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Paccmampusaromcesi  pa3nudHbie  aneopummbl  MPOCIMPaHCMEeHHOU — (huribmpauyuu U 803MOXHOCU — UX
nPUMEHUMOCMU 8 pearibHbIX cucmemax cesisu Komriiekcos BO. NposedeHa oueHka pabomebi gpadueHmHo20 Memoda
pacyéma eecosbIX Ko3ghehUUUEHMO8 pu pasruyHbIX CUSHaIrbHO-MIOMEXO8bIX cumyauusix. AHanudupyemcsi paboma
adanmusHo20 ycmpolicmea rpu pasHbIX murax mewarouux cueHanos. [Npednazatomcesi aneocpummMsl U CMpYKmypbl,
coemelwaroLLie CUHXPOHU3aUUI0 U MPOCMPaHCIMBeHHOE OPUEHIMUPOBaHUE CUCMEM.

Knroyeenle cnioea: yugposasi aHmeHHasi pewémka, cucmeMbl C8s3U, MpocmpaHcmeeHHasi (hunbmpauyusi,
8ecosoli sekmop, epadueHmHbIl Memod.

The article considers different algorithms of spatial filtering and possibility of its applicability in existing
communication systems of air defense complexes. The performance assessment of weight coefficients gradient
computation method in different signal-to-noise scenarios was conducted. The operation of adaptive device with
different types of interfering signals is analyzed. The algorithms and structures combining the synchronization and
spatial orientation of systems are proposed.

Keywords: digital antenna array, communication systems, spatial filtering, weight vector, gradient method.

B cucremax cBsi3M mo-TIpeXHEMY aKTyaldbHBI BOMPOCH CKPHITHOCTH M TIOMEXO3AIUIIEHHOCTH.
CoBpeMeHHBIE CpENICTBA PAMOPA3BEKU CIOCOOHBI OBICTPO OOHAPYKWBATh U ABTOMATHYECKH OIIp e-
JIENATH HE TONBKO (DAaKT U MECTO PACIIONIOKEHUS CHCTEM CBS3H, HO M ONPEIENATh UX MPUHAIICKHOCTH
K OTIpeAeTE€HHBIM POJIaM BOWCK U KOHKPETHBIM CHCTEMaM.

Kommunekcsr [IBO gBISIIOTCS CNOXXHBIMH CHCTEMAaMH C OOJNBIIAM KOTHYECTBOM PaJHOCPEACTB,
OYeHb MOIIHBIX PaJNOIOKATOPOB. AmIapaTypa CBS3H JOKHA YCTOMYMBO pabOTaTh B COCEACTBE CO
BCEMH CpENCTBAMHU KoMILIekca. [[loMIMO 3TOro cymecTByeT BEpOSITHOCTh TTOCTAHOBKH ITpeTHaMepeH-
HBIX TOMEX CpEICTBaMU PaJUONPOTUBONEHCTBUA. B paHee pa3paboTaHHOH ammapaType yaaBalioch
0OpOTHCS ¢ TAKUMHU TIOMEXaMH YBEITMYSHUEM MOITHOCTH TepealonuX ycTpoicTB. OTHAKO MOIITHOCTH
MTOMEX TIOCTOSIHHO PacTyT, a SHEPronoTpediIeHre CUCTEM CBs3H orpaHudeHo. KpoMe Toro, mocTossHHO
YBEIIMYMBAIOTCS CKOPOCTH TIepeAadu B KaHalIaX CBSI3U U JAIBHOCTH CBSI3U, YTO TAaKXKe TPeOyeT MOBBI-
IIEHUS DHEePTreTHUKU KaHana. [[oBbIIEHHAss MOITHOCTh CHCTEM CBSI3M MPHBOJIWT, B CBOIO OUEpellb, K
YBEIIUYEHHUIO TabapuTOB, CTOMMOCTH, K CHIDKEHHIO HaJA&KHOCTH, TOITOMY TakKOW ITyTh Pa3BUTHS HE
MEPCIEeKTUBEH. AITbTEPHATUBOW MOXKET CIIY)KUTh TPUMEHEHHUE B CUCTEMaX CBSI3U a/IalITUBHBIX (P O-
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BBIX PEUIETOK, MO3BOJISIIOIIUX CYIIECTBEHHO MOBBICUTH CKPBHITHOCTh U MTOMEXOYCTOHUMBOCTh CHCTEM
cBsi3u. Takue cucTteMbl pabOTAIOT ¢ HANpaBICHHBIMU MOTOKaMU 3Hepruu. lIpumeHeHne agantanuu
MOIIHOCTH NEPENAIOINX YCTPOHCTB MO3BOJIHUT YCTAaHABIMBATh MUHMMAJIbHO HEOOXOJUMBIH YPOBEHb
MOIIHOCTH JUII KOHKPETHOW JINHUM CBSI3U. AJIANITHUBHBIC aJITOPUTMBI TIO3BOJISIIOT OBICTPO OPUEHTHPO-
BaTh MarpaMMbl HaIIPaBJIE€HHOCTH aHTEHH Ha MPUHUMAEMBIN CUTHAJI, OCYLLECTBIIATH IPOCTPAHCTBEH-
HYIO PEeXEKIUIO TOMEX, 3HAYUTENbHO IPEBBIIIAIONINX MOIIHOCTh CUTHaa. B aToM ciyyae AanbHOCTh
CHCTEMBI CBSI3U B OTCYTCTBHE M IPU HAIWYHU [TIOMEX HE MEHSETCsl. DTO HOBOE KaueCTBO CUCTEMBI 103~
BOJIUT YMEHBIIUTH (MPAaKTHYECKH UCKITIOUUTH) 3a1achl MOIIIHOCTH Ha OOpHOY ¢ TOMexaMH.

B noknane paccMaTpuBaroTCsl pa3iMuHbIE alTOPUTMBI IPOCTPAHCTBEHHOH (PUIIBTPAIH, BO3MOXK-
HOCTH NMPUMEHUMOCTH 3TUX aJITOPUTMOB B pealbHBIX cucTeMax cBsi3u komiuiekcoB [IBO. Ilpoenena
OlICHKA BIUSHUS Pa3IMYHBIX MMapaMeTpOB aJanTallid Ha KauecTBO paboThl CHCTEMBI CBS3H. Takxke
aHaM3MpoBajack padoTa aJanTUBHOIO YCTPOWCTBA MPH Pa3IMYHBIX THIIAX MEMIAIOIIUX CUTHAJIOB.
Kpome storo, B pabote mpeiaratorcsi aNrOpUTMbI U CTPYKTYPBI, COBMEIIAIOIINE CHHXPOHHU3AINIO 1
MIPOCTPAaHCTBEHHOE OPUEHTUPOBAHUE CUCTEM.
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ADAPTIVE DIGITAL ANTENNA ARRAYS
IN COMMUNICATION SYSTEMS
OF AIR DEFENSE COMPLEXES

L.l. Averina, M.A. Korolkov

The security and jam-resistance issues in communication systems are still relevant. Present-day radio
reconnaissance facilities are capable to promptly detect and automatically identify not only the presence and
location of communication systems but to determine its appendage to some defined arms and certain systems.

The Air Defense complexes are complicated systems with a large number of radio facilities, very high power radar
stations. The communication equipment should have a robust operation in conjunction with all complex facilities. In addition
there is a probability for jamming by ECM equipment. Previously developed equipment used to have a potential for
antijamming by the power increasing of transmitting devices. However the interference power is constantly rising and the
power consumption of communication systems is limited. Besides, the transmission rate in communication channels and
communication range are continuously increasing that in its turn requires an increasing of channel power. Increased power of
communication systems leads in its turn to dimensions enlargement and cost increasing and decreasing of reliability, therefore
such way is not perspective. The alternative way is to use the adaptive digital arrays in communication systems permitting to
significantly increase the security and jamming resistance of communication systems. Such systems operate with directed
power flows. Application of adaptation of transmitting devices power allows to set the necessary minimum power level for the
specific communication line. The adaptive algorithms permit to agile orient antenna directional pattern to the receiving signal
and to conduct spatial jamming rejection that considerably increasing the signal power. In this case the range of
communication system in absence and presence of interference doesn't change. This new character of the system allows to
decrease (substantially exclude) the margin of power necessary for antijamming.

The article considers different algorithms of spatial filtering, possibility of its applicability in existing
communication systems of air defense complexes. The influence assessment of different adaptation parameters
to the system performance quality was conducted. The operation of adaptive device with different types of
interfering signals was analyzed as well. Besides, the algorithms and structures combining the synchronization
and spatial orientation of systems are proposed in the article.
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Paccmampusaemcsi paboma molyrnbHOU ¢ha3uposaHHOU aHmMeHHoU pewémku (O®AP) MOHOUMITYIbCHO20 U3Me-
pumersi yerosbix KoopOuHam obbEKMo8, pacrionasatoWuxcs nod manbsiMu yernamu mecma Had rnodcmunarouseli
0BEPXHOCMbBIO — MaK Ha3blgaeMbIx HU3Konemsawux yenel (H/IL), e ycriosusix MHO20/1y4e8020 pacrpocmpaHeHusi
paduosonH. ®opmynbi Onisi orpedeneHus koopOuHam HIIL| ebieodsmcesi dniss modernu nrockol nodcmunatowielt
nosepxHocmu. AHau3Upyrmcsi 0CO6eHHOCMU UCIMOMb308aHUST OSTyHeHHbIX ¢hopMmyn 8 modernu, codepxauwieli
chepuyecKyro nodcmurnarolyro nosepxHocme. [pusodsmes pesyribmamel Mamemamu4yecKo20 MoOesUpO8aHUs.

Knro4desble cnoea: usMepeHue yanosbix KoopouHam, HU3Konemswas uesb, MHO20/Ty4e80e pacrpocmpa-
HeHue paduosoriH.

Operation of a modular phased array antenna (PAA) of a monopulse meter of the angular coordinates of
objects located at small elevation angles above an underlying surface, which are commonly referred to as
low-altitude targets (LATS), is considered under the conditions of multipath propagation of radio waves. Formulas
for determination of the LAT coordinates are derived for the model of a flat underlying surface. Distinctive features
of application of these formulas in the model containing a spherical underlying surface are analyzed. The results
of mathematical modeling are presented.

Keywords: measurement of angular coordinates, low-altitude target, multipath propagation of radio waves.

PaccmaTtpuBaercs pabora MoAyipHON (ha3upoBaHHON aHTeHHOH pemérku (PAP) MoHOUMITYIIBC-
HOTO M3MEPUTENS YIIIOBBIX KOOPAWHAT OOBEKTOB B YCIIOBHSIX MHOTOJIYYEBOTO PACIPOCTPAHEHUS pa-
JIMIOBOITH TIPH COIPOBOXKJEHUH OOBEKTOB, PACIHONATAIONIMXCS MO MajJbIMU YTIaMH MecTa HaJ MO/
CTHJIAIOMIEH TTOBEPXHOCTHIO TAKUM 00pa3oM, YTO CHTHAJBI, OTPaXXKEHHBIE OT IIeJH, ITOMAIAl0T B IJ1aB-
HBIH JICTIECTOK ArarpaMMbl HarpaBiieHHOCTH PAP — Tak Ha3pIBaeMbIX HU3KomeTsuX meineit (HJILL).

[Ipemmaraercs meron n3Mepenns yrioBoix koopauHaT HJILI, ocHOBaHHEI Ha pa3OHEHUH IUIOC-
koctu aneptypsl AP Ha 4 uaeHTHUHBIE CyOanepTyps! (MapuHuajbHble KaHAIBI U3MEPUTENS) TaKHM
00pa3om, 4To uX (azoBbIe IEHTPHI PACIOIATaIOTCA MOMAPHO CHMMETPHYHO B TOPU30HTAIBHON U Bep-
TUKAJIBHOHN MIOCKOCTSX. CHTHANBI ¢ BRIXOJIOB 3TUX KaHAJIOB MCIIONB3YIOTCS IS (POPMUPOBAHUS TIHIC-
KPUMUHAIIMOHHBIX XapakTepucTuk (JIX) maMepurens B a3UMyTalbHOW M YIIIOMECTHON IUTOCKOCTSIX, a
Takke nomonHuTensHoi JIX, popMupyeMoil Kak OTHOIIEHHE Pa3HOCTH CYMM CHTHAJIOB CyOamepTyp,
PaCONI0KEHHBIX B TOPU30HTAIHFHON U BEPTUKAIBLHON TNIOCKOCTAX, 1 CYMMapHOTO CHTHAJIA C BBIXOJIOB
Bcex cybamepTyp.

C ucmonp30BaHUEM MOJIENH TUIOCKOW IOACTHIIAIONICH MOBEPXHOCTH TONTYYEHBI YCIOBHS, KOTO-
PBIM JIOJKEH YIOBIIETBOPSTH AITOPUTM CHUCTEMBI yIIpaBieHus TydoM mpu padote mo HIILL qs obec-
redeHust Hezapucumoctd J[X oT CBOWCTB mojcTHiammeil moBepxHocty. [lomydeHHbie pacuéTabie co-
OTHOIIIEHUS CIIPaBEIUBEI MPH clenyromux npeamnonoxenusx: HJIL pacnonaraercs B nmanpHeN 30He
AHTEHHOW CHUCTEMBI M3MEPHTENS B Tpesenax MpsMON BUIAMMOCTH, & OTPaXKEHHE OT ITOCTUIIAOIICH
MTOBEPXHOCTH SIBJISIETCS 3€PKAIBHBIM U UCXOAAIIUM W3 TOYKH 3€PKaJIbHOTO M300paXKEHHS IENH IO
MTOBEPXHOCTHIO (AHTUTIONA).

B cratbe onmceiBatoTcst anropuTMel onpeneneHus koopauHat HJIL u mpuBoasTcs pe3ynbTaThl
MOJIENIUPOBAHMS PAa0OTBI M3MEPHUTENS U1 JIBYX MOeNed MOACTUIAIONIeH ITOBEPXHOCTH: MOJIENN
IUTOCKOM MOBEPXHOCTH, MCIIONB30BAaHHON JUIA BBIBOJA pacuéTHBIX (opMyl, u Ooliee peaarucTUUHON
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MoJen cepruuecKor MOACTUIIAIONIEH MOBEPXHOCTH. MonennpoBaHie MPOBOAUIOCH C MCIIONb30Ba-
HUEM SKCIEPUMEHTAIBHBIX (CTATUCTUYECKUX) XapaKTEPUCTHK 3JeMeHTOB peanbHoi DAP ans nenw,
npubnmkatomieiicss kK AP Ha 3a7aHHON (UKCHPOBAHHOW BBICOTE HAJ| MOBEPXHOCTHIO WM MAHEBPH-
pyIOLIEH B BEPTUKAIBLHOU INIOCKOCTH, YTO YKa3bIBAET HA YHHUBEPCAIBHOCTh AAHHOIO METOJA U3MEpe-
Hus koopauHat HIILL,
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A METHOD FOR POSITIONING OF A LOW-ALTITUDE TARGET

V.A. Balagurovskiy, A.S. Kondratiev, N.P. Polischuk

The article considers operation of a modular phased array antenna (PAA) of a monopulse meter of the
angular coordinates of objects located at small elevation angles above an underlying surface, which are commonly referred to
as low-altitude targets (LATSs), under the conditions of multipath propagation of radio waves. It is assumed that,
during tracking the objects located at narrow elevation angles above the underlying surface, signals reflected from
the target may enter the main lobe of the PAA radiation pattern.

A method for measuring the LAT angular coordinates proposed here is based on partition of the PAA plane
into 4 identical subapertures (partial measuring channels) in such way that their phase centers are located
pairwise symmetrically in the horizontal and vertical planes. Signals from the outputs of these channels are used
to form the discriminator curves of the meter in the azimuth and elevation planes. In addition, one more discrimi-
nator curve is formed as the difference of the sum output signals of subapertures located in horizontal and vertical
planes divided by the sum output signal of all subapertures.

Using the model of a flat underlying surface, conditions under which the additional discriminator curve
becomes independent of the characteristics of the underlying surface were found. These conditions are valid
under the following assumptions: (1) the LAT is located in the far zone of the antenna of the measuring device
within the line-of-sight distance and (2) the signal reflected from the underlying surface satisfies the conditions
of mirror reflection and arrives from a virtual target (antipode) located under the surface plane at the depth equal
to the height of the real target.

Two algorithms for measuring the LAT coordinates are proposed. The model of a flat underlying surface
is used for derivation of design relationships and formulation of the LAT tracking algorithm. A modification of this
algorithm for more realistic spherical model of the underlying surface is also presented.

The results of numerical modeling, which was performed with the use of experimental (statistical) character-
istics of real PAA elements, for a maneuvering target approaching the PAA along a descending trajectory in the
vertical plane perpendicular to the PAA plane point to reliability and generality of the proposed method for meas-
uring the LAT coordinates.
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B cmambe paccmampusaemcsi nepcriekmugHbilt Molyrb Orsi naccusHol ®AP ¢ pacripedenéHHbIM yrpas-
neHueM. [lpusedeHbl OCHOBHble MmpeboesaHus, MpedbserniseMble K aHmeHHomy Molymo. OnucaH npuHyUn
YHKUUOHaNbHO20 nocmpoeHusi Modyns. PaccmompeHbl cocmagHbie Yacmu MoOyrisi U pe3yribmambl UX MPOeK-
mupoeaHusi.

Knroyeenie cnosa: chasupogaHHasi aHmeHHasi pelémka, aHmeHHbIU Modyrb, nuHuUU cessu, NJINC.

The article considers the advanced module for the passive phased antenna array (PAA) with distributed
control. Basic requirements to antenna module are presented. The module functional configuration principle is
described. The module components and results of its designing.

Keywords: phased antenna array, antenna module, communication line, FPLD.

B nacrosiiee BpeMs 3ajiauy MOCTPOSHUS CUCTEM YIpaBiieHUsI MOAyJIbHBIMU DAP peraroTcs, kak
MIPaBMJIO, HA OCHOBE BBIYMCIHTENBHBIX PACTIPEAETIeHHBIX CTPYKTYp [1].

bazoBbiME (QYHKITMOHANBHBIME 3JIEMEHTAMHU TaKUX CTPYKTYD SIBIISIFOTCS aHTEHHBIE MOAYIH, BaXK-
HbIC TIOKa3aTeld WX (YHKIMOHAIBHBIX BO3MOXKHOCTEH, TaKhe KaK MPOU3BOAUTENHHOCTD, YHEPTOMO-
TpebiieHre, pacmupeHue 00bEMa UCITOHICMBIX aJTOPUTMOB M HAIGKHOCTh, ONPenemsitoT 3G heKTHB-
HOCTh TIPUMEHEHUS aHTeHHOU cuctemsl B PJIC.

B paGore mpencraBieHbl pe3yNbTaThl MPOSKTHPOBAHHUS DIIEKTPUUECKON CXEMBI IECTHA IIaTH-
3JIEMEHTHOT'0 aHTEHHOTI'O0 MOJYIISA, YIPABIIONMEeH (pa30BBIMHA M TOISPU3ANMOHHBIMI XapaKTepUCTHKa-
MU BBICOKOYACTOTHBIX KaHAJIOB aHTEHHBIX JIEMEHTOB, BXOSIINX B COCTAB MOJTYJIS.

Bremonaenne BeraucieHNi KogoB ¢a3, APYruX alrOpUTMHUYECKHX olepanuii U (popMupoBaHue
YIPaBISAIONINX BO3JEHCTBUN Ha (hazoBpamaTedd ¥ IONSIPU3ATOPHl AHTEHHBIX SJIEMEHTOB MO
OCYIIECTBIISIETCS B IIU(POAHAIOTOBOM sSUelike MO, OCHOBY KOTOPOH COCTABIISIET IIPOTpaMMHUpY e-
Mas jorudeckas uarerpaibaas cxema (IIJIMC) tuma XC4VLX60-FF668.

JIByHarpaBieHHBII O0OMeH HHQOpMANHeHd ¢ MOAYISMH B MPOEKTE paCHpeAeNEHHON CHCTEMBI
yHpaBlieHus ocymiecTBisieT kKoTpoiiep AP depe3 acHHXpOHHBIE KaHAIBI, UCIIONB3YIONINE IEKTPH-
yeckue quddepeHnaIbHple CHTHABI HU3KOTO YPOBHS HATIPSDKEHHUS.

Jlormueckasi ¥ CXEMOTEXHHUYECKAsi OpraHU3aIus MMPOTOKOIA HA YpOBHE OOMEHa, CHTHAJIBHOM U
(bm3mUecKOM ypOBHSIX OCHOBaHA Ha TexHonoruu Space Wire [2].

[To cpaBHEHHIO ¢ W3BECTHBIM aHANIOTOM [ 1] MEpCIEeKTUBHBIA AaHTEHHBI MOMYIH MPHUIACT HOBBIC
KadecTBa U (DYHKIIMOHATBHEIE BOBMOXKHOCTH aHTEHHOH crcTeMe ¢ maccuBHOH DAP:

— MHOTOKpaTHOE COKpalleHne, Ooiee 4eM Ha TOpsIOK, BpeMEHHU Ha TepeMellleHe JIyda U3 OJHO-
T'0 TIOJIOKEHHSI B IPYTO€ U U3MEHEHHUE €ro (OPMBI IS PeaTH3aliK Pa3IMIHbIX PEKUMOB paOOTHL;

— pacmmpenne (yHKIHOHAIBHBIX Bo3MoxkHOCTeH PJIC 3a cuér ObicTporo yrpaBieHus Gpa3oBbIM
Y TIOJISIPU3AIMOHHBIM pacnpeaeneHusiMu B aneprype OAP;

— TOJyYEHUE TONSAPU3AIMOHHON WHpOPMAINK s (POPMUPOBAHUS CAMOCTOSTENLHBIX WU JIO-
TTOJTHUTENBHBIX TPU3HAKOB, TO3BOJIIONIUX MOBBIIIATh KaueCTBO OOHAPYKEHUS M COIPOBOXKICHUS
PJIC.
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ADVANCED MODULE FOR PASSIVE PAA
WITH DISTRIBUTED CONTROL

G.V. Belyakov, E.A. Golubtsov, Yu.A. Hmelenko

At the present moment the integration tasks of the modular PAA control systems are solved generally on the
base of computing distributed structures [1].

The basic functional elements of such structures are the antenna modules; the important indicators of its
functional capabilities such as output capability, power consumption, increasing amount of executed algorithms
and reliability, determine the utilization effectiveness of antenna system in the radar.

The designing results of sixteen-element antenna module electrical circuit which controls the phase charac-
teristic and polarization pattern of the module component antenna elements high-frequency channels are per-
formed in the article.

The calculation of phase codes, other algorithmic operations and forming of control actions on phase-shifting
units and polarization changer of module antenna elements is realized in digital-to-analog module cell, the frame-
work of which is the field programmable logic device (FPLD) of XC4VLX60-FF668 type.

The bidirectional data changing with modules in distributed control systems project is carried out by PAA
controller through the asynchronous channels using the low voltage level electrical differential signals.

The logical and circuit protocol organization at the exchange level, signal and physical levels is based on
Space Wire technology [2].

As compared with known compatible [1] the advanced antenna module will give a fresh properties and
functional capabilities to the antenna system with passive PAA:

— More than an order multiple time reduction for beam shift from one position to another and its shape
change for different operation modes implementation;

— Radar functional capabilities enhancement due to fast control of phased and polarization distributions in
the PAA aperture.

— Polarization data receiving for forming individual or additional features, permitting to increase the radar
detection and tracking capability.
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PaccmompeHbI criocobbl nonyyeHusi cmaburnu3upo8aHHO20 M0 8biX00Y 8bICOKO20 HarpPsKeHUs1 MOCMOSHHO-
20 moOKa C UCro/b308aHUEM 8bICOKOYACMOMHbLIX MPaH3UCMOPHbLIX UHBEPMOPO8 U 8bICOKOBO/ILMHbLIX MpPaHC-
gpopmMamopHO-8bInpsMuUMerbHbix Modynel (TBM), umerowux anekmpuyeckyro npoYHocms usonsauyuu 0o 30kB,
obecrieyusaroujux KOMIMOHOBKY 8 KOHCmpykmuee «EgpomexaHuka 19». NpusedeHbl ocuyurnnozpammbl pabomsi
npeobpaszosamers u pesynbmambl mensosbix ucrbimaHulti TBM. [NpednoxeHa cxema MOCmMpoOeHUsi MOUWHO20
8bICOKOBO/ILMHO20 UCMOYHUKa 3r1ekmpornumanusi (boniee 10kBm) Ha OCHoge coyemaHusi 8bICOKOHACMOMHbIX
npeobpasosamereli U mpadulyUOHHbIX 8binpsMumened, pabomarouwux Ha Yacmome cemu.

Knroyesble crioea: 8bI1COK0B0/IbMHbIL, 8bICOKOYaCMOMHbIU, npeobpaszosamerib, mpaHcghopmMamop, 8bInpsi-
mumernb, 311eKmMpuYecKasl IPOYHOCMb, MOUHOCMb, PE30OHAHC, WUPOMHO-UMIIYIbCHas MOOYIsUUS.

The output-stabilized DC high voltage producing techniques were examined with use of high-frequency (HF)
transistor invertors (chopper) and high-voltage transformer-rectifier modules (TRM) having the electric strength of
30 kV and providing the layout in «Euromechanics-19» construct. The transducer operation oscillograms and
TRM thermal testing results are performed. The plotting scheme of high voltage electrical power source (> 10 kW)
basing on combination of HF rectifiers and traditional converters working on line (supply) frequency was proposed
in the article as well.

Keywords: high-voltage, high-frequency, transducer, transformer, rectifier, electric strength, power, reso-
nance, pulse-width modulation.

B craTthe paccmaTpuBaroTCs BO3MOXXHOCTH IIOCTPOEHMS BEICOKOBOJIBTHBIX MCTOUHUKOB 3JIEKTPO-
MUTAHUS Ul pafuoIepeaouX YCTPOUCTB ¢ BBIXOAHONW MOIIHOCTBIO 0 HECKONBKHUX JECATKOB KBT
Ha 0a3e BEICOKOYACTOTHBIX MpeoOpa3oBaTEICH.

AHanU3UPYIOTCS pa3luYHble CIOCOOB! PEryJMpPOBAHMS BBIXOJHOI'O HANPSDKEHHS MOCTOSHHOTO
TOKa C MOMOIIBIO BEICOKOYACTOTHRIX Ipeodpazopateneit (LLIMM, UMM perynupoBaHue) ¢ pa3InIHBI-
MU BapHaHTaMU CHJIOBBIX CXEM MHBEPTOPOB.

PaccmarprBatoTcsi BO3MOXKHOCTH KOHCTPYUPOBAHHS BBICOKOBOJIBTHBIX —TpaHc(opMaTopHO-
BBINPSIMUTENBHBIX MOAYJIEH IpU 00ECIIEYEHNH 3IEKTPUYECKOH MPOYHOCTH M30JIALUU U HEOOX OAUMO-
CTH 0TBOAA Teria oT DPU, 3anUThIX KOMIAyHIOM.

[Ipeanaraercss MonynbHBIA OpUHLKI HOCTpoeHUs: MouHoro BUJII, B ocHOBE KOTOpOro mpuHsTa
KOMOMHHMPOBAHHAsI CXeMa MOMy4YeHHUs! BBICOKOCTAOMIIBHOTO HAIIPSKEHUSI.

Haérca obOocHoBaHME BBIOOpAa E€IMHMYHOM MOIIHOCTH HMHBEPTOpPa TpaHC(HOPMATOPHO-
BBINPSIMUTEBHOIO MOAYJIS € Y4ETOM HCHONB30BAaHUS cOBpeMeHHBIX DPU M nmpuMeHHTENbHO K KOH-
cTpykTUBY «EBpOMexaHHKay.
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DESIGNING FEATURES OF SWITCHED MODE
HIGH VOLTAGE POWER SUPPLIES OF RADAR TRANSMITTING
EQUIPMENT

O.K. Berezin, A.S. Volkov, V.B. Korogodin, A.A. Skripko

The article considers the plotting possibility of high-voltage electrical power supply sources for radio
transmitting equipment with output power up to several dozen kW on the base of high-frequency transducers.

Different procedures of DC output voltage regulation are analyzed using high-frequency transducers
(pulse-width modulation, pulse-repetition modulation regulation) with different variants of inverters main circuits.

The designing possibilities of high-voltage transformer-rectifier modules (TRM) at maintaining of insulating
strength and necessity of heat removal from radio electrical devices potted in a compound were considered.

The modular principle of a heavy secondary power supply plotting is proposed here on the base of which
the combined scheme of high-resistant voltage producing was admitted.

The argumentation of TRM invertor single-unit power selection was performed taking into account the
modern radio electrical devices usage and applicable to «Euromechanics» construct.
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lMpedcmaeneHbl pe3ynsmambi paspabomku MOBOUIbHO20 aHMEHHO20 KoMriiekca Ha base nepegosumol
c60pHO-pa3bopHOli  aHMeEHHOU ycmaHO8KU C OQuamMempoMm pedbriekmopa OCHOB8HO20 3epkana 3,5 m,
pa3mewaemoli Ha KonécHoli base cmaHOapmHozo npuuena asmomobuns KAMAS. Komnnekc co3daH 0Ons
obecrieyeHuUs1 NEMHbIX UCMbIMaHUl HOBbIX pakem Ha amare asmoHOMHbIX yckos. [lpusedeHbl opueuHarbHbIe
KOHCMPYKMUBHbIE U MPOEKMHbIE PeWweHUsl, a Mmakxe orucaHa peanusayusi e2o cucmeMm ynpaeneHusi u
yugppoeoli o6pabomku OaHHbIX.

Knrodeeble crnoea: MoO6UIbHbIU aHMEHHbIU KOMIIIEKC, aemoCOrnpo8oXOeHUe, 3epKaslbHasi aHmeHHa,
CyMMapHasi U pa3HocmHasi Ouazpamma HarpasieHHoCmu.

The mobile antenna complex R&D results are presented in the article on the base of transportable detacha-
ble antenna unit with 3.5 m main reflector diameter, mounted on the wheeled chassis of common Kamaz trailer-
truck. The complex was designed for supporting of new missiles flying tests at stage of autonomous launches.
The original construction and designing concepts were performed and the operation of its control and digital data
processing systems were described.

Keywords: mobile antenna complex, autotracking, reflector antenna, resulting and difference directional pat-
tern.

B macrosmee Bpems ucIBITaTeNlbHAs 0a3a MOJIUTOHA ACTpaxaHCKOH 00JacTH HE MO3BOJISIECT B
MIOJTHOM Mepe U B HeoOX0OUMOM 00bEMe 00eCeunTh aBTOHOMHBIE JIETHBIE UCTIBITAHUSI BHOBB CO31a-
BaeMbIX pakeT. VX oTIMYUTeNbHBIMH OCOOCHHOCTSIMU SIBIISIFOTCS: CKOPOCTh ABMKEHUS, NAIBbHOCTh U
BBICOTA TOJIETA, MCIIOIB30BAHNE B PAJUOIIMHUH «3EMIISI-00PT» U «OOpT-3e€MJIs» HOBBIX, paHee He Hc-
MOJIb30BABLINXCS BUJIOB CUTHAJIBHO-KOIOBBIX KOHCTPYKLIHH.

B cratbe npeacTaBiieHbl pe3yabTaThl pa3pad0TKH MOOMIIBHOIO aHTEHHOTO KOMILIEKCa, CO31aHHO-
ro B obecrieuyeHre JIETHBIX HCIBITAHUI BHOBb CO3JaBaeMbIX PaKeT Ha 3Tale aBTOHOMHBIX IYCKOB.
Kommueke peanuzoBan Ha 0asze mepeBo3uMoli COOpPHO-Pa300pHON aHTEHHON ycTaHOBKH (AY) ¢ mua-
MeTpoM pedIeKTOpa OCHOBHOTO 3epkajia 3,5 M, pa3MellaeMoil Ha KoJecHOH 0a3e CTaHIapTHOro MpH-
nera asromoomist KAMA3S.

Bbicokne auHaMuyuecKue XapakTepucTUKU AY (THUI OIOPHO-TIOBOPOTHOI'O YCTPOWCTBA — a3UMY-
TaJbHO-YTJIOMECTHBIN € MpENeNaMy NepeEMENIEHHs: 0 asuMyTy — +270°, o yriry mecta — £90°; cko-
POCTB IepeMEIIeHH s 110 a3UMYTY U iy MecTa 0 10°%/c; yckopenus — 10 4°/c?) B cOYeTaHHH C JBYX-
nuranazoHHoH (S/X nuana3oHbl) MOHOUMITYJIBCHOM CXEMOH 00y4eHHs O3BOJISIOT C UCIOJIb3 OBAHUEM
CIEUAJIbHBIX AJITOPUTMOB aBTOCOIIPOBOXKACHUS LIEHU 110 CUTHAJIAaM PaJHoNepeIaTYNKOB PAaKeThl J10-
CTUYb BBICOKOH TOUHOCTH HaBEIEHHS HA LIEb.
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3a cuér 3TuX 0COOEHHOCTEH KOMIUIEKC TO3BOJISIET 00ECIeUnTh OTpabOTKy U MPOBEPKY KaHania
PaINOKOPPEKINH «3eMIISI-00PT» B «OOpT-3eMIIsl», HEOOXOAUMBINA 00BEM IPOBEPOK B PEKUME CAMOHA-
BE/ICHU, BO3MOKHOCTb U3MEPEHHUS TPACKTOPUH TOJIETA PAKETHI.

KoHcTpyKTHBHOE HCTIONHEHNE KOMILIEKCa B IEPEBO3MMOM BapHaHTE Ha MIACCH CTAHIAPTHOTO aB-
TOMOOMJIBHOT'O MIPULIENA MO3BOJISIET PACIIUPUTH KPYT PelIaeMbIX UM 3ajad 3a cuér MoOmnbHocTH. []0-
YKOMIIIEKTOBaHUE KOMIIIEKCa HEOOXOIUMBIM PaJHOTEXHIHUECKAM 000pYAOBAaHMEM MO3BOIUT 0OecH e-
YUTH OOIMOJTHUTCIIbHBIC IIPOBCPKU B XO/€ HUCIBITAaHUH Ha dTanaxXx KOMILIEKCHOM OTJIaAKH.
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MISSILE TESTS TRANSPORTABLE ANTENNA
SUPPORT COMPLEX

N.Yu. Vorobiev, V.I. Demchenko, V.O. Petin, A.L. Shlaferov, A.V. Shipulin

At the present moment it's not possible to fully support the autonomous flying tests of newly developed
missiles at the test base of the Astrakhan region firing range. The distinctive features are: velocity, flight range
and altitude, using of previously not operated types of signal-code configuration in uplink and downlink radio lines.

The designing results of mobile antenna complex are introduced which was developed for flying tests
support of newly developed missiles at stage of autonomous launches. The complex was constructed on the base
of transportable detachable antenna unit with 3.5 m main reflector diameter, mounted on the wheeled chassis of
common Kamaz trailer-truck.

The high dynamic characteristics of the antenna unit (P&T type — azimuth-elevation within travel range: in
azimuth — £270°, in elevation angle — +90°; travel velocity in azimuth and elevation angle up to 10%s; acceleration
— up to 4%s?) combining with dual band (S/X bands) monopulse illuminating diagram permit to gain high guidance
accuracy on the target by using autotracking particular algorithms on missile transmitters signals.

Due to these specifications the complex provides the following: exercise and check the uplink and downlink
radio correction channel, necessary check amounts in self-homing mode, missile flight trajectory measurement
possibility.

The complex embodiment when transportable on chassis of common car trailer broadens the amount of
fulfilled missions due to its mobility. Additional complex fitting with necessary radio equipment allows conducting
an extra check during testing at stages of system debugging.
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AHTEHHAS1 CUCTEMA EOPTOBOM IMPUEMOIEPELAIOLLEN
ATMAPATYPbI KAHAJTA PAOUOKOPPEKUMA OAHHBIX
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B cmambe paccmampusgaromesi 08a muria aHmeHH, Komopble Mo2ym bbimb KOHGOPMHO PacrionoXeHbl Ha
nosepxHocmu. Mcrnionb3ogaHue aHmMeHH OaHHO20 mura He yxydwaem a3poOuHaMuyecKkue xapakmepucmuku
8bICOKOCKOPOCMHO20 JlemamesibHo20 annapama. ViccriedosaHbl 311eKmpu4ecKue xapakmepucmuku paccmam-
pusaeMbiX aHMeHHbIX cucmem.

Knroveenie cnoea: KOHGhOPMHbIE aHMEHHbI, U3lyyamersib mura OmKpbIMo20 KOHUa 80/1H0800a, aHMeHHa
ebimekarouweli 80JIHbI.

The article considers two antenna types which can be conformally mounted on the spot. Using the antennas
of such type doesn't influence on high-speed airborne vehicle aerodynamic characteristics. The electrical charac-
teristics of concerned antenna systems were examined.

Keywords: confomal (flush) antenna, radiator of waveguide aperture type, leaky-waveguide antenna.

B anTeHHOM TeXHHUKE CIIOKHON 3aadel ABIsIeTcs pa3padoTka KOHGOPMHBIX aHTCHH ISl BEICOK O-
CKOPOCTHBIX JIeTaTeIbHBIX anmapatoB (JIA). [TapaMeTps! aHTEHHBI B 3HAYNTEILHON CTEIICHH OIpere-
JISTFOT XapaKTEepUCTUKHU paTioKaHala, u, B IEPBYIO OYepeb, ero dSHepreTnyecKuil norennuan. Ha nua-
rpaMMy HamlpaBJIEHHOCTH aHTEHHBI MOTYT TakXKe HaKJIaIbIBaThCA JOMONTHUTENbHEIE TPEOOBAaHUS, CB -
3aHHBIE ¢ (D)OPMHUPOBAHUEM TIIABHOTO JICTIECTKA CIENHATbHONU (DOPMBI, UTO OIpeneNnsieTcss Heo0Xoau-
MOCTBI0 IBHKeHUS JIA 10 CII0KHBIM TPaeKTOPHSIM.

Ha xapaxrepucTku M3Iy4eHHUs U COTJIACOBAHUSI aHTEHHBI B COCTaBe OOPTOBO anmmapatypsl JIA
BIUSIOT CIIeAyIOIHe (haKTOpHhI:

— paccenBaHWE 3IIEKTPOMArHUTHBIX BOJH 3JIEMEHTAMU KOHCTPYKIIMH ¥ CIIEIIUATBHBIMH TTIOKPHITH-
SIMH, HAHOCUMBIX Ha ITOBEPXHOCTH JIA;

— BBICOKME MEXaHUYeCKHe HaTrPYy3KH MPpH NOJIETe, BKIIOYasi BHOPAIHIO, BEI3BAHHYIO PabOTON JBU-
raTene;

— MHOTOKpaTHOE H3MEHEHNE TEMITEPATYPHI U JaBICHUS;

— OIPaHNYEHHOCTH TIPOCTPAHCTBA BHYTpH Kopiryca JIA.

Brusiaue yka3zaHHBIX (DaKTOpOB B 3HAUNTEIHHON CTENIEHH CYXaeT BO3MOXKHOCTH HCIIONB30BAHUS
AHTEHH Pa3IMYHBIX THITOB MIPH MCIIONBE30BAaHUH B cocTaBe OOopToBOH ammapatypsl JIA. B Hanbonbimei
CTETIeHN BCel COBOKYITHOCTH TPEOOBaHMUI YHAOBIETBOPSIOT M3TydaTelld HEBHICTYIAIOIINX THIIOB, Ta-
KM€ KaK PYMOpHBIC M3IIydaTelld, BKJIFOUYAs OTKPBITBIN KOHEIl BOJHOBOJA, ITOJIOCKOBEIE aHTEHHBI, aH-
TEHHBI BHITEKAOIIIX BOJIH.

B crarbe moapoOHO aHAMM3UPYIOTCS TEXHUYECKHE PEIIeHHs 110 MOCTPOeHUI0 aHTeHH JIA Ha oc-
HOBE OTKPBITOTO KOHIIA BOJIHOBOJIA W aHTEHHBI BBITEKAIOIIE BONHBI [IpUBOMATCS XapaKTepPHCTUKU
M3ITyYeHVs U COTJIACOBAHUS, 00CYXKAAOTCS BO3SMOXXHOCTH HCIIONIB30BaHUS B COCTaBe OOPTOBOI amma-
patypsl JIA pasnuyHBIX THUIIOB.
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ON-BOARD TRANSMIT/RECEIVE EQUIPMENT
ANTENNA SYSTEM DATA RADIOCORRECTION CHANNEL

D.D. Gabrialyan, A.A. llatovskiy, R.N. Korsun, V.M. Musinov, D.S. Fedorov

The development of conformal antennas for high-speed airborne vehicles (AV) is challenge in antenna engineer-
ing. The antenna parameters determine to a large extend the radio channel characteristics and foremost its power po-
tential. The additional requirements may also be implemented for antenna directional pattern connected with special
form main lobe shaping which is determined by the AV necessary movement on complicated trajectories.

The following factors influence on antenna matching and radiation characteristics as a part of AV on-board
equipment:

— Electromagnetic waves dispersion by the construction elements and special coatings on AV surface;

— High flight mechanical loading, including vibration caused by the engine running;

— Multiple changing of pressure and temperature;

— Space constraint inside the AV airframe.

The influence of mentioned factors largely narrows the usage possibilities of different antenna types when in
composition of on-board equipment. For the best to meet all requirements are flush-mounted radiating elements
such as horn-type radiators, including the waveguide aperture, strip-line antennas, leaky-waveguide antennas.

Engineering solutions on AV antennas development on the base of waveguide aperture and leaky-
waveguide antenna are analyzed in details. The matching and radiation characteristics are given; the usage pos-
sibilities as a part of different types of AV on-board equipment are discussed.
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HEKOTOPBIE BOIPOCbI PASPAEOTKU U U3rOTOBJIEHUA
CBY-TrEHEPATOPOB HA OCHOBE KBASUMOHOIIUTHbIX TUC
B ONATA3OHE YACTOT 1...20 Ty
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lMpueedeHbi pe3ynbmamel pa3pabomku u coddaHusi CBY-zeHepamopos manoli MOWHOCMU, coYemarouux
8 cebe MuHuamwpHOCMb, cmaburibHOCMb napamempos, HadéxHocmb (0o1208€4HOCMb, 6e30mKa3HOCMb,
COXpaHsieMocme), PeMOHMONPU2o00HOCMb, CMOUKOCMbL U yCmoUu4Yu8oCcmb, 6K/Yas creughakmopsl, Maro-
WyMSIWUX, C HU3KUM rompebrieHueM u OmHOCUMesibHO HeAoPoaUX Ha OCHO8E 2UBPUOGHO-MOHOIUMHbIX UHMezparb-
Hbix cxem (FTMUC).

Knroyeenie crosa: ceHepamopHbIlt MoOyrib.

The results of low-power microwave oscillators engineering and production which combine the miniature
size, serviceability, stability and immunity, including special factors, low-noise, with low consumption and relatively
cheap on the base of monobrid-integral circuits (MIC).

Keywords: oscillator module.

Ha HIIIT «ctok» pa3paborano 6omee 120 TUIIOB TBEPAOTEIBLHBIX T'€HEPATOPOB MAJIOH MOIIHO-
CTU 711 GOPTOBOM M HA3eMHOM ammapatypbl BOGHHOI'O U IPAKAAHCKOI'0 Ha3HAYEHU, IPUMEHAEMbIX
6onee uem B 30 cucremax POA.

HecMmotpst Ha Takoe pasHooOpasue, mpoodiema co3ganuss CBU-reHepaTopoB Malloil MOITHOCTH,
COYETAIONINX B ce0e¢ MUHHATIOPHOCTH, CTAOMIBHOCTE TTapaMeTPOB, HaI&KHOCTE (I0ITOBEYHOCTD, O€3-
OTKa3HOCTb, COXPAHSAEMOCTb), PEMOHTOIPUTOHOCTh, CTOMKOCTh U YCTOWYMBOCTD, BKIIIOUas crendax-
TOPBI, MAJIOLIYMSAIINX, C HU3KMM HOTPEOJICHUEM U HEOPOTHX OCTAeTCS aKTyalbHOM.

OnHuM K3 BapHaHTOB YAaCTHYHOIO PEHIEHHs MpobieMsl siBisiercst co3nanue CBY-renepaTtopos
MaJoi MOIIHOCTH C TPHEMJIEMBIMH 3JIEKTPUYECKMMH I1apaMeTpaMud Ha OCHOBE THOPHAHO-
MOHOJIUTHBIX HHTErpanbHBIX cxeM (I'MUC).

Bonee 25 ner nazan Bo ®I'VII «HIII «Mcrok» ObuTi pa3paOoTaHBI U B HACTOSIIEE BPEMS BEI-
myckatoTcst CBU-KOMIIOHEHTHI B THOPUIHO-MOHOIUTHOM HCIIOJHEHUU: YCHIINTEIH, YMHOKUTEH, J1e-
JUTENH, TEHEPaTOPBI, YTO CYIIECTBEHHO yHpocTuio pa3padborky CBU-momyneil 1 mX KOMITOHEHTOB,
B yactHocTH, CBY-renepaTopos.

Kommnonentsr [MUC no3BonsitoT sterko pa3padateiBate CBU-reHepaTopsl, cCTaOMIM3UpPOBAHHBIE
TdIIeKTprdeckuMu pesoHatopamu (/IP), B nuanazone wacror (4-12) [T, a mpuMeHeHne neiauTenei
1 YMHOXHTEIEeH 9aCTOThI PAacIINpsIeT YacCTOTHHIN quarna3oH remepaTopoB 1o (1-20) [T, kak B ogHO-
4aCTOTHOM BapuaHTe ucnonaeHus (oxuH /P, omna TMUC), Tak 1 B MHOrO4acTOTHOM BapuaHTe (He-
cKoIbKo mepexnmodaemMbix JIP, omaa 'MUC).

Haubonee mmpoxoe npumenenne CBY-KOMIOHEHTH! B THOPHIHO-MOHOJIMTHOM HCIIOJIHEHHUH T10-
JYYMJIM B CXEMaxX OJHOYACTOTHOI'O UCIIONHEeHHs reHepaTopos CBY.

Hocronncrsa CBU-reneparopos Ha ocHoBe  MUC:

— MaJioe moTpedieHne U TabapuThI;

— TOJIHBIA MHTEPBAJ PabounX TEMIIEpaTyp;

— OTCYTCTBHE Pa3BSI3bIBAIOIINX (PEPPUTOBBIX U3JIEIHI;
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— OTCYTCTBUE HACTPOEYHBIX BUHTOB B OJJHOYACTOTHOM HCIIOJHEHUY;
— BBICOKAsl HaJEKHOCTb;

— MaJIoe BpeMs IEPEKIIFOUEHUS MEXK/y TOUKaMU B MHOTO4aCTOTHOM BapHUaHTE;
— JIOCTYITHOE TEXHOJIOrHYecKoe 00opynoBanue s Montaxa I MUC;

— BBICOKasi 00y4aeMoCTh repcoHana it HacTpoiiku CBU-reneparopos.
Henoctarku CBY-reneparopos Ha ocnoBe ' MUC:

— BbIcOKasi croumocts [ MUC.
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SOME ISSUES ON MICROWAVE OSCILLATORS ENGINEERING
AND PRODUCTION ON THE BASE OF QUASI-MONOBRID
INTEGRATED CIRCUIT IN 1-20 GHz FREQUENCY BAND

N.G. Gavriluk, Yu.M. Bogdanov, T.N. Skladchikova

The scientific and production enterprise «lIstok» had developed more than 120 types of low-power solid-state
oscillators for military and civil on-board and ground equipment used in more than 30 systems of radio-electronic
equipment.

Despite of such variety, the development problem of the low-power microwave oscillators which combine the
miniature size, parameters stability, reliability (endurance, failure-free performance, conservation), serviceability,
immunity, including special factors, low-noise, with low consumption and cheap is still relevant.

One of the problem solving ways is the low-power microwave oscillators development with acceptable elec-
trical parameters on the base monobrid-integral circuits (MIC).

The Federal state union enterprise «Istok» had developed more than 25 years ago and still manufactures
microwave components in hybrid-monolithic form: amplifiers, multipliers, dividers, oscillators, that essentially sim-
plified the development of microwave modules and its components, in particular microwave oscillators.

The MIC components permit to easily develop microwave oscillators, stabilized with dielectric cavity resona-
tors in 4-12 GHz frequency band, and the frequency dividers and multipliers usage spreads the oscillators
frequency band up to 1-20 GHz in single-frequency design version (one dielectric resonator, one MIC) as well as
in multi-frequency variant (several switched dielectric resonators, one MIC).

The most extensive application of microwave components in monobrid design version was realized in single-
frequency design version circuits of microwave oscillators.

The MIC microwave oscillator’'s advantages:

— Low consumption and small dimensions;

— Full operating temperature range;

— Absence of decoupled ferrite items;

— Absence of screw tuner in single-frequency version;

— High reliability;

— Fast switching between points in multi-frequency version;

— Accessible production equipment the MIC wiring;

— High personnel trainability for microwave oscillators adjustment.

The MIC microwave oscillator’s disadvantages:
— MIC high cost.
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B cmambe paccmompeHbl ocobeHHOcmu peanusayuu 8x00HbIX npuémHeix ycmpoticme (BI1Y) PJIC
X-0uana3oHa ¢ ®AP u A®AP, nosegonsaowue docmudb mpebyembix omumarbHbIX napamempos. PaccMompeHbl
80r1POChl MUHUamMIpU3auuu 8xo0HbIX rnpuémHbix ycmpolicme PJIC X-Ouana3oHa, npakmudeckol peanusayuu
BI1Y PJIC ¢ ®AP u A®AP (obwue sornpockl u omnu4usi). PaccmompeHbl 8onpockl yHughukayuu y3noe BI1Y PJIC
¢ QAP u ADAP.

Knrodesnie cnosa: MPJIC — mHozogbyHKyuoHanbHas PIIC, ®AP — ¢hasuposaHHass aHmeHHasi pewémka,
A®QAP — akmueHas ¢ha3uposaHHasi aHmeHHasi pewémka, LI3KY — yuKinompoHHO-3aWuUUEHHbIU KOMIMIEKCUpPO-
8aHHbIl ycunumenb, AYX-amnnumyOHo-4yacmomHasi xapakmepucmuka, OMC — anekmpomazHumHasi coeme-
cmumocmb, LLIMIITIM — wupoKonooCHbIU MUKPOMOIOCKO8bIU nMpUuéMHO-rpeobpa3oeameribHbili Modyrb, BITY —
8x00Hoe npuemHoe ycmpoticmeo, C3Y — cenlekmugHoe 3auumHoe ycmpoulicmeo.

The article considers implementation features of the input receiving devices (IRD) of the X-band Radars with
phased array antenna (PAA) and active phased array antenna (APAA) which provide to reach required optimal
parameters. The miniaturization of input receiving devices of the X-band radar, IRD practical implementation with
PAA and APAA (general issues and difference) were considered as well.

Keywords: multifunctional radar (MR), phased array antenna (PAA), active phased array antenna (APAA),
cyclotron-secured interconnected amplifier (CSIA), frequency-response characteristic (FRC), electromagnetic
compatibility (EMC), wideband microstrip receive-transducer module (WMRTM), input receiving device (IRD), se-
lective guard device (SGD).

B crarbe paccMOTpeHb! IyTH ONTHUMHU3ALUH TIOCTPOCHUS U JOCTHIKECHUSI HAMTYYIINX N1apaMeTpoB
BXOIHBIX MPUEMHBIX ycTporcTB misi PJIC X-amamasona. Ocoboe BHUMaHHE yIEIEHO TOCTHKEHHIO
MaKCHUMAaJIbHOM HICHTUYHOCTH MPUEMHBIX KaHAJIOB BO BXOIHON M BBIXOAHOMN IOJIOCAX MPOIMYCKAHUS U
pacnpenenceHuo KodpQuuueHTa Mnepenayy 1o NpuéMHOMY TPAKTY, HO3BOJSIOIINME AOCTUYb MUHH-
MaJbHOro K03 (GHUIMEHTa IIyMa U OAHOBPEMEHHO MaKCUMAaJIbHOTO AUHAMHUYECKOI0 JUara3oHa.

Paccmotpensl BOIIPOCH! 110 AOCTH)KEHUIO0 MAaKCUMAaJIbHOM YHUGHUKAINU Y3JI0B IPUEMHOTO TPAKTa
PJIC na 6a3e pa3paboTOK HAIIETO MPEIIPUSITHAS U TPEATIPUSI THIH-CONCIIOTHUTENSH.
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IMPLEMENTATION FEATURES OF INPUT RECEIVING DEVICES
OF THE X-BAND RADARS WITH PHASED ARRAY ANTENNA
AND ACTIVE PHASED ARRAY ANTENNA

A.l. Grigoriev, M.B. Orehov

The article reviews optimization schemes and best parameters achievement of the input receiving devices
for the X-band radars. The special focus is given to the achievement of maximum adequacy of receiving signals in
input and output band pass and transfer ration distribution on receive path allowing to reach the minimum noise
coefficient and maximum input (dynamic) range simultaneously. The achievement of maximum radar receiving
path junctions unification on the base of R&D works of our Enterprise and associated contractors.
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B cmambe paccmampusaemcss aHmMeHHbIU 3reMeHm KyrosbHOU JluH3bl. [lpusedeHbl OCHOBHbIE
mpeboeaHusi, npedbssnseMble K aHMeHHbIM dnemMeHmam. OnucaH NPUHUUN U3MEHEeHUSsT 311eKmpu4ecKkol OnuHbl
anemeHma. lNpusodsimcs pe3ynbmamal 371eKmMpPoOUHaMUYEeCK020 MOOesiupo8aHuUsi aHMEHHO20 3rieMeHma 8 Co-
cmaee pewémku 8 paboyem duana3oHe Y4acmom.

Knrodesnie crioea: aHmeHHa ¢ KyrnosbHoOU SIUH30U, aHMeHHbIU 31emMeHm, naccusHbil ghazospawjamers.

The article considers dome lens antenna element. The main requirements to antenna elements are given.
The principle of the element electrical length changing is described. The results of antenna element aerodynamic
modeling as part of infinite fence in operating frequency band are provided.

Keywords: antenna with dome lens, antenna element, passive-phase shifting unit.

B craTthe paccMaTpuBaeTCsi aHTEHHBIM AJIEMEHT KyIOJBHOM JUH3bL. IIpHBEEeHbl OCHOBHBIE TpeE-
OoBaHMS, IPEABSABIIEMble K AHTEHHBIM ieMeHTaM. ONUCAaH NPUHIMI W3MEHEHUS 3JIEKTPUYECKON
JUIMHBI J5ieMeHTa. 1IpuBomaTcs pe3ynbTaThl 2JIEKTPOAMHAMHYECKOTO MOJECIUPOBAHUS M PE3YIBTATHI
9KCIIEPUMEHTAJIbHON OTPaObOTKM aHTEHHOI'O 3JIEMEHTA.
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DOME LENS ANTENNA ELEMENT

E.N. Gurkin, A.E. Tumanskaya

The article considers dome lens antenna element. The main requirements to antenna elements are given.
The principle of the element electrical length changing is described. The results of antenna element aerodynamic
modeling and experimental optimization results of the antenna element are provided.
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PaccmompeHbl  pasnudHble MemoObl orpedesieHUs napamempos8 MUKPOSEKMPOHHbIX KOMITOHEHMO8
8 [10/10CKO8bIX MuUHUsIX nepedayu. [lpusedeHbl pe3yrbmambl UMEPEHUU U38eCMHbLIMU U OpuauHarbHbIMU
criocobamu e wupokol nonoce Yacmom. O6cyxdatomcesi nepcrnekmusbl UCronb308aHust rnpednazaemMbix peule-
Hul rpu npoekmuposaHuu uHmezparsnbHbix npuémonepedaroujux CBY-modyned.

Knrodesnie crioea: kKoHmakmHble ycmpolicmea, KoakcuarbHO-M0I0CKo8ble nepexodbl, MemoObl Kanubpos-
KU, r10/10CKO8ble MEPbI, S-rapamempsbl, 80/IHO80€E COMPOMUBIIEHUE.

The different techniques of microelectronic components parameters finding in microstrip transmission lines
are examined. The measurements results of known and unique techniques in wide band are performed. The
perspective implementation of proposed solutions at designing of microwave integrated-circuit receive-transmit
modules is discussed.

Keywords: contact devices, coaxial-to-strip line transitions, calibration techniques, stripline measures,
S-parameters, wave resistance (self-surge impedance).

Lens naHHOW CTaThU COCTOMT B AHANM3E M OLCHKE CYLISCTBYIOIIMX M OPUTHHAJIBHBIX METOIOB
OIpeneseHns. S-MapaMeTpoB MHUKPORJIEKTPOHHBIX KOMIIOHEHTOB B IIOJIOCKOBBIX JIMHHUSX IEPEAAYH.
B mpakTtuke m3mepeHuii 00beKTOB B MOJOCKOBBIX JHMHHSIX HambOomnbiiee mpuMmeHeHue momyania TRL-
METOA KaJINOpPOBKH, B KOTOPOM HCIOJB3YIOT TPHU IOJIOCKOBBIX MEpPhI BOJIHOBOI'O CONPOTHBIICHHUS:
ckBo3Hoe coennHenue (Through), oTpaxatommas mepa (Reflect) B pexkriMe KOPOTKOTO 3aMBIKAHUS WITH
xonoctoro xona u yuHusA (Line) n3BectHOl mmnHBI. OCOOEHHOCTh METO/a COCTOUT B TOM, 4TO B IIPO-
1ecce KaJTuOpPOBKU ONMPENENIOTCS HE TOIBKO S-TapaMeTpbl BUPTYaJbHBIX LIENeH MOrPEeIHOCTH, HO U
MOCTOSIHHAS PaCIIPOCTPAHEHUS! 3JIEKTPOMArHUTHOW BOJIHBI B JIMHUHM IIEPEfadd. DTUM METOJOM MOXXHO
ONpenenuTh KOd(QQPHUIMEHT OTPa)XEHUsI OT COTVIACOBAHHOW HJIM PACCOTIACOBAHHOW HArpy3KH C TeM,
9TOOBI BOCIIOIB30BATHC cTaHAapTHOH SOM KanuOpoOBKOH 1O KOPOTKOMY 3aMBIKAHHIO, XOJIOCTOMY
XO/1y Y MOTJIOUIAIONIEH Harpys3Ke.
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MEANS AND TECHNIQUES OF MICROELECTRONIC
COMPONENTS PARAMETERS MEASURING IN MICROSTRIP
TRANSMISSION LINE

V.I. Evseev, O.V. Lavrichev, S.L. Morugin, S.M. Nikulin, V.P. Hranilov

The purpose of the article is to analyze and estimate the existing and unique techniques of microelectronic
components S-parameters finding in microstrip transmission lines. The objects in striplines measurement practice
shows the wide application of TRL calibration technique in which three stripline measures of wave resistance is
used: through connection (NUC), reflect measure in short-cut mode or open-circuit mode (off-load), known line
length. The distinctive technique feature is that during the calibration process not only S-parameters of logic
(virtual) error circuit are defined but electromagnetic wave propagation constant in transmission line. Using this
technique it's possible to determine reflection coefficient from tuned (absorbing termination) and untuned load
in order to use the standard SOM short-circuit, open-circuit and absorbing load calibration.
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B cmambe paccmompeHbl ycmpolicmea ynpasneHusi U KOHMPOJIs fapamempo8 MOWHbIX 3/1€KMpPOo8aKy-
YMHbIX Mpubopos, criocobbl 3auumel U 8U3yanbHO20 KOHMPOIS.

Knroyeenie crioga: anekmposaKkyyMHble npubopbkl, ycmpolicmea ynpassieHusi, ycmpolicmea KOHMPOJIS,
MOQyIIMop, 80/IHOBOOHbIU Mpakm, cucmema OX/1aKOeHUs.

The article considers management and control of powerful photoemissive devices, safety methods and
visual testing (eyeballing).

Keywords: vacuum-tube devices (VTD), controls, monitors, modulating electrode, waveguide transmission
line, cooling system.

ITepenarormme ycTpoiicTBa Ha 0a3e MOIIHBIX 3JIEKTPOBAKYyMHBIX TIproopoB (DBII) TpedytoT ciie-
[MATBHBIX aJITOPUTMOB YIIPABIICHUS M KOHTPOJS MapaMeTpOB, a TaKKe CIEUATBHBIX CXEM 3aIllUThI
MIpH BHYTPUBAKyYMHBIX MPOOOSIX M OTKa3a OOCTY)KMBAIOIIMX CHUCTEM (CHCTeMa >KHIKOCTHOTO OXJIa-
XKAeHus1, GOPMHUPOBATENS YIPABISIOMIETO HATIPSDKEHUS U T.11.).

B cratbe paccMOTpeHbI CXEMBI YIIPaBJICHUS U KOHTPOJIS Ha 0a3e MUKPOKOHTPOJUIEpPa C BHIBOJAOM
“HGOPMAITUU Ha YIIPABJISIONTUN KOMITBIOTEP ¥ MECTHBIN JVCIUICH.

Ocoboe BHMMaHHE YIENEeHO OpTaHM3aluy 3amuThl goporoctosmux OBII 3a cuér cHmkeHHs
SHEPTHUH U BpeMeHHu mpobosi. B moxiane npuBeneHsl U aqpyrue cxemsl 3ammtsl IBII mo npenensHoMy
TOKY KaToJia U PE30HATOPa, OTKa3y MOIYJATOPA, PACXOAY M TeMIIepaType OXJIaXKIAIOIIeH KUAKOCTH,
HapYIIEHUIO AIEKTPOMATHUTHOTO OIS (DOKYCHPYIOIIEH CHCTEMBI.

OnBIT 3KCIUTyaTaluy MepeJaroinX YCTPOWCTB NMOKAa3bIBAET, YTO HET BTOPOCTENEHHBIX MPOobieM,
HE0O0XOAMMO YETKO BBITIONHSITH BCE YKa3aHHS MOCTABIIHMKA 10 pexxumam padotsl OBII B anmapatype
3aKaz4ymKa.

JIUTEPATYPA

1. KykapuH C.B. CoBpeMeHHOe coCcTosIHME U TeHAEHUMM pa3BuTusl npubopos CBY. — M.,1962. — C.31.
2. WBaHoB A.B, CocHoBkuH J1.H. ImnynbcHble nepenatumkm CBY. — M.,1956. — C.141.

BECTHWK BO3[YLUHO-KOCMUYECKOW OBOPOHbI N 1 (5), 2015 r.



CEKUMA: AHTEHHAA TEXHUKA U CBY-3JIEKTPOHUKA

MANAGEMENT AND CONTROL OF TRANSMITTING DEVICE
PARAMETERS AND PROTECTION CIRCUIT WITH POWERFUL
PHOTOEMISSIVE DEVICES

E.V. Emelyanov, A.A. Akimov

Transmitting devices on the base of powerful photoemissive devices (PPD) needs to have special parame-
ters control and monitoring algorithms and special safety schemes during invacuum disruption and support sys-
tems fault (liquid cooling system, control voltage shaper etc.).

The article examines control and monitoring circuits on the base of microcontroller with data indication on
administrative computer and in-house display.

The emphasis is paid to safety measures of costly PPDs at the expense of energy and breakdown time re-
duction. The report includes other PPD current capacity safety circuits of cathode and resonator cavity, modulat-
ing electrode fault, consumption and coolant temperature, focusing device electromagnetic field distortion.

The operating experience of transmitting devices shows that there are no minor problems, it's necessary to
strictly follow all Contractors’ instructions as for PPD operation modes in Customer equipment.
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B cmambe paccmompeHb! pa3nuyHbie gapuaHmbl KOHCMPYKUUL XUOKOCMHbIX 80/1HO800HbIX CBY-Hagpy3ok
0r1s 8bICOKOMOWHbIX nepedarouux ycmpoticms. [MpedcmasneHbl pesyrbmambi MOOenupo8aHusi MpPOMOYHbIX
rnoriocmel ¢ onpedesieHuUeM pasuyHbIX pacrnpedesnieHHbIX napamempos U 2udpoOuUHaMUYeCKUX Xxapakmepucmuk
(ckopocmeli nomoka, 2eomemputl MUHULU MOoKa U 2udpassiudecKux rnomeps).

Knroyeenie cnoea:. CBY-Haegpyska, XuOKocmHoe oxnaxoeHue, mypbyrneHmHoe medyeHue, 30Ha J10KasbHbIX
suxped.

The article examines different structures variants liquid wave guiding microwave loads for high-powered
transmitting devices. The modeling results of the flowing cavities are introduced with different distributed and
hydrodynamic parameters finding (flow rates, geometric current-flow line and hydraulic losses).

Keywords: microwave load, liquid cooling, turbulent flow, local vortex zone.

B kauecTBe DKBUBaJICHTa aHTEHHHI B Iepemarommux ycrpoiictBax CBY Harpy3ka — yCTpOHMCTBO,
MIOTJIOMIAONIEe TTOJBOIMMYIO K HEMY BBICOKOYACTOTHYIO MOITHOCTh. B maHHO# cTaThe peup HIET O
BomHOBOHOUW CBY Harpyske ¢ moryionaronieil MOIHOCTRIO MOPSAKA SAMHUIL U JECATKOB KHJIOBATT, B
KOTOpOH B KauecTBE MOTJIOTHTENS HCIIONB3YETCS OXJIaXAAF0MIast )KUIKOCTb.

AXTyallbHOCTh HCCJIEOBaHMS OOYCIOBIIEHA HEOOXOAWMOCTBIO COBEPIICHCTBOBAHUS KOHCTPYKIIMH
CBUY nHarpy3ky I TIOBBIIIIEHHST OTBOAMMOW TEIUIOBOH MOITHOCTH TP MUHHMAJBHBIX pa3Mepax, cra-
OWMIBHOCTH OCHOBHBIX ITAPaMETPOB U, KaK CIIEJICTBHE, OOecIieueHne HaA&KHOCTH pabOThI YCTPOICTBA.

B mporiecce axcmtyatanny mogoOHBIX YCTPOICTB BBISBICHO, YTO OCOOEHHOCTH €r0 OPHEHTAIln!
B MIPOCTPAHCTBE MPH yCTAaHOBKE MPUBOMAAT K HAKOIUIEHUIO Ty3BIPHKOB BO3/IyXa Ha TIOBEPXHOCTH JTH-
AMEKTPUYECKOI TUTAaCTUHBI, YTO 3HAYUTENHHO YMEHBIIAeT JOIMyCTUMYI0 MOIIHOCTh. Kpome Toro, ra-
0apuTHl KOHCTPYKIIUU JOCTATOYHO BEIUKHA W MPUCYTCTBYIOT 30HBI 00pa30BaHMS JTOKATBHBIX BUXPEH,
KOTOpBIE YBETMYHUBAIOT THIPABINIECKOE COMTPOTHBIICHNE B )KHIKOCTHOM TPAKTE.

Lenbto nccnenoBanus SBISETCS MOWCK ONMTHMAIBFHONW KOHCTPYKIIMK BoiaHOBoaHOW CBY Harpys-
K#, obecredrBaromei 3(GeKTUBHBIN TEIUIOOTBOJ C MOBEPXHOCTH AMIIEKTPUIECKON TIIACTHHBI, UYTO B
CBOIO OYepelb CIOCOOCTBYET YMEHBIIICHHIO Ta0apuTOB U Beca YCTPOHCTBA.

OCHOBHBIMH KPHUTEpUSMH TIPH BBIOOpE HanOoiee ONTUMAIbHOW Mojenu KoHcTpykmmu CBY
Harpy3KH SBISIFOTCS:

— CKOPOCTh T€UEHUS OXJIAXKIAFOIIEH KUIKOCTH BOJIHM3U MOBEPXHOCTH AMIIEKTPUUECKON TIIACTH-
HBI (ITOTPAaHUYHOM CIIO€);

— CpemHsA TeMIepaTypa OXJIaXKIaIoIIel KUJIKOCTH B BRIXOJTHOM IITYIIEPE;

— OTCYTCTBHE 30H C HU3KHMH CKOPOCTSIMH TTOTOKA OXJIAXKTAFOIIEN JKUAKOCTH (001acTell 3aBUXpeHui);

— TeMIiepaTypa OBEPXHOCTH JAUAIEKTPUIECKOHN IIACTHHEI.
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MICROWAVE LOADS OPTIMIZATION FOR POWERFUL
TRANSMITTING DEVICES

S.V. Zabolotnaya, A.N. Albutov

The microwave load as an antenna equivalent in transmitting devices is a structure that absorbs the
delivered high frequency power. The article covers a wave guiding microwave load with absorb power of some
units and dozens of kilowatt in which the coolant is used as an absorber. The research relevancy is stipulated by
the necessity of the microwave load structure improvement for increasing of rejected heat power at minimal
dimensions, main parameters stability and as a consequence the device operation reliability assurance.

During the maintenance of such devices it was recognized that its spatial orientation features if installed lead
to air bubbles accumulation on the dielectric wafer surface that significantly reduces the power-handling capacity.
Besides, the structure dimensions are quite large and the local vortex zones formation are appeared which raise
the flow resistance in liquid path.

The purpose of research is to find the optimal structure of the wave guide microwave load providing the
effective heat removal from the dielectric wafer surface that in its turn facilitates the device dimensions and mass
reduction.

The main criteria during choosing of the optimal structure model of the microwave load are:

— Coolant flow rate close to dielectric wafer surface (boundary layer);

— Coolant average temperature in output choke;

— Absence of the coolant low flow rates zones (vortex zones);

— Dielectric wafer surface temperature.
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Paccmampusaemcsi memoduKka 3KCrpecc-HacmpoUlku ¢ghasospawamerneli MHO2035ieMeHmMHoU ¢ha3uposaHr-
HoU aHmeHHoU pewémku (PAP) 6onbwux pa3mMepos, OCHO8aHHasi Ha UCMOb308aHUU crieyuasnbHO20
rnpozpamMmMHO20 obecriedeHusi, rMo3sosIsUES0 OCYULECMEIMb 8U3yanu3auuto MPOMeXymoYHbIX pe3yrbmamos
Hacmpoliku Ha Hoymbyke onepamopa, nepemeuwjarowiezocs 8005 OAP.

Knroyeenie cnoea:. Hacmpolika MHo203aniemeHmHol ®AP, umepayuoHHbIl Memoo, creyuanbHoe
rnpoepammHoe obecrieqdeHue, 8u3dyanusayusi pe3ysibmamos HacmpouUKuU.

The article considers the phase shifters express-adjustment technique of a large size multi element phased
antenna array (PAA) which is based on using special software permitting to conduct intermediate adjustment
results rendering in the operator’s laptop walking along the PAA.

Keywords: multi element phased antenna array adjustment, iteration technique, special software,
adjustment results rendering.

PaccmaTtpuBaeTcst MeTOIMKA HaCTPOIKHU (azoBpalaTesicii MHOrodjeMeHTHO @ AP, mpu koTopoi
30H/I pacroiaraercsa B HEMOCPEACTBEHHOW Omm3octu or manmydateneit ®AP u ocymiecTBisercs KoMm-
TIeHCAI¥sI B3aNMHOTO BIIMSIHAA U3TydaTeneid U 30H/a.

Jiia yckopeHus mporiecca HACTPOWKH pa3paboTaHO CHENHabHOE MPOTrpaMMHOE OOecTedeHue,
MTO3BOJISTIONIEE OCYIIECTBIIATh BH3yalH3aIUIO Pe3yIbTaTOB HACTPOWKHM HAa HOYTOYKE, HAXOASIIEMCS Y
oreparopa, IPOBOIAIIET0 ATy HACTPOUKY.

[IpuBeneHs! pe3yapTaThl MPAKTUIECKOTO TPUMEHEHHS Pa3paOOTaHHONH METOIMKH I HACTPOHKH
(hazoBpamareneit AP MOHOUMITYIBECHOTO BTOPHYHOTO PAJAHOIIOKATOPA.
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TRANSMITTERS ADJUSTMENT TECHNIQUE
OF MULTIELEMENT PHASED ANTENNA ARRAY
AND ITS SOFTWARE

V.S. Kalashnikov, A.V. Milutenkov, O.U. Platonov

The article considers the phase shifters adjustment technique of a large size multi element phased antenna
array where the probe is located in direct proximity from the PAA radiating elements and reciprocal action
compensating of the probe and radiating elements is carried out.

To speed up the adjustment process the special software was developed providing to conduct the
adjustment results rendering in operator’s laptop.

The practical implementation results of generated technique for the PAA phase shifters adjustment of
monopulse secondary radar are performed.
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lMposedéH aHanu3 cospeMeHHbIX CXeMHbIX pelweHuli eeHepamopos wyma. [pednoxeHo Hogoe peweHue
nocmpoeHuUsi mepmocmabusu3upogaHHO20 2eHepamopa WymMa 8bICOKOU 8bIXOOHOU UHMez2pasibHOU MOWHOCMU.
Knroyeenlie cnosa: ceHepamop wyma, memnepamypHasi cmabusiu3ayusi, uHmezpasbHas MOWHOCMb.

The up-to-date circuit designing analysis of noise generator had been conducted. The new design solution
of high output integral power thermosstabilized noise generator was proposed.
Keywords: noise generator, temperature stabilizing, integral power.

B nacrosmee BpeMsi Ipu MOCTPOSHUH COBPEMEHHBIX PaJAMOdJIEKTPOHHBIX KOMITJIEKCOB HEOOXO-
MO TIPUMEHEHHE aBTOMAaTH3UPOBAHHBIX CPEACTB KOHTPOIsL. KOHTpOJIh mapaMerpoB OCyIIeCTBISETCS
C TIOMOIIHIO MHPOKOIIOIOCHOTO IITyMOBOT'O CUTHANA U UMITYJIECHO-MOIYJIMPOBAHHOTO ITyMOBOT'O CHT-
Haja. B MHOroKaHaIBHBIX KOMITJIEKCaX MCIIONB3YyeTcs €AMHBIN MCTOYHMK IIIYMOBOTO CHUTHaJa C BBICO-
KAM YPOBHEM BBIXOJHOW HHTETPajJbHOM MOIIHOCTU ITymMa — He MeHee 14 nbM. OqauM u3 dakropos,
OTIPENENAIONNX KauyecTBO pabOThl aBTOMAaTH3UPOBAHHBIX CPEICTB KOHTPOIIS, SABIISCTCS TeMIIEpaTyp-
Hasl CTaOWILHOCTH MTapaMEeTPOB CUTHaja KOHTpois. B Onoke rereparopa nryma (I'11I) oHa 3aBUCHT OT
TemnepatypHoi crabmipHOCTH Beex CBU-3nemenToB u3 coctasa ['1ll. Panee momyuwmnu pacmpoctpa-
uenne ['11l, mocTpoeHHbIe HA TPUHIIAIIE TIOCIENOBATEIHHOTO YCUIICHUS M YMHOXKEHUS cuTHana. OnHa-
KO B TOJJOOHBIX CXEMaX ITOIyYUTh PABHOMEPHBIN CIIEKTP C HEOOXOIUMBIM YPOBHEM MOIIHOCTH B IIO-
moce gacTot bonee 15% siBnsieTcs BechMa CIIOKHOM 3a/1a4en.

Cxema mpsAMOro yCHIJIEHHUS TTO3BOJISIET 00ECIeYnTh PABHOMEPHBIH CITEKTpP B HIMPOKOH ITOJIOCE Ya-
ctoT. Clienyer OTMETHTD, YTO OONBIION KO3 PHUIINEHT YCHIIEHNS B TAKUX CXEeMaX MOXET IMPUBOANTH K
HEyCTOWYMBOW pabore ycunutenei. PemennemM maHHOW 3a7adu sIBISIETCSl oOecreueHrne SKpaHHPOBKH
YCHITUTENFHBIX KaCcKaJIoB, 00ECTIEYMBAIONIEeH TOAaBIICHUE TAPA3UTHBIX CBS3EH IO BCEM BO3MOXKHBIM
MyTSM WX BO3HWKHOBEHUS. Pemienne 3amaum moctpoerHus TepMokomiieHcupoBanHoro I cBszano ¢
MTOCTIEIOBATENHFHBIM BKITIOUEHUEM YCHIINTENBHBIX MHKPOCXEM B PEXUME OTpaHHUYEHHsI. ITO O3B0~
€T YBENWYHUTh YPOBEHb JOMYyCTUMON KOMIIpeccHu K03 HUITMeHTa Tiepeadll B MHOTOKACKaTHOM YCH-
JUTENEe MOIIHOCTH, W, TAKIM 00pa3oM, O0ECIIEUHTh TEMIIEPaTypHYIO CTaOMiIH3annio KodphUIneHTa
YCHIICHUSI.

B cratbe paccMaTpuBarTcs cxeMmHble pemieHuss no nocrpoenuto 'l um aHamm3upyroTcss mony-
YEeHHBIE PE3yIbTaTHI.
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SMALL-SIZE MODULE OF MICROWAVE NOISE GENERATOR
WITH STABLE INTEGRATED POWER

S.V. Karavaev, M.B. Orehov, S.V. Semenyuk, V.A. Hripko

Nowadays it's necessary to provide application of the computer-aided test equipment at the designing of
up-to-date radioelectronic complexes. The parameters check-out is carried out through wideband noise signal and
pulse-modulated noise signal. The single source of noise signal with high level of output integral power (up to
14 dBm) is used in multichannel complexes. One of the factors determining the operation quality of the compu-
ter-aided test equipment is the temperature stability of control (test) signal parameters. The stability in the noise
generator block (NOG) depends on temperature stability of all NOG microwave elements. Earlier the wide spread
received the NOG based on sequential signal amplifying and multiplying. However it's difficult to get a uniform
spectrum with enough power level in frequency band more than 15% in similar circuits.

Direct amplification circuit permits to provide a uniform spectrum in a wide frequency band. It should be
pointed out that high amplifying coefficient in such circuits could lead to unsteady operation of amplifiers. The
solution to this objective is to provide shielding of amplified stages (cascades) and providing the suppression of
spurious (shading) links at all possible arising paths. The solution to the NOG temperature-compensated
designing is connected with sequential switching of amplifying integrated circuits in the limiting mode. Thus it
permits to increase the acceptable compression level of transfer factor in multistage power amplifier, and
therefore to provide the temperature stability of the amplifying coefficient.

The article considers the circuits design solutions on the NOG development with obtained results analysis.
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OlNPELE/IEHUE HATPABIIEHUA NMPUXOAA
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B cmambe peweHa 3adavya unbmpayuu paduoriokayUOHHbIX cueHanos. [lpednazaemcsi npuHsaImMbie
aHmeHHoU cuzHarsbl nodsepeams yugposoli obpabomke ¢ ucronb308aHueM napamempa aHmeHHbl, Ha38aHHO20
mpaHcyHkyuel [1]. B pesynbmame obpabomku npornyckaromcs morbKo cueHarbl, npuxodsuwue 8 obnacmsb
2/1a8H020 MakcuMyma duazpaMMbl HarpasrieHHOCMU aHmeHHbI. [loka3aHo, Ymo ucrnonb3o8aHuUe mpaHcgyHKUUL
rnosgorsnsem peaynupogams 0bsiacme cenekyuu cueHanos u onpedesisims y2or Mexoy HarpasneHuem rpuxoda
CueHara U MosioxeHUeM MakcumMyma ouagpaMmmbl HarpaeIeHHOCMU aHMeHHbI.

Knroyeenie cnoea: chazuposaHHasi aHmeHHas pewémka, cenekyus cueHana, mpaHcyHKUUs.

The article solves the problem of the radar signals filtering. It's proposed to digital process the antenna
received signals using the antenna parameter called a trans-function [1]. Only signals arriving to the main
maximum area of antenna directional pattern are passed through after being processed. It’'s demonstrated that
trans-functions usage permits to regulate the signals discrimination area and determine the angle between the
direction of signal arrival and position of antenna directional pattern maximum.

Keywords: phased antenna array, signal discrimination, trans-function.

[Ipu pabore pammonmokaropa 0e3 Ieneyka3aHHs ONpPEAeTUTh, JISKAT JIM HAalpaBiIeHWE Ha LIENb
BOJIM3M TJIaBHOTO MAaKCHMyMa JTarpaMMBbl HAIlPaBIEHHOCTH aHTEHHBI MJIM MBI €T0 PUHUMAaeM 1o 00-
KOBOMY JIEMECTKY, HEBO3MOXKHO U IO3TOMY pa3Mephl 30HBI, B KOTOPOH ClIeTyeT MPOBOIAUTH JOMOUCK,
HEN3BECTHBI.

B cratpe mpemiaraerca MeTof, TMO3BOJSIOUIMM ONPEAETUTh CHUTHAIBL, MPUXOISIINE TOJIBKO
C HampaBJeHWH, JIOKAIUX BONHM3M TJIIABHOTO MaKCHMyMa TUarpaMMbl HAIpaBJIEHHOCTH aHTEHHEI,
OIIpeNeNeHbl pa3Mephl 3THX 30H U pa3paboTaHbl CIOCOOBI MX PETYIHPOBAHHUSL.
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FINDING THE RADAR SIGNAL ARRIVAL DIRECTION TO THE
MAIN MAXIMUM AREA OF ANTENNA DIRECTIONAL PATTERN

F.K. Povolockiy

In case the radar operation is carried out without target designation it's impossible to determine if the target
direction lies nearby the antenna directional pattern maximum or we read it by the side lobe; therefore the area
size in which we should provide an aftersearch is unknown.

The article offers the technique that permits to find signals arriving only from directions lying nearby the main
maximum of the antenna directional pattern; the zones sizes were determined and technique of its regulation
were developed as well.
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YTPABJTEHWA 10/1HbIM XXU3HEHHBIM LIUKTIOM
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Cmambsi co0epxum rpakmuyeckue pesyrbmambl aHanusa npobnem u ¢gpopmanusayuu 3adadu yrpaersie-
HUST XKU3HEHHbIM UUKITOM 800PY>KEeHUST, BOEHHOU U crieyuasibHOlU MeXHUKU.

Knroyeeble cnoea: rosiHbIl XU3HEHHbIU YUK, yrpaesieHue, rniaHuposaHue, 800pyXeHUe, 860EHHas1 U crie-
yuarnbHasi mexHukKa, UHghopmayUuoHHas Moderis.

The article contains the practical results of problems analysis and mission formalization for the armament,
military and special equipment lifecycle administration.

Keywords: overall lifecycle, administration, planning, armament, military and special equipment, entity set
model.

Cratbsl OCBSIILICHA PEIICHUIO AKTyalbHOH 3aJaud ONTHMU3AlMU (YHKIMOHAIBHBIX CXEM pa3pa-
0OTKM M B3aMMOJCHCTBUS PA3IMYHBIX CTPYKTYP M, KaK CIEICTBHUE, apaMETPOB IOJHBIX XM3HEHHBIX
mukioB (IDKL]) xomrmutekca BoopyxeHus1, BoeHHOH u cnennanbHol Texanku (BBCT), obecrieunBaromie-
To TIoA/IepKaHne TpedyemMoro ypoBHs OoeroroBHocTH Boopyxénusix Crn Poccuiickoit denepanmm.

[IpoBenEHHBII aBTOPOM KPUTHYECKWN aHATU3 MPAKTHKH yrpasieHus passutaeM BBCT mosBo-
JIWJ BBUSIBUTH HaJIM4ME Psiia HECOIIACOBAHHOCTEH Mexkay ['ocynapCTBEHHOM MpOrpaMMon BOOPYXKe-
uuii (I'TIB) u T'ocynmapcrBenasiM 000porHBIM 3aka3oM (I'O3), He mO3BONSMIONIMX 00ECTIEYUTh rapaH-
THUPOBAHHOE CONPSDKEHHE MO CPOKAaM, aCCUTHOBAHUAM M Pe3yJIbTaTaM Iepexoi OT BBIMOIHEHUS AO0JI-
TOBPEMEHHBIX IUIAHOB K MPAKTHYECKOH peatn3aluy TeKYIIHX.

B cratbe mpemnaraercs psii OPUHLMIIMAIBHO HOBBIX MOAXOAOB K (opManu3anuu mporecca
ynpasnerus [DKL] xommurekca oopasnoB BBCT u cxema ympasnenus [DKI[ BBCT, mo3Bomstormias
OCYLIECTBIIATh YBA3KY ACHCTBHH U MpPOLEAYP BCeX CyOBEKTOB, yUacCTBYIOIIMX B pa3paboTKe, IPOU3-
BOJCTBE, dKCILUTyaTaluu, MoJepHu3anuu 1 yrunuzauuu BBCT.

TiaTenpHOe M3y4YEHHE U COMOCTABICHHE JAHHBIX M3 PA3JIMYHBIX UCTOYHHKOB OOYCIIOBIMBAIOT
JOCTOBEPHOCTH BBINIOJIHEHHBIX aBTOPOM OLICHOK M 0OOCHOBAaHHOCTH HpemiokeHuil. JlaHHBINA 1moxox
k ynpasnenuro [DKI BBCT ornngaercs HOBU3HOM M HMEET MPAKTUYECKYIO 3HAYHMOCTb.
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FUNCTIONAL SCHEME OF ARMAMENT, MILITARY AND
SPECIAL EQUIPMENT OVERALL LIFECYCLE ADMINISTRATION

S.N. Ostapenko

The article relates to the actual task solution for functional development schemes optimization and different
structures cooperation and as a consequence the overall lifecycles parameters (OLP) of the armament, military
and special equipment (AMSE) complex, providing the adequate combat readiness level of the Russian Federa-
tion Armed Forces.

The author critical analysis of the AMSE development administration and management permitted to find out
some disagreements between the State arms program (SAP) and the State defense order (SDO) providing to
implement the concurrence and procedures of all parties involving in the AMSE development, manufacturing,
maintenance, upgrading and disposition.

Careful data examination and correlation from the different sources is stipulated the fidelity of fulfilled author
evaluations and proposals relevance. Such an approach to the AMSE overall lifecycle is notable for the originality
and is of considerable practical importance.
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104X0A K NOBBILLEHWIO XXUBYYECTHU I'PYTITIMPOBOK
MPOTUBOBO3YILIHON OBOPOHbI
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E.10. BpexHeB kaHOUOam mexHU4ECKUX Hayk,
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B cmambe paccmampueaemcs npobriema obecrieyeHusi mpebyemol xugydyecmu apyrnupo8oK rnpomueo-
8033ywHOU 060pOHbLI U npediazaemcsi Mo0Xod K eé pelleHUr Ha OCHO8e CUHMe3a cucmemMbl obecriedeHust Xu-
8yyecmu U peweHusi 3adaqyu o rMoucky payuoHasbHbIX 3HadeHuUl eé napamempos.

Knrodeenie cnoega: cpedcmea 8030yUIHO-KOCMUYECKO20 HanaleHus, Xugydyecmb, cucmema obecrieyeHust
Kugy-d4ecmu, 2pynnuposka npomueogo30yuwHOU O0B6OPOHbI, HeysI38UMOCMb, 80CCMaHasueaemMocms, 6oecro-
CobHOCMb.

The article considers the problem of providing the required survivability grouping of air defense and propos-
es an approach to its solution-based synthesis system to ensure the survivability and the search for rational val-
ues of its parameters.

Keywords: means of aerospace attack, survivability, system of ensuring survivability, group of antiaircraft
defense, invulnerability, restorability, fighting capacity.

OcnoBoit 3pdexTrBHOMN [IBO SIBISIOTCS HE TONMBKO BBICOKHE 00EBBIE BOBMOXHOCTH TPYIITHPOBKU
BOWCK, OCHAIIICHHOW COBPEMEHHBIMU CHCTEMaMH BOOPY)KEHHS, HO U €€ KUBYYECTb, BBIpaKaromasics B
COXPaHEHHH MM OBICTPOM BOCCTAHOBJICHHH 00ECIIOCOOHOCTH B YCIOBHSX ITONYYCHHS TOBPEK ICHUI.

AKTYalnbHOCTh BOIPOCOB OOecredeHusl ®uBydecTd rpynnupoBok [IBO B ycrnoBHsSX pa3BHTHUS
CPEJICTB BO3IYIIHO-KOCMHYECKOTO HAMaJeHUs] TPOTUBHUKA M COBEPIICHCTBOBAHUS BBICOKOTOYHOTO
opyXusi OyZIeT Bo3pacTaTh.

Kusydectsp rpynmupoBku [IBO moMUMO OpraHH3allHOHHBIX MEp 00CCIEUUBACTCS CIIE U IeNTbIM
PSIOM TEXHUYECKUX KOMITOHEHTOB, COBOKYITHOCTh KOTOPBIX 00pa3yeT CUCTeMy OOECICUCHHUS KUBY-
yectH. Jlo HACTOSIIErO BPEMEHHU OIpE/eNeHNs] PallMOHATIBHBIX 3HAUYCHUH XapaKTePUCTHK 3JIEMEHTOB
JAHHOW CHUCTEMbI, HECMOTPS Ha TO, YTO € B TIOJHON Mepe MPHUCYIIM CHCTEMOOOPa3yoIKe MPU3HAKH,
B paMKax eIMHOM 3a/1a4H HE TTPOBOANIIOCE.

[Monck panroHaIbHBIX BAPHAHTOB MOCTPOCHUS TAKUX CIOXKHBIX CUCTEM 3aTPYJAHUTENICH, TaK KaKk
CBSI3aH C TaK HA3bIBAEMbBIM IIPOKJISITUEM Pa3MEPHOCTH.

[TosTOMy B paboTe MpeACTaBICH MOAXOMA K PEHICHUIO TPOOJIEMbI MOBBIICHUS KUBYUYESCTH TPYII-
nupoBok [TBO Ha OCHOBE CO3/IaHUsI CHCTEMBI 00ECIIEUEHHS )KUBYUYECTH, OOOCHOBAHHMSI PAlMOHATBHBIX
3HAYCHUI e XapaKTePUCTHK MYTEM JCKOMITO3UINK Ha TOJACUCTEMBI 0 MIPUHIUIY KOOPIUHAIIMH IIe-
Jiel, TIOUCKA PalMOHANTLHBIX 3HAYCHUH XapaKTEPUCTHK TOACUCTEM, arperupoBaHus MOJACUCTEM B €IH-
HYIO CHCTEMY 00€CIICUCHHUSI dKHUBYICCTH.
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PA3AEN: NTPUMEHEHUE CUN U CPEACTB BKO

APPROACH TO INCREASE THE SURVIVABILITY
OF ANTIAIRCRAFT DEFENSE GROUPS

E.Yu. Brezhnev

The foundation of an effective air defense is not only high combat capabilities of troops, equipped with
modern weapons systems, but its survivability in terms of the preservation or quick restoration of combat power in
case of demages.

The urgency of ensuring the survivability of air defense groups in terms of the enemy airspace attack
weapons development and improvement of precision weapons will increase.

The survivability of air defense group in addition to organizational measures also provides by a number of
technical components, the combination of which forms the survivability support system. So far, the rational values
definition of elements characteristics of this system, despite the fact that it is fully characterized by backbone
features, was not carried out within a single task.

The search for rational options for building such complicated systems is difficult, as it is linked with so-called
«curse of dimensionality».

Therefore, this paper presents an approach to solving the problems of increasing the survivability of air
defense groups on the basis of survivability-support system development, the rational values justification of its
specifications by decomposition into subsystems according to the principle of tasks dispatching, the search for
rational subsystems characteristics values, the subsystems aggregation into a single survivability support system.
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lMpedcmaeneHbl OCHOBHbIE pe3yribmamal, MosyYeHHbie 8 xo0e uccriedogaHuli u pa3pabomoK aHMeHHbIX
cucmem Ha 6a3ze akmueHbIX (ha3uposaHHbIX aHMeHHbIX pewémok (ADQAP), noamanHo2o ¢hopMupo8aHUsi OCHOB-
HbIX MEXHOo02uYeckuUX peweHul, nymed rnpakmudeckol peanusauyuu APAP ¢ yuémom crieyucuku mpebosa-
HUl, NpedbserisieMbIX K 8bICOKONOMeHYUaribHbIM 8bICOKOMOYHbIM MObUsbHbIM PJIC.

Knro4deenble cnoea: akmusHas (hasuposaHHasi aHmeHHasi pewémka, MobusibHbIU paduosioKayUuOHHbIU KOM-
rnekc, noopewémka, aHmeHHbIl aremeHm, npuémo-nepedarouuti Modyrib, ycunnumerbs, cucmema XuGKOCMHO20
oxrnax0eHusi, cxema YrpasrieHuUs, 8MOPUYHbIU UCMOYHUK NMuUMaHusi, snemeHmHas basa, ebixoOHasi MOUWHOCMb,
KoaghcbuyueHm ycuneHus, sHepaornompebrieHue, MOHONUMHasi UHmeeparsbHas cxema.

Main results are presented, obtained in process of study and development of the antenna systems with active
phased antenna arrays (APAA), stage-by-stage formation of base technology solutions, ways of APAA practical im-
plementation with respect of specific requirements imposed on the high-potential, high-precision mobile radars.

Keywords: active phased antenna array, mobile radar complex, subarray, antenna element, transmit-
receive module, amplifier, liquid cooling system, control circuit, secondary power supply source, elementary base,
output power, gain factor, power consumption, monolithic integrated circuit.

[pencraBieHsl pe3yabTaThl UCCIEAOBAHUI M pa3paOdOTOK aKTUBHBIX (pa3MpPOBAHHBIX aHTEHHBIX
pemrerok (ADAP) X-nnamasona.

OcHOBHOE BHMMaHHE Y/EIEHO KOMIIOHOBKE MPHEMONEPEaloNuX KaHaJOB, MHOTOKAaHAJIBHBIX
npuemornepenaromux moxayinei (I11IM) u moapemerok coopku u3 Heckonbkux [11IM), popmupyrommx
arnepTypy aHTCHHBI.

Pazpabotka Bcex cocraBisommx ADAP yynTeiBaeT Kak TEXHUYECKHE, TaK M IKCIUTyaTallMOHHbBIE
XapaKTEePUCTHKH, BKIOYAsl MPAKTUYECKYIO PEaTH3alUI0 PACIIPEICICHHBIX CHCTEM YIIPaBIICHHs, YHEP-
rocHaOXEeHHS 1 )KUIKOCTHOTO OXJIaXK/ICHUS B COCTaBE aHTEHHOro ycTpoiicTsa. [Ipu 3ToM npuHUMaeT-
sl BO BHUIMaHKE HEOOX 0IMMOCTh 3aMEHBI MOJYJICH 1 OJIOKOB B MPOLIECCE IKCIUTyaTallui aHTEHHBI.

[MpuBoasATCS IpUMEPHI TEXHOIOTUH (TTOAXO/BI, CXeMBI MOIYJIEH, OJIOKOB M 2JIEMEHTOB KOHCTPYK-
LUH), TPUMEHsIeMBIX TTpH pa3padotke ADAP ¢ 3¢upubiM u punepasiv CBU-Bo30y)1eHHEM.

[MpakTHyeckoe MPUMEHEHHE TOrO WJIM MHOIO TOJIXO/a 3aBUCHT OT Ha3HAYCHUS, TEXHUYECKUX
TpeOOBaHUI U YCIIOBHI 3KCIITyaTalluy paldoIoKaTopa.
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ACTIVE PHASED ANTENNA
ARRAYS TECHNOLOGY APPROACHES

(results of study and development of technologies of active phased antenna arrays
for high-potential, high-precision mobile radars)

N.Ye. Nenartovitch, I.B. Averin, V.A. Balagurovsky, M.B. Mitiachev

The research and development results of the X-band active phased antenna arrays (APAA) are performed.

The most of the focus is on receive/transmit channels layout, multichannel receive/transmit modules (RTM)
and subarrays assembly of several RTMs) forming the antenna aperture.

The development of all APAA components considers technical and operating characteristics including the
practical realization of distributed control systems, power supplying and liquid cooling within configuration of the
antenna assembly. Herewith it's taken into consideration the necessity of modules and blocks replacement at op-
erational service of the antenna.

The technologies examples (approaches, construction modules, blocks and elements schemes), applying
during research and development works of the APAA with television and feeder microwave excitation are given in
the article.

Practical application of any given approach depends on the purpose, specification requirements and opera-
tional conditions of the radar
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CPABHUTE/IbHAA OEHKA
TEXHUYECKOIO YPOBHA U3LEIIUN,
HAXOOALLUXCA HA PA3HBIX 3TAIAX XXU3HEHHOI O LIMKTIA
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C.H. OcTaneHko O0KMOp MEexXHUHECKUX HayK, rnpogheccop,
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lpednoxeH nodxod k moduhukayuu memoda cpasHUMeEsIbHOU OUEHKU MEeXHUYEeCKo20 ypoeHs u3denul Ha
ocHoge Habopa xapakmepusyruwux Ux NpU3HaKkos, rno3gonsouull ydumsigams Haxox0eHue u3denul Ha pa3HbiX
amarnax XU3HEeHHO20 UUKra.

Knrodeeble cnoea: mexHu4YecKkull ypoBeHb, paHXupogaHue, npuopumem, YacmHble rnokazamesiu, 0606-
WEHHbIU roka3amesb Kadecmea, PUCKU, OUCKOHmMuposaHue, OegbiupogaHue, >XU3HEHHbIU YUK, OrbIMHO-
KOHCmMpyKmopckue pabomsl, cepuliHoe rnpou3sodcmeo.

The approach for items technical level comparative assessment method modification is proposed on the
base of specified features set permitting to register the items position on different lifecycle stages.

Keywords: technical level, ranking, priority, private indexes, overall quality index, risks, discounting,
deflation, lifecycle, research and development works, serial production.

CraTps TIOCBAIIEHA PACCMOTPEHHIO CPAaBHHUTENBHOW OIEHKM TEXHHYECKOTO YPOBHS OIHOTHITHBIX
W3AeIHHA, HEOOXOIUMOM IS allpHOPHOM OICHKH KOHKYPEHTOCIIOCOOHOCTH MHTEPECYIOIIErO M3JCIHS C
OTEYECTBEHHBIMHU U 3apYOKHBIMH aHAJIOTAMHU, HAXOAAIIMMUCS Ha Pa3HBIX dTaax )KU3HEHHOTO UKJIA.

[Ipennmaraercst MeToIMKa MHOTOIAPAMETPHICCKON OICHKU O0OOIEHHBIX IMOKa3aTellel KadecTBa
Y CTOMMOCTHBIX XapaKTePUCTHK CPaBHUBAEMBIX H3JEIHHA, MO3BOJISIOMAs 3a0IaroBpeMeHHo, 0 OT-
KPBITHS HAYYHBIX UCCIIEIOBAHUHN U OMBITHO-KOHCTPYKTOPCKUX pabOT MOTy4aTh OObEKTHBHEIE TaHHBIE
IUTsI 00OCHOBAHHOTO TIPUHSATHS PEIICHUS 0 HEOOXOMUMOCTH H IEIECO00Pa3HOCTH pa3paboOTKH WHTEP e-
CYIOIIETr0 M3JIENNS, HCXO/ U3 €ro KOHKYPEHTOCIIOCOOHOCTH. DTO OIpeneNsieT aKTyadbHOCTh U MpaK-
TAYECKYIO0 3HAYUMOCTh JaHHOU PabOTHI.

IIpennaraemplii yCOBEPLICHCTBOBAHHBI METOAUYECKUN ammapaT, B COCTaB KOTOPOrO BXOAUT
paspaboTaHHas aBTOpaMH M IMPUBEAEHHAS B UX MPEIBIIYIINX padoTax MOIENs CPaBHUTEIHHON OIEH-
KM HM3IEIHH 10 COBOKYIMHOCTH XapaKTEpU3YIOIIMX WX IPU3HAKOB, MO3BOJSET YUYUTHIBATH BIHSHUC
(hakTOpa BpeMeHHU KaK Ha CTOMMOCTHBIC XapaKTEPUCTHKH H3AEIHHA, TaK M Ha JPYTUe WX IMapaMeTphl,
9YTO 00YCIOBITMBAET HOBU3HY PabOTEHI.

Hcnonp3oBanue anpoOrpoBaHHON MaTEMaTHIECKON MOJENH W KOPPEKTHBIN YUET BIUSIHHS HA Pe-
3yNBTaTHl TPOBENEHHBIX HCCIENOBaHMN (DakTopa BpeMeHH OOYCIIOBIMBAIOT JOCTOBEPHOCTH IMONTy4YEH-
HBIX OIIEHOK 1 00OCHOBAHHOCTH BEIBOZIOB PaOOTHI.
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ITEMS TECHNICAL LEVEL COMPARATIVE ASSESSMENT
AT DIFFERENT LIFECYCLE STAGES

S.N. Ostapenko, A.A. Filatov

The article relates the solution of the single-type items technical level comparative assessment necessary
for prior competitiveness estimate of concerned item with indigenous and foreign analogues positioned at different
lifecycle stages.

The method of multiparameter estimation of overall quality index and cost characters of compared items is
proposed which permits prior to initiating the research studies and R&D works to get the objective data for the
proved decision-making on necessity and viability of interested item development basing on its competitiveness. It
defines the applicability and practical relevancy of the paper.

The proposed advanced methodical framework that includes authors developed and presented in previous
papers the items comparative assessment model as for synergy of its characterized features, permits to register
the time factor influence on the items cost performance as well as on other parameters that stipulates the original-
ity of the paper.

The officially accepted math model usage and adequate register of the influence on the conducted tests re-
sults of the time factor is stipulated by the obtained evaluations fidelity and validity of a conclusion of the paper.
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B cmambe npedcmaeneHbl Ha OCHOBaHUU aHanu3a OCHOBHbIE UHHOBAUUOHHbIE MEeXHOI02uU, Komopble
oxudaromcesi K 6HeOPEHUIO 8 mpeHaxépax ynpassieHusi aguayueli u nodzomoske oguuepos 60e8o2o yrpasrie-
HUS1 aguauyUOHHbIMU COEOUHEHUSIMU.

Knro4yesble crioea: mpeHaxHO-MoOenupyouwull KOMIIEKC, UHHOBAUUOHHbIE MeXHOI0auU, crieyuanucmsi
ynpaesneHusi aguayued.

The article presents the analysis of the main innovative technologies which are expected to be realized in
aviation control simulators and officers training from combat commands of air force formations.
Keywords: training-simulator complex, innovative technologies, aviation control experts.

Bericokuii mpodeccruoHaan3M JeTHOro ¥ koManaHoro cocraBa BBC P®, ¢popmuposanue mpodec-
CHOHAJBHO BA)XKHBIX YMEHHWW W HABBIKOB HEPA3pPBHIBHO CBS3aHBI C MCIIONB30BAHHEM TPEHAXKEPOB Ha
BCEX dTamax M YPOBHSIX MPAKTHYECKOW MOATOTOBKH JETHBIX KUMKW ¥ CIEIHAINCTOB YIIPABICHUS
aBuanuen. B mocienHre ToApl HaMEeTUIach akTyajdbHas TEHACHINS WHHOBAIIMOHHOTO Pa3BUTHS Tpe-
Ha)XHO-MOJETUPYIOMINX KOMILTEKCOB. B pabore copmynnpoBaHbl OCHOBHBIE TEHICHIINN U HAIpPaB-
JICHWSI B PA3BUTHUN TPEHAKHO-MOACTHPYIOMNX KOMIIEKCOB ISl CIIEIIMATIMCTOB YIIPaBIICHHUS aBHAIIH-
eil, KOTOpbIe ONpEenesiioT CTPYKTypy nepcrnektuBHoro TMK crnenyromiero msToro mokKojgeHUsl Kak
JKcIepTHOH cuctemsbl. [Ipeanoxkena s dexTnBHAsS n Mamo3aTpaTHash METOIONOTHS TOCTYIATEIbHOMN
MHHOBAallMOHHOU »Boyonuu pa3sutus TMK, ee sTamel peanusanuu 10 YpPOBHS IISITOIO MOKOJICHUS.
O6ocHOBaHBI (paKTOPHI, KOTOPBIE MOTYT OBITH TOJIOXKEHBI B OCHOBY OIIEHKH BOEHHO-3KOHOMHYECKOH
st dextuBHOCTH BHeApeHUs 1 dKcuryaTanud TMK msroro moxoneHwms..
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INNOVATIVE TECHNOLOGIES IN DEVELOPMENT
OF THE AVIATION CONTROL SIMULATORS

Yu.A. Antohina, A.D. Filin, Yu.G. Shatrakov

High qualification of the Russian Air Force flying personnel and command staff, the formation of profession-
ally important skills and knowledge is inextricably linked with simulators usage at all stages and levels of practical
training of flight crews and aviation control specialists. In recent years there has been a current trend innovation
and directions for development of training simulator complex (TSC). The article presents the main trend and de-
velopment areas in training simulator complex of aviation control specialists, which determine the structure of per-
spective TSC the next fifth generation as an expert system. The effective and low-cost methodology of progres-
sive innovative TSC development was proposed, its implementation stages up to the fifth generation level. The
factors which can be taken as a basis of military economic efficiency assessment of the fifth generation TSC im-
plementation and operation were rationalized.
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B cmambe paccmampusaromcsi nocredHue rnposedéHHble KOMIMIEKCHble cmpesibbosbie ucrbimaHus
cucmembl [NIPO GMD (Ground-based Midcourse Defense) HazemHo20 6a3uposaHusi, Komopasi serisiemcsi
KIH04Ye8bIM KOMIOHEHMOM HayuoHarnbHol cucmembi [TPO CLUA. NpedcmasneHbl obuwue 0aHHbIe O CmMpyKmype
cucmembl GMD u pakeme-nepexeamyuke GBI u BY EKV.

Knrodeenie cnosa: cucmema [MPO HaseMHo20 6a3uposaHusi, KUHemudeckasi cmyreHb repexeama,
pakema-rnepexeam4uk WaxmHo20 HazeMHo20 6a3uposaHusl.

The article views the latest complex firing test of the Ground-based Midcourse Defense system, the key ele-
ment of the US national missile defense system. The general data on GMD system structure and GBI interceptor
with EKV is presented.

Keywords: Ground-based Midcourse Defense (GMD), Exoatmospheric Kill Vehicle, Ground Based
Interceptor (GBI).

ArenrcrBo I[IPO MunucrepctBa oboponsl CIIA B mione 2014 roma mpoBeno KOMITJIEKCHEIS
cTpens00BBIe UcIbITaHus cucteMbl [IPO GMD HazeMHOro 6a3upoBaHms, KOTOpas SBISICTCS KITIOYe-
BBIM KOMITOHEHTOM HarmoHabpHO# cuctemsl [IPO CIIA, B x0/1e KOTOPBIX OBLUT OCYIIIECTBIIEH yCIIeTI-
HBII TIepexBaT pakeTbl-MuIIeHn mpoTuBopakeToir GBI, ocHaIeHHOW KIMHETHYeCKOH CTYIIeHBIO Tepe-
xBata EKV nopoit Mmomudukarnnu CE-II.

VYcnemnoe UCHBITAHUE C MEPEXBATOM IO3BOJIUT BO30OHOBHUTH IOCTABKM HOBOW HapTHH IIepe-
xBaTunkoB ¢ bY CE-II, xotopsie ObUTH TPHOCTAHOBJIEHBI ITOCIIE TIEPBHIX JBYX HEYAaYHBIX HCITHITAHUM.
Kpome Toro, ArenrctBo I[IPO Takxke CMOXET HHULUUPOBATH IPOrpaMMy MEPEOCHAIIECHUS YKE 3aKyIl-
JICHHBIX POTHBOPAKET.

Cucremy I1PO GMD ¢}opMupyoT HECKOIBKO OCHOBHBIX KOMIIOHEHTOB, OHA COCTOUT U3 MPOTH-
BOpAKeT, PAaCHONIOKEHHBIX Ha CTAPTOBBIX IJIOMIAJKAX, U CETH HA3EMHBIX CTaHIMH MH(YOPMAIIMOHHOM
MOJJICPKKH U LIEHTPOB YIPABJICHUS ITyCKOM PaKer.

B uentp ynpasienus myckamu npotuBopaker cucteMbl GMD moctynaioT gaHHBIE OT CIIYTHHKO-
BBIX CHCTEM OIOBELIEHHUS, OOHAPY)KEHUS U COPOBOXKIEHN, a Takxke oT PJIC Mopckoro u Ha3eMHOro
OasupoBanus. Ha ocHoBe 00paboTaHHBIX AaHHBIX (DOPMHUPYIOTCS 3aa4M U OCYIIECTBIIsIETCS MHGOP-
MalMoHHaA nojyiepka nporuopaker GBI Ha Bcex aramax mepexsara uend. Kpome toro, u3 neHtpa
ynpasienus myckaMmu GMD naHHbBIE 0 BO3IYIIHO-KOCMHYECKOH OOCTaHOBKE IEPENaroTcs B CHCTEMY
oreparuBHoro ynpasnenus C2BMC.
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Buemnue nnrepdeiicel s coenunenus ¢ cuctemoit [IPO AEGIS, O0bennHeHHbIM ceBepoame-
pUKaHCKMM KoMaHJoBaHHeM U cucremort C2BMC pacnonoxensl Ha aBuadase [lerepcon (mr. Komo-
pano). MaTepdeiice! 11 B3auMOIEHCTBUS CO CIIYTHUKOBOM CHCTEMOM PaHHEr0 OMOBEILEHHS U COIIPO-
BoxkaeHus: SBIRS/DSP paseepuytsl Ha aBuabaze baxmu (wt. Komopamo). Kpome Toro, HazemHas
ctanmus nepepoBoro 6aszuposanus AN/TPY-2 uMeer BoaMokHOCTH st CBsizu ¢ cuctemoit GMD wu3
paiioHa cBoell MOCTOSHHON Juciokanuy Ha aBuadase Llapuku (SnoHus).

Pakera-nepexBaTtumnk maxTHoro HazeMHoro 6asupoBanus GBI sBnsiercs OCHOBHBIM M MOKa €U H-
CTBEHHBIM OTHEBBIM CPEACTBOM IOPAXKEHHS 1€l B HAIMOHAIBLHON cTpaTernueckoit cucreme I1PO
CIIIA GMD wu npenHa3HaueHa JyIs TepexBaTa T'OJIOBHBIX YacTell U OOCBBIX OJIOKOB MEKKOHTHHEH-
TaNbHBIX OarmucTudeckux paker (bP) Ha cpemHeM ydacTke TpaeKTOpWUH WX TMOJieTa Ha JaTbHOCTAX 10
HECKOJIBKUX THICSIY KUJIOMETPOB.

B nacrosimiee Bpemst paspadarteiBaercs HoBast bY [1P GBI, koTopyto npeanonaraercs co3uats Ha
MPHHIUINAX OTKPBITOW MOJIYJIBHOM apXUTEKTYpPhl CO CTAHJAPTHBIMU HHTepQelicaMu, B pe3yybTaTe Ue-
ro ee MOXKHO OyJIeT MCIoJib30BaTh He ToabKo B [1P GBI, Ho u B [IP SM-3 u THAAD.
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US STRATEGIC BALLISTIC MISSILE DEFENSE
SYSTEM OVERVIEW

V.V. Zhestkov, A.E. Svistunov, V.A. Kulbyakina

In June 2014 the US Missile Defense Agency (MDA) held the complex firing test of the Ground-based Mid-
course Defense system which is the key element of the US National missile defense system. The success inter-
ception of the target-missile was done by Ground Based Interceptor equipped with exoatmospheric kill vehicle of
a new CE-II modification.

Successful interception test could resume delivery of a new CE-Il kill vehicle batch which was suspended after
two last failed tests. Therewith, the MDA would be able to initiate the retrofit program of available GBI stockpile.

The Ground-based Midcourse Defense system is performed by several components: interceptors on launch
sites and data support ground stations and fire control centers.

The data from STSS system, naval and ground radars goes to GMD Fire Control center. Missions are
formed on processed data that leads to informational support of GBI interceptors at all stages of interception. The
GMD fire control center transmits data to C2BMC (Command, Control, Battle Management, and Communications)
system.

External interfaces to connect with AEGIS system, USNORTHCOM and C2BMC system are located at Pe-
terson airbase (Colorado). External interfaces for interaction with SBIRS/DSP early warning satellite system are
deployed at Buckley AFB (Colorado). Forward-Based Mode AN/TPY-2 radar is able to connect with GMD system
from its permanent basing at Shariki Airbase (Japan).

The Ground Based Interceptor is the main and unique target engagement system of the US National ballistic
missile defense system and is designed for intercontinental ballistic missile warheads and re-entry vehicle inter-
ception at midcourse up to several thousand kms.

New GBI kill vehicle is being developed nowadays which is supposed to be constructed on open modular
architecture principle with standard interfaces so that it can used not only in GBI but in SM-3 and THAAD inter-
ceptors.
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HAYYHbIE PELLEH3UW U OT3bIBblI

Manawko f.U., HaymoB M.B. Cuctembl chopmMnpoBaHUA MOLLHBIX
ggg:::éa AHVS nasepHbIX ny4kos. OcHoBbI Teopun. MeTtoab! pacuyeta. CunoBble 3ep-
MOLLHBIX kana. MoHorpacpus. — M.: PapgnoTtexHuka, 2013. — 328 c.: un.
NA3EPHbIX PeueH3eHTbI: A-p TexH. HayK, npodeccop MN.A. CosuHoB, A-p dhus.-
MYYKOB summeencsrss | MaT. HayK, Npodpeccop B.M. NykuH.

gz S MoliHbl€e J1a3epHbIE KOMILIEKCHI — 3TO CJIOKHBIE TEXHUUECKUE U3IIETHS,
OTJIMYAOIIECS HAYKOEMKOCTBIO M BBICOKOTEXHOIOTMYHOCTHIO.

YErkol rpaHUlIbl, OTAENAIOIEN MOIIHBIE JIA3€PHBIE CUCTEMBI U KOM-
TUIEKCHI OT HE MOIIHBIX JIa3epHBIX M3MENuii, He cyiectByeT. OHa MOXET
OBITH ONpesIesieHa 0 HATMYHIO «/TBOHHOT0» IPUMEHEHUSI (T.€. BO3MOKHOCTH
TIPUMEHEHHS KaK OPY>KHSI).

B coctaB MOIIHOM JIa3€pHOM CUCTEMBI WM MOIIHOIO JIA3EpPHOrO
KOMILJIEKCAa BXOOAT, KaK IIPpaBUJIO, CICAYIOIIUE OCHOBHBIC IMOJICUCTEMbI
1 yCTpOICTBA:

— BBICOKOOHEPI€TUUECKUIA JIa3ep;

—cucrema QopmupoBaHust (B TOM UKCIIE aJIANTHBHAS) MOIITHOTO Jia3ep-
HOT'0 U3ITy9eHUsI B Y3KOHATIPABIIEHHBIN MTYUOK;

— crcTeMa (BBICOKOTOYHAST) HABEIEHHSI.

KpOMe OCHOBHBIX CHUCTEM U YCTpOI\/’ICTB B MOMIHBIC JIA3€PHBIC KOMIIJIEKCBI BXOIAT BCIIOMOTraTeiib-
HBIC CUCTEMEIL.

— aBTOMAaTUYECKON FOCTHPOBKH MOIIHOTO JIA3EPHOI0 KaHalla U MPHUBSI3KK €ro K OCH WHQOpMaIu-
OHHOTO KaHaa;

— OXJIAXKJICHUS U CTa0MIIU3aIMK paboveii MOBEPXHOCTH CHIIOBBIX 3€pKall J1a3epa M CUCTEMBI Qop-
MHPOBaHUS;

— 3alUThI KOHCTPYKITMH OT MOIIIHOT O JIA3EPHOTO M3ITYIEHUS U APYTHX BUIOB U3IYUECHUH;

— U3MEpPEHUS XapaKTEPUCTHK MOIIHOTO Y3KOHAIIPABICHHOTO H3ITyIEeHHUS;

— OpPHIEHTAIINH 1 HABUTAIMN M MHOTHE JPYIHe CUCTEMBL.

Ha paboty crcrem opMupOoBaHIs MOITHBIX JIa3€POB BIMSIET OOJBIIOE YHCIIO HEKOPPETMPOBAHHBIX (haK-
TOPOB, BO3MYIIAIOIIMX BOIHOBOW (PPOHT MTyHdeHHS, a TAKoKe MCKaKEHNSI CHIIOBBIX 3epKaJT ITOJI MOIITHOM JTyde-
BOI Harpy3Koi. bormbiryro gacTs 31X (paxropoB ymaércs 3h(heKTHBHO TOIABUTH TEXHUIECKIMH U TEXHONIOTH-
geckuMr Merofamy. OIHaKO YacTh BOMYIIIEHHH, MMEIONMX INFPOKWI BPEMEHHOM M TPOCTPAHCTBEHHBIN
CIIEKTPBI, TIOTHOCTBIO ITOIABUTH HE YAAETCS.

B nmreparype oTCyTCTBYIOT CBEACHHS O IOCTIDKEHWH AM(PPAKIIMOHHOTO MPEieia B MOIIHBIX JIa3ePHBIX
KOMIUIEKcaX, B ToM umcie B komiiekce ABL CIIA.

B Teuenne Gornee WeM IOMyBeKa OTEUECTBEHHBIMH W 3apyOEKHBIMH YIEHBIMH CO3/IaH KOIOCCAITBHBIN
HAy4IHO-TEXHIIECKHIA 3a]IeT B pa3padoTKe, CO3IAHIN U HCTIHITAHMSIX BRICOKOIHEPIeTHYECKHX JlazepoB. B neda-
TH UMEETCSl JOBOJGHO MHOTO aHAMTHYECKONH MH(OPMAIIMN O CO3AaHMH BBICOKODHEPTeTHYECKHX J1a3epoB B
CCCP, Poccum u 3a pydexxom. OnHako, MH(OpMAIIS O BEICOKOOHEPTETHIECKUX JIA3ePHBIX KOMILTEKCaX CKY/I-
Ha ¥ YaCTUYHO JIAXKe NCKaKEHa.

Uro e mMeHmIoCh 3a mocnenHee Bpemsi? B mepsom kBaprase 2010 roma cpencra MaccoBoit nH(opMa-
MY COOOIIITM 00 YCHENHOM MopayKeHHH JiazepHbIM m3mydeHrieM komiuiekca ABL (CILIA) paker crpareru-
YecKOro Ha3HA4YeHWs] Ha MX Pa3srOHHOM YYacTKe TPaeKTOpHH. XOTs B OIMyOJIMKOBAHHBIX JaHHBIX HEKOTOPHIC
TapamMeTpbl SKCIIEPUMEHTA, 10 MHEHHFO aBTOPOB MOHOTpadry, NCKayKEHBI, TEM HE MeHee, OOMbIIIe B3auMHEIe
JIMHEHHBIE CKOPOCTH CaMOJIETa M paker, i TpedyeMoe BpeMs BO3IEHCTBHS J1a3epHOr0 H3TyUIEHUS YKa3hIBAIOT
Ha JIOBOITLHO OOJTBIITYFO TATTEHOCTD ITOPAYKEHHS.

Hackombko 6mm3ka Poccrst k co3/1aHmio KOMILTEKCOB Ha BRICOKORHEPreTHIEeCKHX Jiazepax? Jist orBera Ha
ATOT BOIMPOC CIIEMyeT 0OpaTHThCs K padoTaM HAYYHO-TIPOM3BOJICTBEHHBIX KOJUIEKTHBOB, KOTOPBIE TIOM PYKO-
BoacTBoM akazemukoB H.I'. bacosa, A.M. Ilpoxoposa, E.I1. Benuxosa, B.A. I'myxux, b.B. bByHkuna, HaurHast
¢ 1960-x rof0B, B3sUIMCH 32 PEILIEHUE PAKTHIECKUX 3a/1a4 110 CO3JAHUEO MOIIHBIX JIA3E€PHBIX KOMILIEKCOB.
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ABTOpBI MOHOTpaMK OTMEYAIOT, YTO K MEPBBIM 3HAYMTENBHBIM pe3yJIbTaTaM ClIeyeT OTHECTH JIOCTH-
YKEHHE Ha HEOJMMOBOM Jia3epe uMITylbca ¢ sHepruell 70 k/[K mpu YrioBol pacXxoauMOCTH 2 YITLMHH. TIPU
JamMIoBol Hakauke B TedeHue 20 mc. [Ipu sTom Oblta mokazaHa BO3MOKHOCT T€HEPAIMH MOIIHBIX JIA3ePHBIX
MYYKOB C MAJIOH YTJIOBOH PACXOAMMOCTBIO B OTKPBITBIX HEYCTOMUYMBBIX PE30HATOPAX TEIECKOMMIECKOrO THIIA.

BaxxubIM pesyibTaToM paboT OBUTO CO3IaHUE CHITOBOM OXJIAXKIAEMOM METAIIOONTUKY At MomHbIX MK
ra30BBIX JIA3EPOB, B TOM YMCIIC OXJIAXKIAEMbIX THOKUX yrpaBisieMbIx 3epkait. B 1970-80 ronpr Obut co3maHbl
CTEHIBI Ha OCHOBE MOIIHBIX JIa3epOB, MO3BOJMBILIKE MPOBOIMTEH HCCICIAOBAHUS XAPAKTEPUCTHK JIa3EPHBIX
komruiekcoB. Co3aaHne CUIOBOHM aJanTUBHOW ONTHKH TO3BOIMJIO JIOCTUYD JBYKPATHOTO YBETMYEHHS! CHIIBI
M3ITYYEHS [IPU MOITHOCTH W3ITy4YeHHs Fa30JMHaMIUIecKoro jazepa 80 kBT.

HcropuueckuM A0CTIKEHHEM OBLTO CO3ZaHME HA3eMHOTO JIA3ePHOr0 KOMILIEKCAa MEraBaTTHOrO Kiacca
(rmaBubii kKoHCTpyKTOp JI.H. 3axapbes, 3am. riaBHoro koHcrpykropa FO.A. KonsieB). B centsiope 1982 roma
OBLIO IPOBEICHO YCIIEIIHOE MCTIBITAHNE KOMILIEKCA 10 TEIIOBOMY MOPaYKEHUIO a3POMHAMIYIECKON MHUIIICHH.

B amnperre 1984 rona ObUTH IPOBEIICHBI YCITEIHBIE UCTIBITAHNMS JIETAIOIIEH Ta00paTOpHH JIa3epHOTO KOM-
IUIEKCa aBUaIMOoHHOro 6azuposanus (JIKAB) 1o mopaykeHH o BO3IyIHON MUIIICHH.

ABTOpaMy KHUTH HE MPECIIyeTcs 1Ieb OTPA3HUTh BECh CIIEKTP HAYyYHO-TEXHUYECKUX JIOCTHKEHU B 00-
JIACTU JIa3epPHOM TEXHUKH. B Hell 13110KeHbl TeopeTryeckie OCHOBBI MPOSKTUPOBAHMSI CUCTEM (POPMHUPOBAHHS
MOIIHOTO JIa3EPHOro M3MydeHns.. PaccMOTpeHbI accUBHBIE cHCTeMbl (DOPMUPOBAHMS, CHTHAIIBI YIIPaBIICHHS
JIMHEHHOM aJIalITUBHOM CUCTEMOM, METO/IbI aBTOMAaTUYECKON COFOCTUPOBKHA OCH MOIIIHOTO JIA3€PHOTO U3ITy4e-
HUSI C OChIO MH(POPMAIMOHHOTO KaHaJIa U METO/IbI I3MEPEHHS! XapaKTEPUCTUK MOIIHOTO JIA3ePHOr0 H3ITyIeHHS
1 cucteM opMrpoBanwst. M310KeHbI BOIMPOCH! HHXKEHEPHOTO pacyéTa, MPOSKTUPOBAHHSL, KOHTPOIISI U TEXHO-
JIOTHH U3TOTOBJICHUSI CUIIOBBIX 3€PKAJl, SIBJITIONIMXCST HEOTHEMIIEMON YacThIO CHCTEM (DOPMUPOBAHHSI MOIIHO-
T'0 JIa3epHOTO M3ITyICHVISL.

KHura paccunTana Ha CIEIUATUCTOB B 00JIACTH Pa3pabOTKU MOIIHBIX JTa3epHBIX KOMITJICKCOB.

AnpowuH B.M., Nunanyua B.B., MusHyua H.B. 3nekTpoHHbLIN
apXuB KOHCTPYKTOPCKOM AOKYMEHTauun BbICOKOTEXHONOrM4HOro
npeanpuaTua. Metoanyeckmin annapat NOCTPOEHUA, anropuTMbl,
nporpaMmHbie Komnnekcbl. MoHorpacdumsa. — M.: PaguotexHuka,
2014. - 160 c.: nn.
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B 0CHOBY KHHIY TIOJIO/KEHBI MPUKIIAIHBIC HCCIICIOBAHMS U Pa3pabOTKU

J?i' aBTOPOB, HAIPABJICHHBIC HA CO3AHUE JIEKTPOHHOIO apXMBa KOHCTPYKTOP-
eTonmecK NN abaT MocTHee Ly CKOHM JTOKYMEHTAIMH, B KOTOPOW yYTEHBI CrielMduueckue TpeOOBaHuS, Xa-
e e | PAKTepHbIE IS BHICOKOTEXHOTOMMYHBIX MPEATPUSATHII MAIIMHOCTPOUTENh-

. | HOM OTpacIu.

OIeKTpOHHBIN apxuB c(hOpPMHUPOBAaH Ha 0a3e CHCTEMBI YIPABICHUS
TIPOSKTHBIMH JaHHBIME 00 m3aemn (PDM-cucremsr). [Ipencrasinen anamis
Pa3BUTHS CHCTEM YIIPaBJICHUS! JaHHBIMUA OO0 W3IEINH, WCIIONB3YEMbIX TIPH
pEIICHAN 3a/1a4d CO3aHMs CIIOXKHBIX TEXHIUIECKHX cHCTeM. [[aHo o0ocHOBaHME TpeOOBaHM K pa3padaThiBac-
MOMY 3JIEKTPOHHOMY apXHBY KOHCTPYKTOPCKOH ITOoKyMeHTarmi. OCHOBHOE BHUMAaHHE B KHUTE YIEIICHO pa3-
paboOTaHHBIM TIPOrPAMMHBIM KOMITIEKCAM, PEATH3YIOIHM (PyHKIIOHMPOBAHKE AIEKTPOHHOTO apXiBa KOH-
CTPYKTOPCKOH TOKYMEHTAIH Ha mipernprsitan. [IpuBenena orerka 3h(heKTHBHOCTH BHEIPEHS IEKTPOHHO-
TO apxuBa.

[pennokeHHbIN B KHUTE€ METOMMYECKUH armapar pa3padoTKH IEKTPOHHOTO apXHuBa OTJIINYAETC OT CY-
IIECTBYIOIIMX CO3JJaHHBIM aBTOPaMH CIEIUATHHBIM MaTEMaTHIECKIM 1 AT OPUTMITIECKAM 00ECTICIeHHUEM CH-
creM 00pabOTKH CIIeATBFHON HH(OPMAIHH, FICKITFOYAOIIM He0OXOMMOCTh KOPPEKTHPOBATE AEKTPOHHYIO
CTPYKTYPY U3JIENHsI IPH BHECEHNH M3MEHEHHH B KOHCTPYKTOPCKYIO JJOKYMEHTAITUIO HA U3/IENHE.

Kuura npeaasHadeHa Ui MIMPOKOTO Kpyra CIIEHAIMCTOB, CBSI3AHHBIX C CO3/IAHHEM CIIOKHBIX HAyKO-
EMKHUX TEXHUYECKIX CUCTEM B MAIIIMHOCTPOUTEITLHON OTPACIIH.
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