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15. IIpakTHyeckoe nporpammupoBaHue Ha si3bike FBD

Jlannas enasa packpuvléaem nexomopwvie cneyuguueckue npuemvl NPOSPAMMUPOBAHUS HA A3bIKE
FBD.

JIuHTrBHCTUYECKHUE A3BIKM IpOrpaMMupoBanus, Takue kak Cu, [lackanab U T.1. UMEIOT B CBO-
€M COCTaBe 4acTh ONEepPaTOPOB, AHAJIOTOB KOTOPHIX HET B A3bike FBD, uTO BBI3BIBAET ONpeiesieHHbIE
TPYAHOCTH MIPH OCBOEHUU fA3bIKA Y CIIEIUATMCTOB B 00JIACTH MPOrPaMMUPOBAHMSI Ha SI3bIKAX BBICO-
Koro ypoBHs. K 3TUM omepatopaM OTHOCSTCS ONEpaTopbl LUKIOB, ONEpaTOPhl BETBICHHUS IPO-
rpamMmbl Tuna CASE, cuctemusie 3anpocsl U T.. Kpome storo B si3pike FBD orcyrcTByer mexa-
HU3M IpEepbIBaHU, MIPUBBIUHBIN 151 KIIACCUYECKOTO MPOTrPAMMHUPOBAHUS MHOT03a/Ia4HbIX CHCTEM.

PaccmoTpuM, Kak B cHCTEME HCIIOJIHEHUS pEealn3yeTcsi pekUM MHOrosanadHoctu. Pabora
CHUCTEMbl UCTOJIHEHUS UMEET IUKJIMYECKHI XapakTep. Bech KOHTpOJIMpPYEMbIH TEXHOJIOTHYECKUM
nporecc pa3duBaeTcs Ha psll GopMalbHBIX HE3aBUCHUMBIX 3a/1ad, KaXKIas U3 KOTOPhIX 00CITyKHBa-
eTcsl OTAeNbHOI mporpaMmoi. IIporpaMmbl BBIOTHSIOTCS MOOYEPEAHO C OJUHAKOBBIM MTPHOPUTE-
ToM. Ecim Bpemsi 0JTHOTO IIMKJIa CUCTEMbI UCIOJHEHUS CYHIECTBEHHO MEHBIIE CKOPOCTH H3MEHe-
HUSl PEeabHOrO MpOIlecca, MOKHO CUUTATh, YTO BCE MPOTPAMMBI BBIMOIHIIOTCS MapaslieabHo, T.€.
OJIHOBPEMEHHO.

Nneonorus mporpammupoBanus Ha si3bike FBD noapazymeBaet, 4To BpeMsi UCIIOJTHEHHS Ka-
KJIOM MpOorpamMMbl JOJKHO OBITH BIIOJIHE OINpPEAENCHHBIM, T.€. JNETEPMUHUPOBAHHBIM. [[pyrumu
CJIOBaMU HU OJIHA IIporpaMMa He MMeeT IpaBa 3allUKIUTHCSA Ha HEONPEeIEHHOE BpeMs, HallpuMep
Ha OXHUJAaHUU KaKOTro-Tu00 coObITHS. JlaHHOE TIPaBUIIO SBJSETCSA ‘XOPOIIUM TOHOM™ B MpOTrpam-
MHUPOBAHUH MHOT033JauHbIX MPOIECCOB U TapaHTUPYET, YTO HUKAKas IMporpaMma He MPHUOCTaHO-
BUT UCIOJHEHHUE PpYyrux nmporpamm. Takol mojaxon o0ecrnedynBaeT MPOCTOTY U MPO3PAYHOCTh AJIs
NOoHMMaHMs. Tak Kak HET MpephIBaHMM, cHCTeMa MOJHOCThIO JIETEPMUHHUPOBaHA. 3a7auu BbI3bIBa-
I0TCS B OJIHOM M TOH XK€ MOCIEeA0BaTEIbHOCTH, YTO IMO3BOJSET JOCTAaTOYHO MPOCTO MPOU3BECTU
aHAJIN3 «HAUXYJIIETO CIyvash» U BIYMCIUTh MAKCUMANBbHYIO 3aJICPHKKY.

PaccMoTpuM HEKOTOpBIE TTPHUEMBI MPOrpaMMUPOBaHUS Ha a3bike FBD.

15.1 Ycmanoeka (hynkyuonaivbHulx 0J10K08 8 npozpamme

[Ipu ycraHOBKE (PYHKIIMOHAIBHBIX OJIOKOB HEOOXOJMMO NOMHUTH MPABUIIO, YTO OUYEPEIHOCTD
BBITIOJIHEHUS OJIOKOB B NPOrpaMMe: CBEpXYy-BHU3, CII€Ba-HANPaBO, a TOUKA MPUBSA3KH - JEBBII BepX-
HU yron Oioka.

TunuyHoi OmMOKON MpH yCTaHOBKE OJOKOB SIBJISIETCSI TO, YTO IporpamMmy Ha sizbike FBD
OTOXKJECTBIISIOT C DJEKTPUUYECKON CXeMOM, 3a0bIBasi O MOpSAAKE BBHIMOTHEHHU OnokoB. Hampuwmep,
HE00X0auMo cloxuTh nepemennsie A, B (tunn FLOAT), npusectu cymmy k tuny INTEGER, cpas-
HuTh ¢ nepeMeHHoi C (tun INTEGER) u pesynbsraT momectuts B nepemernyto D. B nporpamme
Ha puc.15-1 anroputm peanuzoBaH HenpaBuwibHO. biiok EQU OyneT BBINOIHEH MOCIeIHUM, T.K. €T0
TOYKa MPUBSI3KH PACIOIOKEHA HIDKE TOUKU MpUBs3KH O0sioka CMP (mopsaok BIOTHEHHUS OJIOKOB
yKaszaH nuppamMu BHYTpU OJIOKOB).
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Puc. 15-1 HenpaBunbHas ycTaHOBKa OJIOKOB.
Ha puc.15-2 npuBeneHbl npuMepsl NIPaBUIBHON pealln3alvy aaropuTMa.

15-1

lIpakxmuueckoe npoepammuposarnue na sa3vixke FBD



UltraLogik. Pyxogoocmeo nonvzogamens. Knuea 1.

iy + = = iy +
B | 2 L2 B =gl
- _| 1 - _| 1 I
C (3 C BE

a) 0)

Puc. 15-2 BapuaHThl IpaBUJIbHON YCTAaHOBKHU OJIOKOB.

Ha puc.15-3 npuBeaeH npuMep mporpaMmbl AETEKTOpa (PPOHTOB JIOTUUECKOTO CUTHaNa. BbI-
xoa Q Oyner mpuauMath 3HadeHHe TRUE Ha oguH UK CHCTEMBI UCIIOTHEHUS, TP U3MECHCHUH
coctostaus niepemenHoit IN Ha mpotuBomonoxkHoe. To ecTh Ha Beixoae Q Oyaer ¢popMHupoBaTHCS
UMIYJIbC JUITUTEIbHOCTBIO B OAMH LIUKJI KOHTPOJUIEpa MPU U3MEHEHHUH MOJIIPHOCTH BXOJHOTO CHUT-
Haua.

—— 5
TII0 = A —

Puc.15-3 Jlerekrop ¢pponTa

[Monpobuo paccmoTpuM paboty mporpammbl. HauanbHoe 3HaueHHE BCEX MEPEMEHHBIX PaBHO
FALSE. IlepBbiM Boinonnsiercs: 610k XOR, Tak kak ero Touka MpuBs3KU BhIie, yeM y 01o0ka EQU.
3navenus nepeMeHHbIX IN n A Ha Bxoza 6;oka XOR paBusl FALSE, nostomy Ha Bbixone Q Oyzaer
FALSE. ITocne Bemonaenus 6;10ka EQU 3HaueHus: mepeMeHHBIX He MEHSIOTCs. Tak Oyner o Tex
1op, 1noka 3HadeHue nepeMeHHou IN He usmenurcs. Ecin nepemennas IN craner pasua TRUE, To
Ha Bbixozie 6moka XOR Oymer TRUE, tak kak IN=TRUE, A=FALSE. Ilocne 6;10ka XOR BbImON-
Hutca 610k EQU, xotopsiif mpucBouT nepemenHoit A 3nauenne TRUE. B cienyromem nukie Ha
Bxozax 6soka XOR 00e nepemennsie OyayT paBubl TRUE u 3Hauenue nepemenHoit Q craner pas-
Ho FALSE. Ananornuno nporpamma OyneT paboTars Ipu U3MEHEHNHU 3HaueHus nepemenHoi IN u3
cocrosinus TRUE B FALSE.

Ha puc.15-4 npuBenena auarpamma paboTsl nporpammsbl. Creayer oOpaTUTh BHUMaHHE Ha

TO, 4T0 eciu curHaia IN MeHsieT CBoe COCTOSIHME B KaXKIOM ITUKJIIE, TO Ha Bbixojae Q OymeT cocros-
Hue TRUE.
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Puc.15-4. JInarpamma paboTsl 1eTekTopa GpoHTOB
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15.2 Cekuus unuyuanuzauuu

Hcnonb3yss 0COOEHHOCTH MOPsIIKA UCIIOJIHEHUS OJIOKOB, MOXHO JIETKO OPraHU30BaTh B MPO-
rpaMMe CeKLMI0 MHUIMAINU3AINH, T.e. TAKyl0 CEKIUIO, KOTOpas BBIMOJIHSAETCS OJUH pa3 MpH Iep-
BOM npoxoze. [Ipumep npusenex Ha puc.15-6.

INIT:

=True |—=

MATIN:

Puc.15-6
Omnepatop GOTO pacnonoxen Boime 6moka EQU, mostomy Beinmonusercs nepsbiM. [Ipu nep-
BOM IIPOXOJIE IPOrpaMMBl, 3HaU€Hue nepeMeHHol Ha Bxojie onepaTtopa GOTO paBHo FALSE (3nHa-
YeHHEe M0 YMOIYaHMIO), TOTOMY mnepexos; Ha MeTKy MAIN He BBINOJIHHUTCS U OyIeT MCIIOTHEHA
cexuusa Mexay merkamu INIT u MAIN. Ha Bropom 1 nocnenyromux HUKIaX 3HaYEHUE NIEPEMEH-
Hoii Ha Bxoge GOTO Oyner paBuo TRUE u Bemonautcs nepexon Ha metky MAIN (T.e. Oyzer
IPONYyLIEHAa CEKINS MHUIMAIU3ALINN).
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15.3 Bemenenue no HeCKOJIbKUM YC108UAM

PaccmoTpum npumep mporpaMMbl B KOTOPOM BBIOJHSIOTCS pa3InyHbIe MPOIEAYphl, B 3aBU-
CHMOCTH OT 3HaueHusi nepemennoit SW, T.e. skBuBajeHT omneparopa SWM t ch B Cu win Case B
[Tackaue.
®parmMeHT nporpammel Ha si3bike [Tackanb:

case SW of

1: Progl,

2: Progz,

3: Prog3;

end;

[Iporpamma Ha si3p1ke FBD Oynet BeITIsaeTh, Kak MOKa3aHo Ha puc.15-7.
oW | =

=1 ——GCALL Progl
=7 ——CALL Progl

= ——GCALL Prog3

Puc.15-7
Jns ynoOcTBa mpUMEHEHHUs, NaHHBIH (parMeHT MPOrpaMMbl MOXHO CBEPHYTh B OMOJIMOTEUHBIN
6sok. Torma nporpamMmMa OyeT BBITIISIIETh CISAYIOIUM 00pa3oM:

oW [CASE 3

=1 |'® oi|>GCALL Progl
2 |®! oi—GCALL Progl
=3 gj 03 —3GCALL Progl

Puc.15-8

Ecnu nponenypsl pacnoyioKeHbl BHYTpU JaHHOM mporpammbl, To BMecto GCALL Heobxomumo
ucnoiab3oBath onepatopsl GOTO, kak nokazaHo Ha puc.15-9.
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Puc.15-9

15.4 Huxnw

CymecTByeT Ba IPUHIMIHAIBHBIX T0AX0/1a K OpraHU3aluy UKIOB:
a) opraHu3anus “Henpo3payHoro’ IUKJIa;
0) opranu3zanus “mpo3pavyHoro’”’ MHUKIIA.
Bo Bpewms “npo3payHoro” nukia B JaHHOM MporpaMMe ApPyrue MporpamMmbl CUCTEMbI UCIIOJHEHUS
TaK>)Ke BBIMOIHIAIOTCSA. Bo Bpems “Henpo3padyHoro” UKIIA - 0KUAAIOT €r0 OKOHYAHUS.
PaccmoTpuM 3TH OX0/bI HA CIEAYIOIUX TPUMEpax:

@®parmeHT nporpammsl Ha si3bike CH.

whi | e(i ==f al se)

{ a+=a; //reno uuxia

}
Hukn Bermonnsiercs, noka nepemenHas i (tumn BOOLEAN) nmeer 3nauenue false.
OKBUBAJIEHTHI IPOrpamMmsl Ha si3pike FBD

a) “Henpo3padHblii” TUKIT
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ml:
+
a
i
SEOTO ml
Puc.15-10

[TporpammMa OyneT UCHOTHATHCS HEMPEPHIBHO 3a OJMH IUKJI KOHTpOJIepa 10 TeX TOp, MoKa
NepeMeHHas i He MpUMeT 3HaueHHe true. Bce ocTambHbIe IPOrpaMMbl CHCTEMBI UCTIOJTHEHUS OyIyT
OKU/IaTh OKOHYAHUS IHKJIA.

0) “IIpo3pavnblii” UK

1 GoTO ml
+
b !
—
ml :
Puc.15-11

[Iporpamma OyneT UCHOTHATHCA OJUH pa3 B MOJHOM LIMKJIE CUCTEMbI MCIIOJIHEHUS, MTOKa Ie-
pemeHHas i umeeT 3HaueHue false. BoinonHenue Apyrux nporpamMm He 3aBUCUT OT OKOHYAHMS LIMK-
na.

OueBUIHO, YTO MOJXOJ PEaTU30BaHHBIM B mpumMepe “0”, He MemaeT paboTe APYrux Mpo-
IpaMM M SBJISI€TCS NMPEANOYTUTENbHBIM. HanpoTus, opranuszanus “HENnpo3padHbIX’ LHUKIOB MOXET
CYIIECTBEHHO CHHU3HUTH OBICTPOJIECHCTBHE CUCTEMBI MCTIOJIHEHUS M MPHUBECTU K MOTEPE YIpPaBICHHUS
IPOLIECCOM.

15.5 Oocuoanue coovimusn

99

3amada 0XKUIaHHUS COOBITHS TAaK)KE OPTaHU3YEeTCs KaK “MPO3paydHbIii” IUKI. Y CIOBHEM BBI-
MOJTHEHHS TPOTPAMMBI SIBJIIETCST HAcTymuieHus coObitusi. Ha pwuc.15-12 mpuBenen mpumep mpo-
TPaMMBbI, O)KHIAIOIICH COOBITHE, KOTIa TIEpEeMEHHAs i IPUMET 3HAYCHUE 5.

i =

=5 ——RETURIY

Punc.15-12
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Taxum >xe 00pa3oM MOXKHO PEIIUTh 33/1a4y BBITOJHEHHS POTPaMMBbl Yepe3 CTPOTro Ompese-
JIEHHbIE IPOMEXYTKH BpemeHu. Ha puc.15-13 npusenen npumep nporpamMmsl, KOTOpasi BBIIOJIHS-
ercst oauH pa3 B 10 cexyH.

T <
=108 | ——3RETURN
STSTART
Puc.15-13

IToka taitmepHas nepemenHas t Mmenbiie 10S, ucnonusercs oneparop RETURN u BbinosnHe-
HUE Teja MporpamMMbl He TpoucxoauT. [Ipu moctmkenun nepemenHou t 3HadeHus 10S omepatop
RETURN wurnopupyeTcst ¥ mporpaMMa BBITIOJHSAETCS MOJHOCThIO. OOpaTuTe BHUMaHUE, 4TO Cpa3y
nocyie 6moka CMP crout onepatop TSTART. UtoOb1 o6ecniednTh MpaBHIIbHBIC TPOMEKYTKH Bpe-
MEHHU MEX]y BBIIOJHEHUSMHU MPOTPaMMBbl, HY)KHO MHULIMAJIU3UPOBATh TaHMEPHYIO MEPEMEHHYIO t
cpasy nocJje 0J0Ka cpaBHEHUS, a HE B KOHIIE TeJla MPOrpaMMBbl.

15.6 Iloocuem coovimuii

s peanu3anuu cueTdyrka coObITUi noctaToyHo 610ka ADD. Ha HeM MOXHO peann3oBaTh
CXEMY, BEAYIIYIO CUET KaK B IIOJIOKUTEIBbHYIO, TaK U B OTPULIATEIILHYIO CTOPOHBI C IIPOU3BOJILHBIM
marom (Puc.15-14).

a) UHKPEMEHT 0) neKpeMeHT
Puc.15-14

OTH QYHKIUMU MOXHO peanu3oBaTh U 010koM SUB, a Takke ¢ IEpEeMEHHBIM IIaroM, €ciiu
BMECTO KOHCTAHTHI IPUMEHUTHh NEpPEMEHHY0. [ mpumMepa MOXHO MOCMOTPETh Ha PEaln3aLUIo
6ubmmoreunoro 6ioka CPS (bubnuoreka LIB1-Pa3noe). 3nauenue nepemennoit CUR yBennumBa-
ercs Ha 1 B KaKJOM IIMKJIE CUCTEMBI MCIIOJIHEHMS], a pa3 B CEKyHIy KONUPYETCS B IEPEMEHHYIO
CPS. Tlo Benmnuune CPS MOXXHO CyIUTh O IPOU3BOJUTEIBHOCTH CUCTEMBI HCIIOJIHEHUS.

B npumepe, npuBeaeHHOM Ha puc.15-15, nepeMeHHas S yBeIMUYUBAET CBOE 3HaU€HUeE Ha +1,
xorna nepemenHas tick uamenut csoe cocrosinue u3 FALSE B TRUE. Ilepemennas M yBenuuuBa-
€T CcBOE 3HaueHue Ha +1, korjga 3HaueHue nepeMeHHon S nocrurnet 3HadeHus 60. [lo ymomuanuio
BCE IIEPEMEHHBIE PABHBI HYJIIO.
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' 1
thk \RETURN

_ +] =60 }IRETUR_N

Puc.15-15

15.7 Taitmepor

TaiimMepHbIe IEpEMEHHBIE SBIISAIOTCSA MPOCTHIM MHCTPYMEHTAIbHBIM CPENCTBOM, IO3BOJISIO-
MM OpPraHHU30BATh CUET BPEMEHM, IJIEMEHTHI 33JI€PKKH, CEJIEKTOPBI AIUTEIBHOCTH U T.11. Talimep-
HYIO [IEPEMEHHYIO MOXKHO CPAaBHUTB C CEKYHJIOMEPOM, KOTOphIN 3amyckaerca komannoil TSTART,
a octa”asiuBaercs komannoi TSTOP. KonnuecTBo TallMEpHBIX NEPEMEHHBIX, KaK U IIEPEMEHHBIX
JPYTUX TUIIOB, OTPAHUYEHO JIUILb PECYPCAMU CUCTEMBI UCIIOTHEHMSL.
PaccMoTpuM HECKOJIBKO MPUMEPOB MCNOJIb30BaHUS TaMEpHBIX NepeMeHHbIX. Ha puc.15-16a npu-
B€JIEHA MPOrpaMMa, B KOTOPOIl peanu30BaH CEJIEKTOP MMITYJIbCOB IO JJINTENBHOCTH, a Ha puC.15-
166 BpemMeHHas1 TuarpaMMa paboThl IPOTrPAMMBI.

IMNIT: FOTOD MATN
~150z ]

—-TsSTART T

Inp || Out

MATI:
Inp =)
1 ——TSTART T

1 [~ 18, 1S
=153 ——RETURI]

— Inp |
Inp || Out Out

a) 0)
Puc.15-16

[lepemennas Out npuMeT 3HaUeHHE NIEPEMEHHON Inp TOJIBKO B TOM cilydyae, eciu NepeMeEH-
Has Inp He u3meHuT cBoe cocrosuue B TeueHue 1S. B cexuuu INIT npoucxonur HavaibHOE 3a7a-
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HUE 3HaueHus nepeMeHHod Out (Ha BBIXOJ KONHPYETCS COCTOSHUE BXO0JA) U MHUIMAIN3UPYETCS
taiimepHas nepemennas T. [lanee, B cexiun MAIN mo6oe n3meHneHnue 3HadeHue Inp npuBoaur k
nepe3anycky taiimepHoi nepemenHoi T. 3Hauenue nepemeHHoil T cpaBHMBaeTCs ¢ KOHCTaHTOM
=1S. Ecou T Gomnbiie 1S, To 3HaueHue nepemeHHoii Inp konupyercs B Out. Takum o6pa3zom ocy-
IIECTBIIACTCS “TojiaBieHue apedesra” curnana Inp. Bpems cenexuuu MOKHO clienath JOOBIM, ec-
JIM BMECTO KOHCTAHTHI =1S HCII0JIb30BaTh TAHMEPHYIO IEPEMEHHYIO UJIU APYT'YI0 KOHCTAHTY.

B 6ubmnoreke REGULATION snement HYST peanu3oBan mo aHaqOruyHOMY ajJrOpUTMY H
npeHa3HaueH Ui UCKIIIOYCHHS CIydaiiHbIX cOOEB OT MOMEX WM japebde3ra KOHTAKTOB Yy AUCKPET-
HBIX JaTYUKOB.

B npumepe Ha puc.15-17 npuseaeHa nporpaMMa ymnpasjieHHsl HacocoM. TaiiMepHbIe nepe-
MeHHble (TBKJ, ToTkI) UCHIOAB3YIOTCS Ui ONpPEAEIEHUS] KOHTPOJIbHBIX NPOMEKYTKOB BPEMEHU
Mexay curHaiioM Ha BkitodeHue Hacoca (HACOC) u npuxoaoM curHajia MOATBEPKACHUS BKIIIO-
yeHus ot natunka oopatnoit cBs3u (JATUHMK). Oto 6mok BkitoueH B 6ubnuoteky “LIB1-Pa3noe”
nox HazBanuem PUMP.

1
HATLHEK{E TSTOFP TeBEI

[Tocne momgaum KOMaHIbl HA BKIIOYEHHUE Ha-
coca (BKJI=TRUE) wu ecnu Her aBapuu

{—}T STOP ToTEI (ABAPUS=FALSE), ycranaBiuBaeTcs CHUTHalI
BiimtoueHus: Hacoca (HACOC=TRUE). Oxnospe-

TERI > & MEHHO 3aIlyCKaeTcsl TalMepHas IepeMeHHas

=2g L TBKJI, KOTOpasi U3MEpSET MHTEPBAJl BPEMEHU Me-

7 Ky BKJIIOUEHHEM Hacoca M MPUXO0JIOM CUTHAja OT
OATHHE — 6 o

JaTdyruKa 0OpaTHOM CBS3H.

ToTkaT |>| LE 1] 3a 2S OT JaryWka NOIKEH MPUHTH OTBET

=39 | H —I__ . YCT (JATYUK=TRUE), uro Hacoc BKJIIOUUJICSA U pa-

7 Ootaer HOpManbHO. Ecnm 3a 2S oTBEeT OT jarymka

HC IpUIICI, TO YCTaHABJIMBACTCA NPU3HAK aBaApUH

yeT g L) (=] ARAPMA (ABAPUSA=TRUE), u curnan Ha ynpasj€HUE Ha-
e cocom otkmouaercs (HACOC=FALSE). Curnan
o ABAPWUSI siBasieTcss TPUTTEPHBIM U cOpachIBaeTcs

curnaiaom CBPOC.
- tﬁ HACOC AHaJIOTHYHO cxema paboTaeT U MpHU OTKIIIO-

| yeHUH Hacoca. Ilocne nmomaum komaHzabl Ha OT-
L kimouenre Hacoca (BKJI=FALSE), Boikitouaercs
curHan ynpasineHus HacocoM (HACOC=FALSE)
{—}TSTART TERI U OJHOBPEMEHHO 3allycKaeTcs TaliMepHas Iepe-
MeHHas TOTKJI, KOoTOpas u3MepsieT HHTEPBAJ Bpe-
{ MEHHU MEX]y BBIKIIOYEHHEM Hacoca U MPUXOAO0M

>TSTART TOTRI  cyryana or gaTunka OGPATHON CBSI3M.
3a 3S or maryuka JOOJKEH NPUWTH OTBET

CBPOC |1 EETURMN (AATYHUK=FALSE), uyto Hacoc BBIKJIIOYHICS.
Ecnu 3a 3S otBer
=0g (=] TBRIT OT JJaTYMKA HE MpPUIIEI, TO YCTAHABIMBAETCS MPH-
3HAK
_ aBa-
LIS s pum
L (ABA
PUSI=
TRUE).
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Puc. 15-17

B kauecTBE NMpUMEpPOB HCIONB30BaHUS TAHMEPHBIX NEPEMEHHBIX MOYKHO O3HAKOMHUTBCS C
ornucanreMm FBD 6ubnunorexkun “FREQTIME-Yactora u Bpems™ B kuure 2 ri. 1.2 Hacrosimero Py-
koBojcTBa [lonb3oBartens. B Hell mpuBeIEHO MHOTO MPUMEPOB PA3IMYHBIX CIIOCOOOB M3MEPEHUN
MHTEPBAJIOB BPEMEHU U YaCTOTHI.

15.8 Hopmanuzamopel u npeodpazosamenu cuzHanog

3anava npeoOpa3zoBaHUs 3HAYCHUI EPEMEHHBIX 110 ONPEeIEHHBIM 3aKOHAM SIBJISICTCS] THIIO-
BOIl B MpUKIAIHBIX MporpamMmax. [IpeoOpa3zoBanue TpedyeTcs A NPUBEACHUS COOTBETCTBUS U3-
MEPEHHOTO KOJia C BEIMYMHON (PU3NYECKOro MmapaMerpa, MPUBEIEHUS Pa3MEpPHOCTH, KaJuOpPOBKU
U3MEPUTENIbHBIX KaHaJOB U T.M. Humke paccMOTpeHbl HEKOTOpPhIE XapaKTEpHbIE MPUMEPhl TAaKHX
npeoOpa30BaHUA.

Ha puc.15-18 npuBenen nmpumep nporpaMMbl mpeoOpa3oBaHus JJI yIIPABICHUS TPUBOJIOM C
nndpo-ananoropeiM npeodpaszopareneM (LIAIl). Curnan ynpapnenus Inp BbIpakaeT MOJOKEHHE
MPUBO/IAa B MPOLIEHTAX, a BbIXoAHas nepeMenHast Out - B komax AL

Max |/ Max |/
=100 | =100. |

Inp |Lim * S Tnp |Lim * S
=100 | ™ L =100. | ™ =
S =0. | "=

— | Mm — | M

a) 0)
Punc.15-18

3nauenne nepeMenHord MAX 3anaer makcumanbHbiid ko [{AIL. Ha Beixome 6moka DIV 6y-
net 3HadyeHune konumyecta koJ0B LIAITl Ha 1%. biok LIM orpannunrBaeT BXOJHOW CUTHAJ AUAIa3o-
HOM OT 0% 1o 100%. 3nauenue nepemenHoit Out, BeipakenHoe B koaax AT, Oyaer skBuBajIeHT-
HO 3HaueHuto Inp, BeIpa)keHHOMY B TIPOIIEHTAX.

[Ipumep Ha puc.15-18a npusenen as nepemennbix Tuna INTEGER. OgHako B HEKOTOPBIX
CIIydasix IIeJIOUMCIICHHbIE BBIYUCICHUS MOTYT MPHUBECTH K MOTEpEe TOYHOCTH M3-3a MOTPELIHOCTU
OKpyTJieHHs. B 3TOM ciiydae Bce BbIUMCIEHUS TTpou3BoasTcs ¢ nepemeHHbiMu tuna FLOAT, a 3a-
teM pesynbrat npuBoauTces K Ty INTEGER (puc 15-180).

Ha puc.15-19 nmpuBenen npumMep mporpamMbl mpeoOpa3oBaHus 3HAYECHHS CHUTHaIa, KOTOPOE
npuxonut B kogax AL, B ¢u3mdeckyro BeTMUMHY H3MEPSAEMYIO TaTYuKOM. B mpumepe mpusee-
Hbl nanHbie Moxyns 5710 Analog I/O Card m matumka temmeparypbl AD22100. JlatTuuk BbIgaeT
HanpsHKeHUE NpONMOpUHOHAIBHO Temreparype. [Ipu namenennn temneparypsl Ha +1°C Hanpsbke-
Hue u3MmeHnsaercs Ha +22.5 MB. Temneparype 0°C coorBercTByeT HanpsikeHue 1.375B. Jlnanazon
natyrka ot -50°C mo +150°C. Moayns 5710 umeer tpu kodddunuenta ycmwienns (x1, x10, x100),
nrana3oH BxoaHoro Hanpsbkenus 10B u 12-tu paspsaueiin AL
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Gain VEC
=4095 . |

Code |- - * — ! fﬁm
o B I R o B2
—2048. -H [ ( Max [

=1.373
=0.0225
=150.

Puc.15-19

dopmyna npeodpazoBaHUS:
Degr =( ( Code- 2048) * ( MaxV/ Gai n/ MaxC) - 1. 375) / dC, rgne

Degr 3HAYEHHE U3MEPEHHOU Temieparypsl B °C.

Code KoJ curHaina uamepenHoro AIIIL

2048 nornpaBka s cMmetnenus quamna3zona AL B mpenensr ot -2048...+2047.
MaxV nuanasoH BxogHoro curaana ALIT (10 B).

Gain kod(punment ycunenust moayist 5710 (1, 10 wim 100).

MaxC MakcuMmanbHbI koa ALLIT (4095).

1.375 HanpspkeHue Ha narunke npu 0°C.

dC npupalieHue Hanpsokenne Ha gatarke Ha 1°C (0.0225 B/°C).

[Toce pacdera TemmnepaTypsl 10 IPUBEICHHON (opMyIie, 3HaUeHne epeMeHHoi Degr orpa-
HUYUBaeTcs auana3oHoM oT -50 mo +150, T.e. 00JMacThi0 OCTOBEPHBIX TOKA3aHWM JaTuynKa
temnepaTtypsl AD22100.

15.9 @uavmpayusa cucnanos

OunpTpays CUTHANOB SBISIETCS U3 HanOoJjiee BAXXKHBIX 3a]lay, pellaeMbIX B OOJBIIMHCTBE
U3MEPUTENIbHBIX CUCTEM. PeanibHble CUTHAIBI OT O0OBEKTOB COJEpXKaT (PIIOKTyalluu B BUJAE LIyMa,
CEeTEBbIX HaBOJIOK, CIIy4aiHbIX BEIOPOCOB.

Jns gunpTpanun BeicokoyacToTHOM momexu npumensercs ®HY (Puc.15-20a). 3nauenue
nepemenHoil K nomkno ObiTh B mipenenax ]0,1[ u onpenenser yactory cpe3a puiabtpa. YeM MeHb-
Ie 3HaueHue nepemenHoi K, rem Hmxe gactora cpesa. s momydenus: 6osee KpyToil XapakTepH-
CTHKH, (GUIBTPBI HY)KHO COEIMHUTH IMocienoBareiabHo (puc.15-200). [lonpobHoe onucanue Gioka
LPF naxomurcs B FBD 6ubnmunorexe Emulator.

Inp| LPF LPF LPF
I np LPF K fap Cut [ fop Cut | e Cut ﬂt
L out - [ 1"
uwr
- | E
6)
a)
Puc.15-20
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UltraLogik. Pyxogoocmeo nonvzogamens. Knuea 1.

Jnis ycTpaHeHHsI TOMEXH, MMEIOLIeH HOpMalbHOE paclpelelieHue, B KauecTBe (uibTpa,
MOXHO TPUMEHUTH 00K AVR, KOTOpBIN BBIUHUCIAET cpeaHee apudMeTrueckoe BBHIOOpKH. Uem
Oosble pa3Mep BHIOOPKH, TEM MEHbIIE BIMAHUE MoMexHu. OIHaKo, clenyeT UMETh BBUAY, UTO C
yBEJIMUEHHEM pa3Mepa BBIOOPKHM, YBEIMYMBAETCS BPEMSI YCTAHOBJICHUS BBIXOJHOTO 3HAYCHHUS
¢mibTpa Out. [ToaTomy /Ui OBICTpOIIEPEMEHHBIX MPOIECCOB pa3Mep BBIOOPKU HE CIENYET JIeNaTh
ciumkoMm 6ombimuM (Puc.15-21).

Inp | AVR ont

Puc.15-21
st 60pBOBI CO CIydaitHOM TTOMEXOH MOYKHO HMCIOJB30BaTh PAa3IMYHBIC BAPUAHTHI aJITOPUT-
MOB. CaMbIif TPOCTOM CITOCOO COCTOUT B MUCIOIB30BaHuK 0Jioka LIM, 94TOOBI MCKITIOUNUTH U3 pacye-
TOB 3aBEJOMO JIOXKHBIE MOKa3aHUs, KOTJa U3MEPEHHOE 3HAYEHHE CUTHAJIa BBIXOJUT 33 T'PaHULIbI
nrara3oHna usmepeHus aarauka (Puc.15-22).

Inp |Lm
— |Inp
Maz " ont
Min aX
—— Min
Puc.15-22

Ecnu u3BecTeH XapakTep MOBEICHHUS M3MEPSEMOro CHrHajia, HallpuMep CUTHAJl HE MOKET
OBICTPO U3MEHUTHCS 33 KOPOTKUN MPOMEXKYTOK BPEMEHH, TO MOKHO MPUMEHATh Pa3IMYHbIE Orpa-
HUYUTENIM CKOPOCTU HapacTaHus curHajioB. Ha puc 15-23 npuBeneH npumep JMHEHHOTO OTpaHU-
yutend. [lepemennas Out ctpeMuTcs K 3Ha4YeHHIO iepeMeHHor Inp, HO 3a 1S He MOXKET U3MEHUTH
cBoe 3HadyeHue Oonpire yem Ha 15. biaokx LinLIM naxomutcs B FBD GuGmmoreke Regulation-
Perynstopsl.

Tnp |LinLIM
=15 |~ out
15 t o Out
——T
Puc.15-23

Ha puc 15-24 npuBeneH npumep norapu(pMUUECKOTO OTPAHUYHUTENS] CKOPOCTH HapacTaHHs
curHaina. [lepemennas Out ctpeMuTcs K 3HaueHUIo rnepeMeHHoi Inp, Ho 3a 1S He MOXKeT U3MEHUTH
cBoe 3HaueHue Ooipiie yeMm Ha |Out-Inp|*0.1. Bennunna npuparienust BeixonHoro curraina Out
OTIpeNieNIAeTCsl JUHAMUYECKH, TO €CTh IIar NpUpAalleHus 3aBUCHT OT BEIMYUHBI PAcCOTIIACOBAHUS
BXOJHOTO M BbIXoaHOro 3HayeHus. bnox LogLIM naxomutcs B FBD OubGnmoreke Regulation-
Perynsaropst.

Inp _%ﬂgmm
=0.1 | * _ | Out
—19 ut
—T
Puc.15-24
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UltraLogik. Pyxogoocmeo nonvzogamens. Knuea 1.

[Monpo6no padota 6mokoB LPF, LinLIM u LogLIM onucana B kaure 2, ri.1.3 PykoBoacTsa
ITonb3oBarens.

Jns mydmeit GpuinbTpanuu MOKHO MIPUMEHSATh KOMOMHUpPOBaHHbBIE (GuiIbTphl. Hanpumep cHa-
Yaja ONpeeNuTh JAUana3oH BXOJHOTO CUTHaja OJOKOM Lim, MOTOM OrpaHHYUTH CKOPOCTH M3Me-
HeHus 6s1okoM LinLIM nnu LogLIM, a 3atem ycpenHuTh BeIOOPKY 0110koM AVR (Puc 15-25).

Inp Lim Logl IM
o~ |lap | Inp
=150. Cout
| Max —K  Ou AVR ——
=-50.

— | Win T
=0.01
=15

Puc.15-25

15.10 Pezynamopui

Ha3nauenue peryasiTopoB COCTOUT B TOM, YTOOBI yCTaHABIUBATH U MOIEPKUBATh HA 3aJaH-
HOM ypoBHEe W (3aar0miuii mapamerp) ONpeeICHHYI0 PU3NYECKYI0 BETUIHHY X (PETyIupyeMyro
BEJIMUYMHY). Bilok-cXeMa IpocTOro KOHTypa peryJupoBaHusl IpeAcTaBiaeHa Ha puc.15-26

Ferynvpyeman
Boamyllarowes z Y+z BeNr4MHa
BO2AEACTEME ObberT W
Ferynvpyrolles -
BOSAerCTEME PerynaTop W= + WY 3anarollHi
napameTp
Faccorna-
COBaHKe
Puc.15-26

Perynsrop BiuseT Ha PEeryIHpyeMyI0 BEIMUUHY X C TIOMOIIBIO PETYIHPYIONIEro BO3ACHCTBUS
Y Ttak, 4To0BI paccoriacoBanue peryiaupoBanus W-X ObUIO BO3MOXXHO MEHbBIIMM. Bo3nelcTByro-
1iee Ha OOBEKT PEeryaupOBaHus BO3MYIIEHHE POPMAIBHO MOKHO MPEICTaBUTh BETUUMHON MTOMEXHU
7., alUTUBHO HaKJIaJbIBAIOIIEHCA Ha 3aJaHHbIA napameTp. [IpocTeldmmnm mpuMepoM Takoro peryis-
topa sBisiercs [1-perynstop (puc.15-27)

Puc.15-27

Ecnu perynupyemas BenmuunHa X HE paBHA 3aJaHHOMY 3HaueHHI0 W, TOSIBIISIETCSl paccoriia-
coanne W-X. bmaromaps sTomy perynupyroiiee Bo3neilcTBue Y m3MeHseTcs Ha BenuuuHy (W-
X)*Kp. D10 n3meHenne KommneHcupyeT pasHoctb W-X. B ycTaHOBHUBIIEMCSI peKUME OCTATOYHOE
paccoriiacoBanue OyaeT MeHbIe mpu O0oJbieM Ko3hGHUIIMEHTE MPOTOPIHOHATILHOCTH PETYISITOpa
Kp. Ognaxo cienyer y4uTbBaTh, 4TO KOA(D(PUIIMEHT yCUICHHS B LIEMTM OOPAaTHOM CBSI3U HE MOXKET
OBITH CKOJIb YTOAHO OOJIBIINM, TaK Kak CABUT (a3bl B KOHTYPE PErylIupOBaHUs MPUBEIET K BO3HUK-
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UltraLogik. Pyxogoocmeo nonvzogamens. Knuea 1.

HOBEHHUIO KoyiebaHuil. UToObl 00ecrieyuTh BO3MOKHO MEHBIIYIO MOTPEIIHOCTh PErYJIUpPOBAaHUS U
HYKHYIO IEPEXOJHYIO XapaKTepUCTHKY, K [I-perynsaropy nobaBistoT uHTErparop u nuddepeniua-
Top, noxydast [TH- umu [T /-perynsatop. IlogpoOHOe onrcanue paboThl pEryasTOPOB MPUBEICHO B
kHure 2, ri. 1.3 Hactosmero Pykosoacra Ilonb3oBarens.
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UltraLogik. Pyxogoocmeo nonvzogamens. Knuea 1.

15.11 ModenupoeaHue o6Bekmoe ynpaesieHusi

[IpakTuyeckast OTNaaAKa MPOrpaMMbl YIIPABICHUS CIOKHBIM 00BEKTOM SBISETCS JOCTATOYHO
TPYLOEMKHM IPOIIECCOM M COMPSIKEHA C OMACHOCTHIO HENPEIBUICHHON peakiMi peaJbHOro 00b-
eKTa Ha yIpaBJisiole Bo3aeicTBus. M36exarb mogoOHONM CUTyallMy, a TakKe MPOU3BECTU Ipe-
BapUTEJIbHYIO OTJIAJIKY IIPOrpaMMBI ¢ TIOJOOPOM YIIPABIISIOUINX BO3ACHCTBHIA, TTO3BOJISIET MOACIIH-
poBaHHE 00BEKTA YIPABJICHHUS.

Monenb 00beKTa ypaBiIeHus IPEACTABISIET U3 cedsl OTACIBHYIO POrpaMMy WIIM HAbop mpo-
rpamMM. DTH TPOrpaMMbl IPUHUMAIOT OT YIPABISAIOLICH MPOrpaMMbl CUTHAJIBI YIPABICHUS B BUJE
NEPEMEHHBIX U 3MYJIUPYIOT MOBeACHUE 00BEKTa B BUJE JECTCPMUHUPOBAHHON pEaKLUU MEpeMeH-
HBIX TIpolecca, KaK 3aJaHHble (YHKIHOHAJIbHBIE 3aBUCUMOCTH. DYHKIMOHAIbHAS 3aBHCHUMOCTb
NOBEJICHUS MEPEMEHHBIX Ipolecca ornpeensercs pazpadoTynkoM. Yem TouHee U JeTallbHEE OIH-
caHa 3Ta (PyHKIIMOHAIbHAsl 3aBUCUMOCTh, TEM TOYHEE MOJIENIb SMYIIMPYET peanbHbIi mporecc. [1po-
rpamMma SMYJISILUU 00bEKTa BCTABJSIETCSA B CIIMCOK MPOrpaMM CHCTEMBbI HCIIOJIHEHHs (Ha 3Tare oT-
JaKu) ¥ paboTaeT B UKJIE C IPOrPAMMO PETyITMPOBAHUSI.

[Nporpamma

perynMpoEaHua

haccKe
nepemMeHHBx

[Nporpamea
MY ALK
obbekTa

Puc.15- 28. B3aumoneiicTBre mporpaMM yrpaBieHHs U SMYJSIUN 00bEKTa
PaccmoTpuM Moziens abCTpakTHOTO IpoIiecca B BUJIE pe3epByapa, yPOBEHb KUIKOCTH B KO-

TOPOM (3HAUEHUE MapaMeTpa PETyTUPOBAHUS) OMPEIEISIETCS COOTHOIICHHEM 00heMa BTEKAIOIICH 1
BBITEKAIONIECH U3 HErO KUJIKOCTH.
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Ing
out

Mazx

[N
|
____________ i}
ot
Puc.15-29

Ml ax

Wal

O0603Ha4MM KOJIMUYECTBO BOBI, BTEKAIOIIEE B pe3epByap 3a eIUHHILy BpeMeHH - Inp, a komu-
4EeCTBO BOJIbI, BHITEKAIOILEE U3 PE3EpByapa B €AUHUIYy BpeMeHU - Out. YpoBeHb BOJBI B pe3epByape

- Val, MakcuManbHO BO3MOKHBIN ypOBEeHb Max.
[Iporpamma, peanuzyromasi JaHHYIO MOJeNIb 00bEKTa, IpeacTaBieHa Ha puc. 15-30.

Wal

Integral Lim

| Inp  Out Inp
| Ilax
Iin

=0.0 |

Puc.15-30. IIporpamma-mMoaens pe3epByapa

Puc.15-31.

Inp
it
TTax

Tanl

Wal

16

[Iporpamma-mozens pesepByapa B Buie OMOINOTEYHOTo 010K
15-
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PeanbHble 00BEKTHI BCera UMEIOT (Da30BBIN CABUT MEXKIy PErYJIHUPYIOIIUM BO3JEHCTBUEM H
peakiuell oO0bekTa, 0OYCIOBICHHBI MHEPIMOHHOCTHIO (U3MYECKUX mpoleccoB. CMoaenupyem
3TOT CIIBUT MOCPEACTBOM OTPAaHMUYHUTENS] CKOPOCTH HapacTaHUs CUTHAJa, UMEIOIIETo Jorapudmuye-
CKYIO XapaKTEPUCTHKY.

Y LogLIM
E_____Inp
—a01 E Ot
— T
Tanl;
Ei—____lnp 1
=100 Ot Val
— | Ivlax

Puc.15-32. TIporpamma Mojaenu o0beKTa

Ohject
=Y
= <
K

Puc.15-33. Monenb o0bexTa B BUje OMOIMOTEUHOro OJI0Ka
Taxum 00pa3oM Mbl OTY4rIIH 000OIIEHHYIO MOJIENb 00BEKTa, T1IE:
Y - Perynupytomiee BO3eHCTBHE
Z - BHelHee BO3MYILEHHE
X - Cocrosinue o0bekTa (OOpaTHas CBA3b)
K - Koagdunment peakiun oobexra

JlaHHast MOJENIb C OMNPENEICHHONW CTEMEHbI0 MPHOIMKEHHUS SMYIHpPYeT Takue (hu3nueckue
IPOIIECCHl, KaK M3MEHEHUE TEMIIepaTypbl 00bEKTa, JaBiIeHus, 00beMa U HeKoTophle Ipyrue. Tak B
cllyyae MOJAETHPOBAHMS MpoLecca HarpeBaHus, Y - KOJIMYECTBO TeIUIa, IepeaBaeMoe 00beKTy, Z -
TEIJIOBBIE MOTepH, K- TerIoeMKocTh 00beKTa.

[Ipennonoxum, HEOOXOAMMO HCCIENIOBATh IMOBEACHUE MPOTrPaMMBbl CTAOMIM3AIMH TTapaMeT-
pa, npeacTaBiIeHHON Ha puc.15-34.

3 F Eegul
— | Imp Y
Y CTaBka Cut——
— | Ref
K Dt [—
- |k
Puc.15-34

J1st 3TOTO HMCCeayeMas porpaMMa JI0JDKHA OBITh 3aMKHYTa ¢ IPOTPaMMOM MOJIENH Yepe3 o0Iue
rio0anbHBIC IEPEMEHHBIE ClIenyronuM oopazoM (puc.15-35).
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Mporpamma-mMofens

KoHTyp perynupoBaHHs COCTOMT M3 O0BEKTa pETryaHUpOBaHHS M peryimsiropa. Ha oObekT
BO3JICHCTBYET ABa (haKTopa: yIpapIsIoiee NEHCTBHE PErylsiTopa U CIIydailHas BHEUIHSS MOMeXa,
KOTOpasi BHOCUT MCKA)XCHUS B YNpaBJSIOINK curHain. OT o0beKTa K peryisTopy UAeT oOpaTHas
CBSI3b, XapakTepu3ymwlias coctossaue oowvekta. Koadgdunuent K onpenensier Bpems: peakiuu 00b-

€KTa Ha yIpaBJIAIOIIee BO3ACHCTBHIE.

[Tpumeps! SMyISITOPOB 00BbEKTOB HaxonaTcs B Omdimoreke Emulator. B nemoncTpamnmon-
HOM mpoekTe Regul.plc mpuBeneH mpumep mporpamMmbl PeryJIMPOBaHUs, 3aMKHYTON ¢ TIPOTPaMMOM
AMyJSIUU 00beKTa. JIaHHBIN MPOEKT MOXKET OBITh MCIIOIB30BaH B LENSIX 00ydeHus, a TaKkKe Hccle-
noBaHus BiusiHUS KodpdunuentoB [IM/-perynsropa Ha mnepexoAHyl XapaKTEpUCTHKY OObEeKTa

peryJiupoBaHHsL.
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obLekTa
peryrMpoBaHnA
Y Ohject
- ]
¥
7 e
— = — 5 i
K —K
—-
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¥ | P_Regul peryATOD
Inp
Y CTaBka Out
Fef
Kn Dt —
Ep
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