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Onvcadel OCHOBHBIE CBEOEHWA O NOCNEA0BEATENEHOM NPOTOKONE WHHOPMALWMOHHOrO ofMEHE CeTH
CAN w anropuTmbl $yHKUWOHMpOBRAHMA ceTd. NpMeEefeHO KpPaTKoe ONWCAHWEe WCNOoNE30BaHWA  CeTH
CAN B cucTEmE ynpasneHuA v uHdopMauyodHoro obMeda macc-cnexkrTpomeTpa MT-3500

B 1999 r. nepen xonneKTHROM paspaloTuHKOR
BEL1A IOCTARNEHA 3818A [0 COZNAHNI0 HOBOrD CIIe-
LHAMTH3HPOBAHHOID MACC-CTIEKTPOMETPA JUIA H20-
TONHOTO AHAIM3A YpaHa B rasoBoii hase (B rexcad-
Topuze ypana) MTH-3500 Opnofi 13 3ajad no co-
gaamio nprbopa 6b1ta 2agata peifopa cniocofa cea-
3H Y3M0B MacC-CNeKTPOMETPa ¢ ynpasnmoleii 9BM
# pazpaboTxa IpoToKo/1a HHQODMALIMOHHOr o 0bMe-
Ha, yaosneTeopaoinero Tpebosarmam Gosuioii npo-
myckHoil criocofHOCTH M BEICOKOH HaassHocTH. B
Pe3VILTATE BRITIOIHEHWA 3T0H 3a1a4H ObLIA paapa-
BoraHa cHCTEMA VIIPABIeHEA, Ga3HUpYIOIIAACH Ha
ucnoabsopadun muHsl CAN (Controller Area
Network).

Bu160p MpoTOKOJIA CBASH MACC-CIIEKTPOMET-

Pa ¢ KOMIOLIOTEPOM

IMpy NpoeKTHPOBAHMHK JTEKTPOHHOH YacTH i
CreluHanHsHpoBaHHOrD MporpaMMHoro ofecneye-
HHA [IEPe/] KOJUIEKTHEOM paspaloTYHKoB BCTAN BOIT-
poc o BeIOopE IIHHB] H IPOTOKO/IA CBA3H 3JEKTPOH-
Hex GroxoB npufopa ¢ ynpasasiomeid IBM. Boein
[poaHanMsHpPoRaH ONLIT OTEYECTBEHHEIX H 3apy-
GesHHEN TPOHABOIHTENIeH AHATOM HYHLIX [IPHBOpOs,
OHAKO HCIIOALIYEMBIE APYTHME NMPOH3BOAHTEIAMH
[IHHEL] OKA3AAHCh HENPHEMIEMBI 07 paspabarsi-
paemMoro npubopa.
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B npubopax cepun MHM-1201 npoussogcTBa
SAD "Cenmu” HoIonsayeTes PACIUHPHTEN b WM HE]
ISA |1, 2, 3], no3BONAIDINKA BEIIETHTE aApeca yoT-
poiicTe BBOMIA — BRIBOJIA KOMITLIOTEDA JUIA YTIPABJIE-
HHA 6I0KAMH Yepe3 NapauelbHEI HHTepdeiic. He-
OOCTATOK TAKOPD erocofia 3axmodaeTes B rpoMos-
KOCTH H HENOCTATOYHOH QIHHE HECTAHIAPTHOTD
nocaeaoBaTebHore naTepdieica, a TakiKe B 3ame-
YEHHEDX [TPH SKCILTYaTALHH cO0fAX, Bh3bIBaEMBIX He-
HAJEHHOCTE MHOTOHOHTAKTHEIX PAFLEMHBIX CO-
eguHeHUH. KpoMe Toro, 8 COBPEMEHHEIX KOMIBIOTE-
Pax NPeKpallasTea MoMONLIoBaHue NIMHEL [SA fnita
MOARTHMEHHA IVIAT PACIIMPEHHA, HTO HE NO3BOTHT
HCIIONL30RATE TAKOH HHTepdelic B Gmokaiiimenm Gy-
IYIIIEM.

Bo mBorix sapyGexHbx npUiopax, B OCHOBHOM,
oo 1990 rofa BRIMYCKA JUTA CBAIM HCIOMLAYETCH T1a-
pannensHblii uaTepheiic GPIB [4. 5| (apyrie Hassa-
aia HP-1B, Kauan ofiero nonszoBaHiuf). 3TOT HH-
Tepdeiic JoCTaTOYHO HAAEHIEH H NOAEPHHBAETCH
CTAHAARTAMH, HO ABIACTCA YCTAPEBIITHM, & HCTIO/h-
S0BaHHE CPeCTE CONPAMKEHHA C KOMIIBIOTEPOM 3aT-
PYOHEHO HeOGXONMMOCTRIO NOCTOAHHON 3arpyary
LHeHTPAIEHOTO Npoleccopa aggayeii obecnedeHMA
cerAsH c naaToi GPIB.

B coBpeMeHHRI 3apyfeRHEN TpHEopax HCroib-
3yeTCs CBA3b Yepes CTaHJapTHLII CETEBOH NpoTO-



AHANWTHED W KOHTRONL. 2003, T.7, Ma 4

ko NetBIOS ¢ Henonk3opaHHeM B KadecTBe (pHIH-
veckolt cpenn! MepefaYs KoaxKcHankHoro kafens
nubo onrosononHa [6. 7). Do pemeHne ABAALTCA
HaHboMee COBpEMEHHBIM, OTBEYaET TpefoBaHnaM
obecnevenin GesonfouHOrO BEbICOKOCHOPOCTHOTD
ofiMena. HO ero [IpUMeHeHHe 3aTPYAHeHO HeolXo-
OHMOCTBIO HCIOAbIOBAHKUA E0HHOIC KOHTPOJ/LIE-
pa 1A YIIDABRIEHHUA BCEM MACC-CIIEKTDOMETDOM.
Taxoe pemeHue oNPaBlaHO ANA MAB0PATOPHEIN
MACC-CACKTPOMETPOB, HO JUIA TEXHOMOIHYECHOTO
npubopa. kakum aeaaerca MTH-350T, npeanoy-
THTEBHA OPraHH3aALHA paclpele/ e HHOrO YIpas-
NeHHA. OPH KOTOPOM Kam kil 60K ABNAESTCAH 3a-
MEHAEMEIM H HESABHCHMBIM OT APYTHX M ofnajaa-
T CBOMM HOHTPOIIEPOM. OCHAINEHHEIM [IPHEMO-
NepenaTYHKOM.

HawuGoee NoAXOAAIINM /18 TEXHOMOTHYECKOTD
Mace-cIeKTPOMEeTpa ABIASTCHA HCI0ALE30BAHHE COo-
PPeMEHHOTD MOCIeN0BaATENEHOTO HETepdelica, ocHA-
[IIEHHOTC ANNAPATHEIMH M [IPOTr PAMMHLIMK METOJA-
MM 00eCTIEUeHHMA HANLHHOCTH | GeanmubouHocTH
cafay. lepBoHAYANTEHO [TPEeII0Iaranocs HOoML30-
BaHHe MHPOKO PACTIPOCTPAHEHHOTO H XOPOIIO 3a-
pexoMeHaoBaBLIETO cebA mpoTorona RS-485, ocyie-
CTBAAIONIETO CBASE IOCPEACTEOM BUTOH napkl. On-
HAKO CKOPOCTHRIE XAPAKTEPHCTHEN 3TOI0 NPOTOKO-
14 He YIOoBJSTBOPHAIOT NPOMyCcKHoH crnocobHOCTH,
TpebyeMo A HHTeHCHMBHOrO HHGOPMALHOHHOTD
obMeHa NpH NpoBedsHHH AHANNAA HA Mace-clIeKT-
pomMeTpe.

B wonie 90-X rofos MIMPOKOE PasBHTHE MOy
npoToroa CAN, MCOIONESYIOMIMHACA BO MHOTHX OTPacC-
JIAX, TPeOYIOUMX BEICOKOCKOPOCTHOND M HANEHKHOTO
ofMeHA B YOJIOBHAK CHILHBIX NomMex., [Tocne axanm-
3a XaPAKTEPHCTHE MPOTOKOIA M JOCTYIIHOCTH all-
naparTHeD cpeacTs paszpaboTyuurami SEUI0 IPHHA-
TO pemenue 06 Henoab3oBaHMM NpoTokosa CAN B
cHCTeME yIpasneHHa ¥ oOpalfoTkn uHQopMaH
Macc-cnerTpoMeTpa MTH-3500

OcroBel npoToxona CAN

Hpes cosgpanmna Controller Area Network (CAN)
noApmIack B koHLE 80-x ropoe v Pobepra Bomma. Pe-
IIEeHME 33124l CO3/1aHUA BEICOKOCKOPOCTHOM ¥ 110-
MEXOVCTOHYMBON CHCTEMEI 1A paclpeneneHHbBIX
cHcTeM, pafoTalolMX B peanbHOM BpeMeHH, GELI0
HeoBXoAHMO 18 KOHCTPYHPOBAHKUA BHICOKOTEXHO-
JOTHYHOH aBTOMOOHILHOH anerTpoHIK. JIA TaKx
CHCTEM HHUIHEHHO HeolxoaumMo ofecneunts pabo-
TOCHOC00HOCTE CHCTEME] C BEICOKOH CHODOCTRIO B
VOIOBHAX CIUTLHELX TOMEX, ¢ BOSMOMHOCTRED DACITDE-
AeNneHHA NIPHOPHTETA coollueHHHA B 38 BHCHMOCTH
OT HX BRIKHOCTH, 8 TANKMKE BOIMOKHOCTE pafoTh! CH-
CTEMbI B Lies1oM Ge3 omub0oK 1 3a1epiHeK IPH OTHITH-

YEHHH OTIeNLHEX Ya1os. PaspaboraHibii GUpMo
Bosh cranaapT 6511 NOAXBAYEH H J0MOAHEH TPOHE-
BOAHTEIAMH CHCTEM ABTOMATHIAIMH TEXHOIOIH-
YECKHX IPOLIECCOR,

CAN - nocaeA0BaTeIbHELH ITDOTORKO CBASH, 06-
JaJIAIOIII BBICOKHM YPOBHEM HATEHHOCTH MHAOD-
MalnuoHHOro ofMeHa. OCHOBHEIE XaPAKTePHCTHEH
W IIPUHITHIE TOCTPOSHAA 3aKPeUIe k] B CTaH1ap-
Te[50 11898, Henons3yeTcd [UIA CBA3H B NEDENBHME-
HEIX CHCOTEMAaX. ABTOMOGHIAX, TEXHOIOTHYECHOM
o0opYIOBAHMH M CHCTEMAX NPOMEINTIEHHOH ARTO-
MaTHHH. MaxcHMansHan AnHHa kafengs — 10000
MeTpoB, MaxCcHMANBHAR CHOPOCTS [TEPEIAYH B CO-
OTBETCTBHH CO CTAHIapTOM cocTasaaeT 1 Méurt/c.
[MomyeHIE CTOMb BLICOKOIH CHODOCTH CTAMNO BOSMOMC-
HbIM Grarogaps NPUMeHeHHI0 MEXaHH3Ma HEIecT-
pyrTHBHOrO apbuTpama IHHLL. Brabn. 1 npueege-
HEI JJAHHEIE 0 COOTHOIIEHH MEXTY CHOPOCTR 06-
MEeHA M MAKCHMANTBHOH IMMHOH kabena maEsr CAN.

Tabnmua 1
C-UOTHGLUEHHH CTEH,qEI:FITHbIK {:IIIJ-POI:TEF-T GEHEHE W ONKWHE!
kaGens wuHel CAN

Cropoete CAN, kBiT/g| MakcumaneHan onvHa kabena, M
1000 40
500 130
250 270
125 530
100 620
50 1300
20 3300
10 6700
5 10000

TeopeTHHECKH BO3MOMHHA OPTaHHIAIMA CBASH 00
cropocTieio 1,6 MEGuT/Cc, HO gAHHAA BEMHYHHA He
BHJIKYEHA B CTAHIAPT.

B nanfonee pacnpocTpaHeHHOM BAPHAHTE V3L
CAN coemuHATCA Mexay cobolt npu noMoLuH nu-
HHH CBA3H H3 AByx nposonos CAN_L 1 CAN_H (Bu-
Tada napa). [Ipy ypoBue curHana CAN_L Hume
CAN_H perdcTpHpPYETCA NOrHYecKHH Holk, B 06-
PATHOM CIY4ae - NOTHYEecKaf eguHuIa. Tawwe
CTaHJAPTOM NPEAYCMOTPEHO COSIHHEHHE NIPH
NOMOLILH ONTHYECKHX THHHENA CBAIM, Mo HHppa-
KPacHOMY KaHaIy HIH pagHokaHany. [IpH Taxux
THNAX COSOMHEHHH He TpefyeTcH M3MeHeHMA
OPOTOKOIA, HYEHO THINE HCIONB30BATE COOTRET-
CTEYIOMIHE PHEMOTIepefaotiHe yeTpoicTea, noa-
KAMYeHHbBIE K CTAHZAPTHOMY KOHTpoanepy CAN.
Bce npuBeaeHHble NpHMephl pafoThl KOHTpPOLIE-
pa OyayT paccMOTPEeHEl IPHMEHHTENLHO K IBYX-
[IPOBOAHOH THHHH CBASH,
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MMepenasa faHHLIX TPOHCXOAHT B IUHPOKOBELLA-
TENBHOM DPeEMME, TO ecTh Boe paboTaloHe KOH-
TPOLIEPE]I MOTYT NOTY4YATh COOOIIEHHA, TPOXONAIIHE
o IWHHE, Agpecaips cooGIeHA MOMKET OCYIIECTE-
JATHCA KAK OTASABHOMY Y31y, TAK H FPYTINE Y3108
(nam Boem). BosMOMHOCTE pEArHpoBaHMA Y312 CeTH
CAN Ha ajpecopaHHBIe eMy coobiuenna obecneyn-
BAET anmnapaTHad GHUILTPALMA KOHTpostepa. s
nepenasy coobLIeHITA KOHTPO/UIED CASOMT 38 COCTO:
AHHEM IITHHL] ¥ IPH €€ HE3AHATOCTH HAYHHALT I1e-
DEJAYY, B TO e BReMA 0CYINeCTRILAA IPOREPEY [Ipa-
BHABHOCTH Npoxoxglerus nudopmauun. [Tpu Bos-
HHKHOBEHHH CHTYALMH OJHOBPEMEHHOM nepenayn
HHGopMAaITHH HECKOTLHUMH KOHTPOIepaMH KOH-
TPOJAED Y312 ¢ BRICIITHM NPHOPHTETOM TPOI0JIHA-
eT [epeauy, a HOHTPOJUTED YAI1a ¢ HHAIIIAM IIPHOpK-
TETOM [IPCKPAIALT W HAST OHOHYAHWA ITHKIA [1e-
penaun. TaK KaK BeIXO/Bl BCEX KOHTPOMICPOB COSAH-
HEHEI 10 IPHHIMEIY “MoHTaHee M", To npi Belgay3e
OIIHIM HOHTDOIEPOM CHIHAMNA JIOTHEHECKOTD HYIA,
a IPYTHM = TOTHYECKOH eUHHLIEI Ha BeIxoae GyueT
HONE. KOHTpOLIep ¢ HU3INHM ITPHOPHTETOM 00HA-
PYHHT. MTO TPHCYTCTEYIOWMIHI Ha IIMHE CHTHAT He
COOTBETCTEVET BhIIABAEMOMY, H IDEKPATHT [Iepeaa-
uy. OnucaHHbIH MEXaHM3M HEeCTPYKTHBHOIC ap-
OMTparxa IpOWLIOCTPHpoBaH Ha puc. 1. (Ecin OpITE
Oonee ToUHBIM, TO B cTaHAapTe CAN yHASHIBAIOTCA
OBa COCTOSIHHEA CHrHAIa MIHHED — JOMHHAHTHOS
PELECCHBHOE, YTO NO3BONAET HCNIOALIOBATD OIHY
JIOCHKY O71A paaTMYHBIX PeANHIAIHH PHIMYECKoTo
YPOBHA),

CauH G1T

:nor_ anHHALA

nar. Ko

3-il npourpeieaaT  2-d NPOWrpLIBART

Puc.1. HegectpykTueHsid noBurossid apBuTpas WKHE CAM

CAN geriontayer clieyonide cnocofe ofHapy-
H{EHHA H HOPPeKLHN o1uHBox:

- Bit monitoring

- Bit stuffing

- Frame check

- ACKnowledgement Check

- CRC Check

Bit monitoring — Kak npoMNNIOCTPHPOBAHO BEILIE,
KazyIbli y3e1 5o BpemA nepeaayu GHToB B CETE cpas-
HHBAET 3HAYEHHE NepefaBAEMOro MM OUTA Co 3HA-
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YenueM 0MTa KOTOPOE NOABNAETCH Ha HHe. Ecan
BTH SHAYEHHA HE COBNAJAICT. TO Y36/ reHEPHPYET
oumGky Bit Error

Bit stuffing — npu nocnegosarensHoi nepegayun
yanom 5 0BT C 0OMHAKOBEIM SHAYEHHEM ABTOMATH-
yecki gofaenaeTca mecTol OHT C MPOTHEOIOIOMK-
HEIM 3HA4EHHEeM. COOTBETCTBEHHO IDH IPHEME Ta-
KOro coob1IeHMA 3TOT AOIIHHTEILHBIH OMT aBTO-
MaTH4eckH yranaerca. [Ipu noApneHUH Gonee ATH
OHT C 0IMHAKOBLIM 3HAYEHWEM MeHe PUPYETCA OImMh-
ra Stuff Erron

Frame Check — xax GyieT [okasaHo HHME, OT-
OEIbHBIE YACTH [IToiA) coobIneHna IMEeIOT ogHHa-
KOBOE JHaY€HHE Bo Boex THNax coobimenui. [Ipu
HEpPYIIEHHH (opMAaTa reHeEpHpYeTCcA omunkbKa Form
Erron

ACHnowledgement Check — nociie nony4eHudA
HpPABMITLHOND COOBIIEHIA Y3E) — MPMEeMHUK BhICTAR-
JIFIET HA IIHMHE J0MHMHAHTHEIH OHT B TOM MeCTe, [je
nepeaaTHHEOM BLICTABNIEH peLleCCHEHEIN, B npoTHB-
HOM C/Iy4ae NepeiaTydr PErHcTPHPYeT ouinbKy
Acknowledgement Error

CRC Check - kamjioe cooBIIeHNE KOMINEKTYeT-
cA koHTponsHoH cymMmol CRC. Kaskawii yaen Heaa-
BHCHMO [OACYHUTEIEAET 3HaveHHe CRC Terymuero
coo0IIEHHA ¥ CPABHHBAET C nepefasacMeM. [Ipn
HECOBNANESHHMH 3THX 3HAYEHWI y3el - MPHeMHHE
redepupyer ounbky CRC Error.

Kpome Toro, B CAN peanusosan Mexannam orpa-
HuueHHA omnbor [Error confinement).

SToT MEXaHH3M IAHOYAETCA B TOM, YTO IIpH 0D-
HapyHeHHH 1000 13 [IATH NepeYHcIeHHbIX O111H-
Gok ysen nepegaet B ceTk Error Frame, np# noasne-
HWH KOTOPOTO NIPEKPAIIAETCH IPHEM TEKYINETD Co-
obuwennsa. Kaxabifl ysen Tarme nNoAcYUThIBALT
ouniBe nepeaatH M onMiKN MPHEMA B CHeIHATR-
HBIX CHETYHKAX, IpuyeM omnbra nepegayun obna-
naer Gonbiueii 3HAYMMOCTRED, YeM oLIHOKA TpHeMa.
Horga xone4ecTeo oMok NPeBhIllaeT S aHHEIH
npenen, yaen, Asisoiuics OCHOBHEIM MCTOUHHHOM
oIMG0K, OTKIIOYAETCH OT CETH.

Ona nepena4uy nHgopMalEy no weHe CAN me-
[101BAYIOTCA YeTRIPE THIIA HAADOE (IH dhpefiMoB):

- Kaup aanHe (data frame) — ocrorHoi cnocol of-
[IEHHA Y308 CETH, CONEPEHT JaHHbIE, epenasae-
MEIE 0T HCTOYHHKA NTPHeMHHKAM:

- HaAp yaneHHoro aanpoca [remote frame) — Henons-
ayeTcA BJA 3AIPOoca JAHHELX OT YAANEHHOIO Y3/na,

- kaap owubks (error frame) - nepenaerca npu o6-
HAPYHEHHMH OMUOHH HA IIIMHE;

- ragp neperpyskn (overload frame) - nepenaercs
AnA 3a0e[HREH NepejaYdH Kafpos JaHHbBIX HAH Ka -
pa yAaleHHOr0 3ANpoca, €C/IH y3e1 He yenen obpa-
GoTaTh NoMyHeHHBIE pAHEee JaHHbe,
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Kagpst omubxy ¥ neperpyskn GopMupyloTea
KOHTPO/UIEPAMH ABTOMATHYUECKH, B TO BPEeMA KaK
Kajpsl AaHHBIX M KAIPhl YANCHHOTO SAIIPOCa HC-
noab3yIoTed A obecnedeHAA HH(OPMALTHOHHOTO
ofmeHa.

Crangapt CAN npeycMaTpHpaeT apa THIIA Gop-
MaTa KaJpoB: CTAHAAPTHLIH, cofeprammii 1 1-61T-
HEIH MAeHTHOHUKATOP M OMHUCAHHLIN B 9acTH A crie-
undHKaH CAN, 1 pacioHpestbii, ¢ 29-0UTHBIM
HIEHTHDHKATOPOM, ONMMCAHHEIHA B YacTH B.

Jlna cuereMmbl yrnpaeneHHa H o6paGoTHE HH-
thopmManuu Macc-cnexrposmerpa MTH-350T uc-
No/B3YIOTCA CTAHAAPTHEIH dhopMaT kaapa. Ha
pHc.2 npueesed dopMaT KaApa JAHHEIX HIMHEL
CAN.

Intard Interframe
Eg:ﬂ””"“ e DATAFRAME ———+ Space
| o
Overload
‘ml Frarme
Stan of Fras
Arbilration Field
Coniro Field
Data Fiedd
CREC Field
ASHK Fiekd
EMD of Frama

Puc.2. dopmat kanpa CAN

B kazpe NepBEIM HUET IIoJe apGurpama
(Arbitration Field), conepmaluee HOeHTHOHKATOP
(Identifier) cooBiuenna. [ToaToMy HAEHTHOHEATOP
CoODIIEeHHA OJHOIHAUHO ONIPENENAET €ro NPHOPHTET
B COOTBETCTBMH C ITOPHTMOM, NPOH/UTIOCTPHPO-
paHHEIM Ha puc. 1, MoenTiduraTop cocTonT M3 11
6HT B NepeAaeTcd, HAMHHAA Co cTapiuero Gura. B
noJsie apfHTpasa Mocie HAeHTHPHKATOPA Nepeaa-
erca RTR Gut (Remote Transmission Request). tot
GuT onpenenseT THI Kaipa: B kaape nanusx RTR=0,
B Kajpe yaanensoro sanpoca RTR=1 (puc.3).

Interirame —ste— 35" —+a— ARBITRATION FIELD —sta— Control
Space Frams Field

RTR Bit
Identifier

Puc.3. None apSuTpaxa

Ja nojieM apSUTpaia waeT none kouTposada (Cont-
rol Field), copepmaiiee Ko AnMHB gannss DLC

{Data Length Code). Hox pansst fadHer HHbOPMH-
pPyeT o koaHydecTre DaliT MaHHELIX, NePelaBaeMEIX B
kazpe. [lBa Haua/ibHLX OUTA 3a pe3epPBUPOBaHE 1A
Gy/yLUEr0 HCTIONBE30BaHH s (pHC.4).

Astilration Control Fleld Dala
Fiald Fiald
r | @ |owca|owez|oiet [puca| CRE
Field
Reserved Duata Langth Code
bits

Puc.4. MNone koHTRONA

Janusie (ec/d OHH €CTh), NEpPefaoTCeA B Moe
nausbix (Data Field). dopmat nepenasaembix AaH-
HBIX OMpeieIaeTcd paspaloTYHKoM CHCTEMEL Mak-
CHMANLHEI 00 BeM IIPe/IaRaeMADX IAHHEIX B OIHOM
kaape — 8 GaiiT

Mone wonmponsHoil cymmel {CRC Field). 15 6ur-
HEIH MHKTHYeCKHH Ko BEIUMHCAASTCH 10 SHAYCHHIC
noneff apbUTpaNta, KOHTPO/LA M AAHHEDL M TOChINaeT-
cA nepegaT4yHKoM. Bee npuennnma serumenmor CRC
H CBEPAIOT C NepeAanHbM 3HaueHueM. [Ipn Hecos-
NaeHHH 3HAYEHHH NepegaTyuky coobimaerca of
olMGRe ITPM MOMOIIH Kaapa ourubuy, M Torna nepe-
JATHME ABTOMATHYECKHU IOBTOpAET cooberne. Kon-
Tpo/LHAdA MocnegopaTensnocTs (CRC Sequence) co-
npoBorgaeTed pasgemaTenem (CRC Delimiter) (puc.5).

Dala - CRC Field Ask
or Fleid
Caontrol
Figld
i CRC Delimiber
CRC Sequence

Puc.5. MNone koHTRONLHOA CyMMB!

B xoxie coobiieHHMA nepejaeTod Mone NoATEep-
ainenns (ACK Field), cocroamee 1a obaacti noj-
teepiaenna (ACK Slot) n paspenurtena (ACK
Delimiter), [epeaaTuMk Beeraa nepegaet b roie ACK
petieccHBHEI 6HT. [TpH uTeHHH COOBLIEHUA MPHEM-
HHEK BO Bpem#A npuéMa 6ura ACK nockll1aeT Ha [ITHHY
JOMHHAHTHEIF GHUT, IO TBEPAIAA TEM CAMBIM NTPH-
en coobieHna.

CRG Ask Fleid —-l-—- End of
Fiald Frame

‘-“-.CK Dwalirnilar

ACHK Slot

Puc.B. Nane nooTeepkasHHa
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Onucanyble BBIINE MEXAHH3MBI [TO3BOAAIOT C
BRICOKOH CTENEHBI0 HAAEHHOCTH MepegasaTs cool-
LIEHWA B YCIOBHAX CHILHE ITOMeX. B cooTBeTCTEHI
C NOACHETAMHM BEPOATHOCTE MOABAEHHA HeoGHapy -
AceHHOH oGk cocTasnaeT 4,7-10°!, 3ro osnaga-
€T, 4T0 NpH pafoTe MIMHEL cO ckopocThio 1 MEuT/ c
365 fxeit & rogy o 8 wacos npu 50% sarpyske ofHa
omnbka sBosHHKAET paz B 1000 net.

Henoms20B8aHAE MPOTOKOIA BEICOKOT0 YPORES

Cranaapt CAN He ornpe/lenaeT MpapiIa Mepeia-
4H cODGIIEHHI B CETH, a/IDECAIIMH Y3/IOBE M pacnpe-
JAelleHHA HACHTH(HKATOPOB, HE paccMaTpHBaeT
BO3MOMHOCTD MEPeJayH JaHHbIX WIHHOH Gonee B
BaiiT YrasaHHBIE 3a/1a4M PEIIAIOTCA B pAMKAX CIie-
KA Tax HA3EIBAEMBIX TIPOTOKOI0B BEPXHE-
ro yposua CAN-cereil (HLP - Higher Level Protocol),

Ha nanHbiii MomenT paspaGoTaHo foisiiioe yuc-
JI0 MPOTOKONOR BepxXHero ypoeHa: CAL/CANopen,
OSEK/VDX, SAE J1939, DeviceNet. SDS, CAN-
Kingdom, NMEA2000, B 0CHOBE KOTODBIX IEHHT Ka-
HAIEHRIH npoToKon CANZ.0.

HauGonbinee pacnpocTpaHeHHe B HACTOAIEE
BPeMA MOTYHHTH CIS/TYHITHE TPOTOKOMRL

CAL-CAN Application Level, i paspaGotaussit
Ha ero ocHose CANopen, BRITYIIEHHEIH opramnmsa-
upeii CAN In Automation. [MopaepixiBaeT cropocTH
nepegays gander: 1 MGur/c, 800 K6ut /o, 500, 250,
125, 50, 20 1 10 K6ut/c. [Togaeprka cropoctH 20
K6ur/c apnaerea o6A3aTeNBHOMH I1A BCEX MOAYITEH,
¥ane1 CANopen ofiMeHHBaIOTCR MesRAY cofoit ol bek-
TaMu-coolueHHAMH. Ypaenenuem pafoToil ceTH
BAHHUMAETCH MACTEP — YeTPOfCTED, OCYILECTRIIAK-
ee HHHUHANH3alHIO YCTPOHCTE, HX NepHoaiyec-
KYI0 NIEPEKIHYKY, KOHTPOJE oluHok. [TepeoHayans-
1o CANopen nmpefHasHavalch I8 YIPARIeHHA Me-
XAHH3MAMH B CHCTEMAX MPOMBIILUIEHHOH ABTOMATH-
KH. OAHAKO BIOC/AEACTEHH NPOTOKOI HALIE MPHME-
HEHHE B MEJHIMHE, MOPCKOHA S/IEKTDOHMEKE, HA TPaHc-
MOPTEe M B CHCTEMAX ABTOMATHIALIMH STAHMIT,

SDS (Smart Distributed System) - paspaSorka
romnanuy Honeywell Inc. (Micro Switch Division).

IIpeacrasnaeT cofoil HeiDPOroe U 3aKoHYEHHOE pe-
[IIEHHE [UIA CETEBOr0 YIIDABICHHA HHTEEKTYANL-
HBIMH JATHUHKAMH M HCIIOJHHTENEHEIMH YeTpodi-
CTBaMH OT LEHTPANLHOTO ROHTPOJUIEPA B CHCTEMAaX
NpOMBILIIEHHOH aRToOMAaTHIAUHH. OnpeaeneHs
cropocTH 1 MouT/c, 500, 250 1 125 sbur/c.

CAN Kingdom - npoTOKONI IIBEACKO# KOMITAHHM
KVASER-AB. OCHOBHOI LIENLIO CO3AAHKA IPOTOKO-
718 GBUI0 MPEOCTARIEHHE CHETEMHOMY paspaboTyu-
KY MaKCHMANEHOH CRODOMEI B PeaH3AIlHH CBOMX
HOeH TP NOCTPOSHHH CETH, COXPAHHB MPH 3TOM
BO3MOMHOCTE HCIIONE30BAHHA CTAHIAPTHRIX MOTY-
nei oT He3ABHCHMEIX NPoH3BoAHTeNeH. MHTYHTHB-
HO NOHATHOE OITHCAHHE IPOTOKOMNA OPHEHTHPOBAHO
Ha BOSMONHOCT pa3palo TN CHCTEMEL HeNOAroToOB-
NMeHHBIMH NOAB30BaTeTAMH, OrpaHHYeHHA HA M-
[OIB3YEMEIE CRODOCTH HET, HO OITPeIeNeH0 UCTIONb-
30BAHWE CHOpOCTH 125 kbuT/c npH HHHIHANM3A-
LIHH YCTROHCTE.

DeviceNet - npoTokon, paspaSoraHHblii 1 omy6-
THUKOBAHHBIN B 19894 rony kommaumeil Allen-
Bradley wopnopauuu Rockwell o snocnegcTeun
NepejaHHelil B BeleHHe CISHANLHO OpraHH30-
BaHHOH /1715 ero noggep:xyK accounaunu ODVA
(Open DeviceNet Vendor Association Inc.).
DeviceNet - Hegoporoe, npoctoe 1 athhexTuRHOE
peieH e 114 00 beIHHEHHA PAZHOOOPAIHELX YCT-
poieTs NPOMBIIUTEHHOH ABTOMATHIALHN HE3ABH-
CHMBIX IIPOM3BOJHTENEH B eIMHYIO cCHeTeMy. Paa-
PEIIEHHEIE CKROPOCTH OTDAHHYEHEL TPEMA 3HAYe-
Husanme: 500, 250 1 125 KouT/c. OfecnednpasT
BOSMOMHOCTE "ropRyero” IOSHIIOMEHHA W OTHIIIO-
HEeHHA YeTpoHeTs ceTH (Gea mpexpanienus pabo-
TEI M 00ecTOUHBaHKA y3noB), [Ina nepegayuu fan-
HEIX nnuHo# Gonee 8 GalT Henonsayerca (par-
MeHTauuA coobmennti. O6nafaeTr npogyManHoi
CHCTEMOH HASHTH(PHKATOPOB, COOBILIEHHA pastu-
ThI HA TPH TPYINEL, D03TOMY KA y3el MoeT
HMMETE HEKOTODOE MHOMKECTBO MAEHTHHHKATOPOS,
BXOJAIHX B COCTAB Tpex rpyni. IipuopuTtet coob-
IIEHHA ONpefe/AeTCA IPYNNol 1 HOMEpoM Yana
(MACID) B cooreeTcTBHM c Tabn, 2.

Tabnuua 2
Pacrpepenshve woeHTuwurkatopos DeviceMet
0| 9o la |l 7z]e[s]ala]2]1]o
Group1| 0O Group 1 Message ID Source MAC ID
Group2| 1 0 MAC ID | Group 2 Message ID
Group3| 1 1 _|Group 3 Message ID Source MAC D
Group4| 1 1 1 | 1 | 1 Group 4 Message ID

LA CHCTEME] yTIDaB/IeH A H c60pa HHbOPMAarM
Macc-cnekTpomerpa MTH-3500" 6ein paspaborau
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CBOiH NPOTOKOL, HCTIOMBIYIOLE HEKOTOPEIE 2JIEMEH-
Tb! DeviceNet. B paspaGoTaHHOM IIPOTOKO/NE PEHyc-
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MOTPEHA BO3MOMKHOCTD (PparMeHTaIMH coofieHH.
MognepxueaoTes ckopocTu 10, 20, 50, 125, 250,
500, 800 1 1000 KfuT/c.

Cniocob onpeaeneHya HAeHTHOHEATOPA coofme-
HUA ABIASTCA [MABHEM APXMTEKTYPHBIM 3/TeMEHTOM
CAN crerem, Tax kax unesTadurarop CAN-coobue-
HIA ONpE/IENAET OTHOCH TEILHBIH MpHOpHTET cooine-
HIA M, clIe[0BaTe/bHO, Bpems ofpatoTin coobineHms.
ITo TAaKKe BIHAET Ha BO3BMONHOCTE MTPHMMEHHMOCTH
(bUIBTPOBAHIA CO0BIICHHA, HA HCMOLI0BAHME BO3-
MOMKHBIX KOMMYHMKALMOHHBIX CTPYKTYD H ahex-
THEHOCTE HCTIONB30BAHMA HAEHTH(pHEATODA.

B paspaSoTaHHOM MPOTOHONE HCTIONBIYETCH ClIe-
my10itiee pacnpeeneHe HIeHTH(HKATOPOR: IECA-
ThIl GUT (SYS) ONpeenaeT MpHHAIEKHOCTE C000-
LEHHA K TPYIINe CHCTEMHBIX MM IPHKAaAHEIX CO-
obmenui. CHeTeMHBIE cooBLIEHIA MPEAHASHAYEH]
A1 KOH(UTYPaLHH, YIIpasieHHA pafoToH, Iposep-
ki paBorocnocobHocTH, oTiaaKkH CAN-ya108. [pu-
KIALHBE cooBIIeHIA YIIPABIAIOT PAGOTOH S/1CKT-
pOHHE 6I0KOB, NepeaaioT HHGpOPMALIHMIO TPHKAAN -
HOT0 XAPAKTepa. B TOM HHC/IE PE3YIETaTbl H3MEpE-

aui, JepaTrri 6T (PR) crysuT 1A 3aJAHAA NPH-
opirera coobiuerHs. [1o/e ¢ BOChMOTo 110 TPeTHi 61T
HeceT B cefie agpec yana BHyTpH ceTH CAN (MAC ID).
B coctas Mace-criexrpomerpa MTH-3500 Bxogar
cAeQyIoMHe 31eKTPOHHABIe GAOKH, OCHANEHHEIE
CAN - KoHTpo/U1epom: 610k perucTparpm 1008 BPT,
6ok cTabwmusaiin uamyknan BCH, Grok ynpas-
neHHA kianadami BYH, KOHTPOANER CHCTEME] OT-
wauxu KCO, Gnox nuraHMA MardMra BIIM. Gnok
BBICOKOTO Hanpssenna BBH, 610k nHTaHMA UCTOY-
uuxa BITH 1 asa oSHOTHNHEX G10KA MHIHHAITMH
dopraxyyma BH®. ogiH H3a ROTOPLIX YCTAHORIEH B
aHanuTHYecKoil crofke (AC), ApyToii— B CTOIIKE Ha-
nycka (CH). Anpeca aTix GNOKOB pacnpe/ie/eHkl cie-
AYIOLHM 06pasoM (B IIECTHALATEPHYHOA CHCTE-
we): BPT 0x0A; BCH 0x0B; BYK 0x0C; BITM 0x0D:
KCO 0xOE: EBH 0x11; BITY 0x12; BH® AC 0x10;
Bl CH 0x0F,

[Tone co BTODOTO 10 Hy leBol BHT CIy T JIA HIeH-
Trdukamy cooSINeHHA, NpHHaexRamerc 6aoKy,
M ABAAETCH, 10 CYyTH, KOIOM ONpefeIeHHOH HOMaH-
nut (Message ID) (Taba.3).

Tatnuua 3

PacnpepenaHue vaenTubukatopos ceTw CAN macc-cnekTpomMeTpa MTH-3500

wlolsl7l6]5ala[2]1]0

SYS| PR MAC ID Message ID
0ol|l0 Anpec yana WoermucbukaTop|IprknanHoe cooBlugHUe BEICOKMA NPUOPUTET
0 |1 cooblienna  [MpMknanHoe cooBLLEHWUE HU3KWA NPUOPUTET
1 [0 CycTEMHOE COOBLWEHWE BLICOKWA NPUOPHTET
1 1 CucTemMHoe cooBWEHWE HAIKMIA NPHOPUTET

Taxum ofpazoM, KAXILIH Y31 MOMET HMETE 10
BOChMH COOBIIEHUI B Kay0 U3 YeThIPeX IPyTL.

B xauecTBe HiLTIOCTpAlHi B Tl 4 NpUBEeHB
KOIBI KoMaH[ 610Ka perucTpauuy Toxos (BPT)
anroputm pabotsl CAN Ha npHMepe MH(pOpMAallH-
oHHoro ofMeHa YIpaBIAIOLIETO MPOMBILIIEHHOTO
KOMIBIOTEPA C 5THM G/0KOM.

Kak sunxo #3 Taba. 4, B COOTBETCTBUI C M3N0-
JKEHHEIM PaHEe MEXAHH3MOM HASHTHOHKATOPRL
coobieHHii pacnpeeeHel ONTHMAaIbHBIM CIIOCO-
fom, HernouaomumM cGou npa padoTe.

Hndopmanmonnsil ofMeH NPOUCXOONT Caey-
ronmuM o6pasoM: KOHTPO/UIED ynpagnaomeit SBM
(nanee — ¥TIP] nocbinaeT B KOHTPOAIEP EPT (ma-
nee — BPT) coobmenne ¢ kogom 01_001010_001,
paspemas MHHIHATHBHYIO BEIa4y pe3yaLTaTos
namepennii BPT. 3arem YIIP nocklnaeT coobe-
uue c xogom 01 001010_000, sanyceIBad BpeMA
MHTErpHpoBaHHA npecipasoeaTena. [locne aToro
YTIP npoH3BoauT 3amyck npeobpasoparenn, Nockl-

naf coobmenne ¢ kogom 00_001010_000. BPT npo-
H3BOUT H3MEPEHHE, 110 OKOHYaHHH KOTOPOT0 Bhl-
faeT coofiljeHHe O FOTOBHOCTHM JAHHEIX (KO
00 001010_001) 1 pe3ynsTATH HaMepenuiino 1.2
kaHanam (kon 00_001010_100), sarem no 3.4 Ka-
Haznam (ko 00_001010_101), saremno 5, 6 kana-
nAam [kom 00_001010_110). Taxxe Bo3MOMHA pa-
foTa ¢ BelaYeii pe3yIETATOB HAMEDEHHA 110 TPE-
GosaHmIo, pu 3ToM YIIP noceuiaet cooGHIEHHE C
rogom 01_001010_001, aanpeuias HHHIHATHE-
HYyI0 BEIlady pesynsTaTos Hameperui BPT. Sarem
¥IIP mnoceuiaeT coofieHHe € KOOOM
01_001010_000. 3aIHcHBan BpeEMA HHTCIPHPO-
panua npeobpasosaTend. [Tocne atoro ¥1IF npo-
H3BOIMUT 3anyCk Mpeobpazosarend, NOCHUIAA CO-
ofinerne ¢ kogom 00_001010_000. BFT nponaeo-
AMT M3MEPEHHE, TI0 OKOHYAHHH KOTOPOTO BELAAET
cooflieHHe © TOTOBHOCTH JaHHHX [KOA
00_001010_001). lo npueny CHrHama roToBHOC-
Ti YTIP sanpalnusaeTr JaHHEE N0 BEIGPaHHOM

391



AHANWTHRS W KOHTPOM. 2003, T.7, No 4

nape KAHaMOB, NOocCkIad cooblieHHe ¢ KOOZOM
00_001010_010, EPT oTBEYaeT, NOCLUTAN PE3YILTA-

ThI H3MEPEeHUH 10 TpeSyemuiM KaHAMAM [I0CEUTKOH
coofinenna c konom 00_001010 011,

Tabnuua 4
Kogsl womang BPT
BTk moeHMMhMkaTopa WenonsaoeaHve uoeHTUtvkaTopa
10,8 8 176 |8 g 48 ]2 1.0
X X 0| 0|1 0o |1 0 |KoakomaHaosl
0 |0 0 | 0 | 0 |3anycknpeoBpazosanua
o |0 0|0 1 | MoToBHOCTE AaHHLIX
0 0 0|1 0 | 3anpoc ganHsx n,k-oro kaHanos
0 0 g |1 1 | DaHHee n,k-oro kaHanos
0 |0 T |0 | 0 | daHHsle 1,2-0r0 kaHanos
0 |0 110 | 1 | AanHuie 3.4-0ro kawanoe
0 | 0 | Agpecyana001010b{Ox0A) | 1 | 1 | O | HdaHHbie 5,6-0ro kaHanos
0|0 1 (1 1 | Paaepa
0 |1 0 | 0 | 0 [ 3anuce BpemeHn npeoBbpasoeaHus
0 |1 0 10 | 1 |3anpernocobbimvio cooBLUEHWH OaHHBIX KAHANOE
o0 |1 0 [ 1 | O | 3anvck OUCKPETHLIX CUFHANOE
o |1 0 | 1 | 1 |“YreHwe QUCKPETHLIX CUrHAMNOB (3anpoc)
0 1 1 | 0 | 0 |JdaHHeEe O4ckpeTHLIX cMrHanos (oteeT)
1] 1 Pesepe
Konmposnnep yzna CAN TH ¥ K NepHbePHAHEIM YCTPoCTBAM:

B ofinem ciaygae CAN - y3en npeacTaBIfAeT U3
cebf ABTOHOMHLLI 3IEK TPOHHBIA MOIYIEL, OCHATIEH-
HBIH MHEpOnponeccoponm i CAN — koHTPOLIEpOM.
Muxponpoteccop o6ecneunsaet padoTy yaaa 8 co-
OTBETCTEHH C SANIOMKEHHEIM AUTMGPHTMOM, & HOHTPO-
Jlep pealHayeT BLICOKOCKOPOCTHOH o0MeH Mesqny
npoueccopoM H miHH0H CAN (mpHem. (hubTparmo,
KOHTPO/b, HAKOILIEHHE M OTNPaBKy coofmeHu) ¢
MIOMOINER BCTPOSHHBIX ATNTAPATHRD CPeIeTs. Bamek-
TPOHHBLX GI0KAX, HENO/IEIYeMED B MACC-CIIEKTPOMET-
pe MTH-350I" scnonsayerca YHHBERCANBHBI KoH-
Tposuiep, paspaGoranueit OKB npuboproro sasosa
YIXK. Konrpomep spinonsen B dopmarte PC/ 104 1
COAEQHHT B CBOEM COCTABE:

- YUpaBIAKIIHI MHEPOKOHTPOIED ceMeficTaa
MCS5-51 hupmel ATMEL ATB9S8252;

- cxemy neundgparopa anpeca;

- CXeMY PA3NSNeHHA APECHOrD MPOCTPAHCTBA
O3¥/TI3Y;

- BICKTPHYECKH EpENpOorpamMmupyenmoe [T3Y em-
KocThio 32 KG;

- OOEPATHEHOS 3ATOMHHAIOIIEE YeTPOHCTBO M-
xocThio 32 Kb;

- CXEMY BPEeMEHHOr0 MYJIBTHILISKCHDOBAHHA
siamuero faiiTa agpeca ¥ IIHHE] TAHHBIX HA MIE-
pocxene;

- CxeMy 3auenky crapmers Safita agpeca;

- CXeMy YIIPABISHU A J0CTYIIOM K BHenIHel! nama-

392

- Ipaiieep nHTepdeica RS-485;

- KOHTpotep CAN-unTepdeitea SJA1000 npo-
HuasoacTea Philips, anmapatho noggep:euearomed
Bee (hyHKIMH 10 MpHMeMy, Nepeaatie, KOHTPOIIO CO-
obmeHmi mKHL CAN Ha Beex CTAHAAPTHEIX CKOPO-
CTAX:

- gpaiipep CAN-unTepdeiica H ranbBaHHYeCKHe
pazsaasy CAN-MarucTpans;

- TANTbBAHMYECHH PASBASAHHEI HCTOMHHK THTA-
HHA paaeazok CAN-maruerpany u CAN-gpaiisepa.

YnpasnenHe paboToii y3n0B IPOH3BOAUTCR CIIeL-
BBIHMCIHTENEM Ha Gase NPOMBILILUIEHHOND KOMIILIO-
TEPA [IPH NOMOLLH CHELHAIH3HPOBAHHOI0 TEXHON0-
rHYeCcKOoro H JHArHOCTHMYECHOro IPOTrPAMMEHOTD
ofiecnevenus. BaaumMoaeficTBHE ClICLBRIMHMCIHTELA
€ LIMHOM NPOMCXOAHT NPH [TOCPEACTEE KOHTDOMIE-
paPCL-841 npouseopcTea Advantech.

Hoa oueHin pafoTocnocobHOCTH paspaboTaHHoi
CHCTEMBE IPOBOILTHCE HOMLITAHMA pAG0TE cCHeTe-
Mi! ciopa i 06paboTry nudopManuy NpH npoBe-
AEHHH MAacC-CIeKTPOMETPUYECKHX AHAMHI0R Ha
MAKETEe M ONLITHRIX 06paslax Mace-cnekTpoMeT-
pa MTH-350T". HenerTaHEA 0OKa3aIH MOJHYI0 pa-
6oTocnocofHOCTE CHOTEMBI, TOATRED MM J0CTA-
TOYHOCTE NPOMYCKHOH CrIocOGHOCTH IIHHE] B HaM-
fonee HACKIEHHBIX HHBOPMALMOHHBIMH [TOTO-
KaMH PesIMax.

OcHoBHEle cTaHIAPTE CAN M BOTIPOCH! HCIIOIL30-
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CAN CONTROLLER NETWORK DEVELOPMENT FOR MTI-350G MASS SPECTROMETER OPERATING
A.B.Malzev, D.V.Novikov, A.V.5aprygin

The basic information about CAN network sequential protocol of data exchange and algorithms of
network functioning are given. CAN network usage within MTI-350G mass spectrometer control system
and data exchange is briefly described.
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