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B npeanaraemom MaTtepuane paccmaTpuBaeTcs anbsHc ZigBee n
JaeTcs 0630op becnpoBogHbIX CTaHJApPTOB cemMeincTBa 802.15, B KOTO-
poMm ocobGoe BHMMaHWe ypensieTca ctaHpapty 802.15.4. MpoBoauTcs
aHanus noTeHUManbHbIX PbIHKOB NOTpebneHns GecnpoBoAHbIX NpuUNo-
XeHun ZigBee n TeHAeHUUN UX pa3BUTUS.

Bypublit pocT MHKPOIPOIECCOPHBIX
TEXHOJIOTHH, MOCTOSIHHOE CHIDKEHUE
CTOMMOCTH GECIIPOBOAHDBIX PEIICHUN 1
MOBBITIIEHNE WX JKCIIYTAMOHHBIX Ta-
paMeTpoB  II03BOJIAIOT OTKa3aTbCsl OT
IPOBOJIOB W MPOBOJHBIX CeTeil B CHCTE-
Max KOHTPOJISI, JHATHOCTUKH W OOMEHa
nndopmareii. Becposoamsre cetn ot-
Jn4aioTest 6osiee THOKOI apXUTEKTYPOii,
TPeOYIOT MEHDBIINX 3aTPaT MPH UX YCTa-
HOBKe 1 OOcJjy>KuBaHun. BaxxHbIM ac-
HEKTOM SBJSCTCS CTAHIAPTU3AINS TPO-
TOKOJIa lLepeJayll JAaHHBbIX, YTO JesaeT
N3MEPUTENBHYIO CHUCTEMY OTKPBITOH U
COBMECTHMOI ¢ M3JETUIMUI JPYTUX MPO-
usBouUTeNeH.

AJIbAHC ZIGBEE

B 2001 r. MnuctutyTy WIKEHEPOB
2JIEKTPOTEXHUKN 1 ajekTponukn [EEE
ObLIIO TIPEJIOKEHO BbIPA0OTATh CTaH-
JIApT, OTHOCSIIUICS K ceMeiicTBy Gec-
OPOBOJHBIX  MEPCOHAJBHBIX  CeTell
WPAN u noayunsumii  o6o3navyenue
802.15.4. B 2002 . 6but ocHOBaH aJib-
auc ZigBee. Anbsrmc ZigBee — 06bicTpo
pacTymuii  HEKOMMEPUYECKUH TIPOMBIIII-
JIEHHBIE KOHCOPHUYM KOMHAHUN-JIN/e-
POB PBIHKA MOJIYIPOBOIHIUKOBBIX KOM-
HOHEHTOB, TEXHOJOTHYECKITX KOMIIAHUA,
OEM-npousBoaureseii M KOHEYHBIX
norpeburesieii co Bcero Mupa. AJbsIHC
pazpabarbiBaeT r06aabHyI0 crierndu-
Karmio creka ZigBee s BblcOKOHA-
JIEKHDBIX, PEHTAOEIBHDBIX, IHEPrOIKOHO-
MUYHBIX GECIIPOBOAHDBIX TPHIOKEHHI,
UCTIO/Ib3YS] MEXAHU3M Iepeladil TTaKeTOB
nanubix IEEE 802.15.4 [1]. Ynencrso B
KOHCOPIMyMe JOCTYIHO jsi Bcex. Ha
CErO[HSIMIHUI MOMEHT B HETO BXOIUT
6osiee 100 KOMIIAHUI, U3 HUX BOCEMb
SIBJISIIOTCST  IPOMOYTEPAMU  AJIbSIHCA:
Honeywell, Freescale Semiconductor,
Ember, Motorola, Invensys, Samsung,
Philips u Mitsubishi Electric.

OcHoBHag 1eJIb ajlbsiHCa — BbIpa-
6oTKa enuHoll crennduKaIum mporpam-
MHOTO cTeKa TpOToKoJoB ZigBee, moa-
JIEPKUBAIONIEHT PA3JIMYHbIE CETEBBIE TO-

HOJIOTHH THIIA <3BE3/[a», <KJIACTEPHOE
JIEPEBO», «MHOTOSTYETKOBAsT CETb» C
(yuximsaMu Ge30nmacHOCTN U COBMECTH-
MbIMEH TTPODUIISIMA  PA3IUYHBIX  TTPILIIO-
xernnii. Crnermdurammsa ZigBee mosso-
JISIET Pean30BbIBaTh GECITPOBOIHOE CeTe-
BOE peEIIeHNe, OCHOBAHHOE HA €INHOM
rJI06aIbHOM CTaHAAPTe, C MOJIEPKKOIL
ckopocreit mepepaun g0 250 Kour/c,
Kpaiiiie HU3KHM 3HEPromnoTpelIeHneM,
obecriednBaroriee 3aimry uHMOpMaIn
N HAACKHOCTh CHCTEMBI. TakmM oOpa-
30M, ZigBee — 3T0 anbsgHC KOMITaHWIA,
pa3pabarbiBAIONNX [TPOrPaAMMHOE  00ec-
HevYeHre JOMOJHUTETBHOTO CETEBOTO CIIOSI
nazx ypousmu crangapra 802.15.4 [2].
UjteHbl ajibsiica OINPEAEISIOT HOBbBIE
PBIHKU TIPUMEHEHUST COBMECTHUMBIX (ec-
IPOBOAHBIX cereil. Buiaromapst y4actuio
B KOHCOPIIYME BCE €r0 AKTHBHBIE WICHDI
UMEIOT IOJHBIA JOCTYII KO BCeil TeXHU-
4ecKoil wundopMalum 1Mo  TEXHOJOTUN
ZigBee m BO3MOXHOCTb BJIMSATH Ha CIIe-
nndurarmio ZigBee.

Y MHOTUX BO3HUKHET BOTIPOC — TIO-
yemy ZigBee? Haszpanue ZigBee o6pa-
30BaHO U3 ABYX CJIOB: zigzag (3ursaro-
o6pasHasi TpaeKTOpHs ABMKeHUs) 1 bee

(muena). A npuuem 3gech nmuennt? Jlo-
MAlllHUEe MYesibl JKUBYT B YJbsIX POEM,
BO rJjlaBe KOTOPOTO CTOUT KopoJieBa. Ee
OOCJIY3KUBAIOT HECKOJIbKO TPYTHEH 1
ThicSTYM  paGounMx T4es. BbokuBanue,
pasBute u Oy/yliee KOJOHUU MYelt
HAINPSIMYIO 3aBUCHUT OT TOTO, HACKOJIBKO
HenpepbiBHO, 6e3 c6oeB Oyjer Ipowuc-
XoauTh 0o6MeH uHdopManueit MexIy
BCeMU wieHaMu KoJjionuu. [Ipunimi, mo
kotopomy uH(bOPMAIHSA TePeaeTcs
MEK/y WIEHAMH ITYeJHHOTO COOOIIEeCT-
Ba, JIONYCTUM, O MECTOHAXOK/ICHUN
[[BETOYHOIT TTOJISTHBI, CXO0XK C T€M, Ha KO-
TOPOM OCHOBaHbI asroputMbl ZigBee.
[Tuesibl  MCHOJIB3YIOT HE3aMETHYIO Ha
HEepBBIN B3IJIsi, HO KpaiiHe adderTus-
Hyfo cucreMy oO6MeHa wuH(pOpPMAIC,
JIBUTASIC 110 3Ur3aro006pa3Hoil TPAEKTO-
pum W 1epeaaBas CBOUM cOOPAThIM
JIAHHbIE O HATPABJIEHUM, PACCTOSTHUU U
MeCTe [[BETOYHOI MOJISTHBI.

Texnonorust ZigBee 3ansiia panee
MyCTOBABIIYIO HUITY pajuontTepdeii-
coB (cM. puc. 1), KOTOPYIO 3amo/IHAIN
Jin6o ycTpoiicTBa U TeXHoJsoruu ¢ 6oJsiee
BBICOKMMH TEXHUYECKUMHU XapaKTepuc-
THKAMHU U, COOTBETCTBEHHO, GoJiee 0PO-
rue, ubo peieHns, 6azupyronmecs: Ha
OT/IEJIBHBIX MUKPOCXEMAX PAIHOTPAHCH-
BEPOB  PA3JIMYHBIX  [POU3BOJUTENEN
AJIEKTPOHHBIX KOMIIOHEHTOB, HE WUMEIO-
MUX 10/1 OO0l JKECTKO CTAH/IAPTH3UPO-
BaHHOI 6a3bl. PazpaboTunku BbIHY:K/Ie-
Hbl ObLIM WJTH HA TOBBINIEHHBbIE 3aTPa-
ThI TIPU PELIEHNH TPOCThIX 3ajad JHGO
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€03/1aBaThb COOCTBEHHBIC TTPOTOKOJIBI TIe-
peayn M MpOrpaMMHBIE CTEKU IS Op-
TaHW3aIH TIePCOHATBHBIX 6ECITPOBO/-
HBIX CeTEel, YTO TaK)Ke CKAa3bIBAJIOCHh Ha
CTOMMOCTH KOHCYHOTO W3JEIUsI M CPO-
KaX BBIXOJIa TOTOBOTO MPOAYKTA Ha PBHI-
HOK. B peaysbraTte yacto Tepsuich HO-
BH3HA W MHTEPEC PBIHKA K MPOILYKIINN.

B untone 2004 r. anbsitHC COBMECTHO €
kommanueil Freescale Semiconductor
OCYTIECTBHJI TIEPBOE YCIEIIHOE TECTHPO-
BaHue OeCcIpOBOIHON CeTH, BKIIOYABINEH
B ceb6s1 50 O6ecnpoBOJAHBIX YCTPOHCTB
crangapra 802.15.4/ZigBee [3]. Oc-
HOBHOH TIEJIBIO TECTOB OBLJIO TOATBEPK-
nenne crocobnoct creka ZigBee k
MaciTabupyeMocT 6e3  Kakoro-an6o
BMEIIAaTeIbcTBA B PabOTy YCTPOMHCTB, K
6BICTPOIl TIepPEeKOH(UTYPAINHI  CETH  TI0
Mepe [106aBJieHHS B Hee HOBBIX YCT-
pOIiCTB, K OpraHm3anuy TepeJadn JaH-
HBIX KOOPJMHATOPY Yepe3 MHOTOYHC/ICH-
HbIE TIEPECHLIKH MOCPEACTBOM MHOKECT-
Ba y3JIOB CETH C BBICOKOI CTENEHBIO Ha-
JEKHOCTH, K CIIOCOOHOCTH TIOJJIEPIKI-
BaTh Pa3jMYHbIE CETEBBIC TOMOJOTUH, K
COBMECTUMOCTH YCTPOWCTB Pa3TMYHBIX
npoussogureseii. [lo coobmennsm anb-
SHCA, TECTUPOBAINCH MPUJIOKCHUS J10-
MalHell aBTOMATHKH ¥ YIPaBJeHUE OC-
BeIleHNeM. AJIbSHC TPOJOJ/UKHT TIPOBE-
JIcHIe TOMO0OHBIX TECTOB Ha MacIITalu-
pPyeMOCTb M COBMECTHMOCTDb B YacCTH yCH-
Jimii 1o BbIpaGoTKe (DUHATHHOIN CIICIH-
(uKanyy W BBIABJICHUIO BCEX BO3MOXK-
HBIX OMMOOK M HEJOCTATKOB. Bce artm
YCHJIMST HAlleJIEHB! Ha PaTH(UKAIIIO KO-
HeyHoil crermmdukamym  creka  ZigBee
vl.0, Hameuenmyio Ha KOHeI[ OKTSAOPSs
2004 r. IlomuMo crermduKanum 0CHOB-
HbIX CeTeBbIX ypoBHeil cTeka ZigBee,
6ynyT parnduIpoBaHbl TPODUIN YCT-
POICTB [ITs1 HEKOTOPBIX JOMAITHUX Gec-
HPOBOAHBIX npuiokenuii  (npoduin
JATYNKOB, BBIKJIIOYATEICH OCBEICHNS,
CYETUYMKOB U T.A.). JIONOJHUTE/IbHDIE
npoduan s Apyrux obJacreil mpume-
HeHusd creka ZigBee B Hacrtogmumii Mo-
MEHT HaXOJATCS B pa3paboTke n OyayT
parndunmpoBaHbl HECKOIBKO MO3JKE.

[lo KoHIIa TeKyIIero rojga MpON3BO-
JUTEJIN HAYHYT BBIMYCK MEPBBIX TIPO-
JYKTOB Ha OCHOBE GECIIPOBOJHOTO CTaH-
napra 802.15.4/ZigBee. B mianax ajib-
SHCA HAYaTh CepPTUMUKAINIO TPOLYKTOB
Ha cooTBercTBHE crangapry. Ceprudun-
[IIPOBAHHBIE TPOIYKTHI TOJIYyYar JIOTO-
tnn ZigBee, m 310 GyneT o3Havyarb, 4TO
YCTPOICTBA OT Pa3IMYHBIX TPOM3BOIM-
TeJIel TMOJTHOCTBIO COBMECTUMBI M 00Ja-
JAI0T BCEMH BO3MOKHOCTSIMU TEXHO-
jgorun [5].

WPAN CETHN U CTAHAAPT
IEEE 802.15.4

Ha ceropausamuuil aenb mupokoe
pacrpocTpaHeHue HOJYYHIN  CJIeLyI0-

Ten.: (095) 7417701

www.elcp.ru

Imue TPU CceMeiicTBa CTaHAApTOB IS
MOCTPOEHUsT  GECIIPOBOIHBIX  BBIYNCIIHU-
TEJbHBIX cereil [6]:

— IEEE 802.11 — Wireless Local
Area Network (WLAN — OGecnposos-
HbIE JIOKAJIbHBIC BbIYMCIUTENbHBIE CETH);

— IEEE  802.15 —  Wireless
Personal Area Network (WPAN —
6eCITPOBOIHBIC TIEPCOHATBHDIC BBIYNCIIH-
TeJIbHbIE CeTN);

— IEEE 802.16 — Broadband
Wireless Access (BWA — Geciposos-
HOU IIHPOKOMNONOCHDBIT JOCTYIL).

ABTOpBI CTaTbW HE CTaBUJIM IIEJTIHIO
MIPOBOJUTD MOAPOOHBII aHAIN3 KaXKIO0TO
13 CTaHAApTOB GECIPOBOJHBIX cereil. B
JJAaHHOM pasjie/ic OCHOBHOE BHUMAaHWE
6yzner yneaeno WPAN-cersm, B yact-
HoctH, ceTsiM ZigBee n HoBoMy B ceMeii-
CTBE MEPCOHAIBHBIX GECIPOBOJHBIX Ce-
teit crangapry IEEE 802.15.4. Cewmeii-
cTBa cereBblx crangapros 802.11 wu
802.16 upuBoAATCA 3/€Cb JHIIb JJIsT
CpaBHEHUS.

BecnpoBognasi mepcoHambHas BbI-
yucaurteabHass cetb WPAN npezacras-
JigeT co6oil JIOKATbHYIO CEThb C MaJIbIM
paanycoM JieficTBIS, OOGBIYHO HE MPEBHI-
nrarornuM 15...20 M, U npegHazHavaeTCs
[T 3aMEHBI  KaGeJbHBIX COeIMHEHUI
MEK/Iy MEepPCOHAJIBHBIMI KOMIIBIOTEpA-
MU, a TakKe [JIs CBS3W C PasHooO6pas-
HoOll mepudepueil n MyJbTHMEINA-yCT-
poiticrBamn (KIIK, npuntepst, dakcol,
CKaHepbl, crepeocucreMbl, n T.1.) [7].
Opnako Hekoropoie WPAN-cetn cro-
coOnbr padorarh Ha gasbHocTH 10 100 M
(ZigBee, Bluetooth). TlepsbiM cran-
JIapTOM, CIIOCOOHBIM PEaJN30BaTh JaH-
upie 3ajgaun, craa IEEE 802.15.1.
Crangapt Gasupyercss Ha creiuduKa-
muu Bluetooth vl.x u onpexnensier du-
suueckuii yposenb (PHY layer) u ypo-
BeHb jgocryna k cpeae (MAC layer).
CuieyioluM 1aroM B pacHiupeHun ce-
MmeiictBa 802.15 6bLIO co3panue craH-
JapTa, 006eCHeynBaIoNIero B3anMO/ei-
crBue ycrpoiicts  kjaaccos 802.11 wu
802.15. Bcerope amst yerpoiict, pa6o-
Taonmx B 3oHe WPAN-cereil, oka3sa-
JIOCh HEJOCTaTOYHO CKOPOCTEi, obecre-
yuBaeMbix Bluetooth. Bosnunkia mor-
pe6HOCTD B BBIPAGOTKE CTAaHAAPTA, MO03-
BOJIAIONIETO CO3/aBaTh OGECTPOBOIHOIMN
KaHaJ JAHHBIX C TPOMYCKHOW CIoco6-
HOCTBIO B jlecsatku u corau Mout/c
(IEEE 802.15.3) [4].

[lepeunciientbie BbIlle  CTAHAAPTHI
OTJIMYHO TOAXOJAT JIs nepegadn 60JIb-
mux  o6vemoB undopmannu  (rosoca,
JAHHDIX, BUIEO) C BBICOKOH CKOPOCTBIO
(or 1 mo 200 M6ut/c). Ycrpoiicta Ha
X OCHOBE CIOCOOHBI paboTaTh B aBTO-
nHomuoM peskume (o1 Gatapeii n akKymy-
JIATOPOB) Ha AaibHOCTH Tepesadn ot 10
no 100 M. 3tu craHgapThl TO3BOJSIOT
3aMEHUTDH TIPOBOJHBIC COCAWHEHUS B

YCTPONCTBAX, C KOTOPBIMH MBI HMeeM
Je10 KaskAbli jieHb (KOMIIBIOTEPDI, Bbl-
yucautenbhpie cet). OMHAKO Cylect-
ByeT OrpOMHOE MHOXKECTBO Ha MEPBBII
B3MJISAA He3aMeTHbIX cucteM (pasHool-
pasHble JAaTYWKH, CHCTEMBbl cGopa WH-
dopmanuu 1 T.41.), 06IALAONINX ClIEIH-
uKoii, BCIEACTBUE YEro B TAKOTO poja
MPHUJIOKEHUSX HEBO3MOJKHO CO CTOIPO-
HEHTHON 3 (PEKTUBHOCTBIO UCIIOIb30-
BaTh YMOMSHYTble TexHojoruu. Jlis
peanusanuu TMOAOOHBIX 3a7a4 ObLIT BbI-
pa6oran crangapr IEEE 802.15.4
(ZigBee)  nana  HM3KOCKOPOCTHBIX
WPAN-cereii (cM. puc. 1).

OueBnHO, YTO GECIPOBOAHBIC CETH
KOPOTKOTro pajamyca jefictBust Gynyr
B3amMo/ieficTBOBaTh MeXLy coboii. Ilra-
HUpyeTcs paspaboraTb 060PYIOBaHIE,
BBITIOJTHSTONTECE (DYHKINH TILTI03a MEXK/LY
pasHbIMK 6ecripoBOIHBIMU ceTsiMu. Tax,
ecam cucreMa 6e30MacHOCTH, MOCTPOCH-
Hast Ha ZigBee, 0OHAPYKUT 3JI0yMbIII-
JICHHUKA, OHA COCIMHUTCS C CEThIO
IEEE 802.11, yto6b! usBecturb 06 9TOM
KOMITBIOTEP, a TOT, B CBOIO OYepe/b, TIe-
peract SMS nHa MOGWIBHBIH TesedoH
X03sIMHA WU TO3BOHUT B CIy:KOYy oXpa-
Hbl [6].

CpaBHHUTETbHBIE  XapaKTePUCTHKH
cranzaptoB cemeiictBa 802.15 n crangap-
ta 802.lib npusegennt B tabiuie 1 [3].

Vcxoas m3 NpUBEJCHHBIX XapakTe-
PHUCTHK, OMIKANIINMHA  KOHKYPEHTAMU
apastiorest  Texnosiornn  Bluetooth u
ZigBee. CooTBeTCTBEHHO, TPUMEPHO
CXOXHU 06JacTH WX TPUMEHUMOCTH —
6eCIIPOBOJIHBIC YCTPOHCTBA JIOMAITHETO
1 TIPOMBINIIEHHOTO HAa3HAYCHWSI, BKJIIO-
Yasi CHCTEMBI JINCTAHIIMOHHOTO yTIpaBJie-
HUS, KOMITBIOTEPHON nepudepun M T.J.
OpHako B OTJAWYNE OT TEXHOJOTHH
Bluetooth, ZigBee paspa6orana st
MPHUJIOKEHIH, OJTHUM M3 KJIOYCBBIX Tpe-
60BaHMIl KOTOPBIX SBJSETCS HU3KOE
aHepronorpebacnne. Ilepmognl aKkTuB-
HOCTH YCTPOIICTB, BbINOJHEHHBIX MO
texHosiornn ZigBee, MoryT 6BITH Kpaii-
HE MaJIbl, 4YTO 06ECTIeUYNBACT MTPOAOJIKI-
TEJIBHBIN CPOK CJIyKOBI GaTapeii. Kpome
toro, mukpocxembl Wi-Fi u Bluetooth
CJIMIIIKOM JIOPOTH JJIsi OPTaHU3alnu Ha
X OCHOBE KPYNHBIX ceTeil pasHoo6pas-
HBIX YCTPOUCTB B MaciiTadax Mmpe/pu-
atuii 1 oUMCHBIX 3[JaHuil, a cTaHgapt
802.15.4/ZigBee mnosBoJsier paspaba-
TBIBAThb 6ECIpPOBOAHbBIC WHTEPQEHCH ¢
MIHHMAJTBbHBIMI 3aTpaTaMi, 4To obecrre-
YUBAETCS MPOCTOTOH CXEMOTEXHUK,
MUHUMAJIbHBIM KOJIMYECTBOM BHEIITHIX
MACCUBHbBIX 9JIEMEHTOB, TPOrPAMMHbBIM
o6ecrieueHNeM CTEKa, WCMOJb3YIOMNIM
OTBE/ICHHDBIN eMy 06beM TaMSATH C BBICO-
koii sddexrusnocrbio (cM. Tabn. 1).
Cranzapt MO3BOJISET CO3/aBaTh CETH C
MHOTI'OSTYEIKOBOI  TOIOJIOTHEN, TaKUM
o6pa3oM OO6CJTyKHBasi O4YEeHDb OOJbINOE
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YICJ0 Y3JI0B M yBEJINYNBAs JATbHOCTD
cBA3M 6e3 JOTOJHHUTETbHBIX 3arpaT Ha
YCHJIUTETM MOIITHOCTH.

Texnonorus ZigBee ne npeaHasna-
yeHa I Tepegadn GOJbITIX 00bHEMOB
nHdopMannm, kak  Wi-Fi  nian
Bluetooth. Oanaxo st nepegayu, marn-
puMep, MOKa3aHuil aT4nKoOB, 06BEM KO-
TOPBIX PEIKO MPEBBIMACT [JECATKOB
6aiit, He Tpe6yercss BBICOKMX CKOPOC-
Teil — B aTOM cJiydae 00s13aTEJIbHBI BbI-
COKME TOKa3aresn To sHepromnorpe6re-
HUIO, IleHe W HAJEKHOCTH. DBombrmH-
cTBO ycrpoiictB ZigBee 6yzaer pa6oraTh
MO0 CJEAYIONEMYy aJTOpPUTMYy: YCTPOIi-
CTBO HaXO/WUTCSI B «CIIATIEM» COCTOSTHUH
MPAKTHYECKN BCE BpeMs, obecreunBast
ONTHUMAJBHBIN PEKUM dHEprocHepeke-
uust. Ilpn nmocrymrennn HoBOI WHQOD-
Marn Jin6o BO BpeMsi 04epPEIHOTO CeaH-
ca CBSI3W YCTPOICTBO aKTHBU3HWPYETCH,
6BICTPO TIepeJlacT JaHHbIe U CHOBA Iepe-
XOJWUT B PEKUM MOHIKEHHOTO 3HEPTO-
norpebsieans. TumoBble BpeMeHHbBIE 3a-
JIEPXKKN TIpu 3TOM cocTaBasgior 30 Mc
JUTS TIOJIKJTIOUEHIST HOBOTO YCTPOICTBA K
cetnt, 15 Mc 1715 Tepexoza M3 «CHsiie-
ro» B aKTHBHOE cocTosiHme, 15 Mc 17
Joctyna K Kanamy. Tak yaaercss mpoj-
JINTH CPOK CIy:K6bI 6arapeii 1o 10 Jer n
60Jiee B 3aBUCHMOCTH OT THIIA MTPHJIOKE-
HUS W JJIMTEJBHOCTH PaGOYero IMnKJa,
IpUYeM TOK TPH Tiepejiade MOXKET COoC-
TaBJATh nopsaaka 15...30 MA, a B «crsi-
nieM» pexxume — MeHee 2 MKA. B pe-
3yJbTare, 3aACp:KKM IO OTKJINKY Hac-
TOJBKO MaJbl, 4YTO YeJOBEK, BOWISI B

KOMHATy W MIEJKHYB IEPEKII0YaTeseM
GecripoBoiHoil cBsi3u ZigBee, maxe me
3aMETHUT, YTO CBET MOSBUJICS TIOYTH
MTHOBEHHO, B TO BpeMs KakK 3a/JepPKKH
P TIOJKTIOYCHUH YCTPOWCTB K CETH
Bluetooth cocrassiior nopsiaka 3 c.

Cranmapr IEEE 802.15.4 mnsa 6ec-
MPOBOJHBIX HU3KOCKOPOCTHBIX MEPCO-
nanbubix cereit (WPAN) onpenenser
Jusnvecknit yposerb PHY n yposenn
noctyna kK cpege MAC [2]. Yposenb
PHY o6ecrieunBaer poctymn K ¢usmndec-
KOIl cpe/ie pacrpoCTpaHEHUs PaJNOCHUT-
HaJTa: 3a7aeT TUI MOIYJSINN, CKOPOCTh
1 Ipyrue mapaMeTpbl CUTHAJIA, Hemocpe-
JICTBEHHO OCYTIECTBJISICT TIPUEM W TIepe-
naay. Yposeub MAC ocymiecTBsieT 10-
6aByicHIIE U BBIBOJ M3 CETH YCTPOICTB,
KOHTPOJINPYET JIOCTaBKY IaKeTOB JaH-
HBIX, O0O6ecleynBaeT aBTOMaTHYCCKOE
noaTBepaKAeHue npueMa (KBUTHPOBA-
HUSI) JIaHHBIX, Peajn3yer MeXaHu3Mbl
JOCTyIa K KaHajly Tepeiadu, MOALep-
xuBaer 128-6utHoe AES-mmdposanne
n apyrue ¢yukmun.  Crermudnkanms
creka ZigBee onpenessier ceteBoil ypo-
BEHDb, YPOBHH 6€301IaCHOCTH W JOCTyIa
K MPIJIOKEHUIO N MOKET MCIOJIh30BaTh-
Cs COBMECTHO C pelieHnsMH Ha 6ase
crangapra 802.15.4 s obecriedenust
COBMECTHMOCTH YCTPOWCTB. Kioyesbie
¢yurmm PHY-ypoBHSs BKIOUaloT B ce-
651 KOHTPOJIb SHEPTHN M KAYeCcTBA CBS3M
1 aHajm3 KaHajos [4].

octym K cpeie OCyIICCTBISICTCS B
yacrorubix auanasonax ISM (Indust-
rial, Scientific and Medical), ¢usuue-

Tabnuua 1. CpaBHeHMe cTaHJApToB cemericTBa 802.15 n 802.11b

CKUil ypOBEHb HCIIOJB3YET JIBOUYHYIO
dasosyio manunyasaiuio (BPSK) na
gacrorax 868,915 MTIn u kBajgparny-
Hy10 (ha3oByi0 MAHUITYJISIHIO CO CMeIle-
nuem (O-OPSK) na uacrore 2,4 I'Ti.
[lns fgoctyma K KaHaMy WCIOJb3YeTCs
MeXaHU3M MHOKECTBEHHOTO JOCTyIa K
Cpejie ¢ KOHTPOJIEM HECYIIEel 1 PeIoTB-
pamenuem kojuusuii  (CSMA-CA).
Jlammprit Mexann3M, OCHOBAHHBIN Ha OII-
pelleIeHn COCTOSIHIST KaHasla CBSI3H I1e-
pel HayajioM [epefavyl, IO3BOJISIET
CYIIECTBEHHO COKparuth (HO He yCT-
PaHUTb) CTOJIKHOBEHNS, BbI3BAHHbIE I1€-
penaveil JJaHHBIX OJHOBPEMEHHO He-
ckosibkME  ycrpoiictBamu.  Cranjgapr
802.15.4 ocHOBbBIBaeTcs Ha MOJIyIyILIC-
KCHOW nepegade ganubix (ycTpoiicTBo
MozKeT JinGo TnepegaBaTh, JUOO MPHHU-
Marb JaHHbIE), Y4TO II03BOJISET HCIOJIb-
30Bath MeTo); CSMA-CA TONBKO jJ1st
[PeJOTBPAIEHUsT KOJUTM3Wil, a He st
X 06HAPY>KEHUS.

JlasibHOCTD PacpOCTPaHeHUsT CUTHA-
J1a 06bruno cocrasiser 30 ...50 M, oxHa-
KO IPU HCIOJb30BAHUN BHEIIHUX YCH-
JiuTesiell  MONIHOCTH, MaJIONIyMSIIIIX
yCuauTeJ el U COrJIACOBAHHON aHTeHHbI
JanbHOCTh MoKeT jocturatb 100 M Ges
CYIIECTBEHHBIX MOTEPH B CKOPOCTH.
[TponyckHasi crocoGHOCTb  HAMPSMYIO
3aBUCHT OT BBIOPAHHOI 4yacTtoThl. Mak-
CHUMaJIbHAsl CKOPOCTDb Mepeadn, paBHast
250 Ké6ur/c, pocruraercss B juarnasoHe
2,4 TTi (16 xananos ¢ marom 5 MTyp).
Jlna uacror 868 MI (1 kanan) u
902 — 928 MTI'iy (10 kanaioB ¢ marom

802.15.3
802.15.4 802.15.1 . 802.15.3a* 802.11b
CraHnpapt N ™ High Rate WPAN, .
ZigBee Bluetooth WiMedia uwB Wi-Fi
n MoHUTOPWHS, yrnpasneHne, ceTn 4aT4nKoB, lonoc, faHHble, MNMoTokoBoe MynbTUMEANa, 3aMeHa JaHHble,
pUNoXeHns 3 €
LOMAaLLHSAS/NPOMBbILLNIEHHAst aBTOMATMKa 3ameHa kabenen kabenei ayamo/BnoeocucTemMm Buaeo, JIBC
LleHa, aHepro- LleHa, aHepro-
LleHa, aHeprocbepexeHue, cbepexeHue, cbepexeHue, BLICOKAs CKOPOCTb CKOpPOGT
MpeumywiecTea pa3mMepsbl ceTn, MeHee pasmepbi ceTu, nepepaya ronoca, SHEProCBEPEXeHNe FABKOGTE
3arpy>xeHHble AnanasoHbl rno6anbHbli nepeckokun
OmnanasoH 4acToThl
Yacrora, My 0,868 0,915 2,4 3,1-10,6 2,4
22 M6uT/c 1(11 8 l\ﬂ"fgg/g
Makc. ckopocTb 20 KéuTt/c 40 Kéut/c 250 Kéut/c 1 Méut/c (oon. 11, 33, ’ 11 MéuT/c
44, 55 MowT/c) M6uT/C (4 M) (mon.
’ 480 M6éuT/c)
0 (knacc 3)
iow ), amm oo 0 4 (kpacc ) o |I3a(omemre) | 20
o 20 (knacc 1)
B 10 (knacc 3) B 10 (110 M6uT/c)
JAanbHOCTb, M 10-100 100 (knacc 1) 5-50 4 (200 M6WT/C) 100
YyBCTBUTENBHOCTb
(cneundukaums, obm) -92 -85 -70 -75 B -76
Paamep cTteka, K6aiT 4-32 > 250 - >1000
CpokK cnyx0bl
GaTapeu, aHeii 100 - 1000+ 1-7 TeopeTuyeckn 6onee 1000 0,5-5
- 64 -
Pa3mep cetn 65536 (16 6MTHb'Z;§g§:$)’ 2% (64-GuTHbie mactep +7 0o 127 Ha xoct 32

* CranJapT HaXOJAUTCS HA CTAAUK TPOPAGOTKH.
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Awana3ox

MNeorpagwua NCNONL3DBAHKWA

CropocTe #Kawanoe Mogynauwa

868 Mruy ISM Espona 20 Kbur/c 1 BPSK
815 My I1SM Amepuka 40 Kéut/c 10 BPSK
Kawnan 0 - 2 Mry
868 Mry /
915 My l
PHY
868.3 M g0z Mry Kanansl 1-10 goa 1y
Kawan 11-26 —1 = 5 MMy

2.4y
~ AAAAAAAAAAANAAANA

240y

2.48351Ty

Puc. 2. KpaTtkasa xapakrtepuctuka craHgaprta 802.15.4

2 MT1) cKOpoCTH IIepefaul paBHbl CO-
orsercrerHo 20 Kour/c u 40 K6ur/c

(cM. puc. 2).
Oskmpaercs, 4TO JbBHHYIO J0JIO
pbIHKa  GECIPOBOJHBIX  YCTPOICTB

ZigBee/802.15.4 Oyayt yIep:KuUBATh
penienust auanazona 2,4 I'Tiu. Ito cBs-
3aHO, TIPEXKE BCETO, C TeM, 4TO B EBpo-
ne B amamaszoHe 868,3 MIm moctynen
JIMITh  OJMH  KaHal, a Juala3oH
915 MIn paspemen Tosbko B CIIA,
Kanane, Kopee m Ascrpasuu. B pe-
3yJibTare CyOrurarepiioBbie [Hara30Hbl
SIBJIATIOTCST  TOTEHITHATIBHO HEMPUBJIEKA-
teapubiMu st OEM-nipousBoureseii,
B TO BpeMsi Kak jauanazon 2,4 [Ty pas-
pereH st MCTHOJb30BAHNS MPAKTHIeC-
KHI BO BCEM MUPE, YTO SIBJSIETCS OHIM
13 BOKHEHIINX KPUTEPUEB TP ONpeje-
JICHUU XAPaKTePUCTUK Oyaylux yCT-
poiictB. OHaKO B JaJIbHENIEM B CHC-
TeMaxX KOMMEPYECKOrO Ha3HAYEeHUs] BO3-
MOKHO TOSIBJICHHE IILJII030B, CBI3bIBAIO-
mux ZigBee-ycTpoiicTBa B pasJMuHbIX
YaCTOTHBIX  JAHMana3oHaX CTaHgapTa
802.15.4. Ilo pmanHbBIM areHTcrsBa
InStat/MDR, B TeueHue 1IaTU JIET, Ha-
ynnadg ¢ 2004 r., B cooTHOIIEHUU OObeE-
MOB TIOTpe6JIeHUsT CyOTUTAarepioBbiX U
2,4 TITn TpaHcuBepoB cranjapra
802.15.4 we mpomsoiier KaKuX-1n60
3HaunTeabHbIX m3MeHenuii [3]. O6beM
poiika 2,4 I'Ti mukpocxem Gyzer coc-
TaBiasATh 65...75% oT 00Lero pbIHKA
yerpoiicts ZigBee,/802.15.4.

OfHUM 13 HEMHOTUX HEJIOCTAaTKOB
munanazona 2,4 I'Tn MOKHO cumTarh He-
KOTOPYIO HACBIIIEHHOCTh €ro  CIEKTPa
a0OHEHTAMN Pa3JIMYHOTO TPOUCXOKIEe-
s (MEKPOBOJIHOBBIE 1euH, GECIPOBO/-
Hble TesedoHbl Ha vactotax 2,4 IT,
ycrpoiictBa Bluetooth u 802.1ib). TIpe-
UMYIIECTBO CyOrurarepiioBbiX JHanas3o-
HOB 3aKJII0YAeTCS B MEHBIIE HACBIIEH-
HOCTH M HECKOJIbKO yBEJNYEHHON JaJib-

Ten.: (095) 741-7701

www.elcp.ru

HOCTH TIepe[adn TPH MPOYNX PaBHBIX
YCJIOBUSIX 110 CPABHEHUIO C JHANA30HOM
2,4 I'Tw.

Pacnpocrpanennbiii B EBpone gua-
na3on 868,3 MI1 Bckope MOKeT TOJy-
YHUTD ONOJHUTEIBHBIN CTUMYJI B PA3BH-
THU, YTO, BEPOSITHO, OTPA3HUTCS HA MHTE-
pece Kk Hemy co ctoponbl OEM-nipons-
Boautesieit. EBpomeiickuii  MHCTUTYT
CTAH/APTOB 10 TEJEKOMMYHUKAIUSIM
(ETSI) naxoaurcst B mporecce momyde-
HUsI pa3perieHnst Ha MCIOJIb30BaHUE 10~
[IOJIHUTEJIbHDBIX KaHAIOB B JaHHOM /Ha-
Ma3oHe, OJHAKO IMPOIECC MOKET 3aTs-
HyTbCS Ha Tozbl [3].

PA3IBUTAAd T'PAHUIIbI

ZigBee/802.15.4 gaBasiercss euH-
CTBEHHOW CTaHJapTU3MPOBAHHON Oec-
MPOBO/IHON TEXHOJIOTHEH, W3HAYaJIbHO
HaIleJICHHON Ha CJeyIoniue TIPUJIoKe-
HUST MOHUTOPUHTA U KOHTPOJISI, pacipe-
JIeJIEHHbIE CETU JIaTYNKOB, HA PA3BEPTHI-
Banue GeclpoBOAHBIX WHGHOPMAIUOH-
HBIX CeTeil I HEeAOPOTHX MaonoTpes-
JITIONUX CUCTEM, HMCIOJIb3yEeMbIX B KOM-
MepUeCcKOl, TPOMbBIILIEHHON W J0OMalll-
Hell aBTOMaTHKe:

— CHCTEMbI YTPABJIEHUS OCBEIIECHNU-
eM (IIpOMbBIIIEHHbIC, MYHUIUTANbHBIE
U JIOMAIIHNe);

— IIPOMBINIJIEHHAST W JIOMAIIHSIST aB-
ToMaTnka wu ymnpasieHue (oromeHue,
BEHTUJISATIUS W KOHJAUITMOHUPOBAHUE
(OBK), BcmomorarenabHbIe yCTPOHCTBa
n 060pyI0BaHNne);

— MOTPEOUTETbCKAST  AJTEKTPOHUKA
(MysibTHME M,/ PA3BAEKATEIbHBIE  CHC-
TEMbl, HOPTATHUBHAS 3JEKTPOHUKA), Obl-
ToBasg TexHuka (CTUpPaIbHBIC MAIIMHBI,

Ko(eBapKy, KOHJAMIIMOHEPDHI, BO3MYII-
Hble (PUABTPBI U T.11.);

— nepudepuiinoe  o6opyoBaHuE
I[IK: wMbimb, KjaaBuatypa, HUIrPOBBIE

MPUCTABKU, JXKOUCTUKY;

— CHCTEMbI CHTHaJIM3auu 1 6e30-
MacHOCTH, AaBapUIHOTO OTIOBEIICHMWS,
CHCTEMBbI KOHTPOJS JOCTyTa, GecKOoH-
TaKTHBIC KJIOYH, JATYMKN JbIMa, Ta3a,
JBIDKCHUS, TIJIAaMEHHU, TEMIIeparyphbl,
JABJICHUS W T.[.;

— ycTpoiicTBa MeAUIMHCKOR Jauar-
HOCTHKH TAI[IeHTa, MOHUTOPHHT COCTO-
SHUS CIHOPTCMECHOB, OMOJATYNKH U Me-
JIUITMTHCKOEe 060py/I0BaHNE;

— yJaJieHHbIe YIpPaBJeHUE U KOHT-
pOJIb  TEXHOJIOTHYECKUX IPOIIECCOB,
yIpaBJeHne JABIKYIUMUCS —armapa-
TaMM, CTAHKaMH, IPOMBINIIEHHBIM 060-
pPyJOBaHNEM, XOJOIMJIBHBIMI yCTaHOB-
KaMM, YCTPOHCTBAMHU JMCTAHIIMOHHOTO
c6opa JaHHBIX, TEJCMETPHS;

— MOHHUTOPUHT HPOMBIILJIEHHBIX U1
MOPTOBBIX aKTHBOB, JIOTUCTUKA;

— MOHHUTOPUHT CHCTEM BOJO-, T'a30-
1 TEMJIOCHAGKEHNs, CHCTEMbI YIpaBJIe-
HOS U WHCTPYMEHTATBHOTO KOHTPOJIS
3JIEKTPOIHEPTHU, CHUCTEMBI S KHJIUIIHO-
koMMyHasbHoro xossiicrsa (GKKX);

— 6ecIpoBO/IHBIE yCTpOoiicTBA 06MeHa
nHdopMarmei, paanoMOJEeMbl, PpaaNo-
nepejada ayarnocurHaia n ¢poronsobpa-
JKEHWIT;

— aBTOMOOGUJIbHAS 3JIEKTPOHWKA
(cucTeMbl KOHTPOJISE JABJICHUS B IIMHAX,
MPOTHBOYTOHHBIEC CHCTEMBI, CHCTEMBI
naeHTH(GUKALMT U JUATHOCTHKN) U T.J1.

OIHUM W3 OCHOBHBIX TIPEUMYIIECTB
cranjapra ZigBee/802.15.4 spnisiercs
MPOCTOTA YCTAHOBKU W OOCJY>KHBAHUS
NoMO6HBIX  ycTpoiicTB. Ocob6eHHOCTH
cnenncuramym  ZigBee 103BOIAIOT €
JIETKOCTBIO pPa3BePTHIBATh OGECIPOBOJ-
HbIE TIePCOHABbHBIC CeTH: «BbI BeIHIMA-
eTe yCTPOHCTBO M3 KOPOOKH, BCTABJISCTE
B Hero GaTapen W Ha)KMMaeTe COOTBET-
CTBYIOIYIO KJIABHNIY. 3aTeM MOIHOCHTE
JIBa yCTPOIiCTBA APYT K JAPYTy M yIep-
JKUBaeTe HAKATBIMH KHOIKH [0 TeX
1op, TIOKa He 3aropsiTcsi 3eJeHbIe CBETO-
Ioabl». TakmM 06pasoM OCYIIECTBJIS-
ercs o6beANHEHNe [BYX YCTPOHCTB B
ceTb 6O TIPUBSI3KA, HANPUMEpP, BbIK-
JIoyaTesisi CBeTa K ONpPe/IeJeHHON JlaM-
ne. Peanmmsanus paHHOTO TPUHIUTIA
npejnosaraer BHejgpenue ZigBee-Moay-
Jieil BO Bce HOBBIEC MPHOOPHI U CHCTEMBI
JUIST lomMa 1 oduca.

Ha wmavaspHOM aTame BHeJpEHIE
6CCIIPOBOJHBIX CHCTEM, HCIOJIb3YIONINX
crangapr 802.15.4, 6yner mponcxoanThb
Pa3pO3HEHHO BCJIEJCTBHEC WH/MBH/ILYb-
HOTO TOJXO0/a POM3BOANTE/ICH K TOCT-
POEHUIO CTEKOB ceTeBbIX ypoBHeil. Oj-
HaKo 6Jarofapsi MOCTETIEHHOMY Iepexo-
Iy Ha WCMOJb30BaHUE CepuKanmm
creka ZigBee, oCHOBaHHOM Ha OTKPbI-
ToM Tyo0anbHoM crangapre 802.15.4,
BCE CHCTEMBI CMOTYT CBSI3BIBATBCS B
equnyio cerb (em. puc. 3). B panbueii-
eM, 10 Mepe PasBHUTHS CTaHIAPTa,
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BRI IRRE i PARAGON
¥npaenexwe Naruuxn Tenna Ynpasnevue
BHELIHKM
KOHANUHOHUPOBAHHEM CCBELEHNEM
Jdarymxu CO
YnpasneHue
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\
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Puc. 3. Mpumep peanvsauumn KOMMIEKCHOro noaxoAa npu NpoeKTUPoBaHUMN CUCTEM [OMallHell aBToMaTU3auuu Ha 6ase ctaHpapTa

ZigBee/802.15.4

KOMITAHUU-TIPOU3BOANTENN  OECIIPOBO/I-
HOTO 000pyt0BaHust GYyT O0beANHSATh-
¢ Juist pa3paGoTKM W TIPOU3BOJICTBA
KOMIIJIEKCHBIX pelleHuii, Hanpumep st
oTeJieil, Ky/1a BOUJYT CUCTEMbl OXPaHbl,
6esonacuoct, OBK, ocBemennst, yi-
paBiieHusT dHepronorpebjeHneM u T.[.
B pesyJsbrare MosiBUTCS BO3MOKHOCTD
CO3/IaHUsST  €JMHON CETH COBMECTHMBIX
YCTPOHCTB OT Pa3HOOOPA3HBIX TPOU3BO-
JTesieil 32 cYeT MCIOJIb30BaHUST TJIO-
6asmpHoro crangapra 802.15.4 u TexHO-
gorun ZigBee.

[TepcriekTnBHOIN 06JACTHIO TIPUMEHE-
HUST CTaH/apTa SBJSIOTCs GecrpoBO/i-
HbIE CHCTEMbl CUMTHIBAHUS [OKA3AHUI
pasaMYHbIX cueTynkoB. Jlanmbiii cer-
MEHT PbIHKA Kpaiine OOIMpeH, OH 3ar-
paruBaeT KOMMyHaJIbHYIO cdepy, KOTO-
past SIBJSIETCS] OJIHONW M3 CaMbIX MHOTO-
YHUCJEHHDBIX 110 KOJUYECTBY TOTEHIHAJIb-
HBIX ToTpeburesei. B kaxaoil KBapTu-
pe WM JOMe eCTb CYETYUKU 3JIEKTPO-
snepruu. Bce OGosibiiee pacnpocrpane-
HUE TOJIy4aioT CYETYMKH BOJbl. B pe-
3yJIbTaTe 10C/Je BHEAPEHUST TAKUX CUC-
TEM OTIHAAET HEOOXOAUMOCTD exKeMecsd-
HO CaMOCTOSITEJIbHO CUMTHIBATH MOKa3a-
HUST CYETYHKOB.

Becnposoanas texnonorus ZigBee/
802.15.4 mpeocTaBIseT OTPOMHBIE BO3-
MOKHOCTH JIJIsT TIPOMBIIIIEHHBIX TPUJIO-

JKEHUH U CUCTEM KOHTPOJISI Pa3InIHbBIX
nporeccoB. Hampumep, B cepe nedre-
JI00BIYM U TPAHCIOPTHPOBKU HedTH HC-
HOJIB3YIOTCST ThiCSTYN JatunkoB. Kpaiite
JIOPOTO BECTH CHUTHAJIBHBIA TPOBOJ OT
KQK/JO0Tro U3 HUX OT/esbHo. Kak npaBu-
JIO, BCE [JaTYMKU CBS3aHBI €IWHON
LENbIo, U B pe3yJibTaTe BHENITATHON CH-
Tyaluu OonepaTop IoJydaeT CUTHAI O
HeucnpaBHoctu Beeil 1enu. HeoOxomu-
MO [POBECTH MHOXKECTBO TECTOB JIJIsS
BbISIBJICHUS] HEUCIIPABHOCTH, YTO TMPUBO-
JINT K 3HAYUTEJbHBIM 3aTpaTaM BpeMeH!
u TpocToio cucreMbl. [leHa oTmesbHOrO
jJarynka ¢ KaGejeM MOJKET JOCTUTATh
150 mosut. u Gojiee, B TO BpPeMsT Kak Iie-
Ha HEJ0POroro 6ecipoBOHOTO peleHust
COCTABJISIET BCETO MOPSIAKA S JIOJLI.

ITporuo3 TeHaeHInil pacIpeIeTeH st
yerpoticts ZigBee/802.15.4 mo ocHos-
HbIM pbIHKaM Ha OGukaiiimme 5 Jer
npejcrasien B tabuuie 2 [3].

Ilena Bompoca MpH HCHOJIb30BAHIN
TaKOTO POjla TPHUJIOKEHUI KpaiitHe BbI-
coka. CronMocTb perieHnii, Gazupyio-
muxces Ha crangapre ZigBee/802.15.4,
nmxke croumoctu pemrennit Bluetooth,
1, HAYMHASICh C OTMETKU OKOJIO 3 JIOJLI.
cumskaerca g0 2 posur. (B 1eHy BXoaar
MHUKPOKOHTPOJIIIED, PAJANOTPAHCHBED,
nporpammiblii crex) (em. puc. 4). Ox-
HAKO BCE 3aBUCUT OT IEPEYHsT dJIeMeH-

TOB cXeMbl. Ecsiit oHN pernienns mo3Bo-
JIAIOT WCHOJIb30BaTh YsKe CYIIECTBYIO-
muii B CHCTeMe MHUKPOKOHTPOJLIEP
(MK), B Apyrux HpUIOKEHUSX HE0GXO0-
nuM ponosauteabusiii MK. Hampuwmep,
NCHOJB30BAaHNE TOJTBKO MHUKPOCXEMBI
mpueMonepeaTinka W MPOTPAMMHOTO
ofecrieveHnsi CTeKa MOXKeT J06aBUTh K
CTOMMOCTH KOHEYHOTO W3NS CyMMY
nopsaaka 2 — 4 oJT., B TO BpeMs Kak
CTOMMOCTb KOHEYHOTO W3/CINS MOKET
BO3pacTn Ha 5 — 6 JOJT., ecam moTpe-
6yeTca TpuMenenme GoJiee JOPOTOTO
MK, nim ncnosb30BaHue JOMOTHATED-
noro MK s peanmsarnmu creka.

Eciu vacthblil os1b30BaTe/b 9KOHO-
MHUT HECKOJIBKO JOJJIapOB, WCIOJb3YS
6eCITPOBOHBIC TEXHOJOTHH, TO B TPO-
MBINIJIEHHBIX  MacIITabaX 3SKOHOMSITCS
MusMap/Abl. I'naBublil kKputepuii BHeA-
peHNS HOBBIX TEXHOJIOTHH Ha KPYITHBIX
IPEINPUATHAX — KOHEYHAs IeHa OJ[HO-
ro ycrpoiicra. B takux macmrabax jga-
e JICCATBIC JTOJN TIEHTAa UTPAIOT OTPOM-
myto poJb [8]. Tem He MeHee, OCHOBHBIM
CIIOCOO0M CHUKEHUST CTOMMOCTH KOHEY-
Horo pernienns ZigBee aBAAIOTCA HAMH-
yite GOJIBIIIOTO YNCJIA TTIOTEHIHAIBHBIX U
CYIIECTBYIOINX PBIHKOB M YBEIWYCHUE
00BEMOB TIOCTABOK 3JEKTPOHHBIX KOM-
MOHEHTOB OT Mpou3BoanTeeit. O6mmens-
BECTHO, YTO PBIHOK OBITOBBIX YCTPOHCTB

«9NEeKTPOHHbIe KOMNOHEeHTbl» N212' 2004
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CTOMMOCTE paweHua,

2004 2005

2006 2007 2008

. CpapxadH=i Nporeoa

[ ontumucraueckui nporuoa

Puc. 4. MPOrHoO3 CHMKEHUsI CTOMMOCTYU pelueHus ZigBee/802.15.4 (MK, 802.15.4 RF n

ctek ZigBee)
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. CaepxaHHeil NporHos

Puc. 5. MporHo3 o6beMoB NMPOU3BOACTBA SMEKTPOHHBIX YCTPOMCTB Ha OCHOBE

ZigBee/802.15.4

Tabnuua 2. MporHo3s konebaHus noTpebHocTel pbIHKOB B TexHonorumu ZigBee (B %)

PbIHOK Fopa 2004 2005 2006 2007 2008
JloMmaluHaa aBToMmaTuKa 39,0 35,5 34,0 34,0 35,0
ABTOM?TM33I.|VIS| KOMMep4eCKux 41,0 39,5 38,0 37.0 39,0
3paHnin

MpombilueHHaa aBToMmaTu3auus 18,0 22,5 25,0 25,0 21,0
MepauumHckoe o6opyaoBaHue,

noTtpebuTenbckas 3NeKTPOHUKa U 2,0 2,5 3,0 4,0 5,0
T.0.

orpomen. Texnosorusi Bluetooth He
[PETEH/yeT Ha HEro B MEPBYIO O4Yepe/lb
13-3a CBOEH OTHOCHUTEJbHON JOPOrOBH3-
HbI U HEKOTOPbIX TEXHHUYECKUX OCOOEH-
Hocteil. ITo MaTepuaiaM aHAJIMTHYECKO-
ro arerrcrsa InStat/MDR kosmyecTBo
YCTPOICTB, HCIOJB3YIONNX CTaHIAPT
802.15.4, yepe3 mnATh JIET, MO CAMbBIM
C/lEPKaHHBIM  OIIEHKaM, COCTaBHUT IO-
paaka 90 man. (cm. puc. 5) [3], npuuem

Ten.: (095) 741-7701

GOJIBIIMHCTBO M3 HUX OYJET COMpsIraTh-
cs ¢ ceramu ZigBee. Ecim atuMm manam
CYK/IEHO CODBITBCSI, TO MOKHO IpeJcTa-
BUTb cebe MacimTaObl 3TOrO PbIHKA, 1
HOJIMIJLINAP/Ia  CPaBHUTEIBHO JIOPOTO-
crosinux Bluetooth-yerpoiicts k 2006 r.
BBITJISIUT HE TaKol y:K GoJibInol 1d-
poii. Cyna no Bcemy, y ZigBee ouenb
MHOTO IIAHCOB CTaTb CEPbE3HBIM KOHKY-
perroM Bluetooth.

www.elcp.ru

ZIGBEE HA KPUCTAJIJIE

[To mporHo3aM MHOTHX aHAJUTHKOB
pacuBer texHosorun ZigBee npugercs
Ha 2006 r. Ognako TeHgeHINN B cdepe
pa3BUTHS 3TOH TeXHOJIOTHH OyIyT MO-
JOGHBI TeM, 4TO HAOGTIOZANNCh HA PbIH-
ke Bluetooth-usgemuii. Torxga Gypubiit
POCT TEXHOJIOTUHN HAYaJICs TOJHKO TTOCIe
MOSIBJICHUSI OJTHOKPHUCTATbHBIX —pellie-
HUH, OObEAMHUBIINX B ce6e (QyHKIHT
pajsmonepejaTyNKa M MPOTOKOJIA CTEKA.
Buenpenune ZigBee mnpumer MaccoBbIii
XapaxTep JHUIIb TOCJIe TOro, Kak N3roTo-
BUTEJN OYIYyT CIIOCOOHBI TIPEJIOKUTH
MPOAYKTHI HA OCHOBE €INHON MUKpOCXe-
MBI, YTO IO3BOJIUT CHU3UTH CTOMMOCTH
ZigBee-y3/0B U pagKaJbHO W3MEHUTDH
KOHIICTIIIITN TTPOCKTHPOBAHNS 3aKOHYEH-
HbBIX peIIeHui.

UeM mpuBIEKATEbHO PpEIICHUE HA
OCHOBE OJHOI MuKpocxembl? B 6oJib-
mmHCcTBe ycrpoiictB MK He obsamaror
JocraTouHbiMu - pecypcamu  (mamsTh,
MPON3BOANTEIBHOCTD, KOJMYECTBO BBI-
BOZOB M T.A.) U BBIIOJHEHHUS CBOMX
OCHOBHDBIX 33/1a4 u peanusainun ZigBee-
nntepdeiica. /Ipyras npuunna — Ham-
Yie OTPOMHOTO YHMCJa PasHOOOPA3HBIX
MK. Tlocrasmuk ZigBee-pemenuii re B
COCTOSTHUU  CO3/[[aTh WH/WBHU/LY aTbHbIH
MPOTPAMMHBIN  CTEK [T KaXKIOTO U3
nnx. CiegoBaTesqbHO, TIPU HATWYUH 3a-
KoHdennoro wmouyJisi ZigBee/802.15.4
OEM-nponsBoauTeisiMm He HPUIETCS
pa3pabaTbIBaTh 3aHOBO WJN BHOCHUTH
CYIIECTBEHHDbIC M3MEHEHUS B CBOM CHC-
TEeMbl M pemarb TPO6JIeMbI COBMECTH-
MOCTH.

HecMmoTps Ha TO 4TO MHOTHE TTPON3-
BOJINTEJIN TOTOBLIX PEIICHUH MPe/Ioy-
TYT WCHOJb30BaTh /IS peaan3anun
ZigBee-untepdeiica y)ke OCBOCHHBIC
nvMn MK, peanmsanms Bcero creka
ZigBee B BUJE 0JIHOIT MUKPOCXEMbBI BU-
quTcst 6osiee MePCIEeKTHBHBIM PEIIeHIEM
st 6osbiuicTBa OEM-tiponsBonte-
Jiell 0 TPUYUHE TPOCTOTHI MHTETPHPO-
BaHNS B CHCTEMy, 4YTO B pe3yJbTare
NpHUBEJACT K CHIDKCHUIO CTOUMOCTH W
COKPAIIIEHNIO BPEMEHW BbIXO/a HA PbI-
HOK HOBOW MPOIYKIINN.

Pewenne B Bujie oT/1e/bHON MHKPO-
CXeMBbI MOXKeT ObITb JBYX THIIOB: B OJI-
HoM  kopnyce (KpUCTaMIbl  Pajuo-
tpancuBepa n MK momemniensl B oanH
KOPIIyC W CBSI3aHBI JHOO BHYTPECHHUMMU
MPOBOJHUKAMH, JHOO Yepe3 BHEIIHUE
BbIBObI MUKPOCXEMbI) MJIN Peajn3allis
paamokanasa crangapra 802.15.4 u
MK-creka ZigBee na ofHoM KpucTajiie.

CyIiecTByIOT [Be TJIAaBHBIC JBHKY-
e CUJIBI, TPOTHUBOIOJOKHDBIC O HAI-
pasiennio. OHa HampaBJeHa B CTOPO-
HYy MHHUMHU3alUK croumoctu ZigBee-
nHTepdeiica, Apyras — B CTOPOHY Mak-
CHMAJbHOTO YIPOIICHNS BHEIPCHUS




AJIEMEHTHAS BA3A: KOMNOHEHTblI 6ecrpPoBOAHbIX CUCTEM
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Puc. 6. NepcnekTUBbI MHTEFPUPOBAHHOIO peLleHUs NpU co3aaHun GecnpoBoHOro

nHTepdelica ctaHgapTa 802.15.4

ZigBee, uTO Kpaiifie MOJOXUTEIBHO OT-
pasuTCsT HAa CPOKAX BBIMYCKA IIPOLYK-
. MuHUMadbHAsT CTOUMOCTH OyaeT
obecreyeHa 3a CYeT UCHOJIb30BAHUS
TOJIBKO MHUKPOCXEMbI pajuoMojeMa 0e3
ponosnurenpaoro MK. Mcnosb3oBanne
I/IHTerI/IpOBaHHOI'O B MI/IKpOCXeMy
ZigBee-mogyns MK ama BBITOJHEHNS
CHCTEMHDBIX 33/ad TaKKe HaBEePHSIKA
COKPATUT CTOMMOCTb KOHEYHOTO Wu3JIe-
JIUST, OJHAKO 3TO TPUBEAET K MEHbIIel
ru6KOCTH  perienusi, OCOOEHHO €eCJn

npeabynmii MK oGiagan B cucreme
crenmanIbHoil mepudepneil n nuTepdeii-
camu. OueBUAHO, YTO MOCTABIIUKAM
9JIEKTPOHHBIX ~ KOMIIOHEHTOB  Oyjer
Kpaiile CJI0XKHO TIPEAJIaratb OAHOKOP-
nycHble ZigBee-perrenns, onTHMU3NPO-
BaHHbIE 110/l KOHKPETHYIO 33ja4dy. ITO
BO3MOKHO TOJIbKO HPU 3HAYUTETHHBIX
oObeMax MOTPeOIEHNSI.

Cpoxn mepexosia K OHOKOPITYCHBIM
U OJIHOKPHCTAIBHBIM PEIeHUsIM Halpsi-
MyIO 3aBHCAT OT TOTO, KaK CKOpPO Ha

PBIHKE TOSBSATCS PEIICHUS Ha OCHOBE
ZigBee, nackoibko 6ymyT rorossi OEM-
MPOM3BOANTEIN U KaKOBO Oy/eT WX Ke-
JIaHWE WCIIOJIH30BATh MHTETPHPOBAHHDIN
MK nns peammsanmm creka ZigBee n oc-
HOBHBIX (pyHKIHUI B cucteMe. Ha cpokn
TaKKe BJIUSCT TO, KaK OBICTPO MPOM3BO-
JITETN MUKPOCXEM OyAyT TOTOBBI MPE-
JIOKUTDh MHTETPUPOBAHHDBIC PpEIICHUS.
[lepcrekTHBBI MX BHEAPEHUS JJIS PEasH-
3anu creka ZigBee wmim co6cTBEHHOTO
CETEBOTO TPOTOKOJIA B CPAaBHEHUU C pe-
IIEHNEeM Ha OCHOBe otaeabHoro MK
TpejcTaB/ieHbl Ha pucynke 6 [3].
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