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M HaCblLLeHHOW AeN0BOW NporpaMme.

KntouyeBble c10Ba: BbICTABOYHbIN BU3HEC, MHOOPMALMOHHbIE
TexHonoruu, umdpoBmaums, poboToTexHMKa

HOPMATUBHOE PEIrYJINMPOBAHUE

KO . KoBaneBCKui

COBEPLLUEHCTBOBAHWE 3AKOHOAATE/IbCTBA

B OBJIACTU LEHOOBPA3OBAHUSA HA NPOAYKLMUIO,
MOCTABJIFEMYIO O o3

3ACEAAHVE CEKLMM NO BOEHHO-MPOMBILLINEHHOWM
NONNTKE A BIOIKETY SKCMEPTHOTO COBETA

MPU KOMUTETE COBETA ®ELEPALIM MO OOPOHE

N BE3OMNACHOCTH

ONEKTPOHHUKA Ne92 ......

HAYKA « TEXHONOTUNSA « BUSHEC

«3JIEKTPOHUKA: HAYKA, TEXHOJIOTUSA, BU3HEC»
Hay4HO-TeXHUYeCKUM XypHan

XKypHan BbinycKaeTcs npu CoaencTeMmn [lenapTaMeHTa pajMo31eKTPOHHON
NpOMbILLIEHHOCTU MuHnpomTopra PO.

JKypHan BktoveH B NepeyeHb BAK 02.02.2016 T.

XXypHan BkAoYeH B POCCUICKNIA MHAEKC HAYYHOT O LMTUpoBaHms (PUHLL).
Ha cante Hay4yHom anekTpoHHON 6ubnnoTtekm eLIBRARY.RU
(wwwe.elibrary.ru) LOCTYNHbI NONHbIE TEKCTbI CTaTen. CTaTby U3 HOMEPOB

JKYpHana Tekyllero rofa npefoctaBagoTca Ha NNaTHON OCHOBE.

CBEXXWUM HOMEP XXYPHAJIA Bbl MOXETE MPUOBPECTU
B pepakuunu xypHana «3JIEKTPOHUKA: HTB»
Mocksa, yn. KpacHonponetapckas, 16, cTp.2

B npeacTaBuTenbcTBax «3on0Tou LWap TM»
CaHkT-MeTepbypr HeBckuii Np-T, 44, 5-% 3T., 0. 6 | root@zolshar.spb.ru
& +7 812 325-7544, 117-68-62, 110-43-66
EkaTepuH6ypr yn. HapoaHow Bonu, 25 | ekp@front.ru,
zolshar@online.ural.ru, & +7 343 212-18-10, 212-13-31 & +7 343 212-23-14
HoBocnbupck np-t K.Mapkca, 57, odnc 708 | nbzsh@mail.ru
& +7383246-24-73 & +7 3832 27-63-80
MwuHck nn. KasmHua, 3, odpuc 456 | zolshar@integral.minsk.by
& +710 375-17278-09-14
MxeBsck yn. Codbn Kosanesckon, 4a, opuc 4 | office@zolshar.izhnet.ru
S +7 3412 42-52-41 & +7 3412 42-54-72

2 SJIEKTPOHUKA HAYKA | TEXHOJIOTHS | BUSHEC

Ne22 (00233) 2024



CONTENT COAEPXXAHMUE

COMPANY'S PROFILE
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SETSAFE | SETFUSE: 24 YEARS OF DEVELOPMENT
AND PRODUCTION OF ELECTRICAL CIRCUIT
PROTECTION COMPONENTS

DESIGN SOLUTIONS

D.Tsionenko, I. Kozlovsky

METHODOLOGY FOR CALCULATING THE THERMAL
CONDUCTIVITY COEFFICIENT OF COMPOSITE MATERIALS
Atechnique is developed for calculating the averaged

by the volume (effective) heat conductivity coefficient

of elastic dielectric composite materials used in the production
of heat-conducting gaskets, which are used in electronic
equipment to ensure the required heat dissipation mode.
Keywords: thermal resistance, heat conductivity,
composite materials, heterogeneous structures,
heat-conducting gaskets

MANUFACTURING EQUIPMENT
AND PROCESS MATERIALS

A.Egorov, E. Danilov, A.lvanov, E.Gurova,

N.Romanov, A. Gareev, Yu. Khripunova

DEVELOPMENT OF DIELECTRIC HEAT-CONDUCTING

FILM ADHESIVE MATERIAL FOR THE NEEDS OF ELECTRONICS -
DOMESTIC EXPERIENCE

A technology has been developed for producing a dielectric heat-
conducting film adhesive material for mounting aluminum

and copper heat-dissipating bases of printed circuit boards.

The adhesive material is made of modified epoxy resin,
hexagonal boron nitride is used as a filler.

Keywords: printed circuit boards, heat transfer

coefficient, aerosol spraying, epoxy resin,

boron nitride
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5. Tpyba4es

SETSAFE | SETFUSE: 24 TOAA PA3PABOTKM

N PON3BOJCTBA KOMMOHEHTOB 3ALLUTbI
INEKTPUYECKMX LIENEN

KOHCTPYKTOPCKUE PELUEHUA

. UyoHeHko, M. Ko3noBckuin

METOAWKA /19 PACYETA KOO OULUEHTA
TENNONPOBOAHOCT KOMIMO3ULIMOHHBIX MATEPUANIOB
PaspaboTaHa MeToAMKa 419 pacyeTa yCPeAHEHHOrO

no o6bemy (3 eKTUBHOro) KOIhPULMEHTa TeNI0NPOBOAHOCTM
3NACTUYHBIX ANINEKTPUYECKMX KOMMO3MUMOHHbIX MaTepr1anos,
MpYMeHseMBIX MPY MPOM3BOACTBE TEMI0NPOBOASALLMX MPOKNAA0K,
KOTOPbIe NCMObL3YIOTCS B PAAMN03NEKTPOHHOM 060pyA0BaHMM
ons obecnedeHst Tpebyemblx PEXXMMOB TENNOOTBOAA.
KntioyeBble cnoBa: TepMmYyeckoe CONpoTMBAEHME,
TennonpoBOAHOCTL, KOMMO3UTHbLIE MaTepuansl,

reTeporeHHble CTPYKTYpbl, TENIONPOBOASALLME NPOKNAAKM

TEXHOJIOF'MYECKOE OBOPYAOBAHUE
N MATEPUAJIDI

A.Eropos, E.laHnnos, A.MBaHoB, E.[ypoBa,
H.PomaHoB, A.apees, tO. XpunyHosa

PA3PABOTKA ININEKTPUYECKOTO TEN/IONPOBOJALLEIO
NNEHOYHOIO AATE3UOHHOIO MATEPUATIA

ONA HYXXI SNEKTPOHUKK - OTEYECTBEHHbI/ OMbIT
PazpaboTaHa TeXHONOr 1S NOAYYEHWS ANSNEKTPUYECKOrO
TEnnonpoBOASALLErO MAEHOYHOr0 aAre3MoHHOr0 MaTeprana

151 MOHTAXa atOMUHUEBBIX N MeHbIX TENNOPACCEMBAIOLLIMX
OCHOBaHMM NeYaTHbIX NAaT. AAre3VoHHbIM MaTepuan M3roToBaeH
13 MOANDULIMPOBAHHOW 3MOKCUAHOM CMOJbI, B KAYeCTBe
HaNONHUTENS MCNONb30BAH FeKCarOHaIbHbIN HUTPKUA 6opa.
KntoueBble cnoBa: nevaTHble NNaThl, KOIOGOULMEHT TENN00TAAYM,
23p030/1bHOE HamblNIeHME, IMOKCUAHAA CMONA, HUTpUA Bopa
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Yu. Koval

CHEMSONIC ARE NEW GENERATION

ULTRASONIC BATHS

NPP Proton specializes in the development and production
of ultrasonic equipment based on advanced cleaning
technologies. The article discusses the functionality

of ChemSonic brand ultrasonic baths.

Keywords: ultrasonic cleaning,

ultrasonic bath, ultrasound generator,

cleaning liquid, digital control

RELIABILITY AND VALIDATION

P. Aleinikov

X-RAY INSPECTION TECHNOLOGY

The article considers a number of features

of X-ray quality control technology and, in particular,
issues that arise when working with high-density
materials, as well as when processing

and storing digital X-ray inspection data.

Keywords: X-ray inspection, high-density

materials, data storage

R.Ermilov, Sh.Shugaepov, E. Ermolaev, V. Egoshin
IMPROVING THE RELIABILITY CHARACTERISTICS

OF MULTI-LEAD METAL-CERAMIC PACKAGES

FROM ZPP JSC THROUGH THE USE

OF TEST SYSTEMS

The article considers the test equipment

that is used in Semiconductor Device Plant JSC (ZPP JSC)
in the manufacture of multi-lead

metal-ceramic IC packages.

Keywords: metal-ceramic package,

testing, equipment
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tO. KoBanb

«XumConuk» = Y/IbTPA3BYKOBbIE BAHHbI

HOBOI'O MOKOJIEHUA

HIM «MpoToH» cneunannsnpyeTtcs Ha paspaboTke

1 MPOM3BOACTBE YIbTPA3BYKOBOr0 060pyAOBaHMS,

B KOTOPOM MPUMEHSIOTCS NepefoBble TEXHONOMMN OTMbIBKU.
B cTaTbe paccMaTprBatoTCa GYHKLUMOHAbHbIE BO3MOXXHOCTY
YNIbTPa3BYKOBbLIX BAHH MapKu «XUMCOHMK?.

Kntouesble cnoBa: y/1bTPasBykoBas OTMbIBKA, Y/1bTPa3ByKOBas
BaHHA, reHepaTop y1bTpassyKa, OTMbIBOYHAS XMAKOCTb,
unpposoe ynpasseHue

HALEXHOCTb U UCIMNbITAHUA

M. ANeMHNKOB

TEXHOJIOTUA PEHTTEHOBCKOIO KOHTPO/IS

PacCMOTPEH psig 0COBEHHOCTEN TEXHONOM MM DEHTIEHOBCKOTO
KOHTPONIA Ka4ecTBa 1, B YaCTHOCTW, BOMPOCHI, BO3HMKAOLLMe
npuv paboTe ¢ MaTepranamu, 06nagatoLLMu BbICOKON
MNOTHOCTBIO, & Talkke Npu 06paboTKe U XpaHeHWUU AaHHbIX
LUMPPOBOro PeHTreHOBCKOrO KOHTPOAS.

KntoyeBble cnoBa: peHTreHOBCKMIM KOHTPO/Ib, MaTepuasbl

C BbICOKOV MNOTHOCTbLIO, XPAHEeHWE AAHHbIX

P.Epmunos, LW. lWyraenos, E. Epmonaes, B. ErowmH
NOBbIWEHWUE XAPAKTEPUCTUK HALEXXHOCTU
MHOIOBbIBOAHbIX METAI/NIOKEPAMUYECKUX

KOPMYCOB AO «3MM» 3A CYET MPUMEHEHWS CUCTEM
TECTOBOI'O KOHTPOJIA

PacCMOTPEHO TeCTOBOe 060PYA0BaHME, KOTOPOE UCMOb3yeTCs
B AKLIMOHEPHOM 06LLLeCTBe 3aB0OA, NOYNPOBOAHMKOBbIX
npr6opos» (AO «3MM») NpU N3roTOBAEHNIN MHOTOBbIBOAHbIX
MeTasIIoKepaMmMHeCKmX KOPMYCOB A1 MHTEr PasIbHbIX MUKPOCXEM.
KntoueBble cnoBa: MeTasIoKepamm4eckimim Kopmyc,
TecTMpoBaHme, 0bopyaoBaHMe
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A.Strogonov

METHODS FOR PREDICTING IC DURABILITY

BASED ON PARAMETRIC FAILURES

The article discusses the main methodological approaches
adopted in foreign and domestic engineering schools

in the field of predicting the durability of integrated circuits
based on parametric failures.

Keywords: durability, reliability,

parametric failures,

prediction, aging effects, degradation

POWER ELECTRONICS

A.Vorontsov

ADJUSTABLE VOLTAGE

OUTPUT DC POWER SUPPLIES

NTC AKTOR LLC has updated the line of DC power
supplies with adjustable values of output voltage
and output current. Options for operating

in local or remote modes using manual

or program control are possible.

Keywords: PS, electrical, functional,

operational characteristics

MICROWAVE ELECTRONICS

L. Nedashkovsky, V. Repin

PASSIVE POLYPHASE FILTERS

DESIGN METHODOLOGY

The article summarizes and systematizes

the experience practice in the designing of passive polyphase
filters —important components of microwave ICs,

such as quadrature modulators, quadrature

demodulators and phase shifters.

Keywords: polyphase filter, quadrature modulator, quadrature
demodulator, phase shifter, transmit-receive path
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A.CTporoHos

METOJbl MPOrHO3VUPOBAHUA AOJITOBEYHOCTU UC
MO NAPAMETPUYECKMM OTKA3AM

B CTaTbe pacCMOTPeHbLI OCHOBHbIE METOA0N0M MYecKkme
NOAXOAbI, MPUHATbIE B 3apyOeXXHOW 1 OTe4eCTBEHHOM
MHYKEHEPHbIX LKOMax B 061aCTV NPOrHO3MpOBaHMA
fonroseqHoCTV VIC no napameTpuyeckmm OTkasam.
KntoueBble cnoBa: [ONTOBEYHOCTb, HAAEXKHOCTD,
napameTpuyeckmne 0Tkasbl, IpOrHO3MPOBaHMe,
3ddeKTbl CTapeHus, aerpagaums

CUNOBASA SJIEKTPOHUKA

A.BopoHuoB

WCTOYHUKW SNEKTPOMUTAHMUA NOCTOSAHHOIO TOKA

C PETYIUPYEMbIM 3HAYEHUEM BbIXOAHOIO HATMPSXXEHUSA
OOO «HTL, AKTOP» 06HOBWA NNMHEWVKY BbINyCKaeMbIX
WNCTOYHWKOB 3/1eKTPOMNUTAHMSA NOCTOSHHOIO TOKA

C perynmpyemMbIMmn 3Ha4YEHUSIMM BbIXOLAHOMO HAMPSHKeHWS

1 BbIXOAHOMO TOKA. BO3MOXHbI BAPUAHTbLI paboThbl B MECTHOM
VAW AUCTAHLMOHHOM peXXMax C MOMOLLbIO PYYHOro

WAV NPOrpaMMHOrO YNpaBaeHuns.

Kntouesble cnosa: /M, anekTpuyeckme, QyHKLUMOHANbHbIE,
3KCMyaTaLMOHHbIE XapaKTepUCTUKM

CBY-2JIEKTPOHUKA

J1.HepawKoBCKMM, B. PenuH

METOZAMKA NMPOEKTUPOBAHWS MACCUBHbIX
NOJIM®A3HBIX ®UJILTPOB

B cTaTbe 0606L1aeTCA 1 CUCTEMATU3MPYETCS ONbIT pa3paboTKm
NaCCMBHBLIX NONVDA3HLIX UABTPOB — BaXKHbLIX KOMMOHEHTOB
CBY-mMumKpoCxem, TakMx Kak KBagpaTypHbie MOAYAATOPbI,
KBaApaTypHbIE AeMOAYNATOPLI M ha3oBpaLlaTen.
KntoyeBble cnoBa: nonvdasHbii GUALTP, KBaApaTypPHbIN
MOLYNSTOP, KBAAPATYPHLIV AeMOAYNSTOP, ha3ospallaTesb,
npuemMo-nepefatoLmi TpakT

HAYYHbIE CNEUMANIBHOCTU, NO KOTOPbIM U3AAHUE BXOAWUT B NMEPEYEHDb BAK:

2.2.1  BakyyMmHas v naasmMeHHas 31eKTpoHuKa

2.2.2  DNneKTpOHHasi KOMMNOHEeHTHas 6a3a MUKPO- M HAHO3NEKTPOHUKH,

KBAHTOBbIX YCTPONCTB

2.2.4 Tpnbopbl U MeTOAbI U3MEpeHUs
2.2.5 Tpubopbl HaBuraumum
2.2.6  OnTUYeckne n oNTUKO-3NEeKTPOHHbIe MPMBOPbI U KOMMAEKCbI

2.2.8 MeToabl M NpMBOpPbI KOHTPOAS
W ANArHOCTUKW MaTepuanos, U3fenni, BelecTs 1 MpUpPoLHON
cpefbl

2.2.10 MeTponorus n mMeTposiornyeckoe obecnevyeHue

2.2.11 NHPOPMaLMOHHO-U3MEPUTE/IbHbIE
M ynpasagioLne CucTembl

2.2.12 Tlpnbopbl, CUCTEMbI M U34eNUS MEANLMHCKOrO Ha3Ha4eHns
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