolution is 1 mrad, the angle of view is 25x20°,
frame resolution is 256 x256 or 640x480 pixels, weight

Puc.7. MuHumanbHbil pasmep ob6vekma 8 3agucumocmu
0m paccmosiHus
Fig. 7. Minimum size of an object based on the distance
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MeHHBIX JaT4uKoB TBII u GPS - HOBble MUKPOMUHHHA-
TIOpHBIE JaTYMKHU pa3sBeKH, IPHUILeIUBaHUs, HaBUTa-
LIMH, M3MEePeHU s KOOPAUHAT U JAIbHOCTH [0 LIeJIH.

TexHosmorus 3D-mie4yaTy II03BOJIMT CO3JATh HOBBIE
MacCKHPOBOUHBle MaTepHalbl, obecledrBaloNIye
CKPBITHOCTb BO BCex obnacTsx crekTpa: YO, UK, paau-
oguanasoHe. 3D-meyarh 3QpPeKTUBHA [JIs CO3TaHHS
CBepXOO/BIIMX WHTErPaJbHBIX CXeM, MHUKPOMHHHA-
TIOPHBIX II€PCOHABHBIX KOMIIBIOTEDOB U MHUKPOIIPO-
LIeCCOPOB, a Takke MOMC, MHUKpPO3/IeKTPOABUTaTeIer
Y HCTOYHMKOB IEPBUYHOIO IIHUTAHHS B MHTErpajb-
HOM HCIIOTHEHU U (B TOM YHCJIE U COTHEYHBIX baTapert)
B MHTepecax pa3paboTKu repcrieKTUBHbIX TBII.

CosmaHue HOBBIX OINTHYECKMX MaTepHaioB
C TIOBBIIIEHHOM CTOMKOCTBIO K MeXaHHYeCKHM, KJIH-
MaTH4YeCKHM M CIeLiMaJbHbBIM BO3JeHCTBUSIM (IIpo-
HUKAOIas pafualus, arpecCHBHbIe CpeAbl U AP.)
TaK>Ke HeBO3MOXKHO 6e3 3D-reyatu.

TexHonorus 3D-re4yaTH OTKPBIBaeT LIMPOKHUE IIPO-
CTOPBI AJ1s1 TpoeKTHpoBaHU s TBII U yCTPOKCTB C BBICO-
KUM OBICTPOIECTBHUEM, [JI51 CO3LaHUS CHCTeM HaKO-
IVIEHU S THPOPMALIMH C [IOMCTHHE HeOTPaHUYeHHBIM
ee obbeMoM. PaKTOPHI, MeIIAOIIHe IIHPOKOMY pac-
IIpocTpaHeHUI0 3D-meyaTH B JAaHHOM TeXHHYECKOM
HaIlpaBJIeHUHU, CO BpeMeHeM OyyT yCTpaHEeHBI.

3AKJTKOMEHUE

Bce HampaB/leHHS HMCIO/Ib30BaHHA TBII oTpaskawoT
JaJIbHeHIIHe IIePCIeKTHUBBl Pa3BUTHS TEXHOJIOIHH
M3TOTOBJIEHUS] TeILIOBU3HUOHHBIX 00BeKTHBOB. Heco-
MHEHHO, TeHJIeHIIUH K YBeJIHUeHHI0 06beMOB BBIITYCKa
TeIVIOBU3MOHHBIX ONTHYECKUX MPHOOPOB M KOMILIEK-
COB B OnMsKamIIer IepcreKTHBe 6ymyT TONMBKO YCHIIU-
BaThCsl. Bce BbINIeyKa3aHHBIE MPOOIeMHBIE BOIIPOCHI
B TOM W/ MHOM CTelleHH OyAyT BIMSATH Ha CTabU/Ib-
HOCTB, Ce6eCTOMMOCTb HX ITPOM3BOACTBA, a TaKke Ha
3KCIIIyaTallHOHHbIE ITapaMeTPbl HU3TOTOBJIEHHBIX U3/e-
nuil. TpebyeTcsi CCTEeMHBIH IIOXO K PeIleHHI0 3THX
3a7ia4 IIpYU yCJIOBHM IIPUBJIEYEHMS BeOYINUX CIIelKa-
JIMCTOB U3 PeIIPUATHH U OpraHU3aL NI, IIPSIMO HIH
KOCBEHHO Y4YaCTBYIOIIMX B ITpoLiecce IIPOM3BOACTBA
OIITHKO-3/IeKTPOHHBIX IIPHOOPOB AHHOTO IIPOGUIIS.

Asmopbl cmambu  8blpaxatm UCKpeHHIo baazodapHocmb
30 peueH3uposarue U Koppekmuposky mexkcma cmamou Koawou-
Kkuny B. 4., Ckaaposy C. H.
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1.4 kg, dimensions 92x120x200 mm, voltage U=6 V,
power consumption is 1.2 W, continuous operation
time is more than 8 hours, the time of frame format
is switchable: 0.8 s, 1.6 s and 3,2 s. Camera IRTIS2000
ME operates with any modern computer, and can be
connected to the computer of the customer. Also, the
camera can be supplied with a desktop computer or
laptop. Due to the peculiar design of the camera, a
high repeatability of the measurement results from
frame to frame, which allows for dynamic infrared
thermal mapping (multiple recording of the same
portion of a patient’s body, at predetermined intervals),
and then view the thermogram obtained as a dynamic
thermal film.

The devices operating in the spectral region of 3-5
pm, may be produced as modules, embedded in a multi-
channel observation and targeting system consisting of
modules, and thermal devices operating in the spectral
region of 8-14 pm, and eventually 30-100 pm, composed
of TV modules for spectral region 0,1-0,25 pm, 0.4-1.1
pm, 0.8-1.7 pm, laser range finders, target designators,
and other modules. Thus, thanks to the microprocessor,
the images of all modules are summed into a single
integrated picture [1, 15]. In this variant of the thermal
imaging device, the 3-5 pm region of the spectrum
module need to be designed and manufactured to such
specifics of its application, the constructive execution of
the entire system and, in particular, with the maximum
degree of standardization and unification.

We would like to mention one more perspective
technological direction of creating optics for
TID - the use of 3D-printing for the manufacture of
various components of the instrument. This is
not a utopia, but a reality today. There are serious
preconditions for its implementation not only abroad
but also in the Russian Federation. With the help of
3D-printing, it is possible to create microminiature
thermal and television systems, laser designators
illuminators for aiming missiles with remote image
transmission.

These sensors can be used for covert surveillance in
security systems.

3D-technology will allow in the future creating a
micro-miniature (the size of a bee), unmanned aerial
vehicles and ground robotic mobile devices to carry out
covert intelligence and special operations, with the
corresponding optics, but instead of contemporary TID
and GPS sensors, the new micro-miniature sensors
of reconnaissance, targeting, navigation, measuring
coordinates and target range.

3D-printing technology will create new camouflage
materials to ensure secrecy in all regions of the
spectrum: ultraviolet, infrared, radio-frequency range.
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3D-printing is effective in creating large scale integrated
circuits, microminiature personal computers and
microprocessors, as well as MEMS, microelectric motors
and primary power sources in an integrated design
(including solar panels) in order to develop promising
TID.

Creation of new optical materials with high
resistance to mechanical, climatic and special effects
(ionizing radiation, corrosive media, etc.) is also
impossible without 3D-printing.

3D-printing technology opens a wide scope for
design of TID and devices with high performance, the
creation of information storage systems with truly
unlimited scope. The factors preventing widespread
3D-printing in this technical direction will eventually
be eliminated.

CONCLUSION

All TID application directions reflect the future
prospects for the development of manufacturing
technology of thermal imaging lenses. Undoubtedly,
the trend towards an increase in production volumes
of thermal optical devices and systems in the near
future will only grow. All of the above concerns to
some extent will affect the stability, cost of production,
as well as operational parameters of manufactured
products. It requires a systematic approach to solving
these problems under condition of attracting leading
specialists of enterprises and organizations directly or
indirectly involved in the production of optoelectronic
devices in this profile.

The authors express their sincere gratitude to Kolyuchkin V.Y.,
Sklyarov S.N. for reviewing and correcting the article.
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