AKYPHAN ANA PA3PABOTYMKOB 1M NMPOM3BOAMTENEN: KOMMOHEHTBI « PEWEHWA « OMbIT « COBBITIAA

12+
WWW.ELCOMDESIGN.RU MEMATPYIIA «3/IEKTPOHUKA»

JN1eKmpOHHbIe KOMNOHEeHMbl

YBaxkaemble KoJJ1eru!

[Mpurnamaem Bac pazmecTuTs pexiiaMmy/cTaTbl0/MHTEPBBIO WIIN PETIOPTAXK C IPOU3BOJICTBA B KypHAJIE
«JaekTpoHHbIe KOMIIOHeHTbD» Ne10/2026, KOTOpEIi OyAET MpeCTaBIeH Ha BEICTaBKE JJIeKTPOHUKA
Poccun -2026, a Takke paciipoCTpaHsAETCs 10 MOANKUCKE B IEYaTHOM U 3JIEKTPOHHOM BHUJIE.

KypHas «1eKTPpOHHbIE KOMIIOHEHTBI» — MEPBBIH KypHAJ 0 AJIEKTPOHHBIM KOMIOHEeHTaM B Poccun.
Kypnuan uznaercst ¢ 1995 r. u ABiseTcs aBTOPUTETHBIM UCTOYHUKOM TPO(PECCHOHATLHOW HHPOpMAITHH
JUTS pa3paOOTYMKOB W MTPOU3BOANTENEH AIIEKTPOHHON anmapaTypsl, TEXHUIECKOTO PyKOBOJICTBA
PEINPUATHN OTPACITH, JUPEKTOPOB 10 CHA0KECHUIO U HAJICHKHBIM MAPKETUHTOBBIM MTAPTHEPOM JIJIS
MIPOU3BOJUTENCH U AUCTPHUOBIOTOPOB JIECKTPOHHBIX KOMIIOHEHTOB.

[ToMrMO BBICTABOK, KypHaII OyJeT pacrpoCTPaHATHCS 1O TIOIMUCKE B IIEYATHON M AIEKTPOHHOU (popmax
cpeau pa3pabOTYHKOB, IPOU3BOIUTENICH U MOTPEOUTENICH SIEKTPOHHON MPOYKIINH.

Taxoke oH Bxoaut B cuctemy PMHLI u BeiknaapiBaeTcst B 3JIeKTpOHHYI0 O01Onnoteky elibrary.ru

B Ne10/2026 0yayT ony0/1MKOBAHBI MATEePHAJIbI:

TexnoJiorust coroBoii ces3u LTE Cat 1bis
Koncrantun Bepurun

B cmamve kpamxo paccmompena mexnonoeusi comoegou céasu LTE Cat 1bis. Onucanvl ee ocHogubie
OMAUYUS OM OPY2UX MEXHON02UU, U YKA3AHbI NPUMEPHbBIE 001ACMU NPUMEHEHUSL.

Pa3pabotka u BHegpenne AITAK st moncka aedekToB u3aeanii MUKPO3JIeKTPOHHKH € OMOIIBI0
HCKYCCTBEHHOI'0 HHTeJIeKTa

Yacrs 20.

Hapes JopmunommuHa, Texaudeckuit nupekrop, AO «LIKb «/letitony,

Opwuit EBctudees, x.1.H., c.H.c., mpodeccop, AO «LIKb «/letitony,

Banepnit Kntounukos, renepansabiil aupektop, AO «3aBox «Mapey,

EBrenmii Kimtounukos, 3aMmectutens rinaBHoro koHcrpykropa AO «LIKbB «/leriton»,

Opuii Py6nioB, renepanbHblil qupexTop—TiaaBHblid KOHCTpYKTOp AO «LIKB «JlerTon»



IIpoexTHpOBaHME M IPMMEHEHHE U3MEPHUTENbHBIX TPAHCHOPMATOPOB TOKA

Buxkrop Biacos, unxesnep

B cmamwve [1] npedcmasnen 6cecmoponnuii 0630p mexHoi02uu UsMepumensHulX mpanc@opmamopos
moxka (UTT), nauunas c npunyunos pabomel u Memooos paciema 00 nPakmuiecko2o npUMeHeHUs 8
UMNYIbCHBIX UCMOYHUKAX NUMAHUA (HHIY) U ABMOMOOUNBHBIX CUCTEMAX.

PoJsib MegHOM 32TMBKH M 3aIIUTHBIX NePEeXOAHBIX 0TBEPCTHIl B IM(PPOBBIX cXeMax

Xapum Kamunaenn (Harish Kamineni), Amphenol TCS
1-p Opuk boratun (Eric Bogatin), Yausepcuter Konopano B boynaepe

B cmamve paccmampusaemcst poib MeOHOU 3aMUBKU ¢ COCOUHUMENbHLIMU NEPEXOOHBIMU OMEEPCMUIMU,
u 0enaemcsi 6bl800 0 MOM, YMO NPU ONPeOdeNeHHbIX 00CMOAMENLCMBEAX dIMA POy nepeoyerena [1].
Tonvko 6 ouensb peoKux caydasx UcCnoab308anue MeoOHOU 3a1U6KY 0eUCMEUmMeNbHO NO360A5Aem
VMEHbUIUMb NOMEXU, 4 ee HeKOPPEKMHAS Peanu3ayusi Ha NPAKmuKe MoJlcem mobKo YXyouums
Xapaxkmepucmuxku RPUIOHCEHUSL.

JeTekTOpHI TENJIONPOBOAHOCTH [IJIsl ra30BOM XpomMaTorpaduu
Onmner Jle3nn

Jlrobomy paspabomuuxy npuxoounocs npoeKmuposams U3MepUmenbHblil MpaKkm u 6blOUupams O/ He2o
oamyuxu. [lpu usmepenuu, nanpumep, memnepamypsl Uiy 0asienus GblOop OAMUUKOS He NPeOCMABIAem
cobotl mpyonocmu 015 onvlmHo2o undxcenepa. OOnarko 6vl8am cayuau, Ko2oa eblOOP OAMUUKO8 MOICEN
nocmasums 6 MynuK 0asice OnblmHo2o paspabomuuka. K maxogvim Modxcno omuecmu demexmopwl 07is
2330801 Xpomamozpaguu, 0 KOMopsIX U NOtdem peysb 6 cmamoe.

H3mepeHnue pacxoaa ¢ IOMOIIbI0 IHPOKOMOJIOCHBIX AKYCTHYECKUX CHTHAJIOB B O/THOMOJOBBIX
BOJTHOBOAX

Xopxe M. Moncansse! (Jorge M. Monsalve), Mapcens Honrmannc! (Marcel Jongmanns), Cangpo T,
Kox! (Sandro G. Koch), Xapansy [llenk!? (Harald Schenk), 'MHCTUTYT POTOHHBIX MHKPOCHCTEM
dpaynrodepa, 2bpangeHOyprekuii TEXHUUECKUN YHUBEPCUTET

B amoii cmamve paccmampusaemcs: H08as KOHYENYUsi AKyCMU4ecKo20 pacxo0omMepa Ha 00OHOMOO08bIX
80110600ax. Ilepedaua umnyibcog 0cyujecmensnemcs e no OUA2OHANU Yepe3 HONEPEeUHOe CeueHuUe
mpybonpoeooa, a ¢ NOMOWbIO 08X KAHAN08, KOMOPble 00HOBPEMEHHO (PYHKYUOHUDYIOM KAK
mpyobonposoodsl u Kax 60aH06800bl. Huoice uacmommuozo nopoea npu 00HOM0O0060M pacnpoCcmpaHeHuu
aKycmuyeckue 80IHbl 8bIHYAHCOEHb NPOXOOUMb YePe3 OIHOB00bL C NIOCKUM (DPOHMOM, YO UCKTIOYAem
B03MOIHCHOCMb Opeligha Tyua, GHYMPEHHUX OMPAdICeHUll U nomepb Ha pacnpocmpanerue. biaeooaps
9MOMY y pa3spaboOmMUUKa UMeemcst 603MONCHOCTL 2UOKO Y8eIUUUEamy ONUHY 36YK0B020 MPAKma u
BBINONIHAMb 8bICOKOUYECMBUMENIbHOE UBMEPEHUE CKOPOCMU NOMOKA U CKOPOCHU 38YKd, 0adice eciu
yacmoma 6030YCOeHUsI OCMAENCsl HUJHCe OMHOCUMENbHO MAN020 3Havenus. [{ns uzmepenus pacxooa
6030yXa ObLIO CKOHCIMPYUPOBAHO U NPOMECMUPOBAHO YCMPOUCIBO, pabomaioujee no MoMy NPUHYUNY.

IIpakTHyeckoe npoekTupoBanue PU-cucreM ¢ y4eToM YPOBHS IIIyMa M YyBCTBHTEIbHOCTH
NpUEeMHHKA

Amnnpeit IlepecanuH, HXeHep



Oonum u3 nauboee wacmo HenpasuivbHo mpaxkmyemoix nowamuii 6 B4- u CBY-mexnuxe sensemcs
VPOBEHb WYMA U, 8 HACMHOCMU, €20 GIUAHUE HA YYECTNBUMENbHOCMb NpueMHuKa. Ymoobvl pazobpamucs ¢
SMUMU BONPOCAMU, CIMANbS HAYUHAEMCSL C ONPedeeHUst 00WUX NOHAMUL, NOC/Ie 4e20 8
paccmampugaromces nPaKmuyecKue oNpocyl paspadomKy NPULONCEHUL C UCNOIb308AHUEM ONUCAHHBIX
HOHAMULL U CO0OPadCeHUlL.

HoBbli1 M0AX01 K COIIACOBAHUIO BBICOKOCKOPOCTHBIX paano4acToTHbiXx AIII B y3Kko0ii moJioce
Amnnpeit PonuH, nmkenep

Ipu pazpabomrke npunodicenuil, He mpeodyrowux WUpoKonoaIocHol ouckpemusayuu (om 1 0o 2 I'Ty u
ebluLe), ONPeOeseHHYIO CIONCHOCMb npedcmasisiem codoul coenacosarue exoonvix yenei AL 6 y3koil
noaoce ¢ comuu MI'y ¢ nomowwio baryna uny mpanc@opmamopa. Ima 3a0a1a yCioHCHIEmest 8
cucmemax ¢ 8blCoKUMU npomexcymounvimu vacmomamu (I19), ucnonvzyemvimu 6 cogpemMeHHbIx
cpedcmeax ces3u uau paouoioKayUOHHbIX CUCmeMax 0Jist Rociedyrwel yugposol 0opabomxu cueHaad.

B smoii cmamve, nybauxyemoui na ocnose [1], onucvieaemes onmumuzayusi pabomor AL
Ipeonosicennnviil memoo obecneyusaem co2niacosanue 8 HOI0Ce Yacmom WUpUHOL 6 COMHU Me2azepy Ha
mobotl uacmome (8 ochosnou unu I14-nonoce) npu ycroguu, umo OHaA HAXOOUMCSL 8 NPedenax
HOMUHATILHOU paboyell noaocsl nponyckanus camozo AL

HoBble pemenus i CHJI0BOI 3J1€eKTPOHUKH
Bopuc BopoHoB, nnxenep

Omom kpamxuii 0630p AIAEMCA NPOOOJAHCEHUEM AHATOLUYHBIX NYOIUKAYULL 8 HCYPHALE « DNEeKMPOHHbIE
xomnonenmoiy NoNel, 5, 12 3a 2024 2., N5 3a 2025 2. u Ne3 3a 2026 2. Cunosas snekmponuxa He
nepecmaem yOugiams — NOCMOSAHHO NOABGIAIOMCI HOBble MONOI02UU CUNOBLIX KACKAO08, XOM, KA3AN0Ch
Obl, HUYE20 HOBO2O Yoice Helb3s NPUOYMAMb. /]6a HOBUWIECMBA Mbl PACCMOMPUM HUNCE: OOHA U3
MONoL02UL NPEOHA3HAYEHA 0I5l CO30AHUsL NOHUICAIOWe20 Npeodpazosamens, a opyedsi — s
noswviuaowjeco. Obe mononozuu NOCMpPoeHsl Ha NAPALIETLHO BKIIOYEHHbIX NPeoOPaA3068aAmMesX.

OnTuMu3zanus nocago4uoro Mecta PU-pazbeMoB ne4aTHoii miarsl
Brnanumup KonapateeB, HHXKEHED

Tlocmosnnviil pocm mpebosanuil K cKopocmu nepedaiu OaHHbIX noOYicoaem nosvluams paboyue
Yacmomul U Yayuuame xapakmepucmuxu paouosacmomusix (P4) komnonenmos, ucnonvzyemuix 6
ucnvimamensHulx cmenoax. Ilpu nposedenuu nposepKku npoekma Ha coomeemcmaue mpedosaHusm
MEeXHUYeCK020 KOHMPOIs KOMNOHEHMbL USMEPUMENbHOU cucmemsl, ekuouas PY-coopku u pazvemol 015
neYamHuuIxX NaAam, OONHCHbL ObIMb «INEKMPULECKU NPOPAUHBIMUY, YMODbL 0becneduums 00CmogepHoe
onpeodenenue Xapakmepucmux ucnvimyemozo ycmpoticmea. Coepementvie mpeboganus Kk noioce
NPONYCKAHUs CO CKOPOCMbIO 8biute 56 1 oum/c Oukmyom Heodxo0uMocms 8 ONMUMU3AYUU NOCA00YHO20
Mecma, Komopas y4umauleéaem 0coO6eHHOCU CIPYKMYPbl C10€6 NeYamHoll nAambl 015l 0becnedeHus
3A0AHHBIX XAPAKMEPUCMUK.

AKTHBHBIH ApaiiBep 3aTBOpPa ¢ MAJBLIMH OTEPAMH M OTPAHUYEHHeM BbHIOPOCOB HANPSAAKEHUS s
SiC MOSFET

ITaBen KoHblieB, HHKEHED



Tpaouyuonnvie Memoowl ynpasienus 3ameopom obecneuugaom mpeoyemvie KOMMYMayuoHHvle
Xapaxkmepucmuxu nymem pe2yiupo8anus conpomusieHusi ¢ yenu zameopda. C nomMowvbio Smux mMemooos
BbICOKOCKOPOCHOE NEPEKTIOUeHUe, NO380IAI0Ulee YMEHbUUMb KOMMYMAYUOHHbLE NOMEPU, Y8eIudugaen
8bI0POCH HANPAJICEHUS, KOMOPbLE MOZYN NPEGLICUMb HANPSICEHIe NPODOs U NPUBECINU K PA3PYUEHUIO
yempoticmsa. s peutenus 5moil npobiemuvl npeoiazaemcs paccmampusaemsiii 6 cmamve [ 1] Hosbiil
MEMOO AKMuUHO20 YRPAGLEHUSL 3AMBOPOM.

Bansinue BXOAHOM (PUJIbTPAIIUY ONEPALMOHHBIX YCHJIMTEIeid HA X YCTOHYHBOCTH
Apt Kaii (Art Kay), uaxkenep no npuMmeHenuto, Texas Instruments

Yeunumenu ¢ gvicoxum koaghpuyuenmom nodasnenus 31eKMPOMASHUMHBIX HOMEX YACMO OCHAWATIOMCSL
coocmesennvim RC-ghunompom na exooe. I1ockonvbky 6xo0nble pe3ucmopvl co30aiom wym, a
ouppepenyuanvuvlil KOHOEHCAMOP MOICEM CHUZUMD YCMOUYUBOCTHY YCURUMENS, dHPEKMUBHOCMb
maxozo urbmpa ocpanudena. B cmamuve [1] paccmampugaiomes npuyuHvl 603HUKHOBEHUSL
HeyCMOoUMU80CmMU ONePayuoOHHO20 YCUNUMeNns NPu UCNOIb308aHUU PUILMpayuu 1 cnocoowl,
obecneyusaiowue cmadbUIbHOE QYHKYUOHUPOBAHUE CXEMDL.

HeckoJbKO CJI0B 0 nepenaye JaHHBIX 10 3JIEKTPOCETH
Anexceit UncTsakos

Omuacmu cryuaiino eo3uuxuias pyopuka «Heckonbko cnog o...» npuuinacs no 6Kycy Yumamesm,
NO3MOMY Mbl NORPOCUNU HAULE20 NOCMOAHHO20 A8MOPA NPOOOIdICUMb ee cmambell 0 nepeoaye 0aHHbIX
no aneKmpocemu.

B cmamuve npusoosimes camvie 0cHOBHbIE C8EOEHUS 0 NEpedaye OAHHbIX NO INEKMPocemu. Imom euo
CB513U, HECMOMPS HA €20 NPEUMYWECmEa, 008OIbHO Malo pacnpocmpaner 8 Poccuu. Aemop nadeemcs,
YMo OAHHbLIL HANOTOBUHY VHeOHbIL MAMEPUAn NOMONACEM PA3PAOOMUUKAM HOYYUMb HAYATbHOE
npeocmasieHue o npeomenie.

IaccuBHAast HHTEPMOLYJISINUSL: CYLIHOCTD SIBJIEHUS 1 OCHOBHBIE clIOCO0ObI NapupoBanus. Yactp 2

Hukomnaii Jlemenixo, A.T.H., TaBHeIA HayuHbli coTpyaHUK AO «Kopnopanus «Komeray,
nlem83@mail.ru

Awnppeii CaBkuH, HH)XEHEp 110 IPUMEHeHu1o, andrey.savkin@rigol.com

B 3asepwaroweti wvacmu smoii cmamvu paccmampugaemcsi 0000ujeHHAs MAmMeMamuieckds MoOeb
naccuHoU UHMepMOoOyIaAyuU, Hekomopwvle cpeocmea usmepenus [IHM, a maxoce npakmuueckui npumep
ucnonvsosanus anaruzamopa cnekmpa Rigol cepuu RSA5000 ons usmepenus ITUM ¢ unmepnpemayueti
Pe3yILmamoa.

OcHoBbI TenioBoro ananausa BU-ycrpoiicts
Buxkrop bananos, nunxenep

Kax uzgecmmno, cywecmeyiom mpu 0CHOGHBIX MEMOOA ONMUYECKO20 USMEPEHUsL MEMNEPAMYPbL NEPexo0a
nomynposoonuxoeol mexuuxu unu kanana (1j unu Tch): unppaxpacnas mepmozpagus, memoo
MEePMOOMPAdNCENUst U MUKPOPAMAHOBCKAsE cnekmpockonus. Kpome mozo, 015 oyenku memnepamyphvix
PEdNCUMOB HA YPOBHE YCMPOUCMEA U CUCEMbL 8 KOHKPEMHBIX YCI0GUSX IKCHLYAMAayuy NPUMEHSIIONC
KoMnblomepHvle Mooeau. B cmamve nodpodno paccmampusaromes 6ce mpu memoovl, 061acmu ux
npuMeHerus, 00CMOUHCMEA U HeOOCMAMKU.



YcrpaneHue oTK/JI0HeHHs Jiyda B ADAP MeTo10M MCTUHHOI BpeMeHHOH 3a/1ePKKHU

Hoasun Huaydep (David Schnaufer), Mmenemkep Mo TeXHUYECKAM MapKETHHTOBBIM KOMMYHHKAIIHAM,
Qorvo

Paoapnvie, KomMmyHUKAYUOHHBLE U CEHCOPHBIE CUCMEMbL 8CE HaLe UCHOL3VIOM (DA3UPOBAHHbLE
anmennvie peuwemxu (PAP) 0ns 2ubxoeo u mouno2o ynpasieHus iy4om 6e3 MexaHuiecKko2o
nepemeuyenusi. Tpaduyuonuvie apxumekmypol ¢ UCHOIb308AHUEM PAZ08bIX COBULO8 OOCMULAIOM
npeoenos c8oUX 603MONCHOCIEL NO Mepe PaACUUpenus NOI0CL NPONYCKAHUS C Yelbl0 YEeauyeHus
cKopocmeli nepedayu OaHHbIX U pazpeuenus, 0CoOeHHO U3-3a OMKIOHEHUsI OCHOBHO20 TIyYA AHMEHHb U
VXYOULeHUs. XapaKmepucmuK Ha Kpasx noaocsl.

B cmamve paccmampusaemcs npumernenue 8 (pazupo8aHHbIX AHMEHHbIX PEULEINKAX Memood UCMUHHOU
spemernol 3a0epaicku (true time delay, TTD), peanuz08annoco ¢ NOMOWbIO OI0KO8 BPEMEHHOT
3a0epoicku. Ima mexnono2us obecneuusaem He3a8UCUMYIO0 OM YACHOMbL 3A0EPICKY NO 6Cell peuemKe
0151 MOUHO20 POPMUPOBAHUS WUPOKONOIOCHO20 JIYUA 8 COBPEMEHHBIX AKMUBHBLX
9NEeKMPOHHO-CKAHUPYeMbIX aHmMeHHbIX peutemkax (ADAP)

U opyeue mamepuarnot

Y10 MBI npeajgaraem:

Neri/mt HanmenoBanme CroumocTs (py06.) | Ilpumedanue
1 Peknama oobeMom 1/2 25 000 py6. Oxa3pIBaeM yCIIyTH 10
MOJIOCHI Ha OJTHOM U3 IU3aiiHy U BEpCTKE MaKeTa
MPaBBIX CTPAHUIT Ha OCHOBaHHH
BHYTpEHHET0 0J10Ka MIPEICTABICHHOTO
JKypHazia 3akazuukoM T3 u
MaTeprajIoB
2 Pexnama o6bemom 1/1 38 000 py6. Oxa3spIBaeM yCIyr 1o
0JIOCA HA OJTHOMW U3 IU3aliHy U BEPCTKE MaKeTa
MPaBBIX CTPAHUIL Ha OCHOBaHHH
BHYTpPEHHETo 0JI0Ka MIPEICTABICHHOTO
KypHaia 3akazuukom T3 u
MaTepuaioB
3 Pasmemenue crateu (10 28 000 pyo. B cronMocTh Takke BXOAUT
1.5 monocer popmara A4) TeXHUYCCKas U
+ pexyiama Y5 moJIocs JIATPEIAKTypa, BEPCTKA
4 Pasmemenue ctateu (10 3 42 000 py0. B cronMocTh Takke BXOOUT
dbopmara A4) +p 1/1 TEXHUYECKas U
peKIaMbl JIUTPEIAKTYpa, BEPCTKA
5 IlonroroBka u 45 000 py®. B croumocTs BXoauT
pa3MelieHrne HHTEePBLIO (10 MOATOTOBKA BOIIPOCOB,
2 nonoc popmata A4 )+1/1 COTJIaCOBAHKE UTOTOBOTO
peKIaMbl Marepuaia, KOppekTypa,
JIUTPEAAKTYPa, BEPCTKA




6 Kectkas Bkieiika B 010K 1 mosoca Oxka3spIBaeM yCiIyTrd 110
JKypHasia Ha Oymare JKECTKOW BKIIEHKHN | MU3aiiHy U BEpCTKE MaKeTa
WI0THOCTHIO 200 1/M?, 45 000 py6., 2 Ha OCHOBAHHUH
KOTOpasi paBHA IUIOTHOCTH | MOJIOCHI BKJIICMKHU | TpeCTaBICHHOTO
00JIOXKKH JKypHaJIa; pu - 60 000 p. 3akazunkom T3 u
€TO0 MepENNCTHIBAHNN MaTepraIoB
BCETJIa OTKPHIBAETCS 3Ta
BKJICVKA

Hnmepawvro u cmamovu 6y0ym pazmeujensl NOCie 8bIX00a HCYPHAA HA calime
https://russianelectronics.ru/, a maxosce 6 epynne Hosocmu snexkmponuxu 6 VK, u 6 epynne «Hosocmu
anexmponuxuy ¢ Telegram

DnexmponHyI0 6€pCUio a82yCmo8CcK020 HOMePA JICYPHANLA MOJICHO CKAYAMb 1O CCbLIKE
https://disk.yandex.ru/d/mQVTaFRAY SHyyg

IIpuem crareii 10 12 okTsa06ps 2026 roaa
IIpuem pexnamsl 10 14 oxkTadps 2026 roga

/Ina nauana compyonuuecmea omnpagvme 3anpoc na anton.denisov@ecomp.ru
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