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AnHoTamus. [IpexcTaBieH BapuaHT IOCTPOSHNSI MHOTOKAHAILHOTO IPHEMHHKA, 00eceYnBaroniero nudposoe nmpeodpaso-
BaHHE 1 0OHApYKCHHE BXOIHOTO CHTHAJIA ¢ 4acToToH Hecymelt 39.0625 k' mpu yactoTe auckpernsanuu 156.25 xI'm. [puem-
HUK BBITNIOJHEH B BHJIE IUIATHI, paboTa KOTOPOH ympaBisieTcs NporpaMMHUpyeMoil toruueckoil uaTerpanbHoit cxemoit (IIJIMC)
n Mukpokontpoiuiepom STM32. IIVIMC ucnone3yercst A napamieabHOro cOopa DaHHBIX C TpeX HE3aBHCHMBIX aHAJIOTO-
nudpossix mpeobpaszosareneit (ALIT). STM32 ucnonp3yercs kak OblcTpblii annapaTHelid unTepdeiic ams ALIL. Kontpomnep
Ethernet o6ecnieunBaeT nnTepdeiic Mexxay Halllel IUIATOW U KOMIBIOTEPOM /I OTIPABKH JaHHbIX. J[s mpeoOpa3oBaHus BXOI-
HBIX CHTHAJIOB M3 aHAJIOTOBOH (OpMBI B IU(POBYIO MCHONB3YIOTCS TpH 24-0uTHBIX curMa-pensTa ALIL ot Analog Devices.
Takue mpueMHBIe CHCTEMBI MOTYT HCIIOIB30BaThCS IS CHH(a3HBIX H3MEPEHHIT, IONCKa HAIIPaBJICHHS U HICTOYHUKOB PaIlOCHTHATIA.

KiioueBble cj10Ba: MHOTOKaHAJIBHBII IPUEMHUK, aHAJIOTO-LU(POBOH peodpa3oBaTes.

Abstract. In this paper, we describe a variant of the construction of the multichannel data receiver system. It provides digital
transformation and detection of 39.0625 kHz input signals with sampling frequency of 156.25 kHz. Multichannel data receiver
system is performed as a board whose work is controlled by STM32 microcontroller and field-programmable gate array (FPGA).
FPGA is used to receive parallel data from three independent analog-to-digital converters (ADCs). STM32 is used as a fast
hardware interface for ADCs. Ethernet controller provides an interface between our board and computer for sending data. To
convert input signals from analog to digital, three fast sigma-delta 24-bit ADCs from Analog Devices were used. Such receiver
systems may be used to make in-phase measurements, to search a direction and to find radio signal sources.

Keywords: multichannel data receiver system; analog-to-digital converter.
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Puc. 1. bnok-cxema ycTpoiicTsa

Co3/1aHie MHOTOKaHAIbHBIX TPHUEMHHUKOB PaHo-
CUTHAJIOB SIBIISICTCS AaKTYaJIBHOW 3aJadycil pajroCBs3U.
Takue npUEeMHBIC CHCTEMBI MOTYT HCIIOJB30BAThCS LIS
KOHTPOJISI Ka4eCcTBA PaJiOCUTHAJA, HAXOXKJICHUS HaIpaB-
JICHUsSI ¥ UCTOYHMKA paauocuraaina. Llenpro paboTsl sB-
JSETCS CO3J]AHAE MHOT'OKAHAIBHOTO TPUEMHHKA Kak
cpenctBa 00pabOTKH MOJYICHHOH MH(POPMAIUH U BOC-
MIPOM3BEICHUS €¢ B HeoOXomuMoil gopme. 3anadeii sB-
nsieTcsl pa3paboTKa AJIEKTPOHHOIO YCTPOHCTBA, BBIMOJI-
HEHHOT'O B BUJIC TIEYaTHOM I1aThI.

JIBYHAIPaBJIEHHOTO MapayuieabHoro mHTepdeiica. Uto-
661 Hactpouth AIIIl, ucmonb3yercs Ta xe 16-OuTHas
JIByHAIIPaBJICHHAS IIIWHA, KOTOpas MO3BOJISET HACTpau-

HPUHIIAI PABOTHI YCTPOMCTBA

Ha muddepennmatopsl uepe3 Tpu pasHBIX KaHaa
MOCTYMAIOT TPU BXOIHBIX CUTHana. Ha kaxxaom kaHaie
ycranoBieH cBoit AL (puc. 1). INIUC ocymectBisier
napayuiebHbIA cOop maHHBIX ¢ kaxaoro Al dopmu-
PYEeT OAWMH MakeT JAaHHBIX W OTIPABISAET WX HAa MHUKpPO-
kouTposutep STM32. MukpokouTtposuiep STM32 un#m-
nuanm3upyeT kountposuep Ethernet, koTopwri mpemno-
craBisieT MHTep(delc MEXIy TUIATOW M KOMIBIOTEPOM
mo npotokony TCP/IP. Takum oOpa3om HaHHBIE OT-
MPABJISIOTCS HA KOMITBIOTEP.

PEAJIM3AIIMS YCTPOMCTBA

Jlist peanu3aiuy MHOTOKaHAIBHOTO MIPUEMHUKA MBI
ucnons3yeM 24-outnbrii ALIIT ot Analog Devices. IIpe-
00pa3zoBaHHBIE 24-0MTHBIE JaHHBIE BBIBOIATCS B (popMaTe
JIOTIOJIHUTEIBHOTO KOA C UCIIOJIL30BAaHUEM 16-OMTHOTO

BaTh MpeoOpa30BaTeNd Ui OMPEICICHHBIX (QYHKIUI
WIA OTepanuii 4epe3 PEerucTphl YIpaBiCHHSA, Mpeny-
cmorpennsle BHyTpu ALl [Analog Devices, 2006].
3TO MO3BOIISIET HACTPOUTH TAKTHPOBAHHE MUKPOCXEMEI,
pexuM curHana u npodee. PopMar cIoBa BKIIOYACT
32 Owura, OATOMY IS MPOTPAMMHPOBAHUS pErucTpa
Tpebyercsi 1Be omnepauuu 3anucu. Ilepsas 3amuchk co-
JIEPKHUT aIPeC PETUCTPa, BTOPAst 3aIIACh COACPIKUT CaMu
JTAaHHEIC.

Onrumanshas npousBoautensbHocts ALl noctura-
eTcs npu KoHurypauuu ¢ aupdepeHunanbHbIM BXO-
oM. TuddepeHnnaibHpIid PeKUM TIOMOTaeT YCTPAHHUTh
TaKKe OIMIMOKH, KaK IIIyM, HCKKCHUS U CMEILICHUS TTOCTO-
SIHHOTO TOKa. B kauectBe muddepenumansHoro mnpeoo-
pasoBaTelisi ucnoib3yeTcs npaiiBep AD8138, koTopsIid
obecrieunBaeT OTIMYHYIO MPOU3BOJUTEIHHOCTh M THO-
kuit maTepdeiic ms ALl B AD7760 umeercs BcTpo-
CHHBIN UG HepeHINATBHBIA YCHUIIATENb.
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¢ AITITI

MNPEACTABJIEHUE JAHHBIX

JlaHHBIE TPUXOAAT OJHOBPEMEHHO OT TPEX Pa3HBIX
AIIT un npencrtaBisiroTcss B BUjae TI'paduKoB, IS TO-
CTPOCHHUSI KOTOPBIX HCTIONB3yeTcsa cpena Matlab. ®op-
MaT JaHHbBIX TI0Ka3aH Ha PHUC. 2.

Jannble ot xaxaoro ALl coptupyrorcs B oTAeib-
Hble MaccuBbl. Ha puc. 3 nmoka3an MOgyupyromuii cursan
¢ uactotoit 1.3 kI'y ¢ wactoroil Hecymei 39.0625 kI'n
ot ALIII.

Hanee, ¢ momouibio BbruucieHus: kBaapatyp [Cep-
rueHko, 2011] u ucronbp3oBanus GUIbTpa HU3KUX Ya-
crot [Jladionc, 2006] momydaeM IeMOIYTHPOBAHHBIN
curHan (puc. 4).

HUCIIOJIHEHHUE HA IUVIATE

[Tnata MHOroKaHaJbHOTO MPUEMHHKA pa3paboTaHa B
CHCTEME aBTOMATH3MPOBAHHOTO TMPOEKTHUpOBaHUs Altium
Designer. [Tnata nMeeT YeThIpe CII0si, HA BEPXHEM pa3Me-

Puc. 5. IInara MHOrOKaHaJIbHOTO IPUEMHHKA

IEHbl MUKPOCXEMbl U MCTOUHHUKU MUTAHUSI, HA HIK-
HEM — MacCUBHBIE IeMeHTHI (puc. 5). Ha BHyTpeHHHX
CJIOSIX pa3BelleHbl OJUTOHBI 3eMJU U nuTanus. Ha mare
eCTh Kak nupoBas, TaKk U aHAIOTOBas 4acTH. Bcero
JUISL pa3HbIX YYaCTKOB CXEMbl HCIOJB30BAaHO [€BSATH
HWCTOYHHUKOB THTaHUs, YEThIpE M3 KOTOPBIX oOecredu-
pator nuranme s [TJIMC, nea — mna AII, npa —
st koHTpoyuiepa Ethernet m ogmH — mis MUKpo-
koHTposutepa STM32. Pa3nenurensHble MAHBI TUTAHAS
¥ 3€MJIM TTIOMOTAIOT MPEAOTBPATUTH BIUSHHUE ITOMEX OT
pa3HbIX YacTel cXeMbl IpYT Ha Ipyra. BxonHble cUrHaisl
NoCTynarT 0T SMA-pa3beMOB, paCHOIOKEHHBIX Ha KPalo
IUIATHL

3AKJIIOYEHHUE

MHoroKaHaJbHBIM MPUEMHUK obOecrieunBaeT mu-
poBoe peobpazoBaHue U 00OHAPYKEHUE BXOIHBIX CHT-
HasoB ¢ yactoToi 39.0625 mpu dacToTe AMCKpETH3a-
muu 156.25 k['u. Takue mpreMHBIE CHCTEMBI MOTYT HC-
TOJIL30BATHCS /Il TOWCKA HAINPABJICHUS U WCTOYHUKOB
pasrocurHana ¢ MOMOIIBIO CIIEKTPaIbHO-NOJSIPU3AIHOH-
HOTO METOJIa.

Pabora BeINIONHEHA 32 CYET CYOCHINU, BBIICICHHON
B paMKax TOCyIapCTBEHHON momnepkku KaszaHckoro
(ITpuBomKCKOTO0) (pelepatbHOTO YHUBEPCUTETA B IEIAX
MOBBIIICHUS. €r0 KOHKYPEHTOCHOCOOHOCTH CpeIu Be-
JYIIMX MHPOBBIX HAYYHO-00Pa30BaTEIbHBIX LICHTPOB.
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