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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 TakMX MPOKeCCMOHAIbHO 3HAUYMMbIX KA4ecTB, Kak CaMOCTOSTEeNIbHOCTb,
OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKAs WHMLUMATMBA MNPW PELUEHMM MOCTaBMIEHHbIX 3afady npu
OCBOEHUWN 0BLUMX KOMMETEHLWN,

B pesynbTaTte OCBOEHWUS MEXAUCUUMNIMHAPHOIO Kypca (OpMUPYIOTCA  Creaytolme
npogeccmoHanbHble (MK) n o6wpme (OK) KoMneTeHLmN:

MK 4.1 KOHTponMpoBaThb TeKyLLME NapaMeTpbl 1 aKTUYeCKe NoKasaTeNn paboTbl CUCTEM
aBTOMATU3aLMKN B COOTBETCTBUM C TPE60BAHMAMU HOPMATUBHO-TEXHYECKOM
[OKYMEHTALWN [151 BbISIBNIEHNSI BO3MOXHbIX OTK/IOHEHWIA.

MK 4.2 OcCyLLEeCTBNATb ANArHOCTUKY NPUYNH BO3MOXKHbIX HEMCMPABHOCTEN M 0TKa30B CUCTEM
ANA Bblbopa MeTO0B M CNOCO60B MX YCTPaHEHUS

MK 4.3 OpraHn30BbIBaTb Pab0Tbl N0 YCTPAHEHWUIO HEMONAA0K, 0TKA30B 060PYA0BaHUSA U
PEMOHTY CMCTEM B paMKax CBOE KOMMETEHLMN.

OK 01. [poaBnaTb rpaXaaHCKo-NaTPUOTUYECKYHO NO3ULMIO, AEMOHCTPMPOBATL OCO3HAHHOE
noBefeHVe Ha OCHOBE TPaAMLIMOHHbIX 06LLEYEN0BEYECKMX LIEHHOCTENA.

OK 02. CopfeincTBOBaTb COXPAHEHUHO OKPYXKAtOLLIEI Cpefibl, PECYPCOCOEPEXXEHMIO, SNDEKTUBHO
[eiCTBOBaTb B YPe3BbIYaNHbIX CUTYaLMSX.

OK 04. Kcnonb3oBaTb MH(OPMALMOHHBIE TEXHOIOMUI B NPOGECCUOHANBbHON AeSATENbHOCTH.

OK 09. MnaHMpoBaTh N peann3oBbiBaTb COBCTBEHHOE MPOECCUOHA/IbHOE U IMYHOCTHOE
passuTue.

OK 10. PaboTaTb B KONMEKTVBE 1 KOMaHAE, 3h(heKT1BHO B3aMMOAEINCTBOBATb C KO/IIeEraMu,

PYKOBOACTBOM, KNIMEHTaMW.

OK 11. OCYLLIECTBNATb YCTHYH M MUCbMEHHYH KOMMYHMKALIMIO Ha FOCYAapCTBEHHOM Si3bIKE C
YYETOM 0COBEHHOCTEN COLMANBbHOIO U KyNbTYPHOrO KOHTEKCTA.
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OpraHusaums 1abopaTopHOro 3aHATUA

JNabopaTtopHoe 3aHATUE JO/MKHO NPOBOAUTLCS B YHEOHbIX 1a60paTOpUAX UK CneLmaibHO
0060pyLOBaHHbIX  MOMeLLeHnax  (niowagkax, MnoaMroHax W T.n.) - nabopatopum
«ABTOMATMYECKOTO YNpPaBIeHNN».

B cootBetctBUM C TpebosaHuam ProC CrO 15.02.14 OcHauleHne cpeacTBaMm
aBTOMaTn3aumMM  TEXHOMOMMYECKMX MPOLLeCCOB M NPOM3BOACTB (MO OTpacnsam) peainsaums
MMNCC3  pomkHa obecneymBaTh BbIMOMHEHWE 0O6YYatOMMMCH NabopaTopHbIX 3aHATUIN,
BK/lOYaA KakK 06s3aTe/lbHbIi  KOMMOHEHT flabopaTopHble 3aHATUA (C  MCNONb30BaHWEM
MepcoHabHbIX KOMMbIOTEPOB).

BbinonHeHW0 1abopaTopHbIX 3aHATUI NPeALLIECTBYET NPOBEPKa 3HAHWI 06yYaroLmMXCs - UX
TEOPETUYECKON FOTOBHOCTY K BbINOTHEHUIO 3aflaHNS.

NabopatopHble  3aHATUA MOFYT HOCUTb PEnPOAYKTUBHBIA, YaCTUYHO-MOWUCKOBBIA U

MOWMCKOBBIN XapakTep.

PaboTbl, HOCALLME PenpoayKTUBHbLIA XapakTep, OTINYaKTCA TeM, YTO NPU UX NPOBEAEHUN
obyyarouimecs nosb3yrTcA MOAPOOHLIMUA MHCTPYKLMAMU, B KOTOPbIX YKasaHbl: Lenb paboTsl,
NosicCHeHNs (Teopusi, OCHOBHbIE XapaKTepucTukKn), 06opyaosaHune, annapaTypa, MaTepuasibl U nx
XapaKTePUCTUKN, MOPSLOK BbIMOMHEHMS PaboTbl, Tabnuubl, BbIBOAbI (6€3 (hopmMynMpoBKN),
KOHTPO/IbHbIE BOMPOCHI, y4ebHasa 1 cneuyanibHas nnutepaTypa.

PaboTbl, HOCALLME YaCTWUYHO-MOWUCKOBbLIN XapakTep, OTAMYalTCA Tem, 4YTO Npu  UX
npoBefeHNN obyvatowmecs He Mob3yTCH NOAPOGHLIMU MHCTPYKLUUAMMK, UM He [aH NOpsaoK
BbINO/IHEHNA HEOOXOAMMbIX [EACTBUIA, U OHWM TPEOYHT OT 06y4atoLMXCS CaMOCTOATENbHOr0
nogbopa 060pyaoBaHNs, Bbi6opa CNOCOGOB BbINOAHEHUS Pab0Tbl B WHCTPYKTUBHOW W
CMPaBOYHOW uTepaType u ap.

PaboTbl, HOCALIME MOUCKOBbIN XapakTep, XapaKTepu3ytoTcs TeMm, 4YTO OOyyaroLmecs,
OMMpasicb Ha MMEKLMecs Y HUX TeOpeTUYeCKMe 3HaHUS, AO/DKHbI PelnTb HOBYK A1 HUX
npob6nemy.

Mpn nnaHMpoBaHMWM  MPaKTUYECKUX 3aHATUA HEOOXOAMMO HaxO4UTb OMTUMasibHOe
COOTHOLUEHME PernpoAYKTUBHbIX, YaCTUUYHO-MOUCKOBBLIX U MOUCKOBBLIX paboT, YTOObl 06ecneynTb
BbICOKMI YPOBEHb MHTENNIEKTYa/IbHOMN LeATeNIbHOCTH.

dopmbl  opraHuzauMn obydyaroLMXca NpU  NPoBefeHWM N1abopaTOpHbIX — 3aHATUNA -
(hpoHTasIbHAA, rpynnosas n UHAUBUAYabHAS.

Mpy (poHTaNbHON (hopme oOpraHM3auMn 3aHATUIA BCe OOy4atowmecs  BbINOHAKOT
OJHOBPEMEHHO OfHY U Ty XXe paboTy.

Mpwv rpynnoBsoi hopme opraHn3aLmmn 3aHATUIA 0fHa 1 Ta >xe paboTa BbINOHAETCA bpuragamu
Mo 2 - 5 YesoBekK.

Mpn MHAMBMAYaNbHOW (hOpMe OpraHM3auMmn 3aHATUIA Kbl 06YYaroLMACS BbIMOHAET
VHAMBUAYabHOE 3aJaHue.

[ns NoBbILWEHNSA 3PPEKTUBHOCTM NPOBEAEHNA N1a60PATOPHbIX 3aHATUIA PEKOMEHYETCA:

— paspaboTka COOPHMKOB 3adad, 3aaHnii U yNpaxHeHWA;

— pa3paboTKa KOHTPOJ/IbHO-AMArHOCTUYECKMX MaTepuaoB AN KOHTPOSA 3a NOArOTOB/IEHHOCTHIO
obyvaromxca K nabopaTtopHbIX 3aHATUAM, B TOM YuC/e B (hopme Mefarornyeckmx TeCTOBbIX
MaTepuaioB 15 aBTOMAaTU3MPOBaHHOIO KOHTPONS;

—  MOAYMHeHMe METOAMKM NPoBeAeHUs 1abopaTopHbIX 3aHATUIA BeAYLUMM ANAAKTUYECKUM LIENSM C
COOTBETCTBYIOLLMMMN YCTAHOBKaMM 00y4aroLLMMCS;
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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.

Kaxxabli 006BbeKT 1MMeeT 60/bLLIOE KOMMYECTBO pa3/IMyHbIX CBOMCTB. B npouecce NocTpoeHus
MOZENN BbIAEeNA0TCA rNaBHble, Hanbonee CyLLeCTBEHHbIE, CBOMCTBA. Tak, MOAe/b camosieTa O/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 WCCMeayrtoT OOBLEKTbI M MPOLECChbl MOA PasHbIM YrIOM 3pPEHUS U CTPOAT
pasninyHble TUMbl Mogened. B (M3vke u3yyaroTCAa MPOLECCHI B3aVMOLEACTBUA W [ABMXKEHUSA
0OBEKTOB, B XMMUM - UX BHYTPEHHEe CTPOEHWE, B B1OOTUN - MOBELEHWE XUBbLIX OPraHn3MoB U T.4.

Hanpumep, 4enoBek, B pasHblX HayKax WCCNefyeTcs B paMKax pas3/iIyHbiX Mogeneid. B
pamKax MexaHWKW ero MOXHO paccMaTpuBaTb Kak MaTepuasibHYyH TOYKY, B XUMWUMW - KakK OOBLEKT,
COCTOAILLMIA U3 Pa3/IMYHbIX XMMUYECKMX BELLECTB, B GMOMOMMN - Kak CUCTEMY, CTPEMALLYHOCSH K
CaMOCOXpaHeHuto 1 T.4. C Apyroii CTOPOHbI, pasHble 06bEKTbI MOTYT OMMUCLIBATLCA OAHOW MOAESbIO.
Tak, B MexaHWKe pa3/iMyHble MaTepuasibHble Tena (0T NJaHeTbl A0  MECYUHKWM)  MOryT
paccMaTpuBaTbCs Kak MaTepuasibHble TOUKU. OAMH M TOT XKe OOBEKT MOXET MMeTb MHOXEeCTBO
MOZAENEN, a pasHble 06bEKTbI MOTYT ONUCbIBATLCSA OAHON MOAENbHO.

K OCHOBHbIM Npu3HaKaM Knaccugukaumm Mogenei, 0THOCATCA:

1. O6nacTb 1UCNoNb30BaHUA.

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

3. OTpacnb 3HaHWIA.

4. Cnocob npeacTaBneHns Mogaenei.

CoBpeMeHHOe TMOKO/IEHNe MeXaTPOHHbIX MalWH W CUCTeM, MpefHa3HaYeHHbIX A1
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
BpeMeHU, (DYHKLMOHNPOBAHNE B N3MEHSIFOLLMXCS U HeOMNPee/IeHHbIX BHELLUHMX cpefax.

Mpob6nemaTKa NOCTPOEHNA MaTeMaTUYECKUX MOZENe MeXaTPOHHbIX MallnH OnpejenseTcs
CefytoLWwmnMm OCHOBHBIMU MOJTOXEHUAMMU.

A. MHOromMepHOCTb CUCTEMBI.

B MexaTpoHHbIX CMCTEMax HOBOrO MOKOJeHMsi Hanboee pacnpocTpaHeHbl YHUBEPCa/IbHbIE
MeXaHu3Mbl, KOTOpble 0OeCcrneymBarOT YMNpaB/isgeMOe MepemMeLlleHe 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.

MHOroCBA3HOCTb CUCTEMbl O3HAYaeT, YTO [BUXKEHWE KaXKAOro 3BeHa KMHEMaTUYeCKM U
AMHAMWYECKU BIUSET HA LBUXKEHWE OCTa/IbHbIX 3BEHbEB. JJaHHOE B3aUMOB/IMSHWE NMPOUCXOAUT Yepes
MeXaHWUYecKoe YCTPOMCTBO, OOBEKT paboT M WUCTOYHMK 3Heprun. K ToMy >Xe Ansi MHOrmx
TEXHO/IOrMYECKUX 3afay napameTpbl BHELUHUX BO3LENCTBUM, MPUMIOXKEHHbIX K paboyeMy opraHy,
3apaHee He orpegeneHbl.

B. HenMHeNHOCTbL KOOpAMHATHOrO 6asuca.
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OnbIT MNPUMEHEHMSI NPOWM3BOACTBEHHbIX W  CheUManbHbIX MalWH C  TMOPUAHON 1
napanfefibHOM  KMHEMATUKOM  BbISBAM  CYLLECTBEHHblE TPYAHOCTM, KOTOPble BO3HUKAKOT Y
NHXXEHEPHO-TEXHUYECKOrO NepcoHana npu Mx yCTaHOBKe, NPOrpaMMMPOBaHUA M 06GCIYXMBaAHUN.
[MepeMeHHOCTb MapaMeTpPOB B HENMHENHbIX YPaBHEHUAX MOXET NpuMBOAMTL K MoTepe
yrpaBnsieMoOCTU CUCTEMON B 0COObIX (CMHIYNSipHbIX) KOH(Urypauusax. C  TOYKM  3peHus
nofnb30BaTens, HaumboNblIyr MPo6MeMy MPeACTaBNAT TpaHcopMauun OBVKEHWUA paboyero
opraHa 13 0606LLEeHHO CUCTEMbI KOOPAMHAT B AEKAPTOBYHO CUCTEMY. 3afaya ynpasnieHUs MallnHOW
COCTOMT B WCMOJIHEHUM >KENaeMoro [ABMXXEHUS paboyero opraHa, KOTOPbIA LieneHanpaB/ieHHO
AENCTBYeT Ha 0ObEKT paboT, UCMbITbIBaS MPU 3TOM CO CTOPOHbI BHELLHEV cpefbl BO3MYLLAKOLLEe
BO3feincTeme. [BMKeHMe paboyero opraHa Kak KOHEYHOro 3BEeHa MEeXaTPOHHOW MallWHbI
obecrneymBaeTcs B3aMMOCBSI3aHHbIMM MEPEMELLEHNAMN  UCMONHUTENbHLIX MPUBOAOB U 3BEHLEB
MeXaHM4YeCKoro yCTponcTaa.

I". HeoAHOPOAHOCTb 1 aHU30TPONMUSA CBOMCTB MALLINHbI.

MeXaTpOHHble ~ MaliMHbl  C  HEe/IMHEMHbIM  KOOpPAMHATHbIM ~ 6a3MCOM  OT/IMYatoTCA
HEOHOPOAHOCTbI0 XapaKTepUCTMK (KMHEMATUYECKMX, CKOPOCTHbIX, AMHAMWUYECKUX, YNpyrux) B
paboyeil 30He. ITO O3HAYaeT, YTO, HarpuMep, >enaemas CKOpPOCTb paboyero opraHa MOXEeT ObITb
AOCTUIHYTa TONbKO B OrFpaHW4yeHHOM 06nacTu paboyero npocTpaHcTBa. EcCnM 06bekT paboT
pacrosioXeH BHe 3TOM 061acTh, TO MallMHa He MOXXET BbIMOMHUTL 3a8flaHHYH TEXHOJIOMMYECKYHD
onepauuto. Pasnnume CBOMCTB MOXET NPOSBAATLCA HE TOMbKO B pa3HbIX TOUKax paboyeit 30Hbl, HO U
B pasHblX HanpasfeHWsX (aHU30TPONUA CBOWMCTB). AHU30TPONUS HaKNaAblBaeT CYLIECTBEHHbIE
OrpaHMyeHMsi Ha B3aMMHOE Pacrno/oXKeHne paboyero opraHa M 06bekTa paboT, Hanpumep Ha
COOPOYUHBIX Onepauunsx, rae TpedyeTca NPUNOXKMUTb BEKTOP CUJIbl B 33laHHOM HanpaB/ieHWUN.

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

Mporpamma  [OBMXKEHWUS  MEXATPOHHbLIX  CUCTEM  MNpeaycMaTpuBaeT  BbIMOSIHEHWE
(hYHKUMOHaNbHbIX ABWKEHWI MaLLMHON B MPOCTPAHCTBE N BO BpeMeHM. Heobxoanmo paccuntatb v
ONTUMM3MPOBATb TPAEKTOPUN [BUXKEHWNA BCEX 3BEHbEB B 00606LLEHHbIX KOOpAMHaTax M paboyero
opraHa - B [eKapTOBOM MpOCTpaHCTBe. [N1 BbINOMHEHWUA MPOrpaMMbl ABWKEHWUS BO BPEMEHU
[O/MDKHbI ObITb OMpeAeneHbl U peann3oBaHbl dKefaemble CKOPOCTU, YCKOPEHUS U pa3BuBaemble
YCUNns AN BCeX UCNONHUTENbHbIX MPUBOAOB CUCTEMBI.

XapaKTepHOW OCOOGEHHOCTbID MEXATPOHHBIX CUCTEM SB/ISETCA BO3MOXHOCTb pa3sfeneHus
3afay ynpaBneHus [OBWKEHWEM Ha MPOCTPAHCTBEHHYHD W BPEMEHHYHK. JTO O3Ha4aeT, 4To
TPaeKTopus MepemeLLleHns paboyero opraHa B NPOCTPaHCTBE M €ro KOHTYpHas CKOPOCTb MOryT
NNaHMPOBATLCA Pa3fenbHO UM C UCMOMNb30BAaHNEM Pa3IMUHbIX KPUTEPUEB ONTMMMU3aLUMK. Hanpumep,
A1 poOOTOTEXHOMIOrMYECKOTO  KOMM/eKca MexaHoo6paboTKu, nporpamMa nepemeLLeHns  u
OpMEHTaUMN MWHCTPYMEHTa B MPOCTPaHCTBE ONpedenseTca Mo reoMeTPUYecKoin  MoAenu
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
WHCTPYMEHTa, a TakKe TeXHWYECKMX BO3MOXHOCTEN MPUBOLOB WHCTPYMEHTA/IbHOW TOMOBKU 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 31€MeHTbl CUCTEM aBTOMATWUYECKOro YNpaB/eHUA:
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: «CTpYyKTypa MexaTPOHHOW CUCTEMbI aBTOMAaTMUYECKOIr0 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.
XO0TS BCe 3TW 3/1IEMEHTbI MOXXHO BCTPETUTL B FPOMAaAHOM KO/TMYECTBE TPaAULIMOHHOM TEXHMKM, BCe
K€ MOXHO BblAeNnTb psf MPU3HAKOB MEXaTPOHHOIO YCTPOMCTBA, K KOTOPbIM MOXHO OTHECTU
crnesyrowpe:
1. Hanmume vHTerpaumm cnefyowmx QyHKUMOHAIbHbIX 3IEMEHTOB:
-BbIXOAHOIN0 MexaHn4yeckoro 3seHa (BM3), BbINONHAIOWErO BHeELUHWE (YHKLUMM MeXaTpOHHOro
YCTPOWACTBA;
-[iIBAraTens BbIXOAHOI 0 3BeHa C MexaHu3MOM nepejauun AsuxeHna K BM3, npusoga BMS;
-yCUNUTeNs-npeobpasoBaTens aHeprumn nuTaHus asuratens (YTM3an);
-yCTPOCTBA LM(POBOro NPorpaMMHOro yrnpassieHuUs NpUBOAOM;
- WH(OPMaLMNOHHOW CUCTEMbI, KOHTPONMPYIOLLE COCTOSIHME BHELUHEro Mupa W BHYTPEHHUX
napameTpOB MeXaTPOHHOr0 YCTPOMCTBA.
2. MnHMMyM npeo6pa3oBaHnii MHopMaLumn 1 3Heprum (Hanpumep, NpsimMoe L1MpoBoe yrnpasieHve
6e3peyKTOPHbIM MPUBOLOM) - MPUHLMM MUHUMYMa Npeobpa3oBaHUii.
3. Vcnonb3oBaHWe OAHOIMO W TOFO >Xe 3/IEMEHTAa MEXaTPOHHOro YCTPOWCTBa A1 pean3auuu
HECKO/IbKMX (DYHKLMIA (Hanpumep, napameTpbl asurarens (Tok, npotmeo-34C) Ucnonb3yrTcs Ans
M3MEPEHUSA ero MOMEHTa U CKOPOCTU) - NPUHLMM COBMELLEHUS (DYHKLMWIA.
4. MNpoeKTUpoBaHMe (YHKLMIA pas/inyHbIX 3/1EMEHTOB MEXaTPOHHOr0 YCTPOMCTBA TakMMm 06pasomMm,
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 YCTPONCTBA - MPUHLMIM COBMELLEHUS KOPIYCOB.
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PucyHOK 1 - MpvHUMN NOCTPOEHUA MEXATPOHHON CUCTEMBI
YCTPOMCTBO KOMMbIOTEPHOIO YNpaB/ieHWst OCYLLECTB/ISAET CeAytoLLe OCHOBHbIE (PYHKLMN:
1. YnpasneHve NpoLeccoM MeXaHWYecKOro [ABMXKEHUS MEXATPOHHOro MOAYNS WM MHOMOMEPHOM
CUCTEMbI B peasibHOM BPeMeHU ¢ 06paboTKOW CEHCOPHOIN MH(OpMaLUN.
2. OpraHuszaums ynpaeneHus (PYHKUMOHA/IbHLIMA [ABVMXXEHUAMM MEXATPOHHOW CUCTEMbI, KOTopast
npeanonaraeT KOOPAWMHALMIO YNPaBNeHUs MeXaHWUYeCKUM [ABVXXEHWEM MEXaTPOHHON CUCTeMbl Y
CONYTCTBYIOLWMMM BHELUHUMW npoueccamn. Kak npaswio, Ans peannsaumn yHKUUM ynpasnieHus
BHELLHVMW NpOL,eccaMmn UCNOoSb3YHTCA AUCKPETHbIE BXOAbI/BbIXOAb! YCTPOCTBA.
3. BsanmogeiicTBue C 4enlOBEKOM-ONEepaTopoM Yepe3 MalUMHHBLIA UHTep(enC B pexunmax
aBTOHOMHOrO nporpaMmupoBaHns (pexxum off-line) n HemocpeACcTBEHHO B Mpouecce ABMKEHUA
MEeXaTPOHHOW cUCTeMbI (pexxum on-line).
4. OpraHm3auns obMeHa [AaHHbIMU C MepudepuiiHbIMK  YCTPOMCTBAMKM, CEHCOopaMu U ApYTUMK
YCTPOCTBamMM CUCTEMBI.

3afjayeil MexaTpPOHHOM CUCTEMbl ABASETCA NpeobpasoBaHMe BXOLHOW MHGopMaLuu,
MOCTYNaloLLEeNn C BEPXHEro YPOBHS YMNpaB/ieHWs B Lie/ieHanpaB/ieHHOe MeXaHWYeCKoe [BVXXKEHUE C
ynpas/ieHVeM Ha OCHOBE MPUHLMNA 06paTHONM CBA3W. XapaKTepHO, YTO 3MEKTPUYECKas 3Heprus
(rnapasnmyeckas, NHeBMaTNYeCKast) NUCMNONb3YETCA B COBPEMEHHBIX CUCTEMAX Kak MPOMeXyTo4Has
3HepreTnyeckas opma.

3aflaHune: COCTaBUTb CTPYKTYPY MEXATPOHHOM CUCTEMbI aBTOMaTUYECKOr 0 perynmpoBaHus.

Jlutepatypa:

1. AHgpeeB C.M., MapcyHknH Bb.H.: Pa3paboTka M MOAenmpoBaHMe HeCNOXHbIX CUCTEM
aBTOMaTu3aumMm € y4eToM CrneummKkn TEXHOMOMMYECKMX MPOLECCOB: y4ebHOe nocobue
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ANs CTyA. cpefd. npog. o6pa3oBaHus - M.: «M3paTenbCkuidi LeHTp «Akagemusi», 2016. —
272 c.

2. Wunwmapes B.KO. TunoBble 3/1€MeHTbl CUCTEM aBTOMATUYECKOro Yrpas/ieHUs:
YuebHuK ansa cped. npod. O6pasoBaHus / Bnagumump 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 KOMMbIOTEPa, eCcv pacCcMaTpuBaTb MX 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 (DYHKLMW, 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
MOrYT NPUHUMaTb CaMble pasHble ()OPMbl, a AManasoH BbIMOAHAEMbIX OMepauuin No nx obpaboTke
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 [aHHble Ha X0y, T.e. MO Mepe WX MOCTYNNEHWS W3 BHELUHEN cpeAbl, NpUYem
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pe3ynbTaT TakXke HeMeAneHHO OTNpaBAseTca MNony4vaTento, KOMMbIOTEp [O/MKEH 006nagatb
CNOCOGHOCTLIO, XOTS Obl BPEMEHHO, XPaHWUTb MPOMEXYTOUHbIE pe3y/ibTaTbl U ()parMeHTbl AaHHbIX,
KOTopble 06pabaTbiBalOTCA B TEKYLUMA MOMEHT BPEMEHW. Takum 06pa3om, KOMMbHOTEP AOMKEH
BbINOMHATL (PYHKUMIO XPaHEHUSI AaHHbIX XOTA Obl M Ha KOPOTKOe Bpems. HO B GOMbLUMHCTBE
CNy4yaeB 3TOro HefgoctaToyHo. OT KOMMbHOTEpPa Yalle BCEro TPebyeTcs BbIMOMHEHME (YHKLUN
[0NTOBPEMEHHOI0 XPaHeHUs [aHHbIX, KOTOpble MOryT 06pabaTblBaTbCsl UM OOHOBNSATLCA 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 KOTOPOM ")KMBET" KOMMbIOTEP, COCTOMT U3 YCTPOMCTB,
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 OMepauMoHHON 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 Nepejaveit AaHHbIX.

W, HakoHeu, BCe 3TW TpU (YHKUMN  AOMKHbI  BbIMNOMHATLCS B OMpPeAeneHHoMN
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
KOMMNbIOTEP MOCNeA0BATENbHOCTLIO KOMaHL — nporpammbl. B caMoM e KOoMMboTepe (yHKUWS
yrpaBneHnsi CBOAUTCS K pacnpefefieHnt0 PecypcoB M "AMpMKMPOBaHUIO" BbIMOHEHWMEM APYTUX
(hYHKLMIA B NpoLecce BbINOMHEHNUS KOMaHS, 3afjaHHbIX MPOrpaMMoi.

Ha aTom, camom 06LleM, YPOBHE aHanM3a MHOXECTBO OMepauuid, BbIMNOMHSAEMbIX B
KOMMbIOTEPE, MOXKHO Pas3fe/inTb Ha OrpaHUYeHHOe YMCOo 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 PYHKLMOHMPYET KaK YCTPOMCTBO XpaHeHWUs AaHHbIX (pucC.
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 [Ba BapuvaHTa BK/OYAOT 06paboTKy (NMpeobpa3oBaHWe) fAaHHbIX —
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 PACCYXXAEHUA MOTYT MOKa3aTbCA C/IMLLKOM Y)XX abCTPaKTHbIMUY, 06006LLEHHBIMM
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 MOACTPOVKM KOH(MIypauuy KOMMblOTepa MOZ 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 CTagum NPorpaMmmMmUpoBaHis, a He Ha CTagum NPOEKTMPOBaHUS.
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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
BHELLHEN Mo OTHOLUEHUIO K HEMY CPeAOoi Yepe3 CBA3W, KOTOPble MOXKHO pa3fenvTb Ha [ge rpynnbl
— 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 3n1eMeHT MH(OpMaLMOHHOR cpegpbl
Ha puc. 4 B camom 06LLeM BUe NpefcTas/ieHa BHYTPEHHAS CTPYKTYpa KOMMbIOTEPA.
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Puc. 4. BHYTpeHHAA CTPYKTYpa KOMMbIoTEPa

OCHOBHbIE KOMMOHEHTbI CTPYKTYPbI KOMMNbIOTEPa:

npoueccop- ynpasnseT (YHKLMOHMPOBaHMEM BCEM CUCTEMbI W BbINOMHAET (DYHKLMK
06paboTKM MH(hopmaL MK,

oriepaTMBHas MamsTb - XPaHWUT MPoOrpaMmbl U BCHO MH(OPMaUMio, HEOOXOAMMYIO A/ UX
BbINO/IHEHNS.

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

CUCTEMHbIE  BHYTPeHHWe  CBA3M (KOMMYHVKaLMOHHas  MOACUCTEMA) -  MeXaHW3M,
obecrieumBatolnini - 06MeH  MH(oOpMauUuen  Mexay BCeMWM  KOMIMOHEHTaMW  KOMMbloTepa—
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 (hyHKLUMM LOHKEH BbIMOMHATL npoLieccop?

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
aBTOMaTn3aumMm ¢ y4eToM CneummrKn TEXHONOMMYECKMX NPOLLECCoB: yyebHoe nocobue
NS CTyA. cped. npog. o6pa3oBaHus - M.: «M3paTenbCkuii LeHTp «Akagemusi», 2016. —
272 c.

2. LWvwmapes B.KO. Tunosble 3/1eMeHTbI CUCTEM aBTOMATUYECKOrO YrpaB/ieHUs: YUYebHUK
ansa cpeq. npod. O6pasosaHms / Bnagummp KOpbesny LUnwimapeB. — M.: M3gatensckuii
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 NHTEPQenc»
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:
Uenoseko-komnboTepHoe B3aumogeinctane (HCI) — 3TO M3y4yeHMe, NNaHUMPOBaHWE W

pa3paboTka B3avMOAENCTBUA MeXAY NoAbMU (NOMb30BaTeNsIMM) U KOMMNbOTEPaMM. 3a4acTyro ero
paccMaTpuBalOT Kak COBOKYMHOCTb HayKuM O KOMMbKOTEpax, OMXeBMOpM3Ma, MPOEKTUPOBAHUA W
Apyrux obnacteii mccnefoBaHus. B3aumopeincteve Mexay MoNb30BaTeI MU U KOMMbHOTEPaMM
NPOUCXOANUT Ha YPOBHE MO/b30BATE/NIbCKOr0 MHTepdeica (MM MNPoCcTOo MHTepdeica), KOTopbIi
BK/IIOYaeT B cebsi nporpaMMHOe W annapaTtHoe obecrievyeHue; Hanpumep, 06pasbl UM 06BLEKTHI,
oTobOpakaemble Ha 3KpaHax AWCNJIeeB, [aHHble, MOJMyYeHHble OT M0/b30BaTeNIs MOCPeACTBOM
annapatHbIX YCTPOWCTB BBOAA (TakMX KakK KnaBuaTypbl M MbIlK) W Apyrue B3avMOAENCTBUA
no/sib30BaTeNId ¢ KPYnHbIMW aBTOMaTU3MPOBaHHLIMWU CUCTEMaMW, TAKUMW KakK BO3AYLLUHOE CYAHO W
3NeKTPOCTaHUuS.

Accoumaums  BbIMUCNUTENIbHON TEXHUKU paccMaTpuBaeT B3aMMOAENCTBME YesloBeka W
KOMMNbIOTEPA KaK «AMCLMNINHY, 3aHMMAOLLYHOCA NPOEKTUPOBAHMEM, OLEHKOW M OCYLLECTBNEHNEM
paboTbl MHTEPAKTUBHBLIX BbIYMUC/IUTE/IbHLIX CUCTEM [N1S WCMO/b30BaHUA YeNIOBEKOM, a TaKke
M3yYeHNEeM  MPOMCXOAALMX  MPOLECCOB.» BaXHbIM  acMeKTOM  Ye/l0BEKO-KOMMbHOTEPHOMO
B3aVMO/eNCTBUA ABNsSieTC obecreveHne YLOBNETBOPeHUs nonb3oBaTener (cm. Computer user
satisfaction).

B cBA3M C Tem, 4YTO Ye/IOBEKO-KOMMbIOTEPHOE B3aMMOLENCTBME U3YYaeTCa Kak C
4e/IOBEYECKON CTOPOHbI, TaK U C KOMMbIOTEPHOW, TO 3HAHWA, NOMYYEHHbIE B XOLe UCCeL0BaHus,
OMMParTCA KakK Ha YenoBeyveckuii pakTop, Tak U Ha KOMMbIOTEPHbIA. C KOMMbIOTEPHON CTOPOHbI
B)XXHbl TEXHOMOTMM KOMMBIOTEPHOW rpaginku, OnepaLoHHbIX CUCTEM, A3bIKOB MPOrpaMmMmpoBaHims
N cpefbl pa3paboTkn. C 4enioBeYECKOM CTOPOHbI, TEopUs KOMMYHWMKauuW, rpajuyeckoe w
MPON3BOACTBEHHOE NPOEKTUPOBaHMWE, IMHIBUCTIKA, COLLMOMONNSA, KOTHUTUBHAsA NCUXOMIOMUSA 1 Takue
yesioBeyeckre (hakTopbl Kak YA0B/IETBOPEHNE MoNb3oBaTesNeid. Takke NMeeT 3HaUYeHNe NHXXEHepUs 1
NpoeKkTMpoBaHve. bnarogaps MeXAWUCUMNINHAPHOMY  XapaKTepy  4e/IoBEKO-KOMMbHOTEPHOIO
B3aVMO/eNCTBUA, NIOAM C pasHbIM YPOBHEM MOATOTOBKW BHOCAT BKfag B ero ycrex. WHorga
4e/I0BEKO-KOMMBbIOTEPHOE B3aUMOZENCTBME HA3bIBAOT KakK Ye/l0BEKO-MAlUMHHOE B3avMOAENCTBUE,
TaK ¥ KOMMbHOTEPHO-Ye/I0BEYECKOE B3aUMOLENCTBIE.

BaXXHbIM KpuTepreM SBNSETCA BHUMaHME K Ye0BEKO-KOMMbIOTEPHOMY B3aUMOZENCTBUIIO,
TaK Kak Mnoxo paspaboTaHHble WHTepgeicbl MOryT cTaTb MPUUUHOW MHOTUX HenpeaBUAeHHbIX
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npo6nem. KnaccuuyeckuMm npumepom 3Toro Aensetca asapus Ha ASC Tpu-Maiin-AineHg, rae B
X0fe paccrefioBaHusi OblI0 BbISIBIEHO, YTO, MO KpaliHe Mepe, YaCTUYHYHD OTBETCTBEHHOCTb 3a
KatacTpody HecéT Ha cebe NpoeKTUpoBaHMe UHTepdelica. Mogo6HbIM 06pa3oM, aBapun B aBuaLMm
BO3HMKA/IN BC/MEACTBME PELUEHUS MPOU3BOAUTENIE MCMO/b30BaTb HECTaHAApTHblE BO3AYLUHbIE
nprbopbl N/MNK pacrnofioXXeHve WTypBasa. XoTd npeanonarasocb, YTO HOBble KOHCTPYKLMKN 6onee
COBEPLUEHHbI KacaTe/lbHO OCHOBHOIO Ye/I0BEKO-KOMIMbIOTEPHOIO B3aUMOAENCTBMS, nuioTam 6bIno
npucylle «CTaHAapTHOE» PacrooXeHue W, TakMM 00pa3oM, KOHLENTya/lbHO Xopowlas uaes, He
MOB/IEK/IA XKENaeMble Pe3y/bTaTbl.

OCHOBHOI 3afayeil 4eNOBEKO-KOMMbIOTEPHOTO B3aMMOJENCTBUA  ABNSETCA  Y/yuLLEeHue
B3aVMO/ENCTBUA MeXAY YeNoBEeKOM M KOMMbIOTEPOM, Aenas KOMMNbHTepbl 60see ya06HbIMM
(t03abeibHbIMK) 1 BOCMPUUMUMBBLIMA K MOTPE6HOCTAM MOoNb3oBaTeNieil. B 4aCTHOCTH, YenoBeEKO-
KOMMbIOTEPHOE B3aUMO/ENCTBME 3aHMMAETCA:

- METOLO/0rNel 1 pasBUTHEM NPOEKTUPOBAHUA NHTEP(ERCcoB (T. €., NCX0AsA 13 TPeboBaHWiA 1
Knacca Mosib30BaTefiel, MNPOEKTUPOBaHME Hau/yyllero uHTepenca B 3afaHHbIX  paMKax,
onTMmu3aums nog  Tpebyemble CBOWCTBa, TakMe Kak 00y4aeMoCTb M 3()(heKTUBHOCTb
NCMo/b30BaHUSA);

MeToZamy peasm3aumn  MHTepdeincoB (Hanpumep, NPOrpaMMHbIE WMHCTPYMEHTapuu,
OM6IMOTEKM N paLMOHasIbHbIE aNlFOPUTMbI);

- METOAaMU A/15 OLEHKM U CPaBHEHWS TaKnX UHTeP(ENnCoB;

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

- PasBMTMEM OMUCATE/bHLIX U NPOrHO3MPYEMbIX MOAENEN;

- TEOpWeN B3aMMOJENCTBNS.

JlonrocpoyHoin 3afaveli Yen0BEKO-KOMMbIOTEPHOIO B3aMMOLENCTBUA ABNAETCH pa3paboTka
CUCTEMbI, KOTOpPasi CHU3UT Gapbep MeXAy 4enoBeveckor KOMHUTUBHOW MOZAENbH TOro, Yero OHu
XOTAT LOCTUYb Y MOHUMAaHNEM KOMMNbIOTePa NMOCTaB/IEHHbIX Nepes HUM 3aau.

Cneumasnctbl  YeNOBEKO-KOMIMbIOTEPHOrO  B3aMMOJENCTBUA — 3TO, Kak Mpaswno,
pa3paboTumKm, 3aHNMAKOLLMECH MPAKTUYECKMM MPYMEHEHUEM METOAMK pPa3paboTKM K peasibHbIM
BCEMUPHbLIM npobniemam. VX paboTa, 3a4acTyro, BpallaeTcs BOKPYr pa3paboTKu rpamyecknx- v
Be6G-MHTepdelicoB.

WccnefoBatein YenoBeKO-KOMIMbIOTEPHOIr0 B3aMMOAENCTBUSA 3aHUMAtOTCS Pa3BUTUEM HOBbIX
METOAMK MPOEKTUPOBaHWSA, MPOBEAEHNEM 3KCNEPUMEHTOB C HOBbIMW annapaTHbIMU YCTPOMNCTBaMM,
CO3JaHMeM MPOTOTUMNOB HOBbIX CUCTEM MPOrpamMMHOr0 o6ecneyveHns, N3y4eHNeM HOBbIX 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 UHHOPMALMK, HEKOTOPbIE U3 KOTOPbIX KOMMbIOTEPHbIE, MHOTUE
— HeT (K npuMmepy AOCKKW, OGNIOKHOTbLI, CTUKepbl, CTUKEPbl Ha MarHutax), 4ToObl MOHATL W
3(P(heKTVBHO BO3AENCTBOBATb Ha >XefaeMble M3MEHEHWs CBOero mupa. B 061acT KOMNbHOTEPHO-
NOAJEPXKMBAEMON COBMECTHOM paboThbl (aHrM.)PYCCK. aKUEHT AenaeTcd Ha MCMONb30BaHWe
BbIUMC/INUTENBHbLIX CUCTEM B MOALAEPXKKY COBMECTHOM paboTbl rpynnbl ogeid. [MpuHLUNbI
ynpaB/feHnsi KOMaHAHON paboToN pacLUMPSOT cdepy KOMMbHOTEPHO-NOAAEPKMBAEMO COBMECTHOM
paboTbl Ha OpraHM3aLMOHHOM YPOBHE W MOryT ObITb peann3oBaHbl 6e3  KCNONb30BaHWA
KOMMbIOTEPHbIX CUCTEM.

Co3faHne KayeCTBEHHOMO YeN0BEKO-KOMMbIOTEPHOrO MHTEp(elica, KOTOPbIA MOXHO Ha3BaTb
TOYKOM CBSI3M MEX[Y 4YeNOBEKOM W KOMMbIOTEPOM, €CTb KOHeYHas Lefb U3YyYeHWUs Ye/l0OBEKO-
KOMMbIOTEPHOIO B3aMMOLENCTBYS.

OO6MeH MHhopMaLmed MeXay Ye/IOBEKOM U KOMIMbIOTEPOM MOXHO OMpefenunTb Kak ysen
B3aVMMOZENCTBUA. Y3e/ B3aMMOAENCTBUA BK/OUAET B CeOS HECKO/IbKO acreKToB:

- O6nacTb 3afa4: yCnoBUA U LieNn, OPUEHTUPOBaHHbIE Ha M0/1b30BaTe/ls

- O6nacTb MalMHbI: cpefa C KOTOPO B3aMMOLECTBYET KOMMbIOTEP, TO eCTb HOYTOYK
CTYfleHTa B KOMHaTe B 0BLLEXUTUN KOJneaka
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- O6nacTn nHTepgelica: HerepecekatoLmecs 06/1acTy, KacatoLimecs NpoLeccoB YesioBeka U
KOMMbOTEPA, HE OTHOCALLMECS K Chepe B3aMOAencTBUA

- 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 B3aVMOLENCTBUA, NPOXOAALLME Yepe3 UHTep(enc, oLeHMBatoTCS,
MOLENVNPYIOTCS W MOATBEPXAAIOTCA, TaK KakK OHWM MNPOXOAAT OT YenoBeka yepe3 MHTepdeic K
KOMMbIOTEPY M 06paTHO.

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

Jlutepatypa:
1. AHppees C.M., MapcyHknH B.H.: Pa3paboTka 1 MOLeNMPOBaHNE HEC/TOXKHbIX CUCTEM

aBTOMaTU3aunMm C yYeTOM CneunpmKn TEXHOMOMMYECKMX MPOLECCOB: y4ebHOe nocobue ans CTyA.
cpel. npody. o6paszoBaHus - M.: «M3aaTeNibCKuii LeHTp «Akagemus», 2016. — 272 c.

2. Wnwmapes B.KO. TunoBble 3/1€MeHTbl CUCTEM aBTOMATUYECKOro Yrpas/ieHUs:
YuebHuK ana cped. npod. O6pasoBaHus / Bnagummp KOpbesny LUnwimapes. — M.: N3aaTensCcKuii
LeHTp «Akagemusa», 2018. — 304 c.

3. BBegeHve B MexaTpoOHUKY: B 2-x KH. YyebHoe nocobue / A. K. TyreHronbg, 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: U3y4nTb METO/bI YNPaBieHNst MeXaTPOHHbLIMU MOAYNSAMU U CUCTEMAaMM
Twvn ypoka — nabopaTopHOe 3aHATHE.

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

MocTaHoBKY NpobnemMbl 6yfem paccMaTpmBaTb 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 >XECTKME TpeboBaHMS, TaK KaK PeXumbl YrpaBneHus
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 MOAXOA0B, CTUMY/IMPOBaIM Pa3paboTKy M 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 MEXaHUYeCKUMU  ABVKEHUAMM  MeXaTPOHHbIX
cuctem. 3agava yrnpaBneHWst MalUWMHON COCTOUT B WMCMOMHEHWUW >KENaeMoro ABMXKEHWUS paboyero
opraHa, KOTOpbIiA LieneHanpasieHHO AEACTBYET Ha 0OBEKT paboT, UCMbITbIBAas MPU 3TOM CO CTOPOHbI
BHELUHEN cpefbl BO3MyLlatollee Bo3feicTeue. CnefgoBaTenbHO, B 06WEM Ciyvyae OObLEKTOM
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 B3aUMOAENCTBYET pabounii opraH.

Mpn 3TOM OTAeNbHble G/I0KM M YCTPOWCTBA MOrYT ObITb WHTErpvpoBaHbl B MeXaTPOHHbIE
mMoZynun. BKOYeHMe B pacCMOTPeHMe npouecca B3aMMOAENCTBMS paboyero opraHa M BHELUHUX
06beKTOB (Hanpumep, Ans onepauuii c6opkKu, MexaHoo6paboTKM, BOAOCTPYNHOW Pe3Kn) No3BONseT
OpraHun3oBaTb TEXHOMOMMYECKN OPUEHTMPOBAHHbIMA NPOLECC YrPaBNeHUs, YUMTbIBAIOLWMIA XapaKTep
M cneunguKy JaHHOrO B3aMMOLEVCTBUS B KOHKPETHO MOCTaB/IEHHOW 3afaye. YKa3aHHasa CTPyKTypa
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06beKTa ynpas/eHns onpegenseT TpeboBaHWsA M MOCTAaHOBKY 3afayun YrpasieHUs MexaTpOHHbIMU
cucTemMaMmn paccMaTpuBaeMoro kKnacca. O4YeBMAHO, YTO BOCMPOM3BEAEHME 3aflaHHbIX [ABUXXEHWIA
MEXaTPOHHLIMU MOAY/ISIMA  OCHOBbLIBAETCH Ha BbIMOMHEHUM KIACCUYECKMX TpeboBaHW Teopumn
yrpaBneHns: yCTOMUYMBOCTM, TOYHOCTM M KayecTBa npouecca yrnpasneHus. Of4HaKo AOMNOMHUTENBHO
HEeo6X0AMMO YUnTbIBATb CrefytoLme creunpruyeckne 0CO6eHHOCT MEXATPOHHBIX CUCTEM:

1. [BvXeHne paboyero opraHa Kak KOHEYHOrO YnpaB/iseMoro 3eHa obecrneynBaeTcs
B3aMMOCBSA3aHHbIMM  (KMHEMATMYeCKM WM AMHAMUYECKM)  MepeMeLeHusMU  HECKObKMX
MCNONHUTENbHBIX MPUBOLOB M 3BEHbEB MEXAHWYECKOr0 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. €. orpefenieHbl U peasin3oBaHbl Xenaemble CKOPOCTH, YCKOPEHUS 1 pa3BuBaeMble
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. CNOXHOCTb MOCTPOEHUA afieKBaTHbIX MaTeMaTUYecKUX MOAEeNel MeXaTpPOHHbIX
CUCTEM TPAAWLMOHHBIMW aHaIMTUYECKUMU MeTogaMn (OCOBEHHO MPELM3NOHHBLIX MHOMOCBA3HbIX
CUCTEM, BK/IOHAKOLWMX AMHAMUYECKYHO MOAE/b TEXHOMOMMYECKOro npoLecca).

CTPYKTYPHO MeXaTpOHHble CUCTEMbl SABAAKOTCA MHOMOMEPHbIMW U MHOTOCBSA3HbIMMU
cuctemamu. Pa3mMepHOCTb 3afadun ynpasieHns B MeXaTPOHUKe OrnpeaensieTcs Ync/ioM He3aBUCcUMO
ynpas/isemMbIX MPUBOAOB CUCTEMbl. B cryyae o6Liero mMexaHuamMa WCXOLHO 3afaeTcs KelaeMoe
[BVKeHVe paboyero opraHa, a peasmsyeTcsi OHO COBOKYIMHbIMU MepeMeLLeHNSMUN BCEX 3BEHLEB.

OTctofja BO3HUMKAKOT creuuasbHble MaTeMaTUYecKue, airopuTMUYECKME U TEXHUYECKME
3alaun ynpas/eHus.

[na nnaHMpoBaHWS 3afaHHOr0 [BWKEHUS MEXaTPOHHOW CUCTEMbl HEeOOXOAMMO pPeLunTb
obpaTHyt0 3afadyy O MOMoXKeHUM MexaHudMa. CyTb [AaHHOM 3afayu COCTOMT B OnpefeneHuu
TpebyembIX NepemeLLeHNIn 3BeHbEB CUCTEMbI MO 38laHHOMY 3aKOHY [BUXKEHWS paboyero opraHa.

Mpo6neMHbIM  ABMSETCA BOMPOC OpraHu3auuy  06paTHbIX CBA3el Mpu  ynpas/ieHUu
MHOr03BEHHbIMW  MEXaTPOHHLIMU CUCTEMaMK. TeXHUYeCKM Haubosee MNPOCTO YCTaHaBNMBaTb
[aTUMKM MOJIOXKEHMS U CKOPOCTY B NPUBOAHBLIX MoAynsx. OfHaKo 3aTeM HeOOXO0AMMO BbIUYUC/IUTD B
pea/lbHOM BpeMeHU (haKTU4YecKoe nepemeLleHne paboyero opraHa. MpuyeM 3TOT KOMMbHOTEPHBIIA
pacyeT TpebyeT MOCTPOEHUS afeKBaTHOM AMHAMWYECKOW MOMENM CUCTEMbl C Y4YETOM BeCbMa
C/IOXHbIX A4N151 aHIMTUYECKOMN OLEHKN (haKTOPOB:

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

MEXaHWYeCKNX nepegadax, NorpeLuHoCTein N3roToBeHNSt 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 Havy4LLIMM BapMaHTOM C TOYKM 3pEHMSt 4OCTOBEPHOCTY NOMYYaeMOn MH(opMaLmm
0 (haKTUYECKOM [OBVDKEHUW SABNSIETCA YCTAHOBKA [aTUMKOB HEMOCPEACTBEHHO Ha paboumii opraH.
Mprmepamm Takoro NoAxXoAa MOryT CYXWTb:

. MPVUMEHEHNE CUCTEM TEXHUYECKOTO 3PEHMA A1 OMNpPeAeneHns MoNoKeHUs paboyero
opraHa 1 06beKTOB B paboyeil 30He (HarnpyMep, Ha C60POYHbIX onepalmsx);

. 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 nNpu GbICTPbIX TPAHCMOPTHBIX NEPEMELLEHMAX.

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  pa3feneHns 3afad  nporpaMMHOr0  ynpasieHus
ABVDKEHVMEM Ha MPOCTPAHCTBEHHYHD M BPEMEHHYK. ITO 03HAYaeT, UTO TPAEKTOpPWs MepeMeLLeHNs
paboyero opraHa B MPOCTPAHCTBE M ero KOHTYpHas CKOPOCTb MOrYT MIaHMpPOBaTbCs PasfefibHo C
MCNONb30BaHMEM pPa3MYHbIX KPUTEPUEB ONTMMM3aUMW. Hanpumep, AN po60TOTEXHMYECKOrO
KOMM/MEKca MexaHoobpaboTKM nporpaMMa MepemMeleHns U OpUeHTauMn WHCTPYMeHTa B
NPOCTPaHCTBE OnpefdenseTca Mo rpaguyeckon mogenn o6pabaTbiBaeMO AeTain B CUCTEME
AutoCAD, n16o 3afaHMeM OMOPHbIX TOYEK B pexxmme 06y4veHumsi. CKOPOCTb [ABVMXKEHUS 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 MPUBOLOB WHCTPYMEHTa/IbHOW FOMOBKM WM MaHMnynsTopa. OnTuMuM3aumio 3akoHa
ABWKEHUSI  TEXHOMOMMYECKOM MalluMHbl BO BPEMEHM 00bIYHO MNPOBOAAT MO  KPUTEpPUSM
NMPOM3BOAUTENILHOCTIN, TOYHOCTM 06PabOTKM, a TakkKe MO 3KOHOMWUYECKMM N KOMOUHMPOBAHHLIM
nokKasarensm.

3agaHue: N3yunTb METOAbI YNPaBIeHNs MeXaTPOHHbIMI MOAYNSMU 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.: «3aaTenbCKuii LeHTp «Akagemus», 2016. — 272 c.

2. Wnwmapes B.KO. Tunosble 3M1eMEHTbI CUCTEM aBTOMATUYECKOro YMnpaB/ieHUA:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesny LLnwivapes. — M.: 3gaTensckuin
LeHTPp «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. @.
KapHayXxoB.

JTabopaTtopHas paboTta No7
Tema: «MpUHUMNbI NOCTPOEHUS CUCTEM MHTENNEKTYa/IbHOIro yrnpaB/ieHUs
B MeXaTpoHNKe»
Llenb paboTbl: M3y4nTb MNPUHLUWMNLI MOCTPOEHUS CUCTEM WHTENNEKTYalbHOro yrpaB/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 TEXHUYECKUMM CUCTEMaMK, KOTOpasi OYeHb OTYET/IMBO
MPOSIBNISIETC B MEXATPOHWUKE KakK OAHOW M3 MepeaoBbiX HayyHO-TEXHWUUYECKUX 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 MHTENNEKTYa/IbHOrO YNpaB/eHUs paccMaTpUBaeMoro 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 alanTnpoBaTb (NpucrnocabnmBaTb) CTPYKTYPY W 3aKOHbl [ABUXEHWS

MEXaTPOHHOW CUCTEMbl K W3MEHSIOLUMMCA YCNOBUAM BHELUHEN Ccpefbl W BO3MYLLAKOLLUM
BO34eMCTBUAM;

. CMOCOBGHOCTb CUCTEMbl YMNPaBfieHUsi K CaMOOOYYEHWMIO W HaKOMMIEHUKO 3HaHWU/ B
npouecce [AeWCTBUMA YNpPaBiseMON MalUMHbI M WX WCMOMb30BaHWE B MOCNEeAYHOWNX 3afavax
ynpasneHns;
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. NPUMeHeHWe NpoLefyp ONTMMM3ALMK Ha 3Tanax NiaH1MPoBaHMs, NPOrpaMMMPOBaHNS
W UCMOHEHMS BCEX (PYHKLMOHAMBHBIX ABUXXEHWIA MaLLWHbI;

. OLleHKa Ka4yecTBa BbIMO/THAEMbIX ABVXXEHWUIA 1 AMarHOCTMKA (DaKTUYECKOro COCTOSIHMSA
ynpaBnseMoi MallVHbl U NPOTEKAKOLWMX NPOLIECCOB B PeaslbHOM BPEMEHN;

. 3PPEeKTMBHOE B3aMMOAEINCTBME C Ye/I0BEKOM-ONepaTopoM, WCMOMb30BaHME €ero
WHTENNEKTa KaK 3KCrepTa 1 HaBbIKOB NPV NMaHNPOBaHWUMW AENCTBUIA MaLLINHBI;

. NepPapXUYHOCTb  CTPYKTYPbl  CUCTEMbI C  YETKUM  BbleNleHNeM  (YHKLWIA,
NH(OPMaLMOHHOIO 06ecrneyeHns U 06paTHbIX CBSA3EN AN KaXKAO0ro YPOBHS YNpaBNeHUs;

. rmbkoe B3aMMOAENCTBME pacnpefeneHHbIX NOACUCTEM Yepe3 KOMMbHTEPHbIE CETU
AN OCTVKEHNA 0OLLMX NS BCE CUCTEMbI LIENed YnpaBieHus;

. MOBbILLEHHbIE NOKa3aTeNn rMbKOCTHN, POBACTHOCTM M TOYHOCTM YNpaBNeHNS.

Wepapxunueckas CTPYKTypa — 3T0 MHOTOYPOBHEBbI HAb0pP B3aVMOLENCTBYHOLLMX MOACUCTEM,
KadK[as U3 KOTOPbIX OTBETCTBEHHA 3a peLleHne OnpeaeneHHo 3agaum 1 UMeeT LOCTYN K CEHCOPHOW
MHhopMaL 1, HeoOX0AMMON 415 peLLeHNs 3a4ady YrpaBieHus JaHHOTO YPOBHS.

B coBpemMeHHbIX MeXaTpOHHbIX CUCTEMAX, KakK MpaBuso, UCMOb3YeTCa nepapxus «CBepxy —
BHW3», KOTAa HYKHWIA YPOBEHb MOSIHOCTHIO MOAYMHEH BbILLECTOALLMM.

PacCMOTpUM  MepapXui0  YrpaBieHWs, TUMWYHYKO [19 MEeXaTpOHHbIX (B 4acTHOCTH,
po6OTOTEXHUYECKMX) cucTeM. [aHHas CTPYKTypa Oblna npefnoXxeHa B paboTax akagemuka E. 1.
MonoBa. BbigensatoTcs 4eTbipe YPOBHA  YMNPaBNeHUA:  WUHTENNEKTYaNbHbIA, CTpaTermyeckuii,
TaKTUYECKWI 1 UCMONTHUTENbHBIN (puc. 1).

NHTennekTyanbHbIM YPOBEHb — BbICLUNIA YPOBEHb YNpaB/eHns B cucTeMe. HasHaueHme aToro
YPOBHS — MPUHATUE pPELLeHWA O [BMDKEHUM MEXAHWYECKON CUCTEMbl B YCMIOBUAX HEMOJIHOM
MH(opMaumMn 0 BHeLIHel cpefe M obbekTax paboT. Hanpumep, paccMOTpMM CUTYauuto, Korga
MOOM/IbHBIA  POBOT NpW  [ABMXKEHUM B TPybOMpoBOAe MNOMAYyYaeT WHAOPMALMIO OT CUCTEMbI
TEXHWYECKOr0 3peHNs O Hanyumy MpensaTcTBus. BO3MOXHbIE CrefytoLive NOCTaHOBKW 3ajayu

[BVDKEHUS:
. OCTaHOBUTb [ABMXKEHME N BEPHYTLCSA B UCXOAHYHO NO3ULMIO;
. ONpeaennTb TUN U XapakTepUCTUKM NPensTCTBUS U YopaTb 06HaPY>KEHHbIN 00bEKT;
. 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 YNpaBieHUs NpefHasHayeH Ans NNaHWPOBAaHWS  [ABVKEHWIA
MeXaTPOHHOW cuCTeMbl. MnaHMpoBaHWE ABVXXEHWIA NpeanonaraeT pasdueHne 3agaun ABUXKEHWS,
MOCTaBNEHHON UHTENNEKTYaslbHbIM YPOBHEM, Ha MOC/eA0BaTE/IbHOCTb COrNIACOBaHHbLIX BO BPEMEHM
3M1eMEeHTapHbIX AECTBUMIA 1 hopMann3auyto Lieneii ynpaBneHns ans KKAoro u3 aTux AeiCTBUiA.
MpyMepammn 3neMeHTapHbIX AeACTBUIA MOBUIBLHOTO PO6GOTA MOXKET CNYXXUTb:

. BbIBO/, pab04ero opraHa B 3aaHHyH No3uLuIo;

. 3axBaT NpeaMeTa;

. TECTOBOE ABVXKEHVE N5t ONPeeneHns CU peakLymn Co CTOPOHbI 06bEKTA;
. TPaHCMOPTMPOBKA 06bEKTA M BO3BpPALLiEHME Po6OTa B MCXOAHYHO MO3ULWIO.
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Puc.1l. YpoBHM ynpaB/ieHns B MEXaTPOHHbIX CUCTEMAX

dopmanuzaumsa Ueneii ynpasreHUs 03HA4YaeT, YTO A1 KaKAOro W3 3MeMeHTapHbIX [AelCTBUN
[O/MDKHbI ObITb 3anucaHbl MaTeMaTuyeckue COOTHOLLEHWS, BbIMOSIHEHME KOTOPbIX 06ecrneynBaert
yCrnewHoe BbINOMHEHWE AeNCTBUA. [N18 TeXHOMOrMYyeckux poboTOB Ha CTpaTermyeckoM YpOBHE
peLuaeTcs 3aa4ya reOMeTpUYECKOro MnaaHMpoBaHUsA ABUKEHNSA paboyero opraHa.

CTpaTernyeckunin ypoBeHb BblAaeT MHPOPMALMIO O NNaHe ABUXKEHWUA U LeNisX ynpasneHns B opme
KOMaHf, yrnpasneHus ABVKeHVEeM. BaXKHO NOAYepKHYTb, UTO CTPYKTypa U (opmMaTbl S3bIKOB
yNpaB/ieHNs ABUXXEHNEM CYLLECTBEHHO OT/INYAKOTCA OT YHMBEPCA/IbHbIX A3bIKOB NMPOrpaMMMpoBaHnA
(tTuna C++, MNackanb ¥ T. N.), XOTSA OTAe/bHbIE OMepaTopbl MOTYT coBMnagath (Hanpumep, oneparopsbl
3afjaHnsA LMKa 1 IOTNYeckme QyHKuun).

TakTUYeCKNA  YPOBEHb BbINOJIHAET — Mpeobpa3oBaHMe  KOMaHZ  YMNpaBleHUs  [ABUKEHWEM,
MOCTYMNatoLmMX CO CTpaTermyeckoro YPOBHS YMpaBfieHWs, B Mporpammy Ynpas/ieHUsi, KOTopas
OrnpefensieT 3aKkOHbl COrnacoBaHHOrO [ABVKEHWS BO BPEMEHM BCEX 3BEHbEB MeXaHW4eCKOoro
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/aeMbIM [eKapTOBbIM KOOPAMHATAM XapaKTepuCTUYECKON TOUKM CXBaTa.
[ns aTOro fo/mkHa 6bITb peLleHa obpaTHas 3agada 0 NoOXKEHUN MaHUNyNATopa.
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[ns ynpaBneHns CKOPOCTbHO [ABMXKEHWSA MpOrpammMa yrnpaBieHUs CTPOUTCSA KakK pe3ynbTaT peLleHns
06paTHON 3afa4n 0 CKOpOCTM paboyero opraHa. [ns peanvsaumm AaHHbIX anropuTMOB YCTPOMCTBO
KOMMbIOTEPHOIO YNPaBMeHUS AO/MKHO BbINOMHATL B peaslbHOM BPEMEHW CMeAytoLlne OCHOBHbIE
MYHKLMK:

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

npvem un 06paboTKy WH(OPMaUMM OT [aTYMKOB MOMIOXKEHUA MaHWNyNATopa 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.

CNONHWTENbHbIN YPOBEHb YNPaBAeHNs MNpefHa3HayeH A1 pacyeTa WM Bblgaun YrpaBAsHLLMX
CUrHaN0oB Ha 610K MPUBOAOB MEXATPOHHOM CUCTEMbI B COOTBETCTBUM C NPOrpaMMOin yrpaBneHus ¢
YUYETOM TEXHUYECKMX XapaKTEPUCTUK CUOBbIX NMPeobpasoBaTenei.

[ns nepapxmyecknx CUCTeM YNpaB/ieHNs B MEXaTPOHWKE AeNCTBYET NPUHLMAM, COracCHO KOTOPOMY
No Mepe MPOABVMXEHMSI OT BbICLUMX K HU3LWIMM  YPOBHAM  YMpaBfeHWs  MOHMXKAeTCs
WHTENNEKTYalbHOCTb ~ CUCTEMbI, HO  MOBbILIAETCS €e  TOYHOCTb. [lpy  3TOM  noj
NHTENNEKTYaNbHOCTbIO» MOHMMAETCA CMOCOOGHOCTb CUCTEMbI NPMOGPETaTb ChelnanbHble 3HaHWS,
MO3BONAIOLME YTOUYHMTb MOCTABNEHHYK 3afavyy W OMpeaennTb MNyTW €e pelleHns, a nof
«HETOYHOCTbIO» — HEOMPEAENEHHOCTb B OMepaumsaX No PELLUEHNIO JaHHON 3adaun.

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

3afiaHne: 13yymTb NPUHLKNLI NOCTPOEHUA CUCTEM WHTENEKTYa/IbHOrO YNpaBsieHns B
MexaTpoHU1Ke

Jlutepatypa:

1. AHppeeB C.M., MapcyHknH b.H.: Pa3paboTka 1 MofenMpoBaHNe HEC/TOXKHbIX CUCTEM
aBToMaTtun3aumMm ¢ y4eToM CrneummKkn TEXHONOMMYECKMX MPOLECCOB: y4ebHOe 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 KOpbesny LLnwmvapes. — M.: 3gaTensckuin
LeHTp «AKagemusy», 2018. — 304 c.

3. BBefeHne B MexaTpoHMKY: 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
YCTPOICTBA YMpaB/feHNs COCTOMT B 06ecrneyeHny 3afaHHbIX TpPeboBaHWn MO YCTOWYMBOCTH,
TOYHOCTU W Ka4yecTBY MEPEXOAHbLIX MPOLECCOB B CUCTEME MPWU [LOCTVMDKEHUU Lenn ynpasneHus
[BVDKEHVEM, KOTOpas MOCTYMaeT C TaKTMYeCKOro YpPOBHA ynpasieHus. [pyv 3TOM Heob6Xxogumo
YUUTbIBATb CMELUpMKY MeXaTPOHHbLIX 0ObEKTOB YNpaB/eHUs.

CTpyKTypHasa cCxema CUCTeMbl YrMpaBfeHWs [ABUMXXEeHWEeM, peannsyemas  TUMOBbLIM
KOHTPON/IepoM, MpefcTaBfeHa Ha pucyHke 1. B cocTaB CUCTeMbl BXOAAT MNATb OCHOBHbIX
perynaTopos: perynatop nonoxexus (PI1), perynatop ckopoctu (PC), perynsatop MOMeHTa CUJT Un
cunbl (PM), perynatop npsAMoi CBA3M MO CKOPOCTU W3MEHEHWS YNpaB/AoLWero BO3Le/CTBUS
(PMCC) 1 perynsTop KOPPEKTUPYHOLLIEN CBA3M NO BO3MYyLLatoLemy Bo3aelicTeuto (PCBB).

BXoaHbIMY BO3LeACTBUAMM NS CUCTEMbI MOTYT ObITb B 3aBUCMMOCTW OT NMOCTaB/IEHHON LieNn
yrpaBneHus yrnpaensatoLme CUTHaIbl MO MOMIOXKEHUIO (n, CKOPOCTU (c, NM60 MO pas3BrvBaEMOMY
ycunuio dy. B cucteme peanusyetcd NPUHUUN 3aMKHYTOro YnpasneHWs, YTo MpefycMaTpuBaeT
Ha/IM4Me COOTBETCTBYIOLLMX 06paTHbLIX CBSA3E MO (Pa30BbIM KOOPAMHATAM CUCTEMDBI.

Hanbonee obwmm sBnsetca anroput™ MULO-perynnpoBaHns, 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 yrnpasneHus (MOI0XKeHWs, CKOPOCTM UM MOMEHTA). B KOHKPETHbIX Cy4vasx HEKOTOpbIE U3
TUX KOSMMULMNEHTOB MOXHO MOMOXUTb PaBHbIMUA HYMHO, (PAKTUYECKU MPUMEHSAS YNpOLLeHHble
anroputMbl ynpasneHus (M-anroputm, MA-anroput™ n T. 4.).

TpafVUMOHHBIA  NOAXOA4 NPeAycMaTpuBaeT, UTO CTPYKTypa W KOI((UUMEHTbI BCEX
KOPPEKTUPYIOLMX YCTPOICTB OMNPeSensatoTcsa Npu NpPoeKTUPOBaHUM CUCTEMbI U fanee OCTatoTCs
(PMKCMPOBaAHHBLIMW B MpoLecce ee aKcnjyarauun. B COBpeMeHHbIX CUCTeMax ynpasneHus Bug U
napameTpbl PerynsTopoB aBTOMaTUYECKU MOAUMPULMPYIOTCA B 3aBUCMMOCTY OT Lie/IN KOHKPETHOro
[BVDKEHVS U YCNOBWiA, B KOTOPbIX OHO (DaKTUYECKM OCYLLECTBNSAETCA. ITO MO3BOMSET afanTUpoBaTh
(npucnocobuTb)  ABWXKEHME MEXATPOHHOM CUCTEMbl K  Haya/lbHOM  HeonpeaeneHHOCTU ©
M3MeHsIOWMMCA ycnoBuaM paboTbl. Cnegys nogxogy npod. #A. 3. LibinkuHa, agantaums, no
CYLL,ECTBY, €CTb ONTUMM3ALWSA B YCNI0BUAX HELOCTATOYHOMN anpuopHO MHopmaLum.

AjanTvBHas HaCTpoMKa perynsTopoB HeobXxoAauma, €ecnv  BBefeHHble OTpuuaTe/lbHble
obpaTHble CBA3N B UCMOIHUTE/IbHBIX NMPUBOLAX HE CMOCOOHbI NapypoBaTh BANAHME BO3MYLLAOLLMX
BO3JENCTBUIA N M3MEHEHUA NapameTpoB (M, BO3MOXHO, CTPYKTYpbl) 06beKTa ynpaB/ieHus, KOTopble
BbI3bIBAlOT HEAOMYCTUMOE CHUKEHME NOKasaTe/ei KauecTBa ynpasisemMoro ABvXeHns. PaspaboTumk
[O/MDKeH oTAaBaTb cebe OT4eT B TOM, YTO afanTWBHblE PerynsaTtopbl MO CPaBHEHWUIO C
TPaAVLMOHHBIMW, UMEIKOT CYLLECTBEHHO G0/iee CNOXHYIO CTPYKTYPY M TEXHUYECKYHO peansauuio,
NX MPOEKTUPOBaHKE TPebyeT peLLeHns Lenioro psga TeopeTUYecKnx npobaemM ynpasneHus. MNoatomy
peLLeHve 0 NPUMEHEHNM afanTUBHOIO Perynsatopa B MEXaTPOHHbIX CUCTEMaX aBTOMATM3MPOBAHHOMO
MaLLUMHOCTPOEHUSA [O/MKHO ObITb 0053aTe/IbHO TEXHOMOMMYECKN U TEXHUYECKM 060CHOBaHO. 3aKOHb!
HaCTPOWKM PerynsaTopoB OnpeLenstoTcs M60 HabopoM afiropuTMOB 1 MPasus, CHOPMYIMPOBaHHbLIM
pa3paboTUMKOM Ha 6a3e MUMEOLLErocs onbiTa, MM60 Ha OCHOBAHMW 3HaHWIA, HAKOMMEHHbLIX CamOM
MaLLWHOW B MpoLiecce aHanm3a ee NpeaLwecTByOLWMNX AeACTBUIA.
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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. TunoBble 3M1EMEHTbl CUCTEM aBTOMATUYECKOro YNpaB/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 MOAYNb COCTOUT N3 CNeAYHLMX OCHOBHbIX 3/1eEMEHTOB:

. 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 MIMM MCNONb3ylOT pa3/nyHble TWUMbl 31EKTPOABUraTeNein: yrnoBoro u
NMHEAHOTO  ABVDKEHWS,, MEPEMEHHOr0 W MOCTOSAHHOINO TOKAa, KOJIEKTOPHbIE W BEHTW/IbHbIE,
HenpepbIBHOIO ABMXKEHMS W LUAroBble.

B kauecTBe npeobpasoBatenieil ABVKEHWUS MPUMEHAIOT 3ybuaTble, BUHTOBble W [pyrue
nepefaun. B KOHCTPYKUMAX HeKOTopbIX MMM, NOCTPOEHHbIX Ha 6a3e BbICOKOMOMEHTHbIX
ABUraTenen, npeobpasoBaTenvt ABUKEHUS OTCYTCTBYHOT.

B nHTeNnneKTyaslbHbIX MEXaTPOHHbLIX MOAYNAX UCNONb3YIOT Pas/InyHble AaTUYMKUN MOMOXKEHNS
N CKOpoCTU ((hOTOMMMY/bCHbIE, BpallaloLLiMecs TpaHC(opMaTopbl, TaxoreHepaTopbl) WU CEHCOPbI
(paTumknm TOKa W MOMEHTa, TemrnepaTtypbl U BuOpauuu), KOTOpble MnepefardT WHGoOpMauuio B
YCTPOWCTBO KOMMbLIOTEPHOrO YrpaBieHnst 0 PakTUYeCKOM COCTOSAHWUM MOACUCTEM MOAY/S.

BCTpoeHHble ynpaBnstoLLMe KOHTPO/NEPbI, pPeasiM30BaHHble HAa COBPEMEHHONM 3/1EMEHTHOIA
6asze, MNO3BOMIAKT MONYYUTb KOMMAKTHblE W HafeXHble MexaTpOHHble u3genus, obnagatoLive
NHTENNEKTYa/IbHbIMA (PYHKLMSAMKU, U CTPOUTb Ha UX OCHOBE MHOrOKOOPAMHATHbIE MEeXaTPOHHbIe
CUCTEMbI C [eLeHTpasM30BaHHbIM yripaBfieHemM. B coueTaHMn C OTKPbITOW apXUTEKTYPOIR CUCTEM
ynpasneHus tuna PC-NC 3T0O No3BONseT c034aTb KayeCTBEHHO HOBble CUCTEMbl YrpaB/ieHUs,
obragarolime NPUHUMNUAIBHO HOBLIMW XapaKTePUCTUKaMuM N0 ObICTPOAENCTBUIO, TOYHOCTU W
(hYHKLMOHaNbHON FMBKOCTW.

MpUHUMNMANbHO BaXHO, YTOObI BCE MEPEYUC/IEHHbIE 3/1EMEHTbI OblI  KOHCTPYKTUBHO
06beAMHEHbI pa3paboTuMKoM B eAMHOM Kopnyce. [lpy 3TOM YCTPOWCTBA CBSI3W CTaHOBSTCA
BHYTPEHHUMU 6/10KaMK, HEJOCTYMHbLIMMW /15 NOMb30BaTENS.

Kak npumep, MOXHO NMPUBECTM LLMPOKO UCMO/b3yeMble MeXaTPOHHbIE MOAYN NPOU3BOACTBA
¢upm Animatics Corp. (CLUA) n SIEMENS (lepmaHusa), npefHasHauyeHHbIX ON0S peaimsaumu
ABVDKEHWIA MO OfHOI yNpaBnsieMoi KOOpAnHaTe C BO3MOXHOCTbHO CBOGOAHOr0 MporpaMMmMpoBaHus
nocnefoBaTe/lbHOCTU [ABUXXEHWIA.

B Le10M MOXHO BbIAENUTb TPU HaNpaBNeHWs UHTENNEKTYanM3aUmny MeXaTPOHHbIX MOAYNEN
[BVDKEHUS:

. pasBMTNE  WHTErpuvpOBaHHbIX  MHTEPECOB,  CBA3bIBAOWMX  YNPaBASAHOLLMIA
KOHTPO//IEP C KOMMbIOTEPOM BEPXHErO YPOBHSA B efiMHbIN annapaTHO-NPorpaMMHbIiA yrpaBnstoLwmii
KOMI/NEKC;

. CO3[]aHNE WHTENNEKTYalbHbIX CWMOBbIX MOAY/MEA YNpaBneHus MyTem 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 FMMOKMM NporpaMmMam.

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
«UHTENNEKTYaNbHOTO Bana ABuratens». Viaes gaHHOV KOHLENLUMK 3aKKYaeTcs BO BCTpanBaHUM Ha
Ba/ly ABWraTenst [OMONHUTENbHbIX AATYMKOB [N M3MEPEHUS| TakUX (TPaAWLMOHHO CUMTAIOLLMXCS
BTOPOCTEMEHHbIMI) MapamMeTpoB, KakK M3rnbarollee YCUnve Bana, HarpsdKeHWe KpyyeHus |
BO3JeiCTBMe BMOpaUWiA. Mpu 3TOM 06MeH WH(opMauueid 1 3Heprueii OCyLUECTBASETCS MO
paavoKaHanam.

Ha puc. 1 nokasaHa KvHemaTunuyeckas CXema WHTENNeKTYa/lbHOro MeXaTPOHHOro Moayns,
npeAHa3HauYeHHOro Ans OCYLLECTB/IEHMS Ba/lbLIOBOUHbLIX COEAVHEHWIA Mpu CHOPKe COBPEMEHHbIX
YCTPOICTB  3N1eKTPO06OPYAOBaHMS aBTOMOOMNEN (3NeKTPOGEH30HACOCOB, (HOPCYHOK BMPbICKA,
[aTUNKOB Sl'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 raimku OT  anekTpogsuratens 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 nepefadein 6-7. LLlecTepHs 7 BbINONHEHa MOJON, a nepejaya BpaleHUs 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 MPUBOAHBLIX 3/1EKTPOABUraTenei
MCNONb3YTCA TaxoreHepatopsl brl v br2. OnpefeneHne 0CeBOro MOSIOXEHWUS XOA0BOr0 BUHTA U
COOTBETCTBEHHO LUMUHAENS OTHOCUTE/IbHO Kopriyca MOAYNsS MPOU3BOAUTCA OGNOKOM  [aTHMKOB
nonoxxeHus BAMM, NOABMXHLIN 31eMeHT KOTOPOro 11 3akpenssercs Ha BEePXHEM KOHLe XOAO0BOro
BUHTA.

Mogynb  BOCMPOM3BOAWUT  HeobXoAuMMble AN COOPKWM  ABWXKEHMA:  NOCTynaTe/bHoe
nepemMeLleHre WNUHAENS C Ba/IbLLOBOYHOIN r0/IOBKOM 10 KOHTaKTa C U3feNeM, BUHTOBOE ABMKEHME
BaUlbLieBaHNA, BpaLlaTeNlbHOEe ABMXKEHME 00KaTKM 1 NOCTynaTe/lbHOe NepemMeLLeHme LNUHAENS 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 M3BECTHO, COMPOBOXAAETCA CYLLECTBEHHbIMM NOTEPAMU 3/1EKTPO3HEPTUN.
YKa3aHHble [BMXXEHUS (HOPMUPYHOTCA COOTHOLUEHMSIMW  YacTOT BpaLleHWs BWHTA W Fakw.
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OnpefeneHre KOHKPETHbIX 3aKOHOMEPHOCTEM W3MEHEeHWsi 4acTOT BpaLLeHWs Ha KakAoM aTtane
BbINO/IHEHWSA COEAMHEHUS SBNSETCA CaMOCTOSATE/IbHOM 3afaqeit 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

aBTOMaTU3aLMM C YYeTOM CreunpuKn TEXHONOTMYECKMNX MPOLECCOB: y4ebHOe 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 ansa cped. npod. O6paszoBaHus / Bnagumup KOpbesny LLnwimapes. — 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:

IMocTpoeHMe 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)Xe He COOTBETCTBYKOT COBPEMEHHbIM KayeCTBeHHbIM TpeboBaHUAM.
MexaTpOHHbIA NOAXOL B MOCTPOEHWM MallMH HOBOTO MOKOMIEHWS 3aK/0YaeTCs B MepeHoce
(DYHKUMOHANIbHON  Harpy3kn OT MeXaHUYeCKUX Y3/10B K WHTENIEKTYya/lbHbIM, 3/IEKTPOHHbIM,
KOMMbIOTEPHLIM VMH(OPMALMOHHBLIM KOMIMOHEHTaM, KOTOpble JIerkKO MepenporpammmpyroTca nog,
HOBYHO 3aZla4y M Npu 3TOM ABMSAKOTCA OTHOCUTE/IbHO AeLIeBbIMU. AHaIN3 NMPON3BOACTBEHHbLIX MaLUVH
MOKa3bIBaeT, YTO [0/ MeXaHWYECKOIN YacTu cokpaTunack ¢ 70% B Havane 90-x rogos Ao 25-30% B
HacTosilee Bpems. TpUHUMNMANBHO BaXKHO MOAYEPKHYTb, YTO MEXaTPOHHbIA Noaxon B
MPOEKTMPOBaHKe MpeAnosaraeT He pacLUMpeHVe, a UMEHHO 3amelleHue (DYHKUUA TpaguuuoHHO
BbINO/HAEMble MeXaHUYECKMMW 3IEMEHTaMM CUCTEMbI Ha 3/1EKTPOHHbIE U KOMIMbIOTEPHbIE 6/10KN.

MpYHUMNMAIBHO BAXKHO, YTO TEHAEHLMSA Nepexosa OT YACTO MeXaHUYeCKMX K MeXaTPOHHbIM
TEXHONOIMSIM B COBPEMEHHOM MaLUMHOCTPOEHUN He 3aKpblBaeT MexaHuKy. HaobopoT ctumynupyet
ee pasBuTVe Ha ()OHe C WHTENNeKTya/lbHbIMA KOMMOHEHTaMU B paMKax efMHON MeXaTpOHHOM
cuctembl. CUCTEMHbIN MOAXOL AMKTYET HOBble TpeboBaHMS K BCTPOEHHbIM MeXaHWYeCKUM W
rMOPUAHLIM  KOMMOHEHTaM, 4YTO B CBOK OYepedb BeAeT K pPasBUTUIO HOBbIX TEXHONOTWMIA W
KOHCTPYKTOPCKMNX PELUEHNI B 06/1aCTU MEXAHWKMN.

YPOBHU MHTerpauum 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 HAyKOEMKOM NpPOAYKUMM 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 peflyKTop 1 ynpasnsemblid ABUraTe/lb BbIMYCKAOTCS KaK eanHbIA PYHKLNOHAbHBII
3N1eMEeHT.

MexaTpoHHble CUCTEMbl Ha OCHOBE 3TUX MOAYNei HaWM LUMPOKOE MNPUMEHEHWE Mpu
CO3JaHMN  Pas3/IMYHbIX CPeACTB  KOMIJIEKCHOW aBTOMaTu3auum npov3BoACTBa  (KOHBelepos,
TPaHCNopTepoB, MOBOPOTHbIX CTO/I0B, BCNOMOTraTe/IbHbIX MaHUMYNATOPOB).

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 pana o06paboTkKM WX curHanoB. O6beAMHEeHME MPUBOAHBLIX MOAYNe C  YKa3aHHbIMU
aNleMeHTaMu MprBesa K NosBIEHNIO MeXaTPOHHBIX MOAY/ el ABMXKEHNS, COCTaB KOTOPbIX MOIHOCTHIO
COOTBETCTBYET BBEAEHHOMY Bbllle OMNpefeieHnto, Korga AOCTUIHYTa MHTerpauus Tpex YCTPOMCTB
PasfIMYHON PU3NYECKON MPUPOLLI: MEXAHNYECKNX, 3MEKTPOTEXHUYECKMX N 3M1EKTPOHHBLIX. Ha 6ase
MEXaTPOHHbIX MOAYNeiA [aHHOro Kfacca Co3faHbl YNpaB/isemble 3HEPreTUYeckue MallWHbI
(TYypOVHbI 1 TeHepaTopbl), CTaHKM W MPOMbILW/IEHHbIE POBOTHI C YWUCMOBLIM MNPOrPaMMHbLIM
ynpaeneHvem. Pa3BuTue TPETbero NoKOJIEHUS MeXaTPOHHBLIX CUCTEM 0OYC/IOB/IEHO MOSB/EHMEM 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. OLHOBPEMEHHO
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, GECKONNIEKTOPHbLIX U IMHENHBIX), AaTUYMKOB 06paTHOW CBA3M M MHpopMayun. CUHTE3
HOBBIX MPELM3NOHHBIX, MHPOPMALMOHHBIX N U3MEPUTESIbHLIX HAYKOEMKUX TEXHOOMIA AaeT OCHOBY
A/19 NPOEKTUPOBaHUS N U3rOTOBNEHMUS, UHTENEKTYa/IbHbIX MEXaTPOHHbIX MOoAynenh u cuctem. B
[a/lbHeliLeM MexaTPOHHble MallMHbl U CUCTEMbI OYAYT 00beANHATLCA B MEXaTPOHHbIE KOMMJIEKCbI
Ha 6a3e eanHbIX UHTerpaumoHHbIX M1aThopMm.

Llenb co3gaHns Takmx KOMMJIEKCOB - JOOUTLCSA COMETaHMS BbICOKOW MPOU3BOAUTENBHOCTU U
OJHOBPEMEHHO TMOKOCTM  TEXHWKO-TEXHONIOTMYECKOA cpefbl 3a CYeT BO3MOXHOCTM  ee
PeKOH(Urypaumn, 4YTo MNO3BOANT 06ECNeUnNTb KOHKYPEHTOCMOCOOHOCTb M BbICOKOE KayecCTBO
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 CUCTEMblI HaxXOAAT LUMPOKOE
NPUMeHeHWe B criefytowmnx 06nacTsx:

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

— po6oTOTEXHUKA( NPOMbILLSIEHHAsA U crieyuaibHas);

—  aBMaLMOHHas, KOCMUYEeCKas 1 BOBHHAs TEXHUKA;

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

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

—  oh1cHaa TexHMKa( Hanpuvep, KONMpoBa/ibHbIe U (PaKCUMUIIbHbIE annapatbl);

—  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 TEIEKOMMYHUKALNW);

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

— (hOTO- M BUAEOTEXHUKA;

—  TpeHaxepbl 411 NOLIOTOBKM NWUIOTOB U 0MepaTopos;

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

3afiaHve: N3yU4nTb MeXaTPOHHbIE TEXHOMOMMYEeCKMe MaLllKHbI B MalIMHOCTPOEHUN

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.: «3aaTenbCKuin 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. TyreHronbg, W. B.
Borycnasckuid, E. A. JlykbaHoB, B. B. MaptbiHoB, B. A. lepacumos, HO. b. MBauesny, H. @.
KapHayXxoB.

CnncoK Ncnosib30BaHHbIX UCTOYHWUKOB

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. ABTOMaTU3aLMA TEXHOIOMMYECKMX MPOLECCOB : YYEOHUK ANs CTYA.

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

3. Wnwmapes B.FO. TwnoBble 371eMeHTbl CUCTEM aBTOMATUYECKOro YNpaBieHUs:
YuebHuk ana cpen. npod. O6pasosaHus / Bnagumup KOpbesny LLnwmvapes. — M.: 3gaTenbckui
LeHTp «AKagemusy», 2018. — 304c.

[ONoNHNUTENbHbIE YUYeBHbIe U3AAHUS:

4. Wnwmapes B.HO. ABTOMaTuKa: Y4ebHUK Ans cped. npod. obpasosaHus / Bnagmmup
FOpbeBny LUnwmapes. — M.: N3patensckuid LeHTp «Akagemns», 2017. — 288 c.

5.Kenum HKO.M. Tunosble 3M1eMEHTbI CUCTEM aBTOMATUYECKOro Ynpas/ieHusi. Y4debHoe

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

®OPYM: MH®PA-M, 201, 384 c.: un. — (Cepus «IpodeccroHansHOe 06pa3oBaHme»).
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