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Paccmotpensl 6a3oBbie TpeOOBaHMS, MPEABABIIEMbIE K CEHCOPHBIM M YIPABILIIOMMM TPaKTaM
MEXaTPOHHBIX CHUCTEM C JAHWCTAHIMOHHOW OpraHM3alUeil MPOLECCOB KOHTPOIS M YHpPaBICHUS
oO0bekTamu. [lokazaHo, YTO IPUMEHEHNE B MEXAaTPOHHBIX CHCTEMax NMPUHOMIOB HU(POBU3AINU
U paclpesieneHHo 00pabOTKM JaHHBIX IO3BOJIICT NMEPEHTH K YHU(DHUIMPOBAHHOW CTPYKType
Y K TUIIOBOMY HaOopy (GYHKIMH anmapaTHbIX M HPOTPaMMHBIX cpeAcTB. lIpoaHanu3upoBaHa
npobieMa JOCTOBEPHOM mepenadn TpaH3aKIUil 0 TeleMeTPUIeCKUM U TeJIeMaTHUeCKUM KaHaJaM
UHTEJJICKTYalIbHOM MEXaTPOHHOM CHCTEMBI. BBINOIHEHAa OLEHKA HMKHEH W BEpXHEM TIpaHUI]
Ba)XKHEHIIIEro CHCTEMHOIO IOKa3aTelsl — BEPOATHOCTH JOCTOBEPHON Tiepefadd OIHOTo OJokKa
TpaH3akuuu. [IpuBeneH BapHaHT BO3MOXHOTO MpPEJICTAaBJICHHS IMapaMeTpoB OOBEKTOB B Oase
JIAaHHBIX UHTEJUIEKTYalbHOU MEXaTPOHHOM CUCTEMBI.

Kniouesvie cnosa: MEXaTpOHHAaA CUCTEMA, MHTCIUICKTYaJIbHAsA CUCTEMA, II€peaadya TpaHSaKLIHfI.

BBeaenne

PanmoHanbHBIM MMOAXO/IOM B MPOSKTUPOBAHWN HHTEIIIEKTYaJbHBIX MEXaTPOHHBIX CHUCTEM
SBJISIETCSl TIPE/ICTABIICHHE UX B BHJE MHOIOKAHAIBHBIX TEXHUUECKHX KOMIUIEKCOB, PACCUNTAHHBIX HA
napajuie]bHOe WM KBa3WMapalleIbHOE CHIIOMOMEHTHOE YITPABIIEHUE BBIXOAHBIMH MEXaHUYECKUMHU
3BeHBbAMH  (MOIYNSIMH  JIBHKCHHS) TI0 MHOXECTBY KOOpAuHAaT Tpedyemoro  (ha3oBOro
npoctpancTBa [1, 2]. B paMkax maHHOTO ITOAXO/Ja BBIMOJHEH aHaan3 0a30BBIX TpPeOOBAHMIA,
NPEbSBISIEMbIX K CEHCOPHBIM U YIPABISIONIMM TPAKTaM MEXATPOHHBIX CHCTEM C JUCTAHIIUOHHBIM
B3aMMO/ICHCTBUEM KOMIIOHEHTOB. PaccMOTpeHa CTpyKTypHO-(OYHKIIMOHAIBHAS CXeMa MEXaTPOHHOM
CHUCTEMBI, COJepXKallell  HWHTEUIEKTyaJlbHOE CEHCOPHOE  YCTPOWCTBO, LIEHTP  YHpPaBICHUS
Y MHTEIUICKTYaJIbHBIA NCTIONIHUTEIHHBIN MEXaHU3M.

[IpexcraBnern  ¢GyHKIMOHAIBHO TIONHBIA HAOOp 3a7ad, peliaeMbIX  anmapaTHBIMH
Y TIPOTPAaMMHBIMH CPEJICTBAMH MHTEIUIEKTyaTbHOW MEXaTpOHHOU cucTeMbl. [Ipemnoxkena TeXHOIOTHs
BbIpa0OTKH TPeOOBaHMI K JJOCTOBEPHOCTH IEepeaun TPAH3aKIMK B UHTEIICKTYITbHBIX MEXaTPOHHBIX
CHUCTEMax U MPHUHLUIBI TPUMEHEHHS PEJIILUOHHON MOJENN NpeAcTaBiIeHUs] MHQOpMAlMK B LIEHTPE
ynpasneHus. [lokazaHo, YTO omnpeaessioniee 3HAYEHHE HMEIOT XapaKTePUCTHKH HalleKHOCTH
KOMIIOHEHTOB MEXaTPOHHOW CHUCTEMBI, a Takke 00IIee KOIMYECTBO MapaMeTPOB, KOTOPBIE TMOJIekKAaT
cOopy, 00paboTKe, HAaKOIUICHUIO WM OOHOBJICHWIO NpU (PYHKIIMOHMPOBAHWHM HHTEIUIEKTYalbHOMN
MEXaTPOHHOU CHCTEMBI.

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

Ha npenBaputenbHbIX 3Tanax NpoeKTUPOBAaHUS MEXaTPOHHBIX CUCTEM (GopMHUpyeTcs: Oa30BbIN
HaOOp ONpeAeleHHBIX KOHCTPYKTHBHBIX M (YHKUMOHAJIBHBIX TpeboBanuid. B coorBeTcTBUM
C TEXHUYECKMMH HOPMAaTHUBHO-TIPABOBBIMH aKTaMH B 00JaCTHM TEXHHUYECKOTO HOPMHUPOBAHUS
Y CTaHJAPTU3ALMHU 3TH TPeOOBaHUS CIEIU(DUINPYIOT CIAEAYIOUINE ACMIEKTHI TOCTPOSHHS CHUCTEM:
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— COCTaB M TUIBI OOBEKTOB KOHTPOJIS M YIIPABICHHUS;

— KOJIMYECTBO KOOPAMHAT YIIPaBJIeHUs B (Pa30BOM IIPOCTpaHCTBE U TpeOyeMble 3aKOHBI (BUBI
TPACKTOPHIT) TIepeMEIIEHUS MOIYJIeH 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 TeIeMaTHYECKUMH TPaH3aKIUAMH;

— panuounTepdeiic nepegadn TpaH3aKIUN MEKAY KOHTPOIUPYEMBIMH O0BEKTaMH U LIEHTPOM
yhpaBiieHUs U1 00ecreueHnsl UX JUCTaHIIMOHHOTO B3aUMOJCHCTBUS M HEOOXOANMBIE BEPOSITHOCTHO-
BpPEMEHHBIE ITOKA3aTeNH;

— IapaMeTphl OKUAAEMBIX MEXaHUYECKHX, KIMMATHYECKHUX, 3JIEKTPOMArHUTHBIX W WHBIX
JeCTaOUIM3UPYIOIIMX BO3AEUCTBUH cpeabl (DYHKIMOHUPOBAHHWS HA COCTAaBHBIC YaCTH . CUCTEM
1 criocoObl obecrieyeHns: PyHKIIHOHATBHOTO KOHTPOJISI KOMIIOHEHTOB;

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

Ha npaktuke MHMPOKWI CHEKTp pPasHOPOJHBIX TPEeOOBaHWHA  TOCTATOYHO TPYIAHO
VIOBIETBOPUTh TPH «KOHKATEHAIMOHHOM» TOAXOJE K TPOSKTHPOBAHHUIO CHUCTEM, KOrna
B COOTBETCTBHM C 33JaHHBIMM TPeOOBAHUSMHM  BBIIOJNHSETCS  IMOCIENOBATENBHBIH  1OA0Op
«IIOIXOASIINX» COCTABHBIX YacTel M MX B3aMMOYBS3Ka 110 MECTY NpUMEHEHMs.. B HacTosmiee Bpems
9TOT MOAXOJ NPeoOsafaeT MPH CO3AaHUM CIOKHBIX MEXaTPOHHBIX cucTeM. OIHAKO KaxyIIascs
SKOHOMHUYHOCTb U €CTECTBEHHOCTD MPOLecca CUHTE3a KOHKPETHOM CHUCTEMBI B OOJIBIIMHCTBE CIIy4acB
NPUBOIUT K KOHCEPBATU3MY OTHOLICHHWH B €€ CTPYKTYpE, UTO COMNPOBOKAACTCS 3HAYUTEILHBIMU
TEXHUYECKUMH OCJOKHEHHSAMH IPH BO3MOXXHOW MOAMMUKAIMH KaK CaMOW CHCTEMBI, TaK U ee
OTJeNBHBIX KOMIIOHEHTOB. KpoMe Toro, B JaHHOM cily4ae JOMOJHUTENbHbIE TIPOOIEMBI IPH CO3JIaHUHT
MEXaTPOHHOW CHCTEMBI BBI3bIBAET NIEPECTPONKA PEXKUMOB €€ (PYHKIIMOHHUPOBAHUSL.

ANBTEpPHATHBHBIM TOJXOJIOM SIBIISIETCS TPOCKTHPOBAHIE MEXATPOHHBIX CUCTEM KaK €IWHOTO
[IEJIOr0 Ha MPUHIMIAX HUGPOBU3ALMN M PACIPEICIICHHOW 00pa0OTKM NaHHBIX. ODTH MPHHIIUIIGI
W3BECTHBl JOCTATOYHO JaBHO, HO MX TEXHUYECKAs peaju3alus cTana BO3MOXKHOH B CBSI3U
C OCBOGHHEM B MAacCOBOM IIPOM3BOJACTBE OTHOCHTENBHO HEAOPOTUX BBICOKOIPOM3BOIUTEIBHBIX
MHUKPOTIPOIIECCOPOB M C Pa3BUTHEM  MPAKTHUYECKUX TNPUIIOKEHHH Teopuu HUGPOBOi 00paboTKU
curHainos [2, 3]. B Hacrosimee BpeMs CIOXHIHCh OOBEKTHBHBIC TEXHHYECKUE, AITOPHTMHYECKHE
Y SKOHOMHUYECKHE YCJIOBUS AJsl Mepexofa K YHHU()UIMPOBAHHON CTPYKTYpEe W K THIIOBOMY Habopy
GYHKIUI anmapaTHBIX W TMPOTPAMMHBIX CpPEJCTB MEXaTPOHHBIX CHCTEM. BO3MOXHBIM BapHaHT
CTPYKTYPHO-(PYHKIIMOHAILHOT'O MOCTPOCHUSI MHTEIICKTYallbHONH MEXaTPOHHON CHCTEMBI YKa3aHHOTO
THUIIa IpecTaBieH Ha puc. 1.
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Puc. 1. CtpykTypHO-(YHKIIMOHATHHAS CXeMa HHTEIUIEKTYaIbHOW MEXaTPOHHON CHCTEMBI C TUCTAHIIHOHHBIM
B3aMMO/ICHCTBHEM KOMITIOHEHTOB

B paccMarpuBaeMoil CTpyKType NpOLECCHl KOHTPOJIsS W YIpPaBICHUS HaNpaBlIeHbl Ha
oOecrieyeHne TpeOyeMBIX 3aKOHOB IepeMelIeHus] BhIXOoAHOro moayis apwwkenus (BMJI). Llentp
yopasiennst (I1Y) Bxmrowgaer mporeccop (Ilpi), KoTophrii mpenHa3HadYeH ISl KOHCOJIUIUPOBAHHON
00pabOTKN ¥ HAKOIJICHUS] CHCTEMHOW WH(pOPMAIIUK, PEIICHUs 3aJaHHOr0 Habopa (DyHKIIMOHATBHBIX
3a1a4 ¥ BHIPAaOOTKM YNPAaBISIIOIIMX BO3ACHCTBHUI, BBIOIHEHHUS MPOLEIYpP KOHTPOJIS KOMIIOHEHTOB,
a TaKke, TpU HEOOXOIMMOCTH, JUIsl BEACHHUS W apXUBHPOBAHHS IMPOTOKOJOB (HYHKIIMOHHPOBAHUS.
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Kpome Toro, B coctaB 1ieHTpa yrnpasicHus BBoAUTCs nepenaromuii 6ok (I[1nb) BeiBoga Tpan3akiuit
ynpasiernss u mnpuemsbliii 0ok (IIpb) BBoma TememerpmuecKkuxX TpaH3aKIHMHA. JlomoMHHUTENEHO
B COCTaB IIEHTpa YIPABJICHHS MOXKET OBITh BKIIOUEHA KOHCOJh OmepaTopa M OJIOK BHU3yaIH3alliH
JTAHHBIX.

JWcTaHIIMOHHOE MHOTONAapaMETPUYECKOe YIIPABICHHE MOJYJIEM [IBHKEHHS pealn3yeTcs
C TIOMOIIIBI0 TPAH3aKIWH YIPaBICHUS M MHTEIUIEKTYAIbHOTO MCIOJTHHUTEIbHOTO Mexanm3ma (MUM).
HcnionHUTENbHBIN MeXaHU3M obecreunBaeT MpeoOpa3oBaHre TPaH3aKIHUK ¢ MU(POBBIMH BEKTOpPaMHU
yIOpaBlieHHsT B aHaJOTOBbIC, JUCKPETHBIE M HWMITYJIbCHBIE CHUTHANBI TpeOyeMoro KOOPIUHATHOTO
TIEpEeMEIIeHNS WM B M3MEHEHHUsI COCTOSHHS MOAYJS IBIXeHHs B a3oBoM mpocTpaHcTBe. B cocTa
WCTIOTHUTENFHOTO MEXaHW3Ma BXOJUT NPHUEMHBIN OJOK, mporeccop, Mu(po-aHaIoroBble, U po-
JUCKpETHbIE, TUPPO-UMITYJIbCHBIE TpeoOpasoBatenn (cootBercTBeHHO LIAIL, LIJII, LIWUIT) u Gmok
cuioBbix mpeoOpazoBateneii (BCII). Ilpomeccop B maHHOM ciydae oOecmedmBaeT IH(PPOBYIO
pean3annio CBEPTOK IHU(PPOBBIX CHTHAIOB BEKTOpa YIPABICHHUS W HMITYJIBCHBIX XapaKTEpUCTHK,
COOTBETCTBYIOIIMX HEOOXOAMMBIM IE€pPeJaTOuHBIM (YHKIUSAM, KOTOpPBIC ONPEACNSIOT TUHAMUKY
yhpaBlieHHsT MOJyYJeM IBWXKEHUs. Takum oOpa3oM, B cUCTeMe OOecleunBacTCs LieJeHanpaBIeHHOE
JIBIKCHHE YKA3aHHOTO MOJAYNS C KOHTPOJIEM €ro IOJIOKEHUS M COCTOSHUS C IIOMOMIBI0 TpakTa
0o0paTHO¥ CBsI3U.

JMCTaHIIMOHHBI MHOTONApaMETPUUECKUN KOHTPOJb TEKYLIErO TIOJ0XKEHUS U COCTOSHHS
BBIXOJIHOTO MOIYJS [JBWKCHHA TI0 TPaKTy OOpaTHONH CBS3W BBIIOJHSETCS C ITOMOIIBIO
TEJIEMETPHUUECKUX TPaH3aKUUM M HHTEIJIEKTYyaJbHOTO ceHcopHoro ycrpoiictBa (MCY). lannoe
YCTPOHCTBO peain3yeT MpOoIecchl MPEABAPUTEIbHON LU(PPOBOH OOpaOOTKH CHUTHAJOB, KOTOPHIE
XapaKTepU3yIOT TEKyIlIee MOJOKEHNE W COCTOSHUE MOIYJS TBIKEHHSA, a TaKKe WX Mpeodpa3oBaHUe
B BEKTOP KOHTPOJIA, KOTOPBIN COMPOBOXKIAETCSI METKOM BpEMEHH. B cocTaB CEHCOPHOTO YCTpOICTBa
BBOJIUTCS OJIOK MEPBUYHBIX CEHCOPHBIX IMpeoOpazoBarenell (4yBeTBUTENbHBIX AteMenToB) (BIICID),
a TakKe aHaJoro—IU(pOBbIe, TUCKPETHO—IU(PPOBLIC ~H HMITYJILCHO—IIU(PPOBEIE TPEOOpa30BaATEIN
(coorBerctBenno ALIIL, JILIIT, ULIIT), mporeccop u nepeaaronimii 6JI0K.

C uenpio opraHu3alyy TUCTAHIIMOHHOTO WH(POPMAITHOHHOTO B3aWMOJCHCTBUS MPUMEHSIOTCS
MIPOBO/IHbIE KaHAJIbl, BOJJOKOHHO-ONITUYECKHE U PaJUOKaHAJBI, TIPU 3TOM HaWIydlllie BEpOSTHOCTHO-
BPEMEHHbBIE XapaKTePUCTUKH OAaeT NpPUMEHEHHe JBYX pa3[eNbHBIX CHUMIUIEKCHBIX KaHaioB. [lms
yIOpaBlieHUsT WHEPLUUOHHBIMH OOBEKTaMH [OITyCKAETCs WCIOJIb30BaHUE OJHOTO CHMIUIEKCHOTO
MIPOBOJIHOTO WJIM paJMOKaHaja B TMOJYIyIIEKCHOM peXuMe (Ha OCHOBE NMPHUMEHEHHUS BPEMEHHOTO
paszeneHus KaHalla ¥ METO/a JIOCTYIa ¢ KOHTPOJIEM HECYIIeH YacTOTHI).

[lepeHOC  OCHOBHBIX MpOIIECCOB. OOpPaOOTKH CHUTHAJOB W JPYrod uWHGOpMAaIIH
Ha IIPOTrpaMMHBIE CPEJCTBA M. MX PacHpeesIeHne Mo TMPOoIeccopaM MEXaTPOHHOM CHCTEMBbI MO3BOJISET
MOCTPOHUTh YHU(HUIMPOBAHHYIO  BBICOKOCTAOMIBHYIO OONIYIO CTPYKTYpY, KOTOpas TMpHOOpeTaeT
CBOWCTBA alaliTallii K U3MEHEHUSIM BBIXOJHOTO MOZYJIS IBMKEHHUS U PEXUMOB (DYHKLIMOHUPOBAHUS,
a TakKe K BO3MOXHBIM MOAM(DUKALIMSIM THIOB M (YHKUUH CHCTEMHBIX KOMIIOHEHTOB.
Cranpapruzanus OUGPOBBIX MEKKOMIIOHEHTHBIX HHTEpQeErcoB, KOTOpas B HACTOSIIEe BpeMs
JOCTaTO4YHO CTPOTO COOMIOAaeTcsi pa3pabOoTYMKaMH W W3TOTOBUTENSIMH  PaAHO3JIEKTPOHHOIO
000pYyIOBaHMs, CO3/1a€T IOMOJIHUTEIbHbIE YCIOBUS Uil THOKMX (DYHKIMOHAJIBHBIX MpeoOpa3oBaHUi
CUCTEMBI TIPHA COXPAaHEHNH ee 00IIel cTpyKTypbl. Takas cTaHAapTH3alus JOCTUTAETCS IyTeM BbiOopa
TpeOyeMOro cocraBa BhIIIEyKa3aHHBIX TIpeoOpa3oBaTelnieii, OJOKa YYBCTBUTEIBHBIX 3JIEMEHTOB
1 COOTBETCTBYIOMINX MOIU(PUKANNN «MSITKHX KOMIIOHEHTOB» — Mporpamm Iu¢poBoil 00pabOTKH
CUTHAJIOB U JIaHHBIX B MPOIIECCOPAX.

Ha annapatHble 1 mporpaMMHBbIE€ CPEJICTBA TPAKTOB MEXATPOHHON CHCTEMBI, IOCTPOEHHOW Ha
OCHOBE YHH()HMIIMPOBAHHOW CTPYKTYpPHI M paclpeneleHHON oOpaboTku HMHGPOpPMAILUH, MOKET OBITh
BO3JIOKEHO pelleHne (PyHKIMOHAJIBHO MOJHOTO Habopa 3aBEpLICHHBIX B JIOTMYECKOM OTHOLICHUH
3amay  [2-6]. TlpeacraBisieTcs pallMOHAJBHBIM  CICAYIONIMHA IUTAH HX  IPEIBAPUTEIBHOIO
pacnpeneneHus 1o pecypcaM CUCTEMBI.

@OYHKINN UHTEIUIEKTYaJIBHOTO CEHCOPHOIO YCTPONCTBA!

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

— obecrnieueHne JTMHEAPU3aIH XapaKTePUCTHK, FOCTUPOBKH, KaTMOPOBKU U METPOJIOTUIECKOM
IKCHEePTH3bI IU(PPOBBIX H3MEPHUTENLHBIX MTPeodpa3oBaTeseii;
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—mepBuyHas uugpoBas o0paboTKa CUTHAIOB, B TOM uucie IudpoBas Q(UIBTpALHs
1 TpeOyeMBbIe JOTHIECKUe TPEOoOPa30OBAHNS;

— YIaKOBKa M3MEPHUTENbHON WH(GOPMAIMN C €€ «IIPHUBSI3KON» K HOMEpaM H3MEPHUTEIThHBIX
KaHaJIOB TPaKTa;

— ¢opMupoBaHHE BEKTOpa MapaMeTPOB KOHTPOJIIA W €ro TpeAcTaBieHne B ¢opmaTe
TeJIeMETPUUECKON TpaH3aKIINH;

— opMupoBaHHe KOAa MMHUTO3AIIUTE TPAH3aKIUK C HCIOIb30BaHUEM KOH(UACHIIMAIBHOTO
napameTpa ISl 3alUThl CHCTEMBbI OT TIOJICIIOK ¥ HaBSI3BIBAHUS HHpOopMaruu [4];

— IIOMEX0yCTOMYNBOEe KOAMPOBAHHWE TPAH3AKIWW B 3aBHCHMOCTH OT AIPUOPHBIX CBEICHHM
0 CTaTHCTHYECKHUX CBOMCTBAX paguoKaHAIIOB [5];

— MepeMeKeHUEe KOJOB TPaH3aKUWU JJsl 3aIIUTBl OT BO3MOXHBIX MAaKETOB OHTOBBIX
omuboxk [5];

— TepeAada TeNEMETPUIECKAX TPAH3aKIWH OT WHTEIUIEKTYaJIbHOTO CEHCOPHOTO YCTpPOMCTBa
B IICHTP YITPABJICHUSI.

3amaun EHTpa YIOpaBIeHUS:

— IIpUeM TeJIEMETPUIECKIX TPaH3aKIMA OT HWHTEJUIEKTYallbHOTO CEHCOPHOTO YCTPOMHCTBa
1 00paTHOE MepeMEKEHHIE KOJJOB TPAaH3aKIIHIA;

— CHSITUE  TOMEXOYCTOHYMBOrO Koja M (OpManbHBIH  KOHTPOJb  MPaBHIBLHOCTH
TeJIeMETPUYECKON TpaH3aKIIHH;

— ¢opMuUpOBaHUE KOJa MMUTO3AIMIUTHI TPAH3AKIUU C HCMOIB30BaHUEM KOH(PHUIESHIIHAIEHOTO
napameTpa U MpoBepKa MOJIMHHOCTH;

— pacrmakoBKa CEHCOpHOW WH(OpMAanUK C BBHIEICHHEM HOMEpPOB KaHAJOB, PE3yJIHTAaTOB
KOHTPOJIS TapaMeTPOB U METOK BPEMEHHU B aTOMAapHOM BHUJIE;

— cMbICIIOBas 00paboTKa MH(OPMAIIMU, €€ HAKOILICHHE, TPH HEOOXOIUMOCTH — BU3YyaTH3aIlHs
JTAHHBIX, BEIPA0OTKA YIPABIISIOIINX BO3ICHCTBUI HA BBIXOIHOW MOTYJIb JIBHKCHUS;

— YIIaKOBKa YOpaBISIONIe MHOOPMAIUK C €€ «IIPHUBSI3KOH» K HOMEpaM KaHAJIOB TpaKTa
yIpaBIICHMUS;

— opMupoBaHHE BEKTOpa YHpaBJICHUS M €ro IMpeicTaBicHUE B (opmare TeleMaTH4ecKOu
TpaH3aKINH;

— ¢opMUpOBaHUE KOJIa MMUTO3AMIUTHI TPAH3AKIUU C HCIOIB30BAHUEM KOH(PHUIESHIIMAIEHOTO
napaMeTpa JUis 3alUThl MOAYJISI IBUKESHHS OT IIOJJICIIOK ¥ HAaBSI3bIBAHUS MHPOPMALINH;

— IIOMEX0yCTOMYNBOE KOAMPOBAHWE TEIEMATHYECKOW TPAH3aKIUKW M TIepPEMEXEHHE KOJOB
TpaH3aKIUH;

— mepeaya TeleMaTHYeCKUX TPAH3aKIUH B MHTEIUIEKTYJIbHBIA UCTIOTHUTEIBHBIA MEXaHHU3M.

OyHKIMH UHTEITIEKTYAIBHOTO HCIIOTHUTEIEHOTO MEXaHU3Ma!

— IIpUEM TeJNeMaTHYeCKHX TPAH3AKIUI OT IEHTpa YIPABICHUS B UCTIOHUTEIBHBIN MEXaHN3M
1 00paTHOE MepeMexeHre KOI0B TPaH3aKIIHA;

— CHSITHE | TIOMEXOYCTOHYMBOIO Koja ¥ (opMalbHBIH  KOHTPOJb  NPaBHIBLHOCTH
TeJIeMaTUIECKON TPaH3aKIHH;

— ¢hOpMHUPOBAHUE KOJIa MMHUTO3AIIUTHI TPAH3AKIUU C HCIOIB30BaHUEM KOH(PHUIESHIIHAIEHOTO
napameTpa U NpoBepKa MO JTMHHOCTH;

= pacrakoBKa YIpaBJsomie HHPOPMaIUK C BBICTIEHUEM HOMEPOB KaHAJIOB, YIPABISIONINX
MapaMeTpoB ¥ METOK BPEMEHHU B aTOMapHOM BH/JIE;

— niepepaboTKa yIpapisioiel HHPopMau M pachpesielieHue ee Mo KaHajlam, 3aJIaHHBIM
B TPaH3aKIIHH;

— ¢u3nYecKoe BOCIIPOU3BEACHUE CUTHAJIOB YITPABIECHUS M BO3/ICHCTBUE HA BHIXOHOW MOIYJIb
JBWKEHHSI C TIOMOIIBIO COOTBETCTBYIOIIMX CHIIOBBIX IIPe0OpazoBaTeei.

I[OCTOBepHOCTI) nepeaadm TeJIEMETPUIYECCKUX U TCJICEMATHYCCKUX Tpaﬂsammﬁ
B HHTCJVICKTYAJIbHBIX MEXaTPOHHBIX CUCTEMAX

B 3aBHCHMOCTH OT OTBETCTBEHHOCTH MEXATPOHHOM CHCTEMBI yCTAHABIMBAETCS JOIYCTUMBIN
YPOBEHb CHMKCHHS TOJHOTHI cOopa, 00paOOTKH, HAKOIUICHUS WM OOHOBJICHUS WH(pOpMAIWH, NPU
KOTOPOM B OpraHe YIpaBJICHHs MOTYT OBITh KOPPEKTHO BhIpaboTaHBI TpeOyeMbie YIPABISIOIINE
BO3/IEMICTBHA M COOTBETCTBYIOIIME UM KOMaHbl U cUTHANBL. [IpennonoxkuM, 4To B CHCTEME B LIMKJIAX
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yhpaBiieHHs HeoOXoAuMa opraHuzanus coopa, 00padOTKH, HAKOIUIEHHs Wi 0OHOBiIeHUST N TeKymux
napaMeTpoB 00bekToB 1 sBienuit {Oi}; i =1, 2, ..., n. 3Hagenne N onpeaeaseTcss COCTaBOM 00BEKTOB

n
¥ ABJIEHHH, KapJAWHAIBHBIMA Mj ¥ JOMEeHapHbIMU I ynciaamu: N = Zmiri.
i=1
JomycTuMBIi ~ OTHOCHUTENBHBIA ~ YPOBEHb  CHIDKEHMsSI IIOJHOTBIE M JOBEPUTEIIbHAS
BEPOATHOCTh Pro  ompesiensitoT TOT (PakT, 4TO B KXKIOM IMKJIC YIIPABICHUS PEaIU3YyIOTCS CcOOp,
00paboTKa, HAKOIUICHWE WM OOHOBJICHHWE CBENCHHMH He MeHee, deM i1 N — [ TmapamMeTpoB, rie
p = Ant(eN); Ant— nenouncnennas ¢ynakims Authe. Ecin Po— BeposTHOCTh 0OecrieyeH s CpecTBaMU
CHCTEMBI cOopa, 00pabOTKU, HAKOIUICHHSI WM OOHOBJIEHHA MH(OpMAMK 00 OZHOM MapameTpe, TO s
JIOCTKEHUST TpeOyeMoil MOMHOTHI N — L U JOBEPUTENILHON BEPOSTHOCTH Prop TOMMKHO BBIMTOIHATHCS

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

HwxHsist TpaHWIla BEPOSTHOCTH Po SBISICTCS TOJIOKUTENBHBIM BEIICCTBCHHBIM ~ KOPHEM
JIAHHOTO aIre0pandeckoro ypaBHEHHs, KOTOPOE IPUHUMAET BUJI paBEHCTBAa. B pacueTax HeoOXoanumo
MIPUMEHATh HedeTHoe 3HaueHne N, B KauecTBE KOTOPOTO CIIEAyeT HEeIOCPEICTBEHHO BBIOUPATH JIHOO
ucxoanoe 3HadeHwe N, ecnm oHO HeueTHoe, jau60 N+ 1 mpu dverHoM wucxomHoMm 3HaveHuu N.
C y4eToM OTpHUIATEILHOTO CBOOOJHOIO WicHa YPaBHCHHUS TapaHTHUPYETCS HAIMYHE XOTs Obl OJIHOTO
MOJIOXUTEILHOTO BEIIECTBEHHOrO KOpHs. [Ipu BhICOKMX 3HaueHUsX N mpsMoe pelieHre JTaHHOTO
ypaBHEHHUsI KpaifHe 3arpyaHeHo. I HaXOXKACHUS HIDKHEH TpaHuIlbl BeposTHocTH Po cremyer
MPOBOIUTH M3OJsALMI0 KOopHs Ha uHTepBane (0,8; 1,0], mocie bero ¢ MOMOMIBIO HUTEPAIMOHHOTO
MeTona HpIOTOHA W TMONOBHHHOTO [EJICHHMSI WHTEpBala PAcCUUTHIBATE ¢ TpeOyeMoW TOYHOCTHIO
HCKOMOe 3HadyeHune Po.

PacueTHOe 3HaYeHHE BEPOSTHOCTH Py MO3BOJISICT OIEHUTHh HIDKHIOK M BEPXHIOK TPAHMIIBI
BaKHCHILIETO CHUCTEMHOr0 I[I0Ka3aTeis — BEPOATHOCTH MAOCTOBEPHOW IMepesadyd OJHOTO OJioka
TpaHzakuuu Pysn  (Oloka  Ciiy>)keOHOTO — 3arojioBKa - TpaH3akUMM U OJOKa  MapaMeTpoB).
OH KOJIMYECTBEHHO OIICHMBAET TOT (haKT, YTO B KAKIOM OJIOKE TpaH3aKIMU JIMOO HE COJEpIKATCS
HCKaXCHHBIC OUTHI, 00YCIOBJICHHBIC BO3JICHCTBUSMM HETaTUBHBIX ()aKTOPOB Ha MPOIECCHI MepeIadyn
WHQOPMAITUH TI0 KaHATY, JIM0O KOJIMYECTBO UCKAXKEHHBIX OWT HE MPEBBIIIACT JOMYCTUMOE 3HAYCHUE.
JanHpIi TOKa3aTenh TpUMEHseTcs Ui OOOCHOBAaHHOTO  BBIOOpPa CXeMBI M METOJIOB
MOMEXO0YCTOHYHNBOTO KOJIUPOBAaHUS HH)OPMAIIUN B TPAH3AKIIUSX.

BeposiTHOCTh TOCTOBEpHOH Tiepeaun TpaH3aKIMU O KaHaiy Ppr pacmieroisercs Ha nBe
MYJIbTUTUTMKATHBHBIC COCTABJISIFOLIME — HA BEPOSTHOCTh JTIOCTOBEPHOH mepenaun OJioka ciyxeGHOTro
3aroJioBKa TPaH3aKIUU Py 3arn U Ha BEPOSTHOCThH JOCTOBEPHOH Mepeaadd mapaMeTpUIeCKuX OJIOKOB
B CpPEJIHEM JUIsl P [apaMeTpOB TPU 3HAUCHUU 3TOW COCTABJISIONICH B pacuyere Ha OJUH Iapamerp

Tpanzakuuu P, P =p. P°

ATIAP © © AT JI3ALJT" JTIIAP*

JIOB *

[lpn 3amaHHBIX KO3((HUIMEHTAX TOTOBHOCTH CEHCOpHOro obopymoBaHus Krc, KaHAIBHOTO
obopynoBanus Krg ¥ BBIYMCIUTENBHOTO 000pYIOBaHUS Krg B MeXaTpOHHOW cucTeMe TpedyeTcs
COOJIIOJICHHE TJIAaBHOTO YCJIOBUSL OOECIIEYCHUS] PACUYETHOW BEPOSTHOCTH Py TpW TUIaHUPYEeMBIX

cpennux 3HadeHusx P KreKrKrsPar > Po, mm K K K P P, 2 B

[lpy oToM B MEXaTpOHHOH cuUcCTeMe He0OXOAWMO WCIOJB30BAHUE TEXHUYECKOTO
000OpyMOBaHUS C BHICOKHMH TI0Ka3aTeNsIMH HAJeKHOCTH, TPHU KOTOPHIX 3aBEOMO BBITIONHICTCS
cnenyroriee ycnosue: KreKrkKrg > Po, a BepostHOCTh Pt > Po / KreKrikKrs MoxxeT ObITH onipesierneHa
0e3 moTepu €e CMbICIa U 3HAaYUMOCTH (TO ecTh Pyr < 1). BbiOop TpeOyeMbIx CKOpOCTEH N30BITOYHOTO

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

MOJZIETIFI0 TIOMEXOYCTOHYMBOTO KOAMpOBaHUS (3mech Pnpn — TpeOyemas BepOSITHOCTH JIOCTOBEPHOM
nepenaun ONOKOB TpaH3akimu). [locienHee COOTHOIIEHHE IMO3BOJSIET OLEHUTHh HIDKHIOIO M BEPXHIOIO
rpaHuilbl  TpeOyeMoW  BEpOSTHOCTH  JIOCTOBEPHOM  mepenadd  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 oOecriedeHWss HEOOXOMUMBIX  BeposTHOCTeW Po mpum  p=15; o,=1,5;
Krc = Krk = Krg = 0,98. Kak cnemyet u3 pe3ynbTaToOB YACICHHOTO aHAN3a, OTIPEeNsIoNIee 3HaUCHHe
UMCEIOT TIapaMeTpbl HAJACKHOCTH KOMIIOHEHTOB MEXaTPOHHOM CHCTeMBbI, oOllee KOJMYECTBO
nmapaMeTpoB OOBEKTOB W SBICHHH, KOTOpBIE MOIeX)aT cOopy, 00pabOoTKe, HAKOIUICHWIO WIIH

O6HOBJ'ICHI/I}0, a TaK)K€ NOITYCTUMBIC YPOBHU CHHMKCHUS ITOJTHOTEHI B a0COFOTHOM BBIpa’XCHHH.

HOCTOBGPHOCTB nepeaavuu Tpa]—[llal(].[l/lﬁ o0 KaHaj1amM MeXanOHHOﬁ CUCTEMBbI

Jomyc- Kos4ecTBo mapaMeTpoB 0OBEKTOB U SIBJIICHUI
TUMBII 50 100
YPOBEHB YpoBeHb 3nauenus sepostHocteit INfPy5x; Vposenb 3unauenus BeposTHocTeil INfPypx;
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/O 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 — 3HAUCHHS HE OTIPE/ICTICHBI

Haxxe mpu KpaifHe BBICOKHX 3Ha4eHUsX K0d(dduimentor rotoBHocTH Kre = Kri = Krg = 0,98
BEpXHHE IpaHULBl SUPP 51 BEpOATHOCTEH TOCTOBEPHOM mepegaun OJIOKOB TPaH3aKLHMH palloHaIbHO
oTpeJiesieHbl U TEXHUYECKH oOecrieueHbl ObITh HE MOTYT, €CIH JONMyCTUMBIN ypoBeHb U < 5-7. Ilpu
3TOM HmkHUE rpaHunbl INFP 5 BeposTHOCTEH M0CTOBEpHOM Hepenaun OJ0KOB TPAH3AKITHM JOIKHBI
coctaBisTh 0,999. D10 KpaiiHe XeCTKHUE YCIOBHUS, OCOOCHHO IPU AOCTATOYHO BBICOKMX TEMIAax
NOCTYIUICHUsI  PE3YJIbTATOB CEHCOPHBIX u3MepeHuid. OOecmeueHrne TakuMX 3HAYCHUH IS
koapuimeHToB Kre, Krgx, Krg # st BepoSTHOCTH Prpn  SBISICTCS CIOXHOH TEXHHUYCCKOM
npobieMoif, 0e3 pemeHus KOTOPOHl HEBO3MOXKHO —oOecneunTh 3((EKTUBHOE YIpPaBICHUE
MEXaTPOHHOM CUCTEMOM.

Penayuonnas mooenv npedcmaeienus uHpopmayuu 6 UHmer1eKmyalbHblX MexampOoHHbIX
cucmemax. ]l XpaHeHUs TEKyIIMX 3HAYEHUH TMapaMEeTpOB B BBIYUCIMTENBHBIX CPEACTBAX IIEHTpa
yhpaBiieHHsT HanOosee MPOCThIM M J0CTaTOYHO 3(P(hEKTUBHBIM TEXHHUUYECKHM PEIIECHHEM SIBISETCS
NPUMEHEHUE PEJSIMOHHOW MOJENH NpPEACTABICHUS JIOTUYECKOH CTPYKTYphl HH()OPMAIIMOHHBIX
MaccuBOB B 0asze JaHHBIX [7]. Ha puc. 2 mpuBeseH BapuaHT BO3MOXKHOTO TOCTPOCHUS CTPYKTYPBI
JIOTHYECKUX OTHOLICHHH it mapameTpoB 00wbekToB {Oi}. s mpaBWiIbHOW OpraHu3aluu
NOCTYIUICHUs] 3HAUCHHUH MapaMeTpoB B 0a3y AaHHBIX IIGHTPa YNpPaBJICHHUS JIOTHUECKHE CTPYKTYpPbI
KOMITOHEHTOB 0a3bl W CTPYKTYphl TpaH3aKIWH JOJDKHBI 00JIaJaTh CBOWCTBOM OJHO3HAYHOTO
B3aUMHOI'0 OTOOpaXKEHMSI.

—> 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 mOCTpOCHUsI CTPYKTYPbI JOTHYECKUX OTHOIICHUH 171 mapameTpoB 00bekToB {Oi}
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Hawmnyummii sgdexr mo ckopoctu moucka U oTOOpa KOpTekedl B 0a3e AaHHBIX IIPH
BBITIOJTHEHNH OTIepAIlfii HAKOTUICHUS WIM OOHOBJICHHS 3HAYSHHUH IMapaMeTPOB MOXKET OBITh JJOCTUTHYT
TP HCIIOJIF30BAaHUH B KAa4eCTBE KITFOUEH HIACHTH()UKATOPOB THIIOB OOBEKTOB M KOPTEXKEH OOBIYHBIX
YHCIOBBIX KOJIOB, & HE CHMBOJBHBIX KoMOuHammi. Kpome Toro, nemecooOpa3HO mpencTaBiIeHHE
OTNIENBHBIX KOPTEeXel B BHUAe (M3WUECKUX 3ammceld, a Takke HCIOIb30BAaHHE CIIEIIHAIBHOTO
CIIPaBOYHHKA JOMYCTHUMBIX THIIOB W ()OpPMATOB MapamMeTpoB. DTO, MO CYTH, O3HAYAET MpEeJeTbHOe
COBMEIICHUE JIOTHYECKOM CTPYKTYpBI 0a3bl IAHHBIX C €€ PU3UICCKON CTPYKTYpOit [7].

CnenyeT OTMETHTh, YTO TMpPAKTUKA IOCTPOCHHUS psla HMHTEINIEKTYaJbHBIX MEXaTPOHHBIX
CHCTEM IIOKa3aja HECOCTOATEIHHOCTh IOAXONa K OPTaHW3aldd XPaHEHHS B BBIYUCIHUTEIHHOM
000pyIOBaHUY PA3IMYHOTO PO/a HOPMATHUBHBIX JAaHHBIX, KOHCTAHT MpeoOpa3oBaHus U Mepecyera Ha
MOCTOSIHHON ocHOBe. bornee menecooOpa3sHO MNPUCBOEHHE ATHM BHIAM WHQOPMAIMH  YCIOBHO-
MOCTOSTHHOTO ~ CTaTyca, IIOCTpOeHHEe B 0a3e JaHHBIX CIEUAIBHBIX YHAPHBIX  OTHOIICHHH
¢ moMeHapHbiMH uyuciaamMu 0 =1 [ XpaHeHHS YyKa3aHHBIX CBEICHUH U MPEIOCTAaBICHHUEC
BO3MOYKHOCTH JUCTAaHLIMOHHOTO W3MEHEHHS 3HAaYeHMH C TIOMOINBI0 TpaH3aKUUH-TpeaAnucaHuil
B TEXHOJIOTUYECKOM peXHMe. B cBs3M C KpaiiHE HH3KOH 4YacTOTOM BO3MOXKHOIO  OOHOBJICHUS
KOJIMYECTBO ATHX ITApaMETPOB IIPH pacueTax 3HaueHnss N MOKHO HE yUUTHIBATH.

Takum 006pa3oM, Ui YCHENIHOTO CO3JaHHUS MEXaTPOHHOW CHCTEMBI JOJDKHBI COONIONATHCS
oTpeJie/IieHHbIE TPUHIUIBI  JUCTAHIIMOHHOTO OTOOpaKEHHWsI TEKYWIHX COCTOSHHH (Qr3ndecKux
00BEKTOB W SIBICHWH B 0a3e MaHHBIX OpraHa YIpaBlieHUS. BONBITMHCTBO TEXHHUYECKUX PEIICHHUH
TpeOyeT MpenBapuTEeIHLHOTO TPOBEACHUS OIICHOYHBIX pPAcYeTOB, MOICTUPOBAHUS W HAXOXICHUS
KOMIIPOMHUCCOB, TO3BOJIAIONINX H30€XKaTh 3aBEJOMO OECHEepPCIICKTUBHBIC BapUaHTHI MOCTPOCHUS
anmapaTHBIX U IPOTPAMMHBIX CPEJICTB HHTEIUIEKTYalTbHOW MEXaTPOHHOW 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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