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To prevent the negative impact of external thermal actions on metrological characteristics (precision, meas-
urement ranges, etc.) of impulse laser rangefinders of sighting systems the practical importance is finishing elec-
tron-ray surface processing of optical elements, which prevents defects on the elements surface (cracks, delamina-
tions, chips, flows etc.), leading to a sharp deterioration of devices and their failures during operation.

The aim is to improve the metrological characteristics of impulse laser rangefinders when operating under
conditions of external thermal impact.

The experimental research is conducted and it established the critical values of external thermal impact (heat
flow and time of its action), the excess of which leads to the formation on the elements surface the negative defects
that lead to their destruction.

The optimal ranges of changes of parameters of the electron ray (thermal action density
F,=710°...8 10°W/m’ and the speed of movement V =5 107...5 107 m/s), within which there is maximum im-
provement of properties of the surface layers of the optical elements.

There is no formation of negative defects on their surfaces, it increases the transmittance coefficient of infrared
radiation elements in 1,4...1,6 times, that lets to increase the accuracy and to expand the ranges of distance meas-
urement by impulse laser rangefinders in 1,2 ... 1,5 times.

Keywords: precision instrument making, impulse laser rangefinders, electron ray, optical glass, metrological

characteristics.

Introduction

The modern impulse laser rangefinders of sighting
systems with optical windows of transmitting and re-
ceiving channels in terms of exploitation are subjected
to intense external thermal impacts (higher heating
temperature and external pressures, etc.) [1 - 4].

On the surface and in the surface layers of the
optical elements it is formed various negative defects
(cracks, bumps, hollows, flows, etc.). The result is an
increase in residual microirregularities; a decrease of
the melted layer thickness, which is uneven along the
entire surface, which leads to the violation of its flat-
ness and changing the geometric shape of the optical
element, which significantly reduces the transmittance
coefficient of infrared radiation [9 - 14].

It significantly reduces the metrological charac-
teristics (decrease of accuracy, reducing of measure-
ment ranges, etc.) of impulse laser rangefinders in

their. This significantly reduces the metrological char-
acteristics (decrease accuracy, reducing measurement
ranges, etc.) of impulse laser rangefinders in their op-
eration.

The causes of negative defects on the surface of
optical elements in terms of an external thermal im-
pact that lead to their destruction and reduction of
metrological characteristics of impulse laser range-
finders are not studied enough.

That’s why, the great importance acquires the
improvement of the metrological characteristics of
instruments in operation, based on electron ray meth-
ods of finishing processing of optical components and
let influence on the metrological characteristics of the
devices during their operation by improving the
physical and mechanical properties of the surface lay-
ers [5 - 8].

The research as for the use of electron ray meth-
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ods of finishing processing for optical components of
impulse laser rangefinders is not held enough: not set
optimal ranges of electron ray parameters within
which it improves the physical and mechanical proper-
ties of the surface layers of the elements that affect
their metrological characteristics.

The aim to improve the metrological characteris-
tics of impulse laser rangefinders when operating in
conditions of external thermal impacts.

Methods and Installations for Research

The evaluation of metrological characteristics of
impulse laser rangefinders with optical windows after
their finishing electron ray processing was performed
by a standard method using impulse laser radiation to
measure the distance to moving and stationary objects
[3, 4].

To study the influence of parameters of the elec-
tron ray on the physical and mechanical properties of
the surface layers of the optical elements of glass (K8,
K108, BK10, TF110) used flat plates of a size2 107 x
6107 x 6 10° m, discs of a diameter 3 107...5 10”m
and of a thickness 4 10”...6 10° m [5, 8, 15].

For conducting this research it was developed
specialized electron-ray equipment [8], which allows
to realize ribbon electron ray of a width 5 10*...5 107
m, a length 6 107...8 10”m and density of heat action
F,=510°..9 10° W/m* and speed of movement V' =
3107...10" ms.

The simulation of external thermal impact on de-
vices optical elements was carried out under normal
conditions (P = 10° Ila, T = 293 K), for what it was
used a controlled infrared heating quartz lamps KGM-
type 220-1000-1 using sensors of control RIF-101 of
temperature elements surface in the range 300 ... 1500
K and external heat flow in the range 1,5 10°.. 2,3 10°
W/m® [8].

The experimental study of structure of surface,
surface layers of the optical elements and defining the
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height of the residual microirregularities on the sur-
face, the maximum thickness of the melted layers was
carried out by methods of optical microscopy and mi-
croprobe analysis, including raster and scanning mi-
croscopy (SEM), transmission electron microscopy
(TEM) and atomic force microscopy (AFM) [16, 17].
To measure the transmittance coefficient of infrared
radiation by optical elements it was used spectropho-
tometers of near (1= 0,2...2,5 microns) and far (1 =
2,5...25 microns) IR (SF-46, IKS-29 and others) [18].

Results and analysis

The electron microscopic study of surfaces of
optical elements (optical windows of laser range-
finders, etc.) showed that after standard mechanical
processing there is a large number of negative defects
(small cracks of depth of 0.1 ... 0.7 microns, thin
scratches of length of 2 ... 5 microns, bubbles of size
of 107...10™ microns, etc.).

It was established that these defects under condi-
tions of intense external thermal impact (higher heat-
ing rate 400 K / s, etc.) are further developed, leading
to deterioration of the metrological characteristics of
devices (accuracy, measurement range, etc.) in the
operation .

Defects that remain on the surface of optical
parts after mechanical processing are eliminated after
electron ray processing under optimal parameter val-
ues of an electron ray (density of thermal action F), =
710°...8 10° W/m® and its movement speed V' =5 10°
3...5107 m/s). The most significantly modified, it is
bubble sizes (diameters) on the surface of the optical
elements that are reduced in 2...4 times, other micro-
defects smaller than 1...2 microns are not observed.

That is a result of electron ray processing of the
surface of optical elements like "cleared", small de-
fects are eliminated; while the area occupied by these
defects are decreased (Fig. 1, 2).

DR,

Fig. 1. Electron microscopic images of the surface of the element of the optical glass K8 - surface after mechanical
processing (a); surface after electron ray processing (b); optical glass K-108 (c) - after mechanical polishing (1)

and after electron ray processing (2)

The study of scanngrams of grinding surface of
the chips elements before and after electron ray proc-
essing showed that after mechanical processing the
microirregularities height is 30 ... 40 nm, but in the
case of electron ray processing it reduces to the level
0f 0,5...1,2 nm (Fig. 2).

It is set the influence of the parameters of the
electron ray on microscopic residual height: increasing
the density of heat exposure of electron ray F, from
10" W/m® to 8,5 10’ W/m® for its movement speed
V=8107...5 107 m/s, causes to reducing the residual
microscopic height from 3...5 nm to 1.0..1.5 nm

(Fig. 3).
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Fig. 2. Scanngrams of surface of optical glass element BK10after processing (a) and after electron ray processing

(b), Y-modulation

Maximum thickness of the melted layer 4,, can
reach values 250 ... 300 microns, which can exceed the
maximum allowable size of microirregularities 4~ =
150...200 microns [8], which leads to disruption of the
flatness and geometric shape of the optical element
(Fig. 4).

The value #,, essentially depends on the ray den-
sity F, and the movement speed V: increasing the den-
sity F, from 7 10° W/m® to 8 10° W/m?® leads to in-
creasing the thickness of melted layer from 25 microns
to 230 microns, and increasing the speed movement of
the electron ray from 10™ m/s to 10 m/s causes reduc-
ing the melting depth from 200 microns to 30 microns.

In addition, it was found that after finishing elec-
tron-ray processing of optical elements it increases the
transmittance coefficient of infrared radiation k;(A),
which significantly affects the basic metrological char-
acteristics of impulse laser rangefinders (accuracy,
measurement range, etc.).

The relative coefficient of transmittance of infra-
red radiation by optical elements of optical glass K8
and BK10 from the wavelength is determined by the
formula:

_ obp
k= iz
ko

where kj, k;ﬁp — coefficient value before and after

>

electron ray processing (density of thermal action F, =
8 10° W/m?’, movement speed V=5 10~ m/s).

For experiments the samples of K8 and BK10 op-
tical glass with thickness H =6 10~ m were used.

Figure 5 shows the dependence of the relative co-
efficient of transmittance of infrared radiation by opti-
cal elements of optical glass K8 (1) and BK10 (2) after
electron ray processing from the wavelength.

As the experimental studies showed the coeffi-
cient of transmittance of infrared radiation %, in-
creases.

Thus, for the elements of optical glass K8 and
BK10 the strongest increase of the coefficient £,
(50...60%) is observed for ranges of changes A =
0,3...2 microns and A = 3...4 microns.

As a result of the experiments it was found that
electron ray processing leads to improving physical and

mechanical properties of the surface layers of the opti-
cal elements of the devices.
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Fig. 3. The dependence of height of residual microir-
regularities on the surface of the optical glass
elements K8 (-----) TF110 (- - -) and BK10 (--- -
-- ) from the density of thermal influence of the
electron ray for different speeds of its movement:
V=>510"m/s (1); ¥ =810 m/s (2) (A, o, O -
experimental data)
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Fig. 4. The dependence of maximum thickness of melt-
ing layer of optical glass elements BK10 (1) and
TF110 (2) at F, = 510° W/m® (-----) and F, =
310 W/m? (- - - ) from the speed of the electron
ray (( , 0,0, A - experimental data)

Improvement of the accuracy and extension of the
distance measurement ranges by impulse laser range-
finders of the sighting systems by finishing electron ray
processing of the surfaces of their optical windows.
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To assess the impact of electron ray processing on
the working surfaces of devices optical components the
research of metrological characteristics of impulse laser
rangefinders was carried [4].

For experimental studies the sighting system de-
vice with an operating wavelength of the laser radiation
A=1,06 microns was used.
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Fig. 5. The dependence of relative coefficient of trans-
mittance of infrared radiation of optical elements
of optical glass K8 (1) and BK10 (2) from the
wavelength

Fig. 6 shows a general view of the sighting sys-
tem device (Fig. 6 a) and the simplified diagrams of
transmitting (Fig. 6 b) and receiving channels (Fig. 6 c)
of the impulse laser rangefinder equipped with output
and input windows made of optical glass K8 and BK10

with the diameters d;, d, =3 107...5 107 m and thick-
ness, H,=4 103...610°m accordingly.

The relative measurement error of distance AL
was defined by the formula:

where AL, AL’” - measurement error of the distance

before and after electron-ray processing of the win-
dows, accordingly (error AL;= 10 m at the distance
L=10"m).

As a result of experimental studies of measuring
the distance to moving and stationary objects (targets)
using impulse laser radiation it was revealed that fin-
ishing electron-ray processing of surfaces of the optical
windows of transmitting and receiving channels at op-
timal values of the ray parameters F, = 8 10° W/m® and
V=510 m/s let to increase the transmittance coeffi-
cient of infrared radiation in 1,3...1,4 times and thereby
to improve measurement accuracy of the distance in
1.4...1.5 times.

Fig. 7 shows the dependence of the relative error
of measurement of the distance from the coefficient of
transmittance of infrared radiation by optical windows
of optical glass K8 (1) and BK10 (2).

The extension of measurement ranges of the dis-
tance. To determine the effect of the coefficient k; on
the value of maximum distance a transcendental equa-
tion was used [4]:
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Fig. 6. The general view of the sighting device complex (a) and simplified diagrams of transmitting (b) and receiving
(c) channels of the impulse laser rangefinder 1 - optical head with a laser rangefinder; 2 - opto-mechanical block; 3
- eyepiece device; 4 — control panel of the thermal imaging camera gunner; 5 - output optical window of the range-
finder transmitting channel; 6 - stream of infrared radiation directed to the object; 7 - input optical window of the
rangefinder receiving channel; 8 - stream of infrared radiation, which is diffused by the object and enters the input
window; BFS - block of formation of signal; PRD - photoreceiver device; d,, H;, d,, H, - diameters and thick-

nesses of the output and input windows accordingly.
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L =ke ), (1)

oop

where L = - relative distance of the impulse laser

0
rangefinder; o - coefficient of damping of laser radia-
tion in the atmosphere, My L - the initial distance m;
L°” - measured distance after electron-ray processing
of the optical windows due to increasing the transmit-
tance coefficient of infrared radiation k.
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Fig. 7. The dependence of relative error of distance
measurement by impulse laser rangefinders with
windows of optical glass K8 (1) and BK10 (2)
from transmittance coefficient of infrared radia-
tion

The calculation results in equation (1) were ob-
tained for the case of meteorological distance of visi-
bility S,, > 10L, (there is no air haze at the object and it
is clearly perceived the object and its parts, it was
taken: initial distance — L, = 103m; -S,=2 10* m; at-
tenuation coefficient of laser radiation in the atmos-
phere — o, = 0,082) [4].

Fig. 8 shows the dependence of the relative distance
of the impulse laser rangefinder with windows of optical
glass K8 (1) and BK10 (2) from transmittance coeffi-
cient of infrared radiation. The windows with a thickness
H =410 m and a diameter d = 3 10° m processed by
electron ray with thermal impact density F, = 2,5 10’
W/m? and its movement speed ¥ =5 10 m/s.

As shown in Fig. 8 by increasing the transmit-
tance coefficient of infrared radiation k; in 1.4 times
(for glass K8), distance value L increases in 1.3 times,
while by increasing &, in 1.3 times (for glass BK10) - L
increases in 1,2 times.

The results of research were used by State Con-
cern Research and Production Complex “Photoprylad”,
in the production process to improve impulse laser
rangefinder of sighting systems, which are produced as
well as to develop new devices to expand the ranges of
distance measurement and to reduce measurement error
in their operation, taking into account the external
thermoimpact (confirmed by act of implementation
16.05.2016).

Conclusions
1. It is established the optimum ranges of pa-
rameters changes of electron ray (density of thermal

impact F, = 7 10°..8 10° W/m’ and the movement
speed ¥ = 5107..5 107 m/s) within which it is ob-
served the improvement of physical and mechanical
properties of the surface layers of the elements of opti-
cal glass (K8, K108, BK10, TF110):
— the surface is cleaned of defects (scratches, bub-
bles, small cracks, etc.) that remain after standard
mechanical processing;

L
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Fig. 8. The dependence of relative distance of impulse
laser rangefinder with windows optical glass K8
(1) and BK10 (2) from transmittance coefficient
of infrared radiation

— the height of residual microirregularities decreases
in 3..5 times;

— the thickness of the melted layer increases in 2 ...
3 times, while not exceeding the maximum permissi-
ble values;

— the transmittance coefficient of infrared radiation
k, for elements of optical glass K8 and BK10 in 1.5
... 1.6 times increases.

2. It was established that finishing electron ray
processing of surfaces optical windows of impulse la-
ser rangefinders leads to expanding the range of dis-
tance measurement in 1.2 ... 1.3 times and reducing a
measurement error in 1.4 ... 1.5 times.
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[MOJIIIIIEHHA METPOJIOTTHHUX XAPAKTEPCTUK IMITYVJIBCHUX JIASEPHUX
JAJIEKOMIPIB ~ ®IHIIIHOIO  EJIEKTPOHHO-IIPOMEHEBOIO  OBPOBKOIO  IX
OITUYHUX JETAJIEN

s monepeKeHHsI HETaTUBHOTO BIUIMBY 30BHIIIHIX TEPMIYHMX i Ha METPOJIOTIYHI XapaKTEPUCTUKHU (TOYHICTS,
Jiarna3oHy BUMIPIOBAHHS Ta iH.) IMIYJICHHX JIA3ePHHUX JAICKOMIpPiB MPUIUIBHUX KOMIUIEKCIB IPAKTUYHE 3HAYCHHS
Mae (QiHINIHA eJIEKTPOHHO-TIpOMEHEBa 00pOoOKa MOBEPXOHB IX ONTHYHHX EJIIEMEHTIB, sIKa 3aro0irac BUHUKHEHHIO
nedeKTiB Ha TTOBEPXHi €JIeMeHTIB (TPIllH, BiAmapyBaHb, CKOJIB, HAIUTMBIB Ta iH.), IO MPU3BOIATH A0 Pi3KOTO TO-
TipIICHHS XapaKTePUCTUK MPUIIALiB Ta X BIIMOB IPH EKCIUTyaTaIllii.

MeTtoro poOOTH € TIOKpAICHHS METPOJIOTIUHUX XapaKTEPUCTUK IMITYIbCHHX JIA3EPHUX AAJIEKOMIpiB IIPH eKCIuTyaTa-
1Iii B yMOBax 30BHIIIHEOTO TEPMOBIUIHBY. [IpOBEZICHO eKCTIEPUMEHTAIbHI TOCIHIHKCHHS Ta BCTAHOBIEHO KPUTHIHI
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3HAYEHHS IMapaMeTpiB 30BHIIIHIX TePMOIil (TETIOBOTO MOTOKY Ta Yacy HOTro Jii), MEpPEeBUIEHHS SKUX TMPU3BOIUTH
JI0 YTBOPEHHSI Ha MOBEPXHI €JIEMEHTIB HETaTUBHUX Je(EKTiB, 10 MPU3BOATH 10 X pyHHYBaHHSI.

BcranoBieHO onTHMalnbHI Aiana3oHM 3MIHM ITapaMeTpiB €JIEKTPOHHOTO NpOoMeHIo (ryctuHH TeruioBoi mii F, =
710°...8 10® Br/m* Ta mBuakocti mepemimenns V =5 107...5 107 m/c), B MeXax SKHX CIIOCTEPIracThes MAKCHMa-
JIbHE TTOKPAILEHHS BIIACTUBOCTEH MOBEPXHEBHX IIAPiB ONTHYHUX EJIEMEHTIB.

[Tpu oMy He BiOyBa€eThCsl YTBOPEHHS HETATUBHUX JE(EKTIB Ha IX MOBEPXHSX, 30UIbIIY€eThCS KOe(IiLliEHT TpoITy-
ckaHHs [Y-BunpomiHioBaHHs eneMeHTamu y 1,4...1,6 pasu, 1o g03BoJIsie€ 30UIBIINTH TOYHICTD Ta PO3LMIMPHUTH [ia-
Ma30HU BUMIPIOBaHHS JAJLHOCTI IMITYJIbCHUMH JIa3epHUMH Janekomipamu y 1,2...1,5 pasy.

KurouoBi cjoBa: TouHe npuiamoOyIyBaHHs, IMIYJIbCHI JIa3epHi JAIEKOMIpH, €ICKTPOHHHWHA NPOMiHb, ONTHYHE
CKJIO, METPOJIOTIYHI XapaKTePUCTHKH.

Q. B. Sluenko, YB. C. AHTOHIOK, IB. 1. I'opauenko, Y0. B. Kupuuenko, B. B. Xoauu

) Yepracckuil 2ocyoapcmeerHblll mexHoao2udeckutl yuusepcumem, 2. Yepraccwi, Yxpauna,

Y Hayuonanonwiii mexnuueckuii yuugeepcumem Yxpaunvl “Kuesckuil nonumexnHudueckui uncmu-
mym um. Meopsa Cuxopckoeo”, e. Kues, Yxpauna;

T, ocydapcmeennoe npeonpuamue Hayuno-npouzgoocmeennviii komniexc “@omonpubdop”,
2. Yepraccwt, Yxkpauna,

YYepraccruii uncmumym noxcapnoii 6esonacnocmu um. I'epoes Yepnobviisn Hayuomnanvhozo
VHU8epcumema 2paxcoanckoi obopousvl Ykpaunul, 2. Yepraccol, Yxpauna,

Yacmuoe manoe npoussodcmeentoe npeonpusimue “@omonuxa Ilntoc”, 2. Yepraccoi, Yrkpauna
YIIYUIIEHUE METPOJIOTMUYECKUX XAPAKTEPUCTUK UMITYJIbCHBIX JIABEPHBIX
JIAJJBHOMEPOB IIYTEM ®UHUIIHOM SJIEKTPOHHO-JIVUEBOUM OBPABOTKH HMX
OIITUYECKUX JIETAJIEN

Jnst IpenoTBpaIeHns] HeTaTHBHOTO BIMSHYS BHEITHUX TEPMHUYECKHX BO3ACHCTBHI Ha METPOJIOTMYECKHE XapaKTe-
PHUCTHKH (TOYHOCTb, ANATIA30HBI N3MEPEHHUS U JIP.) UMITYJILCHBIX JIa3epHBIX JaTbHOMEPOB MPULEIBHBIX KOMILIEKCOB
NPaKTHYECKOE 3HAYeHHE MMeeT (pUHMIIHAS DJIEKTPOHHO-JIy4yeBas 00pabOTKa MMOBEPXHOCTEH MX ONTHYECKHX 3Je-
MEHTOB, KOTOpas NpeJ0TBpallaeT BO3HHMKHOBEHHE Je(EKTOB Ha MOBEPXHOCTH DJIEMEHTOB (TPEIIUH, OTCIOCHHH,
CKOJIOB, HAIIJIBIBOB U JIp.), IPUBO/IINX K PE3KOMY YXYALICHUIO XapaKTEePHUCTUK NPUOOPOB M MX OTKa3aM IPH K-
IUTyaTanuHm.

Llenbio paboOTHI SBISIETCS YITydIIEHNE METPOJIOTHYECKUX XapaKTePHCTHK UMITYJIbCHBIX JIa3€PHBIX JAILHOMEPOB IIPH
9KCIUTyaTallMU B YCIOBHSAX BHEIIHHUX TepMOBO3IeicTBHI. [IpoBeeHbl SKCIIepIMEHTAIbHBIC UCCIIEIOBAaHUS U yCTa-
HOBJICHBI KPUTHYECKHE 3HAYCHUS IapaMeTPOB BHEIIHHMX TEPMOBO3JIECHCTBUH (TEIIOBOIO IOTOKA M BPEMEHHU €ro
BO3JEHCTBY), IPEBBIIICHAE KOTOPHIX NPHBOIUT K 00Pa30BaHHUIO HA ITOBEPXHOCTH DJIEMEHTOB HETaTUBHBIX Iedek-
TOB, IPUBOAIINUX K UX Pa3pyILCHUIO.

YcTaHOBIIEGHBI ONTHMANBHBIE AUANa30Hbl U3MEHEHHS ITapaMeTPOB JIEKTPOHHOTO JIy4ya (TycTHHH TerioBoi mii F, =
710°...8 10* Br/m* Ta mBuaxocti nepemimenns V =5 107...5 107 m/c), B npeaenax KOTOPHIX HAGIIOIACTCS MaK-
CHUMaJIbHOE YIJTy4IlIEHHE CBOMCTB MOBEPXHOCTHBIX CIIOEB ONTHYECKUX 3JIEMEHTOB.

[Tpu 5TOM HE POUCXOANUT 0Opa30BaHNE HETATHBHBIX Je()EKTOB HAa UX TIOBEPXHOCTSX, YBEIHMIUBACTCS KOIPPHUIIMEHT
npomnyckanus MK-usnmydenuns snemenramu B 1,4...1,6 pasa, 4To M03BOJISIET YBEIUYNUTh TOUHOCTD U PACIIUPUTD JUa-
M1a30H U3MEPEHHs NATBHOCTH UMITYJIbCHBIMHU JIa3€PHBIMH ajbHOMepamu B 1,2...1,5 paza.

KaioueBble cioBa: TouHOE PHOOPOCTPOCHUE, UMITYIILCHBIC JIa3epHBIE AIIBHOMEPHI, JJIEKTPOHHBIHN Jy4, ONTHYE-
CKO€ CTEKJIO, METPOJIOTHYECKHE XapaKTEePHCTHKH.
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