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[IpakTuueckas padora Nel

Tema: «ATIIIapaTypa BTOPUYHBIX IIETEH 2JIEKTPOYCTaHOBOKY

esab padoTbI:

M3yuuTh anmapaTypy BTOPUYHBIX IIENel CXEM YIpaBJEHUS AJIEKTPOYCTAHOBOK.
[TozHakoMuUTbCSI ¢ TpaUIECKUM M TO3UIIMOHHBIM OOO3HAUYCHHEM DJIEMEHTOB CXEM
YIIPABJICHHUS.

3aganmue:

1. M3yuuth rpaduueckoe U MO3UIIMOHHOE O003HAUYEHUE DJIEMEHTOB CXEM
YIIPABJICHHUS.

2. Onucare  anmaparypy  BTOPUYHBIX  LENEd  CXEM  yIpaBJIEHUs
JIEKTPOYCTAHOBOK B COOTBETCTBUU C UH/IMBUIyaJbHBIM 3a/1aHUEM.

3. OTBETUTH Ha KOHTPOJILHBIE BOIPOCHI.

NuauBuayaibHOe 3a1aHue

Tabmuma 1.1
[locnennss Arnmnaparypa BTOPUYHBIX LIETIEN
nudpa 3a4eTHOMN
KHIDKKH
0 Pene mpomMexyTouHoe
1 Pene nanpsbxenus
2 Pene Bpemenu
3 KoHTakTop
4 [TpenoxpaHuTeb MIABKUIA
5 Brikimrouarenh aBTOMaTHYECKUH
6 KHormka ynpaBieHus
7 Jlama curHaspHast
8 BrikimrouaTenb HU3KOBOJIBTHBIN
9 Pene Toka

[Tpumeuanue: Onucanue TOMKHO COAEPKATh!
e o00O3HauEHHUE TUMA U HAMMEHOBAHHE, BHIOPAHHOTO YCTPOWCTBA;
® OCHOBHBIC XapaKTEPUCTUKH yCTPONCTBA;
® CXEMY YCTPOMCTBa C 0003HAUEHUEM XaPAKTEPHBIX TOUEK MOJKIOUYEHUS K
AJIEKTPUYECKOU CXEME;
® OIKCaHUE NPUHLHUIA AEUCTBUS YCTPONUCTBA;
e (parMeHT CXeMbl UCIOJIB30BAHUS TAKOI'O YCTPOMCTBA.

Kparkas Teopust
O6o03HaueHHs B DJIEKTPUUYECKUX CXEMax BBIMONHsETCS B cooTBeTCTBUU ¢ ['OCT

2.710-81.



Hanbonee yacto ucmonb3yeMble B CXeMaX aBTOMATHUKU AJIEMEHTHI COBMECTHO C
rpaduyeckrum o003HAYEHUEM TTIpeicTaBiIeHbl B Tabnuie 1.1.

Tabmuma 1.1
I'paduueckoe O6o3HaueHue Ha
OOBeKT pag
1300paKeHHUE cxemax
NS,
P
CoenrHEHNE KOHTAaKTHOE Pa3beMHOE , X
DIIEKTPOJBUTATEITb M
[IpeoXpaHuTENb MIABKHMA —— FU
QS wm SA (B
PyOunsHUK, BRIKITFOUATEITH - 1(S15:0:4
HU3KOBOJILTHBIN OTHOIOIIOCHBIN - yIIPaBJICHUS U
CUTHAJIM3AIIHH )
Brixrouarens BHICOKOBOJIBTHBIN —f""';q_ Q
. F
Brixrouarens aBTOMAaTHYECKUM J"’x_ gF
KoHTakT MarHMTHOTO MycKaTeJIs
. Y : — KM
3aMBIKAIOIIMI JYyTrOracuTeIbHbIN
KoHTakT MarHMTHOTO MycKaTeJIs KM
Pa3MBIKAOIIAMN JyrOracuTeIbHbIN
KoHTakT 3aMBIKaIONIMN WU
HOPMaJIbHO-Pa30MKHYThIN nin NO e
(normal open)
KoHTtakT 3ambIkaromuii uim 0603HAYCHIIE

HOPMaJIbHO-3aMKHYThIN mi NC
(normal closed)

KoHTakT 3aMbIKaromuii ¢
3aMeJJIEHuEM TIpU cpabaThIBaHUU

KoHTakT 3aMBIKaIOIIUH C
3aMeJICHUEM TIPU BO3BpaTe

KoHTaKT 3aMBIKArOMINN C
3aMeJICHHEM TIpU cpabaThIBaHUU U
BO3BpaTe

KoHnTakT pazmbIkarommii ¢
3aMeJIEHUEM TIpU cpabaTbIBAHUU

KoHTakT pazmbikarommm ¢
3aMeJIJIEHUEM MPU BO3BPATE

BBITIOJIHSIETCS B
COOTBETCTBUU C
0003HAUYCHHEM
YCTPOWCTBA K
KOTOPOMY
OTHOCHTCS
KOHTAKT,
Harpumep KL1.1,
rae KL1 —
MPOMEKYTOUHOE
pene, a 1- Homep
KOHTAaKTa




IIpogomkenue Tadbauisl 1.1

I'paduueckoe O6o3HaueHuE Ha
OOBeKT
H300paKeHUE cxemax
KHxorika ynpaBieHus ¢ 3aMbIKAIOIIUM mE SB
KOHTaKTOM ___f,',.«r_
Kxorka ynpaBiaeHuUs ¢ pa3MBIKAIOITAM m SB
KOHTaKTOM ﬂl\l\_
KoHTaKT KOHIIEBOT'O BEIKJIFOYATEIIS - SQ
3aMBIKAFOIITHI
KOHTaKT KOHIIEBOTO BBIKITFOYATEIS )
Pa3MBIKAOIIN T ll:
Karymika snekTpoMexaHu4ecKkoro K
ycrpoiictBa. O0111ee 0003HaAUCHUE
Karymika smekTpoMexaHuIecKoro
YCTPOWCTBA!
Perne Toka | KA
Pene Hanpsixenus KV
Perne ykazarenbHoe | KH
Pene npomexxyrounoe KL
Pene MmoutHocTn KW
Pene Bpemenu KT
Pene conporusiieHus KZ
Jlamna HakaJIuBaHUA MITH a) EL
a) OCBETUTENbHAs, 0) CUTHAJIbHAs | 6) HL

KoHTpoJbHBIE BONIPOCHI

1. Kak o6o3nauaercs (rpadguyeckoe W OYKBEHHO-IIU(POBOE) KaTyIlKa
AJIEKTPOMEXAHMYECKOr0 YCTPOHCTBA M €ro KOHTaKThl Ha cxemax (Ha mpumepe
IpOMeXKyTOUHOTO perte ¢ 4eThipbMs KoHTakTaMu: 1 —NC, 2 — NO, 3 — NO, 4 —NO)?

2. Kak o6o3Hauaercs (rpaduyeckoe W OyKBEHHO-ITU(POBOE) KaTyIlKa
KOHTaKTOPa U €r0 KOHTAKTHI (CHUJIOBBIC M BCTIOMOTaTEJIbHBIC) HA CXeMax?

3. Urto Takoe KOHIIEBOM BBIKJIIOYATh U KAKOE €ro Ha3HaueHHE?

4, Jlnst kakoro pexuma paboThl YCTPOMCTBA OTOOpa)KaeTcs KOHTAKTHI Ha

AIIEKTPUYECKUX CXemMax?



[IpakTuueckas padorta Ne2

Tema: «CxeMbl aBTOMaTHYECKOTO BBOJIA PE3EPBA»

eab padoThbI:
[To3HaKOMHUTBCSI ¢ MPUHIIAIIOM Pa0OTHI CXEM aBTOMATHYECKOTO BBOJA pe3epBa
(ABP). [Tonyunts nmpakTHdeckue HaBBIKU 10 cOopke 1eneit ABP.

3aganue:
1. N3yuuts paboty cxem ABP.
2. O3HaKOMUTBCS C OCHOBHBIMH XapaKTEPUCTUKAMHU JIeMEHTOB cxeM ABP,

B TOM 4YHCJIE, KOHTAKTOPOB, PEJE€ KOHTPOJSI HAIpPSIKEHUS, aBTOMATHUYECKHUX
BBIKJIFOYATEIICH.

3. Pazpaborars cxemy ABP B cooTBeTCTBUM C 3a]JaHUEM.

4, OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI

NuauBuayaibHOe 3a1aHue

Tabmuna 2.1
[Tocaeauss nudpa 3a4€THON KHIKKH

o | 1| 23| 456 | 7 ]8]09

8% gq | CL|CL ClLicClL|ClL|Cl|Cl Cl|Cl| CI
= g O | m | 2 |JBI JB2 | JIOl |JIO2 | JIA |JIII | JI12
= oo 2|2 |22 C2)C|C|C|C|
&E 2 | JIB1 | JIB2 | JIO1 | JIO2 | JIA | JIl |JII2 | O | IIl

[Ipumeuanue:

Br160op cxembl

C1- cxema Ha pucyske 2.3.

C2- cxema Ha pucyHke 2.4.

Bri6op 3ananus

O — PazpaboraTh oqHO(]A3HBIN BapHAHT CXEMBbI

[11 — BemonauTe u3MeHeHust B cxeme s koHTakTopa KM1: Hampspkenus
cpabarbiBanus koHTakTopa KM1 380 B

[12 — BoimonHUTh W3MEHEHHUS B cxeMme s koHTakTopa KM2: Hampspxenus
cpabatbiBanusi KoHTakTopa KM2 220 B

JIB1 - BremonauTh u3MeHeHUs B cxeMme: Jl00aBUTh HMHIWKAIUIO IJISI CXCMBI
YIIPaBJIEHUS OCHOBHBIM BBOJOM «lIuTaHme oCyIiecTBIsSETCS OT OCHOBHOIO BBOAQ» -
KpacHasl Jiamrna

JIB2 - BremmonHuTh u3MeHeHUs B cxeMme: Jl00aBUTh MHAWKAIUIO IJISI CXCMBI
YIIPaBJIEHUS OCHOBHBIM BBOAOM «lIuTaHue ocymiecTBiIseTCs OT pe3epBHOIO BBOAAY -
KpacHasl Jiamrna



JIO1 - BemomHuTh U3MEHCHHS B cxeme: J|00aBUTh WMHIMKAIIAIO IS CXEMBI
VIPABJICHUSI OCHOBHBIM BBOJOM «lIMTaHme OT OCHOBHOTO BBOJA OTKJIIOYEHO» -
3eJIeHas JlaMIia

JIO2 - BeimogHHTh, H3MEHEHHS B cxeme: J[00aBUTh MHIUKAIUIO IS CXCMBI
YVIPABJICHUSI PE3€pBHBIM BBOJIOM «lIuTaHwe OT pe3epBHOrO BBOAA OTKJIIOYEHO» -
3eJIeHas J1aMIia

JIA - BpmoanuTh W3MEHEHHS B cxeme: J[00aBUTh WHAMKAIIMIO IJIS CXEMBI
ynpasieHus «Hanuune nutanue B eNU HArpy3KW» - JKeJITas JlamIia

JIITI1 - BemonHuTh M3MEHEHUS B cxeme: Jl00aBUTh WMHIMKAIAIO IS CXEMBI
YIPaBJICHUST OCHOBHBIM BBOJOM «Hanmuune HampspKeHHst 10 OCHOBHOI'O BBOAA» -
KpacHas jJjamra

JIII2 - BeImoNHUTE M3MEHEHUS B cxeme: Jl00aBUTh MHIMKAIIAIO IS CXEMBI
YIOPaBJICHUSI PE3EPBHBIM BBOJAOM «Hanmune HampsoKeHus! 10 PE3EpPBHOIO BBOAA) -
KpacHasi jamIa

Kparkast Teopus

ABTOMAaTHYECKOE BKJIIOUEHUE pe3epBa — BKIIOUYECHUE ABTOMATUYECKHM
YCTPOMCTBOM PE3€PBHOTO OOOPYJOBAaHMUS B3aMEH OTKJIIOYMBIIETOCS OCHOBHOTO.
[Iupoko mpuMEHsIETCS B DHEPreTHKE, CIYKUT g obecrieueHus OecrepeOoHoro
AIEKTPOCHAOXKEHUS MOTpeduTeneil. ABromaruueckuid BBoa pesepsa (ABP) saBisercs
YaCThI0 CETEeBOM aBTOMATUKU (peleiHOM 3alllUThl W aBTOMAaTHUKH) OOBEKTOB
SHEPIreTUKH.

Peanmzanuro cxem ABP OCymiecTBIsIOT C TOMOIIBIO CPENICTB PENEUHON 3aIIUThI
M aBTOMATUKH: pejle pPa3IMYHOr0 Ha3HauyeHUs, [UQPOBBIX OJIOKOB 3aluT,
MEePEKITIOYATeNIeH - U3/ICJIUIA, BKITFOYAIOIINX B C€0S1 MEXaHHYECKYI0 KOMMYTAITMOHHYIO
4acTh, MHUKPOMNPOIIECCOPHBIM OJIOK yNpaBJICHUS, a TaKXKe IMaHelb HWHIUKAIUU |
yIIPaBJICHUS.

B kauectBe n3mepurensHoro oprasa st ABP B BEICOKOBOJIBTHBIX CETAX CIIYKaT
perne MHUHMMAJIbHOTO HampsbkeHus (pesie KOHTpoJii (a3), MNOAKIOUEHHBIE K
3alUIIAEMBbIM Y9acTKaM depe3 TpaHchopMaTopbl HampsDKeHUs. B ciydae CHIDKEHHUsI
HaIpsDKEHHST Ha 3al[UIIaEMOM Y4YacTKe SJIEKTPUUECKON CEeTH pene Na€T CUrHail B
cxemy ABP. OnHako, yciaoBu€ OTCYTCTBUS HAIPSIKEHUSI HE SBISIETCS TOCTATOYHBIM
yCIIOBUEM JUIsl TOTO, 4TOOBI ycTpoiicTBo ABP Hauano cBoro pabory. Kak mpasuiio,
JIOJDKEH OBITh YIOBJICTBOPEH €IIE PsiJT YCIIOBHUH:

®Ha 3aIUIIAEMOM Y4aCTKE HET KOPOTKOTO 3aMbIKaHU;

®BBOJHOM BBLIKJIIOYATEIb BKIIOUEH,

®HA COCEHEM YYacTKe, OT KOTOPOrO MPEANOIaraeTcsl nojiydaTb MUTAHUE MTOCIIE
neiictBust ABP umeercst HanpsixeHue.

ITocne mpoBepKM BBITTOJIHEHMS BCEX ATHX YCIOBUM jorudeckas yactb ABP gaér
CUTHAJI Ha OTKJIFOUEHHUE BBOJHOTO BBIKITIOYATENSI 00€CTOYECHHOM YaCTH AIEKTPUUECKON
CETH W Ha BKJIFOYEHHUE BBIKJIIOYATENS PE3EPBHOIO MUTAHUS MOCIIE€ TOTO, KaK BBOJIHOM
BBIKJIFOUATENb OTKJIIOUYMJIICS.



B HU3KOBOJBTHBIX CETSAX OJHOBPEMEHHO B Kauye€CTBE HM3MEPUTEIILHOIO H
IIyCKOBOIO  OpraHa MOTYT CHYXWTb pe€Jieé MHUHUMAJIbHOIO  HaIpSKECHHUS,
MOJKIIIOYEHHBIC K BBOJY WJIM KaTYIIKW 3JICKTPOMarHUTHOro koHtakTopa (Puc. 2.1)
aM00 NpeaHa3HAYeHHbIM s ynpasieHus cxemamu ABP  mukporpoieccopHslii
koHTpoiuiep ABP.

ABP mnoapaznensiercss TakkKe Ha CHCTEMBI C BOCCTAHOBJIEHWEM IHUTAHUS OT
OCHOBHOTO BBOJIa 1 6€3 BoccTaHOBJIeHUS. [Ipu paboTe ¢ BOcCTaHOBIIEHUEM CXEMbI TIPH
HaJU4YUU HANPSIKEHUST Ha OCHOBHOM BBOJIE C YCTAHOBJICHHOW BBIAEPKKOM cxema
BOCCTaHaBJIMBAET MCXOAHYIO KOHGurypanuio. CxemMa MOXKET MNpeaycMaTpuBaTh
pexxum pabotel ABP, nanpumep, «BwviBog ABP», «BBog ABP». Ilpu paspabotke
cxeMbl ABP HE00X0IMMO YUUTHIBATh XapaKTEPUCTUKH MTOTPEOUTEICH U BO3MOKHOCTHU
paboThI BBOJIOB «B Mapajlieiby.

HesaBucumo ot Toro, kakas cxema ABP BwimonHeHna, B mpoekTe 00s3aTenbHO
MPUCYTCTBYIOT JIBE€ ILIEMM — CUJIOBass W CHUTHaJIbHas. Yepe3 NEpBYyr MNOMAIOT
HanpspKeHUE K MOTPeOUTENI0, MOCPEICTBOM BTOPOM YIIpaBistoT padboToii cxembl ABP.

CwioBasi 1emb OPraHU3yeTCsi CUJIOBBIMU KOHTAaKTaMU KOHTAaKTOpa WIH
KOHTAKTaMH yCTPOMCTB, MPEJHA3HAYEHHBIX JUIsI KOMMYTaluW Harpy3kd. [lpum
OpraHu3aluy CUJIOBOM LEIMH C UCTIOJIb30BAHUEM 3JIEKTPOMArHUTHOIO KOHTAKTOpa TPH
¢da3pl momar0T Ha BXOAbI, 00o3HaueHHBIe Kak L1, L2, L3, a TpexdasHyio Harpysky
noakmovaroT k T1, T2, T3. Jlna cxeMbl Ha pUCYHKE 2.2 MUTAHUE CXEMbI Harpy3KH
BhIMONTHAETCSL yepe3 cuioBble KOHTakThl KM1.1, KM1.2, KM1.3 konTtaktopa KM1
npu nuTanuu ot BBoma Nel u uwepes cwmiioBbie koHTakTel KM2.1, KM2.2, KM2.3
koHTaktopa KM2 npu nutanuu ot BBoga No2.

CurHasibHasi 1leNb SIBJISICTCS IIENBIO YIPABICHUS M OpraHu3aluu JIOTUKU
ycrpoiictBa ABP. CurnanbHas 1enb MOXXET UMETh pa3HOOOpa3HYI0 KOH(PUTYpaILUIO B
3aBUCMMOCTH OT 3aJlaHUsl W TapaMeTpoB mnuTaeMou cetu. g ee peanuzanuu
HEOOXOJIMMO HW3Y4YUTh XapaKTEPUCTUKU OOOPYNOBaHUS, MHCIONB3YEMOro Ui ee
peanu3aiuu.

Konrakrop (mar. Contactor «compukacarenab») — JIByXIO3UITUOHHBIN
AIEKTPOMArHUTHBIN anmnapar, NpPEeAHA3HAUYEHHBIM I YacTbIX JUCTAHLIMOHHBIX
BKJIFOUCHUN U BBIKIIOUYECHUN CUJIOBBIX JICKTPUUYECKUX LIEMEW B HOPMAIIBHOM PEXKUME
paboThl. Pa3HOBUAHOCTB 3JIEKTPOMArHUTHOIO PEJIE.

HaubGonee mupoko MNPUMEHSAIOTCS OJHO- M JIBYXIOJIOCHBIE KOHTAKTOPHI
MOCTOSTHHOTO TOKA M TPEXIOJIIOCHBIE KOHTAKTOPHI IEPEMEHHOT0 ToKa. K KoHTakTopam
U3-32 YaCThIX KOMMYTAllMM MPEAbSBISAIOTCS TMOBBILICHHBIE TpeOOBaHUS IO
MEXaHUYECKON M 3JIEKTPUUYECKON M3HOCOCTOMKOCTH. KOHTAaKTOpHI KaK MOCTOSIHHOTO,
TaK M TEPEMEHHOTO TOKa COJAEpKAaT: SJIEKTPOMATHUTHYIO CHCTEMY, KOHTAKTHYIO
CUCTEMY, COCTOAIIYIO U3 MOABUKHBIX U HEMOABUKHBIX KOHTAKTOB, TyTOrACUTEIbHYIO
CUCTEMY, CUCTEMY OJIOK-KOHTAKTOB (BCIIOMOI'aTelIbHbIE KOHTAKTHI, MEPEKII0Yat0IINe
IEMU CUTHAJIW3AlMU M YIpaBJeHUs Mnpu paboTe KOHTAKTOpoB). B oriaumyue oT
aBTOMATUYECKUX BBIKJIIOYATENEH KOHTAKTOPbl MOTYT KOMMYTHPOBAaTh TOJBKO
HOMUHAJIbHBIE TOKH, OHM HE MpPEIHA3HAYEHBbI ISl OTKJIIOYEHHUS TOKOB KOPOTKOTO
3aMbIKAHUSI.

OOmrasi KOHCTPYKIMSI KOHTaKTOpa BKJIIOYAaeT B ce0S OCHOBHYIO 4YacTh,
3aKPEIUICHHYIO CTallMOHAPHO C HEMOJBUXHBIMU KOHTAKTaMH U TOJABUKHBIN SKODb,
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MIEPEIBUTAIOIIUICS TI0 HAIIPABJISIFOIIUM C 3aMBIKAIOIIIMMUCS KOHTAKThl. B mcxomHoM
MOJIOKEHUH SIKOPb yIIepKUBaeTcs npykuHou. [Ipu momaue ynmpaBisioniero curHaiza
AJIIEKTPOMArHuT TPUTATHUBAET SKOpPh, NMPEOAoJeBas €€ yCWiIne, W 3aMbIKaeT W/WIU
pa3MbIKaeT KOHTAKThl B 3aBHCHMOCTH OT KOHCTPYKHHMH pene. Ilocime oTkimoueHus
YIIPABJIAIONIETO HAIPSKEHUSI MPY>KHMHA BO3BPAIIAET SIKOPh B MCXOJHOE IMOJIOKEHUE.
Yrpasnsemas 1eTb JIEKTPUUICCKA HUKAK HE CBS3aHA C YIPaBJISAIONMICH, TO €CTh OHH
raJIbBAHMYECKU U30JIMPOBAHBI IPYT OT JApYyra.

Jlnst obecnieueHus: MPaBMWIIBHONW PabOThI IKCIUTYaTaIl[MOHHOW CXEMBbI TpeOyeTcs
COOTBETCTBHE MapaMETPOB KOHTAKTOPA SKCILUTYaTaI[MOHHBIM YCIIOBUSIM, B TOM YHCIIE,
BEJIMYMHBL. BhIpaxkeHne «BEIMUNHAY SBISIETCS YCIOBHBIM TEPMUHOM, 0003HAYAIOIIINM
TO, KaKOM TOK MOXXET MPOMYCTUTh Yepe3 TIaBHbIE paboure KOHTAKThl BHIOpAHHBIM
MarHuTHBIN myckaTenb. lIpu NpUCBOCHMM BEJIMYMHBI CUMTAETCA, YTO ITyCcKaTelb
paboraer mnpu HampsokeHuun 380 B, a ero pabGoumit pexum AC-3 (Ilyck
AJIEKTPOABUTATENI C KOPOTKO3aMKHYTBIM POTOPOM, OTKIIIOUEHHE BpaIIAOIINXCS
nBurateneit). Bcero HacuuThIBaeTCs BOCEMb BEIMYMH MAarHUTHBIX ITyCKaTenel u
KaXKaast U3 HUX MOJIpa3yMeBaeT CBOM mapameTp Harpyzounoro toka: 0 —6,3 A; 1 — 10
A;2-25A;3-40A;4-63 A;5-100 A; 6 —160 A; 7 — 250 A. lommyckaercs
HEOOJIBIII0€ HECOOTBETCTBHE (B OOJIBIIIYIO CTOPOHY) 1O IOMYCTUMOMY 3HAYEHHIO TOKA.

VYmpaBineHHe KOHTAaKTOPOM OCYIIECTBISIETCS MOCPEICTBOM BCIIOMOTATEIbHOMN
1eny, OOBIYHO TIEPEMEHHOrO0 TOKAa, MPOXOJAIIEro IO KaTyIIKaM KOHTaKTopa,
Hanpsbkeauem 24, 36, 42, 110/127, 220 wmm 380 BoabT, BO3MOXKHO
CTICITUATM3UPOBAHHOE UCITOTHECHHUE KAaTYIIKH KOHTaKTOPA.

B cxemax ABP Ttpexda3zHoii ceTn BO3MOXKHa YCTaHOBKA pelie KOHTpois a3z,
KOTOpoe oOecredynBaeT MOCTOSHHBIM KOHTPONb 3a HampsbkeHHeM BBoa. B ciydae
CHIDKCHHSI WJIM TIOBBIIICHUS HAIPSHKCHUS Ha BBOJE, HEHCIPABHOCTH WJIM OOpHIBA
Tr000i U3 (a3 pese MPOU3BOAUT MEPEKIIIOUCHNUE MOTPeOUTENs Ha APYrol BBOJ, TEM
camMbIM, oOecIieunBas 3allUTy 3JICKTPOOOOPYAOBAHHMS OT aBapUUHBIX PEKUMOB
AEKTPUUECKON ceTu. Pene Takke KOHTPOJMPYET TMOPSAOK ueperaoBaHus ¢as
(¢pazupoBKa), 4TO MO3BOJSIET OMPEACTUTh KOPPEKTHOCTH MUTAIOIIECTO HAMPSIKEHUS,
npuxonsiero Kk norpedurento. K Tomy ke 3T pene pabdOTarOT B KOMIUIEKTE C
AJIEKTPOOOOPYAOBAHUEM, JUII KOTOPOrO HEMpPaBWIbHOE uepeqoBaHHE (a3 MOXET
MIPUBECTH K MOJIOMKE WM HEMTPaBUILHOU padoTe.

B uunciao ocHOBHBIX TpeOOBaHMII K CHCTEeMaM aBapUMHOIO BOCCTAaHOBJICHMUS
AIEKTPOCHAOKEHUST BXOIUT:

ecxema ABP nomxHa mpuxoauTh B IEHCTBUE NMPU UCUE3HOBEHUHU HAIIPSKEHUS B
JIMHUY MOTPEOUTENS MO 000 MPUUYMHE, B TOM YUCIIE MPU aBAPUHHOM, OIMIMOOYHOM
WM CaMOITPOM3BOJIbHOM OTKJIFOUEHHUH BBIKIIIOUATEIeH pabouero HCTOUHUKA MMUTAHUS,

®BKIIFOYCHHE PE3EPBHOTO HCTOYHHWKA IUTAHUA JOJHKHO TPOW3BOJMUTHCS C
3aJIEP’KKOM IO BPEMEHHU, MCKIIovaroied JioxHbie cpabarbiBanus ABP. Jlu6o 6e3
3aJIep’KKH, B Ciydasx, KOTJa HE JONMYCKaeTcs Jake KpaTKOBPEMEHHAs IMOTeps
MUTaHUs: HapuMep, OOIbHUIIBL, TIeHTPbl 00paboTku gaHHbIX (LIO/I), asponopTsr;

eycTporictBO ABP He 10/KHO NOpUXOAWTH B JCWCTBUE [10 OTKIIFOUEHHS
BBIKJTIOUATENsT  pabodero  MCTOYHHMKA, YTOObI  M30€XaTh  OJHOBPEMEHHOTO
MOJIKJTIOYCHHS IBYX HCTOYHUKOB, KOTOPOE MOXKET MPUBECTH K aBapyU B CUCTEME.
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Kaxkune ObIBarOT CXeMbl aBTOMaTHYECKOTO BBOJIa pe3epBa?

B mpocreiiiiemM BapraHTe MOAKIOYEHUS UCIIONB3YIOTCS 2 MCTOYHUKA SHEPIHH.
OHu npeHa3HaueHbl 111 Oecnepe0oMHOro YHEProcHa0KEHNsT OJJHOTO MOTPEOUTE.
Takne cxembl IPUHATO HA3BIBATBH «2 B 1».

CyiiecTByeT Ba OCHOBHBIX THIIA HUCIIOJIHEHHMSI, PA3IMYAIOIINAECS TPUOPUTETOM
BBOJIA!

Opnnocroponnee. B takux ABP ogun BBom urpaer posnb pabouero, To ecTh
UCMOJb3yeTCs, MOKa B JIMHUM HE BO3HUKHYT mpoOsieMbl. Btopoil — sBisercs
PE3epPBHBIM, U TIOJIKJIFOYAETCA, KOTla B TOM BO3HUKAET HEOOXOAUMOCTD.

JIByxcTopoHHee. B 3TOM ciydae Her pasneneHus Ha pabodyio M pe3epBHYIO
CEKIUIO0, TOCKOJIBbKY 00a BBOZIa UMEIOT OIMHAKOBBII MPUOPHUTET.

JI1si HEKOMMEpYECKUX W MPOMBIIUIEHHBIX NMPEANPUITHI TpPUMEHsoTCs Oosee
CJIO’KHBIE CXEMbI U X KoMOuHaimu. Hampumep, 70BOJIBHO paclpocTpaHEHHAs cxeMa
«2 B 2» (nBa pabouMx BBOJA HA JIBE€ CEKI[MU IIMH MOTPEOUTENs) UCHOIB3YETCS B
kauectBe ABP B HU3KOBOJBTHBIX TpaHC(HOPMATOPHBIX MOJCTaHLMAX HA cTopone 0,4
kB u obOecneunBaer Oecriepe0oitHOE AIEKTPOCHAOKEHUE TOPOJCKUX OOBEKTOB
uHdpacTpykrypsl. s morpebuteneir ocoOoOd Tpynmbl, e HEOOXOAUMBI TpPHU
HE3aBHCUMBIX UCTOYHHUKA, UCIOJIB3YIOTCS cXeMbl «3 B 1» (kackanm) u «3 B 2».

Kak mnpaBuio, Kaxaplii MOTpeOUTENh MOAKIIOYAETCS K CEKUUH UIIUH
pachpenenuTeNIbHOro  ycTpoiictBa Huszkoro Hanpsbkenus (PYHH) ¢ momorisio
aBTOMAaTUYECKOrO BbIKItOYaTess. [Ipy nmepexnoyeHnn Takonm CeKIUH Ha PE3EPBHBIN
BBOJ| MOILIHOCTH MCTOYHHMKA MOXET OBITh HEIOCTATOYHO JII CYMMApHON Harpys3ku
CeKIMU HIMH. B Takux ciydasx 4acTb HENPUOPUTETHBIX HATPY30K MOXKET OBITh
OTKJIFOUEHA JIJIsl COXPAHEHHS DHEPreTHUECKOro 0agaHca CUCTEMBI.

Ecniu roBOpUTH O TEXHMYECKOM peanu3aluu cxeM, Kak mpaswio, ABP
BBITIOJHAETCS HAa KOHTAKTOPAX, aBTOMATHYECKUX BBIKIKOYATENAX WM PEBEPCUBHBIX
BBIKJTIOYATENSAX HAarpy3Kd ¢ MOTOPHBIM NMPUBOAOM U OJIOKaMH yrpaBiieHus. Bbioop
KOMMYTAIlMOHHOT0 0o0opyaoBaHus B cxeMax ABP B mepByro ouepenp 3aBUCHT OT
HOMUHAJIbHBIX TOKOB, THMAa cXembl («2 B 1», «2 B 2», «3 B 2»), ypoBHs
JUCTIETYepU3alli U aBTOMATU3AIMU TOTPEOUTENISE SHEPTOPECYPCOB.

Pa6ora cxem ABP

PaccMoTpuMm cxemy, IpecTaBIEHHYIO HAa pUCYHKE 2.1 ¢ OCHOBHBIM M PE3EPBHBIM
BBoJaMH. Hannuue HanpsKeHUs Ha OCHOBHOM BBOJIE KOHTPOJIUPYETCS KOHTAKTOPOM
KM1. Ilpu BxIroueHnn aBTOMaTH4ecKoro Beikiouarens QF 1 v Hamuuuu HanpsKeHUs
Ha OCHOBHOM BBOjie KOHTakTOp KM 1 cpabaThiBaeT 1 3aMbIKAaeTCsl KOHTAKTHAs TPyIIa
KM1.1, KM1.2 (mnsa cxemsl Ha pucyHnke 2.1 a) u KM1.1, KM1.2, KM1.3 (a1 cxemsl
Ha pucyHke 2.1 0), obecnieunBaroias MoJKJIIOYEHUE OCHOBHOTO BBOJA K Harpyske.
[Tpu Mcue3HOBEHUH HAIPSKEHUSI HA OCHOBHOM BBOJie KOHTakTop KM1 otkimovaercs
Y 3aMBIKAET LIeTb MUTaHUs Harpy3ku yepe3 KoHTtakTHyto rpynny KM1.3, KM1.4 (mis
cxembl Ha pucyHke 2.1 a) u KM1.4, KM1.5, KM1.6 (a1 cxembl Ha pucyHke 2.1 0),
obecrieunBaronas MoAKIIOUEHNE PE3EPBHOI0 BBOJIA K Harpys3ke. [Ipu BocctaHoBieHUN
MUTaHUsI OCHOBHOI'O BBOJIa CX€Ma aBTOMATHYECKH MEPEXOIUT HA MUTAHUE HArpy3KU
OT OCHOBHOT'O BBOJIA.
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Puc. 2.1. IIpocras cxema ABP ¢ 0CHOBHBIM U pe3epBHBIM BBOIOM a) 0AHO(}A3HOTO 1 0)
Tpex(ha3HOTo UCIIOIHCHUS

Paccmotpum cxemy, MpeaCTaBIEHHYIO HA PUCYHKE 2.2 ¢ IBYMsI paBHOIPABHBIMU
BBOZaMu. UYTOOBI HE NONMYCTUTHh OJHOBPEMEHHOE MOJKIIOUYEHHE BBOJOB K CXEME
Harpy3kd TPUMEHSETCS TPHUHIIMI B3aWUMHOW OJIOKUPOBKH, pEATM30BAHHBIN Ha
nonoaHuTeNbHBIX KoHTakTax KM2.4 u KM1.4 kontaktopoB KM1 u KM2. Ot kakoro
BBOZla OyIeT MNHUTAaThCS HArpy3Ka, OMPEACIseTCS OYEePEAHOCTHIO BKIIOUYCHUS
aBromatoB QF1 u QF2. Ecnu nepBbim Brimtouaetcst QF1, To cpabaThiBaeT KOHTAKTOP
KM1, ipu aTom paspeiBaercs koHTakT KM 1.4, G0Kupys MOCTYyIJICHHE HAIPSKEHUE
Ha karymky KM2, a Takxe 3ampikaercs koHTakTHas rpynna KM1.1, KM1.2, KM1.3,
obecneunBaromas moAkiaroueHne BBoma Nel k marpyske. I[lpu Bkmouenun QF2
KoH(purypamnus cxembl He usmensiercs. [lpu orkmouennn QF1 wnm rcue3HOBEHHH
Hanpsbkenust Ha BBojsie Nel otkmrouaercst kontaktrop KM1, mpu aTom cobupaercs 1enb
BKiItoueHus konTakTopa KM2 yepes kontakt KM 1.4 u kontaktop KM2 cpabateiBaer.
PaspeiBaercss koHTakT KM2.4 Grokupysi TOCTYIUUICHHE HAMpsKEHUE Ha KaTyIIKY
KMI1, a Takke 3ambikaercsa KoHTakTHas rpymma KM2.1, KM2.2, KMZ2.3,
obecnieynBaroias noaxkiarodeHue Broga No2 k Harpyske.
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Puc. 2.2. Cxema ABP c nByms pabournMu BBOAaMHU TpeX(Ha3HOTO UCIOTHEHHS

OCHOBHOM BBOA, PesepsHbIit BBOS,

L1 L2 L3 L1 L2 L3
1 3 5 1 3 5
QFl‘\#\ QF2
2 4 6 2 4 6
SF2 KM2
p KvV1.2 KM1l.4
1| 3 5 | SF1 < T
2 4 6 3
— Nl ™ -~ Nl ™
— — — o o o
KM2.4
L1 L2 L3 ABC Kvli L1 L2 L3
\ é é Al A2
T1 T2| T3 T1 T2] T3
11 3] 5
QF3
2 4 6
L1 L2 L3 N
Harpyska

Puc. 2.3. Cxema ABP ¢ pabounm u pe3epBHBbIM BBOAaMu (BapuaHT 1)
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Puc. 2.4. Cxema ABP ¢ pabouum 1 pe3epBHBIM BBOJIaMHU (BapHaHT 2)

KoHTponbHbIE BOIPOCH

Ha3nauenue koHTakTOpA.

Kax opranuzyercs 1niens B3auMHOM OJOKUPOBKH KOHTaKTOPOB?
Kaxkoe Ha3znauenue y cunoBoii yactu ABP?

Kakoe Ha3HaueHue y curnainbHoit yactu ABP?

Kak onpenennts cxemy noakiroYeHnss KoHTakropa 1 cetu 380 B?
UYTo Takoe BEIMYMHA KOHTAKTOPA?

ok wnhE
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[IpakTuueckas padora Ne3

Tema: «CxeMbl YIIPABJICHUA ABUI'aTCILIMU

esab padoTbI:

[lo3HaKOMHUTBCST € TPUHIUIOM paboThl cxeMm ympaBieHus. [lomyuutsb
MPAKTUYECKUE HABBIKK MO COOPKE LIETIel YIPABICHHUS.

3aganmue:

1. N3yt npuHIUIBEI paOOTHI CXEM YITPABJICHHUS.

2. Pazpabotath cxeMy JUCTaHLMOHHOTO YIpPABICHUS JBHUraTelieM B
COOTBETCTBUU C UHJAUBUYAIbHBIM 33JIaHHEM.

3. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI

NuauBuayaibHOe 3a1aHue

[Tocnennsist urdpa 3a4eTHON KHUKKH
0 1 2 3 4 5 6 7 8 9
~ logp Cl]ClLCl | Cl|C3]C3|C3 | C3|C4 C4
S 11 | Il | KK |JIB1 | 2 | Il | JIB3 | JIB2 | II1 | IIIl
= X
EE g5 | C2 | C4 ) C2C2|Cl | Cl|Cl|Cl|C3 | C2
Em [2 | KIT |JIB3 | JIB2 | II1 |IIIl | KK |JIB1 | JIB2 | II2
=
58 ., G @ M@ e il e
§§ [2 |II1 | JIB3 | JIB2 | [12 | KII | JIB3 | JIB2 | KII | JIB3
o
=) gg | C4| C4 | C4jC4) C3]C3 C3]C3|Cl|CI
Il |1 | KK | JIB1 | 2 |IIl | JIB3 | JIB2 | II1 | Il
[Ipumeuanue:

Br16op cxembl

C1- cxema Ha pucynke 3.1.

C2- cxema Ha pucyHke 3.2.

C3- cxema Ha pucyHke 3.3.

C4- cxema Ha pucyHke 3.4.

Bri6op 3ananus

BBImOTHUTH H3MEHEHHSI B CXEME!

I11 —nnst marauTHOTO Myckarenss KM1: Hanpspokenus cpabareiBanus 380 B

[12 —pna marauTHOTO Tyckarens KM2: Hanpsokenus cpabateiBanms 220 B

[ITII1 — IIpegycmMoTpeTh NUTAaHWE CUTHAIBHOM CXEMBI OT aBTOMATHYECKOIO
BBIKJTIOUATEISL.

KK - IIpenycMOTpeTh YCTAHOBKY B CXEME TEIUIOBOW 3aIUTHI.
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JIB1 - JIo6aBuTh MHIMKALMIO «J[BUTaTeNb BKIIOUEH» - KpacHas JlaMIia
JIB2 - JloGaBuTh HHAMKaLIMIO «Briepem - KpacHas jamiia.

JIB3 - o6aButh nHAMKauuo «Hazan» - kpacHas namiia.

KII - JIo6aBUTH IOMOJIHUTEILHBINA KHOIMOYHEINA TTOCT.

Kpartkas Teopus

CoBpeMeHHoe oOopymoBaHHME dYacTo paboTraeT B  aBTOMAaTHYECKOM |
MOJTyaBTOMAaTHYEeCKOM peknMe. Hambonee pacrnpocTpaHEHHBIH DJJEMEHT CXEeM
VIIPABJICHUS SIBJISICTCS ACHHXPOHHBIN JBUTATENh C KOPOTKO3aMKHYTBHIM POTOPOM.
ACUHXPOHHBIC JBUTATEId AaKTUBHO HCIOJB3YIOTCI BO MHOTHX  OTPacCisax
MIPOMBIIIJICHHOCTH U CEIbCKOTo Xo3saicTBa. OHu morpedisror npuMmepno /0% Bceit
OHEPruu, MPeAHA3HAYCHHOU /I MpeoOpa30BaHUsl JICKTPUUECTBA BO BpAIaTEIHHOE
WM TOCTyNaTeNbHOE JBUKEHHUE. ACHHXPOHHBIC JBUTaTeNId 3apEKOMEH]I0BAId CeOs
HanbOojee 3((PEKTUBHBIMH B KauyeCTBE OJJICKTPHUYCCKOM TATH, 0€3 KOTOpOM He
O0XOIATCS MHOTHE TEXHOJOTHYECKHE OIepanud, B TOM 4YHCIE, Ha OO0BEKTax
AIICKTPOIHEPT e TUKH.

CxeMbl ymOpaBieHHUS JJIEKTPOJBHUIATEIIIMH MOTYT OBITh pa3lIMYHbI, TaK Kak
MPUHITUIIEI  AaBTOMATHYECKOTO M TIOJyaBTOMATHYECKOTO pPEeXMMa pPaOOThI MOTYT
CYLIECTBEHHO OTIMYAThCS APYT OT ApyTa.

[TomyaBTOMaTH4ECKOE yIpaBiICHUE MpeaycMaTpUBaeT YdacTHE OIeparopa,
KOTOPBI HHUITUUPYET MYCK 000pyI0BaHUS HAKATHEM COOTBETCTBEHHON KHOIIKH WJIH
noBopauuBas pberyar. Ilocime 3Toro ¢GyHKIMS MepcoHalla 3aKII0YaeTcCsl JUIIh B
KOHTpOJIe pabouero mporecca. [Ipy aBTOMaTHYECKOM YyIIpaBICHUH TTePBOHAYATHHBIH
MyCK 00OpYIOBaHUS OCYIICCTBISIIOT peie WM JaTYMKH, T0CJIe Yero padoThI
BBITIOJTHSICTCS. B COOTBETCTBUU C 3aJaHHBIMH MpOTpaMMaMH. Takoe MporpaMMHOE
YCTPONCTBO YaCTO BBITOIHACTCS C MIOMOIIBIO JIOTHYSCKUX CXEM, BAPHAHTOB KOTOPBIX
MOXXET OBITh JIOBOJIBHO MHOTO. B TIPOMBINIJIEHHOCTH HanOO0JIee YacTO BCTPEUAIOTCS
CIICITYIOIIINE CXEMbI YIIPABIICHNS ACHHXPOHHBIMU SJIEKTPOIBUTATEIISIMU:

®HEPEBEPCUBHOTO YIIPABIICHNUS,

®PEBEPCUBHOTO YIIPABIEHUSI C ABYMSI MAarHUTHBIMH ITyCKATEISIMH.

[Tpu ucnonb30BaHUK CXEMBI YITPABJICHHS JICKTPOJABUTATENIEM C HEPEBEPCUBHBIM
yrpasienueM (Puc. 3.1) mocite mycka (Haxkatb SB2) mporcxouT MOAKII0UEHNE K CETH
aekTpoMarauTHON Karymku (KM1). C ee cepiedHUKOM CONTPUKACAETCs MO IBHKHBIN
SKOph W 3aMbIkaeT cuiioBble KoHTakThl (KM1.1, KM1.2, KM1.3). B pe3yibTare Ha
JBUTATENb TojaeTcss TpexdaszHoe HampsbkeHue. [lapamiensHO € CHIJIOBBIMH
KOHTaKTaMH 3aMbIKatoTcs 010kupoBouHbid (KM1.4), 4To 1o3BOJISET 3alIyHTHPOBATH
kHOnKy mycka (SB2) m ormyctuth ee. Konrtakt kontakropa KM1.4 BemosHSeT
byHKIHIO «camonoaxBatay cxembl. Hakumas kHomky crom (SB1), omeparop Tem
cCaMbIM pa3phIBacT IIeMb, OT KOTOPOW 3amuTaHa 3JIEKTPOMArHUTHAs KaTyIlKa. JTO
OCBOOOK/Ia€T SIKOPb, KOTOPBIN MpU TAJCHUM Pa3MbIKAET CHJIOBBIE KOHTAKThI, YTO
MPUBOJIUT K OCTAHOBKE 00OPYIOBAHMUS.
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Puc. 3.1. Cxema HepeBEpPCUBHOTO YIPABJICHUS IBUTaTEIeM

Cxema ympaBlieHUsI PEBEPCUBHBIM JIBUTATEJIEM C MOMOIIBIO JBYX MarHUTHBIX
koHTakTopoB (Puc. 3.2) paboraer aHamOrM4HO mpenbiaylic. V3meHeHue
HaIpaBJIeHUs BpaleHusl (peBepC) pOTOP JBUraTeNsi MEHSAET IPU U3MEHEHUH TOPsIAKa
yepenoBanus a3 Ha ero cratope. [Ipu BximroueHun kontakropa KM1 Ha nBurarenb
npuxomiT ¢aszel - L1, L2, L3, a nmpu BrimroueHun koHTakTopa KM2 - mopsimok ¢a3
mensercs Ha L3, L2, L1. B aToif cxeme ympaBieHHs 3aluTa OT JIATEIHLHOM
neperpy3ku obecrneunBaercs noakimoueHueMm TtemioBoro peie KK. Kpome storo,
BBITIOJIHEHO ~ OTJEJbHOE TMHUTAaHUE CUTHAJLHOM CXEeMbl OT aBTOMAaTHYE€CKOTO
BEIKITIOUaTens SF1.

Bxorouenue aBurarens Ha BpallleHHE B OJHY CTOPOHY OCYIIIECTBIISICTCS KHOITKOM
SBC1 u snexrpomarHuTHbIM KoHTakTopoM KMI1. IIpn HeoO6XoAMMOCTH CMEHBI
HaIpaBJICHHUS BpalleHus HeoOXoauMo Haxkath Ha kHomky SBT "Cron", mBurartens
OCTAHOBUTCS M TOCJIE€ ITOTO NpH Hakatuu Ha KHOMKy SBC2 nBuratenr HaunHAeT
BpallaTtbCsl B APYTYI0 CTOpOHY. B 3Tol cxeme aJis CMEHbI HanpaBjieHUs BPALEHUS
poTopa HEOOXOAUMO MPOMEXKyTouHOe HaxkaTue Ha kHomky "Crom". B cxeme
00s3aTeIbHO WCTOJB30BAHUE B IIEMSIX KAXKIOTO M3 KOHTAaKTOPOB HOPMAaIbHO-
3aKpBITHIX  (pa3MbBIKAIONIMX) KOHTAaKTOB Ui  OOecleyeHus  3alluThl  OT
oqHOoBpeMeHHoro Haxkatusi nByx kHomok "[lyck" SBC1 u SBC2, uro mpuBeneT K
KOPOTKOMY 3aMbIKaHUIO B LEMAX MUTAHUS JBUTATENs. JJONOJHUTENbHBIE KOHTAKTHI B
nernsx kKoHtaktopoB KM1.4 1 KM2.4 He naroT UM BKIFOYUTCS OJHOBPEMEHHO, T.K.
KAaKOW-TMOO M3 KOHTAKTOPOB IMpH HaxaTuu Ha o0e kHomku "Ilyck" BKIIOUMTHCS Ha
CEKYH/Iy PaHbIII€ U PA30MKHET CBOM KOHTAKT B €M APYrOro KOHTaKTOpA.
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Puc. 3.2. PeBepcuBHas cxeMa MOAKIIOYCHHSI aCHHXPOHHOTO JABUratelis (BapuaHTt 1)

HeobxonmumocTs B cO37aHUM TakoW OJOKUPOBKU TpeOyeT WCIOIb30BaHUS
KOHTAaKTOPOB C OOJIBIIMM KOJMYECTBOM KOHTAKTOB, YTO YIOPOXKACT M YCIOKHSCT
AIIEKTPUIECKYIO CXEMY.

Cxema ympaBlieHUsS PEBEPCHUBHBIM JIBUTATENEM C IOMOIIBIO TBYX MarHUTHBIX
KOHTaKTOPOB M TPeX KHOMOK (JIB€ U3 KOTOPHIX MMEIOT KOHTAKThI C MEXaHUYECKOU
CBSI3bI0) MOKAa3aHa Ha PUCYHKE 3.3.

OTnrune 3TOW CXeMbI OT MPEABIAYIIEH B TOM, YTO B IEMH KaXKJIOTO KOHTAKTOPa
kpome o6mieit kHonku SBT "Cron" BKIIOYEHBI IO 2 KOHTakTa KHOMOK SB2 u SB3,
npuueM B 1memun KMI1 kHonka SB2 wumeer HOpManbHO-OTKPBITBIM KOHTAKT
(3ambIkatomuii), a SB3 - HOPpMaIBbHO-3aKPBITEINA (Pa3MBIKAIOIINI) KOHTAKT, B IEMHU
KM2 — knomnka SB2 nmeer HOpMaJIbHO-3aKPBITHIM KOHTAKT (pa3Mbikaroiuii), a SB3 -
HOPMAJIbHO-OTKPBITBIM. [lpr Haxkatmu KaXAO0W W3 KHONOK IENb OJHOIO W3
KOHTAaKTOPOB 3aMBIKACTCS, a IEMb JAPYroro OJHOBPEMEHHO MPH ITOM Pa3MBIKACTCS.
Takoe wHCMONB30BaHWE KHOMOK TMO3BOJIIET OTKA3aThCsl OT  HMCIOJIb30BAaHUS
JOTIOTHUTEIILHBIX KOHTAKTOB JUISI 3alUTBI OT OJHOBPEMEHHOTO BKIIFOUCHHS JIBYX
MmycKaTene (Takol peXuM MpPU ITOM CXeMe HEBO3MOXKEH) U JI1aeT BO3MOXHOCTH
BBITIONTHATE peBepc 0€3 MPOMEXYTOYHOro HaxkaTtus Ha kKHomky "Crom'", 94TO OYEHb
ynooHo. Kuomka "Cton" Hy)KHa JjIi OKOHYATEJIbHOW OCTAHOBKHM jABurartess. Eie
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OHOI OCOOEHHOCTBHIO CXEMBI SIBJISIETCS HAJIMYKUE CXEMBI CUTHAJIU3AINA O COCTOSHUU
pabotsl cxeMbl Ha Jammax HL1 «Bnepen» u HL2 «Hazany.

1 L2 L3 /KW-S
11 3] 5 Myck «Brnepea]  Myck «Hasag»
F1 SB2
Q SB1 m SB3 KM1

Myck «Cton»

2\ 4\ s B . M
L N A [A2

¢ KM2
— ~| o
— - - : 2 2 a/
sl ElE| g gl T m [w
L1 L2] L3 L1 2l L3 KM2.5
# ._)/Il.G «Bnepeay HL1
T1| T2| T3 Ti| T2| T3 ®—‘
KM?2.6 HL2
/ «Ha3a,q»®_.
[
KK1.1

! -~

Puc. 3.3. PeBepcuBHas cxema MOJIKIIOUCHHSI ACHHXPOHHOTO JIBUTATENs (BapUaHT 2)

Ha pucynke 3.4 mpencraBieHa cxema C YIPaBJICHHEM C JBYX paOO4YMX MECT.
DOJIEeMEHThl YIpPaBICHHUS TaKOM CXEMbl HaxXOIATCS B OJIHOM KOXYXE, KOTOPBIH
Ha3bIBAECTCA «KHOMOYHBIM MHOCTOM». IIyCK M OCTaHOB CXEMBI OCYHIECTBIISIETCS C
JH000T0 U3 KHOMOYHBIX MTOCTOB.

Hamnuune cxembl ympaBiieHUS 3JIEKTPUYECKHUMHU ABUTATEISIMUA PEAIONAract
HaJM4KMe myckaress. [lyckaTenb 3JIeKTPOMArHWTHBIA (MarHUTHBIM IyCKaTellb) —
AJIEKTPUYECKUN  ammapar, KOTOPbIM NpPEJHA3HAYeH [UJI1 I1yCKa, OCTAHOBKH,
PEBEPCUPOBAHUS M 3ALIUTHI JNEKTPOABUTATENsl. MarHUTHBIN MyCKaTellb COCTOUT W3
KOHTAKTOpa, KHOIIOYHOI'O ITOCTAa M TEIUIOBOro pesie. Hapsaay ¢ TeninoBoM 3amuTou
MAarHUTHBIA IyCKAaTeNb MNPEAOTBpAIlaeT CaMOBKJIOUEHHE TMOCJIE BOCCTAHOBJICHUSA
MCYE3HYBIIIETO MUTAIOIIETO HaNpshKeHUs. [ J1aBHBIM 00pa30M MAarHUTHBIM MycKaTellb
OPUMEHSIETCS IS JUCTAHIIMOHHOTO ITyCKa, OCTAaHOBAa M 3aIlUTHl Tpex(a3HbIX
ACMHXPOHHBIX JJICKTPOJBHUTATENIEH C KOPOTKO3aMKHYTHIM pOTOPOM. KOHTaKThI
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MarHUTHBIX TycKaTesnel, KomMmyTtupyromux Toku Bbime 20..25 A, cHaGxaroT
JyrOracCUTEJIbHBIMU YCTPOMCTBaMH.

11 L2 13 KHOMOYHbIN KHonouHbI N
noctrl .. noct2 ...
SB1.1 P 812 i KMl
| —_— P :
; P P AL [A2
¢ cTon vo4 | cTon :
I O i SB2.1 L[ sB2.2 II 5
— - — E ) H E
2| 2| 2 : MycK b MycK :
]| 2| | KML1 | ¢ E
i ‘ ‘ ; . o ;
1| 12| T3| i P 5
M

Puc. 3.4. Cxema YipaBJ€eHUA IBUTATEJIEM C UCIIOJB30BaAHHUE IBYX KHOIIOYHBLIX ITOCTOB

B pamkax crangapTuMzalMM K IyCKaTelsM OTHOCST KOMOMHAIMIO BCEX
KOMMYTAIIMOHHBIX YCTPOMCTB, HEOOXOAUMBIX IJISl MyCKa U OCTAHOBKH JIBUTaTeNs, C
3alIUTON OT MEPErpy30K. DINEKTPOMArHUTHBIM SIBJISIETCS ITyCKaTellb, y KOTOPOIo CUJa,
HeoOXxoaMMasl A 3aMbIKaHUSl ~ IJVIABHBIX ~ KOHTAakKTOB,  OOECIeuMBaeTCs
AIEKTPOMArHUTOM. Hapsany Cc AIEKTPOMArHUTHBIMU CYILIECTBYIOT
IIOJIYIIPOBOAHUKOBBIC,  PEOCTaTHbIEC, pPYYHBIE, C JBUTATEIbHBIM  IIPUBOJOM,
IIHEBMATUYECKHUE, DJIEKTPONHEBMAaTUYeCKUe Iyckareyau. Ilyckareins, BKIIOYArOLIUN
pacuupeHHble (YHKIMH C BO3MOXKHOCTbIO OOMeHa HWH(OpMammei, HazbIBaeTCs
IIyCKATEeIb YIIPABIICHUS AJIEKTPOABUTATENS.

KoHTponbHBIE BOIPOCHI

1. Uto Takoe U KaKoe Ha3HAYCHHUE JYTOraCUTEIbHONW KaMephl KOHTaKTOpa?

2. Uto Takoe mycKatenb?

3. Kak BbITIONHSAETCS MOTyaBTOMATHYECKAsI CXEMA C CaMOITOIXBAaTOM?

4, YUTo MHULMUPYET YCK aBTOMATUYECKON CXEMBbI IIyCKa
AJIEKTPOJBUTATENSA?

5. Yto Takoe KHOIOYHBIN MOCT?
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[IpakTuueckas padbora Ned

Tema: «Jlornueckue IIPHUEMBbI COCTABJICHUA W aHAJIN3a peﬂeﬁHO-KOHTaKTHBIX CXEM»

I_IGJII) pa6OTBIZ I/ISYIII/ITL JJOTHUYCCKHUC ITPUCMBI COCTABJICHHA W aHAJIN3a peﬂeﬁHo-
KOHTAKTHBIX CXEM.

3ananue:

1. CocTaBUTh peseiHO-KOHTAKTHYIO CXEMY B COOTBETCTBUHU C JIOTHUECKUM
BBIpQ)KCHUEM WHIUBUAYATBHOTO 3a]aHusl.

2. CoctaBuTh TaOMUIly MCTUHHOCTH [UIsl BBIPAXEHHUS WHIUBUAYATbHOTO
3a7laHmsl.

3. OnTUMU3MPOBaTh JIOTUYECKOE BBIPAKCHHE WHAMBHUIYATHLHOTO 3a/IaHUs
10 3aKOHaM anreOpbl JIOTUKH.

4, CocTtaBUTh  peNEHHO-KOHTAKTHYIO  CXEMY  ONTHMH3UPOBAHHOIO
JIOTMYECKOTO BBIPAXKEHUS MHIMBUYaJIbHOTO 3a/1aHUS.

S. CoctaBuTh TaOJMIly UCTUHHOCTU JIJIsI ONTUMHU3UPOBAHHOTO BBIPAKEHUS
VHAVBUAYAJIBHOTO 3aaHMSL.

6. CpaBHUTH TaOIUIBI UCTUHHOCTU JJIS1 ONTUMHU3WPOBAHHOTO BBIPAKEHUS
WHANBUAYAJIbHOTO 33/1aHUS U UCXOAHOTO.

7. OTBETUTHh Ha KOHTPOJIbHBIE BOIIPOCHI.

I/IHIII/IBI/I,ZIyaJ'IBHOG 3a1aHuC

Tabnuua 4.1
Ne o mopsiiky B ciicke Jlornueckoe BbIpakeHUE
I'pynnbl - .

1 Y = X1- X2+(X3" X4+X1- X2- X3)- X4
2 Y = (X1 X2+X3: X4- X1+X2- X3)- X4
3 Y = X1- X3 X2+X4- X1+ (X2+X3)- X4
4 Y = X1 X3+ (X2+X4: X1+ X2)* (X3+X4)
5 Y = X1- X2' X3 X4+X1: (X2+X3+X4)
6 Y = X1 (X2+X3- X4+X1- (X2+X3+X4)
7 Y = X1 X2 X3 (X4+X1+X2)" (X3+X4)
8 Y = X1 X2- X3 (X4+X1 X2 X3 X4)
9 Y = X1+ X2 X3+ (X4+X1: X2+ X3+X4)
10 Y = X1- X2- X3- X4 (X1+X2)- X3 X4)
11 Y = X1+X2 X3+X4+X1: X2+ X3+X4)
12 Y = X1 X2- X3+X4- X1 (X2+X3- X4)
13 Y = X1- X2 (X3+X4)+X1 X2- X3+X4
14 Y = X1 X2 (X3+X4: X1)+X2- X3 X4
15 Y = X1+ (X2+X3" X4- X1)+X2- X3+X4
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16 Y = X1' X2' (X3+X4 X1)- X2' (X3+X4)
17 Y = X1+X24+X3" X4+X1- X2- X3+X4

18 Y = (X1+X2+X3): X4- X1- X2- (X3+X4)
19 Y = X1 X2+ X3+ X4 X1+ X2+(X3+X4)
20 Y = (X1+X2)- X3+X4- X1+X2- X3 X4
21 Y = X1 (X2+X3): X4 X1- X2 (X3+X4)
22 Y = (X1+X2+X3): X4+ X1+ (X2+X3)- X4
23 Y = (X1+X2)- X3 X4+ X1- (X2+X3+X4)
24 Y = X1+X2: X3+X4 X1+ X2+X3+X4

25 Y = X1 X2+X3- X4 X1 X2+X3+X4

26 Y = X1+X2+X3: X4 X1+ X2+X3+X4

21 Y = (X1+X2+X3)- X4 X1+ X2+X3- X4
30 Y = X1+(X2+X3- X4+ X1)+X2+X3- X4
31 Y =(X1+X2+X3: X4)+X1- (X2+X3)+X4
32 Y = X1 X2+(X3+X4- X1+ X2+X3)+X4

Kparkast Teopust

Bricka3biBaHue - 3TO MOBECTBOBATEIbHOE MPEIJIOKEHHE, PO KOTOPOE MOXKHO
OMpEeICNICHHO CKa3aTh HMCTHHHO OHO HIIM JIOKHO (MCTHHa (Jormueckas 1), JOXb
(;mormueckwuii 0)).

Jlormdeckue omepary - MBICIUTEIbHbBIC JEHCTBUS, PE3yJIbTaTOM KOTOPBIX
SIBIISICTCSI U3BMEHEHHUE COIeP KaHUs WM 00beMa IOHATUH, a TaK)Ke 00pa30BaHNE HOBBIX
TIOHSTHUM.

Jlornueckoe BBIpAXKEHHE - YCTHOE YTBEPXKJIECHUE HIIM 3aIMCh, B KOTOPOE, HAPSY
C TIOCTOSSHHBIMU BEJIMYMHAMHU, O0S3aTE€IbHO BXOIST TMEPEMEHHbIC BEIUYUHBI
(0OBekThl). B 3aBUCMMOCTH OT 3HAYEHUW ATHUX MEPEMEHHBIX BEJIWYUH (OOBEKTOB)
JIOTHYECKOE BBIPAKEHHE MOXET NMPUHHUMATh OJHO M3 JBYX BO3MOXKHBIX 3HAYCHUIL:
ucThHa (Joruueckas 1) v Joxkb (Joruueckuii 0).

CnoxHOe JIOTHYeCKOe BBIPAKEHHE - JIOTUYECKOE BBIPAKEHUE, COCTOAIIEE M3
OHOTO WJIM HECKOJBKUX TMPOCTBIX JIOTHUYECKUX BBIPAKECHUN (MM  CIOXKHBIX
JIOTUYECKUX BBIPAKEHUM ), COETMHEHHBIX C MTOMOIIBIO JIOTHUYECKUX ONEPAIIUiA.

Bynesa anrebpa - 3To hopmManbHBIN CIOCOO OMUCAHUS JIOTUYECKUX OMEpAIIHil.
byneBa anredpa gBiseTcd pa3ieaoM anreOpbl CO 3HAUYCHUSIMHU MEPEMEHHBIX (rUe u
false, 00buHO 0003Hauaembie 1 u 0, ¥ UCMIONIB3YET JIOTHYCCKHIE OTePaTOPhl, TAKHUE KaK
xoubroHKIUA (M, AND, A), nu3bronknus (MJIM, OR, V) u otpunanue (HET, NOT, —).

K ocHOBHBIM (yHKIIMSAM aJireOpbl IOTUKK OTHOCSITCS:

21



1. norumyeckoe yMHOXeHHE - KOHBbIOHKIUSA ((hyHKusa 1M, AND);

X1 X1 X2 Y
] Y 0 0 0
X2 & — 0 1 0
1 0 0
1 1 1

a) 0) B)

Puc. 4.1. OcHOBHBIE XapaKTepUCTUKU KOHBIOHKIIMU: a) JJOTHYECKOe 0003HauEHUE
(hyHKIIMOHATBFHOTO 3HaKa; 0)auarpamma BenHa; B) Tabimiia ICTUHHHOCTH.

2. Toruveckoe ciaoxenue - qusbtonknus (¢ynkius UJIH, OR);

X1 X1 X2 Y
— 1 |v 0 0 0
X2 _ 0 1 1
T 1 0 1
1 1 1

a) 0) B)

Puc. 4.2. OcHOBHBIE XapaKTEPUCTUKU AUIBIOHKIIMH: a) JIOTHYECKOe 0003HaUCHHE
(GyHKIMOHAJIBHOTO 3HaKa; 0)auarpamMMa BenHa; B) Ta0au1ia HCTUHHOCTH.

3. nornyeckoe otpunianue - uaepcus (¢pyakuus HE, NOT).

>
wi| 1 y \\ X1 Y

-0 0 | 1
1 [ o

7

a) 0) B)
Puc. 4.3. OcHOBHBIE XapaKTepUCTUKNA MHBEPCHH: a) JIOTHIECKOE 0003HAUCHHE
(GYHKIIMOHATBHOT O 3HaKa; 0)n1uarpaMMa Benna; B) Tabnuiia HCTHHHOCTH.

4. JIOTHYECKOE CIIOKEHHE IO MOIYIK — CTPOrod AuM3bIOHKIHEH ((QyHKIHS
uckrouaroree I, XOR).

X1 X1 X2 Y
— =1 |v 0 0 0
g _ 0 1 1
1 0 1
1 1 0

a) 0) B)

Puc. 4.4. OcHOBHBIC XapaKTEPUCTUKH CTPOTOH JU3IBIOHKIIMH: a) JOTHYECKoe 0003HaUeHNE
(yHKIIMOHAJBHOTO 3HaKa; 0)auarpamma BeHnHa; B) Ta0inila ICTUHHOCTH.

Crnoxxnble GYHKIIUU aNTeOphl JIOTUKKA MOTYT OBITh TOTY4€HBI U3 TMPOCTHIX MYTEM
00BEeIMHEHUSI UX MEXIy COOOH OIpeNeeHHBIMU JIOTHYECKUMHU CBSI3IMU. Takumu
byukuusamu sisitorest Ltpux leddepa (M-HE, NAND), Ctpenka IMupca (MJIV-HE,
NOR), DxBuBalieHbHOCTD, IMITIHMKaIMs, AbTepHATHBA U Ipyrue. Vcmoib30BaHe nX

JUIS  JIOTHYECKMX  BBICKa3bIBAHWM  YIPOILIAET  pealn3aliio  JIOTHYSCKUX
peoOpa3zoBaHUM.
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CxeMbl aBTOMATHYECKOTO YIIPABICHHUS pa3padaThIBAIOTCA ISl TOrO, YTOOBI
MOJIYYUTh OMPEAECICHHYIO MOCIEA0BATEIbHOCTD I€UCTBUM UCIIOJIHUTENBHBIX OPraHOB
B 3aBUCUMOCTH OT BXOJHBIX KOMaH/I, ITOJaBa€MbIX HU3BHE.

B 3aBrcuMoOCTH OT 3a71aBaeéMbIX KOMOMHAIIMN BXOHBIX KOMaH/ U ONPEACICHHOM
MOCJIEOBATEIbHOCTA MX TMOCTYIUICHUS JOJDKHBI BKJIOYATHCS B CTPOrO 3aJaHHOM
MOCJICIOBATEIbHOCTH  OMPEACIICHHbIE  UCIOJHUTEIbHBIE  OpPraHbl  CHUCTEMBbI
aBTOMAaTUYECKOr O pENeHO-KOHTaKTHOT O YIpaBICHUS. Ota cTporas
MOCIIEOBATEILHOCTh OMPEEIISETCS JOTUYECKU 0O0CHOBAHHOM CTPYKTYPOH CXEMBI.

Pe3ynbrar BBIMOJHEHUST KOHKPETHOM OMEpalud CXEMbl MOXKET OBITh OIMHCaH
Ta0JIUIIeH UCTUHHOCTH - TaOJIHIICH, KOTOpasi OMUCKHIBAET Jorudeckyro Gynkmuio. [Tox
«JIOTUYECKON (yHKIMEH» B JaHHOM CiIydae TOHUMAaeTcs (YHKIUSA, Y KOTOPOU
3HAUYCHHUSl TIEPEMEHHBIX (TapamMeTpoB (QYHKIMHM) M 3HaYeHUE caMol (YyHKIIMHU
BBIPQXKAIOT JIOTHYECKYI0 HMCTHHHOCTh. Takue TaOiWIbl OKa3aJuCh JIOBOJIBHO
yIO0OHBIMH, U ¢ Hadasia XX BeKa 3a HUMH 3aKPEMUJIOCh ATO CIElUaIbHOE Ha3BaHUE.
Oco0eHHO YacTo Ta0aMIbl HCTUHHOCTH NMPUMEHSIOTCS B OyJIeBOM anredpe.

Cama paboTa cxeM pelIeMHO-KOHTAaKTHOW aBTOMATHKHA OCHOBAaHA Ha BIIOJIHE
OIpE/ICNICHHBIX JIOTHUYECKUX MPeoOpa3oBaHUSIX BXOAHBIX KOMaH]l U TMEPEMEIICHUIX
BBIXO/IHBIX UCIIOJIHUTEIBHBIX OPTraHOB.

MaremaTuyeckuii anmnapar aareOpbl JIOTUKH UMEET JIeNI0 C ABYMSI COCTOSTHUSIMU
NICPEMCHHBIX: UCTHHHBIM U JIOKHBIM (1 mim 0), 1 peneiiHO-KOHTAKTHBIC CXEMBI TAKXKe
XapaKTEePU3YIOTCA JBYMS COCTOSIHUSMH DJJICKTPUYECKUX IIENei: OHU MOTYT OBITh
TOJIbKO 3aMKHYTBIMU WJIM TOJIBKO Pa3OMKHYTBIMH. JTO JAaeT BO3MOXHOCTb IpHU
aHaJIM3€ M CHHTE3€ PEICHMHO-KOHTAKTHBIX CXEM HCIOJIb30BaTh 3aKOHBI alre0psbl
JIOTHKH.

Hcxonst U3 BBINIEU3I05KEHHOTO, BUJIMM, UTO aHAJIOTOM KOHBIOHKITUY (@) SIBJISIETCS
MOCJICIOBATEIbHOE  COCAMHEHHWE DJIEMEHTOB, AaHAJIOIOM JU3bIOHKIMH (0) -
napajjiesibHOe, a aHAJIOTOM MHBEPCUHU - HOPMAIbHO 3aMKHYTBIA KOHTAaKT (B), Puc. 4.5.

3
X1 X2 Y X1 Y Y
- s X1
X2 |

a) 0) B)

Puc. 4.5. KonraktHeie ananoru norudeckux ¢ynkuuid: a) U; 6) UJIU; B) HE.

IIpu ananm3e U CUHTE3€ PEIIEHHO-KOHTAKTHBIX CXEM I10JIb3YIOTCS aHAJIMTUYECKOU
3alUChI0 Pa0OTHI OTJEIBHBIX JIEMEHTOB CXEM M pabOThI BCel cxeMbl B 1enoM. [pu
TOM pa3UYHbIE BCIIOMOIATENIbHBIE JJIEMEHTBl CXeM (TpaHchopmaTopel H
BBIIIPSIMUTENNA Ul [UTAHUSA LENEW YIPaBICHHUs, 3allUTHBIC aImaparbl - IUIABKUE
MPEIOXPAHUTENH, TEIJIOBBIE pejie, KIEMMbl, pa3beMbl U T.JI.), HEMOCPEACTBEHHO HE
Y4aCTBYIOLME B CO3/IaHUU JIOTUKH CXEMBI B 3anuch HE BBOAATCA. [locne nmomydyeHus
CTPYKTYPBbI CXE€MBI TAKHME BCIIOMOTAaTENIbHBIE JJIEMEHTHI BBOAATCA B HUX C Y4ETOM
HEOOXOJIMMOCTH 00ECIIEUeHUS 3aIUThl OTIAEIbHBIX LENeld 1 MEXaHU3MOB, a TAKXKE JJIsI
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cozaHusl ynobcta u 0e3omacHOCTH oOciyxuBaHus. [IpuMep peneitHO-KOHTaKTHOU
CXEMHI (a) U ee aHaIMTHYecKas 3anuch (0) mpecTaBIeHbl Ha pUCYHKE 4.6.

e KHonouHbIN KHonouHbIN m—
nocr 1 ymmmmm—aa- noct2 ... ,
§ SB1.1 P sB12 | KM1
; b 5 KK1.1
; ﬂﬁ P Hq : A [a2
i cTon ¢ 1| cTon ; ~
; SB2.1 | sB2.2 II ;
i
; MYCK o MyCcK ;
§ kM1l | ¢ i ;
i
....................... a)
F(KM1) = SB1.1ASB1.2A(SB2.1VSB2.2VKM1.1)
J5R10%1
F(KM1) = SB1.1-SB1.2-(SB2.1+SB2.2+KM1.1)
6)

Puc. 4.6. PeneitHo-KOHTaKTHas cxema (a) U ee aHAIMTHIecKas 3amuch (0)

JIis ONTHMHM3AlKUK CXeM HEOOXOIMMO MCIIOJIb30BaTh 3aKOHBI MPEeoOpa3oBaHMUs
pENCHHO-KOHTAKTHBIX cXeM. Ajredpa JOrHKH M COOTBETCTBEHHO Oasupyromiascs Ha
HEel anreOpa pejedHBIX CXEM HMEIOT CBOM 3aKOHBI BO MHOIOM HAITOMHHAIOIIHE
3aKOHBI OOBIYHOHN anreOpnl. Hike mpuBeIeHBI COOTHOIICHHS BXOIHBIX CHUTHAJIOB
(KOHTaKTOB) C EAMHMIICH U HYJICM:

X-1=x;
Xx+0=x;
X-0=0;
x+1=1;
X-x=0;
X+x=1.

Jnst  anreOpbl  pelelHBIX CXEM  CIPaBEIJIMBBI  NEPEMECTUTENbHBIA U
COYETATENIbHBIA 3aKOHBI, a TaKXe€ paclIpeAeTUTEIbHbI 3aKOH YMHOXEHUS
OTHOCHUTEJIBHO CJIOKEHUS.

[lepemecTUTENBHBIN 3aKOH:

X * Y=Y * X -AJi1 JOTUYECKOT0 YMHOXEHUS;
X + y=y +X -5 JOrUYECKOr O CIOXKEHUS;

CouerarenbHbIN 3aKOH:

(x *y) - Z=x - (y * Z) -1 TIOTHYECKOTr0 YMHOKEHHS;
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(x +y) + 2=x + (y + Z) -1 JIOTHYECKOTO CIIOKCHUS;
PacnipenenurenbHbIi 3aKOH YMHOKEHHSI OTHOCUTENIBHO CIIOKEHUS:
x-(y+7)=x-y+x-L
PacnpenenurenbHbI 3aKOH CIIOKEHUSI OTHOCUTEILHO YMHOXKECHUS:
xty - z=(xty) - (x +2).
3aKOH MMOBTOPEHMUS:
XX..=X 51 X+ X+ ...=X
B »sToM cnydae menb, cocrosias M3 MOCJEI0BATEIIbHOTO U MapajlIeIbHOIO
COCIMHEHUSI OJIMHAKOBBIX KOHTAKTOB OJTHOTO M TOTO JK€ PEJEHHOro 3JIEMEHTAa,
PaBHOCHWJIbHA 110 CBOEMY JICUCTBHIO OJTHOMY KOHTAKTY 3TOTO 3JIEMEHTA.
3aKoHbI UHBEpCUH (3aKOHBI e MopraHa):
Xy =X+Y -JIJ1s JIOTUYECKOTO YMHOKEHUS

X+Yy =X - j; =1JI1 JJOTHYECKOI'O CJIIOKCHUA

B cooTBeTCTBUM C 3TUM 3aKOHOM HCXOAHAsl U MHBEPCHASL CXEMBbI CBSI3aHbl MEXKIY
co00ll Tak, YTO, KOrJa HCXOAHAs CXeMa IpPEJCTaBIsAeT COOON 3aMKHYTYIO Iellb,
MHBEPCHAs CXEMa SBIIIETCS PAa30MKHYTOM, M HaoOopoT. CrenoBareiabHO, €CIU
UCXOJIHAsl CX€Ma MpPEACTaBIIIET COOON MOCTOSHHO 3aMKHYTYIO (pPaBHYIO €IUHUIIE)
Leb, TO UHBEPCHAs €l cxeMa OyJeT MOCTOSIHHO Pa30MKHYTOH (paBHOM HyI0). [Ipu
WHBEPTUPOBAHUH MEHSIOTCS HA ITPOTHUBOIIOJIOKHBIE HE TOIBKO KOHTAKTHI, HO ¥ 3HAKU
JIOTUYECKUX JIEUCTBHUM, T.€. JIOTMYECKOE YMHOXKEHHE MEHSETCA Ha JIOTMYECKOE
CIIO)KEHHUE, a JIOTMYECKOE CIIOKEHHE - Ha JIornyeckoe yMHokeHume. Ha puc. 4.7

npcacTaBJICHA peHCﬁHO'KOHTaKTHaﬂ CcXeMma, IOACHAOIAA 3aKOH HHBCPCHMH.
(] P = | —

B) r)

Puc. 4.7. PeneitHo-KOHTaKTHasl cXeMa JIJIS MOSICHEHUS 3aKOHA WHBEPCUU T10 BBIPAKEHUSIM (a)
xy,©)x+y@®x+y @xy

3aKOH MOTJIONIEHUS JIs1 CIIOKEHUSI U YMHOKEHUS
xX+x-y=ux
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x-(x+y =nx.
3aKOH CKJICMBAHUS JJIsl CIIOKEHHSI M YMHOKCHUSI:
X+X - y=X+Y,
[Ipumep:

1. CocraBuTh pCHCﬁHO-KOHTaKTHYIO CXEMY B COOTBCTCTBHH C JIOTHYCCKHUM

BBIDAKCHHEM: Y = (X1-X2+ X3+ X 4)- X1+ X2-X3+ X4,

Pemenue: Penelino-koHTakTHas cxema MpejcTaBieHa Ha puc.4.8.

2. CocTaBuTh Ta6JII/II_[y HCTHUHHOCTHU HJISA BBIPAKCHMUA!

Y =(x1-x2+x_3+ x4)~x1+x2-x3+x4,

Pemenue: Tabiuiia ICTUHHOCTH TIpeCTaBieHa B Tabmule 4.2.

Tabmuna 4.2
X1 X2 X3 X4 Y X1 X2 X3 X4 Y
0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 1 0 0 1 0
0 0 1 0 0 1 0 1 0 0
0 0 1 1 0 1 0 1 1 0
0 1 0 0 0 1 1 0 0 0
0 1 0 1 0 1 1 0 1 0
0 1 1 0 0 1 1 1 0 0
0 1 1 1 0 1 1 1 1 0
3 Y  —
[ & 2 v
[ q
X3
L~
X2 X3 Vi
e :
Y1
Y2
._/ X1
4
_/ X4
Puc. 4.8. PenieiiHO-KOHTAKTHAA cCXEeMa
3. OnTUMH3UPOBATH JOTMYECKOE BRIPAKEHUE IO 3aKOHAM aJIreOpbl JIOTHKU.
Y =(x1- X2+ X3+ x4)- X1+ X2-X3+ X4,

Y =(x1~x2+x_3+x4)-(x1+ﬁ+ﬁ+ x4),
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Y =(X1:X2+X3+X4)-(X1- X2 X3-X4),

Y =X1-X1-X2-X2-X3-X4+X3-X3-X1-X2- X4+ X4-X4-X1-X2-X3,

Y=0+0+0,

Y =0.

4. CocTaBUTh PEJIEHHO-KOHTAKTHYIO CXEMY ONTUMHU3MPOBAHHOI'O JIOTHYECKOIO
BBIPAXKCHUS.

Pemenwne: PeneitHo-koHTakTHasI cxema IpejcTaBieHa Ha pucyHke 4.9.

] y y B3

o

Puc. 4.9. PeneiiHO-KOHTAKTHAA CXEMa

5. CocraBuTh TAOMUIy WCTUHHOCTH JIi ONTHMHU3UPOBAHHOTO BBIPAKCHUS
WHIWBUIYAJILHOTO 3a/1aHU.
Pemenue: Tabmuiia MICTHHHOCTH TpecTaBcHa B Tabmute 4.3.

Tabmumna 4.3
X1 X2 X3 X4 Y X1 X2 X3 X4 Y
0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 1 0 0 1 0
0 0 1 0 0 1 0 1 0 0
0 0 1 1 0 1 0 1 1 0
0 1 0 0 0 1 1 0 0 0
0 1 0 1 0 1 1 0 1 0
0 1 1 0 0 1 1 1 0 0
0 1 1 1 0 1 1 1 1 0

Cocrosinue BBIXOI[HOﬁ BCJIIMYHNHBI HC 3aBUCUT OT COCTOAHMA BXOAHBIX BCINYHUH

KoHTpoJsbHbIE BONpochl

1. Kakue ocHOBHBIE DYHKIIMM areOphl TOTUKHU ?

2. Yrto Takoe TadJIMIa UICTUHHOCTH?

3. Kaxk npencrasnen nornueckunii snementT «JIN» Ha peneniHo-
KOHTaKTHOH cxeme?

4, Kak npezacrapiieH jorudeckuii 3aeMeHT «I» Ha pernelHO-KOHTaKTHOU
cxeme?

5. Kaxk npencraginen norunueckuii 35emMeHT «HE» Ha peneiiHO-KOHTaKTHON
cxeme?

6. Kakne 0CHOBHBIE MTOJIOKEHUS 3aKOHA HHBEPCUU ?
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[Tpaktrueckas pabota Ned
Tema: «OCHOBBI IPOEKTUPOBAHUS CUCTEM YIIPABIICHUS

esab padoTbI:
N3y4uTh OCHOBBI IPOEKTUPOBAHUS CUCTEM YIIPABIICHHUS.

3aganue:
1. CocTaBuTh aBTOMATHYIO Ta0JIMILY, 3a]JAHHON CUCTEMBbI YIIPABJICHHUS.
2. OTBETUTH Ha KOHTPOJIBHBIE BOITPOCHL.

NuauBuayajabHoe 3a1aHKue

HeobOxonumo pa3paboTaTh CHUCTEMY YIPaBJICHUS] KOHBEKIIMOHHBIM O0OTPEBOM,
cocTosamyro u3 A snemeHtoB. Ilpu Ttemmeparype Oompmie B °C H snementos
BKJIFOUYEHBI U BbIaBaThes curdan F. Ilpu temneparype ot D no B °C Bkirouensr J
AJIeMeHTOB U BblZlaBaThcsl curHai N, mpu temmneparype ot E C no D °C Bxmouensr K
AJIEMEHTOB M BblaBaThcsa cUTHai V, eciu Temmeparypa Huxe E “C momkHbl OBITH
BKIIIOUeHbl G 3JIeMEHTOB U BbIJaBaThcsd curHaid L. OCHOBHBIM BO3MYIIAIOIIUM
BO3JICIICTBUEM SIBJISIETCSl TeMIlepaTypa momelneHus. McxomHble TaHHBIE 3a7a4u
npeAcTaBieHbl B Tadnuie S5.1.

TabOmuma 5.1
Ilocmemustst | A | B D E | H | J K| G| F N V L
uubpa
3a4ETHOMN
KHIDKKH
0 211612 8 | 0| 1| 2| 2 |>T - - -
1 312215101 2| 3| 3 - | THOpM - -
2 4 125110, 8 | 2 |3 | 4| 4 - - THOpM
3 312010, 5|2 2| 3|0 - - - <T
4 2 125116 | 5] 01| 2| 2 |>T - - -
5 2 17112 | 9 O[1] 2| 2 - | THOpM - -
6 3122|1510 12 3| 3 - - THOpM
7 4 | 27110, 8 | 2 | 3| 3| 4 - - - <T
8 4 1201115 | 22| 3|4 >T - - -
9 2 | 25|16 | 7 1 1|2 2 - | THopMm - -

Kparkast Teopust

JIro00#1 ecTeCTBEHHBIN S3bIK, HECMOTPSl Ha CBOK CTPOrOCTh U TOYHOCTH B €rO
UCTIOJIH30BaHUH, HE 00JIaZjaeT BO3MOXKHOCTHIO OJHO3HAYHOTO OMHUCAHHS SIBICHUN H
OpOIECCOB U HE IMO3BOJSIET  HEMOCPEJACTBEHHO TMEepedTH OT  ONMCaHUus
(YHKIIMOHUPOBAaHUSI CHCTEMbI YIpaBIE€HUS K €€ mnporpaMMmupoBanuio. [losTomy
TpeOyeTcsi (popMaTu30BaHHOE ONMHMCAHKME (PYHKIIMOHMPOBAHUS aBTOMATH3UPOBAHHOM
CHCTEMBI YIpaBJIeHMs], 00ECIeUnBaIOIIee HEMPOTUBOPEUYUBOCTh U TMOJHOTY 33 aHus
3aKOHOB pa0OTHl CHUCTEMBbI yIpaBjieHus. MHorue pa3pabOTYMKH U MPOrPAMMHUCTHI
3a4acTyl0 HE UCIHOJB3YIOT HUKAKHX CIEIUANTbHBIX (OPMaTbHBIX SI3BIKOB, a
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HEMOCPEJICTBEHHO OT TEXHUYECKOrO 3a/JiaHusl, COCTABJIICHHOTO HAa €CTECTBEHHOM
A3BIKE, MEPEXOIAT K ATally IpOorpaMMHpPOBAaHUSA. Takol MyTh, B MPHUHIMUIIE, MOMXKET
MPUBECTU K CO3JJaHUI0 KAYECTBEHHOW CHUCTEMbI YIPABJICHUS, OJTHAKO Pa3pabOTUUKY
MPUAETCS YaCTO BHOCUTH B MPOECKTUPYEMYIO CUCTEMY MHOTOUYMCIICHHBIC UCTIPABIICHUS
U 100aBieHUs, 0OOHAPYKUBAEMbIE 110 X0y MPOSKTUPOBAHUSI.

Ucnonp3oBaHue  aBTOMATHOTO  OMMCAHUS  CYIIECTBEHHO  OOJerdaet
MPOrpaMMHPOBAHUE TAKUX CUCTEM, COCTOSIHHME KOTOPBIX MOXXHO OIKCaTh B BHUJIE
COBOKYITHOCTH PEXUMOB, KQXKIbI U3 KOTOPBIX ONMPEEsIeTCs] KOMOMHAIMEH BXOI0B U
BBIX0JI0B. Eciii ynanock 0IHO3HAYHO OMPEACTIUTh COCTOSHUE BBIXOJIOB JIJIST KaXKJ0TO
U3 PSKUMOB, TO CUCTEMa YIPABJICHHS TIPEICTABIISAET COO0NH KOMOMHAIIMOHHYIO CXEMY
U IS HE€ MOXET OBITh TPUMEHEHA TEOPHS aBTOMATOB.

Teopust aBToMaToB HauOoJee TECHO CBSI3aHA C TEOPHEH aNrOpUTMOB. aBTOMAT
peodpa3yeT JUCKPETHYIO HHGOPMAIIHIO IO IIaraM B JUCKPETHBIE MOMEHTHI BPEMECHH
U (hopMHpYyeT pe3yabTaT IO 1Iaram 3aJJaHHOr0 aJiropyuTMa.

N3MeHeHne COCTOSIHHMS JTHUCKPETHOTO AaBTOMAaTa BBI3BIBAETCA BXOJHBIMH
CUTHAJIaMU, BO3HUKAIOIIMMM BHE aBTOMATa M MEPEAAIOIIUMUCS 10 KOHEUHOMY YHCITY
BXOJIHBIX KaHaJIOB. Pe3ynbTaToM pabOThl IUCKPETHOI'O aBTOMATa SBIISETCSA BblIada
BBIXOJIHBIX CHUTHAJIOB, IEPEJABAEMbIX BO BHEIIHUE LIENU IO KOHEYHOMY YHCILY
BBIXOJIHBIX CUTHAJIOB. T€OpHusi aBTOMATOB MOXKET OBbITh UCIOJIb30BaHA JJI ONMUCAHUS
QITOPUTMUYECKUX MPOLECCOB, T.€. MNPHU MNPOCKTUPOBAHWU ABTOMATHU3UPOBAHHBIX
CUCTEM YIIpaBJICHUS.

B pamMkax Teopuu aBTOMATOB MPUMEHSIIOTCS aBTOMATHbIE TaOJMUIBI M
HampaBieHHble Tpadwl. g mpocteix meHTpanu3zoBaHHbix ACY TII mocne
COCTaBJICHUSI aBTOMATHOM TaOJIUIIBI MOYKHO MIEPEXOJIUTh K ATAIly MPOrpaMMHUPOBAHUS,
MUHYSL JTan pa3paOoTKH anroputMa. s cocTaBiieHHs] aBTOMATHON TaOJIUIIbI
HEO0XO0AUMO:

1. ITocTpouTh MOJEIb «OOBEKT YIPaBIECHUS — CUCTEMA YIIPABIICHUS — OTIEPATOP».

2. OmpenenuTh COBOKYITHOCTh TOYEK, C KOTOPHIX B CHCTEMY YIIpaBICHUS
noctynaer HeoOxonumasi mHGoOpManus (IaTYMKH, CUTHAIBI OT OMepaTopa), U Kyma
MOJAOTCA YIPABIIIOIIME BO3ICUCTBUA.

3. Bpigenute KOMOWHAIMKM BXOJOB CHCTEMBI YIIPABIEHUS, KOTOPHIE MOTYT
BCTPETUTHCS TIPU (PYHKITMOHUPOBAHNU OOBEKTA yIPABICHUA.

4. O003HAYUTD PEIKUMBI.

5. Jlmst kaxkaoro pekrma 3anucarb COCTOSHUE BBIXOJIOB CUCTEMBI YIIPABJICHUS.

6. Eciiu ynanoch 0IHO3HaYHO ONPEETUTh COCTOSHUE BBIXOAOB VISl KAKOTO U3
PEXUMOB, TO COCTABIIACTCS aBTOMATHAs TaOIUIIA.

7. Eciu He ynanoch OJHO3HAYHO 3aloJIHUTh aBTOMAaTHYIO Tabauiy (y KOTOpou
KOKJIOMY BXOJHOMY HaOOpYy OJIHO3HAYHO COOTBETCTBYET €AMHCTBEHHBIM BBIXOIHOM
Habop), TO ITO O3HAYAET, YTO B CUCTEME YIpaBJIEHUS HEJIOCTATOYHO BXO/A0B. B aTOM
CJiydae HY>)KHO YBEJIMYUTh YUCJIO BXOJIOB B CUCTEMY YIIpaBJIEHUs 100aBJICHUEM HOBBIX
JATYMKOB WJIM BBEJICHUEM IaMSTH.

8. Ilpu BBeEHNY TOMOTHUTEIBHBIX TaTYNKOB IIOBTOPSFOTCS IMyHKTHI 1-6.

Ecnu B pe3ynbTaTe mojiyduiach KOMOWHAIIMOHHASI CXEMa, MEePeXosT K ATamy
porpaMMHUpOBaHus. BBeneHne namsty mo3BossieT GUKCHPOBATh ACHCTBUS, KOTOPHIE
cucteMa (hopmupoBaja B npouuioM. [laMsaTe B MOENIN CUCTEMBI YIIPABICHUS MOXKET
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ObITh BBEJCHA 3a CUET J00aBIIEHUS OJHOTO BXOJa (COCTOSHHUE MaMATH B Haydaje
[IMKJIa), U BBIXOJa (CO CTOSHUE MaMSATH B KOHIIE IMKIA). DTOT BXOJ U BBIXOJ
pa3pabOTYUK UCIIONB3YET MO0 CBOEMY YCMOTPEHHIO /ISl TOTy4eHUsI KOMOMHAIMOHHOM
CXEMBI.

[Ipumep.

HeobOxonumo pa3paboTaTh CUCTEMY YIPABJICHHUS KOHBEKIHOHHBIM OOOTPEBOM,
cocrosmryto u3 2 oborpepareneid. [Ipu temmneparype B momemieHuu 6onbiie 22 °C
obOorpeBarenu oTkiatoueHbl. [Ipu Temmeparype ot 16 mo 22 °C Brimouen 1
oborpeBarens 1 BbIaBaThes curHan « HopmanpHas TemmnepaTypay, pu TeMIepaType
ot 11 °C no 16 °C Brimrouensl 2 oborpeBatens, eciu Temmneparypa Hiwke 11 °C 1omkHbl
ObITh BKIIOUEHBI 2 oOorpeBatensi. (OCHOBHBIM BO3MYIIAIOIIMM BO3JEHCTBUEM
SIBIISIETCS TEMITEpaTypa MOMEIICHUSI.

1. IToctpouts MoENb «OOBEKT YIPABIECHUS — CUCTEMA YIPABICHUS — OIIEPATOPH.

TemnepaTypa okpysKarolei cpebl

|

OOBeKT ynpaBiaeHus

Temneparypa
MMOMEILICHUS

VYpasnenue VYmpasieHue
oborpeBareneM 1 | obGorpeBarenem 2

Hopmanshas

Cucrema ynpaBjieHus |[€—
TeMIeparypa

2. OmnpenenuTh COBOKYIHOCTb TOYEK, C KOTOPBIX B CHUCTEMY YIpPaBJICHHUS
nocTynaeT Heooxoaumasi HHGopMalus U KyAa MOJat0TCs YIPABISIOUIUE BO3IEHCTBHUS.

VY cucTtembl yNpaBlieHUSI OAWH AHAJIOTOBBIM BXOH (TOYKA, Ky/la MOCTYIMAET
uH(dopmals OT JAaTdyvKa TEMIIEpaTypbl), U TPU AUCKPETHBIX BBIXOAA JJI MOJAYH
YIIPABJIAIONIETO BO3/ICUCTBUS IEPBOMY U BTOPOMY 000OTpEBATEIO, a TAKKE BBIXOJT JJISI
curnana « Hopmanbnast remmeparypa». O6o3naunm Bxon — X1, a Beixonst Y1, Y2, Y3,
COOTBETCTBEHHO YIpaBiieHHE oOorpeBareseM 1, ympamieHue oOorpepareiieM 2 U
BKJIIOUEHHE/OTKIIIOUeHHE curHaia « HopmanbHas Temneparypay.

3. Bpimenutp KOMOMHAIMM BXOJOB CHUCTEMBI YIPABICHHUS, KOTOPbIE MOTYT
BCTPETUTHCS TIPU PYHKITMOHUPOBAHUU OOBEKTA YIPABICHUS.

Tak kak pexxum ynpassenus npu temneparype ot 11 °C no 16 °C u vuxe 11 °C
OIPEEIIEHO OJHUM AJITOPUTMOM YIIPABJIEHUS - BKIIFOUEHBI 2 000rpeBarTens, TO UMEIOT
paccMaTpuBaeM CIIEAYIOIME KOMOMHAIIMY BXOJIOB CUCTEMbI YIIPABIICHUS:

>22:>16, <22 u <16

4. O003HAYUTD PEKUMBI.

PexuMbl yripaBiieHus, paccMaTpuBaEMON CUCTEMOU, CIIETYIOLIUE:

JIBa obOorpesarenst oTkiaodeHbl; OnuH oOorpeBaTenb BkIOueH W CurhHai
«HopmanbHas Temneparypa»; [[Ba oborpeBaTesns BKIIOYEHBI.

KoMOvHanmm BXOJHBIX CHTHAJIOB, KOTOpPbIE MOTYT BCTPETUTHCS TPHU
(GYHKIMOHUPOBAHUY CUCTEMBI YIIPABIICHHUS], IPUBEICHBI B Ta0IHUILIE 5.2.
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Tabmuna 5.2

X Pexum
>22 JIBa oborpeBaressi OTKJIIOUYEHBI
>16, <22 OnuH oborpeBaTesb BKIIOUYEH
Curnan «HopManbHasi TeMneparypay
<16 JIBa oborpeBarensi BKIFOUESHBI

5. It Ka)a0ro peskruma 3armucath COCTOSHUE BBIXOIOB CUCTEMbI YIIPABIICHHUS.
KoMOvHanmmm BBIXOIHBIX CHTHAJIOB, KOTOPHIE MOTYT BCTPETHTHCS TIPH
G YHKIIMOHUPOBAHUY CHUCTEMBI YIIPABIICHHSI TIPUBEICHBI B TabiuIie 5.3.

Tabmuma 5.3
Y1 Y2 Y3 Pexum
0 0 0 JIBa oborpeBartesi OTKJIFOYEHBI
0 0 1 -
0 1 0 -
0 1 1 -
1 0 0 -
1 0 1 OnuH oborpeBaTellb BKIOUYEH
Curnan «HopmaibHas
TeMIIEpaTypa
1 1 0 JIBa oborpeBaresi BKIIOUCHBI
1 1 1 -

6. Ecniu ynanoch 0IHO3HaYHO OMPEETUTh COCTOSTHUE BBIXOAOB JIJIsI KAKIOTO U3
PEKHUMOB, TO COCTABIISIETCS] aBTOMAaTHAasI Ta0JIMIIa BUA!

CocTosiHME BBIXOJIOB OJIHO3HAYHO OIpezesieHbl. Takum o0pa3oM Ha OCHOBAHHUH
tabawuir 5.2 u 5.3 cTpouM aBTOMaTHYIO Tabnuity (Tabnuna 5.4).

Tabnuma 5.4
Bxonnl Brixoasl Pexum
X Y1 Y2 Y3
>22 0 0 0 JIBa oborpeBaresisi OTKJIIOYEHBI
>16, <22 1 0 1 OnuH oborpeBaTesib BKIOUYEH
Curnan «HopmaibHas
TeMIIepaTypay
<16 1 1 0 JIBa o0orpeBarelnss BKIIOUCHBI
KoHTtponbHbIE BOIPOCHI
1. UTo Takoe NUCKPETHBIN aBTOMAT?
2. Kaxkwue sTansl cocTaBiieHUs: aBTOMAaTHOM TaOIUIIBI?
3. J171s1 yero BBOJUTCS. KOHTYP MaMsATH B aBTOMATHOE OMKCAHKUE PadOThI
aBTOMAaTHU3UPOBAHHON CHCTEMBI YIIPaBIICHUS ?
4, Uro Takoe gatuyuk uHbOpMaIu?
5. Kak onpenensieTcss onTUMaIbHOE KOJIMYECTBO TATYMKOB UH(POpMAIIUH,

HEOOXOAUMBIX JIJIsl KOPPEKTHOI'O OMHUCAHUS paboThl aBTOMATU3UPOBAaHHON CHCTEMBI
yIpaBJICHUSA?
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[Tpaktrueckas pabota Ne6
Tema: «IIporpaMmmupoBaHue JIOTHYECKUX KOHTPOJIIEPOBY

esab padoTbI:

N3yuynTh OCHOBHBIE  XAPAaKTEPUCTUKU  MPOrPAMMHUPYEMBIX  JIOTHUECKUX
KOHTPOJUJIEPOB U TOJYYUTh MPAKTUUECKHWE HABBIKM HAMUCAHUS MPOrPaMMHOTO KO/a
MPOrpaMMHPYEMBIX JIOTUYECKUX KOHTPOJIJIEPOB.

3aganue:

1. U3yuuTh CTpYyKTYpHYIO U QpyHKIHOHAIBHYIO cxemy TTJIK.

2. /Byunts ocHOBbl mporpammupoBanus I[IJIK ¢ wucmons3oBanueM
CIELUAIIM3UPOBAHHBIX IIPOIPAMM.

3. PeanmuzoBath mporpamMmy MO JIOTUYECKOMY BBIPOKEHUIO MHAMBHIYaJIHLHOTO
3amanus (mpaktuaeckoe 3aHsaTHe Ne 4) Ha si3bIKe peledHO-KOHTaKTHBIX cxeM (IL) ¢
VCIIOJIb30BAHUEM CIELUATN3UPOBAHHBIX IIPOIPAMM.

4. Peanu3oBarh MNporpamMmy JIOTUYECKOMY BBIPAKEHUIO WHIUBUAYaJIbHOTO
3amanus (mpakTuyeckoe 3ansaTre Ne 4) Ha si3bIKe AUarpaMM (yHKITMOHATBHBIX OJIOKOB
(FBD) ¢ ucrionp3oBaHiEM CIEIUATH3NPOBAHHBIX TPOTPAMM.

5. PeanuzoBaTh mporpamMmy Mo JOTHYECKOMY BBIPAKEHHUIO WHAMBUAYaJIbHOTO
3a/1aHusl (mpakTHueckoe 3anaTue Ne 5) Ha si3bIKe pelieiHO-KOHTAaKTHBIX cxeM (L) mpu
YCIOBUM HaJIM4YUs Ha BXOAAaX JUCKPETHBIX TEMIIEPaTypHBIX JATYHUKOB C
MCIOJIb30BAaHUEM CIEIUATN3UPOBAHHBIX IIPOIPAMM.

6. Peamu3oBaTh mnporpamMmy JIOTMYECKOMY BBIPQKEHHIO WHAMBHIYAJILHOTO
3a7aHus (mpakTrdeckoe 3ausaTre Ne 5) Ha si3bIKe quarpaMM (yHKIIMOHAIBHBIX OJIOKOB
(FBD) mpu ycioBuu HaM4uus HAa BXOAAX JMCKPETHBIX TEMIIEPATYPHBIX NATYUKOB C
MCIIOJIb30BAHUEM CHELUATM3UPOBAHHBIX IIPOIPAMM.

7. OTBETUTH Ha KOHTPOJIBbHBIE BOIPOCHI.

Kparkas Teopus

VYHuBepcanbHble JIOTUYECKUE YIPABISAIONIME MOJYJIM TpeAHa3HAYEHBI JIs
3aMEHBl TPATUIIMOHHBIX CXEM VYIPABJICHHS, BBIIOJHCHHBIX HAa OCHOBE pelle,
KOHTAaKTOPOB M TIOJIOOHBIX UM YCTPOUCTB. ANTOPUTM (PYHKITMOHUPOBAHUS MOIYJICH
3aJJa€TCsl MPOTrPaMMOM, COCTaBIIEHHON W3 Ha0Opa BCTPOEHHBIX (PYHKIUH, KOTOPHIM
BKJIFOYAeT B ce0s camMble paclpOCTpaHEHHBIC Ha MPAKTHKE JOTHYECKHUE (DYHKITMU
(AND, OR, NOT u ap.), a Takxe crienuaan3upoBanabie GyHKIun. [IpuMepoM MoxkeT
ciyxuth cepusi LOGO! ®dupmbr SIEMENS. [IporpammupoBanue Momyseil MoxeT
OCYILIECTBIIATHCS IIPU MIOMOIIM BCTPOEHHOM KiaBuatypsl 1o ¢ [I9BM.

LOGOQ! Basic umeercs ais1 IBYX KJIacCOB HANPSHKCHUS:

* Knmacc 1 < 24 B, 1.e. 12 B moct. ToKa, 24 B mocT. Toka, 24 B mepem. Toka

Knacc 2 > 24 B, T.e. 115...240 B noct. 1 nepem. Toka B BapuaHTax:

* 0e3 aucruies: 8 BXomoB U 4 BBIXOAA.

* ¢ qucIuieeM: 8 BX0oI0B U 4 BBIXO1A.

Kaxnpiii Bapumant 3aHuMaer 4 mecta Ha mnpoduibHOM mmuHE. OH CHaOXKeH
uHTEepPeiicoM JUIsl TMOAKIIOYEHHUS PACIIMPEHUS ¢ MPEJAOCTaBIsieT B  Ballle
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pacriopsibkeHne 30 TOTOBBIX K HCIIONB30BAHUIO W CICIHATBHBIX (YHKIIANA IS
pa3pabOTKH POrPaMMBbl.

Kaxmoe 6azoBoe ycrpoiictBo LOGO! BasiC MoxkeT OBITh pacIupeHO ¢ IIOMOIIBEO
MOJYJICH pacIIMpPEeHUsT TOrO K€ Kilacca HampspkeHus. [IoaKIFOueHuio Apyr K Ipyry
YCTPOMCTB, OTHOCSAIIUXCS K pa3jIMYHbIM KjlaccaM HampsbKEHUS, MPENsTCTBYET
MeXaHW4YeCcKoe KoaupoBaHue (ITU(TH B KOpIyce).

Uckimouenne: neBbld uHTEp(dENC aHAIOrOBOIO MM KOMMYHUKAITMOHHOTO
MOJIYJIsl UMEET MOTEHIIMANBHYIO pa3Bs3Ky. [loaToMy 3TH MOIYIH paclIupeHuss MOT'YT
COCITUHATHCS C YCTPOHCTBAMHM PA3JIMYHBIX KJIACCOB HAIIPSHKCHHUS.

HesaBucumo ot kommdectBa momyneid, moakiatoueHHbIX Kk LOGO!, B Bamem
pacTopsKEHUN UMEIOTCS CIEAYIONINEe BXOAbI, BBIX0/BI U OuThI mamsitu: 11 — 124, All
—AI8, Q1 -Q16 u M1 — M8.

Namenenue cocrostamsi iemm 0 — 1 /1 — 0

Korna cocrosaue nienu mensiercs ¢ 0 Ha 1, cocrosiue 1 1, B cimydae nepexojia oT
1 x 0, coctossaue 0 TOHKHO COXpaHATHCS, MO KpailHel Mepe, B TeUEHHUE OJTHOTO IUKJIa
ob6paboTtku mporpammsel, 4To0b1 LOGO! mor pacro3Hath HOBOE COCTOSIHHE IICTIH.
Bpems 1iukina o6paboTku mporpaMMbl 3aBUCUT OT BEJIMYHHBI TPOTPAMMBI.

Hnsa noakmodenus gatdnkoB kK LOGO! HeoOXoamMo HCHONB30BaTh CXEMY,
IpeCTaBJICHHYIO Ha puc. 6.1.
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Puc. 6.1. Cxema nogximrouenue garaukos k LOGO!

Brxogamu LOGO! sBisiroTcst pene. KoHTakThI pernie n30JIMpoBaHbl OT HCTOYHUKA
MUTAHUS U BXOJIOB.

K BbIXO/1aM MOKHO MOJKITIOUATh PA3IMYHbBIE HATPY3KHU, HATIPUMED, JIAMITbI, B TOM
YUCIIe TIOMHUHECIICHTHBIC, IBUTATENIA, KOHTAKTOPHI U T.JI.

IHoakmoueHue

Jnst mogxmouenus Harpy3ku kK Bapuantam LOGO! Heo0xomuMo MCmoib30BaTh
CXeMY, IPEJICTABJIEHHYIO Ha puc. 6.2,
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Puc. 6.2. Cxema nogximodenue Harpy3ku k LOGO!

S3p1ku mporpammupoBanus ctannapra MOK 61131-3.

MexnayHapoaubii  crangapt MOK  61131-3, onuchiBalOIui  A3BIKU
IPOrpaMMHUPOBaHUs Uil IPOrpaMMHPYEMBbIX Jorndeckux koHTposuiepos (IUIK).
Crangapr MOK 61131-3 ycranaBmuBaer msTh s3bIKOB IporpammupoBanus [1IJIK,
TpH TpaUUECKUX U JIBa TEKCTOBBIX

[TepBonavanpHO cranmapt HazbiBajicsa |IEC 1131-3 u Obut omyOMvMKoBaH B
1993 1., o B 1997 r. MOK (IEC) neperiient Ha HOBYIO CHCTEMY 0003HAYCHUI U B
Ha3BaHWM CTaHAapTa go0aBuiach mudpa «6». IlponBmwkeHuem craHmapTa
3annMmaetcs opranmsaius PLCopen (http://www.plcopen.org).

OCHOBHOH 1I€NbIO CTaHAapTa ObLIO TOBBIIMIEHHE CKOPOCTHM M KauecTBa
pazpabotrku  mporpamm s [JIK, a Takke  co3jgaHue — SI3BIKOB
MpOrpaMMHUPOBAHMS, OPUEHTUPOBAHHBIX HA TEXHOJOIOB, OOECIEYEHHUE
coorBercTBUsl IIJIK wuaeomorum OTKpPBITBIX CHUCTEM, MCKIIOUYEHUE dTara
JIOTIOJIHUTENILHOTr0 00yueHus npu cMmeHe tumna [1JIK.

Cucrembl mporpamMMupoBaHMs, oOcHOoBaHHble Ha MOK 61131-3,
XapaKTEePU3YIOTCS CAEAYIONIMMU MMOKa3aTEIsIMU:

®HA/ISKHOCTBIO CO37]aBa€MOro mporpaMMmHoro obecrneueHusi. Hane:xxHocTs
obOecrieunBaercss TeMm, 4yto mporpammbl st [IJIK co3pmarorcss ¢ momoribio
CHeIUalbHO MPEJHA3HAYEHHOM JUIsi 3TOro Cpeapl pa3pabOTKH, KOTopas
COJICP)KUT BCE HEOOXOAMMBIE CpEACTBA JUIsl HANUCaHUS, TECTUPOBAHUS U
OTJIaJIKKU TPOrpaMM C MNOMOLIBID 3MYyIATOpoB U peanbhbix IIJIK, a Takke
MHOXXECTBO I'OTOBBIX (DparMeHTOB MPOrPpaMMHOI0 KOJ1a

®BO3MOKHOCTBIO TIPOCTON MOAM(HUKAIIMU MPOTpaMMbl M HapallliBaHUS €€
(G YHKIIMOHATILHOCTH

®IICPEHOCUMOCTBIO TIpoekTa ¢ ogHoro IIJIK Ha npyroi

®B0O3MOKHOCTBIO TTOBTOPHOT'O MCITOJIB30BAHUS OTPAOOTaHHBIX (PparMeHTOB
pOrpaMMbl

®IIPOCTOTOM SI3bIKA M OTPAHUYEHUEM KOJIMUYECTBA €r0 3JIEMEHTOB

34



A3tk MOK 61131-3 mosiBIiIKMCh HE Kak TeOpeTHIecKas pa3paboTka, a Kak
pe3ynbTaT aHaJu3a MHOXKECTBA SI3BIKOB, YK€ MCIOJb3YEMBIX Ha IPAKTUKE U
IIpEIIAraeMbIX peIHKY nponsBoguTensamu 1JIK.

CranmapT ycCTaHaBIMBA€T IATh  SI3bIKOB  MPOTPAMMHUPOBAHHS  CO
CIIEIYIOLIMMHU Ha3BaAHUSIMU:

1. crimcok nHCTpyKIwid (IL — Instruction List)

2. cTpykTypupoBanHbIii TekeT (ST — Structured Text)

3. peCHO-KOHTAKTHBIC CXEMbI, WIH peneliHble auarpammbl (LD —
Ladder Diagram)

4. auarpamMMbl GyHKIMoHaIbHBIX OnokoB (FBD — Function Block
Diagram)

S. nocieaoBaTeabHble QyHKIMOHAIBHBIE cxeMbl (SFC — «Sequential

Function Charty)

S3piku IL u ST sBnstoTCS TEKCTOBBIMU. ['padnuecKuMU A3bIKaMU SIBIISTFOTCS
LD, FBD, SFC.

B cranmapT ObutH BBEICHBI HECKOJIBKO SI3BIKOB (@ HE OJIUH) JJIs1 TOTO, YTOOBI
Ka)KIbIN TIOJIb30BATENIh MOT IPUMEHUTH HaNOO0JIee TIOHSITHBIA MY SI3BIK.

[Iporpammuctsl yaiie BeiOMparoT s3bIK |L (TIoxoxuid Ha acceMOnep) wiu
ST, moxoxuii Ha sI36IK BBICOKOTO ypoBHS Ilackanb. CnenmaincThl, IMEIONTHE
OIBIT pabOThI C pEIeUHON JIOTMKOM, BhIOMparoT si3blk LD. Crnenuanuctsl mo
cucremaM aBToMatmdeckoro ymnpasieHus (CAY) U CXeMOTEXHUKHA BBIOMPAIOT
NPUBBIYHBIN J1s1 HUX s3bIK FBD.

Bb160p 0THOTO U3 MSATH SI3BIKOB ONPEACIIATCS HE TOJIBKO MPEANOYTEHUSIMHU
MOJIb30BATEIIS, HO U CMBICIIOM PEIIAEMOM 3aJjauHu.

Ecnu ucxopnas 3amavya GopMylupyeTcsi B TEPMHUHAX TOCIEA0BATEIHHOM
00pabOTKH 1 Mepelauu CUTHAJIOB, TO JIJIsl HEE MPOIIIE U HATJISITHEE UCTIOIh30BaTh
s3pik FBD. Ecnu 3ama4a onuckeiBaeTcst Kak MoCIeI0BaTEIbHOCTh CpadaThIBAHUN
HEKOTOPBIX KIIFOYEH U pefie, TO I Hee HarjsigHee Bcero oyaet si3bik LD. Jlns
3aJa4, KOTOphl€ H3HA4YadbHO (OPMYJIHMPYIOTCS B BHJAE  CIOXKHOTO
Pa3BETBJICHHOTO AJITOpUTMA, yaoOHee OyaeT si3bik ST.

S3pik MOK 61131-3 6a3upyroTcst Ha CASAYIONINX MTPUHIIATIAX:

®BCsI MIPOrpaMMa pa3dUBaeTCS HA MHOXKECTBO (DYHKIIMOHATBHBIX 3JIEMEHTOB —
Program Organization Units (POU), kaXIplii W3 KOTOPHIX MOXXET COCTOSITh W3
byHKIMNA, GYHKITMOHAILHBIX 0JIOKOB U TiporpaMm. JIro6oi rnementT MOK-niporpamMmbl
MOXET ObITh CKOHCTPYHUPOBAH UEPAPXUIECKU U3 00JIee MPOCTHIX 3JICMEHTOB

eCTaH/IapT TpeOyeT CTPOrod TUNH3ALWU JAaHHBIX. YKa3aHHE THUIOB JaHHBIX
MO3BOJISIET JIETKO OOHApPYXXMBAaTh OOJBIIMHCTBO OIMIMOOK B TIporpamMMe J0 €€
HNCITIOJIHEHU A

®IMEIOTCS CPECTBA JIJIsl UCIIOJIHEHUS Pa3HbIX (PparMeHTOB MPOrpaMMbl B pa3HOE
BpeMsl, C Pa3HOW CKOPOCThIO, a Takxke mapamienabHo. Hampumep, onuH ¢parmMeHt
IpOrpaMMbl MOXKET CKAaHUPOBATh KOHIIEBOM naTuuk ¢ yacToToit 100 pa3 B cekyHay, B
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TO BpeMsI KaK BTOPOI )parMeHT OyJeT CKaHUPOBATh JAaTUYMK TEMIIEPaTyphl C YaCTOTOM
onuH pa3 B 10 cek

e I BHITIOJTHEHMSI OTEpaliii B OMPEAETICHHON MOCIEA0BATEIbHOCTH, KOTOPas
33J]a€TCSI MOMEHTaMU BPEMEHU WM COOBITHSIMH, UCHOJIb3YETCS CHELMAIbHBIA S3bIK
TIOCJIeZI0BATENBHBIX (yHKIIMOHATBHBIX cxeM (SFC)

®CTaH/IAPT MOAJEPKUBAET CTPYKTYpPHI JJIi OMHCAHUS PA3HOPOIHBIX NAHHBIX.
Hampumep, Temiiepatypy NOJIIMITHUKOB HAcOCa, TABJICHUE U COCTOSHUE «BKIIFOUEHO-
BBIKJIFOUE€HO» MOKHO OIUCATh C MOMOLIBIO €AMHON CTPYKTYphl «Pump» u nepenaBathb
ee BHYTPHU IPOrpaMMbl KaK €IMHBII 3JIEMEHT JJaHHBIX

®CTaHIapPT O0ECIEeYMBAET COBMECTHOE MCIIOJNIb30BAHUE BCEX IISITH SI3BIKOB,
MOATOMY JJISl KaKJI0ro (hparMeHTa 3ajJa4d MOKET ObITh BbIOpaH JIt00OM, Haubosee
YIOOHBIH, S3BIK

Cnucok uncmpyxyuti, 1L

Azpik IL HamomuHaeT accemMOep U UCMOIB3YETCs I peanu3anuu (QyHKIUH,
(GyHKIIMOHATBHBIX OJIOKOB M MPOTrpamMM, a TakKe IaroB U mepexonoB B si3bike SFC.
OCHOBHBIM JIOCTOMHCTBOM SI3bIKA SIBJISETCS TPOCTOTA €r0 U3YUCHHS.

Haub6omnee vacro s3wik IL ucnons3yercs B ciaydasix, korja Tpedyercs MoayduTh
ONTUMU3UPOBAHHBIN KOJI AJISl peaTu3allii KPUTUYECKUX CEKIIMI MTPOrpaMMBbl, a TAKKe
JUIS pellieHus] HeOONbIINX 3a/1a4 C MaJIbIM KOJIMYECTBOM Pa3BETBIICHUN alroOpuTMa.

B ocHoOBe si3bIKa JIEKUT NOHATHE AKKYMYJIATOPA U IEPEXO0B 110 METKaM.

[Tpumep nporpammsl Ha 3bike IL ¢ KoMMeHTapusiMu nipuBeieH B uctuHre 6.1.

Haunnaercss mporpamma ¢ 3arpy3kud B akKyMYJISITOp 3HA4€HHS NEPEMEHHOM.
JlanpHelye mark nporpaMMbl COCTOSIT B U3BJICUEHUU COJIEP)KUMOI0 aKKyMyJsaTopa
Y BBITIOJIHEHUHW HaJl HUM OTPAaHMYEHHOTO YHUCIA JOMYCTUMBIX JEHCTBUHN (MX B SI3BIKE
Bcero 24).

Jluctunr 6.1, HiI/IMei HioriaMMLI Ha s3bIKe 1L
- LD Voltage (*3arpysuts Voltage B akkymymaTop*)
- GT 220 (*Ecra >220%)
- IMPCN M1 (*IlepeiiTu k MeTKe, eciu ">220" He BepHO™)
- LD Current (*3arpysurs Current B akkyMmyssaTop™)
- SUB 10 (*Beruects u3 akxymymsTopa 10 *)
- ST Current (*IIpuceouts Current 3Ha4eH. akKymysaTopa*)
- LD 0 (*3arpys3uts B akkymymnaTop 3Hagenue "0"*)
- ST Out (*IIpuceouts Out 3HadeHHe aKKyMyIsTOpa*)

Cmpyxkmypuposannwiti mexkcm, ST
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SI3pik ST gBIAETCA TEKCTOBBIM S3BIKOM BBICOKOI'O YPOBHSA M O4YCHb CHUJIBHO
HanmomuHaeT Ilackaib:

Jluctunr 6.2. [Ipumep mporpamMmmsl Ha si3bike ST
IF Voltage>220 THEN
Current:=Current - 10; (*Eciau V>220 B, T0o yMeHbIIHTH TOK Ha 10%)
ELSE
Current:=50; Speed:= ON;(*YcranoBuTh TOK S0A ¥ BKJIIOYUTH MOTOP*)
END_IF,;

S3pik ST umeer MHOTO OTIMYMH OT si3bika [lackans U pa3paboTad crienHaIbHO
a1 nporpammupoBanus IIJIK. OH comepXUT MHOXKECTBO KOHCTPYKLMN IS
NPUCBOCHUSI 3HAYEHUN TEPEMEHHBbIM, Ui BbI30Ba (DYHKIHMI U (QYHKIMOHAIBHBIX
OJIOKOB, I HalTMCaHUs BRIPAXKEHHM YCIOBHBIX MIEPEX0/I0B, BIOOpA ONEPATOPOB, IS
ITOCTPOEHHS UTEPALMOHHBIX MPOLECCOB.

OTOT sA3BIK TPEIHAa3HAYeH B OCHOBHOM [UJIsl BBIINOJHEHUS  CIIOKHBIX
MaTEeMaTUYECKUX BBIYMCICHHUM, OMHCAHUS CIOKHBIX (DYHKIUH, (QYHKIIMOHAIBHBIX
OJIOKOB ¥ TIPOTPAMM.

A3bik penetino-koumakmmuuix cxem, LD

['padprueckuii A3bIK peseliHOM JIOTUKY BIEPBBIE MOSIBUIICS B BUE DIIEKTPUUECKUX
CXEeM, KOTOPBbIE COCTOSUTM M3 KOHTAKTOB M OOMOTOK 3JIEKTPOMAarHUTHBIX pelne (puc.
6.3).

SI3BIK penerHOW JIOTUKA WHTYWUTHUBHO IIOHSTEH JIOJIAM, CJIETKa 3HAKOMBIM C
AJIIEKTPOTEXHUKOW M  MO3TOMY OKazajcsi HauOojiee paclpOCTpaHEHHBIM B
IPOMBIIUIEHHON aBTOMaTtuke. OOCTyKMBAaIOUMH NEPCOHAN JErKO HaXxOJIud OTKa3 B
00OpyIOBaHMH, MPOCIICKUBAsI TyTh CUTHAJA 110 PEJICHHON AUarpaMme.

Onnako s3pik LD mpoGneMaTuyHO UCMONB30BaTh JJIsi PeaIM3alluU CIOMXKHBIX
QITOPUTMOB, TIOCKOJIbKY OH HE TOAJEPKHUBAET MOAIPOrpaMMbl, (DYHKIUH,
VHKAICYJLMIO W JpPYyrue CPEeACTBAa CTPYKTYPUPOBAHUSA MPOTPAMM C  LENBIO
MOBBIIIEHUSI KAa4eCTBa IPOrPAMMHUPOBAHUS. OTH  HEAOCTATKU  3aTPYAHSIOT
MHOT'OKPaTHOE UCIOJIb30BaHUE MPOrPAMMHBIX KOMIIOHEHTOB, YTO AEJAET IPOrpaMmMy
JUTMHHOW U CJIOKHOM JJI1 00CITY>)KMBaHUSI.

Jlns BeImoyiHEHUsT apudMeTudecknx (PyHKiui B s3bIk LD Obun 100aBiICHBI
(G yHKIIMOHATbHBIE OJIOKH, KOTOPHIC BBIMOIHSIN ONEPAlMH CI0XKEHUS, YMHOXKECHHUS,
BBIYMCIICHUS CPEIHETO U T.1I.

CrioXHbIE BBIUMCIICHHS B 3TOM SI3bIKE HEBO3MOXKHBL. HemocTaTkoMm sBIsieTCS
TaKK€ TO, YTO TOJBKO MAaJIEHbKas 4YacTh IPOTPaMMbl YMEIIAETCI HAa MOHMUTOpPE
KOMITBIOTEPA WM MTAHENIN OIlepaTopa MpU MPOrpaAMMHUPOBAHUH.

HecmoTps Ha ykazaHHble HemocTaTkd, s3blk LD oTHocutcsi k HaumbOomee
pacupOCTPAHEHHBIM B MHUpPE, XOTS HCIOJB3YETCS I MPOrPaMMHUPOBAHUSA TOJBKO
ITPOCTBIX 3a]1a4.
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Puc. 6.3. IIpumep nporpammel Ha si3bike LD (a) u ee skBHBasIeHT B BUC
AJIEKTpUIECKOl 1enu ¢ pee (0)

Juazpammer pynkyuonamwHolx 6aokos, FBD

FBD sBusercs rpaduueckuM  SI3BIKOM W HauOonee  yaoOeH i
IPOrpaMMHUPOBAHUS TPOILIECCOB MPOXOXKACHUS CHUTHAJIOB uepe3 (DyHKIMOHAIbHBIC
OJIOKHU.

A3pik FBD ynoGeH st cXeMOTEXHHUKOB, KOTOpPBIE€ JIETKO MOTYT COCTAaBUTh
AJIEKTPUUECKYIO CXEMY CHUCTEMbI YIIPABJICHUS HA (OKECTKOM JIOTMKE», HO HE UMEIOT
OIBITA IPOrPaMMHUPOBAHUS.

QOYHKIIMOHANIbHBIE OJIOKM TMPEJCTaBISIOT CO0OM (parMEeHTBl MPOrpaMm,
Hanucanubix Ha IL, SFC umu npyrux si3plkax, KOTOpbIE MOTYT OBITh MHOTOKPATHO
UCIOJIb30BaHbl B Pa3HbIX YaCTSAX MPOrPaMMBbl U KOTOPBIM COOTBETCTBYET rpauueckoe
n300pakeHre, MPUHATOEC TpU pPa3padoTKe (PYHKIHMOHAIBHBIX CXEM JJIEKTPOHHBIX
YCTPOKCTB, cM. puc. 6.4.
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Puc. 6.4. Ilpumep nporpammel Ha s3eike FBD niis cxeMbl Ha pucyHke 6.3 6

A3pik FBD Moxer ObITh HMCNONB30BaH [Jisi MPOrpaMMUPOBAHUS (DYHKUHUM,
(YHKIIMOHAIBHBIX OJOKOB U IIPOrpamM, a TaKkKe Ui OMHCAHUS IaroB U IMepexo/ioB B
s3pike SFC. DyHKIMOHANBHBIE OJOKM WHKANCYIUPYIOT JaHHBIE U METOABI, YeM
HAallOMUHAIOT OOBEKTHO-OPUEHTUPOBAHHBIE SI3bIKM MPOrPAMMHUPOBAHUSA, HO HE
NOJJCPKUBAIOT HACJIEJOBAHNUE U TOTUMOP(U3M.

Bce TO, yTo BO BpeMsi KOMNWISLMM WM HMCHOJHEHUS MPOrpamMMbl MOXKET
colepkatb WM o00pabarTblBaTh 3HAYEHUS PA3IMYHBIX TUIOB —  SIBJISIETCSA
OIMMOP(HBIM, HAIPUMED:

®[I€PEMEHHBIE, MEHSIOIME CBOE 3HAUEHUE HA 3HAYEHUE APYTOro THIIA

®00BEKTHI, 00JIAAIONIME CBOMCTBAMHU, KOTOpPHIE MOTYT MEHSATh 3HAYCHHE
TEKYUIEro TUIa Ha 3HaY€HUe APYroro TUIa

o DyHKIIMM, TPUHUMAIOIINE apTyMEHTbBI PA3JIMYHBIX TUIIOB

TunuuabsIM npuMeHeHreM s3bika FBD sBasieTcs onncanue «KeCcTKON JOTMKW» U
3aMKHYTBIX KOHTYPOB CHCTEM YIIPABIICHUS.

S3pIK (PYHKUIHMOHAIBHBIX OJIOKOB SIBIISIETCS yAOOHBIM TakKe JJISI CO3JaHHS H
MOTIOJIHEHUSI OMOJIMOTEKN THUMOBBIX (DYHKIIMOHAIBHBIX OJIOKOB, KOTOPYIO MOXHO
MHOTOKpPAaTHO HCIIOJIb30BaTh IMpU MPOrPAMMHUPOBAHMM  3a/1ad  MPOMBIIIJICHHON
aBTOMAaTHU3aLUU.

Ilocnedosamenvuvie ynkyuonanvole cxemvt, SFC

SFC Ha3bIBalOT $3BIKOM MPOrPaMMHPOBAHMSI, XOTSA MO CYTH 3TO HE SI3BIK, a
BCIIOMOTaTEJIbHOE CPEJCTBO AJII CTPYKTYPUPOBAHUS ITPOIPAMM.

OH mpenHa3HauYeH CHEHUAIBHO JUIsl MPOrPaMMHUPOBAHUS I1OCIIEN0BATEIbHOCTH
BBITIOJTHCHUS JICHCTBUM CHCTEMOM YIpaBJICHMS, KOTJa 3TH JCUCTBHUS JOHKHBI OBITh
BBITIOJTHEHBI B 3aJJaHHbIE MOMEHTHl BPEMEHM WM NpPHU HACTYIUICHHMH HEKOTOPBIX
coObITUH. B ero ocHOBe JIEXHUT MpPEICTaBICHUE CHUCTEMbl YIPABJIECHUS C MOMOIIBIO
TIOHATUMN COCTOSIHUM U MIEPEXOA0B MEKIY HUMU.
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S3pik SFC MOXeT ObITh MCMOB30BaH TAKXKeE I TPOrPaMMUPOBAHUS OTJEIbHBIX
(GYHKIMOHAIBHBIX OJIOKOB, €CIIM alTOPUTM HX pabOThl E€CTECTBEHHBIM 00pazoM
OMNUCHIBAETCS C TOMOUIBIO MMOHITUA COCTOSIHUW U TIEPEXOJIOB.

Ha pucynke 6.3 noka3zan ¢parmeHT nporpammsl Ha si3bike SFC.

[IporpaMmma COCTOUT M3 IIAr0OB U YCIOBHUM IIEPEXOI0B.

[[larn mOKa3bIBAIOTCA HA CXEME MPAMOYTrOJbHUKAMU, YCIOBHUS IEPEXOJ0B—
YKUPHOU NEPEUEPKUBAIOLIEH JIMHUEH.

[Iporpamma BBITIOJHSAETCS CBEPXY BHU3.

HauvanpHbIl mI1ar Ha cXeme MOKa3bIBAETCS B BUJIE JBOWHOTO MIPAMOYTOJIbHUKA.

VY coBus IEpexo/10B 3aMUCHIBAIOTCS PSAAOM C UX 0003HAYCHUSIMH.

Kaxxnprit mar mporpaMmbl MOKET MPEACTABIATH COOOM pean3alfio CIOXKHOTO
aIrOpUTMa, HAIIMCAHHOTO Ha ONHOM U3 MOK-43bIKOB.

== True
Fill
== Cotton = Silk
Boiling -
w—T1>10 e T2>5
Cooling
Tdeg<40

Puc. 6.3.IIpumep mporpammel Ha si3bike SFC

[Tpumep.
1. PeanuzoBaTh porpaMmmy o JIOTUYECKOMY BBIPAKEHUIO
Y :(Xl- X2+ X3+ X 4)- X1+ X2-X3+ X4, Ha sA3bIKe pelieiiHO-KOHTAKTHBIX cxeM (IL) ¢

MCIOJIb30BAaHUEM CHEI[UATU3UPOBAHHBIX MPOTPAMM .
Peanmsanusa nporpamMmel IpeacTaBieHa Ha pUCyHKe 6.4.
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Puc. 6.4. Peanu3zanius nporpaMmbl Ha SI3bIKE peleiiHO-KOHTaKTHBIX cxeMm (IL)

2. PeanuzoBath nporpaMmmy JIOTUYECKOMY BBIPAXKEHUIO

Y:(Xl-X2+X_3+X4)-X1+X2-X3+X4, Ha s3bIKe JAuarpaMMm (YHKIIMOHAIbHBIX

onokoB (FBD) ¢ ucnons3oBaHreM crienaaIn3upOBaHHBIX IPOTPAMM.
Peanm3zarus nporpaMMel pesicTaBieHa Ha pUCYHKE 6.5.
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Puc. 6.4. Peanu3zanus nmporpaMmsbl Ha SI3bIKE JUarpaMM (PyHKIIMOHABHBIX OJI0KOB

KonTposbHbIE BOIPOCH

IPOrpPaMMHOT0

KoJza

1.
2.
cxeMm, LD?
3. Kakas d¢opma 3anucu
¢ yHKIHOHANBHBIX 0510K0B, FBD?
4,
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SA3bIKa

Kaxwue s3p1kn iporpammupoBanus [UIK pernamentupyer MOK 61131-37
Kakas ¢opma 3amucu mporpaMMHOTO KoJa sI3bIKa peNelHO-KOHTAKTHBIX

AuarpamMm

[TpeumymectBa mporpammupoBanus [1JIK Ha s3eike FBD ot si3pika LD?



[TpakTrueckas pabora Ne7
Tema: «ABTOMaTU3UpPOBAHHBIC CXEMBI Ha armapaTHoi iatdopme Arduinoy

L[CJ'IB pa6OTBII I/I3qu/ITB OCHOBHBIC IIPUHOUIIBI pPEaln3ali CXCMHOI'O M
IMPOrpaMMHOIro pCuICHUA MUKPOIIPOLCCCOPHBIX YCTpOﬁCTB.

3ananue:

1. N3yunth XapakTepucTuky anmnapatHoit miardopmel Arduino.

2. [IpoBecTr aHamM3 BapUAHTOB IIOCTPOCHHUS  MHUKPOMPOIIECCOPHBIX
YCTPOMCTB JJIs peain3aliii aBTOMaTU3UPOBAHHBIX CXEM YITPABJICHHUS.

3. [TonyunTh TpakTUYECKUE HABBIKM pPa3pabOTKH aBTOMATHU3WPOBAHHBIX
CHUCTEM C UCTIOJb30BaHUEM amnmnapaTHou miargopmsel Arduino.

4, OTBETUTH HA KOHTPOJIbHBIE BOMPOCHI

NunuBuayanbHOe 3a1aHue MpeACTaBiIeHo B Tadauie 7.1.

Tabmuua 7.1
Ne o 3anaya
MOPAJIKY
B CITUCKE
TPYIIIBI
0 Pa3zpabortarh cucteMy BKIFOYEHHUS CBETOAMOA C IBYMS KHOITKAMH:
Bxmouaercs SB1, orkimouaerca SB2
1 Pazpabortarh cucteMy BKIFOYEHHUSI CBETOAMOA C IBYMS KHOIIKAMH:
Bxmrouaercs SB2, orkimouaercsa SB1 u SB2
2 Pa3zpaborarh cucteMy BH3YyaJIbHOT'O KOHTPOJISI YPOBHS SIPKOCTH
ceeroauona Ha auciiee LCD1602 no 12C ¢ noTeHIMOMETPOM
3 Pa3paboTarh cucTemMy BU3yaJIbHOTO KOHTPOJISI YPOBHS IIyma (C
WCIIOJIb30BaHNE MUKPO(OHA) 10 IPKOCTH CBETOMO1A
4 Pazpaborath cuctemy obpatHoro orcuera Bpemenu (10 cexynm) npu
3aMycKe OT KHOMKU U BU3YAJIbHOT'O KOHTPOJISl IO CBETOIMOAY (CBETUTCS)
5 Pa3zpabortarh cucteMy KOHTPOJIE BPEMEHU HaXKaTOTO COCTOSIHUSI KHOMKHU
U BU3yalibHOr0 KOHTpoJist Ha auciiee LCD1602 o I2C Bpemenu
6 Pa3zpaborars cuctemy mporpaMMHON (hUKcCAUK (3aTTOMIHAHUS )
Ha)KaToro COCTOSHUS KHONKU SB1 1 BU3yanbHOr0 KOHTPOJIS IO
COCTOSTHHIO CBETOIMOa (HaxaTa-cBeTUTCs), SB2 cOpachiBaeT hukcaiumo
7 Pazpaborath cuctemy paboThl cBeTo(dopa - CBETOANO bl (KpACHBIN-
KENThIN-3eJIeHbIN) BKIoYatoTces 1o ouepenu ¢ K-1¢-KXK-0,5¢-K-1¢-3-
1¢c-32K-0,5¢
8 Pazpabortats cuctemy paboThl YPOBHS 3BYyKa (C UCIIOIb30BAHUEM
MUKpPO(OHA) - CBETOANObI (KPACHBIN-KENThIN-3€1eHbIN) BKIIIOUAOTCS
o ¢ ycroswuio 3 (0-30%)-32K(30-60%)-3KK(60-100%)
9 Pazpaborarh crucTeMy CBETOMHAMKAIINY «O€TyIasi BOJHA» - CBETOIHOIbI
(1,2,3,4,5-51mT) BKJIFOYAIOTCS B CJCIYIOIICH MOCIeA0BaTeIbHOCTH: 123-
0,2¢-234-0,2¢-345-0,2¢-451-0,2¢-512-0,2¢
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Kparkast Teopust

Arduin0 — 3To 3JIEKTPOHHBIH KOHCTPYKTOpP W yHOOHas miardopma ObICTpoid
pa3pabOTKU JIEKTPOHHBIX YCTPOUCTB JJisl HOBUYKOB U npodeccuonanos. [Tnardopma
MOJIb3yeTCS OTPOMHOM TOMYJISIPHOCTBIO BO BCEM MHUpPE Osarojapsi yJaoOCTBY H
MPOCTOTE s3bIKA TPOTPAMMHUPOBAHMS, a TaKXKE OTKPBITOH AapXHTEKType W
IPOrpaMMHOMY KOAY. Y CTpOCTBO mporpammupyercs yepe3 USB 6e3 ucnons3oBanus
POrpaMMaTOpPOB.

Arduino mo3BoyiseT KOMIIBIOTEPY BBIUTH 3a pPaMKH BUPTYAJIbHOIO MHpa B
¢dusndeckuii W B3aUMOJCHCTBOBaTH C HHUM. YcTpoiicTtBa Ha 6ase Arduino moryr
noJiydath HHGOPMAIHIO 00 OKPYKAIOIIEH Cpe/ie TOCPEICTBOM PA3INIHBIX JAaTYUKOB,
a TaK)kKe MOTYT YIIPABIISTh PA3IMYHBIMH HCIIOHUTEILHBIMHU YCTPONCTBAMH.

MUKpPOKOHTPOJUIEp HA IIaTe MpOorpaMMUpPYETCsl Mpu ToMoImu s3bika Arduino
(ocHoBan Ha s3bike WIiring) u cpeasl paspaborku Arduino (ocHoBaHa Ha cpeje
Processing). IIpoekTsl ycTpoWCTB, OCHOBaHHbIe Ha Arduino, moryr paboTaTh
CaMOCTOSITEIFHO, JTMOO K€ B3aMMOJICUCTBOBATH C MPOTPAMMHBIM OOeclieueHneM Ha
komnbiorepe (Hamp.: Flash, Processing, MaxMSP). Ilnatel Moryr ObITh COOpaHBI
MIOJTb30BaTENIEM CaMOCTOSITEIPHO MM KYIUIEHBI B cbope. [IporpammHuoe obecriedeHme
JOCTYITHO JUIs OecruiaTHoro ckaduBaHus. Mcxomabie deptexxu cxem ((aiiiasr CAD)
SBIISIFOTCSL  OOIIENOCTYHBIMM, TOJb30BATEIM MOTYT NPUMEHSTh HX IO CBOEMY
YCMOTPEHHUIO.

CymiecTByeT  MHOXECTBO  pasHOBUAHOCTeH  twiar  Arduino,  koTopble
UCTIONIB3YIOTCS  JUIsl  pa3HbIX 1ieneid. Hekoropple miaTel  OTIMYAOTCS  OT
npencrapiennor Hmwke UNO, HO OoabimmucTBO Arduin0 MMEIOT MHOTO OOIIHMX
KOMITOHEHTOB.

Uno cHaOXEH pa3MdHBIMH THIIAMHA BBIBOJOB. KaKIbIii BBIBOA HMEET
MapKHPOBKY Ha IJIATE U UCITOJIb3YETCS IS Pa3IUIHBIX () YHKITHH.

BeiBogpsr muranus (USB / Power jack/Vin)

Konraktel 5 B, 3,3 B, GND, ananorossiii, mudposoii, [IINM, AREF

Bce xontaktel UNO mmeroT 4€pHbie MIIaCTUKOBBIE pa3béMbl. OHU MO3BOJISIFOT
MIPOCTO MOJKIIOYUTH MPOBOJT MPSMO K TJ1aTe 0e3 maiku.

[Iuranue

Arduino Uno moxker monydaTh nuTaHue 4epe3 mnoakiaodcHue USB wmm or
BHEIITHETO NCTOYHMKA NMTUTaHUsA. VICTOUHUK TUTaHUS BHIOMPAETCS aBTOMATHIECKH.

Buemuee nuranune (He USB) MokeT mogaBaThCs depe3 MPeoOpa3oBaTeb
Hanpsokeanss  AC/DC  (6iok  muTaHMs) WIM  aKKyMYJISTOPHOH — Oartapeeii.
[IpeoOpazoBaTenh HANPSDKCHHS TOMKIIOYACTCS TOCPEACTBOM pasbeMa 2.1 mMm ¢
[EHTPAJIBLHBIM TOJIOKHUTEIbHBIM TMOMIOcOM. [IpoBoma oT 6arapen MOAKIIOYAIOTCS K
BeiBojIaM GNd u Vin pazsema nutaHusl.

[Tnarpopma moxker paboraTh mpu BHemHeM nuTanuu or 6 B go 20 B. Ilpu
HaIpsDKeHUW TTuTaHus Hwke / B, BBIBog SV MokeT BbIaBaTh MeHee 5 B, mpu aToM
miatgopmMa MOKeT paboTaTh HecTaOMIbHO. [Ipy MCTOIb30BaHNM HAMPSKEHUS BEIIIIC
12 B perymarop HanpsOKeHHS MOXET TIeperpeThCs | IMOBPEIUTH  IUIATY.
Pexomenyemsiii nuana3zon ot 7 B qo 12 B.

BriBoibI IMTAHUS:
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VIN. Bxon ucnonbs3yercss i MoAauul MUTaHUS OT BHENIHErO0 MCTOYHHUKA (B
orcyrcTBue 9 B oT pazbema USB uiu pyroro peryimpyemMoro KCTOYHUKA MTUTAHUS).
[Tomaua HanpsHKEHUS TMTAHUS MPOMCXOINUT Yepe3 JaHHBIA BHIBOJI.

5V. Perymupyempiii MCTOYHWUK HANPSDKCHHS, HWCIOIB3YEMBINM IS TTUTAHHS
MUKPOKOHTpOJUIEpa M KOMIIOHEHTOB Ha Iuiare. [luTaHue MoOXXeT momaBaThCsi OT
BeiBoZa VIN uepes perymstop HampspkeHus, uiam ot pazbema USB, mmm npyroro
pEeryJIupyeMoro UCTOYHHKA HanpsokeHus S B.

3V3. Hampsixenue Ha BhiBojie 3.3 B renepupyeMoe BCTPOCHHBIM PETYIISITOPOM
Ha riaTte. MakcuManibHoe notpediienne Toka 50 MA.

GND. BeiBobl 3a3emiieHus.

[TamsaTe

MuxkpoxonTposuiep ATmega328 pacnonaraetr 32 kb ¢udi1 namMaTu, U3 KOTOPHIX
0.5 kb ucnonb3yercs s XpaHeHUs 3arpy3urka, a Takxke 2 kb O3Y (SRAM) u 1 K6
EEPROM (koTopast unTaeTcs M 3aKMChIBAacTCs ¢ MOMOIIbI0 ondanoreku EEPROM).

Bxonabsr n Berxoabr

Kaxnprit u3 14 nudpobix BIBOJ0B UNO MOXKET HACTPOEH KaK BXOJ WJIU BBIXO/,
ucnoan3ys ¢yukiuu pinMode(), digitalWrite(), u digitalRead(), . BeiBoabl padoraiot
npu HanpspkeHnH S5 B. Kakaplii BBIBO MMEET HArpy304HBINA pe3ucTop (10 yMOTYaHUIO
otkiodeH) 20-50 kOm u Mmoxket mpomyckats 10 40 MA. HekoTopbie BEIBOIBI HUMEIOT
0co0ObIe (QhYHKIINH:

[MocnenoBarenpHas muHa: 0 (RX) m 1 (TX). BeIBoabl HCIONB3YIOTCS IS
nonydeHus (RX) u nepenaun (TX) manueix TTL. /laHHBIC BBIBOJIBI HOIKIIOYCHBI K
COOTBETCTBYIOIIIMM BBIBOJAM MHUKPOCXEMBI TocienoBaTenbHol muHbl ATmega8U?2
USB-to-TTL.

Bremnee npepeiBanue: 2 u 3. JlaHHBIC BEIBOIBI MOT'YT OBITH CKOH (DUTYPHPOBAHBI
Ha BBI30B MPEPHIBAHUS JTUOO HA MIIA/IIIEM 3HAYEHUH, TMOO HA MEpeTHEM WITU 3aTHEM
¢dbpoHTe, UMM npu u3MeHeHUHu 3HayeHus. llogpoOHast mHOpMalMsg HAXOAUTCS B
onucanuu ¢yukuuu attach Interrupt().

HINUM: 3, 5, 6, 9, 10, u 11. JIro6oii u3 BeIBOHOB oOecmeumBaer IIMM c
paspemienrem 8 out nmpu nomoinu Gyaxiuu analogWrite().

SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). [TocpencTBOM TaHHBIX BBIBOJOB
ocymiecTBiseTcs cBsi3b SPI, mst yero ucnons3yercs oudmmoreka SPI.

LED: 13. BcrpoeHHBIN CBETOAMO, MOAKIIOUYEHHBIA K UGpoBOMY BhIBOAY 13.
Ecnu 3HaveHme Ha BBIBOJIE MMEET BHICOKHI MOTEHIIMAJ, TO CBETOINO/ TOPHT.

Ha nmardopme UNo ycraHoBieHBI 6 aHATIOTOBBIX BX0A0B (0003HaueHHBIX Kak AQ
.. Ab), xaxnpii paspemenneM 10 Out (T.e. Moxker npuHuUMaTh 1024 pazaHMUHBIX
3HaueHns). CTaHAapTHO BBIBOJBI MMEIOT AUANa30H U3MEPEHHs 10 5 B oTHOCHTETHHO
3eMJIM, TEM HE MEHEE MMEETCSl BO3MOXKHOCTh M3MEHUTh BEPXHUI MPeIesl MOCPEICTBOM
BeiBogja AREF wu ¢ynknum analogReference(). Hekoropwie BBIBOJIBI HMEIOT
JOTIOTHUTENIbHBIE () YHKITHH:

12C: 4 (SDA) u 5 (SCL). ITocpenctBoM BBIBOJOB ocyiiecTBiasieTcst ¢Bsa3b 12C
(TWI), mist cozmanust KOTOpo# ucnoib3yeTcs onbnuoreka Wire.

JlommomHUTENbHAS TIapa BEIBOAOB TUIAT(OPMBI:

AREF. OnopHoe HampsbkeHHE i aHAJIOroBbIX BXOA0B. Hcmomb3zyercs c
dbyukmueit analogReference().
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Reset. Hu3kuii ypoBeHb CUTHAJIA HA BBIBOJE Mepe3arpyKaeT MUKPOKOHTPOILIEP.
OOBIYHO TPUMEHSICTCS ISl TOAKJIIOYEHHUS KHOIKHU Iepe3arpy3Kd Ha IuiaTe
pacIIMpeHus, 3aKphIBAIOIICH JOCTYI K KHOIIKe Ha camoi 1utate Arduino.

OOparuTe BHUMaHHE Ha COEJAMHEHHE MEXTy BbIBomamMu Arduin0 m mopramwu
ATmega328.

Cas3b

Ha mnardpopme Arduino UnO ycTaHOBIEHO HECKOIBKO YCTPOHCTB IS
OCYIIICCTBICHHS CBSI3M C KOMITBIOTEPOM, JAPYrMMH ycTpoicTBamu Arduino wim
MUKpOKOHTposuiepamu. ATmega328 noaaep:kuBaroT NociaeA0BaTeIbHbIN HHTepdeiic
UART TTL (5 B), ocymiecteisiemsrii Beieogamu 0 (RX) u 1 (TX). YcraHoBneHHas Ha
miare Mukpocxema ATmega8U2 wnanpaBnsier manHbiid uHTepdeiic uvepes USB,
IporpaMMbl Ha CTOpPOHE KOMIIbIOTepa "oOmaroTcs" ¢ TuiaToi depe3 BUPTYalIbHBIN
COM nopr. [Ipommska ATmega8U2 ucnons3yet cranaaptasie Apaiiepa USB COM,
HUKAKUX CTOPOHUX JpaiBepoB He TpeOyercs, Ho Ha WINAOWS misi MOAKIIOUEHUS
notpedyercs daitn ArduinoUNO.inf. MouutopuHr nocieaoBarenbHoi muHbl (Serial
Monitor) mporpammbr ArduinO O3BOMSIET MOCHUIATH W TOJIyYaTh TEKCTOBBIC JTaHHBIC
npu noakioYeHuu K mwiardgopme. Ceeroauonst RX u TX Ha mnatdopme OyayT MUrarhb
IIpH Tiepeaade JaHHbIX yepe3 Mukpocxemy FTDI umn USB noakmouenue (HO He npu
UCIIOJIb30BaHUHM TTOCIIEIOBATEIILHON Tiepeaaun uepe3 BeiBobl 0 u 1).

bubnmotekoit SoftwareSerial Bo3M0oxHO cO31aTh TOCIEIOBATENBHYIO TIEpeIavy
JAHHBIX Yepe3 J1000i u3 nudpoBbix BeIBOAOB UNO.

ATmega328 nonnepxuBaet uatepdeiicet 12C (TWI) u SPI. B Arduino Brirouena
oubmmorexa Wire ms ynodctBa ucmnonb3oBanus muHsl 12C.

[IporpammupoBanue

[Tnardpopma mporpammupyetcs nocpeacrsom 1O Arduino. U3 menio Tools >
Board Beioupaercs «Arduino Unoy (coriacHo yCTaHOBJICHHOMY MHUKPOKOHTPOJLIEPY).
[Tompo6Hast mHpOpMAIHSI HAXOIUTCS B CIIPABOYHUKE M HHCTPYKIIHSIX.

MuxkpokonTtposuiep ATmega328 mocraBisieTcss ¢ 3aMMCaHHBIM 3arpy34HKOM,
O0JIErJalomyM  3alliCh HOBBIX MporpamMM 0€3  HCIOJIb30BAHHUS  BHEUIHUX
nporpaMMatopoB. CBsI3b OCYILIECTBISIETCS OpUTHHAIBHBIM MpoTokosioM STKS00.

Hmeercs BO3MOXKHOCTH HE HMCIOJIB30BaTh 3arpy3ddK M 3alporpaMMHpPOBATh
MUKpPOKOHTpoJuiep d4epe3 BbIBOABI |CSP  (BHyTpHCXeMHOE MpPOrpaMMHUPOBAHUE).
[Tonpobuast mHPOpPMAIIHS HAXOUTCS B TaHHOW HHCTPYKIIHH.

ABTomaruueckas (mporpamMmHasi) epesarpyska

Uno paspaborana TakuMm 00pa3oMm, YTOOBI TEpe]l 3alKMChbi0 HOBOI'O Koja
niepe3arpy3ka OCYIIECTBISUIACh caMoi mporpammoit Arduin0 Ha KommbrOTEpe, a He
Ha)kKaTheM KHOMKHU Ha tuatdopme. Oana u3 muauid DTR mMukpocxemsr ATmegad8u?2,
ynpapisitonux notokoM gaHHbIX (DTR), moakimodeHa K BBIBOLY Iepe3arpy3Ku
MukpokoHTposuiepy ATmega328 uepe3 100 H® konmeHcaTop. AKTHBAIMS JTaHHOM
JWHWUH, T.€. MOjJada CHUTHAJAa HU3KOTO YPOBHS, TEpe3arpykaeT MUKPOKOHTPOJLIEP.
[Tporpamma Arduino, ncnosb3ys JaHHYIO QYHKIIHIO, 3aTpyXKaeT KO/ OTHUM HaKaTHEM
kuomnku Upload B camoii cpee nmporpamMmvupoBanust. [logaua curaama HU3KOro ypOBHS
no auHuu DTR ckoopauHupoBaHa ¢ Ha4YajaoOM 3alMCH KOJAA, YTO COKpaIllaeT TaiiMayT
3arpy34uka.
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OyHKIMS uMeeT emnle ogHo mnpuMeHeHue. llepesarpy3ka Uno mnpoucxonut
KaXIBIH pa3 IpH MOAKIYCHUH K mporpamme Arduino na kommsiorepe ¢ OC Mac X
wm Linux (gepe3 USB). Crnenyromme moJiceKyHABI TOCE Mepe3arpy3ku padoTaet
3arpy3uuk. Bo BpeMsi NporpaMMUpOBaHHUS TPOUCXOIAUT 3aJEprKKa HECKOJIbKUX
MepPBbIX 0AUTOB KOja BO M30€KaHHUE TOJyYeHHUS TIaTGOPMON HEKOPPEKTHBIX TAaHHBIX
(Bcex, KpoMe KoJia HOBOM MporpaMmbl). Eciu mpou3BoAUTCS pa3oBasi OTIaKa CKeTya,
3alMMCaHHOTO B IUIAT(GOPMY, WIM BBOJ KaKMX-THOO JIPYTHX IaHHBIX TIPH TICPBOM
3aImycKe, HEOOXOIUMO YOeTUTHCS, YTO IporpaMMa Ha KOMIIBIOTEpE OXKHJAeT B
TEUEHUE CEKYH/IbI MIEpe]l epeadeii JaHHbIX.

Ha Uno wumeercs BO3MOXHOCTH OTKIIOYUTH JIMHHUIO aBTOMAaTHYECKOM
nepe3arpy3ku pa3pblBOM COOTBETCTBYIONIEH TMHUU. KOHTAaKThI MEKPOCXEM C 000MX
KOHIIOB JIMHUM MOTYT OBITh COEIMHEHBI C I1IeJIbl0 BOCCTAHOBJICHHS. JIMHUSA
mapkupoBaHa «RESET-EN». OTKIIOUUTh aBTOMATHYECKYIO MEpe3arpy3Ky Takxke
BO3MOKHO TToAKr0unB pe3uctop 110 Om Mexay uctounukom 5 B 1 1aHHON TUHUEH.

3amayaNel

VYcnosue: PazpabortaTh cucreMy peryaupoBaHUsl SIPKOCTH CBETOAMOJA JBYMS
KHOIIKaMHU

[Ipumeuanue: MHTEHCHMBHOCTH CBeueHUs OyneT peryaupoBarbes or 0 nmo 254
emqunutl, rae 0 - cBeTono | BBIKITIOYEH, a 254 - roput MakcuMaibHo (Hampumep mipu 127
sapkocTb Oynet Ha 50%).

[Tpubops! 1 MaTepuabl:

Apnyuno, bpenbopn, IlpoBona, Ceeronnon, Kunomnku, Pezuctopst

VD1
SCL =
o Ay R1=1k
AREF
GND
13
'%E%F ~'21 < R2 = 10k
3.3V ~10 [ 1R2=
5 ~9 |— SB1
— GND 8
GND I _
Vin 7
AO :g ll+”
ﬁ% ~43 ) 1 R3 =10k
A3 ) SB2
i B p
X
T ll_ll I.

Puc. 7.2. BapuaHT cxeMbl NOJAKJII0OYeHHsI Mo 3a1a4e Nel

Jluctunr 7.1
[Tpumep sketch mms 3agaun Nel
intled = 11; /' Homep Pin k KoTOpOMY MOJIKITIOYEH JTHOJ
int brightness =0; //TlepeMeHHast B KOTOPOI XpaHUTCS ypoBeHb spkocTH (OT 0 110
254)
int buttonPlus=9; // Homep Pin k koTOpOoMYy MOJKIIOYCHA KHOIKA
int buttonMinus=10; // Homep Pin k koTopoMy MOJKIFOYEHA KHOIIKA -
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void setup() {

pinMode(led, OUTPUT); // Tlopt 11 (led) 6yner paboTtaTts kak Beixos.
by

void loop() {// Drot uka OyaeT BBITOJHATHCS OECKOHEYHOE KOJUYECTBO pas.
if (digitalRead(buttonPlus) == HIGH) {
brightness += 5;
} // denaem mpoBepky, eciu Bxox moa Homepom 9 (buttonPlus) umeer cocrosiHme
SB. YBenuunBaeM 3Hau€HUE NIEPEMEHHON SIPKOCTH HA S5 €IUHMUII.
if (digitalRead(buttonMinus) == HIGH) {
brightness -= 5;
} // denaem mpoBepky, eciau Bxoj moa Homepom 10 (buttonMinus) umeet
cocrtossHuE S5 B. YMeHbIIaeM 3HaUCHUE IEPEMEHHON SIPKOCTH HA S5 €IUHUII.
brightness = constrain(brightness, 0, 254); // DTa QpyHKIIUS KOHTPOIUPYET, UTO OBI
nepemMeHHas brightness He crana 6ombiie 254 u Menblne 0, eciii 3HaueHUe BbUTa3UT
3a rpanuny To pynkuus 0 wim 254
analogWrite(led, brightness); // YcranasiuBaeM coCTOSHUE SIPKOCTH
delay(50); // Ilay3a 50 MUJUTHCEKYH/I.

}

3amagaNe2

VYcnosue:  PazpaboraTh  cUCTEMY  BH3YyaJIbHOIO  KOHTPOJS — IMOKa3aHMS
norennuomerpa Ha aucriee LCD1602 o 12C ¢ Apaynno

[Tpumeuanue: MHTEHCUBHOCTH cBeueHMs OyneT peryiaupoBatbess oT 0 mo 254
eauHul, rae 0 - cBeTono/l BBIKIIOYEH, a 254 - roput MakcuMainbHo (Hanmpumep nipu 127
spkocTh Oynet Ha 50%).

[TpuGops! U MaTepuasl;

ApnayuHo, ITposona, LCD1602 no 12C, Tlorenuuomerp.

A2 Al
Al.GND—
Al:5V %’gCD LCD1602 10 SSI(DZk
A1l:SDA— SDA IZC AREF
Al:SDL——CL GND
IOREF [2
RST ~11
3.3V ~10
A2:VCC 5 ~9
R1 GND 8
A2:GND ® GND
Vin 7/
~6
AOQ ~5
Al 4
A2 ~3
A3 2
A2:SDA —1__A4 SDA ] Tx1

Puc. 7.3. BapuanT cxeMbl NOAK/IIOYEHHS 1O 3agaue Ne2

JIuctuur 7.2
ITpumep sketch s 3amaum Ne2
#include <Wire.h> //Tloakmouaem OMOIMOTEKY Wire ansi cesian no 12C unTepdeiicy
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#include <LiquidCrystal_12C.h> //Tlonkimrouaem OHOIMOTEKY LiquidCrystal 12C ans LCD
auncrnnees.

int PotenciometrPin = AO; // Homep Pin k KOTOpOMY MOAKIIIOUEH MOTECHIIHOMETP
int Value=0; //mepemenHast 1y1st XpaHEHHS JAHHBIX O COCTOSIHUHM TIOTCHIIMOMETPA
float Value volt=0; //mepemennas j1sl pacdeTHOrO 3HAUCHUS JAHHBIX O COCTOSTHUU
MOTEHIIMOMETPA
LiquidCrystal_12C lcd(0x27,16,2); // YcranaBnuBaeM qucruiei
void setup()
{

lcd.init();

Icd.backlight();// Bkitouaem moacBeTKy AMCILICS

lcd.print("DSTU");

Icd.setCursor(4, 1);

Icd.print("Potenciometr");

delay(1000);
b

void loop() // DToT UK OyIeT BRITOIHATHCS OCCKOHEYHOE KOJIUYECTBO pas.

{
Icd.setCursor(0, 1);

lcd.print(" -__ V "); /] YcranaBiuBaeM Kypcop Ha BTOPYIO CTPOKY H
HYJIEBOW CUMBOIL.
Icd.setCursor(0, 1); // BeiBogum Ha 5kpaH 3Ha4YeHHE ¢ aHasioroBoro Bxoja (ot 0 10
1024 nponopumonansHo ot 0 B. 10 5 B.)
Value = analogRead(PotenciometrPin);
Icd.print(Value);
Icd.setCursor(7, 1);
Value_volt=(float)5/1024*Value;
lcd.print(Value_volt);
delay(300);

KoHTtponbHbIE BOIPOCH

1. Kakoe oTmmane AUCKPETHOTO CUTHAJIA OT aHAJIOTOBOTO?

2. Yrto Takoe JaT4uK?

3. Kak B cpene Arduino ompenernsitorcsi BXOIHBIC U BBIXOAHBIC CUTHAIIBI?
4. Kakue emie 211eKTpOHHbBIE KOHCTPYKTOPBI BBl 3HAETe?
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