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[oTOBbIE pELLIeHUs
komnaHuu easyRF ons loT

CtpemutenbHoe passutue «MUHTepHeTa Bewen» (Internet of Things, loT) cnoco6-
CTBYeT NOSIBNEHHIO YCTOWYHUBOTrO CMpPOCa Ha BbICOKOMHTErPUPOBaHHbIE 3/IEKTPOH-
Hble KOMMNOHEHTbI, peanusylouwue pyHKLUKU cbopa, NnpeaBapuTenbHoOK 06paboTku
1 obMeHa HH(opMaL el MeXAY OTAENbHbIMU Y3/1aMH, 06beAUHEHHbIMU B € JUHYIO
cetb. KomnaHus easyRF, c HegaBHUX Nop npefcTaBneHHas U HA POCCUHCKOM pbiHKe,
npeanaraer psg ManorabapuTHbIX yCTPOHCTB, 06n1afaloWmUX HU3KUM COGCTBEHHBIM
3HepronoTpebneHnem U obecneunBaioWMx Nnepegady AaHHbIX B HETMLEH3UPYEMbIX
AManasoHax yactoT. [oToBble MOAYNU HAa OCHOBE OfHOKPUCTaNbHbIX MUKPOCXEM
M3BECTHbIX NPOM3BOAUTENIEH NOMOraloT MaKCUManbHO ObICTPO OpraHU30BaTh Ha-

Ae)KHblﬁ paguoKaHan CBA3HU.

BeepeHue

Konnenmus [oT nogpasymesaer ucronb3oBaHue
IJI0GATBHOM CeTH VIS PeIlleH s 3a/jad MOHUTOPHHTA,
U3MepeHusd, YHpaBHeHI/IH n O6'I)€JII/IH€HI/IH TIPAKTH-
IeCKU JIFOOBIX YCTPOUCTB, 060MeH nHbOopManues
MEKIy KOTOPBIMU HMeeT CMBICIL. B OHUX cTydasx
nepenaBaeMasi ”HQOpPMaNUs MOXKET SBIISTHCS
Pe3yIbTaTOM BBITOIHEHUsI OCHOBHOM (pyHKINH
ycTpoiicTBa (pasandHble JATIMKU U U3MEPHUTENbHbIE
MOIYJIH), B IPYTOM CIIydae 9TO BCIIOMOTATeIbHbIE
IaHHBIE, IOBBIIIAIOIINE YI0OCTBO SKCILTyaTaIuH,
HaIlpyMep CepBUCHbBIE yBEJOMJIEHNUS O TEKYII[EM
COCTOSIHUM 000PYIOBaHUSL.

[Ipomecc MOAKITIOYEHNS OTHENBHBIX JJI€-
MEHTOB K C€THU CTApTOBAJ IPUMEPHO IECATH
net Hazaj. M3Ha9anbHO 3TO GBUIN IPOBOIHbIE
CeTH INOCTYIA K 9HEPreTU4ecKoMy 060pyno-
BAaHUIO U K JOPOTOCTOAIIEN IIPOMBIIIIEHHON
TexXHOoJIOrndeckoi anmmnaparype. [Tocienuue
IIATH JIET B MUPE CTPEMHUTEIBHO PacTeT IUCIO0
M2M-ceteit, 00beTUHAIOMNX CIETINKU IHEP-
T'MH, Pa3BUBAIOTCS HABUTAIIMOHHBIE CEPBUCHI
CJICKEHUs 32 aBTOMOOUIIBHBIM TPAHCIIOPTOM
u 6ecCIpOBOIHbBIE CHCTEMBI 6€30TIaCHOCTH.
ITo omeHKaM 3KCIEepTOB aHAJIUTHUECKOU
kommanuu J’son &Partners Consulting, 3anu-
MaIoIerics MapKeTHHTOBBIMHY HCCIIeOBAHMAMHA
TexHosoruiL, B 2015 r. 06bem priaka [oT mpe-
BBICHJI 16 MJIPJ YCTPOMCTB, UTO B IEHEKHOM
BbIpakeHUH coctaBmio $109 mupa. ITporuos
Ha 2020 r. npeamoaraeT MIaBHYIO 9BOJIIONHIO,
0KHJIAeTCsl, YTO MUPOBOU CIIPOC HA TaKue
YCTpPOMCTBA BBIPACTET 10 34 MIIP IIT. 001Ieit
CTOUMOCTBIO 0KoJo $359 mupn (puc. 1).

CyI1eCTBEHHBII POCT YUC/IA 00BbeINHEHHBIX
B ceTh IPUOOPOB CTaJl BO3MOJKEH Graronapsi pas-
BHUTHUIO 0€CIIPOBOJIHBIX TEXHOJIOTHIL. DIIEKTPOHHBIE
KOMITOHEHTBI JIJIs1 OeCIIPOBOMIHONT [epe/iad TAHHbIX
3aHMMAIOT BUJHOE MECTO B JIMHENKAX Bcex 6e3
UCKJIFOYEHHSI KPYIHBIX IIPOM3BOUTENCH MUKPO-
cxeM. Takoke B CTPYKType KOMITAHUIA TOSIBIISIOTCS
CIHENUAT3UPOBAHHbIE MTOIPasie/IeH s, OPUEHTH -
POBaHHbBIE UCKIIOYUTENBHO Ha IIPOEKTUPOBAHUE
U IPOM3BOJCTBO perenuit st [oT, a Mosonbie
¢upmbl, HMeIOLIIIe OPUTHHATBHDIE Pa3pabOTKH
B 9TOM cepe, aKTHBHO PaCKYIIAIOTCS KPYITHBIMU
UTPOKaMH.

B macrosmiee Bpemst [oT ocobenHo Boc-
TpeGOBaH B TaKUX 06JIACTAX, KAaK MEIUIIMHA,
6€3011aCHOCTb, IIPOMBIIIITIEHHAS aBTOMATH3aIl IS,
MHTEJUIEKTYaJIbHBIE CETH, YIaJIeHHOE yIIPaBIeHUE
00beKTaM 1, HH)KeHEePHBIe U OXPAHHBIE CHCTEMBI
3maHuil. Bce atu npumeHeHus TpeOyOT HANU-
YHs BBICOKOMHTETPHUPOBAHHBIX KOMIIOHEHTOB
epefady 1 06pabOTKY FAHHBIX C MAILIME raba-
PUTHBIMH pa3MepaMu 1 HU3KUM COOCTBEHHBIM
9HepromnoTpebIeHreM IJIs YBEIMYEHUs CPOKa
aBTOHOMHO¥ paboTtsl. Kpome Toro, coBpemeHHbIe
6ecripoBogHble ycTpoiicTBa Aist «MHTepHETA
Bellei» JOJDKHBI YIOBJIETBOPATH CIIEAYIOIIUM
TpeOGOBaHUSIM:
¢ MAaKCHMAJIbHO BO3MOKHASI ATLHOCTD yCTOI-

YUBOM CBS3U;
® MUHUMAaJIbHas IIeHa 6eCIIPOBOHOTO MOIYJISI

IS KQJKIOTO KJIacca U3EeInI;
® I[IPOCTOTA M HA/IGKHOCTD SKCIUTYaTaI[VH;

e obecriedeHne THPOPMAITMOHHOI 6e30aCHOCTH

COeIMHEHNS;
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® BO3MOKHOCTb MAaCIITaOHPOBaHUsI 6e3 3HATM-

TeJIbHBIX IONOJIHATEIbHBIX 3aTpaT;
® COOTBETCTBHE MEKIYHAPOIHBIM CTAH/[APTaM.

Pemrenne Bcex BhIIIeNepedNCIeHHBIX 3a/1a1
SIBJISIETCS 00513aTeJIBHBIM YCIOBHEM JULS BBIBOIA
KOHKYPEHTOCIIOCOOHOTO U3TIeNIHsI Ha TAKOH Ha-
CBIILIEHHBIN PBIHOK.

Kommanus easyRF ocy1ecTBiser pa3paboTKy
1 H3TOTOBJIEHNE 6eCIIPOBOIHBIX KOMMYHUKAIIU-
OHHBIX ycTporicTB [1]. [Ipuopurernsie cdepsr
IPUMEHEHHs — IIPOMBIIUIEHHOe 060pyLOBaHIe,
CHCTeMBI 0€30I1aCHOCTH 1 ABTOMATH3AL U 3IaHUI.
B xarasore npopyKiuu KOMIIaHUM — TOTOBbIE
K 9KCILTyaTanuu 6ecipoOBOAHbIE MOLYIIH Ha OCHOBE
MHKPOCXeM U3BECTHBIX IIPOU3BOJUTENEN, a TAKKe
CIIPOEKTHPOBAHHbIE Ha 3aKa3 AIapaTHbIE PEIeHHs,
H3rOTOBJICHHBIE B COOTBETCTBHH C TPeOOBAHMAMHE
notpebutesneit. OTIUIUTEIBHON 0COOCHHOCTHIO
YCTPOJICTB SABJIAIOTCSA KOHTPOJIb Ka4eCTBa Ha BCeX
CTajusAX IPOU3BONCTBA, OTIMYHASA TeXHUIECKas
LOfIePIKKA, IPUBJIEKATeIbHBIE IIEHBI U TUOKas
cHucTeMa CKUJOK.

OpHoKpHUcTanbHbie TPAHCUBEPbI
easyRF B mogynbHOM
UCNOJIHEHUH

B HacTosIIee BpeMs JOCTYITHO MHOKECTBO
KOMIIOHEHTOB JULSI IIOCTPOCHUSI CHCTeM 6ecIIpo-
BOJHOM cBsi3u. Hanbosee pacripocTpaHeHHbIE
cpeau HUX — OIHOKPUCTATbHBIE TPAHCUBEPHI,
B KOTOPBIX BCe HEOOXOMUMBIE Y3IIbI IPUEMO-
[epefiaTINKOB 00beJUHEHBI B OTHOM KOpIIyce.
[TosryqeHHBIE MUKPOCXEMBI MOKHO HCIOTB30~
BaTh B COOCTBEHHBIX pa3paboTkax, HO 6ojee
IIepPCIeKTUBHBIM U 9KOHOMHYECKH BBITOJHBIM
C11oco6oM SIBISIETCS] IPUMEHEHIE KOMIAKTHBIX
MOJyJIell Ha UX OCHOBe, He TPeOYIOLIUX /10~
IIOJIHUTEJIBHOTO PacyeTa, Pa3BOJKH U Paclaiiku
BHEIIIHHX COITacylomux neneit. Kak mpasuio,
IJI51 BHE[IPEHUS TAKUX MOJYJIeH B TPOEKTHPYye-
Mble YCTPOMCTBA HeOOXOAMMA TOJIBKO AHTEHHa,
paccuMTaHHAs HAa COOTBETCTBYIOIINI YaCTOTHBIN
IMaTa30H.

ManorabapurtHble M0THODYHKIMOHAIbHbIE
monyau ERF2000 u ERF2001 ¢ gwyBcTBUTENBHO-
CTBIO IpueMa 10 —126 n1bm u nporpammupyemoit
BBIXOJHOH MOIIIHOCTBIO ITepelaTINKa UiealbHO
IIOAXOMNSAT IS peajn3alui IBYXCTOPOHHEN
cBsI3U Ha HebonpIne paccrosHus (2, 3]. Onn
HOAIEP/KUBAIOT NMAKETHYIO U GecllakeTHY10 00-
PabOTKy JaHHBIX C OTPOMHBIM IHCIOM HACTPOEK
U YPOBHEH aBTOMATH3AI[UH, BBIITY CKAIOTCS
C KOHTaKTaMU IO/ TOBEPXHOCTHBIH MOHTAK
u umeoT ceprudukanmio FCC, ETSI, ARIB
u 802.15.4d. [JnamasoH NUTAIOIINUX HAIIPsDKE-
Huit 1,8-3,6 B u rubxas cucreMa HaCTPOMKHU
COOCTBEHHOTO 9HEPTOMOTPEOTIEHISI IT03BOJISIOT
HCIIOJIb30BaTh UX B YCTPOICTBAX ¢ GaTapeiiHbIM
nutanreM. OCHOBHbIE pabo4re XapaKTepHCTH -
KM, HAIIPSMYIO 3aBHCSIIHEE OT 6a30BOTrO YHUIIA,
IIpencTaBiIeHsl B Tabuuie 1.

bBa3oBBIMU YUIIaMU MOTYJIEH SIBISIIOTCST OITHO-
KpHCTaJIbHBIE TPaHCHBepbl Komnanui Silicon Labs:
Si4431 y ERF2000 u Si4460 y ERF2001. B o61miem
CTy4yae OHM IIpefHa3HAa4eHbl UL OKCILTyaTalluu
B nuamnasoHax 240-930 u 142—1050 MI'11 cooT-
BETCTBEHHO, HO B IAHHBIX TIPIMEHEHHUSIX HOMH-
HaJIBI 1 OCHOBHBIE ITAPAMETPBI UX TACCUBHOM
«006BSI3KM» AAIITHPOBAHBI TT071 9acToTy 868 MI'mI.
O6a TpaHcuBepa MOANEPKUBAIOT MOLYJISAIIUI
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Puc. 1. JuHamuka pocta v ctpyktypa loT (no gaHtbim J'son & Partners Consulting)
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tunos FSK, GFSK n OOK 1 numeroT BO3MOKHOCTh
TICeBIOCTYYaITHON IePeCcTPOMKH pabodeil 4aCTOThI
(FHSS), 4T0 103BOJISIET MOBBICUTD I PEKTHBHOCTD
HpueMa/TiepeNadr JaHHBIX B KaHAJIAX, IOIBePIKeH-
HBIX CHIbHBIM 3aMupaHusaiM. CKOPOCTb mepefadn
yCTaHABJIUBACTCS II0Ib30BATENIEM, MAKCUMAIBHOE®
3HaueHue He mpesbliraer 1 Mout/c (y Mmomyis
ERF2001). CTpyKTypHBIe CXeMBI, 32 PELKUM
HCKJTIOYeHHEM, HICHTHIHbL. PacCMOTPUM OCHOB-

HBle OJIOKH U MX B3aUMOJEHCTBUE Ha IpUMepe
VC Si4431 (puc. 2).

Tpancusep Si4431paboTaeT ¢ BpeMeHHBIM
pasziesieHHeM KaHAJIOB IIpHeMa U Iepenadn [4].
B pexxume npuema npu IOMOIIY CMeCUTeNIeH
BBIITOJIHACTCA KBaJIpaTypHOe IIpeobpasoBa-
HHe C OTHOKPAaTHBIM IIOHMKEHHEM YaCTOThI
Bxoznnoro FSK/GFSK/OOK monynuposanHOro
curHaia. Takas cxema IojTy4mia HaubobIee

Ta6nuya 1. OcHoBHble xapaKTEPUCTHKM TpaHcHBepoB easyRF

ERF2000 | ERF2001
Paboyas uactota, MI'y 868
YyBCTBUTENILHOCTb NPUEMHMKA, ABM -121 ‘ -126
BbixoaHas MoWHOCTb NepeaaTynka, Abm no+13
CKopoCTb Nepefauy AaHHbIX 20 256 KouT/C ‘ po 1 Méur/c
AHTeHHa BHewHas
Tun MogynAuumn FSK, GFSK nunn 00K
WHTepdeiickl cBA3m SPI

[JlononuutensHas nepudepus

8-6uTHbIN AL, aaTumk TeMnepatypbl

Hanpsxenue nutanus, B

1.8-3,6

CobcTBeHHOe 3HepronoTpebnenne

15 HA (pexxum oTknto4eHus); 18,5 MA
(pexwm npuema); 30 MA (pexum nepegaun
Nnpu BbIXOAHON MoLLHOCTY +13 AbM)

30 HA (pexum oTknto4eHus); 13 MA
(pexum npuema); 18 MA (pexum nepegaun
Ny BbIXOAHOMN MowHOCTY +10 AbM)

[lnana3soH paboumx Temneparyp, °C

-40..+85

aGapuTHble pasmepbl, MM

16x16x4
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SDN XIN XOUT

GPIO 0 _1

Puc. 2. BHyTpeHHss CTPYKTypa O4HOKpHCTabHOTO TpaHcusepa Si4431
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PpacrpocTpaHeHne B COBPEMEHHBIX OTHOKPHICTaTbHBIX
PpeIeHnsX, TOCKOIbKY IT03BOJIseT peaan3oBaTh
JIydIIIFe XapaKTePUCTUKU PaIIOIPHEMHOTO TPaKTa
B IUIaHE YyBCTBUTEIbHOCTH U U30UPATEIbHOCTI
I10 coceTHeMY KaHaJIy IO CPaBHEHUIO CO CXeMOI
HPSIMOTO IIPpe06pas3oBaHuUsL.

[TosrydeHHBIe CHTHAJIBI IPOMEKYTOYHOM Ja-
CTOTBI IIOCJIE YCHIUTENIEH C IPOrPaMMHPYEMbIM
xoapdpunuentom (PGA) mocTymaioT Ha BHICOKO-
TIPOM3BOINTENbHBIN ABYXKaHATBHBIN AY ALIIT,
IZie IIePeBOISITCS B I POBOE IIpeCTaBIeHHeE.
ITporpaMMupyeMble 1 BXOTHOM MaJIOIIy MSIIIUI

(LNA) ycunurenu oXBaueHs! IIeIbI0 00paTHOM
CBsI3H, 00eCIIeInBaIONIell aBTOMATUIECKYIO pe-
TYJIUPOBKY yCUIIeHUs. BcTpoeHHbIi udpoBoit
curHaIbHbI nporeccop (DSP) peanusyer GyHKIuN
bubTpanuy, [eMony g 1 06paboTKY IaKeTa
JIaHHbIX, B TOM YHCJIe ICTEKTUPOBAHUS [IPeaMOyIIbl
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Puc. 3. BHyTpeHHss CTpyKTYypa v cxema noakntoderns moayns ERF2000
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U MHIMKAIIMY MOIIHOCTY IPUHUMAEMOTO CUT-
naia (RSSI) ¢ pasperriennem 0,5 nb. TTapamerpst
urdpoBoro GUILTPa 3aBUCAT OT 3aJAHHOTO
BUJIa MOZYJISIIAH, €70 110JI0Ca IPOITY CKaHUSI ITPO-
IrpaMMUpYeTcs B IIpefeax ot 2,6 1o 620 xl'm.
O6paboTaHHOE 3HAYECHHUE [EMO/YIHPOBAHHOTO
CHTHAJIa MOYKET OBITD IIePEeNAHO Ha YIIPABIISIOIIHIL
MHKPOKOHTPOJIIEP IIOCPEIICTBOM IOCIEJ0BATEb-
Horo unTepdeiica casizu SPI.

Tak Kak IpUeMHUK U IepefaTInK He HyHK-
I[IOHUPYIOT ONHOBPEMEHHO, TO UL 00eCIIedeH st
UX pabGOThI UCIOIB3YETCS OIUH IIPEIH3UOH-
HBIiI TeTepoiuH. Bilok rereponnHa ob6pasyercs
13 BCTPOEHHOTO IreHepaTopa, YIIPaBIIsIeMOro
nanpspkerueM (VCO), u cunresaropa ¢ PAITY,
UMeIoIero Apo6HbIi K03bUIINEHT neTeHust
4acTOTHI. eHepupyeMblii CUTHAJI C BLICOKOI
paspernaroriieit cioco6HoCThIO (1rar 312 I'm) uc-
TIOJIB3YeTCsI IJISI TOJTy IeHUSI KOH(PUTYpPHUPYeMBbIX
3HAYEHU I CKOPOCTHU I1€peJady JaHHbIX, pa6oqe1?1
9acTOTBI U ee AeBuanuy. OCHOBHBIM HCTOYHUKOM
TaKTOBBIX IMITYJIbCOB JUISI CHHT@3aTOPa YaCcTOTHI
SIBJISIETCS KBaplieBblll reHepaTop Ha 30 MI'1,
KOTOPBII TakoKe 00ecIednBaeT CHHXPOHUSAIHIO
U poBOIT YaCTH MUKPOCXEMBL.

B pagmonepenaroremM TpaKkTe CUTHAJ IreTepo-
IWHA MOLYIUPYETCSI C IOMOIIBIO I[P POBOTO
MOJYJLSITOPA U Yepes yCHIUTeNIb MOIHOCTH (PA)
TIOZIAeTCSI Ha BBIXOJ] IIepenaTanka. [l mpoBepku
1L[eJIOCTHOCTH IIepeJjaBaeMbIX TaHHBIX BBIITOIHS-
eTCsl aBTOMaTH4eCKas TeHepalys IUKINIeCKOH
xoHTposbHOI cymMbl CRC. [Tpu ucnonb3oBannu
GFSK-Mopysiuu nopKioaercst (GUIbTp HUSKUX
vacToT ['aycca fmst ycTpaHeHHs HeKeTaTeNbHBIX
CHeKTPaIbHBIX COCTABIISIONIHX. [Iporpammupyemble
3HAYeHNUs BBIXOTHOI MOIITHOCTH B IIpeJesax
or —8 10 +13 nb™m ¢ mmrarom 3 gb 1 BO3MOKHOCTB
MIOAKJIIOYEHHS] PA3TMYHbIX AHTEHH II03BOJISAIOT
ONTUMH3NPOBATh XapAaKTePUCTUKN MOMYJIei
IJISL K&XKJIOTO KOHKPETHOTO IpMIoKeHus. [list
YTIPOILIEHNUs COTJIACOBAHUS C aHTEHHOM BBIXO]
YM cpenaH HeCHMMeTPUYHBIM.

B TpancuBep Takke NHTEIPUPOBAHBI TATINK
TEMIIEPATyPBI C IIOIPEITHOCTHIO H3MEPEHHS
0,5 °C BO BceM JmarnasoHe pabovnx TemMIepaTyp
u 8-6urtHslit AIIIT, momoraroriue yMeHbIIHTD ra-
GapuThl i cTOUMOCTD u3nenust. Kondurypupyemsie
BBIBOZIbI O0IIIEro Ha3HauUeHH s, KAKIBLI 13 KOTOPBIX
MOKHO He3aBUCHMO 3aIIPOrpaMMHUPOBATh Ha BbI-
IIOJIHEHUE OIIpefIeIeHHOH (DYHKIINHM, OJIe3HbI IPU
OpTraHU3AINHI B3aUMOJICHCTBHS C YIPABJIAIOINM
KOHTPOJUIEPOM. PsI TONOTHUTEIBHBIX OMIINI
TpaHCUBepa, TAKUX KaK TaliMep 3amycKa, IIemb
OIpereIeHNsT HU3KOTO 3apsina 6aTapen, reHepu-
PYIOIIas CUTHAJ IpepbIBAHNUS IIPH JOCTIDKEHIH
3aianHoro nopora, FIFO TX/RX 6ydep pasmepom
64 61T, TO3BOJIIOT HCIIOIB30BATD IS YIIPABJICHMUS
HEJIOPOTOli MUKPOKOHTPOJIIEP. DIeKTpUIecKast
NpuHIUNHaNbHAA cxema Monysst ERF2000 u ero
CoellMHEeHNe C MUKPOKOHTPOJIIIEPOM ITOKA3aHBI
Ha puc. 3.

Iens cormacoBanus nmienancos C4, C5, L5, L6
obecrieunBaeT COIaCOBaHME BXOJIa IPUEMHUKA
C AHTEHHOIT I BBIXOTHBIM (DHIBTPOM IepefaTInKa
C1-C3, L2-L4. [Ipoccens L1 aBsercs Harpy3koi
BBIXOITHOTO KacKafa nepenatdanka. HomuHamb!
C1-C5 n L1-L6 3aBucAr ot [uama3oHa 4acToT
U peKUMa BBIXOJHOTO Kackaza. Harpysounsre
KOHJIEHCATOPBI IS KPUCTAJUIA KBAapIla HHTETPH-
POBaHBI B MEKPOCXeMy TpaHcuBepa. OHI MOTYT

IIPOrPaMMHO IO CTPaUBaThCS U1 KOMIIEHCAIIUN
yXOJIa YaCTOTBI 3a/JAIOIIIETO TeHepaTopa MpX U3~
MeHEHUH TeMIIepPaTyphbl OKPY KAIOIIeH CPeIbl MK
KOpITyca B IIpoLiecce paGoTHI ITyTeM HCIIOIb30BAHIS
BCTPOEHHOTO JIaTINKA TeMIIePaTypHl.

OpHoKpuUcTanbHbie paguoMoaynu
easyRF c uHTerpupoBaHHbIM
MUKPOKOHTpPOJ/IEPOM

JlaHHas JTHHEMKA IPONYKIIUK IIpeCTaBIeHa
tpemsa mopynsamu: ERF1000, ERF1001 u ERF1002,
PacCINTaHHBIMU Ha HaHGOJIee IOy IIPHBIE HeJIH-
neHsupyemsie ISM-vacrorsr: 2400, 433 n 868 MI'y
COOTBETCTBEHHO [5, 6, 7]. OHI MOTYT HAlITH IIpU-
MeHeHHe B pa3nu4HbIx [oT-cucTemax: foManIHer
aBTOMATHU3AIUH, 000PYIOBAHAY IS YIaIeHHOTO
MOHHUTOPHUHTA, OeCIIPOBOIHON Mepeadr TaHHbBIX,
CHCTeMAaX IPOMBIIIIICHHOTO YIIPABJIeHNUsI I KOHTPOJLS,
MeJHIIHCKOH aNaparype U T. I. Panuomonyiu
IIPENCTABIISIOT COO0I OJIHOCTBIO 3aBEPIIICHHbIE
pellIeH s, IPUMeHeHIe KOTOPBIX II03BOJIET YMEHb-
IIUTb CPOKK Pa3pabOTKH, PELIUTD Psi BOIIPOCOB
110 cepTuUKAIUH, @ TAKKe OBICTPO peann30BaTh
MeJIKOCepHUITHbIE TPOEKTHI. Bee He0OXOmUMBble 15t
PaboThI OeCIIPOBOIHOTO Y3JIa CeTH KOMIIOHEHTHI
CTPYIIIHPOBAaHBI HA MaJIOTabapUTHOM IeJaTHOM
w1ate paamepamu 15x16 MM. Y CTpOHCTBa ¢ TAKUMHU
rabapuTaMu MOTYT OBITh Pa3MeIIIeHbI B HEIIOCPE]l-
CTBEHHOIT 0JIN30CTH K KOMIIAKTHBIM JaTIHKAM
u ipounM [oT-xommoneHTam. [lnanasos pabounx
TeMIIepaTyp — IPOMBIIUIeHHbII (—40...+85 °C).

OcHOBHBIE ITapaMeTphl KaK PaguodacTOTHOM
YaCTH, TAK ¥ BCTPOEHHOTO IPOIIECCOPHOTO sapa
[I0Ka3aHbl B Tabmie 2.

B kavecTBe IpuMepa paccMOTPUM XapaKTepPHCTHKH
monysist ERF1000 (puc. 4). OH H3roTaBiuBaeTcs
C IpUMeHeHNeM MHUKPOCXeM HOBOTO CeMeHCTBa
«cucTeM-Ha-Kpucranne» (System-on- Chip, SoC)
SAMR21, mpencraBieHHOro KoMianueir Atmel
B 2015 1. [8]. Ero ocHOBHOE Ha3HaYeHUEe — I10-
CTPOEHHE HHTEJUIEKTYUIBHBIX CeTeil 0eCIIpoBOJ-
HBIX JATYUKOB U UCIOJTHUTEIIBHBIX YCTPOICTB
C aKKyMYJIITOPHBIM nuTtaHueM. Mcmonsayemoe
B MOZYyJIe OMHOKPHUCTAIBHOE PeIlleHue Ipefi-
craBiisieT co60I MUKPOKOHTpOJLIEp Ha 6ase spa
CortexM0+ (MakcuMasbHasi TAKTOBAsI 4aCTOTA
48 MI't) 1 HHTETPUPOBAHHBIN PATUOTPAHCUBED
AT86RF233 c Hecymett wacroroit 2,4 [T, mak-
CHUMaJIbHO¥ BBIXOTHOM MOIIHOCTBIO +4 nbMm,
YyBCTBUTEIBbHOCTBIO IpreMa —99 n1bm u ckopocTbio
Iepeiayy JAHHbIX 10 250 KOuT/c.

3a pagroYacTOTHBIE IapaMeTPbl MOAYJIS OT-
BedaeT AT86RF233 — MHOro(yHKIIMOHAIbHBII
MAJIOHOTPEOJISIOIINI IPUEMOTIepPeIaTINK, OPUEH-
THPOBAHHBIN Ha IPHMeHeHHe B IPOMBIIIUIEHHBIX
U TOTPeOUTENbCKUX IPUIOKEHUSX CTAaHIAPTOB
IEEE 802.15.4, ZigBee, 6LoOWPAN u o60pynosanuu
ISM-nmanasona gacrot. [loMuMo IpreMHUKa I Iepe-
JIATYNKA, OH cofiepkut L poBoit 610K MomyIisiimn/
JIeMOTIYJISIIIAY 1 TIeTb CHHTe3aTopa 9acToThl ¢ PAITY.
JlByHanpasieHHble TuddepeHIanbHble THHAN
IIOIKJTIOYEHHsI aHTEHHBI I03BOJISIIOT OTKA3aThCs

Ta6nuuya 2. OcHoBHble xapaKTePUCTHKU pagromonynel easyRF

ERF1000 ERF1001 ERF1002
. Atmel ATSAMR21G18A-MU (siapo
BazoBblit unn ARM Cortex M0+) P - -
Pa6ouas yactota, My 2400 433 868
qgs;;iﬁm?:ﬁsc;b -99 -120 (Ha ckopocTy 1,2 K6KT/C)
BbixoaHas MoLyHOCTb ol _ _
nepegatyuka, Abm
Cropocts n;éj:ffcq” AaHHBIX. 250 £0 600 (npu FSK-mopynaumm)
AHTeHHa BcTpoeHHas (4un) unu BHeWHARA
AnropuT™ WndpoBaHma AES
JAaHHbIX
”"Tefp”P‘:(%aa”ﬁ"Ta“ namAre. 256 (Flash), 32 (SRAM) 128 (Flash). 16 (SRAM)
TakTpoBaHue 16 M Keapuessid pesoHatop, 32 MT'y kBapueBbIit pe3oHaTop, 32-6uTHbIN RTC-Talimep

32-6utHbit RTC-Talimep

MakcvmanbHas TakToBas
yactota, My

48

3auura

CropoxeBoif TaliMep, AETEKTOP NOHVXEHHOTO HanpsAXeHNsA

WHTepdeiicbl cBA3M 1 0TNaAKN USART, I2C, SPI

SWD, USB 2.0 (12 M6ur/c),

SPI, aBa IC, Tpu UART c DMA

TaMMepbl CYEeTYMKOB

LllecTb 16-6uTHBIX TaliMepos/

LllecTb TamMepoB/cyeTumkoB ¢ LM-BbixoaaMm

Al KBbIG/C

12-6uTHbIN, 8-KaHanbHbIi, 350

16-61THbIN

[lononHntensHan nepudepus
3KpaHa

[lBa aHanorosbIx KOMNapaTopa,
KOHTpOJIIep eMKOCTHOTO CEHCOPHOTO

12-6utHbii LIAT ¢ DMA v BcTpoeHHbIM Gydepom

MuTepdeiic BBOAa/BbIBOAA

[lo 26 BbIBOAOB 06LEro Ha3HaYeHUs

4 BbIBOJA C TOKOM Harpysku 18 MA

Hanpsaxenue nutanus, B

1.8-36

Co6cTBEHHOE
3HepronoTpetneHue

2,5 MA (xonocToit pexum);
4,1 MKA (pexum oxunaanus);
11,8 MA (pexwM nprema)

1.2 MA (xonoctoit pexum); 1,3 MKA (pexum oxuaanus);
15,0 MA (pexum npuema)

[lnanasoH pabounx
Temneparyp, °C

-40..+85

[abapuTHbIe pa3mepbl, MM

15x16x3,6
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MNC cepun SAMR21G (Atmel)

2 aHarnoroBbIX
Kommnapartopa

8- 1 12-6uTHble
AN

KoHTponnep

’ 32 kbanT
SRAM
DMA-

KOHTponnep

—

’ 256 kbanT
Flash

1
|
1
1
1
! RTC 4 [leTeKTop NoHMKXEeHHOro Cxema
, HanpspKEHUs! NUTaHUs! TaKTUpoBaHus
! BHrewHve 4
KoHdurypupyemble \ npepbiBaHus
UHUK 0
BBOAA/BLIBOAA ! USB '
L e
1
1
! 3 Tanmepa
i /cyetunka < M
0 MKPOKOHTpOInep
! _’ Ha sgpe Cortex MO+
! 5 SPI - (48 MIu)
|
1
| 512C L
Linchposbie i
uenu ,
| 5USART [
AHnanoroBsble i
uenu ,
1
1
1
1
1
1
1
1
1
1
1
1
1
1

CEHCOPHOro aKkpaHa

Mogyns ERF1000

K
aHTeHHe

Puc. 4. CtpyktypHas cxema mogynst ERF1000

OT HCIIOJIb30BAHUSI BHEIIIHETO II€PeKIII0YaTess
aHTeHHBI. [IpUeMHUK U epeIaTINK OCHAIICHbBI
FIFO-6ydepamu o 128 6aitr RAM. Berpoennas
CXeMa yIpaBJIeHHsI HallpsDKeHUeM ITUTaHuUs, CO-
crosiast u3 LDO-perynaropos, obecriednBaeT
[UTaHHUe aHATOroBoil u rudposoii vactu C ot
LIUHBI IUTAaHUS HanpspkeHueM 1,8-3,6 B.

Ipyrue ocobeHHOCTH:
® IIporpaMMHUpyeMast BBIXOIHAs MOILITHOCTD TIepe-

maTyuka ot —17 mo +4 nbwm;
® I[IPOCTOI1 B UCIIOIB30BaHNK HHTEpelic ypasie-

HUS perucrpam, Oydepamu JaHHBIX X MOJTYJIEM

xoguposanus AES mocpencTBom CKOpoCTHOTO

SPI;
® BO3MOJKHOCTb UCIIOJI30BAHMS CKAYKOOOPa3HO

CMEHBI YaCTOTBI;

o cxeMa MOHHTOpHHTA 3apsiia 6aTapen U OBICTPbIIL

BBIXOJ] U3 peskiMa cHa (MeHee 0,4 Mc);

o 128-OUTHBII AIIAPATHBII MOXYJIb IIH(POBAHIS

1o crapapty AES 11715 3aITUTHI TaHHBIX;

o Hajmuyue (PyHKIUU pa3HEeCEHHO aHTEHHBI,

YTy 4IIAIOIIeH XapaKTePUCTHKU PaHOKaHaId

U HaJIe)KHOCTH CBSI3M;
® HECKOJBKO P&KUMOB IIOHMKEHHOTO 9HEPTO-

HOTpebIeHHS ISl YBETHYeHNs CPOKA aBTOHOMHOH

paboTsI.

XapaKTepuCTUKY HHTEIPHPOBAHHOIO MUKPO-
KOHTPOJUIEpA AHATIOTUIHBI ITapameTpam 32-6uTHOTO
cemeiictBa SAMD21 kommanuu Atmel. Ero ot-
JIMIUTEIBHOM 0COOCHHOCTBIO SIBILETCS HATTUIHe
MOJIyJIeit [I0C/IeI0BATEIbHOT0 KOMMYHUKAIIHOHHOTO
unrepderica (SERCOM), MOIHOCTBIO IpOrpam-
MHO KOH(UTYPUPYEMBIX 71 PaOOTHI C INHHAMHE
12C, USART/UART u SPI. braropaps 4etsipem
UMeroIuMcs «Ha 60pTy» Moxyssim SERCOM, pas-
PpaboTINK MOKET THOKO ATaNTHPOBATD Pa3INIHbIe
nepudepuiiHble Y3IIbl 0] 3a1a1d KOHKPETHOTO
HPUIOKEHHS, TIPU 9TOM CYILIECTBYET BO3MOKHOCTh
BBIOOPA UCIIOJIb3YEeMBIX BBIBOIOB. 12-KaHaIbHBII

KOHTPOJUIEP IIPSIMOTO HocTyma K mamsitu (DMA)
pasrpyskaer IpOLEccop OT 0OCITY/KUBAHILS OTIePAIIHiT
BBOJI4/BbIBO/I, CIIOCOOCTBYSI YBeTMIEHNIO O0IIelt
IIPOU3BONUTEILHOCTH. C IIOMOLIBIO ANIIapaTHO
peaymsoBarHoro kouTposiepa AtmelQTouch MokHO
CO3/aBaTh CEHCOPHBIE HHTEP(DENCHI C 6ONBIIUM
KOJIMIECTBOM 3JIEMEHTOB YIIPaBJIeHUs (KHOIIOK,
CI1aiiIepOB, IMCKOBBIX 3JIEMEHTOB BBOJIA U T. 1. ).
KoHTpostep oTmaaeTcst BBICOKOI 9y BCTBHTENb-
HOCTBIO U CTOMKOCTBIO K IIOMeXaM, a TAKoKe IMeeT
CXeMy aBTOMATHYeCKOI KaIMOPOBKH, yCTPaHsIst
TeM CaMBIM HEOOXOIMMOCTH IOJTb30BATEIbCKOI
HACTPOUKU. BCTpOEHHBIII MUKPOKOHTPOJLIED
TaKoKe OCHAILIeH ITOJIHOCKOPOCTHBIM (12 M6wurt/c)
unTepdeitcom USB 2.0 ¢ nopaep/KKoit pesKUMOB
USB Device u USB Host.

Puc. 5. BHelwHWM BUA OTNaf04HOM Nnathl
Ha 6asze moayns ERF1000

[1aBHOE ’Ke HOBOBBE/IEHIE — HCIIOIH30Ba~
Hue BpicokoaddexTusHOTO sipa Cortex-MO+
C OITHUMU3NPOBAHHBIMH CUCTEMaMHU ITATAHUS
U TaKTUpOBaHUs. [IOHIKEHHOE 9HEPronoTpe-
6JIeHne TOCTUTAeTCsl UCIIOIBb30BAHUEM CUCTEMbI
COOBITHIA, TT03BOJISAIOLIIEN TTeprepHitHBIM OI0KaM
B3aMMOJIEHCTBOBATh MEXIy cO00I 6e3 yaacTus
IIIY 1 BEIBOOUTD €ro U3 pe;KUMa CHa TOIbKO
B 3apaHee OIpefieJIeHHbIX crydasx. OO0bema
unTerpupoBannoi flash-mamsru (256 x6aitt)
IOCTaTOYHO JIsl IPOTPAMMHOTO PellleHHs 3aad
00pabOTKU MOJTYIEHHBIX JAHHBIX, TAK)Ke OHA
MOYKET UCIIOJIb30BATHCS IS «IIPOIIIMBKU» CTEKA
BBIOPaHHOTO [IPOTOKOJIA. AHAIOroBast epudepus
IIpefICTaB/IeHa BOCbMUKAaHAIbHBIM 12-6utHbIM ALTTT
00111ero Ha3HA4YeHUS U IBYMs KOMIIapaTOPaMH.
ITopTs! BBOZA/BBIBOJA MOTYT UCIIOJIB30BATHCS 1JIs
o6MeHa TAaHHBIMHU C BHEIITHUMHU YCTPONCTBAMH,
06pabOTKY BHEIIHYX ITPEPLIBAHUIT I B KAIECTBE
IIT1IM-BBIX0OIIOB HECKOJIBKUX TalIMEpOB.

neMOHCT allMOHHbI€ NaThbl ANnAa
moayna ERF1000

O1eHOYHBIE IUIATHI IO3BOJISIOT IIPOIEMOH-
CTPUPOBATh Bce BO3MOKHOCTH Moyt ERF1000.
JI1s MaKCUMaIbHO GBICTPOTO BHEAPEHHUS MOy IEH
B IIPOEKTHI KOMILIEKT IIOCTABKYU COLIEP>KHUT OfHY
wiary ¢ Ethernet-unrepdeiicom (puc. 5), BbICTY-
IAIONIYIO B Ka4eCTBe IIII03a, 1 [BE YIPOIIeHHbIE
IIJTaThL, IpefHasHaYeHHbIe IS IPUMEHEeHNUs
B OKOHEUHBIX y3JIax ceTH [9]. Taxoke B KOMILIEKT
IIOCTAaBKYU BXOTSAT:
e anTeHHa Ha 2,4 I'Ti;
¢ JTAG-mporpaMmarop/oTIagduk;
e 1peo6pa3oBaTesb HAIIPHKEHUS C MUTAaHUEM

ot USB-nopra.

Kasknast rrara BKItoyaer B ce6st GoraTslit Ha6op
aIIIapaTHBIX HHTePQeNCOB: LIS CBSI3H C BHEITHIMI
ycrporictBamu USB, RS-232, RS-485, IrDa n JTAG

BECIMPOBO/AHbIE TEXHOJIOTUW Ne 1’16



MUHTEPHET BELLEM

mist omtanku BerpoernHoro I1O. I'padudeckuin
LCD-aKpaH, mKOMCTHK U CEHCOPHBII IOBOPOT-
HBII TIePEeKITI0YaTeNb IOMOTAIOT OPTraHM30BaATh
yno6HbIit uHTepdeiic moab3oBatess. [lupoxmit
CIIEKTP HATYNKOB B HHTETPAIBHOM UCIOIHEHUN
(ocBeIeHHOCTH, TPUOIIIKEHNST, TABJICHUS, BIAXK-
HOCTH), @ TaKkKe 3D-aKkceIepoMeTp, THPOCKOII
U MarHUTOMET] II03BOJISIET BBIIIOTHUTD TECTOBBIIL
c60p THIIOBBIX TAHHBIX C YAJICHHBIX Y3JIOB.

B HEKOTOPBIX IPUMEHEHUAX JleMOHCTpaI_[I/IOHHYIO
IUIATy MOKHO UCIOJIb30BaTh HEIIOCPENCTBEHHO
B CBOHIX yCTPOIICTBAX (€3 BHECCHHSI IOTIOHUTEIbHBIX
UCIIPABJICHUT B KOHCTPYKIIMIO U CXeMOTEXHUYECKHE
pertrerns (puc. 6). DTOMY CI1OCOOCTBYeT HaIUIIE
TOTOBBIX IIPOTPaMMHBIX pertieHuit. CepBepHas
YacTh HAIIMCAHA C HCIIOJIb30BAHKEM MOIYIIPHOTO
¢dpeitmBopka Node JS Express, kineHTCKast —
Ha ocHoBe Angular JS u Bootstrap CSS. 13 ipyrux
0COOEHHOCTEH HHTEPECHBI ITOJIHAS MOMI/IePIKKa IIPO-
ToK0J10B IPv4 1 IPVv6, BO3MOKHOCTD IPUMEHEHU S
B CAMOCHHXPOHU3UPYIOIIIXCSI MHOTOSIIEKOBBIX
CeTSIX U YaJIeHHOTO OOHOBIICHHSI BCTPOCHHOTO
10, a taxke ncronp3oBarne HTTP s merkoit
HHTETPAIiU B BeO-CePBUCHL

3aknoueHue

Pocr 4ncna ycrpoticts, mopknodeHHbIX K [oT,
Cr1ocoOCTBYET IIMPOKOMY HCIIOJIb30BAHIIO MAJIO-
rabapuTHBIX U3/IeIUil 6eCIIPOBOIHON Iepeiadn
naHHbIX. Monymi komnanuu easyRF, mocrpoennbie
Ha OCHOBE MUKPOCXeM H3BECTHBIX IIPOM3BOJUTEIEH,
OTIMYAI0TCS IMHPOKUMHU YHKIOHATbHBIMU BO3-

Puc. 6. Becnpoaop,Haﬂ CeTb C NPUMEHEHUEM OLLEHOYHbIX naiat

MOKHOCTSIMHE, TIPOCTBIM IU(POBBIM HHTEPdeiicOM
1 OYeHb MaJIBIM TOKOM IIOoTpebierst. OHU onTh-
MaJIbHO TIONXOMAT Il HENOPOTHX KOMIIAKTHBIX
ABTOHOMHBIX YCTPOMCTB, BXOASIIUX B COCTaB
6eCIIPOBOMHBIX CeTell Pa3/INIHOrO THIIA.
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