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L.B. Alyenxo. ExcnepuMeHTAIbHO-CTATHCTHYHI Mo/ieJli BU3HAYEHHS BILUIMBY NAapaMeTPiB eJIeKTPOHHOI0 NPOMEHsI Ha BJIACTHBOCTI MOBEPXHEBHX
mapiB ONTHYHHX eJIeMEeHTIB TOYHOro NpuIaxodyayBaHns. JI1s 3an00iraHHs pyiHYBaHHAM ONTHYHHX €IEMEHTIB MPAKTHYHE 3HAUYCHHS MAIOTh CJICKTPOHHO-
npomeneBi Metou (iHimHOT 00pOOKH X POOOYMX ITOBEPXOHb HA CTaJii BUTOTOBJICHHS, SKi J03BOJSIOTH MIOKPALLYyBATH BIACTHBOCTI MOBEPXHEBUX IIAPIB eJie-
MEHTIB i THM CaMHUM POOHTH iX CTIMKIIINMHU O 30BHIIIHBOTO TEIUIOBOTO i MEXaHIYHOTO BIINBY. Mema: MeToro poOOTH € BU3HAUYCHHS ONTUMAIBHUX Jialla30HiB
3MIHH TTapaMeTpPiB eNEKTPOHHOTO MPOMEHSI, @ TAKOK PO3POOKA eKCIEPHMEHTATbHO-CTATUCTHYHIX MOJIEIEH, 110 J03BOJSTH aBTOMATHYHO B PEKHUMI peabHOTO
gacy (opMmyBaTn 6a3y JaHHX 3a MOKPAIICHUMH BIACTHBOCTSMH MOBEPXHEBUX IIAPIiB ONTHYHHX CITCMEHTIB MCIS 1X MOMEPEAHBOI eEKTPOHHO-IIPOMEHEBOT 00-
pobku. Mamepianu i memodu: JIs IOCIiDKEHHS BILTHBY IIapaMeTPiB eIEKTPOHHOTO IIPOMEHs Ha BIIACTHBOCTI MOBEPXHEBHUX INApiB ONTHYHMX €JIEMEHTIB OyII0
BHKOPUCTAHO IUIACTHHU 3 ONTUYHOTO CKJIA i KepaMiki. Bu3HAaueHHs BIACTHBOCTEH IIOBEPXHEBHMX IIAPiB ONTHYHHX EJIEMEHTIB [0 i IiCIs eNeKTPOHHO-
TIpOMeHeBOT 0OPOOKH MPOBOAMIOCS 3a BIIOMUMH MeToiaMu (hi3uKo-xiMiuHOTO aHamizy. Pesyasmamu: [lpu 1ii e1eKTpOHHOTO IPOMEHS Ha MMOBEPXHIO ONTHYHO-
TO eeMeHTa BiI0yBaeThes 11 IIOMITHE OYMIIEHHS BiJ] PI3HUX JOMIIIOK, YCYyBAOThCS Pi3HI MIKpoAe(eKTH, 10 3aIHIIAI0TECS Ha Hilf MiCIsS CTaHAapTHUX METOAIB
00pOOKH, a TAKOXK CYTTEBO TIiJIBUILYEThCS ii TTIA/IKiCTh, TOOTO 3MEHIIYEThCS BHCOTA 3aIMIIKOBUX MiKpOHEpiBHOCTEH Ha Wiif moBepxHi. Takox OyT0 BcTaHOBITE-
HO, IO TIpH 0OpOOIIi elIEKTPOHHNM IIPOMEHEM €JIEMEHTIB 3 ONTUYHOTO CKJIA 1X MOBEPXHEBI MApH 3MIiHIOIOTh CBOIO CTPYKTYPY, KA CTae OJIM3BKOIO JI0 KBApILy.
TToka3aHo, 1110 TTOBEPXHi eIEeMEHTIB, IIOIEPeIHbO 00POOIICH] eIeKTPOHHUM IPOMEHEM, 3/[aTHI BUTPHMYBATH KPUTHYHI 3HAYCHHS 30BHIIIHIX TEILIOBUX IOTOKIB Y
1,3...1,5 pasy Ginbuui, Hix 10 06po6Kku. BeraHoBieHo, 0 IpH il €IEKTPOHHOTO MPOMEHS Ha MOBEPXHIO €JIEMEHTIB 3 ONTHYHUX KepaMiK BiI0yBaeThCsl 3HAUHE
301IbIIeHHS] MIKPOTBEpAOCTi iX moBepxHi y 1,3...1,7 pa3y Ta yTBOpeHHs 3MinHeHHX mapis ToBIMHOO 70...230 MkM. Buchosku: 3a pe3ynbTaTaMy IPOBEACHOTO
JIOCITIDKEHO OyII0 PO3pPOOJICHO eKCIePHMEHTAIbHO-CTATUCTHYHI MOJEN BH3HAYCHHS BIUIMBY MapaMeTpiB €JICKTPOHHOTO IPOMEHs Ha OCHOBHI BIIACTHBOCTI
TOBEPXHEBHX IIAPiB ONTHYHMX €JIEMEHTIB i X CTIHKICTh 10 TeruioBuX Aiil. Ile 1a€ MOXIIMBICTH aBTOMATHYHO B PEXKHMI peabHOro 4acy (popMyBaTH KepOBaHY
6a3y JaHWX 3 TIOKPAIIEHHX BIACTHBOCTEH, [0 BILIMBAIOTH HA TEXHiKO-eKCILTyaTalliiiHi XapakTepUCTHKH ONTHYHUX €IEMEHTIB i IPHIa/IiB Ha iX OCHOBI.

Kniouogi cnosa: onTHYHUIA €IIEMEHT, 30BHILIHI TePMiuHi BIUIMBH, €IEKTPOHHHI IIPOMiHb.

LV. Yatsenko. Experimental and statistical models of impact determination of the electron beam parameters on surface layers properties of
optical elements in precision instruments building. To prevent destruction of optical elements the electron beam methods of work surfaces finishing at the
stage of manufacture has practical significance. These methods can improve the properties of the element surface layers and thus make them more resistant to
external thermal and mechanical action. Aim: The aim is to determine the optimal ranges of parameters of the electron beam and the development of experi-
mental and statistical models that will automatically generate database with improved properties of the surface layers of optical elements in real time mode after
previous electron beam treatment. Materials and Methods: To study the influence of parameters of the electron beam on the properties of the surface layers of
the optical elements used plates of optical glass and ceramics. Determination of the surface layers properties of the optical elements before and after electron
beam treatment was carried out by known methods of physical and chemical analysis. Results: It was established that under the influence of the electron beam on
the surface of the optical element there is visible clearing of various impurities take place, various micro-defects that remain on it after standard processing
methods remove and also its smoothness significantly increases, i.e. height of residual asperities on the surface is reduced. It was also found that the processing
of optical glass elements by electron beam their surface layers change their structure, which is close to the quartz. It is shown that the surface of the pre-processed
electron beam elements able to withstand the critical value of external heat flows in 1.3...1.5 times higher than before treatment. Conclusions: As results of the
research the experimental and statistical models to determine the impact of parameters of the electron beam on the basic properties of the surface layers of the
optical elements and their resistance to thermal action have been developed. This makes it possible automatically in real time to form a managed database with
improved properties that impact on the technical and operational characteristics of optical components and devices based on them.

Keywords: optical element, external thermal impacts, the electron beam.

Introduction. Modern devices with optical elements used for measurement and thermal control
of different physical nature objects are the subjects of intense external thermal actions such as high

DOI 10.15276/0pu.1.48.2016.12

© 2016 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

ELECTRONICS. RADIO ENGINEERING. TELECOMMUNICATION FACILITIES



66 . . . . ISSN 2076-2429 (print)
[Ipani Omecpkoro mosiTexHigHOTO YHIBepcHuTeTy, 2016. Bum. 1(48) ISSN 2223-3814 (online)

heating temperature, external pressure, thermal shock action in flight and firing, etc. [1...3]. In these
conditions there is a significant change in the properties of the surface layers of the optical elements
take place (the appearance of cracks and chips, deep surface melting of elements and form a nodule,
wavy surfaces and change the geometry etc.) till their destruction.

This leads to a significant spoilage of technical and operational characteristics of devices and
their failure. To prevent the damage of optical elements the electron beam methods of finishing of
their work surfaces at the manufacturing stage have practical significance. These methods can improve
the properties of the surface layers of elements and thus make them more resistant to external heat and
mechanical stress [3, 4].

Bessmertnyi V., Kovalenko V., etc. [5...7] show that to improve the properties of the surface
layers of different materials the concentrated flows of energy (laser and electron beam, the flow of
low-temperature plasma, etc. nowadays are widely used. In his turn Mayer, Bauer and Engel [8...10]
showed that for the optical glass and ceramic elements surface treatment the use of mobile strip
electron beam is rational in terms of handling and economy. It is established that by control of the
main parameters of the electron beam (density of heat exposure and rate of displacement) the surface
layers of the optical elements can be specifically modified.

However, these important issues whose solution will improve the properties of the surface layers
of the elements and make them more resilient to external thermal action remain unexplored:

1. It is not set the optimal ranges of parameters of the electron beam within which there is a
substantial improvement of the properties of the surface layers of cells takes place and their thermal
stability increases. Solution of this problem will prevent the destruction of optical elements and failure
of devices based on them.

2.1t was not designed the experimental and statistical model of determination of three-
dimensional dependencies of the basic properties of the surface layers of elements from the e-beam
parameters.

The aim is to determine the optimal ranges of parameters of the electron beam and the develop-
ment of experimental and statistical models that will automatically generate database with improved
properties of the surface layers of optical elements in real time mode after previous electron
beam treatment.

Materials and Methods. To study the influence of parameters of the electron beam on the
properties of the surface layers of the optical glass (K8, K108, etc.) and ceramics (KO1, KO2, etc.)
used the plate of thickness 2...4:10~ m, width 3...5-10> m and a length of 6...8:10 m [3]. Author has
developed a specialized electron-beam technological equipment for the study which are protected by
patents of Ukraine [1, 3, 4], which allows realizing strip electron beam in width 5:10*..5-10° m,
length 0.06..0.08 m, heat flux density F,=5-10°..9-10° W/m*> and rate of displacement
V'=0...0.1 m/s.

Determination of the surface layers properties of optical elements before and after electron beam
treatment (heights of residual microirregularities on the surface, micro hardness, thickness of
reinforced layers, etc.) carried out by known methods of physical and chemical analysis — a method
of atomic force microscopy, Vickers hardness test, methods of optical microscopy and micro-probe
analysis, etc. [8...11].

For modeling the thermal effects on the studied optical elements under normal conditions
(To=273 K, P=10’ Pa) and for finding the critical values of parameters (heat flow ¢’ and time of

action ") controlled infrared heating has been used quartz lamps of type KNM-220-1000-1 with RIF-
101 sensors for temperature control of surfaces elements in the range of 300...1900 K and heat flow
that come to them [3, 4].

For the modeling of high heating temperatures impact (1500 K) and external pressures (10" Pa)
the specialized equipment was used, tests on which were held using methodic developed at SDP SE
“Arsenal” (Kyiv) and Cherkasy State Technological University [1, 3].

In studies conducted to determine the properties of the surface layers of optical elements listed
before and critical parameters of external influences, the relative error did not exceed 10 %.
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To obtain the experimental and statistical models to determine the impact of parameters of the
electron beam on the properties of the surface layers of the optical elements, the specially designed
application package by regression and interpolation methods [1, 3] was used.

Results. As a result of experimental studies, the following optimal ranges of parameters of the
electron beam have been set:

Forr=7-10°...8-10° W/m?,
V' =5-107...5-107 m/s.
Within these ranges there is the most significant improvement of the properties of the surface
layers of the optical elements take place.
For these optimal ranges of parameters F, and V' the experimental and statistical models are

developed to determine the impact of parameters of the electron beam on the basic properties of the
surface layers of the optical elements and their resistance to thermal activity (relative error is 5...9 %):

h(F;”V) = ao .F'na]+az.V+a3.V2 'Va“ ,
hm(F”V) :bO .F”b,+b2'V+b34V2 Vs ,

HV(F”,V) =c .F'nclJrcz.V*C}.V?. Ve ,
A(F;“V) = do .F;ld1+dz»V+d3,V2 Y ds ’

GL(P,C) = (my+my- Ptmy - PP ()0t

where A(F,,V), h,(F,,V), H,/(F,V), A(F,,JV) — dependencies of heights of residual micro

irregularities on the surface, melted layer thickness, microhardness, thickness of reinforced layers,
from electron beam parameters respectively;

i, by, Cpy dy (k= 0,_4) ,myand n; (I =0,2 ) — empirical constants whose values depend on the

nature of the optical material.

It is established that under the influence of the electron beam on the surface of the optical el-
ement there is its noticeable clearing from various impurities, eliminating of various micro-defects that
remain on it after standard processing methods (mechanical, chemical, etc.) take place and also signif-
icantly increases its smoothness, i.e. height of residual asperities is reduced on this surface. Three-
dimensional images of dependencies A(F,,V) (Fig. 1) give visual presentation of recent regularities

for optimal ranges of parameters of the electron beam. It is shown from these dependences that even in
the deep mechanical grinding-polishing of optical elements the residual microscopic are significant

and can be in 5...6 times greater than after treatment with electron beam.
h, nm h, nm

10
F,-107, W/m?
a

Fig. 1. Dependencies h(F,,V) for elements of optical glass K8 (a) and K108 (b):

1 —unprocessed element; 2 — element processed by electron beam

It is necessary to control the parameters of the electron beam. This occurs because a thickness of
the molten layer 4, (F, ,V) formed on the surface of the element that smoothes the asperities, at some
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critical parameters of F,and V/* may exceed the maximum allowable /4, value at which the wave-

like surfaces start forming, so-called “formation of ribs” that leads to loss of the original form of opti-
cal element (Fig. 2).
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Fig. 2. Dependencies h,,(F,,V) for elements of the optical glass K8 (a) and K108 (b):

1 — the maximum permissible values h., ; 2 — h,, values obtained in electron-beam processing

It was found in the research that during ~rocessing the optical glass elements by electron beam
their surface layers change their structure, which become close to the quartz. In other words it is
happening so-called “quartz formation” on the treated surface. As a result, the optical elements are
becoming more resistant to external influences. This confirmed by experimental studies of dependen-
cies of critical values of external heat flows from the time of their actions — namely, the excess of
critical values leads to fractures. However, it was found that the surface layers of the elements that
have been processed by electronically beam can withstand the critical value of external heat flows in

1.3...1.5 times higher than before treatment (Fig. 3).

2

gir10", Wi | ¢:-10%, W/m? |

50+
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a b
Fig. 3. Dependencies q.(P,t") for elements of the optical glass K8 (a) and K108 (b): 1 —unprocessed ele-

ment; 2 — element processed by electron beam

It is established that under the action of the electron beam on the surface of the optical elements
of ceramic there is an appreciable increase of micro hardness of the surface in 1.3...1.7 times as well as
the formation of hardened layers with thickness 70...230 mm (Fig. 4,5). Thus optical elements
become more resilient to external shock thermal stress, as evidenced by a specially conducted experi-
mental research on finding critical values of external heat flows and their impact on the time element
surface (Fig. 6): element surface, which processed by electron beam requires for its destruction in
1.3...1.7 times more of heat flow already.

Studies have shown that prior electron beam processing of work surfaces, such as thin optical
plates for input windows of laser thermovision sights and optical fairing infrared aiming devices and
observation of objects [1, 12, 13] leads to the improvement of basic technical and operational charac-
teristics of these devices: the resistance of the surface layers of the optical elements to external thermal
action increases in 1.3...1.7 times; the service life of devices increases in 1.3...2 times; the amount of
destruction of fairing infrared devices decreases in 1.3...1.5 times.
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Fig. 4. Dependencies H,(F,,V) of the optical elements of ceramics KOI (a) and KO2 (b):

1 —unprocessed element; 2 — element processed by electron beam
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Fig. 6. Dependencies q,(P,t") for the optical elements of ceramics KOI (a) and KO2 (b):

1 —unprocessed element; 2 — element processed by electron beam

Conclusions. Using the results of the research the experimental and statistical models were
developed to determine the impact of parameters of the electron beam on basic properties of the
surface layers of the optical elements and their resistance to thermal action. This makes it possible
(with a relative error of 5...9 %) to automatically form in real time the managed database with
improved properties that influence the technical and operational characteristics of optical components
and devices based on them.

The first time shown that by pre-processing of hazardous areas on the surface of optical elements
by movable electron beam with adjusting of its optimum settings F»*, Vo', could greatly improve
the basic properties of the surface layers of the optical elements that influence the technical and
operational characteristics of devices based on them. Thus, for the optical glass elements it is possible
to reduce the height of the residual asperities on the surface in 5...6 times, and to keep the thickness of
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melted layer in the allowable range of 150...200 mm. For the optical ceramic elements it is possible to
increase a surface microhardness in 1.3...1.7 times and form consolidated layers with thickness
of 70...230 mm.

It was established that increasing of external pressure from 10° to 10’ Pa leads to a reduction of
critical values ¢, and " in 1.2...1.7 times for the elements of the optical glass and in 2...2.5 times —

for elements of the optical ceramics; while for optical elements that processed by electron beam, the
critical values ¢, and ¢ in 1.3...1.7 times higher than unprocessed elements.
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