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l. PABOYASA ITPOT'PAMMA
BBEJAEHUSA

IIporpamma coctaBiieHa Ha ocHOBe yka3a [I1d-4732 ot 12 urons 2015
roja [Ipesunentom PecnyOnuku Y36ekuctan «O Mepax yaydileHus CUCTEMbI
NEPETOArOTOBKM M TOBBIIMICHUS  KBANU(UKALUA  PYKOBOIAIIUX |
NEJaroru4eckux KaJpoB BBICIIMX YYEOHBIX 3aBEACHHI», LEIb KOTOPOH
ABJIAETCS yJy4dllEHHWEe, IEpPEenoJroToBKa M CyTh IMpolecca MOBBILIECHUS
KBaM(UKAIMM Ha OCHOBE COBPEMEHHBIX TpeOOBaHUM, a TaK ke
MOCTAaBJICHHAs  3ajjaya  PEryjsipHO  MOBBIIATh  NPO(EecCHOHATBHYIO
KOMIIETEHTHOCTh MEJarOrMYECKUX KaJpOB BBICIINX YU€OHBIX 3aBEICHUI.

Pabouas yueGHas mporpaMMa BKJIIOYaeT B ce0s  U3ydeHUe
TEOPETHUYECKUX M NPAKTUYECKUX OCHOB ABTOMATH3aLUH TEXHOJOIMYECKUX
npoueccoB M Ipous3BOACTB. COBOKYIIHOCTH METOJOB U CPEICTB
aBTOMAaTHU3allMH, NPEJHA3HAYEHHBIX IS PeAIM3alUU CUCTEM, MO3BOJISIOIINX
OCYUIECTBJISITh YIpPaBICHUE CAMHM TEXHOJIOTMYECKHM IpoleccoM 0e3
HEIMOCPEICTBEHHOIO YYacTHsl 4YEJIOBEKa, JUOO OCTaBJIEHUS 3a YEJIOBEKOM
npaBa OPHUHIATUS HauOOJiee OTBETCTBEHHBIX PEIICHHM.

eau u 3apaum MoayJist

Heabo wu3yueHus MoOAyJs «ABTOMATH3AIMU  TEXHOJOTUUYECKUX
MIPOIIECCOBY» SIBJIACTCS MOATOTOBKA CIIyIIATENsl K PEIICHUI0 TEOPETUUECKUX U
MPUKJIAIHBIX 3aJ]a4 aBTOMAaTU3allUU MPOIECCOB U MPOU3BOJICTB B PA3TMUHBIX
OTpacisix MPOMBIIIIEHHOCTH. OBJIaJIcCHHE CUCTEMOM 3HAHUM, MPAKTUYECKUX
YMEHHMM ¥ HaBBIKOB, 00CCIICYMBAIOIINX COBEPIICHCTBOBAHUE U IOJTOTOBKY
BBICOKOIIPO()ECCHOHAIBHBIX KaJPOB.

3agaum moaysss «ABTOMATH3allMd TEXHOJOTHMYECKHX IPOIIECCOBY»
SIBJISTFOTCSL:

-  4YEeTKOe TMOHMMaHWE JTalmoB pa3BUTHUS  aBTOMATH3AllUd U
COBPEMEHHOT'0 YPOBHS aBTOMATH3aI[UU MTPOU3BOJICTB;

-  UW3y4YCHHUE HWHKEHEPHBIX METOJOB BBHIOOpa ¥  HACTPOUKHU
MPOMBIILICHHBIX PETYISTOPOB;

- U3YYEHUE THUMOBBIX MPOCTHIX M CJIOKHBIX CHUCTEM PETyJIHPOBaHUS
OCHOBHBIMH TE€XHOJIOTHYESCKUMHU BEIUINHAMHU;

- aHAJIN3 JTUHAMUYECKUX U CTATHYECKUX XAPAKTEPUCTUK OOBEKTOB IS
MOCJIEAYIOIIETO CUHTE3a COOTBETCTBYIOIIEH CUCTEMBI PEryJIUPOBaHMUS;

- H3y4YEeHHE OCOOCHHOCTEH TOCTPOCHUSI CHCTEM PEryJIMpPOBaHUS
MPOIIECCAMHU C UCTIOJIb30BAHUEM QIAlITUBHBIX CUCTEM PEryJIMPOBaHMUS.


https://ru.wikipedia.org/wiki/%D0%A3%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_(%D0%BA%D0%B8%D0%B1%D0%B5%D1%80%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81

TpeGoBanus, npeabsiBiAsieMble K 3HAHUSIM, YMEHUSIM U HABBIKAM 110
MO/1YJII0

Cnywmwarens, B  mOpeenax  3agad  MoOAyJsd  «ABTOMAaTH3auus
TEXHOJIOTUYECKHUX MTPOU3BOICTBY JTOJKEH:

umemsp npeocmasieHue u 0XapaKmepu3o8amas:

® METOJbl aHAJM3a TEXHOJOTHYECKUX MPOLECCOB U OOOpYAOBAHMS IJIs
UX peaju3aluu, Kak OObEKTOB aBTOMATU3AIMH U YIIPaBJICHUS;

® YVIOpaBIIEMBbIE  BBIXOJHBIE  IIEPEMEHHBIE,  YOPABJISAKOIIHNE U
peryaupyromue Bo3IeHCTBHS, CTATUYECKUE U JUHAMUYECKUE CBOWCTBA
TEXHOJIOTHYECKUX 0OBEKTOB YIIPABIICHUS;

® [IPOM3BOJCTBA OTPACIIH;

® CTPYKTYpPHBIE CXEMbI MOCTPOCHHUSI, PEKUMBI PAOOTHI, MAaTEMAaTUYECKUE
MO/IEJIA TPOU3BOJICTB KaK OOBEKTOB YIIPABIICHUS;

® TEXHUKO-DKOHOMUYECKHE KPUTEPUU KaueCTBa;

® (DYHKIIMOHUPOBAHUS U IEJIH YIIPABJICHHUS;

® OCHOBHBIE CXEMbl AaBTOMATHU3AllMd THUIOBBIX TEXHOJOTUYECKHUX
O0OBEKTOB OTPACIH.

3HAMb U YMEMb:

® OIpenensaTh TEXHOJOTHMYECKHUE PEXUMbl W MOKa3aTeld KaudecTBa
GyHKIMOHUPOBAHUST  OOOpYZOBaHUS, PACCUUTHIBATH  OCHOBHBIE
XapaKTePUCTUKU U ONITUMAJIBHBIE PEXKUMBI PAOOTHI;

® BBINOJIHATH AHAJIM3 TEXHOJIOTHYECKUX MPOLIECCOB U 00OPYIOBAHUS KaK
00BEKTOB aBTOMATH3AIMH U YIIPABJICHUS;

® COCTaBJISITh CTPYKTYPHBIE CXEMbI MPOU3BOJCTB, MX MaTEMaTUYECKUE
MOJIeNId KaK OOBEKTOB YIPABIEHUS, ONPEAENATh KPUTEPHH KauyecTBa
(YHKITMOHUPOBAHUS U 11€JIU YIIPABJICHMUS;

® BBLIOUpATH TUISt JaHHOTO TEXHOJIOTUYECKOTO npoiiecca
GYHKIIMOHATBHYIO CXEMY aBTOMAaTH3AIlNH;

® pacCUMTHIBATHL OJHOKOHTYPHbIE W  MHOTOKOHTYPHBIE  CHCTEMBI
aBTOMAaTHYECKOTO PETYJIUPOBAHUSI MPUMEHUTEILHO K KOHKPETHOMY
TEXHOJIOTUYECKOMY OOBEKTY.

611a0emb HABLIKAMUL:

® aHajgM3a TEXHOJOTHYECKUX IPOIECCOB, KaK OOBEKTa YIPABJICHUS U
BBIOOpa QYHKIIMOHATBHBIX CXEM MX aBTOMATHU3AIINH;

e paboThl C NPOrpaMMHOM CHUCTEMOM JIsi MATeMaTUYECKOro U
MMHTAIMOHHOTO MOJEIUPOBAHUS;



® HaJaJK{, HACTPOUKHU, PETYIUPOBKHU, OOCTYKUBAHHIO TEXHUUYECKHUX
CPEICTB U CUCTEM yIIPaBJICHMUS.
PexoMeHIanMu M0 OPraHu3anuu M MPOBeIeHUsI MOIYJIs

Monynb «ABTOMAaTH3alMsl TEXHOJIOTUUECKUX MPOIECCOB» MPOBOIUTHCS
B BUJIC JICKIUW U IPAKTUYECKUX 3aHATUN

B npouecce oOydyeHus Monynsi OPEAYCMOTPEHbI MPUMEHEHUE
COBPEMEHHBIX METOJIOB OO0pa3oBaHUs, II€JIOTOTUUYECKUX TEXHOJOTHH H
HH(POPMAITMOHHO-KOMMYHHUKAITMOHHBIX TEXHOJOTHIA:
- MPE3CHTALMOHHBICE UM  JJICKTPOHHO-AUJAAKTUYECKUE TEXHOJIOTUM C
IMOMOIIbI0 COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTUM TPU IPOBEACHUU
JIEKIIMOHHBIX 3aHATHHN
- IPHU NPOBEACHUM MNPAKTUYECKUX 3aAHATUUA MPETYCMOTPEHBI MPUMEHEHUE
TEXHUYECKUX CPEACTB, 3KCIPECC-3alPOCOB, TECTOB, OMPOCOB, MO3TOBOTO
HITypMa, TPYNIIOBOTO MBIIUICHHS, PabOThl ¢ HEOOJBIIMMH TPYIIAMH, U
pa3HUX METOJOB MHTEpPAKTHUBHOIO o0yueHuss kak «Keiic-ctamn», «SWOT-
aHaJIN3», K ACCECMEHTY.

B3aumocBsa3b yueOHOTro MOIYJISI ¢ APYTUMH MOYJISIMH
Monynbe «ABTOMaTH3alMs TEXHOJIOTHUYECKUX MPOLECCOB) CUMUTAETCS
OCHOBHOM 0azoi 1y Moayneit « TexHoJornuecKkue U3MEepeHus: U MpudopbI»,
«Teopus ynpasnenuss» u «VHTEINEKTyalbHbIE CHCTEMBI YIPABICHUSA H
IIPUHSATUE PELICHUI.
Posab MoayJisi B cucTteMe BbICHIero 00pa3oBaHus
[Ipoucxoasmirie KOPEeHHbIE U3BMEHEHSI B CUCTEME 00pa3oBaHs, 0COOEHHO
HAaYYHO-TEXHUYECKOE Pa3BUTHUE OMPEAECISACT POJIb MOAYIS “ABTOMATH3ALMS
TEXHOJIOTUYECKHX IMPOLIECCOB” B CUCTEME BBICILIETO 00pa30BaHsl.
Opranmzanusi 3Q@PEeKTUBHOrO M IUIOAOTBOPHOrO OOpa30BaHUS MyTEM
CO37aHUSl HOBBIX WMHHOBAIIMOHHBIX TEXHOJOTUH OOY4YeHUS UCIUTLIINH
HaIpaBJICHUS] MOJYJs “ABTOMATH3AalUs TEXHOJOTMYECKUX MPOLECCOB” U UX
NPUMEHEHUsT B CHUCTeME OOpa3oBaHHS TIOMOTAaeT CHUCTEMHO YBEJIMYUTH
Ka4ueCcTBO 00Opa3oBaHUsI.



Pacnpenenenne qaC0B MOAYJIAM
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1. | CoBpemMeHHOE COCTOSTHUE YIPABIEHUS 4 2 2
TEXHOJOTHUYECKHUM IMPOILIECCOM
2. | OCHOBHBIC PUHIIUIIBI YIIPABIICHHUS CIIOKHBIMA 4 2 y)
TEXHOJIOTUYECKUMHU MPOIecCaMu
3. | PexxuMbl paboThI CUCTEM yTIPaBIICHUS 8 2 2 4
POLIECCaMH.
Kamn: 16 6 6 4

TEOPETHYECKOE COAEP KXAHUE MOJAYJIA

1-tema: CoBpeMeHHOe COCTOSIHME YIIPABJIEHUS] TEXHOJIOTHYeCKUM
NpoueccoM

OCHOBBI aBTOMAaTU3AI[MU TEXHOJIOTHYECKUX MPOLIECCOB U IPOU3BOJCTB.
OcoOeHHOCTH  yNpaBl€HUWE  TEXHOJOTMYECKMMH  TapamMeTpaMd  Ha
npennpusatuax. OOBEKThl aBTOMATHU3AIlMU, U UX MapaMeTPhl, MOJJISKAIINe
aBTOMAaTUYECKOMY yIpaBieHU0. CHCTeMBl aBTOMAaTHYECKOTO YIPABIICHHUS
IMHAMMYECKUMU OOBEKTaMH aBTOMATHU3alMU. MeToabl MaTeMaTH4eCKOIro
omnucaHusi O0OBEKTOB  aBToMaTu3auuu. IIpoGieMbl  aBTOMATUYECKOTO
pEryJINpOBAaHMS MAapaMETPaMHM TEXHOJIOTMYECKUX YCTaHOBOK. (OCHOBHBIE
THUIIBI MPOLIECCOB YIPABJIEHNE BPEMEHH. MHEPLMOHHBIE MTPOLIECCHI, MTPOLIECCHI
MHOT'OKPaTHOTO TMOCTOSIHHOM BpEeMEHH. MepTBoe BpeMsl WM TPaHCIIOPTHAs
3anepxka. Mcnonb3oBanue QyHKIMM MIEpeIayu.

2- Tema: OCHOBHbIE IPUHIIUIBI YIIPABJIECHHUS CJIOKHBIMH
TEXHOJIOTHYECKUMHU MPOLeccaMmu
OCHOBHbIE MPUHLHUIIBI YIPABICHUS TEXHOJIOTUYECKUMH MPOILIECCAMH.
JIByxmo3uimonHoe peryiaupoBanus. I[lnaBHoe ymnpaBieHus. YmpaBieHUE B
Pa30MKHYTOM KOHTYype. PerynupoBanusi cooTHomienus. OOpaTHO U TpsiMO-
JEeNUCTBYIOLIME KOHTPOJUIepbl. MEPTBOE BpeMsi U €ro BIUSHUE Ha IIPOLIECC.
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3- Tema: Pe:kuMbl paGoThl cHCTEM YNIPaBJIeHUs MPoleccaMu

OcHoBHOe moHATHE KOHTPOJsA. CrnocoObl MOIYJSAIUS KOHTPOJIS.
KonTposms 3a pa3oMKHyTbIM KOHTYpoM. KOHTpOJIb OCHOBaHHBIM Ha
MPEAyNPEKICHUN, KOTOPBIA YIPaBISET MePEMEHHbBIE, He0OOX0AUMbIe, YTOObI
MOCTAaBUTh HEOOXOJUMYIO MEPEMEHHYIO MPOAYKIHNIO. BBeeHne B KacKaIHBIMA
KOHTPOJIb. Tumbl TOYHOCTH. MeTonpl uwrymonojasieHus. JInHeapuzanus
curHana. [{udposeie kmananbl, kimamanbl muadparmbl Conmepca u Illapobie
KJ1anabl. BeiOop nmapaMeTpoB ycTpoicTBa.

COJIEPKAHUE ITPAKTHYECKUX 3AHATHUHA
1-npakTHYecKoe 3aHATHE:
YnpapieHusi TEXHOJOTHYECKUMU MPoIeccaMu
PerynupoBanue ypoBHS H KOHLEHTpAlMM KUAKOCTA. BwiObop
peryJsaTopa u 3aKoHa peryaupoBaHus. PacuéT cTaOMIBLHOCTH CUCTEMBI.
2-nPaKTU4YeCcKoe 3aHsITHE!
OcHOBHBbIC IPUHIUIIBI YIIPABJIEHUS CJI0KHBIMH TEXHOJIOTHYEeCKUMH
npoueccamMmu
B emkocTHOM amnmapatre HENpPephIBHOIO JEHCTBUSL CMEUIMBAHUE
KOMIOHEHTOB.  Temmnepatypa cmemienue. [lpuHumMn  ympaBieHUs
TEXHOJIOTUYECKUM ITPOIIECCaM.
3-maKTHYeCKoe 3aHsITHE:
PexxuMbl padoThI CHCTEM yNIpaBJIeHUs] IPOLECCAMU
Uccnenosanue perynstopa. AHaiM3  pacuera apaMeTpoB
perynaropa. ABTOMAaTHYECKOTO PEXKUM MEPEKITIOYEHUS.
Bble3aHble 3aHATHE .
Tema:PesxxuMbl padoThl CHCTEM yIIPaBJICHUS NPOLECCAMU
3HAKOMCTBO ciymiarenei ¢ paspaborkamu (upm VY30ekucrana B
oOylactu aBTOMAaTH3aIU TEXHOJOTHUYECKUX MPOILIECCOB. I'AK
«Uzprommashimpeksy

®opmbl 00y4YeHUs

®dopma 0O0ydeHHUsT OTpakaeT TaKWe BHEIIHHE CTOPOHBI Y4EOHOTO
mpoliecca, Kak Ccrnocod ero CyIecTBOBAHMS: MOPSIIOK U PEXUM; CIOco0
opraHu3anuu OO0y4YEeHUS: JEKIMs, CEMUHAP, CAMOCTOsITENbHAsT paboTa U Tp;
cnoco®  opraHM3alii  COBMECTHOM  JEATEIbHOCTH  OOy4aroumero u
oOydJarormuxcs: ppoHTaIbHAas!, KOJUIEKTHBHAS, TPYNIOBAasi, HHIUBHUIyaTbHAsI.



[Tpu oOydeHust BaXKHBIM SIBJSIETCSI BHIOOpP (DOPMBI OpraHu3alvu  yueOHOU
JeSITeTbHOCTH YYaCTHUKOB:

e KoJuleKTHBHAs — KOJUICKTUBHOE, COBMECTHOE BBIIIOJHEHHE OOIIEro
yu4eOHOTO0 33JJaHHs BCEMH CTYACHTAMHU. XapakTep MOJYYEHHOTO pe3yJbTaTa:
UTOT KOJIJIEKTUBHOTO TBOPUYECTBA.

e ['pymmoBasi — COBMECTHOE BBIMIOJIHEHUE E€IMHOTO 3aJaHUs B MajbIX
rpymmax. XapakTep IOJYYEHHOTO  pe3yjbTara: HMTOI  TPYIIOBOIO
COTPYAHMUYECTBA HA OCHOBE BKJIa/1a KaXKI0TO.

o llnnuBuayanbHasT — HMHIUBUAYAJIbHOE BBINOJHEHHE Y4eOHOTO
3aJaHus. XapakTep TMOJY4YeHHOTO pe3ylbTaTa: WTOT HHIWBHUIYaTbHOTO
TBOpYecTBa. OOBIYHO MPEAIIECTBYET IPYNIIOBOM padboTe.
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Il. AHTEPAKTUBHBIE METO/bI OBYYEHMUS, NCIIOJIB3YEMBIE

B MOAVYJIE
Taomuna SWOT-anaau3a
SWOT
HaNMEHOBAHUE MPOUCXOAUT OT HAYAIbHBIX OYKB CICAYIOMINX aHTIIMIHCKUX
CJIOB
Strengths — CWIbHBIE  CTOPOHpPBI,  MPEAMNOJIaracT  HaJU4He
BHYTPEHHHUX PECYPCOB
Weakness — c1a0ble CTOPOHBI WM HAJIMYUE BHYTPEHHUX MPOOIIeM
Opportunities — BO3MOXKHOCTH;,  HaJW4u€  BO3MOXKHOCTEH  JyIst
Pa3BUTHS TPEITPUITHS
Threats — YTPO3bl, YTPO3bl OT BHEITHEW CPEJBI.

IIpemuHeHust MeTOo1a B Y4eOHbIN mpouece

Kak npaBuio, SWOT-ananus, T.e. aHamu3 CUIBHBIX U CIa0bIX CTOPOH
OpraHW3allid, BO3MOXXHOCTCH U YIPO3, MCXOIANIMX U3 OKPYXKAIOIeh
Cpe/bl, MPOBOJUTCS C TOMOIIBI BCIOMOTATENIbHBIX TabJull (MaTpul).
[Ipocrerimas ¢opma mpencraBienus pesynabratoB  SWOT-ananuza
npuBeieHa B Tadmie 1.

Ananu3 IponopunonanbHo-MHTerpasibHblii-[uddepeHunaibHOro
peryasitopa (ITUO) nmo meroxy «SWO T-anaaus»

S - CuabHble ctoponbl ITU L O - Boamoxkunoctu ITU/I

W. Caabsle croponst ITH/] T- Yrpossr TN/

MeTtoa «AcceccMeHT»

AccecCMEHT — (aHr. OLIEHKa) Mpoleaypa OLEHKUA JEIOBBIX KadecTB,
3HAHWM, YMEHUN W HABBIKOB, OOBEIUHEHHBIX TMOHITHEM «KOMIICTCHIIUS).
AcCCecCMEHT BKIIIOYAeT B Ce0sl pa3IMyHbIe METOJIbI OIICHKU (/I€JI0BBIC MTPHI,
TECThl, HWHTEPBHIO, OMNPOCHI), TO3BOJSIONIME OMNPEICIUTh  YPOBEHb
KOMITIETEHIIUI B KAKOM-JIM00 BOIIpOCE.

IIpumeHeHust MeTOIa «ACCeCMEHT» B y4eOHBIM MPoLecc

HpCHO,IIaBaTCHB B 3aKJIFOUUTEIIbHBIN YaCTU 3aHATHA, YTOOBI OIpCaACIIATD
pe3yiabTar AOCTHIKCHHUSA LCJIM pPa3zgacT BCEM CIOylIaTrC/isAIM IO OTACIBbHOCTH
11



Tabnuy «AccecMeHTay, JaeT 3aJaHusl 3alojHATH TaOMUIly M ONpenesser
Bpems. Tabnmuna «AccecMeHT» BKIIIOYaeT ce0si 4 MeTo/a OLIEHUBAHHE: TECT,
npoOiieMHasi CUTyalusi, CPAaBHUTENIbHBIA aHAIM3 U MpaKTHUecKas 3aJlaHusl.
[locne BBIIOMHEHHS 3aJaHUs [PENOAABATENb IIPOBEPSIET 3allOJIHEHHBIX
Ta0JINII, aHATTU3UPYET U OLICHUBAET CIyIATENCH.

Taoaunma «AccecMeHT»

Tectbl
1. Boiaeauts BepHoe
yYTBep:KIeHue:
A.Ecniu cucrema HEyCcTOWYHMBA, TO
K03()(PUIIMEHTHl  XapaKTEPUCTUUYECKOTO
YpaBHEHUSI UMEIOT Pa3INYHbIC 3HAKU.
B.Ecin K03 PUIIUEHTHI
XapaKTepUCTUYECKOTO ypaBHEHUS
MMEIOT OJIMHAKOBBIE 3HAKH, TO CHCTEMA
YCTOMYMBA.
C.Ecm  cucrema  ycToMuyuBa,  TO
KO3((QUIMEHThl  XapaKTEepUCTUYECKOTO
YPaBHEHUS UMEIOT OJINHAKOBBIE 3HAKH.
J.Ecin xapakTepucTuueckoe ypaBHEHUE
HE MMEET KPATHBIX KOpHEH, TO CHCTEMA

YCTOMYMBA.

28 InaBHasn oOpaTrHasi CBSI3b
OTCYTCTBYET B cUCTeMAax c
ylpaBJieHUeM

A.0 BO3MYILICHUIO

B.no oTkiioHeHno

C.0 OTKIOHEHWIO M NPOU3BOAHBIM
OTKJIOHCHUS

JI.LMO  OTKIIOHEHHIO U
OTKJIOHCHUS

UHTETpay

IIpoGsemHas curyauusi
[Ipu perynupoBaHue YypoBHS a

CUCTEpHE  OmepaTopy  MOJaH
aBapUMHBIA CUTHAJL.
Bame BUJICHUE, KakKoe

3JIEKTPOOOOPYAOBaHUE TMPU ITOM

WCTIOJIB3YIOTCS? e
MPEIYyCMOTPEH  aBTOMATHUYECKUU
pexKUM paboThI
3JEKTpooOOpyaOBaHUs?

VYkaxuTe BO3MOXKHYIO OIIHOKY.

CpaBHUTEJbHBINA aHAJIN3
CpaBHHUTH 3aKOHBI PETYIUPOBAHUS
[LITA, T,

IIpakTnyeckoe 3agaHus

TexHomornyeckue
TpeOOBaHMSI K MPOECKTUPYEMOU
cucreme yIpaBJICHUS HE
JOMYCKAlOT  TepeperyaIupoBaHus
BXOMHOTO curHama y(t) 6osmee 1%
OpyU  CTYNEHYaTOM  BXOJHOM
BO3/ICHCTBHH, u(t). Kaxkoe
CTaHAApTHOE pacrpeneiieHue
IOJIIOCOB  CJIEAYeT BbIOpAaTh B
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KauecTBe  KpUTepus
yIpaBJICHUS?

KadeCTBa

Metoa «luckyccus»

Jluckyccusi — 3TO MPOLECC OOCYKICHHS CIYIIATEIsIM W TpernojaBaTeieM

ONPEICIICHHON TeMbl, MPOOJEMbl, MHEHUW, Mo3uIuid. OHa MO3BOJISET
pacCMOTPETh Pa3IUYHbIC BAPUAHTHI JCUCTBUN, MOJYYUTh OOpPaTHYIO CBS3b,
00BETMHUTH WICHOB paboyeii KoMaH/bl, y3HATh UHBIE U KPUTUIECKUE TOUYKHU
3pEHUs] Ha MPOEKT WIM IPEIJIOKEHHUs, OINPEHACIUTh LEJIb U aJICKBAaTHbIC

MCTOABI €C pCain3allii, BBIABUTH UMCIOIUCCA HEAOCTAOIIUC PCCYPCHI.

IIpemuHeHnust MeTOAa B y4eOHBIH mpouece
IIpo6semHble cuTyauuu Ajst AucKyccnu: «Kakue ocHOBHbIE (haKTOpHU
CUJIBHO BO3JIEUCTBYIOT HA IMOKA3aTEIeH MPOU3BOJACTBEHHOIO IIPOLIECCA

[IpoBuanTe CpaBHUTEIBHBIM aHAIN3 BCEX BO3MOXKHBIX (HaKTOPOB

BOBI[CIZCTB}HOHIHX Ha ITOKa3aTCIun IMPOU3BOACTBCHHOI'O Imponccca.
3anoyiHUTE TaOJIHILY.
IToxa3arenn IToxazarenn
IToka3aTe/iu BHelIHell cpebl HenocpeaCTBEHHOI0 BHYTpeHHe

OKPYsKeHUsI cpelbl KOMIIAHUHU
OxoHomuueckne (axrtopsl- BenuuuHbl BHIL,| [okynarenu- Kanpsl ¢pupmsl, ux
TEMNOB  WMHGISAUMM, YpPOBHA  0e3paboTuilsl,| reorpaduueckoe MIOTEHIINA,
MPOIICHTHOW CTaBKH, MPOU3BOJIUTEIHLHOCTH TPY/a,| TOJI0KEHNE, KB (PUKAIIHS,
HOPM HaJOrooOJIOKeHUs, IJIaTexHoro OanaHca,| nemorpaduyeckue UHTEPECHI
HOPM HaKoOIUIeHUs U T.11. [lonmTHueckue hakTophl-| XapaKTepUCTUKH, Opranuzanus
SCHOE TPEICTaBICHHE O HaMEpPEeHHH OPraHOB| COLUAIBHO- yIIpaBJICHUS
rOCYJapCTBEHHON BIIACTH B OTHONICHWM PA3BUTHS| MCHXOJIOTHIECKUE [TpousBoacTBoO,
o0miecTBa U O CpelCTBaX, C IMOMOIIBI0 KOTOPBIX| XapaKTePUCTUKH, BKJTIOYAs
rOCyJapCTBO HaMEPEHO MPOBOJAUTH B )KH3Hb CBOIO| OTHOIIICHHUE OpTraHu3aIOHHbIE,
HNOJUTUKY. PeIHOYHBIE (PaKTOPHI- MHOTOUYHMCIICHHbIE| TOKyHaTenen K | OlepalvoHHble U
dbaxTopsl, KOTOpbIE MOTYT OKa3aTh| MPOIYKTY TEXHUKO-
HENOCpeACTBeHHOe Bo3zelicTBue Ha ycrnexu | [loctaBmuku- TEXHOJIOTUYECKHE
MIPOBAITEI OpraHu3aIny. TexHOJIOTHYECKHE| CTOMMOCTD XapaKTePUCTHKH U
(dakTOpel-  BO3MOXKHOCTH,  KOTOpble  HayKa| MOCTaBISEMOIO Hay4HbIe
OTKPBIBACT UIS TPOW3BOJCTBA HOBOHM MPOAYKIIMH.| TOBapa,  TapaHTHA | UCCIEAOBAHUS U
Mesx1yHapoiHbIe (akTopsI- YIpo3bl u| KauyecTBa, pa3paboTku
BO3MOXXHOCTH MOTYT BO3HUKHYTH B pe3ynbraTe| BpeMeHHOH rpaduk | DuHaHCH (QHUPMBI
JETKOCTH JIOCTyMa K CBIPHEBBIM MaTepualiaM,| MOCTaBOK, MapkeTuHr
NeSITeTbHOCTH HHOCTPAHHBIX KapTesel (Hampumep,| MyHKTyalbHOCTh M | OpraHu3aiioHHast
OIIEK), wu3MeHeHHIl BalIOTHOTO Kypca H| 00s3aTeNbHOCTh KYJIbTypa
TOJTIUTHYECKIX pereHui B CTpaHax,| BBIOIHEHHS
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BBICTYIAIONINX B POJIM WHBECTUITMOHHBIX 00BEKTOB
Wil  pBIHKOB. IIpaBoBbIe (akTOphl- H3y4YeHUE
3aKOHOB M JPYIMX HOPMAaTMBHBIX  AaKTOB,
JICUCTBEHHOCTh MPaBOBOM cucTtembl. ColanabHbIe
(akTOpHI- OTHOLICHHUE JIIO/IEH K padoTe U KaueCTBY
JKU3HHM, OObIYaW M BEPOBaHMS, aeMorpaduueckas
CTPYKTYypa,  paslieJieHue  I[EHHOCTEeH,  pPOCT
HaceJIeHUs, ypOBEHb 00pa30BaHUs U T.1.

YCIOBUM
IIOCTaBIIUKOM
KonkypeHTbI-
BBISBJICHHE CJIA0BIX
U CUJIBHBIX CTOPOH
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I11. MATEPHUAJIbI TEOPETUYECKUX 3AHSATUIA

1-Tema. CoBpeMeHHOE COCTOSIHME YIIPABJICHUS TEXHOJIOTNYECKUM

NnpoueccoM
Ilnan:

1. OCHOBHBIC IOHATHE CUCTEM YIPABJICHUS TEXHOJIOTHYSCKUMU
MPOLIECCaAMU.

N

OCHOBHBIE THIIBI TPOLIECCOB YIPABJICHUE BPEMEHH.
3. Hcnonb3oBanue QyHKIIUH MIEPEaadH.

Knioueevie cnosa: cucmema ynpasienus, mexHoaio2uueckuti npoyecc,
usMepeHue, COCMoAHUSA NPoYeccd, UCHOTHUMENbHBIL MeXanusm, O1oK-cxema,
pe2yiupoearue, pyuHoe YNPAGIeHUs, KOHMPOdb, KOHMPOIIEP, GHEeWHUE
gozoelicmeue.

1.10cHOBHBIE IOHSITHE CUCTEM YIPABJIEHUS TEXHOJIOTHYECKUMH
npoueccamMmu

BOJBIIMHCTBO OCHOBHBIX CHCTEM YIPAaBJICHUS TEXHOJOTHMYECKUMH
IpoLEeccaMH COCTOSIT U3 KOHTYpa YIpaBJieHMs, KakK [M0OKa3aHo Ha pucyHke 1.1,
MMEIOIINX YEThIPE OCHOBHBIX KOMIIOHEHTA:

1. I3MepeHune cOCTOSIHUS TpoLecca.

2. KonTpomnep BbYMCICHUS [OEUCTBUS HAa OCHOBE HM3MEPEHHOTO
3HAYEHUA OT MPEyCTAaHOBKHU WJIHU JKeJIaeMOe 3HaueHue (3aJaHHOE 3HAYEHUE).

3. BbIXogHOM cHUTHAM B pe3yJIbTaTe pacuera Ui PeryssaTopa, KOTOPhIH
UCIIOJIb3YETCsl ISl MAHUIYJIUPOBAHUS JIEUCTBUI IMpoliecca ¢ MOMOUIBI0 TOU
WIA UHOM (POPMBI UCTIOTHUTENBHOTO MEXaHU3MA.

4. U3smeHeHus cocTosHus nporecca.t

Disturbance inputs

111

T Control
i input Output

action Process

Setpoint

Measurement

Process variable

Puc. 1.1. briok-cxema, moKa3bIBarOIIAsl 3JIEMEHTHI KOHTYpa yIPABICHUS TEXHOJIOTHYECKUM
IPOLIECCOM

1. !Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 15.
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Kakumbl BuanM aBa u3 HanOosiee BaXKHBIX CUTHAJIOB, UCIOIb3yEMbIX B
IPOLIECCEYIIPaBICHUS HAa3bIBAIOTCS

1. PerynupoBanue nepeMenHon wim PV

2. YrpaBneHue nepemeHnyro wiu MV.

B npombIluIeHHBIX cucTeMax yIpaBieHus nporeccoM, PV usmepsercs
C MOMOIIBIO MpuOOpa B TOJEBBIX YCIOBHUSX, M JACHCTBYETKAaK BXOJA B
aBTOMATUYECKUI KOHTPOJLJIEP, KOTOPBIM IPUHUMAET COOTBETCTBYIOIINE MEPHI
Ha OCHOBE 3HayeHHs 3Toro.B kauectBe anbprepHaTHBBl, PV MOXeT OBITH
BXOJIOM JUISl OTOOP@KE€HHS JAHHBIX TAKMM 200pa3oM, 4TO ONEPAaTOp MOMKET
UCIOJIb30BaTh YTEHUE, YTOOBI OTPErYIHPOBATH MPOIECC C MOMOIIBI0 PYYHOTO
yhopaBieHus: U KoHTpoiia.Hampumep, eciau Mbl KOHTPOJUPYEM OTIEIbHBIN
NOTOK, Mbl MaHUITYJIUPYEM KjamaHa Jajs YNpaBleHUs MOTOKOM.B »Tom
cillyyae IOJIOKE€HUE KianaHa HasbiBaeTci MV U u3MepeHHbI MOTOK
CTaHOBHTCS, B ClIy4ae IPOCTOr0 aBTOMATHYECKOr0 KOHTPOJUIEPA, BBIXOAHBIM
curraigom korrposuiepa (OP) s mpuBona M3. B Gornee cloKHBIX cucTeMax
aBTOMATHUYECKOTO YIPABIICHUS, BBIXOJHOM CHUTHAJl KOHTPOJUIEPA MOXKET
YIPABJIATHIEIECBbIE 3HAYEHUS WM KOHTPOJIBHBIE 3HAYEHUS Ui JPYruX
KoHTposiepoB.MaeansHoe 3HaueHne PV 4acTo Ha3bIBAIOT LIEJIEBOE 3HAUEHUE,
U B CIy4acaBTOMATHYECKOIO YIPaBJICHMS, SBISACTCA MPEATIOYTUTEIbHBIM,
(SP).

YT0oO6b! BRIMOIHUTE 3P ()EKTUBHYIO padOTy yIPABICHHS IPOLECCOM, MBI
JOJKHBI 3HATh, KaK JIEMEHT YNPAaBICHUABXO MbI MpejIaraeéM HUCHOJIb30BaTh
OyZeT BIMATH Ha MPOU3BOJUTEIBHOCTH IMporecca. Eciaum Mbl H3MEHUM
BXOJYCJIOBHSI MBI JIOJDKHBI 3HaTh crleAyrollee:* byJaeT M MOBbIIICHHE
BBIXOJHOMW uiu mnaneHue?s CKONbKO OTBET MbI NOJy4YuM, BBeneHue e
CkosibkO BpemMeHu MoTpelOyeTcss s BbIxojga u3MeHuThb?e Kakum Oyner
KpUBasl OTKJIMKA WM TpaekTopus orBeTa? OTBETHI HA 3TH BOIPOCHI Jy4YIlE
BCEr0 IMOJIY4EHBbl IIyTEM CO3JaHHsS MaTEMaTUYECKOM MOJEIMB3aMMOCBSI3b
MEXIy  BBIOPaHHBIM  BXOJAOM M BBIXOJOM  paccMaTpuBaeMoOro
npoluecca.Ju3aiHepbl  YOPABJICHHUS  TEXHOJOTMYECKHMMHM  IIPOLIECCAMM
UCIOJIB3YIOT OYEHb TMOJIE3HBI METOJ MOJEIHPOBAHUS OJIOK-CXEMBbI, YTOObI
IIOMOYBB ITPEACTABICHUH IIPOLIECCA U €r0 CUCTEMBI yrpaBieHus. [TpuHIuneL,
KOTOpPBbI€ MbI JIOJDKHBIMMETh BO3MOXKHOCTH IMPUMEHUTh K OOJBIIMHCTBY
NPAKTUYECKUX CUTYallM KOHTYp YINpaBJE€HUsS MPUBEICHbI HIDKE. 3aBOA
IpoIIeCC NPECTABICH BXOTHOW/ BBIXOTHOW OJIOK, KaK IMOKa3aHO HA PUCYHKE
1.2.

2. 2 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 15-16.
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Disturbance inputs

11

Control
input Process mEmmm)> Output

Puc. 1.2. ba3oBslii 6;10K-cXeMa JIsl YIIpaBIsieMOTo Ipoiiecca

Ha pucynke 1.2 Mbl BUAMM CHTHaJd KOHTpOJIJIEpa, KOTOPBIM Oyaer
paboTtaTh Ha BXOJE B mpoiiecc,u3BecTHbi kKak MV. MbI nibITaemMcst ynpaBIisTh
BBIXOJIOM TIpoliecca Ha KOHKpeTHoe 3HaueHue win WIIu3zmeHnenne BXOAHOTO
CUrHana. BBIXOHOW CHTHAJI TaKKE€ MOKET 3aBUCETh OT APYIHMX YCIIOBHU B
IIPOLIECCE MIMOT BHEIIHUX BO3ACHCTBUM, TAKUX KaK W3MEHEHUS J1aBJICHHUS
NIUTAaHUS WIA B KAa4eCTBE MaTE€pPHAJIOBHUCIIONB3YyeTCA B mpouecce. OHU Bce
paccMaTpUBalOTCs KaK HapylIEHUWE BXOJOB M HAIETO KOHTPOJIAIEHCTBHS
HY>KHO OyJIeT IPEOA0JIETh UX BIUSAHUA KaK MOYKHO Jy4YIlI€.

3ajmadya NOPOEKTHPOBIIMKA CHCTEMBI YIIPABICHUS IIPOLIECCOM IS
NOJJIEP>KaHUsl KOHTPOJIMPYEMOTO MPOLieCCAlEpEMEHHAs B LIEJIEBOM 3HAYECHHUH
WIM U3MEHHUTh €r0 B COOTBETCTBUM C MOTPEOHOCTAMH MPOU3BOJICTBA, B TO
BpeMsi KaK KOMIIEHCAI[MMBO3MYIICHUSI, KOTOPbIE MOTYT BO3HUKHYTh U3
Ipyrux BxonoB. Tak, HapuMep, €ciu Bbl XOTUTE COXPAHUTbYPOBEHB BOJIbI B
pe3epByape Ha MOCTOSIHHOW BBICOTE TO BpEMs KaK JPYTUe OTTATMBAs OT HETO,
Bbl OyJeTeynpaBiiATh IMOTOKOM BBOJA, YTOOBI COXPAaHUTHh YCTOWYMBBIN
YPOBEHB.

3HaueHHe MOJEIM TMpolecca SABISETCS TO, YTO OHO OOECIEeYMBAET
CPEICTBO, MOKA3bIBAIOIIUK MYTh BBIXOJAOYIET pearupoBaTth Ha JAEHCTBUS
BXO0J1a. DTO J€JaeTCsl C MOMOIIBI0 MAaTEMAaTUYECKON MOJIENIN,0CHOBAHHBIE HA
¢u3NYeCKUX U XUMUYECKHX 3aKOHOB, BIMSIONIMX Ha mpolecc. Hanpumep, Ha
PUCYHKE OTKpBITBII pe3epByap C IUIOIIAJM MONEpEeYHOro ceuyeHuss A
MOCTaBISETCS C MPUTOKOM BOJBI Q1, KOTOPBII MOXKET ObITh MO KOHTPOJIEM
WIM MaHuIyJaupoBartb. OTTOK W3 pe3epByapa IMPOXOAHUT 4Yepe3 KiamaH C
conpotuBieHue R k Q2 BBIXOJHOrO TMOTOKA. YPOBEHb BOABI WIIHU
TUAPOCTAaTUUECKOTO Haropa B 0ake o0o3Hauaetcs kak H. MbI 3Haem, uto Q2
Oynet Bo3pacTaTh 1o Mepe yBenudeHus H, a korma Q2 pasen Q1 B ypoBeHb
CTaHeT yCTOMYMBBIM. Bepcusi 610Kk-cxema ATOro Impolecca 3auMCTBOBAaHO Ha
pucynke 1.3.

OOpature BHMMaHHUE, 4YTO JAMarpaMMa IPOCTO IOKa3bIBa€T MOTOK
NepeMEHHBIX B (YHKIHMOHAIBHBIX OJIOKOB M MOJABOAS TOYKH, TaK YTO MBI
MO’KEM OTIPEENIUTh BXOJHbIE U BBIXO/IHbIE IEPEMEHHbBIE KaXI0r0 OJIOKa.

Mps1 X0TUM, YTOOBI 3Ta MOJIENB, YTOOBI CKa3aTh HaM, Kak H u3meHurcs,
eclii MBI perynupyeM nputok Q1, moka mbi

JepKaTh CIMBHOM KJAalaH NPU NOCTOSIHHOM HACTpoMKe. MopaenbHble
YpaBHEHHUS MOXKHO 3aIUCaTh CIEAYIOLUIUM 00pa3oM:
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dH 0O,-0, H
= and =—
dr nd- Q=%

[leppoe  ypaBHEHHME TOBOPUT CKOPOCTb HW3MEHEHHS  YpPOBHS
MPOMOPIMOHANIbHA PA3HULIEMEXKY TMPUTOKOM M OTTOKOM, JIEJICHHBIM Ha
II0IIAb TIOTIEPEYHOTO CeUeHUsl pe3epByapa. Bropoit

VYpaBHeHUE TOBOPUT OTTOK OyJET YBEIWYUBATHCS MPOMOPIIMOHATIBLHO
HaIopa, pa3JeJIeHHOe Ha COMPOTUBIIEHUE MTOTOKY R.

3

Qutlet valve
Supply pressure Flow from
i tank=Q,
Control Ay
i = t Output=H
I?E’;‘vey —> oo @ ™ Tank ¥ Tank level
opening) Flow to tank=Q,
(manipulated variable)

Puc. 1.3. DnemenTapHsbIil 0J0K-cxema mpoiecca 6aka

[ToyuntensHas [Ipumeuanue: ns TypOyJ€HTHOrO pekMMa MOTOKa B
BBIXOJIHOM TPYOOIpOBOJie U KJanaHa,Y(p(HEeKTUBHOE COMPOTUBICHUE MOTOKY
R JelCTBUTENBHO H3MEHSETCS MPONOPLUOHAIBHO KOPHIO KBaJIpPAaTHOMY
U3MaJICHUE JaBJICHUS! TAKUM 00pa30M, MbI JIOJKHBI TaKKe OTMETUTh, 4TO R =
nocrosiHHas X X H. D10 co3aaeTr HeTMHEMHBINAIEMEHT B MOJIEIH, UTO JENaeT
Beu Oosiee CIOKHBIMU. TeM He MeHee, B KOHTPOJEMOJEINPOBAHUE
SBJISCTCSI OOBIYHOM TIPAKTUKOW JJIsi YIPOIIEHUS HEIMHEHHBIX SJIEMEHTOB,
KOIZIa Mbl HM3y4a€MJIMHAMHUYECKHE XapaKTEPUCTUKH BOKPYI OTPAaHUYEHHOU
oOnacTu Bo3MmyuieHus. Takum 00pa3om, Ijisl y3KOTOKPYTraypOBEHb Mbl MOYKEM
paccmaTpuBaTh R kak koHCTaHTa. BaxHO, 4yTO 3TO mpuUOIMKEHUE UMETH B
BUJIY,[IOTOMY YTO BO MHOTHX TNPUIIOKEHHUSIX, 3TO 4YacTO MPUBOJUT K
npoOiemMaM Ipu HACTPOMKE IUKJIA CO3AAIOTCAHA 3aBOJIE B YCIOBUAX BJIAJIHU OT
UCXOAHOM paboueld Touku.Bwixomubie oTHOmieHHs/ BXOJ  Ipolecca
ompenensercs, TakuMm oOpa3oMm, mojctaBiss st Q2  BiauHEWHOe
muddepeHranbHoe ypaBHEHHE

dH _Q, H
di A RA
KOTOPBI BBITIOJNHEH B CTAaHAAPTHOU (hopme, Kak

(M)(ﬂ)+H=RQI
dr

3. Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford 2005,
p.p. 17-18.
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Korna sto nuddepennmansaoe ypaBuenue pemaercs st H ato gaer
—I
H=RQ,|1-eM

C mnoMOmIbIO 3TOTO YpaBHEHHsS] MOKHO TOKa3aTh, YTO €CJIM IIar
u3MeHenus: B AQ1 moroka mpuMeHseTCs KCUCTeMa, YPOBEHb OyAeT pacTu Ha
BenuunHy AQIR, cienys >KCIOHEHUMAIbHBI POCT B 3aBUCUMOCTH OT
BPEMEHH.DTO XapaKTEePHO I TUHAMHYECKOTO Mpoliecca MepBOro mopsaka, u
OYEHb YaCTO BUJEIHM BMHOTO (PM3MYECKUX MporeccoB. X WHOTa HA3bIBAIOT
€MKOCTHBIE U PE3UCTUBHBIC MPOIECCHL U BKIIOUAIOT B c€0sl TaKUe MPUMEPHI,
KaK 3apsjIKu KOHJCHcATopa uepe3 lienb comnpotuBicHus (pucl.4) u Harpes
XOPOILO IEPEMEIIaHHOM 6ak ropsuero Boao*cHabxenns (cM pucyHok 1.5).

R
o—{ ] '
V, Capacitor C1 —_— Vo=V, (1-e-t/AC)
P &

Puc. 1.4. ConpoTuBieHHE LIETTH U KOHJEHCATOP C MEPBLIM OTBETOM 3aKa3a

—
Hot water

Tank
Steam

Steam —  coil

Cool water
—_—

!

Drain

Puc. 1.5. ConporuBnenus u eMkoctr YpPEeKThl B BOJOHATPEBATEIES

4 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p. 18
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JluHaMuKa npouecca U NoCTOsIHHbIE BpeMeHU COITPOTUBIIEHHE, EMKOCTh
U UHEpUMU SBIAIOTCS, MOXalyil, HauOosee BaxHble 3PPEKThl B
IPOMBIIIIEHHBIXIIPOLIECCHI, BKJIIOYAIOLIME TEIUIOOOMEH, MaccoOOMEH U
olnepanui IMOTOKa XUAKOCTH. CaMoe Ba)KHOEXapaKTEPUCTUKU IIEPBOrO U
BTOPOT'O MOPSJKA CUCTEM MPUBEAECHBI HUXKE, U OHU MOTYT OBITBUCIIONB3YETCS
Ul UACHTU(UKAIMM MOCTOSHHOW BPEMEHM U pEakLUMU Ha HEro MHOTHX
IIPOLIECCOB, & TAK)KE€ MEXAHWYECKHEH DJIEKTPUYECKHE CUCTEMBI.B yacTHOCTH,
CIIEIyEeT OTMETHUTB, 4TO HauOoee U3MEpPEHUE [1apaMeTpoOB
IIPOLECCAaNHCTPYMEHThI OyyT IEMOHCTPUPOBATH ONPEACIEHHOE KOJIUYECTBO
JUHAMHYECKOTO 3ama3/iblBaHusl, W O3TO JOJDKHO OBbITh NPU3HAHO BIIOOAs
cUCTeMa KOHTPOJIA MPUIIOKEHUH, Tak Kak oHa OyJeT (akTopoM B OTBETE U B
xoHTponeHactpolika koHTypa®.

[lepBbIii mpomecc 3aka3za JAMHAMHYECKHE XapaKTepucTukuOomas
BEpCHUs MOJZEIM IIpoliecca Ui IEpBOW CHUCTEMBI Jlar IOPSAOK SABIISAETCSA
JUHEWHBIM NIEPBOTo NopsaaKaauddepeHnaIbHOe YpaBHEHUE:

de(1) +c(t)=Km(t)

rI€ = MNOCTOSHHYKO BpEMEHM OTKIuMKa mnpomecca Cp = mporece
CTAIllMOHAPHOTO yCHJICHUS (M3MEHEHHE BBIX0Ja/ HW3MEHCHHE BXOJHOTO
curHana) T = ¢ (T) = BBIXOJHOM OTKJIMK mporeccam (T) = mpoliecc BBOJA
oTBeTa.BBIX0OA mEepBOro mpomecca 3akasa CIEAyeT BBOJ IIar U3MEHEHHS 10
CPaBHEHUIO C KJIACCUMYECKMMOKCIIOHCHIIMAIBHBIM POCT, KakK MOKAa3aHO Ha
pucynke 1.7.

Input m Input

Time t

A
Output ¢ Output
A 1

98%
86%

Ac =KP Am 63.2%

T Time t

"loT |
> 4T

AL A

kL

Puc. 1.6. [lepBrIii oTBET 3aKka3a

% Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p-19
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BaknHple MOMEHTBI OTMETHTH: T TOCTOSIHHAasE BPEMEHU CHCTEMBbI U
BpEMsl, 3aTpauy€HHOE HAJOCTUTHET 63,2% OT KOHEYHOro 3HA4YeHMs Iocie
U3MEHEHHUsl Iuara OblI NMpuUMeHeH K cucteme. [locieyeTsipe MOCTOSHHBIX
BPEMEHHU OTBET 00BbEM MPOU3BOACTBA AOCTUT 98% OT KOHEYHOIO 3HAuYCHUS,
4To OHa Oyner ocenaroT Ha.MOKOHYATEIbHOE W3MEHEHHE CTallMOHAPHOTO
BBIIYCKA TPOJYKIUUSABISAETCS YCTAaHOBUBIIMMCA KOI()PUIMEHT yCHIICHUS.
HauanbHas CKOpOCTh HapacTaHus BbIxoiHOTO curHana oyaer KP/ T.

1.2 OcHOBHBIE THIIBI nmpoueccoB ynpaBJI€HUE BPEMECHU

IIpoyecc conpomuenenus- Tenepb, KOrga Mbl BUIEIH, KaK IEPBBIA MPOLECC
3aKa3za BeJeT ceOsl, Mbl MOXEM CYMMHPOBAThb BO3MOXXHOE€ W3MEHEHUS,
KOTOpbIE MOTYT OBITh HailJIeHbI, paccCMaTpUBasi SKBUBAJICHT CONPOTUBJICHUS,
€MKOCTH M TPOLIECCOB TUMa MHepuuu. Ecioum y mnpouecca OyayT oueHb
HEOOJIbIIasl eMKOCTh WJIM aKKyMYJHUPOBAaHUE SHEPIHH, TO OTBET MPOAYKIIUU
Ha W3MEHEHHME BO BXOJ€ OyJIeT MIHOBEHEH IPONOPLHUOHAIEH BBITOJIE
craauu. Hampumep, eciu JIUMHEHHBIM pacmpenenuTeIbHbI KiamnaHn Oyner
UCIIOJIb30BaThCS, YTOOBI M3MEHUTh BXOJHOW MOTOK B IpPHUMEpE pe3epByapa
pucyHka 1.3, TO NOTOK MNPOAYKUMU HEMEJJIEHHO IOBBICUTCA 10 Ooiiee
BBICOKOM IIEHHOCTHU C HE3HAYNTEIHLHOU 3aﬂep)KI<Oﬁ.6

IIpoyeccvl évkocmu. BOTBIIMHCTBO MPOLECCOB BKIOYAET HEKOTOPYIO (hopmy
€MKOCTH WJIM CIIOCOOHOCTH XpaHEHHUs, JIIOOBIX MaTepHayioB (ra3, KUIAKOCTD,
WIM TBEpJIble YaCTULbI) WM SHEPTruu (TEIJIOBOM, XMMHYECKHH, U T.1.). Te
YacTH IMpollecca CO CHOCOOHOCTBIO COXPAaHUTh MACCy WM 3HEPTrHUIO
Ha3bIBAIOT 'MOITHOCTAMM'. OHM XapaKTEPU3YIOTCS, XpaHs SHEPTUI0 B dhopme
MOTEHIUAJIBHOW SHEPrUM; HAmpUMEp, JKUIKAs THAPOCTATUYECKAs DHEPrus,
SHEPTrUsl AABJICHHS U TEIJIOBAsi SHEPIHSL.

EMKOCTh KHAKOCTH- WM Ta30BbIMA peE3EpByap ML XPaHEHUS
BBHIpAXKEHA B E€IMWHUIIAX OOJACTH. OTHU TPOLECCHl HWILTIOCTPUPOBAHBI B
pucynke 1.7. I'a30Bast eMKOCTb pe3epByapa sBJIIETCS NOCTOSHHONW M TTOXOJUT
Ha DJEKTPUYECKYIHD €MKOCThb. JKHWaKas €MKOCTh paBHSETCS IUIOIIAIu
NONEPEYHOI0 CEYEHHsI pe3epByapa B IKUAKOM IOBEPXHOCTH; €CIM 3TO
SIBJISIETCS] IOCTOSIHHBIM TOTJIa, EMKOCTh SBIIIETCS TAK)KE TTOCTOSTHHOM B JIHOOOM
T'OJIOBE.

Ucnionw3yss pucyHok 1.7 paccMaTpuBarOT TeNepb, YTO MPOUCXOIUT,
€CIM y HAac €CThb YCTAaHOBUBILIEECS YCIOBHE, TJ€ IIOTOK B pe3epByap
COOTBETCTBYET IOTOKY 4Yepe3 OTBEPCTHE WM KJAlaH C CONPOTHUBICHUEM
notoka R. Eciiu Mbl ©3MEHUM MIPUTOK HEMHOTO AV, TO OTTOK MOBBICUTCS, KaK

JAaBJICHUC ITOBBIMIACTCS, ITIOKA Y HAC HCT HOBOI'O YCTAHOBUBILICTOCS YCJ'IOBI/IH7.

® Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 20
" Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 21
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Liquid capacitance s dafined by &= T2

o v
=15

=

O, Capacitance
Gas capacitance is defined by

- W
C=gn ~meT

Puc. 1.7. EMKOCTHOM HJIKOTO WJIM Fa30BOT0 pe3epByapa Jijisl XpaHEeHHUs , BEIpAKEHHAsS B
eAMHUIAX IUToIIaau M, Pu3zndeckas AuarpaMmma

Jms mMenounm MBI MOXKEM B3SIThb R, d9ToOBI OBITH ITOCTOSTHHOM
BEJIMYMHOM.

JlaBneHue M OTBETHl OTTOKA OyAyT CJENOBaTh 3a MEPBOM KpPUBOM
3aJiep>KKH  3aKa3a, KOTOPYI0 MBI BHAENH B pHCyHKe 1.6 m Oymem nmaHbl

ypaBaeaneM Ap =, RAV (1- etRC) wum mocrosHHOEe BpeMs OynueT
OUCTAHYUOHHBIM YNPAGIIEHUEM.

JIOmKHO OBITH SICHO, YTO STOT TUHAMHYECKH OTBET CIEAYET 3a TEMHU
KE CaMbIMU 3aKOHaMH KakK T€ IS JKUIKOTO MpHUMeEpa pe3epByapa B PUCYHKE
1.3 1 11 AIEKTPUUECKOTO KPyroooopoTa, MoKa3aHHOTO B pucyHke 1.5.

[TpocTO €MKOCTHBIN 3JIeMEHT Ipouecca MOXKET ObITh WILTIOCTPUPOBAH
pe3epByapoM € TOJIBKO CBSA3bIO MPUTOKA TAKOM Kak MOKa3aHO B pUCyHKax. B
TaKOM IIPOLIECCE YPOBEHb, MPU KOTOPOM IMOBBIIIAETCS YPOBEHb, OOPATHO
IPOMOPLUUOHAIBHO MPOMOPLUUOHANIEH €MKOCTH, U pe3epByap B KOHEUHOM
cuere 3aronut. [[ns mepBoHaAYaJIbHO IMYCTOrO pe3epByapa C MOCTOSHHBIM
IPUTOKOM YpPOBEHb C- MPOAYKT YPOBHSI IPUTOKA M. U TEPUOJA BPEMEHH
3apsiiku t pas3zieneHHblii Ha eMKOCTh pe3epByapa C.

Hnepyuonnwvie npoyeccuol

D¢ dexThl MHEPUUHU MPOUCXOIAT TUIMMYHO H3-3a JBMXKEHUS BOIPOCA,
BOBJICKAIOIIECTO XPAHCHUE WJIM PA3JIOKEHUE KUHETUUYECKOW SHepruu. OHM
OOBIYHO CBSI3aHBI C MEXAHWYECKUM BOBJICYCHUEM CHCTEM JBIDKYIIHECS
KOMITOHEHTBI, HO TaKX€ Ba)KHbI B HEKOTOPBIX CUCTEMAX MOTOKA, B KOTOPHIX
JKUIKOCTH JOJDKHBI  OBITh  yCKOPEHBI Wiu  3ameiuieHbl.  HawmOoiee
pacpOCTPAHEHHBIM TMPUMEP MEPBOM 3aJCPKKMA  3aKas3a, BbI3BAHHOU
KMHETUYECKUM SHEPreTUYECKMM HApAIIMBAHUEM,- TO, KOTJA BPAILAOIIAACS
Macca o00s3aHAa W3MEHSITh CKOPOCTh WJIM KOTJa aBTOMAIIMHA YCKOpPEHa
YBEJIMYECHUEM MOIIIHOCTH JBUTATENS 10 00Jiee BHICOKON CKOPOCTH, TTOKa BETEP
M KaTsIuMecs COINPOTUBJIIEHUS HE COOTBETCTBYIOT YBEJIMYECHHOW BXOJIHOMU
MOIIHOCTH.
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Hampumep paccMoTpuTe TpaHCIOPTHOE CPEACTBO MaccoBoro M.
nepememiennss B V. = 60 km/4, Trme aABwKymas cwia F  jaBurartens
COOTBETCTBYET OpPEMEHH BETpa M KaTALIUMCS CHjaM CONpoTHBICHHS. Eciau
B- xoadduiuent conmpoTtuBieHus, ycToMunBoe cocrosinue- F =, VB, u nus
Mentour cuibl AF 3aKimounTenbHOe n3MeHeHHe ckopoct Oyaer AV = A F/B.

OTBeTOM M3MEHEHHsI CKOPOCTH ATy T

AF —
AV =] — [x|1—eM
B

DTO ypaBHEHHE HEMOCPEJCTBEHHO COMOCTABUMO C BEPCUSAMM ISt
pe3epByapa U 3JIEKTPUUYECKOTO OUCMAHYUOHHO2O YNpasieHusi Kpyroooopor.
B stoM ciydae, mocrosHHOe Bpems gaHo M/B. OdeBuaHO, BbIle Macca
TPAHCIOPTHOTO CPEACTBA JIOJBIIIE 3TO BO3BMET, YTOOBI U3MEHUTH CKOPOCTh
JJIS1 TOTO K€ CAMOTO M3MEHEHHS B IBIKYILEH cuie’,

Eciu compotuBieHure, dYTOObl YCKOPUTHCA OyAE€T BBICOKO, TO
U3MEHEHHUE CKOPOCTH OYyJIeT HEOOBIINM, U MIOCTOSTHHOE BpeMsi OyJIeT Kopoye.

IIpoyeccol MHO2OKPAMHO20 NOCMOSIHHOU 8PEMEHU

B MHOrokpaTHoe BpeMsi IOCTOSHHBIC IPOIECCHI, CKAXKUTE, TJC JBa
pe3epByapa CBsI3aHBI IOCIEAOBATENILHO, MpoIece OyIeT HMMETh JBa HIIH
OoJibllle JIBE€ BPEMEHHBIX 3aJEPXKKH, padoTarolme mocienoBareiabHo. Kak
YHUCJIO YBEJIMYCHUH KOHCTAHT BPEMEHH, KPUBBIC OTBETA CUCTEMBI CTAHOBSITCS
IPOrPECCUBHO 00JICe OTCTANBIMH, U TOJHBIA OTBET MOCTCIICHHO U3MEHSICTCS
B KpUBYIO peakiuu S-shaped, kak MOeT ObITh 3aMeUcH B pucyHke 1.8.

Mepmeoe epems unu mpancnopmuas 3a0epicka

JIJist 94McTOro MEpPTBO-PA30BOTO Mpoliecca, YTO Obl HU CIYYMIIOCH BO
BXOJIC MTOBTOPEH B MPOAYKIKHU (0 €IUHHIIBI BpEMEHH TI03Ke, re qd- MeprBoe
BpeMsi. IT0 ObUIO OBl 3aMEYeHO, HANpUMED, B JJIMHHOM TPYOOIPOBOIE, €CIIH OBl
KUJKasi CMECh OblJIa U3BMEHEHa BO BXO/JI€, WJTU JKHUJIKasl TeMIieparypa Obuia.

& Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 21-22.

9\Nolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 23-24.
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Puc. 1.8. [Iporiecchl ¢ KOHCTAaHTaMU HECKOJIBKUX BPEMEH

[IpakTHuecku, MaTeMaTHUYECKUN aHaiu3 Oe3yNep)KHBIX IPOLIECCOB,
COJIEP)KAIMX BPEMEHHBIC 3a/E€PKKU, OTHOCUTEIBHO IPOCT, HO BpPEMEHHAas
3aJiepaKKa, WK psJl BpEMEHHBIX 3aJIepXkKeK, B Mpeesax 0OpaTHOM CBSI3U UMEET
TEH/ICHLHUIO NPEJOCTABIIATH Ce0sl OUEHb CI0XKHOI MaTeMaTHKE.

BooO1ie, mpucyTCTBHE BPEMEHHBIX 33I€PKEK B CUCTEMaX yIpaBIeHUs
yMmeHbInaeT AG(eKTUBHOCTh nucrerdepa. B xopomo pa3paOoTaHHBIX
CUCTEMAaX BPEMEHHbIE 3aJEP’KKHU (MEPTBbIE BPEMEHA) JOJDKHBI ObITh CBEACHBI

K MUHAMYMY.

Y
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Puc.1.9. Bpemst 3aaep>Kku curHara.
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OyHKIMKM ~ Tepefadyd  MO3BOJIIIOT — OJIOKaM  MOJETUPOBAHUS
paccMaTpuBaTbCid Kak MPOCThie (YHKIHUU 3TO BO3JIEUCTBYWTE Ha BXOJHYIO
NEepPEMEHHYI0, 4YTOObl MPOU3BECTH TMEPEMEHHYIO MpoAaykuuu. OHu
BO3JICUCTBYIOT TOJIbKO Ha U3MEHEHHUS! OT YCTAaHOBHUBILETOCS YCIOBUS, TAKUM
o0pa3oM, OHU MOKaXyT HaMm MpoduiIb OTBETa BPEMEHU JIJIsi U3MEHEHUH 11ara
WM OECTIOPSAKOB BOKPYT YCTAHOBUBILIETOCs pabovero MyHKTa Mpoliecca.

1.3 HUcnoab3oBaHue (PyHKUHH Nepeaayu

[IpakTH4ecku, OTIUYUTEIBHBIMUA YpPaBHEHHUSIMH TPYIHO YNPABISATH B
nensix KoHTpouis. [Ipobnema ynpoiaercs npu noMoIy GyHKIUN Tepeaayn.

OyHKIMM ~ Tepefayd  MO3BOJAIOT  OJOKaM  MOJEIHMPOBAHUS
paccMaTpuBaThCs KakK MPOCThIe (DYHKIMH STOBO3ICUCTBYHTE Ha BXOIHYIO
NEPEMEHHYIO0, 4YTOOBl MPOM3BECTH NEPEMEHHYI0 mnpoaykiuuu. OHu
BO3/JICHCTBYIOT TOJBKO HAa MU3MEHEHMsI OT YCTaHOBUBIIETOCS YCIIOBUS, TAKUM
0o0pa3oM, OHM MOKaXyT HaM NpouiIb OTBETa BPEMEHH JUIsl M3MEHEHUH 11ara
WK OecropsAAKOB BOKPYT YCTaHOBHUBILIETOCS padOYero MyHKTa Impolecca.

OyHKIMM Tepejaud OCHOBAaHbl Ha OTJIMYUTENBHBIX YpPAaBHEHUSAX IS
OTBETa BPEMEHH, IPE0OPa30BHIBAEMOT0 JIAIUIACOBCKUMU MIPEOOPa30BaHUSIMHU B
anreOpanveckre ypaBHEHUH, KOTOpbIE MOTYT BO3/I€HICTBOBATh
HEMOCPEACTBEHHO Ha BXOAHYIO TMepeMeHHyro. He Bxoas B MareMaTuky
npeoOpa3oBaHUi, JOCTATOYHO OTMETHTh, YTO MEPEXOAHBIN OrepaTop (CUMBOI S)
3ameHsieT qudepeHIHATBHBIA oTlepaTop, TakkuM 00pazoM uto d (mepemenHas )/dt
=S°

Oyuknus mnepenaur cokpamieHa kak [ (), W 3TO TpEICTaBiIseT
OTHOIIICHHUE JIaIIacoBCKoromnpeodpazoBanuss C mpoxykimu mporecca (S) K
ToMy u3 Bxojaa M. (), kak nmoka3ano B pucynke 1.10.

Control Process
. _ transfer _ Output
Input function C(s)
M(s) G(s)

Output C(s) = M(s) x G(s)

Puc. 1.10. TlepenarounasipyHkius B OJ0K-cxeme

Korma ortHOocammiics mnepBas cUCTEMA 3aKa3a, Mbl YK€ OINKCAIU
GYHKITMIO TIepeaadu, MPEACTABIISIONIYIO IEUCTBUE TIEPBOM CUCTEMBI 3aKa3a Ha

® Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, p.p. 24-25.
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BXOJHOM CHUTHalle HM3MEHEHMs, Kak Tmoka3zaHo B pucyHke 1.11, rme T-
MIOCTOSIHHOE BpeMs.

Control Ko Output
input D> - —> )
M(S) S+

Puc. 1.11. IlepenarounashyHKIUS 7151 IEPBOTO THIIA 3BEHA

Kak Mbl yxXe BuAEIM, MHOIO IIPOLECCOB BOBJIEKAIOT CEPUNHYIO
KOMOMHALIMIO IBYX WJIM OOJIbIIIE MEPBBIX 3aJeprKeK 3aKaza. OHU peCTaBICHBI
B Onokax (pyHKIuM mepefayn Kak 3amedeHo B pucyHke 1.12. Ecnu nBa 6moka
OOBEAMHEHBI, YMHOXas (YHKUIMM BMECTE, OHHM, KAK MOXET 3aMeydarbcs,

GbopMUPYIOT BTOPYIO CHCTEMY 3aKa3a KakK IMOKa3aHO 3/1eCh U Kak OIKCaHO B
paznene 1.4.5.

Two first order lags in series

C.?IB:? ! = K Koy, Output
M(s) Tis+1 Tos+1 C(s)

l !

Ki Kz

: TiT,82+ 24Ty + Ty)s+ 1 :

Puc. 1.12. JIBe 3aA€pKKH B PsIly OObETUHSIIOTCS

MopenupoBaHue OJIOK-CXEMbI CUCTEMBI YIpPaBJICHUS MPOAOJIKAETCS B
TOM e caMOil MaHepe 4YTO KacaeTcsi MPOLEecC, W MOKa3bIBAIOT, 100ABIIAS
aucneTdepa OOpaTHOM CBA3M Kak OAMH WM Oojee OJOKOB (yHKLIMH
nepenaun’’. CamMoe mone3Hoe MPaBMIIO IS TOTO, YTOOBI HOCTPOUTH (DYHKIIUIO
nepeayu NeTyid KOHTPOJIS 32 00paTHOM CBA3BIO TTOKa3bIBaIOT B pucyHke 1.13.

AR(s) + Controller M(s) Process Output
transfer - transfer - (=)
function Ga(s) function Gp(s)
Feedback
transfer
function H(s)
Combined transfer function: C(s) _ Go(s)Gp(s)
R(s) 1+ G(s)Gp(s)H(s)

10 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p. 25.
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Puc. 1.13. briok-cxema u nepenarouHasi QyHKIUS TUTUYHON CUCTEMBI YIPABICHUS
oOpaTHOH CBSI3H

@Oyukius nepenaun odpatHoi cBsizu H (S) (kak mpaBHUIIO OTBET
natuuka) u Coopwux (u) mycopa GyHKIUU Mepeaadn aucrieTdyepa o0beMHEHA
B MOJETH, YTOOBI JaTh TOJHYIO (YHKIHIO TIepeaadyd, KOTOpas MOXKET
UCTIOJIB30BATHCS, YTOOBI BHIUMCIIUTE IOJTHOE MOBEACHUE MPOIIEecca, KOTOPHIM
YIIPaBJISIOT.

OTO TMO3BOJIIET CHCTEME TIOJHOTO KOHTpOJIS, paboTammeil ¢ ee
IPOIECCOM OBITh TPEJCTABICHHOW B ypaBHEHWH, U3BECTHOM KakK (YHKITUS
nepesayn 3aMKHYTOTO KOHTypa. 3HaMEHATeNlb TPaBOd CTOPOHBI- ATOTO
ypaBHEHHsI M3BECTEH KaK (YHKIMSA TepeJayd pPa3oOMKHYTOro KOHTypa. Bbr
MOJKETe BHJIETh, YTO, €CIM STOT 3HAMEHATeJIh CTAHOBHUTCA PaBHBIM HOIIIO,
IOPOAYKIMS OECKOHEYHOCTH TOIXOMOB MpOIlecca M IIENIOTO Mpoliecca, Kak
3aMeyaeTcs, HemocTossHHA. (ClenoBaTeNlbHO, YNPAaBISHTE TEXHUYECKUMU
UCCIICTOBAaHUSIMH, JI€TAIOT OOJBIION aKIeHT Ha OOHApYy)XEHHH M YXOJe OT
ycloBus, ThAe (GyHKUIMSA TMepenadyd pPa3sOMKHYTOTO KOHTypa CTaHOBHTCS
OTPHIATENIHHOM, ¥ CHCTEMA YIIPABJICHUS CTAHOBUTCS HEMOCTOSHHOM .,

KonTposbHbIE BONPOCHI:
[TocTpoeHue cucreM aBTOMaTUYECKOTO KOHTPOJIS.
[Toncucrembl BBO/IA U BBIBOIA MHGOPMAIIUH.
[Tokazatenu kKayecTBa CUCTEMbI YIIPABIICHUS TTOJABUKHBIMUA OOBEKTAMM.
Br100p OCHOBHBIX 3JIEMEHTOB CIESAIIEH CUCTEMBI.
CpencTBa BBOJa M BbIBOJIa MH(OpPMAIUK.
TeHaeHns pa3BUTHUSI CUCTEM aBTOMATU3AIUU.
MeTo/bl MOBBIIICHHS Ka4€CTBa aBTOMATU3allUHA CHCTEM.
Texanueckue cpencrsa ACYTIIL Ceszp YBM ¢ 06bekTOM.
CrpykTypa u (yHKIIMHA THOKOTO aBTOMAaTU3UPOBAHHOTO MTPOU3BOJICTBA.

©CoNoRWNE

Hcnonb30BaHHbIE JIUTEPATYPbI:
1. Wolfgang Altmann, Practical Process Control for Engineers and
Technicians: Jordan Hill, Oxford 2005, 304 p.
2. Ad Damen Modern Control Theory Prentice Hall 2002 460 c.

11 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p. 26.
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2-Tema. OCHOBHbIE PUHIIAIBI YIIPABJIEHUS CJI0KHBIMH
TEXHOJIOTMYEeCKUMH MPOLEeCCaMHU

Ilnan
1. Peneiinoe ynpasnenue
2. Vnpasnenus ¢ pazomMKHYmMuLM KOHIMYPOM
3. 3anazowieanus

Kntouesvie cnosa:. 3adepoicka npoyecca peacuposanus, Kolebauue
npoyecca, Mepmeas 30HA, memnepamypd, Kod@@uyuenm ycunienus,
cmyneHuamvle — USMEHEHUe,  6XO0OHble  BeIUYUHLI,  NPONOPYUOHATLHO-
UHMe2PalbHO-0UDPepeHYUATbHBLL pe2yIamOop, al2o0pummsl, 3ana3obléaHUs,
MPAHCNOPMHbIE 3A0EPHCKU, 3AMKHYMASL CUCMeMAa YNpasieHus, OmKpblmblil
KOHMYp YNpasieHus, niagHoe pe2yiuposatue.

2.1 PeneiiHoe ynpaBjienue

Camas crtapas cTparervs ynpaBJi€HHUs 3aKII0YAETCS B UCIOJIb30BaHUU
pereiHOro ympaBJieHHUs, Kak Ioka3aHo Ha pucyHke 4.1. Dto sBisercs
pa3pbIiBHOW (OpPMOI yIpaBISIONIErO BO3ICUCTBUS, OHO TAaKXKE YIOMHHAETCS
KaK JBYXIO3UIIMOHHOE PEryJIupoBaHHe. MeToJ ChIpOH, HO MOXKET OBITh
neneBbM U3(G(EKTUBHBIM METOAOM KOHTPOJISI, €CJIM JIOCTATOYHO OOJIbLIOE
OTKJIOHeHHE TTepeMeHHol nporiecca (I1I1) sBisercsanpuemMieMbIM.

JIByXNIO3ULIMOHHBIA KOHTPOJUIEP 'BKJIIOYEH' TOTNA, KOTJa HM3MEPEHUE
HAXOJIUTCS HIKE 3aJlaHHOTO 3HaueHus (33) W ympaBistomias MepeMeHHas
(VII) Haxomurcs  Ha  MakCUMaJdbHOM  3HayeHun. Bwime 33
KOHTpOJUIEp''BBIKIIIOYAETCA W 3HAUEHUE  YIPABISIIOWIEH TEPEMEHHOMU
ABJISIETCS MUHUMAJIbHOM.

JIByXIIO3ULIMOHHOTO  PErYJIMPOBAaHMUS  IIMPOKO  HMCIOJIB3YyeTCs B
MIPOMBITIUICHHBIX U OBITOBBIX YCTPOWCTBAX. BOJIBIIMHCTBO JIFO/ICH 3HAKOMBI C
METOJIOM, KOTOPBI OOBIYHO UCTIOIB3YETCS B IOMAIIHUX CUCTEMaxX OTOTLICHUS
U B OBITOBBIX BOJOHAarpeBaTeisiX. PaccMOTpuM JAeicTBUE ympaBJieHHUs Ha
OBITOBOM Ta30BOM KOTJIE K mpumepy. Ecinum Ttemmeparypa HWIET HUXKe
3aJIaHHOTO 3HA4Y€HUs, «HAYMHAETCA» TMojaya TOIUIMBA; ECIUTEeMIIepaTypa
MOJHUMAETCS] BBIIIE 33JaHHOTO 3HAYEHUS, «IIPHOCTAHABIMBACTCS» IOAayda
ToruBa (puc. 2.2).

CymiecTByeT, Kak MpaBUji0, MEPTBasi 30HA M3-32 MEXAHUYECKUX 3a/ICPKEK B
npouecce. OHa YacTo BBOJUTCS HAMEPEHHO, YTOOBI YMEHBIIUTH YacTOTY
paboThl M M3HOC KOMIOHEHTOB. KOHEYHBIM pe3ynbTaToM 3TOro crocola
yIOpaBICHUS ABIAETCA TO, YTO TemiepaTypa OyaeT KojeOaTbCs OKOJIO
TpeOyeMoro 3HaueHHeE.

IL1aBHOE perympoBaHue
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Ecrmu BBIXOAHOE 3HAYEHUE KOHTpPOJUIEpAa MOXKET MEePEeMEIaThCs II0
JMana3oHy 3HAYEHUA, 3TO TUIABHOE PEryIUpOBaHUE.

[lnaBHOE peryiupoBaHHE MPOUCXOAUT B MpeleNax OIPENeICHHOTO
JMana3oHa, TO €CTh, OH JIOJDKEHHMEIOT BEPXHHH M HIDKHHHA TIPEICIBbL.
[11aBHOE PETyIMpOBaHKE ABJIAETCA Ooee IIaaKoi GopMoil KOHTposat?, yem
maroBoeperynupoBanue. OH MOXeT OBITh HCIOJB30BaH, KAK U B CUCTEME C
pPa30OMKHYTOM KOHTYpPOM,TaK H B CHUCTEME C 3aMKHYTBIM KOHTYPOM
yIpaBIEHUS C 0OPaTHOM CBS3BIO.

Cucrema ynpanjeHusi 6e3 00paTHOil CBSI3H

[Ipu ympaBieHHMH ¢ Pa3OMKHYTBIM KOHTYPOM,  YIIPABIISIOIIEE
BO3J/IeiicTBUE (KOHTpoJuiep BbixojnHoro curHaita BC) He sBhsiercst yHKIuen
nepemenHoil nponecca (I1I1). Ynpasnenue He caMo-KOppEKTHpPYETCs KOrnaa
[IIT nmpeiidyeT, 1 3TO MOXKET MPUBECTU K 3HAYUTEIHHBIM OTKJIOHEHUSM OT
onTUManbHoro 3HaueHus ITT1%,

- ——
£ Slntseld Differential
'f | gap
a0 F——— :::__:::@ >
c

A Myax

N

Output signal (m)

v

Puc. 2.1. Otkiuk ABYXTTO3UITHOHHOTO KOHTPOJUICPA K CHHYCOUAAJIbHOMY BBOJY.

12 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p. 91-92.
13 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,

Oxford 2005, p. 91-92.
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Temperature Ideal curve (no delay)

Fuel flow

I
1
On 1On
Deadtime —— ~—
|
|
|

Off Off

Time

Puc. 2.2. I'paduaeckuii npuMep peerHoOro peryanpoBaHus
2.2 YupapiieHHsl ¢ PAa30MKHYTbIM KOHTYPOM

OTOT METOJ YNpaBJICHUS 4YacTO OCHOBBIBACTCS Ha HW3MEPEHHBIX
BO3MYVIICHUSAX IpU BXoje B cucteMy. Hambosee pacnpocTpaHCHHBIM THII
VIOPaBJICHUS C Pa30MKHYTBIM KOHTYPOM  SIBJISIETCSL  yYIpaBJIICHUE C
MPOrHO3UpOBaHUEM. B TaHHOMMETOACYNPABIIAIOIECEe BO3ACHCTBHE OCHOBAHO
Ha COCTOSIHUM BXOJla BO3MYIIEHHS 0€3 CChUIKM Ha (haKTHYECKOe
COCTOSSHUECHUCTEMBI, T.€. BBIXOJHBIC 3HAUYCHHMS CHCTEMBbl HE OKa3bIBacT
HUKAKOTO0 BJIMSIHUS Ha YIPABISIIONIEE BO3JCHCTBHUE, a TaKXKE BXOJHbBIC
MEPEMEHHBIC  MAHUIYJIUPYIOTCSA, UYTOOBl  KOMIICHCHUPOBATh  BIIMSIHUE
BO3MYIIECHUH Tpolecca.

@DyHKIHSI OTKPHITOr0 KOHTYPA WJIH YNPAaBJIEHHUsI C TPOrHO3MPOBAHNEM

VYrpaBiaeHuss ¢ MPOTHO3UPOBAHUEM KOPPEKTHPYETCS ObICTpee, dem
yOpaBJIeHHE C OOpaTHOW CBSA3BIO, HO TpeOyeT3HAYUTENHHO OOJbIIe
uH(pOpMAaIUU O BO3JCHCTBUM BO3MYIIICHHUSI HA CHCTEMY U OOJbIlIe HABBHIKOB
omneparopa (puc. 2.3).

Steam valve —
manipulated variable
(MV)

Hot water

Cool water
—_—

U AN

Temperature indicator —
process disturbance

Puc. 2.3. KoHuenuus ynpasieHus ¢ IPOrHO3MPOBAaHUEM

IIpuMepsI ynpaBjieHusi C pa30MKHYTBIM KOHTYPOM
K nmpumepy maHHOMy BUAY yNpaBiI€HHUS MOKHO OTHECTH OOBIYHYIO
OBITOBYIO CTHpaJbHYIO MamuHy. CuctemMa NpeaBapUTENIbHO-YCTAHOBIIEHA U
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JEUCTBYET Ha BPEMEHHOW OCHOBE, WPOXOMAS Yepe3 IHUKIBl CTHPKH,
MOJIOCKAHUSI W BpaIlleHWs, KaK W 3alporpaMMupoBaHa. B 3Tom cmydae
YIPAaBISIONIEM BO3JICHCTBHEM SBIICTCS CaM OIEpaTop, OILCHUBAIOIINI
Harpy3K{ U HACTPaMBAIOUINI MAIIMHY COOTBETCTBYIOIINM 00pa3oM.

MarmHa He u3MepseT BBIXOJHOW CUTHAII, KOTOPBIH SIBISIETCS «IHCTOTA
OJICKIBI»,[T0O3TOMY TOYHOCTH IPOIIeCCa, WM YCIeX CTHPKH, OyIeT 3aBUCEThH
OT KaJIMOPOBKH CUCTEMBI".

Cucrema ympaBieHHUsSI ¢ Pa30MKHYTBIM KOHTYpPOM IIJIOXO 00OpyaOBaHa
TUIsT 00pabOTKHA BO3MYIIICHUH, KOTOPBIE OyIyTYMEHBIINTh WM YHUUYTOXXHUTH
€ro CcrnocoOHOCTh 3aBeplIUTh TpeOyeMyro 3anauy. Jliobas cucrema
yIOpaBJIeHUs padoTaromas Ha BPEMEHHOW OCHOBE, SIBIICTCS C OTKPBITBIM
KOHTYpOM. JI[pyruM MpHUMEpOM 3TOTO SBISIETCSI CBETO(OPHI.

Cno’)XKHO OCYIIECTBUTH YIPABICHHE C PA30MKHYTHIM KOHTYpOM B
YUCTOM BHUJIE B OOJIBIIMHCTBE MPWIOKEHUSX YIPABICHUS] TEXHOJIOTUYECKUMHU
npoueccamu. CIIOKHOCTh 3aKIIOYAETCS TPYAHOCTH TOYHOTO H3MEPEHUS
BO3MYIICHUN M BIPEIBUIICHUA BCEX BO3MOXXHBIXHAPYIICHUH, K KOTOPBIM
MPOIIECC MOXKET OBITh TTOJIBEPTHYT.

Ecnu ucnonws3yembie B MOJENM BXOJHBIE W3MEPEHUS HE HJICATBHO
TOYHBIC, B YHCTOM BHJI€ JAHHOE yIpaBieHUE OyJayT HAKAIIMBATHCS OIIMOKH
U B KOHEYHOM cueTe, yIpaBlieHue Oy/1eT HeaJeKBATHBIM.

BBeeHue B peryiupoBaHue COOTHOIIEHUS

PerynupoBanue COOTHOIICHUS, KaK CIeAyeT W3 Ha3BaHUSA, SIBISETCS
OHOW W3 (OpM YMpaBiCHHs] C MPOTHOZUPOBAHUEM, KOTOpask MMEET Leib
MOJJICpKAaHUSI COOTHOIICHUS JABYX TEPEMEHHBIX TMPH  ONPEACICHHOM
3HAYEHUH.

Hanpumep, ecam TpeOyeTrcs KOHTPOJIMpPOBaTh OTHOUIEHHE ABYX
nepemeHHbIX mporiecca X [1.B. u Y T1.B. nepemennas PV p kouTponupyercs a
He otnenpHbiX JIB (X T1.B. u Y I1.B.). Takum o6pazom: TUNUYHBIM TPUMEPOM
ATOTO SABJISIETCS MOJIEpKAHUE TOITHMBA KOd(hPUIIMeHTOM M30bITKa BO3yXa K
B TOCTOSIHHOM IM€4Yd, HE3aBHUCHUMO OT TOrO, MOJJIEpKaHWE WM HU3MEHEHUE
TEMIEPATYPhI B MEYU. ITO MHOT/IA U3BECTHO KaK IMEPEKPECTHOE OTPaHUUCHUE
ynpasienusi (PucyHok 4.4). lleab COCTOMT B TOM, YTOOBI MOAACPIKUBATH
noctosiHHyt0 PV, HecMoTps Ha HapymieHus. s MOCTHIKEHUS STOW IIeNH,
osoxku FF-koHTposib U F (KOHTpOIJB) AOMKEH U3MEHUTh PV olHUM U TeM ke
BEJIMYMHA W CPOKH, HO B TMPOTHUBOIOJOKHOM HAMpaBIEHUH TO, UTO
HapylieHue Obuio Obl  OOoWTHCHL W 0e3 KOHTposb. Toraa NpPUHLMI
IpeayNpaBIeHHEN3 KOMIIEHCUPYIOLIETO BO3MYLIEHHE BLIIOIHEHO,

Lenw:

14 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 92-93.
15 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 93-94.
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Disturbance

y(Change in
feed flow)  Feed flow

» f(disturb)

f ) PV
Y process =
T
FF-control » f(control
Fuel- ( )
Feedforward flow
controller T, =Outlet temperature

Puc. 2.4. Ilpenynpannenue 0J0K- cxema

Cucrema ynpasJ/ieHHsI C 00pPaTHOM CBA3bIO
B3aMkHyTOM cuCTEMBI yIIpaBiieHUs, Leib yupasiieHus, OB,

Temperature indicator— process variable (PV)

\/*‘@ Hot water

_

Cool water
-

Steam valve —
manipulated variable (MV)

Puc. 2.5. Pyunoe ynpasieHue ¢ 0OpaTHOM CBSI3bIO

SP J'OPzManual +(P, | and D of ERR)

+
_ ERR
"é—’ PID | OP |— MV|Process| PV

PV 71
Adjust Measure
process result

Puc. 2.6. 3amkHyTas 0J10K- cxema
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UCIIOJIB3YETCS JITIsl OTpe/IeTICHUs yIpaBJisitoiiee Bo3aeicTeue. [lousarue 3to
MOKa3aHO Ha PUCYHKE 2.5 U MPUHIIUII TOKa3aH Ha puc 2.6.




DTO TaK)Ke W3BECTHO KakK YIpaBlICHHE C OOpaTHON CBS3bI0 M dalle
UCTIONB3YETCS, YeM  YIPEXKICHHEM  KOHTPOJb. 3aMKHYTBIH  KOHTYD
yIpaBJICHUS MpPEAHA3HAYEH IS JOCTHKCHHS W TOJJCPXKAHUSA KETaeMOro
nporecca COCTOSHHE IIyTeM CPaBHEHHs €ro ¢ TpeOyeMBIM YCIOBHEM,
3HaucHue ycTaBku (SP), uToObl monyunts 3Hauenue ook (ERR).

PeBepc uiim KOHTPOJLIEPHI PSAMOTO AeHCTBUSA

Kak koppektupyromme AeMCTBUS KOHTPOJUIEPA OCHOBAaH Ha BPEMEHU
Marautyaoi-B-omuoku (ERR), KoTOpEIi sBIIsSETCS MTPOU3BOIHBIM OT JTFOOOH
SP- PV umu PV- SP 310 He kacaercs P, | unu D QyHkuuu xoHTposiepa,
KAKOW aJITOPUTM HCIIOJIb3YETCS, MOCKOJIbKY AJITOPUTMBI U3MEHEHHS TOJBKO
3HaK TEPMHUHA OIIUOKHU.

OpHako; eciad MBI CChUIaeMcCsi Ha PHUCYHKe 2.7 (KOHTPOJb YPOBHS
BOJIbl), KOTOPBIN WIUTIOCTPUPYET KOHTPOJLIEP, BHIIOJHSASA Ty Ke (YHKIUIO, HO
110- Pa3HOMY:

B cnydae, ecnu oauH, Mbl MaHUIYJIUPYEM MOTOK Ha gbixode uepe3 V 2
JUIsL PETYJIMPOBAHMS YPOBHS B PE3EpByape; 3TO npsamoe neucteue. I'ne, kak
PV yBenuuuBaercs (3amonnenue Oaka) B OIl yBenuumBaercs (OTKpHITHE
BBIITYCKHOTO KJIanaHa OoJIbIIe), YTOObI CIIUTh Oak ObIcTpee.

B ciaydyae nByX, Mbl KOHTPOJIHMPYEM 6X00HOU TOTOK uepe3 Touky V1,
yTOOBI KOHTPOJIMPOBATh YPOBEHb B 0ake, 3T0 oopamnoe neiicteue. Tam, rae
no Mepe yBenuueHuss PV (3amonHenue pesepByapa) OIl ymensbinaeTcs
(3aKpbITUSl BIYCKHOIO KJaraHa OOoJbII€), YTOObl YMEHBIIUTH CKOPOCThH
HAITOJIHEHHUS.

W3mMeHeHust BBIXOJHOTO CUTHAJIA PETYISITOPA, Ha Ty )K€ BEJIMUUHY U
3HAK, HA OCHOBE MOJIy4YEeHHOI0 3HaYEHUE OLIMOKH U 3HaK.

A

v, 1 ERR=PV — SP

|

I

' 4

V.

: PV = level 12
|

Sp

| I_ I

| I

" PID |

OP(1) control 6p(2)

Puc. 2.7. Ilpsimoe u oOpaTHOE eHCTBHE KOHTPOJIEPHI
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Pe:kumpbl ynpaBjieHUs B yIPaBJIeHUU C 00PaTHOM CBSA3bIO

BOJIBIIMHCTBO KOHTPOJUIEPOB 3aMKHYTOI'O KOHTYPa MOKHO YITPaBJISThH
C TpeMs PEeKUMaMH YIpaBJICHUS, JUOO0 B COYCTAHWU WIIU OTHICIBHO. DTH
pexkumMbl, nponopimonansHeii  (P), wmaTerpan (1) m mpomssomnoe (D)
00CYyKIar0TCs B IITyOMHE B B ClIeAyIoIei riuase’®.,

HNinrocTpauys NOHATHA OTKPBITON M 3aAMKHYTOM CUCTEMBI YIIPABJICHUS

Huarpammbl Ha pucyHkax 2.4 u 2.6 WUIIOCTPUPYIOT KOHLEIIUU
OTKPBITOTO KOHTYpa U 3aMKHYTOT'O KOHTYpa YIPaBJICHUs B CUCTEME BOJSHOTO
OTOIUICHHUS.

* B OTKpBITOM 1LIMKIIE, C BO3MYILEHUEM, HAIPUMEpP, CKOPOCTh MOTOKA
napa HM3MEHSETCd B COOTBETCTBUM JIO TEMIEPATyphl, NOCTyNAOIIECH B
CUCTEMY XOJOOHOW Bonbl. OmnepaTop JOMKEH €CThb HAaBBIKH, YTOOBI
ONpENENUTh, KAaKUE H3MEHEHMs IOJIOKEHUs KjamaHa OYyJeT J0CTaTOYHO
4TOOBI JTOBECTH XOJIOAHYIO BOJy, BBIOpachlBaeMblil B CHUCTEMY /10 HY>KHOH
TEMIIEpaTyphl, KOTJ1a OH YXOJIUT U3 CUCTEMBI.

* B 3aMKHYTOM KOHTYpe, Harpumep, oOpaTHOM CBSI3U, CKOPOCTh MMOTOKA
rapa U3MEHSETCS B COOTBETCTBUU C TEMIIEpATypa HAarpeToil BOJbI HA BBIXOJC
u3 cucremsl. OrnepaTop [TOJDKEH ONPENEIUTh pPa3HUIY MEXKIAY 3THM
U3MEPEHUEM U KEIaHHOW TeMIEpaTypbl U U3MEHEHMs IMOJIOKEHUS KiaraHa,
MoKa He OyJIeT yCTpaHeHa dTa ommoKa.

* Bo3MOkHO, MPUBEICHHBII BbIlIE NPUMEP ISl PYYHOTO YIpaBIEHUS,
HO KOHIIENIMS MJACHTHYHA HCIOJIb3yEMbld B aBTOMAaTUYECKOM YMPABIICHUH,
YTO JTOJKHO MO3BOJIUTH OOJIBIIYIO TOUHOCTh YIPABIICHHUS.

Co4yeranue oOpaTHOM CBSI3U M YIIPABJICHUSI C IPOTHO3MPOBAHUEM

[IpeumyiiecTBa ympaBieHUs C OOpaTHOW CBSI3bIO SIBIISIOTCSL €TO
OTHOCHUTEJIbHAS MPOCTOTA M €ro MOTEHLHUAIbHO YcreurHas padoTa B ciaydae
HEHU3BECTHBIX BO3MYILECHUN. YIIPAaBJICHUE C IPOTHO3UPOBAHUEM HMEET
[TpeumymiecTBo 6osee OBICTPOrO pearupoBaHUsi Ha BO3MYULICHHS Ha BXOJIE,
KOTOPOE€ MOXXET MPUBECTH K 3HAYUTEIBHBIM DJKOHOMHS 3arpar B
KPYIHOMAaCIITaOHO! OTepaiuu.

16) Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 94-95.
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The FC maintains a constant fuel

Inlet @ @
flow, varied by the feedforward

— }Sp control, as a feedforward/
feedback configuration
OB~

Feedforward
inlet flow and — — —
temp variations

Puc. 2.8. brok- cxema nporHo3upoBaHueM U 00paTHON KOMOWHAITUN

B oOwem, myurie Bcero ymnpaBiieHHE MPOU3BOJCTBEHHBIM IPOLIECCOM
MOXET ObITh JTOCTUTHYTO 3a cueT CoueTaHue OTKPBITHIX U 3aKPBITHIX
3JIEMEHTOB  yIpaBieHHMs LMKiIa. Ecin HecoBepmIeHHOW MOAETU C
nporHo3upoBanuemM koppektupyeT 90% paccTpoeH, Kak 3TO MPOUCXOIUT, a
ocranbhble 10% koppekTupyercs cmerieHusi, (GoOpMHPYEeMOro KOHTYpOM
oOpaTHOM CBSI3U, TO KOMIIOHEHT YOPEXKICHHEM HE HaxaT 3a €ro
CIIOCOOHOCTEM, Harpy3ka Ha MeTJIM 0OpaTHOM CBSI3M YMEHBIIIAETCS, U TOPa3/I0
0oJee )KeCTKUN KOHTPOJIb MOKET OBITh TOCTUTHYT.

2.3 3ama3apiBanus (DeadTime npouecchi)

B mporeccax, cBs3aHHBIX C JBMXKEHHMeM Macc, Deadtime sBnsercs
CYILLIECTBEHHBIM (PAKTOPOM B JWHAMHUKa Ipolecca. ITO 3aJep’KKa peakluuu
npoIiecca Mmocie TOro, Kak HEKOTOpbIE MepEeMEHHAsi N3MECHUIIACh, B TCUCHHE
KOTOPBIX HUKAKOW MH(GOPMAIIUK HE U3BECTHO O HOBOM COCTOSIHUM MpOIIecca.
DTO MOXKET TaK)KE U3BECTHBI KAK OTCTAaBAaHHE TPAHCIIOPTHPOBKU WIIK BPEMEHU
3aJICPIKKU.

Deadtime sBasieTcs XyamiMM BparoM XOPOIIErO KOHTPOJS, U BCE
YCWIIHSL JIOJDKHBI OBITh HATIPABJICHBI HA CBECTH €r0 K MUHUMYMY. Bce kpuBbie
OTKJIMKA TPOIECC CABHTAOTCS BIpaBo Haimmuuem DeadTime B mporecce
(pucynok 2.9). Ilocie toro, kak Deadtime mpoiwio, mporecc HaunHACTCS
OTBeYass C XapaKTePHOH CKOPOCThIO, HA3BIBACTCS YYBCTBHTEIBHOCTh
nporiecca.
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Time constant Slope =reaction rate

A (T) /

i /
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=
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= Effective dead time

Puc. 2.9. Ilpouecc peakunn nim KpuBas OTKJIMKA, ITOKA3bIBast KAK MEPTBOE U
MOCTOSIHHYIO BPEMEHHU

YMeHbllIeHUE 3aN1a3/1bIBAHUS

Lenp xopo1iero ynpaBieHUs SBISETCS CBEIEHHE K MUHUMYMY MEPTBOE
U CBECTH K MUHHMYMY OTHOIIICHHWE K MEPTBYIO 30HY MOCTOSHHAs BPEMEHHU.
Uem BbIIIE ATOT MOKa3aTellb, TEM MEHbIIE BEPOSATHOCTh TOTO, YTO CHCTEMA
yrpaBiieHus OyJeT paboTaTh IOKHBIM 00pa3oM.

Deadtime MokeT ObITh YMEHBIIICH 32 CUET COKPAIICHHUS TPAHCIIOPTHBIX
3aJIep’KeK, KOTOpble€ MOTYT OBbITh BBIIIOJHEHbI C TOMOIIBIO YBEIMUYEHHUE
CKOPOCTH TPOKAUYKH WJIM IEPEeMEIMBAHUs, YMEHbILAs PAacCTOSHUE MEXIY
U3MEPUTENIbHBIMA UHCTPYMEHT U MPOLIECC, U T.1.

DeadTime Bo3aeiicreue Ha P, | 1 D 1 peskumax BLIOOPKH M yAep:KaHUS
AJITOPUTMBI

Ecim mpupoaa mporiecca takoBa, yto Deadtime merim mnpeBbimaeT
NOCTOSIHHYI0O BpeMeHM To TpaauuuoHHelii PID  (mponopuuonansHo-
UHTErpalibHO-TU(PPEepeHINaNbHBIA) KOHTPOJb BpsAl JU OyAeT paboTaTh, W
oOpaszell u yAepKaHusl YIPaBICHUS UCTIOIb3YETCS.

dopma KOHTPOJS OCHOBaHA Ha TMPEAOCTABICHUH BO3MOXKHOCTH
KOHTpOJJIepa Tak, 4YTO OH MOXET COBEpIIaTh  MEePUOJUYECKUE
KOPPEKTUPOBKH, a 3aTeM 3(PQPEKTUBHO MEPEKIIOYEHHE BBIBOJAA B PEKUM
yIaep)KaHUs COCTOSIHME W JkAeT mporecc Deadtime, 4roObl MmpoHTH 10
MOBTOPHOT'O BKJIFOUEHUSI KOHTPOJIJIEPA BBIBO/I.

AJNTrOpUTMBI, HUCHOJB3yEMbIe HACHTUYHBI HOPMAJbHBIX YIPaBICHUS
MPOU3BOJACTBEHHBIM TMPOILIECCOM, 3a MCKIIOUEHHUEM, YTO OHH JOCTYIIHBI
TOJILKO B TEUEHHUE KOPOTKHUX TepuoAoB BpemeHu. Pucynok 4.10
WUTIOCTPUPYET 3TO JICUCTBHE.
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EnnncTBeHHas mpobiemMa 3aKiIr04aeTcss B TOM, YTO KOHTPOJUIEP UMEET
ropaso MEHbIIIe BPEMEHHU, YTOObI BHECTH U3MEHEHHS, U TTIOATOMY OH JOJIKEH
JenaTh UX ObICTpee. DTO O3HAYaeT, YTO MHTETpajIbHBIN MapameTp T0JDKEH
OBITh YBEJIWYEH IPOMOPIHUOHAIBLHO YMEHBIICHUIO BPEMEHHM, KOTJa ITUKII
HaxOJHUTCS B aBTOMAaTHYECKOM PEKUME.

Process variable [ ™= ™==| ™= ™= _— - ..——S—J—-»-—'

- /|

(PV) L —
€— Dead time —>|
Controller I/
output (OP) —> Auto — Auto
Manual P Manual —» Manual —»
| |
Time

Puc. 2.10. Anroput™bl BBIOOPKY M XpaHEHHUS UCTIONB3YIOTCS, KOTAa MPOLECC
JTOMUHUPYIOT KpynHble deadtimes

JlnHaMu4YecKkuil  OTKJIMK  Mpolecca, KaKk  IpaBuIIo, MOKHO
OXapaKTepU30BaTh TpeMs IapaMmeTpamMu: ycuieHHs mpoiecca, Deadtime wu
3a71epKKH Tporecca (mocTosHHas Bpemenn) (puc 2.11)Y.

95 ::IC ______________

—w————-—-———

il m——)

|

|
80°C |= ==
|

|

|

|

1

1

Time

Heating Cooling

Puc. 2.11. Ilpumep oTBeTa nporecca, CBI3aHHOTO C CTyIEHYaThIM
M3MEHEHUEM BXOJIHOM BEJIMYMHBI

17 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 97-98.
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YcuiieHust mpouecca pearupoBaHus

Koaddunment ycunenus npouecca sBIS€TCsS OTHOILIEHUE U3MEHEHUS B
BBIXO/IHOM CHUTHaJI€ (KaK TOJIbKO OHO PAacHOJIOKUIIOCHh HA HOBBIA YCTOMUMBOE
COCTOSIHME) K M3MEHEHHUIO BXOJHOTO CUTHala. DTO OTHOILIEHUE U3MEHEHHMS B
npolecce IepeMEeHHas JUIsl W3MEHEHUs YIPaBIIoIed InepeMeHHod. OH
TaK)K€ YIIOMUHAETCA KakK MPOLECC YYBCTBUTEIBHOCTh KaK 3TO OIMCHIBAET
CTEIIEHb, B KOTOPOM MIPOLIECC pearupyeT Ha BXOL.

MenanieHHbIi TIPOIIECC SIBISAETCA OJHUM C HHU3KUM KO3()PHUIHEHTOM
YCWIEHHMS], TJI€ OHA 3aHUMAeT MHOT'O BPEMEHH, YTOOBI BbI3BAaTh HEOOJIBIIOE
u3meHenne B MV. Ilpumepom 3Toro sBisieTcss OTOIUIEHMS J0OMa, TJ€ OHA
3aHMMAaeT MHOTO0 BpPEMEHM HJis TeIula HAKaIIMBalOTCs, 4YTOOBI BBI3BATH
HEOOJIbIIOE MMOBBIICHUE KOMHATHOW TeMIepaTypbl. BbICOKuil perymnsrTop
YCWICHHS CIIEYET UCIIOIb30BATh JJIsl TAKOTO IIpoLecca.

BrIcTpbIil mpolecc UMeeT BBICOKUN KOI(PPUIIMEHT YyCUIIEHUS, TO €CTh
yBenuuuBaercss MV OpicTpo. DTO NPOUCXOIUT B CHCTEMax TaKHe Kak
npouecc NoTtoka uiau mpouecca pH BOMM3M HEHTpanbHOrO, IA€ TOJIBKO
Kalejgbka peareHT BbI3bIBalOT Oousbiioe u3MeHenue pH. g Takoro
npolecca, KOHTPOJUIEp HU3KOTO YCUIIEHUS HEOOXO0IUM.

MéprBas 30Ha

Méptas 3ona (Deadtime (L)) npencraBiser coOol 3aaepkKKy MEKITY
YOPaBISAIOMIEN  MEPEMEHHOM  BHJIOW3MEHEHHME, 3aMETHOE  HW3MEHCHHE
IIEPEMEHHOM Mpolecca.

Deadtime cymiecTByeT B OOJBIIIMHCTBE MPOIIECCOB, TaK KaK HEMHOTHE,
€CJIi TaKOBbIE€ BOOOIIE MMEIOTCS, peaIbHble MUPOBBIE COOBITHSI MIHOBEHHO.
IIpocroi nmpumMep 310 cuctema ropsiuerd Boapl. Korma ropsunii KpaH BKIIFOUEH
Oyaer HeKoTopas 3aJepKKa IO BpPEMEHUM B BHJE TOpsiueid BOJbI U3
HarpeBaTelsl JIBUKETCS BA0Jb TPYObI K KpaHy.

3anep:xkka nmpouecca pearupoBaHusi

OtcraBanue npoiuecc (7) BbI3bIBAETCS MO MHEPLIMU CUCTEMbI U BIUSET
Ha CKOpPOCTh, C KOTOpPOW NEpeMeHHas Mpolecca pearupyer Ha HU3MEHEHHUS
YIPaBISAIOUIEN TEPEMEHHONW. DTO 3KBUBAJIEHTHO NIOCTOSIHHAS BPEMEHMU.

B OonbmMHCTBE MPAaKTUYECKUX MPUMEHEHUH, UMEETCs y3Kas MmoJsioca
MPOIYCKAHUS W3- 32 MEXAHUYECKOTrO TPEHHS WM JYTOBBIX AJIEKTPUYECKUX
KOHTAKTOB, 4Yepe3 KOTOPbIE JTOJKHBI MPOUTH OMIMOKU Mepe]l BKIIOUYEHHEM
BOJIM TPOUCXOJAT. IDTO MOXET ObITh M3BECTHO KaK MepTBas 30Ha,
nudepeHnnanbHbIi 3a30p WIK HEUTPAIHLHOU 30HE.

Pa3smep mepTBast 30Ha, Kak npasuio, 0,5-2% ot nonHoro nuanazoxna PV
¢iykTyanuu, U onosicaHa 3aJaHHOE 3HAUYCHHUE.
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Korga PV Haxomutcs B mpezenax MEPTBOW 30HbI HUKAKHX JEUCTBUI

yIpaBjeHUsT HE MPOUCXOJUT, TaKUM O00pa3oM, €ro IMPUCYTCTBHE OOBIYHO
JKeJIaTeIbHO CBECTH K MUHUMYMY IIUKJIMYHOCTBD IIpoIiecca.

Omna w3 mpoOsieM, € JBYXITO3MIIMOHHBIM YIIPaBJICHUEM SIBJSICTCS H3HOC
YOPaBJISIONIETO 2JIEMEHTA. DTO YMEHBINACTCS C YBEJIMUYCHHEM IMPOITYCKHOM
cnocooHoctn Konebanue mporecca yBEIMYMBACTCS, M, TaKUM 00pa3oM,

18

9aCTOTa INCPCKIIOYCHNA YMCHBINACTCA ™.

e

o o

KoHTpoJIbHBIE BONPOCHI:

CrpykTypa U KjIacCU(PHUKaLUs CUCTEM aBTOMaTH3aI1H.

Metoasl ONITUMU3ALUU U KPUTEPUN ONITUMAIIBHOCTH.

OnepaTuBHOE yIIpaBICHUS.

Crensmas cucteMa MoCTOSSHHOTO TOKa C IPOMOPUUOHAIBHBIM
YIIPABJICHUEM

AJTanITUBHOE yIIPaBJIEHUE.

Br16op ycunurens. HazHaueHue ycuinrenei B cCuCTEMax aBTOMaTU3alUu.

Hcnonb30BaHHbIE JIUTEPATYPbI:
Wolfgang Altmann, Practical Process Control for Engineers and

Technicians: Jordan Hill, Oxford 2005, 304 p.
Ad Damen Modern Control Theory Prentice Hall 2002 460 c.

18 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p. 98-99.

39



3-Tema. Pexxumbl padoThl cHCTeM yIIpaBJIeHHUs POLECCOM

ILnan:

Kanonuuecxue gpopmol ypagnenuii.

3amkHymuli KOHMYP WU KOHMPOTIb 3d 00PAMHOLL CE:A3bH0

Beeoenue 6 xackaouwiii koumpois

Onpeoenenue npeobpazosamerell U 0aM4uUK08

Kpamkuii  0630p  6ocomu  u3  Haubonee  OCHOBHBIX  MUNOB
PacnpeoeumebHbIX KIanaHos

agrLONE

Knwuesvie cnoea:. Peneiinviii  KOHmyp, MoOyaayusi KOHmMypa,
DA3OMKHYMbLU  KOHMYD, 3AMKHYMblL KOHMYp, Nepeoamounds cucmema
VNpasieHus, MmexHoA02UYeCcKull npoyecc, usmepeHue, COCmosHUus npoyecca,
UCNOJIHUMENbHBIIL ~ MEeXaHusm,  ON0K-cXemd,  pezyiuposauue,  pyyHoe
ynpaeieHus, KOHMpOoib, KOHMPOJLLED, BHEUHUe 8030elcmaue.

3.1 Kanonuveckue (popmMbl ypaBHeHUH

EcTb na1Th KaHOHMYECKUX (OPM KOHTPOJIS, TOCTYITHOTO B YIPaBIECHUU
IIPOLIECCOM:

1. PeneitHbIi.

2. Moaynsauus.

3. PazoMkHyTOTO KOHTYpA.

4. 3aMKHYTBII KOHTYP.

5. Ilepenatounas (Feedforward).
Peneunvii  xonmpono. CamMo€ OCHOBHOE TIOHSATHE KOHTPOJIS- PEICHHBIN
KOHTpPOJIb, KaK HalJIeHO B COBPEMEHHOM TEXHUKE3TO- OYEHb Chipas (popma
KOHTPOJIS, KOTOPBIA OJJHAKO HY>KHO PacCMOTPETh Kak JeleBoe U 3(pPeKTHBHOE
CpPEeICTBO KOHTPOJIS, €CITH JIOBOJIBHO OOJIBIITOE KOJICOaHHE ONTMOOK TPHUEMIIEMBI.

N3Hoc onemenTa ymnpaBiaeHUs (COJNCHOMIHBIM KiamaH W T.J.)
HYKJaeTcs B CHeHalbHOM cooOpakeHuu. [lockonbKy monoca npomycKaHus
KosneOaHuss oObeMa IJIa3Mbl YBEJIMYMBACTCS, 4YacCTOTa MEpEeKIroueHus (U
TaKuM 00pa3oM M3HOC) YMEHBLICHUI JIEMEHTA yIpPaBJICHUSI.

Mooynayus konmpons

Ecnu npoaykius aucneTdyepa MOKET NMEPEMECTUTHCS Yepe3 AUANa3oH
LEHHOCTEH, y HaC eCTh MOYJISIIUSA KOHTPOJb. [logpazymeBaercs, 4yTo
MOAYJISLUSL KOHTPOJISE UMEET MECTO B IIpeJiesiaX OMpeaesIeHHOTO
OIEepallMOHHOTO JMara3oHa (C BEpXHUM U 00Jiee HU3KUM MPEAEITIOM)
TOJILKO. MOy IsIIust KOHTPOJISE MOYKET UCIIONIB30BATHCS M B CUCTEMAaX
YIPAaBJIEHUS Pa30MKHYTOI'O U B 3aMKHYTOI'O KOHTYpA.

Konmponb 3a pazomkHymvim KOHmMypom

MBI uMeEeM KOHTPOJIb PA30MKHYTOTO KOHTYpa, €CIu JEUCTBUE
koHTpons (Bwixomuoit curnan [ucmerdepa OP) ne sBisiercst a ¢QyHKus
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oobema I[TJIABMBI wnu usmenenuit rpy3a. KoHTponb 3a pa3soMKHYTHIM
KOHTYPOM HE CaMOUCIIpaBIIsieT, Koraa 3ty PVS npeligyor.

Konmpons (Feedforward)

Kontpons  Feedforward-  ¢opma  KOHTpoONss,  OCHOBAaHHOTO  Ha
NPEeIyNpeKACHUN  TMPAaBUIBHOTO, KOTOPBIM  YIPABISIOT IEpEMEHHbIC,
HEOOXOMMbIC, YTOOBI TMOCTABUTh HEOOXOIUMYIO MEPEMEHHYIO MPOIYKIIUH.
OT0 3aMeyeHO Kak (popMa KOHTPOJIS 32 Pa30MKHYTBIM KOHTYPOM, ITOCKOJIBKY
00BEeM IJIa3Mbl HE MCIIOJIB3YETCSl HETIOCPECTBEHHO B IEUCTBUU KOHTPOJs. B
HeKkoTOphIX 3asBieHusx feedforward ymparmsromuii curHam go00aBiieH K
YIPaBIAIONIEMY CUTHAITy OOpaTHOW CBSI3M BECTH MUJUIMBOJIBT OJIMKE K €ro
3aKJIIOYUTENBHOM LEHHOCTU. B npyrux Oojee NpOABUHYTHIX 3asIBICHUSIX
KOHTPOJISI MAalllMHHAs MOJENb MpOoIlecca HCIONb3YeTCsl, YTOObI BBIYUCIUTH
HEOOXOIUMBIII MUJIJIMBOJIBT, U 3TO PUMEHEHO HETOCPEICTBEHHO K MPOIIECCY
KaK IMoka3aHo B pucynke 3.1.

Set
point , Feedforward
(r) model Manipulated
P i i variable (m)
A 4
3 > Controlled
ap variable
Load (qg) > Process —>
as . (c)

Puc. 3.1. Mopnens 6azuposan feedforward cucremy ynpasnenus

HanpumMep, TUMUYHOE MPUMEHEHUE JTOrO THIIA KOHTPOJS COCTOHMT B
TOM, YTOOBI BKITIOYHTH 3TO ¢ 0OPATHOW CBS3bIO- MJIM KOHTPOJIb 332 3aMKHYTHIM
koHtypoMm. Torna umnepdext feedforward konTpossr Moxer ucnpasuth 10 90
% paccTpoicTB, OCTaBJIsisl CUCTEMY OOpaTHOM CBs3U, 4TOOBI UcnpaBuTh 10%-
oeoTkI0HeHME, ocTaBiaenHoe feedforward kommonenToM.

3.2 3aMKHYTBIii KOHTYP WJIH KOHTPOJIb 32 00paTHOM
CBSI3BIO
V¥ Hac ecThb cucTeMa ynpaBJieHUsl 3aMKHYTOro KoHtypa, eciiui OB bEM
[UIA3BMDBI, 1ens KOHTpOINS, NPUBBIK KOHPEIEIUTE EHCTBUE KOHTPOJIA™’,
[TpuHIMT MOKA3bIBAIOT B pUCYHKE 3.2.

19 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 27-28.
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Output
(OP) Feedback _
controller ~ je—— SF‘ETSPS)IHT
Manipulated ERR=PV-SP
variable [
(m) Process
a ¥ variable
i e
a
Load (q) = Process
asz
_—
OP = (m) = Ko (Enmt = [Enmdts Too & Enc) + Manual
=(m) =Kc (Epp+ T; RROTT lder rR) + Manual

Puc. 3.2. Iletns KOHTpOJIS 32 0OpaTHOM CBS3BIO

JlucrieTyep 3aMKHYTOrO KOHTypa M MPOLECC MOMy4yaroT BbIUMCIIEHUS B
NPOECKTUPOBAHUM M YCTAaHABIMBAHUM MPAKTUYECKHE TMIE€TIM YIPaBICHUS
IpOLIECCOM, OAMH W3 CaMbIX BaXHBIX 3aJa4d COCTOSAT B TOM, YTOOBI
YCTAaHOBUTh HCTHUHHBIE (PAKTOPBI, COCTABJSIOLIME BBIFOAY METIM U 3aTeM
BBIYHCIIUTD BBITOIY.

Kak npaBuio, cocraBHble YaCTH BCEU METIM OyIyT COCTOATh U3 MUHUMYMa
YeThIpeX (PYHKIHOHAIBHBIX ITyHKTOB:

3.3 BBeieHHe B KACKa/IHbII KOHTPOJIb

KoHTposnnepsl, Kak roBOpsT, 'B Kackaje', Korjaa IMpoIyKUus EPBOro Win
OCHOBHOTO JMCIIETYEpa HCIIONIB3YEeMbIH, YTOOBI ympaBisaTe SD npyroro wim
BTOpUYHOro aucrneryepa. Korga nea unu Oombiie aucreryepa OyayT JTUThCS
KacKaJIoM, KaXXJoMy BBeAyT ero coOctBeHHoe u3Mmepenue win OBBEM
[IJIASBMBI, HO TOJIBKO Yy OCHOBHOI'O JUCHETYEpPA MOTYT OBITH HE3aBHCHUMAs
NCITAHUS u Tonbko BTOpUYHOE, WM HanboJiee BHU3- TIOTOK, y JUCIIETYEpa
€CTh POAYKILHS K IPOLIECCY.

Kackaguplii KOHTpOJb HMeeT OOJbIIYI0 ILEHHOCTb, TA€ BBICOKAs
3¢h(HEeKTUBHOCTh HEOOXOAMMA TMepe] JIUIIOM CIyY9alHbIX OECTIOPSAKOB, WIH
II€ BTOpUYHAsA 4YacTb IPOLECCA COHEPKUT CYLIECTBEHHYIO BPEMEHHYIO
3aJIepKKY WM UMEET HEJIMHEHHOCTb.

OCHOBHBIE IPEUMYILIECTBA KACKATHOTO KOHTPOJISI- CIIEIYIOIIEE:

* becnopsiaku, mnpoucxopsime BO BTOPUYHOM IIE€TIIE, UCIPAaBIIEHBI

BTOPHUYHBIM
JUCTIeTYep NMPEeKIe, YeM OHU CMOTYT 3aTPOHYTh MpPEABAPUTEIbHBIE BHIOOPHI,
WJIY TJIaBHBIN, IEPEMEHHBIN.

* BTOpUYHBIM NHCHETYEP MOKET 3HAYUTEIBHO YMEHBIIUTH 3aJEPKKY

(ba3bl BO BTOpPUUHOM
NETJIsA, TAKUM 00pa30oM yIIydlllasi CKOPOCTh WJIM OTBET OCHOBHOM METJIH.

* MI3MeHeHus BBITOJbI W3-32 HEJIMHEWHOCTH B MPOLIECCE WIIM IMPUBOAA

rOJIOBOK BO BTOPUYHOM
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IICTJIA UCIIPABJICHA B IIPCACiIax TOM TICTJIN.
° BTOpI/I‘IHaH ICTJIA IMO3BOJIAACT TOUHYIO MAHHUITYJIAIWIO ITIOTOKA MACChI
HJIX SHECPTUU OCHOBHBIM AUCIICTYCPOM.

Manual or
starting value

SPFC = OPTC
Mode = Cascade (operational)
sp /
OPf——{sP
TC FC Flow control
OoP
PV
F
PV=T,
(output temp)

Puc. 3.3. noka3siBaeT npuMep KackaJaHOIo KOHTPOJIS, I'7ie OcHOBHOM nucnetuep TC
3.4 Onpenenenue npeodopazoBaresieii 1 JaTYNKOB

[IpeobpazoBarenb- yCTpOHWCTBO, KOTOpPOE TMOdydaeT WH(pOpMaiuioo B
dbopme onuH win Oosee GU3NIECKUN KOJTMYECTBA U HOBOOOPAIIEHHBIE 9TO B
AIEKTPUYECKUN BbIXOAHOW curHan. IlpeoOpazoBaTenu coCTOSAT U3 JBYX
MPUHLMIUAIBHBIX YaCcT€, OCHOBHOM JJIEMEHT W3MEpPEHHMS, Ha3bIBAEMbIN
JATYNKOM, W €JIUHMIEH TMepelaTiyiKa, OTBETCTBEHHOW 3a IPOU3BOACTBO
ANEKTPUYECKON MPOAYKIMHU, y KOTOPOMl €CTh HEKOTOPbIE W3BECTHbIC
OTHONIEHUS K (PU3HMUECKOMY N3MEPEHHIO KaK OCHOBHBIC KOMITOHEHTHI.

B 0oree CIOXHBIX €IUHUIIAX MOXKET OBITH BBEJACH TPETHM DJIEMEHT,
KOTOPBIN SIBJISIETCS IOBOJIBHO 4acTO 0a3upyeMbIM MHKPOIPOIIECCOPOM. DTO
BBEJCHO MEXAY JaTYMKOM M YaCThIO MEpeAaTUMKa €IUHUIBI U UMEET Cpelu
Ipyrux  Bemed, (DyHKIMM  JTUHEAPU30BAHWS W PACIOJIOKCHUS
npeodpazoBaTesib K HEOOXOAMMBIM IKCILTyaTallMOHHBIM TapaMeTpaMm.
Pacneuamka obuux 636euieHnbix nepemeHHbIx

B nmnopsiake yObIBaHWMS YacTOThl BO3HUKHOBEHHUS, KOHTPOJISI U
yIpaBJjeHUs] IEPEMEHHBIMH B CHCTEMbI YIPABJICHUS MPOIIECCOM BKJIIOYAIOT:
Temniepatypy, 1aBJI€HHUE, pACXO,COCTABA YPOBEHB MPOIYKTA.

Obwue xapaxmepucmuku npeoopazosameinei

Bce mpeobOpaszoBarenu, HE3aBUCUMO OT UX TpeOOBaHUU H3MEpEHHS,
MOKAa3bIBAIOT TO K€ CaMO€ OCOOCHHOCTH, TaKUE KaK JUara3oH, IPOMEKYTOK,
U T.J. OTa CeKIUs OOBACHICT U JEMOHCTPUPYET MHTEPIPETAINIO Haubosee
pacTpOCTPaHEHHOM U3 TUX OCOOCHHOCTEH.

Onpedenenue owubKuU 8 ynpagieHuu npoyeccom

Ommubka o3HayaeT OMMUOKY WIM HAPYIICHWE, U SIBISETCS pa3IudueM

MEXIy MPEKPACHBIM U3MEPEHHE U YTO ObUIO (PaKTUUECKH U3MEPEHO B JIIOOOM
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MYHKTE, BPEMsI U PYKOBOJICTBO JIBHXKEHHS MPOLIecca B JIMAra30He U3MEPEHUs
npouecca®,

Ecte 1Ba THIIA TOYHOCTU, cCmamuyeckou WIA YCMAHOBUBULEUCS
TOYHOCTH U OUHAMUYECKOU TOYHOCTH.

1. Cmamuueckas mounocmo- OJIM30CTh TOAXOAAa K HMCTHHHOMY
3HAYCHUIO NMEPEMEHHONKOTIIa TO UCTUHHOE 3HAYCHHE SIBIISICTCS IIOCTOSTHHBIM.

2. Jlunamuueckass mounHocmo- OIU30CTh MOJXOJa H3MEPEHHUS Korja
UCTUHHOE 3HAYEHUE W3MEHSIETCS, IIOMHS, 4YTO 3aJiepKKa H3MEPEHHUS
MPOUCXOJUT 3/1€Ch, TO €CTh K TOMY BPEMEHHU, KOrJla Ha YTEHUE U3MEPECHUS
neicTBoBaM, (aKTUYeCKuid (U3NYSCKUI B3BEIICHHBIM KBAaHT, BO3MOXKHO,
XOpOIIIO U3MEHUJICSL.

B jgomonHeHne K TEPMHUHY mMOYHOCHb TIOAMHOXECTBO CPOKOB
MOSIBJISIETCS,  OTU  SIBJISIOIIMECS  MOYHOCMbIO,  4YBCMBUMENIbHOCHb,
Pe30I0YUs,80CNPOUZBOOUMOCHb U CEPULIHOCMb, Y BCEX W3 KOTOPBIX €CTh
OTHOIIIEHHUS U aCCOIHAIIHSI C TSPMUHOM OUUOKA.

TouyHocTh

TO4YHOCTB- TOYHOCTH, C KOTOPOW MOBTOPEHHBIE H3MEPEHUSI TOM Ke
camoii epeMeHHOU MOTYT ObITh
CEJIaHHBIN NPY UACHTUYHBIX YCIOBUSIX.

B ynpaenenuu npoyeccom mounocmo 6onee 8asxcna uem mo4HoCms, TO
€CTh OOBIYHO MPEANOUTUTEIHHO U3MEPUTh NTEPEMEHHYIO TOUHO, YEM Y ITOTO
JIOJKHA OBITh BBICOKAsi CTENEHb aOCOJMIOTHOM TOYHOCTH. Paznuune Mexmy
STUMHU JBYMS CBOWCTBAMH HW3MEPCHHS WLIIOCTPUPOBAaHO B prcyHke 3.1.
Hcnonws3ys KUIKOCTh KaK MPUMEpP, PaCIUIIONIEHHAs KPUBasl MPEICTABISIET
(dakTUYEeCKyl0 WM  peallbHyl0 Temmeparypy. BepxHee wu3MepeHue
WUTIOCTPUPYET TOYHBINA, HO HETOYHBIM MHCTPYMEHT, B TO BpeMsl Kak Ooliee
HU3KOE WM3MEpPEHUE WUIIOCTPUPYET HETOYHBIA, HO Ooyiee TOYHBIN
WHCTPYMEHT. Y MEPBOr0 MHCTPYMEHTA €CTh OOJIbIas OMMOKA, Y MOCIEIHErO
ecth Oombinuit apeitd. ([peiih: HexenatenTbHOE W3MEHCHHUE B IMPOAYKIIHH,
4TOOBI BBECTU OTHOIICHUS B TEUCHHE BPEMEHNU. )L,

20 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 30-31.
21 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 32-33.
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o

100 Precise, inaccurate

80

Temperature

Imprecise, accurate

Y

60

Puc. 3.4. ToyHOCTB 110 OTHOLIEHUE K TUIIMYHOMY TEMIIEPATYPHOMY U3MEPEHUIO

YyBCTBUTEJIBHOCTD

BooO1ie, 4yBCTBUTENBHOCTh OMpPEIEICHA KaK KOJIUYECTBO M3MEHEHUS
B BBIXOJHOM CHTHaje da MEepeJalolluidi 3JIeMEeHT MpeolOpa3oBaTess K
YKa3aHHOMY H3MEHEHUIO BO BXOJHOW IEPEMEHHOM, U3MEPSEMOM, TO €CTh
ATO- OTHOLLIEHHE U3MEHEHUS BBIXOJHOTO CUTHAJIA U3MEHEHUS BO B3BEILICHHOU
NEPEMEHHOM M SBJISETCS  YCTAHOBHUBIIMMCS ~ OTHOUIEHUEM WM
YCTAaHOBUBLIEHCS BBIFOAOW d3jieMeHTa. Tak, yeM Oobllle HW3MEHEHHE
BBIXOJJHOTO CHUTHaJla OT [epeAaTdyrka mpeoOpa3oBaTens sl JaHHOIO
BXOJIHOTO HM3MEHEHHUs, TeM OOJIbIIE YyBCTBUTEILHOCTh MMEIOLIETO Pa3MEPHI
DJIEMEHTA.

BBICOKOUYBCTBUTENBHBIE YCTPOWCTBA, TaKUE KAK TEPMUCTOPHI,
MOKET M3MEHUTh COINpOoTHBIeHHE Ha Henbix 5% Ha °C, B TO BpeMs Kak
YCTPOMCTBA C HU3KOM YYBCTBUTEIBHOCTBIO, TAKHE KAaK TEPMOINAPBI, MOXKET
IPOM3BOMTE BBIBOJ HAIIPSKEHUE, KOTOPOE MeHseTcs Becero Ha 5 uV (5 x 10°®
V) B °C.

Btopoil BuI 4YyBCTBUTENBHOCTH, BAXKHOM JUISI HMMEIOIIUX Pa3MEpPBI
CUCTEM, ONpEIEJEH KaK CaMO€ MAaJEHbKOE HW3MEHEHHE BO B3BELICHHOU
NIEPEMEHHOM, KOTOPAasi BBI3OBET M3MEHEHUE B BBIXOJAHOM CHUTHAJIE DJIEMEHTA
OLLYILICHUSI.

Bo MHoOruX (m3nueckux cuUcTemMax, 0OCOOCHHO Te€, KOTOphIC COAep Kat
pbIYary, peJaKTUPOBaHUS U MEXAHUUYECKHUE JIETaIM, €CTh TEHACHUINS IS 3TUX
JBYDKYIIMXCSI YacTei, YTOObl MPUKPENUTh U UMETh HEKOTOPYIO CBOOOIHYIO
Urpy.

Pe3ynpTaT 3TOr0 COCTOMT B TOM, YTO MAaJE€HBKHE BXOJHBIE CHTHAJIbI,
BO3MOYKHO, HE MPOU3BOAIT OOHAPY>KUMOTO BBIXOAHOIO CHUTHasa. YTOOBI
JOCTUTHYTh BBICOKOW YYBCTBUTEIBHOCTH, HHCTPYMEHTBHI JOJKHBI OBIThH
XOpOUIO pa3pabOTaHbl U XOPOIIO- MOCTPOEHHBIH.

BocnpousBoaumocTb
bimu3ocTe  cornameHuss MeXAy ~MHOTMMM  IIOCIJIE[OBATEIbHBIMU
U3MEPEHMSIMU TPOAYKIMM JUIi TOW KE CaMOM LEHHOCTHM BXOJa MOJ
UJACHTUYHBIMU HKCIUTYyaTallMOHHBIMH PEXKUMaMU, TPUOTMKAIOUUMUCS OT
TOTO K€ CaMOr0 PYKOBOJCTBA JUIsl TPAHCCTUXOB MOJHOTO CHEKTpPa, OOBIYHO
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BBIPAXXAETCS] KaK BOCHPOU3BOJAMMOCTh B TMPOLEHTE NPOMEXYTKa. IJTO HE
BKJIFOYAET TUCTEPE3UC.

JInHamMuKka naTumka

JIBKy1pe cHIIbl Tiporiecca OblIi 00cy>kaeHsl B I'maBe 1, u 9TH Te ke
camble (haKTOpbl OyIyT OTHOCUTHCA AATYHK, ACTAIOMIUNA 3TO BaXKHBIN, YTOOBI
[OJy4YUTh TIOHMMaHuE€ AWHAMUKHM JaTyvka. CKOpOCTh OTBETa OCHOBHOTO
JJIEMEHTa HM3MEPEeHUs 4YacTo- OAMH U3 Hauboliee BaXHBIX (DaKTOPOB B
orepanuu aucrerdepa oOpatHoil cBsi3u. [10cKoONbKYy yrmpaBieHHE MPOLECCOM
SIBJISICTCS] HEMIPEPHIBHBIM M JUHAMUYHBIM, YPOBEHb, IIPU KOTOPOM JTUCHETUEP
B COCTOSHUM OOHapy»XUTh HM3MEHEHHs B IIpolecce, OyIeT BaXXeH IIOo
OTHOIIIEHUIO K MOJHON OTEPAIIUH CUCTEMBI.

beicTpble  gaTYMKM  MO3BOJSIIOT — aucneTdepy  (QYHKIIMOHHPOBATH
CBOEBPEMEHHO, B TO BpeMsI KaK JaTUUKU C OOJBIIUMH KOHCTAHTAMU BPEMEHU
SBJISIFOTCSL. MEJIEHHBIMM M YXYAIIAIOT MOJHYIO OINEpaluio 0OpaTHOM CBS3U.
N3-3a ux BAMSHMS HA OTBET METJIM, IUHAMUYECKUE OCOOEHHOCTH JTaTYMKOB
HY>KHO pacCMOTPETh B UX BBIOOPE U YCTAaHOBKE.

Bb10op mapamMeTpoB ycTpoiicTBa

Muoro (akTOpoB HYXHO pacCMOTpPETh TMepel] ONpPECICHHBIM
CPEICTBOM H3MEPEHMs Mpoliecca NmepeMeHHas (00beM IJIa3Mbl) MOXKET OBbITh
oToOpaHa J1st 0co00# MeTu:

* HopmanbHbINi [OHama3oH, MO KOTOPOMY OOBEM TUIa3Mbl MOJXKET
U3MEHUTHCS, M €CITA €CTh KaKue-ITM00 KPaHOCTH K ATOMY

* TOYHOCTB, TOYHOCTH U YYBCTBUTEIBLHOCTD TPEOYIOTCS JIJIST H3MEPCHHSI

* JIlunamuka gaTduka Tpedyercs

* Hanesxxaocts, koTopast TpedyeTcst

* BoBneyeHHbIe 3aTpathl, BKJIIOYAs YCTAHOBKY M DKCILTyaTallMOHHBIC
pPacXoJIbl TaK K€ KaK 3aTpaThbl MOKYIIKU

* UHCTaNnsmmoHHbie TpeOOBaHUS U MPOOJIEMBI, TAKUE KaK pa3Mep U
orpaHu4eHHs (OPMBI,

OTJIAJICHHAA TIepeiada, KOPPO3UUHBIC KUIKOCTH, B3PHIBUATHIC CMECH,

U T.J.

MeToabl IIyMONIOAABJIE€HHUS

HexoTtoprie u3 Gosiee 0OMIMX METOJOB JJIsI TOr0o, YTOOBl YMEHBIIUTH
WM Ta)Ke YCTPAHUTH DJICKTPHYCCKHU BbI3BAHHBIN IITyM:

» Ucnonvzosanue nepedamuuxos, mo ecmv Oas mMepMonap. CHUTHAI
SBJIIETCSI 00JIee 3/IpaBbIM K IIYMYTIO OOJIBIIMM paccTosHusIM. Kak mpasuiio 4-
20 mummamriep.

» Ocpascoennas/sumasn napa xabens. CKpydyuBaHHE CIIETAHO, YTOOBI
pacienuTh MPOBOJIa OTBBI3BAHHBIC TTOTOKH OT U3MEHEHUS DJICKTPUUYECKUX U
MarHUTHBIX TIOJIEH, KOTOPhIE MOTYT CyIIeCTBOBaTh. [IpuHIUIT CKpydYnBaHUS-

46



TO, YTO PAaBHBIC HAMPSDKCHHS BBI3BAHBI B KAXKJAOW TETJIEC WCKPUBICHHBIX
MIPOBOJIOB, HO MPOTHUBOIIOJIOKHON (ha3bl, KOTOpAs 3aCTaBIISIET MX OTMEHHUTb.

» Kpyeoobopomur AC-unoykmuenou-naepysxu. Jns AC-UHIYKTHBHBIX-
Harpy30K, UCIOJIB3YHTE TOJDKHBIM 00pa3oM HOMHHAIBHOTO MOBa 4epe3 Ipy3
napajulelbHO C CEPHMHBIM JeMI(PEpOM TUCTAHIIMOHHOTO YIPaBJICHHUS.
O} dexTuBHBIA EMKOCTHO-PE3UCTUBHBIN KPYrooOopoT Aemrdepa cocTosn Obl
u3 0.1 uF koHaeHCcaToOpoB MOIXO0IAIIEr0 HOMHUHAIBHOTO Hanpsbkenus, u 47 W
0.5 pesucropa W.

*  Kpyeoobopomui DC-unoyxmusnoti-nazpy3sxu: s DC-
WHIYKTUBHBIX-HArPy30K, WCIOJB30BaHUS AHOAA 4Yepe3 rpy3 d(PdexTrBeH,
€CJIM TIOJSIPHOCTh TIpaBWIIbHA. Mcronb3oBaHUEe EMKOCTHO-PE3UCTUBHOTO
Kpyroo0opota aeMidepa MOKET ObITh J00ABJIEHO KaK MOBBIIICHHUE.

JIuHeapu3anus CUrHAJIA

Korma mnpomykuusi ycTpoWcTBa OTBEYAaeT MPU IPOMOPIHOHATHEHOM
YpOBHE Ha HW3MEHEHHUS BO BXOJIe, TOrJa YCTPOWMCTBO JHMHEHHO M €CTh
MOCTOSIHHAS BbIro/a (MpoayKIus/ BXO/) MO MOJHOMY CIIEKTPY OIepalvu, 1
PE30IOIMUST OCTAeTCsl MOCTOSIHHOM. Eciii OTBET WM peakius HEKOTOPOro
YCTPONCTBA B CHUCTEME HE JIMHEWMHO TOI/a, 3TO, BO3MOXHO, JOJKHO OBITH
C/IeJIaHO JIMHEHHBIM, MOTOMY 4YTO €CTh JIBA OCHOBHOIO MpOOJEMBbI, KOTJa
YCTPOMCTBO HE JIMHEWUHO:

1. I3MeHeHus BBITOABI

2. I3MeHeHune penieHus] 1 TOYHOCTH.

B cucreme ympaBneHHs €CTh TpHU Crmoco0a COCTAaBISTh HEIMHEHHOE
o0opy0BaHUE:

1. OcHOBHOE 3asiBJICHHE Ha CAMOU BBICOKOI BBITO/E

2. UsmepwTe BBITOAYy B psife BompocoB 3. M3meHuWTe BBITOLY Kak
GYHKITUIO IEPEeMEHHOM mporiecca.

Bonee mpocToit criocod mpeo0yieTh JIF00YH HETUHEHHOCTh COCTOUT B
TOM, YTOOBI JTMHEAPU30BATh CUTHAJI TIEPEABBIYUCICHHUS CUCTEMBI YIIPABIICHHUS.

3.5 Kparkuii 0630p BocbMH U3 Han0oJiee 0CHOBHBIX THIIOB
pacnpeneIuTeILHbIX KIANAHOB

B OGoybmIMHCTBE CHCTEM YIMPaBICHUS IPOIECCOM 3aKITFOYMTEIIbHBIN
DJIEMEHT KOHTPOJS, KOTOPHIM Be3eT MPOAYKIHS oOpaboTaiiTe KOHTpOILIEp,
0OBIYHO HEKOTOpas (popMa KiarmaHa. ITa rjiaBa CIY>KUT, YTOOBI MPEJICTABUTh
CTyZCHTA BOCHMH u3 HanoOoJee pacnpoCTpaHEHHBIX  THIIOB
pacnpeeMTeIbHBIX KIalaHOB, YCTPOWCTBA yAYIICHUS TOTOKA U OCHOBHOM
JMara3oH MPUBOIOB TOJIOBOK UMEHM OOBIKHOBEHHE YIIPABIISATH UMHU.

Pazmmunple TUMBI pacCMaTPUBACMBIX KJIAMAHOB, 3aITyCKAIOIIUXCS C
KpaTKoro o030pa M OOIIEro ONMUCaHUs, TUIIOB W Pa3u4uil B TMpeaesiax ux
MPOU3BEICHHBIX JUANA30HOB, Pa3MEPOB, IPOCKTUPYIOT JABJICHHUS U TUAMIA30HbI
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TEMIIEPATyphl W WX CEPUUHOCTh. JItOObIE CHeruaNbHbIE TPU3HAKA WU
VICIIOJIb30BAaHUE, KOTOPOE MOXKET UMETH KJIallaH, TAK)KE OIKUCAHBI.

HIapoBbie KiIanaHbl

Kparkuit  0030ppOoTaliMOHHBIM  ITAPOBOM  KJIallaH, KOTOPBIA HMEN
OOBIKHOBEHHE PAacCMaTPUBAThCS KaK PEJIEHHBIN KilanaH OTKIIOYEHHUs, TEephb
UCIIOJIb3YEMBIA BIIOJIHE DKCTECHCUBHO B KayeCTBE YCTPOMCTBA YIPABIICHUSA
noTokamMu. HexkoTopsle U3 NMpenMyIecTB BKIIOYAlOT HUKE CTOMMOCTb U BEC,
BBICOKYIO IPOIYCKHYIO CIIOCOOHOCTB, TPYJIHOE OTKIIOYEHHE M Oe30macHbIe
oT orHs npoekTsl. lllapoBoii kiamaH comepX UT chEepUUECKUN IITETCEeNb,
KOTOPBIM YNPAaBISET MOTOKOM >KMAKOCTH 4epe3 Kopnyc kiamaHa. Illap wu
KJIalIaHbl KJIETKU OJIM3KO K TUHEHHOMY C TOUKH 3pEHUS MPOLIEHTA MMOTOKA WM
pe3ioMex TpOLEHTy BpallleHHs INapa WX OCHOBBL. TpHM OCHOBHBIX THIIA
11apOBOI0 KJIAIIAaHA YIIOMSAHYTHI HUXKE.

O).,. 1=

——

Orifice

Open Throttling Closed

100 I I
Conventional __| | f/

/ N
| —— V-notch

Vi
Ball and cage f
\ — U-notch \ Characterized
7 ball valves
——11_ Parabolic-
i A notch

0 20 40 60 80 100
% Rotation

oo
o

(=2]
o

% Flow or Cy

B
o

o 3
\§
v
A\

Puc. 3.5. Xapaktepusyemblii IapoBO KJIamaH ¢ napadoIMuecKoi METKON- MOYTH paBHBIN
MPOLIEHT, B TO BpeMs KaKk 0COOEHHOCTH 11apa U KJIETKH OJKe K TMHEHHOMY, Kora
UCTIONB3YIONINICS Ha Ciry>k0e BojgocHaOxkeHus. Ha ra3oBbIX yciayrax B KpUTHUECKUX
CKOpOCTSIX XapaKTepHU3yeMble JIMHUM [IapOBOT0 KJIalaHa MPHIBUTAI0TCS MOOIMKE K
JINHEWUHOMY
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Knananpi-6a00uxu

DTO- OJIMH U3 CaMbIX CTapblX THUIIOB KJallaHOB BCE e€IIe B
UCIIOIb30BaHUM, jAatupyromemcs ¢ 1920-pix. DTO0  ACMCTBYeT  Kak
YBIOKHUTEIh WU KaK KJamaH Jpocceiss B TpyOe M COCTOMT M3 JHUCKA,
BKJIFOYAIOLIETO JAMAMETPATIbHYI0 och??. Kak mapoBoil KiamaH ero BpalleHue
NPUBEACHUS B JCHCTBHE OT IIOJIHOCTBIO 3aKPBITOTO JUIS ITOJHOCTBIO
otkpbIToro seisercsa 90 °. BeaencTBue TOro, 4ro JUCK MOJXKET JICHCTBOBATH
KaK KpBUJIO B TJIABHOM ITOTOKE IIOTOKA, KOTOPHIM OH YIPAaBIISET, 3a00Ta
JOJKHA OBITH  OCYIIECTBJICHA, YTOOBI TapaHTUPOBaTh, dYTO JIOOOE
MIPOMCTEKAIOIIEE YBEITNICHIE BPAIIAIOIIIETO MOMEHTA MOXKET OBITh MOTJIOMICHO
MPHUBOJIOM T'OJIOBOK KOHTPOJIS, HCIIOJIb3yeMbIM (pUCYHOK 3.3).

Closed Throttling Open
(Damper (Damper
perpendicular parallel
to flow) to flow)

N

Typical
general purpose

(0]
o

N\
AN

100 24 in. (0.61 m)
///’7‘_' High-performance
L
4
e

% Flow or Cy,
i
o

___ 2in. (50 mm)
/ High-performance

o

o] 20 40 60 80 100
% Rotation (of 90°)

Puc. 3.6. [TnacTuHUaTHIE MTOJIOKEHUS IPOCCETBHON 3aCIIOHKH

Hudposbie KianaHbl

[udpoBble KiamaHbl BKJIIOYAET TPYIIy JJIEMEHTOB KIanaHa, WM
HOPTHI, COOpaHHBIC B 00IIee KOJUIEKTOP (pUcyHOK 3.5). YV KaKI0ro 3JeMeHTa
€CTh JIBOMHBIE OTHOILIEHUS C €ro COCEelIOM, YTO O3HA4aeT, YTO, HAUWHAsACh C
CaMOro MAJEHBKOTO TOpPTa, CIEAYIOIIMNA TOpPT- JABAKABI  pa3Mep
npeapiaymiero. [ 1aBHbIe MPENMYIIeCcTBA ATOTO TUTA KIIallaHa- CBOSI BBICOKAs
CKOpPOCTb, BBICOKash TOYHOCTh U (PAKTHMUYECKH HEOTPAaHHMUEHHAs] CEpUIHOCTb.
Hx camoe 6onblioe HEy100CTBO- UX BBICOKAsi CTOUMOCTb.

22 \Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, p.p. 66-67.
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= g

Puc. 3.6. B mudpoBom kinamnane

Kaanansl mnagparmer Conaepca

Kparkuit 0030p Conpepc unu kianaH auadparmMbl HHOTJA TaKke
YIIOMUHAETCSI KaK KIanaH IJIOTUHBI (pUCYHOK 3.6). DTOT KianaH pabortaert,
nepeMenias ruOkyro nuadparMy K WIM JAIEKO OT IUIOTHHBI. DTOT KJamaH
MO’KHO pacCMOTPETh KaK MOJOBUHY KJalaHa MOBBILIEHUS, TOCKOIbKY TOJIBKO
ofHa jauadparMa  UCHOJB3YETCS, IEPEMEILAIOIIUICS  OTHOCUTEIBHO
HENOJBWKHOW IUIOTHHBI; HM3-32 3TOrO OJIHAKO HMX OCOOEHHOCTH IOTOKa
no/100HbI. Y HOpMalibHOTO KianaHa CoHziepca ecTh TEJO ¢ CEKIIMEH CTOPOHBI
B opme niepeBepHyTOl popmbl U, ¢ nuadparmoii, 3akpbIBaroIieil oTBEpCcTUE
HaBepxy. THUIl MOJHON CKyKHM Take JOCTYNEH, Y KOTOpPOro €cTh, KOIJa
MOJTHOCTBHIO OTKPBITHIM, TTOJHOCTHIO OKPYTJICHHAsI CKyKa, KOTOpas SBIIACTCA
BAXHOM OCOOEHHOCTBIO IETKH IIapa, yOwuparomed Kak Tpedyercs B
3afBIICHUSIX KaK TIMIIEBas MPOMBIIUICHHOCTh. HyXHO OTMETHTH, YTO
MEXaHUYECKOE TOBPEKACHUE MOXKET TMPOU30HUTH, OTKpPBIBAsS OSTOT THI
KJIaraHa IPOTHB BaKyyMa Iporecca’,

KoHTpoJibHBIE BOIIPOCHI:
1. Onpenenenne yCTOMUMBOCTH U MMOCTPOCHUE MEPEXOIHOTO Mpoliecca
penerinoi CC.
AJlTaniTUBHOE yTpaBJIEHUE.
CpencTsa BBOJIa M BBIBOJ1a MH(OpPMAITUH.
Bb1600p OCHOBHBIX DJIEMEHTOB CIEISIICH CUCTEMBI.
Crpykrypa u (yHKIIMH THOKOTO aBTOMATU3UPOBAHHOTO MPOU3BOJICTRA.

ko

Hcnonb30BaHHbIE JTUTEPATYPHI:

1. Wolfgang Altmann, Practical Process Control for Engineers and
Technicians: Jordan Hill, Oxford 2005, 304 p.
2. Ad Damen Modern Control Theory Prentice Hall 2002 460 c.

23 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford 2005,
p.p. 68-69.
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IV. MATEPUAJIBI TIPAKTUYECKWX 3AHATHIA

1-npakTuyeckoe 3aHsATHE: YIPaBJIeHUS TEXHOJOTHYEeCKIMU MPoleccaMmu

Lean padoTel: M3ydeHnss aBTOMaTHUECKOTO PETyJIUPOBAHUE YPOBHS
IMocToHOBKA 3a1a4M. ABTOMAaTH3UPOBATh OOBEKT PETYIUPOBAHNE YPOBHS
1) ManunyaupoBaHUe MePEMEHHBIX (BXObI): (2, U3;
2) KouTtponupyemslie iepeMeHHbIe (BbIX0bI): ¢3, H (ypoBeHb);
3) OcHOBHOE HapyIlIeHNE: HEYNPaBIIEMbIC BO3ACUCTBUS: (1,
HEYTPAaBJISIEMbIC HE3HAYUTEILHBIE BO3JICHCTBUSA: C1;
4) H3mepsiemblie mapameTpsl: ((1,C1)

micasured
|'|:|:.'|.‘|I1|l'~'. ) '_é
i .:;:i.{.

MarpuuHoe oToOpaxeHue npoiiecca (0T BXOJO0B K BbIXO/1aM)

I:l|'_" I:l|'-'
'y | - {l

H I+ |-

OGpaTtuTe BHUMaHHUE, YTO (3 HE OKA3hIBAET HUKAKOTO BIUAHMA Ha ¢3.24
3) CTpYKTYypHBI yIIpaBJIeHHS

a.) ynpasJjieHue ¢ 00paTHOM CBA3bIO
B naHHOM ciydae [OBOJIBHO OYEBHIHO, TaK KakK €JUHCTBEHHBIM BXOJ
(ympasisitoiiasi epeMeHHasi), 4TO BIMSIET Ha C3, 3TO (2. [losTomMy MBI
KOHTPOJIMPOBATh KOHILIEHTPALUHIO C3 MyTEM MAaHUIYJIUPOBAHUS MOTOKOM (.

24 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, 304 p. (cT. 268)
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Vposeun H 3areM, yopasisgeTcss ¢ mOMOLIbI0 (3. TakuM o0pa3oM, MBI UMEEM
2
CJICTYIOIIHE ITUKIIBI 0OPAaTHON CBSI3H
g2 <->C3
q3 <-> H
ITockoabKy HM3MepeHHe Cz HIET MEIJICHHO, MBI OXKHJAeM, 4YTO MEJICHHOE
9 2
pEeryJIMpoOBaHKE HEYIOBIETBOPUTEIBHOE JIJIsl KAUeCTBA YIIPaBIICHUSI.

0) KOHTPOJIb NPAMOM CBA3HI0

OcHOBHOE BO3MYILEHHE (1 B 3TOM H3MEPEHHE HCIOIb3YET MPSMOi
KOHTPOJIb. DTO MO3BOJSIET HAM MPOTHUBOACHUCTBOBATH BO3JICHCTBUIO, MPEKIE
4YeM OH JIOCTUTHET MakCHMyMa Ipolecca U M03TOMy oOecrneuuBaer Oosiee
OBICTpOE YIIpaBJICHUE.

Ilenp cocTtouT B TOM, 4YTOOBI MOJAEPKHUBATh KOHCTAHTY C3, 4TO
COOTBETCTBYET IMOJIICPKAHUIO TOCTOSTHHOU (o/ (1.

Takum o6pazom

1. Coznaiite MO/IeNIb CUCTEMBI JIJIs yIpaBiieHus (a,0)

1. PaccuuTaiite napamertpsl peryistopa B cpeae MATLAB

2. Onpenenure cTaOUIBLHOCTH CUCTEMBI.

KoHTpoJibHbIE BONIPOCHI:

1. Hatunku. Knaccuduxaius 1 OCHOBHBIE XapaKTEPUCTUKH.

2. Onpenenenue pene. CtaTuueckasi XapakTepHUCTUKA PEIE.

3. DIEKTPOHHOE PEJIE BPEMEHHU.

4. Cenbcunsl. PexxumMbl paOOTBHI.

5. HazHaueHue ynpaBisieMOro BBITPSMHUTEIIA.
Hcnonb30BaHHbIE JIUTEPATYPbI:

1. Wolfgang Altmann, Practical Process Control for Engineers and
Technicians: Jordan Hill, Oxford 2005, 304 p.

2. Ad Damen Modern Control Theory Prentice Hall 2002 460 c.

3. Yusupbekov N.R., Muxamedov B.l., G’ulomov Sh.M. Texnologik
jarayonlarni nazorat qilish va avtomatlashtirish: Darslik. —Toshkent:
O‘qituvchi, 2011.-576 b.
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2-npaKTHYecKoe 3aHsITHe:
OcHOBHBIE IPUHIMIIBI YIIPABJIEHUS CJI0KHBIMHM TEXHOJIOTMYECKUMHU
npoueccamMu

Heapb padortel: [IpumeHeHns pexXKUMOB pabOTHI CUCTEM YITPABIICHUS.

IocranoBka 3agaun: PeryaupoBaTh OCHOBHBIX [TapaMETPOB
MPOU3BOJICTBA.

B emkocTHOM anmapare HENPEPBIBHOTO JAEUCTBHS C MEIIAIKOU M
pyOalkold NPOUCXOIUT CMEIIMBAaHUE [IBYX IIOTOKOB (KOMIIOHEHT A,
KOMITOHEHT

B). Cmemienue J0KHO MPOUCXOAUTH MpU Temreparype 65 °C s
4yero B pyOallKy anmnapara HoJaeTcsl TEIIOHOCUTENb. 1'0ToBbIM nmpoaykT, pH
KOTOPOTO J0JDKEH HaxoauTcs B rpanumax 5,5 £ 0,5 ex. pH, orbupaercs cauzy
amnmapara.

[IpenycmoTpeHo:

* peryinupoBaHHE YpOBHS pacTBopa B ammapate 1 + 0,1 m 3a cuer
WU3MEHECHHS MPOAYKTa U3 anmapara (KoHTyp 1);

* peryimpoBaHHE TeMmIlepaTypsl B ammapare 65 £ 3 °C 3a cuer
WU3MEHECHHUS T10JIa41 TEIIOHOCHUTENS B PyOamKy (KOHTYp 2);

 perynmupoBanne pH mpoaykra 5,5 £ 0,5 ex. pH 3a cuer u3mMeHeHHs
1ojja4u KOMIoHeHTa A (KOHTYp 3);

¢ KOHTPOJIb CYMMApPHOTI'O pacxoada KOMIIOHCHTA B na anmapar KOHTY
y
4)l 25

KomMnomeHT A ﬁlu_lhﬂﬂ.\lllﬂllclll B
| : _;'

L I‘J_—,.::‘l
[ WY
-r-\-‘| -‘— _
TenIoHoOCHTEE
. ([—_IL'
. L

EMKOCTHOM anmapar ¢ Memaikon

% Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill,
Oxford 2005, 304 p. (ct. 260)
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[lepeueHb KOHTPOIUPYEMBIX U PETYIUPYEMBIX TAPaMETPOB I CUCTEMbI aBTOMATHU3aI[MM €eMKOCTHOTO armapara

Tabmnma 1
Haumenosanue Janannoe Haumenosanne XapakTepHCTHEA Cpelkl
napamerpa, mauenne | OTobpawenne c P'EF}'-WP}’;““JE‘ B MECTAX YCTAHOBKH
MECTo oThopa napamMer- I = nl:ﬂn:l:;r.:;“ c;r;
Ne | MIMEPHTEILHOTO pa, Aomyc: P & 'mu;mm ery-
e I THMBIE | [o0=- | peé=  CVM | CHT | & " 'mu[:e nif NATYHKOE PErVAHpPYIO-
) OTKAONE- | ga- | rm- | MM | ma- | = Egraua UIHX OPTaHOB
Hi ia- | (Tpa | po- | JaH- E Venorurii arpec- | mokape- | arpec- | noAapo-
mue | umA | Ba- | 3a- | S| ;poxon Tpyfio- | CHBHAs | RIEETC) cHBHAR | W BIPRS
N BOGIEAC- EGomac-
HHE | HHA ﬂpﬂnﬂ,ﬂﬂ HaA Has
1 2 3 i 5 (i 7 B 9 10 11 11 13
. i - - - i .
! Ypoveus pacTeopa B an- | 1 £ 0,1 m VaueneHme or 1A HET HET HET
i Oopa pacTeopa
: 3 Annapara
p | TesnepaTypa pacTopa® | o5 4 30 + t - - # | Hamenenne no- 1 HeT _— -
annapate JA4H TETUoHD-
CHTEA B py-
Damky
i -
3 | pHrorosoro npoayeTa 33 %05 4 + - - + Mnaeneie 1o Aa HET HET HET
en pll JA4H KOMM0-
HEHTa A
T ].l' =
4 Pacxnixﬁ:lr;:;ﬁm B | 2+25mM | . . . . - HeT i i
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Kosmnoment A

Kovnonent B
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Puc. 22. Cxema aBTOMAaTu3alu CMKOCTHOI'O allltapara
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Criermudukanys Ha IpUOOPHI U CPEACTBA ABTOMATH3AIUN

Tabmuna 2
Hao- Ko-
Mep Hanmenosanne o kpaTkan Tun Mpame-
mosn- | YAPAKTEPHETHEA npaiopa npuiiopa ARNE- YAHHE
CTBO
UHH

Texnonornuecknii kontponanep monobnounuil TEM - 52 | paGoraommi
coemecto ¢ [19BM

Jartuuk a1 wiMepenns ruj-

la POCTATHYECKOTD JABISHHE, Merpan -100 T ]

BEIXO] TOKOBRI yHHGHLR-

POBAHHLIT
2a Hatunk Temneparypul TCI Metpan 205 1
3a Jarunk pH - meTpa AM - 5M 1
15 [Ipomsimnennsi HaMepH- pH - 4120 1
TeAsHL npecdpasosatens |
., 16, FNeKTPONHEEMONpPEDDpaio- 3T - 1324 3
26, 3s BATEN
Knanan perynupyionnii c
I8, | nuesmatnuecknm menonmn- | 25y 50w (H3) 3
2w, 3r

TENLHEM MEXAHHIMOM,
HOpMaNLID 'iill(pl-lTL.li"[

KonTpo/abHbIE BONIPOCHI:

1. Haznauenue npeoOpazoBaTeisi 4aCTOTHI.
2. OnepauroOHHBIN ycuauTeNb. Peanu3aius cioxeHus 1 UHTErpUpPOBaHUSL.
3. Jlornueckue snements! “UIINA”, “U”, “HE”, “NJIN - HE”, “U - HE”.
4. OCHOBHBIE JJOTHYECKHUE ONepannu. 3akoHbI e Moprasa.
5. KoHCTpynpoBaHHE JIOTHYECKUX YIIPABISAIOIIMX YCTPOMCTB HA OCHOBE
JIOTUYECKUX BbIpakeHUi. [TpuBecTr mpruMepbl KOHCTPYUPOBAHUSI.
6. [Tomyuenue oruyeckux PyHKIMMA MO 3aJaHHBIM Ta0JIMIIaM UCTUHHOCTH.
[Tpumep.
6. Cucrema aBTOMaTUYECKOTO PETYIUPOBAHUS YTIIOBOM CKOPOCTH
AIIEKTPOJABUTATEINSI IOCTOSIHHOTO TOKA.

Hcnosb3oBaHHbIEe JUTEPATYyPHI:

1. Wolfgang Altmann, Practical Process Control for Engineers and
Technicians: Jordan Hill, Oxford 2005, 304 p.
Ad Damen Modern Control Theory Prentice Hall 2002 460 c.
3. Yusupbekov N.R., Muxamedov B.I., G’'ulomov Sh.M. Texnologik jarayonlarni
nazorat qilish va avtomatlashtirish: Darslik. —Toshkent: O‘qituvchi, 2011.-576
b.

N
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3-nmpakTU4YecKoe 3aHsTHE:
Pe:xnMbl paGoThl CHCTEM YNPABJIEHUS MPOIECCOM

Heab padortbl: [IpumeHeHNs pexXKUMOB pabOTHI CUCTEM YITPABIICHUS.
IHocranoBka 3agaum: PerynmpoBaTh OCHOBHBIX ITApaMETPOB
IIPOU3BO/ICTBA.
PeaxkTop HelTpamu3anuu cyjibGo0yTnjioaeaTa BOAHLIM PACTBOPOM
aMMHaKa (IepuoaAnYeCcKoro aeiicTBus)

[Tpouiecc mportekaer B Tpu cramuu (puc. 1). 1 cragus: 3arpyska 1636 kr
Boabl (1 KOHTYp), BKIIIOUAeTCsl MeIIayika; 3arpy3ka /72 Kr pactBopa ammuaka (2
KOHTYp); co3aaHue BakyyMa (3 KOHTyp); 3arpy3ka 2697 kr cymnbdomaccel (4
KOHTYp). 2 cTaaus: nepememmBanue B TeueHuu 10 MuHYT; Temmeparypa mnpu
nepememmBanun (50 u 55 °C) perymupyercs 3a c4eT W3MEHEHHS IOJIa4H
xnagoarenta (7 koHTyp); KoHTpoab (0 4 5 M) ypoBHs (8 xoHTYp); u3mepenune pH
cmec (6 KoHTYp), ipu goctrxkernn 6,5 ea. pH nporiece 3akaHuuBaeTcs. 3 CTaaus:
BbITpy3Ka. COCTaBUTh 0030p COBPEMEHHBIX CUETYHMKOB — PAcXOJAOMEpPOB Ha
JKUJIKUE cpeibl. 20

L AP TIESCT
LQ;.*
ELpT POMEEET Boda
X AARTOTZEHT7
(Boda/

Puc. 1. Peaktop HelTpanu3anuu

26 Wolfgang Altmann, Practical Process Control for Engineers and Technicians: Jordan Hill, Oxford
2005, 304 p. (ct. 275)
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3ananmue 2
PexxuMbl YCTOMYHUBOCTH U YIIPABJICHUS 3AKPbITHIX Lenen

[Ipexycmorpeno (puc. 2):

*  pEeryaupoBaHUE TEMIIEpaTypbl pacIUIaBIEHHOIO OuTyma mepen
noctyiuienneM B cMecuteib (157 = 5 °C) 3a cuer ympaBicHHS 000rpeBacMbIM
kabenem (1 koHTYD);

* pETyJIMpPOBaHKUE U KOHTPOIb cKopocTH aBmkeHus mHeka (0 a 10 m/muH) 3a
cueT ynpasieHus asuraterneMm — M1 mHeka (2 KoHTYp);

* KOHTPOJIb YpoBH# chirydero marepuana (0 a 1 m) B Oyakepe (3 KOHTYD).

CocTaBuTh 0030p COBPEMEHHBIX ATYMKOB, KOHTPOJIUPYIOUIUX JIMHEHHYIO
CKOPOCTH JIBIYKEHUS (JIJIsI IIHEKOB, TPAHCIIOPTEPOB U T.1I.).

Pacnnad dumpma

iz

T J \t N (eumes
Herpaicmlio nooy CaysX ksl

Puc. 2. [Iponecc nonyuyenus matepuaia BUSOMAT

KoHTpoJibHBIE BOIIPOCHI:

1. 3agaun aBTOMaTH3aAUKH KOMITPECCOPHBIX YCTAHOBOK.

2. ITapameTpbl, KOHTPOJIUPYEMBIE B KOMIIPECCOPHON YCTAaHOBKE.

3. IlocnenoBaTenbHOCTD ICMCTBUMA, BBINOJIHSIEMAs anlapaTypoid aBTOMaTU3aluu
MIpU ABTOMATHUYECKOM ITyCKE U OCTAHOBKE KOMITPECCOPA.

4. ®yHKIMOHAJIbHAS CXEMa CUCTEMbl ABTOMATUYECKOTO PETYIUPOBAHUS JTABJICHUS
KOMITPECCOPHOU cTaHInu. HazHaueHue oTpuiiaTeIbHOM 0OpaTHON CBS3U TIO
JABJICHUIO.

5. [Ipouiecc OypeHust Kak 0ObEKT aBTOMATHUECKOTO YIIpaBiaeHusi. MeTo bl
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HAXOXKJIEHUS 1EJICBON (QYHKITUH.
6. Cuctema aBTOMaTHYECKOTO YIIpaBJIEHUs IpolieccoM OypeHus Ha 6aze
ynpasisionieit 9BM.

HUcnonb30BaHHAs JATEpaTypa:

1. Wolfgang Altmann, Practical Process Control for Engineers and Technicians:
Jordan Hill, Oxford 2005, 304 p.

2. Ad Damen Modern Control Theory Prentice Hall 2002 460 c.

3. Yusupbekov N.R., Muxamedov B.I., G’ulomov Sh.M. Texnologik jarayonlarni
nazorat qgilish va avtomatlashtirish: Darslik. —Toshkent: O‘qituvchi, 2011.-576
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V. BAHK KEMCOB

ABTOMAaTH3aIUS TEXHOJOTUYECKUX MTPOLIECCOB U CUCTEMbI ABTOMATHYECKOTO
yIpaBJICHUS

Buna keiica Hay4YHO-MCCIIENOBATEIBCKUM KEHC
Tun KeMca uccieI0BaTEILCKUN KeHC
Curyanusi. Ilo okoHuanuto 3 Kypca CTYIEHTBl HalpaBIsIOTCS  Ha
MPOU3BOJICTBEHHYIO  MPAaKTUKy, TMOJIYyYUB HWHAUBUAYAIbHOEC 3aJaHUE 1O
JTUCLHUIUIMHE «ABTOMAaTH3alUsl TEXHOJOTMYECKUX IPOLIECCOB UM  CHCTEMBI
aBTOMATHYECKOTO YIPABICHUS». DTO 3aJaHUE YBS3bIBACTCS C TEMOW KypCOBOTO
MPOEKTA MO JAaHHON JUCUHUIUIMHE, BHIMOIHAEMOE CTYJICHTaMU Ha 4 Kypce.
Bonpoc: Baie BujeHue JeATEIbHOCTH MPEANPHUSATHS B pakypce H3y4YeHUs
JTUCHUIUIMHBL  «ABTOMATH3alUsl TEXHOJOTUYECKUX TPOLIECCOB U  CHUCTEMBI
aBTOMATHYECKOTO  yIpaBlieHUs»:  Kakue  TEXHOJOTMYECKHE  MPOLECCHI
peanusytorcs Ha npeanpustau? Kakoe snekTpooOopynoBaHHE TMpU  ITOM
ucrosb3yroTcsi?  I'me  mpeaycMOTpeH  aBTOMAaTUYECKUA  PEeKUM  palbOThI
AIEKTPOOOOPYI0BaHUA?
3apanme 1: OxapaxkTepu3yiTe TEXHOJOTUYECKHM Mpoliecc, MPOU3BOJIMMBIN Ha
JTAHHOM TIPENNPUSATAN B COOTBETCTBUM C BRIOPAHHBIM MHAUBUAYAIbHBIM 33/IaHUEM
1 000CHOBAB BBHIOOP TEMBI KypcoBOro mpoekTa. Co3naiTe mpe3eHTaIuio, OTpa3uB B
HE BCE CTOPOHBI 3aJaHus, TMPEJICTaBbTE €€ Ha 3aHITUU JUCHUILUIMHBI
«ABTOMATH3alUSI TEXHOJOTMUYECKUX IIPOIIECCOB M CHUCTEMBbl aBTOMATHYECKOTO
yIpaBJieHUs» MPU PaCIPEICTICHUU TEM KyPCOBBIX MPOEKTOB.
Ha nepBoM 3Tare 3ajaHus, Ha OJJHOM W3 MOCJICIHHUX 3aHATUH 1o aucruruimHe (3
Kypc) mpernojaaBaTeldb MpeajiaraeT CTyACHTaM MPUMEPHBIA TepeyeHb TeM
KYPCOBBIX TPOEKTOB. ITOT CIHCOK COACPXKHUT YKPYMHEHHbIE OOBEKTHI
CEIbCKOXO3SIIICTBEHHOTO HA3HAYE€HUs, HAlpUMEpP: CBUHOBOJYECKHI KOMILIEKC;
YKUBOTHOBOMUEcKasi pepma; nrutiedadbpuka; s7eBaTop u T.I., T.€. MPEAnoIaraeTcs
BBITIOJIHEHUSI MHOKECTBA TEXHOJOTMYECKUX TMPOIIECCOB HAa OJHOM OOBekTe. B
3aBUCUMOCTH OT MeECTa TPAKTUKUA, THA€ CTYACHTBl TNPOXOIAT MPAKTUKY
OpPraHU3yIOTCA TPYIIBI CTyAeHTOB. l[lpemomaBarens ¢GUKCHUPYET CTYIEHTOB B
KaXJIOW Tpynne, BbIIACT 3aJlaHHE CTYJACHTAaM Ha MPAaKTUKYy B COOTBETCTBUU C
NEeATEIBbHOCThIO ¢/X mpennpustus. CTyaeHTaM JaeTcsi 3aJlaHue COCTaBUTH
NepeuyeHb YacTble MNpoOJeMbl B paboTe 3JIEKTPOOOOPYIOBAaHUSA I KaxAou
IPYIIbBL T.K. MaTEpUal OXBAaThIBAET BECh KYPC AUCIUILUIMHBI, TO CTYJICHTHl MOTYT
oOpamatbcsi K KOHCHEKTY Jekiui. [lociae oOCyX aeHusI U BBISBICHUS «CIIa0bIX»
MECT B CXeMax VyIpaBJeHUS dJIEKTPOOOOPYAOBaHUS COOTBETCTBYIOIIETO
TEXHOJIOTHUYECKOTO Mpollecca, Kaxaas rpymnmna MpeACTaBIseT W 3alllMIIacT CBOIO
paboty (muckyccus). C ydeToM MpeIoKeHUN APYruxX TPy COCTaBISETCS KapTa
3alaHds Ha TIPOM3BOJICTBEHHYIO TWPAKTUKY, PE3YyIbTaTOM KOTOPOTO OyaeT
WHJMBUAYaJIbHAsl TPE3CHTAIUsl CTYACHTa, KOTOpash OTPa)KaeTcsi B JHEBHUKE IO
NpaKkTUKE B pa3lielie «UHJIMBUAYAJIbHOE 3aJlaHhe» M COCTaBIsE€TCS Kapra
KPUTEPUEM OLICHKHU 3aJaHUsl.
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Ha BTOpOM »JTame BBINONHEHHs 3aJaHUs — OJHO M3 IIEPBBIX 3aHATUH 110
JUCLUIUIMHE «ABTOMAaTU3alMsl TEXHOJOTHYECKHX IPOLECCOB U  CUCTEMBI
aBTOMAaTUYECKOTO yrpaBieHus» (4 Kypc) 1O OKOHYAaHUIO MPOM3BOICTBEHHOM
IPAKTUKE CTYJAEHTbl KaXJOW TpyIIbl, BBIOpaB OJHY W3 NPE3EHTALUN, WIH
O00BEIMHUM HECKOJIBKO, MPEICTABISAIOT BBINOJIHEHUS 3a/1aHUs, OJyUYEHHOro Ha 3
Kypce. Popma 3aHATHS — KpPYIVIBIA CTOJN C MPUIVIALICHUEM IIPEACTABUTENICH
npousBoacTBa. Kaxaold rpynme BBICTaBISETCA PEUTHHIOBas OLEHKA B
COOTBETCTBUM C KPUTEPHUSMHU: CAMOOLICHKA, OLEHKA KaXIOW TPYMNIbI, OLECHKA
IPENoIaBaTesis, OLICHKA IPEeICTaBUTENIe TPOU3BOACTBA (paboToaaTenei).
Memoouueckue pekomenoayuu K Keucy.

1. [Ipoananu3upyiTe NpeaIoKEHHBIN PENOIaBaTEIEM KOHCIIEKT
JIEKIUHI 1O TUCIUIUIMHE «ABTOMATU3ALMS TEXHOJIOTHYECKHUX ITPOLECCOB U
CUCTEMBI aBTOMATUYECKOTO YITPABIICHUS.

2. M3yunTe TEXHOJIOTHYECKUE ITPOLIECCH] HA PEIITPUATHH, OTABAsI
IPUOPUTET AIIEKTPOOOOPYI0BAHHIO, paOOTAIOLIEMY B aBTOMaTHYECKOM
pexume. Beibepute TexHOIOTMYECKU Mpoliecc, o Kotopomy Bel Oyzaere
BBIIIOJIHATH KypCOBOE IPOEKTUPOBAHNUE.

3. M3y4yuTe 3JIEKTPUYECKYIO IPUHLIHUITHAIBHYIO CXEMY YIIPABICHUS
BbIOpaHHBIM AJIEKTPOOOOPYI0BAHUEM, 3AIUILIUTE AITOPUTM €€ pabOTHI,
JTaHHbIE YCTAaHOBKU; BBISIBUTE «CIa0bIe» MECTa B €€ aBTOMaTH3alUH (1S
JOpa0OTKU U UCHPABICHHS UX B KYPCOBOM MPOEKTE) UIH BBISIBUTE MOPAILHO
yCTapeBIlIee AIEKTPOOOOPYAOBAHKE, C LIETBIO MMOJTHOW 3aMEHBI Ha OoJiee
COBPEMEHHOE B MPOLIECCE KyPCOBOTO MPOEKTUPOBAHUS.

4, O3HAKOMBTECH C aHAIIOTUYHBIM 000PYI0BAaHUEM, MTPEAJIOKEHHBIM Ha
calTax NpeANPUATHI CETbCKOXO3SIMCTBEHHOU IESITETbHOCTH, HAYYHO-
MCCIIEN0BATENIbCKUX UHCTUTYTAX, BBIACINB HOBU3HY B CXEMaX YIPABJICHUS.

5. Co3zpnaiiTe mpe3eHTalNio, OTPa3uB B HEW JIEUCTBYIOIIEE
3JIEKTPOOOOPYI0BaHKUE, NHHOBAIMH JIJIsl CXEMBI YIIPABICHUS aHAIOTUYHBIMU
YCTAHOBKaMH CEJIbCKOXO3MCTBEHHOIO IPOU3BOACTBA.

6. ITo OKOHYAHHWIO MPAKTUKHU MTPEACTABHTE CBOIO ITPE3ECHTALINIO HA
3aHITUH TUCLUIUINHY «ABTOMATH3ALUs TEXHOJOTHYECKHUX MTPOLIECCOB U
CUCTEMBI AaBTOMATHYECKOTO YIIPABICHUS.

3aoanue 2: Pazpabomamv (yHKUUOHATIbHYIO CXeMYy A6MOMAMU3AUUU
mexnpouyecca KOHOUmMEPCKO20 nPOU3600cmaea.
Ymounenue zaoanusn
[Ipoananu3upoBath 3aaHUE U TEXITPOLIECC
Bri6paTh KOHTpOIHpPYEMBIE U PETYIUPYEMbIE TTapaMeTPhI
Bri6pats cioco6 BeimonaeHuss @CA
BriOpath npuOophl ¥ CpeIcTBa U3MEPEHUS
HauepTtuth cxemy B coorBeTcTtBuu ¢ ['OCT
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3ananme-3. PazpadoTka cxeMbl aBTOMAaTH3 AU
- MepeYeHb OTIECIECHUI (LIEXOB), arperaroB WM YCTAaHOBOK — KOHJIUTEPCKUN
1ex
- CTAAMMHOCTB IPOEKTUPOBAHUS — OJHOCTATUNHOE
- CIIOCO0 BBITIOJIHEHUS CXEMbI — aJPECHBIN UK 0e3aIpeCcHbI pa3BepHYTHIN
UCXOOHbIe MAMepUabl.
TEXHOJIOTMUYECKasl CXeMa IPOU3BOJICTBA OTIMBHBIX ITIa3UPOBAHHBIX KOH(ET;
IIEpEUYECHb KOHTPOJIIMPYEMBIX U PETYIHPYEMBIX ITAPaMETPOB:
TEMIIEpaTypa B YCTAHOBKE YCKOPEHHOW BBICTOMKH
TEMIIEPATYypa B II1a3UPOBOYHON MaIlMHE
YPOBEHb B OTJIMBOYHON MaIlIMHE
TEMIEpaTypa B OXJIaKJAIOUIEM KAy
-pacxo]i KOH(PETHON MacChl Ha OTJEICHUE
-YIIPaBJICHUE IPUBOJAMU.
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V1. TJIOCCAPU

Term/ Tepmun

IlosicHeHHe HA pycCKOM

Description in English

Arent/ Agent

AreHT mpencraBisieT coboit
KOMIIOHCHT aBTOMAaTH3alUuH
CA Ilpomecc, KOTOpBIH
TI03BOJISIET BBITIOJTHSATh
omnepaTopsl Ha XOCTE areHTa
WIM Ha YyJAJICHHOM XOCTE,
JIOCTYIIHOM XOCT€ arcHTa

yepes coeauHerne SSH.

An agent is a CA Process
Automation component that
allows you to execute
operators on the agent host
or on a remote host that is
accessible by the agent host
through an SSH connection.

Aaroputm/ Algorithm

HaGop (MaremMaTHYeCKHUX)
MHCTPYKUNNA WIN IPOLEAYP
TSt BBITTOJTHCHUS
KOHKPETHOW 3a/1ayM, TaKHe

KaK OIpEIEJIIEHUE MEpBI,

A set of (mathematical)
instructions or proce-dures
for carrying out a specific
task such as defining the
steps taken by an automation

NpUHUMAEMbIE  CHUCTEMOM | System.
aBTOMAaTHU3aIllnuu.

Basosas iunus/ Baseline | ba3zosas aunus | A baseline is a version of an
TIPE/ICTaBISAET co0o¥t | automation object that the
BEpCHIO 00BeKTa | content designer intends for
aBTOMATH3AlNH, 910 | save as a static version, for
AMSATHED Korrerta example, a version for
MnpcaHa3sHav4acTCA JUUISA
COXPaHUTH B pize | transitioning to production.
CTaTUYECKOM Bepcuy, | YOU cannot edit or save
HampuMmep, Bepcua 1A | changes to a  baseline
[Iepexoia K IPOM3BOACTBY. | version. You can have

Bel He MOXET HU3MEHHUTH
WM COXPaHUTb M3MEHCHHS
B 0Oa3zoBoii Bepcuu. Brl
MOJKET€ HMETh HECKOJBLKO
UCXOJHBIX YCIOBUUA
BEpCHUU, HO TOJBKO OJUH
TEKYIlasi BEpCHs.

multiple baseline versions,
but only one current version.

Bapsep/ Barrier

IIeperopoaxka WJIn
pazzenenue,

UCIIOJTh3YEMBIi TUTSt
M30JSIIUA WA U30JISALIUHU
ANEKTPUUECKOTO CXEMBI

WIM D3JICKTPUYECKUE YU
(xak ompexneneno B NEMA
Standard Pub. No. ICS 2,

A partition or separation
used for the insulation or
isolation of electric circuits
or electric arcs (as defined in
NEMA Standard Pub. No.
ICS 2, 1988).
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1988).

boa/ Baud

Ennaunna CKOPOCTH
nepenadyl CUTHAJIOB PaBHO
YHUCITY JTIUCKPETHBIX
COCTOSSHMM WM CHUTrHaJIa
coObiTHl B cexkyHay. Tawm,
rIe OJIMH OUT KOJAUPYETCS
Ha KaXKIOM CHUTHAJIM3allnu
COOBITHS, YUCIIO oon
COBIIAJIAET C YKCIIOM OuT/ C.
CwMm aubut (cTp).

A unit of signaling speed
equal to the number of
discrete conditions or signal
events per second. Where
one bit is encoded on each
signaling event, the number
of baud is the same as the
number of bit/s. See dibit

(page).

BKC/BCC

biok- KOHTPOJIbHBIN
CHUMBOJ. 2 B JIOTIOJIHEHUE K

Block-Check Character. The
2’s complement of the 8-bit

8- Ourosoil cymmbl (10 | gy (modulo-256 arithmetic
MOy 256 | <im) of all data bytes in a
apudmeTHueckas  cymma) ..
Beex GaiiToB JAHHEIX B transmission block. It
6noke  mepexaud. 1O provides a means of
obecreunBaeT cpenctso | checking the accuracy of
IIPOBEPKH TOYHOCTH | each message transmission.
KaXKJ10U rnepegadyu
COOOIIIECHUT.
ByneBa aareopa/ Boolean | AnreGpandeckuit  Mmetox | An algebraic  method of
algebra MaHUITYJIHPOBAHUS manipulating logic
JIOTUYECKUX YPaBHECHHUIA. equations.
I'azoananu3artop/ [Tpu6op, An instrument designed to
Analyzer TpeIHa3HAYCHHBI nus | obtain information about the

MOJIy4eHUs WHPOPMAIUU O
3HQYEHWH  KOHUEHTPAIUHU
U3MEPSEMOTO KOMIIOHEHTA

NI CYMMBI KOMIIOHCHTOB B

value of the concentration of
the measured component or
the amount of components in
the test gas mixture.

AHAUIM3UPYEMOW  Ta30BOU
CMCCH.
I'pynnel npuioxkenuii | I'pynma npuioxenuit | An application group is a
(CA EEM)/ Application | siBasetcs npoxykrom | product-specific group that
group KOHKPETHO rpymmsl, | can be assigned to a global
KoTopele ~ MoryTr  ObITh | USer. Standard application
HA3HAYEHBI s | groups predefined for CA
rJ100aIBbHOTO Process  Automation are
IOJIH30BATEIIA. PAMAdmins, Designers,
CraHgapTHbIC rpymmsl | Production  Users.  User-
PUIOKCHHIMA defined application groups
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npenonpeneneHsl aas CA
Process Automation
aisarorcss PAM  AnMuHBI,
IIpoexTrpoBIIMKY,
IIpousBoacTBO
MOJIb30BaTEIICH.
OmnpeneneHHbIe
M0JIb30BaTeIeM TPYIIIIBI

HpI/IJ'IO)KeHI/Iﬁ JOJIDKHBI OBITh

must be added to appropriate
access policies and granted
appropriate actions

T00aBIICHBI B
COOTBETCTBYIOIIUE
HNOJMTUKK  JOCTyHma |
IPEI0CTaBICHHBIC
COOTBETCTBYIOIIUE
JICUCTBUSA
I'ubkasi cucrema [lepenanaxuBaemas B | Readjusted in a wide range
ynpasiaennsi/ Flexible | mupokom nuanasone | of control system, created on
control system cHUCTEMA ynpasienus, | the  basis of  electron-
co3aBaeMas Ha Oasze | computers with a set of
AIIEKTPOHHO- control programs, the

BBIYUCIIUTCIBbHBIX MalllMH C

address driving mechanisms

KOMIUIEKTOM nporpamm | of control signals for the
yhpasjieHus, anpecyromux | given laws of  motion
CUTHAJIBI yrpasieHus | actuators.
MPUBOJIHBIM ~ MEXaHHU3MaM
JUTS oOecrieueHus
3aJJaHHBIX 3aKOHOB
JIBYKEHUS
WCTIOJIHUTEIIHHBIX 3BEHbBEB.
I'ubkuii ABTOMaTU3UpOBaHHAS Automated unit technical
NPOU3BO/ICTBEHHBI eIMHUIA TeXHHUYECKOro | equipment with  program
monyJb (I'TIM)/ Flexible | o6opynosanus ¢ | management, having
manufacturing cell IPOTPaMMHBIM autonomy and adapted to
yIIpaBIECHUEM, interact with the other
obOmamarommast modules and control
ABTOHOMHOCTBIO u | systems.
MPHUCTIOCOOTIEHHAS K
B3aUMOJICUCTBHIO C
JIPYTUMH ~ MOIYJIAIMH U
CHUCTEMaMH YITPABJICHHUSI.
Hatuuk/ Sensor CpenctBo usMepenus, | Measuring instrument,
npeoGpasyromee Ty i | transforming one or another
HHYIO busmaecKyTo physical quantity (_eg,
temperature, velocity,
BEIINYUHY (mammpumep,
pressure,  voltage, and
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TEMIEpaTypy,  CKOpPOCTb,

JaBJICHHUC, JJICKTPHUYCCKOC

ap.) B
CHTHAJl Ui pPErucTpanuy,

HAIIPpSDKCHUC U

others.) Into a signal for
recording, transmission,
processing and storage of
this information

nepenay, 00paboTKH,
XpaHECHUSA ATOU
MH(pOpPMALINH.
JBouuHbIii/ Binary bazoBasi- 2 cucreMa | A base-2 numbering system
Hymepauun  (ucnons3ys | (using only the digits 0 and

Toibko 1rdpst 0 u 1).

1).

Jsurarean/ Engine

Mammna, mpeoOpa3yrormas
KaKoW JTMOO BHJI SHEPTHH B
MEXaHHYECKYIO0 SHEPTHIO.

Machine that converts any
type of energy into
mechanical energy

JleiicTBUTEIbHAS
l'lpOI/l3B0[lI/ITeJIbHOCTb/
Actual performance

DOTO MPOU3BOAUTEIBHOCTh
JEHCTBYIOIINX aBTOMATOB U

aBTOMATHUYECKUX  JIMHMIA.
PeanpHblii YPOBEHb
TEXHOJIOTUYECKOIA,

LIUKIOBOM M (PaKTUYECKOU

MIPOU3BOIUTETHLHOCTH
XapaKTepu3yeT CTEIEHb
peanuzanuu 3aMbIcia

MIPOCKTUPOBIIMKOB  JINHUH
U MOXET 3HAYUTEIbHO
OTJIUYATHCS OT TPOEKTHBIX
3HAQUCHUM, a TaKXke OBITh
MepEMEHHBIM BO BpPEMCHHU

IKCIUTyaTaLlUN.

This is the performance of
existing  machines  and
automatic lines. The actual

level of the process, the
cycle and the actual
performance  characterizes

the degree of realization of
the designers design the line
and may significantly differ
from the design values, as
well as to be variable in the
time of operation

Hedopmanus/
Deformation

HN3menenue B3aHMHOI'0
pacmoJIOKEHUS] MHOKECTBA
yacTUl]  Tela, KOTOpOe
MPUBOAUT K H3MEHCHHIO
dbopMBI M pa3mMepoB Tena

WJIM €T0 YaCTEH U BBI3BIBACT

U3MCHCHHEC CHII
B3aMMOJICUCTBUS MEXIY
YacTUIIAMHU, T. e.
BO3HUKHOBCHHE
HaIpsHKEHAN

A plurality of change in the
relative location of the body
of the particles, which leads
to a change in body shape
and size, or portions thereof,
and causes a change in the
interaction forces between
the particles, ie. e. the
occurrence of mechanical
stresses.
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MCXaHHUYCCKHUX.

JIluHamMu4ecKast Oro nobasounas | This extra error transducer
norpemnocts/ Dynamic | porpemnocts that occurs when measuring
error H3MEPHTETHHOTO changes over time parameter.
npeoOpaszoBarels,
BO3HHUKAIOIIIAs pH
U3MEPCHUE HM3MCHSIOIICTO
BO BPEMCHH IMapamMeTpa
JlaHaMu4ecKoi Taxoii snementa | This element is called the
XapaKTepl/ICTI/IKl/I/ Ha3bIBaeTCsI 3aBHUCUMOCTD dependence of the Change in

Dynamic properties

HN3MCHCHUA BO BPCMCHHU

BBIXOJTHOM BenuuuHBl (X

BBIX) B EPEXOTHOM
pexXHUMe npu
OTpEACIEHHOM HW3MEHECHHUH

BXOJIHOM BEJIUYHUHBI.

the output value of time (X
out) in transition mode for a
certain change in the input
variable.

JoaroBe4HocTn/
Durability

DTO CBOWMCTBO CHCTEM U
DJIEMEHTOB COXPAaHAThH
paboTOCIIOCOOHOCTH 10
MPEeTLHOTO COCTOSIHUSL C
HEOOXOIUMBIMU
nepephIBaMu TUTST
TEXHHUYECKOTO

00CITyKMBaHUS U PEMOHTA.

A property of systems and
components to keep
employers the ability to limit
state with the necessary
breaks for maintenance and
repair.

Eaunn4dHoe
npousBoacTBo/ A single
production

Heonpenenennoe
MHO>KECTBO HE
MTOBTOPSIFOLITUXCST OTIeparifit
BBITIOJTHSEMBIX OJHUM
HCIIOJIHUTEIIEM, K3o
oounbie 40.

Undefined set of non-
recurring transactions carried
out by a contractor, for more
than 40 QSOs.

KecTkas cucrema
ynpasiaenust/ Push rod
system

He nepenanaxxuBaemast unu
MepeHala)KuBaeMast B
Y3KHX TIpeAeiax CHCTeMa
yOpaBJeHUs, Cco3JaBacMas
Ha 0Oa3se KHHEMATHYECKHX
Herneu MallliH u
MEXaHH3MOB,
00eCTIeUnBAIONINX
3aJIaHHbBIC
JIBHOKECHHUS
HUCITIOJTHUTEIBHBIX 3BEHBEB.

3aKOHBI

Not readjusted or readjusted
in a narrow range
management system, created
on the basis of the machinery
of the kinematic chain,
providing a predetermined
laws of motion actuators.
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“Kusoii Tpya/ Living

duznueckuit u

The physical and intellectual

labor UHTEJUICKTYaIbHBIA  Tpya | human labor.

YeJI0BeKa.

3aBon/ Factory Oowvenuuenue 1exoB  u | Combining shops and sites
Y4aCTKOB 1o Bugam | by type of co- products.
COBMECTHO  BBIITYCKAEMOMU
IPOTYKIIHH.

3anausas yacth Apurares/ | B 3anueil yactu asurarens | The back of a motor is the

Back of a motor KOHEIl, ~KOTOpbId  HeceT | end that carries the coupling
CLEIUICHUS WM BEAYIMH | or driving pulley (NEMA).
IIKWB (NEMA). C\0)

WHOTJIa HAa3bIBAIOT KOHEI]
npuBoaa (/[1.9.) wmmm co
ctoponsl mkuBa (P.E.)

This is sometimes called the
drive end (D.E.) or pulley
end (P.E.).

3anacHas 6aTapesn/ Barapes WK Habop | A battery or set of batteries
Battery backup Oarapeit, koropeie OynmyT | that will provide power to
obecrieqnBaTh TUTaHAC | memory only when the main
ImaMsiTHn TOJIBKO TOoraga, pOWEf source iS Off
KOIJla OCHOBHOH HMCTOYHHK '
IINTaHWS BBIKJIFOUCH.
HNHTerpupoBaHHbIi ABTOMaTH3UPOBAHHBIC Automated tools, jigs and
NMPOU3BO/ICTBEHHBIIT CpencTBe fixtures (SRT) and the
komiLiekce (UIIK) TeXHOHOFquCKOFCOTO system  hardware  and
ocmamenna  (CTO) W oo a0 ysed at all stages of
CUCTEMBI arrmapaTHblX H .
development and production
[IPOTrPaMMHBIX CpEICTB, )
HCTIONb3yeMble  Ha  BCEX of products (research, design
CTamusAX CO3TaHHS u | and technological
MPOM3BOICTBA usnenus | preparation of production,
(uccnenoBanus, organization and
KOHCTPYKTOpCKad 1| management), and jointly
TCXHOJIOIT'NYCCKast .
carrying out an automated
MOJATOTOBKA IPOU3BOJICTBA, ducti
OpraHH3aIHA 41 | production process.
yIpaBJICHUE), © COBMECTHO
OCYHICCTBJIAIOIIasd
ABTOMATU3UPOBAHHBIN
MPOU3BOICTBEHHBIN
MpOoLECC.
Kanan/ Channel [TyTh TUTST curHana. | A path for a signal. Several
Heckonpko kaHanoB MOTyT | channels may share a
COBMECTHO HUCIIOJIB30BAaTh common link

OOIITYIO CBSI3b.

KoMmOunanuonuas
Joruka/ Combinational
logic

Jloruka, B KOTOpOM
COCTOSIHUE KaXJ0T0
BBIXOJA  KOHTPOJIMPYETCS
TOJIBKO COCTOSIHUSIMU

Logic in which the state of
each output is controlled
only by the states of inputs
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BXOJIbI u 3a7€PKKH
MEPEKITIOUCHUST TIEPEXO/I0B,
BO3HMKAIOIIHE B
JIOTHYECKOM My TH.
CpaBHUTH
MOCJIEJOBATECIbHOM JIOTUKHU

and the switching-transition
delays encountered in the
logic path. Compare
sequential logic

KomnaynaupoBanue
(MHOTOTIOTOYHOCTH)/
Compounding
(multithreading)

[TapamienbHass  yCcTaHOBKa
MallliH, MEXaHHU3MOB U HUX
y3I0B Ul  COBMECTHOH
DKCIUTyaTalluu: HECKOJIBKO
JIBUTaTeNIed Ha JIEeTaloleM
ammapare, HECKOJIBKO
HAacoCOB Ha OJIHY
HAIlOPHYIO CETh, HECKOJIBKO
OJMHAKOBBIX  TPUBOJHBIX
MEXaHU3MOB B  OJIHOM
MallMHe,  MHOTOMECTHBIE
HPUCIIOCOOICHMS,
MHOTOILITHH/IEIbHbIE
CTaHKH U T.II

Parallel installation of
machines and their
components for the joint
operation : several motors on
a flying machine, several
pumps the pressure on one
network, many of the same
drivers in the same car,
many- device, multi-spindle
machines, etc.

KonkypeHTocnocooHocTh/
competitiveness

210 COBOKYITHOCTb
mokaszaTelieil KadecTBa W
CTOUMOCTH TOBApOB,
OTIpeIeIISTFOIIAst 170
NPEANOYTUTETLHOCTh IS
noTpeOuTeIsl.

This set of indicators of the
quality and value of the
goods is determined by their
preference for the consumer.

JIuaus/ Line

Pacnonoxenue
o0Opy/lOBaHUS B TIOPSIKE
BBITIOJTHEHUS OTIEpaIUi.

The  location of the
equipment in the order of
operations

MapmpyTt
TexHoJoruvyeckmii/ Route
Technology

ITocnenoBaTenbHOCTH
MPOXOXKICHUS  3arOTOBKH,
JeTald  WUiu  cOOpOYHOM
CAUHUIILI 10 I[eXaM |
IIPOM3BOICTBEHHBIM
ydacTKam PEANPUATHS
pu BBITIOJTHCHHH
TEXHOJOTHYECKOIO
mpoIrecca  M3TOTOBIICHUS
WJIH PEMOHTA.

Passing sequence blanks,
parts or assembly unit in
workshops and production
sectors in the performance of
technological process of
manufacturing or repair.

MapupyTHoOe onucaHue
TEXHOJOI'NYECKOT O
npouecca/ Route
description of the process

CokpalieHHOEe ~ ONMCaHue
BCEX TEXHOJIOTUYECKUX
omepauuii B MapLIPyTHOH
Kapre B
[IOCJIEIOBATEIBHOCTH  UX
BBINOJIHEHUsT 0€3 yKa3aHMs
IEPEX00B u

Short description of all
process steps in the route
map in order of their
performance without
transitions and technological
modes.
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TCXHOJIOTHYCCKHX
PCIKUMOB.

MaccoBoe npou3BoacTBO/
Mass production

Onmna oTieparus
BBIIIOJIHAETCA OJHUM WA
HECKOJILKUMU
HCIIOJHUTEISIMA B TEUEHUU
BCEr0 OTYETHOTO TEPHO/a,
MeHbIe 1.

One operation is performed
by one or more performers
during the reporting period,
the is less than 1.

Mertoa peryjupoBaHusi/
Control method

3aKirogaeTcs B
IOCTIKEHUN TOYHOCTH
3aMBIKAIOIIEr0 3BEHAa 3a
cyer PETyIMpPOBaHUS

OJHOI'0O HWJIM HCCKOJIbKHX
COCTaBJIAIOIINX 3BCHBLCB.

It is to achieve the accuracy
of the closing level by
adjusting one or more of the
constituent units.

Mexanusauus/
Mechanization

MIPUMEHEHHE SHEpPruun
HEKMBOM  TpPUPOABI B

The use of inanimate nature
of energy in the production

IIPOU3BOICTBEHHBIX process, controlled by
mpoleccax, yIpaBlsieMbIX | people.
JTFOJIBMH.
MonayJb agantepa/ Monayns B mraccu BBoaa/ | A module in an 1/O chassis,
Adapter module BBLIBOJA, KoTopas | that provides a
obecrieunBaer  MHTEPHEHC | communication interface

CBSI3M MEXJY CKaHEpOM U
MOJYJISIMH BBOJa/ BEIBO/IA B
3TOM IIIACCH BBOJa/
BeIBOJla. (OHa CUMTHIBACT
BXOJIHBIE JTaHHBIE oT
BXOJIHBIX LIETIEH U MEPETAET
ero Ha ckaHep. Own
MOJTy4aeT BBLIXO/THEBIE
JJaHHBIE OT CKaHepa W
3alMCHIBAET ero B
BBEIXOIHOM LIEMH.

between a scanner and the
I/O modules in that 1/0
chassis. It reads input data
from input circuits and
transmits it to the scanner. It
receives output data from the
scanner and writes it to
output circuits.

Moayab
JABYHANpaBJeHHAs1 BBO1a/
BbIBoaa/ Bidirectional 1/0

module

Monayns BBOma/ BBIBOJA,
Ybsl CBSI3b CO CKAHEPOM WJIU
npoueccop
JIByHaIpaBJIC€HHAsS u
IIOATOMY HCHOJIB3YET KaK
BXOJIHBIE U BBIXOJIHBIC
YY9aCTKU U300paKEHUS.

An 1/O module whose
communication  with  the
scanner or processor s
bidirectional and therefore
uses both input and output
Image areas.

MonuduuupoBanue/
Modification

[Ipucnocobnenne wu3aeus
K HOBBIM YCJIOBHSIM PaOOTHI
0e3 W3MEHEHHUS
KOHCTPYKIIHH:
XJIaJJOCTOMKHAE MaTepHalbl,
aHTHUKOPPO3UOHHBIE
MaTEPHUAITBI,

Device products to the new
conditions of work without
changing the design : cold-
resistant materials, anti-
corrosion materials,
additional systems and
methods for the preparation
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JOITIOJIHUTCIIBHBIC CHUCTCMBI

of the working fluid, special

U crmocoOBl  IOArOTOBKH | coatings, seals, etc.
pabouero Tena,

ClieouaJIbHBIC IOKPbITHUA,

YIUIOTHCHUA U T.II.

O0BeKTHI OOwexThl  aBTOMaTH3armu | Automation objects are the
apToMaTu3anuu/ saBisitorcst oobektamu CA | CA Process  Automation
Automation objects Process Automation, uto objects that content

AMSAHHCPEL  MCTIONB3YIOT | yocinnars  yse to  create
KOHTECHT I  CO3JaHusd . .
KOHTCHTA O6nexrs | CONENt. Automation objects
aproMaTmsanmy Bitrouator | include  calendar,  custom
B cebs KaJICHIaph, iCOﬂ, custom operator,
I0JB30BATEIBCKUN 3HAYOK, | dataset, interaction request
HOIb30BaTEILCKUN form’ package’ process’
onepatop, Habop NAHHBIX, | nrocess  watch,  resources,
popma . 3AMPOCA | sehedule, and start request
B3anMOJCUCTBUA,

YIIaKOBKa, mponecce, form.

IPOLIECC Yachl, PECYPCHI,
rpaduk, U Hayatb GopMmy
3arpoca.

IIponyckHast
cnocooHocTh/ Bandwidth

Jnamnazon
KOTOpOU
IpeJHa3HauYeHa JUTSt
paboTHI. POITyCKHAas
CIIOCOOHOCTB BBIPAYKAETCs B
I'epmax  Mexay  camoint
BBICOKOM M CaMOW HU3KOH
YaCTOTBHI.

4acToT, B
cucTeMa

The range of frequencies
over which a system is
designed to operate. The
bandwidth is expressed in
Hertz between the highest
and lowest frequencies.

IMpuBoa/ Actuator

B s1ekTpoTeXHUKE TEPMUH
OpUBOJL  OTHOCHUTCS K
MEXaHU3MY, KOTOPBIN

BBI3BIBACT YCTPOﬁCTBO JJIA

ObITh  MpeBpalleHa WU
BBIKJIIOUUT,

OTPETYJIUPOBATh WIH
NEPEMELLEHBI, KakK
npaBwio, B OTBET Ha

AJIEKTPUYECKUM CurHail. B
HEKOTOPBIX JUTEpaType
TEPMUHBI

addexrop
UCTIOJIB3YIOTCA.

"s¢pdexrop"

aKkTep WIN
TaKXKe
Tepmun

ABJIACTCS

In electrical engineering, the
term actuator refers to a
mechanism that causes a
device to be turned on or off,
adjusted or moved, usually
in response to an electrical
signal. In some literature the
terms actor or effector are
also used. The term
“effector” is preferred by
programmers, whereas
engineers tend to favor
“actua-tor.” An example of
an actuator is a motor that
closes blinds in response to a
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MpCaAIOYTUTCIIbHBIM
MporpaMMHucCTbI, B TO BPEMs
Kak

HHXCHCPDbI OTHAr0T

npeAmnoyTeHue  'mpuBon."
IIpumepom NpUBOAA
SIBIISICTCS
AJIEKTPOJIBUTATEIb,
KOTOPBIi 3aKpbIBACTCS
YKaJII03M B OTBET Ha CHUTHAaJ
OT JaT4dKa COJHCUYHOTO
CBeETA. [IpuBoabI
MO3BOJISIIOT ~ KOMIIBIOTEpaM
YIPaBISATh CII0KHBIMU
MPOU3BOJACTBEHHBIMU
npoueccaMu 0e3
BMEIIIATCILCTBA  YCIOBEKA

HJIX HAA30P.

signal from a sunlight
detector. Actuators enable
computers to control
complex manu-facturing
processes without human

intervention or supervision.

Ilnara (kapra)/ Board

1) nevatHas iara. 2) Ysen

1) A printed-circuit board. 2)

(card) NIEYaTHBIX MMEYaTHBIX T1aT — | A printed-circuit-board
B OIIYIICHHC, 910 | assembly — in the sense that
(nevarHas) TWIAT | he (printed-circuit) board is
buzndecku OCHOBHBIM X )
KoMIOHeHTOM  IlewaTHas physically the _mam
rata B c6ope. component of a printed-
circuit-board assembly.
IMycToii 6,10k brnok mpoctpanctBo  He | Unit space not equipped to
leOCTpaHCTBa/ Blank OGOpynOBaH, YTOOBI accept a future unit (as
unit space NMPUHATL  Oyaymwi 010K | gefined in NEMA Standard

(xak ompeneneno B NEMA
Cranpmaptueiii  Pub. Her.

Pub. No. ICS 2, 1988).

MKC 2, 1988).
PasaBoennnrii/ Bifurcated | Yro-to, uto orBeTBisieTcst B | Something that branches off
2-x  BerBedl  (Hampumep, | into 2 branches (e.g., a

pa3BOCHHAsl TEPMHUHAIN).

bifurcated terminal).

Touka ocTAaHOBKM/
breakpoint

Toukn ocTaHoBa OTJIAJIKH
TTOMOIIIH, KOTOpast
MPUOCTAaHABIUBACT

BBITIOJTHCHUE 3aIyIICHHOTO
npoiiecca Ha OmnepaTopsl,
KOTOpPBI€ YCTaHABIMBAIOTCS
C TOYKH OcCTaHOBa. Touek
OCTaHOBA ITO3BOJISIET

A breakpoint is a debugging
aid that pauses the execution
of a running process at the
operators that are set with a
breakpoint. A breakpoint lets
content designers inspect the
data and flow of a process to
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JM3aliHepam KOHTEHTA
OCMOTpPUTE  JaHHbIE U
cxema

ITOCJICIOBATEILHOCTH
omepanuii mpomecca IS
MIPOBEPKHU MPaBUJIBHOTO

MOBEJICHUS JI0 3aBEPILICHUS
UX U3MEHEHUS.

validate the correct behavior
before  finalizing  their
changes.

73




Vil. CIIMCOK JIMTEPATYPBI

|. ¥30exkucron Pecnybsiukacu Ilpe3nieHTHHHHT acapiapu

1. Kapumo WM.A. Y30eKHCTOH MYCTaKHUIMKKA SPUIIMII OCTOHACHJIA. -
T.:“V36ekucron”, 2011.

2. Mup3suées .M. Byiok kemakaruMu3HH Mapj] Ba OJMKAHOO XaIKUMH3
6rtan 6upra Kypamus. — T.: “V36ekucron”. 2017. — 488 6.

3. Mup3suée II.M. Musiuii Tapakku€T WyJTUMHU3HA KATHUAT OWJIaH JaBOM
STTUPUO, IHrU Gockuura kytapamus — T.: “Y36exucton”. 2017. — 592 6.

II.HopmaTuB-XyKYKHH XyA:KaTaap

4. V36exucton Pecry6mukacunnar Koucrutymmsicn. — T.: YV36ekucToH,
20109.

5. V36ekucron Pecniy6nukacunuar “TabanM Tyrpucuaa’ru KoHyHu.

6. V36ekucton PecryOmukacuamar  “Koppymmusra Kapmm — Kyparuin
Tyrpucuaa’ th KonyHu.

7. V36exucron Pecnyonukacu Ilpesunentununr 2015 iwmn 12 uroHgaru
“Onuil  TapaMM MyacacajJapUHUHI pax0ap Ba Meaaror KaJapJiapuHu KaiTa
Taiépiail Ba MajJaKaCMHHM ONIMPHUII TU3UMHHH SHa/la TaKOMUJUTAIITUPHUII Yopa-
tanoupnapu Tyrpucuna’ tu [1d-4732-connu GapmoHwu.

8. V36ekucron Pecny6mukacu Ilpesumentununr 2017 iiun 7 ¢espanmaru
“V36exncTon Pecrny6nmMKacHHM SHAJA PHBOXIAHTUPHUIN Oyiinua Xapakatiap
cTparerusicu Tyrpucuaa’ tu 4947-connun @apmMoHH.

9. V36ekucron Pecny6mukacu Ipesupentunnnr 2018 iiun 3 ¢eBpanmaru
“XOTUH-KU3JIapHU KYJU1a0-KyBBaTJialll Ba OWJIAa WHCTUTYTHMHH MYyCTaxXKamulall
coxacumar  (paonusATHH  TyOAaH — TAKOMIUUIAIITHPHUIN  4YOpa-TaaOupiiapu
tyrpucuaa’tu [1d-5325-connu GapmoHwu.

10. V36exucron Pecry6mukacu Ilpesumentununr 2019 iimn 17 wuionmarn
“2019-2023 iimmmapga Mupso YiayrGek HoMumard Y30ekucToH Munmii
YHUBEpCHUTETHAA Tanad rOKOopU OViraH Majakald Kajapiiap Tal€piail TU3UMUHU
TyOJaH TaKOMWUIAIITHPUII Ba WIMHHA CAJTOXMSTHHA PHBOXJIAHTHUPHII YOpa-
tanoupnapu Tyrpucuna’ru 11K-4358-connu Kapopu.

11. V36exucron Pecniyonukacu ITlpesugentununr 2019 #mn 11 wuronmaru
«Onuit Ba ypTa Maxcyc TabJIUM TU3UMUTra OOIIKAPYBHHUHI SIHTU TaMOWMIUTApUHU
XKopui 3Tui yopa-taadupnapu tyrpucuna »ru 11K-4391- connu Kapopu.

12. V306ekucron Pecnyonukacu Ilpesunentununr 2019 #un 11 wurongaru
«Onmuii Ba ypTa Maxcyc TabJUM coXacuja OOIIKAPYBHM HCJIOX KWJIMII 4Yopa-

74



taaOupnapu Tyrpucuaantu [1O-5763-con dhapmonu.

13. V36ekucron PecnyGmukacu Ilpesunentununr 2019 jiun 27 aBrycraaru
“Onmuit TabiuM Myaccacallapy pax0ap Ba TMenaror KaJpJapUHUHT Y3JIYKCH3
MaJjaKacCuHU OILLIMPUIII TU3UMHUHU HKopui STHIII TYFpUCUIA TH
[1D-5789-connu hapmoHwu.

14. V36exucron Pecny6mukacu Ilpesmaentunuar “2019-2021 immnapaa
V36ekucTon Pecny6IMKACHHH HMHHOBALMOH PUBOKIAHTHPHII CTPATETHSICHHH
tacaukiam Tyrpucuaa’ty 2018 iinn 21 centsaopaaru [1d-5544-connu @apmonu.

15. V306ekucron Pecnnyonukacu Ilpesunentununr 2019 #un 27 wmaiimaru
“Y36eKkncToH PecryGnukacuaa KOppyNIMaTa Kaplly Kypallkil TH3UMHHH SHaIa
TaKOMWUTAIITUPHUII Yopa-Tagoupiapu tyrpucuaa’tu [1P-5729-con dapmonu.

16. V36exucron Pecry6mukacu Ilpesunenturnar 2017 #wn 2 derpangarn
“Koppymiusra Kaplld KypalluIl TYFPUCHAA TH Y30eKHUCTOH Pecry6imkacu
KOHYHMHUHT KOWJaJlapMHU amajra OIIMPUII Yopa-Taa0upiapu TYFpucuiaa’ Th
[TK-2752-conmu KapopH.

17. V36exucron Pecry6mukacu ITpesumeHTuHUAT "OJHil TABINM TU3UMHHH
siHaJla PUBOKJIAHTUPHUII Yopa-Taadupiapu Tyrpucuaa’tu 2017 viun 20 anpengaru
[1K-2909-connu kapopu.

18. V36exncron Pecny6mukacu IIpe3suaeHTHHHHT “Onmii  MabIyMOTIH
MyTaxaccucinap Tauépnam cudaThiHA OIUpPHINAA HMKTHCOAUET coXajapu Ba
TapMOKJIAPUHUHT  WINTHUPOKWHU  sHaJa  KCHTaWTUPHUII  dYopa-Taaduprapu
tyrpucuna’ru 2017 vinn 27 urongaru [1K-3151-connu kapopu.

19. V36ekucron Pecnybnmukacu IlpesumentnHunr “HopaBmar  Tabiaum
XU3MAaTIapu Kypcatuil (PaoTusiTHHU SHAlla PUBOMIIAHTUPHUIN HOopa-TaadupiIapu
Tyrpucuaa’ru 2017 it 15 centsobpaaru [1K-3276-connu kapopu.

20. V36ekucton  PecryGmukacu  IlpesumeHTHHHMHT — “Onuit  TabiuMm
Myaccacajgapuia TabauM CU(aTHHH OIIMPHUIN Ba yJApHUHT MamiiakaTna aMmaira
omupuaaéTral KeHI KaMpOBIM HCIOXOTiapnaa (aos HMINTUPOKWHU TabMHUHJIAMI
Oyiinya KymuMya 4opa-taaOupnap Ttyrpucuna’tu 2018 #un 5 wuioHgaru
[1K-3775-connu KapopH.

21. V36ekucton Pecny6nukacu Basupmap Maxkamacuauar 2012 finn
26 centsOpmaru  “Onmii  TapUM Myaccacajapu IeIaror KaJpJiapuHd KaiTa
Taiiépmamr  Ba  YJApHUHT  MaJaKacMHW  OMIUPHUIN  TU3UMHHH  sSHaJja
TaKOMWJUIAIITUPUIIT YOpa-Taaoupaapu Tyrpucuaa’ru 278-connu Kapopu.

OcHOBHBIC JIUTEPATYPHI:

75


javascript:scrollText()
javascript:scrollText()

no

HBOoo~NoO W E

= O

. Wolfgang Altmann, Practical Process Control for Engineers and Technicians:
Jordan Hill, Oxford 2005, 304 p.

Ad Damen Modern Control Theory Prentice Hall 2002 460 c.
. Yusupbekov N.R., Muxamedov B.I., G’'ulomov Sh.M. Texnologik jarayonlarni
nazorat qilish va avtomatlashtirish: Darslik. —Toshkent: O‘qituvchi, 2011.-576
b.
. FOcyn6ekos H.P., Mpyxamenos b.HU., Fynomo IIM. Texnonoruk
KapaéHIapHH GomKkapumn cucremanapu: Jlapcnmk. — ToOmIKeHT: YKUTYBuH,
1997.- 704 6.
. BanoBa ['.B. ABTOMaTm3anus TEXHOJOTUYECKUX MPOLECCOB OCHOBHBIX
XAMHUYECKUX MPOU3BOACTB. MeToauueckue maTepualibl M0 KypC JIEKIUH.-
C.I16.: [TerepOyprckuit I'TY, 2008.- 238c.
. lllyBanoB B.B. OramxanoB [I'.A., T'onyOaraukoB B.A. ABromaTuzauus
MIPOU3BOJICTBEHHBIX MPOIIECCOB B XMMHUYECKON MPOMBIIUICHHOCTH: YueOHOe
rmococoue.- M.: Xumms, 2001.-480c.
. Kadapos B.B., MakapoB B.B. ['mOkue aBTOMaTHM3UpOBaHHBIE CHUCTEMBI B
XUMHUYECKOUN MPOMBIIIICHHOCTH: YueOHuK.- M.: Xumus, 1990.- 320c.
. ABTOMAaTH3alUsl TEXHOJOTHYECKUX IMPOLECCOB JETKOM MPOMBIILICHHOCTH:
Yue6. nmocooue/ IMon pen. JI.H. IlnyxuaukoBa.- M.: JlernpomObITH3nat, 1993.-
398c.

Pecypchl mnHTEpHeETA:
Www.ziyonet.uz
http://www.allbest.ru
www.knowledge.allbest.ru
WWW.twirpx.com
www.e-lib.kemtipp.ru
www.newlibrary.ru
WWW.priapp.ru
www.knigafund.ru
WWW.0zon.ru
www.elibrary-book.ru
www.studfiles.ru

76


http://www.ziyonet.uz/
http://www.allbest.ru/
http://www.knowledge.allbest.ru/
http://www.twirpx.com/
http://www.e-lib.kemtipp.ru/
http://www.newlibrary.ru/
http://www.priapp.ru/
http://www.knigafund.ru/
http://www.ozon.ru/
http://www.elibrary-book.ru/
http://www.studfiles.ru/

