m NA3EPbI U TIA3EPHbBIE CUCTEMbI I—

i g

DOI:10.22184/1993-7296.FR0s.2023.17.5.366.370

dokycupyrowas
cucTtemMma nasepa

W.I1. uwkuH, A.TI. LHKaaapeeuq,
HTLI «JISMT» BeAOMO, MuHck, Pecnybauka Baaapycb

MpeacTaBneHa KOHCTPYKLUA ONTUYECKOM
cucTeMbl 4519 GOKYCMPOBKU /1a3epHOro

ny4ka c npeaesibHO MasibiM pasMepoM naTHa

B LUMPOKOM AMana3soHe AUCTaHLUI OT 50 M

[0 2 KM. TPYAHOCTU C yripaBJieHUeM S1a3epHbIM
ny4yKkoM 1 ero GpoKyCUpOBKOM CHUXKEHDI 3a
CYeT UCNONb30BaHUS CXeMbI C paclumpuTenem
Jla3epHOro ny4ka.

KntoueBble c/ioBa: GOKYCMPOBKA Ia3epHOro Ny4ka,
KONMMATOP, pacliMpUTEb 1Aa3epHOTO NyyKka,

¢bprdopm

Cratbs nony4eHa:10.05.2023
CraTtbd npuHaTa: 24.07.2023

BBEAEHUE
OnTuveckue CUCTeMBbl QOKYCHPOBKH JIa3epHOTO IIy4Ka
obecrieunBaroT 3GpHEKTUBHOCTD IPUMEHEHHS OIITHKO-
3/IeKTPOHHBIX CUCTEM B aKTyaJIbHBIX KOHTYpPax CBSI3U
U ympasieHus. ONTHYecKasl CUCTeMa lielleyKa3aHHUs
DOJIKHA CO37aBaTh Ha 06beKkTe Hab/ogeHHU s Ta3epHoe
IATHO Ipele/IbHO MaJioro pasMepa C YIOBIeTBOPH-
TeJIBHOM KOppeKLHeHr abeppaliuil, BelHYHHA KOTO-
PBIX 0CO6eHHO BaskHA Ha OOTBUIMX JUCTAHLIUIX.

B mepBoM NpHUOIMKEHUH BeTHUYMHY JIa3epHOro
ISITHA MOSKHO IPeCTaBUTh KaK CyMMy TeOMeTpHye-
CKOT0 U abeppallHOHHOTO MSITEH:

0=0,+0,.
TeoMeTpHYecKoe IISITHO @, BEIYHUC/ISIETCsI [10 GopMyie:
o =051 / fK’

Ihe ¢, - JUaMeTp BOJIOKHA ja3epa; [ — OUCTAHLIUS;
fx — OKyCcHOe paccTosiHHe KOJUIMMATOpa.

[l BBIOPAHHOrO J1a3epa M 33[JaHHOTO AHaIla3oHa
OUCTAaHLIMHI pa3Mep TFeoOMeTPHUYecKoro IsTHa Oymer
3aBHCETh TOJNIBKO OT OKYCHOTO PACCTOSIHUS KOJUIH-
MaTopa, BeTMYHHA KOTOPOro, B CBOIO OYepesb, orpa-
HUYHUBAETCS BO3MOKHOCTBIO M3TOTOBJIEHHS JIHH3
6omnpIoro fuaMerpa, rabapuTaMu MeXaHUKU M KOH-
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Laser Focusing System
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The design of an optical system for focusing

a laser beam with an extremely small spot size
in a wide range of distances from 50 m to 2 km
is presented. Difficulties with controlling the
laser beam and focusing it are reduced by using
a circuit with a laser beam expander.
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INTRODUCTION
Optical systems for focusing a laser beam ensure the
efficiency of the use of optical-electronic systems in
actual communication and control loops. The optical
target designation system should create an extremely
small laser spot on the object of observation with a sat-
isfactory correction of aberrations, the magnitude of
which is especially important at long distances.

The value of the laser spot in the first approxima-
tion can be represented as the sum of geometric and
aberration spots:

B=0,+0..
The geometric spot ¢..is calculated by the formula:
o =0, 1/ fK’

where ¢, - is the diameter of the laser fiber; [ - is the
distance; f, - is the focal length of the collimator.

For the selected laser and a given range of distances,
the size of the geometric spot will depend only on the
focal length of the collimator, the value of which, in
turn, is limited by the possibility of manufacturing
large-diameter lenses, the dimensions of the mechan-
ics and the focusing mechanism design.

The aberration spot will be determined by the level of
aberration correction in the optical system. The optimal
solution for creating a focusing laser system is a 2-lens
collimator circuit in which the lenses are separated by
an air gap. By optimizing the 4 lens radii, it is possible
to achieve satisfactory aberration correction and obtain
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CTPyKLIHeN MeXaHH3Ma (QOKYCHPOBKHU. AbOeppaliroH-
Hoe IISITHO OyzeT oIpefessiTbCsl YPOBHEM MCIIpaBile-
HUs abeppallii B OIITHYECKOH CHCTEMe.

ONTHMaJbHBIM pellleHHeM IS CO3JaHusg (OKy-
CUpyIOLIer CHUCTeMBl Jla3epa SBJISeTCS 2-JTMH30Bas
cxeMa KOJJIMMAaTopa, B KOTOPOM JHH3bl PasfeleHbl
BO3AYIIHBIM NPOMeXYTKOM. C IIOMOIIBIO ONTHMH-
3allUM 4-X pafiuyCcoB JMH3 MOXHO HOOHUTBCS yIOB-
JIeTBOPUTE/IbHOM KOPpPeKLUH abeppallii K MOIy4IUTh
Ipefie/IbHO MaJioe abeppalllOHHOe MATHO, BeIMUYHHA
KOTOPOTO B 0COBEHHOCTH Ba’KHA Ha OOJIBIIMX JMCTaH-
LMSIX, KOrJa reoMeTpUYecKoe IISITHO MaKCHMaJIBHO.
®oKyCHPOBKA B KOJJIMMATOpe OCYLIeCTBIISIeTCS
C TIOMOIIBIO IIOABHYKKH BBIXOZHOIO TOPILIA BOJIOKHA
nasepa.

ABYX/INH30BbIV KOJVIUMATOP

B IBYXJIMH30BOM KOJJIMMatope ¢opMa KU B3aKMMHOE
pacriosioskeHue JIMH3 OKa3bIBalOT CyIeCTBEHHOe BJIK-
sSHUe Ha Koppekiuio abeppauuii. Ha puc. 1 mpen-
CTaBJ€Hbl BapHAaHThl KOHCTPYKLUMH KO/UIMMaTOopa
C QOKYyCHBIM pacCTosHHEeM 1 M g ja3epa C yIiom
pacxoguMmocTh 0=100 Mpan (4duciaoBast ameprypa
N,=0,1).

Ha puc. 2 nokasaHsl rpapUKHU 1ydeBbIX abeppaliui
KOJUIMMATOPOB JI/Isl OCeBOM TOUKHU Ha HeCKOHEUHOCTH.
I[Ipu cpaBHEHUHU I'PadUKOB BHAHO, YTO abeppalilu BO
BTOPOM BapHaHTe B 10 pa3 MeHbIlle, YeM B IIePBOM.

JuaMeTphl IITeH B pa3MepPHOCTH MUJIMMETPOB /11
J1asepa ¢ fMaMeTpOM BOJIOKHA 25 MKM M KOJUIMMAaTOpa
C POKYCHBIM PacCTOSSHHEM 1 M Ha pasaMYHBIX JHUCTaH-
LIMSIX IPHUBeeHsl B Ta6I. 1.
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an extremely small aberration spot, the size of which is
especially important at long distances when the geomet-
ric spot is maximum. Focusing in the collimator is car-
ried out by moving the output end of the laser fiber.

TWO-LENS COLLIMATOR
In a two-lens collimator, the shape and relative position
of the lenses have a significant impact on the correction
of aberrations. Fig.1 shows the design options of a col-
limator with a focal length of 1 m for a laser with a diver-
gence angle 6=100 Mrad (numerical aperture N,=0.1).

Fig. 2 shows ray aberrations plots of collimators for
the axial point at infinity. The plots comparison demon-
strate that the ray aberrations in the second variant are
10 times less than in the first one.

Spot diameters in mm for a laser with a fiber diam-
eter of 25 um and a collimator with a focal length of Im
at various distances are shown in Table 1.

BEAM EXPANDER

The larger focus of the collimator, the smaller geometric
spot, but at the same time the dimensions of the struc-
ture grow, which means that difficulties arise with
controlling the laser beam and focusing it. The scheme

a) f=1m:NA=0.1 Scale:0,18 138,89 MM
[

—_ :J:J:f:ﬁ, o

b) f=1m:NA=0.1 Scale:0,17 147,06 MM

Puc. 1. isyxauH308bil KoAAUMAMOp: a — 8apuaHm 1,
b -eapuaHm 2
Fig. 1. Two-lens collimator: a - option 1, b — option 2
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Fig. 2. Ray aberrations: a - option 1, b — option 2
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Ta6bnunua 1.3aBUCMMOCTb AMaMeTpa CYMMAPHOrO 1a3epHOro NATHa OT AUCTaHLUK
Table 1. Dependence of the total laser spot diameter on the distance

OvctaHuusa, M [eoMmeTpuyeckoe NATHO, MM

AbeppaunoHHoe NATHO, MM

CymMMapHoe na3epHoe NATHO, MM

Distance, m Geometric spot, mm Aberration spot, mm Total laser spot, mm
o, ?, 2=0.+0,
BapuaHT1 BapunaHT 2 BapuaHT1 BapunaHT 2
Option1 Option 2 Option1 Option 2
50 1,25 2 4 3,25 5,25
100 2,5 4 1 75 3,5
200 5 6 1 11 6
500 12,5 8 1 20,5 13,5
1000 25 16 2 41 27
2000 50 32 2 82 52

PACLUNPUTEJIb MYYKA

Yem 6Gonplie GpoKyC KOITHMMATOPA, TeM MeHbIIe reo-
MeTpHYecKoe IISITHO, HO IIPH 9TOM PacTyT rabapUThl
KOHCTPYKLHH, a 3HAYUT, BO3HHUKAIOT TPYLHOCTH
C yIpaBjaeHHeM JIa3epPHbIM IIYYKOM H ero (GoKyCH-
poBKoi. CxemMa C pacHIMpHTe/leM Ja3epHOro IIy4Ka
(puc. 3) mo3BosseT CyIIeCTBEHHO COKPaTHUTh AJIHHY
Ko/iMMatopa [1]. OfHOBpeMeHHO yIIpoIlaeTcsl Mexa-
HHU3M QOKYCHPOBKM 3a CUET I[IepeMelleHHs OTpHIia-
TeJIbHOM JIMH3bL B PACIIMpPUTesIe IIyuka, KOTOPBIK I10
CYTH SBJISIeTCS TeJleCKoIloM anuies.

KOHCTpYKLMS KOJZIMMATOpa Ha PHC. 3 BKIHOYAET
KOJJTMMHUPYIOIIYIO JIMH3Y ¢ $oKycoM 200 MM U Teje-
CKOII C yBenuueHHeM 5x. Takum obpa3om, 3KBHBa-
JIeHTHBIM QOKYC KOJUIMMATOPA COCTaBUT 1 M, a JyIMHA
COKPAaTUTCS MpaKTUYeCcKH BABoe. [l yMeHbUIeHUS
KOJIMYeCTBA JIMH3, BBIXOJHAS JIMH3a TeJIeCcKoIa CHAe-

f=1m:NA=0,06 Scale: 0,55

45,45 MM

Puc. 3. Cxema ¢ pacwiupumenem nyyKa
Fig. 3. Beam expander diagram
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with a laser beam expander, which is shown in Fig.3,
allows to significantly reduce the length of the colli-
mator [1]. At the same time, the focusing mechanism
is simplified by moving the negative lens in the beam
expander, which is essentially a Galileo telescope.

The design of the collimator in Fig.3 includes a col-
limating lens with a focus of 200 mm and a telescope
with 5x magnification. Thus, the equivalent focus of the
collimator will be Im, and the length will be reduced by
almost half. To reduce the number of lenses, the output
lens of the telescope is made aspherical. If a breaking mir-
ror is installed in parallel, then this solution can also be
used to combine beams of several lasers (at least two).

MIRROR COLLIMATOR
If you use mirrors in the design of the collimator, then
you can reduce its size as much as possible. Fig. 4
shows a collimator constructed according to the well-
known classical scheme of a two-mirror astronomical
lens, in which a large mirror is parabolic (Newton’s
type), hyperbolic (Cassagrain’s type) or ellipsoidal
(Gregory’s type). The small mirror in all schemes is
flat. In the proposed scheme, the large mirror is
spherical, and the small mirror is parabolic.

The disadvantage of a two-mirror collimator is the
shielding of the central zone of the entrance pupil.

The effective area of the entrance pupil during the
reverse movement can be calculated from the differ-
ence in the area of the mirrors:

where S, u S, - area of the mirrors, D, u D, - their diameters.
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Puc. 4. [lsyx-
3epraso 2 3epKanbHbliU

A Koaaumamop
L ]Ia3ep Fig4 Two-

3eprano 1 mirror collimator
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Tabnunua 2. Nprmepbl COOTHOLWEHMIW pagmyca 601bLWOoro
3epkana R,, anameTtpa manoro 3epkana D;, rabapuTos

1 abeppauMOHHOro NATHA KoaanmaTopa (hokycHoe pac-
cTosHne 1M, anametp 6onbLuoro 3epkana D,=200 MM)
Table. 2. Examples of the ratios of the radius of the

large mirror R,, the diameter of the small mirror D;,

the dimensions and aberration spot of the collimator
(focal length 1 m, diameter of the large mirror D,=200mm)

Ry M Dy, mm AnvHa, MM Touka, |
1 70 333 2
0,7 35 273 4
0,7 20 333 8
0,6 15 230 25

naHa acdepuueckoi. EC/IM yCTAaHOBUTH B Iapasljiesib-
HOM XOJIe ToMalolllee 3epKaJio, TO 3TO pellleHHe MOSKHO
HCIIONIB30BATh U IS 0OBeJUHEHMUS IyYKOB HEeCKOJIb-
KHX JIa3epoB (10 KpaliHeH Mepe IBYX).

3EPKAJIbHbIV KOJVIUMATOP

Ecnu DpHMEeHHUTH 3epKajia B KOHCTPYKIHUH KOJIH-
MaTopa, TO MOKHO MaKCHMAJIbHO COKPAaTHTh ero
pasmepel. Ha puc. 4 mpencraBieH KOUIMMAToP,
IIOCTPOEHHBIM II0 M3BeCTHOM KIACCHYecKOM CXeMme
IBYX3epKaJbHOTO ACTPOHOMUYECKOr0 O0OBEeKTHBA,
B KOTOpoM bos1bl10e 3epKasio - apabonrdeckoe (cxeMa
HeroToHa), rumnepbonnueckoe (cxema Kaccarpena)
WM JUIMIICOMTANbHOe (cxeMma [peropu). Masoe 3ep-
KaJI0O BO BCeX CxeMax - IIJIOCKoe. B mpexnaraeMon
cxeme 6osbploe 3epKajo - chepuyueckoe, a Maaoe
3epKajo - mapabonuyeckoe.

HemocTtaTkoM ABYX3€pKaJbHOIO KOJJIMMAaTOpa
SIBJISIETCS. SKPAaHUPOBAHHE LIeHTPAJIBHOM 30HBI BXO[I-
HOTO 3padKa.

9 deKkTUBHYIO IIIOIIALb BXOJAHOIO 3payuka B obpar-
HOM XOJle MOYKHO BBIUMCJIUTH 4Yepe3 pasHHUIly ILIO-
IIaIX 3epKajl:

nD,’ 7D’
4 a4

Sacl)cl) = Sz _Sl =

rge S, U S, - IIomaab 3epkai; D, u D, - UX JUaAMeTpBHl.
[Inomaab MaJIOro 3epKajia OIpefessieTcs KaK BelH-
YMHOM BOTHYTOTO pasuyca 6ombIIoro 3epkana R, (uem
MeHblIIe PafuyC O0/IBIIOro 3epKaa, TeM MeHbIIe ILIO0-
IIaZb MAJIOro 3epkaja U 6osblle 3pdeKTHBHAS ILIO-
IIaZb BXOLHOIO 3payka), TakK U pasMepoM abeppaiiu-
OHHOTO IISITHA.

B Tabn. 2 mpuBemeHBl ITPUMepBl COOTHOIIEHHH
panuyca 6ompmioro 3epkana R,, JUaMeTpa Mayoro

The area of a small mirror is determined both by the
size of the concave radius of the large mirror R, (the
smaller the radius of the large mirror, the smaller the
area of the small mirror and the larger the effective
area of the entrance pupil) and the size of the aberra-
tion spot.

Table 2 shows examples of the ratios of the radius of
the large mirror R,, the diameter of the small mirror
D,, the dimensions and aberration spot of the collima-
tor with a focal length of 1m and the diameter of the
large mirror D,=200 mm. Fig.5 shows the dependence
of the spot size on the mirror diameter D;.

Fig.6 shows an example of a 3-mirror cascade colli-
mator circuit. All mirrors have the shape of an off-axis
aspheric (freeform), which makes it possible to ensure

JuamMeTp
1-ro 3epKaja B MM

Ab6epparOHHBIN
20 | Dpasmep TouKu

(B 3aBHCHMOCTH OT AUAMETPA
1-r0 3epKaja)
0 | 1 |
0,5 1,5 2,5 3,5 4,5

To4YKa, MKM

IuraMeTp 3eKpKajia, MM
S
o
T

Puc. 5. 3agucumocmp pazmepa mo4vku om duamempa
3epkana
Fig.5. Dependence of the point size on the mirror diameter
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3epkana D), rabaputoB U abeppallMOHHOIO ISITHA
KOJUIMMAaTopa C QOKYCHBIM pacCTosHHeM 1 M U nua-
MeTpom 6onbmioro 3epkana D,=200 mMm. Ha puc. 5
[I0Ka3aHa 3aBUCHUMOCTb Pa3Mepa TOYKH OT JAHaMeTpa
3epkasa D;.

Ha puc. 6 mokasaH IpHUMep Tpex3epKaJlbHOU
KaCKaJHOM CXeMBbl KOJJIMMaTopa. Bce 3epkaia uMerT
dopmy BHeoceBon acdepuru (pprdopm), 4TO 103BO-
nsieT obeCreYMTh MUHHMAIBHBIN pa3Mep BBIXOJ-
HOTO IISITHA Ja3depa 6e3 SKpaHHPOBAHUS LIEHTPAIb-
HOM 30HBI BXOJHOIO 3pauka [2]. CBeTOBOM AHaMeTp
BBIXOJHOI'O 3epKasa 3 U [UIMHA Ko/UIMMaTopa (B ILIO-
CKOCTH PHCYHKA) AJI1 5KBUBaJeHTHOro $oKyca 1 M
cocrasiisieT ~200 MM.

PaboTy 3x-3epKa/JIbHOTO KOJIJIKMMaTOpa IpU QOKYyCH-
pOoBKe Ha 6eCKOHEYHOCTh MOSKHO OITHCATh CIeAYIOIIIM
obpasom. Ily4ok jsa3epa ¢ pacXogUMOCTbIO 100 Mpan
mornazaeT Ha 3epkajo | ¢ POKYCHBIM PacCTOSHHEM
200 MM, 3aTeM KO/UIMMHPOBAHHBIM IIyYOK [JHaMe-
TpoM 40 MM C [TIOMOLIBIO 3epKaJIBHOTO TeJlecKkora (3ep-
KasIo 2 U 3epKaJlo 3) C yBeJIMUeHHeM 5x rpeobpasyeTcst
B KOJUJIMIMHPOBAHHBIM IIy4OK AHameTpoM 200 MM.
doxycHpoBKa Ha pasjM4Hble AUCTAHUUHU (50 M - 2 KM)
OCYLIeCTB/ISeTCS IIPU IIOMOIIM ITOABUKKH BBIXOJHOIO
TOpLia BOJIOKHA JIa3epa B IIpefenax 3-20MM (B 3aBUCH-
MOCTH OT KOHKPeTHOI'O pacyeTa).

3AK/TIOYEHUE

IlpenoXkeHa ONTHYeCKas CHCTeMa Iie/leyKa3aHHs,
KOTOpasi CO3/IaeT Ha 00BeKTe HAOMIONeHHUs JTa3epHoe
IISITHO ITpefle/IbHO MaJIOro pa3Mepa Ha AUCTAHIUSX 10
2000 meTpoB. PacyeThl MOKa3aau, 4YTO BbIOOp OMTH-
MaJIPHOM KOHCTPYKLIMK KOJUIMMAaTOpa C HCII0JIb30Ba-
HHeM JIMH3 UK 3epKajl ¢ ahepruyecKUMH [IOBePXHO-
cramu (PprdopM) IMO3BOJSET CO3[4ATh KOMIIAKTHYIO
cucreMy GOKYCHUPOBKH, 0b6eCIeYHBAIOIIyI0 MHHHU-
MaJIPHBIF pa3Mep J1a3epHOro IISITHA B IIMPOKOM JHa-
Ia3oHe JUCTaHLIUH.
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collimator
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the minimum spot of the laser output without shield-
ing the central zone of the entrance pupil. The work-
ing diameter of the output mirror 3 and the length
of the collimator (in the plane of the figure) for an
equivalent focus of Im is ~200 mm.

The operation of a 3x-mirror collimator when focus-
ing to infinity can be described as follows. A laser
beam with 100mrad divergence angle of hits mirror
1 with a focal length of 200 mm, then a collimated
beam of 940 mm using a mirror telescope (mirror 2
and mirror 3) with 5x magnification is converted into
a collimated beam of 6200 mm. Focusing at various
distances (50 m - 2 km) is carried out by moving the
output end of the laser fiber within 3-20 mm (depend-
ing on the specification).

CONCLUSION

An optical target designation system is proposed that
creates an extremely small laser spot on the object of
observation at distances up to 2000 meters. Calcula-
tions have shown that the choice of the optimal col-
limator design and the using lenses or mirrors with
freeform shape allows to create a compact focusing
system that ensures the minimum laser spot size for
use within a wide range of distances.
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MeHsieM XH3Hb K JIyYILIeMy.
AJIKOTeCTHPOBaHHe - paboTa 6e3 TpaBM H IMPOHCIIECTBHH

MpodeccroHansHoe 0bopyaoBaHMe Ans
ankoTeCcTupoBaHMUa Ha npeanpusaTmuax
MOXeT npenoTBpaTuUTb Hec4acCTHble
C/ly4an W CnacTv YenoBeyeckune XKMU3HU —
B 3TOM ybexzeHbl B KOMNaHWW «/lasep-
Hble CUCTeMbI», TAe y>XKe MHOro IeT npou3-
BOAAT ankopamMmky Ang npombllNeHHOro
NPpUMeEHeHUs U CHUTAIKOT, YTO AaHHOe 06o-
pyaoBaHune nMmeet rnobanbHOe BAUAHUE
Ha 3KOHOMUKY CTpaHbl U MEHSET XW3Hb

K y4Liemy.

PelleHne npeacrasnser cobon
COBpPEMEHHOE  3PrOHOMMYHOE  YCTPOM-
CTBO, KOTOPOE MOXHO WHTErpMpoBaTb

B CYLLECTBYIOULYIO Ha NPeAnpUSTAN KOM-
NNeKCHyl0 cucTemy 6e30nMacHoCT WK
YCTAHOBWTb aBTOHOMHO Ha MPOXOLHOW.
ANKOpaMKKM «J1a3epHbIX CUCTeM» TeCTw-
PYIOT MepcoHan B MOTOKOBOM pexume
C MOMEHTaNbHOM BblAAYen pesyabTaTa
BCEro 3a ofjHy cekyHay. s coTpyAHMKa
NpeanpuaTUs, He MpoLeAlero TecT Ha

HE AONYCTUT HETPE3BOIO

MPOXOAHOW, TYPHUKET HE OTKPOETCS.
«Halum anKopaMKkm Co3aaHbl HA OCHOBe
VHUKANbHbLIX anKOTeCTepoB, — pacckasbl-
BAeT reHepasibHbIN AVPEKTOP KOMMAHUM
OMnUTpMIn Bacunbes, — B OCHOBE AENCTBUS
KOTOPbIX NI&XUT  MPUHLMN  NA3epHOM
ONTWYeCKOW CNeKTPOCKONuK, — obpaTuTe
BHUMaHMe: 6e3 WUCNOAb30BaHUS MYHA-
LUTYKOB. DTO JaeT psf NpenMyLLecTB: Bbl
NpOCTO BblAbIXaeTe B CTOPOHY YCTPOMCTBA
N Yepes CekyHAy MosiydaeTe pesynbrar.
3TO 3HAYMT, YTO Ha NOBOM NpesnpUsTUM
MOXHO opraHu3oBaTb 100%-1 KOHTPO/b
Ha BXOA M Ha BbIXOA. Kpome TOro, 6eCKkoH-
TaKTHas TEXHOMOr NS TeCTUPOBAHMS aNKO-
paMoK He npeanosiaraeT UCnonb3oBaHne
MYHALITYKOB U TPATbl HA PACXOAHUKMNY.
Fop HasaL B KOMMaHWW paclumpunu
MOLENbHbIA  pAL  ankopamok MW 3any-
CTUIN B CEPUMHOE NPOM3BOACTBO HOBbIE
MOJENnKn, OCHalleHHble BCTaBKOW 060-
rpeBa, KOTOpas Mo3BoOAseT 3a CYEeT rmpo-

COTPYAHUKA HA NMPEANPUATUE

Ycrponcteo YCTaHaBNWBAETCA Ha NPOX0AHbLIX NPEANPHUATUA K oBnapaer

MAKCUMANBLHOR NPONYCKHOR CNOCOBHOCTLIO.

BeinonHute TeCTHPODBaHWE C NOMOLWLHD AJ"IKCIPEIMI{M NPoCTO: NPUNOXMMWTE KaPTY K CHUTRIBATENHD,
CAenaTh BbIAOX, AOHOATLCA PE3yNbTaTa U HFIOﬁ'IH.

HENDBEK B MHHYTY

NET BECMEPEEOMHOA PABOTEI

Nk

sales@lsystems.ru
alcoramca.ru

CEKYHOA

KPYTNOCTOYHAR PABOTA

AA3EPHbIE (
CUCTEMBbI

i g

WAHOW  CTPYKTYpbl MpPOBOAWTb  TeCTw-
pOBaHME Ha anKkorofb MpWU  HU3KKUX
TemnepaTtypax. TO pelleHue akTyaibHO
ONS  NpeanpuaTui, rae npeobnagaet
MWHyCOBas Temmepatypa W CKBO3HSKM,
Hanpumep B Wwaxrax.

ANKOpaMKK Takoke MOryT obnagatb
pa3HOM MPOMYCKHOM CMOCOBHOCTLIO — OT
15 A0 25 4enoBek B MUHYTY — 1 noabupa-
0TCS VHAMBUAYANbHO NOA Npeanpusatue
B 3aBMCMMOCTM OT TMPOXOAMMOCTV Ha
KMM wn 4ncneHHoctn nepcoHana. [pa-
BWbHO NOA06pPaHHOE YCTPOWCTBO MO3BO-
NSAET MOMHOCTLIO UCKIIOUYNUTL OYepean Ha
MPOXOHON.

AO «JlazepHble CMCTeMbI» NpuUrnaLlaert
Ha CBOW BbICTABOYHbIN CTEHJ HA BLICTABKE
poCcuckoro  dopyma «MuKpO3NeKkTpo-
HUKa-2023» BCeX XenatLmx, YyTobbl npo-
TeCTMpoBaThL ankopamky M JMYHO Y6e-
AMTbCS B ObICTPOAENCTBUM ee paboThl
M TOYHOCTU M3MEPEHWIA.

+7 (812) 612-02-88
Isystems.ru
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