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Ycnosus paboTbl BOEHHOW TEXHMKM B LUIMPOKOM
TemnepatypHoM gunanasoHe (ot -50 go 50°C) ouKTyI0T
XecTkmne TpeboBaHMs K KOHCTPYKLUM ONTUYECKUX
YCTPOMCTB NOCTPOEHUS U306pakeHni. B ctatbe
npepcTaB/ieH KOMMNEKC KOHCTPYKTUBHbIX MPUeMOB,
KOTOpbI NO3Bo/ISleT 06ecne4ynTb atTepMasibHOCTb
onNTUYEeCKUX YacTen NpuLenbHO-HabaogaTe/IbHbIX
npuéopoB 1 KOMIMJIEKCOB 6POHETaHKOBOM TEXHUKMU, a
cnepoBartesibHO, 3ppekTuBHOE PYHKLUOHNPOBAHUS
06bekToB 60€BOro M TAHKOBOIr0 BOOPY>XXeHUs

1 TexHuku (BTBT) B yC/I0BUSAX 3HAUYMTE/IbHOIO
nepenaja BHeWHUX TeMmnepartyp.

B IIMPOKOM HHTepBajie pabouux TeMIepaTyp

SBJISIeTCSI BasKHEHIIUM TpeboBaHHEM K OITH-
YecKoM 4acTH nroboro mpubopa, mo3BoIsSoOMMUM 0be-
CIle4dmuBaTh ero becriepeboriHoe PyHKIIMOHUPOBAHUE
KaK B >Kapy, TaK ¥ B MOPO3BbI.

O6BIYUHO ONTHYECKHe PACUYeThl ITPOBOMASITCS MAJIS
HOPMaJ/IbHBIX KIIMMaTHUYeCKHX YCIO0BUM, XapaKTepH-
3yIOLMXCSl TeMIlepaTypon 20°C U JaBiaeHHeM 1 aTM.
OnHaKo JKeCTKHe TpebOBaHMS CTAHJAPTOB [JIsl BOEH-
HOM TeXHHUKH HOPMHUPYIOT paboduil TeMmIepaTyp-
HBIM AHala3oH B Ipefenax Kak MHUHHMYyM OT -50
mo 50°C. Orcioma mepermaj IIJIFOCOBBIX TeMIIEpPATYP
OTHOCHTEeJIbHO pPacyeTHOM TeMIIepaTyphl COCTaBIseT
Bcero 30°C, Torma Kak [Ojs MHHYCOBBIX OH 3HAYM-
Te/bHO Oosble - Bce 70°C. B 3TOM CBSI3U CTAHOBUTCS
OYeBHUIHOM TPYLHOCTHh obecmeueHHs: paboTocriocob-
HOCTH KOHCTPYKLHH ONTHYECKHX MU OIITHKO-MeXa-

C OXpaHEHHE BBICOKOI'O KadeCTBa 1/13o6pa>1<eH1/151
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ATHERMALIZATION OF
OBJECTIVES OF SIGHTING AND
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AS THE MEANS OF FUNCTIONING
SUPPORT OF THE FACILITIES

OF ARMAMENT OF ARMORED
FORCE VEHICLES (AAFV)
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Conditions for the operation of military hardware
within wide temperature range (from -50 °C to 50 °C)
dictate stringent requirements to the construction
of optical imaging devices. The group of constructive
methods, which allows providing the athermality to
the optical parts of sighting and observation devices
and complexes of armored force vehicles ensuring
the efficient functioning of AAFV objects under the
conditions of considerable ambient temperature
difference, is given in the article.

range of operating temperatures is the most

important requirement to the optical part of
any device, which allows its trouble-free functioning
under the conditions of heat and frost.

As arule, all optical calculations are performed for
normal climatic conditions, which are characterized
by the temperature of 20 °C and pressure of 1 atm.
However, the stringent requirements of standards
with regard to military hardware normalize the
operating temperature range within the limits
from -50 °C to 50 °C as minimum. It follows from
here that the difference of above-zero temperatures
relating to the specified temperature is only 30 °C,
whereas the difference of below-zero temperatures is
much higher - all 70 °C. In this regard, the problem
of operability of the constructions of optical and
optical-mechanical units of devices and sights under
the conditions of below-zero temperatures arises. In
greater degree this refers to the device objectives

R etention of image high quality within wide
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HUYeCKHX y3/I0B IPUO0POB U MPHUILIE/TIOB B YCIOBUSIX
MHHYCOBBIX TeMIlepaTyp. B Oosbllel CTeleHH 3TO
OTHOCHTCSI K 06BeKTHBAaM IIPUOOPOB KaK CHCTEMaM,
CTPOSIIIMM H300paskeHHUs 06eKTOB Ha GOTOUYBCTBH-
Te/IbHBIX IIIOMAZKaX Pa3JIMUHBIX GOTOIPHEMHHUKOB
WK paboTalolUM B YHCTO BH3YaJbHBIX CHCTeMax
HabmoeHUs U NPULeIUBAHUS.

CnenyeT OTMeTHTh, YTO B PeaJIbHBIX YCJIOBHSX
SKCIUTyaTalluK MPHLeNTbHO-HA6M0qaTeIbHBIX ITPH60-
POB TeMIIepaTypHBIM AHAIA30H MOXKeT ObITh 3HAYU-
TeJIbHO Oomblle. 3apUKCHPOBAHHBIMU MaKCHMYMOM
U MHHHMYMOM TeMIIepaTyp Ha HaCTOSIIKUE MOMEHT
cauTatoTcs 63°C [1] 1 -91,2°C [2], HO pabounM TeMIepa-
TYPHBIM HHTepBajJOM IIPU IPOEKTHUPOBAHHUH O0OBEK-
ToB BTBT NpUHATO CYUTATh AUaIia3oH B 100°C (£50°C),
a B HEKOTOPBIX cTpaHax B 90°C (ot —40°C mo 50°C).

I[Ipu paboTe B yC/IOBUSIX [IepeMeHHBIX TeMIIePaTyp
reoMeTpUvecKue pa3Mepbl OINTHYECKHX 37IeMeHTOB
H3MEeHSIOTCSI B COOTBETCTBHU C KO3IQPHUIIMeHTaMH
TeIVIOBOTO PacIIMpeHHs] MaTepHana, H3 KOTOPOIo
OHH H3rOTOBJIEHBI. TaKsKe CYIIeCTBEHHO MeHSeTCs
U II0Ka3aTesb IIpeoMJIeHHS OOJBIIMHCTBA HCIIOJb-
3yeMBbIX OIITUYeCKUX MaTepHaJIoB [3].

B pesynbraTe M306paskeHHe OeCKOHEUHO yasieH-
HOTO IIpeiMeTa CBUraeTCsl Ha HeKOTOPYIO BeJIMYHHY,
1 KOT/Ia 9TOT CABUT MPEBBICUT JOIYCTUMYIO I1y6UHY
Pe3KOCTH, BO3HHUKAeT HeoOXOAHMMOCTh ero KOMIIeH-
canuu. Takas cUTyanust Haubonee XxapakTepHa s
CBETOCHU/IPHBIX CHUCTEM, HMEKOIIUX MHHHMAJbHYIO
r1ybrHy pe3KOCTH, U B IIEPBYIO Oo4Yepelb aKTyaJbHA
I71 TeIlJIOBU3HOHHBIX CHCTeM C HeoxJIaXKZaeMBIMH
doTonpreMHHUKAMH, B KOTOPEIX CBETOCH/IA ONTHKH,
B 3HAUMTeJILHOU CTeIleHH OIlpefesioniasi faJlbHOCTh
BUJI€HU S, BBIOUPaeTCss HAuOOIbIIeH.

XapaKkTepHO, YTO AJISI CBETOCHUIBHBIX 0ObeKTHBOB
IpUIle/bHO-HabMI0faTeIbHbIX IIpH60opoB, paboraro-
IIMX B BUSUMON U HUHOPAKPACHOM 00/1aCcTAX CIIeKTpa,
BBH/ly HE3HAYMTe/JbHOCTH Be/JHYHHBI CMelleHUs
IIJIOCKOCTU K306paskeHHs NPU H3MeHeHHUH TeMIle-
paTyphl OKpY>Kaloller Cpe/ibl, KOMIIeHCAI[MIO CBUTa
MOKHO 00eCIIeYUTh IIOCPeICTBOM IIPHMeHEeHHUS Tep-
MOKOMIIEHCATOpa Kak OTHe/1bHOI'0 KOHCTPYKTHBHOIO
37eMeHTa. Takoil croco6 ImpHMeHeH B H3BeCTHBIX
npuilenbHbIX KoMILIekcax TOI-KO1 u TKH-4C.

ObecrieueHre TepMOCTAOMJIBHOCTH O0OBEKTHBOB
OITHKO-37IeKTPOHHBIX ITPHOOPOB BO3MOXKHO TaKsKe
IpU HAJIMYUK MeXaHH3MOB PYy4YHOH KJIH aBTOMa-
THU4YeCKOH (OKYCHPOBKH, IpefHAa3HAUeHHBIX MAJIS
KOMIIEHCAllUU CMelleHMUs IJIOCKOCTH HaMydlleHn
ycTaHOBKU (ITHY) mpu Hepemnafe TeMIepaTyp U AJIs
COXPaHEeHHS PAaCYeTHOr0 KaueCTBa M300paskeHHU .

Ho 1106071 13 Ha3BaHHBIX CII0COOOB BeJleT K YCIOXK-
HEHHUIO KOHCTPYKLMH M3-32 NPHMeHeHUs AOIOTHU-
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MocnenHss AMH3a 06bekTrBa
Last lens of objective lens system

Kopnyc 1 TepmokomMneHcaTopa
Body 1 of thermal compensator

Kopnyc 2 TepmoKoMneHcaTopa
Body 2 of thermal compensator

Puc.1. KomneHcayus mepmopaccmpaugaemocmu 8 20A08HOM
obwexmuse komnaekcog TOT-KOT u MHK-4C

Fig. 1. Compensation for disadjustment of head lens of
TOT-KOT and PNK-4S systems

as the systems, which image the objects on photo-
sensitive platforms of different photodetectors or
operate in purely visual systems of surveillance and
sighting.

It should be noted that under the actual operating
conditions of sighting and observation devices the
temperature range can be significantly greater.
Maximum and minimum temperatures, which have
been practically registered, are 63 °C [1] and -91.2 °C [2]
but it is commonly assumed that the range of 100 °C
(+ 50 °C) and 90 °C (from - 40 °C to 50 °C) in some
countries is the operating temperature interval in
relation to the design of the facilities of AAFV.

In case of temperature variation, the geometry
of optical elements varies in accordance with the
coefficients of thermal expansion of the material,
which they are made of. Also, the refractive index
of the majority of used optical materials varies
significantly [3].

As a result, the image of infinitely distant
object is shifted at some value, and when this shift
exceeds the permissible depth of focus the necessity
of its compensation will occur. Such situation is
mostly typical for high-aperture systems having
the minimum depth of focus and primarily topical
for thermal imaging systems with uncooled
photodetectors, in which the aperture ratio of optics
determining the vision range to a large degree is
selected as the highest parameter.

It is typical that the shift compensation for high-
aperture objectives of sighting and observation
devices operating within visible and infrared
spectral regions can be provided using the thermal
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TeJIbHBIX 3/IeMeHTOB (MUKPO3/IeK-
TpOJBHTIaTe/lel, MeXaHHUYeCcKHX
y3/7I0B C TMOABHKHBIMH 610~
Kamu), obecmevyeHue paboTocrio-
COOHOCTH KOTOPHIX B OOJIBIIOM
HHTepBajle TeMIIepaTyp TaKxXke
1pobreMaTHUYHO.

B cTpeM/jileHHMH K IIPOCTOTe
M HaJeXHOCTH ONTHYeCKHX
CHCTEM BOEHHOM TeXHHKH IIpU
[IPOEKTHUPOBAHUM  OIITHKO-3JIE€K-
TPOHHBIX IIPUOOPOB IIONYYUHIH
pacrpocTpaHeHHe pa3paboTKU Tak
Ha3bplBaeMbIX aTepMaJIbHBIX OITH-
YeCcKMX Y3/I0B, B KOTOPBIX MeTO-
JAMH OITHYeCKOro pacueTa CTpe-
MSITCS IIOJIyYUTh KOHCTPYKTHBHOE
pellleHHe OITHYECKOM CXEeMBHI,
B KOTOPOM KOMOMHAIIUS ONTHYe-
CKHX 37eMeHTOB, UX MaTepHaJIOB
1 KOHQUTYpPaIlUH II03BOJST CKOM-
[IeHCHPOBaTh TeMIIepaTypHBEIe
yBozbl ITHY ¥ coOXpaHUTH eé coBIIa-
JeHHe C IIJIOCKOCTBIO UYBCTBUTE/Ib
HBIX 3/IeMeHTOB pOTOIIpHEMHHUKA.

PaccCMOTPHUM OJHO M3 TaKHX
YHUCTO ONTHYECKHUX pelleHHuH -
ONTHYeCKyl cxeMy 50-MM 06%-
eKTHBA C JIMHEHHBIM II0JIeM 3pe-
HUA 14 MM, B KoTopou yBog ITHY
MHHHMHU3HUPYeTCs TOJIBKO 3a CUeT
ONTHYeCKHX KOMIIOHEHTOB.

Takas cxema "majace' He Ipo-
CTO, HO IIOJIyYHJaCh [JOBOJIBHO
IIPOCTOM, cofepykalllell BCero TpU
ONTHYeCKHe JeTalu U OfHY acde-
PHUYeCKylo IOBEepPXHOCTb (pHC.2).
Ho MMeHHO IpH TaKOH ONTHYe-
CKOM KOHCTPYKLHH IIJOCKOCTb
doTonprueMHHKA OCTaeTCs B IJIO-
CKOCTH HaMJIy4dlleH YCTaHOBKH
M Ka4yecTBO ONTHYECKOro M3obpa-
SKeHHUS MpaKTHYeCKH H3MeHs-
eTcsl OueHb He3Ha4YHTe/IbHO.

KOHCTPpYKTHBHBIE  JaHHBbIE
achepHrUeCcKOro aTepMalb-
HOTO 00BEKTHBA IPU TeMIIepa-
Type +20°C mpuBesieHHl B Tabim. 1.
Vi3MeHeHHSI KOHCTPYKTHBHBIX
OaHHBIX acdepHUeCcKOTO aTep-
MajpHOrO0 0O6beKTHBa IPHU TeM-
neparype -40°C mpuUBeaeHBI
B Tab1. 2.
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Puc.2. AmepmanbHbili 06vekmue 50 mm. Onmuyeckas cxema
Fig. 2. 50mm athermal lens. Optical train

Ta6bnuua 1. KOHCTPYKTMBHbIE AAHHbIEe aTepManbHOro o6bekTrBa npm 20°C
Table 1. Constructive data of athermal objective at + 20 °C.

Mapka cteksa

R D NA=10.6 Mkm Glass brand
36,9
- 6,0 2,604545 1G4
76,38
- 4.9 1,0 -
39,72
8,0 2,399190 ZnSe
20,42
- 19,4 1,0 -
75,01
MA0CKOCTh 32 2,773293 IG6
Plane
- 17,6 1,0 -
MnockocTb
Plane Ge
1,0 3,978769 (3almMTHOE CTEeK10)
MnockocTb Protective glass
Plane
- 1,0 1,0 -
MnockocTb B B MnocKkoCTb n3obpakeHns
Plane Image plane
f'=49,88 MM | S1=18,87MM Dy ,,=40,0MM = AA=8-12 MKM ‘ 1:1,24

* Acheprueckas [OBEpXHOCTb,

*

Ry=76,38, ypaBHEHHE [I0BEPXHOCTHU: Z =y’ /(R‘)~(1+,[1—(H/Ro)2 ))+1,157628~10’6~y7
Aspheric surface,

R, =76.286511, surface equation as follows: z = y* /(RO‘(lhll—(H/Ro)Z ))+1,157628‘10"’~y7
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KpyKKH paccesHHUs U T'PapUKU KOHTPACTHBIX
XapaKTepUCTUK NPHU pabouux TemmepaTypax +20
u -40°C mpuBeneHbl Ha pUC. 3 U 4 COOTBETCTBEHHO.
M3 rpaduKoB BHUAHO, YTO OOBEKTHB KMeET BHICO-
KOe KauecTBO M306paskeHH s I10 BCeMYy II0JII0 3PeHHS,
[IpaKTHYeCKH COBIajaruiee C AUPPAKIHOHHBIM.
Heb6onblioe CHUKeHHE CarUTTaJbHOM COCTaBIISIO-
Ied Kpasi IMHEHHOTIO [0/ 3peHUs 14 MM IIPU TeM-
nepatype -40°C cyIeCTBeHHOU PO/IK He UTpaeT.

ATepMasIbHOCTh 0OBEKTHBA K BBICOKOE KadeCcTBO
M300paskeHUs JOCTUTAIOT 3a CUeT MPUMeHeHHUs 0CO-
6p1x MHPAKpacHBIX cTeKon 1G4 u IG6 MMIIOPTHOTO
[IPOM3BOACTBA U OLHOM acheprUuecKOU IIOBEPXHOCTH
BBICOKOI'O IIOPSIKA.

JlanpHermue paboThl BeaKCh B HaIlpaBleHHUH
YIIPOIIeHHUsI KOHCTPYKIIUK 06beKTHBA B YaCTH yCTpa-
HeHMUs achepUKH U obecriedeHHU s paboTOCIIOCOOHOCTH
[P MUHYCOBBIX TeMIlepaTypax fo -50°C 6e3 moTepu
KauecTBa M300paskeHUs. [IJIsI 9TOrO JOMOTHUTEIBHO
K OINTHUYEeCKHM pelleHHUSM ObUI NpHUMeHEeH MeTo[
TeMIIePaTypPHOH KOMIIeHCAallUM MeXaHHU4YeCKHMHU
COCTaBIAIIMMU ONTHYECKHX Y3JI0B C MCII0/Ih30Ba-
HHeM TaK Ha3blBaeMOro MeTo/a 'CTaKaHa'.

JTO MO3BOJIHJIO HEe TOJIBKO PACIIMPHUTh TeMIIepa-
TYpHBIN [Hala30H, HO K YIPOCTUTb OITHYECKYIO
CUCTeMY, Tak Kak KOMOHMHaLMs MaTepHasia KOpIyca
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compensator as individual constructive element due
to the insignificance of image plane shift upon the
variation of ambient temperature. Such method is
used in well-known sighting complexes TO1-KO1 and
TKN-4S.

One more method for the supply of thermal
stability of objectives of optoelectronic devices
consists in the availability of the mechanisms of
manual or automatic focusing intended for the shift
compensation of plane of the best arrangement (PBA)
upon the temperature difference and maintenance of
image estimated quality.

But any mentioned method results in the
construction complication due to the use of additional
elements (micro-electromotors, mechanical
assemblies with running blocks), operability of
which within wide temperature interval is also
problematical.

In the pursuit of simplicity and reliability
of military hardware optics during the design of
optoelectronic devices, the development of so-called
athermal optical units gained widespread; in these
units the main goal is to obtain the constructive
solution of optical scheme, in which the combination
of optical elements, their materials and configuration
will allow compensating the temperature
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M 'cTakaHA' maeT [LOIOJHHTe/lbHbIE BO3MOKHOCTH
IJ1s. aTepMalau3alllMy Jake IIPHU IIPOCTOM ONTHYe-
CKOM CHCTeMe.

BapHaHT ONTHYECKOM CXeMBl TaKOI'O TEeIlJIOBH3H-
OHHOro 06beKTHBa 6e3 acheprUUeCcKUX [TOBEPXHOCTEH
BBIIVISIAUT ClleAylomuM obpasom (puc.5). KoHCTpyK-
THUBHbIe JaHHBIe 00beKTHUBA IpUBefeHbl B Tabm. 3.
JnrHa 06beKTHBA OT IepBOK IIOBEPXHOCTH [I0 IIJIO-
CKOCTH M306paskeHHUs paBHA ~110 MM IIPH IMHENHOM
I1ojie 3peHus 13,6 MM.

[TapameTpsl 06beKTHBA IIPH PACUETHOHN TeMIIepa-
Type 20°C o4eHb BBICOKH ~ KPY>KKU PaCCeSHUS, ITPH-
BeJleHHbIe Ha PUC.6, He IPeBBIIIAIOT pa3MepoB AUCKA
SupH.

M3MeHeHHe TeMIlepaTyphl IIPaKTHUYeCKH He BJIU-
seT Ha KadeCTBO OOBEKTHBA, MEHSETCS TOJIBKO
BeJIMYMHA 3afHero GpoKa/JIbHOIO OTpe3Ka — Si, (MK
BO3AYLUIHOIO IIPOMEeXYTKa OT IIOC/TIe[JHeH JIHH3BI
06beKTHBA [0 3aIIUTHOIO CTeKJa (OTONPHEeMHOI0
yCTpoOMCTBa). IIIOCKOCTh HAMy4Illled YCTAaHOBKHU
(ITHY) mompocTy "ymaeiBaetr'. [IpudemM oHA 'TUIBIBET"
B 3HAYHTEJIbHBIX ITPefesiax.

H3smeHeHMe 3a4Hero GpoKkaJbHOTO OTpPe3Ka B paM-
KaxX IIPUBBIYHOIO CTOIPAaZyCHOTO AHuarasoHa pabo-
YUX TeMIIepaTyp 0T HOPMaJIbHOM TeMIepaTypsl 20°C
o +50°C mpuBeneHo B Tabi.

TakuMm 06pa3oM, IpU MOBHIIIEHUH TeMIIepaTyphl
IIHY cMmeliaeTcsd B CTOPOHY YMEHBIIEHHS 3aJHEr0
$OKasIbHOrO OTpe3’ka Ha Belu4yuHy 0,23 MM, TOrga
KaK IIpH IIOHMKEHUM TeMIIepaTypbl BO3AYIIHBII
IIPOMESKYTOK OT IT0C/Ie[JHel IT0BePXHOCTH 00beKTHBA
N0 3aIMTHOTO CTeKJa (OTONpHEeMHMHKa YBeIHYH-
BaeTcst Ha 0,54 MM. POoToIpHeMHHUK HOJIKeH Kak Obl
"0TOABHUHYTBCS' OT IIOC/TIeNHEH JIHH3b 00BeKTHBA
Ha BeCbMa 3HAUHTeIbHYIO BeIMYHHY.

Ha puc.7 mpencTaBieH BapHaHT MeXaHWYeCKOU
TeMIIepaTypHON KoMIleHcalluu 'yBoma' ITHY. B man-
HOM BapHaHTe pellleHHs KPeIlesKHbIH Topel] KopIyca
COBIIaJlaeT C BePIIMHOM IIOCJeHeH IOBePXHOCTHU
II0C/IeHeN JTHUH3Bl 06beKTHBa. C KOPIIYCOM COemHU-
HEH "cTaKaH', B KOTOPOM 3aKpeIlyiéH GOTONPUEeMHHUK.
I[Ipu TaKOM KpeIlIeHuU POTOIIpHEMHHUKA H3MeHeHHe
JIMHEMHBIX pa3MepoB 'cTakaHa' 6ymeT MPOUCXOLUTH
B HaIlpaB/IeHHUH, 0OpaTHOM M3MeHeHHUIO TUHENHbIX
pa3MepoB KOpIyca IPU H3MEHEeHUH TeMIlepaTyphl.
Takum obpasom, "cTakaH' HUIpaeT Pojab TEPMOKOM-
neHcaTopa. M3 pucyHKa BUIHO, YTO:

dg=A-B.
OlLleHKa BO3MOXKHOCTH Ionbopa KoMOHHALIUM

MaTepuajoB, TeMIlepaTypHble Ko03PUIIHEHTH
JIMHEMHOT0 PaCUIMPeHUs] KOTOPBIX I103BOJIHJIH OBl
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withdrawals of PBA and retain its concurrency with
the plane of photodetector sensitive elements, using
the methods of optical calculation.

Let us consider one of such merely optical
solutions - optical scheme of 50 millimeter objective
with the linear field of view of 14 mm, in which PBA
withdrawal is minimized at the expense of optical
components only.

Such scheme did not come easily but it turned
out to be quite simple and containing only three
optical parts and one aspheric surface (Fig. 2). But
particularly with such optical construction the
photodetector plane remains in the plane of the
best arrangement, and the quality of optical image
practically varies to insignificant extent.

Constructive data of aspheric athermal objective
at the temperature of +20 °C is given in Table 1.
Alteration of constructive data of aspheric athermal
objective at the temperature of minus 40 °C is given
in Table 2.

The circles of diffusion and graphs of contrast
characteristics at the operating temperatures of +20
and minus 40 °C are shown in Fig. 3 and Fig. 4
respectively. It is seen from the graphs that the
objective has image with high quality along the
whole field of view, which practically concurs with
diffraction image. Insignificant decrease of sagittal
component of the edge of the linear field of view of 14
mm at the temperature of minus 40 °C does not play
great role.

Objective athermality and image high quality are
achieved at the expense of the use of special import
infrared glasses IG4 and IG6 and one aspheric surface
of high order.

Further activities were performed in the area of
simplification of the objective construction with
regard to the elimination of asphere and operability
at below-zero temperatures to minus 50 °C without
the loss of image quality. For this purpose, the
method of temperature compensation by mechanical
components of optical units was used with the
application of so-called "cup” method.

It allowed not only expanding the temperature
range but also simplifying the optical system because
the combination of body material and "cup" grants
additional capabilities for athermalization even with
the simple optical system.

The variant of optical scheme of such thermal
imaging objective without aspheric surfaces has the
following form (Fig. 5). Constructive data of objective
is given in Table 3. The objective length from the first
surface to the image plane is equal to ~ 110 mm at the
linear field of view of 13.6 mm.
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obecreyuTh coBHazeHue IIHY
C IUJIOCKOCTBIO QoTOompHeMHHMKA
32 CYeT pasHHUIB KO3QPUIIH-
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Tabnunua 2. KOHCTPYKTMBHbIE AaHHbIE aTeEPMasibHOr0 06bekTrBa Npu —40°C
Table 2. Constructive data of athermal objective at —40°

Mapka ctekna

€HTOB, IpHBeJNa K CIeAYIIUM R D N;=10,6 MKM Glass brand
pe3yJIbTaTaM.
_ 36,854834
B COOTBETCTBUU C PUC.7 U 3HAUe 5992656 2.604545 1ca
HUSIMU TeMIIepPaTypPHBIX K03bdu- 76,286511°
LIeHTOB JINHENHOIO PaclIMpeHHs
- 4,900658 1.0 -
Hanboree MUPOKO IPHUMEHSIEeMBIX
KOHCTPYKIIMOHHBIX MaTepHaJIoB, 39,703079
7,996592 2,399190 ZnSe
IJ1s JOOCTHKEHHSI OKHIAeMOro 20411301
pe3yabpraTa HeobxomuMoO BBIOpATh
IJIst pa3Mepa A MaTepuasl ¢ MUHHU- - 19,388946 1.0 -
MaJII)}-II)IM KO3QPHUILIHEeHTOM 74916838
JTHMHENHOI0 pacIIUpeHus, a IJis 3,196026 2,773293 1G6
pasmepa B - ¢ MAKCHMaJIbHBIM. fnockocte
Takasi KOMOWHALHUS MOXeT - 17,591394 1,0 -
OBITH COCTaBI€HA K3 LIHPOKO
6 B MnockocTb
IpUMeHseMOoro B IIpuUbopo Plane Ge
CTPOEHUHU THTAHA [OJIsI KOPIIyC- 0,999658 3,978769 (3awWwmMTHOE CTEK0)
HOU IeTa/li U MOoJIHaAMHUOA UIU MnockocCTb Protective glass
Pl
dTopomnacra-4 O TepMOKOM- ane
IeHcatopa. Mx TemIepaTypHble 10 10
KO9OHUIIMEeHThl JTHHEHNHOIO pac-
bpun 1 7612 2 M0CKOCTb MN0CKOCTb U306paxkeHms
HpeHUss K, paBHEBEI 8,6-107° °C Plane Image plane
(tutaH) 1 110-1076 °C?! (monuamupm
UIH doToporiacT-4) f'=49,88 Mm S'p=18,85 MM Dy 3p=40,0 MM AA=8-12 MKM 1:1,24

JluHeliHOe yAnuHeHHe Al

BBIYMC/ISAETCS 110 GopMyIe:

*

Al=L-k,-AT,

rae L - qnrHa geTaay 10 OIIOPHBIM IIOBEPXHOCTSIM;
k, - TeMnepaTypHBIN KO3QPUIIHEHT THHEHHOTO
pacimrpeHHs MaTepraa QeTalu,
AT - nyamna3oH U3MeHeHU I TeMIIepaTyphl.

Pabotas c HHTepBaJIOM TeMIIepatTyp oT +20 10 -50°C
U IIPUHSB pa3Mep A KOPIIYCHOM AeTanu npu +20°C
IIPOM3BOJIHEIM, HaIpuMep paBHBIM 100 MM, mosy-
YKM YMEeHbIIeHHe ero JJIUHbI Ha Al=0,0602 MM.

B sToM ciiy4ae TePMOKOMIIEHCATOP IIPH TeMIlepa-
Type +20°C 1o/I’kKeH UMeTh pa3Mep B=87,1 MM, a ero Al
COCTAaBUT BeIUUYUHY 0,67067 MM.

Takum obpaszom, mpu Temieparype -50°C pas-
Mep A cTaHeT paBHBIM 99,9398 MM, a pasmep B -
86,42933 MM. B uTOre BO3AYIIHBIN IIPOMEXYTOK dg
YBEJIMUYUTCSI U INPUMeET 3HadeHHe 13,51046 MM BMe-
CTO Tpe6yeMoro 13,44 MM (tabi. 4). Onsg yCTpaHEeHU S
SIBHOM 'IepekoMIleHcanmuu' U obecrieueHHsT Heob-
XOAHUMOTO 3Ha4yeHMs BO3[YILIHOrO IpoMexXyTKa dg
HeobX0IMMO IOAO0POM YMEHBIIATh JIHMHY KOpIIyca
Y JJIMHY TePMOKOMITIEHCATOPA.

* Aacdepuyeckas IoBepxXHOCTh, R(=76,286511,
ypaBHEHHeE [I0BEPXHOCTHU: Z = y* /(Ro~(l+,ll—(H/Ro)Z ))+1,161889’°~y7.

Aspheric surface,
R,=76,286511, surface equation as follows: z=y? /(RU-(M J1-(H/R,)’ ))+ 1,161889°-y’.

Objective parameters at the estimated temperature

6 do not exceed the dimensions of Airy disk.

Temperature variation practically does not
influence on the objective quality; the value of back
focal distance - S, (or air gap from the last objective
lens to the protective glass of photodetector) varies
only. The plane of the best arrangement simply "floats
away".

Alteration of the back focal distance within the
usual range of operating temperature of one hundred
degrees varying from normal temperature of 20 °C to +
50 °C is specified in Table 4.

Thus, in case of the temperature growth PBA is
shifted towards the side of decrease of back focal
distance by 0.23 mm, whereas in case of the
temperature fall the air gap from the last objective
surface to the protective glass of photodetector
increases by 0.54 mm. Photodetector must "move

PHOTONICS N22/56/2016 g9

of 20 °C are very high - circles of diffusion given in Fig.

Besides, it "floats’ within the significant limits.
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a) b)
Puc.3. O6vexmue 50 mm. Kpyxxku paccesiHus npu 20°C (a) u npu -40°C (b)
Fig. 3. 50mm lens. Circles of confusion at 20°C (a) and -40°C (b)

OnHaKo TaKHhe KOHCTPYKLIMM CIIOCOOHBI obecrie-
YMTh IlepeMellleHHs KaK IIPaBH/I0 He3HauyHTe/IbHOU
BeJIMUMUHBI. B ciaydasix 6onee CHJIBHOM pacdOKycH-
POBKH OIITHYECKOHW CHCTeMBI IIPU H3MeHeHHUSIX TeM-
IepaTypsl, Korga HeobxomuMsel 60JbIIMe 3HAYeHHUS
repeMeleHUs /151 KOMIIEHCAIIUK YBOZA IIJI0OCKOCTH
Haunyuller ycraHoBKu (IIHY), He ymaeTcs mono-
6paTh COOTBETCTBYIOIIUM MaTepHasl s H3rOTOBIIe-
HUS KOMIIEHCAJMOHHOIO 3JIeMeHTa.

[Ipu obecrieueHHUH BO3MOKHOCTH PeryIHPOBKH
rosioskeHu s [THY B 60/IbIINX npenenax HeobXomuMOo
TaKKe YYHTBIBAaTh HaIHW4He Ppa3zbpoca 3HaAYeHHUU

aside" from the last objective lens at very significant
distance.

The variant of mechanical temperature
compensation of PBA "withdrawal" is shown in Fig.
7. In this variant of the solution, the fastening end of
body concurs with the peak of the last surface of the
last objective lens. The "cup” in which photodetector is
fastened is connected to the body. With such fastening
of photodetector the change of linear dimensions
of the "cup" will take place in the direction, which
is opposite to the change of body linear dimensions
at the temperature variation. Thus, the "cup" plays

Puc.4. O6zexmus 50 mm. Mpaguk YKX npu 20°C (a) u npu -40°C (b)
Fig. 4. 50mm lens. Frequency-contrast response chart at +20°C (a) and -40°C (b)

100 ®OTOHMKA N22/56/2016




RRRRR RN RN R N R R R RN R R R NN AR R RN NN R A AR RN RN NRARRN
T  OPTICAL DEVICES AND SYSTEMS ‘,m
RRRRR RN RN R N R R R RN R R R NN AR R RN NN R A AR RN RN NRARRN

PHoToNICcs N22/56/2016 101



i g

K03 HUIIMeHTa JTUHEHHOI0 pacllMpeHus y PasHBIX
[IapTHH [IOCTAaBOK MaTepHaJa, U3 KOTOPOro M3roTaB-
JTMBAIOTCS KOMIIEHCALIMOHHBIE 3JIeMEHTHI.

Jl1s1 pelleHM s TIOCTaBIeHHOM 3a/iauu 6bLIa IIpen-
JIOKeHA KOHCTPYKUMS TPEXJIHH30BOTO HMHpaKrpac-
HOro 06beKTHBa, IIpe/iCTaBIIeHHAS Ha PUC.8.

Ob6BEeKTHUB CONEPSKUT JMUH3HI 1, 2 u 3. JImH3a 3 ycTa-
HOBJIeHA B COOCTBEHHOM OITpaBe C BO3MOXKHOCTBIO I1epe-
MeIlleHUSs BAO/b ONTHYECKOM OCH OTHOCHTE/IBHO KOp-
Imyca 5 ONTHYeCKOHM CHCTeMBI. Y3el TeMIIepaTypHOM
KOMITeHCAlIMM BKJIIOYaeT KOMIIEHCAIIHOHHBIM 3JIe-
MeHT 9, M3rOTOBJIEHHBIN M3 MaTepuaia C Ko3dUIIU-
€HTOM JIMHEeHHOI'0 pacIlMpeHMs, CYyLeCTBeHHO OT/IH-
YaAIOLIMMCS OT MaTepHaJsia KOpIlyca, U yCTAaHOB/IeHHBIN
IapaJijie/IbHO OITHYeCKOH OCH 06BeKTHBA C YIIPYyTHUM
OIHOCTOPOHHHM yIIOPOM B OIIpaBy 7. Ha Apyrom KoHILie
KOMITEHCALIMOHHOTO 3/IeMEHTa, >KeCTKO 3aKpeIleH-
HOM Ha ompase 6, CGOpMHUPOBAHbI [IPOAOJIbHbIE I1A3bI.
Meskay KopmycoM 5 U QOTOIIpUeMHHKOM 4 YCTaHOB-
JIeH BTOPOK KOMITeHCAlIMOHHBIU 3/IeMeHT, COCTOSIII I
M3 IBYX KOMIIOHeHTOB 10 1 11. KoMIioHeHT 10 M3r0TOB-
JIeH M3 MaTepHasia C KO3QPUIIHeHTOM JIMHEHHOIO pac-
MU PeHHU s, CYIIeCTBeHHO OTIMYAIONIMMCSI OT MaTepu-
aJIa KopIiyca 5, a BTOPOM KOMIIOHeHT 11 - M3 MaTepHaa
€ K03QPUIIHeHTOM JTHMHEKHOI0 PaClIMpeHHUs], PAaBHBIM
KO3QOUIIMEeHTY paCUIMpeHHs MaTepuajia KOpIIyca.
JIByXKOMIIOHEHTHBIH KOMIIEHCAI[HOHHBIH 3/IeMeHT
YCTaHOBJIEH I1apajlyIe/IbHO OITHYeCKOM OCH M OSHHM
KOHIIOM YIIPYTO IIPHJKAT K opaBe GOTOIIpHEeMHHUKA 8,
OPYTUM - K KOPIIyCy 0o6BeKTHBA 5 uepe3 >KeCTKUI
ynop 12. Mexxzly olipaBaMU TpeTbel JTHUH3bI 7 U $oTo-
IIpueMHHKa 4 YCTAaHOBJIEH YIPYIrHH 3/leMeHT 13
C cobiofileHeM CaeyoNX COOTHOIIeH U

d,=(0,5+1,5)f¢;
L,<0,5-Ly;
10=n=>=2,

rie d, - BO3AYIIHBIM ITPOMESKYTOK MesK/y BTOPOH

U TPeThek INH3aMH;

f,s -~ dokycHOe paccTosiHHeE 06BEKTHBA;

L, - IJIMHA IIPO/I0/IPHOTO 1a3a B [IEPBOM KOMIIEH-

CallMOHHOM 3JIeMeHTe;

L, ~ IJIMHA [IepPBOro KOMIIEHCALIMOHHOIO 3J1e-

MeHTa,

I ~ YKCJI0 IIPOJIOJIbHAIX [1a30B B [II€PBOM KOMIIEH-

CaLlMOHHOM 3JIeMeHTe.

B mpe/io’keHHOM ONTHYeCKOM cXeme 06beKTHBa
BenMuMHa d; CpPaBHMMA C QOKYCHBIM PacCTOSHHEM
06beKTHBA U BbIOpaHa U3 COOTHOUIEHHUS:
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the role of thermal compensator. It is seen from the
figure that:
dg=A-B.

Evaluation of the potential of the selection of
material combination, the temperature coefficients
of linear expansion of which would allow the
concurrence of PBA with photodetector plane at the
expense of coefficient difference, gave the following
results.

In accordance with Figure 7 and values of
temperature coefficients of linear expansion of the
most common construction materials, in order to
achieve the expected result it is necessary to choose
the material with minimum coefficient of linear
expansion for the size A and materials with maximum
coefficient of linear expansion - for the size B.

Such combination can be made of titanium, which
is commonly used in instrument engineering, in
relation to body part and polyamide or fluoroplastic-4
inrelation to thermal compensator. Their temperature
coefficients of linear expansion k, are equal to
8.6x107° °C! (titanium) and 110x107° °C? (polyamide or
fluoroplastic-4).

Linear extension Al is calculated on the basis of
the formula:

Al=L-k,-AT,

where L is the part length by bearing surfaces;
k, is the temperature coefficient of linear
expansion of part material;
AT is the range of temperature variation.

Working with the temperature interval from +20
to minus 50 °C and having assumed the size A of body
part at +20 °C as arbitrary size, for example, equal to
100 mm, we will obtain the decrease of its length by
Al=0.0602 mm.

In this case, at the temperature of +20 °C the
thermal compensator must have size B = 87.1 mm and
its Al will be 0.67067 mm.

Thus, at the temperature of minus 50 °C the
size A will be equal to 99.9398 mm and the size
B - 86.42933 mm. As a result, the air gap d6 will
increase and obtain the value of 13.51046 mm instead
of the required value of 13.44 mm (Table 4). In order to
remove the obvious "overcompensation” and provide
the required value of the air gap d;, it is necessary to
decrease the body length and thermal compensator
length by selection.

However, such constructions are capable to
perform shifts with insignificant value, as a rule. In
the cases of more intense defocusing of optical system
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Tabnunua 3. KOHCTPYKTUBHbIE AaHHble 06beKTNBA 75 MM
Table 3. Constructive data of objective 75 mm.

Mapka ctekna

i g

at the temperature variations
when greater values of shift are
required for the compensation

R D N3=10.6 MKMm Glass brand of PBA withdrawal, the relevant
material for the production of
R;=92.9 d,=51 4003878 e compensation element cannot be
R,=126,18 selected.
When providing the capability
d,=8.6 10 of adjustment of PBA position
R,=-187,07 within large limits, it is also
d;=4.0 2402661 Znse necessary to take into account the
R,=—205,1 .
spread of the values of coefficient
d,=70,9 1.0 of linear expansion in various
R.=34,01 delivery batches of the material,
ds=7,0 4,003878 Ge which the compensation elements
Re=34.91 are made of.
dg=12,9 1.0 In order to solve the set task,
o e the construction of three-lens
7 4,210 4003878 JALMTHOR CTEKAD infrared objective shown in Fig. 8
Rg=co Protective glass was suggested.
The objective contains lenses 1,
dg=1.0 1.0 2and 3. The lens 3 is installed in its
f'=7485Mm  S:=14,13 MM Dy =60,0 MM AA=8-14 MKM 1:1,24 own mounting with the capability

d,=(0,5+1,5)f,

rae d, - BO3MYLIHBIM IPOMEKYTOK MeK/y BTOPOM

U TpeTbel JIMH3aMU;

f,¢ — dokycHOe paccTosiHHe 06BeKTHBA.

IIpomonbHBle Ma3bl, cGOPMHPOBAHHBIE Ha KOM-
[IeHCAallMOHHOM 3/IeMeHTe 9, BhIOHpaIoTCs U3 Cleny-
IOIIMX COOTHOIIEHH M

L,<0,5:'Ly;
10=n=>2,

rae L, - AJIMHA IPOI0/IBHOTO [1a3a B [IEPBOM KOMIIEH-

CalIMIOHHOM 3JIeMeHTe;

L~ AHHA IIePBOT0 KOMIIEHCALIMOHHOTO 3j1e-

MEHTa,;

N ~ YHCJI0 IIPOAOJIbHAIX [1a30B B [I€PBOM KOMIIEH-

CaLIIOHHOM 3JIeMEeHTe.

ITpu M3MeHeHHMHU TeMIIepPaTyphbl MEHSIETCS AIHUHA
KOMIIEHCAILIMOHHOIO 3JIeMeHTa 9 U, BCIeACTBHE pas-
HOCTH KO3QPHUIIMEHTOB JHMHEHMHOIO0 PaCHIUpPeHHUs
MaTepHajoB KOpIyca 5 W KOMIIEHCALIHOHHOIO 3JIe-
MeHTa 9, IPOUCXOAUT M3MeHeHHEe B3aMMHOIO I10J10-
SKeHHU S JIMH3BL 3, KOMIIEHCHUPYs. OO/IBIIYI0 YacTh pac-
cornacoBanud [IHY u poronmpreMHuKa 4.

IIpomonbHEIe I1a3bl, BBIIOJIHEHHBIE Ha >KeCTKO
3aKperjieHHOM KOHIeé KOMII€HCAIIMOHHOIO 3JJjIe-

of shift along the optical axis in
relation to the body 5 of optical
system. The assembly of temperature compensation
includes the compensation element 9 made of the
material with the coefficient of linear expansion,
which considerably differs from the body material and
isinstalled in parallel with the optical axis of objective
with elastic one-way stop into the mounting 7. On the
other end of the compensation element rigidly fixed
on the mounting 6, the longitudinal slots are formed.
The second compensation element consisting of two
components 10 and 11 is installed between the body
5 and photodetector 4. The component 10 is made of
the material with the coefficient of linear expansion,
which significantly differs from the material of body
5, and the second component 11 - of the material
with the coefficient of linear expansion, which is

Tabnuua 4. VizmeHeHve 3aAHero GpoKasibHOro oTpeska S
0T TeMnepaTypbl

Table 4. Alteration of back focal distance depending on
the temperature

T°C St de (B0 3aWwmMTHOrO CTEK/1A)
-50 14,68 13,44
0 14,29 13,05
20 14,13 12,90
50 13,90 12,67
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equal to the expansion coefficient
of body material. Two-component
compensation element is located
in parallel with optical axis and
elastically pressed to photodetector

Puc.5. Onmuueckas cxema menAaosu3uUoOHH020 06vekmusa 75 Mm
Fig. 5. Optical train of 75Smm thermal lens

mounting 8 with one end, to
objective body 5 through fixed
stop - with the other end. The
elastic element 13 is installed
between the mountings of the
third lens 7 and photodetector
7 with the observance of the
following ratios:

d4=(0,5+1,5)'f06

L,<0,5Ly;

MeHTa 9, 06ecreYnBaiOT IIPYy>KUHHBIMH CBOMCTBAMH
IIOCAIOYHBIM JHAMETP 3TOTO 3JIeMeHTa Ha y4acTKax,
PaBHBIX AJHHE I1a30B, U KMCK/IOYAIOT pacTpeCcKUBa-
HHe JKeCTKO 3aKpeIIeHHOIO KOHIlA KOMIIeHCAIIM-
OHHOIO 3JIeMeHTa 9 M3-32 pasHHMIIbl B M3MeHEeHHH
OHaMeTpPaJIbHEIX Pa3sMepoB CONpSraeMBIX [eTaller
(kopmyca 5, ompaBbl 6 M KOMIIEHCAI[MOHHOIO 3JIe-
MeHTa 9) IpU U3MeHeHUH BHeIIHeH TeMIIepaTyphl.

Jlis TOCTH KeHHSsl IIOJTHOM KOMIIeHCAIlMK (KOM-
IeHCAallMK OCTABIIENCSI MeHbIIeH YacTH PacCornaco-
BaHusA [THY u oTonpreMHUKA 4) MKy KOPIIYCOM 5
1 GOTOIIpHeMHHUKOM 4 YCTaHOBJIEH BTOPOU KOMIIeH-
CallMOHHBIM 3JIeMeHT, COCTOSIIHMHN H3 JBYX KOMIIO-
HeHTOB 10 1 11.

[Ipu mocTH>KeHUH TeMIepatypsl -50°C B cOOTBET-
CTBHH C OIITHYECKUM pacueToM [THY o6beKTHBa cMe-

10=n=>2,

where d, is the air gap between the second and third
lenses;
f.;, is the focal distance of objective;
L, is the length of longitudinal slot in the first
compensation element;
L,.is the length of the first compensation
element;
n is the number of longitudinal slots in the
first compensation element.
In the suggested optical scheme of objective the
parameter d, is comparable with the objective focal
distance and selected from the ratio:

d4=(0,5+1,5)'f06,

£ 5 — Fi i
| | = B.2290 { ]
o b .

1.

INA: B.808 WM ";‘;‘L IR 4,000 W
THR: & AR HH
SEFRE: 1M SPOT DIAGRAM UNITS FRE p=
FIELD : 1 2 3
RHS RRDIUS : | B.#83 785
GCED RAOIUS : 13,525 21 .358 S
AIRY OIAM : 3.3 REFERENCE :CHIEF RAY

Puc.6. Kpy>kku paccesiHusi mennosu3uoHH020 06sekmusa 75 mm
Fig. 6. Circles of confusion of 75mm thermal lens

Puc.7. Bapuanm komneHcauuu "y800d” nA0CKOCMU HAUAYY-
wieil yematosku (MHY) d8yxanemeRmMHoU KOHCMpyKuue

Fig. 7. Possibility of compensation for the drift of the plane of
best installation (PBI) in case of two-element structure
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Puc.8. Bapuanm komneHcayuu "yeoda" NMHY mHozo3nemeHm-
Hol KoHCmpyKuued

Fig.8. Possibility of compensation for the drift of the plane of
best installation (PBI) in case of multielement structure

LIAeTCsI OT UCXOMHOIO IOJOKeHUSI HA MaKCHMAaJIbHO
Oo/BIIYI0 BeIHYHHY, YBeJHUYMUBAs 3aJHUH QOKasb-
HBIH OTPe30K 00beKTHBA Ha ~1,27 MM.

Ecnu B KadecTBe MaTepuajia Kopmyca 5, OmpasB
U Kojiell 6, 7, 8, 11, 12 B3aTh THUTaH (THna BT-1), mon-
Hoe cMenleHue ITHY, KoTopoe HeobXoguMO KOMIIEH-

i g

where d, is the air gap between the second and third
lenses;
f.;, is the focal distance of objective.
The longitudinal slots formed on the compensation
element 9 are selected from the following ratios:

L,<0,5-Ly;
10=n=>2,

where L, is the length of longitudinal slot in the first
compensation element;
L,.is the length of the first compensation
element;
n is the number of longitudinal slots in the
first compensation element.

In case of temperature variation, the length of
compensation element 9 changes, and as a result of
the difference of the coefficients of linear expansion
of the materials of body 5 and compensation element
9 the alteration of relative position of lens 3 occurs
compensating the major part of mismatch of PBA and
photodetector 4.

The longitudinal slots executed on the rigidly fixed
end of compensation element 9 provide the bore
diameter of this element with spring-type properties

Mnama oceelwjaeT HOBbIW NYTb B
MOAYNbHOWN CNEeKTPOCKOMUMN.

Hoeolit cnektpometp Flame noctpoeH Ha Gaze
nepenoBbix TEXHONOTMYECKNX pelleHui,
obecneunBaoWny BLICOKYI0 TEMMNEPATYPHYIO
CTabUNEHOCTE W HEM3MEHHOE KayecTeo oT
MOAENKW K Mogenu. None3yAck CNeKTPOMETROM
Flame, Bol HMKorga He Gygete suibpate Mexay
KOMNOHOBKOW M GYHKUMOHaNbHOCTBIO.

-

* MoNHOCTLIO CKOHGUIYPHPOBEH B
pwanazoxe ot 190 go 1100 Hm.

* CMEHHBIE WeNW ANA MHOTOYUCIEHHBIX
CNEKTPOCKONMYECKUX NPUMEHEHWA,

* Hanuuue Mogensi ¢ HanpAMYIo
nogcoeguHAembIMM 0Dpazyamm
aKCecCyapoR gNA YMeHbLWEHWA
3aHumaemoro pabouero mecrta.

Flame waeansHo NOAXOAMT ANA MHTETPaLMK B
GONBWWHCTBO MCCNENOBATENLCKWX YCTAHOBOK,
AnA NabopaTopHOro MCNoNbL30BaHKMA W ANA
Nonesbix MCCNeoBaHui,

- TpaHchopMMpPyeMOoCTb.

] ]
KoMnakTHOCTb.
[oCcTynHOCTD.

o

oceanoptics.com
r"':i-':-'iJlIlI".J"llI]:Z]'. C5.COom
PHONE +31 26-3190500
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CHUPOBATh KOMIIOHeHTaMH 9 MU 10, COCTABUT BeJIU-
4YUHY 1,364 MM.

9TOro MO>KHO HOOUTHCS, BEIOpaB B KaueCTBe MarTe-
puana fAjas mepBoro KOMIIEHCALIMOHHOIO 3/IeMeHTa
9 ¥ KommnoHeHTa 10 marepuan ¢ropomnact ®-4 npu
I1He KOMIIOHeHTa 9, paBHOM ~ 120,4 MM, U IJIHHe
KOMITOHeHTa 10 a7eMeHTa, paBHOM 47 MM.

CymMMapHasi BeJIMYMHA KOMIIEHCAILIMOHHOIO CMe-
meHus ITHY cocTaBUT HY>KHBIe HaM 1,364 MM, obe-
CIleYMuBampInue coblageHue I[IHY obbekTHUBa C IIJIO-
CKOCTBIO GoToInpHeMHHKa 4 TIIpU IIOHH>KeHHHU
TeMIlepaTypsl 10 -50°C.

IIpu BHellHeHn TeMIlepaType +20°C, COOTBETCTBY-
IoIlell HOPMaJbHBIM KJIHMAaTHYeCKHUM YCIOBUSM,
BeIHYMHA KO3QPHUIIMeHTa Iepemadyd KOHTpacTa
(KIIK) 06'beKTHBa NMeeT C/IeAyIoN[ e 3HAaUYeHHS:

e [JISI TOYKH HA OCH

(udpakIIMOHHOe Ka4ecTBo) ......... KIIK=45,3%;
e [JISI TOUKH Ha OCH

(a6eppauHOHHoe KQYeCTBO) .......... KIIK=42,1%;
e IS TOYKH I10JISI 6 MM OT LIeHTpa

1306paskeHUSg ....... KIIK ,=39,6%, KIIK -=39,4%.

g BHemIHen TeMIepaTypsl -50°C, COOTBeTCTBY-
I0Illed MUHMMaJIbHOM 3aJaHHOM TeMIlepaType A
pabourx yCIoBHE:

e IS TOYKH Ha OCH

(ondpaKkIIMOHHOE KAYeCTBO) ......... KIIK =45,4%;
e [IJISI TOYKH Ha OCHU

(abeppallHOHHOE KaUeCTBO) .......... KIIK=42,0%;
e IUIS TOYKH II0JIS1 6 MM OT LIeHTpa

H1306pasKeHHUS . ....... KIIK ;=36,9%, KIIK -=37,4%.

Kak BHUAHO M3 pacyeToB, MHOPaKpacCHBIH 00b-
eKTHUB, NP H3MeHEeHHSX BHeIIHeM TeMIIepaTyphl,
obecreyrBaeT coBHafeHHe IIOCKOCTH ITHY c mio-
CKOCTBIO POTOIIPHEMHHUKA, COXPaHss OIH3Koe K AUP-
PaKIMOHHOMY IIpHeMJIeMoe KaueCTBO H306paskeHU s
I OITHUKO-3JIeKTPOHHBIX IPHUOOPOB, HCIIONB3YIO-
KX MHKpoboroMeTpHUYecKkre MaTPULIbI B KayecTBe
$oTONpHEeMHMKOB C pa3MepOM IHKKCesIa 10 17 MKM.

OpHaKko MaTepHas, U3 KOTOPOTO M3r0TaB/IMBAKOTCS
KOMIIeHCAIlHOHHBIe 37IeMeHTH 9 U 10, uMeeT pa3bpoc
K03$OUIIMEeHTOB JIMHEHHOTO pacliupeHus B 061acTu
Temnepatyp oT -10 go +20°C, KOTOpBIM peraaMeH-
tupyetcss TOCT 10007-80 u cocTaBisieT (80-250)-107°.
[IprBe/leHHbIe BBHINIEe pacueTsl 6a3HpPyOTCS Ha Cpef-
Hel BelU4YHHe Ko3QUIIMeHTa, IPUHATOTO PaBHBIM
165-10"® u gnauHe KOMIIOHeHTa 10, paBHOH 47 MM.
[Ipy mocTaBKaxX MaTepuasna [Jjsd IIepBOr0 KOMIIeH-
CAaLIMOHHOIO 3/IeMeHTa 9 M KOMIIOHeHTa 10 BTOpoOro
KOMIIEHCAIIMOHHOIO 3JIeMeHTa Ha Pa3sHBIX HapTHAX
II0CTaBOK BO3MOKHBI OTK/IOHEHH S 3HAYeHHU S KO3 -
LIMeHTa JIMHEHMHOr0 PAacCIIMpeHHsl OT CpefHeH BelH-
YHHBI, a KOMIIEHCAIIMIO 3THX OTKJIOHEHHUH MO’KHO
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at the areas equal to the length of slots and exclude
the cracking of rigidly fixed end of compensation
element 9 due to the alteration difference of diametric
dimensions of conjugated components (body 5,
mounting 6 and compensation element 9) in case of
temperature variation.

In order to reach complete compensation
(compensation of remained minor part of mismatch
of PBA and photodetector 4), the second compensation
element consisting of two components 10 and 11 is
installed between the body 5 and photodetector 4.

When the temperature reaches minus 50 °C in
accordance with the optical estimation, the objective
PBA shifts from the initial position by maximum
value increasing the back focal distance of objective
by ~1.27 mm.

If titanium (type VT-) is used in the capacity of
the material of body 5, mountings and rings 6, 7, 8, 11,
12, complete shift of PBA which must be compensated
by components 9 and 10 will be equal to 1.364 mm.

It can be achieved in case of the selection of
fluoroplastic F-4 for the first compensation element
9 and component 10 with the length of component 9
equal to ~120.4 mm and length of component 10 equal
to 47 mm.

The total value of compensation shift of PBA will
be 1.364 mm providing the concurrence of objective
PBA with the plane of photodetector 4 in case of
temperature drop to minus 50 °C.

In case if the ambient temperature is +20 °C
corresponding to the normal climatic conditions,
the coefficient of objective contrast transfer has the
following values:

« for the point on axis

(diffraction quality) .................... CCT = 45.3%
« for the point on axis

(aberration quality) ..................... CCT=42.1%
« for the field point 6 mm from

the image center ....... CCTy = 39.6%, CCT = 39.4%

In case if the ambient temperature is minus 50 °C
corresponding to the minimum set temperature for
operating conditions:

« for the point on axis

(diffraction quality) .............o.eee. CCT = 45.4%
« for the point on axis
(aberration quality) ..................... CCT =42.0%

« for the field point 6 mm from
the image center ..... CCTM =36.9%, CCT C = 37.4%
As it is seen from the calculations, in case of
variation of ambient temperature the infrared
objective provides the concurrence of the plane PBA
with photodetector plane keeping the permissible
quality of image, which is close to diffraction image,
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obecreunTh HM3MeHeHHeM [JIHHB KOMIIOHeHTa 10
M COOTBETCTBYIOIIMM H3MeHeHHeM IJIMHBl KOMIIO-
HeHTa 11 c coxpaHeHHeM UX CYMMapHOM JIMHBI:

Ly 1+L,»= const,

roe L, - AIMHA KOMIIOHeHTa 10;

L, — IJIMHA KOMIIOHeHTa 11.

YBenuueHHe (UM YMeHbIIeHHe) IIUHEI L, ; KOM-
roHeHTa 10 M, COOTBETCTBEHHO, YMeHbIIeHHe (MU
yBelH4YeHUe) OJIHUHBI L, , KoMIIOHeHTa 11, coxpa-
HSIS1 HeHM3MEeHHOM MX CYMMAapHYIO JJIMHY, II03BO-
JIsleT YCTPAHSTh BIUSHUE pa3bpoca Ko3bOUIMeHTOB
JUHENHOIO0 PaCHIMpeHUs y MaTepHasoB KOMIIeH-
CallMOHHBIX 3/IeMeHTOB 9 U 10, KOTOphle HMEIOTCS
Ha Pa3HBIX [IaPTHX [IOCTABOK 3TUX MaTepPHaJIOB, IIPO-
CTBIM MeTOJOM I10160pa IIUH 31eMeHTOB 10 u 11,

OmpepeneHye IJIMHBI KOMIIOHeHTa 10 1 cooTBer-
CTBYIOLIEM AJAUHBI KOMIIOHeHTa 11 HPOM3BOLUTCS
ONUH pa3 A/ Ka’kAoH MapTHH MaTepHala MeTOLO0M
KOJIJIMMALIMOHHOTO HM3MepeHMs BeJIHYHHBl 'HeJo-
KOMITEHCALIUK M/IH 'TepeKoOMIIeHCAalluu' (OKyCH-
POBKH B yCIOBHSX KaMepkl Xoj1oaa mpu -50°C.

Takum ob6pa3om, pacCMOTPeHHBIM 31eCh KOM-
IIJIEKC KOHCTPYKTHMBHBIX IIPHEMOB II03BOJsieT obe-
CIIeYUTb aTepMaJIbHOCTh ONTHYECKUX YacTeH
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for the optoelectronic devices using the micro-
bolometric arrays in the capacity of photodetectors
with the pixel size up to 17 pm.

However, the material, which the compensation
elements 9 and 10 are made of, has the spread of
the coefficients of linear expansion in the area of
temperatures from minus 10 to + 20 °C, which is
regulated by GOST 10007-80 and equal to (80+250)
x107¢. The calculations described above are based on
the average value of the coefficient, which is assumed
to be equal to 165x107°, and length of component 10,
which is equal to 47 mm. In case of the deliveries of
material for the first compensation element 9 and
component 10 of the second compensation element,
the deviations of the values of coefficient of linear
expansion from the average value are possible in
different delivery batches, and the compensation of
these deviations can be provided by the change of the
length of component 10 and corresponding change of
the length of component 11 with the retention of their
total length:

Ly 1+L,c»= const,

where L, is the length of component 10;
L,., is the length of component 11.
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HpI/I60pOB Ha6JIIOILEHI/I$I U IIpULieJINBAHHS, IIOBBI-
oraeT HMX 3KCIIJIyaTaIlHOHHBIE cBo¥icTBa U obecrie-
YHBaeT >KHBYYeCTb obbeKkTa B pea/IbHbIX YCJIOBHAX
SKCIlIyaTalluH.
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The increase (or decrease) of the length L,.; of
component 10 and respectively the decrease
(or increase) of the length L, , of component 11 with
the retention of their total length allow eliminating
the influence of the spread of the coefficients of linear
expansion in the materials of compensation elements
9 and 10, which the different delivery batches of
these materials have, using the simple method of the
selection of lengths of elements 10 and 11.

Determination of the length of component
10 and corresponding length of component 11 is
performed once for every material batch using the
method of collimating measurement of focusing

"undercompensation" or "overcompensation" under
the conditions of cold chamber of minus 50 °C.

Thus, described complex of constructive methods
allows providing the athermality of optical parts
of observation and sighting devices, enhances
their operational properties and provides the
object survivability under the actual conditions of

operation.

KOHTAKTHBIE JTHH3bI C ABTO®OKYCOM

OuyKi, 0BbIYHbIE KOHTAKTHbIE IMH3bI UAW XUPYPrit-
Yeckoe BMELLATe/bCTBO YAIYHLIAT 3peHue Y naum-
EHTOB C npecbuonmeit (BO3pacTHOR AanbHO30p-
KOCTbi0), OAHAKO CNIEACTBMEM BCEX 3TUX METOI0B
ABNSETCS MOTeps KOHTPACTHOCTU M YYBCTBUTENb
HOCTH, @ TaKke NPobaeMbl CO 3peHneM B TeMHoe
Bpemsi CyTOK.

KOHTaKTHbIe IMH3bI C peryanpyembiM GOKYCoM,
33/lyMaHHble XOHrpu [xaHr w3 BMCKOHCMHCKOrO
yHuBepcuTeTa B M3AMCOHE, BepOSTHO, GyayT
UMETL CIeAyIOLLYIO KOHCTPYKLMIO: YripaBsieMble
Mo CreumanbHoMy aaropuTMy CEHCOpbI, 3NeKTPOH-
Hble NNaTbl, NOBTOPSHoLLMe GOPMY MH3bI, A TaKKe
UCTOYHIK MUTAHMS — BCe OMXKHO ObITb BCTPOEHO
B MAFKWW, TMOKMIA MaTepuan, KOTOpbIi HAeBAeTCS

Ha rnasa.
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(DOTOYYBCTBUTENLHDIN 3NEMeHT

Wnes pa3paBoTki Takoi MMH3bI B3ATA § HUb-
CKOTO CIOHMKA (BMA MPECHOBOAHDIX PbIB U3 Cemeii-
(TBA MOpMMPOBbIX), CeTYaTKa [Masa KoToporo
UMeeT paf TYBOKMX yaleoBpasHbix CTPYKTYp
C OTPAXAKOLLMMHU BOKOBBIMYM CTeHKaM. Takas KOH-
CTPYKUMA NO3BONSET COBUPATH CBET W YCUAMBATL
onpefeneHHble ero [IMHLI BOMH, TpebyeMbie pbioe
N9 3peHus. cciefoBateni co3ganm YCTpowicTBo,
KOTOPOE COMEPKUT THICAYM OYEHb MANEHbKMX
N0f06HbIX ONTOKO/NIEKTOPOB.

B oTgenbHbX paboTax, uccieosarenit paspa-
60Tanu 1 NPOTECTUPOBANN NApy Pa3NMyHbIX MarTe-
PUANoB AN KOHTAKTHbIX MH3. B OfHOA pabore
yYeHble CO3AAMM XUAKOCTHYIO NMH3Y U3 Kamiw
KPEMHUIOPraHNYeckoi XMAKOCTA U BOAbI, KOTO-
pble He CMewWMBanuCb. Kanas XuaKocTu Haxoau-

‘r’._,..r'"’" lepecTpanBaemas XMAKOCTHAA MH3a
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MPOBOAHMKN

MHoXecmeo KOMNOHeHmMos 0AS KOHMAKMHOU AUH3bI — (OMo4yeCMeumenbHas naHeb, eKmpoHuka — 6Gydym
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Nacb B Kamepe Ha BeplukHe rnbKoi NnaTdopmbl,
B TO Bpems Kak napa 3neKTpojoB Co3jana nek-
TpUyeckoe none, KOTOPOE W3MEHSNO MOBEPXHOCT-
HOe HaTSXEHME KKAON KUAKOCTW MO-PasHOMY,
B pe3y/bTate Yero KOHCTpyKumMs pabotana Kak
NMH3A € U3MEHSIOWMMCS  QOKYCHLIM  paccTos-
HueM. [JaHHast IMH3a No3Boanna GoKycupoBaThcs
Ha 0bbekTax C pa3mepom nopsiaka 20 MKu.

B apyron pabote 6bin co3gaH mpoToTUN
a3 HacekoMoro, KOTOpbIA COCTOUT W3 ThiCAYM
MUKPONMH3, KXZAS U3 KOTOPbIX YNaBAMBAET CBET
C pasHblX HanpaBneHWiA. [DKaHr 1 ee Konneru
pa3pabotann rMbKM MACCMB M3 WCKYCCTBEHHBIX
MUKPOINH3, KX/as 13 KOTOPbIX COCTOMT 13 "neca’
KpeMHMeBbLIX HAHOMPOBOZOB.

Maccue - MuKkponuH3 - obecneynBaeT  bonee
BLICOKOE pa3pellieHne B CPABHEHUN C XUAKOCT-
HbIMW IMH3aMK. [WBKOCTb MaccvBa [enaeT ero
MPUTOAHLIM He TONbKO [N KOHTAKTHBIX JINH3,
HO W A1St APYruX MPUNOXeHWI. YyeHble npesno-
NAratoT, 4T0 MOXHO CKOHCTPYWUPOBATDL N1anapocko-
MUYECKA UHCTPYMEHT C HAbOpOM TaKMX JINH3 A1t
NoNyyeHNs M306PKEHMs BLICOKOrO paspelleHus
€ 0630pom B 360° BHYTpY Tena nauueHTa. Mmokmi
MaCCuB Takxe MOXeT BbiTb YCTaHOBeH Ha (oHap-
Hbli CTON6, YTOOLI YBMAETb NEPEKPECTOK CO BCeX
CTOPOH.

http://www.phatonics.com/
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