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BBepgeHue

JNabopaTtopHble 3aHATUSA, KaK BUAbl YHEOHbIX 3aHATUI, HarpaBieHbl Ha 3KCNepUMeHTa/IbHOe
MOATBEPXKAEHNE TEOPETUYECKMX MOMOXKEHUA MU (HOPMUPOBaHME YYebHbIX U NPO(ECCUOHAbHbIX
MPaKTUYECKMX YMEHWIA U COCTaBNAKT BaXHYH YaCTb TEOPETUYECKOM W MpogeccroHasbHOW
NPaKTUYECKOW NOATOTOBKMU.

B npouecce nabopaTOpHOro 3aHATUA 06y4YaroLUMeCs BbIMOMHAKT O4HO WM HECKOJ/IbKO
3aflaHnin Nof PyKOBOACTBOM NpenofasaTtens B COOTBETCTBUN C M3yYaeMbIM COLEePXKaHNEM Y4eBHOro
maTepumana.

BbinonHeHWe 06yvaoWwmmmncs 1abopaTopHbIX 3aHATUIA NPOBOANTCS C LIENbIO:

- (hopMUPOBaHMS NPaKTUYECKUX YMEHWIA B COOTBETCTBMM C TPe6OBAHMAMM K YPOBHIO
MOArOTOBKM 06YyYatoLLMXCs, YCTaHOB/IEHHbIMW paboyeilt NporpaMmmoin AMCUMNINHBI MO KOHKPETHLIM
pasgenam/ TeMam AUCUUMNHLI;

- 00600LLeHNS, cuctematmMsaummn,  yranyoneHus,  3akpenneHus MONYYEHHbIX
TEOPETUYECKNX 3HAHWIA;

- COBEPLUEHCTBOBAHUSA YMEHWUA MNPUMEHSATb MOMyYEeHHblE 3HaHUS Ha NPaKTUKe,
peanv3aunm eauHCTBA UHTEMNEKTYaNbHOM 1 NPaKTUYECKON AeATeNbHOCTY;

- PasBUTUA UHTENNEKTYaSIbHbIX YMEHUIA Y BYAyLUMX CMEUUaINCTOB: aHAIMTUYECKMX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U Ap.;

- BbIpabOTKM TakMxX MPOECCMOHAIbHO 3HAUYMMbIX KAyecTB, Kak CaMOCTOSTENIbHOCTD,
OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKAs WHMLUMATMBA MNPW PELUEHMM MOCTaBMIEHHbIX 3afady npu
OCBOEHUWN 0BLUMX KOMMETEHLWN,

B pesynbTaTte OCBOEHWUS MEXAUCUUMNIMHAPHOIO Kypca (OpMUPYIOTCA  Creaytolme
npoeccmoHanbHble (MK) 1 o6wwme (OK) KomneTeHLmn:

Koga HanmeHoBaHMe pe3ynbTaTa 00y4eHUs

MNK4.1 [MpoBOAMTL aHa/IN3 CUCTEM aBTOMATMYECKOro YrpaB/ieHNA C YY4ETOM CreumimnKm
TEXHO/IOMMYECKMX MPOLLeccoB.

MK 4.2 Bblbvpatb npubopbl M cpefcTBa aBTOMaTM3auMM C  Y4eTOM  CreumimKm
TEXHO/IOMMYECKMX MPOL,eccoB.

MK 4.3 CocTaBnsiTb CXEMbl CMeuManvM3MpoBaHHbIX Y3/10B, 6/10KOB, YCTPOMNCTB U CUCTEM
aBTOMATUYECKOro Yrpas/eHus.

NMnK4.4 PaccumTblBaTb NapaMeTpbl TUMOBbLIX CXEM W YCTPOMCTB.

MK 4.5 OueHnBaTb M 06GecneynBaTb 3PrOHOMUYECKME XapaKTEPUCTUKM CXEM W CUCTEM
aBTOMaTM3aLmm yCTPOMCTB.

OK 2. OpraHn30BbIBaTb COOGCTBEHHYK [eSTEeNIbHOCTb, ONPeAensiTb MeTOAbl M Cnoco6bl
BbINONHEHNA NPOGECCUOHaNbHBIX 3afay, OLeHMBaTb WX 3PPEKTUBHOCTL U
KayecTBo.

OK 3. Pewatb Npo6siembl, OLEHMBaTb PUCKM U MPUHUMATL PeLLeHns B HeCcTaHAapTHbIX
cUTyaumax.
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OK 4. OCyLLeCcTBNATb MOUCK, aHa/M3 M OLEHKY WH(opmaummn, Heobxoaumon Aans

MOCTAHOBKM W pelleHns MPOMEeCcCUOHaNbHBLIX 3a4ad, MPOMECCMOHANLHOTO 1
JINYHOCTHOIO Pa3BUTKS.

OK 5. icnonb3oBatb NH(OPMaLNOHHO-KOMMYHUKALNOHHbIE TEXHOMOrnn ans

COBEpPLLEHCTBOBAHUSA NPOECCUOHAILHOMN AeATeNbHOCTH.

OK 6. PaboTaTb B KOMMEKTMBE WM KOMaH/Ze, 00ecrneumBaTh ee CrjoyeHne, aP(eKTUBHO

06LLIATLCA C KONMIeraMu, pyKoBOACTBOM, NOTPEOUTENSMMU.

OK 7. BpaTb Ha ce665 OTBETCTBEHHOCTb 3a PaboTy YneHOB KOMaHAb!l (MOAYUHEHHBIX),

pe3ynbTaT BbIMO/IHEHNA 3adaHNA.

OK 8. CamocToATe/IbHO OnpeaenaTb 3a4a4v NPoMecCcMOoHaIbHOrO Y JIMYHOCTHOIO
pasBMTUA, 3aHMMATLCS CaMo06pa3oBaHMeEM, OCO3HAHHO M/1aHNMPOBAThL MOBbILLEHWE
KBa/IM(hMKaLMn.

OK 9. BbITb FOTOBLIM K CMEHe TEXHO/IOMMI B NPOheCCUOHA/IbHON AeATeNbHOCTH.

OpraHuszaums 1abopaTopHOro 3aHATUA

JTabopaTopHOe 3aHATME A0/MKHO NPOBOAUTLCS B YHEOHbIX 1abopaTopuax Uam cneumansHo
060pyf0BaHHbIX  MOMeLLeHNax  (niowagkax, MNoaMroHax w  T.n.) - nabopatopum
«ABTOMATMYECKOTO YNpPaBIeHNs».

B coortBerctBUM Cc  Tpe6oBaHusm ®IrOC CMNO 15.02.07 AsTOMatM3auus
TEXHONOrMYeCKMX MpoLeccoB M npoussoacTe (nNo otpacnsm) peanmsauma MMNCC3  gomkHa
obecrneymBatb BbIMO/IHEHME 0OYYaKOLLMMUCS NabopaTopHbIX 3aHATWMA, BKIOYas Kak
0643aTeNbHbIi  KOMMOHEHT nabopaTopHble 3aHATMA (C  MCMOMb30BaHWEM  MEePCOHabHbIX
KOMMNbOTEPOB).

BbINoMHEHMIO 1a60PaTOPHbIX 3aHATWIA NPeALLEeCTBYET NPOBepPKa 3HAHWUIA 06yYaroLLMXCS - UX
TEOPETUYECKON FOTOBHOCTY K BbINOTHEHUIO 33flaHNS.
NabopaTopHble  3aHATUA MOTYT HOCUTb PENpPOAYKTUBHbIA, YaCTUYHO-MOUCKOBLIA 1

MOWMCKOBBIN XapakTep.

Pab0Tbl, HOCALLME PENPOAYKTMUBHbIA XapakTep, OTIMYAKTCA TeM, UTO NpU UX NPOBEAEHNN
obyvaroLimecs Mnonb3yrTCA NOAPOOHLIMM MHCTPYKUMAMM, B KOTOPbIX YKa3aHbl: Lenb paboTsl,
NnosicHeHNs (Teopusi, OCHOBHbIE XapaKTepucTuKK), 060pyaoBaHNe, annapaTypa, MaTepuabl K nx
XapaKTePUCTUKN, MOPSAOK BbIMOHEHMS Pab0Tbl, Tabnuupbl, BbiBOAbI (6€3 (hOpMYNIMPOBKK),
KOHTPO/bHbIE BOMPOCHI, y4ebHasa 1 cneumanbHas nutepaTypa.

PaboTbl, HOCALIME YaCTWUYHO-MOMCKOBbIA XapakTep, OTAMYalTCa Tem, 4YTo Npu  Ux
NpoBeAeHNN obyvatomMecs He NOMb3YHTCH NOAPOGHLIMU MHCTPYKUMAMMW, UM HE AaH NOpsaoK
BbINO/IHEHNA HEOOXOAMMbIX [AENCTBUIA, U OHWU TPEOYHT OT 06y4YatoMXCS CaMOCTOATENbHOro
nogbopa 060pyaoBaHMsA, Bbl6Opa CMOCO6G0B BbIMOMHEHUA PabOTbl B WMHCTPYKTUBHON W
CMpaBOYHON NnuTepaType 1 ap.

Pab0Tbl, HOCALIME MNOUCKOBbIN XapakTep, XapaKTepu3ytoTcs Tem, 4YTO 06yyaroLmecs,
OnuMpasicb Ha WMMEKLLMECS Y HUX TeOPETUYECKME 3HaHMS, AO0/MKHbI PEeLInTb HOBYH AN HUX
npob6nemy.
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Mpyv NNaHMPOBaHMM  MPaKTUYECKUX 3aHATUA HeOob6XO4MMO HaxoauTb ONTUMa/bHOE
COOTHOLUEHME PernpoAYKTUBHbIX, YaCTUUYHO-MOUCKOBBLIX U MOUCKOBBLIX paboT, YTOObl 06ecneynTb
BbICOKWIA YPOBEHb UHTENNIEKTYa/IbHOM [LeATeNIlbHOCTH.

dopmbl  OpraHuzauMn 06ydyaroMXca Npu  NPoBefeHWM 1abopaTOpPHbIX  3aHATUNA -
(hpoHTasIbHaA, rpynnosas n NHAUBUAYabHaS.

Mpy (poHTaNbHON (hopme oOpraHM3auMn 3aHATUA BCe OOy4atowmecs  BbINOHAKOT
OLHOBPEMEHHO OfHY U Ty Xe paboTy.

Mpw rpynnoBoi hopmMe opraHu3aLmmn 3aHATUIM OfHa 1 Ta XKe paboTa BbINONHAETCA Gpuragamu
no 2 - 5 YesnoBek.

Mpy MHAMBMAYANbHOW (HOPMe OpraHu3aumMy 3aHATUI KaKabli 00yyatoLMiACs BbINOHSAET
VHAVBUAYaIbHOE 3aJaHue.

[na noBbILWeHNS 3(HeKTUBHOCTU NPOBeAEHNSA NabopaTOPHbIX 3aHATUI PEKOMEHAYETCS:

pa3paboTka COOPHMKOB 3afaY, 3afaHuniA N YNpaKHEHWIA;

pa3paboTka KOHTPONIbHO-AMAarHOCTUYECKUX MaTepnasioB A/t KOHTPO/S 3a MOArOTOB/IEHHOCTbIO
obyyaromxca K nabopaTtopHbIX 3aHATUAM, B TOM 4uC/e B (hopMe Mefarornyeckmx TeCTOBbIX
MaTepuanoB 415 aBTOMAaTU3MPOBAHHOIO KOHTPO/S;

NOA4YMHEHME METOAMKIN NPOBEAEHNSA NabopaTOPHbIX 3aHATUI BeAYLMM ANAAKTUYECKUM LieNSAM C
COOTBETCTBYIOLMMM YCTaHOBKaMM 00y4atoLLMMCS;
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JTabopaTtopHas paboTa Nol

Tema: «MogennpoBaHue MeXaTPOHHbIX CUCTEM U TEXHOOT UiA»

Llenib paboThl: M3Yy4nUTb MOAENMPOBAaHNE MEXATPOHHBLIX CUCTEM U TEXHOJOTUA.
Twvn ypoka — nabopaTtopHoe 3aHsATHe.

MeTozbl 06yYeHNs — penpoAYKTUBHBIV 1 NOUCKOBBIA

Xog paboTbl:

Mogenb — ynpoLLeHHOe NpefCcTaB/ieHne 0 peasibHOM 06bEKTe, MPOLLECCE UNN ABIEHUN.

Kaxxgbli 00BbEeKT MMeeT 60/IbLLIOe KOMMYECTBO Pas/inyHbIX CBOMCTB. B npolecce NocTpoeHus
MOZENN BbILENATCA rNaBHble, HaMbonee CyLecTBeHHble, CBOMCTBA. Tak, MOfe/b caMoeTa LO/mKHa
MMETb reoMeTpuyeckoe nofobue opuruHany, Mogenb atoMa — MNpPaBWIbHO OTpaXkaTb (hU3NYecKue
B3aVMMOLENCTBUSA, apXUTEKTYPHBIV MakeT ropoja — naHAwagTt n 1.4,

Llenn mogennpoBaHus:

- NOHATb CYLLHOCTb M3y4aeMOro 06beKTa;

- Hay4MTbCA YNPaBnATb 06LEKTOM U OMPeAenaTb HanyyLime Cnocoodbl ynpasieHns:;

- NPOrHO3MPOBaTh NPSAMbIE UM KOCBEHHbIE MOCNEACTBUS;

- pewlatb NPUKIagHble 3a4a4n.

Pa3Hble Haykn WCCMeAytoT OOBEKTbI U MPOLECChbl MOA PasHbIM YIIOM 3peHWUs U CTPOAT
pasninyHble TUMbl Mogened. B (m3mke wm3yyaloTca NPOLECCHI B3aMMOZEACTBUA W [BUKEHUS
0OBEKTOB, B XMMUM - UX BHYTPEHHEe CTPOEHWE, B B1OOTUN - MOBELEHWE XUBbLIX OPraHn3MoB U T.4.

Hanpumep, 4enoBek, B pasHblX Haykax WCCMedyeTcs B paMKax pas/fiMuHbIX mogenein. B
pamKax MexaHWKW ero MOXHO paccMaTpuBaTb Kak MaTepuasibHYH TOUKY, B XUMUMN - KakK OOBLEKT,
COCTOAILLMIA U3 Pa3/IMYHbIX XMMUYECKMX BELLECTB, B GMOMOMMN - Kak CUCTEMY, CTPEMALLYHOCSH K
CaMOCOXpaHeHWto 1 T.4. C apyroii CTOPOHbI, pasHble 06bEKTHI MOTYT OMNUCHIBATLCA OLHON MOAENbIO.
Tak, B MexaHWKe pa3/MyHble MaTepuasibHble Tena (0T MJaHeTbl A0  MEeCYUHKWU)  MOryT
paccMaTpuBaTbCs Kak MaTepuasibHble TOUKU. OAMH M TOT XKe OOBEKT MOXET MMeTb MHOXEeCTBO
MOZAENEN, a pa3Hble 06bEKTbI MOTYT OMUCHIBATLCS OAHON MOAENbHO.

K OCHOBHbIM Npu3HaKaM Knaccugukaumm Mogenei, 0THOCATCA:

1. O6nacTb 1UCNONb30BaHKS.

2. Y4eT B MOeNIv BPEMEHHOIO (hakTopa (AMHaMUKN).

3. OTpacnb 3HaHWIA.

4. Cnocob npeacTaBneHns Mogaenei.

CoBpeMeHHOe TMOKO/IeHNWe MeXaTPOHHbIX MawWH W CUCTEM, MpefHa3HaYeHHbIX A4
BbIMO/IHEHNUSA HOBbLIX CNYXEOHbIX UM (PYHKLUMOHAIbHBIX 33fay, OT/IMYAeTCA PALOM XapaKTepHbIX
0co6eHHOCTEA. K HWM OTHOCATCA: HENIMHEMHOCTb KMHEMAaTUYECKOM CTPYKTYPbl, BbINOSHEHNE
[BVXXEHWIA NO KPUBONMHEVHBIM TPAEKTOPUAM B MPOCTPAHCTBE W C/IOXKHbIE 3aKOHbI NepeMeELLEHUS BO
BpemMeHU, (DYHKLMOHNPOBAHNE B U3MEHSIFOLLMXCS U HeOMNpPee/IeHHbIX BHELLUHMX cpefax.

Mpob6iemaTKa NOCTPOEHNS MaTeEMAaTUYECKMX MOZesNeli MeXaTPOHHBIX MallvH OnpeaenseTcs
CefytoLWwmnMm OCHOBHBIMU MOJTOXEHUAMMU.

A. MHOromMepHOCTb CUCTEMBI.

B MexaTpoHHbIX CMCTEMax HOBOIO MOKOJIEHMsI Haubosee pacnpocTpaHeHbl YHUBEPCa/IbHbIE
MeXaHu3Mbl, KOTOpble 0OeCcrneymBarOT YMNpaB/isgeMOe MepemMeLlleHne Mo LeCTU  CTEneHsAM
noABMXHOCTU. OfHaKo BCe Yalle HaxoAAT MpPUYMEHeHNe KUHeMaTUYeckue CTPYKTypbl C
M36bITOYHOCTLIO  A/1  BbINOJ/IHEHWS  OMepauuii B cpejax C  NpPensatcTBuMaMuM  Anbo B
PEKOHMUTYPUPYEMbIX CUCTEMAX.

. B3aMOCBA3aHHOCTb ABUKEHWIA 3BEHLEB.

MHOrOoCBA3HOCTb CUCTEMbl O3HAYaeT, YTO [ABWKEHWME KaXKAOro 3BeHa KWHEMaTUYecKn u
AMHAMWYECKU BIUSET HA LBUXKEHWE OCTa/IbHbIX 3BEHbEB. JJaHHOE B3aUMOB/IMSHWE NMPOUCXOAUT Yepes
MeXaHWYecKoe YCTPOMCTBO, OO6BEKT paboT M WUCTOUHMK 3Heprun. K TOoMy >Xe Ansi MHOrmx
TEXHO/IOMMYECKUX 3afay napameTpbl BHELUHWX BO3LENCTBUM, MPUIOXKEHHbLIX K paboyemMy opraHy,
3apaHee He orpegeneHbl.

B. HenMHeNHOCTbL KOOpAMHATHOrO 6asuca.
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OnbIT MNPUMEHEHMS] NPOWU3BOACTBEHHbLIX W CheUManbHbIX MalWH C  TMOPUAHON 1
napanfeflbHOM  KMHEMATMKOM  BbISBUN  CYLECTBEHHble TPYAHOCTM, KOTOPble BO3HWKAKOT Yy
NHXXEHEPHO-TEXHUYECKOrO NepcoHana npu Mx yCTaHOBKe, NPOrpaMMMPOBaHUA M 06GCIYXMBaAHUN.
[MepeMeHHOCTb MapaMeTpPOB B HENMHENHbIX YPaBHEHUAX MOXET NpuMBOAMTL K MoTepe
yrpaBnsieMoOCTU CUCTEMON B 0COObIX (CMHIYNSiPHbIX) KOH(uUrypaumsax. C  TOYKM  3peHus
nonb30BaTens, HaumboNbLUy MpPo6/emMy MpeAcTaBAAT TpaHChopMaLun ABVKEHWUIA paboyero
opraHa 13 0606LLEeHHO CUCTEMbI KOOPAMHAT B AEKAPTOBYHO CUCTEMY. 3afaya ynpasnieHUs MallnHOW
COCTOMT B WCMOJIHEHUM >XENaeMoro [ABWKeHMsi pabouyero opraHa, KOTOPbIA LeneHanpas/ieHHO
AENCTBYeT Ha 00bEKT paboT, UCMbITbIBAS MPU 3TOM CO CTOPOHbI BHELLHEV Cpefbl BO3MYLLAMOLLEe
BO3feincTeme. [BMKeHMe paboyero opraHa Kak KOHEYHOro 3BEeHa MEeXaTPOHHOW MallWHbI
obecreymBaeTcs B3aMMOCBSI3aHHbIMM MEPEMELLEHNAMN WUCNOMHUTENbHBLIX MPUBOLOB W 3BEHLEB
MeXaHM4YeCKoro yCTponcTaa.

I". HeooHOPOAHOCTb 1 aHU30TPONUSA CBOMCTB MaLLINHbI.

MeXaTpOHHble ~ MaliMHbl  C  HEe/IMHEMHbIM  KOOpPAMHATHbIM ~ 6a3MCOM  OT/IMYatoTCA
HEOHOPOAHOCTbI0 XapaKTepUCTMK (KMHEMATUYECKMX, CKOPOCTHbIX, AMHAMWUYECKUX, YNpyrux) B
paboyeil 30He. ATO O3HAYaET, YTO, HanpUMep, Xenaemas CKOpOCTb paboyero opraHa MOXeT ObITb
AOCTUIHYTa TONbKO B OrFpaHW4yeHHOM 06nacTu paboyero npocTpaHcTBa. EcCnM 06bekT paboT
pacrosioXeH BHe 3TOM 061acTh, TO MallMHa He MOXXET BbIMOMHUTL 3a8flaHHYH TEXHOJIOMMYECKYHD
onepauuto. Pasnnyme CBOMCTB MOXET NPOSABAATLCS HE TOIbKO B pa3HbIX TOUKaxX paboyeit 30HbI, HO U
B pasHblX HanpasfeHWsX (aHU30TPONUA CBOWMCTB). AHU30TPONUS HaKNaAblBaeT CYLIECTBEHHbIE
OrpaHMyeHMsi Ha B3aMMHOE Pacrno/oXKeHne paboyero opraHa M 06bekTa paboT, Hanpumep Ha
COOPOYUHBIX Onepauusx, rae TpebyeTca NPUNOKMUTb BEKTOP CUJTbl B 3alaHHOM HarpaB/ieHUN.

. Heo6xoaMMoCTb pelleHmnst 3a4a4m ynpaBieHns B MPOCTPaHCTBE U BO BPEMEHM.

Mporpamma  [OBMXKEHWUS  MEXATPOHHbLIX  CUCTEM  MNpeaycMaTpuBaeT  BbIMOSIHEHWE
(hYHKUMOHaNbHbIX ABVKEHWIA MALLWMHON B MPOCTPAHCTBE U BO BpeMeHW. HeobxoamnmMo paccunTtaTb v
ONTUMM3MPOBATb TPAEKTOPUN [BWKEHWS BCEX 3BEHbEB B 0006LLEHHbIX KoopAuHaTax K paboyero
opraHa - B [eKapTOBOM MpOCTpaHCTBe. [N1 BbINOMHEHWUA MPOrpaMMbl ABWKEHWUS BO BPEMEHU
[O/MDKHbI OblTb OMpeAeneHbl N peasm3oBaHbl XelaeMble CKOPOCTU, YCKOPEHUS U pa3BuBaemble
yCUNns Ans BCex UCNONHUTENbHbIX MPUBOAOB CUCTEMBI.

XapaKTepHOW OCOOGEHHOCTbID MEXATPOHHBIX CUCTEM SB/ISETCA BO3MOXHOCTb pa3sfeneHus
3afay ynpaBneHus [OBWKEHWEM Ha MPOCTPAHCTBEHHYHD W BPEMEHHYHK. JTO O3Ha4aeT, 4To
TPaeKTopus MepemeLLeHnsi paboyero opraHa B NPOCTPaHCTBE M €ro KOHTYpHas CKOPOCTb MOryT
NNaHWPOBATbLCA Pa3fenibHO U C UCMONb30BaHNEM Pas/INyHbIX KPUTEPUEB ONTMMM3aLMK. Hanpumep,
A1 poOOTOTEXHOMIOrMYECKOTO  KOMM/eKca MexaHoo6paboTKu, nporpamMa nepemeLLeHns  u
OpWeHTaUMM MWHCTPYMEHTa B MPOCTPAHCTBE ONpeAenseTcas Mo reoMeTPUYECKon  MOAenw
06pabaTbiBaeMOii AeTanu.

CKOpOCTb ABMXKEHWMI paboyero opraHa poboTa BAO/Mb TPAEKTOPUK [JO/MKHA ObITb BblOpaHa C
y4eToM cneumgukn paboyero npouecca: pasmepoB W TBEPAOCTM MaTepuana 3aroTOBKW, Tuna
MHCTPYMEHTa, a TaKXKe TEeXHWYECKUX BO3MOXHOCTeW MPUBOLOB WHCTPYMEHT&/IbHOW [O/IOBKU U
MaHunynsTopa.

MepeyncreHHble  OCOOEHHOCTM  MeXaTPOHHbIX  MawuH  06YC/MIOB/IMBAOT  CIOXKHOCTb
MOCTPOEHMS WX afeKBaTHbIX WM MPW 3TOM HarfsigHbIX W YAOOHbIX [ANS CUMHTE3a YrpaBleHus
MaTeMaTUYeCKNX MOLeNe.

3§,gaHv|e: N3y4nTb MOAENTNPOBaHNE MEXATPOHHbLIX CUCTEM U TEXHO/OTNA.

Jlutepatypa:
1. AHppeeB C.M., MapcyHknH b.H.: Pa3paboTka 1 MofenMpoBaHNe HEC/TOXKHbIX CUCTEM

aBToMaTun3aumMm ¢ y4eToM CrneunmKkn TEXHONOMMYECKMX MPOLECCOB: y4ebHOe nocobue ans CTya.
cped. npod). 06pa3oBaHus - M.: «3aaTenbekuii LeHTp «Akagemus», 2016. — 272 c.
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2. Wunwmapes B.HO. Tunosble 3/1€EMEHTbI CUCTEM aBTOMATWUYECKOro YNpaB/eEHUA:
YuebHuK ana cped. npod. O6pasoBaHus / Bnagummp KOpbesny LUnwimapeB. — M.: N3aaTensCcKuii
LeHTp «Akagemusa», 2018. — 304 c.

3. BBegeHve B MexaTpoOHUKY: B 2-x KH. YyebHoe nocobue / A. K. TyreHroneg, W. B.
Borycnaeckuid, E. A. JlykbsHoB, B. B. MapTbiHoB, B. A. epacumos, KO. b. MBauesny, H. @.
KapHayXxoB.

JTabopaTopHas paboTta Ne2

Tema: «CTpyKTypa MexaTPOHHOW CUCTEMbIl aBTOMAaTMUYECKOIro PerysinpoBaHns»
Llenib paboThl: M3YUYnUTb CTPYKTYPbl MEXATPOHHON CUCTEMbI aBTOMATUYECKOIO PerynnpoBaHus
Twvn ypoka — nabopaTtopHoe 3aHsATHe.
MeTozbl 06yYeHNs — penpoAYKTUBHBI 1 NOUCKOBBIA
Xog paboTbl:

MexaTpoHHble YCTPOICTBA - 3TO BbILEUBLUMIACA B MOCNELHNE LECATUNETUA KNacC MalluuH
WX Y3N10B MalLWH, 6a3vpyloLLMIACS Ha WCMOMb30BaHWM B HUX [AOCTMXKEHMIA TOUHON MEXaHWKMU,
3NIEKTPONPUBOLA, 3NEKTPOHMKMN, KOMIMbIOTEPHOTO YrpaB/ieHuns.
XOTs BCe 3TV 3/1IEMEHTbI MOXXHO BCTPETUTL B FPOMAZHOM KONMYECTBE TPaAULMOHHON TEXHWUKM, BCe
K€ MOXHO BblAeNnTb psf MPU3HAKOB MEXaTPOHHOIO YCTPOMCTBA, K KOTOPbIM MOXHO OTHECTU
crnesyrowpe:
1. Hanmume vHTerpaumm cnefyowmx QyHKUMOHAIbHbIX 3IEMEHTOB:
-BbIXOAHOIN0 MexaHn4yeckoro 3seHa (BM3), BbINONHAIOWErO BHeLWHWE (YHKLMU MeXaTpoHHOro
YCTPOWACTBA;
-[iIBAraTens BbIXOAHOI 0 3BeHa C MexaHu3MOM nepejauun AsuxeHna K BM3, npusoga BMS;
-yCUNUTeNs-npeobpasoBaTens aHeprumn nuTaHus asuratens (YTM3an);
-yCTPOCTBA LM(POBOro NPorpaMMHOro yrnpassieHUs NpUBOAOM;
- WH(OPMALMOHHOW CUCTEMbI, KOHTPONMPYIOLLEN COCTOSIHME BHELUHEro Mupa W BHYTPEHHMX
napameTpOB MeXaTPOHHOr0 YCTPOMCTBA.
2. MnHMMyM npeo6pa3oBaHnii MHopMaLumn 1 3Heprum (Hanpumep, NpsimMoe L1MpoBoe yrnpasieHve
6e3peyKTOPHbIM MPUBOLOM) - MPUHLMM MUHUMYMa Npeobpa3oBaHuii.
3. Vcnonb3oBaHWe OAHOMO M TOFO >Xe 3/1EMEHTAa MEXaTPOHHOro YCTPOWCTBa A/ peain3auumu
HECKO/IbKMX (DYHKLMIA (Hanpumep, napameTpbl asurarens (Tok, npotmeo-34C) Ucnonb3yrTcs Ans
M3MEPEHUSA ero MOMEHTa U CKOPOCTU) - NPUHLMM COBMELLEHUS (DYHKLMWIA.
4. MpoeKTUpoBaHMe (YHKLMIA Pas/InyHbIX 3/1EMEHTOB MEXaTPOHHOIO YCTPOMCTBa Takum 06pas3om,
4yTOObl LN CNY)XeOHOro HaszHayeHus W3fenus LOCTUrasMCb COBMECTHLIM BbIMOHEHUEM 3TUX
(hyHKLMIA 6€3 NX AyONMPOBaHNSA U C MaKCUMabHbIM 3(EKTOM (MPUHLMM CUHEPTETUKMN).
5. O6beanHEHME KOPMYCOB Y3/10B MEXaTPOHHOIO YCTPOMCTBA - MPUHLMIM COBMELLLEHUS KOPIYCOB.
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PucyHOK 1 - MpvHUMN NOCTPOEHUA MEXATPOHHON CUCTEMBI
YCTPOMCTBO KOMMbIOTEPHOIO YNpaB/ieHWst OCYLLECTB/ISAET CeAytoLLe OCHOBHbIE (PYHKLMN:
1. ¥YnpasneHve NpoLeccoOM MeXaHWYeCKOro [ABMXKEHUS MEXATPOHHOrO MOAYNSA WM MHOTOMEPHOM
CUCTEMbI B peasibHOM BPeMeHU ¢ 06paboTKOW CEHCOPHOIN MH(OpMaLUN.
2. OpraHuszaums ynpaeneHus (PYHKUMOHA/IbHLIMA [ABVMXXEHUAMM MEXATPOHHOW CUCTEMbI, KOTopast
npeanonaraeT KOOPAWMHAUMIO YNPaB/eHUs MeXaHWYEeCKUM [JBVXXEHMEM MEXATPOHHON CUCTEMbI U
COMYTCTBYHOLMMN BHELUHMMW npoueccamun. Kak npaswuio, Ans peannsaumm QyHKUUU ynpaBneHus
BHELLHVMW NpOL,eccaMmn UCNOoSb3YHTCA AUCKPETHbIE BXOAbI/BbIXOAb! YCTPOCTBA.
3. BsanmogeiicTBue C 4enlOBEKOM-ONEepaTopoM Yepe3 MalUMHHBLIA UHTep(enC B pexunmax
aBTOHOMHOro nporpaMMmupoBaHuns (pexxum off-line) 1 HemocpeLCTBEHHO B MPOLECCE ABMXXEHUA
MEeXaTPOHHOW cUCTeMbI (pexxum on-line).
4. OpraHm3auns obMeHa [AaHHbIMU C MepudepuiiHbIMK  YCTPOMCTBAMKM, CEHCOopaMu U ApYTUMK
YCTPOCTBamMM CUCTEMBI.

3aflayeil MexaTpPOHHOM CUCTEMbl ABASETCA NpeobpasoBaHMe BXOLHON MH(OpMaLuu,
MOCTYNaloLLEeNn C BEPXHEro YPOBHS YMNpaB/ieHWs B Lie/ieHanpaB/ieHHOe MeXaHWYeCKoe [BVXXKEHUE C
ynpas/ieHVeM Ha OCHOBE MPUHLMNA 06paTHONM CBA3W. XapaKTepHO, YTO 3MEKTPUYECKas 3Heprus
(rmopaenuyeckas, NHeBMaTUYeCKas) NUCMO/b3yeTCA B COBPEMEHHbIX CUCTEMAX KakK MPOMEXYTouHas
3HepreTnyeckas opma.

3aflaHune: COCTaBUTb CTPYKTYPY MEXATPOHHOM CUCTEMbI aBTOMaTUYECKOr 0 perynmpoBaHus.
Jlutepatypa:

1. AHgpeeB C.M., MapcyHknH Bb.H.: Pa3paboTka v MOAenMpoBaHMe HECNOXHbIX CUCTEM
aBTOMaTn3auMm € y4eToM CneummrKn TEXHONOMMYECKMX NPOoLEeccoB: yyebHoe rnocobue
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ANs CTyA. cpefd. npog. o6pa3oBaHus - M.: «M3paTenbCkuidi LeHTp «Akagemusi», 2016. —
272 c.

2. Wunwmapes B.HO. TunoBble 3/1€EMEHTbI CUCTEM aBTOMATWYECKOro YNpaB/iEHUA:
YuebHuK ansa cped. npod. O6pasoBaHus / Bnagummp KOpbesny LUnwimapeB. — M.: N3aaTensCcKuii
LeHTp «Akagemusa», 2018. — 304 c.

3. BBegeHve B MexaTpoOHUKY: B 2-x KH. YuebHoe nocobue / A. K. TyreHroneg, W. B.
Borycnaeckuid, E. A. JlykbsHoB, B. B. MapTbiHoB, B. A. epacumos, KO. b. MBauesny, H. @.
KapHayXxoB.

JTabopaTtopHas pa6oTa Ne 4

Tema: «OCHOBHbIE PYHKLMN KOMMNbLIOTEPHOI0 YrpaB/ieHNA»
Llenb paboTbl: N3y4eHMe OCHOBHbIX (DYHKLMIA KOMIMbIOTEPHOIO YrpaB/ieHns.
Twvn ypoka — nabopaTtopHoe 3aHATHe.
MeTogbl 06yYeHUs — penpoayKTUBHbIA U MOUCKOBBIA
Xog paboTb!:
CTpyKTypa U (PYHKUMM KOMMNbIOTEPA, €CNIM paccMaTpuBaTb UX Ha CaMOM BEPXHEM YPOBHE
abcTpakuuu, Mo CyLLecTBy [0BOJIbHO MPOCTLI.
B camom 006LLeM CMbIC/Ee TaKMX (PYHKLMIA BCETO YeTbIpe:
* 06paboTKa faHHbIX;
* XpaHeHWe JaHHbIX;
* MepemeLLeHne JaHHbIX;
* yrpaB/ieHue.
Ha puc. 1. npencrasneHbl 6a30Bble (DYHKL MU, KOTOPbIE BbIMOHAET KOMIMbIOTEP.
OMEPALMNOHHAA CPELOA (MCTOUYHUKN 1N NPUEMHUKN AaHHbIX)

i Cpencrea nepemMenieHua JaHubix

Mexannsm ynpasieHna

il

Cpeacrsa XpaHenms ‘

|
|
' JMAHHBIX

I Cpeincisa obpaborku

Puc. 1. ba3oBble PyHKLMN KOMMbIOTEPA

KomnbloTep, €CTeCTBEHHO, B MNEPBYHD 04epedb 006s3aH 06pabaTbiBaTb AaHHbIE, KOTOPbIE
MOrYyT NPUHUMaTb CaMble pasHble ()OPMbl, a AManasoH BbINOMHAEMbIX OMEpaLnin Mo Ux 06paboTke
TaKXXe MOXET ObITb 0YeHb LWMPOK. OfHaKo, Kak OyaeT nokasaHo HUXe, BCe pasHoobpasune onepawuii
MOXET ObITb CBEAIEHO K HEMHOI MM 6a30BbIM THUMNam UM MeToAam 06paboTKu.

CyLuleCcTBEeHHOEe MeCTO 3aHMMaeT M (PYHKUWA XpaHeHUS [AaHHbIX. Jaxe ecin KOMMbloTep
obpabaTbiBaeT AaHHble Ha XOAy, T.e. MO Mepe WX MOCTYNNEHWA W3 BHELUHE cpeAbl, MpuyemM
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pe3ynbTaT TakXke HeMeAneHHO OTNpaBAseTca MNony4vaTento, KOMMbIOTEp [O/MKEH 006nagatb
CMOCOGHOCTLIO, XOTS Obl BPEMEHHO, XPaHWUTb MPOMEXYTOUHbIE pPe3y/ibTaTbl U ()parMeHTbl JaHHbIX,
KOTOpble 06pabaTbiBalOTCA B TEKYLUMIA MOMEHT BPEMEHW. Takmm 06pa3oMm, KOMMNbHOTEP AOMKEH
BbINOMHATL (PYHKUMIO XPaHEHUSI AaHHbIX XOTA Obl M Ha KOPOTKOe Bpems. HO B GOMbLUMHCTBE
CNy4yaeB 3TOro HefgoctaToyHo. OT KOMMbHOTEpPa Yalle BCEro TPebyeTcs BbIMOMHEHME (YHKLUN
[0NTOBPEMEHHOIO XPaHeHUs [aHHbIX, KOTOpble MOryT 06pabaTblBaTbCs UM OGHOBMIATLCA MO Mepe
HeobXxoaMMOoCTW.

KomnbloTep Ao/mkeH Takxe 06/1a4aTb CNOCOGHOCTBIO NMepemeLlath AaHHble, Npuyem B 06e
CTOPOHbI, T.e. NOMy4YyaTb MNEPBMYHbIE [aHHbIE W3 BHELUHel cpedbl M OTMPaBNATb pPe3ynbTaTbl
06paboTKM BHEWHMM aboHeHTaM. Cpefla, B KOTOPOW "KXMBET" KOMMNbHOTEP, COCTOUT M3 YCTPOICTB,
nrparoLmx nmMbo posb MCTOYHWMKOB AaHHbIX, MO0 PoNb MPUEMHMKOB MHGopmauun. Mpouecc
nepemMeleHns  [aHHbIX MeXJy KOMMbHOTEPOM W BHELUHEeA Cpefod MNPUHATO  HasblBaTb
npoLeccoM BBOAA-BbIBOAA, @ YCTPONCTBA, BXOAAWME B COCTaB  OMepauuMOHHON  cpeabl, —
nepuepuinHbIMK YCTPOMCTBaMK (UM YCTPOCTBaMK BBOAA-BbIBOAA). Korfa AaHHble nepefaroTcs
Ha 6O/bLUOE PaCCTOSiHWE, T.€. BbIMOHAETCA OOMEH [JaHHbIMW C YyAaNeHHbIMW YCTPONCTBAMU, 3TOT
npouecc NPUHATO HasblBaTb Nepejadveit AaHHbIX.

W, HakoHeu, BCe 3TW TpU (YHKUMW [O/MDKHbI  BbIMOMHATLCA B ONpeaenieHHOw
nocnefoBaTe/lbHOCTM, T.e. OT KOMMbOTEpa TPebyeTCs eLle U BbINO/IHEHVE (PYHKLUMK ynpasieHus. B
KOHEYHOM cuyeTe, (DYHKUMS ynpaBfeHWs, B OCHOBHOM, NOXWUTCA Ha MNfeyn TOro, KTo CHabXaeT
KOMMbIOTEP MOCNEA0BATENIbHOCTLIO KOMaHL — Mnporpammbl. B caMoM e KommnbloTepe (yHKUWS
yrpaBneHnsi CBOAUTCS K pacnpefefieHnt0 PecypcoB M "AMpMKMPOBaHUIO" BbIMOHEHWMEM APYTUX
(hYHKLMIA B NpoLecce BbINOMHEHNUS KOMaHS, 3afjaHHbIX MPOrpaMMoi.

Ha aTtom, camom 06LleM, YpPOBHE aHaiM3a MHOXECTBO OMepauuii, BbIMNOMHSEMbIX B
KOMMbIOTEPE, MOXKHO Pa3fe/inTb Ha OrpaHUYeHHOe YCOo BUAOB. Ha puc. 2 cxeMaTnyecKy nokasaHsl
YeTbIpe OCHOBHbIX BUa Onepawuii.
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Puc. 2. OCHOBHbIe TUMbI OMepaLuii B KOMNbHOTEPE:

a — nepeMeLLeHns AaHHbIX OT OAHOro aboHEeHTa K Apyromy;

6 — XpaHeHWe faHHbIX; B, I — Mpeobpa3oBaHue JaHHbIX.

KomnbroTep MOXET paboTaTb Kak YCTPOMCTBO MEPEMELLEHNS AaHHbIX OT OAHOr0 aboHeHTa K
apyromy (puc. 2,a), NpuYem AaHHble nepegatoTca 6e3 M3MEeHEHUS CMbICa COAepXKallelicd B HUX
NH(opMaLuK.

BTopoii BapnaHT — KOMMbIOTEP PYHKLMOHUPYET KaK YCTPOMCTBO XpaHeHWUs AaHHbIX (puc.
2,6), obecneuvBas UMPKYNsAUMKO  MHGopMauuy B 00e  CTOPOHbI  MexXAy nepudepuinHbIMm
YCTPONCTBAMM W CPeLCTBAMM BbINOMHEHWS (PYHKUMW XpaHeHus (T.e. AaHHble 3anucbiBalTCA B
KOMMbIOTEP U/IN CYMTBLIBAKOTCA U3 KOMMNbIOTEPA).

MocnegHve [fBa BapuvaHTa BK/IWOYalOT 06paboTKy (Mpeobpa3oBaHWe) AaHHbIX —
npeobpasyemMble faHHble MO0 M3B/EKAKOTCA M3 XPaHWIULLA, U TyAa XKe OTNPaB/stoTCA pe3ynbTarhl
(pwnc. 2,8), MO0 AaHHbIe NOCTYNAKOT M3 BHELLHEN cpefpl, & pe3y/bTaTbl OTNPAaBAAOTCA B XpaHUIULLE
(pnc.2, r).

MpvBeAeHHbIE PACCYXXAEHUS MOTYT MOKa3aTbCA CIMLLIKOM Y>K abCTPaKTHbIMK, 06006LLEHHbIMU
HaCTO/IbKO, YTO HE MMEKT HMKAKOro MPaKTUYecKoro npuMeHeHus. HO 370 He Tak — fJaxe Ha
BEepXHEM YPOBHe abCcTparnmpoBaHWs MOXHO Oblno 6bl 60nee NOAPOGHO AMdihepeHUMpoBaTb €ro
(QYHKLMK.

BO3MOXHOCTWM MOACTPOMKM KOH(MIypauuy KOMMblOTepa MOA MepeyeHb  BbINOHSAEMbIX
(hYHKUMIA O4eHb orpaHuyeHbl. OCHOBHAas TOMY NpuYMHa — KOMIMbIOTEP MO CaMOM CBOE Npupoje
OPMEHTNPOBAH Ha BbIMOJIHEHME CaMbIX Pa3HOOOpa3HbIX 33Jay, a MOTOMY MPaKTUYECKU BCSH €ro
crneynannsaums NposBAseTCA Ha CTaguy NporpaMmMmMpoBaHus, a He Ha CTagumn NPOeKTUPOBaHMS.
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Ha puc. 3 B camom 06Lem Buge npeactaBneH KOMMbOTEP B €r0 OTHOLIEHMSX C BHELLUHUM
mMupoM. KoMmnbroTep SBNSETCS 06BLEKTOM, CMOCOOHbLIM HEKOTOPbLIM 06pa3oM B3aMMOENCTBOBATb C
BHELLUHEN Mo OTHOLUEHUIO K HEMY CPeAoi Yepes3 CBA3M, KOTOPble MOXHO pa3fenvTb Ha [ABe rpymnnbl
— CBA3K C NIOKa/IbHbIM nepudepuiiHbiM 060pya0BaHEM U CBA3W A1 Nepeaayn AaHHbIX Ha 60/bLIoe
pacctosHue. B panbHeiilleM BHMMaHMe, B OCHOBHOM, OyaeT COCPeAOTOYEHO HA BHYTPEHHEN
CTPYKTYpE KOMMbOTEpA.
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Puc. 3. KomnbloTep Kak 3f1eMeHT MH(hOoPMaLMOHHOR cpeabl
Ha puc. 4 B camom 06LLemM BUe NpefcTas/ieHa BHYTPEHHAS CTPYKTYpa KOMMbIOTEPA.
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Puc. 4. BHYTpeHHAA CTPYKTYpa KOMMbIoTEPa

OCHOBHbIE KOMMOHEHTbI CTPYKTYPbI KOMMNbIOTEPa:

npoueccop- ynpasnseT (YHKUMOHMPOBAHMEM BCEM CUCTEMbI U BbINOHAET (DYHKLUN
06paboTKM MH(hopmaL MK,

oriepaTvBHas MamsTb - XPaHWUT MpoOrpaMmbl U BCHO MH(OPMaLMio, HEOOXOAMMYIO A/ UX
BbINO/IHEHNS.

YCTPOIACTBA BBOAA-BbIBOAA - MEPEMELLAIOT AaHHbIE MEXAY KOMMbIOTEPOM M BHELLUHUM MUPOM.

CUCTEMHbIE  BHYTPeHHWe  CBA3M (KOMMYHVKaLMOHHas  MOACUCTEMA) -  MeXaHW3M,
obecrieumBatolnini - 06MeH  MH(opmMaumen  Mexay BCEMM  KOMMOHEHTaMU  KOMMbioTepa—
MPOLLECCOPOM, OrnepaTUBHOW NaMATbLIO U YCTPOCTBaMU BBOAA-BbIBOJA.

B cocTaB KOHKPETHOr0 KOMMbKOTEPa MOTYT BXOAUTL OAWH WM HECKO/IbKO KOMMOHEHTOB
KaXaoro Tuna.

3afiaHne: M3y4mTb OCHOBHbIX (DYHKLMIA KOMIMBIOTEPHOrO YrpaB/eHUss U OTBETUTb Ha
KOHTPO/IbHbIE BOMPOCHI

KOHTpO/bHbIE BOMPOChI:

1. Kakune 0CHOBHble (hyHKLIMM KOMMbOTEPA?

2. Ha3oBu1Te OCHOBHbIE NMOACUCTEMbI KOMMbOTEPA?

3. Kakne QyHKLMN [O/KHA BbIMOHATL NaMATh?

4. Kakve (hyHKLMM [O/KEH BbIMOMHATL npoLeccop?

5. Kakne QyHKLMN LO/KEH BbIMO/HATL BBOA-BbIBOA?

6. Kakve yHKLMN LO/KHA BbIMOMHATL KOMMYHUKALMOHHAsA noAcucTema?
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Jlutepatypa:

1. AHgpeeB C.M., MapcyHknH B.H.: Pa3paboTka M MOAenMpoBaHWe HECNOXHbIX CUCTEM
aBTOMaTu3auMm € y4eToM CneumpuKn TEXHOMOMMYECKUX MPOLECCoB: y4ebHOe nocobue
ANs CTyA. cped. npod. o6pasoBaHus - M.: «M3paTenbCkuii LeHTp «Akagemusi», 2016. —
272 c.

2. LWvwmapes B.KO. Tunosble 3/1eMeHTbI CUCTEM aBTOMATUYECKOrO YrpaB/ieHUs: YUYebHUK
ansa cpeq. npod. O6pasosaHus / Bnagumup KOpbesuy LUnwwimapes. — M.: N3aaTensCcKuii
LeHTp «Akagemusa», 2018. — 304 c.

3. BBegeHne B MexaTpPOHUKY: B 2-x KH. YuebHoe nocobue / A. K. TyreHronoa, W. B.
Borycnasckuid, E. A. JlykbsHOB, B. B. MapTbiHOB, B. A. 'epacumos, HO. b. Bauesuny, H.
®. KapHayXxoB.

JTabopaTtopHas paboTta Nob
Tema: «B3aMmopgencTemMe  KOMMbIOTEPHOrO  YMNpaB/ieHUA C  Ye/IOBEKOM
ornepaTopom yepe3 MaLUVMHHbIA NHTepPQenc»
Llenb paboThbl: M3y4nTb B3aMMOAENCTBME KOMMbIOTEPHOrO YNpaB/ieHWsi C Ye/IOBEKOM OMepaTtopoMm
yepes MalMHHbIN UHTepdelic
Tuvn ypoka — nabopaTopHOe 3aHATHeE.
MeTogbl 06yYeHUs — penpoAyKTUBHbIA U MOVUCKOBBIA

Xof paboThbl:
YUenoseko-komnboTepHoe B3aumogeincteme (HCI) — 3TO uM3y4yeHMe, NMaHUMPOBaHWE W

pa3paboTka B3avMOAENCTBUA MeXAY NoAbMU (NOMb30BaTeNsIMM) U KOMMNbOTEPaMM. 3a4acTyro ero
paccMaTpuBalOT Kak COBOKYMHOCTb HayKuM O KOMMbKOTEpax, OMXeBMOpM3Ma, MPOEKTUPOBAHUA W
Apyrux obnacTteii mccnefoBaHus. B3aumopfeiicTBve MeXAy MNo/b30BaTeNsiMu 1 KOMMbOTepaMu
NPOUCXOANUT Ha YPOBHE MO/b30BATE/NIbCKOr0 MHTepdeica (MM MNPoCcTOo MHTepdeica), KOTopbIi
BK/IIOYaeT B cebs nporpaMMHOe W arnnapaTtHoe obecrieveHue; Hanpumep, 06pasbl UM 06BLEKTHI,
oTobOpaKaemble Ha 3KpaHax AWCNIeeB, [aHHble, MONyYeHHble OT M0/b30BaTeNis MOCPeACTBOM
annapatHbIX YCTPOWCTB BBOAA (TakMX KakK KnaBuaTypbl M MbIlK) W Apyrue B3avMOAENCTBUA
no/sib30BaTeNid ¢ KPYNHbIMU aBTOMaTU3MPOBaHHbLIMW CUCTEMaMK, TAKUMWU KaK BO3AYLLUHOE CYAHO U
3NeKTPOCTaHUuS.

Accoumaums  BbIMUCIUTENIbHON TEXHUKW paccMaTpuBaeT B3aMMOLENCTBME 4YenoBeka W
KOMMNbIOTEPA KaK «AMCLMNINHY, 3aHMMAOLLYHOCA NPOEKTUPOBAHMEM, OLEHKOW M OCYLLECTBNEHNEM
paboTbl MHTEPAKTUBHBLIX BbIYMUC/IUTE/IbHLIX CUCTEM [NS WUCMO/b30BaHUA 4YefIOBEKOM, a Takke
M3yYeHNEeM  MPOMCXOAALMX  MPOLECCOB.» BaXHbIM  acMeKTOM  Ye/I0BEKO-KOMMbHOTEPHOMO
B3aVMO/eNCTBUA ABNsSieTC obecreveHne YLOBNETBOPeHUs nonb3oBaTener (cm. Computer user
satisfaction).

B cBA3M C Tem, 4YTO YesI0BEKO-KOMMbIOTEPHOE B3aMMOLENCTBME U3YYaeTca Kak C
4e/IOBEYECKON CTOPOHBI, TaK U C KOMMbIOTEPHON, TO 3HAHWSA, NOMYYEHHbIE B XO4e WMCCMeLOBaHuUS,
OMMParTCA KakK Ha YenoBeyveckuii pakTop, Tak U Ha KOMMbIOTEPHbIA. C KOMMbIOTEPHON CTOPOHbI
B)XXHbl TEXHOMOTMMIN KOMIMBIOTEPHOW rpadinKu, OnepaumoHHbIX CUCTEM, S3bIKOB NMPOrpaMmypoBaHus
N cpefbl pa3paboTkn. C 4YenoBeYeCKOM CTOPOHbI, TEopus KOMMYHMKauuK, rpauyeckoe U
MPON3BOACTBEHHOE NPOEKTUPOBaHMWE, IMHIBUCTIKA, COLLMOMONNSA, KOTHUTUBHAsA NCUXOMIOMUSA 1 Takue
yesioBeyecKre (hakTopbl Kak YA0B/IETBOPEHME MO/b30BaTesNeid. TakKe NMEeeT 3HaUYeHNE NHXXEHePUS
NpoeKkTMpoBaHve. bnarogaps MeXAWCUMNINHAPHOMY — XapaKTepy  4e/I0BEKO-KOMMbHOTEPHOrO
B3aVMO/eNCTBUA, NIOAM C pasHbIM YPOBHEM MOATOTOBKW BHOCAT BKfag B ero ycrex. WHorga
4e/I0BEKO-KOMMBbIOTEPHOE B3aUMOZENCTBME HA3bIBAOT Kak Yesl0BEeKO-MalUMHHOE B3avMOAENCTBUE,
TaK ¥ KOMMbHOTEPHO-Ye/I0BEYECKOE B3aUMOLENCTBIE.

BaXXHbIM KpuTepreM SBNSETCA BHUMAaHVE K YefI0BEKO-KOMMbIOTEPHOMY B3aUMOZENCTBUIIO,
TaK Kak Mnoxo paspaboTaHHble WHTepgeicbl MOryT cTaTb MPUUUHOW MHOTUX HenpeaBUAeHHbIX
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npobnem. KnaccuuyeckuMm npumepoMm 3Toro sensetca asapus Ha ASC Tpu-Maiin-AineHg, rae B
X0f€e paccrefioBaHusi OblI0 BbISIB/IEHO, YTO, MO KpalHe Mepe, 4acTUYHYH OTBETCTBEHHOCTb 3a
KatacTpody HecéT Ha cebe NpoeKTUpoBaHMe UHTepdelica. Mogo6HbIM 06pa3oM, aBapun B aBuaLMm
BO3HMKA/IN BCMEACTBME pPELUEHMS MPOU3BOAMUTENEN MCMOMb30BaTb HeCTaHAAPTHbIE BO3AYLUHbIE
nprbopbl N/Mnn pacrnonioXeHve WTypBasa. XoTd Npeanonarasiocb, YTo HOBblE KOHCTPYKLUUK 6osee
COBEPLUEHHbI KacaTe/lbHO OCHOBHOIO Ye/I0BEKO-KOMIMbIOTEPHOIO B3aUMOAENCTBMS, nuioTam 6bIno
npucyLle «CTaHZapTHOE» PacrofiokeHue 1, TakuM 00pa3oM, KOHLENTyaslbHO XOpoLuas nies, He
MOB/IEK/IA XKENaeMble Pe3y/bTaTbl.

OCHOBHOI 3afayeil 4eNOBEKO-KOMMbIOTEPHOTO B3aMMOAENCTBUA  ABNSETCA  Y/yuLUeHue
B3aVMO/ENCTBUA MeXAY YeNoBEeKOM M KOMMbIOTEPOM, Aenas KOMMNbHTepbl 60see ya06HbIMM
(t03abefibHbIMK) 1 BOCMIPUUMYUMBBLIMA K NMOTPEGHOCTAM MoNb30oBaTeNieil. B 4acTHOCTK, YenoBeKO-
KOMMbIOTEPHOE B3aUMO/ENCTBME 3aHMMAETCA:

- METOLO/I0TNEN 1 PasBUTHEM NPOEKTUPOBAHMA UHTEP(ECOB (T. €., UCX0AsA U3 TPeGOoBaHWIA 1
Knacca Mosib30Batefieil, MNPOEKTUPOBaHME Hau/ydlero uHTepeinca B 3af4aHHbIX  paMKax,
onTMmu3aums nog  Tpebyemble CBOWCTBa, TakMe Kak 00y4aeMoCTb M 3()(heKTUBHOCTb
NCMo/b30BaHUSA);

MeToZamy peanm3aumn  MHTepdeincoB (Hanpumep, NPOrpaMMHbIE WMHCTPYMEHTapuu,
OM6IMOTEKM N paLMOHasIbHbIE aNlFOPUTMbI);

- METOAaMU A/15 OLLEHKM 1 CPaBHEHNS TaKUX UHTePdENCOoB;

- pa3paboTKON HOBbIX MHTEP(ENCOB U METO/0B B3aMOAENCTBUS;

- Pa3BMTMEM OMUCATE/bHLIX U MPOrHO3MPYEMbIX MOLENENA;

- TEOpWeN B3aMMOJENCTBNS.

JlonrocpoyHoin 3afaveli Yen0BEKO-KOMMbIOTEPHOIO B3aMMOLENCTBUA ABNAETCH pa3paboTka
CUCTEMbI, KOTOpPass CHU3UT Gapbep MeXAy 4enoBevecKorW KOFHUTUBHOW MOZENbH TOro, Yero OHu
XOTAT LOCTUYb Y MOHUMAaHNEM KOMMNbIOTEPA NMOCTaB/EHHbIX Nepes HM 3a4au.

Cneumasnctbl  YeNOBEKO-KOMIMbIOTEPHOrO  B3aMMOJENCTBUA — 3TO, Kak Mpaswno,
pa3paboTumKm, 3aHUMAKOLLMECH MPAKTUYECKMM MPUMEHEHMEM METOAMK pa3paboTKM K peasbHbIM
BCEMUPHbLIM npobniemam. VX paboTa, 3a4acTyro, BpallaeTcs BOKPYr pa3paboTKu rpamyecknx- v
Be6G-MHTepelicoB.

WccnefoBatein YenoBeKO-KOMIMbIOTEPHOIr0 B3aMMOAENCTBUSA 3aHUMAtOTCS Pa3BUTUEM HOBbIX
METOLMK MPOEKTUPOBaHNSA, NMPOBEAEHNEM IKCMEPUMEHTOB C HOBbLIMW annapaTHbIMK YCTPOMNCTBaMM,
CO3JaHMeM MPOTOTUMNOB HOBbIX CUCTEM MPOrpamMMHOr0 06ecneyveHns, N3y4yeHneM HOBbLIX Mapagurm
[/15 B3aMMOLEVCTBUSA 1 pa3BUTMEM TEOPUIA N MOfeNeli B3aMOAENCTBUS.

B uM3yuyeHMM nepcoHasIbHOTO WHMopMauMoHHOro MmeHempkepa (MAM), B3avMofeicTBue
yefioBeka C KOMMbIOTEPOM HAxXOAMTCA B OOLUMPHOM MHMOPMAaLMOHHON cpeje — 04U MOTYT
paboTaTtb C pa3iMyHbIMK PopMamMy UHHOPMALMKN, HEKOTOPbIE U3 KOTOPbIX KOMIMbIOTEPHbIE, MHOTE
— HeT (K npuMmepy AOCKKW, OGNIOKHOTbLI, CTUKepbl, CTUKEPbl Ha MarHutax), 4ToObl MOHATL W
3(P(heKTVBHO BO3AENCTBOBATb Ha XXefaeMble M3MEHeHWs CBOero mupa. B 06/1acTy KOMMbHOTEPHO-
NOAAEPKMBAEMOM COBMECTHOM paboTbl (AHI/1.)PYCCK. aKUeHT [eflaeTcsd Ha  WCNo/b30BaHue
BbIUMC/INUTENBHbLIX CUCTEM B MOALAEPXKKY COBMECTHOM paboTbl rpynnbl ogeid. [MpuHLUNbI
ynpaBfeHnsi KOMaHAHON paboToN paclUMpsAT cdepy KOMMNbIOTEPHO-NOAAEPKMBAEMO COBMECTHOM
paboTbl Ha OpraHM3aUMOHHOM YPOBHE W MOryT ObITb peasn3oBaHbl 6e3  WMCNOb30BaHUSA
KOMMbIOTEPHbIX CUCTEM.

Co3faHne KayeCTBEHHOMO YeN0BEKO-KOMMbIOTEPHOrO MHTEp(elica, KOTOPbIA MOXHO Ha3BaTb
TOYKOM CBSI3M MEXY 4YeNOBEKOM M KOMMbIHOTEPOM, €CTb KOHeyHas LUeflb WM3YYeHWs 4e/l0BEKO-
KOMMbIOTEPHOIO B3aMMOLENCTBYS.

OO6MeH MHopMaLmed MeXay YelIOBEKOM U KOMMbIOTEPOM MOXHO OMpefe/nTb Kak y3en
B3aVMMOZENCTBUA. Y3e/ B3aMMOAENCTBUA BK/OUAET B CeOS HECKO/IbKO acreKToB:

- O6nacTb 3afa4: yC/oBUA U LN, OPUEHTUPOBaHHbIE Ha M0/1b30BaTes

- O6nacTb MalMHbI: cpefa C KOTOPO B3aMMOLECTBYET KOMMbIOTEP, TO eCTb HOYTOYK
CTYfleHTa B KOMHaTe B 06LLEXUTUN KO/Neapka
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- O6nacTn nHTepgelica: HerepecekatoLmecs 06/1acTy, KacatoLimecs NpoLeccoB YesioBeka U
KOMMNbOTEPA, HE OTHOCALLMECS K Chepe B3aMOLeinCcTBUA

- Bxogawwii NoToK: NOTOK MH(oOpMauuM, KOTOpPbIA HauymHaeTcs B 06/1acTu 3afady, Korfa
Mo/ib30BaTe/lb MMEET HECKO/bKO 3ajay, KOTOpble TPeBYHOT NCNO/b30BaHNsA KOMMNbIOTEPa

- BbIXOZHOI MOTOK: NOTOK MHOPMaLK, KOTOPbIA BOSHUKAET B MaLLWHe

- ObpaTHas CBA3b: Y3/1bl B3aVMOENCTBUA, NPOXOAALLME Yepe3 UHTep(enc, oLeHMBatOTC,
MOLENNPYIOTCS N MOATBEPXAAKOTCA, TaK Kak OHWM NPOXOAAT OT YenoBeKa 4epe3 MHTepdeinc K
KOMMbIOTEPY M 06paTHO.

3afiaHve: M3y4nTb B3aMMOLECTBIE KOMMbIOTEPHOIO YNPaBIeHNA C YE/I0BEKOM OrnepaTopom
yepes MalMHHbIN UHTepdelic

Jlutepatypa:
1. AHgpees C.M., MapcyHknH B.H.: PazpaboTka 1 MOAeNnpoBaHmne HECNIOXKHbIX CUCTEM

aBToOMaTm3aumMy C y4eToM CreuntuKn TEXHOMOMMYECKUX MPOLECCoB: y4ebHOe nocobue AN CTyA.
cpel. npody. o6pasoBaHus - M.: «M3aaTeNibCKuii LeHTp «Akagemus», 2016. — 272 c.

2. Wunwmapes B.HO. TunoBble 3/1€EMEHTbI CUCTEM aBTOMATWUYECKOro YNpaB/EHUA:
YuebHuK ana cped. npod. O6pasoBaHus / Bnagummp KOpbesny LUnwimapes. — M.: N3aaTensCcKuii
LeHTp «Akagemusa», 2018. — 304 c.

3. BBefeHMe B MexaTpOHUKY: B 2-X KH. YuebHoe nocobue / A. K. TyreHroneg, W. B.
borycnaeckuid, E. A. JlykbsHoB, B. B. MaptbiHoB, B. A. epacumos, KO. b. MBauesny, H. @.
KapHayXxoB.

JTabopaTopHas paboTta Ne6

Tema: «I\/leTO,EI,bI ynpaBieHNA MEXaTPOHHbIMU MOAyIAMN N CUCTEMaMIN»
Llenb paboTbl: N3y4nTb METO/bI YNPaBieHNst MeXaTPOHHbLIMU MOAYNSAMU U CUCTEMAaMM
Twvn ypoka — nabopaTopHOe 3aHATHE.

MeTo/bl 06yYeHUs — penpoAyKTUBHbIA U MOUCKOBBIA
Xof paboThbl:

MocTaHoBKY Npobnembl 6yfem paccMaTpuBaTb NMPUMEHUTENIBHO K MEXATPOHHLIM CUCTEMaM,
KOTOpble WUCMO/Mb3YTCA B MPOM3BOACTBEHHbLIX MalLUMHAX M KOMMeKcax aBTOMAaTU3MPOBaHHOIO
MaLLUMHOCTPOEHUA KaK OCHOBHOE TeXHO/ormyeckoe obopygosaHune. K Taknum cucteMam yrpasneHus
NPeabsBNAIOTCSA, KakK MpaBWI0, BECbMa XXECTKME TpebOBaHMS, TaK KaK PeXMMbl YrpaBieHWs
ONpeaenstoT XoL TEXHO/IOrMYeCKoro npowecca W, cnesoBaTelbHO, KaYeCcTBO MOTyHaeMoro U3genus.
AIMEHHO 3ajauyM KOMMbIOTEPHOrO YNpPaBieHNs TEXHOMOMMYECKMMM MallMHaMK, KOTOpPble HE MOI/N
ObITb peleHbl Ha 6ase TPagUUMOHHbLIX MOAXO0A0B, CTUMY/NMPOBAIN Pa3paboTKy WM BHeApeHWe B
NPaKTUKY NPUHLUMNNANbHO HOBLIX METOA0B YNpaB/ieHUs.

B obuwem cnyvyae B MexaTpPOHWMKe CTaBUTCA 3afadva Ynpas/leHUs KOOPAWMHUPOBAHHbLIMM
(OYHKUMOHANbHbIMMA ~ ABVMXKEHMAMM  MawmH. OpAHako B AaHHOM  MOCO6MM  OrpaHM4YMMmcs
PacCMOTPEHMEM BOMPOCOB YMPaB/IEHUA TOMIbKO MEXaHUYEeCKMU  ABVKEHUSMU  MeXaTPOHHbIX
cuctem. 3agava yrnpaBneHWst MalUWMHON COCTOUT B WMCMOMHEHWUW >KENaeMoro ABMXKEHWUS paboyero
opraHa, KOTOpbIiA LieneHanpasieHHO AEACTBYET Ha 0OBEKT paboT, UCMbITbIBAas MPU 3TOM CO CTOPOHbI
BHELLUHEN cpefbl BO3MyLlarollee Bo3feicTeme. CnefgoBaTenbHO, B 0OWEM Clyvyae OOBEKTOM
yrpaBneHnsi B MEXaTPOHMKE ABMSIETCS C/I0XHAs MHOMOCBSi3HAas CUCTEMa, B COCTaB KOTOPOW BXOAAT:

. KOMMJIEKC MCMOMHUTENbHbIX MPUBOLOB;
. MeXaHM4YeCcKoe YCTPOMCTBO C pabounm OpraHom;

. 610K CEHCOpOB;

. 06beKT paboT, C KOTOPbIM B3aMMOAENCTBYET paboUnin opraH.

Mpn 3TOM OTAeNbHble 6/10KM M YCTPOWCTBA MOFYT ObITb MHTErpUpOBaHbl B MeXaTPOHHbIE
mMoZynun. BKOYeHMe B pacCMOTPeHMe npouecca B3aMMOAENCTBMS paboyero opraHa M BHELUHUX
06beKTOB (Hanpumep, Ans onepauuii c6opku, MexaHoo6paboTKM, BOAOCTPYIMHON pe3kun) No3BONSET
OpraHun30BaTb TEXHOMOMMYECKN OPUEHTMPOBAHHbIA NPOLECC YNPaBNeHUs, YUMTbIBAOLWNIA XapaKTep
M cneunguKy JaHHOrO B3aMMOLEVCTBUS B KOHKPETHO MOCTaB/IEHHOW 3afaye. YKa3aHHasa CTPyKTypa
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06beKTa ynpas/neHns onpegenseT TpeboBaHWA M MOCTaHOBKY 3aflayn yrnpaBieHUs MexXaTpOHHbIMU
cucTemMaMmn paccMaTpuBaeMoro Knacca. O4eBMAHO, UTO BOCMPOM3BEAEHME 3afaHHbIX [ABUXXEHWIA
MEXaTPOHHLIMU MOAY/ISIMA  OCHOBbLIBAETCH Ha BbIMOMHEHUM KIACCUYECKMX TpeboBaHW Teopumn
yrpaBneHns: YCTOMUYMBOCTM, TOYHOCTM M KavyecTBa rnpouecca yrnpasneHus. OgHako JONONHUTENbHO
HEeo6X0AMMO YUnTbIBATb ClefyHoLMe cneunpuyecke 0CO6eHHOCTU MEXaTPOHHBIX CUCTEM:

1. [BvXeHne paboyero opraHa Kak KOHEYHOrO YnpaB/iseMoro 3eHa obecrneynBaeTcs
B3aMMOCBSA3aHHbIMM  (KMHEMATMYeCKM WM AMHAMUYECKM)  MepeMeLeHusMU  HECKObKMX
MCNONHUTENbHBIX MPUBOLAOB M 3BEHLEB MEXAHWUYECKOIO YCTPOMCTBA.

2. 3afiaua ynpasneHMs MexaTpOHHOW CUCTEMOM LO/MKHa ObITb pelleHa B MPOCTPAHCTBE
(T. e. HaigeHbl ONTUMM3NPOBaHHbIE TPAEKTOPUN [ABMXKEHUA BCEX 3BEHLEB, BKIOYAs paboumin opraH)
1 BO BpemeHw (T. e. OnpesenieHbl U peasn3oBaHbl Xenaemble CKOPOCTH, YCKOPEHUS 1 pa3BMBaeMble
YCUnns AN BCcex NPUBOLAOB CUCTEMBI).

3. [N MHOrMX TexXHONMOrMYeCcKMX 3afady napameTpbl BHELHMX W BO3MYLLAIOLLMX
BO34eMCTBUIA, MPUNOXEHHbIX K paboyeMy opraHy 1 OTAe/IbHbIM MeXaTPOHHbIM MOAY/ISIM, 3apaHee He
onpeseneHbl.

4. CNOXXHOCTb MOCTPOEHUS afeKBaTHbIX MaTeMaTUYeCKUX MOAENe MexaTPOHHbIX
CUCTEM TPAAWLMOHHBIMW aHaIMTUYECKUMU MeTogaMn (OCOBEHHO MPELM3NOHHBLIX MHOMOCBA3HbIX
CUCTEM, BK/IOHAKOLWMX AMHAMUYECKYHO MOAE/b TEXHOMOMMYECKOro npoLecca).

CTPYKTYPHO MeXaTpOHHble CUCTEMbI ABAAKOTCA  MHOFOMEPHbIMA M MHOFOCBSI3HLIMM
cuctemamu. Pa3mMepHOCTb 3afayn ynpas/eHNs B MexaTpOHUKe OnpefenseTca YMC/ioM He3aBUCcMMO
ynpas/isemMbIX MPUBOAOB CUCTEMbl. B cryyae o6Liero mMexaHuamMa WCXOLHO 3afaeTcs KelaeMoe
[BVKeHVe paboyero opraHa, a peasm3yeTcs OHO COBOKYIMHbIMU MepemMeLLeHNSMIN BCEX 3BEHLEB.

OTctofja BO3HMKAKOT creuuasbHble MaTeMaTUyeckue, airOpuTMUYECKME W TEXHUYECKMe
3alaun ynpas/eHus.

[na nnaHMpoBaHWS 3afaHHOr0 [BWKEHUS MEXaTPOHHOW CUCTEMbl HEeOOXOAMMO pPeLunTb
obpaTHyt0 3afadyy O MOMoXKeHUM MexaHudMa. CyTb [AaHHOM 3afayu COCTOMT B OnpefeneHuu
TpebyembIX NepemeLLEeHNI 3BeHbEB CUCTEMbI MO 33laHHOMY 3aKOHY [BUKEHMS paboyero opraHa.

Mpo6neMHbIM  ABMSETCA BOMPOC OpraHu3auuy  06paTHbIX CBA3el Mpu  ynpas/ieHUu
MHOr03BEHHbIMW  MEXaTPOHHLIMU CUCTEMaMK. TeXHUYeCKM Haubosee MNPOCTO YCTaHaBNMBaTb
[AaTUMKM MOJIOXKEHMS U CKOPOCTU B NPUBOAHBLIX MoAynax. OfHaKo 3aTeM HeOOXOAMMO BbIYMC/IUTD B
pea/lbHOM BpeMeHU (haKTU4YecKoe nepemeLleHne paboyero opraHa. MpuyeM 3TOT KOMMbHOTEPHBIIA
pacyeT TpebyeT MOCTPOEHUS afeKBaTHOM AMHAMWYECKOW MOMENM CUCTEMbl C Y4YETOM BeCbMa
C/OXHbIX A1 aH/IMTUYECKOM OLEHKMN (DaKTOPOB:

. BCEX [EWCTBYHOWMX cun (YNpaBnstoWMX MOMEHTOB MPUBOAOB, CUN TPEHUS W
AVCCUNALMN, BHELLHKX CU/T U MOMEHTOB, LEEHTPOGEXHbIX 1 KOPMOINCOBBIX CUN);
. MepPBUYHbIX MOrpeLlHocTel cucTeMbl (YNpyrux Aedopmauunii 3BeHbeB, NOGTOB B

MEXaHWYeCKNX nepegadax, NorpeLlHoCTein N3roToBneHNS U COOPKM, Y3/10B), KOTOPbIE ONpeaenstoT
ee MHTEerpaibHble TOYHOCTHbIE XapaKTEPUCTUKN B TEKYLLIEN KOH(UIypauuu;

. MepemMeHHbIX NMapaMeTpoB 06bEKTa ynpasneHns (MPMBEAEHHbIX MOMEHTOB MHEPLMN 1
Macc MexaHu3Ma 1 Harpyskum).

Mo3TOMY HavMy4LLIMM BapMaHTOM C TOYKM 3PEHMS LOCTOBEPHOCTM NOyYaeMoin MH(opMaLmm
0 (haKTUYECKOM [ABVDKEHUW SBMISIETCA YCTAHOBKA [aTUYMKOB HEMOCPEACTBEHHO Ha paboumii opra.
Mprmepamm Takoro NoAxXoAa MOryT CYXWTb:

. MPVUMEHEHNE CUCTEM TEXHUYECKOTO 3PEHMA A1 OMNpPeAeneHns MoNoKeHUs paboyero
opraHa 1 06beKToB B paboyelt 30He (Hanpumep, Ha CO0POYUHbIX onepaymsx);

. YCTaHOBKa CW/IOMOMEHTHbIX [AaTYMKOB B 3amnsiCTbe MaHUMynsTopa Ans M3MepeHus
AEACTBYIOLLMX CM/ Ha OnepaLusax MexaHoo6paboTKu;

. NCMONb30BaHVe G/IOKOB aKCeNepOMETPOB /1 OMPEeAeNeHUs NIMHERHbIX YCKOPEHWI
HEernocpeacTBEHHO paboyero opraHa Npy ObICTPbIX TPAHCMOPTHBIX NEPEMELLIEHUSAX.

MepcneKTUBHLIM MPEACTaBSETCA TaKKe COYeTaHWe pacCMOTPEHHbLIX MOAXOAO0B MpuW BbI6ope
06paTHbIX CBA3EM B CMOXHbIX MEXATPOHHbIX CUCTEMAX.
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XapaKTepHO/  OCOBEHHOCTbHD ~ MEXaTPOHHbIX  CUCTEM AN aBTOMAaTU3MPOBAHHOIO
MalUMHOCTPOEHMSI  ABNSIETCA  BO3MOXHOCTb  pa3feneHnss 3afday MporpaMMHOro  ynpaB/ieHUs
ABVDKEHVMEM Ha MPOCTPAHCTBEHHYHD M BPEMEHHYK. ITO 03HAYaeT, UTO TPAEKTOpPWs MepeMeLLeHNs
paboyero opraHa B MPOCTPAHCTBE M ero KOHTYpHas CKOPOCTb MOrYT MIaHMpPOBaTbCs PasfefibHo C
MCNONb30BaHMEM Pa3NIMYHbIX KPUTEPMEB ONTMMMU3auUMK. Hanpumep, Ans po60TOTEXHMYECKOro
KOMM/MEKca MexaHoobpaboTKM nporpaMMa MepemMeleHns U OpUeHTauMn WHCTPYMeHTa B
NPOCTPaHCTBE OnpefdenseTca Mo rpaguyeckon mogenn o6pabaTbiBaeMO AeTain B CUCTEME
AutoCAD, 160 3afaHMeM OMOPHbIX TOYEK B pexmnme 06ydeHus. CKOPOCTb ABVKEHUS paboyero
opraHa po60oTa BAO/b TPAEKTOPUN A0/MKHA ObITb BbIOpaHa C y4eToM crieumdmrkm paboyero npotiecca:
pasmMepoB W TBEPAOCTM MaTepuana 3aroTOBKW, TWMAa WHCTPYMEHTa, a TaKke TeXHUYECKUX
BO3MOXXHOCTEN MPVMBOLOB WHCTPYMEHTa/IbHOW TOMIOBKA M MaHunynatopa. ONTUMM3aumio 3aKkoHa
ABWKEHUSI  TEXHOMOMMYECKOM MalluMHbl BO BPEMEHM 00bIYHO MNPOBOAAT MO  KPUTEpPUSM
NMPOM3BOAUTENILHOCTIN, TOYHOCTM 06PabOTKM, a TakkKe MO 3KOHOMWUYECKMM N KOMOUHMPOBAHHLIM
nokKasarensm.

3agaHue: N3yunTb METOAbI YNpaBIeHNs MeXaTPOHHbIMU MOAYNSMUA U CUCTEMaMU

Jlutepatypa:
1. AHppeeB C.M., MapcyHknH b.H.: Pa3paboTka 1 MofenMpoBaHNe HEC/TOXKHbIX CUCTEM

aBTOMaTun3aLmMm ¢ y4eToM CrneummKn TEXHONOMMYECKMX MPOLECCOB: y4ebHOe nocobue ans CTya.
cped. Npod). 06pa3oBaHus - M.: «3aaTenbekuii LeHTp «Akagemus», 2016. — 272 c.

2. Wnwmapes B.KO. Tunosble 3M1eMEHTbI CUCTEM aBTOMATUYECKOro YNpaB/ieHUA:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesny LLnwivapes. — M.: 3gaTensckuin
LeHTPp «AKagemusy», 2018. — 304 c.

3. BBefeHne B MexaTpoHUKY: B 2-xX KH. YuebHoe nocobue / A. K. TyreHroneg, W. B.
Borycnasckuid, E. A. JlykbaHoB, B. B. MaptbiHoB, B. A. lepacumos, HO. B. MBauesny, H. @.
KapHayXxoB.

JTabopaTtopHas paboTta No7
Tema: «MpUHUMNbI NOCTPOEHUS CUCTEM MHTENNEKTYa/IbHOIro yrnpaB/ieHUs
B MeXaTpoHNKe»
Llenb paboTbl: M3y4nTb MNPUHLUWMNLI MOCTPOEHUS CUCTEM WHTENNEKTYalbHOro YnpaB/ieHns B
MeXaTPOHUKe
Tun ypoka — nabopaTopHOe 3aHATHeE.
MeTo/bl 06yYeHUs — penpoAyKTUBHbIA U MOUCKOBBIA

Xof paboThbl:
[(naBHasi OTAMYMTENbHAs 4epTa COBPEMEHHON Teopuu YMpaBNeHUs — 3TO PasBUTME

WHTENNEKTYaNbHbIX METOA0B YNpPaBNeHWUsi TEXHUYECKUMW CUCTEMaMW, KOTOpasi OYeHb OTYET/IMBO
MPOSIBNISIETC B MEXATPOHWUKE KakK OfAHOW M3 MepefoBbiX HayYHO-TEXHWUYECKUX 06nacTeil. IMEHHO
WHTENNEKTyaNbHble METOAbI NO3BOMAOT 3(h(EKTUBHO pellaTh 3a4ayn YnpaBfieHns MexaTPOHHbIMM
cucTeMamu.

NHTennekTyanbHbliA YPOBEHb — BbICLUWIA YPOBEHb YNPaB/EHUS B CUCTEME.

K OCHOBHbIM NpW3HaKaM CUCTEM MHTENNEKTYabHOTO YrpaB/ieHUs paccMaTprBaeMoro Knacca
MPUMEHUTENBHO K 3aa4aM MeXaTPOHUKI CneayeT OTHECTH:

. CMoCO6HOCTb aBTOHOMHO (6€3 y4acTus YefioBeKa-ornepaTopa) NPUHMMATL PELLEHMS O
MOBeAEHNMN CUCTEMbI B HEKOTOPbIX 3apaHee He ONpeaeneHHbIX CUTYaLmMaX;
. BO3MOXXHOCTb aanTupoBaTb (NpucnocabnmBaTb) CTPYKTYPY W 3aKOHbl [BUXEHNS

MEXaTPOHHOW CUCTEMbl K W3MEHSIOLUMMCA YCNOBUAM BHELUHEN Ccpefbl W BO3MYLLAKOLLUM
BO34eMCTBUAM;

. CMOCOBGHOCTb CUCTEMbI YMNpaBfieHUsi K CaMOOGYYEHWIO W HAaKOMNEHUK 3HaHWA B
npouecce AeWCTBUMA YNpaBiseMON MalUMHbI M UX WCMOMb30BaHWEe B MOCNeAYHOWMX 3ajadvax
ynpasneHns;
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. NPUMeHeHWe NpoLefyp ONTMMM3ALMK Ha 3Tanax NiaH1MPoBaHMs, NPOrpaMMMPOBaHNS
W VCMOHEHWS BCEX (PYHKLIMOHANBHBIX ABUXXEHWIA MALLIHBI;

. OLleHKa Ka4yecTBa BbIMO/THAEMbIX ABVXXEHWUIA 1 AMarHOCTMKA (DaKTUYECKOro COCTOSIHMSA
ynpaBnseMoi MalLVHbl U NPOTEKAOLLMX NPOLIECCOB B PeaslbHOM BPEMEHMU;

. 3PPEeKTMBHOE B3aMMOAEINCTBME C Ye/I0BEKOM-ONepaTopoM, WCMOMb30BaHME €ero
WHTENNEKTa KaK 3KCrepTa 1 HaBbIKOB NPW NJaHUPOBaHUM AEACTBUIA MaLLVHBI;

. NepPapXUYHOCTb  CTPYKTYPbl  CUCTEMbI C  YETKUM  BbleNleHNeM  (YHKLWIA,
NH(OPMAaLMOHHOIO 06ecrneyeHns U 06paTHbIX CBS3EN A5 KaXKAO0ro YPOBHS YNpaBieHUs:;

. rmbkoe B3aMMOAENCTBME pacnpefeneHHbIX NOACUCTEM Yepe3 KOMMbHTEPHbIE CETU
AN AOCTVKEHNSA 0OLLMX NS BCEN CUCTEMbI LIENe ynpaBneHus;

. MOBbILLEHHbIE NOKa3aTeNn rMbKOCTHN, POBACTHOCTM M TOYHOCTM YNpaBNeHNS.

Wepapxunueckas CTPYKTypa — 3T0 MHOTOYPOBHEBbIN HAb0pP B3aVMOLENCTBYHOLLMX MOLCUCTEM,
KadK[as U3 KOTOPbIX OTBETCTBEHHA 3a peLleHne OnpeaeieHHOW 3afa4um 1 UMeeT LOCTYN K CEHCOPHOM
MHhopMaL 1, HeoOX0AMMON 415 peLLeHNs 3a4ady YrpaBieHus JaHHOTO YPOBHS.

B coBpeMeHHbIX MexXaTpOHHbIX CUCTEMaXx, KakK Mpasuio, UCMONb3YeTCA Nepapxmns «CBepxy —
BHW3», KOTAa HYKHWIA YPOBEHb MOSIHOCTHIO MOAYMHEH BbILLECTOALLMM.

PacCMOTpUM  MepapXuio  YrpaBieHns, TUMWYHYK 18  MEXaTPOHHbIX (B  4acTHOCTM,
pPO6OTOTEXHUYECKMX) cucTeM. [aHHas CTpPyKTypa Oblna npeasioxeHa B paboTax akagemuka E. IT.
MonoBa. BbigensatoTcs 4eTbipe YPOBHA  YMNPaBNeHUA:  WUHTENNEKTYaNbHbIA, CTpaTermyeckuii,
TaKTUYECKWI 1 UCMONTHUTENbHBIN (puc. 1).

WHTennekTyaNbHbI YPOBEHb — BbICLUNIA YPOBEHb YNpaB/eHns B cucTeMe. HasHaueHme 3Toro
YPOBHS — MPUHATUE pPELLeHUIA O [BUXKEHUM MeXaHWYEeCKON CUCTEMbl B YC/IOBUSX HEMO/HOWA
MH(opMaumMn 0 BHeLIHel cpefe M obbekTax paboT. Hanpumep, paccMOTpMM CUTYauuto, Korga
MOOM/IbHBIA  PO6OT NpW  [ABMXKEHUW B TPybOMpoBOAe MNOAyYaeT WH(OPMALMIO OT CUCTEMBI
TEXHWYECKOr0 3peHNs O HaanyuMm MpensatcTBus. BO3MOXHble criefytolimMe NOCTaHOBKU 3ajaduu
[BVDKEHUS:

. OCTaHOBUTb [ABMXKEHME N BEPHYTLCSA B UCXOAHYHO NO3ULMIO;
. OnpeaennTb TUM U XapakTePUCTUKM NPEeNSTCTBUSA U YopaTb 0OHAPYXXeHHbIN 00BLEKT;
. MPOLO/MKUTbL UCMONHAEMOE ABVXKEHWNE, UTHOPUPYSA HaNYME BHELLHErO OObeKTa.

OYHKUMN UHTENNEKTYaNIbHOTO YPOBHSI B COBPEMEHHbIX MEXATPOHHBIX CUCTEMAaX OObIYHO
BbINO/IHSET Y€NOBEK — OMEPaTop NMG0 MOLLHbI/ KOMMbHOTEP BEPXHETO YPOBHS YNpaB/eHNS.
CTpaTernyeckunii ypoBeHb YNpaBfeHUs NpefHasHayeH Ans NNaHWPOBAaHWS  [ABVKEHUIA
MeXaTPOHHOW cucTeMbl. MnaHMpoBaHVe ABVXKEHMI NpeanonaraeT pasbueHve 3adaun [ABUXEHMS,
MOCTaBNEHHON UHTENNEKTYaslbHbIM YPOBHEM, Ha MOC/eA0BaTE/IbHOCTb COrNIACOBaHHbLIX BO BPEMEHM
3M1eMEeHTapHbIX AECTBUMIA 1 hopMann3aumto Lieneit ynpaBneHus ans Kaxxaoro u3 aTux AeicTBuid.
MpyMepamm 3neMeHTapHbIX AeACTBUIA MOGUNBHOTO PO6GOTA MOXKET CNYXKNTb:

. BbIBO/, pab04ero opraHa B 3aaHHyH No3uLuIo;

. 3axBaT NpeaMeTa;

. TECTOBOE ABVXKEHVE N5t ONPeeneHns CU peakLymn Co CTOPOHbI 06bEKTA;
. TPaHCMOPTMPOBKA 06bEKTA M BO3BPaLLiEHVE PO6OTa B MCXOAHYHO MO3ULMIO.
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Puc.1. YpoBHY ynpasieHns B MeXaTPOHHbIX CUCTEMaX

dopmanuzaumsa Ueneii ynpasreHUs 03HA4YaeT, YTO A1 KaKAOro W3 3MeMeHTapHbIX [AelCTBUN
[O/MDKHbI ObITb 3anucaHbl MaTeMaTuyeckne COOTHOLLEHWS, BbIMOJIHEHME KOTOPbIX Ob6ecneynBaeT
yCrnewHoe BbINOMIHEHWE AENCTBUA. [N8 TEXHOMOrMYeckux poboTOB Ha CTpaTerMyeckoM YpOBHe
peLuaeTcs 3aa4ya reOMeTpUYECKOro MnaaHMpoBaHUsA ABUKEHNSA paboyero opraHa.

CTpaTernyeckunin ypoBeHb BblAaeT MHPOPMALMIO O NNaHe ABUXKEHWUA U LeNisX ynpasneHns B opme
KOMaHf, yrpasneHus ABVKeHVEM. BaXKHO NOAYepKHYTb, 4TO CTPYKTypa U (opmMaTbl S3bIKOB
yNpaB/ieHNs ABWXXEHWEM CYLLECTBEHHO OT/IMYAKOTCA OT YHMUBEPCA/IbHBIX A3bIKOB NMPOrpaMMUpoBaHnA
(tTuna C++, MNackanb ¥ T. N.), XOTSA OTAe/bHbIE OMepaTopbl MOTYT coBMnagath (Hanpumep, oneparopsbl
3afjaHnA LUKIa N IOTUYeckme QyHKLmun).

TakTUYeCKWn  YPOBEHb BbIMNOJIHAET  Mpeobpa3oBaHWe  KOMaHZ — YMNpaBNeHUs  [ABUXKEHWEM,
MOCTYMNatoLmMX CO CTpaTermyeckoro YPOBHS YMpaBfieHWs, B Mporpammy Ynpas/ieHUsi, KOTopas
OrMpefensieT 3aKkOHbl COrnacoBaHHOrO [BWKEHWA BO BPEMEHM BCEX 3BEHbEB MeXaHWYecKoro
YCTPOWCTBA C Y4YETOM TEXHUYECKMX XapaKTepucTuK 6/10Ka NpuBoAOB (B MNepBYHD o4vepenpb
OrpaH14yeHnin Ha 0606LLEHHbIE CKOPOCTH, YCKOPEHWS U CUJbI).

Ha TakTM4ecKOM YpOBHe Heo6XoAaMmMo onpefe/iMTb 0006LLEHHbIE KOOPAMHATHI MaHUMYNISTopa,
KOTOPble COOTBETCTBYHOT XKe/laeMbIM AeKapTOBbIM KOOPAMHATAM XapaKTepUCTUYECKON TOUKN CXBaTa.
[ns aTOro fo/mkHa 6bITb peLleHa obpaTHas 3agada 0 NOMOXKEHUM MaHUNYNATOpA.
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[ns ynpaBneHns CKOPOCTbHO [ABMXKEHWSA MpOrpammMa yrnpaBieHUs CTPOUTCSA KakK pe3ynbTaT peLleHns
06paTHOl 3aa4n 0 CKOpOCTM paboyero opraHa. [ns peannsaumy aHHbIX anropuTMOB YCTPOCTBO
KOMMNbIOTEPHOIO YNPaB/AEHUSI [JO/MKHO BbINOMHATL B peaslbHOM BPEMEHW Crefytolne OCHOBHbIE
MYHKLMK:

npuem nHMOPMaL 1N OT CTPATErMYECKOr0 YPOBHSA B (hOpMe KOMaH[ YnpaBieHUs ABVKEHNEM;

npvem u 06paboTKy WH(OpPMaUMM OT [aTYMKOB TMOMIOXKEHUS MaHWUMyNATopa O TeKyLei
KOH(hUrypaumm ans pacyeta 3N1eMeHTOB MaTpULbl AKOOW;

obpalLeHne maTpuupbl Akobu;

YMHOXKeHMe 06paTHO MaTpuubl HAKOOM Ha BEKTOP-CTONMGEL, NPOrpaMMHOIA CKOPOCTM paboyero
OpraHa;

BblAayy NporpaMMbl YNpaBieHUs Ha UCNOMHUTENbHbIN YPOBEHb.

CMONHWTENbHbIN YPOBEHb YNPaBNeHNA MNpefHa3HayeH A1 pacyeTa WM Bblgaun YrpaBAsHLLMX
CUrHaNOB Ha 610K MPMBOLOB MEXATPOHHON CUCTEMbI B COOTBETCTBUM C NPOrpPaMMOin yrpaBneHus ¢
YUYETOM TEXHUYECKMX XapaKTEPUCTUK CUOBbIX NMPeobpasoBaTenei.

[ns nepapxmyeckmnx CUCTEM YNpaB/ieHNs B MEXATPOHMKE AENCTBYET MPUHLMM, COrNacHO KOTOPOMY
No Mepe MNPOABVMXEHMS OT BbICWUMX K HUZLIMM  YPOBHAM  YMpaBfieHWs  MOHMXKAeTCs
WHTENNEKTYalbHOCTb ~ CUCTEMbI, HO  MOBbILIAETCS €e  TOYHOCTb. [lpy  3TOM  noj
NHTENNEKTYaNbHOCTbIO» MOHMMAETCA CMOCOGHOCTb CUCTEMbI NPMOGPETaTh CheuMabHbIe 3HaHWS,
NO3BONAIOWME YTOUYHWUTb MOCTABNEHHYK 3afjavyy W OMpeaennTb MNyTW €e pelleHus, a noj
«HETOYHOCTbIO» — HEOMPEAENEHHOCTb B OMepaumsaX No PELLUEHNIO JaHHON 3adaun.

PacCMOTPUM HECKO/IbKO MPUMEPOB MEXaTPOHHbIX MOAYNeli M CUCTEM C WHTENNEKTyaNbHbIM
ynpaeneHveMm, 061afatoLLmMX HEKOTOPLIMM 13 NMEPEUNCIEHHbIX MPU3HAKOB.

3afiaHne: n3yymTb NPUHLANBLI NOCTPOEHUSA CUCTEM WHTENIEKTYa/IbHOTO YrMpas/ieHns B
MexaTpoHU1Ke

Jlutepatypa:

1. AHppeeB C.M., MapcyHknH b.H.: Pa3paboTka 1 MofenMpoBaHNe HEC/TOXKHbIX CUCTEM
aBToMaTun3aumMm ¢ y4eToM CreumnpurKn TeEXHONOrMYECKMX MPOLECCoB: y4ebHOoe nocobue ans CTya.
cped. npod). 06pa3oBaHus - M.: «M3aaTenbCKuii LeHTp «Akagemus», 2016. — 272 c.

2. Wnwmapes B.KO. Tunosble 31eMEHTbI CUCTEM aBTOMATUYECKOro YMnpaB/ieHUA:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesud LUnwimapes. — M.: 3gaTensckuin
LeHTp «AKagemusy», 2018. — 304 c.

3. BBefeHne B MexaTpoHUKY: B 2-x KH. YuebHoe nocobue / A. K. TyreHronbg, W. B.
Borycnasckuid, E. A. JlykbaHoB, B. B. MaptbiHoB, B. A. lepacumos, HO. b. MBauesny, H. @.
KapHayxoB.
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JTabopaTtopHas paboTta Ne8

Tema: «Cuctema ynpasieHUA UCNOSTHUTE/ILHOIO YPOBHSA»
Llenb paboTbl: N3y4nTb CUCTEMbI YMPaB/IEHUS UCMIONHUTENIbHOTO YPOBHS
Tun ypoka — nabopaTopHOe 3aHATHe.

MeTozbl 06yYeHNs — penpoAYKTUBHBIV 1 NOUCKOBBIA
Xog paboTbl:

KoHTponnepb! ABWKEHUA ABNAKOTCA YCTPOMCTBaMMU YNpaBieHUS UCMONHUTENIbLHOTO YPOBHSA
COrNacHoO MPUHATOW uWepapXuu YNpasieHUs [OBVMXKEHWEM MEXATPOHHbIX CuCTeM. HasHauveHue
YCTPOCTBA YMpaB/ieHNs COCTOUT B 0OecrneyeHUn 3afaHHbIX TpeboBaHWIn MO YCTOMUMBOCTY,
TOYHOCTU W Ka4yecTBY MEPEXOAHbLIX MPOLECCOB B CUCTEME MPU LOCTUDKEHUW LN ynpasneHus
[BVDKEHVEM, KOTOpas MOCTYMaeT C TaKTMYeCKOro YpPOBHA ynpasieHus. [pyv 3TOM Heob6Xxogumo
YUUTbIBATb CELUMUKY MeXaTPOHHbIX 0ObEKTOB YripaBIeHus.

CTpyKTypHas cxema CWUCTeMbl YMpaBfieHNs  [ABWXXEeHWeM, peann3yemass  TWUMOBbIM
KOHTPON/IepoM, MpefcTaBfeHa Ha pucyHke 1. B cocTaB CUCTeMbl BXOAAT MNATb OCHOBHbIX
perynaTopos: perynsatop nonoxexus (PI1), perynatop ckopoctu (PC), perynsatop MOMEHTa U Un
cunbl (PM), perynatop npsAmMoi CBA3M MO CKOPOCTU M3MEHEeHMs YNpas/stoLero BO34enNcTBuA
(PMCC) 1 perynsTop KOPPEKTUPYHOLLIEN CBA3M NO BO3MYyLLatoLemy Bo3aelicTeuto (PCBB).

BXoaHbIMY BO3LeACTBUAMM NS CUCTEMbI MOTYT ObITb B 3aBUCMMOCTW OT NMOCTaB/IEHHON LieNn
yrpaBneHus yrnpasnstoLLmMe CUTHaIbI MO MOMIOXKEHUIO (n, CKOPOCTU (c, NM60 MO pasBrvBaeMOMY
ycunuio dy. B cucteme peanusyetcd NPUHUUN 3aMKHYTOrO YnpasneHWs, YTo MpesycMaTpuBaeT
Ha/IM4Me COOTBETCTBYIOLLMX 06paTHbLIX CBSA3E MO (Pa30BbIM KOOPAMHATAM CUCTEMDBI.

Hanbonee obwmm ssnsetca anroput™ MNU-perynnmpoBaHns, Korga BbIXOLHOM CUMHa
OMWCbIBAETCA BbIPaXKEHWEM:

L
ut) =K, -e{t}+K, -%+ Ky fe(t) dt
dt h 4.1)

rae Kp, Kz, Ku—  KOIPMUUMEHTLI,  COOTBETCTBEHHO,  MPOMOPLIMOHANILHOR,
AnhepeHUMaIbHOM U MHTerpasibHOM COCTaBNAWMX curHana; e(t) — curHan OWnoKU B AaHHOM
KOHTYype yrnpasneHuns (MOI0XKeHWs, CKOPOCTU UM MOMEHTA). B KOHKPETHbIX Cnyvasx HeKOTOpble 13
TUX KOSMMULMNEHTOB MOXHO MOMOXUTL PaBHbIMW HY/MO, (PAKTUYECKU MPUMEHSAA YMpPOLLeHHble
anroputMbl ynpasneHus (M-anroputm, MA-anroput™ n T. 4.).

TpafMUMOHHBIA  NOAXOA NpPeAycMaTpuBaeT, uUTO CTPYKTypa W KOIP(PUUMEHTbI BCEX
KOPPEKTUPYIOLMX YCTPOMCTB OMNPeSenstoTcsa npu NpoeKTUPOBaHUM CUCTEMbl U fasnee OCTakTCs
(PMKCMPOBaAHHBLIMW B MpoLecce ee aKcnjyarauun. B COBpeMeHHbIX CUCTeMax ynpasneHus Bug U
napameTpbl PerynsTopoB aBTOMaTUYECKU MOAUMPULMPYIOTCA B 3aBUCMMOCTY OT Lie/IN KOHKPETHOro
[BVDKEHUS U YCNIOBWIA, B KOTOPbIX OHO (DaKTUYECKM OCYLLECTB/SETCS. DTO MO3BONSET afanTupoBaThb
(npucnocobuTb)  ABWXKEHME MEXATPOHHOM CUCTEMbl K  Haya/lbHOM  HeonpeaeneHHOCTU ©
M3MeHsIOWMMCA ycnoBuaM paboTbl. Cnegys nogxogy npod. #A. 3. LibinkuHa, agantaums, no
CYLL,ECTBY, €CTb ONTUMM3ALNSA B YCNOBUAX HELOCTATOYHON anpuopHO MHGopMaLmn.

AjanTvBHas HaCTpoliKa perynsaTopoB HeobXoAmma, €ecniv BBefeHHble OTpuuaTe/ibHble
obpaTHble CBA3N B UCMOIHUTE/IbHBIX NMPUBOLAX HE CMOCOOHbI NapypoBaTh BANAHME BO3MYLLAOLLMX
BO3JeNCTBUIA N M3MEHEHWNS NapameTpoB (U, BO3MOXHO, CTPYKTYPbl) 06beKTa ynpaB/ieHus, KOTopble
BbI3bIBAlOT HELOMYCTUMOE CHUKEHME NOKasaTe/eil KauecTsa yrnpasisemMmoro ABMKeHNs. Pa3paboTumk
[O/MDKeH oTAaBaTb cebe OT4eT B TOM, YTO afanTWBHblE PerynsaTtopbl MO CPaBHEHWUIO C
TPaAULMOHHBIMW, UMEIOT CYLLECTBEHHO 00JIee CNOXHYIO CTPYKTYPY M TEXHUYECKYHO pean3auuio,
MX MPOEKTUPOBaHME TPebyeT peLLeHns Lenoro psga TeopeTnyeckmx npobnem ynpasneHus. Moatomy
peLLeHve 0 NPUMEHEHNM afanTUBHOIO Perynsatopa B MEXaTPOHHbIX CUCTEMaX aBTOMATM3MPOBAHHOMO
MaLLUMHOCTPOEHUSA [O/MKHO ObITb 0053aTeNIbHO TEXHOMOMMYECKN U TEXHUYECKM 060CHOBaHO. 3aKOHb!
HacTPOWKM PerynsaTopoB OnpeLenstoTcs M60 HabopoM airopuUTMOB U Mpasus, ChopMyIMPOBaHHbLIM
pa3paboTUMKOM Ha 6a3e MUMEOLLErocs onbiTa, MM60 Ha OCHOBAHMW 3HaHWIA, HAKOMMEHHbLIX CamOM
MaLLWHOW B MpoLiecce aHanm3a ee NpPeaLLecTBYHOLLMX AeACTBUN.
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Puc 1. CTpyKTypHasa cxema CUCTEMbI YNPaBIeHNA ABUXKEHNEM
Ha UCMOMIHUTENIbHOM YPOBHE:
95D - 606
0000LLeHHbIE KOOPAMHATA U CKOPOCTb YNPaBISeMOro ABUXKEHNA
3afilaHune: N3y4nTb CUCTEMbI YNpaB/ieHUsa UCNOTHUTENILHOT0 YPOBHS
Jlutepatypa:
1. AHppees C.M., MapcyHknH B.H.: Pa3paboTka 1 MoAenMpoBaHNe HEC/TOXKHbIX CUCTEM

aBToMaTun3aumMm ¢ y4eToM Crneumpukn TeEXHONOrMYECKMX MPOLECCOB: y4ebHOe rnocobue ans CTya.
cped. npod). 06pa3oBaHus - M.: «3aaTenbCKuin LeHTp «Akagemus», 2016. — 272 c.

2. Wnwmapes B.FO. Tunosble 3M1eMEHTbl CUCTEM aBTOMATUYECKOro YrNpaB/eHUs:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesny LUnwmapes. — M.: 3gaTensckui
LeHTP «AKagemusy», 2018. — 304 c.

3. BBefeHne B MexaTpoHMKY: B 2-x KH. YuebHoe nocobue / A. K. TyreHroneg, N. B.
Borycnasckuid, E. A. JlykbsiHOB, B. B. MapTbiHOB, B. A. 'epacumos, FO. b. MBauesny, H. ®.
KapHayXxoB.
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NabopaTtopHasn paboTa Ne9
Tema: «l/13yyeHne UHTe/1IeKTYaIbHOro MeXaTpoHHOIro Moayns»
Llenb paboTbl: N3y4nTb MHTENNEKTYaIbHbI MEXATPOHHBIA MOAYb
Tun ypoka — nabopaTopHOE 3aHATHE.
MeTofabl 06yYeHNs — penpoaAyKTUBHbINA U MOVUCKOBBIA

Xof paboThbl:

VHTennekTyanbHbI MEXaTPOHHbIA MOAY/b COCTOUT N3 CNeAYHLMX OCHOBHbIX 3/1eMEHTOB:

. anekTpoasuratens (XoTs BO3MOXHO MCMO/b30BaHME ABVMXKWTENEA U ApYrnx TUMoB,
Hanpumep, rmapaBINYecKunX);

. MexaHM4YecKoro npeobpasoBarens;

. [AaTUYMKOB 06PaTHON CBA3W U CEHCOPHbIX YCTPOWCTB;

. YNPaBNAoLWEro KOHTPO/I/EPa;

. CUNOBOro NpeobpasoBarens;

. YCTPOICTB COMPSXKEHUS U CBSA3MN.

B coBpemeHHbIX VIMM MCNOMb3yOT pasvyHble TUMbl 31EKTPOABUraTeNIei: YrioBoro u
NMHEAHOTO  ABVDKEHWS,, MEPEMEHHOr0 W MOCTOSAHHOINO TOKAa, KOJIEKTOPHbIE W BEHTW/IbHbIE,
HENPepbIBHOIO ABVXXEHWS Y LLIAroBble.

B kauecTBe npeobpasoBatenieil ABVKEHUS MPUMEHAIOT 3ybuaTble, BUHTOBble W [pyrue
nepegaun. B KOHCTpyKumAx HekoTopblX VIMM, MOCTpPOeHHbIX Ha 6a3e BbICOKOMOMEHTHBIX
ABUraTenen, npeobpasoBaTenvt ABUKEHUS OTCYTCTBYHOT.

B MHTennekTyasibHbIX MEXATPOHHbLIX MOLY/AX NUCMOMb3YHOT Pa3/inyHble AaTUMKM NOMOXKEHNS
N CKOpoCTU ((hOTOMMMY/bCHbIE, BpallaloLLiMecs TpaHC(opMaTopbl, TaxoreHepaTopbl) WU CEHCOPbI
(BaTuMkM TOKa M MOMEHTa, TemrepaTypbl U Bubpauun), KOTOpble MepefatoT MHPOpMauuo B
YCTPOWCTBO KOMMbLIOTEPHOrO YrpaBieHnst 0 PakTUYeCKOM COCTOSAHWUM MOACUCTEM MOAY/S.

BCTpoeHHble yNpaBAstoLLMe KOHTPO//IEPbI, peasn30BaHHble Ha COBPEMEHHOW 3/1eMEeHTHON
6asze, MNO3BOMIAKT MONYYUTb KOMMAKTHblE W HafeXHble MexaTpOHHble u3genus, obnagatoLive
WHTENNEKTYaIbHbIMW (DYHKUMAMMW, U CTPOUTb Ha MX OCHOBE MHOMOKOOPAMHATHbIE MeXaTpOHHbIe
CUCTEMbI C [eLeHTpasM30BaHHbIM YyripaB/ieHemM. B coueTaHMn C OTKPbITOW apXUTEKTYPOI CUCTEM
ynpasneHns tuna PC-NC 370 no3BoffeT co3faTb KayeCTBEHHO HOBble CUCTEMbl YrpaBieHus,
obragarolime NPUHUMNUAIBHO HOBLIMW XapaKTePUCTUKaMuM N0 ObICTPOAENCTBUIO, TOYHOCTU W
(hYHKLMOHaNbHON FMBKOCTW.

MpUHUMNMANbHO BaXHO, YTOObI BCE MEPEUUC/IEHHbIE 3/1EMEHTbI OblM  KOHCTPYKTUBHO
00beiMHEHbl Pa3pabOTUMKOM B eAMHOM Kopryce. [lpu 3TOM YCTpOMCTBA CBA3W CTAHOBATCA
BHYTPEHHUMU 6/10KaMK, HEJOCTYMHbLIMMW /15 NOMb30BaTENS.

Kak npvmep, MOXXHO NPUBECTU LUMPOKO UCMOJb3yeMble MEXATPOHHbIE MOLY/M MPOU3BOACTBA
¢upm Animatics Corp. (CLUA) n SIEMENS (lepmaHusa), npefHasHauyeHHbIX ON0S peaimsaumu
[BVXEHWIA MO OJHOW yNpaBNseMOi KOOpAMHaTe ¢ BO3MOXHOCTbIO CBOGOAHOIO MPOrpamMmMupoBaHuS
nocnefoBaTe/lbHOCTU [ABUXXEHWIA.

B LenomM MOXHO BbIZeINTb TPY HaNpaBNeHUs UHTENNEKTYyann3auuy MexaTpoHHbIX MOAy e
[BVDKEHUS:

. pasBUTME  WHTErPUPOBAHHLIX  WHTEP(ENCOB,  CBA3LIBAIOWMX  YNpPaBAsOLLii
KOHTPO//IEP C KOMMbIOTEPOM BEPXHErO YPOBHSA B efiMHbIN annapaTHO-NPorpaMMHbIiA yrpaBnstoLwmii
KOMMJIEKC;

. CO3[aHNE WHTENNEKTYaNbHbIX CUMOBLIX MOAY/E ynpaBneHUs NyTeM WHTerpauuu
yNpaBstoLLMX KOHTPONNEPOB U CUMOBbIX NPeobpasoBaTesneil;
. pa3paboTKa WHTENNEKTya/lbHbIX CEHCOPOB  MEXaTPOHHbLIX  MOAY/ei, KoTopble

AONOMHUTENbHO K  0ObIYHBIM  M3MEPUTENbHLIM  (DYHKLUMAM  OCYLLECTBAAOT  KOMMNbHOTEPHYHO
06paboTKy 1 Npeobpa3oBaHMe CUrHAN0B MO FMOKMM NporpaMMam.

B nocnegHee Bpemsi MPOCNEXMBAETCA TEHAEHLMS MCNONb30BaHWA COBPEMEHHbLIX METOAOB
WHTENNEKTYalbHOr0 YNpaBneHNs MEXaTPOHHbIX MOAYNEN ABMXEeHMS (Ha YPOBHE MCMONHUTENbHbIX
CUCTEM).
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CepMaHCKiM NHCTUTYTOM MUKPOMEXATPOHMKM paspaboTaHa KOHLIeNuus
«UHTENNEKTYaNbHOro Bana ABUratens». Viaes fJaHHOW KOHLEMLUMW 3aK/HYaeTes BO BCTPauMBaHMM Ha
Ba/ly ABWraTenst [OMONHUTENbHbIX AATYMKOB [N M3MEPEHUS| TakUX (TPaAWLMOHHO CUMTAIOLLMXCS
BTOPOCTEMEHHbIMI) MapamMeTpoB, KakK M3rnbarollee YCUnve Bana, HarpsdKeHWe KpyyeHus |
BO3JeiCTBMe BMOpaUWii. TMpu 3TOM 06MeH WH(OPMaUMein 1 3HEeprueil OoCyLLECTBASETCA MO
paavoKaHanam.

Ha puc. 1 nokasaHa KvHemaTunuyeckas CXema WHTENNeKTYa/lbHOro MeXaTPOHHOro Moayns,
npeAHa3HauYeHHOro Ans OCYLLECTB/IEHMS Ba/lbLIOBOUHbLIX COEAVHEHWIA Mpu CHOPKe COBPEMEHHbIX
YCTPOICTB  3M1EKTPO06OPYAOBaHMS aBTOMOOMNEl  (3N1eKTPO6GEH30HACcOCoB, (DOPCYHOK BrPbICKa,
[aTUNKOB SI'IeKTDOHHbld)l( CUCTEM, KaTyLleK 3a>K|/|rar1|vm, penenT. a.)

Pic.1 . Kunemarngecsad cxema HHTSTISKTVALHOT0 MEXATPOMHH 0T 0 KO TYILA

BbIXOAHbIM 3BEHOM MOAY/IS ABNAETCS LLIAPUKO-BUHTOBasA nepegaya 1. Mogynb COAepXnT fge
napainenbHble  KMHEMAaTMYecKue LEenu: BpaweHus ralkum OT  anekTtpogsuratend M1 ¢
LMIMHAPUYECKOW NpsmMo3y6oii nepefaveid 2-3 1 BpalleHWs XOLOBOr0 BUHTA OT 3/1eKTpoABUraTens
M2 4epe3 LWNUHAENb 4, CBA3AHHOW C BUHTOM >KECTKOW Ky/nauykoBoW My(TOn 5, n ¢ npsmMo3y6om
LUMAMHAPUYECKOW nepefadeil 6-7. LLlecTepHs 7 BbINONHEHa MOJON, a nepefaya BpalleHUs OT Hee
LWUNUHAENO OCYLLECTB/IAETCA 3@ CYET MOABVIKHOIO LUAMLEBOrO coeauHeHus 8. Kopnyc 9 mmeer
NpoywuHbl 10 Ana  3akpenneHus MOAYNs B TEXHOMOTMYeCKOM 060pyAoBaHWK, HarpuMep,
COOpPOYHOM LeHTpe. [N M3MepeHWs 4acTOTbl BpalleHWs BasloB MPUBOAHbIX 3MEKTPOABUraTesneit
MCNONb3YTCA TaxoreHepatopsl brl v br2. OnpefeneHne 0CeBOro MOSIOXEHWUS XOA0BOr0 BUHTA U
COOTBETCTBEHHO LUMUHAENS OTHOCUTE/IbHO Kopriyca MOAYNsS MPOU3BOAUTCA OGNOKOM  [aTHMKOB
nonoxxeHus BAIM, NOABMXHbLIN 31eMeHT KOTOporo 11 3akpensseTcd Ha BepXHeM KOHLE XOLOBOro
BUHTA.

Mogynb  BOCMPOM3BOAWUT  HeobXoAuMMble AN COOPKWM  ABWXKEHMA:  NOCTynaTe/bHoe
nepemMeLleHre WNUHAENS C Ba/IbLLOBOYHOIN r0/IOBKOM 10 KOHTaKTa C U3feNeM, BUHTOBOE ABMKEHME
BaUlbLieBaHNA, BpaLLaTe/lbHOEe ABMXKEHME 0OKATKM 1 NOCTynaTe/lbHoe nepemMeLLeHme LUNUHAENS BBEPX
B MCXOAHOE nonoxeHune. CrnefyeT OTMETUTb BO3MOXHOCTb PEBEPCUPOBAHNSA OCEBOr0 MepemeLLeHms
WNMHAeNs 6e3 peBepcMpoOBaHNA NMPUBOLHLIX ABUraTeNieid, YTO ABNAETCS JONONHUTENbHBIM NPenmy-
LeCTBOM  MEXaTpOHHOro  MOAyNs,  MOCKONbKY  ObICTPOAENCTBYIOLLEE — peBepcrpoBaHue
9NeKTPOLBUraTeNiei, Kak U3BECTHO, COMPOBOXAAETCS CYLLECTBEHHbIMU NOTEPAMU 3N1EKTPOIHEPTUN.
YKa3aHHble [BMXXEHUS (HOPMUPYHOTCA COOTHOLUEHMSIMW  YacTOT BpaLleHWs BWHTA W Fakw.
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OnpefeneHre KOHKPETHbIX 3aKOHOMEPHOCTEM W3MEHEeHWsi 4acTOT BpaLLeHWs Ha KakAoM aTtane
BbINO/IHEHWSA COEAMHEHUsI SBMISETCA CaMOCTOATE/IbHOM 3afladeit anropuTMUYEcKoro obecrneyeHus
(AO) ynpaBneHunsi NPoLLEeCCoM.

3afiaHue: N3yunTb UHTENNEKTYa/IbHbIA MeXaTPOHHbIA MOAY/b

Jlutepatypa:
1. AHgpees C.M., MapcyHknH B.H.: PazpaboTka 1 MOAeNnpoBaHmne HeCNI0XKHbIX CUCTEM

aBTOMaTU3aLMmM C yYeTOM CreunprKmn TEXHONOTMYECKMX MPOLECCOB: yyebHOe rnocobue ans CTya.
cpel. npody. o6pasoBaHus - M.: «M3aatenibCKuii LeHTp «Akagemus», 2016. — 272 c.

2. Wunwmapes B.HO. TunoBble 3/1EMEHTbI CUCTEM aBTOMATWUYECKOro YNpaB/EHUA:
YuebHuK ana cped. npod. O6pasoBaHus / Bnagummp KOpbesny LUunwimapes. — M.: N3aaTensckuii
LeHTp «Akagemusa», 2018. — 304 c.

3. BBegeHve B MexaTpOHUKY: B 2-x KH. YyebHoe nocobue / A. K. TyreHroneg, W. B.
borycnasckuid, E. A. JlykbsHoB, B. B. MaptbiHoB, B. A. epacumos, KO. b. MBauesny, H. @.
KapHayXxoB.

JTabopaTtopHas pab6oTa Nel0

Tema: <<|\/|exanOHHbIe TEXHO/IOrMYECKNE MalUMHbI B MalLNHOCTPOEHNN»

Llenb paboTbl: U3y4nTb MEXATPOHHbIE TEXHOMOMMYECKMe MaLLUHBI B MalIMHOCTPOEHWN
Twvn ypoka — nabopaTtopHoe 3aHATHe.
MeTo/bl 06yYeHUs — penpoAyKTUBHbIA U MOUCKOBBIA
Xoj paboThbl:

MocTpoeHMe AMarHoCTUYECKOro NPorHo3a B pasBuTe MaMHOCTPOEHUS U BbIGOP OCHOBHbIX
TEHAEHUWI N CTpaTernin ero pasBUTUS KOHLEHTPUPYETCH Ha:

1. IHTerpaumm TeXHONMOrUIA 1 3HAHWI

2. IHTennekTyanusawmm Npon3BoACTBEHHbLIX TEXHOIOM I

3. MexaTpoHHbIX TEXHOMOMMIA MalLMHaxX U poboTax

4. CKBO3HbIX NH(OPMALMOHHbIX CUCTEM

Bo MHOrmx obnactax TexHukn MC NpuxogAaT Ha CMeHY TPaguLUMOHHBIM MEXaHUYeCKUM
MallMHaMm, KOTOpble Y)XXe He COOTBETCTBYKOT COBPEMEHHbIM KayeCTBEHHbIM TpeboBaHUAM.
MexaTpOHHbIA NOAXOL B MOCTPOEHWM MallMH HOBOTO MOKOMIEHWS 3aK/0YaeTCs B MepeHoce
(hDYHKUMOHANIbHON  Harpy3ku OT MeXaHUYeCKUX Y3/10B K WHTENNeKTya/lbHbIM, 3/1eKTPOHHbIM,
KOMMbIOTEPHLIM MH(OPMALMOHHLIM KOMIMOHEHTaM, KOTOpble JIerko MepenporpaMmupyroTca Mog
HOBYHO 3aZla4y M Npu 3TOM ABMSAKOTCA OTHOCUTE/IbHO AeLIeBbIMU. AHaIN3 NMPON3BOACTBEHHbLIX MaLUVH
MOKa3bIBaeT, YTO [0/ MeXaHWYECKOIN YacTu cokpaTmnack ¢ 70% B Havane 90-x rogos Ao 25-30% B
HacTosilee Bpems. TpUHUMNMANBHO BaXKHO MOAYEPKHYTb, YTO MEXaTPOHHbIA Noaxon B
MPOEKTMPOBaHKe MpeAnosaraeT He pacLUMpeHVie, a UMEHHO 3amelleHve (DYHKUUA TpaguuyOoHHO
BbIMO/HAEMble MEXaHUYECKMMW 3IEMEHTaMM CUCTEMbI Ha 3/IEKTPOHHbIE Y KOMIMbIOTEPHbIE 6/I0KN.

MpYHUMNMAIBHO BAXKHO, YTO TEHAEHLMSA Nepexosa OT YACTO MeXaHUYeCKMX K MeXaTPOHHbIM
TEXHONOIMSAM B COBPEMEHHOM MaLUMHOCTPOEHUN He 3aKpblBaeT MexaHuKy. HaobopoT cTtumynupyet
ee pasBuTVE Ha (JOHe C WHTENeKTYya/lbHbIMW KOMMOHEHTaMU B paMKaxX efUHOW MexaTpOHHOM
cuctembl. CUCTEMHbIN MOAXOL AMKTYET HOBble TpeboBaHMS K BCTPOEHHbIM MeXaHWYeCKUM W
rMOPUAHLIM  KOMMOHEHTaM, 4YTO B CBOK OYepedb BeAeT K PasBUTUIO HOBbLIX TEXHONOTMIA W
KOHCTPYKTOPCKMNX PELUEHNI B 06/1aCTU MEXAHWKMN.

YPOBHU MHTerpaumm MexaTpoHHbIX CUCTEM

B KayecTBe OCHOBHOIO K/1acCU(PMKaLMOHHOIO Npu3Haka B MexXaTpOHWUKe MNpeAcTaBiseTcs
Lilen1ecoobpasHbIM MPUHATL YPOBEHb WMHTErpauuy COCTaBNAOWMX 3/1eMEHTOB. B COOTBETCTBUM C
3TVMM NPU3HAKOM MOXXHO Pa3fefiiTb MeXaTPOHHbIE CUCTEMbI MO YPOBHAM WM MO MOKOSIEHWUSAM, eCin
paccmaTpuBatb WX MOSIB/IEHWE Ha PbIHKE HAYKOEMKON NPOAYKUMM WUCTOPUYECKM. MexaTpOHHble
MOAYNW MEPBOr0 YPOBHS NPEACTaBNAKT COO0M 00bEANHEHUN TOMBKO [ABYX MCXOAHbIX 3/1EMEHTOB.
TUNUYHBIM NPYMEPOM MOZLYNA MepPBOro MOKOMEHUA MOXET CNYXWUTb “MOTOpP-peaykTop”, rae
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MeXaHWYeCKUiA pefyKTop 1 yrpasisemblii ABUraTeNlb BbIMYCKAOTCS Kak eAuHbIA (PYHKLNOHAbHBIIA
3N1eMEeHT.

MexaTpoHHble CUCTEMbl Ha OCHOBE 3TUX MOAYNei HaWM LUMPOKOE MNPUMEHEHWE Mpu
CO3JaHMN  Pas3/IMYHbIX CPeACTB  KOMIJIEKCHOW aBTOMaTu3auum npov3BoACTBa  (KOHBelepos,
TpaHCNopTepoB, MOBOPOTHbIX CTO/IOB, BCNOMOTraTe/IbHbIX MaHUMY/NATOPOB).

MexaTpOHHble MOAY/M BTOPOro YPOBHS NosSBUAUCL B 80-X rofax B CBA3W C pa3BUTUEM HOBbIX
3NEKTPOHHbIX TEXHO/OMIA, KOTOpble MO3BOMWAM CO34aTb MUHMATIOPHbIE AATYMKWU W 3NEKTPOHHbIE
6nokn ana o06paboTKM KX curHanoB. OObeAMHEHMe TMPUBOAHLIX MOAYNed C  yKasaHHbIMU
aNleMeHTaMu MprBesa K NosBIEHNIO MeXaTPOHHBIX MOAY/ el ABMXKEHNS, COCTaB KOTOPbIX MOIHOCTHIO
COOTBETCTBYET BBEAEHHOMY Bbllle OMNpefeieHnto, Korga AOCTUIHYTa MHTerpauus Tpex YCTPOMCTB
PasIMYHON PU3NYECKON MPUPOLLI: MEXaHNYECKNX, 3MEKTPOTEXHUYECKNX W 3M1EKTPOHHLIX. Ha 6ase
MEXaTPOHHbIX MOAYNeiA [aHHOro Kfacca Co3faHbl YNpaB/isemble 3HEPreTUYeckue MallWHbI
(TYypOVHbI 1 TeHepaTopbl), CTaHKM W MPOMbILW/IEHHbIE POBOTHI C YWUCMOBLIM MNPOrPaMMHbLIM
yrnpaeneHveMm. Pa3BuTre TPETbero NnoKoJeHWUss MEXATPOHHBIX CUCTEM 06YC/I0B/IEHO MOSIBNIEHWMEM Ha
PbIHKE CPaBHUTENIbHO HEAOPOrMX MUKPOMPOLLECCOPOB 1 KOHTPO/INIEPOB Ha X 6ase 1 HanpaB/eHo Ha
WHTENNeKTYaIn3aLmio BCeX MPoLLeCccoB, NPOTEKAOLLMX B MEXATPOHHOW CUCTEME, B NMePBYO O4epesb
- npouecca ynpaeneHus (YHKUWOHAIbHLIMU ABVMXKEHUAMWU MalLUMH U arperatoB. OAHOBPEMEHHO
naeT paspaboTka HOBbIX MPUHLMMNOB M TEXHONOMMIA U3rOTOB/IEHUA BbICOKOTOUHbIX U KOMMAKTHBIX
MEXaHWYeCKNX Y3/10B, a TaKXe HOBbIX TWUMOB 3/eKTpogsurateneii (B nepsByrd ouvepefb BbICOKO
MOMEHTHbIX, GECKONNIEKTOPHbIX U IMHENHBIX), AaTUMKOB 06paTHOW CBA3M M MHpopMaummn. CUHTe3
HOBBIX MPELM3NOHHBIX, MHPOPMALMOHHBIX N U3MEPUTESIbHLIX HAYKOEMKUX TEXHOOMIA AaeT OCHOBY
A/19 NPOEKTUPOBaHUS N U3rOTOBNEHMUS, UHTENEKTYa/IbHbIX MEXaTPOHHbIX MOoAynenh u cuctem. B
[a/IbHeliLeM MexaTpOHHble MaLlWHbI U CUCTEMbI 6YAYT 06beANHATLCA B MEXATPOHHbIE KOMIM/EKCHI
Ha 6a3e eauHbIX MHTErpaumoHHbIX M1aThopMm.

Llenb co3gaHns Takmx KOMMJIEKCOB - JOOUTLCSA COMETaHMS BbICOKOW MPOU3BOAUTENBHOCTU U
OJHOBPEMEHHO TMOKOCTM  TEXHWKO-TEXHONIOTMYECKOA cpefbl 3a CYeT BO3MOXHOCTM  ee
PEKOH(Urypaumn, 4YTo MNO3BOANT 06ECNeUnNTb KOHKYPEHTOCMOCOGHOCTb M BbICOKOE KayecTBO
BblMyCKaeMol NpoayKumMn Ha pbiHKax XXI Beka.

CoBpeMeHHble TEHAEHLMN Pa3BUTUS MEXATPOHHbIX CUCTEM

O6beMbl MUPOBOrO NPOM3BOACTBA MEXATPOHHbLIX YCTPOWCTB €XerofHo YBen4MBatoTCs,
oxBaTbiBas BCe HOBble chepbl. CerofHsi MeXaTpOHHble MOAY/MM U CUCTEMbI HaXOLAT LUMPOKOE
NPUMeHeHWe B criefytowmnx 06nacTsx:

—  CTaHKOCTPOeHMWe 1 060pyf0oBaHVe 4/ aBTOMaTU3aL MM TEXHONOMMYECKMX NPOLECCOB;

— po6oTOTEXHUKA( NPOMbILLSIEHHAsA U crieyuaibHas);

—  aBMaLMOHHas, KOCMUYEeCKas 1 BOBHHAs TEXHUKA;

—  aBTOMO6WNECTpoeHMe( Hanpumep, aHTUGIOKMPOBOYHbIE CUCTEMbI TOPMO30B, CUCTEMbI
cTabmnmsaummn aBMXeHNS aBTOMOOWNSA 1 aBTOMATUYECKON MNapKOBKK);

— HeTPaAMLMOHHBIE TPAHCMOPTHbIE cpeacTBa( 3N1eKTPoBeNoCUneabl, rpy30Bble TENEXKM,
3N1EKTPOPON/EPbI, UHBAJIMAHbIE KOMACKM);

—  oh1cHaa TexHMKa( HanpumMep, KONMpoBa/ibHbIe U (PaKCUMU/IbHBIE annapathbl);

—  3/1EMEHTbI BbIYUCNIUTENIbHON TEXHUKW (HanpumMep, NPUHTEPbI, MI0TTEPbI, AUCKOBOAbI);

— MeAMLMHCKOoe 060py0oBaHMe (peabnnmnTaumMoHHOe, KIMHUYECKOe, CEPBUCHOE);

—  ObITOBas TeEXHMKA (CTUpabHbIe, LUBEHbIE, MOCYLOMOEUHbIE N ApYrye MaLLUHBI);

— MUKpPOMaLLUKHBI (4NS MeAUUMHBI, BUOTEXHONOIMK, CPEACTB TEIEKOMMYHUKALNN);

— KOHTPO/IbHO-M3MepPUTE/bHbIE YCTPONCTBA N MALLUHBI;

— (hOTO- M BUAEOTEXHUKA;

—  TpeHaxepbl 411 NOLIOTOBKM NWUIOTOB U 0MepaTopos;

— LIOY-UHAYCTPUSA (CUCTEMbI 3BYKOBOIO U CBETOBOI0 OPOPMEHUS).

3afiaHvie: N3y4nUTb MeXaTPOHHbIE TEXHOIOMMYECKNE MaLLWHbI B MaLLMHOCTPOEHUN

JlnTepatypa:
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1. AHppeeB C.M., MapcyHknH b.H.: Pa3paboTka 1 MofenMpoBaHNe HEC/TOXKHbIX CUCTEM
aBToMaTun3aumMm ¢ y4eToM CrneummKn TEXHONOMMYECKMX MPOLECCOB: y4ebHOe nocobue ans CTya.
cped. npod). 06pa3oBaHus - M.: «M3aaTenbekuii LeHTp «Akagemus», 2016. — 272 c.

2. Wnwmapes B.KO. Tunosble 3M1eMEHTbI CUCTEM aBTOMATUYECKOro YnpaB/ieHUA:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesny LLnwivapes. — M.: 3gaTensckuin
LeHTp «AKagemusy», 2018. — 304 c.

3. BBefeHne B MexaTpoHUKY: B 2-X KH. YuebHoe nocobue / A. K. TyreHroneg, W. B.
Borycnasckuid, E. A. JlykbaHoB, B. B. MaptbiHoB, B. A. lepacumos, HO. b. MBauesny, H. @.
KapHayXxoB.

CnncoK Ncnosib30BaHHbIX MCTOYHUKOB

OCHOBHble Y4ebHble U3JaHUS:

1. AnekcaHgpoBckas A.H. ABTOMaTVKa: YY4eOHUK Anisi CTyA. YUpexXaeHuin cpe. npod.
o6pasoBaHus — 3-e u3g., cTep — M.: «M3gaTenbCckuii LeHTp «Akademus», 2018. — 256c¢.
2. LLinwmapés B.KO. ABTOMaTU3aLmMa TEXHOIOMMYECKMX MPOLECCOB : YY4eOHUK AN CTyA,.

yupexaeHuin cped. npod. obpasoBaHus — 3-e U3f., ctep — M.: «130aTenbCKnii LEHTP «AKaLeMus»,
2018. — 352c.

3. Wnwmapes B.FO. TwunoBble 3M1eMeHTbl CUCTEM aBTOMATUYECKOro YMpaB/eHus:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesny LLnwmvapes. — M.: 3gaTenbckui
LeHTp «AKagemusy», 2018. — 304c.

[ONoNHNUTENbHbIE YUYeBHbIe U3AAHUS:

4. lWnwmapes B.HO. ABTOMaTMKa: Y4eOHUK AN cped. npod. obpasosaHus / Bnagmmup
FOpbeBny LUnwmapes. — M.: N3patensckuid LeHTp «Akagemns», 2017. — 288 c.

5.Kenum HKO.M. Tunosble 3M1eMEHTbI CUCTEM aBTOMAaTMYeCKOro Yrnpas/ieHus. Y4debHoe

nocobve Ana CTYAEHTOB YUYPEeXAeHWI cpefHero npogeccruoHanbHOro obpasoBaHus. — M.:

®OPYM: MH®PA-M, 201, 384 c.: un. — (Cepus «IpodeccroHansHOe 06pa3oBaHe»).

6. MexatpoHuka: MNep ¢ anoH. / Ucum X., NHoys X., Cumosama U. n gp. — M.: Mup,

1988. — C. 318.

7. BBegeHve B MexaTpoOHUKY: B 2-x KH. YyebHoe nocobwe / A. K. TyreHronbg, W. B.

Borycnasckuii, E. A. JlykbsiHOB, B. B. MapTbiHOB, B. A. 'epacumos, 0. b. UBauesny, H. P.

KapHayxos, B. A. YepesateHko. Mog pea. A. K. TyreHronbga. — PoctoB H//[: N3aatenbekuii

ueHTp AI' 7Y, 2017.

8. KapHayxoB H. ®. DneKkTpomexaHUYeCcKmne 1 MexaTpoHHble cucTemMbl. — PocToB H//L:
®eHunkce, 2016. — 320 ¢. — (BblicLuee obpasoBaHme). — 3000 3ks3.
0. [Mogypaes HO. B. MexatpoHuka. OCHOBbI, MeTOAdbl, NPUMeHeHWe. — 2-e Wu3p.,

nepepab u gon. — M.: MawmnHocTpoeHue, 2007. — C. 256. — ISBN 978-5-217-03388-1

10. LWWaHgpos Bb.B. ABTomaTu3aums npou3BoacTea (MeTannioobpaboTka): YUebHUK Ans
Hay. npod. o6pasosaHus / b.B. LaHgpos, A.A. LanapuH, A.[. YypakoB. — M.:
N3patenbckuin LeHTp «Akagemusi», 2018. — 256 c.

MeToanyeckmne peKoMeHaaLMy No NPoBeAeHNI0 NabopaT OpHbIX 3aHAT WA




