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MpOrpaMMHBIM oOecriedeHreM. Pellienne nocTaBIeHHOH 3a]a4u IOCTUTAeTCsl TEM, YTO B JByXyPOBHEBOM
YHUBEPCAJIBHOM allllapaTHO-IIPOIPAaMMHOM KOMIUIEKCE B BEPXHUH YpOBEHb C MOAYJEM YIIPaBICHUS
u koHTpons (1) BBemeH Onok 6a3 maHHBIX (2), a B MOIYITh YNpaBIEHHS W KOHTPOIS HIDKHETO
ypoBHs (3) BBeneHbI Onoku compsbkeHus (4 u 5) ¢ mamepurensamu coorBercTBeHHO (10.1, 10.2-10.k)
motpebsiemoir mpuBogamu (6.1, 6.2-6.k) momHocTH u m3Mmeputensmu (12.1, 12.2-12.k) xoneOaHmit
ucronHuTeNnsHbIX opranoB (11.1, 11.2-11.k), mpm >ToM KOMaHZAa, YNpaBIAIOMIAS KOHTPOJUIEPAMH
(9.1, 9.2-9.k) snekrpomsurarencii (7.1, 7.2-7.k) dbopmupyeTcst ¢ yuyeToMm cojepikaiieiics B Onoke (2)
I/IH(bOpMaI_II/II/I 0 3aA€pKKax IO BPEMECHHU BBINIOJIHEHHUA KOMaH]/, 4aCTOoTax CO6CTB€HHLIX MEXAaHUYCCKUX
KoJIe0aHWH M TUHAMUYECKHUX CBOICTBAX ympaBisieMbIX IpuBoaoB (6.1, 6.2-6.k), manabix 3uK07EpOB (8.1,
8.2-8.k) m m3amepureneit (10.1, 10.2-10.k u 12.1, 12.2-12.k), 9T0 TO3BOJIET CYIIECTBEHHO TOBHICUTH
IDUTABHOCTh PabOTHl WCIIONHUTEIHHOTO OpraHa 3a CUeT CHIDKCHUS Ha TOPAIOK W Ooliee aMIUIUTYI
€ro MEXaHMYCCKUX KOJNIeOaHWH ¢ COOCTBEHHON YacTOTOW W PACIIMPUTh BO3MOXKHOCTH aJalTHBHOTO
YIOpaBJICHUS MPOIECCAMU KOOPIMHATHBIX MEPEMEIICHUIN UCTIIOHUTEIBHBIX OPTaHOB TP TallICHUU 3TUX
KOJIeOaHHIA.
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MIIK G05B 19/18, B23Q 15/06

YHUBEPCAJIBHBIN AMMIAPATHO-IIPOrPAMMHBIA KOMILIEKC
IS AJAITHBHOI'O YIIPABJIEHMSI TPUBOJAMH MHOI'OKOOP-
TAHATHBIX CHMCTEM CTAHKA C YHCJOBBIM IIPOTPAMMHBIM
YIIPABJIEHUEM

306peTeHne OTHOCHTCS K OGNAcTH MAIIMHOCTPOEHHS W MOXeT ObITh HC-
TIOJIF30BaHO I yIpaBJeHHs mapaMeTpaMu (yHKIMOHHPOBAHUS NMPENU3HOHHBIX
MHOTOKOODJMHATHBIX CHCTEM CTaHKa WJIM TPYMINBl CTAHKOB C YHCIOBBIM IPO-
rpaMMHEIM obGecrieyennem (UITY) ¢ moanepxkodl MHTepdeiica Moap30BaTeNs U
06paTHOMN CBSI3BIO B PEAIBHOM BPEMEHH, B KOTOPHIX MOCPEACTBOM NPEIU3HOHHBIX
MEXaHH3MOB C IPHBOJAMH, MMEIOIUMH Da3H4YHbIC THUIBl 3JIEKTPOABHUIATENeH,
OCYILIECTBIISETCS MO3HIMOHMPOBAHKE U IepeMellenHe pabounx oOpraHos B 3-6
KOOPAMHATHOM CHCTEME B OIpeJe/eHHEI MOMEHT BPEMEHH B TPeOYyeMyIo TOYKY
IPOCTPaHCTBA.

B HacTosmee BpeMs [Uia yrpasieHus craHkoB ¢ UITY B poGoTH3MpOBaHHBIX
IIPOM3BOJCTBAX KCIONB3YIOTCS, KaK MPaBUIIO, ABYXYPOBHEBBIE YHHMBEPCATBHBIC
anmapatHo-Tiporpammusie Komutekchl (YAIIK), cgopMupoBaHHbIE 110 NPHHLMITY
eIMHOTO IIEHTPAbHOIO CIIENUANM3HPOBAHHOTO OloKa ympaBieHUs BerHerb
YPOBHSI, OCYLIECTBISIONIEr0 KOHTPOJb U yNpaBlieHHe KOOPIHHATHEIM IMOJIOXKEHH-
eM U IepeMelIcHUsIMH paboduX OpPraHOB CTaHKA MMOCPEJCTBOM HCIONHUTENbHEX
MOZyJIeif BTOPOTO YPOBHS, HEIIOCPEACTBEHHO CBA3AHHBIX C PabOYHMH OpraHaMHU.
B HEX ynpaBieHHe NPUBOJAMU MOXET OCYIIECTBIATHCS JIMOO HENOCPENCTBEHHO
Ha BEpXHEM YPOBHe, 100 Ha BEPXHEM ypoBHE (GOPMUPYIOTCS KOMAH/BI 171l KOH-
TPOJLIEPOB IIPUBOOB HIDKHETO YPOBHS, a IIOCJI€IHAE B COOTBETCTBUE C ITHMH KO-
MaHJaMH OCYILECTBIISIOT yIpaBlieHHe MPUBOJIAMH.

‘TTpu ynpaBieHdy IPHBOJAMH HENOCPEACTBEHHO HA BEPXHEM yPOBHE UCIIOJb-
3yeTcsi GUOIHOTEKa aITOPATMOB YIPaBJIeHHs, 06eCTIeYHBaIONUX (OPMUPOBAHHE

3JIEKTPHUYECKMX CHTHAIOB Ul HauGolee DPalMOHANBHOrO (yHKIHOHHPOBAHHS




npuBoLIOB IpH 3aJJaHHOM CKOPDOCTHOM W HAarpy304HOM pexume. Bmecte ¢ Tewm,
naxe B 3-6 KOOpIMHATHOM MpPELU3HOHHOM CTaHKE MOTYT HCIIOJIB30BaThCH 3JIEK-
TPOZABUTaTeNld Pa3IWYHBIX THIIOB, CBI3aHHEBIE C UCIIOJHUTEIHHBIMHU OpraHaMH Me-
XaHHYECKOM CHCTEMOH, HMEIOIIEH CyIUECTBEHHO OTJIMYHBIE HHEPLUOHHO-
XKECTKOCTHBIE XapaKTepUCTHKH. [103TOMy ¢ yueToM, Kak MpaBHIO, OTHOCHTEIBHO
He6oNbIOoro o6beMa BBHIIYCKa TaKHX CTAHKOB HCITOJNIb30BaHHE 3TOTO IOAXO0Ja B
3HAYUTEIHLHOM 4YHCIIE CIly4YaeB HE BIIOJHE 3KOHOMHYECKH M TEXHHYECKH 00OCHO-
BaHO.

Ilpu ¢dopMHpoBaHNM Ha BEpXHEM YPOBHE KOMaHJ AJISl KOHTPOJUIEPOB IPHBO-
JIOB Tuna «KOHTPOJUIEP-3JIEKTPOABUTaTENb» HIDKHEro yYpOBHS, Hambojiee paiuo-
HaJIbHBIE aJITOPUTMBI BBIIIOJIHEHHS AAHHBIX KOMaHJ YK€ 3aJI0)KEeHbI IPOH3BOIUTE-
JIIMH IIPUBOZIOB B NMPOrpaMMHOe obecredeHne KOHTpouiepoB. [TosToMy B 3Ha4m-
TEJILHOM YHUCIIE CIy4aeB HUCIONB30BaHUE 3TOTO MOAXO0/a OKa3bIBAETCS DKOHOMHYE-
CKH M TeXHH4YeCKU 000cHOBaHHO. OHAKO K €6 OCHOBHOMY HEJOCTaTKy MOXHO OT-
HECTU OrpaHHYEHHBIE BO3MOXKHOCTH OIEPaTUBHOI'O aAallTHBHOIO YIPABIEHHSA KO-
OpAVMHATHBIMH U CKOPOCTHBIMH PEXUMaMHU IepeMEIEHUsT UCIIONHUTENBHBIX Opra-
HOB, K JIOCTaTOYHO XapaKTEPHBHIM OCOOEHHOCTSAM KOTOPHIX MOXXHO OTHECTH MeXa-
HUYeCKHe KoJieOaHus ¢ cOOCTBEHHBIMHM YaCTOTAMH, BO3HHKAIOIIKE TIPH MEPEXO/I-
HBIX IIpoIleccax.

U B nepBoM, U BO BTOPOM ClIydae MOTYT HCIIOJB30BATHCH HOIONHUTENbHEE
CHCTEMBI KOHTPOJIS JINHEHHOTO U YIJIOBOTO KOOPAUHATHOTO IOJIOXEHHS UCIIOHHU-
TENBHBIX OPTaHOB ¢ OOPaTHOM CBSA3BIO, IIO3BOJISIOIIME OOECIIEYNTE UX afalTHBHOE
ynpaBieHue. OIHAKO 3TH CUCTEMBI KOHTPOJIS CYLIECTBEHHO yAOPOXKAIOT U yCIIOXK-
HSIOT CTOMMOCTPH anmnapaTHO-IIPOrpaMMHBIX KoMIuiekcoB. Kpome Toro, ux uc-
II0JIb30BaHHE IMTPH BEICOKHX CKOPOCTSX IepeMelleHHs] pabouux opraHoB He Bceraa
HO3BOJIAET S(PPEKTHBHO pemaTh 3aJa4d 00ecredeHHs IPEIU3NOHHON TOYHOCTH U
BBICOKOI'O KadecTBa 00paboTKHU. DTO CBA3aHO C BOBHUKHOBEHHUEM MEXaHUYECKHUX
KoJIe0aHMi ¢ COOCTBEHHBIMH 4aCTOTAMH IMPH NEPEXOIHEIX IpoLeccaX, BapbUpOBa-
HHEM B IIMPOKOM JMara3oHe JWHAMHYECKHX CBOMCTB MEXaHHYECKHX CHCTEM,

PasMEIIEHHBIX MEXOY JJICKTPOABHIAaTEIIEM U HCIIOTHUTEIbPHBIM OpraHOM, HAJIH4IH-
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€M Y HCIIOJHHUTEIHHOrO OpraHa MHEPLUOHHOW MAacChl M CBA3aHHBIX CO BCEM 3THM
HeM30EXKHBIX 3a/IepiKKaX MeXJy H3MEeHEeHHeM CKOPOCTH BpalleHHs (mepemelne-
HHUs) POTOPa 3JIEKTPOJBHUIATENs M COOTBETCTBYIOIIMM 3TOMY M3MEHEHHIO CKOpO-
CTH BpallleHHs (IIepeMeIeHH s ) UCIIONHUTEILHOTO OpraHa.

W3BeCTeH KOMILIEKC NPOrpaMMHO-aNMapaTHEIX CPENCTB aBTOMAaTH3AILU
YIpaBIeHUS TEXHOJOTHYECKHMH IpoleccaMu [1], B KOTOpOM mis pacIuMpeHHUs
(QYHKUMOHANBHBIX BO3MOXKHOCTEH, MOBBIIICHHS HAJEKHOCTH M YJIy4IIEHHS pe-
MOHTOTIPUTOAHOCTH pabouMe CTaHIMHU U cepBephl Ha 0a3e IepCOHAIBHBIX 3JIEK-
TPOHHBIX BBIYUCIUTENBHBIX MamuH (IIOBM), a Taroke KOHTpOIUIEpH H QyHKIMO-
HaJIbHBIE MOJIYJIM OOBEJMHEHBl uepe3 JOKanbHyIo ceTh Ethernet m comepxar
BCTPOEHHbIE B KaXJABI MOIAyjb (QyHKLHOHANBHBIE IIPOrPaMMHpPYEMEIE JIOTHYE-
CKHe WHTErpajibHbIe CXEMBI, KOTOpBIE IMOANEPKHMBAIOT "3aIMUBKY" MpaKTHYECKH
MOOBIX alIropuTMOB OOPabOTKH CUTHAIOB U YHPAaBICHUS NPHBOJAMH, IIPH 3TOM
KOHCTPYKTHBHOE HCIIOJIHEHHE KOMIUIEKCa IT03BOJISET HCIIOIB30BaTh Ha CBOeH 0ase
TPH BapuaHTa IOCTPOCHHS CHCTEM YIPaBICHHS, BKIIOYAs LEHTPAIN30BAHHOE
yIpaBlieHHe, JOKaJIbHOE YIpaBIIeHHEe U paclpelelleHHOe YIpaBlIeHUe, IPUYeM BO
BCEX TPEX BapMaHTaxX YIPAaBJIECHUS MOIYJb LIEHTPAIBHOTO IPOLECCOPA BHIONHIET
Ha4albHOe KOH(UTypUpOBaHHe (QYHKIMOHAIBHEIX MOXYyJel, oOMeH HH(OpMaIH-
e#, KOHTPOJIb U JUArHOCTHUKY IPOrpaMMHEIX U allllapaTHEIX CPECTB.

HenoctaTkoM NaHHOTO KOMIUIEKCA NIPOrpaMMHO-aIapaTHBIX CPEJCTB SBJId-
IOTCSL OTpaHUYEHHbIE BO3MOXHOCTH IOBBIIIEHUS TIABHOCTH ABHXEHHS HCIIOJIHH -
TEJIFHOTO OpraHa ¥ CBS3aHHOTO C 5THM INOBBILICHHUS KadyecTBa 00pabOTKH 3a cyeT
CHIDKEHHUSI COOCTBEHHBIX MEXaHHYeCKHX KOjieOaHW B MPENM3HOHHBIX CTaHKAX C
YITV ¥ HECKOIBKUX OOHOTHIIHBIX WM Pa3sHOOOPa3HBIX OOBEIUHEHHEIX B €IHHYIO
pPOOOTU3MPOBaHHYO JIMHUIO MPENU3HOHHBIX CTaHKax ¢ UITY, NMeromuxX HeCKONb-
KO paboTalomuX IPHU BBICOKMX CKOPOCTSAX MOJAad C IMEPEMEHHBIMH DPEeXHMaMH
(yHKIHOHHPOBAHYS NIPHBOJOB PAa3IMYHOTO THIIA, 00ECTIEYMBAIONINX NPELM3HOH-
Hble 1...6-TH KOOpMHATHBIE IEPEMELICHUS UCTIOIHUTENbHBIX OpraHoB. [Ipu 3ToM,
KaK IIPaBHJIO, BOZHUKAIOT MEXaHUYECKHe KoleOaHHs ¢ COOCTBEHHBIMM YaCTOTAMH.

Kpome Toro, y MEOronpuBOHEIX cTaHKOB ¢ UITY nmpuBoABI MOTYT HMETH CYLLIECT-



BEHHO OTJIMYHEIE APYT OT Jpyra ;:[I/IHaMmeCKHé cBoiicTBa. Kax/qpIif HCIIONHHATEND-
HBIJ OpraH MOKET UMEeTh COOCTBEHHYIO MHEPIIMOHHYIO MacCy, B CBSI3H C YeM HEeH3-
6EXXHO BO3HUKAIOT «33[EPKKM» 110 BPEMEHH MEXTy M3MEHEHHMEM CKOPOCTH Bpalle-
Hus (IBIDKEHHS) POTOpA SIEKTPOIBHTATENI €ro IPHBOJA U COOTBETCTBYIOIMM 3TOMY
U3MEHEHHEM CKOPOCTH BpallleHHs (TIepeMeIeHNs) UCTIONMHUTENBHOIO OpraHa, Cymie-
CTBEHHO YCJIOKHSIOLME BO3MOXKHOCTH aJallTUBHOIO YNPABJIEHUS NIPELIM3HOHHBIX I1e-
pEMeELLEHHI.

M3BecteH anmapaTHO-NMPOrpaMMHBIH KOMIUIEKC IS YIPABIECHHS TEXHOJIOTH-
geckuM obopynoBanueM ¢ UITY [2], comepxammii cUCTEMBI YIIpaBJIEHHSA U KOM-
MYTalUH, IPOMBIIUICHHBIH KOMIIBIOTED C YCTAHOBJICHHBIM SIPOM CHCTEMbl
YOpaBIEHUS C MOAYJIEM CHHXPOHM3AIMH, [0 MEHbIIEH Mepe, OAMH MOOHIIBHBIN
KOMIIBIOTED C YCTAaHOBJICHHOM BUPTYaJIbHOM NaHEINBIO, IIEPCOHANBHBIN KOMIBIOTED
C YCTaHOBJICHHOM BUPTYaJlbHOM MAHENbIO, CETEBOM MAapIIPyTHU3aTOp, NPHU DTOM
CTaHOYHas IaHeNlb IOAKIIOYEHA HaNpSIMYI0 K NPOMBIIUIEHHOMY KOMIIBIOTEPY C
BO3MOXXHOCTBIO 06PaGOTKH U Tlepesaud JaHHBIX Ha MOJYNh CHHXPOHH3ALHH, KpO-
M€ TOT0, MOOWJIBHBIH U NEPCOHATBHBIA KOMITBIOTEPHI MOAKIIOYEHBI K MPOMBIII-
JIEHHOMY KOMIIBIOTEPY CHCTEMBI YIIPABJICHHS.

K ocHOBHOMY HEZOCTAaTKy JaHHOTO TEXHUYECKOrO PEUICHUS MOXHO OTHECTH
OrpaHHYE€HHBIE BO3MOXKHOCTH MOBBIIIEHUS INIABHOCTH pa6oqi»rx MepeMelIeHu uc-
HOJIHUTENIBHBIX OPraHOB, pabOTAIOIIKX C MEPEMEHHBIMH CKOPOCTIMH pabo4ux Mo-
Ia4, BCJIEACTBHE BOZHHUKHOBEHHS COOCTBEHHBIX MeXaHHUECKHX KoyiebaHuii, B 0CcO-
OEHHOCTH B NPEIU3UOHHBIX MHOTOKOOpPJMHATHBIX cTaHKax ¢ UITY, umerommx He-
CKOJILKO OJHOBPEMEHHO PaCOTAIOIMX C MEPEeMEHHBIMU BHICOKMMU PaboOuNMH MOIa-
YaMM TPUBOJOB Pa3JIMYHOTO THIIA, B KOTOPHIX IIPH MEPEXOAHBIX Ipolieccax Hen30ex-
HO BO3HHKAIOT MEXaHHYECKHE KoJieOaHUs ¢ COOCTBEHHBIMH 4aCTOTaMH M 3a1EeP:KKH BO
BpeMeHh MEXIy IepeMelleHHeM pOTOpa 3NIEKTPOABHIaTelsi U COOTBETCTBYIOIMMU
3TOMY TEpPEMEIICHUSIMHU UCIIOJHUTENILHOIO OpraHa.

W3 u3BecTHBIX K Hanbojee OJIM3KOMYy MO TEXHUYECKOM CYLIHOCTH K Ipe/ia-
raeMOMy TEXHHYECKOMY PEIIEHHUIO MOXXHO OTHECTH BBIOpaHHBIA B Kaue€CTBE IIPO-

totuna YAIIK mid aganTHBHOrO yNpaBlIeHHWs IPHBOJAMH MHOI'OKOOPAWHATHBIX



cucteM cranka ¢ UIIY [3], KoTOpEIil MMeeT ABYXYpOBHEBYIO apXHTEKTYpY, CBSI-
3aHHYIO CHCTEeMOW KOMMYHMKAlliM, BEPXHHH YPOBEHb KOTOPOi BEINOJHEH B BHJE
MOZYJIsl yPaBIeHUs U KOHTPOJIS Ha IIAaT(GopMe KOMIIBIOTEpa, a HUKHHI ypPOBEHb,
B BHJE MOAYJS yIpaBJCHUS H KOHTpOJ'I,}{, copMHpoOBaH W3 TPYIIBl NPUBOLIOB,
CBA33HHBIX C COOTBETCTBYIOIIMMH MM HCIIOJIHUTENILHBIMH OpPTraHaMH.

K ocHoBHOMYy HemocTaTky néHHoro YAIIK a1 aganTUBHOIO YIpaBIIEHHS
MHOTOIIPUBOJHBIX NMPELU3UOHHEIX CTaHKOB ¢ UITY, mpenMyIiecTBEHHO B TOYHOM
SJICKTPOHHOM MAIIMHOCTPOCHHH C [HOMYCTHMBIMH IOTPEIIHOCTAMH 06paGOTKL
MeHee 4 MKM, MO)XHO OTHECTH OTpaHHYEHHBIE BO3MOXHOCTH IIOBBILICHUS MIABHO-
CTH JBHXKEHHsS pabOu¥X OpPraHOB M CBS3aHHOIO C OTHM KadecTBa 06paboTKH 3a
CUET CHIDKCHUS COOCTBEHHBIX MEXaHHIECKUX KOJeOAHHMMH IPH TPElM3HOHHBIX KO-
OpPOMHATHBIX NEPEMEIIEHUIX C BBHICOKMMH CKOPOCTSAMM IOZAa4 M II€PEMEHHBIMH
pexumMamMyt QyHKIHOHHPOBAaHHUS, 00ECIIEINBAEMBIMA NPHBOAAMH PA3IMYHOTO TH-
na, ¥ OrpaHWYEHHBIE BO3MOXXHOCTH a[allTUBHOTO YNPaBJIEHHS IPOLIECCAMH KOOp-
JAUHATHBIX I€peMelIeHHH HCIIOJHHUTENBHEIX OPTaHOB M3-3a 3aJIepXKeK BO BPEMEHH
MEKIy M3MEHEHHEM CKOPOCTH BpalleHHEM (IIepeMEIeHHeM) poTopa JJIEKTPOABHTa-
T€Il U COOTBETCTBYIOILIIMH 3TOMY M3MEHEHHIO CKOPOCTH BpalleHHs (IlepeMeIeHus)
HCIIOJTHUTEIBHOTO OpraHa.

3anadelt HM300pETEHNS SBNAETCS MOBHILEHUE IIABHOCTH JBIDKEHHS HCIIOHH-
TeJIbHBIX OpraHoB cTaHKoB ¢ YIIY u cBA3aHHOrO ¢ 3TUM KadecTBa 00pabOTKH 3a
CYET CHH)KEHMS COOCTBEHHBIX MEXaHMYECKUX KoJeGaHUH IpH MpPENM3HOHHBIX KO-
OpIMHATHBIX MEPEMEIICHUAX C BEICOKUMH CKOPOCTSAMH MOAAY U PaCIIMpPEHHE BG3-
MOXKHOCTEH aJlalTUBHOIO yINpaBlIeHUs IIPOLecCaMi KOOPIUHATHEIX MEpeMEILEHH
UCTIOJTHUTENIBHBIX OPraHOB 3a CYET y4YeTa 3aiep>KeK BO BPEMEHH MEXIy H3MeHe-
HHEM CKOPOCTH BpalllcHHUs (TIepeMeIeHHs) poTopa SIIEKTPOABUIraTelsd IPHBOJA 1
COOTBETCTBYIOIIMM M3MEHEHHEM CKOPOCTH BpalleHHs (IlepeMelleHus) HCIIONHH-
TEJIFHOTO OpraHa.

Pemenne moctaBieHHOM 3ajadn JocTtHraeTcd TeM, 4yro B YAIIK mus apan-
TABHOTO YTpaBJIEHHS npn'Bo,uaMn MHOTOKOOPIMHATHEIX CHCTeM cTaHka ¢ UILY,

HMEIOIIEM JABYXYPOBHEBYIO apXHTEKTYpPY, CBI3aHHYIO CHCTEMOM KOMMYHHKAIHH,
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BEPXHHUH YPOBEHb KOTOPOH BBIIONHEH B BUIE MOJYJIS YIIPABJIeHHs U KOHTPOIS Ha
nnai*(popMe KOMITBIOTEpA, a HKXXKHHM YPOBEHB B BHJE MOJYJIA YIPABICHUSI H KOH-
TpOJIst CHOPMUPOBAH U3 IPYIIIBI IPUBOJOB, CBA3AHHEIX C COOTBETCTBYIOLUMH MM
HCIIOTHUTETILHBIMH OPTaHaMH, COZIACHO MEXHUYECKOMY DPeUleHul0 KaxIpli u3
NPUBOJIOB, COCTOSAIIMH K3 EKTPOABHUIaTeNIsl C YCTaHOBIEHHBIM Ha €T0 POTOpE H-
KOZIEPOM, CBS3aHHBIM C KOHTPOJUIEPOM, YIIPaBISIOIUAM napaMeTpaMn ($YHKIIHO-
HHUPOBaHUS NIPUBOJA, CHAOXKEH U3MEPHTEIIEM OTPeGIseMoii MPHUBOJOM MOIHOCTH
¥ H3MEPUTENIEM IAPaMETPOB KOIeGaHMiA HCTIOTHHTETBHOTO opraHa B HallpaBJIeHHH
€ro ABMKEHH, IPH 3TOM MOAYJIb YIIPABIECHHUA M KOHTPOJIS BEPXHErO YPOBHS BHI-
MOJTHEH ¢ OJIOKOM 6a3 JaHHBIX O 3a/IepXKKaX BO BPEMEHH MEX/Iy H3MEHEHHEM CKOpO-
CTH BpameHHx (TiepeMerienusT) poTOpa 3MEKTPOBUIaTeNsl IPHBOJA U COOTBETCTBYIO-
MM U3MEHEHHEM CKOPOCTH BpallleHUs (TlepeMeIlieHHs) CBI3aHHOI0 ¢ HUM HCTIOJIHH-
TEJIBHOI0 OpraHa, O 4acToTaX COOCTBEHHBIX MEXaHHYECKHMX KONeOaHUI MCIOIHU-
TEJIBHOTO OpraHa U O AHUHAMUYECKHX CBOMCTBAaX CBA3aHHOIO C HMM MPHBOJA, IPH-
4eM MOJYJIb YIIPaBJICHHS M KOHTPOJS HWXXHErO YPOBHS CHAGXEH CBS3aHHBIMH C
MOJyNeM YNpaBJIeHUsI U KOHTPOJIS BEPXHETO YPOBHS GJIOKOM COIPSDIKEHMS C KOH-
TpOJUIepaMH yIpaBleHHs NapaMeTpaMH (yHKIHMOHHPOBAHUS IPHUBOLOB U OIOKOM
CONPSDKEHHUS ¢ M3MEPUTEIIMU MOTpeOIsieMOl NIPHBOJAMH MOLIHOCTH, M3MEpPHTE-
JISIMU [1apaMeTpPoB KOJle6aHui MCTIOMHHTENBHOTO OpraHa ¥ SHKOAEPAMH, IPU STOM
KBl KOHTPOJLIEP B GJIOKE CONPSDKEHHS HMEET CBOKO 00NAcTh MaMsaTH (CTeK —
Object Dictionary) mis MONHODYIUIEKCHON CBA3U ¢ MOAYJIEM YIIPaBIEHUSA ¥ KOH-
TPOJIsl BEPXHETO YPOBHS IOCPEACTBOM IPOMBIIUIEHHBIX IPOTOKOJIOB, a KA XKIBIi U3
U3MepUTeneil motpebiiieMod NMPUBOJAMH MOIMHOCTH, H3MEpPHUTENEH MapaMeTpoB
KoyneOaHui MCIIOTHUTENBHBIX OPTAaHOB M SHKOJEPOB MMEET CBOIO 06JIaCTh AMSTH
B Gitoke compsixenus (cTek — Object Dictionary), o6ecrieunBaronnyro BO3MOXKHOCT
nepefaydl OUAarHOCTHMYECKOH HMH(QOpManMHd B MOAYNH YHpaBIECHHS M KOHTPOIS
BEPXHETO YPOBHS.

VAIIK 11 afanTHBHOTO YIpaBieHUs IPHBOJAMH MHOTOKOODIMHATHEIX CHC-

TeM cTaHka ¢ UITY B 4acTHBIX CiTy4YasX UCITOJIHEHHS MOXKET HMETh:



— CHCTeMY KOMMYHHKAaIHi, KOTOpas BBHIIOIHEHA C BO3MOXHOCTBIO IEpefaqk
JaHHBIX CO CKOpOCThIO He MeHee 100 MOUT/C 1 BO3MOXXHOCTBIO 0O€CIIeueH s Bpe-
MEHH OTKJIMKAa CHCTEMBI yIpaBlieHus A0 1 M'Kc ¢ ucrojns3oanueM cetd EtherCAT
0 cxeMe KIMeHT-cepBep B nmpotokonie CoE, nmeronmuM ciioBapb 06bekToB (object
dictionary, OD) co cTaHIapTU30BaHHbIM OIMCAaHUEM YIIPABIIIEMOTO IPHBOJA,
MMEIOIMM OJUHAKOBYIO CTPYKTYPY Ul BCE€X THIIOB IPHBOJOB AJIs 0OeCIeueHHs
BO3MOXHOCTH Aoctyna depe3 mHy EtherCAT ko BceM NaHHBIM BEPXHETO YPOBHSA
yIpaBlIeHHS W KOHTPOJIA, TapaMeTpaM H (QyHKUHUAM NPUBOJAA C HCIOJIB30BaHUEM
JIOTHYecKoil ccTeMbl anpecanui (index, subindex);

— cpencTtBo aucnerdepusauuu B nporokoie CoE, BBIIOIHEHHOE B BHJE
ciyx0s1 yrpasienus cetbio NMT (network management) ¥ ycTaHOBIIEHO ¢ BO3-
MO>KHOCTBIO IIPEIOCTABIEHHS COOTBETCTBYIOIKMX IIPOTOKOJIOB IS PEIIEeHH 33134
yIpaBleHAs KOMMYHHUKALIHOHHBIM COCTOSIHUEM Y3JIOB CBS3M C YIIPaBJIAEMBIMU MO-
IOyJIsSMH KOHTpoJis 1 yupasieHus (MYK) npuBonaMu ¥ BX MOHMTOPHHIa,

— cpeAcTBO Aucrerdepu3anud B npoTokoine CoE, yCTaHOBIEHHOE C BO3MOX-
HOCTBIO OTOOpa)keHHsT KOMMYHHKAI[HIOHHOI'O COCTOSHHSI CETE€BOro y3ja B Jua-
rpamMMe cocTosHus (state diagram) myTeM OTIpaBKH CHEIMATBHBIX COOOMICHUH
(NMT messages);

— MacTep ympaBlieHus ceTd (network management master), yCTaHOBIECHHEIH
C BO3MOXKHOCTBIO YIIPAaBJIEHHS KOMMYHHUKALIUOHHBIM COCTOSSHHEM ITONYHHEHHBIX
yaoB (network management slaves) cetu EtherCAT 1 BO3MOXHOCTBIO OfIHO# KO-
MaHJI0# IIOMEHATH COCTOSHHE BCEX Y3JIOB WIHM OTAEIBHOIO KOHKPETHOTO Y314,

— MOJYJIb YIIPABJIEHHS U KOHTPOJIS BEPXHETO YPOBHS, YCTaHOBJICHHEIH C BO3-
MOXHOCTBIO YIPaBIEHHUs THIIOM H COJCP)KAaHHEM CECCHM, T.€., TPaH3aKIMiH, BBI-
noyHeHus o6MeHa MH(POPMAIIMOHHBEIMA TIOTOKaMH ABYMs 6a30BEIMH CIIOCOOaMH
nepejady JaHHEIX 1O mpoTokoiy CoE: mns KoHQHUrypaluu KOMMYHHKAIHOHHOMH
cpensl — SDO u 1 obecnieueHus 5 deKTHBHOI Mepenavy AAaHHBIX 110 IPHHLUILY

reHepatop-torpebutens (producer-consumer) — PDO, npuyem:




a) mporpaMMHbIH Moxynp mipotokona CoE, yCTaHOBIEHHBIH € BO3MOXHO-
CTBIO JUarHOCTHKU H IIOCTOSIHHOI‘O MOHHTOPHHTA BCEX NMPUBOJOB C HCTIOJIB30BA-
HueM cetd EtherCAT;

0) cpencrBa obecriedeHus: pabOTOCIIOCOGHOCTH Y3II0B CETH ¢ MCIIOTIH30BAHH-
eM nporokona CoE mis IHKIMYEecKOro OHpoca COCTOSHMS KaXKAOrO IPHBOAA,
HMEIOLIEro MOBBIMIEHHBIN npuoputeT (NMT-Master), a Tak)e aBTOMaTH4YeCKOit
nmepefiaddl CIEHANTbHOTO KOHTPOJIBHOTO COOOIIEHMS Y3IaMH CeTH B MOZYJe
YTIpaBJIeHUsI ¥ KOHTPOJIS BEpXHETO YPOBHS;

— CPeACTBa BU3yalIM3alliH Y€JI0BEKO-MalIMHHOro HHTepdeiica (HMI).

PemeHve 3a1a4u MOBBIIEHAS MIABHOCTH JBHXKEHUS UCHIONHUTENBHBIX Opra-
HOB cTaHkoB ¢ YIIY u pacimpeHys BO3MOXHOCTEH aJanTHBHOIO YIpaBJIECHHUS
npoueccaMi KOOPAHHATHBIX NEPEMEIICHUH UCTIONMHUTENBHBIX OpraHOB JOCTHIAeT-
Csl B pe3ynbTaTe CIeayIoLIero:

— yCTaHOBKa 6JIOKOB KOHTPOJS KOJNeGaHHii Ha MCIIOJHUTENHHOM OpraHe Io-
3BOJISIET B aBTOMATHU3UPOBAaHHOM PEXHME TECTUPOBAHHUSA IPH HajlaJKe OIepaTHB-
HO, BHE 3aBHCHMOCTH OT HCIIONB3YEMOTrO B HEM 3IEKTPOJIBUrATENS, YIIPABJISIOLLE-
r0 KOHTPOJIJIEpa, KOHCTPYKTHBHBIX OCOOE€HHOCTEH HCIONHHTENBHOIO Oprada M
CBA3BIBAIOLIEN €0 C JJIEKTPOJBHIraTe]IeM MEXaHM4eCKOW CHCTEMBI, OIpeNeIHuTh
JUIS KaXXAOro yIPaB/IeMOro IpUBOAA U 3apETUCTPHPOBATH I JAJIBHEMIIErO UC-
nons3oBanHus B 6oke 6a3 nanusx (BbJI) MYK BepxHero ypoBHs mapaMeTpsl, He-
obxoaumele i 3Q(EKTHBHOrO aJanTHBHOIO YIpPaBIEHUS KOOPAMHATHHEIMH Iie-
peMelleHUsIMU IIPUBOIOB, BKJIIOYAS:

a) 4aCTOThI COOCTBEHHBIX KOJIeOaHMil KaXJOr0 U3 MCIIOJHHUTENBHEIX OPTaHOB
BHE 3aBHCHMOCTH OT THIA JIEKTPOJBUTATENA H KOHCTPYKTHBHBIX OCOOEHHOCTEM
MEXaHHYeCKOH CHCTEMBI, CBS3BIBAIOLIEH HCIIOIHUTENBHEIE OPTaHbl C AJIEKTPO/IBH-
rareyieM, IPAYEM 3TH YacTOTHl MOTYT YTOYHSATHCS B aBTOMATH3UPOBAHHOM PEXH-
Me B CBSI3H C BAPBUPOBAaHHEM MAacChl YCTAHOBJIEHHOTO HITH CBS3aHHOI'O C MCIIOJIHH-
TEJIFHBIM OPraHOM O0BeKTa U U3MEHEHHEM II0 Mepe 3KCIUTyaTaliH KECTKOCTHBIX

InapamMeTpoB MEXaHUIECKOH CHCTCMBI,




6) aMILIUTYJ6I COOCTBEHHBIX KOJIEOaHMA HCIOIHUTEIBHOTO OpraHa IIpU €ro
pasroHe [0, KaK MPaBHJIO, BAPHHPYIOMIUX B OCTATOYHO HMIMPOKOM JHANa3oHe 3Ha-
yeHHI CKOpOCTe pabouHX 1Mojay, BEIMYUHBI KOTOPBIX ONPEIENAIOTCS HE TOJNBKO
THIIOM «3aIlIATOr0» B MPOrPaMMHOM O0ECIIEUEHUH YIIPABIIAIOIErO 3IEeKTPOIBUIa-
TeJeM KOHTPOJUIEPA aJiTOPUTME €T0 PasroHa ¢ y4eTOM COIPOTHUBIICHHUS JBIKEHHUIO
(BpallleHHIO), HO ¥ WHEPLHOHHO-)XECTKOCTHEIMM CBOWCTBaMU MeXaHWYECKOH CHC-
TEMBI, CBA3BIBAIOIIEH 3JIEKTPOABUTrATENb C MCIIOJHUTENBHBIM OPraHOM;

B) BpeMEHHBIE 3aJIePKKA MEX/y HadalaMH JIBIDKEHHs (BpalleHHs) pOTOpa
3NEKTPOJIBUTATEINs X HCIIONTHUTEIBHOTO OpraHa;

— ycTaHoBKa 6510K0B KoHTpos MommHocT (BKM), notpeGiisiemoit mpuBoaOM
H03BOJIIET B aBTOMATH3MPOBAHHOM pEXHME€ TECTHPOBaHMS IPU HaJaJIke omepa-
TMBHO OTPENENIUTh JJIS KaXKOro YNpaBJiseMOro MprBoJia BHE 3aBUCHMOCTH OT HC-
IIONE3YEMOTO B HEM DJIEKTPOJBHIaTeNIs, YIPABISIOIIEr0 KOHTPOJIIEpa, KOHCTPYK-
THUBHEIX 0COGEHHOCTE! MCIIOMHHUTENBHOrO OpraHa U CBA3BIBAIOIIEH €ro C 3JICKTPO-
JBUTATeNleM MeXaHW4ECKOM CHCTEMBI M 3aperHCTpUpOBATh I JaJbHEWIIero ue-
nons3osanus B BBJ] MYK BepxHero ypoBHs JHHaAMHYEeCKHE KauecTBa (IPeebHO
BO3MOXKHBIH I'PaIMEHT YBEIUYEHHS TATOBOIO YCHIHA H CKOPOCTH HCTIONHUTEIBHO-
ro oprana), HeOOXOAMMBIE I 3QPEKTUBHOTO aJalITHBHOTO YIIPABICHHUS KOOPAHU-
HaTHBIMH NepeMEIEHUAME IPUBOJIOB IIPH aKTHBHOM TalllecHHH MEXaHUYECKHX KO-
nebaHuii ¢ cOOCTBEHHBIMH YacTOTAMM NPH MEPEXOMHBIX Iponeccax (yHKIMOHH-
POBaHUS MCIIONHUTEIBHEIX OPTaHOB,;

— pBefienHas B coctaB YAIIK s ananTHBHOIO YIIPaBIeHUS NPEIU3HOHHb:M
o6opynosarreM ¢ YITY NONONHHUTENBHAS CBS3b JKECTKO CBA3AHHBIX C POTOpaMy
3JIEKTPOJBUTATENEH SHKOAEPOB (B psifle KOHCTPYKTHBHBIX MCIIONHEHMH KOHTPOI-
JIEPOB 3Ta JOMOJHUTENBHAS CBA3b MOXeT OBITh pealH30BaHa HETOCPEACTBEHHO
yepes BHIXOJl KOHTPOJUIEPA, B KOTOPHIH THArHOCTHYECKas HHPOPMAIIHS TIOCTyaeT
C SHKO/Iepa), MCIOB3yEeMBbIX [UIsl YIPABICHH MApaMeTPaMi UX (yHKIMOHHPOBA-
Hus, ¢ MYK mo3BosisieT peluTh ABE 3a1a4u:

a) ONpENEeNNTh IPUBENEHHBIE BbIlle JHHAMHYECKHE KavecTBa npnBo,uéB

(l'[pe)leJ'IBHO BO3MOXHBII rpagveHT YBCIHMYCHUA TATOBOI'0 YCHIIMS U CKOPOCTH HC-

N
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MOJIHUTENIBHOTO OpraHa), CBA3aB CKOPOCTh NepeMeLIeHHs pOTopa ¢ NoTpebIseMoit
BIIEKTPO/BUTATENIEM MOLIHOCTEIO, 4TO, BO MHOI‘OM, OIpeesieT BO3MOXHEIH ypo-
BEHb CHIDKCHHS! aMILTUTY Il COOCTBEHHBIX KOJeGaHUH HCTIOHUTENEHOTO OpraHa;

0) onpenenuTb AeHCTBUTENBHOE KOOPAUHATHOE TIONIOKEHHE UCIIONHUTENBHO-
IO OpraHa ¢ Y4€TOM €ro MEXaHHYECKUX KojIeOaHHi.

B npepnaraemom TéXaneCKOM pemennd YAIIK cucteMa KOMMYHHKAIMH,
IIOCTPOCHHAs B BUJIE CepBepa, BBINOJIHEHA Ha 6a3e IMPOMBIILIEHHOTO IPOTOKOJA
peanbroro Bpemenu EtherCAT Ha ¢u3mueckoM ypoBHe, C HCIONB30BaHHEM IIPO-
ToKona BeICOKOro ypoBHss CoE (CANopen over EtherCAT), ocymecTsisomero
OOMeH NaHHBIMH MEXTy NPHUBOJAaMH Pa3IH4YHBIX THIOB ceTd EtherCAT, npuuém
3TH IPUBOJA MOTYT OBITH OT Pa3sHBIX IMPOM3BOAUTEINEH, YTO rapaHTHPYET B3aHMO-
3aMEHSAEMOCTh YCTPOMCTB.

O6men naunbMu B ceTd EtherCAT B npotokonie CoE npoucxomur 1o cxeme
KnueHT-cepBep. OnHNM M3 caMbIX BaxHbIX cBoicTB COE sBisieTcs cTaHAapTH30-
BaHHOE OIMCAHHE YCTPOICTB (ONHCcaHUe UX (QPyHKIHMiT), KOTOPOE HA3BIBAETCS CIIO-
BapeM 06BexToB (object dictionary, OD). OTo Tabnuua, UMeIOIas OJHHAKOBYID
CTPYKTYpY JJId BCEX THUIIOB yCTpoicTB. Takum 0Gpa3oM, 3TO JIa€T BO3MOXXHOCTb
MYVK nomyunts focryn cHapyxHu (T. e. yepe3 muHy EtherCAT) xo BceM BaKHBIM
IaHHBIM, IIapamMeTpaM U (QYHKUUSM IPHBOAOB C HCIOJIB30BAHHMEM JIOTMYECKOM
cucTeMbl afipecanuy (index, subindex).

Kaxxzpiit snemeHT croBaps (00BeKT) agpecyercs Yepe3 16-OGUTHBIN HHAEKC U
8-6mTHBIN sub-uHzAekc. B o0wpexTax 3ammcana uHOpMaumus o6 y3ie ceTd
EtherCAT: xakue naHHble y3eJ NpUHHMAET WM MEPENacT, KaKuM CIoco6oM, Te-
Kylllee COCTOSTHHE Y3Ia.

B nononneHme k CTaHAapTH30BaHHOMY OMNHMCAHUIO KOMMYHHKAIHOHHEBIX
cBOMCTB ycTpoicTB B cooTBeTcTBHH ¢ CiA 402, CoE omnpenenser Tak Ha3bBaeMEIE
npounu ycrpoiicts ("device profiles") anst THTUYHBIX YCTPOMCTB pa3IHYHBIX 00-
nacted npuMeHeHus. OHHM yKa3bpIBalOT Hauboliee BaXkKHBIE ITapaMeTphl, JaHHEIE U
(byHKIIMM Ha KaXXIblif THI yCTpoiicTBa (HanpuMep, MOJyJIH BBOAa/BHIBOJIa, IIPUBO-

JIBI, PHKOJEPHI U T. 11.).
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CpencTBo nucneTdyepu3alnvy B nporokone CoE peay3oBaHO B BHJIE CIIyKOBI
ynpasienus ceTeio NMT (network management), koTopas mpenocTaBiseT cooT-
BETCTBYIOII[ME€ MPOTOKOJIBI I PEIEHHs 3THX 3a/lad, a IMEHHO YIPaBICHHE KOM-
MYHHUKAIJUOHHBIM COCTOSHHEM Y3JIOB CETH U MOHHMTOPHHT y3na. [Ipu stom CoE
OIHCHIBAET KOMMYHHUKALIHOHHOE COCTOSHHE CETEBOTO y3Jla B JHarpaMMe COCTOs-
Hus (state diagram). ITyreM oTmpaBKM cHelManbHeIX cooOweHuit  (NMT
messages), MacTep ympaBieHHs ceTH (network management master) MOXeT
yIpaBiATh KOMMYHHKAI[HOHHBEIM COCTOSHHEM IIOMYMHEHHBIX Vy3710B (network
management slaves) cetu EtherCAT. HaﬁpHMep, MacTep MOXET OQHON KOMaHAoH
IIOMEHSATH COCTOSTHHE BCEX Y3JIOB MM OTJENBHOTO KOHKPETHOT'O Y3JIa.

IIporpaMMHBIN MOAYIb, 06€CTIEYMBAIOIIMI YIIPaBICHHUE THIIOM H COAEpXa-
HHEM CECCHM, T.€., TPAH3aKI1ii, BEINOIHAET 0OMEeH HH()OPMAIIMOHHEIMH ITOTOKAMH
AByMs1 6a30BBIMH criocobaMu nepenadu AaHHBIX 10 npotokoiay CoE: SDO u PDO.
Ipu sToM crocob service data objects (SDO), ocHOBaHHEI Ha 0OMeHe 1O MpUH-
muny client-cepBep, MO3BOJIIET HCIONB30BaTh IPIMYIO aJpecalio o6BeKTa Io
MHIeKCYy 1 sub-uHaekcy (index u subindex). OH ucmosnb3yercs a1 KOHPUIypaIuH
yCTpoiicTBa, epeadu 60npmUX OJ0KOB JaHHBIX B 060uX HampasieHuax (upload,
download), HO TpebyeT NONONHUTENBHOM HAarpy3Ku Ha NpoTokoi. [loatomy SDO
MenieHHBIH (1o cpaBHeHHIO ¢ PDO) cnioco6 nepemaun manHsix. CoequHeHUe 10
npuHIMIy SDO ocylnecTBiseTcs Kak TOYKa-TOYKa, C 3aJeiiCTBOBAHHUEM 3JIEMEH-
TOB CJIOBaps, U MOJpasyMeBaeT IapHbIii OOMEH IakeTaMH C HaJIHYHEM IOITBEp-
XJleHus noyydeHus nHpopMmanuu. Hekotopyio ananoruio SDO MOXHO IpoBecTH
C MIPOTOKOJIOM TCP, obumii npunIun tot xe. C nomomsio SDO MoxHO mepea-
BaTh NPON3BOJIGHBIA 00bEM JaHHBIX.

Crnoco6 process data objects (PDO) npenocrasisier a¢ppexTuBHyIO Mmepenavy
IOaHHBIX II0 IPUHLIMILY reHepaTtop-norpedurens (producer-consumer). [iuna ma-
KeTa JaHHBIX OrpaHu4eHa 8 GaliTaMu, OJJHAKO 3TO He HAKJIaIbIBaeT H3JIMINHEH Ha-
Ipy3KH Ha 1'Ip>OTOKOJI, Kak npu o6MeHe no npuHIuny SDO. Omur PDO Moxer co-
IepxaTh 3HaueHUs Ooyiee 4yeM OAHOM 3amucH U3 cioBaps obbekToB (OD), HO co-

nepxumoe PDO nomkHO OBITH OompefeneHO Ha 3Tane MHULManu3anuu. Kaxmoe
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YCTPOMCTBO MOXET yKa3aTh A0 512 00BeKTOB PDO a11s npreMa u nepenayu ¢ yge-
TOM OrpaHMYEHHH CHCTEMSI (110 MaMATH, BEMHUCIIUTEILHON MOIHOCTH) MIIH CETH.
(konmuyecTBO HocTynHBIX uaeHTH(HKaTopoB EtherCAT). IIporpaMMHEIii MOIyIb
nporokona CoE obecneunBaeT MUarHOCTHKY M IIOCTOSIHHBIM MOHHTOPHMHI BCEX
ycTpoiictB cetu EtherCAT.

His obecnievenus paborocrioco6HOCTH y3110B cety nporokon CANopen mpe-
JOCTABJISIET IBE€ B3aMMOUCKITIOYAIOIINE allbTE€PHATHBEI:

'— IMKJIMYECKHUH ONpOC COCTOSIHHS y3Ja CO CTOPOHBI Y3JIa C IOBEHILEHHBIM
NPHOPUTETOM, Tak HaseiBaeMoro "NMT-Master", peamuzyemoMy mo npuHUMITY
"node guarding" ("3amura y3ma");

— @BTOMATHYECKYIO Iepefiadyy CHEelaIbHOrO0 KOHTPOJIBHOIO COOOLIEHHS Y3-
namu cetu «"heartbeat" ("cepauebuenue").

B nporpamMmmMHOM Monyie, o6ecre4YWBaiOIEM BHU3yaIH3alMIO YEJIOBEKO-
MalIuHHOro uHTepdeiica (HMI), ucnonszyercs aHMMHpOBaHHBEIE IpadUuecKue
0003Ha4YeHMs, YTO IO3BOJIAET OOECIeYHTh HAIJAAHBIA W YHOOHBIA HOCTYN K
yTIpaBJIeHUIO NTapaMeTpaMH 000pYIOBaHHA U IPOCMOTPY NMPOU3BOACTBEHHEIX JaH-
HBIX.

Kaxpl#i 670K HI)KHETO YpOBHS peald30BaH MOAOOHO OOIel apXUTeKType
cucreMsl UITY u ¢ mogoOHbIMH Xe QYHKIUSIMH, T.€. B BUAE apPXUTEKTYPHBIX KOM-
IOHEHT YNpaBJICHUS, IPUBS3aHHBIX K JIOKATBHONW KOMMYHHKALIHOHHOHM cpene Ha
0aze JIOKaJIFHOTO CepBepa C JIOKAJIbHBIM MEHEIDKEPOM YBEIOMIICHHH U pasjense-
MOU IIaMSATHIO, CPEICTBA AUCIIETICPU3ALIMH U YIIPABICHHUS JIOKATBHOM CETHIO.

B COBOKYITHOCTH 3TO IO3BOJIsieT myTeM ¢GopMmHpoBaHHs Moxayjiem MYK
BEPXHETO YPOBHSA B MpoTHBO(a3e COOCTBEHHBIM MEXaHHYECKHM KOJIeOaHUSAM HC-
IOJIHUTEILHOTO OpraHa KoJieGaHuil TATOBOrO YCHIIUS DJIEKTPOABUraTels ¢ y4eTOM
yacTOTHl U (ha3bl COOCTBEHHBIX KOeOaHWM, UX aMIUTUTYZIBI, 3aJepXKKH BpeMeHY
Mexy M3MEHEHHEM CKOPOCTH BpalleHHs (IepeMelIeHHsI) pOTopa 3JIeKTPOABUTra-
TeNs IPUBOJA ¥ W3MEHEHHEM CKOPOCTH BpallleHHs (IlepeMeIleHUs]) HCIIOITHUTENb-
HOTO OpraHa, a TaKXe JHHAMUYECKUX KadecTB IIPHBOJA 00ecednTs 3G PEKTHBHOE

CHH)XCHHUC HJIA [IOJIHOE TallleHHe COOCTBEHHBIX MEXaHMUYECKHX KoJieOaHHit U 3a

12




CYET 3TOrO NOBBICUTEH ILIABHOCTD €ro paGona U CB3aHHOE C IUIaBHOCTHIO paboTsl
KaYecTRo 00paGOTKH NpPH COKPAIEHWH CKOJOB M TPEIIMH, HAallpuMep, Ha pexy-
IIeM ajJIMa3HOM IHUCKeE Tonmnﬁoﬁ 20-50 MxM ¥ (MH) TOTYNPOBOJHMKOBO# ILIa-
CTHUHE IIPH €€ pa3AeICHUH Ha KPUCTAJLIBL.

Ipumep VAIIK sl ananTuBHOTO ynpaBlIeHHs MPEeLU3HOHHBIM 060Dy LOBa-
HueM ¢ UITY, npejraraeMoro B M306peTeHHH, IOSCHAETCS YePTEXKaMH, [1Ie B CXe-
MaTHYHO YIPOIUEHHOM BHJI€ ITIOKa3aHBbI:

Ha ¢ur. 1 — cxema VAIIK mis aganTUBHOTO YNpPaBIEHHS NPELU3HOHHEM
obopynoBanuem ¢ UITY;

Ha ¢ur. 2 — MYK BepxHero ypoBHsi, BEIIOIHEHHbIH Ha ITaTGopMe IIPOMBIIII-
JIeHHOTO IIEPCOHATIBHOTO KOMITBIOTEPA,;

Ha pur. 3 —- MYK HIXHEro yposHs;

Ha ¢ur. 4 — usmepuTens kKoneGaHuii (6e3 BepxHel KPHIIKK), UCIIONB30BAH-
HBIA JUIA PErHCTpallid KoleOaHWii B HalpaBJIeHWH JBHXKEHHS HCIOIHHUTEILHOTO
opraHa (CToNa ¢ MNOJYNPOBOIHMKOBOM IUIACTHHOM, pasnenseMoii Ha KPHCTAIiSI
pe3aHueM alMasHBIM THCKOM Ha craHke ¢ UITY — ycTaHOBKa JIsl pasmelieHus mo-
JTyNPOBOAHUKOBEIX IIACTHH Ha KpHCTALTE OM-2165);

Ha Qur. 5 — ucxonHas ocnmmiorpaMma koneGanuii (T — mepHoO[ MexaHHde-
CKMX KosnebaHul ¢ coGCTBeHHOM uacToTol f;= 1/7) HCHONHMTENBHOTO OpraHa
(CToﬁa) craHka (ycranoBku OM-2165) nist paszeneHus MOy NpOBOJHUKOBBIX ITa-
CTHH Ha KPHUCTAJUIBI IO BBEICHHS aJalTUBHOIO yIPaBJICHHs IapaMeTPaMH €ro Ko-
OpIMHAaTHHIX IlepeMeleHu# ¢ nomompio YATIK;

Ha ¢ur. 6 — ocumuIorpaMMa KoiieGaHMi cTojla cTaHKa (YCTaHOBKH DM-
2165) nns pasgeneHMs IOTYMPOBOJHAKOBEIX IUIACTHH HA KPHCTAIUIHI ITOCIE BBe-
JeHUs aJanTHBHOTO YIIPABJIEHHMs NlapaMeTpaMH €ro KOOPAWHATHBIX MepeMeIeH i
c nomompio YAIIK.

ITokazanneiil Ha ¢ur. 1-3 YAIIK [ig aganTHBHOTO YNpaBJeHHS MPEIU3HOH-
HEIM 06opynoBaHueM ¢ UITY uMmeeT AByXypOBHEBYIO apXHTEKTYDY.

.BerHI/Ii/'I ypoBeHs conepxur MVYK 1, BelnonHeHHBIH Ha miardopme mpo-

MBILUICEHHOT'O NIEPCOHANBHOr0 KOMIbIOTepa (He mokaszaH) ¢ BBJI 2.
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MYVK HuxHero ypoBss 3, BXOABI U BBIXOIBI (HE MOKa3aHEI) KOTOPOI'O CBS3a-
Hel yepes lhtercat ¢ Berxomamu u Bxonamu (se mokasansl) MVYK 1, conepxur:

— 610k 4 conmpsoxenus MYK ¢ KOHTpomIepaMn M 3HKOJIEpaMH yMpaBIIsieMbIX
IIPUBOJIOB;

— 6110k 5 conpsxeruss MYK ¢ u3MepHTeIsIMH MOIHOCTH U [IapaMeTpoB KO-
nebaHuit; ,

— ynpasistemble MYK 1 npusogpst 6.1, 6.2,...6.k (k = 32 u Gonee), KaXxasIil U3
KOTOPBIX COCTOMUT U3 CIEAYIOIINX KOMIIOHEHTOB:

a) snexTpoasurarenei 7.1, 7.2,...7.k, poTopsl (He mOKa3aHbl) KOTOPEIX JKECT-
KO CBsi3aHBI ¢ 3HKoxepamu 8.1, 8.2,...8.k cooTBeTCTBEHHO;

6) xoHTpomneps! 9.1, 9.2,....9.k, ympaBmsaomume snekrpoasuratensmMa 7.1,
7.2,...7k u cHabxeHHbple M3MepUTesIMH MomHocTH 10.1, 10.2,....10.k, moTpe6-
JI€MOH 3eKTpoaBsurareisiMu 7.1, 7.2,...7.k B mponecce ux QpyHKIIMOHHPOBAHHSI.

Potops! (He moxa3ansl) anexkrpoasurareneit 7.1, 7.2,...7.k MexaHu4ecku cBs-
3aHBI C UCIIOJIHUTEIBHEIMU opradamu 1.1, 11.2,....11.k, Ha KOTOPBIX YCTaHOBJIEHBI
C BO3MOXXHOCTBIO PErHCTpallU{ MapaMeTpoB KoJIeOaHUil B HANpaBJIEHHH HX J[BH-
KE€HHM: (BpallleH!Us) U3MEpHUTEIN napaMeTpoB konebanuit (UI1K) 12.1, 12.2,...12.k.

Bxonpl (He mnokasaHBI) M BHIXOABI (HE IIOKa3aHBI) KOHTPOJUIEpOB 9.1,
9.2,....9.k cBs3aHBI ¢ COOTBETCTBYIONIMMHU BHIXOAAMH M BXOAaMH GJI0Ka compsike-
HHUA 4.

Brixons! (He moka3sansi) sHKoAepoB 8.1, 8.2,...8.k cBsA3aHBI ¢ COOTBETCTBYIO-
IIMMH BXOJiaMH (He IoKa3aHsl) 6J10ka conpsxeHus 4.

Beixoget wu3smepureneit Mommoctrn 10.1, 10.2,...10k u HIIK 12.1,
12.2,...12.k cBs3aHBI C COOTBETCTBYIOIIMMH BXOAaMH (He IOKa3aHbI) GjIoKa CO-
IIpsDKEHUs 5.

ITpu pabore YAIIK mis ananTHBHOTO yIIpaBIeHHUS NPELU3HOHHBIM 000pYI0-
BaHueM c¢ UIIY mnpenBapuTensHO B IIPOLECCE €ro OTIAAKHA C HCIOJIb30BaHHEM
UIIK 12.1, 12.2, ...12.k, uamepureneit momHoctu 10.1, 10.2, ...10.k u uadopma-

IIMH C JOTIOJIHUTENFHO YCTAaHOBIIEHHOH cBsi3M »HKoAepoB 8.1, 8.2,...8.k ¢ Grmoxom
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4 B aBTOMaTH3MPOBAaHHOM peXHMe B JHaIa3oHe PeXXUMOB QyHKIIMOHUPOBAHUS pe-
ructpupyroTcsa B BB/1 2 ,ﬁJvI Ka)XIOro U3 IpuBojoB 6.1, 6.2,...6.k:

— 9acTOTEl ¥ MaKCUMAJIbHEIE aMIUIMTY Al COOCTBEHHBIX KOJIeOaHUH MCTIONHU-
TenbHBIX opradoB 11.1,11.2, ...11.k;

— BpeMeHHbIE 3aJep)KKH MeXIy HadallaMH JBH)KCHHS (BpalleHHs) poTopa
(He MOKa3aH) Kaxaoro aynexTpoasurarend 7.1, 7.2,...7.k ¥ COOTBETCTBYIOIIETO HC-
TOJIHATENBEHOTO oprana 11.1,11.2,...11.k;

— MOIIHOCTH, IMOTpebiisieMble KaXIBIM U3 pUBoAOB 6.1, 6.2,...6.k npu mepe-
XOIHBIX IpoleccaxX, NpefeIbHO BO3MOXKHBIN I'PaZHEHT YBEIHYEHHs MX TATOBOTO
YCHIMS W CKOPOCTH COOTBETCTBYIOIETO HCIIONHMTENBHOro oprana 11.1,
11.2,...11k.

ITpu nocryrmienun komanasl ¢ MYK 1 gepes 6mok conpsokeHus 4 Ha KOH-
tpomep 9.1, 9.2,....9.k oH HaunHaeT ero oTpabOTKy B COOTBETCTBUM C AITOPUT-
MOM BHYTPEHHEro mporpamMMmHoro obecnedenus. Ilpu srom HAYMHAeTCS MM H3-
MEHSeTCs CKOpPOCTh [BIKEHHMs poTopa (He MOKasaH) asjeKTpoasurarens 7.1,
7.2,...7.k u ¢ ero sHKOzepa 8.1, 8.2,...8.k uepe3 GIIOK compspKeHUs 4 CHTHAI O Ha-
yaye NBIKeHMs (M3MEHEHHMH CKOPOCTH JABIDKeHH:) moctymnaeT B MYK 1 u Tam
duxcupyercs. Uepes omnpepeneHHbIi npomexyTok Bpemenn ¢ HIIK 121,
12.2,...12.k uepe3s 6ok conpspxenus 5 B MYK 1 nmoctynaer cursan o Haqaie (u3-
MeHEeHHH CKOPOCTH) IBUKEHHS CTIONHUTENbHOrO oprana 11.1, 11.2,...11.k.

B MVK 1 ompeznenseTcs MHTEpBal BPEMEHH 3aJ€PXKKH Hadana JBHXKCHHA
WM U3MEHEHHS CKOPOCTH JBHKEHMs MCIIONHHUTEIbHBIX opraHos 11.1,11.2,...1 1.k
U, C Y4ETOM AUHAMHUYECKHX Ka4eCTB COOTBETCTBYIOIIETO IPUBO/A 6.1,6.2,...6ku
peau3yeMoro auropuTMa ABMKeHHs, GOpMHpYeTCs JONOIHUTENbHBIH alropuT™
KONeGaHMil TATOBOTO YCHJIMS Uil CHMDKEHHS WIM IIOJHOTO TallleHHMs MeXaHWSc-
CKHX KOJIeGaHHii COOTBETCTBYIONIETO MCIIONHATENBHOrO oprana 11.1, 11.2,...1 1.k,
KOTOPBIH B BUJIE JONONHUTENBHOM koMaHIEl ¢ MYK 1 yepe3 610K COIpPsDKEHHS 4
TepeiaeTcs B COOTBETCTBYIOLIHMI KoHTposiep 9.1, 9.2,....9.k, koTopEI# ymnpasie-

HHEM MapaMeTpaMu (yHKIHOHMPOBAHHSA 3JIEKTPOJBHUIaTEII 7.1,7.2,....7.k racur
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MeXaHUIeCKre KoleGaHus ¢ cOGCTBEHHOM YACTOTOH COOTBETCTBYIOILIETO HCION-
muTensHOro oprana 11.1,11.2,....11k.

IIpumep pabotsl YAIIK juis afianiTHBHOrO YNPABIeHHs NPeHU3HOHHBIM obo-
pynosanueM ¢ UITY.

Tlns mpuMepa peanu3aliy aIanTHBHOTO YIPaBICHHUA 06vopy1x013aHm cUllY ¢
ucnonp3opanrem Y ATIK Gputn coGpaHsr:

— mokazaHHbI# Ha ¢ur. 2 MYK BepxHero ypoBHs 1 Ha 6a3e IIPOMBILLIEHHOTO
xommbiotepa (maccu IPC-7220-00XE. IlIponeccop Core i5 6500. 3,2Ghz,
LGA1151, EtherCAT master PCI-1203-32 AE Advantech);

— MOKa3aHHBIH Ha (ur. 3 MOIYJb YIPaBJIEHHUS ¥ KOHTPOIA HIKHETO C yPOBHA 3,
cozepoKanit 670K 4 (He mokasaH) conpsokerust ¢ MYK 1 xoHTpOJUIEpa 9 (He NoKa3aH)
¥ 610K 5 (He mokasaH) conpspkerus ¢ MYK 1 nsmepurens MOLHOCTH 10 (ue mokasan),
WK 12 (ue nokasan) u 3uxogepa 8 (HEDL 5540 1105 16 MAXON — He ToKa3aH).

MexanusM (He IMOKa3aH), CBA3BIBAIOLINH aJIeKTpOJJ;BI»IfaTeJIL 7 ¢ WCHOJHH-
TenpHEIM opranoM 11 (CTONOM ISl KpPEIUICHHS HOJTyHNPOBOAHUKOBBIX ILTACTHH,
pasJienseMbIX Ha KPHCTAJLIBI), COCTOSI U3 ITIAHETapHOTO 3y6uaroro pefykropa (He
ToKa3aH) U 3y64YaTo-peMeHHOi nepenayn (He [IOKa3aHa).

UTIK, noxasaHHBIA Ha ¢ur. 4, GBLT yCTAHOBJICH HA HCIIOTHATEIBHOM OpraHe
(pa60qu crosne) ycraHoBku ¢ UITY jans pasneneHus MONyNpOBOJHUKOBBIX ILIa-
CTHH Ha KpHcTauisl OM-2165 (He mokasaHa) ¢ BO3MOXHOCTBIO PETrMCTPAllMA Tia-
paMeTpoB KoJleGaHHi B HAIIPaBIeHNH €r0 NBIKCHHS. Vcranoska OM-2165 umena
4 OCHOBHBIX NPOTPAMMHO-YIIPaBIAEMbIX IPHBOOB 6.

Moy ib YIIPaBIEHHs U KOHTPOJIA BEPXHEr0 yPOBHA 1 OBLI BBIITOJIHEH B BUIE
IPOMBIIUIEHHOTO KOMIIBIOTEpa, YTO MO3BOJAJIO MOANCPXKMBATH pabGorocnocob-
HOCTP Y3/I0B CETH C HCIONb30BaHKeM npoTokona CoE Juif LHKIMIecKoro onpoca
COCTOSIHMS K2)KXOTo IpHBona ycraHoBku OM-2165, 1 MOHUTOP2 (e nokasaH) i
BH3yaJIM3alliH 4€JI0BEKO-MaIIHHHOIO uaTepdeiica (HMI). INoBblmeHHBINH TPHOPH-
TET, a TaKoke BO3MOXHOCTh ABTOMATHUYECKOH Tepe/iadd CTIELHAIBHOT0 KOHTPOJIBHOTO

COOGILEHHS Y3/1aM CETH MOJIYJIA YIpPaBlIeHUs U KOHTPOJIS BEPXHETO ypOBHA 1 c mo-
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MoIIBIo ucrerdepa coobuenuit(NMT-Master), AMe MPHBOL 6 HCITOJIHUTEJIBHOIO
oprasna 11 (crona).

Cucrema KOMMyHHKaHﬁﬁ ObUIa BBIMOJIHEHA Ha 6a3e MacTepa CeTU peajlbHOro
spemenn PCI-1203-32 AE Advantech ¢ HCMONB30BaHHEM CETH EtherCAT, uro
oGecneunBaio mepeaady AAHHBIX co ckopoctbio 100 M6uT/c 1 BpeMEeHEM OTKIIHKA
cucrems! ynpasienus 0,8...1 MKc o cxeMe KIHEHT-CepBep B IIPOTOKOIIE CoE. Ilpu
3TOM MOAYJIb YIPaBIE€HHUS ¥ KOHTPOJ BEPXHETO ypOBHA 1 mo3BOJIA YIPABIITh
THIOM ¥ COJIEP>KAHUEM CECCHH, T.€., TPAH3aKLHH, BBIITOIHEHHS obmena uHpopMa-
IMOHHBIME TIOTOKaMH JBYMs 6a30BBIMH CIIOCOOAMH Nepefadd NaHHBIX 10 NpoTo-
xoiry CoE: mns koHbHrypauuu KOMMYHHKaluoHHo# cpeasl SDO u s nepenadu
JAHHBIX 110 PMHIMITY TeHepaTop-MOTpeOUTeNb (producer-consumer) PDO.

IIpotokon CoE uMmen cnosapb 065eKTOB (object dictionary, OD) co cranznap-
TH30BaHHBIM OIMCAHHEM YIPaBIAEMOro INpPHBOJA, “TO IIO3BOJILIO obecrneynTsb
BO3MOXHOCTB HocTyna depes muHy EtherCAT k JaHHBIM BEpXHETO yPOBHA yNpaB-
JieHHs ¥ KOHTpOJSA, IapaMeTpaM M (QyHKIMsIM MPUBOJA C HUCIIOIB30BAaHHEM JIOTH-
geckoil cucTeMsI anpecanud (index, subindex).

CpeACTBO AWCIETIEPU3ALMH B IPOTOKOIE CoE ofecmneunBalio yInpaBlieHHE
cetbio NMT (network management) u ¢pOpMHUpOBaHHE IIPOTOKONIOB JUIA yIIpaBIIe-
HHS KOMMYHHKAIMOHHEIM COCTOSHHMEM Y3J0B CBA3M C yNPABIACMBIMU MOJYIIMH
yIIpaBJieHUs ¥ KOHTPOIA NPHBOJAMH 6 M HX MOHUTOPHHTA. |

ITpu pabore YAIIK cpencTso AuCIeTIEPU3alMK B IPOTOKOIE CoE nosBois-
JI0 OTOGPa3HTh KOMMYHMKAIMOHHOE COCTOSHHS CETEBOIO y3Nia B JMArpamme co-
crosums (state diagram) myTeM OTIpPaBKH CHEIHAIBHBIX coobmenuii (NMT
messages), a MacTep yNpaBlICHHs CETH (network management master) —ynpaBiiTh
KOMMYHHKALIMOHHBIM COCTOSIHHEM NIOMYMHEHHBIX Y3IIOB (network management
slaves) ceru EtherCAT OJHOM KOMAHJIOM, MO3BOJIAIOINEH MOMEHATH COCTOSHHE
npusoza. [IporpaMMHbIH MOYJIb IPOTOKONA CoE OBl yCTaHOBJIEH C BO3MOXHO-
CTBIO JMATHOCTHKH M TOCTOSHHOTO MOHMTOPHHIA IPUBONOB C HCHONB30BAHUCM

ceti EtherCAT.
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[TpeBapUTENBHO B IPOLIECCE €r0 OTIAAKH C MCIOJIb30BaHHEM H3MEPHUTEIA
MomHocTd 10 (He moka3zaH) u WHGOpPMalMM C JOMOJHHTEILHO YCTaHOBIECHHOM
cesa3u >uK07iepa 8 (HEDL 5540 110516 MAXON) c 610xoM compsbkeHus 4 B aB-
TOMaTH3UPOBAaHHOM pPEXHME B JHama3oHe PEeXHMOB (YHKIMOHHPOBAHHA OBLIH
3apeructpupoBansl B BbJ]2 MVYK 1:

— II0 pPe3yNbTaTaM aBTOMATH3HPOBaHHOH 06pabOTKH NIOKa3aHHOM Ha QM. 5 JIIeK-
TPOHHOM OCLIJUIOTPaMMEI C HCTIONb30BaHKeM IporpaMMHoro obecriedenus MYK 1 B
aBTOMATHU3MPOBAHHOM pexkuMe Obula ompeneneHa vacrora f = 1/T = 13 I'u, makcu-
MaJlbHas [0 HAIPSDKEHHIO aMIUTHTyJa COOCTBEHHBIX KOJI€OaHHH HCIIOIHHMTENLHOIO
oprana 11 (crona), paBHast U, =94 MB (mporpamMHOe obecrieueHye KOHTpOILIe-
pa 9 ofecrieyrBanO OJUHAKOBBIE YCKOPEHH IPH IOCTIKEHHH pabodelt CKOPOCTH
IOJAa4M 33 CYET COKPALIEHHS ATUHBI XOJIOCTOrO X0/a) U, KaK CIEACTBHE CTAaTHCTH-
YeCKHM OJMHAKOBBIE AMIUTMTYABl YCKODEHHH INpU pasrOHE BO BCEM CKOPOCTHOM
(100...200 MM/c) auanazoHe pabo4Mx 3HAYEHHUH CKOPOCTEH NBHIKEHHS HCIIOIHU-
TeJapHOro oprana 11 (croma), a TaKke COOTBETCTBYIOLIHE CKOPOCTSM ABH)KECHMS
BpEMEHHBIE MHTEPBATHI (3aIepXKKH) MEXAY Ha4dajaoM BpalICHUS POTOpa 3JEKTPO-
neurarens 7 (qsurarens nocrosudoro Toka EC-max 40 283871 MAXON) u Hava-
JIOM JIMHEHHOTO JBMXKEHMS MCIIOJIHUTEIFHOTO oprada 11 (ctona);

— MOIIHOCTH, MOTpebisieMas MPUBOAOM I Pa3srOHA HCIIOJHUTENBHOTO Opra-
Ha 11 (cTona), koTopas mis kontpostepa 9 (EPOS2 70/10 375711 MAXON) co-
OTBETCTBOBAJIa €r0 MAaKCHMAJIbHOMY TATOBOMY YCHIIHIO;

— IWHAMHYECKHE CBOMCTBa NpuBoja 6 (MaKCHMMAaJIbHOE yCKOPEHHE HCIIOJIHU-
TeNbpHOro oprana 11 mpyu MakCHManbHOM TATOBOM YCHIIHH, OIpeJieNiieMoe IO pe-
ructpupyeMsiM B MYK 1 3HaueHHAM 3HKOZepa 8 ABYX MOCIEROBATEIFHO PErHCT-
PUPYEMBIX YIJIOBBIX KOOPAMHAT 3NEKTPOABHIaTelNs 7 MpuBoAa 6 U MaKCHMallb-
HOTO TArOBOTO YCHJIMS IPH pa3rOHe MCIOJHUTENsHOro oprana 11 (crtona) mo pa-
Ooueii CKOPOCTH I10JIaYH.

ITpu pa6ote npueosa 6 B MYK 1 ocymiecTBisiocs:

— (hOpMHpOBaHHE ANTOPUTMa PasroHa HCHOJHUTENLHOTO opraHa 11 (cTona),

00ecIeunBaloIIEro KBa3UCTATUUECKYIO COCTaBIAIOLIYIO U INEPHOAHMYICCKH H3IMC-
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HSIOIIYIOCS € YaCTOTOH 13 T’ COCTABIAIONIYIO TATOBOTO YCHIIMA IpHBoAa 6 (me-
PHOAMYECKH H3MEHSIOIAsACS COCTABIAIOMIAsA TATOBOIO YCHIIMSA MMeja IIPOTHBOIIO-
JIOKHYIO KOJIeOaHHUAM HCTIIONHUTENBHOTO opraHa 11 (ctona) da3y, a ee peanusanus
3NIEKTPOABHUraTeIeM 7 OCYLIECTBIIACH C YYETOM 3aJE€PXKKH MEXAY HavaaoM
BpallleHus JBUTATeNs 7 ¥ Ha4ajJoM JINHEHHOIO JBMKEHHS MCITOJTHUTEIBHOIO Oopra-
Ha 11 (croma), mpu 3TOM kOMaHna Ha peajn3al{i0 alrOpUTMa pa3roHa MCIOJIHHU-
TensHOro oprana 11 (cTona) uepes 6710k conpskeHUs 4 mepeaaBanach KOHTPOILIE-
py 9, a ee UCIIOJIHEHHE KOHTPOJIHPOBaJIoch nmocpeacTsoM 3ukoAepa 8 u MIIK 12 u,
IpH HEOOXOMMOCTH, OCYIIECTBIIACh KOPPEKTHPOBKA MapaMeTPOB MEepHOAMYe-
CKHM M3MEHSIOIIENCS COCTABIIIONEH TAOBOTO yCHITHSA C yI€TOM AHUArHOCTHIECKHX
JaHHBIX, HOCTYNAMOIMX depe3 60K CONPsDKEHUs 5 ¢ u3MepuTens MomHocTd 10 B
MYVYK 1, roe aTa uHpoOpManus aHAIH3HPOBANaCh M HMCIIONB30BaJach JJIS KOPPEK-
IIMM AITOPUTMa pasroHa UCIOMHUTENBHOro oprada 11 (cTona);

B mpouecce paborsr YAIIK Momyns ynpaBieHHs W KOHTPOJIS BEPXHETO
ypoBHa 1 obecnieunBan paboTOCIOCOGHOCTD Y3JI0B CETH C HCIIOJIB30BaHMEM MPO-
tokona CoE i MUKIMYECKOTO OMPOCa COCTOSHUA KaXKIOro IIPUBOAA 6 yCTaHOBKM
OM-2165, a Ha €ro MOHHMTOpe OCYIUECTBILIaCh BH3yalU3aldd YeJOBEKO-
MammHHOro uHTepdeiica (HMI).

CucteMa KoMMyHHKaiuii ¢ ucrions3oBanueM cetd EtherCAT obecneunpana
niepenaqy JaHHBIX cO ckopocThio 100 MOuT/c 1 BpeMeHeM OTKIIMKA CUCTEMBI yIpaB-
nenus 0,8 Mkc 1o cxeMe KineHT-cepBep B npotokoine CoE. IIpu 3ToM mocpenct-
BOM MOJyJIsl YNpaBI€HHS M KOHTPOJA BEPXHEro YPOBHSA 1 OCYIIECTBILSUIOCE
yIIpaBJIeHHE TpaH3aKLuii 1 0OMeH HHGOPMAIIMOHHBIMH [TOTOKaMH.

B mporokone CoE 6bin copMupoBaH cjioBaph OOBEKTOB CO CTaHJAPTH30-
BAaHHBIM OIIMCaHMEM yIIpaBiseMoro mnpueoja, BmodatomuM PDO u SDO. Yepes
iy EtherCAT ocymmecTBIsICa IOCTYI K JaHHBIM BEPXHETO YPOBHS yIIPaBIICHUA
¥ KoHTpons 1, mapamerpaM ¥ QYHKIMAM IpHBoza 6 paGovero ABIKEHHS C HC-
[IOJIE30BaHHEM JIOTUYECKON CHCTEMBI aJipeCallHH.

Cpenctsom aucnerdepusanud B nporokone CoE obecrneunBanocs ynpasie-

ure cetslo NMT (network management) u ¢GOpMHpOBaHHE IPOTOKOJIOB IUIA
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yIIpaBJieHHs] KOMMYHHKAIIMOHHBIM COCTOSHHEM Y3JIOB CBS3H C yNPABIAEMBIMU MO~
IyNsMH yIIpaBieHUs H KOHTPOJIsS MPUBOJAMHU B X MOHHTOPHHTA.

I[Tpu paGore YAIIK ¢ moMOLIBIO CPEACTBA AUCNIETYCPH3ALMH B IIPOTOKOJIE
CoE oTobpaxanocs KOMMYHHKalIHOHHOE COCTOSHHUSA CETEBOro ys3iia B AWAarpaMMe
COCTOSIHHUSIIYTEM OTIIPaBKH CHELHATBHEIX coobmennii (NMT messages), a MacTe-
pOM YIIpaBlieHUs CeTH —YIpaBleHHE KOMMYHMKAIIAOHHBIM COCTOSHHMEM HOIH-
HeHHBIX y310B ceTd EtherCAT onHO# KOMaH/OH, B TOM YHCIIe IIPH Heo0X0oaMO-
CTH M3MEHEHHs] COCTOSHMS NpuBofa. I1ocpencTBO MPOrpaMMHOTO MOy MPOTO-
xona CoE ocCyIleCTBISINCh JUarHOCTHKA ¥, C HCIOJIb30BAHUEM CETH EtherCAT,
IOCTOSIHHBIH MOHUTOPUHT PUBOZOB 6 ycTaHOBKH OM-2165.

AHanu3 pe3ynbTaTOB HCIONB30BaHUS IpENIaraeMoro VAIIK noka3sain, 4To
OHO TIO3BOJIAJIO CHM3UTH aMIUIMTYy MEXaHUYECKHUX KOoNeOaHui HCIIOTHUTENEHOTrO
oprana ¢ 94 MB 0 9 MB (¢wur. 6), T.e. Goee YeM Ha NOPANOK, ¥ COOTBETCTBEHHO
YBEJIHYMTH [UIABHOCTH €ro pabotsl. [IpensioxkeHHOe TEXHUYECKOE PEIICHHE IT03B0-
JIMIIO CYIECTBEHHO PACIIMPHUTL BO3MOXXHOCTH aJalITUBHOTO YIPABICHHA POMEC-
caMM KOOP/IMHATHBIX IIepeMeNIeHHH HCTIONHUTENIBHBIX OPTaHOB U3-3a 3a/IEPKEK BO
BpEMEHH MeXIy IepeMelleHMeM pOTOopa 3JIEKTPOJBHIaTeNsl M COOTBETCTBYIONIMMH

3TOMY TlepeMEIIEeHIsAMH HCIIOJIHUTENBHOrO OpraHa.
Ilepeuens 0603HAYEHMIH

1 — MozyJb yIpaBlIeHHs M KOHTPOJIS BEPXHErO YPOBH:A (MVYK 1),
2 — 610k 6a3 mauueix MYK 1;
3 — MOZYJIb YIIPABIEHHs ¥ KOHTPOJIS HHKHETO yPOBHA,
4 — GIIOK CONpSDKEHHs ¢ KOHTPOJLIEpaMM U DHKOJEPaMH YNPaBIAEeMBIX IpH-
BOJIOB;
5 — GJIOK CONPSDKEHHUS C U3MEPHTEISIMH 1oTpebIsieMol IPUBOIOM MOIIHOCTH,
M3MepHUTeNeM apaMeTpoB KoneGaHui MCIIOHUTEIHHOTO OpraHa 1 SHKOACpaMH,
6.1, 6.2,...6.k — ynpasnsempie MYK 1 npusozs! (k — 9HCIIO OTHOBPEMEHHO

yIpaBIIsSeMBIX IPUBOJIOB);
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7.1,7.2,...7.k — anexkrpoasurarenu yupasiseMsix MYK 1 npuBozos,;
8.1, 8.2,...8.k — snkonepst ynpasmsgemslx MYK 1 npuBonoB, CBsi3aHHEBIE C
anexTpoaBuratessaMu 7.1, 7.2,...7.k npusogos 6.1, 6.2,...6.k;
9.1, 9.2,....9.k — KOHTpPOJUIEPHI, YIPABISIONIHE TapaMeTpaMU QyHKLIMOHUPO-
BaHUA 3JeKTpoaBurareneit 7.1, 7.2,.. .7.k‘ npuBoAOB 6.1, 6.2,...6.k;
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®opmy.a H300peTeHHus

1 YHuBepCalbHBIH anmapaTHO-IPOrpaMMHBEIA KOMIUIEKC IJIS aJalTHBHOIO
yIpaBieHHs] NPUBOAAMI MHOTOKOODIMHATHBIX CHCTEM CTaHKa C YHCIIOBBIM IpO-
rPaMMHBIM yTIPaBIeHHEM, KOTOPBIH HMeET IBYXyPOBHEBYIO apXUTEKTYpY, CBA3aH-
HYIO CHCTEMO} KOMMYHHMKAIMH, BEpXHUH yPOBEHb KOTOPOH BBITNIOJIHEH B BUJIE MO-
Jyns yIpaBieHds: ¥ KOHTPOJIA Ha IIaTdpopMe KOMIBIOTepa, a HIDKHHI YPOBEHb B
BHZE MOJYJIS YIpPaBIeHUs U KOHTPOs CpOPMUpOBAH M3 IPYIIBI IPUBOJIOB, CBA-
3aHHBIX C COOTBETCTBYIOLIMMH MM HCIOJHUTEIBHBIME OPTaHAMH, OMUIUYAIOUW U~
CA mem, Ymo KaXBli U3 IPUBOJIOB, COCTOSIIMI U3 3IEKTPOABHUIrATElIs C yCTaHOB-
JIEHHBIM Ha €ro pOTOpEe SHKOAEPOM, CBA3aHHBIM C KOHTPOJUIEPOM, YIPaBIIAIONIMM
napameTpaMH (YHKIMOHHPOBaHUs TPUBOZAA, CHabXeH M3MepHuTeNeM MoTpelise-
MO IPHBOZIOM MOLIHOCTH ¥ H3MEPHTENIeM IIapaMeTPOB KoJieGaHuii HCIIOTHATE b~
HOTO OpraHa B HANpaBJIE€HWH €ro JIBIXKEHMs, IIPU I3TOM MOIYJ]b YNPABICHUA M
KOHTpOIISl BEPXHErO YPOBHA BBIIOIHEH ¢ 610KoM 6a3 JaHHBIX O 3aJ[epXKax BO Bpe-
MeHH MeXIy M3MEHEHHEM CKOPOCTH BpalleHHs (IlepeMeIleHHs) pOTOpa 3MEeKTPOABH-
rarensi IPUBOJA M COOTBETCTBYIOIMM H3MEHEHHEM CKOPOCTH BpallleHus (TepemMere-
HUST) CBA3AHHOTO C HUM HCIIOJIHUTENBHOIO OpraHa, O YacTOTaX COOCTBEHHBIX Mexa-
HUYECKHX KOJieGaHuil MCIIONHUTENBHOrO OpraHa U JUHAMHUYECKUX CBOMCTBAX CBS-
3aHHOTO C HMM IIPUBOJIA, IPHYEM MOJYNb yIIPaBIEHHS U KOHTPOJI HYXKHETrO YpOB-
Hst CHAGXEH CBS3QHHBIMH C MOJIyJIEM YIIPaBIE€HHUA M KOHTPOJIsI BEPXHETO YPOBH:
6JIOKOM COINPSKEHHS C KOHTPOJUIEpaMH YIpaBlIeHHs MapaMeTpaMu (yHKIHOHH-
POBAHMS TIPHBOZIOB U GJIOKOM CONPSDKEHHS C U3MEPHTENSAMH MOTPeOIIeMOH mpH-
BOJIAMH MOIIHOCTH, M3MEPHUTENIIMH TapaMeTpoB KojleOaHMH HCIOJHUTEILHOIO
opraHa H SHKOJEpPaMH, [IPH 3TOM KaX(blii KOHTPOIUIEp B GIIOKe CONpSDKEHHS HMe-
eT cBoI 00acTh namsaTH (cTek — Object Dictionary) uist MOJTHOAYTUIEKCHOH CBA3H
C MOJIyJIEM YIpaBIIeHHs ¥ KOHTPOJIS BEPXHErO YPOBHS NOCPEICTBOM NPOMBIILIEH-
HBIX TIPOTOKOJIOB, a KQXIBIA U3 H3MepHTeNel MoTpebisieMoii NpHBOJaMU MOIIHO-
CTH, U3MEpHTeNIel mapaMeTpoB Kojie6aHHi HCIIONHUTENBHBIX OPraHOB M SHKOAE-

POB HMeET CBOIO 06]1aCTh TaMATH B 6J10Ke COTpPsDKEHHS (CTEK — Object Dictionary),




06ecIeYnBalOIIyl0 BO3MOXKHOCTE IEpe/layd B MOZYINb YNPABICHUA W KOHTPOIA
BEpPXHETo YPOBHs JUarHOCTHIECKOH HHpOpMALHH.

2. VHuBepCaJbHbIH annapaTHO-NPOrPaMMHBINM KOMIUIEKC Ul aJallTUBHOTO
yIpapjieHHs MPUBOAAMM MHOTOKOODJMHATHBIX CHCTEM CTaHKa C YMCIIOBBIM IIPO-
IPaMMHBIM yTIpaBJIEHHEM IO 1.1, oTaMYalomuiics TeM, YTO CHCTEMa KOMMYHH-
KalMii BEITIONHEHA ¢ BO3MOXHOCTHIO Nepeljadd JaHHBIX CO CKOPOCTBIO HE MEHeEe
100 M6uT/Cc 1 BpeMeHeM OTKIIMKA CHCTEMBI YIIpaBIeHUA 10 1 MKC ¢ UCIOJIb30BaHHUEM
cetn EtherCAT mo cxeme kinueHT-cepep B npotokone CoE, umerommmM cioBaphb
o6nekToB (object dictionary, OD) co cTaHAapTH30BaHHBIM OINHCAHHUEM YIIpaBiisie-
MO0 NIPHBOJA, UMEIOIIUM OJMHAKOBYIO CTPYKTYpY AN BCEX THIIOB MPUBOIOB IS
obecrieueHusT BO3MOXHOCTH jgocTyna uepe3 umHy EtherCAT xo BceM naHHBIM
BEPXHEro ypOBHs YIIPABJIEHUs U KOHTPOI, apaMeTpaM ¥ GYHKIMAM NpHBOJA C
HCIIONB30BaHNEM JIOTHUeckoil cucTeMsl aapecaru (index, subindex).

3. YHHUBepcalbHbIi annapaTHO-NPOrPaMMHBIA KOMIUIEKC AJIA aJalTHBHOIO
YIpaBleHUs PHUBOJAMH MHOTOKOODJMHATHBIX CHCTEM CTaHKa ¢ YHCIIOBBIM IpO-
TPaMMHEIM YIIPaBJICHHEM II0 111, OTIH4AIOIMIACSH TeM, YTO CPENCTBO AUCHeTde-
pusamuy B IpoTokoie CoE BBINONHEHO B BUME CIIyXObI yIPaBICHHA CETHIO NMT
(network management) B yCTaHOBJIEHO C BO3MOXHOCTBIO IIPEIOCTABJIEHUS COOT-
BETCTBYIOIIUX HPOTOKOJIOB IS PeIlleHHUs 3a/1a4 YIPaBICHUS KOMMYHHKAHOHHBIM
COCTOSHHEM Y3JIOB CBSI3M C YNPaBJIIEMBIMHM MOJYJISMH YNPABICHUS U KOHTPOJIA
IpUBOAAaMH ¥ HX MOHMTOPHHIA.

4. VHUBepcalbHbIA aNlapaTHO-NPOrPaMMHEIM KOMIUIEKC Il afanTHBHOTO
yIIpaBIeHHs PUBOJAMH MHOTOKOODJMHATHBIX CHCTEM CTaHKa C YHCIOBBIM IIpPO-
rPaMMHBIM YTIPaBIeHHEM II0 IL.1, oTaH4alomuiics TeM, ITO CPEACTBO AHCIeTIe-
pusanuu B npotokoiie CoE yCTaHOBIEHO C BO3MOXHOCTBIO OTOOpakeHUsI KOMMY-
HUKALIOHHOTO COCTOSIHMS CEeTEBOTo y3/ia B AMarpaMMe CocTosiHus (state diagram)
IIyTeM OTNPaBKHU CIeLUaIbHEIX coobmenni (NMT messages).

/5. VHUBepCaNnbHBIN anmnapaTHO-MPOTPaMMHBIA KOMIUIEKC JUIA a[anTHBHOTO
yIpaBlIeHHs TIPHBOJAMH MHOTOKOOD/MHATHBIX CHCTEM CTaHKa C YHCIOBEIM TIPO-

rpaMMHBIM YOIP2BIIEHHEM TIO 111, OTIMYAIOMIHIACH TeM, TO MacTep ylpaBICHUs
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cern (network management master) yCTaHOBJICH C BO3MOXHOCTBHIO YNPaBJICHHA
KOMMYHHMKAIIAOHHBIM COCTOSHUEM MOAYHHEHHBIX Y3JIOB (network management
slaves) cetu FtherCAT ¥ BO3MOXHOCTBIO OJHOH KOMaHIOU TIOMEHATH COCTOSHHE
BCEX Y3JIOB WIU OTAEIBHOr0 KOHKPETHOI'O y3ia.

6. YHHBEpCAIBHBIN amNapaTHO-IPOTPaAMMHBIA KOMIUIEKC I afanTHBHOTO
yIpaBJeHHsl IPUBOAAMHM MHOTOKOOPAMHATHBIX CHCTEM CTaHKa C UCIIOBBIM IIpO-
IpaMMHBEIM YIIPABIICHHEM M0 1.1, OTIHYAIOMMACS TeM, 4TO MOJyJIb YNIPaBICHUA
¥ KOHTPOJISI BEPXHETO YPOBHS YCTAHOBJIEH C BO3MOXXHOCTBIO yIIPABICHAS THIIOM 1
COLEpXKaHHEM CECCHH, T.e., TPAaH3aKIWH, BEINOTHEH! OGMEeHa HH(POPMAIMOHHEI-
MH MOTOKaMH AByMs 6a30BBIMH crocobaMM Iepeladdl HaHHBIX IO MPOTOKOIY
CoE: 1151 KOH}HIypalkyd KOMMYHHKaIMOHHOH cpeapl SDO 1 11 mepenadn naH-
HBIX [0 [IPHHLIAITY TeHepaTop-notpebutens (producer-consumer) PDO.

7. VHUBepCaIbHbIN anNapaTHO-MPOTPaAMMHBIH KOMIUIEKC JUIA afalTHBHOIO
yIIpaBJIeHHs] IPUBOJAMH MHOIOKOODAMHATHBIX CHCTEM CTaHKa C YHCIIOBBIM IIPO-
rpaMMHBEIM YIIP@BICHHEM II0 1.6, OTJIMYAIOLIHICA TeM, 4TO MPOrPaMMHEIH MO-
ny1b npoTokcia CoE yCTaHOB/IEH ¢ BO3MOXHOCTBIO NMAaTHOCTHKH U IIOCTOSHHOTO
MOHHTOPHHI2 BCEX IPUBOJIOB C MCTIONE30BAHACM CETH EtherCAT.

8. YHHBepCalIbHBIA ammapaTHO-NPOrpaMMHBIA KOMIUIEKC JUIS a/alTHBHOTO
yIIpaBleHHs MPMBOAAMH MHOTOKOODJMHATHBIX CHCTEM CTaHKa C YHMCIIOBBIM IIPO-
rpaMMHBEIM YIIpaBieHHUeM IO 1.6, oTInYaouiics TeM, 9T0 MOAYJIb YIIPABICHUA
¥ KOHTPOJIS BEPXHETO YPOBHS CHabXeH cpe/icTBaMH 00ecredeHus paboTocnoco6-
HOCTH Y3JIOB CeTH C Hcronb3oBaHHeM mpotokona CANopen njisi HMKIAIECKOro
OIpoca COCTOSHHA KaXIOro MpHBOAA, HMEIOIIETO MOBBILIEHHBI TPUOPUTET
(NMT-Master), a Takke aBTOMaTHYECKOX Mepe/iadi CEIUAIBHOTO0 KOHTPOILHOTO
COOOIIEHNs y3JIaMU CETH B MOZYJIE€ YIIPABJICHHA X KOHTPOJIS BEPXHEr0 ypPOBHA.

9. YHuBepCaIbHBIH alNapaTHO-TIPOrPaMMHBIA KOMIUISKC JUIA aJalTHBHOTO
yIIpaBIeHUs IPUBOJAMH MHOTOKOOD/MHATHBIX CHCTEM CTaHKa C YHCIOBBIM IPO-
rPaMMHBIM YIIPaBICHHEM IO 111, omausalouquiica mem, 4mo MOIyJb yTpaBie-
HHS ¥ KOHTPOIIA BEPXHETO YPOBHS CHaGXXeH CPEeACTBAMH BU3YalU3allH IEI0BEKO-

MamuHHOTO MHTepdetica (HMI).
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