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PaccmompeHa 3adaqa 06Hapy»KeHUs 2pyrinbl Maso3amemHbix 06beKmoe Ha paduoioKayUOHHOM U306paxeHuU.
lNpednoxeH 08yxamarHbIl an2opumm, 3aKmoyarowulicss 8 nopo2osoli obpabomke nepeuyHoU UHgopmayuu ¢ rnocre-
OyrouUM MOUCKOM NPOCMpaHCmMeeHHO-T0Kanu308aHHoU epynibl OMMEMOK C y4EMOM anpuopHbIX OaHHbIX O €€ pas-
Mepax U KonudecmeeHHoM cocmaee. [MokazaHo, 4Ymo npuMeHeHUe maKkoeo aneopumma ro3eossem obHapyxueamb
MPOCMpPaHCMBEHHO-pacrpedenéHHYI0 2pynnosyto Ueslb C CyuecmeeHHO 6oiee 8bICOKUMU Xapakmepucmukamu, Yem
00uHOYHbIe 0bbeKkmbl. [NpednoxeHa memoduka ebibopa ornmuMarbHbIX napamMempos ansopumma, y4umsiearouias
cmamucmuyeckue ceoticmea IlNP Habntodaembix 06bEKMOS.

Knroyesnble crioga: paduosiokayUuoOHHbIE KOMIIIEKCbI KOCMUYECK020 ba3upoeaHusi, obpabomka paduonokayu-
OHHbIX U306paXkeHUll, MOOeIUposaHUE CmamucmuYecKux ceolicme ompaxameribHbIX Xapakmepucmuk.

The detection problem of low-observable objects groups on radar images was examined. The two-stage algorithm
was proposed which lies in thresholding of initial information with subsequent search of spatially-localized group of blips
(tracks) with regard to priori information of its size and quantitative composition. It was shown that the algorithm
Implementation permits to detect spatial-distributed group target with essentially higher characteristics than single
objects. The selection methodology of optimal algorithm parameters was proposed considering the RCS statistical
properties of observable objects.

Keywords: space-based radar complexes, radar images processing, reflectance profile statistics modeling.

Cratpst «[IpuHINTBI 00HAPY)KEHUS TPYIIT MaJT03aMETHBIX 00BEKTOB Ha PaIHONOKAIIMOHHBIX H300pakeHH-
SX» TIOCBSIIIIEHA AITOPUTMY BTOPHYHON 00pabOTKM TaHHBIX KOCMHYECKON paJIMOJIOKAIIMOHHON CheMKH JUIS TI0-
MCKa Ha PaJuoJIOKaMOHHBIX m300paxkeHusx (PJIM) mokamn30BaHHBIX TPYII Mal03aMETHBIX BO3IYIIHBIX 00B-
extos (BO).

B ocHOBe paccMaTprBaeMoOro ajaropuTMa JISKUT AByXdTamHas oopaborka PJIM ¢ yaérom anpHOpHBIX JaH-
HBIX O pa3Mepe M KOJIM4YeCTBEHHOM cocTase Tpymnmsl BO. Ha mepBom sTame mpoBoanTcsi moporosas o0paboTka
CHTHaJa B KaXJ10M asieMenTe paspemennst PJIN ¢ nenbio oOHapykeHHs 0TMETOK oT oJuHOYHbIX BO. B pe3yns-
tare GopMupyeTcs OMHApHOE U300pa’keHHE, OTMETKH HA KOTOPOM COOTBETCTBYIOT BO3YIIHBIM OOBEKTAM WIIN
SIBJISIFOTCSL JIO)KHBIMH OOHAPYKEHHSIMU.

BECTHUK BO3YLLUHO-KOCMUYECKOM OBOPOHbI N2 4 (16), 2017 r.



PA3AEJN: NPOBJIEMHbIE BOMNPOCbHI MOCTPOEHUA CUCTEM U CPEACTB BKO

Ha BropoM 3Tane npoBoanTcs BTOpU4Has 00padoTKa MMOJy4eHHOro OMHAPHOTO N300paXKeHHUs C LIENBIO BbI-
JIETICHUs] TTPOCTPAHCTBEHHO-JIOKAIN30BaHHEIX rpymnn BO. J[ng atoro u3oOpakeHHe CKaHHpYETCs HPOCTpaH-
CTBEHHBIM «OKHOM» C Pa3MepaMH, COOTBETCTBYIOLIMMH MPeIoaraéMbIM pa3MepaM rpynisl. J{is kaxmoro mo-
JIO’)KEHUsI OKHA BBIYHCIISCTCS KOJIMYSCTBO IONABIIMX B HEIO OTMETOK, U, €CIIH IOJYYCHHOE YHCIIO HPEBHIIIACT
3apaHee BRIOpaHHOE IIOPOTOBOE 3HAYCHHE, TO IPUHIMAETCS pemeHne 00 oOHapykeHnu rpymnmsl BO.

B cratse npencTaBiIeHbl YUCICHHbIE OLICHKH BEPOSTHOCTH OOHAPY)KSHHUS C UCIIONB30BAaHUEM JAHHOTO all-
roputMa rpymnn u3 neaguatd BO. OuneHkH MOMydeHbl PU OIMHMCAHHU IOMEX OT IOJCTHIIAIOICH MOBEPXHOCTH
pacnpezneneHusIMH Panest, BeliOynia u JOrHOpMabHBIM paclpeesieHUEM, a paJroIOKalHOHHBIX CHTHAJIOB OT
BO — mozenssmu Cepiinnra. M3 3THX OLIEHOK ClIEAYET, 4TO NPUMEHEHHE alrOpUTMa 00ecreunBaeT 3HaYnTeNb-
HO OoJiee BBICOKHE BEPOSITHOCTHBIE XapaKTEPUCTHKH OOHapyxeHHs BO, ueM 3TO BO3MOXHO MO OJMHOYHBIM
ob0bekTaM. [Ipu 3TOM 3HaUEHMS TOCTHraeMbIX BEPOSTHOCTHBIX XapaKTEPUCTHK M ONTHMAJIbHBIC ITApaMeTphl all-
TOPUTMa BO MHOTOM OIPEAENSIOTCS CTaTHCTHYECKUMH CBOMCTBAMHU PaJHOJIOKALMOHHBIX CHUTHAJIOB, OTPaXEH-
HbIX 0T BO 1 nojcrunaronieid HoBEpXHOCTH.
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DETECTION PRINCIPLES FOR GROUPS
OF LOW-OBSERVABLE OBJECTS ON RADAR IMAGES

S.E. Grigas, A.A. Skorinin, U.E. Terehov, M.V. Chekmarev

The article states the secondary processing algorithm of space radar survey data for searching of localized
groups of low-observable aerial objects (AO) on radar images (RI).

The examined algorithm underlies the two-stage RI processing considering a priori data on size and
quantitative composition of AO group. At first stage the signal thresholding is conducted in each RI resolution cell
in order to detect blips (tracks) among single AOs. As a result the binary image is formed, the blips on which
correspond to aerial objects or performed as false detection.

At second stage the secondary processing of obtained binary image is carried out in order to mark-out
the spatially-localized AO groups. For this purpose the image is scanned with spatial «window» of sizes
corresponding to anticipated group sizes. For each window position the amount of blips in it is calculated, and if
the obtained figure exceeds the preselected threshold amount the decision on detection of AO group is made.

The article presents the numerical estimate of detection probability of 20 aerial objects groups using
the algorithm. The estimates were received during clutters characterization from underlying surface by Rayleigh,
Weibull and lognormal distributions, and radar signals from AO — by Sverling models. These estimates show
that the algorithm application provides substantially higher AO detection probabilistic characteristics than it's
possible to get with single objects. Herewith the values of acquired probabilistic characteristics and optimal
algorithm parameters are defined to a large extent by statistical properties of radar signals reflected from AO
and underlying surface.

MocTtynuna 28 aBrycTta 2017 roaa.
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KomninekcHasi omnalka npoepammHoz2o obecrieyeHusi (I10) cpedcme, exodsuwux 8 cocmag 3eHUMHO20
pakemHozo komrnekca (3PK), ocywecmensemcsi Ha modenupyrouux cmeHlax. [lpu amom ucronb3yromcs
moOlernu annapamypbi paduosokayuoHHbIx cmaHyul (PJ1C) u 3eHumHbIx ynpasnsemsix pakem (3YP). Npu Hanu-
quu HeckonbKux moderneli Heobxoduma CUHXPOHU3auusi OaHHbIX PaduOoIoKaUUOHHbIX uameperull. Mpu pabome
modernieli Ha pasHbIX 8bl4UCITUMESbHbIX cpedcmeax makxe Heobxo0uMa CUHXPOHU3auUsi 8peMeHU MexOy
8blyuUCIUMENbHbIMU cpedcmeamu Orisi KOPPeKmHOU npussasku uamepeHull. YkasaHHble 3adayqu pewaomcs
co3daHuem eduHoli 8030ywHol ob6cmaHosku (EBO) u cucmembi eduHozo epemeHu (CEB).

Kmoyeesnbie cnoea: cmeHd 3PK, omnadka 10, cuHxpoHu3ayusi peMeHU, CUHXPOHU3ayusi daHHbIX.

The complex software (SW) debugging of air missile defense complex (AMDC) components is carried out on
simulation stands. Herewith the radar stations (radars) and surface-to-air missiles (SAM) equipment models are
used. When there are several models it's necessary to synchronize radar measurement data. During operation
with different computers it’s also necessary to provide time synchronization between computing aids for correct
binding of measurements. The mentioned tasks are solved through development of single aerial situation (SAS)
and common timing system (CTS).

Keywords: AMDC stand, SW debugging, time synchronization, data synchronization.

KommnekcHas otnaaka mporpaMmmuoro obecrnieuenus ([10) cpencTs, BXOAAMIMX B COCTAB 36HUTHOTO PaKeT-
Horo komiuiekca (3PK), ocymecTBisieTcss Ha MOJENUPYIOMMX CTeHAaX. [Ipy OTIaaKe MCIONB3YIOTCS MOJIENH
anmapartypsl paguonokannoHHbIX cTaHnuil (PJIC) u 3enuTHBIX ynpaBmsemsix paker (3YP). Ilpu Hammuum He-
CKOJIBKMX MoJjiesied Heo0X0IMMa CHHXPOHH3AIMs JaHHBIX PaJMOJIOKallMOHHBIX M3Mepenuit. I1pu pabote Moze-
Jield Ha Pa3HBIX BBIYUCIUTENBHBIX CPEJCTBAX TAKXKE HEOOXOJMMa CHHXPOHHM3ALMS BPEMEHH MEXKAY BBIYHCIIH-
TeJbHBIMU CPEJICTBAMH JIJIsI KOPPEKTHOW NnpuBsi3ku u3MmepeHuil. Hanpumep, monenu PJICI, PJIC2, 3VPI1, 3YP2
JIOJDKHBI B OJJMHAKOBbIE MOMEHTHI BPEMEHH MMETh OJIMHAKOBYIO MH(OpManuio o BO3AyIIHOH obcTaHoBKe. [lo-
MOJIHUTENBHO, JUISl KOPPEKTHOTO 00beanHeHus nHpopmaruu oT Heckosbkux PJIC nHa komanguom nynkre (KIT)
3PK tpebyercst cunaxpoHm3anus BpeMeHH co Bcemu PJIC. Yka3aHHBIC 3aa4dl PELIAOTCS CO3JaHHUEM CIHHOMN
Bo3aymHOM o0cTaHoBKH (EBO) n cucremsl ennHoro Bpemenu (CEB).

B cocras EBO Bxogar: cepsep EBO, xonBeprep EBO, xoncons ympasienus cepepa EBO, Heckoibko
kmueHToB EBO, oaun win Heckonbko nHaukatopoB EBO. OOMeH NaHHBIMH MEXIY YKa3aHHBIMH CPEICTBAMHU
OCYILECTBIISIETCS 10 CETH C HMCIOJIB30BAHMEM TPaHCIOPTHHIX mpoTokonoB TCP,UDP. ®opmupoBanne HaHHBIX
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qutst cepeepa EBO mpoucxoanT ¢ MCIoIb30BaHUEM paHee MOArOTOBIEHHOH OMOIMOTEKH HAJIETOB U KOHBEpTEpa
EBO. Bri6op, 3ammyck u 0CTaHOBKa HallETa OCYIIECTBISIETCS C MCIOJIb30BAHUEM KOHCOJIM YIPABJICHHS CepBepa
EBO. Otaensaple kaueHTs! EBO MOTYT caMu SBIATBHCS OOBEKTaMH BO3AYITHON OOCTaHOBKH. Takne KIMEHTHI
BcTpamBatoTcs B Mogenu 3YP. lpyrue kmuentst EBO BecrpanBatorcs B Moaenu ammaparypsl PJIC. Otobpaxe-
HHE BO3AYIIHON 0OCTaHOBKHU OCYIIeCcTBIIeTCS Ha nHANKaTopax EBO.

EBO u CEB wucnons3yroTcs Ha MOJSIUPYIOIIAX CTEHAAX, CO3MaHHBIX A oTinaaku 10 cpencts, BXoms-
mmx B coctaB 3PK. Ha nepBom crerne EBO u CEB ncnons3yroTes sl CHHXPOHH3AINHN JTaHHBIX MEXAY MPH-
ommsuTensHO 30 Monmemssvu u mraTHEIM [1O cpenctB m3 cocraBa 3PK. Vkazannoe [10 ¢yrkmmonupyer Ha He-
CKOJIBKMX MOJICTMPYIOIIMX KOMIbIOTEpAX M IITAaTHBIX BBIUMCIMTENBHBIX cpenctBax 3PK. Ha Bropom crenne
EBO u CEB ncnonb3yorcst Ui CAHXPOHH3aLUM BpEMEHH U TeHepaluy JaHHBIX, (POPMUPYEMBIX JUIS anmapary-
pbl 00paboTku curHanoB PJIC. Ha tperbeM creHzne oObenuHsoTCs pasHopoanslie crenasl yacteil 3PC. Kpome
toro, EBO u CEB ucnonbs3yrorest 1yt popMUpPOBaHHS AaHHBIX JUIsl PEKMMa TPEHUPOBKH ONIEPATOPOB OOEBOTO
pacuera KII 3PK, u, takum o6pa3om, Bxoast B coctaB mrtatHoro [10 3PK n yueOHO-TpeHMPOBOYHOTO KOMILIEK-
ca oneparopoB KII 3PK. KauecTBeHHasi cuHXpoHU3auus BpeMeHH (pacxoxaeHue He Ooiee 150 MKc) u cHHXpO-
Hm3ams naHHex EBO (pacxoxknenue He Oosee 1—2 METpOB B OIpeesIeHIH TIOJIOKEHISI 00bEeKTa) o0ecTiednBa-
10TCA 0€3 HCIIONIb30BaHMS JOMOIHUTENBHON anmapaTypbl CHHXPOHM3AINN, @ OTKPBITBIH MOIYJIBHBIA IPHHIHII
noctpoernss EBO mo3BosseT mpuMeHsATh NOTy4CHHBIE PEIICHNS B HOBBIX padoTax.
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SINGLE AIR SITUATION PERFORMING
ON SIMULATION STANDS FOR SOFTWARE DEBUGGING
OF AIR DEFENSE MISSILE COMPLEX

A.M. Ggimalo, M.M. Rodkin

The complex software (SW) debugging of air missile defense complex (AMDC) components is carried out
on simulation stands. The radar stations (radars) and surface-to-air missiles (SAM) equipment models are used
during debugging. When there are several models it's necessary to synchronize radar measurement data. During
operation with different computers it's also necessary to provide time synchronization between computing aids
for correct binding of measurements. For instance, Radarl, Radar2, SAM1, SAM2 models should have the same
information on air situation in equal time interval. Additionally, for correct information fusion from several radars
it's necessary to organize at AMDC command post (CP) the time synchronization with all radars. The mentioned
tasks are solved through development of single aerial situation (SAS) and common timing system (CTS).

The SAS includes the SAS server, SAS converter, SAS server control console, several SAS clients, one or
several SAS displays. The data exchange between mentioned aids is carried out in a network using the TCP,
UDP transport protocols. The data generation for SAS server is implemented by using the previously arranged
flying hour’s library and SAS converter. The selection, start and termination of flying hours are done through SAS
server control console. The SAS separate clients cold represent the air situation objects. Such clients are built
in SAM models. Other SAS clients are built in radar equipment models. The air situation presentation is carried
out on SAS displays.

The SAS and CTS are used on simulation stands developed for SW debugging of AMDC aids. On the first
stand the SAS and CTS are used for data synchronization between approximately 30 models and organic SW
of AMDC aids. The mentioned SW operates on several modeling computers and organic computing devices of
the AMDC. On the second stand the SAS and CTS are used for time synchronization and data generation formed
for radar signals processing equipment. On the third stand the heterogeneous stands of missile defense system
units are combined. Besides, the SAS and CTS are used for data generation for combat crew operators training
mode of the AMDC command post (CP), and thus organically included in software of the AMDC and training
complex of AMDC CP operators. The qualitative time synchronization (mistiming not more than 150 ps) and the
CTS data synchronization (deviation not more than 1-2 meters in object position indication) are provided without
additional synchronization equipment, and open modular principle of the CTS performance permits to implement
obtained solutions in new works.

Moctynuna 17 aBrycta 2017 roaa.
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B cmamebe npugodumcs 060CHO8aHUE 803MOXHOCMU MOCMPOEHUST MHO20MO3UUUOHHOU MHO20MmapamMempu-
yeckol cucmembl UsMepeHuli mpaekmopull 8030y WHbIX 06BEKIMO8, OCHOBaHHOU Ha UCMOMb308aHUU 2robanbHOU
Hagu2ayUOHHOU CrymHUKogol cucmeMbl 0518 CUHXPOHU3aUUU OMOPHbIX Yacmom npuéMHbix myHkmos. lpedna-
eaemcsi MocmpoeHUe u3mMepumesibHolU CUCMeMbl C HECKONIbKUMU MHO20KUIOMEMpPO8bIMU U3MepumerbHbIMU
6aszamu. OboCcHOBbIBAEMCS 803MOXHOCMb OOCMUXEHUS 8bICOKUX MOYHOCcmel u3MepeHusi KoopluHam U CKO-
pocmu 3a c4ém ucrosib308aHuUsi bosbwux 6a3 U 8bICOKOMOYHOU CUHXPOHU3aUUU OrOPHbIX Yacmom.

Knrodeenble cnosa: ernobanbHasi HagueayUoHHasi CriymHUKogeasi cucmema, MHO20M03UUUOHHbIe U3MEPEeHUs,
CUHXPOHHBIE U3MEPEHUSs], KOPPEnsiUUOHHbILU Memo0d u3mepeHull, U3MEePEHUsT MeKyWuUx HasueauyUoHHbIX napa-
Mempos.

The article states the development possibility validation of multiposition multiparameter trajectory-measuring
system of aerial objects, based on using of global positioning satellite system for synchronization of reference
frequencies of receiving points. It's proposed the development of measuring system with several multikilometer
measuring bases. The possibility to gain high accuracy coordinates and velocity measurements from using big
bases and high accuracy reference frequencies synchronization was proved.

Keywords: global positioning satellite system, multiposition measurements, synchronous measurements,
correlation measuring method, current navigational parameters measurements.

B craTthe aHANM3UPYIOTCS PeTM30BaHHbIE B MTOJUTOHHBIX HCIBITAHUAX METOJBI TPAEKTOPHBIX M3MEPEHUI
UCIIBITBIBAEMBIX 0OBEKTOB, MPOBOANTCS UCTOPUYECKHH IKCKYPC B Pa3BUTHE TPAEKTOPHBIX cucTeM. OOOCHOBBHI-
BaeTCs BO3MOXKHOCTh ITIOCTPOEHHUSI MHOTOMO3HIIMOHHOW CHCTEMBI TPAeKTOPHBIX M3MEPEHUN BO3IYIIHBIX 00BEK-
TOB, OCHOBAaHHOIl Ha HCIOJIH30BAHNN HABUT'AIIMOHHBIX CITYTHHUKOB I CHHXPOHHU3AIMU OTIOPHBIX YaCTOT MPUEM-
HBIX IMyHKTOB. Ilpemiaraercst mOCTpO€HHE CHCTEMBI C HECKOJIBKUMH MHOTOKHJIOMETPOBBIMU H3MEPUTEIBHBIMU
6a3amu. OGOCHOBBIBAETCS BO3MOXKHOCTh JIOCTHIKEHHUS BBICOKMX TOYHOCTEH M3MEPEHMS KOOPIUHAT U CKOPOCTH
3a C4ET HCIOIB30BaHUS OOJBIIMX 0a3 U BHICOKOTOYHOIN CHHXPOHHU3AIMU OMOPHBIX 4acTOoT. [lepcriekTuBHI pas-
BUTHSI TIPEAJIaraeMoro croco0a OCHOBaHbI Ha BBICOKON JUHAMUKE Pa3BUTHS METOJIOB HCIIOJIb30BaHUA KOCMHUYE-
cKoM HaBUraunoHHo cnyTHUKoBOM cuctembl ['JIOHACC u €€ coBeplieHCTBOBAaHUMU.
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DEVELOPMENT METHOD OF MULTIPOSITION
TRAJECTORY-MEASURING SYSTEM

G.l. Rebrikov

The article analyzes the realized during range tests methods of trajectory measurements of tested objects,
the historical insight to trajectory systems development is provided. The development possibility of multiposition
multiparameter trajectory-measuring system of aerial objects, based on using of global positioning satellite system
for synchronization of reference frequencies of receiving points is validated. It's proposed the development
of measuring system with several multikilometer measuring bases. The possibility to gain high accuracy coordinates
and velocity measurements from using big bases and high accuracy reference frequencies synchronization was
proved. The development prospect of proposed method is based on high growth method dynamics of GLONASS
global positioning satellite system using and its improvement.

Moctynuna 4 ceHtabpsa 2017 ropa.
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Paccmampueatomcesi pyneeble npueodbl, Kak UCHOSIHUMenbHbIe ycmpolicmea cucmeMsl cmabunusayuu
3YP. lNpu cpasHUMENbLHOM aHau3e OCHOBHbLIX C80UCME PasiudHbIX MUos pysesbix npueodos bbiiu UCrosb-
308aHbl 3KcriepuMeHmarsHble 0aHHble, @ Mmakxe pacyémHble Pe3ysibmamel, MosyYeHHble Ha UMUMayUOHHbIX
MamemMamu4ecKux Moderisix.

Knroyeeblie cnoea: 3YP, za3o8bie pynesbie rpugoldbl, 3/1eKMpoMexaHu4ecKue pyresble rnpugodbl, CKO-
pocmHasi xapakmepucmuka rnpusoda, MOMeHmMHasi xapakmepucmuka rpusoda, MexaHu4Yeckasi xapakmepucmu-
Ka npueoda, OuHaMuYecKue xapakmepucmuku ripueoda, cucmema cmabunusauuu 3YP.

The flight control actuators are examined as actuating mechanisms of SAM stabilization system. During
comparative analysis of main characteristics of flight control actuators of different types the experimental data as
well as calculated results obtained on simulation mathematical models were used.

Keywords: SAM, gas flight control actuators, electromechanical flight control actuators, actuator response
rate, actuator moment characteristics, actuator mechanical characteristic, actuator dynamic characteristics, SAM
stabilization system.

PaccMarpuBaroTcsl ra3oBble U JJIEKTPUUECKUE PYJIEBbIE NPUBOJBI, KAK MCIIOJIHUTEIbHBIE YCTPOMUCTBA CHU-
crembl crabunuzaunu 3YP. B crartbe NpUBOISATCS OCHOBHBIE OCOOCHHOCTH (DYHKIMOHMPOBAHHMS a30BBIX H
9NEKTPUYECKUX PYJIEBBIX IPUBOJIOB, IIPUBEAEHBI PE3YJIbTATHI [0 CPABHEHUIO IIPUBOAOB 110 HAIPY30UHBIM, MEXa-
HUYECKUM U CKOPOCTHBIM XapaKTEPUCTUKAM, INHAMUYECKOH JKECTKOCTH U OLICHKE JUHAMMUYECKHUX CBOMCTB pa3-
JIMYHBIX TUIOB NPUBOAOB. IIpu CpaBHUTENBHOM aHAJIM3€ OCHOBHBIX CBOWMCTB PA3JIMYHBIX TUIIOB PYJEBBIX IIPHU-
BOJIOB OBIIIM HCIIOJIBb30BaHbl AKCIIEPUMEHTAJIbHBIC JTaHHBIE, a TAK)KE pacyeTHBIE PE3yJIbTAThl, NOJy4YEHHbIE Ha
MMUTALUOHHBIX MAaTEMaTUYECKUX MOJCILIX.
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DIFFERENT TYPES COMPARISON
OF FLIGHT CONTROL ACTUATORS FOR MEDIUM RANGE SAM

V.N. Akimov, V.P. Ulasevich, S.V. Grizin

The gas and electric flight control actuators are examined as actuating mechanisms of SAM stabilization
system. The article states main functioning features of gas and electric flight control actuators, the comparison
results of actuators in loading, mechanical and response rate characteristics, dynamic flexibility and evaluation
of dynamic characteristics of flight control actuators of different types were performed. During comparative
analysis of main characteristics of flight control actuators of different types the experimental data as well
as calculated results obtained on simulation mathematical models were used.

MocTtynuna 8 uroHsa 2017 ropa.
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B cmambe ob6ocHoebigaemcsi Heobxodumocmb co30aHusi baHka paduorioKayUOHHbIX cueHasos Orisi obecrieye-
HUST 803MOXXHOCMU OnmuMU3auyuu cyuecmsyrouwe2o U pa3pabomku HOB020 an2opummuyeckoeo obecriedeHusi
Ha3eMHbIX paduosokauyuoHHbIx cmaHyut (PI1C).

Knroyeeble cnoea: paduonokayusi UWUPOKOMNO/IOCHBIX CU2Haros, aHano2o-uugposoe npeobpasosaHue,
CUHXPOHHasi OuHaMu4ecKkasl namsims C Mpou3eosibHbIM AocmyrnoM, Aor208peMeHHoe 3aroMuHarouee ycmpolcmeo,
npoepammupyemasi loeudeckasi UHmezparsbHas cxema.

The article states the necessity to develop a bank of radar signals to provide optimization possibility of the current
and development of a new algorithm support of ground-based radar stations (radars).

Key words: wideband signals radiolocation, analog-to-digital conversion, Synchronous DRAM with random
access, long-term storage, field programmable gate array.

B crartbe craBuTCcs 1eib co3naHus 0aHKa paJMOJIOKAIIMOHHBIX CHTHAJIOB JUIS 00ECIEUeHUs] BOZMOXKHOCTH
ONTHMU3AIMU CYIIECTBYIOUIETO U pa3pabOTKH HOBOTO AITOPUTMUYECKOrO O0ECHEeUYeHHUs! PaanOIOKAIIMOHHBIX
cranmwmii (PJIC).

IIpencraBineHo KpaTkoe ONMHCAaHHWE YCTPONCTBA PErHCTPAIlMM MMITYJIBCHBIX IIHPOKOIIOJIOCHBIX CHTHAJIOB
(MIIIIC), a Takxe KOHKpPETHAsI peain3alis OCHOBHBIX y3JI0B YCTPOHCTBA: aHAIOTO-IM(POBOro mpeodpazoBare-
751, y371a 00pabOTKU CUTHAIOB HAa MPOTPaMMHUPYEMON JIOTHUE€CKONH MHTETPATLHON CXeMe.

Ocoboe BHUMaHHUE Y/EIEHO pealn3alii JOJTOBPEMEHHOTO 3alIOMHHAIOIIET0 YCTPOMCTBA HA 6a3e TBEpao-
TENBHBIX HAaKOIUTENeH TaHHBIX, OCHOBAHHBIX Ha ucnoyib3oBanu MmaccuBoB NAND-flash.

OO6ocHOBaHa peanu3alys ABYXKAaHAJIBHOTO PErHCTpaTropa € HCIIOIb30BaHWEM pPa3BETBUTENS TAaKTOBOTO
CUTHAJIA.

IIpuBeaena cTpykTypHas cxema U OCHOBHBIE NapaMmeTpsl ycTpoiicta peructpauuu UIITIC.

Hanbr ¢pororpadun m3roroBienHoro B HKb nudposoit 06padotku curaanoB FODY skcrnepruMeHTaI-HOTO
obpasua ycrporictsa peructpanuu UIITIC.

B 3axmoueHne roBOpUTCS O JOCTOMHCTBAX HMIMPOKOMOJIOCHBIX CHTHAJIOB 110 CPAaBHEHHUIO C Y3KOIMOJIOCHBIMH,
a TaKke O BO3MOXKHOCTSIX YIyYIIEHUS TeXHUYECKHX XapakTtepucTuk PJIC B cBS3M ¢ IpUMEHEHHEM COBPEMEH-
HBIX MukpocxeM ALIII, mporpaMMupyeMoil JOTUKH U TBEPAOTEIbHBIX HAKOMUTEIICH.
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PULSED WIDEBAND SIGNALS RECORDER

S.A. Bugaev

The article states an objective to develop a bank of radar signals to provide optimization possibility of the current
and development of a new algorithmic support of radar stations (radars).

The pulsed wideband signals (PWBS) recorders brief description is given, and as well as specific implementation
of main device nods: analog-to-digital converter, signals processing node on programmable logical integrated circuit.

The special focus is on realization of solid-state drive long-term storage on the base of NAND-flash arrays.

The implementation of two-channel recorder using the clock signal splitter was validated.

The structural scheme and main parameters of PWBS recorder were presented.

The pictures of signals digital processing engineering prototype of PWBS recorder manufactured in Southern
Federal University design engineering bureau were provided.

The article concludes the advantages of wideband signals in comparison with a narrowband, and the possibilities
to improve radar performance due to implementation of modern analog-to-digital converter (ADC) microcircuits,
programmable logic and solid-state drives as well.

Moctynuna 17 aBrycTta 2017 ropa.
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B Hacmosiuee epemsi cyujecmsayem rnompebHocmb 8 HOB8bIX Mamepuanax U HO8bIX MEeXHOo/oausix Orns
cos30aHus usdenul ¢ yny4YWeHHbIMU Xapakmepucmukamu U MeHbWUMU 3ampamamMu Ha usz2omoersieHue. Hoebie
mexHonozuu 3D-neyamu LENS (Laser engineered net shaping), SLS (laser sinetering), coemewéHHbie addu-
MUBHbIE MEXHOO2UU C MexaHu4eckol obpabomkol nossonswm co3dasampb HO8ble KOHCMPYKUUU aHmeHH
u CBY-mexHuku crioxHol ¢hopmMbi ¢ 3a0aHHbIMU XapakmepucmuKamu.

Knroyeenbie cnoea: 3D-neyams, aHmeHHbl, CBY, LENS, SLS.

Nowadays there is a need in new materials and new technologies for items manufacturing with improved
characteristics and lower costs on its production. New 3-D printing technologies, such as LENS (Laser
engineered net shaping), SLS (laser sintering), combined additive technologies with mechanical operation, permit
to produce new structures of antennas and microwave facilities of complex forms with specified characteristics.

Keywords: 3D printing, antennas, microwave, LENS, SLS.

C nosiBIeHHEM COBPEMEHHOTO 00OPYIOBaHHS U IMPOTPAMMHOIO 00ECHEYEHHUS CTajl0 BO3MOXKHO IPUMEHE-
Hue 3D-neuatu B anTenHoi 1 CBY (cBepxBbicOkouacTOTHOH) TexHuke. HoBrle Texnosnorun 3 D-niegatu mo3Bo-
JSIeT CO3/1aBaTh U3ZEJIHS HE TOJBKO M3 MOJMMEPOB, HO U U3 MeTaiuioB. [IpuHuMn paboTsl 000pyIOBaHKs, TAKOTO
kak Optomec LENS 850-R [3], pabotaromero merozom aszepHoro Harutasienus LENS (Laser Engineering net
shaping): marepuan B (opMe MOpOIIKa BEIAYBASTCS M3 COIUIA U TONAJAeT Ha CHOKYCHPOBAaHHBII Jyd Jasepa.
[Nopommky pasaUYHBIX MaTepHaIOB MOXKHO CMEIIMBATH M IOJy4aTh TakMM o0pa3zoM cruiasbl. [1]. TexHomorus
3D-mevaTn akTyajibHa MPH W3TOTOBJICHWH BOJIHOBOJOB CO CIIOJKHBIMH M3TMOaMM U IIepexo/laMy Ha pa3HbIe ce-
YeHUs], TI03BOJISIET M3TOTABINBATE CIOXKHBIE 10 KOHpHUrypanun CBY-y3msl, 4T0 Npu CymIECTBYIOIINX TEXHOJIO-
THAX OYCHBb TPYAOEMKO M HHOT/IA HE TPECTABIISAETCS BOZMOMKHBIM.

Emé oauH BapvaHT MOJIyYEHUsS] BOJHOBOJOB CIOKHBIX ()OPM M CEUCHHI — 3TO COBMEIIEHHAsT 00padoTKa,
T.e. 00ObEMHEHHUE JIa3ePHON HAIUIABKU U (pe3epHOil 00paboTKU. DTa TEXHOJIOTHS BOILIONICHA B cTankax DMG
MORI Lasertec 65 3D [2]. O6benuHeHHE aJANTUBHBIX TEXHOJIOTHIA C TPAIUIIMOHHBIMUA METOJaMH 00pabOTKH Ha
OJTHOM CTaHKE T03BOJISIET 3HAUYNUTEJIBHO YBEJINYUTh 00JIaCTh NPUMEHEHHUs. ABTOMaTHYECKHUiT IEpexo OT Jiazep-
HOU 00paboOTKH K (ppe3epHBIM omeparusM obecredrnBaeT 3PPeKTUBHYIO (Ppe3epHyr0 00pabOTKy y4acTKOB, KO-
TOpBIE HEBO3MOXKHO 00paboTaTh Ha TOTOBOM JIETATIH.

Just m3rorosiennss CBU-koprycoB MoxHO npumenuts texHosoruto SLS (laser sintering). CBU-kopmyca
MOYKHO M3TOTaBIMBATh U3 moiraMunoB Ha ycraHoBke EOS FORMIGA P 100 myTéM BEIOOPOYHOTO CIICKaHUS M-
KOJMCIIEPCHOTO MOPOIIKA MOJIMMEPHBIX MAaTEpPHAJIOB U IOCIIEAYIOIEH MIa3MEeHHOH MeTayuTM3alKeil ¢ MOMOIIbO
aBTomMaTH4eckoi cuctembl Sulzer Metco UniCoat [4]. 3ameHa MeTasioB 0OBsACHSETCS BEICOKOH 3B )EKTUBHOCTHIO
COBPEMEHHBIX OJIMMEPHBIX KOMITO3UIIMOHHBIX MaTepHAJIOB JUIs HCIIOJIb30BaHus MX B CBU-Momymsx.

[Ipumenenne ykazaHHbBIX TeXHOJOTHH 3D-meyaTy Mo3BONIMT M3roTaBIMBATH HOBBIE KOHCTPYKIIMH AHTEHH 1
CBU-TexHUKHU CIIOKHON (GOPMBI C 3aJaHHBIMU XapaKTEPHCTHKAM.

JIUTEPATYPA

1. MopryHoB B.I'. [lpumeHeHne NnonMMepHbIX KOMMNO3ULIMOHHBIX MaTepPUaroB B Ka4eCTBe 3aMeHbl LIBETHBIX M YEPHbIX MeTan-
noB, Mcrnonb3yeMbix npy npoussoacTee moaynen CBY // ®yHKUMOHanbHbIE OCHOBBI PaAMO3MeKTPOHHOro npubopocTpoe-
H¥sA: MaTepuansl MexayHapoOHOW Hay4YHO-TEeXHUYeCcKon KoHdepeHumn. — Mocksa: MUP3A, 2012. — C.97-100.

DMG MORI. — URL: http://ru.dmgmori.com URL: http://ru.dmgmori.com.

Optomec production Grade 3D Printers. — URL: http://www/optomec.ru.

MeTtannusauus. — URL: http://weldzone.info/technology/gas-sputerring/264-metallizaciya.

pON

BECTHUK BO3YLLUHO-KOCMUYECKOM OBOPOHbI N2 4 (16), 2017 r.


mailto:day@luch.podolsk.ru
http://ru.dmgmori.com/
http://ru.dmgmori.com/
http://www/optomec.ru

PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

PERSPECTIVE USE OF 3D PRINTING IN ANTENNA
AND MICROWAVE FACILITIES

A.S. Vanutin, D.Z. Sadikova, E.S. Motlyah

With the appearance of modern equipment and software the use of 3-D printing in antenna and microwave
(super high frequency) facilities becomes possible. The new technologies of 3-D printing permit to manufacture
items not only from polymers, but from metal. Equipment operation principle, such as Optomec LENS 850-R [3],
operating through LENS overlay laser welding (Laser Engineering net shaping): the material in form of powder
is blow-off from nozzle and falls on focused laser beam. The powders of different materials can be mixed and
as a result one can have an alloy [1]. The 3-D printing technology is relevant during manufacturing of waveguides
with compound bending and jumps to different sections, permits to produce complex in configuration microwave
joints that considering the current technologies is time-consuming and sometimes is impossible to realize.

Another variant of waveguides manufacturing of complex forms and sections — is combined machining, i.e.
join of overlay laser welding and milling. This technology is used in DMG MORI Lasertec 65 3D [2] machine-tool.
The combination of additive technologies with traditional machining techniques at one machine-tool permits
substantially enlarge field of utilization. Automatic transition from laser processing to milling provides an effective
milling of segments that are impossible to machine on completed part. For manufacturing of microwave frames it's
possible to use the SLS technology (laser sintering). The microwave frames can be manufactured from
polyamides on EOS FORMIGA P 100 machine via selective sintering of polymer materials fine powder and further
plasma spraying process using the Sulzer Metco UniCoat [4] automated system. The metals change is explained
by high efficiency of modern polymeric composite materials for its utilization in microwave modules.

The use of mentioned technologies of 3-D printing permits to manufacture new structures of antennas and
microwave facilities of complex form with specified characteristics.

MocTtynuna 27 nioHs 2017 roaa.
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B pabome nposedeHO OemasfibHOE U3Y4YEeHUE CrEKMPasibHO-8PEMEHHbLIX napaMempos U3fydYeHusi
anekmpopa3spsdHozo HF/DF-nasepa. OnpedeneHa 3a8UCUMOCMb 3HEp2uU U MOWHOCMU fla3epHO20 UMIyrbca
om epemeHu. 3apeaucmpuposaHbl Kak UHmeeparsbHbIl CriekmpasnbHbili cocmas Usfy4YyeHusi, mak u cocmas
U3/1yqeHusi 8 pasfuvyHble MOMeHMbI fla3epHoe20 umryrnbca. OnpederneHa 3adepxka Havyana usy4yeHusi Ha pasHbiX
rnepexodax OomHOCUMesIbHO Hayasa fia3epHoeo umnynbca. [JnumenbHoCcmb UMMybca U3saydeHusi omoesibHoU
crnekmparnbHoU fIUHUU 3asucum 8 rnepsyio o4epedb 0mM 8palyamesibHO20 K8aHmMo8o20 4ucnia U rpakmu4yecku
He 3asucum om KosiebamesibHO20 K8aHMOoOB020 Hucra.

Knroyeeble cnoea: 3nekmpopaspsiOHbIll XxumMudeckull UMynbCHO-repuoduyeckull nasep, crekmpasnbHbil
cocmas, 0numesnibHoCMb UMIIYIbCO8 2eHEpayuU, 3a0epxka U3ydYeHus Ha nepexode, MOWHOCMb [IUHUU.

This paper provides thorough study of time-spectral parameters of electric-discharge HF/DF-laser emission.
The dependence of laser pulse energy and power on time has been obtained. Both integrated laser spectra
and emission composition at different moments of a laser pulse have been registered. The delay of emission
onset at different junctions with respect to the onset of a laser pulse has been obtained. Emission pulse width
of a particular spectral line depends primarily on rotational quantum number and doesn’t depend practically
on vibrational quantum number.

Key words: electric-discharge chemical pulse-periodic laser, spectral composition, generation pulse width,
emission delay at the junction, line power.

B pabote npezncraBineHsl pe3yiabTaThl UCCIEIOBAHUS CHEKTPaIbHO-BPEMEHHOTO paclpeeieHus] SHEPIHn
reHepanuy djekrpopaspsagHoro xummdeckoro HF/DF-nazepa. B crektpe m3myuenns HF-masepa skcrepumen-
TanbHO OOHApy>KeHb!I 16 JuHMA, B cekTpe n3nydenns DF-nmasepa — 28 nuHUA pa3HON MHTEHCHBHOCTH B YETHI-
péx komebarenbHBIX Noocax. Jlnanm m3mydenns DF-nazepa nexxat B ciekTpabHON 001act ot 3.6 MM 10 4,1
MkM. Haunbornee sHepreTruHOU sBsieTcs mosnoca 2—1, B Hell cocpenoroueHo 42.6 % Bceil a3zepHOW dHEPTHUU.
B »T0i1 e monoce HaxonATCs M Hambosee cwiibHBIE NTUHUM m3irydeHus P2(9) u P2(10), Ha HUX mpuxoguTcs
ceeie 20% sueprun. Jlnanu m3nydenns HF-nmasepa nexar B cuekTpanbHONW oOmactu oT 2.6 MKM 110 3.1 MKM.
OcHoBHas 3Heprus reHepanmn (~ 82%) cocpenorodena B msatu nuHusAx: P1(8), P1(9), P2(6), P2(7), P2(8), naxo-
JIIIUXCS B CHEKTpajbHOM Juana3one oT 2.78 mxm 10 2.91 mxM. Ilokazano, uro nns DF-nazepa renepauus
HAYMHAETCS Ha Mepexo/iax Moockl 3—2 MpH MaJBIX BpalllaTelbHbIX KBAHTOBBIX uKciax, st HF-nasepa renepa-
LUl HAuUMHAeTCs Ha mepexonax mnonocsl 2—1. C pocToM BpallaTeIbHOrO KBAHTOBOTO YHCIA BPEMs 3aJepiKKU
pacTéT. IMTenbHOCTh UMITYJIbCA U3IYyYEHHs OTJAENIbHON CHEKTPAIbHOW JIMHUM 3aBUCHUT B NEPBYIO O4YepeAb OT
BpaIllaTeJIbHOTO0 KBAHTOBOTO YKCIIA M NMPAKTHYECKH HE 3aBUCHT OT KOJIEOATEIHHOrO0 KBAaHTOBOTO yHcia. Takxke
MpeCTaBICHA 3aBUCHMOCTD MOIITHOCTH CHEKTPAIBHBIX JIMHUH OT BPAIaTEIbHOTO KBAHTOBOTO YMCIIA B MPeJIeNax
OTJENBHBIX KOJIe0aTeIbHBIX MOJIOC.
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RESEARCH OF TIME-SPECTRAL DISTRIBUTION
OF GENERATION ENERGY OF AN ELECTRIC-DISCHARGE
HF/DF-LASER

E.A. Gazizova, N.A. Zaretsky, 0.0. Fedorkin, V.V. Shchurov

The paper provides the results of research of time-spectral distribution of generation energy of an electric-
discharge chemical HF/DF-laser. The 16 lines were found experimentally in the HF-laser emission spectrum.
The 28 lines of different intensity in four vibrational bands were detected in the DF-laser emission spectrum.
DF-laser emission lines are within the spectral range from 3.6 ym to 41 ym. The band 2-1 is the most energetic.
It has 42.6% of all laser energy. It also has the strongest emission lines P2(9) and P2(10) with over 20% of
energy. HF-laser emission lines are within the spectral range from 2.6 ym to 3.1 ym. The major generation energy
(about 82%) is concentrated in five lines: P1(8), P1(9), P2(6), P2(7),P2(8) located in the spectral range from
2.78 ym to 2.91 ym. The generation for the DF-laser is shown to begin at the junctions of a band 3-2 with small
rotational quantum numbers. The generation for the HF-laser starts at the junctions of a band 2-1.

The time delay rises with the increase of rotational quantum number. Emission pulse width of a particular
spectral line depends primarily on rotational quantum number and doesn’t depend practically on vibrational
guantum number. The dependence of spectral line power on rotational quantum number within the limits
of certain vibrational bands is given as well.

Moctynuna 27 nioHsa 2017 roaa.
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lNpednoxeHa opueuHarbHasi KOHCMPYKUUST YHUBEPCANIbHO20 KOHMaKkmHo20 ycmpolicmea Orisi U3MeEpeHUsi
S-napamempoe CBY-mpaH3ucmopos 6 rosiocKosbiX /UHUSIX repedadu HU3KO20 80/1HOB020 conpomusiieHus. [ns
UCKITHOYeHUsT 8/TUSIHUSI KOHMAaKIMHO20 ycmpolicmea Ha pe3ysibmambl UsMepeHul rpednasaemcsi UCrob308amb
LRT-memod onpedeneHusi napamempos 06beKmos 8 HecmaHOapmHbIX Harpaensoouwux cucmemax. B komnnekm
10/10CKO8bIX KariubpoBOYHbIX Mep rpedriazaemcsi S8KMOYUMb SMIEKMPUYECKU ONUHHYIO JIUHUK, OMPEe3KU JIUHUU,
cosdaroujue pexumMbl KOPOIMKO20 3aMbiKaHUsi, KOPOMKYH JUHUK U JIUHUIO HU3KO20 B0JIHOB020 COMPOMUBITEHUS.
S-napamempsbi MowHbIx CBY-mpaH3ucmopos 8 KoakcuasibHOM KaHase 8 pexume 6orbuio2o cueHarna npednazaemcsi
usMepsims MemoAoM MPOCMPaHCMEEHHO yOaneHHOU nepeMeHHOU Haspy3Ku.

Knroueeblie crnoea. CBY-mpaH3ucmopsl, S-napamempsbl, KOHMAaKMHoe ycmpolicmeo, MofiocKoeble NUHUU,
LRT-memod, kanubpo8oyHble Mepbl.

The original design of all-purpose contact device for S-parameters measuring of microwave transistors in strip
transition lines of low wave impedance was proposed. To exclude the influence of contact device on measuring results
it's suggested to use the LRT-method of objects parameters detection in nonstandard guide systems. It's suggested
to include into package of strip calibration passive-measuring instruments the electrically long line, lines segments,
creating the short-circuit conditions, the short line and low wave impedance line. It's proposed to measure
the S-parameters of high powered microwave transistors in coaxial channel in large-signal operation by the spatial-
remote variable load method.

Keywords: microwave transistors, S-parameters, contact device, microstrip-lines, LRT-method, calibration pas-
sive-measuring instruments.

ITpoekTupoBanue ycunutenacit CBY MOIIHOCTH BBIMOIHICTCS HA OCHOBE U3MEPEHHBIX S-apaMeTpOB TPaH-
3UCTOPOB B TIOJIOCKOBBIX JIMHHSX Tepefadd. BxomaHol M BbIXOAHOW mmmenaHcsl CBY-TpaH3WCTOpOB Cylile-
CTBEHHO OTJIMYAIOTCSI OT CTaHJAPTHOTO BOJHOBOrO conpotusiieHus: 50 Om. [lo 310l npuunHe U3MepeHus cie-
JIYET IPOBOJUTH B MTOJIOCKOBBIX JUHUAX HU3KOTO BOJIHOBOT'O COIIPOTHUBIIEHUS.

IIpennoxxkeHa opurMHagbHAsi KOHCTPYKLHUSI YHHUBEPCAJIBbHOTO KOHTAKTHOTO YCTPOWCTBA JUIsl PELICHUs STOM
TeXHUYecKoH 3a7aun. KoHTakTHOE yCTpOICTBO BBINOJIHEHO B BUAE MOIYJIHON KOHCTPYKIHH, HO3BOJISIOIEH B
3aBUCHUMOCTH OTpEIIaeMOM 3aJlauM, UCIOJIb30BaTh Pa3IMYHbIE TUIIBI BXOJHBIX U BBIXOJHBIX Pa3beMOB, MOIKIIO-
YaTh TECTOBBIC ¥ KAJIMOPOBOYHEIC IUTATHI C PA3IUYHBIMU T€OMETPHUYCCKIMH pa3Mmepami. [Ipu u3MepeHnn Ha BEI-
cokux ypoBHsX CBU MONTHOCTH KOHTAKTHOE YCTPOWCTBO JOIMYCKAET YCTAHOBKY JOTOJHUTEIHHBIX CHUCTEM
OXJIOKJIEHUS, KaK Ha KATMOPOBOYHBIE MEPHI, TaK U O0OBEKTHI U3MEPEHUSL.

TTonyuaemblie S-mapaMeTpbl IPYU U3MEPEHUH B CTAHAAPTHOM KOAKCHAJIBHOM KaHajie, OTHOCATCS HE K TPaH-
3UCTOPY, a K KAaCKaJHOMY COE€TUHEHMIO JABYX Iieneil A u B, 00pa3oBaHHBIX KOAKCHATHHO-TTOJOCKOBBIMHU MEPEXO-
JlaMM KOHTaKTHOI'O YCTPOMCTBa M OTPE3KaMH IMOJIOCKOBBIX JIMHUHN INepeadyu, B pa3pbiBe KOTOPHIX YCTaHOBJIECH
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aHAIM3UPYEMBIl 00bEKT. B CBsI3M ¢ 3TUM BO3HHUKAET 3a/1a4a NCKJIIOYEHHS BIIMSHUS KOHTAKTHOTO YCTPOMCTBA Ha
pe3ysbTaThl H3MepeHnil. DTy 3a1ady npearaercs pemarb LRT-MeTonoM onpenenenus: napaMeTpoB 0OBbEKTOB
B HECTAaHJAPTHBIX HANPABIIAIOMNX CHCTEMaX. B KOMIIIEKT IOJIOCKOBBIX KaTHOPOBOUYHBIX MEp Mpeaaraercs
BKJTFOUHTH 3JIEKTPUICCKU UIMHHYIO JIMHUIO, OTPE3KH JINHUH, CO3/AIOIINE PEXUMBI KOPOTKOTO 3aMBIKaHU, KO-
POTKYIO JINHUIO M JIMHUIO HU3KOTO BOTHOBOTO COTPOTHBIICHHUS.

S-mapametpsl MomHEIX CBY-TpaH3uCTOPOB B KOAKCHAJILHOM KaHaJle B pEKUME OOJBIIOrO CHUTHAIA Mpea-
JaraeTcs U3MEpSITh METOZOM IIPOCTPAHCTBECHHO yNal&HHON IEPEMEHHON HAarPy3KH.

JINTEPATYPA

1. Southwest Microwave. Hi-Performans Microwave Connectors. — URL: http://mpd.southwestmicrowave.com/products/ fami-
ly.php.family=71, ceo600HbIL.

2. EBcees B.WU., NNaBpuyeB O.B. un gp. MeToakl n cpeactesa M3amepeHns napaMmeTpoB MUKPOISNEKTPOHHBLIX KOMMNOHEHTOB B MO-
nockoBbIX NuHKAX nepepayn // XKypHan «BecTHuk Bo3gyLHo-kocMmnyeckon obopoHbl». — Mocksa, OAO «'CKB «Anmas-
AnTen», 2015, Beinyck 1(5). — C.60—-64.

3. INaBpuyeB O.B., Hukynun C.M. LRT-meToq onpefeneHns napameTpoB oO6bEKTOB B HECTaHOAPTHBIX HaMPaBnsoLWMX CU-
ctemax // XKypHan Oatunku u cuctemsl. — M.: U3ag-Bo CeHcupart-Intoc, 2017, Ne8—9. — C.39-44.

4. Hwkynun C.M., ToproBaHoB A.W. NpoektuposaHue ycunutenen CBY-mowHocTn. 3ddeKkTMBHOCTL MeToAa yaaneHHoN
nepemeHHon Harpysku // XKypHan OnektpoHuka: Hayka, TexHonorus, Busnec. — M.: M3g-so PULL «TexHocdepar, 2015,
Ne3. — C.148-153.

5. Hukynuu C.M., ToproBaHoB A.WN. N3avwepeHne S-napameTtpoB CBY-TpaH3ncTopa npu BbICOKMX YPOBHSIX MOLLHOCTU METO-
OOM MPOCTPAHCTBEHHO yAaneHHon Harpy3ku // XKypHan Oatumkm u cuctembl. — M.: M3g-Bo CeHcmpat-MNnoc 2015, Ne4. —
C.14-18.

S-PARAMETERS MEASUREMENT TECHNIQUE
OF MICROWAVE TRANSISTORS IN MICROSTRIP
WITH RANDOM WAVE IMPEDANCE

V.l. Evseev, O.V. Lavrichev, S.M. Nikulin, V.V. Petrov, A.S. Shipunov

The designing of high power microwave amplifiers is carried out on the base of measured transistors
S-parameters in strip transition lines. Input and output impedance of microwave transistors is substantively differ from
the standard wave impedance of 50 Ohm. For this reason the measurements should be done in strip lines of low wave
impedance. To solve this technical problem the original design of all-purpose contact device was proposed. The contact
device is performed in modular assembly permitting to use, depending on the solving problem, different types of input
and output joints, connect test and calibration boards with different geometrical sizes. During measurement at high level
of microwave power it's permitted to install in the contact device the additional cooling systems, both on calibration
passive-measuring instruments and measuring objects. The obtained S-parameters during measuring in standard
coaxial channel are referred not to transistor but to cascade connection of two circuits A and B, formed by the coaxial-
strip junctions of contact device and by strip-lines segments, in breaks of which the tested object is installed. In this
respect there is a problem to exclude the influence of contact device on measurement results.

This problem is proposed to solve by the LRT-method of objects parameters finding in nonstandard guide
systems. It's suggested to include into package of strip calibration passive-measuring instruments the electrically long
line, lines segments, creating the short-circuit conditions, the short line and low wave impedance line. It's proposed
to measure the S-parameters of high powered microwave transistors in coaxial channel in large-signal operation by
the spatial-remote variable load method.

Moctynuna 10 nionsa 2017 ropa.
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[TPOrPAMMMUPYEMbIA AJITOPUTM OGHAPYXEHWUSI LIENIEN
C MMABAKOLYAM CKO/b3ALLNAM OKHOM
C YOAJIEHWEM MELLAOLYNX BO3JENCTBUN
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bbinn paspabomaH u peanu3ogaH npospamMmupyemMbili arneopumm obHapyxeHus1 uernel C rnnasaruuM CKOMb3si-
WUM OKHOM ¢ ydareHueM Melwarouux 8030elicmeuli U3 cmamucmuku obHapyxeHusi. PaccmampusaeMbili aneopumm
ro3eonsem aghgheKmueHo pasnudams U obHapyxueams Uenu ¢ 6ru3KuMu ckopocmsamu e obnacmu AomnneposcKUx
yacmom. 3ghghekmusHOCMb anzopumma obecriedueaemesi MuHUMU3auuell ycrioeHbIX KoMaHo U 0bHosmeHUeM cma-
mucmuku ripu dobasneHuU Ho8020 omcyéma, Mo ecmb cmamucmuka He cobupaemcsi cHaqasa, a 0bHoeisiemcsi npu
dobaesrieHUU HO8020 omc4éma, rnpu 3mom 0aHHbIU aneopumm Moxem pabomame Kak Krnaccudeckuli 06Hapyxumeris,
mak U Kak paHa208bill 0bHapy»Kumerb, 8 3agUcuMocmu om 3adaHHbIX Mapamempos yrpaeseHus.

Knroyesble cnoea: npozpammupyembili aneopumm OOHapyXeHusi uersed, nnasarouiee CKOMb3SAuee OKHO,
ydaneHue mewaroujux eosdeticmeudl.

The programmable algorithm of targets detection with floating sliding window and with removing of clutters from
counts sequence of detection has been developed. The examined algorithm permits effectively discriminate and detect
targets with closed velocities in Doppler frequency area. The algorithm efficiency is provided by conditional commands
minimization and updating of counts sequence when adding a new count, i.e. the counts sequence is not to acquired
from the beginning, but is updated, when adding a new count, herewith this algorithm can operate both as a classical
detector and as rank detector depending on predetermined control parameters.

Keywords: algorithm with adjustable parameters, sliding window, counts sequence ranking.

B pabore Ha Temy «IIporpaMMupyeMblii anrOpuT™M OOHAPYKEHHUS 1IeJIeil C MIABaOIUM CKOJB3SIINM OK-
HOM C yJIaJICHHEeM MEIIAININX BO3EHCTBUI» OB pa3paboTaH W peajn3oBaH MPOrpaMMUPYEMbIil MeTo1 OOHa-
PYKEHUS LEIEH.

JlaHHI)II‘/’I METO COYECTACT B ceos JiBa 1oJaxoJa, OH MOXET OBITH HCIIOJIb30BAaH, KaK " KJIACCUYECKUH METOQ
oOHapyXeHUs, ¢ (OPMHPOBAHHEM CKOJNB3SIIETO OKHA, KOTOPOE B CBOIO OUYEpelb COCTOUT U3 IBYX IOJYOKOH,
JICBOTO U TIPABOTO, TaK M KaK PAHTOBEIH OOHAPYKUTEIh, IyTEM YIAICHUS U3 aHalIU3a CTATUCTUKU N-0T0 KOJIHYe-
CTBa BBIOOPOK ¢ MaKCHMAJIbHBIM 3HaueHHEeM. Tak ke, B JaHHOM alropuTMe Obllla I3MEHEHa 00paboTKa B OTCUe-
Tax, JISKAIINX B HEITOCPEICTBEHHON OIM30CTH K Kparo 00padaThiBaeéMOi 30HBI YaCTOTHOTO CIieKTpa. B kimaccu-
YECKOM METOJIEC, €CIIM BBIOPAHHBIN OTCUET JISKUT HA PACCTOSHUM, MEHBIIIEM, YeM JIJIMHA MTOyOKHA, OT Kpas 30-
HBI, TO TIOPOT BEIYUCIIAETCS IO OJHOMY TOJIYOKHY, a TIOTOM YMHOXKAeTCsS Ha HEKHU TOMPAaBOYHBIA KO3(duIu-
€HT, YTOOBI CKOMIIEHCHPOBATH MEHBIIIEE KOIUIECTBO OTCUETOB, HCIIOJIB30BAHHOE ITPH pacdeTe 3HAUYCHUS MOPOora.
Taxon IMOAXO0a UCKYCCTBECHHO 3aBBIMIACT 3HAYCHU ITOpOra B JaHHBIX OTCUYETAX, YTO IMPUBOJUT K IMOTEPE YYB-
CTBUTCJIBHOCTH, U KaK CJICACTBUC, MEHBIIIEH BEPOATHOCTHU 06Hapy>KeH1/m. B JaHHOM METOJE, B ClTyda€ HEXBATKU
OTCYETOB B OJIHOM MOJYOKHE, HEJOCTAIOIINE OTCUETHI JOOMPAIOTCS U3 APYTroTo MOJyOKHA, YTO HE MPUBOIUT K
YMEHBUICHUIO CTATUCTUKHU, U KaK CJICACTBHUEC, ITOBBIMIACT BEPOATHOCTH 06Hapy)KCHI/IH OCJIM B JaHHBIX oTcyéTax.

PaspaboTka peanuzanus 0OHapYKHUTENS, COUSTAIOMIETO B ceOe KayecTBa, KaK U KIACCHYECKOTO METOoAa 00-
HaApYKEHUs, TaK ¥ PAHTOBOTO METOJ[a, C TUIABAIOIIUM CKOJIB3SIINM OKHOM Ha Kpasx 00pabaThiBacMO 30HBI Ya-
CTOTHOTO CIIEKTpa CTaJld IIeTIbI0 TaHHOH pabOoTEHI.
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PROGRAMMABLE ALGORITHM
OF TARGETS DETECTION WITH FLOATING SLIDING WINDOW
AND REMOVAL OF CLUTTERS

S.U. Zadorozhniy, V.V. Smirnov, S.E. Simunov

The programmable algorithm of targets detection with floating sliding window and with removing of clutters from
counts sequence of detection has been developed and realized in the paper.

The method combines two approaches; it can be used as classical detection method with forming of sliding
window which in its turn consists of two half-windows, right and left, and as a ranked detector by removing
the N-number samples from statistics analysis. Similarly, the processing in counts, lying closely to the edge
of processed frequency spectrum area, has been changed. In classical method, if selected count lies in distance closer
than half-window length from area edge, then the threshold is calculated by one half-window and further multiplied
to some correction factor in order to compensate less counts used during threshold value calculation. Such
an approach artificially overestimates the threshold value in these counts that leads to sensitivity loss and as a conse-
quence to a less detection probability. If there is a lack of counts in one half-window in this method, the lacking counts
are taken from other half-window that doesn’t lead to statistics reduction and as a consequence increases the target
detection probability in the counts.

The development and realization of the detector combining qualities of classical detection method and rank
algorithm with floating sliding window on edges of frequency spectrum processing area was an objective of work.

MocTtynuna 22 mapTa 2017 roaa.
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Paccmampuearomces 8onpock! onmumusayuu npoepaMmmMHoO20 koda 0715 Yughposoao cueHaribHO20 Mpoyec-
copa npu peanusayuu anzopumma mypbodekoduposaHusi kKoda npoussedeHus. Onmumu3ayusi npospammHO20
kolGa docmueaemcs 3a cyém moduchukayull ansopumma, 4mo ro380sisem CHU3UMb Koudecmeo onepauyud,
u adanmayuu anzopumma K O0COBEHHOCMSM apXumeKmypbl 8bI4UCIUMENBbHOU M1amgopMbl C UeNbilo MaKcu-
MasibHO20 UCrOob308aHUsI €€ pecypcos.

Knroyeesnble cnioea: paduokaHars, nomexoycmouiyugoe kodupogaHue, KoO npoussedeHusi, mypbodekodupo-
saHue, Msigkuli Oekodep, Yughpoesoli cueHasbHbIU MPOUECCOP, 8bIYUCIUMESIbHAS CIOXHOCMb, MPo2pamMMHbIL KOO,
8pemMsi O0eKkoOuposaHuUsi, peasibHbIl Macwmab epeMeHU.

Optimization of a digital signal processor code for the product code turbo-decoding algorithm is considered.
Increase in efficiency of a program code is reached both due to modifications of the algorithm, and due
to adaptation of the algorithm to architecture of the computing platform.

Keywords: radiolink, noiseproof coding, product code, turbo-decoding, soft decoder, digital signal
processor, computing complexity, program code, decoding time, real-time scale.

Lenp cTtaThu — pacCMOTpPEHHE AJITOPUTMUYECKUX U MPOTPAMMHO-aJITOPUTMUYECKUX PEIISHUN Mo paspa-
60TKe 3P PEKTUBHOTO MPOrPaMMHOI0O KOJAa i TypOOAEKOAUPOBAHMS KOJa MPOU3BEACHHS HA IIUPPOBOM CHT-
HanmbHOM Tporieccope ADSP-TS201S; moaTeepkieHNe TEOPETHUECKUX OLIEHOK MO CHIYKEHUIO BHIYMCIUTENLHOM
CJIOKHOCTH TYPOOICKOUPOBAHMUS 3a CUCT HAKOIJICHUS BHEIIHEH HH(pOpMAIIHH.

Matepuan craThbl OpraHH30BaH CileAylomM oOpa3oM. B pasmene 1 paccMOTpeHBI alrOpUTMHYCCKHE U
MPOTPAMMHO-AITOPUTMUYECKAE PEIICHHS, MMO3BOJIOMNE pa3padoTath 3(Q(eKTUBHBINA MPOTpaMMHBEIA KOJ Ha
sI3BIKE acceMOIep i anroputMa Yeiiza-Ilananaxa, mpuBeIeHBI pe3yIbTaThl OIIGHKU €r0 OBICTPOICHCTBUS U Jie-
TaNM3alys Yrcia TAKTOB IO omeparwsiM. B pasmene 2 omrcaHbl 0COOCHHOCTH pean3anii MOIu(UKanuii anro-
purma Yeitza-[lananaxa ¢ HakoIDICHWEM BHEUIHEW WH(pOPMAINWH, MMO3BOJIIONINE MOBBICHTH OBICTPOJCHCTBHE
JIEKOJIepa, MMPUBEICHBI Pe3yIbTaThl OIIEHKH JOCTHTHYTOIO OBICTpOJeicTBUA. B pasmene 3 mpousBeneH cpaBHU-
TEJIbHBIA aHAJIHM3 AJITOPUTMOB 10 KPUTEPHUAM SHEPreTHUECKOH 3PPEKTUBHOCTH U BPEMEHH 00paOOTKU CUTHAIIA.
B 3akiroueHnu cjienaH BBIBOJ O IOCTHIKAMOM OBICTPOICHCTBUHU, CTETIEHH COOTBETCTBUS TEOPETUIECKUX U MPAK-
TUYECKUX PE3YJIbTATOB TIOBBIIIIEHUS OBICTPOACHCTBUS JAEKOJIEPA, NaHbl PEKOMEHIAIIUH M0 BHIOOPY MOAXOASIIEH
peanu3anuu anropuTMa JAeKoaupoBaHus. [IpuBeneHb HOBBIE CBOWMCTBA MPEMJIOKEHHBIX MOJU(PUKAIUN airo-
PUTMOB TypOOIEKOANPOBAHUS KO/Ia TPOU3BEICHUSI.
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REAL-TIME TURBO-DECODING OF A PRODUCT CODE
ON A DIGITAL SIGNAL PROCESSOR

A.N. Lutkov

The purpose of the article is to consider algorithmic and program-algorithmic solutions for the development
of effective assembler code for turbo-decoding of a product code on the digital signal processor ADSP-TS201S
and confirmation of theoretical estimates for reducing the computation complexity of turbo-decoding due to the
accumulation of the extrinsic information.

The article is organized as follows. Algorithmic and program-algorithmic solutions are considered in section
1 of the article. According to this solutions make an efficient assembler code for the Chase-Pyndiah algorithm is
possible. The assembler code speed estimation and number of required cycles for each operation are presented.
Section 2 is devoted to description of algorithms with the extrinsic information accumulation features that allow
reduce time of the decoding. The estimations of the achieved time performance are given. Comparative analysis
of the algorithms by energy efficiency and time of the decoding are performed in section 3 of the paper. Resume
about achievable speed and difference between the theoretical and practical results of increasing the decoding
speed are made in the conclusion. Practical recommendations for choice of the appropriate realization of the
decoding algorithm are proposed. The news properties of modified algorithms with the extrinsic information
accumulation for decoding of the product code are presented.
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lMpusodsimcs pe3ynbmamei uccriedogaHusi cenekyuu nuHul eeHepayuu CO-azepa ¢ ycmouvuebiM pe3o-
Hamopom u 8036yx0aemoz20 pa3psdoM MOCMOSHHO20 MOKa C MOMOWbI0 8HYMPUPE3OHamMopPHOU Koeemsl
¢ napamu 800kl rpu ammocgepHom dasneHuu. BeideneHbl nuHUU 2eHepayuu, UHMEeHCUBHOCMb KOMOPbIX y8e-
Jluqunacb 8 HECKONbKO pa3 npu obuwemM COoKpaweHUU Kosudecmea nuHUl usnydeHus. pu amom Onsi nuHUU
5402 HM ¢ Haubonblwell UHMeHCUBHOCMbIO OOCMU2HYMO yeernudYeHue MowHocmu 6oree Yem Ha ropsiOoK.
B nnaHapHom CO-nasepe ¢ BY-Hakauykol uccriedosaHo rnoanoujeHue Ko2epeHmHo20 UsydeHusi pabo4yum 2asom
8 HeakmueHOlU 30He 6Hympu ycmoU4ugo20 OfMUYECKO20 pe3oHamopa, Ymo MoOesnuposasoch yCcmaHoeKol
dononHumersnbHOU napbl HeoxnaxdaeMbix 3r1ekmpodos ¢ HezasucumbiM BY nodknovyeHuem. Bo3byxdeHue pas-
psida mex0y HUMU npu8oduUsI0 K 803HUKHOBEHUK 8PEMEHHO20 MO2/TOWEeHUST U3/TyYeHUS U YMEHbUWEHUI 8bIX00-
Hou mowHocmu niazepa 0o 50%. [loenowieHuUs1 U3nyyeHUs U yMEHbUWEHUS f1a3epHoll MOWHOCMU 8 criy4yae
omcymcmeusi pa3psida mexdy 0ononHUMebHbIMU 3rekmpodamu He Habrmodanoch.

Knroueenle cnoea: CO-nazep, cenexkyusi nuHUl eeHepayuu, pa3psd, onmudeckull pe3oHamop.

This article comprises the research results of CO-laser oscillating lines selection. CO-laser was equipped
with stable resonator and was pumped by direct current discharge with the use of intracavity cuvet contained
water vapor at atmospheric pressure. Oscillating lines, characterized by intensity increasing in several times when
total number of lines decreases, were separated. Then for line with wavelength 5402 nm and maximum intensity
the power increases by more than an order of magnitude. In the case of planar radio frequency (RF) pumped
CO-laser the coherent radiation adsorption by actuation gas was researched in inactive zone inside stable optical
resonator. This process was simulated by installing of additional uncooled electrode couple with independent
HF connection. Discharge inception between electrodes led to temporary radiation adsorption and output power
decrease to 50%. Radiation adsorption and laser power decreasing were not appeared in the case of discharge
absence between additional electrodes.

Keywords: CO-laser, oscillating lines selection, discharge, optical resonator.

[IpoBenens! nccnenoBanus B 061acTy cenekiun n3aydeHus CO-asepa ¢ OMOIIbI0 NapoB Bojbl. [Tokasa-
HO, 4YTO Nojdupas TeMIepaTypy BOJbI BO BHYTPHPE30HATOPHOHW CEJIEKTUBHOM NMapoBOJSHON KIOBETE, MOXKHO
BBIJICIISITH JINHUY T'€HEepaluy, THTEHCHBHOCTD KOTOPBIX YBeJM4eHa 110 CPaBHEHHIO CO CIIyyaeM, KOrJia KIOBETa C
BOJIOH B pe3oHarope oTcyTcTByeT. JlaHHble nuHMM reHepannu CO-nazepa He NMEPeKpbIBAIOTCS C JMHHUSIMH I10-
TJIOLIEHUs BOJBI U MO3TOMY MOTYT OBITH MCIIOJIB30BAHBI JJIsI MPAKTHUECKOTO NPUMEHEHUs MpH padoTe Ha OT-
KPBITBIX Tpaccax B aTMoc(epHBIX ycioBusx. IIpoBeneHsl MccieaoBaHusl B 00JIACTH TIOTJIOIICHUS M3ITy4YEHUS
CO-na3epa pabo4nM ra30M B HEAaKTUBHBIX 30HaX pe3oHaTopa. llormomenns m3myuerns CO-ma3epa BO BHyTpH-
PE30HATOPHOI! SUelike ¢ XOJOTHBIMH Ta3aMH (IaBiieHHe 10 | aTM) He oTMedeHo. JlazepHoe H3mydeHne, mpoxo-
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JiSIIIee Yyepe3 MPOMEKYTOK MEXy HEOXJIaXKIAeMBIMH JJICKTpoAaMu 0e3 paspsiia, He Horiomanock. Bo30oyxkme-
HHUE pa3psa MEKAY HEOXJIAXKIACMBIMH JJICKTPOJaMHU MPHUBOAMIO K BOZHUKHOBEHUIO BPEMEHHOTO MOTJIOINIe-
HHUsI, OOYCJIOBJIICHHOTO TIOSIBIICHUEM HACEIICHHOCTH HAa YPOBHSX pe30HaHCHBbIX ¢ u3iaydenuem CO-masepa.
Ymensmerne BerxoaHo# MomHocTH CO-1a3epa cocraBisuio 10 50%. [Ipu amutensHoit padore CO-nazepa BO3-
HHUKaja W MPOTHUBOIOJOXKHAS CHUTyalusl - MPH BKIOUEHHU pPa3psiia MEXIY HEOXJIaXKIACMBIMH DJICKTPOAaMH
MOIIIHOCTb Jia3epa Bo3pacTaia (CoriiacoBaHHas paboTa JBYX pa3psAHbIX MPOMEKYTKOB), OKA HE HACTYIIAI IIe-
perpes pabouyeii cMecH ra3oB.
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RESEARCH OF CO-LASER RADIATION SELECTION BY WATER
VAPOR AND RADIATION ADSORPTION BY ACTUATION GAS
IN INACTIVE ZONES OF OPTICAL RESONATOR

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

CO-laser radiation selection research was conducted by means water vapor. It was shown that water
temperature fitting in intracavity selective steam-water cuvet allows to separate oscillating lines with increased
intensity in comparison with case of water absence in resonator. The CO-laser oscillating lines are not overlap
with water adsorption lines and can be used in practice if operating at unobstructed paths at atmospheric
conditions. The article comprises the research of CO-laser radiation adsorption by actuation gas in resonator
inactive zones. CO-laser radiation adsorption in intracavity cell with cold gas (pressure up to 1 atm) was not
registered. Laser radiation propagated through space between uncooled electrodes without discharge was
not adsorbed. Discharge initiation between uncooled electrodes led to temporary adsorption due to population
appearance in levels resonated to CO-laser radiation. CO-laser output power decreasing reached up to 50 %.
In the case of continuous working of CO-laser it was registered the reversed situation — with discharge initiating
between uncooled electrodes the laser power increased (coordinated work of two discharge spaces) until
the working gas mixture overheats.
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UccnedosaHo enusiHue Ha pabomy cucmeMsbl 3riekmpocmamuyeckol nefeHsayuu MoOynsiyUOHHbLIX MOMEX,
06YCroBMEHHbIX UBMEHEHUEM napamMempos KOHCMPYKYUU Hocumerns 8 npouecce nonéma. NpednoxeHa Memo-
OuKka oueHKU MOOYIAUUOHHbIX MOMeX rnpu ynpyaol 0eghopmayuu Kopryca Hocumerssi u fnpu rnogopome pyrneesbix
rnogepxHocmel 8 corocmasnieHuu ¢ oxudaeMbiMu yposHAMU cuzHana. CoenaHbl 8bi800bI O 8/IUSIHUU Mecma
pacrornoxeHusi cucmeMbl 3f1eKmpocmamuyeckol nesieHaayuu Ha rMnosepxHocmu 8030yuwHo20 obbekma u eeo
napamMempos Ha ypo8eHb MOOYIAUUOHHbIX TOMEX.

Knroyeeble cnoea: anekmpocmamudeckuli rnesieHeamop, cucmeMbi 6awkHel fokayuu, 0amyuku anekmpu-
YeCKoe20 101151, anekmpudeckasi MoOesib.

Influence of electrostatic range-finding of modulation distortions, stipulated by parameters change of carrier
structure during flight was researched. The estimation technique of modulation distortions at elastic strain
of carrier airframe and at control surfaces turning in comparison with expected signal levels was proposed.
It was drawn a conclusion on influence of electrostatic range-finding system position on surface of aerial object
and its parameters on modulation distortions level.

Keywords: electrostatic direction finding station, close range-finding systems, electric field sensor, electric model.

s 3amau 6mipkHEH JIokanuy Bee Ooubliiee MpUMEHEHHE HaXOIAT CHCTEMBI AJIEKTPOCTaTHYECKOM MeeHra-
. CyliecTBeHHOE BIHUSHUE Ha paboTy anekTpoctaTrnueckoro nenenraropa (OCII) MoryT oka3biBaTh MOIYIISI-
IIMOHHBIE TTOMEXH, 00YCIOBIEHHBIE U3MEHEHHEM MapaMeTpOB KOHCTPYKIIMHU 06a3oBoro oobekTa (Hocurenst DCII)
B MpoIiecce MoJIETa: MOBOPOTOM PYJIEBBIX MOBEPXHOCTEH, yrpyroi aedopmanueii Koprmyca u IpyruMy HapyIie-
HUSMU cUMMeTpuu 6a3oBoro oowekra (BO).

B npouecce nonera BO nmpuoOpeTaer coOCTBeHHBIH 1eKTpudeckuii 3apsn. C momompo auddepeHuanb-
HOro (0alaHCHOTO) BKIIIOUCHHMS Iap KOHCTPYKTHBHO-CHUMMETPHYHBIX JATYUKOB 3JeKTpuueckoro moius (ADI)
OCII BeImeNsICTCS CUTHAN, PaBHBIA pa3sHOCTH 3apsimoB Ha JIOI1 (¢ cooTBETCTBYHOMUME KOA(DPHUIHESHTAMHA TIPO-
MOPLUHOHATIBHOCTH, onpenensieMbiMu ¢popmoit BO). Ilpu 3ToMm cuH(pa3Hble cUTHANBL, 00yCIOBICHHBIE COOCTBEH-
HBIM 3apsiioM BO Ha JIDI1, MoryT OBITH CKOMIEHCHPOBAHBI, & CHTHAJIBI OT LIEJIN YCHJICHBI.

JIro6oe m3menenne Qopmsl bO npuBomUT K HapymeHUIo yciioBus koMmeHncanuu 3apsios [I3I1 ot BO, a
nockonbKy 3apsn D11, o6yciioBneHHbII cOOCTBEHHBIM 3apsiioM BO, MOXXeT CyIecTBEHHO MPEBBINIATh 3apsibl,
WHAYIUPOBAaHHBIE IOJIEM IIETH, TO MOSBIAETCS MOAYISALMOHHAS MOMeXa — MOAYIALUS COOCTBEHHBIX 3apsiioB
J3II 3a cuér usmenenus popmsl bO, BenmnmanHy KOTOPOH B TpeOyeTCs OIIEHUTb.

Ha ocnoBe monenupoBanus, mpoBeA¢HHOTO it BO B yCIOBHAX TMHAMHUYECKHX IMEPErpy30K U MPH MOBO-
poTe pyNEeBBIX IMOBEPXHOCTEH MOXHO CHEIATh CIEAYIOMINE BBIBOIBI: aMIUINTY/Aa HANPSKEHHOCTH SKBHBAJICHT-
HOTO TIOMEXOBOT0 MOJIsI, 00yCIOBICHHAs YIPyroi nedopmarueit kopmyca bO, mponoprnuoHaabHa yIiTy MEXIy
ocsimu cocequux otcekoB bO a (o < 10°); ypoBeHb MOMYJSIIMOHHBIX ITOMEX 3aBUCHT OT MECTa pa3MelIeHUs
JOII Ha noepxHoctu BO; ypoBeHb MOAYNALMOHHBIX OMEX MOXKET 3HAUUTENIBHO MPEBBINIATH YPOBEHb €CTE-
CTBEHHBIX aTMoc(epHbIX moMex (5—10 B/M) u orpanmumBate nameHOCTh AcivictBus JCII; BO Mmenbmero ama-
MeTpa MOryT obecneunBath Oobime nanbHocTH nercTsus ICII B crily MEHBIIIETO COOCTBEHHOTO 3apsijia.
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DISTORTIONS IN ELECTROSTATIC RANGE-FINDING SYSTEMS
AT DYNAMIC PARAMETERS CHANGES OF CARRIER
STRUCTURE

M.S. Ryabokon, A.E. Lastoveckiy, V.B. Suchkov

The electrostatic range-finding systems have been more intensively used for close range-finding missions.
Modulation distortions can create considerable influence on operation of electrostatic direction finding station
(ESD) that is stipulated by parameters change of base object (ESD carrier) structure during flight: by control
surfaces turning, airframe elastic strain and other symmetry breaking of base object (BO).

The BO acquires its own electrical charge during the flight. Via differential (balance) pair inclusion of ESD
structural-symmetrical electric field sensors (EFS) the signal extracted which equals to charge difference on EFS
(with corresponding proportionality coefficients, determined by BO form). Herewith, in-phase signals, stipulated by
its own BO charge on EFS, can be compensated and signals from the target are enhanced.

Any BO form change leads to violation of charge compensation conditions of EFS from BO, and as far
the EFS charge, stipulated by its own BO charge, can considerably increase charges, field-induced targets,
than modulation distortion emerges — modulation of self-charges of EFS through BO form change, the size
of which is required to estimate.

Based on modeling conducted for BO in conditions of dynamic overload and at control surfaces turning,
the following conclusion can be drawn: the tension amplitude of equivalent interfering field, stipulated by elastic
strain of BO body, is proportional to the angle between axis of neighboring BO sections a (a < 10°); modulation
distortions level depends on EFS deployment position on BO surface; modulation distortions level can
considerably increase the level of natural atmospheric disturbance (5-10 V/m) and limit the ESD range coverage
due to smaller self-charge.
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Paccmampueaemcsi KOHUenuyusi nocmpoeHusi 6opmoegoll aemomamuku 8030yWwHOU MUWeHU, paspabomaH-
Hasi Ha ocHose ornbima AO «KBlA», no co3daHuro muweHeli Ha 6ase camonémos u pakem muna Mul-21, L-29,
PM-75. lNpedcmasneHbl cospemeHHoe obopydosaHue Onsi asmomMamuKku 6030YyWHOU MUWEHU U MPUHYUIbI
rpoeKmMupo8aHusi afl2opummos yrpasneHus pexumamu nonéma.

Knro4deenle cnoea: 8030ywHas mMuweHb, 6ecrnunomHbil nemameribHbIl annapam, cucmemMa asmomMamu-
4YecKoz0 yrpasrieHusi, asmomMamuka 8030yWHOU MuleHu, nepeobopydosaHHble 8 MUWEHb caMonémsl, rnepe-
obopydosaHHbIe 8 MULIEHb paKkemsil.

The article examines the conception of aerial target onboard automatic controls arrangement, developed on
the base of JSC «KBPA» (Design Bureau of industrial Automation) experience on development of aerial targets
on the base aircraft and missiles of MiG-21 type and L-29, PM-75 types. The modern equipment for aerial target
automatic controls and design principles of flight modes control algorithm were performed.

Keywords: aerial target, unmanned aerial vehicle, automatic control system, aerial target automatic controls,
converted target-aircraft, converted target-missile.

3amada co3maHus BO3MYNIHBIX MUIICHEHW Ha 0a3e MMEroIIeiicss 00eBOW aBHAIMOHHOW M PAKETHOW TEXHHUKH
SBIISICTCS akTyalbHOH. B wactHOCTH, B CILIA co3mana mumieHs Ha Oa3e camonéra F-16, miaHupyemas K OCTaB-
kaMm cepuelt cBbiiie 200 camonéros 1o 2022 roga. Ha ocHoBe onbita AO «KBITA» paccMarpuBaroTcst MOAX0bI
K TIOCTPOCHHIO OOPTOBOI aBTOMATHUKH BO3AYIIHBIX MHIICHEHW Ha 0a3e camoi€roB u paker Tuma Mul-21, L-29,
PM-75 u nmp. IlpencraBieHa KOHIEHIHS ITOCTPOCHUS aBTOMATHKH BO3IYITHBIX MHIICHEH W CPOPMYITHPOBAHBI
GasucHble TpeboBaHMA K €€ peanu3alyu: 1) TOXIECTBEHHOCTh HMHUTHPYEMBIM CPEICTBAM HamaJeHHs; 2) OTHO-
CUTENIbHAS JISNIeBU3HA; 3) TOUHOCTh BBIMIOJHEHUSI PEKUMOB ToJieTa, 4) HaIEKHOCTh U yIOOCTBO B DKCILTyaTa-
mun. [loka3aHsl peanbHble 00pa3nbl obopymoBanus paszpabotrku KBIIA, mpenHasHaueHHbBIE A BO3AYIIHBIX
MULIeHEeH. PaccMOTpeHb! aclieKThl peaau3aluy aBTOMaTHYECKUX PEXKUMOB 110JI€Ta BO3AYIIHOW MULIEHU: B3JIET €
BIIIT (wnm cTapT ¢ MyCKOBOH YCTaHOBKHM) M IOCAJIKa, HAOOP BBICOTHI CO cTabmMimM3anueil 3aJaHHOW IpHOOPHOH
CKOPOCTH, BBIMOJIHEHHE MaHEBPOB U JP.
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ONBOARD AUTOMATIC CONTROLS: KEY COMPONENT
OF AERIAL TARGET

E.K. Tscarev, O.V. Bisenov, I.V. Sergushov

Object to construct aerial targets on the base of available combat air and missile materiel is a relevant one.
Particularly, the target on the base of F-16 aircraft was constructed in the USA, with plan of serial delivery of more
than 200 items before 2020. Based on JSC «KBPA» experience the approaches to construct onboard automatic
controls of aerial targets on the base of aircraft and missiles of MiG-21, L-29, PM-75 type etc. are examined.
The conception of aerial target onboard automatic controls arrangement are performed and basic requirements
to its implementation are formulated: 1) identity to simulated assault systems; 2) relative low price; 3) accuracy
in performing of flight modes; 4) reliability and operation convenience. The real equipment samples of the
«KBPA» development intended for aerial targets. The aspects of automatic flight modes realization of aerial
target are examined: take-off from runaway (or start from launcher) and landing, climbing with stabilization
of predetermined indicated speed, maneuvering etc.

Moctynuna 10 uionsa 2017 roaa.
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METOOUKA PACYETA OJTHON BEPOSITHOCTY OGHAPY)XEHUS
BbICOKOCKOPOCTHOIO O BEKTA PALJUO/TIOKALIMOHHON
CTAHUMEN C ®A3MPOBAHHOU AHTEHHOM PELLETKOU
C YYETOM BEKTOPA COCTOSIHUA
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lpednoxeHa memoduka anpuopHo20 pacyéma MosiHol 8eposimHOCMU 0bHapyXeHusi 8 3a0aHHOM MOUCKO-
8oM cekmope 0Ons cnedsuweli paduosiokayuoHHol cmaHyuu (PJIC) ¢ ¢pasuposaHHoU aHmeHHoU pewémkol
(DAP), peanusyrowel nocredogameribHbIl OUCKpemHbIl 00HO3MarHbIU MOUCK 8bICOKOCKOPOCMHO20 08UXYyW,e-
20cs1 obbekma ¢ 8eposIMHOCMHBLIM Xapakmepom obHapyeHus. [NpueedéH npumep pacyéma nosiHol eeposim-
HOoCcmu OBHapy)KeHUs 2unep3syko8o2o flemamesnbHo20 annapama (IF3/1A) e cekmope doroucka.

Knroyeenble crnioea: OuckpemHbili nouck, cekmop doroucka, 8ekmop cocmosiHusi, cnedswast PJIC, ebicoko-
ckopocmHol 06bekm, '3J1A, nonHasi 8eposiIMHOCMb 06HapPYXeHUS], 8ePOSIMHOCMb MPOIYCKa.

The methodology of priori computation of overall detection probability (miss probability) of a target
in predetermined search sector for tracking radar with phased antenna array (PAA), performing sequence discrete
single-stage searching of high-speed moving object with probabilistic nature of detection was proposed. Calculation
example of overall detection probability of Hypersonic Cruise Vehicle (HCV) in aftersearch sector was cited.

Keywords: discrete search, aftersearch sector, state vector, tracking radar, miss probability.

B cratse paccMoTpeHa ciiefyromias paarooOKaHoHHas 3a1ada: 003opHas PJIC oOHapyxuBaeT 1enb B He-
KOTOPO# 00JIACTH MPOCTPAHCTBA U BBIJAET JIAHHBIC O TIApaMeTpax ee JBIKEHUS (BEKTOP COCTOSHHSI), TTOCIIE YeTO
B Mmpoiiecc noucka Brmodaercs ciensmas PJIC ¢ ga3upoBaHHON aHTEHHOH PEIIETKOH, IeNeHanpaBIeHHO 00-
cienyromas 3Ty o0JacTh ¢ MeNbl0 OOHAPYKEHUsI B HEM MCKOMOTO OOBEKTa, YTOUHEHUs €T0 KOOPAMHAT, Jallb-
HEHILEro CONPOBOXKIEHUS U BO3MOXKHOIO yIpasiieHUs opyxkueM. da3upoBaHHasl aHTEHHAs pELIETKA IIPU 3TOM
MOCJIEI0BAaTEIbHO CKaHUPYET 3aJaHHYI0 00JacTh MPOCTPAHCTBA MO CTPOKAM M CTOJIOIAM Y3KHM JTy4OM Jra-
TpaMMBI HAIIPaBICHHOCTH.

B ciyuae mosiBieHus menu, oOnagaromeil 3HaYUTEIIFHBIMU YTIIOBBIMU MEPEMEIICHUSIME, BO3HUKACT IIPO-
Omema, cBs3aHHAS CO BPEMEHEM IIPOCMOTpPA CEKTOPa, B TEYEHUE KOTOPOTO IIeTTh MOXKET CYIIECTBEHHO H3MECHUTH
CBOE TMPOCTPAHCTBEHHOE TOJNIOKeHHUE. [Ipr 3TOM BEpOSITHOCTHBIC XapaKTEPUCTHUKU HAXOXICHUS LIETH B 30HE
HaOJIFOICHUS YXYALIAI0TCS.

[Toxa3zaHo, 4To Tpu cKopocTH ABKeHHA 1enu 6ombire 1000 M/c BEpOSTHOCTD MPOITYCKa ST CTAHOBUTCS
HEJOMYyCTUMO OONBIION (11 BHIOpAaHHBIX TTAPaMETPOB CEKTOPA).

IIpensoxxeHo UCNOIb30BAaHUE NPUPALLEHUN B TPACKTOPUM CKAHUPOBAaHUS JUarpaMMbl HallpaBJIEHHOCTH,
MPOTIOPIMOHATBHBIX COCTABIISIOMINM BEKTOPa CKOPOCTH IO COOTBETCTBYIOIIUM KOOPAWHATAM (a3MMYTY U YTIIy
MeCTa), TO €CTH JKCTPANOJIAIUA MPOCTPAHCTBEHHOT'O MOJIOXKCHUA nyqel‘/'r JuarpaMmbl HaIIpaBJICHHOCTH HA OCHO-
BaHWU OLICHKH BEKTOpPA COCTOSAHUA. 9TO TMO3BOJIMJIO CYHICCTBEHHO CHU3UTH BEPOATHOCTH MPOIMYCKa NCIINU, IPU
OOJNBIINX CKOPOCTSIX €€ MOJIeTa, 0COOCHHO Ha MaJIbIX M CPETHUX JAATbHOCTSIX.
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CALCULATION METHODOLOGY OF OVERALL DETECTION
PROBABILITY OF HIGH-SPEED OBJECT BY PAA RADAR
CONSIDERING STATE VECTOR

E.A. Yaskin, A.E. Polunin

The article states the following radar problem: surveillance radar detects a target in some airspace area
and acquires a data on parameters of its movement (state vector), after it the tracking radar with PAA is involved
in searching process which intentionally search this area in order to detect desired target, update target
coordinates, further tracking and possible weapon control. Herein the PAA sequentially scans the predetermined
space area in rows and columns by narrow beam of directional pattern.

In case of target emergence, having significant angular movements, the problem arises connected with
sector scanning time during which a target can significantly change its spatial position. Herewith the probabilistic
characteristics of target presence in surveillance zone degrade.

It's shown that at target moving speed of more than 1000 m/sec the target miss probability becomes
intolerably large (for selected sector parameters).

The use of increment in scanning trajectory of directional pattern which are proportional to velocity vector
components according to corresponding coordinates (azimuth and elevation angle), i.e. extrapolation of
directional pattern beams spatial position based on state vector estimation was proposed. This permitted
to substantively decrease the target miss probability, at high-speed flight, especially at short and medium ranges.

Moctynuna 29 uioHsa 2017 roaa.
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Paccmampuesaromcesi 80MpoChl  NpPo2pamMMHO-an2opummu4eckoeo obecrieyeHusi paboyux Mecm MyHKma
b6oegoeo ynpasneHuss 3PK, Heobxodumozo Onsa ynpasneHuss cpedcmeamu 3PK u pabomol 3PK e uernom.
Onipedernisitomes 3a0adu kaxd0oeo paboyez2o mMecma, ONUChIBAEMCs MEXHO02uUsi pa3pabomku npoepaMmMHOZ0
obecrnieyeHusi kKoMmrbtomepos paboqux mecm. [emoHcmpupyemcsi epaghudeckuli uHmepgpeltic paboyux mecm
ornepamopos ryHkma 6oegozo ynpasneHusi 3PK cpedHeli 0anbHocmu.

Knroyesble crioga: 3eHUMHO-pakemHbil KOMIIIeKCc cpedHel OanbHOCmu, fnyHKmM 60e8020 yrpaesrieHus,
paboyee mecmo, epachudeckuli uHmepgelc.

The software tools support issues of working places at AMDS combat control post (CCP) are examined
which is necessary to control AMDS components and AMDS operation as a whole. Missions for each working
place are defined, the working places computers software development technology is described. The graphic
interface of operators working places at AMDS CCP is performed.

Keywords: medium-range air defense missile complex, combat control post, working place, graphic interface.

B cocras nepcnextuBHOM 3PK cpemHeil anpHOCTH BXOAAT CIIEAYIOIINE OCHOBHBIE CPEICTBA: TyHKT O0EBO-
ro ynpasienus (I1IBY), MHoropyHkimonansHsle pagnoiokaTopsl (M®P) u myckossle ycranoBku (I1Y). Pabora
cpencts 3PK ocymectBusiercs noxa ynpasinenueM I1BY oneparopamu IIBY B aBTOMaTndyeckoM M moiayaBTOMa-
THYECKOM PEXHMax.

Pa6ory oneparopos I[IBY obecneunBarot padoune mecra onepatopos (PMO):

pabouee MecTo oneparopa ynpasienus (PMOY);

pabouee mecto komanaupa (PMK);

pabouee MecTo omeparopa mycka (PMOII).
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Bce PMO yHu(HIEPOBaHBI MO anmapatype U COCTOAT U3 IBYX dKPaHOB (BEPXHErO M HMKHETO) H CEHCOP-
HoW maHenu. Paboumne mecta [IBY oOecrneynBarOT NUCTAHIMOHHBIA KOHTPOJL PAOOTHI U COCTOSHHS CpPEICTB.
Bumy cobmoneHnss OCHOBHBIX IIPHHIIUIIOB TI0 pa3paboTKe eanHooOpa3sHoro rpadudaeckoro naTEpdeiica, a Tax-
Ke YHH(HKAuu cpefcTB ynpaBieHUs, IPOrpaMMHO-aITOPUTMUUYECKOE 00ECIIeUeHNEe Kax0ro pabodero Mecra
IIBY 65110 pa3paboTaHo B COOTBETCTBUH C MPEACTABICHHON B JaHHOM JIOKJIAJe apXUTEKTYPOil.

ApXHUTEKTypa IpOrpaMMHO-aITOPUTMHUYECKOTO 0OECIIEICHUS BKIIIOYAET B ce0sl MOLyIb HHTepdeiica moib-
30BaTeNsl, MOAYIIE 00pabOTKH HH(POPMAIINH, MOAYJIE OOMEHa HH(pOPMAITHEH.

OmnpenerneHsl 3a1a49i pabovnX MECT OIIepaToOpoB MyHKTa OoeBoro ympasieHus nepcrnekrusHoro 3PK cpen-
Hell panpHoCTH. ['padmueckuil MHTEpdEHc pabounx MecT oOecrneynBaeT MHTEIUIEKTYaIbHYIO MOJIEPKKY MpHU-
HATHS pelIeHUM omepaTopoM IIpU BBIIOJIHEHUH ONEpaluil B pydHOM pexHuMe yHpaBieHus. Peanu3oBaHHbIE B
MPOrpaMMHO-aJITOPUTMHUUYECKOM obecrieueHnd PMO anropuTMbl MHTEIUICKTYaJIbHOM MOJIEPKKH HCIIOIB3YIOT
PEKOMEHAAINH, BbIpabaThIBaeMbIe YIIPABISIOMIM KoMibroTepoM [1BY.
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SOFTWARE-ALGORITHMICAL SUPPORT
OF WORKING PLACES AT COMBAT CONTROL POST
OF MEDIUM-RANGE ADMS

P.E. Dasyuk, I.I. Dobryakova, L.P. Kozlova, E.V. Nikishin

Advanced medium-range AMDS comprises of the following main components: combat control post (CCP),
multifunctional radars (MFR) and launching systems (LS). The operation of ADMS components is carried
out under CCP control by CCP operators in automatic and semiautomatic modes.

The CCP operator’s performance is provided by operator’'s working places (OWP):

— control operator workstation (COWS);

— commander workstation (CWS);

— launch operator workstation (LOWS).

All OWPs are unified in equipment and consist of two displays (upper and lower) and touchpad. The CCP
working places provide remote control of operation and state of complex components. In view of adherence to
main principles of uniform graphic interface development and commonality of controls, the software of each CCP
working place was developed in accordance with architecture introduced in this article.

The software architecture includes user interface module, data processing module, data exchange module.

The advanced medium-range AMDS CCP operator’s working places missions were defined. The graphic
interface of working places provides intellectual support for operator decision-making during accomplishing
of operations in manual control mode. The realized in software of all OWPs intellectual support algorithms
use recommendations, generated by CCP administrative computer.

Moctynuna 10 nronsa 2017 ropa.
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MHTEPBAJIbHbIE METO4bI CUHTE3A
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B pabome npusedeHa mexHUKa cuHmesa OrnmuMalibHO20 yrpassieHUsi HeUHelUHbIMU demepMUHUPO8aH-
HbIMU QUHaMu4ecKuMu cucmemamu 8 eude UCKycCcmeeHHOU HelpoHHOU cemu. Hacmpolika ucrnonb3yemozo
HelipoyrnpaesneHusi Npou3sooumcsi C NOMOWbIO UHMep8asbHbIX anzopummos 2106anbHOU ycrnosHol onmumu3a-
uuu. 3ghgpekmusHocmb rpPedoxeHHo20 nodxoda rnPodeMoHCcmpuUposaHa Ha MpPUMEpPe peuweHuUss ModesibHoU
npuknadHol 3adayu nepexeama.

Knrovesble cnoea: uHmepsasnbHbIll aHanu3, Memoodkl onmumu3ayuu, onmuMalbHoe yrpaseneHue, UCKYC-
cmeeHHble HelipOHHbIe cemu, 3adavya nepexsama.

The article states the optimal control synthesis (design) technique of nonlinear deterministic dynamic
systems in form of artificial neural network. The used neural control adjustment is carried out via interval
algorithms of global conditional optimization. The effectiveness of proposed approach is performed in example
of model application interception problem solution.

Keywords: interval analysis, optimization methods, optimal control, artificial neural networks, interception
problem.

HeitipoHHbIe ceTH SBISIIOTCS OJHOW M3 HanOoJee MIMPOKO MCIONIB3YyEeMBIX 00J1acTel MAaIIMHHOTO 00yYIeHUs
M MCKYCCTBEHHOTO MHTeUIeKTa. OHU NMPUMEHSIOTCS Ul PEIICHUS TPHUKIAIHBIX 3aJad pa3IndHOro poja: Mmpo-
THO3MPOBAHMS, KIACTEPHU3ALlUH, PacllO3HaBaHUS 00pa3oB, YNPABICHUSI M MHOTHX Apyrux. OTINYNTEeIbHON 0CO-
OCHHOCTBIO HEHPOHHBIX CETEH SABISIETCS UX CHOCOOHOCTH K 0000MIeHHI0 JaHHBIX. TakuM o0pazom, Oymydu 00y-
YEHHOI Ha HEKOTOPOM MHOXKECTBE NPUMEPOB, HEHPOHHAs CETh CMOXKET NPUMEHHUTh UX K TEM CUTYalHUsIM, KOTO-
prle He ObUH B 00yuaromeil BeIoopke. IMEHHO 3TO CBOIICTBO HEHPOHHBIX CETEH SBISIETCS OOJIBIINM MpeuMyIIe-
CTBOM MPH UX UCIIOJIb30BAHUU B POJIM KOHTPOJIEPA Pa3IMYHBIMU KJIACCAMH AMHAMUYECKUX CUCTEM.

B xauecTBe pemraemoil 3ajaun mpeAaraeTcs Kiaccuueckas IOCTaHOBKA 3a7a4yd CHHTe3a ONTHMAaJIbHOTO B
CpeIHeM YIIpaBJIeHHs Iy4YKaMH TPASKTOPHUI IPHU HENOJHON WHpOpMaIMU O BEKTOpe cocTosHus. [[is peleHus
yKa3aHHOM 3aJ]au¥l MpeJIaraeTcsi CBECTH 3aauy ONpeieieHHs] ONTUMAIIBHOM CTPYKTYPBI KOHTPOJLIEpa, KOTOPBIH
MPE/ICTAaBIICH B BUJE MHOTOCIOHHON HEHMPOHHOM CETH MPSIMOTO PaclpOoCTPaHEeHUs, K 3a7ade HeINMHEHHOTo mpo-
TrpaMMHUPOBAHUsI, PEIICHHE KOTOPOH OIIpeAesIeTcs C MOMOIIbI0 HHTEPBAILHBIX aJITOPUTMOB ONTUMH3ALIUH.

[Ipennaraemslii B paboTe MOAXOJ CHHTE3a HEHPOYIIPABIEHHS C MOMOIIBI0 HHTEPBAIHHBIX METOIOB OITH-
MH3alUK OBl yCHENIHO anpoOHpOBaH MpH PEIICHUH MOJEIbHON NMPUKIIaHOM 3a1aun nepexsarta. [loixyueHHbie
JlaHHBIE OyyT MCHOJIB30BaHBI ISl JIBHEHIIEro M3y4eHHs BO3MOXKHOCTH COBMECTHOTO NPHMEHEHHs HEHpOH-
HBIX CEeTeH B KauecTBE KOHTPOJUIEPOB M MHTEPBAIBHBIX METOJIOB O0YUCHHMS B KAYECTBE IPOLIEypPHl 00yUeHHSI.
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SYNTHESIS INTERVAL METHODS OF NONLINEAR
DETERMINISTIC DYNAMIC SYSTEMS NEURAL CONTROL

V.N. Panovskiy, A.V. Panteleev

Neural networks are one of the most widely used areas of computer-aided learning and artificial intelligence.
It's implemented for application problems solution of different types: forecasting, clusterization, pattern
recognition, control and more. The distinctive feature of neural networks is its ability to integration (generalization)
data. Thereby, being learned on some dozens of examples, the neural network can apply it to those situations
which weren’t in learning sample. Exactly this feature of neural networks is a huge advantage during
its implementation as controller of different dynamic systems classes.

As solving problem the classical synthesis problem statement of optimal in neutral trajectories beam control
is suggested at incomplete information on state vector. To solve the mentioned problem it's proposed to convert
the controller optimal structure determination problem, which is introduced in form of multilayer neural network
of direct extension, to nonlinear programming problem, the solution of which is defined by using the interval
optimization algorithms.

The proposed synthesis approach on neural control using the interval optimization methods was
successfully tested during solution of modeling applied interception problem. The obtained data will be used
for further study of mutual application possibility of neural networks as controllers and interval teaching methods
as teach procedure.

Moctynuna 4 uionsa 2017 ropa.
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PaccmompeHbi 80npockl co30aHus U pa3sumusi cucmemM npomugogo3dywHoUl u rnpomusopakemHol obopo-
Hbl Kumasi. Packpbigaemcsi cocmae cus U cpedcme Ha3eMHo20 U Mopckoz2o basuposaHusi cucmem NBO-MMPO
Kumas, nnaHupyembie 803MOXHOCMU ropaxeHusi bannucmuyveckux u 8030yWHbIX Uyesieli 8epOSIMHO20 Pomus-
HUKa, nepcreKkmuebl pa3gumusi.

Knroueenie cnosa: npomusogo3dywHass 060poHa; rnpomusopakemHasi 0bopoHa; bannucmuyeckasi Uesb;
aspoduHamuyeckas yersb,; npomueopakema, paduosioKayUOHHas CmaHyus.

The article states issues of development and evolving of China air and missile defense systems. The military
equipment and personnel composition of China land and naval Air-Missile Defense systems, planning capabilities
for engagement of potential enemy ballistic and aerial targets, prospects for further development are performed.

Keywords: air defense, missile defense, ballistic target, aerodynamic target, interceptor, radar station.

B coBpeMeHHOM MUpe JOCTIKCHHE CTPaTErnYeCcKUX LeNe MPaKTHIeCKH He MPECTaBISeTCs BO3MOXKHBIM
0e3 HaJIM4Ms M Pa3BUTHS CTPATErMYECKUX BOOPY)KEHHH M CPEJICTB 3allUThl OT HUX. Ha pa3BépThiBaHMe HalMoO-
HanpHOU [TPO CIIA Kurait oTBeuaer pa3ButueM cpeacts npeojonenus [1PO, npoTHBOCIYTHUKOBON CUCTEMBI
1 cOOCTBEHHOM CHCTEMBI IPOTUBOBO3IYIIIHOW ¥ MPOTUBOpakeTHOH 06opons! (IIBO-ITPO).

Kuraii paspabarsiBaet «30HTHK» [IBO-ITPO 1 ¢ 3T0if €760 TPOBOIUT MCTIBITAHUS PAKET-TIEPEXBATINKOB
kak gacteil cucremsl [IBO-ITPO, koTopbie MOTYT cOMBATH pakeTHl U IPYTHE JICTaTENbHBIE CPEACTBA HA BBICOTE
no 80 xwmirometpoB. st atoro KHP paspabareiBaeT u BBOAUT B NIEHCTBHE 3€HUTHBIE PAKETHBIE KOMILIEKCHI
nanpHero neicTBus (1o 200 kM), cpeaneii ganpHOCcTH (10 40-50 kM), Matoit nanpHOCTH (110 15-20 KM).

Kwuraii co3maet u pa3BepThiBaeT COOCTBEHHYIO HanmoHanbHYIO cuctemy [IBO-ITPO mopckoro 6a3mpoBa-
HUS, HOPCUPYSI CTPOUTEIHCTBO HOBBIX HA/IBOJHBIX O0EBBIX KOpaOIIei.

Co3naBast CBOIO IIPOTHBOBO3LYLIHYIO U IPOTUBOPAKETHYIO 000pOHY, KuTail akTHBHO pa3BHUBaeT CBOIO CH-
cremy [IBO-TTPO kak BO3MOXXHYIO aJIbTEpHATHBY IPOTHUBOAEHCTBUS yJapaM BBICOKOTOYHOTO OPYXHs U Oayuiu-
CTHYECKUM paKeTaM MOTEHLIUAIBHOTO NPOTUBHUKA.
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CHINA AIR AND MISSILE DEFENSE DEVELOPMENT

S.V. Golubchikov, G.B. Gurov, M.V. Zhestev, V.I. Kolesnichenko, V.K. Novikov

The achievement of strategic goals in modern world without presence and development of strategic
arms and protection against it is almost impossible. China responds to the US national missile defense system
deployment via development of missile penetration aids, anti-satellite system and indigenous air and missile
defense system (AMDS).

China develops «an umbrella» of AMDS and to this end conducts interceptor tests as components of AMDS
which are capable to intercept missile and other flying objects at altitude up to 80 km. For this reason China
develops and introduces long-range air missile defense complexes (up to 200 km), medium-range (up to
4050 km), short-range (up to 15-20 km).

China manufactures and deploys indigenous national sea-based AMDS, boosting manufacturing
of surface combat ships.

Through deployment of its own air and missile defense system China actively develops the AMDS
as possible alternative to counter potential enemy precision weapons and ballistic missiles strikes.

Moctynuna 1 Hosa6psa 2017 roaa.
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AHAIIN3 BO3MOXHOCTEN CEBEPOKOPEACKOM
MEXKOHTUHEHTAJIbHON BANITIMCTUYECKON PAKETbI
«XBAHCOH-15» 10 EE TPUMEHEHMIO 110 TEPPUTOPUU CLLA

© ABTOp, 2017

B.H. FopeBuY dokmop mexHu4decKux Hayk, rpogheccop,
COBEMHUK 2eHeparibHo20 KoHcmpykmopa, [NMAO «HIO «Anvas», 2. Mockea
E-mail: bngor2013@yandex.ru

BbinonHeH Komu4ecmeeHHbIl aHanu3 mpaeKkmopHbIX xapakmepucmuk cesepokopetickoli MBP «XeaHCOH-15».
BbibpaH coomeemcmeyrouwuli mpaekmopuu ucrisimameribHo20 3arycka MBP epemeHHoU npogburnbs yckopeHul pa-
Kembl Ha akmueHoM y4acmke mpaekmopuu. OueHeHb! 8o3moxHocmu MBP o npumeHeHuto o meppumopuu CLUA,
a markke soamoxkHocmu PJIC cucmewmbi MNTPO CLLA Cobra Dane no ceoespemeHHOMY 0OHapy»KeHUIo U COornpogoxoe-
HUIO pakemsil.

Knroyesnie cnosa: bannucmuyeckasi pakema, paduoriokayuoHHas cmaHyus, npomusopakemHas 060poHa.

A quantitative analysis of the trajectory characteristics of the North Korean ICBM Khwanson-15 was carried
out. The corresponding trajectory of the test launch of the ICBM is selected for the time profile of the rocket
acceleration in the active part of the trajectory. The capabilities of ICBMs for use on the territory of the United
States, as well as the capabilities of the US missile defense system Cobra Dane for the timely detection and
conduct of the missile are estimated.

Keywords: ballistic missile, radar station, anti-missile defense.

B crarbe BBINONHEH KONMYECTBEHHBIM aHAJIU3 TPACKTOPHBIX XapaKTEpUCTHK 3amylieHHoi 29.11.2017 r.
ceBepokopeiickoiit MBP «XBancoH-15». OnpeneneH BpeMeHHOH PO(UIh YCKOPEHUH PaKeThl, CO3MaBacMbIX Ha
AKTHBHOM y4YacTKe TPAaeKTOPHH, HanOojee COOTBETCTBYIOUINI N3BECTHBIM JaHHBIM O TPACKTOPUH PAKEThI B HC-
MBITATeNILHOM 3aIrycke. C HCIIONB30BaHUEM OJTYYEHHOH (YHKIINK yCKOPEHUH OIEHEHBI TPAeKTOPHBIE BO3MOX-
Hoctu MBP no npumenenuto no reppuropun CILIA. Ha ocHoBaHuuM nosyuyeHHBIX TpaekTopuii MBP onenenbl
Bo3mokHoctu PJIC mepenoBoro 6asuposanus cucremsl [IPO CIIA Cobra Dane mo cBoeBpeMeHHOMY 00HApY-
JKEHHIO U COIPOBOXKICHHUIO PaKeTHI.

JIMTEPATYPA

1. Maentok KO.C. Bannuctuyeckoe npoekTupoBaHme pakeT: YuebHoe nocobrve ans By3oB. — YensduHck: Maa. YTy, 1996. — 92 c.
2. Report of the American Physical Society Study Group on Boost-Phase Intercept Systems for National Missile Defense: Scientific and
Technical Issues. — Published October 5, 2004.

ANALYSIS OF THE CAPABILITIES OF THE NORTH KOREAN
INTERCONTINENTAL BALLISTIC MISSILE «HWANSON-15»
FOR ITS USE ON THE TERRITORY OF THE UNITED STATES

B.N. Gorevich

In the article, a quantitative analysis of the trajectory characteristics of the North Korean ICBM «Khwanson-15»
launched on 29.11.2017 was carried out. The time profile of rocket accelerations created on the active part
of the trajectory is determined, which most corresponds to the known data on the trajectory of the rocket in the test
launch. Using the received function of accelerations, the trajectory capabilities of ICBMs for use in the US territory are
estimated. Based on the obtained ICBM trajectories, the capabilities of the forward-based radar system of the US
missile defense system Cobra Dane for timely detection and support of the missile are assessed.

Moctynuna 4 peka6ps 2017 roaa.
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HAYYHbIE PELLEH3UN N OT3bIBblI

TpyxaueB A.A. AnanTMBHbIE NOPOroBLIe YPOBHU B YCTPOMCTBAX
ObOHapyXeHusi paanonokaumoHHbIx curHanoB. — M.: HIMO «Anma3s»,
A.A. Tpyxaues 2017.-344 c.: vn.

PeueH3eHTbI: A-p TexH. Hayk 3anueB I.B., a-p TexH. HaykK, npo-
c¢eccop MNapamoHoB A.A.

ADANTUBHBIE
NOPOrOBLIE YPOBHU

B YCTPOACTBAX OBHAPYKEHUA
PAAWONOKALUMOHHBIX CAFHANOB

B knure usnararorcs BONPOCH IPUMEHEHUS aJallTUBHBIX ITOPOTO-
BBIX YPOBHEH, TIO3BOJISIIOIIMX OCYLIECTBIATh PaJAHOIIOKAMOHHBIN
0030p TpU HAJTMYNH NTACCUBHBIX MToMeX. [IpeacTaBieHsl pa3niuuHble Me-
TOABl aHAIM3a XapaKTePUCTHUK OOHApPYKEHHs CUTHAJIOB, KOT/a
B YCTpOWCTBaxX OOHAPY)KEHHsI UCIIOJIB3YIOTCS aJalTUBHBIC ITOPOTOBBIE
YPOBHU. Marepuaibl HCCICAOBAHUNA XapakTEPUCTUK OOHApYKEHHUS
CUTHAJIOB COJIEPKAT Pe3yIbTaThl B BUIE TAOIUI] U TpadrKoB.

HNO ANMAZ

B mporecce uccnenoBaHuil OCYIIECTBISCTCS CpaBHEHHE d(ek-
TUBHOCTH  PAa3JIMYHBIX  CIIOCOOOB  (OPMHUPOBAHHS  AJANTHBHBIX
MTOPOTOBBIX ypoBHEW. V3nmoxkeHne BeAETCS MPUMEHUTENHFHO K PAJHOIIO-
KaTopaM Ha3eMHOro OasupoBaHUs. J1si HaAydHBIX paOOTHHUKOB W PaJUOWHKEHEPOB, 3aHUMAFOIIIXCS
IMPOCKTUPOBAHNUEM PAJUOJIOKAIIMOHHBIX CTaHHHﬁ, a TaxKKE I aCIMPAHTOB U CTYACHTOB COOTBCT-
CTBYIOIIUX CIIELIUAIBHOCTEM.

EnwuH .M. TPUP-4. WNHdDOPMaLUNOHHO-NPOrpamMMHbIN
KoMnneKkc pacwupeHnsa dpyHkumoHana CAIMP P-CAD 200x. MoHo-
o rpadusa. — M.: MAO «HIMO «Anma3s», 2017. — 496 c.: un.

i Do PeueH3eHTbI: A-p TexH. Hayk, npocdeccop KawmH B.A., o-p TexH.
Hayk, npocpeccop KocpaHoB HO.H.

rPU®-4. ) B coBpeMeHHBIX YCIOBHUSX, C Y4YETOM Da3BUTUSL JTOCTUTHYTBHIX
A e Pe3yAbTaTOB HCIOJIb30BaHMS MH()OPMAILMOHHBIX TEXHOJIOTHH B MPO-
[lecCe MPOEKTHPOBAHUA CIOXHBIX TEXHHYECKHX CHCTEM, Ha IEpBBIN
IUTaH BBIXOIAT 3aJadyd IOCTPOCHHUS COBPEMEHHOH 3 (EKTHUBHOM
CAIIP, xoTopasi o0ecreuuT BBIMOJIHEHHE MPOEKTHBIX PadOT M IMOBBI-
nieHre 3QQEKTUBHOCTH ITOTO BAXKHEHINIETO HANpaBlieHHs B MPOEKTHU-

POBaHUM MEPCIEKTUBHBIX 00Pa3I0B HAYKOEMKOH TEXHHUKH.

PACLUMPEHUS OYHKLIMOHANA
CATP P-CAD 200X

B MoHoTrpadun paccMOTpeHBI IPUHIIMIIBI Pa3pabOTKU aaalTHBHOM
CAIIP nmns coBpemennoro Kb snextponHbix Mozmyned. OOOCHOBaHBI
METOJIOJIOTHS, COCTaB IPOTPAaMMHBIX CPEICTB sl 0e30MHUO0YHOTO
BBITIOJTHCHUS TIPOEKTOB MEUATHBIX IUIAT PA3IUTIHBIX THUIIOB U UX BCECTOPOHHETO KOHTPOJIS, TIPH BHICO-
KOW CTETeHH aBTOMATH3allMH JTala BHITYyCKa KOHCTPYKTOPCKOW JTOKYMEHTAIlMd B COOTBETCTBUH
¢ TpeboBarusmu oteuecTBeHHBIX ' OCToB. Pa3BuTHe ceTeBbIX 1 MHOOPMAIMOHHBIX TEXHOJIOTHN 1103-
BOJISIET MOJYYUTh PELIECHUE 3THUX 3a]ad.

Kawnra npenna3zHaveHa Juisi IUPOKOTO KPyra WHKEHEPHO-TEXHUYECKHUX CIEIHATUCTOB, CTY/ICH-
TOB U aCHI/IpaHTOB TCXHHUUYCCKUX By3OB, 3aHUMAKIINXCA HpOCKTI/IpOBaHI/IeM BHCKTpOHHBIX YCTPOﬁCTB
Ha 0a3e meyaTHBIX IUIaT.
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