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CIIMCOK UCHOJIb3YEMbIX COKPAIIIEHUI

AUC  — aBTOMaTu3upoBaHHas UHGOPMALIMOHHAS CUCTEMA.

ACHHM - aBTOMarv3uMpoBaHHAs CHUCTEMA HAYYHBIX HCCIEN0-
BaHUM.

ACY  — aBTOMaTU3UPOBAHHAS CUCTEMA YIIPABJICHMUS.

ACVYTII — aBTOMaTu3upoBaHHasi CUCTEMa YIIPABJIEHUS TeEX-
HOJIOTMYECKHM IPOLIECCOM.

ALl  — ananoro-uudpoBoi npeodpazoBaTelib.

Il — JaT4YUK.

Hb — nHdopmalMoHHas 0a3a.

UM — UCMOJIHUTEIIbHBIA MEXAHU3M.

HI1 — U3MEPUTEJIbHBIN Mpeodpa3oBaTellb.

ny — UCIIOJIHUTEIIBHOE YCTPOMCTBO.

JIYBC - nokanbHas ynpapJsitoiias BbIYMCIUTEIbHAS CETh.

O — oneparop.

OC — OInepalMOHHAas CUCTEMA.

[TK — MPOMBIIUIEHHBIA KOMITBIOTEP.

[JIMC — nporpammupyemas  JlOrdueckas  MHTErpajibHas
cxema.

[UIK  — nporpamMupyemblid JIOTHYECKUI KOHTPOJUIED.

I10 — nporpaMMHoe obecreueHHue.

PB — pealibHOE BpEMHL.

CAHU - crucrema aBTOMaTU3alAA UCTIBITAHUM.

CAnY - cucrema aBTOMaTU3alWU U YIIPABJICHHUSI.

CPB — CUCTEMA PEAJIbHOTO BPEMEHH.

T3 — TEXHUYECKOE 3aJIaHue.

YBK — YOPaBJIAOLHAN BEIYUCITUTEbHBIA KOMIUIEKC.

YBM - ynpasidrouas BBIYUCIUTEIbHAA MaLLIMHA.

YBO  — yCTpOMCTBO B3aUMOJAEUCTBHUS C ONEPATOPOM.

YO  — ycTpoicTBO 0TOOpaxKeHUsl MHPOpMaLIUH.

YCO  — yCTpOMCTBO CBI3U C 0OBEKTOM.

HAII - nudpoananoroslii mpeodpazoBaTeb.

ONUY  —nsaeKkTpoaBHUraresibHOe UCTIOJHUTENIBHOE YCTPOMCTRO.



Al - Analog Input (aHanOTOBBIA BBOJ).

AO —Analog Output (aHanOTOBBIA BBIBOJ).

CS — Communication System (KOMMYHHUKAlIMOHHAs1 CUCTEMA).

DI - Discrete Input (IMCKpETHBIN BBOJ).

DO - Discrete Output (IACKpETHBIN BBIBOJ).

ERP - Enterprise Resource Planning (nnaHupoBaHUE pecyp-
COB TPEANPUATHS).

HMI — Human-Machine Interface (4eioBeKO-MallMHHBIA HWH-
Tepdeiic).

MES — Manufacturing Execution System (cucrema ynpabiie-
HUS IIPOU3BOJACTBEHHBIMHY MPOLIECCAMMU).

MTU — Master Terminal Unit (rnaBHOE OKOHEYHOE YCTPOMCTRBO).

RTU — Remote Terminal Unit (yaajJleHHO€ OKOHEYHOE YCT-
POKMCTBO).

SCADA - Supervisory Control And Data Acquisition (auc-
neTyYepcKoe ynpaBjieHHe U cCOOp JaHHbIX).



1. PEHIEHUE 3AJIAY YIIPABJIEHUSA
B TEXHUYECKUX CUCTEMAX C UCITOJIB30BAHUEM
KOMIIBIOTEPHBIX TEXHOJIOT UM

1.1. Cucremsbl aBToMaTH3anuu 1 ynpanjenus (CAnY),
KOMINbIOTEpPHbIE TEXHOJIOTHHU

1.1.1. OcHoBHbBIE NOHSATHS, CBSI3aAHHbIE C CHCTEMAMH
ABTOMATH3ALNN W YIIPABJICHHS

B Mupe NMOCTOSHHO MPOUCXOAAT COOBITHUS, M MEKAY STUMU
COOBITUSIMH MOXKHO MPOCTEIUTh NPUYMHHO-CJICICTBEHHbBIE CBSI3U.
B pesyiabTaTe pazaduHbIX COOBITUM MPOUCXOJAT BCEBO3MOMKHBIE
MaHUITYJISILMM C BELUIECTBOM, SHEprue u nuudopmailuveid. Yuutbipas
3TO, MOXKHO J1aTh CJIEAYIOLIEE ONpeaceHue.

Duszuueckuu npoyecc — 370 COBOKYIMHOCTb B3aUMOCBSA3aHHbBIX
COOBITHI, KOTOpbI€ MPUBOAAT K H3MEHEHUSIM, MepeMEeIleHUsIM
Y HaKOIUJIEHHUIO 8euecmsa, sHepauu U uHgopmayuu [22].

BooO011e, MoHsTHE «Mpoliecc» SBISETCS MHOTO3HAYHBIM, MO-
3TOMY B OINPEACITCHUSAX 3TO CJIOBO JIONOJHIETCS MPUJIaratejbHbIMU,
KOTOpBIE €ro YTOYHAOT. HO 4acTo ¢jI0BO «mpouecc» MOXKET MpH-
MEHATBHCS M 0€3 TaKUX MpUIaratesibHbIX, TOrAa €ro CMbIC MOHUMa-
€TCSI U3 KOHTEKCTAa. 3JeCh B JaJbHEUIIEM MOJ CJIOBOM «IPOLECC»
OyJleT MOHMMAaThCd UMEHHO (PU3NUECKUI MpolLlecc.

C IpeBHEMIINX BPEMEH JIFOJM, KAK pa3yMHbIE CylIEeCTBA, BOC-
MpUHUMAIM U TiepepadaThiBAIM MHQPOPMALIMIO 00 OKpYKaroLIHUX
¢uznueckux npoueccax. OHU TakKe MOIJIM OKa3blBaTh BIUSIHUE Ha
3TU MPOLECCHI, KPOME MPOYEro, € MOMOLIBIO OPYAUMNU Tpyada, KOTO-
pble U3rorasjiMBanv. B pesynbrare pa3BUTHs HAYKU U TEXHUKHU JIIO-
I CTaju CcnocOOHbI MPOM3BOAUTH BCE 00Jjiee CJI0XKHbIE OpyAus
Tpyda, BcE OoJiee CIOXKHbIE mexHuueckue cpeocmea. biaronaps
3TOMY Yy Jtojell MOSIBUJIOCH OOJIbllie BO3MOYKHOCTEH [J11 BOCIPU-
TS CJIOKHBIX MPOLIECCOB M U1 BO3JICHMCTBUS HA 3THU MPOLIECCHI.
Pa3zsutue opyaui Tpyaa OpyBeEJIO K LIMPOKOMY PACIIPOCTPAHEHUIO



Mexanuzayuu, T.e. 3aMEeHe PYUHBIX OpYyJHH TpyJa Ha Oosiee CIIOXkK-
HbIE MEXaHUYECKHE OPYIUs — CTAHKH, MAIlIMHBI U T. /1.

Cnenyrolen CTYyNEHbIO Pa3BUTHS CTajla aBTOMaTU3aLIUSL.

Asmomamuzayuss — 3TO YaCTUUHOE WM IIOJIHOE 3aMeElCHUE
(bYHKLMA KOHTPOJIS U YIIPABJICHHUS, BBIMOJIHACMbIX YEJIOBEKOM, aHa-
JIOTUYHbIMU (DYHKLMSIMU, BbIMOAHAEMbIMM TEXHUYECKUMM CPEJCT-
BaMHU.

Ilpyrumu ciioBaMM, MexaHM3alys oOecneyudBacT 3aMELIECHME
WM yCUieHUe (PU3MYECKUX JeHCTBUM Ye0oBeKa, TOr1a Kak aBTOMa-
TU3aUMd oOecnevydBaeT 3aMelleHUE WM YCWIEHHE CEHCOPHOM
M YMCTBEHHOM aKTUBHOCTU 4e0BeKa. IMEHHO ¢ CEHCOPHOU U YyM-
CTBEHHOM aKTHBHOCTBIO CBSI3aHbl (DYHKIMU KOHTPOJISI W YIpaBJje-
HUS, BBITTOJIHIEMbIE YEJIOBEKOM.

B OTHOLIIEHHUH pa3JIMYHBIX MNPOLECCOB MOTYT (DOPMYJIMPOBATh-
Cs pa3JIMYHbIE 3a0ayU asmomMamu3ayu, KOTopble MOSICHSAIOT, KaKue
KOHKpPETHbIE (PYHKLIMM KOHTPOJIS W yIpaBJICHMS JI0JKHBI OBITh 3a-
MELIEHBI.

YenoBek BO3JECUCTBYET Ha IPOLIECC, MBITAETCA YIPABJISATh UM,
OPUEHTUPYACh HA HEKOTOPbIE MOKA3aTEJIU, C MOMOIIBIO KOTOPBIX OH
MOKET OLEHWUTh, XOPOLIO WJIK MJI0XO OH UM yIpaBjseT. Takue rno-
KazaTesy, KaK MpaBujI0, YACJIOBBIE, HA3BIBAIOT KpuUmepusimu ynpas-
Jienus. I lprumepsl KpUTEPUEB YIIPABJICHUS:

— cpelliHee MOoTpedaeHUe DJIEKTPOIHEPIur 3a CYTKU B JAHHOM
37JaHUU;

— KayeCTBO MPOU3BOAUMOM OyMaruv rno COBOKYMHOCTH MOKa3a-
Tejed (INIOTHOCTh, OeIU3HA U T.1.);

— OTKJIOHEHME OT 3aJaHHBIX PEKUMOB Pa0OThI JBUTrATEIS.

3agaun NOCTHIXKEHUS 3a/IaHHBIX KPUTEPUEB yIIpaBjeHUs Oyaem
Ha3bIBaTh 3A0a¥amu YNpasieHUsl.

ITon uyenesvim npoyeccom d6yaem noHUMath GU3NUECKUIN TIPO-
1IECC, MPUMEHUTENILHO K KOTOPOMY OCYIIECTBJISIFOTCSI aBTOMATH3a-
LS U yIIpaBJICHUE.

Cucmema aemomamuzayuu u ynpasieruss (CAnY) — 3T0 Tex-
HUYEeCcKas CHCTeMa, pealu3yrolas Mmojy4dyeHrue uHPopMaIuu o 1ie-



JIEBOM Mpollecce, Tepeaady, NMpeodOpazoBaHWe W XpaHEHHE 3TOM
MHpOpMaLIMM, a Takke (POpMUPOBAHWE YMNPABJAIOIIAX BO3JAECHCT-
BUM Ha LIEJIEBOW MPOLIECC COMIACHO YCTAHOBJIEHHBIM 3a/ayaM aB-
TOMAaTU3alMy U YIIPaBJIEHUS.

Hano 3ametuts, uto CAnY — TexXHudeckas CUCTEMA, a TaAKKe
LIE€JIEBOM MpoLecc TpakTyeTcs Kak (U3UYECKUI Mpolecc, MOITOMY
COOTBETCTBYIOLIME 3a/1a4U YIPABIIEHUS — BTO 3a0a4U YNPABIEeHUs
6 MexHuyecKux cucmemax. 31eCb HAJNO0 CKa3aTb, YTO CYLIECTBYIOT
OT/IeJIbHbIE TEOPETUYECKUE M TPHUKIaJHble O00JIACTH, CBSI3aHHBIE
C pelIeHMEM 3aJlay YIIPaBJIEHUS B OPraHU3alMOHHbIX, MOJUTHYE-
CKMX, COLMATIbHO-2KOHOMHYECKUX, MEUKO-OMOJIOTHYECKUX CUCTE-
Max, T.e. 00JlacTh MpoOJieM yIpaBjeHUs LIHUpe o0JIaCTH yMpaBJie-
HUs, cBa3aHHOU ¢ CAMY W 3aayamMy yIpaBJIEeHUS B TEXHUYECKUX
cucremax. Ho B pamkax 1aHHOro y4eOHOro mocoousi U COOTBETCT-
ByIOIIler y4eOHOM AUCHMIUIMHBI MBI OyJIeM paccMaTpUBaTh UMEHHO
3a7]a4u¥ YIIPABJIEHUSI B TEXHUYECKUX CUCTEMAX.

BaxxHO OTMETUTh, YTO YENIOBEK MOXET BXOJWUTh B COCTaB
CAnY, SBISTBCA €€ YacThlO, HAIIpUMEP B KaYECTBE OMeparopa CUC-
TEMbI, KOHTPOJIMPYIOLIETO0 OCHOBHBIE TMPOLIECCHI U OKA3BIBAIOLIETO
YIPABJISAIOLINE BO3AECUCTBUS HA KOMITIOHEHTbI CUCTEMBI.

YHenogek-onepamop — 3TO YEJIOBEK, OCYUIECTBIIAIOIMNA TPYI0-
BYIO JE€STEJIbHOCTh, OCHOBY KOTOPOUW COCTABIISIET B3aUMOJEHUCTBUE
C 00BbEKTOM BO3JIEUCTBUS, MAlIMHOM U Cpefoil Ha paboyeM MecTe
MpU KUCHOJIb30BaHUM MH(POPMALIMOHHOW MOJIEIM U OPraHoB yIpaB-
JeHus [27].

3nech uHgopmayuoHHas Mooeib — 3TO OPraHU30BaHHOE B CO-
OTBETCTBHUU C OIMPEJEICHHON CUCTEMOW MpaBUIl OTOOpaKEHUE CO-
CTOSIHUS TIPEIMETA TPY/a, TEXHUYECKONW CUCTEMbI, BHELIHEN CpeJIbl
1 cr1ocoOOB BO3EMCTBUA Ha HUX [27].

CxematnyHo B3amMoaelcTeue CAuMY M 1ieJeBOro mnpoiecca
MOKa3aHo Ha puc. 1.

IleneBoii mporiecc MOXKHO TIPEICTaBUThL KaK TMPOIIECC Mepepa-
OOTKHU BellecTBa, SHEPruy U uHdopMaluu (puc. 2).
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Puc. 1. Bzaumopeiicteue CAnY u 1eneBoro npouecca

Bsou BemecrBa BriBon BemrecTBa
(cbtpps1) (mponykumm)
Bgon saepruu Beison sHepruun
Bsoa nagopmariinn BroiBos mHpOpMAaLn

Puc. 2. [lepepaboTka BewecTsa, S3Hepruu, MHGpopMaLuu
B XO/I€ BBIIIOJIHEHUS MpoLecca

B HEKOTOpbIX Ciyyasix BBOJ-BbIBOJ OJHOU U3 TPEX YKA3aHHBIX
CYLIHOCTEM (BeUIECTBA, SHEPTUU, HUHPOPMALIMM) MOXKET OTCYTCTBO-
BaTbh, TOYHEE, JJAHHAs CYUIHOCTb MOXKET HE paccMaTrpuBaTbCs B 3a-
JaHHOM KOHTEKCTE.

PaccmoTpum nipumepsl nipoueccoB 1 CAunYy.

IIpumep 1. Ilpouzeoocmeo mpexcnoiinoco 20hpuposanino2o
kapmouna [10]. Ha BXO4 TEXHOJOrMYECKOM JIMHUW TOJAKOTCS TPpU
HEMpepPbIBHBIX CJIOS KapToHa (BBOJ BellecTBa). B xome mpouecca
BBITIOJIHSFOTCA: HAHECEHUE KIIEAIIEro CJIOS; CKJIEHBAHMWE; CYIIKa;
nonepeyHas peska. Ha Bbixoae GopMUpYIOTCS JUCTbI rOPpUpPOBaH-
HOI'0 KapToOHa 3aJaHHOro ¢opmara (BbIXO/ BelecTBa). [[is BbINoJi-
HEHUS YKa3aHHBIX JIEMCTBUM, B YACTHOCTH MPOKATA M0JIOC KapTOHA,
TpeOyeTcsi BBOJ DHEPrur (B YACTHOCTH, MUTAHUE AJICKTPOJABUTaTE-
Jen). Jlng nmpaBUIIBHOTO TO3WIIMOHUPOBAHUS KapTOHA U MPaBUJIb-
HOMW PE3KH MCMOJIb3YIOTCS JaTuuKu nojoxkeHus. Mudopmanus, no-
cTynaroias oT 3THX JaT4YUKOB, (HOpMUPYET BbIBOJ HHGOPMALUU.
B kauectBe BBOAA MH(MOpPMALIMK MOXKHO paccMaTpuBaTh KOMaHJbI



yIIpaBJIECHUS, MOCTYyNAKIe HA TEXHOJOTrHYeCcKyo JuHuto. Hanpu-
Mep, 3TU KOMaH/Ibl OTPEJIEIISAIOT CKOPOCTh MPOKaTa MoJIOC KapToHa,
dbopMbl JTMCTOB TipH pe3ke. Takke B kauecTBe BBOJA MHGOpMALIMU
ClIelyeT paccMaTpuBaThb pa3jMYHbIE TEXHOJOTMYECKUE WHCTPYK-
oMy, TpeboBaHUs K BeAeHHUIO npouecca U T.4. Kpome Toro, B kaue-
CTB€ BbIBOJAa MH(pOPMALIMM Ba)XKHO paccMaTpUBaThb TAKXKe pa3jivy-
HblE OTYETHl U TPOYYIO JIOKYMEHTALUI0, (POpMHUPYEMYIO B XOJ€
JAHHOTO TEXHOJIOTMYECKOro mpouecca. B 3ToM mpumepe BbIBOJ
SHEPrUU KaK TAKOBOM SIBJSETCA HECYILIECTBEHHBIM.

Ilpumep 2.  Aemomamuszuposannas cucmema YHPAGJIeHUs
CMEHOO0BLIMU OCHEBLIMU UCNBIMAHUAMU PAKeMHbIX O8uecamelieul
manou msaeu [31]. PakeTHble ABUraTen UCMBITHIBAIOT Ha CIICLU-
albHBIX CTEHJIaX, TJI€ UMUTUPYIOTCS YCJIOBHS AKCILTyaTalydu, Mpo-
BEpAIOTCS pa3jIMUHbIE XapaKTEPUCTHUKH, YTOOBI MOJIyYEHHBIE pe-
3yJIbTaThl YUUTHIBATh MPU pa3paOOTKe ATUX JABUTraTesled. 3/ech Kak
TaKOBOTO BBOJIa M BBHIBOJA BELIECTBA HE BBIMOJIHAETCS, HO €CTh MO-
CTYIJICHUE TOIUJIMBA U €r0 CoKMraHue. B JaHHOM citydae 3To MmocTy-
narolee TOMIMBO MOKHO CUHUTAaTh BBOJIOM DHEPIrvU, a MOBBILLICHUE
TeMIIepaTypbl U TIPOYXE MOCJIEACTBUSA, BOZHUKAIOLIUE B PE3YJIbTATE
CropaHusi TOIUIMBA, MO>KHO CYMTaTh MPOSIBJIEHUEM BbIBOAA HEP-
rui. B gaHHOM mpuMepe HanOoJjiee Ba)KHBIM SIBJISIETCS BBOJ W BbI-
BoJ mHpopmaumun. Mudopmanys, koTopas BHIBOAUTCS B XOJ€ HC-
NbITAHUM, CUTHAJIM3UPYET O XapaKTepUCTUKaX ABUraresei, o0 oco-
OeHHOCTAX uX pabotel U T.4. Hanbonee BakHas wyacTh 3TOH
uHpopmaluu BocnpuHuMaeTcs B pamkax CAuY W MOTOM TOABEp-
raercsa oOpaboTke W aHanuzy. HacTb MHpOpMaALUM, KOHEUYHO, MO-
JKET HE YUUTBHIBATHCA Y HE BBISBIATHCA UMEIOLIUMUCSA AAaTYUKaMHU.
B kaudecTBe BBOJIa MH(POPMALIUM MOXKHO paccMaTpyUBaTh pa3juyHbIC
YIPaBJISAIOLIME BO3/IEHNCTBYS, HAIPMMEDP HaIlpaBJICHHbIE HA U3MEHE-
HUS peKUMOB padboOThl apuratenei. Takxke yacTbio BBOAA MHMOP-
MalMy SBJISIOTCS Pa3IMUHbIE MPEANUCAHNS, UHCTPYKLIMU U TPOUYUE
JIOKYMEHTBI, PErJIAMEHTUPYIOIIHE MOPSA0K UCTIBITAHUH.

Ilpumep 3. Asmomamusupoganusvlit 3K01020-AHATUMUYECKUL
MOHUMOPUHZ UCMOYHUKOB 3A2PA3ZHEHUS NOBEPXHOCMHBLIX 600 [3].



Cneunanu3upoBaHHOE PEYHOE CYJHO, OCHAIEHHOE HEOOXOAUMBIM
00Opy/IoBaHHWEM, BBIMOJIHAET aHAJIU3 TapaMeTPOB BOIHOM Cpeibl.
B 4dacTHOCTH, 3/1eCh OCYIIECTBIISIETCA 3ajlaya aBTOMaTU3aluU TIpo-
1ecca cobopa u ob6paborkm mHpopmainum 00 OKpysKarolie cpee,
B JIAaHHOM ciiy4yae BOJIHOM cpene. CAnY pealim3yeT TOJIbKO TIOJIy-
yeHue MHGOpMALIMKM O MPOLIECCe pa3BUTHUSA BOAHOM cpenbl. JlaHHbIM
MPOLIECC XapPAKTEPU3YETCS BBOJIOM BEIIECTBA, B TOM YHCIJIE U pa3-
JIMYHBIX 3arpsA3HSIOIMX BELIECTB, a TAKXKe BHIBOJOM BELIECTBA 3a
Mpeiesibl paccMaTpUBaeMoro IpoOCTpaHCTBA. BBOJOM M BBIBOJAOM
SHEPruM B pamMKax JAHHOTO mpolecca MOKHO MpeHeOpeub. BeiBoa
uHpOpMalUi pealu3yeTcsl B BUJe Pa3IMYHbIX MapaMeTpOB aHaJIU-
3UpyeMoi BoHOM cpeabl. [Ipy 3ToM BBOA MH(pOpMaLMK B 1ieJIeBOM
MpolLiecC He TPOSIBIIEH.

1.1.2. Knaccnpukanua CAnY mo BHIaM nponeccon

ITonatue CAuY spnsercs I0CTaTOYHO LIMPOKHUM, OMpeaessis
OOLIIMPHOE MHOXKECTBO cucTeM. lIpeacraBiseTcs BayKHBIM JaHHOE
MHO>KECTBO XOTsI Obl HEMHOI'O JeTaJIM3UpoBaTh. sl 5TOro BbIje-
JIMM B HEM MOJIMHO>KECTBA — KJI1ACChl.

MoKHO ObITaTbCA pa3HbIMU CHOCOOAMU clie/laTh TaKoe pasje-
JeHue Ha Kiaccel. Hanpumep, moxkHo knaccuduuupoBate CAunY no
CTPYKTYpE, IO CJI0KHOCTH, 10 TUIaM BBIYUCIIUTEIBHBIX YCTPOMCTB,
No 0COOEHHOCTSIM HMHGOPMALMOHHBIX MOTOKOB, MO OCOOEHHOCTSIM
TOr0 WJIM MHOIO BUJA TUIOBOro oOecrneveHus, no BHUJaM 3ajay ap-
TOMaTHU3aLMM, 110 KpUTepusiM ynpasjieHus v T.4. [Ipumepsl kiaccu-
dukanuii CAuY MoxxHO, HanmpuUMep, HalTH B padoTte [6].

OpHako npu paccMotrpeHur CAunY ¢ o01ux mo3uiuii Hauoo-
Jee uefecoo0pazHoil BbIMSAUT Kiaccudukauus CAuY no Buaam
LEJICBBIX TPOLIECCOB M OCOOEHHOCTSIM B3aUMOJCHUCTBUSI C HHUMHMU.
C 3TOM TOYKHU 3pEeHMs AJis Hayvajla pacCMOTPUM OCHOBHBIE KJIACCHI
MPOLIECCOB.

JIns Hayasa Bce MpolLiecchl pa3aedM Ha JiBa Kjacca:

1) mpoueccel, Ha KOTOpBIE MpeAroiaraeTcss BO3/I€HCTBOBATH
(ynpasnsemvie npoyeccwi);



2) TIpoLIeCChl, HA KOTOpbIE HE TMPEArosaraeTcs BO3AEHUCTBO-
BaTh (KOHMpoUpyemvle npoyeccwl).

CornacHo onpeaeaeHuo GU3NIEeCKOro rnpouecca BbIACISIOTCS
TPU OCHOBHbIE CYILIIHOCTH: BELLECTBO, SHEPIUsl U UHPOpMaLIUSI.

YacTo ObIBaeT, 4TO MPOSBJICHHS BEUIECCTBA U SHEPIrUM CJIOKHO
pa3aenvTh, HalpUMeEp, TOMJIMBO JJ1s1 ABUraTesaed MOXKHO paccmar-
PHBATh U KaK BEIIECTBO, U KaK HOCHUTEb 3Heprun. C Apyrou cro-
POHBI, MPOSIBJICHUE TaKO CYIIHOCTH, Kak MH(popMalusa, Oonee 3a-
METHO Ha (hoHe MposiBJICHUM BellecTBa U sHepruu. [loaTromy cpeau
yIIpaB/Isi€MbIX MPOLIECCOB OyJeM OT/IeJIbHO paccMaTpyuBaTh TpU
KJIacca MPOLIECCOB:

1) mpoueccel, B KOTOPBIX OOJblIee 3HAYEHUE UMEIOT CYLIHO-
CTU BELIECTBA WJIU DHEPIHUU;

2) Opouecchl, B KOTOPbIX 00JIblIee 3HAYCHUE UMEET CYLIHOCTh
uHGpopMalLuH;

3) mpouecchl, B KOTOPBIX HW OAHA M3 CYIIHOCTEW HE HWMEET
npeodJIaarollero 3HaYeHUs (KOMNIeKCHbLEe NPOYECChl).

CornacHo omnpeaeneHuo (U3NYECKOro Mpoliecca MOXKHO BbI-
NeJWUTh TPU acleKTa, CBI3aHHBIX C BELIECTBOM, dHEepruei u uHdop-
MalMel: U3MEHEeHUe, nepeMelleHue, Hakorienue. Mcxonas U3 atoro
B MIEPBBIX JIBYX W3 BBIIIECYKAa3aHHBIX KJIACCOB MOKHO BBIJEIHUTH €I11e
TPH KJ1acca:

1) mpouecchbl, B KOTOpPbIX 0OJIblIEE 3HAYEHUE UMEET AacIeKT
UsMeHeHus CYIHOCTH (MMerolel mpeobiaaroliee 3HaueHHUe);

2) mpouecchl, B KOTOPbIX OOJIbIIIee 3HAUYEHHE HUMEET AacCIeKT
nepemewjerus CylIHOCTH (MMetoLLe mpeodJiaiatolee 3HaYeHue);

3) npolecchbl, B KOTOPBIX OOJIblliee 3HAYEHUE HMEET acleKT
HaxonjeHus CyUHOCTH (MMeloLLeH npeobiaaarolee 3HaUeHUe).

Kaxnomy 13 BbIAEIEHHBIX KJIACCOB MPOLIECCOB MOCTABMM B CO-
orBeTcTBUe Kiacc CAunY. bonee noapooHo »tu knaccel CAuY pac-
CMOTpPUM OTJIEJIbHO, a celyac MpeyIoKeHHY0 Ki1acCU(UKALIUIO TTPO-
[IECCOB U COOTBETCTBYIONX MM CAMY cXeMaTU4YHO TIpEeJICTABUM Ha
puc. 3, Ipy 3TOM Ha JAHHOM PHUCYHKE HCMOJIb3yeTcs abOpeBuaTypa
ACY, obo3Havaroias aBTOMaTU3UPOBAHHYIO CUCTEMY YIPABJICHUSI.
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KonTposmmpyeMmble 11POIECCHI

Cucrema MOHHUTOPHHT A

Puc. 3. OcHOBHBIE KJTacchl npoueccoB u CAnY

[.1.2.1. ABTOMaTHU3NUpPOBAHHAS CUCTEMA YIIPABJICHUS
TexHoJiornueckuM mporeccoM (ACYTII)

Texunonoeuueckuii npoyecc — 3T0 PU3UUECKUI MpoILlecc, B pe-
3yJIbTaT€ KOTOPOTO BBIMOJIHAETCSA MpeoOpa3zoBaHUE MCXOAHBIX CO-
CTaBJIAIOUIMX B ONPEAECJCHHYIO MPOAYKLMIO COMJIaCHO 3aJaHHOM
TEXHOJIOTHH.

Asmomamuzuposannas cucmema YNpaeieHus mexHojao2uue-
ckum npoyeccom (ACYTII) — 3to CAnY ¢ ueneBbIM OpoLECCOM
B BH/JI€ TEXHOJIOIMYECKOI0 IMpolecca.

OOmwas 3amaua asromarusauuu st Bcex ACYTII — obGecrie-
YEHME 331JaHHOI0 KayecTBa MPOAYKLIMKA Ha OCHOBE YCIIELIHOrO Mpo-
TEKAHHUS 1I€JIEBOTO TEXHOJOTHYECKOI0 IpolLiecca.



Brigenenne pa3HbIX BUIOB TEXHOJIOTUYECKUX MPOLECCOB MPH-
BOJIUT K dopmupoBanuto nojakiaccoB ACYTII, xapakTepHbIX s
ONpPEAECICHHBIX OTpacjiel 5KOHOMUKHU, Hanpumep, ACY TII:

— B MAlIMHOCTPOEHUU U METaNIo00paboTKe;

— METaJUTy pruu;

— MUUIEBOM MPOMBILILIEHHOCTH;

— CTPOUTEJIBCTBE;

— BHEPreTHUKE;

— He(PTEXHMHUYECKON MPOMBILIIIEHHOCTH;

— CEJIbCKOM XO3SICTBE;

— JIECHOM XO35MCTBE U T.J.

Kaxxnplii U3 ykazaHHbIX MOAKJIACCOB 00J1a/1aeT CBOM crieludu-
KOM, oToOpaskaeMOl B XapaKTEPHBIX JIJI1 JJAaHHOTO ToJKJIacca 3a/a-
yax aBTOMAaTU3allluu U KPUTEPUSIX YIIPABJICHUS.

1.1.2.2. ABTOMaTU3NPOBAHHAS CUCTEMA YITPABJICHUS
TPAHCIOPTHBIM MPOLIECCOM

Tpancnopmuwviu npoyecc — 3TO MPOLIECC MEPEMELICHUS TPY30B
WA TMAaCCAXXUPOB MO 33JJaHHBIM MAaplIpyTaM COTJACHO 3aJaHHbIM
pacriMcaHusIM Y MPaBUIAM.

Asmomamuszuposannas cucmema YNpAasieHus mMpaHcnopm-
Heim npoyeccom (ACY mpancnopmuvim npoyeccom) — 310 CAnY
C LI€JIEBBIM MPOLIECCOM B BHJI€ TPAHCIIOPTHOTO Mpoliecca.

O6utas 3amada apTomatuzauuu s Bcex ACY TpaHCOPTHBIM
npoueccoM — odecrneyeHre JTOCTaBKU IPYy30B WIM MACCAXKUPOB MO
3aJJaHHBIM MaplIpyTaM COIVIaCHO 3aJaHHbIM PACIMCaHUAM U Ipa-
BWJIaM TPU YCJIOBUM COXPAHHOCTHU I'Py30B M 0€30MacCHOCTH Macca-
KUPOB.

Knaccudukanys TpaHCOOPTHBIX MPOLIECCOB IO BUJAM TpaHC-
MOPTHBIX CPEJICTB MPUBOIUT K (opMHUpoBaHUIO NoakiaccoB ACY
TPAHCTIOPTHBIM TTPOIIECCOM:

— HA KEJIE3HOJOPOKHOM TPAHCIOPTE;

— aBTOMOOMJILHOM TPaHCHOPTE;



— BO3/IyIIIHOM TPAHCIIOPTE;

— BOJHOM TPAHCIOPTE;

— TpyOOINPOBOAHOM TPAHCIIOPTE U T.JI.

Kaxxnplii U3 ykazaHHBIX MOJKJIACCOB 00ya/laeT CBOe cCrielu-
dukoit, oToOpakaeMOM B XapaKTepHBIX IJIS JaHHOrO IOAKJIacca
3a/layax aBTOMaTU3alMU U KPUTEPUSIX YTIIPABICHUSI.

1.1.2.3. ABTOMaTU3UpOBaHHAs CUCTEMA YIIPABJICHUS
MPOLIECCOM HAKOIUJICHUS U XpaHEHU s

IIpoyecc naxkonnenus u xpanenuss — B JTaHHOM KOHTEKCTE ATO
npoLuecc, 3aKI0YarolMics B HAKOTUJIEHUM BeleCTBa (B YaCTHOCTH,
M3IEJIMIA) WU SHEPTUM (B YaCTHOCTH, HOCHUTEJIEH SHEPTrUH), a TaK-
’K€ MX XPaHEHMH C LEJIbI0 COXpPaHEHHUs] HEU3MEHHBIMHA UX OCHOBHBIX
CBOMCTB.

Asmomamuzuposannas cucmema YnpasieHus npoyeccom Ha-
konnenuss u xpanenust (ACY npoyeccom naxkonnenus u xpaneuus) —
570 CAUY C LeNeBbIM NMPOLECCOM B BHUJE MpOIEcca HAKOTUICHUSA
Y XpaHEHMUH.

O6uas 3anava apTomaruzaiuu aiag Bcex ACY npoieccoM Ha-
KOIUIEHUS M XpaHEHMs — moadeprKaHue TpeOyeMbIX YCIIOBHUM Xpa-
HEHMs, a TaK)ke oOecrneveHre MPOLECCOB MOCTYIICHUS W BbIAA4Yu
XpaHUMBbIX MAaTEpHUANIOB.

Knaccudukaiusa npoieccoB HaKOIJIEHUs U XpaHEHMS T10 OCO-
OCHHOCTSIM YCIIOBUM XpaHEHMS TIPUBOIUT K (POPMHUPOBAHUIO TO/I-
ki1accoB ACY mnpoueccoM HaKOMJICHUsS W XPpaHEHWs, HaIlpumep,
ACY:

— XOJIOAUJIBHBIM CKJIaJIOM;

— CKJ1IaJIOM LUTYYHbIX I'Py30B 0€3 TEMIIEpaTypPHOI0 pexxX1uMa;

— MY3€HHbIM XpaHUJIUIIEM;

— OUOJIMOTEYHBIM XPAHUJIUILIEM;

— HeTexXpaHWUJTUILIEM;

— ra3oxXpaHujnIIEM;

— TOTUTUBHBIM XPaHWJIUILIEM;



— 3epHOXPAHWINLIEM;

— OBOILEXPAHWJIHIIEM H T.J.

Kaxkaplii U3 ykazaHHbBIX MOAKIACCOB 00JiajlaeT CBOSH crelu-
dbukoi, oToOpakaeMOM B XapaKTepHbIX JJIsl JAHHOrO IOJKJacca
3aJa4ax aBTOMATU3alNN U KPUTEPUSIX YITPABIICHHUS.

1.1.2.4. ABToMaTH3upoBaHHast HUHQOPMALIMOHHAS CUCTEMA

Hngpopmayuonnwiii npoyecc — 310 npouecc oopadboTKu, nepe-
MELLEHUs M HAKOIUIEHUsI MHPOPMALMU.

Asmomamuzuposannaa ungopmayuonnas cucmema (AHC) —
370 CAunY ¢ 1ieneBbIM MpoLeccomM B BUAE MHHOPMALMOHHOTO MPO-
1ecca.

OoO1ee ceorictBo Bcex AUC cocTOUT B TOM, YTO B OTJIMYUE OT
paHee paccMoTpeHHbIX KiaccoB CAmY B ciydae AUC wnenocpeo-
CIMEEHHOe B3aUMOJIEICTBUE C BHELIHWM MHWPOM, HalpuUMmep C IMOo-
MOIIBIKO TATYUKOB U UCIOJHUTEbHBIX YCTPOUCTB, CBOAUTCS K MU-
HUMYMY W YacTO OrPaHWYMBAETCS JIWIIb HEIOCPEICTBEHHBIM B3au-
MOJENCTBUEM C YEIIOBEKOM.

Ho 310 He o3Hauaet, uto AUC He nosiyyaeT uHdopmaiuio ot
BHEITHEero Mupa. Jta uHdopmalysa moxeT nocrynate B AWC ot
apyrux CAuY 1o TeM WK MHbIM MHPOpMalMOHHBLIM KaHanam. Ta-
KO€ B3aUMOJEHUCTBUE C BHELIHUM MHUPOM YK€ SIBJISIETCS OMOCPE/I0-
BaHHBIM (a2 HE HETTOCPEACTBEHHBIM).

3nech Mbl MOJAXOAMM K MpoOJeMe BbIAENEHUs] T'paHUIl pac-
cMmaTpuBaemoni CAnY.

Hanpumep, ecnu paccmorpers CAMY sl CIOKHOM TpaHC-
MOPTHOM cucCTeMbl, TO B 1ejoM 3T0 Oyner ACY TpaHCHIOPTHBIM
npoueccoM. Ho B coctaBe stoil CAMY MoxkeT ObITh BblJe/ieHA
AWC, 3anuMaromascs ciaoHOM 00pad0TKko MHOTOUMCIICHHOM MO-
cTynarouled uMH@opMmaluM, BbIpaOOTKON pacnucaHui, aHaaIu30M
MapiipyToR ¥ T.J. Y 371ech BO3ZHMKAET BOMPOC, CUWTATH JIU ATY
AUNC camocrtosarenpbHor CAuMY wiu toibko noacucremoun ACY
TPAHCIIOPTHBIM TIPOLIECCOM?



OTBeT Ha 3TOT BOMPOC 3aBUCUT OT KOHTEKCTA, JeTalu3alllH,
LeJIEd aHalnu3a U PacCMOTPEHMUS CHUCTEMBbI. B KaKuMX-TO clydasx
BaxkHO BbiAeUTh AVUC u, HanmpuMep, MPOEKTUPOBATH €€ OTAECJIBHO,
dbopMUpys OTJAENbHOE 3aJaHue Ha IpoekThpoBaHue. Hanpumep,
KOr1a HaJo MoJiepHru3MpoBaTh nmeromyrocs AUC. B kakux-to ciy-
yagx 3ajada NPOCKTUPOBAHUS MOXKET pelaTbCsl KOMIUIEKCHO,
B XxoAe mpoekThupoBaHua Bcerl CAMY, B COCTaB KOTOPOW BXOIMUT
nandasg AUC.

HNudopmans MokeT oOpadaThIBaThCs, NepeaaBaThCs, HaKam-
JauBatbcs. B cilyyae cyuiecTBeHHOro mnpeoodJsasaHys OJHOI0 W3
3TUX BUJOB JeicTBUi nony4daercs, yto AWMC cBoaurca K oHOMY
U3 caeayromux Tpex noakyiaccop CAuY (cMm. puc. 3):

1) aBTOMaTU3NpOBaHHAs cucTemMa 00paboTKH UH(poOpMalnu;

2) TETeKOMMYHHUKALIMOHHAsI CUCTEMA;

3) cucteMa XpaHeHUs JaHHBIX.

B pamkax gaHHOro y4eOGHOro nocoous W COOTBETCTBYIOLIEH
y4eOHOM JUCUMIUIMHBI Ba)XHO PacCcMOTpeTh Haubosiee o01ue
W CJIOXKHBIE CITy4Yad NPUMEHEHMS! TEXHUYECKUX CPEJCTB aBTOMAaTH-
3alMu W ynpapieHud. B cnydae ke AUC mbl, Kak npaBuio, UMeeM
JaJeKO HE TMOJHbIA HaOOp pa3jiMyHbIX BHUJOB 3THUX TEXHHYECKHMX
cpeacTB. B dacTHocTH, Kak ObL10 ykazaHo Bblie, B AMC 00b14HO
OTCYTCTBYIOT JaTYMKH W UCIIOJTHUTEIbHBIE YCTPOMCTBA, T.€. TEXHH-
YECKME CPEJICTBA B3aMMOACUCTBUS ¢ mpoleccoM, Beab AUC umeer
7IeJI0 B MEPBYIO ouepeab ¢ MHpopMalme. B cBi3M ¢ 3TUM B Jajib-
HeMIeM Mbl He OyJieM OCTaHaBJIMBATHCS Ha CMELU(PUUECKHX OCO-
oeHHocTsx AMC u ocoOeHHOCTSIX mpolecca pa3pabdOTKU TaKUX
cucTeM, a OyJiem oopalarbcsa K Haubosee oomum ciaydaim CAnY.

[.1.2.5. ABTOMaTU3MpOBaHHAsA CUCTEMA YIIPABJIECHUS
cpeaoi oouTaHus

CylLecTBYIOT KJ1acChbl KOMILIEKCHBIX MPOLECCOB, I/l€ CJI0XKHO
BBIZIEJIUTh TMpeoOiagaHie BEleCTBa M DHEPruu WIM UHOOPMALUH.
PaccMOTpUM OJIUH M3 NPUMEPOB TaAKUX MPOLIECCOB.



lIpoyecc obecneuenus cpeodvt obumaHus — 3TO MPOILECC, CO-
CTOSLLIUM:

— B M3MEHEHUHU TOr0 WJIM HWHOrO BEIleCTBA /i MPUBEACHUS
€ro K BUAY, HEOOXOIUMOMY ISl MOJJIEpKaHUSI cpelibl OOUTaHUS,
Harnpumep OYMCTKA BOJIbI M BO3yXa;

— MepeMelleHUY BellecTBa K HY>KHbIM MECTaM cpejibl oOuTa-
HUSI, HAIIpUMeEp NOJABEIEHUE MTUTHEBOU BOBI;

— HaKOIUIEHUM U XPAaHEHWH BEUIECTBA, HAIPUMEP COXPAHEHHUE
3aMacoB MPO/IOBOJILCTBUS U MUTHEBOUM BObI;

— NOJIYYEHUU DHEPIruv, HEOOXOAMMOM 1JIsi o0ecneyeHus: cpe-
Jibl OOUTaHUsI, HAIIPUMEP TMOJTYyYEHHUE AJIEKTPOIHEPTUMU;

— BBIBOJIE 3TOM DHEPruU B APYroi opme, Hanmpumep pacceu-
BaeMOTo Teria;

— BOCHOPUSITUM MH(OpMaLMH, MOCTyNarolled U3HyTpU U CHa-
PYKM cpeibl 0OMTaHUs, YTO HeOOXOIUMO ISl MPaBWJIHLHOM ajianTta-
UM Cpebl OOUTAHUS K U3MEHSIOLIUMCS YCIIOBHUSIM;

— BbIPAaOOTKE CHUTHAJIOB O COCTOSIHUM Cpelibl OOUTaHUS, Ha-
MpUMep CUTHajM3alus 00 M3MEHEHUSX TTapaMeTPOB CPeIbl.

Asmomamuzupogannas cucmema ynpaegieHus cpeooi obuma-
Hust (ACY cpeooit ooumanus) — 310 CAnY ¢ ueneBbiM NpoLeccoM
B BHUJIE Tpoliecca odecrieueHus cpejibl OOMTaHUS.

Ob6mas 3amaua aBToMaTuzauuu it Bcex ACY  cpenoit
oOUTaHUsl — TOAAEpHKaAHUE TPeOYyEeMbIX YCAOBUM CYLIECTBOBAHUS
cpeapl OOUTaHUWS, B YaCTHOCTH oOecriedeHrne BCEeMU HEeOOXOMMBbI-
MU pecypcaMu, obecrieyeHue 0e30MacHOCTH, IHEProdIKOHOMHYHO-
CTH U T.[.

Knaccudukanuysa npoueccoB odecnieueHus cpeapl 0OMTaHUA 110
BUAY Cpelbl OOUTaHUS MPUBOAUT K (POPMUPOBAHMIO TOJKIACCOB
ACY cpenoit oOutaHus, HalpuMmep:

— CHCTeMa aBTOMATHU3aLMK 3aHKS;

— CHUCTEMA «YMHBIN JIOM»;

— ACY ropojckoi HHpacTpyKTypoOu;

— ACY caoBO-NapKOBBIM KOMILJIEKCOM;

— ACY okeaHapruyMOM U T.]I.



Kaxkaplii M3 yKazaHHBIX MOJAKJIACCOB 00JiaJlaeT CBOEH crelu-
dbukoi, oToOpakaeMOW B XapaKTEPHBIX JIS JAaHHOrO TOAKJIacca
3aJa4ax aBTOMATH3alMKU U KPUTEPUSIX YIIPABIICHMUSI.

Kak yxe OblJ10 paHblI€ OTMEYEHO, MPU BbIIECJIEHUU T'paHUL
CAnY Ba)XHO€ 3HAYECHHE HWMEET KOHTEKCT M LEIb PacCMOTPEHHMS
CUCTEMbI, U ObU1 MpPUBEAEH COOTBETCTBYIOUIMU npumep. B cayuae
ACY cpenoii 00MTaHUs TaKKe€ MOKHO MPUBECTH MOJOOHBIA MpH-
Mep. Tak, B cOCTaBe CUCTEMBI ABTOMATU3aLMU 3/1aHUS MOYKHO BbI-
JEJIUTh TEXHOJOTMYECKHE MPOLIECCHI, HAIPUMEP MPOLIECC OYUCTKHU
BO/Jlbl, POLIECC OUMUCTKU BO3ayXa. [l KaXKA0ro u3 rnojoOHbIX TE€X-
HOJIOTMYECKHX IIpolLiecCOB MOkKeT ObiTh co3gaHa cBosi ACYTII,
M UX MOKHO paccMaTpuBaTh Kak OTAEJIbHO, TaK U B KQYECTBE MO/I-
cUcTeM 00l1Iei cucTeMbl aBTOMATHU3aLIMK 3/TaHUS.

1.1.2.6. ABToMaTU3UpOBaHHAS CUCTEMA YIIPABJICHUS
MOABUKHBIM 00BEKTOM

PaccMoTpuM ellie mpuMep KOMILIEKCHOTO Mpoliecca.

IIpoyecc hynxyuonuposanus nooBuUNCHO20 00BeKma — 3TO
MpoLECC, COCTOALLUM:

— B IIepeMeIIeHHH BelIeCTBa B BUAE CaMOI'0 TTOJBUYKHOTO 00b-
€KTa, TaK)K€ BO3MOYKHBIX I'Py30B U MaCCaKUPOB;

— MOJIyYE€HUHU SHEPruu, HEOOXOAUMOM JJI NBUXKEHUSI OOBEKTa;

— BBIBOJIC ATOM SHEPruu B Jpyroii hopme, Haripumep B BHUE
KUHETUYECKOU WU MOTEHUAIIbHOM SHEPIUM;

— BOCHIpUATHU UH(DOpMaLIMK 00 OKpY:Karolle cpeae Ajs Impa-
BWJIBHOIO NepeMeIleHUS;

— BbIpaOOTKE CHUTHAJIOB B OKpPY KAyl Ccpeay, Harnpumep
O CBOE€M MECTOMOJIOKESHHUH.

Asmomamuszupogannas cucmema YnpasieHus NOOGUNCHBIM
oovexmom (ACY noosusicnvim 0ovexmom) — 310 CAnY ¢ 1eneBbM
nmpolleccoM B BHJE Tpoliecca (PyHKIMOHUPOBAHUS TIOJIBHYKHOTO
00BbeKTa.



Kinaccudukanms nponeccoB ¢GpyHKIMOHUPOBAHUS TTOABUKHOTO
00BbEKTa MO BUAY MOJBHUKHOIO OOBEKTa MPUBOAUT K POpMHUPOBa-
autro noakiaccoB ACY moaBUKHBIM 00BEKTOM:

— B BUJ€ aBTOMOOMUJIA;

— MOPCKOI0 CY/IHa;

— CaMOoJIeTa;

— 0eCMWIOTHOTO CaMoJIeTa;

— poboTa U T.J.

[Ipu o603HaueHur gaHHoro kinacca CAuY Mcnosib3yercs ciio-
BO «aBTOMAaTHU3MpOBaHHas» (CUCTEMa YIpaBJIEeHUs ), YTO Mpe/rioJia-
raeT HaJIMuMe 4ejoBeka B coctaBe naHHod CAunY. D10 cripaBeniu-
BO, Harpumep, B ciydae ACY noABH>XHBIM OOBEKTOM B BHJIE CaMO-
jgeta, tae B coctaBe 3TOM CAMY BaOXHYIO POJb UTPAET SKHUMAXK
camoJieTa.

OnHako B ciaydae MOJIBUKHOTO 00BheKTa B BUJIe OECIMIIOTHOTO
caMoJjieTa Wik poO0Ta MOXKET OKa3aThCsl TaK, YTO YEJIOBEK HE BXO-
auT B cocTaB naHHoit CAnY. Hanpumep, MOKHO paccCMOTpPEThH pea-
JIM3aLMIO TTIOJTHOCThEO aBTOHOMHBIX O€CIUIOTHBIX CaMOJIETOB U PO-
o6otoB. Torma Hamo roBopuTh 00 asmomamuueckoil CUCTEME
yIpaBJieHHs MOJABH)KHBIM OObEKTOM.

Ho nyis ynoGcTBa M KpaTkocTy OyaeM 371ech U B JajbHEUIeM
npeanoJiaraTb, YTO ASMOMAMUUPOBAHHASL CUCTEMA YIMpaBJICHUS
B YaCTHOM CJIy4a€ MOXKET CBOAMUTHCS K a8MOMaAmMu4eckol CUCTEME
yIpaBjeHus: (Korjaa poJib 4YeJlOBeKa B COCTaBE A3TOM CHUCTEMblI MM-
HUMaJIbHa WKW OTCYTCTBYET).

Moxet okazaTbes, uto B cocTaBe 0oJibiioit ACY TpaHcnopt-
HBIM IIpolieccoM BbiziesisieTcss MHOKeCTBO ACY OTaenbHbIMU TO/I-
BWOKHBIMM 00BbekTaMu. Takoke MOKHO MPUBECTU MTPUMEP pOOOTHU3HU-
POBAHHOI'O 3aBOJa, '€ MHOXKECTBO COOPOUYHBIX OMepauyid BbIMoJi-
HSAIOT poOOTHI. 37ech MOXKHO paccMaTpuBaTh OTAeibHble ACY
MOJBUKHBIX OOBEKTOB B BHJI€ pOOOTOB, HO BCE 3TU POOOTHI SABJIS-
1oTcs yacthio 6onpino ACYTII, npeaHazHaueHHO#W 11 oOecrieve-
HUsI TIPOM3BO/ICTBA HEKOTOPOM MPOAYKLMH.



1.1.2.7. ACY npoueccom rccieIoBaHus

PaccMoTpuM npuMep KOMIUIEKCHOTO Tpoliecca.

lIpoyecc uccnedosarnus — 3TO NMPOLECC, COCTOSIAMN:

— B MOJIy4YeHUH uHpopMau o0 00beKTe UcCie10BaHUS;

— BbIBOJI€ yMpaBistouield nHhopMaluu K 00bEeKTY UCCie10Ba-
HUS, HafpyUMep )il MEPEeKTI0OYEHUs] PeKUMOB paboThl 00BEKTA, YC-
JIOBUH SKCIEPUMEHTA U T.J.;

— BBOJIE pa3zIMYHBIX (POpM BellecTBa U IHEPrUU, HEOOXOIU-
MbIX 1151 IPOBEJICHUS UCCJIE/I0BAHMS;

— BBIBOJIE pa3jWyHbIX (HOpPM BelIECTBA U DHEPrUM, MPOU3BO-
JMMBIX B pe3yJbTaTe UCCIIeOBaHUS.

Asmomamuzuposanuas cucmema YNpasieHus npoyeccom uc-
creoosanus (ACY npoyeccom uccrneoosanus) — 310 CAunY ¢ uene-
BBIM ITPOILIECCOM B BHJIE TTpollecca UCCeJOBaHus.

MoO>kHO BBIAEIUTH ABA OCHOBHBIX TojiKJIacca ACY mpoueccom
MCCJIeIOBAHU:

1) aBTOMaTU3MpOBaHHAsE CUCTEMA HAYYHBIX UCCIIEIOBAHUM;

2) cuctema aBTOMaTH3alMU UCTIBITAHUM.

ABTOMaTHU3MpOBaHHAs CUCTeMa HAY4YHbIX MCCJeI0BaHUI
(ACHH) — »to CAnY, obecneurBarolias aBToOMaTU3alllI0 HAyYHbBIX
HKCIIEPUMEHTOB, a TaK)Ke IMO3BOJISIIOIIAs MOJCIUPOBATh UCCIIETye-
Mble OOBEKTbl WJIM MPOLECChl, KOTJa UX U3yUYeHUEe APYTUMU Cpei-
CTBaMM HEBO3MO>KHO WJIU CJIMIIKOM 3aTPyAHEHO.

Cucmema asmomamuzayuu ucnvimanuil (CAH) — sto CAnY,
o0ecrneurBaroiasi aBTOMaTU3aLUI0 WCMBITAHUA TOTOBBIX JK3EMII-
JIAPOB MPOAYKLMU WK OMBITHBIX 00pa3lioB TaKOW MPOyKLIHH.

[Ipn 5TOM BaxkHO yuuThiBaTh, 4TO CAW MOXKET SBNSATHCS MOA-
cuctemoii 6osbiiot ACYTII. Takas CAU, nanpumep, odecneyu-
BaeT MPOBE/ICHWE UCTIBITAHUN MTPOU3BOJIUMOM MPOAYKIIUM, U HA OC-
HOBE JTUX HWCMbITAHUH MPUHUMAIOTCS PELIEHUST O KauyecTBE Mpo-
IYKIAA, MOXKET KOPPEKTHUPOBATHCS PEXUM TEXHOJOTHUYECKOTO
rporecca 1 T. .



1.1.2.8. Cucrema MOHUTOpPHUHTA

Jlo aTOro paccmarpuBajIMCh TOJIBKO YIPaBIISIEMbIE MPOLIECCHI,
T.€. mpoluecchl, Ha KoTopble CAnY moxeT Bo3zaecTBoBaTh. Ho cy-
LWIECTBYIOT TaKXe MpPOUEcChl (KoHmpoaupyemvie npoyeccol), Ha
KOTOpbIE JTMOO HET BO3MOYKHOCTHU BJIMATH B JIaHHBIA MOMEHT, JIU-
00 HEeT caMOM 3aJa4yv HENMOCPEACTBEHHOrO BJIMSHMUS Ha 3TH MPO-
LIECCBI.

Cucmema monumopunea — 310 CAnY € UENEBBIM MPOLIECCOM
B BU/I€ KOHTPOJIMPYEMOIO Ipoliecca.

OO0was 3agaya apToMaTu3aluu s BCeX CUCTEM MOHUTOPHUH-
ra — 5TO MOJIydYeHHe HeoOXOJIMMOU MH(POpMalUKMU O KOHTPOJIUpYe-
MOM Tipoliecce kak B ¢dopMme, yAOOHOH IJi1 HEemocpeACTBEHHOro
BOCHPUSTHUSI YEJIOBEKOM, Tak U B (popMe, y100HOM AJ1s1 aBTOMaTHUYe-
CKOM 00pa0OTKH 3TOM UHGOpMALIUH.

31ech BaXKHO yKazaTh Ha TO, YTO CUCTEMa MOHUTOPUHIA YaCcTO
MOKET OBITh COCTAaBHOM HacThio OoJiee obmupHoit CAnY, ABIsATHCA
noacuctemoi 3Toi CAnY. beiBaeT, 4To Takyto MoJicMCTeMy TpeOy-
eTCs paccMmaTpuBaThb OTAeAbHO OT obuieit CAuY, Hanpumep OT-
NEJIbHO €€ MPOEeKTUPOBATb.

1.1.3. Buan1 ooecneuenusa CAuyY

1.1.3.1. Texuu4deckoe o0ecrieyeHUE

DTO KOMILIEKC TeXHUYECKHX cpelacTB (hardware), ipuMeHsie-
MBIX s (yHKIroHupoBanus CAuY, Hampumep KOMITBIOTEPHI,
KOHTPOJUIEPBI, JaTYMKU, UCTIOJIHUTEIIbHBIC YCTPOKCTBA U T.JI.

YacTo BMECTO TepMHHA «T€XHUYECKOE oOecreueHue» mpume-
HSIOT TEPMUH «alllapaTHoe o0ecrneyeHue». ITOT BU1 00ecIieueHUs
Oynetr noapoOHO paccMaTpUBaThLCA B JajibHEMILEM, TaK KaKk B paM-
KaX JaHHOTO MOCcOOMS pacCMaTPHUBAIOTCS KOMITBIOTEPHBIE TEXHOJIO-
rmu B mexHuyeckux cuctemax. Ilo cyTw, Bce cyluecTByOIIMe
TeXHUYECKHE CPEJCTBa aBTOMAaTH3allMM W YMpaBJeHUS 00pa3yroT
MHOJKECTBO, U3 3JIEMEHTOB KOTOPOTr0o MOXKHO (hOPMHPOBATH TEXHU-
yeckoe obdecrieueHne KoHkpetHot CAny.



1.1.3.2. [Iporpammuoe obecnieuenue (I110)

DTO KOMIUIEKC TMporpamMm (software), TPUMEHSEMBIX s
dbyHkuronupoBanus CAunY.

I1pu sTom T1O pengrcd Ha nBa BUAA:

1) odmee 1O (mporpammbl Ajid LIMPOKOro Kpyra 3ajay, Ha-
MpUMEP OMNEPAUUOHHBIE CUCTEMbI, TEKCTOBBIE PEAAKTOPHI, apXHUBa-
TOPBI U T.]11.);

2) cneumansHoe [1O (nmpumeHsieTcss TONBKO /IS peau3alyu
nanHoit CAuY, HanpuMmep nporpamma, peajiusyrolas uHTepdeiic
C omepaTopoM; Iporpamma, ¢Gopmupyrouas TEKCTOBbIE OTYETHI,
UT.JI.).

OTOT BHJ o0OecrnedyeHus Takxke OyJeT paccMmaTpuBaThes
B JajibHeliieM Oojee mMoApoOHO, TaKk Kak (PYHKLIMOHUPOBAHUE
CJIOKHBIX TEXHUYECKUX CHCTEM, OCHOBAHHBIX HA BBIYMCIICHUAX
(Harpumep, HWCMOJB3YIOUMIMX KOMIIBIOTEPHI WA  KOHTPOJUIEPHI),
NPaKTUYECKHU HEBO3MOXKHO paccMaTpuBaTh, HEe oOpailiasi BHUMaHUS
Ha MporpaMMHoe o0ecrieueHHue.

YacTo ObIBAET TaK, UTO OJIHU U Te K€ (PYHKLIMU MOTYT BBITNOJI-
HATbCA KaK anmnapaTHbIMH, TaK U MPOrPaMMHBIMU CpeICTBaAMU (UK
CJIO)KHOM MX KoMOWHalnumen). Mcxons u3 3Toro npu BeIOOpe TEXHU-
YECKHUX CpPEACTB Ba)KHO MOHWMAaTh BO3MOKHOCTb WX 3aMELICHMS
MpOrpaMMHbBIMU CPeACTBAaMU U HAOOOPOT.

Takum o0pa3oMm, mMpu paccMOTPEHUH BoOMpoca YMNpaBJIEHUS
B TEXHUYECKUX CUCTEMax Ba)KHO YJI€JISITb BHUMAHHUE COBOKYIMHOCTH
arnmnapaTHO-MPOTrPaMMHBIX CPEJICTB, T.€. paCCMaTPUBaTh KaK TEXHU-
yeckoe, Tak U mporpammMHoe odecrieyenue CAuy.

Hpyrue Buasl obecnieueHus CAuY paccMoTpum 31ech Oosee
KpaTKo.

1.1.3.3. Marematuueckoe odecricueHue

DTO COBOKYITHOCTh MAaTEMAaTUYECKUX METOJIOB, MOJIEJIECH U aJl-
TOPUTMOB, UCITIOJIb3yeMas Tpu co3aanuu CAunY.



[IprmMepbl KOMIIOHEHTOB MaTEMAaTHYECKOTO 00eCTIeYeHUS:

— METOJIbl UJIEHTU(PUKALIMN YITPABISIEMOT0 OOBEKTA;

— METO/bl TEOPHUM HAJIC)KHOCTH;

— METOJbI CTATUCTUYECKOIO aHaJIM3a Pe3yJIbTaTOB U3MEPEHUI;

— MaTeMaTU4YeCcKas MOJIEJIb YIIPABJISIEMOTO MPOLECca;

— MaTeMaTh4yecKasi MOJieJib MOBECHUS YeJIOBEKa-0IepaTopa;

— asiroput™ [TW/I-perynupoBanus;

— QJIrOPUTM AJANTUBHOIO YMNPABJIEHUs IOJICUCTEMOM YIMpaB-
JIIeMOT0 00BEKTA;

— QJITOPUTM YIIPABJIEHUs], MCIIOJIb3YIOLMU almnapar HeYeTKOU
JIOTUKHU;

— uMdpoBas puUabTpaLys MOCTY AKX JaHHBIX U3MEPEHUS;

— 00paboTka U3MepUTeNbLHONM UHGOPMALIMU C 1LIeJIbIO KOMIICH-
callMu TOTPELIHOCTA U3MEPEHMS, HAIlpUMEP HA OCHOBE BbIUMCIIE-
HUS «IIJJABAIOIIEr0 CPEJAHEero» II0 COCEAHUM pe3yjbTaTaM H3Me-
PEHUI.

1.1.3.4. UudopmanmoHHoe oOecrieueHue

DTO COBOKYMHOCTh pEaIM30BaHHBIX PEUIEHUH 1Mo oO0beMawm,
pa3MelleHu0 M (opMam opraHuzauuu WHQOpMaluU, LUUPKYJIU-
pytouieid B CAuY npu ee GyHKIIMOHUPOBAHUH.

B cocraBe CAnY unmeercs unpopmanuonHas 6a3a (Ub), B ko-
TOPOI cOAEpKUTCsI BCsl HeoOXoauMasi nHpopmauus 11t PyHKIMO-
HupoBaHus CAunY. PaznuuaroT BHyTpuMauiMHHyto yactb Ub (daii-
Jbl, 0a3bl 1aHHBIX) U BHEMalIWHHYO YacTh b (Hanpumep, TekcTo-
BbI€ JIOKYMEHTHI U T.]I.).

B npoctom cnyuae BHyTpuMalunHHasa yacte b opranuzosaHa
B BUJIe (haiiJIOB.

B cnoxnoit CAnY BHyTpuMalivHHas yactb Ub MoxeT ObITh
OpraHu30BaHa B BUJIE Oa3bl OaHHbLX, KOTOpas ONpeaessercs Kak
COBOKYMHOCTbh JAHHBIX, OPraHU30BAaHHBIX T10 OMNPEAECITCHHBIM ITpa-
BWJIaM, TpeyCMaTPUBAIOLIUM OOIIME NPUHLMIBLI OMUCAHUA, Xpa-
HEHHUS U MaHUIYJIMPOBAHUS NAHHBIMH, HE 3aBUCSILIASL OT MPHUKIA/I-
HBIX TTPOrpPaMM.



HNHbopmalmoHHoe obecrieueHue ornpeesser:

— 00BbeMBI, pazmeleHue U popmel opranuzanuu Ub;

— CTPYKTYpPY H cojiep’KaHHMe HOPMaTHBHO-CIIPABOYHOM WH-
dopMaLMu Jj1s ONMMCaHUS OOBEKTOB U UX CBOMCTB (B TOM YMCIIE
MporpaMMHBIC CUCTEMbI CIPaBOYHOM MHMOPMALIVK);

— CTPYKTYpPY M coAeprKaHue KiaccUupUKaTOpoB (Kiaccuduka-
I OOBEKTOB);

— CTPYKTYpY W cojaepkaHue YHU(DULMPOBAHHBIX JIOKYMEHTOB
(HampuMep, OTUYETHBIX BEAOMOCTEH, TUMOBBIX OJIAHKOB U T.[I.);

— IIPOTOKOJIbl OOMEHA JIaHHBIMU MEXAY Pa3iduHbIMMU YCTPOMi-
CTBaMHU CUCTEMBI.

Kak npaBuio, yem cioxxkHee CAuY, Tem 0oJjiee CylIEeCTBEH-
HYO POJIb UrpaeT MH(popMalMoOHHOE oOecTeueHue.

1.1.3.5. JIuarsuctuueckoe ooOecreyecHue

DTO COBOKYIMHOCTb SI3BIKOBBIX CpeAcTB nja  dhopmaiuza-
LMY €CTECTBEHHOIO $3bIKa, MOCTPOEHUsS U coueTaHuss UHGOp-
MalMOHHBIX €IWHULl MpPU OOIIEHWH ONEPATUBHOIO TMEepcoHaia co
CpEeICTBAMM BBIYMCIWUTENbHOW TEXHUKM MpH (HYHKUIMOHUPOBA-
Huu CAnY.

[IprMepbl KOMIIOHEHTOB JIMHIBUCTUYECKOTO O0ECTIEUECHUS:

— YCJIOBHbIE 00O3HAYEHUS ONEepaTOpPcCKOro MHrepderica (MHe-
MOCXEMbl, TEKCTOBbIE COOOLIEHUS, LIBETOBbIE UHAMKATOPHI);

— cOoYeTaHWe 3JIEeMEHTOB rpaduueckoro HHTepdeiica (MeHro,
AUAJIOrOBbIE OKHA, KHOIIKH, CTPOKM BBOAA, CTPOKM COCTOSIHUA U T.J.);

— JWaJIOrOBBIE CpeJICTBA AJIS B3aUMOJIEUCTBUS ¢ UH(pOpMALIU-
OHHOM 0a30M (SI3bIKU 3aMpPOCOB U T.[I.);

— CpelCTBa TOJIOCOBOIO OOIIEHUsI Ha OCHOBE PacIiO3HaBaHMS
peYM M CUHTE3aTopa peuu;

— S3bIKM  CLIEHapueB (HampuMmep, KOPOTKHME MPOrpaMMbl
(ckpunThl), HaOWpaembie OrepaTopoM Jiss (POPMUPOBAHUS CIIONK-
HOW KOMaHJBI).



[Ipumep miporpaMMBbl Ha A3BIKE CLIEHAPHUEB:

BKJI HarpeBaTelbl

OTKP BeHTUJIbL2

SBAIEPXKA 10cexk

3AKP BeHTUJIb2

ECIIN TemnepaTypa3>100 TO BKJI BeHTUIATOpl

BaxHO HE MyTaTh SI3bIK CLIEHAPUEB C A3bIKAMM MIPOTPAMMMPO-
BaHUS, IPUMEHSEMbIMU 151 pa3pabOTKH MPOrpaMMHOro odecrieye-
HUs B npouecce npoekmupoganusi CAnY. Takue [3bIKHA IpOrpam-
MHUPOBAHHUS HE BXOJAT B COCTAB JIMHIBUCTHYECKOTO ODOeCreueHus,
a BOT €CJIM KaKOW-IMOO (hopMairM30BaHHBIN S3bIK, HATIPUMED SA3bIK
CLIEHapUEB, MCIIOJIb3YETCS YEJIOBEKOM-ONEpaTopoM B IMpoLecce
¢ynxkyuonuposanusi CAnY, To ero MOKHO CUMTAaTh KOMIIOHEHTOM
JIMHTBUCTUYECKOI0 00ecneyeHusl.

1.1.3.6. OpranuzaumMoHHoe odecrieueHue

OTO COBOKYITHOCTb JIOKYMEHTOB, PErIaMEHTHUPYIOLUX [Ies-
TeJIbHOCTh NepcoHana CAunY B ycloBusax ee GyHKIMOHUPOBAHUS.

[Iprmepbl KOMIOHEHTOB OPraHU3alMOHHOIO O0EeCNeYEHUS:

— PYKOBOJICTBO OIEepaTopa;

— UHCTPYKLUSA IO KCIUTyaTaluu;

— HWHCTPYKLUMS MO TPOBEJACHUIO TEPUOAUYECKUX TPOBEPOK
00OpyI0BaHMUS.

1.1.3.7. IIpaBoBOoe obOecrieueHue

OTO COBOKYMHOCTh MPABOBBIX HOPM, PErJaMEHTUPYIOLINX
MPaBOBbIE OTHOLUEHUA NMpU PyHKUHMOHUpOBaHUUM CAuMY u ropuau-
YECKHUU CTaTyC pe3yJIbTaToB €€ (PyHKIIMOHUPOBAHUSI.



1.1.4. OcHoBHBIE BUAbI TEXHHYECKHUX CPEACTB
ABTOMATH3ALMHN U YIIPABJICHHS

Ha naHHOM 3Tarie HeoOXOJMMO BBINOJIHUTH KjacCU(PUKALIMIO
TexHuueckux cpeactB CAuY no pyHKUMOHAIBHOMY Ha3HAUYEHHIO.
Ho nepen 3TuM BBelleM HEKOTOpPbIE YCIOBHbIE 0003HAUYEHUsI, KOTO-
pble B AajbHeeM OyayT NPUMEHSATHCS B CXeMax.

[IpsAMOYTOJIbHUKK € JBOMHBIMA paMKaMH OyAyT 00O3HayaTh
COBMEILIIEHUE MHOIMX MPSIMOYTOJIbHUKOB OJTHOIO BU/IA, a «ABOMHBIE»
CTpeJIKM 0003Ha4YalOT MHOXKECTBO cBsizeil. [Ipumepnl, nmosicHArOLME
Takue 0003HaueHus, NoKazaHbl Ha puc. 4. Takxke ucnosb3yercs 00o-
3Ha4YE€HWE B BHJIE JIBYX MapauieSIbHbIX JIUHUMA, ¢ KOTOPHIMU MOTYT
CTHIKOBATbCsl CTPEJIKU, U B UTOre€ 3TO MO3BOJISIET 00Jiee KOMMAKTHO
0003HAYUTh COCIMHEHHE KaXKI0ro ¢ KaxkabIM (puc. 4, e, o).

[Ipy >TOM MOHATHO, YTO paciiMpPOBKa 3TUX O0O3HAUECHUI
MOKeT ObITh HEOJJHO3HAYHOM, KaK, HallpuUMep, B ciaydae puc. 4, 2, 0.
OpHako Takas HEOJHO3HAYHOCTh JIMOO SIBJIsIeTCS HECYIECTBEHHOMN
Ha MPUHSATOM YpOBHE 0000IIEeHUMN, MO0 yCTpaHsIeTCs C MOMOILIbIO
uHdopMal 00 OCOOEHHOCTSAX COOTBETCTBYIOUIMX KOMITOHEHTOB
KOHKPETHOM CXEMBI.

Tenepp oOpaTtumcs K KiIacCU(PUKAUUM TEXHUYECKHUX CPEJICTB
aBTOMAaTH3allMM U yITpaBJIeHUs Mo PyHKIIMOHATILHOMY Ha3HAUYEHUIO.
Ota kjaccuduKkalMs TeCHO CBs3aHa C JalibHeMIel aeTtanu3auueit
CXEMBI, MPEeJICTABJICHHON Ha puc. 1. DTa meTtanu3amus BbITOJIHSIETCS
MyTEeM HEKOTOPOro MPOSICHEHUS BHYTPEHHETO COAEPKUMOIO Mps-
moyronbHuka CAuY, npuBeneHHoro Ha puc. 1. B utore nonyuyaercs
o0o01IeHHas cBepHyTas cxeMa CAuWY, npeacTaBlieHHas Ha puc. 5,
Ha HEeW UCMOJIB3YIOTCS CEAYIOLIME 0003HAYECHUS:

— YBM - ynpaBnstomias BbIUMCIMTENIbHAS MallvHa (Harnpu-
Mep, MPOMBILJIEHHBIM KOMIMBIOTEP WM MPOrpPaMMUPYEMBbIi JIOTH-
YECKHUM KOHTPOJIIED);

— YCO — yCcTpOHCTBO CBS3U C OOBEKTOM;

— YBO — ycTpoiicTBO B3aUMOAEUCTBUS ¢ ONIEPATOPOM;

— YBK - ynpaBnstouiuii BBIYUCIUTEIBHBIA KOMILUIEKC;



— J] — naruuk;

— Y — ucnosHUTEIbHOE YCTPOMUCTRO;

— O — onieparop (aucrneryep).
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Puc. 5. O6001meHHas cBepHyTas cxema CAunY

OnemeHTaM 00061eHHol cxembl (YBM, VCO, YBO, JI, 1Y)
COOTBETCTBYIOT Pa3JIMUHbIEC KJIACChl TEXHUYECKUX CPEJICTB.

B coctaBe CAnY MOXHO BBIJIENUTHL MHOXKeCTBO Y BM, KoOTO-
pble TocpeacTBOM MHOkecTBa Y CO B3aMMOJIEHCTBYIOT C IaTYHKA-
vu () u UY. B cBoro ouepenp, natuuku u 1Y B3anMOJIEMCTBYIOT
¢ ueneBbIM TpoueccoM. IIpu stom YBM Takxke B3aMMOAEUCTBYIOT
¢ oneparopoM (O) mocpencteom YBO. B HekoTOpbIX ciydasx
y orneparopa UMeETCsl BO3MOKHOCTb HEMOCPEACTBEHHOTO KOHTPOJIA
3a MOKAa3aHUSIMU JIATYMKOB U HEMOCPEACTBEHHOI'O BO3JECUCTBUS Ha
MY (nokazaHO MyHKTUPHBIMU JIMHUSMM). B naneHeuiem ans yi-
POLLIEHUsI CXEM ATU MYHKTUPHbIEC JTUHUU OObIYHO HE OyayT oTOOpa-
’K€HbI, OJHAKO HAJI0 MOHUMAaTh, YTO TAKUE B3aUMOJIEMCTBUS OIepa-
Topa ¢ JartuukamMu U MY MOryT nmpoucXoauTh B OMNPEAECICHHBIX
Clyyasx.

CopokynHocts YBM, YCO, YBO o6pasyror YBK, koTopbIx
TaK)Ke€ MOXKeT ObITh Heckojibko. M 3Tu mpeamnonaraembie YBK
CBEPHYTbI B OJIUH MPSAMOYTOJIbHUK C JBOMHBIMU JIMHUSMMU, IO3ITOMY
B HA3BAHUM ITOU CXEMBbI €CThb CJIOBO «CBEPHYTAA».



Taxxke BaxHyr0 posib B CAUY WUrparoT JMHUU CBSI3U, KOTOPBIE
37€Ch TOKa3aHbl CTPEJIKAMU, U 3TU CTPEIIKA TOKE «CBEPHYTHI».

Cnenyer OTMETUTb, YTO JaHHas cXeMma MpeJCTaBiseT Haubo-
nee ool ciyvait peanuzauuu CAuY. B koHkpetHbix CAuY Te
WM UHbIE KOMIIOHEHTBI JAHHOU CXE€Mbl MOTYT OTCYTCTBOBATH. |a-
KMM 00pa3oM, Ha JAHHOM dTare Yy>Ke TOJbKO U3 3TOH 000011eHHON
CBEPHYTOM CXEMbl MOKHO TOHSTh OCHOBHOE HA3HAYEHUE KJIACCOB
TEXHUYECKUX CPEACTB.

OcHoBHble BbluMc/UTENbHbIE (GyHKIMU CAMY cocpenoTouu-
Batorcs B YBM. Jljist HenocpeacTBEHHOro B3auMOICUCTBUS C LIEJie-
BbIM IIPOLIECCOM HCNONb3YyroTCa aatuvku u UY. Jlna ceazu YBM
c narunkamu 1 MUY npumensrorea YCO. [lnd cBsazu YBM c onepa-
TopoM nipumensitorest YBO.

IIpennonaraercs, uto YBK B cBoei ocHOBe nuMmeet oaHy Y BM
1 MOkeT uMeTh Heckoibko YCO n YBO (puc. 6).
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Puc. 6. O6001meHnHas cxema onaoro YBK

bbiBaeT, uTtO0 peanu3yroT ayOJHpPOBAHME TEXHMYECKHX
CpeAcTB, B TOM uuciie 1 YBM, ajd mnoBbIIEHUS HAAEKHOCTH.
B atux ciaydasx YBK moxker coaepkaTh HECKOJIBKO (U3UUYECKUX
YBM, HO npy 3TOM HUX MOKHO CUMTaTh OJHOM JiorMueckor YBM,
TaK KaK HEeCKOJbko (pusznyeckux YBM wucnonb3yrorcs anasa ayosu-
POBAaHHUS W BBITIOJIHIIOT OJHM U Te ke (pyHkuun. Kpome Toro, on-
HoU Jiornyeckoi YBM Mo0kHO cuutath HECKOJIbKO YBM, 00bequ-
HEHHBIX B €JUHYIO CUCTEMY JJI1 COBMECTHOIO PELUCHHUS CJIOKHBIX



33/1a4 MyTeM WX pacrapajijiejiMBaHus WK pacnpejaeneHus (1moao0-
HO TOMY, KaK 3TO JIeJIa€TCs B MHOTOIPOLIECCOPHOU Y BM).
EcTecTBeHHO, 4TO Ha puc. 6 mpeacTaBieHa 0000IIEHHAs cXe-
Ma YBK, 1 B criendalibHbIX ciiydasix (KOrja HeT B3aMMOJEWUCTBUSA
C MPOLIECCOM WJIM Oomeparopom) B coctaBe Y BK Moryt orcyTcTBoO-

BaThb YCO wmu YBO, unu naxe YBK MoxeT coCcTOSAT TOJBKO U3
ogHou YBM (puc. 7).
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Puc. 7. CneunanbHbie BapuaHThl Y BK
1.1.4.1. Ynpasssronuye BIMUCIUTEIbHbIE MallMHBI (Y BM)

YBM 3anumaror neHtpaibHoe mecto B coctaBe CAuY, Tak
KaK OHHM HeCyT Ha ce0e OCHOBHYIO Harpy3ky mo oopadbotke UHMOp-
MalH, ¢ KoTopoi umeet aesio CAny.

Cl0OBO «BBIYUMCIIMTENbHBIE» O3HAyaeT, uTo YBM BLInosHseT
BBIYMCJICHUS] HA OCHOBE OMNpeAesIEeHHbIX aJITOPUTMOB, KOTOpbIE pea-



JU3YIOTCS C MOMOINBIO TE€X WM MHBIX S3BIKOB MPOTPaMMHPOBAHMS
U CPeACTB MPOrpaMMHUPOBaHMS. B CBA3M C 3TUM BaKHEHIITUM KOM-
noHeHToM YBM sBasercs nporpamMmHoe oOecreyveHue, KOTOpoe
camo 1o cebe He OTHOCUTCS K TeXHUYECKUM CpelcTBaM (TeXHHUYe-
CKOMY OO0€CMeYEeHHI0), HO MpeACTaBlgeT coOOM BaKHEHIIHNA KOM-
MOHEHT KOMIBIOTEPHBIX TEXHOJOTWM, KOTOpBI OyJeT OTAEIbHO
NoApPOOHO pacCMOTPEH B NAJIbHEHIIIEM.

Ilepen Tem kak parb onpeaencHue Y BM, paccMOTpUM HEKO-
TOpbie OOLIME BOMPOCHI.

Buruucnumenvroe ycmpoiicmeo — TEXHUYECKOE YCTPOMCTBO,
KOTOpPO€ CIIOCOOHO BBIMOJHATH BBIUYMCICHUE COINIACHO 3a/IaHHOMY
aJITOPUTMY Ha OCHOBE BXOJIHBIX JJAHHBIX U (pOpMHUpPOBATH Pe3ysIbTaT
BBIYMCIICHHS Ha OCHOBE BBIXOJIHBIX JAHHBIX 3TOTO aJlfTOPUTMA.

[Ipy MOAKIOYEHUU K BBIYMCIWUTETbHOMY YCTPOWCTBY BHEIL-
Hel TaMsTH, CPEJICTB BBOJIa-BbIBO/IA, JAPYTOro JOMOJHUTEIHHOTO
00OpYyAOBAHUSI MOKHO TOBOPUTH O MOCTPOCHUU BbIYUCIUMETbHOU
cucmemol (CUCTEMbI B3aMMOJIEMCTBYIOLIUX KOMITIOHEHTOB JIJISl BbI-
MOJIHCHUSL BBIUMCIICHHI). [IpuMepaMu BBIMMCIMTENBHBIX CHCTEM
SBJISIIOTCS:  KOMIBIOTEPHI, MPOrpPaMMHUpPYyEMbIe JIOTHYECKHe KOHT-
poJiepbl, MOOUJIbHbBIE TeJIePOHbI, CMAPTPOHBI, CYNMEPKOMITLIOTEPHI.

YacTto BO3HMKAET MOTPEOHOCTh B M3MEHEHWU aJropyuTMa BbI-
YUCJICHU M.

[TosiBieHHME TPOrpaMMHUPYEMbIX BBIUMCIUTEIbHBIX YCTPONUCTR
JaJi0 BO3MOYKHOCTh M3MEHSATh aJITOPUTM BBIYMCIIeHUs 0e3 U3MeHe-
HUS anmapaTHOTo oOecriedyeHus. Ha BXoa mporpaMMupyeMoro Bbi-
YUCJIUTEJIbHOTO YCTPOMCTBA MOKHO T0JaBaTh JaHHbIE 0COOOro po-
na, TMpejcTapiisgiole coOol mporpammy, KOTOPYIO MOXHO pac-
CMaTpHBaTh KaK OIMHWCAaHWE aJroOpuTMa BBIYUCICHHS, KOTOPBIN
JOJKEH ObITh BBIMOJIHEH Ha JJAHHOM YCTPOMCTBE. ITO MOXKET BblI-
MOJIHATBCS B OCOOOM pekuMe (PYyHKIIMOHUPOBAHHUS 3TOr0 YCTPOM-
CTBa, B pexkUMe ero nporpammupoBaHus. [1o okoHYaHUU miporpam-
MHUPOBaHHS JaHHOE YCTPOWCTBO TMEPEBOJAUTCSA B OOBIYHBIA PEKHM
(YHKLIMOHUPOBaHHA U MOKET HauMHaTh BBIMOJHATH 3aJ105KEHHYIO
B HEro HOBYIO MporpaMmy (HOBBIN aJlrOPUTM BbIYMCIIEHHUS). B ciy-



yae CJIOXKHBIX BBIYMCIIMTEIBHBIX YCTPOMCTB U CHUCTEM ObIBaeT
TPYJHO Pa3JIeIUTh PEKKUM MPOrpaMMUPOBAHMS M PEKUM OOBIYHOTO
(GYHKLIMOHUPOBAHWS, HalpUMep B cllydyae HMHTEPAKTUBHOIO B3au-
MOJIEMCTBUSL C YEIOBEKOM, KOIJa OH MOKET MEHSATb MNapameTpbl
MporpaMmbl, U3MEHSTh aJrOPUTM BBIYMCICHHUM 0€3 OCTaHOBKM pa-
0OTbl OCHOBHOM MPOrpamMMbl.

COBOKYIMHOCTh MPOTPpaMM, 3aJIOKEHHBIX B BBIYHCIMTEIILHOE
YCTPOMCTBO MIIM CUCTEMY, 00pa3yeT npocpammioe obecneuenue.

MoxxHo cuutaTth, UTO YBM — 3TO BBIUMCIUTEILHAA CHUCTEMA,
KOTOpas UcroJib3yercs B coctape CAnY.

YBM oOmeHuBaeTcss MHGOpMaLMel ¢ LEJCBbIM OPOLECCOM
¢ nomoupto aatunkoB (JI) m MUY uepe3 mocpeanndecto YCO,
a ¢ 4eJIOBEKOM-0IepaTopoM — Ha ocHore YBO.

1.1.4.2. Jlatunku u usmeputenbHbie ipeoopa3zopatenu (UI1)

Jlamyux — 4yBCTBUTEJIbHBIN DJIEMEHT, KOTOPbIA BOCITPUHHUMA-
€T KOHTPOJIMpYeMYyI0 (HU3UYECKYIO BEJIMYMHY U Ipeodpasyer ee
B CHUTHaJ, YJIOOHBIA 1Ji1 TOCJEAYIOUIEro W3MEpeHUs, mnepenayd,
npeoOpazoBaHus, perucTpalum.

H3mepumenvholli npubop — YCTPOUCTBO, IIpeoOpasyroliee
KOHTPOJIMPYEMbI mapamMeTp B CUTHaN, YJIOOHBIN JJIi HEMOCPEICT-
BEHHOI'O BOCHPUATUSA YEJIOBEKOM.

Hamepumenvhsiit npeoopazosameiv (HII) — ycTpoWCTBO, Mpe-
oOpa3zyrollee KOHTPOJHUPYEMBI MapamMeTp B CUTHAJI, MpeAHa3HauYeH-
HBIM )18 moC/IeAyIoLLel repeiadu, npeoopa3oBaHus, perucTpaLmm.

Oo0wenuaenne Heckobkux U Takxke asiaserca Ul

B obwem cinyuae WMII cocroutr u3 JBYX OCHOBHBIX YacTeil:
nepsuyHoro UI1 u nopmupyrowero UII (puc. 8).

ITepBuunbiii UI1 comepxut matuvk v B obI1ieM ciydae dhop-
MHUPYET CUTHajl, KOTOPbIA HA3bIBAETCA eCHmecmeenHblM, HA OCHOBE
npeodpa3zoBaHrd (PU3NYECKON BETWUYHHBI, XapaKTepU3YyIOIeH KOH-
TPOJIMPYEMBII ITApaMETP.

Ha puc. 9 npencraBnensl npuMepsl nmepBUIHbIX MIT.
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Puc. 9. [Tpumepsl nepsuunbix UIT: a — MemOpaHHbIi; 6 — TepMoTIapa;
6 — TEPMOCOTIPOTUBIIEHUE; 2 — APOCCEIBHBIN

Hopmupytroumii UIT cny>xuT nis nonydeHus yHupuyuposam-
HO20 CWUTHajlla HA OCHOBE €CTECTBEHHOIO CUrHajla OT MEePBUYHOIO
UII, B Tom uucne ayist GopMUPOBAHUS Yughposo20 CUTHAJIA B Kaue-
CTBE YHU(DUIIUPOBAHHOTO.

[Tpumepbl YHU(DHUITMPOBAHHBIX CUTHAJIOB:

— CUrHaJjiel moctoggHoro toka: 4—-20 mA, 0—-10 B;

— curHajbl nepemeHHoro toka: 0-2 B, 4-8 kl;

— nasjeHue Bozayxa: 20-100 xl1a.

B obumem ciyuae MIT moxeT, kpome Mnpouero, BBIMOJHITH
MaciTabupoBaHWE CHUTHAJIA, €ro JIMHeapu3aluio, PUIbTPaLMIO MO-
MeX U Jpyrue GyHKIIHH.

Hopmupyromuii UIT moxkeT ObITh peaiu3oBaH OTIEJbHO WU
00beIMHEH KOHCTPYKTUBHO ¢ nepBUYHbIM U1 B omHO ycTpoicTBO

B oTaenbHbIA KllacC MOKHO OTHECTH OUHApHBIE OAMYUKU —
yCTpOHCTBa, ()OPMUPYIOLIUE CUTHAJ, KOTOPbIA MOXET MPUHUMATD
TOJBKO OJIHO W3 JIBYX COCTOSIHUM, HAIPUMEP «3aMKHYT» WJIU «pa-
30MKHYT».



[IpuMepsl HCMOJIB30BAaHUS OWHAPHBIX JIATYMKOB: KOHTPOJIb
OTKPBITOCTU JIBEpU (OKHA); KOHTPOJb OTKPBITOCTH 3AaCJIOHKH (3a-
JIBUKKH); KOHTPOJb MPOXOKIEHUS OYEpPeHOM 3aroTOBKU Ha
KOHBeMepe, MoJicueT KOJUYECTBa JIFOJIeH, MPOLIEIINX Yepe3 Typ-
HUKET, U T.J.

B npocTbix ciyuasx OMHapHbIE aTYMKU BHITIOJHSIOTCS B BU/JIE
KOHLEBBIX BBIKIIFOUATENEH U MEPEKIoYATEeed, KOMMYTHUPYOLINX
3NEKTPUUECKHUE CUTHAJIBI.

MoxHO yKazaTb TakKe U APYyrue CrocoObl peanuzauuu Ou-
HapHbIX JaTYUKOB:

— PTYTHbIE BBbIKIIOYATEAW (B 3aMasHHOM CTEK/JISIHHOM TpyOke
HaXOAUTCsl PTYTh, KOTOpas MpyW U3MEHEHUU HAKJIOHA TPYyOKH IO
JNEUCTBUEM CHJIbl TSKECTHU TEPEJIMBAETCS B JIPYroe TOJIOXKEHUE
Y, TEM CaMbIM, 3aMbIKA€T KOHTAKThI);

— F€pPKOHBI (KOHTAKThI 3aMBIKAFOTCS TIOJT JIEUCTBUEM TTOCTOSH-
HOI0O MAarHuTa, T.€. MEXaHWYECKOr0 KOHTAKTa C JaTYUKOM He Mpo-
HUCXOJIUT);

— (hoTOdRNIEKTpUUECKHE JaTYMKKU (TeHepaTop CBETOBOIO Jy4a
M CBETOUYYBCTBUTEJIbHBIN JIEMEHT);

— yJIbTPa3ByKOBbIE€ U MH(PpPaKpacHbIE AATUMKHU AJ1s1 OOHapYyKe-
HUS OOBEKTOB Ha PACCTOSTHUM OT HECKOJIbKHX CAHTUMETPOB JI0 He-
CKOJIbKUX METPOB (padoTatoT JIMOO MO MPUHIIUITY MpepbIBaHUS CUT-
HaJjla, KOrjaa UCTOYHUK W MPUEMHUK HAXOJSITCA B pa3HbIX MECTax,
100 MO MPUHUMITY OTPakKE€HUsl CUTHAJa, KOrJa UCTOYHUK W MpHU-
€MHMK HaXOJATCsl B OJTHOM NpPUOOpE).

buHapHble aTUMKKU Tak:Ke MOTYT MCHOJIb30BaThCSA KaK MOpPO-
roBbl€ AaTYMKU (i1 OOHApy>KEHWs MOMEHTA, KOIZla aHajloroBas
BEJIMYMHA JOCTUTAET OMPEAEIIEHHOTO 3HAYEHUS, U MOJaYnd aBapUK-
HOI'O CUIrHasa).

Takoke OMHapHBIE TaTYMKU MOTYT MCIIOJIb30BAThCS KaK WHIM-
KaToOpbl YPOBHsI I OMNpPEIEJIEHUs] MOMEHTA, KOI/a KUAKOCTb WIIH
CBIITy4€ee BEIIECTBO JOCTUTAET OMPEAEIIEHHOTO YPOBHS.

Taroke cm. n. 1.3.5.2, rone paccMaTpuBaroTCs XapaKTePUCTUKU
11, koTopble HEOOXOAUMO YUHUTHIBATH MpH BIOOpe UI 1.



1.1.4.3. UcnonnurensHblie yeTpoiicTBa (1Y)

Hcnonnumenvnoe ycmpoticmeo (Y) — 3T0 cuioBoe ycTpoOm-
CTBO, IPEJIHA3HAYEHHOE JJISi U3MEHEHUS PEryJIMPYIOLLIEro BO3/CH-
CTBUSI Ha OOBEKT YMpaBJieHUsI B COOTBETCTBUHU C CUTHAJIOM (OJIOKOM
KOMaHAHOW UH(dOpMaLMK), KOTOPbIM NOAAETCS HA BXOJl YCTPOMCTBA
OT KOMaHJHOI'0 YCTPOMCTBA (PEryisTopa, py4YHOro AUCTaHUUOHHO-
ro 3ajgatryvka, Y BM).

B oOmem cinyuae Y cocToUT U3 HECKOJBKUX KOMITOHEHTOR
(puc. 10).

Pezynupyrowuu opean npou3BOIUT PEryJJUPYIOLIEE BO3ACUCT-
BHE Ha OOBEKT YNPaBICHMUSI.

Hcnonnumenvnwviti mexanuzm — 31o 610k MY, koTopslit mipe-
oOpa3yeT BXOJIHOM yNpaBJIsIOLIUN CUTHAI B CUTHAJI, OKa3bIBAOLIUI
BO3JEWCTBUE HA PETYIIUPYIOIIAN OpraH.

bnox oucmanyuonnozo ynpasienuss IpUHAMAET KOMaHbI, Te-
pelaBaeMble OT KOMaHJIHOTO YCTPOMUCTBA, IEKOAUPYET UX B CUTHAJI,
KOTOPBIA BOCIIPUHUMAETCS UCTIOJTHUTEIIbHBIM MEXaAHU3MOM.

bnok pyunoeco ynpaenenuss odecneumBaeT ynpapjeHUE B pyd-
HOM pexuMe IJis AyOJupoBaHUS JIMCTAHLIMOHHOIO YIIPaBJICHHUS.
Hanpumep, B ciiydae aBapUHBIX CUTYalldd OIEPATOP MONKET IO-
noiitu k Y u nepesectu ero B 0e30macHoe MojIo>KeHHE.

Biok mucran- Biok pywsoro
[UOHHOI'O yIpaBJIeHUSI ©uxcaTopst
yIIpaBJICHUS (nybiep) HOHOTGHHH
|
14 ¥
Biok | Ucnomuurens- | |  Perymmpy- K obpekry
yCUJIeHUST "| mbit Mexanmsm | | | ommit opra® | yppasenus
F 3
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Biok obpar- | Biok curnanmsamumn
HOH cBA3MU h KOHEYHBIX ITOJIOZKEHUA

Puc. 10. O000menHas cxema 1Y



bnok cuenanuzayuu xoumeunwvix nonosceruti GOpMUpPYET BUBY-
ANbHBIA WJIM aKyCTUYECKHWI CUTHAJI, BOCIIPUHUMAEMBI YEJIOBEKOM,
KOTOPBIA YKa3bIBAET HA TO, YTO MCIOJHUTEIbHBIA MEXaHWU3M WU
PErYJIMPYIOLIMI OpPraH JJOCTUT KOHEYHOTO MOJI0KEHMUSI.

Duxcamopvl noaodcenus peaiu3yroT (PUKCALMIO PEeryaupyro-
Iero opraHa (KOHEYHbIX U NPOMEKYTOUHbBIX MOJIOXKEHUIN), a TAKXKE
MOTYT BBITMIOJIHATH POJIb TOPMO3SIIEN CUCTEMBI.

bnox obpammuoii cesa3u Mo3BOJAACT MOJy4daTh HHGOpPMAaLIUIO
O TEKYLIEM IOJOXXEHUHU HCIOJHUTEbHOIO MEXaHW3Ma. JTa WH-
dopmanusi MOXKET ObITb UCNOJIb30BAHA JJIsl KOPPEKTUPOBKU M0JIO-
YKEHHUS UCIIOJHUTEIbHOTO MEXaHU3MaA.

bnox ycunenus 3aMbIkaeT KOHTYp OOpaTHOM CBSI3M, YCUIIMBas
COOTBETCTBYIOLIMN CUTHAJI. DTOT KOHTYP UCMOJIB3YETCS 1JIs1 TOUYHO-
ro MO3ULMOHUPOBAHUS PETYJIMPYIOLIEr0 OpraHa Ha OCHOBE MPHH-
LIAIIOB TEOPUU AaBTOMATUYECKOTO YIPABJIEHUS.

OcobenHoctn 1Y BO MHOTOM OMNpelesisitoTcsl XapaKTepUCTH-
KaMM WCIIOJIHUTENbHOrO MexaHuzma (MM), mostomy BakHO pac-
cMOTpeTh Kiaccudukanuo M.

Knaccudukaums UM no Buay nojiydaeMoll KOMaHJHOW WH-
dbopmarmu:

— aHAJIOTOBbIE (HampuMep, VYIPABIAIOTCS YPOBHEM Hamps-
JKEHUS ),

— UUQpOBbIE;

— OMHapHbIe (TOJIBKO JIBa CHUTHAJIa, HAIPUMEpP <«BKIIIOUUTH>,
«OTKITFOUYUTH» ).

Kinaccudukauus UM no Buay sHepruu Jjis nepecTaHOBOYHO-
ro YCUJIHS:

— MHeBMaTu4eckre (MeMOpaHHbIe, MOPIIHEBbIE, CUIIbL(OHHBIE);

— ruapasiadueckue (MeMOpaHHbIe, MOPLIHEBbIE, JIOMACTHBIE);

— BJIEKTpUUECKHE (JIEKTPOJIBUTATENBHBIE, JJIEKTPOMArHUTHBIE).

Kinaccudukauma UM no criocoOy nepemMenieHus: peryiaupyro-
I[Ero opraHa:

— MPSIMOXOHBIE;

— 0AHOOOOPOTHBIE;



— MHOTOOOOPOTHBIE.
B naneHeimem (cm. n. 1.3.5.3) OyayT nojapoOHee paccMoTpe-
HbI dJiekTpruyeckue M.

1.1.4.4. YcrpoiictBa cBsizu ¢ oobekToM (YCO)

YVempoiicmeso cesaszu ¢ o6vexkmom (YCO) ciayxuT s odbecrie-
yeHus cBa3u YBM c patunkamu u MUY, u B 0011eM ciyvae peasiu-
3yeT clieytoine GyHKIUU:

— MEePeKIIOYeHUE CUTHAJIOB C TMTOMOILIbIO KOMMYTaTOPOB;

— rajibBaHHWYeCKas pa3Bs3Ka;

— aHasioroBasi M uugponas (uabTpalys CUTHAJOB;

— YCUWJIEHHE aHAJIOTOBBIX U JIMCKPETHBIX CUTHAJIOB;

— a”anoro-uudpoBoe U 1UUGpPOaHATIOroBoe MNpeodpa3zoBaHUE
CUTHAJIOB;

— JIMHeapu3alusl U MacliTaOMpoOBaHWE CUTHAIOB;

— peanuzalys CrelyaibHbIX aJrOpUTMOB 00pabOTKKU HHGOP-
Mauuu (Hanpumep, alropuTMoB CKaTusl UHPOPMALIUK );

— XpaHEeHWe U3MepUTESIbHOM HHOpMalM¥ B cHEUUAIbHBIX
OydepHBIX YCTpOMCTBAX.

ITonpo6uee YCO O6yayT paccMoTpensl B 1. 1.3.5.4.

1.1.4.5. YcrpoiicTBa B3aumoaencTeus ¢ oneparopom (YBO)

Yempoiicmea omoopasicenus ungpopmayuu (Y OUN) — 310 Tex-
HUYECKUE CPEJICTBA, KOTOpPhIE CIy>KaT JJjis Cco3jaHusi MHdopMaly-
OHHBIX BU3YaJILHBIX MOJIEJIEH 1IEJIEBOTO TMpoliecca.

YOMUM cnyxat ans noBbilieHUs 3(PHEKTUBHOCTH B3aUMOJCHUCT-
BHS OTEpaTOpa M TEXHUYECKOW crucTeMbl. [1o Mepe coBepiieHCTBO-
BaHUs 00IIel TeXHUYECKOM 0a3bl Takke pazBuBaiuch Y OU. B uto-
re cervac MOKHO BBIJIEJIUTh CJIEIYIOLIUE OCHOBHbIE BUAbI Y OU:

1) Ha OCHOBE HJIEKTPOMArHUTHBIX M DJIEKTPOMEXaHUYECKUX
AJIEMEHTOB: TMOKAa3bIBAIOIIME M PErUCTPUPYIOIIME MPUOOPHI, CTpe-
JIOYHBbIE MOpUOOPBI, pa3JUyYHbICE aBTOMaTUYeCKHUE TrpadomnocTpou-
TeJIH;



2) naHeny, Tabjg0, MHEMOCXEMBbI, MHJIMKATOPHI, peaanuzyemble
C MCIOJIb30BAHUEM PAa3JIMYHBIX OCBETUTEIBHBIX MPUOOPOB: JIaMIl
HaKaJMBaHHUsA, DJEKTPOJIIOMMHECLICHTHBIX JIaMIl, Tra30pa3psaHbIX
MpUuOOPOB;

3) maHenu, TabJ0 HA OCHOBE >KMAKOKPHUCTAIIMYECKUX MPHOO-
POB WHMKALIWU;

4) nUucriyien U BUJIEOTEPMHUHAIIBHBIE CPEJCTBA, B TOM 4YHCIIE
KaK KOMITOHEHTbl KOMIbIOTEPHBIX CUCTEM;

5) cpencTBa JOMOJHEHHOW U BUPTYaJIbHON PEabHOCTH.

C nomouiblo opeanos ynpaesieHus Oneparop BbIITOJHAET Aek-
CTBUS, (POpMUpYIOIIME YIpPaB/AIOLIME BO3JACHCTBUS HA CHUCTEMY,
KOTOPYIO OH OOCJTYKUBAET.

MO>KHO BBIJIEIUTH TPU OCHOBHBIX BHJIa OPraHOB YIPABJIEHUS:

1) puszmueckue opranel ymnpaiieHUs (TymOJiepbl, MeXaHUYe-
CKHe KHOMKH, pyOUSIbHUKH, TIepEKIFoUaTesIv v Tp.);

2) rpaduyeckre MaHUITYJISTOPBI (MBILIbL, TPEKOOJ U JIp.);

3) skpaHHble GOPMBI, peajaru3yeMbie B BUJIE 2JIEMEHTOB rpadu-
YyecKkoro uHrepderica, B TOM 4YMCJI€ C MCMOJb30BaHUEM CEHCOPHOTO
9KpaHa (3HA4YKH, rpaguyueckde KHOMKH, pazuvHble rpaduyeckue
aHajioru (U3NYECKUX OPraHOB YMPABICHMUS).

1.1.5. KomnblorepHble TeXHOJOTHH YIPABJICHASA
B TEXHHYECKHX CHCTEMAX

B 1IMpOKOM CMbICHE miexHO02Usi — COBOKYIHOCTh METOJOB,
a TaKKe TeX WM MHBIX PEeCYpCOB, MpeaHa3HaYeHHbIX A1 3¢ dek-
TUBHOTO JIOCTYDKCHHS PE3YJIbTaTOB B TOW WM WHOHN 0o0nacTu Jes-
TE€JIbHOCTH.

YacTo 3TOT TEPMUH MCMOJIb3YETCSI BO MHOKECTBEHHOM YHCIIE,
KOTJa, HalpuMep, TOBOPSIT O COBOKYITHOCTH TEXHOJIOTHUH B TOM WU
MHOU 00J1aCTH IeATETLHOCTH.

Taxoke TEXHOJOTUM TPYIIUPYIOTCS MO 00JacTAM JIesSTeIbHO-
ctu. Hanmpumep, paziaugaroT MalidHOCTPOWTENIbHBIE TEXHOJIOTHH,
OMOTEXHONOTUM, KOCMHUYECKHE TeXHOJOT MY, HAHOTEXHOJIOTUM M JIp.



B ciayuyae marepralibHOrO MPOM3BOJICTBA HA OCHOBE IMEPBUY-
HOTO ChIpbsi (POpMUpPYETCA HEKAas HOBass MaTepuasbHas MPOIYKIUs
COIVIACHO T€M WJIM WHBIM TEXHOJIOTMAMHU Tpou3BojacTBa. Ho, kak
paHee ropopwioch (cm. m. 1.1.1), duzHMyUeckuil mnpouecc cBsizaH
C U3MEHEHHUEM, MEPEMELICHUEM WM HAKOIUIEHUEM HE TOJIbKO Bellle-
CTBA W DHEPryuU, HO U UH(OPMALIMU, TOITOMY MO aHAJIOTUU C TeX-
HOJIOTUSIMUA TIPOU3BOJICTBA MOKHO TOBOPUTH 00 MH(POPMAIMOHHBIX
TEXHOJIOTHUSIX B CIIYy4asiX, KOIJla UCXOJHbIM «ChIPbEM» U HKEJIAEMbIM
pe3yJibTaToOM sIBJIsieTCsl MH(popMauus.

Hupopmayuonnvie mexumonocuu — 3T0 TEXHOJIOTUU, KOTOPbIE
o0ecrneyrBaroT MojJy4eHre HOBOM MH(pOpMaLIMM Ha OCHOBE HEKOTO-
POl NepBUYHON MHPOpMALIHH.

HNHbopMalMOHHBIE TEXHOJIOTUH O0BIYHO CBOJSITCA K METOAaM
MOJIy4YeHUs1, epeayur, XpaHeHus U npeoopazoBaHusi HHGOpPMALIUH,
a TakXke K pecypcaM (Halpumep, BbIYUCIUATENbHBIM, KOMMYHHKa-
LMOHHBIM), KOTOPbIe 0OECNIEUMBAIOT BBITTOJTHEHUE ATHX METO/IOB.

TepMuH «MHPOPMALIMOHHBIE TEXHOJIOTUW» B HACTOSIIEE BPEMS
IIMPOKO MCIOJIb3YETCsl, HO ATO HE 3HAYMT, YTO HMH(POPMALIMOHHBIX
TEXHOJIOTUH He ObLIO A0 MOSBJIEHUS KOMITbIOTEpHOW TexHuku. Ha-
MPUMEP, B CBOE BPEMS MOSBJICHUE MUCbMEHHOCTH MPUBEJIO K TOMY,
YTO CTaJO BO3MOXHBIM XpaHWTh, MepelaBaTh U oOpabaThIBaTh
Oosbive 00beMbl MTHGOPMALIUM HA MaTepHanbHbIX HOCUTENsX. CBs-
3aHHbIE€ C 3TUM TEXHOJIOTMU MOYKHO CUMTaTh UH(POPMALIMOHHBIMM.

ITosiBiieHMe W pa3BUTHE KOMITBIOTEPHOW TEXHUKH TPUBEIIO
K OypHOMY pa3BUTHIO pPa3HOOOpa3HbIX BUAOB MH(OpPMALIMOHHBIX
TEXHOJIOTUH U LMIMPOKOMY pacOpOCTPaHEHUIO TEpMHUHA «UH(OopMa-
LIMOHHbIE TEXHOJIOrMW». HO 3TO He 3Ha4YUT, 4TO UH(OPMALIMOHHBIE
TEXHOJIOTUM TOXKIAESCTBEHHbBI KOMITBIOTEPHBIM TEXHOJIOTHSIM.

Komnviomepuovie mexnonoeuu — 310 UHGOPMALIMOHHBIE TEX-
HOJIOTHM, OCHOBAHHBIE HA HWCMOJIb30BAHUW BBIYMCIIUTEJILHOM TEX-
HUKHU (KOMITBIOTEPOB).

Komnviomepnvie mexnonozuu ynpagieHus 8 mexuuieckux Cuc-
memax — 3TO KOMIIbIOTEPHbIE TEXHOJIOTUM, HANPABJIECHHBIE HA pe-
HIEHHE 3a7a4 YITPaBJIEHHUS] B TEXHUYECKUX CUCTEMAX.



3agaud ynpaBlieHWS B TEXHHYECKMX CHCTEMax pelaroTcs
Ha ocHoBe TocTtpoeHus CAunY. IlogoOHBIe 3a4aun peliajanuch U J10
MOSIBJICHUS] KOMIBIOTEPHBIX TEXHOJOTWW, Hampumep, AJis perysiu-
POBaHHS CKOPOCTH BpallleHUs MapOBBbIX MAallWH HCIIOJb30BaJIUCh
LEHTPOOEIKHBIC PEryJsTOPbl, KOTOPbIC SIBJISIOTCA TMPUMEPOM aB-
TOMATHYECKOIro perynsaropa. B 1aHHOM ciydae pelianach 3agada
yIpaBJieHUs (CKOPOCTBIO BpallleHHUs) B TEXHUYECKOM CHUCTEME
(mapoBoi MaiuuHe). Ho ¢ mosiBieHWMeM W pa3BuUTHEM LUdpoBoOi
M BBIYMCIUTEIBHOM TEXHUKM 3TH 3aJa4yd CTajld pelarbcs B OC-
HOBHOM C MOMOLILIO KOMIIbIOTEPHbIX TeXHOJIorui. [loaToMy BroJi-
HE €CTEeCTBEHHO, 4TO Yy4yeOHas JaucuuiuiiHa «KoMIblOTepHbIE
TEXHOJIOTMM YIPABJICHUS B TEXHUYECKUX CHCTEMax» IMOCBSLICHA
TeMaM, CBSI3aHHBIM C PelleHHUEM 3ajay yIIPaBJIeHUS B TEXHUYECKUX
CUCTEMAaX Ha OCHOBE CpeACTB LUGPOBOM M BBIYMUCIUTEIbHOMN
TEXHUKHU.

1.2. Apxurektypslt CAnY

Apxumexknmypa CUCTEMBI — 3TO HE TOJILKO Ha0OpP CTPYKTYpPHBIX
AJIEMEHTOB CUCTEMBI U CBA3€W MEXIYy HAMHU (HE MPOCTO CTPYKTY-
pa CUCTEMBI), HO TaKe €Ul€ U MOJAEb B3aUMOJECHCTBUS STHUX dJie-
MEHTOB.

Panee Obl1u nepeuncieHbl ocHoBHbIe kiaccbl CAnY. C 3TuMu
KJIACCAMU MOKHO CBSI3bIBATH PA3JIMUHbIE BAPUAHTBI APXUTEKTYP.
N ectb onpeneneHHbIEe 3aBUCUMOCTH MEXIY 53TUMHU KJlacCamu
CAnY u tunamu apxutektyp. Ho MOXKHO Takke HCIOJIb30BATh
knaccudukauuo CAuY no BUIaM TUMOBBIX apXUTEKTYP.

1.2.1. TunoBble apxurekTypbl CAnY

1.2.1.1. LleHTpanu3zoBaHHas apXUTEKTypa

CAnY, peaJinzoBaHHas HA OCHOBE YEeHMPANUIOBAHHOU aAPXU-
TeKTYpbl, cOCTOUMT U3 ojaHoro YBK, Bkitouarouiero B ce0s OJHY
VYBM u B 0b6miem ciaydae MHoxkecTBo YCO u YBO (puc. 11).
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Puc. 11. CAnY ueHTpann3oBaHHOW apXUTEKTYpPbl (MOAPOOHBINA BAPUAHT)

[Ipomecc )

boJsiee nojiHOe Ha3BaHWE JAHHOM apXUTEKTYpPbl — LIEHTPAIN30-
BaHHasl O0OHOYPOGHe&ds APXWUTEKTypa, HO JUIsl KPaTKOCTH CJIOBO
«OJTHOYPOBHEBAS» MPOITYCKaeTCs.

Conepxkumoe YBK nokazaHo Ha puc. 6, no3TOMY B JajlbHEM-
eM MpU OTOOPaKEHHWU CXEM TUIMOBBIX apXUTEKTYp COACPKUMOE
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Puc. 12. CAnY

LIEHTPAJIM30BaHHOM

aApPXUTEKTYPBI

YBK MOHO He packpbiBaTh, YTOObI YIpO-
CTUTb MojlydaeMyto cxemy. Takum obpazom,
TOrJla  LEHTPAIM3OBAHHYID  ApXUTEKTYpPy
CAnY MOXKHO NpEICTaBUTh TaK, KaK 3TO
CIeJIaHo Ha puc. 12.

1.2.1.2. JleueHTpasiu30BaHHas
apXUTEKTypa

CAnY, peanvn3oBaHHas Ha OCHOBE Oe-
YEHMPANU308AHHOU APXUTEKTYPbI, COCTOUT
13 HECKOJIbKMX YBK, KaXXaplii U3 KOTOPBIX
B3aUMOJIEUCTBYET € MPOLECCOM C TOMOILIBIO
natunkoB U1 MUY, nipu satom YBK kak Oyaro
«pacnpelessoTcsa» Mo Mnpoleccy, T.e. Mpo-
WMCXOOUT JieueHTpanu3anus (puc. 13).
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Puc. 13. CAnY neueHTpainu3zoBaHHON apXUTEKTYPbI
(0000UIeHHBIH ciyyail)

31ech HaJ0 OTMETHUTh, UTO Oojiee TOYHOE Ha3BaHWE JTaHHOM
APXUTEKTYPbl — ACLIEHTPATU30BAHHASl OOHOYPOBHEBAs APXUTEKTYPa,
HO 151 KPaTKOCTHU CJIOBO «OJHOYPOBHEBAs» IPOITY CKAETCH.

(}::} O VYpoeens N

1.2.1.3. MHoroypoBHeBas

apXUTEKTypa

JlBa mpenblaylIuX BUA TH-
MOBbIX APXUTEKTYp, Kak ObLIO OT-

MCYCHO, OTHOCATCA K OIHOYPOB-
HCBbIM.

<::> @] VYposeHn 2

CAnY, peanu3oBaHHas Ha

A E [ - e B

OCHOBE MHO2OYPOBHEBOU ApPXHU-

TEKTYPbl, COCTOMT W3 HECKOJIbKUX vBK K= O
VBK, npu »ToM HekoTopele u3 TT iL
HUX B3aUMOJEHCTBYIOT C MpoLec-
COM C MOMOMIB0 gatunkoB U NV, TT Uv
a4 HEKOTOpbIE TAKOTO B3aUMOMEW- < Mponecs )
CTBUS C IPOLECCOM HE HMEIOT

Vposens |

Puc. 14. CAnY MHOroypoBHEBOM
apXUTEKTYpbl (0000LLEHHbI

ciryyvail)

M 00pazyloT BBHIIECTOAIINE YPOB-
Hu CAnY (puc. 14).



Koneuno, Ha puc. 14 uzoOpaxkeHo HaubOosiee oOllee Mpe-
CTaBJIEHHE pean3aluid MHOTOYPOBHEBOM apxuTekTypbl. Komnue-
CTBO YPOBHEH MOXET BapbUPOBATHCA, @ TAKKE MOXKET BapbUPO-
Batbcsad konuyecTBO YBK Ha kaxaom ypoBHe. IIpuMeHuUTENbHO
K konnuecTBy YBK MoxkHO roBoputh 0 ToMm, 4yTo ecid YBK Ha
YPOBHE €CTb TOJIbKO OJINH, TO TAKOM YPOBEHb peaju3yeTcsi corjac-
HO MPUHUUMY LEHTPAITM30BAHHOW apXUTEKTYpPbl, UHA4Y€ — MO MPHUH-
LMITY JE€LEHTPATU30BAHHON apXUTEKTYPBI.

1.2.2. TunoBble pyHKIMHY HHKHHUX U BEPXHHUX
ypoBHeii CAnY

B cinyuae mHoroypoHeBoil apxutektypbl CAuY BO3HUKaET
onpejesieHHOe (PYHKIIMOHAJIbHOE pa3JieJiIeHue HW)KHUX U BEePXHHUX
YPOBHEU CUCTEMBbI. ITO pa3jiesieHne 00yCI0BJIECHO TEM, UYTO HUKHUE
YPOBHU HaxoAsTcs OJiMke K LeleBoMy rpoueccy (00beKTy ynpas-
JICHUS), @ BEpXHHUE YPOBHU — OJIMKE K YeJIOBEKY-OIepaTopy.

JU1s ynpolIeHUs: MOKHO YPOBHHM BbIlle 1-ro 0O0BEAUHUTH
B OJIMH BEPXHUH YpOBEHb, a 1-ii ypOBEHb CUMTaTh HUIKHUM YPOB-
HeM. KoHeuHo, Takoil moaxon OyzieT yrnpoueHHbIM, HO JJIsl TIepBO-
ro nNpuOJIMKEHHUS W O3HAKOMJIEHMS C JJaHHOW TEeMOW OH BIIOJIHE
NOAXOIUT.

[Ipy TakoM MoAXo/le MOKHO FOBOPUTH 00 OTIEIbHBIX (PYHK-
LUSIX HUKHETO YPOBHS U (PYHKIMAX BEPXHUX YPOBHEH.

PaccmoTpum TUTOBbIe PYHKIUU HUMHCHE20 YPOBHS:

1. HenocpeacTBeHHOE B3aMMO/IEMCTBUE C OOBEKTOM (corjiaco-
BaHUE M3MEPAEMbIX MapaMeTPOB, YIPABJSIOLIUX BO3JICUCTBUM).

2. IlepBuuHnas obpaboTka uHdpopmauuu. CUrHasbl ¢ JaTYUKOB
MOTYT NPUXOAUTH CO 3HAYUTEJIbHBIM YPOBHEM MOMEX, KOTOPbIE HAJ10
¢unbTpoBaTh. KpoMe TOro, npy u3MepeHUM BO3HUKAIOT MOIrPELLHO-
CTH, KOTOpbIE HacTo TpeOyeTcs KOMIIEHCUPOBATh, HAMPUMEP C MO-
MOIIIbIO MOBTOPHBIX U3MEPEHUN U YCPEIHEHHUs MOJTyYEeHHbIX 3Haue-
Hui. Takum 0Opa3om, MpocTeHIMMA BapyaHTaMH MEPBUYHOM 00pa-
00TKM UH(pOpMauMu OyAyT PuibTpaLUs U yCpeHEHMUE.



3. Peanuzauus JIOKaJIbHBIX aJITOPUTMOB yIipaBiieHus. Harpu-
Mep, TpeOyeTcss aBTOMAaTHYECKOE pPEeryJMpoBaHHUE TeMIepaTyphbl
COIIACHO 33JJaHHOMY 3HAYEHWIO HA OCHOBE BKJIFOUYEHHUS WM OT-
KJItoueHust Harpesaresis. [IpocreiitniMm BapuaHTOM OyJeT MO3ULIU-
OHHOE PEryJIMPOBAHUE, T.€. MPU MPEBBILICHUN 3aJAHHOTO 3HAYEHUS
Ha HEKOTOPYIO BEJIMUMHY HArpeBaTesib JOJDKEH OTKIHOUYaThCS,
a TIpU 3aHWKEHUW JOJDKEH BKJOYaThes. ANroputMm, olecrieyu-
BalOUIMH 3TO peryJIMpoBaHUE, TOJLKEH ObITh peaqu3oBaH Ha HUXK-
HEM YpOBHE. ECTECTBEHHO, JIOKAJIbHbIE AJTOPUTMbI YIPABJICHUS
MOTYT ObITb ropasao 0oJiee Ca0KHbIMU (CM. ipumep B . 2.3.1.1).

4. B3zaumopencTteue ¢ BepXHUMM YpoBHsAMU. Ha BepxHue
YPOBHHM MepeiaeTcsa He BCs UH(opMaLMs, BbIICISIETCS TOJbKO JeH-
CTBUTEILHO HeoOxoauMas uHdopmauus. Hanpumep, Ha HUKHEM
ypPOBHE 151 LieJIel JIOKAJIbHOTO yIpaBJIeHUsI NTapaMeTp 0ObeKTa u3-
MepseTcs ¢ mepuoJioM 1 Mc, a Ha BEpXHHIl YPOBEHb HOBOE 3HaYe-
HUE 3TOro napamMmeTpa nepegaercs ¢ nepuojom B 1 ¢ mis otoOpa-
JKEHHSI Ha dKpaHe MOHMUTOpA C LEIbI0 cooOLIeHus onepaTopy. To-
rgja Ha BEpXHHUE YPOBHU MOXKET IepedaBaTbCs, HAPUMEP, OJHO
3HAYEHWE W3 ThICAYM WM, HANpUMep, cpeliHee apudmeThuecKoe
THICAYM 3HAYCHUM. Ha HUKHMIN YypOBEHb MEPEHArOTCs YIIPABJISIO-
M€ BO3JCUCTBUS, 4 WUMEHHO MNpsAMbIE (BKIIFOYUTH, OTKIIFOUUTH
M T.1.), @ TAKXK€ KOCBEHHbIE (Ha OCHOBE 3alaHUM JJIs1 PETYJIATOPOB,
MapaMeTpoB JIsl JJIOKAJbHBIX aJITOPUTMOB YIIPABJICHUS).

5. MHorpa peanusyercs XpaHeHHWe (apXHMBUpOBaHWE) WH)Op-
Maluu. ApXUBUpOBaHUE WH(OpMALMM UMEET CMbIC], HampuMmep,
KOT/J1a CBSA3b C BEPXHUM YPOBHEM MPOU3BOJUTCS CEAHCAMU, MTPUYEM
C OCTaTOYHO OOJBIIMM WHTEpBajoM. Torma mMexay 3TUMMU CeaH-
caMM CBsI3M MHQoOpMalUs [10JKHA HaKaruIMBaThCsl Ha HIKHEM
YPOBHE, a BO BpEMsl ceaHca NepelaBaTbCsl HA BEPXHUK YPOBEHb.

Bbienum Takoke TUMOBbIE DYHKIMHU GePXHUX YPOBHEM:

1. BzaumonencTBue ¢ oneparopamu (BU3yaiu3alus, 3ByKOBbIE
cooOienus). [Tpu 3ToM UCMONB3YIOTCS T€ WM UHBIE CPEJICTRA Tie-
penaud uHGoOpMaLMK omnepaTropy (MOHUTOPBI, MHAUKATOPLI, Cpel-
CTBa MYyJbTHUMEAWA U T.A.) U CPeACTBa BBoAAa MHpopmannu (Kia-



BHATypa, MbILIb U T.J.), TAKXKE BaKHO YUMTBHIBATh MCUXO(PHU3HOIIO-
THYECKUE XapaKTEPHUCTHUKH oreparopa.

2. Peanuzauusi aaroputMoB rioOajibHOTO yrnparieHus. B oT-
JUYMe OT JIOKAJbLHOIO YIMpaBJIEHHWS B JAaHHOM cliydae yIIpaBJICHUE
OCYUIECTBJISICTCSl BCEM 1LI€JIEBBIM IPOLIECCOM ISl JOCTHXKEHUS 3a-
NAHHBIX KpUTEpUEB yrpapieHud. Hanpumep, peanusyercs sHepro-
cOepekeHrMe B CUCTEME aBTOMAaTH3alMU 3JaHUs WIM JOCTHXKEHHE
3aJaHHOI0 Ka4yeCTBa MPOU3BOAUMOM MPOIYKLMH C MTOMOIIBIO COOT-
BercTBYytOLIEeH CANY.

3. ApxuBupoBaHUEe (XpaHEHMUE) JaHHbIX. IDTO HEOOXOJAUMO,
HanpuMep, IJIs 3alMcH MapaMeTpoOB TEXHOJOTMYECKOro mpoiecca
JUISl TIOCJIEYIOUIEro €ro aHajiu3a, BhIICHEHUS] MPUYMH HEeNoJagoK,
onpeJiesieHUs MyTel yJIy4dllIeHUs: TEXHOJOTUH U T. /1.

4. BzauMoaeicTBUe ¢ IpyrdMu cucTeMaMu. Hanpumep, B3au-
mojericteue CAnY nexa ¢ CAnY Bcero npeanpusartys. [lomydaer-
csl, 4TO HecKOJIbKO CANY HHTErpUpPYIOTCS B €MHYIO CUCTEMY.

5. BzaumMoaencTBUE ¢ HUKHUM YPOBHEM.

Takke BaXHO OTMETHUThb, YTO MO CPABHEHUIO C BEPXHUMH
YPOBHSIMU Ha HUXKHEM YPOBHE BO3HHUKAIOT Oojiee KeCcTKue Tpedo-
BaHHWS MO CBOEBPEMEHHOCTH BBIMOJHEHUS TEX WM MHbIX JEUCTBUI
(3alep’KKA  MOTYT, HanpuUMEp, BBI3BaTh YXYAIIEHHWE KadecTBa
yIpaBjieHHs OBICTPOTEKYIIMMH MpoliecCaMM), a Takke OoJiee KecT-
Kue TpeOOBaHUS MO HAACKHOCTU (TaK KaK BO MHOI'MX CJIy4asX Ipu-
OCTaHOBKAa pabOThl BEPXHEro YPOBHSA OKa3bIBa€TCs MEHee KpH-
TUYHOM, YeM TPUOCTAaHOBKA padOThl HUXKHETO YPOBHS H3-3a HEMO-
JIaJI0K).

1.2.3. IlupamMuga KOMILIEKCHOH aBTOMATH3AHHU
npeanpusiTus

B cnyuae croxxapix CAnY, B YaCTHOCTH JIJIS1 CIIOKHBIX TEXHO-
JOTUYECKUX TIPEANPUITHIA, MOTYT OBITh peaii30BaHbl TPOEKTHI
KOMIUIEKCHOM aBTOMAaTH3alliid, KOTOPBIE MpearnosaratoT aBToMaTH-
3aLMI0 HE TOJIBKO T€XHOJOTMYECKOro mpolecca, HO M JIpyrux Mnpo-
1eccoB 0oJjiee BHICOKOTO YpoBHS. OnHON M3 Mozesel A1 ONMcaHMs



TaKHUX IIPOCKTOB ABJIACTCA IBITUYPOBHEBAA MO/ICJIb, TAaK HaA3bI-
BacMas InupamMuaa KOMIIJICKCHOM ABTOMAaTU3alv1 MNPCAlPpUATHUA

(puc. 15).

ERP

MES

SCADA

JlokaneHOE ynpaBlieHUE

/ Hatunku, 1Y \

Puc. 15. [IupamMmuaa KOMIIEKCHONH aBTOMATU3ALNAM IIPEATPUATHS

B sTOll Momenn HWKHUKA YPOBEHBb BBIAEIAET B OTHAEJIbHBIN
cinor gartunku 1 UY. Cneayromumid ypoBeHb JIOKaJIbHOIO yIpaBJie-
HUS COOTBETCTBYET HWXKHEMY YPOBHIO MHOroypoBHeBol CAmY
(cM. . 1.2.2). YpoBenr SCADA npuMepHO COOTBETCTBYET BEPX-
HUM YpPOBHsSM MHOroyposHesoii CAuY (cMm. n. 1.2.2). Tepmun
SCADA, a takxe poactBeHHble emy TepMUHbI «SCADA-cucTtema»
u «SCADA-nakeT» OTAEIBbHO M MOJAPOOHO pazouparotcs B n. 1.4.4.
BaxxHO MOHMMAaTh, YTO MEPBbIE TPU HWKHUX YPOBHS MUPAMUJIbI
cooTBeTcTBYIOT CAMY, KOTOpas peain3yeT aBTOMATH3ALUI0 TEX-
HOJIOTHUYECKOTO MPOLIECCA JAHHOTO MPEANPUATHS.

PaccmoTprum n1Ba BEPXHUX YPOBHSI M CBSA3AaHHbIE C HUMHU MO-
HATUA.

MES (Manufacturing Execution System) — cucTema yrpaBJie-
HUS TPOU3BOJICTBEHHBIMU TPOIIECCAMHM, TpeACTaBisdromas coboi
yactHbli ciydyaid AWUC (em. n. 1.1.2.4) v pewaroiias 3agaud ynpas-
JICHUS, aHaJri3a U ONTUMHU3ALMU TpoIecca MPOU3BOJICTBA MPOIAYK-
UMM B paMKax JaHHoro npeanpuarud. Ha yposHe MES pemarorcs
3a7a4v yIpaBJIEeHUs KA4yeCTBOM NPOAYKIMH, COBEPIIECHCTBYETCS



TEXHOJIOTHs TIPOM3BOJICTBA, OOecneunBaeTCs yIpaBlieHHe MepcoHa-
JIOM, TEXHHUYECKOE 00CTyKHBaHWE MPOU3BOICTBEHHBIX MOIITHOCTEH.
ERP (Enterprise Resource Planning) — ninanupoBaHue pecyp-
COB MpPEeAINpUsITHL. ITO IMJIaHUPOBAHHUE OOBIYHO OCYIIECTBJISETCS Ha
ocHoBe cooTBeTcTBYyMOIE AMC, KoTopas obGecreurBaeT ONTUMH3A-
LHMIO Y TUIAHUPOBAHUE PECYPCOB MPEANPUITHS 1J11 JOCTUHKEHUS TJ10-
OasibHBIX Uened. [lpu sToM mox pecypcamu 3/eCh MOHUMAKOTCS
HE TOJIBKO ChIpbE, TEXHUYECKUE U (DMHAHCOBBIC peCypchbl, HO U JIFOJ-
CKH€ pecypchl (epcoHall, paboTHUKM nipeAanpusTus). Ha atom ypos-
HE, B YaCTHOCTHU, PELIAIOTCS JIOTUCTUYECKUE U (PMHAHCOBbIE 3a4a4H.
EctrecTBeHHO, YTO B ATOM NUpaMue BCE YPOBHHU CBSI3aHbI
U MHpOpMaLM LMPKYJUPYET MEeXTy ypoBHsIMH. Hanpumep, uH-
dopmalMs 0 TEKYLIMX MOKa3aTesisX TEeXHOJIOTMYEeCKOro mnpoliecca
¢ ypoBHs SCADA nocrtynaetr Ha ypoBeHb MES, rae ananusupyer-
Csl, UTO MOXKET TPUBECTH K U3MEHEHUSAM YCIIOBUM TEXHOJIOTUYECKO-
ro mnpoiecca 3a cyeT (HopMHUPOBAHUS COOTBETCTBYIOIIMX UHpOpMa-
LMOHHBIX Bo3aercTBUM ¢ ypoBHSI MES Ha yposeHs SCADA.

1.3. OcHOBHBIE MeTOBI pellleHUS 33124 yHpaBJIeHUSs
B TEXHHYECKHUX CHCTEMAX ¢ HCHOJIb30BAaHHEM
KOMIIbIOTEPHBIX TEXHOJIOT Wi

1.3.1. Pemenne 3aga4 ynpasJieHus

CAnY co3paercs A pelleHUsl NMOCTaBJIEHHBIX 3a/1a4 ynpas-
neHus. Takum oOpa3zoM, MOKHO TOBOPUTH O TOM, YTO METOJIbI pe-
LIEHUS 3a7a4 YIPaBJICHUs HAMPSIMYIO CBSI3aHbl C METOIAMU MPOEK-
TUpOBaHU U peanuzaunu CAnY. B stom cinyyae CAnY BeICTynaer
CPEACTBOM pellieHus 3aaad ynpapieHus. I[IpobGinemy BbiOOpa MeTo-
JOB pelIeHUs 3ajayd YMNpaBJIeHUsS MOXHO B TaKOM CJy4yae CBECTHU
K mnpobsieme BblOOpa BapuaHTOB peanuzauuu CAuY. BapuaHtbi
peanuzauu CAMY MOryT OTJIMYATLCS MEXAY COOOM Ha pa3HbIX
ypOBHsIX AeTanuzauunu. Ha HanOoJsiee BBICOKOM yYpOBHE aOCTpaKIUU
BapuaHTel CAWY paznuyaroTcs MO BUAAM PELIeHUN, CBS3aHHBIX
C apXUTEKTYpOM 3TUX cucTeM. B cBOIO ouepe/ib, apXUTEKTypa KOH-



KpeTHOM CAMY MOKET HAIOJIHATLCS TOM WM MHOW KOMITBFOTEPHOM
TexHoJoruen. Eciu cnyckarbed Ha ewe Oosiee aeTalibHblii ypOBEHb,
TO MbI IPUXOJUM K TOMY, UTO KOMITBIOTEPHASI TEXHOJIOTUSI HAXOAUT
BOIUIOLIEHUE B KOHKPETHBIX TEXHUYECKUX CPEIICTBAX, KOTOPHIE,
B CBOKO O4epeb, MPEANnoyararoT MCMOJIb30BAHUE TE€X WM HUHBIX
nporpaMMHbIX cpeacTB. TakuMm 0Opa3oM, MOXKHO BbIAEIWUTb TPHU
YPOBHS pPELICHUI 3a/1a4 ypaBiieHUs npu rnoctpoenun CAunY:

1) ypoBenb apxurektypbl CAnY;

2) YPOBEHb KOMITBIFOTEPHBIX TEXHOJIOTUI YIIPABJICHUS;

3) YpOBEHb TEXHUYECKHUX CPEACTB ABTOMATU3aLUWW U YIIPaB-
JICHUA.

EcrecTBEeHHO, UTO ATa cxema, Kak u Jr0Ooe 0000LIeHue, Oc-
TaBJISIET 3a CKOOKaMW MHOTHE crielhajibHbIe Clyyan, KOTOpble MO-
ryT HE YKJIaJbIBaThcsl B JaHHYIO cxemy. Ho oHa yao0Ha B kauecTBe
CMBICJIOBOIO Kapkaca [JIsi aHajiv3a Mpouecca pelieHus 3ajad
VIIPABJIEHUSI B TEXHAYECKUX CUCTEMAX U MOKET MOCITYKUTh XOpPO-
meld OTNpaBHOM TOYKOM A1l BbIOOpa METOJ0B pelIeHUs 3aday
yrpasJjieHus. B nanpHeleM, Ha mMpakTUKE, MOKHO HAaXOJIUTh CIie-
nyajibHble U Oojee dPdeKTUBHBIE pelIeHUs, HAUYMHAs pacCMOTpe-
Hue npooaeMbl moctpoeHuss CAuY ¢ MOMOIIBIO JAHHOM CXEMBI.

B paMmkax gaHHOM cXeMbl MOKHO FOBOPUTb, YTO BbIOOp METO-
JIOB pelleHUs 3a7a4 YIpaBJIeHUs] CBOJIMTCS K aHAJIM3Y U BBIOOPY:

— apxutektypbl CAuny;

— KOMIBIOTEPHBIX TEXHOJIOTUN YITPABIICHUS;

— TEXHUYECKUX CPEACTB aBTOMATU3ALMU U YIIPABJICHHUS.

Hwuxe OynyT paccMOTpeHbl BOITPOCHI, CBI3aHHBIE C STUMU Tpe-
Msl KOMIIOHEHTaMU, HO Mepel 3TUM o0paTUMCs K Mmpoueccy pa3pa-
ootk CAunY, B X0/1€ KOTOPOT0 KakK pa3 U JIOJKHBI pelllaThCs 3a7a-
YU YIIPaBJICHUS.

1.3.2. OcHoBHbIe 3Tanbl pazpadorkn CAnY

IIpn paccMOTpeHHMH METOJIOB pEIICHUs 3ajJa4y yIpaBJIeHUs
Ba)KHO 3HATb TUMOBYIO MOCJIEA0BATEIbHOCTb Pa3padOTKU CA0MKHbIX
CAuY. 310 HEOOXOAMMO UId TOTO, YTOOBI MOHUMATH, KaK TE€ WJIH



WHBIE peIlICHHs 3aJiayu YMpaBJICHUs, CACIaHHbIE HAa OMNMpeaeIeHHBIX
ATarnax pa3padOTKHU, MOTYT TOBJUATH Ha APYTrUe ATaIlbl pa3pabOTKH.
Hanpumep, peanuzanus rmioxo paciiipsieMOr apXUTEKTYPbl MOXKET
MOBJIeYb JIOMOJHUTEbHbIE U3JEPKKU Ha 3TaraX COMPOBOXKIACHUS
B CBSI3M C BO3MOKHBIMU MOCIIEAYIOIUMHU PaCIIMPEHUSIMH CUCTEMBI.
DT BO3MOXHbIE paclIMpeHrs HEOOXOAUMO YUUThIBaTh HA PaHHUX
sTanax pazpadotkud. Mcxoas W3 3TOro Ba)KHO MPOC/IEKUBATH, Kak
MOCJICJICTBUSI T€X WM MHBIX PElIeHUH MOTYT MpPOsSBUThLCS Ha Ooiee
MO3/IHUX ATanax pa3padoTku. [[ns 3Toro Hago 4eTko cede mnpen-
CTaBJISITh 3TH JTAlb.

1.3.2.1. IlpeanpoekTHas npopadoTKa

Ha sTane npeanpoekTHOM npopabOTKU OCYUIECTBJISIOTCS Clie-
DYHOLIUE I€UCTBUS.

— BBIJIEJIEHUE U ONMUCAHUE LIEJIEBOTO MPOLIECCA;

— onpeneneHue uesen BueapeHus CAuy;

— (hopmupoBaHUE 3a/la4 aBTOMATH3alUM U KPUTEPUEB yMpaB-
JICHUS;

— npeaBapuTesibHasg OLEHKA aJrOPUTMOB PELIEHUs 3a1a4y aBTO-
MaTh3aldy, BKJIOHaroLas: aHajavu3 HHGOPMAalMOHHBIX TOTOKOB,
OLIEHKY PAaCIOJIOKEHUS HaTYMKOB U MCIIOJHUTENBHBIX YCTPOUCTB,
OPUEHTUPOBOUYHOE onpeie/ieHUe (PYyHKLMI ONepaTUBHOIO MepCcoHana;

— NpUOJKEHHas OLIEHKAa COCTaBa U CTOMMOCTH TEXHUYECKHUX
CPEJICTB U IPeJABAPUTEIIbHAS OLIEHKA 0KUIAEMOT0 3KOHOMHUYECKOT O

s dekTa;

— cocCTaBjieHUe mexHuyeckozo 3aoanus (T3) Ha pa3paboTKy
CAnY.

T3 — 3T0 OIMH W3 BaXKHEWIIMX JOKYMEHTOB IPU B3aUMOJECH-
CTBUM 3aKazuuka cuctembl (CAunY) u pazpadbotuuka.

B oOmem cinydae T3 MoxkeT cofiepKaTh CIEAYIOIINE OCHOB-
HbIE MYHKTHI:

— oOmme cBeaeHus (TJaHOBbIE CPOKHM OKOHYaHUsS paboT, Ha-
MMEHOBAHUE U YCIOBHOE 0003HAaUEHHUE CUCTEMBI);



— Ha3HaYeHHUE U LIeJIU CO3/IaHUs CUCTEMBI,

— XapaKTepHUCTHKA IIeJIEBOro Tpolecca WM OObeKTa YyMpas-
neHus (YyCIOBHs DKCIUTyaTalldd, XapaKTePHUCTHKH OKPY KaroIIeH
cpenpl);

— TpeOoBaHMS K cHcTeMe (K CHUCTeMe B LIeJIoM, (PYHKLIMSAM,
BUJIaM Oo0ecIieyeHus );

— COCTaB U cojiep>kaHre padoT MO CO3AaHUIO CUCTEMBI;

— MOPSIAOK KOHTPOJISI U IPUEMKHU CUCTEMBI;

— TpeOOBaHUS K COCTABY U COJIEPKaHUIO pabOT Mo MOATOTOBKE
K BBOJY CUCTEMbI B JICHCTBUE.

Otan npeanpoeKTHON MpopabOTKH BBIMOJHAETCS JUO0 3aKas-
YUKOM, JTUOO COBMECTHO 3aKa3YMKOM M pa3padOTUHKOM.

Ecnm o0BeKT sBnSETCS CIIOKHBIM W CHCTEMa peau3yeTcs
BIIepBbIe, TO pa3padoTka T3 MoxkeT ObITh CI0XKHOUM 3amaueid. Ha-
npuMep, MOXKET NoTpeOOBaThCA AUTENbHOE UCCAEA0BaHUEe O0BEeK-
Ta. B 3TOM ciydae AaHHBIM 3Tanm MOXKeT ObITb O(OpMJIEH B BUJE
OTZICJIBHOTO JIOTOBOpPA MEXKIAY 3aKa3YMKOM U pa3paboTUUKOM MpHU-
MEHUTEJIbHO K pPEelIeHUI0 3aJadyd BCECTOPOHHEro MCCieoBaHUs
oObeKTa.

1.3.2.2. IIpeaBapurtenbHas npopadboTKa

Ha »tame npeaBapuTenbHOM MNpOpadOTKU OCYIIECTBIISIOTCS
CJIeAYIOLLME NeUCTBUS:

— OlICHKAa XapakTepa U oobema pabdor;

— pa3paboTKa mexHuuecko2o npeonodiceHus, B KOTOPOM CO-
Aep>KaTcsl MPeajodKeH!s MO peanu3ali BUAOB obOecrieyeHus, Mo
TOMY, Kak OyJleT peajiu30BaHa CUCTEMA;

— (hopMupoBaHue crneludpUKalMK alapaTHbIX U MpOrpaMM-
HBIX CPEJICTB, MOJJIE)KALIUX MPUOOPETEHHUIO.

JlaHHBIH W TTOCIEAYIOIINNA ATATbl BBITIOJHAIOTCS pa3padoTyu-
KOM TpH BO3MOKHOM B3aMMOJIEHCTBUY € 3aKa3UHKOM.

Hanpumep, ¢ 3aKa3uyMkoM MOKET OOCY)KIaThCsl TEXHHUUYECKOE
npeasioxkeHue. B pesynbrare Takoro o0CyKaeHus MOTYT BO3HUKATh
KOPPEKTUPOBKH B apXUTEKType CUCTEME, B COBOKYMHOCTH MpE/o-



JlaraeMbIX TEXHUYECKHUX CPEJICTB W T.JI. Takxke MOXKET COIIacoBbI-
BaThCA crielrUKaLMs MPUOOPETAEMBIX alMapaTHBIX W MPOrpamMM-
HBIX CpPEJICTB.

1.3.2.3. Pa3zpaboTka TeXHUYECKOro MpoeKTa

Ha sTane pa3paboTKu TEXHHYECKOIro IMPOEKTa MPUHUMAKOTCS
BCE MPUHLMITHAIBHBIC pelieHus 1o noctpoeHuto CAuY 10 MOMEH-
Ta NOAKJIFOUEHHUS CUCTEMbI K OOBEKTY, B UaCTHOCTH:

— BbIOMPaIOT FrOTOBbIE TEXHUUYECKUE CPEJICTBA U PELUEHMUS;

— MPOCKTUPYIOT HECTAHAAPTHbIC TEXHUYECKUE CPEACTBA;

— pa3pabaTbiBatoT QYHKLMOHANbHbBIE U MPUHIMITHATBHBIE CXe-
MBI KOMIToHeHTOB CAnY;

— MPOBOAAT (PU3UYECKOE M MaTeMaTUYECKOEe MOJIeIMPOBaHUE
paboTel CAnY uiu ee oT/IeIbHbIX KOMIIOHEHTOB;

— YTOUYHSIOT WM pa3padaThiBalOT aJiIrOPUTMBI YITPaBJICHHUS;

— OnpeNeNstoT 00beMbI U (POPMBI MpeICTaBIEHMS MHPOPMALIUH;

— YaCTUYHO WJIM TMOJHOCThIO pa3pabaThiBalOT IMPOrpPaMMHOE
oOecrieueHue;

— OCYUIECTBJIAKOT OTJAJKy 4YacTu KoMNoHeHTOB CAwuY Ha
uMeroieMcs 000pyJ0BaHUHU, HA UMHTATOpPaxX, MOJAEIAX U T.I.

B pesynbTare naHHoOro sTtarna pazpadaThiBaeTCs KOMILIEKT J10-
KYMEHTaLUU — MeXHUYECKUL NPOeKNI.

HNuorna gopmupyercs scku3Ho-mexHuvyeckuili npoekm, B CIy-
yae Korjga Kakue-iu0O pelieHUs MOryT ObITh TNPUHSATHI OKOHYa-
TEJIbHO TOJIBKO MOCJI€ MPOBEPKH Ha peasbHOM LIEJIEBOM IpOLIECCe.
Torna otnenbHbIe pa3nesbl 3CKM3HO-TEXHUYECKOTO MPOEKTa MOTYT
OBITh YTOUHEHbBI Ha JajibHEeHIIMX 3Tanax pazpadorku CAnY.

1.3.2.4. ®opmupoBaHue padboyero npoekra

Ha nanHom sTane dhopMUpyeTCcs pabdouuil npoexn, BKIOYaro-
U BCIO HEOOXOIMMYIO IOKYMEHTAIIUIO, B YaCTHOCTH:
— CXEMbI pa3MeILEeHUs] U COSMHEHUS TEXHUYECKUX CPEJICTR;



— CXeMbI IPOKJIAJIKA CUJIOBBIX U CUTHAJIBHBIX KaOesei;

—YepTeKU M CXEMBbl JJIi HECTaHJAAPTHBIX TEeXHHUYECKHX
CPEACTB;

— JOKYMEHTallMI0O Ha MporpaMMHOEe, MaTeMaTH4yecKoe, WH-
chopMaLIMOHHOE, TUHIBUCTHUYECKOE 00SCIeUCHHE;

— YePTEXKU U CXEMbl CTPOUTEILHOM YacTu (HarpuMep, CUCTE-
MBI DJIEKTPOMUTAHMS, KOHAUIMOHUPOBAHUS BO3ayXa, 00eCIIeUeHUs
peKMMa BJIaKHOCTH);

— COCTABJIAIOIIME OPraHU3aLMOHHOTO 00eCTIeUeHUS.

Ecau BHepeHUe cucTeMbl MPUBOJIAUT K U3MEHEHUSIM TEXHOJIO-
rMYECKOro 00opy/ioBaHUs Ha OOBEKTE, TO B MPOEKT OJAKHbI ObITh
BKJIFOUCHBI YEPTEKH M CXEMbI, KOTOpPbIE OTPaKarOT 3TH U3MEHEHMSI.

Taxke paccMmaTpuBarOTCS BOMPOCHI 3JIEKTPOIUTAHUS, peaTu-
3alliM 3a3eMIICHU.

IIprHUMAarOTCA peleHus o 00ecleYeHUI0 MOMEeXO03allUIIeH-
HOCTH KOMITOHCHTOB CHCTEMbI, B YaCTHOCTH IO SKPaHMPOBAHUIO
TEXHUYECKUX CPEIACTB CUCTEMBI.

MoskeT BBIMOJHATECA 00Jiee TOYHBIM pacyeT 3KOHOMUYECKOM
s pekTuBHOCTH OT BHeapeHuss CAmY, Tak Kak MMEHHO Ha HTOM
3Tare CTAHOBUTCS U3BECTHBIM MOYTH BeCh 00BbEM 3aTpaT Ha MPOeK-
TUPOBAHUE CUCTEMbI, YCTAHOBKY M HaJaJKy.

1.3.2.5. MoHTa)KHO-HaJlaI0uHble padOThl

Ha sToMm »Tarie BBIMOMHSAIOTCS pabOThI TTI0 MOHTAaXKY M HaJlaJIKe
CAnY, ee CTBIKOBKE C LIEJIEBBIM MPOLIECCOM.

DOTu palboThl BBIMOJHAIOTCA MO0 mocje 3aBepuieHus: GopMu-
poBaHHUs paboyero Mpoekrta, 0o napasiiesibHO ¢ (popMHUpoBaHHEM
pabouero npoekra.

[Ipy CTBIKOBKE CHCTEMBI ¢ 0OBEKTOM MOTYT TMOSIBUTHCS HOBBIE
TeXHUYECKHE TPeOOBaHHUsA, KOTOpble HE ObLIM YUTEHbI paHee, Mo-
TOMY pa3zpabaTbiBaeMas CUCTeMa JOJKHA 00J1aJaTh CITOCOOHOCTS-
MU K YaCTUYHbIM M3MEHEHMSIM TEXHMYECKMX CPEJICTB, IPOrpamMM-
HOTO M JIPYTUX BUJIOB 0OecIieueHHUS.



Kornma crucrema BHeapseTcs Ay NPOU3BOJCTBA, IJie OCTAHOB-
KM 000pYyJ0BaHUs HeKesaTe/IbHbl UM HEBO3MOXKHBI, TOTJIa Bpems
JUIS DTOrO 3Tarna Pe3KO COKPAIAeTCs U BO3HUKAET MOTPEOHOCTH
B MCIMOJIb30BAHWM CHELMAIBHBIX CPEJICTB, MMUTUPYIOIIMX LIEICBOM
MpoLeCC.

1.3.2.6. UcnibiTanus, onbITHAs KCILTyaTalusl, COPOBOXIACHUE

CHavasia MOTYT NPOBOAUTHCS NpeosapumeibHble UCNbIIMAHUSL,
4yTOObl MNPEABAPUTENILHO BbISICHUTH padoTocnocodHocTh CAuMY,
a MO WUTOram 3THUX WCIBITAHUM peuwuTh Bonpoc O npuemke CAunY
B onwvimuyio sxcnayamayuio. IlpegBapuTenbHble UCIBITAHUS MPO-
BOJIATCSl OOBIYHO COBMECTHO Pa3padOTUUKOM U 3aKa3UMKOM.

Pe3ynpTaThl NPpUHATUSA B ONBITHYIO SKCIUTyaTalMiO O(OpMIIs-
IOT COOTBETCTBYIOMIMM akToM. OCHOBAaHHUEM JIJII STOr0 akTa OObIY-
HO CJTy>KaT MPOTOKOJIbI MPeABAPUTEIBHBIX UCIBITAHWUNA, TJI€ OTME-
4aeTcsl X0 MPOBEICHUS MPEABAPUTENIbHBIX UCTIBITAHUN, OCHOBHBIE
KOJIMYECTBEHHBIE M KaueCTBEHHbIE MokazaTean padotel CAnY.

JIMMTeIbHOCTh ONMBITHOM 3KCIUTyaTallMu 3aBUCUT OT KOHKPET-
HOHM cutyauuu. ['1aBHOE — HEOOXOAUMO AE€TaIbHO MPOBEPUTH Mpa-
BWIBLHOCTB paboThl CAMY Ha peajbHOM 1IeJIEBOM MpoIlecce.

3aTeM MPOBOIAT MPUEMOYHbIE UCHBIMAHUSA IS TOTO, YTOOBI
BbISICHUTb, HaCKOJIbKO pa3zpabotaHHas CAuY COOTBETCTBYET U3Ha-
YaJbHbIM TpeOOBaHMUSIM, YKa3zaHHbIM B T3, a Takxke, BO3MOXKHO,
ApPYruMm TpeOOBaHUSIM, HampuMep OOUIMM TpeOOBaHUSIM TpeaIpu-
ATUA WK oTpaciu B ciayyae BHeapenus ACYTIL

ITo wrtoraM nprUeMOYHBIX HCIBITAHUK TAaKXKe OIpenensercs,
BO3MOXKHO WM HeT ocyulecTBUTh 3amyck CAuY B 0OBIUHYIO
(HE OMBITHYIO) DKCIUTYaTalHUIo.

3anyck CAnY Takke MOKET MPOU3BOAUTHLCS MOATAIHO, U s
Ka)K/10r0 3Tana MoryT (pOpMHUpOBATLCS COOTBETCTBYIOLIUE AKTHI.

B KkoHIle ycremHoro 3aBepiieHUs TTPUEMOYHBIX WCHBITAHUI
NOJIKEH OBbITh COCTaBJIEH MPOTOKOJI 3TUX UCIBITAHUM, a TaKkKe MO/I-
nmrcad akT o BBoJie CAuY B JIeicTBUE.



Ilocne BBOJA cucTEMBI B JIEMCTBUE HEKOTOpPOE (MHOTIA IPO-
TIOJKUTEIBHOE) BPEMS MOMKET OCYILECTBIISITBCA COMPOBOIHCOEHUE
CUCTEMbI CHUJIaMH pazpadboTumka (CBOEro pojaa BO3MOKHOCTh rapaH-
TUHUHOrO 00CHTYyKHBaHMS C LI€JIbIO OBICTPOro YCTpaHEHHUs BbIsBIIsC-
MbIX Hermonagok). CompoBOXKACHHUE TaKKE MOXKET O(pOpMIATHCS
OT/I€JIbHBIM IOTOBOPOM.

1.3.3. Apxurexktypsi CAnY

Panee (cM. m. 1.2.1) ObliM BbIAENEHBI TP TUIMOBbBIE APXUTEK-
Typbl CAUY:

1) uenTpanv3oBaHHas;

2) neueHTpaIM30BaHHas;

3) MHOTOYpOBHEBAs.

PaccmoTpum aeTanibHEE HEKOTOPBIE ACIMEKThl 3THUX aAPXUTEK-
TYp, TAK KaK UX NOHUMAHUE SIBJISIETCS BAXXHOM COCTABJIAIOLLEH 115
NpaBUJIILHOIO aHaIu3a U BbiOOpa apxutektypbl CAnY.

1.3.3.1. LlenTpanuzoBaHHasa apXUTEKTypa

BaxHO mMOHMMAaTh, 4YTO LEHTPAJIU30BAHHAA apXUTEKTypa MO-
YKET ObITb 3HAYUTEJIbHO pacnpeoeieHHOU B IPOCTPAHCTBE. ITO J10C-
TUTaeTcsl 3a CUET pachpelielieHUs] B IPOCTPAHCTBE MHOXKECTBA
YCO. Kaxnoe YCO MOXHO pacrnojoxuTh OJHU3KO K MECTy Moj-
KJIFOUEHUS COOTBETCTBYOLIMX AaTyukoB U Y. Toraa nosy4aercs,
yrto YBK Takxke pacnpenesndercs B npoctpaHcTse 3a cuer Y CO, HO
apXWUTEKTypa MpPHU 3TOM OCTaeTCAd LEHTPAJIM30BAHHOW W3-3a HaJI-
uyuns eourncmeenrnou YBM B cocraBe YBK (puc. 16).

[Ipumep pacnpegenenHoro YCO (momyiun ADAM-4000)
U1 peau3aliy MoJJ0OHOro BapvaHTa apXUTEKTYpPhl MpeacTaBjIeH
B 0. 1.3.5.4.

lIpeumywecmea neHTPaTN30BaHHOW aPXUTEKTYPbI:

— MMPOCTOTA B3aUMOJIEMCTBUSI KOMIIOHEHTOB CAMY, Tak Kak
uMeeTcsl Tolbko ogHa YBM M mosToMy OTCYTCTBYeT MpoOJiema
pa3aeieHus PECYPCOB MEXK/TY BBIYHCIUTEIBHBIMU YCTPONUCTBAMU;
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Puc. 16. CAnY uentpanu3oBaHHoi apxutektypsl (YCO
MOTYT 3HAUUTENIbHO pPaclpenessaTbCsi B NPOCTPAHCTBE,
OCTaBasich B pamkax oaHoro Y BK)

— yA00CTBO KOHTPOJIS HaJ CUCTEMOM, TaK KaK UMEETCS €Ju-
HBIM LICHTP YIIPABJIEHUSI HA OCHOBE €MHCTBEHHON Y BM.

Heoocmamxu neHTpaim30BaHHON apXUTEKTY PHI:

— MOET BO3HUKATh HEXBATKA BBIYMCIIUTEIIHBIX PECYPCOB J1sl
peanv3alyM CJIOXHbBIX 3a/1a4 aBTOMATHU3ALUMUM U3-3a HaJU4Ms TOJIb-
KO ogHoU YBM;

— CJIOKHOCTh aBTOMAaTU3alllMu MPOLECCOB, paclpeaeIeHHbIX Ha
OOJTBIIION TUTOMIAIN, TAK KaK UId equHcTBeHHON Y BM Hamo co3na-
BaTh KaHAJIbl CBA3U ¢ naTyukaMu U MUY, ynajeHHbIMU Ha OOJibLIME
paccTosHUS;

— U1l TIOBBILLIEHUS HAJEKHOCTU CHUCTEMbI HAJ0 TMPUHUMATh
crielanbHble Mepbl s o0ecreueHus: cTaOUIbHON padoThl €qUH-
CTBEHHOM YBM.

YKazaHHbIe HEJOCTAaTKHM MOKHO, KOHEYHO, TMOMBITAThCS Mpe-
OJ10JIETh:

— YCTaHOBKOW MomHOW YBM wim pacrnapajielMBaHUEM Bbl-
YHCIIMTEIBHBIX IPOLIECCOB HA HECKOJbKUX (u3ndeckux YBM, pa-
OOTarolINX Kak equHag jorudeckas YBM;

— ucrnojib3oBaHuem YCO pacnpeaeseHHOro Tumna, KOTOpbIE,
HarpuMep, MOJKIIOYAarOTCs MO IMMHHOM TOIOJIOTUX M Pa3MeEIaroT-



csl Ha OoJibIIMX paccTosiHUIX oT YBM, TeM caMbIM moJrydaercs
VBK, pacnpeneneHHbIil Ha 00JIbIION TITOIAAM (CM. puc. 16);

— peanuzauueit ayonupoBaHus (pesepBupoBaHusi) YBM nns
MOBBILIEHUST 001IeH HaIe)KHOCTH CUCTEMBI.

Ho B 1enoM LeHTpajlu30oBaHHas apXUTEKTypa yJIoO0Ha B Mep-
BYIO ouepenb s peanmzauun CAuY, Koraa 3ajadyv aBTOMATH3a-
MU HE OYEHb CJIOKHBI U LEJIEBOU TPOLIECC HE CUJIBHO pacripeiesicH
B [IPOCTPAHCTBE.

Kak nonstHo u3 puc. 11, 12, 16, ¢ yueToM Haad4uusi OJHOIO
YBK nonyuaercs, uro pabouee MecCTO oleparopa COBMELLAETCS
C YIPABJISIOLIUM KOMIIBIOTEPOM, T.€. eAMHCTBEHHass Y BM B coctase
nagHor CAwnY nomkHa oOecrneuynBarh B3aUMOJIEUCTBUE HE TOJIBKO
C TPOLIECCOM, HO W C 4YeJOoBeKOM-orepaTopoM (B oOIleM ciyuae
C HECKOJIbKMMM OIlepaTopaMu). ITO HAKIIAAbIBAET JOMOJHUTEIbHbIC
CJIO)KHOCTH Ha TMpolecc pa3paboTku pabodero mecrta orieparopa.
B yacTHOCTH, 3TO KacaeTcs OpraHu3aluy BbIUMACIUTEBHBIX MTPOLIEC-
COB B paMKax OJIHOM OMEpPallMOHHON CUCTEMBI, TaK KaK, C OJHOM CTO-
POHBI, TpeOyeTcsi oOecreurBaTh JKeCTKOe peaibHOe BpeMsl 15l B3au-
MOJIEMCTBHUS C MPOLIECCOM, HO MPHU ATOM, C APYror — Takxe odecrie-
YuMBaTh B3aUMOJICMCTBUE C YEJOBEKOM, BO3MOXKHbBIC JI€HMCTBUSA
KOTOPOTO SIBJISIFOTCS B OOJIBIIION CTENeHW HeIeTEPMUHUPOBAHHBIMHU.

1.3.3.2. JleueHTpaJiM30BaHHAs apXUTEKTypa

BaXxHO yTOYHUTBH, YTO MOCLEHTPAIM30BAaHHAA APXUTEKTypa
U «pacrpeneseHue», «pacnpocrpanenue» ¥YBK 1o mpoueccy co-
BCEM He 00513aTeJIbHO CBSI3aHbl CO 3HAYUTENIbHBIM NPOCHPAHCINGEH-
HbIM PACTIPELIETIEHUEM.

Paccmorpum cnenyrowmi npocreruid npumep. HMmeercs
CAunY neueHTpaand30BaHHOM apXMTEKTYphl, obecreunBaromas pe-
IYJIMPOBAHUE OCHOBHBIX [IOKA3aTejie OKPYXKAawLIEH Cpelbl
B ToMelleHun (B komHare). [Ipr 3TOM OHO KOMITAKTHOE YCTPOW-
ctBo (YBK) 3aHuMaercs peryJiMpoBaHUEM TeMmIlepaTypbl B He-
CKOJILKHUX Toukax. [/[pyroe yctporictBo (apyron YBK) 3zanumaercs



pPEryJIMPOBAaHUEM BJIAXKHOCTH. TpeTbe yCTPOMCTBO (TOXE OTHEIb-
vl YBK) 3aHnmaercd perynmpoBaHUEM OCBEUIEHHOCTU. MoOryT
ObITh W Apyrue mnoaodbHwie yctpoiictBa (YBK). Kaxmoe u3z aTux
yCTpOMCTB 00JialaeT COOCTBEHHBIMU Cpe/ICTBAMM BBOJIa U3MEpU-
TeJbHOM MHGOPMALIMK M BBIBOJIA YIPaBJMIOIIUX MapaMeTpoB, YTO
MO3BOJISIET YEJIOBEKY (Oreparopy), Haxos1IeMycsi B KOMHarTe, pe-
IyJIMPOBaTh OCHOBHBIEC MAapaMeTPhl OKPYKaOIEW cCpelibl B TAHHOW
komHare. [lomyyaercs, yto ykazaHHele YBK mexnay coboit Hemno-
CPEACTBEHHO HUKAK HE CBS3aHbl, HO LeJ0ocTHOCTE CAMY noctura-
€TCs 3a CUET €IMHOro npouecca (npouecca U3BMEHEHUsI MUKPOKIIU-
Mara B KOMHaTe), a Takke Toro, 4ro mH@opmauus ot 3tux YBK
MOCTYNaeT K OJTHOMY ONEpPaTopy, KOTOPbIA YK€ MOXKET MPUHUMATh
KaKHWe-TO pellleHUs Ha OCHOBE MOCTYyNUBIIEH HH(pOpMALINH.

3nech HaJl0 OTMETUTh, YTO Ha puc. 13 mokazaH HauboJiee 00-
i cocobd coenuHenrus YBK u onepatopoB. CMBICT COOTBETCT-
BYIOILIETO0 00O3HaueHUs ObLT pacKphIiT paHee (cM. puc. 4, e, aic),
Y OHO MOKA3bIBAET BO3MOKHOCTh B3aMMO/IEMCTBUA KaXI0r0 C KaXK-
neiM. Mcxonst u3 aToro Jis JaHHOro mpuMepa npuBeaeM puc. 17,
KOTOpBIA MOKa3bIBaeT 4YacTHBIM ciiydail CAnY aeneHTpan3oBaH-
HO#l apxuTekTypbl. B aToM cinyuyae YBK o0beaunsitorest nocpeact-
BOM OJIHOTO oreparopa, Ho camMu Y BK mpu 3ToM He CBsi3aHBI HEIO-
CPEACTBEHHO APYT C APYTOM.
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Puc. 17. YactHeiii ciiydaii CAnY neneHTpalIn30BaHHOM
apxuTekTyphl (00beauHeHne YBK yepes ogHoro onepartopa)




Tenepp paccMOTpUM APYroM YaCTHBIA Cly4al JELUEHTPaINn30-
BAaHHOW apxXUTEKTYpshl. [Ipeamnonoxum, uro nmeercss CAuY B BUIE
CHUCTEMbI aBTOMATH3ALIMY 3[aHUSI, B pAMKaX KOTOPOW BBITIOJHIETCS
ABTOMATH3alMs HECKOJIbKUX HE3aBUCHUMBIX WHXKEHEPHBIX ITOJICUC-
TeM (HarpuMmep, OCBelleHHe, TeIJIoCHa0KeHWe, KOHIULIMOHUPOBa-
Hue). JUIs KaKA0M Y3 3TUX TPEeX MOJICUCTEM UCIOJb3YETCA OTENb-
Heii YBK. U 3a kaxaoil M3 3TUX MOACUCTEM CIIEIUT OTAEIIbHBIN
aucneryep. B nanHom ciyuae peus uaet o CAuY mjis pasHbIxX Noj-
cucreM 3aaHusi. Ho moxHo roBopute 1 o CAuY Bcero 3gaHust
B Uesiom, U Takass CAuY Oyner UMeTh ACUEHTPAIM30OBAHHYIO apXH-
TekTypy. [lpn stom paznuunble YBK OynyT coeauHsTbes 4yepes
OOLIMI 1LIeJIEBOM MpOLECC MOJIepKaHUS KUZHEIEATEIbHOCTH 3/1a-
HUs. I TakoW 4acTHBIM Cily4dail JELEHTPATU30BAHHON apXUTEKTYPbI
MpeACTaBJIEH Ha puc. 18.
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Puc. 18. HactHbiii cayuaiik CAMY AeUEHTpaIn30BAHHOU
apXUTEKTYpbl (OTHEIbHBIE OMNEPATOPbI [JIA OTAEJIbHBIX
VYBK, oobenunenne YBK depes enuHblii 1ie51ieBoii mpolecc)

JpyruM mnpuMepoM TMOJOOHOM AapXUTEKTYpbl MOXKET OBITh
OonpuIOE 34aHME, B KOTOPOM pa3MELIEHO MHOXECTBO KOMHAT
U APYTUX NMOMELIEHUM. B KaxKa0M MoMeLeHun HaXoauTesl OTAENb-
Hbeld koHTpoJiep (YBK), koTopblid obecrieuMBaeT peryjaumpoBaHue
OCHOBHBIX MapaMeTpOB OKPYIKAIOLIEH Cpeapl B JTaHHOM IOMeELle-
HuM. Hanpumep, OH BKJIIOYAeT HArpeBaresib WIM CUCTEMY KOH/M-



UMOHUPOBAHUA B JIAHHOW KOMHATE, €CJIM TeMIlepaTrypa BbIIUIA 3a
JIOIYCTUMBIE TIpelesbl. B 3ToM mpuMepe BO BCEX MOMELIEHUAX
31aHug obOecrieurBaeTcsl MoJJAepKaHUe HY>KHOTO MMKPOKJIMMAaTa,
T.€. NOAJEp>KAaHUE MUKPOKJIMMATA BO BCEM 3JaHUU B LIEJIOM. 3/1€Ch
oTaesibHble YBK B3aMMOAEHCTBYIOT ¢ MpOLIECCOM 4Yepe3 JaTHMKH
u Y, Ho mexay coboit MHGOPMALIMOHHO HE CBA3aHbl, TAK KaK OHU
paboTarOT KaXKIblil B CBOEM TOMEIEHUH, He 0OMEHUBasACh UH(OP-
MauuMen apyr ¢ apyrom. Takke B KaKAOM IMOMELICHUU MOKET Ha-
XOJWUTBHCSI YEJIOBEK (OMepaTop), KOTOPbIA MOXKET B3aUMOAEKUCTBO-
BaTh ¢ YBK B naHHoMm nomeuieHuud, HO He ¢ apyrumu YBK. Ile-
peuist B Apyroe noMeuieHrue, OH CTAaHOBUTCA ONEPATOPOM, KOTOPBI
coeauHsiercss ¢ apyruMm YBK, HO TepsieT CBsi3p ¢ TpeablayLInm
VBK. Ilony4aercs, 4TO HETOCTHOCTh JAHHOM JELEHTPATM30BAHHOM
APXUTEKTYPbl JOCTUIAE€TCs TOJBKO 3a CYET €IUHOr0 LEJIEBOrO
npoiiecca, CBSA3aHHOIO ¢ oOecrnedeHHeM MHUKpPOKJIMMaTa B 1EJI0M
3IaHUMU.

Koneuno, kaxnapii otnenpHbli YBK B moMmemeHnun MoOKHO
paccMaTrpuBaTh Kak OTAe/bHYHO CAMY LEHTpaTn30BaHHOW apXu-
TeKkTypbl. Ho, Kak y’ke HEOJHOKPATHO OTMEYAJIOCh, BCE 3aBUCHUT OT
TOro, YTO Mbl OyJeM CUUTaTh LieJieBbIM TpoueccoM. Eciu Mbl OT-
NEJIbHO XOTHUM PaccMaTpUBATh IPOLIECCHl MOAAEPKAHUS MUKPO-
KJIMMaTa ISl KaXXJI0WM KOMHAThI, TO TOrJAa Mbl BUAUM MHOKECTBO
CAunY ueHTpanu3oBaHHOM apxuTekTypbl. Eciu ke Mbl oOpailiaem-
CAd K BOIIPOCY MOJIEPKAHUSI MUKPOKJIMMAaTa B LIEJIOM 3JaHUU, TO
yMecTHO roBoputh 0 CAnY mnoanep:kaHusg MHUKpPOKJIMMAara B 3/1a-
HUM, U B 1aHHOM Tipumepe 3Ta CAuY oka3bIBaeTcsl peaiu30BaHHOM
HA OCHOBE JELEHTPAIM30BAHHON aPXUTEKTYPBI.

Paccmorpum eme oaun nipumep. Ilycts umeercs CAnY, ko-
Topas oOecrneyrMBaeT YyNpaBJieHUE MUKPOKIMMATOM KBapTUPbI
B JKWJIOM JoMe€. B KaXaoM OTAEIbHOM TIOMEIIEHUH KBAPTHUPHI
uMmeetrcss YBK, perynupyroumuid OCHOBHbIE TMapaMETPbl JaHHOTO
nomemenusa. Kaxapii YBK wnMeer cpejacTtBa B3anMoJiercTBUS
C YEJIOBEKOM, KaK 3TO U ObUIO B MpeApIAyLIMX npuMepax. Ominuue
COCTOUT B ToM, 4To 060K YBK moxeT mosyunts MHGpOpMALIHIO



c moboro Jpyroro YBK cuctembl 1 MOXKET MOCaTh YIIPaBIISIOIINE
BozjeicTBusa odoMmy YBK cucteMbl. B aToM ciiydae okasbiBaeT-
Csl, YTO 4esoBeK (Oorneparop), HaXOAsCh B JIIOOOM MOMEUIEHUH KBap-
TUPbI, MOXKET YIIPaBJIsATh NapaMeTpamu JIF00Oro Apyroro rnomeiie-
HUS OTOW KBAPTHUPBI. ITOT MPUMEP MOSICHEH Ha puc. 19, rae moka-
3aH elle OAWH 4acTHbhi ciaydan CAuY JeueHTpaainu3OBaHHOU
ApXUTEKTYPHI.
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Puc. 19. HactHeiii cnyvyait CAuY aeleHTpalIn30BaHHOMN
apXUTEKTYPHI (OMEPATOP MOKET MOJKIHOUATHCS K JTIOOOMY
3 YBK, coeqMHeHHBIX TT0 MPUHLMITY «KAXKIBIA C KOXKIBIM»)

B stom cnyuwae Bce YBK cB43aHBI MO NPUHLMITY «Kax-
JbIA C KOKABIM», U K KaxaomMy H3 YBK MoxkeT Noak/iIrouuThbCs
ornepaTop, 4ToObl ¢ nmomolielo 3Toro YBK ynpamisate Bcell cuc-
TEMOU.

Jlpyrou BapuaHT NELEHTPAIM30BAHHON apXUTEKTYPbl COCTOUT
B TOM, uTO TOJIbKO oqvH YBK Moketr oO0ecnieunBaTh B3auMOJIEUCT-
BHUE C ornepaTtopom, npu 3ToM Bce YBK coeanHeHnbsl Mo npuHOmImy
KKOKIbIM ¢ KaxabIM» (puc. 20).

TakoM BapyaHT apXUTEKTYPhl MOJYYAETCS, €CJIM B TOJIBKO YTO
PacCMOTPEHHOM TPUMEPE U3MEHUTH PEAIM3ALNI0 CUCTEMbI TAKUM
o0pa3oM, 4YTO 4eJIOBEK YMpaBjsieT BCEd CUCTEMOM TOJbKO uepes
onuH u3 KoHTposuiepoB (YBK). Takoii koHTpoJsiiep MOXKET ObITh
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Puc. 20. Yactueiii  cnyvyaiik CAuWY JAeUEHTPaIN30BaHHOMU
apxuTekTypsl (oauH YBK m1st B3anMoIeiCTBAS C ONIEPATOPOM,
1 Bce YBK coenrHeHBI M0 MPUHINAMY «KAKIBIA C KaXKIbIM>»)

YCTAHOBJIEH B HauboJiee yJ0OHOM MecTe KBapTHUPhI, U i yA00CT-
Ba B3aWMOJICMCTBUE C HUM MOXET OCYLIECTBJISITHCS, Halpumep,
C MOMOUIBIO MyJIbTa AUCTAHLIMOHHOIO yrpaBJjieHUd. B nanHoM mpu-
MEpE OYEHb BAXKHO, YTO STOT BbIJICJECHHBIA KOHTPOJUIEP TaKkKe
TOJKeH 00JiaaTh BO3MOXKHOCTBIO B3aWMOJIEHCTBOBATh C TPOLEC-
COM, HaIllpyMep peryJiMpoBaTh TEMIEPATypy B MOMEIIEHUM, TAE OH
HaxoauTcsd. HMHaye TIOMy4YMTCS MHOTOYPOBHEBAs apXHUTEKTYypa,
O KOTOpPOM peub MOMJET MO3JHEE.

IIpeumywecmsea neEeHTPATM30BAHHON APXUTEKTYPHI:

— y100CTBO aBTOMAaTH3allMM MPOLIECCOB, paclipe/ieIeHHbIX Ha
OoJibIION TIIOIIA/IN, TaK Kak oTaenbHble YBK MoXkHO pacrojarathb
OJIM3KO K MECTY MOAKJIFOUEeHHUS AaTUnMKoB U NY;

— o0Imas HaJIe)KHOCTh CUCTEMBI MOJKET MOBBIMIATHECSA 3a CUET
JeLeHTpaN3ali (PYHKIMA aBTOMAaTH3alliM, TaK KaK BbIXOJ W3
cTpos oTaeabHoro ¥YBK mMoxkeT He NpHUBECTH K MOJIHOMY BBIXOJY U3
CTpOS BCEH CUCTEMBI;

— CYMMAapHYH BBIYMCIIMTEIBHYIO MOUIHOCTh MOXKHO Hapally-
BaTh 3a cYET BbIAcJICHUA oTAcabHbIX YBK g oTnensHBIX 3amad,
HanpyuMep I peaiu3alii OTJEJIbHBIX KOHTYPOB YIIPaBJIEHHUS.



Heoocmamxku neueHTpann30BaHHONW apXUTEKTYPBI:

— MOTYT BO3HHUKAaTh CJIOKHOCTH B peajM3alliM B3auMO/ICCT-
BUs oTnaesibHbIX YBK, Korma s3To mpeaycMOTpeHO apXUTEKTYpOH,
KaK, HalpuMep, MoKa3aHo Ha puc. 19;

— BO3MOJXKHBI CJIOKHOCTH peaju3aldyd OOIIero yrpaBJieHUs
CHUCTEMOM, KaK, HalIpumep, B Cllyyae, MOKa3aHHOM Ha puc. 18;

— MOXKET BO3HMKaTh AyOjaupoBaHuEe (YHKIMA Yy pa3IMYHbIX
VYBK, B yacTHOCTH, ()yHKUMH B3aUMOJCHCTBUS C ONEPATOPOM, KakK B
npumepe, MoKa3aHHOM Ha puc. 19, korga orneparop HOMKEH UMETh
BO3MO>KHOCTb HEMOCPEICTBEHHOIO B3aUMOJIeUCTBUS ¢ JitoObiM Y BK.

VYKazaHHble HEJIOCTAaTKH, KOHEYHO, OTYACTH KOMIIEHCUPYIOTCS
COOTBETCTBEHHO:

— WCMNOJIb30BAHUEM CHELMATIbHBIX TEXHOJIOTUH MOCTPOEHUS
NELEHTPAIM30BAHHON APXUTEKTYpPhl B3auMojencTeyromux YBK,
HalpyuMep Ha OCHOBE COOTBETCTBYIOUIMX CETEBBIX TEXHOJIOTUH
(cm. . 1.3.4.2);

— MPUMEHEHWEM MeTOoJa, Mpu KOoTopoM otnesibHbie Y BK mo-
ryT OpaTh Ha ce0s QPYHKUMM €AUHOTO LIEHTPa, KaK dTO, HarpuMmep,
JieylaeTcs B ciyvae, yKazaHHOM Ha puc. 19;

— YJCLIEBJICHUEM TEXHUUYECKUX CPEACTB, B TOM YMUCJIE€ BbIYMC-
JIATEJILHBIX PECYPCOB U CPEJICTB B3AaUMOJEHUCTBHUS C YEIIOBEKOM.

Ho B 1menom [eneHTpaivd30BaHHas apxXUTEKTypa yJao0Ha
B NEpBYIO odepeapb s peanuszauuu CAunY, nubo korga QyHKIUU
€JUHOI0 LIEHTpa YIpaBJIeHUsI He CTOJb CIO0XHBI, IMOO KOrja lese-
BOM MpoOLECC HE CTOJb CWIBLHO pacnpeiesieH B TMPOCTPAHCTBE
M OMneparop MOKET BBINOJHATh POJb TAKOrNO €AWHOTO LIEHTpa
yIIpaBJI€HUs, B3aUMOAEUCTBY I cpa3y co Bcemu Y BK mno cxeme, no-
Ka3aHHOM Ha puc. 17.

1.3.3.3. MHOroypoBHeBas apXUTEKTypa
PaccMOTpuM HacTHBIE CTydar MHOTOYPOBHEBOW apXUTEKTYPHI.

OnuH Y3 caMbIX MPOCTHIX BAPMAHTOB MHOIOYPOBHEBOU apXu-
TEKTYPHbI MPeJICTaBIIEH HA pUc. 21.



5 Ha npakTuke OOBIMHO JaHHBIN Bapw-

aHT ApXUTEKTYPhI TPOSABIAETCS B TOM, YTO

@ YBK BepxHero ypoBHs peanusyercs Ha Oc-
VBK HOBE KOMIIBIOTEPA, KOTOPBIN 00ecreunBaeT
T B3aMMOJCHCTBME C ONEPATOPOM, a TAKKE
B3aMMOJENCTBUE C YMNPABISIOLIMM  KOH-

HE tpoutepoM (YBK Hmxnero ypoas). Kon-

Tposuiep Oeper Ha ceds QyHKUHUM B3auMO-
NEUCTBUSI C OOBEKTOM, a Takke (PYHKLMHU
BBIMIOJIHEHUSI  AJFOPUTMOB  JIOKaJIbHOI'O
yIIpaBjaeHUs. DTOT BapuaHT BO MHOI'OM IIO-
C [Tporecc ) no0eH LEHTPAJIM30BaHHOW  apXUTEKType
(cM. puc. 12). Ho ocHOBHO€E OTJIMYHE OT Hee
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Puc. 21. CVAHV MHOIO- g ToM, 4yTO (hyHKUMH eauHCTBeHHOro YBK
YPOBHCBOM apXMTCKIY= (5 Heprpanu3oBaHHOM apXHTEKType) 31ech
pbl (OAUH U3 MPOCTEW-
LIUX BAPUAHTOR) pacnipenengtorcs Mexxay asyms YBK, oannH
M3 KOTOpbIX OJike K mpolieccy, APYromu
omke K onepatopy. M B 3ToM cilyuae yaoOHO pa3faeinuTh KEeCTKOe
peaqbHOe BpeMsi, oO0ecreurBaeMoe Ha HMXKHEM YPOBHE, W MSITKOE
peanqbHOe BpeMs, o0ecrieuMBaeMoe Ha BEpXHEM YPOBHE.

B ciydae, korja Ha HWUKHEM YpPOBHe TpeOyeTcs JelleHTpau-
3auus, HeooxoauMo MHoro YBK, yacto ucnosibdyercst ciaeay o
BAPUAHT apXUTEKTYpbI (puc. 22).

DTOT BapyaHT apXUTEKTYpPbl COOTBETCTBYET MpPUMEpPaM, KOorja
MMEETCA OJWH YIPaBIAIOLIUNA KOMIIBIOTEP, KOTOPbIK B3aUMOIEHCT-
BYeT C OIepatopoM, o0pa3ys BEpXHUU ypoBeHb. OJHOBPEMEHHO
OH oOecrne4YuBaeT yIMpaBjieHUEe MHOXKECTBOM KOHTPOJUIEPOB, pac-
MpenesieHHbIX Mo rmpoueccy. [lomyydaercs, 4To HUKHUKW YPOBEHb
JNELEHTPANM30BaH, a BEPXHUM YPOBEHb UIPAET POJib €AUHOIO LEH-
Tpa yOpaBjeHUs, KOTOPbIA B3aUMOJEUCTBYET C ONEPaTOPOM. ITOT
BAPUAHT MHOTOYPOBHEBOW apXUTEKTYpPhl (CM. pucC. 22) OTIU4aeTCs
OT BapHaHTa JICHEHTPAJIM30BAHHOW apXUTEKTYPbl, KOTOPBIN MPEI-
craBjieH Ha puc. 20. OCHOBHOM OTJIUYMUTENIbHbIM MPU3HAK MHOIO-
YPOBHEBOCTH COCTOMT B TOM, 4TO uMeeTcs YBK, KOTOpbwIii He



B3aUMOJEUCTBYET C TIPOLECCOM IMOCPEICTBOM OaTyukoB u HNYVY.
Oror YBK HaxoauTcs Ha OJHOM M3 BEPXHUX YPOBHEUW. B maHHOM
nmpUMepe OH HaXOJWUTCS HAa BTOPOM YPOBHE M B3aUMOAECUCTBYET
c omeparopoMm. B ciiydae ke NEUEHTPATIM30BAHHOU APXUTEKTYPbI
OKa3bIBaeTcs, 4ro YBK B3anMOAeHCTBYET KakK C Omepatopom, Tak
v ¢ gartuukamu u Y.
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Puc. 22. CAnY MHOTOYPOBHEBOM apXUTEKTYPbI
(I1Ba YPOBHSI, HU:KHUI YPOBEHD JICLIEHTPAJIM30BAH)
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IIpeumywyecmea MHOTOYPOBHEBOU apXUTEKTY PhI:

— yn100CTBO aBTOMaTHU3alMU MPOLECCOB, paCHpPEeAEeIEHHbIX Ha
OOJIBbLIION TJIOLIA/N, TaK Kak oTAeabHble Y BK Mo)xHO pacnonararthb
OJIM3KO K MeCTy MOAKIIOYeHHUs JatyukoB U MY, uto mocturaercs
JEeLEHTpaIn3ale HUKHETO YPOBHS;

— yn00CTBO KOHTpPOJISl HaJl CUCTEMOM, TaK Kak Ha BEpXHEM
YPOBHE MOKHO PEaIM30BaTh €AWHBIM LEHTP YIIPABJICHUs, HAIpU-
MEp Ha OCHOBE €IMHCTBEHHOH Y BM;

— o011as HaACKHOCTb CUCTEMbl MOYKET MOBBILIATHCS 3a CUET
OeUueHTpau3aluMd (QyHKUUA aBTOMAaTHU3allMM, TaK KaK BBIXOJ W3
cTposa otaesibHOro YBK (Hanpumep, Ha HUKHEM YPOBHE) MOKET
0Ka3aTbCs HE CTOJIb KPUTUYHBIM U HE TIPUBECTHU K MOJTHOMY BBIXOY
U3 CTPOsI BCEl CUCTEMBI,



— CYMMAapHY0 BBIYUCIIUTEIBHYIO MOIIHOCTh MOXKHO Hapallu-
BaTh 3a CUET BbIJEJIeHUS OTAEbHBIX YBK 1 ormensHbIX 3amad,
HampuMmep MJis pealiM3alu OTACJIbHBIX KOHTYPOB YIIPABJIEHUS,
a TAKXKe 3a CUeT pacCIpedeIeHUs BbIUUCIIUTENIbHBIX PECYPCOB U UH-
(opMalMOHHBIX MOTOKOB IO YPOBHSM.

Heoocmamku MHOTOYypPOBHEBOW apXUTEKTYPbI:

— MOTYT BO3HHUKATh CJI0KHOCTH B peajn3aluu B3aUMOJEHCT-
BUsA OoTAebHBIX Y BK Ha 01HOM ypOBHE€;

— MOTYT BO3HHUKATh CJI0KHOCTU B peajn3aluv B3aUMOJEHCT-
BUSL PA3JIMYHBIX YPOBHEM, B pacnpeleiieHUU U COINIaCOBAaHUW UH-
(hopMaLMOHHBIX TOTOKOB.

VYKa3zaHHbIE HEJOCTATKU CTAPAKOTCS KOMITIEHCUPOBATh MPUME-
HEHUEM TOTOBBIX PEIICHWN W TEXHOJOTMHA OPraHu3alili MHOTO-
ypoBHeBbIX CAUY, HalpuMep Ha OCHOBE KOMIUIEKCHBIX CETEBBIX
TexHoJiorui (c™m. 1. 1.3.4.2).

B uesoM MHOroypoBHeBasi apXUTEKTypa coueTaeT B cede mnpe-
MMYLLIECTBA LIEHTPATM30BAHHOU U JELEHTPAITM3OBAHHOMW apXUTEK-
TYypbl, HO 3TO BJeYeT 3a COOOM HECKOJBKO MOBBIIIEHHYIO CJIOXK-
HOCTb peajr3aluu 3Toro Buaa apxurektypsl CAnY.

B pamkax JaHHOM apXUTEKTYpbl B3aUMOJECHCTBUE C YEJIOBE-
KOM-OMEPATOPOM peaIM3yeTcd Ha BEPXHUX YPOBHAX HA OCHOBE
VBK, koTopbele He B3aMMOJIEHCTBYIOT C MPOLECCOM HENMOCPEACT-
BeHHOo. Ho mpu stom k omeparopy noctynaer uH@popmauus OT
HWKHUX YPOBHEM, a Takke (OpPMHUPYIOTCS YNpaBJIsiolIAe BO3JEH-
CTBUSI HA HUKHUE YPOBHU, KOTOPBIE, B CBOIO OUEPElb, HEMOCPEICT-
BEHHO B3aMMOJEUCTBYIOT C LICJIEBBIM ITPOLECCOM.

1.3.3.4. BzauMoieiicTBHE ¢ 4e€JIOBEKOM-0IepaTopoM

ITpu aHanuze u BoibOpe apxUTeKTypbl CAMY BaXKHO YUMThI-
BaTb HEOOXOJMMOCTb B3aUMOJIEHCTBUS C YEJOBEKOM-OMEpPaTOpoOM
(MJTM OTCYTCTBHE TAKOW HEOOXOJAUMOCTH). 37eCh BaXKHO, UTO pac-
CMAaTPUBAETCA MMEHHO YEJIOBEK, BBINOJHSIOUINN POJib Orneparopa
(IrcrnieTyuepa), a He 4elIOBEK-M0JIb30BATENb UITA YeJTIOBEK-O0BEKT.



Jlnd peanuzaumu yKa3aHHOTO B3aUMOJIEHMCTBUSI B COCTaBe
CAunY opranuzyetrcs pabouyee MeCTo orepaTropa, KOTOpOe 3aHUMa-
eT yacth YBK. K pabouemy mecty omepatopa oTHocatcs YBO,
nMeroluecs B coctaBe YBK, a Takxke 00biyHo YBM, Haxonsascs
B coctaBe YBK (puc. 23).

KoHeuHO, BO MHOrMX cllyyasx B KauyecTBe padoyero mecra
orepaTopa UCIOJIbL3YETCAd OJIMH W3 CIIEUMaJIbHBIX BapUAHTOB Opra-
Hu3zauuyd YBK, npeacraBieHHBIX Ha pucC. 7/, a MMEHHO BapUaHT
VBK, B koTopoM ectb YBM u YBO, Ho Het YCO (puc. 24).
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Puc. 23. Pabouee MecTo onepaTopa B COCTaBe
006o6menHoro YBK
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Puc. 24. Crienpain3aupoBaHHbIil BApUAHT OpraHu3alun
pabouero Mecta onepatopa B Bujae YBK

Takxke npumenuTesibHO K apxuTektype CAnY BaKHO yUUTbI-
BaThb Ha3HAueHUue U OCHOBHble (hyHKyuu pabouero Mecrta oreparopa.
MOHO KOHCTaTUpOBaThb, 4YTO padouee MeCTO oneparopa
npegHa3HAuYeHO B MEPBYIO odepedb s oOecrieueHus uHTepdeiica



MEXKY YEJIOBEKOM M TEXHUYECKUMH CPEeACTBAMHU, HA OCHOBE KOTO-
pbix peanuzyercss CAunY. I1oT uHTEpdec nomkeH odecrieuyuBaTh
CTBIKOBKY HH(OPMALMOHHBIX TMOTOKOB, MAYIIMX OT TEXHUYECKHX
CPEACTB K oreparopy (BocnpusiTie MHPOpMaLIUU ONepaToOpoM) U OT
YyeJIoBeKa K TEXHUYECKUM cpeAcTBaM ((popMHUpOBaHUE ONepaToOpoM
YIOPaBJISIOUIMX BO3ACUCTBUM ).

K ¢yHkuusm padbodero Mecra oreparopa MOKHO OTHECTH:

— NoJlyueHHe MH(OpMaLMK O TEKYILUEM COCTOSIHUM LIEJIEBOrO
npoLecca;

— (popMUpoOBaHUE YIPaBISIOLIMX BO3JIEMCTBUMM C LEJbIO OKa-
3aHUS BJIIMSHUSA HA COCTOSIHUE LIEJIEBOTO MPOLIECCA;

— MPOTOKOJMPOBAHWE M apXUBUPOBaHWE WH(POpPMALUM O CO-
CTOSSHUM 1IEJIEBOTO Mpoliecca, a Takke o (GOpMUpPYeMbIX YMpaBs-
JSIOIUX BO3AEHUCTBUIX;

— MPENOCTABIIEHAE ONEPaTOpy HMHCTPYMEHTAIBHBIX CPEJICTB
IUI aHanW3a JaHHBIX (U JOTOJHUTENbHOM 00padboTKU MH(pOpMa-
LAU O COCTOSIHUM LIEJIEBOTO MPOLIECCA C LEJIbI0 MOJIYYEHUS U UC-
MOJIb30BaHUS TIOJIYUYEHHBIX PE3yJIbTaTOB B XOJI€ MPUHSTHUS pelie-
HUI 00 yNpaBJISIIOLINX BO3/I€UCTBUAX);

— aBTOMATUYECKUM aHaIW3 TEKYIleW cuTyauuu u opMUpoBa-
HUE COOOIIEHU M MOJACKA30K omnepaTopy B MPOOJEMHBIX CUTYallu-
X (B mpeaesiax BbIMOMHEHUS (DYHKIIMI SKCTIEPTHOM CUCTEMBI).

KoHeuHo, B peaibHbIX CUCTEMAX HE BCE U3 3TUX (PYHKLIMU MO-
ryT ObITh BOmUIOieHbl. Kpome Toro, B OTIENbHBIX CIIydasX MOTYT
ObITH peasin30BaHbl PYHKIIWH, HE MPUBEJICHHbIE B JAHHOM TepeyHe.

Takoke BaXKHO YUYUTBIBATb 0a308ble mpebosanus K padouemy
MECTY omneparopa:

1. ®yHKUMOHANBHBIE TPeOOBaHUSA. DTHU TpeOOBaHUSI oOmpese-
JSIFOTCA COOTBETCTBYIOLUMMM TpeOOBaHUSIMU, YKa3aHHbIMU B TEX-
HUYECKOM 3afaHuu npoektupyemord CAuY. OHM onpeaensrorcs
nepeuyHeM (QYHKUMAA KOHTPOJISl M yNpPaBJIEHUs, KOTOpPbIE JOJKEH
BBITIOJTHATE OMEPATOP KOHKPETHOW CHUCTEMBI.

2. TpeOoBaHus peaibHOro BpeMeHU. JTU TpeOOBaHUsl perJia-
MEHTUPYIOT: JOMYCTHMBbIE 3aJIep>KKU TIpU mnepenaye WHbopMauu



M YOPaBJIAIOLIMX BO3JAEUCTBUM; MEPUOJUYHOCTh BbIBOJIa MH(MOpMa-
LIMA U BBIMOJHEHUS HEOOXOUMBIX JEHCTBUIN; a TakKe ApPYyrve rna-
pamMeTphl, OMNpeaesSiole OTHOLIEHUS COOBITUM, MPOUCXOAAIINX
Ha paboueM MecTe, K COOBITHUAM, MPOUCXOSAIINM B OCTaJIbHOM CHC-
TeMe, U K COOBITUSIM, CBSI3aHHBIM C LIEJIEBBIM MPOLIECCOM.

3. DproHoMuyeckue TpedboBaHUs. ITU TpeOOBaHUS, B YAaCTHO-
CTH, YCTAHABJIMBAIOTCS TOCYJAPCTBEHHBIMU CTaHAAPTAMM IO 3Pro-
HoMuke, Hanpumep ['OCT 12.2.049-80. bonee noapoOHas nHdOp-
Malusi 00 I3ProHOMUYECKUX TPEOOBAHUAX K YCTPOMCTBaAM B3aWMO-
NEUCTBUS C OMepaTopoM MPUBOAUTCS B padbote [28].

IIpu BbIOOpe apxutekTypbl CAuY BaxHO obecreuyuBath 3¢-
(eKTUBHOE pazjesieHHe (YHKIUNA MEXIYy 4eIOBEKOM-OIepaTopoM
U ocTajbHOM cuctemMor (MamunHoOM). CII0KHOCTh YEJIOBEKO-
MaIlIMHHOTO B3aUMO/JIEMCTBUS ONPEAEIAETCA pAa3HOPOTHOCTHIO KOM-
TUIEKCHBIX cHUCTeM (pU3HYecKOr U OHosiornuecko mpupojsl. B xo-
€ TEXHUYECKOr0 MNPOrpecca WHTEIUIEKTYaIbHOCTh TEXHUYECKHUX
CHUCTEM BO3PACTAET, MPU 3TOM POJIb YEJIOBEKA MOKET YMEHbBIIATHCS.
Ho MOHO NpeinoIoKUTh, YTO JIa’Ke MPU OUYE€Hb BBICOKOUW CTENEeHU
aBTOMATHU3allMA BCE PABHO HA CAMBIX BBICOKHMX YPOBHSIX CHUCTEMBI
OyJleT 3BEHO «4eJIOBeK» U MojiyyaeMas 3aMKHyTas cucTteMa OyJner
MMETHh CBOMCTBA CUCTEMBI UeJIOBEK — MaIlInHa [27].

B pabote [27] BwimenstoTcs 0a3oBble pa3ivuyvs, MPHUCYIIHE
OCHOBHbBIM 3JIEMEHTaM 4€JIOBEKO-MALIIMHHOW CUCTEMBI:

1) Ha 4esioBeka cieyeT BozjiaraTh clieyoume QyHKIuu:

— pacrio3HaBaHWE€ CUTYyallUU B 1I€JIOM, OCOO€HHO TpU HEMNoJ-
HOUM MH(opmMauuu (pacro3HaBaHWE CUTyallMd B LI€JIOM MallMHOW —
3TO CJIOKHEWIIas Hay4yHas U TeXHUYECKas 3a7aya, U Ha CEroJHsAIII-
HEM STare pa3BUTHUS C 3TOM 3aJa4er YEJIOBEK CIIPABJISIETCS TOpa3ao0
yCIELIHEE);

— 0000111eH1e OTAEAbHBIX (PAKTOR B €IMHYIO CUCTEMY

— peleHue 3aaad, Jjis KOTOPbIX HET YETKOTrO aJirOpUTMa pe-
IIIEHUS;

— peuleHHe 3ajay, B KOTOPBIX TpeOyeTcs BbICOKas aJanTHB-
HOCTb;



— pelIeHUe 3a7a4 C BBICOKOM OTBETCTBEHHOCTBHIO B CIIydae
BO3HHUKHOBEHUS OIINOKHU;

2) MallKWHE ClIeAyeT Mopyyvarh:

— BBITNIOJIHEHUE MAaTEMaTUYECKUX PACUETOB;

— BBIMOJIHEHUE OJHOOOpPa3HbIX JICHCTBUI IO YETKOMY aJiro-
pUTMY;

— XpaHeHME U MpeIcTaBIeHUue 0ONbIINX 00BEMOB OJHOPOIHOM
“HbOpMaLUH;

— pelieHre 3ajay 11 YacTHBIX CJIy4aeB Ha OCHOBE OOLIMX
npaBui (A€yKTUBHbINA BbIBOJ);

— BBINOJIHEHUE ACHCTBUM, TPEOYIOLIUX BBICOKOM CKOPOCTH pe-
aKIHH.

VkazaHHbIEe peKOMEHIAlMY ClIeyeT BOCIPUHUMATh He Kak Oyk-
BaJIbHOE PYKOBOJICTBO K JIEUCTBHUIO, & CKOpEEe UMEHHO KaK WUIKOCTPA-
MO PA3JIMYMA MEXKAY YEJIOBEKOM M MALIUHOM, U MPU NPOEKTUPOBA-
HUW KOHKPETHOro pabouyero Mecta HaJo YUUThIBATb MHOKECTBO pa3-
HbIX (D)AKTOPOB U BBIMOJHATH 00Jiee TOHKUIM aHaIU3 3TUX (haKTOPOB.

Taxoke npu BeiOOpe apxuTekTypbl CANY HE0OXOMMO YUHUTHI-
BaTh, Kakas MHQOpMaLUs TOJKHA BbIJIaBaThCS OMepaTopy, B KaKHUX
o0ObeMax, KOrjga M ¢ Kakol 4acTOTOM, T.e. HEOOXOAUMO coOpaTh
uHpopMaluio 00 WHQPOPMALMOHHBIX MOTOKAaX, Ipe/riojaraeMbixX
U1 BbIA@4M ornepatopy. B kadecTBe 0a3MCHBIX MOKHO MCIIONb30-
BaTb OLIEHKM KOJIMYECTBA MapamMeTpPOB O LIEJIEBOM IPOLIECCE, UH-
dopmanMsi 0 KOTOPBIX JOJKHA MpeaocTaBiAThCsa oneparopy. [lpu
5TOM BaXKHO Pa3JIEJIsiTh NTapaAMETPBhI:

— 0 B&XXHOCTU (HampuMep, 0co00 MOXKHO BbIIEJIMTH Mapa-
METPbI aBapUUHBIX CUTYaIUi);

— UUKJIMYHOCTH (HampUMEpP, HEKOTOPBIE MapaMeTPbl TOJIKHBI
OOHOBJISITbCSl HA DKpaHe MepUOIUYECKU, & HEKOTOPbIE JOJIKHbI 00-
HOBJIATHCS TOJIBKO MPH BO3HUKHOBEHUHU HEKOTOPBIX COOBITHI);

— NPUHAJIEKHOCTU K Pa3jIMYHbIM TIOJICUCTEMAM LIEJIEBOTO
nporiecca (3TO BaXHO TSI TIOCIIEAYIOMIEN TPYNITAPOBKU MapaMeT-
POB B XOJI€ OTOOpaKeHHUsI ONepaTopy, Hapumep Jisg rpyninupoBKU
Ha PA3JIMYHBIX 3KpaHaX UM OKHAX);



— (hopMe npeacTaByieHus (unciioBas gopma, TekcToBas hopMma,
B BHJI€ I[BETOBBIX MHIWKATOPOB M T.J.).

[Toxoxum 06pazoM HE0OXO0AUMO coOpaTh UH(POPMALIKIO O BU-
Jax ynpapJsSIOLIUX BO3JEUCTBUM, KOTOpble MOXKET (POpMHUPOBATH
oneparop I I3MEHEHUs] COCTOSIHUS 1IeJIeBOro mpoliecca. B yact-
HOCTH, YTIPaBJISIOLIME BO3ACHCTBUS BAXKHO pa3iesTh:

— 10 OTBETCTBEHHOCTH, YYMTBIBAas BO3MOXKHBIE TOCJEICTBUSA
(HauOoJiee OTBETCTBEHHbIE YMPABJISIOLIME BO3ACHCTBUSI B XOJE
MPOEKTUPOBaHUS pabouero Mecta JO0JKHbI OBbITh 3ALUMIIEHbI CHC-
TEMOW MOATBEPKIEHUM, pa3rpaHUyeHUs JOCTyMNa U T.1.);

— hopMe nipeacraBiaeHus UHGOpMALMKM O BO3JCHUCTBUM (Ha-
npuMep, OuHapHas (opMa B BHIE «BKIOUYHUTH/OTKIKOUHUTH» WU
yycnoBas ¢dopma B BHIE KOMaHAbI, cojepskalled HHdopMaluio
O CTEMEHH 3aKPbITHUS HEKOTOPOIr'0 BEHTUJIA);

— MPUHAJJIEKHOCTH Pa3JIMUHBIM MOJICUCTEMaM LIeJIEBOTO Mpo-
Hecca (3TO BaKHO MJisl MOCJeAYIOLIEed T'pyNMUPOBKH OpPraHoB
yIpaBJieHUs, HATPUMEP AJIs1 TPYNNUPOBKH Ha Pa3IMYHBIX dKpaHaX
WJIM OKHaX MOJIb30BaTeIbCKOTo HHTepdeiica).

[Ipu cObope n aHanuze uHpopmanu 00 HHGOPMALMOHHBIX MO-
TOKaX W HEOOXOJMMBIX YMpPaBJSIOLIUX BO3JACHUCTBUSAX BAXKHO YUM-
TBIBaTh BBILICYTIOMSHYTOE pasjielieHne (QPyHKIUHA MeXay YeloBe-
KoM W MaimuHou. Hampumep, nHdpopmalms o 4acTh TapaMeTpoB
LEJIEBOro Mpouecca MOKET ObITb CKpbITa OT BHUMAaHUs 4eOBEKa,
HO TOTJa 3THU MapaMeTphbl JOJKHBI aHAJTU3UPOBATHCS MAIIMHOM CO-
rJIaCHO OMpeJIeJIeHHbIM TpaBUjaM U ajJropuTMaM, Ha OCHOBE KOTO-
pbIX MalllMHa BbIpadaThIBaET COOOIIEHUS OINepaTopy, INpUBJIEKas
€ro BHUMaHHe K BaXKHbIM U3MEHEHHUSM 3TUX MapameTpoB.

1.3.4. KomnbloTepHble TEXHOJOTHN YIPABJICHASA

[To mepe pa3BUTUS KOMIBIOTEPHBIX TEXHOJOIMKA B HUX HA4U-
HaKOT BBIAECAATh OT/EJIbHbIE TEXHOJOIMU JJIsl Pa3JUYHbIX COCTaB-
msromnx CAuY. B kauecTBe mpuMeEpOB TaKUX TEXHOJIOTHH MOYKHO
MPUBECTH:



— TEXHOJIOTMH MPOrpaMMHO-TEXHUYECKUX KOMILUIEKCOB [7];

— TEXHOJIOTMH KOMITBIOTEPHOTO (TEXHUYECKOI0) 3peHus [25];

— TE€XHOJIOTUM UHTEJIJICKTYJIbHBIX CEHCOPOB [ ];

— TE€XHOJIOTMU UMMEPCUBHBIX cpen [27].

OTU U APYTUE HOBBIE TEXHOJOTUMN PEATU3YIOTCS B KOHKPETHBIX
npumMmepax CAnY. BaxxHO UMETb O HUX MPENCTABIIEHUE U YUUTHIBATD
MpU aHaJIu3€e U BbIOOpE KOMITBIOTEPHBIX TexHosioruii CAunY.

Cpenu HanOosee pacnpoCTpaHEHHBIX TPy TEXHOJOIMH CTO-
UT, MOXKAJIYH, B MEPBYIO OYEPEb BbIICIUTh MTPOrPaMMHbBIE U CETE-
BbI€ TEXHOJIOIMHU, & TAKKE TEXHOJIOMMHU CUCTEM PEAJIbHOIO BPEMEHU
Y TEXHOJIOTUM B3aUMO/JIEMCTBUS C YEJIOBEKOM-OIIEPATOPOM.

Bornpoc nporpaMMHBIX TEXHOJIOTMH BO MHOIOM CBOJIMTCS
K BOMpocy pazpadboTku u ucnoib3oBanHus 110 B CAuY. OtoT BO-
npoc noapoOHo OyJIeT paccMaTpuBaTbes oTAenbHO (1. 1.4, . 2), mo-
TOMY 3]/IeCh 0OpaTUMCS K TEXHOJOTUSM peaJIbHOTO BpeMeHH, ceTe-
BbIM TEXHOJIOTHSIM, a TakKKe€ TEXHOJIOTUSAM B3aUMOAECHUCTBUSA
C YEJIOBEKOM-OMEPATOPOM.

1.3.4.1. TexHOMOrHM CUCTEM PEAILHOTO BPEMEHHU

[Ipu paspadotke 110 gns CAuY BakHO YUHUTHIBATh TaK Ha3bl-
BaeMble TPEOOBAHUS PedaibHO20 BPEMEHU.

Cucmema peanvrnoco epemenu (CPB) — cuctema, y KOTOpOH
MpPaBUIBHOCTh (PYHKIMOHUPOBAHHUS 3aBUCUT HE TOJIBKO OT JIOTHYe-
CKOro pe3yJibTaTa BBIYMCICHMH, HO M OT (DU3MYECKOrO0 BPEMEHH,
KOTJIa 3TH pe3yJibTaThbl (POPMUPYHOTCS.

B nenom CAunY saensercs CPB, mostomy OTAEIbHO MOKHO
TOBOPUTb O MEXHONO2UAX CUCIEM PealbHO20 6PeMeHU. ITU TeX-
HOJIOrMK MNO3BOJISIIOT Tak opraHuzoBath [10, utoObl obOecneuuThb
(3apaHee rapaHTUpOBaTh) HEOOXOAMMbIE TPeOOBAHMS PEaATbHOIO
BPEMEHHU.

CAnY B3aumopeicTByeT co cpe/io Ha OCHOBe WHpOpMAIIUH,
nocrynarouiei ot pa3adyHbIX JaTYMKOB. TpedyeTcs, 4ToObl MOAEb
COCTOSIHUA cpelbl, GopMUpyemas 1 ce0s CUCTeMOH yIpaBJIeHHUS,



OblJ1a aJIeKBaTHOM TEKYIEMY COCTOSIHUIO cpejibl. MHave Bo3aeicT-
BHE CUCTEMBI YIIPABJIEHHUS HA 3Ty CPETy MOXKET OKa3aThCs BPEIHBIM
WY Jlaxke pas3pyluuTebHbIM. [ToaToMy cuctema yrpaBiaeHUs 10JIK-
Ha TMEePUOJAUYECKH OTCJICKMBATh TEKYylee COCTOSHUE Cpeabl M 00-
pabaThiBaTh HOBYIO MH(MOpMAaLUIO Jj1s1 (GOPMUPOBAHUS BO3MOKHBIX
YIPABJISAKOLIUNA BO3AEHUCTBUN.

TpeGoBaHMsi CBOEBPEMEHHOCTH TOJIyYEHHs, OOpaOOTKU WH-
dopmanuy 1 GopMHUPOBAHUS YIIPABISIOLIMX BO3ACHCTBUI BO3HMKA-
I0T M3-3a (PU3MYECKOro (peaibHOr0) B3aMMOJICUCTBUS CUCTEMbI
yIIpaBJIEHUs! U Cpelibl, B KOTOpOH OHa (hyHKUMOHHUpYET. JIpyrumu
CJIOBaMHM, peajibHas IPUPOJa B3aUMO/ICMCTBUS CUCTEMBI YIIPABICHUS
W Cpebl MOpOoXKIAeT TPeOOBAaHUS peajbHOro Maciitada BpeMeHU, T.€.
CBOEBPEMEHHOCTH (DYHKIIMOHUPOBAHUS CUCTEMbI yrpaBiieHus. Ha-
npuMep, eciii cCOOpOYHOMY poOOTY He OyJeT CBOEBPEMEHHO BblJaHa
KOMaH/1a 00 OCTaHOBKE MJIM Hadajie HOBOTO JIEUCTBUS, TO 3TO MOXKET
MPUBECTH K CEPbE3HBIM MOBPEKACHUIM 00bEKTa COOPKH.

Pa3zBuTHE BBIYHUCIWTEILHOWM TEXHUKHW U CPEJCTB aBTOMATU3a-
oMM oOecreyrBaeT yBeJIMYEHHWE KOJU4YecTBa pa3padaTbiBaeMbIX
CHUCTEM YMPABJICHUS U UX YCJOKHEHHE. YBEJIMYUBAIOTCS O00BbEMBI
oOpabartbiBaeMoil MH(OpPMALMH, BBITIOJIHAETCS aBTOMaTH3alUs BCE
OoJiee CI0KHBIX OOBEKTOB yIpaBlIeHUs, pa3padaThiBatoTcsa BcE 00-
Jiee CII0JKHBbIE TEXHUYECKHE YCTPOMCTBa, pealu3ylolire Bcé Oosee
CIOXKHO€ B3aUMMOJICMCTBUE C OKpY>Karollel cpeaoi: podoThl, OOp-
TOBbIE U BCTPOEHHBbIE CUCTEMBI. BCE ATO MPUBOAUT K YCI0KHEHHIO
TpeboBaHul peanbHOro BpeMeHu (PB), Kk BOSHUKHOBEHHUIO MPOTHU-
BOpevallux TpeboBaHUM MpeackazyemMocTy U aaantuBHoctu CPB,
YTO U JOJDKHO pelaThCsd B paMKax TaK HA3bIBAEMOM TEXHOJIOTHMHU
CPB. TexHosiorust CPB sBisieTcst 01HOM M3 KJIFOYEBBIX TEXHOJIOTUI
B 00J1aCTU CJIOKHBIX TEXHUMYECKHUX CUCTEM, MpuoOpeTarolieil Bce
OOJIBIITYIO0 aKTYaJbHOCTh B TTOBCEHEBHOM JKU3HU.

CPB noskHa BBITIOJHATL ONPEAETICHHbIE IEUCTBUS ISl BHELII-
HUX B3aMMOJEHUCTBUM, a TakKe 11 U3MEHEHUS CBOEro BHYTPEHHE-
ro COCTOsIHUA. [leMCTBHs, KOTOpbIE NOJKHA BBINIOJIHATH CHUCTEMA,
3a7al0TCd Ha OCHOBE crielM(UKAIIMA COBOKYITHOCTH BBITIOJIHIEMBIX



3a0au PB. Ilpn 5TOM BBITIOJIHEHHWE OMPEJICIIEHHOM 3a]a4l COOTBET-
CTBYET BBITNIOJIHEHUIO CUCTEMOM OIPENCICHHBIX NEUCTBUM. Takou
MOJAXOJT PEAM3YET AECKOMMO3ULIMIO CHUCTEMbI KAaK COBOKYITHOCTH
B3aMMOJEHUCTBYIOIIMX 3a/Ja4, YTO oOecleuMrBaeT YIpOLICHUE aHa-
nu3a, Bepu(rKalM U peaanu3alii CUCTEMBI.

IToBTOpPsIEMOCT M ULMKJIWYHOCTL TIPU BBIMOJHEHUM 3a]a4
OOBIYHO OTpa’KaeTcsl HA OCHOBE MpPeACTaBICHUS 3aJaud KakK mocie-
JIOBATEJILHOCTH 3anpocos. Toraa BbIMOJHEHUE 3a/la4u Ipeanosara-
€T BBITOJIHEHHE TOCJIEIOBATEIBHOCTH 3aIMPOCOB.

Paznuuarot nepuoouueckue 3amauu, peryjsapHocTb (popmMupo-
BaHMS 3alIPOCOB KOTOPBIX 3apaHEE M3BECTHA, a TAKKE anepuoouye-
CKUe 3a]a4d, MOMEHTBHI TMOSIBJIEHHUS 3allPOCOB KOTOPBIX 3apaHee He-
U3BECTHBI.

Paccmotpum napamerpnl 3anau PB.

Ilepuoo ornipenesnsieT UHTEPBAJI BPEMEHU MEXKAY TOSBJIEHUEM
3alpOCOB TMEPUOJANYECKON 3anauu. J[J1s anepuoauveckor 3aaayu
MMEET CMbICJI YKa3bIBaThb TOJbKO MUHUMAIbHBLU TIEpUO] (GOPMUPO-
BAHUS 3aIlPOCOB, TAK KaK MOMEHTBI MOSIBJIEHUS 3allpOCOB 3apaHee
HEU3BECTHBI, HO MOXKET OBbITh MU3BECTEH HEKOTOPbIH MUHUMAJIbHBIN
MHTEPBAJ MEXIY 3anpocaMu. Anepuoanyeckas 3ajayda, sl KOTO-
poil M3BEeCTEH MUHHUMANIBHBIA Tepuo (hOPpMHPOBAHHS 3aIPOCOB,
OOBIYHO HA3bIBAETCS CHOPAOUYECKOl 3alauei.

Jlns 3amaun MOXKET OBbIThb M3BECTHA MAKCUMANbHAS ONUMeNb-
HOoCcmb 3alpocoB, (popMHUpyeMbIX 3Toi 3agauei. Torma mavTesnb-
HOCTB JTIFOOOr0 3arnpoca, GopMUPYEMOro 3TOM 3aaadei, He OoJblIe
MaKCUMaJIbHOM JJIUTEIbHOCTHU.

Orpanuuenue PB a4 3amaum onpeensercss Ha OCHOBE OMHO-
CUMENIbHO2O KPAUHe20 CPOKA, KOTOPbIM pPaBEH WHTEPBATY MEXIY
BPEMEHEM MOABJIEHUS U KPAMHUM CPOKOM JUJIsl KaKJOro 3arnpoca,
dbopMHUpPYEMOro ATOM 3aauei.

Takum oOpa3om, kK OCHOBHBIM NapamMeTpam 3aaayd PB oTHocsT-
ca: mepruoj (TOJBKO JJI TIEPUOJIMYECKUX 3aj/1a4); MHUHUMAJIbHBIN
nepuoj (TOJIBLKO IS CIOPAJAMYECcKUX 3ajad); MakCUMasibHas JJjid-
TEJILHOCTh 3aIPOCOB; OTHOCUTEJIbHBINA KPAWHUNA CPOK.



CBoeBpeMeHHOCTh (PyHKIIMOHUpoBaHus CPB onpenensiercs
CBOEBPEMEHHOCTBIO BBITIOJIHEHUSI OTAECNBbHBIX 337a4 B COCTaBe
CPB. Ilostomy TpeboBanusa PB nns CPB npennonarator ¢gpopmy-
JavpoBaHue TpeOoBaHui PB nns kaxnoil u3 3agau B coctaBe CPB.
Otu TpedoBaHus PB yno0Hee Bcero ornpeaensTh B BUI€ HEKOTOPBIX
YCJIOBMM, TaK Ha3bIBA€MbIX o2panuyeruu PB.

MoOKHO rOBOPHUTH O TOM, YTO ocHOBHOe oTiimune CPB ot apy-
FMX CHUCTEM, ONpelesisieMbIX Ha OCHOBE COBOKYIMHOCTEW 3aaay, —
3TO HaJIM4ME OrpaHnyeHui PB 114 BBINOJIHAEMBIX 3a/1a4.

B 3aBucMMOCTH OT HEOOXOJMMOCTH BbIITOJIHEHUSI OrPaHUUYEHUIA
PB 00bI4HO BBIIEIAIOT CACAYIOLIME ABA OCHOBHBIX TUNA 3a1a4 PB:

1. 3apaum orcecmroco peanvHOro Bpemenu (JKPB). Orpanunye-
ausg JKPB »s1tux 3amay moimbkHBI Beerma coosromarbes. He moimkHO
JIOIYCKaThCsl HU OJTHOIO HapylueHus orpannuenus JKPB.

2. 3agaun MATKOTO peasibHOro Bpemenu (MPB). Orpannuenus
MPB 3Tux 3amay MOryT WHOrJa HapyuwarbCs, MPU STOM CJEeAyeT
CTPEMUTHCSA K ONTUMAIbHOMY 3HAUYEHUIO HEKOTOPOW (PYHKIIMU Ka-
YeCTBA, 3HAYEHHWE KOTOPOM 3aBUCHUT OT KOJHUYECTBA HAPYIIEHHBIX
orpannueHuii PB. BeinonHeHue 3amnpoca, cpopMupoBaHHOrO 3aj1a-
yerd MPB, MmoxeT ocTaBarbcs akTyanbHbIM Ja)<e MOC/ie HaApyLIEHUs
orpanundenust PB storo 3amnpoca.

ITpumep 3amaun JKPB. Ilonyden curnan o mpeBbIIEHUN TEM-
neparypbl. HeoOxoaumo chopMUpoBaTh CUrHajdl OTKIIOUYEHMS Ha-
rpesaresisg He no3aHee, yeM uepes 20 mc.

ITpumep 3agaun MPB. Heobxonumo oOHOBIATE U3MEpsieMble
nmapaMeTpbl B OKHE MyJjbTa orneparopa (Ha 3KpaHE MOHUTOpPA)
He pexxe, yem 4yepe3 1 c. Bo3MOKHBI HE3HAUWTENIbHBIE U PEIAKUE
3a7epKKu (10 3 c.).

B xopne pazpaborku nporpammHoro obecnedenus CPB orpa-
HU4eHUs PB yuyuTBIBatOTCSA Mpu peanu3anu noocucmemvl niaHu-
posanus (Oucnemuepuzayuu).

B o01emM criyuae mianuposanue — 3TO pacripeiesieHre pecyp-
COB (IMamsATH, BPEMEHU JOCTYMA K MPOLECCOPY, K YCTPOUCTBAM BBO-
Ia-BbIBOJA) MEXAY 3allpocaMU Pa3JIMYHBIX 3aJ1a4, HaIPaBIIEHHOE



Ha coOmoaeHue orpanuyeHuid PB. Pacnpenenenue pecypcos,
B YACTHOCTH MPEIOCTABIIEHUE MPOLECCOPHOrO BPEMEHU, OCYIIECT-
BJIAETCA HA OCHOBE OMNPEACIIEHHOTO aI20pUmmMa NAAHUPOBAHUA.

B nanbHelilieM 1o TUIaHUPOBaHUEM OyJeT TMOHUMAThCS
TOJILKO PACIIPENICSIEHUE PECYPCOB MPOLIECCOPHOIO BPEMEHM, NPY-
MMM CJIOBAMU, PACIIPEICNIEHUE BBIYMCIUTEbHBIX PECYPCOB.

[InanupoBanue sBisgeTcs Oosiee >(PPEKTUBHBIM, €CIU TpHU
[POYUX PABHBIX YCIIOBUSX, B YACTHOCTU MPH TEX KE amllaparHbIX
CpeACTBaX, MpOrpaMMHOE OOECIeUYeHUE W BCS CUCTEMa B LEJIOM
MOIYT (DYHKLIMOHUPOBATb B YCJIOBUIX 00Jiee HKECTKUX OrpaHuye-
Huii PB.

[Toacucrema minanupoBanus a1 CPB ucnionb3yercst B cocra-
BE NPUMEHSAEMOM OMNepauroHHOW cucteMbl PB wnu cneuuanbHO
pa3padaTbIBaeTCs C y4eTOM OCOOEHHOCTE KOHKPETHOW CUCTEMBI.

Takum oOGpa3zoM, Ha dTare aHajav3a U BbIOOpa KOMITBIOTEPHBIX
TEXHOJIOTUWA YMPABJIEHUSI BAXKHO YJIEJIUTh MPUCTAJIbHOE BHUMAaHUE
BOIPOCAM, CBSI3aHHBIM C (DYHKIIMOHUPOBAHUE CUCTEMbI B PEAIbHOM
Mmacirtabe BpeMeHH, a Takke MeTojiaM IJlTaHupoBaHMs 3aday PB,
o0ecnieurBarolnmM cobtoieHue Tpedboranuii PB.

1.3.4.2. CeTeBble TEXHOJIOTUU

CeteBble MH(OPMALIMOHHBIE TEXHOJOIMU B HACTOsLICE BpeMs
SBJISAIOTCS BaKHEHMIIEeH cocTaBlistoneidd MHPPACTPYKTYPHBIX KOM-
MOHEHTOB BO MHOTMX 00JlacTsAX Hallled >KM3HU. B yacTHOCTH, OHU
UrparoT CYILIECTBEHHYIO posib U B coctaBe CAuY. Eciau oOpatuth-
Csl, HAIPUMEP, K pUC. 22, TO MOKHO 3aMETUTh, YTO HA 3TOM PUCYH-
Ke OO0JIIION MPOLICHT TIOIIAAd 3aHUMAKOT CTPEJIKK U JIMHUM CBSI3H,
KOTOpPbIE KaK pa3 BO MHOI'OM U P€aanu3yrOTCs C MOMOLIBIO CETEBbIX
TEXHOJIOTUH, B YaCTHOCTH, HAXOASAIIMX CBOE BOILIOILIEHWE B BH/IE
JIOKAJIbHBIX YIIPABJAIOUIMX BEIYMCINTEIbHBIX CETEH.

Jlokanvnas ynpasnsaowas eviuuciumenvias cemo (JIVBC) —

3TO JIOKaJIbHAsl BBIYMCIIMTENIbHAS CEThb, KOTOpas CBSA3BIBAET KOMIIO-
Heutsl CAnY: natunku, 1Y, YCO, YBM, YVBO.



JIYBC MoxeT obecrieunBaTh:

— cBs3b JatunkoB U MY ¢ YBK, B yacTHOCTH ¢ KOHTpOIUIEpaMu;

— MOJAKJIFOUEHHUE pacripeiesieHHbIX ¥ BO, B 4aCTHOCTHU CpeACTB
BU3YaJlv3alluy;

— B3auMoJieiicTBUe HecKOJbKMX YBK, B 4YacTHOCTHM HECKOJIb-
KUX TYJIbTOB ONEpPaTopa WU HECKOJbKUX KOHTPOJJIEPOB;

— nepenavy JaHHbIX oT jgatyukoB K MY 6e3 yuactus YBK,
B YaCTHOCTH BO3MOXKHO CO3/JaHHE€ KOHTYpOB YIIpaBlieHUsl Oe3 y4a-
ctusi YBK Ha OCHOBE «MHTEMNEKTyaIbHBIX» 1aT4YUKOB U Y

— nuradue natyukos u Y,

— YAaJICHHYO JUArHOCTUKY U HACTPOMKY 00OpY1I0BaHUA.

Ha ¢usunyeckom ypoBHe paznuuus mexnay JIVBC onpenensi-
I0TCS OCOOEHHOCTAMU Cpefbl Mepenavyu JaHHBbIX, KOoTopas MOXKET
npeAcTaBJIsATh COOOM:

— KOaKCHaJIbHbIN KaOeb;

— BUTYIO Mapy;

— ONTOBOJIOKHO;

— TOT WA UHOW BUJI PAAOCBA3H;

— Apyro BUj cpefbl (onTUuecKas CB3b B «CBOOOJIHOM» cpe-
Je, aKycThyeckas M THMAPOAaKyCTUYeCKas CBs3b, WHQpakpacHas
CBSI3b, MEXaHUYECKAS CBA3b).

Takxe paznuuus mexay JIYBC onpenesnsitorcs 0ocoOeHHOCTS-
MU COOTBETCTBYIOLIUX CETEBbIX MHTEP(PEUCOB, K KOTOPbIM, HANpU-
mep, otHocaTest RS-232C, RS-485, RJ-11 RJ-45, 8P8C, BNC.

JIYBC paznuuaroTcs ¥ Mo MCNOJIb3yEMbIM METOAAaM HOCTYIa
K MOHOKaHaly (€AMHCTBEHHOMY KaHally CBs3d). lIpu 3TOM MOXKHO
BbIJICJIUTH:

— Mmetoj onpoca (Master — Slave vnn 3agatunk — Mcnosnu-
TeJlb) (AI€TEPMUHUPOBAHHBIA METON);

— METO/I Mepelayu MapKepa (IETEpPMUHUPOBAHHBINA METO/);

— METOJIT MHOXXECTBEHHOI'O JOCTyIMa C KOHTPOJIEM HECYLIEH
M OOHapy>KeHWEM CTOJKHOBEHMH (KOJIM3HI), KOTOPBIA UMEET CO-
kpawenue MJIKH/OC win CSMA/CD (HenerepMUHUPOBAHHBIN
METON).



Memoo onpoca cocTOUT B TOM, YTO B CETH UMEETCS OJINH TJIaB-
HbIU y3el (cepBep, Master, 3a1aTYUK), ¥ TOJIBKO OH MOYKET WHULIUU-
poBaTh Mmepeaavyy JaHHbIX, oOpalasch, OMpallvBas JApPYyrue y3Jbl
(craHumu, Slaves, VIcrionHUTENNW) U TOJTy4asi B OTBET HEOOXOIUMBbIE
nansble. [Ipumep: noakmoueHne moayJien cepun ADAM-4000, rae
KoMIbloTep (3agaTtuuk) MoxeT oOpaiwatbes K moayiasim ADAM
(McnonHuTensiM) MO0 3a M3MEPUTENbHOM MH(pOopMalen, Ju0o s
TOro, 4YTOObI NIepeAaTh yOpapistolnyo uHhopmaruto (cm. . 1.3.5.4).

[Ipeumyniecrna:

— MPOCTOTA peaanu3aluu;

— IETEPMUHUPOBAHHOCTh, TAK KaK MOKHO YE€TKO OMNpPEIE/IATh
BPEMEHHbIE UHTEPBAJIbI B3aUMOAEHCTBUS C KaX/IbIM Y3JI0M.

['maBHBIN HemOCTaTOK: JJIi CBOEBPEMEHHOIO OTCJIEKHWBAHUS
HaCTYIUICHUS] COOBITHS, KOTOPOE pacro3HaeT MOAYMHEHHBIA y3ell,
HEOOXOJMMO €ro 4YacTo OIlpallliBaTh, YTO MOXKET TPHUBOIUTH
K mpobyieMaM U30BITOYHOM 3arpy>Ke€HHOCTH MOHOKaHalla.

Memoo nepedauu mapkepa (MU MapKEPHbIK JOCTYIT) COCTO-
UT B TOM, YTO BCE€ Y3JIbl B CETH SBJISIFOTCS PaBHOMPABHBIMM, TPH
3TOM B KaHAJI€ TIEPEIAeTCs CreUalIbHbIA MaKeT JaHHBIX (Mapkep),
KOTOPBIA MOXKET MoMeuaThCsi CBOOOHBIM WJIH 3aHATHIM. Kak ToJib-
KO y3eJ MoJiydaeT Mapkep, ITOMEYeHHBIM Kak CBOOOJHBIA, OH MO-
YKET TIOMETUTh €ro Kak 3aHAThbIA W HauvaTh oOpalleHHe K JHo0oMYy
Y351y ceTH (y3€eJl CTAHOBUTCS UHULIMATUBHBIM, Ha BPEMSI CTAHOBUTCSI
3agatuukoM). Yepes ompeielieHHOE BpeMsi, KOTOPOE MOKET OIpe-
NeNAThCA 3apaHee, MHUIMATUBHBIM y3e7 «OCBOOOXKIAeT» MapKep.
[locnie 3Toro ciaeayromyMi y3ell B CETU MOXKET «3aHSATh» 3TOT Map-
KEp ¥ CTaThb UHULIMATUBHBIM.

IIpeumymecrna:

— IETEPMUHUPOBAHHOCTb, TAK KaK MOYKHO YETKO OMNpPEAEAThb
BPEMEHHbIE MHTEPBaJIbl AKTUBHOCTH KaXKAOrO y3J1a, YCTAHOBJIEHUS
CBSI3EH MEXKIY Y3JIaMU U T.[.;

— KOKbIK y3eJ MOXET ObITh HHUIIMATUBHBIM, TEM CaMbIM pe-
maercs npodseMa OTC/IeKMBAaHUS HACTYIUIEHUsS] COOBITHS, CBOMCT-
BEHHAasl METOJTy OMpoca.



[ 1aBHBIN HEAOCTATOK: MOTYT UMETh 3HAYEHUE 3aJePIKKH, CBS-
3aHHBIC C OKUJAHUEM MapKepa.

Memoo mHOIMHCECMBEHHO20 00CHIYRA C KOHMPOAEM Hecyuell
u oonapysycenuem cmonaknosenuit (MIKH/OC wiu CSMA/CD)
COCTOMT B TOM, YTO BCE Yy3JIbl B CETH SIBJISIFOTCSI PABHOMPABHBIMHU
W UHULIMATUBHBIMU, MPU STOM KaxKJ1bli U3 y3JIOB NPOBEPSIET KaHal,
nepej; TeM Kak HadaTh oOpallleHue K JIPyromMy y3iy MO CBOEH WHU-
uvatuBe. Eciayu kaHan cBOOOJZEH, TO y3ed HauMHaeT oOpallieHue.
MoskeT noJiyuuTcd TakK, YTO 3TO HAYHYT AEJaTh Cpa3y HECKOJIbKO
Y3J10B, YTO NPUBEAET K KOJJIU3UU (CTOJKHOBEHUIO). DTH Y3JIbl pac-
MO3HAIOT TAKYIO CUTYaLMIO, TEM CaMbIM OCYLIECTBJIAETCA KOHTPOJIb
Hecyllel U OOHapy>KeHHUE CTOJIKHOBEHHUIM.

[Tocrnie 3TOro Kaxkawlii U3 y3J10B MpEKpallaeT nepegavy Ha ciy-
YalHbIA MMPOMEKYTOK BPEMEHH, a 3aTeM BO30OHOBIISIET Mepenayy.
B wrtore ouH 13 y3710B paHbllie APYTrUX 3aHUMaeT MOHOKaHAJ.

[Ipeumyiuecrta:

— Kbl y3€J MOXKET ObITh MHULMATUBHBIM, TEM CaMbIM pe-
maeTcsd npoodsjemMa OTCAeKUBAHUS HACTYILJIEHUS COOBITHUS, CBONCT-
BEHHasi METOly OMpOca;

— HET 3aJIep’KEeK OXKUJAHUsI MapKepa, CBOMCTBEHHBIX METONIY
repenavyu Mapkepa.

['MaBHBIN HEAOCTATOK: HEAECTEPMHUHUPOBAHHOCTh, TaK KaK 3a-
paHee HEBO3MOXKHO TOYHO OINPEIEJIMTh WHTEPBaJIbl AKTUBHOCTHU
Ka)KJI0TO y3J1a, YCTAHOBJIEHUSI CBSI3€U MEXY y3JaMH U T.1.

Paccmorpum  Heckonbko npumepoB  JIYBC:  Industrial
Ethernet, PROFIBUS, LonWorks, CAN, KNX.

Industrial Ethernet ocHoBan Ha Metone nocryna MJIKH/OC
(CSMA/CD) u nofyuyusa WHUPOKOE pacrpocTpaHeHWe B OoJiblei
CTENEHU IJis MOJKIOYEHUs KOoMOboTepoB U YBO Ha BepxHux
ypoBHaAX CAunY. H3-3a HeaeTepMUHHUPOBAHHOCTU HCMOJIB3YEMOTO
METOJla peXke MPUMEHsEeTCs Ha HWKHUX YpoBHsiX CAuY, ocobeH-
HO MPU TOAKITIOUEHUN NaTuyukoB U Y. HekoTopblie OCHOBHBIE OT-
avuurs ot oobryHoro Ethernet cocTosiT B ciiegyoliem:



— MMEIOTCSl ClielMalibHbIE CTaHJApThl Ha KalOeln YU pa3beMbI
I o0ecIedyeHys MOBBIIIEHHOMN 3alUIIIEHHOCTH B MPOMBIIIIEHHBIX
YCJIOBUSX;

— UMEIOTCS CIelMalIbHbIe CTAHAAPThI ISl CBA3M C MOJABMXK-
HBIMU OOBEKTaMU C TMOMOIIBIO THOKMX KaOenel, OecripoBOHOM
CBSI3U U T.J.;

— obecrnieunBaeTcsl BO3MOKHOCTb 4acToW TMepeaadyu HeOOosIb-
KX nopuuid uHdopmaruu, yro Boodue xapakrepHo a1 JIVBC Ha
HU>KHEM YPOBHE.

PROFIBUS (Process Fleld BUS) — ulMpOKO pacrpocTpaHeHHast
(ocobeHHo B EBporne) npombliiieHHas ceThb. [ 10cTyna K MOHOKa-
HajJly MPUMEHSIETCI METOJ nepeaayu Mapkepa, KOTOpbIM nepeaaeTcs
MEXAY TMOJMHOXKECTBOM BCEX Y3JI0B (MEXIY BEAYUIMMH Y3JIaMH).
Kornma 310 moMHOXKECTBO COCTOUT TOJBKO W3 OJHOIO y3Jia, TO Me-
TOJ JAOCTYIAa CBOJMTCS K METOAy ornpoca. TeM cambiM obOecriedymrBa-
€TCs TMOKOCTh U JCTEPMUHUPOBAHHOCTD.

Ha duznyeckom ypoBHE MOKET MCMOJIb30BAThC:

— DKpaHUpPOBaHHAs BUTas napa 1o cranaapty RS-485;

— ONTOBOJIOKOHHBIN Ka0eb;

— uH(paKpacHbI KaHal CBA3HU.

Brigenaror Heckoibko pazHoBuHOocTer PROFIBUS:

— PROFIBUS-DP (Beayuiue y3ibl — 3TO OOBIYHO KOHTpOJLIe-
pbl, a BeaoMblie — YCO, natuuku, UY; npu 3TOM CKOpOCTh nepeaa-
Y1 BO3MOKHA 10 12 Mowut/c);

— PROFIBUS-PA (Bo mborom ananornyHa PROFIBUS-DP,
HO C OpPUEHTallMel Ha B3pPbIBOOITACHBIE 30HbI, MPU 3TOM CKOPOCTh
nepea4yu MOHWKEHA 10 1ECATKOB KOUT/C);

— PROFIBUS-FMS (opueHTHpoBaHa Ha BEPXHHUH YPOBEHb
CAnY a4 BbICOKOCKOPOCTHOM CBSI3M KOMIIOHEHTOB).

LonWorks — nipoMbllIeHHas CeTh, KOTOpas 4acTo NpHUMEHs-
€TCsl B CUCTEMaxX aBTOMAaTH3alMM 3JlaHUM (OCBELIEHHE, OTOIICHUE,
BEHTHUIILNAA U T.11.).

Ha ¢dwuznyeckom ypoBHE MOIYT MCIIOJIb30BaTbCsl BUTas Mapa,
JIMHUYW 3JIEKTPOINMUTaHMS. XapaKkTepuzyeTcs oO0beJMHEHUEM B CETh



OOJIBLIOrO KOJIMYECTBA YCTPOMUCTB (JI0 HECKOJIBKUX ThICAY), KaXK10€
M3 KOTOPBIX MOXKET BBIMOJHATH CBOIO (DYHKIIMIO, HanpuMep (hyHK-
unro gartudka 1 MUY. Ilpu 3TOM BO3MOXKHO CO3JaHUE KOHTYPOB
yrpapjeHuss 06e3 ydactud YBK Ha OCHOBE «HMHTEJJIECKTYaJbHbIX»
natumkoB u NY.

CAN (Controller — area network) — cranaapt, pa3paOoTaHHbIH
s o0ecrieueHUs B3auMoOAEHMCTBUS JaTyukoB, UY W MUKPOKOH-
TPOJUICPHBIX YCTPOMCTB MEXKAYy cO0OH B cOCTaBe MOABUXKHOIO
00bEKTa, B YaCTHOCTH TPAHCHOPTHOI'O CPEACTBA, HallpUMEpP aBTO-
MOOMJISL.

Ha Onuskux paccrosHusax (no 40 m) obecrnedyuBaeTcsl CKO-
pocThk nepeaaud 10 1 Mowut/c. bonpliumM npenmMyecTBOM SIBJISIET-
Cs BOBMO>KHOCTh Pa0OTHI B PEKUME KECTKOTO PeaibHOTO BPEMEHH.

DTOMy cHocoOCTBYET OCOOBIM MeTOJ AOCTYyIa, KOTOPBbIA OcC-
HOBaH Ha TOM, YTO pa3pelleHne KOJUTA3UN OCYIIECTBISIETCS 3a CHET
TOr0, YTO MPEHUMYIIECTBO MOJIyYaeT y3eia ¢ HauOOJbIIUM MPUOPH-
TeToM. [IpropuTeThl MOTryT OBITh 3apaHee Ha3zHA4YeHbl, YTO obecrie-
YHBAET JETEPMUHUPOBAHHOCTb.

KNX — crangapt, LinpoKo NMPUMEHSEMbIN 111 aBTOMAaTHU3aL[UN
31aHUM, siBjseTcs oobeauHenrueM ctadaaptoB EIB, EHS, BatiBUS.

Ha ¢uzndeckomM ypoBHE MOKET UCHOJI30BAThCA:

— BUTAs Mapa;

— JIMHUY CUJIOBOI'O BJIEKTPOINMUTAHUS

— ceTh EIB Ha ocHoBe Ethernet;

— paavoOCBsI3b;

— MH(paKpacHas CBA3b.

HUcnonezyerca meronq MJIKH/OC (CSMA/CD). Paznuuarot
CleayroLue TPyIrbl YCTPOUCTB:

— BXOAHbIE MOIYJIU (sensors) (KHONKW BKJIFOYEHMS, NATUUKH
TeMIEPATyPhl, BJAKHOCTH U T.[1.);

— BbIXOJHbIE MOAYJM (actuators) (ynpaBlIEHHE BJIEKTPOOOOpY-
JoBaHWeM, MH(GOPMAIIMOHHBIC JUCTITIEH, YIIPABICHUE K031 U T.]1.);

— KOHTpoOJUIephl (711 peanu3aluy CI0XKHbIX (PYHKLUMK yrpaB-
JICHUA);



— JOTIOJIHUTEJbHBIE YCTpOoMcTBa (OJIOKKM MUTaHUS, TTOBTOPUTE-
JIA, KOHBEpTepbl UHTEP(PEHCOB U T.11.).

OTH pacCMOTPEHHBIE TTPUMEPHI CETEBBIX TEXHOJIOTMM MOKa3bI-
BalOT JIMIIb HEOOJIbIIYIO YacTh BO3MOXKHBIX peanuzauuii JIYBC,
MOATOMY TP aHajiu3e W BBIOOpPE JAHHOIO BHUJA KOMITbIOTEPHBIX
TEXHOJIOrMI HEeo0XOAMMO TMpopadaThiBaTh O00JbIIOE KOJUYECTBO
BapuaHToB peanuzauuu JIYBC c yderom mpenmnonaraemMon apxu-
TekTypbl CAnY.

JlonoHUTEeIbHYI0O HH(MOPMALIMIO 1O CETEBbIM TEXHOJIOTHUIM
B CAuY moxHo HaiiTu B padotax [7], [17], [30].

1.3.4.3. TexHosorum B3aunMoJIEHCTBUS
C YeJIOBEKOM-0MEPATOPOM

BuneotepMuHaibHbIe cpe/icTBa OpraHu3alyyu pabouero Mecra
orepaTopa — OJHa U3 HauboJjee IMUPOKO MCIOIb3YEMbIX KOMIIBIO-
TEPHBIX TEXHOJIOTMM B3AUMOJAEUCTBUSA C YEJIOBEKOM-OIEPATOPOM.

[Ipy wuCHOAB30BAaHMK HSTOM TEXHOJOIMHM o0co00e 3HauyeHHue
npuodpeTaeT pa3padoTka NPOrpaMMHOr0 oOecrneveHus, peasu-
3YIOUIEro 4YejloBeKO-MallMHHbIA uHTepdeiic (anrn. HMI — Human-
Machine Interface) B BUJ€ TaK Ha3bIBA€MOI'0 MOJb30BATEIbCKOIO
uHTepdeiica.

B nonb3oBaTenbckoM HHTEpdeice BbICISIIOT TPU OCHOBHbIE
yacTu [28]:

1) Bu3yanbHOe odopMIIeHHE, KOTOpOe MpeaocTapnser uHdpop-
MAaLMIO ONEPaTopy;

2) pyHKIIMOHATIbHBIE BO3MOYKHOCTH CUCTEMbI, KOTOPbIE BKJIFO-
YaroT BO3MOXKHOCTH J1s1 9P(DEKTUBHOTO (PYyHKIHMOHUPOBAHUS OIle-
paropa;

3) TEXHUKU B3aUMOJIEMCTBUS OTIEPATOPA C CUCTEMOM.

B uesnioMm nonp3oBatenbCKuil UHTEp(ENC — 3TO HE TOJILKO Kpa-
cHUBas JWHAMHUYECKas «KapTHHKa», OTOOpakaromias 4ucjia, TEKCT,
MHEMOCXEMY M JIpYryi0 BU3YyaJlbHYIO HMH(OpMaLMIO, HO U Habop
cpeAcTB i1 OPMHUPOBAHUS YIIPABJISIOMINX BO3IEHCTBUH.



[IporpamMHOoe obecriedeHue g peanuzauuu HMI moxker
OBITh peaTM30BaHO C TOMOIIBI YHHUBEPCAIBHBIX CPEACTB IMPO-
rpaMMHUPOBAHUSA, a TaKXKe C MOMOIIbIO CHEHHATU3UPOBAHHBIX
CpeICTB NMpPOrpaMMHpOBaHUs, Tak Ha3biBaeMbIX SCADA-nakeTos,
KOTOpBIC B JajibHeHIeM Oy IyT paccMaTpUBaThCs MOAPOOHO.

Pa3BuTHe anmapaTHbIX W TNPOrpaMMHbBIX CPEACTB MPUBOJAUT
K JaJlbHEeWIIEeld SBOJIOLUMU MOJb30BATEbLCKUX HMHTEp(EcoB,
a UMEHHO K (hOpMMPOBAHUIO umMepcusHvlXx (IMOrpyKarolIUX) Cpel
[26, 27], ncnonb3yOKUX TEXHOJOTHMM BUPTYAJIbHOM M JOIMOJIHEH-
HOW peajibHOCTU. ECTECTBEHHO, YTO NpPU NPOEKTUPOBAHMU U pa3pa-
O0OTKEe TaKUX MMMEPCHUBHBIX Cpej MPEeAbSB/ISAIOTCS IMOBBILIEHHbBIC
TpeOOBaHUS K anmnapaTHO-MPOrPaMMHOMY OO€CHEUYEHHIO.

B 1iesioM ke ciieqyeT OTMETUTh, YTO B HACTOSIIEE BpeMs Yallle
BCEr0 KOMITbIOTEPHBIE TEXHOJOTHM B3aMMOJIEMCTBUS C YEJTOBEKOM-
ornepaTopoM TMpeanoiaraloT HajJuyue arrmapaTHoro obecreueHus
(YBM, YBO), a Takxe nporpamMMHOro ooOecrnedeHus, peajiusyro-
LIEro MoJIb30BaTEIbCKU UHHTepdelc, (YyHKUHMOHUPYIOUIEro Ha
YBM u ucnonb3yrouiero umeromuecs Y BO.

Ba)xHbIM 3JIEMEHTOM TEXHOJOTHM OpPraHu3ali BU3YaJIbHOM
uHpopmaLu, 0COOEHHO B COCTaBe BUACOTEPMHUHAILHBIX CPEJICTB,
SIBJISIOTCS MHEMOCXEMBI.

Mmnemocxemovr — 3TO yCIOBHBIE Tpaduyeckue H300pakeHUs,
OTpaXKkarolllMe COCTOSIHWE LeJeBOro mpoiecca (00bekTa ymnpasJe-
HHUS) ¥ COOTBETCTBYIOIIET0 00Oy I0BaHHUS.

Hanpumep, Ha 3KkpaHe pabodero mecra oreparopa MOXKET
OBITh BbIBEJEHA MHEMOCXEMa TE€XHOJIOTMYECKOM JTUHUU TPOM3BO/I-
CTBa HEKOTOpPOM MPOAYKLUMM. DTa MHEMOCXEMa JO0JDKHA OToOpa-
’)KaTb OCHOBHBIE CBEJEHMS O COCTOSIHUM 3TOH TEXHOJIOTMYECKOM
JIMHWU, €€ OCHOBHBIX KOMIIOHEHTOB.

Heo0XxoaumMo BBIAEINTh HECKOJIBKO OCHOBHBIX TPeOOBaHUMN 10
OpraHU3alMi MHEMOCXEM:

— MHEMOCXEMA HE€ JIOJKHA COJAEPKaTh 3JIEMEHTBI, KOTOpHIE
SABJISAIOTCS JIMIIHUMU, W IpeaocTaBiisieMas HHpopMalus JI0JKHA
OBITH YETKOM M TTO BO3MOKHOCTH OJTHO3HAYHOM;



— Ha MHEMOCXeMax J>KeJlaTelbHO YHOTpeOJISITh THIIOBbIE YC-
JIOBHbIe 0003HAYEHUs WM, B KpailHEM ciy4vae, Cleluau3upOBaH-
HbI€ YCJIOBHbIE 0003HAaUYEHUs, paciiM(pOBKa KOTOPBIX JOJKHA Ja-
BaTbCS B IBHOM BUJ€ WU MOHUMATbCI UHTYUTUBHO;

— B COCTaBe MHEMOCXEM HEOOXOJMMO BBIIEATh AKTUBHBIE
DJIEMEHTbI, COCTOSIHUE KOTOPbIX MOKHO U3MEHUTh, HANIPUMEP C T10-
MOIIBIO yKa3aTeyil MBbILIK, HAaXaTUs Ha CEHCOPHBIM 3KpaH WU
C TMIOMOLIBIO KJIaBHILI.

1.3.5. Texunueckne cpeacTsa aBTOMATH3AIMH
M YnpaBJIeHUSA

PaccmoTpuMm  mogpoOHee OCHOBHBIE BHJIbI TEXHUYECKHUX
CpeICTB aBTOMATU3allMM W YIpaBJIeHUS, TaK KaK MOHUMaHHUE HX
cneunPpuKH ABJISIETCS OYEHb BaXKHBIM TPU PELICHUM 33]a4 aHaJIu3a
Y BbIOOpA 3TUX CPEJICTB.

Ceiiuac oOpaTUMCsi K HEKOTOPBIM 0a30BbIM BOMpOcaM, Ooliee
JAeTallbHOEe paccMOTpeHue OyJeT OTHECEHO Ha MPaKTUYeCKUe 3aHs-
TUS WU CaMOCTOsTeNIbHYI0 pabdoty. Ho nns ycnewHoro npoxosnie-
HUSl YKa3aHHBIX 3TaloB Ba)KHO MOJY4YUTh Oa30BOe€ MpeJ/iCTaBlIEHHE
O TEXHUYECKHX CPEeJACTBAX aBTOMATU3ALIMKU U YIPABJICHUS.

1.3.5.1. Ynopassstouue BeIYMCIUTEIbHbIe MaliHbI (Y BM)

B kauectBe YBM B CAnY B mepByro ouepeap CIEAyeT pac-
CMaTpUBATh IporpaMMupyemsie Jiormueckue KoHTposuiepsl (ITJIK)
Y IIPOMBbILJIEHHbIE KOMITbIOTEpHI (11K).

IIpomviuinennvie xomnviomepwol (IIK) coBMEeCTUMBI ¢ OOBIU-
HbIMU KOMMEpUYECKUMU («O(UCHBIMH») KOMIIbIOTEpAMH, HO ajarl-
TUPOBAHBI K JKECTKUM YCJIOBUSAM (yHKUMOHUpOBaHus. st aToro
UCIIOJIL3YIOTCS clieliMalibHble cpeAcTBa 3amuThl. 11K obnanaroT no-
BbILIEHHON HaAekKHOCThIO. Paznnuusa mexay IIK mMoryT ObITh BbI-
pPa)KEHbI B KOHCTPYKTUBHOM MCIIOJIHEHUH, B APXUTEKTYPE, B CXEMO-
TeXHUuKe. OHM MOTYT UMETh B CBOEM COCTAaBE CIIELIMAJIbHBIE IJ1aThl
BBO/Ia-BbIBO/Ia, KOTOpbIe 00ECNEUMBAIOT COMPSHKEHUE C OOBEKTOM,



Hanipumep ALIIL, LIAII, 4acTOTHBIM W JIUCKPETHBIA BBOI-BBIBO
v T.1. B xauectBe onepanroHHbix cucteM (OC) NpuUMEHSIOTCA Kak
crienranuzvpoBanHbie OC, Tak U aAanTUPOBAHHBIE K MPUMEHEHHUIO
B CAuY pasznuunbie kommepueckue OC.

IIpoepammupyemole nocuyeckue koumpoaiepol (IIJIK) — 510
BBIUUCJIUTEJILHBIE YCTPOMCTBA, MPEHA3HAUYECHHbIE CIEUUATILHO 1J1s
npuMeHeHus B coctaBe CAnY. Moryt uMeTs crieluain3upoBaH-
HYIO BBIYHMCJIIHUTEIBHYIO CTPYKTYpYy, cnendanumzupoBaHHyro OC,
MOJYJIM BBOJA-BbIBOJIA JIJI1 COMPSI’KEHUsSI ¢ O0bEeKTOM. Takyke oObIu-
HO o00JilaJaloT CpeACTBaMM 3allMTbhl M BbBICOKOM HaJ€KHOCTBIO.
B OoablIMHCTBE cilydaeB MOAAEPKMBAIOT CTaHJAAPT HA S3bIKM IPO-
rpammupoBanusa IEC 61131-3 [16], [19].

[IK obGnagatoT creayromuvMyd OpeuMyllecTBaMHU T0 CpaBHe-
Huto ¢ [JIK:

— SABJIAIOTCA OoJiee YHUBEPCATbHBIMH, B YACTHOCTH, OOBIYHO
MPEIOCTABJISIFOT BO3MOKHOCTb MPUMEHEHUSI IIUPOKO PaCIpOCTpa-
HeHHbIX OC U cpeACTB MPOrpaMMUPOBAHKS;

— UMEIOT OoJiee MMUPOKHUE BO3MOXKHOCTH JIJI1 XpaHEeHMSI, HaKo-
njaeHuss U 00pabOTKU OOJIBIITUX MAaCCUBOB JIAHHBIX;

— MOTEHLMAJIBHO UMEIOT JIyULlMe BO3MOXKHOCTHU JIJIsl BU3YaJlv-
3alUM HEOOXOAUMOM MH(DOPMAIIHH.

ITJIK obGnamaroT ciedyrolMMH MPEeMMYIlecTBaMHU MO CpaBHE-
Huto ¢ [1K:

— JIer4ye peaiu3yloTcsl ClelMaln3upoBaHHble KOH(MUrypaluu
MOJT KOHKPETHBIE 3a/1a4M C LEJIbI0 YMEHBIIEHUS] CTOUMOCTH;

— MOTEHLUMUAJIBHO UMEIOT JIYYIIME BO3MOXKHOCTH JIJIsI CO3/IaHUS
pacrnpeieJIeHHbIX KOH(UTYpaLui;

— AMEIOT YJI00HbIe CrieUUaIM3UPOBaHHbBIE CPEACTBA MPOrpam-
MHUPOBAHUA U HE TPEOYIOT «TOHKON» HACTPOMKHA CUCTEMHOIO MpO-
rpaMMHOT0 obecrieyeHus.

JlonosiHuTenbHYO UH(OpMalMto 110 Teme Y BM MoxHO HaliTH
B paborax [6], [30].



1.3.5.2. latuuku u uamepurtenbHbie mpeoOpazoatenu (UIT)

Hatunku u U1 aBnsrorca BakHeriuM koMoHeHToM CAnY,
KOTOpBIM oOecrneynBaeT nojaydyeHue MHGopMaldM O LIEJIEBOM Mpo-
necce (cm. m. 1.1.4.2). EcTecTBeHHO, UTO MpH aHajluU3e U BbIOOpE
NATUYMKOB CJEayeT B MEPBYIO ouepeab oOpalliaTb BHUMaHUE Ha TO,
Kakve TapameTpbl TpeOyeTcs U3MepATh M KakKue JAaTUYMKM CIIy>KaT
U UBMEPEHUS 3TUX BUIOB IapameTpoB. [IoMHUMO 3TOro, Ba)HO
paccMaTpuBaTh CJEAYOLIME BOIPOCHI:

— NOrPELIHOCTH U3MEPEHUS TIPU MCIIOJIb30BAHUM JIAHHOTO BU-
J1a JaTYUKOB;

— CTaTUYECKUE U JUHAMUYECKUE XAPAKTEPUCTUKHA JNAHHOIO
BUJa JATYNKOB;

— pa3Mepbl, IHEPronoTpedseHre, NoMexo3alyIleHHOCTh, Ha-
JIEKHOCTh U JIPYTUE BOMPOCHI, CBA3AHHBIE C MOHTAXKOM, KOMITOHOB-
KOM, DKCIIJTyaTalder JaTYMKOB M U3MEPHUTEIbHBIX MpeoOpa3oBaTe-
jieil B coctase CAnY.

PaccMoTpuM mogpobHee Borpoc mnorpeiHoctei. Paznuuaror
a0COTIOTHY10, OTHOCUTENBHYIO U MPUBEAECHHYIO MOTrPELIHOCTH.

Abconomuas NOrpeliHOCTh — 3TO 3HAYCHUE

X —E,

rae X — U3MEepPEHHOe 3HauYeHUe; £ — UCTUHHOE 3HAaYE€HUE U3Mepsie-
MOW BEJINYUHBI.

Henocratok a0COIOTHOM MOrpelIHOCTH: BEJIMYMHA 3aBUCUT
OT €JIUHUILIbI UBMEPEHUS.

OmuocumeJibHas TOTPEIIHOCTh — ATO 3HAYEHUE

E-IOO %
X

HenocTtaTok OTHOCHTENBHONM MOrPEIIHOCTA B TOM, YTO BEJIM-
Yy{HA 3aBUCUT OT TEKYLEero U3MEPEHHOro 3HayeHus (B YaCTHOCTH,
MOJKET BO3HHUKATh JiejieHue Ha 0).



lIpusedennas MOTPEUIHOCTD — 3TO 3HAYECHUE

X-FE
X =X

max min

100 %,

X BO3MOKHBIX

max ]

rne X .., X OIPEIEIISIOT AUarna3oH [X

max min ?
M3MEHEHHUM U3MepSIeMOro 3HaUYCHUSI.

Takxe paznuyaroT cliy4alHYIO MU CUCTEMaTHUYECKYIO TMOrpel-
HOCTH.

Cnyuatinas MOTPEIIHOCTh — 3TO CJIy4yalHbIE€ OTKJIOHEHMS W3-
MEPEHHOI0 3HaY€HUs X OT UCTUHHOIO 3HaYeHUs L.

Cny4aliHyt0 NOrpellHOCTb MOKHO TbITaTbCSl YMEHbIIATD:

— 3a CYET YCTPaHEHMs WM Ocyia0JieHHUs IPUYMH, €€ BbI3bI-
BalOlMX (Hampumep, yAajJeHWe MCTOYHMKA IOMEX, YKpaHUpOBa-
HUE);

— Ha OCHOBE CTAaTUCTUYECKOW 0OpabOTKHU pe3ysIbTaTOB H3Me-
peHui (HampuMep, Ha OCHOBE YCPEAHEHHUs MO HECKOJIBLKHUM MOBTOP-
HBIM U3MEPEHMSIM ).

Cucmemamuyecxas NOTPELIHOCTh — 3TO Pa3IUUYUS MEKIY M3-
MEpPEHHBIM X W WCTUHHBIM E 3HaY€HWEM, KOTOPbIE MOBTOPSIOTCS
P KAKJIOM U3MEPEHUM (CUCTEMATUYECKH) U MEHSIOT MaJio (B OT-
JU4Me OT ciaydailHOW mnorpewHocTH). Cucremaruyeckas Morpeli-
HOCTb Yalll€ BCEro MpOsIBJISETCS UMEHHO B IMOCTOSSHHBIX CMELIIEHUSIX
MOKa3aHWM.

JIns ycTpaHEeHMsI CUCTEMaTUYECKOM TMMOrpPelIHOCTH OOBIYHO
npumeHstoT kanuoporky UII.

Takke paznuMyaroT OCHOBHYIO M JIONOJIHUTEIBbHYIO ITOrpell-
HOCTH.

OcHo8Has NOrPELIHOCTb — 3TO MOrPELIHOCTb, KOTOpasi MPOsiB-
JIA€TCSl P HOPMAJIBHBIX YCIIOBUSX SKCIUTyaTalldM (3apaHee OroBo-
PEHHBIX MPOU3BOAUTENIEM MPUOOPa).

J[ononnumenvras NOrpeliHOCTb — 3TO MOrPELIHOCTb, KOTOpas
BO3HMKAaET MpPHU BBIXOJIE 3a MpeJesibl HOPMAIBHBIX YCJIOBUH 3KC-
rmiyataiud. OHa 0ObIYHO BhIpaXKaeTcsl B MPOLIEHTAX B 3aBUCUMOCTH



OT TOTO MapameTpa, KOTOPbIM XapaKTEPU3YET BBIXOH 3a MpPeJesibl
HOPMAaJIbHBIX YCJIOBUH AKCIUTyaTaumu. Hanpumep, MoxeT ObITh Tak,
YTO MOrpelHOCTh yBeanuuBaercs Ha 0,5 % npu Kakaom MOBBIIIE-
Huu temreparypsl Ha 10 °C.

[Tokazareny MOrpemHOCTed MOKHO CUUTATh YACTHBIM Clly4a-
eM craruyeckux xapakrepuctuk HMII, T.e. Takux XapakTepuUCTUK,
KOTOpbIE HE MEHSIOTCS WU c1ado MEHSIOTCSA B XoJe (GYHKUHUOHHU-
pOBaHUs JaTYMUKOB.

PaccmoTpum apyrve BUABI CTATUUECKUX XaPAKTEPUCTHK.

I’ paoyuposounaa xapaxmepucmuxa — 3TO 3aBUCUMOCTb Bbl-
xo/iHOro 3HaueHuss MII or 3HayeHMss KOHTPOJUPYEMOIO IapaMeTpa
(puc. 25).

Jluneunocms  Tpagyupo-

sna]c?;}:?;ﬁ‘ _— BOYHOM XapaKTEpPUCTUKU ompe-
/ aensieTcss OJIM30CThIO K MpsIMOM

JMHUA. BaXXHOCTH JIMHEWHOCTH
ompeleNsiercss TeM, 4TO IpHU
JIMHEMHOW 3aBUCUMOCTU Jierye

. OMpPEeAETIUTh KOHTPOJIUPYEMBIU

U KonTposupyeMnbilit
napaMerp rnapamMeTp UCXoJsd U3 BBIXOJAHO-
ro 3uayedusg Ul
Puc. 25. [Ipumep rpangyupoBOYHOM Ecnu rpaynpoBouHas xa-
XapaKTEPUCTUKU

paKkTEpUCTUKA SBJISIETCS HEJIU-
HEMHOW, TO TOraa Ay IoJyye-
HUS KOHTPOJIMPYEMOro nmapameTpa HaJlo 3HaTh XOTS Obl MPUMEPHO
(YHKUHMOHAJIBHYIO (B JAHHOM Cllyyae HEJIMHEWHYI0) 3aBUCUMOCTD
MEXKAY KOHTPOJHUPYEMBIM MapaMETPOM M BBIXOAHBIM 3HAYE€HU-
em UII.
[Iycth 3Ta (PyHKUMOHANbHAs 3aBUCUMOCTh BBIPAXKAETCA aHa-
JIATUYECKHU B BUlE ) = f(x), Tlle X — KOHTPOJIUPYEMBIN MMapameTp;

y — BeixogHoe 3HaueHue UII. Torpa njig nomyydeHus KOHTpOJIMpye-
MOr0 napaMmeTpa Haao ONpeAesIuTh OOpaTHYIO (PYHKIMIO — TaKylo,

ato x= ' (y).



Hanpumep, B ciiydyae rpagyMpoOBOYHON XapaKTEPUCTHUKU BUIA
2 A
y =X~ MOXHO OINPEAEATh KOHTPOJIUPYEMBIA MapaMeTp X Mo Mu3-

BECTHOMY BbIXOAHOMY 3Ha4yeHuro MII y Ha OCHOBE COOTHOLIEHUS

x=y.

Ipyroit cnoco® ormpeaeieHUs 3HAYeHUS KOHTPOJMPYEMOIO
napaMmeTpa COCTOUT B JUHeapu3ayuu rpagyupoOBOYHOM XapaKTepH-
CTUKH.

IIpocreitiuii BapuaHT (puc. 26, @) COCTOUT B TOM, YTOObI B Ka-
YECTBE Y3JIOBBIX TOYEK JIMHUM B3SITh TOYKM Ha KOHLAX JHAara3oHa
3HA4YEeHUs1 KOHTpoJMpyeMoro napamerpa. Ho nmpu sTom Ha cpeaHux
y4acTKaX MOXET BO3HUKATh CIMIIKOM OOJbIIOE PACXOXKIECHUE, KO-
TOPOE MOKET MPUBOJIUTH K BO3HUKHOBEHHIO TOTPELTHOCTH.

Hpyroii BapuaHT (puc. 20, 6) COCTOUT B TOM, YTOObI BbIJICJIUTh
«HauboJjiee JIMHEHHbIA» Yy4YacTOK M HAJOXKUThb JIMHUM Ha HEro.
B sToM ciiydae nipuzieTcsd yMEHbIIUTh AUana3oH U3MepseMbIX 3Ha-
YEHUH, a 3TO MOXKET 0Ka3aTbCsl HEOMYCTUMBIM.

[ToaTOMY npu CUJIBLHOM HEJIMHEWHOCTU IPajyupPOBOYHOM Xa-
PaKTEPUCTUKK MOXKHO MOMPOOOBAaTh €€ 3aMEHUTh JIOMAHOU JINHUEH
Ha OCHOBE KYyCOYHO-JIMHEMHOW anpokcumauuu (puc. 20, 6). Takxke
BO3MOYKE€H BApUAHT KYCOUYHO-TUHEUHOU MHTEPNOISALUMU.

Puc. 26. IIpumep rpaayupoBOYHON XapaKTEPUCTUKU

IIpy »TOM Hago0 HaxoAWTh OajlaHC MEXAY IOrPELIHOCThIO
Y KOJIMYECTBOM OTPE3KOB.



KoHeuHo, KpoMe KyCOYHO-JIMHEMHOM arllpoOKCUMAalUWu U WH-
TEPIOJIALMU MOKHO TPUMEHSATh IPYTUE METObI, HATIPUMED T€ WJIU
WHbBIE UHTEPIOJISIHUOHHBIE TTOJTMHOMBI.

JluHeapuzauus MOXKET OCYLIECTBIAThbCA cpeactBamu UII, HO
MOKET MOHAAOOUTHCS BBIMOJHATH JOMOJHUTENIbHYIO JIMHeapu3a-
uuro (Hanpumep, ecnu HII He mpenocraisieT TakoM BO3MOXKHO-
cTth). B 3TOM cilydae nuHeapy3alus MOXKET BBINIOJHATHCA KakK arl-
napaTHO (HampuMmep, Ha OCHOBE IMPeodpazoBaTesisl IEKTPUIECKOrO
CUTHajia), TaK ¥ MporpaMMHO (3a cueT UUu@PpoBoil 0OpabOTKU CHUr-
Haja).

Ilopoe uyecmeumenvnocmuy — 3T0 MUHUMAIBHOE U3MEHEHUE
KOHTPOJIMPYEMOTO TIapaMeTpa, MPU KOTOPOM H3MEHSETCS BBIXOJ-
Hoe 3HaueHue UII.

Hanpumep, B ciyyae pe3MCTUBHOIO IaTUMKA TOJIOKEHUs, pea-
JIM30BAaHHOT'O Ha OCHOBE TMPOBOJIOUHOHW OOMOTKH, MOPOT UyBCTBU-
TEJILHOCTHA MPUMEPHO PABEH PACCTOSHUIO MEXKAY COCEAHUMH BHUT-
KaMM.

Jlpetigh — 5TO OTKJIOHEHUE BbIXoAHOW BeanuuHbl WII npu mo-
CTOSSHHOM 3HAQYE€HUU KOHTPOJMPYEMOTO MapaMeTpa B TEHEHUE IJIU-
TEJILHOTO BPEMEHHMU.

Hannume nperida Hago mpoBepaTh NMPHU Pa3IMUHBIX 3HAYEHHUIX
KOHTPOJIMPYEMOTO MapameTpa.

Iloemopsiemocms — 3TO OTKIIOHEHUE MEXKAY HECKOJIbKUMU T10-
CJIEIOBATEJIbHBIMU U3MEPEHUSIMU MPU OJHOM M TOM K€ 3HAUEHUU
KOHTPOJIMPYEMOTrO napameTpa 3a HeOONbULOU NPOMEINCYHIOK epeme-
Hu (TOKa He MOSIBUJICS Apeid).

Bocnpouzsooumocms — 3TO BeMYMHA, aHAJIOTMYHAs IOBTO-
psieMocTH, HO ormpezensercs 3a 0oJiee IJIUTEbHBIA MPOMEKYTOK
BpEMEHU (4O HECKOJbKMX MECALEB), MPU OTOM B OCTAJILHOE BpeMs
HUII pomxeH GyHKUMOHUPOBATh U UCIIOJIB30BAThCS M0 HA3HAUYECHUIO.

Tenepb oOpatumcs k ounamuyeckum xapakrepuctukam MII.

IlycTe 3HaueHME KOHTPOJIMPYEMOro TapaMeTpa H3MEHUIIOCH
CKayKOM, Torjaa BbIXojiHOe 3HaueHue MI1 nomxkHO ToKe U3MEHUTH-
cs. Ho aTo nmpownzoiiner He MrHOBeHHO. B 00I1ieM citydyae BO3HUKaET



MepexoHbINd Tpouecc. [lapaMeTpel 3TOro mepexogHoro mpoiecca
U OTpaxkarT auHamuyeckue xapakrepuctuku HII. Cpenu Hux
MOYKHO BBIJAEIUTD:

— BpeMsl YCTAHOBJIEHUS (BpeMs MEPEXOHOTO MPOoLIecca);

— MAKCUMAJIbHOE MPEBBILICHUE 3HAYEHUSI B CTaTUYECKOM pe-
KUMeE (TepeperyampoBaHUe);

— BpeMs JOCTHXKEHUS NIEPBOT0 MAaKCUMYMa;

— BpeMs MPOXOXKIEHUS 30Hbl HEUYBCTBUTEJIILHOCTH (Ompese-
JII€TCI MOMEHTOM, KOrJa BbIXO/IHAs BEJIMYMHA HAYWHAET H3Me-
HATBHCSH).

Taxke B kauecTBe nuHamMu4ueckux xapakrepuctuk MII moryr
MCMOJIb30BATHCH:

— nepenarouHas GyHkuus UIT;

— aMIUIMTYAHO-4YacTOTHasE M (PA304acTOTHAs XapaKTepUCTH-
ku UIL

ITpu Beibope UII, ocobeHHO aj1d OBICTpONpPOTEKAIOUIUX TTPO-
LIECCOB, BAKHO OLIEHMWBATh 3HAYMMOCTh €r0 JUHAMHUYECKHUX Xapak-
TepucTUK. Hampumep, MoxkeT oka3aTbCs, YTO KOHTPOJIUPYEMBIH
napaMeTp MEHSIETCsl TaK OBICTPO, YTO JATUMK HE YCIEBAaeT 3a HUM
M3-32 CBOUX IMHAMUYECKHUX XapaKTEPUCTHUK.

Bce st xapakrepuctuku U1 BaxxHO 3HaTh 1 MOHMMATh B KOH-
TEeKCTe pelIeHMs 3ajay BbIOOpa TEXHUUECKHUX CPEACTB aBTOMAaTHU3a-
UMM U ynpasjieHusi. Tak, Hanmpumep, €clivM CTaBUTCS 3ajaada A
MMEIOLIUXCS TaTYMKOB Mojo0patek noaxoxasmee YCO, To paszpa-
OOTUMK JOJIKEH XOPOLIO NMOHUMATh CMbICIT Pa3IMYHBIX XapaKTepH-
CTHK DTUX JAATYUKOB, UTOObI MPUHSTH MPABUIILHOE PELlIEHUE IO MO-
Bony YCO.

JlonoysiHuTeNbHYO UHGOPMALIMIO O JaT4YMKaX MOKHO HaWTH
B padorax [9], [21].

1.3.5.3. UcnnonnutensHbie ycTpoiictBa (MY)

PaccmoTrpum noapodonee MUY (cm. taxke n. 1.1.4.3), ocHOBaH-
HbIE Ha Pa3JIMYHBIX BUAAX asnexmpuyeckux UM, Tak Kak, moxanywu,



uMeHHo Takue MY B HacTosliiee BpeMsi HauboJiee paclpoCTpaHEHbI
B CAnY. BaxxHo nmoHuMaTb OCHOBHBIE KOMIIOHEHTHI Takux UV,
4yTOOBI MPaBUIBLHO OLIEHUBaTh U BbIOUpaTh MY, a Taike apyrue
BUJIbl TEXHUYECKUX cpeacTtB (Hanpumep, YCO, KOTOpbie B3auMO-
nerctByroT ¢ MY) npu npoexktupoBanun CAnY.

OnHa W3 pacnpoCTPaHEHHBIX 3a4ay B aBTOMAaTU3alMU — 3TO
TOYHOE TO3ULIMOHUPOBAHUE CEePEOMEXaHU3MA, HapUMEp UHCTPY-
MEHTa CTaHKa WIM MaHMIyjsTopa poOorta. s peuieHus mnoao0-
HBIX 3a7a4 CO3JAI0T CEeP8OCUCHEeMbl YIIPABIIEHUS MTO3ULIMOHUPOBA-
HUEM (puc. 27), a TaKKE CEPBOCUCTEMbI YIIPABJIEHUSI CKOPOCTBIO.
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Puc. 27. CTpyKTypa cepBOCUCTEMBI YIPABJIEHUSA MO3ULUOHUPOBAHUEM

B ocHOBe cepBOCHCTEMbI HAXOAWTCS DJIEKTPUUECKUM Osula-
meJib, KOTOPbIA UMEET Ha CBOEM Bajly HEKOTOPYIO HAZPY3KY.

Jns BpauieHUsi Harpy3kud HEOOXOJHMMO CO03/1aBaTb MOMEHT
BpateHus. [l aToro Tpedyercs OJ0K ynpagieHus MOMEHMOM.

YT00BbI TOYHO YNPaBJATH MOMEHTOM HEOOXOJAUMO YMETh Olie-
HUBATh TEKYLIUMHA MOMEHT. DTO MOXHO JIeJlaTh, HAIPUMEpP, U3MEPsis
TOK pOTOpa JIBUTaTessl MOCTOSIHHOIO ToKa. Torjaa MOsKHO pealinz3o-
BaTb KOHMYP AGMOMAMUYECKO20 YNPAasieHUsi MOMEHMOM COTIIACHO
3a/1aHHOMY OIIOPHOMY 3HAY€HUIO MOMEHTA.

B OonblIMHCTBE e CllydyaeB HaJ0 YNpPaBisiTh HE MOMEHTOM,
a, HarpuUMep, CKOpocThio BpalleHus. OauH U3 MPUMEPOB — YIpaB-
JIGHUE CKOPOCTBbIO BpallleHUsl KoMMnakT-Aucka. Toraa norpedyercs
OJIOK ynpasneHust CKopoCcmoio.



YtoOBbl TOYHO YIPaBJIATh CKOPOCTHIO, HEOOXOAUMO YMETh U3-
MEpPSITh TEKYIIYIO CKOPOCTh, HAMPUMEP C MOMOIIBIOD TaXOMETPA Ha
BaJly JBuUraresis. Toraa MOKHO peanu3oBaTh KOHMYP A8MOMAMU-
YecK020 ynpasieHus CKOpOCHIbIo COTJIACHO 3aJJaHHOMY OMNOPHOMY
3HAYEHUIO CKOPOCTH.

Takxe BO MHOIMX CXe€Max Ba)KHO YIPaBjsATb NO3ULIMOHUPOBA-
HUWEM, Halpumep TMPOAOJIbHBIM MO3ULIHOHUPOBAHUEM JIA3€PHOTO
JaTyMKa yCTPOMCTBA YTEHUs KOMITaKT-AUCKOB. Toraa morpedyercs
OJIOK ynpasieHust NOJI0AHCEHUEM.

YtoObl TOYHO YNpaBJIATb MOJIOKEHUEM, HEOOXOIAUMO YMEThb
U3MEpATh TEKYIIee MOJIOKEHUE, HampuMep C mnomouplo audde-
pPEHLIMATILHOTO TpaHC(hOPMATOPHOTO AaTyMKa nepemMeuieHuii. Toraa
MOKHO PEaJIM30BaTh KOHMYP ABMOMAMUYECKO20 YNPAGIeHUs NO-
JIOJCeHUeM COTJIACHO 3aJJ]aHHOMY OIIOPHOMY 3HAUYEHHUIO MOJI0KECHHS.

B cnyuae, korga Tpebyercs ymnpaBieHHE CKOPOCTBIO, €CTeCT-
BEHHO B CTPYKTYpPE CEPBOCUCTEMBI UCKJIIOUAETCSI KOHTYP YIpaBJie-
HUS MOJIOKEHUEM, TPU 3TOM TOIYHAETCS CHPYKMYpa cepeocucme-
Mbl ynpaesienus ckopocmuio. ECiin ke KOHTYp ynpaBJieHUs MOJIO-
KEHUEM OCTaeTCd, TO MOJYHaeTcsl CTPYKTypa CEepBOCHUCTEMBI
YIPABJIECHUS MO3ULIMOHUPOBAHUEM (CM. puc. 27).

Boobme MY, ocHoBaHHBIE Ha 3JIeKTpoJBUraTebHbIx UM, sB-
JIIIOTCS OJTHUMU U3 HanboJjiee pacnpocTpaHEHHbIX.

OHU MOTYT ObITh peajiu30BaHbl HA OCHOBE:

— JIBUTaTeJIel MOCTOSIHHOIO TOKa;

— aCUHXPOHHBIX JIBUraTesIeH;

— CUHXPOHHBIX JBUTaTeNeH;

— 1IaroBbIX ABUTraTeJIEN.

ITpu BBIOOpE TEXHUUECKUX CPEJICTB aBTOMAaTU3alMKd U yIIpaB-
JIEHUs He00XOAUMO oOOpalllaTb BHUMAHUE HA XAPAKMEPUCHUKU
anekmpooguzamevholx 1Y (IHY). K Takum xapakTepucTukam, B
YaCTHOCTH, OTHOCSITCSI:

— Homunanvuviu momenm HM. J1onxkeH NOCTATATHCS TIPH JTHO-
OBIX IOMYCTHUMBbIX YCJIOBHUSX IKCILUTyaTal|U.



— Bpemsa nonnozo xooa. Onpenensiercs AOMYCTUMBIM BpeMe-
HEM IEPECTAHOBKHU PETYJIMPYIOIIEr0 OpraHa OT Havaja JI0 KOHIIA.

— Buibee. D10 mepemellieHre BbIXoaHoro oprana UM mocrie
BBIKJIIOUEHME ABUrareis. KenareabHO, YTOObI BbIOEr HE MPUBOINII
K BBIXOJly M3 30HBI HEUYBCTBUTEJIILHOCTH perynsitopa. CorjiiacHo
I'OCT 7192-80E BbIOer He no/KeH ObiTh Oonbiue: 1 % ana DY
¢ BpemeHeM moJjiHoro xoxa 10 ¢; 0,5 % nns DY ¢ Bpemenem 25 c;
0,25 % nnga DY ¢ BpemeHeM 63 ¢ u Oonee.

— Jltogpm. Bo3HUKAET HU3-3a CBOOOAHOIO X044 BBIXOJAHOI'O Op-
raHa rnpu HErNoJIBUXKHOM BaJjle 3JIEKTPOJIBUraTes 10 NpUYUHE 3a30-
POB B 3aleIUVICHUAX pas3nuHbIX y3J10B. CornacHo ['OCT 7192—-80E
TOo(T He AOJKEH MpeBbiaTh: 1° aiaa oaHoobopoTHIX DUY ¢ HO-
MuHanbHOU Harpyskoit 40 H-m u menee; 0,75° 111 0THOOOOPOTHBIX
ONY c Harpyskoit 6onee 40 H-m; 3° naa mHoroo6opotHeix UV,
0,2 mM g npsMoxoaHeix OUY ¢ narpyskout go 1000 H; 0,5 mm
It ipssMoxoaHbix ONY ¢ narpyskon ceeitne 1000 H.

— l'ucmepesuc. Bo3HUKaeT MeXKAY MNOJOKEHUEM BBIXOJIHOIO
opraHa W CUTHaJIOM JaTyvKa MOJIO)KeHUsl u3-3a JiropTa MexaHuue-
CKOM Mmepeiauu U Bapualuii Moka3zaHus JaT4yuKa.

OtaenbHbId BoNpoc — 3T0 ynupasaenue UM ¢ nomouipio Kkom-
nvtomepa. 1Ipobnema B TOM, YTO MOIIHOCTh BBIXOJHOTO MOPTa KOM-
neloTepa 00bMHO oueHb Maia (ropsaka 100 MBT). 3Tot curHan Hano
YCUJIMBaTh, 4YTOObI yrpaBisaTh OojbliMHCTBOM WM. C 3Toil uenbio
WCTIOJIB3YIOTCSl Yupasiisiemvle 8vikaioyamenu. PacCMOTpM OCHOBHBIE
BapHUaHThI peain3aliiy YIIPaBJISI€MbIX BBIKITFOUATEICH:

1. Onexmpomexanuueckoe pene. Korma yepes oOMOTKY pelie
MPOTEKAET TOK, OH CO3/IAET MArHUTHOE IOJIE€, KOTOPOE MEPEMEIIAET
SAKOPb, MEePEKIIFOYAIOIUA KOHTAKTBl. DTH KOHTAaKTbl KOMMYTHUPYIOT
TOKH, KOTOpbIE MOrYyT ObITb HAMHOrO 0OJblli€, YeEM TOKM, yINpaB-
aswomme pese. Tem caMblM AOCTUraeTcs ycujeHue curHana. s
NOAKJIIOYEHHUS peJie K KOMIIBIOTEPY OOBIYHO HCIOJB3YIOTCS MPO-
MEXYTOUYHbIE TPAH3UCTOPHBIE YCUJIUTEIN, TaK KaK MOIIHOCTH BbI-
XOJIHOT'O MOpTa KOMIIbIOTEpA, KaK MPaBWJIO, HE XBaTaeT JJId yIpaB-
JICHUA peJie.



IIpeumyiecTBa: MpocTOTa KOHCTPYKUMH, HAAEKHOCTb.

HenoctaTkyu: OTHOCHUTEILHO HU3KOE ObICTPOACHCTBUE, Ape-
0e3’kaHHue KOHTaKTOB.

2. Teepoomenvrwvie NOAYNPOBOOHUKOBbIE NPuUOOpbl. JIWILIEHBI
OCHOBHBIX HEJIOCTAaTKOB pejie. MOXHO BBIJIEJIMTh CJEAYIOIIUE Ba-
PHUAHTHI pealiu3alivu:

— WHTETPaJIbHbIE CXEMbI C TPAH3UCTOPHBIM BBIXOAOM (IJIS Ma-
JIOW Y CPEHEN MOIIIHOCTH);

— noporoBbie win nojaesbie MOII-Tpan3ucTopsl (714 O0JbIIeH
MOILIHOCTH);

— TUPUCTOPHI (1 ele Oobleld MOIIIHOCTH).

JlononHutensHyto uHdopMauuo no teme MY MoxHO HaWTH
B pabortax [2], [4], [13], [24].

1.3.5.4. Ycrpoiictra cBsazu ¢ odbekToMm (YCO)

MoxxHo BeIgeauTsh ciiegytouye Buasl Y CO:

Lenmpanuzosannvie YCO (MpoCTpaHCTBEHHO OOBIYHO pacHo-
Jaratorcs psjaom ¢ YBM).

Cpenu ueHtpann3oBaHHbIX Y CO MOKHO BBIAEIUTD:

— YCO ¢ nocnenoBaTeIbHBIM BBOJOM aHAJIOTOBBIX CUTHAJIOB,

— YCO c napajuiesibHbIM BBOJIOM aHAJIOTOBBIX CUTHAJIOB.

Pacnpeoenennvie YCO (NpOCTPaHCTBEHHO MOIYT pacrnoJia-
raTbCs Ha 3HAYUTEJIBHBIX PACCTOSHUAX OT Y BM).

Paccmorpum YCO ¢ nocaeoosamenvHsim BBOOOM aHajOIro-
BbIX CUTHAJIOB (pUC. 28).

Afl e

Al —

IIp

Y

Indposoit
CHIHAJT

KomMmmyTaTop
\d

AlL, —

A
1
1
1
1
1
1
1

@ o ANl —
Y A

Anajiorosbie ]
--------- YceTpoMCTBO yIpaBiIeHus

CHIrHAJIbL

Puc. 28. CtpykrypHas cxema YCO ¢ nocieaoBaresibHbIM BBOJAOM
AHAJIONOBBIX CUTHAIOB



B Takux YCO ananoroBrle cCHUTrHajIbl TOCJIENOBATEIBHO TIO-
CTYNalT Ha aHajoro-uudpoBoil npeodpazoratenb (AL 3a cuer
KoMMmyTaTopa. CUrHan ¢ ycTpoWcTBa ynpaBjieHUs] MPUBOJUT K TO-
MYy, YTO KOMMYTAaTOp MOJKJIOYAET OAWH W3 BXOJHBIX CHUTHAJIOB

(Al,) Ha BXOJ M3MEPHTENIBHOTO KaHaJa, COCTOSLIEro U3 Mpeobpa-

3oBarens I[lp, ¢punbrpa @ u ALIIL IlpeoOpazoBaTesib MOXKET Bbl-
MOJIHATh YCHWIIGHWE, JIMHeapu3allhio, MaclliTaOMpoBaHUE, CIIelU-
aJbHbIE aJrOpUTMbI 00paboTku curHajia. IlapameTpsl nmpeobdpazo-
BaHHUs 3aJal0TCSd yCTPONCTBOM yripaBjieHUs. DUIBTP BBINOJHACT
GbUIbTpaMo curHaia (HampuMep, ociadieHrne BhICOKOYACTOTHBIX
nomex). [lapameTpsl GUABTpAIIMA MOTYT 33/1aBaThCsl YCTPOMCTBOM
yrpapiaeHusa. ALl popmupyert undpoBoit curHai ajis BEIOpaHHOTO

aHAJIOTOBOI'O CUTHAaJIa (AIZ.). YCTPOUCTBO yIPaBJIE€HUSI MOXKET Bbl-

JaBaThb KOMaHAy JJis 3amlycka aHajoro-uudpoBoro rnpeodpazona-
HHUS, a TaK)K€ MOYKET M3MEHSITh HEKOTOpPBIE MapaMeTphl 3TOrO Ipe-
obpa3oBaHHs.

IIpeumywecmeo NaHHOU CX€Mbl COCTOMT B 3KOHOMMH aria-
patHo¥ yactu (oauH [Ip, onun @, onqun ALLIT).

Heoocmamox cOCTOUT B TOM, YTO BPEMSI U3MEPEHHUS BCEX CHUTI-
HAJIOB 3aBUCHUT OT UX 4YMCIIA (71), YTO MOXKET MPUBOJUTH K CYLIECT-
BEHHbBIM 3aJepKkaM. Hanpumep, ecid Ha U3MEpeHUe Ka)J10ro aHa-
JIOTOBOTO cHUrHaja tparturcs 30 MKC, TO IJIs MOCJIEI0BATEIILHOTO
n3mepenus 10 Takux curnanos norpedyercs 300 Mkc.

B kaudectBe nmpumepa YCO Takoro Tura paccCMOTPUM KapTy
BBOJZIa-BbIBOAA 5700 Octagon Micro PC (puc. 29).

JlaHHas kapTa BBOJIa-BBIBOAA MPUCOEIUHAETCS K KOMIBIOTEPY
Ha ocHOBe LIMNHbI ISA. YV Hee umeerca 16 KOMMYyTUpyeMbIX KaHa-

JIOB BBOAA aHajorosbix curHanos (Al,, ..., Al). YcrpoiictBo

yIpaBJIeHHs, HaxoHslleecs B COCTaBe IIaThl, BbIOMpAET KaHal
C NOMOLIbIO KOoMMyTaropa. lIpm kKoMmyTauuMy Kaxaoro M3 3THUX
KaHaJIOB CUTHAJl MOXKeT ObITh ycuieH. OauH u3 Tpex koddduumen-
ToB ycunenus (X1, X10, x100) ycranarivBaeTcs ¢ NOMOIIBIO YCT-
pOMCTBA YIIPABIECHHUA.
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Puc. 29. CtpyKkTypHas cxemMa KapTbl BBOJ1a-BbIBOIA
5700 Octagon Micro PC

Taxoke ycTpoHCTBO ynpaBjieHHUsS MOKET BBINOJHITbL HACTPOMi-
Ky aHajioro-iiudpororo mnpeodpazopaTesis. B uvacTHOCTH, MOXKeT
ObITh 3aJlaHa aBTOKOMIIEHCALMsl HYJIS, a Takke aBTOKaJIUOpOBKa.
Kpome TOro, ycrpoMcTBO YIpaBJIE€HUSA BbIJAET KOMAaH]Iy Hayaja
aHanoro-udpoBoro npeodpazopanus. ALl aensercs 12-pazps-
HbIM (TUTIOC €l11l€ OJIMH 3HAKOBbIW pa3psia). Jlnana3zoH BXOJHBIX 3Ha-
yenuit ALl -5...+5 B. BpeMst onHoro npeoOpa3zoBaHUsl COCTaBIIs-
eT npuMepHo 15 mkc. [Ipy BKIOUEHHMH aBTOKOMITEHCALMM HYJIS 3TO
BpEeMsl YBEJIMUMBAETCSl MIPUMEPHO B JiBa pa3a.

I{ndpoBoii koa, MoayUYeHHbIH Mocie aHAJIoro-LUuGpoBOro npe-
oOpa3oBaHMs, MOCTYIAET B COOTBETCTBYIOIIUM PErUCTP YCTPOICTBA
yrpaBJjieH1s. DTOT KOJ MOCPeICTBOM LUMHbI ISA MOXeT ObITh Npo-
yuTaH JJis JajbHerueld ero oOpadOTKM YIMpaBJSIOIMIMM KOMIIbIO-
TEPOM.

Takxe muiata ©UMeeT JBa aHAJIOTOBBIX KaHajla BbIBOJIA, peaiu-
30BaHHbIX HA OCHOBE JBYX HE3aBUCUMbIX LM(poaHanIoroBbix
npeoOpazoBareneid (LIAII). Jluana3oHbl BBIXOAHBIX CHUTHAIOB

(AO,,AO,) 3apmaroTcs cneuyaabHbIMU IEPEMbIYKAMM Ha IUIATe.

MoskHO ycTaHaBiavMBaTh cieaytromue auanazonsl: 0...5 B; 0...+10 B;
-5...+5 B.



Kpome Toro, mpegocTtaBiisieTcs BO3MOXKHOCTb sl pabOThI
C JUCKPETHBIMU KaHajlamu BRoAa-eeiBoja {DI}, {DO}.

[Inata BBOJa-BbiBOAA 00JIaA€T XOPOLIMMM DKCIUTyaTal[MOH-
HbIMU XapakTepucTukamu. B yacTHoCcTH, OHa uMeeT pabouuil TeM-
nepatypHbiid auanazoH ot —40 o +85 °C; ycToWYHMBOCTb K BUOpa-
uMsM 10 Sg U K yaapam 1o 20g.

B kauecTBe BXOJIHBIX aHAJIOTOBbIX CUTHAJIOB MOTYT MCHOJIb30-
Batbcs curHanel ot MII, Hanpumep ot tepmonap. BbIxoaHbie cur-
Hajlbl C 3TOW KapThbl BBOJA-BbIBOJIA MOTYT MOCTYINAaThb HA YMpaB-
narouue Bxoael MY. Hanpumep, curnanel {DO} MoryT ucnoJib3o-

BaThCS JJ1s1 YIIPABJIEHUS LIAroBbIM JBuraresiem (cMm. m. 1.3.5.3).
Hpyroit Bua uenrpanuzoBaHHbix YCO — ato YCO ¢ napan-
J1eJIbHbIM BBOJIOM aHAJIOTOBBIX CUTHAIOB (puc. 30).

Al 1 —™ Hp — O > AHH B B B/
[ - -~ o ~ o -
' | o
Al, ——{ IlIp | @ L AIIII — > B (——
wv. ! v. | | [
] 3 3 r
! . 1 1 ] ]
. . 1 . 1 . I ] .
. . . . : . : : ®
1 1 1 ]
] 1 1 ]
] 1 1 ]
AI n — Hp — (D —> AI_[H t +— B g
] 1 1 ]
"\_: 'hdl 5‘1 :'a'
ARBIORORBIC yCTpOﬁCTBO YIOpaBJICHHA Hhppossic
CHUTHAJIBI CHUTHaAJIbI

Puc. 30. CtpykrypHas cxema Y CO ¢ napajiesbHbIM BBOJOM aHAJIOrOBbIX
CUTHAJIOB

JU1d Ka)Ka0oro U3 BXOAHBIX cUrHanoB Al nMeercst cBOW U3Me-

pUTENbHBIN KaHall, cocTosiuid u3 mpeoopaszoparens I[lp, ¢punabt-
pa @, ALIIT u OydepHoro ycrpoiictBa b. YcTpolicTBO yrnpaBiieHus
3a7aeT napaMmeTpsl s kaxaoro [p, @, ALLLL a takxke BbIIaeT Ko-
MaHAbl s 3anycka kaxaoro AL TlonyyeHHble uudpoBbI€ CUr-
HaJibl HakarMBaroTcs B OydepHbix ycTpoiictBax b. Ilo komaHnae
YCTPOMCTBA YIMPABJIEHUs BBINOJHIETCS CUHAThIBAaHUE LHUPPOBBIX
CUTHAJIOB U3 3TUX Oy(]epHBIX YCTPONCTB.



IIpeumywecmeo NaHHOW CXEMbI COCTOUT B YMEHBILIEHUM 3a-
JEPKEK MPU U3MEPEHUU 11 CUTHAJIOB, TAK KaK JJIs KaXKJ10TO U3 CUT-
HAJIOB €CTh CBOW M3MEPHUTEIIBHBIN KaHal.

Heoocmamox cocTOMT B YBEJIWYEHUU allapaTHOM YacTu
(n UIBMEPHUTEIBHBIX KAHAJIOB).

B kauectBe npumepa YCO Takoro tvmna pacCMOTPUM CHUCTE-
MYy, PEaIM30BaHHYID HA OCHOBE YHUBEPCAJIBHOM KapTbl BBOJA-
BbIBOJa UNIO96 n moayneit BBoga-BeiBoaa GrayHill (puc. 31).
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Puc. 31. IIpumep YCO ¢ nmapanieabHbIM BBOAOM aHAJIOTOBBIX CUTHAJIOB
(cuctema Ha ocHoBe TiaTel UNIO96 u monyneit GrayHill)

B naHHOM ciiyyae Ha MaTEpUMHCKOM IJIaT€ KOMIBIOTEPA B OJIUH
u3 cloTtoB ISA ycTaHaBnuBaeTCs YHHUBepcalbHas KapTa BBOAA-
BbIBOIa UNIO96. OHa nMeeT yeThIpe MporpaMMHUpPyEMBbIE JIOTHYE-
ckue matpuibl (IIJIM), kaxknas U3 KOTOPBIX MOXKET paboTaTh He3a-
BucuMo. C momoupto cneuraiabHoro muwieida k miaare UNIO96
MOJIKJIFOYAETCS BbIHOCHAS IaHeJb. B J1aHHOM mnpumepe K Iuiare
UNIO96 noakimroyeHa TOJILKO OJHA MaHe b, HO MOKET ObITh MOJI-
KJTFOUEHO JI0 YeThIpeX Mo00HbIX naHenel (rmo unciy [1JIM Ha nna-
te UNIO96). Ha sToii naHenu pacnonaratorca monyiu GrayHill
s B3aumMoaeucTeua ¢ ka"Haimamu Al, AO, DI, DO. Kaxneiii mo-
nyab s Al nmeer ALILL, a Takyke MOXKET OCYIIECTBIIATh MaclITa-



OupoBaHMe W JUHeapu3aluio curHaia. Kaxasii momgyns s AO
nmeetr LIAIL. Kpome Toro, Moaynu peanu3yroT TrajbBaHHUYECKYHO
pa3Ba3Ky. J[aHHbIM npuMep MoxkHO oTHeCTH K YCO ¢ mapaniesb-
HbIM BBOJOM aHAJIOTOBBIX CUTHAJIOB, TaK KaK IJIsI KaXJOr0 aHaJio-
roBoro Bxoga umeercs otaeibHbld ALIIT B cooTBeTCTBYIOIIEM MO-
nyne GrayHill. B cnyuyae nanHoro npuMmepa YCO obecrnieunBaeTcs
rajjbBaHU4YeCKas pa3BsizKa I Ka)KI0ro MOAYJISl aHAJIOTOBOTO BBO-
na. Kpome Toro, obecrneuuBaeTcss TMOKOCTh KOH(MIypaluu, Tak
KaK MMEEeTCsl BO3MOXKHOCTh MoAOOpa HEOOXOAUMBIX MOJYJIEH BBO-
Jla-BbIBOJA.

B cayuae pacnpeoenennsix YCO Cl0KHO IpUBECTH 0000-
IEHHYIO CTPYKTYPHYIO CXE€MY, KOTOpas Morjia Obl OXBaTUThb MHO-
rue Buabl Takux YCO U npu 3TOM He ObITh CIIMIITKOM a0CTPaKTHOM,
MIOTOMY PacCMOTPUM KOHKPETHBIN npumep Y CO naHHOTO THIIA.

B kadecTBe nmpuMepa OyayT paccmaTtpuBaTbes Moayau Advan-
tech ADAM-4000. JIns nepenaun gaHHeix y 3tux YCO ucnosb3y-
erca RS-485 ¢ MakcumanbHoi ckopocthio B 19 200 6ut/c u Mak-
cuMaibHbIM pacctosHuem 1200 m. Jlo 256 mopyneid MoOXKeT uc-
MOJIb30BATbCSl HAa OJIMH TIOCJIEIOBATENIbHBIA TMOPT KOMIBIOTEPA,
MIPYU 3TOM TPEANOIaraeTcs, 4Yrto UMeeTcs 10 32 MOJyJiel B CErMEH-
T€, & CETMEHTHI Pa3AEeIAIOTCS MOBTOPUTENIMU. MOOyJIM MUTArOTCS
MOCTOSIHHBIM HarpsbkeHueM B 24 B, MoryT paboTtath npu Temriepa-
Type okpyxatoeit cpeabl ot —10 go +70 °C 1 BaaxkHOCTU OT 5
1m0 95 %.

Paznuuaror monynmu Al (a1 npreMa aHajgoroBbIX CUTHAJIOB),
MoayJm AO (aJ1s1 BBIBOAA aHAJIOTOBBIX CUTHAIOB), Moayau DI (nns
NpreMa JUCKPETHBIX CUTHaJIOB), MoayJiu DO (nons BeiBOJa auc-
KPETHBIX CUTHAJIOB).

MoryT UCnoJib30BaThCs pa3IMUYHbIE TONOJOTMU MOAKIHOUYECHUS
3TUX MOAYJIEN.

[lpyu wunnou Tononorum k YBM noakiroyaercs MOmyJib-
koHBepTep ADAM-4520 (nnsa kpatkoctu — K), koTopbIi obecrieun-
BaeT cThIKOBKY RS-232 or YBM u RS-485, k koropoMmy nopakiito-
YaroTcs OCTallbHbIE MOAYJIM M, HaXoCh Ha OJTHOM mKHE (purc. 32).



VBM RS-232 |C jl RS-485

Puc. 32. llluHHas TonoJsiorus noaxkioueHus moayiaeit ADAM-4000

Ilpu paduanvnou  TONMOAOrMU  UCHOJNB3YKOTCS  MOIYJIM-
nopToputesin ADAM-4510 (g kpatkoctn — I1), kaxxapiit U3 Ko-
TOPBIX (POPMUPYET OTIAENBbHYIO IIMHY ¢ MoayjsiMu M (puc. 33).
Kaxnas Takas mimHa GOpMUPYET OTAETbHbIN «paauyc» IJid peanu-
3allMU DTOW TOMOJIOTHU.
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Puc. 33. PaguanbHas TOnoJiorus noakoueHus monyieit ADAM-4000

J[pesosuonas (AW CMELIAHHAS) TOIMOJIOTUS pPEeaM3yeTcs 3a
CYET pA3JIMYHBIX BAPUAHTOB PACIOJIOKEHUSI TmoBTOpUTETen 11,
K KOTOPBIM MOJKJIFOYAKOTCA HHBI ¢ MoaynssMu M (puc. 34).

Ha nipumepe pa3jiMyHbIX TOIMOJIOTUM CETE€HM B3aWMOJCUCTBUSA
moayneid ADAM-4000 nerko yBUAETh HaJUUUE CIOMKHBIX B3aUMO-
cBs3el mexay npoOjeMamu BbiOopa apxutektypbl CAuY, KomIib-

IOTEPHBIX TEXHOJOIMM M TEXHUYECKMX CPEACTB (B JTaHHOM CIIy-
yae YCO).
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JononaHutenbHyto nHbopManto no temMe YCO M0XKHO HaMTH
B padorax [14], [26].

1.3.5.5. YcrpoiictBa B3aumoaencTusa ¢ oneparopom (YBO)

[Ipu BBIOOpE AUCIIEEB, CEHCOPHBIX AKPAHOB U JAPYTHUX YCT-
poOHCTB OTOOpakeHUs UHPOpMaUUKM HEOOXOAUMO YYHUTbIBATh
HE TOJIbKO TpeboBaHWs MH(POPMALMOHHONW COBMECTUMOCTH, HaJeX-
HOCTH, SKCIIJTyaTallMOHHBIX KauyecTB, HO U DPrOHOMHYECKHE Tpedo-
BaHus [27], [28].

Cpean pazauuHbiX BUAOB YBO oTneabHO Haa0 YNOMSIHYTH
OnepamopcKue nawenu, KOTOpPble 4acTO MCMOJIb3YIOTCS B COCTaBE
MPOrpaMMHO-TEXHUUYECKUX KOMIUIEKCOB aBTomaruzauuu [7]. Omne-
paToOpcKHWe MaHead MPEACTaBIISIIOT cOOOM COBMeEIIEHHUE B €IUHOM
KOHCTPYKTUBE JUCILIES W KOMIbIOTEPA, OOBIYHO C HEKOTOPbIM
HAa0OpPOM (YHKIMOHAJIBHBIX KJIABHII, T.€. OTO TOXKE MOKET pac-
cMaTpuBaTbcsi kak od0beauHeHue YBM u YBO (em. n. 1.3.3.4).
Onepatopckre MaHe I yA0OHO pacroJjiaraTh BHE JWCMETYEPCKOTO
3ajla, B HEMOCPEJCTBEHHOM OJIM30CTHM OT OOBEKTa YIpaBJICHUS.
C nmoMolIbIO 3TUX TaHeeld MOXKHO MPSAMO Ha 0OBbEKTE OLIEHUTh KO-
JIMYECTBEHHbIE MOKA3aTeu Mpoliecca, a TaAKXKe OKazaTb HEKOTOPbIE
YIIPABJISAIOLINE BO3ICUCTBHUA.



Ornepatopckre MaHeW MOXKHO CUWUTATh YJAJE€HHOM YacThbiO
pabodero Mecrta orepaTropa, HalmpuMep B paMKax apXUTEKTYpbl,
n300pakeHHON Ha puc. 22, MO0 OJHUM W3 HECKOJIbKMX padounx
MeCT ornepaTopa, HafpuMep B paMKax apXUTEKTYp, U300 pakeHHbIX
Ha puc. 18, 19.

XoTa HauOosblIeH MPOMYyCKHOW CIMNOCOOHOCTBHIO Yy 4YesoBeKa
oOJialaeT BU3yaJIbHBIM KaHaJ MOJydYeHUs: UH(QOpMaLMU, HAI0 Y4H-
ThIBaTh U JIpyT'M€ BapUaHThl BOCMPUATUS MHPOPMALMK O BHELIHEM
mupe. Ha OCHOBaHHWM 3TOro OMepaTopy MOXKET MPeaOCTaBISTHC
uH(popMaLs O LEJIEBOM NPOoLEcce HE TOJbKO B popme BU3yaJlbHOM
uHopmauuu. Ipyrue Gpopmsbl onpeaeasitorcas 0oCOOEHHOCTIIMU CEH-
COPHOM CHCTEMBI YeJIOBEKa, a UMEHHO OpraHaMM €ro 4yBCTB.

KoHeuHo, 37ech HaJl0 OTMETUTh BaYKHOCTh 3BYKOBOW WH}OP-
mali. OcCoOGHHO 3TO KacaeTcsi OpraHu3aliMu pa3jiMYHbIX OIOBe-
meHud, HarpuMep o0 aBapUHBIX M HEIITATHBIX CHUTYyalUsX.
U 3aech BBIACISIOT 3BYKOBbIE COOOIIICHUS:

— peueBble, cojepkailpe OoJiee JeTalbHYl0 HHGOpMaLUIO
O COOBITHH;

— NpeayTNpeanTeIbHO-3BYKOBbIE, KOTOpPbIE HE cojiep:Kar Jie-
TajabHOM MH(OpPMALIUIO O COOBITUU, HO MPHUBJICKAIOT BHUMaHKE Orle-
paTopa K COOBITUIO U MOOYKAalOT €ro K MOJYUYeHHIO JeTaIbHOU
uHdopMaLMK, HaT[pUMep B BU3YaJIbHO-TEKCTOBOM hopme.

IToMuMO Bu3yallbHOM M 3BYKOBOH MH(OpMaLMK TakKe ompe-
JeJIeHHOe 3Ha4YeHHWe MO>KeT MpHAaBaThbcs TaKTHWJIBHOW HHQopMa-
uun. OcoOeHHO 3TO KacaeTcsa UHdopMaluu oOpaTHOM CBSI3M O cpa-
OaThIBAHUM OPraHOB yIPaBICHUS.

BbiOop opraHoB ynpasiieHus AJ11 KOHKPETHOTo padoyero mec-
Ta ornepaTopa ornpeaeaseTcs IKCHEPTHIM MyTEM M 3aBUCUT OT OCO-
OeHHOCTeH yNnpapsiOLIMX AJITOPUTMOB, a TAKXKe OT TpaAuLIMiA Mpo-

€KTUPOBaHMs, MPUHATHIX B JaHHOW pa3padarbiBarolleld opraHu3a-
uuu [28].



1.4. PazpaboTka nporpaMMHOro ooecnedyeHnsi CUCTEM
ABTOMATH3AUHN U YIIPABJIEHHS

1.4.1. Cnenuduka nporpammuoro ooecneuenusas CAnyY

OCHOBHbBIE  OTJIMYUTEbHbIE OCOOEHHOCTH  CMELHAIBHOTO
(cMm. onpeaenenue B 11. 1.1.3.2) nporpammHoro odecnedyenuss CAnY
COCTOSIT B CJIEYIOLIEM:

— Buwicoxas eeposamnocms omcymcemeus oumubox 6 pabome
(«HaaexHOCTb»). OOecneunBaeTcs TECTUPOBAHUEM, BepUdUKalu-
el. bonblnyro poJib 34€Ch UTPAET TEXHOJIOTHS TIPOrPaMMHUPOBAHUS.

— Omxpvimocmye. B 0onblIMHCTBE clydaeB crieruaibHoe 110
g CAuY He sABIAETCS OTACIbHBIM TOBAPOM B OTPBIBE OT BCEWU
CAnY, nostomy 4acto HeT cMmbiciia 3amuimars 31o [10 ot konmpo-
BAaHUSI U CKPBIBATb UCXOJHBIE TEKCThI OT 3aka3uuka. Kak pa3 Ha-
000opoT: OTKpbITOCTb [IO ¢ TOUKM 3peHus 3aKa3uuka ynpouaer
MpoLecc ero BO3MOKHBIX MOJMGUKALIMK W B LIEJIOM IPOLECC ero
COMPOBOMKIAEHHUSI, B TOM YKCJI€ U APYTUMU UCTIOJHUTESIMU paldoT.

— Mooynvnocms. BO3MOXKHOCT UBMEHEHUS OTAEIBHBIX TO/I-
cucTeM (MOJyJiel) ¢ HaMMEHbLIUMU 3aTpaTtamu. Hanpumep, nmyrem
oOecrieyeHUs] MHUHUMAJIBbHOTO B3aWMOJIEMCTBUS, B3aWMOBJIHUSHUS
MEXKAY MOJYJSIMU. 3[1€Ch BCTAKOT BOIPOCHl JAEKOMIIO3ULMU, MO-
cTpoeHust apxutektypsi [10O.

HeobOxoauMocTh B MOAYJIBHOCTH, KaK U B OTKPBITOCTH, BO3HH-
KaeT BO MHOI'OM H3-3a BO3MOXKHBIX MPOOJIeM MPH COMPOBOXKIEHUN
U JajibHel1ed MoauUKalU CUCTEMBI.

— Buinonnenue mpeoosanuti peanvrnoco epemenu (cM. m. 1.3.4.1).
DT TpeOOBaHWA JOJKHBI 00ECNeYnBaTbCs Ha CUCTEMHOM YpPOBHE
3a CUET peaju3aluy B3aMMOJECHMCTBUS 3aJa4 PEATLHOTO BPEMEHU
U 3a cueT ux 3(ppeKTUBHOTO MjaHupoBaHus. Kpome Toro, 3Tv Tpe-
OOBaHHA OJKHBI BBIIIOJHATBCS M Ha YPOBHE OTJIEJIbHBIX 3aJa4 3a
CUET, HAlPUMEP, AaHAJIN3a BPEMEHU WX BBINIOJHEHUS, a TAKXKE T0-
CIEAYOLEN ONNTUMU3ALMA UX BBITIOJHEHUS C TOYKH 3PEHUs XapakK-
TEPUCTUK PEAILHOTO BPEMEHH.



— Cywecmeennvle pasiuyus mexcoy 110 @epxHux u HUMICHUX
yposneit CAuY. Huxuue ypoBHu CAunY xapaktepusyroTcs OJM30-
CTBIO K LIEJICBOMY IIpOLECCY, YTO OOYCJIOBJIMBAET, KaK MpPaBUJIO,
OoJiee kecTkhe TpeOOBaHUs K pealbHOMY BPEMEHM, a TaKkKe CIie-
uuduyHocte YBM. Hanpumep, Ha HWKHMX YpOBHSIX B KayecTBe
YBM 4yacto HCHOJB3YIOTCS HE TMPOMBIIIJIEHHBIE KOMITBIOTEPHI,
a [IJIK (cm. . 1.3.5.1), KoTOpbIe NPeabSIBISIOT 0COObIE TPEOOBAHUS
k IO wu cpencream ero pa3paboTku. BepxHue e YpOBHH
CAuY xapakrepuszyrorcs OJIM30CTBIO K 4YeJIOBEKY-OMepaTopy, 4TO
npearnosjiaraeT, Kak MpaBWIO, WCMOJb30BaHUE MPOrPaMMHBIX
CPEJICTB peaiM3allii T€X WA WHBIX BAPUAHTOB YeEJIOBEKO-MAaIlINH-
Horo uHrepdeiica (cm. . 1.3.4.3).

1.4.2. PazpaboTka nporpaMMHOro odecne4eHusi
HIKHAX ypoBHed CAnY

Ha HuxHux ypoBHsax CAunY, Kak npaBwio, pazpadoTka mpo-
rpaMMHOI0 0OecCIeUYeHHUsl OCYILECTBJIIETCS B paMKax ClIeAyHoLIUX
MOJXOHOB:

— pa3padotka [1O 1151 BCTpOSHHBIX CUCTEM;

— pazpabotka ITO gna TTJIK.

IIpu pazpabotke 1O s 6cmpoennvix cucmem MHOroe on-
penensiercs 0COOEHHOCTSMM BBIUUCIIUTETLHOM CUCTEMBI, HATPUMEP
TUNIOM MPOLECCOPA, HATUYMEM WM OTCYTCTBUEM CIELIMATIbHBIX
CPEJCTB MPOrpaMMHUPOBAHHUS.

B koneuHoMm wurtore misi pazpadotku IO omnpenesnsiercs TOT
WM UHOM SI3bIK MPOrpaMMUPOBAHUS U COOTBETCTRYIOIIHUE UHCTPY-
MeHTaJIbHbIe cpeqicTBa. Cpeau sS3bIKOB MPOrpaMMHUPOBaHHUs OOBIYHO
BBIJICJISIIOT JBA Kjlacca A3bIKOB:

1) 93bIkM MporpaMMHUpPOBaHUS HU3KOTO YpoBHs (AcceMOep
M Jpyrue s3blkd, OJU3KMe K MNpOorpaMMHUpPOBAHUIO B MAaIIMHHBIX
KOJ1aXx);

2) I3bIKM  MPOrPAMMHUPOBAHUSL BBICOKOTO YPOBHSL  (SA3bIKU
C JOCTaTOYHbIM YpOBHeM aOcTpakuuu, Hanpumep, Cu, Cut+,
ITackane, Java, Python v np.).



HuzkoypoBHEBBIE S3BIKM TPOrPaAaMMHUPOBAHUS OOBIYHO HC-
MOJIL3YIOTCS B T€X cly4Yasx, Korja TpeOyeTcsl NOMOJHUTENbHAs OIl-
TUMU3ALMS PECYPCOB (MPOLIECCOPHOrO BPEMEHU, MAMSTH) WU KO-
raa HET BO3MOXHOCTU MCIIOJIb30BAHUS SI3bIKOB BBICOKOTI'O YPOBHH.
B ocTanbHbIX ciyyasx 4ame BCEero UCIoJIb3YIOTCS BBICOKOYPOBHE-
BbI€ SI3bIKW IPOrPAaMMUPOBAHMUSI.

Oco00 criegyer OTMETUTH SI3bIK MporpamMmmupoBanusi Cu, Ko-
TOPBIX ABJISAETCA TOCTATOYHO HU3KOYPOBHEBBIM, XOTS €TI0 U CIIEdy-
€T OTHECTU K KJIACCY SI3bIKOB BBICOKOIO YpOBHsI. B "acTHOCTH, 3TO
MPOSIBJISAETCA B TOM, YTO OH SIBJISAETCSH, MOXKAJIyH, caMbIM MOILYJISP-
HbIM $I3bIKOM CHMCTEMHOrO mnporpamMmupoBaHud. Hampumep, stoT
SI3BIK UCMOJIb3YyeTCs sl pa3paboTku sapa Linux. Takxke ¢ MOMO-
IO HEro OOBIYHO CcO37aloTcs ApalBepbl YCTPONCTB, YTO 4YacTO
ObIBaeT HEOOXOMMBIM B Cllyyae pa3padOTKUM HOBOIO TEXHUYECKOTO
YCTPOMCTBA WM TIPU MOJKIIOYEHUN HECTAHJIAPTHOTO YCTPOWMCTBA.
B wactHOocTH, a3bik CH Takke UCMOJIb3YeTCs B KaUecTBe 0a30BOIo
B MoHorpaduu [38], B KOTOpOM M3JIaratoTcsi OCHOBHbIE OCOOEHHO-
CTH pa3zpabOTKM MPOrPaMMHOIr0 0OecredeHus 1J19 CUCTEM peajibHO-
ro BPEMEHH, YTO aKTyaJlbHO UMEHHO MPUMEHHUTENIbHO K HUKHUM
ypoBHsiM CAunY. B yueOHoMm nocobuu [18], rae paccmarpuBatorcs
O0COOEHHOCTH Pa3pabOTKM MPOrpaMMHOro obOecreveHrs BCTPOEH-
HBIX BBIYMCJIUTENIBHBIX CUCTEM, TakKe B KadecTBe 0Oa30BOro HcC-
MOJIb3YETCs SA3bIK NporpaMmMupoBaHus Cu.

[Ipu pazpabotke 11O nns IIVIK mHoroe omnpenesnseTcs OcCo-
o0enHoctssmu koHkpeTtHoro IIJIK u cpenctB mporpamMmupoBaHus,
npeaHazHadyeHHbIx s aaHHoro IIJIK. Vuaudukauus mnpouecca
pazpadotku 10 nns IVIK ctaHOBUTCS BO3MOXKHOM OJiarojapsi Me-
)kayHapoaHomy cranaapty IEC 61131-3 [16], [19].

DTOT cTaHaapT oOecrneuuBaeT €IMHCTBO CPEJCTB U METOAOB
[pOrpaMMupOoBaHus jid pa3inyHbix BuioB [1JIK.

CraHmapt onpeaesnseT Ciaeayrolne I3bIKH.

— IL (instruction list, uan 93bIK CMUCKA KOMaH/). S3BIK pealn-
3yeT HaOOp MalIMHHBIX KOMaHJ. JTOT SA3bIK HAalOMUHAaeT AcceMO-
jep.



— FBD (function block diagram, wimn g3blk cxeM (PyHKIHO-
HaJIbHBIX OJIOKOB). fI3bIK OCHOBaH Ha MOCTPOEHHM CXEM COEJIWHE-
HUsL QYHKIMOHATBHBIX OJIOKOB [/ peaiu3aluu JOTHUYECKUX (PYHK-
umni. Hanpumep, snornueckue U, UJIM peanusyrorcs B BUAE COOT-
BETCTBYIOIIMX (hyHKLIHOHAIBHBIX O6j10k0B AND, OR.

— LD (ladder diagram, unu si3bIK peaerHbIX cXeM). S3bIK OcC-
HOBAaH HA UMHUTALUM PEJIEUHBIX CXEM JIJIS peanv3alvu JOTMYeCKHUX
¢byHkuuii. Hanpumep, noruueckoe M peanusyercs B BUae Nociaeao-
BaTEJIbHOTO coequHeHUd Kirodel, a jorunueckoe MJIN — B Buge na-
pajieJIbHOIO COEIMHEHMUS.

— ST (structured text, iny A3bIK CTPYKTY PUPOBAHHOI'O TEKCTA).
A3bIK NpOorpaMMHUpPOBaHUS C CUHTAKCUCOM, TTOX0KHMM Ha CUHTaKCHC
s3bIka Pascal.

— SFC (sequential function chart, nin 136K GyHKIHMOHAIBHBIX
kapt). Mcrone3yercs s aHaim3a 3a1ad yIpPaBICHUS METOAOM
«CBEpPXY BHU3» WU OMUCAHUS YNPABJISIIOUIMX TMOCI€I0BATEIbHOCTEM.
ITo cBoemy BHELIHEMY BUAY HAIIOMHHAET OJIOK-CXEMbI aJITOPUTMOB.

bnarogaps sToMy cTtaHagapTy BO3MO)KHO paspadarteiBaTh 110,
KOTOPO€ HE OYEHb CWJIBHO 3aBUCHUT OT KOHKpeTrHoro tumna [DJIK.
B uaeanwbHbix ciydasx [10, pazpaboranHoe ajs ogHoro I1JIK, mo-
»KeT TouTH 0e3 n3mMeHeHui nepeHocuthes Ha [1JIK napyroro npowus-
BOJMWTEJII, HO B pPeaJibHOCTH MOKET BO3HHUKATh HEOOXOIHWMOCTh
B CYLUECTBEHHOH AopaboTke wnu moaudukauuu 3toro IO ¢ yue-
ToM ocobeHHocTel koHkpeTHoro I1JIK.

B pamkax y4eOHbIX AUCIMIUIMH «CHCTEeMHOE MpOorpaMMHOE
o0ecreyeHre YMpaB/stolMX CUCTEM PEalbHOrO BPEMEHMU», a TaK»Ke
«[IpoexkTpoBaHrE BCTPOECHHBIX YIPABJISIOLIUX CUCTEM PEATBbHOIO
BPEMEHW», KOTOpPbIE SIBJISIOTCS YaCThKO MAarvcTepCKOM Mporpammbl
22040051.68 «PacnpeneneHHble KOMMbIOTEPHbIE MH(OPMALMOHHO-
yIpaBJIAIOLIME CUCTEMbD», OyIyT MOJApoOHee paccMaTpuBaThCsl BO-
npockl, CBA3aHHble ¢ pa3padoTkod [10 HmwxHMX ypoBHerd CAMY.
B pamkax ganHoro yuebHoro nocodust 6ojiee mprucTaTbHOe BHUMAHHE
yaeaum pazpadbotke 110 BepxHux ypoBHeid CAMY, U 3TOMY BOIPOCY
B OCHOBHOM OyJI€T MOCBSIIEH MaTeprall OCTaBIIIECsS YacTH TTOCOOHSI.



1.4.3. OcHOBHBIE KJIACCHI HHCTPYMEHTAJIBHBIX CPEJACTB
pa3padoTKu NPOrpaMMHOro odecrnevdeHus
BepxHux yposHeid CAnY

MoOKHO BBIJIEJIUTH CJIEAYIOIIME JIBA OCHOBHBIX Kjlacca WHCT-
PYMEHTaJIbHBIX CPEeACTB pa3padOTKH MPOrpaMMHOro oOecrneyeHus
CAnY:

1) yHuBepcanbHbIE Cpeabl TPOrpaMMHUPOBAHUS;

2) SCADA-nakeTsl.

YHuBepcabHble cpebl MPOrPaMMUPOBAHUSI XapaKTEPU3YFOT-
CA CJEIYIOINUMHA OCHOBHBIMHY MPU3HAKAMU:

— OHM MOTYT TPUMEHSITbCS [J11 pa3padOTKH MpOrpaMMHOIO
o0ecreueHus pa3jIMyHbIX BUJOB, a HE TOJIbKO MPOrPaMMHOI0 obec-
neyeHusa CAnY;

— B X OCHOBE — SI3bIK MPOTPAMMMPOBAHUSA JOCTATOYHO LIUPO-
KOro crheKkTpa npumeHeHusi, Hanpumep: C++, Java, Python.

MoOXHO BBIIEIUTH CJAEAYIOUIME OCHOBHBIE OCOOEHHOCTHU
SCADA-nakeToB:

— OHM MpeaHa3HayeHbl s pa3pabOTKU MOpPOrpaMMHOIO
obecrieueHMs: B COCTaBe aBTOMAaTHM3UMPOBAHHBIX CHUCTEM YIIpaBJie-
HUSI TEXHUYECKMMM OOBEKTaMHM W B MNEPBYIO oOuepelb — Mpo-
rpaMMHOTr0o oOecreueHUs] BEpXHUX YPOBHEH TaKMX CUCTEM, B HaCT-
HOCTH, KakK IOACHUCTEMbI B3aMMOJICMCTBUA C OIEpPaTOPOM-IHC-
MEeTYEPOM;

— 0a30BbIe cpeAcTBa pa3pabOTKM OCHOBAaHbl Ha LIMPOKOM HC-
MOJb30BAaHUM TpauUecKUX CPEACTB, HAaMpUMEp HaCcTpoWKa pas-
JMYHBIX TlapaMeTpoB W (HOpMHUpOBAHUE CBs3EH C HMCMOJIb30BaAaHHUEM
rpaduyeckoro uHtepdeiica;

— pa3paboTaHHOE IIPOrpaMMHOE OOecrneUeHUe OOBIYHO BbI-
MOJIHAETCA (MHTEPIPETUPYETCS) B CIECMAIBHOM Cpejie, a He Ha-
NpsIMyl0, KakK HWCMHOJIHSeMbIH (alil B paMkax oOrnepalMoHHON
CHUCTEMBI.



1.4.4. O tepmunax «<SCADA-cucrema» n «SCADA-naker»

Tepmun «SCADA-cuctemMa» M3BECTEH JOCTATOYHO LIMPOKO,
HO C €ro MpUMEHEeHHeM CBs3aHa mpoObJiemMa, BbI3BaHHAs €ro Cylle-
CTBEHHOM HEOAHO3HAaYHOCThIO. PaccMoTpum moapoOHee 3Ty mpoOd-
JIEMY.
Ao6Opesuatypy SCADA (Supervisory Control And Data
Acquisition) MOXXHO TMEPEBECTH KAK «IUCHETUYEPCKOE YIPABJICHUE
u cOop aaHHbIX». M 31ech Mbl oOpalaeMcst K npodjeMaTuke apxu-
TEKTYp CHUCTEM aBTOMATM3alUWKW W yrpaeieHud. KoHuenus
SCADA npeanoJiaraet HaJlM4Me HEKOTOPOro rjiaBHoro yziaa MTU
(Master Terminal Unit) v MHOXeCTBa MOJAKOHTPOJIBHBIX YJIaJIEH-
Hbix y35ioB RTU (Remote Terminal Unit), KOTOpble BCE BMECTE
OOBEIUHSAIOTCS C TOMOUIbIO KOMMYHUKALMOHHOU cuctemMbl CS
(Communication System) B OJJHy CHUCTeMy aBTomaruzaumu [15, 29,
32-37]. IIpn stom MTU xapakrepu3yeTcs HaJIUUYUEM Pa3BUTHIX
CpeACTB uesioBeKo-MalnmHHOro uutepdeiica HMI (Human Machine
Interface), 0OBIMHO pealM30BaHHOIO C MOMOIIBIO BHIYUCIUTEILHOM
TEXHUKU U COOTBETCTBYIOLIUX CPEACTB B3aUMOJICMCTBUS C YEJIOBE-
KOM, @ TaK>K€ BbIMOJIHAET €le Leablid paa crneuuduueckux (PpyHk-
uuii. B kauectBe RTU Moryrt BpICTylaTh KaKk YHUBEPCAILHBIE BbI-
YUCJIUTEJIbHbIE YCTPOMUCTBA, HAIPUMEP MPOrPaMMHUPYEMBIE JIOTHUYE-
CKME KOHTPOJUIEPhl, TaK W CIICUAJIbHbIE YCTPOWCTBA CBS3M
C OOBEKTOM, KOTOpbI€ MOTYT ObITh KOHCTPYKTHBHO W ()YHKIIHO-
HaJIbHO OOBbEJIMHEHbI C JJATYUKAMH U UCIIOJHUTEIbHBIMU YCTPONCT-
BaMU.

OTaenbHBI BOMPOC — 3TO MpOrpaMMHOE OOecrneYeHHe TeX
CHACTEM ABTOMAaTU3alMU, KOTOPbIE MPOEKTUPYIOTCS IO MPUHLIMIIAM
SCADA. CyuiecTByeT JOCTAaTOYHO MHOIO CIEUHaIu3uPOBAHHBIX
CpPEeACTB peajiu3aliii MPOorpaMMHOro oOecreyeHus B paMKax KOH-
uenuuu SCADA. B kauecTtBe npuMepoB MOXKHO OoTMEeTUTbL TRACE
MODE, InTouch, iFIX, CitectSCADA n np.

ITogoOHbBIe MporpaMMHbIe cpeaicTBa YacTo Ha3biBalOT «SCADA-
cucremaMu». OJIHAKO 3TOT TEPMUH 00J1aa€T HEOJHO3HAYHOCTHIO,



TaK KaK €ro MO>KHO MHTEPIPETUPOBATh HE TOJBKO KaK «IIPOTpamMM-
HYIO cucTtemy i apXuTeKTypbl SCADA», HO M KaK «CUCTEMY aB-
TOMAaTHU3aL1H1, PEATU30BaHHYIO cOrsIacHO apxutektype SCADA».

JlelicTBUTENIbHO, YNOTpeOieHHne BO BTOPOM CMbIC/IE€ OYE€Hb
4acTO BCTPEYAECTCA B AHIJIOA3BIMHOW JIMTEparype (CMm., Hampumep,
[32], [33], [37]). B pyCCKOA3BIYHOM TUTEPATYPE TAKIKE BCTPEUAETCS
aHAJIOrMYHOE MOHUMAaHUE JAHHOTO TePMHUHA, HarpuMep B paboTax
[15], [20], [29].

B menom MOXHO cKazaTbh, YTO CJIOKWJIACh CJIEAYHOLIAs CUTYa-
uus. B pycckom s3bike TepMuUHOM «SCADA-cuctema» vaiue Hasbl-
BAIOT UMEHHO MPOrpaMMHBIA NPOIYKT, UCIOJb3YyEMBbIN /11 peain3a-
uuu [1O cuctem apTOomMaTM3alUMv W ynpapieHus. B aHrnuiickom ke
sI3bIKE MO00HBIC TTPOrpaMMHBIE TTPOTYKThl OOBIYHO UMEHYIOTCS Kak
SCADA software (SCADA 110), automation software (IO nnsa aB-
tomatuzaumu), SCADA suite (SCADA-nabop), SCADA package
(SCADA-naker) u T.4. Takoe paznnume JOCTaTOYHO 3aMETHO, HAITPH-
Mep, MPU NPOCMOTPE PYCCKOSAZBIYHBIX W AHTJIOS3bIYHBIX O(PUIHAb-
HBIX CAalTOB MPOU3BOAUTEIICH MOAOOHBIX MPOrPaMMHBIX MPOIYKTOB.

[Ipy 5TOM B aHTIOA3BIYHBIX HAYYHBIX CTaThsX (CM., HAIpUMeEP,
[34-36]) Tepmun SCADA system 0ObIMHO UCIIOJIB3YETCSA NPUMEHHU-
TEJIbHO K AapXWTEKType CHCTEMbI aBToMatu3anuu. Hampumep,
B padoTte [35] Ha mepBOM pUCYHKE M300pakeHa 000OIIeHHAs TOMO-
amorugs SCADA-cucteMbl, U Jajiee OIMNMUCHLIBAIOTCS KOMIIOHEHTHI
SCADA-cuctembl, nog KOTOPBIMU MOHUMAIOTCSA JATYUKU U UCIIOJ-
HurelibHble yeTporcTa, RTU, MTU.

B paboTax Ha pycCKOM SI3bIKE€ BCTPEHAKOTCSl pa3jdyHbIe CITy-
yau ynotpedsieHust TepmMmuHa «SCADA-cucremMa», U B 11€JIOM UHTe-
PECHO MOCMOTPETh, KaK MPOSIBJISIETCA CYLIECTBEHHAS! HEOQHO3HAY-
HOCTb JAHHOIO TEPMUHA.

Bo mHorux ucrouHukax (cM., Hampumep, [l], [26]) TepmuH
«SCADA-cucrema» ucnosib3yercsi TOJIbKO NPUMEHUTENIBHO K COOT-
BETCTBYIOLIUM MPOTPAMMHBIM MPOYKTaM.

B pabote [12] yxe B 3arosioBke JaHO yKa3aHHE Ha pacCMOT-
pearne SCADA-cHcTeMBI KaK POrpaMMHOTI0 MHCTPYMEHTA.



B pabote [6] B OCHOBHOM MCIIOJIB3YIOTCSI TEPMHUHBI «CHCTEMA
SCADA» n «cuctema tina SCADA>», HO UMEHHO 1 YKa3aHHs Ha
apXUTEKTYPHbIE OCOOEHHOCTHM CHCTEMbl, a HE Ha MpOrpaMMHBIN
MPOJYKT.

B pa6orax [15], [20], [29] mon SCADA-cuctemamy nmoHuMaeTcs
onpee/eHHbIA KJIacC CUCTEM aBTOMAaTH3allMu M yIpaBjeHus, 00Jia-
JAIOIIMK  COOTBETCTBYIOLIMMHU  apXUTEKTYPHBIMHA OCOOEHHOCTSIMH.
M 3T0 10CTaTOMHO XOpOLIO COOTHOCUTCSI C AHTJIOA3BIYHOM JIMTEpATy-
poii [32-37]. IIpu aToM B cTaTbe [29] ucnonb3yercs OTAEbHbBINA TEp-
MUH «IporpaMmmHsle npoaykrsl kinacca SCADA/HMI». B cratee [20]
noa SCADA-cucteMoirl MOHMMAETC KOMILUIEKC arlnapaTHOro U mpo-
rpaMMHOr0O oOecreyueHus ISl peaiu3aly HYKHbIX (DYHKUMNA Mpu-
MEHUTEILHO K KOHTPOJUpYyeMol sHeprocucteme. B padore [15] ecThb
OTAEJbHBIN pazzen ¢ HazBaHueM «SCADA-cuctembl», rie usjaraer-
CSl «aPXUTEKTYPHOE» MIOHUMAHHUE 3TOTO TEPMUHA.

31ech MPUBOJUTCS MAJIOE YMCIIO IPUMEPOB, TAK KAK OCHOBHAs
LeJb — ATO HE aHAJIU3 0COOCHHOCTEH MPUMEHEHHUS JaHHOI'O TEPMHU-
Ha B OOJIBIIIOM MacCHUBE CTaTeM, KHUI, UHTEPHET-PECypcoB M T.I.,
LeJblO SBJISIETCS JIMIIb yKa3aHWe Ha MpoOJieMy pa3UYHbIX TOJKO-
BAHWUM OJHOrO U TOTO K€ TEPMHUHA.

KoHe4Ho, TIpy MOHWUMAHWM JIBOMCTBEHHOM MPHUPOJbI TEPMHHA
«SCADA-cuctema» 0OBIYHO HE COCTaBJIIE€T TpyJa pa3zodparhcs,
B KaKOM CMbICJI€ YMOTpeOsieTcs 3TOT TEPMUH B TOM WJIM UHOM
KOHTeKcTe. OJIHAKO Yy YeJIOBEeKa, KOTOPhIA HE OY€Hb XOPOIIO 3Ha-
KOM C JaHHOW TeMaTUKOM, MoJ00Hast CUTyallMsl MOXKET BbI3bIBaTh
BONPOCHI. B CBA3M ¢ 3TUM mpemyiaraercs CJEAYIOMNA MOAX0]: BMe-
cto TepmuHa «SCADA-cuctemMa» HCMNOJIb30BaTh OTIEJIBHBIA Tep-
MUH JJ1s TIPOrPaMMHBIX MTPOAYKTOB W OTAECJIbHBIN TEPMHUH IJISl OMH-
CaHMSl apXUTEKTYPHbIX OCOOEHHOCTENM CUCTEMBI.

MoHO MopeKOMeH10BaTh Jid 00O03HAYeHMs IMPOrpaMMHBIX
NpPOAYKTOB HcHoJib30BaTh TepMUH «SCADA-naker», Tem Oonee
YTO ATOT TEPMHUH JOBOJILHO YacTO MCHOJB3YETCd KaK B PYCCKOS-
3bIYHBIX TEKCTaxX (CM., Hampumep, [23]), Tak U B AHIJIOSA3bIYHbBIX
(cM., HaipumMep, [32], rae npumensiercs TepMuH SCADA package).



B cBoro ouepenb, 18 yKazaHUsS Ha apXUTEKTYpHbIe OCOOEH-
HOCTHU CHUCTEMbI aBTOMATU3ALMU MOKHO MTOCOBETOBATH MOJIb30BATh-
Cs, HampuMep, TePMHUHOM «cHucTeMa ¢ apxutektyporr SCADA»,
a B KaKUX-TO CllydasX — nmpocTo «apxurekrypa SCADA».

MIMeHHO 3TOT MOAXOJ MpeacTaBiisieTcss 0ojiee pa3yMHbIM, Tak
KaK OH IO3BOJISIET YETKO Pa3rpaHUYWThb TMOHSATUS U UCMOJIb30BATh
OT/ieJIbHbIE TepMHUHBI 0€3 pHUCKa HenmpaBWIbHOW TpakTOBKHU. Ilpu
9TOM, KOHEYHO, eJaTeJbHO OOBIACHATL TepMUH «SCADA-cuc-
TEMa» M OTMEYAThb €ro CYUECTBEHHYH) HEOJHO3HA4YHOCTh. Ilo-
CKOJIbKY 3TOT TEPMMH MCIIOJIb3YETCS MOBCEMECTHO M LUUPOKO, TO
yyTarellb JI0JKEH IOHMMaTh OCOOEHHOCTM €ro HCMOJIb30BaHUs
B 3aBUCHMOCTH OT KOHTEKCTA.

Elie oHAM MpenmMyIecTBOM MPEAIOAKEHHOTO TTOIX0/1a SIBJIS-
€TCsl YMEHbLIEHUE PUCKOB HEBEPHOrO IEPEeBOAA C AHIJIMMCKOTO
Ha pycckui (M oOpaTHO). Hampumep, mpu NpodTeHWH Ha3BaHUS
KHUTH [3'7] uenoBeK, MPUBBIKIIWK UCIOJBb30BaTh TEPMUH «SCADA-
CHUCTeMa» B CMbICJIE MPOrPAMMHOIO MPOAYKTa, MOKET OLIMOOYHO
MOoAyMaTh, YTO ATa KHMUIa IOCBslIEHa MH(pOpPMALIMOHHON Oe3omac-
HOCTU UMEHHO MPOrpPaMMHBIX MPOIYKTOB. BeposTHOCTh MO100HOM
OLIMOKM OYyJIeT ropa3 0 MEHbLIE Yy 4YesIOBeKa, KOTOPbI onepupyer
TepmrHaMu «SCADA-TiakeT M «cucrema ¢ apxurektypord SCADA»
M €CIIM OH 3HaeT TMpPO HEOAHO3HAYHOCTh TepmuHa «SCADA-
CHUCTEMA».

Takke nMprMeHeHWEe TaHHOTO MOAXOJ1a MO3BOJISIET JaBaTh 0O-
Jiee YeTKkue HauMeHoBaHusl. Hanpumep, B padote [8] ucnosnb3yercs
cinoBocoveTanue «ruOpusiHbii SCADA-nakeT», U cpazy CTaHOBUT-
Csl TIOHATHO, YTO Pe4b UAET O MPOrpaMMHOM MaKeTe, 00agaroleM
KaKUMHU-TO TUOpUIIHBIMU cBoMcTBaMU. Ho eciu Obl Wcnosib3oBa-
Jochb ciioBocoyetaHue «ruopuaHas SCADA-cuctema», TO 3TO
nopoXkaajio Obl HEOJAHO3HAYHOCTh. Hanpumep, mMor Obl BO3ZHUKATh
BOIPOC: 37€Ch MOJIpa3yMeBaeTcsi TMOPUAHBIA MPOrpaMMHBIN MaKeT
WM CHUCTEMa aBTOMAaTH3allMU C KaKOW-TO THOPUIHOW apXHUTeK-
Typoit?



Takum oOpa3zoM, B KauecTBE UTOra MOKHO C(HOPMYJIUPOBATH
CIEIYIOLIYI0 PEKOMEHAAIMI0. BMecTO HEOAHO3HAYHOTO TEPMHUHA
«SCADA-cuctema» nydile ucrnonb3oBath Jinb6o «SCADA-nakeT»
(B ciayyae ykazaHUsi Ha MPOrpaMMHBIA MPOIYKT), JTUOO «cucTtema
c apxurektypoir SCADA» (B cilydyae yka3aHMsl HA CUCTEMY aBTO-
MaTu3aluu, a TakKe OCOOEHHOCTU TMOCTPOEHUS €€ MPOrpamMMHO-
arrapaTHoro komruiekca). Kpome Toro, Hago MOHUMATh HEOJHO-
3HAaYHOCTh TepMHUHa «SCADA-cucTeMa» U yTOUHATh €ro JJis ceos,
YUUTBHIBAsA KOHTEKCT, B KOTOPOM 3TOT TEPMHUH UCMOJIb3YETCH.

1.4.5. Opranuszanus u OCHOBHbIe (YHKIIMH COBPEMEHHbIX
SCADA-naketoB

1.4.5.1. Boioop npumepa SCADA-naketa

Bo mHorom Bce SCADA-nakeTbl MOX0KHU MO CBOMM 0a30BbIM
MPUHLIMIIAM [MOCTPOEeHUSI U 0a30BbIM KOMITIOHeHTaM. KoHeuHo, ecTb
M CyLIECTBEHHbIE OTIMYMs Mexay pasHbiMu SCADA-nakeTamu, HO
€CTb U O0LIME YepThbl, KOTOPbIE U MPOSABISIOTCA B OOLIHOCTH 0a30-
BbIX KOMIIOHEHTOB.

ba3oBble MPUHLMUIIBI TOCTPOEHUS U 0a30Bble KOMIIOHEHTbI
SCADA-nakeToB yg0oOHO paccMOTpPeTb Ha NpUMEpE J0CTaTOUYHO
npoctoro SCADA-nakera, koTtopelii HazbiBaetcsi Advantech Ge-
nie v2.0. B nanbHeueM A5 KpaTKOCTH OH OyJIeT Ha3bIBaThCs MPO-
cto Genie.

Hano ormeruts, uro 31or SCADA-nakeT Obll1 BBIMYLIEH YKe
OY€Hb JABHO, OJIHAKO OH OYE€Hb MPOCTOU B OCBOEHWU, UMEET OUEHb
npoctoil uHTepdeiic. [loaroMy oH Haubosnee yaoOeH aJisi nepBOHa-
YaJIbHOIO 3HAKOMCTBA C OCHOBHBIMU ocoOeHHocTsIMU SCADA-
NaKeTOB U MPUHLUNAMU Pa0OThl C HUMHU.

BaxkHo TO, UTO, pa3o0OpaBIIMCh ¢ OA30BBIMU MPUHLUIAMHU MO-
CTpOeHHs U 0a30BBIMM KOMIIOHEHTaMH Ha npumepe Genie, ropaszio
jerdye mpucTymnartb K pabore ¢ coBpeMeHHbIMU SCADA-nakeTamu,
KOTOpBbIE, KaK MPaBUJIO0, UMEIOT 00Jiee CJIOKHBIA U pa3BETBICHHBIN



uHTepdeic, 4YTo 00YyCIOBIMBAETCA TEM, YTO OHHU MPEJIOCTaBJISIOT
ropaszio 0osbiie GyHKIUNA U CPEACTB A1 padOTHI.

Euie cienyer oTMeTUTh, YTO B AanbHeHemM Oyaet OoJiee noa-
pOOHO paccMaTpuBaThbCsi COBpeMeHHbIN U cioxHbld SCADA-naker
TRACE MODE. U1 B xo/1¢ 3HaKOMCTBa C HUM OYyT YIIOMHHATbCS
0a30Bble MPUHLUIIBbI MOCTPOCHUSI U Oa30Bbie KOMMOHEHTbI SCADA -
MaKeTa, pacCMOTPEHHbIE paHee Ha npuMepe Genie. [lpu 3TOM MOXK-
HO OyJeT MpociaeaUTh COOTBETCTBHUSA, T.€. YBUIETh, KaK TOT WJIHU
nHo# acnekt, npeacraBiieHHbli B TRACE MODE, HaxoauT cBoe
cootBercTBUE B Oosiee mpoctoM SCADA-nakere Genie.

Takxe yuTaTeNt0 PEKOMEHYETCS BBINOJHWTH MPUBEACHHbBIC
B nocoOuu npumepbl Ha apyrom cioxHoM SCADA-nakere, Ha-
npumep CitectSCADA [11].

Takoil moaxoa AOCTaTOYHO yA0O€H, Tak Kak B Genie MHOTHUE
0a30BbIe KOMITIOHEHTHI pealu3yroTcs OoJiee HarIsgHO («rpaduye-
cku»), yueM B TRACE MODE u CitectSCADA. U 3xaech Hago noja-
YEepKHYTh, 4TO 3TO0 He sABaserca HegocratkoM TRACE MODE
u CitectSCADA. IIpocto 3TH makeThl SBISIOTCS OoJsiee CI0KHBIMU
M npeaHa3zHayeHbl AJ1s1 padoThl ¢ 0oJiee 3HAYUTEIbHBIM KOJUYECT-
BOM OOBEKTOB U CBS3€M, a OOJbLIOE KOJUYECTBO OOBEKTOB
M CBsizeH yJI0OHee TMpelacTaBiaATh He rpaduyeckd, a TaOJIUUYHO,
B BUJIE€ CMMCKOB. M Takoil BapuaHT mpeacTaBlieHUs OoJiee ClIOoMkKEH
MPU HaYAJIbHOM 3HAKOMCTBE. BOT Mo3TOMYy 171 MepBOro 3HaKOMCT-
Ba ¢ 0a30BBIMU MPUHIMITIAMU MMOCTPOCHUSI U 0a30BBIMM KOMITOHEH-
Tamu SCADA-naketoB Obl1 BbiOpaH npoctort SCADA-nmaker
Advantech Genie. [lpu 5ToM B najibHelIleM OyJeT UCTIOIb30BaThCS
neMoHcTpauuoHHass Bepcus 3Toro SCADA-makera, Ha3biBaeMas
Advantech Genie Starter 2.0. Kak yke OblJIO paHee OTMEUEHO, s
NPOCTOThI B JajibHEHIIEM BMECTO 3TOr0 JJIMHHOIO Ha3BaHUs OyaeT
MCMOJIb30BaThCsl KpaTkoe HazBaHue Genie.



1.4.5.2. llpuauun opranuzaumu SCADA-nakera
Ha OCHOBE JIBYX 0a30BBIX MOJIYyJIEH

SCADA-naker Genie, Kak M, IOXaJlIyl, OOJBIIMHCTBO
SCADA-nakeToB, paboTaeT B YCJIOBHIX OMNEPALMOHHOM CHUCTEMBI
cemerictBa Windows. Ilocne ycrtaHoBku Genie B MEHIO Mporpamm
onepaloOHHON cucTteMbl (GOPMUPYETCS COBOKYMHOCTBH SIPJIBIKOB,
Cpear KOTOPBIX HAJIO BBIACIUTD 1BA OCHOBHBIX:

1) Advantech Genie Starter;

2) Advantech Genie Starter Runtime.

[lepBbiii U3 HUx (Advantech Genie Starter) 3amyckaeTr Ipo-
rpamMMy-peaakTop Jisl CO3/1aHUsl U PeJaKTUPOBAHUS alrOPUTMHUYE-
CKOM OCHOBBI U rpaduyeckoro uHTepdeiica, koTopbie OyayT 3amnu-
CaHbl B Pe3yJIbTUPYIOLIUH (haii.

Bropol, Advantech Genie Starter Runtime, W1 TIPOCTO
Runtime, Ciy>KAT U1 3aycKa NporpaMMbl-UHTEPIIpETATOPaA, KOTO-
pasi «BBIMOJIHIET» TOT (aila, KOTOPhI ObUT cO34aH MPOrpaMMOi-
PEAAKTOPOM.

ITo cyTu, 310 ABa 6a30BbIX MoAyJsa noutu Jroodooro SCADA-
nakera:

— MporpaMMa-peIaKTop;

— MporpaMma-uHTEpIIpeTaTop.

VY 3Tux AByX Mojayjed MOryT ObITb pa3Hble Ha3BaHWUS B pa3-
HbIXx SCADA-makeTax, 0JIHaKO OHM, KaK MPaBUJIO, B HUX MPHUCYTCT-
BYIOT.

[Ipy >TOM HaJ0 OTMETUTH, UYTO MPOrPaMMa-pPEIAKTOP TAKKE
MOYET BBINOJHATh ONpPEACTCHHbIe (PYHKIMU NPOrpaMMbl-UHTEpP-
nperaTopa, B YaCTHOCTHM 3alyCcKaTb pa3padaThiBaEMYIO CHUCTEMY,
YTO Ba)KHO, HANIPUMEP, IJI1 MPOMEKYTOUYHBIX MPOBEPOK TOr0, UTO
noJiy4yaeTcsi Mpu CO3JaHUuM cucTteMbl. M 3Ta BO3MOXKHOCTH MpPO-
rpaMMbl-peIakTOpa 4YacTo HUCIob3yercs BO MHOrux SCADA-
nakerax.

Ho Bor B SCADA-nakere Genie 3T 1B€ MPOTrpaMMbl KECTKO
pazneinensl. [Iporpamma-penaktop ¢popmupyet ¢aii ¢ paciiipeHu-



eM «gni», T.e. Ha3BaHue (aina Buaa «filename.gni», a nporpamma-
MHTEPHPETaTOP BBHIMOJHAET (MHTEPOPETUPYET) A3TOT ¢aia. Ha naH-
HOM »sTarne nepBoro 3HakoMcTBa co SCADA-nmakeTom 3TO paxe
Jydille, Tak KaKk MOXXHO OoJiee YeTKO YBUJIETh pa3fiuuhe MExKy
TUMHU ABYMS 6a30BbIMU Moy assMu SCADA-nakera.

1.4.5.3. OcoGeHHOCTH MPUMEHEHUS] COBPEMEHHBIX
SCADA-nakeToB npu npoeKTUPOBAHUU CUCTEM
aBTOMAaTU3allMU U YIIPABJICHUS

SCADA-nmakeTbl SBISIOTCS OJHWM W3 HWHCTPYMEHTAIbHBIX
CPEeACTB pazpadomku MPOrpaMMHOro odecrneyeHusl Mpyu MpPOeKTU-
poBanun CAnY. Ho Takxke BaxxHOo, uto SCADA-nakeT npegocras-
JI€T CPEeACTBA JISl 8bINOJIHEeHUsE IPOTPAMMHOI0 00eCeUYeHUs B XO-
ne nociueayroiero gyHkiuonupoanus CAnY, u 3Ty ocoOeHHOCTD
HEOOXOIMMO YUUTHIBATh MpH MpoekTupoBaHun CAnY.

CxeMaTU4HO TIPOLIECC CO3JIaHUS  PE3YJbTUPYIOLIEro Mpo-
rpaMMHoOro obecnedeHus ¢ nomoibio SCADA-nakera mpeacTan-
JIeH B 00111eM BHjie Ha puc. 35.

IIporpamma-pemakTop
B coctaBe SCADA-nakera

A

Yrenune ¢paiisioB 3anuce paiiion

A J

(&Lﬁnm, pelakTUpyeMble HporpaMMOﬁ—pe;LaKT@

Beinosinenue (HHTEpIIpETALIH)
¢paitiioB
r

A

[TporpaMmMa-MHTEpIIPETATOD
B coctaBe SCADA-nakera
(cpema ajisi BuinoJHEeHUs1 (Paitiios,
pPeIaKTUPYEeMBIX IIPOrPaMMON-PEIaKTOPOM )

Puc. 35. ITpouecc co3manns nporpaMMHOTO 00eCTIEYEHUS
¢ nomoubo SCADA-nakera



M3 3TOM cXxemMbl BUAHO, YTO TporpaMma-pe/IakTop (B ciydae
Genie 310 nporpamma Advantech Genie Starter) dGopMUpyeT OJIUH
WK Heckosbko daitio. Tak, B ciiyuae SCADA-naketa Genie ¢op-
MUPYET OJIUH (paiisl ¢ paclIMpeHUueM «gni». ITH (akibl (MK eauH-
CTBEHHBIN (haiis1) MOCTyMatoT Ha BXO MPOrpaMMbI-MHTEpIIpeTaTopa
(B ciiyuae Genie 310 niporpamMma Advantech Genie Starter Runtime).

[IporpamMma-uHTEpHpETaTOP BBIMOJHAET (MHTEPIIPETUPYET)
3TU (aiinbl, GopMUpys, B 4YaCTHOCTHU, HEOOXOAUMBIN rpadUYeCKUi
MHTEep(Jenc ¢ MoJb30BaTEEM U BBIMOJIHSSA HEOOXOUMbIE AJITOPUT-
Mbl. «OnucaHue» rpauyeckoro uHTepderica M 3TUX aJrOPUTMOB
KaK pa3 WM Haxoautcs B ainax, (QopMUpyeMbIX MNpPOrpamMMOi-
PEAAKTOPOM.

Takum oOpazom, mnporpamMma-uHTEpNpeTaTop oOecneyruBaeT
cpeay IJisl BBINOJHEHUS! (PalsIoB, cO34aBA€MBbIX C MOMOIIBIO MPO-
rpaMMBbI-peJaKkTopa.

Bcé€ neno B Tom, 4TO caMu 1o cebe ¢aitnibl, co3aaBaeMble TPo-
rpaMMOM-PENAKTOPOM, HE MOTYT BBIMIOJIHATHCS B paMKax Orepalu-
OHHON CHCTEMBbI, TaK KaK OHW HE SBJISIOTCS WCIOJHIEMbIMU (haii-
JIAMHU JIJ1S1 5TOW OTIEPALIMOHHON CUCTEMBI.

IMopasnsromee OonbmnHcTBO SCADA-nakeTtoB (M, B 4acT-
HOCTH, Genie) C MOMOIIBIO TIPOrPaMMBbI-peJlaKTOpa 00eCeurnBarOT
CO3/IaHWE OJHOTO WJIM HECKOJBKHUX (haiJIOB, KOTOPbIE HE SIBJISIOTCS
UCIIOJIHSIEMbIMU (hailyiamMu 17151 ONePaLMOHHOM CUCTEMBI.

Hanpumep, B pamMKax oOIepalMOHHBIX CHCTEM CEMEHCTBa
Windows vcnonusembiMu (aiinamu cuutaroTcs Qaiiibl ¢ paciimpe-
HUEM «eXxe». IJTH (pailyibl MOXKHO 3aIyCTHUTh, HAXKaB Ha HUX, HaNpH-
Mep, C TIOMOUIBIO MBIIIM. Tak BOT, pe3yJIbTaTOM paOOThl POrpaMMbi-
penaktopa SCADA-naketa Genie SBASIOTCS He (halibl ¢ paclimpe-
HUEM «eXe», a (hailibl ¢ pacluMpeHueM «gni» (KaKk U ObLIO yKa3aHO
BbILIE), U 3TH (pailsibl (C paclIMpeHUeM «gni») HeJlb3sl MPOCTO TaK 3a-
NyCTUTh B paMKax ornepauudoHHOr cuctembl Windows. Itv daitnibl
JIOJDKHBI  «JIEUCTBOBATH COBMECTHO» C TPOrpaMMOU-UHTEPITPETATO-
POM, U B TaKOW CBSI3KE OHH W 00€CMEUMBAIOT padOTy MPOrpaMMHOIO
oOecrieuenusd, cozaasaeMoro ¢ momornsro SCADA-nakera.



Takum oOpazom, mporpamma-pegakTop B coctaBe SCADA-
nakera GopMUpPYeT OJWH WJIM HECKOJIbKO HEMCITOJHIEeMbIX (DaiiioB.
Ot aiibl HE UCTIOJHSAIOTCS ONMEepPalMOHHOM CHUCTEMOM, a UHTEp-
MPETUPYIOTCS MPOrpaMMoOn-uHTepripetatopoM B coctae SCADA-
naketa. Cama mporpaMMa-uHTEPIIPETATOP SABJISIETCS UCIOJHAEMbIM
¢daitniom, ¥ OHa 3arpy>kaeT OAWH W HECKOJbKO (haiioB, MONyUYeH-
HBIX Ha BBIXOJI€ MPOrpaMMBbI-peJaKTOpa, W MOCJE 3TOr0 MHTEPIIpe-
TUPYEeT MX (YMTAeT MX W BBIMNOJHACT HEOOXOAUMbIC ICHCTBUS).
IToaTOMY U MOKHO FOBOPUTH, YTO MpOrpaMma-uHTepnpeTaTop ¢op-
MUPYET cpeay s BbINOJIHEHUS (ailiioB, CHOPMUPOBAHHBIX C I10-
MOLLIBIO TTporpamMmbl-pegakropa B coctabe SCADA-nakera.

M 31ech BO3HUKAET ClIEAYOLIMHA BOMPOC: YTO K€ CUMTATh MPO-
rpaMMHBIM oOecniedeHreM, cosaaBaeMbiM ¢ ToMolnpio SCADA-
nakera?

Kazanock OblI, TIpoIrie Bcero OblI0 Obl OTBETUTh, YTO C IMOMO-
LIBIO TIpOrpaMMbI-peflakTopa co3aaroTcs (haiibl, KOTOpPblE U HaJI0
CUMTATh MPOrpaMMHBIM OOECIEYEHUEM, CO3/IJaBa€MbIM C MOMOUIbIO
SCADA-nakera. M1 npu TtakoM noaxoje MporpaMmma-uHTepIipeTa-
TOp CUWTAETCd cpeaoi, B KOTOpOH JaHHOE mporpamMMHoe obecrie-
YyeHue BbIMoJiHgeTca. TakuM oOpa3oM, MporpamMa-uHTEPIIpeTaTop
SABJISIETCA CBOETO poAa OONOJIHeHueM JJIsi ONEPALMOHHONM CHUCTEMBI,
KOTOpOE MO3BOJIIET BBIMOJHATHL MPOrpaMMHOE OOecTeueHHue, CO3-
naBaeMoe ¢ nomouibo nanHoro SCADA-nakeTa. 9T0 OUeHb MOXO-
’)K€ Ha TO, Kak MOHHWMAaeTcsl MporpaMMHoe oOeclieueHHe B cliydae
TaK Ha3bIBA€MbIX UHTEPIPETUPYEMBIX S3bIKOB.

C apyroi CTOpoHbI, HAAO TOHUMATh, YTO camMu Mo cede aii-
Jbl, co3gaBaeMmble ¢ moMouipto SCADA-nakeTa, He MOT'YT BBINOJI-
HATHCSl B ONIEpallMOHHOM cucTteMe. /{1 MX BBINOJIHEHUST (MHTEpIpe-
TallMd) Hy>KHa MporpaMmma-uHTeprnpeTaTop, Kotopas 400 BXOAUT
B coctaB SCADA-nakera, 1100 OT/EbHO NMpUOOpeTaeTcs Kak /10-
nonHeHue kK SCADA-nakeTy s odecrneyeHus: cpeibl, MO3BOJISIO-
e BBITIOJTHUTh YKa3aHHbIE (aitibl.

[ToaToMy nHOrAa ObIBaeT yJ0OHO B KayeCTBE IPOrpaMMHOIO
obecriedeHus, cozaaBaeMoro c¢ nomouiplo SCADA-makera, pac-



cCMaTpvBaTh COYETaHWE MPOrpaMMBI-UHTepHpeTaTtopa M (haisios,
(hopMHUPYEMBIX MPOrPaAMMO-PETAKTOPOM.

Hanpumep, korga craButcs 3agava pa3padboTarh MpoOrpamm-
Hoe obecrieueHue padoyero mecra omneparopa B coctaBe CAunY
M Korjga HeoOXOJMMO OOeCHeYUTh He TOJBKO pa3pabOTKy 3TOro
nporpaMMHOro ooecrneyeHus, Ho U ero (yHKLUMOHHUPOBAHUE U CO-
MPOBOXKAEHHE, TO TOrJa MPOoLEe FTOBOPUTH O pazpadaThiBA€MOM MPO-
rpaMMHOM OOECIICYEHUH KaK O CBS3KE IpOrpaMMbl-UHTEpIpeTa-
Topa u (haiJioB, CO31aBaeMbIX C MOMOLIBIO MPOrpPaMMbI-peAaKTopa.
JIeHcTBUTEIbHO, BE/Ib B OTOM cilyyae TpeOyeTcs He TOJbKO pa3pa-
6oTath (co37aTh C MOMOIILIO MIPOrpaMMbI-peIaKTOpa HYKHbIC (haii-
Jibl), HO U obOecneyuTh (YHKLMOHUPOBAHHWE MPOrpaMMHOro obec-
neveHus, T.e. 00ecrneyuTh BbIMOTHEeHHe (aiijioB ¢ MOMOIIBIO MPO-
rpaMMbI-UHTEpIpeTaTopa, KOTopas AoJDKHA OBITh YCTaHOBJIEHA
M HacTpoeHa Ha pabodem MecTe oriepatopa CAnY.

Ho B panbHeliem, 4ToObl He ObLIO pa3HOUTEHUM, Mbl OyJieM
MOHUMATh, MO YMOJIYaHUIO, TTOJ] pa3pabOTKON MporpaMMHOIo odec-
neyeHus ¢ nomMoinbio SCADA-nakeTa MIMeHHO pa3paboTKy (daition
C MoMoLIbIO0 mporpaMmbl-peakTopa B coctae SCADA-nakera.

1.4.5.4. ®ynkuuu SCADA-nakeToB

Kpome ¢pyHKUMU MCHONHEHUs (MHTepnpeTaluu) pa3padoTaH-
Horo IIO, o yem ObuIO cKazaHO BbIle, coBpeMeHHble SCADA-
nakeTbl 00BIYHO BBIMOJIHSIOT CJIEAYIOIINE OCHOBHbIE (DYHKIIWU:

— pazpaboTKa MoJIb30BaTE/ILCKOTo rpaduyeckoro uHTepdeiica,
B TOM YMCJI€ UCIIOJIb30BaHHE CPEACTB aHUMAIIUU;

— peanuzauus B3aumMoaeucTBrs ¢ TUoBbiMu Y CO;

— peanu3alus alropuTMOB yIpaBJeHUs;

— pa3rpaHuyeHue JOCTYyIa M0Jb30BaTesIel pa3HbIX YPOBHEH;

— (popMUpOBaHHE OTUETOB COOBITUH WM apXWMBOB MapaMeTpPOB
yIIpaBJIsIEMOTO Mpollecca;

— pa3paboTKa MporpaMM Ha HEKOTOPOM BCTPOEHHOM (OOBIYHO
MHTEPIPETUPYEMOM) SI3bIKE.



Hanvuve pa3BUTHIX CPEeACTB MPOrpaMMHUPOBAHUS Ha COOCT-
BEHHOM BCTPOEHHOM SI3BIKE MO3BOJIAET TAKKE OCYIIECTBIIATE TAKYO
GYHKIMIO, KaK MOJIeJIUPOBaHUE OOBEKTOB yIPaBJICHUSI.

KoHTpoJsbHBIE BONIPOCHI

1. Uto Takoe CAnY u KakuM 00pa3oM MPOMCXOJUT B3aHMO-
nericteue CAuY ¢ ueneBbiM npoueccom? Uto mMoxkeT ObITh Lielie-
BbIM TporieccoM B ciyyae CAunY? IlpuBenure mpumepsl 1EJIEBbIX
MPOLIECCOB.

2. Kak moxHo knaccuduuuporatb CAuY 1mo BuaaM LEJEeBbIX
MPOLIECCOB?

3. Kakue cymectBytoT Buabl odecnedenuss CAnY?

4. Ilepeuncnrre OCHOBHBIE BUAbI TEXHUYECKUX CPEJICTB aBTO-
MAaTH3alMU U YIIPABJICHUS Y MPUBEAUTE MPUMEPI JJIST KAXKI0ro U3
3THUX BU/IOB.

5. Uro noHuMMaeTcss MoJ KOMIbIOTEPHbIMU TEXHOJIOTUSIMU
YIIPABJIEHUS] B TEXHUYECKUX CUCTEeMaXx?

6. Kakue MOKHO BBIJIEJIUTh TUMNOBBIE ApXUTEKTYpbl CANY?
KakoBbI mpenMy1iecTBa U HEIOCTATKHA ITUX aPXUTEKTYP?

7. Kak paznuuarorcss HUKHUE M BepxHue ypoBHU CAMY mno
BBITIOJTHAEMBIM (PYHKIUSAM ?

8. KakoBbl OCHOBHbI€ 3Tanbl pa3padboTku CAuY?

9. Kakopa cneunduka nporpamMmmHoro ooecrnedyeHus CAunY?

10. B uem coctouT HeOAHO3HA4YHOCTH TepMuHA «SCADA-
cucTeMa»?

11. KakoBel ocHOBHble npuHLMIBI opranuzauu SCADA-

nakeroB? Kakue 0a30Bble (DYHKUMH BBIMNOJHSAIOT COBPEMEHHBIC
SCADA-naketbI1?



2. IPUMEHEHUWUE COBPEMEHHBIX SCADA-ITAKETOB
INIPU ITPOEKTUNPOBAHNU CUCTEM ABTOMATHU3AIINN
N YITPABJIEHUA

2.1. PazpaboTka mosib30BaTe/IbCKOro nHTepdeiica
¢ nomoibio SCADA-nnakeToB

2.1.1. Oouiue moJaoxKeHus

OO6biyHO B pamkax SCADA-nakeToB TOJb30BaTEIbCKUI HMH-
Tepdeic pazpabaTbiBaeTcs Ha OCHOBE TUMOBBIX OJIOKOB, DJIEMEHTOB
rpaguyueckoro uHTepderca, a Takke (YHKIHMOHAIBHBIX OJIOKOB
(WIM ¥MX aHAJIOTOB), PEATU3YIOUIMX aJTOPUTMUYECKYIO OCHOBY WH-
Tepdeiica.

[Ipoure Bcero MoHATh 0a30Bbi€ MPUHIMUITBI pa3padOTKU TOJIb-
30BaTeNIbCKOro MHTepdeica Ha KOHKPETHBIX MpUMepax.

2.1.2. 3anyck 1eMOHCTPAIIMOHHOIO IPUMepa
B SCADA-nakerte Genie

YrtoObl Jy4ilie MoHATh, Kak ¢ nomouipto SCADA-nakeToB pea-
JM3YeTCsl TOJIb30BaTENIbCKUM HHTepdeic, OCYyLEeCTBUM 3arpy3Ky
M 3aIycK AeMOHcTpauroHHoro npumepa B SCADA-nakete Genie.

Haunem paboty co SCADA-naketom Genie, ucnofib3ys npo-
rpaMMy-peJaKkTop, 3allyCTUB €€ C MOoMOolIblo sipjabika Advantech
Genie Starter. Ilpu 3TOM OTKpPOETCS OKHO MPOrPaMMBbI-PEAAKTOPA.
M3HayaibHO B OKHE MPOrpamMMbI-pelakTopa HUYEro HET, TaK Kak
elle He cosjaH (aisl, KOTOphlii OyJeT peJaKTUpOBaTbCsS U HE OT-
KPBIT HU OJIUH TOTOBBIN aii.

Otkpoem (paiin, peanu3yrOlMid J1eMOHCTPALIMOHHBINA TpH-
Mep, KoTopbli BXoauT B coctaB SCADA-nakeTa. OTOT npuMep ObLi
HEMHOTO MOJKOPPEKTUPOBAH JJi JIy4lllero oToOpaxkeHus. 3AecCh
Mbl paccMaTpuUBaeM YK€ TOTOBbIM (ailn, 4ToObl cpazy YBUIETh
paboTarouui mpuMep Mojb30BaTeIbCKOro uHTepdeiica co MHOTU-
MU dJIEMEHTaMU. A MOTOM YK€ MepehsieM K pacCMOTPEHHUIO MPO-



mecca co3/laHusl padoTarolIero mpuMepa IMoJIb30BaTeIbCKOro HH-
Tepdeiica, MCMOJB3Yysl TOTOBbIe 3jJeMeHThl B cocTaBe SCADA-
nakera Genie.

[Tocne oTkpbITUs 3TOro0 daiisa npu nomouy File => Open vnu

~

KHOIKHU B OKHE MPOrpaMMbI-peIaKTOpa MOsABJAETCS HECKOJIbKO
KBAJAPATHBIX JJIEMEHTOB, COEJIMHEHHBIX MHOKECTBOM CTPEJIOK
(puc. 36). Cpeau 3TuX OpsIMOYTOJbHUKOB MOYKHO BbIJEIUTH OJIOKH
C Ha3BaHWsIMM cuUrHajoB: «CuHycoupa», «TpeyroapHuk», «Ciy-
YalHbIM CUTHal». JTU OJIOKM ABJISIIOTCA TeHepaTOpaMH CHUTHAJIOB
pasu4HOM hopMBbI, HaPUMEP TPEYTOJIbHUKA.
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Puc. 36. OkHo niporpamMmbI-peiaktopa Genie Npu OTKPBITUU
JE€MOHCTPAUMOHHOTO (hailyia (OKHO «KOHCTPYKTOpa CTpATEruK»)

OT 3TUX OJIOKOB UIYT CTPEJIKM, HAIllpaBJIEeHHbIE K OJIOKY C Ha-
3gaHreM DISP1, koTopelii peanuzyeT 0HO U3 OKOH rpaduyeckoro
uHTepdetica. B nanHoM npumepe rpadudeckuii uHTepdeinc coaep-
JKUT TOJILKO OJIHO OKHO, mo3ToMy U 0Jiok DISP1 TosibkO 0uH.



Bce 3TH G10KM CO cTpesikaMM pacrojioKeHbl B MOJie TaK Ha3bl-
BAEMOI'0 KOHCTpYKTOpa ctparerun (Strategy Designer). JlaHHoe Ha-
3BaHue spisgercs cneuudpuuHbiM 11 SCADA-nakera Genie, HO B
npyrux SCADA-nakeTax Takske UMEIOTCS OA0OHbIE MOIYJIH BHYTPU
POrpaMMBbI-peAaKTOPa, TOJBKO OHM HOCST Apyrde HazBanus. llpu
u3zyyeHun SCADA-nakera TRACE MODE 310 6y1eT oTMe4€eHo.

[TogoOHBIE MOAYJIM B COCTaBE MPOrpaMMbI-pelakTopa CIyxKaT
U1 peajy3aldd alropuTMUUYECKOH OCHOBBI MpOrpaMMHOro odec-
neveHus, pazpadaTbiBaeMoro ¢ ucrnoJibzopanvueM aaHHoro SCADA-
nakera. X0oTd HaJl0 OTMETUTh, YTO CJIOBOCOUYETAHUE «AJITOPUTMUYE-
CKasi OCHOBa» B JJAaHHOM KOHTEKCTe BOMpaeT B ce0s1 HE TOJILKO COO0-
CTBEHHO IIOCTPOEHHUE aAJITOPUTMOB, HO W OPraHU3aIlUi0 CTPYKTYp
JTAHHBIX B IBHOM MJIM HeIBHOM Bue. IIpocTo Al KpaTKOCTH 3/1€Ch
MCIIOJIb3YETCS MMEHHO TaKOW TEpMHH, TeéM OoJiee UTO peaiv3alus
aNropyuTMa TpernojaraeT yueT ocOOeHHOCTEH MMEIOIINUXCS CTPYK-
TYP JaHHBIX UM KOHCTPYHPOBAHUE TaKUX CTPYKTYP.

Teneppb ecny B JaAHHOM «KOHCTPYKTOPE CTPATErMU» HAXKATh HA
aToT 6510k DISP1 (cm. puc. 36), To mpou3oiieT nepexo/l B TaK Ha-
3bIBAEMBIM KOHCTPYKTOP dKpaHa (Screen Designer), BHELIHUN BUJ
KOTOPOTO MPe/ICTaBJIEH Ha puc. 37.
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Puc. 37. OKHO KOHCTPYKTOpaA 3KpaHa B COCTABE
porpaMMeI-perakropa Genie



3/1ech MOXKHO mepeMeliaTh OT/AebHbIe rpadruueckrie dJIeMeH-
ThI (CTPEJIOYHbIE UHAUKATOPBI, KHOMIKHU W T.J.), pa3Mellas uxX Hyx-
HbIM 00pa30M M BbIpaBHHBas MO ceTke. Takyke MOXKHO HacTpauBaTh
CBOMCTBA KaXIOro »3JiIeMeHTa. HacTpoilky CBOMCTB OTAEJIbHBIX
3JIEMEHTOB PacCMOTPUM MO3JIHEE, KOorja oOpaTUMCS K MPOCTOMY
npumepy, peanuzyemomy B SCADA-nakere Genie.

Tenepp NMpeanoyioxkKuM, YTO JIaHHBINA (aiisl co3JlaH U OTpe/laK-
TUPOBaH C MOMOLIbIO MPOrpaMMbI-pelaKTopa, U ceildac Tpedyercs
NpoBepUTh ero padoty. Jljisi 3TOro Hajao 3amycTUTh AaHHbIA (ailn
C NOMOILLbIO NPOrpaMMbI-UHTEPHPETATOPA. DTOT 3alyCK OCYLIECTB-
JI€TCS C MOMOIIBIO HaxkaTUst MeHIO Run. IIpu aTOM aBTOMaTHUYeCKM
3aIyCKaeTCsl MporpaMMa-uHTEepIpPETATOpP, M B HEW 3amycKaercs
daiin, co3gaHHbId ¢ MOMOIILIO MporpaMmbI-pegakTopa (puc. 38).
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Puc. 38. OknHo niporpammel-untepnperatopa SCADA-nakera Genie

B OTKpBIBLIEMCSI OKHE MPOrpamMMbI-MHTEPIPETATOPA, HA3bI-
BaemMoM Advantech Genie Starter Runtime, oToOpaxkaercs rpadu-
yeckui uHTepdeiic, paHee CO3JaHHbI B Iporpamme-peakTope.
Ho npu sTom snemeHThl rpadudeckoro uHTepdeiica Tenepb Hauu-



HalOT «paboTaTh»: CTPEJIOUHbIC WHJNKATOPbl HAYMHAKOT OTCIIEHKH-
BAaTh U3MEHSIONIMECS 3HAYEHUS (CTpeIKa BCE BpeEMs MepeMeniaeTcs
aBTOMaTHYeCKH); Ha rpaduke HaUMHAIOT CTPOUTHCS JIMHWU CHUTHA-
noB «TpeyronbHuk» u «CuHycouaa» u T.1.

34ech BaKHO OTMETHUTh, YTO PaHEe B KOHCTPYKTOPE CTPATEruH
(TaM, rae oToOpakaJuch OJIOKM CO CTpeJIkaMu) MOJKHO ObLIO BM-
NneTh Ha3BaHUs OJIOKOB «TpeyrofibHuk», «CuHycousa», «Ciydai-
HbIA curHaim» (cMm. puc. 36). DTy OJIOKM Kak pa3 U NpeaoCTaBIsSIOT
3HaYeHUs Ha rpaduyeckue ssiemeHTbl. Hanpumep, «CraydailHbiid
CUTHAJI» IOCTABJSAET 3HAY€HUs Ui CTPEJOYHOrO MHAMKATOpa,
a onoku «TpeyroabHuk» U «CUHycouaa» — a1 rpaduka.

CTOUT OTMETUTH, YTO JAaHHBIA MPUMEpP SABJISIETCS 1€MOHCTpa-
LMOHHBIM, TTO3TOMY BMECTO peajlbHbIX CUTHAJIOB C JJATUMKOB 3]1€Ch

HUMHUTHUPYIOTCA CHUI'HAJIbl € IIOMOIIBIO CIICHHAJIbHBIX HEOOJIBIITNX

user
nporpamMMm, peaju30BaHHBIX B Ookax user prog [PIOY] Oty Gnoku

MbI paCCMOTPHUM T103/IHEE.

B BepxHel yacTh OKHa mporpam-

MbI-MHTEPIIPETATOPA MOXKHO BU/IETH ‘.‘I B IIFI 1l I
MaHeJIb KHOMOK JIJIsl YIIPABJIEHUS TIPO-
LIECCOM BBITIOJIHEHUS (puc. 39). KHOTIKH TTPOFpAMMbI-

C moMOuIpIO 3TUX KHOMIOK MOXKHO HHTepMpeTaTopa
3alyCKaTh MPOLECC BBINOJIHEHUS, OC- SCADA-nakera Genie
TaHaBJIMBaTb, BO300HOBJIATH, MPHOC-

TaHaBIMBaTb. OTO 0a30Bbl€ YMpaBisAloLIME AEHUCTBUS, KOTOpbIE
MOKHO MPOU3ZBOJIUTH B XOJ1€ BBIMOJHEHUS MPOrpaMMHOIo obdecrie-

yeHus, co3aagaoro ¢ noMmoukio SCADA-makera Genie.
Takum o0OpazoM, MbI paccCMOTpelu Oa30BbIC MPUHLMIBI TO-

Puc. 39. Ynpasnsarouue

cTpoeHUs1 U OCHOBHbIE KOMNOHEHThl SCADA-nakera Genie Ha Oc-
HOBE IrOTOBOI'0 AEMOHCTPALIMOHHOIO TTPUMEPA.

Tenepp MOXKHO MEpPeNTH K 3HAKOMCTBY C OCHOBHBIMHU (DYHK-
uMsaMu, peanuzyembiMud B pamMkax SCADA-nakeToB, onsTh-TakKu Ha
npumepe SCADA-nakera Genie. C 3TOM LENBIO OCYLIECTBUM pa3-
paboTKy mpocToro mnpumMepa mporpammbl ¢ Tomoinbto SCADA-



naketa Genie. 1 B xoje 5ToM pa3paboTku OyjeM 3HAKOMUTHCSA
C OCHOBHBIMU MPHUHIIMIIAMH PA3pabOTKU MOJIb30BATEIbCKOTO HH-
Tepderica.

2.1.3. PazpabdoTka nmoJb30BaTeILCKOro HHTEp(eiica
¢ nomoibio SCADA-nakera Genie

Pazpabotaem mpocToil nmpumep, B KOTOpoM OyJieT obecrieyu-
BaThCs BBIBOJI CHHYCOMJAJILHOIO CUTHAJIA Ha rpaduK, a 3aTeM MOK-
HO OyJer clejiaTh AaHaJOTMYHbIA TIpUMep B OoJjiee CIIOXKHOM
SCADA-nakere. 9T0 MO3BOJIMT JIy4Yll€ MOHATh NPUHLMUIBI U CIIO-
coObl pa3pabOTKK MOJIb30BATEILCKOrO HHTEpdelica W PEelIuTb,
HACKOJIBKO OHM IIOXOXXHM W OTJMYarTcid B paznuuHbix SCADA-
MaKeTrax.

Kak y»e ObU10 CKa3aHO paHee, B KauecTBe MpUMepa UCIOJIb-
3yercss SCADA-naker Genie, © MMEHHO Ha OCHOBE JIaHHOTO
SCADA-naketa Mbl ¥ OyJieM paccMaTpuBaTh Ipoluecc popMupoBa-
HUs U BbIBOJIA CUTHajia Ha rpaduk. B xoae aToro mpoiiecca MOXKHO
OyJleT MO3HAKOMUTBLCS C HEKOTOPbIMU 0a30BbIMM KOMITOHEHTaMU
Genie, KOTOpble B TOH WJIM MHON Mepe XapakTepHbl 1Jid OOJIbIIMH-
ctBa SCADA-nakeToB, Takke MOXHO OyJeT Jyulle YCBOUTb
O0azoBbie npuHLUMIbI nocTpoeHus SCADA-nakera.

JIns Hadasa caenaeM MMEHHO 3TOT MPOCTOM MpUMEP, a MOTOM
OylieM €ero MOCTEeNEHHO YCJIOXKHATb, A00aBJsisli HOBbIE DJIEMEHTHI
1 QYHKLMU, 3HAKOMSCh TEM CaMbIM C OTJI€JIbHbIMA KOMIIOHEHTaMU
SCADA-nakera u 0a3oBbiMU TNpUHIUIIAMU padoThl co SCADA-
MaKETOM.

Jns co3naHus HOBOro (paiina HakumMaeM COOTBETCTBYIOLLYHO

KOMaHAy MeHIo File => New WIM Ha)KUMaeM KHOIIKY . DTO cO3-
JaeT HOBBIM (haill B mporpaMmme-peakTope. OToT (aia nmoka eie
HUYEM «HE HAIIOJIHEH», IMO03TOMY HMEETCSA TOJIbKO IYCTOE I10JIE
KOHCTPYKTOPA-CTPATETUMU.



Jlng Havama Hago J00aBUTH HOBBIM DJle-
MEHT, KOTOPBIM OyJeT reHepUpOBaTh CIAy4YaiiHO
M3MEHSIoOmMiCs curHaj. J[ins sToro HaMm mnoHa-
JIOOUTCSA TaHeNlb FOTOBBLIX OJIOKOB IS KOHCT-
pykropa crpareruu (puc. 40).

Ha »Toli maHenu pacrojioKeHbl I'OTOBBIS
OJIOKU J1s peanv3aluy alropuTMHYECKOM oOc-
HOBbI C NOMOIIBIO KOHCTPYKTOpa CTpaTEervH.
DTO roToBbI€ OJIOKM, KOTOpbIE MOXKHO OyJer
COEJIMHATb MEXKJy COOOM C MOMOILbIO CTPENIOK,
U B pesyJibTaTe OyaeT IojJaydaTbCsl HEKOTOpas
CTPYKTYpa CBS3aHHBIX MEXIy co00i OJIOKOB,
nogoOHas TOM, 4TO Mbl HaOJIOOAIM paHee MpH
paccCMOTPEHUHM JEMOHCTPALMOHHOrO MpUMepa
(cM. puc. 30).

30eck BaXKHO OTMETUTH, YTO B KaXKIOM
SCADA-nakete MMerOTCS MNOJ00HBIE TOTOBBIC
HaOOpPbhl KOMIOHEHTOB JJI CO3/IaHUsl aJITOPHUT-
MHYECKOM OCHOBBI. OOBIYHO HMX KOJIMYECTBO
HaMHoro Ooselie, yem B mnpoctoM SCADA-
nakere Genie, a TaK’)Ke€ OHM MOTYT OBITh Mpe-
CTaBJIEHbl B Pa3JW4YHBIX (opMaxX. ITO MOXKHO
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Puc. 40. ITaneap
TOTOBBIX OJIOKOB
IUI1 KOHCTPYKTOpa

CTpaTeruu
SCADA-nakera

Genie

Oyner yBuaeTb mno3aHee Ipu paccMoTrpeHuu SCADA-nakera

TRACE MODE.

Tenepb MOXKHO yCTaHOBUTH OJIOK AJ1s1 (POpMUPOBAHUS CUTHA-

na. Kak yxe Obu10 oTMeueHo, OyJIeT MCMOJIb30BaThCs UMHUTATOP
curHasia. Ho ecnyu Obl mMOHamoOMIOCH TMOJKIIOYEHHUE PpPeasibHOrO

CUTrHaJIa, MOJy4aeMOro OT KaKoro-HuOyib AaTyrKa, TO MOXKHO Obl-

J1I0 Obl YCTAaHOBUTH COOTBETCTBYIOLIMMA OJOK, Harpumep Al

J1ns 3TOro Haj0 Ha)aTb COOTBETCTBYHOLLYEO KHOIKY

Al

2 B urore

B MOJIE€ peAaKTUpOBaHUs OyJIeT YCTaHOBJIEH 3TOT Oyiok. M ecnuy Ha-
’KaTh HA HErO, TO OTKPOETCS IUAJIOrOBOE OKHO HAcTpoeK (puc. 41).



Analog Input Block |
Tag: Description: |A.I1 |

Device: [024:ADAM 4011 COM1 Address=1 Dec. =
Channel: |l] j| OK
Input Bange: | j| Cancel
Exp: Channel: | j| Help
EBoard/1: | j|

I~ Establish DDE Link Update Rate: 1 [

Puc. 41. OkHo HacTpoek Oyioka Al

B stom okHe B mojie Device MOXKHO BbIOMpaTh HY>KHOE YCT-
POMCTBO, JIs1 BEBIOPAHHOTO YCTPOMCTBA yCTaHABJIMBATh HEOOXOIH-
MbI€ HACTPOMKH, HATIPUMEP HOMEP KaHAJIa, K KOTOPOMY MOAKIIFOYEH
HYKHBIN JaTYUK.

[TogoOHBIM ke 00pa3oM MPOUCXOAUT IodydeHue HHopma-
uMM ¢ aatyukoB B OospinHcTBe SCADA-nakeToB, T.€. UMEETCs
HEKOTOPbI KOMITOHEHT (OH MOKET Ha3blBaTbCs, HANpumMmep, OJIOK,
KaHaJjl, Ter), U 3TOT KOMIOHEHT CJIY>KUT JIJI1 MOJIy4YeHus uHQpopma-
LM C HEKOTOPOrO pPeajibHOr0 YCTPOMCTBA, WA UMEETCS BO3MOXK-
HOCTb HACTPOMTb JAHHbI KOMIIOHEHT JJIsl MOJAKIHOUYEHUSA K TAKOMY
YCTPOWCTBY.

Ho, kak y>ke ObIO YNIOMSIHYTO, B JRHHOM MpUMepe Mbl OyaeM
MCIIOJIB30BATh UMUTATOP HMCTOYHHUKA CUTHAJIA, TTOITOMY BMECTO

onoka Al A" Gynem mncnons3oBares GJI0K, KOTOPBI MO3BOJIUT pea-

JU30BaTh MMHMTATOp CUTHajla. B kadecTBe Takoro Ojoka Oyjer uc-
user
MOJIb30BaThCs yoKe paHee YNOMSHYTBIM OJIoK user prog BI9Y] Jlns

YCTAaHOBKM TOro OJIOKa B MOJIe peJaKTUPOBaHWUS HEOOXOJIUMO Ha

MaHeJIM TOTOBBIX OJIOKOB (cM. puc. 40) HakaTh COOTBETCTBYIOLLYIO

KHOIIKY



Ilociie 3TOro AOCTATOYMHO Ha)kKaTh Ha TI0JI€ PEAAKTUPOBAHUS
Y B HETO YCTAHOBUTCS ATOT OJIOK (puc. 42).

Tenepp MOXKHO OTKpPBITh €r0 HAaCTPOWKHM, JBAXK/bl HA)KaB Ha
HEro, Py 3TOM OTKPOETCSI OKHO HacTpoeK (puc. 43).
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Puc. 42. YcraHoBKa 0510Ka user prog B OKHO p€IaKTUPOBaHUs
KOHCTpYKTOpa cTtpareruu Genie

User Programmable Block x|
Tag:[PRG1T | Description: ([T |
Input Blocks: DOperators:

o 7 OK I

i Cancel i

!

% i Help I
Program:

-

Puc. 43. OkHo HacTpoek OJ10Ka user prog

B mone pegaktupoBaHus Program 3amaercs TEKCT Mporpam-
Mbl, KoTopasi OyJieT BBIMOJIHATLCS Ha Ka)KIOM LIMKJIC BBITTOJIHEHUS
nporpaMMbI-UHTEpIpeTaTopa. 3/1eCh Haa0 OTMETHUTb, YTO IIPO-
rpamMma-unTeprperatop SCADA-nakera o0bIYHO paOOTaeT Ha Oc-
HOBE HEKOTOPBIX 3apaHee YCTAHOBJEHHbIX LIMKIOB. DTa LUKJIUY-
HOCTh 3ajJlaeTcsl mapameTpaMu Tepuoja 1uKia (B caMOM MPOCTOM
cinyyae). B 3aBucumoctn or SCADA-nakera ucCHoJib3yroTcsa pas-
JIMYHbIE COCOOBI 3a1aHUSI UMKJIMYHOCTH BBITTOJTHEHUS.



Hano yctaHoBUTH HEOOXOJIMMOE 3HAUEHHWE LIMKIMYHOCTHU BbI-
nosiHeHus. J[Jisi 3TOro BpeMEHHO 3aKpOeM OKHO HacTpoeK OJoka
user prog.

B cinyuyae SCADA-nakera Genie UAKIMYHOCTD OMNPEAEsaeTCs
3HAYEHUEM TEpPUOJAa BBIMOJHEHUS 3a4ay, KOTOPbIM YCTaHaBJIU-
BaeTcs ¢ momoulpto MeHwo Setup => Task. Hano BblOpaTh 3TOT
IMYHKT MeH1o. [Ipu 3TOM akTUBU3UpYETCS COOTBETCTBYIOLLEE OKHO
HACTPOEK.

B 3TOM OKHE MOXHO 3a/1aTh TaK HA3bIBAEMbIA MEPUO] CKAHU-
poBaHust (Scan Period). OH Kak pa3 W onpeaenser UMKIMYHOCTD
ornpoca 3aaay (0J0KOB) B XoAe pabOThl MporpaMMbl-UHTEpIIpeTa-
TOpPA, BBIMOJHAOLIEH (ais, CO3JaHHbIA NPOrpaMMO-peaaKTOPOM.

ITo ymomuanuto 3agaerca nepuon, paeHsid 1 ¢. Ho ato cnuii-
KOM OOJIbILIOW MEepUOJl, Mbl €0 YMEHBIIMM, YTOOBI BCE MPOLECCHI
MpoTeKald HEMHOTO OBICTpee, B YaCTHOCTU, UTOOBI ObICTpee CTpo-
uiacd rpadyvk CHUHYCOMAAJIBLHOTO CHUTHAalla, KOTOPBIA B HTOre MbI

Y JIOJDKHBI TTOJyUnTh. M3MeHuM 3HaueHue 3Toro nepuoaa ¢ 1 ¢ Ha
100 mc (puc. 44).

x
Tag: TASK1 Deszcription:

Scan Peniod [time interval between two zamplesz]

0 hour(z] (0 minute(z] |0 |zecond(z] |100 | msec[g]

Duration
{* Free Bun

(" Time-bazed:

{ " Sample-based:

(1] .4 Cancel Help

Puc. 44. HoBoe 3HaueHune neproia CKaHUPOBAHUS
3a7a4 B COOTBETCTBYIOLIEM OKHE HACTPOEK



Tenepr umeeM nepuoa B 10 pa3 MeHblIe, MO3TOMY ITPOLIECCHI
P BBIMOJHEHUH MPOrPAMMBI-UHTEpPIIpETaTOpa OYAYT MPOTEKATH B
10 pa3 ObicTpee.

Ho BepHeMcsi k HacTpoiikam Onoka user prog (cm. puc. 43).
Heo6xonumo 3anonHuth nosie Program: B 3TOM M0Jie HAaJl0 yKa3aTh
nporpamMmy [Jiss F€HEPUPOBAHUSA CUHYCOUJAIBHOrO curHaina. Ilpo-
rpamMma B OJIOKE user prog NMULIETCS Ha A3bIKe, MOJOOHOM SI3BIKY
nporpaMmupoBanHus Cu. TekcT mporpammbl Ijisi T€HEPUPOBAHUS
CUHYCOUJAIIBHOIO CUrHasia OyAeT BhIMISAETh CAESAYOMM 00pa3oM:

g0=g0+0.1;
output 5*sin (gO0) ;

30€Ch HKCIIOJIb3YETCA IepeMeHHass g0 B KayecTBE CUETYHKA
BpeMeHU. Takoe HazBaHHE JIsl MEPEMEHHOM BBIOpAHO JJi TOrO,
4yTOOBI HE TMEepPEeKphIBaTh Ha3BaHUWA JIJIS MEpPEeMEHHBIX ¢ Oojee pac-
MPOCTPAaHEHHbIMKM HAWUMEHOBAHUSIMH, HalpUMep TaKMMHU KakK X, V,
i, 7 uT.A. Jleso B TOM, UTO NpU HaNMMCAHUU MOAO0OHBIX OpPOrpamMm
B n1aHHOM SCADA-nakere Genie HaA0 Y4YUTbIBaTh, YUTO UMEHA IlE-
PEMEHHBIX SBJIAIOTCS TJ100ATBbHBIMU, T.€. €CJIM B OJTHOM U3 OJIOKOB
user prog y>kxe WCMoJIb3yeTcsl TepeMeHHas x, TO oOpalleHue K re-
PEMEHHOM C TaKMM K€ UMEHEM B JAPYrom OJIOKE user prog mpuBO-
IAT K TOMY, 4YTO, TIO CYTH, TPOMCXOJAUT oOpalieHHue K OTHOMU
Y TOU K€ MepeMeHHOM. /pyrumu cioBaMu, nepeMeHHas x JOCTYII-
Ha U3 Bcex OJIOKOB OAHOBpeMeHHO. IloaTomy eciiu B ykazaHHOH
MpoOrpaMMe MCHOJIb30BaTh BMECTO MEPEMEHHOW g0 TEPEMEHHYIO
C UMEHEM X, TO 3TO O3HAYaeT, UTO B APYrUX OJIOKaxX user prog njis
He3asucumMol TIepeMEeHHOM Hajo OyJeT MCMHOJIb30BaTh JIPYroe Ha-
uMeHoBaHue. KpoMme Toro, uMeeTcs orpaHMYeHUE Ha HaWMMEHOBAa-
HUE IMEPEMEHHbIX B mnporpammax paccmarpuBaemMoro SCADA-
nakera. Mg mepeMeHHOM MOKET COCTOSATh U3 OJTHOM MaJeHbKOM
JJATUHCKOM OYKBBI (OT a 10 z) wiu U3 OykBbl W LMdpbl oT 1 10 9
(To ectb OT al, ..., z1 no ag, ..., z9). Ucxoas u3 storo s nepe-



MEHHOHN B yKa3aHHOW MporpaMme HCMoJib3yeTcsl OyKBa g Kak He
caMO€ pacnpOCTPAaHEHHOE WUMs I NIEPEMEHHOM, a TaKXKe MOoCie
Hee ucrnosb3yeTcs uudpa 0, Tak Kak B APYrUX MporpaMMmax TakKe
MOTYT MCIIOJIb30BAaThCA MOJOOHBIE MEPEMEHHBIE C 3TOM OYKBOW,
Hanpumep gl, g2 U T.J. (3TO MOXKHO OyAeT YBUAETh Ha MpuUMepe
APYrUX NOJJ0OHBIX MPOrpamm).

Cama ke mporpamma JOBOJIbHO mpocTas. B mepBoi cTpoke
MPOUCXOJIUT YBEJIWYEHUE nepeMeHHor g0 Ha 1. 3xech BakHO MO-
HUMaTh, YTO JlaHHas MporpamMma, Kak U Bce Mporpammbl B Oj0kax
user prog, BbINOJIHSIOTCA HA KOKIOM LUKJIE TPOrpaMMBbI-UHTEPITPE-
Taropa, T.e. kaxabie 100 mc B Hawem ciyyae (cM. puc. 44), 11osTo-
My noiiydaercs, 4To Kaxzaelie 100 MC MpOMCXOIUT YBEIIMYEHHUE TIE-
pemeHHor g0 Ha 1. Ilpu aTOM mpu crapre 3HaUYeHUE ITOU Mepe-
MEHHOW paBHO HYyJr0. 3HA4WT, 4yepe3d 1 ¢ mocne crapra sTa
nepemMeHHas OyaeT uMmeth 3HadueHue 10, uepe3 2 ¢ — 3HaueHue 20,
u T.0. Takum oOpazom, nepeMeHHass g0 CIYKUT B Ka4eCTBE CHET-
UMKA BPEMEHHU.

Bo BTOpO#1 CTpOKEe NMporpamMMbl CHavaja BbIYMCIISIETCS BbIpa-
KeHue 5*sin  (g0), KOTOPOE U OMNPEAESAeT 3HAUECHUE CUHYCOU-
JNAJIbHOTO CHUTHajla C aMIUIATYIOW, paBHOM S. 31ech 3HAa4YeHHUE
(GYHKIIMM CMHYCAa MEHSETCSl B 3aBUCUMOCTH OT 3HAUYEHUS TepeMeH-
HOU g0, T.€. C TEUEHHEM BPEMEHMU, MOITOMY U (POPMUPYETCS CUHY-
COUJIIbHbIM curHajl. HO Ha/lo NOMHUTB, YTO 3HAYEHUE CHUHYCa HE
npeBblaeT 1 mo adbcoaOTHOMY 3HAYEHUIO, MO3TOMY U HaJI0 YMHO-
’KaTh CMHYC Ha 5, 4TOObI MOJYYUTh CUHYCOUIAJIbHBIM CUTHAJ, 3Ha-
YEeHUE KOTOPOro HaXOAUTCS B Uana3oHe oT —5 10 J.

PesyabTar dopMynbl 5*sin  (g0) BBIBOAMTCA Ha BBIXO[
0JIOKa user prog ¢ MOMOIIBIO CMIEUUATIBHOTO onepaTopa output. 1o
MO3BOJISIET C MOMOLIBIO CTPEJIKKU B KOHCTPYKTOPE CTpATErvuu nepe-
JaBaTh 3HAYEHUE CHUHYCOWJAIbLHOIO CUTHajta ApyruM Ojokam. Ilo-
npoOyeMm cJiesiaTh 3TO B HallleM MpuMepe.



Hrak, paszmellaeM ykKa3zaHHYIO OporpamMmy B roJie Program
U JOTOJIHUTEIFHO MeEHsgeM Ha3BaHue gaHHoro Osoka ¢ PRG1 Ha
«Cunycouga» (puc. 45).

User Programmable Block x|

Tag::Pi:IE1 Deszcription: |Cunycouna
Input Blocks: Dperators:

" 2t 1] 4

s e Cancel

!

% > Help
Program:
q0=q0+0.1; =l
output 5*zin[q0];

]|

Puc. 45. Jlo6aBneHue TeKcTa NpOrpaMMbl B HACTPOMKHU
OJloKa TUMA user prog

Tenepp nocrarouHo Haxate KHOTIKY OK. Ilpu aTom nipousou-
JET MPOBEPKA CMHTAKCUYECKOW MPAaBWIBHOCTU mporpammbl. Ecnu
HET CUHTAKCUYECKHX OLIMOOK, TO OKHO IPOCTO 3aKPOETCH.

JIns mpumepa MOKHO HAMEPEHHO BHECTH OIIMOKY B TEKCT
nporpaMmbl U MPOBEPUTH, UTO MoJyuuTcs. Hanpumep, MOkHO yO-
paTh TOYKY C 3aISITOM B KOHLE MEPBOM CTPOKU U MOCJE 3TOr0 Ha-
*artb KHOomKy OK. B pesynbrare MOSBUTCS OKHO, CUTHAJIU3UPYIO-
1I€€ O CUHTAKCUYECKOM OLIMOKE U coJIeprKalllee TEKCT Syntax error.

[Tocne Bo3BpalleHHUs] TOUKHU C 3aMATOW B KOHEL IEPBOM CTPOKHU
1 Haxkatusa kHorkd OK okHO ¢ mporpammoii Ojioka user prog 3a-
KpoeTcd. Tenepb AaHHBIA OMO0K OyAeT BbhIpabaThIBaTh CHUHYCOH-
JAJIbHBIA CUTHAI.

TpeOyeTcsi BIBECTU CHUHYCOMIAJIbHBIA CUTHAJ Ha rpaduk, T.e.
oToOpa3uTh ero B rpadudeckom uHTepdeiice. s 3Toro Hamo



B M0JIe pelaKTUPOBAHUS MMOMECTUTh CrielMalbHbIA OJI0K rpaduye-
-] [~

E |II
ckoro uHrepdeiica DISP Le=:z] DToT OJI0K MBI yKE paHee BcTpeua-

JIN. I[J'IH YCTAaHOBKH JAaHHOI'O Oloka HaJ0 B IIAHCJIN I'OTOBBIX OJIOKOB

(cM. puc. 40) HaKaTh COOTBETCTBYIOLLYIO KHOIIKY -@ . [locne aTo-
ro MOXHO Ha)kaTh Ha CBOOOJIHOE MECTO B TOJIe PeJaKTHPOBAHUS
psAoM c OJI0KOM user prog (KOTOpbId Ternepb HazbiBaeTcs «CHUHY-

couga»), U B pe3yabTare TaM YCTaHOBUTCS Ojok Tuma DISP
(puc. 46).
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CHHYCOMOE DISF1

| | »
PRG1:Cunycomnoz:[Output 0] —> DISPT:DISFT | NIk |

Puc. 46. YcranoBka 0Jsioka tuna DISP B noJsie penakTupoBaHus

[Tockonbky Onok Thna DISP Bcero oauH B JaHHOM ciydae,
oH nosyyaer umsi DISP1 (cm. puc. 46). AHanoru4HbIM oOpazom
€MHCTBEHHbIM OJIOK user prog cHadajga nojayuusn umsa PRGI1
(cM. puc. 42), a HOTOM MbI €ro NMOMeHsIM Ha «CHHYCOUIa» .

Teneps HagO coeauHUTh OJI0KU user prog v DISP, T.e. «Hapu-
COBaTh» CTpEJIKY OT Osioka «CuHyconaa» k 0sioky DISP1. [lns sto-
ro HaJo0 B MaHeJM roToBbIX OJIOKOB (cM. puc. 40) HakaThb COOTBET-

CTBYIOLLY}O KHOIKY . [Tocne 3Toro Kypcop MbIIIU MpruoOpeTaeT

OCOOBIM BMJ, TMOXOXXMH Ha KaTyLIKy HHUTOK i Teneppr Hamo
Ha)kaTb CHayaja Ha 010k «CHUHycouaa», MpU 3TOM MOSIBUTCS OKHO

BbIOOpa OAHOrO K3 BOCbMHM BBIXOJAOB OJIOKa TUMNA user prog
(puc. 47).



Selection x|

Output From: oK
Dutput 1 —

Output 2 Cancel
Output 3 -
Output 4

Dutput 5 = Help

Puc. 47. OxHO BbIOOpa OTHOTO U3 BBIXOJIOB OJIOKA
TUIA User prog

VY G6noxka user prog (T.e. 1y gaHHoro o6ioka «CHHycouaa»)
MMeEETCS BOCEMb BBIXOJIOB, T.€. TaKOW OJIOK MOXeT (hOpMHUPOBATH
BOCEMb Pa3HbIX BBIXOJHBIX CUTHaAJIOB. B mporpamMmme gaHHoro 6.o-
Ka HUCTOJIb3YyeTCs cTpoka output 5*sin  (g0), a 3TO 3HAYMT,
YTO HOMEP BbIXOJA HE 3aJ1aH, MO3TOMY (10 YMOJIYaHUIO) BBIXOAHOU
curHan oyaer (opMupoBaTbcsi Ha HyJIeBOM Bbixoje (OQutput 0).
Takum o6pa3om, B OokHe BbIOOpa BbIxoda (cM. puc. 47) HaI0 BbI-
OpaTb MMeHHO no3uuMio Output 0.

[Tocne aToro BbiOOpa B noJie peAaKTUPOBaHUSI HAYHET (POPMU-
poOBaThbCid JIUHUS COEAMHEHUS (cTpesika). MOXKHO HM3MEHATb Ha-
npaBJjieHUE 3TOW JIMHUM, YKa3blBasi TOUKW Mepernda Ha rnoJje peaak-
TUpOBaHus. B utore Hano HaxkaTh Ha BBIXOAHOM 05Ok (Kyaa Oyner
yKa3blBaTh CTpeJika). ITUM OJiokoM sBisiercss 010k DISPI, noato-
My HaJ0 HakaTh Ha Hero. B pesynbrare chopmupyercs CTpelika,
HarnpaBJjieHHas oT 0jioka «Cunycouaa» k 0sioky DISPI1 (puc. 48).
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Puc. 48. YcraHoBaeHUe COeIMHEHU MEXAY OJIOKaMu



DTO COeaWMHEHHE O3HauyaeT, YTO CHUHYCOWJAJbHBIM CHUTHAI,
dbopmupyeMbiii Ha BbIxoAe ¢ HoMepoM (0 Onoka «CuHycouaa»,
noctynaetr Ha Bxona O61oka DISP1. B cBoro ouepenp, 610k DISP1
CIY>KUT i1 co3fiaHus rpaduyeckoro uHTepdeiica. ImeHHo Tam
HEOOXOMMO PacHoNOKUTh TpaduK, Ha KOTOPbIM OYJET BBIBO-
JIUTLCS yKa3aHHbIM CUHYCOMAQIbHBIM curHana. [lns sroro Hano
IBaXkabl HakaTb Ha Osok DISPI1, B pesynbrate mpousoiaer re-
pexon B penakTtop rpaduyeckoro uHTepdeiica. B mone storo
peaakTopa roka elle HUYEero HeT, OHO IMyCToe,
TaK KaK HMKaKOro rpauyeckoro »>JjieMEeHTa

;

O - TyjAa eule He gobOasneHo. Ho mpu sToM nosipiis-
i €TCsl TaHeJb TOTOBBIX OJIOKOB rpaduyueckoro
NE uHtepderica (puc. 49). Ha sToit manenu pacmno-
JIOKEHbl TOTOBbIE OJIOKM JIs  peanv3aluu
ABC .
rpadguyeckoro uHTepderica ¢ MOMOIIBIO KOHCT-
O =B

pyKTOpa »dKpaHa. OTO TrOTOBble OJIOKH, KO-
TOpbIe MOKHO OyJIeT pacrosaraTh Ha OKHE KOH-

@

= CTPYKTOpa 2KpaHa, B pe3yJbTaTe MOYKHO IMO-
text| 7,0 JTY4YWTh Tpaduueckuil HHTEpPeEic, MoaoOHbIN
FAl TOMY, YTO Mbl HaOJKOJanu paHee MpU pac-

CMOTPEHMH  JEMOHCTPAlIMOHHOIO  IIpHUMepa
Puc. 49. ITanens  (cM. puc. 37).
TOTOBBIX OJIOKOB 30ech Ba)KHO OTMETHUTbL, YTO B KaXKIOM
AU KOHCTPYKTOpA G ADA-mtakeTe MMEIOTCS TOTOOHBIE TOTOBBIE
skpaHa SCADA-
naxeta Genie HabOpPbI KOMITIOHEHTOB JIs1 cO37aHusi rpadurue-
ckoro uHrtepdeiica. OOBbIYHO HMX KOJUYECTBO
HamHoro Oosibmie, yeM B mpoctoM SCADA-nakere Genie. D10
MOXKHO OyaeT yBuaeTb mno3zaHee npu paccMmoTpeHnn SCADA-
nakera TRACE MODE.
Tenepb HamoO pacnoiOKUTh B KOHCTPYKTOpE SKpaHa rpaduk,
Ha KOTOpPbIN OyZ1€T BHIBOJIUTHCSI CHHYCOMAAIbHBIN curHai. [[ns ato-
ro HajJAO Ha TIaHEW TOTOBBIX OJIOKOB Tpadudeckoro mHTepdeiica

Ha’KaTb COOTBCTCTBYIOILIYIO KHOIIKY .




Ilociie aTOro 4OCTAaTOYHO Ha)KaTh HA CBOOOJHOE MECTO B MOJIe
KOHCTPYKTOpa 3KpaHa, TeM caMbiM OYyJeT YCTAaHOBJIEH AJIEMEHT
rpadudeckoro uHTepdeiica «I'padux» (Trend). Ilo ymomuaHuio
rpadUK MMEeT MaJIeHbKHUE pa3Mepbl, HO €ro MOXKHO YBEJIUYUTD,
MOTSAHYB 3a Yroj, B UTOre €ro MOXHO PACTAHYTb Ha OOJBIIYIO
4acTbh MOJISI peAaKTOpa SKpaHa, a TaKKe€ HEMHOro cMecTuTh. OnHa-
KO Ha HEM HUYEro He BeIBoaMUTCS (puc. S0).
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Puc. 50. DnemeHT «I'paduk» nocie u3MeHEHHs pa3MepOB U IepeMelleHus

Ecnu nonpoOoBaTh 3aIlyCTUTh MporpaMmy (4epe3 MeHio Run),
TO MOSIBUTCS OLIMOKa, cood1aronias o ToM, 4YTo rpapuk He HacTpo-
eH npaBwibHO (Unconfigured Block: XT Graph).

JI71st TOro 4ToOBI HACTPOUTH rpaduK, HA/lO ABAXK/bl HAXKATh Ha
afeMeHT rpaduueckoro uHrepderica «I'padux» (cm. puc. 50). 310
OTKpBIBAET OKHO HACTPOEK AAHHOIO 3jieMeHTa Irpaduyeckoro WH-
Tepdeiica. B 3ToM OkHe mMeeTcs MoJjie BXOAHBIX AaHHBIX Input
from, rie ykasblBaeTCsi €AUHCTBEHHBbIA 37eMeHT — «CHHycouaa»,



TaK Kak UMEHHO OT 3TOro OJioKa C MOMOIIbIO CTPEJIKA NepeaaeTcs
CHHycouadbHbIM curHaj Ha 0ok DISP1. Kazanmock Obl, Bcé mpa-
BWJIbHO. Ho B 4em e Toraa mpobJiema, moyemy MOSBISETCS CO00-
meHue o0 ommmnoke? DTO CBA3AHO C TEM, YTO JAHHBIN 3JIEMEHT CIIU-
cka B moJsie Input from He BbIOpaH. UToOBI ero BbIOpaTh, HAJO
JBaXKJbl HaXKaThb Ha HEro, W mepe]i €ro Ha3BaHUEM TOSBUTCS CHUM-
BOJI «*» (puc.51). DTOT CHUMBOJI yKa3bIBa€T Ha TO, YTO HAHHBIN
3J1eMEHT BbIOpaH A rpaduka. HeoOXxoauMocTh B TaKOM BBIOOpE
BO3HUKAET MO TOMW mpuuuHe, 4to B 0j0k DISP1 mMoxer nmoctynath
MHOIO CHUTHAJIOB (CTPEJIOK OT JApyrux OJIOKOB), HO He BCE OHH
JOJLKHBI ObITh BbIBeAeHbl Ha rpadguk. OaHako OHU Bce OyAyT
oTtoOpaxkeHbl B 3TOM Tmoje Input from. 1lo3TOMy W Hag0 UMEThb
BO3MOKHOCTh BBIOpaTh OJWH WIJIM HECKOJIbKO 3JIEMEHTOB B JaH-
HOM MoJI€.

Trend Graph Display Item ﬂ

Type: Background Color:
Y¥-Time Graph - |. Black v

Input from: [multiple choice, double-click to zelect]

Trace Color: |:| mj|

Style oK

| ¥ numbers v Y numbers =

[ X ticks W ¥ ticks Lancel

v Duter Frame Help

Range of x axis Range of y axis Update Hate

From |+0 From (-5.0 - =
to [+40 to [+5.0 =

Puc. 51. U3MeHeHne HAaCTPOEK dJIeMEHTA
rpadguueckoro uHtTepdeiica «I'paduk»



KpomMe TOro, Mo>kHo BbIOpaTh LBET JIMHUM rpaduka B IOJe
Trace Color, a Takxe ¢oHa rpaduka. Tak, MOXKHO 1151 JIMHUK Tpa-
¢duka BbIOpaTh, HaNIpUMep, 3elieHbli LBeT (Green) (cM. puc. S1).

KpoMe 3Toro B OKHe HacTpoeK dJIeMeHTa I'papuyecKoro WH-
Tepdeiica «I'paduk» TakxkKe UMeETCs MHOTO JOMOJHUTENIbHBIX BO3-
MO>KHOCTEHW [IJII HACTpOWKMU mnapameTpoB. Hanpumep, MOxKHO Ha-
cTpouTh MaciiTad rpaduka. Ho ceiiuac Mbl HU4Yero 0osble MEHSITh
He OyaeM.

Tenepr nocie 3TUX HacTpoek NONpoOyeM 3aMyCTUTh ClieJIaH-
HYI0 OporpaMmy C IMOMOLILIO IporpamMbli-UHTEpHperaropa. Jns
3TOr0, KaK U paHee, BOCIOJIb3YEMC MYHKTOM MeHr0 Run. Celuac
nporpamMma 3amyckaercs 0e3 OmMOOK, U Mbl MOYKEM HaOJ0aTh
cTposimiica rpadMK CMHYCOUIaIbHOTO curHana (puc. 52).
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Puc. 52. I'pa¢uk cvHyconIadbHOrO CUTHAJA

JonoysiHuM pa3zpaboTaHHYIO OporpaMmy CleAyrolKUM o0pa-
30M. IIpearnosnoxum, 4YTO TMOJy4YaeMblid CUTHAJI HAaAO CPaBHUTH
C HEKOTOPBIM aBAPUNHBIM MOPOTrOM, U €CJIM CUTHAJI TIPEBBICUT TOT
nopor, To HaJl0 BblpabOTaTh aBapUilHbIA CUTrHAJl, HaMpUMEpP Ha Oc-



HOBE LIBETOBOI'O WJIM TEKCTOBOTO MHJMKaTopa. Ho mepBbIM peliie-
HUEM d3TOW 3amgauu Oyner 3agayda GOpMHUPOBAHHS CAMOTO YIpaB-
JIIEMOI0 aBapUMHOIO Mopora.

UTo 3HAUNUT «ymnpaBiaseMoro»? ITO 3HAUWUT, YTO OIEPaTOp
MOXET B X0Jie mpoliecca (Bo BpeMs (PyHKIHMOHUPOBAHHS CUCTEMbI)
M3MEHSITh 3HaU€HUEe 3TOro rnopora.

M3MeHsATh 3HAaUEeHHEe HEKOTOPOro IMapaMeTpa MOXKHO C MOMO-
IO pa3HBIX 3JIEMEHTOB rpaduyeckoro uHTepdeiica. OgHuM u3
yAOOHBIX 3JIEMEHTOB SIBJSETCS TakK HaszbiBaeMblii «llon3yHok»
(Slider). B SCADA-nakere Genie TOKe €CTh TaKOM 2JIEMEHT, U €ro
MOYKHO J100aBUTb B I0JIE KOHCTPYKTOpaA dKpaHa ¢ MOMOLIbIO I'OTO-
BbIX OJIOKOB rpaduueckoro uHtepdeiica (cMm. puc. 49), rae Haao

HaXKaTb COOTBETCTBYIOLLYIO KHOIKY 5_‘!‘1

[Tocne sToro Hajgo HaxkaThb Ha CBOOOJHOE MECTO B MO0JI€ KOH-
CTPYKTOpa CTpaTeruv, U Tam A00aBUTCS dJIEeMEHT rpaduueckoro
uHtepderica «ITon3yHok». Ero MoXHO HEMHOIo yBEJUYUTh B pa3-
Mepax U BBIPOBHATb C 3JIEMEHTOM Trpaduyeckoro HUHTepderica
«['pacduk» (puc. 53).
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Puc. 53. JIoGaBieHue aneMeHTa rpauyeckoro
uHrepdeiica «I1oa3yHOK»



3aiigeM B HAcCTPOMKH 3TOro 3jeMeHTa IpadUuyecKoro MHTEp-
(efica, HakaB [BaXJbl HA HEro, OTKPOETCS OKHO HACTPOEK
(puc. 54), B koTOpoM B noJie Description yCTAHOBUM HOBOE Ha3Ba-
HUE JIJaHHOI'O DJJIeMEeHTa, Harpumep «B. nopor» (YTo oO3Haydaer
«BepxHuil mopor» — Mbl OyJieM MCIOJIb30BaTh aBapHHHBIA MOpPOT
B KQUE€CTBE BEPXHETO MOpora).

Slider Control Display Item x|

Tag: |SPIN1 Description : |B. nopor]

Slider Action: |SMOOTH - Ok

Cancel

Imitial 0

Help

Tics Dizplay
Show Tics
+ YES (" ND

Ticz Humber:
Tics Start:

Tics End:

1

Puc. 54. OkHO HacTpoek dJieMeHTa IrpaHuecKoro
uHrepderica «ITon3yHok»

B HacTpoiikax snemeHTta rpadguueckoro unrepgeiica «llonzy-
HOK» MOXXHO TOMEHSTh HEKOTOpbI€ IMapaMeTphbl, HAllpUMeEp BepX-
HIOIO U HMWKHIOIO oTMeTku (Tics Start, Tics End). Ho B nannom
cilydae 3TO He TpeOyeTcs, TaKk KaKk OHM TOYHO COOTBETCTBYIOT Ipe-
nenaM diieMeHTa rpaduyeckoro uHtepdeiica «I paduk».

Ecnu ceiyac 3amycTurh nporpaMmy, TO OKaxkercs, uto «llon-
3YHOK» MOKHO MepeMelllaTb BBEPX-BHU3, HO Ha rpauke HUYEro
He oTpakaeTcs. XOoTesloch Obl, UTOOBI Ha rpaduke Takke OToOpa-
)Kajlach JIMHUSL aBapUHUHOIO MOpOra, KOTOPbIM MOXKHO YMPaBIsATh
¢ moMouIeto uHTepdeiica «Ilon3yHok».

JI1s 5TOro Hajgo NMeperdTH B KOHCTPYKTOP CTPAaTervM, HaIlpHU-
Mep ¢ noMolnbto MmeHro Window => Strategy Designer. 1 B okHe



KOHCTPYKTOpa CTpaTervu HaJl0 YCTAaHOBUTH TaKylO CTPENKY, YTOObI
oHa BbIxoawia U3 61oka DISP1 u oOpaTHO HampaBiisiaack B 3TOT ke
osiok. Ilpu cozgaHum 3TOH CTPENKU Ha)KMMaeM Ha UCXOJHbIN OJOK,
KOTOpbIM siBjisieTcs 0110k DISP1, v npy 3ToM NosiBJISIETCS OKHO Bbl-
Oopa sneMeHTa rpaduyeckoro uHtepdeica, oT KOTOPOro JA0JKHA
MCXOJIUTh CTpetika (puc. 55).

selection x|

Data Source:

SPIN1 : B. nopor

Cancel

Help

Puc. 55. OkHo BbIOOpa 351eMeHTa rpadudeckoro uarepderica

B 3TOM OKHE B JJaHHBIK MOMEHT UMEETCSl €IMHCTBEHHAs CTPO-
Ka, COOTBETCTBYIOIIAA HOBOMY D3JIEMEHTY TIpadH4ecKoro HHTep-
detica «Ilon3yHOKk». DTO €IUHCTBEHHBIH 3JIeMEHT TpaduuecKoro
uHTepdeiica, KOTOPbIA MOXKET BBIJABaTh JAHHbIE U U3 KOTOPOro
MOXKET MCXOJIUTh cTpefika. OUeBHHO, PJIEMEHT IpadUuecKoro MH-
Tepdeiica «I'paduk» He MOKET BbiJaBaTh JaHHble. BbiOupaem
B OKHE 3Ty €JMHCTBEHHYIO CTPOKY M YCTaHaBJIMBAeM CTpPEJIKY, KaK
ObUI0 onKcaHo Bbile. Tenepb oHa UcxoauT u3 6ioka DISPI1, a no-
TOM BO3BpalllaeTcsl 00paTHO B 3TOT 010K (pHc. 56).
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Puc. 56. YcTtaHoBKa coe TMHEHUSA



Jlng dero ObIO caeflaHO 3TO coeguHeHHe? OHO MO3BOJIIET
HaMpaBUTh C TIOMOIIIBIO ATOM CTPEJIKU JJaHHBIE OT dJIeMEeHTa rpadu-
yeckoro uHtepderica «Ilon3yHOk» B 3j€MEHT rpaguyeckoro MH-
Tepdeiica «I'paduk». U Tenepp, eciii Mbl OTKPOEM OKHO HacTPOEK
aieMeHTa rpaduueckoro uHrepdeica «I'paduk», To yBUIUM, UTO
B CriMcKe Input from nosBAsSeTCS BTOPOM 37eMeHT. BribepeM 3TOT
3JIEMEHT (B Hayajie COOTBETCTBYIOIEH CTPOKH HOJKEH MOSBHUTHCS
CMMBOJI *) W 3agaauM €My LBET, Hampumep KpacHbiid (Red)
(puc. 57).

Trend Graph Display Item ﬂ

Type: Background Color:
Y¥-Time Graph b |- Black j|

Input from: [multiple choice, double-chlick to select]

*PRG1:Cunycouga: [Output O

*SPIN1:B. nopor

Trace Color: - Mj

Style 0K

| X numbers v ¥ numbers =

[~ X ticks ¥ ¥ ticks Lancel

[¥ Outer Frame Help

Range of x axis Hange of y axis -  Update Hate

From |+0 From |-5.0 3 £
to [+40 to [+5.0 =

Puc. 57. Hactpoiika curHana ot sjieMeHTa rpauueckoro
uHtepdeiica «[lon3yHok» ¢ Ha3BaHUeM «B. mopor»

Ceiluac MOKHO 3aIlyCTUTh TMOJYYEHHYIO CUCTEMY, W Terepb
M3MEHEHHsI aBapUUHOTO MOPOra, BHIMOJIHAEMbIE C MOMOIIBIO 3JIe-
MeHTa rpaduyeckoro uHrepderica «IlomyHok», oToOpaXkaroTcs Ha
rpaduke (puc. 58).
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Puc. 58. OtoOpaxkeHue Ha rpauKe U3MEHEHUsI aBAPUIHOIO
nopora

B urtore Mbl peaiuzoBaiy €lle OJAUH U3 TUIOBBLIX KOMIIOHEH-
TOB MoJIb30BaTeIbckoro uHTepdeiica. Ho moka cnenan auuib BbIBOA
Ha rpaduk, a HaM HY>KHO cJejaTh TakK, YTOObl aBTOMAaTHMYECKH
dbopmupoBasiachk aBapuiiHas WHIWKAILIUSA O MPEBBIIIEHUH BEPXHETO
nopora (JaHHOTO aBapUHHOrO TMOPOra), T.€. BBIMNOJHSIOCH CPaBHE-
HUe. DTy (YHKIHIO CPABHEHUS MOKHO OTHECTH K aJrOpUTMHYE-
CKOW OCHOBe pazpadaThiBa€MON MpOrpamMMbl, ITO3ITOMY JIJis €€ pea-
JIA3alMKA HaJ0 TEPEKIIOYUTBCS B KOHCTPYKTOpP CTpPATEruu, T
M CO3/IaeTCA 3Ta AJITOPUTMHUYECKask OCHOBA.

M 31ech B KOHCTPYKTOpE CTPATErMU B T0JI€ peAAKTUPOBAHUS
HaJg0 A00aBUTH CHEUUANIbHBIA OJIOK, KOTOPBIM OyJeT peannzo-

BbIBaTb CpPAaBHCHMUC. I[J'ISI 9TOI0O HAJA0 B IIaHCJ/IM TI'OTOBBLIX OJIOKOB

+-
X+

(cM. puc. 40) HaxKkaTb COOTBETCTBYIOILYIO) KHOTIKY . Y nocne

HaXKaTHs Ha ToJie peJaKTUPOBaHUs TyAa 100aBUTCs OJIOK omnepaTo-

pa «OnepaTop BbIYUCIICHUS» T



[1o ymomyaHuro ycTaHaBJIMBaeTCd UMEHHO oreparop «llmoc»,
YTO W BUIHO, €CJIM OTKPBITh OKHO HACTPOEK ATOro 0j10Ka (puc. 59).

Single Operator Calculation Block E_J
Tag:SOC1 | Description: | |
First Operand:
0
1] 4
DOperator:
+ (=] LCancel

Second Operand:
[

Help

Reszult Data Type: |Integer 57

Puc. 59. OkHo HacTtpoek 0Jioka «OnepaTop BbIYUCICHUS»

B 3TOM OKHe HacTpoek B none Operator HanO TIOMEHSTh 3HAK
+ Ha 3HaK > (3HaK «Oosblue»). Torma B Mmoje peaakTUPOBAHUS M3-

MEHHTCS BHEIIHUIT BUJ 3TOro Gi10Ka [~

Ceityac 5TOT OJIOK FOTOB peain30BbIBaTh cpaBHeHWe. Ho as
3TOr0 K HEMY HaJ0 «MOJIBECTH» C MOMOUIbIO CTPEJIOK 3TH CPaBHU-
BaeMble 3HAYE€HHs, a TaKKe BBIBECTU Pe3yJIbTaT CpaBHEHHS (TOXKe
c nomoupto crpesiki) B 6ok DISPI1. Tloatomy ycranaBinuBaem
cTpesiky ot Oioka «CuHycomma», cTpenky ot 6jgoka DISP1, a tak-
7K€ BBIBOJMM CTpeJIKY W3 0Jjioka cpaBHeHuUsl B 010k DISP1 (puc. 60).

JRI=TE
Eile Edit Setup Miew ‘Window Run Help _|5’|5|
NEFETREEIEEE
CrHycomaa LIS
S0
| ]
=S0C1 = DISFT:DISF | |NUM |

Puc. 60. [TopkitoueHue 0soka «OnepaTop BbIYUCIEHUA»



3/1ech HaJO OTMETHUTD, YTO MPH YCTAaHOBKE CTPEJIOK U3 OJIOKOB
«Cunycouga» u DISP1 O0yayT Bo3HUKaTh OKHa BbIOOpa (cM. puc. 47
1 48), 1 B 3TOM CJIy4yae HaJI0 COBEPILINUTh JICHCTBUSI, aHAJIOTUYHbIC
paHee BbINOJHEHHBIM MPU BO3HUKHOBEHUM 3THUX OKOH. Takke Ipu
MOABEICHNU CTPEJIOK K OJIOKY CpaBHEHHs OyJeT BO3HMKATh OKHO
BbIOOpa onepanaa (puc. 61).

[Ipu noapeneHun cTpeiikud oT 0joka «CHUHycouJa» HaJo BbI-
Oupatb onepaHn 1 (Operand 1), a npu NMoABEeACHUU CTPEIKU OT
onoka DISP1 — onepanpa 2 (Operand 2). MoXHO MBICJEHHO Tpe/-
CTaBJ/IsITb, YTO MEXJY OTUMHU JIByMs ONE€paHjaMu pacrojaraercs
3HaK oIepaTopa BbIYUCIIEHMS, B JAHHOM CJly4ae 3HakK >.

selection x|

Connect to:

Operand 1
Operand 2

[1].8

Cancel

Help

Puc. 61. OxHo BbIOOpa onepanaa A 0j10ka
«Onepatop BEIYUACIIECHUS»

Hrak, Tenepps y Hac B 6siok DISP1 nmocrynmaet 3Hauenue, dop-
MHUPYEMOE TIOCJIE BBIMOJIHEHUS OINEpaTopa CpPaBHEHUs, 34 CYET
CTpEJIKM, HampaBsgemMor ot Ojoka cpaBHeHMs (cMm. puc. 60). IToT
CUTHAJI MOKET NMpUHUMaTh ABa 3HaueHus: 0 u 1. 3nauenue 0 o3Ha-
4aeT, YTO CUHYCOMAAIbHbIM CUTHAJI MEHbILIIEC 3HAYE€HUs aBapUUHOIO
nopora, a 3HayeHue 1 — Hao0opoT.

Tenepr Ha/lO peaiM30BaThb MHIUKALMIO 3TOrO CUMrHaja C IO-
MOLIBIO 3JieMeHTa rpadguueckoro uHrepdeica «Muaukarop». Js
3TOT0 MOCJE TMepexo/ia B KOHCTPYKTOP 3KpaHa HaJl0 HA MaHEeJH ro-
TOBBIX OJIOKOB rpaduueckoro uHtepderica HaxkaTb COOTBETCTBYIO-

YO KHOIIKY @, YCTaHOBHUTb 3JIEMEHT rpaduueckoro uHTepdeit-
ca «MHaukaTtop» B 1oJie peJaKTUPOBAHUS U HEMHOTO YBEJIUYMUTH
ero pasmepsl (puc. 62).
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Puc. 62. JlobaBneHre MHAMKaTOpa CUTHAJA
O TIPEBBILIIEHUN TTOpPOTa

Ceiluac OH MNpOCTO MNpeacTaBisieT cOOOW YEepHbIM MOpsMo-
yrojabHuK. Hago maMeHuTts ero nmapameTpshl. /1 3TOro oTKpbIBaeM
€ro OKHO HACTPOEK M H3MEHSeM TaM HEKOTOpble TMapaMeTphl
(puc. 63).

IIpu 3ToM B mone Input from ykasplBaeM, OTKyda IMOCTYyIaeT
CUTHaJ JJIs MHJWKaTopa, a MMeHHo yka3biBaeM SOCI, Beap Tak
Ha3zbIBaeTca O0JI0K cpaBHeHUS (cM. puc. 59, none Tag). Takxke B 10-
ne Color for OFF (0) state ycTaHaBnvBaem 3eJieHbIM LBET (Green).

Indicator Display Item | |

Input from:

s0cC1 v

Style:
| Rectangle __‘_'_’j| Cancel
Color For ON [1] state: Color For OFF [0] state:

Wl Red o] [ —] t°

Puc. 63. OKHO HacTpoOEK 3JIeMEHTA rpapuueckoro
uHtepdeiica «MHAUKATOP»



Tenepp 3amyckaeM rmporpamMmy U BHUAMM, YTO B Cly4dasix, KO-
rJa CUHYCOUAAJIbHBIN CUTHAJI TPEBBILIACT aBApPUMHBINA MOPOr, WH-
JAKATOp CTAHOBUTCS KpacHbIM (puc. 64), B APYrux ke ciaydasx OH
OCTaeTCs 3€JICHBIM.

Lx#Advantech Genie Starter Runtime - [DISP1] Y m]
Eile Wigw Start Skop  REesume  Pause  Lock window  Help _Iﬁlllcj

EEIEIREOEIE

8.0

4.0

3.0+

20

= M3 L I M

1.0

0.0

1
= =

1.4
204

4.0

1 1 1 1
(=g} I o) Ma

5.0

Running narmally |Error Count:0

Puc. 64. U3meHeHne 1BeTa MHAMKATOPA HA KPacHbBIN
TMIPU MIPEBBIIEHUN aBAPUAHOTO NOPOTa

[IpuMepHO TOXO0XXKMM 00pa3oM MOXKHO peaii30BaTh WHJIMKA-
[IUIO B BUJIE TEKCTOBBIX COOOIIEHUH C TMTOMOIIBIO AlIeMeHTa rpadu-
yeckoro uHtepdeiica «YcnoBHbi TekeT» (Conditional Text). Jlns
ATOTO TOCIIe Tepexojia B KOHCTPYKTOp dKpaHa HaJlo Ha IMaHEIu To-
TOBBIX OJIOKOB rpaduueckoro uHTepdeiica HaxkaThb COOTBETCTBYIO-

text
YO KHOTKY L , YCTAHOBHUTD DJIEMCHT rpaquem(oro I/IHTep(beﬁ-

ca B MoJjie peJaKTUPOBAHUS U HEMHOTO YBEJIWYUTb €ro pa3Mephbl.
[Tocne 3Toro B OKHEe HAacTPOEK 3TOro dJEMEHTa MOKHO HW3MEHUTh
HY>KHbIE TTapaMeTphl (puc. 65).



Conditional Text Display item x|

Tag: CTXT1

Input From: T I - |
Text: |Eur|-|a.n E HOpME | Enter |

Foreground: ||:| Green j| [ Enable Auto Font Sizing

Background: ||:| Lt Gray j| Alignment: | Center j

Input value Text

CurHan g Hopme
lMNpesbwenye agapyAHOro NoOpora

=] LT o L) ) ek ]

Ok | LCancel | Help | Font __. |

Puc. 65. OkHO HacTpoek anemMeHTa rpagpuIecKoro
nHTepderica «Y CIOBHBIN TEKCT»

[locne pa3smeunieHMss U HACTPOMKK AAHHOrO 3JIEMEHTa rpaduue-
CKOro MHTepdeiica MOKHO 3aIlyCTUTh IporpaMMy U yOeIUThCs, YTO
B CJIy4asx, KOrja CUHYCOMJAIbHBIM CUTHAJ MPEBbILLACT aBaApUUHBIN
MOpPOr, Ha UHAUKATOPE BbIBOAUTCA TEKCT «IIpeBbilieHne aBapuiHOIO
rnopora» (puc. 60), B IpyryMx e cJIiy4yasx Ha 3TOM TEKCTOBOM HUH/IU-
KaTope BBIBOJUTCS TeKCT «CHUTHAII B HOpMe» (puc. 67).
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Puc. 66. Bun unaukaropa ¢ Tekctom «IIpeBblllieHre aBapuitHOro nopora»
IIPU NPEBBIIEHUU ABAPUMHOTO MOPOTa CUHYCOUIAITBHBIM CUTHAJIOM
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Puc. 67. Bun nnaukaropa ¢ TekctoM «CUTHAJl B HOPME»

B paccmaTprBaemMoM npumepe MoKa peasm30BaHO JIUIIb OJHO
OKHO TMOJIb30BaTEJIbCKOro HHTep(delica, HO B YCJIO)KHEHHBIX MPO-
rpaMMax oObIYHO TpeOyeTcs peanuzauus 0oJiee YeM OJIHOIO OKHA.
Hcxons nz satoro 8 SCADA-makeTtax 0ObIYHO UMEKOTCA BO3MOKHO-
CTH M (PYHKLUMM pear3allii MHOTOOKOHHBIX MPOrpaMM, a TaKxkKe
(GYHKUMU YIIPABIECHUS STUMU OKHAMMU.

Paccmorpum Ha nipumepe SCADA-naketa Genie TPUHLIMIT
peanu3aly MHOTOOKOHHOM MPOrpaMMmBbl.

J{nst 3TOrO 1npote BCero MnpoA0KUTh BbIMOJIHEHUE TPE/IbILY -
ero rmpyuMepa ciaeayromum oopa3om. JlobaBuM elle 1Ba BUAA CHUI-
HaJla K YK€ UMEIOLIEMYCSl CUHYCOUJAJIbHOMY CHUTHAJTy: CUTHAJI BU-
Ja «TPEYrOJIbHUK» WU CIYyYalhHO WM3MEHSIOLIMICA CUTHajd. JTO BCe
MOYKHO CJIeJlaTh M0 aHAJIOTUU C T€M, KaK 3TO ObLIO ClIeJIaHO B CJTy-
yae Osioka «CuHycouaa», TOJbKO Tenepb J100aBIsAIOTCS IBa APYTUX
Oioka BuAa user prog, © OHU OYIyT OTJIWYaTbCA Ha3BaHUIMU
Y MporpaMMamMu BHYTpH 3TUX OJIOKOB.



JIns peanmuzanyy CUrHajia TUIA <TPEYTOJIbHUK» MOYKHO MC-
MTOJIB30BATH MPOrpaMMy CIIEIYIOLIETO BHAA:

if (gl==0) gl=0.5;

if (g2+gl>5) gl=-0.5;
1f (g2+gl<-5) gl=0.5;
g2=qg2+qgl;

output g2;

He BnaBasicb B MoApOOHOCTH TEKCTa MPOrpaMmbl, OTMETUM,
YTO OHA peau3yeT NEePUOJUYECKUN CHUTHAJ TUMA «TPEYTroJIbHUK,
U3MEHIIOLINNCA B IUamna3oHe oT =3 710 J.

Jlng peanuzaumu ciaydyalHO M3MEHSIOLIErocsi CUrHajga MOKHO
MCMOJIb30BaTh CJIEAYIOLIYIO MPOrpamMmy:

g3=(rnd(0)%101-50) /100.0;
gd=qg4+g3;

if (g4>5.0) g4=5.0;

if (g4<-5.0) g4=-5.0;
output g4;

OTH NIporpamMMbl pazMmeliaeM B OJIOKH user prog, KOTOpble Ha-
30BeM « T'peyrojibHuk» U «CiiydalHbIA CUTHAJT».

Takoke psiioM ¢ KaXIbIM U3 3TUX OJIOKOB YCTaHOBUM OJIOK BU-
na DISP, kyna BeiBeneM ¢ MOMOUIBIO CTPEJIKA COOTBETCTBYIOLIMIA
curHaja. Takum oOpazoMm OyayT cO3/1aHbl JiBa JOMOJIHUTEIbHbIX
OJsioka rpaduueckoro uurepgeiica: DISP2, DISP3 (puc. 68).

Kaxkaplii U3 3TUX HOBBIX Oj10kOB BuAa DISP ¢opmupyer Ho-
BO€ OKHO rpaduueckoro uHrepdeiica, T.e. Mpyu Ha)KaTUKM HA Kax-
IbIA U3 3TUX OJIOKOB B KOHCTPYKTOPE 3KpaHa OTKPBIBAETCS HOBOE
YUCTOE MO0JIe peaKTHUPOBAHUS.

B kaxaoM >TOM HOBOM IOJie pPeJaKTUPOBAHMUS YCTAaHOBUM
aneMeHT rpaduueckoro uHtepdeiica «I'paduk» u noaxkIOUUM
K 3TOMY 3JIEMEHTY CHUTHajl OT cooTBeTcTByroulero Ojoka («Tpe-
YTOJMBHUK» W «CITyqalHBINA CUTHAID» ).
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Puc. 68. YcTaHoBKka JONOJTHUTETBLHBIX OJIOKOB IJIA BEIBOOA
CUTHAJIOB B JOTIOJIHUTEbHbIE OKHA

Torma npu 3amycke mporpaMmbl CHavasa IOKa3blBaeTcs Tep-
BO€ OKHO C CHHYCOWJAJIbHBIM cUTHaJioM. Ho B BepxHeW 4acTu 3To-
ro OKHa TOSBJIAETCA P KHOIOK ¢ Hudpamu 1, 2, 3, KOTOpkIe MO-
3BOJISIFOT MEPEKIIIOYATH OKHA.

B nameM npumepe ObLIO clieiaHO TPU OKHA, MO3TOMY M TIOSI-
BWJIKCh TOJILKO TpH KHONKHM. [Ipn Ha’kaTMM Ha OJHY W3 3THUX KHO-
NOK MPOMCXOJUT aKTUBU3ALMSI U3 TpeX OKOH. Hampumep, mMoxHO
AKTUBU3HMPOBATb OKHO C CUTHAJIOM THIIA «TPEYroJIbHUK» (puc. 69)
WJIM OKHO CO CJTIy4YalHbIM curaajiom (puc. 70).

[To aHajmoruu ¢ Tem, Kak 3TO ObLIO C/IeJIaHO B Cly4ae CHHY-
COUJAJIBHOIO CUrHaja, JJis KaXJAOro M3 JBYX HOBBIX CUTHAJIOB
MOKHO OpPraHHA30BaTh CPaBHEHME CUTHAla C HEKOTOPBIM IMOPOTO-
BbIM 3HAYEHUEM U BBIBOJI COOOILIEHUS O MEepexo/ie uepe3 3TO 3Haue-
HUE, a TAKXKE JIONOJIHUTEJIbHO YCJIOKHUTh pacCMaTpUBaeMblid NpU-
Mep. CrnpaBouHas uH@opmanus no pabore ¢ nakeroM Genie v2.0
JaeTcs B MPUJIOKEHUH B KOHLIE MOCOOMUS.

Kak 0b110 yxe otmeueHo, SCADA-naket Genie v2.0 siBaseTcs
OYE€Hb MPOCTHIM B MCMOJIb30BAHWH, MO3TOMY Ha €ro MmpuMepe ObLl



NPOJIEMOHCTPUPOBAH Mpoliecc pa3pabOTKU MOJIb30BATEIbCKOIO UH-
Tepdetica ¢ momoipo SCADA-makeToB.
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Puc. 69. I'paduk curHana BUaa «TpeyroJbHUK»
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Puc. 70. I'paguk cayyaitHoro curnana



