BknioyéH B lepeyeHb BAK

BECTHUK

BO3/JYIIHO-KOCMUYECKOU 0OOPOHDI

Hay4Ho-TexHMYeCKMIA peLieH3npyeMbIi XypHan

rNABHbIA PEQAKTOP:
M.A. Co3uHoB, A-p TeXH. Hayk, npoceccop

3AMECTUTENK rMABHOIO PELAKTOPA:

B.M. AnpowmuH, g-p TexH. Hayk, npodeccop
A.C. CyMuH, a-p TexH. Hayk, npoceccop

OTBETCTBEHHbIWA CEKPETAPb:
[.A. JleMaHCKMI, KaHA. TEXH. HAYK, AOLEHT

PEOAKUWOHHAS KONNErUA:

M.A. F'op6auéB, 4-p TeXH. Hayk

B.H. FopeBuy, o-p TexH. Hayk, npocdeccop
H.C. F'y6oHuH, 1-p TexH. Hayk, npocdeccop
A.W. JaHuneHko, 4-p TEXH. HayK

M.B. XecTeB, kaHa. TEXH. Hayk

I".B. 3aiiueB, 4-p TEXH. HayK

A.B. UrHaTbeB, [I-p TexH. Hayk, npogeccop
B.A. KawwuH, -p TexH. Hayk, npoceccop
C.K. KonraHos, a-p TexH. Hayk, npoceccop
B.W. KonecHuueHko, -p TexH. Hayk, npodeccop
10.H. KodpaHoB, o-p TexH. Hayk, npodeccop
B.C. OKOHeLWHNUKOB, A-p TEXH. HAYK

A.A. MapaMoHOB, J-p TeXH. Hayk, npodeccop
H.B. Paguyk, 0-p TexH. Hayk, npodeccop
C.NN. CokonoB, A-p TEXH. HayK

M.1. CtapnkoBCKMIA, A-p TEXH. HayK

A.®. CtpaxoB, A-p TeXH. Hayk, npocdeccop
A.A. Tpyxaues, [-p TEXH. HayK

10.I". WaTpakoB, a-p TexH. Hayk, npodeccop
H.C. Wep6akoB, o-p TeXH. Hayk, npodeccop

TexHuueckuin pepakTtop: M.A. Naiikos
KoppekTop: A.H. Bop3osa
KomnbtotepHas BepcTka: O.A. lMbixoHnHa

@ pepakuvm (499) 940-02-22

no6. 79-06, 14-99, 17-23, 16-00

E-mail: aspirantura@gskb.ru
izd.group@gskb.ru

BecTHWK BO3aYLIHO-KOCMUYECKOI 0BOPOHbI:

Boinyck Ne 2(18), 2018 r.

COOEPXAHUE

» MpobnemHble BONpockl NOCTPOeHMs cuctem u cpeacts BKO
MN.A. KoxHo, C.B. N'ony6uukoB
PakemHo-kocmuyeckas mexHuka Poccuu Ha pbIHKe MUPOBbIX KOCMUYeCKUX yerye.... T

A.A. MNotanoB

TekcmypHble u hpakmarnbHO-CKelinuHa08bie Memodsbi 06HapyKEHUS,

obpabomku u pacno3HasaHusi ciabbix padUoIOKayUOHHBIX CUeHaoe

U MasioKOHMPAacmHbIX U300paXeHull Ha hOHE UHMEHCUBHBIX NOMEX ............vene.. 15

» MpumeHenue cun u cpeacts BKO
1. Angpees, 10.A. CnupupoHoB, H.I'. Boapuxun, B.M. NMaxomoB
Cucmems| 3awums1 bannucmuyeckux pakem U KOCMUYECKUX annapamoe............ 27

B.I'. CnyruH, A.A. 3y6apes, O.10. LLieBuoB, A.fl. MexTues,

B.A. KoBelwHukoB

Pewenue 3adayu yenepacnpedeneHus

mex0y 60esbIMU MaluUHaMU 3€HUMHbIX PaKemMHO-NYLWEYHbIX KOMNIIEKCOS ........... 34

» UccnepoBanus B chepe NPOEKTHO-KOHCTPYKTOPCKUX
1 TEXHOMNOrNYeCcKnX pabot

A.A. ApewkuH, U.b. ABepuH, U.B. Boiiuos, A.[l. Enucees
OnekmpoHazpesamenu Ha 0CHOBE Ye/le80/I0KHUCMbIX Mamepuasos
8 cucmemax obecneyeHust mennogoeo pexuma annapamypsl PIIC ...................... 43

10.C. Atonwes, A.B. BopoHkos, T.A. KopHuenko, A.M. Jloces
[pozpammHo-annapamHb il KOMNAEKC Ans USMePEHUs

U aHanu3a QUHaMUYeCcKuxX xapakmepucmuk mpakmos

aHan020-YupPOB020 NPEOBPAIOBAHUS ..........c.veeriersvenssrnisisssassssssinsssssssssssssnsssanes 48

A.B.lanes, C.C. l0gayéB
[Momexoycmolidugocms HeKo2epeHmHo20 npuéma
WUPOKONOIOCHBIX CU2HAM08 NPU CMPYKMYPHBIX NOMEXAX ......ocvvvrverereavicecierernranns 55

A.N. Munees, C.M. Hedepos, .. MawwnHuH, M.A. FoHyapoB,

B.B. Kucenes, .A. ipo3goB

OkcnepumeHmarnbHble uccrnedogaHusi pabomsi nnaHapHozo CO-nasepa

¢ BY-Hakaykol npu KOMHAMHOU MEMNEPAMYPE.........c.vreerererearerrreererereaeessneareneeanes 61

A.B. HoBukos, B.A. Xnycos

[pumereHue cnocoba anodusayuu SVA Ons yMeHbWeHUs yposHs

60K08bIX lenecmkos Quazpammb! HanpasneHHOCMU NPUEMHOU

aHmeHHoU pewémku 6e3 y8enuyeHuUs WUPUHbI 0CHOBHO20 NENECMKE................... 69


mailto:aspirantura@gskb.ru
mailto:aspirantura@gskb.ru

Hay4Ho-TexHu4eckuin xypHan/
MAO «HIMO «Anma3», 2018 1.
Ne 2(18). C. 1-132

MoanucaHro B neyatb 19.06.2018 .
®opmat 60x84 1/8. bymara ocbceTHas!.
Yen. ney. . 7,2. Tupax 1000 k3.
3aka3 No 124082

OtneyataHo B OO0 «M3paTenscteo Konme»
392010, r. Tambos, yn. MoHTaxHuKoB, A. 9

CB1aeTenbsCTBO O perucTpaLim:
[N Ne ®C77-63487

Yypepurens: MMybnnyHoe akumoHepHoe obLecTBo
«Hay4Ho-npown3BofcTBeHHoe 06beanHeHe
«Anma3s» umenu akagemnka A.A. PacnneTuHa»

125190, r. Mocksa,
Jlenunnrpapackui npocnext, gom 80, kopn. 16.
Ten./cpakc (499)940-02-22/(499)940-09-99

CraTby peLeHsnpyrTCs.

HesakoHHOe TMpaXmpoBaHm1e 1 Nepesos cTaTen,
BKIIOYEHHbIX B XypHarl, B 3aNEKTPOHHOM

1 Ntobom ApYrom Buae 3anpeLLeHo 1 kapaeTcs
aOMWUHUCTPATUBHOM W YrONOBHON
OTBETCTBEHHOCTbI0 N0 3aKkoHy PP

«OB aBTOPCKOM MpaBe W CMEXHbIX NPpaBax»

© MAO «HIMO «Anma3», 2018

ISSN 2311-830X

LleHa 3a 1 ak3. — 600 py6.

NoanMCHOU MHOEKC: 70576
B KaTaJsiore areHTCTBa
«POCIMEYATb»:

FA3ETbI U XYPHANDbI

B.C. OkoHelwwHukoB, B.H. 3aBanui, A.B. UsaHoB, B.B. BaHoB
CueHan ¢ obpamHol cuHycoudanbHOU YacmomHOU MOOYNIAUUEH ..............cveereenn. 74

B.A. NMuenun, U.N. Kopuarun, B.B. Tpery6os, I1.B. MaH4yeHko
CBY-ycunumenu mowHocmu dns cneyannapamypbl U AQAP ..........ccvvvvvnenene. 81

A.Ll. ®unuH, B.MM. Paukos, 10.I'. lWaTtpakoB

Memod o6bekmusHOU 0UeHKU 3GhgheKmUBHOCMU LICNOMb308aHUS
MPEeHaXHO-MOOEIUPYIOUUX KOMNITEKCO8 NIEMHbIX 3KUnaxel

U Cneyuasnucmos ynpagneHUst QBUAUUET ............cocowwweueueueueerererereseenesseeesesesenenes 84

A.O. flweHkos, B.®. AHgpeeB
Memod cpopmuposaHusi nposanos 8 napyuanbHblx Quaepammax
HanpagneHHocmu usny4amenel NPUEMHbIX KOHGPOPMHBIX ADAP...........cccvvevene. 92

» MpuknagHble 3aAa4yn NpUMeHeHUs

MHHOPMaLIMOHHBIX TEXHONOIUK

C.K. Konranos, 3.I'. llasapeBuy

YnpasneHue XusHeHHbIM LUKIOM paduo3aniekmpoHHOU annapamypbl 00PYXEHUS,
80EHHOU U cneyuasnbHOL MexXHUKU Ha OCHO8e 8UpmYyarbHOU

SNEKMPOHHOU KOMNOHEHMHOU BA3BI .......vvvcveveecieseierescie e ss et 97

B.U. KpbikaHoBCkum
Memod onmumusayuu eb16opa pexumos koOupogaHusi UHGhopmayuu
01151 NOBBLILIEHUST CKOPOCMU €6 BOCNPOUIBEABHUS .......cerverveerieieirieeisincse e 116

» AHanuTHyeckue uccnefoBaHus 3apybexHoro onbita

C.B. AkcéHos, B.A. Bacunbes, C.B. l'ony6uukos, I'.6. l'ypoB,

M.B. Xecres, B.K. HoBukos

CospemeHHOe COCMOsHUE U NePCNEKMUBHI pa3sumusi

npomugopakemHol 000POHBI CLUA..............coveriresie e 125

4 Haquble PEUEHIMN U OT3bIBbL. ... 132



CONTENTS

» Topical issues on Aerospace defense system and elements
arrangement

P.A. Kohno, S.V. Golubchikov
Russian space and missile technology in world space services market.................... 7

A.A. Potapov

Textural and fractal-scaling methods of detection, processing

and identification of weak radar signals and soft images in the background

OF RIGR-INEENSILY NOISES........oeeeeieceiseece st 15

» Aerospace defense systems and components application

G.l. Andreev, Y.A. Spiridonov, N.G. Bodrihin, V.M. Pahomov
Ballistic missiles and space vehicles protection SyStems..........cceouvevenenierneenenn. 27

V.G. Slugin, A.A. Zubarev, 0.U. Shevtsov, A.Ya. Mekhtiev,

V.A. Koveshnikov

Solution of target distribution problem between combat vehicles

of air defense missile and QUN SYSIEMS .........cvevuveverineeriee s 34

» Design-engineering and technological research works

A.A. Areshkin, |.B. Averin, LV. Boitcov, A.D. Eliseev
Carbon-fiber electrical heaters in thermal control systems of radar equipment .......43

U.S. Atopshev, A.V. Voronkov, T.A. Kornienko, A.M. Losev
Software and hardware complex for measuring and analysis of ADC
path dynamic CharacteriStcs ...........cirrienneenee e 48

A.V. Galev, S.S. ludachev
Noise immunity of wideband signals non-coherent receiving
at adjacent-channel iNterfereNCe..........coovvvneerriiersre s 55

A.P. Mineev, S.M. Nefedov, P.P. Pashinin, P.A. Goncharov,

V.V. Kiselev, P.A. Drozdov

Experimental research of RF-excited planar co-laser operation

At FOOM LEMPEIAIUIE..........cocovieeisitieriee ettt 61

A.V. Novikov, V.A. Hlusov
Application of spatially variant apodization method to reduce Side-Lobe Level
of receiving antenna array without main lobe width increase.............cccoeovnieunenne. 69

V.S. Okoneshnikov, V.N. Zavaliy, A.V. Ivanov, V.V. lvanov
Signal with reverse sine frequency MOAUIALION .............ccovvienenienenienene e, 74

V.A. Pchelin, I.P. Korchagin, V.B. Tregubov, L.V. Manchenko
Power microwave amplifiers for special-purpose equipment
and active phased antenNa array ..............ccccoerneeoniee s 81

A.D. Filin, V.P. Rachkov, U.G. Shatrakov
Ojective evaluation method of simulator-training complexes efficiency
of flight crews and air combat control SPECIalStS ...........ccucvenerienenireneneseeenn, 84

A.O. Yashenkov, V.F. Andreev
Nulling method in partial detection patterns of radiators
in receiving conformal active phased antenna arrays ...........cceoeoeveoreneoenrnenenen. 92



IT applied application tasks

S.K. Kolganov, E.G. Lazarevich
Electronics life cycle management of armament, military
and special-purpose equipment based on virtual electronic component base.........

B.l. Kryzhanovskiy
Optimization method of information coding modes selection

» Foreign experience analytic research

S.V. Aksenov, V.A. Vasiliev, S.V. Golubchikov, G.B. Gurov,
M.V. Zhestev, V.K. Novikov

[MonHbIl cnucok onybnuKogaHHbIX HOMEPO8 XypHana Bel moxeme ygudems Ha calime
http://www.raspletin.com/nots

XypHan «BecTHMK BO3AYyLIHO-KOCMUYECKOU 0OOPOHbLI» BKIOYEH B chopmmpoBaHHbIN Mu-
HUCTEPCTBOM 0bOpasoBaHMs UM Hayku Poccuickon degepaumy nepeyveHb  peLeH3n-
PYEMbIX Hay4YHbIX U34aHWIA, B KOTOPbIX AOMKHbI ObITb ONYGIMKOBaHbI OCHOBHLIE HayYHbIe pe-
3ynbTaThl AUCCEpTaLMA Ha COMCKaHWE YYEHOW CTENeHWU KaHauaaTa Hayk, Ha COMUCKaHUe y4é-
HOW cTeneHn pJoktopa Hayk (nucemo MwuHobpHaykun Poccun ot 01.12.2015 roga
Ne 13-6518. URL: http://www.vak.ed.gov.ru/87.html).

BkntouéH B nepeyeHb BAK no rpynnam HayyHbIx crieuuanbHOCTEN:
05.12.00 — PagunoTtexHuka u cBsA3b;
05.27.00 — OnekTpoHuKa.

to increase its reproQUCHION rate............coeveveeeeeeeeeessss s 116

Current state and development prospects of US missile defense system.............. 125

» Scientific reviews and reference..............ocoooooioo e, 132



K 100-IETUIO CO AHA POXAEHUA
MEPBOTO rNABHOIO KOHCTPYKTOPA
CUCTEMbI MPOTUBOPAKETHOW OBEOPOHbI
OT BANINMUCTUYECKUX PAKET

20 utonst 2018 rona ucnonusercss 100 net co gHS poXk-
nenust Kucynovko I'puzopus Bacunveeuua — OCHOBOIIOIOXK-
HUKa CO3JaHUs IPOTUBOPAKETHOM 0O0OpOHB MOCKBBI
0T OAUTMCTHYECKUX PAKET, IIEPBOTO IMIABHOT'O KOHCTPYKTOPA
skcnepuMeHTanbHOM cucteMsl [IPO — CucteMsl «Ay, ['epost
COLIMAJIMCTUYECKOIO TpyAa, TIeHepal-IelTeHaHTa, 4YieHa-
koppecnionienTa AH CCCP, naypeata JleHuHckoll npemun,
JIOKTOpa TEXHMUECKHUX HAYK, Ipodeccopa.

Kucynbko I'puropuii BacuinbeBud ponuics B KpecTb-
SHCKOH ceMbe B cene benbmanka Ha Ykpaune. B 1930 rogy
ceMbsi mepeexasa B MapHymoib, TOe POIUTENH OYAyIIEro
KOHCTPYKTOpa yCTPOWIIUCH paboTaTh Ha 3aBoJ UM. Minbuya.

[Tocne oxonuwanmst mkomsl ['puropmit BacumbeBud
HOCTYNUI Ha (U3UKO-MaTeMaTudeckuil Qakynsrer Jlyran-

CKOTO TIEUHCTUTYTa, KOTOPHIM OKOH4YmI B 1938 romy

¢ omuueM 1o cnenuanbHocT «Pusuka». Ocenbro 1938 roma mponomkui cBoé o0ydeHHe B acCUpPaHType
no kadeznpe TeopeTndeckor (Hu3MKN JIeHHHTpascKoro rocyaapcTBeHHoro nequHeTuTyTa nM. A.M. I'eprena.
ACTIHpaHTypy 3aKOHYMJI YCIIEIIHO, 3alUTHUB JUCCEPTAIMI0O HA COMCKAaHHWE Y4YEHOH CTeleHH KaHAWAaTa

(usuko-MareMaTHUecKuX Hayk 17 uroHs 1941 rona.

Benukyro OteuecTBeHHyI0 BOifHY KucyHbko BCTpeTni A00poBoibiieM B JIGHHMHrpaackod Apmun
Hapoanoro onomdenus, B paasl kKotopoid Betynui 4 urons 1941 rona, 6bu1 paaoseim 2-ro CII 5, ottyna
Obl1 oTKOMaHIMpoBaH B pacnopsbkenue PBK KyiiObimesckoro paiiona r. Jlemmnrpama, a u3 PBK
KypcanToM ObL1 HampaeiieH B Boennoe yunnuiie BHOC Kpacnoit Apmun. B despane 1942 roma mononoit
neiiteHaHT ObuT HanpasieH B 337-i OtrnenbHblid  pamnorexHmueckuit Oatanmbon BHOC Ocoboi
Mockogckoit apmun [1BO, tae véc ciryx0y 10 nekadps 1944 rona.

B nekabpe 1944 roma Kucynbko HasHadeH mnpemnojaBatenieM B Boennyro KpacHo3HamEHHYIO

akanemuto cBs3u uM. C.M. Bynénnoro.

Kanpogsrit opuiep Coserckoit apmun, B oktsi6pe 1950 rona I'puropuit BacunseBud 65U1 IpHKOMaHAN-
poBan k MunucrepctBy BoopyxeHuss CCCP mrs padorsr B Kb-1, rme ygacTBOBanm B CO3IaHWM TIEPBBIX
OTEUEeCTBEHHBIX 3eHUTHBIX pakeTHbIX kKoMIuiekcoB (3PK) C-25 u C-75. 3a yuactue B pa3padboTke cuctemsl C-25
Kucynsko ['puroputo BacunbeBuuy Opi10 npucBoeHo 3Banue ['epost Conpanucruyeckoro tpyza (1956).

Korma B Coerckom Coro3e BO3HHKIA HACTOSITENbHAs HEOOXOAMMOCTh 3alllUTHl CTPaHbl OT
0aJUIMCTHYECKUX pakeT ¢ saepHbIM opyxueMm, B Kb-1 pemenuem mpaButenscTBa ObLIO c(hOpMHPOBAHO
nogpasaencane CbBb-30 mo I[MPO. HawanpHukoM u TinaBHBIM KOHCTpykTopoM CB-30 Obm HasHadyeH
Kucynsko I'puropuit BacunbeBnd, KOTOpBIH MpOSIBHI Cce0sl KaK TaJAaHTIMBBIA YU&HBIN, OpraHH3aTop
U BJIOXHOBUTENb OONBIIOr0 KOJINYECTBA KOJUIEKTUBOB HA PEalM3allii0 OJHOrO M3 BEIMYANIINX IIPOEKTOB
Bropoii monoBHMHBI XX Beka. Kwucyneko — ocHoBomonoxHuk cosmanus [IPO  CCCP, astop
(yHIaMeHTaNbHBIX paboT MO MpobieMaM NPHKIATHONW pagro(H3NKH, 3JIEKTPOJUHAMUKH W CHCTEMHBIM
BOIIPOCAM PaIUOIOKAINM, TEOPETUIECKH OOOCHOBABIIMII BO3MOKHOCTH OOHApYXEHHUS, COINPOBOKICHUS

U TIOpayKEHMSI TOJIOBHOM YacTh Oammuctuaeckoi paketsl ('Y BP).
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Ilo ero OpCATIOXKCHUIO Ha CIICHUAJIbBHO IMOCTPOCHHOM HOBOM IIOJIMTOHE B paﬁOHe 03€pa Bbanxam
OBLI CO31aH 3KCHCpI/IMeHTaJ'II>HI)II\/'I moauroHHeld komiwieke ITPO — Cuctema «A», Ha3HA4YCHHUEM KOTOPOIo

SIBJISLIOCH TOATBEpskaAeHue nepexsata [ 'Y bP.

CucreMoii «A» penainuch COBEpIIEHHO HOBBIE IS TOTO BPEMEHH 33/1a9H:

— o0Hapy)XeHHUE, COIPOBOXKACHUE U N3MEPEHUE KOOPANHAT Liesel, MMeomuXx 3 (GeKTHBHBIEC TOBEPX-
HOCTH paccesHus Ha 2—3 mopsaKa MeHbIe U CKOPOCTH Ha 12 mopsika OoJiblle, 4eM y CaMOJIETOB;

— OpraHuM3alMs UX [epexBaTa ¢ TOYHOCTSMHM, OOECIICUMBAIOLIMMH MOPAKEHUE OCKOJIIOYHOH 00eBOii
YacThI0 MaJ0ysA3BUMOr0 00EBOT0 OJI0KA.

4 mapra 1961 roma Cucrema «A» BHEpBBIE B MUPE OCYIIECTBHIIA MIEPEXBAT U TOPAKEHUE HA BHICOTE
25 xm 'Y BP P-12, neresureid co ckopocThto Ooniee 3 km/cek. [Ipu maapbHEUMX HATYPHBIX HCIBITAHUSIX
npsmoe mopaxkenue ['U BP Ovputo 3adukcupoBano emé B nByx myckax I1P mo BP P-5 m B Tpéx myckax
o bP P-12. Ha ocHoBaHuu aHanm3a xona padot no Cucreme «A» B 1958 roay ObUTO IPUHSATO TIOCTAHOB-
nenre 1K KIICC m CoBmuua CCCP Ne 389-185 o co3mamum 0oeBoil cucteMbl A-35 ¥ Ha3HaUYeHHH

Kucynbko ['puropus BacunseBruua ['eHepanbHBIM KOHCTPYKTOPOM 3TOUM CHCTEMEI.

B 1966 roay 3a paboTsl o co3nanuto CUCTEMbI «A» U CBSI3aHHBIE C HUMHU HCCienoBaHus KucyHbko
I'puropuro BacunbeBuuy B cocTaBe rpynibsl pazpadoTynkoB CucTeMbl «Ay» ObLTa mpUcykeHa JIeHnHCcKas
npemus. I[locranonenmem I[[K KIICC um CoBmumna CCCP OKB-30 Oputo Bblmeneno u3 Kb-1
B CaMOCTOSITENIbHYIO TOJOBHYH) HAay4YHO-KOHCTPYKTOPCKYIO OpraHU3allfio, KOTOPYI0 OBbLIO MOpYyYeHO
BO3TIIaBUTH | puropuio BacunbeBnuy B kauecTBe HadabHUKA — [ eHepansHOoro KoHCTpykTopa OKbB. ITog
€ro pyKoBOJCTBOM cucTeMa «A-35» Obula pazpaboTaHa, co3/laHa, MCIBITAHA, MOJIEPHU3UPOBaHA U ObLIa

MIpUHSTa HAa Boopykenne B 1977 romy.

CrnenyromuMm stanoM kKapwsepbl (1970-1975) crana mns Kucyneko pabora B LIHIIO «Beimmen»
B JIOJDKHOCTH 3aMeCTHTENS | eHepabHOTO TUPEKTOpa o0 HaydyHOU padote u HadanbHuKa HMO 1o cucreme
A-35 u e€ monepHuzanuu (A-35M) kak ['enepanbHoro KoHCcTpyKTOpa 3Toi cucteMsl. C 1975 mo 1979 ron
B [ITHUPTU KucyHpko 3aHMMaeT JOJDKHOCTH 3aMECTHTENs TUPEKTOpa 1Mo HaydyHoW padote, a ¢ 1979
mo 1987 ron — B 45 IIHUM MO — nomKHOCTh Hay4yHOro KoHcyneTaHTa. B 1987 romy I'puropmit
BacunseBnu yBommics u3 psamoB CoBeTckod apmum W paboTan 3aBeAylomIuM JabopaTopueil otmena
teopetrueckux mpodiem AH CCCP.

['puropuit BacunseBuu HarpaxaéH IByMs COBETCKUMH opAeHamu JleHuHa, opaeHoM OTeuecTBEeHHOM
BoiHBI | cremenu, opaeHom Tpymosoro KpacHoro 3Hamenwu, opaeHoMm KpacHoit 3Be3nsl M POCCHICKHM
opaeroM «3a 3acmyru nepen OtedectBom» |V cremenu (16.11.1998, mocmepTHO), a Takxke MHOTUMH
MeIasIMH.

I'puropust BacuibeBnua Kucynpko He crano 11 okrsidps 1998 roma. OH noxopoHeH Ha TpoeKypoBCKOM
Kknagouiie B MOocKBe.

T'enepanbHbIi TUPEKTOP

ITAO «HIIO «Anmasz»

nMeHHU akajgemuka A.A. Pacriineruna

JIOKTOP TEXHUUYECKUX HaYK, ITpodeccop I'.I. Benpepckuii
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The article examines development prospects of space-rocket industry sector regarding production of space
transport systems.

Keywords: space-rocket branch, space transport systems, manufacturing cost, competitive market,
benchmark.

HecmoTtps Ha TO3UTHBHBIE TEHIIEHIIMHM B OOJIACTH CHW)KEHHS CTOMMOCTH ITyCKOB Ha MEXTyHa-
POJTHOM pBIHKE, CYIICCTBYIOIIME MPOOJEMBbI C KaueCTBOM OTEYSCTBEHHOH MPOIYKIIMH MPHUBEIH K
CHIDKEHHIO PEIHOYHOM JOJTM POCCHMCKUX HOCHUTENEH Ha PHIHKE 3amyckoB. COCTaB U CTPYKTypa MHPO-
BOTO PhIHKA HATJISHO CBUJETENBCTBYET O TOM, YTO PoCCHs mpakTH4ecku He y4acTBYeT B paboTe Ha
HaubOosiee OOBEMHBIX W BHICOKOKOHKYPEHTHBIX CErMEHTaX IOTPEOUTENhCKUX YCIYI M ITOCTaBOK
HazeMHOro o0opynoBaHus. JlaHHas 0COOEHHOCTh COCTOSHUS OTE€YECTBEHHOW MPOMBIIINIEHHOCTH 00Y-
CJIaBIINBaET HEOOXOAMMOCTh TUBEPCU(UKALUU TMPOIYKTOBOW JIMHEUKH TPEANPUATHI OTpPaciv Uit
oOecrievueHus TIOBBIIIIEHUS 3KOHOMHUYECKOH () (DEeKTUBHOCTH KOMIIAHHI.
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RUSSIAN SPACE AND MISSILE TECHNOLOGY IN WORLD
SPACE SERVICES MARKET

P.A. Kohno, S.V. Golubchikov

Despite positive trends in launching costs decrease in the international market, the existing problems

with quality of indigenous products has led to decreasing of market share of the Russian launch vehicles
in the rocket launching market. The composition and structure of the world market obviously testifies that
the Russian Federation is almost not participating in the work on the most comprehensive and highly competitive
segments of consumer services and delivery of ground facilities. This particular of indigenous industry state
stipulates the diversification need of product line of space-rocket branch enterprises to provide improvement
of companies’ economic efficiency.

MocTtynuna 9 Hos6psa 2017 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 2(18), 2018 r.



PA3[EN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO

YAK 530.1: 537.86 + 621.396.96

TEKCTYPHbIE U ®PAKTAJIbHO-CKEW/TMHI OBbIE
METOLbI OBHAPYXEHWA, OBPABOTKA N PACTIO3HABAHUA
C/TABbIX PAOUOIIOKALUUOHHBIX CUTHAJIOB
1 MAJTIOKOHTPACTHbIX U30BPAXEHUA
HA ®OHE MHTEHCUBHbBIX NTOMEX

© ABTop, 2018

A.A. NoTanoB dokmop ¢hu3uKo-mamemamu4eckux HaykK, npogeccop,
akademuk Poccutickoli akademuu UHXeHepHbIX Hayk um. A.M. lNpoxoposa,
enasHbil Hay4HbIl compyOHuk, UP3 um. B.A. KomenbHukosa PAH, 2. Mocksa
E-mail: potapov@cplire.ru

lpu 0bHapyxeHuu Mano3amemHbIX U MaroOKOHMpacmHbIx yersned, ucronb3oeaHue mpaldulyuUoHHbIX SHepzaemu-
yecKkux obHapyxxumenel (kozda omHoweHue npasdornodobusi onpedernsemcs UCKIIIOHYUMEsIbHO U MOJbKO 3Hepauel
MPUHUMaeMO20 cuaHaa) cmaHo8umcsi 3ampyOHUMerIbHbIM UU NMPaKmu4yecku Hee803MOXHbIM. PaspabomaHbi u
060CHOB8aHbI HOBbIE MOIIOIo2UYECKUE (MEKCMYpPHbIe U ¢hpakmasibHbie) MPU3HaKu U ycmolyueble mMemodbl obHapy-
JKeHUs makux obwbekmos. [lpednoxeH HoebIl 6Ud U HOebIl Memod cospemeHHOU paduosiokauyuu, a UMEHHO,
ppakmarbHo-cKelriuHeosasi unu MacwmabHo-uHeapuaHmHasi paduosiokauyusi. 3mo enedém 3a coboll KOPEHHbIE
U3MeHeHUs1 8 camoli cmpykmype meopemudeckoli paduoriokayuu, a makxe 8 e€ MameMamu4eckom arnnapame.

Knrodeeble cnoea: paduoriokayusi, marnosamemHble Uenu, mekcmypa, pakmar, thpakmasbHas pa3mep-
Hocmb, 0bpabomka cueHaro8 u usobpaxeHud.

The use of traditional energy detectors (when likelihood ratio is determined solely and only by the energy
of received signal) becoming difficult and practically impossible during detection of low-observable and low-contrast
targets. The new topological (textural and fractal) criteria and stable detection methods of such objects were developed
and validated. The new form and new method of present day radio detection and ranging were proposed, precisely —
the fractal-scaling and scale-invariant radio detection and ranging. This leads to drastic changes in structure itself
of the fundamental radio detection and ranging, and in its mathematical apparatus as well.

Keywords: radio detection and ranging (radiolocation), low-observable targets, texture, fractal, fractal dimension,
images and signals processing.

Pa3paboranbl 1 060CHOBAaHBI HOBBIE TOMOJIOTMYECKUE (TEKCTYPHBIC M (PpaKTAbHbBIC) IPU3HAKHA U
METOJIbI OOHAPY)KEHUST MAJIOKOHTPACTHBIX OOBEKTOB Ha (JOHE WHTCHCHBHBIX IIyMOB U moMmeX. [lpu
00HApYKEHUN MAJI03aMETHBIX U MAJIOKOHTPACTHBIX IIeJIeH, UCTIOL30BAHUE TPAJUIIMOHHBIX SHEPTeTH-
YeCKMX OOHApyKUTelel (KOrja OTHONICHHE PAaBAONOA00Us ONIPEACNACTCS UCKITIOUYNTEIBHO U TOJIBKO
SHEPrueil NPUHUMAEMOT0 CUTHAJIa) CTAHOBUTCS 3aTPYIHUTEIbHBIM MU MPAKTHYECKHA HEBO3MOXKHBIM.
OO0HapyKeHHe TakuX OOBEKTOB Ha (JOHE WHTCHCHUBHBIX IMOMEX HEU30EKHO TpeOyeT, YTOOBI Mpesio-
JKUTh, 2 3aT€M W BBIUYMCIIUTH MPUHIUITHAIEHO HOBBIE XapaKTEPUCTHKH M HOBBINA (DYHKIIMOHAJ, KOTO-
pbie OTJIMYAIOTCS OT (YHKIIMOHAJIOB, CBA3aHHBIX C IIOMEXaMH M SHEPrUeil CHrHaljia, a ONpeaesseTCs
UCKITIOYUTEIHHO TOIOJIOTHEHN U Pa3MEPHOCTHIO IIPUHSITOTO CUTHAJIA.

[IpennoxeH HOBBIM BUJ W HOBBI METOJ] COBPEMEHHOW PaJMOJIOKAIINH, & UMEHHO, (PpaKkTaibHO-
CKEUJIMHrOBasi MJIM MACIITaOHO-MHBApUAHTHAS PaMOJIOKAIKsA. DTO BICUET 3a COO0M KOpEHHBIC H3Me-
HEHUS B CaMOW CTPYKTYpE TEOPETHYECKOH paJlOJIOKAIINH, a TAK)KE B €€ MAaTeMaTHYeCKOM arrapare.
Teopus TOMOIOTHYECKOTO (TEKCTYpHOTO U (hpaKTAILHOTO) OOHAPYKEHUS HEOOXOAMMa JIJIs TeNeH Ime-
PEOCMBICIICHUS TIPEKHEH TEOPUHU U TOJIYUYCHHS Ha 3TOW OCHOBE HOBBIX PE3YJIBTATOB, HE JMOCTYIIHBIX
JUTSL TPAJMIIMOHHBIX MPEICTABICHUN KIIACCUYECKOH paguoiokanui. Takum o0pa3oM, TOTIOJIOTHYECKOE
oOHapyXeHHEe OTKPBIBAET JIBEPH B COBEPIICHHO HOBYIO 00JIACTh TEOPUU CTATUCTHUYECKUX PEIICHUH U
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CTaTUCTHYECCKOH PAAUOTCXHUKH, a TAKIKC IMO3BOJIACT CKOPPCKTUPOBATH 6I>ITYIOIJ_II/IC B JTOI 00acTu
MMpEACTABIICHUA U METOABI, U CO3aTh HOBBIC, YTO UMECCT BAXKHOC TCOPETUYCCKOC U IIPAKTUICCKOE 3HA-
YCHHUC.
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TEXTURAL AND FRACTAL-SCALING METHODS
OF DETECTION, PROCESSING AND IDENTIFICATION
OF WEAK RADAR SIGNALS AND SOFT IMAGES
IN THE BACKGROUND OF HIGH-INTENSITY NOISES

A.A. Potapov

The new topological (textural and fractal) criteria and stable detection methods in the background
of high-intensity noises and clutters were developed and validated. The use of traditional energy detectors (when
likelihood ratio is determined solely and only by the energy of received signal) becoming difficult and practically
impossible during detection of low-observable and low-contrast targets.

The detection of such objects in the background of high-intensity noises inevitably requires that to propose
and then calculate the principally new characteristics and new functional, which differs from functional, connected
with noises and signal energy, and is determined solely by the topology and length of received signal.

The new form and new method of present day radio detection and ranging were proposed, precisely —
the fractal-scaling and scale-invariant radio detection and ranging. This leads to drastic changes in the structure
itself of fundamental radio detection and ranging, and in its mathematical apparatus as well.

The topological (textural and fractal) detection theory is necessary for re-thinking of the previous theory
and obtaining on this base the new results, inaccessible for traditional representations of the classical radio
detection and ranging. Therefore, the topological detection opens a door to a completely new area of statistical
decision theory and statistical radio technology, and permits to correct an existing in this area methods and
perceptions, and set up new ones, that of high theoretical and practical importance.

MocTtynuna 14 Hos6ps 2017 ropa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 2(18), 2018 r.



NPUMEHEHWE CHIN U CPEOCTB BKO

YOK 623.465.732

CUCTEMbI 3ALUATBI BAJTITIMCTUYHECKUX PAKET
N KOCMUYECKUX ATIMAPATOB

© ABTOpbI, 2018

I.N. AHppeeB G0KMOpP MexHUYEeCKUX HayK, npogeccop,
eeHeparbHbIl dupekmop, AO « LIHUPTU um. akademuka A.U. bBepaa», 2. Mockea
E-mail: post@cniti.ru
H0.A. CnupuaoHoB kaHOuOam mexHuU4eckux Hayk, naypeam [rocydapcmeeHHou npemuu CCCP,
crieyuanucm, AO «UHUPTU um. akademuka A.N. bepza», 2. Mocksa
H.I'. BopapuxuH kaHOudam mexHU4YecKux HaykK, faypeam npemuu um. .M. ['ybkuHa,
crieyuanucm, AO «UHUPTU um. akademuka A.N. bepza», 2. Mocksa
B.M. MNaxomoB kaHOudam mexHU4YeCKuUX HayK,
sedywuli uHxeHep, AO «LUHUPTU um. akademuka A.U. bepeay, 2. Mocksea

lMpedcmasneHa ucmopusi co30aHusi omeyecmeeHHbIX Komrnekcos cpedcme npomusgodeticmeusi PO,
pacckasaHo 0 fpumMeHsieMbix cpedcmeax 3awumsl 6anIucCmuyecKkux pakem U KOCMUYECKUX arnapamos, 06 ux
cosepuwieHcmeosaHuu, o pabome CLLA 8 amom HarnpasneHuu.

Knroyeenle cnoea: pakemsl, nepexeam, cpedcmea npomusodelicmeusi NP0, cHuxeHue paduoriokayuoH-
Hol 3aMemHOCMU, JT0XHbIE Uesnu, akmueHble MoMexu, Mpomusopakem-asi 060poHa.

The article states the development history of indigenous ABM defense countermeasures complexes,
including existing protection means of ballistic missiles and space vehicles, its improvement, and US activity
in this area.

Keywords: missiles, interception, antiballistic missile (ABM) defense/countermeasures, radar signature
degradation, decoys, active jamming, missile defense.

B crathe pacckazaHa HCTOpHSI CO3JaHMS OTEYECTBEHHBIX KOMIUIEKCOB CPEACTB MPEOJI0JICHUS
ITPO, co3maHHBIX Kak AJs OaJUIMCTHYECKUX PaKeT, TaK M AJsl KOCMHUYECKHX ammnaparoB. IloxazaHb
pasiuyHble MYTH U3 pa3paboTKH, 3aBUCSIINE KaK OT HAYYHO-TEXHHYECKHX BO3MOXHOCTEH CTpaHBbI,
TaK ¥ OT MEXIyHapoaHOW 00cTaHOBKH. OT/IEIbHOE BHUMAHHUE B CTaThe TOCBSIIEHO (POPMHUPOBAHUIO U
BO3MOXKHOCTSIM HMHUTALMH TaK Ha3bIBAEMOTO «IUIa3MEHHOTO ciiefa», (OpMHUpYIOIIerocsi B atMocgepe
3emuu mpu mpoJ€Te yepe3 He€ O0EBhIX OJIOKOB C THIEP3BYKOBBIMU CKOPOCTSAMU. B cTaThe mpocinexe-
HO CO3/IaHME€ aHAJIOTHYHBIX CHCTEM aMEpUKaHI[aMH, C YKa3aHWEM HX IUIAHOB CO3/IaHHS CHCTEM H J0-
CTUTHYTBIMH BO3MOKHOCTAMHU. KpaTko paccka3aHa MCTOpUs OTHOUIEHHH COOTBETCTBYIOILETO MOAPA3-
nenenust [[HUPTU — unctutyta, rae cozgaBanmuch cuctemsl KCII [TPO ¢ riraBHBIME pa3paboTdnKaMu
OaITMCTUYECKNX PaKeT W KOCMHYECKUX ammapaToB: KoposnéBckuM Kb-1, HHCTUTYTOM TEIIOTEXHUKH,
HITO mammnocTpoenus, FOxmameMm. Coznanue cuctem KCII [TPO crano onHOM M3 Hay4dHBIX MIKOJ,
co3gannabix B [THAPTU.
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BALLISTIC MISSILES
AND SPACE VEHICLES PROTECTION SYSTEMS

G.l. Andreev, Y.A. Spiridonov, N.G. Bodrihin, V.M. Pahomov

The article considers the development history of indigenous missile penetration aids complexes, engineered
as for ballistic missiles and space vehicles. Various approaches of its development are demonstrated, depending
both on scientific and technical country capabilites and on international situation. Another attention is paid
to forming and imitation possibilities of the so called «plasma wake», formed in the atmosphere during fly-through
it of warheads at hypersonic velocities. The article traces the analog US systems, specifying the research
and development plans and achieved capabilities. The article briefly describes the history of corresponding
department of the A.l. Berg Central scientific research radio-engineering institute (CNIRTI), where missile
penetration aids systems had been developed along with chief design engineers of ballistic missiles and space
vehicles from the following establishments: S.P. Korolev Design bureau Nel (KB-1), Thermal engineering
institute, JSC Machinery engineering Research and Manufacturing Corporation («NPO «Mashinostroeniyay),
Manufacturing Corporation «South machinery factory («Uzhmash»)». The development of missile penetration
aids systems was carried out by one of the scientific schools, established in CNIRTI.

MocTtynuna 12 ceHTA6psa 2017 ropa.
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PELLEHUE 3A0AYU LIENEPACIPEQENEHUA MEXLY BOEBbBIMHA
MALLUMHAMU 3EHUTHBIX PAKETHO-ITYLLUEYHBIX KOMITIEKCOB
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Badayva pacrnipedeneHusi yenel mex0dy b6oesbimu mawuHamu (BM) 6amapeu sienissemcsa odHou u3 3aday
Ope2aHuU3ayUoHHO20 muna, K €€ peweHU0 MOXHO nodolmu rno-pasHoMy, Ha4YuHasi ¢ caMol fnpocmoul uHMyumue-
HolU roeuku uenepacripedeneHusi, 8raoms 00 MHO20KpUMepPUanbHO20 HarpaesneHHo20 [oUCKa PeWeHUs.
Ha ocHoee oueHok 0ns kaxdol yesiu coomeemcemayuwux 3Ha4eHuUl Kpumepusi (epemeHu nodnéma), ucrosnb30-
8aHuUs1 08yxyposHesol rpouedypbl paHXuposaHusi, @ makxe crieyuanbHOU cxembl pussiaku BM k uyensm paspa-
60maH OeKOMMIO3UYUOHHbILU Memod peweHusl, Komopsbil 3a comble 00U CeKYHObI M0380sisiem cghopmMuposams
onmumarnbHoe peweHue 055 60nbWoeo Konudecmea uenel 8 yCriosusix MofHo20 AUb0 YacmuyHO20 Hanu4usi
b6oekomnnekma. PaspabomaHHbili Memod npumeHuUM Orisi Pas3fuyHbIX CUCMEM B00PYXEeHUSI C MHOXeCmeom
uenell U HeCKObKUMU eOuHuyamu 0OHOMUIHbIX 60e8biX MallUH.

Kmoyesblie cnoea: b6oeenie delicmeus, uenepacrnpedeneHue, 3ghgekmusHocmb, ModenuposaHue,
onmumu3sayusi, 0eKoMMo3uyusi.

The problem of target distribution between battery combat vehicles (CV) is one of the organizational-type
problems and the solution to such problem can be approached in different ways, starting from intuitive logic
of target distribution up to multi-criteria directed search for solution. Based on the estimation for each target
of corresponding criterion values (approach time), on implementation of two-level rating system as well as
the special layout of CVs assignment to targets the decomposing solution method was developed, which within
centiseconds enables to shape the optimal solution for a large amount of targets under the conditions of full
or partial ammo load availability. The designed method is applicable for different weapon systems with multiple
targets engagement capability and consisting of several single-type combat vehicles.

Keywords: combat operations, target distribution, efficiency, modelling, optimization, decomposition.

Pemenne 3amaun menepacnpeielleHns 3aTparuBaeT aHaJu3 COCTOSIHAA ABYX IMTOJICHUCTEM: OOEBEIE
MmaruHbl 6atapen (BM) u Habop neneii. HanGonee nenHoi nHpopMalueil B KOHTEKCTE paccMaTpHBa-
€MOM 3aauu ABIIAETCS MECTOINOJIOKEHUE LIENN U CKOPOCTh €€ nepeMerieHns. Cpean HECKOIbKUX J10-
TIOJTHUTENIBHBIX (PAKTOPOB ClIEAYET OTMETUTH KOIWYECTBEHHBIE (UHCIIO PAKeT) U KaueCTBEHHBIE XapaK-
TEPUCTUKH (THITBI paKeT) CUCTeM BoopyxeHus bBM, a Takke nHHaAMUYECKHe MHINKATOPHl aKTHBAIIMU
neneil oTHocuTENbHO Kaxaoi BM, ¢ukcupyromue otka3 padotsl BM ¢ HEKOTOpO#l 1enbio Kak pe-
3ysbTaT paboThl 1I000H MOJICHCTEMBI 3TOH 00eBOH MamIuHbI. JIorMKa yKa3blBaeT Ha MEPCIEKTHBY I10-
ucka Juia kaxaon nemu (1) nanGonee Onm3ko pacrnonoxeHHoi mammHbl (BM;)), Tak Kak B 3TOM city-
yae BEPOATHOCTh CBOEBPEMEHHOTO MOPaKEHHUs e HawmbOosiee BbicOKa. OIHAKO, €CIU THITHI Ieneit
pasHble, TO U CKOPOCTH MEPEMEIEHUS MOTYT CYIIECTBEHHO Pa3jIN4arhbcs, B 3TOM CIy4yae B KauecTBE
KPUTEPHs 3HAYMMOCTH LIEJIH JOJDKHO BBICTYNATh MOAIETHOE BpeMs 10 BM, To ectsb fij= rylvy = tj.
HmenHO Takas rumoTesa Mojio’keHa B OCHOBY PEIICHHS pacCMaTPpHUBAaEMOM 3aJauH.
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C QopmManbHOIi TOUKK 3peHHs 3a/1a4a CBOAMUTCS K MOMCKY BapuaHTa pacmpenaeieHus Habopa 1e-
neit mexxny BM Gatapen, rmpu KOTOpOM 3HAYEHHE KpUTEpHs OyneT MUHMMAIBHBIM C YYETOM OIpaHH-
YeHUH 10 HAIMYHUIO PakeT Ha Kaxkao bM m mx Tumam (He IOmyCTHMasi B3aUMOCBS3b IO BOOpPYKe-
HUIO), a TaKKe TpeOoBaHuil (orpaHUUEHHI) IPyTuX mojacucreM bM mo peanu3anny KOHKPETHOTO pac-
npezneneHys (He AOIMyCTHMasi B3aUMOCBsI3b). Eciu HeonpenenéHHOCTh OLIEHUBATh KOJUYECTBOM BO3-
MOXHBIX pemeHnid (N), To sl AecsITH meiield u mecTd bM HeonpenenéHHOCTE IelIepacpeaecHus
coctaBut 6°=60466176 Bapuantos, mpu cta nemix N= 6'%~ 10" Peanusaums takoro xomudectsa
BapHUaHTOB HEBO3MOXKHA, IOATOMY TpeOyeTcsl HEKOTOPOE YIPOLICHUE, AEKOMITO3UIIMS 3a/1a4H, [TO3BO-
JSIIOILME PA3PEIIUTh 3Ty CHUTYaLUI0, YMEHBIIUTh O0BEM BBIYMCIUTENBHBIX Pa0OT, 3HAYUTEIBHO CO-
KpaTuB BpeMs. B cTaHgapTHOH mocTaHOBKE 3aaya IiejepacipeiesieHHs CX0XkKa ¢ TPAaHCIIOPTHOH 3a1a-
yell U 3ajaueii o Ha3HaueHMsIX. Ecin xomuuecTBO Leneil mpeBblmaeT 00beM BOOPYKEHHS, TO CHTya-
U] MEHSIETCS] IPUHIMINAIBHO KaK B OOCBOM OTHOLICHWM TaK M B IUIaHE YIPABJICHUS €i0. 3agada
YCIIOXKHSIETCS TaK JK€ U ¢ (hOpMalIbHOM TOUKH 3PEHHs], IEPEXOANUT B pa3psl HECTaHJAPTHBIX HEIHUHEH-
HBIX JUCKPETHBIX 3a/1a4 C HAPYIIEHHBIM OalaHCOM PECypCOB M TOYHOTO pEeIICHHS HE UMEeT.

Ha ocHoBe o11eHOK U1 Ka)X10M 11€TTM COOTBETCTBYIOIINX 3HAYEHUH KpUTEpHs (BpEMEHM MOANIETA
1100 PacCTOSHU), IBYXyPOBHEBON CXEMbI PaH)KUPOBAHUS (CHAYaIa MO «TOPU30HTAIN» — B PE3yJIbTa-
T€ JUIS KaXKI0M LIEJIU BBICTPAMBACTCS PAaHKUPOBAHHBIN CIIMCOK yKa3aTesled npuopurera bM, HaunHas
0T caMoii 3QPeKTUBHON BIJIOTH JO MHHUMAJIBHO MPHUBIEKATEIHLHON B 3TOM IIaHE, a 3aTeM TI0 «Bep-
TUKAJIM» — B Pe3yJbTaTe ONPEAEISIETCS] CIUCOK PaHKUPOBAHHBIX LeNeil u cooTBeTcTBYyOmMX bM), a
TaKXe CHelHanbHON NpuBsA3kH BM K 1essiM 1o JIOTHKH «HanboJiee BasKHBIM LIETISIM BBIIENIATE JIyUIIne
pecypch» pa3paboTaH JIEKOMIIO3MIIMOHHBIN METOJ| PEUICHHS, KOTOPBIA 3a THICSYHBIC JOJH CEKYHIbI
MO3BOJISIET C(HOPMHUPOBATH ONTUMAIIEHOE pellieHre (TOYHEee CyOONTUMANBFHOE) I OONBIIOTO KOIHYe-
ctBa ueineil Briote A0 1000. KayecTBo perieHuil cpaBHUBAIOCh C PE3YNbTATAMHU, MOJIy4aeMbIMU Me€-
TOJIOM TIOJIHOTO Tepedopa 1 caydaiHO-TeHETHYECKUM allTOPUTMOM.

MeTOIL MNPUMCHHUM U PA3JIMYHBIX CUCTEM BOOPYIKCHUA C MHOXKECTBOM ueneﬁ N HECKOJBbKUMHU
€AMHUIIAMU OAHOTUIIHBIX BM B COCTOSIHUSX HOJIHOTO MO0 YaCTHYHOIO HAMWYIMS OOCKOMIUIEKTA.
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SOLUTION OF TARGET DISTRIBUTION PROBLEM BETWEEN
COMBAT VEHICLES OF AIR DEFENSE MISSILE
AND GUN SYSTEMS

V.G. Slugin, A.A. Zubarev, O.U. Shvetsov, A.Ya. Mekhtiev, V.A. Koveshnikov

The solution of the target distribution problem touches upon the analysis of two subsystems: battery combat
vehicles (CV) and set of targets. The most valuable information in this regard is the location of the target
and its velocity. Among several additional factors the following are to be mentioned: quantitative (amount
of missiles) and qualitative specifications (missile type) of the CV weaponry, as well as dynamic indicators
of targets activation relative to each CV, indicating the failure in CV operation with some target as a result of any
subsystem operation of this CV. Logically it seems prospectus to search each target (T;) by a CV which is most
closely located (CV)), since in this case the probability of timely target engagement is the highest. Nevertheless, if
the target types are different, its flight velocities can significantly vary, and in this case the approaching time to a
CV should be the main criterion, thus f;= rj/ vij= tj, This hypothesis is the basis to resolve the examined problem.

Formally the task is reduced to only searching the options of targets set distribution between battery CVs, at
which the value of this criterion will be minimal, taking into account the limitation of the missiles on each CV and
its type (unacceptable correlation in terms of weaponry), as well as requirements (limitations) of other CV subsys-
tems in terms of realization of each specific target distribution (unacceptable correlation). Should
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the uncertainty be evaluated by the number of possible solutions (N), for ten targets and six CVs the uncertainty
of target distribution will be 6*° = 60466176 options, in case there are 100 targets N = 6% = 10®. The realization
of such amount of options is impossible, that is why a definite simplification, task decomposition is required,
permitting to resolve this problem, reduce the amount of calculations, significantly reducing the time required. In
standard situation, the target distribution problem is similar to routing problem or assignment problem.
If the amount of targets exceeds the weaponry volume, the situation changes drastically both in combat terms and
in terms of its control. The problem becomes even more formally sophisticated, it turns into a non-standard
nonlinear discreet problems category with disrupted balance of resources and has no exact solution.

Based on each-target evaluation of respective criterion values (approach time or range), two-level rating
system (first «horizontally» — as a result for each target a ranged list of CV priority indicators will be generated,
starting with the most efficient to the least efficient in these terms, and then «vertically» — as a result the list
of rated targets and corresponding CVs will be defined), as well as special assignment of CVs to targets
in compliance with the «best resources for priority targets» logic, the decomposed solution method was
developed, which within the thousandths of split second allows to shape an optimal decision (suboptimal to be
more exact) for a large number of targets up to 1000. The quality of solutions was compared to the results
achieved by the exhaustive method and the random-genetic algorithm. The method is applicable for various
weapon systems with multiple targets engagement capability and several single-type CVs in the condition
of complete or partial availability of the ammunition load.

Moctynuna 26 uioHsa 2017 roaa.
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S/IEKTPOHAIPEBATE/IN HA OCHOBE YTTIEBOJ/IOKHUCTbIX
MATEPUAJIOB B CUCTEMAX OBECIIEYEHUA
TEI/10BOIrO PEXXUMA ATIMAPATYPbI PJIC
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lNposedeHrbl uccriedosaHus, paspabomka U HeOPEHUe LWUPOKO20 Ccriekmpa 3feKmpoHaspesameribHbIX
ycmpolicme Ha OCHoee yerlegosIoKHUCMbIX Mamepuasoe e annapamype PJIC. OnpedeneHa maxkcumasibHasi
donycmumasi memnepamypa Hazpeeamersel. [MpueedeHb! MpuMepbl KOHCMPYKYUU 31eKmpoHaspesameribHbIX
351eMeHmos.

Knrodeenle croea: anekmpoHazpesamerib, yeriee0/I0KHO, paduoafieKmpoHHas annapamypa, cucmema
obecreyeHusi Merningoeo Pexuma.

The research, development and implementation of wide variety of electrical heaters based on carbon-fiber
material in radar equipment were carried out. The maximum withstand temperature of electrical heaters was
defined. The electrical heaters design examples were listed.

Keywords: electrical heater, carbon fiber, electronic equipment, thermal control system.

IIpoBeneHs! uccnenoBanusi, pa3padoTKa U BHEJAPEHHE LHIMPOKOTO CIIEKTPa AJIEKTPOHArpeBaTeIb-
HBIX YCTPOWCTB Ha OCHOBE YTJIEBOJIOKHUCTHIX MatepuaioB B ammaparype PJIC. Onpenenena makcu-
MalbHasg JOMyCTHMas TeMIepaTypa HarpeBareieil. IIpuBeneHsl mpuMepsl KOHCTPYKLHM 3JIEKTpPO-
HarpeBaTeNbHBIX JIeMEeHTOB. HarpeBarenbHbIe 2IEMEHTHI U3 YTIIEBOJIOKHUCTHIX MaT€PHATIOB SBIISIOT-
cs CcTaOMIBHBIMU TIPH JUTHTENBHON AKCIUTyaTanuu. Hampumep, ncnsiTaHe HArpeBaTeIbHOTO AIIEMEH-
ta Moxynsi PAP B teuenue 6ornee 12000 yacoB Ha MPOTSHKEHUH 7 JIET MOKA3aJI0 U3MEHEHHE €r0 CO-
nporuBieHusi MeHee 3%. Takum oOpa3oM, NMpPOBEIEHHbIE HCCIENOBAHHUS M pa3paboTKa IIMPOKOTo
CIIEKTpa 3JIEKTPOHATPEBATEIBHBIX YCTPOWCTB Ha OCHOBE YTIIEBOJOKHHUCTHIX MAaTEPHaIOB MOKa3alu UX
MEPCIIEKTUBHOCTD ISl MICTIONIb30BAaHUS B CHCTeMax O0eCHedeHHs TEIUIOBBIX PEXUMOB aIlapaTypsl

PJIC.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 2(18), 2018 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX U TEXHOJIOTMYECKUX PABOT

JIMTEPATYPA

1. TexHunyeckue ycnosus TY 3558-013-18070047-00. MNpoBoa HarpeBaTenbHbIA C YrNEBONOKHUCTON TOKONPOBOASLLEN XKUION.

CARBON-FIBER ELECTRICAL HEATERS
IN THERMAL CONTROL SYSTEMS OF RADAR EQUIPMENT

A.A. Areshkin, |.B. Averin, |.V. Boitcov, A.D. Eliseev

The research, development works and implementation of wide variety of electrical heaters based
on carbon-fiber material in radar equipment were carried out. The maximum withstand temperature of electrical
heaters was defined. The electrical heaters design examples were listed. The carbon-fiber heating elements
are stable at continuous operation. For example, the heating element test of phased antenna array (PAA) module
within more than 12 000 hours during 7 years showed its resistance variation in less than 3%. Therefore, the fulfilled
research and development works on wide variety of electrical heaters based on carbon-fiber material have
demonstrated its potential for using in thermal control systems of radar equipment.

Moctynuna 14 Hos6psa 2017 roaa.
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1A UBMEPEHWA U AHATTU3A
ANHAMUYECKUX XAPAKTEPUCTUK TPAKTOB
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B Hacmosiwell cmambe npedcmasrieH npoepamMMHO-annapamHbil KOMIIeKc ONns U3MePeHUsl U aHanusa
OuHaMU4YeCcKUx xapakmepucmuK mpakmoe aHanoe2o-yugpposoeo rnpeobpasosaHus (AUIM) YCO-1. Omom
KOMII/IeKC no3eosisiem rnpuHuMams u nepedasams 0nsi OanbHelwel obpabomku daHHble mpakma ALl e ynpas-
nawwyo npoepammy DataAcq, paspabomaHHyl0 8 pamkax rpoepaMmMbl UMIOPMO3aMeUeHUs, 8 KOomopou
rnpou3eodumcs oueHka OUHaMUYeCKUX U WyMOo8bIX xapakmepucmuk cobcmeeHHo AL, yHKYUOHabHbIX S4YeeK
¢ AUl u 6noka npeobpa3osaHusi cuzHaro8 8 cocmase MHO20QQyHKUUOHaIbHOo20 paduosiokamopa. Paspabo-
maHHbIU KOMIIEKC 1038075em u3Mepsimb OUHaMUuYecKue xapakmepucmuku mpakma e Ouana3oHe 100 05,
pabomame ¢ Yacmomou duckpemu3sayuu AL 0o 100 MIy. MakcumanbHasi ckopocmb nepedadyu OaHHbIX
rno USB-uHmepgpelicy cocmasnsem 12 Mbum/c. MakcumarnsHbil pa3mep obpabambigaeMoeo Maccusa OaHHbIX
ALl cocmaesnsiem 262144 16-pa3psiOHbIx 3Ha4eHul.

Knroyeenble cnoea: cbop OaHHbIX, npoepamma, bychepusayusi, uHmepgpelic, obpabomka cueHanos, 0aH-
Hble, QUHaMu4ecKue xapakmepucmuKu, cueHar, crekmp cueHana, ALTI.

In this paper, we present a software and hardware complex for measuring and analyzing the dynamic
characteristics of the ADCs, USD-1. This complex allows to receive and transmit for further processing the data
of the ADC path to the DataAcq control program developed within the import substitution program in which
the dynamic and noise characteristics of the ADC itself, the functional PCBs with the ADC and the signal
conversion unit in the multifunctional radar are estimated. The developed complex allows to measure the dynamic
characteristics of the path in the range of 100dB, to work with the sampling frequency of the ADC up to 100MHz.
The maximum data transfer rate via the USB interface is 12 Mbit/s. The maximum size of the processed array
of ADC data is 262144 16-bit words.

Keywords: data collection, program, buffering, interface, signal processing, dynamic characteristics, signal,
signal spectrum, ADC.

Jns aHanu3a OUHAMHAYECKHX XapaKTepUCTHK KaHAJIOB aHaJOro-IU(POBOTO MpeodpazoBaHUs
(ALII) B pyHKIMOHANBHBIX sUEHKaX, BXOIIUX B cOCTaB OJIOKa MpeoOpa30BaHUsl CUTHAJIOB, JI0 MO-
CJIEHETO BPEMEHU NPUMEHSIUCh MpOorpaMMa aHaiu3a TUHAMUYECKUX XapakTepucTtuk Tpakra ALl
PScope u 3apybexnas miara coopa (CLLA). Mcnonb30BaHue TaHHOM MPOrpaMMBbI U TUIAThI cOOpa CBSI-
3aHO C PAIOM Tpob6seM. ABTOpaMH CTaThH OBLI CO3AaH MPOTPAMMHO-ANIAPATHBIN KOMIUIEKC IS U3-
MEpeHHsI U aHajlu3a IWHAMUYECKUX XapaKTePUCTUK TPAKTOB aHAJIOTO-IU(PPOBOro MpeoOpa3zoBaHUs
(ALID) YCI-1. DTOT KOMIUIEKC MO3BOJISCT MPUHUMATh M TIepeaaBaTh IS JaabHEHIen oopaboTKu
nauasie Tpakta AL B ynpasnstonryto nmporpammy DataAcq, pazpaboTanHyro B paMKax MporpamMmbl
UMIIOPTO3aMEILIEHNs], B KOTOPOH MPOU3BOAUTCA OLEHKA JUHAMHYECKUX M IIYMOBBIX XapaKTEpUCTHUK
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coocrBenHo AL, ¢pynkumonansubix sueexk ¢ AL u Grnoka mpeoOpazoBaHusi CUTHAJIOB B COCTaBE
MHOTO(QYHKIIMOHAJIFHOTO paJnoIoKkaTopa. Pa3paboTaHHBI KOMILIEKC MTO3BOIISIET W3MEPSITh AMHAMHU-
YeCKHe XapaKTepHUCTUKH TpakTa B quamnazoHe 100 xb, paborats ¢ yactoToit muckperusanuu ALl mo
100 MI'n. MakcuManbHas CKOpocTh nepenaun aanubeix mo USB-untepdeticy cocrasusier 12 Mowurt/c.
MakcumanbpHBIA pazMep oOpadaTeiBacMoro MaccuBa maHHbIX AL cocraBiser 262144 16-pa3psmbix
3HadeHui. [IporpamMmmMHoO-anmapaTHBIi KOMITIEKC COCTOMT M3 BYX OCHOBHBIX Y3JIOB: y3en Oydepusza-
uuu 1 y3en unrepdetica USB. [lomumMo ciaum anmapaTypbl, pa3paOOTaHHbBIM KOMIUIEKC TPUMEHSETCS
JUI peuieHusi Ooyiee IIMPOKOTro Kpyra 3ajad: M3MEpPEeHUE XapaKTEePUCTUK CUTHAIIOB MPOW3BOJIBHOMN
(hopMBI, HicCTIeTOBaHNE W W3MEHEHHE aNTOpPUTMOB WX 00pabOTKH, MCCIeOBaHUE PAa3TMYHBIX THUIIOB
AIIII, B TOM 9nce OTEYECTBEHHOTO IPOU3BOICTBA. ITO AAaET BO3MOXKHOCTH pa3pabaThIBaTh M HUCCIIe-
noBath TpakThl AL mo6oii cTeneHn CIOKHOCTH, yIy4lllaTh UX TUHAMUYECKUE U ITyMOBBIE XapaKTe-
PUCTHKH.

JIUTEPATYPA

1. BopoukoB A.B., Atonuwes 10.C., UrnaTtoB H.A,, JloceB A.M. lNporpamma aHanv3a AMHaMUYECKNX XapaKTepUCTUK TpakTa
aHanoro-ungposoro npeobpasoBanus // CoopHuk goknagos VII HTK Monoabix y4€HbIX U cneumanucToB «AKTyarnbHble BO-
NpoChl pa3BUTUS CUCTEM U CPEACTB BO3AYLLIHO-KOCMUYecKon 060poHbi». — M.: TTAO «HIMNO «Anmasy», 2017. — C.420-429.

2. PeBwnu [0.B. NpakTtuyeckoe nporpammmupoBaHue MUKpoKoHTponnepoB Atmel AVR Ha a3sbike accembnepa. — 3-e n3g., ucnp.
/I OnekTtponuka. — Cl16.: BXB — NeTepbypr, 2014. — 368 c.: un.

3. Bopob6beBa I'.C., lOpuyeHkoB B.A., MapTtembsiHoB C.M. [NpoekTtupoBaHne CDC — yCTpOWCTB Ha MUKPOKOHTpOIIiepax co
BCTpoeHHbIM USB — mogynem: y4ebHo-MeToanyeckoe nocobue. — Tomck, 2010. — 72 c.

4. URL: www.ic.milandr.ru/products/atsp_i_tsap/5101nv015/?tab=DOCS.

SOFTWARE AND HARDWARE COMPLEX FOR MEASURING
AND ANALYSIS OF ADC PATH DYNAMIC CHARACTERISTICS

U.S. Atopshev, A.V. Voronkov, T.A. Kornienko, A.M. Losev

To analyze the dynamic characteristics of the analog-to-digital (ADC) channels in functional cells included
in the signal conversion unit, the program for analyzing the dynamic characteristics of the ADC path, PScope
and the foreign collection board (USA) was used until recently. The use of this program is associated with
a number of problems. The authors of the article created a software and hardware complex for measuring and
analyzing the dynamic characteristics of ADCs, USD-1. This complex allows to receive and transmit for further
processing the data of the ADC path to the DataAcq control program developed within the import substitution
program in which the dynamic and noise characteristics of the ADC itself, the functional cells from the ADC and
the signal conversion unit in the multifunctional radar. The developed complex allows to measure the dynamic
characteristics of the path in the range of 100 dB, to work with the sampling frequency of the ADC to 100 MHz.
The maximum data transfer speed via USB-interface is 12 Mbit/s. The maximum size of the processed array
of ADC data is 262144 16-bit values. The hardware and software complex consists of two main nodes: a buffering
node and a USB-interface node. In addition to delivery of equipment, the developed complex is used to solve a
wider range of tasks: measuring the characteristics of arbitrary waveforms, researching and changing algorithms
for their processing, researching various types of ADC’s, including domestic production. This makes it possible
to develop and explore ADC tracks of any complexity, to improve their dynamic and noise characteristics.

MocTtynuna 27 mapTa 2018 roaa.
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PaccmMompeHa MoMexoycmoliyueocms HEKO2EPEHMHO20 MPUEMa WUPOKOMOMOCHBIX CU2HAIIO8 Mpu CmpyKmyp-
HbIX roMexax U aayccoeckoM wyme. [lpednonazaemcsi, Ymo 3amupaHusi cuaHania u cmpykmypHol romexu
omcymecmeytom. [lonydeHo ebipaxeHue Onisi 8eposmHocmu owubKU rpuéma sreMeHma cuaHana 8 3asucumMocmu
0m OMHOWEHUL «CUBHaI/WYM», «roMexa/cuaHalny U 83auMHOU KOPPensyuu Mexoy CuaHamnoMm U nomexodl.

Krroyeeble crioea: noMexoycmolyugocms, HeKo2epeHmMHbIL MpuéM, WUPOKOMOMOCHBIL cugHarl, CmpyKmypHasi
rioMexa, 6epPOSMHOCIIL OLIUBKU, OMHOWEHUE «CU2Hary/uWyM», 83aUMHasS KOPPessyus!.

Noise immunity of wideband signals non-coherent receiving at adjacent- channel interference and Gaussian noise
is considered. It is assumed that signal fading and adjacent-channel interference do not exist. Bit error rate of receiving
wideband signal was obtained as a function of signal-to-noise ratio, signal-to-interference ratio and cross correlation
between signal and interference.

Key words: noise immunity, non-coherent receiving, wideband signal, adjacent-channel interference, bit error
rate, signal-to-noise ratio, cross correlation.

B cratee paccmaTpuBaeTcs NOMEXOYCTOMYMBOCTh LIMPOKOIOJIOCHBIX CUCTEM IMpPHU JEUCTBUU
CTPYKTYPHBIX TIOMEX U IIyMa B KaHaje. OObEeKTaMU UCCIICOBAHUS SBJISIOTCS IIHMPOKOINOIOCHBIE CH-
CTE€Mbl HEKOT€PEHTHOT'0 IPUE€Ma C OPTOrOHAJIbHBIMU CUTHAJIAMHU.

[Ipenmonaraercs, uto K03 (GUIMEHTH Nepeaadyd U HadalbHbIe a3kl CUTHAJA U CTPYKTYpHOU
MOMEXH, 3a/IlaHHbIE CBOMMH 3aKOHAMH PaclpeiesieHus, CTAaTUCTUUECKHU HE3aBUCHMBI, a TAKXKE OTCYT-
CTBYIOT 3aMHUpaHUsl CUTHAJa U CTPYKTYpHOU nomexu. Mccaeayercs aeiicTBUe CHadajla OJHOU CTpyK-
TYpHOM ITOMEXH, a 3aTeM HECKOJbKUX. BBOISATCS K03(h(DUIIMEHTHI KOPPENAINY IO OTUOAIOIINM U TIPO-
U3BOJATCA HEKOTOPBIE YIPOILIECHHUS.

Hroramu ucciie0BaHUs CTaJIU BBIPAKCHHUS JIIsl ONIPEJICIICHNS BEPOSATHOCTU OIIMOKYU NIPU MIPHUEME
CUTHAJIOB B 3aBUCUMOCTH OT CTEIIEHU B3aMMHOM KOPPESALUUA OMEXHU U MOJIE3HOIO CUTHAJA, COOTHO-
IICHHUS UX MOITHOCTEH W YpOBHS IIyMa B KaHale. Pe3ynbTarhl ucClieJoBaHUSI MOTYT OBITh HCIIOJIB30-
BaHbI JUIS aHAJIM3a [TOMEXOYCTONYUBOCTH IIMPOKOIMOJIOCHBIX CUCTEM C IIIYMOITOJOOHBIMM CHTHAJIAMH
MPY HAJIMYUU IIYMOB U CTPYKTYPHBIX TTOMEX.
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NOISE IMMUNITY OF WIDEBAND SIGNALS NON-COHERENT
RECEIVING AT ADJACENT-CHANNEL INTERFERENCE

A.V. Galev, S.S. ludachev

The article considers noise immunity of wideband systems under adjacent-channel interference and noise
in channel. The objects of research are wideband systems of non-coherent receiving with orthogonal signals. It is
assumed that the transfer coefficients and initial phases of signal and adjacent-channel interference, determined by its
distribution laws, are statistically independent and there is no fading of signal and adjacent-channel interference. At first
the effect of one adjacent-channel interference is examined, then of several. Correlation coefficients for envelopes are
introduced and some simplifications are made. The results of the research were expressions for determining bit error
rate at signals receiving depending on degree of mutual correlation of adjacent-channel interference and friendly signal,
ratio of its powers and noise level in channel. The research results can be used for noise immunity analysis of wideband
systems with noise-like signals in presence of noises and adjacent-channel interference.

Moctynuna 24 vionsa 2017 roaa.
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lNMpueodsimcsi pe3ynbmamsbl uccriedosaHull XapakmepucmuK U3My4eHUs ommasiHHo20 ea3opa3psiOHo20
nnaHapHozo CO-na3epa ¢ BY Hakaukol (40.68 MI'y) u Oughbgby3uoHHbIM oxnaxoeHuem akmueHol cpedbl. Oxna-
XOeHue 3r1ekmpodoes paspsida npoeoousiochb nPomMoyYHol 8000U nNpu KOMHamHbIX memnepamypax om 7 do 16 °C.
B akcnepumeHmax ucronb3o08anuchb ycmou4usbili U HeycmoUyuebili Onmu4yecKue pesoHamopbl, Ha KOMOpPbIX
docmuzHyma 8bixo0Hasi MowHocmb u3snydeHuss 41 u 21 Bm coomeemcmeeHHo. [lposedeHa onmumu3ayusi
KoaghhuyueHma ces3u Heycmou4ueoao pe3oHamopa nymem 88edeHuUs1 8 e20 cxeMy OOMoSIHUMEIbHO20 3epKa-
J1a, MO M03801UII0 y8ennu4UMb 8bIXOOHYH MOWHoCcmb na3epa Ha 60 — 80% u 3Ha4YumeribHO CKOMIEHCUPO8amb
pasnuyue 8 pacxoduMocmu na3epHo20 U3fTyYeHUs 1o MpocmpaHcmeeHHbIM ocsiM. MiccriedosaHa 3asucuMocmb
8bIx00HOU mowHocmu CO-nasepa om napyuanbHoeo codepxaHusi a3oma. [lokaszaHo, umo CO-nasepbl
npu KomMHamHol memnepamype pabomarom 6onee aghghekmusHo, koeda 8 paboyell cMecu 2a308 codepaHue
asoma bornbwe okucu yanepoda 8 3,...,5 pas.

Knroueenie cnoea: rnnaHapHbit CO-nasep, BY-pa3psd, ycmouivusbil u HeycmoUduebil onmu4ecKkue pe3o-
Hamopbl.

The research results of radiation characteristics of sealed-off gas-discharge planar RF-excited CO-laser
(40, 68 MHz) and diffusion cooling of active medium are provided. Discharge electrode cooling was performed
with flowing water at temperature from +7 up to + 16 °C. The stable and unstable optical resonators were used
during research works, which achieved beam output power of 41 and 21 W correspondingly. Coupling coefficient
optimization of unstable resonator was done via introducing the additional mirror into its circuit that permitted to
increase laser output power in 60 — 80% and significantly balance the difference in laser radiation divergence
along solid axes. The CO-laser output power dependence on partial nitrogen content was examined. It was
demonstrated that CO-lasers operate more effectively at room temperature, when in gas mixture the nitrogen
content is more than carbonic oxide in 3,...,5 times.

Keywords: planar CO-laser, radio frequency discharge, stable and unstable optical resonators.

HccnenoBaHbl XapaKkTEpUCTHKN U3TYUYEHHS OTIMASHHOTO razopaspsaaHoro mianapHoro CO-nma3epa
¢ BY nakaukoii (40.68 MI't) u nudpy3noHHBIM OXJIaKIEHUEM IIa3MBI pa3psaa 0e3 Mpokauyku padbo-
gyeir cmecu razoB CO:Nj:He:Xe:0,=1:4:11:4:0.2. UccnenoBanus mnpoBoawiauck Ha obOpasuax CO-
J1a3epoB, CO3AAHHBIX HAa OCHOBE JIBYX 3JEKTPOJHO-BOJIHOBOAHBIX IUIAHAPHBIX CTPYKTYP C pazMepoMm
1a3Msl paspana: 2.7x38x485 mm u 2,7x40x375 mMm. Dnexktpoasl BU-paspsana oxnaxnaiuch MpoToy-
HO#1 BOZIO# ¢ Temmeparypoii ot +7 g0 +16 °C.

B skcniepumeHTax MCIOJIB30BAIMCH YCTOMUMBBINA UM HEYCTOMYMBBIA ONTHYECKUE PE30HATOPHI, HA
KOTOPBIX IOCTUTHYTA BBIXOAHASI MOITHOCTH M3ay4deHus 41 1 21 BT cOOTBETCTBEHHO. Y CTOWYIHMBEINA OI1-
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TUYECKUI pe3oHaTop 00pa3oBaH TIIyXHM 3€pPKaJIOM, HMEIOIIMM DPAANyC KPUBH3HBI 3 M, OTpa)KeHHE
~99%, W BBIXOJHBIM IUAIIEKTPHUYECKAM IUIOCKHM 3epKasioM ¢ mpomyckanneM 8%. KondokampHas
cXeMa HEyCTOWYHMBOTO ONTHUYECKOTO PE30HATOpa OTPUIATEIBHOW BETBH JUATPaMMbl YCTONYUBOCTH
Obuta 0Opa3oBaHa CEPUUECKUMH MHOTOCIOWHBIMH AMAJIEKTPUYECKUMH 3epKallaMu ¢ K0dhduiueH-
TaMu oTpakeHus ~99% u paguycamu KpuBU3HBI 3epKait 379,3 mm u 431,1 Mm.

B mazepe ¢ ycTONYMBEIM pPE30HATOPOM HCCIIEIOBAaHA 3aBHCHMOCTH BBIXOAHOW momrHocTH CO-
Jazepa OoT MapUUalbHOTO COACpKaHMs a3oTa B paboyei cmecu ra3oB. [lokazano, yto CO-nazepsl npu
KOMHATHOHM TeMIieparype pabdoraror O6oiee 3(h¢deKTUBHO, KOT/la B paboueii CMeCH Ta30B COJIepiKaHUEe
azoTa OoJIbIIIe OKUCH yTieposa B 3 ...5 pas.

IIpoBenena ontumusarys kK03QdUIMEHTa CBI3M HEYCTOHYUBOIO pe30HATOpA MyTEM BBEJICHHS B
€ro cxemy JIOTIOJHHUTENBHOTO 3epKajia, YTO MO3BOJIMIIO YBEIHYUTD BHIXOJHYIO MOIIHOCTH Jlazepa Ha 60
— 80% w1 3HAYUTENHLHO CKOMIICHCUPOBATH Pa3iMYUe B PACXOJAUMOCTH Ja3epHOrO M3IYUYCHHUs TIO TPO-
CTPAHCTBEHHBIM OCSM. YBEIIMYCHUE BBIXOJHON MOIHOCTH Jla3epa CBA3aHO, KaK ¢ ONTHMU3AIMed KO-
a¢¢unmeHTa NPOIMyCKaHus, TaKk M C YBEJIMUEHHEM 00beMa BBIXOJHOW MOJBI U PacXOJUMOCTH Jia3ep-
HOT'O U3Ty4eHUs 1o ocu Y — oT 3.27 o 5.43 mpaa. Otpaxk€HHOE OT JOMOIHUTENBFHOTO 3epKaja Jia3ep-
HOE€ M3ITy4eHHe, MO-BUANMOMY, 3G (EKTHBHO YCHUIINBaeTCs Ha nepudepuitHpIX (yIaIEHHBIX OT IEHTPA)
Y4aCTKax aKTUBHOM CpeJbl.
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EXPERIMENTAL RESEARCH
OF RF-EXCITED PLANAR CO-LASER OPERATION
AT ROOM TEMPERATURE

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

The characteristics of sealed-off gas-discharge planar RF-excited CO-laser (40, 68 MHz) and diffusion
cooling of discharge plasma without pumping of gas mixture CO:Njz:He:Xe:0,=1:4:11:4:0.2. The research works
were carried out on CO-lasers prototypes developed on the base of two electrode-waveguide planar structures
with discharge plasma size: 2.7x38x485 mm and 2,7x40x375 mm. Electrodes of high-frequency discharge was
cooled by flowing water at temperature from +7 up to + 16 °C.

The stable and unstable optical resonators were used during research works, which achieved beam output
power of 41 and 21 W correspondingly. The stable optical resonator comprises of nontransmitting mirror with
3 meters of curvature radius, reflection ~99%, and output dielectric plane mirror with 8% of transmission. Confocal
circuit of unstable optical resonator of stability diagram negative leg was formed by spherical multilayered
dielectric mirrors with ~99% reflection coefficients and curvature mirrors radius of 379.3 mm and 431.1 mm.
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For CO-laser with stable resonator the dependence of output power on partial nitrogen content in gas
mixture was examined. It was demonstrated that CO-lasers operate more effectively at room temperature,
when in gas mixture the nitrogen content is more than carbonic oxide in 3...5 times.

Coupling coefficient optimization of unstable resonator was done via introducing an additional mirror into its
circuit that permitted to increase laser output power in 60—-80 % and significantly balance the difference in laser
radiation divergence along solid axes. Increasing of the laser output power in connected both with transmission
coefficient optimization and with increasing of output mode volume and laser radiation divergence in y axis — from
3.27 up to 5.43 mR. The reflected from an additional mirror laser radiation apparently is effectively intensified
at peripheral (remoted from the center) areas of an active medium.

Moctynuna 12 ceHTs6psa 2017 roaa.
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lpednoxeHo npumeHeHue usgecmHol [1, 2] npouedypbl anodusayuu SVA (spatial variant apodization),
rnossonsoweli cHuU3UMb yposeHb 6okosbix nernecmkos (YBJ1) duaspammbl HanpasneHHocmu ([AH) aHmeHHOU
pewémku b6e3 ygenudyeHus WUPUHbI OCHOBHO20 nienecmka [H, kak amo umeem mecmo rpu egedeHuu HepasHo-
MepHo20 amnumyOHoz20 pacrnpedenieHusi o anepmype pewémku [3]. YBJ1 onpedensemcsi mo4YHOCMbHO
Kanubposku kKaHanos aHmeHHol pewémku rno amnnumyode u ¢ase. Nnamol 3a ymeHbweHue YBJ1 sengemcs
88edeHUe 8bI4UCITUMETIS, OCYWECMBIISIULe20 MPEXMOYEYHYI0 napamempuyecKyto ounbmpayuro.

Knroyesble cnoea: arnodusayusi, aHmeHHas peweémka, napamempuyveckas chunbmpauyus, ouazpamma
HanpasneHHocmu, kanubpoeka, anepmypa, amnnumyoHoe pacripedeneHue, yugposas obpabomka.

The application of spatially variant apodization (SVA) known procedure [1, 2] is proposed in the article,
which permits to reduce side-lobe level (SLL) of antenna array directional pattern (DP) without main DP lobe
width increase, as it stands during introducing of nonuniform amplitude distribution (AD) over antenna array
aperture [3]. The SLL is determined by calibration accuracy of antenna array channels in amplitude and phase.
The SLL decrease is done due to evaluator introduction providing a three-point parametric filtering.

Keywords: apodization, antenna array, parametric filtering, directional pattern, calibration, aperture,
amplitude distribution, digital processing.

B cratbe paccmarpuBaercsi NpUMEHEHHE CIIOCO0a aJalTHBHOTO CIIEKTPAIbHOTO OLICHUBAHMS
(Spatially Variant Apodization, SVA) mis cHmkeHust ypoBHsi 00koBbiX JsieniectkoB (YBJI) mpuémuoii
aHTeHHOH peméTku. [Ipenyaraemplii ciocod 1o cBoei cyTu sABJsieTCsl ciocoOoM (GopMupoBaHus qua-
rpaMMbl HAampaBJICHHOCTH pPEIIEeTKH Ha NpueM M no3BossieT cHu3uTh YBJI, nmomyctum, 128-
JJIEMEHTHOW pemérku, 1o —30 nb B MPUCYTCTBUM CIy4aiHBIX OMMOOK KaTMOPOBKM aHTEHHBIX dJie-
MEHTOB, JormycTuM 5.8 rpamycoB no ¢aze u 0.5 nb mo ammiuryne. BeruucnurensHas cTOMMOCTh
npezasaraeMoro croco6a (mpu ero nupoBoii peanuzauun) cocrasinsieT okoyio 3N onepauuii BMecto N
oTIeparyii mpu 0OBIYHOM CYMMHPOBAHHUH CUTHAJIOB ¢ N 3J1eMEHTOB pelIéTKH.

Ipemnaraemplii criocod MOXKET OBITH PeaaTu30BaH TOJIBKO Ha mpuéM. Henuuerinocts MeToa SVA
HE TI03BOJISIET BOCHOJIB30BaThCs TocTOMHCTBaMU SVA Ha mepeniady, IOTOMY 4TO NPH MCIIOIb30BaHUU
SVA HapymaeTcs cBsi3b MEKAY AUArpaMMOM HaIlPaBIEHHOCTH M paclpeieieHueM Mol TI0 anepType
peméTky (HapyuiaeTcs MPUHIUAI B3aUMHOCTH «IIepeada-Tpuem»).

Hccnenosanus meroga SVA uist miockux obiacteif [2] HOKa3bIBalOT BO3MOXKHOCTD IPUMEHEHHUS
3TOr0 METOJA JUIsl IJIOCKUX AaHTEHHBIX PEIIETOK.
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APPLICATION OF SPATIALLY VARIANT APODIZATION METHOD
TO REDUCE SIDE-LOBE LEVEL OF RECEIVING ANTENNA
ARRAY WITHOUT MAIN LOBE WIDTH INCREASE

A.V. Novikov, V.A. Hlusov

The article considers an adaptive spectral estimation technique (Spatially Variant Apodization, SVA), a novel
beamformer, to reduce side-lobe level (SLL) of receiving linear array. The proposed technique reduces the SLL
compared with the uniform linear array at the same time saving the main lobe width. For example, the SLL
of 128-element linear array can be reduced up to 30 dB in the presence of the phase and amplitude errors
(5.8 degrees r.m.s. and 0.5 dB r.m.s. respectively). The computational cost of proposed technique (at it digital
realization) is about 3N operations instead of N operations at common signal integration with N-elements of an
array.

The proposed SVA beam former can be realized for the receiving only. Nonlinearity of the SVA technique
does not allow using SVA advantages for transmission, because in case of SVA use the relation between
directional pattern (DP) and array aperture illumination is broken («transmission-receiving» reciprocity principle
is broken). The total radiation pattern of the SVA linear array and amplitude field distribution are not related by the
Fourier transform.

The research works of SVA technique for two-dimensional case [2] demonstrate application possibility
of the proposed method for planar antenna arrays.

MNoctynuna 14 HoA6psa 2017 roaa.
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Paccmampusaemcs paduosiokayuoHHbIl cueHa ¢ rnpsMoy2osibHol osubarowell u HenuHelHoU Yacmom-
Hol modynsyuel, 3adasaemMbili MOOynem criekmpa 8 ¢opme KocuHyca. [lonydyeHa aHamumuyeckasi 3asucu-
MOCMb U3MEHEHUsI 4acmombl om 8peMeHU 8 eude apKCUHycHol yYacmomHol modynayuu. lNpedcmasneHsbl
pe3ynbmamabl MOOEUPOBaHUS M0 8bIYUCIIEHUIO CU2Hara Ha 8bixo0e coariacoeaHHo20 ¢hunbmpa npu obpabomke
MosIHOU U oepaHuUYeHHOU wupuHbl criekmpa. lNokaszaHa uenecoobpasHoOCMb UCMOMb308aHUST yCe4YEHHOU apKcu-
HycHol YM dns cocpedomoyeHusi WUpUHbI criekmpa 6 dornycmumoli nosioce 4yacmom.

Knro4deenle crnoea: cueHanbl ¢ fUHeUHOU u HenuHelHolU YacmomHol modynsayued (YM), aHanumuveckas
3a8UCUMOCMb U3MEHEHUS Hacmombl Om 8peMeHu, apkcuHycHas YM, nonoca criekmpa, cxxambil cueHar, coena-
cosaHHbIlU ¢hunbmp, yposeHb 6okosbix nernecmkos (YBJI), yceuyéHHasi apkcuHycHas YM, cocpedomoyveHue
criekmpa.

The radar impulse with square envelope and nonlinear frequency modulation (NFM), defined by spectrum
modulus in form of cosine, is examined. The analytic dependence of frequency to time change was obtained in from
of arcsine FM. The modeling results in computing of signal at output of matched filter at processing of full and limited
spectrum width were provided. The utility of compressed arcsine FM use for spectrum width concentration in admissible
frequency bandwidth was demonstrated.

Keywords: linear (chirp) and nonlinear frequency modulation (FM) signals, analytic dependence of frequency to
time change, arcsine FM, spectral band, compressed signal, matched filter, side-lobe level (SLL), compressed arcsine
FM, spectrum concentration.

N3 kmacca HUYM-curHanoB ¢ mpsMOYTOJNBHON OTHOAIoIIel W CIEKTPOM KOCHHYC B N CTETICHH
paccmarpuBaercsa curtain mpu n=1. [logydena aHaauTHdeckas 3aBUCUMOCTh YaCTOTHI OT BPEMEHH Kak
apKCHHYC B TIpeJ/ieNnax TJIaBHbIX 3HaueHui. [lokazaHo, 4TO CIIEKTp 3TOTO CUTHAIAa UMeeT OopMy Tiaji-
KOl HeorpaHMYeHHOW (YHKLMH, YTO MO3BOJIAET IOJYYUTh HHU3KUH ypOBEHb OOKOBBIX JIEIIECTKOB
(YBJI) cxaroro curHana, nopsiaka -60 nb npu cormacoBannoii ¢uibTpanuu. OrpaHuueHHE TOTOCH
¢unbTpa cxkatus (HecornacoBaHHas GUIBTPAINs, TOTEPU) IO BEIIMYUHBI PABHOW JIEBUAIIUN YaCTOTHI
yBenmmumnBaer YBJI mo -30 nb. PaccmoTpeHa BO3MOXHOCTh COCPEIOTOUCHUS CIIEKTpa B OoJiee y3KOH
MI0JIOCE YacTOT IIyTEM YyCEUEHHMsI, OTPAaHUUEHUS IIPEENIOB apKCHUHYCAa MEHBIIE TJIaBHBIX 3HAYEHUH, 4TO
no3BosisieT moyunts YBJI -30 nb nmpu cormacoBaHHO#M GMIBTpayy.
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SIGNAL WITH REVERSE SINE FREQUENCY MODULATION

V.S. Okoneshnikov, V.N. Zavaliy, A.V. Ivanov, V.V. lvanov

For the class of nonlinear frequency modulation (NFM) signals with square envelope and spectrum,
the cosine in n-power is examined as signal at n = 1. The analytic dependence of frequency to time change was
obtained as arcsine within principal values. It was demonstrated that spectrum of this signal has a form of
continuously differentiable unbounded function that permits to obtain a low side-lobe level (SLL) of compressed
signal, about -60 dB at matched filtering. The limitation of compression filter band (mismatched filtering, losses)
up to value equals to frequency deviation increases the SLL up to -30 dB. The spectrum concentration possibility
was examined in a more narrow frequency band through compression, arcsine limits constraining lower than
principal values that permits obtaining SLL -30 dB at matched filtering.

Moctynuna 27 mapTa 2018 ropa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 2(18), 2018 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX U TEXHOJIOTMYECKUX PABOT

Y[OK 621.385.6

CBY-YCUIIUTENN MOLYHOCTH
LA CIELATIITAPATYPbI U A®AP

© ABTopbI, 2018

B.A. MuenuH kaHOuGam mexHUHeCcKUX HaykK,
8e0ywuli Hay4HsbIt compyOHuk, AO «HII «Vcmok» um. AU, LLiokuHay, e. @psisuHo, Mockoeckasi o6,
E-mail: keysightkalitadv@gmail.com
.M. KopyaruH
HavarbHuK nabopamopuu, AO «HIMT «cmok» um. A.W. LLlokuHa, 2. @pssuHo, Mockosckasi 06r.
B.B. Tpery6os
HayvarnbHuk HIK, AO «HIII «Mcmok» um. A.W. LLlokuHay, e. ®psiauHo, Mockoeckasi obri.
N.B. MaHy4eHkKo KaHOUOam mexHUYeCKuUX Hayk,
HayvarnbHuk cekmopa, AO «HIII «Mcmok» um. A.N. LLokuHay, e. ®psiauHo, Mockosckasi obri.

lMpedcmasneHbi pedynbmamsl paspabomok AO «HIIM «Micmok» um. A.U. LLlokuHa» no co3daHuro meépdo-
mernbHbIX ycunumersel mowHocmu (YM) dnsi OAO F'CKB «Anmas-AHmel» (HoiHe MAO «HIO «Anma3sy). lNpusede-
Hbl NPUHYUIbI KOHCMPYUPOB8aHUSs], mexHooaudyeckue ocobeHHocmu YM u anekmpudyeckue xapakmepucmuku.

Knro4deenie cnoea: CBY-ycunumenu mowHocmu, coenacyroujue yenu, AOAP, GaAs mpaH3ucmopesi.

The development results of the A.l. Shohin «Istok» JSC Research and Production Enterprise («NPP «Istok»)
were performed in development of solid state power amplifiers (PA) for the JSC GSKB «Almaz-Antey» research
and manufacturing association (now PJSC (NPO «Almaz»). The principles of design, PA technological features
and electrical characteristics are provided.

Keywords: power microwave amplifiers, matching circuits, active phased antenna array (APAA), Ga-As
transistors.

B crarse mpencrasiensl pesynbrarhl pazpadotok AO «HIIIT «Mcroxy» um. [llokunay mo co3na-
HUIO TBepAOTeNbHbIX ycunuteneid momuoctd (YM) mnis OAO I'CKb «Anmas-Anteit» (apiHe 1TAO
«HIIO «Anmasy). [IpuBeaeHsl NpUHIMITEI KOHCTPYHUPOBAHUS, TEXHOJIOIHYECKHE OCOOCHHOCTH, IIEK-
TpHUYECKHE XapakTepucTuku YM S- u X-anana3oHos.

TpaauiioHHOE COTJIacOBaHHE KPHUCTAIJIOB C TOMOUIBIO PACIPENENIEHHBIX MHKPOIOIOCKOBBIX
nenen B S-auana3zoHe HCKIIOYAIOCh M3-32 OOJBLIMX PasMEpPOB COTIACYIOIIUX 31eMEHTOB. C Ienbio
YMEHBIICHUS Ta0apUTOB YCUJIMTEJIBHBIX KACKaJI0B INPHUMEHEHO COTJIACOBAHUE TPAH3HCTOPOB C TIOMO-
IIBI0 COCPENOTOYECHHBIX JJIEMEHTOB (UMII-KOHAEHCATOPOB M MHAYKTHBHOCTEH). C HCHOIB30BaHHEM
yKa3aHHOH B paboTe METOAWKHU OmpejeNieHus napameTpoB MouHbix CBU-TpaH3ucTopoB u mocrpoe-
HUS Ha 3TOH ocHOBe cornacyromux 1ernerd (CLl) ans S-guamazona paspadoran B pamkax OKP «Camo-
n€T-M®» YM ¢ BBIXOZHON MOIIHOCTHIO HE MeHee 9 Bt mst uzgenus 151'6M. B ycunuresne nmpocym-
MHUpOBaHa MOIIHOCTh BockMU CBY-TpaH3MCTOpOB B OrpaHWYeHHBIX rabaputax kopiyca. HatypHeie
ucnbiTanus uzgenust 151°'6M ycnenno nposeneHsl B koH1e 2017 roga.

B OKP «Amnanor» Obuia BEINIOJHEHA pa0oTa MO CO3JAHUIO0 CYOMOYIsl MPHUEMOTIEPEAIOIIETO
(CIIIT) X-nuana3zoHa ¢ BBIXOJAHOW UMITYJIECHOW MOIIHOCTBIO He MeHee 15 BT, koaddunuentom mryma
He Oonee 3.5 nb u KI1/] ne menee 25% s cucrembl ADAP. Tlonoca wactot cyomonyist 10%. B xon-
ctpykuuto CIIIT BxogaT yeunutens moutHocty, MIIY, X-1upKyasaTop v nenu nuTaHusl.

[lepBonavansHO npenmnonaranock ncnoiszoBanue B CIIIT mommasix MUC, oxnako, k Havay pas-
pabotku oredecTBeHHBIX MMC ¢ HEOOXOIUMBIMY AIIEKTPUIECKUMH TTapaMeTpaMu He Obu10. B cBsi3m ¢
9TUM MPHUHATO pElIeHne co3aaHus ycwintens mounocTH, Bxonauiero B CIIII, 8 'MC ucnonnenun.
IIpumenenue KepaMUKH C BBICOKHM € M3 Oapuii-caMapHuil-TUTAHOBOW KOMITO3HUIIMH B IEMSAX COTaco-
BaHUsI TPAH3UCTOPOB TO3BOJIMIIO PA3MECTHTh YCHIIMTENbHbBIC KAacKaJlbl B 33JJaHHBIX Ta0apuTax Kopiy-

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 2(18), 2018 r.


mailto:keysightkalitadv@gmail.com

PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

ca. B crarbe ykazana Metoauka pacuéra coriacyronux uenei. B nmpencrapnenusix YM npumeHsiach
komrutekranus Toasko AO «HIIT «crox» mm. A.W. Illokunay. [lapameTps! u3nenus COOTBETCTBYIOT
COBPEMEHHOMY MUPOBOMY YPOBHIO JUTs ycrnuteneii Ha GaAs-TpaH3ucTopax.
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POWER MICROWAVE AMPLIFIERS FOR SPECIAL-PURPOSE
EQUIPMENT AND ACTIVE PHASED ANTENNA ARRAY

V.A. Pchelin, I.P. Korchagin, V.B. Tregubov, L.V. Manchenko

The development results of the A.l. Shohin «lIstok» JSC Research and Production Enterprise («NPP «Istok»)
were performed in development of solid state power amplifiers (PA) for the JSC GSKB «Almaz-Antey» research
and manufacturing association (now PJSC (NPO «Almaz»). The principles of design, technological features and
electrical characteristics of S- and X-band power amplifiers are provided.

The traditional crystals matching using S-band distributed microstrip circuits excluded due to large size
of matching elements. To reduce the size of amplifying stages the transistors matching was applied using lumped
elements (capacitors and inductors chip). Using the mentioned technique of powerful microwave amplifiers
parameters determination and capture on its base the matching circuits (MC), the PA «Aircraft-MF» was
developed for S-band within the design and development works with output power of not less than 9 W for
the 15G6M item. The power of 8 microwave transistors was summarized in amplifier with limited body
dimensions. The full-scale tests of the 15G6M item were successfully conducted in the late 2017.

Under «Analog» R&D works the X-band transmit-receive submodule (TRS) was developed, with output
pulsed power of not less than 15 W, 3.5 dB of noise coefficient and 25% of performance coefficient for active
phased antenna array (APAA) system. The submodule frequency band is 10%. The TRS structure includes the
power amplifier, low-noise amplifier (LNA), X-circulator and power-supply circuits.

Originally the use of powerful small-scale integrated circuits (IC) in TRS was assumed; however, by
the beginning of development stage the indigenous ICs with necessary electrical parameters were not available.
Hence, it was decided to develop a power amplifier embedded in TRS in hybrid IC version. Na application
of ceramics with high ¢ from barium-samarium-titanium composition in transistors matching circuits have
permitted to arrange amplifying stages in specified body dimensions. The article states the analysis procedure
of matching circuits. For the performed PAs the kitting of A.l. Shohin «Istok» enterprise was only used. The item
parameters correspond to the world up-to-date level for GaAs-transistors amplifiers.

MocTtynuna 12 ceHTs6psa 2017 roaa.
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B cmambe npedcmasneHbl Mamepuaribi 10 MemoOuKe OUeHKU y4ebHo-memodudeckol aghchekmusHocmu
€030aHusi U UCIMO/b308aHUST MPeHaXXHO-MOOENUPYIOUWUX KOMITIEKCO8 creyuanucmos 60e80oe0 yrpasrieHus
asuayuel. lNpednoxeHo HarnpasneHue passumusi mpeHaxépos uHOusudyarnbHOU U epyrnnoeol nod20moeKu
némHbIx akunaxel u nuy b6oeeozo ynpaesneHusi. MccriedosaHusi npoeedeHbl Ha OCHOB8E 3KCMEePMHbIX OUEHOK
Kypcoe 6oegoll No02omoeKu, U HanpaeneHbl Ha 0anibHelilee co8epUEHCMBo8aHUe (OyHKYUOHAIbHbLIX 803MOX-
Hocmell nepCrnekmMueHbIX MpPeHaxépos.

Knrouyeeble cnoea: mpeHaxHO-modenupyowuli Komrnekc, 6oeeass nod2omoeka, Xapakmepucmuku
MpeHaxxHo20 KoMIeKca, ynpasneHue aguayuel, kabuHa mpeHaxépa camonéma, 3ghgheKmueHOCMb.

The article states materials on evaluation procedure of training-methodological efficiency of development
and utilization of simulator-training complexes for flight crews and air combat control specialists. The development
directions for individual and group training simulators of flight crews and air combat control specialists were
proposed. The performed analysis was based on expert estimation of combat training courses with regard
to further functional capabilities improvement of advanced simulators.

Keywords: simulator-training complex, combat training, simulator complex characteristics, air fleet control,
aircraft simulator cockpit/mockab, efficiency.

B craree mpencraBieHbl MaTepUalbl IO METOJIUKE OLIEHKH Y4eOHO-METOANYECKOH 3 (EKTUBHO-
CTH CO3/aHUSl M MHCIOJb30BAHHUS TPEHAKHO-MOJCIUPYIOMUX KOMIUIEKCOB CHELHAIMCTOB OOEBOro
ynpasieHus apuanueil. [IpeuioxkeHo HarpaBieHUE pa3BUTHS TPEHAXKEPOB HUHIMBHUIYAIBHON U TPYII-
MIOBOH MOATOTOBKH JNETHBIX 3KHUIIAXXKEH M K1 60eBOro ynpasieHus. MccinenqoBanust mpoBeACHBI HA OC-
HOBE 3KCIIEPTHBIX OLIEHOK KYpcOB OOEBOW MOATOTOBKH, M HampaBlieHbl HA JaJbHEHIIee COBEPIICH-
CTBOBaHME ()YHKIIMOHAIBHBIX BO3MOXKHOCTEH TePCIIEKTHBHBIX TPEHAXKEPOB.
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OBJECTIVE EVALUATION METHOD OF SIMULATOR-TRAINING
COMPLEXES EFFICIENCY OF FLIGHT CREWS
AND AIR COMBAT CONTROL SPECIALISTS

A.D. Filin, V.P. Rachkov, U.G. Shatrakov

The article presents materials on the evaluation of teaching and methodical assessment of efficiency
of creation and use of the training — simulator complexes specialists command and control aircraft. Shows
the development trend of trainers individual and group training of flight crews and persons of command
and control. Investigations were carried out on the basis of expert assessments of courses and training aimed
at further improving the functionality of the prospective trainers.

Moctynuna 30 anpensa 2017 roaa.
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METOL »OPMUPOBAHWA NTPOBAJIOB
B ITAPLWAJIbHBIX AUATPAMMAX HATPABIIEHHOCTH
MU3IYYATENEU NNPUEMHBIX KOH®OPMHbIX A®AP

© ABTopbI, 2018

A.O. AweHkoB
uHxeHep 2 kamezaopuu, AO «BHUUPT», e. Mockea
E-mail: yashenkov_a@yahoo.com
B.®. AHapeeB
HayanbHUk omodena, AO «BHUWNPT», 2. Mockea

OnucaH memod ¢hopmuposaHusi npoeasios 8 napyuarnbHbix uaspammax HanpaeneHHocmu (MAH) usny4ya-
meneli NPUEMHbIX KOHGPOPMHbBIX aKmueHbIX ha3upo8aHHbIX aHMeHHbIX pewémok (ADAP) 8 HarnpaeneHusix Ha
UCMOYHUKU Mewarouwux cuesHanos. lpednazaembili crnocob pacrnpocmpaHsiemcsi Ha aHanoeoeblie ADQAP, cxema
KOMOPpbIX S18/15emcs an2opummom peanusauyuu adanmusHbix yugpposbix APAP. [Npouedypa hopmuposaHusi
rposarsos 8 pesynbmupytowel duaspamme HarnpasneHHocmu AQAP He 3agucum om Harpas/ieHus afeKkmpu4ye-
CKO20 CKaHUpOo8aHUS J1yHOM.

Knroueesie cnoea: koHgopmHas AQAP, adanmusHas ADQAP, duaspamma HarpasrieHHoCmu.

The nulling method in radiators partial direction pattern (PDP) of receiving conformal active phased antenna
arrays (APAA) in directions to interfering signals sources was described. The proposed method is satisfied
with analog APAAs and is an algorithm for realization of adaptive digital APAAs. The nulling procedure in APAA
resulting pattern does not depend on direction of beam electronical scanning.

Keywords: conformal active phased antenna array (APAA), adaptive APAA, directional pattern.

[Mpuémuble akTHBHBIC (a3UPOBAHHBIC PEHIETKH YSI3BHMBI B MPHCYTCTBUM HCTOYHHKOB MOMEX.
s pemenust 3Toi mpoOJieMbl NpearaeTcss CO34aBaTh YIpaBiseMble NPOBajbl B JAWarpamMme
HANpaBJIEHHOCTH aHTEHHOH PEIIeTKH B HANPABJICHUH Ha Mellaomie curnansl. Hymu dopmupyrores B
MapuyaibHBIX JUarpaMmax HallpaBJIEHHOCTH KaXAoro uinmydatens. ONMHCAaHHBIM METOJ MOXKET IpHU-
MEHSTHCS KaK K aHAJIOTOBBIM aHTEHHBIM PELIETKAM, TaK U K HU(PPOBBIM, aITOPUTM HE TpeOyeT obopa-
YUBaTh KOPPEIALMOHHBIE MAaTPHUIbI, YTO 3HAYUTEIBHO COKpAIAeT BpeMs BbUucieHuH. IIpenmyine-
CTBO METOJa 3aKJI0YaeTCsl B TOM, UTO MPOIlelypa MOIyueHHs HyJieil He 3aBUCUT OT MPOIETyphl dJIeK-
TPUYECKOTO CKaHMPOBAHMS, [IO3TOMY ymporiiaercsi (OpMHUPOBAaHHUE JIyda M CTaOMIM3HPYETCS MOMAaB-
nenue. Ilpeanonaraercs, 4To 3TOT METOJ HANUAET MPUMEHEHHE B pajuoCUCTEMax, Ilie HeoOXOIUMO
MOJIaBJISITh MEUIAIOIINE CUTHAIIBI.
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NULLING METHOD IN PARTIAL DETECTION PATTERNS
OF RADIATORS IN RECEIVING CONFORMAL ACTIVE PHASED
ANTENNA ARRAYS

A.O. Yashenkov, V.F. Andreev

Receiving active phased antenna arrays are vulnerable in presence of jamming and interfering sources.
To solve this problem it's proposed to form controlled nulls in antenna array directional pattern in direction
to disturbing signals. Nulls are formed in partial directional patterns of each radiating element. The described
method can be applied both for analog antenna arrays and digital arrays; the algorithm does not anticipate
inverse of correlation matrix that significantly reduces the computing time. The method advantages are in that
the nulls producing procedure does not dependent on electronical beam scanning, therefore beam forming is
greatly simplified and suppression is stabilized. It's assumed that this method can be applied in radio systems,
where disturbing signals are to be suppressed.

MocTtynuna 27 mapTa 2018 roaa.
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YINPABJIEHUE XVU3HEHHbIM LMKITOM PALUOSJIEKTPOHHON
AIMAPATYPbI BOOPY)XEHUS1, BOEHHOU 1 CITELIAIIbHOU
TEXHWUKN HA OCHOBE BUPTYAJIbHOU 3JTEKTPOHHOU
KOMIMOHEHTHOU BA3blI
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C.K. KonraHoB dokmop mexHu4yeckux Hayk, npogeccop,
3am. Qupekmopa, ®I'BY «LleHmparnbHas asporoauyeckasi obcepsamopusi», 2. [JonzonpydHsil, Mockosckasi 0br1.
E-mail: ksk47@mail.ru
3.I'. NasapeBnY4 dokmop mexHU4YeCKUX HayK, rnpogeccop,
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yupexoeHusi obpasosaHus «BoeHHas akademusi Pecriybnuku benapycb», e. MuHck
E-mail: lazarevich.eduard@yandex.by

B cmambe paccmampusatomesi mymu 38010UUOHHO20 MPOONIeHUs XU3HEHHO20 UuKa paduo3aiekmpoHHOU
annapamypbi 06pa3yo8 800PYXEHUSI U 80EHHOU MEXHUKU Ha OCHO8€ KOHUEeMuuU eupmyarbHOU 31eKmpoHHOU
KomroHeHmHoU 6a3bl, obecnequsaroweli memodudeckoe U npospamMHo-annapamHoe eOuHCmeo rnpouecca
MpoeKmMuposaHusi paduosreKmpPoHHOU arnnapamypbl.

Knrodeenle croea: paduosnekmpoHHas annapamypa, KOMIoHeHmHasi 6asa, aupmyarsbHble KOMIOHEHMbI,
obpa3subl B0OPYXKeHUS, BOEHHOU U crieyuasibHOU MeXHUKU, XU3HEHHbIU YUKI, XXugy4yecmb, Ha0éXHOCMb.

The article examines routes of evolutionary life cycle extension of electronic equipment of armament
and military equipment items based on virtual digital component base concept, providing the methodological
and software-hardware unity of design process of electronics.

Keywords: radio-electronic equipment, component base, virtual components, armament, military and
special-purpose equipment items, life cycle, survivability, reliability.
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IIOB BOOPY>KEHHsI, BOGHHON M CHEeIMaIbHON TEeXHUKH Ha 0aze TEXHOJIOTUU «CBEPTKM», Ne 1
(9), 2016 1. c. 53-62;

«Peanuzanys MHHOBALIMOHHOTO PAa3BUTHUS BOOPYKEHMsI, BOCHHON M CIIEUAIIBHON TEXHU-
KM Ha 0a3e MCIOJIb30BaHMS BUPTYAIIbHBIX KOMIOHEHTOBY, Ne 2 (10), 2016 r. c. 75-86;
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B Hell paccMOTpeHBI yTH 00ecedeHus HBOIIOLMOHHOIO IPOAJICHHS] )KU3HEHHOT O IIUKIIa
PaIuO3IEKTPOHHON anmapaTypsl 00pa3IioB BOOPYKEHHs, BOGHHON U CHEIUATbHON TEXHHUKH
Ha OCHOBE KOHLENIMM BUPTYAJIBHOM 3JEKTPOHHOM KOMIIOHEHTHOW 0a3bl, oOecreunBaroiei
METOAMYECKOE U ITPOrpaMMHO-ANIIaPaTHOE €IUHCTBO IIPOLECCa POEKTUPOBAHUS PAIUOIICK-
TPOHHOM anmnapaTypbl U YYHUTBIBAIOLIEH MHTEIUIEKTYyalbHbIN BKJIaA pa3pabOTYMKOB IpU CO-
31aHUM TAKOM anmnaparypsl.
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ELECTRONICS LIFE CYCLE MANAGEMENT
OF ARMAMENT, MILITARY AND SPECIAL-PURPOSE
EQUIPMENT BASED ON VIRTUAL ELECTRONIC
COMPONENT BASE

S.K. Kolganov, E.G. Lazarevich

The article continues a series of articles which were earlier published in the «Aerospace defense» herald:

— «Latent upgrading» concept of radio-electronic equipment for armament, military and special equipment
items on the base of «convolution» technology, Ne 1(9), 2016, p.53-62;

— Armament, military and special equipment innovative development realization based on virtual components
utilization, Ne 2(10), 2016, p.75-86;

— Conception principal provisions of support, maintenance, upgrading and life-cycle extension of armament,
military and special equipment, Ne 4(12), 2016, p.53—-63.

The article examines routes of evolutionary life cycle extension of electronic equipment of armament
and military equipment items based on virtual digital component base concept, providing the methodological
and software-hardware unity of design process of electronics, and considers intellectual contribution of engineers
to such equipment development as well.

MocTtynuna 20 okTA6psa 2017 roaa.
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© ABTop, 2018

B.U. KpbikaHOBCKU kaHOUOam mexHU4ecKuUx HayK, cmapuwiuli Hay4HbIl compyOHUK,
sedywull cneyuanucm, NMNAO «HIO «Anma3s», e. Mocksa
E-mail: info@raspletin.com

lpednoxeH memod koduposaHusi UHOPMaUUU Ha OCHOBE UUKIUYECKUX K0008, Mo38onsuul cyuje-
CMBEHHO yCKOPUMb MPOUecc KoOUpo8aHuUs, Ymo s1811emcs 8axHbIM O MHO2UX NpuknadHbix 3adad, Harpumep,
01151 Mo8bIWEHUSI CKOPOCMU Mpu nepedaye UHGopMayuu ¢ UCrnosib308aHUeM UUKIUYECKUX KOOO8.

Knroyesnbie cnoea: uHgopmayus, 2eHepayus, Yuknudeckul Koo, nyHKm nepedayu, rnyHKm rpuéma, KkaHars
ces3u, obpabomka uHgopmayuu, cryxebHbili cuesHas, eocripousgedeHue UHgopMayuu, ckopocms obpabomku
UHopmayuu.

The information coding method is proposed based on cyclic codes permitting to increase the coding process
that is important for the many applied problems, for example, to increase rate of information transmission using
the cyclic codes.

Keywords: information, generation, cyclic code, transmission node, receiving node, communication channel,
data processing, service signal, information reproduction, information processing rate.

[Mpeanoxen MeTo]] KOJUpOBaHUS MH(OPMAIMKM HA OCHOBE IUKJINYECKUX KOJIOB, MTO3BOJSIONINI
CYLIECTBEHHO YCKOPUTh MPOLECC KOAUPOBAHMS, YTO SIBISIETCS Ba>KHBIM Ui MHOTHX NPHUKIIAAHBIX 3a-
Jiad, HarpyuMep, ISl MOBBIIEHNS] CKOPOCTH NPH Nepeiaue HHPOPMALIMH C UCIOIb30BaHUEM LIUKIINYE-
CKHX KOJIOB.

PaccmarpuBaemblil Hibke MeTos 0a3upyeTcsi Ha BXKHBIX CBOWCTBAaX LMUKIMYECKUX KOJIOB, MIO3BO-
JSIFOIIMX, U3MEHSS PEXUM KOIUPOBaHMS UHPOPMALMK (M3MEHSS peXXUM pabOThl KOJUPOBIIUKA ITyTEM
M3MEHEHHUs! 00pa3yIoIIero MojJMHOMa LUKJINYECKOro KOJa), MMoJydaTh pa3jIM4Hble T€Hepalyuu KOoZIo-
BBIX LIETIOYEK, U3 KOTOPBIX BBIOMPAIOT JJISl UCTIONB30BaHUSL Ty T€HEpaIio, KOTopas Hanbosee MoJHO
COOTBETCTBYET HCKOMOM T'€HEePaLHH.

[TocTaBneHHas 3agada pelaeTcsi MPH MCIIOIb30BAHMHM B KA4eCTBE KOJUPOBIIMKA 3JIEKTPOHHOTO
kouteca (9K), mpencrasisiroriero co6oit mocieaoBaTeIbHO CBA3aHHBIE N — Pa3psIHBIA CIBUTOBBIN pe-
ructp (CP) u cymmarop no moayito Ba (CM2), oXxBaueHHbBIE yNIPaBIsIEeMbIMI BapUaHTaMH 00paTHBIX
ceazeit (BOC). Kpome toro, B OK nmeercss BO3MOXKHOCTh yIpaBlieHHUs] IPU KOJUPOBAaHUM MHPOpMa-
ruu cnuramu e€ B CP BI€BO WM BIPaBo, a TaKKe YETHBIM WIIH HE YETHBIM CyMMHpOBaHueM B CMm2.

CyTbh MeTOJa COCTOHUT B TOM, YTO JIIOOYIO MPOU3BOJIBHYIO HHPOpMANNIO pa30MBaIOT HA YacTH (B
NPOCTEHILIEM Cllyyae — paBHbIC), KaKJasi U3 KOTOPHIX 00padaThiBaeTCsl Ha KOJUPOBLIUKE 10 OYEPEAH.
[Tpu 3TOM U1 Ka’KA0TO0 BO3MOYKHOTO KoJ1a MH)OpMAIMK B paMKaXx PaspsaHOCTH HCIIOJIb3YyEMbIX TOP-
U 3apaHee ONpEeAeISIIOT HAMIYyduid peskuM padoTel (PP) xomupoBmka U GOPMHPYIOT COOTBET-
CTBYIOIIMH CIIPaBOYHUK B3auMOcBsi3aHHBIX map: KOJ[ <--> PP. B mpornecce nmopuuoHHo# 00paboTKu
KOHKpEeTHOH nHpopManmu nepes oopaboTKoi Kaxaoi e€ mopuuu, o0pamasch B CIPaBOYHUK, CUUTHI-
BAaIOT M3 HEr0 COOTBETCTBYOMMIA PP, ycTaHaBNMMBaIOT €ro Ha KOAMPOBIIMKE U 00pabaThHIBAIOT TAHHYIO
TOPIIHIO HHPOPMAMH. AHAJOIHYHO 00pabaThIBAIOT BCe OUYEepeIHbIE TIOPIIUK JAHHOW U IOCIEAYIONIeH
nHpopmaruu. [lpusenén npumep o6paboOTKH ¢ yckopeHueM Ha 32%.
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OPTIMIZATION METHOD
OF INFORMATION CODING MODES SELECTION
TO INCREASE ITS REPRODUCTION RATE

B.l. Kryzhanovskiy

The information coding method is proposed based on cyclic codes permitting to increase the coding process
that is important for the many applied problems, for example, to increase rate of information transmission using
the cyclic codes.

The examined method is based on important properties of cyclic codes permitting by changing
the information coding mode (by changing the encoder operation mode via change of cyclic code generator
polynomial) to obtain different code chains generation from which it's possible to select the generation which
is to the fullest correspond to desired generation.

The assigned problem is solved through use of electronic wheel (EW) as an encoder, representing
the consequently-connected n-stage shift register (SR) and mod-2 adder (M2A), enveloped by controlled
feed-back variants (FBV). Besides, it's possible during information coding in EW to control its shifts in SR to
the right or left, and control even and odd summation in M2A.

The principle of the method is in that any arbitrary information is divided into parts (in simplest case — equal
parts) each of which is processed on encoder in sequence. Herewith, for each possible information code within
digit capacity of used information batches, the best encoder operation mode (OM) is determined beforehand and
corresponding interconnected pairs reference guide is formed: CODE<-->OM. During partial processing of certain
information, before processing of its each batch, addressing the reference guide, the corresponding OM is read
out form it, set it on encoder and this information batch is processed. Similarly all next batches of the current and
follow-on information are processed. The processing example with rate increase up to 32% is performed.

Moctynuna 11 nronsa 2017 ropa.
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Paccmampuearomcesi 60rpockl Ha3Ha4YeHuUsl, cocmasa, Co8peMeHHO20 COCMOSIHUS U NMePCreKkmue passumusi
npomusopakemHoli 0b6opoHbl CLUIA Ha cesepoamMepukaHCKOM, Ha €8porelickoM KOHMUHeHmax, 8 A3uamcko-
TuxookeaHCKOM peeuoHe. Packpbigaemcsi cocmae cun u cpedcme 60e8bix pakemHbIX KOMIIIEKCOo8 npomueopa-
KemHol 060pOHbI, paduosloOKayUOHHbIX CMaHyud, Ux 803MOXHOCMU.

Knroyeenle cnioea: npomusopakemHasi obopoHa, 6oeebie 610KU, MeXKOHMUHeHmarbHble 6annucmu-
yeckue pakembl, 60e80ol pakemHblIl KOMIIEKC, pakema-rnepexeamyuk, paduoIoKauUOHHas CmaHyus.

The purpose, composition, current state and progress of the US missile defense system in North American
and European and Asia-Pacific regions are examined. The strength and capabilities composition of missile
defense complexes, radars and its capabilities are stated.

Keywords: missile defense, warheads, Intercontinental Ballistic Missile (ICBM), combat missile complex,
interception missile, radar station.

«Crparerus HanmoHabHOU 000poHEI CIIIA» 2018 roma momuépkuBaeT HEOOXOIUMOCTH MOJIEP-
HU3aIIUN KaK PaKeTHO-AJIEPHBIX CHJI, TAK U MPOTHUBOpPaKEeTHONW MH(pacTpyKTyphl. JlanpHeimee pa3Bu-
THE JO0JDKHa npuodpectu smenonupoBanHas cucrema [IPO. ITPO CIIA pa3pabarbiBaercsi mpuMeHH-
TEIHHO K TIEpeXBaTy OAJUTUCTHYECKWX PAaKeT Pa3NMYHON NaJbHOCTH: KOPOTKOHM, MPOMEXYTOUHOH,
CcpeJHeNd U MEKKOHTUHEHTAIIbHOM.

Bboesbie pakerHblie komiuiekesl [TIPO CIIA paznensitores Ha ABa kiacca. CaMblii MalIO4YHCICHHBII
— JAJIBHETO IEUCTBUSA U CBEpXIabHEro nepexnata, cocrosmuid u3 PJIC GBR u nByxcTyneHvartsix pa-
ker-iepexBatynkoB GBI. OcHOBHOe Ha3HaueHHWE — OTPAKEHHE OTPAHUYEHHOTO PAKETHO-AAEPHOTO
ynapa KHZIP u KHP co cropons! Tuxookeanckoro nodepesxns CILIA. JIpyras, camasi KpynHasi rpymmna
BPK IIPO Brxitouaer B cebsi KOMIUIEKCHI CpEeAHENH M Majlol JaJIbHOCTH, HpeAHa3HauYeHHbIE IS Tepe-

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 2(18), 2018 r.



PA3EN: AHAJINTUMECKUE UCCJTIEQOBAHUSA 3APYBEXXHOIO OIMbITA

xBaTa 00EBBHIX OJIOKOB HA TEPMUHAJILHOM (KOHEYHOM) y4acTKe WX monéra: komiuiekenl Patriot PAC-2
u PAC-3, THAAD, MEADS — Bce HazemHoro 0asupoBanus, a takxke cucrema ITIPO AEGIS — kom0Ou-
HUPOBAHHOTO KOPaOEIBHOTO U OeperoBoro (CyXoImyTHOTO) 0a3upOBaHusI.

Ha npotsoxennn nocneannx 30 net CHIA axtuBHO BHeapstoT B EBpone xommiekcer [IBO/ITPO:
Patriot, mopckoii u Hazemusriit AEGIS, PJIC AN/FPS-126, AN/FPS-132 u np.

CIIA mnaHupyrT MEepPeHeCTH IEHTP TSHKECTH paboT Mo AalbHEeHIIeMy HapamdBaHUIO CBOETO
MIPOTUBOPAKETHOrO MOTeHIMada B EBpomy, pacuiipss apean CBOEro NPUCYTCTBUS U B A3HaTCKO-
TuxookeanckoM peruone. B ocHoBy apxutekTypsbl eporeiickoii [TPO Oyner nonoxen cuctemsl [1PO
AEGIS mopckoro u 6eperosoro 60a3mpoBanus. Ha cozmanue eBponeiickoit [IPO otBomutes 9 et — ¢
2011 o 2020 roxsl.
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CURRENT STATE AND DEVELOPMENT PROSPECTS
OF US MISSILE DEFENSE SYSTEM

S.V. Aksenov, V.A. Vasiliev, S.V. Golubchikov, G.B. Gurov, M.V. Zhestev, V.K. Novikov

The US National defense strategy 2018 underlines the modernization necessity of missile nuclear forces and
missile defense infrastructure. The further development should be referred to layered missile defense. The US missile
defense system is developing with regard to ballistic missiles interception of different ranges: short, intermediate
and intercontinental. The US combat missile defense complexes are divided into two classes. The long range and very
long range interception, consisting of GBR Radar and two-stage missile interceptors GBI. The main purpose is to defeat
of limited nuclear missile threat of North Korea and China from the US Coast. Another largest group of combat missile
defense complexes includes medium and short range missile defense systems which are intended for terminal
warheads interception: Patriot PAC-2 and PAC-3, THAAD, MEADS - land-based systems, and AEGIS missile defense
system — joint ship-based and ashore systems. During last 30 years the US actively deploys air and missile defense
systems in Europe: Patriot, AEGIS ship-based and ashore systems, AN/FPS-126 radar, AN/FPS-132 radar etc.

The US is planning to increase missile defense potential in Europe through deployment area expending
in Asia-Pacific region. The base of the European missile defense architecture comprises of AEGIS ship-based and
ashore missile defense systems. It's expected to deploy the US missile defense system under the European phased
adaptive approach program within 9 years — from 2011 up to 2020.

Moctynuna 20 anpens 2018 roaa.
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HAYYHbIE PELLEH3U 1 OT3bIBbl

Ky3Huua poccuitickoro opyxusa | pykoBoauTernb aBTOPCKOro
kon-Ba JI1.A. Muxonan. — Bonrorpaa: NaHopama, 2016. — 256 c.: un.

Wznanue mocesameno 70-meturo co3gaHust nonuroHa «Kamyctun
Sp» — crapetimero B Poccuiickoit @enepanini. B kHUre paccka3zbiBaeTcst
0 CTaHOBJICHWH, Pa3BUTHU U ceroHsImHeM aHe 4-ro ['ocyaapcTBeHHOro
LHeHTpaibHOro MexBuaoBoro KpacHosnaménnoro opaena Kpachoit
3Be3nsl monmrona MuHucTepcTBa 000poHb! Poccuiickoit deneparwm, 00
WCTIBITATEISIX OTEIECTBEHHOW KOCMHUYECKOW, OOEBOW paKeTHOUW M MPOTH-
BOBO3/YIIIHON TEXHUKH, €€ CUCTEM YIIPABJICHUS U HABEACHUS — PaKeT4U-
Kax-TIEPBOMPOXOIUAX U TPY>KEHUKAX CETOHSIIHErO JHA, YCUIUAMU KO-
TOpBIX oOecrieueHa Haa&KHas 3aluTa 1 0€30acHOCTh Hatleld PoauHeL

Ha nmonurone «Kamyctun Sp» npoxoauiau U IpoXoAsT UCIIBITaHUSA
pasn4Hble O0pa3lbl PAKETHOTO OPYXKHS: OT 3CHUTHBIX PAKETHBIX
CHUCTEM MPOTHBOBO3AYITHOW OOOPOHBI 1O 3HAMEHHUTHIX HAa BECh MHP
PAKETHBIX KOMIUIEKCOB CTPaTErMYecKOro Ha3HaueHWs. [IOJUroH He TOJBKO Jan NMyTEBKY B >KU3Hb
HECKOJILKUM IMOKOJICHHUAM CaMbIX COBPEMECHHBIX CUCTEM HpOTI/IBOBO?,)IYHIHOﬁ O60pOHI>I, J0 CEroaHsIII-
Hero nHa cocTaBistonux ocHoBY [1BO u ITPO Poccuu, HO U y4acTBOBaI B CO3JJaHUU UX TMEPCIICKTUB-
HBIX 00pa3IoB, HOBBIX 3JIEMEHTOB BO3AYIIHO-KOCMUYECKOW 00OPOHEI CTPaHBbI.

Kuwura paccuntana Ha mUPOKUN KpyT YnTaTeNIeH, MHTEPECYIOUUXCS POCCUNCKOI BOGHHOM HCTO-
pU€eil 1 UICTOPUEN UCTIBITAHUI PAKETHOW TEXHUKHU.

Kucnyxa A.E. He3abbITbIn NonsipHbIA PagUOTEXHUYECKMMN NOJIK.
Acce-BocnomuHanusa. — M.: MAO «HMO «Anmas», 2018. — 160 c.
PeueHseHTbl: A.U. AnewmH, reHepan-manop 3anaca, A.l. MNpa-

A.E. KUCNYXA .
2 HOBCKWUU, NOJIKOBHUK B OTCTaBKe.

B mocnennee BpeMs KOJIHMYECTBO IMYOSUKAIMA HA apKTHYECKYIO Te-

. pmﬁggg)}zgl:lzlg(muﬂ MATHKy YBEMMHBACTCA, IPOBOJATCS HayHbIC KoH(epeHru, GOpyMBI U

' o MEPOTIPUSTHS C YIaCTHEM PYKOBOAWTEIEH CTPAHBI U HKCIIEPTOB B PA3HBIX
i 00J1aCTSX IEATEIBHOCTH, CBA3aHHOW ¢ APKTHKOM.

K npuoputeTHpIM HampaBieHUsIM pa3BUTUST APKTHYECKOH 30HBI, CO-
TJIaCHO YTBEep)KAEHHOM mpesunaeHToM Poccuiickoir deneparmu «Crparte-
THd pa3BUTUS ApKTUUeckoi 30HbI Poccuiickoit Deneparnn u obecreye-
HUSI HALMOHAJIBHOM Oe3omacHocTH Ha riepuo 10 2020 roja», OTHOCATCS:

* KOMIUIEKCHOE COLIMAIIEHO-DKOHOMUYECKOE Pa3BUTHE PETUOHA;

* pa3BUTHE HAYKH M TEXHOJIOTHH, CO3JaHNe COBPEMEHHOW HH(popMa-
IMOHHO-TEJIEKOMMYHHKAIIMOHHON HH(PPACTPYKTYPBI;

* o0ecrieYeHre YKOIOTHUECKOM 0€30IIaCHOCTH,

* MEXKTyHAPOTHOE COTPYTHUIECTBO B APKTHKE;

* obecrieueHre BOCHHOM O€301acCHOCTH, 3aIlIUTHl U OXPaHbI TOCYIAPCTBEHHOM rpaHuIlbl Poccuiickoit
®enepanun B ApKTHKE.

B paccmaTpuBaemoil KHUTE MpezcTaBieHa KpaTKas 3aJ0KyMEHTHPOBaHHAsI UCTOPHSL CAMOTO CEBEPHO-
o paguoTexauueckoro nonka Boiick [IBO, nuyHbI cocTaB KOTOPOTO HEC CIYKOY MO OXpaHe BO3IYIITHBIX
pyoesxeit CCCP B paitone bapeniiepa u Kapckoro mopeti ¢ 1958 roza npaxktudecku 10 KoHila XX Beka.

Kuura npezacrasisieT nHTEpeC U1 uuTaTenei, nHTepecyronmxcsa uctopueit BKO.
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