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BBeaeHue

CoBpeMeHHble TEXHONMOrnyeckne W TPaHCMOPTHbIE MalUMHbI U
Komrnekcol obopyaosaHusi obnagaloT MHOroobpasmeM UCNOSHUTENBbHbLIX
LOBWKEHUIA MX LIENEBbIX MEXAHW3MOB M arperaToB. OHW xapaKTepHbl A4S
aBTOMaTU3MPOBAHHbIX TEXHOMOMMYECKUX CUCTEM, OCHOBOM KOTOPLIX B Ha-
CTOsILee BpeMsl SBASIOTCS 3NEeMEeHTbl 3N1eKTPo- U rMApPONHEBMOaBTOMAaTU-
KW, YCTPOMCTBA BblYMCANUTESIbHOW U MUKPOMPOLIECCOPHOMN TEXHUKM.

ABTOMaTU3MPOBAHHbIE MHEBMAaTUYeCKMe NpUBOAbI, UMes U3BeCT-
Hble MnpeuMyllecTea — MoXapobe3onacHOCTb, 3KOMOMMYHOCTb, BbICOKOE
6bICTpOAENCTBUE, HALEXHOCTb, MOBKOCTb KOMMNOHOBKWM B OrpaHUYeHHOM
NPOCTPaHCTBE, — MO3BONSAIOT PaLMOHasIbHO pelaTth 3a4avyn asToMaTu3a-
UMM NPOLECCOB U MalUMH C MEHbLUMMKU 3aTpaTaMy BPpEMEHU W CpeacTB.
Tak, 6onee 40% COBpeMEHHOro TexHonornyeckoro obopyaosaHus Beay-
WX MNPOM3BOAUTENEN OCHALLEHO aBTOMaTU3MPOBAHHLIM MHEBMOMPUBO-
oM (AMM). 310 ynakoBoYHble MalMHbl — 90%, CBapoYHble U INTENHbIE
MaLUmHbl — 70%, poboTtoTexHunka — 60%, Ky3HEeUYHO-NPeccoBble MaluMHbl —
45%, pepesoobpabaTbiBaloluMe CTaHKW, nuleBoe obopyaoBaHue A0
30%. B meTtannoobpaboTke LWMpOKO NpuMeHsoT AMM B 3a)KUMHbIX, (PUK-
CUPYIOLUMX, OPUEHTUPYIOLWMX, TPAHCNOPTUPYIOLMX, COOPOYHbBIX U KOH-
TPONbHO-U3MEPUTENbHBIX YCTPOUCTBaX. MpU 3TOM yAAETCS OrpaHUYnTb
WU UCKIOYNTD ydacTue onepaTopa B TsKeNblX M MOHOTOHHBIX onepa-



UMSX U MOBLICUTb MPOM3BOAUTENLHOCTL 0bopyaoBaHua B 1,5-4 pasa
[1, 2, 8].

SdeKTUBHOCTL CO3AaBaeMbIX MHEBMOMNPUBOAOB MOBLILLAETCS
MpU UCMONb30BaHUN UHXEHEPHbIX METOAOB pacdeTa U CUCTeM aBTOMaTu-
yeckoro npoekTupoBaHust (CAMP), HOBbIX MaTepuanoB U TEXHOMOMUA U3-
rOTOBMEHUS, COOpPKKM, CTaHAapTU3auMeid M YHUUKaALMEA SNeMEHTHOM
6a3bl 31eKTPONHEBMOABTOMATUKN Ha OCHOBE MeXAyHapOAHbIX CTaHaap-
ToB ISO, a TakXke npu BHEAPEHUM LdPOBOI 1 NPOMNOPLIMOHANILHON Tex-
HUKK (MEXATPOHHbLIX MOAyNEit), MoaynbHOM MocTpoeHun AMM, nponssoa-
CTBE KOMIMJIEKTHbIX MPMBOAOB «MNOA KY» U ap.

YcnelwHoe pelleHne npoeKTHbIX 3aay HEBO3MOXHO 6e3 noHuMa-
HUS CTpaTerMm u MEeTodoNornM Co3daHus KOMOUHMPOBAHHLIX CUCTEM,
3NEKTPO-MHEBMOMNPUBOAOB 1 aBTOMATMKK, a TaKXKe YCTOMUMBOMN NMPAKTUKM
NpUOBpPETEHNS HABbIKOB M YMEHWUIA A1 FPaMOTHOrO peLLIeHNs 3aaa4y cxe-
MOTEXHMYECKOrO MOMCKa M MPOEKTUPOBAHWUS MPOMBbILLNEHHbIX aBTOMaTU-
3UpPOBaHHbLIX NpMBOAOB [3, 4, 8].

B kauectBe obbekTa aBTOMaTM3auMM B Nocobum paccMaTpuBaeM
MPOMBILLNEHHBIN POBOT C pa3HbIMM CTEMEHSMM NOABWXHOCTK, obecneyun-
BaeMblMN aBTOMATU3MPOBAHHLIMW MHEBMOMPUBOAAMM, HA UX OCHOBE CO-
CTaB/IeHbl BapuaHTbl NMPOEKTHbIX 33JjaHni.

ABTOpbI CTapanncb COXpaHUTb 0606LLEHHBIN MOAX0A K MPOEKTH-
pOBaHWIO ABTOMaTU3MPOBAHOrO NPUBOAA, YTO NMO3BOSISIET UCNOMbL30BaTb
nocobue ana Apyrux TexHUJeckux 06bEKTOB aBTOMaTu3auuv pasnivyHbIX
NPOLLECCOB, TEXHOMOrMYECKUX U TPAHCNOPTHLIX MaLLKWH.



1. 3BAAAYN NPOEKTUPOBAHUA
ABTOMATU3UPOBAHHOI'O NHEBMONPUBOAA

PaccMoTpuM CTpaTermio noncka U peannsaumm CXeMoTEXHUYECKO-
ro peweHunst paumoHanbHoro AN NPUMEHUTENBHO K peanibHOMY 06beKTY,
B KauecCTBe KOTOpOro npeasiaraeTcsl NpoMbILIEHHbIN poboT. PoboToTex-
HUKa TPaAWUMOHHO MCMNOJb3YeT nepeaoBble AOCTUMXKEHWS MalLUMHOCTPOU-
TENbHON TEXHWKM, KOTOPbIE YCMELIHO TUPAXMPYIOTCS B MPOMbILLIEHHBIX
CTauMOHaPpHbIX N MOBU/bHBIX YCTaHOBKaX. NocTaBneHHas Lenb AoCTUra-
€TCS pelleHreM 3aaum CMHTEe3a B HECKOJbKO 3Tanos [3, 7].

[ins pelueHns 3aiauv BbIBUPAETCS NPOMbILLIEHHBIN poboT (MP) ¢
YeTbIpbMS UCNOSHUTENbHBIMK ABVXKeHMaMK [3]. Kaxkgoe auxeHune nnbo
UX rpynna npeanaraeTcs B KQYeCTBE NPOEKTHbIX 3aAaHuin. [NaBHbIM UTO-
roM nepBoro 3Tana paboT ABNsSIeTCA YeTKas NOCTAHOBKA 3afay MpOeKTa,
BO MHOMOM pernaMeHTUpYIoWmMX 3aTpaTbl BpEMEHN U cun paspaboTumka.
KpoMe Toro, Ha 0CHOBe OGBEKTUBHOM OLIEHKM COCTOSIHWSI BOMpOCa, CpaB-
HUTENbHOrO aHann3a U3BECTHbIX aHASIOroB NPEeACTaBASETCS BO3MOXHOCTb
BblbpaTb HamnpaBneHusl MOMCKa pelleHMs U Ha BTOPOM 3Tane caenatb
TEXHUYECKMNE NPeasoXXeHNs Ansl ero peanmsauuu.

CoBpeMeHHasl cTpaTerns Co3faHus aBTOMaTU3MPOBAHHbLIX MHEB-
MOMPUBOZOB MCMONHUTESNBbHBIX ABVXEHUI MALUMH U arperaToB MOAYUHS-
eTCs BO3pacTalowmM TpeboBaHUSM K YPOBHIO MX aBTOMaTm3aumm, 6biCT-
POLENCTBUIO, TOYHOCTU U Ka4eCTBY McrosiHeHus [10].

[JocTxkeHne 3aaaBaeMoro YpoBHS, AaXKe Npu COBPEMEHHON 3ne-
MEHTHOW 6a3e, HEBO3MOXHO 6e3 aBTOMaTM3MPOBAHHLIX CUCTEM YyrpaBne-
HUs nNpuBoAaMn. OHW JOMKHbI BbIMNOMHATL HE TOMLKO YHKUMK perynu-
POBaHNS NX XapaKTEPUCTMK, HO N JIOMMYECKNE, U BbIMUCIIMTENbHBIE OMe-
pauun, 4YTo HEObXoAMMO ANs OpraHM3auMn paboumnx LMKIOB nNpuBoda No
3afaHHbIM anroputMam. pn 3TOM CTAHOBUTCS 3aMETHbIM CMELLEHNe aK-
LEeHTOB npwn npoekTupoBaHum AlMM OT CMNOBOro KOHTypa K MHdopMaum-
OHHOMY.

PaccMaTpuBasi 3aMKHyTble AMCKPETHbIE paboune UMKNbl LEeneBbIX
MEeXaHW3MOB MallWH, HeobXxoAMMO WCMOob30BaTb OCHOBbLI MOCTPOEHMUS
MalUWH-aBTOMATOB.



CerogHss nHeBMOaBTOMATUKA npeanaraeT  YyHUbUUMpPOBaHHbIE
cuctemsl (YCIMNA, M2Pa, Bonra, v ap.), N03BONSIOWME YCMELWHO pellaTb
3afauu ynpasneHus u ctpoutb Al Ha eAVHOM 3HEpProHOCUTENU — OKa-
ToM Bo3ayxe [1, 10]. Ucnonb3ys sHepruto npeasapuTeNisHO COKaToro rasa,
MHEBMOMNPUBOA BO MHOMOM MOBTOPSIET OCHOBHbIE 3aKOHOMEPHOCTW MoBe-
[JeHVs1 ApyrnX aHasoroB: MEeXaHW4eCcKoro, 3MeKTPUYECKOro W ruapasnu-
YyeckMx NpuBoaoB [3, 5], UMeeT Te Xe BHELIHWE XapaKTepucTuku, Tpebo-
BaHMsl K BbICTPOAENCTBUIO M TOYHOCTU, HE30NacHOCTU M Ap. AHANOMMYHO
N3BECTHbIM MHEBMOMNPMBOAAM OH B3aUMOAENCTBYET C paboyeit 30Hoi Ma-
WMHBbI UK arperata, NMoABEprasicb BO3AEMCTBMIO TEX XKE COCTaBASOLMX
BHELUHNX Harpy3oK (TEXHONMOrnyeckux, TPeHusl, MO3ULMOHHBIX, WUHEpLU-
OHHbIX). lMo3TOMY MCnonb3ys 06Llyto CTpaTerMio paspaboTkv NpuBOAOB
UCMOSTHUTENbHBIX ABMXXEHMIM, MOXHO pa3pabaTbiBaTb U MHEBMOMNPUBOAbI.
OfHako B 3TUX C/y4asix NMPOEKTHblE pelleHUs OKa3blBalOTCS Aanekumu OT
paumoHasibHbIX.

MpuyMHa B TOM, YTO CKaTbli ra3 MO CPABHEHWUIO APYrUMU 3Hep-
FOHOCUTENSMU — XXUAKOCTBIO U 31EKTPUYECTBOM — UMEET 0COBeHHOCTH
kak pabodyee Teno npueoga. O6yCNOBMEHO 3TO CBOWCTBAMM WM MapaMeT-
paMmn COCTOSIHUS ra3oB. Tak, NNOTHOCTL rasos B 800 pa3 MeHbLUe NoTHO-
CTU MWHepanbHbIX Macesn, MNO3TOMY MHEBMOMPUBOALI UMEKT MakcMmalsb-
Hoe ObicTpoadencTBe (B NOCNEeAHEEe BPEMSI YCMELHO MPUMEHSIIOTCS
«CTpensiiolue» NpuBobl); CyLeCcTBEHHash OKMMAeMOCTb ra3oB yXyALlaeT
AMHaMUYecKMe KavyecTBa NpUBOAA, YCTOMYMBOCTb M PAaBHOMEPHOCTb ABU-
XEHWS; CNOXHas CBA3b AaBfeHus, MIOTHOCTU W TemnepaTypbl rasa, yc-
TaHaBfMBaeMas ypaBHeHWeM KnalinepoHa — MeHaeneeBa, NpuBOAUT K
HeobXxoAMMOCTM yyeTa TepMOAMHAMUYECKUX NPOLECCOoB, MpOTEKaloLWwmX B
rasax; CYLLECTBEHHbIM SIBMISIETCS M OTCYTCTBME CMasblBatoLEN CrocobHO-
CTW y rasoB. [laxe TONbKO yKa3aHHble 0COHEHHOCTU ra30B BHOCAT 3aMeT-
Hble OT/IYNS B KOHCTPYKUMIO U XapakTepuctuku M.

O6nactv npuMeHeHUs1 MHEBMOCUCTEM OMpeaenstTcs 0cobeHHO-
CTSMU NOBEAEHWUS ra3oB, MPOSBMASEMbIMU B YCNOBUSAX Pa3fiMUHbIX MHEB-
MOMEXaHWYECKUX MPOLIECCOB, MPeabsBseMbIX TpeboBaHUI K peluaeMoii
3aaun: CUJSIOBOW, MyTEBOW, YNpaBREeHMUs, BCNOMOraTENbHOM, MOAAEPXKKN
XXM3HEHHOro LMKNa U MnpoLecca XusHeaesTenbHOCTU. HekoTopble Tumno-
Bble NpuMepbl NpuBeaeHsl B Tabn. 1 [1, 9].



Tabnuua 1
Ob6nactu npuMeHeHns NHEBMONPMBOAA

3apava TexHunyeckune n pabouve PyHKUMK,
BUbl MHEBMOCUCTEM

CunoBas Cunosble npuBoAbl LENEBbIX MEXaHN3MOB
TEXHONOrN4YECKoro OGOpy,U,OBaHVIﬂ!

o 3aXNMHbIE

o TEXHOJNIOrNYECKNE

® TPAHCMNOPTHbIE

e MNOABEMHbIE

Mo3nuuoHHas e MO3ULIMOHHbIE
e KOHTYpHble

YnpaeneHue npoueccamu, NpuBOAOM e LNK/IOBbIE

e MO3ULMOHHbIE
o crepswme

o CAP

o CAY

dopMurpoBaHue paboyelt 30HbI e roaaepXaHue OnTUManbHOro Ten-
JIOBOro pexwuMa B pabouein 3oHe (cucre-
Mbl  KOHAVMLMOHWPOBAHWUS  OXMaXAeHUs,
HarpeBa, BEHTUNSAUMK, TOMIBHbIE)

e rofaepxaHue B3auMHOrO pacrnosnio-
XKEHUS1 U CMa3KU MOABMDKHBIX COMpshHKe-
HWI AeTanen MawuH (rasoBble MoALMn-
HWKW, CTaTU4eckne W AMHaAMUYeckue

NMOALIMIMHMKN)
MNoppepxaHune YKU3HEHHOIO uukna e TennoBoAocHabxeHne
1 MPOLECCOB XM3HeAeaTeIbHOCTU e BEHTUNAUUS

e BEHTUNAUUA ObIXaHUA

e NMpuBOoAHasA MEAUUMHCKAA TEXHUKA

o CUCTEMbI NOXXapOoTyLLUEHUA

e MpuMBOAblI U aBTOMATMKa MNOXapo- U
B3pbIBOOMACHbIX MPON3BOACTB

SHepreTuka e aNlbTEpHATUBHbIE WCTOYHUKM 3eK-
TPO3HEpPruu

e npeobpa3oBaHNe 3HepruM MoToka
XWUAKOCTEN 1 rasoB




CxemoTexHuyeckoMy noucky AMM npeawecTByeT OTBETCTBEHHbI
3Tan 060CcHOBaHWUS Bblbopa BWAa NpuBoAa Ans pelwaemon 3agauv [1,3].
Kak nokasblBaeT OnbIT, NPOEeKTMPOBAHUE CUCTEM MPUBOAOB, Kak NpaBuio,
npeanaraetr ManoshdeKTUBHBbIN, TG0 HeLenecoobpasHbIii NPOeKT.

[ns dhopMMpoBaHUS 060CHOBaHHbLIX MPeAnoYTeHW NpeanaraeT-
cs Tabn. 2, rae B MHOFOKPUTEPUAbHOM MOCTAHOBKE CPaBHWMBAOTCS U3-
BECTHble BWAbl MPUBOAOB: NIEKTPUYECKUI, TMAPABINYECKUIA, NMHEBMATU-
yeckuit. Bo MHormx cnydyasx LenecoobpasHo NpuMHUMaTb KOMBUHWMPOBAH-
Hble (CMellaHHble) BuAbl CUCTEM MPUBOAOB: 3NEKTPOrMAPaBINYECKUA,
MHEBMOrMAPaBIMYECKUIA, SNeKTponHeBMaTHYeckuin [9, 10].

Tabnuua 2

CpaBHuTesbHas oueHKa pas/iMyHbIX BUAOB NpUBOAOB

XapakTepucTika Mpusoa
0603HayeHus 3NeKTpUIECKuit rUapaBanYeckuit MHEBMATHYECKMIA
1 2 3 4
PassuBaemoe ycunue F [MakcumanbHoe  yeunume |Fmax<3000KH asTomart. |Fmax<30KH,  aBTOMaT.
neperpyski He [OMyCKa-[3awuTa OT Neperpysku  [3alura OT Meperpysku,
ercs pabota Ha  «ynop»-
beckoHeyHo

MyTb (nepemelyerme) L:

NWHeltHoe 3aTpyanuTenbHo  poporo(fpocto ¢ 6onblmmu|lpocTo, cpeaHee ycunue,
C ManbiMu Fmax Fmax, YCTONYMBOE [CKOPOCTH 3aBUCHT OT F(t)
YNpaBneHne CKopocTbio B
LIMPOKOM AKana3oHe
BpaLlaTensHoe Mpocro, 6onblas mow-  |MpocTo, BLICOKUI kpyTs- (MpocTo, Mansie Mkp,

HOCTb

LMt MOMEHT Npu Manoi
yacToTe BpalleHus

BbICOKas 4acCToTa Bpalle-
HUA

lMonoxeHue nocne < 1MKM 21MKM >100MKM
ocTaHoBa AL
Ckopoctb V Onpepensercs  pabounm|<0.5m/c <40m/c
npoLeccoM
XKecrkoctb Ci Bbicokasi 3a CYeT Mexa-|Bbicokasi —  XMAKOCTW|HWM3KO — rasbl OKMMAEMbI

HUYECKKX nepeaayd

Mano CK1MMaeMbl

CyLLECTBEHHO

3arpatbl Ha obecneyenue [Huskue - 1y.e Cpepne -3..5y.e Boicokne - 7....10 y.e
3Heprum 31
Hakonnenwe 3Heprm N [3aTpyaHeHo OrpaHnyeHo MpocTo ocyLiecTsnuMo




OKOHYaHue Tabn. 2

1 2 3 4
be3sonacHocTb Moxapo- u B3pbiBOONa- [loXxapoonaceH Moxapo- 1 B3pbiBO6E30-
CeH naceH
SKONOTNYHOCTb HeBblicokoe BpeaHoe [Co3paet TOKCWUYHble |HeT Bpesa

BO3LEHCTBME  3MEKTPO- [3arps3HEHNS
MarHWTHbIX konebaHuii

[MCTaHUMOHHOCTD, Mepenava curHanos|Mepeaaya curHanos Mepenava CUrHanoB
CKOPOCTb Nepesaun 3¥10°m/c (1.2...1.4¥10° m/c MeHblwe 1000 m/c (cko-
curHana Lc POCTb 3BYKa)

DKCTpanonmpys BO3MOXHOCTW MHEBMOCUCTEM Ha MaLIMHOCTpoe-
HWE, OTMETUM Te €ro oTpacsii, B KOTOPbIX LUMPOKO MCMOJIb3YIOT aBTOMa-
TU3NPOBaHHbIE NMHEBMOMNMPUBObI.

OTpac/ib NPOMBbILLIIEHHOCTH: MpoLeHT NHEBMOABTOMATUKM
B 060pynoBaHUM

TTULLEBAS. ...ttt 15.5

ObLLEE MALUMHOCTPOEHME. ... eeeeeeeeeeseeeneeeseeeneeeneeeeeeseeens 15
J1aKOKPACOUHAS. ... eeeeeeeiiieieiie et 13.8
TEKCTUIIBHAS ...t eiee ettt e e 9.8

BYMAMHAS. ..ot e e 9.3
[epesoobpabaTbiBatowas.............. .. 89
CneunanbHOE MALLUMHOCTPOEHUE. .......ceveeeeeeeeeieeesieeesaveeenens 7.4

Cpeau oTpacneii NpoMbILLIEHHOCTM, NOTpebuTenein NHEBMOABTO-
MaTvku Beaywen ¢upmbl «Camozzi Pneumatic», — sHepreTvka, MeTan-
nyprusi, CyAocTpoeHne, aBTOMOBUNecTpoeHre, HedTaHass, aBMakocMuye-
CKas U XenesHoAopoXKHas MPOMbILLIEHHOCTb. O6beM MOCTaBOK B 3TU OT-
pacnu ¢ 2000r yBenuuunca bonee, 4em B 2 pasa [8, 9]. 310 BecoMble ap-
rYMeHTbl B MOMb3y NMHEBMOMPMBOAOB M aBTOMAaTMKU KaK MepcreKTUBHbIe
HanpaBfIEHUS] Pa3BUTUSI COBPEMEHHOMN TEXHUKM.

LWLnpokoe npuMmeHeHue Al B pas3nnuyHbIX OTpaciigxX MaluHO-
CTpoeHusi 06bsCHAETCS 3(PEKTUBHBIM PELLEHUEM MU CUNTOBbLIX U TPaHC-
MOPTHbIX 3afay. O606LEHHas TPAEKTOPUSI UCMONTHUTENbHBIX ABUXEHWUIA
npeacrasneHa Ha puc. 1.
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Puc. 1. Tunosble TPAEKTOPUU NUCMONTHUTENTbHOIO ABUXEHNA LLENEBOr0 MEXaHU3Ma

PrcyHOK MO3BONSET OnMcaTb KMHEMATMYeCKylo 3agady; cuioBas
3afla4ya npeacTaB/ieHa avarpamMMon cun u 6yaeT paccMoTpeHa Aanblie, B
rn. 3. 34ecb Xe Harpysky npsimoro xoga o6o3Haumm Fg,;,06patHoro Fg,,,
npuyeM Fgi>Fap. Toukn A, B PUKCUPYIOT KOHEYHbIE NOSIOXKEHWUS BbIXOA-
Horo 3seHa nHesBmouunuHapa (MU). B 3aBMCMMOCTM OT pe3epBa MOLLHO-
CTW npuBofa Ha yyactke AB BO3MOXHbI pas/iM4yHble TpaekTopuu. Yaule
NCnonb3ytloT «Tpaneunio» ACDB, B 6bICTPOXOAHBIX MO3ULMOHHBIX Al —
«cTynenyatyto» AMNEDB, B 6bICTpOAENCTBYIOWMX MO3ULMOHHBIX — KO-
nokon» AKB. MocneaHsst obecneuvBaeT MUHMManNbHOE BpeMs nepemelle-
HWSI U Ha3blBaeTcs onTuManbHol (AK — pasroH, KB — TopMOXeHue).

ABTOMaTU3MPOBAHHOE TexXHoMornyeckoe o60pyaoBaHUE uMeeT
3aMKHyTble paboune umknbl (ACDBPA, AMNEDBPA, AKBPA), noBTopsieMble
MHOroKkpaTHo. TpaekTopust BPA nosicHsieT o6paTHbiit xoa ML, Bo3spaT LM
B UCXOAHOE MONIOXEHUE A5 COBepLUeHMs cneaytollero paboyero umkna.
Takum 06pa3oM, opraHuMsaums U UCNONHEHWe paboumx UMKIOB B peasb-
HOM MpPOCTPaHCTBE BpeMeHn TpebyeT aBTOMaTU3MpPOBAHHOIO yrnpaB/ieHus
ero napameTpamu: nepemetleHune L, nonoxeHune AL, ckopoctb V, cuna F,
opraHmsaumus pabouyero umkna. Bo MHOruMx cryyasix Heob6xoauMmo ynpas-
NEHNE UX OTKNOHeHuaMKU: AFnu, AV. PaccMoTpeHne 0606LLeHHON Tpaek-
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TOpMU NO3BONSET POPMUPOBATL CTpaTerny, cnocobbl M cpeacTsa ynpas-
NeHns eé ucnosHeHneM B peasnbHoM All.

PekomeHayeMas nocnefoBaTeNbHOCTb pelleHns 3a4ay NpoeKTu-
pOBaHUs1 XapaKTepu3yeTcs cieayrowmMmn sTanamu:

1. AHanu3 cyebHOoro HasHauyeHusl, 0cobeHHOCTEN (YHKLMOHM-
pOBaHWS, KOMMOHOBKM TEXHOIOrMYECKOW MalUMHbI UM KOMIfeKkca 06opy-
[0OBaHUS C BblAENIEHNEM LieNeBbIX MEXAHU3MOB, NpeanaraeMblX K aBToMa-
TU3aUuK.

2. AHanus pabouein 30Hbl 06bekTa paboumx NpPoLEccoB B peasb-
HOM BpeMeHU 1 NPOCTPaHCTBE.

3. OnpepeneHve cocCTaBa W XapakTepuUCTUK WCMNOMHUTENbHO-
ro(HblX) ABVXEHWI LIM, BblaeneHue aBMKeHUS(MIM), Ans KOTOporo paspa-
6atbiBaeTca AMM.

4. CXeMOTEeXHWYECKUIA MOUCK CTPYKTYpbl M CXeMbl NpUBOAA, CO-
CTaBa 3/1eMeHTHON 6asbl.

5. PaspaboTka curioBO U MEXaHWMYECKOM NMoACUCTEM MpuBoaa. Bbl-
60p cepuu 1 TMNOpa3MepoB MHEBMOANMAPATOB U MEXaHUYECKUX nepeaad.

6. Pa3paboTka noacucreM ynpasneHus npuBooM. Beibop Tuno-
pa3MepoB 3/1EMEHTHON 6a3bl cnocoba UCMONHEHUSI CXEMbI COEAMHEHMS.

7. OueHka MOSHOTHI pelleHnst 3adad NpoekTa, CTeneHu A0CTU-
YKEHUSI NMOCTABNEHHON LIeNIM U TEXHMKO-DKOHOMUMYECKOW LienecoobpasHo-
CTW U NPAKTUYECKON 3HAUMMOCTHU NpoeKTa.

Llenbio oXunaaeMblx MpOeKTHbIX pelieHuin AMM sBnsieTcs cucte-
MaTu3auusl COBPEMEHHbIX MOAX0A0B K MOCTPOEHU0 BbICTPOXOAHBIX NO3u-
LIMOHHbIX MHEBMOMPMBOAOB Ha OCHOBE CUCTEMHOrO MOAXOAa K CO3[aHUIo
MepCreKTUBHOM TEXHUKU AN HEO6XoAMMOro hoOpMUPOBaHNS HABLIKOB U
YMEHWIA MpY peLLeHnn 3aaa4 NoMcka U peanmnsaumm NepcrnekTUBHbIX Npo-
EKTHbIX PELLEHMI B MPUBOAHON TEXHUKE.

OcHoBHasi npobnema no3BonseT CPOpMyNMpoBaTb 3adayu, pe-
LIEHUS1 KOTOPbLIX 06ECMEUNT AOCTUXKEHME NOCTABNIEHHON LENN:

o COCTaBneHne TeXHMYeckoro 3aJaHus Ha pa3paboTKy aBToMaTu-
3UPOBAHHOrO NHEBMOMNPUBOAA.

e OUeHKa COCTOsiHMSA BOMpoCa Ha OCHOBE MHMOPMALMOHHOIO U
MaTEHTHOMO MOMCKA M3BECTHbIX PELIEHWI C BbIAENEHMEM KOHKYPUPYHOLLMX
pELLEHMI 1 BLIGOPOM aHasora.
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e AHanu3 obbekTa aBToMaTu3aumm, 06ocHOBaHWE Bbibopa B1aa U
Tuna npvBeoaa.

o OnpeaeneHne CTPYKTYpbl CUMIOBON M MEXaHUYECKON MOACMCTEM
npvsoja.

e OnpefeneHne anroputMa ynpaeneHust AMM, CTPYKTypbl WH-
¢opMaUMOHHOrO KaHana-oCHOBbI NOACUCTEMbI YNPABIEHUSI.

¢ BbinosnHeHnsa pacyeToB NapaMeTpoB U XapaKTepUCTUK Ha OCHO-
BE COBPEMEHHbIX aHaNIMTUYECKMX NpeaCTaBNEHWN.

¢ OboCHOBaHWE M peanu3aums TEXHUYECKOro crnocoba ucrnosHe-
HWSI 3/1EKTPOMNHEBMATUYECKON cucTeMbl AT,

e BbinosnHeHMe OCHOBHbLIX MpaBul KOMMpOMMUCCAa B rpoueaypax
BblbOpa cepum 1 TUNopasMepa NHEBMATUYECKMX YCTPOMCTB.

o O6BbEKTMBHAA OLEHKA TEXHMKO-3KOHOMUYECKOM Lenecoobpas-
HOCTW NpezsiaraeMblX peLleHnii No OCHOBHbLIM Moka3aTensM 3hdeKTUBHO-
CTW NepPCneKTUBHON TEXHWUKM.

2. PASPABOTKA TEXHUYECKOIO 3AAAHUAL.
®OPMUPOBAHUE NCXOAHBIX AAHHbIX

3agady pelwaeM NpUMEHUTENbHO K peanbHOMY 0bbekTy aBToMa-
TM3auuM — MPOMBbILLIEHHOMY pO6OTY, UMEILLEMY YeTblpe CTeneHn noa-
BMXHOCTM, Ha OCHOBE KOTOPbIX MpeanaratoTcsl BapuaHTbl 3afaHuii Ha
pa3paboTtky oaHoasuratensHoro AMM (ans KypcoBbiX paboT) mnmM Kom-
nAeKcHoro MHoroAsuratensHoro AN (Ans KypcoBbIX U AUMNIOMHbIX NPO-
€KTOB).

2.1. AHanu3 obbeKkTa aBTOMaTU3aLum

Mockonbky uenbto paspabotkn AN sBNSETCS aBTOMaTU3auus
paboumx umknos LM c uenbto nosbiweHns ahdekTmBHOCTN 06opyaoBa-
HWSI, BaKHOM COCTaBASOWLEN TEXHUYECKOrO 3aaHNs Ha pa3paboTky sB-
NATCS POpMUPOBaHME [aHHbIX, PacKpbiBalOWMX cnyxebHoe HasHaue-
HMe, KONMYECTBO CTEmeHel NoABMXXHOCTU 06bekTa aBTOMaTW3auuu, ero
CUNOBblE, KMHEMAaTU4YeCcKne, 3HepreTUYeckue XxapakTepucTUKM, YC/I0BUS
akcnyataumm, TpeboBaHus K 6€30MacHOCTU U 3KONOMMYHOCTU.
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B nocobun B kauecTBe npuMepa paccMaTpMBaeM poboToTeEXHUYe-
CKOe YCTPOMCTBO (MPOMBbIWIEHHBIN pob0oT) [2], KOHCTPYKTMBHasi cxema
KOTOpPOro npeacraBneHa Ha puc. 2. OCylecTBASIOT NPOCTPaHCTBEHHYHO
OpueHTauuio nsgenust 6, yCTaHOBIEHHOrO B cxBaTe 5, nnedo pobota 3,
JIOKOTb 4 W CXBaT, KOTOpble nepeMeLlatoTcsd nHesmoumnuHapamu L1,
nuz, Nus, nu4. Kaxagoe ncnonHWTeNbHOE ABMXKEHUE UMEET CBOU (PYHK-
LUMOHanbHble 0CO6EHHOCTN, YTO HEOBX0ANMO YyunUTbIBaTb Npu Bblbope BU-
na v tina Arn.

3 4 5
2 113
e 1 2 6
oL ]
Algs K A2 B2 $A3
V7

lo
BK1

Puc. 2. KoHCTpyKTHBHas cxemMa npomMblLLiieHHoro poboTa:
1 — ocHoBaHue; 2 — cToiika; 3 — nnedo MNP; 4 — kuctb MP; 5 — cxBaT; 6 — 3aro-
TOBKa; 7 — NOABMXHLIM yrnop Y; 8 — Bbikio4YaTesb KOHeuyHbld BK1... BK;
9 — MydTa; 10 — uepBsa4yHas nepegada C MNepefaToOdHbIM OTHOLUEHUEM  ig;
M1 — BepTuKanbHOe nepemelleHue nneya 3 ot nHesMouunuHapa Mul; M2 — soi-
aswxeHune knctu MP4 nHesmoumnuHapom MMU2; M3 — 3axum cxeaTa 5 nNHeBMO-
umnmHgpa NU3; B4 — noBOpOT CTOWKM 2 NOBOPOTHLIM NMHEBMOLMAMHAPOM L4

13



XapaKTepucTuka WCNOMHUTENBHOrO ABUXEHMUS MPOMbILLIIEHHOMO
pobora:

MU1 — OAHOLITOKOBLIA MHEBMOLMIMHAP ABYXCTOPOHHEro AEWCT-
BUSI C 3aKPYrfEHHOM MMnb30i, obecrneynmBaeT BepTUKANbHOE NepeMelle-
Hue pyku [1P;

ML2 — OAHOLUTOKOBLIA MHEBMOLMSIMHAP ABYXCTOPOHHEro AEWCT-
BUSI C 3aKpenEHHLIM LUTOKOM ANs ABWXeHUs nokTs MNP Bnpaso v BneBo;

MU3 — 0AHOWTOKOBbLIN MHEBMOUMAMHAP OAHOCTOPOHHErO AEWCT-
BUS1 NS YNpaBieHnsl CXBaToM;

MU4 — NoOBOPOTHbIN MHEBMOLMAMHAP ANS YrI0OBOrO NnepeMeLle-
HUS PYKMU.

KoHcTpykTnBHasi cxema pobota (CM. puc. 2) MMEET HanosbHoe
UCMOJSTHEHUE HecyLei cMCTeMbl, OCHOBaHWE 1 1 NMOBOPOTHYIO CTOMKY 2, B
KPYroBbiX HanpaBsiloLMX KOTOPON NepeMellaeTcs pyka 3 € NOKTeM 4 u
KUCTbIO-CXBAaTOM 5 ans 3axuma 3arotoBku 6. BepTukanbHoe nepemelle-
Hue pyku 1 ocywectsngerca ot U1 n orpaHNYMBaEeTCA MOMOXEHUEM
KOHeYHbIX BblkntodaTenei 8 (BK1 n BK2), 3aMblkaeMbIX MOABMXKHBIM YMO-
pOM 7, 3aKpennéHHbIM Ha Kopryce pyku 3. B kKMHemMaTnyeckon cxeme no-
BOpOTa CTOMKM 2 C pyKOM 3 UCMOMb3yeTCs NepeaaToHHO-Npeodpasyowmii
MEXaHW3M, peanusyeMblii nepeaaven wectepHs-pelika M4, mydToin 9 u
yepBsiyHON nepepavein 10. TakuM 06pasoM, yxKe B TEXHUYECKOM 3aaaHun
npeanoyTeHe oTAAETCS MHEBMOMpPUBOAY, NO3TOMY B MpoekTe paspaboT-
4ynk 060CHOBLIBAET 06BEKTUBHOCTL Takoro Beibopa (rn. 1).

OueHka cny>kebHoro HasHaueHus MNP 3aTpyaHEHUS He BbI3bIBaET,
TaK Kak 3TO TMMOBOE poBOTOTEXHWMYECKOE YCTPOMCTBO, obecrneunBatoLee
NPOCTPaHCTBEHHYIO OpUEHTaLMIO U TPaHCMOPTUPOBaHWE pasfinyHbIX Ae-
Taneil, 3aroToBOK MPU 3arpy3Ke M pasrpyske TEXHOM0MMYECKoro o6opyao-
BaHUS

2.2, CocTaB U XapaKTepPUCTUKA UCNOJTHUTENIbHbIX ABMKEHUNA
3ajauelt 3Toro 3Tana SBNSETCS aHanM3 pabodeit 30HblI 06beKTa

aBTOMaTu3auuun. Tak, Hanpumep ansg MmeTtannoobpabatbiBatowwero obopy-
[0BaHUs paboyas 30Ha cdopmupyetcs cuctemort CMNNL (cTaHok — npucro-
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cobneHne — MHCTPYMEHT — AeTanb). dopMoobpasoBaHMe MOBEPXHOCTEWN
obpabaTbiBaeMOro Martepuana OCyLeCTBASeTC U3MEHEHWEM MNPOCTpaH-
cTBeHHoro pacnonoxeHuns Cr[, pocturaeMblM pasfiMyHbIMKU UCMOSTHU-
TENbHbIMUA [IBUXXEHUAMU. B pe3ynbTaTe aHanusa paboyeit 30HbI MOXHO
BblAeNMTb MeToa U cnocob obpaboTku, coctas. B 3ToM cnydae npolue
onpeaenuTb COCTaB MCMONTHUTENBHBIX ABUXEHWIA U, FNABHOE, NPaBUbHO
UX KNaccudmLMpPOBaTb MO BbINOMHAEMON DYHKLNK.

DTOT lWar SBNSETCS HeobXOoAMMbIM ANs Bbl6opa B AanbHEMLIEM
Thna npueoda, (PyHKUMOHANbHO AOCTATOYHOrO ANt MUCMOMHEHUS 3afaH-
HOW TpaekTopuun ABwxeHus. MNpeanaraeMas Ha puc. 3 knaccudukaums U
NO3BOJISIET YTOUYHUTbL COCTaB M xapaktepuctukn W obbekTa aBTOMaTM3a-
UM — NpoMbILWSIeHHOro poboTa.

HCIIONHUATCIBHBIC
JUBEDKEHHS

BCIIOMOTATEIbHBIS
thopMooOpazoBaHIe paboune
VeTaRoBOTHbie | exdsa saroromxa
TJIaBHEIE TonaqH HaCTPOHKH JelHTeNbHBIE
BpaIeHUs
[ YCTaHOBKA,
CMCHA HHCTPYMEHTA
HENpephIBHBIE JIMCKPETHEIE
—~ YyIpaBIcHHE
KOHTOPOJIb,

- H3MEpEHHEe
apaMeTpoB

Puc. 3. Knaccudukaums MCnonHUTENbHbIX ABUXEHWN

YuacTteys B paboTe CTaHOUHOro MeTasnioobpabaThiBaoLLEro KoM-
nnekca, MP ocywWwecTBNsSeT BCNOMOoraTesibHble ABUXEHWUS — MPOCTPaHCT-
BEHHYIO OPUEHTALMIO, YCTAHOBKY OTpabaTbiBaeMon AeTanu B TPEXMEPHOM
MpPOCTPaHCTBE, 06pasytoLleM ero pabouyio 30Hy (puc. 4).
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202003k

paszZpyIKa

Puc. 4. Paboyas 30Ha CTAHOYHOIO KOMMJieKca

3afiaya paspabaTbiBaeMoii MHEBMOMEXAHWUYECKOW CUCTEMBI OAHO-
ro-, AByX-, Tpéx- unu 4deTblpéxaBuraTenbHblX MpUBOAOB — MNepeMeLlaTb
CXBaT C 3aroTOBKOW B /1t06YI0 TOUKY BbIAENEHHOIO Ha pUC. 4 NPOCTPaHCT-
Ba C MakcuMManbHbIM BbicTposieiicTBueM T, W 3afaHHON TOYHOCTbIO +AL.
Bce yeTbipe UCNONHUTENbHBLIE ABUXEHWUS SBMSIOTCA BCMOMOraTesibHbIMU.
OTtMeTM ocobeHHocT kaxaoro WA:

M1 — BepTuKkancHoe nepemelleHue L, pyku NP3, umknosoe munu
MO3ULMOHHOE, C NO3ULMOHHOW Harpy3Kol OT Beca MexaHu3Ma 1 AeTanu 6,
MaKCUManbHoe 6blCTPOAENCTBME MpU 3a4aHHOW TOYHOCTU MO3ULIMOHMPO-
BaHWsl U UKCALMEN MONOXKEHMSI.

M2 — ropusoHTanbHoe nepemelleHne L. nokts MP4 B LMKIOBOM
WM MO3WULUMOHHOM pexuMMe, C MaKcuMasnbHbIM  BbICTPOAENCTBMEM
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T, — Min 1 3aaaHHOM TOYHOCTM AL [, C 3aMeasieHUeM B KOHLE xoaa U
(bvKcaumeit NoNoXeHUS NOKTS.

M3 — NpofoNbHOE ABWXKEHUE LUTOKA OAHOCTOPOHHEro LMIMHApa
MNU3 BnpaBo, npeobpasyemMoe pbl4aXKHLIM NPeobpasyoWwmMM MEXaHU3MOM
B MOBOPOTHOE 3aXXUMHOE ABWMXXEHWE cxBaTa C H60nblUMM yCUIneM U uk-
caumei ero MakcMMasibHOro 3HayeHus, AaXke npyu aBapuiHOM CUTyauuu,
€cnu 3To ycnoBue 6e3omnacHol paboTkl He BbINONMHSETCA, NP ocTaHaBIu-
BaeTcs.

B4 — BpawartensHoe awxeHue @, pyku NP3 B LMKIOBOM unn
MO3ULUMOHHOM PEeXMMax C 3afaHHblMU ObICTPOAEACTBMEM UM TOYHOCTHIO
NO3ULIMOHUPOBAHMUSI.

3. PASPABOTKA CUJ10BOIA U MEXAHUYECKOW NOACUCTEM
ABTOMATU3WUPOBAHHOIO MHEBMOIMNPUBOAA

O6ocHoBaB BMA M TUMN NPUMBOAA U OCHOBHbIE MPUHLMMBI YNipaBe-
HWUS UCMONMHUTENBHBIMU ABUXXEHUSMWU, MOXHO MPUCTYNUTL K ¢hopMUpoBa-
HUIO CTPYKTYpbl M MPUHLMMNMANBHON CXeMbl NpuBoAa. ABTOMAaTU3VMPOBaH-
HbI1 MHeBMonpueoa (p1c.5) obpasyeT Tpu NOACUCTEMBI: MHEBMATUYECKYIO
(NCr), mexaHunyeckyto (MIC) n ynpasnstowyto (YIC).

FBH
e
ncn »  MIC > oy v
—>

Puc. 5. O6o6ueHHas ctpykTypa AN

MCMN npeacTaBnsieT CMIOBOM KOHTYp, o6ecneunBalolmin noaro-
TOBKY M (DOPMMPOBaHME MapaMETPOB M XapaKTEPUCTUK MOTOKA CKaToro
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BO34yXa, @ 3aTeM npeobpas3oBaHMe ero 3Heprum B MeXaHu4veckoe [Bu-
YXeHWe BbIXOAHOMO MHEBMOABUraTensl.

MIMC obecneunBaeT cornacoBaHWe KMHeMaTUYeCcKuUX, CUOBbIX U
SHEepreTUYEeCKMX XapakTepucTuk NHeBMoaBMraTens ¢ 06bekToM ynpasne-
HUS.

MNCY obecneunBaeT cbop 1 06paboTky MHDOPMALIMM O ABUXKEHUM
0bbekTa yrnpaBneHns 1 (opMUpPOBaHWE YNPaBASIOWMX BO3AEUCTBUI Ha
anemeHTbl MCM 1M MMC ans BOCNpOM3BEAEHWUSI 3aAaHHOW TpaeKTopuu
aswxenus QY.

Takum obpasoMm, dyHkUMoHanbHas cxema AN peanusyetcs cne-
OYOLWMMN KaHaNaMmu:

ncn > mmc — > oy

— cunoBoW

oy Incy ncn ~ MHDOPMaLIMOHHBIN

McrnonHeHne WHGOPMaUMOHHOrO KaHana OnpeaensieT creneHb
asToMatu3aumu AMM.

Bpems MpOCTPaHCTBEHHON OpPWEHTALMM 3aroTOBKU MPW YEThIpEX
UCMOSTHUTENbHBIX ABMXKEHUSIX, (hOPMUPYIOWMX TPAeKTOPUIO, OnpeaensieT-
CS anropMTMaMM MX COBMECTHOM WNIM pasfenibHOM, NapanfienbHon uam
nocnefoBaTesibHo paboToil. OHM pacKpbiBaloTCs B AanbHENLEM aAua-
rpaMMaMu NepeMeLLEHNI, BKITIOYEHUI YpaBieHnin 1 obLeid LmKiorpam-
MOW paboThl.

XapakTepUCTUKM UCMONTHUTENbHBIX ABWXeHMI TP npeactasne-
Hbl B Tabn. 3 M SBNSOTCA WMCXOAHbIMM PaCUYETHbIMW AaHHbIMK  AJist
pacyeta AllM.
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3.1. NMocTpoeHue pacueTHoi cxembl AMM

3.1.1. MoNyKOHCTPYKTUBHas cxeMa
aBTOMAaTU3MPOBAHHOIO NHEBMATUYECKOro NpuBoAa

[N NoCTpoeHUst pacyeTHOW CXeMbl MpUBOAA WUCMOMb3YEM MPUH-
UMMManbHY0 CXEMY W MOJSYKOHCTPYKTUBHBIE CXEMbl MHEBMOYCTPOWCTB.
MockonbKy OCHOBHbIM 6710KOM MpMBOAA SIBASIOTCA pacrnpefenutens P u
nHesmoumnuHap ML, coeanHsiemble Tpy6onpoBoAaMn, UX NpeacTaBnseM
B MOMYKOHCTPYKTUBHOM M300paXKeHnu C yKa3aHWEM OCHOBHbIX MapaMmeT-
poB. OcTanbHble 3n1eMeHTbl — y3en noAroToBku Bo3ayxa YIB, apoccenu
OP1 n P2, raywmTeny, nepemMellaeMblil 06bekT m — NpeacTaBnsieM yn-
POLLEHHO, TaK KaK MX WUCNOSHEeHWEe npuHuMaeM nocne pacyeta MU n P.
[Ona HuX no katanoram unu crnpasoyHMKaM [8] BblibuMpaeM napameTpbl
(puc.6):

D;, Dy, Ly — COOTBETCTBEHHO AMAMETP MOPLUHS, AMAMETP U AfIMHa
LITOKA;

d;, d; — AMaMeTpbl NPUCOEANHUTENBHBIX OTBEPCTUI LMAMHAPA;

Ly b
n = V .
| T | Qha Hi
| I | || £
]Qﬁl‘ : ; | m il
| | | ] - 777777
o Fa 2
~= G ~
+]
= = ""—‘/‘;,
] Yy
~ S
N - 0;7 N
9B | ra

Puc. 6. PacuetHasa cxema AllM
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dip, dop — AMAMETPbI MPUCOEAVHUTENBHBIX OTBEPCTUI pacrpeae-
nurens;

dn e, In, di e, 1y, da 1p, |, — AM@METPBI M ANMHBI NHEBMONUHUIA NKA-
TaloLLero, HarHeTaTebHoOro U C/IMBHOMO TpybonpoBOAOB;

Vi, V, — ckopoctu npsmoro n obpatHoro xoaa MNu;

Fu1, Fip — MakcuMarnbHble BHELUHWE Harpysku npu npsMoMm un ob-
paTHoM xopax IMLL;

Fc1, Fc; — cunbl conpotmenervs asvxeHnio ML;

m — NpuBeAEHHbIE NepemellaeMble Maccbl 06bekTa aBToMaTu3a-
uunn;

+ X, Yy, — ynpaBnsiowme BO3aeiCTBUS (nepemelleHns), nopa-
BaeMble Ha pacnpeaenuTens.

3.1.2. Anarpammbl paboyero unkna

Mockonbky pa3paboTka npuMBojda BeAETCs B peasbHOM NpPOCTpaH-
CTBE W BPEMEHU, KpOMe reoMeTpuyeckux napameTpoB, NpeacTaBeHHbIX
Ha puc. 6, Heobx0aAMMO YTOUHUTb BpeMeHa OTAEeNbHbIX YYaCTKOB Tpaek-
Topuun asvxeHus QY n pabouero umkna B uenoM. [insg sToro crpouMM oc-
HOBHble AMarpaMMbl: NEpeEMELLEHNI, CKOPOCTEN, CU 1 YNPaBNEHUI BO
BpeMeHu (puc. 7) Ans 3ajaHHOro 3cku3a pabodero umkna. Hanpumep,
ansa asuxenust M2 «Cron» ty -->Vy, t; -- > BblaepxKa Ha ynope t, --> V,,
t3--> «Cron».

Bpemsa uvkna T, = to+ ti+ L+ t3,
rae to, t, — No TexHuyeckoMmy 3aganuio; t; = Ly/Vy; t3 = L/Vs.

Bpemsi T, onpepenser anutenbHocTb pabodero umkna. Ocoboe
3HayeHve T, NpuobpeTaeT Ans CNOXHLIX TPAEKTOPUIN U LIUKIIOB U He3a-
MEHMUMO A1 MHOMOABUraTesbHbIX MHEBMOMEXaHUYECKUX CUCTEM.
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Puc. 7. Anarpammbl paboyero uukna npuesoaa
3.1.3. YTOYHEeHMe UCXOAHbIX AaHHbIX Ansa pacdeTa Alll

McxoaHble AaHHblE AN pacyeTa OCHOBHbIX MAapaMeTpoB MpuBoaa
BK/TIOUAIOT KMHEMATUYECKME, Harpy3o4Hble, SHEPreTUUYeCKMe XapakTepu-
CTUKM M BpeMs pabouyero umkna. MocnefoBaTeNbHOCTb MX YTOUHEHUS
onpeaensieTcs NPUHATON pa3paboTUMKOM CTpaTermeii pacyera:

1. Ecim TunopasMep U KOHCTPYKLUMSt MHEBMOLMAMHAPA U3BECT-
Hbl (MPUHSATbI U3 KOHCTPYKTUBHBLIX COOBPAXXeHWIM), TO onpeaesMe Makcu-
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MasibHYI0 Harpy3Kky Fuwax, Haxoast pabodee gaeneHue p U pacxodbl Cka-
TOro Bo3gyxa:
P = Fumax/Sn,
Q1=V151,
Q2=stz-
2. Yauwe napameTpbl UMAMHAPa HEU3BeCTHbl. Toraa, UCnosnb3ys
ONbIT 3KCMyaTauun NpOMbILNIEHHOrO NHeBMonpueoaa [3] , npuHUMaloT
pabouee aaBneHue p u, onpeaenns Fy wax, HAXOAST NAoOWaAb U AUaAMETP
NOpLUHSA MHEBMOLUMAMHAPA
Sr|=|'|D2/4= Fi max/P,
a 3aTeM W oCTanbHble reoMeTpuyeckme napametpsl: Dy, Ly, di, d, v gp.
MNMonyyeHHble pacyeTHble 3HaYeHUs, OKpyrnsemble [0 CTaHOapTHbIX, MO-
3BOSISIOT BbIGPaThb B Aa/IbHEMLIEM CEPUIO U TUMOPa3Mep NHEBMOLMMHAPA.
Kak npaBuno, npegnoyTeHne OTAAlOT BTOPOMY BapuaHTy, ubo
npu 3TOM peanuayloTcsd Haubonee nonHo TpebosaHus k npusogy. 06
3TOM HarnsigHo CBUAETENbCTBYET pasgen katanora ¢upMbl «Camozzi
Pneumatic» — nHeBMOUMAMHAPbLI. MHOroobpasune ux cepuii U TMNopasme-
pOB, LUMPOKME AManasoHbl WX XapaKTEPUCTUK MO3BOJIAKOT BbINOJHUTL
NpaKkTuyeckn Bce TpeboBaHWS TEXHUYECKOro 3ajaHus Kak ans obuiux,
TaK W crneumansHbiX 3agad asToMaTU3aumm NpoLEeccoB U MaluvH B pasHbIX
oTpacnsix TexHuku. B Tabn. 4 npuBeaeHbl OCHOBHbIE XapaKTepUCTUKK
MHEBMOUMMHAPOB, NpeanaraeMbix ¢upMoit «Camozzi Pneumatic» [8].
Tabnuua 4
XapaKkTepuCTUKK CTaHdapTHbIX NHeBMouunMHapos Camozzi

XapakTtepuctuka, 0603HauyeHne [nanasoH
[nameTtp nopwHsa D, MM 6...320
Pa6ouwnii xoa L, MM 5...3000
Paboune Temnepatypsbl T, K < 353
Cmaska F He HyxpaaloTcs B AONONHUTENBHBIX

yCTpoicTBax (KOHCUCTEHTHas!)
KauecTBo ouncTku Bo3ayxa o Knacc 6 (6<25 mkm)
FOCT 17433-80

CoOoTBETCTBME MEXAYHAPOAHbIM CTaHAapTam ISO, DIN, CETO
PaboTa B TsXKeSbIX YC/OBUSIX OKpYXatoLeit Cepumn 90, 92, 94, 95
cpeabl D=16...125 mm
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3.1.4. Pe3epBupoBaHue NOTEPb SHEPrMM NOTOKOB
Ha y4acTkax U 3neMeHTax NHEBMOMarucTpanei

B COOTBETCTBMM C MPUHATON METOAMKON pacyeTa no Fy wax npu-
HUMaloT pabodee naBneHue Ph. Ucxoas n3 CroXMBLUIENCS MPaKTUKKU 3KC-
nnyataumun MM [3], npuHnMaem Pr=0,6 Mlla. Takoe pasBneHue 6yaer B
HaMopHOM MarucTpanu nuilb BHadane, koraa S;=0, Tak Kak Mo 3aKoHy
B. Mackans, AQBNEHWE B rMApPOCTaTMKE PACNPOCTPAHSETCA MO BCEM Ha-
NpaB/EHNAM C OIMHAKOBOW BEMNMYMHOW. Mpy pasroHe MopLUHSA AaBNeHue
B paboueit nonoctu ML, yMeHbLUAETCA 13-3a NOTEPb AABNEHUS B Harnop-
HON Marucrpanu, o6yCNOBNIEHHbLIX COMPOTUB/IEHUEM TPy6ONpPOBOIOB U
MPOXOAHbIX CEYEHWIA NMHEBMOANMAPATOB ABWXKEHUIO NoToka [5]. Ecm oHm
W3BECTHbI, MOTEPU HaMopa OMpPeAeNsoT MO M3BECTHbIM METOAMKaM, WUC-
nonb3ys ypaBHeHue [lapcu-Belicbaxa v kputepuit PeitHonbaca [3, 5, 9]:

L v
ans Tpybonposoaa A, =Ny - :
d 2-g
VZ

Ans nHeBmoannapatoB  Ap;, =C;,-v- .
2-g

B HalleM cnyyae Takasi BO3MOXHOCTb KO/MUYECTBEHHOMN OLIEHKM
NMoTepb AaB/IEHUI B HAMOPHOM U C/IMBHOM MarncTpansix oTCyTCTBYET, Mo-
3TOMY pellaeM 0b6paTHYl0 3adavyy — pe3epBUPOBAHMEM MX BENYMH, a
3aTeM No pekoMeHaauusiMm Tabn. 5 paccunTbiBaeM KOHCTPYKTVBHbIE napa-
METPbl MHEBMOJIMHUIA U YCTAHABMBAEMbIX Ha HMX annapaTtoB. C 3Tol
LIENIbIO MOJTYKOHCTPYKTUBHYIO CXEMY Ha pUC. 6 YNPOCTUM [0 PacyYETHOM
[LNS1 NOCTPOEHUS AMarpaMMmbl AasneHuit (Hanopos) (puc. 8)

Tabnuua 5
MoTepu aaBneHusl B TMNOBLIX 3N1EMEHTaX NMHEBMONPMBOAA

DneMeHThI O603Hau. APmax (6ap)
Tpyb6onpoBsoab! Apm 0,25
Pacnpepenutenu App 0,7..1
[poccenu APgp 1
Cnywmnrenu APrn 0,2
KnanaHbi AP 0,3
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Pa

Ompefenser CHNOBON BOTEELISAI ERSSLOLPUIEIPA

Pywss = Pn—Pa

Pecypc Jasneme, CO3JaBICAILEN MCTOBIOU ENTE

Puc. 8. PacyeTHast cxema nHeBMonpueoaa

YuacToKk cxembl p, — p; NPeACTaBAsSieT HamnopHyl Marucrparssb,
COEAMHSIOLLYIO UCTOYHMK MUTaHNS C paboyelt nonocTbio ML,
CyMMapHble NOTepu AaBNEHMS Ha 3TOM y4yacTKe Npu BblaABUXe-
HWMM LITOKA CO CKOPOCTbIO S; onpeaensieT BblpaxeHue:
SAP1=Apm + App1 + Apri = 0,25 + (0,7...1) + 0,25 = (1,2...1,5) 6ap,
roe Apm, Appi, Apri — OaBneHve B TpybornpoBoae, COOTBETCTBEHHO
pesepBupyeMble NoTepu NUTaHUs B pacnpegenurene u Tpybonpo-
BOAE, COEAMHSIIOLLEM pacnpeaenuTens C pabodeli MonfocTbio Lm-
NMHApa.
YuacToK p, — pa NPeACcTaBAsSeET CIMBHYIO MarncTpasb:
pi= pn-ZAp; =6- (1,2..1,5) =(4,8..4,5) 6ap;
p,= ZAp; = (1,8...2,1) 6ap;
ApNUmax = pP1-p2 = (4,5..4,8) - (1,8...2,1) = 3 6ap.
MpuBeAeHHble OLEHKN pe3epBMpoBaHns NoTepb Hanopa B MHEB-
MOMarucTpansx nosiCHAT pa3fIMUME PacYETHbIX 3HAUYEHUIN CUMNOBLIX Xa-
paKTEPUCTUK B YCIOBUSIX TMAPOCTATUKN U TMAPOKMHEMATMKI AT,
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3.1.5. KnHemaTtnyeckme v Harpy3o4uHble XapakTepUCTUKM
obbekTa aBTOMaTU3aL MK

3TN XapaKTEPUCTUKN YACTO Ha3blBalOT BHEWHUMW MeXaHWYeCKu-
MU, TaK KaK OHW XapaKTepusyloT ABWXeHue obbekTa aBToMaTu3aumu no
nepemetleHnto L, ckopoctn S, nonoxeHuto = AL, AOMYCTUMOW HecTa-
6UNBbHOCTM ckopocT A S; M NpeoaoNeBaEMOii Harpy3ke Fq,.

B 3aBMCMMOCTU OT Cy>KebHOro HasHayeHWs MHEBMOMPUBOAA Ha-
rPy304HbIE XapaKTepUCTUKN MOryT BbITb 33/laHbl TEXHUYECKUM 3a/laHUeM
NN YTOUHATBCS AOMONHUTENBHO NpeaBapuTenbHbIMU pacyeTamu [3, 5]:

e AN nojawolmx (TexHonormyeckux) npueofos: L, S, £ AL,
A S; v Harpy3ka Fy 3apatoTcst TeXHOorMyecknM npoueccoM. Hanpumep,
ans metannoobpabatbiBatollero obopyaosaHus: L — gnuHa  paboudero
X04a; S; — CKOpOCTb MNaBHOrO ABWXKEHUS unM nogaun (onpeaensieTcs
HOpMaTUBaMKn pexumoB pesaHus) [11, 12]. Tak >xe onpeaensor Cuibl
pe3aHusi, nogayu.

e N1 TPAHCMOPTHBIX MO3VLMOHWPYIOWMX MPUBOAOB: L; — KOHCT-
PYKTMBHO, S — 13 ycniosust T,-->min, Npy 3TOM Harpyska onpeaensercs
CUnamMu BpeaHbIX COMPOTUBAEHUIA ABMXXEHWUIO (TPEHMS!, MO3ULMOHHBLIMMU,
nHepuun) [1].

e [ 32XXUMHbIX MPUBOAOB (MHCTPYMEHTA, 3aroTOBKW, NpUCho-
cobneHni cxBaToB U Ap.): L; — KOHCTPYKTUBHO, S; — 13 ycnosus T,-->min.
Harpyska onpegensiercs ycunvem 3axuma.

Mocne cocTaBneHUs pacyeTHon cxembl AMM AOMOSHUTENBHO K
yKasaHHbIM B 3adaHun (Tabn. 3) 3HauyeHusIM napameTpoB ONpeaensoTcs
3HayeHMs HedoCTaloWmMX MakcuMasbHbIX Harpy3ok Fy;, Fyp, OaBneHus
nutaHusa Pp. MNpMHUMMAalOTCa 1 HEKOTOpble AONYLUEHNS: O CTauMOHAPHOCTK
MpoLeccoB, NPaBOMEPHOCTU CTATUYECKOr0 pacyeTa, NpeaBapUTeNbHOM
OLIEHKM AMHAMUYECKUX Harpy3oK. TaK, 4SS pacCMaTpyvBAEMO 3aaaum npu
npsiMom xoge Vi:

Fu= Fu+ Fct Fy,
roe Fc — cyMMapHas cuna ConpoTUBEHUS ABVXKEHWIO B 0bLLeM cryyae
onpenensieTcs BblpaXeHNeM:
Fc= Frot Fret Frz,
rae Fro, Frs — C1IIbI CyXOro 1 BA3KOro TpeHust; Frs — NO3MUMOHHas Harpyska.
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MNcxoaHble aaHHble ans pacyeta AlM

Tabnuua 3

Kog | Homep | Wcnonuutens- Macca Harpy3ka [OnuHa xoga CkopocTb [nvHa TpybonpoBofa, M
N0 | 3ad. | Hoe ;ABMXeHME | nepeme- Fe, H yCKop. pab. beicTporo | paboyero | 6bICTPOro | HamOPHOro | CAWBHOMO
LaeMbIX Len, M/®sn, | Lox, M/@p, | MoaBopa | xoda Vi, |OTBOAA Vo
yactein My, rpaa rpaa Ve, M/C | M/C[wp, | M/C [weo,
Kr [wen, rpan/c|  rpaa/c rpaa/c
ni 0  |BepTukanbHoe 100 200 0.7/- - 0.5 - 0.6 1.5 1
1 |nepemelleHune 150 250 1/- - 0.7 - 0.8 2 1.5
nneva
n2 2 |MpogonbHoe 20 50 0.3/- 0.1/- 0.6 0.02 0.7 1 0.5
3 |nepemeleHue 30 75 0.4/- 0.2/- 0.8 0.04 0.9 1.5 1
4  |nokTs 40 100 0.5/- 0.3/- 1 0.06 11 2 1.5
n3 5  |3akpbiTne- 0.5 500 0.01 - 0.1 - 0.8 1.5 1
6 |packpbiTue 1 1000 0.02 - 0.2 - 1 2 1.5
cxBara
n4 7 |MoBopoT pyku 100 300 -/100 -/20 150 30 150 1 0.5
8 125 400 -/150 -/30 200 40 200 15 1
9 150 500 -/200 -/50 250 50 250 2 15




OnpepenvB MakcuManbHble Harpysku Fy wax, Heobxoaumo npu-
HATb MaKCUManbHOE YCUAMEe, KOTOpoe [OSMKEH pas3BuBaTb MHEBMOLM-
nnHApP. Wcnonb3yeM CeMeiicTBO MexaHUUYEeCKUX XapaKTEPUCTUK ApPOCCesb-
HOro nHesmonpusoaa (puc. 9).

Vi

F nymax

Puc. 9. MexaHuuyeckue xapakTepuCTUK1 ApOCCeIbHOrO MHEBMOMPUBOAA:
a — gpoccenb Ha Bxoge IL; 6 — apoccensb Ha Bbixoge ML,

Mpu gpoccennpoBaHnM NOTOKA Ha BxoAe (puc. 9,a) AocTUratTcs
MaKCUMaslbHble CKOPOCTU V, 0AHAKO, NPU U3MEHEHWUWN BHELUHEN Harpy3Ku
Fsy, CT@abunbHOCTb ckopocTM AV< (AVi.) He obecneumBaetcs. Mpu
Fan=Fnymax NpoMcxoamT daxe ocraHos: V;=0.

Takas CTpykTypa npegnoytutesisHa Ans cnyyaes, korga Fg, He-
3HAUUTENbHbl M OTHOCUTENbHO CTabusbHbl. Takoi anroput™M Harpysku
XapakTepeH ans TpaHcropTHbIX AMM. Mpu CTpyKType a) YCTaHOBKOMN Ha
Bbixoge ML knanaHa 6bICTPOro BbIX/I0MNa AOCTUIAOT AOMNOSHUTENBHOrO
MOBbILLEHMS MAKCUMalbHbIX CKOPOCTEN Vimayx [5]. ANA Hawero ciyyas —
TEXHOMOrMYECKOoro NHEBMOMNPUBOAA — UCMONb3yeTCs CTpyKTypa 6) ¢ apoc-

27



ceneM Ha Bbixoge MU. OTMETMM, YTO B 3alUTPUXOBaHHOW obnactu ava-
rpamMmbl (CM.puc.9) peanusyeTcs AOCTAaTOYHbIM AManasoH CKOPOCTU [ABM-
XeHust Vi Mpu BbICOKOW KMHEMAaTU4YeCcKol >XECTKOCTM NpuBOAa, Koraa
AV< (AVmay). OTH ycnosusa obecrieunsatotes Npu Foymax=(1,5...2)Fg,. Or-
paHWYEeHNEM NSl ee 3HAYEHUS ABASIOTCS A0NYCTUMbIE YCKOPEHWS, pa3Bu-
BaeMble NpnBoAOM (a<6-8 M/c?). OHW OrpaHNUMBAIOT AMHAMUYECKUEe Ha-
rPYy3KM Ha MEXaHUYecKyto MOACUCTEMY NPUBOAA B MEPEXOAHBIX PeXUMax
paboThl: pa3roH, 3aMeaneHne, TOPMOXKEHNE, PEBEPC ABMXKEHUS.

3.2. PacueTt u BbI6Op 3N1eMeHTOB NHEBMOMNpUBOAa

3.2.1. Pacyet napaMeTpoB 1 BbIGOP MHEBMOLMANHAPA

Jr1an 1. OnpegeneHne MaKcMMasibHbIX ycuanii Fr;,
pa3BuBaeMbIX MHEBMOYNITMHAPOM

Ha nepsoM sTane Bbli6opa NMHEBMOLMAMHAPA HEO6XOAMMO onpe-
JIeNnTb, K KaKOMY TUMY OTHOCUTCS NMHEBMOMNPUBO/.

Ecnv nHeBMONpUBOJ, 3aXXKUMHOW M MpeaHasHayeH AN pas3BuTus
TONbKO CTaTUyeckoro ycunmnsa («paboTa Ha yrnop»), TO Harpyska, passu-
BaeMas MHEBMOLWIMHAPOM, OMNpPeAensAeTcs No BbIPaXKEHUIO:

F]" i > F Al i»
roe Fgy— HeobXxoauMoe ycunune 3axuma, H.
[ns nHeBMONpMBOAa TPaHCMOPTHOro, 06ecneYnBatoLLEro ABMXKe-

HMe 06bekTa, ycunune, pa3BuBaeMO€E MHEBMOUWIMHAPOM, onpeaensaerca
MO BbIPa>XeHUto:

F]"i Zk(}i]" 'FA”J'ia
roe ksup=1,5...2 — ko3dduumneHT 3anaca no ycunumio.

[Hanee no Tabnuue pa3BMBaEMbIX MHEBMOLUMIMHAPOM YCUAUI B
katanore [9] «Camozzi Pneumatic» Bbibupaem anaMeTtp nopLuHs. Mpumep
Bblibopa AnameTpa nopwHs ana Fe, =500H, Fy,,=400H u P, =6 6ap npu-
BoauTCa Ha puc. 10.
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STAI . Frasm >Fn1 Frasn2 >Fn2

1/

Jnametp [Tnomwane \ Pabouee napnexue, Jaj
LTHIHHIPA, TIOPIIHA, C}li 5 \ ‘ 6 ‘ - / ‘ 3
MM - ;
chﬂeie Ha mToke, H (}(‘H}I =09)
40 BecmTok MoNOCT, | 554 664 /75 886
ILITOKOBTIONI0CTS | 465 \ 559 / 652 745
50 becmok.monocts 865 \ 1037 1210 1382
727 872 *| 1017 | 1163

OueHka avameTpa nopLwHa Dp=50 MM

Puc. 10. Mpumep Bbibopa AvameTpa nopLuHsa no katanory «Camozzi Pneumatic»

3ran 2. YTroyHeHne ANnaMeTpa rnopLUHs NMHEeBMOLNITUHAPA
C y4yeToM ,qMHaMM'-leCKOﬁ Harpy3kmn

Mpwn 3HauMTENbHBIX NepeMeLlaemMblX Maccax U CKOPOCTSIX ABUXKe-
HUs 06beKTa ynpaBneHusl Npu pasroHe, TOPMOXEHUU, U3MEHEHNN CKOPO-
CTW BO3HUKAET MHEPLIMOHHAA (AMHaMuueckast) Harpyska. E€ Bo3aelicTeue
B KOHLE XOJa Ha 3/IeMeHTbl NMpuBOAA MOXET BbIBECTU 3/IEMEHTHLI coeaun-
HEHUS U3 CTPoS.

Ha puc.11 npuseaeHbl rpaduyeckne npeacraBneHns OLEHKU
BMIUSIHUSA MEpeMELLIaeMbIX Macc m, ckopocTel Vi, V, Ha BENNUYMHY NpUHS-
TOro AvaMetpa nopuwHs D = 50 MM (M3 YCNOBMI CTATUYECKOro pacyeTa
Ha 3Tane 1). Ana TectoBoro npumepa m=17 kr, V;=1 M/c, Touka A pac-
rMoJsioXXeHa Nnoj Tpaneuuen, onucbiBaloLLe NoBeAaeHe NMHEBMOLIMAMHAPA
¢ D=50 MM B nepexoaHbIX pexumax. B aToM crnyyae TopMoXxeHne obbek-
Ta B KOHLE X04a MOXHO OCYLLEeCTBUTb BHYTPEHHWUMW TOPMO3HbLIMW YCT-
poictBamu (ruapoaemndepamn). Ecin Touka nepeceveHns KoopayHaT m
1 V pacnonoxeHa Bbiwe Tpaneuun ana D=50MM, Hanpumep Touka B, cne-
JlyeT WUCMNONb30BaTb BHELUHWE TOPMO3HbIE YCTPOMCTBa (aMOpPTU3aTOPbI
TOpMO3a).
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CKOpoCTb, M/C V =max(V4, Vz)
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Puc. 11. inarpamma Anst yTOYHEHUS AnaMeTpa NopLUHs NHEBMOLMAUHAPA
C y4EeTOM AMHAMUYECKON Harpy3Kku

1 2 3

L=}

—Px,

Macca, kr

Mo pe3ynbTaTaM 3TanoB 1 M 2 MPUHATLIM AMAMETP MOPLUHSA
D=50MM oTBeYaeT TpeboBaHWsM 331aBaEMbIX CTAaTUCTUUECKMX U AUHAMU-
YECKMX Harpysok.

3ran 3. OnpegeneHne gnametTpa wroxka D,

LUTok nNHEBMOUMAMHAPA SBNSIETCS OCHOBHBLIM 3/IEMEHTOM MHEB-
MOLM/IMHAPA, TaK Kak BO MHOMOM OnpefensieT MaccorabapuTHble, KuHe-
MaTUYeCKNe, CU/OBbIE XapaKTEPUCTUKM MHEBMOLMIMHAPA W YCTONUMBLIE
PEXUMbl paboTbl MeXaHMYeCcKoW noacucTeMbl. OCHOBHBIMM €ro MapMerT-
pamMu sBnsitoTcs anametp Dy 1 anuHa L. MocneaHuii onpenensieTcs Be-
NMYMHOMN paboyero xofa Ly, UM KOHCTPYKTMBHBIMM COOBPaXeHUsaMMU. ITK
MOMEHTbl NpeAcTaB/feHbl Ha puc. 12. [na 3alaBaeMoOil  TECTOBbIMU
npuMepamn AnMHbl XxoAa L=500 MM MOSICHUM anroputM BbiGopa D, .
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Ha puc.12,a Touka C siBnsieTcs nepeceveHneM UCXOAHbIX AaHHbIX:
p.=6 6ap, D=50MM, Touka C SBNSIETCA NepecevyeHneM BepTMKanbHOW nu-
HUK, npoxoaswen yepes Touky C, M 3a4aHHOMO 3HaYeHWUsl ASIMHbI XoAa
L>500MM u onpeaensieT D wroka, paBHoro 20 MM.

C y4yeTOM WCNOSHEHUS MEXaHMYEeCKOM MOACUCTEMbI BbiGMpaeM
Cnocob KpenneHust runb3bl LMINMHAPA, HanpaB/ieHue ABMXKEHWUS 0bbekTa
ynpaBneHusi. B pesynbTaTe npuHMMaemas gnavHa xoga Ln<ki-L (npwu
k.=1...4).

Ba)xHOM XapaKTEPUCTUKON MEXaHWYECKON MOACUMCTEMbI SBNSIETCS
cnocob KpensieHus WTOKa K nepemellaemMoMy o06bekTy (nocpeacTtsoM
ranku, BUMKK, ChEPUYECKOr0 HAaKOHEYHMKA, LUIAPOBOro LapHupa). Kax-
ObliA U3 HUX 06eCreUmBaET onpeaeneHHble CTENEHN NOABUXHOCTM 06bek-
Ta ynpasneHus [8].

[ns BbI6Opa cepuy M TMNOpasMepa MHEBMOUMIMHAPA UCMONb3Y-
€M pe3ynbTaTbl pacyeTa WU pernaMeHTUpyemble TEXHUYECKUM 3agaHueM
ycnoBust akcnayataumm AMM, HanpuMep, KaMMaTuyeckue ycnosust (TeMm-
nepaTypa, BaXXHOCTb, 3arbl/IEHHOCTb, arpeCCMBHOCTbL OKpYXKaloLLen cpe-
Abl 1 T.4.). Ucnonb3ys pazgen katanora «Camozzi» «lMHeBMOUMANHAPLI»,
noabupaem cepuio 1 TMNopasMep NHEBMOLIMIIMHAPA ANS Hallero NpoekTa.

3ran 4. Pacyer pacxogoB C)KaToro Bo3gyxa
A1 NPUHATOro TUNopa3Mepa NHeBMoyMJIMHAPa

Ha 3ToM 3Tane onpeaensitoT pacxoabl OkaToro Bo3ayxa Qi, Q.
HeobxoauMble Ansl NepemMeLlleHns MopLUHS COOTBETCTBEHHO CO CKOPOCTS-
MU Vin V..

YuntbiBas CyLLeCTBEHHYIO 3aBUCMMOCTb MJIOTHOCTU BO3A4yXa Pg OT

bV
AaBnieHns n TemnepaTypbl T (p, :ﬁ)' YC/IOBME CM/IOWHOCTM MOTOKa

npeanoniara€t paBeHCTBO MACCOBbIX PacxoaoB B NOBbIX ceYEeHMSAX MHEB-
MOMarucrpanu:

Gi=G;; Py 'V;il 'So‘Bl =Py Va 'So‘Bz-
NS pacyeTa KUHEMaTUYECKUX XapaKTepUCTUK (nepeMelLieHnit Ly
1 ckopocTel V;) HeobxoaMMbl 06bEMHbIE pacxofbl CKaToro Bo3ayxa. Ans
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YMpOLLEHUS pacyeTOB BBOAMTCS NMOHSATUE pacxofa BO34yxa B HOPMasbHbIX
MeTpax B MUHYTY (HNn/MMH). 3To 06bEM rasa, Npoxoaswuii Yyepes npo-
TOYHYIO YacTb NMHEBMOYCTPOMCTBA B €AMHWULY BPEMEHM MpU nepenage
[aBneHu Ha HeM Ap=16ap. 3TOT NoAXo4 WCMONb3YeTCs B KaTasore
«Camozzi Pneumatic» [8].

MocnenoBaTeNbHOCTb AEUCTBUIA pa3paboTumka npy onpeaeneHnm
Qmmax NOSCHSET puc.13. 3aecb UCNONb3YeTCsl MNOHATUE 06BLEMHOMO KO3(-
dumumeHTa nHeemMoumnuHapa ky=L./Lo, rae L, — BeNMUYMHA Xo4a MOPLUHS;
Lo — yAEnbHbIA X0/ MOPLUHS, paBHbI 10MM. [1ns Hallero TECTOBOrO Mpu-
Mepa

5007 ¢
kv = = 50.
107 ¢
Y,qeanble o6beMbl |-|L|, onpeaenarTCs Bblpa>XEHNAMU

b T
V(;l :T'lo; Voz :Z(DZ _D:) '

a 06bembl Vi u V,:

Vi=Kky"Voy Vo=k, V.
Pacxogbl oxartoro Bo3ayxa B nonoctu L
h _n v, _»

MakcuMarbHbIiA pacxod:

Qmmax= max (Qll QZ)
Ona TecroeBoro npuMepa u3 dparmMeHta Tabnuuy katanora [8]
Vo:=0,137Hn, Vy,=0,115 Hn.
V;=50-0,137=6,85 Hn, V,=50-0,115=5,75 Hn,

~50-0,137-1000- 60

Q 500 =822 Hn/MuH,
50-0,115-2000- 60
Q.= =1380 Hn/MuWH.
500
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ky>Lm/ 10 mm
9TAII

Hua- [Tnomanp Pabouee naBneHue, 6ap
M MOPIITHS
P OPIIHE, 5 6 7 8
[AJIMH- cM
Jpa, MM [Motpebnenue Bo3myxa, Hn

Ha 10 MM Xo0ma

40 Becurrox.monocts | 0,075 0,088 [ 0,10 | 0,113

IlItoxos.mosnocts | 0,063 0,074 0,08 0,095

0_’ 50 Becmrok.monocts | 0,118 0,13 0,15 0,177
[lITox0B.1IOTOCTH 0,099/ 0,11 \‘ 0,13 0,148

Wi W

Wi =Wioky Wo= Wo ky
Q1=W*V1/Lm Qz =Wy*Vo/Lm Qp, = max(Q4, Q2)

Puc.13. Mpvmep pacyeta HopManbHOro 06LEMHOro pacxoaa

HeobxoanMblii 06beMHbI Pacxod COKaToro BO3dyxa uvepes pac-
npeaenvuTeni, Apoccenu u ap., onpeaensieMblin No Katanory

0u=Q 2,45
ar=dm' T —
DAD,
roe Qm — MaKCUMarbHbli  06bEMHbIN pacxoa B NMHEBMOUUNIUMHAPE,

pn — 3agaHHoe U36bITOYHOE AaBneHne nNuTaHusl; Ap,, — pe3epsu-
pyeMmble noTepu AaBfieHus B NHeBMOannapare.
[nsa Hawero npuMepa pn=6 6ap, Apa,=1:

\ 0; *Ad=2,45 v Torpa Qr=Qn.
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3.2.2. Bblbop anemMeHTHOM 6a3bl MHEBMOMNPUBOAA

[ins paunoHanbHOro Bbibopa cepun U TUNOPa3MePOB NMHEBMOYCT-
pOWCTB, 0603HAUYEHHbIX NMPUHLIMMUANBHON MHEBMATUYECKOW CXEMOW NpU-
BO/Ia, MOANEXAT aHaNU3y CneayiolliMe AaHHbIE:

- UCXOHblE AaHHble, KACAlOWMECS YC/IOBUI 3KCnyaTaumuu npu-
BO/Ia, OKpYXalolllel cpeabl, 6e30nacHbiX YCnoBuiA hyHKLMOHMPOBAHUS U
0bcnyxunBaHus;

- pe3ynbTaThl pacyeTa HamnopHO-PacXOfHbIX XapaKTEPUCTUK Mo-
TOKOB CXaToro Bo3ayxa B TpybonpoBoAax v nHeBMoanmnaparax;

- MPUHATbIE CTPYKTYpHblE peanusauuM npuBoAa MO OCHOBHbLIM
(byHKUMSIM ynNpaBneHns NpyBOAOM.

MOHATHO, UTO y4YeT BCeX TpeboBaHWIA, AOBOJSILHO YacTO MPOCTO
NMpOTUBOPEYMBLIX, 3aTPyAHSET NpoLieaypy Bbibopa. B 3ToM cnyyae cneay-
€T WCMOoNb30BaTb NPOMECCUOHANbHBIN OMbIT paspaboTumMka U CIIOXUB-
luMecs TpaauumMM 3KCJyaTaLmMm MHEBMOMNPUBOAOB B YC/IOBUSIX KOHKpET-
Horo npeanpuatus [9].

3.2.2.1. Bbi6op pacnpepenutenei n gpoccenei

MHeBMOpacnpeaenuTenu BblbUpatoT, Ucxoas U3 TpebyeMmbix cxe-
Mbl UCMOSIHEHWS, BMAA YNpaB/ieHNs!, NPONYCKHOW CnocobHOCTH, Avanaso-
Ha U3MEHEeHMS AaBNEHUS, CKOPOCTM nepekntodeHns [8]. BaxeH u Bbibop
KOHCTpyKUMM [8], Tak Kak OT Hee B 60/bLLIONM CTEMEHM 3aBUCAT HE TOSIbKO
BblLLENEpeUYNCIIEHHbIE XApaKTEPUCTUKN, HO W HAAEXHOCTb, AONroBeuy-
HOCTb, YyBCTBUTENIbHOCTb K BO3AEMCTBUIO TEMMEpaTypbl, 3arpsisHEHUIA 1
Apyrux akTopoB B npouecce akcnayatauun. Mostomy npu Bolibope KOH-
CTPYKTUBHOM CXeMbl MHEBMopacnpeaenuTens HeobxoaMMo MpoaHanvsu-
poBaTb MpUBEAEHHbIE HUXKe NPenMyLLecTBa U HeAOCTaTKM KaXaoro Tuna
NMPUMEHUTENBHO K 0COBEHHOCTSM M yCnoBusM paboTbl AaHHOro NHeBMa-
TUYeCKOoro Np1Beoaa.

lNHeBMOpacnpegenMTenM € UWIWHAPUYECKUM  30/10THUKOM
(puc.14,a) uMeloT cneaytowme npevmyLLecTBa:

- HebonblMe ycunus ana nepeknoveHus (B KOHCTPYKUMsIX 6e3
3/1ACTUYHBIX YMMIOTHEHUIA WM Ha MAaBaloWMX Kosblax). 3TO Mo3BONsieT
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NPUMEHSTb UX C PasMYHBIMWU BUAAMU YMNpPaBNeHNst U UCMONb30BaTb A
NHEBMATUYECKOro yYnpaBneHns H13koe aasnenne 0,7 — 1,4 6ap;

- NPOCTOTa KOHCTPYKUMM — OfIHA NOABUXHasa AeTanb (He cumTas
YMAOTHEHWIA);

- YUCJIO BKJTHOYEHUI B MUHYTY A0 250-600.

Puc.14. KoHCTpyKumMs MHeBMOpacnpeaenmTenei:
a — C UMMHAPUYECKUM 30/T0THUKOM Ha MJiaBalolmx KOsbLax U ¢ MeXaHUYECKUM
ynpasneHveM; 6 — knanaHHblii TMna B76-2 ¢ 0gHOCTOPOHHUM MHEBMOYyrMpaBne-
HMEM; B — C MJIOCKUM MOBOPOTHbIM 30JI0THMKOM Tuna B71-1; r — ¢ niockum
nocTynaTesnbHO NepeMeLLaoLmMMcs 30/T0THUKOM U OAHOCTOPOHHUM MHEBMO3/IEK-
TPUYECKUM yripaBneHnem tuna B64-2
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Cpok cny>k6bl 3aBUCUT OT crocoba YnioTHEHWUS U COCTaB/AET:
INa pacnpegenuteneil ¢ rnagkuM LUMIMHAPUYECKUM 30/I0THUKOM — A0

20-10° ABOIHBIX XOAOB; AN KOHCTPYKLMI C NNaBalOWMMK KOMbLMK —
[0 (3—4)-10° ABOIHBLIX XOM0B; ANS KOHCTPYKUMIA C MarXeTamu — [0

2-10° ABOMHBIX XOZ0B; AN KOHCTPYKLIMIA C KOMbLAMN OBbIYHON TOUHOCTY

— 110 5-10° ABOMHbIX XOA0B.

K HepocTaTkaM nHeBMopacrpeaenmTenein ¢ UMINHAPUYECKUM 30-
NIOTHWUKOM CneflyeT OTHECTM OTHOCUTENbHO 6OMbLLON XOA4 30/10THMKA
(0COBEeHHO Anst TPEXTMO3ULMOHHBIX pacrpeaenmTeneit), BbICOKOE KayecTBo
06paboTkM paboumx MOBEPXHOCTEN U XKECTKUE TpeboBaHUs K TOUYHOCTM U
MaTepuany pPesVHOBLIX YMOTHEHWI, NOABEPXXEHHBIX U3HOCY U paspyLue-
HUMIO NPU BO3AENCTBUM 3arPsS3HEHWI U NPU NEPECEYEHNN KPOMOK.

KnanaHHble nHeBMopacnpeaenutenn (puc.14,6) umetot cneayto-
Lne npenmyLLecTsa:

— ManbliA Xo4 pacrpeaennTesibHoro 3IEMeHTa, BCNEACTBME Yero
OHW MOryT 0651aaaTb BbICOKMM BbicTpoaelicTeueM (Ao 1200 BkIoYeHUI B
MUHYTY);

— MPOCTOTa KOHCTPYKUMWU ANst ABYX- U TPEXSIMHENHLIX pacrnpese-
nuTenen;

— paboTa B OTHOCUTENBHO TSXXKENbIX ycnosusx (Bubpaums, 3a-
rPSA3HEHHOCTb OKATOro BO34yxa);

— HEeBbICOKMe TpeboBaHus LIEPOXOBATOCTU U TOYHOCTU U3rOTOB-
neHuns;

— LUMPOKMI amanasoH paboumx AaBREHMA U pacxofdoB BO3aAyXa,
NMPUMEHSIEMbIX B MHEBMAaTUUYECKOM NPUBOAE;

— OTHOCUTENbHO HebonbluMe 3aTpaTbl HAa PEMOHT M 3KChyaTa-
LMo,

— cpok cnyx6bl gocturaet (3—5)-10° ABONHbIX X0A0B;

HenocTtaTku KnanaHHbIX MHEBMOPacNpeaenMTenei:

— 3HaUMTENbHbIE YCUINSI NEPEKTIOYEHNS OFPaHMYMBAIOT MX NpU-
MEHEHME B CXEMaX C HU3KMMM YNpaBAsIOWLMMK AaBeHMsIMN 6e3 yaunuTte-
Nel; Mo TOW e NMPUUYUHE PYYHOE U 3MEKTPOMArHUTHOE YrpaBrieHne ans
60MbLUMHCTBA pacripeaenuTeneil KNanaHHoro Tuna C YC/IO0BHbIMU MPOXO-
namu 6onee 16 MM HelenecoobpasHo;
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— MepenycK CKaToro BO3AyXa B HEKOTOPbIX KOHCTPYKLMSIX Mpu
nepeKsItoYeHUN pacnpeaeuTeNbHOro 3f1EMeHTa;

— C/IOKHOCTb KOHCTPYKLMW TPEXMO3ULIMOHHBIX KaraHHbIX pac-
npenenvuTenen.

MHeBMOpacnpeaennMTenn C MIOCKUM 30/10THUKOM (puc.14,B,r)
MMEOT Cefytolme NpenMyLLecTBa nepes ApyriMy Tunamu:

— CNOCOBHOCTb KOMMEHCMPOBaTh M3HOC paboumx MOBEPXHOCTEN
3a CYET CaMONPUTUPKK;

— MeHbLLUasi YyBCTBUTENBHOCTb K 3arpsi3HEHMsIM, YeM Y pacnpe-
LenuTenen ¢ UMIMHAPUYECKMM 30/I0THUKOM Ha PE3VUHOBLIX YMIOTHEHUSIX.
OcCTpble KpOMKW 30/10THUKA CYULLAIOT C MOBEPXHOCTU MNUTbI FPsi3b U Aaxe
nen;

— MpOCTOTa KOHCTPYKUMM, YMCIO ABOMHBLIX XOA0B B MWHYTY A0
250-600;

— NPW U3rOTOBSIEHNM 30/I0THUKA U3 CUHTETUYECKUX MaTepuasnoB

TMNa TedroH Cpok cryx6bl MoxeT Aocturath 20-10° ABOIHBIX XOA0B.

HepocraTtku nHeBMopacnpeaenuTenei ¢ niIoCKMM 30/10THUKOM:

— OTHOCMTENbHO 6ONbLIOM X04 pacrpeneUTENbHOrO 3M1eMeHTa
NS 60MbLUMHCTBA KOHCTPYKLMIA,

— OTHOCUTESIbHO BOMbLLIOE YCUMe ANS MEPEKOYEHUs, YTO YC-
JIOXKHSIET PyYHOE, MEXaHUYECKOE U 3IEKTPOMarHUTHOE YrpaBeHue;

— KaK NpaBufio, HernpueMneMbl Afsi 60MbWMX NPOXOAHLIX ceve-
Hui (D, 6onee 25 MM);

— TpebyloT MPUMEHEHMS  BbICOKOKAYECTBEHHbIX MaTepuarnos,
BbICOKOM TOYHOCTM M YMCTOTbI paboyMx MOBEPXHOCTEN OCHOBHbIX AeTa-
nem;

— CJIOKHOCTb PEMOHTA.

MpucoeanHuTENbHAs pe3bba B BbIX/IOMHLIX OTBEPCTUSIX MHEBMO-
pacnpeaenuTensl No3BOMSET NPUMEHSTL MYLWIMTENN U apoccenn 6e3 06-
paTHOro KsianaHa.

CnegyeT OTMETUTb, UYTO ANS PEryMpoBaHWs CKOPOCTM XoAaa
MOPLUHSI MHEBMATUYECKOro LUMNHAPA APOCCESb HE PEKOMEHAYETCS yCTa-
HaB/MBaTb Ha BbLIXMOMHON IMHUM MOC/E pacnpeaennTens C NaoCKUM 30-
JIOTHUKOM, TaK Kak npu 60/bLWOM Moanope B BbIXMOMHOM MOMOCTU MOXET
MPOU30MTN OTPbIB 30/I0THUKA OT MINTHI.
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Kak BMAHO M3 CKa3aHHOro, Kakabli U3 TUMNOB pacrpeaenuTesb-
HOro 3M1eMeHTa Mpu COOTBETCTBYIOWUMX YCIOBUSX 0bnajaeT M3BeCTHbIMU
npeuMyLLecTsammn nepea apyrMMm, Yem u obbsACHSETCS LUMPOKOE npume-
HeHWe BCEX NepeynCieHHbIX TUMOB B COBPEMEHHBIX KOHCTPYKUMSX MHEeB-
MopacrnpeaenuTenen.

Hanpumep, knanaHHble nHeBMopacnpeaenuteny 6narogaps He-
TpeboBaTeNbHOCTU K CTENEHW OYMCTKU BO3AyXa M BbICOKOW HaAEXHOCTM
NMPUMEHSAIOTCS B NMHEBMATUYECKUX MPUBOAAX Ky3HEUYHO-MPECCOBbIX MALLUWH,
a TaKke B NHEBMaTUYECKUX NPUMBOAAX MALUMH A7 CAaMbIX MarblX U CaMblX
60/bLLUMX YCTOBHBLIX MpoxodoB (3 — 8 MM M 6onee 25 MM); NMOBOPOTHbIN
30/I0THUK MOYYU/T LUMPOKOE MPUMEHEHUE B NPOCTbIX U HAAEXHBIX KOHCT-
PYKUMSIX KPAHOB C Py4dHbIM YrpaBieHUeM; pacnpefenutenu ¢ UMAMHapu-
YECKUM 30/I0THMKOM BCEACTBME WX MPOCTOTbI, MasblX YCUNWUIA yripaBne-
HUWSI, BbICOKMX BO3MOXHOCTEN YHMDUKAUMM NPUMEHSIIOTCS B NpuUBOAaX C
HEBbLICOKON LIMKIMYHOCTbIO U T.4.

3.2.2.2. Bbi6op BMAa ynpasneHus

Bua ynpaeneHus onpegensieTcs npy pa3pabotke npuHUMNnanb-
HOW cxeMbl NpuBoAa. MNpyu 3TOM YUUTLIBAOTCS TPeBGOBaHUS K HAAEXHOCTU
npuBoAa M MalMHbI B LENoM, B3pbiBO- U NoXxapobe3onacHoCTb, HbICTpo-
[lelicTBME 1 ap.

MHeBMaTUYeCKoe yrpaBfieHVe nogadvein AaBneHus SBIsSeTcs Hau-
6onee HageXHbLIM BMAOM YMpaBeHWUs ANS TSHKENbIX YCIoBUI paboThl
(B3pbIBOOMACHOCTb, MOBbILIEHHAS BAXHOCTb W 3arpsi3HEHHOCTb aTMO-
cdepbl, BbICOKas TemnepaTtypa 1 T. A.). OaHako nepefaya ynpasnsiowero
curHana 6onee yem Ha 20 M Ans NHEBMaTUYECKOro yNpaBneHUs He peko-
MEHAYeTCS BCNEACTBUE CHUXKEHUSI BbICTPOAENCTBUS U YBENUYEHUS pac-
X04a BO3AyXa Ha ynpasneHue. MNHeBMaTUyeckoe yrnpaeneHue cHpoCcoM
[JaBMeHNs He peKoMeHAyeTCs MNPUMEHSATb MNpU  paccTosHuaX 6onee
0,6 — 2,4 M (B 3aBUCMMOCTUN OT KOHCTPYKLUMWN pacnpeaenutens u aamet-
pa TpyboripoBoaa). K TOMy e HafeXHOCTb CUCTEMbl Mpu ynpaBieHun
CcOpOCOM AaBNEHMUS HUXKE, YEM MPU YNPABIEHUN NOAAYEN AaBNEHMS.

MHeBMOpacnpeaenuTeny C 31eKTPOMarHUTHbIM U 3M1eKTPONHEB-
MaTUYEeCKUM YrpaBfeHNeM NPUMEHSIOTCS B CNy4vasx, Korga Heobxoaumo
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nepefaTth ynpaBnsloWMA CUrHaN Ha 6onbluMe pacCcTosiHUA WK Npu Co-
BMECTHOWN paboTe 3/1EKTPUYECKON U MHEBMATUYECKOM CUCTEM MALLIUHBI.

OpUWEHTUPOBOYHbIE 3HAYEHUSI BPEMEHM MEPEKTIOYEHUS ANSl pas-
JIMYHbIX BUAOB YNpaBieHUs cleayoLme:

— py4dHoe ynpasneHue — 0,2-0,3 ¢;

— 3/1IeKTpoMarHuTHoe ynpasnexue — 0,03-0,1 ¢;

— 3/1IeKTponHeBMaTu4yeckoe ynpasnerHune — 0,03-0,15 ¢;

— nNHeBMaTu4eckoe ynpasnexme — 0,05-0,1 c.

BpemMsa cpabaTbiBaHUSI YBENNUYMBAETCS C YBEIMUYEHNEM Pa3MEPOB
NMHEBMOPACNpeaennTens, BEMUYUHBI X0Aa U YCUINSI NEPEKITIOYEHNS.

Mpu BblGOpe ONTUMANbHON BENMUMHBLI AABNEHUS B CUCTEME
YyMpaBNeHUsl CNelyeT yUnTbIBaTb, YTO €0 YBEIMYEHNE YMEHbLUAET BPEMS
3ano/IHEHNS YNPaBASIOLLEN MOMOCTU, HO YBEMUYMBAET BPEMS OMOPOXKHE-
HUS ee.

BpeMsi nepeknoyeHUs  pacrnpeaenutenei ¢ MeXaHWYECKUM
YrpaBfEHMEM 3aBUCUT OT NPOdUIsS yNpaBAaioOWEro Kyfadka U CKOpoCTU
€ro nepeMelLieHmsl.

[ns yBenuueHns 6bICTPOAENCTBUS CUCTEMbI NMWUIOThI I0/KHbI
pacrofniaraTtbCs BO3MOXHO 6/MXXe K FNaBHOMY MHEBMOPACNpPeAenvTENio.
Mpu 60nbLIOK ANMHE TPy6OMpPOBOAOB, MUTAMOLWMX MUIOTLI, BpeEMs nepe-
[ayun yrnpaBnsoLEro CUrHana MOXHO YMEHbLUMTb MYTEM YCTaHOBKWU He-
60/bLLION EMKOCTU B IMHUM NUTaHUS NunoTa. PasMepbl EMKOCTU BbiBMpa-
I0OTCS B 3aBMCMMOCTM OT pa3MEpOB pacrpeaenuTensl, BENMYMHbI Xoaa U
YNpaBnSIOLLErO AaBNEHMS.

3.2.2.3 Bbi60p yCNnoBHOro npoxoaa nNnHeBMopacnpeaenvrens

B nHeBMaTuueckunx npuBogax obuwero npuMmeHeHust (HanpuMmep,
ONS 3aXuMa, TPaHCNOPTUPOBAHMS, 3arpy3ku 1 Ap.), Koraa Bpems cpaba-
ThlBaHWA BO34yXopacnpeaenuTens He pernameHTUpyeTcs UM Korga OHO
CYLLECTBEHHO MeHbLUe BPEMEHN MepeMeLLEHNS UCNOHUTENBHOMO OpraHa,
YC/IOBHBIA NPOXOA pacnpeaenuTensl MOXHO BblGupaTb, UCXOAS NULLb U3
CTaTUYECKOW MNPOMYCKHOW CrMOCOBHOCTM pacnpefiennTensi, YKasaHHOW B
TEXHUYECKON XapaKTEPUCTUKE.

Kak nokasaHo B pa3gene 3.1, NoHsTME HOpMasnbHOro o6beM-
HOro pacxofa — 06bEMHbIN pacxos BO3Ayxa Yepes NHeBMoannapar npu
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YCII0BUM, YTO AaBfieHne Ha ero BxoAae paBHO 6 6ap, a Ha Bbixoae — 5 6ap
N pacxoa onpenensieTcs npu HopMasbHbIX YCIoBUSX, T.e. Npyu aTMocdep-
HOM AaBneHuMn u TemnepaType Bo3ayxa 20°C. B 3ToM ciyyae 06beMHBbI
pacxoa Bo3ayxa Yepe3 MHeBMopacnpeaenuTens HeobxoanMo npueBecTu K
HOpPMarsibHbIM YCIOBUSIM.,

Ecnv nHeBMopacnpegenvTens ucnonb3yetca ans GbicTporo 3a-
nosnHeHns Hebonblworo obbeMa, TO Mpy BbLIBOPE YCIOBHOrO Npoxofa He-
06xoaMMo yunThIBaTh M BpeMsi cpabaTbiBaHusl pacnpegenuTtens. Pacnipe-
[LENnUTeNb C MEHbLUMM MPOXOAHbIM CEYEHMEM U C 6ONbLUEN CKOPOCTbIO
cpabaTbiBaHNS MOXeET 6biTb 6onee 3hdekTUBHLIM, YeM pacrpeaenuTenb
C 60/IbLUMM NPOXOAHLIM CEYEHMEM, HO HEBbLICOKOW CKOPOCTLIO CpabaTbiBa-
Hus1.

PacueT nHeBMopacrpeaenuTenen M ApoCCcenelt 3aK/yaeTcs B
onpeseneHum Ux NpomnyckHoM CNOCoBHOCTM, a UMEHHO HOPManbHOIo 06b-
€MHOro pacxoga. [n1s ynpoLeHns 3Tol 3a4auM BoCrosib3yeMcs Tabnnuen
notpebnexns Bosgyxa NHeEBMOUMIMHAPaMK Mo KaTanory «Camozzi Pneu-
matic». B Tabnuue ykasaH HopManbHbIi 06beM BO3Ayxa, NOTpedNseMbIii
nHeBMoumMapoM 3a 10 MM ero xopa. MosToMy Anst onpegeneHust Hop-
ManbHOro obbeMa BO3AyXa 3a BeCb XOA4 MOPLUHS MHEBMOLMAMHAPA Hail-
[eM KO3DMULMEHT, YUMTBIBAKOWMIA ASIMHY XOAa NOPLHS K,:

k _ m
10’
rge Lm — AJIMHa X04a NopLliHA NHEBMOUWMHAPaA, MM.
YMHOXas Mosly4YeHHbIn Ko3(dUUMEHT Ha TabIMYHOE 3HaYeHMe
HopMarbHoro o6bemMa Bo3ayxa, notpebnsemoro 3a 10 MM xopa Vi, nony-
UM HOpMaﬂbelﬁ 06'beM BO34yXa 3a BECb X0/ MNMOpPLUHA V,

I/i = V;O ) kv'
HopManbHbIii 06bEMHbIN pacxof onpeaensieM no dopmyne
V.
— . l
Q =V -,
L

m
rae v, — CKOPOCTb MEpPEMELLIEHUS] MOPLUHS MHEBMOLMIMHAPA NpPW MPsSIMOM
n obpaTHOM xoae, MM/C.
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M3 nonyyeHHbIX HOpMasibHbIX 06BbEMHbIX pacxoaoB BbI6MpaeM
MAKCMMasbHbIM M MO HEMY — TWUMNOPa3MEP MHEBMOpacnpeaennTena u
apoccend npu ycnosun, 4YTo pacxod 4epes nHeBMopacnpeaennTesb

0,=012..2)-0,.

710 no3sonseT (opMMpoBaTh paboune pacxofbl B CepeauHe
AManasoHa pacxooB NpUHMMaeMoro TurnopasmMepa Apoccens.

3.3. PacueTt 1 BbI60p NapaMeTpoOB NHEBMOJIMHUIA

lNHeBMONMHUKN NpegHasHayveHbl AN nepefadn 3Heprum OkaToro
BO34yXa OT KOMrpeccopa K MecTy noTpebneHust u Mexay pasfvyHbIMU
3/1IeMeHTaMM1 NHEBMaTUYEeCKOro Npmeoaa.

Ba)xHOM XapaKTepUCTUKOA MHEBMONMHWUM SIBNISIETCS  BESIMYMHA
NnoTepb 3HEPrUM Npy TPaHCMOPTUPOBAHMN CKaTOro BO3Jyxa W B repByio
oyepedb MOTepb Ha MHEBMaTMYeckoe conpoTueieHue. Tpybonposoa
fomkeH obecneunBaTb MPOXoXAeHNe HeobXoAMMOro KoOMYecTsa oKaTo-
ro BO3ayxa npu BO3MOXHO Manoi notepe AaeneHus. Oblas noteps aae-
NeHnsl OT KoMnpeccopa A0 NoTpebuTtens He AomkHa npesblwaTte 5-10%

BeNMYMHLI paboyero AaBneHus. JTa oblias noreps ZAP,- paBHa cymMme

rMAPaBINYECKMX COMPOTMBIEHUIA MPAMBIX YUYACTKOB Tpy6onpoBoaa U Me-
CTHbIX COMpPOTUBNEHUIA (M3rME0B, MOBOPOTOB, KManaHOB, PEryNPYHOLLMX

YCTPOMCTB U T. N.):
Ap = Z:Apda +2Api .

Pacuet Tpy6orpoBoja CBOOWTCS K ONpefeNieHuto AMaMeTpa ero
YYaCTKOB.

BHyTpeHHUIA AvaMeTp NHeBMOMarucTpanu onpeaensieM no gop-
Myne:

roe G — MaccoBbli pacxoa BO3ayxa, Kr/c; Vﬁig — CKOPOCTb OKaToro so3-

Ayxa, M/C; p — NMOTHOCTb BO3JyXa Npu AABNEHWUM B BO3AyXOMNpo-
BoAe, Kr/m>.
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Mpu pacyeTe aMameTpa MHEBMOMArMcTpanM HeobxoauMo KCXo-
AUTb U3 MaKCUManbHOM BESIMYMHBI pacxopa.

PeanbHasi ckopoCTb BO34yxa B TPybonpoBoAax 3aBUCUT OT MHO-
rmx (bakToOpoB, B TOM YMC/ie OT pa3MepoB W Ha3HayeHus. B marucrpans-
HbIX TPybonpoBoAax B 3aBUCMMOCTM OT WX MPOTSHKEHHOCTW, pabouero
[aBNIEHNS N pacxoda BO3Ayxa, 3aTpaT Ha YKMAAKYy M 3KCrJlyaTaumio CKo-
pOCTb BO34yxa NpPUHUMaeETCs oT 6 Ao 12 M/c. Ansg npeanpusituii ¢ OTHO-
CUTENBHO MaJIol MPOTSXKEHHOCTbIO Maructpaneit (1o 300 M) npu aasne-
HWUM BO3ayxa A0 6—7 6ap ckopocTb NpuHUMaeTcs 10-12 m/c.

[ns HanopHbIX, BbIXMOMHLIX U ApPYrMx Tpybonposoaos, coeau-
HAIOLMX 31EMEHTbI MHEBMATMYECKOro NPUBOAA, PEKOMEHAYEMblE MaKCu-
MasbHble CKOPOCTU ABWXKEHWS BO3ayxa coctaBnsioT 16—40 m/c npu aas-
nennax 1-10 6ap. MeHbluMe 3HAYEHWUS CKOPOCTW MPUHMMAIOT MPU BbICO-
Knx paboumx gaBneHusix.

Jlmaa TTanenne naBneHns, bap
j GompoBoa, M B
10 Y LIPYOOIp > i
NMaenenue, Bap | B A B
20 BuyTpenHnii muamerp 0.1
40 , TPYOBL, MM 0,1
2
Pacxox, Hvm /u Mprcoen] 500 st
100 xml_ 6
S0 10000 250 s 0,2
200
o] 4000 G6 ) 0.3
T Gs{130 0,4
1050 4 R TIpmmep
1000. G400 b5 <
500 G3180 [, g A 2
G21290 s 1
200 o 60 0
1,5 3000)
100 G11/2{49 300
50 15 2 Ga "
Gl !
G3/4 =
20
G1/2

Puc.15. Homorpamma ans onpegeneHns BHyTPEHHeEro AnameTpa
MarucTpanbHoro Tpybonposoaa
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YMeHblUeHne CKOpOCTM BO3Ayxa Mpu TeX Xe BeMdMHax pacxo-
[I0B MOXET MPUBECTMU K YBEIMYEHMIO NPOXOAHBIX CEYEHMI TPYOONpOBOAOB
M NHEBMaTUYECKOl annapaTypbl U HeOMNpaBAaHHOMY YBEMYEHUIO Macca-
rabapuTHbIX XapakTepUCTUK NHEBMAaTUYECKOro NpMeoaa.

OpUEHTUPOBOYHO MOXHO OMpeaenuTb AvaMeTp MHEBMOMAarucT-
panu no Homorpamme (puc.15), pekomeHayemol dupmoit «Camozzi Pneu-
matic». Mo 33gaHHbIM 3HauyeHusM AnuHbl Tpybonposoda u Tpebyemomy
pacxoay OTKNaAblBAEM TOYKM HA LUKanax «AsMHa TpybonpoBoja» U «pac-
xon». [lanee NpoBOAUM NPSIMYIO JIMHUIO Yepe3 MOoJSlyYeHHbIe TOUKM [0 ee
nepeceyeHust ¢ npsaMoit A. Tarke No 3aAaHHbIM 3HAYEHUSIM AABNEHUS Ha
BXOA€E B MHEBMOMArucTpanb W XefaemMoMy najeHuo AaBfieHns Ha 3TOM
yyacTKe OTKNaAblBAEM TOUKM Ha LWKanax «JaBfneHue» U «najeHve AaB-
neHuns». MpoBoaAMM MPAMYIO JIMHWUIO Yepe3 NOJlyYeHHble TOUYKWU A0 ee ne-
peceyeHns ¢ npsiMoii B. Yepes Touku Ha npsmMoit A u B npoBoaum nps-
MYIO JIMHWUIO U Ha LUKaNne «BHYTPEHHWUI AMaMEeTP» OMNpeaensieM BHYTPeH-
HWI anameTp TpybornpoBoaa M NpUCOeaNHEHME.

Matepuan Bo34yXOrnpoBOAOB U COEANHEHMM. B 3aBUCMMOCTM OT
Ha3HayeHus U pasmepoB TpyboonpoBoAbl MOrYT BbITb XXECTKUMU UK rnb-
KUMMU.

MMbkme TpybonpoBOabl MPUMEHSIOT B TEX Cy4YasX, Koraa HY>XHO
MoABECTM OKaTbll BO3AYX K MHEBMAaTUYECKUM YCTPOWCTBAM, 3aKpersieH-
HbIM Ha y3n1ax M MeXaHW3MaX, UMeIOLWMX OTHOCUTESIbHOE nepeMeLleHune,
WU KOrAa OAMH KOHeL, MOXET MOACOeANHSATLCS K pa3HbIM noTpeduTensm.
Mmbkme Tpybonposoabl yaobHee Ans MOHTaxa, 0COBeHHO B TpyAHOAOC-
TYMHbIX MECTax.

B kauecTBe xecTkmx TpybonpoBoAOB NPUMEHSIIOT TPybbl U3 uep-
HbIX W LIBETHbIX METANNOB, a TaKxe M3 nnacrmacc. na Tpybonposoios
HeboNblWMX AnaMeTpoB OObIMHO MCMOSb3YIOT MeAHble U NnaTyHHble ([0
@25 MM), a Takxe HeiinoHoBble (A0 @15 MM) Tpy6bl. MpUMEHSIIOTCA TaK-
e Tpy6bl U3 antOMUHUEBBIX CMIAaBOB U CTaNW.

[nsa TpybonpoBoaoB 60MbLWLNX ANAMETPOB UCMOSb3YHOT CTaslbHble
Tpybbl, pexe (npu amameTtpax cebiwe 150 MM) — yyryHHble. CTanbHble U
YYryHHble Tpybbl [OMKHbI OblTb CHABGXeEHbl MOKPLITUEM, CTOMKWUM
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K BO34ENCTBMIO KOPpO3uKn (OMeaHEHWE, CMOSbI, NTAaKOKPacoYHble MOKpbI-
™Ma un T.4.).

Tpy6bl U3 LBETHbLIX META/INIOB HE TPEBYIOT CrneLmasnbHbIX NMOKpbI-
TWI NPOTUB KOPPO3WUM U NETKO MHYTCSA. 3TO 06MEerYaeT ux MOHTaX, OaHa-
KO, CTOMMOCTb UX MOBbILLIAETCS.

B kayectBe rmbkux TpybONpoBOAOB MPUMEHSIIOT MAaciocTonKue
PE3VHOTKAHEBbIE LLNAHMN (pyKaBa), HEMIOHOBbLIE, MOMSTUIEHOBLIE, MO-
JINYPETAHOBbLIE M MONMX/IOPBUHWUIOBLIE TPYOKWU. [JOCTOMHCTBOM TMOKMX
TpybonpoBOAOB M3 CUHTETUMYECKMX MaTepuanioB SIBASIETCA MX BblCOKas
CTOWKOCTb MPOTVMB KOPPO3WM, BO3AEWCTBMS Macen W ApPYrux BELLECTB,
MPUCYTCTBYIOLUMX B OKATOM BO3AyXe; OHWU PEXYTCS HOXOM, YTO NO3BOSISH-
eT wu3beraTb nonadaHuMs B TpybonpoBOJ MENKOW METaIMUYeckom
CTPYXKKMN.

Mpu coeanHeHuM TPyGOMpPOBOAOB C MHEBMoarMapaTypoli Heob-
XoaMMo obecrneunBaTb MX MOSHYIO FrEPMETUYHOCTb. YTEUKN CKAToro BO3-
ZyXa YyBENMYMBAIOT 3HepronoTpebneHne MHEBMOCUCTEMBI, MOMYT Hapy-
WaTb UMK paboTbl 2NEMEHTOB MHEBMOOGOPYAOBAHUS, @ TaKxXe NpuUBOAST
K neperpyskam ¢unbTpoB 1 ocymtenei. OnbIT 3KCrayaTaLum NHEBMOCHU-
cTeM nokasbiBaeT, 4To 30% 3HepronoTepb MPUXOAUTCS UMEHHO Ha MJIo-
XWU€e COeAMHEHMSI.

Beibop TpybonpoBoza 3akno4aeTcs B OMpeaeneHnn ero BHYT-
pEHHEro AMaMeTpa Mnpu YCIoBUM JONYCTUMON NOTEPU AAB/IEHUS Ha AaH-
HOM y4acTke. PekoMeHzyemMoe 3HauyeHus nepenaga AaBfieHNs Ha yvacTke
Tpybonposoaa Haxoautca B npeaenax ot 0,25 go 0,5 6ap.

Mepenaa pasneHuin Ap (6ap) Ha ydvactke rubkoro Tpy6onpoBo-

[a, Metolwero anmHy L (M) u BHYTpeHHUIA anametp d (MM), onpeaensieT-
€S Mo aMMUpKYeckon cdopmyne:
1,85 0,8
0" -1
5 b
p-d
roe p — abconioTHoe faeneHue Bo3ayxa (bap) Ha paccMaTpyvBaeMoM y4ya-

CTke Tpy6onpoBoaa; Q — 06bEMHbIN pacxos Bo3ayxa yepes Tpybo-
nposoa, Hn/MuH.

Ap=0,23-
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[aHHaa dopMyna pekoMeHayeTcs AN1s OLEHKU NOTepb AaBfeHNs
B MJIACTUKOBbLIX TPybKax C BHYTPEHHUM AvaMeTpoM OT 2 ao 12,5 MM npu
ycnosun Ap << p .

Onpepenntb anameTp TpybonpoBoaa MOXHO M MO pacxogHo-

nepenagHoi XapakTepucTuke rubkoro Tpybonposoaa, MoJSlyYEHHON 3M-
nmpudeckn dupmolt «Camozzi Pneumatic» (puc.16).

4Q, Ha/Mun
w1 ]
JmHHEA TPYOKH 1M
JaBnenue 6 6ap (H30bIT.)
3200
20004+ttt || [Tepenag xaBjenni 0,5 6ap |

Ny

TpeGyemoe 3HAUEHHE PACKOZA

800

MakcumanbHbii pacxos yepes TpySonposoa B Hu/mun

: ‘ ITepenan gaBuennuit 0,25 6ap

d, Mm

o a

Buyrp p Tpybornp B MHJLIMMETpax

Puc. 16. PacxogHo-nepenagHas xapakTepuctuka rmbkoro Tpybonposoaa

34ecb, HanpuMep, Ans 3agaHHoro pacxoga Q = 800 HA/MWH m
pe3epBupyeMbIX paHee notepsx Hanopa B Tpybonposoae Ap,=0,25 6ap,
peKoMeHAYeMbIN Ans Hero anameTp d,=8 M.

B 3aknto4eHne 0TMETMM, YTO BbIGOp NapaMeTpoB TpybonpoBoaoB
AIBNAETCS MHOrOKpUTEpuanbHoi 3azadei, Tpebytollelt oT paspaboTunka
KOMMPOMMUCCHOIO pPELLIEHUSI.
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4. YNPABJIEHUE NHEBMOIMNPUBOAAMMN.
BbIBOP C[MOCOBA U CUCTEMbI YINPABJIEHUA NPUBOAOM

ABTOMATU3MPOBaHHbIA MHEBMATUYECKUIA MpUBOA NPEACTABNSET
COBOKYMHOCTb CW/OBOM, MeXaHWYeckoW W yrnpaBnsitoeid MNOACUCTEM,
OCYLLECTBNAIOWNX YNpaBisieMoe npeobpa3oBaHNe 3HEPruM MoToKa Cka-
TOrO rasa B 3HEPrui0 MEXaHWYECKOro ABMXXEHWUS 0ObeKTa ynpaBfeHus no
3alaHHOMY paboyeMy UMKy, obecrieunBaloleMy aBTOMATUM3UPOBAHHbI
TEXHOJIOrMYECKMIN NpoLiecc.

0O606LWEHHas CTPYKTypHasl CxemMa MHEBMaTU4YeCcKoro npueBoaa
npeacrasneHa Ha puc.17.

oo | [wectemme| [ e ]| omae
> M »| ABuratens | ynpasne-
okaToro »|  ycTpoiicTBa > > s
BO3AyXa
A :
Xy v Y,
3apaTunk YcTpoiicTeo Y,
pabouero »| ynpasBneHus |« Jatuvkn |4
LMKna

Puc. 17. O606WwEHHas CTpyKTypHas cxema NHeBMONpUBOAA:
Yy — curHan obpaTHON cBsizu; X, — ynpaBnsiowmin curHan

Mo BMAY peanusyeMbiX TPAaeKTopuii ABMXKEHUS OBbeKTa yrpaBne-
HUSl Pas/MualoT LMKIIOBbIE, MO3WULMOHHbIE, CNedsliMe MHEBMONpPUBOIbI
[3, 5, 10].

LIMKnoBble NpMBOAbI XapaKTepU3YHOTCs OrpaHUUYEHHbIM KONMYECT-
BO TOYEK MO3uLMOHUpoBaHUs QY (Kak MpaBuWJIo, 3TO ero KpaiiHue noso-
XEeHWs1). B TakoM NpuBOAE AATUMKM SBNAIOTCA AMCKPETHBIMU W BblAAKOT
CWUTHaN 0 HanMuun unu otcyTcTeum OY B AaHHOW NO3vLMK. YCTPOICTBO
ynpaenenust (YY) Takxke AUCKpeTHoe M (hopMUpYET CUrHanbl, BKIHOUAIO-
WMe UM BbiKoYatolme nHesMoasuratens (M) unu usMeHsiolwme Ha-
NpaBJieHNE ero ABMKEHMS.
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Mo3uUMOHHbIE MPUBOAbLI XapakTepusytoTcs TeM, 4to OY MoxeT
6bITb OCTAHOB/EH B /11060 KOOpAMHATE CBOErO AManasoHa nepeMelLeHuns
C 3af)@HHOM TOYHOCTbIO. B MO3MLMOHHOM NPUBOAE AATUMKM NEPEMELLEHNS
MOryT ObITb KaK AUCKPETHbIMU (UM@PPOBbLIMK), TaK M AHANOroBbIMW, Bbl-
[aloT CUrHas, MpornopUMOHanbHbIi nonoxeHuio OY. YCTpoicTBO ynpas-
NEHUs1 Ha OCHOBE aHasM3a CUrHasnoB AaTUMKOB OCYLLECTBSIET BKIIIOYEHUE
nnu BblkoveHue M unn n3MeHsieT HanpasneHne ero ABUXKEHUS.

B cnegsawmx npueogax QY nepemellaeTcs B 3aaHHYIO TOUKY Mo
3alaHHOM TpaeKkTopuMu. B TakvMx npuBoAax WCMONb3YyeTcs MponopLMo-
HanbHas perynupylolas annapatypa, a YY no3BOMsSieT He TOJSIbKO Mo3u-
umoHupoBatb /], HO U U3MEHSATb CKOPOCTb €ro ABwxeHus. Cnefsime
NpuBoabl ABASAIOTCS 6onee CIoKHBbIMU U OPOrMMU B UCMOSTHEHWUN.

[eBAHOCTO NSATb NPOLEHTOB MHEBMOMPUBOAOB SIBASIOTCS LIMKIO-
BbIMW, MO3TOMY B AasibHEWLLEM pacCMATPUBAKOTCS Crocobbl yrpaBeHust
umnknosbiMu AMMN. B UMKNOBLIX MHEBMONPMBOAAX B KayecTBe WCMOSHU-
TeNbHOro ABMraTens valle BCero UCnonb3yeTcs NHEBMOUMINHAD, B Kade-
CTBE HarpasBnsoWmX U peryampyolmx yCTpomMcTB — APOCCeSM, KnarnaHsbl,
pacnpeaenuTenn. YCTpoiCTBO YnpaBneHus MOXET 6biTb MOCTPOEHO Kak
Ha OCHOBE MHEBMATUYECKUX 3MIEMEHTOB (fornmyeckne KknamnaHbl «HE»,
«UNU», «N», «NAMATb»; CTpyiHble Nornyeckne 3neMeHTbl cepumn «BOJT-
[A»), TaKk W Ha OCHOBE 3/1EKTPOHHbIX KOMMOHEHTOB (3/1EKTPOMArHUTHbIE
pene, uMdpoBble 3NEKTPOHHbIE MUKPOCXEMbI, MPOorpaMMupyeMble noruye-
CKWe KOHTposnepbl). B nepsoM crnyyae ucCnonb3yloTCs MHEBMaTU4Yeckue
JaTunKK U pacnpegenvTeny ¢ MHeBMaTUYEeCKMM yrnpaBiieHMeM, BO BTOPOM
— 3MIeKTpUYecKkme AaTyumku U pacnpefenutenn C NeKTpUYeckuM yrpas-
neHneM. B Hambonee NpoCTbIX LMKIOBLIX MHEBMONPUBOAAX YNpaBnsioLlee
YCTPOMCTBO KakK OTAENbHbIA 610K MOXET OTCYyTCTBOBaTb, €ro posib Bbl-
NOMHAET pacrnpeaenuTens.

[nsa npuMepa paccmoTpum 3apady 1. Paspabotath cxeMy ynpas-
NEHUsI NHEBMATUYECKUM LMIMHAPOM ABYCTOPOHHEro AEMCTBUS, OCYLLECT-
BNSIOLLYIO Cleaytowmid anroput™ paboTsl:

1. Mpun KpaTKOBpEeMEHHOM HaxaTun kHorku "TTYCK” WwTok nHeBs-
MOUMINHAPA BbIABUIAETCsl.

2. Mpy JOCTMXKEHMM LITOKOM KpaliHEro MOJSIOXKEHMSI OH aBTOMaTU-
YecKkW BTSrMBaeTCs M OCTaéTCs B UCXOAHOM MO3ULMK.
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Ha paboTy nHeBMONprBOAa HaknadblBaeTCs creaytolee orpaHu-
YeHune: eCn WTOK UMAMHAPA ewwé He BEPHYNCS B UCXOAHYK MO3ULMIO,
HaxkaTue kHorku “TYCK” He Ao/mKHO NpUBOANTL K NMOBTOPHOMY cpabaTbl-
BaHUWIO NpUBOAA.

YnpaBsneHue nHEBMOUMANHAPOM OCyLlecTBAseTcs ot 5/2 bucra-
6unbHOro pacnpeaenuTens ¢ MHEBMATUYECKMM ynpaBseHueM. B kavecTse
KHOMKM 6yaeM ucnonb3oBaTb 3/2 MOHOCTAOWUIBLHBIA pacnpeaenvTens C
MEXaHWYeCKMM YrpaBfieHWEM, @ B KayecTBe AaTuMKa TaKoW e pacnpe-
JenuTenb C HaxaTueM OT ponuka. [MHeBMaTuuyeckas cxemMa npusoda

npeacrasneHa Ha puc. 18.
U1 |
| 2

[ & LIJ 1o o

d
4

P3
P1[? P2t 2
\

1 P4l

H ;
rl 15 r2 1< r3[]f]r4 12>

Puc. 18. Cxema nHeBMaTU4YeCcKoro npusoja K 3agadye 1:
* — wrpuxamu (34ecb M Aanee) 0603Ha4YEHO KOHCTPYKTUBHOE pacnosioxeHue
pacnpepenutenein P2 n P4

B ncxoagHoM nonoxeHuun (puc.19) pacnpegenutens P3 HaxoauTcs
B nosuuumn 1. Mpu 3ToM 6ecluTOKOBasi MOMOCTb LMMHAPA COeMHEeHa C
aTtMoccdepoit no uenu: 6ecluTokoBas nNonocTb umnuuapa (brul) — pac-
npegemutens P3 — rnywurens 3, a WTOKoBas NonocTb COeAUHEHA C y3-
nom noarotoskn Bosayxa (YMB) no uenu: YMNB — P3 — LUMU1. WTok um-
nuHapa BTsHYT. COOTBETCTBEHHO HaXaT poSMK pacnpegenutens P2 wu
pacripefenuTenb HaxoaAMTCS B NO3vumm 2.
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ZTE P2 p4x 2 :
PP | P2h2 2ttt pal_ 1]
=R
EE i r3 (| r4 = 15

Puc.19. UcxogHoe cocTosiHue NHeBMONpUBOAA B 3agade 1

Ynpasnsiowume sxoabl pacnpegenutens P3 (Y1P3 u Y2P3) coeau-
HeHbl ¢ atMocdepoit: Y1P3 — P4 -5 1 Y2P3 — P2 — P1 —T1.

MNpy HaxxaTUM Ha KHONKY pacnpeaenutens P1 oH nepemMelyaercs
B nosuumio 2 (puc. 20). Mpy 3TOM Ha ynpaBnsiloOWMIA BXO4 Mo3vummn 2
pacnpefnenutens P3 noctynaeT ckaTtbiii Bo3ayx oT YMB no uenu: YMNB —
P1 — P2 — Y2P3. Pacnpegenutens P3 nepeknoyaeTcs B nosuumio 2. LLTo-
KoBasi MOSIOCTb LUMAMHAPA COeaMHSIeTCs ¢ atMocdepoit no uenu: LWMNLL —
P3 —I'4, a 6ecwTokoBas ¢ YMB: YINB — P3 — bMNUl. WTok unnnHapa Ha-

YMHAET BblABUIaTbCA.
L1
-

L] o ol
2—|T £ 2 P3 N
P1 P2 2 1 P4
e =Rl =
H TA=l*/T

HH

g2 r3 )| r4 = s
< <1

JA

Puc. 20. CoctosiHue nHeBMonpueoaa B 3agadve 1
nocne Haxatusi KHonku pacnpegenutens P1 («MYCK»)
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Kak ToNMbKO WITOK LMIMHAPA OTXOAWUT OT CBOEro KpamHero noso-
XXEHWsI, POSMK pacnpenenutens P2 oTxXMMaeTcs, U pacnpeaenutenb nom
[ECTBMEM NPY>KWUHbI BO3BpaLlaeTcs B no3uumio 1 (puc. 21).

L1
L] I* l* 2 L]
> P2* P4
P1 2—|_|_ P2 2 2 P3 1 P4l "
> E" fE
—HH —H wlelT —%
nE e < r3 ()| r4 >
< 1
Fik

Puc. 21. CoctosiHue nHeBMonpueoaa B 3agadve 1
nocne Hayana BbIABUXEHUS LUTOKa NHEBMOUMAUHAPA

OpHako 6ucTabuibHbI pacnpegenuTent P3 ocTaHeTcs B nosu-
UMK 2, NO3TOMY LUTOK LUMAMHAPa ByAeT Npoao/hkaTb BblABMXKEHME. B 3TOM
CUTyauun pacripegenutenb Pl  yxe He WrpaeT HUMKakoih ponun, M ero
KHOMKY MOXHO OTMNYCTUTb. MpUUéM noka LUTOK UMIUHAPA He BEPHETCS B
NCXOOHYIO MO3uLMI0, MOBTOPHOE HaXkaTwe KHOMKW pacnpepenutens Pl
HWKaK He MnoBausieT Ha paboTy npueoaa. TakuM 06pa3oM BbIMOSHAETCA
orpaHudyeHue 1.

Mpy BbIABWKEHUN LITOKA LUMAMHAPA B KpaliHee npaBoe MosoXe-
HMe OH HaXWMAET Ha pblyar pacrnpegenutens P4 n nepeBoauT ero B no-
3uumio 2 (puc.22). Mpu aToM ynpaensiowmin Bxoa 1 pacnpeanenutens P3
noakntodaetcs Kk YINB no uenu: YMNB — P4 — Y1P3 n P3 nepekntoyaeTcs B
nosvumio 1. bBecwTokoBass MONOCTb COEAMHSIETC C  aTMocdhepon
(BNU1 — P3 —13), a wrokosas — ¢ YMB (YNB — P3 — LWUMU1).lWTok un-
NMHApPa BTAMMBAETCS, U NMPUBOA BO3BPALLAETCS B UCXOAHOE MOSIOXKEHMNE.
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2 L
Loy Dol o
P3 2 _i*
P1[ p2r 2= 1 P4
< <) r3 |0 ra ™

Puc. 22. CoctosiHue nHeBMonpueoaa B 3agadve 1
NpyY AOCTUXKEHUW LITOKOM LIMNMHAPA KPaNHEro BbITSHYTOrO MOJIOXEHUS

B 3TOM npuMepe pacnpefenutenb BbINOAHSET (GyHKUMM ynpas-
NSIOLLEro YCTPOMCTBA, NPUHUMAs CUrHasbl OT oriepaTopa, HaXKMMatoLero
KHONKy pacnpeaenutens P1, n ot gatumkos — P2 u P4. Ha ocHoBe nony-
YEHHbIX CUIHANIOB OCYLLECTBISETCA MepeksiliodeHne MNOTOKOB CXKaToro
BO34yXa, U, COOTBETCTBEHHO, U3MEHEHWE HarpasBfieHUs OBUXEHUS LUTOKa
MHEBMOUMMHAPA, KOTOPbIA NMPUBOAUT B ABWXKEHME KAKOM-IMGO TEXHO-
Nornyeckmin 06beKT (3aCIOHKY, MaHUMYNATOP, TONKaTeNb U T.M.).

OpHako He Bceraa anroputM paboTbl MHEBMOMPUBOAA SIBNSIETCS
TaknM NpocTbiM. [laxke Ans UMKIOBLIX MHEBMOMPUBOAOB (OCOB6EHHO npwu
YrpaBAeHUN HECKONbKUMU NMHEBMOLUMINHAPAMM) YCIOBUS MEPEKTIOYEHS
pacripegenuTtenst MOryT 6blTb JOCTaTOMHO CNOXHBIMKU. B 3TOM criyyae ans
NMOCTPOEHUA CUCTEMbI YrpaBfieHNs UCMOMb3YIOT MHEBMOK/IaNaHbl, KOTO-
pble BbINOMHSAOT foruveckme GyHKumMM. MHorga Takve kKnanaHbl HasblBa-
tOT JIOrMYECKMMU 3/IEMEHTaMMU.

Jlornyeckoit (pyHKUME Ha3biBaloT (PYHKLMIO, KOTOpasl 3aBUCUT
OT JIOrMYECKMX MepeMeHHbIX. JlorMyeckol nepeMeHHoi HasblBatoT nepe-
MEHHYI0, KOTOpas MOXET MNpuMHUMaTb TOSIbKO ABa 3HayeHwus, HanpuMmep
«0» nnn «1». TNpUMeHNTENbHO K MHEBMaTU4YeCKOMY npueoay 3a «0» 6y-
[EM CUMTaTb HU3KWI YPOBEHb AABMIEHWS, HEAOCTATOYHbIN Al cpabaThl-
BaHWA KanaHa wnu nepeksitodeHus pacnpegenntens. COOTBETCTBEHHO
noa «1» NOHWUMALOT BbICOKUIA YPOBEHb AaBNEHUS, AOCTATOYHbIA ANs cpa-
6aTbiBaHMS KfanaHa WM nepeknodeHus pacrnpegenutens. Jlormyeckas
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(byHKUMS, KaK MpaBwWo, 3a4aéTca Mpu MoMowM Tabnuubl, Ha3biBaeMoM
Tabnuuein NCTUHHOCTY.

Jlornyeckne 3neMeHTHI BbLIMOMHSIOT NPOCTENLIME  NOrnYeckue
dyHkumm: HE, U, UIIN. YcnosHble rpaduyeckne 0603HaveHus noruye-
CKWX KManaHOB M BbIMOSHSEMbIE UMW fIOMMYecKue (YHKLMN NpUBEAEHDI
Ha puc. 23.

X1 1 Ix2 x10 X2
x|o|1 xt/ofo|1]1 xtlo|o|1]1
vy|1]o x2|lo|1]0 |1 x2|lof10 |1

a) vy(o|lo]o |1 vylof1|1]1

6) B)

Puc. 23. YcnosHble rpacduyeckve 0603HayveHns n Tabanupl UICTUHHOCTY
NOrMYecKMX (yHKUMIA MHEBMOK/IANaHoB: a — NHeBMokanaH «HE»;
6 — nHeBMOKNanaH «M»; B — nHeBMoknanaH «UJ1»

MpuHUMNBl paboTbl NOrMYEecKMX NMHEBMOKIANAHOB NIErKO 3anoM-
HWTb NMpW NOMOLLUM Cneaytolmx ¢pas:

ans knanaHa «HE»: Y HE X;

ans knanaHa «M»: Y paseH 1, ecm X1=1 N X2=1;

Ans knanaHa «MJIN»: Y paeeH 1, ecim X1=1 WIN X2=1.

[nsa Toro utobbl knanaH «HE» BbINOAHSAN NOMMYECKYH0 DYHKLMIO
HE no oTHoweHuto ko Bxoady X, Ha BxoA P Ao/mkeH noaaBaTbCs OKaTbli
BO3ayX (puc.23,a).

CnepyeT 3aMeTUTb, YTO JIOFMYECKU KnanaH «HE» uMeeT ofHy
ocobeHHOCTb. Ecniv aaBneHue Ha ero Bxoae X 6yaeT nocreneHHo Bo3pac-
Tatb (puc.24), To cpabaTbiBaHMe KfanaHa NpPoV30MAET NpU HEKOTOPOM
[laBneHun, HasblBaeMoM AaBfieHneM cpabatbiBaHus (Pees). ECnn nasne-
Hue Ha Bxofe X 6yaeT nocTeneHHO yMeHbluaTbCs OT MakKCMMasbHOro
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3HaueHus, To 06paTHOE MepeksoYeHe NPOU3oUAET NpU AaBNEHUU, KO-
TOpOe Ha3blBaeTcs AaBneHneM oTnyckaHust (Por), MPUYEM P Gonblue,

Pmax

Pcpa6

Porn

[

A

A

Py Px

yeM Py

YCTpOICTBO ynpaBneHus, Ko-
TOpoe MpUHUMaeT norudeckue (auc-
KpeTHble) curHanel, obpabaTbiBaeT nx
W BblJaeT ynpasnsiowme noruyeckue
(OMCKpeTHbIE) BO3AENCTBUSI, KOTOpblE
Ha3blBalOTCA JIOrMYECKUM aBTOMaTOM.

\ Bce nornyeckne aBToMaTthbl AeNATCSA Ha
> t

KOMOWHaLUMOHHbIE M nNoCieaoBaTeNb-

Puc. 24. Msmerenve AaBneHns HOCTHblE. Y KOMBUHALMOHHBIX aBTOMa-

Ha Bbixoge Y (Py) knanaHa «HE»

B 3aBUCUMOCTUN OT USMEHEHNA
naBneHust Ha Bxoae X

TOB 3HA4yeHWe BbIXOAHbIX CUrHanoB
(«0» unm «1») B AQHHbIA MOMEHT Bpe-
MEHW 3aBUCUT TOMBKO OT 3HA4YeHus

BXOAHbIX CMIHANOB B 3TOT >XX€ MOMEHT BPEMEHMU. OnucaHHble Bbile N10ru-

Yeckme nHeEBMOKJ1anaHbl

«HE», «U», «UJIN» aBnsioTcs npocTenwmmm

KOMOWHALMOHHBLIMWU NIOrMYeCcKMMM aBTOMaTaMu.

X1 Y1
X2 Y2
AP
x1| x2| v1 Y2

o o npedbinywee
COCTOSHUE

o 1 0 1

1| o0 1 0

1 | 1 [HexenatenbHas
KOMBUHaLms

Puc. 25. YcnoeHoe rpaduyeckoe
0603HayeHne NHEBMOKTanaHa
«MNAMATb» 1 Tabnmua
€ro nepeksItoyeHni

Y nocneaoBaTeNlbHOCTHbIX aBTOMA-
TOB 3HayeHue BbIXOAHbIX CUrHANOB B [AaH-
Hbl1 MOMEHT BPEMEHM 3aBUCUT HE TOSIbKO
OT 3HAYEHUs1 BXOAHbIX CUrHANOB B 3TOT Xe
MOMEHT BpPEMEHUW, HO U OT npeablayLiero
COCTOsIHMA aBToMaTa. [lpocTeiwmM nocrne-
[0BATENbHOCTHLIM IOMMYECKMM aBTOMaTOM
aBnseTcs knanaH «MNAMATb» (puc.25).

MHesMoknanaH «MNAMATb» pabo-
TaeT cnegyowmm obpasoM. Ecnm Ha Bxoa
X1 nogatb «1», @ Ha X2 — «0», TO Ha BbIXO-
fe Y1 6ynet «1», a Ha BbIxoge Y2 — «0».
Ecnn nocne atoro ybpartb curHan co Bxofa
X1, Ha oboux Bxogax 6yayt «0», TO Ha
Bxoge Y1 ocraHercs «1», a Ha BbIxoAe
Y2 — «0», T.e. KnanaH Kak 6bl CoxpaHseT
CBOE& npeapiayllee coctosHue. Ecnu Tenepb
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Ha BxoA4 X2 nogatb «1» a Ha Bxoae X1 octaHetca «0», To Ha Bbixoge Y1
6ynet «0» , a Ha Bbixoge Y2 — «1». Ecim Tenepb co Bxofa X2 ybpatb
«1», n Ha obonx Bxoaax 6yaet 0, TO KfanaH CHOBa COXpaHSIeT npeabiay-
Liee COCTosIHUE: Ha Bbixoae Y1 — «0», Ha Bbixoge Y2 — «1».

Takum 06pa3oM, NpU OAHON U TOW e KOMBUHALIMM BXOAHBIX CUT-
HanoB (X1=0, X2=0) Ha BbIxoae MOryT 6blTb pasHble koMbuHauun (nnbo
Y1=1, Y2=0; nmmb6o Y1=0, Y2=1) B 3aBMCMMOCTM OT MpeablayLiero co-
CTosiHMS. MIHOrAa Takoe YCTPOMCTBO Ha3blBalOT TPUITEPOM.

Ecnn Ha oba Bxopa noaaTh eanHULbl, TO knanaH nnbo ocTaHeTcs
B npeablaylemM coctosHun (ecnv AaBreHus Ha 0boux BXOJax paBHbI),
nmbo 1 ycTaHoBMTCA Ha TOM BbIXOAE, Ha BXoAe KOToporo 6onblie aaene-
Hue. Ytobbl B paboTe CxeMbl HE BO3HMKIO HEOAHO3HAYHOCTU, Takoe Co-
CTOsIHWE [0MYyCKATb HEe peKOMEHyeTCs.

CnegyeT 3aMeTUTb, 4YTO 6WUCTabWMbHLIM 5/2 pacnpepenuTenb
TaKke BbINOMHAET QyHKuMio «MAMATb», ecnu ynpasnsiowmne BXOAb
paccMaTpuBaTb Kak Bxoabl X1 n X2.

B kauectBe npuMmepa, UNMIOCTPUPYIOLErO0 MpUMEHEeHue noruye-
CKUX 3MEeMEHTOB, paccMOTpuM 3apadvy 2. PaspabortaTb cxeMy nHeBMO-
npuBoAa, OCYLLECTBAAIOWEro YynpaBneHne MHEeBMOUMAMHAPOM Mo Che-
AyloLemMy anropuTMmy:

1. MNpu KpaTKOBPEMEHHOM HaXXaTWM OAHOM W3 [ABYX KHOMOK
«lMyck»  WTOK  UMAMHApa  HAYMHAeT  COBeplaTb  BO3BPATHO-
NOCTynaTesibHble ABUXEHWS.

2. Mpn KpaTKOBPEMEHHOM Haxa-
TMM KHOMKK «CTOmM» LWITOK UMAUHApa BTS-
rMBAETCS U OCTaHaBMBaETCS. | lJ

[nsa ynpaeneHust HanpasieHueM
[OBWXKEHUS LUTOKAa WCnonb3oBaTh 6Hucta-

\

I
P2*  P3*

1

6UnbHbIA 5/2 pacnpenenvTent ¢ NHEBMa- E / E
TUYECKUM ynpaBfieHneM. B kauecTBe KHO- PI LE+l
NMOK M OAaTYMKOB — MOHOCTabusnbHble 3/2 U
pacnpefenMTeny ¢ MexaHW4YeckuM ynpas-
NEHNEM.

CunoBass 4actb npuBoaa 6y,qu Puc. 26. Cunosast noagcucrema
NMETb CXeMy, NPUBEAEHHYI0 Ha puc. 26. npuBoAa k 3aaase 2

55



[ns pa3paboTku yrnpaBnstoLLen YacTu CxeMbl HEO6XoaMMO onpe-
[enuTb YCNOoBUS, NpU KOTOpbIX pacnpefenutens Pl gomkeH nepeknio-
YaTbCs U3 OAHOM MO3WLMK B APYryto (T.e. B KaKUX ClyYasiX AOMKHbI MO-
CTynaTb CUrHasnbl Ha COOTBETCTBYIOLLME YNpPaBsoLWmMe BXoabl).

LLITok unnuHapa AO/MKEH BbliABUraTbCsl B TOM Cllydae, eCin OH
HaxoauTcs B UcxoaHoi nosvumm M (T.e. HaxaT poSvK pacrnpeaenvTens
P2), ecnn 6bina HaxaTa kHonka «Myckl» UIIN «[yck2». Ecnun xe 6bina
HaxaTa KHomka «CTon», WTOK UMAMHAPA A0/MKEH OCTaBaTbCs BTSAHYTbIM.
TakuM 06pasoM, HeobxoamM knanaH «MAMSTb», KOTopblit 6bl «3anoMu-
Ha/1», KaKasl U3 KHOMOK 6blfia HaXkaTa NnocneaHew.

Ha Bxog X1 knanaHa «[MAMSATb» cur-
2—|_|— Han [O/MKeH MOCTynNUTb B TOM Cydae, eciu

> HaxaTta kHonka «Myckl» WJIN «[yck2», a Ha
P [ BX0O4 X2 — ecnn Haxata KHornka «Cron». CooT-
G’ 1 B?TCTByrou.Ml‘/’l ¢dparMeHT MHEBMOCXeMbI Mpuse-
1§ v [EH Ha puc.27.
K1 B MCXOOHOM COCTOSIHMM BCE KHOMKK OT-
2—|'|' XaTbl, COOTBETCTBEHHO Ha 06omx Bxogax X1 u
g X2 X2 knanaHa K2 «[AMATb» 6ypet «0». Ecim
P HaxkaTa kHornka «[lyckl» WUJIN «[yck2», TO Ha
<:|-/ Bbixoze Y knanaHa K1 «WUJIN» nosisnsercs «1»,
1§ WY KOoTOopas NocTyrnaeT Ha Bxoa X1 knanaHa K2.
| CooTBETCTBEHHO Ha Bbixoae Y1 6yaer «1», a Ha
— Bbixoge Y2 — «0».
2l [TV E
CNMN HaxkaTb KHOMKy «CTtom», TO Ha
p [ i Bxoae X2 knanaHa K2 noseutca «1», n Toraa Ha
: BbixoAe Y2 Takxe byaeT «1», a Ha Bbixoge Y1 —
C"‘/ «0».
1§ Takum obpa3oM, Ha Bbixoge Y1 noss-
naetcss curHan, ecnum 6bina HaxaTta KHOoMKa
«[Myck1» UWIN «Ilyck2», a Ha Bbixoge Y2 — ecnu
Puc.27. MpuMeHeHne 6bina HaxkaTa kKHonka «Cron».
knanaxa «MAMATH> CornacHo anroputMy paboTbl npuBoaa
ANng «3anoMUHaAHUA» v
HOCHeHes HaXaTOM Ha ynpasnswowmi Bxog 2 pacnpegenutens Pl
KHOTKM (cM.puC.26) AOMKEH NMPUATU CUrHAN, €Cln Ha-
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XaT ponuk pacnpegenutens P2 WU 6bina Haxata kHornka «[lyckl» WA
«[Tyck2».
Ha ynpaensiowmii Bxoa 1 A0/mKeH NpUIATM CUMrHan, ecny 6bina
HaxaTta kHonka «Cton» UJIN HaxaT ponuk pacnpegenutens P3.
O6beanHune Bbixoabl Y1 1 Y2 knanaHa K2 «MAMSATb» ¢ Bbixoaa-
MUK pacnipegenuteneit P2 n P3 (puc.28) yepes COOTBETCTBYOLIME NIornye-
ckue knanaHbl K3 («M») n K4 («AJIN>»), nonyymMm nosHyto cxeMy npueoaa.

[ N2 ()
2l g |
- :Ir_;y__: * (P I_ILI'”—‘PZ P3
Pl S
ot ) 0 2| LR
! 15 n Y "Xy [ UU
: nK1 1

I g gl
b2 K3_I_—Y:
| Jn X2 }
I I
Py X
:<:|- :l |X1 :
! n|X1 K2y O
| 1S K4 Y:

n_| I
2T Y e !
I [

N2

P
:CI-/: P [
I e
T I §1
o |
| R — |

Puc. 28. Cxema nHeBmonpueoaa K 3ajaye 2:
MO — nynbT onepaTtopa; YY — YCTPOWUCTBO YNpaBfeHus
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B cootBercTBUM C 06O6LIEHHON CTPYKTYpOli MHEBMOMNpUBOAa
(pnc.17), B pa3paboTaHHON CXeMe MHEBMOMPUBOAA MOXHO BbIAENUTb: My/NbT
orepaTtopa, COCTosILMI M3 pacnpeaenuTenein (MHEBMOKHOMOK) P4, P5, P6;
YCTPOWCTBO YrpaBfeHus, NpeacTaBnsiollee coboit nocneaoBaTeslbHOCTHbIM
JIOTMYECKUIN aBTOMAT, COBpaHHbIA U3 NTOrMUeckmx knanaHoB K1-K4; aatumku
— pacnpegenutenn P2 n P3; Hanpaensiowast 1 perynupytowlasl annapaTypa —
pacnpenenuTens P1; UCNOMHUTENBHBIN ABUraTeb — NHeBMoLmnnHap ML,

CnepgyeT 3aMeTUTb, YTO yHKUMS U MOXeT 6biTb peannsosBaHa
nocneaoBaTenbHbIM BKITIOYEHWEM YCTPOMCTB. Hanpumep, Ha puc.28 no-

2[[

P4 [

>
P

<—H
r 1§

3|
P5 [
p=1r

M2 1§ X1 K2 v1
2[[ [x3

P6 [

=
1S

>

ST

Puc.29. HeypauHas
peanuzaums GyHkummn UNA
npu napannenbHoM
coeavHeHun
pacnpegenuteneii P4 u P5

cnepoBaTeflbHOE  BK/IOYEHWE  pacnpeaenu-
Tenei P1 n P2 obecneuMBaeT nogayy curHa-
Nla Ha ynpasBnstoWwmin BXxoa 2 pacnpeaenure-
na P3 Tonbko B TOM Cnyyae, ecnv Haxara
KHonka pacnpegenutens P1 U HaxaT ponvk
pacnpepenutens P2.

OyHkuna WU B HekoTOpbIX Cryda-
X MOXeT 6bITb peanu3oBaHa NyTéM napan-
NENbHOrO0  BK/IOYEHWUS  MHEBMOYCTPOICTB,
O[IHaKO NpW Takol peannsaummn Hy>HO 6biTb
O4YeHb OCTOPOXHbIM. Hanpumep, paccMoT-
pyM CUTYaLMIO, ecnv Ha puc.27 ybpatb Kna-
naH K1, n pacnpegenutenn P4 n P5 coeamn-
HWUTb napannensHo (puc. 29).

Mpu nepeknoyeHun B NO3nLMIo 2
TONbKO OAHOrO M3 pacnpeaenvTeneit P4
WUJIN P5 Bxoa X1 knanaHa K2 6yaer coeaun-
HEH c aTMocdepoit nubo udepes 1, nnbo
yepe3 2. DTO MOXET NpUBECTU K TOMY, YTO
knanaH K2 He cpaboTtaer.

Mpu pa3paboTke CxeMbl MHEBMO-
npusoga ¢ 6onee CNOXHbLIM aNrOpUTMOM
pabotbl (0cobeHHO npu ynpasBneHun He-
CKONIbKUMW  MHEBMOUMAMHAPaMKU)  onpefe-
NEHHYIO NOMOLLb MOXEeT OKasaTb CoCTaBfe-
Hue umknorpammel paboTbl Npueoaa.
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Ha uuknorpamMme no ropv3oHTanbHOW OCKU OTKIaAbIBAOT BpeMs,
a MO BEpPTUKANbHOW — COCTOSIHUE 3MEMEHTOB (BK/./BbIK/.; HaXa-
TO/OTXXATO; ABMXEHWe Bnepéa/Hasaa v T.n.). MHoraa cTpenkamm ykasbl-
BAOT MPUYNHHO-CNIEACTBEHHbIE CBA3W (T.€. HaXaTUe KaKoW KHOMKU Uu
cpabaTtblBaHME KAKOro AaTuvMka AO/MKHO MNPUBOAMTb K MEepeKItoYeHuIo
pacnpegenutens u T.4.).

MpounniocTpupyemM nNpMMEHEHWEe UMKIOrpaMMbl Ha nNpuMmepe 3a-
paum 3. Paspabotatb cxeMy nHEBMOMpWBOAA, YNpaBnsiowero AByMsl
NMHEBMOLMINHAPAMM, MO CeayoLWweMy anropuTMy:

1. Mpn HaXxaTUn KHOMKN «[TyCK» BbIABUIraeTCs LUTOK NEpPBOro Lm-
nMHApa.

2. Mpy AOCTUXKEHWUM LITOKOM MEPBOr0 LMAMHAPA KpPalHEro BbITS-
HYTOro MOJIOXKEHUS BbIABUIraeTCs LUTOK BTOPOro UMAnHApPa.

3. Mocne AOCTWXKEHUS LITOKOM BTOPOro LUMMHAPA KpPaHEro Bbi-
TSHYTOrO MOJIOXKEHUS! OH ABTOMATMYECKN BTArMBAETCS.

4. MNocne TOro Kak LTOK BTOPOro UMAMHAPA MOSIHOCTbIO BTSHYT,
BTAMMBAETCS LUTOK NEPBOro LMnnHApa.

5. Mocne Toro kak oba WToKa BTSAHYTbI, OHW OCTaHABNMBAKOTCA A0
Cneayowero HaXxaTnst KHOMNKn «Iyck».

Ha paboTy cxeMbl HaknaablBaeTCs OAHO OrpaHNYeHne: ecin UMK
paboTbl NpMBOAA eLé He 3aBEePLUEH, HAXaTUe KHOMKN «[yCck» He AO0MKHO
NpYMBOAUTL K Ha4any HOBOro LMKNa.

[na ynpaBneHns HanpaBfeHNEM ABMXKEHWS LUTOKA MHEBMOLM-
NvMHApa cnegyeTr ucnonb3oBaTb 5/2 6ucrtabunbHble pacnpegenuTeny c
NHEBMATMYECKMM YynpasrieHMeM. Torga cunoBas YacTb npusBoda Gyaer
UMeTb cxeMy, NpueeaéHHYIo Ha puc. 30.

::nm: | : nu1:
/= T T
¢ p3+ par [ PS5+ e
o] = =
2 xly il 2 Ly 1

P1fjf] P2 fTJ
A

Puc.30. Cunosas yacTb NHEBMONpUBOAA
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B kauectBe gatumkos (P3 — P6) ucnonb3osatb 3/2 MOHOCTabub-
Hble pacnpeaenuTenn ¢ MexaHu4eckum ynpasneHneM. COoCTaBuUM LMKO-
rpammy pabotbl npueoaa (puc.31). B ncxoaHoM coctosiHuM (MOMEHT Bpe-
MeHu t0) WToKM 06OMX UMAMHAPOB BTSHYTHI. Ponuku pacnpepenuteneii
P3 n P5 HaxaTbl, U Ha MUX BbIXOAAX €CTb curHan. MNpu HaxaTuu KHOMKM
«Myck» (MOMeHT BpeMeHu tl) WTOK NepBoro UuaMHApa AOMKEH BblABU-
raTbCsi, T.€. AO/MKEH ObITb NOAAH CMrHaNA Ha BTOPOM ynpaBAstoWMi BXOA
pacnipegenutens P1. CornacHO orpaHu4yeHunto, yCnoB1eM nojayu curHana
aBnseTcs [Haxatne nHeBMOKHONkM «Myck»] WU [HaxaTtue ponuka pac-
npegenutens P3], uto oTpaxeHo Ha p1c.31 cTpenkamu.

r v [ . [ '
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Puc.31. Uuknorpamma paboTbl nHeBMONpUBOAA K 3aaade 3

Mp OTXoAe LUTOKA OT KpaHEro BTSHYTOrO MOJSIOXKEHWUSI POANK
pacnipeaenutenst P3 OTOXMETCS, U CUrHan Ha ero BbIXoAe NponajéT.

Mpy [OCTMXKEHUM WITOKOM LmnmHApa MLU1 KpaiiHero BbITAHYTOrO
nonoXeHuns (MOMeHT t2) MpPOUCXOAUT HaxaTue ponvka pacnpefenutens
P4, 4TO OO/MKHO MPMBECTM K BbIABMXXEHWMIO WTOKA umManHapa MU2. Ans
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3TOro A0/MKEH BbITb NMOJ@H CUrHan Ha BTOPOW YNpPaBASIOLIMA BXOJ, pac-
npepenuTens P2. MNpu oTxoae wroka MLU2 oT KpaliHero BTSHYTOrO Mono-
XXEHNS pPoSMK pacnpegenutens P5 OTOXMETCS, U CUrHan Ha ero BbIXoae
nponagér.

Mpu pgoctvkeHUn WTokoM ML2 KpalHEro BbITAHYTOrO MOJIOXKe-
Hus (MoMeHT t3) cpabaTbiBaeT pacnpegenutens P6, B pesynbtate yero
wToK MNU2 gomkeH BTAHYTbCA, T.€. AO/MKEH ObiTb NodaH CMrHan Ha nep-
Bbli1 YpaBnaoLLMIA BXOA pacrnipeaenutens P2.

Mocne Toro kak wrok MNU2 BTaHeTcs (MOMeHT t4), cHOBa NOSIBUT-
CA curHan Ha Bbixoge P5. 3TO JO/HKHO MpMBECTM K Mnojaye curHana Ha
MepBbIt YNpaBnsaoWMA BXoA pacnpeaenutens P1 n BTArMBaHUIO LUTOKA
MNul. Mocne srarmeaHmsa wroka MNU1 (t5) cxema ocTtaHaBnuBaeTcs B UC-
XO[JHOM COCTOSIHUM.

Ha nepBbit B3rnsg, ans obecrieyeHns TpebyeMoro anroputma
paboTbl HEOBXOAMMO COEANHUTL BbIXOABI pacnpenenuTenein P4, P5, P6 co
Bxogamn Y2P2, Y1P1, Y1P2 cooTBeTCTBEHHO (pnC.32).
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Puc.32. MepBbiit (Hepaboumii) BapuaHT CXeMbl MHEBMOMNPMBOAA K 3afave 3
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OpfHako ecnn BHUMATESIbHO NPOaHann3nMpoBaTh LUMKIIOrpaMmy, TO
MOXHO YBWAETb, YTO MpY TaKOW CXEME BKOUYEHWUS MPUBOA HE 3amyCTUT-
Csl, TaK KaK B MCXOAHOM COCTOSIHUWM (MOMeHT BpeMeHu t0 Ha umknorpam-
Me) Ha Bxog Y1P1 nogaércsa curHan no uenum: YMNB — P5 — Y1P1 (B ucxog-
HOM COCTOSIHWM LUTOKU LUMIMHAPOB BTSAHYThLI, PONMK pacripegenutens P5
HaxaT). COOTBETCTBEHHO NPU HaXaTuu KHOMku «[yck» (pacnpeaenutens
P7) B MOMeHT BpeMeHnu t1 pacnipegenutens P1 He CMOXET NepeKknouUTb-
Cs B NO3ULMIO 2.

Ecnn e BCE-TakM yaacTcs KakuM-TO 06pa3oM BbIABUHYTH LUTOK
unnuHgpa MuUl1, To B MOMeHT t3, Koraa P2 gomkeH nepekniounTbCs B NO3.
1, OH HE CMOXET 3TOro cAenaThb, TaK Kak yrnpasnsiowmin Bxon Y2P2 6yaert
coeanHéH ¢ YIB no uenu: YMNB — P4 — Y2P2.

Takum 06pa3omM, ans Toro 4todbbl Npusoa paboTan no 3afaHHOMY
anropuTMy, HeO6X0AMMO, YTOBbI CUrHaN Ha BbIXOAe pacrnpeaenuTenei P4,
P5 (Ha Bxogax Y2P2 n Y1P1) umen onpe-

p EEP & LY feneHHbln Bua. Ans $hopMUMpPOBaHUS Tako-
™ ro CurHana MOXHO WCMofb30BaTb OOHO-

KO R BubpaTop (puc.33). .
O B HauyanbHbIN MOMEHT BpeMeHu
P paeneHve Ha Bxoge P (Pp) paBHO Hynto.
P4 P CoOTBETCTBEHHO, faBneHne Py Ha Bbixoge
/ Px Y norudyeckoro nHesMoksanaHa «HE» Tak-
Pcpabl- - + r —/ -—- e paBHO Hysto. MNpu nogaye AaBneHvs Ha
D BxoA P B MoMeHT BpemMeHu tl1 Ha Bbixoge Y
Py nosiBUTCA «1», Tak Kak pecnsep R He Mo-
» KET MIMHOBEHHO «3apsauTbCs» U Ha BXoAe

ot X 6ynet «0».

Puc.33. OarosvbpaTop [asneHne Ha Bxoge X (Px) byaet

BO3pacTaTb MOCTENeHHo. B TOT MOMeHT

(t2), korga paeneHue Px AocTurHeT 3HadeHust Pcpab (Px cTaHeT paBHbIM
«1»), naBneHue Py CTaHeT paBHbIM HY/O.

Takum obpa3oM, Ha Bbixode anemeHTa «HET» dopmupyeTca um-
NynbC AABAEHUS ANIUTENbHOCTLIO tp, KOTOPYIO MOXHO perynMpoBaTtb Mnpu
nomotm apoccens Ap.

Mpu oTkNto4eHnn Bxoda P oT YIMB (coeamHeHun ¢ atMocdepoit)
pecvBep R BbICTPO «paspskaeTcs» Yepes 0bpaTHbIi knanaH KO.
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BknouMB 0AHOBMGPATOPLI MEXAY BbIXOAAMWU pacnpeaenuTenei
P4, P5 (pnc.32) n Bxogamn Y2P2, Y1P1, nonyumm cxemy npveoga, pabo-
TaloLLYIO cornacHo 3aAaHHOMY B 3agade 3 anroputmy (puc.34).

N OA nui nui
o3 f _n—“:O )

|

I \_" p3x | pgx \_" P5
1 | | H P6
e =Ml =
T2 TJri ° PLOjo ! - gt =
- 4
P7 h & &
= il = f) Gl P2 | o
Zilesk | |7 ORl RZO —~ || 4pr4
=gl TS
S kot KO2 1<

Puc. 34. Cxema nHeBMONpUBOAA K 3agadve 3

3aziauy ynpaBneHns NHEBMOMPUBOAOM MOXHO TaKXe pellaThb
npy MOMOLLM CPEACTB 3/1EKTPOABTOMATUKK. B 3TOM C/lyyae UCMosb3yoTcs
KHOMKWU M AaTUMKU C SNEKTPUYECKUMMU BbIXOAHLIMU CUrHanamm (KOHTaKT-
Hble BbIKMOYaTENM; repkoHbl; AATYMKM, OCHOBaHHbIE Ha 3ddekTe Xonna;
WHAYKTUBHbIE, EMKOCTHbIE, onTuyeckue). CucteMa ynpaBneHUs CTpouTCs
npy MOMOLUM 3NEKTPOMArHUTHBLIX pene, LMMhpPOoBbIX 3MEKTPOHHBIX MUKPO-
CXEM W/ NPOrPaMMUPYEMBIX JTIOTMYECKUX KOHTPONNepoB. Ana u3MeHeHus
HamnpaB/ieHsl MOTOKa OKaToro BO3dyxa

Y1 Y2
UCMOMb3YIOTCA MHEBMAaTUYecKkue pacnpe-
OENUTENN C 3NEKTPOMarHUTHLIM yrpase- |z Z|
HueM (puc. 35). PaboTa Takoro pacnpene- LAyl v /Ty
NUTeNsi aHanorMiHa paboTe Pacnpene-  pyuc. 35, yenosHoe rpadmdeckoe
NATENs C NMHEBMATUYECKUM YrpPaB/ieHNEM, 0603HaueHNe pacrpeaenuTens

C TOWN NuLlb pa3Hmue171, 4yTO ANSt NEepeKkto- C 3/TEKTPOMArHUTHbLIM YNpaB/EHUEM
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YeHus1 pacnpefeuTenss U3 OAHOM MOo3vLMKM B [pYrylo HeobxoaMmo
rnofaBaTb 3NEKTPUUECKUA cuUrHan (HanpshkKeHWE) Ha 2NEeKTPOMarHWThI
Y1iuny2.

Ecnum npuBog paboTaeT no HECNOXHOMY anroputMmy, TO ANS
YNPaBfeHnsa TaKUMKU pacnpeaennuTensMm UCrnosb3yloT 3NEeKTPOMarHUTHbIE
pene (pmc.36). DNeKTPOMarHUTHoOEe pene nMeet oaHy pabouyto 0bMOTKy

J (K1) wn oaMH wamM  HeCKomnbko
___________ N koHTakToB (K1.1 — K1.3). KoHTakThl
Kl\WKll Ki.2 1K1.3 6bIBalOT HOpPManbHO Pa3OMKHYyTble

(K1.1), HopManbHO 3aMkHyThle (K1.2)
Puc.36. YcnoBHoe rpadguyeckoe 060- " I'IaPHbIe (K1.3), npeactasnsioume
3HaueHWe SneKTpoMarHWTHoro pene. COBOM  KOMBMHAUMIO  HOPMasbHO
KOHTaKTbl MOKa3aHbl B MCXOAHOM CO- pPa3OMKHYTOro n HOpMasnbHO

cTosiHuM. CTpenkaMu MoKasaHo Ha-
NpaBNIEHNE NEPEKOYEHNA MPU Nodade 3aMKHYTOrO KOHTaKTOB.

HanpsbKeHMs Ha pabodyto 06MoTky K1 Ecim Ha pabouyio 06MOTKY
pene noaatb HanpsaXeHue, ToO HOop-

MaNbHO Pa30MKHYTbI KOHTAKT 3aMbIKaeTCsl, HOpMasibHO 3aMKHYTbIN —
pa3MbIKaeTCsl, NapHbIii — nepeksitodHaeTcs. Ha anekTpuyeckon cxeme KOH-
TaKTbl pene n3obpaxatoT B UCXOAHOM COCTOSIHUM, T.e. Koraa Ha pabouyto
06MOTKY pene HanpskeHue He noaaéTcs.

Mpu nomowwm pene Tak Xe, Kak M Mpu MOMOLUM JIOMMYECKNX
MHEBMOK/MAMNAHOB, MOryT ObiTb peann3oBaHbl fornyeckue  QyHKLMK
(pnc.37). Jlornyeckas d¢yHkuma HE peanusyeTcs npuv  NOMOLLM
HOpPManbHO 3aMKHYTOro KoHTakTa pene (cm.puc.37,a). B ucxopHom
COCTOSIHMM, Koraa Ha Bxofe X «0» (T.e. HanpsbkeHue He noaaércs),
yepes 3aMKHYTbI KOHTaKT K1.1 Ha Bbixoa Y nofaérca HanpshkeHue Un
(T.e. Ha BbiIxofe — «1»). Mpu nogaye HanpsbkeHWs Ha Bxod X (X=1),
KOHTaKkT K1.1 pa3MmblKaeTcs, U HanpsbkeHWe Ha Bbixod Y He rocTynaet
(Y=0).

Nornyeckas dyHkums W peanusyetrca  nocnenosaTeflbHbIM
BK/IIOYEHMEM HOPManbHO PA30OMKHYTbIX KOHTakToB (cM.puc.37,6). Ha
Bbixoge Y 6yaer «1» TOMbKO B TOM Clydae, ecim 3aMkHyTbl o6a
KoHTakTa: K1.1 1 K2.1. 3To npou3oiaéT TOoNMbKO B TOM Clydyae, ecim
NnoJaHo HanpshxeHue Ha obe paboune obmoTku pene — K1 1 K2, T.e. ecrm
X1=1 MU X2=1. Ecnu xoTs 66l Ha oaHy pabouyto 06MOTKY HarpshkeHue He
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nogaércs (Hanpumep, X1=0), TO COOTBETCTBYWOWMIN KOHTaKT (K1.1)
Pa30MKHYT, U Ha BbIxo4 Y HanpsikeHue He noctynaet (Y=0).

+Un T +Un

+Un Ki1.1
j Ki.1
K2.1 K2.1
Ki.1 | v | v
« Y X1 X1
X2 K1 K2 X2 K1 K2

K1 EE EE

a) HE 6) 1 B) NN
Puc. 37. Peanuzaums norvyecknx yHKUMIM Npy noMoLum pene

Nornyeckas ¢yHkuma UIIN peanusyeTca napannenbHbiM coeaum-
HEHWeM HOPManbHO-Pa3OMKHYTbIX KOHTAKTOB (cM.puc.37,B). Ecin X1=1
WUJIN X2=1, 10 3amblkaeTcs KOHTakT K1.1 WM K2.1, cOOTBETCTBEHHO Ha
BbIxoZ Y nogaértcsa HanpsbkeHne (Y=0).

YacTo B peneiiHbiX cxeMax MCNosb3yeTcs Tak HasblBaeMast (hyHK-
umMs  «camobnokMpoBkM» (MU «CamoyAepXaHusa»). PaccMoTpuM 3Ty
GyHKUMIO Ha nNpuMepe npueoaa, NpuMBeaEHHOro Ha puc.38. MNpuBoa co-
CTOWUT U3 ABYX YacTei (cxeM) — MHeBMaTMYeCKoi (CUNOBOI) U 3NeKTpuYe-
cKkol (ynpaenstoweit). MHoraa Takoi NpuBOA HasbiBatoT KOMOGUMHUMPOBAH-
HbIM NMHEBMO3/IEKTPUYECKUM, USIN NEKTPOMHEBMAaTUYECKUM.

+Un
J_jﬁ ML J_n:O
Myck K1.2 [ lJ
Y
K1.1
cron &7 ALY

Puc. 38. Cxema nHeBMO31eKTpMYECKoro npueoaa
C yHKUMeEl «caMobnokupoBku» Ha pene K1
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Mpu HaxaTum KHOMKK «[Tyck» (C HOPManbHO PA30OMKHYTbIM KOH-
TaKTOM) e€ KOHTaKT 3aMblkaeTcs, U 4depe3 pabouyio obmoTky pene Kl
NpoxoauT ToK Mo uenu: +Un — «Myck» — «Cton» — K1 — 06wuit nposog.
Mpu 3TOM KoHTakTbl pene K1.1 n K1.2 3aMbIKatoTcs.

KoHTakT K1.1 BKIOYEH napannensHo KHonke «[llyck», nosToMy
Mpu OTMYCKAHUWM KHOMKK (KOrAa e€ KOHTaKT Pa3oMKHETCS) TOK BCE paBHO
bynet npoxoantb vepe3 pabouyto 06MOTKY pene no uenu: +Un — K1.1 —
«Crton» — K1 — 06wuit npoBog, T.e. pene kak 6bl caMo yaepxxuBaeT cebst
BO BKJTIOYEHHOM COCTOSIHMM CBOMM KOHTakToM K1.1. OTcioaa v Ha3BaHue:
CXeMa «CaMOyAepXKaHUS» UM «CaMOBNOKMPOBKM».

Mpu 3aMblkaHnM KoHTakTa K1.2 TOK MpOXOAUT 4yepes3 3MeKTpo-
MarHuT Y pacnpeaenutens P1 no uenu: +Un — K1.2 — Y — 06wwmii npoBsog.
Mpu 3TOM pacnpegenuTens NepekoyaeTcs B NO3MUMIO 2 U LUTOK LIMWH-
[pa BblABUraeTcs.

Mpu HaxxaTum kHonku «CTon» (C HOPManbHO 3aMKHYTbIM KOHTaK-
TOM) €€ KOHTaKT pa3MbIKaeTCsl, Lenb Af5 NPOXOoXAeHUs Toka vepes pa-
6ouyto 06MoTKy pene K1 paspbiBaeTcs, koHTakTbl K1.1 1 K1.2 pa3mbika-
toTcs. COOTBETCTBEHHO MpeKpalLlaeTcs MPOXOXAEHUE TOKa yepes3 3rek-
TpoMarHuT Y1. PacnpeaennTens P1 noa AeNCTBMEM MPYXWUHbI BO3BpaLLa-
€TCs B NO3UUMIO 1, WITOK UMAuHApa BTArMBaeTCs.

Ans  MnnocTpauum  BO3MOXHOCTEW pene  pacCMOTPUM  CXEMY
MHEBMO3/IEKTPUYECKOrO MPMBOAA, BbIMOSHSAOWEro Takue xe dyHKuuu,
4YTO U NHEBMOMNPUBOA B 3adaye 2. [Ing ynpaBneHusl HanpasBneHneMm Asu-
XKEHUS LITOKA UMMHAPa 6yAeM MCnonb3oBaTb 5/2 6UCTAbUMbHLIA pac-
npegenuTenb C anekTpoynpasneHmeM (puc.39).

Myck2 *+Un
Myoct[ ] T Tk =

| |
K11 K1.2 ONA l_‘ﬂl* Azx
' Y2 Y1

Cron @ﬁﬂl %A‘ ‘/:?
Ki| | | v2| | }---X---{{|Y1 P1 %

Puc.39. CxeMa NHEBMO31eKTPUYECKOro Npusoaa K 3ajade 2
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B uncxogHoM coctosiHum pene K1 BbIK1HOYEHO, COOTBETCTBEHHO
KOHTaKT K3.1 3aMKHYT, 1 Yepe3 snekTpoMarHuT Y1 npoxoauT TOoK Mo ue-
nu: +Un — K1.3 — Y1 — obwwin nposoga. Pacnpeaenutens P1 HaxoauTtcs B
nosvumn 1, WTOK umnmMHAapa BTAHYT. [1py 3TOM HaXaT posIMK KOHTaKTHOro
gatumka 11 n ero KOHTaKT 3aMKHYT.

Mpu Haxatum kHonku «Myckl» WUIIN «[lyck2» 4depe3 pabouyio
obmoTky pene K1 npoxoguT Tok (B AaHHOM cnyyae dyHkuns UIIN pea-
NM30BaHa napasnfenbHbiM CoeiIMHEHMEM KHOMOK). Mpy 3TOM 3aMblKaeTcs
koHTakT K1.1, ctaBs pene K1 Ha camobnokunpoBky. Kpome Toro, 3amblka-
eTcs KOHTaKT K1.2, a koHTakT K1.3 pa3MbikaeTtcs. COOTBETCTBEHHO 3M€eK-
TpoMarHuT Y1 OTKO4aeTcs, a yepes afeKTpoMarHuT Y2 npoxoauT TOK no
uenm: +Un — K1.2 — 1 — Y2 — obwuit npoBoa. Pacnpenenutens P1 ne-
PEKIIOYAETCS B MO3ULMIO 2, WUTOK LIMIMHAPA BblABUraeTCs.

Mpy AOCTUXKEHWUMN LITOKOM KpPalHEro BbITSHYTOrO MOMOXEHMS Ha-
XUMaETCa ponuK aatuvka [12, U ero KOHTaKT 3aMblkaeTcs. BkodaeTcs
anekTpoMartuT Y1 mn pacnpegenutens P1 nepekntoyaetcd B nosuumio 1
(3nekTpoMarHUT Y2 B 3TOT MOMEHT OTK/IIOYEH, TaK KaK NpPU BbIABUMXXEHUM
LUTOKA pa3MbIKaeTcs KOHTaKT aatumka [1). LUTok umnnHapa BTArMBaeTcs.

MNpw BTArMBaHWM LUITOKa BHOBb 3aMbIKAeTCA KOHTaKT gatumka A1,
W pacnpeaenuTenb CHOBa NepekioyYaeTcs B no3vumio 2. TakuM obpasom
NPOUCXOAMT BO3BPATHO-MOCTYrNaTebHOE ABUXEHWNE LUTOKA.

Mpn Haxatum kHonkn «Cron» oTkodaeTca pene K1, KOHTakT
K1.2 pa3mblkaeTcs, a K1.3 3aMblkaeTcs. BkntovaeTcs anekTpoMarHut Y1,
W LWITOK UMMHApPaA BTAMMBAETCS.

Takmum 06pa3oM, KOHTAKT K1.2 3aMKHYT B TOM C/ly4ae, ecim no-
cnepHelt 6bina HaxaTa kHonka «Myck», a K1.3 — ecnm «Cton». KoHTaKT
fatumka 1 BknoyéH nocnegosatenbHo € K1.2, T.e. peanuayeTcs yHK-
umsa WU. dnekTpoMarHWUT Y2 BK/IIOYAETCS, €C/IM 3aMKHYT KOHTAKT JaTyMka
A1 W nocnepHeit 6blna Haxata kHomka «[yck». dnekTpoMarHut Y1
BKJ/IIOYAETCS, EC/IN 3aMKHYT KOHTaKT fAaTuuka 2 WIIWN nocneaHei 6bina
HaXkaTa KHonka «CTor».

CnepyeT 3aMeTUTb, YTO XOTS cxema Ha puc.40 BbINOMHSET BO3-
JNIOXKEHHYIO Ha Heé 3ajady, OHa MMeeT OAMH HedoCTaTOK: B COCTOSHUM
ocTaHoBa (Nocne HaxaTtus KHoMku «CTon»), anekTpoMarHuT Y1 nocTosiH-
HO HaxoauTCH noA HanpspkeHweM. XKenaTenbHO COCTaBnATb 3MeKTpuye-
CKMe cxeMbl TakmM 06pa3oM, YTOObI HarpshKeHWe Ha 3NeKTPOMarHWTLI
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NnoAaBanoch KpaTKOBPEMEHHO. 3TO MOBbLILAET AOAMOBEYHOCTbL 1 be3sonac-
HOCTb paboTbl 06opyaoBaHus. Ha puc.40 npvBeneHa snekTpuyeckas cxe-
Ma, JIMWEHHasa 3TOro HeaocTaTka. B AaHHOM cxeMe Mpu HaXaTuu KHOMKM
«CTon» 3aMblkaeTcs KOHTakT K2.2, yepe3 anekTpoMmarHut Y1 npotekaeT
TOK, pacripefenuresnb rnepeknovaeTcd B nosvumio 1. MNpy oTnyckaHum
KHOMKKN KOHTAKT K2.2 pasMbIKaeTcsl, HanpshKeHue ¢ 3neKTpoMarHuTa CHu-
MaeTcs.

I'IyCKl |_|YCK2 T+Un
CTonJ T2 J

LEE

Puc. 40. N3meHEHHasa 3nekTpuyeckas cxema
NHEBMO3NEKTPONpuBoAa K 3ajaye 2

[N Co3AaHMA 3NEKTPUYUECKOW CXeMbl MHEBMO3/IEKTPONpPUBOAA
MPUMEHSAIIOT TaKXXe 3NMEKTPOHHbIE pene. Mo NPUHLMMY AENCTBUA OHM aHa-
NOMMYHbI N1EKTPOMArHUTHLIM pefle, HO BMECTO 3NEKTPUUECKUX KOHTAKTOB
UMEIOT 3MEKTPOHHbIE (TPaH3UCTOPHbIE, TUPUCTOPHBIE UM CUMUCTOPHLIE)
KNOYN. DNEKTPOHHBLIE pene uMeloT 6onee BbiCOKOe BbICTpOAeCTBINE 1
HaAEXHOCTb MO CPABHEHMIO C 3MIEKTPOMArHUTHLIMK, HO, Kak MpaBuio,
MEHbLLEE KONIMYECTBO KOHTAKTOB.

Mp1 HeobX0AMMOCTU peannu3aLmy BPEMEHHbIX UHTEPBANoB (Ha-
npuMep, Kak B 3afadve 3) MCMOMb3yloT pefie BpemeHu. Pene BpemeHM
NPeACTaBNsAOT COBON HECKOMbKO 60Mee COXHbIE 3/EKTPOHHbLIE YCTPO-
CTBa M MOryT paboTaTh B Pas/iMuHbIX PEXUMAX: 3aePXKKa BKIOUEHUS,
3a/1epKKa BbIK/THOUEHMS, OAHOBUOPATOp U T.M.

Ecnm TpebyeTtcsa ynpaBnsTh HECKOMBbKUMU LIMAIMHAPAMM MO CIOXK-
HOMY aJropuTMy, TO A/ CO3AaHMS CUCTEMbI YMPABMEHWUS UCMOMb3YHOT
nporpamMMupyembiin norudeckuii koHtponnep (MJIK), kotopelii npeacras-
nseT coboi CNOXKHOE MUKPOMPOLIECCOPHOE YCTPOMCTBO, UMEloLlee He-
CKOJbKO JIOMMUECKUX BXOA0B M BbIXOA0B. Ha BX0fbl KOHTpO/IEpa nocTy-
MatoT NIONMYECKNE SMEKTPUYECKME CUrHasbl OT A3TUMKOB MAKU KHOMOK. K
BbIXO/IaM KOHTPO/IIEPA MOAKIOHAIOT 3/1EKTPOMarHUThLl pacripeaenvTenei,
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paboune 0bMOTKM pene, CUrHanbHble Namnbl U APYrMe UCMOSHUTESNbHbIE
ycTpoicTtBa. KoHTponnep obpabaTbiBaeT BXOAHbIE CUrHASbI MO 3a4aHHOMY
anropuTMy M B COOTBETCTBUM C 3aayeil yrpaBieHUs BKIOYAET WK Bbl-
K/o4YaeT HeobxoanMble BbIXOAbI.

AnroputMm paboTbl MK onpeaensercs NporpaMmMon, 3annucaHHOM
B ero namsaTtb. [porpaMma COCTaBASIETCS MpU MOMOLM NEepPCOHasnbHOMo
KOMMblOTEpPa M 3anucCbiBaeTCsl B NaMsATb KOHTposiepa Yepes cneunanb-
HbI1 KOMMYHWUKALMOHHBIN MHTepdeic. [ns cocTaBneHusl nporpaMmMm uc-
MONb3YKTCSA HECKONBbKO S13bIKOB NporpaMmMuposaHus MJIK:

1. S3blk MHCTpYKUMIA (STL) — MCNONb30BaHME 3TOrO siblka Tpeby-
€T 3HaHWS BHYTPEHHEN CTPYKTYpbl KOHTPO/SIEPa U OCHOB MMKpOMpoLec-
COPHOMN TEXHUKMN.

2. S3bIK pyHKUMOHabHbIX cxeM (FBD) — ncnonb3oBaHue 3Toro si3bl-
Ka TpebyeT 3HaHMS1 OCHOB L(POBOI 3/IEKTPOHMKM.

3. S3bIk NecTHUYHbIX anarpamm (LAD) — TpebyeT 3HaHus npuH-
uMnoB paboTbl 3NEKTPOMarHUTHbIX pene. [lpyroe Ha3saHue 3TOro si3blka —
A3bIK PENENHO-KOHTaKTHbIX cxeM (PKC).

MporpamMmMa Ha s3bike PKC npeacraenser coboli Habop BblUMCIU-
TenbHbIX uUenoyvek (network). Kaxxaas uenouka (puc.41l) HaumHaeTcs OT
BUPTYanbHOMN WKHbI NuTaHus (BLUM), coctouT n3 Habopa HopMasbHO pa-
30MKHYTbIX (10.0) M HopManbHO 3aMKHYTbIX (I10.1) KOHTaKTOB M 3aKaH4u-
BaeTcs BbiIxoaHoM obmoTkol (Q0.0). 3aeck 10.0 n 10.1 — HoMepa BX0OA0B,
a Q0.0 — HoMep BbIXOAA KOHTpONepa.

Ecnu oT BUPTYanbHOWN WKWHBI MUTaHWUS NPOXOAUT CUrHan (BUPTY-
anbHbIM TOK) A0 BLIXOAHOW OBMOTKM, TO Ha COOTBETCTBYIOLUMI BbIXOA
KOHTponnepa noaaércs HanpshkeHne (OH
ycTaHaBnmBaetcs B «1»). HopManbHO pa-
30MKHYTbIA KOHTaKT «3aMbIKaeTCs» B TOM
CSlyyae, eciM Ha COOTBETCTBYIOLMIA BXOA
MK nopaérca HanpsbkeHune («1»). Hop-

100 I0.1 Q0.0
ManbHO 3aMKHYTbIA KOHTaKT «pa3MblKaeT-
Cs», ecnM Ha cooTBeTCTBYtoWMI Bxoa MK /
noaaértcs HanpsbxkeHue («1»).

Takum o6pa3oM, BO pparmeHTe
nporpaMmbl, NpUBEASHHOM Ha puc.4l,  Puc.4l. ®parment nporpammel
KOHTposinepa
curHan Ha obmoTky Q0.0 mpoxoauT B TOM

(Bbl‘-WIC}'IVITe}'IbHaﬂ Ll,eI'IO'-IKa)
cnyyae, korga Ha xoge 10.0 ectb Hanps- Ha si3bike LAD

Network 1
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xeHne (koHTakT 10.0 3ambikaeTcst), a Ha Bxode 10.1 HanpsbkeHus HeT
(10.1=0). B atom cny4ae koHTakT 10.1 HaxoanTCcs B UCXOAHOM COCTOSIHUM,
T.€. 3aMKHYT.

KoHTakTbl MOryT 0603HauaTbCs Takxke no Homepam BbixoaoB (6y-
kBoM Q). B 3TOM cnyyae HOpMasnbHO-PA30OMKHYThI KOHTAKT 3aMbIKaeTcsl,
€C/IM COOTBETCTBYIOLUMIA BbIXOA YCTAHOBJIEH B «1».

Ectb Takke 06MOTKM WM KOHTaKTbl, 0Bo3Ha4yaemble 6ykBoit M
(M0.0, M0.1, M1.0 n T.4.). Takne O6MOTKM MOXHO MpeacTaBUTb Kak pa-
6oune O06MOTKM «BHYTPEHHWUX» pefne KOHTposiepa, KOHTAKTbl KOTOPbIX
NepexsIoYaloTcs NPy NPOXOXKAEHUN Ha 06MOTKY CUrHana OT BUPTYasibHOM
LUMHBI NUTaHWUS.

Paccmotpum npumep npumeHeHust TIIK ans peanusaunmn 3agaum 2.
B paHHOM cnyyae npuBog ByAeT COCTOSTb M3 3MIEKTPUYECKON M MHEBMATU-
YecKoM YacTei 1 yrnpasnstowein nporpammel (prc.42).
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Puc.42. Cxema NHEBMO3M1EKTPUYECKOro NpuBoAa K 3ajaye 2
C YCTPOWCTBOM YrpaBfieHns Ha ocHose MJIK

!
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B MCXOAHOM COCTOSIHUM LUTOK UMAMHAPA BTSHYT, KHOMKW «yck»
n «Cron» omkatbl. HanpsixeHne Ha Bxoabl 10.0 1 10.1 He nocTynaeT, co-
OTBETCTBEHHO B BbluMcnuTenbHOM Lenodke Network 1 koHTakTbl 10.0 ©
10.1 pa3oMKHYTbI, cnegoBaTenbHO, curHan Ha obMoTky M0.0 He nocTyna-
eT. B T0 e BpeMs, ecin KHorka «CTomn» He HaxkaTta, NocTynaet «1» Ha
Bxog 10.2, cootBeTcTBEHHO KOHTAKT 10.2 B uenoyvke Network 1 3aMKHYT
(a B uenouke Network 3 — pasoMkHyT). Kpome TOro, npv BTSIHYTOM LUTOKe
HaXkaT ponMK aatumka [1, COOTBETCTBEHHO 3aMKHYT KOHTaKT 10.3 B ue-
nouke Network 2.

Mpn HaXkaTuUM OfIHOM M3 KHOMOK «[lyck» «1» MOCTynaeT Ha BXoA
10.0 wnm 10.1, 3aMblKaeTcs OAWH M3 COOTBETCTBYIOWMX KOHTAKTOB B Lie-
nouke Network 1, n Ha 06MoTky M0.0 noctynaet curHan no uenu: BLUM —
10.0 nam 10.1 — 10.2 — MO0.0. Mpwn 3TOM 3aMblkaeTcs KoHTakT M0.0 B Lenouke
Network 1 u crasut obmotky M0.0 Ha camobnokuposky. B Network 2 MO0.0
TaKXe 3aMblkaeTcs, MO3TOMY MOCTynaeT curHan Ha obmotky Q0.0
(10.3 3aMKHYT, Tak kak HaxaT ponuk [1). Ha Bbixoge Q0.0 koHTponnepa
NOSIBNISIETCS HANPSXKEHWNE, BKITIOHAETCA 31EKTPOMArHUT Y2, pacnpeaenuTenb
P1 nepekntovaeTcs B NO3MLMIO 2, LUTOK LUMANHAPA BblABUraeTCsl.

Mpn [AOCTUXXEHUW LUITOKOM KPalHEro BbITAHYTOrO MOJIOXEHUS 3a-
MbIKQeTCA KOHTAKT AaTymka [12, nocTynaer HanpsbkeHue Ha Bxoa 10.4, u
B Network 3 koHTakT 10.4 3ambikaercs. [Mpy 3TOM curHan npoxoauT Ha
o6moTKy Q0.1, Ha COOTBETCTBYIOLEM BbIXOAE KOHTpO/IEpa NosiBNseTcs
HarpsXeHne 1 BKIIOYaeTcs anektpomarHut Y1. Pacnpegenutens Pl ne-
pekntodaeTcs B no3uumio 1 (Y2 BbIK/OYEH, TaK Kak NpPU BbIABMXKEHUN
LUTOK@ pa3MbIKaeTCsl KOHTaKT [11), WTOK unnmMHapa BTArMBaeTCs.

Korga WToK BTAHYT, KOHTaKT [1 3aMkHyT, [2 pa3oMkHyT. CooT-
BetctBeHHO 10.3 B Network 2 3amkHyT, 10.4 B Network 3 pasoMKkHyT.
CHoBa Bknovaerca Y2, a Y1 — Bbikodaetcs. LUTok umnmHapa BbiaBura-
erca. Takum obpasoM, WTOK umauHapa 6yaeT coBepliaTb BO3BpaTHO-
NocTynaTesibHble ABUXXEHUS.

Mpn HaxxaTum KHOMKK «CTon» €€ KOHTaKT pasMbIKaeTcs, Hanps-
»eHue Ha Bxoa 10.2 He noctynaeT, koHTakT 10.2 B Network 1 pa3mbikaeT-
cs, a B Network 3 — 3amblikaetcs. MNpu 3ToM 0bmMoTka M0.0 oTkO4aeTCs,
pacnpegenutens P1 nepekntoyaercs B no3uvumio 1, cxema BO3BpaLlaeTcs
B MCXOQHOE COCTOSIHME.

CnegyeT OTMETUTb, YTO MOMMMO KOHTAKTOB M 06MOTOK a3blKk LAD
COAEPXUT €llE Lenblil psa G/10KoB, MO3BOMAOLMX PEANN30BLIBATb Bbl-
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[EPXKKY BPEMEHW, MOACYET KOMMYECTBA COOLITUI U MHOXECTBO APYruX
yHKUMI. BaxkHbIM npenmyliectBoM MK SBASIETCA TaKKe BO3MOXKHOCTb
N3MeHeHns anroputma paboTbl TOMLKO 33 CYET M3MEHEHWs! MPOorpamMbl,
6€3 M3MEHEHMSI SNEKTPUYECKUX U MHEBMATUYECKUX COEAMHEHUIA.

OpHako npu Bbibope BapuaHTa MOCTPOEHUS! YCTPOWCTBA YnpaBs-
NeHus crnefyeT B MepBYD odepedb OpUEHTMPOBaTbCs Ha TpeboBaHus
TEXHWUKM 6e30MacHOCTM, YC/IOBUSI OKpYXXatowei cpefbl U CTOMMOCTb YCT-
POWCTB ANl CO3AaHUS CUCTEMbI YNPABIEHMSI.

SAKJ/TFOMEHUE

B cBeTe cOBpeMeHHbIX TEHAEHUMIN Pa3BUTUSI COBPEMEHHOW TeX-
HUKN aBTOMaTM3aums NpoLeccoB U MalUMH CpefCcTBaMu 3M1eKTPO- U MHEB-
MOABTOMATUKWN SIBNSIETCS MEPCNEKTUBHBLIM HarnpaBieHneM passuTUs 06-
LLLeCTBEHHOr0 Npov3BOACTBaA.

Ycnex peanusauum 3TOro HamnpasneHus obecneuvBaeTcs coBep-
LLUEeHCTBOBaHWEM CTpaTerMmM u MeTofosIorMn MoucKa M BHeApeHUEM nep-
CMEKTUBHbIX CXEMOTEXHUYECKMX PELLEHM aBTOMATU3MPOBAHHbIX CUCTEM B
Npou3BOACTBE.

B nocobumn cucrtemaTmanpoBaHbl K paH>XUPOBaHbI MO 3HAYUMOCTU
NPU3HaKn 1 KpuTepun, Heobxoaumble Ans Belibopa BMAA M TUNa NpuBOAaA.
MpeanoxeHa MeToanka (POPMUPOBAHUS TEXHUYECKOrO 3aJaHUs Ha pas-
pabotky A, normyeckas 3TanHOCTb pa3paboTkm noacucTeM npueoa C
YYETOM WX B3aWMHOMN 3aBUCMMOCTW.

Wcnonb3oBaHue B nocobun onbita OO0 «Kamouuu-NHesmaTuka»
B 06/lacT aBTOMaTM3auMM MPOLECCOB WM MalUMH, 3/IEMEHTHOWN 6a3bl,
npeanaraeMolt poCCUIMCKOMY PbIHKY, MO3BO/IUMIO OCYLLECTBUTL CUCTEMHBbII
noaxoa B cozaaHuu AMM, nyTelt ero peanvMsaunm Kak anst TUMNOBbIX, TaK U
ANa cneumvanbHblX 3ajad aBTOMaTM3aummM B YC/IOBUSX OTEYECTBEHHOMO
nNpuBOAOCTpoeHus. OpueHTaums nocobusi Ha MNepCrekTUBHYI0 3MEMEHT-
Hyto 6a3y aBTOMaTWKW, MpUHUMNBLI U CNOCOBbI NOCTPOEHUS aBTOMaTU3M-
pOBaHHbIX NoACUCTEM yrpasneHust Al cnocobCTBYIOT, N0 MHEHMIO aBTO-
pOB, AOCTWKEHWIO MOCTaBIEHHOM LiEIM — COBEPLLEHCTBOBAHWE METOAOSO0-
rMn co3fiaHmsa nepcnekTnsHbIX AlM.
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