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1. KoHCneKT JieKium

Jlekuus Ne 1 (1yac)
Tema: «Po00OTOTEXHHUKA OCHOBHBIE MMOHATHSA U KJ1acCU(DUKALIMS.
1.1.1 Bomnpocsl JeKkuum:

1. Hcropus pa3Butus poOOTOTEXHUKH.

2. TepmuHomnorus B 061actu poOOTOTEXHHUKH.
1.1.2  Kparkoe cojep:KaHue BONPOCOB:
OCHOBHOM TPUYNHOM, 3aCTaBJISAIONICH YeIOBEKa pPa3BUBATh HOBBIC C(hephl HAYKH U TEXHUKH,
SIBJISIETCS] IPUCYIIIEE EMY C TAaBHUX MOP CTPEMJICHUE YIYUIITUTh CBOIO KM3Hb U BO3MOKHOCTH BO
B3aMMOJICHCTBUM C BHEIIIHEN Cpeior. XapaKkTep TaKOTO B3aUMOICUCTBUS BECbMa pa3sHOOOpa3eH
Y MOET OBITh HE TOJBKO TPYIHBIM, HO U (PU3UYECKH HEMTOCUIBHBIM. [103TOMY ¢ HE3amaMsITHBIX
BPEMEH JIFOJIM MEUTAIN H300pECTH Pa3INIHbIC HHCTPYMEHTHI, MEXaHU3MBbI, MAIIIUHBI C TETHI0
00JIErYeHHs CBOETO TPy, MOBBIIIEHUS KaueCTBa U MPOU3BOIUTEILHOCTH. BHavase 310 ObuH
MEUTHI, CYIIECTBOBABIIIME B MU(]aX, cka3zkax, mpeaanusx. M3BecteH, Harpumep,
npeBHerpeueckui Mug o cozganuu 6orom orus ['egectoM ABYX paObIHb U3 30J10Ta,
MIPUCITYKUBAIOIIUX MY, a TAKXKe 30J0ThIX TPEHOKHUKOB, BHIMOTHSIBIINX MPOCTEHIITHE KOMaH/IBI
THTIA: IPUHECTH, TTOAATh, YHECTH. [Ipu packonkax rpoOHUIT (papaoHOB apXxeoaoru
0OHApY)KUBAJIH YCHITTAIIBHUIIBI JIETEH, T/Ie OBIITN HAWACHBI KYKJIbI C TIOJIBFOKHBIMU PYKaMH U
HOTaMH. ITO MEPBOE CBUJIETEIBCTBO O CTPEMIICHHUH JIFOJIEH COTBOPHUTH HCKYCCTBEHHOTO
yenoBeka. [1o Mepe pa3BUTHS ITUBUITN3AIMHA MEUTHI HA9aJId BOTUIONIATHCS B TAKUE TEXHUUECKHE
pereHus, Kak pa3IndHbIe MEXaHU3Mbl U MAIlIMHBI, aBTOMATHI JIJIs OTKPBIBAaHUS ABEPEH XpaMoOB,
ABTOMATHI JJIs1 MPOJIAXKHU «CBATOM» BOJBI U T.I1. B 16 B. 10 H.3. puMckuil umneparop Burpysuit
chopMynupoBa cieayrollee onpeesieHue MallliHbl: «MalIiHa eCTh B3aUMOCBSI3aHHOE
COEJIMHEHHE JIEPEBSHHBIX YacTeil, obecreunBaoliee HauOObIIYIO BHITOY PU MOJAHATUN
TsbkecTeld. OHa MPUBOJIUTCA B ACHCTBUE UCKYCCTBEHHOY. [IepBbie aBTOMATHI, MCIIOJIB3YIOIIHE
SHEPTHIO BOJBI U BO3/lyXa, ObLIN ONTHUCaHbl [ epoHOM AJIEKCaHIPUICKUM B paboTe
«ITaeBmaTuka» okoso 120 et mo Hamen 3pbl. OH ke Hanmucaia NePBY0 KHUTY «MexaHu4yecKue
npo6seMb». B 1500 . Jleonapmo ne Bunum co3man MeXaHHYeCKOro JIbBa, KOTOPBIHM MPU BbE3e
KOpPOJIsi B TOpoA OTKpbIBal repd @panuuu. C TeueHueM BpeMEeHU MEXaHU3Mbl
COBEPILEHCTBOBAINCH, HA OCHOBE Pa3JIMYHbIX MEXAHU3MOB JEIAKOTCS MTONBITKU CO3JaHus HE
TOJIBKO YeJIOBEKOMOJ0OHBIX aBTOMATOB, HO ¥ MOJIeJiel )KMBOTHBIX U NTHll. 3BecTHa, Hanpumep,
HCKYCCTBEHHas yTKa ¢paHiy3ckoro mexanuka JKaka Bokancona (1736 r.), koTopast mo1o0HO
YKMBOW MOTJIA IIPBITaTh, IJIECKAThCS B BOJE, KPSAKATh, KIEBATh U J1ayKe NIEPEBAPUBATH ULy IIPU
IIOMOIIIM CKPBITBIX BHYTPU HEE XUMHUUYECKHUX BeIeCTB. I3BeCTHBI aBTOMATHI IIBEHIIAPCKOTO
yacoBuka XKake-J[po3a «IIucemny, ymerouuii nucate, u «PaedtucTy», ymeromun urpats 11
menoauit. B 1827 r. B Cankr-IletepOypre nemoHcTpupoBaics «XpaMm 04apoBaHUI WU
MEXaHUYEeCKUH, GU3NYECKUN U ONTUYECKUI KaOuHeThD». Yyneca HAYMHAIKCH C JIECTHUIIBI —
HCKYCCTBEHHAs KEHIIMHA HAYWHAET UIPATh HA BAIITOPHE, €CJIM KTO-TO 3aX0JIUT Ha IUIOLIAAKY. Y
BXO/JIa B 3aJ1 KJIaHSJIMCh MEXaHUUYECKHE CIIyTH. Eciu KT0-TO cauics Ha AUBaH — CIIyra-aBTOMAt
BBIHOCHJI TOJHOC ¢ HanuTkamu. Co3/laHne MeXaHM4YeCKUX aBTOMAaTOB MOTPEOOBAIO OT YeloBeKa
3HAHUS 3aKOHOB MEXaHUKH U MTO3BOJIHMIIO OMPEIETUTh OCHOBHBIE (PYHKIIMOHAIBHBIE JIEMEHTHI
CaMOJICHCTBYIOIIEH TEXHUKU: TBUKUTENb, MEXaHU3M B3aUMOJICHCTBUS, pabOUYNii HHCTPYMEHT,
MyCKOBO€ ycTpoiicTBO. [losBunoch 060CHOBaHHOE MPECTABICHNE O CUCTEME KaK COBOKYITHOCTH
3JIEMEHTOB, KOTOPBIE HAXOAATCS BO B3AUMOCBSI3U APYT C IPYroM, BIUSIOT IPYT Ha Jpyra v Ha
CUCTEMY B IeJIOM. MexaHHu3M JII000# MallluHbI COCTOUT HE U3 OJIHOTO, a U3 HECKOJIBKUX Te,
COEIMHEHHBIX MKy CO00# Tak, YTOOBI IBUKEHUS paOOUYMX OPTaHOB MAIIIHH OBLIO
onpeneneHHbIMUA. Kaxkpie 1Ba 3BeHa (2I€MEHTapHBIE COCTABISIONINE) MEXaHU3MA,
COWICHEHHBIE JIPYT C IPYroM, 00pa3yroT KHHeMaTuuecKyro napy. [lapsl paznuuatorcs hopmoit u
KOJIMYECTBOM CBA3EH, HAJIO)KEHHBIX HA COUJICHEHHbIE UMH 3BE€Hbs. B mpocTpaHCTBEHHOM
JIBUKEHHUH TEJIO0 UMEET LIECTh CTEIIeHEH CBOOOIBI U, CIEI0BATENBHO, IS IPUAAHUS JBUKECHUIO
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OIPEAEIICHHOCTH HYKHO HAJIOKHTh HA HErO MATh CBSA3EM. Takoe KOJIMYECTBO CBA3EH MOTYT
HAJIOXUTh MIAPHUP, MOJI3YH, BUHT-TaiKa. Tpu cTeneHn cBOOOIbI pa3peiiaeT U, CIeI0BaTEIbHO,
HAaKJIAIbIBACT TPU CBS3H, cheprueckuil mapHup. KuHeMaTn4eckoi enbio Ha3bIBACTCS
MOCIIEIOBATEIHLHOCTh CBSA3aHHBIX MONAPHO 3BEHbEB. MeXaHNW3M MOKHO 00pa30BaTh HE TOJBKO U3
3aMKHYTOM KHHEMAaTUYECKOU LIENH, HO U U3 PA30OMKHYTOM, IPUMEPOM SIBIIACTCS MAHUITYJIATOP U
ero nmpoodpa3 — yenoBeveckas pyka. C TOUKH 3peHUsT MEXaHUKH pyKa MPECTaBIseT OO0
Pa30MKHYTYIO KHHEMATUYECKYIO LIETIb, COCTOSIIIYIO U3 Psifia 3BEHbEB (KOCTEH), CBA3AHHBIX
MeXay co00i KMHeMaThuyecKuMu napamu (cycraBamu). CyliecTBYIOT MEXaHU3MBbI C
HECKOJIbKUMU BEIYIIIMMHU 3BEHbSIMHU, B OOIIIEM CITy4ae YHCIIO BEIYIIUX 3BEHbEB MOKET
COBIIA/IaTh C YMCJIOM CTENEHEeN cBOOOAbl MexaHu3Ma. TakuM o0Opa3oM, MEXaHU3MOM Ha3bIBAETCS
Takasi KHHEMaTH4ecKas 11ellb, B KOTOPOU MPH 33JaHHOM JIBHXKCHUH OJTHOTO MJIM HECKOJIBKUX
3BE€HbEB OTHOCHUTEIIBLHO JIF00OT0 U3 HUX BCE OCTAJIbHBIE COBEPILIAIOT OJHO3HAYHO OIpeeisieMble
nBrkeHust. Kak b1t MexaHu3M JI0JKEH UMETh BO3MOXKHOCTh TIEpeiaBaTh U MpeoOpa3oBbIBATh
JBUKEHHE U paboTy Tak, YTOObI HAa BBIXO/I€ OHU NMPHOOPETAIN HEOOX0IMMbIEe KHHEMAaTHUYECKHUE U
IMHaMHuYeckue napamerpsl. [locne Toro, kak mocrpoeHa KMHeMaTu4yeckas 1elb, He00X0IUMO
OTIPENIETTUTh CKOPOCTh U YCKOPEHHE JBMKEHHS BCEX TOUYEK, KOTOPHIE MOTYT HHTEPECOBATh
KOHCTPYKTOPA, a TAK)KE YTIIOBbIE CKOPOCTU U YCKOPEHUsI 3BeHbEB. [loTyueHHbIe BETUIHHBI
TTO3BOJIIOT OMPEACIUTD MePEATOYHBIE OTHOIIEHUSI COOTBETCTBYIOIIMX MEXaHU3MOB.
[IpoTuBOMONIOKHAS 3a/1aua - IOCTPOEHUE MEXaHM3Ma IO 3a/IaHHBIM YCJIOBUSIM €ro paboThI —
SIBJISIETCS] IPUHIUINAIBHO MHOW: OHA MHOTO3HA4YHA. /{715 peneHust OTHOW U TOM ke
KHHEMATHIECKOH 3a/1a4ll MOKHO TTPUMEHUTH PA3IMYHbIE MEXaHU3MbI, KOTOPBIE MOTYT
coJiepaTh M pa3Hble KnHeMaTtuueckue mapbl. Bo Bpemena M. Hrtotona u JI.D#nepa 6putn
OTKPBITBI CUJIbI B3aUMOACHCTBUS. OHU ABJISIOTCS TPUINHON U3MEHEHHSI CKOPOCTEN JIBHXKEHUS
TeN, UX (GOPMBI, COCTOSTHUS, cOCTaBa U Mp. MicyesHoBeHHE CHJl paBHO3HAYHO MCUE3HOBEHUIO
peasibHbIX 00beKTOB. CHIiIbl IPONOPIHMOHATIBHBI yCKOpeHusiM. PaboTa, mpousBeeHHas
HMCTOYHUKOM SHEPIUH, IEPENAETCA HA BEAYILEE 3BEHO, a 3aTEM U Ha BEIOMOE, K KOTOPOMY
MPUJIOKEHA TEXHOJOTHYEcKas Harpy3ka. KpoMe Harpy3ku ecTh elie CHIIbl BpEIHOTIO
CONIPOTHUBIICHHUS, HAIIpUMeEp, CUITbI TpeHUs. Kaxk10e 3B€HO M MEXaHU3M JIOJKHBI YIOBJIETBOPSTh
YCIIOBUSAM MPOYHOCTHU. YTIPYrOCTh, a TAK)KE HEKOTOPBIE XapaKTEPHbIE 0COOCHHOCTH
KMHEMAaTUYECKUX Nap, COSAUHSIOMNX 3BEHbs, BHOCIT B JBUKEHUE €11 OJIHY
HEOTPEIeIEHHOCTh, KOTOPYIO HENb3s HEAOOICHUBATh. Peub HIeT 0 MEXaHUYECKUX KOJIeOaHUSX,
KOTOpbI€ BO3HUKAIOT B mpoiiecce padboTsl. KonebaHus MOryT CHU3UTh TOYHOCTh MCIIOJTHEHUS
omepanuii, modToMy ux Heooxoaumo racutb. B XVII-XVIII Bekax MexaHW4YeCKHE aBTOMAThI
CO3JIaBAJIMCh HA OCHOBE YaCOBBIX MEXaHMU3MOB, B XIX Beke Ha OCHOBE NApOBbIX JIBUTATEJIEH, a C
MepBOM MOJIOBUHBI X X BEKa Ha 0a3e AIEKTPOMEXaHUYECKUX M 3JIEKTPOHHBIX ycTpoicTB. Ho
caMbl€ COBEPILIEHHbIE OPYIUs TPY/1a MPUILIA HA IOMOIIb YEIOBEKY C OTKPBITUEM SIBJICHUS
00paTHOM CBSI3M U IO3HAHHEM €r0 OCHOBHBIX 3aKoHOMepHOcTeil. [lepBas KOHCTPYKIUS
aBTOMATUYECKOTO PerymsTopa nossuiachk B 1510 roay (perynarop nmogadu 3epHa Ha BOASHBIX
MenbpHUIax), B 1760 r. WL.I1.ITon3yHoB pa3paboTan perynastop ypoBHs, B 1784 r. [lxkeiimc Yarr
MOJIYYWJI MTATEHT Ha PErylsaTop cKopocTu 000poToB. Takum oOpa3oM, epBbie MOMBITKU
BBEJICHUS OOpATHOM CBS3M B MEXaHMUYECKHX cucTteMax ObLau caenanbl B XVI-XVIII Bekax.
OOpaTHas cBsI3b — 3TO BO3/ACUCTBHE PE3YIbTATOB (DYHKIIMOHUPOBAHUS KAaKOK-THOO CHCTEMBI
(o6bekTa) Ha Xapaktep 3Toro pyHkunoHuposanus. [lonpo6GHO cBoiicTBa 0OpaTHOM CBsA3M ObUIH
u3yueHsl XpuctuanoM [toiirencom B 1657 roay. OH uccnenoBasl 0ObIYHbIE TPYKHUHHbIE YaChl C
MasITHUKOM, BBISICHUB, KaK 3aBUCUT XOJ YaCOB OT JUIMHBI, TOJIOXKEHUS MACChl MasiTHUKA.
OOpaTHas cBs3b MMO3BOJIHIIA CO3/IaTh cepBOMexaHn3Mbl. OCHOBHAs (PYHKIUSI CEpBOMEXaHU3Ma
3aKJIFOUAETCs B CO3JaHUU MTEPEMEHHOTO BBIXOIHOTO CUTHANIA TOU ke MepeMeHHON (hOPMBI, KaKoi
oOnasaeT ¥ mepeMeHHbI BXOTHOM CUTHAI C TEM YCJIOBHSIM, YTO SHEPTHS, CBsI3aHHAs C
BBIXOJIHBIM CUTHAJIOM, J0JKHA 3aMMCTBOBATHCS 3 MECTHOTO UCTOUYHHKA, a HE TIOCTABIIATHCS
HEMOCPEJICTBEHHO BXOJHBIM CHUT- HAIOM. Takum 00pazoM, CEpBOMIPUBO/T SBISETCS YCUITUTENEM C
00paTHOH CBS3bI0, B KOTOPOM MPUYNHA, IPUBOIAIIAS CUCTEMY B JEHCTBHUE, 3aBUCUT OT PA3HOCTH
BBIXOJIHOTO U BXOJHOTO CUTHaNa. PaboTa MalmH 1 MEXaHU3MOB ¢ 00paTHOM CBSI3BIO MOAAETCS
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TOYHOMY OTIMCAaHUIO M pacyeTy. 3aHUMAETCA TUM 0c000€ HAaIpaBJICHUE HAYKH — TEOPHS
aBTOMaTHuyecKoro perynuponanus. IX Bek, bargan. Yuenslii 38e3n0ueT Anb-Xope3mH 110
MpUKa3y Xanuda nUIeT KHUTY, B KOTOPOH YYHUT KaK JeTUTh HACIeACTBO. UTOObI OBLIIO OHSATHO,
OH BBeJ LU(POBOE UCUNCICHUE, KOTOPBIM MBI MOJIb3yeMcs 10 cux nop. Ho cymecTByror u
Jpyryue CUCTEMBI CUMCIIEHUS, B KOTOPbIX OCHOBaHMEM siBisieTcs He 10, a kakoe-nnbo apyroe
41CII0, HallpUMep, 2 (ABonYHast cucreMa), 8 (BoceMepuuHas), 16. 3o00perenne ABonyHON
CUCTEMBbI UCTOPHSI IPUIIUCHIBAET KuTanickomy umneparopy ®o I'u, xxusmemy 3400 net 10
Harie apsl. [losBiieHNE pa3InYHbIX CUCTEM CUMCIIEHHUS MTpUBEIa K HE00X0AUMOCTH
MexaHuzanuu cueta. C 3Toil 1eabio ObUIM CO3/JaHbl KUTAHCKUE U OT€YECTBEHHbIE cueThl. OKOJIO
1300 r. karanonckuii pustocod P.JIymnps npeayioxun cxemy JJOrH4eCKON MallluHbl, TPUMEPHO B
1660 r. lukkapx (mpodeccop TroOMHTeHCKOTO YHHBEPCHUTETA) N300peI IEPBYIO CYETHYIO
Mamuny. 3ateM ['.JleliOuut (1647-1716), oquH U3 OCHOBOTIONIOKHIUKOB COBPEMEHHOM
MaTeMaTHKH, CO3/1ajl CYETHYIO MAlIMHY, HA KOTOPOH MOXHO OBLJIO MPOU3BOIUTH BCE YETHIPE
apudmernueckux aeiicrsus. I'.JIeliGHUI] pa3paboTan OCHOBbI MATEMAaTUKU HE TOJIBKO
HENPEPBIBHBIX, HO U TUCKPETHBIX MpoiieccoB. C 11enbio 6oJiee riay0oKoro no3HaHusi CBOMCTB
OKPY’KaIOILIEro MHUpa U300peTaauch NpuOOpsl U YCTPOUCTBA, PACIIMPSIONINE HE TOJIBKO
¢uznueckue, HO HH(POPMaALMOHHBIE BO3MOKHOCTH Jtofiel. B cepennne 40-x rogos XX Beka
MOSIBUJIMCH MIEPBBIE YCIIEXH B CO3/IaHUU U Pa3BUTHU YCTPOMCTB MUKPOAJIEKTPOHUKHU. A B
cepearHe XX BeKa MOSBUIICSA HOBBIN KJacc MallMH - AJIEKTPOHHbIE BRIYNCIUTEIbHbIE MAIIHHBI,
YCUJIMBAIOIIIME UHTEIJIEKTya IbHble BOBMOKHOCTH YesnoBeka. OCHOBHOE MPABUIIO, 110 KOTOPOMY
MIPOU3BOIATCS BhIUKCIeHHs B DBM, - 3TO nmocieaoBaTeabHOCTh BBITIOIHEHHSI SJIEMEHTAPHBIX
Joruyecknx onepanuii. CroxxkHas 3a1aya, pemraemasi Ha OBM, pacuiieHsieTcs Ha OTIETbHbIE
MpOoCTENIINEe JJOTHYECKHE OTIEPalliH, BHIIIOJIHEHNE KOTOPBIX MPOUCXOUT B MPOCTHIX
3JIEKTPOHHBIX YCTPOUCTBAX — siueiikax. [lepBrie METObI MEPEBOAA MATEMATUYECKUX JEHCTBUI
Ha SI3BIK KOMaHIHBIX BEIYMCIIMTEILHBIX MaIIMH ObuTH TipeaioskeHsl [xx.@on HelimarnoMm. D10
IIPUBEJIO K CO3/IaHHIO CTAaHAAPTHBIX CXEM U LeNel A7 MOCTPOESHUS MAIIMHHBIX BX0OA0B. B
MOCIIEYIONEM MEHSAJIACh JIMIIb dIeMEHTHas 6a3a. bypHoe pa3BUTHE MUKPOIIEKTPOHUKH
MIO3BOJIMJIO PE3KO COKPATUTh CTOMMOCTh U MAaCCOBO - Fa0apUTHBIE XapaKTEPUCTHUKU
JIEKTPOHHBIX CXEM, CIIOCOOHBIX BBIMOJIHATh CIOXKHBIE MATEMAaTUYECKHUE U JIOTHYECKUE
olepaluy, MOBBICUTh UX OBICTPOACHCTBHE U HAJIEKHOCTh PaOOTHI B TSKENBIX ycioBusax. K
Hayainy 60-X roJloB HE3aBUCUMO APYT OT Jpyra OblIM CO3/IaHbl JeLIeBble U ObICTPOICHiCTBYOIINE
MUHH- 1 MUKpoOBM, BecbMa pa3BuTast TelI€BU3MOHHAs amnmaparypa 1 00Jb1I0e KOJIMYECTBO
IAaTYUKOB. B pe3ynbraTe 3TOro nosBuiach BO3MOXKHOCTb JIETKO BCTPauBaTh BEIYUCIUTENIbHbIE
YCTpPOHCTBA B caMble pa3JIM4Hble MAIIMHbI U IpHOOpsL. K uncity ycTpoicTB MUKPOIIEKTPOHUKHY,
palboTaOLIMX COBMECTHO C MEXaHUYECKUMHU CHCTEMaMM MallliH, HauboJiee 4acTo OTHOCAT
MHTETpaJIbHbIE CXEMBbI, OOJIBILINE U CBEPXOO0IIbIINE HHTETPATIbHbBIE CXEMBI, a TAKXKE ApYyrue
MUKPOMUHHUATIOPHBIE IPUOOPHI. [ 1aBHYIO POJIb UTPAIOT MPOTrPAMMHUPYEMbIE HHTETPATIbHbIE
CXEMBI, CpeI KOTOPbIX BUAHOE MECTO 3aHUMAIOT MUKPOMUHHUATIOPHBIE BHIYMCIUTEIbHbIE
ycTpoicTBa — MUKporpoLueccopbl. C IpeBHUX BPEMEH YeJI0BEK MOrPYKeH B MUp UH(OpMaIHH.
CnoBo «uH(pOpMAaLIUsD» TPOUCXOIUT OT JATUHCKOTO «informatio», YTo 03Ha4YaeT pa3bsCHEHHUE,
uznoxenue. Koraa-To 31o c0Bo 0603Havano cBeIeHUs, IepeaaBaeMble yCTHO, TUCbMOM, WIIN
KaKUM JIM00 JPYruM criocodoMm (IpiM KocTpoB B [lpeB- Heil ['peruun, curnanpHbie ¢uiaru Ha
Kopabusax u T.1.). B 1928 r. P.XapTnu BnepBsie BBeN NOHATHE HH(OpMaIuy B HayKy. B Haie
BpeMsl HH(pOpMaIHIO NepeatoT TenedoH, paauo, TeIeBUICHHEe, KHUTH, ra3e- Thl U T.11. [Ipouecc
nepeaayr MHGOpPMAIMK MOYTH BCET1a CBsI3aH ¢ MpoOIeMoil KOJUPOBaHHUs €€ B MecTe epeaadun
U JEKOJIMPOBAHUS B MECTE MpueMa. TeopeTndeckasi BETBb Pa3BUTHUS MAILIMHHOTO sSI3bIKa
BbIpacTaeT U3 paboT anrnuiickoro maremaruka Jix.byns (1815-1864), co3nasuiero anredpy
BbICKa3bIBaHUH. C MOMOIIBIO OyNIeBOil anreOpsl MOXKHO aHATU3UPOBATh PaboTy pedIeKTOPHBIX
aBTOMATOB U OCYIIECTBJIATh UX CUCTEMOTEXHUUYECKOE perieHne. brucrabuibHble 31eMeHTh
CBSI3aHbI C IPUMEHEHUEM NIPUHIINIA «1a-HET» U Pa3BUTHUEM TEOPHUH NIEKTPUUECKUMX KOHTAKTHBIX
cxeM. Bo3M0O>XHOCTb CHHTE3a CTPYKTYpbI II03BOJIMIA TBOPUECKU MOJIOUTH K CO3JaHUIO
aBToMaToOB. K abCTpakTHOMY KOHEUHOMY aBTOMATy OKa3aloCh YAOOHBIM IPUMEHUTH U €Ille
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0JIHYy a0CTpaKILHUIO B BUJIE YEPHOTO SIIMKA, HMEIOIIETO KOHEUHOE YHCIIO JUCKPETHBIX
BHYTPEHHHUX COCTOSIHMI, BXOJ0B, BEIXOA0B. JlJIsl JIOTMKO-MAaTeMaTU4YECKOIO OIIMCAHMS YEPHOTO
ArKa Obl1a MpeIiokKeHa COBOKYITHOCTh IPABUJI, OTIPECIAIONIUX EPEX0/1 U3 OJTHOTO
COCTOSIHUS B IPYTO€, a TAKXKE €ro BBIXOJ B JII000M MOMEHT BpeMeHHU. Takasi COBOKYITHOCTh
npaBui OblJIa HA3BaHA AITOPUTMOM, a TUCHUIUIMHA, U3YYaloIas uX, - TEOpUEH aJropuTMOB.
[Ipsimoii aHanor cucTeMsl, KOTOpask pealn30BbiBajia Obl YHUBEPCAIbHBIN aIrOPUTM, BUAEICS B
oOpaze yenoBeuyeckoro mosra. B 1943 r. V.Mak-Kanon u Y.Ilutc (MaccagyceTckuii
TEXHOJIOTMYECKUI MHCTUTYT) cO3/1a1u abCTpakTHYIO Mojenb HeiipoHa, C. K. Knuuu
(BuckoHCHMHCKUI YHUBEPCUTET) JI0Ka3all TEOPEMY O MOBEIACHUU HEHpOHHOU ceTu. PaccMmarpuBas
aHAJIOTUIO MEXKTy HEPBHOM CUCTEMOM, BBIUMCIUTEIbHBIMUA MAllIUHAMU U CUCTEMAMHU
aBTOMAaTUYECKOTO PEryIMpPOBaHUs, YUEHbIE pa3BUBAIA TEOPUIO AITOPUTMOB, KOTOPast 3aTEM
CTaJjla OJIHUM U3 TEOPETUUYECKUX UCTOKOB BBIUMCIUTEIbLHOW MaTeMaTUKH. [{i1st pemienus
pa3IMyYHBIX 33]a4 OTpebdoBaiack pa3padoTKa pa3HOOOPa3HBIX SI3bIKOB MPOTPaMMUPOBAHUSL.
MHoroe ydeHble Hayanu paboTaTh B 3ToM HarpasieHuu. [1lupoko uzsectus! [1.CkoTT, aBTOp
si3bika nporpammupoBanust JIMCII, craBiero oJHUM U3 TJIABHBIX HHCTPYMEHTOB
HUCKyCCTBeHHOTO HHTEuIekTa, A.H.Konmoropos, nmpeackas3aBiinii MOsSIBICHUS TPAHCIATOPOB
(cpeacTB MalIMHHOTO MEPEBOJIAa C OJJHOTO fA3bIKA Ha Apyroil), A.A.JIsnyHoB, pa3paboTaBinit
OIIEPATOPHBIM METOJ IPOTPaMMUPOBAHMS U pyrue. IIporpammupoBanue cTano HayqYHON
JTUCITUTITNHOM, M3y4arolen crocoObl peaim3auu anroputma padotsl 9BM u ero 3amucu (Ha
OJIHOM M3 SI3bIKOB MPOrpaMMHpOBaHus) B BUie iporpamm. B 1920 roay uenickuii nucareib
Kapen Yanek numer nbecy noj HazpanueM «PoccyMckue yHuBepcaibHble poOoTs». Ha
Bcemupnoii BeicTaBke B 1933 1., oTkpbIBIIEHCS B UHKAro C 1EJIbIO MOKA3aTh JOCTHKEHUS
TexHuku 3a nocneaaue 100 ner, OpuT IpeacTaBieH poOOT, KOTOPBIHA MPOIEBAI HUTKY B HTOJIKY.
B otnene «venunnHa» MakeT My>KUMHBI YUTAJ JIEKLIUIO O IpoLecce nuieBapenns. Bo Bpems
JIEKIIMU OH PACCTETUBaJ KWJIET M MOKa3bIBaJ YacTh IPYAHOM KJIETKU U )kuBoTa. B 1958 T.
amepukanckas pupma «ILnmeHuT KopropeiiieH o JJaHCUH/ U3TOTOBUIIA OJHY U3 MEPBBIX
MOJIeJIe MeXaHUYeCKON PYKH, Ha3BaHHOM Mi1aHoO0TOM. HazHaueHue — 3arpyska, pa3rpyska
cTaHkoB. Pyka nmena 45 mporpaMMHUpyeMbIX TIOJIOKEHUI KUCTH U 3arsicThs. B 1961 r. dupma
«JI>xeHepai 3eKTpUK» U3roTOBUJIA XapUMeHa (CTOMKOro yenoBeka), KOTOPbI MOT O JHUMATh
Y TIEPEHOCHUTH TPY3 10 453,6 kr. B 1962 1. amepukanckue pupmbl «HOHUMEHIIICH
HHKopropenten» u «KAM® Bepcarpan» co3gaiu rnepBbie IPOMBIILICHHBIE poOO0THI. Hapsimy ¢
STUM MOSBUWIHCH NIEPBBIC JUCTAHIIMOHHO YIIpaBJisieMble pyKU — Tenexupuku. B 1970-75 rr.
MOSIBUJIMNCh MOOUIIbHBIE aBTOOIIEPATOPHI C JIEMEHTAMU HCKYCCTBEHHOTO MHTEIIEKTA,
yrnpasisgembie oT OBM. [lossnenue B 70-X rogax MUKpOIPOILIECCOPHBIX CUCTEM YIIPaBJICHUS
MO3BOJIMJIO CHU3UTh CTOMMOCTH pOOOTOB B TPH pasa, c/iejiaB PeHTa0eIbHBIM UX MacCOBOE
BHEJ[PEHUE B MIPOMBINIJICHHOCTh. DTOMY CIIOCOOCTBOBAIIN TaKXKE CIEAYIOIINE OObEKTHUBHBIC
MIPEINOCHIIKY Pa3BUTHS MPOU3BOCTBA: - POCT 3aTpaT Ha paboUyIo CUITY; - HACHIIIICHUE PhIHKA
TOBapOB U 000CTPEHUE KOHKYPEHTHOMN 60PHOBI; - NEPUIIUT pabOUNX Ha OMACHBIX, TSHKENBIX U
MOHOTOHHBIX paboTax; - HeMOJIHasl 3arpy3Ka 000pyI0OBAHUS; - CHIDKEHUE POKIAEMOCTH B
Pa3BUTHIX CTPAHAX U MOBBIIIEHUE 00Pa30BaATEIHLHOIO YPOBHS; - HEOOXOAMMOCTh TOBBIIICHHUS
KauecTBa MPOAYKIMH, SJKOHOMHUH MaTepUaioB U 3Hepruu. Co BpeMEeHH NOSBIEHUS IIEPBOTO
MPOMBIIIIEHHOTO poOoTa nmpouuio Tpu Oyma podorusauuu. [lepsslit Hayancs B 1968 . ¢
IPUMEHEHHEM MHUKPOIIPOLIECCOPOB ISl YIpaBiIeHUs poOOTaMU U ObICTPO 3aKOHUYMIICS U3-32
HEHAaJIS)KHOCTH U HECOBEPIIIEHCTBA pOOOTOB MEPBOT0 MOKoJIeHUs. BTopoii 6ym cBsi3aH ¢
MOSIBJIEHUEM aIalITUBHBIX POOOTOB B 1972 I., KOT1a BOBMOKHOCTH POOOTOTEXHUKH HaYaIU
pacuupsatees. [losBnenue B 1980 r. poOOTOB € 31eMeHTaMU HCKYCCTBEHHOTO MHTEIJIEKTA CTaJO
HayajoM TPEThero Oyma MpOMBIIUIEHHOW pOOOTOTEXHUKH. D(PPeKTUuBHOCTH OT npuMeHeHus [1P
JOCTUTAETCS TOJIBKO ITPH KOMIIJIEKCHOM IOAXO0JIE K CO3AaHMI0 U BHepeHuto [IP. Equanunoe
BHEPEHHE MPOMBIIIIEHHBIX pOOOTOB — Herenecoodpa3Ho. Tosbko paciinpeHHOe IpUMEHEHNE
1P Gynet onpaBaHO KaKk TEXHOJOTMUYECKH, TaK U SKOHOMUYECKU U collanbHO. [Ipumenenune
1P no3BossieT nepexoAuTh K MHOTOCTAHOYHOMY OOCITY>KUBaHUIO, a CII€JJOBATEIBHO U K
HSKOHOMHH paboueil cuiibl U K paboTe 000pyI0BaHMs B IBE U TPU CMEHBI. MI3MeHseTCs Takxke U
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poJb pabovero — OH CTAaHOBUTCA 00Jiee KBATHM(PHUIMPOBAHHBIM CHEIUAINCTOM — HAIAJYUKOM,
oniepatopom. [Ipumenenue 11P no3Bomnsier pemate HE TOIBKO 3KOHOMUYECKUE, TEXHUYECKUE, HO
U COIIMANIbHBIE BOIIPOCHI, 0OCOOCHHO B CIy4ae HEOOXOIUMOCTH 3aMEHBI paboyero Ha y4acTKax ¢
BpEIHBIMU YCIOBUSAMH Tpyaa. [[pumeHenne poO0TOB MO3BOJISAET 3HAUUTEIBHO YAYUIIUTh
KauyeCcTBO BBIITyCKaeMOW PpoAyKInU. KauecTBo MalllHbl OLIEHUBAETCS COBOKYITHOCTBIO
CHeIraIbHO MOI00paHHBIX MOKa3aTeseH (MM KpUTEPUEB), BEIOOP KOTOPBIX OMPEIEIseTCs ee
ciry’keOHbIM ((yHKIMOHAIFHBIM) Ha3HaYeHHEeM. MamuHbl HOBOTO MOKOJICHHSI IOJKHBI OTBEYATh
TaKUM OOIIKUM KPUTEPHUSM, KaK OTHOIICHHE II€HA/Ka4eCTBO, BEICOKAsI HAJIS)KHOCTD U
0€301acHOCTh (PYHKIIMOHUPOBAHUS, THOKOCTh M OBICTpasi pEKOH(UTYpaIis P TIepexoie Ha
HoBoe m3zaenue. K unciry coBpeMeHHBIX TpeOoBaHMi K (PyHKIIMOHAIEHBIM U TEXHUYECKUM
[IOKa3aTessiM MOYyJIed U MallliH B IIEPBYIO OYEPE/Ib CIIEIyEeT OTHECTHU: - BHINIOJIHEHNE
KayeCTBEHHO HOBBIX CIIY>KEOHBIX M (DYHKIMOHAIBHBIX 33/1a4, - CBEPXBBICOKHE CKOPOCTHU
JBUKEHHS] KOHEYHOTO 3B€HAa MAILIMHBI — €€ pabovero opraHa, 4To ONpe/esisieT HOBbI YPOBEHb
MIPOU3BOIUTEIBHOCTH TEXHOJOTHYECKUX KOMIUIEKCOB, - KOMIAKTHOCTh MOJTYJI€H U IBUKYIITUXCS
CHCTEM, MUHUATIOPU3ALUs KOHCTPYKIIUH, - YAbTPalIPELIU3UOHHbIE IBUKEHUS MOTYJIEH ¢ LENbIo
peain3aly HOBBIX MPELN3UOHHBIX TEXHOJIOTUH BIUIOTh 10 MUKPO- U HAHOTEXHOJIOT Ui, - HOBbIE
KMHEMAaTUYECKUE CTPYKTYPbl U KOHCTPYKTHUBHBIE KOMIIOHOBKM MHOTOKOOPIMHATHBIX MallluH, -
MHTEJJIEKTYyaJIbHOE MOBEJCHHUE CUCTEM, PYHKIMOHUPYIOMINX B U3MEHSIOIUXCS U
HEOTPE/IeJIEHHBIX BHEIIHUX CPEAX, - BHIIOJHEHUE MPOCTPAHCTBEHHBIX IBUKEHUH 110
KPUBOJIMHEWHBIM TPACKTOPHUSM U pean3alis CI0KHbBIX 3aKOHOB MepeMelieHus Bo Bpemenu [lo
Mepe pa3BUTHS pOOOTOTEXHUKHU MOSBUIMCH THOKHE MPOU3BOJACTBEHHBIE CHCTEM,
ofecreunBaroIye MOJIHYI0 aBTOMATU3AlMI0 TEXHOJIOTMYECKOT0 KA. TeopeTHiecKyto OCHOBY
POOOTOTEXHUKH COCTABIISIFOT JIBa HAIIPABJICHUS: CUHTE3 YIPABIIIEMbIX MEXaHUYECKUX YCTPOUCTB
Y YIIPABJIEHUE MEXaHUYECKUMH YCTPOMCTBAMH C IMOMOILBIO MIEKTPOHUKH. B mociennue roasl B
POOOTOTEXHUKE MPOUCXOIAT KaYeCTBEHHbIE N3MEHEHUS, OCHOBaHHbIE HA UCIIOJIb30BAHUH
JTOCTH)KCHH HOBOW HAyKH — MEXaTPOHUKH. MexaTpOHHKA — 3TO 0071aCTh HAYKH M TEXHUKH,
OCHOBaHHAasi HA CHHEPT€TUYECKOM OOBEAMHEHUHN Y3JI0B TOYHON MEXaHUKHU C AJIEKTPOHHBIMH,
AIIEKTPOTEXHUUECKUMH U KOMITbIOTEPHBIMU KOMIIOHEHTaMU, 00eCIIeunBatoIas MpOeKTHPOBAHHE
Y MMPOU3BOJCTBO KAYECTBEHHO HOBBIX MOJYJIEH, CHCTEM M MAILIMH C MHTEJUIEKTyaJIbHBIM
yrpaBieHUEM UX (YHKIIMOHATBHBIMU JIBUKCHUSIMH.

Enunoro, o0menpuHsATOro onpeieeHus COBpeMEHHbBIX POOOTOB NOKa He cymiecTByeT. OaHaKko
MHOTHE ONpeAeNICHUS TIOXO0XKHU APYT Ma Ipyra ¥ B TOM UM UHOM BUJE OTPaXaroT TOT GakT, 4To
poOOT aKTHUBHO B3aMMOJICHCTBYET C BHEIIHEH CPEO U MPOSIBISET IPU 3TOM HEKOTOPbIE
3JIEMEHTHI pasyMHOCTU. Hanpumep, B TEXHUYECKOH JTUTEPATYPE MOKHO BCTPETUTH TAKOE
ompezeneHue: pooboT - 3TO aBTOHOMHO (PYHKLIMOHUPYIOIIAs YHUBEpcaabHas aBTOMAaTHYecKas
MallnHa, peHa3HauYeHHas A7 BOCIIPOU3BEACHUSI OTIPEIeIIEHHBIX (PU3UYECKUX, JBUTATEIbHBIX
Y YMCTBEHHBIX (DYHKIUI YeJIOBeKa, HaJleJIeHHAs TEMH HJIM UHBIMH CPEICTBAMU 0OpaTHOM CBS3U
(cmyxoMm, 3peHHEeM, OCSI3aHHEM U T. I1.), a TAKXKE CIIOCOOHOCTHIO K 0Oy4EHUIO U a/IaliTalluu B
MpoLIecce aKTUBHOTO B3aUMOJICHCTBUS C OKpYXarolieil cpefoil. B Hactosiee Bpems pazpadoTan
P HOPMATUBHBIX JOKYMEHTOB M PYKOBOSIIMX MAaT€PUAIOB 10 TEPMUHOJIOTUHU B
pobotorexnuke: 'OCT 25686 - 85 "MaHumyasTopbl, aBTOONEPATOPHI U MPOMBIIIICHHBIE
po6oTtsl. Tepmunsl u onpeaenenus”, cranaapt COB 5948 -87 "PoOoTHI MpOMBIIILIIEHHBIE.
Tepmunsl u onpenenenus”, TeXHNYECKUN OTUET MEXAYHAPOAHON OpraHU3aluu
crangaptuzanuu CO 8379 "MaHunysisiiMOHHbIE TPOMBIIIIEHHBIE poO0ThI. ClioBaps",
TEPMHUHOJIOTHS, pa3paboTaHHas KoMHccuei o mpobiaeme "PoboToTexHuka 1
aBTOMAaTH3UPOBaHHOE MPOU3BOACTBO" "Teopus poboToTeXHMUECKUX cucTeM. TepMuHoIorUs".
HexoTopble TepMUHBI U ONpeieTIeHUs U3 TepMUHOIOTUN "TeopHst poOOTOTEXHUUYECKHX CUCTEM.
Tepmunonorusa": POBOTOTEXHUKA - o6n1acTh HayKu ¥ TEXHUKH, CBSI3aHHASI C CO3JITaHUEM,
UCCIIeIOBAaHUEM U IPUMEHEHHEM poO0TOB. POOOTOTEXHHMKA 0XBATHIBAET BOIIPOCHI
MIPOEKTUPOBAHUS, IPOTPAMMHOI0 00eCTIeYeHHsI, OUyBCTBIIEHUSI POOOTOB, YIIPaBJICHUS UMH, a
TaKke pOOOTU3AIMH TPOMBIIINIEHHOCTH U HETIPOMBILIUIEHHON Cephl.



KoHTpoJsibHbIE BONIPOCHI:

. Kakyro o6mactb Hayky U TEXHUKH 3aHUMAeT POOOTOTEXHUKA?

. 3 uero cocroutr Mmexanusm?

. Uto Ha3bIBaeTCAd KMHEMAaTUYECKOU LIENbI0?

. Uto Takoe cepBomexaHnu3m?

. KakoBbI OCHOBHBIE OTIpeenieHust pOOOTOTEXHUKU ?

. KakoBBI mpUYMHBI MOBBIICHUST PEHTA0EIEHOCTH IPUMEHEHUS] pOOOTOB?
. CxospKo nokoJienuit po6otoB Bel 3Haere?

. UeM oTim4aroTcst MEXKIy co00i oKoeHus: poooToB?

. KaxoBbl 3Tamnsl pa3ButHst poOOTOTEXHUKN?

10. Yro mpeacTaBiisieT co00i HayKa MeXaTpOHHKa?

11. Kakumu xapakTepuCTUKaMH OTINYAIOTCSA UHTEIUIEKTyalbHbIE POOOTHI?
12. Yem otamnyarotcs poOOThI BTOPOTO MOKOJIEHUS?

13. Yto moHMMAaETCs 01 THOKOCTHIO POOOTOB?

O 01N DN W~

Jleknus Ne 2 (1 gac)
Tema: «CTpyKTypa ¥ YCTPOMCTBO OPOMBIILUIEHHBIX POOOTOB.»
1.1.3 Bomnpocsl JeKIHH:

1. Kunemartudeckue Iemu.

2. CTpyKTypa MpOMBIILIEHHOTO po0oTa.

3. 3amayn KHHEMaTHYECKOTO UCCIIETOBAHMS.
1.1.4 Kparkoe cojep:kaHne BONPOCOB:
CTpyKTypa U YCTPOHCTBO MPOMBIIIIICHHBIX p0O0TOB. OCHOBHBIMU COCTaBHBIMH YacTsiMu [1P
SIBJIIOTCSI MAHUITYJISITOP U YCTPOMCTBO yrpaBlieHUs. B cBoto ouepenp, Kaxaas U3 3TUX yacTel
BKJTIOYAeT psan 0s10koB (puc.2.1). Puc.2.1. CTpykTypa mpoMBIIIIEHHOTO po6oTa MaHUTyasTop —
yIpaBisieMO€ YCTPOICTBO UM MalIMHA JUTsl BHITIOJTHEHUS ABUTATENbHBIX (PyHK- 1TUH,
aHAJIOTMYHBIX (QYHKIMSIM PYKH YeJIOoBeKa Mpu NepeMelieHn 00beKTOB B IPOCTPAHCTBE, OCHA-
HIeHHOe PaboYuM OpraHoM. MaHUITYASTOP MTOMUMO COOCTBEHHOM MaHUITYISIIUOHHON CUCTEMBbI
COJIEP’KUT pabounii Opras, IPUBOJ U YCTPOMCTBO NepeaBuKeHHs. Ta 4acTh yCTpOHCTBA
yrpaBleHus, KOTOpasi BbIpabaThIBaeT yIpaBJIsAIONINe CUTHANBI 7S PUBOJA, paboyero oprata,
yCTpoOiicTBa MepeABMKeHUS, Ha3bIBaeTcs 0110koM yrpasienus. [locnenoBarensHOCTh
YIOpaBISAOMUX CUrHAIOB (hopMupyeTcst B 9BM Ha 0cHO- BaHUM NPOrpaMMBl, IPEABAPUTEITHHO
3aMMCcaHHO B HEe OMepaTOPOM Yepe3 CUCTEMY CBS3H, U C y4e- TOM CUTHAJIOB, MOCTYMAIOMIUX OT
JaTYNKOB MH()OPMALIMOHHO-U3MEPUTENIbHOM crucTeMbl. KOHCTPYKTUBHO MaHUIYJSATOP U
YCTPOMCTBO YIPaBJICHUS MOTYT ObITh OObEIUHEHBI B OJIHOM CTOIKE, HO MOTYT OBITh BBITIOJTHEHBI
pa3zeNbHO M pacloiaratbCs Ha HEKOTOPOM yIalleHUU APYr oT apyra. McnomHuTenbHbIif
MexanusM (M) - mexaHndeckas 4acTh UCIIOJHUTEIHLHOTO YCTPOMCTBA MPOMBIILIEHHOTO
poboTa, peanusyroliasi IBUraTeIbHYIO (PYHKIIHIO - IPEACTABISET COO0M CUCTEMY TBEPIBIX U
YIPYTUX TeJ, COSAMHEHHBIX MEXIy COO0N pa3uyHbIMU BUJIaMU cBsizell. TBep/bie Tena,
BXOJIAIIUE B COCTaB UCIOJIHUTEIFHOTO MEXaHU3MA U SIBIIAIOIIKECS (DyHKIIMO- HATbHBIMU
AIIEMEHTaMU €r0 KHHEMATHYeCKOH IEMH Ha3bIBAIOTCS 3BEHBSIMHU. 3BEHO UCIIOJIHUTEIHHOTO
MeXaHHU3Ma KOHCTPYKTUBHO MOYKET COCTOSITh U3 HECKOJIBKUX JIeTallel, HE UMEIOIIUX MEXKITY
co00ii 0T- HocuTensHOTO BIKEHUS. COeTMHEHHE IBYX COMPUKACAIOITUXCS 3BEHBEB,
JOTYCKAIOIINX UX OTHOCUTETBHOE ABMKEHHE, HAa3bIBACTCS KHHEMATUUECKOU Mapou.
CoBOKYITHOCTh IOBEPXHOCTEH, TUHHUIM U TOUEK 3BEHA, BXOAIINX B COMPUKOCHOBEHHE (KOHTAKT)
C IPYrUM 3BEHOM Taphbl, HA3bIBAETCSI SJIEMEHTOM Maphl. /11t TOTO 4TO- OBl AJIEMEHTHI Maphl
HAaXOJMJIUCh B IOCTOSIHHOM COTIPMKOCHOBEHUH, Mapa I0JDKHA ObITh 3aMKHYTa T€OMETPUUECKUM
(3a cueT KOHCTPYKTHUBHOU (POPMBI 3BE€HBEB) WIIM CUIIOBBIM (CHUIION TSHKECTU, IPYKU- HOM, CHIION
JABJICHUS KUKOCTH WM Ta3a U T.11.) crioco0oM. KoHTakTupyroIine moBEpXHOCTH, JIMHUU U
TOYKH 3BEHBEB, SIBJISIFOIIMECS YJIEMEHTAMU KHHEMa- THUECKOH maphl, MOTYT 00pa30BbIBATh
MIPOCTHIE U CIIOKHBIE KWHEMAaTHYeCKue napbl. B mpocToii kuHe- MmaTudeckoi nape (puc. 2.2 a)
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KOHTaKTHUPYIOT TOJIBKO JBa 3J€MEHTa | U 2, KOTOpble ONPENEIISAIOT CO- OTBETCTBYIOIIEE YHCIIO
KOMIIOHEHT peakuuii cBsizeil. B cnoxxnoii mape (puc. 2.2 6) He0OX0MMBIE I'e0- METPUUYECKHE
CBSI3H TyOHPYIOTCS TOTIOJHUTENBHBIME cBsi3siMu 11 1 21 . JIoNOTHUTENBHBIE 3JIEMEHTHI
KMHEMATUYECKUX IIap BBOJAT JJIs1 YMEHBILIEHUS AAaBJICHUS U U3HOCA KOHTAKTUPYIOIINX
IIOBEPXHOCTEN 3a CUET MepPEPACIPEACIICHUS] PEAKTUBHBIX CHJI M YBEIMUEHUS Pa3MEPOB
2JIEMEHTOB KMHeMaTudeckux nap. Puc. 2.2. KunemaTtuueckue napbl: a) NpocThle, 0) CI0XKHbIE
Ecnu nomumo HeoOX0JUMBIX 3JIEMEHTOB KUHEMATUYECKON Mapbl, 00YCIOBIEHHBIX TPEOyeMbl -
MU T€OMETPUYECKUMU CBA3SIMH, IPU KOHCTPYHMPOBAHUU UCIOJb3YIOT JOOJHUTEIbHbIE
AIIEMEHTBHI, TO B TAKOW CII0KHOW KMHEMATHYECKON Iape MOTYT MOSIBUTHCS N30BITOYHBIC
JoKanbHble CBA3U. [Ipy Ha- TMYMK U30BITOYHBIX JIOKAIBHBIX CBSI3€H OTHOCUTEIBHOE ABUKEHNE
3BEHBEB JINOO CTAHOBUTCS HEBO3- MOYKHBIM (3aKJIMHUBAHUE, 3aIllEMJICHUE 3JIEMEHTOB), JIN0O
OCYILIECTBIISIETCS 3a CUET Ae(POopMaluy 3BEHbEB, YBEIUUECHHBIX 3a30POB MEXKY peaIbHbIMU
MTOBEPXHOCTSAMM JIEMEHTOB WK UX W3HOca. UToObI KMHEMaTH4ecKas rnapa Oblia
paboTocrocoOHOM U HAAEKHOM B AKCILTyaTalllH, IPEIb- ABJISAIOT ONpeeeHHbIe TPeOOBaHUS K
pasmepam, popMe U OTHOCUTETLHOMY TMOJIOKEHUIO €€ 3Jie- MEHTOB. OOBIYHO YKa3bIBAIOT
IpeieNbl OTKIIOHEHUH OT 33/1aHHbIX WM TPEOYyeMbIX FT€OMETPUUECKUX (OPM U PaCIOIOKEHUS
MMOBEPXHOCTEMH, oceil mim Touek. Cxema KHHeMaTH4eCKOU Mmaphl, OTpakaroIias TOJIbKO
HEO0OXOJMMOE YHCII0 TEOMETPUUECKUX CBSI3€H, Ha3bIBACTCSI OCHOBHOM. CxemMa KHHEeMAaTH4eCKOU
Maphl, OTPAKAIONIAS KaK HEOOXOIUMBIE, TaK U H30BITOYHBIC JIOKATBHBIC (JOTIOTHUTETHHBIC)
CBSI3M, Ha3bIBACTCS JIEUCTBUTEIBHOMN. I30bITOUHBIE JTOKAJIbHBIE CBSI3U BHOCAT CTATHYECKYIO
HEONPEAeIMMOCTh. YHUCII0 N30BITOYHBIX JTOKAJIBHBIX CBSI3€H B peasibHOM KOHCTPYKIIUU Hapbl
Ha3bIBAETCS CTEIE- HbIO CTATUYECKON HEONIPEAEIMMOCTH KHHEMAaTHYeCKOM napsl. [Ipumenenue
CIIOHBIX KHHEMaTH- YECKUX Map ¢ N30BITOYHBIMH JIOKAIBHBIMU CBSI3IMH BO3MOYKHO TIPH
JOCTaTOYHOM KECTKOCTH 3BEHBEB, KOTJa UX JedopMalins MpU BO3IEHCTBUU HArpy30K He
MPUBOJUT K 3aKJIMHUBAHUIO 3JIEMEHTOB KM- HEMaTHUECKHUX Map WIM UX MOBBIILIEHHOMY
M3HAIIMBaHuUIO0. McnomHUTeNbHbIE MEXaHNU3MBI, YIOBJIETBOPSIOIINE TPEOOBAHUSIM
MPUCTIOCOOAEMOCTH K Jie- (popMalsM 3B€HBEB, HAJIS)KHOCTH, JIOJITOBEYHOCTH U
TEXHOJIOTUYHOCTH KOHCTPYKLIUHU, 00JIa/1al0T OM- TUMAIBHON CTPYKTYpoid. OnTUMalibHas
CUCTEMA PACIOJIOKEHUS JIEMEHTOB KHHEMAaTUYECKOM Napbl - HOHATUE OTHOCU- TEJIBHOE:
KOHCTPYKIUSI ONTHUMAaJIbHAS JJIsl OJTHUX YCIOBUM, MOXKET OBITh HEMTPUEMIIEMOM I JPYTUX.
YacTo 3T0 CBSA3aHO € TEXHOJOTUYHOCThIO, KAK COBOKYITHOCTBIO CBOMCTB KOHCTPYKIIUH,
MPOSIBISIEMBIX IIPU ONTUMAJIBHBIX 3aTpaTax TPyJa, CPEACTB, MATEPUATIOB U BPEMEHU NPU
MIPUHSATHIX YCIOBUSAX U3T0- TOBJICHHUS, SKCIUTyaTallui U PEMOHTA IPOMBILIIIEHHOTO poOoTa.
KoncTpyknus, 10CTaTOYHO TEXHOJO- TUYHASI B €IMHUYHOM IIPOU3BOJICTBE, YACTO OKA3bIBACTCS
MaJIOTEXHOJIOTUYHOU B MAaCCOBOM IPO- U3BOJCTBE U COBEPIIECHHO HETEXHOJIOTMYHOMN B
aBTOMATU3UPOBAHHOM IMPOU3BOJICTBE. KnHeMaTnueckue napsl KiaccuGUUUpPYIOT MO YUCITY
CBsI3e (OrpaHHueHuil), HalaraeMbIX MMa- poil Ha OTHOCUTEIHHOE JBMKEHHE 3BEHHEB
(xnmaccuduxanus M. . AproboneBckoro) Ha KWHEMaTH4e- CKHUE Mapbl MATOTO, YETBEPTOrO,
TPETHhEro, BTOPOro U nepBoro kiaccoB (puc. 2.3). Puc. 2.3. [Ipumeps! kunematudeckux mnap. I1o
XapaKkTepy CONPUKOCHOBEHUS 3BEHbEB KHHEMATUUYECKUE Maphl IEIAT HA HU3LINE, €CIIH
3JIEMEHTHI 3BEHbEB COIPUKACAKOTCS TOJIBKO 110 TOBEPXHOCTH, U BBICILIUE, €CIIH 3JIEMEHTHI
3BEHBEB CO- MPUKACAIOTCS TOJIBKO IO JIMHUAM WM B TouKax. [Ipu aToM nuHeHbIN win
TOYEYHBIM KOHTAKT MOHU- MAeTCs KaK NIepBOHAYAIbHBII MPU CONPUKOCHOBEHUHU 3BEHBEB 0€3
yCWIINS, a IO/ Harpy3Ko# 3BeHbs1, 00pa3yolIye BhICIIYIO apy, OyAyT cOpUKacaThbCs Mo
HEKOTOPOH (pakTHUeCKO MOBEPXHOCTH, Ha3bl- BA€MOI MATHOM KOHTaKTa. [IpenmMyiecTBo
HU3LIMX KHHEMAaTHYECKUX Hap MO CPaBHEHUIO C BBICHIMMHU - BO3MOXKHOCTD I€- pelaur OOJIbIINX
CHJI, TOCKOJIbKY KOHTAaKTHasl IOBEPXHOCTh CONPUKACAIOUINXCS 3BEHBEB HU3LIEH 1a- Pbl MOKET
ObITh BecbMa 3HauuTeNbHA. [IpuMeHeHNe BBICIINX Map MO3BOJIIET YMEHBIIUTh TPEHUE (IpUMep -
HIAPUKOTIOIUIUITHUK) M MOJTy4aTh HYXKHbIE, CaMble pa3HOOOpa3HbIe 3aKOHBI JIBUKEHUS BbI-
XOJHOTO 3BEHA ITyTeM MPHUAAHUS ONPeaeIEHHON (OPMBI 3BE€HbSIM, 00pa3yIOIIKX BBICIIYIO Mapy.
Kunemarnyeckue napbl BO MHOTOM ONPEAETISIOT paboTOCHOCOOHOCTD M HAIEKHOCTh UCIIOTHH-
TEJILHOTO YCTPOMCTBA MPOMBIIIIEHHOTO po00Ta, MOCKOJIBKY Yepe3 HUX MepelatoTCsl YCHIUS OT
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OJTHOTO 3BEHA K JIPYTOMY; B KHHEMAaTUYECKUX Mapax, BCIECACTBUE OTHOCUTEIHHOTO JIBUKCHHUS,
BO3HUKAET Tpe- HHUE, SJIEMEHTHI MTAphl HAXOAATCS B HAIIPSHKEHHOM COCTOSIHUM U B TIpOLIecce
n3HammBaHus. KOHCTPYKIUS CIIOKHBIX KHHEMAaTHUECKUX Map Hapsy C MOBBIIICHUEM
KECTKOCTH U TOYHOCTH JOJDKHA 00eCieunBaTh HENPUHYKICHHYIO COOPKY Y3JIOB M MO3BOJISTH
WCTIOJIHUTEILHOMY MEXaHU3MY COXPAHATH 3aJaHHOE YMCIIO CTETIEHEH MOIBUKHOCTH IPU
BO3MOJKHBIX JIe)OpMalUsAX CTOWKH, BAJIOB, OCEH M JPYrUX AeTaiei Mo/ IeHCTBHEM BHEITHUX
Harpy3ok. B MCTIOJIHUTENTBHBIX MEXaHU3MaX MPOMBIIIICHHBIX POOOTOB UCTIONIB3YIOT
KHHEMAaTHYECKHE M- PbI TOJBKO 5, 4 ¥ 3 KI1acCOB, HO B OCHOBHOM KMHEMAaTHYECKHUE Maphl 5- TO
knacca. [Tapsl 4 1 3 KI1accoB SKBUBAJICHTHO 3aMEHSIOT KOMOMHANIMEH IBYX HIIM TpeX Hap 5-ro
kiacca (puc. 2.4.), T.e. KHHEMaTUYECKUM COECMHEHUEM — KUHEMAaTHYE€CKOM 11ETIhIO,
KOHCTPYKTHUBHO 3aMEHSIONICH B MCIIOJIHUTEIFHOM MEXaHU3Me KHHEMaTHUeCcKyto napy. Puc. 2.4.
BapuaHThl 3aMeHBI KHHEMAaTHYECKUX TTap BBICIIETO KJIacca HU3IMIMMHE. 3BEHO, TPUHUMAEMOE 32
HETIOIBUYKHOE, HA3bIBAETCSI OCHOBAHUEM (CTOMKOI). 3B€HO, KOTOPOMY COOOIIAETCS IBMKEHUE,
npeodpa3zyeMoe UCTIOTHUTEIBHBIM MEXaHU3MOM B TpeOyeMble TBUKCHUS IPYTHX 3BEHBEB,
HA3bIBAETCS BXOJHBIM. 3BEHO, COBEPIIAIONIEE ABIKEHHE, IS BBITIOIHEHHUS KOTOPOTO
MpeJHa3HauYeH UCTIOTHUTEIBHBIN MEXaHU3M, Ha3bIBACTCSl BHIXOTHBIM (KOHEUHBIM, TTOCIICIHUM ).
MakcuMaabHOE YHCIIO BXOIHBIX 3B€HBEB PABHO YMCITY CTETICHEH ITOABIKHOCTH HCIIOTHUTEh -
HOTO MeXaHU3Ma. 3BEHbsSI MAHUMYIISITOPA COSAUHSIOTCS IPYT C IPYTOM C ITOMOIIIHIO
KMHEMATHYECKHX I1ap IISTOTO M0~ psijika (TI0 KiTacCH(PHUKAINU TEOPUH MEXaHU3MOB U MaIlIHH),
BpamaTeNbHBIX U TOCTYNaTeNbHBIX. Kak10€ 3BeHO NMeeT cBoe HauMeHOBaHue. Tak, ¢
HETIOIBIDKHBIM OCHOBAHHEM CBsI3aHa KOJIOHHA, C KOJIOHHOH CBsI3aHA KapeTKa, C KapeTKOW — pyKa,
C PYKOM — KHCTb, C KHCThIO — 3axBaT (puc.2.5). Puc. 2.5. Kunemaruka MmaHunynstopa
MPOMBIIIICHHOTO po00Ta. DTH 3BEHbs 00Pa3yIOT IPYT C IPYrOM KHHEMAaTHIECKHUE TTaphl 5-TO
KJ1acca, UMEIOIKe TI0 OJIHOM cTeneHu noaBuxKHOCTH. Kaxkas kuHeMaTuieckast mapa nojayqaer
JBUKEHHE OT yrpasisieMoro npusoja. CrucreMa 3BeHbEB, CBA3aHHBIX MEXIY cO00it
KMHEMaTUYeCKUMU NapaMu Ha3bIBaeTcs KUHEMaTH4e- CKOU 1enbio. B 3aBucHMOCTH OT BUIa
JIBUKEHUSI 3BEHbEB KNHEMATUUECKHE LIETU TOIpa3AeisioT Ha II0- cKue (puc 2.6, a, B) - 3B€Hbs
JBUKYTCSI B OJTHOM MJTM HECKOJIBKUX MapasliebHbIX MIIOCKOCTAX, U MIPO- CTPAHCTBEHHbIE (pUC.
2.6, 0, T) - 3B€HbsI IBIKYTCS B ITpocTpaHcTBe. Puc. 2.6. [Ipumepsl KHHEMaTHYECKUX LIETICH.
Kunematnyeckue menu MOTyT ObITh 3aMKHYTBIMH (pHcC.2.6,B) U HE3aMKHYTBIMHU (pHC. 2.6, a, 0,
r). Kunemarnyeckue 1eny MCIOTHUTENbHBIX MeXaHU3MOB [IP sBISIOTCS B OCHOBHOM
He3aMKHYThIMH . Cy- IECTBYIOT HE3aMKHYThIe KHHEMATHUECKHE [IENU C MECTHBIMU
3aMKHYTBIMH KOHTypamu (puc. 2.6, T). UcnoaHUTEeNbHBIN MEXaHU3M NPOMBIIUIEHHOTO poOoTa B
npouecce GyHKIMOHUPOBAHUS MOXKET UMETh Pa3IMUHYIO CTPYKTYpy. Bo BpeMs nBuxeHus B
MIPOCTPAHCTBE €0 MOKHO pacCMaTPUBATh KaK He- 3aMKHYTYI0 KHHEMaTHUeCKyIo 1ensb. [lpu
BBITIOJIHEHUH TEXHOJOTHYECKON oTepaliy Ha JBMKEHHUE UC- TIOJTHUTEIFHOTO MEXaHU3Ma
HAKJIa/IbIBAIOTCS JOTIOTHUTEIbHBIC CBS3H U OH MPEBPAIIACTCS B 3aMKHYTHIN MexaHu3M. Jliis
MIOJIHOTO OCYILECTBJICHHSI MPOCTPAHCTBEHHOTO JABMKEHUS HEOOX0IMMO UMETh B MAHUMYJIATOPE
IIECTh CTENEeHeH MOABMKHOCTH, U3 HUX TPU HYKHBI U1 IPUBEACHUS KOHIIA MAHUITYISTOPA B
TpeOyeMyro TOUKY IPOCTPAHCTBA (IEPEHOCHBIE ABMKEHUS), €1Ie TPU — JJIS MOTy4eHUs
HE0OX0IMMOM YIII0BOW OpU- €HTALIMU 3aXBaTHOTO YCTPOMCTBA (OpUEHTUPYIOIINE CTEICHH
NoIBIKHOCTH). [1o/1 cTeneHsaMu MoABMKHOCTH MAaHUITYJISTOpa (CTETEHAMHU CBOOOIbI)
MOHUMAIOT 0000IIIEHHbIE KO- OPAUHATHI, OTPEIEIISIONINE B IPOCTPAHCTBE MOJIOKEHUS €ro
3BeHbeB. UHCIIO cTeneHel MoABMKHOCTH MaHUITYJIATOpa N ONpeaesiercs no popmyne 2==—95
1 611nk iP rae kK — 4ncno MOABWKHBIX 3BEHbEB; Pi1 — UMCIIO KUHEMAaTUYECKUX Tap i-To Kiacca.
Hampumep, B paccMaTpuBaeMoM cliyduae MaHUMYISTOP, H300paKEHHBIN Ha pUc. 2.5 COIEPKHUT 5
MIOJIBUKHBIX 3BEHBEB (MCKJIIOYasi HETOABMKHOE OCHOBAHUE U BHYTPEHHEE MOJBH)KHOE 3BEHO B
3axBare), 00pa3youmx 5 KuHeMaTHYeckux nap 5-ro kiacca. [loatomy n = 6*5 — 5*5 =5,
PaznuuaroT cnenyromue creneHei noIBUKHOCTU: KOOpIMHATHBIE (T100aIbHbIE) - 00eceynBaro-
1€ BBIBEJICHUE MAHUITYISITOPA B 30HY MAaHUITYTHPOBAHUS; IEpeHOCHBIE (paboune) -
OTIpeNIeNAIONINE BEIBEICHUE 3aXBaTa B 3a/JaHHbIE MeCTa paboueil 30HbI; OPUEHTUPYIOIIHE
(JoxaspHBIE) — 00ecIeurBao- Mue TpedyeMble OpUEHTAIIMH 3aXBaTa B 3aJJaHHOM MecTe paboueit
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30HBI. Ecin pabouas 30Ha siBIIsieTCsl 00bEMHOM, TO MAaHHUITYJSTOP JI0JDKEH UMETh HE MEHEe Tpex
[IEPEHOC- HBIX CTEICHEN MOABHKHOCTH. B Cilydae IIOCKON 30HBI MAaHUITYJIUPOBAHUS
JOCTaTOYHO UMETh JIMIB JIBE€ IEPEHOCHBIE CTEIIEHH CBOOOIBI. YBEIMUYEHUE YUCIIA CTEeTICHEeH
ITOJBMYKHOCTH YCJIOKHAET MaHUITYJISITOP, HO OJTHOBPEMEHHO YBEIUYMBAET €r0 MAHEBPEHHOCTb,
T.€. CHOCOOHOCTh 0OXOIUTH MPEMATCTBUS B pado- ueld 30He. KoMIIoOHOBKa MaHUITY s TOpa
3aBHCHUT OT BBIOPAHHOM CHCTEMBI KOOPJAMHAT ero (yHKIHOHHpOoBaHUs. C 3TOW TOYKHU 3pEHUS
pa3anyaoT MaHUIYISTOPBI, paboTaroKe B JEKapTOBOM, IMIMHIPUUECKOH, cpe- pudecKol u
aHryssipHoi (yrioBoit) cucremax koopauHat. Konerpykuus [1P 3aBucuT u ot koiauuecTBa pyk
MaHUITYJISIIUOHHON CUCTEMBI, YIIPABIsEMO OJHUM U TEM K€ YCTPONUCTBOM YIpPaBIIEHUS, a
TaK)Ke OT TUIIA YCTPOUCTB nepeaBrxeHus. OObeKTOM MaHUIYIMPOBAHUS Ha3bIBAIOT TEJIO,
nepeMeIiaeMoe B IpOCTPaHCTBE MaHUMYIIATOpoM. K 00bexkTaM MaHUITYIMPOBAHUS OTHOCST
3aroTOBKH, JIE€TAJIM, BCOIOMOTATEIbHbIN, MEPUTENIbHBIN UK 00- pabaThIBalOIUi HHCTPYMEHT,
TEXHOJIOTUYECKYIO OCHACTKY U T.N. Paboumii opran — coctaBHasi 4aCTh UCIIOJIHUTEIHLHOTO
yCTpOIICTBA MPOMBILIEHHOTO po0O0Ta JIsl HETIO- CPEICTBEHHOTO BBIMOIHEHUS TEXHOJIOTMUECKUX
onepanuil u/uam BCIoMorareabHbIX nepexo1oB. OcHoBHas ocobeHHocTh [P 3akimouaercs B
TOM, YTO OH MpeAHa3HaueH AJis paboThl C IPYTUM TeX- HoJorudeckum obopyaosanueMm (TO) u,
IO CYILIECTBY, MIPEACTABISAET COOOM AMEMEHT 3TOro 000py0Ba- HUs, O3BOJISIOLINI CO3/1aBaTh
poOOTH3MPOBaHHBIE TEXHOJIOrHUecKkue Komiuiekcsl. [loatomy ctpykrypy I1P, paGoTtaromero
COBMECTHO C HEKOTOPBIM TEXHOJIOTHYECKHM 000PYJOBaHHEM MOKHO MPEJCTABUTH TaK, KaK 3TO
nmokaszano Ha puc. 2.7. Puc. 2.7. CTpykTypa mpoMbIIIIeHHOTO poOoTa. B o0miem ciaydae
TEXHOJIOTHYECKOe 000PyI0BaHUE COCTOUT U3 TeX e OJIOKOB U ycTpoicTB, uTo U [1P. Kak u 1P
OHO BKJIIOYAET B ceOst OJI0K ympaBlieHUs, PUBO/I, pabodne OpTraHbl, KOTOPhIE MMOJ00HO pa-
6ouemy oprany [1P BzaumoeiicTByIoT ¢ 00beKTOM MaHUTyIUpOoBaHus. TO uMeeT Takke CBOU
TaTYUKU, OTIPEIEIIAIONINE TIOJI0KEHUE ero paboynx OpraHoB, T.€. JaTYUKU BHYTPEHHEH
nHpopmanuu. Ucnonau- tenpHbie 35eMenThl kKak TO, tak u [1P ympasastorest or DBM.
Enunacteennoe orimmuune I1P ot TO 3akmo- gaeTcs UMb B TOM, YTO OH JOIOJIHUTSIBHO
COJIEP’KUT aHTPOTIOMOP(PHYIO UCTIOTHUTENBHYIO CUCTEMY — MaHUMYAATOp. OUEBUIHO, YTO
xapakrep oociyxuBaemoro TO CyIIecTBEHHO BIHSIET Ha KOHCTPYKIIMIO U TEXHUYE- CKHE
xapaktepuctuku [1P. Tlo stoii mpuumHe roBopsT He o [1P BooOe, a podoTax-cOopiiukax,
poboTax mpeccoBOro MPOU3BOJICTBA, poOOTaX CBApIIMKAX U T.M. YHUBepcaabHOCTh [P, kak
MepenporpaMmMupye- Mol MaHUITYJIILUOHHOM CUCTEMbI, HOCUT He aOCOJIOTHBIH, a
OTHOCHUTEJIbHBIN XapakTep, MOCKOJIbKY UMe- €T CMBICI JIMIIb B paMKaX TOro 000pynoBaHus, s
00cyKMBaHUSI KOTOPOTO MPOEKTUPYETCs poOOT. bazoBbie cucTeMbl KOOPAMHAT MAaHUITYJISTOPA.
Uucrno creneHei moaBMKHOCTH U KaXKJI0€ BIKEHHE poOoTa obecrieunBaeTcs
COOTBETCTBYIOIIEH KHHEMATUYECKOU CXEMOU ero MexaHnu3MoB. KnunemaTuueckue cxembl
poOOTOB UMEIOT ONpeieNICHHbIE CTPYKTYPhl KHHEMATUKHU PYK M KUCTH, KOTOPBIE 3aBUCAT OT BUA
Y TIOCIIEI0BATEIbHOCTH PacoioskeHus BpamareinbHbix (B) u nocrynarensubix (I1)
KMHeMaTnyeckux nap. Paspaborana kinaccuduxaiyss KHHEMaTHYECKUX CTPYKTYPHBIX CXEM PYKHU
Y MaHMITYJIATOPOB, cocTosAmas u3 nap: 1 — BBB, tpex Bpamarenshbix; 2 — BBII, nByx
BpalaTeNnbHbIX U 0J1HOM noctynaTtensHoit; 3 — [IBII, BIIIL, I1TIB, aByx noctynaTeiabHbIX U
onHoil BpamarensHoii; 4 — [ — Tpex noctynarenbHbix. Dopma paboueii 30HbI U
BO3MO’KHOCTH MaHUIYJIMPOBAHUS 0OBEKTOM TaKXKe OMPEAEISIIOTCA KUHE- MaTUYeCKON
CTPYKTYpHOM cxeMoil kuctu Manunynaropa (kectkas, B, BB, BBB). Xapakrep nepeHocHbIX
CTeIeHeH MoABMKHOCTH (IOCTYNATEIbHBIX U BpaIlaTeIbHbIX ) ONpeensieT 6a30ByI0 CUCTEMY
KOOpJIMHAT MaHUIYJIATOpa. Eciiu mocTynaTenbHbIX IEPEHOCHBIX CTENEHEN MOABUKHO- CTH TPU
(IT=3), a BpamatenbHbix BooO1ie HeT (B=0), To 6a3oBas crucTeMa KOOPAMHAT SBISETCS MPSIMO -
yroJIbHOM, a pabouas 30Ha uMeeT Gpopmy napauienenumnesna (puc.2.8). Puc.2.8. IIpsamoyronbnas
cucreMma koopauHaT. HecMoTps Ha mpocToTy KOHCTpyKIuH, I1P ¢ Takoii cucTteMoi KoopAnHaT
BCTPEYAIOTCS JOBOJIBHO PEJIKO, T.K. UMEIOT OOJIbIINE TabapUThl PU MaJIoM o0beMe pabodeit
30HBI M XapaKTepU3YIOTCS CPABHU- TEILHO HEBBICOKUM ObICTpOJieiicTBUEM. Takue poOOThI
0OBIYHO JINOO MOABEIIMBAIOTCS HAJl 00CTYKHBae- MbIM TEXHOJIOTHYECKHM 000pYI0BAHUEM,
1100 MOHTHUPYIOTCS Ha HANpaBJIAIOLIMX KapeTkax moja HuM. B Tom ciydae, korga [1=2, B=1,
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pabouas 3ona [1P mpuoOperaer numuHApHUecKyo Gpopmy, BepHee (opMy HETIOIHOTO LUIHHAPA
(puc.2.9). Puc. 2.9. Hununapuyeckas cucrema koopauHat. COOTBETCTBYIOIIASI 3TOMY CIIy4ar0
0azoBas cucrema koopauHat R,H, ¢ ymoOHa u mosyunna Gosbioe pacnpocrpaneHue. OHa
obecrnieunBaeT 00CTyKUBaHUE OOJIBIIOTO 0ObeMa padoUeii 30HbI, HO UMEET HEIOCTATOK,
CBSI3aHHBIN C TPYAHOCTHIO OPTaHU3ALMU MAHUITYJIMPOBAHUS TPEIMETAMH Ha MaJIOl BBICOTE.
Ecmu I1=1, B=2, To paboyast 30Ha mpecTaBisieT co00# HENOIHbIH map, a 6a3oBas cucrema
Koop- quHAT R,0,¢ sBisercs chepuyeckoid. ITo Hanboee yHUBEpCAIbHAs CHCTEMa KOOPIUHAT
(puc. 2.10). Ona obecnieunBaeT 00CTyKUBaHUE OONIBIIIET0 00BEMa paboUeit 30HbBI, YeM TIpU
MPSIMOYTOJIBHOM M ITU- TMHAPUIECKON cucTeMax KoopauHat. OTHAKO KOHCTPYKITUS
MaHUITYJISTOpa B 3TOM Cilydae noJiyyaercs 0oJiee cioxHoM, a [IP Hyxxnaercs B Oosiee CioxKHON
cucreme ynpasienus. Puc. 2.10 Chepuueckas cucrema koopauar. [lpu [1=0, B=3 nomy4aror
aHTYJSIPHYIO (YTJIOBYIO) 0a30BYIO cucTeMy KoopauHart v,0,¢ (puc.2.11). Puc. 2.11. Arrynsapuas
crcreMa KoopauHat. Takast ciucreMa KOOpJHHAT Hanbosiee yHUBEpCalbHa, 00eCcTIeYnBaeT
o0cmy>krBaHHEe HauOoJIbIIEro 00beMa paboueii 30HbI U TI03BOJIsIET CTpouTh [P, oOnamaromnme
MaKCUMAaJIbHOW aHTPOTTOMOP(HOCTHI0. OTHAKO KOHCTPYKIHS MAaHUITYJISITOPA OYCHB CIIOKHA,
TPOMO3/IKA ¥ MPEIIOJIaraeT CI0KHYI0 CUCTEMY yIpaBieHus. HemoctaTkoM sBIsIETCSl TaKkKe TO,
9TO JKECTKOCTh MAaHUITYJISITOPA B HEH MOHIMKEHA, M3-32 YET0 BOHUKAIOT TPYAHOCTH
obecrieyeHns HEOOXOIMMOW TOYHOCTH TIO3UIIMOHUPOBaHUs. [IpsiMoyrospHas cucrema
KOOPJAMHAT pealn3yeTcsl TPeMsI MMOCTYNATeIbHPIMA KHHEMAaTHYECKIMHE TTapaMH,
WIAHAPUIECKas: — IBYMSI TIOCTYIATEIbHBIMH M OJTHOW BpaliaTeIbHOH, cheprueckast — IByMs
BpamaTeIbHBIMU U OJTHOW TOCTYNATEIbHOMN, YIII0Bask — TPeMsl BpamaTeIbHBIMU.. AHATIN3
KHHEMATHYECKHX CXeM MaHUYJISATOPOB TOKa3bIBACT JBE OCHOBHBIE OCOOCHHOCTH: - OCH
KMHEMATHYECKHX T1ap PaCIIOI0KEHbI MapalIeIbHO OO0 MEePIEeHANKYISIPHO APYT IPYTY, -
3BEHbBSI COCIMHEHBI B TIOCIICIOBATEIBHYIO KHHEMATHUECKYIO 1IeTb. BMecTe ¢ TeM OHH UMEIOT Psij
CYIIECTBEHHBIX HEJIOCTATKOB: - HU3KHI TIOKA3aTelb IPy30I0 bEMHOCTh/MAacca MAHUTTYIIATOPA,
YTO 00YCJIOBJICHO MOCJEA0BATEIBHON CXeMOU COSAMHEHUS 3BEHbEB. JleCTBUTEIBLHO, KaXK IbIN
MIPHUBOJ IOJDKEH TepeMenIaTh He TOJBKO T0JIe3- HYI0 Harpy3Ky, HO M BCE TIOCIICAYIOIIHE TI0 TETH
3BEHBS. - TOTPEITHOCTH B IEPEMEIIIEHHUSIX BCEX MAPHUPOB CYMMHPYIOTCSI HA KOHIIEBOH TOYKE
MaHUITYJISITOPA, YTO TIPUBOUT K HU3KOH TOYHOCTH TTO3UIIMOHUPOBAHHS MAHHUITYJISITOPOB T10
CPaBHEHHIO C MAIIMHAMH C JIe- KAPTOBOH KOMITIOHOBKO#, - OTHOCHTEIBHO HHU3Kasl JKECTKOCTh
MaHUITYJISIIIUOHHBIX pOOOTOB, TaK KaK yIPyroe OTKIOHEHHE PadoUyero opraHa eCTb pe3ysibTaT
HaKOTUICHHSI IeopMaInii 1o IEIH 110 BCEM CTETICHSIM IOABMXHOCTH poboTa. [Ipuyem BecoBbie
KOA(QPHUIUEHTHI ATOI CyMMBI TPONOPIIHOHATBHBI PACCTOSIHUSM OT KOHIIEBOW TOYKH JI0 OCEH
COOTBETCTBYIOIIUX IIAPHUPOB. 3a7a4l KHHEMaTHYECKOTO ncciieoBanus. CocTaBisieTcs
pacueTHasi KHHEMaTH4YeCcKasi MOJICNb, B KOTOPYIO BXOJISIT pa3Mepbl 3B€HbEB, KOJIMYE- CTBO U
pacrpeiesieHue KHHeMaTHueckux nap. [1o10keHne KHHeMaTHYeCKOH 1INy B IPOCTPAHCTBE
oTIpe- ACISIETCS C TIOMOIIBI0 00001IeHHBIX KoopauHaT gi (I = 1,2,...,n), KoTopbie
XapaKTePU3YIOT OTHOCHUTEIb- HbIC TIEPEMEIIICHHSI 3BEHbEB KaK MOCTYMaTeIbHbIC, TaK U
BpamarenbHbie. Puc. 2.12. PacueTHbie MmaremaTnueckue Mo ienu. KoopauHaThl KOHIICBOH TOYKU
MaHuysTopa P B pabodem npocTpaHCTBe ONPEACISIFOTCS IS Tiep- BOro cirydas (puc. 2.12.a):
Xp = r*cosg, yp = r*sing, zp = z; [l Broporo ciyyas (puc. 2.12, 6): xp = r*cosel*cose2, yp =
r*sinpl*cosp2, zp = | + r*sing2; J{ns tpersero ciayuas (puc. 2.12. B): xp = [2*cospl*cosp2 +
I3*cospl*cos(p2 + @l), yp = 12*sinpl*cose2 + I13*sinpl*cos(p2 + ¢l), zp = I1 + 12*sine2 +
I3*sin(@2 + @1). DTH COOTHOLICHHUS U CITy’KAaT OCHOBOM 11 KHHEMATHIECKUX MCCIIET0BAHUI
MaHHITYJISITOPOB MPO- MBIIIJICHHBIX poOOTOB. Perraercs npsimasi u oOpaTHast 3a1a4u O
MOJIOKEHUH MaHUITYJISTOPOB. [IpsiMast 3a1a4a COCTOUT B pacyeTe MOJIOKESHUS MaHUTTYJIATOPA
(pabouero oprana P u Bcex 3BeHBEB) 10 3aJJaHHBIM OTHOCHUTEJIBHBIM MTEPEMEIIECHUSIM (i B
KHHEMaTH4yeckux mnapax. [Ipu a3Tom onpenensercs: 1160 KOHEYHOE YUCIIO MOJI0kKe- HUH, TH00
nepemelienue Bo Bpement qi(t). Takum oOpazom, B psIMOii 3a/1aue pacCUUTHIBAIOT T€OMETPH-
YECKUE XapaKTEPUCTHKH pabodeit 30HbI poOOTa MPHU KOHCTPYKTUBHBIX OTPAaHHUYCHHUSIX
JIMaIra30HOB BO3- MO’KHOTO U3MEHEHHs 0000IIEHHBIX KOOPMHAT, TOUHOCTHBIE XapaKTEPUCTHUKU
MO3UIIMOHUPOBAHUS M IBMYKCHUS TIPU 3a/IaHHBIX UCXOJIHBIX MOTPEITHOCTAX AIEMEHTOB, a TAKXKE
12



cepBUCHBIE XapakTepucTuku. OOpaTHas 3a/1a4a COCTOUT B ONpeeNIeHnH 0000IIEHHBIX
KOOPJIMHAT (i IO 33JaHHOMY B OIIOPHOM cHcTeMe KOOPAMHAT (X, Y, Z) MOJIOKEHHI0 pabodero
oprana P unu mro6oro 3BeHa MaHumysTopa. [Ipu 3ToM, Kak ¥ B IpsIMOii 3a/1a4e, pedb MOKET
UATH O KOHEYHOM YHCJIE MOJI0KEHHH, THO0 0 3aKOHE JBIKE- HUsI pabouero oprana x(t), y(t), z(t)
JUIS KOTOPOTO BBIYMCIISIFOTCS 3aKOHBI M3MEHEHUs1 0000IIEHHBIX KOOp- TUHAT qi(t) 3BeHbeB. B
AQHAJIOTUYHBIX MIOCTAHOBKAX PEUIAIOTCS 33a7a4u 00 ONpPEeeTICHUH JIMHEHHBIX U YT- JIOBBIX
CKOpPOCTEH U ycKkopeHull pabouero oprana P u 3BeHbeB Manunyssitopa. Tak, Haripumep,
AHATTMTHYECKOE PElIeHnEe 0OpaTHOH 3a/1au ISl paHee PACCMOTPEHHBIX KHHEMATH - YeCKUX
MOJIeJIC MAaHUITYJIITOPOB MOYKHO MOJIYYHUTh B ClIeytoeM Buie: r=(Xp2+yp2)1/2 ;¢ =
arctg (yp/xh) ; z = zp; (nepBast mozens) r=[xp2+yp 2+ (zp—12]1/2; ¢l = arctg (yp/xp);
@2 =arctg [(zp —D/(xp 2 + yp 2 ) 1/2] (Bropast Mojieiib)

KOHTPOJIBHBIE BOITPOCHI:

. Kak xnaccudunupyrorcs kuHeMaTnyeckue napul?

. Kak onpenenuts crenens NoABUKHOCTH MaHUITyIATOpa?

. KaxoBbl 6a30BbI€ CUCTEMBI KOOPAWHAT MaHUITyJIATOpa?

. B uem cymHocTh npsiMOi 3a1a4u KHHEMATUKU MaHUIYJISITOPOB?

. B uem cymHocTh 00paTHOI 33/1a4l KWHEMATHUKU MaHUITYJISTOPOB?

. Kaxue 3BeHbs BXOJIT B KOHCTPYKIIMIO MaHUIYJISITOpA

. Uto cob6oii mpecTaBIsSIeT CTPYKTypa MaHUITYJISITOpa?

. B xaxoif cucreme KoopAMHAT paboTaeT MAaHUITYJISITOP, BHIOJHEHHBIN 10 cxeme BIITI?
. B xaxoif cucreme KkoopAHHAT paboTaeT MaHUITYJISITOP, BHIOJHEHHBIN 10 cxeme [TITIT?

10. B kakoii cucteme KOopIuHaT paboTaeT MaHUITYJISATOP, BBIIIOJHEHHBIH 0 cXeMe
BBB?

O 0 1O\ DN K~ W —

1.3 Jlekuusa Ne 3  (14ac).

Tema: «IIpoMblinIeHHBbIE POOOTHI U MX KJIACCUPUKALMSA»

1.3.1 Bomnpocsl JeKuuu:

1. Texuuueckue TpeboBaHus u napametpsl I1P.

2. CTpyKTyphl IPOMBIIUIEHHBIX POOOTOB.

3. IlpomsbliieHHbIE pOOOTHI arperaTHO-MOIYJIBHOIO THIIA.

1.3.2. KpaTkoe cojep:kaHne BOIPOCOB:

I[IpoMbiiuIeHHbIe pOGOTHI M uX Kiaccubukamus ITPOMBIIIJIEHHBIA POBOT (IIP) - poGot
MpeIHa3HAYCHHBIN JI BBIOJHEHHS] TEXHOJOTHYECKUX U (UJIM) BCIIOMOTATENIbHBIX OTepaluil B
npomsiiieHHOCTH. B I'OCTe 25686 - 85 «MaHunynaropsl, aBTOONEPaTOPbl U MPOMBIIIJICHHBIE
po6oThl. TepMUHBI U ONpeeNIeHUs» TaeTCsl CIEAYoIee ONpeesieHne MTPOMBIIITIEHHOTO podoTa.
[IPOMBIIIEHHBIN POBOT (IIP) - aBroMaTnyeckas MallMHA, CTAl[MOHAPHAS MM
MepeIBUKHAS, COCTOAIIAs U3 UCHOIHUTEILHOTO YCTPOICTBA B BUAEC MAaHUMYJIATOPA, UMEIOIIETO
HECKOJIBKO CTETeHe MOJIBMKHOCTH, U MEepenporpaMMHpPyeMOro YCTPOWCTBA MPOTrPAMMHOTO
YIOPABICHUS AJI BBIIOJIHEHUS B IPOU3BOJACTBEHHOM MPOLECCE ABUTATENIbHBIX U YIPABISIOUIUX
¢byskuii. OTHUM U3 OCHOBHBIX KJIaCCHU(UKAIMOHHBIX MPU3HAKOB, OMPENEISIIOIINX CTPYKTYPY,
COCTaB, BHEIIHUN BUJI, SKCIUTyaTallHOHHbBIE XapaKTEPUCTUKH COBPEMEHHBIX pOOOTOB, SBISETCS
obnacte ux ucnoib3oBaHus. Kmaccudukanus mo 3ToMy MpU3HaKy HpuBeneHa Ha puc. 3.1.
Puc.3.1.  Knaccudukanuss  OpoMBIIUIEHHBIX  poOoToB.  IlpombiuieHHBIE — pOOOTHI
knaccupuimpytor: 1. [lo  xapakTepy BBINOJHSEMBIX  OMNEpAlMii:  TEXHOJOTHYECKUE
(TIpOM3BOICTBEHHEBIE) - BBIMIOJHAIOT OCHOBHBIC OTIEpAIlUU TEXHOJIOTHMUYECKOTO Tpoliecca (Tuodka,
CBapka, cOOpKa, OKpacka | T.J.); BCIOMOTaTelbHbIE (MOABEMHO - TPAHCHIOPTHBIE) - MPUMEHSIOT
mpu  OOCIY)KMBAaHMH OCHOBHOTO TEXHOJOTHYECKOTO OOOpyIOBaHUS Ui aBTOMAaTH3allUU
BCIIOMOTATENbHBIX ONiepaluii (YCTAHOBKH - CHSITUS 3aTOTOBOK, J€Taje U HHCTPYMEHTA, a TaKKe
Ha TPAHCIOPTHO - CKIIAJICKUX OTEpaIUaX); YHUBEPCAIbHBIC - BHIMIOIHSIIOT Pa3IMUHbIC OMEpaIuu
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U B TOM 4YHcie pabOThl COBMECTHO C Pa3NUYHBIMU BUAaMu obopynoBanus. 2. Ilo cremenu
CIEeLHMAIM3alMN: CIIELUATIbHBIC - BBIIIOIHSAIOT ONPEIEICHHYIO TEXHOJIOTUUECKYIO OTIEPALlUI0 WU
OOCIIy)KMBAIOT ~ KOHKPETHYIO  MOJEIb OCHOBHOTO  TEXHOJOTMYECKOrOo  O00OpYHOBaHMUS,
CIELMATIM3UPOBaHHbIE (LIEJIEBBIE) - BBINOJIHAIOT TEXHOJOTMYECKHE Olepaly OJHOIO BHJIA
(cOopka, cBapka M T.A.) WM OOCITY)KHMBAIOT IIMPOKYI0 HOMEHKIJIATYpy MOJIelieli OCHOBHOTO
TEXHOJIOTH- YECKOTO 000pyI0BaHuUs, 00bEANHEHHBIX OOIIHOCTHIO MAHUITYIISIIUOHHBIX JICHCTBHIA;
MHOTOLIEJIEBBIE - BBINOJIHSIIOT pPa3IM4YHbIE OCHOBHBIE M BcroMorarenbHble omnepauuu. 3. Ilo
o0iacTd TpHUMEHEHWsT W BUIY TMPOU3BOJICTBA: JIMTCHHBIC, IITAMIIOBOYHBIC, CBAapOYHEIE,
MEXaHUYECKON  00paboTKM, TEpMOOOPAaOOTKH, HAHECEHMUs]  IOKpPHITHH,  CcOOpOYHBIE,
aBTOMAaTUYECKOT0 KOHTPOJIS, JJa3epHON 00pabOTKU, TPAHCIOPTHO -CKiajackue u npouue. 4. Ilo
BHUJy CHCTEM KOOpDIHMHAT, B KOTOPbIX OHH paboTalT: mpsAMOyrojpHas (IUIOCKas U
MIPOCTPAHCTBEHHAA); MOJsIpHas (IJIOCKas, MWIMHApPUYECcKas U cepudeckas); aHTyaspHAs WU
yraoBas (Tulockasi, IuIMHapUYeckas u chepuueckas). 5. o yuncny creneHed MOJBUKHOCTHU: C
OJIHOM, NIByMsI, TpEMsi, YETBIPbMSI CTENEHSMM IOJBIKHOCTH U CO CTENEHSMH IOJBUKHOCTHU
6onee yerbipex. 6. Ilo rpy30M0ILEMHOCTH: CBEPXJIETKUE - IPY30MOIBEMHOCTD 10 1 KT; JIeTKHE -
ceoiime 1 1o 10 kr; cpemnue - cBbimie 10 mo 200 kr; Tsoxensie - cBoime 200 go 1000 kr;
cBepxTspkenble - cpimie 1000 kr. 7. Ilo mMoOMIBHOCTH (TIOJBMKHOCTH): CTallMOHAPHBIE U
nonsmwxHeie. 8. [lo cmocoOy ycTaHOoBKM Ha pabodeM MecTe: BCTPOCHHBIE B 00OpydOBaHUE,
HamoJsibHble, mojaBecHble. 9. Ilo Tumy cuwioBoro mpuBOAA: DIEKTPOMEXaHHUYECKUE,
MHEBMAaTUYeCKHe, THapaBiIuueckue, komOuHupoBanHble. 10. Ilo Mecty pacronoxxeHus
MIPUBOJIOB: B €IMHOM OJIOKE, Ha MOJIBUKHBIX 3BEHbSIX, KOMOWHUpOBaHHas komroHoBKa. I1. Ilo
KOJIMYECTBY MaHUITYJISTOPOB: C OJHUM, JIByMs, TpeMsl U 4eThlpbMs MaHumynsaropamu. 12. Ilo
WCIOJIHEHUIO:  HOPMAaJbHOTO,  TBUJIE3ANIMTHOTO,  TEIJIO3AIUTHOTO,  BJIAro3allUTHOTO,
B3pBIBOOE30IMACHOTO U T.1I. McniofHeHus. 3. [lo ObICTpOACHCTBUIO: MaJloe - TMHEHHBIE CKOPOCTH
10 OTJIEIBHBIM CTETECHSIM NOABIKHOCTH 10 0,5 M/c; cpenHee - MUHEHHbBIE ckopocTu cBbimie 0,5
1o 1 m/c; BeICOKOE - TUHEHHBIE CKOpOCTH CBhImIe 1 m/c; 14. ITo TOYHOCTH TTO3UIIMOHUPOBAHUS:
Majas - TMOTPENIHOCTh TMO3ULIHUOHUPOBAaHUS 1O | MM M BbIlI€; CpeAHssl - MOTPELIHOCTb
no3uuoHupoBanus ot 0,1 10 1 MM; BbICOKas - MOTPEIIHOCTh NO3UIIMOHUPOBaHus MeHee 0,1 mwm.
15. Tlo xapakrepy OTpaOOTKH MPOTPAMMBI: KECTKOTIPOTpaMMHUPYEMBIE - TIpOorpaMma JIeHCTBUM
COJICP’KUT TOJHBIN HAabop HH(OpMaLIMK HE U3MEHSIONIeHCs B mpolecce paboThl; aJaNTUBHBIC -
OCYILIECTBIISIIOT CBOU JICHCTBHUSI C HCIONB30BaHHMEM HHGopManuu 00 OO0bEKTaxX U SBICHUSAX
BHEIIHEH cpenbl, NOJMy4eHHOM B mporecce paboTel. HmeroT ceHcopHoe oOecnedeHue,
MO3BOJISIIOIIEE KOPPEKTHPO- BaTh YIPABISIIOIIYIO MporpamMmy; THOKOIpOrpaMMupyemble -
crocoOHbl (POpPMHUPOBATH NPOrpPaMMy CBOMX JIEHCTBUH Ha OCHOBE IOCTAaBICHHOW LIETU U
uHpopmanuu 06 00beKTax U ABIEHUAX BHelHel cpeapl. 16. [To xapakrepy nmporpaMMupoBaHUS:
MO3UIMOHHBIE - JIBIJKEHHE OCYIIECTBISETCS OT TOYKM K TOYKE; KOHTYPHBIE - JBUIKCHHE
OCYILIECTBIISIETCSl M0 HEMPEPhIBHOM Tpaekropuu; KomOuHupoBaHHbIe. 17. Ilo amckperHOCTH
MepeMeIeHUsl: MHOTOTOUCYHbIE, MajoToueyHble. Texnuueckue TpeOoBaHus u mapametpsl I[1P.
HomunaneHas rpy30mnoabseMHOCTh MH (Kr) MpeicTaBiIseT co00il HAauOONIbIIYyI0 Maccy O0ObeKTa
MaHUIYyJIUPOBAHUSA BMECTE€ CO CXBAaTOM, KOTOpas TapaHTHpPYeT 3aXBaThblBaHHE U YyJEpiKaHUE
o0BbeKTa U 00ecreynBaeT YCTAaHOBIIGHHBIE HKCIUTYaTallMOHHBIE XapaKTepUCTUKH poboTa. Kpome
toro, g IIP, paGoTaromux B yIJIOBOW CcUCTeME KOOpAMHAT HEOOXOAMMO YKa3bIBaTh
HOMMHAIBHBIE MOMEHT Harpy3ku Ti [ COOTBETCTBYIOIIEH CTENEeHH MOJBMXKHOCTU
OTHOCUTEIIBHO OCH €€ IEpPEeMEUICHHs. JTO CBA3aHO C TEM, YTO JUIsl PacCYUTaHHOMN
Ipy30MOIBEMHOCTH JJMHA CXBaTa MOTpeOUTEIeM MOXET ObITh yBeJIMuYeHa, 4To 0e3
JOTIOJTHUTEbHBIX OIPAaHUYEHHH MOJKET NIPHUBECTU K BBIXOAY M3 CTPOS COOTBETCTBYIOLIETO
npuBoJa. B HEKOTOPBIX cCiIydasgX B TEXHUYECKOM XapaKTEPUCTHKE YKa3bIBalOT KpoOMe
HOMHMHAJIBHOM TPy30MOJBEMHOCTH M MOMEHTA HArpy3kKM MaKCHMaJbHbIE WX 3HAYCHUS IpU
YMEHBIICHHBIX JWHAMHUYECKUX Napamerpax (YCKOpPEHHH, CKOPOCTH). DTO CBA3aHO C TEM, YTO
IIpM OJHOM M TOM JK€ MOMEHTE IPUBOJAA, YMEHbIIAs YCKOPEHHS, U CIEA0BATEIbHO,
MHEPILUOHHYIO Harpy3Ky, MOXHO IepeMelaTh OOJbIIyl0 Maccy. B aToMm ciydae ykasbIBaroT
MaKCHUMAJIbHYIO TPYy30NOJbEMHOCTb JJISi CKOPOCTH, PaBHOM IOJIOBMHE MaKCUMalbHOH. Hucino
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CTeneHel MOJIBIPKHOCTU po0OOTa n, MOJ KOTOPBIM MOJPa3yMEBAETCS YUCIIO CTeNeHEH CBOOOIbI
pabodero opraHa OTHOCUTEIILHO 3BEHA, IPUHATOTO 33 HEMOIBIKHOE, 0€3 ydeTa ABMKCHHS T'yOOK
cxBaTa. JlManma3zoHbl MepeMEeNIeHU M0 CTEMeHsAM MOABMXKHOCTH: Si (MM), ¢i (pax). Ckopocti
MePEMEIIEHUs TI0 CTETICHSIM IOIBIKHOCTH: MaKCHUMAaJIbHBIE CKOPOCTH Vmax (Mm/c), mmax (1/c).
Cpennsis (IUKJIOBAst) CKOPOCTh XapaKTePU3yeT MPOU3BOIUTEILHOCTh pOOOTa U paBHA 3HAYCHHIO
nepeMenieHus, IeJICHHOMY Ha BpeMs JABHKEHHUS MEXy MO3ULUAMH. MaKkcUMallbHOE YCKOPEHHUE
[0 CTETICHSM IMOJBIKHOCTH: amax (M/c2 ), emax (rpazn/c2 ). [lorpenrHocTs NO3UIIMOHUPOBAHUS
pabouero oprana A (MM) — OTKJIOHCHHE (PAKTHYCCKOTO IOJIOKEHHUS CXBaTa OT 3aJaHHOTO
nporpaMMmoii. Paznuyaror poOOTHI € Majoll TOYHOCTHIO MO3MLMOHMpoBaHus (A > £ 1 Mm),
CIIOCOOHBIE BBITIOJHATH TPAHCTIOPTHBIC M HEKOTOPHIC OCHOBHBIE TEXHOJOTHYECKHE OIepaIiuu
(oxpacky), He TpeOyromue BBICOKOH TOYHOCTH; POOOTBI CO CpeaHEH  TOYHOCTHIO
no3umonnpoBanus (0,1<A<I] mm), KOTOpble HaXOJAT caMO€ IIMPOKOE MPUMEHEHHE; POOOTHI C
BBICOKOW TOYHOCTHIO MO3UIMOHUpOBaHUS (A<0,]1 MM), mpuUMeHseMble s TNPELU3NOHHON
coopku. KunemaTudeckass CTPYKTypa MaHUIYJISATOPA OMPEICISICT YHUCIO 3BEHHEB U THII
KHHEMATUYECKUX Tap X coeauHenus. Pabodast 30Ha poOoTa — MPOCTPAHCTBO, B KOTOPOM MOYKET
HaxXoaUThbcsl ero pabounit opran. O0bem paboueit 30HBI Vp3 (M3 ) — 00bEM, 3aKJIIOUEHHBIN
BHYTpH TpaHUIl paboyeill 30HBL THUI CHCTEMBI KOOpPIMHAT OIpPEACNICTCS COYeTaHUEM
KHHEMaTH4YeCKUX Tmap. Tum cucrembl mnporpammuoro ympasieHus (CITY)omnpenensiercs
crtoco0OM MO3UITHOHUPOBAHUS (IIUKIOBOM, TIO3UITMOHHBIM, KOHTYPHBIN) U TUIIOM MPUMEHSIEMBIX
anmapaTtHeIx cpeactB. O0vem mamsitu CIIY mpencraBisier coO6oit 4MCIO KaJIpOB MPOTrPaMMBI.
[Ton xagpomM MOHUMAIOT MUHUMAJIBHBIA DJIEMEHT MPOTPAMMBI, COCTOSIIIUA M3 OMNpeAeICHHON
TPYNIBI KOMaHJ M aIpeCcoOB, MO KOTOPHIM BBIMOJTHSIIOTCS KOMaHABl M 00ECIIEYNBACTCS TTPOBEPKA
ux BbimoJHeHUs. B mukioBoit CIIY B cocraB kaapa BXOIAT KOMaHAbl Ha MEPEMEIICHHE
CTeTeHEeW TMOJABIKHOCTH pOOOTa, YIOpaBJIEHUS TEXHOJOTMYECKMM O00OpYyJAOBaHHEM U
BCrioMoraTebHble KoMaH bl B no3uninonnyto cucremy CITY AOMOJHUTENBHO BXOJAT TaHHBIE O
MOJIOKEHUH W CKOPOCTH TEpPEMEIICHUN CTerneHeld MOABMKHOCTH MaHUIYJISATOpa, TOYHOCTH
MO3UIIMOHUPOBaHUS 00bekTa MaHumyaupoBanus. L{uxmossie CIIY xapakTepu3yroTcs MallbiM
oobemoM mamsaTH (mo 100 kaapos). Cpemnum oovemoM mamsatu (oT 1200 mo 800 xaapos)
xapaktepu3ytorcs nosunuonnbie CITY u 6onpmmm (cBbime 800 kaapoB) — koHTypHBIE CITY.
I'abaputHbie pazmepsr L, B, H (m). Macca po6ota, manunymnstopa, CITY coorBeTcTBEeHHO mp,
mm, mCITY (kr). Cpennsis HapaOoTKa Ha OTKa3 t (4ac) — moKa3arejab PEMOHTOIPUTOTHOCTH,
paBHBIN CcpeHEMY 3HAUEHHUIO BPEMEHH, 3aTPAu€HHOMY Ha OTBICKAHHE M YCTPaHEHUE OIJHOIO
YCTOWYMBOTO OTKa3za nmpu pabore pobora. B mepcrnektuBe crienyer 3akiaiblBaTh
KOHCTPYKTHBHBIE pellleHus, oOecreunBaroline cpeiHee BpeMsi BoccTaHoBIeHUs1 He Ooiee 4,0 4
pu cpeaHuX HapaboTkax Ha oTka3 t > 1000 4 u 8,0 4 mpu cpeaHUX HapaOOTKax Ha OTKa3 t >
3000 u. CpenHuii CpoK COXpaHAEMOCTH tcoXp (4) — MOoKa3aTellb, PaBHBIA CPEAHEMY 3HAUCHUIO
KaJIeHJAapHOW TPOJOJIKUTEIBHOCTH XpaHeHUs pobota. Cpennuii pecype tp (4) — moxasarenb
JOJNTOBEYHOCTH; PACCUUTHIBAETCS KaK CpeJHEee 3HAuYeHHWE BPEMEHH HCIOIb30BAHUS IO
MIPUHSTOTO MPEAEIbHOTO COCTOAHUS (KallUTAIbHOTO PEMOHTA, criicanus). Yalie Bcero 3HaueHue
CpEeIHEero pecypca yCTaHaBIMBAETCS 1O KamuTalbHOTO peMoHTa. Pecypc OonblinHCTBA
oteuecTBeHHBIX poO0TOB coctaBigeT 8000...9000 u, wmuorma 10000 4. Beimyckaembie B
HACTOSIIIEe BpeMsl MPOMBIIIEHHBIE POOOTHI MOXKHO KJIacCU(UIMPOBATH MO PALY NMPU3HAKOB C
y4eTOM IIeNIEBOTO0 Ha3HaueHUs M (PYHKIMOHAIBHBIX BO3MOXKHOCTEH, TPy30MOIbEMHOCTH, THIIA
CUCTEM  YOPABJICHMS, TUNA KOMIIOHOBOYHBIX CXE€M, KOHCTPYKTUBHOTO  HCIIOJHEHHS
(Momudukanun). Pekomenayemblie 3IeMeHThI KiaccuuKkanuu u kogupoBanus [P npuBeneHs! B
tabmuue 3.1. Tabmuna 3.1 IMo3unus B xoae Knaccudukarmonnsiii npusHak Pexomenyembie
obo3nauenus 1 IleneBoe HazHaueHnue u (yHkuoHanbHble Bo3moxHoctu I, JI, K, C, ¥V 2 Bug
obopynoBanus M 3 I'pyzomoasemHocth, Kr 1;2.5; 5; 10; 20; 40; 80; 160; 250; 500. 4 Tun
cuctemol LI, @2, @3, ®4 5 KomnonoBouHass cxema 00-99 6 KoHCTpYKTHBHOE HCHOJHEHUE
(Mmomudukanums) 00-99 Ha mnepsom Mectre B Mogenu [IP  ykasbiBaeTcs 3Ha4yeHHe
KIACCU(UKAIMOHHOTO  TpH3HAKa MO IEJeBOMY Ha3HAuYeHHWI0O U  (PYHKIUOHAIBHBIM
BO3MOXKHOCTSIM. [lo 3ToMy mpH3HaKy MpPUHATH cleaytomme obo3Hadenus: [ — s
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oOCITy’)KMBaHUSI B TaJlbBaHMYECKOM Npom3BOJCTBe; K — it oOciayXuBaHUS Ky3HEUHO-
npeccoBoro obopynoBanust; JI — mis o0cmyKkuBaHus JIUTEHHBIX MamuH;, C — 171 00CITyKUBaHUS
METAJUIOPEXKYIINX CTaHKOB; Y — YyHHMBEpcalbHble. BTOopoe Mecto B 00mIeM KoJe MOJenu
OTBOJAUTCS O0O3HA4YeHWIO THIa OOOpyaoBaHus. B nmanHoMm cioydae OykBa M o3HadaeT
«MaHUIyIATOP aBTOMAaTHYECKMH C IIPOrpaMMHBIM YIIPpaBIEHHEM». TpeTbe MecTo B KOJze
XapaKTepU3yeT TIpy30l0JAbeMHOCTh poboTa. Ha ueTBeproM MecTe KoJa NPUBOJUTCS THUIL
cuctembl yrpasieaus [1P. PekomenmoBansl cinemyroniie ooo3Hauenus: 1] — nukmosoe [TY; @2 —
nozunionnoe YITY; ®3 — xontypuoe UIIY; ®4 — yuusepcasbHoe UIIY.. Ha marom mecrte
MIPUBOAMTCS KOMIIOHOBOYHAsA cxema. [IpuHATO KiaccupummupoBaTh KOMIIOHOBKH MEXaHHYECKOU
cuctemsl [IP B 3aBUCMMOCTH OT NPUMEHAEMON CUCTEMBI KOOPAHMHAT OCHOBHBIX IEPEMEIICHUN.
[lecroe MecTo XapakTepu3yeT KOHCTPYKTHBHOE HCIOJHEeHHe (Moaudpukanuoo) pobora. B
COOTBETCTBUHU C TMPHUBEICHHON Kiaccudukanuei odo3znauenue podora moaenu CMSEOL[.48.11
MOXHO pacmudpoBarh cienyromum oobpazom: CM — aBTOMaTHYECKUNA MaHUMYISATOP IS
00CIyKMBaHUSI METAJUIOPEKYUIUX CTaHKOB; 80 — rpy3omoaseMHOCTh, Kr; Ll — mukioBoe
MIPOrpaMMHOE yIpaBJieHHe; 48 — HHAEKC CXeMbl KOMIIOHOBKH( B JaHHOM CJIy4ae OH YKa3bIBaerT,
4TO poOOT paboTaeT B MOJSPHON cucTteMe koopauHaT); 11 — koHcTpykTHBHOE HcnionaHeHue. 1o
TUIy CHCTEMbl YIPABICHUS MPOMBIIIJICHHbIE pPOOOTHI JENATCSs Ha TPU IOKOJIEHUS:
MIPOrpaMMHBbIE, aJalTUBHBIE U WHTEIEKTHBIE (C AJIEMEHTaMU MCKYCCTBEHHOI'O MHTENIeKTa). B
poboTax MepBOTO MOKOJIEHUS MEPEernporpaMMHUPOBAHHUE MPOU3ZBOIUTCS YEIOBEKOM, IOCIIE YEro
MIPOMBIIIJIEHHBIA POOOT JeMCTBYET aBTOMATUYECKH, MHOTOKPATHO MOBTOPSS KECTKO 3a/laHHYIO
nporpamMmy. Bo BTOpoM mokoJieHUM mporpaMMmbl JI€HCTBUSL MIPOMBIIIJIEHHOTO po0OTa 3a/1aloTCs
YeJI0BEKOM, HO caM poOOT MMEEeT CBOMCTBO B OMPEJENIEHHBIX paMKaX MepernporpaMMHpOBaTHCs
(amanTUpOBaTHCS) B X0JI€ TEXHOJIOTMUECKOT0 Mpoliecca B 3aBUCUMOCTH OT OOCTaHOBKH, KOTOPast
HETOYHO oTpeziesieHa 3apaHee. B TpeTbeM MOKOJeHUU 3a/1aHre Ha padoTy BBOJUTCS YEIOBEKOM
B OoJiee o01ieit popme, a caM IPOMBITTUICHHBIA POOOT UMEET BO3ZMOXKHOCTh MPUHUMATH PEIICHUE
U TUIAaHUPOBAaTh CBOM JEHUCTBUSA B PACIO3HABAEMBIX UM HEOINpPEAEICHHOW WM MEHSIoIencs
00CTaHOBKE, YTOOBI CyMETh BBINOJHUTH 3aJI0KEHHOE B €ro mamsTh 3afanue. PoOOTHI Tpex
MOKOJICHUH 00pa3yloT HepapXvio, OCHOBAaHHMEM KOTOPOH CIOyXaT MpoCTerIue poOOThI-
aBTOMATHI, @ BEPIIMHON — CJIOKHBIE, SBOIOLHOHUPYIOIINE UHTEIIeKTHbIe poOoThl. [1lo106HO
KUBBIM OpraHu3MaM poOOTHI HE TOJBKO Pa3BUBAIOTCS MO MYTH OT MPOCTOTO K CIOXKHOMY, HE
TOJIBKO TPOILIJIM B CBOEM Pa3BUTUU HECKOJBbKO MOKOJIEHHUH, HO U 00pazoBajiu CUMOMO3 ATHX
MTOKOJICHUH, MMOCKOJIbKY CO3/ITaHUE BBICIIMX MTOKOJIEHUN poOOTOB HE OTPUIIAET HEOOXOIUMOCTh B
COBEPIICHCTBOBAHUU U HCIIOJIb30BaHUU pOOOTOB HU3IIUX HOKojeHu. CTpykTypa poborta 1-ro
MOKOJICHUS MpuBeAeHa Ha puc. 3.2. V3 CeHCOPHBIX 3JIEMEHTOB B 3TOW CTPYKTYpPE HCIOJIb3YIOTCS
JUIIb JAaTYUKU BHYTPEHHEW MHGOpPMaLIKK, MO3BOJISIONINE aBTOMATUYECKU OMPENENSITh TEKYIee
COCTOSIHUE UCHOJHUTENBHBIX YCTPOMCTB. YMpaBiCHHE OCYLIECTBISIETCS  YIPABISIIOIINM
aBTOMATOM, KOTOPBIA MOXKET ObITh Pealu30BaH Ha OCHOBE MUKPOIPOLIECCOPHBIX KOHTPOJIEPOB.
[IporpamMmmy paboThl poOOTa 3amaeT YelOBEK-OMepaTrop, W B Mpoiecce (PYHKIHOHUPOBAHUS
poboTa 3Ta mporpamma He MeHsietcs. Puc.3.2. Ctpykrypa po6oTta nepBoro nokosienus. Po6oTs
BTOPOTO TMOKOJIEHUS Oosiee CIOKHBL. OHU OYYBCTBICHBI M HUMEIOT CHUCTEMY YIPAaBIICHUS,
COJIEpKAlyl0 T€ DJIEMEHTbl HCKYCCTBEHHOTO HHTEIUIEKTa, KOTOPbIe HEOOXOIUMBI IS
00paboTKM CceHcopHOM uHpopManud U (QOPMHUPOBAHUS Ha €€ OCHOBE YIPABISAIOIINUX
BozzelcTBui. CTpykTypa poboTa 2-ro HMOKOJIEHUsS TOKa3aHa Ha puc. 3.3. B artoii cTpykType
Hapsily C JaT4yuKkaMud BHYTpeHHel uHGOpMaluu UCHONB3YIOTCS JAaTYUKKA — BHEIIHEH
uHpOpMalnH, MO3BOJISAIONINE poOOTY aJeKBaTHO pearupoBaTh Ha U3MEHEHHUs BHEIIHEH cpeibl
[P MCIOJHEHUM 3apaHee 3aJaHHOW IporpaMMsbl. lIpuuem B 3aBUCHMMOCTH OT COCTOSIHUS
JIAaTYUKOB, POOOT MOKET AaBTOMATHYECKH BBIOMpATh allbTEpHATHBHbIE BETBU OCHOBHOM
nporpammbl. Puc.3.3. Ctpykrypa po6oTa BTOpOro mokosieHusi POOGOTHI TpeThero MOKOJIEHHUs
UMEIOT HauboJiee pPa3BUTYIO CTPYKTYpY, cojepxamryto cucremy MU (puc.3. 4). Puc.3.4.
CrpykTypa poboTa TpeTbero noxojieHus. lIpuHIMNHUANBHOE OTJIMYKME WHTEIUIEKTHOro poboTta
3aKIII0YAeTCsl B TOM, YTO OH CHOCOOEH aBTOMAaTHYECKH CTPOUTHh MOJENb BHEUIHEH cpenbl U
UCMOJb30BaTh 3Ty MOJENTb A (OPMHPOBAHUS MPOTPaMMBbl CBOEro MoBeaeHus. MHbIMU
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CIIOBaMH, Takoi poOOT, Kak U Mu(UYecKuil TPEeHOXKHUK [edecta, momydaer yka3aHus BeCbMa
o01Iero xapakrepa, HalpuMep: MOWTH Ty/Aa-TO, B3ATh TO-TO, IEPEHECTH TyAa-TO U T. 1. [Tomyuun
noso0HOe 3aJjaHWe Ha E€CTECTBEHHOM SI3bIKE M paciiu(poBaB €ro B MOJCHCTEMa OOLICHHS,
MHTEJUIEKTHBIH POOOT CaMOCTOSITENIbHO IUTAHUPYET TPAEGKTOPUIO MEPEMEIICHUsI C Y4eTOM
HMEIOIINXCA 3HAHUK O BHEUIHEW Cpele M TEX CBEJCHUM, KOTOPbIE OH OINEPATHBHO IOJIYYaeT
4yepe3 CEHCOPHYIO0 CHUCTEMY B IMPOIIECCE BBINOJHEHUS 3aJaHusl. Eciau mpu 3TOM BCTpedaroTcs
HENPEOoJOJUMbIE NPENATCTBUS WIM Jpyrue 3aTpyAHUTEIbHbIE CcuUTyauuu, cucreMa WU
HENOCPEJCTBEHHO WJIM Yepe3 CHCTEMY CBA3HM, IOKa3aHHYI0 Ha puc.3.5, cs3bIBaeTca C
YeJIOBEKOM-OIIEpaTopoM, 3aJaeT €My KOHKPETHBIE BOIPOCHI U, MOJY4YMB IIOMOIIb, CHOBA
JeMcTBYeT aBTOHOMHO.. O4eBHU/IHO, YTO JJIsl peain3allii pa3yMHOTO MOBEJEHUS B COCTaB poboTa
HapsAIy C CEHCOPHOMW, YNpaBIsiomed W 3pPEKTOPHON cHCTEMaMH JOJDKHA BXOJWUTH CHCTEMA,
MMUTHUPYIOIIasi UHTEJUIEKT yeloBeKa. VICKyCCTBEHHBIM MHTEIEKT HEOOXOIUM JIsl yIpaBiICHUS
poOOTOM MpU €ro aBTOHOMHOM (YHKIIMOHHUPOBAHUHU B alpUOpPU HEUCCIIETOBAHHOM BHEIIHEH
cpene. HeobGxoaum oH Takke M Juid OOLIEHUS HA ECTECTBEHHOM S3bIKE C YEJIOBEKOM-
OTIepaTOpOM, KOTOPBIM B OOIIEM cilydae HaXOJUTCS Ha 3HAYUTENIbHOM yAaleHuu oT pobota. C
Y4€TOM OTMEUEHHOTO OOCTOATEIbCTBA CTPYKTYPY poOOTa MOKHO IMPEICTaBUTh B BHUJIE CXEMBI,
nokazanHoil Ha puc. 3.5. Puc. 3.5. TlogpoOHas cTpykTypa poOoTa TPEThero MOKOJEHUs. JTa
cXeMa TIOCTpO€HAa B TNPEINOJIOKEHUH, YTO YIpaBiIeHHE pPOOOTOM OCYIIECTBISIETCS IO
HepapxuyecKoMy MPUHLHUITY, B COOTBETCTBUU C KOTOPBIM cucTema yrpasienus (CY) peanuzyet
TaKTU- YECKUH YpOBEHb, a cuctemMa ucKycctBeHHoro wuureuiekra (CHUU) BocmpousBoaut
CTpaTernueckuil ypoBeHb yrpanieHus. llpuuem, ucrnonab3ys OHMOJOTHMUYECKYH0 TEPMHHOJIOTHIO,
MOYHO CUHTaTh, YTO CVY CIIy’)KUT aHAJIOTOM CIIMHHOTO Mo3ra, a CUM — TeXHHYeCKHM aHaJIorom
BBICIIMX OT/EJOB TOJOBHOTO Mo3ra. CucreMa ymnpaBieHUs poOOTa MOKET OBbITh BBIIIOJIHEHA B
BUJIE CIIELMAIN3UPOBAHHOTO aBTOMAaTa C MaMsAThIO JINOO peajr3oBaHa MPOrpaMMHBIM CIIOCOOOM
Ha OCHOBE yHHMBepcaiibHON DBM. To e camoe MOXKHO CKa3aThb M O CUCTEME, HCKYCCTBEHHOTO
uHTe/uiekTa. CucremMa CBSI3M BKJIIOYAET MPOBOJHON MM OECHpPOBOJHOM KaHA TMepeaadn
nH(pOpMalMM U Ha MPUEMHOM KOHIIE TaKXKe IpeanojaraeT ucrnojs3oBanne IBM. Ha skpane
mucruies 3Tol OBM oToOpakaroTcsi cuTyalu, TOMaJalrIilue B IoJie 3peHus pobdorta aubO
HEMOCPEJCTBEHHO, JHUOO B BHUAEC MOJENIH, KOTOPYIO pPOOOT CHHTE3UPYET aBTOMATHYECKHU.
Haubonee cioxxHoit u Mano pa3pabOTaHHON CHUCTEMOW B CTPYKType poOoTa SIBISETCS CHCTEMa
nuckyccrBeHHoro uHTewiekta (M), CrnoxxHocTh co3nmanus cuctembl MU cBsi3aHa ¢ Tem, 4To /10
KOHIIAa HE SICHO, KaK YCTpPO€H U Kak (DYHKIMOHHPYET MHTEJUIEKT ecTecTBEeHHbIH. [lombiTku
o0oiiTu 3Ty mpobiieMy MpUBENU K pa3paboTke poOOTOB, y KOTOphIX cucrema MU orcyrcTByeT
MOJIHOCTHIO. DTO TaK Ha3bIBaeMble pOoOOTHI EPBOrO MOKOJEHHS, TPeIHA3HAYCHHbIE ISl PA0OThI
B MCCIJIEIOBAHHOW U CHELMAIBHO Opra- HU30BaHHOM BHEWIHEW cpene. OHU JIMIIEHBI HE TOJBKO
WHTEJJIEKTa, HO U ceHcopuku. OOpa3HO roBopsi, TaKue poOOTH UMUTHPYIOT MOBEACHUE TITYXHUX,
CIIETIBIX M HEpa3yMHBIX JKUBOTHBIX. Pa3neneHne poOOTOB Ha TOKOJCHHS —SBISETCS
OoOLIENPUHATON W BaXHOW CTPYKTYpHOH OCOOEHHOCTBhIO poOOoTOTeXHUKH. OJHAKO TaKoe
pasaenieHne He UCYEPIbIBACT BCEX KIACCU(UKAIIMOHHBIX MPU3HAKOB COBPEMEHHBIX POOOTOB.
[IpombInuieHHbIe POOOTHI  arperaTHO-MOAYABHOTO THIA. ATpPEraTHO-MOIYJbHBIA PUHIIUIT
npenmnosaraet co3aanue 1P nHa 0Ga3ze yHHU(HUIIMPOBAHHBIX Y3JIOB, WIM MOJIYyJeH. DTOT METOX
UMEET  CIEIYILIUE  MPEHMYILIECTBA:  BO3MOXHOCTb  IIOCTPOEHHUS  CHELUAIBHBIX U
CIELUAIU3UPOBAHHBIX POOOTOB JUIsl KOHKPETHON TEXHOJOTHYECKOH OIepanuy, He 00J1a1aionmx
M30BITOYHOCTBIO (YHKIUI M TO3TOMY 0Oojiee JEUIeBBIX M0 CPAaBHEHHIO C YHHUBEPCAJIbHBIMHU
poOoTamMH; COKpallleHHe BPEMEHH U TPYJOEMKOCTH NMPOEKTUPOBAHUS CHEUANbHBIX POOOTOB,
T.K. OHM CO3Jal0TCsi Ha 0a3e YHU(UIMPOBAHHBIX Y3JI0B, HOMEHKJIATYypa KOTOPBIX MOKET
MIOTIOJIHATHCSL TIOBBIIIEHWE HAJEKHOCTU BCIEACTBUE OTPAOOTAHHOCTU BXOJAAIIMX B HErO
YHU(DUIIUPOBAHHBIX y3JIOB U OTCYTCTBHS M30BITOUHOCTH; y/AELIEBIEHHE NPOU3BOACTBAa POOOTOB
BCJIE/ICTBUE OIPAaHWYEHHOM HOMEHKIATYpHI AETaj€il M y3JI0B M, CIIEOBATEIbHO, IOBBIIICHHUE
CEepUITHOCTH BBINyCKa YJIydlIEHHE YCIOBUN SKCIUTyaTalliM M PEMOHTa poOOTOB, BCIEACTBUE
YMEHBIIICHUSI pa3HOOOpa3usi KOHCTPYKIMM y3JI0B M JIeTaliel; COKpaIlleHue CPOKOB MOATOTOBKU
oOCITy’)KMBaIOIIEro IepcoHana. Bwmecte ¢ TeM arperaTHO-MOIYJIbHBIM TNPUHIMI HMEET
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OTIpe/ieIeHHbIe HEOCTATKU: OTKa3 B HEKOTOPBIX CIIydasx OT 00Jiee BBHITOJHBIX KOHCTPYKTHBHBIX
peuieHui B II0JIb3y MEHEE BBITOJHBIX, HO COOTBETCTBYIOIIMX IIPUHIUILY arperarHoro
IIOCTPOEHHUSI; YBEJIIMUEHHE IadapuUTOB U MacChl KOHCTPYKLMH; YBEJIMUYEHUE YUCIIA CTBHIKOB, YTO
MOBBIIIAET TPYAOEMKOCTh COOpPKH POOOTOB, CHMXKAET KECTKOCTh M TOYHOCTH. CyIIECTBYIOT
pasznuyHble  (GOPMBI  pealM3alui  MPHUHLMIA arperaTHoro  IMOCTPOEHHs POOOTOB U3
YHU(DUIIMPOBAHHBIX Y3JIOB, BBIMOJHSIOMIUX OMNpEACTICHHbIE (QYHKIUH. MOXKHO BBIACIHUTD
CIIEAYIOIINE OCHOBHBIC MPHUHLUIBI KIACCH(PHUKAINU TPU TMOCTPOCHHH TPYII POOOTOB: BUJ
CUCTEMbl KOOpIMHAT, crnoco0 ycraHoBku pobora B PTK, cnenmanuzanus, 4uciao creneHei
IIOJBWKHOCTH, TIPY30IIOABEMHOCTb, THUII CUCTEMBbI ynpasieHuH. llo crnenmammszanuu u
KOMIIOHOBKE arperaTHo-MOAYJIbHBIE POOOTHI MOTYT OBITH YCIOBHO pa3/IeieHbl HA JBE T'PYIIIbI:
arperaTupoBaHue Ha 0a3e OJHOW NPUHIMIHAIBHOW KOMIIOHOBOYHOM CXeMbl (OJHOTHUITHBIE
poOOTHI); KOHKPETHBIE UCTIOJIHEHUS POOOTOB Pa3IM4alOTCs pa3MepamMu U rpy3010IbEMHOCTHIO, a
TaK)K€ XapaKTepoOM KOMIUIEKTAlUN (CUCTEMaMH YNpPaBICHUS, JOMOJHUTEIbHBIMU MOIYISIMH U
T.II.); arperaTMpoBaHHe, Jaloollee BO3MOXXHOCTb IOJydyaThb HECKOJbKO  Pa3IUYHbIX
KOMITOHOBOYHBIX CXEeM (Pa3HOTHUIIHbIE pOOOTHI), B TOM YHCJIE PA3IUYAIOIINECcs BUAOM CHUCTEMBI
KoopauHaT, (GopMol M pazMepamu pabouMx 30H U ApyruMu npusHakamu. [lo Xxapakrepy
TEXHUYECKUX IIOKa3aTesell arperaTHO-MOJyJbHble POOOTHI MOTYT OBITH pa3felieHbl Ha TpH
TPYNIBL: C HEU3MEHHBIMU 3HAYEHUSIMA OCHOBHBIX TEXHUUYECKHUX MOKa3aTesIel, C OrPAaHMYECHHBIM
JUAna3oHOM M C MIMPOKUM JIMAlla30HOM OCHOBHBIX TEXHHYECKHMX Iokazarened. [lo tumy
CUCTEMbl YIPAaBJIEHUS Pa3INYalOT POOOTHI, KOMIUIEKTYeMble CHUCTEMaMU YIPABJICHHS OIHOTO
TUMA, Pa3IMYHBIX THUMOB. YHUDUUUPOBAHHBIM y3en pobora — cOopouHas eunuma IIP c
YHUQPUIIMPOBAHHBIMU ~ MPUCOECIUHUTENHBIMU ~ pa3MepaMd U IapaMeTpaMH  BHEIIHETro
conpsbkeHus. Arperat IIP — coBOKymHOCTh JeTajeil M y3710B, OOpa3ylOUIMX MEXaHH3M,
IIPEIHA3HAYEHHBIN JUI BBIIIOJIHEHUS IBUKEHUH 110 OJHOM CTENEHU IOBIKHOCTH, PEaTM3yEMBIX
C TIOMOIIBIO IPUCOEUHAEMOTO K HEMY NPUBOJIA, ¢ YHU(PUIIMPOBAHHBIMU MECTaMH KPEIUICHUS, B
TOM 4YHCJE KPEIJICHWs NPUBOJOB. B HEKOTOPBIX CilydasXx arperaT MOXET BKJIOYaTb B ceOs
PERYKTOP, MEPEAATOYHBI MEXaHU3M HJIM €0 4acTh. Pa3sHOBHIHOCTBIO arperarHO-MOIYJIBHOIO
IPUHLUIA [OCTPOEHHUS POOOTOB SBISAETCS MOMAYIbHBIM NpHHIMI. B 3TOM ciydae poOOTHI
MPOCKTUPYIOT Ha 0a3e (YHKIMOHAIBHBIX MOJYJEH, BKIIOYAIOIIMX BCEe HEOOXOIUMBbIC
MEXaHU3MBbl, MPHUBOJbI, IATYMKH OOpAaTHOM CBA3M, SHEpreTHYeckue U HHQPOPMAalMOHHBIE
KOMMYHHKAIMM, HE0OXoAuMble i paboThl MOayisl. VCHIOMHUTENbHBI MOAYIb — peanu3yer
IBM)KEHUE poOOTa MO OJHOW CTENEHM MOABMKHOCTH, BKJIIOYAeT B ceds arperar, JIBUTaTellb,
PENYKTOp, JaTYMKH OOpaTHOM CBA3M, YHU(PHUIHMPOBAHHBIE MPUCOCAMHUTENIBHBIE pPa3Mepbl U
IIapaMeTpbl BHEIIHETO CONPSDKEHMsS C LIEISIMUA SHEPIONUTAHUSA U yIpaBiieHHuA. Moaylb-IIpUBOJ
npeoOpa3yeT KOMaH[bl, MOCTYIAIOIIME OT YCTPOICTBA yNpaBieHUs, B HEOOXOAUMBIE YCHIIUS
WIA KPYTALIMl MOMeHT. BkitodaeT B ce0st ABUraTesb, PeIyKTOp, JaTYMKH OOpaTHOM CBSI3U U
YCTPOMCTBO yNpaBJIEHUS MPUBOAOM, obecrednBarouie TpeOyeMble JBUKEHUS 3BEHBEB
MeXaHU3MOB. Moayib yCTpOHCTBa yIpaBiieHHs — cOOpoyYHas eAMHUIA ¢ YHU(DHUIMPOBAHHBIMU
IIPUCOEIMHUTENBHBIMU pa3MepamMu, MOJKIouaeMasi B 00LIyI0 CXeMy yepe3 YHU(ULIUpPOBaHHbIE
uHTep(EChl U BBINONHAONIAs KaKue-In00 3aJaHHble GYHKIUHN (HarpuMep, poLeccop, rpymnmia
IUTaT COMpPSDKEHUS ¢ KaHAIOM BHelHed uH(opmaiuu).B nocnennue roapl B poOOTOTEXHUKE
HAa4YMHAIOT MPUMEHATh MEXATPOHHBIE MOJYJIW IBUKEHUS W UHTEIIEKTyalbHbIE MEXATPOHHbBIE
Moaynau. MexaTpoHHbIH Moaynb ABkeHUS (MMJl)— KOHCTPYKTMBHO M (DyHKIHOHAJIBHO
CaMOCTOSITEJIbHOE M3JIeNIne, BKJIIOUaroliee B cedsl ynpaBisieMbldl JABHraTellb, MEXaHUYECKOE U
uHpopMalMoHHOe ycTpoiicTBOo. B coctaB MM/ BXoauT BCTpOe€HHOE HMH(POPMAMOHHOE
YCTPOMCTBO, BKJIIOYAIOIIEe JAaTYMKH OOpaTHOW CBS3M M MH(POPMALMH, a TaKXKe 3JIEKTPOHHBIE
670KH U1t 00pabOTKH M MpeoOpa3oBaHMsl CUTHAIOB. MHTeIeKTyanbHbIM MEXaTpOHHBIA MOJTYIb
(MMM) - KOHCTPYKTHBHO M (PYHKIIMOHAIBHO CaMOCTOSTEILHOE M3JENHe, TOCTPOCHHOE MyTeM
CUHEPTreTUYECKOU UHTETpAllMM  JBUTATEJIbHOM  MEXaHHUYECKO, MH(POPMALIMOHHOM,
JJIEKTPUYECKOM M ympasisroniel ydacred. Ilo cpasHenuro ¢ MMJI B kxoHcTpykuuio MMM
JIOTIOJTHUTEIBHO BCTPAUBAIOTCS  YNPABIAIONIME M 3JIEKTPOHHBIE YCTpOMCTBa: LU(DPOBBIE
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BBIYHCITUTEIIBHBIC YCTPONCTBA, OSJCKTPOHHBIC CHIIOBBIE TpeoOpa3oBaTeNid, KOMITBIOTEPHBIE
YCTPOMCTBA CONMPSIKEHUS U CBSI3H.

KOHTPOJIBHBIE BOITPOCBI:

1. Ilo kakuM pU3HAKaM KIaCCU(PHUIHUPYIOTCS MPOMBIIIITICHHBIE POOOTHI?

2. Ilo xakuM mapameTpam BBIOMPAIOTCS MOJIENIN TPOMBIIIIJICHHBIX pOOOTOB?

3. Kakue nokosnenust po6otoB Bri 3HaeTe?

4. B ueM CyIIHOCTb arperaTHo-MoJIyJIbHOTO IIOCTPOEHUS IPOMBIIIEHHBIX pOOOTOB?
5. Kak pacumdpoBats Moaens podora CM401[12167

6. U3 kakux MoAysiel KOMIUIEKTYIOTCS pOOOTHI?

1.4 Jleknua Ne 4 ( 1y4ac).
Tema: «CucTeMbl IPOrPaMMHOIO YIIPaBJIEHUS IPOMBIILIEHHBIX POOOTOB.»
1.4.1 Bonpocsl Jiekuum:
1. OcHoBHBIE IPUHIIMIIBI YIIPABIEHUS, pealu3yeMble B IPUBOIaX poOOTOB.
2. CucremMbl IPOTPaMMHOTO YITPABIICHHS POMBIIIUIEHHBIX POOOTOB.
3. Tlo3ummoHHBIE CHCTEMBI YIIPABICHUS pOOOTaMH.

1.4.2 KpaTkoe coaep:kaHue BOIMPOCOB:
CucteMbl TPOTPaMMHOTO YIIPABJICHUS TPOMBIIIICHHBIX POO0TOB. (OCHOBHBIC MPHHITUIIBI
yIIpaBJICHUS, pealn3yeMble B MPUBOJAX PoOOTOB TepMHUHOM yIpaBiieHHE B TEXHHKE OOBIYHO
0003HaYAIOT MPOIECC ABTOMATUYECKOHN pean3aiui COBOKYITHOCTH BO3ACHCTBUH, MPUIIaraeéMbIX
K HEKOTOpPOMY OOBEKTY, JUOO C LENbI0 MOJAEpKaHUs ero (PyHKIMOHMPOBAHUSA HA 33JaHHOM
YPOBHE, JIN0O C LIEJIbI0 U3MEHEHUS B )KEJIAEMOM HAlpaBJICHUU €r0 PEryjJupyeMbIX apaMeTpoB.
PoGoT kak 0OBEKT ympaBieHHUsS MIPEACTABISCT COOOM CIOKHYIO CHCTEMY, BKIIOUAIOIIYIO B ceOs
MHOTO3BEHHYIO MEXaHMUYECKYI0 KOHCTPYKIMIO C HCIOJHUTEIBHBIMU ITHEBMO-, THIAPO- WM
AJIEKTPONPUBOJAMH,  AKTHMBHO  B3aMMOJICUCTBYIOUIYIO €  OKpYXKalwIled cpeaol u
XapaKTEPU3YIOILYIOCSI COBOKYITHOCTBIO IapaMEeTpOB, M3MEHSIOLINXCS BO BpEeMEHU. Brlnenstor
TPU HEPapXMUECKUX YPOBHS aBTOMAaTH3alMd POOOTH3MPOBAHHOTO OOOpYNOBAaHUA: -
COIJIACOBAHHOE YIPAaBJIEHHE POOOTOM M EAMHUIEH HPOMBIIUICHHOTO O000pYyIOBaHMS, INpHU
KOTOPOM KOMAaH/bl YIpPaBJI€HHs pPOOOTOM IOJAeT OOCIy)KMBaeMass MM TEXHOJIOIMYecKas
MalllkHa; - YOpaBJIeHHE PpOOOTOM U  HECKOJIBKUMM  €IMHUIAMU  TEXHOJOI'MYECKOIo
00Opy0BaHus, IPU KOTOPOM TOBEAECHUE POOOTa ONpPENEeNIeTcs 3apocaMH OT 00CITYKHBAaEMBbIX
UM MallluH; - YIpaBJIeHUE paclpeaeeHHbIMU poO0TaMu, eIMHUIIAaMU 000pYyJOBAHHU I, CKJIalaMH,
TPAHCHOPTHBIMHM CpPEACTBaMHU OT LEHTpajdbHON OBM ¢ 1enblo BBINOJHEHHUS MOCTYHAIOLIUX
3aka3oB. Kak u soboe npyroe, yCTpoMcTBO yIpaBiieHUs] IPUHUMAET CUIHAJIbl OT JAaTYUMKOB U
neHtpasibHOo OBM, mocnie yero BbIpabaThiBaeT KOMaH]bl Ha MCIOJIHUTENbHBIE YCTPOICTBa B
COOTBETCTBUHU C 3allMCAaHHOM IPOrpaMMOM yIpaBiIeHUS. YCTPOWCTBO YHpaBieHUS POOOTOM
JOJDKHO JIONIOJTHUTEIBHO: - PEryJIUpOBaTh IOJIOKEHHUE U CKOPOCTH MEpeMEIleHUs] MPHUBOJOB
3BEHbEB; - YUUTHIBATh COCTOSTHHE 0OCITYKHBAaEMBbIX €JMHULL 000pyaoBaHus; OOBIYHO B cHCTEMax
yIIpaBJIEHUS] UCTIOJIB3YIOTCS TPU OCHOBHBIX NMPHHLUIA: PA30MKHYTOTO YIPABJIEHHUS, YIIPaBJICHUS
[0 BO3MYIIEHUIO M NpUHIUN oOpaTHOW cBs3u. [IpuMHIMI pPa3OMKHYTOTO YyIpaBJIEHUS
peanu3yercsi TOJbKO Ha OCHOBE JKEIaeMOro aJlrOpUTMa MOBEICHUS YIPaBIIEMOTro 0OBbEKTa U He
YUUTBIBAET BO3MOXKHOCTb MOSIBJICHHMSI BHEUIHMX BO3MYIIAIOIIMUX BO3JEHCTBUH, CIIOCOOHBIX
BbI3BaTh HEKOHTPOJIUPYEMbIE OTKJIIOHEHHUS B Tpoliecce (pyHKIIMOHUpoBaHUs 00bekTa. Hanpumep,
CKOpPOCTh BpallleHHs BBIXOJHOTO BaJla 3JIEKTPOABUIaTeNsl MOCTOSHHOIO TOKAa C HE3aBUCHUMBIM
BO30Y)XJICHHEM MPONOPLUOHATIbHA HAMIPSDKEHHIO, PUIIOKEHHOMY K sikopto (puc. 5.1). Puc. 5.1.
Cxema pa3oMKHyTOTro ynpanieHus. [logaBas Ha JBUTATENb HANpsOHKEHHE JKETaeMOU BEITHMUYMHBI,
YIPaBIISIOT CKOPOCTBbIO BpAIEHUS €ro BBIXOJHOIO Bajla M, KaK CIEJCTBHE, CKOPOCTBIO
nepeMeIleHusl 3BeHa po0oTa, COeIMHEHHOTo ¢ 3THM JpurareneM. OpHaKo, €ciav Ha JaHHOE
3BEHO JCUCTBYIOT BHEIIHHME CHIIbI, HallpUMep, CTAaTUYECKMA MOMEHT CHJIbI TSDKECTH 3BEHa,
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M3MCHSIFOIIMIACS TI0 BEJIMYHUHE B 3aBUCUMOCTH OT YTJIOBOTO TMOJIOKCHHS CTETICHH TIOIBHKHOCTH,
TO CKOPOCTh BpAICHUS JIIEKTPOJBUTATENsI OyJET CYIIECTBEHHO OTIWYAThCS OT 3aJaHHOU U,
KpoMe TOro, OyaeT HU3MEHSThCS B (YHKIMH OT yrjia MOBOpOTa 3BeHa pobora. [IpuHIun
YIPaBICHUS TIO BO3MYIICHHIO MOJET HCIOJB30BAThCS B CHCTEMax pa3OMKHYTOTO THIIA,
HaxOJIAIIUXCS TMOJ| BIUSHUEM HEKOTOPHIX BO3MYILNAIOIIMX BO3ACHCTBUU (puc. 5.2.), s TOTO
9TOOBI KOMIICHCHPOBATh OTKJIOHEHUE PETYIUPYEMOTO TTapaMeTpa, BRI3BAHHOTO JOMHUHHUPYIOITUM
Bo3neiictBueM. Puc. 5.2. Cxema ymnpasineHuss 1o Bo3MmyueHuto. [lpu ympasinenun mno
BO3MYILICHUIO yIACTCsI KOMIICHCUPOBATh HEXKEJIATSIIbHOE BIMSHUE HA MPOIIECC PEryIMpPOBaHUS
TOJIBKO TOTO BO3JCHCTBHS, KOTOPOE HM3MEPSETCS ITATYUKOM, a OCTaJbHBIC BO3JICHCTBUS IIO-
MPSKHEMY MOTYT BBI3BIBATh HEKOHTPOJIUPYEMbIE OTKIOHEHUS. OTIMYUTEIBHBIM IMPU3HAKOM
CUCTEM YIIPaBJICHHSI, B KOTOPBIX PEAIM30BAH IPUHIIUIT OOPATHOW CBS3H, SBISCTCS M3MEpPEHUE
pPErYIIMPYyeMOro TapaMerpa W WCIOJb30BaHUE TOTYyICHHOW WHGpOpManuu Mmpu (GopMHUpOBAHUHT
3akoHa ympasieHus (puc. 5.3.). CucTeMbl YIpaBi€HHs, 3aMKHYTblE€ [0 peryiupyemMoi
KOOpJIMHATE, UMEIOT JIYYIINe XapaKTEPUCTUKH 10 CPABHCHHIO C CHCTEMaMH, CO3JIaHHBIMH Ha
OCHOBE ITPUHIIHITA YIIPABICHUS IO BO3MYIIICHHUIO, TAK KaK HE3aBUCUMO OT IMPUYHHBI, BBI3BABIIICH
OTKJIOHEHUE JIAHHOW KOOPJAMHATHI OT 33JJAHHOTO 3HAYCHUS, BEIMIMHA U 3HAK OTKJIOHEHUS MOTYT
OBITh OIICHEHBI W Ha WX OCHOBE MOTYT OBITh OCYIIECTBJICHBI KOPPEKTHUPYIOIINE BO3JICHCTBUS,
TIOBBINIAIOIINE CTENEeHb COBMAJCHHS TEKyIIero u Tpebyemoro moBeneHus obwvekra. Puc. 5.3.
Cxema ympaBjeHHS ¢ OOpaTHOW CBS3bl0. B 3aMKHYTBIX cHCTEMaX aBTOMATHYECKOTO
PETYIIMPOBAHUS TIPUMEHSIOT Pa3IMYHbIC 3aKOHBI YIIPABICHUSA. 3aKOHOM YIIPABICHHUS OOBITHO
Ha3bIBAIOT MAaTEeMAaTHYCCKYIO 3aBHCHMOCTh, B COOTBETCTBHH C KOTOPOH PeryasiTtop GopMUpyeT
BO3JICHCTBHE Ha OOBEKT YIPABICHUS B MPEANOIOKEHUHM, YTO TIOCICIHUN SIBIISCTCS
0e3nHepinoHHBIM. [IycTh X — ympaBisemasi BBIXOJIHas KOOpAuHaTa 00bekTa, X0 — ee xemaemoe
3HaueHune, U — ympamJisioniee BO3JCHCTBHE, MPHKIaJbIBaéMoe K 00bekTy. Torma B oOmiem
cllydae yImpaBisioliee BO3JCHCTBHE B CHCTEME C OOpaTHOW CBSI3bI0 MOKHO MPEICTaBUTH B
GyHKIMM HE TOJNBKO OTKIOHeHHMSI AX = X0 — X, HO M B (DyHKIMH OT €ro MpOU3BOJHBIX U
HHTErpaoB 1o BpemeHn: | AA=Atxdtdtdx U fx 0. (, ..., ...). IIpocreiimm sBisercs
MPOTIOPITMOHATBHBIA 3aKOH yrpaBiieHus. [Ipu 3Tom 3akoHe peryasaTop GopMupyer Bo3aeHCTBH
Ha 00BekT B cienyromem Buae: Un = k Ax, rae Ax = x0 — x, a k - koaddunuent nepenaun. [Tpu
MPOMOPLIMOHAIIBHOM 3aKOHE yIpaBJieHHs BbIOOpOM Ko3dduimeHTa mnepenayn perysiasTopa
MOXXHO JIMOO YCKOpPSITh, JHOO 3aMeUIATh MEePEeXOIHBIH IMPOLECC, YBEIWYUBAs WU YMEHbIIAs
COOTBETCTBEHHO €ro KoJjiebarenabHbll Xapakrep. [IponopriuonansHo-auddepeHInaIbHblii 3aK0H
M03BOJISIET (POPMHUPOBATH YIPABIISIIONIEE BO3ACUCTBHE HE TOJBKO B (DYHKIHMHU OT OTKIOHEHUS
BBIXOJHON KOOpAMHATHI OT 3aaHHOM Un , HO U B (YHKIMH OT CKOPOCTH OTKJIOHEHHS BO
BpeMmenn U, T.e. B QyHKIIMH NIEPBOM MTponu3BOAHOM OT ommOku nojoxkerus: dtd x x U U U k x
xkmimnanag() ()00 —-=+=—+rnae kn u kn — kosbdunments! nepenaun; d(x0 — X)/dt —
nepBasi MPOM3BOJAHASA OT OTKJIOHeHHMsT AX. BxiroueHue B 3aKOH YIpaBICHHUS KOMIIOHEHTHI,
MPOMOPLIMOHAIBHOM MEPBOM MPOU3BOIHON OTKIOHEHHS, O03BOJISIET AIPPEKTUBHO OIPaHUYNBATH
CKOPOCTh [JIBWKEHHS BBIXOJHOW KOOPAMHATHI K 33JaHHOMY ToJokeHuto. OJHaKo TOYHAs
0TpaboOTKa 33JJaHHOTO TMOJIOKEHUSI B JAHHOW CHCTEME YIPABICHUS JBUTATEIIEM BO3MOXKHA JIUIIh
IpU OTCYTCTBHHM BHEUIHMX BO3MYIIAIOIIUX BO3AeHCTBUHN. [IpomopunoHaibHO-UHTETpabHO-
muddepeHnanbHbld 3aKOH PETYIHpPOBaHUS SBISAETCS OOJiee COBEPIIEHHBIM C TOYKH 3pEHUs
KOMIICHCAIIMN BHEITHUX BO3MYIIEHUN HAa TOYHOCTh OTPabOTKU 3ajaHusl. 3/1eCh BBOJUTCS eIlle
O,Z[HaKOMHOHCHTa—UI/I—I/IHTel"paJ'IBHaH..()()()OOOIO—=++=—+—+tHHHnHZ[nH,H
dtdxx UUUUEkx x k x xdt k Ilpy npoekTupoBaHMH KOHKPETHBIX POOOTOTEXHUYECKUX
CUCTEM HEOOXOJMMO YYHTHIBATh BO3MOXHOCTH POOOTa MO OTpabOTKE 33aJaHHOTO IMOJIOKEHHUS
WJIH JKEeJTaeMOU TPaeKTOPUU JIBIYKEHUS 3aXBAaTHOTO YCTPOMCTBA U TPeOOBAaHMUS, BHITEKAIOIINE U3
TEXHOJIOTHUHM BBIMIOJHEHUST TOW WJIM WHOW TMPOU3BOJCTBEHHOW 3amaun. Hampumep, ecnu
MIPEIOoIaraeTcsi aBTOMAaTU3UPOBATh OTIEPAINIO 3arpy3KU- BBITPY3KHU Mpecca, TO He 00s3aTeTbHO
OCHAI[aTh POOOT 3aMKHYTOH CHCTeMOHW ympaBieHus. JlocTaTOYHO WCMONB30BaTh MPUHIIUI
Pa30OMKHYTOTO ympaBieHus. JlJis aBTOMaTU3allUd JYroBOW CBapKU HEOOXOJUMO YIIPABISITH C
BBICOKOW CTEMEHBIO TOYHOCTH HE TOJBKO TOJOXKEHUEM DIIEKTPOJa, HO U €ro CKOPOCThIO B
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YCIOBHAX 3HAYUTEIBHBIX BHEIIHUX BO3ACHCTBHIA, H, CIIEOBATEIBHO, POOOT, MpeaHa3HAYCHHBIH
IUIsL 9TOW paboTHI, JOJDKEH UMETh CUCTEMY YIPAaBICHHS, PEaM3YIONIIYI0 CaMble COBEpIICHHBIC
IPUHLMIBI M 3aKOHBI YIPABJIECHUS IIOJOKEHUEM M CKOpOCThbl0. CHCTEMBI IMPOIPAMMHOTO
YIPaBJICHUS TPOMBIILUICHHBIX POOOTOB IMOJAPA3ICISIFOTCS HAa CUCTEMbI: a) LUKIOBOTO, O)
MIO3ULMOHHOTO, B) KOHTYPHOro ynpasijieHus. Kaxxgas u3 HMX MMEEeT MHOTO Pa3HOBHUJIHOCTEW B
3aBUCHMOCTH OT XapakTepa omepanuid, KUHEeMAaTHKH pPo0oTa, MPHBOJOB. LIMKIOBOW pexum
IIPOrpaMMHOTO YIpaBJIEHUS sBisgeTcs Haubosiee mpocTbiM (puc. 5.4). OH nmpuMmeHsercs, Kak
MIPaBWIIO, B TEX CIIyYasX, KOTJIa 0 KAKIOW M3 n cTeneHei noasmxkHocTy qi (i =1, 2, ...n) poboTa
BO3MOXHO IMO3UITMOHUPOBAHKE JIMIIb B JIBYX KpaWHUX TOYKaX (iH, (iK, IJ€ COOTBETCTBYIONIUE
unaexkcsl H, K o3HauaroT HauanbHOE M KOHEUHOE IOJIOKEHHSI COOTBETCTBYIOLIUX MOJIBUKHBIX
aneMeHTOB. Puc. 5.4. PoGOT ¢ MHUKIIOBOW CHCTEMOW IpOTrpaMMHOro yrpasieHus. [ mepeBoa
I-TO 3B€Ha B COCTOSIHHE (iH HEOOXOIMMO Ha €ro MPUBO/I MOJaTh HYJICBON YIPABJISIONIANA CHUTHAI
Ui = 0. lng nepeBoja 3TOro 3B€HAa B COCTOSIHME (IK Ha TOT € MPHUBOJ HEOOXOJMMO IMOAATH
curHan Ui = 1. [lpuuem npu mnepexoje poOoTa B HOBOE COCTOSHUE TPH HEHU3MEHHOM
ynpasisitoneM Bekrope U = (Ul, ...,Un) maHHOE cOCTOsIHME OCTaeTcs HEU3MEHHBIM. [lpu
OpraHM3aliy LUKIOBOTO YIPaBiIeHHUs] poOOTOM MOTYT ObITh MCHOIb30BaHbI JOBOJBHO MPOCTHIE
aBTOMAThI, IOCTPOEHHBIE HA 3IEMEHTaxX [HU(POBON BHIYMCIUTEILHON TEXHUKU. Takue aBToMaThl
BKJIIOUAIOT: TAaMsTh TOCJIEI0BAaTEIbHOCTH KOJOB TpeOyeMbIX COCTOSHUM poOoTa, MaMmsTh
MOCJIEIOBATEIbHOCTH BpPEMEHHBIX HHTEpBAJIOB, T.€. T€X HMHTEPBAJIOB BpPEMEHH, B KOTOPBIX
YIPaBISIONUIUE BEKTOPHI OCTAIOTCS HEM3MEHHBIMH, BPEMEHHOE YCTPOMCTBO U OJIOK YIpaBlieHUs
nepexonamu. [Iporpammupyemsie koHTposeps! (ITK) ucnons3yrorest B cucreMax ynpaBiieHUs B
KayecTBE OJHUX U3 MPOCTHIX YCTPOUCTB, MpEeAHA3HAYEHHBIX U aBTOMAaTU3allUK POU3BOJICTBA.
B npombinuieHHbIX poOOTaX OTHOCUTENBHO HECNoXHO ¢ nomouibio 1K opranusoBsiBaTh HUKI
paboTel pobOTa C LUKIOBOW CHCTEMOH YIpaBJICHMSI, OCYLIECTBISTh C MOMOUIBI0 MHIUKALUU
KOHTPOJIb 32 paboToil koMruiekca. OO0mias cxema ocHOBHBIX 3JieMeHTOB [IK mokaszana Ha puc.
5.5. Iuranume TIK ocymecTBasieTcss oT oObaHOM cetr, xoTs [IK MokeT obecrieunth nMuTaHue
cxeM ympaBieHus Oosbmield MomrHOocTH. CoBMecTHO ¢ IIK mpumeHsieTcst ChbeMHBIA MOMYIh-
MporpaMMaTop, KOTOPBIM MOXKET ObITh mepectaBiieH ¢ oxHoro 1K Ha apyroi uimm oTmpaBieH Ha
xpanenune. VHTepdelicHble YCTpPOWCTBA M YCTPOMCTBA BBOJA-BHIBOJA JAHHBIX, BXOJAIIUE B
cocraB [IK, moryr mnpeacraBisiTb co00il JOMOJHUTENbHBIE ChEMHbIE MOIylIH. HekoTopsie
npousBoauTenu ocHamaroT [1K rpadguueckum nucniieem, Ha 3KpaHe KOTOPOTO BOCIIPOU3BOIUTCS
nectHuyHas cxema. [locnmenoBarenbHOE BOCHPOU3BEIEHUE TAKOM CXEMbI OCYIIECTBIISETCS
nporpammuctoMm. I1K mmpoko npumensieTcst 1uist yrpaBieHHs MPOMBIILICHHBIMUA pOOOTaMH Kak
B aBTOHOMHOM pEXHME, TaK U B cOCTaBe poOOTM3UpoBaHHBIX KomiuiekcoB. IIK mpencrasisior
co0oil upeanbHOE CPEICTBO YIpPaBlIeHUs POOOTU3MPOBAHHBIM MPOU3BOJCTBEHHBIM MOaylieM. B
sToM ciyyae B ¢yHkuuio [IK BXOIuT cuHXpOHM3alMsT KOOPAUHATHBIX MEepeMelIeHHd pabouux
OpraHoB po0oTa ¢ 00CITYKUBAEMBbIM TEXHOJOTMYECKUM U BCHOMOTATEIbHBIM OOOpPYIOBAHUEM.
Hau6onee yacto [1K ucnonsiyercs mis ynpaBieHUs] MTHEBMATHUECKUMU pOOOTaMU C IIUKIOBOM
cucremoii ynpasnenusi. OcHOBOM uia nporpammupoBanusi 11K cnyXuT gecTHUYHAS JIOTHYECKast
cxema. OcHoBHO 3amaueit [IK sBnsieTcs mpuHsATHE JOrMYeckux pemeHuit tuma na-Her. [1K
HEMpPEePBHIBHO aHAIMU3UPYET AAHHBIE C JATUYMKOB, KOHTPOIUPYIOIIUX TEXHOJOTHYECKHI mpoliecc,
dbopMUpYyeT JOTHYECKHE pPEIICHHUS U TepelaeT BHIXOAHBIE JaHHbIE B BHUJC YHPABISIOLUIUX
CUTHAJIOB Ha OpraHbl yIpaBlieHUs TeM ke mnpoueccoMm. Ilocne BBoJa 3amporpaMMHpOBAHHOM
necTHUYHOM cxembl paborta IIK Oymer mponoipkaThest 1O TeX NOp, MOKa He MOTpedyercs
BHECEHHE HM3MEHEHHH. YTpaBleHHE aBTOMATH3UPOBAHHBIM oOOpymoBaHueM ¢ momoribio [1K
MOJKET OCYIIECTBIIATBCA ¢ OOpaTHOM CBSI3bIO MJIM BO BpeMeHHOM pexume. B cocras IIK Moryr
BXOAUTH TaiiMepbl U cueTurku. bonbmmHacTBO [IK pacnonararoT BO3MOKHOCTBIO HE3aBUCUMOTO
BKJIFOYEHHUS] CUTHAJIA Ha HEKOTOPOM BBIXOJIE, HECMOTPSI HA COCTOSIHUE 3alpOrpaMMHPOBAHHOMN
Jorudeckoil cxembl. HesaBucumoe yrpaBiieHHE BBIXOJaMHU MOKET OBITh TakKe HCIOJIh30BaHO
JUIs JUArTHOCTUPOBAHMSI W JIa€T BO3MOXHOCTH TOJIB30BATEN0 HM30€KaTh HeKeIaTelbHBIX
NocJeACTBUN mosiBieHus: HeucnpaBHocTed. [lpenmymectBamu [IK sBisitoTcss Takxke manble
rabapuThl, HHU3Kas DHEPTOEMKOCTb, BBICOKas HAAEKHOCTh paboThl. K MOMOTHUTETHHBIM
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Beixogam [IK mpu HeoOXoguMOCTH MOTYT OBITh TOJKIIOYEHBI JUCIUICH, MeYaTarolue
ycrpoiictBa. Puc. 5.5. IIporpammupyembiii koHTpoJuiep: 1 — nmporpamMmarop; 2 — LHEHTPaJIbHBIM
nporeccop; 3 — uaTepdeiic; 4 — KOHTAKTHI BXOJIOB- BBIXOJIOB; 5 — 5 — BX0JIbI; 6 — OT mpoI1ieccopa;
7 — K TEXHOJIOTHYECKOMY 000pYA0BaHUIO; 8 — BBIXOJIBI; 9 — aBapuiiHOe OatapeiiHoe nutanue; 10
— mamsTh; 11 — ucrounuwe nmutaHus. i1 MOCTPOEHUST MOJOOHBIX YIIPABISIONIMX aBTOMATOB —
KOHTPOJUIEPOB HEOOXOIUMBI PErHCTPBI, AeMU(PATOPhl, CYCTIYNKH, TPUTTEPHI U T.II. Y UUTHIBAS,
yTo KOHTpoJuiepsl [IP mpencraBisoT coboi aBTOMATHI C MaMsThIO, MPU UX Pa3pabOTKE MOTYT
OBITh HCIIOJIB30BaHBI OoJiee KpymHBIE Y316l BT, Takue, kKak ympaBIstomias mamsTh U OJIOKH
MHKpPOIIPOTPAMMHOTO  YIIPABJICHUSI ~ COBPEMEHHBIX  MHUKPOIPOILIECCOPHBIX  KOMILJIEKTOB.
Hcnonb3oBaHue ynpaBidmoolleldl HamsATH BEAET K YIPOILIEHUIO CTPYKTYPbl KOHTPOJUIEPOB, a
MPUMEHEHHE OJOKOB MHUKPONPOrPAMMHOTO YIIPABIEHUS, XOTS M YCIOXKHSAET HX, HO
OJIHOBPEMEHHO pacIupseT (PYHKIIMOHAIBbHBIE BOBMOXXHOCTH. {1 TOCTpOEHUs YHUBEPCAIBHBIX
KOHTPOJUIEPOB 11€J1IeCO00pa3HO HE TOJIKO HUCIIOJIb30BATh OTAEIBHBIE Y3JIbl MUKPOIIPOLIECCOPHBIX
KOMIIJIEKTOB, HE TOJIbKO IPUMEHSATh B CTPYKTYpe KOHTPOJIEPOB MUKPOIIPOLIECCOPHI, HO M CaMu
KOHTpPOJUIEPHl CO3[aBaTh HAa OCHOBE MUKpoIpoleccopoB U MUKpoOBM. CrpykTypHas cxema
MIPOrpaMMHUPYEMOT0 MHUKPOKOHTpOJUIEpa, MpPeIHAa3HAYEeHHOrO JUIsl LMKJIOBOTO YIPaBIIEHUS
MPOMBIIJICHHBIME  poOOTaMH, TMoOka3zaHa Ha puc. 5.6. Puc. 5.6. CrpykrypHas cxema
MIPOrpaMMUPYEMOTO MUKPOKOHTpoJIIepa. Modylb mpolieccopa OCyIIecTBISIEeT cOop, HUPPOBYIO
00paboTKy ¥ BBIBOJA HH(POpPMAIMA B COOTBETCTBUM C HWCIOJHUTEIBHOW MPOTPaMMOH,
3anuMcaHHoil B mepenporpammupyemoe [13Y moxyns mamsatu. HazHaueHue HMCHOJHHUTENIBHOM
MpOrpaMMbl — MpeoOpa3oBaHUE HHCTPYKIMM, BBEICHHBIX ONEPATOPOM C IMOMOUIbIO IYyJbTa
yOpaBieHUs , B IOCJIEIOBAaTEJbHOCTh KOJOB MAIIMHHOTO SI3bIKa MHKpOIpOIECCcopa,
peayiM3yIonMX ATH MHCTPYKIMH. YIpaBisiomias MporpaMMa pasMelaercs B MojyJe
3alMoMUHAONIMX ycTpoiicTB. OHa 3amuchiBaeTcs IOJb30BaTeNieM B KOJaX KOMaHJ BXOJHOTO
S3pIKa MUKPOKOHTpOJIJIEpa M 00ECIEYMBACT BBHINOJHEHHE 33aJaHHOTO aJIrOpUTMa YIpPaBICHUS
BHEIIHUM o0OopynoBaHueM. [l BBeOeHHs MPOrpaMMbl HCIHOJB3YIOT MYJAbT YIPaBICHHUS,
MOPTATUBHBIM MTPOrpaMMaTOp WM MEPCOHATBHBIM KOMIBIOTEP CO CIEUANIbHBIM MPOTPaMMHBIM
obOecrieueHreM. YCIOKHEHUE MpOorpamMM YIpaBICHUS MPUBEIO K OTKa3y OT MPUMEHEHHUS
MporpaMMaTopoB, a  MHOroo0Opa3ue  KOHTPOJJIEPOB €  COOCTBEHHBIMH  SI3bIKaMU
MPOrpaMMHUPOBAHMS K TIOSIBIIEHUIO MATH CTaHAAPTHBIX S3BIKOB IMPOTPAMMHPOBAHMS: SI3bIKA
nectHUYHBIX quarpamm (LD), pyrakunonansHo-6mounsix auarpamm (FBD), criucka nHCTpYKIUi
(IL), mumarpamm mnocnenoBarenbHbiX ¢yHKIUA (SFC), crpykrypupoBanHoro tekcra (ST). B
MocJieJHee BpeMs Pa3BUBAIOTCSI NMPOTPAMMOHOCHUTEIN B BUAE OBICTPOCMEHHBIX (II3II-AUCKOB.
QIBII-TUCK UCTIONB3YIOT Ui AOJITOBPEMEHHOTO XpaHEHUsl COTeH Meradait uHdopmanuu. OH
MpEJICTaBIseT COOOW AIEKTPUYECKH CTHpPAEeMOE MEepernporpaMMHpyeMoe YCTpPOWCTBO Ha
MHKpocxemMe mamsaTd 1o TexHosorum Flash (pupma «MuHTEnm»). B oTiamume oT OOBIYHBIX
MHUKPOCXEM MMaMSTH YUCIIO UUKIOB CTHPAHUS U 3alMCU MPEBBIIIAET OJUH MUWUTHOH. Ddii-auck
HE MMeEET MOJBIKHBIX YacTel, HeBOCIPUUMYUB K yIapaM M BUOpalusM, YCTOHYMBO paboTaeT
npu u3MeHeHuH Temmeparypsl oT -40 mo +80°C co cpemgHuUM BpeMeHeM HapaOOTKH Ha OTKa3
6onee 100 mer. B CcHOXHBIX cHCTeMax TMOSBUIUCH CPEACTBA  JAUCTAHI[MOHHOTO
MIPOrpPaMMHUPOBAHMS paACHpPECIEHHBIX KOHTPOJUJIEPOB uepe3 MPOMBIIUICHHYIO MmuHy. [lyasT
yIpaBJICHUS U MOIYJb YIPABICHUS COCTABISIOT TEXHUUYECKUE CPECTBA OOIICHHS Ormeparopa ¢
MUKpPOKOHTpOJUIEpOM. MOyl BBOJIa M BBIBOJIA MPEIHA3HAYEHBI 7SI CBSI3U MUKPOKOHTpPOJUIEpa
C UCHONHUTENbHBIMH YCTPOMCTBAMH MAHHIYIATOpa podOoTa W C TEXHOJOTHYECKUM
obopynoBanueM. Moaynb mocieaoBaTeabHOro uHTEepdeiica CyXuTt s oOMeHa nHpopMaIuei
MEXAY MHKPOKOHTPOJJIEPOM M YIPABISIOMIUM BBIYUCIUTENBHBIM KOMILJIEKCOM BEPXHETO
ypOBHS. MHUKPOKOHTPOJIEP HMMEET PEXKUMBI pabOThl: - aBTOMATHMUYECKOE YIpPaBIIEHHE TIO
MporpaMMe, 3aluCaHHOW B MaMsITh pabodyeil mporpaMMebl; - PYYHOE YIPaBICHHE M0 KOMaHIaM,
MOJaHHBIM C MyJbTa YIPABJICHHUS, - MOIIATOBOE BHITIOJHEHUE MPOTPAMMBbI; TPOTrPAMMHPOBAHHE
(3amuch KOMaH[ B aMATh pabOUYUX MPOTPaMM); - MPOCMOTP MPOTrpamMMbl (BBIBOJI HAa WHAUKAIIIIO
COJICP’)KUMOTO MaMsTH pabouux mporpamm). [lo3UIIMOHHBIE CHUCTEMBI YIpaBiIeHHUS poOOTaMu
OTHOCATCS K OOImeMy KIacCy CHCTEM aBTOMAaTW4eckoro ympaBieHus. OCHOBHBIMH
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TEXHUYECKUMHU XapaKTEPUCTUKaMH CHUCTEM YIIPAaBJICHUs, OTHOCALIUXCA K JaHHOMY Kiaccy
SIBJISTFOTCSI: YMCJIO YIPABISIEMBIX KoopauHaT 3-8, 00beM mamstu mporpamm (kaapos) 100-2500,
YHCII0 TEXHOJOTMYECKHX KOMaHJ oOMeHa mH(opManueil ¢ BHEMHUM obopynoBanueM 15-128,
TUN TpUBOAA cleasamuii wnu  jpuckpetHsld. Ilo  cmocoOy o0paboTku  uHbOpMayu
(mocnenoBatenbHas WIM NapajieibHas) MO3ULMOHHBIE CHCTEMBI CTPOSTCS IO CTPYKTypE C
LEHTPAJIbHBIM BBIYMCIUTEIEM M C JIELEHTPAJIU30BAaHHOW CTPYKTYpOM, KOIZla BBIYHUCIUTEID
BXOJIUT B COCTaB KaXJOr0 KOOpAMHATHOro Osoka. IIpumep cuctembl ¢ LEHTPATU30BAHHOU
CTPYKTYpO mokasad Ha puc. 5.7. Puc. 5.7. CxeMa neHTpaIn30BaHHOUN CTPYKTYPHI MTO3UIIHOHHON
CUCTEMbl IMpOTrpaMMHOro ympasieHus. OHa TMOCTpoeHa [0 MPHUHIUIY CHHXPOHHOTO
MuKponporpammioro asromara (MIIA) ¢ KOHEUHBIM YMCIOM COCTOSIHUI U JKECTKHM LHUKJIOM
ymnpasinenusi. MIIA mnpexnazHadeH s (HOPMHUPOBAHHS YIPABIAIONMX MHUKPOKOMaHI B
COOTBETCTBUU C aJTOPUTMOM (YHKIIMOHUPOBAHUS MO3ULMOHHOTO YycTpoicTBa. Peanusanus
(GYHKIMI [EHTPaNbHOTO YIPaBIEHUS U JIOTHUECKON 00pabOTKU MH(POpPMAIUU OCYIECTBISIETCS
onepanuoHHO-JIornyeckuM ycrpoiictoM (OJIY), kotopsiii BMecte ¢ MIIA npezncrasnser coboit
CHEeIMATN3UPOBAHHBINA BbHIYMCIUTENb. OCHOBHBIM NPOTPAMMOHOCHUTENIEM SBIISIETCS KACCETHBIM
Hakonutenb (KH), kotopeiii co cBoum Gnokom ympasinenus (BY KH) ocymectsisier npuewm,
XpaHeHHe M Bblgauy 1o 3ampocy u3 MIIA tpeOyemoii mporpammbl. Mudopmarnus B KH
dbopmupyetcsi o 30HaM. B oHON 30HE MOXKET OBITH 3alMCaHO HECKOJIBKO TporpamMm. CBs3hb
MEX1y 30HaMH OCYILECTBIISIETCS C TOMOIIbIO KOMaH]T YCJIOBHOTO MJIM O€3yCIOBHOTO MEPEXOI0B.
B pexume 3anucu u yteHus: HHGopmaimu oomex uiet yepe3 O3V, koTopoe npeHazHayeHo Jyis
OTIEpaTUBHOTO XpaHeHHsI pabouell Mporpammbl, pa3MEIIeHHON B OJHOW 30HE U HCIOJIb3yeMOM
HEMOCPEJCTBEHHO JUIsl aBTOMAaTHuYecKOro ympasieHusi pobOotoMm. Ilymer ympasnenus (I1Y)
MpelHa3HayeH MJis 3aJlaHusl PEeKMMOB pPAOOTHI M OpraHM3alMM YIPaBICHUS B pexUMax
«O0byuenue», «llouck kampa», «lIporpamma m nap. PyuHoe ympaBiieHHE MAaHHITYJISTOPOM
OCYIIECTBIISICTCS C BBIHOCHOTO IyJIbTa ynpasieHus. B obmem ciyyae GyHKIMOHAIBHBIN COCTaB
YIpaBJIAOMEH TporpaMMbl NO3UMIMOHHOTO MAHUIYJISITOPA MOXKET OBbITh 3alMCaH BbIpaKEHUEM
O=X+Y+Z+...+ W+F+N+R+t+pn, e X, Y, Z ..., W— maccuB uHpop™MaIum,
COOTBETCTBYIOIINN BETUYMHAM F'€OMETPUUECKUX MEPEMEIICHUN 110 CTENEHAM MOABMKHOCTH, F —
CKOpPOCTh TepeMmemennii; N — TexXHOJOTHYeCcKHe KoMaHIel; R — wuHpOpMamus o
IIOCJIEJOBATEILHOCTHY BBIIIOJIHEHUSI KOMaH[; t — BpeMEHHas 3a/lepKKa; P - JIOTMYECKHE KOMAH]IbI
YCIOBUH IEPEX0Ja; N — YUCIO KaapoB INporpaMmsl. Mcnosnp3oBaHHE ClELMAIM3UPOBAHHBIX
KOHTPOJUIEPOB U MUKPOIIPOLIECCOPOB B CTPYKTYpPE MO3ULMOHHBIX CUCTEM YIIPABJICHUS JIENIACT €€
Oonee rubkoil M obOecrieyuBaeT BO3MOYKHOCTh IIPOIPAaMMMPOBAHUS AJITOPUTMOB YIpPaBJICHUS
IyTeM H3MEHEHMsI COCTaBa MporpaMMHoro obecreueHus. CUCTEMbl KOHTYPHOI'O YIpaBJICHUS
IIPEIHA3HAYEHBl JUI1 OCYLIECTBIICHUS IBM)KCHHs 3aXBAaTHOIO YCTPOMCTBA IO HENPEPBIBHON
TPAeKTOpUU. DTO HEOOXOUMO, HAllpUMep, NPH aBTOMATU3ALMKN TaKUX ONepalui, KaK AyroBas
CBapKa, OKpacka, aOpa3uBHas 3a4UCTKa 00JI0s, a TakKe Ul CIOXKHBIX COOPOUYHBIX ONEpaLuid.
CyllecTBYIOT J/iBa OCHOBHBIX CHOco0a TOCTPOEHUS YCTPOMCTB KOHTYPHOTO YIIpaBJICHUS
poGortamu. IlepBblif U3 HUX OCHOBAH Ha 3alUCH B NaMsTh CUCTEMbl HHPOPMALIUU 00 U3MEHEHUHU
MIOJIOKEHMSI KaKJIOW CTENEeHM IMOJABMKHOCTH BO BPEMEHHM, T.€. B BUJE FOTOBOW JUIsl OTPaOOTKU
IIPUBOJIOM HENpPEpbIBHOM TpaekTopuu. Bropoii crocol 3akiovaeTcst B 3alIUCH KOHEYHOTO Yuciia
KOOpJIWHAT TOYEK, MPUHAMIEKAIUX KEITAEMON TPACKTOPUU IBUKEHHS 3aXBATHOTO YCTPOMCTBA
poboTa, ¢ mocienyrolel reHepanueil HenmpepbIBHOM TPAaeKTOPHM, COCIUHSIOMIEH ATH TOYKH,
IIyT€M BBINOJIHEHHWS] HHTEPIOJSLMK MO 33JaHHOMY 3akoHy. Ecium B mepBoM cilydae B
YIPaBIIAIOUIEM  YCTPOMCTBE  OTCYTCTBYIOT — BBIYMCIMTEIbHbIE OJOKHM, HO  TpelyeTcs
3allOMMHAIOIIEee YCTPOHCTBO € ONpe/ieIeHHbIM 00BeMOM NaMsATH, TO BO BTOPOM — 00bEM MaMATH
HEBEJIIMK, HO B YCTPOWCTBO YNPABJICHUS MPUXOAUTCS BKIIOYATH OJOK MHTEPIOJIALMH.
XapakTepHOH OCOOCHHOCTBIO POOOTOB C KOHTYPHOW CHCTEMOW YIIpaBJIEHUS SBISETCS, Kak
MIPaBWJIO, HAJIMYME CIEISIIErO MPUBOJAA B KaXKIOM CTENEHW NOJBMXHOCTU MaHUIyisATOopa. B
HEKOTOPBIX AJIEKTPOMEXaHMUECKUX POOOTaX ¢ KOHTYPHOM CHCTEMOH YIpaBJeHHUs, KOT1a IPUBO
[0 KaXJ0M CTENEHM MOABMKHOCTH CTPOMTCS MO IHPHUHLMILY ACHCTBUSA CIEASIIEH CHUCTEMBI,
CTaBSITCS QHAJIOTOBBIE JATUYMKU OOpAaTHOM CBS3U (HampuMmep, MOTECHIIMOMETP M TaXOTE€HEepaTop).
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BcenencrBue 3TOr0 NMpUXOAMTCS BBOJAWUTH B CHCTEMY aHAJIOro-LM(ppPOBBIE MpeoOpazoBaTeIu.
3HauuTeNnbHO O0JbIIAs 3PPEKTHBHOCTh CUCTEMBI TIO OBICTPOACHCTBHIO, TOYHOCTH U IJIABHOCTHU
JBYOKEHUM MaHUITYJISTOpA JOCTUTaeTCsl IPU YCTAaHOBKE MMIIYJIbCHBIX WJIM KOJOBBIX JaTUYHUKOB
oOparHoii cBs3u. Torma ¢ ympasiaenuemM ot OBM momydaercs umcro nudpoBas cucrema
yIipaBJiieHUs TpuBoiaMu.. CHCTEMBI KOHTYPHOTO YIIPaBJIEHUS MOTYT (PYHKIIMOHUPOBATH TAaKXKE B
peXuMax IO3ULIMOHHOrO yrpasieHus. CTpyKTypHass CXeMa OJIHOM U3 pacHpoCTpaHEHHBIX
CUCTEM KOHTYypHOro ympasieHus «Cdepa-36» mokazana Ha puc.5.8. DToO MHOronpoueccopHas
CUCTEMa, IIOCTPOEHHas IO HepapxuyeckoMy npuHuuny. Ee BepXHuUil ypoBEeHb pelIaeT
cleyolre 3a1auu: 1) pacuer TpaeKTOpUM ABMKEHUSI CXBaTa MAHMITYJIATOpa U (pOopMUpOBaHUE
IIPOrpaMMbl JIBKEHHUS KaKJOro 3BEHA; 2) Joruueckas oOpaboTka MHPOpPMALMHU O COCTOSHUU
ycrpoiictB, Bxojammx B cocraB PTK, u cuHXpoHu3auuss paboThl MaHUIyISITOpa C
TEXHOJIOTHYECKUM 000pynoBaHueM; 3) oOecrieueHre JUAIOTOBOT0 pexuMa paboThl orepaTopa;
4) obmen uHdopmanueil ¢ BHemHed OBM; 5) 3amuch, ureHHe W XpaHEHHE MPOTPaMMBbl
nonb3oBarenss Ha HI'MJ] (HakonuTens Ha rMOKHMX JHUCKax); 6) obecrnieyeHUEe pekUMa pPydyHOTO
yIOpaBJIEHUS MaHUIYJISATOpa C MOMOUIBIO MyJbTa; 7) JUArHOCTUKAa paboOThl yCTpPOMCTB; &)
KaJTMOpOBKa IOJIO)KEHUS 3BEHbEB MaHumyisTtopa. Puc. 5.8. CrpykrypHas cxemMa KOHTYpHOM
CUCTEMBI NPOTPAMMHOIO yIpasieHusA. HUKHUN ypOBEHb B JTOM CXEME YIPABJICHUS PpELIAcT
3a/laud  peryJvupoBaHUs TapaMeTpoB JBMXKEHHS (IO TIOJOXKEHUI0 U CKOPOCTH) 3BEHHEB
MaHUITYJSTOpa B COOTBETCTBUU C MPOTPaMMOM, MPeANMCcaHHON BepXHUM ypoBHeM. Ha HinkHeM
YPOBHE HMMEIOTCS IIECTh CIEAIINX 3JIEKTPONPHUBOJIOB MOCTOSHHOIO TOKa. BepxHuil ypoBeHb
COAEPKUT ciienyromue yctpoiictea: MIIT — Moy neHTpambHOTO Mpoleccopa, NpeIHa3HAuYCH
st 00paboTku 1MdpoBoi WHPOpPMAIMKM B KAYEeCTBE IEHTPAIBHOTO YIPABISIONIETO U
BBIYMCIIUTENIBHOIO ycTpoicTBa; O3V oCylIecTBIsSE€T BPEMEHHOE XPAHEHUE KOMAHJI, ONIEPAHJIOB
u pabodeil mporpamMmbl B pexuMme ynpasieHus; [I13Y ciyXuT misi XpaHeHHs] OTIepariMOHHON
CUCTEMBI M1 KOHCTAHT YCTPOMCTBA ynpaBiieHus. Moy BBOJIa-BbIBOJIA IPEIHA3HAYEH /711 BBOJIA
JMICKPETHBIX MO3UIMOHHBIX CUTHAJIOB OT 000PYAOBaHUS B LEHTPAIbHBIN MPOLECCOpP B BbIOAUU
KOMaH/| Ha TeXHOJIOTUYecKoe o0opyaoBaHue. Moaynb mociaea0BaTelbHOro HHTepdeiica CIyKuT
JUTSl TIOKITFOUCHHST TIEpU(PEPUITHBIX YCTPOMCTB K KaHATY IIEHTPAJIBHOrO mpolieccopa. Moaynb
CBSI3M IpeJHAa3HAYCH JJIs OpraHu3aluu oOMeHa mHpopmanyend Mexay KaHajloM IEHTPaIbHOTO
mpoueccopa U KaHajaoM ImpoueccopoB npuBoaoB (MIIII). Moayns ananoroBoro BBoOjJa
OCYILIECTBIISIET MpeoOpa3oBaHe aHAIOTOBOI HH(popManuu B n1U(poBOM KO I BBOAA B KaHAI
LEHTpAJIIbHOTO mponeccopa. HuwkHUIT ypoBEeHBb COAEPXKUT cleaytomue ycrporictea: MIIT —
MOJYJIb Ipolleccopa IMPHUBOJA, MPOU3BOAUT 00pabOTKy uHppoBoOil MHGOPMALIUK B KayecTBE
BBIUHUCIIUTEIIBHOTO M YIPABJSIONIETO YCTpOMCTBAa HIKHEro ypoBHsw MYVYII — wmoxayns
yIpaBleHUs] MPHUBOJIOM, MpEAHA3HAuYEH Ui YIpaBiieHus 3jekTporpuBojgoM. OH mpeoOpasyer
curan mnpoueccopa mnpuBoaa B IIUII u ocymecTtBuser mepBuuHyro 0OpabOTKy CHUTHala
UMITyJIbCHOTO AaTynka oOpatHoi cBszu. ILIWII — mupoTHO-UMIYIbCHBIA MpeoOpa3oBaTens B
cucteMe yrpasieHus auratesns. Maructpans M1 sBasieTcss CUCTEMHON MarucTpajibio JUIst
obMena uHpopmanmeit mexxay MIUII, maMsaThio U BHEIIHUMU yCTpoicTBaMu. ITo KaHan DOBM,
yopasisronuid ot MIIII BcemMu oOCTalbHBIMM ~ yCTPOWCTBAMM KAaK MCIIOJIHUTEJIBHBIMH.
Maructpainp 2 cnyxuT g ooMena unpopmanueit mexay MIIIT u monynem cszu. Mmeert ceThb
paIMoHaIbHBIX 3allPOCOB Ui OpraHu3anuu mnpsmoro aoctyna k mamstu MIIIT (depe3 moaynb
cBs3M, paboraromuii mo komanmam MIIIT). Maructpans 3 mnpenHazHadeHa s oOMeHa
uHpopManuei Mexay MpoLeccopaMy IpUBOIOB U MOIYJISIMU YIIpaBJIeHUs puBojamMu. B cocras
IIPOrPaMMHOTO 00eCTIeYeHUsI BXOAUT KOMIUIEKT TECTOBBIX IPOrpaMM, MO3BOJIIOLINIA TPOBEPUTH
paboty mroboro ycrpoiictBa. Cucrema yHpaBi€HHS HMEET HECKOJIBKO PEKUMOB pPabOTHI:
aBTOMATUUYECKUH — JUIsl OTPAOOTKU MPOTPaMMBI JBMKCHHSI MAaHUIYJIATOPA; MPOTPaMMHBINA — st
CO3/IaHUsI HOBOWM MporpamMMbl (peXKuM oOyueHHs); Oa3sUCHBI — JUIs PYYHOTO YIPaBJICHUS
KaX/IbIM 3B€HOM; KaJTMOPOBKH — JUIsl KATMOPOBKHU CUCTEMBI, T.€. YCTAHOBKH 3BEHHEB B UCXOJIHOE
II0JIOKEHHE, TaK KaK TOJIBKO IOCJIE ATOr0 BO3MOKHO BKJIIIOYEHHME aBTOMATHYECKOIO pexuma. B
KayecTBE CHUCTEMHOro IpOrpaMMHOro oOecredeHus B ycTpoicTBe ynpasienus «Cdepa-36»
HCIIOJIB3YETCs clienuanbHas onepanuonHas cuctema ARPS. AnantuBHOM cucTeMoil ynpaBiieHus
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HaA3bIBACTCS ~ CHUCTEMa  YIpaBJICHUs,  OONajmaromas  CIOCOOHOCTHIO  aBTOMAaTHYECKH
MPUCIIOCAOTUBATHCS K OIpPENEIEHHBIM W3MEHEHMSIM, MPOMCXOAIIMM BO BHELIHEH cpelne U B
caMoil cucreMe B Tmporecce (DyHKIMOHHPOBAHUS. DTO JOCTUraeTcs 3a CYET TOro, 4YTo B
ITOPUTMax aJIalITUBHOTO YIMPABICHHUS UCIIOJIb3YeTCS COOTBETCTBYIOIIAA TeKyIIas HHPpOpMaIus
O COCTOSIHWUM BHemHeW cpenpl. [Ipumepamm Takux omepauuid, TpeOyOIMX aJanTHBHOTO
yIpaBJICHUs, SBISAIOTCS: paboTa C HEOPUEHTHPOBAHHBIMU OOBEKTAMH, B3STHE XPYIIKUX
MPEIMETOB C PETYIMPOBAHUEM YCHJIHS C)KAaTHs, BHIOOpP OMPENEICHHOr0 OOBEKTa 10 BHEIIHUM
IIPU3HAKaM M3 MHOXKECTBA JIPYrMX OOBEKTOB U T.I. [l peann3annuy aJanTUBHOIO YIIPaBICHUS B
COCTaB CHUCTEMBbl YIpaBJIEHUS pOOOTOM BBOAATCA CEHCOpPHBbIE YCTPOMCTBA (CHUCTEMBI),
IIpelHa3HaYeHHbIE JJIS BBISBICHUS HEOOXOIMMBIX MapaMeTpoB BHeIIHEH cpezabl. CeHCOpHbIe
yCTpoiicTBa (JaTYMKH OYYBCTBJICHHS) pOOOTOB JENATCS HA CUCTEMBl TEXHHYECKOTO 3PEHUS,
TaKTUJIbHBIE, CUJIOMOMEHTHBIE U JIOKALIMOHHbIE JaTUYMKU. B 3aBUCHMOCTH OT 3a/1a4M, KOTOPYIO
BBINIOJIHSAET pOOOT, B aJalTUBHONM CHCTEME HCIIOJB3YeTCsl OIpeAeieHHas KOMOWHauus
yKa3aHHbIX JaT4ukoB. Jlng o0pabGoTku Oonbminx 00beMOB HH(OpPMALKUKU OT JaTYUKOB
MIPUMEHSIOT MHTErpajlbHble U CTPYKTYPHBIE METOJABI pacrno3HaBaHUs 00pa3zoB. Pazimmuaior Tpu
YPOBHS aJaNTalliy YHPaBISIOLIEr0 YCTPONUCTBA K M3MEHEHUsIM cpeabl. 1. M3MeHeHue paboTsl
YIPaBISIOLUIET0 YCTPOUCTBA NMPU U3MEHEHUU COCTOSIHUSI 0OBEKTa MOJ BO3JEHCTBUEM Cpeabl. 2.
N3menenne paboOThl YIPaBIISIIOMIETO YCTPOMCTBA MpPU U3MEHEHUU COCTOSIHHMSI Cpeabl O]
Bo3jeiicTBUEM oOBekTa. 3. l3MeHeHwe paboThl yYIPaBIAIOMIETO YCTPOWCTBA C  IICNIBIO
ofOecrieueHrnss MaKCHUMAaJbHOTO IOKa3aTessl KauecTBa MPHU B3aUMHBIX HW3MEHEHMSIX OO0BbEeKTa U
cpelbl. AManTUBHOE YIPABIEHUE MOXKET HMETh CIEAYIOUIME BapUaHThl: IPOrPaMMHOE
yIpaBieHUE C aJalTUBHOW KOPPEKTUPOBKOM YNPaBJIAIOUIMX MPOrpaMM; aJalTUBHBINA BBIOOP
OTIIENbHBIX TMOANPOTrpaMM B 3aBUCUMOCTH OT peajbHOW BHEUIHEH OOCTaHOBKH WIIU
KOPPEKTHPOBKA 3HAYEHUM OTHCIBHBIX IapaMeTPOB JTHUX NPOrpaMM; 4YHUCTO aJalTHBHOE
ylpaBjieHUuEe B (PYHKIUH OT CEHCOPHOW MH(OpPMALMU MPHU MOTHOM OTCYTCTBHM YIPABISIOMIMX
nporpaMMm  (Hampumep,  B3ATHE  I[POU3BOJIBHO  PACMOJIOKEHHBIX  OOBEKTOB  IyTEM
ABTOMAaTHUYECKOT0 HABEJCHUS Ha HUX 3aXBATHOTO YCTPOMCTBA MaHUIyssiTopa ¢ moMmonisio CT3
WIHA JIOKAIlMOHHOTO [aTuyhKa); KOMOMHMPOBAHHOE YNpaBJIEHUWE YacCTUYHO IO IporpaMme, a
4aCTUYHO II0 OJHOMY W3 YKa3aHHBIX BBIIIE€ BAPHUAHTOB AJANTHBHOIO  YIPAaBICHUS.
WHTennekryanbHOe (MHTEIIEKTHOE) YIpPABIEHHWE — 3TO JaJIbHElIlee pa3BUTHE U YCIOKHEHHE
aJlaTUBHOIO YIPABJIEHUS B €ro IMPOrpaMMHOI 4acTH, B pe3yibTare 4yero JecTBus pobora
IPUOOPETAIOT 3JEMEHTHl TBOPYECTBA, T.€. HOCAT MHTEUIEKTYaJIbHBIM Xapakrep I0J00HO
nedcTBUsAM yesoBeka. HeoOXOAMMBIM NPU3HAKOM HHTEUIEKTYaJIbHBIX CUCTEM SIBISETCA
CIOCOOHOCTh IUIAHUPOBATh CBOM JEWCTBUS Ul JOCTH)KEHHUS OIPENIEIEHHONW 3aJlaHHOM LeJH.
JUia aTOoro cucremMa JOJDKHA YMETh CO34aBaTb MOJEIb BHEIIHEH cpeipl — MOJEIb MHUpPa
(IpUMEHUTENIBHO K TE€M IIeNIsiM, KOTOpBIE CTOAT mepexa cuctemoit). s Toro 4roObl cuctema
Moria (opMUPOBaTh MOJEIb BHELIHEN Cpeibl, OTCICKHUBATH IPOUCXOSAIINE B HEH U3MEHEHUs U
COBEpILEHCTBOBATh €€, HEOOXOAMMO B COCTaBE€ CHCTEMbl HMETh CEHCOpPHbIE YCTpPOMCTBa,
cucTeMbl 00pabOTKM CEHCOpPHOM MH(pOPMALMH, paclio3HaBaHHUs 0OpPa3llOB BHEIIHEH cpeabl U,
KOHEUYHO, MPHUCIOCOOJIEHHYIO /sl PEIIeHUs] 3THX 33734 U XpPaHEHUs caMOW MOJeNu BHEUIHEH
cpezbl OOIINUPHYIO U XOPOIIO OPraHU30BaHHYIO NaMSTh.

KOHTPOJIBHBIE BOITPOCBI:

. B 4eM cyImHoOCTh HUKIOBOTO MPOrpaMMHOTO YIpaBiIeHUs: poboTaMu?

. KakoBa o65acTb npruMeHeHHs! MO3UIIMOHHBIX CUCTEM MPOTPAMMHOIO YIIPaBICHUS?
. KakoBa o65acTb mprMeHeHHsI KOHTYPHBIX CUCTEM NPOrPaMMHOTO YIpaBJiIeHUs?

. Kakue xoMaHIpl COAEPIKUT KaJp B CUCTEMaX MO3ULIMOHHOTO yIIpaBJICHUA?

. B 4eM cymHoCTh afanTUBHOIO ympaBiaeHUs podoTamu?

. B 4eM CyImmHOCTb HHTEIIEKTYaJIbHOTO YIPaBICHHUs poOoTamMu?

. KakoBa poJib BBIYMCIUTENBHBIX CUCTEM B pOOOTOTEXHUKE?

NN B W
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1.5 Jlekpua Ne 5 (0,5 vaca).

Tema: «MHpopManmoHHbIE CHCTEMbI POOOTOB»

1.5.1 Bomnpocs! Jeknuu:

1. Knaccudukamnusi CCHCOPHBIX YCTPOMCTB.

2. CHJIOMOMEHTHBIEC CHCTEMBI.

3. Cucremamu TEXHUYECKOTO 3pEHHUSL.

1.5.2 KpaTkoe coep:kaHne BONPOCOB:
WNudopmanmonnsie cucteMbl po6oToB MH(pOpMaMOHHBIE CHCTEMBI POOOTOB MOKHO Pa3/IeiHTh
no (yHKIMOHATIHHOMY MpPH3HAKY Ha J[BE TPYMIbI: AATYUKH COCTOSHHUS MaHUITYJISATOpa M
CUCTEMbl OUyBCTBJIEHUSA. K NEpBBIM OTHOCSTCS NAaTUMKHU IOJOKEHUS, CKOPOCTH, KPYTSIIETO
MOMeHTa. BTopylo rpymnmy cocCTaBiISIIOT CEHCOpHbIE ycTpoicTBa. Knmaccudukanus ceHCOpHBIX
ycTpoiicTB mpuBeneHa Ha puc. 6.1. Puc. 6.1. Knaccuduxauuss ceHcopHbx ycTpoicTB. s
MO3UIMOHHBIX U KOHTYPHBIX CHUCTEM YMpaBlIeHUsS pPOOOTAMU HCHOJb3YIOTCS aHAJIOrOBBIE U
u(ppoBbIe JaTYNKU 00paTHBIX CBsA3eH. M3 aHAIOroBBIX JaTYMKOB YIJIOBOTO MEPEMELIEHUS Jalle
BCEro MPUMEHSIOTCS NOTEHIMOMETPHI (puc. 6.2.). B HuX ocymiectBisercs npeodpa3oBaHue 1Moo
YTJIOBOTO MEpeMEIleHNs, JTU00 TMHEHHOTro NepeMeleH s ABIKKa 1 B HAaNpsHKEHHUE MOCTOSIHHOTO
TOKa UB, MPOMOPIMOHAIBLHOE ATOMY Iepe- MenieHnto. Puc. 6.2. CxemMbl NOTEHIMOMETPUYECKUX
JTATYMKOB: a) yrioBble, 0) mmHeiHble. [Ipm sTOoM BXxOm 2-3 MOTEHIIMOMETPA THUTACTCA
noctosHHbIM Hanpsbkenuem UQ. M3-3a comportuBieHuss Harpy3ku RH B BbIXOoaHOW 1enu
npornopuroHanbHocTh UB = ko uimn UB = kz Heckonbko Hapyiiaercsi. BeiOopom cooTHOIIEHUH
BCEX MMapaMeTpOB JaTUYMKa U BBIXOJHOW LEMU MOXKHO 3Ty MOTPEUIHOCTh CBECTH K JOMYCTUMOMN
BeTUYMHE. MeTaIoNIeHOYHbIe U MOJYIPOBOJHUKOBBIE MOTEHIIMOMETPHI 00agatoT OoJblen
TOYHOCTBIO UM IUIABHOCTBIO, 4YeM OOBIYHBbIE MpPOBOJIOYHBIE. KpoMe NOTEHIMOMETPUYECKHX
JAaTYUKOB JUIsI W3MEPEHMS YIJIOB U YIVIOBBIX PACCOINIACOBAHMM B CIEAAIIMX IPUBOJAAX
MIPUMEHSIOTCS Bpalllarolecs: TpaHChOpMaTOphl, PE30JIbBEPhl U CelbCUHBL. OHHU SBISAIOTCA
WHJMKATOPHBIMU 3JIEKTPUYECKUMH MAIIMHAMM CIIEHHUAIBHOrO BUAA. sl H3MEpEeHUs JINHEWHBIX
MepeMENIEHUN MOTYT MPUMEHITHCS WHIYKTOCUHBI. AHAJIOIOBBIM JAATYUKOM YIJIOBOW CKOPOCTH
JUIsi 0OpaTHOM CBS3M B MPHUBOJE CIY)KHUT TaxoreHepatop. Ilo cyrtu nmema, 3TO 3JEKTpUYCCKUN
TaxomeTp (uM3Mmepurenb ckopoctH). OH mpencraBiseT cOoOOW JIIEKTPUYECKYI0 MAaIIuHy, VY
KOTOPOM BXOJIOM SIBJISIETCSI BPALLAIOIIMICS BaJl, @ BBIXOJOM — HAINPSHKEHUE U, TEHEPUPYEMOE
3Toil MammHOW. C OmpeneNeHHON TOYHOCTBhIO BBIXOJHOE HANPSDKEHHE MPONOPLUUOHAIBHO
yrioBoir ckopoctd Bana (U — Kwm). CyilecTByIOT TaxoreHepaTopbl MOCTOSIHHOIO TOKa M
ACHHXPOHHBIE TIepeMeHHOro Toka. OOBIYHO TaxoreHepaTop BCTPAaUBaeTCs B JBUTATElb
AJIEKTPOINPUBOJIa KAK M3MEPUTENIb CKOPOCTH BpallleHHs Bajla ABUratess. B mocnenHnee Bpems B
CIEIIINX NMPUBOAAX poOOTOB Yalle CTAIU MPUMEHATHCS [U(PPOBBIE JATYMKU OOpaTHOM CBA3M -
UMITYyJIbCHBIE (DOTORNEKTPUUYECKHUE M KOJOBbIe. CXeMbl UX TMEPBUYHBIX AJIEMEHTOB MOKA3aHbI
COOTBETCTBEHHO Ha puc. 2.5, a u 6. [loBOpoT AKicka UMITYJILCHOTO JaTYuKa C JeJie- HUSIMU Ha €ro
nepudepun (GUKCUpPYeTCs B BHAE HUMIYIbCOB (OTOAIEKTPUUECKHM DIEMEHTOM, KOTOPBIN
neperaeT MX yepe3 CYETYUK HMMITYIbCOB B CHUCTEMY YyrpaBieHuss pobota. Takum oOpaszom,
MOJICYETOM YHCIIa UMIIYJIbCOB U3MEPSIOTCS MPUPAILEHUS YIIIOBBIX NEpeMelleHuid Bana. Yuciom
HMMITYJIbCOB B E€AMHHUILY BPEMEHHM MOXET 3J€Ch M3MEPAThCS U YIIOBas CKOPOCTb BpaLCHUS.
HMnynbCcHBIE JAaTYUKU UMEIOT PA3IMYHble KOHCTPYKIMH M NPUHLIMIBL ((POTOIEKTpUUYECKHE,
UHAYKTUBHBIE U Jp.). KOJOBBII 1aTUnK CONEPKUT TUCK, HA KOTOPOM HaHECEH JBOMYHBIN KO/,
CUUTBHIBAEMBIH  (DOTOREKTPUYECKUM  YCTPOHUCTBOM. JIJIi  KOMIAKTHOCTH  KOHCTPYKLIUHU
BBIMOJIHAIOTCS ~ KOJIOBBIE  JAaTYMKM, B KOTOPBIX BMECTO OJHOTO OOJIBIIOTO  JMCKa
YCTaHABIMBAIOTCS HECKOJIBKO MAJIECHBKHX, COCIMHEHHBIX TOYHOM MEXaHWYECKOW Iepenadei.
KozmoBelif qatunk crocoOeH OnpenessaTh He TOJNBKO MPUpAIEHHs YTIOBBIX MEepEeMEIleHuH, KaK
UMITYJIbCHBINM, HO U MOJIOKEHUE Baja B HENOJBWXHOM COCTOSHHMU. TOYHOCTH JaT4MKa 3aBUCHUT
OT Ppa3psAAHOCTH IM(PPOBOrO JBOMYHOTO Kojaa. KoJOBBIM JaTuMk 3HAYUTEIBHO JIOPOXKE
umnynbcHoro. IIpumenenue HMQPOBBIX TaTYMKOB OOpaTHOMH CBSA3M B POOOTOTEXHUUYECKHX
cucTeMax, IMOCTPOEHHBIX Ha HU(POBBIX MPUHLMIAX YIPaBJICHUS, BECbMa 11€1ec000pa3Ho, Tak
KaK HCKIII0YaeT HEOOXOIMMOCTh MPUMEHEHHs aHaJOoro-IU(pPOBBIX MpeoOpa3oBaHUN, KOTOpHIE
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9acTO CHIDKAIOT TOYHOCTh W IUIABHOCTH JIBIDKEHUH MaHUIyasTopa. JlaTuuku TOJOKEHUS
BBIOMPAIOT MCXOJI U3 33JJaHHOW MOTPENIHOCTH MO3UIIMOHUPOBAHUS M TICPEMEIICHUIA CTETICHEH
noaBWXHOCTH. IlepenaroyHoe OTHOIIEHHWE K JaTUYUKy TIOJIOKEHUS BBIOMPAIOT B TakKoi
MocCJIeIoBaTeIbHOCTH: HaxomaT mepeMenieHue Mo CTENeHU IMOJBIKHOCTH BBIOMPArOT maTdymk
nojoxenus; OnpenensitoT MepeMenIeHruss U CKOPOCTh TOrO0 3BEHA MEXaHHU3Ma, C KOTOPBIM
MPEANOoJaraeTcsi CBA3aTh JATYMK; BBIUHUCIAIOT TNEpelaTOYHOE OTHOIICHHE K JIaTYUKY
MTOJIOKCHUSI. 3HAUCHUS TIEPEMEIICHUH CTEIICHEH TOIBIYKHOCTH OOBIYHO YKa3aHbI B TEXHUYECKOM
3amanuu. JIuHEeHHBIE TIepEeMENICHNUs CTETICHEH IOJBIKHOCTH, HCIIOJIHHUTEIBHBIC MEXaHU3MBI
KOTOPBIX COBEPIIAIOT YIIIOBOE IepeMenienne, Haxomat mo Gopmyne Si = lipl , rme i —
paccTosiHue OT OCH IIApPHHUPA CTETICHH TOJBMKHOCTH J0 CXBara, MM; (| —MakCUMaJIbHBIA yroJj
MEPEMEIIEHUST CTEIICHHU IOJABIKHOCTH, pajl. OCHOBHBIC THUIIBI JATYMKOB U MX XaPAKTCPUCTHKHU
npuBeneHbl B Tabmuie. Tun gatumka Paspemaromias crmocoOHOCTh,TUCKPET(MMITYIBC/00)
Juanazon nepemenienus, 06opot Ckopoctsb, MuH-1 JlonroBeunocts,u (1uki) [loTeHmmomerp
IIIIMJT 10000 20 200 106 Komoserii: AI-15 TTIK-15 ®3I1-15 MIIK-11 ®3I1-11 2 152 15 2
1521521516 16 16 16 16 900 900 600 900 600 10000 109 109 109 109 UmmynbCHBIH:
[MUKII2-1® TIHUKII2-2d BES1IM BE 106 (1000;2500;5000) 1000; 2500 1000...5400 1000;
1024; 1250 He orpannuuBaetcst To xke To xxe To sxe 6000 10000 3000 3000 10000 10000 10000
10000 Tunm pmaruyuka BBIOMPAIOT MCXOAS W3  OICHKHA  JIOCTHDKMMOM  TIOTPEIIHOCTH
MO3UIIMOHUPOBaHMs, KoTopas ompenaensercs mno ¢opmyne SiKA / Dm < A1, roe Si -
MepeMENIEHNe CTENEeHH NOABMXKHOCTH; Dmn - uwucino muckper narumka; KA = 1,5...3 -
KOO (GUITMEHT, YYMTHIBAIONIMK KA4eCTBO W3MEPHUTEIBHBIX IIENEH CHCTEMBbI YIIPABJICHUS:
OOJIbIIIME 3HAYEHHUsI COOTBETCTBYIOT AHAJIIOTOBBIM CHCTEMaM YIpaBJICHHs; Al - TOTPENTHOCTH
MTO3UITMOHUPOBAHUS POOOTA IO i~ CTENECHH TOJBWXHOCTH. JIaTYWMKK THIIA MMOTCHIIHOMETPOB
MPUMEHSIOT C aHAJOTOBBIMHU CHUCTEMaMH YIpaBieHHS. J[7Is CTBIKOBKM WX C HHU(PPOBHIMHU
CHUCTEMaMHM YIPaBJICHHUS HEOOXOJAMMO MPeoOpa3oBbIBaTh UX CUTHAIBI B MU(PPOBHIE C TOMOIIBIO
JOTIOJTHUTEIPHOM ~ YCTaHOBKM — aHajoro-mudpoBoro mpeobpaszoBarens. I[lpu  ycraHoBke
MMITYJIbCHBIX JIATYUKOB, C TOMOIIBIO KOTOPBIX MOXKHO TOJYYHUTh OYECHBb BBICOKYIO TOYHOCTH
MMO3UIIMOHUPOBAHUS, HEOOXOIUMO TMPEAYCMOTPETh B KOHCTPYKIIMM KOHEUHBIC BBIKIIFOYATEIN
HYJICBOTO TIOJIO)KCHHSI CTETICHEH MOJBIKHOCTH WIIM TUIATBI C DHEPrO3alTUIICHHOW IMaMsThIO,
COXpaHsIIe HWHPOpPMAIMIO O TOJOKEHUHU CTENEHU TOJBIKHOCTH B MOMEHT aBapUHHOTO
OTKJIIOUEHUS TMTUTaHUsA. MECTO YCTaHOBKH JaTYMKA M 3BEHO MEXaHHM3Ma, C KOTOPHIM CBS3BIBAIOT
JATYUK, BBIOMPAIOT MUCXOJ M3 CICAYIOIIMX COOOpPaKCHHWH: MPUBEACHHBINA TIOPT OT JIBHUTaTes
JOJDKEH OBITh MEHBIIIE TUCKPETHl AaTUHKa; OTCYTCTBHE DJIEMEHTOB C TIOHM)KEHHOH JKECTKOCTHIO
B KHHEMATHYECKOW IIENU OT JBUTATENSI K IaTYUKY; BO3MOKHOCTh YJJOOHOTO JOCTYIa K JIaTYUKY.
Hcxons w3 3TUX YCIOBUMN, MPEANOYTHUTEIHLHO OCYIIECTBISATH CBS3b Bajla JaTdydKa C BaJlOM
MIPUBOJIHOTO JIBUTATENsl HEMOCPEICTBEHHO WJIM 4epe3 CHelualbHbIi peaykTop. llepenarounoe
otHomenue Lan = oM / oxn; oa > ean Si KA / (Dan Ai), rae oM — muana3oH nepeMeIieHus 3BeHa,
C KOTOPOTO mepefaercs ABM)KCHHE Ha JAT4YMK; (]I - JUAMa30H MepeMEeleHus IaT4yuKa; QI -
JMarna3oH MepeMeleHusl JaTdyhka Mo macrnopry (cM. Tabum.). [IpoBepky OCYIIECTBISIIOT IO
JOTYCKAaeMOM YacToTe BpallleHUs JaTduka: niar = nas/ (iqm iM) < nm, rie nAaT — 4acroTa
BpallleHUs JaTYMKa, MUH-1 ; NJIB - MaKCUMajbHasl 4acTOTa BpPaIllEHUs JBUTATENS, MMH -1 ; iM -
MepeaTouHoe OTHOIIEHHE OT JBUTaTeNls 10 3BeHa MEXaHH3Ma, C KOTOpOTO MepeaaeTrcs
BpallleHHe Ha JaTYUK; NIl - MACOPTHAs JOMyCTUMas 4YacTOTa BpalleHus AaTyuka, MUH-1 ; iam -
MepeaToOuyHOe OTHOIIeHHE naTuyuka. JIOKallMOHHBIMU CHCTEMaMHU OYYBCTBJICHHSI HA3bIBAIOTCS
CEHCOpHBIE YCTPOMCTBa, TMO3BOJSIONIME pOOOTY, HCIONB3YyS MNPUHIUMNBI TACCUBHOM WU
aKTUBHOM JIOKalMu, OOHApY>KWBAaTh TMOJABI)KHBIE M HEMOABIKHBIE OOBEKTHI, KOOPAMHATHI
KOTOPBIX M3BECTHBI C OOJBINON MOTPEUTHOCTHIO, OMPENENIATh UX MECTOHAXOXKIACHHE, a TaKkKe
OCYILIECTBIISITh HABEJNCHHE © 3aXBaT JTUX 00bekToB. CHHYyCOMJAIbHBIE KOJIEeOaHUS,
(dbopMupyeMble CHEeNHATbHBIM TEHEePaTOPOM, MOIYIUPYIOTCS MPSIMOYTOJBHBIMH HUMITYThCAMH
TakUM 00pa3oM, UTO M3Iy4yaTellb IMepelaeT B OKPYKAIIIYIO Cpeay MadyKd YIAbTPa3BYKOBBIX
KoJjebaHuil (MOX0KKMe Ha MPEPHIBUCTHIA 3ymMMep TenedoHa), 4acTOTa KOTOPBIX COOTBETCTBYET
pabodeiif yacToTe TeHepaTopa KoJieOaHuii U B OONBITMHCTBE CIy4aeB HaXOAUTCA B quana3oHe 40-
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100 x['m. OpHOBpeMEHHO ¢ IOMOULIBIO TE€HEparopa MMIIYJIbCOB B MOMEHT BpPEMEHH,
COOTBETCTBYIOLIUI TepenHeMy (pPOHTY H3IYY€HHOTO B MPOCTPAHCTBO CHTHAJIA, 3aITyCKArOTCS
CBOEOOpa3Hble 4Yachl JIOKAIMOHHOW CHUCTEMbI, B KadeCTBE KOTOPHIX BBICTYIAET CUYETUHK
HMITYJIbCOB. 30HAUPYIOLIUHN yIbTPa3ByKOBON CUTHAJ, OTPAa3UBIIUCH OT MPENSATCTBUS, MOIANaeT
B NPUEMHHUK H3JIy4eHHS, TIE TNpeoOpa3dyercssi M3 aKyCTUYECKOW B DJIEKTPUYECKYI0 (Gopmy,
YCUJIMBAaETC W OTQWIbTPOBbIBAaETCS OT noMeX. OJIHOBPEMEHHO M3 HEro BbLAEIAETCS
MOYJIMPYIOIIasi COCTAaBJIAIONIAsl, KOTOpasi C MOMOIIbIO IOPOTOBOr0 YCTPOWCTBA MPEACTABIIAETCS
B BHJIE MPSAMOYTOJIbHBIX MMITYJICOB, CIEIYIOIIMX HAa CUETYMK M OCTAHABIMBAIOLIUX IPOLECC
cuera. Tak Kak MPUHATHIC CUTHAJIBI 3aM1a3/IbIBAIOT 110 OTHOIICHHUIO K 30HIUPYIOMIUM Ha BpeMs UX
MIPOXOXKJACHUSI 10 NPENATCTBUS U 00paTHO, TO YMCIIO MUMIYJIbCOB, HAKOIJIEHHOE B CUETYMKE 3a
3TOT NepHuoJ, OyJIeT IPONOPLUUOHAIBLHO YIBOEGHHOMY PACCTOSHUIO 0 00BEKTa IPU YCIOBUH, YTO
U3Nly4yaTellb yiIbTpa3ByKa W TPUEMHHK HAXOJSITCS B HEMOCPEICTBEHHOM OMM30CTH ApPYr OT
npyra. TakTHJIBHBIMU Ha3bIBalOT TaKUE€ CHCTEMbI OUYBCTBJIEHMSI, KOTOpBIE MO3BOJIAIOT POOOTY
3aperucTpupoBarh (akT KacaHHUs C OOBEKTOM, OIpPEAETUTh IMOJOKEHUE TOYEeK KacaHus U
W3MEPUTH KOHTAKTHBIE CHJIBI B KOXKJIOM U3 HUX. TEeXHUUECKHE aHAJIOTH OCS3aTeIbHBIX CEHCOPOB
— TAKTUJIbHBIE CUCTEMBI OYYBCTBJICHUS MOTYT OBITh TOCTPOEHBI C MCIOIb30BAHUEM Pa3JIMUHBIX
¢uznueckux 3 PeKToB: MHE303IEKTPUUECKOTO, HIEKTPOMArHUTHOTO, MAarHUTO3JIEKTPUYECKOTO U
np. Yaie BCero TaKTUIBHBIMH JAaTYMKAMU TOKPHIBAIOT BHYTPEHHUE M BHEIIHHE MOBEPXHOCTH
ryOOK 3aXBaTHOTO YCTPOWCTBA. YCTPOWCTBO MPOMOPIHMOHAIBHON TAaKTUILHOW MaTpPHIIBI
MokazaHo Ha puc. 6.3. Puc.6.3. Cxema nponopuuoHaIbHOM TaKTUJILHOW MaTpullbl. B OCHOBY ee
paboThl MOJIOKEH APPEKT U3MEHEHUS MO HArpy3KOH 3JIEKTPUUYECKOTO COMPOTUBIICHHS KaKOTo-
Tu00 3JaCTUYHOrO MaTepuaja, B KauecTBE KOTOPOro MOXKET OBbITh HCIIOJIb30BaH, HalpuMeEp,
KaydyK, 10 BCeH Macce KOTOpOTO B IMPOLIECCE M3TOTOBJIEHHS pacHpelesieHbl MUKPOUYACTHIIbI
BEIIECTBA, MPOBOJAIIECTO JJEKTpUuueckuid Tok. [log pgedicTBMEM BHENIHEHW CHIIBI Kaydyk
nporudaercs, 3aMblKasi 3JMEKTPUUYECKUN KOHTAKT C 3JEKTPOJaMH IOIMEPEUHBbIX PSIOB, a 3aTeM
nepopMupyercsi, B pe3ylbTare 4Yero MpPOBOJALIME TOK YaCTHUIIBI CONMXKAIOTCS U HAYMHAIOT
KOHTAKTUPOBaTh APYr C APYroOM, YBEJIMYMBAs KOJUYECTBO BO3MOXHBIX IyTE€H JUIsl MPOTEKaHUs
AIIEKTPUYECKOTO TOKA, MOABOJIUMOTO C MOMOIIBI0 METANIMYECKUX AEKTPoa0B. Takum oOpazom,
TaKTWIbHBIE 3JIEMEHThI, YYBCTBUTEIBHbIE K IPUKOCHOBEHHIO M JABJIEHHID CO CTOPOHBI
MIOCTOPOHHET0 MpeIMeTa, JOKAIU3YIOTCS B 00JIaCTH NEepecedeHUs MPOJ0JIbHBIX U MOMEPEYHBIX
AJIEKTPOJIOB, a MX 00Iee KOJUYECTBO PaBHO NMPOU3BEACHUIO YHCIA CTOJOIIOB HAa YHCIO CTPOK
TaKTUIBHOW MaTpulibl. B pesynbrare dopMupyercss TaKTHIbHBIN 00pa3, SIBISIOMUNCA KaK Obl
CJIETIKOM JIaHHOM JeTaiu, npeoOpa3oBaHHBIM B (GOPMY IEKTPUUECKUX CUTHAJIOB U 3alHCAHHBIM
B MaMATh MUKpOOBM poboTa. AHaAIM3UPYs MOTYYCHHBIM TaKTHIIBHBIA 00pa3, MOKHO OIICHUTD,
COBHAJAET JIM OH C OJHUM U3 STAJIOHOB, 3aHECEHHBIX B mamsATh OBM B mpouecce o0ydyeHus
poboTa pacro3HaBaHUIO JE€Taje, 1, €CJIU COBMAIACT, OMPEIEIUTD MOJIOKEHHE €0 XapaKTePHBIX
TOYEK U OPUEHTALMIO, HAIPUMEP, OCEH MHEPLIMH IO OTHOILIEHUIO K OCSIM MaTpULbl. TaKTUIbHBIE
CUCTEMbI OUYBCTBJICHHUS TIOKA HE MOJIYYMJIH IUPOKOTO PACHPOCTPAHEHUSI B POOOTOTEXHUKE. DTO
CBA3aHO CcO cHemuukol WX TPUMEHEHHUs, 3akKIoYalollelcs B HEOOXOAUMOCTH
HEMOCPEJCTBEHHOT0 KOHTAKTa C JEeTalsIMU, UMEIOLIUMU 3ayCEeHIIbl, KOTOPbIE MOTYT OBITh TaKKe
HarpeTsl 0 BbICOKOU TeMIiepaTypbl. CUIIOMOMEHTHBIE CUCTEMbI OUYBCTBIIEHUS — 3TO CEHCOPHBIE
yCTpOiCcTBa, 0OecreunBaroIfe U3MEHEHHE KOMIIOHEHT BEKTOpa CHJIbI U BEKTOpa MOMEHTA CHIL,
pa3BHBaeMbIX POOOTOM B MpOIlECCE€ B3aUMOJACUCTBUS C H3JCIUEM B MPOEKIMH HAa HEKOTOPYIO
cucteMy koopauHaT. CucteMa CUJIOMOMEHTHOTO OYYBCTBJIEHHS COCTOUT M3 MEXaHUYECKOU
4acTu, MpeACTaBIstoNeil co00ii COBOKYMHOCTh YIPYTHX SJIEMEHTOB C pa3MEIIEHHBIMA HAa HHUX
TeH30IpeoOpazoBaresiMi, (HOPMUPYIOUTUMHU  DIEKTPUUECKUNA CHUTHAN, MPOMOPIUOHATBHBIN
negopMaIuu ypyroro 3J1€MeHTa, YCUTUTENbHBIX 1 KOMMYTUPYIOIIUX YCTPOUCTB U YCTPOMCTBA
JUIS BBIYUCIICHUS BEITUYHMH TMPOCKIIMH BEKTOpa CHIIBI M BEKTOpa MOMeHTa cuiibl (puc.6.4.). B
KaueCTBE BBIYUCIUTEIHHOTO YCTPOMCTBA MCHONB3YETCs JIMOO CrenuaibHbId MHUKPOIIPOIIECCOP,
BCTPOCHHBII B CHUJIOMOMEHTHYIO CHCTeMYy, 00 MukpoOBM  ympamistonero ycTpoicTsa
pobota. Puc. 6.4. Cxema CHUJIOMOMEHTHOTO [aTuyvka. AHajIoroBas 4acTh CHJIOMOMEHTHOU
CUCTeMBbI, (OPMHUPYIOIIAas COBOKYIMHOCTh JJEKTPUYECKUX CHUTHAJIOB, BEIMYHMHA KOTOPBIX
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IpONOpIHOHATEHA  AeopManusM KOHCTPYKIIMH, BO3HMKAIONIEH BCIEACTBHE CIOXHOTO
CWJIOBOTO HArpy>KEHUs, COMPSATACTCS ¢ MU(POBBIM BBIYUCIUTEIBHBIM YCTPONUCTBOM C MTOMOIIIBIO
aHasoro-1mdpoBoro  mpeoOpazoBarens. Hawmbosiee 4acTo  JaTYMKH  CHIIOMOMEHTHOTO
OUYYBCTBJICHUSI YCTAHABJIMBAIOTCS MEXIy IIOCIEAHUM 3BEHOM pO0OOTa U €ro 3axXBaTHBIM
YCTPOMCTBOM. B 3TOM cilyduae KOMIIOHEHTHI CHJIOBOTO BEKTOpPa H3MEPSIFOTCS B MPOCKIHH Ha
CBS3aHHYIO C 3aXBaTOM cCHCTeMy KoopawHar. CHCTeMaMH TEXHHYECKOTO 3PCHHS HA3bIBAIOT
TaKUe CEHCOPHBIE YCTPOWCTBA, KOTOpbIE OOECIEYMBAIOT MOJydeHUE H300pakeHust padboueit
CIICHBI, ero mpeoOpa3oBaHWe, aHamW3, O0O0pabdOTKy ¢ MOMOIMBI MHKpOOBM  wmmn
MUKpPOIIpOIlecCOpa MU IMepeaady pe3yabTaToB M3MEPEHHUs YIPAaBIAIONEMY YCTPOWCTBY poboTta
unu DBM Beimecrosiiero yposHs ynpasienus (puc.6.5.). Heo6xoaumocTs paboThl B peaqbHOM
Macitabe BpeMeHH, T.e. 00padaThiBaTh W aHAIM3UPOBATH MOJIydaeMble M300pakeHust OBICTPO,
HE BBI3BIBAs 33JICPXKKH B JCUCTBHUIX POOOTA WM JIPYrOro TEXHOJOTHIECKOTO O0OPYIOBAHMS, -
BaOKHOE TpeOOBaHME, HAJararpllee W3BECTHBIC OTPAHMYCHUS HA BBIOOP TEXHHUYECKUX PEIICHUIN
MIPH CO3JIaHUH CHCTEM TEXHHYECKOTo 3peHus. Puc. 6.5. Cxema CHCTEMBI TEXHUYECKOTO 3PEHHSL.
OnTtuueckoe n3o0pakeHne o0beKTa, choKycupoBaHHOE HA (DOTOUYBCTBUTEIHLHON MOBEPXHOCTH
OTITOAJIGKTPOHHOTO MpeoOpazoBares, TpaHCHOPMUPYETCS B SIMEKTPHUSCKUN CHTHAII, KOTOPBIA B
OOJIBIIMHCTBE CITydaeB MPEACTaBIIeTCS B (hopMe CTaHAAPTHOTO TEIEBU3MOHHOTO BUJICOCHTHAIA.
B kadectBe omnTO3NMEKTpOHHBIX mpeoOpazoBateneir ¢ CT3 dame Bcero MNPUMEHSIOT
MTOJTYIIPOBOTHUKOBBIC MaTPHUIIBI IPHOOPORB C 3apsAI0BOM CBS3BI0. Takue MaTpHIIBI MTPEICTABISIOT
co00il KpeMHHMEBYIO IUIACTUHKY (8X8 MM), CBETOUYBCTBUTEIbHYIO MOBEPXHOCTb KOTOPOIl
oOpa3yeT ceTka BBIPAICHHBIX  METOJAaMHM  HWHTETPAIBHOM  TEXHOJOTHH  CIIOKHBIX
MHUKPODJICKTPOHHBIX ~ KOMIIOHEHT, CIIOCOOHBIX BOCIPUHMMATH TPOCIUPYeMOe Ha HHX
nzobpaxenue. Buneocurnan npeobpasyercs B HUPpoByI0 GOpMy B YCTPOMCTBE COMpPSKEHUS
naTauka u3o00paxkeHus ¢ MUKpoOBM crnenytonum obOpaszom. [lose 3peHusT ONMTOAIEKTPOHHOTO
npeoOpaszoBareniss pa30OMBAeTCs Ha OTACIBbHBIC JJIEMEHTHI, KOTOpPhIE OOpa3ylT CEeTKY,
COCTOSIIIYI0, HampuMmep, U3 256x256 touek. Kpome TOro, B cHMCTEMax TEXHUYECKOTO 3pEHUS,
pa3IMyYaoNIUX HECKOJIBKO YPOBHEH SIPKOCTH, KBAHTOBAHHUIO, T.€. MPEOOPA30BaHUIO B IIUPPOBYIO
dbopMy, MOXKET MOABEPrarbCcsi U aMIUJIUTYAa BHJIEOCUTHAla B KaXKJ0il Touke u3oOpakeHus. B
YCTPOICTBE COMPSIKEHUSI OCYHIECTBIISIETCS TakKe (PUIbTpaliis BUICOCUTHANA, IPEICTABICHHOTO
B 1u(ppoBoit Gopme, B pe3yibTare KOTOPOM CHMXKAETCS KOJIUYECTBO MOMEX Ha M300pakKeHHH.
[Tocnenyromue sTansl npeoOpa3oBaHus U aHAIKM3a U300paKEHHSI OCYIIECTBIISIIOTCS MUKpOOBM,
Bxomsame B cocraB CT3. Omnepupys C MacCMBOM HyJIEH U €IUHUIL, OMHUCHIBAOIIUX
pacnpeziesieHue SpPKOCTH CBETOBOTO IMOTOKAa IO IMOJII0 3peHHsl BHUAeoAaTyuka, MUKpoOBM
MOCJIEJIOBATENIFHO BBIIESET TOUKH U300pakKeHHs], B KOTOPbIX IMPOUCXOAUT PE3KOe H3MEHEHHE
spkocTd. Kak npaBuiio, 3Tu TOYKU MPUHAIEKAT KOHTYPY TOW WIJIM UHOM JeTaiu, HaXoAsencs
Ha CIICHE, WIH SIBIIAIOTCS TOUYKAMH, [TOTYEPKUBAIOIINMHE Pa3IN4HbIe 0COOEHHOCTH OJIHOM JeTalu,
HampuMmep OTBepcTHsi, peOpa u T.M. B nanbHeleM BBINOJIHSETCS aHAIM3 CBS3HOCTH, T.C.
OTIpeIeNAeTCsl MPUHAATICKHOCTh KKIOW TOYKHM TOMY WIH APYroMYy KOHTYPY, SBISIOIIEMYCS
3aMKHYTOW KPHUBOM, U OCYIIECTBIISIETCS CErMEHTalus M300pa’keHUs, MPEeJCTaBIsIomas coooi
MpOLEAYPY BbLACTICHUS Ha M300paKeHUU OTIENbHBIX HE CBSI3aHHBIX M HE COMPUKACAIOLIUXCS
00bekToB. Ilocne BBIMONMHEHUS 3TUX MPEABAPUTENBHBIX MPEoOpa30BaHU MOMXKHO IMOACYUTATH
KOJIMYECTBO OT/ENbHBIX JeTaNel, HAXOMAUIUXCS B TIOJIE 3pEHUs, U MPUCTYIUTDH K 3aBepIIaoIeit
(aze ananuza n300paKeHU, B X0JI€ KOTOPOH BBIUUCIISIOTCS XapaKTepHbIC MPU3HAKU KaXKOTO M3
BBIZICTICHHBIX B MIPOIIECCE CErMEHTallM 00bEeKTOB. B KauecTBe TakuX MPU3HAKOB MCIOIB3YIOTCS
pa3nIUyYHbIE MapaMmeTphl U300pakeHHs 00beKTa, He M3MEHSIONIMECS MPU €ro CMENICHUU WU
MOBOPOTE, HAIPUMEP IUIONIA/b, ATUHA MEPUMETPA, MAKCUMAIBHBIH 1 MUHUMAJIbHBIA MOMEHTHI
WHEPIHH, KOJIMYECTBO VYIJIOB, pPAaJMyChl BIMCAHHOW M OMUCAaHHOW OKPYKHOCTEH U Jp.
OpHOBpeMEHHO MOTYT OBITh U3MEPEHBI KOOPAWHATHI [IEHTPOB TSHKECTH M OPUEHTAIHS KaXKJIOTO
U3 O0BEKTOB Ha HM300paKeHHWU 1O OTHOIICHHIO K CHCTEME KOOPAMHAT OMTOAIEKTPOHHOTO
npeoOpaszoBarensi, 3HaHHE KOTOPBIX HEOOXOAMMO, HAmpuMep, Ui 3axBaTa HWHTEpecyrIlen
JeTand poOOTOM M YCTAaHOBKH €€ B 3aJaHHOE TOJIOKEHUE C Tpebyemoil OopHueHTanueil mpu
cobopke uznenuii. Paco3HaBaHue WM BBIOOp JKEeNAaeMOM JeTalli Ha CIICHE BBHITIOTHSETCS IMyTeM
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CPaBHEHHUsI BBIUMCIEHHOT'O /ISl KayKJOM JETaly CIUCKA IPU3HAKOB C aHAJIOTMYHBIMU CIIMCKAMH,
MOJIyYeHHBIMH B TIpoliecce OOYUEHHsSI CHUCTEMBl TEXHHUYECKOTO 3pPEHHUS M XpaHSAMIMMUCS B
3allOMUHAIOUIEM YCTpoiicTBE MUKpOoOBM.

KOHTPOJIBHBIE BOITPOCBI:

1. Ha xaxue rpymisl moapa3aeisioTcss HHPOPMALMOHHBIE CUCTEMBI POOOTOB?

2. YUTo npenacTaBisitoT cO00M 1aTYMKu 00paTHOM CBSI3U?

3. B uem CyImHOCTh CHIIOMOMEHTHOTO O9YBCTBJICHHS pOOOTOB?

4. Jlnst yero mpuMEHSIOT JIOKAIIMOHHBIE TaTIYUKU?

5. KakoBbI HEIOCTAaTKH aHAJIOTOBBIX TATYUKOB 0OpaTHOM CBSI3U?

6. UTO Takoe TaKTHJIBHOE OYyBCTBIICHUE?

7. KakoBa o6nacts npumeHerns CT3 B mpOMBIIIJICHHBIX poOOTax?

1. 6 Jlekupusa Ne 6 (0,5 yaca).

Tema: «/[HCTAHIMOHHO yHpaBJisieMble POOOTHI U MAHUIYJISITOPBI.»
1.6.1 KpaTkoe coaep:kaHue BONPOCOB:
JIMCTaHIMOHHO ~ ympaBisieMble poOOTHI W MaHUMYAATOPHl J[MCTAaHIIMOHHO YIpaBIIieMbIe
MaHUIYISATOPHI KIacCU(PUIUPYIOTCA 110 TUITY CUCTEM YIPABJIEHUS: C KOMAaHAHBIM YIIPaBJICHUEM,
C KONHPYIOIIMM YIPAaBJICHUEM, C TOJYaBTOMAaTUYECKUM yHOpaBieHUEM. J[MCTaHIMOHHO
yIpaBisieMble POOOTHI pa3feisioTcs Ha JBa pPOJAA: C CYNEPBHU3OPHBIM YIIPAaBICHHEM, C
JIAJIOTOBBIM (MHTEPAaKTUBHBIM) yrpaBieHueM. KomaHaHOE yIipaBieHHe XapaKTepu3yeTcs TeM,
4YTO YCJIOBCK-OIICpATOp IMIMYTEM HAXATUA PA3JIMYHBIX KHOIIOK WM BKIIOUCHUSA Pa3JIMYHBIX
TYMOJIEPOB 3aIllyCKaeT MO OYepeq TMPHBOIBI MAHHUIYISATOPAa IO PA3IMYHBIM CTEHCHSIM
MOJIBIKHOCTH, JOOHMBAsCh TakuM OOpa30oM IMOOYEPETHBIM BKIIIOYCHHEM KaXKIOTO MPUBOJA
TpeOyeMOTo KOHEYHOTO IIOJIOKEHHUSI BCEr0 MaHUIYJSIIMOHHOTO MexaHu3Mma. Kommpyromiee
yIpaBJICHUE OTIMYACTCS TEM, YTO YEIOBEK-OIeparop paboTaeT ¢ 3a[aloluM MEXaHH3MOM,
KHHEMATHYECKH TOJIHOCTHIO TIOJJOOHBIM pabodeMy MaHHUMYASTOPY. [Ipu 3TOM KaXKABIi mIapHUP
3aJal0IIer0 MeXaHW3Ma CBS3aH 10 NPUHIMITY CIEAANIeH CHCTEMBl C COOTBETCTBYIOIIMM
IIapHUPOM pabodvero MaHHIYISATOpa. B komupyromieid cucrteMe HaOIIOJCHUE MOXKET BECTHCh
1100 HEMOCPEACTBEHHO BU3YAIIbHO, JTMOO HAa PACCTOSIHUM MO TEIEBU3HOHHOM crcTteMe. BakHbIM
(bakTOpOM B KOMHPYIOUIMX CUCTEMax SBJISICTCS MAacCIITAOMPOBAHUE TMEPEMEIICHUN W YCHIIHA.
[Ipu HEoOXoaMMOCTH OOJIBIIMX TIEpEMENICHH B paloueil 30HE 3ajaroliee YCTPOUCTBO,
COXpaHssi KHHEMaTHYeCKOe TNOJ00HEe MaHHIYJISATOPY, MOXKET HMETh MCHBIINE pPa3MEphl.
HaoOopot, i MUKPOMaHHITYJISTOPOB 3a/al0llee YCTPOMCTBO JeaeTcss Oojiee KPYIHBIM B
COOTBETCTBUHU C BO3MOXKHOCTSIMU JIBIKCHHS YEIIOBEYECKOW pyku. To ke camoe Kacaercs U
MacIITabupOBaHUs YCHIIMH Ha 3a/IaI0IIEM YCTPOUCTBE TI0 CPABHEHUIO C PA0OYMMHU YCHUITHSMHU Ha
MaHUIMyJIsATOpe. Pa3auuaroT TUNBI JUCTAHIIMOHHBIX KOMHUPYIOUIMX CHCTEM  YIIPaBJICHUS
MaHUITYJISATOPAMH: CUCTEMbI OJHOCTOPOHHETO JCHCTBUS, CUCTEMBI C MACCUBHBIM OTPaKECHUEM
YCWJIMH, CHUCTEMBI JBYXCTOPOHHETO JIEHCTBHS HEOOpaTHMbIe, CHUCTEMbI JIBYXCTOPOHHETO
JCUCTBUS KOMOWHUpOBaHHbIC. B cHcTeMax OJHOCTOPOHHETO MACHUCTBHSI TPOHMCXOIMT JIHIIb
OJIHOCTOPOHHSA Tepeadya BO3CHCTBHS 4YeJIOBEeKa-omepaTopa Ha MAaHMUIYISATOP 0e3 OTBETHBIX
BO3JICHCTBUI CO CTOPOHBI MAHMITYIIATOPA Ha yenoBeka (puc. 7.1). imeeTcst TObKO BHYTPEHHSS
oOpaTHast CBSI3b MO TIOJNOXKEHUI0O B CHUCTEME «3aJalollee YCTPONCTBO-MaHHUIYIATOPY.
HenocraTtkom sBnsieTcss TO, YTO OmepaTop HE YYBCTBYET pabOuMX YCHIIMH TpH JAEUCTBUSIX
ManumnyasTopa. Puc. 7.1. IloaToMy 4acTO KOMUPYIOIIYIO CUCTEMY OAHOCTOPOHHErO NEHCTBHS
CHa0XaloT yCTPOMCTBOM MACCHUBHOTO OTPa)KEHUS YCHIIMNA OT pabouero MaHUMYISITOpa Ha PyKy
4elnoBeKa-onepaTtopa. TakuM yCTPOMCTBOM MOXKET CIYKUTh MOMEHTHBIA 3arpyxareb,
CO3JAIOIIUNA  COMPOTUBIIEHWE JIBIDKEHUIO JIaHHOTO  3BEHA  3a/IalOlero  YCTPOMCTBA,
MPOMOPIIMOHAILHOE MOMEHTY B COOTBETCTBYIOIIEM 3BE€HE paboyero MaHHUIYISATOPA,
BBI3BAHHOMY BHEIITHUM BO3JCHCTBHEM CO CTOPOHBI 00BekTa paboT. Komupyromme cuctemsl
JBYXCTOPOHHETO ACWCTBUSI OTIMYAIOTCS TE€M, YTO NMPHUBOJBI YCTAHABIMBAIOTCS HE TOJIBKO Ha
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paboueM MaHUIYIATOpe, HO M B 3aJarolleM YCTpoiicTBe. bmaromapss sToMy B cucTeme
JIBYXCTOPOHHETO JCWCTBUS Mepenaya 00enx BeIMYHH (NepeMenieHie U YCHIINE) MPOUCXOANUT B
JIBYX HANpaBJICHUSAX — OT 3aJAI0IIET0 YCTPOWCTBA K MAHMIIYJASTOPY U oOpaTHO (puc.). Takum
o0pa3om, 3/1eCh UMEET MECTO aKTUBHOE OTPAXEHUE YCHIIMH OT MAHUITYJISITOPA HA PYKY YeJIOBeKa
gyepes 3ajaroniee yCcTpoicTBo. OOpaTHMBbIe CHCTEMBI JABYXCTOPOHHEIO JIEHCTBUSI MOTYT OBITh
CUMMETPUYHBIMU U HecummeTpuuHbiMU. Puc. 7.2. TlomyaBTOMaruueckas cucrema
JUCTAaHLIMOHHOTO YIPAaBJICHUS MAaHUIYJIATOPOM OTJIMYAETCA OT KOIHPYIOIIEW JIpYyruMm
XapaKTEpOM 3aJAIOIIET0 YCTPOMCTBA M HAJIMYMEM BBIYMCIUTENS. BMECTO MHOIO3BEHHOIO
MEXaHHU3Ma, MOBTOPSIOUIET0 KHHEMATHUKY paboyero MaHUNYJISATOpa, 3/4eCh MPUMEHSETCS
YIOPaBIAIOLIAs PYKOSATKA C HECKOJBKUMHU CTENEHSMU CBOOOJbI, U BMECTO CJIOKHOTO JBHXKECHMUS
IpU KONMPYIOIIEM CIIOCO0OE YEIOBEK-OMEepaTop MPOU3BOJUT TOJIBKO JIETKOE Ha)XaTHe Ha
PYKOATKY B TpeOyeMoM HampasieHnd. KoHpurypamus yrnpasistoliei pyKosiTKU Ha 00513aTelIbHO
COOTBETCTBYET KMHeMaTuke pabodero MaHumyiastopa. CUrHanbl OT YOPaBISIOLIEH PYKOSITKU
MOCTYAIOT B MUKpPOIIPOLIECCOPHOE BBIYUCIUTEIBHOE YCTPOUCTBO, T/I€ OHU IPEeoOpa3yroTcs Mo
OTpEJCNIEHHbIM QJITOpPUTMaM, B pe3yJlbTaTe 4Yero (OPMUPYIOTCS CUTHAJIbI YIPaBJICHMUS,
MoJlaBaeMble Ha BCE MPHUBOJBI 3BEHbEB MaHumynsTopa. Puc. 7.3. B Takoit cucreme Onaromaps
HaJIMYUI0 MUKPOIIPOLIECCOPHOTO BBIYMCIUTEIBHOIO YCTPOIICTBA MOTYT OBITH peaTn30BaHbI
camble pa3jMyYHbIE AJTOPUTMBI YIIPABICHHUSI M OCYIIECTBISATHCS ABMXKEHUS B JIIOO0H cuUcTeMe
KOOpJIMHAT HE3aBUCHUMO OT KHHEMAaTHKU MAaHMIYJIATOpa U KOH(QUTYpallud YIpaBisiouieit
pykosatku. Haubonee TUNUYHBI TPU BUJA AITOPUTMOB YIPABJICHHS: CKOPOCTHOW, CHUJIOBOM U
MO3UIMOHHBIN. [IpM CKOPOCTHOM aJrOpUTME YIpaBIEHUs BEIMYMHA CMELICHUS PYKOSTKU IO
KaXKJIOM CTeNeH! MOJBMXKHOCTH MpeoOpa3yercs B 3JEKTPUUYECKUN CUTHAII, TPONOPIHUOHATIBHBIN
BEJINYMHE CMEUIECHUSA. DTH CHTHAJBI MTOCBUIAIOTCS B MUKPOIPOLIECCOPHBIA BBIYUCIMTENL. Tam
IIPOUCXOJUT IpeoOpa3oBaHNE KOOPJMHAT YNPABIISIONEH PYKOSATKH B KOOpAMHATHI pabodero
MaHUIyJIATOpa ¥ (OPMHUPOBAHME CHUTHAJIOB YIPABICHHUS MNPUBOJAMM IO KaxXJ0H CTeneHH
NOJIBKHOCTH MaHMITYJISTOpa TaKUM 00pa3oM, yTOOBI CXBAT IMOJIyYMJI JBUKEHHE B TOM JKe
HaIIPaBJICHUH, B KOTOPOM 4YEJIOBEK HaXKaJl Ha YINPaBJAIONIYI0 PYKOATKy. Ilo 3HadeHmro osra
CKOPOCTh JIOJDKHA OBITh IPONOPLUOHATIbHA BETMUYMHE CMELICHUs yIpaBsAome pykosTku. [lpu
3TOM, OYEBHU/IHO, O0IIasi BEJIMUMHA M HAMpaBJIEHUE CMEIIEHHU 00pa3yroTcsa U3 COCTABISAIOIINX B
cHUCTeME KOOpAMHAT PYKOSTKH, a oOllee 3HaueHHe M HaIlpaBICHHE CKOPOCTU CXBara — U3
COCTaBJIIIOIIMX B CHCTEME KOOpAMHAT pabodero Manumynsaropa. Ilpu cuioBom airopurme
YIPAaBIEHUS AHAJIOTMYHO IIPOMCXOAMT BECh IPOLECC CHATHS CHUTHAIOB C YIPABIAIOLIEH
PYKOSTKM M THpeoOpa3oBaHUsl UX B MHKPOIPOLECCOPHOM BBIUUCIUTENE C MOCIEAYIOIINUM
(GbopMUpOBaHMEM CHUTHAJIOB YIpaBIEHUA MpUBOAaMU pabouero Manumynaropa. Otiauuune
COCTOUT B TOM, YTO IIPONOPLUOHATIBHO OOIIEMY CMELIECHHUIO YIPABJISAIOIIEH PYKOSTKH CO3/1aeTCs
cujla, Kak Obl TSAHyIIas 3a KOHELl MaHMITYJIATOpa, YeM U ONpEeAeseTcs €ro JABMKCHHE.
HenocpencrseHHo 3Ta cuia peanusyeTcsl NPU CONPUKOCHOBEHHMM CXBaTa MM MHCTPYMEHTA C
KakUM-IM00 BHEIIHUM IpeameToM. CMelleHne B yIpaBisIoled pyKOSITKE MPONOPLHOHAIBHO
CWJIE Ha)KaTHs PYKU 4YEJIOBEKa 3a CUET TOTO, YTO YIPABIIAIOIIAs PYKOSATKA IOANPYKMHEHA IO
KaXx/10l cTeneHu noaBmxHocTH. CleoBaTelIbHO, MOXKHO CKa3aTh, YTO CHIIa, 0Opa3yrouiasics Ha
KOHIIEe pab04yero MaHUMyNIATOpa, MPONOPLHMOHAIBHA 10 BEJIMYMHE M OJMHAKOBO HANpaBJieHa C
CWIONM HaXaThs 4YeJOBEKa Ha pyKoATKy. IIpu NO3MIMOHHOM anropuT™Me yIpaBJICHHUS
MIPOUCXOIUT aHAJOTUYHas Mpoleaypa npeoOpa3oBaHust U (GOpMUPOBAHMS CUTHAJIOB, HO pa3HMLIA
COCTOMT B TOM, YTO B PE3YyJbTAaTE IOJIy4aeTCsl BEJIMYMHA WM HAIpPAaBICHUE CMELICHMs KOHLA
pabouero MaHUMyJIATOpa, NPOMOPLUOHATIBHOE CMEUICHHUIO B YIPABISAIOUIEH PYKOATKE OT PyKH
yejoBeka-oneparopa. [IpMHIMI TUCTaHIIMOHHOIO YMIpaBJICHUsS poOOTaMU (CYNMEpBU3OPHBINA U
JIMAJIOTOBBIIM) MpennoJaraloT aBTOMAaTHYECKUE PEKUMBI JIeHCTBHS po0OOoTa, MOMELIEHHOTO B
paboueit 3oHe. Ilpu sTOoM (QyHKIIMOHUpOBaHMEM poboTa yrpasiaser IBM mo 3amaHHON WM
aJlalTUBHO U3MEHSIOIIEICS MporpaMMe TaKUM ke 00pa3oM, Kak B IPOMBIIIIIEHHBIX poboTax. Ho
JIOTIOJTHUTEIBHO pOOOT HMMeEeT 3/7ech JAUCTAaHIMOHHYIO CBsi3b C 4enoBekoM. [lociemnwuit,
Ha0r0/1as1 32 X0JI0M TEXHOJOIMYECKON OTepalyy ¢ MOMOUIBIO TeJIEBUICHHS, JUCTAHIIMOHHO TeM
WIA UHBIM CIIOCOOOM BMELIMBAETCs B €ro JAedcTBHs. J(MCTaHIMOHHAs CBSI3b CIY)XKHUT IS
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0TOOpakeHHsI Ha MYJIBTE Oneparopa 0OCTAaHOBKH M JeWCTBUIl poOoTa B paboueld 30HE W IS
3aJlaHUsl  CPEJICTBAMU  CYNEPBU30PHOIO WM  JMAJIOrOBOIO  YIPABIEHUS  [POrpaMMm
aBTOMATHYECKOTO BBINIOJHEHUS Bcex omepauuii podorom. CymnepBU3OpHOE YIpaBiIeHUE
3aKioyaeTcss B cienyromeMm. Ha mynbre ynpaBieHHs ueloBeKa- oOlleparopa YCTaHOBJIEHBI
THCIUICHHOE (TENIEBU3MOHHOE) M JIPYTUE YCTPOMCTBA W MPUOOPHI OTOOpakeHHsI 0OCTAHOBKU B
paboueii 30He poboTa (puc.). 3mech IeHCTBYeT KaHAT HHPOPMAITMOHHON JUCTAHIIMOHHOW CBSI3U
gyenoBeka ¢ pobortom. [locnennuii, HabmoAass TakuM 00pa3oM 0OCTAaHOBKY M JeHWCTBUS poOOTa,
IPUHUMAET PEUICHUs O I0Jaye TeX WJIM UHBIX YIPABISIOUIMX KOMaHJ CO CBOEro IyJbTa B
3aBUCHMOCTH OT CJIOXUBIIEHCsS o0cTaHOBKH. DBM po0oTa, mosydrB KOMaHIy, UCTIOJHSET €€ 110
cooTBeTCTBYMOIIEH nporpamme. Habop pasnuuHbix mporpaMm npujad poOoty 3apanee. Kaxnas
IporpaMMa yKa3aHHOTO Habopa COOTBETCTBYET AaBTOMAaTHYECKOMY BBIIIOJHEHHIO pOOOTOM
OTIPEJINIEHHOM Olepaiuy, MO3TOMY YeIOBEKYy-OIepaTopy OTBOJAUTCS (PYHKIUS paclo3HaBaHUs
oOctaHOBKM U Bblgaun OBM poOoTa 3aiaHusi Ha ONpPENENCHHYIO0 ONEpalnio, KOTOpasl 3aTeM
CaMOCTOSITEJIPHO BBITIOJHIETCS poOOTOM B aBTOMaTH4eckoMm pexume. Puc. 7.4. Bwimaua
YeJIOBEKOM KOMaHJ MO JUCTAaHIMOHHOMY YIPaBJISIONIEMY KaHaly MOXET OCYIIECTBISATHCS
pasnuuHbIMU criocoOamu. Hanpumep, MokeT no1aBaThCsi KOAOBBIM MPU3HAK IPOrpaMMBI (B BUJIE
HEKOTOpOTO YMCJIa) Ha BHITIOJHEHHUE OINPEIEICHHOMN ONepalny, 3aTeM — 3aMeHa €ro Ha KOJIOBBIH
MpHU3HAK JApyroi mporpammbl. B npyrux ciydasx cynepBU3opHas KomaHjaa oOpa3yercs Ha
9KpaHe B BHJE LiejeykasaHus. Hampumep, CBETOBBIM KapaHIalllOM Ha HSKpaHE TeJIeBH30pa
(mucruiest) MOXKHO yKas3aThb TOYKY, B KOTOPYIO JOJDKEH IMEPEMECTHTHCS CXBAT MaHMITYJISATOpPA
po0oTa 1 B34Th TaM 3aJaHHbIN npeamer. O6a KaHalla JUCTAHIIMOHHON CBSI3H (MH(DOPMAIMOHHbII
U YOpaBIAOIIMK), Kak MpaBWIO, JODKHBI  ObITh  cHaOXeHbl MUKpoOBM  wiun
MHUKPOMPOIIECCOPHBIMU YCTpOICcTBaMU Ui 00pabOTKM MH(OPMALMU C LENbI0 €€ HAWTy4IlIero
OTOOpakeHUsI Ha MyNbTE omeparopa M Uil (pOPMHPOBAHUS MPOTrpaMM U IielieyKa3aTeIbHbBIX
CUTHAJIOB YIpAaBJIEHUS MO KOMaHJaM 4ellioBeka-orneparopa. Puc. 7.5. JluanoroBas cucrema
MIpeJICTaBIsIeT COOON CIENYIONIYI0 CTYIEHb COBEPUICHCTBOBAHUS TUCTAHIIMOHHOTO YIpPaBICHUS
po6oTamu. 31eck poOOT, 00Iaas CBOMCTBAMH aJaNTalli K 0OCTAHOBKE WJIM JTaXKe dJIEMEHTAMHU
HCKYCCTBEHHOTO MHTEJJIEKTa, MOXET caM BblJaBaTh PEKOMEHJAIMM YEIOBEKY- OIlepaTopy Mo
BO3MOXHBIM CIIOCO0aM JIEMCTBUS U X OCHOBHBIM XapaKTEPUCTHKAM, UCXOJS U3 3aJI0’KEHHOTO B
namsTh poOOTa 3aaHusi U Ha OCHOBAaHHWU PE3y/IbTaTOB OLICHUBAHUS UM OOCTAaHOBKHU B 30HE €ro
neiictBus (puc.). Po6ot Moxker uHGOpMHUpOBaTH YEIOBEKA O HEOCTOPOXKHBIX M MPUBOISIIUX K
OTACHBIM pe3ylibTaTaM ero jaeucTBusx. PoOOT MokeT 3ampamimBaTh 4elOBEKa O MOMOIIM B
KakoM-TMOO BHUZE, €CIM €My HEIOCTaeT JAHHBIX Ui BBINOJIHEHUS TpeOyeMoil orepaluu.
OOmenue pobOTa € 4YEIOBEKOM 3/IeCh MOXKET MPOUCXOIUTh Ha S3bIKE, OJIU3KOM K
€CTeCTBeHHOMY. B Takoil cucreme 3amaHusi pPoOOTYy CO CTOpPOHBI 4YelIOBEKa-olepaTropa
OCYILIECTBISIOTCS B Oojiee o01eit popme, yeM MpHu CyepBU30PHOM YIIPABJICHHUH, TI€ POOOT HE
UMEeT «IyMAIoIuX» QyHKIIHM.

1.7 lekuua Ne _7 (1 wyac).
Tema: <<P060TI/I3I/lp0BaHHLIe TEXHOJOITHYE€CKHE KOMIUICKChI B MAIIIMHOCTPOCHHUH. »

1.1.1 Bonpocsl JieKIHH:

1. Knaccudukanus PTK.

2. O6cnyKMBaHHE METAIOPEKYIINX CTAHKOB.
3. O6cnyKMBaHUE BaHH T'allbBAHOTIOKPBHITHIA.

4. PoGoTu3upoBaHHbIE CBAPOYHBIE KOMILIEKCHI.

1.1.2 Kpatkoe coaep:kaHue BOIPOCOB:
Po6oTH3MpOBaHHBIE TEXHOJIOTMYECKHUE KOMIUIEKCHI B MAIIMHOCTPOCHHUU PoOOTH3MpOBaHHBIM
texHonoruueckuii  komruieke (PTK) —  COBOKYHMHOCTH  €QMHHMIBI  TEXHOJOIMYECKOTO
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o0OpyIOBaHuUs,  MPOMBIIUICHHOTO  po0OTa W CPEACTB  OCHAIIECHHUS,  ABTOHOMHO
(byHKIMOHMpYIOIIAas U OCyliecTBisromas MHorokparasie mukiel (I'OCT 26.228-85. Cucremsl
IIPOU3BOJCTBEHHbIE ruOkue, TepmuHbl u  omnpenenenus). Ilpumeuanme: 1. PTK,
npeJHa3HauYeHHbIe Ui paboThl B THOKHX TNPOM3BOJACTBEHHBIX CHUCTEMAax JOJDKHBI HMETh
aBTOMAaTU3MPOBAHHYIO IIEPEHATaJKy U BO3MOXHOCTb BCTpauBaThcsid B cUCTeMy. 2. B kauecTtBe
TEXHOJIOTUYECKOTO O00OPYZOBAaHUS MOXKET OBITh HWCHOJB30BaH IPOMBIIUICHHBIA pPOOOT. 3.
CpencrBamu ocHaieHust PTK mMoryt ObITh: ycTpolicTBa HAaKOIUIEHUS, OPUEHTALIMH, OIITYYHOU
BbIIaYd OOBEKTOB MPOU3BOICTBA U JPYrHe YCTPOUCTBA, oOecreynBaronue (pyHKIMOHNPOBAHHE
PTK. B cimyyae ecnM KOJIMYECTBO IPOMBIIIJIEHHBIX POOOTOB M €IMHHUIl TEXHOJOTHYECKOIO
obopymoBaHus OOJbIIe, TO 3TO OydeT POOOTU3UPOBAHHBIH TEXHOJOTHYCCKHI YYacTOK —
coBokynmHOocTh PTK, cBs3aHHBIX MeXIy c000H TpPaHCHOPTHBIMHU CPEICTBAMHU M CHUCTEMOM
ynpasineHus. B 3aBucumoctu ot HazHauenuss PTK knaccudumupyrorcs: 1) mo Bugam
pou3BoJicTBa, Hanpumep, PTK mexanuueckoit 00pabOTKH, TOUEUHOI CBapKu, COOPKH U T.II. 2)
110 HAUMEHOBAHUIO oTepanuii, obopynosanus, Hanpumep, PTK TokapHoii 06paboTku, TUCTOBOM
ITaMIOBKU U T.I. 3) mo Buxy npeameroB Tpyna: PTK ten BpaiieHusi, KOpmycHbIX AeTayew,
nevyatHeix Iat ¥ T.1. Ha npakTtuke Hambosee 4acTo BCTPEHAIOTCS CIEIYIOIIME THIOBHIE
koMroHoBouHble cxembl PTK: PTK-1 — nuHeiiHoe pacnosjio)keHue TEeXHOJIOTHMYECKOro U
BCIIOMOTaTEIBHOTO 0OopymoBanus (puc. ); PTK-2 — xapakrepu3yercs TUHEHHO-TTapayIeIbHBIM
PacroJio’)KeHHEM OCHOBHOTO U BCIIOMOTaTENbHOTO 00OpynoBaHusS M co3naercss Ha Oaze [P
Tenb()epHOTO THMA C TICUYETIOKTEBOM KOHCTpyKIMer Manumyisitopa (puc. ); PTK-3 Bxiarouaer
KOMIUIEKCHI, co3faHHbie Ha 0a3e [IP, paboTarommx B MIIMHAPUYECKON CHCTEME KOOPAHWHAT C
TOpU3OHTAILHON ochio BpameHus (puc. ); PTK-4 — co3matorcsa na 6aze IIP, paGoraromux B
UWIMHAPUYECKOH CHCTeME KOOPAMHAT M XapaKTepU3yeTcsi KPYTOBBIM PpacHoJIOKEHHEM
OCHOBHOTO M BcIioMorareinbHoro obopymoBanus (puc. ); PTK-5 — cosmatorcs Ha OGaze IIP,
paboTtaromux B cepudeckoit cucreme koopauHat. Takue [P mcrmons3yroTcst mjisi TPyNImoBOTo
o0CIyKMBaHUSl PAa3HOTUITHOTO IO CXeMaM 3arpy3ku oOOpylOBaHHUs, a TakKe IpH CBapKe,
okpacke u T.1. ( puc. ); PTK-6 — psim poO0TOB 0JHOBPEMEHHO M B3aMMOCBSI3aHO OOCTYXKHUBAIOT
OJIHYy EIUHHIy TEXHOJIOTMYEeCKOro oOOopyaoBaHUS WIM OJHO pabouee Mmecto. Yaimie Bcero
UCIIOJIb3YEeTCSl Ha Olepalusx aBTOMAaTUYeCKOoW cOOpkM, rie B KayecTBe paboyero mecra
UCIOJIb3YeTCs IOBOPOTHBIN cTou (puc. ). Paznuuneie Bapuantsl noctpoenus PTK B couetanuu ¢
COOTBETCTBYIOIIMMU  TEXHUYECKHUMH  XapaKTepUCTUKaMU  OOOpYyIOBaHUS, TEXHOJOTHUEU
o0paboTku, crocobamMu oOpraHu3alu TpyAa oOOecHeurBalOT MOJyYEeHHE Pa3IMYHOTrOo
skoHoMuueckoro 3 dexra. PTK mpocrelimero tuna mpeaHa3Ha4YeHbl I BBITOJHEHUS OJHOU
TEXHOJIOTHYECKOW omnepanuu. X npuHATO Ha3bIBaTh POOOTU3UPOBAHHBIMU TEXHOJIOTHYECKUMU
moayiasimu (PTM). Ecnu npombiieHHBINH poOoT B coctaBe PTM BBINOMHSAET TEXHOJIOTUICCKUN
Mepexo/i, OH caM BBICTYIAET B POJIM TEXHOJOTHYECKOT0 000pyaoBaHus. B 3aBucUMOCTH OT BHUIa
MPOU3BOJICTBA MPUMEHSIOTCS  COOTBETCTBYIOIIME  HA3BAaHUA: IITAMIIOBOYHBIA  MOJYJb,
okpacounbli wmoaynp u T.1. PTK, mnpenHasHaueHHble [UIsi BBINOJHEHUS HECKOJBKHX
TEXHOJIOTHYECKHX Olepanuii u mnocTpoeHHble Ha 6a3ze onHoro IIP, mpuHATO Ha3bIBaTh
poOoTH3MpoBaHHBIMH TexHOJornYeckumu sueiikamu (PTS). TexHonornyeckoe o6opynoBaHue B
PTA MoxeT KOMIUIEKTOBAaTbCS IO KPYrOBOW, MAapajuleIbHOM WM JIMHEMHOM cXemam.
OpraHu3allMOHHBIM yciioBUeM co3aaHust PTS sBnsercs noctaToyHo OOJbIIOE MAalIMHHOE
BpeOMsi 00paOOTKM M3A€IMi, B HECKOJBKO pa3 IMpeBbIIAOIIee BpeMs OOCITy)KUBaHUSL
oOopynoBanusi po6otom. PTK, mnpenHasHaueHHble Ui BBINOJHEHUS TOCIEI0BATEILHOCTH
HECKOJIBKUX TEXHOJOIMUECKUX OMNepanuif, HeoOXOAMMBIX [UIi YaCTUYHOTO WM IOJHOIO
W3TOTOBJICHUS. M3/€IMHA, M TOCTpOEHHble Ha 0a3e Heckosnbkux [IP, mmeromme cpeacrsa
TpaHCIIOpTa, a TaKXe YCTPOWCTBA JJsi XPAaHEHUs 3amacoB IMPEIMETOB IPOM3BOACTBA
NPEJCTaBIAIOT CcOo00M poOOTH3MpOBaHHYIO TexHoJoruueckyo JauHuio (PTJI). OcHOBHBIM
opranu3anMoHHbiM oTinureM PTJI sBisercss obecrieueHHe HENPEpPHIBHOCTH U PUTMUYHOCTH
IIPOU3BOJICTBA, COKpPALLEHUE JJINTEIBHOCTH IPOU3BOJACTBEHHOIO LMKJIA WM MUHUMH3ALMA
BEJIMYUH LUKIOBBIX 3aaenoB. PTJI Gonee XapakTepHbl Ui KPYHMHOCEPUHHOTO W MAacCOBOI'O
npousBoactBa. Otnensubie PTM, PTSH, PTJI, nHaxonsdmuecs Ha OTrpaHUYEHHOM Y4YacCTKe
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MIPOU3BOJICTBEHHOM ILIOIIAJIA, MOTYT COCTaBJIATh €AUHYIO POU3BOACTBEHHO-OPTaHU3AIIMOHHYIO
CUCTEMY - pOOOTHU3UPOBAHHBIN y4acTOK. [Ipy 3TOM Ka4yeCTBEHHO OHH HE OYAYT SBJIATHCS €IUHOMN
CUCTEeMOW MaluH, a OyAyT OOBEAMHEHBI YUCTO OPraHU3AIMOHHBIMHU CBS3SIMH, TPU STOM
YPOBEHb aBTOMATH3allMM TPAHCIOPTHBIX Olepanui ocTaeTcs HU3KUM. HeszaBucumo oT TuIa
MIPOM3BOJICTBA, YPOBHSI CTPYKTYPHOTO TMOJpa3feiieHusi, HEOOXOAMMO MPOBECTH KOMIUIEKCHOE
oOcienoBanue, KOHCTPYKTOPCKYIO, TEXHOJOTHUECKYI0 M OPTraHH3AIMOHHYIO TOJTOTOBKY
npou3BojictBa Kk BHenpeHuto PTK. KommiiekcHoe oOcienoBaHue BKIIOYAET MATh OCHOBHBIX
HampaBJICHUH: cOOp NMaHHBIX 00 HM3IENUAX, 00padaThIBaeMBIX (COOMpPAEMBbIX) B 0OCICIyeMOM
MPOUM3BOJICTBEHHOM 3BEHE; COOp MJAaHHBIX O CpPEACTBaX TEXHOJOTUYECKOIO OCHAIICHUS
MPOU3BOJICTBEHHOTO 3BEHA; OIPEACIICHUE OPraHu3alMOHHBIX MapaMeTpoB O00CIeayeMOTO
MIPOU3BOJICTBA; COOpP HMCXOMHOW SKOHOMHYECKOW HWH(POPMAIMH, OIPEICICHUE COIMATBHBIX
Mpeanocsiok podotuzauuu. Ocoboe BHUMaHHUE CIEAyeT YACIUTh aHaJU3y CTPYKTYpHI
MPOTpaMMBbI BBIITYCKa M3/CIUA Ha 0003PUMBIN MEPUO BPEMEHH VISl OTPEICICHHUS BO3ZMOXKHBIX
W3MEHEHUN TEXHOJIOTHYECKUX CBOWCTB MU OOBEMOB BBIYCKa MPOAYKIIUM, BIHUSIONMX Ha
CTaOMJIBHOCTh ~ TIPOM3BOJICTBEHHOTO  Tiporiecca.  KOHCTPYKTOPCKMM  3Tam  MOATOTOBKHU
MPOM3BOJICTBA  BKJIIOYAET KJIACCU(PUKAIIMIO BBITYCKAEMBIX  HW3JCIUN, TMpEeABApPUTEIILHOE
TpyNIUpoOBaHuE JAeTaliedd, pa3paboTKy MEpONpHUsITHH 10 YHHU(PUKANUH U  TOBBIIICHUIO
TEXHOJIOTUYHOCTH, MPOTHO3WPOBAHUE JETalIC-aHAIOTOB. TEeXHOJIOTHYECKHI ATaml TOJATOTOBKH
MIPOM3BOJICTBA BKJIIOYAET OKOHYATEIHLHOE TPYIMHUPOBAHKWE JeTajei, pa3pabO0TKy dYepTexeu
KOMIUIEKCHBIX JIeTalei, pa3pabOTKy TPYMIOBBIX TEXHOJOTHYECKHX IPOIECCOB, pPa3pabOTKy
MEpPOTPHUATHI TI0 YHU(PUKAIUM W CTAaHAAPTH3AUU TEeXHOJIOTUU. OCHOBHBIM CPEJICTBOM
YMEHBIIIEHUS TPYJOEMKOCTH TEXHOJIOTHYECKOW TIOJTOTOBKM TIPOM3BOJICTBA SIBISIETCA €€
aBTomMaruzanus ¢ nomoupio OBM  (ucnonb3oBanue paznuuHbix naketoB  CAIIP-T).
OO6cnyxuBaHHe MeTaLIOpexXymux crtaHkoB. CranouHnoe oOopynoBanne PTK momknO
ofOecneunBaTh BBICOKMH YPOBEHb KOHIIEHTpAIMM U COBMEIIEHUS MEpPeXo10B 00paboTKU. DTHUM
TpeOOBaHUsAM Hambojee TOJHO OTBevaloT craHku ¢ YIIY, wumeronme MoTHOCTHIO
aBTOMATU3UPOBAHHBIA LUK pPa0OTHl, B TOM YHCIE TNEPEKIIOYeHHEe CKOpOCTeH U IMojad,
aBTOMATU3UPOBAHHBIN 3a)KUM H3/IeNIMs, aBTOMATUYECKYI0O CMEHY HHCTpYMEHTA. J[Jisl MOBBIICHUS
HagexxHocTH PTK HeoOxonumo obecrneunTs aBTOMATU3AIMI0 KOHTPOJISA B IIpoiiecce o0paboTKH,
aBromaruzanuio nogaun COXK B 30HY pe3aHusi, HaJIEKHYIO CUCTEMY JIPOOJICHUS U yIATICHUS
CcTpykkH. Bce mepememarouecs: npu paboTe y3ibl, cBsi3aHHbIE ¢ (yHKIMOHUpOBaHueM [IP
(muHOJIb 3a7HEN 0aOKuM, OTpaXkJICHUE) JOJDKHBI OCHAIIAThCS JAaTYMKAMU, (PUKCUPYIOIIUMH HX
KOHEYHbIe ToJoKeHus. CTaHKKM TOKapHOM TpyNmbl TOJDKHBI 0OecrednBaTh OBICTPBIA OCTaHOB
HINUHAENS Tocae 00paboTKH, MPU MPUMEHEHUH MaTPOHHBIX CTAHKOB HEOOXOIUMO 00ECIeYUTh
MO/KUM 3aroTOBOK K 0a3zaM mpucrnocoOneHuid. J[s cTaHKOB CBEPIIMIILHONU U (pe3epHOil rpymi
MpeyCMaTPUBAIOT 3arpy3Ky M BBITPY3KY JeTalieli B ONpPEICICEHHOM TOJIO)KEHUU CTOJIa,
WCKJTIOYAIOIIEM BO3MOXHOCTh KacaHHs 3aXBAaTHOTO YCTPOMCTBA HIIM 3arOTOBOK PEXYIIHX
KpOMOK HHCTpyMeHTa. CTaHKU TOJDKHBI UMETh OJIOKUPYIOIINE YCTPONUCTBA /Ul aBTOMATHYECKOM
OCTAaHOBKHM TIPH HE3aKPEIUICHHOW WM HEMpaBUJIIBHO 3aKperyieHHOW 3arotoBke. Jlis
MHOTOCTAaHOYHOTO OOCIYKHBAaHUSI B YCJIOBHSIX MEIKOCEPUMHOTO M CEpUHHOTO IMPOU3BOJICTBA
pu 00paboTKe KPYMHBIX JIeTalell ¢ O0IbIIUM BpeMeHEM 00pabOTKH peKOMEHIYETCs IPUMEHSTh
noaBecHble poOOTHL. OO0NAacTh NMPUMEHEHHs] HAMOJBHBIX POOOTOB — KOMIUIEKCHI M3 OJHOTO
CTaHKa B YCIOBHUSAX CEPUMHOTO M KPYIMHOCEPUHHOTO TPOU3BOJCTBA, 0OpabaThIBarONINe
CPaBHHUTEIHHO MENKHE JeTall C MaJIbIM BpeMeHeM 00paboTKHU, IPHU 3TOM pacloioKeHue pobora
HE JIOJDKHO 3aTpyaHATH OOCiykuBaHHe cTaHka. OOciyXkuBaHHe BaHH raabBaHoNOKpbITHi. PTK
raJIbBAaHOMIOKPBITHI TMO3BOJISIIOT OCBOOOAWTH pPAaOOUYMX OT TSDKEIOrO Tpyla BO BIAXHOU
aTMocdepe, HACBHIIIEHHOW HCIapeHUsMHU BPEIHBIX pacTBOPOB. lIporecc raibBaHOMOKPHITHS
MpecTaBiIsieT coboi MmocienoBaTeNbHOE BHIACP)KMBAHUE JeTallell B BaHHAX HUKEIUPOBAHUS,
MEJIHEHHUS, aHOJAUPOBaHUsA, XpomMupoBaHus U T.. [IP ocymiecTBisiOT ycTaHOBKY, MEPEHOC U
CHSTHE TIOJBECOK C JeTalsIMM W3 BaHHBL B BaHHy (puc. ). s 3TOro MNPHUMEHSIOT:
YHHUBEpCAIbHBIE POOOTHI, YCTAHOBJCHHBIE CTAIlMOHAPHO WM Ha TMOJABIKHON peIbCOBOM
TEJIeKKE, TepeMelIaroielicss BA0Ib BaHH; MOJABECHbIE TPAHCIOPTHBIE POOOTHI HA MOHOPEIBCE;
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CHEeIUaIU3UPOBAHHbIE POOOTHI B COCTaBE AaBTOMATHYECKUX JIMHUM TrajbBaHOMOKpHITHH. [IP
3aXBaThIBA€T IOJBECKY C JETasIMM M3 THE3Jl Mara3uHa U [0 Iporpamme IepeMeIlaeT Hu
OIyCKAaeT ee B BaHHBI C pacTBOpamH. B cucreme ympaBieHus poOOTOM NPOrpaMMHUPYETCS
MOCIIEIOBATEIBbHOCTh OOCITY)KMBAaHUSI BaHH M BpPEMs BBLACP)KKHM TOJBECKH B KaXKJIOW BaHHE.
CKOpOCTh OITyCKaHUSI OTPAaHMYMBACTCS HEOOXOAMMOCTBIO CMSATYEHHUS ylapa OTrpaHHUYUTENs
CIIyCKa O Kpasi BaHHbI U YCTOWYMBOCTHIO MOJBECKH, a CKOPOCTb IOJbEMA — BPEMEHEM CTEKaHUs
OCTaTKOB pacTBOpa C AeTalield. YHHUBEpCATbHbIE POOOTHI MPUMEHSIIOT ISl OTEIBHBIX JIeTajeH,
rajpBaHO00pabOTKa KOTOPHIX TpeOyeT MOBOPOTOB M mepeMerieHui. OOBIYHO HCIONB3YIOT
MIO/IBECHBIE POOOTHI, 0OECHIEUNBAIOIINE KOMIIAKTHOCTh JIMHUM, CBOOOJHBIM OCTYN K BaHHaM,
CHIXEHHE MeTaJTIoeMKOCTH. ['py3onogbeMHocTh poboTa cocrapiser 10 SO00P; uyncio no3unuit
oOciy>xuBanus — 10 18; uncio crenenel NOABMKHOCTH — 2, IOTPEHIHOCTH MO3UIIMOHUPOBAHUS —
1o 50 MM, ckopocTh nepemenieHust — 15 M/MuH, cKopocTh nmogbeMa u onyckanust — 30 M/MuH.,
CHUCTeMa yIpaBjeHUs poOoToM — nukiIoBas. JluteitHoe mpousBoAcTBO. B Hacrosiiee Bpems
1enecoo0pazHo poOOTHU3UPOBATH B JTUTEHHOM IPOU3BOJICTBE CIEAYIOIINE ONEpaliu: - 3aJIUBKY
¢opM; - BEIOUBKY (OpPM; - OYUCTKY OTJIMBOK; - 0OpyOKY M 3a4MCTKy OTJIMBOK; - IOIPY304YHO-
pasrpysoussle onepanuu. B nmuteitHom npousBoactse [1P mpuMeHstoT a1s ounucTKy npecc-(popm
CTpyel C)XaToro BO3/JyXa M HAHECEHMs] Ha €€ IIOBEPXHOCTh CMAa304YHOIO Marepuayia cC
MpOrpaMMHUpyeMON  MHTEHCUBHOCThIO. CraOwin3anusi HaHECEHHsS CMa3Kd  IO3BOJISET
MOJJIEpPKUBATh 3aJaHHbI HarpeB mnpecc-¢opmel. Ilpumenenue [IP ans aBTOMaTmueckoi
3aJIUBKHM MeTaljia B npecc-GpopMy MOBBIIIAET TOYHOCTh JO3UPOBAHUS U CTAOMIM3UPYET MpoIiece
3aUBKH. MaHUITyIATOP-3aJIMBIIMK COBEPILIAET Kayarouluecs ABM)KEHHsI 3aXBaTHOIO YCTPOMCTBA
C KOBILIOM OT THUIJIA C pacCIUIaBI€HHBIM METAUIOM K 3aJMBOYHOMY OKHY Ipecc-QopMbl U
obpatHo. PoGoTHI, paboTtaromiye B NUIMHAPUYECKOW CHUCTEME KOOPIWHAT, MPUMEHSIIOT s
M3BJICYEHUS] HEOCTBIBILINX XPYNKHUX WM KPYMHOTra0apUTHBIX OTIUBOK M3 npecc-(popmel. [locre
W3BJICYEHUS] OTIMBKU POOOTHI MOTYT IOJaBaTh €€ B KaMepy OXJIaXKICHHsS WIM IOJ INpecc A
0oOpyOKH JMTHHKA — 3aCTBIBIIET0 KaHaja, IO KOTOPOMY HOJABAJICA KUIKUN MeTayll. A JApYyrux
ydacTKaxX JIMTEHHOrO MpPOU3BOJACTBA pOOOTHI BBINOJHAKOT ONEpalUu IO NUIM(OBAHUIO
MIOBEPXHOCTH OTJIMBKM C MOMOIIBIO JpoOeCTpyWHOro MNUCTOJE€Ta MWIM aOpa3HuBHOTO
WHCTPYMEHTa, TepeHocy (GopM U OTIMBOK. ['opsiyas oObemHas mTammnoBka J[ins oObeMHOM
LITAMIIOBKH PAacKaJICHHbIX 3aroTOBOK TPeOYyIOTCS OJMHAKOBOE BpeMs IIE€peHOca 3aroTOBKU U
BO3MOKHOCTh MHOTOOIEPALIMOHHON 00pabOTKH 3arOTOBKM C U3MEHEHHEM ee pOopMbl B paboueit
30He. Po6oT nomkeH yaep)KUBaTh 3aroTOBKY INpH yJapaX KOBOYHOro Mojora. C mo3uiuu
poOOTH3aLMK  TEXHOJOTHS  XapakTepuszyeTcsd HEOOXOIUMOCThIO MOJJIEpKAaHUS — Harpesa
3aroTOBKHU B Ipoliecce 00paboTKH, TpeOyoIUM MUHUMAJIbHOTO BPEMEHH IepeHoca 3aroTOBKU
13 30HBl HarpeBa IoJi IPECC, BBIIIOJHEHHEM MHOTOIEPEXOJHOW 00pabOTKM Ha OJHOM MalluHE,
U3MeHeHueM (OopMbl H3AETHs, yaapamu mpu o0pabotke. PoOGoThl MOMKHBI 0bOecreunBaTh
BBICOKYIO CKOPOCTb IE€pEMELICHHH, KOHTPOJIb TeMIepaTypbl U (DUKCALHUIO 3arOTOBKH, MMETh
rpysonogsemMHocTs  10-50 kxr. IIpm MOJOTOBOM KOBKE TSDKENBIX JAETaled INPUMEHSIOT
MaHUITYJISATOPBl C PY4YHBIM yrnpaBieHueM. HeoOxoauMbl KOHTpPOJIb OCBOOOXAEHUS IITamIa OT
nerany, pUKcaluus AeTaly B LITaMIe, yJaJleHHe OTXOJ0B IITaMIIOBKH, OJOKMPOBKA Mpecca npu
3axBaTe poOOTOM OoJiee BYX 3arOTOBOK. ABTOMAaTH3alMs XOJOJHON MITaMIOBKH. B Hactosiee
Bpems PTK 1mrammoBku co3pmatoTcst Ha 0a3e  Ky3HEUHO-IIPECCOBOTO  00OpYAOBaHUS,
BBIITYCKaeMOI'0 3aBOJIaMM MAIIMHOCTPOUTEIBHOTO KoMIUlekca. K Takomy oO6opynoBaHUIO
OTHOCSATCSI: IPECChl OJHOKPUBOIIMIIHBIE OTKPBITBIE M 3aKpPbIThIE, OJMHAPHOTO U JBOWHOTO
JEVCTBYS; IPECCHl BUHTOBBIE, THIPABIMYECKUE U IPYIUX TUIIOB ¢ ycrineM ot 63 no 40000 xH B
3aBHCUMOCTH OT KOHCTPYKUUHU. OTIMYUTETHHON 0COOEHHOCTBIO JIMCTOIITAMIIOBOYHBIX MPECCOB
ABIsieTCs UX OoJibiioe ObicTpoaeiicTBue (10 60 u Oosiee ynapoB B MUHYTY). B To ke Bpems Juis
XOJIOJHOM JIMCTOBOM IITAMIOBKU HE TPeOYIOTCS MPOMBIIIJIEHHbIE pOOOTHI ¢ OOJBIINM YUCIOM
CTerneHei cBOOObI U C BBICOKON TOYHOCTBIO. OOBIUHO ISl TAKMX POOOTOB MCIIOJIB3YIOT CUCTEMBI
LIMKJIOBOTO TMPOrpaMMHOro yrpasieHus. B Hactosiiee Bpems HanOonblIMi oO0beM jaeraneit
HITaMITyeTCsl Ha OJHOKPHUBOIIMITHBIX OTKPBITHIX Ipeccax MpocToro aeicteus ycumiuem 160-2500
kH ¢ konmmuectBoM BTOpHuHBIX onepauuid 1-3 u 6onee. PTK XononHON mITaMIOBKU YCIOBHO
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MOJKHO pa3feiuTh HA TP TPYIIBI: POOOTH3UPOBAHHBIN MOTYJb, COCTOSIINN U3 OJJHON €ANHUIIBI
OCHOBHOTO TEXHOJIOIMYECKOT 0 000pyoBaHus, 00CITy’)KHBaEMOT0 poGoTtamu;
POOOTH3UPOBAHHBIN YYaCTOK, COCTOSIIUN M3 OJHOTO poOOTa U OOCITYyKHMBAaEMBIX UM JIBYX-TPEX
€IMHUI] OCHOBHOTO TEXHOJOTHMUYECKOTO 00OPYAOBaHMS; POOOTU3MPOBAHHAS JIMHUS, COCTOSIIASL
u3 Heckoabkux PTK, 00bennHeHHBIX mepenatomuMu yerpoiictBamu. [IpombliieHHbIE pOOOTHI,
HCIOJIb3YEMbIE JUIS XOJIOJHOW HITAMIIOBKH, Yallle BCETO UMEIOT OJIHY WM JBe pyku. OJHOpyKHe
[IP wucnome3yrorcs npU OJHOONEPALMOHHOM INTAMIIOBKE, KOIZJA OTIITAMIIOBAaHHAs JETallb
yaajseTcsl U3 TaMIa ¢ OMOUIbI0 cOpachiBaTele WM BbINAJAET B OTBEpCTHE MaTpulibl. Ecin
aBTOMAaTUYECKOE YyJaJIEHUE NETalu W3 IITaMIla HEBO3MOKHO, INPHUMEHSIIOT JABYPYKHE POOOTHI.
[Ipumenenue I1P ¢ OoJbLIMM YHCIOM PYK pallMOHAIBHO MpPHU OOCIY)KMUBaHUM OJHUM pOOOTOM
IBYyX InpeccoB. POOOTH3MPOBAaHHbBIE CBAPOUYHBIE KOMIUIEKCH. B COBpeMEHHOM MalIMHOCTPOEHUU
HauboJee pacnpoCTpPAaHEHHBIMU SIBJISIIOTCSI yroBas W TodeuyHas cBapka. CBapounsii PTK mns
JYrOBOW CBApKU BKJIIOYAET aBTOMATHUYECKUN MAHUIYJSTOP FOPENKH, CUCTEMY YIIPABIIEHUSI BCEM
KOMILJIEKCOM, TO3UIMOHEP (MAaHUMYJIATOP U3/ETHs) U CBApOYHOE 000PYAOBaHHE, CONPSKEHHOE
C cuCcTeMOM ymnpasieHUs: Komiuiekca. [IP nyroBoi cBapku MMEIOT pas3IMyHOE KOHCTPYKTHBHOE
UCIIOJIHEHUE, WX MaHUNYJSTOPHl OO0NaNaloT, Kak MpPaBUJIO, MATbIO — IIECThIO CTEHEHSIMHU
MoABMWKHOCTH. CyIIecTBYeT HECKOJIbKO CIIOCOO0B MOAauM AeTajiei ans cBapku ¢ nomounsto I1P:
Jleranu coOuparoTcsi B CIELIOCHACTKE, TJ€ OHU IPUXBATHIBAIOTCS, IIOCIE 4YEro u3Jenne
0CBOOOKJaeTCsl OT OCHACTKM M IMOCTyMaeT K poOOTy, yCTaHaBIMBaeTCs Ha CBOU 0a30BbIe
MOBEPXHOCTH U 3aKpeIUIsieTcsl Ha KaHToBaTene poOota; [letann cobuparoTcss B CHEIIOCHACTKE
HEMOCPEJCTBEHHO Ha KaHToBarejle poOoTa, NPOU3BOJAUTCS MX TMpUXBaTKa, a Mocie
0CBOOOKIEHHUSI OT OCHACTKH — cBapka; Jleranu coOuparoTcsi B 3aKUMHBIX MPUCIOCOOIEHUAX Ha
KaHTOBaTese, IOCJe 4Yero BBINOJIHAETCA cBapka; J[letanmu coOuparoTcss U 3aKUMAIOTCS B
IPUCIIOCOOJICHUN-CITYTHUKE Ha CIEUUAIBHOM MO3UIMM COOPKH, CHYTHMK IIOCTyHaeT Ha
MO3UYHMIO CBAPKM POOOTAa, aBTOMATHYECKH (UKCHPYETCS HAa €ro KaHTOBATese, BBINNOJIHACTCS
CBapKa, IOCJIE Yero CIYTHHEK MOCTYNAeT Ha MO3MLHUI0 pa300pku. [l BHIMOJHEHUS TyroBOi
cBapku HeoOxonumsl 1P ¢ KOHTYpHBIMU CHCTEMaMM YIPaBICHHs. DTH CUCTEMBI CIYXKaT AJs
MEepEeMEINICHUS TOPEJIKH 0 3aJJaHHON TPASKTOPUH MPHU 33JJaHHOW €€ OPUEHTAIUU U C TOCTOSTHHOM
ckopocThiolO ¢ MOMOIIBIO TEXHOIOTHYECKUX KOMaHJ| YIPaBISIOT CBApOYHBIM 000OpPYJOBAHUEM
(ycTaHOBKa pEeXMMOB, BKJIIOUEHHE — BBIKIIOUEHHE CBApKHU, 3aBapKa Kparepa, NpoJyBKa rasa u
1.11.). Bo Bpemst paGotsl cBapounoro PTK nepuoandecku npuxoaurcs ocTaHaBIMBaTh poOOT s
OUHUCTKHM TOPEJIKH OT OpbI3r PACIUIABICHHOTO MeTasia. Jljii aBTOMaTu3alMM 3TOM onepanuu
UCIOJb3YIOTCS CHEMAIbHbIE 3a4MCTHBIE IPUCHOCOOIEeHUs (B BUJE BPAIAIOLICHCS METKH WIN
¢pe3bl). [Ipumensercs Takke aBTOMaTHYeCKas MPOIYBKa COIUIA TOPEIKH CHKAaThIM BO3LYXOM C
MOCJICAYIOIIUM  OPOLIEHUEM BHYTPEHHEM IOBEPXHOCTU CHJIMKOHOBOW OMYyJbCUEH UL
YMEHBIIICHUS MPWINNAHUA OpbI3T pacIlIaBIeHHOro MeTayia. J{as ocyliecTBICHMs onepaunui
KOHTAKTHOM TOYEYHONH CBapKU 4Yalle BCEro MCIOJIB3YIOTCS YHUBEpCAIbHbIE POOOTHI C
MO3ULIMOHHON WJINM IO3ULUMOHHO-KOHTYpHOM cucremor ympasineHus. PTK nHaneceHus
JTAKOKPACOYHBIX MOKpbITUH. B HacTosiee Bpemss okono 80% NPOMBILIIEHHBIX W3IEIUN
3aIUIIaeTCs OT KOPPO3UH € NMIOMOIIBIO JIAKOKPAaCOYHbIX MaTepuanos. [Ipu atom 70% noxpsiTuit
HAHOCAT METOJOM pAacHbLICHUs, IPUYEM OCHOBHAs Macca paboOT BBINONHAETCS BpyuHyro. Ha
OTepalusAxX HAHECEHUS JIAKOKPACOUYHBIX MOKPBITHH B HACTOAIIEE BPEMs HAaXOIAT IPUMEHEHUE
CMELMANIN3UPOBAHHBIE W YHHBEpCAJbHBIE IMPOMBILIUIEHHbIE po0OOoThL. Crenuain3upoBaHHbIE
poOOTHI TMperHa3HAuYeHbl Uil OKPACKU IUIOCKUX M TNPUBOJUMBIX K HHMM MoBepxHocTed. Mx
IIPUMEHSIOT B YCIOBUSAX KPYITHOCEPUWHOTO U MacCOBOT0 Mpou3BOACTBA. Crenuain3upoBaHHbIE
OKpacoyHble POOOTHI MPEJCTABIAIOT COOON BEPTUKAJIbHBIE WM FOPU30HTAIbHBIE KOJOHHBI, Ha
KapeTKE KOTOPBIX YKPEIUIEHBI 2JIEKTPOCTAaTHYECKHE KpackopacnbuinTenu. Kaperka cosepiuaer
BO3BPAaTHO-TIOCTYIATENbHbIE JBI)KEHUS, a paOouumil opraH HMMeeT TOPU3OHTAIbHBIM WM
BEPTUKAJIBHBIA XOJ. YHUBEpCalbHblE OKpPAaCOYHbIE POOOTHI MPEACTABISAIOT COOOH B 0O0IIEM
cllyyae MHOTO3BEHHBIE IIAPHUPHO-COUJICHEHHbIE (AHTPOIIOMOP(HBIE) KOHCTPYKLIUHU, CIOCOOHBIE
OKpAalllMBaTh CJOXHBIE IPOCTPAHCTBEHHbIE KOHTYphl. (OHHM OCHAIAIOTCS KOHTYPHBIMU
cucremamu YITY. [Ipobrema KOMIUIEKCHOI MeXaHM3alUU MTpoIiecca HAHECEHUS JIAKOKPACOUYHBIX
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MOKPBITUH  SIBIISIETCS  JOCTATOYHO  CIIOKHOM, TaKk KakKk OJHOBPEMEHHO HEOOXO0JUMO
aBTOMATU3UPOBATh W OOBEAUHUTH B €IUHBIA TEXHOJOTMYECKUH KOMIUJIEKC MOATOTOBKY
MIOBEPXHOCTH M3/ENNUs, YCTAHOBKY U3JE/IUsl Ha KOHBEWEp MM JAPYTyl TPAHCIOPTHYIO CUCTEMY,
TPaHCIOPTUPOBAHME, KAHTOBAHHME, HAHECEHHE TMOKPBITUS, MOATOTOBKY M JIOCTABKY KpPAaCKH,
MPOMBIBKY TpPYOOTIPOBOJOB, pa3rpy3Ky, IUCHETYUPOBAHWEC W YIIPABICHHE KOMIUICKCOM,
pasrpysKy, CKIaIupOBaHue, OYUCTKY U ynaineHue otxonoB. PTK coopku. CoopouHble paboThI B
pPa3IMYHBIX OTPACISAX MAIIMHOCTPOCHUSI COCTaBIsAOT 40 50% oOmeir TPyIOEMKOCTH
W3TOTOBJICHUSI W3JIETUN, TPU 3TOM YPOBEHb aBTOMATH3ALIMH, HUCIIOJIb3YEMbIii B OCHOBHOM B
YCIIOBUSIX KPYIMHOCEPUHHOTO W MacCOBOTO IPOU3BOJICTBA, cocTaBisieT 5-7%. Ilpomecc
aBTOMaTuyeckou cOopku ¢ nmomouisto [1P nmompaszaensercs Ha HECKOIBKO ATANOB: HAKOTUICHUE B
pa3IMYHBIX YCTPOMCTBAX (MayieTax, Mara3uHax M T.I.), KOHCTPYKIUSI KOTOPBIX 3aBUCUT OT
KoH(purypauun 1 rabapuToB 0OBEKTOB COOPKH; 3axBaThbIBaHHME JeTalu (00beKTa) poOOTOM,,
OCHAILIEHHBIM 3aXBaTOM MWJIM COOPOYHBIM NMPHUCHOCOOIEHUEM; TPAHCIIOPTUPOBAHUE C TIOMOIIIbIO
[1P Ha mo3unuio cOOpPKU M OT Hee Ha MO3ULMIO HAKOIUICHUS; OPUEHTALUs; CONPSDKEHUE JeTaneit
¢ nomousto 1P nnu Ha crneumanbHOM cOopouHOM 000pynoBaHuU. CyIIeCTBYIOT TPH OCHOBHBIX
koHnenmuu noctpoeHuss PTK cOopku: 1. Bes cOopounast omepanusi pacujeHseTCs Ha
JJIEeMEHTapHbIe, KaXJasi U3 KOTOPHIX BBIMOIHSIETCS Y3KOCIEIHAIU3UPOBAHHBIM pOOOTOM. DTO
HanOoJiee 4acTo MpUMEHseMasi cXxeMa MPH aBTOMAaTH3allMi MacCOBOTO Mpou3BojcTBa. 2. 1P —
cOOpIIMK pacroyiaraeTcs B IIEHTpe KOMIUIeKca. BOKpyr Hero pacroJiaraercs pasziudyHoe
BCIIOMOTATEIbHOE 000pPY/IOBaHUE C HEOOXOIUMBIM 3armacoM Jneraneil. Po6oT B cooTBeTCTBUM C
MPOrpaMMOll  M3BJIEKAeT JEeTalld W OCYHIECTBISIET HMX COOpKY, HCIOJb3ysS TMpU 3TOM
CTaIlMOHAPHBIC MOHTAXHBIE TPHUCTIOCOOJICHUsI W OCHAacTKy. 3. Becb cOOpouHBI mpoliecc
pacusieHsieTcsl Ha TPYMIbl 3JeMeHTapHbIX onepauuii. [Ipu aToM 17151 cO0pKH Kaxk10¥ cOOpoUHO
TPYNIBl UCHOJIB3YeTCS CHEIUATN3UPOBAaHHBIN poOOoT. B 3TOM cimywae pabora Bcex poOOTOB
OCYILIECTBJISICTCS TOJ yhpaBieHueM IeHTpaibHoii OBM. Ilo cTpykTypHOMY TMpHU3HAKy
coopounsle PTK moapasmensitorcsi Ha OJHOMO3WIIMOHHBIE W MHOTOIMO3WIIMOHHBIE, T.€. C
KOHIICHTpanme wuinu auddepernuanueii onepanuii mnporecca cOopku. K KOHCTPYKTHBHBIM
ocobenHocTsiM I1P nnst cOOpKHM OTHOCSATCSA: BOBMOXKHOCTh aBTOMAaTUUYECKONW CMEHBI 3aXBaTOB U
COOPOYHBIX MHCTPYMEHTOB; IIMPOKHI NHAma3oH CKOPOCTEW MEepeMelIeHUs] HCIOIHUTEIbHBIX
3BEHBEB; aJanTalUs K OIpPEIEICHHBIM YCIOBUSM 3aXBaThIBAaHUS W COCIUHEHMs JeTaleil;
KOHTPOJIb KadecTBa COOPKH; TMOBBIIICHHAs TOYHOCTh MO3UI[MOHHUPOBAHUSA TMPU HAIUYUU
YCTPOMCTB KOMIIEHCALIMU MOTPEUIHOCTH MO3UIIMOHUPOBAHUS IPU COSTMHEHUH JIeTaJICH.
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2. METOAUYECKHE YKA3AHHUA 110 ITPOBEJAEHUIO
MPAKTUYECKUX 3AHATUNA

2.1 llpakTnuyeckoe 3auaTue Nel1( 1 yac).
Tema: «PoOOTOTEXHWKA OCHOBHBIC TIOHSATHUS M KJIACCU(DUKAIHSI»

2.1.1 KpaTkoe onucaHue NpoBOAMMOIo 3aHATHA:

CoBpeMeHHBIH 3Tall pa3BUTHUS 00IIECTBA XapaKTEPU3YETCsl YCKOPEHHBIMU TEMIIaMU OCBOCHUS
TEXHUKH U TEXHOJIOTHH, U Pa3BUTHE aBTOMATU3UPOBAHHBIX CUCTEM SIBJISIETCSI B HEM
3aKOHOMEPHBIM IPOIIECCOM. JTO BbI3bIBAET HEOOXOAUMOCTh YMEHMSI peliaTh 3a/1a4H C
MTOMOIIBI0 POOOTOB M ABTOMATOB, KOTOPHIE MOXKHO CIPOEKTUPOBATH B PEAIbHOM MOJIENH, T.€.
HEIMOCPEACTBEHHO CKOHCTPYMPOBATh U 3alIpOrpaMMHUPOBATh.

B naHHO# cTaThe MBI PELIMIIA PACCMOTPETh Pa3HOBUIHOCTH POOOTOB, UX KIACCU(DUKALINIO U
o0yacTu MpUMEHEHHsI. DTO MO3BOJIUT OPUEHTUPOBATHCS B MUPE POOOTOTEXHUKHU U BHIOMPATH
0oJiee aKTyaJlbHbIE TEMATUKH JUIsl TOCIIEAYIOIIEH UCcClea0BaTeIbCKON paboThI.

Cy1iecTByeT MHOXKECTBO ONpeAeNICHUI MOHATUS «POOOT»:

e Po06OT(OT YElICK. robota) — AMEKTPOMEXaHNIECKOE, THEBMATUUECKOE, THIPABINIECKOE
YCTPONCTBO WJIM MX KOMOWHAINS, TPeTHA3HAYEHHOE IS 3aMEHBI YeI0OBEKa B
MIPOMBIIIIIEHHOCTH, OTIACHBIX cpefax u ap. (Buxumnemws).

e POGOT — MalIMHA-aBTOMAT, MOJCTHPYIOIIasi CBONCTBA U (PYHKIIUH JKUBBIX OPTaHU3MOB U,
B YaCTHOCTH, UMUTHPYIOIIAs JCHCTBUS YeI0BEKa IIPU NIEPEMEIIICHHH B TIPOCTPAHCTBE
opyauii 1 00beKTOB Tpy/aa (bosbimast coBeTcKast SHITUKIOTIEHS ).

Takum oOpa3om, poOOT — MOHATHE HEOMPEEIEHHOE, U TIOATOMY K Kiaccy poOOTOB MOXKHO
OTHECTH MHOTHE aBTOMaTHYECKHUE YCTPOICTBA.

AHaJII/I3I/Ipy5I JIUTEPATYPHBIC HCTOYHHKHU 10 ﬂaHHOﬁ TEME, B 3aBUCUMOCTH OT HAa3HAYCHUA U
pemacMoro Kjiaacca dajgad Mbl IIPUACPKHUBACMCA cnenyiomeﬁ KJ'IaCCI/I(bI/IKaI_[I/II/I p060TOB.

1. TIpom3BoacTBeHHBIE POOOTHI — 3TO POOOTHI, MPEIHAZHAYCHHBIC SISl BBITIOJTHEHUS
TSDKEJI0M, MOHOTOHHOM, BPEAHOM M OTIACHOM JIJISl 3/I0POBbS JIFOIeH (Pr3nuecKoi paboThI.
Bubl mpon3BoACTBEHHBIX POOOTOB MPECTABICHBI B TAOIHUIIE:

Bubt [Ipumenenne [Tpumepsnr
[IpomblieHHBIE aBTOMAaTu3alus BCeX BUJOB MaHHUITYJIATOPHI,

PYUYHBIX U TPAHCHOPTHBIX

onepaluii B pa3IMuHbIX pOOOTHI 7St MOKPACKH, COOPKU

OTpACIIAX IPOMBIIUIEHHOCTH JieTaneul, CBapKu, pe3ku
MeTasuia

CenbCcKOX0351ICTBEHHBIE aBTOMAaTHU3alMs TPYJOEMKHUX U  |[TOJIeBbIE POOOTHI,

MOHOTOHHBIX IIPOLIECCOB B

CEJIbCKOM XO351CTBE pOOOTHI 7St IOJICTPUIKKH OBEII,
pOOOTHI - KOCUITKU
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TpchnopTHHe aBTOMAaTHU3alus YIIpaBJICHUA CaMOXOOHBIC TCIICKKH,
PA3IMYHBIMHA TPAHCIIOPTHBIMHA  [HIArarOUe alriaparkl,

CPEICTBaMU. aBTOINJIOTHI U aBTOPYJIEBBIE.
CrpourenbHble aBTOMAaTU3alus PYYHBIX pPOOOTHI-AEMOHTAKHUKH,
omepanui Kak POOOTHI-IITYKATYyphl

BCIIOMOT'aTENIbHBIX, TAK U
OCHOBHBIX, OPraHU4ECKH
IPUCYIIUX CTPOUTEILHOMY
Jeny.

BriToBBIC aBTOMAaTH3AIUs OTIePAIIHA, POOOTHI-TOMOIITHUKH, POOOTHI-
CBSI3aHHBIX C OBITOM YEJIOBEKa U |HIHH,

¢ boraroil pazHooOpa3uem
ctepoit ero oOcTyKUBaHUSI. PpOOOTHI-IIBLIIECOCHI, POOOTHI-
HOCHJIBIIIMKH, POOOTHI-
UTPYIIKA, COIIMATTLHBIC POOOTHI

2. UccnenoBaresbekue poooTbl. OHU CITyXKaT JIJIs TIOWCKa, cOopa, MepepadOTKH U IepeIadn
uHpopmanuu o0 uccienyeMpeix oobekrax. K unciny Takux 00beKTOB OTHOCSTCS KOCMHUYECKOE
MIPOCTPAHCTBO, MOBEPXHOCTH ILJIAHET, OJIBOJAHOE MPOCTPAHCTBO, MOI3€MHBIE MOJIOCTH (LIAXTHI,
MEeMIepsl U T. 11.), ApKTUKA U AHTapKTHKa, MyCThIHU, 3apaKe€HHasi MECTHOCTb U JApPYyTHE,
TPYIHOJIOCTYIHBIE JJIs YenoBeka obnactu. [Ipumepamu Takux poOOTOB SBISIOTCS OECIUIOTHBIE
JIeTaTeNbHBIE almnaparbl, poOOThI-carnepbl, POOOThI-CAaHUTAPHI, PA3TUYHbIE MHOTOLIEIEBbIE
0O€BBIE MAIIUHEL U T.1I.

Kaxxnoe mocnenyromiee mokojieHne pooboToB 001a1aeT OONIBIIUMHI BO3MOYKHOCTSIMH H
COBEPIIICHCTBOM, HO HE MCKITFOYACT MPEBIIYIIET0; OHU B3aMMHO JOTOJHSIOT APYT APyra U
HaXOJAT MPUMEHEHHE COOTBETCTBEHHO CBOMM (DYHKITHOHAHLHBIM BO3MOXKHOCTSIM M YCIIOBUSM
IKOHOMMUYECKOM 1esecooopaznocTr. K HacTosmeMy BpeMeHH chopMUPOBATIOCH TPH IMTOKOJICHUS
po6OTOB.

1. PoOOTHI epBOro MOKOJICHUS (C MPOrPaMMHBIM YIIPABICHUEM ), TPUMEHSIOT IS
00CITy’)KUBaHUS CTAHKOB, IIPECCOB, TIeUeii, CBAPOYHBIX YCTAHOBOK M MAIIIMH; BHITIOJHCHUS
OCHOBHBIX TEXHOJIOTHUECKUX MPOIIECCOB (PE3KHU, COOPKH, CBAPKH); TIOTPY304YHO -
pasrpy304HBIX U CKIIAJCKUX PaboT.

2. Po06O0TBI BTOPOTO MOKOJICHHS OTJIMYAIOTCS OT pOOOTOB IMEPBOTO HATUYUEM
YYBCTBUTEIBHBIX YCTPOUCTB (OCSI3aHKE, TEJICBU3HOHHOE 3PCHHE), UMEIOT 00JIee CII0KHOE
YIIPaBIISIONIEE YCTPOHCTBO.

3. Po06oThI TpeThero nokoJieHus (MHTErpaJibHbIE POOOTHI) B OTINYHE OT POOOTOB BTOPOTO
MOKOJIeHUs 00padaThIBAIOT HH(POPMAIIHIO, MTOTY4aeMYI0 OT OPTraHOB YyBCTB. DTH POOOTHI
MIPUMEHSIOT AJ1s1 padoT, TpeOyIouX pacio3HaBaHus 00pa3oB (paboTa 1o 4epTexy), a
TaKXKe MPOTEKAIOIINX B CIOXKHBIX U U3MEHSIFOIIUXCS YCIOBUAX. [2]

Knaccudukanus po60TOB MOKET TakK k€ MPOU3BOAUTCS MO APYTUM MPU3HAKAM, HEOOXOMMbIM
U1 pa3pabOTKH TUIIAXA.

I1o xapaxmepy 6vlnonneHuss mexHoio2uyeckux onepayuti poOOTHI IENIATCS Ha:
e TEXHOJIOTUYECKHE POOOTHI — BBHIMOJIHAIOT OCHOBHBIE TEXHOJIOTHUYECKHe oneparu. OHu

HEMOCPEICTBEHHO YYacTBYIOT B TEXIIpoliecce B kadecTBe o0opynoBanus (rudka, cBapka,
OKpacka, cOopka H T.1.);
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e BCIIOMOTATENbHBIE (TIOABEMHO-TPAHCTIOPTHBIC) BHIIOIHSIIOT (DYHKIIMK NIEpeHOca 00beKTa
B BEPTUKAJIBHON U TOPU30HTAIBHON MIIOCKOCTSX. VX MPUMEHSIOT A1l 00CTyKHBaHUS
OCHOBHOI'O TEXHOJIOIHYECKOIO 000PYAOBaHUS;

e  YHHBEpCaJbHBIE pOOOTHI — BHIIOJHSIOMINE Pa3HOOOPa3HbIE TEXHOJIOTHYECKHE OTepaluu
— OCHOBHBIE U BCIIOMOT'aTeJIbHbIE.

Ilo cmenenu cneyualuzayuu.

e  CHELHUAJbHBIE — TOJIBKO JUJISl BBIIIOJHEHMS OJJTHOM TEXHOJIOIMYECKOM Ollepaluy Uiu
00CITy’)KUBaHUSI KOHKPETHOTO TEXHOJIOTHIECKOTO 000PYIOBAHHS;

e  CHEUMAJU3UPOBAHHBIE — IIPEHA3HAYECHBI IS BBIIIOJIHEHHS TEXHOJIOIMYECKUX Ollepalui
OJIHOTO BUJA

e  MHOTOILIEJIEBBIE — JUIS BBITIOJHEHHUS PA3JINYHBIX OCHOBHBIX U BCIIOMOTaTEJIbHBIX
OIEPALMI U OHU OTHOCATCS K YHCITy YHUBEPCAIbHBIX.

Ilo cucmeme ocnoéHbix Koop()uHamelx nepeMeu;eHm?:

o [IpsaMoyronbHas: mocKas; IpOCTPAHCTBEHHAS
o TlonspHas: miuockasi; HTUIUHAPUYECKas; chepruueckas

Ilo uucny cmeneneil noosudcHoCmu.
C OJTHO, IByMS M N- CTENICHSMH TTOBUKHOCTH.
Ilo epy3onoovemunocmu:

e CBepXJErkue — o 1 kr.;

e Jerkue — o 10 kr.;

e cpennue — 110 200 kr.;

e Tspxensie — g0 1000 kr.;

e cBepxTspKenbie — cBhiiie 1000 kr.

2.1.2 Pe3yabTaThl M BHIBO/IbI:

Takum 0Opa3oM, MbI BUJIUM, YTO CYIIECTBYET MHOXKECTBO Pa3HOBHIHOCTEH, a TaK JKe
MHOeCTBO Kiaccuukanuii poootos. [Tpu nmpoekrupoBanuu podoTa, HEOOXO0MMO YETKO
0CO3HABATh YISl KAKUX LIeJIel OH OYIIeT CIY)KHTh, KaKue NCHCTBHSI OyIET BBITIOHSTS.
PesroMupys BBIIIEH3II0)KEHHOE, OTMETUM, YTO COBPEMEHHasi pOOOTOTEXHUKA MPEICTABIISCT
co00# rapMOHHYHOE COYCTAHHE POOOTOB PA3IMYHBIX TUIIOB U TIOKOJICHHUM, KOTOPhIC BO3HUKIIN B
CBSI3U C MOTPEOHOCTSAMHU HAYYHO-TEXHUYECKOTO Tporpecca.

HSy‘IeHI/IC JaHHOI'O HaIIpaBJICHUA IJIs1 MCHA — 9TO, IIPECKAC BCCIro p€ajibHasd BO3MOXHOCTb CTAaTbh
CIIELMAJINCTOM B 3TOU 06J'IaCTI/I, KOTOpas B JIaHHBIA MOMEHT BOCTpe6OBaHa " aKTyaJlbHa.

2.2 lIpakTnyeckoe 3ausatue Ne2 ( 0,5 yaca).

Tema: «CTpyKTypa U yCTpOICTBO MPOMBIIUIEHHBIX POOOTOB»
2.2.1 KpaTkoe onucanue NpoBoANMOro 3aHATHA:
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Kak n3BecTHO, KaccuuKaims Mporu3BOANUTCS 1O KJIaCCU(PUKAMOHHBIM MpU3HaKaM. Takux
npusHakoB Juis [1P u3BecTHO 1O0CTATOUHO MHOTO, MPUBEAEM OCHOBHBIE U3 HUX. []0
xapaxkmepy @vinoansemvix onepayuti I1P moapasnenstor Ha Tpu TpynIsl: a)
IIPOU3BOJICTBEHHBIE, WK TexHosnoruueckue (I111P), — 1 ocHOBHBIX onepanuii
TEXHOJIOTMYECKUX MPOLECCOB; 0) MOBEMHO-TPAHCIIOPTHBIE, UJIM BCIIOMOTaTeJIbHbIE,
BBINIOJIHSIOLIUE IEHCTBUS TUIA «B3SITh — IEPEHECTH — MOJIOKUTHY; B) YHUBEPCAJIbHbIE JJIS
Pa3IMYHBIX ONEpaLMil — OCHOBHBIX U BCIOMOTaTeNbHbIX. /1o cneyuanuzayuu 1P
MOJPA3ACIAIOT HA CIIEUAIbHBIE, BBIITIOJIHSIOIINE CTPOTO OIPENEIECHHBIE TEXHOJIOITMYECKUE
omepanuy Wiu 00CIIyKUBaIOIINE KOHKPETHbIE MOJIENH TEXHOJIOTMYECKOI0 000py10BaHuUs;
CHelMalM3UpOBaHHbIE, UJIU 1I€JIEBbIE, ITPEIHA3HAYCHHBIE JJIs1 BBIIIOJIHEHUS
TEXHOJIOTMYECKUX OTepaliii 0AHOTro BuAa (CBapKu, COOPKH, OKPACcKH U T. I1.) WIH JJIs
00CITy>)KMBaHUS OTIPENICTICHHOM TPYIIIBI MOJENIeH TEXHOJIOTUUECKOro 000PyI0BaHU,
00BEAMHEHHBIX OOLTHOCTHIO MAaHUITYISIIUOHHBIX JEHCTBUI; YHUBEpCaIbHbIE, WU
MHOTOIIEJIEBbIE, OPUEHTHPOBAHHBIE HA BHITIOJHEHHE KaK OCHOBHBIX, TaK U
BCIIOMOTATENbHBIX TEXHOJIOTMUECKUX ONEpalvii pa3IMuHbIX BUAOB U C pAa3IUYHBIMU
rpynIaMyu MoJiesiel TEXHOJIOTUYECKOro 000py10BaHUS.

Cucmemvl ocHo8HbIX KOOpOUHamHuvlx nepemewjenuil. 11o aromy npusnaky [1P nensires Ha
CUCTEMBI C MPSMOYTOJIbHOM, NMOJISIPHON U aHTYJISIPHOM CUCTEMaMU KOOpauHar. /1o uucny
cmeneHeti nodsudichocmu. [TP UMEIOT OT Tpex 110 mecTy 1 0oJiee CTeneHeH MOABIKHOCTH.
[IpuHnMnIanbHO TPEX CTENMEHEe! MOABUKHOCTH IOCTATOYHO JIJISl BEIBOAA KOHIIEBO TOUKH
MaHHIYJSITOPA B JIIOOYIO TOUKY 00CITy:KHBaeMOro poboToM mpocTtpancTBa. Emé tpu
CTENEHH MOABMKHOCTH HEOOXOMUMBI, YTOOBI B 3TOW TOYKE OCYIIECTBIIATH JTIOOYIO YIIIOBYIO
OPHUEHTALIMIO 3aXBaTHOTO YCTPOMCTBA WJIM HHCTpYMEHTA. boJiee mecTu crenenei
MTOIBMYKHOCTH HEOOXO0IUMO TIPH 00X0JIe KaKHX-TH00

npensTcTBuil. I pyzonoovémnocmo. I1P nenstcs na ceepxnérkue (10 1 xr), nérkue (10 10
kr), cpennue (1m0 200 kr), Tsokénbie (1o 1000 kr) u cBepxTsokénsie (cbie 1000

Kr). Koncmpyxkmusnoe ucnonnenue. 11P BHINOTHSIOT BCTPOEHHBIMU B 000PY/I0BaHUE,
MOJABECHBIMU U HAMOJIbHBIMU. 1o muny cucmem ynpasnenus I1P genstcs Ha Tpu poja:
MIPOrpaMMHBIE, aJalITUBHBIE U MHTEJUIEKTHBIE (C 3JIEMEHTaMHU UCKYCCTBEHHOTO
uHTeIIekTa). Bece onu 00magatoT cBOMCTBOM OBICTPOro MepenporpaMMUPOBAHNUS, IPHUEM Y
MIPOrPaMMHBIX POOOTOB MEPENPOrPAMMHUPOBAHKIE TPOU3BOTUTCS YETOBEKOM, MOCTIE Yero
poboT neiicTByet aBTomMaTH4ecku. B anantuBHbie [P 0CHOBBI MporpaMMbl 1€HCTBUI
po0oTa 3aKiIaIbIBAIOTCS YETIOBEKOM, HO caM POOOT UMEET CBOMCTBO B OIPEICIEHHBIX
pamMKax aBTOMaTH4YeCKH MeperporpaMMUPOBATHCA B X0O/I€ TEXHOJIOTHYECKOTO Mpoliecca B
3aBHUCHUMOCTH OT OOCTaHOBKH. MTeiekTHBIM poOoTaM 3a1aHne Ha paboTy BBOJUTCS
YeJI0OBEKOM B OoJiee obmieid hopme, a caM poOOT 001a1aeT BO3MOKHOCTBIO IPUHUMATD
pelIeHUs U TUTAaHUPOBATh CBOU JICHCTBUS B HEONPEACIEHHOM U MEHSIOIIECs 00CTaHOBKE,
YTOOBI BHITIOJTHUTH 3AJI0)KEHHOE B €T0 MaMsTh 3a/IlaHHe.

Kak cnenyer u3 onpeznenenus, npuBeAEHHOrO BbIe, IIP cocTouTt n3 necnogHUTENIBHOTO
YCTPOMCTBA B BUJI€ MAaHUILYJIATOPA U yCTPOMCTBA IPOIPaMMHOIO YIIpaBJiieHUs. MaHuIyisatop
1P npeaHa3HavyeH 11 BBINOJIHEHHS JBUTaTeNbHBIX (YHKIHUN IPU TlepeMenieHMH 00BbEKTOB B
MIPOCTPAHCTBE U MPEACTABIIAET COO0I MHOTO3BEHHBII MEXaHU3M C Pa30MKHYTON
KMHEMAaTUYEeCKOU Lenbl0. KOHCTPYKTUBHO MAHMITYJIATOP COCTOUT U3 HECYILIUX KOHCTPYKIIUM,
HCIIOJHUTENBHBIX MEXaHU3MOB, 3aXBaTHOI'O YCTPOMCTBA, IPUBOJIA C IIEPEIATOYHBIMU
MeXaHU3MaMH U yCTpOoicTBa nepeaABIKeHus. Y crpoiicTBo ynpasineHus [IP neo6xonumo s
(dbopMUpOBaHUA U BBIIAYH YIIPABIAIONUX BO3ACHCTBUI MAaHUIYJIATOPY B COOTBETCTBUU C
YIIPaBIISIOLIEH MPOrpaMMOi 1 KOHCTPYKTUBHO COCTOMT U3 COOCTBEHHO CHCTEMBI yIIPaBIIEHUS,
MH(OPMAIMOHHO-U3MEPUTETLHON CUCTEMBI C YCTPOUCTBAMH OOPAaTHON CBS3U M CUCTEMBI
cBsaA3u. Hecylue KOHCTpYKIUU CiIyXKaT I pa3MEIeHUs BCEX YCTPOUCTB U arperaros [IP, a
TaKke /Ui o0ecredeHns He0OX0IMMON POYHOCTH M KECTKOCTH MaHMIy sTopa. Hecymue
KOHCTPYKIUU BBITIOIHSAIOT B BUJIE OCHOBAaHUM, KOPIIYCOB, CTOEK, paM, TEJIEKEK, IIOPTAJIOB U T.
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0. McnoaHuTeNbHBIN MEXaHU3M — 3TO COBOKYITHOCTBb ITOABWIKHO COCIII/IHéHHBIX 3BCHLHEB
MaHUITYJIATOpPA, NPCAHA3HAUYCHHBIX JJId BOSI[CP'ICTBPIH Ha O6’beKT MaHUITYJIMPOBAHUA UIIN
oOpabaTeiBaeMyto cpelly. 3aXBaTHOE YCTPOUCTBO — KOHEYHBIH y3€JI MaHUITYIIATOPA,
oOecrieynBaroOIKii 3aXBaThIBAHUE U yIEP)KaHUE B ONPEICIEHHOM MOJI0KEHUH 00bEKTa
MaHuIyaupoBanus. [IpuBo mpeaHa3HadeH i MpeoOpa3oBaHUs MOABOIMMON YHEPTHH B
MEXAaHUYCCKOC NIBUKCHHNUC 3BCHBEB UCIIOJIHUTCIIBHOI'O MEXaHU3Ma B COOTBETCTBUH C
CHTHAJIAMH, IMOCTYIAIOIIMMHU C YCTPOMCTBA YIIPABJICHHUS.

2.2.2 Pe3y1bTaThl U BHIBO/BI:

Puc. 3.4. Koncmpyxyus npomuvlutienno2o poooma.

1 - Oamuux obpamnoti cesa3u; 2 — 3axeamHoe YCMpoucmeo, 3 — Kucmv, 4 —pyKa
Manunyiamopa, 5 — KoniouHa, 6 — Hecywas KOHCmpykyus (ocnosanue);, 7 - npugoo pyku, 8 -
010K ynpaensaowe2o0 ycmpoucmea ¢ nyabmom YCTPONUCTBO IEPEIBUKEHUS CIYXHUT I
nepemMelieHuss Manunynaropa wim IIP B nmemom B HeoOXxoaumoe MecTo paboyero
IIPOCTPAHCTBA U KOHCTPYKTUBHO COCTOMT M3 XOJOBOW 4YacTH U IPUBOAHBIX YCTPOMCTB.
Cucrema ynpaBieHMs HeoOXoauma [Uis HENOCPEACTBEHHOrO (OPMHMPOBAHUS U BbIJAYU
YIPaBJIAIOUIMX CUTHAJIOB U COCTOMT M3 IIYJIbTa YIPABJIEHUS, 3allOMHHAIOIIETO YCTPOICTBaA,
BBIUMCIIUTEIBHOTO ~ YCTPOWCTBA, OJIOKOB  YNpaBJI€HUs NPUBOJAMH  MAHUIYJIATOpa U
TEXHOJIOTUYECKUM 000pyI0BaHUEM. HNudopmanrioHHO-U3MepuTenbHast cucrema
npeJHa3HayeHa s coopa U NepBUYHON 00pabOTKM MHPOPMALIUU JUIS CUCTEMBI YIPABICHHS
I1P, BkirodaeT B ceOs yCTpOMCTBO OOpaTHOM CBSA3HM, YCTPOMCTBO CpaBHEHHs CHUTHAJIOB U
JaT4uku  oOpaTHOM cBsi3u. CHcTeMy CBSI3M  MCIONB3YIOT Juid obecreueHus oOMeHa
uHpopmanueit mexay IIP u omepatopoM miM ApyruMH poOOTaMH M TEXHOJIOTHYECKUMHU
YCTPONCTBaMH C IENIbI0 (POPMYIUPOBKU 33aHUHM, KOHTPOJISA 32 (PYHKIIMOHUPOBAHUEM CHCTEM
I[IP 1 TEeXHONOTHYECKOro OOOpYIOBAaHHUS, TUArHOCTUKU HEUCIPABHOCTEH, perjaMeHTHOMN
npoBepku u T.11. Ha puc. 3.4 npencrasieHa ojiHa U3 KOHCTPYKIUN MPOMBIIIJIEHHOTO poOoTa.
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2.3 IIpakTnyeckoe 3anarue Ne3 (0,5 yaca).

Tema: «IIpomblnieHHbIe POOOTHI M UX KiIaccH(UKALUs.»

2.3.1 KpaTkoe onucaHue NPOBOAMMOIo 3aHATHS:
Tpebosanust 6e3omacHocty K [1P, Bxoasm B coctaB PTK (PTVY), - B cooTBeTCTBHY C
HACTOSIILIUM CTaH/IapTOM.
TpeboBanus Ge30macHOCTH K 000pynoBanuio, Bxoasamemy B coctaB PTK (PTY), - B
COOTBETCTBUU C JICHCTBYIOLIUMU CTaHIapPTaMU Ha JIaHHBIM BUJI 000pyI0OBaHUSI.
OO6mue TpeboBaHus K OpraHu3alii poOOTU3UPOBAHHBIX TEXHOJIOTHYECKUX KOMIIJIEKCOB U
Y4aCTKOB
[Ipu opranuzauuu PTK u PTY HeoOxo1umo npenycMoTpeTb KOMILIEKCHYIO MEXaHU3ALUIO U
aBTOMAaTU3aIMI0 pOOOTHU3NPOBAHHOTO MPOU3BOICTBEHHOTO MPOIIECcca, B TOM YHCIIE
COITYTCTBYIOILIIMX BCIIOMOTaTENbHBIX padOT (TpaHCIIOPTUPOBAHUE 3arOTOBOK U JI€Talel, 3arpy3Kka
MMU HaKONMUTENEeH, OpUEHTALlsl MAaHUITYJIUPYEMBIX JeTaiell B OJIOKEHUE, TPUTOHOE IS
3axBaTa, yAaJe€HUE CTPYKKU U OKAJIMHBI U3 pabouero NpocTpaHCcTBa U T.[.), OCTaBJIssA 3a
OTIEPATOPOM, B OCHOBHOM, ()YHKITUHU YIIPABICHUSI U KOHTPOJISI 32 paOOTOM KOMILIEKCA W
Y4acTKa.
PTK u PTY ¢ HeckonbKUMU NyIbTaAMH YIPABIEHUS JOJLKHBI ObITh OCHAILIEHBI OJIOKMPOBKaMH,
MCKJTIOYAIOIIMMH BO3MOXHOCTh OJTHOBPEMEHHOTO YIPaBIEHUS OJTHUM U TEM ke 000pyJ0BaHHEM
OT Pa3JIMYHBIX MYJIbTOB.
Kaxx1p1i1 mynpT ynpaBiieHHs] TOKEH UMETh JIETKOAOCTYITHBIM OPraH aBapUMHOTO OTKIIFOUEHHS C
¢ukcanue B OTKIIOUEHHOM IOJIOKEHUH.
B cniygae mpumenenust B cocraBe PTK u PTY I1P 3apy6exxHbIx Moaenelt He0OX0AMMO 1IBETOBOE
0ohOopMIIEHHE WX COCTABHBIX YacTel MpuBecTH B cooTBeTCTBUE ¢ TpeboBanmsimu ['OCT 12.4.026,
a CUMBOJIBI OpraHoB yrpasiyeHus - B coorBerctue ¢ [[OCT 12.4.040 .
Pazmemenue trexnonorudeckoro obopymnoBanus u [IP va PTK unu PTY nomxno oGecnieunBaTh
CBOOOJIHBIN, yHOOHBIH W O€30MacHBIM JIOCTYNT K HHUM OOCITY)KHBAIOIIETO IEepCOHANIa MPH
MIPOrpaMMUPOBAHUH, 0OYYEHHUH, HaJIaIKe U PEMOHTE.
PaccrosiHue Mex 1y HemoJBMKHBIMU HanboJiee BHICTYMAOIIUMU YacTAMU 000py10BaHus,
ycranoBieHHOTO B PTK wint PTY, B MecTax, rjie BO3MOKEH MPOXO/I YEIOBEKA B IIPOIIECCE
o0cIyKMBaHUS WK HAJIAKU, JOJDKHO ObITh He MeHee 500 MM, MeKy OJIBUKHBIMU - HE MEHEe
750 mM. B mpoTuBHOM cityyae HEOOXOAMMO UCKIIOYUTH BOZMOKHOCTh IPOXOJa YeJIOBeKa
MEXAY 3TUM 000PYI0BAHUEM.
[Inanuposky PTK u PTVY crnemyer mpoBOIUTH C Yy4E€TOM T€OMETPUYECKHUX XapaKTEPUCTUK
pabouero mnpoctpanctBa [IP, nelcTByrOIIMX HOPM TEXHOJOTHYECKOTO MPOEKTUPOBAHUS
COOTBETCTBYIOIIUX IMPOU3BOJICTB U KOHCTPYKTUBHBIX ocobeHHocrei [1P.
[1P nomkeH ycTaHaBIUBATHCSA TaKUM 00pa3oM, YTOOBI HCKITIOYAIaCh BO3MOXKHOCTD
ctonkHoBeHus 1P ¢ npyrumu noABM>XHBIMH 3JIEMEHTaMU COTPSHKEHHOTO 000pyI0BaHUS.
Paccrosinne ot pabouero mpoctpanctBa [IP 10 HEMOABMXXHBIX MPEIMETOB (HAPUMEP OMOPHI
3/1aHusl, MOTOJIOYHBIE OalIKH, MEPEeropojku) IOJKHO ObITh He MeHee 750 MM. DTO ycioBue He
OTHOCHUTCSI K CONPSKEHHOMY OOOpYIOBAaHUIO (HAIPUMEP YCTPOWCTBA aBTOMATUYECKON CMEHBI
WHCTPYMEHTA, TAKTOBBIE CTOJIBI, TPAHCIIOPTHOE 00OpyaoBaHue, oocmyxuBaemsbie [1P crankn).
B3aumHoe pacnonoxenue [IP, OCHOBHOrO M  BCIHOMOTATEIBHOIO  TEXHOJOTMYECKOIO
obopynoBanus B cocrae PTK u PTY pomkHO McKIOYaTh BO3HHMKHOBEHHE OTACHOCTH IS
NepCOHaa, OCYLIECTBISIONIETO0 BPYYHYIO TpPAaHCIOPTUPOBAHUE HCKIIAJAUPOBaHHE OOBEKTOB
MaHUIyJIUPOBaHUs (MaTepualioB, MHCTPYMEHTa, netaneil u T.71.). [lepudepuiinpie ycTpoiicTsa,
KOTOpbIE OOCITY)XKHMBAIOTCS BpPYYHYIO, JOJDKHBI OBITh pPAcIOJIOKEHbl BHE OrPaXIECHHOTO
npoctpanctsa [1P.
st oOciyxuBanus [1P, aeMeHThl KOTOPOTO pacroiokeHbl Ha BeicoTe Ooee yem 1800 mm,
HE00X0AMMO MPETYCMOTPETh JOMOTHUTEIbHbIE TOJCTABKH UIIH JICCTHUIIBI.
Ycranoska I1P u ero nepudepuitHbIX YCTpOICTB He TOJKHA YBEIMYUBATh 110KAPOOTACHOCTh
nomenienusa. Heo6xoaumo obGecrednts CBOOOIHBIN MOAX0 K 000PYI0BaHUIO U BO3MOXKHOCTh
IIPUMEHEHUSI CPENICTB M0KAPOTYILIEHUS.
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Cucrema ympasinenus PTK u PTY nomkna oGecrieunBaTh BO3MOKHOCTh OTJEIIBHOTO BKITIOYCHHUS
B paboty IIP u TexHomornyeckoro oOOpYIOBaHUS U Pa3AeibHOTO BBINOJHEHHS paboT mpu
HaJaJIKe U TEXHUYECKOM 00CITyKUBAHUU.

Orpakaalomue 1 3alIUTHbIE YCTPOICTBA

CranmoHapHbIe OTpaXXICHHUS B COUETAHNUU C OJIOKUPOBOYHBIMH YCTPOHCTBAMH WIIH
ycTpoiicTBaMu 00HApYKEHUs JOJKHBI UCKIH0YAaTh BO3MOKHOCTD CIIy4alHOTO MOMaJaHUsI
genoBeka B orpaxaeHHoe npoctpanctBo PTK u PTY npu paboTe B aBTOMaTHYECKOM PEXUME.
IIpu pacuere pa3MepoB OrPAKIEHHOIO MPOCTPAHCTBA JIOJKHBI OBITH IPELYCMOTPEHBI
HEOOXOJMMBIE PACCTOSIHUS MEXIY CTalMOHAPHBIMU OTPXKICHHSIMH W TpaHUIAMU paboyero
npoctpanctBa [IP, TexHomormdeckuM o0O0OpyIOBaHHEM JUIS YAOOHOTO U 0€30MMacHOro
BBITIOJIHEHUST ONepalfii [porpaMMUpoBaHusi, oOydeHHs, peMoHTa | Hamagku [IP u
0o0opy/noBaHUsl KOMIUIEKCa WU ydacTka. [Ipu 3ToM cienyer yuuThIBaThb CHUCTEMY KOOpPJWHAT,
tun ¥ yucio [IP, a Takxke aHTpormomeTpuyeckue daHHbIEe M padouyio O3y omeparopa MHpu
BBINIOJIHEHUH onepaliuy no oocimyxuBanuio [IP 1 0cHOBHOTO TeXHOJIOTHYECKOro 000py10BaHNUS.
CranuoHapHble OTpaXkJIeHUS JOJKHBI COOTBETCTBOBATH CIIEAYIOUIUM TPEOOBAHUSIM:

- UIMETh [IPOYHOCTh, 00ECTIEYNBAIOLYIO 3aIIUTY JIUI U 0OCITYKMBAIOIIETO IepCOHaa MPU X
ClIydaifHOM BO3AECWCTBUU Ha OIPAXKICHMSI MU NPU BIOpOce 00BEKTOB MAHUITYIMPOBAHMUS, U
cooTBercTBOBaTh TpeboBanusM ['OCT 12.2.062;

- o0ecrieynBaTh MPOXOJ YEIOBEKA B OTPakI€HHOE ITPOCTPAHCTBO TOJIBKO Yepe3 MecTa,
000pyI0BaHHBIE OJIOKMPOBOYHBIMU YCTPONUCTBAMH.

- JIOJDKHBI OBITH HA/IEKHO 3aKPETJICHbl HA MECTE YCTAHOBKH, CHATHE WU TIEpEMEIICHHUE UX
JIOJI’KHO OBITH HEBO3MOKHO 0€3 MPUMEHEHHUS CIEeIMaTbHOTO MHCTPYMEHTA;

- HE 3aTpydHsTh OOCITYKHBAIOIIEMY T[E€pCOHAly BHU3YaJIbHBI KOHTpPOJb 3a paboTOi
TEXHOJIOTHYECKOT0 000PYA0BaHUS KOMIUIEKCA,;

- UMETh CUTHAJIbHYIO OKpacKy M 3Haku O6e3onacHoctr o ['OCT 12.4.026.

B nononHeHne K OrpakIaroluM 3alIUTHBIM YCTPOMCTBAM JOIYCKAETCsl yCTaHABIUBATh B
OTPaKICHHOM IIPOCTPAHCTBE CPENCTBA NIPEAYIPEAUTEIPHON CUTHAIN3ALUN.

B cnydae mepememenus [P 0ObeKTOB MaHWUNyTWpOBAHUS HAJ IPOXOJAMH, IMPOE3TaMUu U
pabounMu MecTaMH HEOOXOAMMO YCTaHaBIMBATh IOJ 30HOM JABMXEHMS MCIOJHUTEIbHBIX
ycrpoiictB IIP 3ammuTHBIE CETKM WIM Apyrue YCTPOMCTBA, HMCKIIOYAKOLIUE TPAaBMUPOBAHHE
YeJioBeKa IpH CIlydalfHOM IaleHUH 00BEKTa MAaHUITYIUPOBAHUS.

[Ipu BBIMOJIHEHNK omepaluii oocayxuBanus [1P Ha pexxumax ¢ MOHUKEHHOW CKOPOCTHIO
JBYDKEHUS JI0JDKHA OBITh ITPEyCMOTPEHA BO3MOXKHOCTD BBIKITFOUEHHSI OJIOKHPOBOYHBIX
YCTPOMCTB M YCTPOMCTB CONPSDKEHUS. BBIKIIOUEHNE JOIDKHO OCYILECTBIISTHCS C IPUMEHEHUEM
CIELIMAJIBHOTO MHCTPYMEHTA.

Cucrema ympaiieHHs] pOOOTU3HPOBAHHBIM TEXHOJIOTHYECKUM KOMIUIEKCOM J0JDKHA
o0ecreynBaTh aBTOMAaTUYECKYI0 CMEHY 3aIOTOBOK IPH YCIOBUSX:

- HaJeKHOW (PUKCAIMM 3arOTOBKM B 3aXBaTHOM YycTpoiictBe IIP M roToBHOCTH 3a)KMMHOTO
YCTPOMCTBA TEXHOJIOTHYECKOT0 000PYI0BaHMSI K IPUEMY 3arOTOBKH;

- OKOHYaHMS 32KMMa 3arOTOBKH B 38KUMHOM YCTPOMCTBE TEXHOJIOTHYECKOTO 000PYI0BaHUS U
pazkuma 3axBaTHOro ycrporcrsa [1P;

- OKOHYaHMsI 00pabOTKM 3arOTOBKH, Ha/IEKHOM (PUKCAIIMK 3arOTOBKU 3aXBATHBIM YCTPOICTBOM
1P u pazxuMa 3aKMMHOTO YCTPOHCTBA TEXHOJIOTHYECKOTO 000PYAOBaHUS.

Opranunszanus padéo4ux mecr

[Tynst ynpasnenuss PTK u PTVY, kak nmpaBuiio, 10JbKeH ObITh pa3MelleH 3a MpeJieslaMu
orpaxeHHoro npocrpanctsa. [Ipu 3ToM onepatopy aAoiKHa ObITh 0OecriedeHa BO3MOKHOCTb
0030pa 30HbI 00pabOTKH OrpakaeHHoro nmpoctpanctsa [1P u npoctpancTBa 3a ero npenenamu
o 'OCT 22269 .

Ecnu nyneT ynpaBieHHs yCTaHOBIIEH B NIPEAEIaxX OrpakJI€HHOTO IMPOCTPAHCTBA, TO €r0
PacroJIOKEHUE JTOJKHO UCKIIIOYaTh BO3MOYKHOCTD BO3JIEMCTBUS Ha ONIEPATOPA OMACHBIX
MIPOU3BO/ICTBEHHBIX (PaKTOPOB. B 3TOM ciydae BxoaHas ABEPh CTALIMOHAPHOTO OIPaXKICHUS
J0JKHA OBITh 000py0BaHa HU(POBHIM (KOJIOBBIM) 3aMKOM, a YCTPOHCTBA OOHAPYKEHHS
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JIOJIKHBI OBITh YCTAHOBIICHBI IO TPAHUIIAM OTpakeHHoro mpoctpanctsa [1P. JlomkHa ObITh
WCKITIOYCHA BO3MOYKHOCTh BKJIFOUEHUS OIIEPATOPOM aBTOMATUYECKOTO PeXUMa PabOTHI
KOMILJIEKCA WJIM y9acTKa MPU OTKIIFOUEHUU YCTPONCTBA OOHAPYKCHHUS.

OCBeIICHHOCTh IMyJIbTa YIpaBJieHUs NOJkHA ObITh He MeHee 400 nk. SpKOCTh CBETSIIUXCS
3JIEMEHTOB M CUMBOJIOB Ha IAHENW MyJbTa YIPaBJICHUs JODKHA 00ecrieunBaTh UX MPABUIIbHOE
BOCIIPUSATHE U UCKIIIOYATh OCJICTUICHHE OTlepaTopa.

PTY 6onbmoit mpotsokeHHOCTH (601€e 10 M) TOJDKHBI OBITH OCHAIICHBI JIOTIOJTHUTCIIEHBIMH
OopraHaMy aBapuUHOTO OTKJIIOYEHUS, PACTIONOKEHHBIMHA Ha PACCTOSIHUM He Oosiee 4 M APYyT OT
Apyra.

[Ipu pazmenienun nyapToB ynpasnenus PTK umu PTY B 3akpbIThiX KaOMHAX MUHUMAaJIbHBIE
BHYTPEHHHE pa3Mepbl KaOUHBI 10JIKHBI ObITh:

BeIcoTa - 2100 MM,

mupuHa - 1700 MM,

mmHa - 2000 M.

Hlupuna neepHoro mpoema - 600 mm.

KaGuHb! 10/KHBI OBITH OCHAIIEHB! IPUTOUHOM BeHTU sAIMeH. [IpeanodTuTenbHbIM SBISETCS
000pynoBaHUe KaOMH CHCTEMOW KOHIMIIMOHUPOBAHUS BO3/yXa. TemMreparypa, OTHOCUTEIIbHAS
BII&YKHOCTh, CKOPOCTh JIBUKEHHUS BO3/IyXa U COJEP>KaHUE BPEIHBIX BEIIECTB B BO3yXe KaOWH 1
MeTo bl ucnbiTanuil - mo 'OCT 12.1.005 . UHTEHCUBHOCTB JIyYUCTOTO MOTOKA YEPE3 CMOTPOBHIE
OKHa JIOJDKHA OBITH He Gostee 1260 xJ[/M%. YpoBHH 3ByKa B Kabure - mo T'OCT 12.1.003 .

[Tpu ucnonwszoBanum [1P 11 BeIMOMHEHUS pabOT, CBSI3aHHBIX C TIOBBIIEHHOH 3aMbIJICHHOCTHIO 1
3ara3oBaHHOCTBIO, TIOBBIIMICHHBIM YPOBHEM HOHU3HPYIOMIETO W3JIY4eHUS W T.A., JOJDKHA
MIPUMEHSATHCS 3aKpbhITas Kamepa, BXOJ B KOTOPYIO JIOJDKEH OBITh COJIOKMPOBAH C CHCTEMOM
ynpasieHus. Kamepa mommkHa ObITh 000py/IoBaHa CMOTPOBBIM OKHOM. IlynsT ympaBienus I1P
JOJIKEeH OBITh pa3MelIeH 3a Mpe/iellaMHi KaMepbl POM CO CMOTPOBBIM OKHOM.

B npou3BoACTBEHHBIX TOMELIEHUSX, T/Ie UCTIOJb3YyI0TCA noABMkHbIE [1P, Heobxonumo
0003HAYUTH TPAHCIIOPTHBIE MYTH CIUIONITHBIMH JUHUAMHY mUpHUHOU 50 - 100 MM, HAHOCUMBIMU
Ha MOBEPXHOCTH M0JIa KEJITOM KPACKOM, CTOMKOM K nuctupanuto. [llupuna stux myrei noKHa
ObITH paBHA MakcuMaabHOU mmpuHe [1P mmtoc 200 MM npu ABMKEHUHU B OJJHOM HaIlpaBICHUN
(o 100 MM ¢ 06enx ctopoH) u 300 MM - ipu BeTpeuHoM aBmkeHud (1o 100 MM ¢ 06erx cTopoH
u 100 MM MeX Ty TPAaHCIOPTHBIMU CPEACTBAMU).

Pa3merka myteit B 30He pazBopoTa (moBopota) [1P 3aBucut ot Buaa [1P u onpenensercs
JKCIIEPUMEHTAIIBHO.

3anpeniaercsa 0JHOBPEMEHHOE UCIIOIb30BAHNE TPAHCIIOPTHBIX MyTel NOoABMKHBIMU [P 1
00CTyKUBAIOLIUM IEPCOHATIOM.

B 30ne pazmemienus PTK nnu PTY ocBemenHocts 060pynoBanus qo/bkHa ObITh HE MeHee 300
JIK.

Jl1s 00111ero ocBeleHus MOMENICHHs] OTHOLIIEHHE MaKCUMAaTbHOM OCBEIIEHHOCTH K
MUHUMAaJbHON HE TOJDKHO mpeBbimaTh 1,5. Koadduiuent nynscaum 10KeH ObITh He Oosiee
20 %.

[Ipu mocTosTHHOM HAOJIIOICHUY 32 X0JI0M ITpou3BoAcTBeHHOTO Tporiecca Ha PTK wnmm PTY, a
Tak)Ke MPH PEMOHTHBIX padOTax OCBEIICHHOCTh B paboueM MPOCTPAaHCTBE 000PYI0BaAHUS
noxHa cocTaBiaTh 1500 K mpyu KOMOMHUPOBAHHOM OCBEIIEHUH (0011ee TII0C MECTHOE).

[Tpu mepuoanyeckoM HaOIIOIEHUH 32 XOJ0M ITPOU3BOICTBEHHOTO MPOIIECCa OCBEIICHHOCTh
MO>KET OBITh CHIKEHA A0 750 JK MpH UCIIOJIb30BaHUU CBETUIILHUKOB MECTHOTO OCBEIICHUS,
000pyIOBaHHBIX CBETOPETYIATOPAMH.

PTK u PTY momxHbI OBITH OCHAIIIEHBI OJIOKUPYIOIUMHU YCTPOHCTBAMU, 00ECTIEYNBAIOIIUMU
BBIKITIOYCHHE KOMITJIEKCA MIIM y9acTKa TM00 OTAEIBHBIX MX YacTel B Cllydae HapyIICHUs
POOOTH3UPOBAHHOTO MPOIIEcca, 0TKa3a 000PYI0BaHMsI, BEIXOJIa TAPAMETPOB YJHEPTOHOCUTEIEH
3a I0MyCTUMBIE MPEEIbI.
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Bxon B 30HY OTpaskJIeHHUs TOJDKEH OBITh COJIOKMPOBAH C CUCTEMON YIPaBICHHUS.
broknpoBoUHbIE YCTPONCTBA AOJKHBI 00€ciedBaTh OCTaHOBKY ABMkeHMs 1P npu Bxozae
4eJI0BEKa B ATy 30HY.

B TexHmuecku 000CHOBAHHBIX CITy4asX JOIMYCKAeTCs UCIOIb30BATh BXOAHYIO IBEPb,
000pyIOBaHHYIO IU(PPOBBIM 3aMKOM.

Ha nBepu nomken ObITh ycTaHOBIIEH 3HaK «Bxon Bocnpenien» no 'OCT 12.4.026.

2.4 TpakTnyeckoe 3aHaTue Ne4 (0,5 yaca).

Tema: «CuctemMbl IPOrpaMMHOTO YIIPABICHUS IPOMBIIIJIEHHBIX POOOTOB»
2.4.1 KpaTkoe onucanue NpoBoANMOro 3aHATHA:

Kak ormedyeHo Belme, cucTeMa YIPaBICHUS, SBJISACH OCHOBHOM COCTAaBHOM YaCThIO
MH(POPMAITMOHHO-YIIPABJISIONIEH CHUCTEMBbI, O00€CIeUnBaeT BBIPAOOTKY 3aKOHA YIIpaBJICHUS
WCTIOJHUTENBHBIMH YCTPOUCTBAMH po0O0Ta U (HOPMUPOBAHHE YITPABISIONIUX CUTHAJIOB.

Cucremspl ynpaBjieHHs poOOTOB KJIACCU(PUIUPYIOTCS MO METOJy YyIpaBieHHs (WU CTENEeHU
HEMOCPEJCTBEHHOIO Yy4acTHUs B YIpPaBICHUHM 4YeJIOBEKa-ONepaTropa), MPUHIMUILY YIPaBICHUS,
TUITY CUCTEMBI YIIPaBIEHUS, CIOCO0Y MO3UIIMOHUPOBAHUS, CIOCOOY IPEICTaBICHHS] KOMaHHON
nH(popmaluy, cnocody NporpaMMHUpPOBaHUs, 00bEMY ITAMSITH.

Ilo MECTOAY yHpaBJICHUA, UM CTCIICHU HCEIIOCPCACTBCHHOI'O Y4YaCTHA B YIIPABJICHHWH YCJIOBCKA-
oriepaTopa, pa3IMYaroTCsl aBTOMATH3UPOBAHHBIC M AaBTOMATHYECKHE CHUCTEMBI yIpaBlieHUs. B
aBTOMaTU3UpOBaHHBIX CY Hapsay ¢ aBTOMaTHYECKUM JCHCTBUEM 4YacTh (DYHKIMH yIpaBICHUS
BBITIOJTHSIET YEJIOBEK-0oTiepaTop (OMOTEXHUUECKHE U MHTEPAKTUBHBIC POOOTHI). ABTOMAaTHYCCKUE
CY obecrieunBatoT yrpaBieHHs 0e3 HEMOCPEJICTBEHHOIO YdacTusi dYelloBeKa-oleparopa
(aBTOHOMHBIEC POOOTHI).

B 3aBucumocTu 0T Ha3HAYeHMS U YCIOBHUI KOHKPETHOTO NMPUMEHEHHsS B CUCTEMAaX YIPaBJICHUS
MOTYT pEaM30BBIBATHCS MPUHIUIBI YIIPABICHUS MPOTPAMMHOTO (KECTKOIPOrpaMMHUPYEMOTro),
a/IalITUBHOTO ¥ MHTEJUIEKTYAJIbHOTO (THOKOTIPOrpaMMHUPYEMOTO).

CucremMbl  KECTKONPOTPAMHPYEMOTO  yIpaBlIeHHs TpeOyloT CTPOroil  omnpeaeseHHOCTH,
MIOCTOSIHCTBA MapaMeTpOB M -yCJIOBHUIl BBIMIOJHSAEMON pabOThl, a MporpaMMa COIEPKUT 00beM
uH(popMalLlUY, HE U3MEHSIOLIEHCS B Mpolecce paboThl, B CBSA3U C Y€M Cpella MaHUITYyIUPOBAHUS
poboTa noyKHA OBITH OPraHM30BaHHOW, T.€. BCE MPEAMETbl, MHCTPYMEHThl U OOBEKTHI, C
KOTOPBIMH B3aUMOJIEHCTBYET pPOOOT B IMpOliecce BBHIMOJHEHHUS pabOuuX OIepanuid, JOJHKHBI
HaXOJHUThCSI B OMNpPEACTICHHBIX MECTaX M UMETh CTPOrO OINpPEAETCHHYI0 MPOCTPAHCTBEHHYIO
opueHTanuio. briarogaps cBoeil mpocToTe, CHUCTEMBI MPOTPAMMHOIO YIPABJICHUS HIMPOKO
MPUMEHSIOTCS B MPOMBINIJIEHHBIX pPOOOTax, 4YTO, B CBOIO OYepelb, CIOCOOCTBYET UX
JalbHENIIIeMy COBEPIICHCTBOBAHHUIO.

CucrteMbl aJanTUBHOTO YIPABIEHHS HE COJEp)KaT MOJHOM HH(pOpMaluMu O mHapamerpax u
YCJIOBHSAX BBINOJHAEMOM paboThl: 0OOBIYHO MpOrpamMma BKJIHOYaeT UH(OPMAIMIO O HA4YalbHOM U
KOHEUHOM IOJIOKEHHUSIX pabodyero opraHa MaHUIYJISATOpa ¢ HAOOpOM aJIrOpUTMOB MOBEICHHUS
po0oTa B 3aBUCHUMOCTH OT BO3MOJKHBIX COCTOSTHMI BHEILIHEH cpelibl, a CEHCOpHOE o0ecreyeHue
MIO3BOJISIET aBTOMAaTHYECKH KOPPEKTHPOBAaTh MPOTrpaMMHBIE JNEMCTBHS HAa OCHOBE IOJIy4aeMOM
uHbOpMallMKM TyTEM COOTBETCTBYIOILEIO M3MEHEHMs YIpPaBISAIOIIMX BO3JEHCTBUI, T.€.
JIOTIOJTHUTEBHO pearupoBaTh Ha H3MEHEHHE MapaMeTpoB M YCIOBUH pabOThl HM3MEHEHHEM
aJITOPUTMA YIPABICHMS, YTO YIy4yllaeT KauecTBO YIPABJICHHUS, YIPOIIAET NPOrpaMMHUpPOBaHHE,
pacupsieT BO3MOXKHOCTH poOoTa. CHCTEMbl aJanTHBHOTO YIPaBJIEHUS MPUMEHSIOTCS B
OKpPacCOYHBIX, CBAPOUHBIX U COOPOUHBIX MPOMBIIUIEHHBIX POOOTaX

HawubGomee COBCPHICHHBI MHTCIUICKTYAJIbHBIC CHCTCMBI YIIPABJICHUS, CIIOCOOHBIE (I)OpMHpOBaTB
nporpaMmmy JIencTBUi p060Ta B COOTBCTCTBHHU C ITOCTABJICHHBIMHA 06H_II/IMI/I OCJIsIMHA U 3aja4aMU B
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YCIIOBUSX HEOMPECICHHOCTH apaMeTPOB BBIMOJHIEMON pabOThl U OKPYXKAIOIICH 00CTaHOBKH,
T.€. pellaTh MHTEJUIEKTyaJIbHbIE 3aJayd IOCPEACTBOM IOJYYEHUs, 3alOMHUHAHUSA U
I[[EJICHANIPABJICHHOTO MpeoOpa3oBaHuss WHPOpPMAIMK B Tpolecce OOydeHUS U BBITIOJHEHUS
JIEMCTBUM, a TaKXKe aJanTally K U3MEHSIOIMUMCS YCIOBUSAM BHEIIHEN cpelbl. Takue CUCTEMBI,
coo0pasysick ¢ uH(pOpPMAIUEH, MOTy4aeMO ¢ TIOMOIIBI0 CEHCOPHBIX YCTPOMCTB, POPMHUPYIOT B
MaMsITH MOJIeTIb BHEIIHEW Cpejbl, BBIPA0ATHIBAIOT IUJIaH JEHCTBUM, HAKAaIUIMBash OMNBIT H
CaMOCOBEPILICHCTBYSICh B Ipollecce OOydeHMsI, BBITIOJHEHHUS PaOOThI M B3aUMOJCUCTBHS C
BHemHeW cpenoi. Wuremnektyanpubie CY Haxomdarcs TOKa B CTAIuU  TEOPETHYECKOM,
IKCIIEPUMEHTAIBLHON U OMBITHO-KOHCTPYKTOPCKOH pa3paboOTKH.

[To criocoOy ynpaBlieHUs CHCTEMBbI YITPABJICHUS PA3ACISIOTCS Ha PA30MKHYTBIC U 3aMKHYThIC. B
pa3oMkHyTEIX CY OTCYTCTBYeT BXOJHAas HH(OpPMAIMSA O COCTOSHUM pPOOOTa M BHEIIHEH
00CTaHOBKH, NO3TOMY Il YIPABJIEHUS HEOOXOJAMMO TOUHOE COOJIIO/IEHHE BCEX MapaMeTpoB U
YCIIOBUH TEXHOJIOTHYECKOTO TPOIECCE, & TAKKE M TMOCTOSIHCTBA (PU3UYECKUX XapaKTEPUCTHK
po6ota M3meHeHne »TUX XapaKTEPUCTHK B mpoliecce padoThl (MOsBIeHUE TO(PTOB, U3MEHEHNE
MOMEHTOB W CHJI CONPOTHBJICHHI B IIApHUpaX W Mepefadax M T.M.) TPUBOJAUT K U3MEHEHHIO
TOYHOCTHBIX MapaMeTPOB MO3UIIMOHUPOBAHUS, CHIKAS IKCILTyaTallUOHHYIO HAJIE)KHOCTh poOOTa

[IpermyriecTBeHHOE TNPUMEHEHHE B TPOMBIIUIEHHBIX po0OTax HaxoAsaT 3aMkHyThle CVY,
JUIIEHHBIE 3TUX HEJAOCTATKOB. OJEMEHTHl TNPUBOJA W MCIOJHUTEIBHBIX OPraHoB B HHX
OXBayeHbl KaK BHYTPEHHUMH, TaK M BHEIIHHUMU OOpaTHBIMH CBA3SIMH, a YIIpaBJICHUE
OCYILIECTBJISIETCS C YUETOM TEKYIINX TapaMeTPOB COCTOSIHUS poOoTa

KoHCTpyKTHBHOE TOCTpPOCHHE, CJIOKHOCTh U (YHKIIMOHAJIBHBIE BO3MOXXHOCTH CHCTEMBI
VOpaBJICHUS B 3HAUYUTEIHHOW MeEpe OMNPEeACNSIOTCS THUIIOM YIPABJICHHUS - IIUKIOBBIM,
MO3UIIMOHHBIM, KOHTYPHBIM WM aAanTuBHbIM. OTH CY OTIMYAlOTCS Opyr OT Apyra mpexse
BCErO COJCpaHHMEeM KOMaHIHOW WH(OpMAalMM, VYIPaBJISAIONIEH JABM)KEHHEM MaHUILY-
JSIUUOHHBIX 3BEHBEB poOOTA

[uxmnoBas cucrema mporpammuoro ympasieHus (LICITY) - cucrema ymnpaBieHus, B KOTOPOH
KOMaHJHasi WHGOpMalUs COICPXKUT MNPU3HAK 3BEHA MAHUIYJIATOpa M HAIMpaBJIEHUE €ro
nBukeHus. [lukinoBoe ympaBlieHHWE SBISETCS MpocTeiimuM, obecreunBasi B OCHOBHOM
JBYXTOUEYHOE MO3UIIMOHUPOBAHKE, OCYIIECTBIISIEMOE O KECTKUM YIOpaM, PacioIoKEHHBIM B
KpallHUX TMOJIOXKEHUSIX, W NPHUMEHSETCS IpPH BBINOJIHEHUH MPOMBINIICHHBIMA poOOTaMH
BCIIOMOTATENbHBIX Onepanuil (pu 00CTy>KUBAaHUU CTAaHKOB, PECCOB, TUTEHHBIX MAIIHH U T. IL.).

[To3unmonnas cucrema nporpammuoro ympasieHus (IICITY) - cucrema ynpaBiieHusi, B KOTOPOM
KOMaHJHasi MH(OpMaLUs COJACPKUT KpoMe MpHU3HAKa 3BEHA M HANpaBICHUS IBIKCHHS elle U
BEMUYMHY  nepeMenieHus.  [lo3UIMOHHBIE  CHUCTEMBI €  HEOONBIIMM  KOJIUYECTBOM
MPOrpaMMUPYEMBIX TOUYEK COKpallleHHO 0003HauyaroTcsi B jurTeparype ptp (point-to-point), ¢
0onbpIIMM HAOOPOM 3alOMUHAEMbIX TO4YeK - mp (multi point). [lo3unmonHoe ympaBieHue
poOOTOB siBiieTCs OoJiee CIIOKHBIM, OOECreunBas MHOTOTOYEYHOE MO3UIIMOHUPOBAHME, JUIS
4ero CoAepKUT WHGOPMALUIO O TIOJOXKEHUU 3BEHHEB HEMOCPEACTBEHHO B IPOrPAMMHOM
obecrnieueHuu, obnamaroT 00IbIIUMU TEXHOJIOTMYECKUMHU BO3MOXXHOCTSIMU u
YHHUBEpPCATbHOCTHIO. [IpoMbInneHHbie poOOThl ¢ TO3UIMOHHHON CVY mnpuMeHstoTcs s
oOcykUBaHUSI 000PYIOBaHUS UM TPYII 000PYAOBaHUSA, a TAKXKE JUIsl BHIIOTHEHHS] OCHOBHBIX
TEXHOJIOTHYECKHUX OTIepaIuii.

KontypHas cucrema nporpammuoro ympasienus (KCIIY) - cucrema ympaBieHus, B KOTOPOU
KOMaHJHas WHGOpMaIUs COACPKHUT KpoMe TMpH3HAKa 3BEHA, HAMPaBICHHUS U BEIHYUHBI
MEepeMeIeHusT eIle W MapaMeTpbl TPAeKTOpUH (KOHTypa), MO KOTOPOM OCYIIECTBISETCS
IBUKeHHe. Takue CcUCTeMbl 0003HAYalT coKpamieHHo cp (continuous paht). Kontyphoe
yhpaBieHHe oOecreynBaeT TepeMelIeHHe 3BEHbEB MAHUMYISITOpa [0  HEMPephIBHOU
TpaeKTOpUH, 00Ja/laeT BBHICOKOW YHHUBEPCAIBHOCTHIO M 3HAYUTEIBLHBIMH TEXHOJIOTHYECKUMU
BO3MOXHOCTSIMU. [IpoMbInieHHbIe poO0Thl KOHTYpHOU CVY TPUMEHSIOTCS Ui BBITOTHEHHUS,
KaK TPaBWJIO, OCHOBHBIX, a HE BCIIOMOTATENIbHBIX TEXHOJOTHYECKHX OIepaluii, Hampumep,
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cOOpPKH, OKPACKH, HAHECEHHUsI IMaJICH, KOHTYPHOU CBapKH, HMUIM(OBKH CBAPHBIX IIIBOB, ra30BOM
PE3KH U T. II.

[ToMuMO pacCMOTPEHHBIX, TMOJYYWIH PACHPOCTPAHCHUE pAa3IHYHbIe KOMOMHUPOBAHHBIC
CHUCTEMBI YIPABJICHHS, B KOTOPBIX COYETAIOTCS LUUKJIOBOM, MO3ULIMOHHBIM WU KOHTYPHBIMA THIIbI
ynpaBieHusi. B mocnegHee BpeMsi CTaidd BBIIEISATH B KaueCTBE OTACIBHOTO THIA TaKXKe
aJanTUBHYIO cUCTeMy mnporpammuoro ymnpasieHus (ACIIY), obGmagarouryio 3HAYUTEIBHO
OOJBIIMMH TEXHUYCCKHMH BO3MOXKHOCTSIMH, Ollarojaps CHUCTeMaM OYYBCTBIICHUSI Ha 0ase
TaKTWIBHBIX, JIOKAIIMOHHBIX, TEJIIEBU3UOHHBIX U APYTMX CEHCOPHBIX YCTPOWCTB, MO3BOJISIONIAX
OTIPEJICIIATH TIOJIOKEHUE, KOH(DUTYPALIUIO U APYTrue 0COOCHHOCTH 0OBEKTOB MAHMITYJIMPOBAHHUSL.
Takue CY peanusyrorcs 00blvHO Ha 0Oa3ze MHUHH-OBM u wuckimouaror HEOOXOAMMOCTH B
CJIOKHBIX YCTPOMCTBax MJii OPUEHTHUPOBAHUS M TO3WIMOHUPOBAHUS JETaleH, YIpoIamT
YKOPSIIOT TIEPeX0J K HOBBIM OIepaiusiM. ATaTUBHBIE CHCTEMbI YIIPABJICHHS MPOMBIIIIEHHBIX
POOOTOB MO3BOJISIOT BBITIOTHATH TEXHOJIOTHYECKHE TTPOIIECCH CBAPKH, COOPKH, MOHTAXa.

[To cnocoOy MO3UIMOHUPOBAHUSI CHCTEMBI YIPABICHUSI Pa3CSAIOTCS HAa TO3UIMOHHBIE,
KOHTYpHbIE M KOMOWHHpOBaHHBIE. [Ipu MO3UIIMOHHOM YIpPaBJICHUH 3aJal0TCS HadalbHOE W
KOHEUYHOE TOJIOKEeHUS pabovynxX opraHoB poOOTOB, a UX MEPEMEIICHHNE MPOUCXOIUT "OT TOUKHU K
TOUYKe" B COOTBETCTBUH C 3aJJaHHOM mporpaMmoi. B cBoto ouepenp, no3unmonueie CY nensites
Ha MaJIOTOYEYHBIE C YHCIOM TOYEK TMO3UIMOHUPOBAHUSA, HE 0oJieeé BOCBMHUIECATH U
MHOTOTOYEYHBIE C YUCIOM MPOTrPaMMHUPYEMBIX MO3UIIMI 10 HECKOJIBKUX COTEH, OrPaHUYECHHBIM
JUITHE 00FEMOM TTAMATH U TIOTPENTHOCTHIO TTO3UITMOHUPOBaHUS. 346

[Ipy KOHTYpHOM MO3UIMOHUPOBAHUH TOJIOKEHHE pabdoyero opraHa OMNpPEAETIeHO B KaxAbIi
MOMEHT BpPEMEHH, T.€. OCYLIECTBIISIETCS HEMPEPHIBHOE MO3UIMHUPOBAHUE C YYETOM MOJAETHU
BHEIIHEHN cpe/ibl M BHYTPEHHET0 COCTOSHUS KUHEMaTHUECKUX LIeTield caMoro podoTa

B xomOunupoBanusix CY obecrieuynBaeTcs Kak MO3UIMOHHOE, TaK U KOHTYPHOE YIIpaBJICHHE.
Taxk, HarpuMep, B OKpaCOYHBIX U CBAPOUHBIX IMpOLeccax sl COKpAlleHus [UINTEIbHOCTH LUK
HaBeJIeHHe paboyero opraia MpOMBIIIJIEHHOTO poO0Ta B UCXOHYIO TO3UIUIO MPOU3BOIUTCS T10
yrnopaMm (TMO3ULIMOHHOE YIpaBJICHHUE), a MPH BBIIOJHEHUU C UX ONEpalUid OKpPAcKH M CBApKU
MIPUMEHSIETCS] HEMTPEPhIBHOE KOHTYPHOE MO3UIIUOHUPOBAHHE.

[Io cnocoOy mpenacTaBieHUs KOMaHIHOW MH(OpPMAIMM CUCTEMBbl YIpaBleHUS pPOOOTOB
pasnenaTcs Ha AIIEKTPOMEXaHUYECKHEe, LUKIOBbIe, aHAJIIOTOBbIE, YHCIOBbIE U rudpuaHbie. B
anekrpudeckux CY reomerpuyeckas HHPOpMaIMs MpeicTaBieHa B BUje (PU3HMUECKOTr0 aHajaora
- OIPENICJICHHOTO MOJIOKEHHUS yIopa, Kyllayka MM KOMHMpa, HACTPOWKH pejie BpeMEHU W T.II.
Nudopmanust 0 BpeMEHH U MOCIEI0BATEILHOCTH MOXKET 3a/1aBaThCs HEMEpeHaJaKHUBACMbIMU
cXeMaMu penieiiHO# aBToMaTuku. DnekTpoMexanudeckue CY Hambosee mpoCThl U ACUIEBBI, HO
(GyHKIIMOHATBHBIE BO3MOKHOCTH X OTPAHUYECHBI.

B cucremax nukinoBoro mporpammuoro ympasienus (L[ITY) reomerpuueckas wuHbopMmaius
3a/laeTcsl yIopaMH U COOTBETCTBYIOIIMMHU MEPEKIoYaTeIs MU (IITEKEPHBIMHU, KHOTOYHBIMU U
T.Il.), @ KOMaHjbl IMKJIa - B Buae uucen. [lepectpoiika mporpamMmbl CBOJUTCS K YCTaHOBKE
YIIOPOB U IMEPEKIIoYaTeNel B OMpPeIeICHHbBIE MOJI0KEHUS, a IPU UCTIOIb30BaHUH NIEP(OTICHTHI -
K YCTaHOBKE ee B cuuThiBaromiee yctpoiictBo. Cuctemsl LITY umeror HeGombIme rabapuTHbIE
pa3Mepsl U CTOMMOCTh U HIMPOKO MPUMEHSIOTCS Ul YIpaBlieHHs poOOTaMH C MallbIM YHCIOM
TOYEK MO3UIIMOHUPOBAHUSI.

B anamoroeeix CY I/IH(i)OpMaI_II/ISI 3a1aCTCd W XpaHUTCAd B BUJAC IMOTCHLUAJIOB, 4 B KAa4YC€CTBC
3JIEMEHTHOM 0a3bl HCIOJIB3YHOTCA pCIIArOIUEC U ONICPALMOHHBIC YCUIIUTCIIN IMOCTOSAHHOT'O TOKA.
CuctemMbl aHAJIOTOBOIO YIIpaBJICHUA 110 cBoeH IpoCcTOTC, CTOUMOCTH U (I)yHKI_II/IOHaJ'IBHBIM
BO3MOJKHOCTSIM OJIM3KH K OUKJIIOBBIM.

B cucremax umcnoBoro mnporpammuoro ynpasienus (UIIY) Bcs undopmarms 3amaercs B

YHUCIOBOM BHJIE M XpPaHUTCA Ha OBICTPOCMEHHBIX MPOTPAMMOHOCUTENSAX - TNep¢oJieHTax,

MarHUTHBIX JIEHTAX WM [IPOBOJIOKaX, MarHUTHBIX OapabaHax M auckax u T.1. Cucremsl UITY
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Oosiee CIIOKHBI, HO OOECIEYMBAIOT HAWIy4llne (YHKIMOHAJIHHBIE BO3MOXKHOCTH POOOTOB M
XOpOoHo CTBIKYHOTCA C BHCIIHUMM 3JICKTPOHHO-BBIYUCIUTCIIbHBIMU MAalllTUHAMHU.

B rubpumabix CY HCHONB3YIOTCS COYETAHHWS] PA3IUYHBIX CHOCOOOB  MpPEICTaBICHHUS
I/IH(bOpMaI_[I/II/I C LCJIBKO JOCTUXKCHHUA TCX UJIW MHBIX ONITUMAJIbHBIX XapaAKTCPUCTUK YHpaBHSIIOH_[eﬁ
CUCTEMBI poboTa

[To crocoOy mporpamMMupoBanusi HHGOPMAIUH, 00ECTICYHBAIOIICH 3aJaHHBIC ACUCTBHS POOOTA,
pa3nMyYaOTCs TPU OCHOBHBIX METOJA - pacdeT NporpaMM, WM  aHAIMTHYCCKOE
MIPOrpPaMMHUPOBAHKE, METOJILI 00YUCHHUS U CAMOOOYUICHHSI.

AHamUTHYECKOE  MPOTPAaMMHPOBAHUE  00ECHeuMBaeT  3a0JIarOBPEMEHHYIO  MOJATOTOBKY
YIpaBISIOLIEH MporpaMMsl Ui poOOTOB € MO3UIIMOHHBIM U KOHTYPHBIM YIpaBiieHueMm. Pacuer
MIPOrpaMMbl  OCYILIECTBIISIETCS JMOO € TPHUMEHEHHEM OOBIYHBIX CPEACTB BBIYMCIUTEIBHON
TEXHUKH, JMOO aBTOMAaTHMYECKH C UCHoiab30BaHMeM OBM U cpeiacTB aBTOMAaTH4ECKOIO
MpPOrpaMMHUpPOBaHMs, JUOO € TOMOULIBI0 YCTpPOICTBa  yHpaBlIeHHUsS caMoro pobora.
AHanutuyeckoe MporpaMMUpOBaHUE IMPUMEHSETCs, Korja oOydeHHe ONepaTopoM OKa3bIBAeTCs
CIIMIIKOM TPYAOEMKHUM, 3aTpyJHEHO INOJydeHHE IIOJHOW HMH(OpMaUU WIA HEBO3MOXXHO
MIPUCYTCTBHUE OllepaTopa Mpu NporpaMMHUpPOBaHUH.

[IporpammupoBanre oOydeHUEM, MPUMEHSEMOE I ITUKIOBBIX, MO3UIIHOHHBIX W KOHTYPHBIX
CY, B HacTosIee BpeMsi IIMPOKO UCIOJIB3YeTCs JJIsl TPOMBIIIICHHBIX poO0TOB. B 3aBuCcHMOCTH
OT CTEMEHH YYacTHsl OIepaTopa ATOT METOJ MPOTPaMMHUPOBAHMS TMOAPA3ACISIOT HA PYYHOH,
MOJTyaBTOMATUYECKUI 1 aBTOMATHYECKHU.

PyaHoii cnoco6 oOydeHus: mpeaycMaTpuBaeT HEMOCPEIACTBEHHOE yJacTHe olepaTopa Ha BCEX
JTanax NPOTPAaMMHPOBAHUS - MpH (HOPMUPOBAHHHM TPOTPAMMEI, MPEOOPa30BAHUU H BBOJIEC
nHpopmanuu. Crocod® MPOCT B HCIOTHEHWUH, HO OTIWYACTCS OOJBIIOW TPYAOEMKOCTHIO W
MPUMEHSETCS MTPEUMYIIeCTBEHHO st [1P ¢ IIMKIIOBBIM yIIpaBiIeHUEM.

[TomyaBTOMaTndeckuid  crmoco® OOydeHHs XapaKTepU3yeTcsi ydacTHEeM oleparopa B
dbopMupOBaHMM TMpoTrpaMMbl H  TpeoOpazoBanuu uHGopManuu. BBox  wHDOpMammu
o0ecrieyrBaeT yCTPONCTBO YIPABICHHS [0 CHTHANY Oleparopa, a (HUKcanuo WHGOpMAIUU -
KOHCTPYKIIUS 3alIOMHHAIONIETO ycTpoicTBa. [loyaBroMarnieckoe 00ydeHHe OCYIIECTBISIETCS C
MyJbTa YIPABICHHS JTHOO IMyTEM MEXaHWYECKOTO 3TAJIOHHOTO TMEPEMENICHHUS MCIIOJHUTEILHOTO
oprana po0oTa HEIOCPEACTBEHHO OIIEPATOPOM.

ABTOMaTHYeckoe OOydeHHE BBIMOJIHSACTCS TOJIHOCTHIO  YIPABISIONIUM  YCTPOMCTBOM €
npumeHennem DBM. OmepaTtop mpu 3TOM COCTaBISET JUIIb YKPYIMHEHHYIO MPOTpaMMy U C
MTOMOIIBIO S3bIKA MIPOrPAMMHUPOBAHUS BBIIAET UCXOAHbBIC IAHHBIE YIIPABJISAIONIEMY YCTPONUCTRBY.

[IporpammupoBaHue caMOOOy4eHHEM BO3MOXHO Juii POOOTOB C pa3BUTHIM CEHCOPHBIM
anmapaToM ¥ aJanTHBHBIM YIPaBICHUEM M OCYLIECTBISCTCS C YAaCTHYHBIM HJIHM IOJHBIM
caMoOOy4YEeHHEM.

[IporpamMmupoBaHue ¢ 4YaCTUYHBIM CaMOOOy4YeHHEM IpearojaraeT BbIpabOTKY U cooOlIeHue
po0OTy omepaTopoM OTAEIbHBIX 3JIEMEHTOB MPOTpaMMBbI ISl ONPEIEICHHBIX MEPUOJIOB €ro
paboTbl. OCTabHYIO YacTh MPOrPaMMHUPOBAHMS POOOT BBHIMOJHAET aBTOHOMHO Ha OCHOBaHHWHU
uH(pOpMaINH, MTOJTY4YEHHON OT CEHCOPHBIX YCTPOICTB.

[IporpamMmupoBaHue ¢ MOJHBIM CaMOOOYUYEHHEM MPOMCXOAUT Oe3 ydacTHs omeparopa. B stom
cllyyae YCTPOMCTBO yIpaBlieHHs] poOOTa CaMOCTOSTENBHO (opMHUpyeT paboure MporpaMMsbl €
MIOMOIIIbI0O CHUCTEM aBTOMATHYECKOTO MPOrpaMMHUpPOBAHMS Ha OCHOBAaHUM HH(opMauu,
MoJIy4aeMoil 0T HH(OPMAITMOHHO-U3MEPUTENEHON CUCTEMBI.

IIo oObemMy mnamsTH, XapakTepU3YIOIIEMY BO3MOXKHOE KOJMYECTBO BBOAMMOW B Ipolecce
POrpaMMHUPOBAaHUS MH(POPMALMU B BHUAE KaJpOB, T.€. OTAEIBHBIX AJIEMEHTOB MpPOTPaMM,
pasnuyarorcs CY ¢ MaibIM, CpeTHUM U OOJIBIIMM 00BEMOM MaMSITH.
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Maneiit 00beM mamsita - MeHee 100 kampoB - umeroT CY ¢ HIUKIOBBIM WM TTO3HIIMOHHBIM
YIOPaBJICHUEM C HEOOJBIIUM KOJUYECTBOM TOYEK TIMO3UIIMOHUPOBAHUS M OrPAHUYCHHBIMU
TEXHOJIOTHYECKUMHU BO3MOKHOCTSIMU.

Cpennmii 06vem nmamstu - ot 100 go 600 kanpoB - npucym; CY ¢ pa3BUTHIMHU MMO3UIIMOHHBIM U
KOHTYPHBIM YIIpaBiI€HUSIMH. TE€XHOJIOTrH4eCKHE BO3MOKHOCTH TakuxX CY 3HaUUTENbHO IIHPE.

bonbmoit o0bem mamstu - cBbiie 600 kaxpoB - umeror CY ¢ pa3BUTBIMH KOHTYPHBIM U
a/1al TUBHBIM yIIpaBJICHUSIMH, obnanaromue HanOOJIBIINMU TEXHOJIOTMYECKUMHU
BO3MOYHOCTSIMU.

2.5 lIpakTnueckoe 3auaTue N2 5 (0,5 yaca).

Tema: «HpopmMaOHHBIE CUCTEMBI POOOTOB»
2.5.1 KpaTkoe onucaHue NpPOBOAMMOI0 3aHATHS:

ABTOMATH3alMs PA3IUYHBIX TEXHOJOTHYECKUX TMPOIECcCOB, I(PGHEKTUBHOE YIPABJICHHUE
Pa3iIMUHBIMU arpe€rataMmu, MalliliHaMH, MCXaHU3MaMHn Tpe6y10T MHOT'OYUCIICHHBIX I/ISMCpeHI/Iﬁ
Pa3HOOOpPa3HBIX (PU3UIECKUX BEITHYHH.

JlaTuMku (B 1MTEpaType 4acTO Ha3bIBAEMbIE TAKXKE€ MU3MEPUTEIbHBIMU MpeoOpa3oBaTesiMu),
WIN TO-APYyroMYy, CEHCOPBI SIBIISIOTCA 3JIEMEHTaMHU MHOTHUX CHUCTEM aBTOMATUKH - C HUX
MOMOIIBI0 TOJy4aroT HMHQOpPMAIMI0O O TMapaMeTrpax KOHTPOJUPYEMOW CHCTEMbI HIIN
YCTpOMCTBA.

JlaTyuKk — 3TO  DJIEMEHT M3MEPUTEIBHOIO, CHUTHAIBHOTO, PEryIHUPYIOIIEro  WIH
YIOPaBISIOLIETO YCTPOMCTBa, MpeoOpa3youuil KOHTPOIUPYEMYIO BEIHUUHY (TeMIleparypy,
JaBJICHUE, YacTOTY, CHILY CBETa, SJIEKTPUUECKOE HANPSKEHUE, TOK U T.J.) B CUTHAI, YI0OHBII
Ul U3MEpEeHMs], TMepeAayd, XpaHeHHs, oOpabOTKM, perucrpanuy, a UWHOrJa MU JUId
BO3JICMCTBUS KM Ha YIpaBisieMble MpolecCchl. Mnu mpoiie, 1aT4MK — 3TO yCTPOWCTBO,
npeoOpasyrolee BXOJHOE BO3ACHCTBUE JII000M (U3NUECKON BETMYMHBI B CUTHAJ, YIOOHBII
JUIS TAJIbHEUIIEro UCTIOIb30BaHMUSL.

Hcnonb3yemple NaTUMKH BeCbMa Pa3HOOOpa3Hbl U MOTYT ObITh KjIacCHPUIUPOBAHBI MO
Pa3JIMYHBIM NPU3HAKAM:

B 3aBucuMocTM OT BMJAa BXOAHOH (M3MepsieMOil) BeJMYMHBI PA3JIUYAIOT: JATYUKHU
MEXaHUYECKUX IepeMellleHnid (JIMHEHHBIX W YIJIOBBIX), MHEBMAaTHYECKHE, DJIECKTPUUECKUE,

pPacxodOMEPLI, JATYUKU CKOPOCTHU, YCKOPCHUS, YCUIINA, TEMIICPATYPbI, JaBJICHUA U OP.

B mHacrosmiee Bpemsi CyliecTBYeT NPHOIM3UTENBHO CIEAYIOIIee paclpeesieHue I0Iu
M3MEpEHUN pa3inyHbIX (PU3NYECKHX BEIWYUH B MPOMBIIUIEHHOCTH: Temmeparypa — 50%,
pacxona (maccoBblii U 00beMHbIN) — 15%, naBnenue — 10%, ypoBeHb — 5%, KOJIHMYECTBO

(macca, 06bem) — 5%, Bpems — 4%, dTMEKTpUUECKHUE U MarHUTHBIE BETUYUHBI — MeHee 4%.
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Ilo Buay BBLIXOAHOH BeJIHMYHHBI, B KOTOPYI0 InpeoOpasyercsi BXOJAHAs BeJMYHHA,
pasnuyalT HedneKkmpuyeckue U daekmpuieckue: NaT4nku nocrossHHoro toka (BAC wnwm
HAIpPSDKEHUA), TaTYUKU aMILIUTYAbl nepeMeHHoro Toka (O/1C win HanpsbkeHus), JaT4yuKu
4acToThl iepeMeHHoro toka (DJC unu HanpspKeHus ), JaTYUKU CONPOTUBIICHUS (AKTUBHOTO,
UHIYKTUBHOTO UM €MKOCTHOTO) U JIp.

BONBIIMHCTBO TATYMKOB SIBISIFOTCA DJIEKTPUYECKHUMH. JTO OOYCIOBIICHO CIEAYIOMIMMHU
JOCTOMHCTBAMHU 3JIEKTPUUECKUX U3MEPEHUN:

- DJEKTPUYECKUE BEJIMYMHBI YAOOHO IepelaBaTh Ha pacCTOSHME, IpUYEM Iepeaaya
OCYILIECTBJISIETCS C BBICOKOM CKOPOCTHIO;

- DIIEKTPUYECKHE BEIMYMHBI YHUBEPCAJIbHBI B TOM CMBICIE, YTO JIFOOBIE JIPYTUe BETUYHUHBI
MOTYT OBITH TPEOOPA30BAHBI B AMEKTPHUECKHE U HA0OOPOT;

- OHU TOYHO NpeoOpa3yroTcs B HUGPOBOM KOJ M MO3BOJISAIOT IOCTUTHYTh BBICOKOM TOYHOCTH,
YyBCTBUTEILHOCTU U OBICTPOIEHCTBUS CPENICTB UBMEPEHUI.

Ilo NPUHITUAITY NeHCTBUSA JaTUUKH MOHO pa3zienuTh Ha JBa
KJlacca: eeHepamopHhule unapamempuyeckue (JaTYIUKU-MOAYIATOPHI). I'eneparopubie
JATYUKU  OCYIIECTBIISIIOT HEMOCPEACTBEHHOE TIPeoOpa30BaHME BXOJIHOW BETUYMHBI B

AIEKTPUYECKUN CUTHAIL.

[TapameTpuueckre AaTYMKU BXOJHYIO BEIMYMHY IMPeoOpa3yloT B M3MEHEHHE KaKoro-iudo

anekTpudeckoro napamerpa (R, L wiu C) natumka.

Ilo NPUHIAITY HeﬁCTBHﬂ JaTYUKU TaKXKE MOXKHO pPasgCiinTb Ha OMHYCCKHUEC, PEOCTATHEIC,

(dboToaNEeKTpUYECcKHE (ONTHUKO-3JIEKTPOHHBIE), HHIyKTUBHbIEC, EMKOCTHBIE U [I.D.

a3JIMYaI0T TPHU KJacca JaTYUKOB:

- QHAJIOTOBBIE JAaTYMKH, T. €. JATYUKH, BbIpabaThIBAIONINE AaHAJIOTOBBIA CHUTHAI,
MPOMOPIIUOHAIBHO U3MEHEHHUIO BXOJHON BEIHUNHBI,

- mUQpOBbIe NATYUKH, TCHEPUPYIOIIHE IOCIEeI0BATEIBHOCTh HMMITYJCOB WM JBOMYHOE
CJIOBO;

- OuHapHBIEe (IBOMYHBIC) ATYUKH, KOTOPHIE BHIPA0ATHIBAIOT CUTHAN TOJBKO ABYX YPOBHEN:
"BKJIFOUEHO/BBIKIIOUEeHO" (MHaue roBops, 0 umu 1); MOTY4YUIU MIHMPOKOE paclpoCcTpaHEHHE

Omarosapst CBo€i mpocToTe.

Tpeﬁona}mﬂ, npeabsiBJasieMbl€ K JaTYUKaM:
- OJIHO3HAYHAas 3aBUCHUMOCTh BBIXOJHOM BEIMYHHBI OT BXOHHOﬁ;
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- CTaOMIIBHOCTH XapaKTEPUCTUK BO BPEMEHH;
- BBICOKAsl 4YyBCTBUTEJIBHOCTD;

- MaJIbl€ pa3Mephl U Macca;

- OTCYTCTBHE OOpaTHOTO BO3JEHCTBHS Ha KOHTPOJIUPYEMBIH MPOLIECC M HAa KOHTPOIUPYEMBIiA
rnapamerp;

- paboTa npu pa3IUYHBIX YCIOBUAX 3KCILTyaTallluu;

- pa3IM4YHbIE BApUAHThl MOHTaXa.

ITapamerpuyeckue JaTUYMKM (JATUUKU-MOIYJIATOPBI) BXOJHYIO BeIMYUHY X MpeoOpasyroT
B M3MECHCHHE Kakoro-mobo anekrpudeckoro mapamerpa (R, L wimu C) maruuka. Ilepenars Ha
paccTosiHie U3MEHEHHE TIePEeYNCIEHHBIX TapaMeTPoB JaTyuka 0e3 SHEProHeCyIero curHaia
(HampsKEHUs WIK TOKa) HEBO3MOXHO. BBISIBUTh M3MEHEHHE COOTBETCTBYIOILIETO Mapamerpa
JaTyuKa TOJBKO M MOJKHO IO pEaKUUU JaTyMKa Ha TOK WM HaNpsyKEHUE, MOCKOJbKY
MIEPEUNCIICHHbIE MapaMeTphl U XapakTepu3yrlT 3Ty peakuuto. [loaTromy mapamerpuueckue
JaTYUKA TpeOYIOT MPUMEHEHMsI CIEUUaJbHBIX M3MEPUTEIbHBIX IeNell ¢ NHUTaHueM
MOCTOSIHHBIM UJTH TIEPEMEHHBIM TOKOM.

OMuyeckue (pe3ucTHBHbIE) NATYUKM — MPUHIUI JEHCTBUS OCHOBAH HAa M3MEHEHUU HX
AKTHBHOTO COMPOTHBIICHUS TPU HW3MEHEHHUHW JUTHHBI |, TUtomamu cedeHus S Wi yaelbHOTO
COIIPOTHUBIICHHUS P:

R=pl/S

Kpome Toro, wucmnosib3yercsi 3aBUCUMOCTb BEIMYMHBI AKTHBHOIO COMNPOTHUBJIEHUS OT
KOHTAKTHOTO  JIaBJICHUSI M OCBEHIEHHOCTH (OTORIEMEHTOB. B COOTBETCTBHH C ATHUM
OMHUYECKHE JaTYMKH JEIAT Ha: KOHMAKmHble, NOMeHYyuoMempuieckue (peocmamuvle),
MeH30Pe3UCMOPHbLE, MEPMOPEIUCMOPHDBLE, hOMOPE3UCOPHDIE.

KoHTakTHBIE JATYHKM — HTO MPOCTCUIIUA BHUJ PE3UCTOPHBIX JIATUYUKOB, KOTOPHIC
npeoOpazyloT TepeMelIeHHe IEePBUYHOTO dJEMEHTa B CKAa4KoOOpa3HOE HM3MCHCHHE
COIPOTHUBIICHUS AJEKTpUuecKod menu. C MOMONIbI0 KOHTAKTHBIX JAaTYUKOB HM3MEPSIOT U
KOHTPOJIMPYIOT YCHJIUS, TIEPEMEIIEHHUS, TEMIIEPATYPy, pa3Mepbl 00bEKTOB, KOHTPOJUPYIOT UX
dopmy wmw 1. a. K  KOHTaKTHBIM  JaTYMKaM  OTHOCSTCSNymesble U KOHYeBble
BIKIIOUAMENU, KOHMAKMHble MepMOMempsbl I TaK Ha3BIBAEMBIC 21eKMPOOHble OAMYUKU,
WCIIOJb3YEMbIE B OCHOBHOM [JIsi M3MEPEHUsl MPEACNIbHBIX YPOBHEH 3IEKTPONPOBOAHBIX
JKUIIKOCTEM.

KonTakTHEIC AaTYUKU MOT'YT pa60TaTB KaK Ha IIOCTOAHHOM, TadK M Ha IICPCMCHHOM TOKC. B
3aBUCHUMOCTH OT IPCACIOB UBMCPCHUS KOHTAKTHBIC NATYUKU MOTYT OBITE OJIHO ITPCACIbHBIMHA
1 MHOI'OIIpCACIbHBIMU. ITocnegnue HCIIOJIB3YIOT I U3MCPCHUS BCIINYNH, U3MCHAOIINXCA B
SHAYUTCJIbHBIX MPCEACIIaX, IpHU 3TOM YaCTH PE3UCTOpaA R, BKJIFOUCHHOTO B J3JICKTPUYCCKYHO
LCTIb, TOCIICAOBATCIIBHO 3aKOPAYUBAOTCA.

HenocTaTok KOHTaKTHBIX JaTYUKOB — CJIO0XKHOCTh OCYIICCTBJICHHUA HCIIPCPBIBHOI'O KOHTPOJIA
n OFpaHI/I‘-IeHHBII\/’I CpOK CJ'Iy>K6BI KOHTaKTHOM cucTeMbl. Ho 6.]18.1“0,[[3.135{ Hpeﬂeanoﬁ MpOCTOTEC
ITUX JATUYUKOB UX HIUPOKO IIPUMCHAIOT B CUCTEMAX aBTOMATUKH.

PeocTaTHBIE OATYUKH OpCACTaBJIAOT coboit pe3ucCTOop C€ USMCHAOMUMCA AKTUBHBIM
COIIPOTHUBJICHUCM. BxogHo#i BemMYHMHON HAaTUMKa SBIISIETCS NEepCMCIICHUC KOHTAKTa, a
BBIXOJHOM — M3MEHEHUE €r0 COIMIPOTUBJICHUA. IloaBMKHBINM KOHTAKT MEXaHMYECKH CBS3aH C
O6’LCKTOM, NEpeMCIICHUC (er'IOBOC NN HHHeﬁHOG) KOTOpPOTO HeO6XO,Z[I/IMO Hp606pa3OBaTB.
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HauOospiee pacmpocTpaHeHHE TMOJyYHsia MMOTEHIMOMETPUYECKas CXeMa BKIIOYCHHS
pEOCTaTHOrO JaT4yMKa, B KOTOPOH PEOCTAT BKJIIOYAIOT IO CXEME JCIUTENs HAIpPSKEHUS.
HanomHuMm, 4TO AenuTelieM HaNpsHKEHUS Ha3bIBAIOT AJIEKTPOTEXHUYECKOE YCTPOWCTBO IS
JIEJIEHUs] MOCTOSIHHOTO WJIM NEPEMEHHOI0 HAIPsDKEHUs Ha 4YacTH; JAEIUTENb HalpsKEHUs
MI03BOJISIET CHUMATh (MCHOJIb30BaTh) TOJIBKO YAaCTh MMEIOIIETOCS HaNpsKEHUS MOCPEACTBOM
AJIEMEHTOB JIEKTPUYECKOM 1IETIH, COCTOSIIEH U3 pPEe3UCTOPOB, KOHIAEHCATOPOB MM KaTyIIEK
MHAYKTUBHOCTU. [lepeMeHHbIN pe3nucTop, BKIIOYAEMBIM MO CXEMeE JENUTENs HaIpsDKEHUS,
Ha3bIBAIOT [NOTEHLIUOMETPOM.

OOBIYHO PEeOCTAaTHBIE JATUUKH MPUMEHSIOT B MEXAaHUUYECKUX M3MEPUTENbHBIX MPHOOpax is
npeoOpa3oBaHMsl HUX TMOKa3aHUM B JJIEKTPUYECKUE BEIMYMHBI (TOK WM HampsHKeHHe),
HalpuMep, B MOIUIABKOBBIX U3MEPUTENAX YPOBHS KUIKOCTEH, PA3JIMYHBIX MAaHOMETPAxX U T.
II.

JlaTuuk B BHJI€ MPOCTOTO peocTaTa MOYTH HE HUCIOJIB3YEeTCS BCIEJICTBUE 3HAUYUTEIbHOU
HEJIMHEHHOCTH ero cTatuueckoi xapakrepuctuku Iy = f(x), rae |y - Tok B Harpyske.

BbixoqHOM BeIMYMHON Takoro JaTyuka sBIseTcsl mMajgeHue HanpsHKeHUs! Upux MEXITY
ITOJBMKHBIM M OJIHUM W3 HEMOABM)KHBIX KOHTAKTOB. 3aBUCHUMOCTb BBIXOJHOTO HAaNpPSKEHUS
oT nepemereHus X KOHTakTa Ugux = f(X) COOTBETCTBYET 3aKOHY M3MEHECHUSI COTPOTHBIICHHUS
BJIOJIb NOTEHIIMOMETPA. 3aKOH PACHIPEIECICHUS CONPOTUBIICHHS MO JUIMHE NMOTEHIMOMETPA,
OTIpeIeNIIeMbIil €r0 KOHCTPYKIMEH, MOXKET ObITh TMHEHHBIM WJIM HEJTUHEHHBIM.

[ToTeHnMomMeTpuyecKkue AaTYUKHA, KOHCTPYKTHUBHO MPEICTABISAIONINE COOOM MepeMeHHbIe
pPE3UCTOPBI, BBHINOJHSIIOT M3 Pa3IUYHBIX MaTepuoB — OOMOTOYHOTO MPOBOJA,
METaJTNYECKUX TIEHOK, OJYIIPOBOIHUKOB U T. 1.

Ten3ope3ucropol (menzomempureckue Oamuuxku) CIYKaT Ui U3MEPEHHS MEXaHHUYECKHX
HanpspKeHUd, HeOonblux nedopmanuii, Bubpauuu. JleficTBre TEH30pe3UCTOPOB OCHOBAHO
Ha TeH3od(ddekre, 3aKIOYalOMIeMCsl B  W3MEHEHHHM  aKTUBHOTO  COMPOTHBIICHHS
MIPOBOJHUKOBBIX M IOJIYIPOBOJAHUKOBBIX MaTEpHajoOB IOJ BO3JECHCTBUEM MPUIIOKEHHBIX K
HHUM YCHUJIUM.

2.6 lIpakTuyeckoe 3anaTue Ne 6 (0,5 yaca).

Tema: «/IUCTaHIIMOHHO YIIPaBJIIEMbIC POOOTHI U MAHUITYJIITOPBI»

2.6.1 Kparkoe onucanue mpoBoIUMOro0 3aHSITHSI:
CymiecTByeT, BOOOIIE TOBOPSI, 1BA ITUPOKOUCIIONB3YEMbIX H TOBCEMECTHO MPU3HAHHBIX CIIoco0a
JMCTAaHIIMOHHOTO YIIPABJICHUSI aBTOHOMHBIMH U TT0JIyaBTOHOMHBIMHU YCTPOMCTBAMMU:

VYnpasieHue ¢ MoMOIIbI0 HH(PpPaKpacHbIX CUTHANIOB nyabTa 1Y (To ke camoe, 4yTo
MEepeKIII0UYeHNE KaHaJIO0B TEJIEBU30Pa)

VYmpasneHue 1o paauo

I1epBblit crtoco6, B OTHOIIEHNH YIIPaBJIEHUs POOOTOM, pealln3yeTcs C MOMOIIbIO TPOCTEHbKOM
CXEMKH, KOTOPYIO JlaXKe 51, He JII0OUTENb NMasIbHUKA, CyMeN CIasiTh 3a Moj14aca - U IporpaMmbl
WinLIRC, sBastomeiics o cyru Windows-apaiiBepom Uit TakOW MOJIENTH YIpaBJICHUs
(moxpoOHOCTH - Ha MOeM caiite, B pa3zaene [larunku poOoTa).

VYnpasiieHue 1o pajno - HLIMPOKOUCIIOIb3yeMas IPAKTUKA, MOJENb TAKOTO YIIPABIICHUS Bb
MOJKETe BbLAPATh U3 JII000H paguoyIpaBIsieMO UTPYIIKH, WIH e HAaUTH B KaKOM-JIH00
KypHase Ui paJuoIroouTene.
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B nocnennee Bpems mosry4aroT Bce 0OJIbIlIee pacpoCTpaHEeHUE U APYTHE CIIOCOOBI
OecnipoBoiHOTO yrpaBieHus. KoHeuHo xke, pedb uaet o TexHojorusx Bluetooth u Wi-Fi,
KOTOPBIE B HACTOSIIIIEE BPEMsI HCIIOJIb3YIOTCSI IPAKTUYECKH MOBCEMECTHO B KommbioTepax, KIIK,
KOMMYHHKATOpaX, MOOWJIBHBIX Tele(oHax...

Mopens ynpasieHus poOOTOM Ipu Uctionb3oBanun TexHosoruii Wi-Fi u Bluetooth B ocHoBHOM
TaKas: HeIIOCPEICTBEHHO Ha POOOTE 3aKpeIuIIOTes MOOMITbHBIN Tenedon wim KITK, kotopeie,
gepe3 OINpeIeIeHHYI0 CAMOTNIAHYIO CXeMY, MOTYT OTCBUIATh pOOOTY YIIPABIISIONINE CUTHAIIBI, H
3a0upaTh MoKa3aHUs AaTIUKOB. OCHOBHASI «MO3TOBasH ACATEIBHOCTD - OCYHIECTBISICTCS Ha
OCHOBHOM, CTaI[HOHAPHOM, KOMITbIOTEpE (MHOT/A - 1a)Ke C IOMOIIBIO PACHIPEICTICHHOMN CeTH
cepBepoB). Takoi MoaX0 1 MO3BOJISIET MMOPOM B HECKOJIBKO pa3 YMEHBIITUTH BeC poOOTa 1
MOTPeOIIIEMYIO UM MOLTHOCTb.

Kcratu, n3BecteH ciryyail, korja Ha 0AHOM 13 MUPOBBIX Mpe3eHTaluil podoTa, TOT B OAUH
MIPEKPACHBII MOMEHT 3aMep Ha MECTE - Ha HECKOJIbKO MUHYT. DTO CIIy4MJIOCh KakK pa3 u3-3a
neperpy3ok Wi-Fi ceTu 31anus, riae npoxoauia mpe3eHTalus.

Eme onun crioco6 ynpasieHust poO0TOM - BU3yalnbHBIN. B pocTeiiiem BapuanTe - poOoT
MIPOCTO JIBMYKETCS HA cBeT. KcTaTw, Bapuammei 3Toro crocoda MOXHO CYHTATh 337a9y
JBH>KEHU 110 IMHUK. Ho, KOHEYHO, Tako€ BU3yaJIbHOE YIPABJICHUE HE CIUIIKOM
CbYHKI_[I/IOHaJ'II)HO M HC CJIMIIKOM MHTCPAKTHUBHO. Boinee cnoxubie BAapHWaHThI BKJIIOYAIOT B ceos
WCTIOJIh30BaHNE BeO-KaMephl, 3aKpeTuIsieMOl Ha poOOTe, U aHATIN3 H300pakKeHUsI, IIPUXOISAIIETO
¢ kamepsl. Hanpumep, ”MEHHO TakuM criocoO0M poOOTOB y4aT pacro3HaBaTh YEIOBEYECKYIO
MUMUKY. [[7151 peanu3anum ynpapiaeHUs ¢ OMOIIBIO0 BeO-KaMephl yI00HO UCTIOIB30BaTh
nporpammHoe obecrieuenne RoboRealm, o koTtopoMm s y)xe ymoMuHan paHee.

VYrpasieHre 3ByKOM - IOCTaTOYHO CTaHAApPTHAsT (QYHKIUS, [UTS €€ pean3alii MOXKHO
ncnoap30Bath 00bIuHYI0 OC Windows Vista.

B Hacrosiiee Bpems CyIIeCTBYIOT TaKKe CEHCOPBI, pealli3yIOLIe HCKYCCTBEHHOE 000H STHHE
(umraiite cratbto HACA - Ha aHTJIMIICKOM - O TPUMEHEHNUH UCKYCCTBEHHOTO OOOHSHUS B
KOCMOCE), JaBHO CO3/aHbl MaTepHUalIbl, MO3BOJISIIOIINE PEaIn30BaTh YYBCTBUTEIBHYIO KOXKY
(maxe xinaBuarypa A Moero crapeHpkoro Palm m505 caenana u3 oHOpOAHOTO MaTepuaa,
YYBCTBUTEJIHLHOTO K PUKOCHOBEHHUSIM ).

2.7 llpakTuyeckoe 3ausatue Ne 7 (0,5 yaca).

Tema: «PO6OTI/ISI/IpOBaHHBIe TCXHOJIOTHYCCKUEC KOMIIJIICKCHI B MAIlIMHOCTPOCHUHN
»

2.7.1 KpaTkoe onucanue NpoBoANMOro 3aHATHA:

ITockombKy ¢ pa3BUTHEM POOOTOTEXHUKU HEU30€KHO (POPMHUPOBAHNE HOBBIX MOKOJIEHHI
pOOOTOB U BHEIPEHHE UX B HOBBIE 00J1aCTH U cdepsl, Kiaccu(UKaIus Mo Ha3HAYCHUIO U
pelaeMoMy Kiiaccy 3aJad He sIBJIIETCS 3aBEPILIECHHON U B U3BECTHON MEPE XapaKTepU3yeT IyTh
pa3BUTHs pOOOTOB, a MOATOMY MOXKET OBITh Ha3BaHa Takke "IBosornoHHoN" (. ITo Ha3HAUeHHIO
U pelraeMoMy KJiaccy 3a7a4 poOOThl BCEX MOKOJECHHUIM MOTYT OBITh pa3/ieieHbl Ha 1B OOJIbIINe
IPYIIIbI: TPOU3BOJCTBEHHBIE U UCCIIEN0BATENBCKHE.

ITpou3BoacTBEHHBIE POOOTHI IPEIHAZHAYCHBI JUTSI BHITIOJIHEHUS TSHKEJIOM, MOHOTOHHOM,
BPEIHOM M OMacHOM JUIs 3I0pOBbs Jro/iel pu3nuecKoil paboThl, a TaKKe OTJENbHBIX BUJIOB
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TPYAOEMKHX, HANPSKEHHBIX U YTOMUTENBbHBIX YMCTBEHHBIX pa0OT (IIPOEKTUPOBAHUE,
nHpOpMAMOHHOE 0OecTieueHHE, YIPABICHHE).

[TpombinuieHHBIE pOOOTHI, TOTYYMBIINE HAUOObIIEE PAa3BUTHE B HACTOSIIEE BPEMS,
IIpeHa3HAYEHB! [yl aBTOMATU3al[Ml OCHOBHBIX U BCIIOMOTaTENIbHBIX ONIEpALlUil B pa3InYHbIX
OTpacisiX NPOMBIIIJICHHOCTH - MAIMHOCTPOSHUH U IPUOOPOCTPOEHUH, TOPHOI00BIBAIOIIEH,
HE(PTEXUMHUYECKOH, METAJUTypTHIeCKOM, aTOMHOM U psiAe Ap.

[IpombliieHHbIE POOOTHI, B CBOIO OUYEPEb, OAPA3IEISIOTCS Ha TPU IPYIIIBI IO
IIPOU3BO/ICTBEHHO-TEXHOJIOIMUECKUM ITPU3HAKaM: IPOU3BOJICTBEHHbBIE, MJIM TEXHOJIOTUYECKUE
(I1ITP), BEINOJHSIOLIME OCHOBHBIE ONIEpALIMHM TEXHOJIOIMUECKUX MPOIECCOB; MOIBEMHO-
TpaHcnopTHbIe, uiu BcnoMorarenbHbie (IITIIP), BeinmonHstomue BcrioMoraTenbHble JeHCTBUS
TUIMA "B3ATh - IEPEHECTH - MIOJOKUTD'";

yHuBepcanabHble (YIIP), BeIMONMHSOIME pa3IudHble (U OCHOBHBIE, M BCIOMOTATEIIbHbIE)
oIeparuu.

[To cnennanu3anuy NPOMBIIUIEHHBIE POOOTHI MOPA3/IEISIOTCS Ha ClielHalbHbIE,
BBITOJIHSIOLINE CTPOrO ONPEEICHHbBIE TEXHOJOTHUECKHE ONEPAlK WM O0CIIyKUBAIOIINE
KOHKpETHBIE MOJIENH TEXHOJOTHYECKOT0 000PY/I0BaHNUs; ClIEIUAIN3UPOBAHHbBIE, WU 1I€JIEBBIE,
IpeIHa3HaYeHHbIE IS BBINIOJHEHHS TEXHOJOTHYECKUX OTepalfil oJJHoro Buaa (cBapka, cOopka,
OKpacka M T.I1.) WJIH ISl OOCITY’)KUBaHUS ONIPENEICHHOM IPYIIbI MOAETIEH TEXHOJIOTHIECKOTO
o0opynoBaHusl, 00beIMHEHHBIX OOIIHOCTHIO MAaHUITYJISILIUOHHBIX JEMCTBU; YHUBEpCaIbHbIE,
WM MHOTOLIENIEBbIE, TPEAHA3HAYEHHbIE [Tl BHIIOJTHEHUS! KaK OCHOBHBIX, TaK U
BCIIOMOTATENbHBIX TEXHOJIOTMUECKUX ONEpalMi pa3INyHbIX BUAOB U C PA3IUYHBIMU IPyIIIaMU
MojIeNIel TEXHOJIOTMYECKOTO 000PYI0BaHMUSL.

Tak xak COBpeMEHHOE CTPOUTEIHCTBO M0 CTETIEHU M CTUIII0 MEXaHU3AlUU TPUOIMKAETCs K
IIPOMBIIIIEHHOCTH, CTPOUTENbHBIE POOOTHI MOTYT ObITh BKJIFOUEHBI B 3Ty Ipymnmny. OHH
IIpEeIHA3HAYECHBI U1 aBTOMAaTH3allui CTPOUTENBHOTO IPOU3BOJICTBA, KOTOPOMY OPraHUYECKU
IIPHUCYILE OTPOMHOE KOJIMYECTBO PYYHBIX ONIEPALNM, KaK BCIIOMOTATEIbHBIX, TAK U OCHOBHBIX.
B HACTOSILEE BPEMsI B CTPOUTENBHOM IIPOU3BOJCTBE HAXOIAT IPUMEHEHUE Pa3IN4YHbIE
MaHMITYJISATOPBI C YIPABICHUEM OIIEPATOPOM, a TAK)KE MPOMBIIIIICHHbIE POOOTHI AJIs
IIPOU3BO/ICTBA CTPOUTENBHBIX MaTepuanoB. CozgaHue poOOTOB s BHIIOJIHEHUS OCHOBHBIX
CTPOMTENbHBIX OIlEpalUii, HapUMep, MOHTaXa 3/1aHUI U COOPYKEHUH - €10 OyayLIero u
TpeOyeT, Mo-BUIMMOMY, KapIMHAJIBHOIO IEPECMOTpPa CTPOUTENIBHBIX TEXHOIOTUHA. Bo Besikom
cllyyae IpH pa3paboTKe U CO3JaHUU TAKUX pOOOTOB MPHUAETCS NMPEOA0JIETh P TPYAHOCTEH, B
YaCTHOCTH, PEIIUTh PO0IeMbl 00ecTieyeHHs OOIbIINX TPY30I10IbEMHOCTEN U OCHAIICHUS
pOOOTOB COBEPIIEHHBIMU CCTEMaMH OUYBCTBJICHHUS U aJallTalluy B YCIOBUSX KpaliHe
HEOPraHU30BAHHOM cpe/ibl X GYHKIMOHUPOBAHUSL.

CenbCKOX034HCTBEHHbIE POOOTHI IPEHA3HAYEHBI U1 aBTOMATH3aLMU TPYIOEMKUX U
MOHOTOHHBIX IIPOLIECCOB B CEIbCKOX03HCTBEHHOM MPOU3BOJICTBE, TPAJAULIMOHHO TPEOyIOIIeM
3HAYMTENbHBIX 3aTpaT TpyAa. [loMmumo onepaunu noenus, Hanbosaee aBTOMaTU3UPOBAHHOM B
IIOCJIEJHUE T'OJIbl, CTAHOBUTCS BO3MOXKHBIM CO3/IaHUE CIIELIMAIbHBIX TPAHC- IIOPTHO-
TEXHOJIOTHYECKUX CPEJICTB, HAIIPUMED, TPAKTOPOB, YIPaBIseMbIX 03 BogUTeNeH 1
UCIOJb3YEMbIX JUI CEBa, BCMAIIKH, BHECEHUS YI0OpEHH, ONPhICKUBAHUS ITI0CEBOB, 00pe3aHus
JIMIIHUX TOOETOB U T. 1.

Kak coobmanocs, Bo @panuun Obl1 pazpaboTaH MOOUIIBHBIN poOOT, MpeiHa3HAYEHHBIN JUIs
aBTOMATHUYECKOTO yJaJleHUs JIMIIHUX T0OEroB BUHOTPAIHOM J103bl, a SIMOHCKast pupma
"Toshiba" yxe BbImyckaeT HEOOBIYHOTO po0OOTa-CaI0BO/IA, KOTOPBII MOKET caXaTh MOJIO/IbIE
JIEpeBbsl, MOAPE3aTh BETKU U T.1. J[Byms "manbiamMu’ OH cXBaThIBA€T PACTEHUE, a CIIEIIMAJIBHBIC
IIPUCOCHI HCKIIFOYAIOT TIOJIOMKY BETOK. SITIOHCKME yUEHBIE, OJHAKO, CUMTAIOT ""casoBoa" eme
HE/I0CTaTOYHO COBEPILEHHBIM, a2 TOTOMY HOBOE TIOKOJIEHHE pOOOTOB-CaJOBOJIOB OJIHOCTHIO
HCKJIIOYUT BMEIIATENb-CTBO YEJIOBEKA B TAKHE MPOLIECCHI, KaK MOAPE3Ka IEPEBLEB U
KYCTapHHUKOB, [IEPECAKa U 1aXKe OIbICHUE [IBETOB.

BecpMma akTyanbHOM, XOTS Ha MEPBBIN B3I U (PAaHTACTHUECKOM, SBISIETCS 3a/1a4a CO3/1aHUS
poOOTOB I yX0/a 3a )KUBOTHBIMH, MacTHObI ckOTa U T.1. Hampumep, ABcTpanuiickas
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HIEPCTSHAsE KOPIOPAIHS B YCIOBUAX KECTKON KOHKYPEHIIMH MTPHUHSAJIA JOITOCPOUHYIO
porpaMmy moucka 3()()eKTUBHBIX CPEACTB CTPHIKKH OBEIl U TIOCJIE TTyOOKOTO U3yUeHUS
poOIeMBbI TIPUIILIA K BEIBOTY, UTO HanboJiee 00CIatoNuM SIBJISIETCS IPUMEHEHHE POOOTOB.
HccnenoBanus 1o nporpaMme aBTOMAaTU3MPOBAHHOM CTPHIKKU MPUBENN K pa3paboTKe B
MenbOypHCKOM YHHBEPCUTETE TEXHUKHU 11 aBTOMATHUECKOTO OTJIOBA OBEIl, Pa3MELICHUS U
yIEp>KUBAaHUS UX B JIIOJIBKE, IOJJa9U B POOOTOTEXHUYECKYIO MAIIUHY JUISI CTPHYKKU; MHOTHMU
HAyYHBIMH KOJUIEKTHBAMH BEIYTCSI JallbHEHIINE pabOTHI 0 COBEPIICHCTBOBAHUIO CUCTEMBI
OYYBCTBJICHUS U aJalTaIlUH.

HeosxumpanHoe npuitoskeHue uaen poOOTH3AIMH CeTbCKOX03IHCTBEHHOTO MTPOU3BO/ICTBA HAIILIIA
0JIHA U3 SITIOHCKUX (PUPM, CO3AaB POOOTU3UPOBAHHOE TTyraio "Taraky" ajisd 3alIuThl CaloB U
STOJTHUKOB OT IITHI] B TIEPHUOJI CO3PEBAHMS U YOOpKH yposkas. PoGor-myraio, poctom 175 cm ¢
"pykamu", "Horamu" u "TOJOBOI", C MOMOIIBIO BUIEOKaMePhl (PUKCUPYET MPUOIMIKEHNUE CTan
WA OTJENTbHBIX IITHI], BKIIFOYaeT MarHUTO(QOHHYIO 3alUCh C KPUKAMH XHUIIHBIX MITHI] 1
TPEBOXKHBIX KPHKOB UX MEPHATHIX xKepTB. OTHOBPEMEHHO POOOT HAYMHAET pa3MaxnuBaTh
"pykamMu" ¢ MPUKPEIUIEHHBIMHU K HUM (pJIaXkKKaMU U IBUTATHCS 110 JI0POKKAM, aBTOMAaTHUYECKH
OCTaHaBJIMBASCh MOCIIE HcUe3HOBEHUs NTull. [lyrano paboTaer aBTOMaTHYECKH, YHEPTUS
MOCTYIAET OT BCTPOSHHBIX COTHEUHBIX OaTapei.

TpancropTHBIe pOOOTHI MPeTHA3HAYEHBI [Tl aBTOMATU3UPOBAHHOTO TPAHCTIOPTHPOBAHHSI
00BEKTOB, a TaKXKe ISl YIPaBICHHUS Pa3IMIHBIMU TPAHCTIOPTHBIMH cucTeMaMu. MccnenoBanus
1 pa3pabOTKH IO CO3AaHUIO TPAHCIIOPTHBIX POOOTOB HHTEHCUBHO BEIyTCs BO BceM mupe. [Ipn
ATOM BBIJIEIISFOTCS YETHIPE MPUHIMITHATIBHO Pa3IMYHBIX THIIA - HA3€MHBIE, BO3AyXOTUIaBaIOIINE,
BOJIOTUIABAIONINE U MTOI3eMHBIC. Teopus v MPaKTHKa TPEX MOCIEAHUX THUIIOB HE JOCTUTIIH €IIe B
IIEJIOM TOTO YPOBHSI, YTOOBI TOBOPUTH O HUX CETOJHS KaK O BCEOOIIEH peaTbHOCTH.
IIpakTnyeckoe pa3BUTHE MOJIYYHIN HbIHE HA3EMHBIE TPAHCIIOPTHBIE POOOTHI, KOTOPBIE MOTYT
OBITh KOJIECHBIMH, IIATalOUIMMHU U T'YCEHUYHBIMHU.

HauOousbiee pa3BuTre U paclipoCTpaHEHHE B HACTOSILEE BPEMs MOTYUMIIN KOJIECHBIE
TPAHCHOPTHBIE POOOTHI, UCIOJIb3YEMbIE JOCTATOYHO IIUPOKO B IPOMBIIIJIEHHBIX
aBTOMAaTH3UPOBAHHBIX TPAHCIIOPTHO-CKJIAJICKUX CUCTEMAX U THOKUX aBTOMAaTH3HMPOBAHHBIX
IIPOU3BO/ICTBAX B BUI€ MOOMIIBHBIX aBTOMATUYECKUX KPAHOB, aBTOMaTUYECKUX YIPABIISIEMbIX
tenexek (AYT), pobokapoB U Ap., OCHAIIIAEMBIX BO MHOTMX CIIy4asX pa3IMuHbIMU
MaHUIYJSIHUOHHBIMU yCTpoiicTBaMu. B camoM mpocToMm Buzie Takue poOOTHI CIEAYIOT 10
penbcaM 100 1Mo MapIIpyTy HaJ kKaOeneM, IpOoJIOKEHHBIM 101 IOBEPXHOCThIO nosa I'eneparop
4acTOTBHI, [10/1aBasi TOK 0 Kabesro, cO3JaeT MarHUTHOE I10JI€, YJIaBIMBAEMO€E JIBYMs JaTYUKAMU
IIPUEMHOTO YCTPOICTBA TEJIEKKH, HAIIPABIISIIOIMMHU €€ 10 TpedyeMoMmy Mapiipyty. Jlaxe Takue
npocTbie cucteMbl AYT n03BoJI€T BKIIOUaTh MAaPIIPYThl ¢ HECKOJIBKUMU BETBSIMHU U NETIIAMU
MIOCPE/ICTBOM HCIOJIb30BAaHUS Pa3IMYHBIX YacTOT I KaXJI0ro ImyTd. B Gosee cinoxHOM
BapHaHTe TeJeKKa 000pyAayeTcs aBTOHOMHOM ynpasistomeit 9BM u cpencrsamu
OYYBCTBJICHHUS.

B pamkax nporpaMmsl o CO3/1aHUI0 TPAHCIIOPTHBIX OUYBCTBJIIEHHBIX POOOTOB B YHUBEPCUTETE
"Carnegie-Mellon" (CIIIA) co3aan po6ot "Teppereit" (3emiienpoxo/ierr), npeaHa3HauCHHBIN
U1 aBTOHOMHOTO MEPEIBM)KEHUS BHE IOMEIIEHUH Ha 3HAUUTENIbHbIE PACCTOSHUS, OCHAIICHHBIN
60opToBoii OBM 1 MOIIHBIM CEHCOPHBIM aNIapaToM, B TOM YHCIIE U CUCTEMOM TEXHUYECKOTO
3pEeHMS.

Kamudopuuiickas ¢pupma "Odetics" co3aana ynpasisieMblil Ha pacCTOSHUN MOOUITbHBIN
aBTOHOMHBIN mectuHorui po6oT "Odex-1", Ha3BaHHBINH pupMOil "PyHKIIMOHOUIOM" 1
CIOCOOHBIH, 11arast 10 MECTHOCTH, ITPEO0/10JIEBAaTh YCTYIHI 10 1 M, a C MOMOILbIO MaHUITYJISITOPOB
MOJIHUMATh TPY3, Maccoil 10 1 T, U TpaHCHOPTUPOBaTh ero. Cieayer 3aMeTuThb, 4To "PyHK-
uoHon 1", pa3paboTka KOTOPOro o0ouuiack B 1 MiIH. J0J1., MpeAHa3HAYEH JJIs BOCHHBIX LeseH -
00e3BpekuBaHMs O0MO, HECEHHUsI KapayIbHOU CITy:KObl, MUHUPOBAHUS U Pa3MUHUPOBAHUS
MECTHOCTH, a TaKXKe pa3IMnYHbIX AeUCTBUIl Ha nose 60s1. HecoMHEHHO, 4TO MO0OHbII
MOOWIIBHBIN POOOT MOXKET OKa3aThCsl HE3aMEHUMBIM CPEACTBOM JUISI OCYILIECTBIICHUS
criacaTeNbHBIX paboT U JIMKBUIAIIMH MOCIIEICTBUM aBapuii B 30HaX U MECTHOCTSX,
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TPYAHOJOCTYIIHBIX UJIM ONACHBIX JJISl YEJIOBEKA 10 IPUUMHE PAJUALIMOHHOTO UM XUMUYECKOIO
3apakeHMsl, BBICOKMX TEMIIEPATYyp U JIp.

Po6oTHI crienuanbHOTO Ha3HAUCHHSI CITYKAT /ISl BBIIOJHEHUS Pa3IMYHOTO BUA PEMOHTHBIX,
BOCCTAHOBHTEJIBHBIX M CIIACATEIBHBIX PA0OT B SKCTPEMANIbHBIX YCIIOBHUSIX U CUTYaAIUsX, a TAKXKe
MpeIynpexKIeHUs aBapHuil, CTHXUIHBIX OCCTBHIA U IMKBUIAIIMK UX TOCIeACTBUNA. PazpaboTka
TaKuX poOOTOB HANpaBJICHA HA PEIICHUE BAXKHBIX MTPOOIIEM OE30TIaCHOCTH B COXPAHHOCTH
YeJI0BEKA U CPeJibl €ro OOUTaHUS, a IO3TOMY SIBJISIETCS] HE TOJIBKO KpaliHe aKkTyalbHOU, HO U
OJIaropoTHOM 3a1a4Ci.

Cdepsl KOHKPETHOTO MPUMEHEHHSI CIICIIUATBHBIX POOOTOB BeCbMa: MHOTOOOPAa3HBI - 3TO
npo(uITaKTUYeCKre, PEMOHTHBIE M CIIACaTENbHbBIE PA0OTHI B SKCTPEMAIBHBIX YCIOBHIX
(Hanpumep, Ha saepHBIX peakTopax ADC, HaIBOJHBIX U MOABOIHBIX CYAOB, IPEANPUITHI);
o0e33apakuBaHue TIOMEIICHUH, COOPYKEHUI U MECTHOCTHU OT PaJUOAKTUBHBIX, XUMHUUECKHUX,
OMOJIOTHYECKUX U JIPYTHX BBIOPOCOB; 00€3BPEKUBAHNE PA3IIMUHBIX B3PhIBUATBIX YCTPONCTB;
MIOMCK U CIIACEHUE JItOJIel TPpU aBapysIX U CTUXUIHBIX OeACTBUSIX; O0pHOa ¢ moKapami,
AKTUBHBIN KOHTPOJIb U MPEAYNPEXKACHNUE JTIOAEH O CTUXUITHBIX O€ACTBUIX U aBapHsIX,
JUKBUJIALUS UX MOCIIEACTBHI; OOpbOa ¢ TEppOPU3MOM U OPraHU30BAaHHOM MPECTYIHOCTHIO;
HECEHUE aKTUBHOM MaTPYJIbHOM CITY>KObI 1 MHOTOE JIPYTO€.

N3BecTHO, UTO AT TMKBUAALMH TTOCTIEACTBUI aBapuu Ha YepHoObUThCKOM ADC ObLIH
pa3paboTaHbl U HCIOIb30BaHbl POOOTOTEXHUUECKHUE YCTPOICTBA KaK B BUJIE PAAHOYIIPABISIEMbIX
Oy/b103€pOB, TaK U CHEIUATBHBIX POOOTOB JJIs1 00e33apakMBaHUS MTPUJIETAIOIIEH MECTHOCTH,
KpBIIIU U 37aHus aBapuitHoro 6;10ka ADC. U X0Ta CpOYHOCTH 3aKa3a U CKaTble CPOKU
pa3paboTKH He MO3BOJIMIN CO3/1aTh COBEPIIEHHbIE KOHCTPYKIIMH, TEM HE MEHEE POOOTHI
CBITPAJIU CBOIO POJIb.

PazpaboTka u coznanue 0osiee COBEPIIIEHHOTO poOOTa /sl aBapHitHBIX cuTyanuii Ha ADC
BEJIETCS B COJPYKECTBE MEK/y HAIIMMH U FOTOCITABCKUMH Y4eHBIMH ¢ 1989 1. B maboparopun
KPYITHOTO CIIEeIMaIncTa B 00JaCTH OMOMEXaHUKH U poOOTOTEXHUKH mpodeccopa Muomupa
Byko6paTtosuya. [1lararomuii "MHOTOHOTHIT" pOOOT OCHAIIAETCS CTICTIHATILHBIM
MaHUIYJISTOPOM, CHCTEMOM TEXHUYECKOTO 3PEHUS, CECHCOPUKOM U CUCTEMOM YIpaBJICHUS,
MO3BOJISIIOIIMMHU eMy 3((HEeKTUBHO (PYHKIIMOHUPOBATH B KpallHEe HETUIMMHYHBIX CUTYaIHsX.
SInoHCcKHe crienuanucThl Co3alli poO0Ta-M0KapHOT0, CHIOCOOHOTO C IIOMOIIBIO
YIIbTPa3BYKOBBIX JATYMKOB U JIa3ePHBIX CEHCOPOB HE TOJIBKO OOHAPYKUBATH OYArH M0KApPOB, HO
1 "BUETH" BCTpEYAIOIIHUECs Ha MMYTH MPENSTCTBUS U OOPOTHCS C OTHEM C MIOMOIIBIO
CHeIHAIbHOM KUKOCTH, HANIPABIIsIEMOM 1O TaBJICHUEM U3 BYX CTBOJIOB. CrienuaibHoe
M30JIAIIMOHHOE TIOKPBITHE TTO3BOJISET "MOKapHOMY' paboTaTh B TEYCHHUE 3 MUH IIPH
temnepatype 800° C.

MuUHUCTEPCTBO BHEIIHEH TOPTOBIM U POMBIIIICHHOCTH SINOHUN TPOBOAUT B )KH3Hb
MPOrpaMMy 10 CO3/IaHHUIO CIIEIUATBHOTO POOOTa sl 0C000 OMACHBIX paboOT - GOPBHOLI C
CIWJIBHBIMU TIOKapaMu, YCTPaHEHUs aBapHil Ha S/IEPHBIX PEAKTOpax U OomMepanuil B OKEaHCKUX
riryouHax. 9ToT "cyneppo6oT", IO BHEIIHEMY BU/y OT/IaJIECHHO HAallOMUHAIOIIMI KeHTaBpa ¢
Mapoi MOIHBIX PYK-MaHHUIYISITOPOB M HEOOBIIOHN "TOOBOK" ¢ YyBCTBUTEIHHBIMU TJIa3aMU-
TeJeKaMepaMu, MOCAKEHHON Ha THOKYIO MeXaHUYeCKYI0 "ier", criocoOeH BhIIEPKUBATh
CBEPXBBICOKHE TEMIIEPATypPhl U 3HAUUTEIBHOE AABICHUE. Y CTOMUNBAs CBA3b C allllapaToM
MOJIEP/KUBAETCS C IIOMOILBIO JIA3€PHOM CUCTEMBI, & CaM OH HAJEJSAETCS] HCKYCCTBEHHBIM
MHTEJUIEKTOM, ITO3BOJISIFOIIMM IPUHUMATh CAMOCTOSITENIBHBIE PEIICHUS B DKCTPEMAJIBHBIX
CUTYyalusx Juis HarOoJiee 3(h(heKTUBHOTO BHIMOIHEHHS IOCTABJICHHBIX €My 3a/1ay.

Eme otHa nHTEpecHas pa3paboTKa 10 CO3aHUI0 CIEeHUaIbHOTO podoTa, CIOCOOHOTO
JeWCTBOBATh MIPU HEMPEABUICHHBIX 0OCTOSTEILCTBAX B OMIACHOM U1 YeIoBeKa 00CTaHOBKE,
BEJIETCS B paMKax IporpaMmsl "OBpHKa" psIOM 3al1aJHOEBPONEHCKUX CTPaH. YUEHbIE U3
Wranun, @pannun u Mcianum pazpabaTbIBaloT MOJIeNIb aBTOHOMHOTO MOOMIJIBHOTO poOoTa
(AMP), npenHa3zHauEHHYIO 151 ICHCTBUS B KDUTUUECKUX CUTYAUSAX - IPU TEXHOJIOTMUECKUX
katactpodax (Hanpumep, Ha ADC), CTUXUIHBIX OeJICTBUX, OXKapax, MPU YTPo3€ KPYIMHBIX
TEPPOPUCTUYECKUX aKTOB. B 3apakenHO# MecTHOCTH Oyner nelictBoBaTh AMP, 3anumeHHbIH
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JIOTIOJTHUTEIbHBIM CII0EM UCKYCCTBEHHOM "KOXH'", KOTOPYIO BIIOCJIEICTBUU IPU
00e33apakuBaHUH OH CAMOCTOATENIFHO JUKBUANUPYET. POOOT HasienseTcst HCKyCCTBEHHBIM
MHTEJJIEKTOM: OH CMOYKET JIETKO IE€PEABUTaThCS 110 TEPPUTOPUH, TOCTPATABIIEH OT CTUXUIHOTO
OeICTBUS WM aBapUH, C TOMOIIBIO0 MOIIHOM HH(OPMAIIMOHHO- YIPABJISIOIIEH CHCTEMBI
BOCIIPMHUMATh OKPY’KaIOLyl0 OOCTaHOBKY U OLIEHHMBATh €€ u3MeHeHus. Hanboiee
COBEpUICHHBIN BapHaHT pa3pabOTKU OyAeT COCTOSATh U3 IBYX B3aUMO/IEHCTBYIOIIUX COBMECTHO
po6otoB AMP-1 u AMP-2.

Heosxumanupie 0051acTi MPUMEHEHHS CIIEIUATBHBIX pOOOTOB OTKPBIBAIOTCS B CBS3H C
M300peTeHUEM STTOHCKUX YUEHBIX, TO3BOJISIONINM aHATU3UPOBATh U KOJAWPOBATh 3amaxu. [1os
PYKOBOJICTBOM Ipodeccopa TOKUNHCKOTO HHCTUTYTA TeXHOJIOrHU Toécaku Mopuiiymu co3ian
po0OT, CIIOCOOHBIN pacro3HaBaTh 3aMaxy, YTO OTKPHIBAET MHOTOOOEIIAIOIINE BOSMOKHOCTH
WCI0JIb30BAHUS TaKHUX pa3pabOTOK B MUILEBOM MPOMBIIIIEHHOCTH, KOCMETHKE, TapproMepuH,
MEUIIHE, TAMOKEHHOM U CBICKHOM JIeJie.

Kak Buaum, cepbl npUMeHeHUs ClieabHbIX POOOTOB BEChbMa MHOT00Opa3Hbl, U Hay4YHbII
MTOMCK B ATOM HampaBJIeHUH MIPOJI0JIKAETCS BECbMa HHTEHCUBHO.

BrITOBBIE POOOTHI ITpeIHA3HAYEHBI ISl aBTOMATU3allMK Pa3IMYHbIX Oleparuil Kak
HEMOCPECTBEHHO B OBITY YEJIOBEKA, TaK U B cpepe 0O0CIyKUBaHUS. ITH paOOThI IPU3BAHBI
peain30BaTh BAKHEHINIYIO COLIMATIBHYIO 3a/1a4y OOIIECTBa - BHICBOOOXKICHNE BPEMEHH YeJIOBEKa
U1 TyXOBHOM kU3HU.. Co3/1aHue OBITOBBIX POOOTOB - BEChMa CIJIOJKHAsl HayyHasl U MHKEHEepHas
3aJla4a, Tak KakK 371eCb HeOOXOIMMbI THOKHE YHUBEPCAIbHBIE CUCTEMBI, T.€. OUYBCTBJICHHbIE
PpOOOTHI C TIEMEHTAMH WHTEJJIEKTA, CIIOCOOHBIE CaMOCTOSTEIbHO BBIMOIHATH Pa3IMuHbIe Ha
MEPBBIN B3I MPOCThIE pabOThI - MPUTOTOBJICHHUE MUIIH, MBIThE MOCY/IbI, YOOPKY MOMEIICHHH,
LIUTHE U PEMOHT OJIXK/Ibl, YXO/1 3a IEThbMH, 00yUeHHE Pa3IMYHbIM HaBbIKaM, Pa3BiIcUeHUE
JIFOJIEN U TIp., HO COBEPIIECHHO HE NMOJA0IIUECS KECTKON PEriiaMeHTalluH.

Bce Gonee pacmmpsiercs npuMeHeHue CpeAcTB pOOOTOTEXHUKH B POU3BOJICTBE MPEIMETOB
OJICK/IbI U UIIEBOM MHAYCcTpuU. B SAnonuu, Hanpumep, pa3padoTaHbl poOOTHI ISl KPOMKHU U
MOILIKBA OJICXK b, Ha 0a3e KOTOPBIX CO3/1aeTcs Oe3I0IHOe MPOU3BOACTBO. ['0cy1apcTBEHHBIM
KoJuiepKkeM B JIOHAOHE pa3pabaThIBarOTCs METO bl aBBTOMAaTUUECKON pa3Jienku Msca. Pooor,
3aMEHSOIINN YeI0BEKa, JOJDKEH CHa4asla ONpPEIeINTh MECTOTIONO0KEHUE PAa3JINUHBIX KOCTEH ©
MIOMOIIBIO CHEIMATIBHOTO CEHCOPHOTO YCTPONCTBA, YTOOBI 3aTE€M MOCPEICTBOM pabouero oprana
B BUJIE pEXYLIEH NETIIH, PaCIOJI0KEHHOTO HA KOHIE PYKH-MaHUIYJIATOPa, HA4aTh OTACIICHUE
MSICHOM MAaCCBI.

BonbimmMm cripocom OyayT Mosib30BaThes JoMalIHiue poOoThl. Jaxe mpu COBEpIICHHBIX HAYYHO -
TEXHUYECKUX BO3MOKHOCTSIX pa3padoTKa U CO3/IaHHE OUYBCTBJICHHBIX allllapaToB, KOTOPhIE
MoOTJiu Obl IOMOTATh YEJIOBEKY B JOMAIIHUX 3a00Tax,- OXpaHe AoMa, paboTe Ha npuycageOHOM
y4acTKe U T.II., - BIIOJIHE pealibHas 3a1ada. Tak, npe3unaeHt Gupmsel "Unimation" J{xo3ed
DHrenb0eprep cOOOMINII O CO3JJaHUH B PEKIAMHBIX LIEsAX poboTa mo uMenu "Aiizex",
nojaromiero kode nocerurensim B opuce pupmel. B BenukoOpuranuu pazpadboran poooT
"PoBep", mpu3BaHHBINA 3aMEHUTH CTOPOKEBYIO c0OaKy. OCHAIIEHHBIN COBEPILIEHHBIMU
CEHCOPHUKOI U CUCTEMOM yIpaBJICHUSI 3TOT POOOT MOCPEICTBOM JATYUKOB YYTKO
"mpuciaymuBaercs” KO BCEM HapyKHbIM LlIymMaM, a B CJIy4ae MMONbITOK IPOHUKHOBEHUS
MIOCTOPOHHUX B JIOM pa3pasuTcs 'POMKHUM JIaeM, OIHOBPEMEHHO CJIeJIaB COOOILICHHUE B
Omkaimmi noauLenckuil yuactok. "PoBep" BBINOIHSET Takke (PYHKIUIO POTUBOIOKAPHOTO
YCTPOMCTBA, MOAHUMAsI TPEBOTY MPHU MEPBLIX MpU3HAKaX yTeuku raza. Bo ®pannuu, B
BecTHOIOJIE CTaHIIMU Maprkckoro Mmerpo "Hotp-Jlam", mpouuin ycnenrasie ucnbITaHust poboTa-
YUCTUIIBLIMKA, OCHAILIEHHOTO CUCTEMaMU CyXOH U BIIaXXHOH yOOpok. bopToBoii komnbroTep 1
crcTeMa yJIbTPa3ByKOBOI JIOKALMHU MO3BOJIAIOT POOOTY BO BpeMs pabOThI BEKIMBO 0OXOIUTh
JIOJIEH, HE MAAATh M0 IYTH U JaKe MOJHUMATHCS 110 ICKAJIATOPY.

B nocnennue roapl Bece Oosbliee MPUMEHEHHE HaXOIAT POOOTOTEXHUYECKUE YCTPOMCTBA s
pas3BieueHuii u 3a6aa C 07HOI CTOPOHBI, OHM UMEIOT YUCTO MPUKIIAJHOE 3HAYEHHUE, MOJIB3YSCh
BCE BO3PACTAIOIIMM CIIPOCOM HE TOJIBKO Yy I€TEM, HO U B3POCIIBIX, C APYTOM - IOMOTat0T
HCCIIEeI0BATENSIM BBIXOJJUTh Ha HOBBIE PEIIeHUs, OTTaYUBAaTh OPUTHHAIIbHBIE pa3pabOTKH B X0/
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co3/aHus pa3HooOpa3HbIX "3a0aBHBIX" Moenel. LIInpokyro U3BECTHOCT HMOIYYUIIH, HApUMeED,
pa3nuyHbIe MaxMaTHbIe aBToMaThl. THTEepecen poOoT no umenn "Ky6ot", co3naHHbIi
aMEepUKAaHCKUM ydeHbIM baTTiom amns urp B kyOuk PyOuka. Onpenenus, B KaKOM COCTOSTHUN
HAXOJATCS TpaHu Ky0a, poOOT, HCIOb3Ys CHIEIMATbHBIN aIrOPUTM, 3aJI0)KEHHBINA B €T0 MaMSTh,
C TIOMOUIBIO PYK-MaHHITYJIITOPOB BBITIONHAET HEOOXO MBI IBUKEHHS J0 TEX MOp, MOKa He
BO3BPATUT KaXJ0W I'paHy OAuH 1BeT. IIpu 3TOM Aake Ha caMblil 3aIlyTaHHBIM BapUAaHT OH
3aTpadyuBaeT He Oosiee 3 MUHYT.

dopmupyeTcs epCrneKTHBHAS KOHIETIHS CO3IaHMsI pOOOTOTEXHUYECKUX U, KOTaa
MUKPOPOOOTHI, COOpaHHBIE UTPAIOIIMMH IO IPUHIMITY U3BecTHOU UTphl "KoHCTpykTOp",
COPEBHYIOTCS MEX1y co00ii, Hanmpumep, B MpoxoxaeHnn JadupunTa ("Mukpomsis" JHxona
bunuunrenm), nepeHocke rpy30B U JJaXKe B UTPE B HACTOJIbHBIN TeHHHUC. PoOOTOTEXHUUYECKHE
UTPBIL, TAKUM 00pa30M, MOTYT CTaTh OJIHUM M3 MHOTOOOEIIAIOIINX HAIIPaBICHUH pa3BUTHUS
OBITOBBIX pOOOTOB.

OpHolt n3 Hanbosee MPUBJIEKATEIbHBIX U 0J1aropoIHbIX cep MPHII0KEHNs OBITOBBIX pOOOTOB
SIBJISIETCS OKa3aHWEe MOMOIIM nHBanuaAaM. [Ipumepom Takoit pa3paboTKu sBIIsETCS
uccaeaoBaHue, MpoBoauMoe B TOKHIICKOM YHUBEPCUTETE, Te CO3al0T ""NMBYpyKoro"pobora-
HSIHIO, CIIOCOOHOTO BBIMOJIHATH LIENbIA HA0OP 3a/1a4 - OT CHATHS T€IePOHHOMN TPYyOKH 10 HAKPHI-
BaHHUS CTOJIA.

Jlpyroii SsIMOHCKUH TPOEKT, pa3padaTeiBaeMblii ¢ 1977 r. B mabopatopuun mexanuku (T. [lykyoa),
CTaBUT ILIEJIbIO CO3aHNE POOOTA-MIOBOIBIPS AJIsl yTPATUBIINX 3peHHe. [IBIKYIUKCS KOJIECHBIN
po6ot "Menmor" ( 2.6), mocklnas yabTPa3ByKOBBIE UMITYJIBChI, 0OHAPYKMUBAET 1 OTIO3HAET
MPETSITCTBYS HA CBOEM ITyTH, a OOPTOBOM KOMIIBIOTEP CPAaBHHUBAET MOJIY4YEHHYIO HHPOPMAIUIO C
3aJI0’K€HHO B MaMsTH Tonorpaduyeckoil kKapToit JaHHOro paifona. Takum oGpazom, poooT,
10JTy4asl PEJCTaBICHUE O TOM, YTO IIPOUCXOIUT B ONIMKANUIIIEM OKPYKEHHH, CLIOCOOEH
3aMEeTHUTb, HAIPUMEp, IBMKYILIUICSI aBTOMOOMIIb MJIH IPYTrO€ TPAHCIIOPTHOE CPEJICTBO BOIU3U
MepEeKPECTKa, KOTOPBIM HaMEepeH TepeiTu cienoit. Kpome Toro, poOoT OCHaIEH ONTHYECKUM
JTATYUKOM JUIs cOopa MH(OpPMAIMK O BCTPEUYAIOIINXCS Ha €ro IyTH OPUEHTHpax U reperadn Ajs
aHanu3a B KomnbroTep. "Mengor" ynpaBiseT BIaJAeIbIEM Yepe3 AICKTPUUECKUI
COEJIMHUTEJNIbHBIN IIHYP, a HOChUIaeMbIe POOOTOM IEKTPUUYECKHE UMITYIIbChI TOCTYNAIOT Ha
AJIEKTPO/IbI IyJIbTa YIPABICHUS, C KOTOPBIMU KOHTAKTHPYIOT NaJIbLbl YenoBeka. VIMImyibcel
MIOCBUIAIOTCS B COOTBETCTBUU CO CIIELUAIIBHBIM KOJIOM, OCBOUB KOTOPBIN CIIENON ClIeAyeT
IIPABUJIBHBIM ITyTeM, U30€erasi OacHbIX CTOJIKHOBEHUH.

OOumpHas 061acTh IPUMEHEHUS OTKPBIBAETCS Nepe]] pOOOTOTEXHUKON B 3[JpaBOOXPAaHECHUU U
MEAULMHE - 3T0 00yueHne (PU3NUECKUM yIpaKHEHUSAM, (pu3noTepanus, Xupyprus,
IIpOTE3UpoBaHKeE U T.I. He3aMeHMMbIM MOMOILHUKOM Ul TPEHEPOB FOPHOJIBLKHOTO CIIOpTa
MOJKET CTaTh pazpaboTaHHbIl Ipodeccopom u3 r. Huurata Motunocu Muypa "PoGotapo" -
3JIEKTPOHHBIN JIBDKHUK, CIIOCOOHBIH 0 3aJaHHOI ITporpaMMe HarjsAHO J€MOHCTPUPOBATh
3JIEMEHTBHI IBUKEHUS U CaMBbIX CIIOXHBIX MaHEBPOB FOPHOJIBDKHUKOB, OIIPEACTIATh
palMoHaIBHYIO IPOTPaMMYy CITyCKa.

B knuHMKe yHHUBepcuTeTa ArnoHckoro ropojaa Kobe B kauecTBe accucTeHTa Bpaya-
¢uznorepamnenta "Tpyautcs" podbOT, HOMOras OCyLUIeCTBIATh IPOrPaMMy BOCCTAHOBJICHHUS Y
NaIMEeHTOB (PyHKIMH MOBPEXIEHHBIX U OOJBHBIX CYCTaBOB U MbliiL. [Ipu nposenenun
Je4eOHOM TMMHACTUKY JITsI TOBPEXKIEHHONH KOHEYHOCTH POOOT MCIIOIb3YeT CBOIO IMOKYIO U
MOABIKHYIO "pYyKY", C TOMOLIBIO KOTOPOH BBINIOJHAET CIIELMAIBHBIE YIIPAXKHEHU CyCTaBa U
CPaBHUBAET Pe3yiIbTaThl C MPEABAPUTEIHHO 3aJI0°)KEHHON B €r0 MaMsATh POrpaMMoit JieueOHOM
TPEHUPOBKH, BbIJJaBast pe3y/bTaThl Ha 3KpaH aucies. OcoOeHHO MoAKynaeT 60IbHbBIX
"oOmMTENBHOCTD" po0OTa, KOTOPBIN 337aeT TEMI U BEJET CUeT ynpaxHeHusM. Ha pemenue,
Ka3aJioch Obl, COBEPIIEHHO (DaHTACTUUECKOM 3ajauu MOOMIN30BaHbI JIYUIITHe CUIIBI psija
YHUBEPCUTETOB SMOHMH, a Takke MOIHBIX Koproparuii "Hitachi", "Sumitomo Donki" u ap. no
CO3/IaHUI0 MUKPOCKITMYECKOTO poOOTa-XHUpypra, CIOCOOHOTO CaMOCTOATEIBHO MEePEIBUTaThCS
10 BHYTPEHHUM KaHajlaM 4€JI0BEUECKOT0 OPraHU3Ma, YMEIOIIEro OThICKUBATh IOPAYKEHHBIE
YUYaCTKH, yJAJIATh PAaKOBbIE KJIETKU U IIPOU3BOAUTD APYrue C0XkHbIe onepanuu. "Eciau Takoi
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MHUKPOPOOOT OyJeT Co3/aH, TO 3TO MOKET BBI3BATh HACTOALIYIO PEBOJIIOLIUIO B MeIuIHe", -
CUMTAET OJIMH U3 Pa3pabOTYMKOB Iporpammbl ipodeccop Tokuiickoro yauepcuteTa MBao
dyn3umaca.

JlanbHelilee COBEpIICHCTBOBAHUE U TIOBCEAHEBHOE MCIIOIB30BaHNE OBITOBBIX POOOTOB
HAXOJATCS B MPSAMON 3aBUCUMOCTH OT YCIIEXOB B 00JaCTH pa3pabOTKH CUCTEM HCKYCCTBEHHOTO
MHTEJJIEKTA.

Po6GOTHI-IPOEKTHPOBIIMKH IPEIHASHAYCHBI JIJIsl aBBTOMAaTHYECKOTO pacyeTa U MPOSKTUPOBAHUS
MalIlH U COOPYKEHUM, pa3pabOTKU TEXHOJOTUYECKUX IPOLIECCOB, CUCTEM YIPaBIIECHUS,
MH(GOPMAMOHHOTO 0OecrieueH s | T.11. B HacTosiiee BpeMsi OHH CYIIECTBYIOT JIMIIb B BHJIE
OTJIENbHBIX CUCTEM aBTOMaTU3upoBaHHOrO npoektupoBanus (CAIIP), eme ganekux ot
COBEPUIEHCTBA, HO UHTEHCUBHO Pa3BUBAIOILIUXCSL.

[IpoGnema poOOTU3UPOBAHHOTO MPOEKTUPOBAHUS (IPOEKTUPOBAHUSI C TOMOIIBIO pOOOTOB)
CTaHOBUTCS OCOOEHHO aKTyaJIbHOM B CBSI3U C pa3pabOTKOM U cOo3AaHNEM THOKHUX
IIPOU3BOJICTBEHHBIX CUCTEM, COCTOSIIIUX U3 HECKOJIBKUX POOOTHU3NPOBAHHBIX MOTyJEH U
COJIepKalIiX CTOJb MHOTO MTEPEMEHHBIX, YTO YEIOBEKY-ITPOEKTUPOBIINUKY CTAHOBUTCS HE MO/
CHIIY YBSA3aTh UX MEX]y cOO0M. VneanbHbIM HHCTPYMEHTOM JJIsl peLICHUS TaKUX 3aja4
MIPOEKTUPOBAHMS CTAHOBUTCS MOJIEJIMPOBAHHME HA KOMIIBIOTEPE C TIOMOIIIbIO pOOOTOB.
[Tpumepom Takoro poOoTa-MpoOEeKTUPOBIINKA MOKET CiIykUTh cuctema "GRASP" (Graphical
Robot Application Simulation Package - maker nporpamm st rpadMueckoro MoIeIMpOBaHUS
paboT c nmomo1ipko podora), coznanHas B Hortunremckom ynusepcutete (BenmukoObpurtanus).
[Iyrem ananu3a 1 OLEHKU OOJIBIIOTO MacCUBa UCXOIHBIX IaHHBIX U MApaMETPOB CUCTEMA
MO3BOJISIET YCTPAHUTh MPOTUBOPEUNS U 00ECIeUnTh ONTUMAJIbHYIO IUTAHUPOBKY paboyero
obopynoBanus pobotuzrpoBanHoro Moy ['TIC ¢ Beigaueii rpadudeckoro n300paxeHusl.
JlanbHeiiee pa3BuTHe pOOOTU3UPOBAHHOTO IPOEKTUPOBAHNUS B THOKUX aBTOMaTHU3HPOBAHHBIX
MIPOM3BOJICTBAX MPEAINOIaraeT OCHAIIEHNE X CUCTEMaMH, 0003HAYaeMbIMH 110 MEXIyHApOIHOMN
tepmunoiorur: CAD (Computer - aided Design - kommnbroTepHas cHcTeMa MPOEKTUPOBAHHS) -
aHaJIOT OTEYECTBEHHOM CUCTEMbI aBTOMATU3UpOoBaHHOTO TpoekTupoBanus; CAM (Computer -
aided Manufacturing - kombIOTEpHast CHCTEMa IIPOM3BOJICTBA) - AHAJIOT OTEYECTBEHHOMN
aBTOMAaTHU3UPOBAHHOW CUCTEMBI yrpaBieHus Texanaeckumu nporeccamu (ACYTII); CAI
(Computer - aided Inspection - koMIbprOTEpHAsE CHCTEMA KOHTPOJIS).

B takux enunbix uaterpupoBanHbix cuctemMax CAD-CAM-CAL unu 1o xe uto CAD-MAT
(MAT - Manufacturing and Testing - u3roToBicHHE ¥ KOHTPOJIb) POOOTaM-IIPOECKTUPOBIIUKAM
OTBOJUTCS BaKHAs POJIb.

HccnenoBatenbckue poOOTHI - 3TO poOOTHI, IPeAHAa3HAUCHHBIE IS ITOKCKa, cOopa, mepepaboTKu
U niepeaadn nHpopManuu 00 ucciieyeMblx 00beKTax., TakuMu 00beKTaMU MOTYT OBITh
TPYIAHOJIOCTYITHBIE, a TAK)KE HEJOCTYIHBIE ISl YeoBeKa cephl - KOCMUYECKOE TPOCTPAHCTBO,
OKEaHCKHUE TIyOHHBI, Heipa 3eMJIH, SKTpeMalbHbIE 1a00paTOPHBIE YCIOBHS U T.II. - 100
obnactu, rie TpeOyroTCs BhISIBICHHUE, ITepepad0TKa U aHAJIU3 OTPOMHBIX KOJIHMYECTB
nHpopmanuy, HanpuMmep, HHHOPMALIMOHHBIN TIOUCK U pa3BeAKa, UCKYCCTBO U JIUTEpaTypa.
SIpkuM mpUMEpPOM COBPEMEHHBIX UCCIIEI0BATENbCKUX POOOTOB SBISIIOTCS aBTOMAaTUYECKUE
anmapaTsl JUIsl HCCTIEI0BaHUS KOCMOCA U IUIAHET, WK KocMUYeckue poboTsl. Ha npoTsbkenun
y’K€ MHOTHX JIET MBI ABJISIEMCS CBUAETENISIMU IITypMa KOCMOCA CEMEHCTBOM OUYBCTB- JIGHHBIX
po6oToB. B okTs106pe 1959 1. ¢ moMo1ipi0 coBEeTCKOM aBToMaTHueckoi cranuuu "Jlyna-3"
BIIEPBBIE yAAI0Ch choTorpadupoBaTh 0OpaTHYIO CTOPOHY JIYHBI, UTO SIBUJIOCH HAYAJIOM
IPSIMOTO M3YYEHUS JIYHHOH nmoBepxHOCTH. COBETCKUI KOCMUYECKUH anmapar aBTOMaTUYeCKOH
crannuu "Jlyna-16" 24 centa6ps 1970 r. goctaBun Ha 3eMiTi0 00pa3iibl JYHHOTO TPYHTA.
AmnanoruyHas onepauus Obuia nposeseHa B ¢pespaue 1972 r. aTomaTnueckoit craniueit "Jlyna-
20". OuyBcTBIeHHBIE KOcMuueckue po6oTsl "Jlynoxon-1" (1970 r.) u "Jlynoxon-2" (1973 r.),
JOCTaBJIEHHBIE HA IOBEPXHOCTH JIyHbI aBTOMaTnyeckumu cranuusamu "Jlyna-17" u "Jlyna-21" n
yIIpaBJisieMble YeJIOBEKOM-OIIEPaTOPOM B CYNIEPBU3OPHOM PEKUME, MOTYUUIIH U NIEPEIaan Ha
3eMJII0 IIeHHEeHIYI0 HH(OPMAIHUIO O JIYHHOM MOBEPXHOCTH.
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[epBbIit B HCTOPHH YEJIOBEYSCTBA OUYBCTBIICHHBIH KOCMHUUecKuid poooT "Jlynoxon-1" ( 2.7)
MMeI JI0BOJIBHO CJIOKHBIM CEHCOPHBIN anmnapar ¢ 3J€EMEHTAMH UCKYCCTBEHHOT'O 3pEHUS B BUJIE
OOPTOBBIX CTEPEOCKOMUYECKUX TEIEBU3NOHHBIX KaMep, COBEPIICHHYIO ABUTAaTEIbHYIO CHCTEMY
B BHJIE 8-KOJIECHOTO I11aCCU C aBTOHOMHO YIIPABJIIEMBIMU MOTOP-KOJIECAMH U MAHUILYJIATOP IS
B3STHS IPOO IPyHTA, YTO TO3BOJIUIIO €MY BBITIOJIHHUTH CIOKHYIO IPOrpaMMy MepeMenIeHHH 1
UcCcleI0BaHUI Ha NOBEpXHOCTU JIyHBI.

KocMuueckue poO0ThI BOILIM B COCTaB MOCAJOYHBIX MOYJIeH aMEPUKAHCKUX aBTOMATUYECKUX
TyHHBIX annapaToB cepun "Cepoiiep". Kaxaplii Takoit poOOT, OCHALICHHBIH PYKOA-
na"TorpagoM ¢ pabouuM OpraHoM B BHJIE IKCKaBaTOPHOM JIOMAThI, CIOCOOEH ¢ membio 3a0opa
JIYHHOTO TPYHTa KOIIaTh TPAHILEIO HAa PACCTOSIHUM | M OT I0CaJJ0YHOTO MOAYJIS.

B urone 1976 r. Ha noBepxHOCTH Mapca Obl1 JOCTaBJIEH aMEPUKAHCKUN KOCMUYECKUH poOOT-
naboparopust "Bukunr" ( 2.8). B omnnuue ot "JIyHOX0I0B" 3TOT anmapar cTalldOHapHBIA, HO
TOXKE CHA0’KEH MaHUIYJISITOPOM C TPYHTO3a00pHBIM YCTPOMCTBOM, YCHEIIHO paboTaBIIUM OoJiee
NBYX JIET, HA MPOTSHKEHUU KOTOPBIX MOJIEPKUBAJIACh CBSI3b € 3eMJIei.

OTHU BBIIAIOLIUECS KCIIEPUMEHTHI UMEIH OOJIBIIOE 3HAYEHHE HE TOJBKO /11 KOCMUYECKUX
UCCIIEIOBAaHUM, HO U JUIsS pa3BUTHS POOOTOTEXHUKH, OHU MOKa3aJld, HACKOJIBKO CIIOKHBIM H,
Ka3aJ0Ch OblI, HEBBITIOJIHUMBIM MOKET OBITh 3aJJaHHUE, 1aBAEMOE€ KOCMHUYECKOMY POOOTY.

[To mporHo3y M3BECTHOTO CHEUAINCTA, PYKOBOUTENS IPOrPaMMBbI [0 aBTOHOMHBIM CUCTEMAaM
u Kocmuueckoi mexanuke (Jlaboparopus peakrusHoro aswxenus, CILIA), DOBanbaa Xuepa,
JalbHEIIee pa3BUTHE KOCMUYECKHX POOOTOB M MAaHUITYISTOPOB OY/IET OCYIIECTBISATHCS B
CIeNYIONMUX 4-X HAMPaBJICHUIX: 1) UCCIIENOBATENLCKUE CHCTEMBI, 2) TI100aTbHBIC U
00CTyKMBAIOLINE KOMIUIEKCHI, 3) CUCTEMBI "MHIyCTpHAIN3aluu" KocMoca, 4) TpaHCIOPTHBIE
CUCTEMBI.

Teneps 0JTHUM U3 CAaMBIX COBEPIICHHBIX "00CTy)KHBAIOMUX" KOCMHUYECKUX POOOTOB CIIeIyeT
CUYHMTATh JUCTAHIIMOHHO YIPaBIsIEMYI0 MaHUTYJIs- IHOHHYIO cucteMy (JJYMC) ( 2.9)
TPAHCIIOPTHOTO KOCMHYECKOTO KOpabyisi MHOTOpa30BOTo ucmosb3oBanus "Creiic [laTTin",
pa3paboTaHHYIO KaHaJICKUMHU Y4E€HBIMHU 110 3aka3y HalroHaapHOTro yrpaBieHHs 10 a3pOHABTHKE
u uccneaoanuio kocMuueckoro npoctpanctsa (HACA) CIIIA; ona npenHa3HaveHa s Chema
C OpOUTHI Pa3IUYHBIX IPY30B U 0OBEKTOB C IOMOIIbIO MAHUITYJIITOPOB C IIECTHIO CTENEHIMU
MOJIBMKHOCTH, paguycoM AeicTBus 15,2 M u rpy3omnoabeMHOCThI0 0koJio 30 1 (!), a Takke i
MIPOM3BOJICTBA PEMOHTHBIX U aBapUIHBIX paboT, I YEro MaHUITYJIATOP 000PYAOBAaH IBYMS
tenekamepamu. Cuctemoit ynpasienus JYMC npenycMOTpEHO HECKOJIBKO PEKUMOB
YIpaBJICHUS: OT PYYHOTO - € IyJbTa KOPMOBOTO rocta kopadis "Cretic [llartn", mo
aBTOMATUYECKOTO - [0 MPOTrpaMMe, 3aJI0’KEHHOM SKUMakeM Ha 3emlie WK yKe B KOCMOcCe.
[TogoGHbIE MAaHUITYNIATOPHI U1 CheMa OTPaOOTaBUINX CIYTHUKOB C OPOUT U 00CTYKHUBaHUS
KOCMUYECKUX KopabJeil pazpaboTaH Takke B HaIlIel CTpaHe.

C nactyruieHreM B 0003puMOM OyIyIIEM 3MOXH CO3/IaHuUs U UCTIOJIb30BAHMSI CTAIMOHAPHBIX
KOCMUYECKUX CTaHIMI CIEeAyeT 0KUAAaTh HOBBIX IOCTIXKEHUH B 00JIaCTH KOCMUYECKON
poboToTexnuku. IHTepecHa pa3paboTka, pecTaBiIeHHAs KOJUIEKTHBOM crieruanuctoB CLIA,
paboTaroux Haja kocMudeckoit mporpammoit "TAPAMMUC". JlucTaHIMOHHO THJIOTHPYEMBbIi
obcnyxuBarouuii Mmoayib (JIIOM) ( 2.10) ocHaleH 4eTbIpbMSsi MAaHUITYJIATOPAMHU, 1B U3
KOTOPBIX, IIPeAHa3HAaYeHHBIE U1l pa0OThl C 0OBEKTaMH, Pa3MELICHbI Ha JINIIEBOW CTOPOHE
MOJYJIA, a Ba IPYTHX, MEHEEe MOIIHBIX, UCTIOB3YEMbIX JUTsl MPUYATUBAaHUS K OOBEKTY,
pacroioxkeHsl o 6okam. Huxke MaHUIYIATOPOB CMOHTHPOBAHA IOJIKA CO
CHeIHaTN3UPOBAHHBIMU PA0OYMMU OPraHaMU, a MO Hel - CTeIJIaX ¢ 3allaCHbIMU YacTIMU,
NpeJHa3HAYCHHBIMH U1 OOCITY>KUBAaHUS U PeMOHTa 00bekTa. TerneBU3HOHHbIE KaMephl
YCTaHOBJIEHBI 1O IIEHTPY poOoTa u Haj "MiedyeBbiMu cyctaBamu”

Taxoii kocMudeckuil poOOT MpeIHa3HaueH JUIS TEXHUUECKOT0 00CTY)KMBaHUS KOCMUYECKHX
anmaparoB ¥ CIIOcOOEH BBITIOIHATH OTEpallMi B KOCMOCE He Xy)Ke deloBeka. B 0cHOBY ero
YIpaBJIEHUS MOJI0KEH NPUHIUN "AUCTAaHIIMOHHOTO IPUCYTCTBHA", COTJIaCHO KOTOPOMY
oTIepaTop MOXKET YIPaBIATh ¢ 3eMJIH IeHCTBUAMU MOYJISl B KOCMOCE TakK, Kak eciid Obl OH
HaXOJHJICS Ha ero 0opty. [IBa MaHUMYNIATOpA 3aXBaTHIBAIOT HA OPOUTE CITYTHHK, BRIIIEAIINN U3
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CTpOSI, a IBa IPYTUX BBITIOJIHSIOT PEMOHTHBIE paOoThl. IJ1si JOCTaBKH OOCITY>KUBAIOIIETO MOIYIIS
K pabodyeMy MecTy pa3paboTaH TPAHCIIOPTHBIM KOCMUYECKHI pOOOT, TaK HAa3bIBAEMBIiA
MaHeBpHUpYoINi opOuTanbHbiil annapat (MOA).

HccnenoBanus u pa3pabOTKH, HAPaBJICHHBIE HA CO3aHNE U COBEPIIEHCTBOBAHNE KOCMUYECKUX
po0OTOB, OeIyTCst BO BCEX BEIYIIUX MTPOMBIIIIEHHBIX CTpaHax; ¢ cepeauabl 1990-x rr.
IIPEIII0JIAraeTCsl BHEIPEHUE B KOHCTPYKIIMU KOCMHUYECKUX alllapaToB HOBEUIINX CPE/ICTB
HCKYCCTBEHHOI'O MHTEJJIEKTa, 00ECIEUNBAIOLINX BO3MOKHOCTh a/IallTUBHOTO YIIPABJICHUS
KOCMUYECKUMU poOOTaMHU.

B cBs13u ¢ HapacTarOIKUM HHTEPECOM K OCBOEHHUIO PECYPCOB MUPOBOI'O OKEaHa BO BCEM MUPE
CO3ar0TCsl MOABOIHBIE POOOTHI, TPEeIHA3HAYEHHBIE AJIsl UCCIIEJOBAHUS U OCBOECHHUS MOIBOAHBIX
riyouH. VccrienoBanue  0CBOCHHE OKEaHCKUX TIIyOMH Tak ke, KaKk ¥ KOCMOCa, CBSI3aHO C
TSDKEIBIMU M ONTACHBIMU JJIs YEJIOBEKA YCIOBHSIMHU, T0O3TOMY IPUMEHEHHUE [10ABOHBIX pOOOTOB
SIBJIIETCS OJIHUM U3 MarucTpaJIbHbIX HAIIPABJIEHUH B PEIIEHUH ITUX IPOOIIEM.

IIOJIE3HBIX UCKOMAEMBIX, IOMCKE U TIOJbEME 3aTOHYBIIUX CY/I0B, BEJCHUU CIIacaTeNIbHBIX padoT,
a TaK)Ke OCBOCHMHU KUBOTHBIX U PACTUTENBHBIX PECYPCOB MOABOAHBIX ITyOuH. [To cBoeoOpa3Hoii
MIPOrHO3HOM Kiaccudukanuu cnenuanucra Llentpa okeanckux cucrem BMC CIIA (mrat
Kamugopuus) Ckorra XapMoHa, pa3BUTHE MOJBOIHBIX aBTOMAaTUYECKUX aIlllapaToB OyaeT
(hopMUPOBATHCS B TPEX HAIpaBIEHUAX: 1) poOOTHI, OJI3AIOIIHE TI0O OKEAHCKOMY JTHY Ha
JOBOJIBHO 3HAUUTEINIbHBIE PACCTOSIHUSA, TPEeTHA3HAYECHHbIE 7S pa3BeIKU U JOOBIYM MOJIE3HBIX
MCKOIAEMBIX, OCYIIECTBIIEHUS TOMCKOBBIX pabOT, 0CMOTpA, YKJIAIKU UM peMOHTa Kalenel u
Tpy6omnpoBoioB u T.1. ("Kpalsl"); 2) poOOTHL, IepeMeIiaromuecs B TOJIIIE BOJAbI Ha
CPaBHHUTEIHHO HEOOJBIINE PACCTOSHUS, OCHAIIEHHbIE HECKOJILKUMH MaHUMYISTOPAMHU U
MpeHa3HaYeHHbIE U1 OCMOTpPa, TEXHUYECKOTO 00CTYKUBAHUS U PEMOHTA MOBOIHBIX YacTei
CYZIOB U CIIOKHBIX COOPYKEHUI (Hampumep, OYpOBBIX YCTaHOBOK), BOCCTAHOBUTEIILHBIX U
cracaTeNbHBIX PaboT Ha 3aTOHYBIIKX cyaax u T.10. ("Ocemunoru"); 3) poOoTHl, IIaBaIONINE B
TOJIIIE BOJIbI HA 3HAYUTENIbHBIE PACCTOSHUS, OCHAIIEHHbBIE MOIIHBIMU M TAIbHOACHCTBYIOITNMUI
CEHCOPHBIMU YCTPOMCTBAMH U CUCTEMAMHU CBSI3H, CIIOCOOHBIE IEPEMENIATHCS C OUE€Hb BOJIBLION
CKOPOCTBIO U MpeHa3HAYCHHBIE ISl BU3yaJIbHOTO OCMOTpA, HAOMIOAeHUs, THIporpaduyeckon
CheMKH | T.11. ("AKyms").

B 3aBucumocTu 0T XapakTepa CBSI3U C HaJIBOJAHBIM CYJAHOM I10ABOHBIE POOOTHI JIENATCSA Ha
ABTOHOMHBIEC U HEABTOHOMHbIE (TIPUBS3HbBIE).

K Hacrosimemy Bpemenu B mupe co3aano 6osee 100 moABoIHBIX aBTOMAaTUYECKUX alllIPaToOB
Pa3IMYHOrO Ha3HAYCHUS, CHAOKEHHBIX MaHUMYNIATOpamMu. OJJHUM U3 MEPBBIX OTEYECTBEHHBIX
MTOJIBOAHBIX pOOOTOB OB co3ManHbIi B 1968 1. MHCcTUTYTOM OKeaHosioru AH CCCP
COBMECTHO C JIeHMHIpaJIcCKUM MOJIUTEXHUUECKUM HHCTUTYTOM U APYTUMU By3aMU
UCCIeI0BATeNIbCKUI TeeynpaisieMblii oT 9BM anmnapar "ManTa" (Tuna "Ocbmunor") ¢
OUYYBCTBJICHHBIM 3aXBAaTHBIM YCTPONUCTBOM, OCHAILIEHHBINA JBYMS TUAPABINYECKUMHU
MaHUIYAATOPAMU TPY30MIOABEMHOCTHIO 50 KT ¢ CEMbIO CTETIEHSIMH IMOABIXKHOCTH KaXKIbIH.
Cucrema ympaBiieHUs U CEHCOPHBIN anmapaT poboTa Mo3BoJsu OpaTh 0OBEKT, YKa3aHHbIN
OTIepaTOPOM Ha TeJIeIKpaHe; IEPEHOCUTH ero Omke K "Tenernasy" i u3ydeHus Jnoo
yKJIaJIbIBaTh B OYHKED, a TAKKE BBIMIOJIHATH OUCK 0OBEKTOB BCIEMYIO (Ha OLIYIh) B CIIydae
MIOTEPU BUAMMOCTH U3-3a 3aMYTHEHHOM BOJIBI.

CrnenuanucraMu U3 SINOHCKOTO LIEHTpa HayYHO-TEXHUUECKUX HCClIeT0BaHUI Mops (T.
Mokocyka) co3aaH ps JUCTAHIMOHHO YIIPABJISEMBIX TTy60KOBOMHEIX po60ToB "Jlondun" (
2.11) c rny6unoit norpyxenus a0 3300 m ("Hondun-3K"), npenrHazHaueHHBIX I OCMOTpa
MI0JIBOJIHBIX COOPYKEHUH, cOopa 00pa310B U BeIeHHs I€0JI0TMYECKON pa3BeIKH Ha OKEaHCKOM
nue ("Kpa0"); mpeamnonaraercs Takke UCIOJIb30BaHUE €T0 B KAUECTBE UCCIIE0BATENBCKOTO
30Ha JUTsl 00MTaeMoro noABoHoro arnmapata "Cunkaii-2000". 11 cB3H ¢ HAJBOIHBIM
CYJHOM, NpHeMa KOMaH/ 1 Niepeaayr HH(OpMAaIMK Ha TOBEPXHOCTh UCTIOJIB3YEeTCS BOJIOKOHHO-
ONTUYECKUH Kabesb, UMEIOIINN 3HAUUTENILHO OOJIBIIYI0 HHPOPMALIMOHHYIO MTPOITYCKHYIO
CIOCOOHOCTh, YeM TPAJUIIMOHHbIE MEPHbIE TPOBOTHHUKH.
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B nocnennue roapl ycuins ucciuenoBaTenei u pa3paboTYMKOB 0OpalieHbl Ha CO3/1aHue
ABTOHOMHBIX TTOJIBOJHBIX POOOTOB, HA/ICIIEHHBIX COBEPIIEHHBIMHU YIIPABIIAIONIUMHI CUCTEMAMH U
MCKYCCTBEHHBIM HMHTEIUIEKTOM. Takue poOOoThl, CHOCOOHBIE TIaBAaTh UIIH MEPEMEIIATHCS, MUHYS
MPETSITCTBHS, CAMOCTOSTEIFHO BO3BpAIaThCs Ha 0a3y, 00sanaroT 60ibmoi 3hHeKTHBHOCTRIO U
YHUBEPCAJIBHOCTBIO, UX HE CIEPKUBACT TSHKEIIBIN COSTMHUTENBHBIN KaOelb.

VYnpasiisieMble KOMIbIOTEPaMU aBTOHOMHBIE OUYBCTBJIEHHbIE I0JJBO/IHBIE aINapaThl KaHAJACKON
¢upmer "ISE" (International Submarin Engineering), Benymieit B Mupe, XoTs 1 IMEIOT BBICOKYIO
HaYyaJIbHYI0 CTOUMOCTD (1-2 MITH. 10J1.), HO CYIIIECTBEHHO JCIIEBJIEC B SKCILTyaTallld, YeM
MIPUBSI3HBIE AIIapaThl, TAK KaK HE TPEOYIOT MOCTOSHHOTO TPUCYTCTBHSA
BBICOKOKBATH(DUITUPOBAHHOTO HHKEHEpa-oneparopa OHHM ciocoOHBI CAMOCTOSTENILHO B
COOTBETCTBHUH C 3aJI0)KCHHBIM B KOMITBIOTEPHYIO MMaMsATh MapIIPYTOM IUIaBaTh B OOLITMPHOM
paiione okeana ("Akyna'"), pa3Be/bIiBasi C MIOMOIIBIO TEJIEKaMep U aKYCTHYECKUX JaTYMKOB
MECTOPOKICHUS Pa3INYHBIX HCKOMIAEMbIX, OOHAPYKMBasl MOBPEKICHUS B TPyOOIpoBOIax U
Ka0esaX CBSA3M U JIp., U BO3BPALIATHCS MOCIE BBIIOJIHEHMS 3a1aHUs Ha 0a3y.

Po6ot ¢pupmsr "ARCS" (Autonomous Remote Controlled Submersible - aBToHOMHBI#
JMCTAHLIMOHHO YIPaBJIsieMbIi MOJABOIHBIN anmapar) MOXET IJIaBaTh CO CKOPOCTHIO 8 KM/4 Ha
riyoune 10 300 M, muTasCh OT aKKyMYJISITOPHBIX Oatapeil u nepenaBas HH(OOPMALIHIO O
aKyCTHYECKOH JIMHUU CBs3U. Jlpyroil moaBoiHbIN poOOT KaHAICKON (PUPMBI -
rugporpaduueckas cucrema "DOLPIN" (Deep Ocean Logging Platform Instrument for
Navigation - ry0oKoBOIHAs OKEaHCKasi HABUTAIIMOHHAS I1aT(hOpMa) OIyCKASTCs JIUIIb Ha 5 M
HUKE YPOBHS BOJIbI, HO IEPEIBUTAETCS CO CKOPOCTHIO 10 24 KM/4, IOJIIepKUBasi CBA3b C
OTIEpaTOPOM C MOMOUIbIO PAJIOCUTHAJIOB, TIEPEAABAEMBIX MTOCPEACTBOM CIIEUATBHON aHTECHHbI-
ITHOPKEJS, BHICTYIAIONIEH U3 BOJIBI U CITyXKalllei 0JHOBPEMEHHO IS 3a00pa aTMOCcepHOro
BO3/yXa, HEOOXOIMMOI0 AU3EIbHOMY JIBUTaTENIIO arapara.

HecmoTpst Ha HayyHO-TEXHUYECKUE U (PUHAHCOBBIE TPYIHOCTH, IPOIPaMMBbl CO3/JaHHUS HOBBIX U
COBEpPILIEHCTBOBAHUS CYLIECTBYIOIIMX ABTOHOMHBIX pOOOTOB OCYIIECTBIISIOTCS JOBOJIBHO
YCIIELIHO.

2.8 lIpakTuyeckoe 3ausaTve N2 8 (2 yaca).

Tema: «BcnomorarensHoe o6opynoBanue PTK»

2.8.1 KpaTkoe onucaHue mMpoBOAMMOT0 3aHATHSA:

[TockomnbKy ¢ pa3BUTHEM POOOTOTEXHUKU HEU30€KHO (OPMUPOBAHUE HOBBIX ITOKOJIEHUN
poOOTOB U BHEAPEHHE UX B HOBBIE 001aCTH U cdepsl, Kiaccu(PuKaus 10 Ha3HAYEHUIO U
pelraeMoMy Kiaccy 3ajad He sIBJISETCS 3aBEpIICHHON U B U3BECTHON Mepe XapaKTepu3yeT MyTh
pa3BUTHs pOOOTOB, a MOATOMY MOXKET ObITh Ha3BaHa Takke "3BoJrolMoHHON" (. ITo Ha3HaueHHIO
U pelraeMoMy KJiaccy 3a7a4d poOOThl BCeX MOKOJEHHUIM MOTYT OBbITh pa3/ieieHbl Ha 1B O0JIbIINe
IPYIIBL: IPOU3BOACTBEHHbBIE U UCCIIEA0BATEIbCKUE.

ITpon3BoacTBEHHBIE POOOTHI IPEJHAZHAYCHBI JUISI BHITIOJIHEHUS TSKEJIOM, MOHOTOHHOM,
BPEIHOM M ONaCHOM JUIsl 310pOBbsI JTr0/Iel pu3nuecKoil paboThl, a TAK)KE OTJEIBHBIX BUJIOB
TPYAOEMKHX, HAIIPSDKEHHBIX U YTOMUTENIBHBIX YMCTBEHHBIX paboT (IPOEKTUPOBAHUE,
nHpOpMaIMOHHOE 0OecrieueHue, yIpaBIeHHe).

[TpomblinieHHBIE pOOOTHI, OTYYUBIINE HAUOObIIEE Pa3BUTHE B HACTOSIIEE BPEMS,
IpeJHa3HAYCHbI /7151 aBTOMATU3alMM OCHOBHBIX M BCTIOMOTATEJIbHBIX ONEpaIfii B Pa3IMYHbIX
OTpacisiX NPOMBIIIJICHHOCTH - MAllIMHOCTPOEHUH U PUOOPOCTPOEHUH, TOPHOI00BIBAIOLIEH,
He(PTEeXMMHUYECKOH, METaITypru4ecKoil, aTOMHOM U psie Ap.

ITpomblinieHHBIE pOOOTHI, B CBOIO OUEPEb, MOIPA3ACIAIOTCS Ha TPU TPYIIIBI IO
IIPOU3BOICTBEHHO-TEXHOJIOTMUYECKUM ITPU3HAKAaM: ITPOU3BOJICTBEHHBIE, MIIM TEXHOJIOTUYECKUE
(IITTP), BHINOJHSIOIME OCHOBHBIE OTIEPALIMU TEXHOJIOTHYECKUX MTPOLIECCOB; MOABEMHO-
TpaHcHopTHbIe, Win BeciomoraresnbHblie (IITIIP), BeimonHstonue BcnoMorarenbHble AeHCTBUS
TUIA "B3ATh - IEPEHECTH - TIOJIOKUTH';
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yHuBepcanbHble (YIIP), BbIOIHSIONME pa3aInyHble (M OCHOBHBIE, U BCIIOMOTATENIbHBIE)
oIreparuu.

o crienmanu3anyy TPOMBIIIIJICHHbIE POOOTHI MOAPA3CISIOTCS Ha CIeUaIbHbIE,
BBITIOJTHSIOLINE CTPOTO ONPECTICHHbIE TEXHOJIOTHUECKHE ONIEPAIIH WIIH OOCITY>KUBAIOIIHE
KOHKPETHBIE MOJIENTH TEXHOJIOTUYECKOTO 000PYI0OBaHUS; CIICIIMATU3UPOBAHHEIE, WU IIETICBBIE,
IIpeIHa3HauYeHHbIE IS BBIIIOJHEHHS TEXHOJOTMYECKUX OIepalfil oJHOro Buaa (cBapka, cOopka,
OKpackKa U T.I.) WIH JUIsl 00CTyKUBaHUS ONPEEIEHHON IPYIIIbl MOJIENEH TEXHOJIOTHYECKOTIO
00opynoBaHusl, 00bEIMHEHHBIX OOIIHOCTHIO MAHUITYJISIIIMO HHBIX JCHCTBYN; YHUBEPCAIbHBIC,
WJIM MHOTOIIEJICBBIC, MPEAHA3HAYCHHBIC [T BRITIOJTHEHUS KaK OCHOBHBIX, TaK U
BCIIOMOTATEJIBHBIX TEXHOJIOTHUECKUX OTNEPAMA PA3IMYHBIX BUAOB U C PA3TUIHBIMU IPYIIIaMHU
Mo/ieJiel TEXHOJOTUYECKOT0 000Py10BaHuUS.

Tak xak COBpeMEHHOE CTPOUTEILCTBO MO0 CTETIEHN U CTUIII0 MEXaHU3alUU PUOIMKAETCS K
MIPOMBIIIIJICHHOCTH, CTPOUTEIbHBIE POOOTHI MOTYT OBITH BKJIFOUEHBI B 3Ty Tpymiry. OHH
MpeHa3HaYeHb! [l aBTOMAaTH3al[Ui CTPOUTEIBHOTO TPOU3BOJICTBA, KOTOPOMY OpraHMUYECKU
MIPHUCYIIIE OTPOMHOE KOJIMYECTBO PYIHBIX OTIEpaIlnii, KaK BCIIOMOTATEIbHBIX, TAK U OCHOBHBIX.
B HACTOSIIIIEE BPEMsI B CTPOUTEIIHHOM ITPOU3BOJICTBE HAXO AT IPUMEHEHUE Pa3IUIHbBIE
MaHHITYJISITOPHI C YIIPaBJICHUEM OTIEPATOPOM, a TAK)Ke MPOMBIIIIICHHBIE POOOTHI ISt
MIPOM3BOJICTBA CTPOUTENBHBIX MaTepuanoB. Co3ganue poOOTOB ISl BBIMOIHEHHS] OCHOBHBIX
CTPOUTENBHBIX ONepaIiii, HaIpuUMep, MOHTaXa 3/JaHuN U COOPYKEHHUH - €710 OyayIero u
TpedyeT, Mo-BUAUMOMY, KapJUHATHFHOTO TIEPECMOTPa CTPOUTEIBHBIX TEXHOJIOTHA. Bo Besikom
cllydae IpH pa3paboTKe U CO3/IaHUU TaKUX POOOTOB MPUIETCS MPEOJI0NIETh Pl TPYAHOCTEMH, B
YaCTHOCTH, PEIIUTh MPOoOIIeMbl 0OecrieueHus: O0IbIINX IPY30TI0ILEMHOCTEN U OCHAIICHUS
POOOTOB COBEPIICHHBIMHA CUCTEMAMH OYYBCTBIICHHS W a/IaNTAIlAN B YCIOBHIX KpaitHe
HEOPraHU30BaHHOMU Cpelbl UX (PYHKIMOHUPOBAHUSI.

Cenbckox034iicTBEHHBIE pOOOTHI MPeJHA3HAUEHBI ISl aBTOMATU3aLUU TPYIOEMKUX U
MOHOTOHHBIX MTPOLIECCOB B CEICKOX035IIICTBEHHOM MTPOU3BOJICTBE, TPAIUIIMOHHO TPEOYIOLIEM
3HAYUTENbHBIX 3aTpaT Tpyaa. [loMumMo onepanuu noeHus, HauboJjiee aBTOMaTU3UPOBAHHOMN B
MOCJIETHUE TOJIbl, CTAHOBUTCS BO3MOYKHBIM CO3/IaHUE CIIEIUATIbHBIX TPaHC- OPTHO-
TEXHOJIOTHYECKHUX CPEJICTB, HAIPUMED, TPAKTOPOB, YIIPaBIIsIeMbIX 0€3 BOIUTENEH U
HCIOJIb3YEMBIX JIJISl CeBa, BCHAILKHU, BHECEHUS YIOOPEHUI, ONPHICKUBAHUS TIOCEBOB, O0OpE3aHMs
JUIIHUX TOOEroB U T. 1.

Kax coobmanoch, Bo @paniuu 0611 pa3paboTaH MOOWIIBLHBIN pOOOT, IPeIHA3HAYCHHBIN IS
aBTOMATUYECKOTO YAaJEHUS JHIIHUX T0OETOB BUHOTPAHOM JI03bI, a ATMIOHCKas pupma
"Toshiba" yxe BbIITyckaeT HEOOBIYHOTO PoOOTA-CAT0BOIA, KOTOPBHIN MOXKET Ca)kaTh MOJIObIC
JIepEBbs, MOAPE3aTh BETKU U T.1. JByMs "mayibiiaMu" OH CXBaThIBAE€T pacTeHUE, a ClIeIMaIbHbIE
MIPUCOCHI UCKITIOYAIOT TOJIOMKY BETOK. SIMOHCKUE YUEeHbIE, OJJTHAKO, CYUTAIOT "casioBoa" elle
HEJO0CTATOYHO COBEPIIEHHBIM, a IOTOMY HOBOE MIOKOJIEHHE POOOTOB-Ca0BOIOB ITOJIHOCTHIO
UCKJTIOYHUT BMEIIATEIb-CTBO YEJIOBEKa B TAKHE MPOLIECCHI, KaK MOpe3Ka JAePEBLEB U
KYCTapHUKOB, MIepecaKa 1 Jaxe OINbLICHUE [IBETOB.

BecbMa akTyallbHOM, XOTSI Ha IEPBBIN B3I U (DaHTACTUUYECKOM, SABIISETCS 3a7ja4a CO3JaHUs
poOOTOB JUIg yX0/1a 33 )KUBOTHBIMH, MACTHOBI CKOTA U T.I. Hampumep, ABcTpanuiickas
HIepCTsAHAs KOPIOPALHS B YCIOBUAX KECTKOM KOHKYPEHIIUU MPUHSIIA JOJITOCPOYHYIO
porpaMmy noucka 3((HeKTUBHBIX CPEICTB CTPHKKH OBEIl U TOCie MTyOOKOTO U3y4eHUS
po0IeMbl PHUIILIA K BEIBOY, YTO Hanbosee 00eIatoINM SIBISIETCS TPUMEHEHE POOOTOB.
HccnenoBanus o mporpaMMe aBTOMAaTU3MPOBAHHON CTPUKKHU MPUBETH K pa3padOTKe B
Menb0ypHCKOM YHUBEPCUTETE TEXHUKH JIJIsl aBTOMAaTUYECKOTO OTJIOBA OBEIl, pa3MeIIeHUS U
yIEPKUBAHUS UX B JIFOJIBKE, TIOJIa4 B POOOTOTEXHUYECKYIO MAITUHY I CTPUKKH; MHOTHIMH
HayYHBIMH KOJUIEKTHUBAMH BEIyTCS JabHEUITNE paOOTHI IO COBEPIIICHCTBOBAHUIO CUCTEMBI
OUYYBCTBJICHUS U a/IallTaIlUH.

HeoxxunanHoe mpuiioskeHre uaeu poOoTH3alNK CETbCKOX035CTBEHHOTO MPOM3BOJICTBA HAIILIA
OJIHa U3 AMOHCKUX (UPM, cO3[1aB POOOTU3NPOBaHHOE Imyrano "Taraky" A 3alIuThl CaI0B U
SATOJHUKOB OT MTHUI[ B IEPUOJ CO3PEBaHMs U YOOpKH ypoxkas. Po6oT-myrano, poctom 175 cm ¢
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"pykamu", "HOoramMu" ¥ "TOJI0BOI", C MOMOIIEIO BHICOKaMEPhbI GUKCHUPYET MPHUOIIKEHNUE CTau
WM OTACNBHBIX NTHII, BKIIFOYAET MAarHUTO()OHHYIO 3aMKCh ¢ KPUKAMU XHIIHBIX MTHII U
TPEBOYKHBIX KPUKOB MX TIEPHATHIX kepTB. OTHOBPEMEHHO pOOOT HAUMHACT pa3MaXUBaTh
"pykamMu" ¢ MPUKPEIJICHHBIMUA K HUM (pJIaKKaMU M IBUTATHCS 110 IOPOXKKAM, aBTOMATHYECKU
OCTaHaBIIMBAsCh MOCTE HCcue3HOBeHUs ntuil. [Tyrano paboraer aBTOMaTUYECKH, SHEPTUS
MOCTYIAET OT BCTPOCHHBIX COJTHEYHBIX OaTape.

TpancnopTHbie poOOTHI MpeIHA3HAYCHBI U1 ABTOMAaTU3UPOBAHHOTO TPAHCIIOPTHUPOBAHUS
00BEKTOB, a TAKXKE JIJISl YIPABIICHUS Pa3IMYHBIMH TPAHCIIOPTHBIMU cHcTeMaMH. VccienoBaHus
Y pa3pabOTKH 10 CO3/IaHUI0 TPAHCIIOPTHBIX POOOTOB MHTEHCUBHO BEAyTCS BO BceM Mupe. [Ipu
STOM BBIICIISIOTCS YEThIPE MPUHIMITHAIIBHO PA3JIMYHBIX TUIIA - HA3€MHBIE, BO3yXOIIaBaloIIue,
BOJIOTUTABAIOIIME U TIO/I3eMHbBIC. Teopusi ¥ MPaKTHKA TPEX MOCJIECIHUX TUIIOB HE IO CTUTJIIH €IIIC B
1IETIOM TOTO YPOBHSI, YTOOBI TOBOPUTH O HUX CErOJIHA KaK O BCEOOIIel pealbHOCTH.
[IpakTrueckoe pa3BUTHE TIOJYUUIIN HBIHE HA3€MHBIE TPAHCTIOPTHBIE POOOTHI, KOTOPHIE MOTYT
OBITH KOJIECHBIMHU, IIaralOIUMH U TYCEHUYHBIMHU.

HaubGonbiiee pa3BuTie U paclipoCTpaHEHUE B HACTOSIIEE BPEMsI MTOTYIHIIN KOJIECHBIS
TPAHCIIOPTHBIE POOOTHI, UCIIOJIB3yEMbI€ JJOCTATOYHO IMUPOKO B MPOMBIIIIIEHHBIX
ABTOMATHU3UPOBAHHBIX TPAHCIIOPTHO-CKJIAJICKUX CUCTEMAaX M THOKMX aBTOMAaTU3UPOBAHHBIX
MIPOM3BOJICTBAX B BUJIE MOOMIIBHBIX aBTOMAaTHYECKUX KPAHOB, aBTOMAaTHUYECKUX YIPABIISIEMbBIX
tenexek (AYT), pobokapoB U ap., OCHAIIAEMBIX BO MHOTHX CIIy4astX pa3IuIHbIMHU
MaHHUMYJSIITHOHHBIMH YCTpOCTBaMU. B caMoM mpocToMm Bujie Takue poOOTHI CIEAYIOT 110
penbcaM 100 Mo MapLIpyTy Haja KabesaeM, MPoJIoKEHHBIM MO MOBEPXHOCTHIO nosia ['enepaTop
Y4aCTOTHI, TI0/1aBasi TOK 1O KaOesto, CO3/1aeT MarHUTHOE TOJIe, YJIaBIHBAEMOE IBYMsI TaTYNKAMH
MIPUEMHOTO YCTPOMCTBA TEIESKKH, HATIPABJISIONIMMH €€ 10 TpedyeMomy Mapmpyty. Jlaxke Takue
npocteie cucteMbl AYT Mo3BoJIsSeT BKIIOYATh MAPIIPYThl C HECKOJIBKUMU BETBSIMU U METISIMU
MOCPEJCTBOM HCIIOJIb30BAHUS PA3IMYHBIX YACTOT ISl KaKJI0To myTH. B Oosee cinoxxHOM
BapUaHTE TeJeKKa 000pyayeTcsi aBTOHOMHOM yrpasiisitorieit 9BM u cpencrtBamu
OUYyBCTBJICHUSI.

B pamkax nporpammsl 0 cO3JaHUIO TPAHCHIOPTHBIX OUYBCTBJICHHBIX pOOOTOB B YHUBEPCUTETE
"Carnegie-Mellon" (CIIIA) co3man po6ot "Teppereiit" (3emitenpoxoielr), mpeIHa3HauYCHHbIH
JUI aBTOHOMHOTO TIepeBUKEHHSI BHE ITOMEIEHUI Ha 3HAUYUTENbHbBIE PACCTOSIHUS, OCHALICHHBIN
60pToBOIt OBM U MOIIHBIM CEHCOPHBIM aIllapaToM, B TOM YUCJIE U CUCTEMON TEXHUYECKOTO
3peHusl.

Kamudopuuiickas pupma "Odetics" cozmana ynpapisieMblid Ha pacCTOSHUNA MOOHIIbHBIN
ABTOHOMHBIN mecTuHOTHI podoT "Odex-1", HazBaHHBIN PupMoii "PyHKITMOHOUIOM" 1
CHOCOOHBIH, I1arast M0 MECTHOCTH, MTPEO0JIeBaTh YCTYIIHI 10 1 M, a ¢ TOMOIIbIO MAHUITYJIATOPOB
MOJHUMATh TPY3, Maccolt 10 1 T, u TpaHcmopTupoBath ero. Cienyer 3aMeTuTh, 4To "QyHK-
MOHOUN", pa3paboTKa KOTOPOTO 00oLIach B 1 MITH. 0., MpeJHa3HAYEH Il BOCHHBIX LIeTiei -
o0e3BpekuBaHusl O0MO, HECEHHS KapaylIbHOM CITy>KObl, MUHUPOBAHHUS U Pa3MUHUPOBAHUS
MECTHOCTH, & TaK)Ke Pa3IMYHBIX JeHCTBUI Ha mosie 60s. HecomMHeHHO, 4TO 1M0100HbII
MOOHIIBHBIN POOOT MOXKET 0Ka3aThCsl HE3aMEHUMBIM CPEJICTBOM JIJISl OCYILIECTBICHUS
criacaTeNbHBIX padOT U JIMKBUIAIMH MTOCIEACTBHUI aBapHil B 30HaAX U MECTHOCTSIX,
TPYIHOIOCTYITHBIX HJIM OTACHBIX IS YellOBEKa MO MPUYUHE PATUAIIMIOHHOTO MM XUMUYECKOTO
3apakeHHsl, BRICOKUX TEMIIEpATyp | JIp.
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