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QUARTZ OSCILLATORS: 60"'.
 
ADVANTAGES AND DEVELOPMENT PROSPEaS 

The art icle discussesth e advantagesof quartz oscillators, 

tr ends in the market of piezoceram ic frequency sta bilizatio n 

componen ts asw ell as th e feature s of products manufactured by 

"Zavod Meteor"JSC, one of th e leading enterprises in th e field of 

quartz oscillator productio n. 

Keywords: quart z oscillato rs, piezoceramic frequency 
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temperature stabilit y 

A. Muryg in 

PIEZOELEaRIC FREQUENCY STABILIZATION COMPONENTS 
FROM "ZAVOD METEOR"JSC FOR THE CIVIL MARKET 

"Zavod Met eor" JSC is implementin g a comprehensive project t o 

launch serial product ion of various typesof quartz oscillators and 

quartz resonat ors for th e civilian market The artic le providesan 

overview of th e products manufactured by t he enter prise. 

Keywords: quartz oscillat ors, quartz resonators, voltage 

contro lled generato rs 

M . Soko lov 

CAPACITORS AND INDUalVECOMPONENTS 
FROM HONGDA CAPACITORS 

Hongda Capacitors is a leading Chinese manufac ture r of 

capacito rs and induct ive components for the consumer, 

indust rial, t elecommunications, auto mot ive, medical and 

mission-criti cal markets.The art icle providesan overview of the 

company's main product categories. 

Keywords: tant alum capacito rs, mult ilayer ceramic chip 

capacitors, aluminum electrolytic capacito rs, polymer electrolyt ic 

capacito rs 

HAYYHblE CnEIlli1AllbHOCn1, no KOTOPblM li13AAHli1E BXOAli1T B nEPEYEHb BAK: 

2.2.1 BaKYYM Ha>1 101 n n a 3MeHH a >1 3neKTpoH Io1Ka 

2.2.2 3ne l<TpO HHa>1 KOMn OHeHTH a >1 6a3a M Io1 KpO- 101 HaH 0 3n e KTp OHIo1 KIo1 , 

K Ba H ToB ~xYC T PO ~C TB 

2.2.4 np lo1 6 op bllo1 MeTOAbl 101 3 M epeHIo1 >1 

22.5 n p lo16op bl Ha B lo1 r al.\101 1o1 

22.6 OnT Io1 4eCKIo1e 101 cnr a xo-anexrp ouuae n plo1 6 opbl 101 KOMnneKCbl 

64 

68 

COAEP>KAHME
 

3J1EKTPOHHASI KOMnOHEHTHASI 6A3A 

A. ipe wHV1 KOB 

KBAPIlEBblE rEHEPATOPbl:
 
nPH1MYlUECTBA VI nEPcnEKTVlBbl PA3BVlTVlSI
 
B cr a rse paCCMaTpV1SaIOTC>1 npeV1Myw,eCT sa «aap uee ux 

reueparo pos . TpeHAbl Ha pblHI<e nbe30l<epaMV1 yeC I< V1X 

I<OMnOHeHTOS CTa6 V1n V13al\V1V1 -racroru , a TalOKe oco6eHHOCT V1 

npoAyl<l\V1V1 , sblnycl<aeMoiil AO «3aSOA «Mereop»- OAHV1 M V1 3 

seAYw,V1 XnpeAnpV1 >1TV1 ii1 So6nacTV1 np0V13SOACTsa «sapueaux 
reu epar op os . 

K/l104eBble cnoaa: xeap uesue reu ep aropu, 

nbe301<epaMV1y eCI<V1e I<OMn OHeHTbl CTa6 V1 nV13a l\ V1 V1 -r acroru. 
Ao6pOTH OCTb, cjla30sble WyMbl, TeMnepaTypHa>1 CTa6 V1 nbHOCTb 

A. M YPb lrV1H 

nbE30KBAPIlEBbIE KOMnOHEHTbl aA6V1IlVl3AIlVlVl 
llAaOTblOT AO 113ABOA llMETEOPll 
AIlSl rpA)KAAHCKOro PblHKA 
AO «3aSOA «Mer eop» peanusver I<OMnnel<cHbliil npoexr 

no sanvckv cepV1ii1Hor o np0V1 3SOACTsa pa3nV1 YHblXr une s 

xsap ue s ux rea epar op os V1 «aa pue eux pesouar opoe 

An>1 r pax na ackoro pblHI<a Bcra r se npezicr aanea 0630P 

sblnycl<aeMoiil npeAnpV1>1 TV1eM nponvsuun . 

K/l104eBble cnoaa: «sa puee ue reu epar op u. «aa pue aue 

pesouaropu. reuepar opu . vnpaanseu ue Hanp51 >l<eHV1 eM 

M COI<o n OB 

KOHAEHCATOPbl VI VlHAYKTVlBHblE KOMnOHEHTbl 
KOMnAHVIVI HONGDA CAPACITORS 
Hongda Capacitors - seAyw,V1 ii1I< V1 Taiilcl< V1ii1 

npo wseon wreru , I<OHAeHCaTopos V1 V1HAYI<TV1 SHbIX 

I<OMn OHeHTOS An51 norp ebnren socor o . npovuumeauor o . 

Tenel<oMMYHV1I<al\V1 0HHOro, aSToMo6V1 nbHoro, MeAV1l\ V1H CI<oro 

PbIHI<OS , a TaIOKe An51 ar ma parvpu ora ercr ee-n -oro 
npV1M eHeHV1 51 . B crar se npezicr aeneu 0630POCHOSHblX 

«areropnu npoAyl<l\V1V1 , sblnycl<aeMblx l<oMnaHV1e iil. 

Kruo-reaere cnosa: ra - rrano s ue l<oHAeHcaTopbl, MHorocnoiilHble 

l<epaMV1yecl<V1e YV1 n-l<oHAeH caTopbl, anIOMV1 HV1e Sble 

3nel<TpOn V1 TV1 yeC I< V1e I<OHAeHCaTopbl, nonV1MepHble 

3nel<TpOnV1 TV1 yeCI< V1e I<OHAeHCaTOpbl 

:n 

2.2.8	 MeToA b1101 n plo1 6 o pbl KOHTpOn>1 101 A lo1arHOCTIo1KIo1 MaTep lo1anoB , 

101 3A e nlo1~ , Be UjeCTB 101 nplo1p oAH O~ c pen u 

2.2.10	 M erpon o r ns 101 M eTpon o rlo1 4 e c Ko e ooec ne-re -u-e 

2.2.11	 V1 HepopM al.\101 0HH O-1o1 3M epIo1Te nbH bl e 

101 vnpaanmourue CIo1 CTe M bl 
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MICROWAVE ELECTRONICS

" 
~	 V Izotov'. SAW FILTERS FOR NAVIGATION SYSTEMS 

SawTechno offers a w ide range of SAWfilt ers for t he main 

navigatio n systems GLONASS, GPS, BeiDou, Galileo. The artic le 

discusses the main characteristics and features of SAWfi lters 

produced by t his company. 

Keywords: SAWfil ter s, navigati on systems, GLONASS, GPS, 

BeiDou, Calileo, center frequency, bandw idth 

S Galinovich 
MICROWAVE CONNECTORS FOR CIVIL AND DUAL PURPOSES 

Microw ave connecto rs for civil and dual purposes are one of the 

areas in t he production of electr ical connectors bvZavod Atla nt"
 

JSCThe products ofZavod Atla nt" JSCfeatu res high quality,
 

reliability and efficiency.
 

Keywords: SR-SO-O, SR-SO-l , SR-SO-4, SR-SO-7series RF
 

connect ors; SR-SO-2, SR-SO-3, SR-SO-S, SR-SO-8, SR-SO-9
 

microminiat ure connecto rs
 

1<. Dzhurinsky 
ON QUANTUM COMPUTERS, RADIO FREQUENCY CABLES 

AND CONNECTORS 
PART2 

The artic le provides the informat ion on physical principlesof 

quant um compute rs. Requirements for radio frequency cables 

and connectors that are used in quant um computers and support 

reliable and accurate quantu m calculat ions are for mulated . 

Keywords: quantum com puter, qubit , types of quantu m 

processors, liquid helium , low temperatur es 
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CBY-3JlEKTPOHL-1KA 

B .V130TOB 

74	 nAB-l1ll1llbTPbl AllSi UlCTEM HABVlfAI.\L-U1 
l<o M naH ~i1 SawTechno npennaraer WVlP OI<~~ Bbl60p n AB­


¢VlflbTPOB ):jfli1 OC HOBHblX CVlCTeMHaB Vlrau, VIVI - rfl o HAcc,
 

GPS, BeiDou, Galileo. Bcrarse paCCMaTpVlBaIOTC i1 OCHOBHble
 

xapa l<Tep VlCT ~K VI VI oco6eHHOCT VI nAB-¢ Vl flbTpOB, BblnYCl<aeMblX
 

3T Vl Mnpe):jnpVli1T Vl eM.
 

KlllOyeBble CIlOBa: nAB-¢ Vl flbTpbl, CVlCTeMbl HaBVl rau, Vl VI ,
 

rfl o HAcc, GPS, BeiDou, Galileo, u,eHTpaflbHai1 yaCTOTa, nonoca
 

nponvckauus
 

C i a nv1HOBV1 Y 

78	 CB4-PA3bEMbl fPA>KAAHCKOro VI ABOl1HOro HA3HA4EHVlSI 
CBY-pa3beMbl r pa>K,L\aHCI<oro VI ):j BO ~HOro Ha3HayeHVli1 ­

O):jHO Vl 3 Ha n pa Bfl eH VI ~ BnpOVl3BO):jCTBe 3fl el<Tp ~YeCKVlX 

coe):j Vl H~Tefle~ n pe):jn p ~ i1 T ~ i1 AO «3aBO):jArna -rr». V1 3 ):jefl~ i1 

AO «3a BO):jArna ur» O T fl ~Ya IO TCi1 BbI C O I<~M~ l<ayeCTBOM, 

Ha):je>I<H OCTblO ~ 3 ¢¢el<T~B HoCT b lO .
 

KlllOyeBble CIlOBa: PY-coe):j Vl H ~Tefl ~ cepnu CP-So-o, CP-SO-l,
 

CP-SO-4, CP-SO-7: M ~ I < pOM ~ H~ aT lO p H b l e pa3beMbi CP-SO-2,
 

CP-SO-3, CP-So-s, CP-SO-8, CP-SO-9
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YACTb 2
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MICRO AND NANOSTRUCTURES" 

~. M. Belykh, D Permyakov, A. St rogonov 
THIN METAL OXIDE FILMS FOR FlEXIBLE AND STRETCHABLE 

ELECTRONIC DEVICES 
The artic le discusses met hods for synthesizing metal oxide films 

and sensors based on them on flexible and stretchable polymer 

substrates.Their advant agesand disadvantages, applicat ions 

and implementat ion prospects are show n. 

Keywords: metal oxide films, stret chable polymer subst rates, 

nanowi res, nanofibers, titanium dioxide, tin dioxide, zinc oxide, 

MOCVD, PECVD, APE, MBE 

D,Sukhanov 
MODERN TECHNOLOGIES OF CHIPLET 

HETEROGENEOUS INTEGRATION 
Chiplet-based systems provide a num ber of advantages from 

a design and manufactu ring perspect ive, but at the same 

tim e require the implementat ion of advanced packaging and 

hete rogeneous int egrat ion technologies.The ar t icle provides 

an overview of modern methods for creat ing interconnects in 

chiplet-based systems. 

Keywords: chiplet s. heterogeneous integration , inte rconnects, 

packaging technologies, through silicon vias (TSV), interposer, 

rigid bridge, f lexible bridge 
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M~KPO - ~ HAHOCTPYKTYPbl 

M, 5eflblx,,IJ, . n epMfl l<oB, A.Crporouos 
90 TOHK~E METAJlJlOOKC~AHbIE nJlEHK~ AJISI r~IiK~X 

~ PACTSlr~BAIOIl.l~XCSl3J1EKTPOHHbIX YCTPO~CTB 

B cran-e o6cY>I<,qaIOTGl MeTO,qbl CV1 HTe3a MeTaflflOOI<CV1,qHbIX 

nneso« V1 ceacopos ua V1X OC HO Be ua r V1 61<V1 x 

V1 pacHlrV1 Ba lOli\ V1XC >l nOfl V1MepHblx nonnox xax. nOl<a3aHbi 

V1X npeV1MYli\eCTBa V1 HeAOCTaTI< V1, o6flaCT V1 npV1M eH eHV1>l 

V1 nepcnekrnsu BHe,qpeHV1 >l 

KIl104eBbieCIlOBa: MeTaflfl OOI< CV1AH ble nfleHI<V1 , 

paCT>l r V1BalOli\ V1 eC>l nonn u e paue nOAflO>I<I<V1, HaHonpoBoflo l<a , 

HaH OBOflO I<Ha , ,q V1 0I<C V1 A TV1Ta Ha, AV1 01<CV1A onosa. OI<CV1A L\ V1HI<a, 

MOCVD, PECVD, APE, MBE 

,IJ, .Cvxauos 
104 COBPEMEHHblE TEXHOJlOr~~ rETEPOrEHHO~ 

~HTErPAU~~ 4~nJlETOB 

CV1 CTeMbl ua OCHOBe '1 V1 nfleTOBo6ecne'1V1 BaIOT P>lA npeV1 MYli\eCTB
 

c TO'1 KV1 3peHV1>l npOeI<TV1pOBaHV1>l V1 npoV1 3BoACTBa,
 

HOBTO>Ke BpeM >l r pebvior BH e,qpeHV1>l YCOBepw eH CT BOBaHH blx
 

TexHOflor V1Cl l<OpnycV1 pOBaHV1 >l V1 rerep or e -n - on V1 HTerpaL\V1V1 .
 

B crarse npencraaneu 0630P coepeue -u - ux MeTO,qoBc03,qaHV1 >l
 

Me>l<coe,qV1 HeHV1 Cl B '1V1 nfleTHbIX CV1CTeMax.
 

KIl104eBbie CIlOBa: '1 V1 nfleTbl, rerepore-n-as V1 HTerpaL\ V1 >l ,
 

Me>KCoe,q V1 H eHV1 >l , TeXHOflo r V1 V1 l<opn y c V1 poBa HV1 >l , n e pexo,qH~e 

OTBepCT V1 >l BI<peMHV1 V1 (TSV), V1 HTepn03ep, >1<e CT I<V1 Cl MOCT, 

rV161<V1Cl MOCT 
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INNO~ATlVE TECHNOLOGIES FOR RECHARGING BATTERIES 
OF UNMANNED AERIAL SYSTEMS 

PART 2 
The art icle analyzes the engineering solutions that allow 

increasing the fl ight ti me of UAVs, w hile providing effective and 

economic met hods of recharging. 

• Keywords: UAVs, flight t ime, energy consumpt ion, recharging 

technologies - charging stat ions, solar panels, wire lesscharging, 

groundborne cable systems 

INFORMATION 
AND TELECOMMUNICATION SYSTEMS 

E.Starovoytov, Z. I<ondrashov,V Ignatenko 
METHODS OF TRANSMITTING SYNCHRONIZATION SIGNALS 

BETWEEN RADIO NAVIGATION BASE STATIONS 
OF ALOCAL NAVIGATION SYSTEM 

Local navigat ion systems can be used for posit ioning abonents 

in the absenceof global navigat ion sate llite system signals.The 

art icle discusses met hods for t ransmitting synchronizat ion 

signals between radio navigati on base sta t ions of a local 

navigat ion system . 

Keywords: local navigation systems, global navigat ion satellite 

systems, radio navigat ion base sta ti ons, fiber optic cable, 

synchronizat ion signals, radio relay line 
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c~nOBA~3nEKTPOH~KA 

O . -l epkaco aa 

110	 V1HHOBAUVlOHHbIE TEXHonorVlVl nOA3APSlAKVI 
AKKYMynSiTOPOB 6EcnVlnOTHbiX ABVlAUVlOHHblX CVlCTEM 
YACTb2 
AHam13lo1pYIOTc51 Io1 H>KeHepHble peure- uia . n03BOJl51 IO ll\ lo1 e 

YBeJlIo1Y Io1 Tb BpeM51 nonera 6nJlA, o6ecneYIo1 Ba51 npu 3TOM 

3<p <peI<T Io1 BHble 101 3KOHOMlo1yeC I< 101 uenecooopasuue MeTOAbl 

nOA3ap51AI<Io1 . 

KI1IO'IeBble CI10Ba: 6nJlA, BpeM51 nonera, 3Hepro noTpe6neHlo1e, 

TeXHOJlOr lo1 101 nOA3ap51AI< Io1 -3ap51AH ble CTaHl\Io1Io1 , COJl HeYHble 

na H e Jl Io1 , 6ec n poBoAH a513a p 51 AKa , H a 3eM H ~ e Ka 6eJl bH ~ e 

CIo1CTeMbl 

~H<I>OPMAU,~OHHbIE 

~ TEnEKOMMYH~KAU,~OHHbIE C~CTEMbl 

E .CTapoBo ~TOB ,3 . KoH~pawoB , B . ~ rHaTeH Ko 

114	 METOAbl nEPEAA4V1 CVlrHAnOB CVlHXPOHVl3AUVIVI 
ME>KAY PAAVlOHABVlrAUVlOHHblMVI OnOPHblMVI 
CTAHUVlSlMVI nOKAnbHO~ 

HABVlrAUVlOHHO~ CVlCTEMbl 
Jlol<anbHble CIo1CTeMbl HaBlo1ral\ 1011o1 MoryT Io1cnOJlb30BaTbC51 AJl51 

onpeneneaus MeCTOnOJl O>KeHIo1 51 a60HeHToBnpn OTCyTC TB lo1 101 

C lo1 r HaJlOB r Jl06aJlb H ~ X H a B lo1ra l\ 1010 HH ~xc nY TH Io1Ko B ~ xclo1c Te M 

B crarse paccuarp ueaorcn MeTOAbl nepena-u- Clo1r HaJlOB 

CIo1 HxpOHIo13al\ 1011o1 Me>I<AYpaAlo1 oHaBlo1ra l\101 0HH blMIo1 onopnu v n 

CTaHl\ Io151 MIo1 JlOKaJlbHOfi HaBlo1ral\1010HHOfi CIo1 CTeMbl. 

KI1IO'IeBble CI10Ba : JlO I<aJl bHble CIo1CTeMbl HaBlo1ra l\101 101 , 

rn06aJlbHbie HaBlo1 ral\ 1010HH ble cnvr -uucoaue CIo1CTeMbl, 

paAlo1o Ha B lo1ra l\ 1010 H H ~e o n o p H ~ e CTa H l\ Io1 Io1, O nT O BOJlO KO H H ~ fi 

l<a6eJlb, Clo1r HaJlbl CIo1 HxpOHIo1 3al\ 101 101 , paAlo10peJlefiHa51 JlIo1 HIo1 51 
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~ 6G TECHNOLOGY DEVELOPMENT ASPECTS 124 ACnEKTbl PA3B~n1S!6G-TEXHOIIOr~~ ~ The ~e p loy ment of GG communication networks is expected Pa3BepTblBaHV1 e GG-ceTeill CB 513 V1 o>I< ~Aae TC 51 BHayall e 

in t he early 2030s: in 2017 the IEEE 802.15 .3d standa rd 

(300 GHz range) was approved and wo rk on improving it 

2030 rOAO B, B2017 rOAY yTBep>I<AeHCTaHAapT IEEE 802.15.3d 

(A ~a na30 H 300 IIL\), paoora no cO Be p we H CT Bo Ba H ~ 1O 
a+ 7916 

continues The artic le discusses the architectu resand main «oro poro npononxaerc s . B crarse o6cY>I<AaIO Tc51 apxnr ekrvpu ~ KMTaH 

technologies required for t he deployment of GG networks and th e ~ OCHO BHble rex nonoruu. T p e 6Y IOLl\~ e C 51 AIl51 p a 3Be p T b IB a H~51 

problemsof t heir im plementat ion. GG-ceTeill, ~ np061leMbi ~ x peannsauan . : <1> EPA 
Keywords: GG techno logies,THz range, IEEE802.15.3d standa rd, KmO'leBble CIlOBa: rexuono rnu GG , T I L\ -A~a na30H , CTaHAapT 

data t ransfer rate, CMOSand SiGe BiCMOStechnologies,A"'Bv 

technologies 

IEEE802.153d, CKOpOCT b nepen a-m AaHHblx, J<MOn­

~ SiGe 5~ J<MOn -T e x H oll o r ~~ , rex uonoruu A"'Bv 
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~CCIIEAOBAH~E OnT~4ECK~X ~ B~XPETOKOBbIX 
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~~i1 pa3Pi 

FOR DEVELOPMENT OF DOMESTIC MUlTISENSOR DEVICES AAT4~KOB AilS! PA3PA60TK~ OTE4ECTBEHHbiX ;'~ 
.\\:" Pa3p,1 

The art icle examines promi sing domest ic developments of MYllbT~CEHCOPHbIX np~60POB "\>,. 
~~i! 

multisensor systems based on t he use of opt ical and eddy current Bcrarse paCCMaTp~BaIOTC51 nepcnekrueuue ore -recraeuuue 
~>1. 

sensors, as well as machine vision methods for processing images paspaoorxn M Yll b T ~ c e H c o p Hbl X npnoopoa . OCHOBaHHblX Ha C\,-= 

of the parts under stud y and monitoring t heir quality. ~ cn oll b30BaH~~ O nT ~Yecl<~x ~ B~xpeTOI<OBbIX AaTY~ KO B , a raiose C\,-J 
Keywords : eddy current sensor, opt ical sensor, roundness tester, MeTOAOB MaW~ HH o ro 3pe H ~ 51 All 51 o6pa6oTI< ~ ~ 306 pa >l< eH~ iIl 
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