PACLLMPERME BOSMOMHO

CTEN «YMHOW

ABTOMATU3ALIAV C NOMOL

BEH/DKAMUH JIDKOKEJIA (BENJAMIN JOKELA)
NEPEBOJ Y OOITIOJIHEHUSA: BIAODVUMHUP PEHTIOK

b0 CANOPEN

CANopen TpenocTaBnsieT TPeaTPUATUSIM OTIIMHHYIO BO3MOXHOCTb Y7y HIIINTG TIPOU3BONICTBEHHbBLE
TIPOLIECCHL C TIOMOLIILIO BEICOKOTIPOU3BOIIUTENILHOVE CUCTEMBL CBSI3U, OTTTUMM3UPOBAHHOM I71st
VHTETIEKTYaJIbHOV aBTOMaTU3aLmun. YereliHo BHenputs CANopen B CTPYKTYPY «yMHbBIX»
TIPEATTPUSITUIA MOXHO C TIOMOLIbIO TU1aT paclmpenus ivHbl CAN. bnaronapst CBoei MomymbHOCTU
W [IONTOBEYHOCTMN OHM 0HECTIEUMBAIOT TIPOCTON M SKOHOMWUHBI CTIOCOD Peanm3alivu TIoAnepXKn
CANopen B moboit cucteMe aBToMaTv3alium. CTaTbst TIPEACTaBSAET COHOI TiepeBosl MaTepuana

xomranun Innodisk [1].

BBEAEHHE

CucTeMbl aBTOMATH3AIUI BKJIIOYa-
10T OTPOMHOE KOJIMIeCTBO YCTPOTICTB,
K@KJI0€ U3 KOTOPBIX UAET B KOMIUIEKTe
C DATYMKAMHU, IBUTATEISIMHE, a TAKKe
IPYTUMHU KOMIIOHEHTAMH M MHUKPO-
KOHTPOJIJIEPAMH, KOTOPbIE IPHHIMAIOT
1 nepefaoT HHGOPMALHUIO 110 00IIeit
ceru. [Tpu obecriedeHnn HEOOXOMMMOIT
KOOPAMHAMK MEX/y BCeMU OTUMHU
yCTpOMCTBaMH, a Takke uX apdek-
THUBHOTO MOHI/ITOpI/IHra peLHaIOLLlee
3HAYEHNe UMeeT CHCTeMa KOMMYHH-
KaI[iu, KOTOPast 9acTo ObIBaeT BechMa
CJIOKHOM.

IIra CAN (Controller Area Network—
MeCTHast KOHTPOJUIEPHAsI CeTh, OIIpefie-
snenue pano cornacao TOCT P MCO
11898-2-2015) — 3710 CTaHAAPT IPO-
MBIIIUIEHHOI CeTH, OPUEHTHPOBAHHBII
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HpesK/e BCero Ha 00beIuHe e B OHY
CeTh PA3JIMYHBIX MCIIOJHUTEIbHBIX
YCTPOHCTB U HATYMKOB. DTO IIPOTOKOI
Ha OCHOBE COOOIIIEHNUIT, KOTOPBII CTas
IpeIOYTUTEIbHBIM CTAHAAPTOM JIJIS
IIMPOKOTO CIEKTPA OTPac/el MPOMBbIIII-
JeHHOCTH [2]. B 9THX OTpacisx cyiie-
CTBYIOT MHOTOYHCJIEHHBIE IIPOTOKOJIBI
Pa3HOro ypOBHS, KaXKIIbII CO CBOEH CIIe-
I[UaIH3anuell 1 OTPacIeBBIMU 0COOeH-
HOCTsAMU. B cBOTO 0uepens, CANopen
6BLI CO3/IaH KAaK BHICOKOYPOBHEBBII
CeTeBOM IMPOTOKOJ, paboTaOIMINIT
nosepx ¢usngeckoro CAN. Ceitgac
9TO OJMH M3 CAaMbIX IOIYJISIPHBIX IIPO-
TOKOJIOB, @ C Pa3BUTUEM UHTEJIEKTY -
AJIbHOW, YJIM «yMHOW» aBTOMATU3aI[ U1
u «urepHera Bemeii» (Internet of
Things, IoT) o craHoBuTCS BCe Goree
u 6osee BocTpe6oBaHHBIM [3].

Tem He MeHee peanusanys B Cylle-
CTBYIOIIHUX CHCTEeMaX WIH 060pyIoBa-
Huu nopnepskkn CANopen MOXeT ObITh
CJIOKHOH 3a1aueii, 0COOEHHO eciu peyb
upeT 06 HHTEJUIEKTYaIbHOU aBTOMATH-
3aITUM.

OBIIIHE CBEOEHHSA

CAN-umunHa

Controller Area Network (muna
CAN) — 9T0 BHYTpPEHHsIsSI KOMMYHH-~
KallMOHHAS CETh, KOTOPAs U3HAYATIHLHO
6pL1a paspaboTaHa I aBTOMOOMIIEH.
Hcnonb3oBaTh ee mpemiokmt Pobept
Bomr (Robert Bosch), Bragenern kom-
nmaauu Robert Bosch GmbH, — gna
CHIDKEHUSI CTOUMOCTH TPOU3BOMICTBA
asromoOuseit. [lluna CAN crana anb-
TEPHATHBOI TOJICTHIM MHOTOKHMJIBHBIM
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PUC. 1. p
Opraxu3saumsa cetn CAN
Ha 0CHOBE 0JIHO BUTO

napbl

"B Poccym ceityac peicTayer
aHanornyHbIi CTaHaapt

TOCT P 1CO 11898-2-2015
«TpaHCropT AOpOMKHbIA. MecTHas
KOHTpOANepHas ceTb (CAN).
Yacs 2. YetpoiicTso goctyna

K BbICOKOCKOPOCTHO/ Cpefie».

OH WeHTUYeH MeyHapoaHOMY
cranpapry IS0 11898-2* «Road
vehicles — Controller area
network (CAN) — Part 2:
High-speed medium access
unity, 1DT. — Mpum. nep.

INPOMBINIEHHBIE CETH

TepmuHatop
120 Om

KabesisiM, He0OXOMMBIM IS IOJIKITIO-
YeHUs! TaTYUKOB U Y3JI0B BHYTPEHHEN
9JIEKTPOHUKH aBTOMOOMIIEN, KOTOPBIX
CTaHOBHJIOCH BCe OOJIBIIIE, ¥ TO3BOJIMIIA
YIIPOCTUTB IIPOKJIAAKY Kabesei 6aro-
Iaps UCIIOIb30BAHUIO MHOTOY3JIOBBIX
s, Korza mmaa CAN 6b11a BrepBbie
npeJcTaBieHa B aBToMo6mie BMW 850
B 1986 r., aTOT HHTEpdEIiCc TO3BOIILI
COKOHOMHUTD 6oJree 2 KM IPOBOLOB!
Kpowme TOT0, 3HAYUTEIPHO YMEHBIIIN-
JIOCh KOJINYECTBO Pa3beMOB, OBbI-
CUJIACh HAJIe)KHOCTh, & OI[€HOYHAs
SKOHOMHUS Beca coctasuia 50 xr [12].
B 1993 r. MexxnyHapoHast OpraHu-
3alUs [10 CTAHAAPTU3ALUU IPUHSIA
muHy CAN B KadecTBe MeKIyHAPOT-
Horo craHgapra' [4].

OnHUM U3 OCHOBHBIX IIPEUMYILECTB
mmHbl CAN sBIIsIeTcs TO, 9TO OHA 00e-
CIICYHBAET CBSI3b MY YCTPOUCTBAMU
U MUKPOKOHTpoJUIepamMu 6e3 Heo6xX0-
JIUMOCTH UCIIOJIB30BaHUS TJIABHOTO
KOMIIbIOTepa. Y CTPOMCTBA TOIKIIIO-
YAIOTCS Yepe3 OJUH BUTOM MPOBOJI,
a CUTHAJIBI, IepefgaBaeMble JTIOOBIM
U3 HUX, IPUHUMAIOTCSI BCEMU OCTJIb-
HBIMH yCTPONCTBAMH, TTOJKIIOUEHHBI-
mu 1o muHe CAN [5]. [ls ompenee-
HUS NpeNIIoIaraeMbIX IoJydaTesreil
C00O0IIIeHNIl, IepeaBaeMbIX 110 IIHHEe
CAN, B Ka)XIOM COOOIIeHIHU UCIIOIb-
3YIOTCS HICHTH(UKATOPHI Y3714, & CAMU
Y3JIBI OLIPENEIISIOTCS Yepe3 TaK Hasbl-
BaeMblii CI0Bapb 00BeKTOB (puc. 1).

Yto xe xacaercs CANopen,
oH ucnosnayet kKaapbl CAN B kadecTse
Hocurestelt naHHBIX. Kagpsr CAN nocras-
JISIFOT JAHHBIE OT OJIHOTO Y371a CETH K Py~
THM, T. €. BBIIOJIHSIOT 33119y KaHaJIbHO-
ro yposHs (data link layer) momesmr OSL
Taxum o6pasom, CANopen ucronb3yer
npoTtokoa CAN Ha KaHaJIbHOM YPOB-
He. C nomonipio CAN-KaipoB MOKHO
0OMeHUBATHCS JTIOOBIMU TaHHBIMU (10
8 6ailT), BHe 3aBIICHMOCTH OT HIX IIpeHa-
sHavenust. Mcnomnbayst CAN, npuiuiocs
GBI IIPUTYMBIBAaTh CBOH IIPABIIIA OOMEHa
(cBoit mpoTokon). Tak, Harpumep, B [eH-
TpasbHbIX poreccopax (CPU) mporpam-
MUPYeMBbIX JIOTHIeCKIX KOHTPOJIEPOB
(TIJIK) motpe6oBaoch OBl 3aMiChIBaTh
MHUKPOIIPOrpaMMy st (JOPMHUPOBAHUS
[OCJIENIOBATETHHOCTH GAaiTOB TAaHHBIX
B KaJipe, a B MOZLyJIe — MHUKPOIIPOTpaM-

MYy IJI1 UX HHTEepIPeTaln. B peapHbIX
ITUIK o6mer mexxay CPU u moxpymsiMu
IIPOXOJUT HeBHO, TO eCTb 6e3 yIacTus
[IporpaMmsl mob3oBaresst. [lono6Ho-
ro ¢yuknuonana se xsaraer CAN. Dtu
yHKIIUE 06eCIIeYnBalOT IPOTOKOIIBL
npuxiagaoro yposas CANopen, onu-
canuele B ctannapre CiA DS 301 [13]
(CiA — xommanus CAN in Automation
[6]). Ora cnennduxranus ompenenser
npukiaagHon yposeHb CANopen, B ToM
YHCIIe TUIBI IAHHBIX, IPaBIIa KOTUPO-
BaHUS 1 00BEKTHI CJIOBAPsI 00BEKTOB,
KOMMYHHKAIIIOHHbIE CEPBUCHI U IIPOTO-
xosbl CANopen, a Takke CepBUCHI U TTPO-
TOKOJIBI yripasiienus ceTbio CANopen.

ApxwurexTypa HIpkHero yposHs CAN
OIIpenesieT TOMBKO (PUIHIECKYIO CTPYK-
typy cert CANopen. Ilo cytu ona Huaem
He oTam4daercs ot apyrux ceterr CAN:
UCIIONB3YeT s IMHEIHASI ([IIMHHAS) TOIIO-
JIOTHLS, TIE BCE YCTPOIICTBA NTAPaJIIeIbHO
IIOJIKJIOYEHBI K OJTHOM IBYXIIPOBOLHOM
JUHAU CBsi3U. YTOObI 136eXKaTh mapa-
3UTHBIX OTPKEHUIT CUTHAJIA, 002 KOHIIA
CETU IOJIKHBI 6I)ITI) Harpy)KeHbI Ha Tep-
MUHHUPYIOIIYIO HATPY3KY (/jBa Pe3nucTo-
pa mo 120 Om, oka3aHHbIE Ha puC. 1).
Kpome TOro, JOIDKHBI ObIT yITEHbI MaK-
CHMaJIbHO JIOIYCTHMBbIE ITNHBI CeTMEH-
TOB CETH Me)KJ:[y OTAEJIIbHBIMU CETEBBIMU
Y3/IaMH — B 3aBHCHMOCTH OT CKOPOCTH
Tiepesiavy ¥ apaMeTpoB JIMHUH.

B pesynbrare momydaercst 9 bexTuB-
Hasl CHCTeMa, TpeOyIomast He60JIbIIOro
KOJIMYeCTBA IIPOBOZOB, (€3 I[eHTpab-
HOTO XOCT-KOMIIBIOTepa U CIIOCOOHAS
006pabaThiBaTh OOJIBIIIOE THCIO O/~
KJIIOYEHHBIX YCTPOUCTB.

CAN-TMIpOTOKONbL
BbICIIET0 YPOBHSA

IIporoxorsr Beicirero yposast CAN —
9T0, Ipy6O TOBOPSI, SIBBIKH, KaXKbIil
U3 KOTOPBIX Hcnonb3yer muny CAN
B KavecTBe o61rero andasura. OgHaxo,
B OT/INYHE OT Y€JIOBCYCCKUX SA3bIKOB,
ompezessieT, KaKoil IPOTOKOI 6oee
BBICOKOTO YPOBHS HCTIOIb30BATh, IIPEl-
IojIaraeMoe IpIIoKeHue ¢ KOHKpeT-
HBIMH [IPOTOKOJIAMH, 60oTee HOMmyIIsIp-
HBIMU UJIN 60J'Iee II0JIE3BHBIMU UMEHHO
B 9TOU 06JIaCTH IIPUMEHEHUSL.

CymrecTByeT IHPOKHU CHEKTP
BBICOKOYPOBHEBBIX IPOTOKOIOB
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Ha ocHOoBe CAN, MHOTHE 13 KOTOPBIX
npeaHa3HAYeHbl IJISI KOHKPETHBIX
OTpaciIell MU JaKe LIS UCIIOIb30BAHUS
onHUM npousBopuTeneM. Cpenn Han6o-
Jiee pacIIpOCTPAaHEHHBIX CTAHJAPTU3H-
POBAaHHBIX IIPOTOKOJIOB BEICOKOTO YPOB-
usi— CANopen, DeviceNet u SAE J1939.
ITpumeps! 6otee CIIeIIATU3HPOBAHHBIX
porokonoB — GMLAN (mist General
Motors), RV-C (ans TpaHCIOPTHBIX
CPencTB ISl OT/bIXa) ¥ KOCMUYECKUI
npotokon CubeSat (mst CubeSats) [6].

CAN B aBTOMaTU3aLUN

IMura CAN usHavanbHO ObUIA CTAH-
IAapTOM [JISL CHCTEM B aBTOMOOHIIE,
HO depe3 HEKOTOPOe BPeMsI CTaJIa IOITy -
J'IprHI)IM CTaH}lapTOM " IJIs1 aBTOMAaTU-
3anuu. B TakuX DPHIOXKEHUSX 0COOYI0
3HAYUMOCTb NMPUOOPET OTKPBITHII
HIpPOTOKOJ Gojiee BHICOKOTO YPOBHS,
CANopen. Ilo cpaBHeHUIO C IpYyTH-
mu ceTsimi Ha 6age mmHbl CAN ceTh
CANopen 6osee mpuronHa st 6eICTpo-
TEFCTBYIOIINX CHCTEM YIIPaBJIeHI Ilepe-
MeIleHIeM ¥ KOHTYPOB PEryIupOBaHUs
¢ 00PaTHOIL CBSI3BIO 3a CYET BBICOKOM
HaJIe)KHOCTH, PAI[IOHaIBHOTO ICIIOIb30-
BAHISI IPOITYCKHOM CIIOCOOHOCTH, IIOZa-~
Y1 IIUTAIOMIEr0 HAIPSDKEHHUS 110 CETEBO-
my kabemo. CANopen paspabaTbiBaeTcst
u nonzepskusaercst CAN in Automation
(CiA) — MeKITyHApOIHOI HEKOMMepUe-
CKOM OpraHM3allMel JIJIs [T0JIb30BaTesIei
u ipousBopureseit CAN [7].

OTOT HPOTOKOJ HAIIeJ MpUMeHe-
HUEe B pOOOTOTEeXHUKE, B yIIPaBICHUN
3aBOJICKAMH KOHBEUePHBIMHE JICHTAMHU
1 B IIMPOKOM CIIEKTPE ITPOMBIIIIJIEHHO-
ro obopynosanus. Onnako CANopen
He OTPaHNYNBAeTCA aBTOMATH3AIIHeH,
OH TaKJKe UCIIOJIB3YEeTCS B TAKUX CEKTO-
pax, KaK 3IpaBOOXpaHEHHE U aBTOMO-
6nIbHasI IPOMBIIIIEHHOCTH [8].

VerponicrBa CANopen
Ycrpoiictea CANopen, 06bI9HO
Ha3bIBaeMble Y3JIaMH, JOJDKHBI HMETh
croBapb 06vektoB (OD, OBD object
dictionary) — cranzapTu3upoBan-
HYIO TaGIuIly, B KOTOPOIl XPAHATCS
IaHHbIe, OTHOCALIMECS K Y31y U €ro
pabore. Yepes 00bEeKTHBII CIOBAPb
MOKHO OOPaTUTHCS KO BCeM 00beKTaM
CANopen-ycrpoiictBa. OD pasnenen
Ha o6yacTh ¢ obureit mHGOpMaIHeit
006 yCTpOIICTBE, TAKO KaK Ha3BaHHE
HPOU3BOIUTENIS 1 T. Ii., 00JIACTb, COZep-
JKAIITYIO ITapaMeTPhl CBSI3U, 1 00JIaCTb,
KOTOpas OIMCBbIBAET cneuM(quHon TJIST
ycrpoiicra (GyHKIHOHAIBHOCTD. Yepes
sanucu (06wvexTsr) OD mpukaagabie
06BbeKTBI YCTPOICTBA, TAKUE KaK BXOJI-

CONTROL ENGINEERING POCCHA
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Hble U BBIXOJHbIE CHUTHAJIBI, TapaMe-
TPBI YCTPOMCTBA, CEPBUCHI YCTPOUCTBA
WTH CeTeBbIE ITePEeMEHHbIE, CTAHOBSITCS
TOCTYIIHBIMH IIO CeTU B CTaHIAPTU3M-
posanHoit popme. OD o6pasyer uHTEp-
eiic MeXIY CeThIO U MPUKIATHBIM
[IPOTPaMMHBIM 00ecIiedeHreM.

OOBbeKTHBII CTOBAaPh KaKAOTO y3JI1a
CANopen comepsKUT 3alIUCh JJIS €T0
THIIA YCTPOMCTBA, UCIOJIb3YeMOTO
B IesaxX ugeHTuuUKanuu. pyrue
HHJIEKChI 00BEKTHOTO CJIOBAPSI MOTYT
copepKaTh HHPOPMAIIHIO, TAKYIO KaK
MMOKA3aHUS MATINKA WM COCTOSHUS
mpoiecca — HalpuMep, mepegaeT-
CsI JIM CUTHAJI B TaHHBI MOMEHT HJIU
AKTHMBHA JIM OIIepaI[ysi yCTpoiicTBa [9].

O6men nanabiMi B CANopen peasmn-
3yeTCsl B COOTBETCTBUU C aPXUTEKTY POl
Master/Slave: 01HO 13 yCTPOVCTB SIBJISI-
ercst BegyinuM (Master) i ocyrmect-
BisieT yupasienue cerbio (Network
Management, NMT). Bce ocranpusie
HMeIoT cTaTyc BetoMbIX (Slaves). Kpome
toro, nmpotokos CANopen mo3Bosser
HpI/IMerlTI) KOMMYHI/IKaL[I/IOHHI)Ie Moze-
1w Producer/Consumer (ripousBopuTess/
OTpeGUTEN, HHOT/A TAKKE HA3BIBACT-
s mocraBInuk/norpeburens) u Client/
Server (kimeHT/cepBep).

B mopmenu cBA3M «Bemymuu —
BeloMbIi» ofuH U3 y310B CANopen
OTIIPABJISIET U 3allpallliBaeT JaHHbIE
OT «IIOIYMHEHHBIX» Y3JI0B, KOTOPEIE,
IO CYTHU, IIPOCTO CJIENYIOT HHCTPYK-
LUSIM CBOETO «BeflyInero». B momenu
CKJIMEHT — CepBepP» «KJIMEHTBI» YUTAIOT
WUIH 3aIIMCBIBAIOT TAHHBIE C <CEPBEPOB».
Haxkownern, B Moziesin CBSI3U «IIPOU3BO-
IIATETb — MOTPeOUTENb» «IIPOU3BOMIN-
TeJIN» HepealoT IAaHHbIe BCEeM JIPYTUM
y3J1aM, TO €CTb «IIOTPeOUTEIIAM.

Kpowme Toro, y3msr CANopen o6me-
HUBAIOTCS JAHHBIMU Yepe3 pasiIIHbIe
CITy>KOBI CBS3H, IpUYeM KaKzasi CIyK6a
CBSI3U HIOJIXOJIHT MIJIsI TIepejauul OlIperie-
JIeHHbIX KoMan/. Hanpumep, kommyH1-
KaI[OHHAs CIIY>KOa yIIpaBJICHHS CEThIO
UCIIOJIB3YeTCS JUIS TIepeaun SKeJIaeMoTro
cocrosaus y3noB CANopen (Takoro Kak
BBIKIIIOYCHIE BCEX TBATATENIeH T 3aITy CK
JIATINKA).

Emrie omiHa BayKHasI yCITyTa CBSI3H — 9TO
TIePHOMIIIECKHe KOHTPOIbHBIE COOOIIIe-
nus (heartbeat), mocpuiaemble 110 JIMHUT
CBSI3H, KOTOPYIO Y3JIbl PEryJLIPHO Iepe-
TAIOT IPYT APYTY, YKa3bIBasi TEM CAMBIM,
YTO OHHU BCe eIle akTUBHEI [10].

OG6braHbBIe COOOIIIEHNS, TIepeiaBaeMble
yanamu CANopen, c/1efyloT CTaHIapTHO-
My dopMaTy cOOOIIIeHHUIT, KOTOPBIIA 1aeT
MOHATH IPUHUMAIOIINM y3JIaM, KaKOi
y3eJ IepefaeT NaHHbIe, KAKOBA JJIH-
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Ha COOOIIEeHNs, a TaKKe (DAKTUIECKas
Iepeava JAHHBIX. DTa CTaHAAPTH3ALUS
IPUMEHSIETCS KO BCeM COOOIIeHUIM
CANopen, He3aBICHMO OT TOTO, KaKHe
HCIIONB3YIOTCS] MOMIENH CBSI3H T KOM-
MYHHKAIIHOHHBIE yCITyTH (puc. 2).
IepBas gactp cooburernss CANopen
comepxxut 11-6urHbnit pnunubt CAN-
ID, upenTHUIMPYOMINIT Iepeatoiee
YCTPOFICTBO, 32 KOTOPBIM CJIEIyeT YIIpPaB-
JIAIOIIANA OUT. DTa 9acTh COOOIEHU
0GBIYHO HA3BIBAETCS UAEHTH(PUKATOPOM
obbekra csasu, uau COB-ID. Ona cos-
IaeT KOMMYHHUKAIIOHHOE COeJUHEHNUE
MEX]Ty HepefiaBaeMbIM U TPUHUMAEMBbI-
MH KOMMYHHUKAIIMOHHBIMU 00beKTaMU
1 B TO K€ BpeMsI OIIpe/iesisieT IIPUOPUTET
cooO1ieHnst. YIaleHHbII 3aIpoc repena-
1y — RTR. Vnenrudukarop 0 ¢ HauBbIC-
IIIAM [IPHOPUTETOM 3ape3epBUPOBAH JULS
CepBHUCOB yIpaBieHus ceTbio. Crenyo-
1I[1e YeThIpe 6uTa COOOIIAIOT IPHEMHBIM
YCTPOJICTBAM, KAKOBa IJIIHA COOOIIICHEIS,
YTOOBI OHU MOIJIH OIIPEJeIIUTD, B KAKOI
TOYKe TIepeavn cooOIeHre 3aKaHIn-
Baercs. [locienHsist 4acTh COOOIIEHUS
CANopen npencrasister co6oit haxTu-
YecKHe JaHHBIE, JUINHA KOTOPhIX MOYKET
npocTurath 8 Gaiit (umm 64 6ut). PaxTrde-
CKast [JTMHA COOOIIEH st 3aBUCUT OT THUITA
IiepenaBaeMbIX JaHHBIX. [logpobHee mpo
dopmar kanpa nepenaun nanabix CAN
MOYKHO IIPOYUTATH B CTaThsIX [6, 11].

IIPOBJIEMbBI

Kaxk b1 yxe rosopuiu, CANopen
MO’KeT Ka3aTbCsl OUeHb IPUBJIEKATEN b~
HOI CHCTEeMOH JUL IIPIMEHEHHS B CAMBIX
PpasHbIX 0671aCTSIX, HO Ha JieIle — CTaTh
6oI1ee CIIOXKHBIM, 9eM OXKUIAIOT CHCTEM-
Hble nHTerpatopsl. Hanpumep, B cdepe
ABTOMATHU3ALUH JACTO UCIOIb3YIOTCSA
YCTPOJICTBA C BBICOKUMHU TpeGOBaHHs-
MH K raGapuTHBIM pa3MepaM U 100~
BegHOCTH. OOBEUHUTE 3TU TPeOOBAHHS
€ KeCTKIMH yCITIOBHSAMM 3KCILTYaTaIlH,
U 9TH IPIJIOXKEHISI MOTYT CTaTh oOpeMe-
HUTEJIBHBIMU JULS JII000I HOBOU CUCTe-
MBI, KOTOPYIO HEOOXOIIMO BHEIPHTb.

CII05)KHOCTH U 3aTPATHI, CBSI3AHHbIE
¢ peanusanueit CANopen B HacTpoii-
KaX aBTOMAaTU3aluu, TAK)KE CTAHOBATCA
Cepbe3HBIMHU IIPEIISTCTBUSIMI.

IIPOMBINJIEHHBIE CETH

TpyaHocTu B chepe
aBTOMaTU3aLUN

O61acTh aBTOMATH3AIIII MOXKET IIOCTa-
BUTb IIepell CHCTeMHBIMU HHTETPaTopa-
My, BHenpstotumu pertrenust CANopen,
MHO)KECTBO Pa3HBIX BbI30BOB. Harpumep,
[IPOMBIIIITEHHBIE POGOTHI HCKITFOUHTENb-
HO TOYHO HaCTpOeHI)I M 3aHUMAIOT MaJIo
MECTa, OCTABJISIS IIPU 9TOM KpariHe He3Ha-
YUTEIBHOE IPOCTPAHCTBO JULSL PACIIIHPE-
Hus uHTepdeiica. Kpome Toro, ckopocrs
1 TOYHOCTB, OKHIaeMBbIe OT TAKOTO 060-
pynoBaHusl, TpeOYIOT, YTOGBI yCTPOCTBA
COOTBETCTBOBAIIA CAMBIM BBICOKUM CTaH-
IapTaM KadecTBa C TOYKH 3PEHIST KOMITO-
HEHTOB U I13aiiHa.

IIpon3BONCTBEHHBIE JTHUHUU
Ha «YMHBIX» HpeﬂHprITI/IHX B HPI/IJ'IO’
JKeHHUSIX IIPOMBIIUIEHHOTO «/IHTepHeTa
semeii» (IloT) BrmrogaroT 6oibioe anc-
JIO MallIvH, JATYUKOB 1 MI/IKPOKOHTPOH‘
JIEPOB, IEVICTBISI KOTOPBIX IOJUKHBI ObITh
CKOOPANHUPOBAHBL. Jake eCIIN TOIBKO
B OHOM KOMIIOHEHTE IIPOU3BOICTBEHHOI
JIMHAY HAOJIOMIAeTCsT MaZieHre IPOU3BO-
JUTEJIPHOCTU UJIM HEJOCTATOYHAS OKC-
IUTyaTalMOHHAS HAJIeXKHOCTD, BCE PUCKH
MOTYT CTaTh KatacTpoduaecknmir. Takim
06pa3oM, CUCTeMBbI KOMMYHHUKAIIHI,
PpeaI30BaHHbIE B TAKHX [IPIIOKEHISIX,
IOJDKHBI 00eCIIeInBaTh IPe3BHIIAHO
TOYHYI0 KOOPJUHAIIUIO 1, CJIEIOBATEIIBLHO,
BBICOKYIO TIPOM3BOIUTEIBHOCTD, a TAKKE
9P DEeKTUBHYIO MOJYIIBHOCTD B CITydae
OTKAa3a KOMIIOHEHTA MK YCTPOCTBA.

C70>XKHOCTb paclIiupeHns
uHrepdeiica

CII0KHOCTD CHCTEM, HCTIONTb3YeMbIX
Ha «yMHBIX» NIPENIPUATHAIX, SBIISCT-
C OIHUM U3 KJIIOYEBBIX BBHI30BOB IS
m060i1 HOBOI CHCTeMBI BHYTPEHHEIT
KOMMYHHKAIUH. 13-3a 0rpOMHOTr0 KO-
YeCTBa Pa3IUIHBIX YCTPOICTB (KaKmoe
U3 HUX — CO CBOMMHU MHIUBU/YaIbHbI-
MU 1 3aITy TAHHBIMH (DY HKITHSIME F KOM-
[IOHOBKOI aNIapaTHOro 00eCIeveH )
pacimpenve naTepderica, Heo6XoaIMoe
IJIS peasiu3anuy TaKOH CHCTeMBI, KaK
CANopen, MOKeT BBITJISIIETb MyTalo-
MMM, €C/TU He IIPOCTO HeBO3MOKHBIM.

Ecnm xaxmoe ycTpoiicTBO B TaKUX
cHCTeMax TpebyeTcs IMepelpoeKTHPO-

OyHKUVOHANbHbII Unextnduratop RTR:
Kop: 4 buta y3na: 7 bur 1 6ut
[ I 1

[laHHble: 0-64 buTa

WUpentuouratop COB-ID: 11 bur

NlnMHa nanHbIx: 4 6uta
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Coobenns CANopen
ceayloT CTaHKapTHoOMY
dopmary, KoTopbli
0npefenseT UCTOYHUK
niepeaayu 1 petpaHcamupyer
110 b4 6UT [JaHHbIX Ha OMH
LMKN nepepaymn
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PUC. 3.

KapTbl pacLunpenus Wwitkbl
CAN nossonsiot nerxko
106aBUTb NOAAEPHKY
CANopen B ye
CYLLECTBYHLLVE CUCTEMbI

INPOMBINIEHHBIE CETH

BaThb 111 nopaepxku CANopen, 3atpa-
ThI, BpeMsI ¥ CJIO)KHOCTH, CBSI3AHHBIE
C TAKMMHU MEPOIIPUSTHSAMH, IEIAI0T OTY
3ajaqy HEBBIIIOJTHIMOH MU KaK MIHH-
MyM COMHHUTEIbHON C TOYKU 3PEHUS
¢unancoBoii 1eecoo6pasHoOCTH.

Erre omHUM CIOKHBIM PakTOpPOM
SABJISICTCA pI/ICK TOI'0, 94YTO I/IH,E[I/IBI/I,ELY&III)‘
HbIe IIPOEKTHI, 00eCIIednBaIoIIne O/ -
nepxky CANopen, B ciTydae anmapaTHo-
ro 6051 IPeICTaBIIIOT COOOI CePBE3HYI0
POGIIEMY JUISL CHCTEMHBIX OIIEPATOPOB.
bes pocTarounoit MOAYyJILHOCTH NIPU
m060M TakoM c6oe 060pynOBaHUS
MOXKET OTPe6OBATHCS, ITOODI 3aITACHBIE
YaCTH IIOJBEPIIHCH OOIINPHOMY IIPO-
IecCy MeperpOeKTHPOBAHIS, a 3HAYUT,
BO3HUKHET PUCK [UIUTEIBHOTO IPOCTOS
CO 3HAYUTEILHOI IOTEepeil TPUOBUIH.

ITpo6nemsbl cpenbl
3KCrulyaTalumn

AnmapaTHbIe Cpe/ICTBA U KOMIIO-
HEHTBI, UCIIOJb3yeMble B CHCTEMAX
aBTOMAaTU3alliy, 9aCTO U B TeYeHUE
OIUTEIbHBIX HepI/IO,ELOB BpeMeHI/I
JOJDKHBI BBIIEP)KUBATH 3HAYUTEIbHbIE
[ePerpy3KH U pas3iIndHble HeGIaronpu-
ATHBIE BO3/IEHCTBUSA CPeMbl OKCILTyaTa-
muu. [ToaToMy KpaitHe BaKHO, ITOOBI
BCE€ KOMITIOHEHTBI 6bIJII/I HaaeXKHbIMU
U UMeJIU Te UM UHble TeXHOJIOTHUU,
IIOMOTaroIe KOMIIEHCUPOBATH BpeJ-
HOE€ BO3/JIENCTBHE JKECTKUX YCIIOBUM.

K daxropam, npencTaBiasomnm
HanboJree 3HAYMTENbHBII PICK B Cpefiax
ABTOMATHU3AL UM, OTHOCATCH DKCTpe-
MaJIbHbIe TeMIIEPATYPbI, BO3IENCTBIE
yoapoB U BUOpAIUl, HOBBIIIIEHHBIH
PpHUCK OPOCKOB M CHIKEHUS HAIIPsDKe-
HHU, a TAKXKe IIOBPEXKIEHNUA OT paspsi-
JIOB CTaTHYECKOTO JJIEKTPUYIECTBA.

PasHoo6pasue orepariuoOHHbBIX Cper
[PIJIOKEHUH aBTOMATH3AIINI CII0CO0-
CTBYET TOMY, YTO BHEPEHUE CUCTEMBI
CANopen nHOTIa BO3MOKHO TOJIBKO
MPY 3HAYUTESILHON CTEIEeHN HACTPONKHI
IS y9eTa YHUKaIBHBIX (PaKTOPOB CPENIBL.
Tax, B HEKOTOPBIX NPUIOKEHIUSIX, HAIIPH-

Mep B HeDTSHOI 1 TOPHOLOOBIBAIOLIIEH
MPOMBIIIIEHHOCTH, IS IeIOCTHOCTH
060pyI0BaHUS BAXKHOM IPO6IEMOi
MO’KeT OKa3aThCst BO/EHCTBIE OITACHOTO
3arpsI3HEHNS.

PELIIEHNSA

KapTtbl pacuimpernus mmusl CAN

Tpe6oBanus K 060PyLOBaAHUIO
IJIs peanus3aluu CUCTEeMbl HIMHBI
CAN, HanmpuMep CHCTeMBI, B KOTOPOI
UCIOTB3YIOTCS ITPOTOKOJIBI BBICOKO-
ro yposHsi CANopen miu SAE J1939,
MOTYT OBITH YIOBIETBOPEHBI C MHHH-
MaJIbHBIMU 3aTPaTaMi U C GOJIBIION
ru6KoCThIO 6i1arofapst UCIOIb30Ba-
HUIO TIaT pacmupenns muael CAN.
[Tnarer pacmupenuss muHsl CAN,
KOTOpBIE HCIONB3YIOT CTaHAAPTHEIE
BXOJHBIe pagbeMbl, Takue Kak mPCle,
5-KOHTAaKTHBIIT pagbeM 1 M.2, 1 o01ime
nutepdeitcer (USB u PCI-Express),
006eCIednBalOT BBICOKYIO CTEIEHD MU0~
KOCTH, 9TO II03BOJISIET HCIIOJIb30BATh
X B CaMbIX pasHbe O6J'IaCTHX aBTOMa-
TH3alNU, U3MEPUTEIbHBIX IIPHOOpax
u obopynoBanuu. Takum o6pasom,
CHUCTeMHBIM OIlepaTOpaM He HY>KHO
HepeIpOeKTHPOBATh YCTPOUCTBA N
UX alnapaTHoe obecriedeHne st Mo~
nepsxku muHbl CAN. Bmecro artoro
TOCTAaTOYHO MCIONB30BATh KapThl
pacmupennst CAN, koTopsle 1y1s 06e-
CIIeYeHHs] JKeJTaeMOlt Py HKI[HOHAIBHO-
CTH MOKHO JIETKO HOJIKITIOUUTD K yKe
CYLIECTBYIOIIUM IOPTaM PacLINPEeHUs
(puc. 3).

IMonpeprxka nHrepdeinca
W MporpaMMHoe obecrnieueHmne
IIpu ucnonp3oBaHuy mjaaT pac-
muperns muHEbl CAN cucTeMHBIM
HHTeTpaTopaM HeOOXOAMMO YIHThI-
BaTh IIEJIBIN PSIJl BA)KHBIX MOMEHTOB.
B mepBy10 odepens OHU TODKHBI y6e-
TUTHCS B TOM, YTO KapThI PACIITUPEHUS
OJIfIePKUBAIOT SKeJTaeMble ITPOTOKOJIBI
6oJee BHICOKOTO YPOBHSI, HAIIPUMEp

[lobanenue noppep:kki CANopen TpaguLMOHHBIM criocoboM

Cuctema

nepepatorana CiA
CANopen

9 >
D t —
Cuctema aBToMaTU3aLNn TlpuneTo pewenme
F06aByTb NoAKEPHKY
CANopen

CiA
> CANopen

Kaptbl pacwmpetus CANopen

[lobasnenve nogaep:kku CANopen ¢ paciumpenuem uxtepderica
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CANopen u SAE J1939. Taxxe BaxKHO
HOHATH, MOTYT JIM KapThI PaCITHPEHNSA
OBbITH peann30BaHbl B IPOrPaMMHON
cpeze, 6yIb TO CHCTeMa Ha OCHOBE
Linux win Windows, u paborarmoTt
JIM OHM Ha IIPOL[eCCOPAX apXUTEKTY bl
ARM mnn x86.

HpI/I 9TOM Hy)KHO IIOMHHUTH O TOM,
YTO OJHO JHIIb obecredenue 6a3o-
BOW anmapaTHOM M IPOTPaMMHOM
COBMECTUMOCTH HE YIHUTBIBAET IPY-
rue Kputudeckue GaKkTopsl, KOTOPbIe
MOTYT OKa3aTh CYI[eCTBEHHOE BJIUS-
HUe Ha BpeMs U 3aTPaThl, CBsI3aHHbIE
¢ BHegpenneM noanep:kku CANopen
B cucreMe. HacTpoiiku oy KOHKpeT-
Hble TPeOOBAHUS 3aKAa3IMKA U IIPO-
IrpaMMHpPOBaHHUE, HeoOXOqUMBbIe IS
obecmedeHus PYHKIUOHUPOBAHUS
HoBOII cuctembl CANopen Ha yIoBiIeT-
BOPUTEIIBHOM YPOBHE, 9aCTO TPeOYIOT
3HAYUTEJIBHBIX PECYPCOB U OLEHKH
PHCKOB.

TakuM o6pasoMm, KpaiiHe BaKHO
BBIGPATh KapThl PACIINPEHNUsI, KOTO-
Ppble UMEIOT aIeKBaTHOE IPOrpaMMHOe
obecredeHue, U IOCTABIUIUKOB, CIIO-
COOHBIX 00ECIIEINTD OCIEIPOSAKHYIO
nopaepxky. Hampumep, KoMIUIeKCHbIe
API-unTepdericsl MOTYT 3HATUTETHLHO
CHHU3HUTH HOTPEOHOCTD B ATHUTEIbHBIX
U TOPOTOCTOSIIITNX HACTPOIIKAX, HE0OXO-
IUMBIX JULS TOJTHOYU HHTETPAIHHI CHCTe-
Mbl. Bosee TOrO, YTHUIIATBI TeCTI/IPOBa‘
HUS U IPUMepBI KOfIa MOTYT IIOMOYb
CHCTeMHBIM HHTETPATOpPaM yOequThCs
B TOM, 9TO HX CHCTeMbI (PyHKIIMOHU-
PYIOT B COOTBETCTBHU CO CIenupuKa-
Uer U OKUJAHUSIMHU I10JIb30BATeJIEeH.
s cobnioneHus CpOKOB IPOEKTa
U PaMOK BBITIJICHHOTO Ha €T0 pean-
3a1uio OI0KeTa B CIIydae HEOXKUIaH-
HBIX TPYIHOCTEl, 0COOCHHO BePOSITHBIX
IPH PeaTu3aIii CIOKHBIX CUCTEM, HITH
HEIOCTATOYHOTO COOCTBEHHOTO OIIBITA
II0 BHEJIPEHHIO H 00CTY)KHBAHIIO MOTYT
0Ka3aThCsI IPOCTO HEOLEHIMMBIMU KOM-
IUIEKCHAS U HaJIeKHAS IIOCTICIIPOIyKHAS
HOJIJIeP/KKa, a TAKKe MHAUBU/yaTbHasA
HACTPOUKaA.

CrtelinanbHo pa3paboTaHHoe
o6opynoBaHue

ITmater pacmupenns muabsl CAN
TPe6YIOTCSI He TOJIBKO IS TOANEPIKKA
[PaBIIBHBIX Pa3beMOB U nHTepderi-
COB, HO U [IJIsSI COOTBETCTBHSI KOHKPET-
HBIM TpeOOBaHUAM K 060PYIOBAHUIO.
ITpexkie BCEro OHM OJDKHBI (DH3MTIeCKH
BIIMCBIBATLCA B YCTPOKUCTBO, I KOTO-
POro OHM IIpelHA3HAYEHEI, ITO MOKET
GBITH Cepbe3HOIT IPO6IIEMOIT 113-3a Orpa-
HIYEeHHOTO IIPOCTPAHCTBA. B HeKoTOpBIX

CONTROL ENGINEERING POCCHA
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CITy9asX AJIsL KapT PacIupPeHus. MOTyT
IKe TIOTPeOOBATHCS MHAUBHAYaTbHbIE
KOHCTPYKI[HH, COOTBETCTBYIOLINE TOU~
HBIM TPeOOBAHHSIM YCTPOCTB, B KOTO-
pI)Ie OHHU OOJIKHBI 6I>ITI) yCTaHOBHeHLI.

CuCTeMHBIM HHTETpaTopam, s
TOTO ITOOBI OIPeNeNnTh, Kakue (ak-
TOpI)I cpe):u)I MOFYT HpeﬂCTaBHﬂTb pI/ICK
IJI51 LeJIOCTHOCTH 000PYIOBAHHS U €r0
IOJTOBEYHOCTH, HEOOXOAUMO HPO-
BECTH TIIATEIbHYIO OLIEHKY IPeJIIO-
JlaTaeMO¥ OIlepallMOHHOM Cpefbl JIId
TaKMX IUTAT paciiupenus. Jlio6bre kap-
ThI pacIIupeHns uHTepderica MOKHBI
BKJIIOYATh HEOOXOIUMBbIE TEXHOIOTUI
JUTH KOHCTPYKTUBHBIE PEIIeHHs, KOTO-
pble B TOCTATOYHOI CTEIIEHH yIUTHI-
BaiOT ¥ (DAKTOPBI PUCKA BO3AEHCTBUS
oKpyxalomreit cpensl. Hampumep,
IJIS1 MHOTHX CPe/ICTB aBTOMAaTH3a-
o MOFYT HOTpeGOBaTbCf{ KapTI)I
PAaCIIupeHNs], CIIOCOOHBIE BBIIEPIKU-
BaTh 9KCTPEMAJIbHBIE TEMIIEPATYPHI.
B o60opynoBaHUU MK yCTPOICTBAX,
[IO/IBEP/KEHHBIX YIapaM M BUOPAIIH,
MOKeT MOTPe6OBaTHCS YCTAaHOBKA
[JIAT PACHIUPEHUS C MOHTAXKHBI-
MU OTBEPCTUAMH 1Jist 06ecredeHus
JIOCTaTOYHO 6€30I1aCHOTO COeUHEHUS
C XOCT-YCTPONCTBOM.

CONTROL ENGINEERING POCCHA

TonpKko IpUHEMas BO BHUMaHUE Bce
9T (DaKTOPHI U IPOOIIEMBI, CBSI3aHHBIE
¢ paboOTOI B )KECTKHUX YCIOBHUSIX 9KC-
IUTyaTalluy, IpU NPHOOPETeHUH IUIaT
pactmpenust mmabl CAN, npeanpusitust
MOTYT 00€CIIeYUTb YCIIEITHOe BHEIPEHUE
cucremsl CANopen B CBOH ITPHJIOKEHUS
ABTOMATU3AIUHU U NOCTUYD JKeJlaeMOU
IIPOU3BONUTENILHOCTU 6e3 PUCKa IPO-
CTOEB U 3aTPaT, CBA3aHHBIX C OTKA30M
060pynoBaHusL.

3AKJIIOUMEHUE

Xors pacmupenue untepdeiica
s pasmemienus CANopen mMoxker
IIOKa3aThCsl HEIIOMEPHO TPYIHBIM
U [OPOTOCTOSAIINM, 3Ta mpobieMa
MOXeT 6I>ITI) yCHeIHHO peU_IeHa HyTeM
UCIIOIB30BAHUS AT PACIIUPEHUs
muesl CAN, KoTOpBIe 06ecmednBa-
0T BbICOKyIO HpOI/ISBO,E[I/ITeIII)HOCTb,
OOIIMPHYIO MONNEPHKKY IIPOrpaM-
MHOTO 00ecledeHus ¥ Ha/leXKHOCTh,
HeOOXOMUMYIO /IS IPIIIOKEHUI aBTO-
Mmarusanuu. biaropaps cBoeit MOIyIIb-
HOCTHU U JOJTOBEYHOCTHU TaKHE KapTI)I
paciupeHus 00eCIevnBaioT IPOCTOMN
7 9KOHOMUYHBII CI10Co6 peannsanuu
nopzepxku CANopen B 06011 cucTe-
Me aBToMarusanuu. @

IIPOMBINJIEHHBIE CETH
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