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“ ¥YrBepxnaw”
3aBeayromuii kadeapon DIeKTPOTEXHUKH,
ABTOMATHUKH M METPOJIOTUHU
AJICKTPOHUKUA U METPOJIOTHH,
noueHt Boporaukos 1.H.

(13 2 20 _r.
3aganune
Ha KYPCOBYI0 padoTy Mo AUCHHUIUVIMHE “ABTOMATHMKA” BbIJAHO CTYAEHTY Kypca
rpynnbl JTHeBHOM (3204HO0i1) popMbI 00yUeHUS (dakyabrera.

CraBponosibckoro I'ocynapcTBeHHOro ArpapHoro Y HuBepcurera.

(bamuust, uMst, 0TYeCTBO U Ne 3a4ETHON KHIIKKH )

1. Jlna cucteMbl aBTOMaTHYECKOrO yIPABIEHHUS TEXHOJIOTMYECKUM IIPOLECCOM, HMEIOIIEH B CBOEM COCTABE;
geTeIpe pueMHbIX d1emMenta: A, B, C, D; nBa ucnomautensHbix amementa: X, Y; U padorarorei mo cie-
IYIOIIEMY aJITOPUTMY:

a) ayieMeHT X cpabaThIBaeT, €CIIM CpadaThIBAIOT AJIEMEHTHI: (ITpunoxenwue 1),

) H 1

0) snemMeHT Y cpalaThIBaeT, €Clid CpadaThIBAIOT JIEMEHTHI: (ITpunoxenwue 1),

BBITTIOJITHUTD CIICAYIOLICE:

1.1 .CupoexTupoBaTh Ha KOHTaKTHBIX JIEMEHTAX CHCTEMY JIOTHUECKOTO yIPABJIEHHS TEXHOIOTHIECKMM
IIPOLIECCOM.

1.2 Tlposeputh BHIGOPOUHO BHINOIHEHHE HECKOIBLKMX YACTHBIX YCIOBHI CpaOaThIBaHMS U HecpabaThl-
BaHUS MCIIOJHUTEIBHBIX SJIEMEHTOB CIIPOCKTHPOBAHHOW CHCTEMBI.

1.3 .CupoexTupoBaTh GeCKOHTAKTHBIN BapHaHT TOM € CaMOl CHCTEMBI JIOTHYECKOTO YIIpaBJIeHUs B Oa-
3MCe JIOTHYECKUX JIEMEHTOB “ u-He ”, ( “ miu- He ™). (ITpunosxenue 2)

1.4 CocraButh nporpammy paboTy cucTeMsl 1o 1.1.1 i mporpaMMHUpyeMOro JIOrn4eckoro KOHTpoJie-
pa (tuna IIJIK 100 RL OBEH) B cpene CoDeSys Ha si3bike LD B cooTBeTCTBHU ¢ BpeMEHHBIMH A~
rpammamiu (IIpunoxenue 3).

3a,I[aHI/IC MMOJIy4HnJI

3agaHue BBIOAI




[MTPEANCJIOBUE

[ens KypcoBOil pabOThI - MOJIYyYEHHE CTYI€HTAMH TEOPETUUECKUX CBEJICHUN U TMpaK-
TUYECKHUX HABBIKOB MPOCKTHPOBAHUS CUCTEM Jormueckoro ynpasieaus (CJIY).

B pesynbpTaTe BBINIOJIHEHHUS KypCOBOM paOOThI CTYIEHT OBJIAJE€BACT METOAMKON CO-
CTaBJICHUS JIOTUYECKUX (YHKIIHH, peanu3aliii MUHUMH3UPOBAHHBIX (PYHKIMH B peeiHO-
KOHTAKTHOM W O€CKOHTAKTHOM BapUaHTE, BbIOOpA amnmapaTHBIX CPEACTB pean3alliu JIOT U-
YECKUX YCTPOMCTB U OCBaMBaeT npueMbl nporpamMmmuposanus [JIK.

KypcoBas paboTa coCTOUT U3 TpeX YacTei.

B mnepBoit yactn Heobxoaumo crnpoektupoBath CJIY Ha pereiiHO-KOHTaKTHBIX dJie-
MEHTaX.

Bo BTopoit vactu nHeooxoaumo CJIY mepeBecTu Ha OECKOHTAKTHBIN BapuaHT 0e3 Mpu-
BA3KM K KOHTAaKTHON CEPUU UHTETPAIBHBIX MUKPOCXEM U MOTOM IpPEACTaBUThH €€ B Oa3uce
N-HE wnu WJIN-HE.

B tpeTtneit uactu pabotsl He00X0qUMO cripoekTHpoBaHHyto CJIY 3amporpaMMHupoBaTh
Ha s3pike LD B cpene CoDeSys mis mporpaMMupyeMOro JOTHYECKOTO KOHTPOJIIEpa
[TJIK100 RL OBEH, mipoBeputh ee paboTocnocoOHoCTh B pexume smysisiiuu Ha [1K, u pac-
neyaTaTh 3Ty IPOrpaMMy Ha IPUHTEPE.

Hcxonnbie nanHble ykazanbsl B [Ipunoxenusx 1-3 u BBIOMpPAIOTCS CTYAEHTOM IO HO-
MEpY €ro 3a4€THOM KHM)KKU WJIU TI0 YKa3aHUIO MPEnoaaBaTesl.

[TosicuutenpHas 3anucka opopmisiercss B cooTBeTCTBUM ¢ TpeboBaHusiMu 'OCToB u
ECK/I Ha nucrax 6ymaru ¢popmara A4 (297x210). Bee pacueTsl B OSCHUTEIBHON 3alUCKE
JOJDKHBI CONPOBOXAATHCSI KOMMEHTAPUAMH U CCBUIKAMM Ha JINTEPATypy W paHee IMOJydeH-
Hble BeIpaxeHus. O0pa3eln TUTYJIBHOIO JUCTA IPUBEACH B MPHIIOKEHUU Ned.

[TosicuuTenpHas 3amucka K KypcoBoi paboTe OJKHA COJIEpKaTh CIEAYIOIINE pas3je-
Jbl: 3a/laHhe, BBEJICHME; pacyeTHash 4acTb, COMPOBOXKAAaeMas HEOOXOIMMBIMU CXEMAMM:
CJIY Ha xoHTakTHBEIX djieMeHTax, CJIY Ha OeckoHTakTHBIX 3yemMeHTax, CJIY Ha OGeckoH-
TaKTHBIX 3JIEMEHTaX B 3aJlaHHOM Oa3zuce u LD mporpamma; 3akitoueHue; CIUCOK UCIOIb30-
BaHHBIX nuTepatypHbiX U INTERNET ncrounukos.

3ammra KypcoBod paboThl MPOU3BOAUTCS O CAAUU dK3aMeHa no aucuuruimae. [1o pe-
3yJlbTaTaM 3alIUThl BHICTABISETCS OLEHKA.

C uenpio yMeHbIIIeHUSI 00beMa KypCOBOI paOOThI MPUHSATHI CIEAYIONIUE YIIPOIICHUS:

e [IpueMHbIE 3JIEMEHTHI — KaTYIIKHU 31eKTpoMarHuTHbIX pene A, B, C, u D u ux 3amsbI-

- -—
Karolue U pa3MbIKArOLINEe KOHTAKTbl ( u cT, 6ub6,CulcC ,d ua- COOTBETCTBEHHO
cye0Baio Obl 10 AeHCTBYIONIEMY cTaHAapTy 0003Haunth K1, K2 u T.71., a ©X KOHTaK-
e K1.1, K1.2, K2.1, K2.2, K2.3 u T.1., 4TO 3HQYUTEIHHO OBI OCJIOKHHUJIO 3aIUCh JIO-
TMYECKUX PYHKIUH.

e DJIEKTPUUYECKHUE MapaMeTPhl UCIIOJHUTEIBHBIX 2JIeMEHTOB X U Y HE YKa3aHbl, 4TO
TaK)ke€ OCBOOOXKIACT MPOCKTUPOBIIUKA OT HEOOXOIUMOCTH MPeoOpa3oBaHUs U YCH-
neHust BbixojgHoro curHaia CJIY (1o HanmpspKeHUIO, MOIITHOCTH) U BBIOOpA YCUITUTE-
JICH.



1. KPATKHUE TEOPETUYECKHUE CBEJEHU A

IIpumeHeHue ajaredpbl JOTMKH

JJIHA OITUCAHUSA JJOT'HYECKUX IJIEMEHTOB U CUCTEM
Cucrtemsl jorudeckoro ypasHeHus (CJIY) ObiBatoT KOMOMHAITMOHHBIMH U TIOCJIE]IO-
BaTeabHOCTHBIMU. [locienHue Ha3bIBalOTCS TaKXKe COOBITUMHO — yIPaBISIEMBIMU aBTOMATA-
MU.

B xomOunammonueix CJIY BbIxoaHbIE CUTHANIBI (DOPMUPYIOTCS TOJIBKO MIPU OMpPEie-
JEHHBIX KOMOMHAIMIX BXOJAHBIX JOTHYECKUX CUTHAJIOB, TPUHUMAIOIKX 3HaueHus 0 wim 1.
B nocnenoBarenbHOCTHBIX CJIY BBIXOAHBIE CUTHAIBI 3aBUCAT HE TOJBKO OT KOMOWHALIMH
BXOJIHBIX, HO U TIOCJIEIOBATEILHOCTH MX MOCTYIICHUS BO BPEMEHHU, YTO 00ECTICUBACTCS
HaJIMYHEM 3JIEMEHTOB aMATH. B HacTosiee BpeMs nocienosarenbcTHbie CJIY B 3aBUCHMO-
CTH OT CJIO’KHOCTH PEIIaeMbIX 3a]1a4 BBIMOJIHSAIOTCS Ha 06a3e MpOorpaMMUPYEMbIX JIOTHYECKUX
KoHTposuepos — [JIK.

B kypcoBoii paboTe cTyJileHTaM PEJACTOUT BHITIOJIHUTh aHAJIW3 U CUHTE3 KOMOWHAII U~
oHHOM CJIY Ha KOHTAKTHBIX U O€CKOHTAKTHBIX JIEMEHTaX (151 YETHIPEX BXOHBIX U ABYX
BBIXOJIHBIX curHajoB.) [Ipu mpoexktuposanuu 3toi xe CJIY B cpene CoDeSys BBonumM J0-
noHuTeIbHbIe yesnoBus (IIpunoxenue 3), KoTopbie MPUBOJAT €€ B KJIACC COOBITUHHO-
YIPABJISIEMOM JIOTUKHU. DTy 3a/1a4y BBIMOJHUTH HA KOHTAKTHBIX 3JIEMEHTAX ObLJIO ObI 3HAYH-
TEJIbHO TPYyIHEE.

CrnoBecHoe u3noxkeHue padoTsl naxke mnpocTbix CJIY BBIMISAUT IPOMO3AKO U 3a-
TPYIHSET NMPOBEICHUE aHAN3a. MaremaTtnueckuM anmnapatoM s onucanus CJIY ciyxut
NBy3HauHas (OuMHapHas) ainreOpa JOTUKH, BCE NMEpPEMEHHBIE B KOTOPOM MOTYT TNPUHUMATH
TOJIbKO J1Ba 3HaueHus (0 wiun 1).

OCHOBHBIM MOHSATUEM, HMCHOJb3YEMBIM MIPU aHAJIU3€ U CUHTE3€ CUCTEM JIOTHY E€CKOTO
YIPABJICHHUS, SIBISICTCS JIOTHYECKast (PyHKITHS.

[TpuHIMIIBI TOCTPOCHUS JIOTMYECKOW (PYHKIIMU IO aJrOpuTMy pabOThl CUCTEMbI aB-
TOMAaTHUKHU WIUTIOCTPUPYETCS HUXKE HA IPUMEPE.

Jlornueckass QyHKIMS BbIpa)KaeT 3aBUCUMOCTh BBIXOJIHBIX MEPEMEHHBIX OT BXO/-
HBIX U TaK)K€ MPUHUMAET, B 3aBUCUMOCTHU OT 3HAYEHUS MOCIECIHUX M CBSI3BIBAIOLIUX HUX JIO-
rudeckue aercTus, ABa coctosHus: 0 umm 1. MOXHO BCTPETUTH M TaKyrO 3aIllUCh ATUX CO-
crostauii : Jloxs wim Mctuna; FALSE umun TRUE).

Tak kak Kaxjas MmepeMeHHas MOKET MMETh TOJIbKO JBa 3HAYEHUS, TO BO3MOKHOE
KOJIMYECTBO PA3IMYHBIX KOMOMHAIIUM (HAO0POB) Nyoyg U1 N MEPEMEHHBIX OYJIET PaBHO:

NK0M6 = 2n

Bce neiictBus HajJ nepeMeHHbIMU B OMHApHOW anreOpe BBIMOJHSAIOTCS C MOMOUIBIO
CJIEAYIOIIUX OCHOBHBIX OMNEpaldii, KOTOPBIE€ HAMVISAHO WJUIFOCTPUPYIOTCS COOTBETCTBYIO-
UMHU peJIeHHO-KOHTAKTHBIMU CXEMaMH.

B nacrosiee BpeMs «peseiiHas aBTOMAaTHKa» 3BYYUT BeCbMa apXxauyHo (BpoJAe Kak
JamMnoBbIil komnbiotep). Ho, 3Hast HaBbiku nocTpoeHus: KOHTakTHBIX CJIY u ucnons3ys co-
BpeMeHHbIH 361k LD B cpene CoDeSys, MOXHO JIETKO 3TH CXEMBI TIEPEBECTH B MPOTPAMMY
st TIIK. D710 361k 1 OBLT B CBOE BpeMsi pa3paboTaH Jisl UHXKEHEPOB, 3HAIOIIUX PEJICHHBIC
aBTOMAThI, HO HE BJIAJICIOIIMMH HaBbIKAMU IPOrPaMMHUPOBAHUS HA SI3bIKaX BBICOKOTO YPOB-
HSl.



Jlornuyeckoe yMHOKEeHHE

Jlornueckoe yMHOXeHHE (KOHbBroHKIMs, GyHkmus "H")JI = a-b; PaBHO3HAYHO II0-
CJIEIOBATEIILHOMY COCIMHCHHIO KOHTAaKTOB. Bce BO3MOKHBIE KOMOWHAIIMHM BXOJHBIX CHUT-
HAJOB U COOTBETCTBYIOIIME UM 3Ha4Y€HHS (YHKIIMHM CBEACHBI B TaOJUIly cocTosiHMI. Oue-
BUJIHO, YTO TOJBKO B OJHOM CJIy4yae Pe3yJabTaTOM JIOTUYECKOTO YMHOXKEHUSI CTaHET €llU-
HUIa, T.c. Tammna JI "cpaboraeT", eciii 3aMKHYTh KOHTAaKThI U a, u D. V3 310 croBecHOU
dbopmysl coro3 "U" mepemnten B o603HaueHne GyHKINHA (KaK CHHOHUM JIOTHYECKOMY YMHO-
KEHHUI0) U B Ha3BaHUE OECKOHTAKTHOTO 3JIEMEHTA.

a) PeneiiHO-KOHTaKTHBIN BapHAHT peaTnu3aliiu:

: ,—

1
0). Tabnuia cocTOSTHUM: r). Bpemennsie quarpamMmbi:
a b J
ol o] o0 a X
o[ 1] o ot
1 0 0 | |
1] 1] 1 by ; :
I I
B). O603HaueHNE 0ECKOHTAKTHOIO DJIEMEHTA! I L
[ | ||
A 1 1 1 I
1 JI I 1
a 1 1
& I 1
t
b

Ha BBIXO/Ie TaKoro 3JIeMEHTa MOSBUTCS CHTHAI (ITOTEHIIMAI), ©CJIM Ha ero Bxojax a u b
OJIHOBPEMEHHO JEHCTBYIOT €AUHUYHBIE CUTHAJIBI.
[IpumeHsroTCs U Apyrue 0003HaYeHUs ONEePALMH JIOTHYECKOTO YMHOKEHHUS:

a-b=anrb=a&b

Jlornueckoe cJI0KeHNe

Pesynbrar norndeckoro cnoxxeHus (au3sronknuu, omeparuu "UJIU") X = a + b; nerko
YCTAHOBHTH U3 aHATIN3a CXEMBI C IMapaJUIeTbHBIM COEIUHEHNEM KOHTAKTOB.



a) PesleliHO-KOHTaKTHBIM BapUAHT PEATU3aLNN:

0) TaGnua cocTOSTHMIA: r). BpemeHHbIe 1uarpamMmel:

X

l_\

PP O O|s
RO OolT
[HE

[EE
o

—

B) O003HaueHNEe OECKOHTAKTHOTO 3JIEMEHTA! ! .

a R
1 X X

OueBHIHO, YTO KaTymIKa peine X MOJYYHT IMMTaHUE, €CIU 3aMKHYTh KOHTAKThI HIIH @,
unu b, mim o6a BMecTe.
Bwmecto 3Haka "+" nHorma ynotpeonsior «Vy: atb=avh

Jlornueckoe oTpuiianue.

Jlornueckoe otpuianue (nuBepcus, omneparus "HE"), JI =a o3Havaromas, 4ro 3Haye-
HUe jorunyeckor GyHkuuu JI mpoTUBOMOI0KHO WM HEPABHOCUIIBHO 3HAYEHHIO IEPEMEHHON
a. B Hamem npumepe nammna roput (JI=1), eciiu KOHTaKkT a pa3oMKHYT (a=0), u 1amna rac-
HeT (JI=0), ecii KOHTAaKT 3aMKHYTh (a=I).

a) PeseliHO-KOHTaKTHBIM BapUAHT peaTn3alliu:

R a




0) TaGmuiia coCTOSAHUIA: r) BpeMeHHbIe 1HarpaMmel.

al| Jl
0 1 a
1] 0

Jlormueckoe cjoxkenue 1o moayaw 2, ¢dyukuus “UCKIIOYAIKOUWEE WIN”
J=a-b+a-b

a) PeneliHO-KOHTaKTHBIA BapUAHT peaU3aluu:

a1
0) Tabnuia coCTOSTHUI: r) BpeMeHHbIe 1ruarpaMMsl:
a b | JI
a
0] 0[]0 X
0Ol 1] 1 ]
10| 1 b t
11 1]0

B) O603HaUeHNE OECKOHTAKTHOT'O 3JIEMEHTA!

a Dl :




NuBepcusi KOHbIOHKIMU, QyHKIUS “U - HE”:

Jd=a-b

a) PeneitHO-KOHTAKTHBIN BapHaHT pea3alliu:

0) TaGnuia cocTOSIHMIA: r) BpemeHHbIe 1rarpaMMsl:

a b JI a 4

—

R (O|O

ROk |O

Ol
o

B) O603HaUYeHNE OECKOHTAKTHOT'O JIEMEHTA!

a & hit JI
o— N
t
b
NuBepcus an3broukumnu, yuakmus “UJIN -HE”:
3=a+b

a) PeneiiHO-KOHTaKTHBI BapUaHT pealnu3aluu:
a

— 1 Dx I M-~

3




0) Tabnuia cocTOIHUIA: r) BpeMeHHbIE THarpaMmsl:

a b 3 a 1
0]l 0] 1 X
011]0 ! ! -
11010 b 4 | !
111]0 ! :
B) O003HaueHNe OECKOHTAKTHOTO YJIEMEHTA: i ! : : :
a 1 3 ? I i E .
o—— L ‘

b

VYKkazaHHbIE JIOTUYECKHE OMEpaIliy CIPABEIIUBBI U JJIs1 OOJBIIET0 Yucia MepeMeHHBIX.
Bo3spacrer nipu 3TOM JHIIL KOTUYECTBO BO3MOXXHBIX KOMOWHAIIMM, T.€. YUCIO CTPOK B Ta0-
JIMLIE COCTOSIHUM.

3nak "=", KOTOpBII B OOBIYHOM anreOpe sBIsSETCA 3HAKOM PABEHCTBA, B JaHHOM MPUM e-
HEHUM BBIPAXKAET PABHOCUJIIBLHOCTH CBSA3BIBAEMBIX JIOTMYECKUX OIEpalui, Tak Kak camu
(GYHKIUMA JTUIICHBI KOJUYECTBEHHONW MEphl U MOTYT IMPUHUMATh JIMIIb JBa KaueCTBEHHBIX
coctostaust: 0 nnm 1.

Ha cxemax, Bo u30exxaHue omMOOK, BXOJbl OECKOHTAKTHBIX JIOTMYECKUX AJIEMEHTOB PU-
CYIOT CJIeBa WJIM CBEPXY, a BBIXOJBI - CIIpaBa MM CHU3Y OOJBIIEH rpaHu MPSIMOYTOJIbHUKA |,
YCJIOBHO M300pakaroiiero 3JIEMEHT .

[Ipocreitnii snement "HE" (nHBEpTOp), ABISETCS YETHIPEXIOIIOCHUKOM. boiee ciox-
HbIE DJIEMEHThI, UMEIOIINE HECKOJIbKO BXOJOB M BBIXOJOB, - MHOromnojtocHuku. Ho s
YVOPOILIECHUST cXeM 0O0Iue (3a3eMJICHHBIE) KJIEMMbl BXOJOB U BBIXOJIOB, KaK W BCIIOMOT a-
TeJbHbIC 1EeNU (MUTaHUs, CMEUIEHUS) HE MOKA3bIBAIOT, OCTABIISASI TOJIBKO HCIIOJIb3yEMbIE I10-
TEHIIMAJIbHbIE BBOJIbI U BBIBOIBI.

Bce ocHOBHBIE JOTHYECKHE OIMEpallud MOTYT OBITh TPEACTABJICHBI Yepe3 OCHOBHBIC
(anemenTapnsie) neiicteus: U, UJINU, HE.

[Ipu 3amucu U YTEHUM CIIOKHBIX JIOTMUECKUX (PYHKIUM Mpeamnosiaraercs, 4To 3HaK MH-
BEPCHUM CBSI3bIBAECT CWJIbHEE, YEM JPYrve€ 3HAKU, a 3HAK YMHOXKEHHS CBSI3bIBACT CUJIbHEE
3HaKa JOTUYECKOTO CJIOKEHHS. DTOT MPUHLUI MO3BOJISIET COKpAIaTh KOJWYECTBO Pa3iiuy-
HBIX CKOOOK. Hampumep, mornueckyro GyHKITHIO:

X=(@b)+(c+d)-c+a)-b
CJIeMyeT 3anucath B 0osiee mpocToit popme:

X=(@-b+c+d)-c+a-b

10



a+h

[ 1

H oa+b
a 1l a+a=a
a 1 a
b 1] b
a | 1| a+s
a
9
b
&| g
a_j& a6
J
a
& 4.b-c

[ 1

a+0=a

ate=a
at+b=a+b
a-b=a+b

Tz:ae

abc

[

a+e

;

a+e

a—+e

[Ipumepsbl 21eMEHTAPHBIX JJOTHYECKUX ONEPaLNi
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Kak 1 B 00b14HOM anredpe 37ech AeUCTBYIOT 3aKOHBI:

Ilepemecmumenvnuutit (Kommymamueholit)

a) OTHOCHUTEJIBHO JIOTHYECKOT0 YMHOKEHUs: a b=D a;

0) OTHOCHUTEIIBHO JIOTHYECKOro CaokeHus: a+b=b+a;
Couemamensvnotii (accoyuamugHulii)

a) OTHOCHTEJIBHO JIorHueckoro ymHoxeHus: (a b)c=(a c)b;

0) OTHOCHUTEINBHO JIorHueckoro cioxenus: (a+b)+c=a+(b+c);

Pacnpeoenumenvuvtit (Oucmpudymuenbtii)

a) OTHOCHUTEJIBHO JIOTHUecKoro ymHoxeHnus: (a+b)c=a c+b c;
0) OTHOCHUTEIIBHO JIOTHYECKOTO ciiokenus: a b+c=(a+c)(b+c).

Crnenyer oOpaTUTh BHUMAaHUE Ha OTCYTCTBHE (OPMAILHOW aHAJIOTHU MEXIY pacipee-
JIMTEIBHBIM 3aKOHOM OTHOCHUTEJIBHO JOTMUYECKOTO CIO0XKEHHUS 11 OMHApHOM anreOpsl U Ta-
KHM K€ 3aKOHOM JIJIs OOBIYHOM anreOphl.

Ho ectp u crenubuyeckre akCHOMBI, 3aKOHBI M TEOPEMBI, KOTOPBIE JIETKO BOCIIPHH U-
MaroTCsI TPH PACCMOTPEHUHM COOTBETCTBYIOIIMX PEICHHO-KOHTAKTHBIX cXeM (Tadi. 1).

Tabmura 1.
OCHOBHBIC AaKCHOMBI 1 3aKOHBI aIreOpbl JIOTHKH
Ne | Hawmmeno- DopMyIbl Cxemsl
/o BaHHE
1 2 3 4
0 0 0
l:" AKCHOMBI 0-0=0 — ¢ o— - ¢ ¢
‘1 o = ®. l I 1
1+1=1 l |
1
0 0
0+0=0 —e T = * o
0
1-1=1 —ole ole - —ale
1.0=0 _o_l._. O - ° Oc
1 1
l+0:1 —rlj— = Y e—————
0
0 1
0=1 o o o0OpaTHO ~ —e——e—
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[Tponomxkenue Tadbauip 1.

1 2 3 4
1 0
1=0 —8——e— 00paTHO ——» &—
2. 3aKOHBI HYJIEBOT'O 0 a 0
MHOECTBA 0a=0 - o— — = o o
0 a b k 0

Oab.k=0 —..—/—/ —_— = e o—

0 a
Oraza T =
a
3.3aK0oHBI YHUBEPCAIb- 1 a a
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[Tponomxkenue Tadbauip 1.

1

2

6.3aKOHBI THBEPCUU

7.3aKOHBI ITOTJIOIEHUS

8.3aK0H IBOWHOTO

OTPULIAHUSA

9.3aKO0HBI CKJIEUBAHUS
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CrneayeT HAallOMHUTB, YTO KOHTAKThI, 0003HAUYEHHBIE OMHAKOBBHIMH OYKBaMH, IPHHA]I-
JeKaT OJHOMY peJjie, TO €CTh OHU B MIACATU3UPOBAHHOM BHIE CPabaTHIBAIOT OJHOBPEMEHHO.
[TosTOMY HE BBI3BIBAET COMHEHHMS 3aIMCh, HATPUMEP, 3aKOHA JTOMOIHUTEILHOCTH:

a-a=0 a+a=1

JleiCcTBUTENbHO, TTOCIEOBATEILHO COCIMHECHHBIC 3aMBIKAIOMIMKA (¢) ¥ pa3MBIKAIOIINN
(@) KOHTaKTBI OJHOTO M TOTO e peiie (A) Bceraa OyayT coznaBaTh pa3pbiB 1enu (0).

[TapanmnenpHas enb 3TUX K€ KOHTAKTOB PaBHOCHJIbHA MOCTOSHHOM MepeMbluke (ITyH-
TY) C MPOBOJUMOCTHIO 1.

Odenb nosie3HbIMHA 7151 aHAMK3a U cuHTe3a CJIY SBISIOTCS 3aKOHBI MHBEPCHH:

ab=a+b;a+bh=ab

OTH 3aKOHBI JETKO JOKa3aTh METOAOM Iepedopa BceX BO3MOXKHBIX KOMOMHAILIMIA Tmep e-
MeHHBIX @ U b . Ecnm okaxercs, 4To Juis Kaxaoi KOMOWHAIIMU TTEPEMEHHBIX JIOTUYECKUE
(GYHKIIMM COBNAAyT, TO OHU PaBHOCHIbHBI. Hampumep, paccMOTpUM MEpBBI 3aKOH HHBEP-
CHUH, JJISl YETO COCTaBUM TAOJMIy COCTOSHUN, B KOTOPOW YHCIIO PA3NIUYHBIX KOMOMHALMN
BXOJIHBIX CUTHAJIOB PaBHO YeThIpeM (MIEPBBIA U BTOPOW CTOJIOIBI), a B OCTAIBHBIX CTOIOIaxX
TaOJIMIbI TPUBEACHBI PE3YJIbTAThl JIEMEHTAPHBIX JOrHYecKkux onepanuil. Tabnuma cocros-
HUU TIpecTaBieHa B Tadauue 2.

Tabnwmma 2.
Tabmia coCTOSHUM

1 2 3 4 5 6 7

a b ab ab a b —y
0 0 0 1 1 1 1

0 1 0 1 1 0 1

1 0 0 1 0 1 1

1 1 1 0 0 0 0

Cron0upl TpeTUid, MITHIM U MIECTON - BCIIOMOTraTeIbHbIC, COJIepKaIIUe Pe3yIbTaThl IPO-
MEKYTOUYHBIX BhIYHCIICHUI. Kak BUIHO U3 TaOnuIpl 3HaYeHus ab u @ + D moJIHOCTBIO COB-
naiajiy JUIsd KaXJI0H KOMOUHAIIMK TIepeMeHHbBIX a U D.

3aKOHbI MHBEPCUU CIIPABEUIMBBI JIJIS JIIOOOT0 4ucia TEPEMEHHBIX, IMPUYEM MpeCTaB-
JIEHHBIX KaK B HOPMaJIbHOM, TaK U MHBEPCHOM (hopme :

Z-b-c=a+b+c=a+b+c | a+0=a-0=a-1=a
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2. IPUMEP IPOEKTUPOBAHUA CJ1Y.
Cucrema JIOTMYECKOTO YIPaBJICHUS COAEPKUT TpU NpUEMHBIX 31emenTa A,B,C u nBa
UCIIOJIHUTEINIbHBIX 51eMeHTa X, Y.
Aaroput™M pabOThl CUCTEMBI CIIETYIOIIHIA:
Jliig snemenTa X (B HallleM NpUMEPE MAIOMOLIHBIN JIEKTPOABUTaTENb OCTOSIHHOTO TOKA):

1. Dnement X cpabarbiBaet, eciau cpadareiBatoT A,B, HO He cpabartbiBaet C.
2. DnemeHT X cpabaThiBaeT, eciu cpabareiBaroT A,C, HO He cpabaThiBaeT B.
3. Dnement X cpabaThiBaeT, eciu cpabarbiBaeT A, HO He cpabaThiBatoT B u C.

Jlst anemenTa Y (B HaIleM NpUMepe CUTHAJIbHAs JamIa):

1.Y cpabatsiBaert, ecnu cpabaTeiBaeT A, HO He cpabaTsiBaloT B u C;
2.Y cpabarbiBaeT, eciu cpadbateiBaeT B, HO He cpabartbiBatoT A u C;

2.1 PEHIEHUE. CocTaBinsieM OCHOBHOM 2JIEMEHT CHHTE3a - TAOIHUILy COCTOSTHUSI.

B Tabnuiie cocTosiHusl paccMaTpUBaeM BCE BO3MOKHbIE KOMOWHAIIUW COCTOSIHUW TPU-
E€MHBIX 2JIEMEHTOB. Tak Kak MPUEMHBIX 3JIEMEHTOB TPU - TO BO3MOXKHOE YHCIIO KOMOMHAITUMA
COCTOSIHUSI PaBHO BOCHMHU, T.€. UMEEM BOCEMb CTPOK B Ta0iuIie cocTosiHui. COCTOsSIHUE U C-
MOJIHUTEIIBHBIX 3JIEMEHTOB 3aIlUChIBAEM B COOTBETCTBUU C QJITOPUTMOM: €CIW DBJIEMEHT
cpabatpIBaeT - cTaBUTCA |, B MPOTUBHOM ciydae - 0.

TaOmura 1.

A

RPIRPRPRPRPIOOC|IO|IO

Rl |lo|lo|r|r|lolo|m

R|lolk|lo|lr|lo|r|lo|n

olr|r|r|lolo|o|lo|x
o|lo|o|r|o|r|o|lo|

O INO|OIPRIWIN|PF

[lepelinemM K COCTaBICHUIO JIOTMYECKOW (DyHKIUU. JJIsI 3TOr0 COCTAaBUM YACTHbBIEC YCIIOBHS
cpabaTbIBaHMs IJIs1 AieMeHTa X:

X,=a-b-c;
X,=a-b-c;
X;,=a-b-cC.

OO1ue ycnoBus cpadaThbIBaHUS 3alUIIEM KaK JU3IBIOHKIMIO YACTHBIX YCIOBUN cpabaThiBa-
HUS. DTO O3HA4aeT, yTo 3MeMeHT X cpaboTaeT, eciau OyAeT BBIIOJHEHO WM OJHO YacTHOE
yCIlIOBUE cpadaThIBaHUS, WJIM BCE YACTHBIE YCIOBUS, WIM UX KOMOWHALIMS.
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X=X, +X, +X, :a-5-6+a-5-c+a-b-6:a-B(c:rjj+a-b-E:a-5+a-b-5:a(5+b-5):a(5+6).

1
AHaJIOTUYHO COCTABJISIEM JIOTHYECKYIO (DYHKITUIO JIJIS DJIeMeHTa Y,

Y,=a-b-c;

Y,=a-b-C;

Y=Y,+Y,=a-b-c+a-b-c=ca-b+a-b)

PerneiiHO-KOHTaKTHBIC BApUAHTHI MPOSCKTUPYEMOW CHCTEMbI JIOTHYECKOTO YIPABICHUS UM e-
10T CIIEAYIOIINI BHI:

K1 K2 K3 J
/ a /C

EA B c cj?‘b ’a_

o L] l a
L,f-)r: 7 b 4 b

) —
E}?} Y

HamomuHaeMm, 4To eciiu mpueMHBIN JIEMEHT, HanpuMmep A, He cpaboTall, TO COCTOSTHUE
€r0 3aMBIKAIOLIMX KOHTAKTOB OyaeT paBHOCHIBLHO 0, a pasmbIKaomux — 1, T.e. a=0, a =1.

|

Puc.1. CJIY Ha KOHTAaKTHBIX DJIEMEHTAX

IIpu cpabaTeIBaHUS A TIPOM30iiIET HHBEPCHS COCTOSHMH KOHTAakToB, T.e. a=1 1 a =0.
2.2. IlpoBepum ycnoBus cpabaThIBaHUS U HeCpaOaThIBaHUS X.
Jlst mepBoii ctpoku Tabmuibl coctosauil (A=0, B=0, C=0):
X =alp+¢c)=0(+1)=0
Jiis BTopoii ctpoku (A=0, B=0, C=1):
X =alb+c)=0(1+0)
Jlnst tpetbeii ctpoku (A=0, B=1, C=0):
X= a(B + )
Hns wetBepToit ctpoku (A=0, B=1, C=1):
X =alb+c)=0(0+0)=
Jns nsitoit crpoku (A=1, B=0, C=0):
X = a(B +C

0

OO+1

Hns cenpMmoii ctpoku (A=1, B=1, C= 0).
X= a(B +C

Jlnst Bocbmoit ctpoku (A=1, B=1, C=1):
X = a(5+6)=1(0+o)= 0

AHQJIOTMYHO MOKHO IPOBEPUTH ATU YCIOBUS ISl Y.
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beckonrtaktubiit Bapuant CJIY BeimonnuM B 6azuce snementoB M-HE. J{ns storo cre-
nyeT jorudeckue GyHKIMy 171 X 1 Y 3anucaTh B 0osiee y100HOM 1)1l BBIOpaHHOTO Oa3uca C
WCITOJIb30BAaHUEM OYEBUIHBIX MTPEOOPA30OBAHMIA:
X =a(5+5):a-m:

Y:c(a-b+a-b):c-a-b+c-a-b:c-a-b-c-a-b..
Hamernm mmHbel a,.b u ¢, Ha KOTOpBIE OyAyT MOCTyMHaTh MOTEHIIMAIBl OT MPUEMHBIX

DJIIEMEHTOB.
Jlerko nmpeacTaBUTh OCCKOHTAKTHBIN BapraHT mpoektupyemoi CJIY (pHC 2, 0).

1 DD1 DD3
i | _| be abe LDE,X
L g7 « :
DD6

DD7
g — & cab cab Y
:
1

(=)
o
(53]

(
I
|
LQ

|
I o
L
IC
Qo
|
.
|
L;F

=
!
.
=
|

0)

Do
o
=
T

1L 6)

Puc. 2. beckonraktnas CJIVY:
a — C UCIIOJIE30BAHUEM JIFOOBIX HEOOXOIUMBIX DJIEMEHTOB;
0 — B 0asuce U-HE; B — B 6a3uce NJIM-HE

CrnenoBarenbHO, AJIs peaju3alun 3Tol cxeMbl notpedyetcs 9 anementoB M-HE.
Ecnu 661 moTpeboBanock npoektupyemyro CJIY BeimonHuts B 6a3uce snementos WIM-HE,
TO CJIEI0BAJIO OBl BBIMIOJHUTH CIAEAYIOLUINE OYEBUAHBIE IPEOOPa30OBaAHUS:

X:a(5+6)=a-5+a-6:5+b+5+c:5+b+§+c_

Y :E-(a-b+a-5):(_:-5-b+5-a-5 —c+a+b+c+at+b=c+a+b+c+a+b.
s peanuzanuu GyHKIMU X MOTpeOOBaIOCh ObI 5 dmeMeHTOoB, a sl GpyHkuuu Y — 6
sanementoB NJIN-HE, nmeromux no tpu Bxoza.
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3. OCHOBHBIE CBEJEHMUS 11O CODESYS

CoDeSys - 3T0 cOBpeMEHHbIH MHCTPYMEHT ISl MPOrpPaAMMHUPOBAHUSI KOHTPOJUIEPOB

(CoDeSys obpasyercs ot cios Controllers Development System).
CoDeSys mpenoctaBisieT MpOrpaMMHCTY yIOOHYIO cpeny Aisi MpOrpaMMHUPOBAHUS KOH-
TpOJUIEPOB Ha si3bIkax crangapra MOK 61131-3. Mcnonb3yeMble peakTOPhl U OTIaJ0YHbIC
cpencTBa 0a3uMpyroTCS Ha MIMPOKO M3BECTHBIX M XOPOIIO ce0s 3apeKOMEHI0OBABIINX MPH H-
[IUIIaX, 3HAKOMBIX IO JPYTUM MOMYJSPHBIM cpeaaM Ipodeccru OHaIbLHOTO MPOrpaMMUpPOBa-
Hus (Takue, kak Visual C++).

[Ipexxne Bcero, mepen HadyaaoM paboOThl HalO yOeauThest B ToM, uTo cpeaa CoDeSys
yCTaHOBJIEHA Ha KOMIIbIOTepe. B cityyae ee oTCyTCTBHSI HEOOXOAMMO MPOU3BECTH YCTAHOBKY
(cpena CoDeSys naxoauTtcst B cBOOOTHOM pacrpocTpaHeHur Ha oduimaasHoM caite OBEH
WWW.O0WeN.ru).

ITocne sroro mpomsBenem uHctasauuio TSP (Target Support Packages). B TSP
BKJIFOUEHBI Bce (paitnibl, Heooxoaumblie CoDeSys ans co3nanus Koaa, 0TIk U KOHQUTYp -
poBanHus anmnapatypsl. [Inatdopma onpenenser mapameTpsl reHepaTopa Koja, pacupesene-
Hue namst, pyHkuuoHansHocTh [1JIK, monynu BBoga-BeiBoga. Kpome toro, B TSP Moryt
BXOJIUTH JOTOJHUTEIbHbIE OMOIMOTEKHU, IpaliBephl CBS3M, ini-(aiiasl cOOOIIeHn 00 ommnob-
kax u cnucok komann IIJIK-bpaysepa. Llentpanbasim koMnonenTom TSP sBnsercs onun
WIN HECKOJIbKO LeneBbIx (aiinoB (Target files). B HeM npucyTcTBYIOT AaHHBIE O BCEX J10-
NOJIHUTENbHBIX (haiiyax, HeOOXOAUMBIX JJIsi KOH(QUTYpUpOBaHUs JaHHOW miatdopmel. Jliis
uHctausinuu TSP 3amyckaem yrmmty InsallTarget, kotopast 00bI9HO BXOIUT B CTaHIAPT-
HBII nakeT cpensl CoDeSys.

B otkpriBmiemcs mipu 3anycke yrunthl InstallTarget oxne (Puc. 3) — HaxkaTh KHOIIKY
Open u yka3zaTh MyTh JOCTyIa K MHCTAUIUpyeMoMy [ arget-gainy (MMermeMy pacimpe-
aue *.tnf). Target-¢aiiner koutpomepos OBEH TTJIK100 HaxomsTcs Ha KOMIAKT-IUCKE,
IIOCTaBIIIEMOM C KOHTpoOJUIepoM, B mamke «Target» wim MOryTr ObITh CKayaHbBl C caiiTa
WWW.owen.ru.

[Tocne otkpwiTus Tpebyemoro ¢aiina B ooiactu «Possible Targets» oxHa oTo6pa3uT-
cs nanka «Oweny.

OtkpbiB manky «Owen» U BbBIACIUB HAaXOMAILIYIOCS TaM CTPOKY, Ha)KaThb KHOIKY
Install. B o6nactu «Installed Targets» okHa 0TOOpPa3WUTCS CIHMCOK HMHCTAIMPOBAHHBIX
Target-¢aitiioB. Ha 3TOM yCcTaHOBKY MOKHO CUMTATh 3aKOHYEHHOM.

B nabopaTopHbIX CTEHIax BCE 3TH MPOILEAYypbl ObUIH BBIIIOJIHEHBI, YCTAHOBJIEHA Cpefia
CoDeSys 1 mpoMHCTAITUPOBAHBI UCITONB3yeMbIe TSP.
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i "
4 InstallTarget a &
Installation directory: I
Possible Targets: Installed T argets:
&
o PLC100.K-L
Open... | © L PLC100.K-M
- PLC100.R-L
| - PLC100.RM
[=)- 35-Smart Software Solutions GmbH
' ‘- 35 CoDeSys SP PLCWINNT V2
Install | A
Remove |
"
|/
2 m 1
|

Puc. 3 Oxkno «InstallTarget» yrunute InstallTarget

3amycTuTh porpammuyro cpeay CoDeSys. B okne Target Settings HanpoTus cTpoku
Configuration BeiOpats Tun norudeckoro koutposwiepa PLC 100.R-L, T.x. UMEHHO OH uc-
noJib3yeTcst B JabopaTopHbIx pabdortax, m HaxaTh OK. B mossusmemcs okae New POU
(Puc. 4) Boiopats T POU Ilporpamma (Program) u si3bik, Ha KOTOPOM OyJIET OCYILECTB-
JSAThCS Hanucanue mporpammel LD (penelinbie nuarpammebl). FIMst iporpaMMbl OCTaBUTH 0€3
n3MeHeHus. [lonrBepauth BeIOOp HakatueM Ha KHOMKY OK.

Name of the new POU: [PLC_PRG ok |
~ Type of POU- 1 1 Language of the POU- - Cancel I

* Program L
" Function Block & LD
" Function " FBD
Return Type: " SFC
[eooL __] ST
~

Puc. 4 Bpi0op A3bIKa IpOrpaMMUpPOBAHUS U 33JIaHUE UMEHH MPOrPaMMBbl

[Tocie BBIMOJHEHHUS BCEX BBIIMICONUCAHHBIX ACHCTBUM OTKPOETCS TJIaBHOE OKHO
(Puc. 5) cpenpr CoDeSys.
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4 CoDeSys - (Untitled)* - [PLC_PRG (PRG-LD)]

®) File Edit Project Insert Extras Online Window Help _|&]x

Bl=E| BledBiSRl & (ElslmE x| el v olele| ojEws® 2%

= | [O001PROGRAN PLC_PRG
3 POUs 0002)VAR
[ EEEEGEEM | [0003END_vAR

L

3

[ ONLINE [0V [READ

Puc. 5 T'naBnoe okHo cpeanst CoDeSys

OHO COCTOUT M3 CIEAYIOIINX 3JICMEHTOB (B OKHE OHH PaCIlOIOKEHbI CBEPXY BHHU3):
e Mesto (Puc.6).

e [lanens uHCTpYMEHTOB. Ha Hel HaXOASATCS KHOIKH JIJIsl OBICTPOTO BBI30Ba KOMaH/
mento (Puc.7).

e Opranuzarop o0bekTOB, UMeromnii Bkaaaku POU, Data types, Visualizations u
Resources.

Pazgenurens Opranuzatopa 06bekTOB U padoueit oomactu CoDeSys.
Pabouas o061acTh, B KOTOPOI HAXOJUTCS PEAAKTOP.

OKHO cOOO1IEeHUH.

Crtpoka craTtyca, coaeprkamias HOOPMAIHIO O TEKYIIIEM COCTOSIHUU MPOEKTA.

% File Edit Project Insert Extras Online Window Help
Puc. 6 MeHro cpenbl

MeHnto HaXOIAHUTCiA B BerHeI\(JI yacTH rjiaBHOro okHa. OHO COACPIKUT BCC KOMAH/bI

CoDeSys.

2z

sl bERHE [ - R el olole| a|8|E/E(8| 2[5

Puc. 7 Ilanenb MHCTPYMEHTOB

KHonku Ha maHenu MHCTPYMEHTOB oOecneuuBaroT 0osee ObICTPBIM JOCTYN K KOMaH-
JaM MEHI0. BrI3BaHHAsI ¢ TOMOIIBIO KHOIIKYM Ha MaHEeId MHCTPYMEHTOB KOMaH/la aBTOMaTH-
YECKH BBIMOIHIETCS B aKTUBHOM OKHE.

KoMmaHzga BBITIOTHUTCS, KaK TOJIBKO Ha)kaTas Ha MaHEIH MHCTPYMEHTOB KHOMKA OyaeT
ornyiieHa. Ecau Bbl MOMECTUTE yka3aTelb MBIIIKM Ha KHOIMKY MaHeId UHCTPYMEHTOB, TO
gyepe3 HeOONBbIION MPOMEKYTOK BPEMEHH YBUAWTE Ha3BaHWE JTOM KHOIKH B TOJCKAa3Ke.
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KHOIKM Ha maHeIu MHCTPYMEHTOB pa3iuyHbl A1 pa3HbIX penaktopoB CoDeSys. [lonyuuTs
UH(OPMALIMIO OTHOCUTEIBHO Ha3HAUEHUS ITUX KHOIIOK MOYKHO B OIIMCAHUH PEIAKTOPOB.

[Tpu >xemaHnyM NaHeNb MHCTPYMEHTOB MOXHO OTKJIFOUUTH (cM. 'Project’ 'Options' kate-
ropusi Desktop yopats ramouky Tool bar).

B[]

Puc. 8 OpranuzaTop 00BEKTOB

Opranuzatop 0ObEKTOB BCET1a HAXOUTCS B JIeBOM yactu rinaBHoro okHa CoDeSys. B
HWKHEH 4acTH opraHu3aTtopa o0bekToB Haxonarcs Bkiagku POUs, Data types (Tunbl naH-
HBIX), Visualizations (Bu3yanuzamuun) u Resources (pecypcsi). [lepexitouarbes MexIy cOOT-
BETCTBYIOIIUMHU 00BEKTaMU MOKHO C TIOMOIIIBIO MBIIIKH, HAKUMAasl Ha HYKHYIO BKJIAJIKY.

Pa3neanTesib JKpana.

Pazpenurens skpaHa — 3TO rpaHUIla MEXKIY JABYMsI HENEpeceKarolMUMHICs OKHaMu. B
CoDeSys ecTh cienyroiue pa3aeauTean: MeXIy OpraHu3aTopoM OOBEKTOB M pabouei 00-
JacThlO, MEXKY pa3zieloM o0bsBIEHUH U pa3aenoM koga POU, mexay pabouei 061acTeio U
OKHOM cooOmieHnil. Bel MOkeTe mepememars pa3faeuTeNd ¢ MOMOIIBI0 MBIIIKH, HAaXaB €e
JIEBYIO KHOTIKY.

Pa3znenutens coxpaHseT CBOE MOJOKEHHUE TaKe TIPU U3MEHEHUH pa3MepoB okHa. Ecim
BbI OOJIBIIIE HE BUJIMTE Pa3/IeIUTENs Ha IKpaHe, 3HAYUT, CTOUT U3MEHHUTH pa3Mephl OKHA.

0001 FROGRAIVI PLC_PRG
0002|VAR
0003END_VAR

Suli

Puc. 9 Pabouas obnactb
PaGouas o6macth HaxonuTcs B mpaBoid yacTu riiaBHoro okHa CoDeSys. Bee penakro-
pBI, @ TaKKe MEHEDKEp OMOIMOTEK OTKPBHIBAIOTCS UMEHHO B 3TOM 0o0sacTh. MM OTKpPBITOTO
00beKTa HAXOJUTCS B 3ar0JIOBKE OKHA.
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OKHO co00IIeHNH.

OxkHO cooOuIeHui! oTne’aeHo oT paboueit obnactu pasaenureneM. MIMeHHO B 3ToM
OKHE MOSBIISAIOTCS COOOUIEHUSI KOMIUIIATOPA, Pe3yIbTaThl MOUCKA U CIUCOK MEPEKPECTHBIX
CCBLIOK.

[Ipu nBOMHOM IIETYKE MBIIIKON MM MPU Ha)xkaTuu kiaBuiu <Enter > Ha cooO1eHuu
OyZIeT OTKPHIT OOBEKT, K KOTOPOMY OTHOCUTHCS HaHHOE coobmienue. (Jlamee cokparmieHHO
ofepaluy ¢ KHOMKaMu MBI Oyaem 3anucbiBath Tak: 1JIKM, ecnu oiHO HaxkaThe Ha JIEBYIO
KiaBuiny MbIku, 2JIKM — eciin aBa Haxartust; 1 [IKM u 2I1KM, ecnu oauH v 1Ba meny-
Ka MpaBOi KHOMKOM. )

C nomomsto komana “Edit” ”Next error” u ”Edit ” ” Previous error ” MOKHO OBICTPO Tep e-
MEIIAThCS MEXKITY COOOIIEHUsIMU 00 OmnOKax.

OkHO CcOO0OIEeHnI MOXXHO yOpaTh MO0 BKIIOYWTH C MOMOIIBI0 KoMaHawsl “Window”
Message”.

CTaT)’CHaSI CTPOKa

"oeSuc - [ nftlel® - 1 C PRG PRGN | IONUNE [0

Puc. 10 Crarycnas cTpoka

CrarycHas cTpoKa HaxOJIWTCA B HIM)KHEW 4dacTu riaBHOro okHa CoDeSys u mpeno-
CTaBJsieT UH()OPMALIMIO O TPOEKTE U KOMAHIaX MEHIO.

[Ipu BbIOOpE MYHKTA MEHIO €r0 OMMCAHUE MOSBISIETCS B JIEBOM YaCTH CTPOKH CTaTyca.

Ecnu BBl paboraere B pexume online, To Haanuch Online B cTpoke cTaTyca BbIAEISIETCS
YepHBIM IBETOM. B MHOM cityyae Hagnuch cepas. C MOMONIIbIO CTaTYCHOM CTPOKHU B PEKUME
online MOKHO OMpENENUTh, B KAKOM COCTOSIHUM HaxoauTcs mporpamma: SIM — B pexume
smyssiiud, RUN — nmporpamMma 3amymiena, BP- ycranoBnena touka ocrtanoBa, FORCE —
IPOUCXOAUT (PUKCALUS IEPEMEHHBIX.
[Tpu paGoTe B TEKCTOBOM pPENAKTOpE B CTPOKE CTaTyca YKa3blBaeTCs MO3UIUS, B KOTOPOii
Haxonutcesa Kypcop (Hanpumep, Line:5, Col.:11). B pexxume 3amenst Haanuch “OV” BbLaensi-
eTcsl YepHbIM LBeTOM. Haxknmast knaBumy <Ins> MOKHO NMEPEKIIFOYATHCS MEKIY PEKUMOM
BCTaBKHU U 3aMEHBI.

B Busyanuzanuu B cTaTyCHOM CTPOKE BBIBOJSTCS KOOPAMHATHI Kypcopa X U Y, KOTO-
pbl€ OTCUMTHIBAIOTCS OTHOCUTEIBLHO BEPXHEro JIEBOrO yria okHa. Eciu yka3aTenb MbIIIU
HAXOJUTCSI Ha AJIEMEHTE WM HaJ 3JIEMEHTOM IMPOU3BOJAATCA Kakue-Iu0o IeHCTBUA, TO yKa-
3bIBAETCS HOMEP 3TOro AnieMeHTa. [Ipy BcTaBke 3JIeMEHTa B CTPOKE CTaTyca YKa3bIBAETCS €ro
Ha3BaHue (Hanpumep, Rectangle).

Ecnu BBl moMecTunu ykaszaTenb Ha MYHKT MEHIO, TO B CTPOKE CcTaryca MOsIBISETCS €ro
KpaTKO€ ONMCaHUE.

CrarycHyl0 CTpOKY MOXHO yOpaTh u00 BKIOUUTh (cM. 'Project' 'Options' kaTeropus
Desktop).

KoHTekcTHOE MeH10
bricTpsiii Be3oB: <Shift>+<F10>
BMmecTo Toro, 4ToOBI HCIIOJB30BaTh TJIABHOS MEHIO I BHI30BA KOMAaH]I, MOKHO BOC-
MI0JIH30BAaThCsI KOHTEKCTHBIM MEHIO. DTO MeEHIo, BhI3biBaecMoe 1IIKM Ha pabGoueir obmactw,
COAEPKUT HauboJIee YacTO UCTOJIb3yeMbIE KOMAH/IbI.
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[Tpuctynmum k pa3paboTke mporpammbl. B cioydae ecnu HE0OX0auMO OyIEeT peabHOe
nojkimoueHue komnbiotepa k [JIK, To Heo6xoaumo OyneT BBecTH nepemeHHbie B Kondgu-
ryparop IIJIK. Ecnu »xe npeamonaraercs padoTa B pexuMe IMYIAYUN, TO STOT IIAr MOKHO
IPOITYCTHUTb.

Jnst BHecenus nepeMenHbix B Konduryparop IIJIK (Pucynok 11) nox oknom Opea-
Huzamop o6vexkmos neobxonumo Haxath 1JIKM Ha Bknaaky Resources u u3 mepepa pe-
cypcoB BeiOpate PLC Configuration. B konduryparope B JI€BOM OKHE PAaCKpPBITh BKJIAJIKY
PLC100.R, menkuys 1JIKM no cumBoay «+». ITorom 2JIKM mienkayts mo Discrete Input
8 bit. HaxxaB Ha «+», packpsith Bkiagky AT %I1B0.0: BYTE. Janee menkayts 2JIKM 1o
Hagmucu AT ctpouku AT %I1B0.0.0: BOOL u BBecTH UMl nepeMeHHON. AHAJIOTHYHBIM
obpazom, HO ToNbKO yxke B cTtpoku AT %I1B0.0.1: BOOL, AT %IB0.0.2: BOOL, AT
%1B0.0.3: BOOL, AT %I1B0.0.4: BOOL BBectn MMeHa OCTaJIbHBIX BXOJIHBIX IEpPEMECH-
HBIX.

JIJis BBOJIa BBIXOJHBIX MEPEMEHHBIX HEOOXOJMMO HakaTh Ha «+» Bo3ye cTpoku Dis-
crete Output-Relay. IllenxuyTts 2JIKM mo nHaamucu AT B ctpoke AT %0QX1.0: BOOL u
BBECTH UMs MEPBOW BBIXOJHOW MEpeMEHHON. AHAJIOTMYHBIM OOpa3OoM BBECTH OCTaJIbHBIC
nMeHa nepemeHHbIX B cTpoku AT 20QX2.0: BOOL, AT %QX3.0: BOOL, AT %QX4.0:
BOOL, AT %QX5.0: BOOL, AT %QX6.0: BOOL.

4 CoDeSys - $33.pro* - [PLC Configuration]
(i File Edit Project Insert Bxtras Online Window Help _ =[x

e e e e T

E--PLC100.R

(SR Base parameters
4] PLC_PRG [PRG)

B--Discrete input 8 bitFIX]
B AT %I1B0.0: BYTE; (* 8 discrete inputs *) [CHANNEL ()]
i-PUSK AT %IX0.0.0: BOOL; (* Bit 0 *)
D1 AT %IX0.0.1 BOOL; (*Bit1%) Comment: !Bll 0
D2 AT %IX0.0.2: BOOL; (*Bit2*)
D3 AT %IX0.0.3: BOOL; (*Bit3*)
D4 AT %IX0.0.4: BOOL; (* Bit4 *)
L AT %1X0.0.5: BOOL; (* Bit 5 %)
i AT %IX0.0.6: BOOL, (* Bit 6 *)
e AT %IX0.0.7 BOOL; (*Bit7*)
J--Discrete output - relay[FIX]
L1 AT %QX1.0: BOOL; (* relay *) [CHANNEL (Q)]
E--Discrete output - relay[FIX]
L2 AT %QX2.0: BOOL; (* relay *) [CHANNEL (Q)]
E--Discrete output - relay[FIX]
M3 AT %QX3.0: BOOL; (* relay *) [CHANNEL (Q)]
E--Discrete output - relay[FIX]
114 AT %QX4.0: BOOL; (* relay *) [CHANNEL (Q)]
E--Discrete output - relay[FIX]
L5 AT %QX5.0: BOOL; (* relay *) [CHANNEL (Q)]
E--Discrete output - relay[FIX]
LB AT %QX6.0: BOOL; (* relay *) [CHANNEL (Q)]
Special output{FIX]

Puc. 11 Kouduryparop PLC 100 R-L

Teneps npucTynnaeM K IpOCKTUPOBAHUIO CAMOU IIPOTPAMMBL.
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Ykazanus no memoouxe nocmpoenun cxem LD.

[Tocne oTkpeiTHs TiaBHOrO OKHa cpeipl CoDeSys Ha skpaHe MOHMTOpPA MOSIBUTCS
nepBas Lenb IPOCKTUPYEMOM CUCTEMBI. DTO TOPU30OHTANIBHAS JIMHUS MEXIY JIBYMs BEPTH-
KaJbHBIMU LIMHAMH, KOTOPYIO HAJ0 3alOJIHUTh HEOOXOJUMBIMU 3JIEMEHTaMU: KOHTAKTaMH,
dbyHkIMoHanpHBIMU OokaMu FB, kaTymikamu perne.

HaBonum kypcop Ha nuHuto uemnu, menkaeM 1JIKM, nepeBogum Kypcop Ha HEOOXO-

JMMYIO KHOIIKY B IMPaBOM YAaCTH MaHEIM WHCTPYMEHTOB, Ha 3aMBIKAIOIIUNA KOHTAaKT ﬂ,
HakuMmanueM 1 JIKM 1 3TOT KOHTaKT MOSIBUTCS B IENH ¢ «???7» KpacHOro nsera (puc. 12)

Puc.12 3aMbIkaromuii KOHTAKT

HaBogum kypcop Ha «??7», menkaem 1JIKM wu kimaBuatypoil HaOupaem ums,
Hanpumep PUSK, naxxumaem <Enter>.

OtkpeiBaetcs okHo Declare Veriable (O0bsiBieHNE TepeMeHHO), 3ampaliiBaromnas K
KaKOMY KJIacCy IMepeMEHHBIX OYJET OTHECCH Halll 3JieMeHT (puc. 13)

B
Declare Variable ﬁ |
Class Name Tvpe 0K
[er v| [Pusk [pooL ]
Cancel
Symboal list Initial ¥ alue Address —I
IIS|v:ub-alk"-.-"-arhablr:-.; __I I _J l  CONSTANT
Comment: [~ RETAIN

[~ PERSISTENT

Puc.13 OxHO 00BsIBICHUS IEPEMEHHON
Ecnu npoektupyemMas cxema mpeaHazHadeHa Juisl yueOHbIX 1ieseid u Oyaer paborarhb
TOJIBKO B PEKUME IMYIISIUU, TO MOXKHO cpa3y HaxaTb 1JIKM na OK u ums nosButcsa Hax

3JIEMECHTOM

Puc.14 O0ObaBIEHHBIN 3aMBIKAIOIINN KOHTAKT

Ecnu ke mpoekTUpyeMylo cxemMy HEeOOXOAMMO MOTOM pPEeaM30BbIBATH HA PEaIbHOM
[TJIK, To ciemyeT HaBeCTH Kypcop Ha CHHIOI CTpOKy B paszaene Class, naxas JIKM u cme-
CTUBIUMCh BHHU3, OTKpBIBAEM CTPOKHM 3TOro paznena. OcTaHaBIMBaeMCs Ha CTPOKE
VAR _INPUT, ecnu 00bsiBIeHHBIN deMeHT OyaeT noakitoueH K Bxoay [IJIK umu Ha ctpoke
VAR_OUTPUT, ecnu k Bxoay. Haxxumaem 1 JIKM na OK.

[Tporpamma B cpene CoDeSYS BeIMISANT cieayroumM oopasoM (puc. 15):
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{[® Fie Edit Project Insert Extras Online Window Help [=] x
| Bl=lE BleedaEla |RlemE [0 <] el iy olele| w|mwma] /s
3 POUS | yxg: ggg'ﬁf ‘:
S PLC_PRG (PRG] 0007 y3: ESOL; =
<l »
loao1]
x1 ¥
— t {
x2 ¥2
— | {
0003
¥ ¥2 y3
— t | | {
<l (2]
\ [ONLIE [0V [READ.
Puc. 15 IIpumep cxemsl B LD
Cut Ctrl+X Boipesats
Copy Ctrl+C Konuposate
Paste Ctrl+V Bcraeutb
Delete Del Yaanute
Network (before) Lens (nepea)
Network (after) Ctrl+T Llens (nocne)
Contact Ctrl+K KonTakr
Contact (negated) Ctrl+G MHeepcHbIi KOHTaKT
Parallel Contact Ctrl+R MapannenbHblit KOHTaKT
Parallel contact (negated) Ctrl+D MapannenbHblil KOHTaKT (MHBEPCHBIN)
Function Block ... Ctrl+B DyHKUWOHaNbHbIW BAOK...
Rising edge detection [etexTop nepegtero ¢ppoHTa
Falling edge detection [JetexTop 33aHero ¢ppoxTa
Timer (TON) Tavimep (TON)
Coil Ctrl+L OBmoTtka
‘Set’ coil Ctrl+I 'Set' oBbmoTka
'Reset’ coil 'Reset’ o6moTka
Box with EN 3nement c EN
Insert at Blocks Bcraeka 8 Gnokun
Jump Mepexoa
Return Bozspar
Comment Kommentapuit
Negate Ctri+N WHeepcua
Set/Reset Set/Reset
Zoom Alt+Enter Macwitab
Open instance OTkpbiTh 3KGEMNNAP

a)

Ctrl+X
Ctrl+C
Ctrl+V

Del

Ctrl+T

Ctrl+K
Ctrl+G
Ctrl+R
Ctrl+D

Ctrl+B

Ctrl+L
Ctrl+I

Ctrl+N

Alt+Enter

6)

Puc. 16 — KontekctHoe Menro mporpammbel CoDeSys
a) KOHTEKCTHOE MEHIO Ha aHTJIMICKOM SI3BIKE;
0) KOHTEKCTHOE MEHIO Ha PYCCKOM SI3bIKE.



Penakrop LD — sto rpaduueckuii penakrop. Hanbonee BakHbie KOMaHABI PACIIONO-
&KEHbl B KOHTEKCTHOM MeHio (Puc. 16), kotopoe BbI3biBaeTcs 1IIKM unu couetanuem kna-
Bumn <Ctrl> + <F10>. Ha pucynke npencrasieHsl MeHIO u3 Bepcuii CoDeSys Ha aHrimii-
CKOM U PYCCKOM SI3bIKaX COOTBETCTBEHHO.

DJIEMEHTBI CXEMbI MOXHO B IIPOLIECCE MPOrPAMMHUPOBAHUS IIEPEMEIATh M0 UENU WU
MEHSATh UX HAUMEHOBAaHU C IOMOIIIbIO MEpEeTaCKUBaHUS ero Mblbio (drag & drop).

JIns mepeHoca 3JIEMEHTa, «3aXBaTUB)» DJIEMEHT KypcopoM M Ipu Haxarou JIKM, me-
pEMEIAroT ero B HOBOE MECTO.

B 3TOT MOMEHT Ha BXOJE M BBIXOJ€ KaKJIOI'O 3JEMEHTA BBHICBEUMBAIOTCS HEOOJbIINE
npssMoyrojbauku (Puc. 17 —a).

0001 0001
| k) ot —) 3 y R_TTRK;
L | | | | K@ o
N
a)
0004 0001
T T
& R_TRIG s y R_TRIG ¥
I—D—ELKH {I——) | | cuq“ a1 —
0)

Puc. 17 — Bun uenu npu nepeTackuBaHUM 3JIEMEHTA

Kak Tosbko Kypcop MOAOMAET K OJHOMY M3 HHMX, MPSIMOYTOJIbHUK CTAHOBUTCS 3€je-
HbIM. OtniyckaeM JIKM u mepeMeiaemslil 31€MEHT 3aiMeT HOBOE MecTo. Eciiu ke HYKHO
3aMEHUTh KaKOU-IMOO OOBSIBIECHHBIA JIEMEHT CXeMbl JpyruM (puc.l/ — 0) HyKHO mepeme-
CTUTh 3JIEMEHT, KaK B BBIIICONUCHIBAEMOM CJIydae, HO YK€ HE B «IPSMOYTOJbHHUK» a B
Ha3BaHUE U3MEHIEMOTO0 JJIEMEHTA.

Coznanne nporpammbsl B CoDeSys.

Jlnia cozmaHusi mporpaMMEBl ClieqyeT OTKphITh cpeny CoDeSys u mpoBecTtu Bce HE0O-
XOJUMBIE AEHCTBUS, KOTOPBIE IETAIBHO OMMCAHBI BBIIIIE.

K npumepy, HE0OXOAMMO COCTaBUTh MpPOTrpaMMy, HMEIOUIYIO CIEAYIOIIUN BUJ
(Puc. 18).
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@, PLC_PRG (PRG-LD) =3Il =
0007 b:BOOL; -
o008  BOOL:
o009 y: BOOL:

nn4plchn vaAD
<4 3

~

£
-

5

T.1.1.1.

0002

L

Puc.18 IIporpamma
Jlnst Havana cinenyer HaxaTh 1JIKM Ha nmosiBuBIIENCS LenW MPOrpaMMbl (TEM CaMbIM
CeNaTh €€ aKTUBHOM), lajiee 3Ty npoueaypy Oyaem Ha3blBaTh AKmueuzayueil yenu.
g Hee sBHO moTpeOyroTes 2 uenu. g ux Ao0aBiIeHMs CYIIECTBYET TpU cIioco0a,
PacCMOTPHUM KaKIbIi:

Homep IManeanb JlobaBJsienue nenu | Jlo6aBjieHune menu
BbIlIIEe HUKe
1. Menio (INSERT) Network Network
(before) (after)
2. Ilanenb HHCTPYMEHTOB v 03
3. KoHnTekcTHOE MEHIO Network Network
(before) (after)

OO6e 1enu MOSIBUITUCH, CIIETIAeM MEepBYI0 akTUBHOM, HaxaB 1JIKM nHa neit. Jlnsa BcTas-
KM 3JIEMEHTA MEPEBECTU KypCOP MBIIIN HA NTaHEJIb MHCTPYMEHTOB U HaxkaTh 1JIKM Ha 3ambI-

1k < <
KaroIIeM KOHTAKTe —J, 0OBSIBUM €ro UMEHEM «C», TIOJB3YSCh BHIIIICONMMCAHHOW METOIUKOM.
Jlanee cinegyer mepeBECTU Kypcop Jisi BCTABKU CIEIYIOLIErO AJIEMEHTa, ISl 3TOT0 HaXKMEM
Ha nenu 1JIKM, mosiBUTCS XapaKTepHBIH MPSIMOYTOJbHUK U3 ToYeK B KoHIle 1ernu (Puc.19).
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@ PLC_PRG (PRG-LD) =)
_0001|PROGRAM PLC_PRG -
0002|VAR
0003 c BOOL;

nandlcnn vao
<4 »

0001

0002

Puc. 19 3ampIkaronuii KOHTAKT «C» U
XapaKTEPHbIA MPSIMOYTOJIbHUK» B KOHIIE IIETTH

JloGaBUM CleIyrONINI 3JIEMEHT — Pa3MbIKAIOMUN KOHTAKT. J[Ji1 3TOr0 KypcopoM MblI-

v nepesezeM B IlaHeb HHCTPYMEHTOB U BbIOEpEM KHOIIKY |ﬂ.| U 00BSIBUM TMOSIBUBLIUICS
JJIEMEHT UMEHEM «e». Jlanee cnenaem akTUBHOM BeTBb. Ha cxeme yxke 2 3jeMeHTa, Tenepb
HY’)KHO NapaJjIeIbHO WM ITOMECTUTH 3aMBIKAIOIIMM IapajulelIbHbI KOHTAKT, IS 3TOrO
BBIJICTIUM OTH JBa KOHTakTa: Haxkmem |JIKM Ha ogHOM M3 HMX W, yAEpKHBas KHOIIKY
<Shift>, maxxmem Ha BrOpoO#l KOoHTakT 1JIKM, oHM 00a OyayT BBIACICHBI «XapaKTCPHBIM

npssMoyroibHuKOM». [lanee cnenyer menkHyte 1JIKM Ha kHomke ll'_pl B Ilanenn
WHCTPYMEHTOB, OOBSBIISCM MOSBUBIIMICS 3JIeMEHT MMeHeM «O». AKTHBH3UPYEM IICIb.
Hanee criegyer pa3MBbIKAIOUIMNA KOHTAKT, KOTOPBIA CJEAyeT J00aBUTh aHAJOTHUYHBIM
crocoOOM U O0BSIBUTH €r0 UMEHEM «ay. [locie BBIOTHEHUS! 3TOr0 JEHCTBUS, cxeMa OyaeT
BBITJIIETD Cleqytommm 06pasom (Puc.20)

@ PLC_PRG (PRG-LD) o] =]
0004 e:BOOL; -
0005 d:BOOL;
00068 a:BOOL;

annzichnn vAD
< 2

0001

=

0002

Puc.20 - ITpomeKyTOYHOE COCTOSTHUE MPOrPaAMMBI
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N3 pucyHka BUIHO, YTO Mbl UMEEM CXEMY U3 4 KOHTAKTOB, MApaJUIEIIbHO UM HYXKHO
BCTaBUTh PA3MBIKAIOIINH MMAPAJUICIIbHBIA KOHTAKT, METOAMKA caeayromas: HaxxumaeM 1JIKM
Ha 3JIEMEHTE «a», yaepxkuBas KHonky «Shifty Haxkmem Ha 1r000W M3 OCTaBIIMXCS KOHTAaK-
TOB, TIIOCJIE YETO BCSI CXEMa BBIICIIUTCS «XAPAKTEPHBIM MPSIMOYTOJIBHUKOMY. Jlanee HaXH-
MaeM Ha 3Ha4OK Pa3MbIKAIOIIET0 KOHTakTa B IlaHe 1M MHCTPYMEHTOB, IOSIBUBLIEMYCSI KOH-
TaKTy pUCBanBaeM uMs «d».

CrneayoolmuM 3J1€MEHT — pPa3MBIKAIOIMINWNA KOHTAaKT, TOMECTUTh B CXEME €ro MOKHO
cienyronmM obpazom: menkHyTh 1JIKM Ha koHTakTe «O»(HWKHUN) U MEPEeBECTH KypCop
MaHunyJisATopa B [laHenp MHCTPYMEHTOB M Ha)KaTh HA 3HAYOK Ll Pa3MBIKAIOLIErO Napal-
JETFHOTO KOHTAKTa, TPUCBOUTH eMy uMs «D». Jlanee Hy)KHO IMePEHECTH €ro NabIlie KOHTaK-
Ta «d», 3Ty Tporenypy MOXHO CJIeNIaTh, MCIIOJNB3Ys METOIUKY OIMUCaHHYIO BbIme. [Ipo-
rpaMMa Ha JIaHHOM STare Oy/ieT BBINIAIETh CACIYOIUM 00pazom (puc. 21):

® PLC_PRG (PRG-LD) =3 ol 7%=
0005 d:BOOL; -
0006 a:BOOL;

0007| b:BOOL;

annolchin vaD
< »

0001 -

=

T.I.L.

0002

Puc.21 [IpomexyTOUHOE COCTOSIHUE IPOTPaMMBbI

Jlanee mapajuiebHO KOHTaKTy «0» OOBSBUM 3aMBIKAIOIIMIA MapauIeIbHBI KOHTAKT

«E», UCTIOJIb3YSl YK€ U3BECTHBIN 3HAYOK | 13 Manesn HHCTPYMEHTOB (0053aTEILHO BBIJIC-
JUTH TIPH 3TOM TOJBKO OJUH KOHTAKT «O», 4TOOBI IM0OABISIOIIMINCS 3JIEMEHT OBLI Mmapaj-
JIEBHO TOJIbKO emy). CaenaTb akmueHou 1erb!

3akJroyuasi epBYyIO 11eTb, HEOOXOUMO YCTAHOBUTH KATYIIKY peie, Al 3TOr0 Kypco-
poM Ha [laHenmn WHCTPYMEHTOB HAWTH 3HAYOK .{_’l u Haxars LJIKM. [anee cnenyet
MIPUCBOUTH HOBOMY DJIEMEHTY UM «K».

Jns mepexona Ha HOBYIO Ienb cienyeT Haxarb 1JIKM Ha sTOil menu um Ha HEH
MOSIBUTCSL  «XAapAaKTEPHBIA MOpsAMOYroidbHHUK». llociie Bcex NPOBEAEHHBIX MPOLEAYP
nporpamma OyJIeT UMETh clenyrommui Bua (puc.22):
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@ PLC_PRG (PRG-LD) =
a: BOOL;
b: BOOL,;
k: BOOL;

CAID_VAD
< |

ololo
(=1{=1=]
o|oo
(<=1 B~V K=7)

0001

— /1 (
-
— /1

Puc.22 Ilepexon ko BTOpoil 1ienu

Bo BTOpoO#i 11enn He0OXOUMO BCTABUTDH 3aMBIKAIOIIUN KOHTAKT «K» U KaTYIIIKYy pesie

«y». Ilocie yero nporpamma OyJIeT UMETh OKOHYATENbHBIN BU (puc.23).

@, PLC_PRG (PRG-LD) =N BR[|
0007 b:BOOL: a
0008 K BOOL:
0009 y:BOOL; =
ADOo4QlChn VAD
£
0001
c e a k
|1 1 /1 | /1 (3
11 1/1 1/ )}
d
I
— |
g b
I 1 /1
— | {/1
e
0002
k
|1 (3
11 )}

-

Puc. 23 OxkoHUaTeNbHBIN BUI TPOTPAMMBI
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S3eik LD (Ladder Diagram), T.e. si3bIK peJIeHHBIX AUArpaMM SIBISIETCS TOCTATOYHO IOTY-
JISIPHBIM B CUJTy CBOEM HATJISTHOCTH U MO3BOJISIET peliaTh MUPOKHUI KPYT 3a7a4 KOMOUHAI -
OHHOM M COOBITUHHO-YIIPABISIEMOMN JIOTHKH.

Cxembl Ha LD Ha3pIBalOT Takke MHOTOCTYNEHYATHIMH, T.K. UX LIEMH HAIIOMUHAIOT CTY-
NEHbKU BEPTUKATBHON JIECTHULIBI.

[Tpu Hanucanuu IporpamMmsel Ha JUCTe Oymare uiau cpa3zy Ha MoHuTope [IK ncnomas3yroT-
Csl IB€ BEPTHKAJIbHBIC JIMHUU, U300paKaIOIIME IIWHBI MUTAHUS, MEXKIY KOTOPBIMH pa3Me-
HIAIOTCS TOPU3OHTAIbHBIE IIETTH, COCTOSIINE U3 BOOOpaKaeMbIX KOHTAKTOB M KaTYyIIEK peJie,
¢ynkimonansHbix 610k0B FB. 1o MeHbIeit Mmepe X0Tst Obl OMH KOHTAKT M OJHA KaTyIlKa
pere ciyKat pealbHbIMH BXOJIOM M COOTBETCTBEHHO BbIxo10M [JIK.

Tak, Hampumep, peajbHas peJeiiHas cXxeMa yMNpaBlICHUS JJIEKTPUUYECKUM JBHUTaTeIeM
(puc.24), conepxaitas kHonku nmycka SB1 u ocranoBku SB2, xarymky KM marHutHOro
myckartensi, uMeromero 0ok-koutakt KM1 st camogukcanny BKIIFOUEHHOTO COCTOSIHUS U
koHTakThl KM2 115 mojgaun nutanus Ha asurareiib M, Ha s3eike LD B kommuiekce CoDeSys
OyaeT uMeTh BU, KaK OKa3aHo Ha puc.25.

o
SB1 SB2 KM
s T Tl L
A
& —
KM2
KM
_—~
a)
6)

Puc.24. KoHTakTHas cxeMa yrpaBlieHHs (a) ¢ JJIEKTPHUSCKUM JBHUTaTeseM (0)
SB1 sSB2 KM

)_

KM

Puc.25. MHoroctynenyatas cxema B LD ynpaBneHus 37€eKTpU4ecKUM JBUraTEIeM

Ecnu peanbHOE penie uMeeT OrpaHUYEHHOE KOJUYECTBO 3aMBIKAIOIIUX, PA3MBIKAIOIIUX U
MEPEKII0YAIOIINX KOHTAKTOB, TO B LD Takux orpaHuyeHHil HET, U BUPTyaJIbHbIE KOHTAKTHI
MOT'YT MPUMEHSITCS B JIFOOOM 11eNU B JIFOOOM KOJIMYECTRE.

Kaxxmas nenp 3akaHuuBaeTCs «Karyiikoin» pesie. [lociaenoBaTebHO COSAMHATh KaTyIIKU
Henb3d. [lapasiesbHO — MOXKHO.

Kaxnomy anemeHTy nenu (KOHTakTy, KaTyiike, (yHKIIMOHAILHOMY OJIOKY) pUCBanBa-
€TCS UMA, KOTOPOE Ha @H2AUICKOM SI3bIKE TTUIIETCS HAO JIEMEHTOM.

Bo Bcex uensix ogHOW CXE€Mbl UMs JIOTUYECKON MEPEMEHHOM KOHTAaKTOB OJTHOTO M TOTO
XKe pene JOKHO coxpaHsaTcsa. Mms MoxeT ObITh 0qHOOYKBeHHBIM (X, Y, Z # T.1.), UMETh
udposeie uHACKCH (X1, X2 1 T.71.), BOUChIBaeMbie 0€3 npoodena.

Ho uudpy Ha nmepBoe MecTo cTaBUTh Henmb3s: 1 X, 2X — HenmpaBMIBHO!
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Henp3s npuMenats B kadecTBe uMs OYkBbI «S» u «R». C nngekcamu, Hanpumep R1, S2
WJIU B COYETAaHUHU ¢ Ipyrumu OykBamu (stop, reset, SK, RU u 1.1.) — MoHO.

Peructp 6yks Ha Biausier Ha padoty IIJIK. Tak umena «SET» u «Set» BocnpuHumarorcs
OJIMHAKOBO.

B croxHBIX cxeMax TPYJHO 3allOMHUTh HAa3HAUYEHHWE TOTO WM WHOTO 3JEMEHTa MpH
YIPOILIEHHOW (0JHOOYKBEHHOM) cucteMe uiaeHTudukanuu. [loaroMy ums nepeMeHHo# (T.e.
ee UIeHTU(PUKATOP) MOKHO 3alUCaTh B PA3BEPHYTOM BHUJE, HE HCIOJIB3YsI OYKBBI PyCCKOTO
S3BIKA.

Hampumep, ecnu ecTe TPyAHOCTH C AHTIMMCKUM SI3bIKOM, MOXHO IMPHUCBOHUTH PYCCKHE
umena «Dvigatel», «pusk», «cBLOKIROVKA» u T1.1.

Haunnarommm nake mpocTyro cXeMy JIydile u300pa3uTh Ha Oymare, a 3aTeM MEePeHOCUTh
B LD.

KOHTaKTHI ¥ KaTylKu perie

[TomuMo «OOBIYHBIX» pesie —( )— MOKHO NMPUMEHSTH aHAJOT MOJSPU30BAHHOIO pETIE,
o0o3HagaeMoro Ha cxeme —( / )—.

DTO perne MOKET UMETh CKOJIBKO YTOJHO 3aMbBIKAIOIIUX U Pa3MBIKAIOIINX KOHTAKTOB, HO
JIOTHKA UX JEHCTBUS MPOTUBOMOJIOKHA COCTOSHUIO KOHTAKTOB OOBIYHOTO pelie: MPH OTCYT-
CTBUU TOKa B —( / )— 3aMBIKAIOIMNUA KOHTAKT —| |— 3aMKHYT, pa3MbIKaIOMUNA —|/|— -
pasoMmkHyT. [Ipu mojaye nutanus B KaTymky —( /)— COCTOSIHHE €r0 KOHTAKTOB MEHSIETCS
Ha IPOTUBOIIOJIOKHOE.

Boobpaxaemblii aHATIOT TAKOTO pejie MOKHO M3TOTOBUTH Ha 0a3e MepeKIIoYaroniero rep-

KoHa (puc.26)
~ | |

Puc.26. YcrpoiicTBO repkOHOBOTO pelie

B HOpManIbHOM COCTOSIHUM MOJBUHBINA KOHTAKT 2 3aMKHYT C HETIOJBU>KHBIM KOHTaKTOM
4, BBIMOJIHEHHBIM W3 HEMarHuTHOTO Mertamia. [Ipu mpomyckaHuM Toka depe3 OOMOTKY Ka-
TYIIKU 5 3aMBIKAIOTCSI KOHTAKThI 2 U 3 U Pa3MbIKAIOTCSl KOHTAKThI 2 U 4, T.€. pese padoTaer B
O0OBIYHOM peXKUME.
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Ecnu B KaTylmky mMOMeCTUTh MOCTOSHHBIN MarHut (puc.27), To Mpu OTCYTCTBUU TOKA B
KaTylIKe 5 MOJABUKHBIN KOHTAKT 2 3aMKHET LIENIb C KOHTAKTOM 3 U pa3opBeT LElb ¢ KOHTAK-

TOM 4.

5

Puc.27 YcTpoiicTBO MONSIPU30BaHHOTO TEPKOHOBOTO PEIIe

B takom coctosiHUM pesie MOKET HaXOJUThCs CKOJIb yrogHo. [Ipu nomaue Toka pazmae-
HUYU6aAHUA B KATYIIKy 5 MarHUTHOE TOJieé TTOCTOSHHOTO TOKa (MpU MPaBUILHOM BBIOOpE
MOJIIPHOCTH) CKOMIICHCHUPYET MAarHUTHOE TIOJI€ IMMOCTOSTHHOTO MAarHuTa 6 W KOHTakKT 2 BEp-
HETCS B UCXOJIHOE TIOJIOKEHUE.

C ucnonb30BaHUEM HOPMAJIBLHOTO peie —( )— U UHBEPCUBHOTO petie —(/)— MOKHO CO-
Opathb reHepaTopm (pI/IC 28)

s2 X2 X2
—I/I—( )— (/)
X1 X2 HLZ2
( )— (
a) 6)
s1 s2
~ ~
Bf (X1 (X2 X2
T X1 wr T X2
— X £ — i

B) r
Puc.28. [IpocTeiiiine renepaTopbl UMIYJIbCOB (a ¥ 0) U UX pesieiiHble aHaIoTu (B U T):
S1u S2 — knonku mycka, HL1 u HL2 — npuemMHuku umMmynbcoB
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B Habope mporpaMMHBIX KOMITOHEHTOB UMEIOTCSI TaKKe crernuanbabie 00MoTku SET n
RESET, o603HaueHHbIE B JIMTHEHKE KHOIOK Kak —( S )— u —( R )— cooTBeTCTBEHHO.
C ¥X TOMOIIEI0 MOXXHO (PUKCHPOBATH YCIIOBHS YIIPABIECHUS UCIIOTHUTEIBHBIM MEXaHU3MOM.

Eciun o6MoTka S «cpabortaer», T.e. npumet 3HaueHue UCTUHA (TRUE), To u3amenuthb
ATO COCTOsTHUE Ha mMpoTuBomnonoxHoe, T.e. JIOXKD (umu FALSE) MOXHO JUIITL C TIOMOIIIBIO

oomoTku R (puc.29).
Y1
( )
\S
Y2

()

STOP Y1
f)
\R

Puc.29. Cxema ¢ukcanum BKIIOUCHHS KaTYIIKH pesie Y2 ¢ moMoIIsio 00MoTok S u R

Ota cxeMa paboTaeT Kak Kiaccuueckuii RS Tpurrep: mpu KpaTKOBpeMEHHOM HaXaTHH
kHonku PUSK cpabartbiBaeT karymika S°, KOTOpoil mprcBouM uMs Y1, B CBOUM KOHTAKTOM
Y1 BritouaeT Harpy3Ky-Karymky peie Y?2. BoikimouuTs pene Y2 MOKHO TOJNBKO Ha)kKaTheM
kHornku STOP.

OnnoBpemenHoe Haxxatue Ha PUSK u STOP kak u B kimaccuueckoMm RS tpurrepe uemo-
yCTUMO.

Crnenyet 3aMeTuTh, 4TO KaTymkam R u S mpucBoeno oano u To ke ums! B Hamewm npu-
mepe Y1.

DTy *Ke 337a9y caMOPHUKCAIIMH MOKHO BBITIOJTHHUTE U Ha 00bI9HOM pente (puc.30).

PUSK

Y1

S1  R1 X S1

— (—

a) 6)
Puc.30. Cxemsl ynpaBiieHHsI KaTyImIKol X ¢ caMO(UKcaIued COCTOSTHUS

[Tpu KkpaTKOBpEMEHHOM Ha)KaTUM Ha KHONKY S1 mpoucxoauT cpabaTeiBaHue peie X, Ko-
TOpOE€ CBOMM KOHTakToM X (uKcHpyeT 3T0 cocrosiHue. OTkioueHue pene X BO3MOKHO
TOJIBKO Ha)kKaTheM Ha KHOnKy R1.

«becTomKOBBIN» OMepaTop MOKET HaKaTh cpasy ABe kHonku S1 u R1. Uto mpoucxoaut B
3TOM clty4ae?

B cxeme a) xarymika X OTKJIWYMTCHA (€ciii OHa ObUIa BKIIIOYEHA) WM OCTaHETCS He
BKIIIOUeHHOU. B cxeme 0) karymika X BKJIKYHUTCH (€CIM OHA ObliIa OTKJIIOYEHA) WM OCTa-
HETCs BKIIFOYEHHOM.
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B CoDeSys »tum cxemaMm CO3/aHbl COOTBETCTBYIOIIME aHaynoru: RS - Tpurrep ¢ qomu-
HAHTOW BBIKIIIOUEHUST — 751 cxembl puc.30-a u SR — Tpurrep ¢ JOMUHAHTON BKITIOYCHHS —
1utst cxembl puc.30-06.

Tpurrepsl

RS — u SR — Tpurrepsl oTIWYaOTCS JWING peakiuer curHajaoB Ha oba Bxoma: SET u
RESET. Hanomunaem, uto jj1s kitaccudeckoro RS — Tpurrepa Takoe COCTOSIHUE BXOJIOB SIB-
JISIETCS 3aMPEeIIEHHBIM, T.K. IPUBOJIUT K HEOJHO3HAYHOCTH BBIXOHOTO CHTHAJIA.

JlJis iiccneoBaHus 3TUX TPUTTEPOB JOCTATOYHO HAOpaTh JIUIIG JABa (hparMEeHTa KaKuX-TO
CJIIOKHBIX MHOTOCTYIIEHUAThIX CXEM, B KOTOPBIX YYAaCTBYIOT yKa3aHHBIC (PYHKIIMOHATHHBIC
osoku. (Camu cxembl Hac He uHTepecyroT!). Ha puc.31-a u 31-6 uzoOpakeHbl pparMeHThI

cxeM ¢ RS —u SR — tpurrepamu.
X
- - —()—

om0 L
—”Z—_SetRSQ—()_ —II—SetSRQ—()—

Reset 7 — Reset
M
{ )_
\
z

::':)—
— (—

L

+¥

Puc.31. ®parmeHTsl cxem
RS — u SR — tpurrepamu (a, 6)
auarpaMMmbl cpabateiBanuii TpurrepoB R_TRIG u F_TRIG (B)

[Ipy 3aMplkaHMM KOHTaKTa X IMOJaeTcsl CUrHal Ha BXoj SET KaXaoro w3 TpUITEPOB
(puc.31), uTo BBI3BIBACT cpabaThiBaHue pene L 1 uepes 3aMbIKarouii KOHTAaKkT L aToro perne
OPUXOJUT CUTHAJ HA OOMOTKY pesie M, BKIIIOYAIOIIEero, HallpuMep, 3JIEKTPUUECKYI0 Malllu-
ny. [locnenyromue pa3MbIKaHUs WA 3aMbIKaHUSI HE MEHSAET COCTOSIHUE BBIXO/IOB 3TUX TPUT-
repoB, 1 Karymku L u M ocraercs BkiatoueHHbIMU. [[1s oTKiIroueHust pesne M Heo6xoaumo
KpaTKOBPEMEHHO Ha)KaTh KHOIKY RES.

Ecnu onHoBpeMeHHO 3aMKHYTCs KOHTakThl X U Res, To B RS — Tpurrepe npeobiangato-
nmM OyJieT CUTHaJI Ha OTKJIIoYeHue L u cooTBeTcTBEHHO M, a B SR — Tpurrepe — Ha
BKJIFOUEHHE 3THUX PEJIE.

Heobxoaumo HanmoMHuTh, uto BXoay RESET stux TpurrepoB HeoO6XoauMo MPUCBOUTH
uaeHTuduKaTop (MMs) TOro pele, Kotopoe OyaeT odecneunBaTh cOpoc. B Hamem npumepe
B TpeThell 1enu kaxaoro gparmenta (puc.31) crout pene ¢ umeHem «Z». [loatomy Ha BXo-
nax RESET mocraBiieH TOT )K€ CUMBOI — «Z».
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Oyukruonanbabie 6510k R_TRIG u F_TRIG unm merektopsl umiynbcoB. [lepBorit u3
HUX TEHEPUPYET OAMHOUYHBIA UMIYJILC 1O NIepeaHeMy GPOHTY, a IPYyrod — Mo 3aJHeMy cClia-
ny BXoJHOro curtaia. Cm. puc.31,B

Tanmepsbl

Tpu Tuna TaliMepoB HAXOJAT MUPOKOE MPUMEHEHHE:
TP taiimep miu reHepaTop OJMHOYHOTO UMITYJIbCa 33JaHHOMN JITUTEIBHOCTH;
TOF Ttaiitmep ¢ 3aJIep>KKOM BBIKITIOUCHHUS;
TON TaiiMep ¢ 3a1epKKOI BKIIOUCHHUS.

VY stux TaiimepoB ectb BxoJ IN 175 moruueckux curuanon, Bxoa PT 1j1s ycTaHOBKU Tpe-
OyeMBbIX BPEMEHHBIX IMapaMeTPOB U JIOTUYECKUI BbIX0a Q.

Paboty »THX TaliMEpOB MOSCHSIOT BpeMeHHbIe aAuarpammbl (puc.32). IToxaxxkem b
BPEMEHHBIE AHarpaMMbl BXOJHBIX U BBIXOJAHBIX CUTHAIOB (puc.32 a u 0).

IN A
Bxon _| |_|
ot t1 t2 t3 t
Bbixon Tum - 3agaHHasn
. ANUTEensbHOCTb
| Tum | | Tum | | Tum | t MMnyribca
a) TP Tanmepa
IN 4 naysa
—F
= [0
Q4 . t
Bbixog, i T3 - 3apaHHasn
§ , ,  AnuTensHocTb
I T3 | T3 T3 | 3afiepxKn
BbIKMKOYEeHWe
A ©) TOF Taimepa
INTe—tn_,
Bxon |_| |_|
t‘
Q A
Tek -3agaHHas
Bbixon : _ ANUTENbHOCTb
| | | {  3agepiku
Tex Tex BKIMOYEHUS
B) TON Taiimepa

Puc.32. BpemeHHbIE AMarpamMMbl AETEKTOPOB UMITYJIbCOB U TAMEPOB:

a) TP; 6) TOF; 8) TON

W3 3TuX quarpamm cienyer, uto P Taiimep 3amyckaeTcss MTHOBEHHO MepeIHUM (POHTOB
BXOJIHOT'O CUTHAJIa U B TEYEHUH BpeMeHU Ty ACHCTBUS BHIXOJHOIO CUTHAJIA HE pearupyer
Ha HOBbIE UMIYJbCHI, MocTynaromue Ha BxoJ IN (puc.32-a).
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TOF Taitmep Takxe cpabatbiBaeT no (pponty Bxona IN. Beixox Q cOpaceiBaercst mocine
CIlajla BXOJHOI'0 CUTHajia C 3aJepKKou BpeMeHu 1, yctaHoBieHHOU no Bxony PT. Ilaysa
MEXKTy BXOJHBIMH CUTHAJIaMHU JI0JKHA OBITh HE MEHBIIIE BpeMEHHU 3aJepKKu (puc.32-0).

TON Taitmep cpabateiBaeT no nepeaHemy ¢pouty Bxona IN, Ho curHan Ha Bbixoge Q
TOSIBUTHCA C 3aJIepKKOM Tg, ycTraHOBIEHHOM 110 BXxoay PT.

Talimep HE pearupyeT Ha HUMIYJbChl MNPOJOJDKUTEIBHOCTBIO MEHEe 3HadyeHus g
(puc. 32-B).

[Tpu BrIIOUEHUH JIFOOOTO TaiiMepa B IIelb MHOTOCTYTIEHYATON cxeMbl (puc.33) mporpam-
Ma 3alpanimBaeT UMs 3TOro PyHKIIMOHAIBHOTO OJ0Ka (BOMPOCUTEIbHBIC 3HAKW HaJ TalMe-
pOM) 1 BpeMeHHY!0 ycTaBKy 1o Bxony PT (Bompocurensuble 3Haku y Bxoaa PT).

| : 4_ TON _( )_
2727=— T

Puc.33. ®@parMeHT cXeMbl ¢ BCTABIEHHBIM TalMEPOM
enkuys 1JIKM no Bepxuum ???, npucBauBaem ums. Hanpumep N1. Illenknys no 77?7 y
Bxoja PT, naxars, u He otnyckas Shift naxats T, 3aTtem #, otmyctuth Shift, Haxkats TpeOy-
eMoe 3Ha4YeHHe 3aepKKu (Hampumep 15), eanHuIly BpeMeHu (HarmpuMmep S — T.e. CEKYH/IbI)
u Enter. Otot dhparmenT OyAeT BHITISAAETh, Kak MOKa3aHo Ha puc.34.

o
T#15s=1 1

Puc.34. ®parment cxemsl 1o puc.33 nocne caarus ?7?
BpemeHHbIE yCTaBKM 33al0T B MIJUTUCEKYHIax (MS), cekynaax (S), munyrax (m) wiu
yacax (h). YcraBka nqpoOHO# He MOkeT ObITh. CienyeT yCTaHOBHUTh, HampuMep He 1,5 M, a
T#90s.

Hannuue Taiimepa He BbI3bIBACT 33J€PKKU B IPOTOHE IPOTPAMMBL.

[Ipumepsl cxeM ¢ TauMepamMu U TPUTTEPAMMU.
Co0OpaTh cxemy reHepaTopa ¢ pPeryaupyeMon JIUTEIbHOCThIO UMIYJIbCA U May3bl, KaK
MOKa3aHo Ha puc.35.

PUSK TR Y1
| —(s
| Tu5s—| TON .
Y1 xl Jmp X
H ™ O
T#10s—
Y1 X PAUSA X
H/I TP ( /)_

| L
| (R)_

Puc.35. I'enepaTop umMnysibCcoB
38



CoOCTBEHHO caM TeHepaTop coOpaH Ha ByX TaliMepax, KOTOPBIM MPUCBOCHBI UMeHa JMp
u Pausa, u pene X.

[lepBas u yeTBepTas LEMU MpeIHA3HAYEHBI ISl yCKa U OCTAaHOBKU T'€HEpaTopa.

Pene X siBisieTcst OTIaICHHBIM aHAJIOTOM TOJIIPU30BAHHOTO JBYXOOMOTOYHOTO 3J1EKTPO-
MarHuTHOTO pene. [loatomy 3T «oOMoTkM» B LD. Pacnonoskens! B pa3HbIX LENsAX, HO UMe-
I0T OJIMHAKOBBIN UIeHTHUKATOP (B HAIIEM IpuMepe - X).

B nepByto nens uncto B yueOHbIX memsix BBeAeH Taiimep TON, uTo0bI Tpu Mccie10BaHnH
CXEMBI B peXuMe IMYISIuU mocie komanasl «PUSK» ¢ skpaHa MOHHMTOpa MCU€3NI0 OKHO,
YaCTUYHO 3aKPHIBAIOIEE MHOTOCTYIEHUATYIO CXEMY, U OOYyYaloIuics MOT B T€UCHHE 5 C
«cOoOpaTHCS C MBICIISIME.

[TomoGHBIE CXEeMBI TTyCKa PEKOMEHYEeM MPUMEHSITh U PU UCIIBITAHUHU APYTHX CXEM.

Taiimep ¢ umeHeM «JMpP» ompeaenseT JTUTSIBHOCTh UMITYJIbCa, a TakMep «Pausay - mm-
TENBHOCTH Nay3bl. ECTECTBEHHO, CTYJIEHT MO KEIaHUIO MOXKET IPUCBOUTH U APYTrUe UMEHa U
YCTaBKH 110 BPEMEHH.

CoOpaTth cxeMy IS KiCClieIOBaHUS TaiMepoB (puc.36).

PUSK o P
| TON -
-~ ()
P % w1 X
BRETE —()
P -TF’ © X
- f;f
D1 x ' © D -
Y1
TON -
| ()
D2 X h E v
TOF -
| ()
T4—
il CRNIPE
- -
5L |

Puc.36. Cxema uccieqoBaHus TaiiMepoB

[TepBas 1enb CITYXKUT JUTS 3aIlyCKa y)Ke W3BECTHOTO HaM T'€HepaTopa, 3aHMMAroIIero 2 u
3 mernm.

Kuonku D1,D2 u D3 ana moodepenHoro mojkitoueHus: ucciaeayeMoix taitmepoB TON,
TOF u TP. ®akTt cpabaThiBaHusl TAHMEPOB MOKHO HaOJIOaTh B PEKUME AMYJISALINU 32 W3-
MEHEHHEeM cocTosiHMM Karymiek peie Y1, Y2 u Y3. CuHuil 1BeT KaTyUIKM yKa3blBaeT Ha
BKJIFOUEHHOE COCTOsIHUS. BpemenHbie nmapamerpsl reHeparopa (T1 - 1iuTenbHOCTh UMITYJIb-
ca, 12 - may3sl) u uccienyemoix taiimepos (T3, T4, T5) HyxHO OyAeT MEHSTh.

EctecTBeHHO, BpeMEHHBIE MapaMeTphl CIEAyeT 3aJaBaTh B CEKyHNaxX, YTOObI 3aMETHTH
peaknuro katymek Y1, Y2 u Y3.

Hanpumep, ycranoButh T1=5¢, T2=3c, T3=8c. Bxmtounts PUSK u xnomnkoit D1 Taiimep
TON. Tatimep He cpaboraer, T.k. T1<T3 (cm. puc. 32-B).

[Totom ycranoButh T1=8c, T2=3c u T3=8c. Tailimep Tarxxke He cpaboraer, T.K. T1=T3.
HoBas ycranoBka: T1=10c; T2=3¢; T3=8c. Taitmep TON cpaboraer, T.x. T1>T3, nu Y1
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HAYHET «MHUraTh» CHHHUM IIBETOM, YTO MOKHO €IIl€ pa3 MoKa3aTh Ha BPEMEHHOW Juarpamme
(puc.37).

' N

! <T1->T2l

O— —5

T3 |

Puc.37. Bpemennbie quarpammel pabotsl TON Taiimepa D
[Tono6ubie onbiTel nmocTaBuTh At 1TOF u TP u ybenuThcs B CIpaBeUIMBOCTH BHIBOJIOB

o puc.32.

VYueOHas cxema ¢ IPUMEHEHUEM BCEX TalMEPOB.

YucTto B yueOHBIX LETAX PEKOMEHAYETCS coOpath cxemy (puc.38) ¢ mprUMEHEHHEM BCEX
TaiMEPOB U JICTEKTOPOB UMITYJIbCOB.

YToObl Ha IKpaHEe MOHUTOPA B IIEMH MOMECTUIIUCH BCE DJIEMEHThI CXEMbl HEOOXOIUMO T10

Mepe €€ 3aroJIHEHUs JIeNIaTh «IPOKPYTKY» BieBo. Ha puc.38 mpunuiocs caenats «nepeHoc»

IICIIN.
| START Y A B C
I I II/]I TON |_|R-TR TP
T1™ 127
D E F Y
— TOF | F-TR TP ()
T3~ T4~

Puc.38. YueOHasa cxema
3anyCTUTh CXEMY B PEKUME SMYIISIUU, TOCTPOUTh BPEMEHHYIO JTUArpaMMy HU3MEHEHUS
COCTOSTHUM €€ DJIEMEHTOB, YUUTHIBAs, YTO BBIXOJHON cUTHAN ojgHOro FB ciyxut BXogHbIM
JUIsL cyienyromiero 3a HUM. OOBSICHUTD PEaKIMI0 KaKI0r0 JIEMEHTa, a TaAK)KEe BIUSHHUE COOT-
HOILIIEHUS 3HaYeHUN |2 1 T3 Ha TOBEIEHUE CUCTEMEI B I[EJIOM.
HamomuHaeM, 4To HaJIMUKME CUTHAJIA Ha BBIXOJIE KAKOTO-TH00 AJIeMEHTa MOATBEPIKAaeTCS

CHHHM I[BETOM KaHajla, COSUHSIONIETO 3TOT BBIXOJ] C BXOJIOM CJICIYIOIIETo 0JIoKa.
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Puc.39. BpemenHbie quarpaMMbl COCTOSTHUM 3JIEMEHTOB YU€OHOU CXEMBI.

Ha Brixone FB B u E BBUy Masnoil 1IUTeIbHOCTH UMITYJIbCA 3aMETUTh KPATKOBPEMEHHOE
U3MEHEHUE 1[BETa 3aTPyAHUTENIbHO, 0COOeHHO npu Maciitade, meHee 100%.
CueTunku
CTU unkpementsiii, CTD nexkpementnsiit u CTUD uHKpeMeHTHBIN/IEeKpEMETHBIN CUeT-
YUKH.

CoOpartb npoctyio cxemy ¢ CTU-cuetunkom (puc.40).
PUSK X X

O

X Y
CTuU
cu Q ——( )—
h —|RESET oV =
u 100—[PV h

I (O
Puc.40. Cxema ¢ CTU cuetunkom
[Tocne mepeHoca cueTurka B 11elb MHOTOCTYNIEHYaTON cXeMbl osBITCS 777 Haj OJIOKOM,

Ha Bxoxe RESET u PV.
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3unaku ??? Hax 610KOM, 3aMeHsieM umMeHeM. 3Haku 7?7 nepen PV 3ampammBarot 3HaueHue
YCTaBKH, T.€. TpeOyeMoe KOJMYECTBO MMITYJIbCOB, BBI3BIBAIOIIEE CpadaThiBAHUE CUETUHKA,
npu kotopoM Bbixon Q mepeiiaer B TRUE (mpu ycnoBuu, uto Ha Bxone RESET Obut curnan
FALSE).

Bxon RESET 3nakamu ?7? 3anpammBaeT umsa JOTMYECKOTO JIEMEHTa, OT KOTOPro J0JI-
*eH mocTymuTh curHain T RUE, octanaBnuBarommii cuer, ooHymsitomuii Beixon CV u ycra-
HapiuBaromuii Ha Beixoge Q  FALSE.

B cxeme (puc.40) mins cuetunka mpucBoeHo mMs W, mis Bxoga RESET mms pene h u
npuHsarta ycrapka PV=100.

Camo pene h HaxoIUTCS B TPEThEH 1ETH U ynpaBiseTcs KHomkoi U.

[TepBas nienb copepxut kHonky PUSK u renepatop umMnysiabcoB Ha pesne (cM. puc.28-a).

[To xaxxmomy (poHTY curHania, nocrymnarpiiemy Ha Bxoa CU 3Hauenne Beixona CV ¢03-
pacmaem Ha 1 U Kak TOJBKO UX CyMMa JOCTUTHET 3HadeHusi PV, cueT ocTraHaBiMBaeTCs.
(Ha npyrux sizpikax mporpammupoBanus [1JIK ¢ Beixona CV M0XHO CHUMATh HH()OPMAITUIO
0 KOJIMYECTBE MOCTYMHUBIINX UMITYJIBCOB JJIS TIOCIIENYIOIEH 00pabOTKU C TOMOIIIBIO OTepa-
TOPOB U (PYHKIMIA. 31€Ch ATOT BOIIPOC HE pacCMaTPUBAETCS).

Kcraru, 3ta cxema (puc.38) mo3BoSIET OIEHUTh BpeMs MPOTroHa mporpamMmmel. Jloctatou-
HO CEKyHJOMEpPOM 3aMEpHUTh BpeMs OT MOMEHTa ITycKa reHepaTopa J0 MOMEHTAa OCTaHOBKH
CTU (pene craner cunum). [lepuon UMIysIbCOB Te€HEpaTOpa paBeH YIABOCHHOM IJIUTEIBHO-
ctu padoyero nukia [1JIK. KonuuecTBo e HMKIOB U3BECTHO U paBHO ycTaBke PV.

CTD cuerunk otnmuaercss CTU Tem, 94TO KaXIablii BXOJHON UMITYJIbC YMeHbUIAen 3Ha-
yeHue cuetyrka Ha 1. Korma cuetuyuk qocTurdeT Hyss, Beixod Q ycranapimmBaercs B TRUE.

Baoicnviti momenm! Caerunk CV 3arpykaercss 3HaYeHHEM yCTaBKH, paBHbIM PV, TOJIBKO
kormaa Ha Bxojae LOAD ects curnan TRUE.

MosxHo cobpatb cxemy ¢ CTD cuerunkom (puc.41).

PUSK X X
| || ( )
| | Y
x Q
Y
CTD
CD Q ( )
h —{LoAD cV
50— PV
v "
/ (
a A\ )

Puc.41. Cxema ¢ CTD cuetunkom

Knonka PUSK 3amyckaet renepatop X (st paznooOpasusi coopan mo cxeme puc.28-0).
Cuerunky npucBowin ums Q, ycraska PV=50, ums pene, ynpasnstomiero Bxogom LOAD, h.
[To ymonganuio mpuHsATO, uTo peine, ynpapisromnue caerunkamu CTU u CTD umeror Ha
Bxogax RESET u LOAD coOTBETCTBEHHO 3ambiKarouyuii KOHTakT. B cxemax (puc.40 u 41)
310 pene h. Ho yuuteiBas otnuume cuerunka CTD mydme B cxeme (puc.4l) ycTaHOBHTH
pazmuikarougyro xaonky U. Torna npu BKIFOYEHUU CXEMBI cpa3y cpaboraeT pene h u mogaer
curan TRUE na Bxog LOAD, uto o6ecnieunt 3arpy3ky Bbixoga CV HauyanbHBIM 3HAUEHHUEM
PV (B namem npumepe 50). B atom nosoxenuun ums nepemennoi h na sxoxq LOAD okpa-
IICHO B CUHUM LBET.
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«Haxxumaem» xkaonky PUSK, naunnaet paborars reHeparop X, Ha Bxoqa CD mocrynator
uMityschl. Ho cuetunk He aktuBupoBaH. Ha Beixone Q umeem FALSE.

«Pa3mpikaem» kHomky U. Pene h orkirouaercs, ma Bxox LOAD mnpuxomuTt curHami
FALSE, aktuBupyercsi CUeTYMK M HauyuWHaAeTCs ofpammnuwiii otcyeT Ha Bbeixoae CV. Kak
toinbko CV=0, cueTunk octaHoBUTCS, Ha Bbixojae Q curnan cranosutcs TRUE, cpabaTeiBaet
pene Y.

HoBbIil oTCUeT HayHETCs MOCjie MOBTOPHOTO 3aMbIKAHMS W pa3MblkaHus KHOnkH U,
HanpuMmep 1o cxeme puc.42.

U h
/ ()—
Z
v Z
TOF | F-TR TP —( )—
TH#H5S— TH#2s—
a)
U h
/ ()—
z
v Z
TON TP —( }_
TH#H55— TH#H25—
6)

Puc.42. Bapuantsl aBTOMaTH4YeCKOrO0 nepesamnycka cueryuka CTD

[lepBbie aBe Lenu BapuaHTOB a) U 0) Ha puc.42 He MOKa3aHbl, T.K. OHU MOJTHOCTHIO TO-
BTOPSIIOT 3TH K€ 1IENU B cxeme puc.41.

[To TakuM ke cxeMaM MOKHO OCYIIeCTBUTh niepe3anyck taiimepa CTU (puc.40).

VY uurarens yxke IAOCTaTOYHO 3HAHUM, YTOOBI MPOAHAIM3UPOBATH PA0OTYy 3TUX CXEM
(puc.40, 41 u 42).

JIJ1s IPOCTBIX JIOTMYECKUX CUCTEM MPUMEHEHHE PacCMOTPEHHBIX TaiMEpPOB MPAaKTUUECKU
paBHOIICHHO. J[e710 BKyca MPOEKTUPOBIIHUKA B BHIOOPE TOTO UM HHOTO CYETUHKA.

CTUD-uHKpeMEeHTHBIN/ IEKPEMEHTHBIN CUETYMK B JAaHHOW paboTe HE paccMaTPHUBAETCH.
OTMeTHM JHIb, 9TO Y Hero ecTh HakonuTenbHbli Bxoa CU (xak B CTU), Tak U BbIUKTAIO-
it CD (kak 8 CTD).
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4. TIPOEKTUPOBAHUE COBbITUMHO-YIIPABJISSEMOM CJIY HA S3bIKE LD B
CPEJE CoDeSys nas ITJIK 100 RL OBEH.

Htak, cpoexktupoBanHas B 1.2 koMOuHanuoHHas CJIY Ha KOHTAaKTHBIX JJIEMEHTaX,
coJiepkaliasi Tpu npueMHbIX aiaemMeHTa A, B u C u 1Ba UCIOJIHUTENBHBIX dJeMeHTa X U Y
OMUCHIBAETCS JIOTUYECKUMH (PYHKIUSIMH:

X = a(b + c),

Y=cla-b+a-b)

Tenepb B y4eOHBIX LEJSIX MPEACTABUM 3Ty CUCTEMY KaK MOCJEI0BATEIbHOCTHYIO, T.€.
ONMCHIBAEMYIO C MO3ULHUNA COOBITUHHO — YIPABJIAEMOM JOTUKU. B mepBoM cOOBITUM OJKEH
cpaboTath X, a 3aTEM MO OJHOMY U3 BApUAHTOB MPHIIOKEHUS 3 POU3OHIET cpabaThIBaHUE
Y.

Homnyctum, BeiOpan BapuanT 0. [To ycnoButo storo Bapuanta Y cpabortaer uepe3 T ce-

KyHJ 11ociie cpabarbiBaHus X.
MosxHo npeioxkuTh Takor Bapuant 3toit CJIY B LD (puc.43).
A
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Puc.43. Bo3moxHBIN BapuaHT cripoektupoBanHon CIIY.

[lepBble Tpu mEenu BBEACHBI IS yI00CTBa, YTOOBI B PEXKUME SMYJISAIHHN «HAKUMAS)
kHonku K1, K2 unu K3, co3paBath xenaeMble KOMOMHAIIMA COCTOSTHUM MTPUEMHBIX JIEMEH-
ToB A, Bu C.

[Ipu cpabarpiBaHUU, HAIPUMEP, TOJIBKO A U HecpabaTbiBanuu B u C, mocTynuT curHain
Ha KaTymky -(S)- ¢ MMeHEeM HCIONHUTEILHOTO 3JIEMEeHTa X, U B HalleM mpuMepe depe3 10c
cpabortaet Y.

[lepebupaem npyrue KOMOWHAIMK BBIXOJAHBIX CUTHAJIOB M TIPOBEPSEM YCJIOBHS cpaba-
THIBaHUS U HeCpaOaThIBAaHUS UCTIOJHUTEIIBHBIX SJIEMEHTOB.

[lecrast nenb Cay)uT aist CHATUS OJOKUPOBKU X. C 3TOM IENbI0 MOXKHO TOCTaBHUTh
JIOTIOJTHUTEIBHYIO0 KHOTIKY cOpoca Stop.
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Ipuioxenue 1

JIBe nocneqnue
udpsl HOMepa

YcnoBus Cpa6aTLIBaHI/I$[ HUCIIOJTHUTCIIBHBIX 3JICMCHTOB

3a4€THOM
KHIDKKHA
X Y

01

A,B,uC;,A,CuD;BucC. AuC;AuD;AuB;C;ABucC.
02,71

A,CuD;B,CuD;CuD. AuD;A,BuC; A, Cub.
03,72

B,CuD;AuD; AuC. ABuC;AuC;B,Cub.
04,73

BuC;A,CubD;B,Cub. B,CuD;AuD;CuD.
05,74

A, BuC,;A,CuD;A,BuD |BuD; A,BuD;B,CubD.
06,75

CubD;B,CubD; A, Cub. AuC;CuB;D;B,CuD.
07,76

A, CuD; A, BuD,;B;C,; AuD;AuC;C,BuD; A,CubD
08,77

ABuC;B,CubD;CuD;D; |D;A,B,CubD;A; ABucC.
09,78

A, BuC;B,CubD;A. A;B;BuD;CubD;ABucC
10,79

AuB;AuC;BuC; CuD. CubD;D;AuB; AubD.
11,80

CubD;B,CubD.

AuC;AuD;BucC;B,Cub.
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12,81

CubD;B,CubD;A,BubD; A

AuB;CubD;A;B;C.

13,82
CubD;B,CuD;BucC;A. AuC;CuB;A.
14 , 83
A,CuD; A,BuD;B;C. B,CuD;AuD;CuD; A,CuD.
15,84
A, BuC,AuC;B,Cub. CubD;B,CuDbD; A, Cub.
16, 85
A,CuD;B,CuD;CuD;D. | AuD;AuC;A,BuC; A, CubD.
17 , 86
A, CuD; AuC;B;D. AuC;AuD;BucC.
18, 87
CuD;B,CuD; CuD,;B. B,CuD;AuD; AuC.
19, 88
A, BuD; A, BuC;CuD. AuC;CuD;A;B.
20 , 89
A, BuC;CubD;Bub. AuC;BuD; AB,CuD.
21,90
A, BuC,AuC;Cub;A. AuD;B,C,uD; A,BuD; A,Bu
C.
22,91
AuC;BuD;CuD,;D. A,BuD;CuD;BuC.
23,92

A,BuD; A;B; C;D.

CuD;BuC; ABuD.
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24,93

A, BuC;B,CuD; Cub,;
C

A,BuC;C;B;BuD.

25,94
A,BuD; A, CubD,;D;B. AuD;BuC; A, BuDb;A.
26,95
B,CuD;BuD; AuD;A. A,CuD; AuB;B,CuD,;B.
27,96
A, BuC;A,CuD;B,Cnu AuB;AuC;AuB;AuD,Cu
D; CuD. D.
28 , 97
A,BuD;B,CuD; AwuD,; A,B,CuD;B,CuD;CuD;D.
B u D.
29,98
A, BuC;B,CuD;CubD;C. |AuB;BuC;Cub;A;B.
30,99
A, BuD;B,CuD;CuD;A. | A; AuB; B,CuD.
31
ACuD;AuD;CuD;C. AuB;AuC;A,BuD; AuD.
32
A,B,CuD;AuC;CubD;B |BuC;CubD;A;C.
33
A,CuD;AuB;BuD;A. AuB;BuC;Cub,;C,;D.
34
A,B,CuD;AuB;BuC, A, BuC;B,CubD;CuD;D;Bu
C. C
35

A, BuD;B,CuD;CuD,;
AuB.

AuB;BuC;AuD;A, CubD.
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36

AuC;AuD;AuB;C;AB
u C.

A,B,uC,A,CuD;BucC.

37

AuD; A, BuC; A, Cub. A, CuD;B,CuD;CuD.
38

ABuC;,AuC;B,Cub. B,CuD;AuD; AuC.
39

B,CuD;AuD;CuD. BuC;A,CubD;B,CubD.
40

BuD;A,BuD;B,CuD. A, BuC;A,CuD;A,BubD
41

AuC;CuB;D;B,CuD. CubD;B,CuDbD; A, Cub.
42

AuD;AuC;C,BuD; A,C |A,CuDD;A,BuD,;B;C,

uD
43

D;A,B,CuD;A; ABuC. |[ABuC;B,CuD;CuD;D,;
44

A;B;BuD;CuD;ABuC |A,BuC;B,CuD;A.
45

CubD;D; AuB; AuD. AuB;AuC;BuC; CuD.
46

AuC;AuD;BuC;B,Cmn
D.

CubD;B,CuD.
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47

AuB;CubD;A;B;C.

CubD;B,CubD;A,BuD; A

48

AuC;CuB;A. CubD;B,CubD;BucC;A.
49

B,CuD;AuD;CuD; AC |A,CubD;A,BuD;B;C.

u D.
50

CubD;B,CubD;A,Cub. A, BuC;AuC;B,Cub.
51

AuD;AuC;A,BuC;A,C | A, CuD;B,CuD;CubD;D.

u D.
52

AuC;AuD;BucC. A,CuD; AuC;B;D.
53

B,CuD;AuD; AuC. CubD;B,CuD; CuD;B.
54

AuC;CubD;A;B. A, BuD; A, BuC;CuD.
55

AuC;BuD; AB,CuD. A, BuC;CubD;Bub.
56

AuD;B,C,uD; A, Bub,; A, BuC,AuC;Cub;A.

A, BucC.
57

A, BuD;CuD;BucC. AuC;BuD;CubDb,;D.
58

CuD;BuC; ABubD.

A, BuD;A;B; C;D.
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59

A, BuC;C;B; Bub.

A, BuC;B,CuD; Cub;C

60
AuD;BuC; A,BuD;A. A,BuD; A, CuD,;D;B.
61
A,CuD;AuB;B,CuD;B. |B,CuD;BubD; AuD,;A.
62
AuB;AuC;AuB;AuD, |[AABuC;A,CuD;B,CubD;Cn
Cub. D.
63
A,B,CuD;B,CuD;CuD; |AJLBuD;B,CuD; AuD,
D. BuD.
64
AuB;BuC;Cub;A;B. A, BuC;B,CuD;Cub;C.
65
A; AuB;B,CubD. A,BuD;B,CuD;CuD;A.
66
AuB;AuC;A,BuD;Aun |[ACuD;AuD;CuDb,;C.
D.
67
BuC;Cub;A;C. A B,CuD;AuC;CuD;B
68
AuB;BuC;CubDb,;C;D. A,CuD;AuB;BuDb;A.
69
A, BuC;B,CuD; Cub; A,B,CuD;AuB;BuC;C.
D;BucC
70

AuB;BuC;AuD;A Cnu
D.

A,BuD;B,CuD;CuD,
A un B.
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HNPUJIIOXKXEHUE 2
K nynkry 1.3. 3aganus

Ecnu nocnennss uudpa 3a4eTHOM KHUKKH YETHASI-TO CUCTEMY BBIOJIHUTEL Ha Osiokax M-HE,
eciii HeuétHas, To Ha Onokax MJIM-HE.

INPUJIOXEHUE 3
BPEMEHHGBIE JNATPAMMBI PABOTHI UCTTOJIHUTEJIBHBIX MEXAHN3MOB XuyY
“A “A
>t, c >t, c
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BAPUAHT O u 3 BAPUAHT 5
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BAPWAHT 2u 8 BAPUAHT 7
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Iosichenus k Ilpusoxkennro 3
A) Homep BapuaHTa onpezensercs mocieanei nudpoit B Homepe 3a4eTHON KHIKKH.
b) Bpemennsie mapaMeTpsl (JUTUTEIBHOCTh HMITYJIbCA, TIAy3bl, 3aJCPIKKHA BKIFOUCHHS — OT-
KJIFOUCHUS B3ATh MPOU3BOJILHO. Pekomenoyem snauenus om 2x 0o 10 cexyno, umo obnecuum

Habooenue pa6077’Zbl CUcCmembvl 6 pestcume IMYJAYUU.

B) Bpemennsie quarpaMmbl YUTAIOTCS TaK:

BAPMAHTO U 3

Y cpabatbiBaet nociie cpabarsiBanus X uepe3 T cekyH/I.
BAPUAHT 1
Y cpabotaet nocine cpaboraer nocie cpadbarsiBanus X U uepe3 T CeKyH] OTKIFOYUTCS.

BAPUAHT 21 8

[Tocne cpabatbiBanust X uepes Ty cekynn cpaboTtaeT Y, KOTOpBIi oTKiIIOUUTCS uyepes T, ce-
KYH/I.

BAPHAHT 4
[Tocne cpabaTweiBanust X cpa3zy cpabotaer Y U MEPEXOJUT B MyJIbCUPYIOMUN PEKUM C JITH-
TEJIBHOCTHIO MMITYyJIbCa Ty CEKYH U may3bl 11 CEKyH.

BAPUAHT 5
[Tocne cpabateiBanust X Y mepexodauT uepes T CeKyH]T B MyJIbCUPYIOUTUN PEXKUM C JIJTU-
TEJIBHOCTBIO UMITYyJIbCa Ty CEKYH/I.

BAPHAHT 6
[Tocne cpabaThiBaHusi X UCHIOJIHUTENBHBIN MEXaHU3M Y Cpasy MePEeXOoUT B PEKUM T'eHepa-
MU UMITYJICOB U mociie 10 uMITyIbCOB OCTAHOBUTCS.

BAPUAHT 7
[Tocne cpabaTeiBanus X UCIIOTHUTEILHBIN MeXaHu3M Y depe3 T CeKyH]I TepexoauT B pe-
KM F€Hepalu C JJIUTENIbHOCThIO uMnyiibea Ty u nay3sl Trp. [Ipu atom T>Ty u nocine 20

HMITYJIbCOB OCTAHOBHTCA.
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BAPHAHT 9
[Tocne cpabaTpsiBanus X OTKIIOUUTCA depe3 T; CeKyH/I, MOcie Yero BKiItouuTes Ha T, ce-

KyHI Y.

I') dns komOunanuonusix CJIY X u'Y Mexay coOoi BO BpEMEHU HE CBSI3aHbI, U KX bl
VCITOJIHUTEJIbHBIN JIEMEHT CpadaThIBAET HE3aBUCUMO OT APYIOro B 3aBUCUMOCTH OT COCTO S~
Hus TpueMHbIX 31eMeHToB A,B,C u D. Ilpu kakoii-To koMOMHaIuu cpaboTaeT TOIbKO X,
P IPYro — TONBKO Y, a K KaKUX-TO ciaydasx X U Y OJHOBPEMEHHO.

[ToaToMy nipu iepexone K coObrTritHO-ympaBisieMbiM CJIY uncTo B y9eOHBIX MEIsIx

OyZeM Ipeanojararh, YTo B MPOEKTUPYEMYIO CUCTEMY BBEJIH JIOMOJIHUTEILHOE YCIOBUE:

cHauaja cpabotan X npu 3aJjaHHON B npuiioxkeHuu 1 komOouHanuu cocrosiHuit A,B, C u
D(aT0 niepBo€ cocTosinue), 3aTeM cpadoTan Y mpu (BO3MOXKHO) Ipyroi KOMOMHAIIUU STUX
e IpUEeMHBIX neMeHTOB. [loaTomy OynieM paccMaTpuBaTh X Kak AOMOIHUTENbHBIA BXO I~
HOM dJ1eMeHT mid Y.

C ool enbio codbiTHE cpadarbiBaHusa X HEOOXOIUMO 3a(UKCUPOBATH KAKMM-TO 3Jie-
meHToM namsatu. Hampumep, RS- unu SR tpurrepamu, S u R karymkamu unm apyrumu
cpeactBamu. [locne atoro cocrosinue X He OyaeT 3aBuceTh oT u3MeHeHust A, B, C u D noka
He CHsATa (hpUKcanus.

Ecmu gyt X u'Y ecth ogunakoBbie koMOuHaiuu A,B,C u D , npuBoasiue k ux cpada-
TBIBAHUIO, TO TOCJIe cpadaThiBaHus X U (PUKCALIMK €r0 COCTOSIHUS JTIOJKHO TPOU30UTH cpa-
OarbiBaHMe Y 10 3a/IaHHOM B MPUJIOKEHUH 3 BPEMEHHOU AxarpaMMe.

Ecnu Takux komOuHanuii HeT, To nmociie pukcanuu cpabaTbiBaHust X CIeayeT Mooye-
PEIHO B pEKUME SMYJIALNU nepeOpaTh Bce KOMOMHALIMKM COCTOSTHUN MTPUEMHBIX 3JIEMEHTOB U

yOenuThes B MPaBWIIBHOCTU (DYHKIIMOHMPOBAHUSI MHOTOCTYIIEHUaTON cxembl B LD.
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IMPUJIOKEHUE 4

OEJIEPAJIBHOE TOCYJAPCTBEHHOE OBPA3OBATEJIBHOE YYPEXXJIEHUE
BBICHIEI'O OBPA3OBAHUA
CTABPOIIOJIbCKUM I'OCYJIAPCTBEHHBI ATPAPHBIF YHUBEPCUTET
3JEKTPOOHEPTETUUYECKUN ®AKYJIBTET

Kadbenpa OnekTporexHuku, (HUMKU

1 OXpaHbl Tpyaa

KYPCOBAS PABOTA

M0 JUCIUIUINHE «ABTOMAaTHKA»
Ha TEMY:

«IIpoexkTHpOBaHUE CUCTEMBbI JIOTHYECKOI0 YIIPABJICHHU S

PaGoTy BbINOJIHMIL:

CryneHr kypca __ rpynmnsl JJPO/3D0

(®.1.0) (nommcr))
« » 20 T.

PaboTy nposepu.i:

(®.1.0.) (moamucek)

Ouenka

« » 20 T.

Crasponoss 20 r.
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