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Paccmotpens! 6a3oBbie TpeOOBaHMS, NMPEABABIIEMbIE K CEHCOPHBIM M YHIPABILIIOIIMM TpaKTaM
MEXaTPOHHBIX CHUCTEM C JHWCTAHIMOHHOW OpraHM3alUell MPOLECCOB KOHTPOIS M YNpPaBICHUS
ob0bekTamu. [loka3aHo, YTO IPUMEHEHNE B MEXAaTPOHHBIX CHCTEMax NMPUHINIOB HU(POBU3AINU
U paclpesieneHHO 00pabOTKM JaHHBIX IO3BOJIICT MEPEHTH K yHU(PHUIUPOBAHHOW CTPYKType
Y K TUTIOBOMY HaOopy (GYHKIMH anmapaTHbIX M HPOTPaMMHBIX cpeAcTB. [IpoaHanusupoBaHa
npobieMa JOCTOBEPHOM nepenadn TpaH3aKIUil 10 TeleMeTPUIECKUM U TeJIeMaTHUECKUM KaHaJaM
UHTEJJICKTYalIbHOM MEXaTPOHHOM CHCTEMBI. BBINOIHEHAa OLEHKAa HMKHEH W BEpXHEM TIpaHUI]
Ba)XKHEHIIIEro CHCTEMHOIO IOKa3aTelsl — BEPOATHOCTH JOCTOBEPHON mepefadd OIHOTo OJoka
TpaH3akuuu. [IpuBeneH BapHaHT BO3MOXHOTO MpPEJICTaBIIEHHs NapaMeTpoB OOBEKTOB B Oase
JIAaHHBIX UHTEJUIEKTYalbHOU MEXaTPOHHOM CUCTEMBI.

Kniouesvie cnosa: MEXaTpOHHasA CUCTEMA, UHTCIUICKTYyaJIbHAA CUCTEMaA, Iepeala TpaHSaKLIPIfI.

BBenenne

PanmonanbHBIM MMOAXO/IOM B MPOSKTUPOBAHWW HHTEIIIEKTYaJbHBIX MEXaTPOHHBIX CHUCTEM
SBJISIETCSl TIPE/ICTABIICHHE UX B BHJE MHOI'OKaHAIBHBIX TEXHUUECKHX KOMIUIEKCOB, PACCUNTAHHBIX HA
napajuieJbHOe WM KBa3WMapalIeTbHOE CHIIOMOMEHTHOE YITPABIICHUE BBIXOAHBIMH MEXaHUYECKUMHU
3BeHBbAMH  (MOIYNSIMH  JIBWKEHHS) 110 MHOXECTBY KOOpAuHAT Tpedyemoro  (ha3oBOro
npoctpancTBa [1, 2]. B paMkax [JaHHOTO TITOAXO/Ja BBIMOJHEH aHaau3 0a30BBIX TpPeOOBAHMIA,
NPEIbABISIEMbIX K CEHCOPHBIM U YIPABISIONIMM TPAKTaM MEXATPOHHBIX CHCTEM C JAMCTAHIUOHHBIM
B3aMMO/ICHICTBUEM KOMIIOHEHTOB. PaccMOTpeHa CTpyKTypHO-(OYHKIIMOHAIBHAS CXeMa MEXaTPOHHOM
CHUCTEMBI, COfep)Kallell = HHTEUIEKTyaJlbHOE CEHCOPHOE  YCTPOWCTBO, LIEHTP  YIpPaBICHUS
Y MHTEIUICKTYaJIbHbIA NCTIONIHUTEIIHHBI MEXaHU3M.

[IpencraBnen « GyHKIMOHAIBHO TIONHBIA HAOOp 3a7ad, pelIaeMbIX  anmapaTHBIMH
Y TIPOTPAaMMHBIMH CPEJICTBAMH MHTEIUIEKTYyaTbHOW MEXaTpOHHOU cucTeMbl. [Ipemioxkena TeXHOIOTHs
BBIPA0OTKH TPeOOBaHMI K JJOCTOBEPHOCTH Iepeaun TPaH3aKIMK B UHTEIUICKTYITbHBIX MEXaTPOHHBIX
cUCTEeMax W MPUHLUIBI TPUMEHEHHS PEJIILUOHHON MOJENN NMpeAcTaBiIeHUs MHQOpMAIMK B LIEHTPE
ymopaBneHus. [lokazaHo, 4YTO omnpeaessoniee 3HAYEHHE HMEIOT XapaKTePUCTHKH HalleKHOCTH
KOMIIOHEHTOB MEXaTPOHHOW CHCTEMBI, a Takke 00Iee KOIMYEeCTBO MapaMeTPOB, KOTOPBIE TMOJUIekKAaT
cbopy, 00paboTKe, HAKOIUICHHUIO WM OOHOBJICHWIO NpU (PYHKIIMOHMPOBAHWHM HHTEIUIEKTYalbHOMN
MEXaTPOHHOU CHCTEMBI.

CTpyKTypa ¥ GPyHKIUUH HHTEJUIEKTYATbHBIX MEXaTPOHHBIX CHCTEM
¢ IMCTAHIMOHHBIM B3aMMO/eliCTBeM KOMIIOHEHTOB

Ha npenBaputenbHbIX 3Tanax NpoeKTUPOBAaHUS MEXaTPOHHBIX CUCTEM (opMHUpyeTcs: Oa30BbIH
HaOOp ONpeAeleHHBIX KOHCTPYKTHBHBIX M (YHKIMOHAJIBHBIX TpeboBanuid. B coorBeTcTBUUM
C TEXHUYECKMMH HOPMAaTHUBHO-TIPABOBBIMH aKTaMH B 00JaCTHM TEXHHUYECKOTO HOPMHUPOBAHUS
Y CTaHJAPTU3ALMHU 3TH TPeOOBaHUS CIENU(DUINPYIOT CIAEAYIOUINE aCMIEKTHI TOCTPOSHHS CHUCTEM:
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— COCTaB M TUIBI 0OBEKTOB KOHTPOJIS M YIIPABICHHUS;

— KOJIMYECTBO KOOPAWHAT YIIPaBJeHUs B (Pa30BOM IPOCTpaHCTBE U TpeOyeMble 3aKOHBI (BUIBI
TPAeKTOPHIT) TIepeMEIIEHUST MOYJIeH TBUKCHHUS,

— CKOPOCTHBIE W TOYHOCTHBIE XapaKTEPUCTUKU MPOLECCOB M3MEHEHHs MECTOIOIOKEHUS
paboUYnx OpPraHoB;

— JIONyCTUMBIE NTapaMeTPbl MHEPLUOHHOCTH YIIPaBIICHUS;

— YAaJCHHOCTh OOBEKTOB OT LIEHTpA YNPAaBJICHHUS, TUIBI, MPEANOJaracMoe KOIMYECTBO H
XapaKTepUCTUKU KaHAJIOB OOMEHa TEeJIeMETPUUECKUMH U TeIeMaTHYECKUMHU TPaH3aKIUsAMH;

— panuounTepdeiic nepegadn TpaH3aKLIUM MEKAY KOHTPOIUPYEMBIMH O0BEKTaMH U LIEHTPOM
yhpaBiieHUs U1 00eCleueHnsl UX JUCTaHIIMOHHOTO B3aUMOJICHCTBUSA M HEOOXOANMBIE BEPOSITHOCTHO-
BpPEMEHHBIE ITOKA3aTeNH;

— apaMeTphl OKUAAEMBIX MEXaHUYECKHX, KIMMATHYECKHUX, 3JIEKTPOMArHUTHBIX W MHBIX
JeCTaOUIM3UPYIOLINX BO3AEUCTBUH cpeabl (DYHKIMOHUPOBAHMWS HA COCTaBHBIE HYacTH  CHUCTEM
1 cr1ocoObl obecrieyeHns: PyHKIHOHATBHOTO KOHTPOJISI KOMIIOHEHTOB;

— He0OXOAUMOCTh 3alUThl CHCTEMBI OT HECAaHKIIMOHHMPOBAHHOTO JOCTYIa K €€ pecypcam,
OT HOJJIEJIOK U HaBsI3bIBaHUS HHGOPMALIUH.

Ha npaktuke MHMPOKWI CHEKTp pPasHOPOAHBIX TPEeOOBaHHUM . TOCTATOYHO TPYIAHO
VIOBIETBOPUTh TPH «KOHKATEHAIMOHHOM» TOAXOJE K TPOSKTUPOBAHUIO CHUCTEM, KOrna
B COOTBETCTBUM C 33JaHHBIMM TPeOOBAHUSMHM  BBIIOJNHSETCS  [OCJIENOBATENBHBIH  1OA00p
«IIOIXOASIINX» COCTABHBIX YacTel M MX B3aMMOYBS3Ka 110 MECTY TNpUMEHeHUs. B HacTosmiee BpeMs
9TOT MOAXOJ NPeoOSafaeT MPH CO3AaHUM CIOKHBIX MEXaTPOHHBIX cHUCTeM. OIHAKO KaXyIIascs
SKOHOMHUYHOCTb U €CTECTBEHHOCTD MPOLecca CHUHTE3a KOHKPETHOH CUCTEMBI B OOJIBIINHCTBE CIIy4acB
NPUBOIUT K KOHCEPBATU3MY OTHOLICHHWH B €€ CTPYKTYpE, YTO COIPOBOKAACTCS 3HAYUTEILHBIMHU
TEXHUYECKUMH OCJOKHEHHSAMH IPH BO3MOXXHOW MOAM(MUKAMH KaK CaMOW CHCTEMBI, TaK U ee
OTJeNBHBIX KOMIIOHEHTOB. KpoMe Toro, B JaHHOM clly4ae JOMOJHUTENbHBIE TIPOOIEMBI IPH CO3JIaHUHT
MEXaTPOHHOW CHCTEMBI BBI3bIBACT NIEPECTPONKA PEXKUMOB €€ (QYHKIIMOHUPOBAHUSL.

ANBTEpPHATHBHBIM TIOJXOJIOM SIBJISIETCSI TPOSKTHPOBAHNE MEXATPOHHBIX CUCTEM KaK €IWHOTO
[IEJIOr0 Ha MPHUHIMIAX HUGPOBU3ALUN M PACTPEICICHHOW 00pa0OTKM MaHHBIX. ODTHU MPHHIIUIIGI
W3BECTHBl JOCTATOYHO JaBHO, HO MX TEXHUYECKAas peaju3alus cTajla BO3MOXKHOH B CBSI3U
C OCBOGHHEM B MAacCOBOM IIPOM3BOJACTBE OTHOCHTENBHO HEAOPOTUX BBICOKOIPOU3BOIUTEIBHBIX
MHUKPOTIPOIIECCOPOB M C Pa3BUTHEM JIPAKTHYECKUX TNPUIIOKEHHH Teopuu HU(POBOi 00paboTKU
curHainos [2, 3]. B Hacrosimee BpeMsi CHOXHIHCh OOBEKTHBHBIC TEXHHYECKUE, aITOPHUTMHYCCKHE
Y SKOHOMHYECKHE YCJIOBUS AJISl IMepexofa K YHHU()UIMPOBAHHON CTPYKTYpEe W K THIIOBOMY Habopy
GYHKIUI anmapaTHBIX W MPOTPAMMHBIX CpPEJCTB MEXaTPOHHBIX CHCTEM. BO3MOXHBIA BapHaHT
CTPYKTYpHO-(PYHKIIMOHAILHOTO MOCTPOCHUSI MHTEIJICKTYallbHONH MEXaTPOHHON CHCTEMBI YKa3aHHOTO
THUIIa IpecTaBieH Ha puc. 1.
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Puc. 1. CtpykTypHO-(YHKIIMOHATHHAS CXeMa HHTEIUIEKTYaIbHOW MEXaTPOHHON CHCTEMBI C TUCTAHIIMOHHBIM
B3aMMO/JICHCTBHEM KOMIIOHEHTOB

B paccMaTpuBaeMoil CTpyKType NpOLECCHl KOHTPOJIsS W YIpPaBICHUS HaNpaBlIeHbl Ha
oOecrieyeHne TpeOyeMBIX 3aKOHOB IepeMelIeHus] BhIXOAHOro moayis apwwkenus (BMJI). Llentp
yopasiennst (I1Y) Bxmrowgaer mporeccop (Ilpi), KoTophrii mpenHa3Had4eH ISl KOHCOJIHUIUPOBAHHON
00pabOTKM ¥ HAKOIJICHUS] CHCTEMHOW WH(pOPMAIIUK, PEIICHUs 3aJaHHOT0 Habopa (DYyHKIIMOHATBHBIX
3a1a4 ¥ BHIPAaOOTKM YNPAaBISIIOIIMX BO3ACHCTBHUI, BBINOJIHEHHUS MPOLEIYpP KOHTPOJIS KOMIIOHEHTOB,
a TaKke, TpU HEOOXOIMMOCTH, JUISl BEACHHUS W apXUBHPOBAHHS IMPOTOKOJOB (DYHKIIMOHHPOBAHUS.
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Kpome Toro, B coctaB 1ieHTpa ymnpasicHus BBoAUTCs nepenaromuii 6ok (I[1nb) BeiBoga Tpan3akiuit
ynpasiernss u mnpuemsbliii 0ok (IIpb) BBoma TememerpmuecKkuX TpaH3aKIMHA. JlomomHHUTENEHO
B COCTaB IIEHTpa YIPaBJICHHS MOXKET OBITh BKIIOUEHa KOHCOJh OmepaTopa M OJIOK BHU3yaIH3alllH
JTAHHBIX.

JWcTaHIIMOHHOE MHOTONApaMETPUYECKOe YIIPABICHHE MOJIYJIEM [IBHKEHHS pPealn3yeTcs
C TIOMOIIIBIO TPAH3aKIWH YIPaBICHUS M MHTEIUIEKTYaIbHOTO MCIOJMHHUTEIbHOrO Mexanm3ma (MUM).
HcrnionHUTENbHBI MeXaHU3M obecrieunBaeT MpeoOpa3oBaHue TPaH3aKIHUK ¢ MU(POBBIMH BEKTOpPaMHU
yIOpaBlieHHsT B aHAJOTOBBIC, JUCKPETHBIE M HWMITYJIbCHBIE CHUTHANBI TPeOyeMoro KOOPIUHATHOTO
TIEpEeMEIIeHNS WM B U3MEHEHHUSI COCTOSHUS MOAYIS IBIXeHHs B (a3oBoM mpocTpaHcTBe. B coctas
WCTIOTHUTENFHOTO MEXaHW3Ma BXOJUT NPHUEMHBIN OJOK, mporeccop, mudpo-aHamoroseie, mudpo-
JUCKpETHbIE, TUPPO-UMITYJIbCHBIE TpeoOpasoBatenu (cootBercTBeHHO LIAIL, LIJII, LIUII) n Gmox
cuioBbix mpeoOpazoBateneii (BCII). Ilpomeccop B maHHOM ciydae oOecHedMBaeT ~ HMH(PPOBYIO
pean3annio CBEPTOK IM(PPOBBIX CHTHAIOB BEKTOpa YIPABICHHUS W HMITYJIBCHBIX XapaKTEpUCTHK,
COOTBETCTBYIOIIMX HEOOXOAMMBIM IE€pPEeJaTOuYHBIM (YHKIUSAM, KOTOpPBIE OMNPEACIAIOT  THHAMUKY
yhpaBlieHHsT MOJYJeM IBWXEHUs. Takum oOpa3oM, B cuCTeMe oOeclieunBacTcs [eeHanpaBiIeHHOe
JIBIKCHUE YKA3aHHOTO MOJAYNS C KOHTPOJIEM €ro IOJIOKEHUS M COCTOSHHS C TMOMOIIBID TpakTa
o0paTHO¥ CBsI3U.

JMCTaHIIMOHHBI MHOTONApaMETPUUECKUN KOHTPOJb TEKYLIETO TIOJOXKEHUS U COCTOSHHUS
BBIXOJIHOTO MOIYJNS [JBW)KCHHA TI0 TPaKTy OOpaTHON CBS3HM  BBIIIOJNHSETCS C ITOMOIIBIO
TEJIeMETPUYECKAX TpPaH3aKIMK W WHTEIUIEKTYalbHOTO ceHcopHoro ycrpoiictBa (MCY). [annoe
YCTPOHCTBO peain3yeT MpOoIecchl MPEABAPUTEIbHON LU(PPOBOH OOpabOTKH CHUTHAJOB, KOTOPHIE
XapaKTepU3yI0T TEKyIIee MOJOKEHNE W COCTOSHUE MOIYJS IBIKGHHS, @ TaKKe WX Mpeodpa3oBaHue
B BEKTOp KOHTPOJIA, KOTOPBIN COMPOBOXKIAETCSI METKOM BpEMEHHU. B COCTaB CEHCOPHOTO YCTpOICTBa
BBOJIUTCS OJIOK MEPBUYHBIX CEHCOPHBIX IMpeoOpaszoBareneid (4yBcTBUTENbHBIX AtemenToB) (BIICID),
a TakKe aHajJoro—IU(pOBbIe, TUCKPETHO-IU(PPOBBIE W HMITYyJIHCHO—IIU(PPOBEIE TPEOOpa30BaTEIN
(coorBerctBenno ALIIL, JILIIT, ULIIT), mporeccop u nepenaromimii 6JI0K.

C uenpio opraHu3alyy TUCTAHIIMOHHOTO WH()OPMAIIMOHHOTO B3aWMOJCHCTBUS MPUMEHSIOTCS
MIPOBO/IHbIE KAaHAJbl, BOJOKOHHO-ONITUYECKHE W PAAUOKAHAIBI, TIPU 3TOM HaWIydlllie BEepOSITHOCTHO-
BPEMEHHbBIE XapaKTePUCTUKH OAaeT NpPUMEHEHHE IBYX pa3[eNbHBIX CHUMIUIEKCHBIX KaHaioB. [lms
YIpaBIeHUs] WHEPIHOHHBIMH OOBEKTAMH [IOIYCKAETCS HCIIONIb30BAaHUE OJHOTO CHMILIEKCHOTO
MIPOBOJIHOTO WJIM paJHOKaHaja B TMOJYAYIUIEKCHOM peXuMe (Ha OCHOBE NMPHUMEHEHHUS BPEMEHHOTO
paszeneHus KaHalla ¥ METO/1a JIOCTYIa C KOHTPOJIEM HECYIIeH YacTOTHI).

[lepeHOC  OCHOBHBIX WPOIIECCOB OOpPaOOTKM CHUTHAJOB W JPYrod uWHQOpMAIIH
Ha IIPOTrpaMMHBIE CPEJCTBA M UX pacIpeesIeHne Mo MPoIleccopaM MEXaTpOHHOM CUCTEMBI MO3BOJISET
MOCTPOHUTh YHU(HUIMPOBAHHYIO BBICOKOCTAOMIBHYIO OONIYIO CTPYKTYpY, KOTOpas TMpHOOpeTaeT
CBOICTBA aianTalyii K U3MEHEHUSIM BBIXOAHOTO MOJYJIS IBIKEHUS U PEKUMOB (DYHKITMOHUPOBAHUS,
a Takke K BO3MOXHBIM MOAH(HUKAIMAM THUTOB ¥ (PYHKIUHA CHUCTEMHBIX KOMITOHEHTOB.
Cranpapruzaiys [HGPOBBIX MEKKOMIIOHEHTHBIX HHTEpQeicoB, KOTOpas B HACTOSIIEe BpeMs
JIOCTaTOYHO | CTPOro  coONromaeTcss pa3pabOTYMKaMU W HM3TOTOBHTEISIMH — PaTUOAIEKTPOHHOTO
o0opymoBaHMS, CO3/IAET JONOJHUTEIbHBIE YCIOBHS IS THOKUX (DYHKIIMOHAIBHBIX MPeoOpa3oBaHUiA
CUCTEMBI IIPUA COXPaHEHNH ee 00IIel cTPYKTypbl. Takas cTaHAapTH3alus JOCTUTAETCS IyTeM BbiOopa
TpeOyeMOoro cocraBa BhIIIEyKa3aHHBIX TIpeoOpa3oBaTelnieii, OJOKa YYBCTBHUTEIBHBIX 3JIEMEHTOB
1 COOTBETCTBYIOIINX MOIU(PUKANUN «MSITKHX KOMIIOHEHTOB» — Mporpamm Iu¢poBoil 00padOTKH
CUTHAJIOB U JJaHHBIX B MPOIIECCOPAX.

Ha anmapatHble 1 porpaMMHBIE CPEJCTBA TPAKTOB MEXATPOHHOM CHUCTEMBbI, IOCTPOEHHON Ha
OCHOBE YHH()HMIIMPOBAHHOW CTPYKTYpPHI U paclpeneleHHON oOpaboTku HMHGPOpPMALUH, MOXKET OBITh
BO3JIOKEHO pelleHne (PyHKIMOHAJILHO MOJHOTO Habopa 3aBEpLICHHBIX B JIOTMYECKOM OTHOLICHUH
3amay  [2-6]. TlpeacraBisieTcs pallMOHAJBHBIM  CICAYIOIIMHA IUTAH WX  IPEIBAPUTEIBHOIO
pacnpeneneHus 1o pecypcaM CUCTEMBI.

@DYHKINN UHTEJUIEKTYaJIBHOTO CEHCOPHOI'O YCTPOHCTRA!

— onu(pOBKa CEHCOPHBIX CUTHAJIOB, (OPMHUPYEMBIX YYBCTBUTEIHLHBIMH BIIEMEHTAMU
(c y4eToMm arpHOpHBIX CBEJCHHUN O MMapaMeTpax YaCTOTHBIX CIIEKTPOB CUTHAJIOB);

— obecrnieueHne JTMHEAPU3aIH XapaKTePUCTHK, FOCTUPOBKH, KaTMOPOBKU U METPOJIOTUYECKOM
IKCHEePTH3bI IU(QPOBBIX H3MEPHUTENLHBIX MTPpeodpazoBaTeseii;
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—mepBuyHas uugpoBas o0paboTKa CUTHAIOB, B TOM uucie IudpoBas QUIBTpaLHs
1 TpeOyeMBbIe JOTHIeCKUe MPEOoOPa30BAHNUS;

— YIaKOBKa HM3MEPHUTEIbHOW HH(MOpPMAIMK C €€ «IPUBA3KOI» K HOMEpaM H3MEPUTEILHBIX
KaHaJIOB TPAKTa;

— GopMupOBaHHE BEKTOpa MapaMeTpOB KOHTPOJS M €ro TpejcTaBieHHe B (opmare
TeJIEMETPUUECKON TpaH3aKIINU;

— opMupoBaHHe KOAa UMHUTO3AIIUTH TPAH3aKIUK C HCIOJIb30BaHUEM KOH(WACHIIMAIBHOTO
napaMeTpa JJisl 3alIUThl CUCTEMBI OT TOICIIOK M HaBs3bIBaHUs HH(pOpMalmu [4];

— MOMEXO0YCTOWYMBOE KOJWPOBAHHE TPAH3aKIIMU B 3aBHCHMOCTH OT alpUOPHBIX CBEICHUI
0 CTaTHCTHYECKHUX CBOMCTBAX paguoKaHAIIOB [5];

— MepeMeKeHHUEe KOJOB TPaH3aKUWU JJsl 3aIIUTBl OT BO3MOXHBIX MAaKETOB -~ OMTOBBIX
omuboxk [5];

— mepefada TeJIeMETPUIECKUX TPaH3aKIMi OT WHTEICKTYalIbHOTO CEHCOPHOTO YCTPOMCTBA
B LICHTP yNPaBJICHHUSL.

3amaun eHTpa yOpaBIeHUs:

— MpHEeM TeNEMETPUYCCKUX TPAH3aKIUH OT HHTEIUIEKTYaTbHOTO CEHCOPHOI'O YCTPOMCTBA
1 00paTHOE MepEeMEKEHHE KOJJOB TPAH3aKIIHIA;

— CHSITHE  TOMEXOYCTOHYMBOrO Koja M (POpPMaNbHBIA -~ KOHTPOIb  NPaBHILHOCTH
TEJEMETPUUECKON TPAH3aKIINY;

— GopMupoOBaHHE KO/ UMHTO3AIMUTHI TPAH3AKI[MH C WCIOJIh30BAHHUEM KOHQMHUICHIIMATEHOTO
napameTpa U MpoBepKa MOJIMHHOCTH;

— pacmakoBKa CCHCOPHOW HWH(OPMAIMK C BBIZCICHACM ~HOMEPOB KaHAJOB, PE3yJIbTaTOB
KOHTPOJISI MapaMeTPOB U METOK BPEMEHH B aTOMapHOM BH/IC;

— cMbICIIOBas 00paboTKa MH(OPMAIIMHU, €€ HAKOIUICHHE, TPH HEOOXOIUMOCTH — BU3YyaTH3aIlHs
JIAHHBIX, BEIPA0OTKA YIPABJISIONIMX BO3ICHCTBUI HA BHIXOJHOM MOYJIb IBIKCHUS,

— YIaKoBKa YIMpaBIstonied WHPOpPMAIMK C €¢ «IPUBA3KOM» K HOMEpPaM KaHAJOB TPaKTa
yIpaBIICHUS;

— opMupoBaHHE BEKTOpa YHpaBICHHUS W €ro MpeicTaBiIcHUE B (opMmare TeleMaTH4ecKOu
TPaH3aKIUH;

— GopMupoOBaHHE KOJa UMHTO3AIMUTHI TPAH3AKI[UH C HCIIOJIH30BAHUEM KOH(MHUACHIMATIHHOTO
napaMeTpa sl 3alIUThl MOJIYJIs IBHOKSHUS OT HO/ICIIOK M HaBsI3bIBAHUS HH(OpMAIUHT;

— MOMEXO0YCTOWYMBOE KOJUPOBAHUE TEIEMATHYCCKOW TPAH3aKIIMKM U TEPEMEKEHHE KOJOB
TPaH3aKIUH;

— mepeaya TeJleMaTHYeCKUX TPAH3aKIWH B MHTEIUIEKTYJIbHBIA UCTIOTHUTEIBHBIA MEXaHHU3M.

OyHKIMH UHTEITIEKTYIBHOTO UCIIOTHUTEIEHOTO MEXaHU3Ma!

— MpHEM TeNeMaTHYECKUX TPAH3aKIMi OT I[EHTPA YIPABJICHUS B UCTIOJHUTEILHBIN MEXaHU3M
1 00paTHOE MEePEMEKSHHUE KOJIOB TPAH3AKITHIA;

— CHSITHE  TIOMEXOYCTOHYMBOIO Koja ¥ (opMalbHBIH ~ KOHTPOJb  MPaBHIBLHOCTH
TeJeMaTHYECKON TPaH3aKIINH;

— GopMupOBaHKE KO/ UMHTO3AIIUTHI TPAH3AKI[MH C WCIOJIh30BAHHUEM KOHQMHUICHIIMATEHOTO
napameTpa U NpoBepKa MO JIMHHOCTH;

< pacmakoBKa yrpasistonieii HHGpopManyu ¢ BbIIeIEHHEM HOMEPOB KaHAJIOB, YIPABISIONIAX
napamMeTpoB U METOK BPEMEHH B aTOMAapHOM BH/IC;

—nepepaboTka ynpasisioniedd HHGopMaMu W pacrpesieieHue ee Mo KaHajlam, 3aJlaHHBIM
B TPaH3aKIIVH;

— (huznueckoe BOCIIPOM3BEICHUE CUTHAJIOB YIIPABICHUS M BO3/ICHCTBUE HA BHIXOJHOH MOJYIb
JBIKEHHSI C TIOMOIIBIO COOTBETCTBYIOIIMX CHIIOBBIX IIPe00OpazoBaTenei.

I[OCTOBepHOCTI) nepeaadm TeJIEMETPUIECCKUX U TCJICMATHYCCKUX Tpaﬂsammﬁ
B HHTCJVICKTYAJIbHBIX MEXaTPOHHBIX CUCTEMAX

B 3aBHCHMOCTH OT OTBETCTBEHHOCTH MEXATPOHHOM CHCTEMBI yCTAHABIMBAETCS JOIYCTUMBIN
YPOBEHb CHMKCHHS TOJHOTHI cOopa, 00paOOTKH, HAKOIUICHUS! WM OOHOBJICHUS WH(pOpMAIWH, MPU
KOTOPOM B OpraHe YIpaBJICHHs MOTYT OBITh KOPPEKTHO BhIpaboTaHBI TpeOyeMbie YIPABISIOIINE
BO3JIEMICTBHA M COOTBETCTBYIOIIME UM KOMaHbl U cUTHANBL. [IpennonokuM, 4To B CHCTEME B LIMKJIAX
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yhpaBiieHHs HeoOXoAuMa opraHuzanus coopa, 00padOTKH, HAKOIUIEHHs WM 0OHOBiIeHUsT N TeKkymux
napaMeTpoB 00bekToB 1 sBienuit {Oi}; i =1, 2, ..., n. 3Hagenne N onpeaeaseTcss COCTaBOM 00BEKTOB

n
¥ ABJIEHHH, KapJAWHAIBHBIMA Mj ¥ JOMEHapHBIMU I ynciaamu: N = Zmiri.
i=1
JomycTuMBIi ~ OTHOCHUTENBHBIA ~ YPOBEHb  CHIDKEHHMsSI IOJHOTBIE M JOBEPUTENIbHAS
BEPOATHOCTh Prog  ompesiensitoT TOT (PakT, 4TO B KAXKIOM IMKJIC YIIPABICHUS PEAIU3YIOTCS CcOOp,
00paboTKa, HAKOIUICHWE WM OOHOBJICHHWE CBEICHHMH He MeHee, deM s N — | TmapameTpoB, Tiie
p = Ant(eN); Ant— nenouncnennas ¢yuakims Autbe. Ecin Po— BeposTHOCTh 0OecrieyeHns CpencTBaMu
CHCTEMBI cOopa, 00pabOTKU, HAKOIUICHHUsI WM OOHOBJIEHHA MH(OpMAWK 00 OAHOM MapameTpe, TO IS
JIOCTKEHUST TpeOyeMoi MOMHOTHI N — |1 U JOBEPHUTEIILHON BEPOSTHOCTH Prop OKHO BBIMOTHSATHCS

nepasencrso: P +C, (1-P)P" ' +C} (1-P,)' P ? +..+Cl (1-P,)'P,)' * =P

HwxHsist TpaHWIa BEpPOSTHOCTH Po SBISICTCS TOJIOKUTENBHBIM BEIICCTBCHHBIM KOPHEM
JIAHHOTO aIre0pandeckoro ypaBHEHHS, KOTOPOE IPUHUMAET BUJI paBEHCTBa. B pacueTax HE0OX0aMMO
NPUMEHSTh HeueTHOe 3HadeHue N, B KauecTBE KOTOPOTO CIIEAYeT HEMOCPEACTBEHHO BBIOUPATH JINOO
ucxoanoe 3HadeHwe N, ecnm oHO HeueTHoe, jau60 N+ 1 mpu dverHoM wucxomHoM 3HaveHuu N.
C y4eToM OTpHUIATEILHOTO CBOOOJHOIO WicHa YPaBHCHHUS TapaHTHUPYETCS HAIMYME XOTs ObI OJIHOTO
MOJIOXUTEILHOTO BEIIECTBEHHOTO KOpHs. [Ipu BbiCOKMX 3HaueHUsx N mpsMoe pelieHre TaHHOTO
ypaBHEHHUsI KpaifHe 3arpyaHeHo. I HaXOXKACHUS HIDKHEH TpaHuIlpl BeposTHocTH Py criemyer
MPOBOIUTH M3OJAALMI0 KOopHs Ha uHTepBane (0,8; 1,0], mocie Wero ¢ MOMOIIBIO HUTEPAIMOHHOTO
MeTona HpIOTOHA W TMONOBHHHOTO JIEJICHHSI WHTEpBala PACCUMTHIBATE ¢ TpeOyeMoW TOYHOCTHIO
HCKOMOe 3HadyeHune Po.

PacueTHOe 3HaueHUE BCPOATHOCTU PO IMO3BOJISICT OLUCHUTL HWIKHIOIO W BCPXHIOKO T'PAHUIILI
BaKHCHILIETO CHUCTEMHOr0 I[10Ka3aTejs — BEPOATHOCTH JIOCTOBEPHOW IMEpesadyd OJHOTO OJioka
TpaH3akiuu Pypn  (0oka  ciry’)keOHOrO — 3arojioBKa  TpaH3akKIWKd W OJOKa  IapameTpoB).
OH KOJIMYECTBEHHO OIICHMBAET TOT (haKT, YTO B KAKIOM OJIOKE TpaH3aKIMU MO0 HE COJEpIKATCS
HCKaXCHHBIC OUTHI, 00YCIOBJICHHBIC BO3/ICHCTBUAMHA HETaTUBHBIX ()aKTOPOB Ha MPOIECCHI MepeIadn
WHQOPMAITUH TI0 KaHATY, JIM0O KOJIMYECTBO UCKAKEHHBIX OWT HE MPEBBIIIACT JOMYCTUMOE 3HAYCHUE.
JanHpIli TOKa3aTenh TpUMEHseTcs Juis < OOOCHOBAaHHOTO  BBIOOpa CXeMBI M METOJIOB
MOMEXO0YCTOHYHNBOTO KOJIUPOBaHUS HH)OPMAIMN B TPAH3AKIIUSX.

BeposATHOCTh TOCTOBEpHOW Ilepefadd TpaH3aKIMKu Mo KaHany Ppr pacuierisercs Ha JBe
MYJIbTUTUTMKATHBHBIC COCTABJISIFOIIUE — HA BEPOSTHOCTh JTOCTOBEPHOM mepenaun OJioka ciyxeGHOTro
3aroJioBKa TPaH3aKIUU Py 3arn U Ha BEPOSATHOCThH JOCTOBEPHOH Nepeaadn mapaMeTpUIeCKuX OJIOKOB
B CpPEJIHEM JUIsl P [apaMeTpOB MHPU 3HAYCHHUH 3TOW COCTABJISIONICH B pacuyere Ha OJUH Iapamerp

Tpanzakuuu P, P =p _Pp°

JUTIAP AT JU3ATJL" JITIAP*

JIOB *

Ilpu 3amaHHBIX KO3()(UIMEHTaX TOTOBHOCTH CEHCOpHOro obopynosanus Krc, KaHaJIbHOTO
o0opynoBanust Krx ¥ BeMHCIMTENBHOIO 00OpynoBaHus Krg B MeXaTpoHHOH cucteme Ttpelyercs
COOJIIO/IeHrE | TJIABHOTO YCJIOBUSL OOECIIEYCHUS] PACUYETHOW BEPOSTHOCTH Py TpW TUIaHUPYEeMBIX

cpennux 3HadeHmsX P: KreKrKrsPar > Po, mm K K K P P, 2 B

[lpy  sToM B MeEXaTpOHHOH cuUcCTeMe He0OXOJAWMO WCIOJB30BAHUE TEXHUYECKOTO
000py/OBaHUS C BBICOKMMH TI0Ka3aTeNsIMH HAJeKHOCTH, TPHU KOTOPHIX 3aBEOMO BBITIONHICTCS
cinenyroniee yenosue: KreKrkKrg > Po, a BepostHOCTh Pt > Po / KreKrikKrs MoxxeT ObITH onpeseneHa
0e3 MmoTepu ee CMbICIa U 3HAaYUMOCTH (TO ecTh Pyr < 1). BbiOop TpeOyeMbIix CKOpOCTEH N30BITOYHOTO

Y(p+1) N
Koza, Tpu Kotopeix: B, & P, Py 2 I:PO / ( KK Kig )] , obecrieunBaeTcsi OIOYHOM

MOJIETIHI0 TIOMEXOYCTOHYMBOTO KOAMpOBaHUS (3mech Pnpn — TpeOyemas BepOSITHOCTH JIOCTOBEPHOM
nepenaun ONOKOB TpaH3akiyu). [locnenHee COOTHOIIEHHE TMO3BOJSIET OLEHWTHh HIDKHIOIO M BEPXHIOIO
rpaHullbl  TpeOyeMoW  BEpPOSTHOCTH  JIOCTOBEPHOM  mepefadd  OJOKOB  TpaH3aKUIuH Pjsi:

Ian :I:R)/( KFCKFKKFB ):IZI/(WZGp +1) 1 Suppﬂsﬂ :I:R)/( KrCKrKKrB ):II/(p7259+1) )

TBI

rae Op — CPEAHCKBAAPATUYCCKOC OTKJIOHCHHE KOJMYCCTBA IMapaMETPUUCCKUX 0JI0KOB B OJIHOI>'I
TPaH3aKIUU.
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B Tabmune npeacrasnens! napel rpanul InfPysn, SUPPrsn mocToBepHO# nepemayn OJI0KOB
TpaH3aKIui s o0ecriedeHWss HEOOXOMUMBIX  BeposTHOCTeW Po mpum  p=15; o,=1,5;
Krc = Krk = Krg = 0,98. Kak cnemyet u3 pe3ynbTaToOB YACICHHOTO aHAN3a, OTPEIeNsIolIee 3HaUCHHe
UMCEIOT TIapaMeTpbl HAJACKHOCTH KOMIIOHEHTOB MEXaTPOHHOM CHCTeMBbI, oOllee KOJMYECTBO
nmapaMeTpoB OOBEKTOB W SIBICHHH, KOTOpBIE MOIeX)aT cOopy, 00pabOoTKe, HAKOIUICHWIO WIIH

O6HOBJ'ICHI/I}0, a TaK)K€ OOITYCTUMBIC YPOBHU CHUIKCHUS ITOJTHOTEHI B a0COFOTHOM BBIpa’KCHHUH.

HOCTOBGPHOCTB nepeaavuu TpaH3aK1[l/lﬁ o0 KaHaj1amM MeXanOHHOﬁ CUCTEMBbI

Jomyc- Kos4ecTBo mapaMeTpoB 0OBEKTOB U SIBJIICHUI
TUMBII 50 100
YPOBEHb | YposeHs 3uauenus BepoaTHocteit INfP5i; VpoBensb 3Hayenus BepositHocTei INfP n5;
CHUXK. CHUKECHUS SupP B CHUKEHUS Su PP
IIOJIHOTHI IIOJIHOTBI IIOJIHOTBI
eN, & OTHOCH- JoBepuTesbHast BEpOSTHOCTb P o ¢ OTHOCH- JoBeputenbHasi BEpOSTHOCTD
abc. equn. | TeabHO N, % 0.93 0.95 tensHO N, % Prios 0.93 0.95
20 40 0,901; 0,966 0,906; 0,968 20 0,967; 0,989 0,969; 0,989
15 30 0,939; 0,979 0,943; 0,981 15 0,983; 0,994 0,984; 0,995
10 20 0,972; 0,991 0,975; 0,992 10 0,997; 0,999 0,999; 0,9997
7 14 0,990; 0,996 0,992; 0,997 7 0,9997; 0,9999 H/0; H/O
5 10 0,9997; 0,9999 H/0; H/0 5 H/0; H/0 H/0; H/0
2 4 H/0; H/O H/0; H/O 2 H/0; H/O H/0; H/O
H/O — 3HAYEHHUS HE OIIPEIEIICHBI

Haxxe mpu KpaifHe BBICOKHX 3Ha4eHUsX K0ddduimentoB rotoBHocTH Kre = Krik = Krg = 0,98
BEpXHHE IpaHULbl SUPP 51 BEpOATHOCTEH TOCTOBEPHOM mepenadd OJOKOB TpaH3aKLHMH palloHaIbHO
oTpeJiesieHbl U TEXHUUYECKH oOecrieueHbl OBITh HE MOTYT, €CIH JOMyCTHUMBIN ypoBeHb W < 5-7. Ilpu
sToM HikHUe rpaHulbl INfPy s BeposiTHOCTEH nOCTOBEpHOM Mepeaadyn OJI0KOB TPaH3AKIMH TOJKHBI
coctaBisTh 0,999. D10 KpaiiHe XeCTKUE YCIOBHUS, OCOOSHHO IPU IOCTATOYHO BBICOKMX TEMIAax
NOCTYIUICHUSI  PE3YJIbTATOB CEHCOPHBIX H3MepeHui. OOlecmeueHrne TakUX 3HAYCHUH IS
koapuimeHtoB Kre, Krgx, Krg u st BeposiTHOCTH Prpn  SBISICTCS CIOXKHOH TEXHUYCCKOM
npobieMoif, 0e3 pemieHus KOTOpPOHl HEBO3MOXKHO oOecneunth 3((QEKTUBHOE YIpPaBICHUE
MEXaTPOHHOM CUCTEMOM.

Penayuonnas mooenv npedcmagienus uHpopmayuu 6 UHMeNIeKMYaIbHbIX MeXampOHHbIX
cucmemax. Jlng XpaHeHUs TEKyIIMX 3HAYEHUW MapaMEeTPOB B BBIYUCIUTENBHBIX CPEACTBAX IIEHTpa
yhpaBiieHHsT HanOosee MPOCTHIM M JI0CTaTOYHO 3(P(hEeKTUBHBIM TEXHHUUYECKHM PEIICHHEM SIBISETCS
NPUMEHEHUE PEJSIMOHHOW MOJAETH MNPEACTaBICHUS JIOTUYECKOH CTPYKTYphl HH(OPMAIIMOHHBIX
MaccuBOB B 0a3ze JaHHBIX [7]. Ha puc. 2 nmpuBeseH BapuaHT BO3MOXKHOTO TOCTPOCHUS CTPYKTYPBI
JIOTHYECKUX OTHOLICHHH s mapameTpoB 00bekToB {Oi}. s mnpaBWiIbHOW OpraHu3aluu
NOCTYIUICHUs] 3HAUCHUH IapaMeTpoB B 0a3y AaHHBIX IIGHTPa YNpPaBJICHHUS JIOTHUECKHE CTPYKTYpPbI
KOMITOHEHTOB 0a3bl M CTPYKTYphl TpaH3aKIHWH JODKHBI 00JIaJaTh CBOWCTBOM OJHO3HAYHOTO
B3aUMHOI'0 OTOOpa)KEHMSI.

—> T[louCK OTHOLLIEHNS
no uaeHTudukaropy tuna obbexta O0;

(CoD (o)~ (Co)(o)

{
( KOpTE)KVI OTHOLUEHUS O; B KONMUYECTBE m; ]
-
e 0 CIC )
woroop” O () ()
(mj — xapan- cee ses e

HanbHOE 0 :
e on( (O

‘ —1 —

-
[lOMEHbBI CBOCTB OTHOLIEHUSI O B KONMYECTBE #;

C JOMEHHbIMM NapameTpamn 3Kk3eMnnsipoB
06beKTOB {Xjjg}

(ri — LOMEHaPHOE YMCNO OTHOLWEHMA O;)

& J

Puc. 2. BapuaHT mOoCTpOCHUsI CTPYKTYPBI JOTHYECKUX OTHOIICHUH 171 mapameTpoB 00bekToB {Oi}
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Hawmnyummii sgdexr mo ckopoctu moucka W oTOOpa KOpTekedl B 0a3e AaHHBIX IIPH
BBITIOJTHEHNH OTIepAIlfii HAKOTUICHUS WIM OOHOBJICHHUS 3HAYSHHUH MapaMeTPOB MOXKET OBITh JJOCTUTHYT
NP HCIIOJIF30BAaHUH B KAa4eCTBE KIMFOYEH HACHTH()UKATOPOB THIIOB OOBEKTOB M KOPTEXKEH OOBITHBIX
YHCIOBBIX KOJIOB, & HE CHMBOJBHBIX KoMmMOuHammi. Kpome Toro, nemecooOpa3HO mpencTaBiIeHHE
OTNIENBHBIX KOPTEeXel B BHUAe (M3WUECKUX 3ammceld, a TakKe HCIOIb30BAaHHE CIIEIHAIBHOTO
CIIPaBOYHHKA JOMYCTHUMBIX THIIOB W ()OpPMATOB MapamMeTpoB. DTO, MO CYTH, O3HAYAET IpEeJeNbHOe
COBMEIICHUE JIOTHYECKOM CTPYKTYpBI 0a3bl IAHHBIX C €€ PU3UIECKON CTPYKTYpOit [7].

CnenyeT OTMETHTh, YTO MpPAKTUKA IOCTPOCHHUS psla HMHTEINIEKTYaJbHBIX MEXaTPOHHBIX
CHCTEM IIOKa3aja HECOCTOSTEIHHOCTh IOAXONa K OPTaHW3aldd XPaHEHHS B BBIYUCIUTEIHHOM
000pyIOBaHUY PA3IMYHOTO PO/Ja HOPMATHUBHBIX JNaHHBIX, KOHCTAHT MPeoOpa3oBaHus U Mepecyera Ha
MOCTOSIHHOH ocHOBe. bornee menecooOpa3sHO MNPUCBOEHHE ATUM BHIAM WHQOPMAIMH ~YCIOBHO-
MOCTOSTHHOTO ~ CTaTyca, IIOCTpOeHHEe B 0a3e JaHHBIX CIEIUAIBHBIX YHAPHBIX OTHOLICHHH
¢ moMeHapHbiMH uyuciaamMu 0 =1 a9 XpaHeHHS yKa3aHHBIX CBEICHUH U MPEIOCTaBICHHUE
BO3MOYKHOCTH JUCTAaHLIMOHHOTO W3MEHEHHS 3HAYeHMH C TIOMOINBIO TpaH3aKUMH-TIpeANnHCcaHui
B TEXHOJIOTUYECKOM peXHMe. B cBsA3M C KpaiiHe HH3KOH YacTOTOM BO3MOXKXHOTO OOHOBJICHUS
KOJIMYECTBO ATHX ITApaMeTPOB IIPH pacueTax 3HaueHnss N MOKHO HE yUUTHIBATh.

Takum 006pa3oM, Ui yCHENIHOTO CO3JaHHUS MEXaTPOHHOW CHCTEMBL JOJDKHBI COONIONATHCS
oTpeJie/IieHHbIEe TPUHIUIBI  JUCTAHIIMOHHOTO OTOOpaKEHHUsI TEKYIUMX COCTOSHHH (Qr3MYecKux
00BEKTOB W SIBICHWH B 0a3e MaHHBIX OpraHa YIpaBlieHUS. BONBIIMHCTBO TEXHWUYECKUX PEIICHHUH
TpeOyeT MpenBapuTEeIHLHOTO TPOBEACHUS OIICHOYHBIX pPACcYeTOB, MOJICIUPOBAHUS W HAXOXICHUS
KOMIIPOMHUCCOB, TO3BOJIAIONNX H30€XKaTh 3aBeJOMO OeCHEepCIIeKTUBHBIC BapUaHTHI MOCTPOCHUS
anmapaTHBIX U IPOTPAMMHBIX CPEJICTB HHTEIUIEKTYalTbHOW MEXaTPOHHOU CUCTEMBI.

INTELLECTUAL MECHATRONIC SYSTEMS WITH REMOTE ORGANIZATION
OF TRANSACTIONS: DESIGN FEATURES

AV.GULAY, V.M. ZAYTSEV

Abstract

Basic requirements have been considered to sensor and controlling tracts of mechatronic
systems with the remote organization of objects control processes. It has been shown that the use
of digitizing principles and distributed data procession in mechatronic systems makes it possible to
pass to the unified structure and the typical set of software and hardware functions of the aforesaid
tracts. A problem of true transmission of transactions by telemeter and telematics channels of the
intellectual mechatronic systems has been analyzed. Lower and upper borders of one transaction block
have been evaluated — probability of true transmission of one transaction block.
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