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VK 621.385.7

O BO3MOXHOCTHU ITPUMEHEHHSA ABTOOMUCCHUOHHBIX KATOI0OB
B MOIIIHBIX ITPUBOPAX CBY
I1. M. MenemkeBu4

AO «HIII «Hcmoky um. lloxunay, 2. @psasuno

IIpuBegeHbI pe3yabTaThl AHAJINU32 BO3MOKHOCTH IPUMEHEHHsI ABTO3MHCCHOHHBIX KATOJ0B B MOIIHBIX NMpHdopax
CBY O-tuna — kaucrponax u JIBB. PaccMoTpens! Bonpockl BpeMeHHOH cTa0HJIbHOCTH XapaKTEPUCTUK aBTO-
3MHUCCHOHHBIX KaTO/10B, UX BJIMSIHME HAa 3JEKTPHYEeCKYI0 NMPOYHOCTh NPHOOPOB, HEKOTOPbIE 3KCILIYyaTAIOH-
Hble XapaKTePHCTHKH.

KC: gsmosmuccuonuvii kKamoo, MeHO8eHHOe 8peMsl 20MmOgHOCIU, MowHble npubopel CBY, necmabuibhocnib,
8bl2opanue, WHYPOBAHUE) MOKA, IOKAIbHBLI nepezpes, 0e2padauus

ON POSSIBILITY OF USING FIELD-EMISSION CATHODES
IN HIGH-POWER MICROWAVE DEVICES

P. M. Meleshkevich
JSC «RPC «Istok» named after Shokin», Fryazino

The results of analysis on possibility of using field-emission cathodes in O-type high-power microwave devices —
klystrons and TWTSs — are presented. The issues of time stability of field-emission cathode characteristics, their
effect on device electric strength and some performance specifications have been considered.

Keywords: field-emission cathode, instantaneous readiness time, high-power microwave devices, instability.
burn-out, current *“pinching”, local overheating, degradation



YK 621.385.7

CKAHJATHBIE KATO/Ibl C BBICOKOM IJIOTHOCTBIO TOKA
JJIsd TIPUMEHEHMUS B ITPUBOPAX CBY

A. Il. Makapos, E. I0. BepcueBa, E. M. 3emunxun, I'. 1. Yucrosa, A. Jl. 3akypaaes
AO «HIII «Hcmoky um. lloxunay, 2. @psasuno

B. B. UBanos, M. H. Ypa3os, B. P. XpycrTos

Mockoeckuil puzuxo-mexnuueckuti uncmumym, 2. Jloneonpyonulil

IpencraBiieHbl pe3yJIbTATHI HCCJIETOBAHUS SMUCCHOHHOIH CIIOCOOHOCTH, TOJITOBEYHOCTH, CTPYKTYPHI H 3Jie-
MEHTHOI'0 COCTABA MOBEPXHOCTH CKAHIATHOI0 HMIIPErHUPOBAHHOI0 KATO/a C MATPHUIEH M3 MEJKO3ePHHUCTOr0
nopouka BoJbdpama ¢ 106aBkoii okucu ckanaus (0,5...2 % BecoBbIX), NPONUTAHHON ATIOMUHATOM Oapus-
kaabuusa cocraBa 4Ba0O-CaO-Al,O;. UcnbiTanusi B MaJa0rabapuTHOM MHOrOJY4Y€BOM KJIHCTPOHE MOKA3aJIH,
YTO TAKHe KATOAbI YCTOMYMBBI K 2IEKTPONPOGOSIM U 06eCedHBAIOT TOKOOTGOP MIOTHOCTBIO 25...30 A/em?,

KC: MEPMOINEKMPOHHAA IMUCCUA, CKAHOQmMHbIU LLMHQBZHZ/{QOGCZHHMZZ Kamod, C E6MMKQOHHCI}Z CMPYKmypd,
IeMEHMHbLU anaius, njiomHocms mokxKa Kamoda, Mo0enb Qa60mw

SCANDATE CATHODES WITH HIGH CURRENT DENSITY
FOR APPLICATION IN MICROWAVE DEVICES

A. P. Makarov, E. U. Bersneva, E. M. Zemchikhin, G. I. Chistova, A. D. Zakurdaev
JSC «RPC «Istok» named after Shokin», Fryazino

V. V. lvanov, M. N. Urazov, V. R. Khrustov
Moscow Institute of Physics and Technology, Dolgoprudny

The results of investigating the emissive ability, life time, structure and elemental composition of scan-
date impregnated cathode surface with a matrix of fine-grain tungsten powder with scandium oxide addition
(0.5...2 % weight) impregnated with barium-calcium aluminate 4BaO-CaO-Al,O; are presented. The tests in
a small-size multiple-beam klystron showed that such cathodes are resistant to electrical breakdowns and
provide current selection with 25...30 A/cm? density.

Keywords: thermionic emission, scandate impregnated cathode, submicron structure, elemental analysis,
cathode current density, work model



YK 621.385.642.3

OIITUMM3AIIUA PEXKMMA HAKAJIA MOIIHBIX MAT'HETPOHOB
JJIA TEXHOJIOI'MYECKHUX YCTAHOBOK CBY-HAI'PEBA

J. B. CumoHeHKO
AO «HIIII «Hcmoky um. [llokunay, 2. @psazuno

A. H. CHMOHEHKO
340 «HIIII «Maecpameny, 2. Dpsazuro

Beuay pacryumero cmpoca B NPOMBINIJIEHHOCTH Ha TeXHoJormdeckne ycranopku CBU-HarpeBa ¢ MOIIHBIM
MATHETPOHHBIM F'€HepPaATOPOM HeNpPePLIBHOIO [eiCTBHS, BONPOC 00 yBeJIHYEHHH CPOKA CIY:KObI MarHeTPpOHA
CTAHOBUTCHA 0os1ee akTyaJbHbIM. Ilo3TOMy nmosiBifeTcsl HEOOXOAMMOCTh B HCCJIEJOBAHUAX M pPa3padoTke Me-
TOAOB ONTHMH3AIUH PEKUMOB PadoThl, KOTOPbIe YIy4IIAIOT TAKHE HEMAJIOBAKHbIe XaPAKTePHCTHKH MarHe-
TPOHA, KaK /J0JT0BEYHOCTh M HA/Ie:KHOCTh. B cTaThe npoBe/ieH 0030p CyIeCTBYIONIUX TeXHUYECKUX pelleHHii
U NpelioikKeH aJbTEPHATHBHBINA MeTOJ ONTHMHU3ALMU TeMIepaTypbl HAKaJla MATHETPOHA B JMHAMHUYECKOM
pesxkuMe padoThI.

KC: MACHEMPOH, 2OPAYEe CONPOMUBTIEHUE, HAKAL, ngZ}ZMOHaKaJZbeHZ Kal’l’ZO(), ONMUMUIAYUUA DENHCUMA

OPTIMIZATION OF HIGH-POWER MAGNETRON HEATING MODE
FOR MICROWAVE HEATING PROCESS INSTALLATIONS

L. V. Simonenko
JSC «RPC «lstok» named after Shokins, Fryazino

A. N. Simonenko
CJSC «RPE «Magratep», Fryazino

Due to increasing of the industrial demand for microwave heating process installations with a CW high-power
magnetron oscillator the issue of magnetron life increase becomes more actual. That’s why there is a necessity
to study and develop optimization methods of operating modes which improve such important magnetron
characteristics as long life and reliability. The paper covers the existing technical solutions and proposes an
alternative method for optimizing magnetron heating temperature in dynamic operating mode.

Keywords: magnetron, hot resistance, heating. directly heated cathode, mode optimization
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CEPUS UMIIYJbCHBIX YCUWJIUTEJIEA X-IUAITIA3OHA
HA MMOJIEBBIX GaAs- U GaN-TPAH3UCTOPAX
B. . beuikun, U. A. I'aspuiios, B. U. Ilyrann
AO «HIII «Hcmoky um. lloxunay, 2. @psasuno

Pa3paGoTaHbl TPaH3MCTOPHbIE YCHIUTENN X-IUANa30HA U U3TOTOBJIEHBI IKCIePpUMeHTAIbHbIE 00pa3ubl Tpex
YaCTOTHBIX IMANAa30HOB. BhIX0HbIEe MOIIHOCTH YCUJIUTeJIell B uMnyJbce — He MeHee 40 u 60 Bt. ¥Ycuaurenau
MOTYT ObITH IPUMEHEHBI B NepeIaTUYuKaX CUCTEM CBSI3U M PAJHOJIOKAIMM, 2 TAK/KE B COCTABE TEXHOJIOTHYe-
CKHMX CTEH/IOB /JIsl MCTIBITAHUI MOIIHBIX BakyyMHbIX CBU-npuéopos.

KC: mpansucmopnuie yeunumenu, GaAs- u GaN-mpanzucmopul, CBY-cuenan, X-ouanazon

A SERIES OF X-BAND PULSE AMPLIFIERS
ON GaAs AND GaN FETs

V. I. Bylkin, I. A. Gavrilov, V. I. Pugnin
JSC «RPC «Istok» named after Shokin», Fryazino

X-band transistor amplifiers have been developed and experimental samples for three frequency ranges have
been manufactured. The amplifiers output pulse powers were not less than 40 and 60 W. The amplifiers can
be used in transmitters of communication systems and radiolocation, as well as technological stands for testing
high-power vacuum microwave devices.

Keywords: transistor amplifiers, GaAs and GaN transistors, microwave signal, X-band
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METOAUKA U3MEPEHUSA ITAPAMETPOB
INEPCIIEKTUBHBIX IIIIM A®AP C IPUMEHEHUEM
INHOBEPXHOCTHOI'O KOHTAKTHOI'O COEIUHUTEJIA

M. C. Kapaces
AO «HIII «cmoxy um. Llloxkunay, . @psasuno

PaccmMoTpeHbl OCHOBHbIE 0CO0EHHOCTH Pa3padoTKu mpuemomnepenawmero moayis APAP u npeacraBjieHO
000CHOBaHHUE UCMOJIb30BAHUS MOBEPXHOCTHOI0 KOHTAKTHOIO coelnHeHust MoayJeil B coctae ADAP. [Ipuse-
JeHbl OCHOBHbIe XapakTepucTHKH M KoHcTpykuus CBY- m HY-coeamnuTesieii, odecrneynBaOUIUX MOBEPX-
HOCTHOE KOHTAKTHOe coeAuHeHue. PazpaGorana uamepuTebHasi ONPaBKa Js1 KOHTPOJS BBIXOJAHBIX Mmapa-
METPOB NMpUeMOoNepeIalolero Moy s, IPUBeJeHbl PacYeTHO-IKCIEePUMEHTAJIbHbIE JaHHbIE ISl ee aTTecTa-
1197078

KC: nogepxnocmubiii konmakmubiii coeounumens, IHITIM, usmepumenvuas onpaskd, pacyemno-3Kcnepu-
MeHmMAalbHble 0aHHble, AMMEeCmMAauus

THE METHODOLOGY OF PARAMETER MEASUREMENT
OF PERSPECTIVE ACTIVE PHASED ARRAY TRANSCEIVING MODULES
USING SURFACE CONTACT CONNECTOR

M. S. Karasev
JSC «RPC «Istok» named after Shokin», Fryazino

The main peculiarities of developing an active phased array transceiving module have been considered and
the foundation of using surface contact connection of modules within the active phased array has been pre-
sented. The main characteristics and the design of microwave and low-frequency connectors providing the
surface contact connection are given. The test fixture for checking the output parameters of transceiving
module has been worked out and the experiment-calculated data are presented for its certification.

Keywords: surface contact connector, transceiving module, test fixture, experiment-calculated data, cer-
tification
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BBICOKOU3BUPATEJBHBIN MAJIOTAGAPUTHBIN
CBY-MOAYJIb B KEPAMHUKE LTCC
C IPUMEHEHHUEM MOHTAXA «FLIP-CHIP»

A. Il I'yces, A. B. IlaBjos, C. I'. IlaBioBa, B. IO. MsakunbkoB, C. H. CoiTninH
AO «HIII «Hcmoky um. lloxunay, 2. @psasuno

T. B. CuHULIBIHA
000 «BYTHUCy, 2. Mockesa

IIpencraBiieHbl pe3yabTaTbl pa3padoTKH THOPHAHO-MOHOJIMTHOIO YaCTOTHO-NMPeoOpa30BaTelIbHOr0 MHOIO-
caoiinoro CBU-moxay.isi, BbinojaHeHHOTo no TexHosioruu LTCC. HcnoJib30BaHHe HOBOI0 CXEMOTEXHHYECKOT0
pelieHHs MOAYJsi B COBOKymHocTH ¢ mMoHTaxom «flip-chip» mas  kpucramios, usrorosienubix mo ITAB-
TeXHOJIOTHH, BIIEPBbIe MO3BOJIMI0 00eceYnTh YaCTOTHYI0 H30upaTebHOCTh cBbllie 50 16 B Ananaszone ya-
crot 10 4,5 I'T 3a cyeT ycTpaHeHUs 3JEKTPOMATHUTHONH HABOJIKH, a TaKKe YMeHbIIHTHh MaccorapapuTHblie
XapaKTepPUCTHKH U3Jenus 0ojiee yeM B 2 pa3a 10 CPABHEHHIO € CYLIECTBYIOIIHMM aHAJIOIOM.

KC: qacmomno-n;zeo6;za306ameﬂbHan MOO V/ib, ,@mbmg HA NOBEPXHOCMIKbIX AKVCIMUYECKUX 6O0IHAX, u30u-
pameibHochb

HIGH SELECTIVE SMALL-SIZE
MICROWAVE MODULE IN LTCC
CERAMICS USING «FLIP-CHIP» MOUNTING

A. P. Gusev, A. V. Pavlov, S. G. Pavlova, V. U. Myakinkov, S. N. Sytilin
JSC «RPC «Istok» named after Shokins», Fryazino
T. V. Sinitsina
JSC Ltd «Butis», Moscow
The results of development of hybrid-monolithic multilayer frequency-converter microwave module based on
LTCC technology are presented. For the first time using the new module circuitry solution in conjunction
with the flip-chip technology of planting crystals made by SAW technology allowed to provide frequency se-

lectivity of more than 50 dB in the frequency range up to 4.5 GHz by eliminating electromagnetic interference
as well as to reduce weight and size of device more than 2 times in comparison with the existing analogue.

Keywords: frequency-converter module, surface acoustic wave filter, selectivity
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VJIK 621.318.134.029.64

OEPPOI'PAHATDBI JJIA NOAJIOXEK
MHUKPOITIOJIOCKOBbBIX ®EPPUTOBBIX IIPUBOPOB
X-JUAITA30HA

A.T. HaJIOFI/Iﬂl, M.T. CeMeﬂosl, B.T. KOCTI/IIHI/IHZ, B. B. I/IBaHOB3,
A. C. Cemenos', A. B. Bakianos®

Y40 «HIIIT «Hcmoxy um. Llokunay, e. Dpsazuno
HUTY «MUCuCy», 2. Mocksa
SM®TH (20cydapcmesentviii yrusepcumem), 2. JJoneonpyonwiii

HccienoBaHo BJIMAHHE HETPAAMIUOHHBIX NMPHEMOB H3rOTOBJIEeHHS (peppUTOB, BCTPOEHHBIX B KJIACCHYECKYIO
KepaMH4ecKYyI0 TEXHOJIOTHIO, HA IUIOTHOCTh U MUKPOCTPYKTYPY :Kejie3outTpueBoro rpanara (JKUT) Y;Fe;04,.
TakuMu NpUeMaMH SIBJISIOTCS MAarHUTHO-MMIYJbCHOE NMpeccoBaHHe (PepPUTOBBIX 3aT0TOBOK U PaAHALMOHHO-
TepMuueckoe cnexkanue. [loJsoxurenbHble pe3ybTaThbl UCNBbITAHUI (epPUTOBBIX MHKPONOJO0CKOBBIX NPHOO-
POB, U3roTOBJIeHHbIX Ha ¢eppuToBbIX MIacTuHax u3 KUI ¢ ucnoJib30BaHMeM JAHHBLIX TE€XHOJIOTHii, MOATBEP-
JWJIH ITHHAMHYECKYH) YCTOHYMBOCTb, TEPMOCTAOMIBLHOCTH U MaJIble OTePH NPH BHICOKOM YPOBHE MOIIHOCTH.

KC: ycenezoummpuesniit epanam (KUI), okcuonas mexHono2us, MasHumHo-umMnyischoe npeccoganue (MUII),
paduayuonto-mepmuyeckoe cnekanue (PTC), Mukpocmpykmypa, Memanioepaduyeckul anais, MUKpo-

1OI0CKO6bLU (heppumoesblil pazeaszviearouuil npubop (PPII). evicoxull yposens mowrocmu (BYM

HU3KUll yposenb mownocmu (HYM)

FERROGARNETS FOR SUBSTRATES
OF X-BAND MICROSTRIP FERRITE DEVICES

A. G. Nalogin', M. G. Semenov’, V. G. Kostishin?, V. V. Ivanov®,
A.S. Semenov’, A. V. Baklanov*
13SC “RPC “Istok’ named after Shokin™, Fryazino
NUST ““MISiS™, Moscow
3 Moscow Institute of Physics and Technology, Dolgoprudny

The influence of non-traditional methods of ferrite manufacturing, built into classical ceramic technology, on
density and microstructure of yttrium-iron garnet (YIG) Y;FesO,, has been investigated. Such methods include
magnetic-impulse pressing of ferrite work pieces and radiation-thermal sintering. The positive results of testing
ferrite microstrip devices manufactured on YIG ferrite wafers using the above technologies confirmed dynamic
stability, thermal stability and low losses at high power level.

Keywords: yttrium-iron garnet (YIG), oxide technology, magnetic-impulse pressing (MIP), radiation-thermal

sintering (RTS). microstructure, metallographic analysis. microstrip ferrite decoupling de-

vice (FDD), high power level (HPL). low power level (LPL)
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YK 621.318.134.029.64

TEPMOCTABHWJIBHBIE ®EPPUTDBI
JJIA MUKPOITIOJIOCKOBBIX ®EPPUTOBBLIX IMTPUBOPOB
BBICOKOI'O YPOBHsA MOIIHOCTH

A.T. Hanorun, M. I'. Cemenos, H. JI. Ypcyasak
AO «HIII «hcmoxy um. Llloxkunay, . psasuno

N305%keHbl 0CHOBHBIE TPe0OBaHNsA, NpeAbABIsAeMble K MAaTepHATy NMOANO0XKKH Nasi CBY MHUKPONOJIOCKOBBIX
(eppuUTOBLIX NPHOOPOB BBLICOKOIO YPOBHSI MOIIHOCTH. PaccMoTpeHb! BONPOCHI M3roTOBJIEeHHS! (PePPUTOBBIX
maTtepuanoB. IIpuBeseHbl mapamMeTpbl HHKeldeBOH IINHHeJH W (ePPUTOBBIX MHKPOIOJOCKOBBIX NPHOOPOB
BBICOKOI0 YPOBHSI MOIIHOCTH B moJjoce 4yactor 9,4...10,7 I'T'u, M3roToBJaeHHBIX HA MOJJ0XKKAX U3 pa3pado-
TAaHHOI0 MaTepuaJa.

KC: Hukenesas winunens, MUKDONOQIOCKOSbLI (heppumosslii pazeasviearouiuii npubop (DPI), evicokuti
vpogenb mouwnocmu (BYM)

THERMOSTABLE FERRITES
FOR MICROSTRIP FERRITE DEVICES
OF HIGH POWER LEVEL
A. G. Nalogin, M. G. Semenov, N. D. Ursulyak

JSC «RPC «Istok» named after Shokin», Fryazino

The main requirements to the substrate material for microwave microstrip ferrite devices of high power level
are stated. The questions of manufacturing ferrite materials are considered. Parameters of nickel spinel and fer
rite microstrip devices of high power level made on substrates of the developed material within 9.4 ... 10.7 fre-
qguency band, are given.

Keywords: nickel spinel, microstrip ferrite decoupling device (FDD), high power level (HPL)
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YK 338:621.37/39

BU3HEC-MOJIEJIb
WHHOBALIMOHHO-TEPPUTOPHUAJIBHOI'O PAJHOSJEKTPOHHOI'O
KJACTEPA B OCOBOM DKOHOMMNYECKOM 30HE

M. B. YUekagaHoBa
AO «HIII «cmoxy um. Llloxkunay, . @psasuno

IIpoanaju3MpoBaH MHPOBOH ONBIT Pa3sBUTHS WHHOBALMOHHO-TEPPUTOPHAJIBHBIX KJIACTEPOB B pPaauo3JjieK-
TPOHHOI OTPac/ju, ONUCAHbI CTPYKTYPHbIE 3JIEeMEHThl HHHOBAIIMOHHO-TEPPUTOPHUAJIBHOI0 PaM03JI€KTPOHHO-
ro Kj1acTepa B 0c000ii 3K0HOMHUYeCKOIi 30He.

KC: 6u3H€C'M00€JZb, MMQOGOZ/IV Onblnt, uHHO@aquHHO'WléQQMWlOQMCIJlebllJ Kuacmep, 0c0bas IKoHOMUYECKas
30HA

BUSINESS MODEL
OF INNOVATIVE REGIONAL RADIOELECTRONIC
CLUSTER IN A SPECIAL ECONOMIC ZONE

M. V. Chekadanova
JSC «RPC «Istok» named after Shokin», Fryazino

The world experience of innovative regional clusters in the electronic industry is analyzed, the structural ele-
ments of innovative regional radioelectronic cluster in the special economic zone are described.

Keywords: business model, world experience, innovative regional cluster, special economic zone
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VJIK 658.274

HUCIIBITATEJIBHAS BA3A: COBPEMEHHOE COCTOSHMUME, ITPOBJIEMBI,
IIYTb UX PEINEHUA U HPEIJIOXEHUSA IO IIEPEOCHAIIEHHUIO

I1. U. Laii, A. A. ®anees, JI. A. Karanosa, C. U. [lyOpoBkuH
AO «HIII «Hcmoky um. lloxunay, 2. @psasuno

JaH aHATHU3 TEXHUYECKOT0 COCTOSTHUS MCNIBITATE]bHOI 0a3bl NPpeANPUATHA HA ceroAHAIIHUI NeHb. [IpuBene-
Hbl CPABHHUTE/bHbIE TEXHUYECKHE XAPAKTEPUCTUKH MMEIOIerocss Ha NpeInpuATHUA U COBPEeMEHHOro o0opy-
noBaHusi. BbIpa0oTaHbl NpeaioKeHUsI MO0 OCHAIEHHI0 M MOJAEPHU3AIMYN UCTIBITATEIbHO 0a3bl MpeANPUsITHS.

KC: yupposas cucmema ynpagienus uOPOUCHLIMAHUIMY, AGIMOMATMUZAUUS UCHIMAHUL, KOHMPOLLED,
CBY-modvau, mpansucmopibie cOOpKu

TEST BASE: MODERN STATE, PROBLEMS,
THE WAY OF THEIR SOLUTION AND PROPOSALS ON REEQUIPMENT

P.I. Tsai, A. A. Fadeev, L. A. Katanova, S. I. Dubrovkin
JSC «RPC «lstok» named after Shokins», Fryazino

The analysis of the present day technical state of the enterprise test base is presented. The comparative tech-
nical characteristics of the equipment available at the enterprise and up-to-date equipment are given. Pro-
posals on reequipment and modernization of the enterprise test base are worked out.

Keywords: digital control system of vibration tests, tests automation. controller, microwave modules,
transistor assembling
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VIK 530.145

YPABHEHUE ®OTOIPPEKTA

A. K. baasiko
AO «HIII «cmoxy um. Llloxkunay, . @psasuno

IIpuBeneno ypaBHeHue (oroddpdexta JifHIITeNHA ¢ PEJATHBHCTCKHM BbIPpaMKeHHeM [Jfl KHHETHYeCKOil
Hepruu. BeickazaHo nmpeamnosoxkenue, 4To nocrossHHas Ilnanka onpenensercs: U3 APYrux (pu3n4ecKHX KOH-
CTaHT.

A6HEHUE Pomod EKma, KuHemu4decKas IHepusl, 9 exm Kounmona

PHOTOELECTRIC EQUATION

A.K. Balyko
JSC «RPC «Istok» named after Shokin», Fryazino

Einstein photoelectric equation with relativistic expression for kinetic energy is presented. The assumption is
made that Planck constant is defined from other physical constants.

Keywords: photoelectric equation, kinetic energy, Compton effect
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