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lNpusodamcs pe3yrbmambi uccriedo8aHUsi OMKPbIMbIX JTy4ernpo8odo8 MowHo20 uarydeHusi CO-nasepos. Vimuma-
uusi meriosbiOesieHUs1 8 KaHarie MOWHOZ0 fy4Ka npou3eoournachk C MOMOWbLIO MPOMSKEHHOU arieKmpuYeckol criuparu.
UccriedosaHuro nodsepearicsi 80/1Hogoul ¢hpoHm (B®) umumaytioHHo20 uarnydeHust Ha onuHax eoriH 0,63 Mkm u 5,4 MKm.
Peaucmpauus B® riposodurnacb MHO2030HHbIM U3MepUmerieM 80riHo8020 ¢hpoHma muna LLlaka-lapmmana.

Knroueenble csioea: omkpbimbill fy4enposod, mepMobtoMuUHe, MHO2030HHbIU U3Mepumersib 80/1HO8020 (hpOHMa,
pacxod ocywéHHO20 2a3a, yCPeOHEHHBIL KO3ghghulyueHm roaioweHUst (MenmiosbiOenneHusl).

The study results of high-energy CO-lasers open beam guides are provided. The simulation of heat emission in channel
of powerful beam was carried out using the extended electrical helix. The wavefront (WF) of simulated beaming was studied at
0.63 um and 5.4 um wavelength. The WF recording was done by mulfipoint wave front meter of Shack-Hartmann type.

Keywords: open laser beam guide, thermoblooming, multipoint wave front meter, dry gas consumption rate, average
absorption (heat emission) coefficient.

[IpuBoasTCS pe3ynbTaThl SKCIIEPUMEHTAIBHBIX NCCIEIOBAaHUN abeppauuii pyu TPaHCIIOPTUPOBAHUN MOIII-
HOT'O JIa3epHOTO0 M3Ty4eHHs Yepe3 JIy4elpoBOJl C OTKPBITHIMU TOPLIaMH. ABTOPaMH IPEIUIOKEH U ONPOOHPOBaH
MeToJl (PU3MYECKOTO MaKETUPOBAHMSI TETJIOBOTO CAMOBO3/ICHCTBHUS MOIITHOTO JIa3€PHOTO U3IIyUCHHUS C TOMOIIBIO
JNEKTPUUECKON crupand. [IpuBOIATCS pe3ynbTaThl HCCIIEIOBAaHUS BOJHOBOTO (PPOHTA JTA3EPHOTO HM3ITyUYCHHS
MIPH Pa3IMIHBIX MOITHOCTSX TEIDIOBEIIEICHUS B aTMOC(EpHBIN KaHal JrydenpoBoa. [loka3zaHo, 9To mpu HaIITy-
BE CYXUM ra3oM (a30TOM) pealn3yIoTcs JIBa IyTH CHIKECHUS a0eppanuii: 3a c4€T HETPEpBIBHOTO BRIHOCA TEILIA
U3 Jy4enpoBo/ia, U 3a cYéT cHIKeHUs kodddupenTa nornouenus. OnpeneneHsl IpenesibHO JOMYCTHMbIE Be-
JIMYUHBI TOTJIOMIEHHS (TETUIOBBIACTICHNSI HA TIOTOHHBIA METpP), HA OCHOBAHMHU KOTOPBIX yNIAIOCh CHPOpMYIHpO-
BaTh TPeOOBaHMS K yCIOBHSAM HaJTyBa — MHHAMAJIBHBIA Pacxo[ rasa, CTeNeHb ero ocymenus. [IpoBeaéHHbIE
UCCJIEJOBaHNsI IO3BOJIMIIM C(hOPMYIIMPOBATh OOIEMETOANYECKUH MOIXO0/ JJIsl CHIDKEHUsT abeppaluii, BbI3BaH-
HBIX TEIUIOBBIM CaMOBO3JICHCTBHEM B OTKPBITHIX JIy4EHNPOBOIAX JJIsl JTF000T0 TUIIA JIA3EPHOTO M3JTyYEHHS.
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STUDY RESULTS OF HIGH ENERGY LASER BEAMS
TRANSPORT MEANS MOCK-UP MODELS

V.S. Denkevich, Y.l. Malashko, A.V. Sakerin

The results of experimental studies of aberrations during the transport of the high-energy laser emission
through the beam guide with open ends were provided. The authors suggested and tested the physical modeling
method of high-energy laser emission thermal self-action by means of electrical helix. The study results of laser
emission wavefront at different energy outputs of heat emission to the atmospheric channel of the beam guide are
given. It was demonstrated that during pressurizing of dry gas (nitrogen) the two ways of aberration reduction are
realized: by means of continuous heat efflux from the beam guide and by means of absorption coefficient
degradation. The maximum permissible values of absorption were defined (heat emission per running meter) on
the base of which it was managed to lay down requirements to pressurizing conditions — minimum gas consump-
tion and its desiccation (dehydration) degree. Conducted studies permitted to formulate general methodological
approach for aberrations reduction induced due to thermal self-action in open laser beam guides for any type of
laser emission.
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lNpedcmaeneHbl akycmoonmudeckue 0eghrieKmopbl U PEXUMbI YrpasneHusi sla3epHbIM My4YKOM Ha UX OCHOSE,
ro3sonsioujue ¢ 8bICOKUM bbicmpodelicmeuem yrpassimb yar08biM POCMPaHCMBEHHbLIM MOMOXEHUEM J1a3epHO20
MydKa, Ymo OmKpbIeaem HOBbIe MEPCEKMUBHI UCIO0/Ib308aHUSI CKaHamMopPo8 Makoao mura 8 /1a3epHbIX U OfMmuUKo-
3MIEKMPOHHbIX cUCmeMax HaseOeHUsl, COMPOBOXOEHUS], CKaHUposaHUs U darbHoMempuu. [Toka3aHo, 4mo 8 pexume
JIuHeliHo20 YacmomHo-MOOYyIUPO8aHHO20 YrpasnstoLeao cugHara, nodeoduMozco K 08YXKOOPAUHAMHOMY aKyCmOoomnmu-
yeckoMy Aechriekmopy, Mosiernsiemcsi 603MOXHOCMb MOYMU MeHOBEHHOR0 yripaereHusi duagpammoll HarpasieHHocmu fa-
3epHO20 Myy4Ka om AugbpakyUoHHOU pacxodumocmu A0 ro/IHO20 pa3Mepa y2r108020 Mosis, hopMUPyeMO20 OeqhrIEKIMOPOM.
[ModpobHO paccMompeHO OOHO U3 803MOXHbLIX MPUMEHEHUU aKycmoonmu4YecKo20 ckaHamopa 8 kadecmee Obicmpo-
delicmayrouie20 KoppeKkmopa yarnosbix oWUboK rpusoda npu asmomMamu4eCcKoM COMPOBOXOEHUU 0bbeKkma Criedsawum
JasepHbiM 0arbHOMEPOM, pabomarouuM 8 Cocmase OrMUKO-3/IEKMPOHHO20 MPUUETbHO20 KOMIT/IEKCa.

Knroyeeble crioga: npocmpaHCMEEHHOE yrpaerieHue NasepHbIM My4KOM, akycmoornmudeckuli Oeghriekmop,
6bicmpodelicmeyrouiee ckaHuposaHue, duazpamma HarpaeeHHOCMU J1a3epHO20 fydKa, ConpPoBOXOeHUE 06LEKMOB.

The acoustooptical deflectors and laser beam control modes on its base were presented that permits to control the laser
beam attitude with high-speed performance that opens up new vistas of such type scanators using in laser and optical pointing
(quidance), tracking, scanning and ranging systems. It was demonstrated that in linear frequency-modulated control signal,
delivered to two-dimensional acoustooptical deflector, the possibility of the near instantaneous control of the laser beam
directional pattem from the diffraction divergence to the total size of field angle, formed by the deflector, arises. It was
examined in details one of the possible applications of acoustooptical scanator as a fast-acting corrector of the drive angular
errors at automatic object tracking by the laser ranging system operating as a part of electro-optical aiming complex.

Keywords: spatial (three-dimensional) laser beam control, acoustooptical deflector, fast-acting scanning, laser beam
directional pattern, objects tracking.

JIOCTUTHYTBIN B TIOCJIETHHIE OBl IIPOTPECC B MCCICIOBAHUSIX aHU30TPOITHBIX aKyCTOONTHYECKUX JTe(IIeK-
TopoB (AO/]) Mo3BOJISIET MPU3HATH UX MEPCHCKTUBHBIMU YCTPOWCTBAMH JUISL UCTIOJIL30BAHKS B JTA3EPHBIX CHCTE-
Max pa3lMYHOrO HA3HAUCHHMS: JIA3EPHBIX JIOKATOpPAX, CUCTEMax TEIICOPUEHTAIMU, CKAHUPYIOUIUX J1a3€PHBIX
JATbHOMEPAaX, CUCTeMaX MOCAKH JICTATeNbHBIX anmnaparoB U T.1. OcHOBHbIME npeumytiecTBamu AO/ sBIsIIOT-
Csi: BBICOKAs YIJIOBasg CKOPOCTh Pa3BEpPTKH JIA3ePHOTO Iydka, gocturaromas 1000 pan/c, BEICOKas TMHEHHOCTh
npeoOpa3oBaHUsl «4aCTOTA-YTroJl OTKIOHEHHUS», OTCYTCTBUE MEXaHUYECKUX Y3JIOB B CUCTEME Pa3BEPTKH, Majble
rabaputhl u dHepromnorpednenne. Takolk HAOOP MPEUMYIIECTB MO3BOJISET CO3/aBaTh OTKIIOHSIOIINE CHUCTEMBI,
pa60TalOLlII/le B CJIOKHBIX YCJIOBHUAX OKCIITyaTallMu — B KOCMHUYECKUX CUCTEMAX, B YCIOBUAX CHUIIBHBIX Bl/I6paLII/l-
OHHBIX HAarpy30K M pabOTAIOIIUX B IIMPOKOM TEMIICPATYPHOM JHaIa30He.

[IpuMeHeHre aKyCTOONTHISCKUX Ae(hIEKTOPOB B TAIbHOMEPAX ¢ BO3MOYKHOCTBIO JIOCICIKHBAHUSI LIEITH CYIIIC-
CTBEHHO IIOBBIIIACT MX TAKTHKO-TEXHUUYCCKHE XapaKTCPHCTHKH: O00CCICUYMBACT TOYHOEC HABEJCHHUC HA Mallopas-
MEpHYIO WM IOJBIDKHYIO IEINb, TO3BOJSIET KOMIICHCHPOBATH OMIMOKM MEXAaHUYECKOIO IMPHUBOJA, HA KOTOPOM
YCTaHABJIMBACTCS OCHOBHOW ONTHKO-3JICKTPOHHBIN KOHTYp, YBEIHMUYUBACT MPOCTPAHCTBEHHOE pa3peIICHHE Jallb-
HOMEpa, 4TO MO3BOJISET CYIIECTBEHHO YIIPOCTHThH AJITOPUTMBI HICHTU(DHKAIIMH 1IeJIeH, KOT/1a B 10JIe 3pSHUs MpHU-
€MHOM YaCTH JajJbHOMEPA OKa3bIBAIOTCS 9XO-CUIHAIIBI OT 0OBEKTOB, HAXOISIMXCS HA PA3JIMYHOMN JaTbHOCTH.
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LASER CONTROL, POINTING AND SCANNING SYSTEMS

U.l. Zelenuk, L.N. Kostyashkin, V.P. Semenkov, D.A. Bondarenko

The progress in analysis of anisotropic acoustooptical deflectors (AAD) achieved in recent years permits to
recognize them as perspective devices for using in laser systems of different purposes: laser locators (LIDAR),
telepositioning systems, scanning laser ranging systems, aircraft landing systems etc. The main advantages of
the AAD are: high angular sweep speed of laser beam up to 1000 rad/sec, high linearity of frequency-angle of
deflection transformation, absence of mechanical engineering assemblies in sweeping system, small size and
energy consumption. Such a set of advantages permits to design beam-deflection systems operating in severe
conditions — in space-based systems in conditions of hard vibratory loads and operating in wide temperature limits.

The using of acoustooptical deflectors in rangefinders with extratracking possibility essentially increases its
operational performance: provides pinpoint guidance on small or moving target, permits to compensate errors of
mechanical drive on which the main electro-optical assembly is mounted, increases the spatial resolution of
rangefinder that permits essentially simplify the target identification algorithms when there are return signals from
objects at different ranges in the field of view of the rangefinder receiving part.

BECTHUK BO3YLUHO-KOCMUYECKOIA OBOPOHbI N2 3 (7), 2015 r.



CEKUMA: NASEPHBIE CUCTEMbI NEPEAAYN SHEPTMU U UX JIEMEHTbDI

YK 535:621.373.8:6
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Cmambs siensemcsi Hay4Ho-ucmopudeckum 063opom pabom MAO «HINO «Anma3» 6 obriacmu co3daHusi cucmem
popmMupoBaHUsT  MOWHO20 Jla3epHO20  U3rlydeHUsi Onsi slabopamopHbIX  CMeHO08bIX cucmeM U N1a3epHbIX
Komririekcos. [Moka3aHa eedywasi ponb «Arimvasa» 8 pa3sumuu MeopemuyecKUx OCHO8 U MEexXHoMoauU co30aHusi cucmem
hOPMUPOBAHUST MOUHBIX JIA3EPHBIX TyHKO8 U UX 3/TeMEHIMO8.

Knroyeenle crnoea: cucmema chopMuposaHUsi, CUII080€ 3epKario, MOUWHOE Na3epHOe U3flydeHuUe, yaroeasi pacxo-
oumocme.

The article represents academic and historical overview of the PJSC «Almaz R&P Corp» works in designing of high
power laser beams generating systems for laboratory, testbed systems and laser complexes. The leading role of the «Almaz»
in developing of theoretical basis and technologies of high power laser beams generating systems and its elements was
demonstrated.

Keywords: generating system, power mirror, high energy laser emission, angular divergence.

MAO «HIIO «AnMa3» mM. akagemuka A.A. PacietnHay B TedeHue Ooinee dem 60 JeT U3BECTCH BCEMY
MHpPY KaK pa3padOTYMK 3eHUTHO-PAKETHBIX KOMIUIEKCOB, IPEBOCXOIAIINX 110 CBOMM XapaKTEPHCTHKAaM BCE M3-
BecTHbIE aHajoru. Ho mump ¢ Havanma 90-x rogoB MUpY CTallo M3BECTHO, YTO «AJIMAa3» SBISIETCS TOJIOBHBIM
HPEANPUATHEM TI0 Pa3pabOTKE MOIIHBIX JAa3€PHBIX KOMIUIEKCOB HA36MHOTO M aBHAILIOHHOTO Oa3MpOBaHM,
CPaBHUMBIX 10 XapaKTEPUCTHKAM KOMILIEKCOB ¢ pa3padorkamu CIIIA.

Ha panHux srtamax co3maHusi ja3epHbIX KoMmiuiekcoB (60-70 romwr), dynnamenransHas Hayka (DMAH
CCCP, I'OA um. C.11. BaBunora, ®PUAD um. U.B. Kypuarora, UIOA AH CCCP) onpeznensiyia IpUHIMIIBI [O-
CTpOEHHMsI cucTeMbl (popMHUpOBaHUS U €€ IeMEeHTHOH 0a3pl. OIHOBPEMEHHO B «AJIMa3e» CO3/aBaiach HaydHas
mkona akagemuka A.A. Pacruietuna, npogosmkaTtenu — akagemuk b.B. bBynkun, a.1.1.: T.P. bpaxman, JL.H. 3a-
xapbeB, H0.A. Konses, A.A. JlemaHckuii 10 j1a3epHBIM KOMILUIEKCAaM, CHCTEMaM HaBeleHHs U (hOPMHUPOBAHUS
JIa3epHOTO U3ITyUYCHUSI.

PazpaboTka u uccienoBanus cucreM (OPMHUPOBAHUS ITPOBOAMINCH B OCHOBHOM B CIIEAYIOIINX HarpasJiie-
HUSIX:

— CO3JJaHHME OXJIAXKIaeMOH METAJTIOONTUKH, B TOM YHCIE KpyIHOrabapuTHO! 1 acheprudecKoi;

— CO3/1aHHE CHCTEM OXJAXKICHUS CUIOBON METAIIOONTHKH;

— CcO3/1aHHE CUCTEM (POPMHUPOBAHMS U UCCIEJOBAHUE HX XAPAKTEPUCTHUK;

— HMCCIIE/IOBaHUsI ICTOYHUKOB U MEXaHM3MOB BO3MYIIIEHHS BOJIHOBOTO (DPOHTA JIA3€PHOTO U3ITYUCHHUS;

— CO3/IaHHe MaTeMaTHYECKUX Moesel cucteM GopMHUpOBaHus;

— CO3[1aHHE TEOPETUYECKUX OCHOB CHCTEM (DOPMHUPOBAHUSI JIA3EPHBIX MYYKOB HEAN(PPAKIIMOHHOTO Ka4eCTBa,;

— CO3/1aHHE CHJIOBBIX aJIalITUBHBIX ONTHYECKHX CUCTEM allepTYPHOTO U (ha30BOI0 CONPSIKEHUSI.

Takum oOpa3om, «AMas» B HAacToOsIIEE BPEMs CTaJ HE TOJIBKO KOMIUIEKCOOOPa3yIOUIMM IpENIPHUSITHEM,
HO M co3jaTenieM HEOTheMJIEMOW 4acTH JIa3epPHBIX KOMIUIEKCOB — cucteM (opmupoBanus. Co3aHne cucteM
(hopMHpOBaHMS MOIIIHOTO JIa3€PHOTO M3Iy4eHHs 00ECTIeUnBaIIO TOCTIKEHHUS BBIIAIOLINXCS PE3YNIBTaTOB Jla3ep-
HBIMHM KOMIIJIEKCAMH Ha3€MHOTO M BO3IYIIHOTO 0a3MPOBAaHUs, B KOTOPHIX «AJMa3» SIBISUICSA TOJOBHBIM IIpel-
HPUSTHEM.

B crartee u3nararorcs OCHOBHBIE JOCTIDKCHUS B CO3JAHUM CHUCTEM (POPMHPOBAHMS MOIIHBIX JIA3€PHBIX
MY4KOB.
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THEORY AND EXPERIENCE BACKBONE OF HIGH ENERGY
LASER BEAMS FORMING SYSTEMS -
THE FORTUNE OF «ALMAZ»

(academic and historical sketch)

Y.l. Malashko, P.A. Sozinov

The PJSC «Almaz R&P Corp» named after the academician A.A.Raspletin has been known for more than
60 years to the world as a designer of surface-to-air missile systems superior in its characteristics of known
analogues. However only in the beginning of 90" the world got known that the «Almaz» is a leading enterprise
in designing of ground-based and airborne high energy laser complexes comparable in its performance to the
US ones.

At early stages of laser complexes designing (60—70"‘) the fundamental science (the USSR Physical Institute
of Academy of Sciences, State Optical Institute n.a. S.I. Vavilov, Physical Institute of Atomic Energy n.a. I.V. Kur-
chatov, the USSR Atmosphere Optics Institute of Academy of Sciences) determined design concept principles of
the system and its element base. At the same time the A.A. Raspletin Scientific School had been established in
the «Almaz», successors — the academician B.V. Bunkin, Dc.Sc.in engineering T.R. Brahman, L.N. Zahariev,
U.A. Konyaev, A.A. Lemanskiy in the area of laser complexes, laser pointing and generating systems designing.

The research and development works on laser beams generating systems carried out mainly in the following
directions:

— Designing of cooled metal optics including large-size and aspheric optics;

— Designing of power metal optics cooling systems;

— Designing of generating systems and its characteristics analysis;

— Laser wave-front disturbance sources and mechanism analysis;

— Development of generating systems mathematical models;

— Theoretical basis development of nonediffraction laser beams generating systems;

— Designing of power adaptive optical systems of aperture and phase conjugation.

Therefore the «Almaz» nowadays has become not only the parent backbone enterprise but the designer of
integral part of laser complexes — laser generating systems. The designing of high energy laser generating sys-
tems provided the achievement of outstanding results of ground-based and airborne laser complexes in which the
«Almaz» is the leading enterprise.

The article states main achievements in designing of high energy laser beams generating systems.
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BebironHeHo uccriedosaHue xapakmepucmuK UMITYIbCHO-IEPUOOUHEeCKo20 darlbHoMepa Ha 1a3epHoM 0uode Orist us-
MepeHus1 paccmosiHull 8 duanasoHe 1... 200 m ¢ rosbieHHoU Yacmomoli uamepeHust 500...1000 y. ToyHocmb u3Mepe-
Husi (CKO) cocmaensem 3 cm e duana3oHe paccmosiHul 1...10 M u 5 cm 8 uanasoHe paccmosHut 10...70 M npu pabome
1o Augbghy3HoU roeepxHocmU.

Knroyeenble cnosa: 0arnbHoMeEp, nia3epHbili OUOO, 8PEMST USMEPEHUS.

The performance analysis of pulse-periodic rangefinder on laser diode performance was conducted for distance
measuring in ranges 1.....200 m with high measuring frequency 500...1000 Hz. The measurement accuracy (RMS errors) is
3 cmwithin 1...10 m distance range and 5 cm within 10...70 m distance range at operation on diffuse surface.

Keywords: rangefinder, laser diode, measurement time.

Vcnonp30BaH Ja3epHBId JHOA C JUTMHOW BOJHBI M3mMydeHUs 905 HM M MMITyJTCHOH ONTHYECKOH MOIIHO-
cteio m3myueHns 60 Bt. Yactorta ciemoBanus mmiryiascoB 10 kI, pacxogumocTs m3nmydeHus 6 mpazn. Cxema
YIPAaBJICHUS TOKOM HAKaYKH JIA3€PHOTO MO/, BHIMOJHCHHAS HA JIABUHHOM Tpan3uctope ZTX415 [1], obecre-
YuIa JUTUTENBHOCTh (PPOHTA UMITySIbca ToKa MeHee 4 He rpu amiuutye 40 A. @otonpuéMHoe yCTPOHCTBO BbI-
TIOJIHEHO Ha JIABUHHOM (DOTOIMOJIE C UYBCTBUTEIBHOCTBIO 75 A/W n ycuiuTele ¢ peryJimpyeMbiM KodQduireH-
TOM YCHJICHHUS C 0OPaTHOM CBSA3bI0 OT MUKOBOTO AETEKTOPA JUIsl CTA0MIN3AMH aMIUIUTYAbI BEIXOJHOTO CHTHAJIA.
Juanaszon perymuposku koddduimenta ycunenus 40 n1b. [l oGecrieueHnss BpeMEHHOM NPHUBSI3KM MMITYJIbCa
UCIIONIb30BaH TUCKPUMHUHATOP C TUddepeHIMpyIoleil 1 HHTErpupyIolel nenodykamu [2] ¢ U3MEHsIEMbIM YPOB-
HEeM cpabaThIBaHUS KOMIApaTopa B 3aBUCHMOCTH OT aMIUIUTYABI cuTHaia. Vi3Mepuress BpeMEHHBIX HHTEPBAJIOB
coOpaH Ha Bpemsi-nnppoBoM npeodpazoBarene TDC-GP2. Tuckper oTcuéra paccrossHus coctasma 1,5 M. s
MOBBILICHUSI TOYHOCTH OINPENENICHNS AaJbHOCTH HCIOJIb30BaHO YCPEAHEHHE Pe3ynbTaToB 1o 10 m3MepeHusM.
Hutepodeiic cBs3u ¢ notpedbutenem RS-232 (485, USB), Hanpspkenne nutanus 12 B, moTpebisiemass MOIIHOCTb
1o 4 Br. Jlnana3on u3mepenus pacctossaus 1...200 M, ommbka He GoJee £5 cM Ha paccTosHUAX a0 50 M mpH
n3MepeHusix 1o 1uddQy3Hoil TOBEPXHOCTH.

[To cpaBHEHHIO ¢ M3BECTHHIMU 00pa3LlaMH JaJIbHOMEDP MMEET Majoe BpeMsi u3MepeHus: 1 Mc, HeOOoJIbIyIo
OLIMOKY U3MEPEHUsI PACCTOSIHUS +5 CM M TIOBBILIEHHYO YacTOTY Bbiaun uHpopmaruu 1000 I,
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DESIGNING AND PERFORMANCE ANALYSIS
OF PULSE-PERIODIC RANGEFINDER WITH HEAD
ON LASER DIODE

A.P. Mineev, N.F. Glustchenko, M.M. llyichev, A.M. Maksimov, S.M. Nefedov, A.V. Semenov,
V.N. Slobodchikov, A.V. Stepovoy

The laser diode with emission wavelength of 905 um and 60 W pulse optical power was used. The pulse-
repetition rate is 10 kHz, laser emission divergence is 6 mrad. The current-operated circuit of laser diode pumping
is performed on ZTX415 [2] avalanche transistor that provided the current impulse front time less than 4 nsec at
40 A amplitude. The photodetector is performed on avalanche photodiode with 75 A/W sensitivity and on amplifier
with adjusted gain with close-loop from peak detector for output amplitude stabilization. The adjustment range of
gain factor is 40 dB. To insure the pulse timing the discriminator with differentiating circuits and capacitance inte-
grators [3] are used with variable actuation level of comparator depending on signal amplitude. The time-interval
counter is assembled on TDC-GP2 time-digital converter. The least distance counting is 1,5 cm. For range accu-
racy the averaging of results in 10 measurements was used. The communication interface with RS-232 (485,
USB) load, supply voltage 12 V, consumed power up to 4 W. Distance measurement range 1...200 m, error is not
more than £5 cm at ranges up to 50 m during measurements on diffuse surface.

In comparison with known items the rangefinder has a small measurement time of 1 ms, insignificant range
measurement error =5 cm and enhanced frequency of information output 1000 Hz.
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UccriedosaHbl 8bIXOOHbIE XapakKmepucmuku U3ry4YeHus U napamemps! akmusHol cpedbi CO-ra3epos, 8036yx-
Oaembix wupokoanepmypHbiM BY paspsidom (40,68 MIy) Ha ocHose mpéx rnaHapHbIX KOHCMPYKUUU ¢ pasmepom
rnasmbi: moderib A — (3x40x400 mm); b — (2,7x38x485 mm); B — (2,7x40x375 mm). JocmueHyma cpedHsisi MOUJHOCTb
usrnyqeHusi bonee 70 Bm ¢ Kri ~10% Ha dnuHax eonH 5,3-6,0 Mkm. [JocmuzHyma cpedHsisi 8bIXOOHasi MOWHOCMb
CO-nasepa 0,2 Bm npu KIM4~0,2% e obriacmu 2,6—3,0 MkM Ha 06epmoHHbIX nepexodax rpu KPUOZEHHOM OX/1aXX0eHUU.

Knroyesnbie cnosa: nnaHapHbil nasep, BY pa3psd, onmudeckutl pe3oHamop.

The output emission characteristics and active medium parameters of CO-lasers excited by the wide-aperture radio
frequency (RF) discharge (40.68 MHz) on the base of three planar structures of plasma size: A model (3x40x400 mm);
B model (2.7x38x485 mm); C model 2.7x40x375 mm) were examined. The average emission intensity was reached of more
than 70 W with efficiency ~10% at 5.3-6.0 um wavelength. The average CO-laser output power of 0.2 W was reached at
~ 0,2% efficiency in area 2.6-3.0 um on overtone transitions at cryocooling.

Keywords: planar laser, RF discharge, optical resonator.

Pa3pabotan u n3rorosieH mianapHeid CO-1a3ep ¢ aBTOHOMHBIM OJIOKOM, 00€CIIEYHBAIONINM OXJIQXKICHIE
anexrponos BY paspsna (40,68 MI'u) B TemneparypHoMm auanasode -80...-25° C. AKTuBHas cpeza jasepa —
[IMPOKOANEePTypHAs (27x40x400 Mm) HU3KOTEeMIIepaTypHas 1a3Ma ¢ Auhdy3noHHBIM OXJIaXICHHEM 0e3 po-
KaukM raza. B ymasepe ucronp30Baiuch rHOpUAHBIE BOJTHOBOAHO-HEYCTONYNBBIE ONTUYECKUE PE30OHATOPHI, KaK
MOJIOKHUTEIBHOM, TaK U OTPULIATSILHON BETBH TuUarpaMmsbl yctoitunBocty [1-3]. KondokanbHbIe cXeMbl pe30Ha-
TOpPOB 00pa30BaHbl CHEePHUUECKUMHU MEIHBIMU W/MJIM MHOTOCIIOWHBIMH JIHAJIEKTPUYECKUMU 3epkaiamu (Ha Ge) ¢
ko3 dunnentamu orpaxeHus ~99%. Kpome Toro npuMeHsuIicss yCTOHUYMBBIA PE30HATOP C TIIyXUM JHAJIEKTpUYe-
CKUM 3€pKaJloM, HMEIOIINM PaNyCc KPUBHU3HBI 5 M M oTpaxkeHHe ~99%, BBIXOJHOE JHAIEKTPUUECKOE 3EPKAIIO
KOTOpOro uMeno npomyckanue 4% wunu 8% [4-6].

HccnenoBanbl 3aBUCHMOCTH BBIXOAHOW MomHoctd CO-na3epa OT NMapUUalibHOTO COCTaBa M BEITMYHMHBI
nmaBienus nasepHoit cmecu CO:N,:He:Xe:O, B obmactu 30-60 Top; oT TeMmepaTypsl 3JIEKTPOIOB pa3psia B
nuaraszone ot -80 mo -25° C; ot BenmunHbl BKIamsiBaemoit BU mormaoctr 100 — 700 Br. [TocTurHyTa CpeaHssa
MorHOoCcTh m3nmydenus 6onee 70 Bt ¢ KITJ] ~10% na mmmHax BoiH 5,3 — 6,0 MKM, Kak B HEIPEPBIBHOM, TaK H B
HUMITYJIbCHO-TIEPUOINIECKOM pexiMe paboTsl ¢ yacToToi moBTopenus 1000 ', ckBaxuOCTRIO 50% M1 NMazep-
HoMt cMmecu TazoB CO:N,:He:Xe:0,=2:2:15:1:0,2 npu naBnenuu 60 Top.

IIpoBenena oreHKa HEHACBHIIIEHHOTO KOA((UIIMEHTa YCHUICHNS CTI0cO0aMHt, U3JI0KEHHBIMU B JINTEPATYpPE
[7, 8]. Tomyuens! 6:1M3KHE 110 3HAUCHUIO BEIMUMHBI HEHACHIIIEHHOr0 Kod(durmenta ycunenus 0,4 u 0,5 v
COOTBETCTBEHHO NPH MOIIHOCTH Hakadku ~200 Bt u remnepatype anexkrponos -70 C.
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PLANAR CO-LASER WITH RF PUMPING

A.P. Mineev, S.M. Nefedov, P.P. Pashinin, P.A. Goncharov, V.V. Kiselev, A.P. Drozdov

The planar CO-laser with self-contained unit was designed and assembled which provides HF discharge
electrodes cooling (40.68 MHz) in temperature range -80...-25 °C. The laser active medium — wide-aperture
(2'3x40x400 mm) low-temperature plasma with diffusion cooling without gas pumping. The hybrid waveguide-
unsteady optical resonators were used in laser both positive and negative leg of stability diagram [1-3]. Confocal
resonators circuits are made of spherical copper and/or multilayered mirrors (on germanium, Ge) with ~99%
reflection coefficient. Moreover the stable resonator with cavity end dielectric mirror of 5 m curvature radius and
~99% reflection, the output dielectric mirror of which had a transmission of 4% or 8% [4—6].

The dependence of CO-laser output power from partial composition and pressure value of CO:N:He:Xe:0;
laser mixture in 30—60 torr area was examined; from discharge electrodes temperature in range -80 °C go -25 °C;
from enclosed HF power value 100-700 W. The average emission intensity was reached of more than 70 W with
efficiency ~10% at 5.3—6.0 ym wavelength both in continuous and pulse-periodic operation mode with repetition
frequency 1000 Hz, 50% relative pulse duration for gases laser mixture CO:N2:He:Xe:0,=2:2:15:1:0.2 at 60 torr
pressure.

The unsaturated gain factor was estimated by methods stated in [7, 8] sources. The close values of unsatu-
rated gain factor were obtained 0.4 and 0.5 m™ at ~200 W pumping power and -70 °C electrodes temperature.
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OkcnepumermaribHo uccredosaHsl napamempsi UanydeHus rnaHapHoeo COx-1a3epa ¢ UMITYIbCHO-MepuoduYeckoll
HakaykoU Ha Yacmome 2,45 Ty, u npodonsHot druHol pa3psidHozo ripomexymka 250 u 470 mm. [JocmueHyma cpedHss
MowHocmb eeHepayuu 61 Bm u rukogasi MouwHocmb okosio 1300 Bm Ha OnuHe 8osiHbI uarydeHusi 10,6 mMkm. Briepebie aKc-
repuMeHmarbHo rosyqdeHa 2eHepayusi 8 CO- u Xe-nasepax nnaHapHoU koHcmpykuuu ¢ CBY-Hakaukod. [JocmueHyma
CPeOHsIsT 8bIXOOHas MOWHOCMb Jfla3epHO20 U3rydeHusi 1 Bm Ha OnuHax eoriH 5-6 mkm (CO-ntasep) u cpedHsisi 8bIxOOHast
MOWHOCMB J1a3epHo20 u3syyqeHusi 0,1 Bm (umrnyrnbcHas MowHocmb 2,5 Bm) Ha dnuHax eosiH 2,03 u 2,65 Mkm (Xe-nasep).

Knroyeenble croea: rinaHapHbil 60riHO0800HbIU UK-nasep, CBY-paspsid, pe3oHamop.

The emission parameters of planar COxlaser with pulse-periodical pumping at 2.45 GHz and longitudinal length of
discharge gap 250 and 470 mm were experimentally studied. The average lasing (generating) power of 61 W was reached
and peak power of about 1300 W at 10.6 um emission wavelength. For the first time the lasing in CO- and Xe-lasers of planar
design with microwave (MW) pumping was experimentally obtained. The average laser output power of 1 W was obtained at
5-6 um wavelength (CO-laser) and average laser output power of 0.1 W (2.5 W pulse power) at 2.03 and 2.65 um wavelength
(Xe-laser).

Keywords: planar waveguide IR-laser, MW discharge, resonator.

OKCIIepUMEHTaIbHO HCCIEOBAHBl XapaKTePUCTUKH MHPpaKkpacHHIX Ja3zepoB ¢ CBU-nakaukoit (2,45 I'T)
B 3aBUCHMOCTHU OT BEJIMYUHBI BKJIAJBIBAEMON MOIHOCTH, COCTaBa M JaBJICHHUS T'a30BOW CMECH, YaCTOTHI TIOBTO-
PEHHS U [UIUTEIBHOCTH MMITYyJIhCOB Hakaukd. KoHCTpykims muranapHoro sazepa ¢ CBU-nakaukoit u nuddys3u-
OHHBIM OXJIAKICHHEM aKTHBHOW Cpe/bl 0e3 MPOKaYKy ra3a MpecTaBiieHa B padorax [1, 2].

s CO,-ma3zepa JOCTHTHYTa BBIXOJHAS MOIIHOCTH M3mydeHHUs 25 u 43 BT, COOTBETCTBEHHO, I IEPBOTO
(pa3mep akTuBHOHM cpenbl 2x25x250 MM) u BTOporo (2x30x470 MM) J1a3epoB MpH ONTHMAIHHOM OABJICHUU
30 Top. Ipu ciaboii mpokayke raza (oxojo 0,1 ji/cex) moydeHa MOIIHOCTD JIa3€PHOTO M3JIYyUYCHHS IS TIEPBOTO
1 BTOporo nazepos 37 u 61 Bt, cooTBeTCTBEHHO, Npu onTuMaibHoM aasienun 50 Top [2].

B skcnepumeHTax BHepBble MOTydeHa reHepanus B maHapHoM CO-naszepe ¢ CBU-nakaukoit 1u1st pa3psa-
HOTO TpoMexyTka 2x25x250 MM npu Ttemmeparype smekrpomoB -50° C. Hcmonb3oBanack ra3oBas CMecCh
CO:N,:He:Xe:0,=2:2:15:1:0,2 npu naenenuun 30 Top. UmmynbcHas MoUIHOCTh Hakauku coctasisiia 1400 Br,
4acToTa UMITYJIbcoB Hakauku — 1000 ['u, puurensHOCTH UMITYJIbCOB Hakauku - 100 Mmkc. B xozne skciepumMeHTOB
MOJTy4YeHa CPeIHSA BBIXOJHAsI MOITHOCTh m3nydenuss CO-nazepa ~1 Bt B ob6mactu 5,3 — 6,0 mxwm [3].

BriepBrie moydeHa reHepanus B IuiaHapHOM Xe-nasepe ¢ CBU-nakaukoit Ha wacrore 2,45 I'T'n. T'enepa-
U TIOJTyYeHa TIPH Pa3NIMYHBIX cocTaBax pabodei cmecu razoB Ar:Xe:He (mo0OaBka renus CyIIeCTBEHHO YIIyd-
IIaeT TEII00TBO ) B Anamna3one aasieHuit 30 — 120 Top, npu IMTENTFHOCTH UMITYJIbCOB Hakadku 20 MKC U 4a-
crortax mosropeHus a0 20 kI'. Cpegssist MOImHOCTH Hakauku coctaBuia 100 BT. Jlocturayta MOITHOCTH Jiazep-
Horo m3nydeHus ~100 MBT Ha amunaax BosH 2,03 u 2,65 MKM. YCTaHOBJIEHO, YTO M3MEHSS COCTaB CMECH Ta30B,
MO>KHO IlepepacipeaessiTh MOIHOCTh U3ITyYeHHs MeX Ty TUHUSAMH 2,03 U 2,65 MKM.
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PLANAR GAS-DISCHARGED CO,-, CO- AND XE-LASERS
WITH MW PUMPING

A.P. Mineev, S.M. Nefedov, P.P. Pashinin, P.A. Goncharov, V.V. Kiselev, A.P. Drozdov

The characteristics of infrared (IR) lasers with MW pumping (2.45 GHz) were experimentally studied depending
on enclosing power value, composition and pressure of gas mixture, repetition frequency and pumping pulse
duration. The planar laser design with MW pumping and diffusion cooling of active medium without gas pumping
is performed in [4-5] papers. The 25 and 43 W beam output power for CO,-laser was obtained for the first
(2x25x250 mm active medium size) and for the second (2x30x470 mm) lasers at optimum pressure of 30 torr. At
weak gas pumping (about 0.1 I/sec) the laser output power was obtained for the first and for the second lasers of
37 and 61 W consequently, at optimum pressure of 50 torr [2].

For the first time the lasing in planar CO-laser with MW pumping was obtained during experiments for
2x25x250 mm discharge gap at electrodes temperature -50 °C. The CO:Nz:He:Xe:O, = 2:2:15:1:0.2 gas mixture
was used at 30 torr pressure. The pulse pumping power comprised 1400 W, pumping pulse frequency — 1000 Hz,
pumping pulse duration — 100 ps. During experiments the CO-laser average beam output power of ~1 W was
obtained in 5.3-6.0 ym area. The lasing in planar Xe-laser with MW pumping was obtained for the first time at
2.45 GHz frequency. The lasing was obtained at different gas mixture compounds Ar:Xe:He (the helium additive
sufficiently improves the heat removal) in 30-120 torr pressure range, at 20 ys pumping pulse duration and up to
20 KHz repetition frequency. The average pumping power comprised 100 W. The laser output power of ~100 MW
was obtained at 2.03 and 2.65 ym wavelength. It was found that by changing the gas mixture composition it's
possible to redistribute emission power between 2.03 and 2.65 pm lines.
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Cmambs rocssiieHa pewieHUI0 akmyaribHoU, uMerouwell 8axKHOe HayyHoe U MPpaKmu4YecKoe 3HaqyeHue 3adayqu; pas-
pabomke an2opumMUYECKU peanusyemozo mMemoda aHa/lumuU4YecKo20 CuHMmMe3a 08YMEPHBLIX UUGhpOoBbIX peaysisimopos,
Komopble obecriedusarom ycmolidueocmb, 8bICOKUL MopsdoK acmamu3ma K 3adarouiemMy 8030elicmeuro U 803MYLUEHUSIM,
a marke epemsi peaynuposaHusi U repepeayrnuposaHue rno 3adarouemy 8030elicmeuro Uuposbix Criedsauux cucmem.
B cuHmesupyembix yughposbix criedsauux cucmemax peasusyemcsi npuHUUI yrpaereHust ro ebixody u 8030elicmeusim.

Kmroyeesnie croea: yugposol peaynsmop, cnedsiuiasi cucmema, acmamu3am, rokasamersiu Kadecmea.

The article is dedicated to an actual problem which is of great scientific and practical importance: development of
algorithmically implemented analytical synthesis method of two-degree-of-freedom digital regulators that provide resistance,
high order of astaticism to upsetting control and disturbance, as well as control time and over control by upsetting control
of digital tracking systems. The output and upsetting control principle is implemented in digital tracking systems.

Keywords: digital regulator, tracking system, astaticism, performance index.

B cratbe pa3paboTaH METOJ aHATUTUYCCKOIO CHHTE3a IBYMEPHBIX UPPOBBIX peryistopos (L[P), peamu-
3YIOIIUX MPUHIMI JUHAMUYECKOTO YMpaBJIeHUs MO BBIXOAY W Bo3aeicTBusM. CHHTE3UpOBaHHbBIE Mpejyiarae-
MbIM MeTOJIOM [P MO3BOJISIFOT OHOBPEMEHHO O0ECIEYUTh YCTOHUMBOCTh UM TpeOyeMble MOKa3aTeln KauyecTBa
mudpoBsix creasumx cucteM (LICC), 3amanHas 9acTh KOTOPBIX MOXET COJCPKATh KaK «BHYTPCHHHUE», TaK H
«BHEITHHE» HYIW TIepeiadyr M0 YIPABICHUIO, a Takxke (pusmdeckyro peanusyemocts [[P 6e3 nmpuMeHeHus 3Kc-
TpanoustopoB. Ilpu cunreze LIP mpennaraeMblM METOJOM 3aJalOTCSl CIEIYIOUIMMH TOKa3aTeNIsIMH KauecTBa

* *
LCC: TpeOyeMbIMU MOpSIKaMH acTaTH3Ma Vg H V¢ IO M3MEpAEMOMY 3ajaiolieMy Jy H He H3MepieMoMy
*
Bo3MywatoueMy fi BO3IEHCTBHAM COOTBETCTBEHHO, IOIYCTHMOMY BPEMEHH MEPEXOHOTO MpoLecca tp u 1e-

*
PEPEryIMpPOBAHHIO G g M0 3a/AI0MeMy BozaeicTBuIO (i . [Tapamerprr LIP onmpenensatorcs mo yCnoBusM PaBeH-

cTBa xenaemoil nepeaarounor pynkuuu (I1D), ynosaeTBopstonieil MOCTaBICHHBIM TPEOOBAHUIM K Ka4yeCTBY
ynpaBiieHus], 1 peanbHol auckperHoit [1® 3amknyToi LICC ¢ yyeToM ypaBHEHHH 331aHHOTO OOBEKTa yIpaBe-
Hus (OY).

B crartbe npeanaraercs, BHE 3aBUCUMOCTH OT KOMOMHAIIMH N3MEPSIEMbIX BXOJHBIX CUTHAIOB ( € — OTKJIO-

HEHHE CHCTEMBI M Y| — BBIXOJIHASA IIEPEMEHHAs CUCTEMBI, € ¥ Jy WM Qi M Y ) JUId BEIYUCIIEHUS TEKYILETO

orcuéra ynpasienus Uy B LIP ucronb3oBath Bolpaxkenue Buaa Uy =U (Sk—i ' Yk—i ’uk—i—l) , KOTOpOE Ha3bIBa-

etcst 6a30BbIM anroputMoM. CTpykTypa nBymepHoro [P, peanm3yromas 6a30BbIil anroput™, Ha3eIBaeTcs: 6a3o-
BOI BEIuMcuTensHOU cTpykrypoii (BBC).

Ha ocnoBe mpemioxkeHHOro MeToaa cuHTe3a aBymepHbix LIP B cpene Matlab paspaGorana mporpamma mst
3BM, npoienmasi rocyAapCTBEHHYIO perucrpanuto. PazpaboranHas mporpaMma Mo3BoJsieT YCKOPUTh IPOLEece
pa3pabotku peanbHbIX LIP u Hayunsle nccnenoanus LICC mpu pa3inaHOM codeTaHUU TpeOyeMbIX MTOKa3aTemen
KauecTBa.
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SYNTHESIS PROCEDURE OF TWO-DEGREE-OF-FREEDOM
DIGITAL REGULATORS IMPLEMENTING OUTPUT AND
UPSETTING CONTROL PRINCIPLE

A.V. Semenov

The article considers the analytical synthesis method of two-degree-of-freedom digital regulators (DR)
implementing the dynamic output and upsetting control principle. The synthesized by the proposed method DRs
allow to provide at the same time resistance and required performance indexes of digital tracking systems (DTS),
the backside of which may contain both «internal» and «external» transfer zeros, as well as physical implementa-
tion of DR without application of extrapolators. At DR synthesis by the proposed method the following DTS per-

* *
formance indexes are defined: required orders of astaticism Vgand V¢ on measured upsetting gy and not

* *
measured disturbing fk upsettings consequently, allowed time of transient process tp and over control Og

on gy upsetting control. The DR parameters are defined according to equation conditions of expected transfer

function (TF) satisfying the specified control performance requirements, and by real sampled data transfer func-
tion of closed-loop tracking system with regard of given control object (CO) equations.

The article suggests to use the following expression Uy =U (Sk—i yYk_i vuk—i—l)’ named as fundamental
algorithm, regardless of measured input signals combination (&, — system deviation and Y) — system output

variable, g and gy or gk and Y ) for calculating the current control counting Uy to DR. The two-degree-

of-freedom DR structure, implementing the fundamental algorithm, is called the baseline computational structure
(BCS).

The software application based on the proposed two-degree-of-freedom DR synthesis method was designed
in Matlab. The software application passed the state registration. The designed software application allows
speeding up thedesign process of real DR and DTS scientific research at different combination of required per-
formance indexes.
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lpusedeHb! pe3yrbmams! MOOEsIUPOBaHUST U SKCIePUMEHMarTbHO20 UccriedosaHusi pabombl KOHMYypa yrpasieHus
gboKycuposKoll  WuUpoKoanepmypHol cucmeMbl YOPMUPOBaHUST M0 MaKkcuMmyMy amrnumyObl cusHara Ha yO80eHHOU
yacmome cgbepudeckoli MoOynauuU 80fIHO8020 (hpoHMa fla3epHo20 rydka. Owubka asmomamuyecKol ycmaHo8KU noc-
Kocmu GhOKYCUPOBKU J1a3epHO20 Myydka cocmasusia eenuduHy meHee 1 0° AQuonmpud, Ymo cosrnadaem ¢ rnomeHyuansHou
MOYHOCMbIO Memoda.

Knroyesnle cnoea: nasepHbili MyqoK, adanmueHasi ormuka, yO80eHHas1 Yacmoma cghepuyecKo20 30HOUPOBaHUS
80/THO8020 (YPOHMa, KOHMYP YrpaesTeHus1 ro ghOKyCUPOBKe.

The modeling and experimental research operation results of the focusing control loop of wide-aperture forming system
based on signal amplitude to the maximum on doubled frequency of laser beam wavefront spherical modulation are given.
The automatic laser beam focusing plane adjustment error comprised less than 1 0° diopters that coincides with potential
accuracy of the method.

Keywords: laser beam, adaptive optics, wavefront spherical sensing doubled frequency, control loop in focusing.

B psne pabot, ocymectBinénusix cotpyanukamun OKb-4 [TAO «HIIO «Anmasy, mpeiiokeH U HCClIeI0BaH
METO]l ynpasieHUs (POKyCHPOBKON MOIIHOTO JIA3€PHOTO M3JIYUYEHHsI 10 CUTHATY yIBOEHHOM 4acTOThl chepuye-
CKOW MOJyJISIIMK BOJHOBOTO (poHTa. [lepeunciieHHbIe HcclieoBaHusl TIPOBEACHBI B PyYHOM PEXHUME YIpaBiie-
HUS (DOKYCHPOBKOW Ha pa3iMyHBIX CTE€HJAX, pasHbIX auctaHuusx (ot 10 mo 400 M 1 mmuTanuu OECKOHEYHOI
JTAJTEHOCTH) U pa3iangHbIX JunHaX BoaH (A = 0,578, A = 0,63, L = 0,647, A = 10,6 MxM).

IoKka3aHO HKCIEPUMEHTANBHO, YTO OMMOKA (OKYCHPOBKHM MOMKET COCTABIIATH BeNMMUMHY MeHee 510 mu-
ONTPUN I BEIXOJHOM anepTypsl = J0,7m u yrnosoi pacxogumoctd < 10 yriu. cek. I[Ipu 3TOM BenuurHa curaa-
Jla yNIpaBJICHUs HA YABOCHHON YacTOTE MOXKET JOCTUraTh 12% ot obuieit m3my4yaemoit MomHocTy. [Ipn 3ToM wa-
CTOTa 30HAMPOBAHUS HE BIHMSET HA XapaKTEPUCTHKN METOJA YBOCHHON YacTOTHI.

B Hacrosimeii ctatebe CO34aH U MCCIEN0BaH KOHTYP yIIpaBiIeHHs (POKYCHPOBKOI B aBTOMAaTHYECKOM PEXKH-
Me JJIs1 BEIXOJHOHW anepTypsl J1azepHoro myuka =~ J0,7m u yraoBoii pacxoaumoctu Meree 10 yri. cek. Pazpabo-
TaH HE UMEIOLIMI aHAJIOrOB B MUPOBOM IPAKTUKE aJrOPUTM YIIPaBJICHUs aJallTUBHOM cucTeMoil. B ocHoBe an-
TOPUTMA JIEKUT MAaKCUMU3alMsl OTHOIIEHHS CUT'HAIA HA yJBOGHHOM 9aCTOTE K CUTHAIY Ha 4acToTe chepuiecko-
ro 30HaupoBaHus. [lokazaHo, YTO MpPU BBICOKOI TOYHOCTH (POKYCHPOBKH METOJ IO3BOJISIET OLCHUTH OIIUOKY
(hOKYCHPOBKH B CTpEJIKE OCTATOYHOTO cheprieckoro nporuda, 4To B CBOIO OYEPEb IMO3BOJISET YOBIECTBOPUTD
KPHUTEPUIO JIONMYCTHUMON JehOKycHpoBKH. JlocTUrHYTass MHHHUMaJbHasi OMIMOKa ()OKYCHPOBKM B aBTOMaruye-
cKoM pexkume coctasmia 4-107 guornrpuii.

B crarbe MakcHMasIbHO MCHOJIB30BaHA alnaparypa ONTHKO-MEXaHHYECKOTO yCTPOIMCTBA JieTaromel Jadbopa-
topun JIJI1A2 (Bkiroyast cucteMy ()OPMHpOBaHUsI ¢ BBIXOAHOH ameptypoit ©0,7m, npuBox ¢okycuposkn). Jo-
CTI)KEHHE IHMPOKOH BPEMEHHOH IT0JIOCHI YCTAHOBKU (DOKYCHPOBKH IUTAHUPYETCS PEIINTh B XOJI€ JTabHEHIINX pa-
60T. B HacTOAIMNI MOMEHT JUTMTEIFHOCTh OJMHOYHOMN NTEPAIMH AJITOPUTMA YIIPABIICHHS COCTABIIET < 1cek.
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FOCUSING CONTROL LOOP OF WIDE-APERTURE FORMING
SYSTEM BASED ON SIGNAL AMPLITUDE TO MAXIMUM
ON DOUBLED FREQUENCY OF WAVEFRONT SPHERICAL
MODULATION

A.O. Skvortsov, A.N. Kleymenov, Y.l. Malashko, A.V. Nazarenko

The focusing control method of high energy laser emission on doubled frequency signal of wavefront spheri-
cal modulation was proposed and examined in series of papers accomplished by the PJSC «Almaz R&P Corp»
Experimental Design Bureau (EDB-4) staff members. Mentioned research works was carried out in manual
focusing control mode on different test beds, in different ranges (from 10 up to 400 m and simulation of infinite
range) and wavelength BonH (A = 0.578, A = 0.63, A = 0.647, A = 10.6 um).

It was experimentally demonstrated that focusing error could comprise the value less than 510° diopters for
output aperture = @ 0.7m and angular spreading <10 arcseconds. Herewith the control signal value on doubled
frequency could reach 12% from the total emitting power. Herewith the sweep frequency doesn’t influence on
doubled frequency method characteristics.

The focusing control loop in automatic mode for laser beam output aperture = @ 0.7m and angular spreading
less than 10 arcseconds was constructed and examined in the article. The worldwide unique adaptive system
control algorithm was elaborated. The algorithm is based on ratio maximizing of the signal on doubled frequency
to the signal on spherical sweep frequency. It was demonstrated that at high focusing accuracy the method
permits to evaluate the focusing error in arrow of spherical residual deflection that in its turn satisfies with admis-
sible defocusing criterion. The achieved minimum focusing error in automatic mode comprised 4107 diopters.

The article at most covers the equipment of the LL1A2 flying test-bed optical-mechanical device (including
generating system with output aperture & 0.7m, focusing drive). The achievement of wide temporary focusing
adjustment belt is planned to fulfill during further works. At present the duration of control algorithm single iteration
comprises <1 sec.
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Paccmvampusaemcs crnedswas cucmema (cnedsuwul npueod), 8KMoYarowas; yugposol OUCKPUMUHaMOop, U3Mepsi-
rouwul 8 ducKpemHbie MOMEHMbI 8PEMEHU (C repuodom T) pasHocmb Mex0y 8X00HOU 8erlu4UHOU U 8bIX000M criedswel
cucmeMbl; fUHeUHbIU yughposoli yrnpaensrowut unbmp (LY®), Ha exod komopozo nocmyrnaem yughposoll cuzsHas
¢ QuCKpuMUHamopa; UCMOSIHUMEsIbHbIU MexaHu3m (UIM), e obuiem criydae aHaro208bil, HO uMerowull Ha exode QhUuKCUpY-
roujee 38eHO, KOmMopoe MNPOropUUCHarbHO rpeobpaldyem rocmynarouue ¢ ebixoda LIY® ¢ makmom T yughposbie 3Hade-
Husi cueHana yrpasneHusi M e coomeemcmeytoujue 3Ha4eHUsT aHaro208bIX UMIYITbCo8 OnumesibHoCcmsio T.

Knroyesble croea: asmomamu3uposaHHbIU CUHME3, uughposoe yrpaereHue, annapamHas udeHmugbukayus,
TuHeliHas cucmema, MakcumarbHoe bbicmpodeticmeue, ornmumMaribHbIU CUHMES.

The follow-up system (follow-up drive) is examined which includes: digital discriminator measuring in discrete moments
(with T time interval) the difference between input value and output of follow-up system; linear digital control filter (DCF) on
input of which the digital signal from discriminator comes; actuating mechanism (AM), the analog in general, but having on its
input the locking segment which proportionally transforms the AM digital control signal values incoming from DCF output with
T time interval to the corresponding values of analog pulses with T duration.

Keywords: automated synthesis, digital control, equipment identification, linear system, maximum high-speed
response, optimal synthesis.

B crarbe paccMaTpuBaeTcs JMHEIHAs cliensias cucteMa ¢ HU(POBBIM AUCKPETHBIM YIIPAaBICHUEM, BKIIIO-
yaromasi B 00IeM cllydae AUCKPUMHHATOP, nudpoBoil ynpasisromuil ¢pmwietp (L[YD) u peanbHbI HCTIONHU-
TenbHbI Mexanu3M (M) ¢ pukcupyrommm 3BeHOM Ha BXoje. PaccmartpuBaercst perieHue 3a/1aui aBTOMaTH3H-
POBaHHOTO ONTHUMAJIBHOTO CHHTE3a CIEAIIEH CHCTEMBI, T.€. aBTOMATH3UPOBAaHHOTO BBIYMCICHUS KO PHUIINCH-
TOB YHMCJIMTENISI U 3HAMeHarels Z-00pa3a nuneiiHoro [{Y®, obecnieunBaromiero MakcuMaiibHOE OBICTPOAEHCTBHE
C Y4ETOM OTpaHHYUBAIOMINX (PAKTOPOB: OOECIIeYeHNe 3aJaHHOTO MOPsIKa acTaTu3Ma, o0ecriedeHne TpedyeMoi
IIMPHUHBI 30HBI JUHEHHOCTH IIPU 33JaHHBIX OIpPaHHMUYEHHSIX BXOAHOro curHana MM, HempeBbllIeHHE 3a1aHHOTO
MEepPEeKOIeOAHMUS CHCTEMBI.

Jns pemienus 3Tol 3aa4M B CTaThe MPUBOJATCSA AJITOPUTMbI ONITUMAJIBHOTO cuHTe3a L[Y® npu 3agaHHbIX
OTPaHUYCHUSIX U U3BECTHOW UMITYJIbCHOU niepenaTouHoi Gpyrkimn UM B z-o0macTu.

[IpeacraBnen anmapaTHbId NPUHLIUI KASHTH(GUKALIMU HMMIYJIbCHOM mnepepaTouHod ¢yHkuun UM
B Z-o0iacTy Ha 6a3e Mo/ia4n Ha BXOJ TECTOBOTO BO3JCHCTBHS M H3MEPEHHS BBIXOTHOM PEAKIIUH.

[TpuBeneHa cTpyKTypHasi cxeMa arnmnapaTHol HISHTU(PUKAIMKA U PACCMOTPEHBI AITOPUTMBI (POPMHUPOBAHHMS
CHCTEMbI JINHEHHBIX YPABHEHNH OTHOCHTENHBHO MCKOMBIX KOA((UIIMEHTOB YHCINUTENS U 3HAMEHATENs Z-00pa3a
UMITyJIbCHOW TiepenaTtoyHoil pynkuuu M.

CraTbs MOXET OBITh MCIIOJBb30BaHA ISl MOBBIIICHUS YPOBHS O€301IaCHOCTH aBHAIL[MOHHOW TEXHHKH, KaK
IIPHA Ha36MHOM TE€CTHUPOBAHUH aBUALIMOHHBIX CIEIAIINX KOHTYPOB, TaK U IPU MOJETHOM CTaTHYECKOM TECTHPO-
BaHMU M aBTOMAaTHU3UPOBAHHOM MOIU(UKAIMN KOHTYPOB C IIEbI0 00ECIIeueHNs] MX YCTOHYMBOCTH TP 3HAYH-
TENBHBIX YXOAaX MapaMeTPOB OTAENBHBIX 3JIEMEHTOB.
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SELF-ADJUSTING DIGITAL FOLLOW-UP SYSTEM HARDWARE
IMPLEMENTATION OF HIGH-SPEED RESPONSE

D.V. Hudyakov, A.A. Antoshkov, A.S. Buruhin, A.B. Ignatiev, V.V. Karachunskiy, P.D. Kuptcov

The article considers the linear follow-up system with digital discrete control which includes in general the
discriminator, digital control filter (DCF) and actual actuating mechanism (AM) with locking segment on input. The
automated optimal synthesis of follow-up system problem solution is examined i.e. the automated calculating of
DCF z-image numerator and denominator coefficients, providing the maximum response-time in respect to
constraint factors: preassigned astatism order support, required linear zone width support at given limitations of
AM input signal, not exceeding the given system overfluctuations.

To solve this problem the article states the DCF optimal synthesis algorithms at given limitations and known
AM pulse transfer function in z-area.

The hardware identification principle of AM pulse transfer function in z-area on the base of test influence
delivery to the input and output reaction measuring was presented.

The structural scheme of hardware identification was mentioned and generation algorithms of linear equita-
tion system relatively to unknown numerator and denominator coefficients of AM pulse transfer function z-image.

The article can be applied for safety level increasing of aviation materiel both during ground testing of avia-
tion servoloops and during in-flight static testing and automated loop (circuit) modification in order to provide its
resistance during considerable parameters drift of separated elements.

BECTHUK BO3YLUHO-KOCMUYECKOIA OBOPOHbI N2 3 (7), 2015 r.



CEKUMA: NASEPHBIE CUCTEMbI NEPEAAYN SHEPTMU U UX JIEMEHTbDI

YK 621.396.969:621.373.826
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C.U. Waxno
sedywull uHxeHep, NMAO «HIMNO «Anma3y, e. Mockea
E-mail: sergey-shahlo@yandex.ru

lNpednazaemcs memod akmugHOU ornmuYecKol JIoKayuu, Mo3sonsiouull 8bIsI8UMb USMEHEHUSI COCMOSTHUST 3I1eMEH-
mos ornmuko-mexaHudecko2o mpakma (OMT) obbexkma & pesyribmame go30elicmeusi fiasepHo2o usnyderus (livl). Omiu-
quem ripedrnazaeMo20 Memoda S8/19emcs MpaKmuYecKkasi He3agUCUMOCITIb OUEHKU cocmosiHusi aremeHmos OMT u cme-
reHuU ux u3meHeHusi npu eo3deticmauu JIM om dansHocmu G0 obbekma. Paccmampusaromcesi Memoduka U3MEPEHUST
8eJIUHUHBI LIepOX0o8amocmu rnosepxHocmu ¢homorpuémHot Mmampuupsl O3C ydanéHHo20 obbekma u ycmpolicmeo Orisi eé
peanusayuu.

Knrodesnbie crioga: riazepHoe usrydYeHue, OrmuyecKas Iokauusi, OnmuKo-3/IEKMPOHHasi cucmema, ¢homonpuém-
Hasi Mampuua, Wepoxos8armocb N08EPXHOCMU, KOPPEAUUOHHasS QOyHKUUS, cpedHeKksadpamu4yeckoe OMKIIoHeHUe, napa-
MempuYeckuli 2eHepamop.

The active optical ranging method is proposed permitting to identify elements state changes of object optical-mechanical
path (OMP) as a result of laser exposure (LE). The difference in the suggested method is practical estimation independence of
OMP elements state and degree of its changing at LE from the range to the object. The measuring technique of surface finish
of remote object optoelectronic system sensor array and apparatus for its implementation are considered.

Keywords: laser exposure, optical ranging, optoelectronic system, sensor array, surface finish, correlation function,
mean-square deviation, parametric oscillator.

PaccmarpuBaeTcss METOL aKTUBHOM ONTUYECKOM JIOKALMM, [TO3BOJISIIOIIMN OLICHUTh U3MEHEHUE COCTOSHUS
9JIEMEHTOB ONTHKO-Mexanuueckoro Tpakra (OMT) ontuko-anexTponHo# cuctemsl (OOC) ynaneHHOro o0beKTa
(manee — OOBEKT) B pe3yibTaTe BO3ACHCTBHS MOIIHOTO JiazepHoro wmaiydeHus (MJIM), a taxke BapuaHT
yCTpoOMCcTBa IS peau3aliy PACCMOTPEHHOT0 METO/1a.

MeToz OCHOBBIBAETCS Ha M3BECTHOM (haKTe, YTO IIEPOXOBATOCTH (OTKJIIOHEHUE OT CPEIHEH JIMHUU MPOdUIs)
SBIISICTCS] HEOTHEMIIEMOH XapaKTEPUCTUKOM («ITaclopTOM») TIOBEPXHOCTHU JIO0OT0 00BEKTa B ONTHYECKOM JHaIa-
30HE IUTUH BOJH, B TOoM umcie (oronpuémuoit Marpuusl OOC Ob6nekra. ChoxycupoBannoe msatao MIJIU nmeet
XapaKTEPHYIO CIIEKJI-CTPYKTYPY C SAPKO BBIPAKEHHBIM HEOIHOPOIHBIM PACIIPE/IeNICHNEM MHTEHCUBHOCTH. Benen-
ctue Bosaerictua MJIU Ha dotompuémuyro matpuiry O9C OO0bekTa Ha €€ MOBEPXHOCTH BO3HUKAIOT «PBHITBH-
HBI», «XOJIMBD H JIp. U3MeHeHus penbeda. CrenoBaTenbHO, M3MEHEHNE MUKPOHEPOBHOCTEH (OTKIIOHEHHUS OT Cpeli-
Hel MHUK Tpoduiis) GOTONPUEMHOIN MATPHUIIBI SBISIETCS IPU3HAKOM €€ ()YHKIIMOHAILHOTO H3MEHEHHSI.

B kauectBe MH(MOPMATHBHOTO MapameTpa, KOTOPbIH U3MeHseTcs B pe3yibrare Bo3aeiicteus MJIN, BeiOpa-
HO cpenHekBanpaTrueckoe oTkioHeHne (CKO) Toyex nmoBepxHOCTH THNHYHBIX 31eMeHToB OMT O3C ot cpea-
Heil nmuHuK npodwuis. M3mepus (ouenuB) namenenne CKO oTkioHeHHs OT cpenHel JuHUM npoduis (GoTornpu-
E€MHOM MaTpHIBI MOYKHO C ONPEAEIEHHON BEPOSTHOCTHIO ONpENeNnTh (PyHKIMOHAIBHOE COCTOSHHUE OOPTOBOI
anmapatypsl O0beKTa.

Hns onenxkn CKO HemocpencTBeHHO nepen BosaeiictBueM MJIU u cpa3sy mocie Hero mpou3BOIUTCS Jia-
3epHOE 30HAMpoBaHNEe OOBEKTa KOTEPEHTHBIM CHTHAJIOM C KOHEYHBIM YaCTOTHBIM CIIEKTPOM, IIPH 3TOM B ILIOC-
KOCTH HaONIONEHWs aHAIU3UPYIOTCS BpeMeHHBbIe KoppersunonHele ¢yHKIuu (BK®) ortpaxkennsix or O3C
OO0beKTa Ta3epHBIX CUTHAJIOB.

JIOCTOMHCTBOM TIpeUIaraéMoro MeToJa SBISIETCS] MPAKTUYECKasi HE3aBUCHMOCTh OLIEHKH COCTOSIHMS dJie-
MeHToB OMT (crenenu nx nopaxkenus MJIN) ot manpHOcTH 10 OOBEKTa, Tak Kak mcmonb3oBaHue BK®D otpa-
JKEHHOT'O CHTHAJIA JUISL ONIPEJEIICHUS] KPpUTEPUAILHOT'O IapaMeTpa NopakeHHs He TpeOyeT npuema OOoJIbIIoro Ko-
JIMYECTBA MPOCTPAHCTBCHHO-YACTOTHBIX KOMIIOHEHT CIICKTPa BTOPUYHOT'O U3ITYUCHUA O6’beKTa.

IIpuBeneH BapuaHT yCTpOMCTBA JUlsl pealu3alid PACCMOTPEHHOIO METOJA OLEHKU U3MEHEHUS COCTOSHUS
noBepxHOCTH QoTonpuéMHor Matpuibl ODC ynanéHHoro o0beKkTa pu Bo3aeiicteun MJIN.
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METHOD AND ESTIMVATOR OF ELEMENTS SURFACE
STRUCTURE FUNCTIONAL CHANGING OF ELECTRO-OPTICAL
EQUIPMENT OF REMOTE OBJECTS

S.l. Shakhlo

The active optical ranging method permitting to estimate elements state changes of remote object optical-
mechanical path (OMP) of optoelectronic system (OES) as a result of high-energy laser exposure (HELE) and
apparatus variant for implementation of examined method are considered as well.

The method is based on the known fact that surface finish (deviation from the centerline of the profile) is an
inherent feature (certificate) of any object surface in optical wavelength band, particularly of sensor array of the
object OES. The high-energy laser exposure focused spot has a specific speckle pattern with clear-cut nonhomo-
geneous power distribution. As a result of high-energy laser exposure on the object OES sensor array the
«groovesy, «hillocks» and other pattern changing arise. Consequently, the microroughnesses variations (devia-
tion from the centerline of the profile) changing of sensor array is a feature of its functional changing.

As an information parameter, which changes due to high-energy laser exposure, the mean-square deviation
(MSD) of typical OMP elements surface points of OES from the center line of the profile was selected. By
measuring (estimating) the MSD changing from the centerline of the sensor array profile it's possible with certain
probability to estimate the functional condition of the object onboard equipment.

To estimate the MSD directly before and after the high-energy laser exposure on OES the object laser
sounding is performed by coherent signal with finite frequency spectrum, herewith, the time correlation functions
(TCF) of the object OES return signals are analyzed in surveying plane.

The advantage of the suggested method is a practical estimation independence of OMP elements state
(damage level as a result of high-energy laser exposure) from range to the object since the use of TCF of return
signal for criterion damage parameter determination doesn’t require receiving of large amount of spatial-frequency
spectrum components at the object secondary emission.

The apparatus variant for implementation of reviewed state changing assessment method of the remote
object OES sensor array during high-energy laser exposure is discussed.
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PaccvompeH npuHUyUn  peanu3auyuu  2eHepauuu CUHE20 U3ITydYeHusi npu  rocredoeamerisHOM — HEeMUHEeUHO-
onmuyeckom ripeobpa3osaHuu YAG: Nd -ria3epHoz20o u3sfyyeHUsi Ha OnuUHe 807THbl HEOCHOBHOZ20 repexoda 1.34 Mkm 6o
emopyro (0.67 mkm) u mpembto 2apMoHUKU (0.446 Mkm).

Knroyeenble cnoea: seHepayusi CUHE20 U3rlyYeHus, meépoomeribHbIll f1iasep, HeruUHElHo-onmuYeckoe rpeobpaso-
saHue, Modyrnsyusi dobpomHocmu.

The blue light lasing realization principle is examined at consequent nonlinear-optical conversion of YAG:Nd—laser
emission on none basic transition wavelength 1.34 um to the second (0.67 um) and to the third (0.446 um) harmonics.
Keywords: blue light lasing, solid-state laser, nonlinear-optical conversion, Q-modulation.

OpHOM M3 aKTyaJbHBIX MPOOJIEM JTa3epHOW TEXHHMKHU SIBISETCA pa3pabOTKa M MCCIECIOBAaHHE TBEPIOTEINb-
HBIX JIa3€pOB C JAJIMHOW BOJIHBI B CHHE-3€JICHON 00JIaCTH CIEKTpa. DTO CBSI3aHO C TEM, YTO M3IIydCHHUE C JUIMHOHN
BOJIHBI OK0JI0 450 HM NONajgaeT B MHHUMYM IIOTJIOIIEHUsI MOPCKOW BOJHBI U MOXeT 3(Q(EKTHBHO HCIOJIB30-
BaThCS JUTA PEIICHMS Pa3INYHBIX 3a7a4 MOJBOIHON JIOKALIUH.

Peann3oBaTh reHEpanyIO CHUHETO U3JIyYCHUS BO3MOXHO IIPU TIOCIIEI0BATEIHHOM HEIMHEHHO-ONTHYECKOM
npeodpazoBanuu Y AG:Nd -1a3epHOro u3jiydeHus Ha JUIMHE BOJHBI HEOCHOBHOTO mepexojna 1.34 MKM BO BTO-
pyto (0.67 Mxm) u TpeTbto rapmoHuku (0.446 Mxm).

B cratbe nccnenoBainch mapaMeTphl JIa3epHON TeHepaly Ha JUIMHAX BOJIH: Hakadku 1.34 MKM, BTOpOUH
rapMoHuku 0.67 MkM U cyMMapHO# 4dacToThl 0.446 MKkM. DHEpreTudeckue XapakTepUCTHKHU U3Iy4EHUs peru-
CTPHPOBAINCH C MOMOLIBIO U3MEpUTENSI MOIIHOCTH M 3Heprun Ophir. BpemeHHble TapaMeTpsl H3MepsUINCH Jia-
BUHHBIM (QoTomuonom JIOJI-2A, moakmodeHHBIM K ocimuniorpady Agilent 300 MGz.

be3 mcnonp30BaHMs OMOTHNUTEIBHBIX 3JIEMEHTOB M3Iy4EHHE Ha BBIXOJE 33JalOIIEro reHeparopa ObUIO
Omm3KUM K ogHOMOAOBOMY. Ilopor reHeparu HaOIromaNCcs Ipu SHEprur Hakadyku okoio 54 JIx. Ilpu uzmene-
HUH 3Hepruu Hakayku 10 91 J[ reHepupoBaiics OIWH UMITYJIBC JUIUTENBFHOCTRIO OK0oo 20 HC ¢ 3Hepruet 1o
10 m/Ix. ITpu makcumanbpHOM 3Heprun Hakadky 112 J[ u3myyanuce 1Ba UMITyJIbca TOH K€ JIUTEIHHOCTH U Tie-
puoaoM cienoBaHus nopsaka 60 Mkc. DHeprusl n3IydeHus npHu 3ToM pocturaa 16 mJx. M3nydenue sBisioch
BCPTUKAJIBLHO MOJIAPHU30BAHHBIM. I[J'ISI TOBBIIICHUA SHEPIUU U3JTYUCHHA UCIIOJIB30BAJIaCh JABYXIIPOXOAHAA CXEMa
ycuiieHus. B pesysibrare MakcuMaibHOE 3HaUeHHE SHEPTUH JOCTUTIO0 94 MJ[XK, 4TO COOTBETCTBOBAJIO O0IEMY
YCUJICHMIO Ha JUTMHE BOJHBI 1.34 MKM oKkoJI0 6.

Wznydenue ¢ BbIXOJa YCHIIMTEISI HApaBisUIOCh B HeNMMHEHHbIH Kpuctamn LiNbO; amst reHepanuy BTOpoi
rapMOHMKM Ha juHe BosHBI 0.67 MxM. IIpy HM3MEHEHMM SHEprMu HAKauyKWd SHEpPrusi KpPacHOro H3IIydYeHUs
(0.67 mxm) m3mensutach B npexpenax ot 8.5 Mk mo 20.5 m/x. DddekTuBHOCT Npeodpa3oBaHus MPH ITOM
0CTaBajIach MPAKTUYECKH MOCTOSHHOW M mpeBbimana 21%. B pe3ynprare HEMMHEHHOTO CMEIICHMS M3IydeHUH
Ha anrHax BoJH 1.34 MM u 0.67 MM B kpuctaiie DKDP Habnromanace reHepanus U3IydeHUs] CyMMapHOU Ya-
CTOTHI B CHHEH oOiacTu crekTpa. MakcuMalnbHOE 3HAUCHHE DPHEPTUU M3Iy4YeHUs Ha JAnuHe BOJHBI 0.446 MKM
cocTaBWIIO MOYTH 2 M/I)K, 9TO COOTBETCTBYET MUKOBOW MoTHOCTH 50 KBT B HMITyJIBCE.
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BLUE LIGHT LASING YAG: ND*-LASER

A.E. Shepelev, M.N. Ershkov, A.V. Fedin

One of the topical issues of laser technology is research and development solid-state lasers with a wave-
length in blue-green spectrum. This is connected with the fact that emission with wavelength of about 450 nm fall
into minimum sea wave absorption and can be effectively used for different submerged location tasks solving.

The blue lasing is possible at consequent nonlinear-optical conversion of YAG:Nd -laser emission on none
basic transition wavelength 1.34 um to the second (0.67 um) and to the third (0.446 um) harmonics.

The article examines the lasing parameters at wavelengths: 1.34 ym pumping, 0.67 um of the second
harmonica and 0.446 sum frequency. The output performance of emission was recorded with the Ophir energy
and power meter. Time parameters were recorded with the LFD-2A avalanche photodiode connected to the
Agilent 300 MGz oscillograph. The emission on the output of the basic frequency generator without using of
additional elements was close to single mode. The lasing threshold observed at pumping energy of about 54 J.
During pumping energy changing up to 91 J one pulse was generated with duration of about 20 ns with 10 mJ
energy. At maximum pumping energy of 112 J the two pulses were emitted of the same duration and sequence
order period of 60 ps. The emission energy here reached the 16 mJ. The emission was vertically polarized. In
order to increase the emission energy the two-pass gain circuit was used. As a result the maximum energy value
reached 94 mJ that corresponded to the overall gain of about 6 at 1.34 um wavelength.

The emission from the amplifier output went to LiINbO3 none-linear crystal for the second harmonica lasing
at 0.67 ym wavelength. At pumping energy changing the red radiation energy (0.67 um) changed in range from
8.5 mJ up to 20.5 mJ. The conversion effectiveness here remained substantially constant and exceeded 21%. As
a result of none-linear emissions mix at 1.34 ym and 0.67 ym wavelength in DKDP crystal the lasing of sum
frequency in blue spectrum was observed. The maximum radiation energy value at 0.446 ym wavelength
comprised almost 2 mJ which corresponds to the peak pulse power of 50 kW.
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TeHOeHUUU U3MEHEHUST MeXXOyHaPOOHOU KOHBIOHKMYPbLI MaKoebl, Y4mo pocculickasi 3KOHOMUKa 8bIHY)XOeHa
8 Kauecmee 00HO20 U3 8axHelwux npuopumemos u3bpams cmpameauto UMIOPMo3aMeweHusl, m.e. Hayams
coKpalwams Unu rnpekpawams UMnopm ornpedenéHHbIX mosapos ¢ 0OHOBPEMEHHOU UX 3aMeHOU HauuUOHasbHbI-
Mu. 3adaya passumusi umMropmosameuwjarouie2o npousgodcmea pewaemcsi Yepe3 akmusu3auyuto yrnpasneHust
uHmesnnekmyansHol cobcmeeHHocMbi0. MIMnopmo3amewaowue mosapb! OOMKHbI MPoU38oOUMbLCST Ha OCHO8e
poccutickoll UHmMennekmyanbHol cobcmeeHHoCmMU U He OOJ/TKHbI, KaKk MUHUMYM, Bbimb KOHmMpagakmHbiMu. B
C8s513U C SMUM 8 cmambe paccMampusaemcs npobnema pa3sumusi uMiopmosamelyarou,ezo npouzgoocmea ¢
no3uyuu peweHus Hauboree CroXHbIX 3aday, cesi3aHHbIX C acrnekmom uHmersnsnekmyanbHoU cobcmeeHHocMu.

Knroueeble cnoea: 2ocydapcmeo, uMopm, UMIopmo3amMeweHue, UHHo8auyuu, UHMesnnekmyarnbHas
cobcmeeHHOCMb, Memodbi, MexaHU3M, ompacsib, OxpaHa, nameHmosaHue, NepcrneKkmusbl, MPOMbIUWIEHHOCMb,
PbIHOK, 3KOHOMUKa.

Due to the modern changes of the international environment and business climate, the Russian economics is
compelled to select the import substitution strateqgy as one of its major priority by beginning with reduction or
stoppage import of certain goods with their simultaneous substitution by the national equivalents. The problem of
import-substituting production development is solved by way of intellectual property management promotion. The
import-substituting goods have to be produced on the basis of the Russian intellectual property and, at least, they
shouldn't be the counterfeit. Thereupon, in given article there are considered the import-substituting production
development goals from the position of the most complex IP-related problems solution.

Keywords: state, import, import substitution, innovations, intellectual property, methods, tools, branch of
industry, opportunities, patenting, protection, market, economics.

[Monutnueckass oOCTaHOBKa, CKJIaJbIBAIOINAsICS BO B3aMMOOTHOLIEHUsX Poccum co cTpanamu 3amamHoil
Espomsr, CILIA, Anonnn, ABctpanyu 1 KaHansl BEIHY>KAae€T POCCHIICKOE PYKOBOJCTBO IMPOBOIUTH CYIIECTBEH-
HYIO0 KOPPEKTUPOBKY Kypca SJKOHOMHUECKOH ITOJIMTHKH, HAIIPABJICHHYIO Ha UMIIOPTO3aMeLIeHUE psiia MMIIOPTHU-
PYEMBIX TOBapoB n3-3a pyoexa. OOCTOSTENbCTBA BEIHYK/IAIOT HAC BHICTPAUBATh CAMOJIOCTATOYHYIO HAIIHOHAb-
HYI0 9KOHOMUKY, CMBICJT KOTOpOﬁ COCTOUT B MUHHUMHU3AIIUN PUCKOB U CHM)KECHUU 3aBUCUMOCTH OT UMIIOPTA.

[TpoGnema nMMopTO3aMENICHUsI BO3HUKAET B CIIydyasx, KOTAa Ha MEKIYHApOAHOM YPOBHE HAUMHAIOTCS
TPYAHOCTH B pa3BUTHU B3aUMOBBII'OJJHBIX OTHOIIIEHUH MO IpuYruHamM MOJIMTUYECKOHN HJIN KECTKOM AKOHOMHYE-
cKoit KoHKypeHIH. CozepskaHne 3TOro Mpolecca BKIIOYAET, B YACTHOCTH, LENEBOE 3aMEIICHNE ISPHUIIUTHBIX
TOBapoB, NpHOOpeTaeMbIX 3a pyOekoM, Ha (YHKIMOHAJIBHO HJIEHTHYHBIE poccuiickue. Bcé HaumHaercst co
CIHCKa TOBApOB, KOTOPBIE IENECOOOPa3HO 3aMelaTh POCCHUCKUMHM, TIe (YHKIMOHAIBHOE Ha3HAYECHHE HM-
MOPTO3aMEIAIOIIUX TOBAPOB JIOJKHO ITOJIHOCTBIO COOTBETCTBOBATh MX (PYHKIIMOHAIBHBIM BO3MOXKHOCTSIM.

[TpoGnema uMIIOpTO3aMEIIEHHS B HAIIEH SKOHOMHKE TO3UIIMOHUPYETCS KaK BOXKHEHINIAs CTpaTerndecKast.
B Buae mporpamMmsl HUMIIOPTO3aMEIICHHE MPEAyCMATPUBAET CO3JaHHE U pPeaIM3alli0 UMIIOPTO3aMEIIAONIIX
uzeil 1 pa3paboTOK Yepe3 CO3/aHHe HOBBIX TEXHOJOTHH, a Jajiee OpraHU3aluio MajbIX, CPEAHUX W KPYIHBIX
IPEANPUATUH BIUIOTh A0 CO3AAHUS POCCUMCKUX TPAaHCHALIMOHAIBHBIX KOPIIOpALUil, KOTOPbIE ECTECTBEHHBIM I1y-
TEM BBIPACTAIOT U3 CPEIHUX M KPYITHBIX Ha OCHOBe ()paHuaii3uHra. OqHAKO 1MOpa OBl CTaBUTH 0OJIee BAKHYIO H
aMOHMIIMO3HYIO VISl JOJITOCPOYHON POCCHUIICKOM SKOHOMHUKH 3a/lady — CTAaHOBHUTBHCSI MUPOBBIM JIHIEPOM B BaXK-
HEWIINX CEerMEHTaxX PhIHKA BBICOKHX TEXHOJOTWH. be3 ocBoeHMs BBICOKO((EKTUBHOTO YIIPaBIEHHs HHTEIUICK-
TyanbHON COOCTBEHHOCTBIO B CTPaHE, B OTPACHAX U HA MPEANPHUATHIX 3Ta 3a7ada HE PEIIaeTCs B IPUHIIMIIE.
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IMPORT SUBSTITUTION IN ROSAVAICOSMOS
AND DEFENSE-INDUSTRIAL SECTOR
OF THE RUSSIAN FEDERATION

B.B. Leontyev

The present political situation in view of the Russian Federation relations with countries of the Western
Europe, USA, Japan, Australia and Canada forces the Russian government to carry out the correction of the
economic policy aimed at the import substitution of a whole number of imported goods. The circumstances force
us to develop the self-sufficient national economy for minimization of risks and cutting the dependence on
the global import.

The import substitution problem occurs when the mutually beneficial relationship difficulties come into being
at the international level due to some political or economic tough competition reasons. This process includes, in
particular, the special-purpose replacement of the imported scarce commaodities by the functionally identical Rus-
sian analogues. It starts with a list of goods that are reasonable to replace by the Russian analogues that must
correspond to the functional goals of the import-substituting goods.

The problem of import substitution in our economy is positioned as the most key important strategic problem.
The import substitution program makes provision for measures for the development and commercialization of the
import substitution ideas and products by way of the new technologies creation, and further by way of organiza-
tion of the small-scale enterprises, medium and large business up to the foundation of the Russian transnational
corporations, that are naturally developed from the medium and large business on the franchise basis.

However, it's the very moment to set the more important and ambitious problem for the long-term Russian
economy — to become the world leader in the most important segments of hi-tech global market. This problem
can’t be basically solved without the development of high efficient IP management in the country, industries and
business.

Moctynuna 15 sauBapsa 2015 roaa.
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B cmambe cebopmynuposaHa 3alaya onmumaribHOU OUEHKU mfapamempos O8UXeHUs1 8030yWHO-
KOCMUYECKUX 06bekmos, pelweHUe KOmopol MOXem CAyXUmb OCHO80U HOB8020 Memoda Osisl NPUMEHEHUS 8
aneopummax emopuy4Hol obpabomku PJIN. [MpumeHeHue cmamucmu4Yecko20 Kpumepusi onmumasbHOCmu
pu peweHuu 3adadqyu OUeHKU rnapamempos 08UXEeHUsT 8030yWHO-KOCMUYECKUX OBBbEeKmMo8, makxe rno3gonum
co30ampb MemoObi Osisi MPUMEHEHUSI 8 NMEPCNEKMUBHbLIX an2opummax 8mopuyHol obpabomku paduoriokayuUoH-
HoU uHghopmayuu.

Knroyesble crnoea: nuHeliHOe napamMempuyeckoe oueHueaHue, MpubnuXEHHO-UHeUHbIe Modenu, cma-
mucmudeckuli Kpumeputl, emopuy4Has obpabomka uHghopmayuu, paduosioKayUuOHHbIE CUCMEMBbI.

The article formulates the optimal estimation task of air-space objects trajectory parameters the solution of
which may serve the basis of a new method for application in radar data (RD) secondary processing algorithms.

Keywords: linear parametric estimation, approximately linear model, statistical criterion, secondary infor-
mation processing, radar systems.

B craTthe mpennaraercsi UCMONB30BATh MPUOIMKEHHO-TUHEHHBIE MOAEIN JIJIs allllPOKCUMAIIUN BPEMEHHBIX
3aBHCUMOCTEH KaXI0W M3 KOOPIUHAT HAOIIOIaeMbIX B PAIMOJOKAIIMOHHBIX CHCTEMaX 0OBEKTOB, a TAKXKE 3aBU-
CUMOCTEH MPOEKIUI CKOPOCTH U yckopeHus. OOOCHOBBIBAETCS HOBBIN CTATUCTUYCCKHUI KPUTCPUH ONTUMATBHO-
CTH OLICHOK ITapaMeTPOB JIBIKCHIS BO3IYITHO-KOCMIYCCKUX O0BEKTOB, BKIFOUAIONIHA B CeOs ITUPUHY JOBEPH-
TEJIEHOTO WHTEPBAaja OICHKH, U MCIOIb3YOIINHA MPUOIMKCHHO-THHEHHBIC MOJICIIA U alIPUOPHYI0 HH(OPMAIIHIO
00 ommbkax m3MepeHunit. C MprUMEeHEHHEM BBEACHHOTO ONTUMAIFHOTO KPUTEPUS OCYMIECTBISETCS MOCTAaHOBKA
3a/laud ONTHUMAIFHON OIEHKHU MapaMeTPOB IBIKCHUS BO3AYIIHO-KOCMHYECKHX OOBEKTOB, PEIICHHE KOTOPOM
MIO3BOJIMT CO3AaTh METOMABI JJIsl IPUMEHEHHUS B MIEPCIIEKTUBHBIX allTOPUTMAX BTOPHYHON 00pabOTKH pamnoiioKa-
[IMOHHOK MH(POPMAITHH.
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OPTIMAL ESTIMATION METHODS OF AIR-SPACE
OBJECTS TRAJECTORY PARAMETERS

A.V. Egorov, L.N. Vintcarevich

The article suggests using approximately linear models for time relationships (dependence) approximation of each coor-
dinates in radar systems of objects, and relationships of velocity and acceleration projections. The new statistical criterion of
air-space objects trajectory parameters estimation optimality is settled including the estimation confidence interval width, and
using approximately linear models and prior information on measurement errors. By introducing the optimal criterion a task
assignment of air-space objects trajectory parameters estimation is carried oud the solution of which permits to create
methods for application in perspective algorithms of radar data secondary processing.

Moctynuna 15 sauBapsa 2015 roaa.
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Paccmampusaemcsi ucmopusi co30aHusi kopabenbHo20 3eHUMHO20 OPYXUsi U KOHMYPO8 yrnpaeneHusi 8
mecHoM 83aumodelicmeuu ¢ pasgumuem cpedcme 8030ywHo20 HarnadeHus. [MokasaHo, Ymo Orsi ompaxeHusi
amak pa3HoOpoOHbIX cpedcme 8030yWHO20 HanadeHusi nompebosanock co30aHue 3WeTOHUPOBaHHOU MHO20pY-
b6exxHoll 0bopoHbI. [Nosieunack 3adaya cuHmesa onmumaribHo20 KoMbUuHUposaHHo20 HasedeHus1 3YP, komopasi
npusena K MosieNIeHuro UHMeepuUpo8aHHbIX cucmeM KopabelbHo20 3€HUMHO20 OPYXKUSI.

Knroyeenble crnoea: 3eHUMHOE opyxue, KopabenbHasi npomueoso3dyuwHasi 060poHa, KOHMYPbI yrpaeneHus,
rnpomuesokopaberibHble pakembl, 3WeNIoHUposaHHasi 060poHa.

The article states the development stage history of shipborne air-defense weapons and control loops on
synergy with development of air attack weapons. It's demonstrated that to meet an attack of mixed air attack
weapons it was necessary to build-up a layered multilined defense. The task of surface-to-air missile (SAM)
optimal combined guidance synthesis arisen which led to creation of shipborne air-defense weapon integrated
systems.

Keywords: air-defense weapon, shipborne anti-aircraft defense, control loops, anti-ship missile (ASM),
layered defense.

PazBuTne Poccun kak MupoBoii nepkaBbl B X XI Beke HEMBICIUMO 0€3 CHIILHOTO BOGHHO-MOPCKOTo (IoTa.
BmMmecre ¢ TeM, onbIT BOeHHBIX KOH(IMKTOB KOHIIAa XX - Hadana X XI BekoB co Bcell yOequTeIbHOCTBIO MTOKa3bl-
BAeT, YTO OCHOBOH y/IapHON MO MPOTUBOOOPCTBYIOIINX BOOPYKEHHBIX CHII B BOeHHBIX KoH(ukTax XXI Beka
CTaHyT CPEACTBA BO3AYIIHO-KOCMHUYECKOrO HamajeHus. VIMEHHO MO3TOMY OJHOM U3 OCHOBHBIX COCTABIISIOLIMX
6oeBoro noreHnuaza BM® B HacTOSIIMI MOMEHT SIBJISIETCS M OCTAHETCS! TAKOBBIM B 0003pHMOM OyIyIeM Ko-
palesibHOE 3€HHTHOE OpY)XKHE, IPHU3BaHHOE OOECHeYrBaTh HAAEKHYIO HPOTHBOBO3IYLIHYIO M BO3JYIIHO-
KOCMHYECKYIO0 000poHy Kopabuieil. I B 3TO# cBA3M BaXKHO NMPEACTaBIATh OOJIMK TAKUX CHCTEM BOOPY)KEHHS, U B
OmKaiiiieil, ¥ B OTJaJICHHON nepcrieKTHBe. 11 3Toro HeoOX0MMO BBISIBUTH IPUYUHBI HX ITOSBICHUS, TEHICH-
LUH U IIyTH UX Pa3BUTHS B UCTOPUYIECKOM H XPOHOJIOTHYECKOM ACIEKTE.
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SHIPBORNE AIR-DEFENSE WEAPONS DEVELOPMENT
AND ITS CONTROL LOOPS IN HISTORICAL RETROSPECTIVE

A.V. Borsunov, N.S. Stcherbakov

The advancement of the Russian Federation as a world-power in 21 century is inconceivable without powerful Naval

Forces. Moreover, the experience of military conflicts at the end of XX — beginning of XI cc shows with a credibility that the
main strike power of countering armed forces in military conflicts of 21% century will be airspace attack weapons. This is
precisely why one of the principal constituents of the Naval Force combat potential nowadays is (and will remain in foreseeable

fut
im|
ne

ure) shipbome air-defense weapon designed to provide reliable air- and aerospace defense of ships. In this regard it's
portant to represent the appearance of such weapon systems in near future and distant prospect. For this purpose it's
cessary to find out the reason of its development, tendency and development trends in historical and chronological aspects.

Moctynuna 29 mas 2015 ropa.
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Paccmampusaemcs 0duH u3 criocoboes onpedeneHus yarnoeol ckopocmu obbekma, peanusayusi Komopoz2o
rno3eornsiem onpedensims napamempbl €20 08UXeHUs 8 briuxHel 30He aHMeHHbI 8 medYeHue 00Ho20 paduorioKa-
UUOHHO20 30HOUPOBaHUSI.

Knroyesnie cnoea: achgpekm [onnepa, yarnosasi CKopocms, rnesieHaamop.

The article states one of the techniques to determine the object angular rate the implementation of which
permits to measure its trajectory parameters in near antenna zone at one radar probing.
Keywords: Doppler effect, angular velocity, position finder.

VYri10Bast CKOPOCTh JIMHUK BU3UPOBAaHUS O0BEKTa — OJMH W3 Hanbojee WHPOPMATHBHBIX MapaMeTPOB Ha
HavyaJbHOM JTane COJIMDKEHMSI C HUM, TIPH 3TOM TpeOyemasi OTHOCUTENbHAs TOYHOCTh U3MEPEHUS! YTIIOBOH CKO-
pOCTH Ha OJMH — JIBa OPSAJIKA BBIIIE, YeM TOYHOCTh U3MEPEHNUS CaMOW yriIoBOi KoopanHatThl. Ecin 00bekT me-
pemMernaercsi Ha HeOOIBIIOM PACCTOSIHUM OT PaJHOJIOKaTOpa, TO JOMIEPOBCKHE CKOPOCTH, 3a(UKCHPOBAaHHbIE B
pa3HBIX (pa30BBIX IEHTPax aHTEHHOH CHCTEMBI, OyXyT HEMHOTO OTIIMYATHCH.

Jnst u3ydenust 3¢ exTa KOppesuy yriIoBoi CKOPOCTH M PA3HOCTH JOIUIEPOBCKUX CHEKTPOB ObLIa pazpa-
60TaHa MaTeMaTHYECKas MOAENb, YUUTHIBAIOIIAsl peabHbIC YCIOBUS PabOTHI paguosokaropa. [ moBbImeHns
TOYHOCTH OIIPEAEIIECHHs YII0BOH CKOPOCTH MPOU3BOANTCS MHTEPIOSIINS KaXKJOT0 CIIEKTpa MOJIMHOMOM BTOPO-
ro mnopsjaka, 3areM nocie nuddepeHurpoBaHus MOJUHOMOB HAaXOIATCS MaKCHUMYMBbI CIIEKTPOB U BBIYHCIISETCS
Oe3pa3mepHasi BeJIM4YHMHA Y, (QYHKIMOHAJIBHO CBs3aHHAs C HCKOMOMW YIJIOBOH CKOpOCThIO. [locTpoeHsl rpaduku
3aBHCHMOCTH Y OT YIJIOBOH CKOPOCTH 00BEKTa, TI0Ka3aHa JIMHEeHHAasi 3aBUCUMOCTb 3TUX BEJIMYHH.
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LINE OF SIGHT RATE MEASURING IN DOPPLER
SPECTRUM DIFFERENCE

V.V. Vybornov

The object line of sight rate is one of the most information-bearing parameter at initial phase of approaching with it, here-
with the required relative measurement accuracy of angular velocity is higher on one-two orders than measurement accuracy
of the angular coordinate itself. If the objects moves in small distance from the radar the Doppler velocities, fixed in different
phase centers of antenna system, will be slightly different.

To study the correlation effect of angular velocity and Doppler spectrums difference the mathematical model was devel-
oped considering the real operation conditions of the radar. In order to increase the accuracy of angular velocity measurement
the interpolation of each spectrum carries out by the second order polynom then after polynoms differentiation the spectrum
maxima is defined and y dimensionless value is calculated which is functionally connected with sought angular velocity. De-

pendence diagrams of y from the object angular velocity were constructed, the linear dependence of these values was
demonstrated.

Moctynuna 15 ausaps 2015 ropa.
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lMpednoxeH cnocob cHuXeHusi MuUK-ghakmopa WymMornoOObHbIX cueHano8 nymém Ucrofib308aHUsi MHO20-
asHbix AB nocrnedosamernbHocmel. BbinonHeH cpasHUmenbHbIl aHanu3 3HadyeHul nuk-ghakmopa AB cuzHa-
1108 ¢ WUpoKum Knaccom kodoe onda, obpabomaHHbIX pasnudHbIMU munamu ¢punbmpos, 015 0nuH N = 31, 63,
127, 255, 511, 1023.

Knroyeesnie cnoea: AB kodbi, nuk-ghakmop, kodbi [onda, wymonodobHble cuzHarslbi, a8MOKOPPENSAUUOHHas
yHKUUS, 83aUMOKOPPENSUUOHHAsT (hYHKUUSI.

The way of decrease in the peak-factor pseudonoise signals by use multiphase AB sequences is offered.
The comparative analysis of values of peak-factor AB of signals with a wide class of codes of Gold processed by
various types of filters, for lengths N = 31, 63, 127, 2565, 511, 1023 is made.

Keywords: AB codes, peak-factor, Gold's codes, pseudonoise signals, autocorrelation function, crosscorre-
lation function.

B pabore ompezeneHbl pakTOpb, BIMSIONHE Ha BEJNYHHY MHK-(PaKTopa IIyMOOIO0HBIX (PHIBTPOBAHHBIX CHIHA-
70B. B pe3yrnbTate aHanm3a NpH4iH, BIMSIOMINX Ha MUK-(DAKTOp ITyMOIOIOOHBIX CUTHAJIOB, YCTAHOBIIEHO, YTO JUTSI MUHH-
MH3ALHH ITHK-(paKkTopa HEOOXOAUMO:

— BBIOpATh TaKkoM TUIT (PUIIBTPA, Y KOTOPOTO 3HAYEHHSI aBTOKOPPEISIIIMOHHOM (PyHKIH R(Mm) OTIIMYHBI OT HyJIS TONB-
ko 1ipy m = 0, B OCTAJIbHBIX TOUKAX M 3HAYEHHUE JIOJDKHO OBITh PABHO HYJIIO;

— CKa4YKH1 (1)33131 COCCIHUX YUIIOB B OKPECTHOCTU OTACIILHO B3ATOI'0 4MIIa LlIyMOHOI[O6HOl" O CUI'HaJIa JOJDKHBI OBITh
CBEZICHbI K MUHUMYMY.

B kauecrtBe criocoba cHYKEHMs! BETMUMHBI TIMK-(hakTopa IIyMOIOI00HOTO CHTHANIA NPEVIOKEHO MCTIONb30BaTh AB
kozbl. LIlymMoro00HbIe CUTHANIBI JAHHOTO Kilacca XapakTepr3yIOTCsl OTCYTCTBHEM ITOCTOSHHBIX PE3KUX CKAYKOB (ha3bl Co-
ceHUX ynroB. Kpome Toro, oHM 0011a1a10T PsiIoM BaXKHBIX OCOOGHHOCTEH:

— TO3BOJTOT TIOYYUTh OOJIBIIION aHCaMOJIb CHTHAJIOB C TPeOYEeMBIM YPOBHEM B3aMMOKOPPEISIIIMOHHON (DYHKIMHN 1
ABTOKOPPEIILIFOHHOHN (PyHKIIN,

— HE HAaKJIa/IIBAIOT OPaHUYEHU Ha JUIMHY ITOCIIEN0BATENBHOCTEH;

— 00J1a1ar0T HENIMHEHHBIMUA CBOMCTBAMI.

B pabote BbINOMHEH CpaBHUTENBHBIN aHAN3 3HAYeHNH THK-(hakTopa AB kxomoB 1 mocnenoBatensHocteid [onma. Hc-
CJIe/IOBaHMs TIPOBE/IEHBI JUTs JUIMH rocnenosatenbroctei N = 31,63,127,255,511,1023. B kauectBe opmMupyrommx Qb
TPOB HCIIOJIb30BaHBI CIICAYIOIHE THITHI (DHIIETPOB:

—rayccoBckuii ¢ BT =0.5 NSYM =4;

— npunoaHaATsIii kocunyc ¢ BT =03 NSYM =8§;

— KOpEHb KBaJIpaTHbI U3 npunoausaroro kocudyca ¢ BT =03 NSYM =8.

IpoBeneHHble BBIUMCIICHNS BEIMUMHBI MTHK-(PakTopa AB kozoB 1 nocnenoBarensHOCTel [ona nokasasm, 4ro He-
JIMHEHHBIE TITyMOTIOI00HBIE CHTHAITBI, TIPH MX UCTIOJIE30BAHNM B KaHATIAX C OTPAaHMYEHHOM ITOJIOCOH, AFOT JTyHIINe ITOKa3a-
TeJ! 3HAYCHHUI MTHK-(haKTopa TI0 CpaBHEHHUIO ¢ kKogamu [ omra.

BECTHUK BO3YLUHO-KOCMUYECKOIA OBOPOHbI N2 3 (7), 2015 r.



PA3AEN: NCCNEAOBAHUA B COEPE NMPOEKTHO-KOHCTPYKTOPCKNX U TEXHOJIOTMYECKUX PABOT

JIMTEPATYPA

1. MectpsikoB B.B, Adanacwer B.I., Nypeuy B.WU. n ap. lWymonogobHele curHansl B cuctemax nepegayv nHdopmaummn —
M.: CoB. Pagwo, 1973. — 424 c.

2. TpuvuwwmH 1O.M., UnaToB B.M. n ap. PagnotexHuyeckme cucrtemsl — M.: Beicwas wkona, 1990. — 496 c.

3. Auslander L., Barbano P. Communication Codes and Bernoulli Transformation — New York: Applied and Computational
Harmonic Analysis, 1998, Ne 5. — P.109-128.

4. XapwuH H0.C., BepHuk B.U., MaTtBeeB I'.B., ArneBuy C.B. MaTtematuyeckne n KOMMNbOTEPHbIE OCHOBbI KPMNTOMOrMmn: Y4eo.
nocobwve. — MH.: HoBoe 3HaHwue, 2003. — 382 c.

5. LWHanep B. MNpuknagHas kpuntorpadus. MpoTokonbl, anropuTMbl, UICXoAHbIE TEKCTbI Ha A3blke Cu. — M.: U3g-Bo TPUYMO,
2002. - 816 c.

DECREASE IN THE PEAK-FACTOR
OF ENSEMBLE PSEUDONOISE SIGNALS
ON THE BASIS OF NONLINEAR MATHEMATICAL FUNCTIONS
WITH THE LIMITED LENGTH AND LEVEL
OF CROSSCORRELATION FUNCTION

M.G. Soskunov, E.E. Dmitriev

In work the factors influencing size of the peak-factor pseudonoise of filtered signals are defined. As a result of the
analysis of the reasons influencing peak-factor pseudonoise of signals, it is established, that for peak-factor minimization it is
necessary:

— to choose such type of the filter, at which value of autocorrelation function R(m) are distinct from zero only at m = 0, m
value should be equal in other points to zero;

— jumps of a phase of the next chips in a vicinity of separately taken chip pseudonoise a signal should be shown to a
minimum.

As a way of decrease in size of the peak-factor pseudonoise a signal it is offered to use AB codes. Pseudonoise signals
of the given class are characterized by absence of constant sharp jumps of a phase of the next chips. Besides, they possess a
number of the important features:

— allow to obtain the big ensemble of signals with demanded level crosscorrelation function and autocorrelation function;

— do not impose restrictions on length of sequences;

— possess nonlinear properties.

In work the comparative analysis of values of peak-factor AB of codes and Gold's sequences is made. Researches are
spent for lengths of sequences N = 31, 63, 127, 255, 511, 1023. As forming filters following types of filters are used:

— gaussian with BT = 0.5. NSYM = 4;

—raised cosine with BT =0.3. NSYM = 8;

— square root raised cosine with BT = 0.3. NSYM = 8.

The spent calculations of size of peak-factor AB of codes and Gold's sequences have shown, that nonlinear
pseudonoise signals, at their use in channels with the limited strip, give the best indicators of values of the peak-factor.

Moctynuna 15 sauBapsa 2015 roaa.
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B pabome uccnedyromcs u MOOeIUPYMCS XapakmepucmuKuU 371IEKMPOHHO20 MosuzoHa 011 ornepamugHo-
makmuy4eckol no02omoeku 1émHo2o u kKomaHOHo20 cocmasa BBC PQ.

Knroyesnle crioga: arieKmpOHHbIU M0IU20H, MoOesiuposaHue, XxapakmepucmuKu, 3agucumMocms, 2paghuk,
aghgbekmusHOCMb, 86POSIMHOCMb.

In the work are investigation and simulated characteristics of the electronic ground tor operational-tactical
training of officers of the state aviation.
Keywords: electronic polygon modeling, characteristics, dependence, schedule, efficiency, likelihood.

UccrnenoBanus noBbimeHus 3(Q(QEKTUBHOCTH KaK WHIUBUAYAIBHOW, TaKk W, OCOOEHHO, OIEPaTHBHO-
TaKTU4eCKoi moarotroBku JIO, mum BYA mpuBomuT K mmee co3maHus cpenbl GYHKIMOHHPOBAHHS KOMILICKCA
MoJiesiell BO3AYIITHOM U Ha3eMHOH OIepaTHBHO-TAKTHYECKOW 0OCTAaHOBKH. DTH MOZIEIH PabOTaIOT CHHXPOHHO C
MIPOIIECCOM BBIITOJIHEHHS PEATbHBIX IOJIETOB OJHUM MIIM HECKOJNIBKUMHU JIA, a B MEPCIEKTHBE CO CMEIIaHHBIMA
TaKTUYECKUMHU rpynnaMu JIA, y4acTBYIOIIMMH B YUCHHUSIX. B 3TOH cpene AOKHBI CHHXPOHHO (YHKIMOHHPO-
BaTh CPEJCTBAa U3MEPEHHUS, ITepeadrl JaHHBIX, KOHTPOJI, aHAIN3a, PETUCTPAIH U OLEHKH OOEBBIX ICHCTBHUIl B
peXUMe pealbHOTO BPEMEHU MPH BBITOJHEHUU peabHBIX MOJIeTOB. CTPYKTypa 3JIEKTPOHHOTO TMOJIMTOHA TMpe/-
CTaBJicHAa KaK HAOOp B3aMMOCBSI3aHHBIX KOMIIOHCHTOB, PACIIOJIOKCHHBIX HA CAMOJIETaX, a TAKKE Ha MECTHOCTHU B
npenesaax TePPUTOPHUH MOJUTOHA, KOTOPBIM BKIIIOUAET OPraHU30BaHHOE BO3YLIHOE M HA3€MHOE MPOCTPAHCTBO.
BaxxHol 3amaucii cuHTE3a JICKTPOHHOTO IOJUTOHA SBISCTCS MOCTPOCHHE KaHAJlA allapaTypsl Mepeadu JaH-
HeIX (AII/l) c obecrieyeHMeM HEOOXOAWMOW W JIOCTATOYHON JOCTOBEPHOCTH M HAACKHOCTH. OCOOCHHOCTHIO
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¢ynkronupoBanus kanana AllJl sBisirorest crienuduyeckre TpeOOBaHUS K TUHAMHYECKOMY Hana3oHy MpH-
E€MHOM armaparypsl M KOHCTPYKTHBHAsI pealn3al¥s aHTEHHBIX y3JI0B, 0OECIIEUMBAIONIMX Mepenady JaHHBIX
Mexay JIA u LIYK, xak Ha GOJBIINX BRICOTAX W yOAIEHHSX, TAK M MaJIBIX BEICOTAX MPHU MaJbIX yIAICHHUIX.

HccnenoBanusi, poBeleHHbIE B paboTe, ONPENEISIIOT METOAOJOTHIO CO3/IaHMS alapaTHO-IPOrPaMMHBIX
cpenctB AT/l npu nocrpoennn BIIT OTII, HanexxHoe QyHKIIMOHUpOBaHUE KOTOPOH o0ecrieynBaeT MoyiepkaHnue
pexrMa peaslbHOr0 BPEMEHH IPH COBMECTHOM (YHKLIMOHMPOBaHWU KoMIulekca Mozeneit MK mpu BblnosHeHHn
peanbHbIX T1ONE€TOB. B ocHOBYy TexHuyecko peanmmsauus JIII/J] npennoxkeHo HCMONIb30BaHUE KOIOBO-
MOAYJISIIUOHHON CXEMBI C HCTIpaBiieHneM omnook koxoM Puna-ConomoHa. OpUrHHAIBHOCTS IIAHUPYEMBIX pe-
3yJIbTATOB MOATBEPIKAACTCS TEM (PaKTOM, UTO JI0 HACTOSILIEr0 BPEMEHH 33/1a4a 000CHOBaHMsI TPEOOBaHUH K CTPYK-
type BOII Ha 0a3e coBMeneHUsI BO3MOXKHOCTEH MMHUTALMOHHOTO MOJEIMPOBAHUS U PEaIbHBIX MTOJIETOB, IPAKTH-
YECKH, HE PEATN30BbIBATIACh. PaboTa nMeeT BaXXHOE HaydHOE U NPUKJIaJHOE 3HaYeHNe py cuHTe3e BOIT.
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MODELING CHARACTERISTICS OF VIRTUAL ELECTRONIC
TRAINING GROUND FOR PILOTS AND COMMANDERS
OF THE RUSSIAN AIR FORCE

S.V. Baburov, I.A. Kirshina, V.N. Perelomov, A.D. Filin, S.A. Surkov, A.Y. Shtrakov, T.V. Yakovlev

The effectiveness enhancement studies both individual and especially tactical flying crews and ACD personnel training
lead to the idea of functioning environment development of aerial and ground-based tactical scenario models complex. These
models are operated synchronously with real flights process by one or several aerial vehicles (AV) and in prospect with
combined tactical groups of AVs involved in military exercises. Measuring tools, data transmission facilities, control and
assessment tools, combat operations logging and estimation means should be synchronously operated in this environment in
real-time mode during actual flights. The electronic training range structure is introduced as interfaced components set
embedded in aircraft and located on the ground within the training range territory which includes organized aerial and ground
domain. The vital synthesis task of the electronic training range is the channel establishment of data communication
equipment (DCE) providing the necessary and sufficient fidelity and reliability. The distinctive feature of DCE channel
functioning is specific requirements to dynamic range of receiving equipment and constructive implementation of antenna
modules providing the data transmission between the AV and Flight control center (FCC) both at high altitude and long ranges
and at low altitude and short range.

The fulfilled studies determine the development methodology of DCE hardware-software tools during VER common re-
ceiving point (CRP) design the proper functioning of which provides the real time mode maintenance at combined functioning
of MK complex models during actual flights. The use of code-modulation scheme with errors correction by the Reed-Solomon
code was proposed as a basis of DCE technical implementation. The originality of expectations is confirmed by the fact that
the requirements validation task to the VER structure on the base of possibilities mix of simulation modelling and actual flights
hadn't been actually realized up to the present moment. The article has an important scientific and applied relevance during
VER synthesis.

Moctynuna 17 anpens 2015 roaa.
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HAYYHbIE PELEH3UN N OT3bIBbI

LincbpoBas o6paboTka curHanoB B MHOrochyHKLMOHaNbHbIX paguono-

+""""‘“‘ katopax. Metoabl. Anroputmbl. Annapatypa. KonnekrmeHas MoHorpa-
LM®POBAS c¢usn / nop pea. I'. B. 3anueBa. — M.: PaguotexHuka, 2015. 376 c.: un.
OBPABOTKA CUrHAJIOB PeueH3eHTbI: A-p TexH. Hayk, npodeccop AngowmH B.M., o-p TexH.

B MHOTO®YHKLMOHAJIBHBIX | Hayk, npodpeccop LaTtpakos HO.I".

R A TOPAX MoHorpadust TOAroTOBlIEHa KOJUIEKTHBOM aBTOPOB, HEMIOCPEICTBEHHO
CBSI3aHHBIX C IIPOSKTHPOBAHUEM CHCTEM LIM(PPOBOI 00pabOTKN CUTHAJIOB JUIS
MHOTO(YHKIIMOHATGHBIX PATHOTIOKAIMOHHBIX KOMILICKCOB.

B kHure ornvcaHbl IPUHIMITE Pa3padOTKH YCTPOMCTB 1H(POBOi 00pa-
OOTKU CHUTHAJIOB, AJITOPUTMBI YaCTOTHO-BPEMEHHOH 00pabOTKH, METO/IBI 10~
CTPOCHHMS aMMapaTypbl, KOHKPETHBIE Pa3pabOTaHHbIC YCTPOHCTBA, METOTMKA
OIICHKH XapaKTePUCTHK.

Lens moHOrpaduu COCTOHMT, C OIHOH CTOPOHBI, B TPEICTABICHHN
HAyYHOU OOIIECTBEHHOCTH PE3YJIBTATOB MPOBEAEPHHBIX padoT, a ¢ JAPYrou, —
B TOM, YTOOBI CIY)KUTh yIeOHBIM TIOCOOMEM IS MOJIOMBIX CIEITHAMCTOB.
He cekper, 4to B 000pOHHO-TIPOMBIIIICHHOM KoMIUIekce Poccun mpounso-
IIeJT Pa3pbIB MOKOJICHUH, ¥ KHUIA HAIpaBJIeHa HA TO, YTOOBI TIOMOYh MOJIOZBIM CITCIIMAIMCTaM COKPATHUTh
UMEIOLIMIICS Pa3phIB.

Kaura paccunTana Ha Hay9IHBIX PaOOTHUKOB W MHKECHEPOB, pabOTAIOIIMX B OOJIACTH PATHONIOKAITN 1
PaAMOCBSI3H, a TaKKe MOXKET OBbITh MOJIE3HA IJIsl CTY/ICHTOB M aCIIMPAHTOB, OOYUAIOIIMXCS M0 COOTBETCTBYIO-
UM CTICIUATTEHOCTSIM.

sanr . ypa
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