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NMPUMEHEHWE CETEA CTAHOAPTA WIRELESSHART
B CUCTEMAX ABTOMATU3UPOBAHHOI'O SHEPTOMEHEIXXKEMEHTA

B.B. A60dynnuH

WIRELESSHART NETWORKS APPLICATION
TO THE AUTOMATED ENERGY MANAGEMENT SYSTEMS

V.V. Abdullin

PaccmaTpuBaeTcsi TexHuuecKasi BO3MOKHOCTh MPHMeHeHHsI KOMMYHHKAIIMOHHOTO CTaH-
napta WirelessHART nuist opranm3zauumn 6ecripoBOIHON CBSI3M B pacrpeejeHHBIX CeTAX aB-
TOMATH3HPOBAHHBIX CHCTEM YHEPreTHYECKOro MeHeKMeHTa 31anmii. Ha ocHoBe aHasm3a pe-
3yJIbTATOB IKCIEPHMEHTOB C/eJIaHbl OCHOBHBbIE BBHIBOALI H C(hopMy/IMpoBaH psig orpaHuYe-
HuUii B npuMeHeHud ctanaapta WirelessHART B ykazaHHBIX cucTeMax.

Kniouesvie cnosa: snepeemuueckuti MeHeddcMenm, 6ecnposoonds ces13b, 6eCnpogoOHble CeH-
copnvie cemu, WirelessHART, asmomamuzayus 30anuil.

A technical capability of WirelessHART communication standard application is consi-
dered, in order to organize digital wireless communication to the distributed networks of au-
tomated energy management systems of buildings. The final conclusions were made on the ba-
sis of experiments results, along with definition of restrictions of using WirelessHART in such

systems.

Keywords: energy management, wireless communication, wireless sensor networks, Wireles-

SHART, building automation.

Bomnpockl sHeprernueckoil 6e30macHOCTH U 3(-
(hDeKTUBHOCTH aKTyaJIbHBl B COBPEMEHHOM 0OIIIeCcTBE
U TIOTOMY TIPUBJIEKAIOT BHUMAaHWE CIECIUAINCTOB BO
MHOI'MX cTpaHax mupa. B wactHocTu, npunstue de-
nepansHOTo 3akoHa oT 23.11.2009 Ne 261-@3 «O06
9HEProcOepe EHNH U O IOBBIIIEHUH 3SHEpreTHie-
CKOM 3(P(PCKTUBHOCTH ¥ O BHCCCHHHM HW3MCHCHHUU B
OTJIeIbHBIE 3aKOHOJATeJIbHbIE aKThl Poccuiickoi
Denepanui» 03HAMEHOBAJIO HOBBIH 3TaIl TOCYAapCT-
BeHHOU moyutuku Poccum B o0nactu 3HEeprocoepe-
JKEeHMs. 3a MPHUHSATHEM 3aKOHa IIOCIIEIOBAN BBIITYCK
0O0JIBIIIOr0 KOJMYECTBA HOPMATHBHO-NIPABOBBIX aK-
TOB, PETUCTPAIMA CAMOPETYIHPYEMBIX OpraHU3annui
B oOnactu »Heproaynuta. B 2010 r. Oputa mpuHsATa
'ocymapcTBeHHast Tporpamma 3SHEpProcOepexeHus.
HTorom crama KOHCONUAALUS YKa3aHHBIX MEp B
paMKax eAMHOTO TEPMHHA «3HEPrOMEHEIKMEHT).
OnHUM W3 MOCIETHUX COOBITHH MHPOBOTO 3HAYCHUS
crano nosieneHue B 2011 r. MeXAyHapOJHOTO CTaH-
ngapta ISO 50001:2011 «Cuctema sHEpreTH4ECKOro
MEHe/DKMEHTa — TpeOoBaHUs C PYyKOBOACTBOM II0
9KCIUTyaTallii», COJEPXKAIIero MpPEeANucaHus K op-
TaHM3aLUSIM M NPEANPHUATHAM, LEJIbI0 KOTOPBIX SIB-
JsieTcs TIOBBILICHUE YHEpreTHdeckoi 3¢ddexkTuBHO-
cru [1].

Abaynnua Buisaan BuabaanoBud — acriupanT Kadeaps
aBTOMATUKU U yrpasieHus, FOxHo-Ypanbckuil rocyaapcer-
BEHHBII yHUBepcuTeT; vildan@ait.susu.ac.ru

HecMoTpst Ha TO YTO MOHSTHE «IHEPTETHUECKUI
MEHEIDKMEHT» TOAPa3yMEeBaeT MNPEKAE BCErO KOM-
IJICKC YNPaBJICHYSCKUX PEIICHUH ¥ OpraHu3aldoH-
HBIX MEPOIPHATHH, HYy>)KHO IIOHUMATbh, YTO 3HEProMe-
HE/DKMEHT CBfi3aH C MHHOBALIMAMH M IIPEAIIONAraet
TEeXHUYECKYI0 MOJepHHu3aluoo. B gactHocTH, TpeOy-
€TCA MNPOBEACHUEC BHYTPCHHETO IPOU3BOJACTBCHHOI'O
yueTa TakuM 00pa3oM, YTOObI SHEPro3arpaTbl TPyIl-
MMAPOBAJIUCH MO MECTaM UX BO3HHUKHOBCHUS, 110 BHYT-
PEHHHMM MOTPEOUTEISIM, & TAKXKE 10 BUIAM padoT U 10
HocHuTensiM 3arpar. Crepyronuid mar — BHEApPEHHE
ABTOMATH3MPOBAHHOM  CHUCTEMBI  JIUCIIETYEPCKOTO
yIpaBiieHUs, 00ECIECYNBAIOLICH OIEepaTHBHBIA KOH-
TPOJIb ¥ PETyJIMPOBAaHKE, IPH TTOMOLIH KOTOPBIX J10C-
THraeTcss TpedyeMblil yPOBEHb SHEPreTHYECKON 6e30-
nacHocTH U dpdexruBHocty [1].

OpmHOM W3 OCHOBHBIX TNPOOJIEM B IMOCTPOCHHUU
CHCTEMBI aBTOMAaTH3HPOBAHHOI'O SHEPTOMEHEDKMEHTA
SIBJSIETCSI  OTCYTCTBHE KOMMYHHMKAI[MOHHOW WH(]pa-
CTPYKTYPBbI, TIO3BOJISIFOLIEH B PEXKHME PEalbHOrO Bpe-
MEHH OCYILIECTBIATh TEJIEMETPHIO U TeJeyIpaBIeHHE
pacripeiefieHHBIMH ~ cucTeMamMu. Takum  oOpaszom,
BR)XHBIM BOIIPOCOM SIBJISIETCS TTOWCK OECHPOBOJIHOM
cpensl Iepeiadd JaHHbBIX, oONiajarouieil BBICOKOW
HaJIeKHOCTBIO TIPH HU3KOW CTOMMOCTH 000pYIOBaHHs
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MpumeHeHue cemeli cmandapma WirelessHART

8 cucmemax aemomMamu3upoeaHHO20 3HepaomeHed)KemeHma

[2]. Cnenyer 3aMeTuTh, AAaHHBI BONPOC aKTyaJeH
NIPU TIPOBEJICHUH DHEPreTHUECKOT0 MEHEKMEHTa He
TOJILKO MPOMBIIUICHHBIX TPEIIPUITHH, HO U yUpexk-
JICHUH pa3IuuHOro MpoQuIIs.

Hamu Ob1710 IpOBE/IEHO 3KCIEPHUMEHTAIBHOE HC-
cienoBaHue paboTel 0OopynoBaHMs cTanmapra Wire-
lessHART mnst ompeneneHust TPUHIMITHAIEHOW BO3-
MOXHOCTH TIOCTPOCHHUSI CHCTEM aBTOMATH3HPOBAHHO-
TO HEPrOMEHE/KMEHTA JKUIbIX M aJMUHHCTPATHB-
HBIX 3/1aHMH. DTO CBSA3aHO C PACIPOCTPAHEHHBIM IO-
HUMaHHEM SHEPTeTHYECKOT0 MEHEIKMEHTa B OTHO-
LICHUH MPOMBIIUICHHBIX NPEANPUSITAN U, KaK CIEJCT-
BHUE, HEJIOCTATOUYHBIM BHUMAHUEM K SHEPreTHYECKOMY
MEHEDKMEHTY B YUPEKICHHUSIX M JKUIUIIHBIX YIIpaB-
JSFOIMX KOMIAHMSX. VccrenoBaHus IPOBOIMIINCEH C
UCIIOJIb30BAHUEM IOJYHATYPHBIX YCTPOMCTB, COCTOSI-
IIMX U3 CEPUHHO BBITYCKAaeMbIX MOJYJICH CBSI3HM CTaH-
nmapra WirelessHART u mporpamMHoro obecrieueHus
COOCTBEHHOTO TPON3BO/ICTBA.

Hcnonbp3oBaHne OECTPOBOJHBIX CEHCOPHBIX Ce-
teit (BCC) aBnseTcs mepCcneKTUBHBIM HAIPaBICHUEM.
BCC o0ecrneunBaroT IyMJIEKCHYIO CBSI3b B paanyce
1070 M co ckopocteto mepemaun 250 kOut/c. Mx
KJIFOUEBOM OCOOCHHOCTBIO SIBIISIETCS TIO/JICPIKKA MHO-
TOKPATHBIX PETPAHCISILNI, CYHNIECTBEHHO YBEIHYH-
BaIOLUX paguyc pacmpocrpaneHus cetu [2]. Ilpu
OTCYTCTBHUHM TPOBOJHOW HH(PACTPyKTypsl TPH I0-
Mot bCC BO3MOKHO OBICTPO M ¢ MHUHHUMAaJIbHBIMHU
3aTpaTaMi Ha KOMMYHHKAIIUH MOCTPOUTH CETh Iepe-
Jlau¥l JaHHBIX.

Bribop cranmapra oOBsSICHSIETCS PSIOM TPEHUMY-
mects, aenarommx WirelessHART onruMaibHbBIM Ba-
PHAHTOM JUI MOCTPOCHHS CHCTEM aBTOMATH3HPOBAH-
HOTO DJHEProMEHeKMEHTa. B mepByro ouepens
WirelessHART — mpoMBIIUICHHBIH CTaHIApT, OpPHEH-
THUPOBAHHBI Ha BBICOKYIO Ba)XKHOCTh MEPEIaBaCMbIX
JIAHHBIX, JKECTKHE TPeOOBaHUs K 3aJepXKKaM U JIOCTO-
BEPHOCTH IepeaBaeMoil MH(POPMAIMH, TOMEX03allH-
IIEHHOCTh U TIOMEXOYCTOHYMBOCTb, @ TaK)Ke Ha BBICO-
KyIO CTENeHb «BBDKMBAEGMOCTH» C ITOITAHOW Jierpajia-
IIMeH CHCTEMBI B CITy4asix 0TKa3a 000pyJ0BaHUs.

Tak, apOuTpaxk JOCTyIa K CeTH pealn30oBaH MO-
CPEACTBOM MeXaHM3Ma MHOXKECTBEHHOTO JIOCTyHa C
BpeMeHHBIM pazneneHneM (TDMA), koTopslif obec-
MIEYNBAET TapaHTUPOBAHHOE BPEMSI 3aICPKKH Mepesa-
41 COOOIIEHHMs, YTO TIO3BOJISIET HCIOJb30BaTh Wire-
lessHART B cuctemMax ¢ »eCTKMM pealbHbIM BpeMe-
HeM [2, 3].

Kpome Ttoro, WirelessHART wncnons3yer mexa-
HU3M OBICTPOTO TEPEKIIOYCHUSI MEXIy KaHaJaMu
(aHAJIOT TEXHOJIOTHH PACIIMPEHUS CIEKTPa IMOCPEJICT-
BoM ObICTpoil mepecTpoiiku dactot, FHSS), uro cy-
IIECTBEHHO TOBBIMIACT 3aAMIMIIEHHOCTh U HAZEKHOCTh
nepefaun JaHHbIX. TakuM o00pa3oM, TapaHTHPYETCs
HAJISKHOCTh 110 OOMeHy wuH(pOpMaIMel, CBsI3aHHON
HETIOCPEJICTBEHHO C yIpaBJieHueM [4].

[Tpexxae Bcero HamM OblIa yCTAHOBJIEHA JIOIYyC-
TUMast JIJIsl yCTOMYMBOM pabOThl pajinoOCeTH B3auMHast
YAANEHHOCTh CETEBBIX Y3JIOB. 3HAYUTENBHO Ooee
BBICOKHMI K03(h(UIMEHT 3aTyxXaHus B )KeJIe300eToHE B

CPaBHECHHUH C 3aTyXaHHEM B BO3JlyXe MPHUBOJUT K TO-
My, 4TO B 3JIaHUSIX C HEOOJBIIMMHU ITOMEHICHUSIMHU
(ymHEelHBIE pa3Mepbl He Oonee 5—7 M) KIIHOUEBBIM
(hakTOpOM SIBIISIETCSl HE PACCTOSIHUE MEXKAY y3JaMu, a
KOJIMYECTBO CTEH M INMEPEKPBHITHH, a TakKe MaTepual
CTEH W mepekpbIThii. K mpuMepy, B maHeNbHBIX JoMax
97-# cepun ycTOUMBas pagHoOCBsI3b 00eCTIeUMBaCTCS
TONBKO depe3 1 cTeHy mmm | MeXdITaXHOE MepeKpbl-
THE, B TO BPEMSI KaK IIPU MPOXOKACHUH CUTHANIA Yepe3
CTEHBI W3 IIIAKOONOKa HAOIIONAECTCS 3HAYMTEIBHO
MECHBIIEE 3aTyXaHue.

Takoke ObLTH N3MEPEHBI BPEMEHHBIE MTapaMeTphI:

— 3aJIEPXKKH B MPOXOXKJICHUU HMH(OpMAINH, T. €.
BpeMsi, TpeOyemMoe Ha KBUTUPOBAHHYIO Tepenady WH-
(hopmary OT HCTOYHHUKA K MOTYyYaTEeNI0 MOCPEICTBOM
HEKOTOPOTO KOJIMYECTBA PETPAHCIISIINI;

— BpeMs IPUCOEIMHEHYS, T. €. BpeMsi, Tpedyemoe
JUIsl TIPUCOEIMHEHNSI K CETH y37a, HaXOJIIerocs Ha
PacCTOSTHUN OT KOOPJHHATOPA.

Ilo pesynbpraTam MpOJENAaHHBIX 3KCIIEPUMEHTOB
OBUTH CZIETaHBI CIIEIYOIINE BHIBOBIL:

1) c pocToM umcna peTpaHCIANNA HEMPEMEHHO
pacreTt BpeMsi JOCTaBKH COOOIIEHHUS OT OTIPABUTEIS K
nosiydarento, mpu 10 peTpaHcisnusIx 3aaepkKa Mo-
JKET JocTuraTth 3HaueHus B 35-90 c;

2) IpU yBEJIMYCHUH YHCIa PETpAaHCISIIUI B pe-
3yJIbTaTe POCTa pajlyca CETH YBEJINYMBACTCS BPEMs
MIPUCOEIMHEHSI, ero 3HaueHue npu 10 perpancism-
SIX MOJYKET JOCTUTaTh 23 4.

YkazaHHbIE 0COOEHHOCTH padOThI CETH TIIABHBIM
00pa3oM 00yCIOBIICHBI YHEPrOCOCPETraroNnIiM PEeKH-
MoM pabotel cetn WirelessHART, xotopsri mompa-
3yMEBaeT HaXOKACHHE y3JI0B CETH B PEKUME CHA 10
99 % BpeMeHM pabouero LUKIJIA. YBEIHMUCHUE NEPUO-
Jla aKTHMBHOCTH B LIEJIOM OK2)XET MOJ0XKUTEIbHOES
BJIMSIHUE HA TUHAMHKY pabOThI CETH, OJHAKO 3TO MPH-
BEJIET TAKXKE K YBEIMUYCHUIO DHEProNOTPEOICHHS, YTO
HEraTUBHO TIOBJIMSIET Ha aBTOHOMHOCTH YCTPOWCTB C
OarapeifHBIM THMTaHUEM (OCOOEHHO B YCTpPOWCTBax,
HaXOJIIIMXCS B HENOCPEJCTBEHHOH OJIM30CTH OT
1IIr03a). BBIXOZ0OM M3 TaHHOW CHUTyaluu MOXKET I10-
CIy’)KUTh BHEJPCHNE B CHCTEMY C aBTOHOMHBIM OaTa-
pEeVHBIM MHUTAaHUEM TPYIIBI Y3JIOB C CETEBBIM 3JICK-
TPONUTAHUEM, OCYLIECTBISIOINX MAarkuCTPaIbHYIO
MapIIpyTH3aLHIO JIaHHBIX. AJBTCPHATUBHBIM pellle-
HHEM IpOOJIeMBbl SBJISIIOTCS ONTHMHU3AIMS CHUCTEMbI
MapuIpyTH3allid B CETH M BHEIPEHHE CHUCTEMbI ajlb-
TEPHATUBHBIX MapIIPYTOB, MO3BOJISIONIMX YPaBHSITH
Harpy3Ky Ha pacliOJIOKCHHBIE B PA3IMYHBIX YaCTSIX
cetn y3ibl. Takxke TpeOyercst ONTHMHU3UPOBATH TOIIO-
JIOTHIO CETH TaKUM 00pa3oM, 4To0bl MUHUMH3HPOBATh
KOJIMYECTBO peTpaHcisiiuii B ceru. Crexyer 3ame-
TUTb, JIAaHHAS TIPOOJEeMa KacaeTcsi TOJIBKO CHCTEM,
MMEIOIINX aBTOHOMHOE OaTapeiHoe MUTaHue KX I0T0
OKOHEYHOTO YCTPOHCTBA (y371a).

YunThIBasi BBIIICH3I0KEHHOE, CUUTAEM IIPHUME-
HEHHE OECHpPOBOJHBIX CEHCOPHBIX CETEH B cHCTEMax
ABTOMATU3MPOBAHHOTO JHEPrOMEHE/KMEHTa 3JIaHUH
BO3MOXKHBIM U 11€JI€COO00Pa3HBIM TPU YCIOBUH KOP-
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PEKTHOTO TPOEKTUPOBAHUS TOTOJOTHU U JOCTATOY-
HOW TUIOTHOCTH PACIOJI0KEHHUS Y37I0B.
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