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YctpoucTBa

koMnaHuu Adeunis

nna ceten LoRaWAN

Komnanus Adeunis, ocHoBaHHas B 1993 r., cneuuanusupyetcs Ha paspaboTke U Npouns-
BoACTBe HecnpoBOAHBIX PeLLeHUH, NpeHa3HAYEHHbIX 1Sl peaNM3aLuu npunoxxeHun M2M
(Machine-to-Machine) u loT (Internet of Things). loTOBbIE K UCNIONb30BaHWIO MOAEMbI, U3rO-
TOBJIEHHbIE C NPUMeHeHHeM TexHosnoruii cesizu LoRa, SigFox unu W-MBUS, o6ecneunsaior
BbINoJIHEHHe (PyHKLIMIA U3MEPEHHUS, XPaHEHHUS U Nepefauu 3HaYeHHH pasIiHbIX (PU3UUECKUX
M 3/IeKTPUYECKUX NapaMeTpoB Ha paccTosiHuA go 15 kM. B gaHHOM cTaTbe paccmartpuBaercs
NWHelKa yCTPOMCTB, MoNe3HbIX NpU opraHu3auuu ceter ctaHgapta LoRaWAN, Haxoaswmx
Bce Gonbluee NpUMeHeHHe Ha 06bEKTaX IHEPreTHUECKOH, CTPOUTENbHOM, TPAHCMOPTHOM

M ApYr1x otpacieil NpoMbILIEHHOCTH.

BeegeHue

ITop «MHTepHETOM Bellel» I0IpPa3yMeBaeTcs
COBOKYITHOCTB OKPY’KaIOIIMX HAC 9JIeKTPOHHBIX
YCTPOWCTB, OOIIAOIINXCS MeXLy co00it 6e3
BMeIIIATeJIbCTBA YeJIOBEKA U MMEIOIIUX BBIXO],
B e[JUHYIO IIOOAIBHYIO CeThb. B HacTosIIIIee BpeMst
onemenTs! [oT 110BCceMeCTHO BHEPSIOTCS B CUCTEMBI
6€30I1aCHOCTH, IPOMBIIIIICHHO ABTOMAaTH3AIIIH,
JIOTHCTHKH, TPAHCIIOPTA X T. JI., HO 0COOEHHO BOC-
TpeOOBaHbI OHM IIPH PEIIeHHH 3324 H3MePeHNUs
HOTpeOIIeHNUs PeCypPCoB (BOLIBI, Ia3a, IEKTPUIECTBA,
TeIlJIa) U YAAJICHHOTO YIPaBIeHNs HIDKCHePHBI-
mu cuctemamu 06bexToB JKKX. ITpu atom s
obecrreverst 3(hGHEKTUBHOTO MOHUTOPHUHTA,
YIUTBIBAsI CIIEIU(UKY IPUMEHEHHS, CYLIeCTBYET
HOTPeOHOCTh B 6eCIIPOBOHBIX KOMIIOHEHTAX
C aBTOHOMHBIM ITHTaHKEM, HI3KHM COOCTBEHHBIM
9HepronoTpedieHneM, GOIBIINM PATAYCOM et
CTBUSL U IJIUTEIbHBIM CPOKOM 9KCILTyaTaluu (He
MeHee Me)KIIOBEPOYHOTO HHTEPBajIa MpuOOpoB
ydera). Takum Tpe6OBaHUSAM COOTBETCTBYIOT
3JIeMeHTBI MajloMoIIHbIX cetet LPWAN, mpen-
CTaBJIAIOIIMX COOO0M HOBBII THUII CeTel I riepeiayn

HeOOJIBIINX [TAKETOB TeJIEMETPUIECKHUX TaHHbBIX

OT PasJIMIHBIX YCTPOUCTB, CCHCOPOB, NAaTIUKOB

Ha manbHUe paccrosHust. LPWAN-texHonmorun

SBIIIOTCS 3HAINMOI JacTeio 0T u jemoHcTpH-

pyioT Haubosee 6ypHbLi pocT (puc. 1).

Cpenu Bcex pacrpocTpaHeHHbIX LPWAN-
TEXHOJIOTHH BBITOJTHO BBITEISAETCSI OTKPBITHIH
cranmapT LoRaWAN (Long Range Wide Area
Networks), paspaboTaHHbII COBMECTHO KOMIIa-
auamu Semtech u IBM [1]. B ero ocaoBe sexxur
HCIIOIb30BaHNe Ha (PU3UIECKOM YPOBHE 3a-
IaTeHTOBaHHOTO Semtech crroco6a Momy UK
LoRa, sIBJIIOIIErocst pa3HOBUIHOCTBIO METOJIA
paciInpeHust CreKTpa U 06eCeInBaoIero
PpeKopaHbIe MOKa3aTelu OI0IKeTa KaHayIa CBSI3H
(mo 168 nb). K mpyrum mpenMyIecTBaM ceTeit
LoRaWAN ornocaTcs:

o JIalbHOCTB Iepefatn JAHHBIX: 10 5 KM B yCJIO0-
BHAX IUNIOTHOM TOPOICKOM U IIPOMBIIITIEHHON
3aCTPOMKH, [0 15 KM B 30HE IIPSMOIL BUEIMO-
CTH.

o lcnonb3oBaHUe HEIUIIEH3UPYEMbIX JaCTOT
ISM-nnamasoHoB (433, 868, 915 MI'y), He Tpe-

12,0

8,0

6,0

4,0

2,0

0,0

B Bebipyyka ot LPWAN-cepBucoB

PbiHOK loT

6,0

00 005 0.5

2014 2015 2016 2017 2018 2019 2020 2021

2022 2023

Puc. 1. MNporno3s pa3seutus pbiHkos loT u LPWAN (uctounuku: Analysys Mason, Machina Research)

PbiHok LPWAN

2,5 mnpg

~100 ThIC.
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Puc. 2. Tunosas apxutektypa ceth LoRaWAN
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OYIOIIIX [TOJTyYeHUs paspelieHus 1 [UIaThI
32 palHOYaCcTOTHBI CIIeKTp. BpIcoKast mpoHu-
KAIOIIIasI CIOCOOHOCTD PATHOCHTHANA B 3IAHISX
U 3aKPBITHIX IIOMeIIEHUsIX I[P OPTaHU3AIUI
KaHaJIa CBS3U Ha JaHHBIX YaCTOTaX.

e Huskoe cob6cTBeHHOE 9HEpronoTpebieHne
OKOHEYHBIX yCTpOﬁCTB CETH: MHOTI'UE€ U3 HUX
MoryT becriepe60itHo GyHKIHOHUPOBATH 110 10
JIET, HUTASICh OT OJHOTO aKKyMyJssitopa AA.

e bBasoBas TOIOJIOTHS THIIA «3Be3/ia» 6e3 mc-
[I0JIb30BAHUS IOBTOPHUTEJIEN 06ecriednBaeT
OTJIMYHYIO MacIITaOMPyeMOCTh CETH.

Tumnosas apxurextypa cetn LoRaWAN Bxiio-
qaeT B ce0st OKOHEYHbIE Y3JIbl, 6a30BYI0 CTAHI[IIO

(nutI03), CeTEBOI CepBep U CepBep MPUIOKEHIIT

(puc. 2). [IpuHIUT WX B3aUMOJIEACTBUS IIPOCT.

basoBas CTaHI YA ABJIAETCA IIPO3PAYHBIM MOCTOM

1yt o6MeHa 3augpOBaHHBIME COOOIIIEHUSIMU

MEXy OKOHEYHBIMH Y3JIaMU, BBIOTHSIONIMI

(YHKIII H3MePEeHHs U YIIPABIIEHNST, I LIeHTPATbHBIM

cepBepoM. CBSI3b OCYIIECTBILIETCS C IIOMOIIBIO

TpapunuoHHbIX TexHonoruit (Ethernet, Wi-Fi,

4G/LTE) no npotoxoiy TCP/IP. IlenTpanpHbIit

cepBep IepecbUIaeT JAHHbIE Ha CePBEp MPUIOKEHHIT

1 KOHTPOJIHPYeET [apaMeTpPhl BCeil CeTU: CKOPOCTh,

MOIIIHOCTb TIepefiaTINKa, MOPSIOK U HePUOITY-

HOCTb CBA3M 1 T. 1. CepBep NPUIIOKeHUI, TPUHSIB

IaHHBIE OT CETEBOT'O CepBepa, pacuIngpoBbIBaeT

1 COXPAHSET UX, a KOHEYHBIH [I0JIb30BaTeIIb I10CIIE

ayTeHTI/I(bI/IKaHI/II/I HOHY‘{aeT K HUM ]IOCTYH.

CBo10 JTMHEIKY OKOHEYHBIX y3710B ceTt LoORaWAN

BhIITyCcKaeT koMmnanus Adeunis. PaspabGoranHble

6ecrIpoBOIHbIE MOIIEMBI IIPEACTABILIIOT COO0I

YCTPOJCTBa ¢ HHTepdeicaMil 1 BO3MOXKHOCTSIMH,

crerpMIHBIME JUISL BBITOJHEHHSI KOHKPETHOI

3aiaqu. PaccMOTPUM MX XapaKTEePUCTUKHU U OT-

JINIUTENIbHBIE 0COOEHHOCTH.

becnpoBogHbie

LoRae\IAN -yctpowcTtBa Adeunis
Hpeﬂ,naraeMbIe KOMIAaHUen Adeums MOJIEMBI

AJATITUPOBAHBI IJIA PEHICHUA 3a7a91 U3MEPEHUS

PasIMYHBIX (PU3MIECKHX U SJIEKTPUYECKIX BEJININH

U Tlepeiady MOy IeHHBIX 3HAUeHNIT Ha cepBep [2].
Bce OHU COOTBETCTBYIOT €BPOIEICKIM CTaHIAPTaM
110 6€30I1aCHOCTH 1 9/IEKTPOMATHUTHOI COBMECTH-
mocru EN 300 220, EN 301 489 n EN 60950. 'oToBEIE
K HCIIO/Ib30BaHHIO OeCIIPOBOIHBIC YCTPOMCTBA He TPe-
G6YIOT CITO’KHOM IPOTIEAYPBI HOTKIIOYEH S K CETH
LoRaWAN. ITocrie MoHTaka Ha MecTe 1 COeTMHEHHSI
C [IEpPBUYHBIMY T1pe0bpasoBaTe MU (JIATINKAMMT)
3AITYCK YCTPOFICTBA IPOU3BOUTCS ITPU TIOMOIIIH OOBIK-
HOBEHHOTO MArHHTA, Pa3MeIIIaeMOr0 B OIpe/IeIeHHOI
TOUKe KopITyca (yKasaHo B oKyMeHTaruu). [Tocre
BIUTIOYCHIS KKIIBIIT OKOHEUHBIH Y3€T aBTOMATHIECKH
BBIIIOJIHACT OIIEPANNIO AKTUBAITN. ITo YMOJ'I‘-IaHI/HO
ucrionbayercst OTAA (Over-The-Air Activation,
AKTHBAL[MSL «I10 BO3MYXY»), BO BPeMsl KOTOPOI st
KaKJIOTO YCTPOMCTBA 3aJAf0TCS: JIOKAIBHBIN ajipec
B cetrt (DevAddr), ceccrontble kimioun mmdpoBaHus
(NwkSKey u AppSKey) u unentuduxarop mpu-
noxennst (AppEUI). Ilo saripocy npousBonutesieM
TaKoKe MOKeT ObITh IIperycmorpera ABP (Activation
By Personalization, akTiBaruist Iy TeMm repcoHaIm3a-
IIUH), IPU KOTOPOH KII0YH MIU(POBAHIL U aipec
3aIIMCBIBAIOTCS B YCTPOCTBO 3apaHee, 1 CPasy IoCITe
BKJTIOUEHISI OHO Y>Ke FOTOBO K Ilepeiatie JAHHBIX.
Tumosast crpykrypa MoneMoB Adeunis cooTBet-
CTBYeT PaCIpOCTPAaHEHHOH CTPYKTYPe OKOHEUHBIX
Y3JI0B JIJI Pa3JIMYHBIX CUCTEM cbopa maHHbIX. Bee
OHH ITOCTPOEHBI Ha 6a3e HUSKOIIOTPEeOILIIOIINX II0
MOEMY CITUTHO ITHIIeTCSI MEKPOKOHTPOJLIEPOB CEPHIT

STM32L ¢ simpom ARM Cortex M3, paborarorux
coBMmecTHO ¢ LoRa-TpancuBepamu SX1272 mpons-
BojcTBa Kommauuu Semtech (puc. 3). Berpoernas
IUTAaHAPHAs AHTEHHA, PACIIONIOXKEHHAs Ha OCHOBHOI
IIeYaTHOH IUIaTe, O3BOJIAET COKPATUTD BHEIITHIE
rabapurhL.

JluTebHBIIA CPOK Oecriepe6OITHOI IKCIUTyaTal[HK
yanoB LoRaWAN nonpasymeBaer HeOOXOIUMOCTD
UCIOIB30BaHNSA KaYeCTBEHHOTO HCTOYHIKA aBTO-
HOMHOTO nuTanus. Adeunis uid cBoux YCTPOMCTB
BbIOpasIa PPaHITy3CKOTrO IIPOU3BOAUTESI GaTapert
1 akKyMyJsiTopoB — kommtanmio SAFT. Berpoernast
nuruii-ruonmwxiopuasas (Li-SOCI2) 6arapest
LS14500 ¢ HoMMHATbHBIM HanpsbkeHueM 3,6 B n
€MKOCTBIO 1eMeHTa 2600 MA/4 HarTyqIIuM 06~
Pa3oM HOAXOMUT ISl yCTPOICTB C HEIPEPBIBHBIM
norpebieHreM Toka 10 50 MA. lummanpuaeckuit
TraJIbBAaHIMYECKUI 9JIeMEHT cepun LS, BBIIoTHeHHbII
B Kop1ryce popM-hakropa AA, IMeeT TOK camopas-
psana Meree 1% B rof 1 MOKeT paboTaTh HPH TeM-
neparypax okpyxatoniei cpennl —60...+85 °C.

KOHCTPYKTHBHO BCs cepus, HE3aBUCUMO
OT (PyHKIIHOHATBHOTO HA3HAYEHNUSI, H3TOTABIIHBA-
€TCA B AaHAJIOTUYHBIX MaHOFa6apI/ITHbIX KopIrycax
co crernenbo 3amuTel [IP67 (IP68 o 3ampocy),
BHeIIHUMU pazmepamu 105x50x27 MM 1 Maccoit
He 6onee 80 r. Koprryc cocTout us BepxHeit i HIDKHEN
YacTeil, COeIUHAIOIINXCA IPH HOMOIIIHN 3aIIeJIKH,
HeYaTHOH IUIATHI C 7IeKTPOHUKOM U FePMETHIHOTO

KOHTpOJ'I b HanpsXeHna nuTaHna

(o)

~ Vctodhnk | MK & TpaHcueep
Baraperika nuTaHus STM32L SX1272
+ CurHanbl
BxogHble/ l€—o OT AaTuMKoB
BbIXOAHBIG| " 3 o Cirnans
uenu —»0 ynpasreHus

Puc. 3. YnpoueHHas cTpykTypHas cxema 6ecnposofHoro Mogema komnanuu Adeunis v ero 3D-mogenb
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Puc. 4. KopnycHoe ucnonHenue 6ecnposogaHbix LoRaWAN-ycTpoicts komnanuu Adeunis

|

KabenpHOro BBOJIA (puc. 4). BXOASIIIIT B KOMILIEKT
IOCTaBKU HAOOP KPeIe>KHBIX U3[IeIIUI II03BOJISIET
BBITIIOJIHATH MOHTaX ycTpoicTB Ha DIN-peiiky,
creny, Tpy6y 4 T. IL.

Pexunm
OXngaHus

Bpewmsi Hert

n3MepeHunsi?

M3mepeHve npu nomoLu
BCTPOEHHOrO Aaryumka

!

M3mepeHne npu nomoLum
BHELLHErO AaTtynka

Bpewms
nepegayn?

YcpeaHeHve nokasaHumn
BCTPOEHHOrO AaTyuka

!

YcpenHeHue nokasaHuim
BHELLHEro aartyvka

!

[Mepenaya n3amepeHHbIX
3HaveHun

Puc. 5. OcHoBHoM anroput™ pabotbl
6ecnposofHbix ycTpoiicts Adeunis

OCHOBHBIE Pas/IIIHs YCTPOUCTB BHYTPH CEPUH —
BXOJJHbIe/BBIXO/IHbIE LIEIIH COIIACOBAHMS U HAOOPBI
IPOTPaMMUPYEMBIX PETHCTPOB, YHUKATbHBIE JULST
K@KIOT0 KOHKPETHOTO HagHAUeHUs. B ocTanpHOM
OHU UMEIOT CXO’KHe XapaKTePUCTUKH U paboune
PEKUMEL, TO3TOMY 115 IIOHIMAaHMS IIPUHITHIIOB
(YHKIIMOHUPOBAHUS JOCTATOTHO JETATHHO pac-
CMOTpeTh J1E060€ U3 HUX.

K npumepy, monem ARF8180BA ¢ paboueit
qacroroii 868 MI' mpeHasHadeH A1 yaJeHHOTO
H3MepeHNsI TeMIIepaTyphl U Iepefady MoKasa-
HUIl Ha BepXHUII ypoBeHb ceTt LORaWAN [3].
OcHOBHOe HazHadYeHHe — paboTa B CBSI3Ke
C TEIJIOCYETINKAMHY U APYTUMHU Hpubopamu
ydeTa ¥ KOHTPOJIS TeIVIOBOI 9HEPIHU B TEILIO-
BBIX CeTSX NPeNPUATUH U TeIIOCHAOKAIOITIX
OpraHMU3aNnIl, TAK)KEe BO3MOYKHA OKCILTYaTAI[HsI
B CKJIA[ICKUX IIOMEIIeHHUSIX, XOIO[IIbHBIX Ka-
Mepax H IPYTHUX IPOMBIIUICHHBIX 00BeKTaX.
MOHUTOPUHT TeMIIepPaTyP5I IPOM3BOAUTCS IPH
IIOMOLIY BCTPOEHHOTO [ATIHNKA C paOOIUM HUa-
11a30HoM —30...470 °C 1160 myTeM MOAKITIOYeH s
BHerHero NTC-cencopa (Negative Temperature
Coefficient — oTpuIaTeIbHEII TeMIIEPATyPHBLI
k03¢ uImeHT) IpU HEOOXOAUMOCTU PACIIAPEHHS
nuamasona (ot —55 10 +155 °C). B mobom ciydae
TapaHTUPYeTCsl TOYHOCTh u3Mepenus +0,1 °C
u paspemterue 0,01 °C. Ilepenada HakOIIIEHHBIX
JaHHBIX U JUCTaHIMOHHBIA KOHTPOJIb COCTOSHIUS
6aTapen OCyIIeCcTBIIIOTCS HePUONNIECKH HIIH
10 BO3HUKHOBEHUIO OIIPeeICHHOTO COOBITH,
IJIaBHBIM M3 KOTOPBIX SIBJIIETCS BHIXOJ IOKa-
3aHUH 33 IpeJesbl YCTaHOBIEHHBIX IIOPOTOB.
Hacrporika pesxuMoB paboTl, IepHoLa Mepefady,
IIporpaMMHpoBaHue K09 dUIHEHTOB U Hapa-
MeTpoB BcTpoeHHOro ALITT i mpyrie n3aMeHeHNUs
KOH(UTYPALUH YCTPOMCTB BEIIOIHSIOTCS IPH
nomotu USB-unTepdeiica.

B pabote GecripoBojieoro ycrporicrsa Adeunis MOXHO
OTMETHTB HECKOJIBKO PE&KUMOB. VI3Ha4aIbHO MofieM
HAXOLUTCS B PEKUME OKHUIAHNUS, OTIMIAOIIeMCST
MUHIMaJIbHBIM 9HeproroTpedaenueM. IToce crapra

Ta6bnuuya 1.

YCTPOCTBO IIEPEXOAUT B pabouumil peskuM. Pesxum
MAaKCHMaJIbHOTO 9HeProcbepesKeH!s HHALUUPYeT-
s IPY JIETEKTHPOBAHIN Pa3psLKeHHON OaTaper,
BBIXOJI 113 HETO BO3MOKEH TOJIBKO ITPU €€ 3aMeHe.
KoMaHIHBIN peKUM ITO3BOJIAET I10Ib30BATENAM
U3MEHUTH COTEPKIMOe KOH(PHTYPAIHOHHBIX Pe-
TUCTPOB MOJIEMA, TIEPEXO]] B HETO OCYIIIeCTBIIAETCS
Tepeyadeit onpeyeneHHon AT-KoMaHIbL.

B paboueM pesxuMe BO3MOKHBI CIeyIOLIIe
BAPUAHTBI OOIIEHNUS C CEPBEPOM: IIEPHOINYECKOE
n3MepeHue U Mepefiada JaHHBIX COINIACHO aJIro-
pUTMY, U306pasKeHHOMY Ha PHC. 5, llepefada IIpu
BBIXOJIe KOHTPOJIMPYEMBIX IIaPaMeTPOB 3 IIPeJIeIbl
TIOPOTOB, a TAKXKE PerysapHas cepBUCHas Iepe-
Jla4a COCTOSIHUI KOH(MUTYPAI[IOHHBIX PETUCTPOB
U PETHCTPOB JJAHHBIX.

ITepBbIit BAPHAHT SIBILIETCS IPEOOIafAOLINM,
TIEPHOJI TIePeiauyl U KOJIMIECTBO U3MEPEHUH MEKITY
JIBYM$ CEAHCAMU CBSA3H B 9TOM CJTyYae ONPeNIesIAI0TCA
TIpY OMOIIIH CTIETIATN3MPOBAHHBIX PerucTpoB. Tak,
B TabuIe | npuBeeH IpuMep HaCTPOEK MOZIEMa,
IIPY KOTOPBIX U3MEPEHH s IIPOU3BOIATCS KaK/Ible
15 MuH, a ycpellHeHHbIE Pe3yIbTaThl OTIPABIIIOTCS
OTpeOUTeSIM OUH Pa3 B dac.

Bropoii BapuaHT, OCHOBaHHbIH Ha IIEPUOIU-
YeCKOM CPaBHEHHH M3MEPEHHBIX ITOKa3aHU
C YCTaHOBJIEHHBIMH ITpeleIbHBIMU 3HAYeHUSIMU
BHYTPEHHETO U BHEIITHETO NATIMKOB, AKTUBH-
pyercst 3anmchio Hysst B peructp S301 (puc. 6).
MaxcuManbHbIe I MUHIMAaJTbHBIE TeMIIEPaTyPhI,
a TaK’Ke UX TUCTEPE3NC 3aaI0TCA Ty TeM HCIIOIb-
30BaHUS TOTOIHUTEIBHBIX perucTpos S309-S316.
INepenaya makeTa JaHHBIX BBIIIOIHAETCS TOJIBKO
[IpU BOSHUKHOBEHUH 3aIaHHOTO COOBITHS (TIpe-
BBIIICHUNU TOTO HJIX HHOTO IIOPOTa).

Heo6x0mIMOCTB TpeThero BapuaHTa 00y CIIoB-
JIeHa TeM, 4TO IIPH Iepenade 0 COOBITHIO YacTO
BO3HUKAIOT CUTYalluH, KOT/IA Y3€JI CETHU JIIUTEIIb-
Hoe BpeMs «MorauT». [ToaToMy 1y nonydenns
nHQOPMAIINH O COCTOSIHIH YAJIEHHOTO 00beKTa
(opMEpYeTCs pery IpHBILIL 0TeT, IePUOJ; OTIPABKY
KOTOPOTO COCTABJIAET OT OJHOTO Yaca O OJHOTO
THSI ¥ 3a1aeTCs Ipy oMoInu peructpa S300.

Kaxk y>xe ObLT0 OTMeUEHO BBILIIE, 7151 HACTPOUKI
MOJIeMa UCTIONB3YeTCs IIOMKIIOYeHNe K KOMIIBIOTEpY
yepe3 USB-pasbem (tun B), ob1ienue ocyriecTss-
eTcst mpu oMoty BupryanpHoro COM-mopTa.
Heobxomumble 17151 pabOTEL IpaiiBephl HOCTYIIHbL
Ha 0(UIIHaIEHOM caifTe IpousBonuTes. [lepenaday
KOMaH]I, yIIPaBJIeHUs] MOKHO BBIIIOJIHHUTE, BOCIIOJNb-
30BaBIIIICh IPUBBIYHBIM JIJIs1 IOJIb30BaTesIel TepMHU-
Hasiom, Hartpumep COM Port Toolkit. B Hacrpoiikax
COEMIMHEHNST HyKHO BBIOPATh ITPEIOMKEHHBIIT OTTe-
patonHo cuctemoit Homep COM-1iopTa 1 3aiaTh
CIIeIyOIIHe ITapaMeTpbl: CKopocTh 115200 6ut/c,
63 KOHTPOJIS 9eTHOCTH, 8 OUT IaHHBIX, 1 cTOI-
6ur. Ilepexon B KOMAHIHBII PESKIAM BBIIOTHSETCS
nopaveiit AT-koMaHnbl +++ win 0x2B 0x2B 0x2B
B IIlecTHaAaTepudHOM dopMmare. Ecii Bce HOp-
MAJIbHO, TO B 0OPaTHOM HAIIPaBJIeHAN ITOCBLTAETCS
xBuranuust CM. B tabuiie 2 puBeIeHs! IPUMepbI
THUIIOBBIX KOMaHJI ¥ OTK/IUKOB Ha HUX.

Mpumep KoHbUryprupoBaHus peructpos mogema ARF8180BA

Peructp Tun 3HaveHna 3HayeHue PesynbTar
S301 [lecatnyHoe 6 Mepwuoa nepeaaun paHHbix: 6x10 MuH = 60 MUH
S302 LllecTHapuaTepuyHoe 0xD0 VpenTtudukatop BHyTpeHHero gatyuka 0xDO
S304 LllecTHapuaTepnyHoe 0x80 Vpentudukatop BHewHero gatunka 0x80
S318 [JlecATnyHoe 4 KonuyectBo n3amepenuii Mexay AByMA nepegayamu: &
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Puc. 6. Mpadprueckoe npefcrasneHre cnocoba MOHUTOPHHIA MO H3MEHEHHIO COCTOSIHUS
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Bce perucTpol ORpasaessiioTCs Ha ABe TPYIIIBL:
(YHKIIMOHAIBHEIE S3XX [I03BOJISIIOT PEryIHPOBATh
OBeZICHUE PAINOMO/ieMa Ha [IPUKJIATHOM YPOBHe,
ceteBble S2XX (O/ITHAKOBBIE /IS BCEX YCTPOYICTB
CepUH) OTBEYAIOT 3a HACTPOMKY XapaKTePHUCTHK
BcrpoerHbIXx LoRaWAN-TpancuBepos (koaddu-
LUEHTA PACIIUPEHHsI CIIEKTPa, IIHPUHBI OIOCHI
IIPOITY CKAHUSI, BBIXOJHOI MOIITHOCTH, HIeHTA(H-
KaTOpPOB YCTPOFICTBA M CETH, KIFOU€H I POBAHIS
U T. 1.). K ©3MeHEHHIO TOCETHIX CIIeTyeT OTHOCUTHCS
C OCTOPOIKHOCTBIO, T. K. OHH HEIIOCPE/ICTBEHHO BIIHSI-
IOT Ha Ka9eCTBO CBsA3H. [10 YMOIIAHUIO PerUCTPhI
S2xx 6;10KMpOBaHbL, JIF0O0E OOpaIleH e K HIM BbI-
3bIBACT OIINOKY, Pa3PEINTh UX N3MEHEHHE MOKHO
xomangoii ATT63 PROVIDER.

YerporicrBo ARF8170BA (BHyTpeHHee Ha3BaHHe
LoRaWAN DRY CONTACTS) mo3BoJisieT, ¢ OfHOI
CTOPOHBI, IIOJYYaTh COOOIIEHUSI O COCTOSTHUN
YaJIeHHBIX 00BEKTOB (BKJI. WJIH BBIKIL), @ C IPy-
TO¥1 — IUCTAHIIMOHHO YIIPABJISITh OTUMH 00beKTaMU
IIOCPEICTBOM YeThIpex KOHMUrypupyemsIx mud-
POBBIX BXOZIOB/BBIXO/IOB (pHC. 7). [IaHHBIIT MOIEM
MO3UIMOHUPYETCsI, B OCHOBHOM, [1JIs IIPUMEHEHHSI
B MHKCHEPHO-TeXHUYECKNX CUCTeMAX 3TaHHII:
L7151 3aITycKa 060PyIOBAHUsI, KOHTPOJISL ZOCTYIIa,
YIIpaBJICHUSI OCBEIIIEHIEM 1 T. 1. By XCTOPOHHHI
KaHaJ1 0OMeHa IAHHBIMU OPraHU30BaH Ha 9acTOTe
868 MTI'l, MakCMMaJIbHOE BXOIHOE U BBIXOJLHOE

HaIpsDKEHNE BCeX KaHaJIoB 24 B, oskBuBajieHTHOE
BXofHoe cornpoTusierue 500 KOM, TOK BbIXO/a
(marpysku) He npessimmaer 100 MA [4].

JIro6011 KaHaJI HACTPANBAETCs OTHETBHO, IPH
roMoIIy peructpos $302-S305 BbIOMpaeTcst THIT
OTZEJIBHOTO BBIBOZIA (BXOJI WIIH BBIXON). Jist BXO-
JIOB 3a/[AeTCsI PEKUM PabOTHI — ITePUOINICCKAL
T 10 BOSHUKHOBEHUIO COOBITHSE; COOBITHSAMHE
SIBJISIIOTCA TIepeTIajibl IOTHIECKIX YPOBHE, aHAIN3
IIPOBOJUTCS 110 (PPOHTY, I10 CITATy IMITY/IbCA HIIH
110 UX KoMOuHaImu. B neprogudeckom pexxume
IIPOBOUTCSI TIOAICIET COOBITHIA, OUepeHbIe JAHHbIE
OTIIPABIISIOTCS HA CEPBEP Yepe3 MHTepBajl BpeMeHN,
onpenessieMblt peructpoM S301. Kaxknprit Bxon
HMeeT 3alIUTY OT fpebesra KOHTAKTOB, JOCTYIIHO
IIATHAIATH 3HA9€HUI BPeMEHHOH 3a/IeP/KKH, IIPO-
rpamMmupyemoii B pegenax ot 10 mc 1o 10 mun. I1pn
HCTIOTB30BAaHIH BBIBOTIOB B KA9€CTBE BBIXOJIOB Ha HUX
YCTaHAB/IMBAIOTCSI JIOTMYECKUE YPOBHH (BBICOKUE M
HU3KHe) B 3aBUCHMOCTH OT 3aiad. KasK/IbIil BBIXO]L
BBIIIOJTHEH TI0 CXeMe C OTKPBITBIM KOJIJIEKTOPOM,
[I03TOMY TpebyeT BHEIITHE O TSHKKH.

Mopem ARF8190BA (LoRaWAN ANALOG),
pabotaroruit Ha 9actore 868 MI'm, mogxonuT mist
Pa6OTEI ¢ MOOLIMU JATINKAMU, IMEIOIIIMHY aHa-
JIOTOBbIE BBIXO/IHBIE curHabl popmara 010 B mm
4-20 MA. K TUIIOBBIM NIPUMEHEHUSAM OTHOCATCS
6ecrpoBOIHbIC H3MEPUTEIN TeMIIEPATy DI, /IaB-

Ta6nuya 2. Tunosbie AT-komangbl mogema ARF8180BA

CuHTaKcnc KoMaHa OnucaHue OTKnUK MopeMa

+++ [MepeiiTn B KOMaHAHbI peXnM CONNECTING..CM
ATS309=300 YcTaHOBUTE BePXHMIA MOPOT BCTPOEHHOTO AaT4unKa Ha ypoeHe 300/10 = 30 °C o*
ATS214=0018B200 Vi3meHuTb cTaplunii 6aitT upeHtudukatopa npunoxenna (APP_EUI) E**
ATT63 PROVIDER Pa3pelmTb n3mMeHeHVe ceTeBbIX PerncTpoB 0
ATS214=0018B200 M3meHuTb cTaplnit 6aint uaeHtudukaropa npunoxenus (APP_EUI) 0

ATS215? 3anpocuTtb 3HayeHue peructpa S215 5215=44512451
AT&W CoxpaHnTb M3MeHeHUs perucTpoB 0
ATO BbIiiT U3 KOMaHAHOTO pexuMa 0

* —YcnelwHoe BbINOAHEHWe KOMaHAbI.

** — OwnbKa BbINONHEHWA KOMaHAbI (CMHTaKCM‘-IeCKaFI, Hen3BecTHaa KOMaHAa, HeAoNyCTUMOe 3HaYeHne N T. Ll.).

JieHns1, ypoBHS, BiaxHOCTH, CO,, IepeMerreHns,
OCBEIIIEHHOCTH U T. [I., BCTPaBaeMble B MIDKEHepHbIe
CHCTeMBI YIIPABJICHHUS 3NAHUAMHE (OTOIUICHHS, KOH-
IUIOHNPOBAHMNS, BEHTHISIIAN ), IPOMBIIIIIEHHOE
0060pyIoBaHUe Pa3INIHOrO Ha3HAYEHUS], Tesle-
MeTpHUecKyo anmaparypy. Kaxmoe ycrpoitcrso
CII0COGHO OITHOBPEMEHHO 00CITYKIBATh JI0 IBYX
CEHCOPOB, X IOIKIIOYEHHE OCYILECTBIIAETCS Yepes
Ppe3b0oBbIe KIIeMMHbIe Koofku [5]. laHHbIe ¢ nat-
YHKOB OII()POBBIBAIOTCS ITPH TOMOLIH BCTPOCHHOTO
ATITT ¢ paspsinHOCTBIO 12 61T. J]Ba IOTIOIHATETBHBIX
11u(POBBIX KAHAJIA TO3BOJLSIOT BBIIOHATH (DyHKIIIH
KOHTPOJIS U YIIPABJIEHUSI aHAJIOTHIHO PaHee pac-
cmotperHoMy Motemy ARF8170BA. «ITporursrit»
crek mporokona LoRaWAN ymporaer nponenypy
HOIKIFOYEHHUS YCTPOMCTBA K CYILIECTBYIOIIEH CETHL.
Takwue sxe 3anaqn perrraer ARF8200AA (LoRaWAN
ANALOG PWR), OTIHYQIOIIACS OT IIPEABIAY-
IIIEr0 YCTPOICTBA HEOOXOIUMOCTHIO IPHMEHEHUS
BHEIITHETro NUTaHUs. [JaHHBIN MOJIEM He MeeT
6aTaperiku 1 MOYKeT OBITh II0JIe3eH [P HATMINN
B 30HE JJOCSITAeMOCTH NCTOYHUKA IIOCTOSTHHOTO TOKa
C HanpsDKeHrneM 6—24 B, 03BOISIOIIEr0 yBeIMIUTh
CPOK 9KCIUTyaTal[y MOZIEMA.

Bbixoa

i
1

Lenb oT MK

3aLLUMTbl

a — 6

Puc. 7. BxogHbie (a) v BbixogHbie (6)
uenn ARF8170BA
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Monem ARF8230AA (LoRaWAN PULSE) npefiza-
3HaYeH JIJIs [0JIb30BaTeJIelt, KOTOpbIE HIIYT CII0C00
OpraHM3alUK YIAJIEHHOTO c60pa MOKa3aHMII C pas-
JIMYHBIX TIPUOOPOB y4eTa S3HEPropecypcoB (BObI,
9JIEKTPUYECTBA, ra3a U TeIuia), 060pyI0BaHHBIX
HMITYJIbCHBIM BbIX0IoM. OH MOKeT paboTaTh
CO CYETYNKAMU, MUHHUMAJIbHAS JJINTCIBbHOCTH
HMITYJIbCOB KOTOPBIX COCTABJISIET 8 MC, a MaKCH-~
MaJbHas 9aCTOTA UX CJITOBAHMS He IPEBBIIIaeT
33 ' [6]. T0TOBOE K HCIIOIB30BAHIIO YCTPOCTBO
obecrieanBaeT MOAKIIOYEHNE 10 PATHOKAHATY
060pyIOBaHMUS YIIPABIISIONINX U CHAOKAFOIIIIX
OpraHM3aIHi K IPOMBIIIIIEHHBIM CeTAM CTaHAapTa
LoRaWAN, aBTOMaTU3HpYsl, TeM CaMbIM, paboTy
ciyx6 JKKX. OmnnaurenbHON 0CO6€HHOCTHIO
ARF8230AA s1BIISI€TCS BOSMOXKHOCTD OITHOBPEMEH-
HOT'O IIOJKJITIOYCHU S cpasy IBYX PAa3HBIX CYETINKOB
K OZIHOMY PaimOMOJIEMY, YTO IIO3BOJISIET CHUSUTD
3aTpaThl Ha BHEJIPeHUe CUCTeMBL. J[jist GBICTpOit
HacTpo¥iku npumMensercsa DIP-nepexmogarenn
C II1eCTHI0 KOHTAKTHBIMHY I'PYIIIAMH, TIPY IIOMOIIIN
KOTOPOTO BBIOMPAETCSI THII MICTIOIB3YeMOr0 CYeTI KA
C COOTBETCTBYIOIIMMH MapaMeTpaMI UMITYJIbCOB
U IEPpUOJUIHOCTD OTIIPABKY HAKOIIEHHBIX NTAHHBIX.
Taxoke yCTpONCTBO MOKET ObITh CKOH(MUTYPHPO-
BAHO TTOCPEICTBOM COeIMHEHNS IO PaflHOKaHAITY
unepesaan 3HAYEHUN COOTBCTCTBYIOH_II/IX PerucTpos.
TapaHTHPOBAHHBII CPOK CITYKOBI OT BCTPOEHHOM
6atapen IIpu Iepeade ABYX IIAKETOB TaHHBIX
B CyTKH — He MeHee 10 jier.

[Tose3HBIM IOTIONTHEHIEM CepHH SIBJISETCS OpTa-
TuBHbII TecTep ARF8123AA i gacrot 863-870 MI'L,
KOTOPBII ITO3BOJISIET OCYIIIECTBIISITh IIPOBEPKY TTa-
pametpos ceteli cranmapra LoORaWAN no momenTa
PasBepTHIBAHIS TOTOBBIX petiteHil [7]. OH BbIIOTHSET
byHKIIMH IIepeaun, mpreMa i ObICTPOrO aHAIH3A
PAJIFIONIAKETOB B CETSIX, OOBETMHSIOIIIX GeCITPOBO/I-
HbI€ JATIUKH, 000PY/I0OBaHIE HHTEIUIEKTYIbHBIX
3[IaHNH, I3MEPUTEIIbHBIE YCTPOVCTBA, CHCTEMBI
6€30MaCHOCTH M MEKMAIITMHHOTO B3aNMOJIEICTBIISL.
Ha JXKK-akpaHe ycrpoiicTBa 0TOOpa)kaeTcst BCst
onepanronHas nHbopmanust (GPS-koopauHAaTEHI,
TeMIIepaTypa, YPOBEHb 3apsiia Garaper) 1 TaHHbIE
0 pabore cetu (COCTOSIHUE KaHATa K XOCTY, K YCTPOI-
CTBaM, HCIIO/Ib3YeMbIit KOO UIIHEHT pacIiipeHns
CIeKTpa, K0A((MUIIHEHT OIITMOOK TAKETOB H T. IL.).

WHTerpupoBaHHbBIH BBICOKOTOYHBIN Mofyab GPS
TIO3BOJISAET OCYIIIECTBIATE TeOIOKAIHIO. B kavecTne
WCTOYHMKA TUTAHNA NPUMEHAETCS JINTAN-NOHHBIHA
aKKyMYJIATOP C BBIXOJHBIM HarpspkeHuem 3,7 B
u eMKocTbio 2000 MAy, KoTOpOro xBaTaer Ha 20 4
aBTOHOMHOII PaboTBI. BHeIITHee 3apsyIHOe YCTPOFICTBO
niofxmodaeTcst yepes USB-pasbeM B HIDKHEH 9acTh
ycrporictsa (puc. 8). Tectep, IpenHasHaYeHHBII 1L
9KCIUTyaTal[iy B TUANa30He pabOIMX TeMIIepaTyp
—40...+85 °C, N3roTaBIMBAETCS N3 CTAHTAPTHOTO
yepHOro ABS-1tacTuka TonuHon 1,6 MM, IMeeT
BHeIHKe rabaputsl 186,2x75,2x22,8 MM U Maccy
150T.

[TapameTphI CBSI3M OIIPENIENAIOTCS BCTPOEHHBIM
TPAHCHBEPOM: IOITyCTHMasl CKOPOCTb 0OMeHa JJaH-
HBIMI JIE)KUT B IIpenenax ot 183 6ut/c go 50 x6ur/c,
BBIXO[HAsI MOIITHOCTb — 14 1BM, TyBCTBUTENIBHOCTD
npuema — —137 nbm. IIpoussosureneM rapantu-
PYeTCsl COOTBETCTBHE TPeOOBaHUAM CTAHIAPTOB
EN 300-220, EN 301-489 u EN 60950.

OteyecTBeHHbIE aHaNOTH

Harnocrenok ckaxkeM 00 OTe4eCTBeHHbIX AHAIOTaX.
Pacrymas nomynsprocts ctanfapra LoORaWAN
TIPYBeJIa K TTOSIBJICHUIO KOMITAHHIA, TIPeJIJIaraloix
KaK TOTOBbIE KOMIUIEKCHBIE PEIIeHHUsI (COBOKYTI-
HOCTh OKOHEYHBIX YCTPOMCTB, 6a30BBIX CTAHI[UI,
cepBepHOro 1 KimeHTckoro I10), Tak 1 OTHeTbHbIE
IIpOTpaMMHBIe U allllapaTHbIe MPOTYKTHI IJIs
peanusanuy COOTBETCTBYIOIIEN CETEBOM TEXHO-
norun. He ocrasncs B cTOpoHe U 0Te4eCTBEHHBII
LoRaWAN-pbIHOK. Tak, CBOM THHENKH IPOTYK-
I[17, UMEIOIIIEeH CXOKHe C paHee PacCMOTPEHHBIMHA
YCTPOMCTBAMU XapaKTEePUCTUKH, BBIITYCKAIOT
rxommanuu «Bera-A6comor» (r. HoBocnbupck)
u «Hooyuer» (r. Kagaus).

Y mepBoii U3 HUX MO’KHO OTMETHTb aBTOHOMHBIE
cyerunku umiyabcos CH-11 1 CH-12 ¢ ueTbipbMs
He3aBUCHMBIMU KaHaJIaMH, KOTOPbIE TakKe MOTYT
OBITH HACTPOEHBI HA HCIIOJIb30BAHNE B KA4eCTBE
BXOJIOB /I OXPaHHBIX 1aT9uKoB. O61ienue ¢ 6a-
30BOM CTAHIIMEH OCYIIeCTBISETCS Ha 9aCTOTAX M-
nasoHa 860—-1000 MI'n. JIByXKkaHalIbHbIE CIETINKK
nmmnynbcoB CU-13-232 u CH-13-485 ¢ BHEITHIM
nutanueM (8-36 B) moryT paborath B pesxume
TIpo3pavHbIX paguomoneMos LoRaWAN-RS-232

LoRa Alliance

XKK-gucnnen

KHonka 1

Puc. 8. BHewwHuK Bug v oprabl ynpaenerusi tectepa ARF8123AA

Pasbem
micro-USB

Mepekntoyatens Bkn./Bbikn.

WHaukaTop 3apsaa

KHonka 2

i LoORaWAN-RS-485 coOTBeTCTBEHHO 160
BBITIOJTHSATB TTOJCUET 3TeKTPUIECKUX UMITYIIBCOB,
IIOCTYHAIOIIUX € JTIOOBIX IPHOOPOB ydeTa KOM-
MyHanbHBIX pecypcos. Konseprep TII-11 mpen-
Ha3HAYeH /IJIsI CIUTHIBAHUSI JAaHHBIX C YCTPOHCTB
c uarepdericom 4-20 MA, OH IMeeT 1Ba OXPAHHBIX
BXOfia, TI0 CPabaTHIBAHUIO KOTOPHIX OTIIPABILSIET
coobrrieHue o Tpeore B ceTb LORaWAN, u nBa
BBIXO/Ia THIIA «OTKPBITHIH KOJUIEKTOP» JISl YIIPaB-
JICHU A BHCIITHUMHA yCTpOﬁCTBaMH. HaT‘-II/IK TeMIIe-
patypst TII-11 mpencrasisier coboii epenarolee
LoRaWAN-ycTpoiicTBO ¢ BHEITHIM U3MEPHUTEIbHBIM
97IeMEHTOM, TTepefialoliee MOKA3AHs TeMIIePaTyphl
B CeTh C 3alaHHBIM IepuosioM. Ha Bce ycTporicTsa
TAeTCsI MSTYICTHSISI TapaHTHSL.

Cepust GectipoBOHBIX MozyIeit TepmuHan-M-
LRW xomnanuu «HoBoy4er» BKJII04aeT ycTpoit-
CTBA Pa3IMYHOTO Ha3HAYEHM C UMITYJIbCHBIMH,
1 POBBIMH MU aHAIOTOBBIMU HHTepdericamuL.
OHU crysKat 1JIst OKIIOYeHNst TPUOOPOB yueTa
9HEPropecypcoB, UCIONTHUTEIbHBIX YCTPOUCTB
U PasINYHBIX TATINKOB ([IPOTEYKH, TEMIIEPATYPBI,
BIIOKHOCTH, e OPMAIIHH, JABJICHUS 1 IIP.), KaK
BCTPOEHHBIX, TaK I PacIoaraeMbIX BHe KOpITyca.
Cucremsl Ha 6a3e yCTPOMCTB KOMITAHUH OTIHYAIOTCS
MacIITabupyeMOCThIO, THOKOCTHIO, MOTYIbHOCTBIO
u yHI/IBepcalII)HOCTbIO IIPUMEHEHU .

3aknioueHue

BCCHPOBOHHBIE MOJIEMBI C paSJ'II/I‘IHbIMI/I I/IBMCPI/I‘
TeJIbHBIME HHTepdericamu, IPOU3BOIMBbIE KOMITA-
Hueit Adeunis, IIMPOKO IPUMEHSIIOTCS B Ka4eCcTBE
OKOHEeYHBIX y3710B ceTrt LoORaWAN. [InmrensHas
aBTOHOMHas paboTa pu GaTapeifHOM IUTAHUM,
GOJTBLIION pajIHyC IEICTBHS, IPOYHBIE KOPITYCa CO CTe-
TIeHsAMH 3aIuThl 10 IP68 — Bee 910 B cOBOKyITHOCTH
II03BOJISIET YCIIEIIHO PEIIaTh 3a/[a4yl YIIPaBJICHUs
Y MOHHTOPHUHTA B COCTaBe ABTOMATU3MPOBAHHBIX
CHCTeM KOMMEPUeCKOTO yIeTa PecypcoB, CHCTEM
«YMHBIA JOM», JUCTAaHIIMOHHOIO c6opa maHHBIX
1 BO MHOTUX IPYTHX IPUIOKeHMsIX. H
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