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ABTOMAaTM3aLMS yyeTa INeKTPOIHEPrMM HA BCEX dTanax —

OT NpOU3BOACTBA A0 NoTpebaeHns — HenpeMeHHoe ycoBme

3¢ deKTUBHOro GyHKLUMOHUPOBAHUS COBPEMEHHbIX 3HeprocucTeM.
ABTOMATU3NPOBAHHASA CUCTEMA KOMMEPYECKOro y4yeTa
3HepropecypcoB (ACKY3) obecneymBaeT He TO/IbKO TOYHbIV y4eT

M OnepaTUBHbLIN KOHTPO/Ib NOTpebasgeMon n nepeaaBaemMon
3/1eKTPO3HEpPrun, HO N JO0CTYN K NOJIyYEeHHbIM AAHHbIM A8
BbIMO/IHEHMS pacyeToB, aHaM3a 1 BbiIpaboTKM ONTUMA/IbHOM
NnoNAnUTUKKU B 061acTtu sHeprocbepexeHns. BHegpeHne ACKYS -
KoMniekca annapaTHbIX U NPOrpaMMHbIX CPeACcTB ANns
ANCTaHUMOHHOro cbopa, xpaHeHnsa u 06paboTku nHdopmauum
06 3HepreTUYeCKMX NOTOKAX B 3/IEKTPOCETAX — 3TO CNOCO6 CHUXEHUS
n3gepXek 1 3aTpaT Ha 3Hepropecypcbl, ONTUMM3ALUN NOTEPb
6narogaps noBbILWEHUIO TOYHOCTU AAHHbIX NPU OAHOBPEMEHHOM
COKpaLleHUU BpeMeHn Ha X noay4vyeHue n o6paboTky.

CHOBHBIE QYHKI[UH SHEPTOCHCTEMBI 3aKJTI0-

YalOTCS B JOCTaBKe 31eKTPO3HEepPruHu

OT IIOCTAaBIIMKA MOTpebUTeN0 U B Ilepe-

nade MHPOPMAIIUH O IIOJIb30BAHUHU 3HEP-

ropecypcaMu B LieHTp 06paboTkM [gaH-
HBIX. [IpeMMyIIecTBa COBpeMeHHON 3HEProCHUCTeMBI
B TOM, UTO IIOCTaBIIHKY ITPeAOCTAB/SETCS BO3MOXK-
HOCTP MOHMTOPMHTIA B peajibHOM BpeMeHH IIOJI-
HOM HMHGOpPMaLMHU 00 37eKTPOIHEPruU - ITPOU3Be-
IeHHOM, IepeJaHHON M moTpebieHHON. Hanmuue
TaKOr0 MHCTPYMeHTa I103BOJISIET II0JIy4aTh aKTyallb-
HYI0 HHOOPMALIHIO O TeKyIeM COCTOSIHUH SHeProcH-
CTeMBI X 671aro/1apst oIlepaTUBHOMY KOHTPOJIIO obecrie-
YHBATh €e HaJIeXKHOCTb.

HMHPOpMaLIMOHHBIH 06MeH JaHHBIMH HeoOXOAHUM
IJ1s. aBTOMaTH3aLUHU IpoleccoB cbopa u 06paboTku
IIOKAa3aHUN NPUOOPOB. B yC/IOBHSX MacCOBOTO IIPH-
MeHEeHHUS CUeTYHKOB ydeTa MOTpebIeHHON 3/1eKTPo-
SHEPrUH, IOJNYUYHUBIINX PACIPOCTPaHEHHE B IIOCTIeN-
Hee BpeMsl, ONEPAaTUBHBIM aHaJM3 IOCTYHAIOMMUX
OAHHBIX 00 9HepromnoTpebreHUH 6e3 HCIIOTB30BAHUS

ABTOMATH3UPOBAHHBIX CHCTEM ITPeZCTaBIseT CO60i
IOCTAaTOYHO CJAOKHYIO 3afauy. Ee peleHue gaeT Bo3-
MOYKHOCTB IIOTPebHTe I 0 [0y 4aTh oA poOHY 0 HHPOP-
MaIluo 06 HCIIO0Ib3yeMOM 3/1eKTPOSHEPIrUH U OIITH-
MM3HUPOBATh PACXOf, SHEPropecypcoB, CHUKAsl TeM
CaMbIM 06IIyI0 HAIPY3Ky Ha SHEProcucremy. TakKUM
obpasom, obecreueHre MHGOPMALIHOHHBIX ITOTOKOB
OT KOHEYHBIX YCTPOMCTB yueTa 37IeKTPO3HEPrUH — O/[HA
K3 OCHOBHBIX 3a/ida9 Ha IIYTH IIOBbIIIEHH S 3Hepr03q)-
$eKTUBHOCTH KaK TeHEePUPYIOIUMU KOMIIAHHUIMH,
TaK U [IOTPeOUTeNISIMH.

[Ipu co3maHUU NPUOOPOB ydeTa 3HEPropecypcoB
Ha OCHOBE POCCHICKOM 3/JeKTPOHHOM KOMIIOHEHT-
HoM 6a3pl KommnaHwus 'TIKK Munauap' ocoboe BHU-
MaHHe yAeIra BO3MOXKHOCTH HX HCIIOTb30BAHHUS
B aBTOMAaTH3HPOBAHHBIX CHCTEMaX KOMMEPUYECKOro
y4eTa 3/1eKTPOSHEePruH. B 4acTHOCTH, Ha 3Talle pas3pa-
6OTKHM KOHCTPYKIJUH CYeTUHKA ObLT IPUMeHEeH MeTOJ,
MOZYTPHOM KOMIIOHOBKH. CyTh METO/IA COCTOUT B TOM,
4TO 6a30BBIM 3JIeMEHTOM IIpHOOPOB y4eTa SHEpro-
pecypcoB (CUeTUMKOB) SIBJISIETCS IIaTa, Ha KOTOPOM
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[pefyCMOTpPeH pa3beM, II03BOJISIOIINH IOAK/II0YATh
pa3niuuHble HMHTepdercHble MOAYyIH. Takum obpa-
30M, BO3MOYKHOCTb OCHAIIEHH I CYETUHMKOB MO YISIMU
CBS3M Pa3HBIX THIIOB, JOCTYIIHBIX O/ KOHKPeTHOM
MogUGUKAIIMH BBIITYCKaeMbIX IIPUOOPOB yueTa, obe-
crieynBaeT TMOKOCTh GOPMHUPOBAHHSI HHOOPMALHOH-
HbIX KaHanoB ACKY3. Kommanus "IIKK Mumangp"
InpejJjaraeT ciaenyrolrre Mogyau cBsasu: RS-485, PLC,
ZigBee, CAN, CSM.

HuTepdericsl RS-485 1 CAN 3apeKoMeH/10BaIU cebst
KaK HaJle>KHbIe c110cobbl 06MeHa JAaHHBIMU B Pa3Idy-
HBIX CHCTeMaX yJa/leHHOTO KOHTPOJs U YIpaBiie-
HUs. OGHAKO 151 IOCTPOeHHUsI CeTer Ha OCHOBe 3THX
nHTepdericoB HeoOX0AUMO IIPOK/IaAbIBaTh JOIIONTHU-
TeJIbHbIe IMHUM CBSI3H, IIOCKOJIBKY CPe/lou Ilepeadyn
JaHHBIX B JAaHHOM CJ/iydyae SIBJISIeTCS BHTas Iiapa.
Hcnonp3oBanne GSM-KaHana [1d HHPOPMALIMOH-
Horo obmMeHa He TpebyeT MPOKIAAKU KOMMYHHKA-
LMK, HO YCIYTH ONepaTOPOB COTOBOK CBSI3H COCTaB-
JISI0T LOIOHUTE/IBHYIO CTAThI0 PACXOL0B II0 OIljIaTe
Tpaduka. B pesynbrate paspepThiBaHHe ACKYD Ha
base kaHajoB obMeHa JaHHBIMU RS-485, CAN uiIu
GSM motpebyeT HONMOTHUTEIbHBIX GUHAHCOBO-Bpe-
MEHHBIX 3aTpaT, YTO 10 Mepe paclIKMpeHH s [1apKa IIPU-
60poB yueTa 371eKTPOHEPrUH MOKeT IIOCTaBUTb I10[
COMHEHHe 3KOHOMHYECKYIO0 Ileecoobpa3HOCTb JaH-
HOI'O0 MEPOITPUATHS.

OpraHu3auus obMeHa JaHHBIMU IToCpecTBOM PLC
U ZigBee mpu mocTpoeHuu ceTell ACKY3 BBITOJHO
OT/IMYAeTCs OT OIMCAHHBIX BBIIIE CII0COOOB TeM, UTO
He TpebyeTcsl HOMONTHUTENBHBIX 3aTPaT KaK Ha IPo-
KJIafKy JUHHU CBA3H, TaK U Ha COflep>kKaHHe CeTH.
OCTaHOBUMCS IO pobHee Ha KaskAOM U3 BAPHAHTOB.

MOJAY/b CBA3U PLC

Tpe6oBaHus CTaHAAPTOB

JINHUHU 57IeKTpoIlepelaut - eCTeCTBeHHas cpefa mepe-
a4y JAHHBIX B CUCTeMax y4eTa II0TpeblIeHHOM 37IeK-
TposHepruu. ObIee Ha3BaHUe TeXHOJIOTHUH, peaTu3y-
IOIIHUX TAKOH CII0CO6 KOMMYHHUKALIUHU MeXK]Y YCTPOH-
cTBaMH, - PLC (Power Line Communication). Pa3iryaoT
Y3KOIIOJIOCHYIO M IIMPOKOIIOJIOCHYIO Ilepenady AaH-
HBIX IIOCPeACTBOM TexHOJoTHH PLC. Y3KoIlosoCHas
PLC-TexHOJIOTHU S, obecriedyuBaoIas CKOPOCTH obmMmeHa
Ha YPOBHE COTeH KHJIOOHT B CeKYHAY, UCII0Nb3yeTCsl
OISl Tepeladd [aHHBIX MeXAY YCTPOMCTBAMHU.
IurpokomonocHas PLC-TexHOJIOrHS, IIpeIHa3Ha4YeH-
Has [/ OPTaHU3aLUU OPHCHBIX, IIPOMBINIIEHHBIX
WJIH BHYTPHUIOMOBBIX CeTe, IIOAXOMUT KaK 1151 0bMeHa
JaHHBIMHU, TaK U AJI4 NepeJadyd MYJIbTHUMeIHIHOTO
KOHTEHTa Ha CKOPOCTH OT IeCSITKOB JI0 COTeH Merabut
B cekyHAy. OnHO M3 HpeuMyInecTB PLC-TeXHOIOIruHU
B TOM, YTO IIPH Pa3BepPTHIBAHUU CeTHU He Tpebyercs

IIPOKJIAJbIBATDL [JOIIOJIHUTEIbHbIE KOMMYHUKALKH:
IIPOBOJIA 3JIEKTPOCETH C/IYKAT OLHOBPeMeHHO pu3rye-
CKOH CpefioH MepeJadyd UHPOPMAILIMOHHOIO CUTHAIA.
Ho 53T0 ke HaKJIaAbpIBaeT OIlpeie/IeHHble OTPaHHUYeHH S
Ha BBIOOP YAaCTOTHOTO AHAIAa30HA M YPOBEHb Ilepea-
BaeMoro PLC-yCTPOMCTBAMU CUTHaJA — LOJIKHEL 06e-
CIIeYHBATHCS TPeOOBAHMUS IeKTPOMATrHUTHOM COBMe-
CTUMOCTH C APYTHMH YCTPOMCTBAMH, HOAKIIOYEH-
HBIMH K 3JIEKTPOCETH.

Tak, B EBpore ;LeIZCTByeT CENELEC - cTaHAapT
repefadyu LAHHBIX II0 3jeKTpoceTssM, B CIIA - FCC,
a B fmonuu - ARIB. B Poccru ypOBHU CHIHAJIOB,
[10JIOCBHI YaCTOT X HOPMBI 3IeKTPOMArHHUTHBIX IIOMeX
IIpU Ilepefadye AAHHBIX II0 3JIGKTPUYECKHMM CeTIM
pernamentupyet I'OCT P 51317.3.8-99. CornacHo CTaH-
nmapty CENELEC oz y3xomonocHyo PLC-TeXHOJIOIHIO
BBIeJIeH AHalla30H 4acToT 0T 3 70 148,5 kI'11. [Ipuuem
BHYTPH 3TOr0 fKalla30Ha YaCTOTHI OT 3 10 95 KI'1x (mua-
na3o” CENELEC A) 3ape3epBHPOBAHBI /151 UCII0/Ib30Ba-
HHM S TOJIBKO IIOCTaBIIMKAMU 3JIEKTPOSHEPIUHU. B cooT-
BeTcTBUMU Cc FCC g1 PLC-TeXHOJIOTU U BbIAE/ISIeTCS AHa-
ma3o0H yacTtoT oT 10 go 490 kI'u. B Poccuu, corinacHo
TpeboBaHusMm [OCT P 51317.3.8-99, mepenmaua OaH-
HBIX 10 3/IeKTPUYeCKUM CeTSIM B JHalla30He YacToT
oT 3 10 95 KI'I] MOSKeT OCyILIeCTB/ISAThCS TOJIBKO 3HEp-
roCHa6KaIOIMMHU OPraHU3alHMsIMH, a JHUAIIA30H 0T 95
10 500 KI'I] mpegHa3HaveH JJ1s1 UCIIOJIb30BAHU A IIOTpe-
OUTENSIMU NIeKTPOIHEPTHUH.

Bbl60p Tna Mmoaynauuu

IIpu mepenmave OAaHHBIX 110 PLC-TeXHOJOIMH, KakK
1 11000M [APYyrofl TexHOJNOTHMH CBSI3H, Ilepefa-
BaeMble JaHHBIe IIPeABAPUTEIFHO MOAYIHUPYIOTCH.
B mpueMHHKe OCYILEeCTB/ISeTCS OeMOAYISALIMS CHUTL-
HaJa. YCTPOMCTBA, obecreunBaloMe Ilepeavy AaH-
HBIX II0 3JIeKTPHUYECKHM CeTIM IocpencrBom PLC-
TeXHOJIOTHH, Ha3bIBaloT PLC-MogeMaMu. OCHOBHBIMHU
THUIIAMH MOAYIALHHK, KOTOpble IpUMeHsA0TCsS B PLC-
MofeMax, IBJISITCSI YaCTOTHAS MaHHUIIYISAL K (FSK -
Frequency Shift Keying), yacToTHas MaHHUIIYISLUS
C pasHeceHHBIMH YacToTaMu (S-FSK - Spread Frequency
Shift Keying), pasnudHsle BUIBI $a30BOK MaHUIIY/IS-
uuu - gBouuHas (BPSK - Binary Phase Shift Keying),
KkBagpatypHas (QPSK - Quadrature Phase Shift Keying),
BocbMepuyHas (8-PSK - 8 Phase Shift Keying) u opro-
FOHAJIbPHOE MY/IBTHIIEKCUPOBAHHE C YaCTOTHBIM pas-
neneHveM KaHanoB (OFDM - Orthogonal Frequency
Division Multiplexing).

[Ipy opraHM3allMK KaHaJla CBI3H C MCIIOIB30-
BaHHeM PLC-TexXHOJIOTUH HeobXOomHuMOo YYUTHIBATD,
YTO /IeKTPOCETH IIPeACTABISIOT COO0M HAUXYAIIHUHI
BapHaHT CpeAbl Iepefadyd CHUTHAJIOB C MHOILOYMC-
JIEHHBIMU HCTOYHHKAMHU ITOMeX OT MOAKJIIOUeHHBIX
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K 3JIeKTPOCETH YCTPOMCTB IoTpebuTtesneil. K sTomy
MO>KHO 06aBUTh M HeSKPaHHUPOBAHHBIE ITPOBOfA 60/1b-
IIOM JI/IMHBI, K HU3KOe Ka4eCTBO 37IeKTPHYeCKOH pas-
BOAKH, 3a4aCTYIO Ha OCHOBE aJIIOMHUHHEBOI0 IIPOBOJA,
B KOTOPOM 3aTyXaHHe CUI'HaJIa IPOUCXOOUT OpICTpee
13-3a 6ojiee BBICOKOTO 37IeKTPHUYECKOr0 COIIPOTHBIIE-
HHS 10 CPAaBHEHUIO C MeJHBIM. B pe3ynbTare oT Belbopa
THIIa MOAY/IALIMH HEPEAKO 3aBUCAT [I0Ka3aTe/IH CKOPO-
CTH Y HaJIeXKHOCTH CBS3H I10 3JIEKTPHYECKHUM CETSIM.

CrenyeT 3aMeTHUTH, YTO BBICOKHE CKOPOCTH Ilepe-
Ja4yM JaHHBIX M XOPOIlasi IIOMeX03aIIUIIeHHOCTD BJIe-
KyT 3a coboil yBelH4YeHHe CJIOKHOCTH allllapaTHO-
IporpaMMHON 4YacTu PLC-MozmeMa, TaK KaK HY>KHBI
JOIIOIHUTE/IbHBIe BBIYMC/IKMTE/IbHBIE PeCypChl s
BBIIIOTTHEHUSI HeOOXOMMMBIX aJITOPUTMOB M CO6/IIO-
IeHUS MOBBIIIEeHHBIX TPebOBaHUM K 610Ky MUTAHUS
ycTporcTBa. ITosTomy Beibop PLC-MomeMa — 3TO KOM-
IIPOMMCC MeXKIY XapaKTepHUCTHKaMH KaHajla CBS3U
U LIeHOHM KOHeuHOoro o6opymoBaHUs. EC/IH € 3THX 031"
IUH OLIeHUBATh IIpuMeHseMble B y3KOHOHOCHOI;I PLC-
TeXHOJIOTHH OCHOBHBIE THUIIBI MOY/ISIIUI CUTHAIa, TO
Kk mperumymecTsaM FSK, S-FSK u BPSK oTHOCATCA J1er-
KOCTb peajHu3aliii U [IpHeMJ/IeMbIH yPOBEHb IIOMeX0-
YCTOMYHUBOCTH IIPU HeCTaOMJIBHOCTH KaHaJla CBS3H,
a K He[oCTaTKaM - HeBBICOKasl CKOPOCTh Ilepesayu
JaHHBIX. bojiee C/I0’KHBIE B peaTr3alMK ~ MOOYIALMU
QPSK u 8-PSK, HO HCIIONb30BaHUe IIOoCAeSHeH obecIie-
4ynBaeT 6oree BBICOKHE YPOBEHb IIOMEXOYCTOMYHBOCTH
U B TPHU pa3a 60/bIlyIo, 10 CPABHEHHUIO C BAPHAHTOM
ESK, cKOpOCTh I1epegayvu.

OoHaKo MCIIONb30BaHHE /I IepeJadyu CHUIrHala
BCEro OfJHOM YaCTOTHI IIPU Moy aILMK BPSK M ABYX -
npu FSK, S-FSK He3QPeKTHBHO C TOUKH 3peHUs Jua-
IIa30Ha 4YacCTOT, BhIAeJIeHHOro aJisi PLC-TexXHOJIOTUH.
Jpyrom, eme 6oee cepbe3HbIH, HEJJOCTATOK B TOM, YTO
IIPU COBIIaZleHHH YaCcTOTHI [IOMeX C YaCTOTOM Ilepelaul
IIPHEeMHUK He B COCTOSSHHH KOPPEKTHO JeMOMYIUPO-
BaTh CUTHAJ, TO eCTh 0OMeH JaHHBIMH HeBO3MOXKeH.
[Tomo6HBIX HEJOCTATKOB JHIIeHA MOIYJISIIIHS C OPTO-
FOHAJ/IBHBIM MYJIBTHIIIEKCHPOBAHKMEM C YAaCTOTHBIM
pasmeneHueM kKaHanoB (OFDM).

AnroputM OFDM CTpPOUTCS 10 IIPUHIMITY paszese-
HHUS IMalla30Ha YacToT, OTBeIeHHOro 111 0bMeHa JaH-
HBIMH, Ha HECKOJIBKO YUACTKOB C OIIpe/ie/IeHHOM TN PH-
HOM, Ka’KJBIM M3 HHUX HCIIONb3yeTCs /IS He3aBHCH-
MO Ilepefiavu JaHHBIX. [IpH epefade BXOAHOM IIOTOK
JaHHBIX pa3e/IseTCs IPOIIOPLHOHAIFHO KOTHYeCTBY
He3aBHCHUMBIX KaHaJIOB, [IPUYEM CKOPOCTh I1epeJadu
B Ka’KIOM KaHaJjie HUKe CKOPOCTH BXOJHOTO II0TOKA.
ITpu nmpueme JaHHBIE B KaKAOM KaHaJie IeMOMYIH-
PYIOTCS, ¥ MCXOAHBIM MHPOPMALIMOHHBIM IIOTOK BOC-
CTaHaB/IKMBaeTcd. IIppyeM B Ka>kKIOM 3/IeMEeHTapPHOM
KaHajie YaCTOTHOIO JHalla30Ha MOKHO HUCIIO/Ib30BaTh

mopynanuu Tuiia BPSK, QPSK, 8-PSK v uX pa3sHOBU[-
HOCTH. TakUM o6pa3oM, 10 Mepe H3MeHeHUs BH[A
MOAYIALHNH B Ka’KIOM 371eMeHTapHOM KaHaje Iepe-
JaTYMK aJalITUPYETCS K ITapaMeTpPaM Cpebl [epefauu
CUTHaJIa, TO €CTh CKOPOCTh Iepefayd JAaHHBIX IIPU
HJIMYUH IIOMeX YMeHbIIaeTcst 1160 yBeTHUUBAeTCs
IIPU UX OTCYTCTBHUHU WM CHUKeHUHU YPOBHs. KpoMe
TOTO, CyIIeCTBYeT BO3MOKHOCTh OTK/IFOUeHU A ITlepelauu
JaHHBIX B HEKOTOPHIX KaHaJIaX IIPX HA/IUYUH B COOT-
BETCTBYIOIIMX YaCTOTHBIX AHMalla30HaX, HaIlpUMep,
HMIIY/IBCHBIX TIOMeX. ITO 0COBeHHO aKTyaJabHO, TaK
KaK Ha IIPaKTHUKe HeJIb3sl UCKIFOYHUTh TOrO0, YTO B yTPeH-
HHe YacChl [IOMeXH COCPefOTOYeHBl B II0JI0Ce YaCTOT
40...60 xI'11, a B BeyepHUe - B r1o10ce 80...90 KI'1y. TakuM
obpasom, anroputM OFDM mmpelycMaTpHUBaeT BO3MOXK-
HOCTb aJJallTAIMU K [IapaMeTpaM CpeZbl [Iepelaut CUT-
HaJla, 4To obeclleurBaeT ero BBICOKYIO ITIOMeXOYCTOM-
YHBOCTb U HaJ@KHOCTb. B [OMONHEeHHe K STOMY 3Ha-
YKTEeJIPHO BBIIIe CKOPOCTH Ilepefadyy I10 CPABHEHHUIO
¢ MetogaMu FSK, S-FSK 1 pacCMOTpeHHBIMH BHAAMU
PSK. OgHako BI>I6OP monynsauuu OFDM s opraHu-
3aLIMU KaHAJIOB CBS3U JOKeH OBITH ONPaBHAH, TaK
KaK OTHOCHTE/IBHO JPYTUX BUAOB MOLY/ISALIMU, HCIIOIb-
3yeMBIX B Y3KOII0IOCHOU PLC-TeXHOJIOT U, CCTeMBI Ha
ocHoBe moay sk OFDM - caMble C/I0OKHEBIE, a y PLC-
060pymOBaHUS — BBICOKASI CTOUMOCTb.

CTeku npoTOKONOB

B xofle pa3BUTH A aBTOMaTH3HPOBAHHBIX CUCTEM ydeTa
U pacrpefesieHUs 3JIeKTPOSHEPTrUH, a TAKXKe CUCTEeM
ABTOMATH3MPOBAHHOIO YIIPAB/IeHHS TeXHOJIOrHYec-
KHMH ITPOLIeCCAMH, B KOTOPBIX YCIIeIITHO [IPUMEHSIFOTCS
KaHaJbl o6MeHa JAaHHBIMH C HCIIONb30BaHHeM PLC-
TeXHOJIOTHH, BO3HUKJIA TpobjieMa HeCOBMECTUMOCTH
PLC-ob6opymoBaHUsI. BeiencTBre 3TOro Macmrabupye-
MOCTB CYIECTBYIOIHUX CUCTeM ObljIa OrpaHUYEHHOH,
HHTerpanys B HUX HOBOTO 000PYZLOBaHHUS — CJIOKHOM,
a IIOpPOX M HEBO3MOKHOM. B TaKHX YCJIOBHUSIX CO3/laHHe
B SHEPrOCHCTeMaxX I7100aJbHOM CeTH U OpraHM3alHs
MHGOPMALIMOHHBIX [TIOTOKOB OT KOHEYHEBIX YCTPOKCTB
y4eTa 3/IeKTPO3HePIruM K IIOCTABIIMKY 3Hepropecyp-
COB ITpelCTaBisieT cobOM IpaKTHYECKH Hepa3pelid-
MyI0 3aJa4y. [IpeofojieTh BOSHUKILME TPYLHOCTH OKa-
3a/I0Ch BO3MOKHBIM C IIOMOIIBIO CTaHAAPTOB, peria-
MeHTHPYIOLUIHUX UCII0Tb30BaHKe TeXHOIOTUH ITepelavn
JAHHBIX I10 3JIeKTPUYEeCKUM CeTIM. Ha ceromHsIMHUN
IeHb CYyLIecTByeT HeCKOJIBKO ITOJO0OHBIX CTAaHAAPTOB.
BonblIoi BKIAJ B pa3BUTHe U CTaHAapTHU3alHio PLC-
TeXHOJIOTHH BHOCST 3/IeKTPOTeXHHYeCKHe U 37IeKTPOH-
Hble KOMIIAaHHUH, 00pa3yollre pa3IuYHble aIbsIHCHI.
M3 Haubornee H3BeCTHBIX OOBEIHMHEHUI, OpHEH-
TUPOBAHHBIX Ha pa3paboTKy CTaHIAPTOB I aBTO-
MaTH3HMPOBAHHBIX CUCTeM KOHTPOJIS M YIpaBlIeHHS
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sHepropecypcamu, - Open Meter, PRIME, ECHONET
u G3-PLC.

B anbsanc Open Meter (Open Public Extended Network
Metering) BXoAsIT eBpOIIelCKHe KOMIIAHUH — I10CTaB-
IIMKK SHEPrOpecypcoB U IIPOH3BOAMUTENHN IIPHOOPOB
y4eTa 37IeKTPO3HEePIryH, 31eKTPOHHBIX KOMIIOHEHTOB ~
ELSTER, ENEL, EDF, ENDESA u STMicroelectronics.
Crnenudukanus Open Meter oafep>KUBaeT CEPUIO Iek-
cTByIomuX PLC-CTaHAAapTOB, B 4aCTHOCTH, IEC 61334 -
CTaHJAPT HpUMeHeHU s Moayasauuu S-FSK, IEC 62056 -
BepcUIo crienuduKanuu DLMS/COSEM yHHBepcalib-
HOT'O IIPOTOKOJIa 06MeHa MAaHHBIMH CO CUeTYHKAMH,
EN 13757 - mpoToKoOJI IlepeJauy JaHHBIX OT YCTPOMHCTB
y4eTa pas/JHYHBIX PecypcoB, TAaKMX KakK ras, TeIo,
3JIEKTPOSHEPI .

B coctaBe anbsinca PRIME (PoweRline Intelligent
Metering Evolution) komnauuu Atmel, STM, Siemens,
CE, Texas Instruments, NXP, Renesas u np. ['taBHOe
HaIlpaBJieHHe JesiTeJIbHOCTH a/bsiHCa — pa3paboTka
CTAaHZAPTOB U CHeUHUHUKALMKU [/ Y3KOIIOJIOCHBIX
cucteM PLC c IPOIYyCKHOM CIIOCOOHOCTHIO 10 128 K6uT/C
B auamnasoHe CENELEC A. B HacTos1Iee BpeMs CIIeL 1~
¢urkanymu PRIME pernmaMeHTHPYIOT IIOPSALOK UCIIOIb-
30BaHUA MOAyaAUuHKU TUa OFDM C KoITHYeCTBOM
3/leMeHTapHBIX KaHa/I0B, paBHBIM 96, U BO3MOKHOU
MOAYJISILIMeH IOAHEeCYIIUX B KaKA0M 3/leMeHTapHOM

KaHaJse 1o aaroputmy DBPSK, DQPSK wunu D8PSK.
TUIl MOAYISLUHK IIOLHECYIIHX BBIOMpaeTcs B COOT-
BEeTCTBHUH C COOTHOIIIeHHEeM CUTHaJI/TIoMexa B KaHaJjie
cB43u. Kpome TOro, [/Isl IIOBBIIIEHUS [TOMeXOYCTOM-
YUBOCTHU [OOIIOITHUTE/JIPHO MOKET BKJIIOYAThCS IIPs-
Moe KOppeKTHpylolllee KogupoBaHue (Forward Error
Correction - FEC) rmepefaBaeMbIX JAHHBIX Ha 6ase
CBepPTOYHEBIX KOJIOB.

Lens o6benuueduss ECHONET, co3gaHHOro Ha 6ase
BelyIIHX SITOHCKHUX 37IeKTPOHHBIX KoMIIaHUH Hitachi,
Panasonic, Sharp, Mitsubishi, Toshiba, NEC u gp., -
Pa3BUTHE TEXHOJOT U IOMAIIIHUX CeTel, IIpefHa3Ha-
YeHHBIX JI/Is y4AJIeHHOTO YIIPaB/IeHH I GBI TOBBIMHU IIPH-
bopamu, cucTeMaMHu 6€30I1aCHOCTH U T.II.

Crneumnduranus G3-PLC, mpoaBUraemasl eBpoIek-
ckoi KommaHuel ERDF, Tak ke Kak PRIME, pernamMen-
THPYET HUCII0/Ib30BAHHKE B Y3KOIOJIOCHBIX CcTeMax PLC-
cBsi3u monynauuu OFDM, 06MeH JaHHBIMU IIPOH3-
BoguTcsa B auamna3oHe CENELEC A. OcHOBHOe OT/IH-
4une oT cTaHgapTa PRIME - 6os1ee CJIOSKHBIHM MeXaHU3M
KOAHPOBaHMSI C f0OABIEHHEM K CYIIeCTBYIOLIEMY CBEp-
TOYHOMY KOJHMPOBAaHUIO Koja Pupma-ConomoHa (Reed-
Solomon - RS). Kpome Toro, misi obecriedeHus 6omee
BBICOKOI ITOMEXOyCTOMYHBOCTH CKOPOCTH Ilepelauu
B cTaHmapTe G3-PLC MMeeT MeHblllee 3Ha4YeHHe 10 CPaB-
HEHHUIO o cTaHAgapToM PRIME.

...COXpPaHa9 AOCTHUIHYTOE,

PasapaboTKaMnNpoW3BOACTBO UHTErpanbHbBIX MUKPOCXEM

17l

[—
MNNAHapP

C03/1as HacTosLee,
npubnnxas éyaywee...
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Bbi6op cTeka npoToK00B

Win peanusauung ceoero npoTokoa

Paszpaborka PLC-mMozmema, Kak M /11060ro Ipyroro
3JIEKTPOHHOIO YCTPOMCTBA, — HTEePALIMOHHBIM IIPO-
Liecc, Ha KaXJoMm Iuare (3Tame) KOTOPOro IIpoBe-
psieTCsl COOTBETCTBHE BBIOPAHHOTO TEeXHHYeCKOIo
peleHMsl TpebOBaHUSM, MpeAbIBIsieMbIM K KOHeu-
HOMY YCTPOMCTBY. O6Hapy>keHHOe Ha OJJHOM M3 3Ta-
II0B HECOOTBETCTBHE TPe6OBaHUIM MOXKET IIPUBECTHU
K Heo6X0 M MOCTH BO3BpaIlleHU S CTaIM K Pa3paboTKHU
Ha OMH, a TO ¥ HeCKOJIbKO IIaroB Ha3all.

AnropuTtm paspabotku PLC-mopema

Mepebili waz. OmpepensieTcs CTaHAApT, KOTOPLIH
byzmeT moamep>KUBAThCS YCTPOMCTBOM. Tak Kak B PLC-
TeXHOJIOTUM AOCTAaTOYHO MHOIO CTaHJApPTOB, Heob-
XOAHMO IIPOAaHATHM3HUPOBATH IIPEUMYIECTBA U HeI0-
CTaTKU TeX M3 HUX, KOTOpble II03BOJISIOT PEILIUTh
[IOCTaBJIeHHYI0 3ajJady, M Bbe6parh Haubonee
IO X0 I e,

Bmopoli waz. YAUTBIBAETCSI COOTBETCTBHE XapaKTe-
PUCTHUK HU3HMUECKOTO YPOBHS BRIOPAaHHBIX CTAHIAPTOB
TpeOOBaHUSIM HAaLITMOHA/IBHBIX H/HJIH MeKIyHAPOLHBIX
JOKYMEHTOB, PerjlaMeHTHUPYIOIIKUX [epefady JaHHbIX
I10 3/1IeKTPUYeCKUM ceTsIM. Ha 3Tom 3Tare MoxkeT ObITh
OTCesiHa YacTb BRIOPaHHBIX CTAH/IAPTOB.

Tpemuii waz. BbIOHMpAIOTCsl 371eKTPOHHBIE KOMIIO-
HEeHTHI, IOAJepKUBAIOIINe HeoOXOOUMYI TeXHOJIO-
ruio PLC-cBsI3H.

Yemeepmpiii waz. OLleHHMBAeTCsl BO3MOKHOCTb pea-
nusanuu  monaynass PLC-MomeMa Ha OCHOBE Kak-
Ioro u3 BBIOpAHHBIX 3/J€KTPOHHBIX KOMIIOHEHTOB.
YYUTBIBAIOTCS CTOUMOCTh KOMIIJIEKTALIMH K BO3MOXK-
HOCTb pa3MeIlleHHs] YCTPOMCTBA B KOpIIyce 3alaH-
HBIX rabapuToB, TpebOBaHUS K IapaMeTpaM HaIps-
SKeHH S U TOKa, HeoOXOAMMBIM J1s1 PYHKIHOHHPOBA-
HHUS YCTPOMCTBa (0cobeHHO B C/lydyae BCTPAaKBae€MOIO
YCTPOKMCTBA, KOTOPOe SBJSeTCS YacTbl0 MOJYJIbHOM
CHCTEMBl U He HMeeT OJ0Ka NIHTaHUs). Pemraercs
BOIIpOC, TpebyeTcs JM BHEIIHHUH KOHTPOJUIEp IJIs
yIIpaBJIeHUs YCTPOMCTBOM HJIM OHO MOXKeT paboTaThb
CaMOCTOSTe/IbHO. IlepeyeHb MHOIMX OPYyTUX IapaMe-
TPOB MOXKET MEHSATHCS B 3aBUCUMOCTH OT MCXOMHBIX
TpeboBaHUI K Moaynio PLC-monema. Eciiu Bce KOMIIO-
HEHTBHI YJI0BJIETBOPSIOT YCTAHOB/IEHHBIM TPebOBaHHSIM,
MOKHO IPUCTYIATh K CO3MaHUI0 CXeMBI IIPOeKTHPYe-
MOT0 YCTPOMCTBA. B IPOTUBHOM C/1y4ae He06X0IHMO
HM3MeHUTDb TpeboBaHUS K GyHKIIMOHAIBHOCTH KOHeU-
HOT'O YCTPOHCTBA 1160 K ero KOHCTPYKLHH U BO3BPa-
TUTHCS K [IEPBOMY LIATY.

[Ipu paspaborke Momyns PLC-MomemMa KoMIIa-
Husg "IIKK MuaanHzap' mociaemoBaTeabHO ITPOIIIA
BCe YKa3aHHBIe 3Tambl. [locie aHanmM3a CTAaHIAPTOB

y3KOI07I0CHOI PLC-TeXHOIOT U 32 OCHOBY 6bl/1a B34Ta
crienupukanusa PRIME, BI>I60p KOTOpOI;I IJ1sl aBTOMa-
TU3UPOBAHHBIX CHUCTeM c6Opa JaHHBIX C KOHEUHBIX
y3/I0B yueTa IOTpebiaseMBbIX 3HEPropecypcoB IIOA-
pa3yMeBaeT XOPOIIMI 3aIlac IIPOIYCKHOM CII0CO6HO-
CTH C y4Ye€TOM IepPCIeKTHBHOIO Pa3sBUTHS CHUCTEMBI.
OCHOBHBIE IIpeHMMYIeCcTBa MIPHUMeHeHHS TeXHOJIO-
runu PRIME B PLC-MozeMe — BBICOKAsI CKOPOCTH Iiepe-
Ja4dl JaHHBIX, XOPOIIasi IOMeXOYCTOMYHBOCTb, aBTO-
MaTH4ecKoe KOHQUIypHUpOBaHMe CeTH U IIapaMeTPhl
GHU3HUeCKOro ypoBHSI, YAOBIEeTBOpsSIOIIHe TpeboBa-
HusMm 'OCT P 51317.3.8.

KoMIl/IeKCHBIe pelleHMs, IOALep>KHUBAIOLINe TexX-
Hosoruio PRIME, mpeniaraioT TaKhe IIPOH3BOM-
TeJIN 3JIeKTPOHHBIX KOMIIOHEHTOB, Kak Atmel, Texas
Instruments, STMicroelectronics u ap. OgHako 607b-
IMIHHCTBO BO3MOXKHBIX BapPHAHTOB IIPUIIJIOCH HMCKJIIO-
YHMTh M3-3a HAJIMYUA [BYX CyIIeCTBeHHBIX OrpaHHYe-
HUN. Bo-IiepBBIX, MaKCHMAJIbHO AOIIYCTHUMBIX raba-
pHUTOB, CBSI3AaHHBIX C TeM, 4YTo Moayab PLC-Momema
IpeJHa3HaveH /I BCTPaUBaHUSA B CUETUUK 3JIeKTPU-
4eCKOM SHeprHUH. B pe3y/ibTaTe 3TOro orpaHUYeHHU I He
YAQJIOCh PAa3MeCTHUTS (C cObMI0ieH1eM TeXHOIOT M MOH-
Ta’ka) Ha CPAaBHUTEIbHO HeOOJIbIION /IO AAH [1eYaT-
HOM ILJIaThl MOAYJISI OLHOKPHUCTAIbHbIE KOMIIOHEHTEI
(crcTeMBI Ha KPUCTAJLJIE) B KOPIIyCe, HACUHUTHIBAIOIIEM
6osee 100 BBHIBOOB, M KOMIIOHEHTHI C aHAJIOTOBBIMU
Y1 UHMQPOBBIMH MOAY/ISMHU, U3rOTOBJICHHBIMHU B BH/JIE
OTIeJIbHBIX KOPIIYCOB.

Bropoe orpaHuueHue - norpediseMas IO LelsM
IIUTAHUS MOIIHOCTE — 06yC/IOBIEHO TEM, YTO MOAYJIb
PLC-MomeMa OKasblBaeT [JOIONHHUTEIbHYI0 Harpy3Ky
Ha 67I0K MU TAaHUS CUeTYHKA JJIeKTPUYeCKON SHEPTHUH,
B KOTOPBIIM OH YCTaHOBJIEH. B MTOre yBelMYHBaeTCA
cyMMapHasi morpebisiemasi IpubopoM ydeTa MOII-
HOCTb, MaKCHMaJIBHO JIOIYCTHMOe 3HaueHHe KOTOPO1
pernamenTupyetcst TOCT P 31819.21-2012 "Anmapatypa
IJ151 U3MepeH U 37IeKTPUUeCKON SHEPIrU U [lepeMeHHOI0
ToKa'. TakuM obpa3om Obla HCKIIIOYEHA ellle YacTh
KOMIIOHEHTOB, U BBIOOP ClIe/IaH B I10JIb3y CHCTEMBI Ha
kpuctamwie ST7590 ot STMicroelectronics.

O yem ymo/niHana AoKymeHTauums

MuxkpocxeMma ST7590 oTauuaeTcs OT MOZOOHBIX pas-
paboTOK APYrHUX MPOU3BOAHTENEH, MOAAepPKHUBAIO-
IUX NPoToKoN PRIME, HeGONIbIIMM Pa3MepoM KOp-
mnyca QFN-48 1 IIMPOKKM AHAIIa30HOM HaIlpsSsKeHHUU
OUTAaHUSA Hepemardyrka. OQHAKO TeXHUYECKOe OIIH-
CaHHe CHCTeMbl Ha KpucTajae ST7590, mocraBise-
MoH B koprryce QFN-48, ymanuuBaeT o6 ogHOM daxrTe.
BBISICHHJIOCH 3TO Y3Ke Ha CTaAMHK OT/IAJAKH U3TOTOBJIeH-
HOI'O 3CKM3HOI0 o6pa3ua monynsa PLC-mopema. [leso
B TOM, UTO IIpX OTIIPaBKe KOMaH/, KOHQUTYPHUPOBAHU I

42 >3NEKTPOHMUKA HAYKA | TEXHOJIOTHS | BU3HEC

Ne7 (00139) 2014



3JIEMEHTHASA BA3A 3JIEKTPOHUKU

www.electronics.ru

yepes II0C/IefoBaTe/IbHbI HHTepderc MUKpocxeMa
ST7590 coobuiaetr 06 omuboUYHOM dopmaTe maHHBIX
nubo He oTBe4aeT. Y6eJUBIIHCh, YTO CUTYyaII s IOBTO-
psieTcs IJ1s BCeX KOMaH/J, IIPUBEEHHBIX B pasjere
Serial Communication Profile cienuoukanuu PRIME,
HaIlpaBHIU obpallleHUe B C/1YKOY MO Le p>KKU ITPOU3-
BOAHMTE/ISI MUKPOCXEeMBL.

B pesynbTaTe ob1ieHUS C IPeCTaBUTENISIMU KOM-
naHuu STMicroelectronics B PocCHH yAanochk BBISC-
HUTB, UTO, HECMOTPS Ha MOAJEPKKY CIIelIuPUKALINH
PRIME, murpocxema ST7590 mmeeT HeCTaHLAPT-
HBIM IIPOTOKOJ OoOMeHa AAaHHBIMU IIO IIOC/Ie0Ba-
TeJIbHOMY UHTepdeICy, a cofepskaHue 3TOT0 IIPOTO-
KoJIa He IOAJIeXHUT pasriameHHo. CrelHaJlucThl
STMicroelectronics Ha3Baau MNPUYUHY: MHKPO-
cxema ST7590 B xopmyce QFN-48 mpengHasHaveHa
OIS KCIIONB30BAHUS TOIBKO COBMECTHO C OJHHUM
M3 MHUKPOKOHTPOJIEpOB cepuu STM32, nmnsa mpu-
MeHEeHHU S KOTOPBIX IIPeJ0CTaB/IsIeTCsl CllelhalbHas
bubnuoTexa. YUUTEIBAs, YTO B pa3pabaTbiBaeMoM
Mozyne PLC-MofeMa IJIAHUPOBa/IOCh UCII0/Ib30BATh
MHUKPOKOHTPOJLJIEP IPOU3BOACTBA KoMITaHUU "TIKK
MunaHap', a TaK>Ke IPUHKUMasi BO BHUMaHUe BpeMs,
3aTpaueHHOe Ha pa3paboTKy, ObLIO pelleHO OTKa-
3aTbCSl OT NPUMEHeHUS CHUCTeM, HCIIO0NIb3yIOIUX
CTaH/IAPTHU3HPOBAHHBIHM IIPOTOKOT 06MeHa JaHHBIMH,
1 pa3paboTaTh COGCTBEHHBIHM IIPOTOKOIL.

Bbi60p MUKpOCXeMbI

B obiieM Bue monynb PLC-Mozmema ¢ IO IeP>KKOH cob-
CTBEHHOI'0 IIPOTOKOJIA COCTOUT U3 YCTPOLCTBA, pealu-
3YI0Iero QyHKIMOHAJIBHOCTD IIPOTOKOJIA, YIIPaB/ISAIO-
IIero nprueMoIiepeJaTYuKoM, U CAMOro IIpHemMoIiepe-
IATYMKa, 06eCIriedBaIOLIero OCTYII K Cpefie Ilepeiavui
JaHHBIX. B KadecTBe yHpaB/SIOIIEro YCTPOMCTBA
Monynst PLC-mozmeMa 65171 BEI6PaH MUKPOKOHTPOJLIEP
1986BE21 npor3BoacTBa KoMnaHuu 'TIKK Munaunp'.
MUMKPOKOHTPOJIJIEP OCHAllleH COBPeMeHHBIM 3Hepro-
3¢ dpekTuBHBIM anpom Cortex-MO, a HaJIM4YHe HOCTa-
To4YHO bosbuIoro o6sema RAM u flash-mamstu, pasuo-
0bpasHoIl eprudepUu I03BOISET PeaIN30BaTh QYHK-
muoHan PLC-momema.

QYHKILMA SOCTYIIA K Cpefie Ilepelayu JaHHbIX Jeje-
THpoBaHa MHKpOCXeMe Y3KOII0JIOCHOTO IIpheMoIiepe-
natduka ST7580 ot STMicroelectronics. Bsibop 06B-
SCHSeTCS TeM, YTO M3 MPOAYKLUHH APYyTHUX IIPOU3BO-
IUTeled IpueMonepenaTyukoB PLC, Takux Kak NXP,
Texas Instruments, MuKpocxema ST7580 BbIeII€TCS
6aromapsi moaepskke HeCKOMIbKUX TUIIOB MOIY/ISILIUEL
(FSK, BPSK, QPSK, 8-PSK), BO3MOKHOCTH BK/IIOUEHU I
JOIIOJTHUTE/IBHOIO CBePTOYHOI0 KOAUPOBAHU A TAHHBIX
J/1S TIOBBILIIEH U S [IOMEeXO0YCTOMUYMBOCTH KaHasIa CBI3HU
Y HAJIMYHUIO IByXKAHAIBHOTO PesKMMa PaboTsl.

AHaIOTOBBIM U LUOPoBOKM GYHKIJMOHAN IIpHe-
MoIepeJaTyrKa peaqr30BaH Ha OJHOM KPHCTaJlle.
C TOYKH 3peHHS KOHCTPYKLHHU 3aC/Iy>KUBAaeT BHUMa-
HUS Hebomb1Iok Kopryc THIa VFQFPN-48. ITpu 0TCyT-
CTBUM CHJIBHBIX [TOMeX B 37IeKTPUYECKOM CeTH CKOPOCTb
nepefiauy JAHHBIX MOKET JOCTUIATh 28 KOKT/C BO BceM
paboueM IHara3oHe 4acToT.

[Toce BBIOOpA 37MeMeHTHOM 6a3bl, COCTaBIEHHUS
TOITOJIOTMH IIeYAaTHOM IJIATHI M M3TOTOBJIEHHS 3CKH3-
HbIX 00pa3LoB PLC-MomeMa OCHOBHAS 3a/iavya — pas3pa-
60TKa BCTPaKMBaeMOIo IIPOIrPaMMHOr0 obecriedyeHHs
IJ1s MUKPOKOHTpoJIZIepa. Ha 3ToM sTame Heobxogumo
OIlpelleIUTh CIOCOOBl afpecalluy YCTPOMCTB B CeTH,
AJITOPUTMBI [Tepe/lavy JAHHBIX MeXY yCTPOUMCTBAMH,
MeXaHH3MBI PeTPAHC/IAILUN JAaHHEIX K YCTPOMCTBAM,
HaXOAAIIMMCS BHE 30HBI BUAMMOCTH IIepefaloliero
YCTPOMCTBA, CIIOCOOBI IIOCTPOEHHUSI MAPIIPyTa JAHHBIX
KaK Ha ITyTH OT UICTOYHHKA K aJipecaTy, TaK U B obpaTHOM
HaIpaBjaeHUH. [I0CKOIBKY HeJlb3sl UCKIIOYKUTE OHOBpe-
MEeHHYIO [lepe/iady JaHHBIX B CeTh HECKOIbKMMH yCTPOK-
CTBaMH (HaIlpHuMep, IIPH PeTPAHC/ISIIIUH), He06XOoHMO
1103a60TUTHCS 0 MEXaHHU3MAaX ITPeIOTBPALEeH U 107006~
HBIX KOHQITHKTOB, UTOOBI He JOITYCTUTh [IOTE€PH JAHHBIX.
Bce paccMOTpeHHBIe CTIOCOOBI OIITUMU3ALIU K [Tepelavdi
JaHHBIX, a TAKKe HEKOTOPbIe BO3MOYKHOCTH IIpHeMOIIe-
penaTyrka 6bUIM peanr30BaHbl B pa3paboTaHHOM IIPO-
TOKOJIe 06MeHa JaHHbIMHU 110 PLC.

CTOHUT MOAYEepPKHYTh, YTO IIPOTOKOJI pa3pabaTsl-
Basics o1 PLC-MoieMOB, BCTPaHMBa€MbIX B CUETUHMKHU
3/1eKTPUUeCKOH 3Heprui. OCHOBHOe Ha3HaueHue PLC-
MoJeMa B 3TOM cjy4ae - obecriedeHre yHKIUU yaa-
JIeHHOIO CYUTBIBAHHUS IIOKa3aHUM. CHCTEeMBI Bepx-
Hero ypoBHS (Hanpumep, ACKY3) ocyiecTBISIOT yaa-
JIEHHBIM [JOCTYI K CYeTUYHMKaM TaKXKe C IIOMOILBIO
PLC-momeMa. BcTpamBaemoe IporpaMMHoe obecre-
yeHHe omobHbIX PLC-MOZEMOB OT/IMYAETCS OT po-
rpaMMHOro obecriedeHHsI MOJEMOB, YCTaHaBJIKBae-
MBIX HeIlOCpPe[CTBEHHO B CUeTUMKH 3/IeKTPHUYeCKOU
sHepruu. OCHOBHOe OT/IIMYHE 3aK/IKYaeTcs B TOM,
YTO BCTPOEHHBbIe MOJEMBI JIMIIb [IepelaloT CYeTUHUKY
npuHsaToe 110 PLC coo6meHHe-3anpoc, a 3aTeM TaKkke
o PLC ormpaBisiioT coobmieHue-oTBeT. [Ipu 3TOM
IapaMeTpbl CUIHajla IlepefaBaeMoro CoobLieHMs-
oTBeTa (TUII MOAYISLIMU, YaCTOTa HeCyIleH, Ko3dpu-
LIMeHT YyCUJIeHU s lepefaTurKa) UAeHTHUYHEL COOTBET-
CTBYIOIIMM IIapaMeTpaM CHUI'HaJa IIPUHATOIO paHee
coobmeHHsI-3ampoca. B To ke Bpems PLC-moneM, pabo-
TAIOUIMI B pe>XKHMe HIII03a /15 AOCTyIla CUCTeM Bepx-
Hero YpoBHsI K CeTH ITprubopoB yueTa, obnamaeT GyHK-
LIMOHAJIOM [IJIs1 OTC/IeSKMBAaHM I KayeCTBa KaHajla CBA3U
Y ITPH He0OXOAHMMOCTH MOKET ITepeHaCTPauBaTh I1apa-
MeTpHl IepemaTyrka PLC mist obecriedeHHs Halexk-
HOro obMeHa JaHHBIMU.
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Bo3MOXHOCTM NpoTOKONA 06MEHa

ITprBeieM CIIMCOK OCHOBHBIX CBOMCTB U BO3MOKHOCTEH

Ppeanr30BaHHOTIO IIPOTOKO/IA 06MeHa JaHHBIMHU 10 37IeK-

TPUYECKHMM CETIM:

e Anpecanus ycTpoucTB B PLC-ceTH - 32-paspsigHad,
IIPOM3BOAUTCS [0 CEPUHHOMY HOMEpY CUeT4YHKa,
B KOTOPBIHU yCTaHOBJIeH MoleM. CepUHHBIK HOMEP
aBTOMAaTHYEeCKH CUMTBIBAETCS MOLAEMOM IIPH BKJIIO-
YeHHH CYeTUHKa.

» PLC-uwto3 - MozieM, paboTaroniu B pesKUMe ILTI03a
IUISI CUCTeM BepxXHero ypoBHsL. [Ipy o6MeHe JaHHBIMU
C yAaJIeHHBIM YCTPOKCTBOM PLC-IIJTIO3 OCYIeCTBIISIeT
MOHMTOPHHT KauecTBa KaHaJla CBSI3U U ITpU Heobxo-
JHUMOCTH MOXKET M3MEHSATh THUII MOLYJISALMHU LIepe-
JaBaeMoOro CMrHalia, BKJIOYAaTh [JOIIOJHMTEIbHOe
KOAHPOBaHHME NaHHBIX [JIS MOBBIIIEHUS IIOMEX0-
YCTOMYHMBOCTH, IlepefaBaTb CUTHAJ C IIPUBS3KOM
KYacTOoTe MU TAIOLIeH CeTH, BBIOMPATh YaCcTOTY Hecy-
e U3 AByX QUKCHPOBAHHBIX 3HAYeHHUH [I/151 [10AaB-
JIeHH 1 Y3KOIIOJIOCHBIX IIOMeX B 3/IeKTPUYeCKOU CeTH.

+ IIpu oTIrpaBKe COOOIIeHUSI-3aIIPOca OT CHCTEMBI BePX-
Hero ypoBHs PLC-TI103 [06aBIISeT K [lepe/ilaBaeMbIM
JaHHBIM CePBUCHYIO0 MHGOPMALIHIO C ITapaMeTpaMH
HACTPOMKU CO6CTBEHHOTO IlepeflaTukKa (TUII MOAY-
TSLMH, YaCTOTa HecyleH, KooGPULIUeHT YCHIeHHU S
B KaHaJle IlepeJaTyMrKa, IIPUBA3Ka K 4acCTOTe CeTU
IIPH Ilepefiave CUTHasa). JTHU IapaMeTphl Heobxo-
JKMMBI )11 HACTPOMKH IIepeflaTykKa OIpallHBae-
MOIO yCTPOMCTBA IIpH OTIpaBKe ero PLC-momeMom
Cco0bOIIeHUA-0TBeTaA.

o TIlepen ormpaBKko¥ AaHHBIX B PLC 110608 MomeM
CHaya/ia oIpejesseT OTCYTCTBHe CHIHAjIa B Cpefe
repenavyy JAHHBIX IIyTeM IPOCIYIIHBaHM A KaHala
CBSI3U. EC/IM CHUTHaJIBL OT APYTUX YCTPOUCTB OTCYT-
CTBYIOT B Te€UeHMe HHTePBaJ/Ia TUIIMHEI, HAUHMHAETCSI
nepefaya JaHHBIX. [Ipy oOHapysKeHUU B IIpoliecce
repefayy JaHHBIX IIOIBITOK JOCTYIIA K KaHaJTy CBA3HU
OPYTHMH yCTPOMCTBAMH TeKyIllHe NaHHble CYHU-
TAIOTCSI HellepeJlaHHBIMHU, H depe3 IICeBA0oC/Tydak-
HBIM IIPOMEXYTOK BpeMeHH IpelllpUHHMAeTCs
IIOIIBITKA UX IIOBTOPHOM IIepeJavH.

o Ilpu KaxxAoH opraHMsanuu PLC-IIIIO30M KaHala
obMeHa JaHHBIMU C yIa/leHHBIM YCTPOKCTBOM $op-
MupyeTcs Tabnulla MapuIpyTa faHHBIX. ECd pu
oTmpaBKe PLC-IITI030M COOBIIeHMSI-3a1Ipoca Tabnuia
MapIupyTa JaHHBIX He 3alI0JIHeHa, TO B CePBHCHBIX
JAHHBIX OTIIPABJISIEMOr0 COObIIeHHUsS YCTaHABIIH-
BaeTCs [IPH3HAK 1M POKOBEIATe/IbHOI0 I'PYIIIIOBOIO
coobmeHHsI. ITO CO0bIIeHHe-3aIIPOC PeTPaHCIH-
pyeTcsl BCeMH yCTPOMCTBAMHU B CeTH, U B Ka’sKJOM
YCTPOMCTBe 3aIIOMHHAETCSI ITyTh, I10 KOTOPOMY C006-
IIeHMe JOILIO 10 AAHHOI0 YCTPOMCTBA. IIpu monyde-
HHUU afipecaToM peTPaHCIHPOBAHHBIX COOOIIEHUI

TaKoro THUIA coobuieHre-0TBeT bymeT HaIIpaBIeHO
obpaTtHO B ampec PLC-II03a 110 OGHOMY K3 Kpart-
YaHITUX MAapIIPyTOB. IIpy ony4eHUH COObIeHU -
oTBeTa PLC-II/II03 3aMONHSeT TabIUIly MapIIpyTa,
U Clleflyiolee cooblieHHe-3aIpoc K TOMY Ke ajipe-
caty 6yzeT IPOXOAUTD [10 MapLIPYTy IIPeAbIAyIIero
coob1LIeHHSI-0TBETa TOIBKO B 0OPAaTHOM HallpaBJie-
HUH. [Ipu 5TOM HeT Heob6XOAMMOCTH PeTPAHCIHPO-
BaTh COOOIIeHHe BCeMH YCTPOMCTBAMH, a 3HAUMT,
pasrpyskaeTcs KaHaj CBA3KM M yMEHbIIAeTCSI BpemMs
OTKJIHKA.

MpenumyiiecTsa U HELOCTATKMN pelleHuns
[IpyBeJeHHBIH BapHaHT IIPOTOKO/a obMeHa I10 3Hep-
reTHU4eCKHM CeTSIM MCIIONb3yeT B TOM MJIM MHOU CTe-
IIeHHX MeTOAbl MHOKECTBEHHOIO CJIyYalHOI0 OCTYIIa
YCTPOMCTB K eIHOM 00IIel cpe/ie epelavy JaHHBIX.
[Tomo6HBbIe aITOPUTMBI IIPUMEHSIIOTCS B 60T HCTBE
COBpeMeHHBIX TeXHO/IOTHH Ilepefladyl JaHHBIX, HallpU-
Mmep, B Ethernet, Wi-Fi, ZigBee. OfHO 13 IIpeHMYIECTB
peanK30BaHHOTO pelIeHMs ~ COOTBETCTBHE IOy YeH-
HOM CHCTeMBI IIPOTOKOIY 0bMeHa JAaHHBIMU MEX.IY
CYETYUKOM M BePXHHM ypPOBHEM, TaK KaK 3TOT IIPO-
TOKOJI HCIIONIb3yeTCs BCeMU NMPHUOOpaMU yueTa 3/1eK-
TPHYeCKOI SHEePTUHU IIPOKU3BOACTBA KoMITaHUH 'TIKK
Munauap'. KpoMme Toro, akTUBHO 33/I€ICTBYIOTCS BCe
BO3MO>KHOCTH ITpHeMoIIepelaTIHKa ~ 60/IbII0H BEI6OP
THIIOB MOOY/IALMU CUTIHaJA, KOOUPOBAHKE JaHHBIX,
BO3MOXKHOCTD [TIepeK/II0YeHH 1 HeCylel Ha pe3epBHYIO
YaCTOTy IIPU HAJIMUYMH IIOMeX Ha OCHOBHOM 4aCToTe.
He MeHee Ba>kHa aJipecaliys yCTPOUCTB I10 CEPUEIHOMY
HOMEPY, YTO rapaHTHUPyeT HEBO3MOKHOCTh HaTUYHU S
B CETH [BYX YCTPOMCTB C OMHAKOBEIM aZipecoM. K Tomy
>Ke TAKOH THII a/Ipecalliy MOKeT OKa3aThCs yA0OHBIM
IpH paspepTeiBaHUH ACKY 3,

[Tpomu3BonacTBo KoMmmaHuer "TIKK Mwumangp' Kak
CYeTYHKOB 3/IeKTPUYeCcKOM 3Hepruu, TaK KU BCTPaH-
BaeMbIX B HHUX PLC-MOZeMOB I103BOJIMJ/IO IIPeayCMO-
TpeTh B QYHKIIMOHAJIe STUX YCTPOMCTB BO3MOKHOCTD
0OHOBJIEHU ST BCTPOEHHOIO IPOrpaMMHOro obecreue-
HHUSL. B pesynbraTe 06HOBIEHHe ITPOIIKUBKU MOAY/1st PLC-
MofieMa He IIoTpebyeT HapylleHUs I17IOM6 yCTaHOBJIeH-
HOI'0 CYeTYMKa. ITO MOXKET OKa3aThCs I10JIe3HBIM IIPU
MOJlepHHM3al[M1 BCTPOEHHOI0 IPOrpaMMHOro obecrie-
YeHH s MOfleMa UCXOA sl U3 TpeboBaHM I 3aKa3uHKa.

HenmocTaTkoM peann30BaHHOIO pelIeHUs CYU-
TaeTCsI CPABHUTEIbHO HU3Kasl CKOPOCTh 06MeHa JaH-
HBIMHA B CPaBHEHHH C TeXHOJIOTHSIMHU, HCIIOIb3YIO-
mumu monyssinrio OFDM. Ho c yueToM GyHKLIMOHATIB-
HOCTH Mogy1s1 PLC-MozieMa ITPOIIYCKHO CII0COOHOCTH
KaHaJIa JaHHEIX 60Jlee yeM JOCTAaTOUHO JI/1 IPUMeHe-
HHUS B aBTOMATH3HPOBAHHBIX CHCTeMax cbopa Iokasa-
HUU C IpubOPOB ydUeTa.
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MOJAY/b CBA3U ZigBee

Tpe60BaHUA CTaHAAPTOB

OT MOyl CBS3H, UCIONB3YyIOIEro IpoBoAgHY0 PLC-
TeXHOJIOTHIO Ilepe/laul JaHHBIX, IeperjeM K pac-
CMOTPEHUIO Pyroro BapuaHTa MoAy s Ha 6a3se bec-
IIPOBOJHOM TeXHOJIOruu ZigBee.

Crnennduranus ZigBee pazpaboTaHa ogHOMMEH-
HBIM aJIbSIHCOM, COCTOSIIMM K3 60J1ee CTa KOMIIAHHH,
Cpefir KOTOPBIX — IIPOM3BOAUTEIN CHCTEM aBTOMa-
TH3allMM, BeHTH/ISLMUH M KOHAHUIMOHHPOBAHHUS.
OcHoBHBIe 0651acTH IpuMeHeHHs ZigBee - mepe-
nava MHPOPMALIUK OT IBHIKYIIMXCS MEXaHH3MOB
(Hanpumep, pobOTOB), CUCTEM YIIPaBIEHHUS B IIPO-
MBIIIIEHHOCTH, C60p ITOKa3aHUM C HHTeJIeKTyasIb-
HBIX JATYUKOB U Pa3Ho06pa3HBIX IpUbOPOB yuerTa,
CHCTeMBI OXPaHBI, TO eCTh 0becIieueHHe CBSI3H MeXK/Y
YCTPOHMCTBAMU B aBTOMAaTHU3HPOBAHHBIX CUCTEMaX.
Hawnbosiee ©3BeCTHBIMU IIPHMepPaMU TAKHUX CUCTEM
SABASIIOTCS "YMHBIN AoM" K "HHTelJleKTyalbHOe
3gaHme". [lns ceTer ZigBee xapaKTepHHI AOCTa-
TOYHO CKPOMHEBIe [T0OKa3aTelld CKOPOCTH MepefadyH
U PAacCTOSHUS MeX[Y y3JaMH, IIPH 3ToM 0b6opyo-
BaHMe MOXKeT JJINTe/bHO PaboTaTh OT aBTOHOMHBIX
HCTOYHMKOB IUTAaHHUSA. KpoMe TOro, TeXHOJIOTHS
ZigBee 1103BOJIsIeT CO3/laBaTh CAMOOPTaHU3YIOIIHECS

M CAaMOBOCCTaHAB/IMBAOLIeCs CeTH. YCTOMYHBOCTb
ceTH OOBSCHSIETCS BO3MOKHOCTBIO PeTPAHCISAILUU
repefaBaeMbIX LAaHHBIX 4Yepe3 MHOXKEeCTBO Yy3JI0B
B CeTH. B ciry4ae BhIXO[A M3 CTPOS HJIM BBIK/IIOYE-
HHU S OFHOTO M3 Y3JI0B CeTh aBTOMAaTHYeCKHU HAXOOUT
HOBBIM MapLIpPyT Nepefayul JaHHBIX. IIpH BKJIOYe-
HUM [IUTAaHUS yCTPOKCTBA CeTh CHOBA BKJ/IIOUAeT ero
B CBOI cOCTaB. biaromaps 3ToMy ceTh IIPOCTO Pa3Bep-
TBIBAETCS M JIETKO MaCIITabUpyeTCsi IyTeM IIPOCTOTO
IIPHCOeIMHEeHHM S JOIIOIHUTEeIbHBIX YCTPOUCTB.
YcTporcTBa ZigBee HCIIONB3YIOT IIpeuMyle-
CTBEHHO YaCTOTHBHIM guara3oH 2,4 I'Ti, Tak Kak
B 3TOM Cjly4ae [JOCTHTaeTCsd MaKCHMaJbHas CKO-
POCTh Ilepe/layH U BBICOKAS IIOMeXOYyCTOMYHBOCTD.
CTaHgapToM IIpenyCMaTpHBAeTCsA TaK>Ke KMCIIOJIb-
30BaHUe 4yacTtoT 868 MI1 u 915 MIu. [Ihamas3oH
868 MI'i mpuMeHseTcs B EBpore, a 915 MI'1y - B CIIIA.
HOuamasoHn 2,4 T pa3gesieH Ha 16 KaHasios, 1o 5 MI'Ly
KaskAbIH. [Ipy o6MeHe JaHHBIMU BbIOKpaeTCs KaHall
C MUHHUMAJIBHBIM YPOBHeM IToMeX. CKOPOCTh Iepe-
Iavy JaHHBIX BMeCTe CO CJIy>KeOHOM HHPOpMaIlHeH,
HeoOXO0IMMOH A1 PaboThl IIPOTOKOJIA, COCTABIISIET
250 xburt/c. IIpu 3TOM CpefHss IPOINYCKHAas CIO-
COOHOCTB, IPUXOASIIASICS Ha II0Je3Hble HAaHHEIE,
3aBHCHUT OT 3arpy;KeHHOCTH CeTH M KOJIMYecTBa

tanonator in Eectronics.
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PeTpaHCASLUKN KM HAaxXOLUTCSI B AHaIla3oHe OT 5
no 40 xbut/c. MaKCHMaNbHOE PACCTOSIHHE MEXIY
y3/1aMH, IIPH KOTOPOM BO3MOXKeH 06MeH JaHHBIMH,
3aBMCHUT KaK OT MOIIHOCTH IlepegaTyMKa, TakK
U OT YCJIOBUH PaCIpPOCTPaHeHU S PaJHOBO/IH B 30He
y3na. Haubornee mupokoe pacrnpocTpaHeHHUe IOy~
YMJIM IepefaTYuKU MOIIHOCTbIO 1 MBT, obecreun-
BaIOIIMe CBA3b Ha PACCTOSHUH 10 10 M B IIOMeIleHU U
U 10 100 M - Ha OTKPBITOM BO3yXe.

Crnenndukanuen ZigBee mpenycMOTpPeHO TpH
THIIa YCTPOMCTB: KOOPAHHATOP, MapLIPyTH3aTOP
1 KOHeUYHOe YCTPOHCTBO. KOOpAHHATOP BBHIIONI-
HseT QYHKUMKM HHULHANHM3AUUKU U yIpaBIeHUS
y3JIaMHU ceTH, 06paboTKU U XpaHeHUSI UHPOPMALIH U
0 HaCTPOMKAaX Ka>kKJ0ro y3/1a, 3aJjaeT HOMep 4acCToT-
HOTO KaHaja, II0 KOTOPOMY CJIefyeT IepenaBaTh
naHHble. KoopAHHATOP B mpoliecce paboThl MOXKET
CIY>KUTh HCTOYHHKOM, INPHEMHHKOM M peTpaH-
CJISITOPOM COOOIIeHUM. MapIIpyTH3aTop, OTBeYaeT
3a BpIOOp MYTH AOCTAaBKU COObIIeHHS, Mepe/aBae-
MOTO OT OTHOTO y371a K IPYTOMY, B ITpoIiecce paboTsl
TaKXXe MOXeT OBITh HCTOYHHUKOM, ITPHEMHHKOM
U peTpaHCASITOpoM coobmeHu. KoHeuHOe yCTpo-
CTBO He y4aCTBYyeT B yIpaBjeHUHU CeThbIO, peTpaH-
CISIUK COOOIIEeHU I, 3TO JUIIb UCTOYHUK U IIPH-
eMHHUK COObIIeHUH.

Bbibop mMexpay ZigBee u pagnomopemom

IIpu paspaborke kommaHuen "TIKK Munaunap" bec-
IIPOBOJHOTO MOA YIS CBSI3U /14 BCTPAUBAHUS B CYeT-
YHKH 3JIeKTPHUYEeCKON SHepruy M3Hada/IbHO IJIaHH-
POBaoCh MCIIONb30BATh pafHoOMOLeM. APryMeHTh
B II0/IB3Y TAKOTO PelleHHUs — HeOobpIIre rabapuThl
yCTPOMCTBA, HH3Kas MoTpebiaseMas MOIIHOCTb
U HeBbICOKas LieHa. Ho pagromomeM MOAXOAUT 14
obMeHa MAHHBIMHU MeXAYy ABYMS YCTPOMCTBAMH
B peXMMe To4YKa-Touka. [lepemaya qaHHBIX B CeTH,
COCTOsIIeN M3 Tpex U Oojee MoJoOHBIX YCTPOMCTB,
Her36e5KHO BBI30BET NpobieMy, CBI3aHHYIO C O HO-
BpPeMeHHBIM JIOCTYIIOM K 06IIer cpefie Iepefayuu JaH-
HBIX - pafguo3¢upy. Ee pelmeHreM, Kak U B pacCMo-
TPEeHHOM cjIydae paspaborku momyns PLC-MoneMma,
MO3KET CTaTh IPHMeHeHHe CO6CTBEHHOI0 IPOTOKOJIA
obMeHa JaHHBIMHU IO pajiloKaHany. OfHAKO A4
BBIIIOJIHEHU ST QYHKLIUH YIIPaB/IeHHUs 6eCIIPOBOLHOM
CeThI0 He0b6X0IMMO JIOTHYeCcKoe YCTPOHCTBO, HAIlpH-
Mep, MUKPOKOHTPOJIIIEP, UTO IToTpebyeT pa3paboTku
BCTPaKMBaeMOro InporpaMMHoOro obecredeHus, TO
eCTh JOIO/IHUTE/IbHBIX BpeMeHHEBIX 3aTpaT. OLHaKO
IIOCKOJIBKY TeXHOJIOTUH HCIIOJb30BAHUS PagHO-
KaHaja [/ CBSI3K IONYy4YuIH 6ojlee MIMPOKOe pac-
[IPOCTPaHeHHe, YeM TeXHOJIOTHUH Ilepelayy JaHHbBIX
10 SHepreTU4YeCKUM CeTSM, Ha PbIHKe JOCTATOYHO

6osbI1I0M BEI6OP BCTpaKBaeMbIX MOJyIek 6ecripoBos-
HOI CBSI3M Pa3/JIMYHBIX IPOU3BOAHUTeNlel. Ho onTu-
MaJIbHBIM BapHaHTOM OPraHH3aIUHU ceTer obMeHa
OaHHBIMU B ACKYD 4BJISIOTCS BO3SMOXKHOCTH, IIPeJio-
CTaBJIsieMble Ha OCHOBe CTaHAapTa ZigBee.

ITo 3TOM NpHUYKHE B COCTaB MOJAYJIek CBSI3H IIPOK3-
BoACTBa KomnaHuU "[IKK Mumaungp" BXoAAT MOAYIH,
nojlep>kKMBaloI e CTaHAapT ZigBee. Mx ocHoBa -
CHCTeMa Ha KpHCTajje, BKANYaoIas B cebs Kak
pamMoOvYacTOTHYIO 4YacTh cTaHpmapra 2,4 ITh, Tax
U 32-paspsaaHbii ARM-mponeccop c sapom Cortex-M3
1 BCTPOEHHBIM IIPOrpaMMHBIM obecrieueHHeM, I1O/-
Iep>KUBAIOLUIUM CTeK IIPOTOKOJIOB ZigBee.

bnaropmaps MCIOAb30BAaHUIO MOJyJIeH CBSI3H CTaH-
napTa ZigBee B cueTYHMKaX 371eKTPOIHEPIUU MIPOK3-
BoAcTBa KommaHuu "[IKK MunaHap" 1erko HacTpa-
HMBaTh CeTH JIJIs1 aBTOMATHU3UPOBaHHOTO cbopa moka-
3aHUM NIpubOpOB yueTa. B perucTpoBOM MOAeNH
CYETUYUKOB eCTh 06beKT, XpaHSAIINUHN JaHHbIE O TaK
Ha3blBaeMOM KJII04e CeTH — 128-pa3psiiHOM Iapoie,
KOTOPBIH I103BO/IsIeT MOAKIOYAThCS K CeTH ZigBee
TOJIBKO YCTPOMCTBaM C OJHMHAKOBBIM 3HadyeHHEM
mnapossi. B MOMeHT Hofauu IUTAHHUS MHKPOKOH-
TpoJlIep CYeTUYKKa OTIIPaBJsieT IO II0C/Iel0BaTe/lb-
HOMYy HHTepdericy ZigBee Momynal0 KOMaHAY IOJ-
KIIOYeHHUS K CeTH C OIpeJleJIeHHBIM 3HauyeHHEeM
KJIF04a CeTH, KOTOPHIM IIpe/IBApUTe/IbHO HaCTPauBa-
eTCsl M COXPaHeTCs B 9HEeProHe3aBUCUMOM IaMATH
npubopa ydera. TakuM o6pa3om, o6MeH JaHHBIMHU
B CeTH IIPOU3BOAMUTCS TOJAbBKO MeXIYy AOBepeH-
HBIMU YCTPOMCTBaMHU. HacTpauBas pasHble 3Haue-
HUS KJII0Ya CeTH /ISl PAa3/IMYHBIX TPYIIIl CHeTYHUKOB
MOSKHO pacIpezensiTs 60bIIoe KOTHYeCcTBO IpHbo-
POB yd4eTa II0 30HaM. B 3ToM ciiydae /1l CYUTHIBA-
HUS IIOKA3aHUM Ka>KAO0W IPYNIBI IPUOOPOB yueTa
HeoOX0J MO IO K/II0YAThCS K CETH, UCIIOb3YsI COOT-
BeTCTBYIOIlee 3HAUeHHe K/I0Ya.

B 3aKkjaoO4YeHHe OCTAaeTCsI OTMETHTh, UTO IpHUMe-
HeHHe 6eCIIpOBOAHBIX MOAY/IEH CBS3U B mpubopax
yueTa SHepPropecypcoB I103BOJIsIEeT 6BICTPO pa3BepTHI-
BaTh M HACTPAUBATh CETHU [JIsI OPTAaHU3AI MU CUCTEM
AaBTOMATH3UPOBaHHOrO cbopa mokaszaHuu. OgHAKO
Ka4eCcTBO CBSI3H I10 PaJiIHOKAHATy CHJIBHO 3aBUCHUT
0T MHOTHX GaKTOPOB OKPY’KAIOIIeH Cpefbl, OKa-
3BIBAIOIUX BIMSHUE Ha PacIpPOCTPaHEeHHE PaLHUo-
BOJIH. A IIPH HCIIOJIb30BAHHUHU IOLOOHBEIX TeXHOJIO-
TUH BHYTPH 30AaHUH CBSI3b MeXAy HEeKOTOPBIMH
y371aMu ceTH ZigBee MOXKeT 0Ka3aThCsi HEBO3MOXK-
HOH. [l MoNy4YeHHUs HaJeKHbIX KaHaI0B obMeHa
OAHHBIMHU peKOMeH/yeTCs UCII0/Ib30BaTh KOMOMHA-
LIMIO IIPOBOLHBIX U OeCIIPOBOLHBIX TEXHOJIIOTUI. @
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