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Beepgexue

Petenvie 3a1a4 yCKOpeHUs HAYYHO-TEXHUYECKOTO ITPOTPeECCca
HEBO3MOKHO 0€3 MCII0JIb30BAHKSI MUKPOSJIEKTPOHUKH, 0GecIe-
YUBAIOIIEN MAaCcCOBOE OCBOEHVE COBPEMEHHOM KOMITBIOTEPHOU
TEXHUKH U BBIITYCK 3JIEMEHTHO# 6a3bI [/Is1 aBTOMATH3AIMI MAITAH
1 06opynoBanusi. MUKPO3JIEKTPOHHUKA PelaeT mpobieMy co3zia-
HUS BBICOKOHAEKHON SKOHOMUYHOW ¥ MUHUATIOPHOM Paauo-
3JIEKTPOHHOU aIMapaTyphl, BBIYUCTUTETbHON TEXHUKU U CUCTEM
ABTOMATHU3AIMH IIPH IIMPOKOM HaGOPE BBITIOIHAEMBIX (DYHKIHI
u 6GoJibIIoM 0GbeMe TiepepabaThiBaeMOi HHMHOPMAIIUHL.

MUKPO3JIEKTPOHMKA SIBJISIETCS OJHOM 13 HanboJIee JMHAMIYIHO
Pa3BUBAIOIIUXCS OTPACJIEN TPOMBIIIIEHHOCTU. JTO MTOATBEPK/IA-
€TCsI eKETOHBIM YIBOEHUEM CTETIEHN MHTETPAIMY MIKPOCXEM U
GOJIBINO CMEHSIEMOCTBIO HOMEHKJIATYPbI BBITYCKAEMBIX U3ETHIA.
[lepcrieKTUBbI PA3BUTHUSI MUKPOIJIEKTPOHUKY OIIEHMBAKOTCS BO3-
MOXXHOCTSIMH TEXHOJIOTWH. Ecyiv IpUHATD 32 KPUTEPU pa3Mep
9JIEMEHTA, KOTOPHIH TIO3BOJISIOT TIOJTYYUTh TIPOIIECCHI JTUTOTpadhu,
TO TIOJIYYIAETCS CIeNYIONIWH PSII;

1980 1. — 1 MKM;

1990 r. — 0,7 MKM;

2000 r. — 0,25 MKM;

2010 r. — 0,01 MEM.

I[Tepexos B 06/1aCTh COTHIX J0JIE MUKPOMETPA O3HAYAET TI0-
SIBJIEHVIE MUKPOCXEM, UCIIOJIB3YIONNX KBAHTOBBIE 3(h(eKTHI.

J1J1 TOCTUKEHUS 9TUX II0Ka3aTeseld TEXHOIornueckoe 060-
PyZIOBaHWE MUKPOIJIEKTPOHUKH JOJKHO 6Aa3MpOBaThCS Ha HO-
BEUNINX JOCTUKEHUSIX MHOTMX HATIPABJIEHU HAYKU U TEXHUKH,
OBbITh aBTOMaTU3UPOBAHHBIM U PAOOTATh, KaK IIPABUJIO, B COCTABE
POBOTOTEXHMYECKUX KOMILJIEKCOB M THOKMX aBTOMATH3UPOBAH-
HBIX CHCTEM.
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B HacTosi1iee BpeMsT aBTOMATU3AINS TEXHOJIOTUIECKUX MTPO-
11eCCOB MUKPO3JIEKTPOHUKHY BeJIETCSI HA OCHOBE IOCTIETHUX JTOCTH-
JKEHU MUKPO3JIEKTPOHHOU TEXHUKU — MUKPOKOHTDPOJLJIEPOB.



naBa 1

YNPABJIEHUE TEXHOJIOMM4ECKUMU
MPOLIECCAMW B MUKPOJJIEKTPOHUKE

1.1. OCHOBHbIE TEXHONOrMYECKHE NPOLECChI NPOU3BOACTBA
H3eNnii MHKPO3NEKTPOHUKM

YipasJieHvie TEXHOJIOTHIECKIMU TIPOIIECCAMU B JIIOOOM OT-
pacjy MPOMBINUIEHHOCTH J0JIKHO OGECTIEYNBATH MOSYIEHUE
MIPOYKIINY C OTIPe/ieJIeHHBIMY CBOMCTBaMH. Penierre aToii 3amauu
OCHOBBIBA€ETCSI HA TOHMMAHWH B3aUMOCBSI3U MEXK/TY CB0UCMBaAMU
U3JIEJINST, 0COOEHHOCTMAMU TEXHOI0ZUU ETO U3TOTOBJIEHWSI U XAPAK-
mepucmuxamu 060py008anus, C MOMOIIBIO KOTOPOTO PEATU3YETCs
aTa TexHosorus [1].

[TpousBoacTBO nHTErpambHBIX MUKpocxeM (IMC) mpezcras-
JIs1eT c060# CIOKHBIN MHOTOCTaIUITHBINA TPOIECC, B KOTOPOM
MO>KHO BBIZIEJIUTH TpH (passl [7]:

* 3aTOTOBUTEJIbHYIO, BKJIIOUAIOINIYIO B Ce€0s1 U3TOTOBJIEHUE
CJITKOB, Pe3Ky UX Ha IIJIACTHUHBI, HIOATOTOBKY OCHACTKY M MHCT-
PYMEHTA, TPOM3BOICTBO KOPITYCOB;

* 06pabaThIBAIOINYIO, TIPeHA3HAYEHHYIO [IJIs TOJTyYeHUsT UH-
TErpaJIbHBIX CTPYKTYP B MOJYIIPOBOHIUKOBOM MaTepualie Uiu
HA €T0 MMOBEPXHOCTH;

* c60POYHO-KOHTPOJIBHYIO, 3aBEPIIAOIIYIO0 U3TOTOBIEHUE
NMC. B Hee BXOIAT omiepaliu: pas/esieHre IIACTHH HA KPUCTA-
JIbI, COOPKA CXEM B KOPILYC, TePMETU3AINsI, KOHTPOJIb KA4eCTBa
W3/1eJIVH U UCIIBITAHUSL.
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OcHuosHbie xapakTepuctiku IMC, onpenesistoniie 061acTb ux
[IPUMEHEHMs], CO3AI0TCS 0bpabamvisaioweti pazou. OHa TIpeTb-
SIBJISIET 0COO0 BBHICOKME TPEOGOBAHMSI K TOYHOCTH U CTAOUIIBHO-
CTHU TEXHOJIOTUYECKUX ITPOIIECCOB U YCJIOBUSM MX BBITIOJTHEHUS.
Bce 510 puBOAUT K HEOOXOAMMOCTH PENIEHUS CIOKHBIX 3a/1a4
yIIpaBJIeHUs ¥ Pa3pabOTKK COBEPIIEHHBIX TEXHUYECKUX CPEICTB
B 0OpabaThiBarolei (hase IPOM3BOACTEA.

TexHosorusi o6pabarbiBaoniei (assl MOIy4nIa Ha3BaHKE
NAGHAPHOU VI B OCHOBHOM c(opMupoBaiack B Kouie 1950-x —
Havasie 1960-x rr. [ImanapHast TeXHOIOTHS TTIO3BOJIUIIA TTOTYYaTh
KayeCcTBEHHbBIE MHTETPAJIbHBIE CTPYKTYPBI IPU BBICOKOM BBIXO/IE
roxHbix. KpoMe Toro, 5Ta TEXHOIOTUS YHUBEPCATbHA, TPUTOIHA
ISl IPOU3BOJCTBA Pa3HOOOPA3HBIX MIPUOOPOB, AOILYCKAET U3-
MEHEHUE COCTaBa ONEPAIUN, YTO 0OECIEYMBAET BO3MOXKHOCTb
[OCTPOEHMS THOKUX aBTOMATU3UPOBAHHBIX IIPOU3BOACTB. I10-
cieiHee 0COOEHHO BasKHO [/ TAKOW OBICTPOPa3BUBAIOIIEICsT
0TpacJv, Kak MUKPO3JIEKTPOHUKA.

Ilo mranapHO# TEXHOJIOTUH U3TOTABINBAIOT B HACTOSIIEE
BpeMst 6osbmHCTBO Oumossipabix 1 M/II1-cxem. OctoBy IMC,
KaK M3BECTHO, COCTABJISIIOT MUKpOTpan3uctopsl (puc. 1.1, a, 6).
B 6umnossipHoit cxeme HEOOXOAUMbIE CBOMCTBA MTOMYYAIOTCS 32
CYET CO3[IaHUS P-N-p WJIH N-P-N-TPAH3UCTOPOB U MX COEUHEHUS.
7151 oTHeNIeHUsT CXeM IPYT OT IpyTa MCIO0JIb3YeTCs U30JISIUST
JIV3JIEKTPUKOM MJIM OO6PATHOCMEIEHHBIMHU P -71-TIEPEXOIaMH.

CTRTTETTTT
XK
BN

Puc. 1.1. CxeMbl TPDAaH3UCTOPOB:
a — 6unospHoro (3 — sMuTTEP; 6 — 6a3a; K — KOJIIEKTOD);
6 — MJIII (v — UCTOYHUK; 3 — 3aTBOP; C — CTOK)

B M/IIT-npu6opax HeoOX0AUMBIE CBOWCTBA 00ECIIEYMBAIOT -
CsI HA TPAHUIlE METAILII—/IUIEKTPUK—IOMyTIpoBoaHuK. Kanan
C YIPaBJIsSIeMOH TPOBOAUMOCTHIO (3aTBOP) IPH MOJaYe MOTEH-
[[1ajIa U3MeHsIeT 3JIEKTPUIECKUI TOK MEX/LY MICTOKOM U CTOKOM,
YTO U MCIIOJIb3YETCS JJIs 1ToIydeHus1 3(pdeKTa yCumaeHusl.



1.1. OCHOBHbIE TEXHONOrMYECKHE NPOLIECCHI NPOM3BOACTBA ... 1

C 11eJ1b10 BBISIBJICHUS OOITHOCTH MeTO/I0B u3rotossiennss UMC
COIOCTaBMM ILJIAaHAPHBIE TEXHOJOTUH MTOIYYEHMs OUITOJISIPHBIX
u M/IIT-tipubopos. Bee unc/ioBbie 3HAYEHNUST, XaPAKTEPUSYIOLINE
TPaH3UCTOPHBIE CTPYKTYPHI ¥ IPUBEIEHHBIE B ONTMCAHUY TEXHO-
JIOTUH, yKa3aHbl OPUEHTHPOBOYHO B pabore [6].

TexHos0rUss OUNOAAPHBIX cXeM. B m1aHapHON TEXHOJIO0-
TYY CYIIECTBYIOT pa3IndHble MeTobl monydernss IMC. Ouvu
Pa3IMYAIOTCS CTOCOOaMU U30JISIIIAU SJIEMEHTOB JPYT OT JPyra
v (POPMUPOBAHMS TPAH3UCTOPHBIX CTPYKTYP. PaccmoTpum naa-
HAPHO-INUMAKCUATLHYIO TEXHOJIOTHUIO, TIOIYYUBIITYIO IMXPOKOE
pacmpocTpaHeHUe B IPOMBIIILIIEHHOCTH. [locieioBaTeTbHOCTD
ee omepaluii npuBeeHa Ha puc. 1.2.

|
|
Jucddysus

Dotonurorpadus Ouncrka

OxcuaupoBaHue
|

Puc. 1.2. CTpyKTypHO-TEXHOJIOTHYECKasI CXeMa U3rOTOBJICHHUS ILIa-
HapHo-3nMTaKcuanbubix UMC

VIcXOMHBIM MAaTEPUAIIOM TP U3TOTOBJIEHUU OUITOISIPHBIX
VMC ciyaT nactutbl KpeMuwust quamerpom 60—150 mm, ToJI-
mmHo# 0,2—0,4 MM ¢ yaensHbIM conpoTuBieHueM 1—10 Om-cm.
T1IaCTUHBI IIPY 3aIyCKe B MPOU3BO/CTBO OObEAMHSIOTCS B IAPTHH
(omepanus 1) mo 10—50 wrt. 1 B gaabHeiIIEM 06pabaTHIBAIOTCS
Ha OTHOM ¥ TOM ke 000PY/IOBaHUH OJHOBPEMEHHO WJIH TT00Ye-
penso. CBOMCTBA IIJTACTHH, BKJIIOYaeMBIX B IIAPTUIO, HE JOJIKHbI
CYIIECTBEHHO OTJIMYATHCS IPYT OT APyTa.

Ouucrka (onepanusi 2) IPOBOIUTCS C LIEJIBIO TIOATOTOBKYU
IUTAaCTVH KPEMHUS K TOCIeAyonmM ortepanusiM. C II0BEpPXHOCTH
YAQISIOTCS. MEXaHIYeCKYe 3aTPSI3HEHN ST, XUMUIEeCKHU He CBSI3aH-
HBIE C TIOBEPXHOCTbHIO, 3arPS3HEHUSI, [I0JIyYEHHBIE B PE3YJIBTATE
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MOGOYHBIX PEAKIIHiL, a TAKJKE CJIOM C HAPYIIEHHON KPUCTAJLIYE-
CKOM CTPYKTYPOH, BOSHUKAIONINI IIPX MEXaHUYECKOU 00paboTKe
macTuHbl. KauecTBO OUMCTKY CTPOTO KOHTPOJIMPYETCSL.

[Toce ouncTKY TPOBOASIT IIEPBOE OKCHAMPOBaHUE (OTIEPAIIHS
3). OHo HEOGXOAUMO JIJIsT TOTO, YTOOBI CO3/ATh MACKUPYIOIHiL
CJION TUOKCH/IA KPEMHUS TOMIUHON okoso 1 mxm. Croit moy-
YaloT IyTeM OKCUAMPOBAHUS IIJIACTUH B aTMOC(epe CyXOTo WIn
BJIYKHOTO Kucopoza 1pu temieparype 1150 °C. Temneparypa
MTOJIKHA TIOAZIEPKUBATHCS € TIOTPEITHOCTHIO He Xyxe 1 °C.

Caenytonum atarom sieisietcs potoaurorpadus (oneparus
4). OHa rIpetHa3HAYeHA /751 CO3aHNUSI OKOH B MACKUPYIOIIEM CJI0e
nuokcuza kpemust. OCHOBHBIM TpeOOBaHUEM K KAYECTBY TEXHO-
JIOTUYECKOTO IIPOLECCA SIBJISIETCS] BBICOKAS TOUHOCTDh Pa3MepOB
MIOJTy4aeMbIX OKOH, PAaCCTOSTHUI MeKIy HUMU ¥ POBHOCTD KPaeB
JIMHUH, 00pPa3yIOINuX PUCYHOK CXeMBI (TOMOIOTHIO). JIMHEeHbIE
pa3Mephl 9JIEMEHTOB U paccTosinue Mexkay aumu B UM C moryT
COCTABJISITh JIOJTM MUKPOMETPA.

Muddysust (onepanust 5) 10/KHA 0O6ECTIEYUTD MOJIyYEHIE
XOPOIIIO TIPOBOJISIIETO CJI0SI 717 TIOJ] KOJJIEKTOPOM C yIETHHBIM
conporuBiearem 8—10 Om-M. OH coznaercs myteM nuddysnmn
MBINIbSIKA WK CypbMBI Ha Trybuny 1—2 mrm. Juddysust npo-
BOJIUTCS B JIBE CTAIIVN: «3ar0HKay pu TeMmepaType 800—900 °C
U «Pa3roHKa» ¢ oKkcuaupoBanueM 1pu temiieparype 1000—1100 °C.
[TorpemHoCcTh CTabUIM3aIMU TEMIIEPATYPhI B paboueM obbeme
He 710/pkHa nipeBbimaTh +0,5 °C, a coctaB rasa, IpoIrycKaeMoro
yepe3 PeaKkTop, A0JKEH OBITh MOCTOSTHHBIM.

[Toce nuddysnn mpoBoaNTCS CHATHE OKcHaa (OTepaIus
6) ¥ TOBEPXHOCTH MOATOTABIUBAETCS MyTEM OYUCTKHU (OI€e-
panus 7) K 3NUTaKCHaJIbHOMY HapamuBaHuio (omeparus §).
ONUTAKCUAJIBHBIHA CJION € 7 -IIPOBOJUMOCTBIO UMEET TOJIIUHY
8—12 mxm u yrenpHOe conpotuBienue 0,1 —10 Om-cm. KauectBo
CJIOS1 OTIpeliesIsIeTCs 3JIeKTPOPU3NIECKUMI CBOMCTBAMY, a TaKXKe
KOJINYECTBOM [J1e(DEKTOB U AUCIOKAIMIA, KOTOPOE He JJOJKHO
npesbimats 104 cm2

Curoit mrokcuaa kpeMuust rommunon 0,5—1 MkM (onepanust
9) cozmaercst st MACKMPOBAHUS IIOBEPXHOCTH C TE€M, YTOOBI
¢ TIOMOIIIbI0 Bropoii utorpaduu (onepamnus 10) chopmupoBath
OKHAa ToJI pas/ieinTeNbHyI0 nuddysuto. B manapro-snutak-
CHATTbHOW TEXHOJIOTUY SJIEKTPUIECKOE Pa3ieIeHUE dIEMEHTOB
MUKPOCXEMBI ITPOBOAUTCS C IPUBJIEYEHHEM 0OPATHOCMEIIEHHBIX
Pp-n-TIepPexXo/IOoB.

Tpe6oBaHMsI K KAYeCTBY BBIMOJIHEHUSI OMEPAIMHA (GOTOIUTO-
rpaduy, HAYMHASL C ITOU CTAANK U3TOTOBJIEHUS, IOTIOJIHSIOTCS
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YCIOBUSIMUA TOYHOTO COBMEIIEHHST HOBOTO PUCYHKA C TIPEbITY-
TIIVIM.

NByxcraamitnas nud¢ysus 6opa (ouepanus 11) Bbi-
noJHsAeTCs st (POPMUPOBAHUS Pas/eisionux obiacreit
¢ p-npoBogumMoctbio. OHa mpoBoautcs mpu Temmepatype 1100 °C
(«3aronkas) 1 1200 °C («pa3roHkas) ¢ OKCUAUPOBAHUEM B aT-
Mocdepe CyX0oro KUCIOpoIa.

®opmupoBanue 6a3bl TPAH3UCTOPOB OCYIIECTBIISIETCS 110~
CJIeJIOBATEIBHO TPOBOIUMBIMY ONIEPAIUSIMU: OYHCTKA IOBEPX-
HocTH (omeparus 12), okcuaupoBanue (omeparus 13), TpeTbs
dboromurorpadus (onepamus 14), muddyasus 6opa (onepanus
15). B pesyJibrare BBHIINOJHEHUS 9TUX Oepalluil Ha TyOnHe
2,5—3 MKM c03/1210TCsi 06JIACTH C y/IEJbHBIM COIPOTUBJIEHNEM
50—300 Om-m.

TpeGoBaHMsI K KAYECTBY BBIITOJTHEHMSI OIIEPAIIMIA U PEXKUMAM
06pabOTKY aHAJIOTUYHbI ONIUCAHHBIM BBbIIIIE,

[Tpu hbopMupoBaHNY 9MHUTTEPA IPOUIBOASITCS CIENYIONIHE
oIepaIuy: OYNCTKA moBepxHOCTH (oreparus 16), okcuaupo-
Banue (onepaims 17), yerBeptas orommrorpadus (omneparvst
18), mudpdyausa docdopa (onepanus 19), PesynsraTrom sTux
olepanuii BJISIOTCS 00J1aCTH 72 -TIPOBOAMMOCTBIO Ha TIyOUHE
0,8—2 MKM ¢ yneabHbIM compoTuBieHreM 5—20 OM-M

[Tocsie ouncrirm (onepanus 20) Ha TOBEPXHOCTD IIJIACTUHBI
HaHOCHUTCS CJIO MeTaJLIa, yalle Bcero antoMuHus (omeparys 21)
tosmuuoi 0,2—0,4 MKM, Ha KOTOPOM C TIOMOTIThIO MATOM PoTo-
smrorpacduu (onepaius 22) co3Ia0TCsI KOHTAKTHBIE TLIOMIAIKI
¥ TIPOBOIHUKH, COeIMHSIONTNE Mex 1y coboit amemenTsr UMC.
PasBogka B cxemax ¢ GOJIBIION CTEIIEHBIO MHTErPAIIMHI IIPOBOAUTCS
B HECKOJIBKO CJIOEB, TIPH 3TOM CJION METAJLIIA PA3/IENSIOTCS COSIMU
JIMBJIEKTPHKA, 2 HEOOXOAMMYIO TOIOJIOTHIO TI0IYYA0T METOIAMHU
dorommTorpacdun.

[Tocnenreit onepanueii o6paGaTbiBaroIIei (hasbl SIBISAETCS KOHT-
POJIb TOTOBBIX CTPYKTYP Ha mwiacrune (orepars 23). [locse koHT-
POJIst IUIACTHHA HIEPEAAETCS B COOPOYHYIO (hasy MPOM3BOACTBA.

Texnomaorus M/III-cxem. Texuomorus M/I11-cxem ocHOBaHa
Ha (POPMUPOBAHUY CBOICTB U3/ HA TOBEPXHOCTH TIOJIYTIPO-
BOIHMKOBOTO WJIM U30JISIITUOHHOTO MaTeprana. Paznnyaror Tpu
Buzaa cxeM: n-M/II1-, p-M/I11-cxeMbl, TUTI KOTOPHIX OIIpe/eeH
MIPOBOZIMMOCTHIO MATEPUAJIA TIOJ] 3ATBOPOM, U KOMILJIEMEHTAPHBIE
KM/III-cxembi, KCIIOIB3YIOIINE B KAYECTBE DJIEMEHTOB IPHUOOPHI
obonx Tunos. HanGosee cnoxuoi sasiserca texnonorns KM/III-
cXeM, TI0CJIeI0BaTeIbHOCTD Ollepalliii KOTOPOU IIpuBeieHa Ha
puc. 1.3.
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Doronurorpadust

Oxcumuposamme
|

Puc. 1.3. CprKTypHo-TexnonofuqecKaﬂ CcXeMa U3TOTOBJIEHUS
KMAII UMC

HVcxomubiv MatepuanoM st nosrydernst KM/ITT-mpuGopos cory-
JKaT IJIACTHHbI KDEMHHUSI C 72 -TIPOBOMMOCTBIO inamerpoM 60— 150 My,
tomuHo# 0,2—0,4 MM ¢ yaeIbHbIM conpotuBenneM 2,5—10 Om-cm.
W3 0IHOPOMHBIX IO CBOWCTBAM ILIACTHH (POPMHUPYIOTCS HAPTHU
(oneparust 1) 1151 ocIeytonIel COBMECTHOM 0OPabOTKH.

[Tocne ouncrku (omeparus 2), okcuaupoBanus (oneparsi 3)
B aTMocdepe CyXOoro UM BJIAKHOTO KUCIOPO/Ia, B IPOIECCE KO-
TOPOTO cO3AacTCs caoi Toammuaon 0,9 MKM, 1 TocIenyoei
oumcTKY (omeparus 4), Bo BpeMst KOTOPOH yJaIsieTcsi CI0H ¢ Ha-
PYUIEHHON KPUCTAJLIMYECKOUN CTPYKTYPOH, INIACTHA CYUTAETCS
MOATOTOBJIEHHOM K OIepaiusiM, POPMUPYIONIUM OT/EIbHBIE 06-
JIACTH C P-TIPOBOJAUMOCTBIO — «KAPMaHBI,

[l71s1 oy YeHust «KapMaHay UCIOJIb3YIOTCS CIEAYIONIIE OlIe-
panuu: OKCuAMpoBaHue (Orepaiys 5), B pe3yJIbraTe KOTOPOTO
MOJTyYaIoT CJIOM IroKcHIa KpeMuust Tosmaou 0,5—0,6 MkM 1ipu
temmieparype 1200 °C B atmocdepe cyxoro min BAaKHOTO KHCJIO-
pona; nepBas ¢poromrorpadus (onepaius 6), hopMupyromas
OKHa I10J] ©30/IMpOBaHHbIe ob1acTy; auddysus 6opa (oneparms
7), KoTopast obecriedrBaeT BBeleHre HeOOXOAUMOM TIPUMECH 32
JIBE CTAJINU: «<3aTOHKY» U <Pa3rOHKY».
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B pesysbrare sTHX OIEpanuii co3AalTCs TOKAIbHbIE 00I1aCTH
¢ yaenbHbIM conpotuBienreM 700 OM-M Ha rry6uHe 6 MKM,
[PUKPBITHIE CBEPXY OKCUIAOM Touumuuou 0,5 MkMm. TpeGoBanust
K KaueCTBY BBIIIOJHEHUSI OIEPAINil, COOJIOEHUIO PEXUMOB
u camuM pexkumam st M/I11- u nnanapHO-sTUTaKCHATBHON
TEXHOJIOTHH CXOHBIL.

Cremyroniasi rpymia orepanyii npeIHa3HadeHa s popMupo-
BaHVs 00/1aCTEN CTOKA ¥ CTOKA C KaHaIaMu p-1ipoBogumMocTi. OHa
BKJIIOYaeT B cebst: Bropyio ¢rorommrorpadmuio (onepamys 8), nep-
ByI0 crauio quddysuu 6opa — «3aroHKy» (onepaius 9), CHATHE
6opocwmkaTHoro crekia (omepanyst 10), ourctky (omeparus 11),
BTOpYIO cTammio mudy3sun 6opa — «pasroHKy» (omepars 12).

KanaJibl ¢ p-IpoBOAUMOCTBIO MIMEIOT Y/IEJIbHOE COIIPOTUBIIEHNE
90 Om-M Ha riyOune 1 MKM.

[Ipu hopMupoBaHIK KaHaIa 7-TIPOBOIUMOCTH BBIITOJIHSIIOTCS
IIOCJIEIOBATENBHO CIIENYIONIYE OTePAllUN: TPEThs POTOIUTO-
rpadus (omepaius 13), «<3aroukas» ¢ocdopa (omeparust 14),
cusitie pocopocuIukaTHoro crekia (omnepaius 15), ouncrka
(omeparus 16). YnerpHOE CONPOTUBIEHNE KaHAIA COCTABIISET
30—40 Om-M Ha rry6uHe 1 MKM.

Croit muanekTpuKa HaJl 3aTBOPaMu (POPMUPYETCS C TIOMO-
IIBIO CJIEAYIONINX Ollepanuii: yeTBepToii poToaurorpadpuun
(oneparnus 17), koTopasi peHa3HAaYeHA /JIsI IOJIyYE€HUS OKOH
HaJl 3aTBOPaMU, HapamMUBaHUS cjI0s oKcuaa (oneparus 18)
HaJ 3aTBOpOM ToamuHoM 0,1 MkM. 3atem npoBoasT AUPPY-
auio ¢pocdopa (onepanus 19) u a1 cTabUIU3aIUU CBONCTB
usznenusi — otTkur npu temueparype 1000 °C B atmochepe
cyxoro a3ota (onepanus 20).

B pesysrare Bcex aTHX onepariuii 00pasyioTcsi TPAH3MCTOPHBIE
CTPYKTYPBI, B KOTOPBIX Y/IETbHOE COIPOTUBIIEHUE 00IACTEN «HC-
TOK-CTOK», COETUHEHHBIX KAHAJIAMHU P-TIPOBOAUMOCTH, COCTABJISIET
90—100 Om-M, a coefHEHHBIX KaHAJIaMU 7-TIPOBOJUMOCTH —
12—13 Om-m Ha rirybune 2 mxM. Tpauzuctopst chopMUPOBaHBI
B «KapMaHax», FPaHMIA KOTOPBIX UMEET y/IEJTbHOE COIPOTHBIIEHIE
350 Om-M Ha ry6uHe 7 MKM.

Iaras poromrorpadus (oneparus 21) CayKUT A1 BCKPHI-
THUST OKOH TIO/{ KOHTAKTBI, TI0CJIe YeTO HAHOCHUTCS CJIOMH aIIOMUHUS
(oneparius 22) toumuuoii 0,7—0,8 mxm. Onepanust 23 mpoBo-
JIUTCST 1JS1 HOJyYEHHUST MeKCOeAMHEHUIH, TOTIOJIOTUS KOTOPBIX
moJTyyaeTcst MetogamMu hoToIuTorpaduu.

[Tocie TpaBiIeHMsI [1JIsI CTAOMIM3AIMY CBOUCTB MeTaJLIa [IPO-
BOJIHUKOB TIPOBOUTCSI TEPMOOOpaboTKa (onepaius 24), 3aTeM
FOTOBBIE CTPYKTYPBI IIOCTYIIAIOT HA KOHTPOJb (Oreparus 25).
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[Monygenne UMC no n-MII1- u p-M/I11-TexronorusiM mpo-
IIl€, TIOCKOJTbKY B HUX HE HY>KHBI OTIEPAIIY Pa3/Ie/IeH s IUIACTHHBI
Ha JIOKaJIbHBIE 00s1acTy (5—7) ¥ UCHOJIb3YETCs TOJBKO OLHA
rpyIIa orepanuii, GopMUpPYIOIUX KaHAIBL: 1160 ¢ 811 110 12-10,
160 ¢ 13-i1 10 16-10. OIHAKO CXEMHbIE PEATU3AIMK HA OCHOBE
KM/ II-upubopos Gosee a¢hHEKTUBHBL, 9TO 0OECIEYMBAET K-
pokoe npumenenre KM/[II-TexHosoruu.

AHanu3 0cOOEHHOCTEN TEXHOJIOTUI 1 IIPUBEJEHHBIE BBIIIE
CTPYKTYPHO-TEXHOJIOTMYECKUE CXEMBI TTO3BOJISIIOT BBIIEIUTH
Y CTPYIIUPOBATh OCHOBHBIE OIEpaIuy o6pabarbiBaroieil (pasbl.
Nmmn sastroTest:

* 06paboTKa MOBEPXHOCTH ILJIACTUHBI KPEMHMS, OKCH/IOB
Y IUIEHOK METaJlIa UK IU3JIEKTPUKA HA HEW;

* nosxyuenue Tonosoruu VIMC Ha KpeMHUY, OKCU/IAX U Me-
TaJJIAX;

* (hopMupOBaHUE CBOICTB MaTepHUAaia B OTAENbHBIX CIOSIX
WM JIOKAJIbHBIX 00J1ACTSX;

* HAaHECEHWUE IIJIEHOK, CJI0EB U3 JINJIEKTPUKA, METAJLIIA VI
OKCHUJIOB.

ITHU oTepalyi MHOTOKPATHO TIOBTOPSIIOTCS B TIPOTIECCE TI0-
ayyenuss UMC u paznndaroTcst peskuMaMy, TPUMeHSIeMBIMI
Marepraiamu u peaktuBamu. Obire TpeGOBAHUS TIIAHAPHOM
TEXHOJIOTUY 3aKJII0YAIOTCSI B BBICOKON TOYHOCTH COBJIIONEHUST
PEKUMOB 06PabOTKY, BBICOKOM YMCTOTE BCEX PEAKTHBOB, MCIIOJIb-
3YEMBIX B IIPOIIECCE TIPOU3BOICTBA, ¥ COOJIIOIEHUS DIIEKTPOHHOM
TUTHEHBI.

Takast 06IIIHOCTD MTO3BOJISIET BBIIETUTH TEXHOJIOTHIECKOE 060-
PYZlOBaHUE, XapaKTepHOe JIJist Iiponiecca uarotosnenus UMC, u va
ero npuMepe chopMyIUPOBATh TUITMYHBIE 32/]a4N YIIPABIEHUSI.

1.2. OcHOBHbIE XapaKTepuUCTUKK 060pyAoBaHuA
aBTOMATH3UPOBAHHOr0 NPON3BOACTBA MUKPO3NEKTPOHUKM

1.2.1. O6pa6oTKa NOBEPXHOCTH ILIACTHH

B dopmuposanuu asnemerntoB UMC 60JIbIITyI0 POJIb UTPAIOT
CBOWCTBA TIOBEPXHOCTH TIOIYTIPOBOTHUKOBOTO MAaTEPHAJIA U CJIO-
€B, HAHOCHMBIX HA TJIACTUHY B PA3JUYHBIX TEXHOJIOTHYECKUX
nenstx. O6paboTKa MOBEPXHOCTH MOKET OBITH HAaIlPaBJeHa Ha
[PUIAHKE BCEH MOBEPXHOCTU HEOOXOAMMBIX CBOMCTB MY U3Me-
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HEHMeE CBOMCTB B JIOKIbHOM 06.1acTr. OCHOBHBIMH OIIEPAIIUSIMH,
MTPOBOTUMBIMU HA TIOBEPXHOCTH, SIBJISIOTCSI:

* XMMHAYECKOE [I0JIMPOBAaHUE — yAJIeHHe Ha BCell IIJIacTUHE
CJIOSI C HApYIIEHHOU KPUCTAJLIMYECKOM PeleTKOH;

* TpaBJieHUe — CEJIEKTUBHOE yAaJeHIe MaTepHaa CJI0SI UK
MIJIACTUHEL,

* QUUCTKA — yIaJIeHHe C TOBEPXHOCTH MATEPUAJIOB TI0CTIE
BBITIOJTHEHUSI UMW TEXHOJIOTUYECKUX (DYHKIUI ¥ PA3JTAYHBIX
3arpsI3HEHUI.

Oneparyiy OYUCTKY ¥ TPABIEHUS TPOU3BOJISAITCS MHOTOKPATHO,
a TEXHOJIOTHYECKE TIPOIIECCHI PA3IMIAIOTCS TIPUMEHSIEMBIMHU Be-
IIECTBAMU ¥ PEKUMaMMU, BHIOMPAEMBIMH B 3aBUCIMOCTH OT CBOMCTB
TIO/IJIOKEK U yJasIsieMOro MaTepuada. Tak, Ipy TpaBJieHnu Cylile-
CTBEHHO Pa3jIM4aloTCsI METO/IbI, IPUMEHsIEMBIE ITPU 00PabOTKe
MIOBEPXHOCTH TUOKCH/A KDEMHUS, METAJLIIOB U TUIEKTPUKOB.

3arpsi3HeHUS, TMOSIBJISIONIAECS] HA IOBEPXHOCTHU ILIACTHH,
MIPUHSITO JIEUTD HA /[BE TPYTIIIHL:

* BHEIIHWE, ONIPe/IesisieMble KAYeCTBOM OKPY KAIONIEH Cpeibl
(BIAKHOCTBHIO BO3/yXa B TIOMENIEHNH, 3AMTBLIIEHHOCTHIO, HATUYHEM
MIAPOB arPECCUBHBIX BEMIECTB 1 JIP.);

* BHYTPEHHHUE, BO3HUKAIOIIME KaK MOO0YHbIE 3(PPEKThI IIPH
BBITIOJTHEHUY TEXHOJIOTUYECKUX orepaluii. Bopbba ¢ aTuM Bugom
3arpsi3HEHUI OCOOEHHO CIIOKHA.

Jlist 06pabOTKY TIOBEPXHOCTH PUMEHSIIOTCSI [BA METO/A!
XUMUYECKUN — «KUIAKOCTHOMY M BAKyyMHO-TLTIa3MEHHBIN —
<«CyX0ii».

TexHOJIOTHST XUMUYECKOTO METOIa 06PAaOOTKY BKJIIOYAET
B cebst:

* yIajieHue OPTAaHNYECKUX COEIMHEHUH, XUMUIECKU HE CBSI-
3aHHBIX C TIACTUHOM, C TOMOIIBIO CHIENUATBHBIX PACTBOPUTEEN
(ToJsryosa, N30IIPOIIIOBOTO CIMPTA, aMMUAKA U T.IL.);

* yrajeHue 3arpsi3HeHNN, XUMUYeCKH CBSI3aHHBIX C IIJIaCTHU-
HOM, OKCUZIOB U I[PYTUX COEIMHEHUN C IIOMOIIBIO KUCJIOT (IL1a-
BUKOBOM, COJISTHON WJI CJIOKHBIMUA CMECSIMHU );

* MEXaHWYECKOe y/IayleHHe YaCTHI] C TOBEPXHOCTH ILIACTHUHEI,
KakK IPaBUJIO, TUAPOMEXAHMYECKMM CIIOCOOOM, COBMENIAIOIIUM
MeXaHIYECKOE M XUMUIECKOE BO3/IENCTBUS, TPOMBIBKY TJIACTUH
B JIEIOHMPOBAHHOW BOJIE, CYNIKY TIJIACTHH HOCJIE TIPOMBIBKH.

PasHoo0Opasue peakTUBOB U PEKUMOB 00paboTKH, TpeboBa-
HUSI BBICOKOW YHUCTOTHI IIPUMEHSIEMBIX BEIIECTB MOTPeOOBAIM
pa3paboTKu 060PYAOBaHMS, B KOTOPOM [IJIsl KaXKIOM OIE€PAIiK
co3naercs cBoi pabounii 06beM — BaHHA. MaTepuaa BaHHBI
Y aKTUBAIYS [IPOLECCA B HEH MOTYT OBITh Pa3/JIUYHBIMU.



18 [naBa1.YnpaBneHue TEXHONOrMYECKUMH NPOLIECCAMM B MUKPOIJIEKTPOHUKE

OO6umMMK HeOCTATKAMKM XMMUYECKOTO MeToa 00paboTKY
SIBJISTIOTCSI:

* HEeyHUBEPCAIbHOCTb, IPUBO/SAIIAS K HEOOXOIUMOCTH HC-
HOJIB30BAHYSI PA3JIUYHBIX CPE]L ISl 06pabOTKH, 9TO TPEOYET BbI-
60pa CreUaIbHbIX KOHCTPYKIIUMOHHBIX MATEPUATIOB U CIIOCOOOB
HEUTPATN3aI[UU IPOAYKTOB PEAKIIHH;

* BO3HMKHOBEHUE BPEIHBIX JIJISI U3/IENHS PEAKITNIA HA TIOBEPX-
HOCTHU KPEMHUS;

* BHECEHWE 3aTPSI3HEHNN.

Kpowme Toro, xuMudeckoe TpaBJieHHE, KAK TIPABUIIO, MI30TPOITHO,
T.€. IpY (POPMUPOBAHKH JIOKATBHBIX 00JIACTEN yAaICHUE TUICHKH
IIPOXOZIUT C OIITHAKOBO# CKOPOCTBIO B/IOJIb TJIEHKH U 110 TOJIIIHUHE.
ITO IPUBOJUT K CYIIIECTBEHHOMY OI PAHMYEHHIO JIMHEIHBIX Pa3MePOB
anementoB UMC (mipeziesibHOE pa3perienre — oKoJio 1 MKM).

BakyyMHO-I1a3MEHHBIE METO/IbI 06PAOOTKY TIO3BOJISIIOT U3-
GesxaTh HEKOTOPBIX YKa3aHHBIX HEIOCTATKOB U 00JIaai0T 61b-
muM paspenienreM. «Cyxue» MeTOIbI 60Jiee YHUBEPCATbHBI
1 00€eCIIeYnBaIOT:

° HU3KWI YPOBEHD 3aTPSI3HEHUS TIOBEPXHOCTH;

* XOPOIIIYIO BOCITPOM3BOIUMOCTb CKOPOCTH TPABJIEHHS MaTe-
PHAJIOB OT ITUKJIA K ITUKITY;

* BBICOKYIO PABHOMEPHOCTbH TPABJIEHSI IOBEPXHOCTH;

* MaJIblil yPOBEHbD 3arpsI3HEHUSI OKPYIKAIOIIEN CPEJIBL;

* 6€30IaCHOCTh PabOThI IEPCOHAIA.

Du3NKo-XUMHYECKUIT MEXaHU3M BaKyyMHO-ILJIa3MEHHOMN
TEXHOJIOTUH TT03BOJISIET BBIIETUTD CIIEAYIONIUE THITHI IIPOIIECCOB
06pabOTKH TIOBEPXHOCTH.

Honnoe tpaBiaenne (11 T), mpr KOTOPOM ITOBEPXHOCTHBIE CJIOH
MaTepHaJia YAAISIOTCS B pe3yJIbraTe (PU3NIeCKOro PacblIeHNSI.
[Iporecc He cOTPOBOXIAETCS XMMUIECKUME peakiusamu. Eciau
obpabaThIBaeMbIii MaTepPHA/ IOMEIEH Ha 9JIeKTPOaX WU Jep-
JKaTeJIsIX, COIPUKACAIOIINXCS € IJIa3MOH pa3psizia, TO TpaBJleHue
Ha3bIBAIOT NOHHO-IJIA3MEHHBIM, €CJIY JK€ MaTE€PUAJ OTAEJIEH OT
006JIaCTH TIa3MbI — HOHHO-JTy4€BBIM.

IInazamoxumuueckoe Tpasienue (I1XT) npoucxonut npu
B3aUMO/IEHCTBUY MEK/LY TOBEPXHOCTHIO ¥ XUMUYECKU aKTUBHBIMU
JACTUIIAMH, K KOTOPBIM OTHOCSITCSI CBOOO/THBIE ATOMBI U PAIUKAJIbL.
Eciu ipu aTOM MaTepuast HaXOAMTCs B 00JIACTH IIa3Mbl PA3PsIIa,
TO TpaBJIEHWE HA3BIBAIOT IIA3MEHHBIM, €CJIU 06JIaCTh PEAKITHM
OTJIeJIEHA OT TIA3MbI — PATUKAIBHBIM.

Honno-xummuyeckoe (11XT), niu peakTHBHOe HOHHOE TPaB-
JIeHV€, XapAaKTePU3YeTCs] COBMECTHBIM JIEUCTBHEM (HU3UIECKOTO
PACIIbUIEHUS ¥ XUMUYECKUX PEAKIMil. AHAJIOTUYHO IPebIyIe-
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My [P MaTeprajie, HaXOAAIMEMCS B 00JIaCTH ILIa3MBI, TIPOIECC
HAa3bIBAIOT PEaKTUBHBIM NOHHO-ILIAa3MEHHBIM, aJIbT€PHATABHBIM
IIPOIIECCOM SIBJISIETCSI PEaKTUBHBIN NOHHO-JTy4€BOM.

CpaBHUTENbHBIE XaPAKTEPUCTUKN XUMUYECKOTO «KHUIKOCT-
Horoy tpaBieHus (KXT) u BakyyMHO-TIJIa3MEHHBIX METO/IOB
npuBezens B a6, 1.1,

Tabruya 1.1
Iloka3aresnu npouecca TpaBIeHUs
XapaKTepuCTHKH Bun TpaBnenus
mpouecca TpaB-
o KXT uT IIXT nxT
YHuBepcamrpbHOCTH Her Ja Her Ha

Pagpematomasico- | L=L_+3| L=L L=L ('-")8| L=L
COOHOCTD, MKM

CeJIeKTUBHOCTH 10—100 1—-10 10—100 5—20
TPaBJIEHUS
HepaBromepHOCTH 1 3-5 1 3-5

TPaBJIEHUS B Map-
TWY TUIACTHH, %
Heposuocts kpasi| 10—15 3-5 3-5 3-5
OT MOJYYEHHOTO
pasmepa, %

Juanason rexno-| 1,0-10,0| 0,1—1,0 1,0—-10,0 0,5-5,0
JIOTUYECKUH CKO-

pocTel TpaBJIeHUS,

HM/C

Cosmenienue Her Orpanu- Ja Orpanu-
omepainuii Tpas- YEeHHO YEeHHO

JIEHUsI MaTepuaa
u yraneuus GpoTo-
pesucra

OurcTKa TOBEPXHOC- Ja Her Her Her
TH TIOCJIE TpaBJie-
HHUSL

Ympasienue Her Ja OrpaHu4eHHO Ha
TpaBJIEHUEM C II0-
moibio OBM

Ipumeuanue. L — mupuHa JIMHUYU; § — TOJIIMHA IUIEHKU (HOTO-
m
peswucra.

O6opynoBaHre BaKyyMHO-IIJIa3MEHHON 00paboTKu GoJiee
CJIOXKHO, YEM XMMUYECKOHU, HO OHO NIEPCIIEKTUBHEE C TOYKM 3PEHUS
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aBromMatu3aiuu. ComocTaBIeHre Pa3HbIX METOIOB BaKyyMHO-
IJIa3MEHHOTO TPaBJIeHUs IPUBEIEeHO B Tabr. 1.2,

Tabnuya 1.2

XapakrepHCTHKA PEKHMOB BaKyyMHO-
IJIa3MEHHOTO TPABJIECHUS

Buz tpaBienus
uT UXT IIXT

ITapameTpsi peak- | peak- |

mwias- TyueBoe THBHOE | THBHOE | = " | PGV

MEHHOEe mwias- | Jaydye- Hoe HOE

MEHHOE | BoOe
CkopocTh 0,1—1 | 0,3-3 1-5 0,3—3 | 2—10 1-3
TPaBJIEHUS,
HM/C
AHU30TPOTI- 5—10 | 10—10%2 | 5-30 |10—10%| 2—5 2—5
HOCTb
Paspemaronast | 0,5—0,7 | 0,3—0,5 | 0,4—0,6 | 0,3-0,5| 0,7—1 | 0,7—1
CIIOCOOHOCTD
TPABJIEHVS, MKM
CeJleKTMBHOCTB | 2—5 2—5 5—10 5—10 | 10—30| 20—50
TpPaBJIEHUSI
PasHOMEp- 90—95 | 95—97 | 90—95 | 95—97 | 80—90 | 90—95
HOCTB TPaBJIe-
HUS HA ITAMeT-
pe 100 mm, %
Jasneruepabo-| 1—10 [10°3—102| 1-—5 |102-05|50—10%| 50—10°
yero rasa, [la 10—10?| 10—10?
0,1—1

Pacxonx rasa,| 205 1-10 | 2050 | 1—-20 |[50—-10%| 50102
cM®/mMuH
Temmnepatypa |200—400|150—300|150—250|{100—200| 150— |100—200
noaynoxku, °C 200

1.2.2. Jlutorpacdus

Baxxnoe MecTo B ms1aHapHOM TEXHOJIOTUY 3aHUMAIOT OTI€PAIIAN
murorpaduy, TpeAHa3HAYEHHBIE 7S TTOJY9YeHUs TOOJIOTUN
MG, T.e. u306paskeHUsI DJIEMEHTOB, MX Pa3MEIIEHUsT U H3T0-
TOBJIEHUS JIEKTPUUYECKUX COETMHEHNH MEXKIY dJIeMEHTaMU Ha
3aKJIIOUUTEIbHOU CTAANN.
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®opMUpPOBaHKE TOMOJIOTHH OCYIECTBIISIETCS JTHOO0 C ITOMOIIBIO
MAcCOK, JINOO HEMOCPEICTBEHHO JIyYOM HA TIOBEPXHOCTH 3AII[WT-
HOU IJIEHKYM — pe3ucTa. [71aBHast poJib B Ipolieccax Jutorpabum
IIPUHA/IJIEXKUT OIIEPALUY SKCIIOHUPOBAHUS, TIOCKOJIBKY MIMEHHO
OHA CO3/I2€T PUCYHOK Ha IIJIEHKE PE3UCTa, KOTOPBII 3aTEM XUMU-
YeCKUMHM WU BaKyyMHO-IIJIA3MEHHBIMU METOIAMHU TIEPEHOCUTCSI
Ha IJTACTUHY. XapaKTePUCTUKU PA3IMIHBIX CIIOCOOOB 9KCIIOHU-
poOBaHMs NpUBeAeHbI B a0 1.3.

Tabruya 1.3
Xaparc’repncrmcu Pa3JIMYHBIX CHOCOﬁOB IKCIIOHUPOBaHUSA
IIpe- JocTurnyToiii ypoBeHb
Cnoco6 skc- Amana | pemmsHoe i
nonuposarmst | 2OTHPL paspe- | paspe- | pasmep | BP€MA IKCIIO
HM meHHE, | menue, | mons, | HMPOBAHHSA, C
MKM MKM cm? mwiac-
MOAYIL | ryma
Konrakrnas 310 0,3 0,5 90 — 5
(oroneyars
[Tpoexmonnas
dotomeyats:
cmynsrumu-| 436 0,6 1,0 1 1 —
Kalueu B BU-
ZIIMOM CBeTe
B yasrpacumo-| 20—200 | 0,25 0,6 1 1 —
JIETOBOM H3-
JIyIeHUN
OJIeKTPOHHO-
JTy9€eBOIL:
BEKTOPHOE — 0,1 0,3 0,04 — 4108
CKaHMPOBaHVE
pacTpoBoe 0,02—-0,5| 0,5 1,0 0,05 - 103
CKAHMPOBaHVE
u3MeHeHue — 0,2 0,4 0,04 — 300
dopmsl 1yya
MIPOEKIINOH- — 0,5 1,0 80 — 50
HOE CKaHUpO-
Banue 1 x 1
TTPOEKITMOH- — 0,1 0,4 0,3 - 500
HOE CKaHUPO-
BAHIIE C yMEHbB-
IIeHneM
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Oxonuanue maban. 1.3

IIpe- JlOCTUTHYTBIii YPOBEHb
Croco0 sKkc- Amana | pembHoe i
TOHUPOBAHMS BOJHEL, | Pa3pe- | pagpe- | pasvep | BPEMA KCHO
HM meHue, | menue, | moss, | HAPOBAHUA, C
MKM MKM cm? iac-
MOZYI® | rvina
Penrrenos-
CKHI:
ToueuHsIi uc- | 0,8—4,4 0,3 1,0 80 — 200
TOYHUK
TIa3MEHHBIN 0,8 0,3 1,0 0,1 — 200
HMCTOYHUK
cuuxponHoe | 0,1—10 0,1 0,3 10 1,0 —
U3JIyIeHNe
Wonno-nyue-
BOII:
pacTpoBoe 0,01—-0,1| 0,05 0,5 0,01 0,1 —
CKaHMPOBa-
HHE
mpoeknmon- | 0,05—0,1| 0,05 1,0 1,0 1,5 —
HO€ CKaHMPO-
BaHUe C yMeHb-
LIeHUEM

Bri60p crioco6a 5KCIOHMPOBAHKSI OIIPEIEJISIETCS Pa3PeNAoNIen
CIOCOOHOCTHIO ¥ SKOHOMIIECKUMH TTOKA3aTEISIMU — TIPOM3BOIU-
TEJIBHOCTHIO U CTOMMOCTBIO TEXHOJIOTHIECKOTO 060PYI0BAHUSL.

CTpyKTypa IPOIECCOB PA3JIMYHBIX METOJIOB JUTOTrpaduu
CXO/[HA, TI03TOMY OCTAHOBUMCS TIOIPOOHEE HA OCOGEHHOCTSIX
TexXHOJIoTuM (poTonuTorpapum.

Dotomurorpadus. [Iporecc porosurorpaduu (puc. 1.4)
BKJIIOYAET CTA/IAU:

* dhopmupoBanme miaeHkn oropesucrta (onepaiuu 1-3);

* TIoJTy4eHune n3obpaxkerust Ha horopesucre (orepaiyu 4—6);

* TIepeHOC M300PaKEHNUS Ha OKCHJL MUK MeTasLI (oreparmst 7).

Onepanuu 8—12 06ecie4nBaioT BHIIOIHEHIE TEXHOJIOTHYe-
CKOTO TIPOTIecca Ha COOTBETCTBYIOMINX CTAIMSIX.

7151 ouncrku noBepxHocTH (omepanys 1) u TpaBienus (ore-
paiust 7) UCIOJIb3yIOTCS KaK XMMUYECKHE, TaK U BAKyyMHO-I1/Ia3-
MEeHHbIE METO/[bl, PACCMOTpPeHHBIE paHee. K 06opymoBanuio /st
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Puc. 1.4. Texnonoruyeckuii npouecc poronurorpacdumn:

1 — oumcTka nacTUHEL 2 — HaHeceHVe (POTOPE3NCTa; 3 — CYIIKa;
4 — COBMEINEHNE Y SKCITIOHUPOBAHUE; 5 — TIPOSIBIEHNE; 6 — CyIIKa
u 3asybauBanue; 7— TpaBienue; 8 — nogada poropesucra; 9 —
KOMILTEKT (poromabaonos; 10 — nmopaya nposeutens; 11 — mogaga
TpaButeins; 12 — ynanenne dhorope3ncra

HaHeceHHus IIeHKH (poTope3ucTa (Omeparis 2) MpeabsBIsSIOTCS
caeyonrye TpebOBaHMUSE:

— HaHeceHHas TUIEHKa He JI0JKHA UMeTh JieheKToB (IIPOKOJIOB,
BKpAILJIEHWH, Pa3pPbIBOB U T.IL.);

— TOJIIMHA [JIEHKK JI0JKHA OBITh BOCIIPOM3BOAMMOM OT IPO-
1ecca K MpoIeccy ¥ paBHOMEPHOH 110 TLIONIA/IV TIACTHHBI;

— TJIEHKA JIOJDKHA UMETh XOPOIITYIO AITe3UI0 K TOBEPXHOCTH
TIJIACTUHBIL

[L1s1 HaHeceHMsI IIJIEHKH (DOTOPE3NCTOB UCHOJIb3YIOTCS IIEHT-
pubyrupoBanue, paciblieHue, OKyHaHue, HakaTka. Haubosbinee
PaCIpPOCTPaHEHNE B HACTOSIIEE BPEMSI MIOTYIUIIO 000PYI0BAHUE
11t eHTpudyTHpoBanus. B HeM 1teHKa hopMuUpyeTcs o] eH-
CTBUEM IIEHTPOGEKHBIX CHJI, PACTATUBAIONINX KaILIO (POTOPE3KCTA
Ha MOBEPXHOCTH OBICTPOBpAIIatolelics macTuHbl. HepaBHOMED-
HOCTb TOJIIIMHBI IUVIEHKY [IPU 3TOM He peBbitnaer +10%.

B cocraB yctaHOBOK 0OBIYHO BXOZSAT: IEHTpU(YTa, Ha KOTOPOii
MOTYT Pa3MENIaThCsI OMHOBPEMEHHO OT OJIHOM /IO IECSATH TUIACTHH,;
MeXaHW3M KpeIIEHU IIacTHH (0OBIYHO BaKyyYMHBIN IIPHCOC);
dopcyHKa 17151 103UPOBaHHOM oAy (hOTOPE3HCTA; YCTPOICTBA
JUJIs1 3aTPY3KU U BBITPY3KH ILIACTHH.

[Tonmy4enne kadyecTBEHHOH IIJIEHKY BO3MOXKHO TOJIBKO B yCJIO-
BUSIX BBICOKOW OYUCTKU Cpeabl (HYJIEBON MJIU TIEPBBII KJIacc
3JIEKTPOHHOU TUTHEHBI ). [OIIYCKAETCs OT OTHOM JI0 YETHIPEX ITBI-
smHOK muametpoM 0,5 MM 1 Gosiee B TuTpe Bosnyxa. HaHecewue
MIPOU3BOJIUTCS B HEAKTUHIUYHOM CBETE, JUIMHA BOJIHBI KOTOPOTO
3aBUCHUT OT THTA (OTOPEINCTA.

IIporecc cymku (onepanust 3) onpeneasieT Takue BaXKHbBIE
MTOKa3aTeJu IJIeHKH, KaK a/[re3usl, HaJu4ie BHYTPEHHUX Ha-
MIPSKEHMH, KOTOPBIE MOTYT IIPUBOJUTH K IOSIBJIEHUIO TPEIIVH,
Y CTOMKOCTD K KHCJIOTaM.
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B o6opynoBaHy# /1S CYIIKH MCIIOJIb3YIOTCSI METOIBI HAarpeBa
B UK- u CBY-aunanasonax. Harpes npousBoauTCs B 1IeYu B Cpe-
Jie MHEPTHOTO rasa (06BIYHO OCYIIEHHOTO a30Ta). TeMmepaTypa
B paboueii kamepe CTabMIN3UPYETCsI C MOrpernHocThio £5 ° C.,

Bosbioe BHUMaHe IPU KOHCTPYUPOBAHWH TIEYei ¥ BHIOODE
pesKUMa CYIIKY YAEJSeTCsl CKOPOCTH UCIIAPEHUS] PACTBOPUTEJIST
U3 IJICHKY U Y/IAJICHUIO IIAPOB M3 Pabovero MpoCTpaHCTBa. ITO
OOBSICHSIETCSI TEM, YTO B TIPOIIECCE CYIIKU MOTYT 0OPa30BbIBATHCS
TIPOKOJIBI ITPY TIPOXOKAEHUH TY3bIPHKOB Ta3a yepes 1eHky. /st
YMEHBIIIEHNS Pa3PhIBOB U IIPOKOJIOB CYIIKA IPOBOJUTCS B [IBE
CTaJIMY: CHAYaIa IPU KOMHATHOU TeMIIepaType, a 3aTeM Ipu
Harpese 10 100—140 °C.

[ToBeimenne KauecTBa MIEHKA JOCTUTAETCSI TPUMEHEHHEM
TEPMOKOMIIPECCUOHHOM CYIIKH, KOTOPAst OCYIIECTBIISIETCS IIPU
nasiaenun (5—7) - 10° ITa. B aTom ciry4ae cymika IpOBOIUTCS
B ogHy ctaauio npu Temueparype 200 °C; mosrydyenHast mieHKa
XOpOII0 06pabaThIBAETCS B XOJIOHBIX PACTBOPUTEISIX.

B cocTtaB ycTaHOBOK /ISl CYIIKK BXOJAT: pabodast Kamepa
c ucrouankamu K- nim CBY-warpesa, cTo 17151 pa3MenieHusT
MJIACTHH, UICTOYHUKY ITUTAHWS HATPEBATEJISI, Ta30Basl CUCTEMA.
YcTaHOBKM J71S1 CYTITKU OJKHBI TIOMEIIATHCS B BHITSIXKHBIE TITKA-
(b1, TOCKOJIBKY IIPU CYIIIKE UCIIAPSIIOTCSI BPEIHBIE BEIECTBA.

DopMupoBaHUE TONOJOTUY Ha (GOTOPE3UCTUBHOU IIJICHKE
OCYILECTBJISIETCS ITyTEM OOIyu€eHHs Yepe3 MacKy-(oTomadion
(omeparwst 4). J17151 TOC/IEI0BATENBHO IOy YAEMBIX N300pasKEeHU
(cm. puc. 1.2, 1.3) ucnonb3yrotcs: pasHble mabJI0HbI, KOTOPbIE
U3rOTaBJIMBAIOTCS B BUE KOMIUIEKTA. F1300paskeHusI IOJIKHBI
OBITH COBMEIIEHBI IPYT C IPYTOM C BHICOKOM TOYHOCTBIO.

B mpou3BoicTBE UCTIOIB3YIOTCS YCTAHOBKY JIJISI KOHTAKTHOM
Y IPOEKIIMOHHOM [Ie4aTu. B cOCTaB ycTaHOBOK OOBIMHO BXO/ISIT:
YCTPOICTBA COBMEIIEHNUSI aBTOMATHYECKUE W PYYHBIE, MeXa-
HU3M (DUKCAIIMH ILJIACTHHBI ¥ (POTOIAOI0HA, ONITHYECKAsT CUCTEMA,
KOODJMHATHBIN CTOJI, OCBETUTEJb, YCTPOUCTBA 3aTPY3KHU U BbI-
IPY3KH ILIACTUH. YCTAaHOBKU COBMEIIEHNS Y 9KCIIOHUPOBAHUS
3KCILITyaTUPYIOTCS B IOMENIEHNUSIX HYJIEBOTO MJIU TIEPBOTO KJIacca
2JIEKTPOHHOU TUTUEHEI.

3anava npossiaenus (omepaius 5) — choOpMUPOBATh HA
1JIeHKe (pOoTOpesucTa 3alUTHYI0 MacKy € HY>KHOM TOIIOJIOTHEH.
PucyHOK mosty4aiot 06paboTKo# 001y 4eHHBIX 30H PEaKTHUBAMHU.
[Ipu rcnosIb30BaHUM TO3UTUBHBIX (POTOPEIUCTOB TLIIEHKA ITOCTIE
XUMHUYECKOI 06pabOTKH pa3pyLIaeTcs, a y HeraTUBHBIX (hoTope-
3MCTOB — IIOJIUMEPHU3YETCSL.



1.2. OcHOBHbIE XapaKTEPUCTHKM 060pyaoBaHKS ... 25

IIpu nposBIE€HUY IJIACTHHA IOCAe0BaTENIbHO 00pabaThi-
BAETCSI HECKOJIBKUMU PEaKTHUBAMHU, BBISBIISIIOIMMY PUCYHOK,
(uxcupyomyMy CBOMCTBa MaTepuaa U PaCTBOPSIOIMMHY He-
o6styueHHy10 061acTh (HETATUBHBIM MPOIECC) WU 06JIacTH,
HOABEPrHYThIEe 00IyYeHu o (TTO3UTUBHBIIH T1potecc). Oneparus
3aKaHYMBAETCS IPOMBIBKO.

B ycTanoBKax /s IPOSIBJIEHNUS TIPOSIBUTENb HA TIJIACTUHY
MOJIAETCST METOJJTAMY TIOJIMBA, PACITBIJIEHNS, OKYHAHWUSI.

[ToBsbieHne TPeOOBAHMI K KAYECTBY IIPOIIECCOB (DOTOIUTO-
rpacdun, yBenuuenue 06beMoB Bbimycka IMC, a Takske He0OXO0-
JIMIMOCTB UCKJTIOYEHUST YeJIOBEKA U3 HETIOCPEICTBEHHOTO YYACTHUS
B TEXHOJIOTHYECKUI ITPOIIECCe IPUBEJIH K CO3/IAaHUIO aBTOMATHIe-
CKUX ¥ aBTOMAaTU3MPOBAHHBIX JInHUiT hoTosmrorpaduu. Obmmumu
IIPUHITUIIAMY [TOCTPOEHUS] TAKUX JIUHUIL SBJISIOTCSL:

* UHAUBUAYAJIbHAS 00PABOTKA ILIACTUH METOOM U3 KACCEThI
B KaCCETY», HCKJIIOYAONIasl yIaCTHe OTIEPATOPa B IIEperpysKe
JIACTHH;

* ABTOMATUYECKAsI TPAHCIIOPTUPOBKA ILJIACTUH JIMOO HA BO3-
JIYITHOM TOAYTIKE, IKOO C TOMOIIBIO TPAHCIIOPTEPA B CIIEIHATb-
HBIX CITyTHUKAX;

* aBTOMaTHYeCKasl yCTAaHOBKA IJIACTHH B PaOOYYIO IIO3HUIIHIO
1 06paTHas mepeavya Ha TPAHCIIOPTED;

* yIIpaBJIEHHE OIIEPAIMSIMU C IIOMOII[bIO MAKPOIIPOLIECCOPHBIX
cucreM, cBsi3aHHBIX ¢ DBM 6oJiee BBICOKOTO YPOBHSI, OTKYyIa
MOCTYTAOT HPOrPaMMbl 0GPaOOTKH IIIACTHH.

TpaHCHIOPTHASI CUCTEMA TAKUX JIMHUM TIPEACTABJISIET COOO0M
3aKPBITHIN KaHAJ, 3alUIIEHHBIN OT IPOHUKHOBEHUS TIBLITA U aK-
TUHUYHOTO OcBelenus. [Ipu TpeHun IBUKyIIHecss MEXaHU3MbI
TPAHCIIOPTHOM CUCTEMBI HE JOJIKHBI 0GPA30BBIBATD ITBLIB ¥ JIEK-
TPOCTATUYECKUE 3APSI/IBL.

InexkTpoHHO-TyueBas iutorpacdus. [[puMeHeHe 2IEKTPOH-
HO-JIy4eBol sutorpaduu (DJLJ1) mo3BOISET MOBBICUTD CTENIEHD
MHTErpaiuy 3a cyeT 60Jiee BBICOKOU Pa3peliaioieil ClioCOOHOCTH
Y YJIy4IINTH SKOHOMIYECKHE MOKA3ATENN OJIAr0apst TIOBBIIEHHIO
BBIXOJ1a TOAHBIX M3/eJIMI U COKPAIIEHHUIO 3aTPaT Ha U3TOTOBJIEHUE
1m1a6.JI0HOB.

B nipousBojicTBe u3enuii MUKpoaieKTpoHuky AJIJI ucrmosrs-
3yercst st morydenust poronrabionos, CBU- u [13C-npubopos
(11pu6op ¢ 3apsAMOBOI CMECHIO), TPUOOPOB HA MOBEPXHOCTHO-
akyctniyeckux BoHax (IIAB) u 3amomMuHaOMUX yCTPONCTB HA
MAJIUHAPUYECKUX MATHUTHBIX IOMEHAX.

Texnosmorus IJIJI cBoAUTCS K CO3MaHUI0 MACKUPYIOMIETO
peJibedba Ha IIO/JIOXKKE U HKCIIOHMPOBAHUIO 3JIEKTPOHHBIM JIyYOM,
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[IPU 5TOM IIPUMEHSIIOTCS KaK HeraTHBHBIE, TaK M IO3UTHBHBIE
(3/1EKTPOHHBIE) PE3UCTBL. YaJeHUe PE3UCTa MOCIe OOTyYeHUs
MPOU3BOUTCS, KaK IPABUJIO, BAKYYMHO-TIJIA3MEHHBIM METO-
JIOM.

[lnst bopMupoBaHUsT PpUCYHKA TIPUMEHSIOTCS CIEAYIONTE
Metozpl (cMm. Tabar. 1.3):

* BEKTOPHOE CKaHMPOBAHUE, IIPU KOTOPOM 0CTPOCHOKycHpo-
BaHHbIN JIy4 IEPEMEIAETCS TOJIBKO 110 DOPMUPYEMBIM TOIOJIO-
rUYecKuM (purypam;

* PacTpoBO€ CKAaHMPOBAHUE, IIPU KOTOPOM JIyd MPOXOIUT
BCIO ILJIOMIA/Ib IIJIACTUHBI, BKJIIOYAsICh TOJHKO HA TEX YIACTKAX,
KOTOpBIE JIOJKHBI OBITh 9KCIIOHMPOBAHBI;

* 9KCIIOHUPOBAHUE U3MEHSIONENCS (HOPMOil Jiyya, KOTOPOe
[PeLyCMaTPUBAET OAHOBPEMEHHOE 00IydeHNe ONPEAETEHHOTO
Kaapa (37IeMeHTa TOTIOJIOTHUN ).

[Tocnexuuii MeToz obnagaer HaubGObIIEN IIPOU3BOAUTEND-
HOCTbI0, HO pa3paboTKa 000pyNOBaHUs IJIsI €T0 peaTu3alluu
COTIPs’KEHA CO 3HAYUTENbHBIMUA TPYTHOCTSIMU TIPU CO3[IAHUY
3JIEKTPOHHO-OIITUYECKON CHCTEMBL.

1.2.3. Dusuko-TepMUYECKHE MPOLECCH

Bagy u aMuTTEp TPaH3KUCTOPA, a TaKXKe AU DY3UOHHBIE COIIPO-
THUBJIEHUS TIOJIYYaIOT IIyTeM JI03MPOBAHHOTO BBEIEHUS TIPUMeCeit
B KPEMHUN.

Onmneparun sTorpaduyl ONpPenessiioT pa3Mepsl 1 KOHpUry-
parnuio obacTeil — OKOH Ha TOBEPXHOCTU MACKUPYIOIIETO CJIOST
OKCHJIa KpeMHus, a popMupoBaHue o6beMa ¢ HEOOXOAUMbIM TH-
[IOM TIPOBOIUMOCTH OCYIIECTBJISIETCSI C TIOMOIIIBIO TEPMUIECKOH
nudby3nn uay MOHHON MMILIAHTAINN. TH ONMEPAIUN JOJKHBI
obecrieunBaTh CTPOroe cOOII0IEHNE KOJINIECTBA U PacIiperee-
HUS IpuMecell B MaTepuaiie ToAsoxku (11actuse). [lociennee
TpeboBaHKe 0GBIYHO CBSI3aHO € IJIyOUHOMW 3aJIeraHusl IPUMECEit
1 06JIaCThIO PACIIPOCTPAHEHVSI TIPUMECEN 32 MPE/IETIbl OKHA.

IToCcKOIbKY OOBEKTUBHBIM KOHTPOJIb TIPOIECCA BHEAPEHUS
[pYMeCH HeBO3MOKEeH, 0c000e BHUMaHHe IPH pa3paboTke 060-
DYIOBaHUSI ¥ CUCTEM YIIPABJIEHHSI YAEISETCS 0OECIIEUeHHUIO OTI-
THMAJIbHBIX TEXHOJIOTUYECKUX PEKMMOB. BBIOOPOUHBII KOHTPOIIB
PEe3yJIbTAaTOB MPOIiECCca I03BOJISIET ONPeEEsTh ero abdeKTHB-
HOCTb ITyTEeM OIIEHKH BBIX0O/Ia PAGOTOCTIOCOOHBIX M3/IEJIHIA.

Tepmuueckas qudpdysus. CyiecTByI0T MHOTOUUCTIEHHBIE
METOJIBI TEPMUIECKOI MU dy3HH, U3 KOTOPBIX HAUOOJIEe PACIPo-
CTPaHEHHBIMU SIBJISTIOTCSI METOJL <3AIIAsSTHHOM aMITyJIbly, T dysust
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B BaKyyMe, METOJ] «<OTKPBITOM TPYObI». OOMINMHY /ISl BCEX METOOB
SIBJISTIOTCST: CO3/IaHNE UCTOYHNKA IIPUMECH Ha MOJyIIPOBOHUKE
wiv BOJIU3M €10 OBEPXHOCTH; HATPEB HOJLYIIPOBOJHUKA [I0 TEM-
neparyp, 00eCIeYnBaIONIMX IPUEMJIEMYTO JIJISI TIPOU3BOCTBA
ckopocTh 1uddysu; IpeKpalnieHue IpoIecca, KOoria Mo pacyeTam
IPaHMIIBI JIETHPOBAHHOM 006JIACTH COOTBETCTBYIOT 33IaHHBIM.

[Ipu usrorosnennu Gunonaspusix u M/II1-cxem HanbosbIee
PacrpocTpaHeHHE TIOMYYHII B HACTOSIIIIEE BPEMST METOJI «OTKPBITON
TpyObI>. [[uddysust mpu 3T0M BBITIOIHSIETCS B iBe cTaqnu. Ha
epBoi («3aroHkes ) A dy3aHT IePEeHOCUTCSI MHEPTHBIM Ta30M
K TUIACTUHAM U HACBIIIAET Y€PE3 OTKPBIThIE OKHA TIOBEPXHOCTHBII
cuioit. KoHieHTpanus npumeceil 00bIMHO OTIPEIESIeTCsT Hpeiesib-
HOI1 pacTBOPUMOCTBIO iprMeck (6opa uiu ¢hocdopa) B KpEMHUH.
Bropasi cragust («pasroHKas ) IMPOBOAUTCSI C IENbI0 TIOJTyIeHNUS
3a[JaHHOTO TPOGWIIs 3aJIeraHus IPUMeCH B IToynpoBogHuKe. Ha
3TOU CTAINH TIO]] AEUCTBUEM TEMITEPATYPHI AU(DY3UsI IIPOUCXO-
IIMT B TyOuHe MaTepuasa. JIJisi BBlpaBHUBAHUST KOHIIEHTPAITUT
HaAPY’KHbII CJIO 00eHSIOT IIyTEM BBIPAIIMBAHKS OKCH/IA HA
MMOBEPXHOCTH, B KOTOPBIN TIEPEXOUT YACTH TPUMECH.

Honnasa umiuiantanus. MeTox MOHHOM UMILTAaHTALAA 00ec-
MEYNBAET HETTOCPEICTBEHHOE BHEJIPEHNE aTOMOB TIPMECH B KPU-
CTAJUINYECKYIO PelIeTKy B MecCTe MafIeHus JIy4a, CoepsKallero
WOHBI MM Gy3aHTa. ITO MO3BOJISIET CTPOUTH TEXHOJIOTMYECKUIT
nporiiecc 63 MHOTOKPATHOTO OKUCJIEHUS, T.€. YMEHBIIAET YUCIIO
onepanuii, IpoBOIUMBIX IIPU BBICOKOH Temneparype. /lo3upo-
BaHKe DHEPIMH YACTHIL B JIyYe MO3BOJISET MOJYIATh 00IaCTH
CyOMUKPOHHBIX Pa3MEPOB C 33laHHOU TPOBOAUMOCTHIO.

I'panuisr 06J1aCTEN ONMPENETSIOTCS B 3TOM CJIydae coy/a-
PEHUSIMU MOHOB JIy4Ya C aTOMaMU KPUCTAJJITNIECKOH PEITEeTKI
u ¢hopMoii JTyda.

HenmocraTkoM MeTozia SIBJISIIOTCST PAAMAIIMOHHbBIE MOBPEXKAEHNST
pemeTk. J[Jis1 UX yMeHbIIEeHUsST HeOOXOMMO CTPOToe cobToIe-
HYE JO3UPOBKY SHEPTUK YACTHI] B JIy4e€, YTO TPYIHO OGECIIEYUTD
73-32 CTOXaCTUYECKUX CBOWCTB PAaCIpe/ieIeH s SHEPIUH YaCTHUI]
10 CEYEHHUIO JIyYa.

1.2.4. Hanecenue cioeB

[Tpu usroroBnernu UM C TOHKHMI CJI0M MATEPUATIOB UCIIOJTh-
3y€eTCsI KaK B KQUECTBE DIIEMEHTOB TPAH3UCTOPOB U CXEM, TAK 1 B
TEXHOJIOTMYECKUX TIesisiX. K mepBoMy HaIpaBIeHUI0 OTHOCSTCS
BBIpANIMBaHNE SMUTAKCUATBHBIX CJIOEB, MOTyUYEHNE METAJLIN-
YeCKHX CJIOEB /LISl PA3BOJKYM ¥ KOHTAKTHBIX ILJIOIAJIOK CXEM,
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3aluTa CXeM OT BHEIIHUX Bo3zielicTBul (naccuanust). Bropoe
HalpaBJieHHe CBSI3aHO C IOJIyYeHreM MaCKUPYIOIUX CJI0EB JIsT
onepanuii sutorpadguu u quddysun. ITU CJIOU II0CIIE BBIIOJI-
HEHUS OTlepalliyl YaCTUYHO WJIM ITOJTHOCTBIO YHUITOXKAIOTCS —
crpasauBaoTcs. O6G0pyI0oBaHUe, IPUMEHSIEMOE ISl 3TOTO, ObLIO
OTIMCAHO PaHee.

Pa3zinuHoe Ha3HAYEHHUE CII0EB, Pa3HOOOPa3ue MPUMEHSIEMBIX
MaTepHrajioB OIPENEISIOT Pa3IndHble TPEOOBAHMUS K TEXHOJIOTH-
YeCKUM Iporieccam u 06opyznoBanwuio. O6mummMu Tpe6OBaHUSMH,
TIPEBSIBIEHHBIMU K CJIOSIM, SIBJISTIOTCST:

* OIHOPOJTHOCTH Y TIOBTOPSIEMOCTD CBOWCTB CJIOEB;

* OTCYTCTBHE B CJIOSIX JIOKQJIBHBIX HapyIIeHUH, IPOKOJIOB
U Ipyrux aedexTos;

* BBICOKAsI a/IT€3MsI CJI0EB U YETKOCTD TPAHMUI] CJIOEB, OTJIH-
yaronmxcst GU3NIECKUMI CBOMCTBAMU.

InMTaKCcHaIbHBIE CJIOU. JMUTAKCHATBHBIN CJI0H BRIPAIIUBAIOT
Ha MTOBEPXHOCTHU KPEMHMEBOM TJIACTUHBI C IEJIBI0 TTOTYIEHUS
Ha Heil Tpex BUJOB NpoBoAUMOCTH. OBBIYHO Ha HU3KOOMHOM
noaoxke ¢ yaenababiM corpotuBienueM 0,01—0,001 Om-cm
BBIpANUBaeTcs cIok Tommuaol 10—20 MxM 1 conpoTHBIEHNEM
mpumepHo 1—5 Om-cMm.

[Tpu nomyyeHNy 3NUTAKCUATIBHOTO CJIOSI KCIIOJIB3YIOTCS IIPsi-
MbIe METO/[bl, OCHOBAaHHbBIE Ha IIePEMEIIeHNH BEIeCTBA OT UC-
TOYHMKA K MOJIOKKE G€3 XMMUYECKMX PEAKIIUiL, U KOCBEHHBIE,
IIPY KOTOPBIX Ha IOBEPXHOCTH IIO/JIOKKH IIPOUCXOIUT PEAKIIHS
¢ ocaxeHreM MaTepuaia. Hanbosibliee pacpocTpaHeHue mo-
JIYYUJI XJIOPUAHBIA METO/, BBITIOJTHSIEMBIH IO CXEME «OTKPBITOU
TpyObI».

Ciou MaTepHasioB U TU3JIEKTPUKOB. OCHOBHBIM METOIOM
MOJIYYE€HUS] TOHKUX CJIOEB METAJLIOB U TUDJIEKTPUKOB CIYXKUT
HaHeceHMe WX B BaKyyMe. B ocHOBe MeTo/a JIeXKaT ucnapeHnue
MaTepHaJia IIPU pa3oTpeBe U MOCeyIoast KOHIEHCAIW TapoB
Ha MOJIOKKeE. TeXHOIOrnYecKuii mpoiecc TpebyeT co3nanust
B paboueii KamMepe PaspsiKEHUsT U ONPEIETIEHHOTO COCTaBa CPEIbL.
B camoMm miporiecce BhIIEISIOT TPH (pasbl: 0O0pasoBaHue MOTOKA
BEIECTBA U3 UCTIApUTEIS, GOPMUPOBAHIE IOTOKA B IIPOCTPAHCTBE
<HCTIAPUTENb-TIOJIOKKA» Y KOH/IEHCAIIHS TTAPOB HA TTO/IJIOXKKE.

MOKHO BBIIETUTH TP 0OOCHOBAHHBIX METO/[A, UCTIOIB3YEMBIX
7SI ToJTydeHust cioeB (puc. 1.5): TepMOBaKyyMHOe HaHECEHUE,
KaTOMHOE paCIbLIeHNe, HOHHO-TLIA3MEHHOE PACTIbLIEHUE.

[Tpu TepMOBaKyyMHOM paclbLIEHMH HAHOCHMOE BEIECTBO HIC-
IapsieTcsi ¢ HOMOIIBIO PE3UCTUBHOTO HArpeBa WU 3IEKTPOHHOTO
syya. /layieHvie B paboyeil KaMepe B 3TOM CJIydae J0JLKHO ObITh
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Loz Vo
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K BakkymHOI K BaxkkyMHOIt K BakkymHoOI
cucreme cucreme cucTeme
a 6 8

Puc. 1.5. MeTopl HaHECEHHUS CJI0EB:
a — TePMOBaKyyMHOE HaHECEHUE; 6 — KaTOAHOE PACIIBLICHUE; 8 —
MOHHO-TIA3MEHHOE PaCIIbLIEHNE

Ha HECKOJIbKO MOPSIIKOB HUIKE, UM MAPITATIBHOE IABJIEHUE TTAPOB
HCIapsieMoro BeliecTBa. [[0TOK mapoB — aTOMAPHBIii M TPOXOUT
6e3 coyIapeHwii, T.e. PACCTOSTHUE <HMCIAPUTETb—ITOJI0KKA»
MEHbIIIE JJIMHBI CBOOOAHOTO Ipobera. ITo onpenesier Tpedo-
BaHMS K BBICOKOMY BaKyyMy B pabouem oObeMe Moji KOJaKOM
ycTaHoBKH. [1Jis1 06ecriedeHnst KOHAEHCAIMH TIO/JIOKKA J0JKHA
VIMETH OIIPe/IEIEHHYIO TEMIIEPATYPY.

ITpu aToM MeToze (puc. 1.5, @) ox kosmakoM 1 pasmeniaoTcst
HarpeBaTeJIh OJIOKKHY 2, TIOAJIOKKOAEPKATENb 3 C OJTOKKAMU 4.
[ln151 HaHeceHMs CI0eB OAMHAKOBOM TOJIITMHBI HAa BCE TIOJIOKKH
MO/ITIOKKO/IEPKATETh TPUBOAUTCS BO BPAIIEHUE CIEITUATbHBIM
[IPUBOIOM, Pa3MelIaeMbIM OOBIYHO BHE pabOUeil KaMepHl.

Bpewmsi, B TeueHrE KOTOPOTO MOKET HAHOCUTBCS CJIOH, OTIpe-
JeJISIETCSI TI0JIOXKEHUEM 3aCJIOHKH 5. 3aCTIOHKA TAKIKe 3aIUIIAET
ITOBEPXHOCTH IIJIACTUHBI OT MOMA[aHUS IOCTOPOHHUX ITPUMe-
Ccell TIpU [IPOTrpeBe KaMephl /IS iera3aruu. /[t mpejoxpaneHust
BHYTPEHHe! TOBEPXHOCTH KOJIIIAKA OT 3aIbLJIEHUST IPUMEHSIOTCS
aKpaHsl 6. Vcmapsiemoe BelecTBO TOMEIAETCS B UCTIAPUTEND 7.
Vcnapuresib MOKET OBITH BBIIIOJIHEH B BUJIE THUTJIS, JIOJOYKA
U3 TYTOILIABKOTO METAJIIa UJIV KEPAMUKY WUJIU TIPECTABIISIET
€060 CIMpasb, Ha KOTOPYIO HABEIIAHBI YACTHIIB UCIIAPSIEMOTO
BEIIECTRA.

[Inuta 8 CIyKUT 719 YCTAaHOBKU BCEX YCTPOMCTB, YEPE3 ee
YIUIOTHEHHBIE BBO/IbI IIPUBO/ISITCS B IBUJKEHUE MEXAHU3MBI TIO/I-
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KOJITIAYHBIX YCTPOICTB U MOfIAaeTCsI 3eKTponutanue. [Linta nmeer
OTBEPCTHE JIJIsI COeTUHEHUSI ¢ BAKYYMHOI CUCTEMOMA.

KarogHoe pacnbuieHne 1pOBOAXTCS DU HU3KOM BaKkyyMe
(0,66—1,133 I1a) B cpesie HEUTPaIBHOTO ra3a. Paciiblienue Be-
I[ECTBA TIPOUCXOAUT O] AeUCTBIEM OHOMOAPANPOBKHU KATOAA
MOHW3VWPOBAHHBIMU MOJIEKYJIAMU Ta3a.

Jlnst BeinosiHeHust onepanuu (puc. 1.5, 6) B paboueii Kamepe
1 umeroTcst aHOA 2 M IOJJIOKKOIEPKATEb 3 C IMOAJIOKKAMHU 4.
Bpewmst HaHeCceHMSI TITIEHKY OTCUUTHIBAETCSI C MOMEHTA OTKPBITHUS
3acaoHKH 5. VcapsieMbiM sIBJISIETCST MaTepUas Katoa 6 uim
BEIECTBO, TOMENAEMOe HA €r0 TIOBEPXHOCTb. KaTo 1 TPUKPHIT
sKpaHoM 7. [laByieHne B KaMepe BO BpeMsl TEXHOJIOTUUECKOTO
nporiecca cTabuIn3upyeTcs 3a CYET YIIPABJISIEMOTO HATEKAHMSI
Yyepes3 UroJIbYaThliil HaTeKaTesb 8. BakyyMHas cucreMa ycTaHOBKI
[pY 5TOM pabOTaeT HEIPEPHIBHO.

HonHo-11a3MeHHO€e pacibLIeHHE [TPOBOUTCS TIPH JABJIEHUN
0,13—0,07 ITa. B xamepe 1 (puc. 1.5, 8) ycTaHOBJIEH TIOAOTPEBATEH
TIOJIJTOKEK 2, PSIZIOM C KOTOPBIM HAXOJUTCS OJJIOMKKOJIEPKATEIN b
3 ¢ mogyiokkamu 4. VICTOYHMK MOHOB 5 ¥ aHOZ 6 CO3/1aI0T B Ka-
Mepe NOHU3NPOBAHHYIO T1a3My 7. OTpHIlaTeIbHBIN TTOTEHIIUA,
MO/IABAEMBIi HA MUTIIEHD 8, BBITSITUBAET U3 IJIA3MbI HOHBI, KOTO-
pbie, 60MOAPAUPYST MUIIIEHD, PACTIBUISIOT ee. JlaBiieHre B Kamepe
PEeryJIMpyeTcsi UroJIbYaThiM HaTeKaTesieM 9.

JlocTonHCTBAa METO/IOB KATOAHOTO ¥ MOHHO-TIJIA3MEHHOTO
HaHECEHUS CJIOEB 3aKJIFOYAIOTCS B X BHICOKOM IIPOM3BOUTEIND-
HOCTH, XOPOIIIel BOCIIPOM3BOAMMOCTH TIOJYIAEMBIX CIOEB U YHU-
BepcanbHOCTH. HerocTaTkoM MeTO/IOB SIBIISIETCSI IPOBE/IEHTE
MIPOIIECCOB B HU3KOM BaKyyMe, UTO HE TIO3BOJISIET IIOIYYaTh CJION
€ 0060 YUCTHIM COCTABOM.

BosbnmM HeOCTaTKOM BAKYYMHBIX YCTAHOBOK SIBJISIETCST 3HA-
YUTEJIBHOE BPEMSI OTKAUKK Pab04ero o6bema, osToMy B TIOCTIEIHIE
TOJIBI CTPEMSITCS TIOJIYIUTh YCTAHOBKU HENIPEPBIBHOTO JIEHCTBUS 32
CYET CO3/IaHMsI III030BBIX KAMED [IJIsI 3arPY3KH U BBITPY3KU.

Caou okcuzma. Ciou TUOKCHA KPEMHUS HCIIOJIb3YOTCS
B UMC pnist u30s11uu TP MHOTOCJIOWHOM Pa3BOJIKE, 3alllK-
THI IIOBEPXHOCTH KPUCTAJIA U MACKIUPOBAHUS B TUTOTPAdUH.
Hawubostee pacripocTpaHeHHBIM CIIOCOOOM SIBJISIETCSI TIOJTyIE€HE
OKCH/IA C IIOMOIIBIO TEPMUYECKOTO OKUCJIEHUS, BBITIOJHSIEMOTO
B muddy3noHHBIX TTeyax. B aToM caydyae okucieHne KpeMHUS
MIPOBOWTCS ITyTEM IPOITYCKAHSI Y€PE3 KBAPIEBYIO TPYOY CYXOTrO
WJTU BJIZJKHOTO KUCJIOPOJIa B TeUEHUe 33IAHHOTO BPEMEHH.

Kpome TepMudeckoro OKucaeHusI IPUMEHSIETCS ITUPOJIN-
TUYECKOE OCAXKAEHME. DTOT [IPOIIECC IPOBOAUTCS IpU OoJiee
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HU3KUX TEMIIEPATYPAX U MCIOIb3YET PEAKIIAIO MEXKTY CHIAHOM
¥ KMCJIOPO/IOM HA ITIOBEPXHOCTH IIJIACTHHBL.

Bo3MOXXHO IpUMeEHEHNE KaTOHOTO M MOHHO-TLIA3MEHHOTO
PACIBLIEHUST KDEMHUSI B CMECH KUCJIOPOIa U aproHa. Beibop
METO/Ia HAaHECEHHSI OTIPEIETISIETCS] HA3HAUYCHUEM CJIOSI 1 COBMECTH-
MOCTBIO ITPOIIECCA C APYTUMH TEXHOJOTMYECKUMY OTIEPAITASIMH.

1.3. lMoacucTembl TEXHONOrUYECKOro 060pPyA0BaAHNA

AHaJIM3 pas3JUYHBIX BUIOB 000PYIOBAHS, IPUMEHSIEMOTO
B mpou3BoictBe UM C, 103BOJISIET BBIIEUTH B ETO COCTABE TUTIY-
Hble (pyHKIIMOHATBHBIE MocucTeMbl (puc. 1.6). Ho HasHayeHnuio
WX MOXKHO Pa3/eJTUTh HA TPU TPYIIIIHL:

* TEXHOJIOTUYECKHE, PE3YJIBTATHI PAOOTHI KOTOPHIX HEMIOCPE/-
CTBEHHO BJUIOT Ha cBoiictBa IMC;

* 06ecrneynBamIue, CO3/AINIIE YCIOBUSI 3P GHEKTUBHOTO
mpoitecca 00paboOTKY; pe3yIbTaThl PabOThI ATUX CUCTEM CKa3bI-
Batorcs Ha kauectBe UM C omocpenoBanHo;

* BCIIOMOTATEJIbHbIE, yYACTBYIOIIUE B BBITIOJTHEHUY OTIEPAIIUI
10 TPAHCIIOPTUPOBAHUIO IIPEJIMETOB TPY/IA U 3AIUTE.

[Ipu npoexTrpoBaHUU 000OPYAOBAHUS (DYHKIIMU PA3TUYHBIX
HOJCUCTEM MOTYT COBMEIIAThCs. TexHOMOrnyeckue u obecredn-
BaIOIIKE TIOICUCTEMBI OIIPENEISIOT 0OCOOEHHOCTHU BBIIOJTHEHUST
OllepaIuii, 2 BCIIOMOTATEIbHbIE SBJISIIOTCS OOIMMI JIJIs PA3JIny-
HBIX BUIOB 06OPYIOBAHUSL.

OcHoBHasI 3a/[a4a OACUCTEMbI SHEProONOTpebIeHnsT — CHAG-
JKeHre 060PyIOBAHUSI JIEKTPOIHEPTHUEH, CIKATHIM BO3/LYXOM,
ropsiueii Bomo u T.11. [Ipruem KauecTBO 9HEPTOHOCUTEIS TOJIK-
HO Y/IOBJIETBOPSITh TPEOOBAHUSAM TEXHOJIOTHYECKOTO MPOIECCA.
Bruriouenue B coctaB 060pyI0BaHUS TIOACACTEMBI 3aIIUThI BHI3BA-
HO MCIOJIb30BaHUEM B TEXHOJIOTUYECKOM TIPOIIECCE TOKCUIHBIX
¥ B3PBIBOOIIACHBIX BEIIECTB, HAJTMYUEM BBICOKOTO HAIIPSI)KEHMUSI.
B 3a1aun 1oicHCTEMBI BXOJISIT:

* obecrieyeHre 6E30MaCHOCTH 0OCIYKUBAIOIIETO IIEPCOHAIA,
YTO OCTUTAETCS IPUMEHEHNEeM OJIOKMPOBOK, IIPEA0TBPAIa-
OIYX HECAHKITMOHUPOBAHHBIHN MM CIIYYaWHBIHA JOCTYI K YaCTSIM
060pyIOBaHYSI, OTIACHBIM JIJISI Y€JIOBEKA;

* HKOJIOTHYECKAS 3AIITA, YTO AOCTUTAETCS HelTpantu3anueit
OTIACHBIX JIJIS OKPY>KAIOIIEHN CPeJIbl MPOJYKTOB PEAKITNH;

* aBapuiiHas 3a1uTa 000PY0BAHUS U IIPEAMETOB TPY/A.
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Hasna4enne U BHJI TEXHOIOTHIECKOTO MPOIIECCa
o6Gpa6Gorka
NoBepxHo- | Jutorpadus

cTa

JKXT | IIBT | ®I1 | 3] pi | n 9 HC

¢dopmuposa- | Hanecenue
HHE CBOMCTB ClIoeB

IToxcucremsr

JlerupoBanust
Ocaxnenust

IKCIIOHUPO-
BaHUS

Pacnbrnenus
Harpesa
OxakmeHns
Tepmocratu-

poBaHUsA

Ilomaun
Ta30B
OTKauku

Ilo3uionu-
poBaHus

3arpysku
¥ 1IJII030Ba-

HuUA

TpancnopTu-
poBaHus

Iueproobec-
TieYeHust

3aIuTh

Hasnauenne nozjcucrem:

[ ]— rexHOMOTHYECKOE

[ — obecneunsaromee

I — rexHosOrHYecKoe U 06eCIIeduBAONIIE
I — scrovoraTesbHOE

Puc. 1.6. TuIMYHbIE TOACHCTEMbI TEXHOJIOTHYECKOTO 000PYAOBAHHUS:
JKXT — xuakoctHoe xummdeckoe Tpasienue; [IBT — Bakyymmo-
masmenHoe Tpasienue; OII — doronevars; IJI — sIeKTPOHHAS
snmrorpadus; [ — nuddysus; I — uMiiantanuyst; D — slUTaKCHS;

HC — naHeceHue c10eB



1.3. MopcucTEMbI TEXHONOTMYECKOr0 060PYAOBAHMS. .. 33

Pa3Ho06pasue TPAaHCIIOPTHBIX CUCTEM OIIPEIE/ISIETCS YCII0-
BUSIMU BBIIIOJIHEHUSI TEXHOJIOTMYECKOTO IIPOIlecca, HallpuMep,
B BaKyyMe, TETJIOBOM H 3JIEKTPOMArHUTHOM II0JIe, ¥ OPraHu3aIuei
repeiayy MpeIMETOB TPY/A MOMITYYHO B TPAHCIIOPTHBIX UJIU
TEXHOJIOTHYECKUX KacceTax. [Ipy TOBBIIEHNN YPOBHS ABTOMA-
TH3aMK TPEOOBAHMSI K TPAHCIIOPTHBIM CHCTEMAM BO3PACTAIOT.

O6s13aTeIbHOM YaCThIO BCEX BUAOB TEXHOJIOTUYECKOTO 060-
PYZIOBaHUS SIBJISIETCSI MUKPOIIPOLIECCOPHASI CUCTEMA YIIPABJIEHUS
(MIICY). Ona obecrieunBaeT coracoBaHHOe (YHKIIMOHUPOBA-
HUe YCTPOWCTB, BXOASIIX B IOZCUCTEMBI. TeXHUYecKue CpeicTBa
ee TOJKHBI PeaTu30BbIBATh QYHKINYU YIIPABJIEHUS, U3MEHSITh
TapaMeTPHI MOICUCTEM (TEXHOJIOTHYECKIX MTPOIIECCOB, U3IENH,
CO3/1aBaEMBIX CTPYKTYP M T.IL.), IPe0OPa3oBBIBaTh 1 00pabaThi-
BaTh IIOJIyYeHHY0 HHPOpMAMIO U (POPMUPOBATH YIIPABIISIONINE
BO3JEUCTBUSI Ha OOBEKT YIIPABICHUS.

Ha puc. 1.7 npezictaBjieHa CTPYKTYpPHAS CXeMA TEXHUIECKUX
cpencts MIICY. llenTpanbHoe MeCTO B HEll 3aHUMAIOT MUKPO-
IIPOI[ECCOPHBIE YCTPOICTBA YIIPaBJIeHUsI — IIPOrPAMMUpPYeEMbIe
JIOTHYECKYE ¥ PETYIUPYIOIVE KOHTPOJJIEPHI, KOHTPOJLIEPHI CMe-
[IAHHOTO THUIIA, MUKPOKOHTPOJLJIEDHIL.

BwMmecrte ¢ TeM B cucTeMax yIpaBJIeHUs J]a)Ke C MUKPOTIPO-
1IeCCOPHBIMU CPE/CTBAMU YIIPABJIEHUS HEPEAKO UCIOIb3YIOT
aHAJIOTOBBIE PETYJISITOPHI M «’KECTKUE» JIOTUYECKHE KOHTPOJLIEPHIL.
[IpumeHeHre yKa3aHHBIX TUIIOB YCTPOMCTB 0OYCJIOBJIEHO B Psijie
cJIy4aeB HEOOXOAUMOCTBIO CO3/IaHUST IBYXKOHTYPHBIX CHCTEM
peryJupoBaHusl, YTO 3HAUUTEIHHO yIydllaeT JUHAMUYECKUe
XapaKTEePUCTHKU CUCTEM CTAOUIN3AIUK U OACUCTEM Oe3omac-
HOCTH Y 3aIIUATH 000PYIOBAHMSI.

BaxXHBIM 57IEMEHTOM CUCTEMBI YIIPABJIEHUS SIBJISIIOTCS J1AT-
YUKW [TaPAMETPOB (DYHKIIMOHAJIBHBIX TIOJICCTEM U [TaPAMETPOB
obpabarbiBaeMbIX uszienid. PazHoo6pasue hUsnKo-TepMuye-
CKHX IPOIECCOB, PEATM3YEMBIX B 000PYIOBaHUM, TPYTHOCTH
HM3MepEeHUS TAPAMETPOB CO3/IaBAEMBIX CTPYKTYP JIEJIAIOT 33129y
KOHTPOJISI BECbMa CJIOKHOM.

B KavecTBe U3MEPUTENBHBIX TPEOOPA30OBATEICH UCIIOIB3Y -
FOTCS KaK CEPUIHO BBIITYCKAeMbIE CPE/ICTBA, TAK U CIIEIMATIbHbIE
mpeoOpaszoBareny, pa3paboTaHHbIE /151 KOHKPETHBIX TEXHOJIOIH-
YeCKUX IIPOLECCOB.

JlJisi cOTpsIKEHMsT U3MEPUTEIBHBIX IIpeobpasoBaTeiei
C YCTPOWCTBAMHU MUKPOIIPOIIECCOPHOTO YIIPABJIEHWS UCIIOIb3Y-
I0TCSI HOPMUPYIOIIHE TPeoOPa30BaTENH, KOTOPBIE C JOCTATOYHO
BBICOKOI TOYHOCTBIO YCUJIMBAIOT HANIPSKEHNE HI3KOTO YPOBHSI
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U3MEPUTENBHBIX IIPeoOpa3oBaTesieil 10 CTaHAAPTHOTO YPOBHS
0—10 B.

Yupasidioniue Bo3eNHCTBUS C yCTPOUCTBA yIIpaBieHuUs
IIOCTYyNAOT Ha UCIOJHUTEIbHbIE MeXaHU3MBbI (cM. puc. 1.7)
0060pyIOBAHUS YEPE3 YCUIUTETM MOIHOCTH U CIIEI[UAIbHbBIE
npeoOpas3oBaTeu.

3ajiaHvie MPOTPaMMBI YTIPaBJIEHNUST, TAPAMETPOB TEXHOJIOTUYE-
CKOTO IIPOIIECCA ¥ KOHTPOJIb 32 IPOTEKAHNEM ITPOIIECCa TPOU3BO-
JISITCSI C IOMOIIBIO YCTPOMCTB BBOZIA M OTOOPaKeHUsI MH(POPMAITHHL.
B MuKpOIIPOIIECCOPHBIX CHCTEMAX YTIPABAEHNS TAKUMU YCTPOM-
CTBaMM SIBJISIOTCS AUCILIEH U KJIAaBUATypa. B mocieaame Tomb
B CHCTEMaX yIIPABJIEHUS] HAXOJST Bee OoJiee IMMPOKOE IPHMEHEHHE
aKyCTHYECKKE YCTPOiicTBa 001eHust yesoBeka ¢ IBM: cunresato-
PBI ¥ aHAJIM3ATOPHI peuu. BMecTe ¢ TeM HapsiIy ¢ COBPEMEHHBIMU
CPeZICTBaMU OTOOPaKeHUSI HHMDOPMAIMY IPUMEHSIIOTCS U TAKUE
CpeICTBa, KAK MHEMOCXEMBI, Ha KOTOPBIX BRIBOAUTCSI MH(MOPMAIUS
0 COCTOSTHUH OT/I€JTBHBIX YCTPOMCTB W TIOJCUCTEM.



naBa 2

CUCTEMbl ABTOMATU3ALIMK
TEXHOJIOTMYECKUX NMPOLIECCOB

Cos/aHrie KOMILIEKCHBIX aBTOMATHIECKHUX CHUCTEM ¥ OBICTPO-
JIEVCTBYIONIUX BHIYUCTUTETBHBIX MATITUH SIBJISIIOTCST BAYKHBIM 9Ta-
MTOM HAYYHO-TEXHUIECKOTO mporpecca. Vcmoib30BaHme CPeacTB
aBTOMATUKY U BBIYUCIUTETHPHON TEXHUKY TTO3BOJISIET aBTOMATH -
3UPOBAaTh TPYAOEMKUE IIPOIECCHI, 9KOHOMUTD SHEPTOPECYPCHI,
CHUKAET CeOECTOMMOCTD IPOYKIIUU U TIOBBILIAET €€ KAYECTBO.

YpOBeHb U Ka4eCTBO aBTOMATUIECKOTO KOHTPOJISI, PEryJsu-
POBaHUS ¥ CUTHAJIU3AIIMY OIPEZIeJISIeT TOUHOCTD Y HAaJIeXKHOCTh
U3MEPUTENbHBIX TPUOGOPOB. OHUM U3 9TAMOB MOBBIIIEHUS
KayecTBa U HAJIEXKHOCTU ABTOMATUYECKUX YCTPOMCTB SIBJISIETCS
yMeHbIeHre rabapuTHBIX pasMepoB. [IpuMeHeHre B aBTOMATH-
3UPOBAHHOM KOHTPOJIE MUKPOIIPOIIECCOPOB JIAET BO3MOXHOCTh
pa3paboTaTbh MUKPOaBTOMATUYECKUE YCTPOMCTBA, KOTOPBIE TIO-
3BOJISTIOT CO3/1aBaTh U BHEJIPSITH B TPOMBIIIIIEHHOCTH MUHUATIOP-
HBIE JIEKTPOHHBIE YIIPABJISIONIME MAIIIVHBI U IIPOMBIIILJIEHHBIE
npubOpBL

Cucrema ympaBJieHUsI TEXHOJIOTUIECKUMU IIPOIIECCAMU B OC-
HOBHOM 0a3MpyeTcsl Ha 2JIeMEHTHOM 6ase, copeprkaleil siex-
TPUYECKHE, ITEKTPOHHBIE, AJIEKTPOMEXaHUYECKIE, MATHUTHBIE,
THJIPABJIMYECKUE U JIPYTHE YCTPOUCTBA. B mocsennue necsarue-
THSI 0COOEHHO MHTEHCUBHOE PAa3BUTHE MOJIYYUIIN 3JIEKTPOHHBIE
ycTpoiictBa aBToMaTuki. [1lpe BHEAPSIOTCS KOMITBIOTEDPHI B CH-
CTeMBI YTIPABJIECHHUS, YTO TIOHSIIO YPOBEHb aBTOMATH3AINY TEXHO-
JIOTMYECKUX TPOIECCOB HA HOBYIO, 60JIee BBICOKYIO cTymenb. Ha
6a3e MUKPOIIPOIIECCOPHOM TEXHUKHU CTAJI0 BOSMOYKHBIM BHE/IPEHKE
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CaMOHaCTPaWBaAIOIIUXCA U caMoo6yanomnxc;{ ABTOMATHU4YCCKUX
CHUCTeM, PeaN3yONINX CI0XKHBIE 3aKOHBI yIIpaBiaeHus [4].

2.1. OcHOBHbIE NOHATUS W ONpeAeneHus

ABTOMATH3AINS TEXHOJOTHYECKHUX IIPOLIECCOB — ITO TIpe-
obpa3oBaHUE HEINEKTPUIECKUX MAPAMETPOB B DJIEKTPUYEC-
KHWe, PETUCTPAITUS TEXHOJOTUYECKUX TTApDAMETPOB, Tepeaua
uH(MOPMAIUY, TPUHSTHE PEIIEHUS U YIIPABIEHUE COCTOSTHUEM
00OBEKTOB.

OcCHOBHBIMU ITaPaMETPaMU TEXHOJIOTYECKHX IIPOIIECCOB SIB-
JISTIOTCSI TEMIIEPATY A, ABJIEHUE, YPOBEHB, MACCa, 00bEM, PACXO/,
Ka4yecTBO, COCTaB U [IPyTHe 3JIeKTPUIeCKIe U HeaJIeKTpUIecKre
BEJINYUHBL.

J1J1s1 KOHTPOJIST BEJTMIMH 9THX ITAPaMETPOB HEOOXOIMMO BECTH
V3MEPEHNS] HEPEPBIBHO. Pe3yibTaThl MI3MEPEHMiA CPABHUBAIOTCS
¢ TpeOyeMBbIMU 3HAYEHHMSIMI KOHTPOJIMPYEMOTO TIAPaMETPa, a eCJIH
MMEIOTCSI OTKJIOHEHUSI, TO TIOIAeTCst curHay 06 oTkiaonennn. Ot-
KJIOHEHUS MOTYT OBITD IIOJIOKUTETbHBIMU YUK OTPUIIATETbHBIMH,
YMeHbBIIIEHUSI WY [TOBBIIIEHNSI U Tak Aasee. [lo oTkIoHEHHSIM
NPUHUMAETCSI PEIIEHUE U [IOJAETCS CUTHAJ Ha OOBEKT yIIpaBJie-
Husl. B mporecce IpUHSITHS pellieHrs] MOTYT y4acTBOBATh YeJio-
BEK-OIIepaTop WJIH YCTPOICTBO.

ITox ynpaBieHVeM TOHMMAIOT TAKYI0 OPTAHU3AIHNIO MIPO-
1iecca, KoTopasi 0becrieunBaeT 3alaHHbIi XapaKTep MPOTEKaAHMUST
nporecca. [Ipu atom cam nporiecc (COBOKYITHOCTh TEXHHYECKUX
CpeNCTB — MAIllH, OPYAWI TPY/2, T.e. UCTIOTHUTEIeH KOHKPET-
HOTO TIPOIECCA) C TOYKY 3PEHMUs YIIPABJIEHSI SIBISIETCS 00BEKTOM
yupassenus (OY), a nepeMeHHbIe, XapaKTepU3yIOIIie COCTOSI-
HUe IIPoIlecca, Ha3bIBAIOTCSI YIIPABJISIEMBIMY [IEPEMEHHBIMU WIIU
YIIPaBJISIEMBIMU BeJIMIMHAMU.

ABTomartuyeckoe yrpasiieHue (peryIupoBaHie) — 3TO OCyIIe-
CTBJIEHHE KAKOTO-JIHO0 TIporiecca 6e3 HEMOCPEICTBEHHOTO YIACTHST
YeJI0BEKA, C IIOMOIIBIO0 COOTBETCTBYIONIUX CHCTEM aBTOMATHKIL.
Ecsn aBTOMaTHYecKoe yrpaBjieHne Mpru3BaHo 0OeCIIeYnTh H3Me-
HeHue (TofZiepKaHue) yIpaBiseMOl BeJTMYUHEI 110 33JIaHHOMY
3aKOHY, TO TAKOE ABTOMATUYECKOE YIIPABJIEHIE HA3BIBAIOT aBTO-
MATUYECKUM PETYJIUPOBAHUEM.

Texumueckre ycTpOICTBA, BBITOIHSIONINE OTIEPAIIAH YIIPABJIE-
HUs (PeryJIMpOBaHus ), Ha3bIBAIOTCSI aBTOMATHYECKUMHU YCTPOU-
CTBaMH.
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COBOKYITHOCTD CPEJICTB YIIPABIEHUST 0OBEKTOB 06PA3yeT CH-
CTeMY YIPaBJIEHUS.

Cucremy, B KOTOPOU Bce pabovue U YIPABJISIOIIKE OEPALN
BBITIOJIHSIIOT aBTOMaTHYECKUE YCTPOICTBA, HA3bIBAIOT aBTOMATH-
4eCcKOU cucTeMo.

YcioBHO cucteMy aBToMaTHdeckoro yipasieHust (CAY )Mox-
HO pa3/ie/IuTh Ha JBE YaCTU: PETYJIATOP U 0OBEKT YIIPaBICHHUS
(OY) (puc. 2.1).

3ajan

BX 06 YBHX
—— PerynsaTop HEKT —

YIIPaBJICHUSA

Puc. 2.1. @ynxuuonaabuas cxema CAY

O6bexTaMy yIIpaBJIeHusI MOTYT OBITh TEXHOJIOTHYECKHUE YCTa-
HOBKH, OT/IEJTbHbIE TAPAMETPhI TEXHOJIOTHMYECKOTO MPOIlECCa,
pasyMYHbIE IBUTATEN U T.J. Bo3meiicTBYs, TPUKIIAAbIBAEMbIE
K PeryJsiTopy st obecriedeHus: TpebyeMbIX 3HAYEHUH yIIpaB-
JISIEMbIX BEJIMYVH, SIBJISTIOTCST YIIPABJISIIONIUME BO3/IEHCTBUSIMMU.
Ypasssionye BO3/IefiCTBUSI HA3bIBAIOT TAKXKE BXOTHBIMU BeJIU-
YUHAMM, & yIIPaBJIsSeMble — BBIXOJAHBIMU BeJIMYMHAMU. TakuM
00pa3oM, BCAKHI TEXHOJIOTUYECKHI MTPOIIECC XaPAKTEPU3YETCST
COBOKYITHOCTHIO (DU3MYECKUX BEJTUYNH, HA3bIBAEMBIX TIOKA3aTe-
JISIMM WJTH TIapaMeTpaMHy TIpoIlecca.

BesnunHbl, XapaKTepU3yIoOIie COCTOSTHIS 06BEKTa YIIpaB-
JIEHUSI, CXeMaTHYeCKH MOKHO ITOKA3aTh CJIEAYIOMNUM 06pa3oM
(puc. 2.2).

PaccMmoTpuM TipuBeieHHbBIE OTIPEIEIEH S ¥ TIOHSITUST HA KOH-
KPETHOM TIPUMEPE, B KAYeCTBE KOTOPOTO BO3bMEM CHUCTEMY PeEry-
JINPOBAHUS YACTOTHI BPAIIEHUS 3JIEKTPOBUTATES TOCTOSTHHOTO
toka (puc. 2.3). 3nece OY siBisieTcs ajekTpoaBuraresb M, xa-
PaKTepU3yeMbIii YaCTOTOM BpallleHus ©. VIaMeHeHne BETMIUHBL @
JIOCTUTAETCS] M3MEHEHNEM HanpsikeHus Uy, MOABOAMMOTO K AKOPIO
saekTpoasurarens. OueBUIHO, 4TO BenunHa Uy ¥ BeTn4nHa ©
6yIyT MAaKCUMAJIbHBIMU, ECJIV TIOJIBYHOK 7 TIOTEHIINOMETPUYe-
ckoro peoctara [1 okaxkercst B KpaiiHeM HUKHEM MOJIOKEHUH.
[Ipu mepemenienny OI3yHKA 1 B KpaliHee BepXHee MOJIOXKEHTe
U, = 0 u coorBercTBenno w = 0. Takum o6pasam, mepememas
MOJIBYHOK 7 OT KPAHET0 HUKHETO TTOJIOJKEHMS B KpaliHee BepX-
Hee, MOXXHO U3MEHSITh YaCTOTY BPALIEHUS @ OT MAaKCUMAJIBHOTO
3HaYeHU 10 HyJis. J[Jis yno6CcTBa KOHTPOJISA YaCTOThHI BPALIEHHUS
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F=(fyfyr )
T — 7
B = oy => 2
§ —— X=(x,%,..,%,) — <
—> — 7

G
Y

Vv

U=(u,u u)
Puc. 2.2. XapaKTEepPUCTHKH COCTOSHUS 00BEKTA YIPABIECHHS:
G =(&;, 8, - &) — BEKTOP COBOKYITHOCTH KOHTPOJMPYEMBIX
BO3IEUCTBUH;
F=(f,, [, - [,) — BEKTOP HEKOHTPOIMUPYEMBIX BO3JEHCTBHUIA;
U= (u, u,..., u ) — BEKTOD yIIPABJIAIONIETO BO3AEHCTBUS;
Y=, Yy Y, ) — BEKTOP YIPaBJISIEMbIX BEJIUYNH;
X=(x,%p .., X ) BEKTOD COCTOSIHMSI OOBEKTA.

Puyc. 2.3. CAY 4acToThI BpaIleHUsI DJIEKTPOIBUTATEJISI IOCTOSTHHOTO TOKA:
a — Pa3sOMKHYTasi CUCTEMA PETYJIMPOBAHUS; 6 — 3AMKHYTasl CACTEMA
peryIupoBaHusi
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C BAJIOM 3JIEKTPOIBUTATEJISI CBSI3aH BaJs TaxoreHepatopa BR —
3JIEKTPUYECKOTO TeHEPATOPA, TPe0OPA3YIONIEro BEININHY W
B Hanpsikenue Uy, = Ky w. Bosbrmerp PV, BKIIOYEHHBIA Ha
HanpsikeHnue taxoreneparopa Uy, TpagyupyeTcs B eIMHUIAX
V3MePEHUSI YaCTOTHI BpalleHus (Pajl/C) I CKOPOCTY BPAII[EHWSI
BaJia aJeKTpoaBuraTesss (MuH 1),

[IpencraBnennas Ha puc. 2.3, a cucTeMa PETYJIAPOBAHUS
SIBJISIETCSI PA30MKHYTOM, 2 PeTyJUPOBaHME B HEW OCYIIECTB-
JISIeTCS TI0 PA30OMKHYTOMY ITMKJTY. PasoMKHyTas cucrema xa-
pPaKTEPU3yeTCs TEM, YTO U3MEHEHUS PETYTUPYEMOiT BETUUMHBI
He MepealoTCs HAa BXOJ CUCTEMBI U He UBMEHSIIOT 3HAYEHUS
peryaupyonieil (yrpasJsiioleil) BeJTHINHbL. PeryinpoBaHue
B Pa30MKHYTO#M CUCTEME OCYLIECTBJISIETCSI C YIACTUEM YeJIO-
Beka-oneparopa (Om), KOTOpbIi, HAGM0ast 32 3HAYEHUEM
PEryIMpyeMol BEJIMYUHBI TI0 PETUCTPUPYIONIEMY IPUOODY,
YCTAHABJIMBAET TAKOE 3HAUEHUE PETYIUPYIONIEN BETMIMHEL,
KOTOpPO€e HeoOXOAUMO [JIst 06ecTieue st 3a[aHHOTO PeXUMa
paboThl cucTeMbl. TakuM 00pa3oM, B PACCMOTPEHHON Pa3oM-
KHYTOU CHCTEME OCYIIECTBISIETCS PyYHOE, HEABTOMATHYECKOE
peryJaupoBaHue.

Jliist obeciieueHrst aBTOMATUYECKOTO PETYJIUPOBAHUS HEOO-
XOIMMO TIPOBECTH 3aMBIKAHUE CUCTEMBI, UYTO JIOCTUTAETCSI BBE-
JIEHUEM B CUCTEMY OOPAaTHOU CBsI3H, MO/l KOTOPOU IIOHUMAIOT
COBOKYITHOCTH YCTPOUCTB (B AaHHOM IipuMepe erb [1-M-BR-1I),
MePeAoTINX U3MEHEHYST BBIXOHOH (PeryIupyeMoii ) BeTUUNHBI
Ha BXOJI cUcTeMbL. TakuM 06pa3oM, pAa3OMKHYTast CHCTEMA PETy-
JpoBanus (CM. puc. 2.3, @) TIpeBpaIaeTcs B 3aMKHYTYIO (CM.
puc. 2.3, 6). Ilpu aToM HE0OXOAUMO COOIIOAATD YCIOBHE

Ug=U, = Ug

rae U, — 3ajaiolee HanpsiKeHYe, CHEMaeMoe ¢ TIOTeHI[MOMeTpa,
B ]AHHOM CJIy4ae SIBJISIeTCsI BXOAHOU Besmuunoi. [Ipu Bo3pac-
TAaHUU MOMEHTA COIIPOTHUBJIeHUs M, Ha Bay 3JIeKTPOJBUTaTe-
JIs1, OTIPEEJISIEMOTO yCIOBUsIMU PaboThl paboueii Mamuubr PM,
YaCTOTA BPAIIEHNUS @ YMEHBUIAETCSI. ITO BBI30BET YMEHBIIIEHIE
BemuuHbl Uy, 1 Hoc/eyioniee aBTOMaTHIeCKOe BO3pacTaHue
BesmauHbl Uy cormacHo ypasaenuio Uy = U, — U, u, cieposa-
TEJIbHO, YBETNYEHHE W.

Takum 06pa3oM, B CUCTEME BO3HUKAIOT YCJIOBUS aBTOMATHYE-
CKOTO TIOJIIEP’KAHISI BBIXOIHOM BETMYMHBI HA 32[AHHOM YPOBHE,
YCTaHABIMBAEMOM COOTBETCTBYIONIAM MOJIOKEHUEM TIOJI3YHKA.
OueBuHO, YTO IIPY YMEHbIICHUH 3HaYeHuss M, ¥ BO3pacTaHuy
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YaCTOThI BpalllcHUA 3HaAUYEHHE U}I 6y/:[eT aBTOMAaTU4YCCKU YMEHb-
1IaTbhCA, obecriedrBast BHOBb aBTOMaTHYECKOE PEryjarmpoBaHue w.

2.2. Perynatopbl YPOBHS XUAKOCTH U LLEHTPOOEXHDIi
perynsaTop CKOpPOCTH BpaLLeHus

C 1esbI0 PEryJIMPOBAHUS M YIIPABJIEHUS COCTOSHUSIME 00b-
€KTOB pa3pabaThIBAIUCh Pa3JndHbIE PErysTopbl. B 1765 r.
N. W. Ton3yHOBBIM BIIEPBbIE OBLT U300PETEH PETYJISITOP YPOB-
Hs Bogel (puc. 2.4), 3ateM B 1784 r. moTIaHACKUI UHXEHED
JIK. YaTT cosnai eHTpOOEKHbIN PEryJIsATOP CKOPOCTH Bpallie-
Hus (puc. 2.5).

e " [

Puc. 2.4. TIpyHIUNNAIbHASI CXEMA PETYJISATOPA YPOBHS BOJBI:
1 — 00OBeKT ynpasieHus; 2 — TOIJIABOK — M3MEPUTEIbHBIN DIEMEHT;
3 — Wrya — UCTIOJHUTEJIBHBIH 3JIEMEHT; 4 —pBIuar

Puc. 2.5. CxeMa HeHTPOOEIKHOTO PETYIATOPA CKOPOCTH BPALIEHHSL:
1 — UIa — UCTIOTHNUTENBHBIN ATEMEHT; 2 — TPY3 — U3MEPUTETbHBIN
3JIEMEHT; 3 — IPY>KMWHA — YyBCTBUTEIbHBIN Opray; 4 — Mydra
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[TpuHIUT AeliCTBYSI PETYJISITOPA YPOBHSI BOJBI CJIEY IO
peryaupyeMbiM (KOHTPOJIUPYEMBIM ) IAPAMETPOM SIBJISIETCS
ypoBeHb xkunkoct H B pesepByape. Perymmpyonmm Boszeii-
CTBUEM SIBJIAETCA IIOTOK KUAKOCTH (),, KOTOPBIA IPOTEKAET
o Tpy6e 1 Yyepe3 MPOXOAHOE CEYCHUE B UTOJIBYATOM KJIalaHe
3 nocrynaer B 6ak. Boamymaronm Bo3eiicTBUEM SIBJISIETCS
pacxo xunkoctu Q,, BeITeKaomeii u3 6aka. B perynsarope
WMEETCS TOTJIABOK 2, cCoeMHEHHBIN ¢ phraaroM 4. C peryarom
4 cBsa3ana urna 3. [Ipu naMeHeHUY 3HAYEHUS PACXO/Ia SKUIKO-
cru (Harpyska), T.e. Ipy Hapyurenuu 6ananca Mexay Q, u Q,,
HabJII0aeTCs OTKIIOHEHUE YPOBHSI KUAKOCTH B 6aKe OT ycTa-
HOBUBIIETOCS 3HAYEHUS. B pesysibraTe MEHSIETCS IMOJI0KEHNE
TOTLJIaBKa 2, U3BMECHSETCS MPOXOAHOE CEYeHME IO UTJIOH 3 1
COOTBETCTBEHHO C 9TUM U3MEHSIETCS TOCTYILJIEHUS XKUKOCTH
TaK, 9TO CHOBA BOCCTAHABJIMBAETCSI UCXOMHBIN ypoBeHb. Ecin
W3MeHEHWEe YPOBHS BbI3bIBAETCS U3MEHEHUEM HArPY3KH, TO
BoccTaHoBJIeHHE OyzeT HenoaHbIM. C yBEeJUYEHUEM HATPY3KH
Q, AU1s IIOAIIEpKaHUSA 3aJaHHOTO YPOBHA H | IIPOXOIHOE CedeHune
TI0/I UTJI0H 3 TIEPEeBOIUTCS B HOBOE TTOJI0KeHMe. [Ipr 3TOM phryar
4 ¥ TIOTLTaBOK 2 TOXeE 3aHUMAIOT HOBOE TOJIOXKEHUE. ITO TI0JI0-
JKEHUEe OTJUYAETCST OT UCXOIHOTO, T.€. TIOSIBJISIETCS IOTPENTHOCTD
perynupoBanus D, = H) — H, KoTopas Ha3blBa€TCA CTaTUYECKOM
MOTPEINTHOCTHIO PETYIMPOBAHUS.

[TpuHIMI eACTBHS EHTPOOEKHOTO PETYJIATOPA CKOPOCTH
BpaleHus caenyonuil. [[py yBeIuueHUn CKOPOCTH BPAIEHUST
mexanusma AU ckopocTh BpauieHus Bana AU,_HaYMHAeT pacTH.
ITox meiicTBUEM BO3POCIIEH EHTPOOEKHON CHJIBI PACXOAATCS
IPy3bI 2, TIPEO/I0JIEBAs CUILY TIPY>KUHBI 3 YYBCTBUTEIIHHOTO JJIe-
MEHTA PETYJISITOPa, My(dTa 4 peryasiTopa MOJHUMAETCS KBEPXY
u3 1oJioxkeHus A B nmoyoxenue A' v uriya 1 onmyckaercsi BHU3 U3
nosnoxkeHus C B nosoxkenue C'. YMeHbIaeTcs mo/[aya TOIINBA
B JIBUTATEJIh Y CHIKAETCS] CKOPOCTD BPAIIEHWST BAJIa JIBUTATEISI.
Takum 06pa3oM, PeryasiTop IMPOTUBOAECHCTBYET H3MEHEHUIO
PEryJIMpyeMoii BEJIMYUHBI — CKOPOCTHU BPAIEHUS U CTPEMUTCS
CTaOUIN3UPOBATH €€ 3HAYCHHUE.

OTU PETYJISATOPHI /10 CUX MTOP NPUMEHSIOTCS B IIPOMBIIII-
JIEHHOCTH. PeryIsiTOphl YPOBHS BOJIBI IPUMEHSIOTCS ceidac
B aBTOMOOMJIbHBIX KapOropaTopax. [[eHTpoOeKHbIE PEryIATOPbI
CKOPOCTH BPAIIEHUS UMEIOTCSI B aBTOMOOMIBHBIX [N3€IbHBIX
JIBUTATEJISIX, IIAPOBBIX TYPOMHAX, IBUTATENISAX PEAKTUBHBIX
camostetoB. OHU NpeHa3HAYEHBI JJIsT CTAOUIU3AI[UH PEKIMA
paboThl.
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2.3. ®yHKUMOHANbHAA CXeMa CUCTEM aBTOMaTUYECKOro
ynpasjieHus

Pasnenennre CAY Ha OT/e/IbHBIE 3JIEMEHTHI T1eJ1ec000pas-
HO, TaK KaK 9TO [03BOJIsIET 60JIee 9KOHOMUYHO OCYIIECTBIISATH
paspabotky CAY u ee ananus. PasjiesieHre mo3BoJisieT onpee-
JIUTh QYHKIMOHATBHYIO CYITHOCTD OT/IETbHBIX 31eMeHTOB CAY,
Y TIPEJICTABJISIETCS. BOSMOXKHOCTH IMTOCTPOUTD (DYHKITMOHATBHYIO
cxemy CAY. 13 npuBeieHHOTO HIUKE PUMeEPa OYEBUIHO, YTO
YCTPOMCTBO YIIPABJICHHUS IJIS IOMIEPIKKU COCTOSIHUS 0OBEKTA Ha
TpebyeMOM ypPOBHE BHIMOJIHSIET cieAyonme GyHKuu [5]:

1) u3MepeHnue 3HaYEHMSI KOHTPOJIUPYEMBIX TTAPAMETPOB /JAT-

2) mpeobpasoBaHUe — YCUJIEHUE CUTHAJIA;

3) cpaBHeHUe C 33JlaHHBIM 3HaUYeHHEM;

4) VHIUNMPOBaHUE, yCUJIEHHUE;

5) IPHHSITHUE PELIEHNs U UCIIOJIb30BAHUE.

N3 aToro moxHO momyyuTh PpyHKIIMOHATBHYIO cxeMy CAY
(puc. 2.6).

|
] Y
> 4 +— 5 H 6 - 7 HH oy
3 1 2 1
YcrpoticTBa
YIpaBIeHMS

Puc. 2.6. OyuknuonaisHas cxema CAY:
1 — maruuk; 2 — npeobpasyrolie-yCUINBaIOINE YCTPONCTBA;
3 — CpaBHUBAIOIIUI HJIEMEHT; 4 — YCUJIATENb; O — YCUIUBAIOIIE-
npeoGpasyolye YCTPOUCTBA; 6 — MCIIOIHUTETBHBIA MEXaHU3M; 7 —
PETYJIUPYIOIUIL OpTaH

2.4. Knaccuthukauus cucTeM aBTOMaTH4ecKkoro ynpasneHus

CJI03KHOCTH COBPEMEHHBIX aBTOMaTHYE€CKUX CUCTEM HE 1103~
BOJIAET OCYHIECTBUTh UX OAHO3HAYHYIO MaCCH¢)HKaHHD, TaK KaK
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psizt KyIacCU(UKAMOHHBIX TIPU3HAKOB OKA3bIBAETCSI IPUCY UM
CAY pa3Im4HBIX TUIIOB.

1. CAY 1o nenu nepejiauu CUrHAIOB MOTYT OBITh 3aMKHY-
THIMU WX PAa30OMKHYThIMU (puc. 2.7).

a

X, O6beKT Y .
Perynsrop yIIpaBJIeHust
6
X AX O6bexT Y
Perynarop yIIpaBJIeHus

Puc. 2.7. @ynknuonanbubie cxemsl CAY:
a — Pa3OMKHYTOM; 6 — 3aMKHYTOM

B zamkuyThix CAY B mporecce GyHKIIMOHUPOBAHUS He-
IIPEPBIBHO UJIU Yepe3 Olpe/ieJIeHHbIe IPOMEKYTKH BPEMEHH
Ha CyMMHDYIOIIee YCTPOUCTBO IIOCTYIAIOT CUTHAJIBI, OIIPe-
JeJISTIoNNYe BeJIMINHY PEryJnpyeMoro apamMeTpa, a B pa3oM-
kHyTeIX CAY Takas undopmanus orcyrcryet. [I[pumepom
pazoMkHyTbIXx CAY MOTyT OBITh CUCTEMBI ABTOMATHYECKUX
TYPHUKETOB, cCHcTeMa obecredeHus 3aIaHHOTO TEILJIOBOTO
peXrMa B MOMENIEHUX B 3aBUCUMOCTY OT TEMIIEPATYPHI Ha-
PY’KHOTO BO3/IyXa U T.]I.

2. Ilo xapakTepy ynpasisiomniero Bo3aetictsust CAY mon-
PpaszensioTCs:

* Ha cucteMbl aBTOMaTH4yeckoi crabusmsaru (CAC);

* cucteMsl IporpammHoro ynpasiernus (CIIY);

e caepsmue cucreMsl (CC).

B CAC ynpasasioniee (BX0JHO€E) BO3A€CTBYE HE N3MEHS -
eTcs BO BpeMeHH, T.e. X, = const. Takas cucrema oTpabaThi-
BaeT BO3HUKAIOIUE OTKJIOHEHWS PETYIUPYEMOI BETUINHBI OT
3aaHHOr0. VIMEHHO TaKoe peryJnpoBaHue 00ecrnednBaeTcs
B CAY.

B CITY ynpasasitomee (BX0HOEe) BO3/I€HCTBIE M3MEHSIETCS
BO BPEMEHH 10 33JIAHHOMY 3aKOHY. Takue CUCTeMbI TIPUMEHSIOTCS
IJIs1 yTIpaBJIeHUsI IIPOIIeCCaMM, XapaKTep IIPOTEKaHUsI KOTOPBIX
W3BECTEH.
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B CC xapakTrep u3aMeHEHUS YIIPABJISIONIETO BO3ACHCTBUS
OTIpeIeNISIETCS IPOIECCAMM, TPOUCXOSAIIIMMY BHE CHCTEMBI, Y OH
He MOJKeT ObITb ompeziesier. Ce/siiye CUCTEMBI UCIIOJIb3YIOTCS
11t 0TPabOTKM BO3MYIIEHU, XapaKTeP KOTOPHIX HEU3BECTEH
3apaHee.

3. Ilo xapakTepy MareMaTH4eCKOTO OITMCAHUS CTATUCTH-
YeCKUX U TUHAMUYeCKUX pexxuMoB CAY monpas/esnsoTcs: Ha
JIMHENHbIE U HEJTUHETHBIE.

Jlnnetinoie CAY onuchIBalOTCS B CTaTUKE IMHEHHBIMY aJI-
reOpanyecKUM¥ YPaBHEHUSMY, a B [UHAMUKE — JINHEHHBIMU
nuddeperuanbEpIMy ypaBHeHUAMA. OAMH U3 XapaKTEPHBIX
MPU3HAKOB JUHENHBIX CAY — NposiBIeHNE TPUHITUTIA CYTIEPIIO-
3WIMH, 32KJII0YAIONIEr0CS B TOM, UTO PEAKIIVSI JTIMHEWHON CUCTEMBI
Ha HECKOJIBKO BO3/IeMICTBHI paBHA CyMMe PEAKITHI Ha KaKI0e U3
BO3/IEUCTBUM B OT/I€JIBHOCTH.

Henunetinsie CAY onuchIBaIOTCS HETMHEHHBIMYU yPABHEHU-
siMU. PeanbHbIe CUCTEMBI OTHOCSATCS K TUITY HETMHEWHBIX, OJTHA-
KO TEOPUSI IMHENHBIX CUCTEM B 3HAYUTEJbHOU CTETIEHH CO3/IAeT
IPEATIOCHUIKH ISt pa3paboTKu Teopuu HeuHeRHbIX CAY.

4. Ilo xapakTtepy CBS3U MEXIy BXOJHOI 1 BBIXOHOW BeJIU-
ynHamu CAY nozipasessiioTcst Ha HeTPePBIBHBIE ¥ IPEPBIBUCTHIE
(IUCKpeTHBIE, UMITYJIbCHBIE U PEJIEHTHBIE).

B nenpepoiBabix CAY MeX1y BBIXOJJHBIMU U BXOJHBIMU Be-
JIMYMHAMHU CYIIECTBYET HEMPEPHIBHAS (DYHKITMOHAIbHAS 3aBU-
CHMOCTb.

B npepoiBucteix CAY HeNpepbIBHOMY U3MEHEHUIO PETy-
JIMPYEMOTO0 TTapaMeTPa COOTBETCTBYET BBIXOMHAS BETUYNHA
B BH/JIE:

* [TOCJIEZIOBATEFHOCTH UMITYJTbCOB, AMILTUTY/IbI, IJTUTEb-
HOCTH U YaCTOTHI TIOBTOPEHWU, KOTOPHIE 3ABUCST OT 3HAUEHUS
BXOJTHO} BEJTMUMHBI ¥ XapaKTEPa UMITYJIbCHOTO JIEMEHTA,

* CKaYKOOOPA3HOTO CUTHAJIA, KOTOPBIH MOSIBJISIETCS JIAIID TIPU
OIIPE/IEIEHHBIX 3HAYEHUSIX BXOJHON BEJIMYMHBI.

5. Ilo uucay perymupyemsix nepemenubix CAY nozpasge-
JISTIOTCSI HA OJHOMEPHBIE (C OHOM PeryInpyeMoil BeTUINHON )
¥ MHOTOMEDHBIE (C HECKOJIBKAMU PETYINPYEMBIMU BEJTMYMHA-
MH).

Muoromepubie CAY 1ozpaszie/siioTcs: Ha CUCTEMbI HECBSI3aH-
HOTO ¥ CBSI3AHHOTO PETYJIMPOBaHMS. B MHOTOMEDHBIX CUCTEMAX
HECBSI3aHHOTO PETYJIMPOBAHUS PA3JIUYHBIE PETYIUPYEMbBIE Be-
JINYVHBI He UMETOT B3AMMHOU CBSI3M. B MHOTOMEPHBIX CCTEMAX
CBSI3aHHOTO PETyJIUPOBAHUS PETYJISITOPH Pa3JUYHBIX IIepe-
MEHHBIX B3aUMOCBSI3aHbI MEK/LY COOOM 1 yepe3 o0uuii 06 BEKT
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perynuposanus. [Ipumepom maoromeproit CAY MOXKET CIyXUTh
CAY paboTbl TapoBOro KOTJIa, B KOTOPOi OCYIECTBJISIETCS Pe-
ryJUPOBaHUE TI0/[aYU BOJIbI, TOTJINBA U BO3/[yXa B (DOPCYHK.

6. ITo unciy obpatHbix cBsazeir CAY moapasuensaioTcs Ha
OMHOKOHTYPHBIE I MHOTOKOHTYPHBIE,

OnnoxonTypsbie CAY uMeIOT oHy 06paTHYIO CBSI3b — KeCT-
KYI0, [JIABHYIO OTPUIIATEJIbHYI0 0OPATHYIO CBSI3b, OXBATHIBAIOIIYIO
BCIO CUCTEMY OT BXO/Ia JIO BBIXO/IA.

MHOTOKOHTYpPHBIE CUCTEMBI TTOMUMO TJIaBHOH >KECTKOM OT-
pUIIATENbHON 0OPATHOM CBSA3U MMEIOT ellle MECTHBIE 0OPaTHbIE
CBsI31, KaK JKECTKHE, TaK ¥ I'MOKKe, KaK OTPUIlATeJbHbIE, TaK
Y TIOJIOKUTEIbHBIE, OXBATHIBAIOIINE YACTh CUCTEMBI.

7. Tlo BesnuuHe OMUOKY B yCTAHOBUBILIEMCSI COCTOSTHUN
CAY nonpasnensiioTcs Ha CTATHYECKUE U ACTATUIECKHE.

B cratnueckux CAY B yCTaHOBUBIIUXCS PEKMMAX UMEET MECTO
OTKJIOHEHVIE PETYJIMPYEMOI BETMIUHBL OT 33/IaHHOTO 3HAYEHWSL.

Acrarnueckumu HazbiBaoT CAY, oOecriednBaroniie peryJim-
poBaHue 6e3 CTaTUYECKON OMIMOKH.

8. Ilo nasmauenuto CAY mnoapasnaensioTcs:

* HA CHICTEMBI C TIOMCKOM 9KCTPEMYMa MOKA3aTesl KAYeCTBa;

* CUCTEMBI ONITUMAJIBHOTO YIIPABJIEHMUS;

* AJIATITUBHBIE CUCTEMBI.

9. Ilo 3aBUCUMOCTH BPEMEHU COCTOSIHUS OOBEKTA BBHIEJISIOT
CAY:

* cratuueckue (CTaThKa, Ge3bIHEPIINOHHbIE);

e TuHaMu4eckre (MHEPINIOHHBIE).

10. Ilo u3mMeHeHUIO BEJIMYMHEI TapaMmeTpa 1o BpemMeHu CAY
TO/IPA3/IETISIETCSI:

° HA CTAIlMOHAPHBIE;

* HECTAI[MOHAPHBIE.

11. B 3zaBucumocTs oT uctouHuKa sHeprur CAY ObIBaIOT:

* HJIEKTPUIECKUE;

* MHEBMATUYECKHE;

* TU/IPABINYECKUE U T.JI.

12. Tlo ciocoby BO3AENCTBYS MIBMEPUTEBHOTO HIEMEHTA HA
PETYIUPYIONINI 3JIEMEHT Pa3JIyaloT:

e CAY mnpsimoro neiicTBust;

e CAY HemnpsiMoro AeicTBHUSI.

13. B 3aBuUCHMOCTH OT BUIa PETYIUPYEMOTO TTapaMeTPa BbI-
JIETISTIOT:

* CAY rtemnepatypsr;

e CAY nasieHus;

* CAY ypoBHS BJIQXXHOCTH U T.J.



2.5. OCHOBHbIE NPMHLMMbI YNPABNEHNS 47

ITomumo MEepeYrCJIECHHBIX BO3MOKHBI 1 APYTrUe€ IPU3HAKU
KJacCupUKAITAN.

2.5. OcHOBHbIE NPUHLMNBI YNPABNEHMS

B niportecce paboTsr 00bEKT yIIpaBJIeHUsI TIOABEPIKEH BO3-
JIEVCTBUIO PA3IMYHBIX BHEITHUX BO3MYIIEHUH, BCJIECTBUE YETO
yIIpaBJisieMasi BeJIMYMHA OTKJIOHSIETCS OT TPEGYEMOTO 3HAYEHMSL.
3anadeit ycTpOICTBA YIIPABJIEHUS SIBJISIETCST 0OECTIEYEHUE COOT-
BETCTBUSI YIIPABJISIEMOI BEJIMIMHBI 33JaHHOMY 3HAUEHUIO ITyTeM
nepeiaur Ha OOBEKT yIIPABJIEHUS HEOOXOMMOTO YIIPABJISIIONIETO
BO3/IEHCTBUS.

ITo criocoby omnpe/ieseHus YIPaBJISIONETO BO3IEUCTBUS,
HEOOXOMMOTO JIJIsi KOMIIEHCAIIUN OTKJIOHEHHUsI yIIPABIISEMOT
BEJTMYMHBI OT TPeGYEMOTO 3HAYEHSI, PA3IMYAIOT TPU MIPUHITATIA
yIIpaBJIEHUST:

* yIpaBJIieHHE TI0 BO3MYIIEHHUIO, KOT/IA YITPABJISIONIEE BO3-
neiicTBrEe Ha 0OBEKT (DOPMUPYETCS B 3aBHCUMOCTHU OT BEJIMIUHBI
3a/IAI0MIET0 BO3EMCTBUS U OJJHOTO MU HECKOJbKMX BHENTHUX
BozzeiictBuii Ha OY;

* yIpaBJIeHUE 110 OTKJIOHEHUIO, KOT/Ia YIIPABJISIOINIEe BO3-
neiicTBre Ha 0GBEKT POPMUPYETCS B 3aBUCUMOCTHU OTKJIOHEHVISI
JIefCTBUTENLHOTO 3HAYEHNS] YIIPABJSIEMON KOOPAMHATHI OT 3a-
JIAHHOTO 3HAYEHMS;

* KOMOMHUPOBAHHOE yIIPaBJIeHIe, KOT/[a YIIPaBJISIONIee BO3-
JIeficTBUE HA OOBEKT (POPMHUPYETCS B 3aBUCMOCTHU OTKJIOHEHWSI
JIENCTBUTEHHOTO 3HAYEHMSI YIIPABJISIEMOM KOOPANHATHI OT 33/[aH-
HOTO 3HAYEHUS ¥ BEIMYUHBI OHOTO UM HECKOTBKUX BHEITHIX
BozneticTBuii Ha OY.

Paccmorpum ux 60Jiee ToapoGHO.

2.5.1. IIpuHuMn ynpaBjieHUs 10 BO3MYIIEHHIO

VipasiieHue 110 BO3MYIIEHHMIO OCHOBAHO HA TIPHHITHIIE KOM-
HeHCAIMY BO3MYIIEHWH U SIBJISIETCS [IEPBBIM IPUHITUIIOM aBTO-
MaTHYECKOro yIpaBjieHust. I[py TaKOM IPUHIIUIIE YIIPABJIECHUS
yIIPaBJISIEMBI TAPaMETP He U3MEHSIETCS, & MCTIOJIB3YETCS TOIBKO
uHbopManus o BHelTHeM Bozzeiictuu f(¢). Ilpu sToMm ompere-
JISIIOT OCHOBHOE BO3MYII[AIOIIee BO3IEUCTBUE M YCTAHABIUBAIOT,
KaK HeOOXOIMMO U3MEHSTD YIIPABJISIOIIEE BO3IEHCTBIE Ha O0BEKT
yIIPaBJIEHUs, YTOOBI 3HAYEHUE YIIPABJISIEMBIX IAPAMETPOB IO/
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IepsxuBaTh Hem3MeHHBIM. DyHKIMOHANbHAs cxeMa Takoit CAY
Tpe/icTaBeHa Ha puc. 2.8.

Lo ..... L
B(®)
06
yIpaBiens —
n®
Vernoi a(?)
s —

Puc. 2.8. Ctpykrypa CAY, nocTpoenHoi Ha 6a3e NPUHIHUIA yOpaB-
JIEHHS 110 BO3MYILEHHUIO

B CAY, ucnos3yioreil IpUHIINTI YIIPaBIEHUS 10 BO3MYIIIE-
HHUIO, YIIPABJISIIONIEE BO3IENCTBIE Ha OOBEKT OMPEEISIETCST KaK

w0 = F(o(®), L(©)).

[TpunLIMT yIpaBJIeHUS 110 BO3MYLIEHUIO 3aKII09AETCSI B TOM,
YTO JIJIs1 yCTPAHEHUSI OTKJIOHEHSI BEKTOPA BBIXO[HBIX TAPAMETPOB
oT Tpe6y€eMOro 3HAUEHVsI, BbI3bIBAEMOTO BO3MYIAIONIAM BO3/IEH-
CTBMEM, M3MEPEHHAS BEIMYMHA TOTO BO3MYIIEHWsI IPeobpasyer-
CsI B yIIPaBJISTIOIIIee BO3/IEHCTBYE, KOTOPOE, OYIyIH MPUIOKEHHBIM
k OY, BBI3bIBaeT KOMIIEHCHUPYIOIIEE OTKIOHEHNE YIIPABISIEMON
BEJIMYUHBI TPOTUBOIIOIO}KHOTO 3HAKA TT0 CPABHEHUIO C OTKJIOHE-
HUEM, BHI3BIBAEMBIM BO3MYIIAIONINM BO3/IEHCTBUEM.

[ onpesiesieHst OCHOBHBIX 3aKOHOMEDPHOCTEH, TIPUCYIINX
CAY, 1ocTpoeHHbIX Ha 6a3e 3TOro MPHHITUTA, PACCMOTPUM CUCTEMY,
CTPYKTYPHasi CXeMa KOTOPOH IIpe/ICTaBieHa Ha puc. 2.9.

B CAY, ncrionb3yonryio IpUHITII OTKJIOHEHNUS 10 BO3MYIIe-
HUIO, BXOJST CJIEYIOIIHE 3JIEMEHTBL:

* 3azatoniee ycrpoicTso (3Y), HeobX0AUMOE /IS peannsa-
MM AITOPUTMA PabOThI 0OBEKTA YITPABIEHISI, BBIPAKAIOIIETOCST
B (hDOPMUPOBAHUY YIIPABJISIONIETO BO3/IeicTBUS 0(t);

* u3MepuTenbHbIN npeobpasoaresb (M11), obecneunBaonmit
u3MepeHre BHIOPAHHOTO BO3MYIIEHUS Ha OOBEKT YIIPaBICHNUS,

* (yHKIMOHAIBHBIN HpeobpasosaTeb (I1), hopmupyromuit
HeobXoauMYyo 1o ycaoBusaM pabotel CAY cTaTHYecKylo Xapak-
TEPUCTUKY TPAKTa U3MEPEHUS;
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Puc. 2.9. CrpykrypHas cxema CAY, mocTtpoeHHoii Ha 6a3e npuHIHKIA
yIpaBJIeHHs 10 BO3MYLILEHUIO

* IpoMeXxyTOo4YHbIN yeusmtes (Y), obecriednBaonuii Gpop-
MupoBaHue TpebyeMoro 3akoHa yrnpasaenus OY;,

* o6bekT yrupasienus (OY).

PaccMoTpuM yc10BUst paGoThI 9TOM crucTeMbl. [JIs1 9TOrO oripe-
JIEJIAM B3aMMOCBSI31 MEK/Ty BXOTHBIMY M BBIXOJIHBIMU CUTHAJIAMU
Kax10ro OJI0Ka.

OG6beKT yrpaBJIeHHs XapaKTEPU3YETCS] yDAaBHEHUEM BH/IA

B=Kp—K,L.
Kanan N3MEPEHUA BO3MYIICHUSA MOXKET OBITH IIpeACTaBJIEH
BBIDAKEHUEM BU/1d

L=K|]L.

1 3

¥Y3es cyMMIPOBaHYSI CUTHAJIOB TIPEJICTABIISIETCS BBIPAKEHIEM
BUA

d=a+L =a+K,L

Yupasisionee Bo3ieficTBIE Ha 00BEKT MOXKET OBITh TIpe-
CTaBJICHO KaK
u,=K3=K,(a+K,UL).
C yueToM aTuX ypaBHeHM# curHai Ha Beixone OY omnpese-

JIAETCA KaK

B=KK,(a+KL) - KL=KK,-o+(KKK,-K,)L.
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Ouesunano, uro npu (K,K,K, — K,) = 0 BiusgHuE BHEIIHETO
BO3MYIICHHUS Ha BHIXO/THYIO KOOpI[I/IHaTy CAY Gyner paBHO HyJIIO.
Yc10BUE OTHOM KOMIIEHCAIMY BJIMSIHUSI BHEIIHETO BO3MYIIIEHUST

OTIpeiesIsieTCst Kak
K
K= _K12< .
154
Ha puc. 2.10 npuBenens! BHelrHue xapakrepuctuku CAY
C Pa3INYHON CTENEHBIO KOMIIEHCAIINY YTIPABJISIONIET0 BO3/eH-
CTBUS.

B® [TepexommencupoBannast CAY
K> K,,

CAY c nosiHo# KOMIIEHCAIMen

Henoxommencuposannas CAY
K,<K,,

L(?)

Puc. 2.10. Cratnueckue xapakrepuctuku CAY

Ecmu na OY neiicTByer HecKoabKo BoaMmymenuii L, L., L,,
L_, To ypaBHeHUe 00beKTa IPUHIMAET BHJL
B=Ku—|K,L- ZKZiLt
i=1
C yuerom neiictBust CAY curHas Ha BHIXO/IE 0OBEKTA YIIPaB-
JIEHWSI OIIPeZIesIsIeTCs KakK
m
i=1
Hpu K, = K,,, mosy4aem, 4to
m
B=KKs0— ZKZiLi'
i=1
OueBHHO, YTO UCIOIB30BAHVE TPUHIIATIA YIIPABJIEHUS 110
BO3MYIIIEHUIO 00ECIIEYNBAET KOMIIEHCAIUIO BJIUSTHUS TOJIBKO

HU3MEPAEMbIX BHEITHUX BO3My1.[I€HHﬁ.
HpeI/IMyuIeCTBa TaKoro ciocoba YyIIpaBJIEHUA:



2.5. OCHOBHbIE NPMHLMMbI YNPABNEHNS 51

* BO3MOKHOCTb ITOJTHOM KOMIIEHCAIIMY BO3MYIIIAIOIIETO BO3-
NeNACTBUS Ha OOBEKT YIIPaBJIEHUS;

* OTCyTCTBHE MH(MOPMALMH O TIOI/IMHHOM COCTOSTHUU 0ObEKTa
yIIpaBJIEHUs yCTpaHseT mpobaeMy 0Oecriede s yCTONIMBOCTI
YIIPaBJIEHUS.

Henocrarku:

* yCTpaHEHUE BJIUSHUS JIUIIb TEX BO3MYIIAIONINX BO3IENUCT-
BHUIA, VISl KOTOPBIX CO3/IaHbl KOMIIEHCAIIMOHHbIE KaHaJIbI 0Opa-
OOTKU BEJIMUMH ITUX BO3ACHCTBUIL;

* HayiyKe GOJIBINOTO YHCIIa HEKOHTPOIMPYEMBIX BO3MYIIEHUI
YBEJIMYMBACT MIOTPEITHOCTD CTAOUIN3AIINY BBIXOAHON KOODP/IH-
HATHI,

* U3MEHEHUE YCJIOBUI KOMIIEHCAIIUY BJIUSHUS BHEITHUX BO3-
MyIIEeHUI Ha 0OBEKT NPU U3MEHEHUY €0 apaMeTPOB, BO3HU-
KalOIIMX [PY M3MEHEHNH YCJIOBHIA paboThl 00BEKTA YIIPABJIECHHUS
U PETYJIATOPA;

* BO3MOKHOCTD [IPUMEHEHHS YIIPaBJIeHsI TOJIbKO K OOBEKTaM,
KaYeCTBEHHbIE U KOJITMYECTBEHHBIE XaPAKTEPUCTUKUA KOTOPBIX
M3BECTHBI.

OnHuM U3 crroco60B peannu3anuy MPUHIIAIA YITPABICHUS
IO BO3MYIIEHUIO SIBJISIETCST TPUHITUTI YIIPABJIEHUS MO YIIPABJIS-
foleMy Bo3zelictsuio (ynpasienuio). Beab eciu paccMoTpeTh
00BEKT yIpaBJIeH s], TO KaK yIIPABJISIONIee, TAaK U BO3MYIIAIOLIEe
BO3/IEMCTBUS SABJISIOTCS BHEIIHVUMU IO OTHOIIIEHUIO K CAMOMY
00BEKTY YIIPaBJIEHUSL.

2.5.2. TIpuHITUN yipaBJIeHUs 0 OTKJIOHEHHUIO

BoJiee BRICOKOE KAUECTBO YTIPABIEHUST TIO3BOJISIIOT TTOJTYYUTh
3aMkHyThie CAY, B KOTOPBIX MCIIOJIb3yeTCsI WH(pOpMAIKs 00
ymupasisieMoM mapametpe (puc. 2.11). B takux cuctemax usmepsi-
€TCsI 3HaUeHue YIIPaBJsIeMOro IapaMeTpa. YCTPOMCTBO yIIpaBJie-
HUsI IPOU3BOJAUT CPAaBHEHUE IIOJyYeHHOTO CUTHAJIA C 33/IaHHBIM
3HAYEHUEM U TIPU HAJIMYMHU PA3HOCTH BBIPAOATHIBAETCS YIIPABJIS-
I0lIee BO3ZIENICTBYE, HATIPABIEHHOE HA YMEHBIIIEHYIE ITOIyIeHHOM
BEJIMYMHBI PACCOTIIACOBAHUS 33[IaHHOTO ¥ K3MEPEHHOTO 3HAYEHUI
mapaMeTpoB. IIpy a3TOM yCTpOHCTBO yIIpaBJIeHUSI CTPEMUTCS
KOMIIEHCHPOBATb 3TO OTKJIOHEHUE HE3ABUCUMO OT IIPUYKH, €T0
BBI3BIBAIONIUX.

JlaHHBIN TPUHIIAT YTIPABJIEHUS UHOT/IA HA3BIBAIOT KOMIIEH-
canuonubM mpuHImnoM [lon3ynosa — Yarra. Takoit cmocob
VIIPABJIEHUS SBJISIETCST OCHOBHBIM JIJIsT GOJIBITMHCTBA COBPEMEH-
ubix CAY.
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L) ..... L (t)

S

O6beKT
yIpaBJieHust

w)
a(?)

- YcTpoiicTBO
YIIpABJIEHUS

Puc. 2.11. ®@ynkuuonaabuas cxema CAY, nocrpoennoii Ha Gaze
TIPUHIIUIA YIPABIEHHUS IO OTKIOHEHHUIO

B CAY, ucnonp3yiolieil IpUHIUI YIIPABJIEHUS IO OTKJIOHE-
HUIO, YIIPABJISIONIEE BO3AEUCTBIE HA OOBEKT OIPENEIISIETCS KAk

w(®) = Fo(®), B}

PaccMOTpUM cHCTEMY aBTOMATHYECKOTO YIIPaBJIeHuUs ¢ 00-
paTHOM CBsI3bI0, CTPYKTYPHAsT CXeMa KOTOPOU TpeICTaBIeHa Ha
puc. 2.12.

|
|
3C ON ' oy
|
S ! AN B
Sl e v~ o e v
o) | 8(z) Lo ____ L
U1

Puc. 2.12. CtpykrypHas cxema CAY, mocTpoennoii Ha 6a3e npuHIHU-
1a yIpaBJeHHs 0 OTKJIOHEHUIO

B CAY, ucnosp3ytomieit Takoi TPUHIIATI YIPABJIEHYS, BXOJSAT
CJIeZIYIOIE OCHOBHBIE DJIEMEHTHI:

* 3aaomniee ycTpoiicTBo (3Y), HEOOXOANMOE TSI Pear3a-
[[VM aJITOPUTMA PabOThI 0OBEKTa YIIPABJIEHNUSI, BBIPAKAIOIIETOCST
B (hOPMUPOBAHUY YIIPABJISIONIETO BO3eHcTBUS 0t);
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* M3MepuTeIbHBIN mpeobpasosareib (M1T), obecneunBaonmit
“3MepeHre YIIPaBJIsieMOit KOOPIUHATHI;

* anemenT cpaBHeHus (I C), BBIABIISIONI OTKIOHEHUE O(Z)
yIpaBJisieMoil KoopauHaThI B(Z) OT ee TpeOYEMOTo 3HAYEHMST;

* ipoMexyTouHbIN yeusmreas (Y), obecnednBaronuii Gop-
MupoBaHue TpeGyemMoro 3akona ynpasienus OY;

* o6bekT yrnpasienus (OY).

[Tpunmun pa6orer CAY 3aki04aeTcs B MBMEPEHUH yIIPaB-
nsiemoit koopaunatsl B(¢) ¢ momonisio VIT u cpaBHeHun mo-
JIy4eHHOTO CHUTHAJA C 3a/a01uM o.(t). DJIeMeHT CPAaBHEHUS
BBISIBJISIET PA3HOCTh 3TUX CUTHAJIOB, MPENCTABJISIIONIYIO CO-
601 omKMOKY yrnpaBieHus:. ITOT CUTHAJ UCIIOJIb3YETCS IS
¢dopmupoBanus ynpasiasiolnero Bosaeiicteus Ha OY u(t).
OueBH/IHO, YTO BBIXOJHASI KOOPAWHATA SIBJsIeTCS QYHKIUEH
Kak 3a/1aioniero curuana o(t), Tak ¥ CBOero cO6CTBEHHOTO
3HaueHus. To ecTh

B(®) = Ha(®), B(®)}.

[TepBas cocraBJsoOmas BEIXOHOTO CUTHAIA (DOPMUPYETCS 110
MPSIMOMY KaHaJTy YIIPaBJIEHUsI, & BTOPasi — 110 KaHALY C 0OpaTHBIM
HaIpaBJieHWeM Iiepeady NHMOPMAIIH, Ha3bIBAEMOMY KaHAIOM
06paTHOM CBS3M WU IIPOCTO 0OPATHOM CBsA3bI0. TAK KaK Takast
CBsI3b 00€CTIEYNBAETCST DIEMEHTOM CPABHEHUSI, BEIYUCIISIONIAM
Pa3HOCTD CUTHAJIOB 33/IaHUsI U OOPATHOI CBSI3U, TO TAKOW BUJI
06paTHOM CBsI3U HA3bIBAETCS OTpUIaTebHOM. Eciu curnan 06-
DAaTHOM CBSI3U OIIPE/IEISIETCST AIreOPanIecKuM CyMMIPOBAHIEM
CUTHAJIOB 33JIaHus1 ¥ 0GPATHOI CBSI3H, TO TAKasl CBSI3b HA3BIBAETCS
MIOJIOKUTENTbHOM.

IToaTomy Takoi IpUHITKII yTIpaBIeHUs Ha3bIBA€TCS YIIPaBJIs-
eHueM ¢ 06paTHOI cBsi3b10. Tak kak B Takoit CAY npucyrcTByer
3aMKHYTBIM KOHTYP JIs1 IPOXOXK/€HNUSI NH(MOPMAIUH, TO TaKue
CHCTEMBI Ha3bIBaloT 3aMKHYThIMU CAY.

3amkuyTolt CAY Ha3BIBAIOT CHUCTEMY, B KOTOPOH IIPOIECC
ynpasienus: OY 3aBUCUT OT pe3yJIbTaTa yIpaBIeHusI.

CucrteMbl, KOTOpbIE HEIIOCPEACTBEHHO HE UCIIOJIb3YIOT KOHEY-
HbIe PE3YJITATHI YIIPABJIECHUsI 00BEKTOM, HA3bIBAIOT PA30OMKHY-
teimu. CiiefioBaresibHo, CAY, IOCTPOEHHBIE C UCIIOIb30BAaHUEM
[IPUHIINIIA YIIPABJIEHNS II0 BO3MYIIEHUIO, SIBJISTIOTCS] PA30MKHY -
TBIMU.

PaccmoTpum ocobennocTr 3aMKHYTBIX CAY.

OO6beKT yIpaBIeHUsT XapaKTEPU3YETCsT yDABHEHUEM BU/IA

B=Ku—K,L.
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[Tpu oTcyTCTBUY YITPaBJICHUS [IPU U3MEHEHUH BO3MYIIAIOIIe-
ro BozzeiictBus Ha OY Ha ero BBIXOJIe IOSIBIISIETCS] OTKIIOHEHNE
YIIPABJISIEMOTO CUTHAJIA OT TPeOYyeMOro 3HaYeHusl. ITO OTKJIO-
HEHUE SBJISIETCS OUMOKOIA yHpaB/ieHus AP, npu oTcyTCTBUM
00paTHOU CBsI3H, T.€. B PA3OMKHYTOMN cucreme. Ero Benmdansa
oIpesiesIsieTcs: Kak

AB,=K,L.

Kanan usmepenus: curnana o6paTHOM CBSI3U MOKET OBITH
NPE/ICTABJIEH BHIPAXKEHUEM BUJA

B, =K,p.

DiieMeHT CpaBHEHUA CUTHAJIOB IIPEACTaBJIACTCA BbIPDAXKECHUEM
BAIA

d=a-PB,=a-K}p.

YHpaBJIHIOHIee BO3/IEliCTBHUE Ha 00BEKT MOXKET OBITh apen-
CTaBJIEHO KaK

u=K8=K,(a—Kp).

C y4eToM THX ypaBHEHUI CUTHAJ Ha BBIXO/IE 0OBEKTA yIIpaB-
JIEHH OIIPeZe/IAeTCs KakK

B=KK,(o - K,B) - K,L=KK,0 KKK~ K,L.

Perirast 5T0 ypaBHeHMe OTHOCUTEIHHO YIIPABISIEMOM KOOPIH-
Hatel OY, mosryyaeM

poKKo-KL__ KK K
14K KK, 1+KKK, — 1+ KKK,

YunrsiBast, uto AR = K, L, nonyyaem
B — K1K4 a— AB p
1+KK.K, 1+KK;K,

rzie B, — 3a1aHHOe 3HAYEHHUE YIPaBIIAEMON KOOPIMHATBI;

AB, = AB, A,
1+ KKK, 1+Ky
toit CAY; K, = K,K,K, — cymmapHbIii K03(GUIMEHT Nepeaayn
3aMKHYTOTO KOHTYPA yIIPABJIEHMUSI.

OueBUIHO, YTO MPH AOCTATOYHO OOJIBIIOM KO3 huIreHTe
Tepesiati 3aMKHYTOTO KOHTYDA yTIPaBJICHUS K, >> 1 ommbka
YIIpaBJIEHUSI B SaMKHYTOI/I cucreme Oymer MHOTO MEHbIIIE, YeM
B Pa30MKHYTOH. To ecTh CIIpaBeAJInBO COOTHOILIIEHNE

=Br —ABz,

— ommOKa YIIPaBJIEHUS B 3aMKHY-
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AB,<<AB,.

Craruyeckue XapakTEPUCTUKU PA30OMKHYTON U 3aMKHYTOM
CAY npencrasiens! Ha puc. 2.13.

[TostyueHHOE BBIPAsKEHUE SIBJISIETCS GA30BBIM JIJIs OTIPE/IEIEHUS
CBOHCTB U mapaMeTpoB 3aMkHyTOil CAY. [leficTBUTEIBHO, €CTI
M3BECTEH CYMMAapPHbIN K03 DUIIMeHT ycuaeHus 3aMKHyToi CAY
u ee coricTBa OY, TO BO3MOXKHO OIIPEJIEJIEHIE OITMOKK B 3aMKHY-
Toi cucteme. VI Hao60poT, ecaiu 3azaHa BearmarHa omubku CAY,
BO3MOYHO OTIpe/ie/ieH e TpeOyeMOro CyMMapHOTo KoaghuiineHTa
MePeavyy C MOMOTIBIO CIEAYIONIETO HEPABEHCTBA!

o,
AR,

3amkuyTas CAY
AB,

AB,
PazomkryTas CAY

L(®)

Puc. 2.13. Cratuueckue xapakrepuctuku CAY ¢ 00paTHO# CBA3BIO

OueBUIHO, YTO IIPU BO3AECHCTBUM Ha OOBEKT HECKOJBKUX
BO3MYMIAOIIKX (PaKTOPOB CBOMCTBA YMEHbIEHYSI OIIUOKY yIIpaB-
JieHus coxpansioTcs. [lelictBurenbHo, ecau OY npencTaBisieTcst
BBIP)KEHUEM BUIA

m
B= KIH_ZKZiLi’
i=1
TO CHUTHAJI Ha BBIXOJIE 0OBEKTA OIPEAENSIETC KaKk

m
KiKyo—~ ZKZiLi KK m X
184 2

= i=1 = o— D
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ITockombky K, L, = AB SIBJISIETCS] OMIMOKOM Pa3OMKHYTOM
CAY OTHOCI/ITEJIBHO BH6paHH0ro BO3MYyMIAoIIEero hakTopa, TO
BbIXOJHAs1 KoopauHATel OY onpezesseTcs Kak

OBy

CrieoBaTesIbHO, CyMMapHasi OIIMOKA yIIPaBJIeHWsI B 3aMKHY -
toit CAY onpejesisieTcst Kak

m AB
Aﬁ2_21+K2 _Z BZz

i=1 i=1

[IpermyIecTBa TAKOro Cioco6a yIpaBJIeHKsL:

* 6oJIbIIAsI THOKOCTH U TIPUCIOCOOIISIEMOCTD K PA3IMYHBIM
ycaoBusiM akciuryarauu CAY;

* BO3MOYKHOCTh YMEHBIICHUSI BIMSHYSI JIIOOBIX BHEITHUX BO3-
MYIIeHUH Ha OOBEKT YIPABICHMS;

* MaJiasi 9yBCTBUTEIBHOCTD K U3MEHEHUIO IIAPAMETPOB PETy-
JIATOpA U 0ObEKTA YIIPABJIEHUSI.

Henocrarku:

* HEBO3MOXHOCTb TIOJTHOTO YCTPAHEHUS BIUSHUS BO3MYIIIA-
IOIIUX BO3/I€MICTBUI HA BEIMYNHY BEKTOPA BBIXOAHBIX COCTOSTHUN
00beKTa yIpaBJieHus;

* BOBHUKHOBEHUE pobJieM ¢ ycroitunsoctsio CAY mpu mo-
MIBITKAX yBEJINMYEHUS KO3 DUIIMEHTA YCUIEHUS CUCTEMBI.

2.5.3. KoMOMHMPOBaHHBI IPUHIMI YIPABIECHUS

CoBMecTHOE MCII0IB30BaHUE IIPUHITUIIOB YIIPABJIEHUS 110
BO3MYIIEHUIO U OTKJIOHEHWIO HA3BIBAETCS IIPUHITUIIOM KOMOU-
HUPOBAHHOTO yIPaBJeHus. B NCIOIb3yI0NUX TaKoH IIPYUHITUIT
yrpassiernsi CAY npuHIUN yIpaBIeHNsI IO OTKJIOHEHUIO PeasIi-
3YETCsI C IIOMOIIBIO OOPATHOM CBSI3H,  IIPUHIVII YIIPABJIEHHUS 1O
BO3MYIL[EHUIO — C IIOMOII[bIO KOMIIEHCUPYIOMUX cBsA3eil. CTpyK-
Typa TaKOH CHCTeMBI IIpe/iCTaBiIeHa Ha puc. 2.14

[Ipu rcroIpb30BaHUY IPUHIAIIA KOMOMHUPOBAHHOTO YIIPaB-
JieHUs yTipasJisiolee Bo3zelicTBue Ha OY onpezessiercs: Kak

(@) = Flo(?) B(®) L(B)}.

PaCCMOTpI/IM OCHOBHBIE OCOOEHHOCTH pa60Tb1 takoit CAY.
Ecmu na OY peiictByeT HeCKOIbKO Bogmyenwi L, L, L,, ..., L ,
2 m

TO ypaBHEHME 00BEKTA IPUHUMAET BUJ
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@ ... L (t)

l B®

O6beKT
yIpaBJieHust

W)

YcTpoiicTBO
YIIpABJIEHUS

o(?)

Puc. 2.14. Ctpykrypa CAY, nocrpoenHoii na 6a3ze KOMOUHUPOBAHHO-
TO NPHHIUIA YIPABICHUS

m
p= K1H—[K2L - ZKZiLi] .
i=1

C yuerom neiictBust CAY curHas Ha BHIXO/IE OOBEKTA YIIPaB-
JIeHUs olpefiesisieTcs Kak

m
B=KiK,—BKKsK, +L(KK3K; —K,) - ZKZiLi,
e

rze K, — xoahurment nepenaun MUIIL.
Pemast aT0 ypaBHEHUE OTHOCUTEIBHO YIIPABJISIEMON KOOP/IH-

HaATBbI, TOJIy4Ya€EM
m

A

1+ K5 1+ K5 1+ K5

K..L
B= KKy a+K1K3K4—K2 L—Zi: o

rae K, = K,K K, — cymmapHbIi K05 DUIIMEHT Iepefavn 3aMKHy -
TOTO KOHTYpa YIIPaBIeHN.
IIpu onTuManabHOI HAacTPOIiKe KOMIIEHCAITUOHHOM CBSI3U

K,= K3;0' Torma mosrydaem, 4To

m
2Kl

SAB
B=p, - a2

=Br -+ ,
1+ K5 1+K5
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rae AB,, — ommbka pasomkuyToit CAY oTHOCHTEIEHO BEIGPAHHOTO
BO3MYIIAIONIETO BO3/EHCTBHUS.

[Ipu oTkIOHEHUY 3HAYEHUS KOI(DDUITMEHTA KOMITEHCAIIUOH-
HOIi CBSI3M OT ONITHMAJIbHOTO Ha BeJuuuHy AK, momydaeM, 4To
yIpaBJisieMasi KOOpJUHATA [3 OIpefesseTcs Kak

m
AP
+AK1K3K4L_,Z=1: ! .
1+K5 1+ K5

B=l3T

[IpenmymiecTBa TAKOTO CIIOCO6A YIIPABJIECHYSE:

* [I0JIHASI KOMIIEHCAIUS OIIMOOK YIIPABJIEHUS, BHI3BIBAEMBIX
OCHOBHBIMY BO3MYIIAIONIMMU (PaKTOPaMHU;

* YMEHbIIEHNEe OMUOOK YIIPABJIEHsI, BHI3bIBAEMbIX HEM3ME-
PSIEMBIMU BO3MYIIAIOIUMY (PaKTOPaMH;

* MEHBIIAs TYYBCTBUTEIHHOCTD K UBMEHEHUIO TAPAMETPOB TI0
CPaBHEHUIO ¢ pa3oMKHYThiMU CAY;

* MeHee KeCTKre TpeOGoBaHMs K BeIuunHe KoddduinenTa
nepenauu 3aMmkHyTOoN CAY, uT0 CHIKaeT mpobieMy obecreyeHvst
YCTONYNBOCTU CUCTEMBEI.

Henocratku:

* KOHCTPYKTUBHas CJI0KHOCTh CAY, CBSI3aHHAs C HAIMYUEM
GOJIBIIIOTO YKCJIA KAHAJIOB YIIPABJICHUS;

* caoxxHOCTD HacTPoitku CAY, 00yCIOBIEHHAS TEMU XK€ TIPH-
YUHAMU.



naBsa 3

CPECTBA ABTOMATU3ALIUA
W YNIPABJIEHUA

3.1. U3mepeHue TexHONOrMYeckUx napameTpoB

BaxXHBIM 3J1eMEHTOM CHCTEMBI yIIPABJIEHNUS SIBJSIOTCS AAT-
YUKHU TapaMeTPoB (GYHKIIMOHATHHBIX IOJCUCTEM U IIapaMETPOB
obpabarsiBaembix uzgenuii. Paznoobpasue pusuko-repMuyec-
KMX IIPOIECCOB, PEATU3YEMBIX B 000PYA0BAHUH, TPYTHOCTH
W3MepEHUS TaPaMETPOB CO3/IaBAEMBIX MTOJTYIIPOBOIHUKOBBIX
CTPYKTYP [I€JIAI0OT 33/1a4y U3MEPEHUS BEChMa CIOXKHOU [3].

OCHOBHOU TeHIEHIINEN PA3BUTUS U3MEPUTETHHON TEXHUKU
SIBJISIETCSI CUCTEMHOE 00beIMHEHNE U MCII0JIh30BAHUE CPECTB
usMmepenusi. O6beJUHEHNE CPEACTB U3MEPEHUS B €IUHYIO
U3MEPUTENBHYIO CUCTEMY II03BOJISIET CYIIECTBEHHO IIOBBICUTD
3(pdeKTUBHOCTD U3MEPUTENHHOIO IKCIIEPUMEHTA, BBIIIOTHSITD
€ro 110 33/IJaHHO¥ IIPOrpaMMe C IPOBe/IEHNEM MaTeMaTUIeCKOn
obpaborku uaGopManuu B Xoje sKcrepumenTa. [loctpoenue
TaKUX CHCTEM [IJIsI PElleHNsI KOHKPETHOU 3a1a4il 9KOHOMM -
YecKHU He BCET/la ONMPaBIaHO B OCHOBHOM M3-32 CJIOXHOCTEN
COTPSIKEHMSI OTEIbHBIX MPUOGOPOB. IKOHOMUYECKH HEIleIe-
c000pa3HO CO3/IaHVe YHUBEPCATbHBIX N3MEPUTETbHBIX CHCTEM,
CIIOCOOHBIX peniaTh MUPOKUH Kiaacce 3a1a4. TaKue CHCTEMBbI
obagay 661 60JIBINON aNIapaTypHOM U36BITOYHOCTHIO.

Brixox Obut HalizeH B co3nanuu [ocynapcTBeHHON cucTe-
mbl ipubopos (T'CIT). TocynapcrBenHas cucrema npubopoB
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[peAyCcMaTPUBaET CO3[jaHie HAyYHO 0OOCHOBAHHBIX PSIIOB
npubOPOB U YCTPOUCTB ¢ YHUGDUIUPOBAHHBIMY XaPaKTEPH-
CTUKaMU U KOHCTPYKTHUBHBIM BBIIIOJIHEHHEM. YCTPOKCTBA
I'CII, npexrazHadeHHBIE IS PEIIEHUS OIIPeeJIEHHBIX U3Me-
PHUTEJNbHBIX 33/[a4, OObEUHSAIOTCS B arperaTHble KOMILIEK-
col. VI3enus, BXOASIME B arperaTHble KOMILJIEKCHI, I0JKHBI
JIETKO COTIPSITAThCS APYT C IPYTOM, He OKa3bIBATh B3AUMHOTO
BJIUSTHUS, UMETh OJJUHAKOBBIE YCJIOBUS dKCIIyaTanuu. s
HTOTO OHU JIOJKHBI 00JIaIaTh COBMECTUMOCTbIO. Pa3inyaior
MSITh BUJOB COBMECTUMOCTH U3JI€JNI arperaTHbIX KOMILIEK-
COB: 9HEPTETUYECCKYI0, METPOJOTUYECKYIO, KOHCTPYKTUBHYIO,
JKCIIyaTAlMOHHYIO ¥ HHOOPMALMOHHYIO.

JHepreTUvYecKasi COBMECTUMOCTh HPEAII0JIATAET BHIOOD
O/THOTO POJ]a 9HEPTUM HOCUTEJISI CUTHATIA.

MertpoJsiornyeckast COBMECTUMOCTb 0OGECTIEYUBAET COIO-
CTaBMMOCTH METPOJOTHUYECKUX XaPAKTEPUCTHK arpeTraTHBIX
CPENCTB M UX COXPAHHOCTh BO BPEMEHH, BO3BMOXKHOCTh PacyeT-
HOTO OIIPe/ieJIEHUsT METPOJIOrHnYecKux xapakrepuctuk N C
10 METPOJIOTUYECKUM XaPAKTEPUCTUKAM OT/IEJIbHBIX Y3JIOB.

KoHCTpyKTHBHASI COBMECTMMOCTD OOECIIEYMBAET COTJIACO-
BaHHOCTH KOHCTPYKTUBHBIX MapameTpoB. /[ 3Toro HOpMU-
PYIOTCSI 2JIeMEHTBI KOHCTPYKI[UH, YyCTAHOBOYHEBIE pa3MepHI,
CTHUJIb BBIIIOJIHEHUST 0(hOPMIIEHUSI.

IKCILTyaTal[MOHHASI COBMECTUMOCTh 00ECTIEYMBAETCSI CO-
IJIaCOBAaHHOCTBIO XapaKTepUCTHUK. [[JIs1 3TOro BCce cpencTBa
JIeJISITCSI Ha TPYIIBI 110 MCIIOTb30BAHUIO B 3aBUCHMOCTH OT
YCIIOBUM OKPYKAIOMIEH CPe/ibl, KTUMATHYECKUX U MEXaHIIe-
CKUX BO3AEUCTBUH H T.1.

NudopmanmoHHasi COBMECTUMOCTb CPEJCTB 00ecedn-
Ba€T COTJIACOBAHHOCTD BXOJHBIX U BBIXOIHBIX CUTHAJIOB IO
BU/Y, AVAIIa30Hy U3MEHEHWs, IOPAAKY OOMeHa CUTHAJIAMU.
NudopmannorHass COBMECTUMOCTB OllpeziesisieTcsl yHuduka-
ueil U3MEPUTEJIbHBIX CUIHAJIOB U IIDUMEHEHNEM CTaHJapT-
HBIX UHTepdelicoB. YHU(UKAIIASI U3MEPUTEIbHBIX CUTHAJIOB
03HAYAET, YTO UX HAPAMETPHI HE MOTYT BHIOUPATHCS MPOU3-
BOJIBHO, a JIOJIKHBI OTBEYATh TPEGOBAHUSIM CTAHAAPTA HA HTH
CUTHAJIBI.

B usmepuTenbHoil cucTeMe, CO3IaHHON Ha 6a3e CTaHAapT-
HOM CHCTEMBI COTIPSIKEHMSI, MOTYT OBITh BBIZIEIEHBI CJELYIOIINE
rpynnbl GYHKIMOHAIBHBIX YCTPOMCTB:

a) yCTpPO#CTBA-UCTOYHUKH, CIIOCOOHBIE TOJIBKO Mepea-
BaTh NU(POBYIO HHGOPMANIUIO B IPpyTUe MPUOOPHI CUCTEMBI,
Hanpumep (poTOCUUTHIBAOIIEE YCTPOUCTBO;
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6) ycrpoiicTBa-IIPUEMHHUKH, CIIOCOOHBIE TOJIBKO TPUHUMATD
b poBy0 HHOOPMAIHAIO OT JPYTUX YCTPOUCTB CUCTEMHI,
HAIPUMEDP TEHEPATOP CUTHAJIOB, YIPABJISIEMbIN KOJOM, MEP-
doparop, nudponevaraoiee yCcTpoicTBo;

B) YCTPOMCTBA-MCTOYHUKY TIPUEMHUKH, CIIOCOOHBIE U TIPH-
HUMAaTh, U IepeaaBaTh HHGOPMAIUIO, HallpUMep Uu(GPOBOit
BOJIBTMETP, KOTOPBII IPUHMMAET KOMAH/[bl HA TIEPEKTI0YEHNE
JIMama30Ha U BBIIAET KOJ Pe3yJibTaTa M3MepPEeHWST;

I') yCTPOUCTBa-KOHTPOJLIEPHI, CIYKAITUE IS YIPABIEHUS
CHUCTEMOH.

[TpocTsle cucTeMBl MOTYT HE COZIEPXKATh KOHTPOJIJIEPa KaK
OTZIeJIBHOTO yCcTpolicTBa. B aTOM city4ae ero hyHKITUM BBITIOJN-
HSIOTCS yCTPOMCTBAMH, BXOJSIUMU B cucTeMy. [list nepemauu
vHpOpPMANY MEXAY YCTPOUCTBAMYU MIPUMEHSIOTCS TMHUHT
nHTepdeiica.

CrpykTypa nH(GOPMAITMOHHO-U3MEPUTETBHOUN CUCTEMBI
3aBUCUT OT IPUHSITOTO B CUCTEME CHOCO6A YIPABIEHUSA —
JIeIeHTPaJIN30BAHHOTO UJIY I[€HTPAJN30BAHHOTO.

I'CII o6benunsier B cebe BCe cpefcTBa KOHTPOJIS U pe-
TYJIUPOBAHUS TEXHOJOTUYECKUX MPOIeCCOB. XapaKTepHOU
ocobennoctrio I'CII sBistoTCs:

* GJIOYHO-MOMYJIBHBIN TPUHIIMII, JIEKAIIUNA B OCHOBE KOH-
CTPYKIIUI YCTPOMCTB;

* YHUDUKAIIUS BXOJAHBIX-BBIXOIHBIX CUTHAJIOB U CUTHAJIOB
MUTAHUS.

['CII comepxuT TpU BETBU:

1) ruppasanyeckyio,

2) NTHEBMaTUYECKYIO,

3) 2/IEKTPUYECKYIO.

BrouHO-MOy TBHBIN IPUHITUT XapaKTEPU3YETCS HATMYNEM
OT/IE/IbHBIX MOJYJI€H UK GJIOKOB, BBIIOTHSIONIMX JOCTATOYHO
MPOCTYI0 PYHKIIMIO. DTOT MPUHIIUI TTO3BOJISIET YMEHBIITUTD
HOMEHKJIATYPY CPEACTB aBTOMATHU3AIH, yIIPOIIAeT DEMOHT
¥ 3aMeHY, YMEHBIIAeT CTOMMOCTb, II03BOJISIET PeaIn30BaTh
MPUHITUT B3AUMO3aMEHSIEMOCTH.

OcHoBHBIE BUAB YHU(DUIMPOBAHHBIX BXOJAHBIX CUTHATIOB
['CII npusenenst B Tabi. 3.1.
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Tabruya 3.1
YuuhpuuupoBaHHbIE CUTHAJIBI
Bupa curnana Dusnyeckad Beauunna | IlapaMeTpbl curHaia
Anextprdeckuii | [ToCTOSHHBIN TOK 0-5,0-20,-5-0-5,

4-20 MA

TTocrostutoe Hanpsoxerne |0—10,0-20—10—-0—-10mB;
0-10,0-1—1-0-1B
Ilepemennoe Hanpsixenue |0-2, -1-0—-1 B

Yacrora 2-8, 2—4 xIy
IIueBmatuueckuii |/laBieHne 20-100 MIIa
TunpaBmmueckuii |/laBnenue 0,1-6,4 MIIa

[TepBuutbie IpUGOPHI (AATYNKKM) MOTYT TPe0OPA3OBHIBATH
M3MEPSIEMBIN [TAPAMETP B KAKON-KO0 YHU(DUIIMPOBAHHbII CUT-
Has. Eciu ke maTymk BeIIaeT HEYHUDUIIMPOBAHHBIM CUTHAI, TO
JUIsI TIPUBE/IEHHUSI €r0 K CTAHAAPTHOMY IUAMAa30HY I0JKeH ObITh
YCTAHOBJICH COOTBETCTBYIONIUI TIPE0OPa30BATEb.

3.2. OcHoBHbIE ONpeneneHus

IIpsimoe naMepeHue — u3MepeHue, IIpu KOTOPOM UCKOMOE
3HaueHUE BEJUYUHBI HAXO/SAT HEIIOCPEJCTBEHHO U3 ONBITHBIX
JaHHBIX.

Kocsennoe namepenne — nsMepenue, Ipu KOTOPOM HCKOMOE
3HAYEeHVE BeJTMIMHBI HAXOAST Ha OCHOBAHUY 3aBUCHMOCTH MeXK-
Iy 3TOU BEJIMYMHON M BEITMYNHAMUY, [T0[BEPTAEMBIMU IIPSIMBIM
U3MEPEHMSIM.

IIpusIym n3mepennii — COBOKYIHOCTD (PU3MUIECKUX SIBJIEHUH,
Ha KOTOPBIX OCHOBAHBI U3MEPEHUSL.

MerToa n3amepeHuii — COBOKYITHOCTH IIPHEMOB MCIOTH30BAHMS
IIPUHIIUIIOB U CPEICTB U3MEPEHU.

CpencrBo nu3MepeHHii — TeXHIYECKOe CPeICTBO, UCIIOIb3ye-
Moe IIPY U3MEPEHUSIX U nMelolliee HOpPMUPOBaHHbIE METPOJIOTH -
YyecKue CBONCTBA.

Mepa — cpezncTBO U3MepeHul, IpeHa3HaueHHOE /JIs1 BOCIIPO-
n3BeieHNs (GU3MUECKON BETUIMHEI 32[JaHHOTO Pa3Mepa.

N3mepurenbHbiil IPUGOP — CPENCTBO U3MEPEHMIA, IPEIHA-
3HAYEHHOE /i1 BHIPAOOTKHU CUTHAJIA U3MEPUTEILHOM HH(pOpMa-
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nuu B hopMe, IOCTYITHOH ST HETOCPEACTBEHHOTO BOCTIPUSITUS
HabJIIo/1aTeIeM.

AHAJIOrOBbIi H3MEPUTEIBHBINA IPUOOP — U3MEPUTEILHbII
npur6Op, MOKa3aHUS KOTOPOTO SBJISAIOTCS HEITPEPHIBHOM (DyHKIHEH
U3MeHeHUH U3MepsieMOil BeIMYUHBIL.

ITudpoBoii H3MepUTEIBHBIIH IIPUOGOP — U3MEPUTEILHBIN IIPH-
60p, aBTOMATUYECKH BHIPAOATHIBAIOIIMIA JUCKPETHBIE CUTHAJIBI
M3MEPUTENbHOU MHGOPMAIIHH, TOKA3aHUs KOTOPOTO IIPEICTaB-
JieHbI B U POBOIT hopMe.

IToka3sbiBalONIMii MI3MEPHUTEIbHBIA NPUOOP — M3MEPUTEIBHBIN
pu6Op, AOMYCKAIOMIUN TOJIBKO OTCYUTHIBAHUE TIOKA3aHUH.

Iloka3auus cpe/icTBa U3MEepPEHUT — U3MEPEHVE BETMYUHEI,
OIIpeesIsIEMOE IO OTCYETHOMY YCTPOUCTBY U BHIPAXKEHHOE B IIPU-
HSITBIX €MHUIIAX 3TON BEJTUIUHBIL

IpagyupoBouHas xapaKTepUCTHKA CpPeJACTBa U3MeEPEeHUii —
3aBHUCHMOCTb MeX/1y 3HaYeHUSIMU BeJIMYMH Ha BBIXOJIe U BXO/le
CpeCcTBa U3MePEHUit, COCTaBIEHHAsS B BU/lE TaOIHUIbI, rpaduKa
iy popMyJIbL.

Tnana3on nokasaHuii — 06/1aCTh 3HAYEHWI [IIKAJIBI, OTPAHM-
yeHHasI KOHEYHBIM U HAYaJIbHBIM 3HAYEHUSIMU TITKAJTBL.

Muana3on uamepeHuit — 06J1aCTh 3HAYEHWI U3MEPSIEMOM
BEJIMYUHBI, JIJIT KOTOPOM HOPMUPOBAHBI IOTTYCKAeMbIe TTOTPEII-
HOCTHU CPE/ICTBA U3MEPEHU.

IIpenen uamepenuii — HanbOIbIIEE ¥ HANMEHBIIEE 3HAYCHUS
Uama30Ha U3MEePeHU.

YyBCTBUTEILHOCTH H3MEPHUTEIBHOTO IPUOOPA — OTHOIIEHUE
M3MeHEHUsI CUTHAJIA Ha BRIXOJIE MI3MEPUTENTHHOTO TIPHO0pa K BBI-
3BIBAIOIIEMY €TO U3BMEHEHUIO N3MEPSIEMOH BETMIMHBL.

JIto6bie M3BMEPEHMsI COTIPOBOKIAIOTCS CIIEMIONIMMU MOTPEII-
HOCTSIMU:

* ciTyYaliHbIE TIOTPENTHOCTH — MMEIOT CIyYalHYI0 TPUPOAY
¥ TPUYMHA NX HEW3BECTHA;

* IPOMax¥ — BbI3BAHbBI HENTPABUJIBHBIMU OTCYETAMH 110 TIPU-
6opy;

* cuCTeMaTH4YeCKrue — 00YCIOBIEHBI HECOBEPUIEHCTBOM Me-
TOJOB OIPE/IEIEHNUsT, KOHCTPYKIIMU Iprbopa.

Buns! nmorpenrHocreii:

1) abcouoTHbIE:

AX=X-X,
rae X — M3MepeHHOe 3HaYeHNe TapaMeTpa; X — MCTUHHOE 3HAYEHHE.

AGCOITIOTHAST TTOTPENTHOCT U3MEPEHHSI — IIOTPENTHOCTD U3Me-
PEeHUs1, BBIPAKEHHAs B €[UHUIIAX U3MEPSIEMOI BEJINYMHBI;
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2) oTHOCUTETIBHEIE:

y= AX 100% .
Xo
OrHOcHTeNbHAS OTPEITHOCTh U3MEPEHUSI — OTHOIIEHUE
abCOMIOTHOM MOTPENTHOCTY M3MEPEHUST K HCTUHHOMY 3HAYEHHIO
u3MepsieMoil Ben4nHbL. OTHOCUTEIbHAS IIOTPENIHOCTD MOKET
OBITH BHIPAKEHA B IIPOIEHTAX;
3) npuBeeHHBIE:

AX
y=———-100%,
Xmax - Xnn
rae Xmin u Xmax — MUHHUMAJIbHOE ¥ MaKCHUMaJIbHOE 3HaYeHUSsI 13-
MepsIeMO BETMYUHBL.
MaxcumaibHasI IpYUBEIEHHAS IIOTPEITHOCTD HA3BIBAETCSI KJIAC-

COM TOYHOCTH:

AX
y=——TmX_.400%.
Xmax - Xmin
B 3aBucMMOCTH OT KJIacca TOYHOCTH TPUOOPHI JENSITCS Ha
sTajioHHbIe (00pa3ioBbie) U paboyue.

3.3. Knaccuthukauus KOHTpPONbHO-U3MEPHTENbHbIX NpHGOPOB

Ha mpeanpusiTisix MUKPO3JIEKTPOHUKH HAbOJIee 4acTo M3-
MepsIEMbIMY BEJIMYMHAMU SIBJISTIOTCS] TEMIIEPATYPA, JIaBJIEHHE,
pacxoz u ypoBenb. Ha Hux nmpuxomurcst okosio 80% Bcex mamepe-
Huit. OCTaNTbHYIO YaCTh 3aHUMAIOT 3JIEKTPUIECKIE, OITHIECKUE
U IpyTHie U3MepPeHUsI.

[Tpu nu3MepeHNsIX NCTIOIB3YIOTCS PA3INYHbIE I3MEPHUTEIbHBIE
npubOPHI, KOTOPbIE KAACCU(PUIUPYIOTCS 110 PSILY IIPU3HAKOB.
OG6ureit rpasanueii IBJISETCS Pa3jieieHre UX Ha TPUOOPDI ISt
U3MEPEHUST: MEXaHNYECKUX, 3IeKTPUIECKUX, MATHUTHBIX, TeIl-
JIOBBIX ¥ APYTUX (PUBMUECKNX BETUIHH.

Knaccudukarms mo poxy u3MepsieMOoi BEJTMYNHBI YKa3bIBAET,
Kakyio (PM3NYECKYI0 BEJIMIMHY U3MepsieT mpubop (aasienue P,
temneparypy 7, pacxon F, ypoBens L, kosnuecTBO BemecTBa Q
" T.J.).

Vcxopst 3 pr3HaKa IPeodpa3oBaHyist U3MEPSEMON BETNUMHbI
M3MEePUTETbHbIE TPHOOPHI PA3/IEISIOT Ha TIPUOOPBL

* HEIIOCPE/ICTBEHHO! OIIEHK;
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* CPaBHEHUSL.
[To xapakTepy u3aMepeHuUs:

* CTAI[MOHADHBIE;

* [IEPEHOCHBIE.

ITo criocoby oTcYeTa U3MEPSIEMON BETMUMHBL:
* [TOKA3bIBAOIIIIIE;

* PETUCTPUPYIOIIHE;

* CyMMUDYIOIIUE.

3.4. Bupab! nepBuyHbIX npeobpa3oBareneii

ITepBuuHble TPUOOPHI MU TIEPBUYHBIE TIPE0OPA30OBATEIN
[peIHASHAYEHBI JIJISI HEIIOCPEICTBEHHOTO TPE0OPA30BAHUST U3-
MepsieMOH BEJIMYUHBI B IPYTYIO BEJIHYUHY, YAOOHYIO /TS 3~
MepeHUs WM WCIIOJIb30BaHUsL. Pa3InyaioT CIeayoIue BUIbL
peoOpasoBareieit:

* TeHEepaTOPHbIE — OCYIIECTBIISIOT IIPE0OPA3OBaHKE PA3INUHBIX
BUJIOB SHEPIUH B DJIEKTPUYECKYIO, T.€. OHU TEHEPUPYIOT BJIEKTPHU-
YeCKYI0 9HEPIHUIO (TEPMODJIEKTPUYECKHE, THE309TEKTPUIECKHE,
9JIEKTPOKUHETHYECKIE, TAIbBAHIYECKYE U IPYTHE TATINKNA );

* IIapaMeTPUYECKUEe — K HUM OTHOCSITCSI PEOCTATHBIE, TEH30-
JIaTYMKH, TEPMOCOTIPOTUBIEHUS 1 T.11. [J1st uX paboThI HEOOXOAMM
MCTOYHUK SHEPTHM,

* MEXaHUYECKHUE — BBIXOJHBIM CUTHAJIOM MEXaHUYECKUX
[EPBUYHBIX TpeobpasoBaTesieii (MeMOPaHHBIX, MAHOMETPOB,
nu(MaHOMETPOB, POTAMETPOB U /IP.) ABJISIETCS yCUIKE, PA3BUBA-
€MO€ 9yBCTBUTEIHHBIM 9JIEMEHTOM IO IEACTBUEM U3MEPSAEMOii
BEJIMYMHBIL,

3.5. Metoab! M npu6opbl ANA U3MEPEHNA TemMnepartypbl

TemrepaTtypa BelllecTBa — BEIMIMHA, XaPAKTEPUIYIOMIAS CTe-
MeHb HATPETOCTH, KOTOPAs ONpeesisieTCsl BHYyTPEHHEH KMHETH-
YeCKOW 3HEPTUeN TEeIJIOBOTO JIBIKEHUS MOJeKyJl. V3amepenue
TEMIEPATYPBI MPAKTUIECKU BO3MOXKHO TOJBKO METOJIOM CPaB-
HEHUSI CTETIEHN HATPETOCTH JBYX TeJL.

[l7151 cpaBHEHUSI HATPETOCTH ATHUX TeJI UCTIONb3YIOT M3MEHEHIST
KaKUX-TM00 (PU3MIECKMX CBOWCTB, 3aBUCSIIMX OT TEMIIEPATY PbI
Y JIETKO TIO/LIAI0NINXCST U3MEPEHHUIO.
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ITo cBoOICTBY TEPMOAMHAMUYECKOTO TEJIA, UCIIOIH3yEMOTO
IUUIS1 U3MEPEHMUST TEMIIEPATYPBI, MOKHO BBIIEJIUTD CIEAYIOIINe
THUIIBI TEDMOMETPOB!

°* TEPMOMETPHI PACIIVPEHNS, OCHOBAaHHEIE HA CBOICTBE TEM-
MEPaTypPHOTO PACHIMPEHMS JKUAKUX T,

* TepMOMETPHI PAaCIIMPEHNs], OCHOBaHHBIE Ha CBOWCTBE TEM-
[epaTypHOTO PAaCIINPEHNs TBEPAbIX Tell;

* TePMOMETDBI Ta30Bble MAHOMETPHYECKHE;

* TEPMOMETPBI )KUAKOCTHbIE MAHOMETPUYECKUE;

* TePMOMETPBI KOH/IEHCAI[IOHHEIE;

* TEPMOMETPHI 3JICKTPUYECKICE;

* TEPMOMETPHI COIIPOTUBJIIEHNUST;

* ONITUYECKNEe MOHOXPOMAaTHYECKUE TTPOMETPHI;

* ONTUYECKIE IIBETOBBIE INPOMETPH;

* pagualiOHHBbIE TIPOMETPHI.

3.5.1. TepmomeTpbI pacumpenus (3KHIKOCTHbIE CTEKJISTHHbIE )

TenoBoe pacivpenye KUIKOCTH XapaKTEPU3YETCS CPABHU-
TEJIBHBIM KO3 GUIIMEHTOM 06BEMHOTO PACITUPEHNUSI, BHAUYEHUE
KOTOPOTO OTIPeNeNsIeTcst KaKk

V. -V,

Br,. 1, =ﬁ, [1/rpax],
ol =t

rae V, V,, V,, - o6bemsl xunkoctu pu 0 °C, TeMnepartypax ¢,

U £, COOTBETCTBEHHO.

YyBCTBUTEIBHOCTh TEPMOMETPA 3aBUCUT OT PA3HOCTHU KO-
(P GHUIMEHTOB 0OBEMHOIO PACITUPEHHS TEPMOMETPUIECKOM
JKMIIKOCTH U CTEKJIA, OT 00beMa Pe3epByapa U [raMeTpa Karlvi-
Jsipa. YyBCTBUTEIBHOCTh TEPMOMETPA OOBIYHO JIEXKUT B TIpese-
sax 0,4—5 mM/°C (7151 HEKOTOPBIX CIIEIUATBHBIX TEPMOMETPOB
100—200 mm/°C).

J171s1 3aITUTHI OT TIOBPEKIEHUN TEXHUYECKUE TEPMOMETPHI
MOHTHPYIOTCSI B METAJUIMYECKOI OIPaBe, a HUXKHSIS TOTPYXKHASI
YacTb 3aKPBIBAETCS] METAILINIECKOM THIIB30M.

3.5.2. TepmoMeTpBI, OCHOBaHHbIE HA PACIIMPEHNH TBEPBIX
Tel

K 3710ii rpyrme mpuGopoB OTHOCATCS AUIATOMETPHYECKHE
1 6UMeTaLTNYeCKHe TEPMOMETPbI, OCHOBAaHHbBIE HA M3MEHEHUH JIU-
HEUHBIX Pa3MEPOB TBEPJBIX TEJI C UBMEHEHUEM TEMIIEPATYPBL
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KoHCTpyKTHBHOE HCIIONTHEHNE JUTATOMETPHYECKUX TEPMO-
METPOB OCHOBAHO Ha IIPe0OPa30BaHNU N3MEPSIEMOM TEMIIEPATYPBI
B Pa3HOCTb aBGCOIOTHBIX 3HAYEHUI y/IIMHEHUH IBYX CTEPIKHEI,
U3TOTOBJIEHHBIX U3 MaTepPHasoB C CYIECTBEHHO Pa3INYHBIMU
TePMUYeCKUMHU K03 dULIeHTaMy TMHEHHOTO PACIINPEHNS:

lt _lt
= ! 2 ) 1 b
Btly 4, Iy (tz _t1) [1/rpan]

rue ly, I, , 1, — ymneiinsie pasmepst Tena npu 0 °C, remneparypax
t, 1 t, COOTBCTCTBCHHO.

B cuny toro yto AP Mana, IuaTOMeTpUYECKIe TEPMOMET-
PBI IPUMEHSIIOTCS B KQUECTBE PA3JIMYHOTO POJIA TEILIOBBIX PeJie
B YCTPOMCTBAX CUTHAIM3AIIUY U PETYIUPOBAHUS TEMIIEPATYPHI.

Bumeranminueckre TepMOMETPBI OCHOBAHBI Ha JleDOpMaIIii
GUMETAJTNIECKOI JIEHTHI IIPY U3MEHEHUY TeMItepaTypbl. OObIYHO
IPUMEHSIOTCST GUMETAJIIIMIECKUE JIEHThI, COTHYThIE B BUJIE ILTI0C-
KOU 1y BUHTOBOM cnimpanu. OJMH KOHEI[ COUPaU YKPEILIeH
HEIOIBMKHO, BTOPOH — Ha OCHU CTPEJIKH. YTOJI TIOBOPOTA CTPETKU
paBeH YTy 3aKPYYMBAHMS CITMPAJIA, KOTOPBIH ITPOIIOPITMOHANIEH
W3MEHEHWIO TEMIIEPATYPHI.

BuMeTainyeckie TepMOMETPHI 06ECTIEYMBAIOT U3MEPEHNE
TEMIIEPATYPbI C OTHOCUTENbHBIMY HOrpertHocTsMu 1—1,5%.

3.5.3. Ta3o0Bble U KUIKOCTHbIE MAHOMETPHUYECKHE
TEPMOMETPBI

B ocHoBy npuHIMIa 1EICTBHS MAHOMETPUIECKOTO TEPMOMET-
pa MOJIOXKEeHA 3aBUCUMOCTh MEXK/IY TEMIIEPATYPOU U IaBJIEHUEM
TEPMOMETPUYECKOTO (Pabov€ero) BENIECTBA, IMIIIEHHOTO BO3MOK-
HOCTH CBOOOIHO PACIIUPSTHCS [IPU HArPEBaHWH.

ManoMeTpuYecKre TEPMOMETPBI OOBIYHO BKJIIOYAIOT B Ce0s1
TepMOOAJLJIOH, KAWJISIPHYIO TPYOKY ¥ TPyOUaTyO IPYKUHY
C TIOBOJKOM, 3y04YaThIM CEKTOPOM U CTPeJiKoit. Best cucrema 3a-
noJiHsieTcst pabounm BetecTBoM. [1pu HarpeBaHMU TePMOGAJIIOHA,
YCTAaHOBJIEHHOTO B 30HE U3MEPSIEMOI TEMIIEPATYPHI, IaBJIEHIE
paboyero BelecTBa BHYTPY 3aMKHYTOM CHCTEMbI YBETHYMBAETCS.
YBenmdenue AaBjeHNs] BOCHPUHUMAETCSI MAHOMETPUYECKOH IIPyY-
JKMHOM, KOTOPasi BO3/IEMCTBYET Yepes MepelaTOYHBI MEXaHU3M
Ha CTPEJIKY WX Tepo mpubopa.

la30BbIe MAHOMETPUYECKHE TEDMOMETPHI OCHOBAHBI HA 3aBU-
CHIMOCTH MEXX/Ty TEMIIEPATYPOI U IaBIEHUEM a3, 3aKTI0YeHHOTO
B repMeTUYECKH 3aMKHYTOW TEPMOCUCTEME.
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JlocTonHCTBA: 1IKaIa IpUbOpa MPaKTHYECKH PAaBHOMEPHA.

HemocraTku: cpaBHUTENBHO OOJIBIIAS MHEPITMOHHOCTD M OOJIb-
1Ive pasmepbl TepMOOAIIIOHA.

B kauecTBe MAHOMETPUYECKOU KUAKOCTH B IPHOOPAX ITOTO
THIIA IPUMEHSIOTCS METHJIOBBIN CITUPT, KCUJIOJ, TOMYOJI, PTYTh
U T.I.

JKunKocTHBIE MAHOMETPUYECKHUE TEPMOMETPHI UMEIOT PaB-
HOMEPHYIO IIKaTy.

3.5.4. KonaeHcanuoHHbie MAaHOMETPHYECKHE TEPMOMETPbI

KonzneHcaimoHHble MAHOMETPUYECKIIE TEPMOMETPHL Peasn3y-
10T 32aBUCUMOCTb YIIPYTOCTH HaChII[EHHBIX ITaAPOB HU3KOKUIIAIEH
JKUZKOCTH OT TeMmIiepaTypsbl. [IocKkoIbKy 9TH 3aBUCUMOCTH /11
HICTIOJIb3YEMBIX JKUAKOCTEH (XTIOPUCTHIM METHJI, STUJIOBBIN 3(up,
XJIOPUCTBIN 3TUJI, alleTOH U AP.) HeJUHeIHBI, cIe/[0BaTeIbHO,
Y [IKAJIbI TEDMOMETPOB HepaBHOMepHBI. OHAKO 3TU MPUOOPHI
06.1aatoT 60Jiee BBICOKOW 4yBCTBUTEIHHOCTDIO, YEM Ta30BbIE
KUKOCTHBIE.

3.5.5. DeKTpUYeCKHe TEPMOMETPBI

[TpunIMI AEHCTBUS HTOTO THIIA TEPMOMETPOB OCHOBAH Ha
3aBucuMoctu Tepmo-3/1C (T3 C) nenu oT n3MeHeHUs TeMIIE-
parypsi (puc. 3.1).

B TepMO3J1eKTPIYECKOI TIETIH, COCTOSIIIEN U3 IBYX IPOBOHU-
kKoB A u B (cMm. puc. 3.1), Bo3HuKaioT 4eTbipe pazaudubix TI/C:
nse TOJIC B mecrax criaeB ipoBogHUKOB A 1 B, TO/]C Ha KoHIe
npoBogauka A m TO/[C Ha koH1e mpoBogHMKa B. CymMmmapHas
T3/ C, Bo3HMKaroIas IPy HATPEBE CITAeB IIPOBOAHIKOB JI0 TEM-
neparyptu to,

E, () =e,, () +ey, (1),

raee, ue,, — TIJIC, obycoBeHHas KOHTAKTHON Pa3HOCTBIO
MIOTEHIIMAJIOB ¥ PA3HOCTHIO TEMITEPATYP KOHIIOB A u B.

; TOAC E, ,(tt,) aBnsieTcs pyHKIUEH OT

0 TEMIIEPATYPbI TOPSIYETO CTIast £ TIPU YCJIO-

B A BUU [IOCTOSTHCTBA TEMIIEPATYPBI XOJIO]I-

HOTO cIaf ¢,

TepMomapbl TPayUpyIOTCS TIPU OTIpe-

: lleIeHHOH MOCTOSIHHOM TeMIiepaType £,

(o6wruno ¢, = 0 mmu 20 °C). IIpu u3mepe-

Puc.3.1. Tepmomapa gy teymeparypa t, MOXeET OT/INYATCS
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OT I'PafyrpOBOYHOIO 3HAYECHUA. B sTom CJIy4ae BBOAUTCSA COOT-
BETCTBYIOIIasd IOIIPpaBKa B pe3yJibTaT U3MEPEHU !

E (&) =E () +E, ().

[Tonpaska E, ,(¢,'t,) pasua TO/IC, koTopyIo pa3BuBaeT faH-
Hasl TepMoIlapa P TeMIlepaType rOpsYero cnas f," u rpaayu-
POBOYHOM 3HaYEHWH TEMIIEPATYPhI XOIOAHBIX craeB. [lompaska
OepeTcst IOJI0KUTEIbHOM, eCIIu t, > t,, ¥ OTPUIIATEIbHOM, €CIIn
t, <t,

BesmmunHa mormpaBKu MOKET ObITh B3SITA U3 TPy MPOBOYHOMN
TabJIUIIbL.

Koncmpyxmuernoe vicioiHeHre TepMomniap pasHooOpasHo 1 3a-
BUCHT IJIaBHBIM 00pa3oM OT yCJIOBHM UX ipuMeHeHust. [1pu He-
06X0IMMOCTH U3MEPEHsT HEOOJIBIIION PA3HUIIBI TEMIIEPATYP UIIH
nosyyerusi 6onbmon TA[C npumensiiores nuddepeHnnaibHbe
TEPMOIIAPHI ¥ TEPMOGATAPEH, TIPEACTABIISIONIIE COOON HECKOIBKO
MOCJIEOBATETHHO COEIMHEHHBIX TEPMOTIAP.

PaccmoTpuM xomnencayuio NSMeHEeHUST TEMITEPATYPBI XOJIOI-
HBIX CIaeB TepMmornap. [IpaBuibHOe U3MepeHne TeMITIEPATYPhI
BO3MOJKHO JIMIITb ITPY TIOCTOSIHCTBE TEMIIEPATYP CBOOOIHBIX CIIAEB
t,. OHO obecreunBaeTcs ¢ HOMOIIBIO COEMHUTENBHBIX IIPOBOJIOB
U CTIEI[UATBHBIX TEPMOCTATUPYIONTNX YCTPOicTB. COeMTMHUTETH-
HbIe IIPOBO/IA B IAHHOM CJIy4ae IIPeAHa3HAY€eHBbI [|JIs1 IEpeHoca
CBOGOIHBIX KOHIIOB TEPMOIIAPHI B 30HY € M3BECTHOM MIOCTOSHHOI
TEMIIEPATYPOH, a TaKIKe JJIsI TOCOeIMHEH NS CBOOOIHBIX KOHIIOB
TEPMOIIAPhl K 32)KUMaM U3MePUTEIbHBIX PUOOpoB. CoenrHu-
TeJIbHBIE TIPOBOJIA IOJIKHBI OBITH TEPMOI3IEKTPUYECKU MTOTOOHBI
TEPMO3JIEKTPO/IAM TEPMOTIAPHI.

Kak mpaBuiio, coeIMHUTETHHBIE TTPOBO/IA JIJIST TEPMOTIAP, U3-
FOTOBJIEHHBIX U3 HEOJArOPOAHBIX METAJLIIOB, BBITIOJHSIOTCS U3
TeX JKe CAMbIX MAaTEPUAJIOB, YTO U TEPMOAIEKTPOIbL. MaTepuabt
TEpPMOIIap IpeACcTaBeHbl B Ta0. 3.2. VICKIIOUeHNE COCTABIISIET
XPOMeEJIb-aJIIOMeJIeBasi TEpMOIIapa, 1JIs KOTOPOH C IIeJIbI0 YMEHb-
MIEHUST COTMIPOTUBJIEHNS JIMHUYU B KAYECTBE COEMHUTETbHBIX
IIPOBO/IOB IIPUMEHSIETCS] MeZIb B IIape C KOHCTAHTAHOM.

Ipadyuposxu Tepmomnap: XA — xpomeb-anomeseBbie (110
MeEKIYHApOIHOH Kiaccudukanuu — rpaayupoBka K); XK — xpo-
Mmesib-Komesesbie (L); 111 — miatunopoauii-miatuHoBbie (S) 1 1p.
IpamynpoBouyHbIE XapaKTEPUCTUKY TIPUBEIEHBI Ha PHC. 3.2.

TpeboBaHMsI K TEPMOTIAPAM:

* BOCIIPOU3BOJIUMOCTD;

* BBICOKAs YyYBCTBUTEIHHOCTD;

* Ha/IeXKHOCTb;
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* CTaOWUJIBHOCTD;
* TOCTATOYHBII TeMIlepaTypPHBIH AMAIa30H.

Tabnuya 3.2
MarepuaJibl TepMoOIap
T3/1C, MmB MaxkcuMabHbIH
HaaBanue CocraB (nput, =0 TeMIIepPaTyPHBI
ut =100°C) npezel, °C
Xpomeib 10% Cr + 90% Ni +2,95 1000
ILnatusopomuii  [90% Pt+ 10% Rh +0,86 1300
Mens Cu +0,76 350
ITnatuna Pt 0 1300
Automenn 95% Ni + 5% Al -1,2 1000
Komenn 56% Cu +44% Ni -4 600
Koncranran 60% Cu +40% Ni -3,4 600
E,uB TXK
40 //
" /, TXA
/1
20
/
TIIIL
10} —A ,/ ——
e,

0 200 400 600 800 1000 1200 1400 1600 t,°C

Puc. 3.2. TpagynpoBouHbIe XapaKTE€PHCTHKH TEpMOMap

st uameperus: TO/]C ucnomp3yercs cienyoniie MeTOIbI
U CpefCTBa:

METOJI HelIOCPe/[ICTBEHHOM! OLIeHKHU (C IOMOII[bIO MIJLTTUBOJIBT-
MeTpa);

KOMIIEHCAI[MOHHBIH MeTo/] (C IOMOIIBIO IIOTEHI[MOMETPOB).

3.5.6. TepmMoMeTpHI CONPOTHBIEHHUS

V3mepeHmne TemIiepaTyphbl TEpPMOCOIPOTHBIIEHISIMUA OCHOBAHO
Ha CBOMCTBE IIPOBO/ITHUKOB ¥ IIOJTYIIPOBOJTHIKOB U3MEHSITH CBOE
3JIEKTPUYECKOe COIIPOTUBIIEHNE IIPY U3MEHEHNH TEMIIEPATYPHL

Bun dynkimu R = f () 3aBUCUT OT IIPUPOJIbI MaTepUAJIa U MO-
JKeT OBbITH 3aIMCaH KaK JMHENHOE YPaBHEHME
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R=R,-(I+ ),

r7ie 0. — TeMIIEPATYPHBIN KO3(PDUIUEHT COPOTUBJIEHUS; ¢ —
TeMIIeparypa.

J1J11 M3rOTOBJIEHNST YYBCTBUTEIBHBIX 9JIEMEHTOB CEPUMHBIX
TEPMOCOTIPOTUBJICHIH IPUMEHSIOTCS] YACThIE METAJLIIBI, K KOTO-
PBIM MIPEIBSIBIISIIOTCS CIEAYIONINE TPEOOBAHUS:

* MeTaJLJI He JI0OJUKEH OKUCJISIThCS WJIU BCTYNIATh B XUMUYECKUE
PEeaKITMy C U3MEPSIEMOM CPENOH;

* TeMIEPATYPHBIN KO3DMUITUEHT DTEKTPUIECKOTO COTIPO-
THUBJICHUSI METAJLJIA O, IOJKEH OBITh OCTATOYHO OOJIBINUM ¥ He-
W3MEHHbBIM,;

* dyukua R =f (t) nomkHa ObITH OJJHO3HAYHA.

HawuboJiee m0HO yKa3aHHBIM TPEOOBAHUSIM OTBEYAIOT ILIA-
THHA, MeZIb, HUKEJIb, KeJIe30 U JIP.

OCHOBHOI1 HEZIOCTATOK TEPMOCOTIPOTHUBIIEHUIA: GOJIbIIIast HHEP-
UOHHOCTD (710 10 MuH).

JLJ1st u3MEpPEHUsT TEMIIEPATY Pbl HAKNOOJIEE YACTO IIPUMEHSIIOT-
cs1 repmoconipotuBaenns TunoB TCII (mnaturossie) u TCM
(menHbBIE).

3.5.7. IlupomeTpsl N3MyYEHUS

[TupomeTphl U3/IyyeHUsI OCHOBAHbI HA MCIIOJIb30BAHUY TEII-
JIOBOTO M3JTyYeHUsI HATPETHIX TeJsl. BepxHuil mpezies usMepeHust
TEMIIEPATyPhI IIXPOMETPA U3IyYeHHsI IPAKTIHIECKY He OTPAaHUYEH.
V3MepeHune 0OCHOBaHO Ha OECKOHTAKTHOM CIIOCO0E, TI0ITOMY OT-
CYTCTBYET UCKQ)KEHHE TEMIIEPATYPHOTO II0JIsI, BBI3IBAEMOE BBE-
JIeHNEM [PeoOpPa30BaATETHHOTO dJIEMEHTA TPUO0OPA B U3MEPSIEMYIO
cpeny. BoamMosxHO n3MepeHe TeMIIEPATyPHI IJIAMEHH U BBICOKIX
TEMIIEPATYP ra30BbIX MTOTOKOB MPYU GOJIBIINX CKOPOCTSIX.

Jlyuncras sHeprus BhIIEISIeTCSI HATPETHIM TEJIOM B BUJIE BOJTH
pa3nyHOM JIUHBL [Ipy cpaBHUTEIBHO HU3KUX TEMIIEPATYPax
(zo 500 °C) HarpeToe Teso ucyckaet nHdpaxkpacubie ayqu. [lo
Mepe TIOBBIIIIEHNs] TEMIIEPATYPHI IIBET T€JIA OT TEMHO-KPACHOTO
noxonurt jio 6esoro. Bospacranie HHTEHCUBHOCTH MOHOXPOMATH-
YeCKOT0 U3JIyYeHUs C TIOBBIIIEHIEM TEMIIEPATYPhI OITUCHIBAETCSI
COOTBETCTBYIOIMMU YPaBHEHUSIMHU.

3.5.8. IIBeTOBBIE IMPOMETPDI

B 11BeTOBBIX MTUPOMETPAX OTIPEIEIISAETCS OTHOIEHNE UHTEHCUBHO-
CTH U3JIy4eHNs] PeasIbHOro Tesia E, B JTydax ¢ iByMs 3apaHee BbIGpaH-
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HbIMU 3HAYCHWSIMMU JJIMHBI BOTHBI 7\,1 n }\.2, T.C. IIOKa3aHMI IIBETOBBIX
TIMPOMETPOB OTPENe/ITOTCS GYHKIWMei f(E, / E, ). IT0 OTHOIIEHNE
JULST KQOKJIOU TeMIIepaTyphl PA3/IMYHO, HO OZIHO3HAYHO.

3.6. BropuyHbie npubopbl AN U3MEPEHNA Pa3HOCTH
noTeHuwanos

[ns mamepennst TO/[C B KOMILIEKTaX TEPMO3JIEKTPUIECKUX
TEPMOMETPOB MIPUMEHSIOTCSI TUPOMETPUYECKUE MUJLTTUBOJIb-
TMETPHI U MIOTEHITUOMETPHI. B ToTeHIIMOMeTpax, B OT/INYUE OT
MUJIMBOJIBTMETPOB, MCIIOJb3yeTCSI KOMIIEHCAITMOHHBIN METO]I
W3MEpEHVSI.

3.6.1. IInpoMeTpuyeCcKIEe MIJLTMBOJIBTMETPBI

[TupomeTpryeckrie MULTIBOIBTMETPEI SIBJISIIOTCS 3JIEKTPO-
M3MEPUTETHHBIMU TPUOOPAMYU MATHUTOIIEKTPUYECKO CHCTEMBI
(puc. 3.3).

Puc. 3.3. TlnpomeTpuyecKkmii MILTUBOJIBTMETP:
1 — moAKOBOOGPA3HBINA MarHUT; 2 — MOJIOCHBIE HAKOHEYHUKY; 3 —
MUJIMHAPUYECKUH CEPIEYHIK; 4 — paMKa

B KOHCTPYKIMY TMPOMETPUIECKUX MUJLTUBOJETMETPOB MOK-
HO BBIZIEJTUTH MATHUTHYIO U TIOIBUKHYIO CUCTEMBI (CM. puc. 3.3).
[IepBasi COCTOUT U3 MTOAKOBOOOPA3HOTO MAarHUTA, MOJIOCHBIX
HAaKOHEYHUKOB W ITUJIMHIPUYECKOTO cepAedHnKa. KombieBoi
3230p MEX]Y CEPAEYHUKOM U MOJIOCHBIMA HAKOHEYHUKAMM Xa-
PaKTEpPU3YETCS HATUINEM TTPAKTUYECKU PABHOMEPHOTO DJIEK-
TPOMArHUTHOTO TTOJIS.

B sToM 3a30pe COOCHO € CepeYHUKOM Pa3MeIIaeTcsl PaMKa,
KOTOpasi MOHTHPYETCS Ha KEPHAX, OIIMPAIOIINXCSI Ha IIOAIISITHUKH,
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760 Ha HATSIHYTHIX HUTSIX. MOMEHT CHJL, IPOTUBOIEHCTBYIONIAI
BpAIlleHNIO PAMKH, CO3/1a€TCsI CIeNUAIbHBIMU IIPYKIHAMU.

BsaumozeiicTBue Toka, IPOTEKAIOIEro 110 paMKe, € I10J1eM
MIOCTOSTHHOTO MarHWTA BBI3BIBAET ITOSIBJIEHNE BPAIAIONIETO MO-
MEHTa, KOTOPBIH, Oy/y4u yPaBHOBEIIEH IIPOTUBOAEUCTBYIONIAM
MOMEHTOM IIPY>KHH, IOBOPAYMBaeT PaMKy Ha OIlpe/leIeHHbII
yroJl. ITOT yroJI POIIOPIMOHAIEH BeJIMYUHEe IPOTeKaIoIIero
II0 paMKe TOKa.

3.6.2. IloTeHnomeTpbI

[ToTeHIOMETPHI B OTJIMYHE OT MIJLIMBOJIETMETPOB PAbOTAIOT
110 KOMIIEHCAITHOHHOMY (HYJIEBOMY ) METOY U3MEPEHMUSI.

[Tpuamun kommercanyy npu n3Meperny T/ C 3akmouaercst
B YPaBHOBEIIVBAHUY €€ M3BECTHBIM HanpsikeHreM AU Ha kam6-
poBoYHOM pe3ucrope R, , (puc. 3.4), CO31aHHbIM BCIIOMOTaTe Ib-
HBIM MCTOYHUKOM TOKA. 10K OT BCIIOMOTaTeIbHOTO UCTOYHHUKA
HpOXOAUT Yepe3 peoxopa R, .. Hanpsaskernue U, , mponopuuoHatbHo
R,; (B Touke D HaxomnTCSA ABUAKOK PEOXOPA).

()
&/
&

Foo @)

Puc. 3.4. KoMneHcannoHHBIi MeTO/] H3MePEHUA

ITocienoBartenbHO ¢ TepMonapoii, renepupyiomieir T/ C,
BKJII0YeH MutuBoabrMeTp HII (Hysb-mipubop) ¢ HyJ1eM B ce-
penune nmikassl. IlepeaBuras nBuxKoK D, 106MBalOTCsI ypaBHO-
semmBanus AU n E(t,).

3.6.3. ABTOMaTHYeCKHE 3IEeKTPUIECKHE TOTEHIIMOMETPBI

CxeMa aBTOMATHYECKOTO IIOTEHIIMOMETPA II0OKa3aHa Ha pHUC. 35.
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RH
—
B
R, D R,
3 —

Puc. 3.5. ABroMaTinyecKmii 3JIeKTPHYECKUI NOTEHIIMOMETP:

R, — conporuBienne peoxopna; R, — CONpoTUBIIeHNE WyHTa; R —
COIIPOTHBJIEHNE /11 3a/laHKsl IPe/iesioB uaMepenuss; R u R — co-
TIPOTHBJICHHE JIJISI 33/IaHUST HaYasIa M KOHIIA IIIKAJIbI COOTBETCTBEHHO;
R, — GajracTHOE CONPOTUBJICHNE; R — CONPOTUBJICHHUE J/IS HOBEPKU
pabouero Toka; R_— Me/[HOe COLPOTHBIIEHHE /IJIsi KOMIIEHCALII
BJIMSTHUS TeMIIepaTypsl XomoaHbIxX craeB; UIIC — ucroynwk nura-
HUS CTAOMIM3UPOBaHHbIH; YOI — yCUIUTENDb 9I€KTPOABUIATE IS,
ABCD — mocCT cCOnpoTHBIEHUH

ITorenuimomeTp cocrout us Mocta conporuBienuii ABCD,
B O/IHY W3 AMAroHajei KOTOPOTO BKJIIOYEH NCTOYHUK MMUTAHUS
NIIC (muaronans BC), a B ipyryio (MI3MEPUTEIBHYIO TUATOHAIb
AD) — tepmonapa ¢ TO/IC E u anexrpoasuraress (/1) ¢ ycwnu-
teneMm D/ (Y I/1). B BepmmHe A MOCTa HAXOAUTCS PEOXOP RP,
K IBIKKY KOTOPOTO TIPUKPETLIEHA CTPEKA, ABVIKYIASICS BIOJIb
nrkasbl. [lepeMenieHueM JABUXKKA B CBOIO OYePE/b YIIPABJISIET
3JIEKTPOJBUTATED.

MocT MOKeT HaXOIUThCS B IBYX COCTOSIHUSIX: YPaBHOBEIIIEH-
HOM U HEYPaBHOBEIIEHHOM.

Kora MocT HaX0IUTCs B PABHOBECHH, TO HATIPSI)KEHUE MEKILY
ero BeprHamu AD paBHo 110 Moay.Jiio Tepmo-IC (Uap = E)
1 HanpsbKeHue HebanaHca AU, mogaBaemMoe Ha yeuautesb Y I/,
PaBHO HYJIIO:

AU=U,,— E=0.
B nannoMm cocrostauu ]I He paboTaer.

Ecam o kakum-nu60 npuuraam tepmo-I[C E usmenurcs,
TO MOCT BBIXOJUT U3 PAaBHOBECH:I U Ha BxoJe ycuutesas Y /]
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MOSIBUTCS Hanpsikenne Hebananca AU # 0. YeuiuTelb, IOBBICUB
HampsKeHue, IofaeT ero Ha /I, KOTOPHIH, BpaIlasich, TepeMenaeT
JBIKOK peoxopia. Ilepemenienre ABMKKa TPOIOJIKAETCS /10 TEX
0P, TIOKa MOCT CHOBA HE TIPUJIET B PABHOBECHUE U HATIPSIKEHUE
Ha /| cHOBa He CTaHET PABHO HYJIIO.

B 31X noTeHIIMOMETpax MPOIeCcC KOMITEHCAITUU OCYTIECTBIIS -
€TCS aBTOMATUYECKH, HEIIPEPHIBHO U ¢ GOJIBIION CKOPOCTBIO. ITH
puOOPBI UMEIOT YCTPOUCTBA I aBTOMATHYECKOTO BHECEHUS
MIOTIPABKU Ha TEMTIEPATYPY XOJIOIHBIX CIIAEB TEPMOIIAPHIL.

3.7. MeToabl M3MEPEHUs CONPOTUBNEHUA

J1J1s1 ©I3MEpEeHusI COTTPOTUBIIEHNI TEPMOIJIEKTPIYECKHX COTIPO-
tussienuii (TC) yacTo UCIOIB3YIOT AaBTOMATUYECKHE 3JIEKTPOH-
HBIE MOCTBI, BKJIIOUEHHBIE TI0 IBYXIIPOBOHOM, TPEXITPOBOIHOM
WJIA Y€THIPEXIIPOBOIHON CXEMAM.

JIByx1mipoBojiHast cxeMa mofikJiouenust mocta K TC mokasana
Ha puc. 3.6.

YcoBrEeM pPaBHOBECHSI MOCTA SIBJISIETCST PABEHCTBO TIPOU3BeE-
JIEHUH TIPOTUBOJIEKAIINX TLJIEY€EH, T.€. B JAHHOM CJIy4ae

R,-R,~R,-(R,+R+2R).
T O O T

RA 1

: : ,

E R 1 R, Ry

: A .. OO
R|| | ?

: : R,

! '3 WNC ———Hc | yan [C
O6bexT i Vruma i B oneparopckoit

Puc. 3.6. ABTOMaTHYeCKHii 3JIeKTPOHHBII MOCT:
R, R,, R, R, — conporusienus Mmocta; R, — 6alIacTHOE COIPOTHUBIIE-
HMUeE JIJIs OTpaHUYeHUs PaboYero ToKa; R_— conporusnenue TC; R —
COTIPOTUBJIEHNE TUHUY (COEAMHUTETHHBIX TIPOBOIOB)
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Korzma moct ypasHOBemIeH, Hanpsikenye Ha auaroHamy U, =0
u, crenoBaresbHo, D/I He paboraert. [Tpy M3MeHeHNM TeMITepaTyphl
obbexta usmensierca R u U, ) nepecraer ObITh HyJIeBBIM. JTO HAIIPsI-
kenue yertuBaercs Y 3/ v momaetcst Ha J/1, KOTOpPBIIA, Bpaiiasich,
MEPEMEIIAET IBUKOK PEOXOP/IA.

HenocTraTtkoM Takoii CXeMBI SIBJISIETCS TO, YTO COTIPOTUBJICHUS
JIVHUY BXOZIAT B OTHO ILIEYO € R, ceoBaresbHO, U3MeHeHne R
MOJKET BBI3bIBATh M3MEHEHMeE II0Ka3aHuii MmocTa. [lJist KomieHca-
uu R PUMEHSAIOTCS TPEXIIPOBO/HAS UJIM YETHIPEXTTPOBOIHAS
CXEMBL.

TpexmpoBoaHast cxeMa IMOAKIYEHNUST MOCTA II0OKa3aHa Ha
puc. 3.7.

Pyc. 3.7. TpexnpoBoHasi cxeMa NOAKJIIOYECHHS MOCTa

B atom CJIy4da€ YpaBHEHUE PAaBHOBECHUA UMEECT BUJ
(R,+R)-R,~R,-(R,+R+R).

To ectb COIIPOTHUBJIEHUE JIUHUU RJ[ BXOIUT B obe yacTu ypaB-
HEHUA U YaCTUIHO KOMIIEHCUDPYETCA.

3.8. Metoab! u npu6opbl AN U3MEPEHHUA faBNEHUs
U paspsxeHus

[Tox maByieHrEM B OOIIEM CIIyYae IOHUMAIOT IIPEIes OTHOILIIE-
HUS HOPMAJIBHOU COCTABJISIONIEHN YCHIINA K IO/ 1, Ha KOTOPYIO
JeACTBYET YCUJILE.
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B 3aBuCHMMOCTH OT TPUPO/IBI KOHTPOJIMPYEMOTO ITPOIIECCA HAC
UHTEpecyeT abCOMIOTHOE P wunn u36BITOYHOE aBJIeHIE P . Ilpn
usmepennu P 3a Hayaso oTcueTa MIPUHUMAETCS HYJIEBOE JlaBte-
HUE, KOTOpoe MOXHO cebe TIpeCTaBUTh KaK JaBJeHUEe BHYTPH
COCY/Ia IOCJIE TIOJTHOM OTKAYKK BO3/TyXa. EcTecTBEHHO, IOCTUTHYTh
P =0 HEeBO3MOXHO.

bapomerpuueckoe gaBienve P6ap — JIaBJIEHWE, OKa3bIBAEMOE
atMocdepoii Ha Bce HAXOSAIINECS B HEH MPEIMETHL.

Ws6biTounoe gaBienue P, mpejcTaBiseT co60il pa3HOCTD
MEXLy aGCOIOTHBIM U 6apOMETPIYECKIM JaBIICHUSIMY:

Pu = Pa - P6a

Ecmu P <P, » TO P _Ha3bIBa€TCs 1aBJIEHUEM PA3PSIKEHUS.

HpI/I60pI>I lIJIH I/I3MepeHI/I$I NIaBJIEHUS KJIACCUPUITUPYIOT CJie-
IYIOIIHM 06Pa3oM.

1. Ilo mpuHIMITY KEHCTBUS:

* XXHJKOCTHBIE (OCHOBaHHBIE HA YDABHOBEIINBAHNY 1ABIE€HISI
CTOJIOOM JKMIKOCTH);

* MOpITHEBbIE (M3MePsiEMOE JIaBIEHE YPABHOBENTUBAETCS
BHEIITHEN CHJIOH, IENCTBYIONIEHN Ha TIOPIIEHb );

* [Ipy’KUHHbIE (1aBJIeHIE U3MepsIeTCsI 110 BeJnuuHe 1edop-
MAIUH yIIPYTOro 3IeMEHTA);

* aJieKTpUYecKue (OCHOBaHHBIE Ha IIPe0OPA30BAHUH [IABIECHUSI
B KaKyI0-JIM00 3JIEKTPHIECKYIO BETUYUHY ).

2. Tlo pomy usmepsieMOli BETMYUHBL:

* MaHOMETPHI (M3MepeHre U30BITOYHOTO JABIEHNU );

* BaKyyMMeTpHI (M3MepeHue AaBIeHNs Pa3psKeHN );

* MaHOBaKyyMMETDHI (M3MepeH¥e KaK U30BITOYHOTO ABIEHNS,
TaK ¥ JIaBJIEHUS Pa3pPsLKEHUs);

* HAIIOPOMETPHI (JIsI U3MEPEHMSI MAJIBIX U3OBITOYHBIX JIaB-
JIeHuit);

* TITOMEPHI (711 U3MEPEHUST MAJIbIX TaBJIEHUN pa3psiKe-
HUS);

* TSITOHATIOPOMETPHI;

* mrubMaHOMETPHI (JIJIsI UBMEPEHNSI PA3HOCTH JIaBJIEHNT );

* GapoMeTphl (U151 U3MepeHHsT GapOMETPUYECKOTO JABJIEHNST ).

3.8.1. dKuakocrHbie MaHOMeTpbI

[II1poKO HPUMEHSIIOTCS B Ka4ecTBe 0OPA3IIOBBIX IIPUOOPOB J1JIsk
J1ab0PaTOPHBIX U TEXHUYECKHUX U3MepeHuil. B kauecTse paboueit
JKUJKOCTU UCIIOJIBb3YIOTCS CIIUPT, BOAQ, PTYTh, MACJIA.
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JIByXTpyOHBIN MaHOMETP HpeAcTaBsieT coboi U-oOpasHyio
TPYOKY, 3aII0JHEHHYO KMAKOCThIO (puc. 3.8).

JlaBjieHue B Kax 101 TpyOKe CBSA3aHO
C YPOBHSIMU JKUAKOCTH KaK

B=p-ghub,=pgh,

r7e h, v h, — ypOBHH XUIKOCTH B TPY6-
Kax.

Torna o pasnoctu nasnennii AP= P —
— P, MOHO Cy/IUTb 11O Pa3HOCTH ypOBHeI/I

Puc. 3.8. [IByXTpyOHbIif }KHHKOCTH Ah=h, —h,
MaHOMeTp

2
AP=p-g-Ah.

3.8.2. Yameynsie MaHOMETPBI U TNPMAHOMETPHI

Yarnreunsiit (OXHOTPYOHBINA) MAHOMETP SIBJISIETCST PA3HOBU/I-
HocTbI0 U-06pasuoro TpybHoro manomerpa (puc. 3.9), y KoTo-
poro ojiHa u3 TpyOOK 3aMeHeHa cocyaoM 6OJIBIIIOrO JUaMeTpa
(vamkoit). smepsiercs nasnenue P, neficTByomiee Ha )KUAKOCTD
B IIMPOKOM COCYZI€, & OTKPBITHIH KOHeIl TPYOKU COBMEIIIEH C aT-
MOCGhepPON.

H f — B B § B

Puc. 3.9. YameyHblift MAHOMETP

YpaBHEHUE PAaBHOBECHST:
P=pg(h+H).
Yamnieyssie ¥ TpPyOHbIE MAHOMETPbI IPUMEHSIIOTCS JIJIST Ta-

PUPOBKM U IIOBEPKH pabo4ymx MprubOPOB, peske — B KauecTBe
paboumx 1IprubOPOB.
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3.8.3. MukpomMaHOMETpbI

[TpumensioTcst auist uamepenus AasieHnii, MeHpmmux 100—
200 MM BogsHOTO cTosOa. IIpeacTaBasioT COO0N KUMAKOCT-
HO¥ MaHOMETDP ¢ HaKJIOHeHHOU mox yriaom 20—50° Tpy6OKoii

(puc. 3.10).
P, l

e~ LI

Puc. 3.10. ZKuaKoCTHOH MUKPOMaHOMETP:
h =L sin(®) — BBICOTA MIOHSTHUST YPOBHS JKUIKOCTH B Y3KOi TPyOKe;
P =pgh — usmepennoe naBienne

[Torpemnocts: + 1,5%.

3.8.4. Ilpy:xunHHBIE MAHOMETPHI

[TpyxuHHBII MaHOMETp 1IpescTaBJieH Ha puc. 3.11. Ilpu yse-
JIMYEHWH [aBJIeHVs TPYOUaTast IPYKMHA CTPEMUTCS PA30THY ThCS,
B Pe3yJIBTaTe Y4ero OHa yepe3 IIOBOJOK HauMHAeT BO3/IeHICTBOBAT
Ha 3y64aThIil CEKTOP, OTKJIOHSS CTPEJIKY.

Fr

Puc. 3.11. IIpy>KMHHBIN MaHOMETD:
1 — Tpybuaras mpy;KMHA C TOBOAKOM; 2 — CTpesika; 3 — 3yOGuaThiit
CEKTOp; 4 — IeCcTepHU
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3.9. Metozb! U npu6opbl AN U3MEPEHUA pacxofia napa, rasa
W XUAKOCTH

KosnuecTBo BelecTBa BhIpakaercs B efuHUIAX oObeMa (M3)
uiau Macchl (Kr). Kosn4ecTBO KUAKOCTH C PAaBHOM CTETEHBIO
TOYHOCTU MOJKET OBITh U3BMEPEHO U OOBEMHBIM, U MAaCCOBBIM
METO/[aMH, KOJIYECTBO r'a3a — TOJIBKO 00beMHbIM. [[JIs1 TBEPIBIX
U CHIILYYMX MAaTEPUAJIOB UCIIOJIb3YETCsI OHSITHE HACHIITHON UJIH
00'bEMHOIT MaCcChI, KOTOPasi 3aBUCHUT OT IPAHYJIOMETPUYECKOTO
coCTaBa Chilydero Marepuaia. [[yist 6ojiee TOYHBIX M3BMEPEHUH KO-
JIMYECTBO CHIITYIEr0 MaTEPUAIIA OTIPEIEIISIETCS B3BEIINBAHUEM.

Pacxo/0M BeliecTBa Ha3bIBAETCS KOJIMYECTBO BEIECTBA,
[POXOJISINI[Ee YePe3 JAHHOE CedeHne TPYyOOIpOBO/A B EUHUILY
BpemeHu. MacCOBbIN PACX0fl U3MEPSIETCS B KI/C, OO BEMHBINA —
BM3/C.

[Ipu6GopHI, MBMEPSIIOIIIE PACXO]T, HA3BIBAIOTCS PACXOIOMEPAMIL
A1r IPrOOPBI MOTYT OBITH CHAOKEHBI CYUETIMKAME (MHTETPATO-
pamMu), TOT/Ia OHU Ha3BIBAIOTCS PACXO[0MEPAMU-CIETYNKAMHU.
Takue TprOOPHI TO3BOJISAIOT U3MEPATH PACXO U KOJIMYECTBO
BeIIeCTBa.

[Ipr6opHI KIACCUDUIUPYIOT CIEAYIOMUM 00Pa3oM.

1. MexaHuueckue:

a) 0ObEMHBIE;

— KOBILIOBHIE;

— 0GapabaHHOIO THIIA;

— MEpHUKHY;

6) CKOPOCTHBIE:

10 METOJLY TIEPEMEHHOTO TIepera/ia JaBIeHusT;

— 10 METOJLy TIOCTOSIHHOTO TIeperna/a JaBIeHuUsT;

— HaNopHbIE TPYOKH;

— DOTAIMOHHbIE.

2. DJIEeKTpUYECKUE:

a) 2JIEKTPOMArHUTHBIE;

6) yJIBTPa3ByKOBBIE;

B) pPaIMOaKTHBHbIE.

3.9.1. MeToz nepeMeHHOrO Mepenaaa JaBleHUs

SIBAsieTcst caMbIM PacIIPOCTPAHEHHBIM U U3yYEHHBIM METOIOM
W3MEPEHUs pacxo/ia JKUKOCTH, Ilapa ¥ rasa.

B uamepuTenbHOI TEXHUKE CYKAIOIUMK yCTPOMCTBAMH SB-
JI10TCA AnadparMsol, COILIA U collia BeHTypu.
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Haubosee yacto u3 HUX IPUMEHSIOTCS AMadParMbl, KOTOPbIE
MPEICTABJISAIOT COOOM TOHKHIA IMCK, YCTAHOBJIEHHBIN B TPYOOIIPO-
BOJIE TaK, YTOOBI €10 OTBEPCTHE ObLIO KOHIEHTPUYHO BHYTPEHHEMY
KOHTYpY cedenust Tpybomnposoza (puc. 3.12). CyxkeHue moToka
HauMHAeTCS 0 quadparMbl. 3aTeM Ha HEKOTOPOM PacCTOSTHUN
3a Hell 61aroapst JEWCTBUIO CHJT MHEPIIUH TIOTOK CYXKAETCsI 10
MUHUMAJIBHOTO 3HAYEHVIS, A /JaJIee TIOCTETIEHHO PaCIIUPSIETCS 10
[IOJIHOTO ceyenus Tpybonposoga. [lepen quadparmoii u 3a Heit
00pa3yIoTCs 30HbI C BUXPEBBIM JIBUKEHUEM.

11

Puc. 3.12. Cysxaomast auacpparma:
[-I — ceuenwne moToka 1o nckaxenus popmsr; [I-1I1 — ceuenne
B M€CTe MaKCUMA/IbHOTO CyXXeHHs; P — moTepu faB/ieHus Ha TPeHue
¥ 3aBUXPEHUS

Pasnocrs panennii P, — P, HETMHEWHO 3aBUCUT OT PAacXofia
CpeIbl, MPOTEKAIOIIE Yyepe3 TPYOOIIPOBOIL:

F=K.P-P,,

re K — koapuniment, 3aBucsiuii 0T cedenist TpyObl, BI3KOCTH
JKUIKOCTH, IIEPOXOBATOCTH CTEHOK.

B ciyyae ncnosb30BaHUS COILTA CTPYS], IPOTEKAIOIIAst Yepe3
Hero, He OTPBIBAETCs OT €0 PO HINPOBAHHON YAaCTH U II03TOMY
P_wenbme. Eme menbime norepu P, B comte BenTypu.

[lepenan naBienvst uaMepsiercs audmanomerpamu (puc. 3.13).
KoMIrekT pacxosoMepa COCTOUT U3 CIEAYIOMINX DJIEMEHTOB:

* cyxaoiee yctpoiictso (/1);

* ummysbcHble TpyOku (T);

* mudmanomerp (AM).
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| [TockoabKy 3aBUCUMOCTD MEKITY

Iﬂ Pacxo/ioM U IepemnagoM AaBIeHUsT

HeJIMHeHa, TO 100 UCIIOJIb3YeTCs

T HeJIMHEHHAs IIKaJIa ITOKa3bIBAIOIIEro

pubopa, 6o crieruanbHbIe YCTPOii-

@ CTBA M3BJICYCHUS KOPHS M3 3HAYECHUS
noctymatotniero ¢ /IM curnama.

Puc. 3.13. IlupmaHoMeTp:
I — cyxatomee ycrpoiict-  3.9.2. Pacxoaomeps! noCcTOSHHOTO

BO; T — MMIIy/JIbCHBIE TPY6- nmepenaaa JaBJIeHUs

ku; IM — nmudmanomer
’ ¢ P K HUM OTHOCSATCS TUAPOAUHAMUA-

YECKUE, TIOPIIHEBbIE, ITOTIABKOBEIE,
poTaMeTpHYECKUE PACXOLOMEDBHI.

Hawubosee pactipocTpaneHHBIME TPUOOPAMU TPYIIIIBI PACXO-
JIOMEPOB TIOCTOSTHHOTO TIEPETIA/IA IABIEHMSI SIBJISTIOTCS] POTAMETPBI
(puc. 3.14), KOTOpbIe UMEIOT PSI/I IPEUMYIIIECTB MIEPE PACXOI0-
METPaMU MTEPEMEHHOTO TIepeNajia IABJIEHUS:

Puc. 3.14. PotamerTp:
F — pacxoj1 IpoXo/ISniero 4epes3 TpyOKy raza Ui JKUAKOCTH; O —
YTOJI HAKJIOHA CTEHOK TPyOKu; H — T0JIOJKEeHNE MOILIaBKa

a) morepu P_He3HAYMTENbHBI U HE 3aBUCAT OT PaCXO/a;

6) uMeroT GOJIBIION MATIA30H U3MEPEHMS U [IO3BOJISIIOT U3-
MepSITh MaJble PacXOIbL.

[IpunIMT 1EiCTBUST OCHOBAH HA M3MEPEHUH TMOJIOXKeHUST H
OIJIaBKa, BPAIIAIONIErOCs B PACIIUPSIONIECsS KBEPXY TPYOKe
TIO/T BJIUSTHYEM HAIIPABIEHHOHN BBEPX CTPYU.

3asucumocts H ot F HesvHelHA, HO B HAYaTbHOM U CPETHEM
y4YacTKax PaBHOMEPHOCTb JIeJIEHIH IITKAJIBI MCKAXKAETCsI B He3HA-
YUTEJbHOU CTEIIEHN.
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OtcytcrBue npsimoit 3aBucumoctu Mexay F u H tpeGyer
MHIMBUYJIBHON IPAJyNPOBKU KAaXKIOTO IPUOOPA.

Potamerpuyeckre TpyOKU 0GBIYHO H3TOTABIIMBAIOTCS M3 CTEK-
JIa, Ha KOTOpPOe HaHOCUTCSI IIIKaJIa.

Potop Takske MOKET GBITh U3rOTOBJIEH B BU/E MIAPUKA UK
ZHCKa.

3.9.3. Pacxompomepsl nepeMEHHOTO YPOBHS

Ucnonb3ytoTces st m3MepeHust pacXofioB CMecel POIyKTOB,
COIepIKaIMX TBEP/bIE YaCTUIIBI, Ty IbCHPYIOIIIX TOTOKOB, 0000
aKTUBHBIX cpefl. VI3sMepeHMs oCyIecTBIISIIOTCS IIpH aTtMocdep-
HOM J]aBJieHuu. PacxozomMep COCTOUT U3 CIIEAYIONUX 3JIEMEHTOB
(puc. 3.15).

2 QBX

e

Puc. 3.15. PacxonomMep iepeMeHHOT0 YPOBHSI:
1 — xanubpoBaHHbIN coCcyl; 2 — YPOBHEMEPHOE CTEKJIO; 3 — OTBEP-
CTHE B THUIIE; 4 — NePErOPOKA JJIST YCIIOKOEHUSI IIOTOKA

3.9.4. Pacxogomepsl CKOPOCTHOTO Hamopa

V3mepenue pacxoma OCHOBAHO Ha 3aBUCUMOCTH IMHAMUYE-
CKOTO HAIoOpa OT CKOPOCTH MOTOKA U3MEPSIEMOI CPEIBI.

JudpmaHoMeTp, COeMHSIONIMIA 06e TPYOKH, TOKAa3hIBAET [IH-
HaMWYeCKOe JJaBJIeHHE, TT0 KOTOPOMY CYZST O CKOPOCTH ITOTOKA
, CJIeI0OBaTENIbHO, O pacxoje (puc. 3.16).

. Y

Puyc. 3.16. Pacxozomep CKOPOCTHOTO Hanopa
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3.10. MeTtoab! ¥ npubopbI AN U3MEPEHUS YPOBHSA

ITon n3mepenneM ypoBHsI TOHUMAETCs UHIUKAIINS TI0JI0Ke-
HUSA pazfiesia ABYX Cpell pa3INYyHOMN IIJIOTHOCTU OTHOCUTETBHO
KaKOM-/In60 rOPU30HTAIBHOM IIOBEPXHOCTH, IPUHATON 32 HAYAJIO
orcuera. [IpubOPBHI, BHIMOIHSIONIUE Ty 331249y, HA3bIBAIOTCSI
YPOBHEMEPaMH.

MeTtonb1 U3MepeHusi YPOBHST:

* MIOTIIABKOBBIH;

* OYWKOBBIIA;

* THIPOCTAaTUIECKUN, SIEKTPUIECKUE U JIP.

3.10.1. ITonraBKORBBI MeTO U3MEPEHUS YPOBHS

[TontaBKOBEII YPOBHEMED TIOCTPOEH TI0 TIPUHIIUAITY UCTIOJb-
30BaHUS BBITATKUBAIOIIEN CUJIBI JKUAKOCTU. YyBCTBUTETbHBIN
BJIEMEHT MPEeJCTaBIsET COO0I TEJI0 IPOU3BOIBHOM (hopMBI (T10-
IJIABOK ), IJIABAIOIIEE HA TOBEPXHOCTU KUIKOCTH U UMEIOIIee
ToCTOsIHHYI0 ocanky. [lonsaBok nepemeriaeTcs: BEpTUKAIbHO
BMeCTe C YPOBHEM JKUAKOCTH, U TeKylllee 3HaueHNe YPOBHS OIpe-
nensgeTcs huKcanyei mooKeHus MOTIaBKa.

3.10.2. ByiikoBble ypoBHEMepbI

IleiicTBue OyiikoBoro ypoBHemepa (puc. 3.17) ocHOBaHO Ha
3aKoHe Apxumezia. UyBCTBUTEIbHBIN 37IEMEHT OYHKOBOTO YPOB-
Hemepa — Oyl — MaCCHBHOE TeJIO, TIO/[BENIIEHHOE BEPTUKAIBHO
BHYTPH COCY/I2, YPOBEHB JKMIKOCTA B KOTOPOM KOHTPOJIUPYETCSI.
ITo Mepe v3MeHeHUsT YPOBHS JKUTKOCTH U3MEHSIETCS TOTPYKEeHUe

Puyc. 3.17. byiikoBbIii ypoBHEeMep
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Gy$1 BCIEICTBIN KOMIIEHCAIIMY BBITATKUBAIOIIEH CHIIBI SKUAKOCTH
u3MeHeHneM ycuaus B moasecke. Ocajika Oyst mepeMeHHast.

Takum 06pa3oM, 110 BeJIMIMHE [OTPyKeHus Oyst cyasT 06
YPOBHE XHAKOCTH B COCyie. XapaKTepUCTHKa OYHKOBOTO ypPOB-
HeMepa JIMHEHHas, a YyBCTBUTEIBHOCT TeM GOJIbIIe, 4eM GOIIbIIe
IUIOIIA/b TIOTIEPEYHOTO CeYeHMsT Oys.

3.10.3. TuapocraTHYeCcKHE yPOBHEMEPHI

B atux npubopax u3MepeHue YPOBHS KUIAKOCTH IIOCTOSIHHON
MJIOTHOCTHU CBOJIMTCST K UBMEPEHUIO JIABJIEHUS, CO3[JAHHOTO CTOJI-
6om xunkoctu P=p_gh.

Pa3zyaior mbe30MeTPUYECKrE YPOBHEMEPHI ¥ YPOBHEMEPDI
C HEMOCPEICTBEHHBIM U3MepeHneM cTosiba xuakoctu (puc. 3.18).

[Tre30MeTpHYECKTE YPOBHEMEDPDI IPUMEHSIIOTCS [JISI H3MEpE-
HVSI YPOBHSI CAMBIX Pa3HOOOPa3HBIX, B TOM YUCJIE BA3KMX U ar-
PECCUBHBIX XUIKOCTEN.

Puyc. 3.18. Tunpocratuyeckuii ypoBHeMep:
1 — mpesomeTpuyeckas TpyoKa; 2 — pudmaHoMeTp; 3 — Apoccesb

Bosmyx us nbesomerpuyeckoii Tpyoku 1 6apbotupyer yepes
cyoit skuakocTr. KommaecTBo Bo3myxa, HOAaBaeMoro moj aB-
JIEHVEM, OTPAHUYUBAETCS IPOCCENIEM 3 TaKUM 06pa3oM, 4TOObI
CKOPOCTh IBUXKEHHUS €r0 B TPYOOIPOBOE Oblia MUHUMAJIBHO
BO3MOKHOU. YPOBEHD JKUAKOCTH OMPEAEISIETCS TI0 PA3HOCTH
JIaBJIEHUS B IM(PMaHOMETPE 2.

3.10.4. dnexTpuyecKrue MeTOAbI H3BMEPEHHS YPOBHS

J1J1s1t iBMepeHvisi YPOBHSI JKUIKOCTH MOJKET OBITH MICTIOIb30BAHO
pasIruye 3IeKTPUYECKUX CBOMCTB XKUIKOCTU 1 [TApOra30BOi CMeCcH
non Het (puc. 3.19). Ilon asexTprdeckrMy: CBOMCTBAMU TOHUMAIOTCSI
JI3JIEKTPIYECKAsT IIPOHUIIAEMOCTD U 3JIEKTPOIIPOBOZHOCTD BEILIECTB.
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Puc. 3.19. dnexkTpuyecKuii MeTo] U3BMEepPEHUS YPOBHS

Konnykromerpuyeckuii METO/L U3MEPEHNUS] YPOBHS OCHOBAH
Ha MI3MEPEHNH JIEKTPIYECKON TPOBOAUMOCTH IIEPBUYHOTO TIpe-
006pasoBarteisi, 3aBUCSIIEN OT 3HAYEHNsI YPOBHSI.

EMxocTHOI MeTo/| M3MepeHNsI OCHOBAH Ha N3MEHEHNH €MKO-
CTH IIEPBUYHOTO IPE0OPA30BATEIISI B 3ABUCUMOCTH OT TIOJIOKEHNUST
yPOBHs1 uaMepsieMoii cpezbl. OOBIYHO EPBUYHBIN TIPe0bpa3oBa-
TeJTb BBIOIHSIETCS B BU/IE KOAKCUAIBHBIX [[HIMHIPTIECKUX 00-
KJIAJIOK, ITOTPY>KeHHBIX B U3MepsieMyIo KUAKOCTb. C M3MeHeHreM
YPOBHSI KH/IKOCTD 3aII0JTHSIET IPOCTPAHCTBO MEKIY OOKJIa/[KaMH
Y TeM CaMbIM U3MEHsIeT UX 3JIEKTPIYECKYI0 eMKOCTh. 3aBHCHMOCTb
MEX/[y YPOBHEM KUIKOCTH ¥ €MKOCTBIO IIPOIIOPIIMOHATbHAS.

3.10.5. PaguoBoJHOBbIE yPOBHEMEDPBI

I[IpennasHayeHsl 4151 6ECKOHTAKTHOTO U3MEPEHMUST U CUTHAJIU-
3K YPOBHSI JKMIKOCTH U CHIITYYMX MATEPUATIOB IyTeM 00y de-
HUSI KOHTPOJIMPYEMOH cpenibl paauoBosiHamu (puc. 3.20).

B pesysibrare 06paboTKH MapaMeTpoOB OTPasKEHHOM Pario-
BOJIHBI BBIJIEJISIETCS] CUTHAJI, TIPOTIOPIIMOHATIBHBINA PACCTOSTHUIO
OT JJaTYMKA JI0 TTOBEPXHOCTH L.

JlocTonHCTBa YPOBHEMEDOB: HAJIEXKHOCTD, TEMIIEPATYPHAS
CTabMIBHOCTD, OTCYTCTBHE KOHTAKTa C U3MEPSIEMBIM IIPOLYKTOM,
KOMITaKTHOCTb U T.]I.

Puc. 3.20. PanyoBoJIHOBBIN YPOBHEMETP



naBa 4

NPUMEHEHWE MWKPOMNPOLIECCOPHOM
TEXHWKW B ABTOMATU3ALIUK
TEXHOJIOTMYECKUX NMPOLIECCOB

B obsacty aBTOMaTH3aIMK 32 TOCTIEAHEE IECATHIETHE TIPO-
M30IILIY PEBOJIIOIUOHHBIE M3MeHeHus. OcOOEHHO 9TO KacaeTcs
Poccuu. beiBmiast coBeTckas 371eKTPOHHASI IPOMBIIITIEHHOCTD He
BBIJIEPKAJIa PHIHOYHBIX IIPe0Opa30OBaHUi M HE CMOIJIa B Havyaje
1990-x rT. yZI0BIETBOPUTH CIIPOC HA BBICOKOKAYECTBEHHBIE KOH-
TPOJLJIEPHI HOBOTO TIOKOJIeHUS. K 3TOMY BpeMeHM B MUDE yiKe
MTOSIBUJIUCH ¥ TTOJTHOCThIO O(POPMUINCH HOBbIE HATIPABJIEHUS
ABTOMATU3AIMU TEXHOJOTHYECKUX TporieccoB. U 6a3upoBajuch
OHM TIPESK/IE BCETO HA IIPUMEHEHUU MUKPOTIPOIIECCOPHOM TEXHUKH,
[IEPCOHABHBIX KOMIIBIOTEPOB, KOHTPOJLJIEPOB, (DYHKIIMOHUPY-
IOIIMX O] YIIPABJIEHUEM CIIENUATM3UPOBAHHOTO IIPOTPAMMHOTO
obecreuenusi. Havajics mpoliecc MHTerpaluy Hallleil CTpaHbl
B MUDOBYIO PHIHOYHYIO 9KOHOMHUYECKYIO CHCTEMY.

DupM-IPOU3BOAUTENIEN U TPOAYKTOB, UMU IIPOU3BOJUMBIX,
nocrarouno muoro: Trace Mode (AdAstrA), FIX (Intellution),
InTouch (Wonderware), Genesis (Iconics Co), RealFlex (B]
Software Systems), Sitex (Jade Software), Factory Link (United
States Data Co) u T.1. (Bcero coitiie 30 upm, cpeiu KOTOPhIX
€CTb U poccuiickue). VM 3To TOTHKO TTPOU3BOAUTEM TTPOTPAMM-
HBIX TPOIYKTOB.

Cpenu HanboJIee TIOMYJISIPHBIX TPOU3BOAUTEIIEH allllapaTHBIX
cperncts aBroMarusaimu pupmol ABB, Advantech, Allen—Bradley,
Bristol Babcock, Control Microsystems, Fisher — Rosemount,
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Foxboro, GE Fanuc, Hewlett Packard, Hitachi, Honeywell, Koyo,
Mitsubishi, Motorola, Omron, PEP Modular Computer, Samsung,
Schneider Electric, Siemens, Toshiba, Yokogawa u ap.

OTeuecTBeHHbBIE TIPOM3BOAUTENH TAKKE MOAKIIOUNIUCE K 9TON
«MHOTOrojiocuiie». Bor HeKOTOpbie Ha3BaHUsI TPOU3BOIUMbIX
MU KOHTPOJIJIEPOB U IIPOTPAMMHO-TEXHUYECKUX KOMILIEKCOB:
Pemukont, Texunoxont, Cupuyc, Imukon-2000, MOK, TK52,
Hexont, KPYI3, KPYT-2000 u T.x1.

OTMeTHM, 4TO OTE€YECTBEHHBIE TPOrPAMMHO-TEXHUIECKUE
KOMILJIEKCBI ¥ PUKJIAJHOE TPOTPAMMHOE obecriedeHre ceiuac
SIBJISTIOTCSI BITOJIHE KOHKYPEHTOCIIOCOOHBIMU Ha POCCUUCKOM
PBIHKE CPENCTB U CUCTEM yIpaBJeHus. VI 3To He CMOTPST Ha TO
YTO TaKue U3BecTHbIe poccutickue ¢upmbl, kak BUIPA Peasntaiim,
AdAstra, TOJBKO YTO OTMETHJIM CBO#1 IECATHIN JIEHb POKAEHUS,
B TO BPEMs KaK IIeJIbIN PsAZl 3apyOekHbIX (DHPM-TIPOU3BOIUTEIEH,
MIEPEYNCIEHHBIX BBIIIIE, CYIIECTBYIOT YK€ He OMUH JECSITOK JIET.

PoccuiickoMy moTpe6uTeo, a MIMEHHO CIIEUAIICTAM TI0 aB-
TOMAaTH3alUY Ha IPOU3BO/ICTBE, Ceiyac 09eHb TPyAHO. Benpb eme
COBCEM HETABHO OCHOBHBIMU CPEICTBAMU ABTOMATU3AIUH B Ha-
1meii CTpaHb OBLIA THEBMOABTOMATHKA ¥ TPOMO3KHUE TeJIeMeXa-
HUYECKUE CUCTEMBI, a IEHTPATN30BaHHbIE ABTOMATH3HPOBAHHBIE
CHCTEMBI yIIpaBJleHus TexHosormdeckumu nporeccamu (ACYTII)
CTPOMJIMCH Ha Ga3e ClelMaIn3UPOBAHHBIX YIPABJISIOIIMX BbIYUC-
sutenbHbix KoMiuiekcoB (Y BK) tuma M-6000, CM-4.

«PeBosmonus» B 06JaCTH aBTOMATU3AIMY TIPOU3BOIILIA TaK
ObICTPO (PAKTHUYECKH 32 5—7 JIET), YTO HE YCIIEJO CMEHUTHCS
MIOKOJIEHVE CIIEIIMATNCTOB. DTO 03HAYAET, YTO MHOTHUX CIIETIAAIIH-
CTOB HA/I0 [IEPEyIHBaTh, 2 UHAYE OHU OYyT TOPMO3HUTD IIPOIECC
JMAJbHENTIIEN aBTOMATU3AINY Ha TTPOou3BoACcTBe. Mosomoe 1o-
KOJIEHUE CIIEIIUATUCTOB, KOTOPOE OOIIAETCS Ha «ThI» C KOMIIBIO-
TepaMU ¥ KOHTPOJLIJIEPAMH, TI0Ka €Ille He ONPeNeisieT YPOBEHb
aBTOMATHU3AIMH Ha MECTaX.

He meHee TPyHO ¥ CTYAEHTY, TOTOBSIIIIEMYCSI BCTYIIUTh B MUP
aBTOMATHU3AI[UH TEXHOJIOTUYECKHX ITPOIIECCOB. TPYaHO MOTOMY,
YTO MPaKTUYECKU HET yIeOHBIX T0COOMI, y4eOHUKOB, KOTOPHIE
HIOMOTIJIY OBl Pa3oOPaThCs BO BCEM 9TOM OECKOHEYHOM MHOTO00pa-
3UM COBDEMEHHBIX CPEJICTB M CUCTEM YIIPABJIEHHS], IPOTPAMMHOTO
obecneyenwst. Ceitgac nrdopMaruio 06 3T0M MOKHO MOTYYUTh U3
JIOKyMEHTAIMK Ha 000pyI0BaHUEe U TPOTPAaMMHOE 00ecIieueHre
(pupM-nipom3BOIUTEEH, 2 OHA [IATIEKO HE BCeM AOCTyIHA. [[pyrum
HCTOYHUKOM MHGMOPMAIMH TPAAUIIMOHHO SIBJISTIOTCS CTAThH B HAU-
6oJIee MOITYJIIPHBIX CIIENNAIM3UPOBAHHBIX KYPHAJIAX, TAKKX, KAK
«ITpubGops! ¥ cUCTEMBI, YIIpaBJIeHUE, KOHTPOJIb, AUATHOCTUKAY,
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«IIpomprnenasie ACY 1 KOHTPOJIEDPBI», «MUp KOMITBIOTEPHOM
aBromarusarm — MKA», «CoBpeMeHHBIE TEXHOIOTUY aBTOMA-
tuzanuu — CTA» u ip. ITO JOCTATOUHO JOCTYIIHBII UCTOYHUK,
HO KyPHAJIbHAsI CTaThsl, KAK IIPABUJIO, ITOCBSIIEHA OHOMN y3KOU
upobaeme. Koneuno, ects IHTEPHET, U TOT, KTO MUMEET AOCTYII
B Ty OTPOMHYI0 «OUOIMOTEKY >, MOKET HAUTH TaM UHTEPECYIO-
IIyIO €r0 NHHOPMAITHIO.

CoBpeMeHHbIE TPOrPAMMHO-TEXHUYECKUE KOMILIEKCHI pea-
JIU3YIOT CEAYIONne Be QYHKIINH.

1. Cnauasa ¢ MOMOIMIBIO IIPOTPAMMHOTO TIAaKETa TPOEKTUPY-
€TCSI CUCTEMA YIIPABJIEHUS, T.€. HA 9KPaHe CTAHI[UY OnlepaTopa,/
IUcIieTYepa co3/[aeTcsi MHEMOCXEMa TeXHOJIOTUYECKOTO IIPO-
1ecca, 0TOOPAKAITCS KOHTYPbI KOHTPOJISI M PEryJINPOBAHUS,
coszzaercs 6a3a AaHHbIX, 33JAI0TCS IPEJeTbHbIE 3HAYECHUSI 1A~
pameTpoB (TaK Ha3bIBaeMbI€ «aTapMBbI» ), KOHOUTYPUPYIOTCS
TPEH/BI U T.JI.

2. 3areM K CIIPOEKTUPOBAHHOW HA KOMIBIOTEPE CUCTEME
[IOIKJII0YAETCS TEXHOJOTUYECKUI 00bEKT, 000PYMOBaHHBII
CPeNCTBAMU aBTOMATHU3AINY (JIATYNKAMHY, UCTIOTHUTETHHBIMU
YCTPOMCTBaMU, KOHTPOJJIEPAMH ), I CHCTEMA HAUMHAET BBITIOHATD
(yHKIMM yTIpaBIeHUs] TEXHOJIOTHYECKUM TIPOIIECCOM.

Taxwe crcTeMbI IPUHSITO HA3BIBATH MHTETPUPOBAHHBIMU CH-
CTeMaMU [IPOEKTHPOBAHUS U YIIPABJICHUS.

M cTOpUYECKH CIOKUIOCH TAK, YTO U300PETEHNE MUKPOIIPO-
[[ECCOPOB ITOJIOXKUJIO HAYAJIO 3PBI IIPOTPAMMIPYEMBIX JIOTHYECKUX
kouTposiepos — ILJIK (Programmable Logic Controller — PLC).
[lepBbie PLC ipuiiiv Ha 3aMeHy TUCKPETHBIM CHCTEMAaM yTIPaB-
JieHus1 Ha 6a3e JIEKTPOMEXaHUIECKHX PEJIE.

B cootBercTBUY € TpE6OBaHUSAMY 33/1a4, [IJIsI PELIEHUSI KOTO-
PBIX OHM IIPEIHA3HAYAINCH, A1 PLC OBLIO XapaKTepHO mpeod-
JIa/laHKe TUCKPETHBIX BXOAHBIX M BBIXOJIHBIX CUTHAJIOB (TI09TOMY
KOHTPOJUIEPHI ¥ HA3BAJIU JIOTUYECKUMU ), BBICOKOE OBICTPOIEHCT-
BUE, cJ1a00Pa3BUTOE IIPOTPAMMHOE OOECIIEYEHE, HE CIIOCOOHOE
BBITIOJTHSITD OTIEPAIUH C IIaBaloniei 3amsToi 1 dyakmm [11/1-
PEryJIupoBaHMUSL.

Onna u3 cep npumenernst PLC — cucteMbl TeTeMeXaHUKH.
PLC B aTHX cUCTEMax UTPAIOT POJIb KOHTPOJHUPYEMBIX ITYHKTOB
(KIT) u nassiBatorcss RTU (Remote Terminal Unit — yaasenHoe
TepMHUHAJIbHOE YCTPOMUCTBO). [[y1s1 AMCTaHITMOHHON TTepeaadyn
nauubix PLC (RTU) cHabKatoTCst JOTIOTHUTETbHBIMU KOMMY -
HUKAIIMOHHBIMYM MOIYJISIMH U IIPOTPAMMHBIM 00€eCIieueHIEM,
PeaTM3yIouM KaKoi-JIu60 MPOTOKOJ MEPefavn TaHHBIX 110
IIPOBOJIHBIM WJIY PafiioKaHasaM. B HedTerazoBoii oTpaciu oHU
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HAILJIY MHAPOKOE TIPUMEHEHME TPY ABTOMATH3AIMY TTPOIIECCOB
IOOBIYY ¥ TPAHCIIOPTUPOBKY HeDTH U Ta3a.

HeckoJ1bKo m03sK€e Ha 3aMeHy aHAJIOTOBBIM Ipubopam (pery.Jist-
topam) npunwiu DCS-cucremst (Distributed Control System —
pacmpe/iesieHHbIe CUCTEMBI YIIPABJIEHNUS ), aIaITHPOBAHHbIE TSI
YIPaBJIeHUS] HEIPEPHIBHBIMU TEXHOJIOTUIECKUMU TIPOIIECCAMH.
ITO yXKe He MPOCTO KOHTPOJLIED, 2 eI KOMILJIEKC TEXHUIECKUX
Y TIPOTPAMMHBIX CPEJICTB:

* HabOP IIPOIECCOPOB € YETKO PACIIPEAETIEHHBIMU (DYHKI[HSIMU
(HarpuMmep, yIpaBJIsIoNi, MHTepQEeNCHBIN, TPUKIIATHON );

* paGouwre CTaHIUH (CTAHIIMU OTIEPATOPA);

* KaHAJIbI CBSI3Y;

* 110 puist koHDUTYprPOBaHUS (IIPOrPaMMHUPOBAHYSI) KOHT-
POJLJIEPOB M JIJIS CO3/IaHMSI YEI0OBEKO-MAIIMHHOTO NHTepdeiica.

B 1980-¢ rT. 06a pacCMOTPEHHBIX BBIIIE KJIaCCa MUKPOIIPO-
neccopubix cucreM (Ha 6aze PLC u DCS) umenu cBou chepsl
MIPUMEHEHNS ¥ CBOUX ITPOU3BOIUTETEN.

B cuuy cBoeit ioporoBusHbl DCS IpUMEHSIINCH, KaK TPABU-
JIO, B KPYIIHBIX CHCTEMAX yIpaBJeHus. B HEKOTOPBIX caydasix
B KpylIHBIX cucteMax PLC uconb30BaInCh Kak IOACUCTEMA [T
pelleHusT 33124 IIPOTUBOABAPUINHOM 3aIUTHI U OJIOKMPOBOK.

3arem PLC ctamyi nproGpeTaTh HEKOTOPbIE CBOUCTBA, KOTOPBIE
03BOJIAJIV UM YCIIEIITHO BHEJPUTHCS B chepy HEGOIIBIINX CUCTEM
yIpaBJieHUs] HEPEPBIBHBIMY TIporieccamu. K aTum cBoiicTBamMm
MO’KHO OTHECTH JIOCTATOYHO PA3BUTHII BBO/I/BBIBOJI AHAJIOTOBBIX
CUTHAJOB U Bo3MokHOCTH [TV /I-perymupoBanus. Takue KOHTPOJI-
siephl mosyunsu Hassanue SLC (Single Loop Controller), Tak kak
OHY TI03BOJISLIY PEATM30BATD OJ[H-/[BA KOHTYPA PETYJIMPOBAHMS.
[Toxo6HbIE KOHTPOJLIEPDI OBLIN B HOMEHKJIATYPE MHOTHX TIPOM3-
BoauTtesneit DCS n HekoTopbix ¢hrupM — npousBoauteseii PLC.

BousbIiryto posib B iepepaciipe/ie/IeHuu PhIHKA CPEJICTB U CHU-
CTeM yIpaBieHusi B 110163y PLC chIrpasio NosiBJeHUE CIIelra-
JIM3UPOBAHHOTO IPOTPAMMHOTO 0OECIIEYeHUS ONEPATOPCKUX
untepdeiicop SCADA (Supervisory Control and Data Acqui-
sition — cynepBU30pHOE/AUCIIETYEPCKOE YIIPABIEHUE U COOP
JaHHBIX). ITO yCHIWIO poHuKkHOBeHue PLC B Te obiacT, rie
OHM MOTJIU 6Bl ycrenrHo KoHKypuposatb ¢ DCS. DCL B ¢Boio
ouepe/lb B3sLIM Ha BOOPYKEHUE COBPEMEHHbIE CPeCTBA 00Opa-
OGOTKM AUCKPETHBIX CUTHAIOB. V1, YTOOBI He OBITh OKOHYATEIHHO
BBITECHEHHBIMY C PHIHKA, TIpousBoauTe i DCS BHIHYKAEHBI ObLIM
MEPENTH K CO3IAHUIO <OTKPBITBIX> CUCTEM.

B pesyJbrate 60pb0BI 32 BRIKHBAEMOCTh Ha PHIHKE HAOOPHI
dynkumit, peamusyembix B PLC u DCS, a ciiefioBatesibHO, 1 06J1a-
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CTH UX TIPUMEHEHUS], B 3HAYUTENBHON CTETIEHU CTAJM TIEPEKPHI-
BaThCS. YXKe K KOHIY XX B. KakabIi BTopoii PLC mponaBajics
JIJII UCIIOJIB30BAHMUS B YIIPABJIEHUHU HENIPEPHIBHBIMU TEXHOJIO-
TUYECKUMMY MTPOIIECCAMH.

XapakrepHoii ocobernnocTbio DCS 1980-x rT. 6bl1a 3aMKHY -
TOCTH UX APXUTEKTYPHI 1 HECOBMECTUMOCTB C IIPOTPAMMHO-AIITIA-
PaTHBIMYU CPE/ICTBAMYU PA3JIUYHBIX hrpM — npousBoauTeneit PLC.
ITO MPUBOMIIO K ITOBBINIEHHBIM 9KCILIYaTAIIMOHHBIM 3aTPaTaM.
JanbHeliniee copepiercTBoBanne DCS-KOMILIEKCOB MOTJIO Obl
noTpeboBaTh OTPOMHBIX 3aTPaT OT IPOM3BOAUTENEH. Pelenne
po6JIeMbl OBLIO HAMIEHO B IIEPEXO0/IE K CO3MAHUIO «OTKPHITHIX>
cucteM. CMBICJI 3TOTO 3aKJI0YAJICS B UCIOJIb30BAHUH TP CO3-
nauuu DCS cTaHapTHBIX 3JIEMEHTOB, Y3JI0B, IPOTPAMMHOTO
obecriedenus1, MPOTOKOJIOB Iepeauu JaHHbIX u T.11. Cranmgap-
TU3aIK TPUBEJIA K TOABIEHNIO 60JIBIIOro Yncia GupM, mpo-
U3BOJSIIUX OT/IETbHBIE 3JIEMEHTHI CHCTEM YIIPABJIEHHUS], U €IIle
GOJIBIIIETO KOMMYECTBA «CHCTEMHBIX MHTETPATOPOBY> — KOMITAHUI
1 (bUpPM, KOTOPBIE COOMPATU Y BHEAPSLIH IO/ <KJII0Y» 3aKOHYEH-
HBIE cUCTeMbI. Pe3K0 BO3pOCIa KOHKYPEHIIUST, YTO TIOJOXKUTENHHO
OTPa3UJIOCh HA TIEHE CUCTEM YIIPABJIEHUS U UX TEXHUIECKUX
XapaKTEPUCTUKAX.

B pesyssraTte Bcex 3TUX IPUYWH TTPOU3OIIEI TOCTETTEHHBIN
TIEPEXO/T OT TPAAUIIMOHHOM apxutekTypbl DCS, B koTOpoii PLC BbI-
TIOJTHSIJTA POJIb TIOICUCTEMBI YIIPABJIEHUS AMCKPETHBIMU TIPOIIEC-
camu, TPeOYIOIUME ObICTPOI PEaKIIK, K apXUTEKTYPE, B KOTOPOi
PLC BrinoHsieT GYHKIMU YIIPaBJIEHUS JTIOOBIMI HETIPEPHIBHBIMI
Y INCKPETHBIMU MTPOTIECCAMU, A IEPCOHATTBHBIE UV TTPOMBITILIIEH-
HBIE KOMIIBIOTEPBI CJIYKAT B KAUECTBE OIIEPATOPCKOTo nHTEpdetica
¥ BBITIOJIHSIOT (DYHKITUY JUCIIETYEPCKOTO YIIPABIEHNS.

Henw3s ckazats, uto ¢ momoripio PLC MOXHO Pean30BaTh JIio-
OyI0 CHCTeMY yIIpaBJIeHVsI HEIIPEPBIBHBIMU TIpolieccamit. Mimeercst
HEKOTOpast «00JIaCTh», B KOTOPOM 3aTPAaThl IIPY UCIIOIb30BAHMM
PLC BmecTe ¢ 3aTpaTaMy Ha UHKUHUPUHT MEHbIIE AaHATOTHYHBIX
3atpar mpu ucnojb3osanuu DCS. /17 601bIIMHCTBA KOMIAHUI
IPaHUIIbI 9TON 00JACTH OPEIEIAIOTCS U3 IPAKTUYECKOTO OIIBI-
ta. [lepBoHaYaIBPHASI CTOMMOCTB AIMAPATYPHI ¥ TPOTPAMMHOTO
obecrieueHus IJisi CUCTeM yTpaBiieHust Ha 6aze PLC npakTidyecKu
BCer/ia HIKe, yeM y cucteM Ha 6a3e DCS. OnHako B 60JIbIIMX
cucTeMax, TpeOYIOIUX CIEIUAIbHBIX PaOOT 110 UHTETPAIIUK
Y TIPOrPaMMHUPOBAHUIO, CTOUMOCTDH crcTeMbI Ha 6aze PLC MoxeT
CyIIECTBEHHO BO3PACTH ¥ CBECTH HA HET BCIO MIEPBOHAYATILHYIO
sxoHomuI0. Kak nipaBuiio, npumMeHerne PLC onpaBaaHo B HeGOJIb-
[IMX ¥ CPEIHMX TPUJIOKeHUsIX 10 150 KOHTYPOB peryJimpoBa-
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HUSL. A TIpY JAJTbHENTIIEM YBETMYeHUU KOHTYPOB PETYIMPOBAHUS
CTOMMOCTH WHXXVUHHUPUHTA U 33/1€iCTBOBAHHBIX KOHTPOJIJIEPOB
HAYMHAIOT HEOIIPAB/IAaHHO BO3PaCTaTbh.

Ceru DCS cipoeKTUpOBaHBbI TaK, YTOOBI 06ECIIEYMBATD BbI-
COKYI0 pab0oTOCIIOCOOHOCTD ¥ M30BITOYHOCTD BCEX CUCTEMHBIX
KOMITOHEHT, YTO TI03BOJISIET UCKIIOUKTh cOou. TecHast CTBIKOBKA
0IIepaTopCcKOro nHTepdeiica, KOHTPOJLJIEPOB ¥ CHCTEMHOTO TIPO-
IPaMMHOTO 00€eCIIeYeH s TAPAHTUPYET BBICOKYIO 6€30IIaCHOCTb
cucremsl. Hexoropsie cricremsr Ha 6a3e PLC He MOTYT aTh TaKOi
K€ YPOBEHD U30BITOYHOCTH.

ITpousoaureau DCS mpemsaraoT o61IeCUCTEMHYIO MO -
JIEPIKKY, OCYIIECTBIISIEMYIO OOCTYKUBAIOIIUM IIEPCOHATIOM OJTHOM
¢pupmsbl Ha ocHOBe KOHTpakTOB. IIponsBoguTerm ILJIK 1 SCADA-
CHUCTEM OOBIYHO HE OCYIIECTBISIOT OOUIECUCTEMHOTO OOCIIYKU-
BaHUs1, 0COOEHHO, ECJIM 3aKA3YUK TI0JIb3YETCsI 000PYA0BAHUEM
Pa3HBIX UBTOTOBUTEJIEN.

Pasznenenne mporpaMMHO-aINmapaTHBIX CPEICTB ABTOMATH-
3aruu Ha Ba Kiaacca — PLC u DCS — siBJISIETCSI ICTOPUYECKUM.
NMeHHO TIO/T TAKMMY HA3BAHUSIMU 3TU CPEACTBA TTOSIBUJIUCH HA
POCCHIICKOM PBhIHKE, HO TOT/IA peayin3yeMbie UMU (DYHKITUY B CH-
cTeMax yIpaBJieHus ObLIM CylIeCTBeHHO pasHbiMu. Ceifuac ysxe
MO’XHO KOHCTaTHPOBAaTh, YTO (DYHKIIMOHAIbHBIE BO3MOKHOCTH
3THX /IByX KJIACCOB B 3HAYUTEJILHOW MEPE IIEPEKPHIBAIOTCSL.

B Poccuy KOHTpOILIEPHI ¥ CHCTEMBI BELYIIX MAPOBBIX QHPM
cpasy 3aBOeBaJI¥ OOJIBIILYIO HOIYJISPHOCTD. VI3HOCOYCTOMYMBASK
MOJZLyJIbHASI CTPYKTYPa, BOSMOKHOCTD PeaM3aI[UH PacIpere-
JIEHHBIX CUCTEM YIIPaBJIEHUST, BBICOKAs HaIe)KHOCTh 00eCTIeunIn
yCIIEX 3ara/IHbIM Pou3BoziuTesiM. Ho CTOMMOCTh 9THX KOHTPOJI-
JIEPOB U cucTeM ObLia (f1a U ceiidac 0CTaeTcsi) O4€Hb BBICOKOM.

C cepenunnr 1980-x IT. B cucTeMax yrpaBJeHUs BCe YaIle
CTaJTM UCIIOJIb30BATHCS TEPCOHATbHBIE KOMITbIOTEPhL. CHavyama
OHYl UTPAJTH POJIb MH)KEHEPHbIX CTAHIIUH /71T KOHDUTYPUPOBAHUS
DCS v texaunueckoi nuarHocTuku. C IMOsSBJIEHUEM TIEPCOHAIb-
HBIX KOMITBIOTEDPOB B IIPOMBIILIEHHOM UCIIOJTHEHUU U PA3BUTHEM
IPOrPAMMHOTO OGECTIEYEHUS UX BCE YAllle CTAIM UCIIOIb30BATh
B KAQU4eCTBe OIIePATOPCKUX CTAHIIMHI B CUCTEMAX MOHUTOPHHTA
Y TUCTIETYEPCKOTO YIIPABJIEHMS.

C cepenunbl 1990-x . B cuctemMax ynpaBJieHUs IIOCTETEH-
HO CTajia TPOSIBISITHCS TEHAEHIUS COCPENOTOYEHUST (DYHKITUI
VIpaBJI€HNS] HA TAK HA3BIBAEMBIX TPOMBITIIEHHBIX KOMITBIOTEPAX.
910 OBLIO CBSI3aHO C PE3KUM IIaJIEHUEM IIeH Ha KOMIIBIOTEPHI
Y KOMILTEKTYIOIIVE U3/eINs, TIIaThl BBOJIA,/BBIBO/IA M CPEICTBA
KOMMYHHMKAIIWY, a TAKXKe C II0SIBJIEHUEM YHUBEPCAJIBHOTO IIPU-



'nasa 4. lpumeHeHUe MMKPONPOLIECCOPHOM TEXHUKM B aBTOMaTM3aumm... 93

KJIaTHOTO IIporpaMMHOro obecriedenus tuma SCADA v cpencTs
[IPOrpaMMMPOBAHUST KOHTPOJLIEPOB Ha 6aze IBM PC.

UcnonwszoBanue IBM PC-miathopMbl B KOHTPOJLIEPAX 32
pybexxom HasbiBaeTcs «softlogic» (codraomxux), a camu PC-
coBMeCTUMbIe KOHTPOoJLIePhI — «soft PLC» (codr IIJIK).

[TosiBnenue B Poccuy Takmx KOHTPOJLJIEPOB U AJIbHENTIIEE X
pasBuTHe 00YCIOBIEHO, B YACTHOCTH, TEM, YTO Y IIPOMBIIILIEHHBIX
KOHTPOJLJIEPOB COOTHOIIIEHHE ITPOM3BO/INTEBHOCTD,/TIEHA OKA3a-
Jioch srydiie Ha 30—50% 1o cpaBHeHuo ¢ TpaguinoHHbMU PLC.

[TpombrLTeHHBIE KOMITBIOTEPBI (KOHTPOJLIEPH ) TIPEACTABIISIOT
€060i1 TPOrpaMMHO COBMECTUMBIE C OOBIYHBIMU TIEPCOHATBHBIMU
kommbiotepamu IBM PC manmmasl (PC-coBMeCTUMBIE KOHTPOJLIIe-
PBI), aIalITUPOBAHHBIE JJIST JKECTKUX YCJIOBUI IKCILIyaTal[UUA —
JIJIs1 yCTAHOBKY Ha IIPOM3BO/ICTBE, B I1€XaX, TA30KOMIIPECCOPHBIX
CTaHIWSX U T.. AanTaiyst OTHOCUTCSI HE TOIBKO K KOHCTPYK-
TUBHOMY UCIIOJIHEHUIO, HO U K aDXUTEKTYPE U CXEMOTEXHUKE, TaK
KaK U3MEHEHUS TEMIIEPATYPhI OKPY KAIOIIel CPe/lbl TIPUBOMSIT
K J[peiidy 2JIeKTPUYECKUX IMapamMeTpoB. B kayecTBe ycTpoicTB
COTIPSIKEHUST C OOBEKTOM YIIPABJIEHUSI 3T CHCTEMbBI KOMILJIEKTY-
I0TCS IONOJTHUTENBHBIMY TIJIaTaMu (3IATITEPAMU ) PACITAPEHYS.
B xavecTBe onepannoHHO CUCTEMBI B TPOMBIILIeHHBIX PC, pa-
6OTAIOIINX B POJIM yIAJIEHHBIX TEPMUHAJIOB, BCE YAIlle HAUMHAET
npumensTbess Windows NT, a Takxke pasjimyHble paCIIMPEHUs
PEIbHOTO BPEMEHH, CIIEI[MAIBHO Pa3pabOTaHHbIE JIJIst ITOM OI1e-
PaIlMOHHON CUCTEMBL.

Kommnanuu — npousoauresu DCS, PLC v PC-KOHTPOJLIEPOB
MTOCTABJISIOT IMUPOKUI KOMILJIEKC IIPOTPAMMHO-TEXHUYECKUX
CPEJICTB aBTOMATU3AIIHH.

Kpome MUKpOITPOIIECCOPHBIX KOHTPOJLIIEPOB HECKOIBKUX MO-
IU(UKAIMI B COCTaB TAKOTO KOMILIEKCA BXOIST HAOOPHI MOZLYJI€ei
BBO/I2,/BbIBO/IA, PA3JIMYHbBIE TUCIIJIENHBIE TTYJIBTHI OTIEPATOPOB.
JList 06 beINHEHST HTUX KOMIIOHEHTOB B CUCTEMY (DUPMBI TIPE/I-
JIATAIOT Pa3JIMYHbIE CETEBBIE PEIIEHHUST, CHA0XKAsA CBOM KOMILIEKCHI
HabOpaMK KOMMYHUKAIUOHHBIX MOJIYJIEH JIJIsI B3AUMOIEUCTBYSE
C CEeTsIMU Pa3JUYHbIX ypoBHEN. O6s3aTEIbHBIM KOMIIOHEHTOM
SIBJISIETCS M IPUKJIAHOE TIPOrPaMMHOe obecriedeHne. ITH CH-
cTeMbl B Poccu ToTyymiv Ha3BaHWe TPOTPaMMHO-TEXHIIECKUX
komiutekcoB (I1TK).

Takum 06pa3oM, K HACTOSIIIIEMY BPEMEHU CJIOKUJIOCH B
HATIPABJIEHUS HA Ty TH CO3/I2HKUSI MHOTOYPOBHEBBIX CUCTEM yTIPAB-
JIEHUSI TEXHOJIOTHYECKUMMU TTPOIIECCAMIL:

* cHCTeMBI, TOCTPOeHHbIe Ha 6aze PLC co CBOMM MaKeToM
MPOTrPaMMUPOBAHUS U CTaHIui onepatopa/nucnerdepa (11K),
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ocHammeHHBIX SCADA-TakeToM 4eI0BEKO-MAIITHHOTO WHTEP-
detica, momyumnsinme HazBaHue SCADA-cucTeMsr;

* DCS-cucteMbl — HHTETPUPOBAHHBIE CUCTEMBI, BKJTIOYAIOIIHE
KOHTPOJLIEPHI (ITpoIieccopsl ), craniuu oneparopa (I11K), kommy-
HUKAIMOHHOE 000PYI0BaHNE ¥ MHTETPUPOBAHHOE ITPOrPAMMHOE
obecrieyeHue.

B HacTos111eM TOCOOMK PACCMOTPEHBI KOHTPOJLJIEPHI M ITPO-
rPAMMHO-TEXHUYECKHE KOMILIEKCHI, HAIIEe/IIIVEe IIPUMEHEHNE
B CHICTEMAX yTIPaBJIEHUS TEXHOJOTHYECKUMU MTPOIIECCAMH.

4.1. Komnnekc TEXHUYECKHX CPeACTB MHOrOypOBHEBOW
CUCTEMbI ynpasJieHNA

Vcxozst u3 0COOGEHHOCTEH 06 BEKTOB ABTOMATH3AIIUHI TEXIIPO-
[IECCOB MUKPO3JIEKTPOHUKY, BBIZIBUTAIOTCSI M COOTBETCTBYIOIINE
TpeGOBaHUS K aDXUTEKTYPE, a TAKJKE AIapPaTHBIM U IIPOrPaM-
muBIM cpeactBam ACYTII [1,6].

JLu1s1 aBTOMATH3AI MY HETTPEPHIBHBIX TEXHOJIOTUYECKUX ITPOIIECCOB
HamboJiee agantipoBanbl DCS-cucremsl. B Takux cucremax Bce
U3BECTHBIE (DYHKITNY aBTOMATH3AIMY PACIIPEIeSIEHBI MESKTY Pa3yd-
HBIMU alllIAPATHBIMU CPEICTBAMY CUCTEMBI yTIpaBJieHust. Kaxkprit
KOMITOHEHT CUCTEMBI Y3KO CIIEITUATN3UPOBAH U «3aHUMAETCSI CBOUM
nesiom». HanboJsiee XapakTepHasi YepTa yIpaBJISTIOIIUX POIIECCOPOB
DCS-cucteM — crIocCOGHOCTD HOZIEPAKUBATH OT HECKOJIBKHUX JECST-
KOB JI0 HECKOJIBKUX cOTeH KOHTypoB [ /l-perymvpoBanusi.

Ilns paccpenoTodeHHbIX 00beKTOB npuMeHsoT SCADA-
cucTeMbl. 3ajilayeil TAKUX CUCTEM SIBJISIETCSI OOeCIIeYeHre aB-
TOMATHUYECKOTO JUCTAHIIMOHHOTO HAOMIONEHUS U TUCKPETHOTO
yIpaBJIeHUs PYHKIMSAMU OOJIBIIOTO KOJMIECTBA PACIPee/IEHHBIX
YCTPOMCTB (YACTO HAXOSAIIUXCSI Ha GOJIBIIIOM PACCTOSIHUU JAPYT
OT JIpyTa ¥ OT AUCIIETYEPCKOTO IyHKTA). KoJmuecTBO BOBMOKHBIX
YCTPOMCTB, pabOTAIOMIMX IO/ YIIPABJIEHUEM CUCTEM JIUCIIET-
YepCKOTO KOHTPOJISI ¥ YIIPABJIEHST, BEJIMKO Y MOKET JOCTUTATh
HECKOJIBKUX cOTeH. [IJIs 9THX cucteM HauboJiee XapaKTepHOi
3a/1aueil SIBIsIeTCst cOOP U Tepeiava JAHHBIX, KOTOpasi PeaIu3yeTcst
JIUCTAHIIOHHO PACIIOJIOXKEHHBIMA TEPMUHAJIBHBIMU YCTPOMCT-
Bamu (RTU).

Ha puc. 4.1 mpencraBiera cxeMa KOMILTIEKCA TEXHUIECKUX
CPeICTB MHOTOYPOBHEBOI CUCTEMBI yIIpaBJIeHuUsT, 0000IIaomast
MHOTOUYVCJIEHHBIE TIPUMEHEHNS TAKUX CUCTEM [IJIST YTIPABJIEHUS
TEXHOJIOTMYECKUMHU ITPOIECCAMH.
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Kax mpaBuio, 9T0 IBYX- UK TPEXYPOBHEBBIE CUCTEMBI, U IMEH-
HO Ha 3THUX YPOBHSIX PEAJI3YeTCs HEIIOCPEICTBEHHOE YIIPaBIeHNEe
TeXHOJIoOTuYecKkuMH nporieccamu. Crienmnduka Kax10i KOHKpeT-
HOU CHICTEMBI YIIPaBJIEHISI OIIPE/IEISIETCSI MCTIOIb3yeMOM Ha KasK-
JIOM YPOBHE IIPOTPAMMHO-aNIapaTHOH 11aT(hOPMOH.

Huxuuii ypoBeHb — ypoBeHb 00beKTa (KOHTPOJLJIEPHBIN) —
BKJIIOYAET Pa3/INYHbIe JATYMKY (M3MEPHUTEIIbHBIE IPeobpa3oBare-
Jivn) 1ist c60pa MHMOPMAITHH O XOJIE TEXHOJIOTHYECKOTO TIPOIECCa,
AJIEKTPOIIPUBOJIBI ¥ UCTIONHUTEIHBIE YCTPOICTBA /IJISI PEaIN3aIiin
PeryIupyIOMUX U YIIPAaBJISIOMUX Bo3ziecTBHi. [laTynky mocTas-
JISTIOT MHGOPMAITHIO JJOKATBHBIM KoHTposutepaM (PLC), KoTopsie
MOTYT OGECTIEYUTD PEATU3AIUIO CJEAYIOMUX (DYHKIUIA:

* c6op, nepBuuHasi 06paboTKa U XpaHeHue NHGHOPMALUU
0 COCTOSTHMU 0GOPYIOBAHUS ¥ TAPAMETPAX TEXHOJOTUYECKOTO
mpoliecca;

* aBTOMATHYECKOE JIOTHYECKOE YIIPABIEHYE U PETYINPOBa-
HUE;

* MCHOJHEHNE KOMaH/I C ITYHKTA YIIPABJIEHHUS;

* CaMOJMarHOCTHKA PabOTHI IIPOrPaMMHOT0 0becIeYeHust
¥ COCTOSTHUSI CAMOTO KOHTPOJLIEP;

* 06MeH nH(pOpMAIIKeil ¢ TyHKTaMU YIIPaBJIEHUSI.

Tak kak uHGOPMAIUS B KOHTPOJLIEPAX IPEIBAPUTETHHO 06-
pabaThIBAETCS ¥ YACTUYHO UCIIOJIB3YETCSI HA MECTE, CYIIECTBEHHO
CHUKAIOTCSI TPEOOBAHYS K MIPOITYCKHOM CIIOCOOHOCTH KAHAJIOB
CBSI3U.

APM oneparopa APM onepatopa  Cepeep 61 PB  APM TexHonora

% Wnrepdeiic
| cunen

KoHueHTpatop,
MHTEPDEVCHBI KOHTPONNEP

WHdpopMaLvoHHas ceTb

[pomblLLneHHas ceTb

()
t ! % ) JloKarnbHble KOHTPONNEpbI
CeTb ynaneHHoro /8 Monesas WiHa
[
w

Snexrponpnson

]
é é VaaneHHoe Wwaccu B/B 6

PacnpeseneHHblil B/8 [arnk

Puc. 4.1. 060061eHHas1 apXUTEKTYPa CUCTEMBI YIIPaBJIEHUS
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B xauectBe mokanpaBIX PLC B cricTeMaxX KOHTPOJIS U YIIPaB-
JIEHWSI PAa3JIUIHBIMU TEXHOJIOTHIECKAMU IIPOIIECCAMH B HACTOSI-
1iee BpeMsl IIPUMEHSIIOTCSI KOHTPOJLJIEPHI KaK OT€YeCTBEHHbIX,
TaK 1 3apyOesKHbIX pousBoguTeieil. Ha pplHKe mpecTaBieHbl
MHOTHE JIECSTKY ¥ AK€ COTHU TUTIOB KOHTPOJIJIEPOB, CIIOCOOHBIX
06pabaThIBATh OT HECKOJIBKUX JECSTKOB 0 HECKOJIBKHUX THICSY
Y Ja)Ke IECSITKOB THICSY IIEPEMEHHBIX.

Paszpaborka, OT/IaJiKa U UCIIOJTHEHUE TIPOTPAMM KOHTPOJI-
JIepaM¥ OCYTIECTBIISIIOTCS C TIOMOIIBIO CIIENUATN3UPOBAHHOTO
[IPOrPaMMHOT0 0O€CIIEYEHYS], IMMPOKO TIPEACTABIEHHOTO HA PhIH-
Ke. DTO Mpeskie BCETO MHOTOUKCIIEHHBIE TIAKETHI TPOTPAMM JIJIST
[IPOrPaMMUPOBAHYSI KOHTPOJLIEPOB, IIpeJIaraeMble IIPOU3BOIN -
TeJISIMU allapaTHBIX cpecTB. K aToMy e Kaccy MHCTpyMeH-
taabHOro I10 otHOCcaTCs v makeThl [SaGRAF (CJ International
France), InConrol (Wonderware, USA), Paradym 31 (Intellution,
USA), umeronye OTKPBITYIO apPXUTEKTYPY.

WHudopmarust ¢ T0KaIbHBIX KOHTPOJLIEPOB MOKET HATIPABIISITh-
Cs1 B CETh IUCIETYEPCKOTO ITYHKTA HETIOCPEJICTBEHHO, & TAKXKE YePe3
KOHTPOJIJIEPBI BepXHETo ypoBHs (cM. puc. 4.1). B 3aBucumocTn ot
TIOCTaBJIEHHOM 33/1a9¥ KOHTPOJLJIEPHI BEDXHETO YPOBHSI (KOHIIEHTPA-
TOPBI, KOMMYHHUKAI[MOHHbBIE KOHTPOJIJIEPHI) PEATU3YIOT PA3JIITIHBIE
(yukun. HexoTopble N3 HUX I€PEYXCIEHBl HUXKE:

* c60p JAHHBIX C JIOKAJIbHBIX KOHTPOJUIEPOB;

* 06pabOoTKa JaHHbIX, BKIIOYast MACIITaOUPOBaHME,;

* [oJi/Iep>KaHue e[UHOTO BpEMEHU B CUCTEME;

* CUHXPOHU3AIUs PabOTHI TIOJCUCTEM;

* OpraHH3aIlis apXUBOB I10 BEIOPAHHBIM MTapaMeTpPaM;

* 06MeH nHGOPMAIIER MEX /Ty JIOKAIbHBIMA KOHTPOJLJIEPAMHA
¥ BEDXHUM YPOBHEM;

* paboTa B aBTOHOMHOM PEXMME IIPU HAPYIIEHUSIX CBSI3H
C BEDXHUM YPOBHEM,;

* pe3epBUPOBAHKE KAaHAJIOB IIEPeiadyyl TaHHBIX U JIP.

Bepxuuit ypoBeHb — qucnerdepekuii yHKT ([I11) — Brmouaer
OJIHY WJIM HECKOJIPKO CTAHITUI YIIPaBJIEHMUSI, IPECTABIISIONINX
coboii aBroMaTu3upoBaHHoe pabouee mecto (APM) nucnerye-
pa/oneparopa. 31ech e MOKET OBITh YCTAHOBJIEH cepBep 6asbl
nauubx. Ha BepxHeM ypoBHE MOTYT ObITh OPraHU30BaHbI paboure
MecTa (KOMITBIOTEDHI ) JIJIsI CIIEIIUAJIMCTOB, B TOM YUCJIE U JIJIST MH-
JKeHepa TI0 aBTOMATHU3aIuy (MHXKUHUPUHTOBBIE CTaHInn ). YacTo
B KauecTBe pabounx cTaHiwii ucnoab3yorcs II9BM tuna IBM
PC paznuyHBIX KOHGUTYPAITUIL.

CraHuuu ynpaBjieHus! IPeIHA3HAYEHBI [JIsI 0OTOOPAKEHMSI
X0/Ia TEXHOJIOTUYECKOTO IIPOIECCA U OIIEPATUBHOTO yIIpaBJie-
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HES. DTH 3aa4¥ U IPU3BAHO PeIIaTh IPUKIALHOE IIPOrPaMM-
Hoe obecnieuenrie SCADA, opueHTUPOBaHHOE Ha Pa3paboTKy
U TI0/IIepKaHKe UHTEPGENca MEX/LY AUCIIETYEPOM,/OTIEPATOPOM
Y CHCTEMOM YIIPABJIEHUS, & TAKXKe Ha 00eCIeYeHne B3auMO/Iel -
CTBUSI C BHEITHUM MUDPOM.

Bce anmapatHble CpeICTBA CUCTEMBI YIIPABJICHUS OObEINHEHBI
MesKIy coboi KaHamaMu cBsi3i. Ha HUKHEM yPOBHE KOHTPOJLIIEPHI
B3aMMO/IEACTBYIOT C IATYMKAMYU ¥ UCIIOJTHUTEIbHBIMU YCTPOKCT-
BaMH, a TaKXKe ¢ OJI0KaMH yAQJIeHHOTO ¥ PaCIPeeIEHHOr0 BBO/IA,/
BBIBOJIa C TIOMOIIBIO CIIEIMATN3UPOBAHHBIX CETEH YIATEHHOTO
BBOJIa,/BbIBO/IA U MIOJIEBBIX IIIMH.

CBA3yIOIUM 3BEHOM MEKIY JIOKAIBHBIMU KOHTPOJLIEPAMU
Y KOHTPOJIJIEPAMU BEPXHErO YPOBHSL, & YaCTO U IIyJIKTAMU OIIe-
paTopa SIBJISIIOTCSI YIPABJISIIOIIAE CETH.

Css3pb paznuuHbix APM omepaTuBHOTO ITePCOHANIA MEXKITY
c0060ii, ¢ KOHTPOJLIEPAMHU BEPXHETO YPOBHSI, & TAKIKE C BBIIIECTO-
SIIIIAM YPOBHEM OCYIIECTBJISIETCSI IOCPEACTBOM MH(POPMAIIMOHHBIX
ceTei.

4.2. OCHOBHblE TEXHUYECKME XapaKTEPUCTUKN KOHTPOJIEPOB
W NPOrpaMMHO-TEXHHYECKUX KOMMNJIEKCOB

COBpeMeHHBIﬁ PBIHOK KOHTPOJIJIEPOB U IPOTrPaMMHO-TEX-
HUYECKUX KOMILTIEKCOB BeCbMa pasHooGpaseH. Bribop Hanboiee
[PUEMJIEMOTO BaDMAHTA AaBTOMATH3AIMY [IPECTABIISIET COO0M
MHOTOKPUTEPUAIIbHYIO 33/1a4y, DEIEHHEM KOTOPOH SIBJISIETCS KOM-
IIPOMUCC MEKTY CTOMMOCTBIO, TEXHMYECKUM YPOBHEM, HAJIE)KHOC-
Th10, KOM(DOPTHOCTBIO, 3aTPATaMK Ha CEPBUCHOE OOCIYKMBAHUE,
[IOJTHOTOM IPOrPAMMHOTO 0O€CTIEYEH S U MHOTHM J[PYTHM.

[ToaToMy Ba>KHO BBIIEINTH OCHOBHBIE XaPaKTEPUCTUKU U CBOH-
CTBa KOMILIEKCOB KOHTpoJuiepoB 1 IITK, Ha OCHOBaHUM KOTOPbIX
MOYHO C/[eJIaTh BHIGOD PK IOCTPOEHUU CUCTEM YIIPABJIECHHUSL.

B KauecTBe TaKMX XapaKTEPUCTUK B TOM IIOCOOUY TIPEIIIO-
JKEHBI IISITh 060OIIEHHBIX TIOKa3aTeel:

* XapaKTePUCTHUKA IIPOIECCOPa;

* XapaKTePUCTUKA KAHAJIOB BBOJIA/BBIBOJIA, IIO//IEPKUBAEMbIX
KOHTDOJLTIEPAMH;

¢ KOMMYHUKaIlUOHHbIE BO3SMOXHOCTH;

* YCJIOBUSI 9KCILTyaTaIUH;

* IPOTrPaMMHOE ObeCTIeYeHE.

PaccMOTpPUM 3TH TIOKA3aTEIH.
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4.2.1. XapakTepHuCTHKa poLeccopa

31ech UMeeTCs B BULLY:

* THUII, pa3psSIAHOCTh OCHOBHOM ITPOIIECCOPHOM IJIaThI U pa-
604asi 4aCTOTa;

* [OJI/IeP>KKA MATEMATHKY C TLIABAIOIIEH 3aISITOM, TI03BOJIS -
IOIIas1 BBIIOJTHATD 3 (hEKTUBHYI0 00pabOTKY IaHHBIX;

 Hasmuue pynknuu [11/]-perymnpoBanus;

* Hasmume u 00beM pa3inaHbix BuoB namstu: O3Y (RAM),
[13Y (ROM), CIIII3Y (EPROM), SCIIII3Y (EEPROM), biam
(Flash).

O3V (onepaTuBHOE 3aII0MHUHAIOIIEE YCTPOHCTBO) i RAM
(Random Access Memory — namsith € IPOM3BOJIbHBIM JIOCTYIIOM)
[PECTaBISIET COOOM TUII TAMSITH, KOTOPAsi IO3BOJISIET YTEHUE
U 3aIIUCh B JIIOOYIO sI4eiKy 6€3 IpeiBAPUTEIBHOTO OUCKA, B KOHT-
pOJIJIeEpax 3TOT THII MAMSITH UCIIOJIb3YETCS ISl XPAaHEHUSI TIPO-
rpaMM U 3HaYEHWH TEXHOJIOTMYECKUX ITAPAMETPOB (IAHHBIX).

03V repsier nHbOPMAIHIO IIPY OTKJIIOYEHUN TUTAHKS, OJJHAKO
CYIIECTBYIOT «3HeproHe3aBucuMbie» Moayan O3Y, cogepxarie
BCTPOEHHBIN UCTOYHUK ABTOHOMHOTO TTUTAHUSI.

[To mpunnumy petictBust O3Y nmensitcs Ha cTaTwdeckue (Ha
TPUITEPAX) U AMHAMUYecKue (Ha eMKOCTHBIX sT4eliKax C pereHe-
parueir).

Cratuueckas namsth (SRAM) ucronb3yercs st KIUIMPO-
BaHMS JAHHBIX B IIPOIIECCOPE Y HAKOIUTEJISIX, JTMHAMUIECKAST
(DRAM) cocraBiisieT OCHOBHOM MacCCUB ITaMSITH.

[13Y (1ocTosiHHOE 3alTOMHUHAIOIIEE YCTPOUCTBO) i ROM
(Read Only Memory — maMsiTh TOJBKO JJIsl YTE€HUsI) YCTPOEHA
B BUJIE a/IPECyEMOTO MacCHBa stTaeeK (MaTPHIIHI ), KAKAAS sTIeiKa
KOTOPOTO MOXKET KOAMPOBATH eMHUITY nHpopMaimn. J[anHbie Ha
ROM 3anuceIBasivCh TIPY €€ U3TOTOBJIEHUY ITyTeM HaHECEHUS Ha
MAaTpHIle aTIOMIHIEBIX COEMHNUTENBHBIX IOPOKEK JIUTOrpadu-
yecKuM criocoboM. Hajmdue v 0TCyTCTBUE B COOTBETCTBYIOIIEM
MECTe TAaKOH OPOXKKYU KOAMPOBaio «0» mm «1».

B xorTposnepax namsiTs Tuna [13Y ucnosnbayercst A7st XxpaHeHust
TIPOTPaMM TI0JTb30BaTesIsL. JIaHHBIH THII TAMSITH He TIOJTY I/ IITIPOKO-
T'O PaCcIIPOCTPAHEHNST B CBSI3U C TEM, YTO COBPEMEHHOE TPOrPAMMHOE
obecreyeHe 3a4acTyio MIMeeT MHOTO HeZIOPaOOTOK 1 4acTo TpedyeT
OGHOBJIEHUSI, B TO BPEMST KaK IIPOM3BOICTBEHHBIH IIUKJI U3TOTOBJIE-
HUS [TAMSITHU JOCTATOYHO AuTesieH (4—8 Heneib).

IIpeumymecTBa:

* HU3Kas CTOMMOCTD TOTOBOI 3alIpOrpaMMUPOBAHHON MUK-
pocxemsl (1Ipu 6OJIbIIUX 0GBEMAX IPOU3BOJCTBA);
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* BBICOKasI CKOPOCTbD JIOCTYTA K sSTYEiKe MaMSITH;

* BBICOKASI HA/IE>KHOCTb TOTOBOY MUKPOCXEMBI 1 YCTOMYUBOCTD
K 3JIEKTPOMArHUTHBIM IIOJISIM.

HenocraTku:

* HEBO3MOXXHOCTDH 3aMKUCHIBATD U MOAM(HUITNPOBATH TAHHbIE
oCJie U3TOTOBJICHMUS;

* CJIOKHBIN MPOU3BOICTBEHHBIN UK.

EPROM (CIIII3Y), EEPROM (OCIIII3Y) u Flash (biarr)
OTHOCATCS K KJIACCYy 9HEPTOHE3aBUCUMON MTEPE3ATUChIBAEMON
namsit (aHrauiickuii sxBuBasenT — Nonvolatile Read-Write
Memory uimu NVRWM).

PasinyHble HICTOYHKMKY T10-PasHOMY paciiigpoBbIBaoT abbpe-
suarypy EPROM — kax Erasable Programmable ROM wiu kak
Electrically Programmable ROM (cTupaembie mporpaMMupyembie
[13Y umm snexrpudecku nporpammupyemsie 113Y). B EPROM
epesl 3archio HEOOXOIUMO TPOU3BECTH CTHPAHUE (JJIST TTOJIY-
YeHUsI BO3MOKHOCTH TIEPE3AMCHIBATD CONEPKUMOE TIAMSITH ).
Crupanue siueek EPROM BbINIONHSIETCS CPa3y JIJIsSI BCE MUKPO-
CXeMBI OCPEICTBOM OO TyYeH ST YHIIa YIBTPAPUOIETOBBIMY HIIH
PEHTTEHOBCKUMMU JIyYaMU B TEUEHUE HECKOJIBKUX MUHYT.

B EPROM crupaHue IPUBOIMT Bce OUTHI CTHPAeMOM 00IaCTH
B OTHO cocTOsTHUE (0OBIYHO BO BCE EIMHUIIBI, PESKE — BO BCE HYJIH).
3amce Ha EPROM ocy1ecTBISIETCS Ha IIPOrPAMMAaTOPAXx.

BosbmmM 10CTOMHCTBOM TaKOM IAMSITH SIBJISIETCSI BO3MOX-
HOCTb II€PE3ANNCHIBATH COAEPKUMOE MUKPOCXEMBL

HenocraTku:

* HeGOJIBIIIOE KOJIMIECTBO IIUKJIOB MTEPE3AIUCH;

* HEBO3MOXKHOCTb MOJIU(DUKAIIUYN YACTU XPAHUMBIX JIAHHBIX;

* BBICOKAsI BEPOSITHOCTD «HEIOTEPETH» (UTO B KOHEYHOM UTOTE
[pUBEET K COOSIM) WJIK TIepeiepKaTh MUKPOCXEMY TIOJI YJIbTPa-
(bHOIETOBBIM CBETOM, YTO MOKET YMEHBILIUTH CPOK CITYKOBI MUK-
POCXeMBI U IaXKe IPUBECTH K et ITOJTHOW HETOAHOCTH.

EEPROM (E?PROM wunu Electronically EPROM) — agnek-
Tpuuecku crupaemas mamath (ICIIIN3Y) 6bu1a paspaboTana
B 1979 r. kommnanwueii Intel.

ImaBHO# oTamunTeNbHOM 0cobenHOCTBI0 EEPROM (B TOM
yuce u Flash) ot paHee pacCMOTPEHHBIX THITOB 9HEPTOHE3ABHU-
CUMOI1 TIAMSITH SIBJISIETCSI BO3MOKHOCTD IEPENIPOrPAMMUPOBAHUS
TIPY TIOAKJIIOYEHNY K CTAaHAAPTHOM CUCTEMHON IITMHE MUKPOIIPO-
eccopHoro ycrpoiictsa. B EEPROM nosiBuiach BO3MOKHOCTh
MIPOU3BO/IUTH CTUPAHUE OTEBHOM STYEHKY TPY TIOMOIIU 3JIEKTPH-
yeckoro Toka. [lnss EEPROM cTupanve KaxXI0M SY€HKHU BBITIOJ-
HSIETCSI aBTOMATHUYECKH [IPH 3aIMCH B Hee HOBOU MH(OpManuy,
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T.e. MOKHO M3MEHUTD JaHHBIE B 000 s4yeliKe, He 3aTparuBas
ocraibHble. IIporieaypa cTupaHust OOBIYHO CYIIECTBEHHO -
TeJIbHEe IIPOLIELY Pl 3aIIMCH.

IIpenmymecrsa EEPROM no cpasaenuto ¢ EPROM:

YBEJMYEHHBIH pecypc paboTh, IPOIe B 0OpalleHNH.

HenocraToxk:

BBICOKasT CTOMMOCTb.

B KOHTpOJLIEPAX 3TOT THIT TAMSITH UCIIOJIb3YETCS KaK [IJIsk
XpaHEHUsI TPOTPaMM, TaK U JIJIS XpaHEHHUsI TAHHBIX.

Flash (monmuoe nassanue — Flash Erase EEPROM) BriepBbie
6bLia pazpaborana komnanueit Toshiba B 1984 r., u yske Ha ciie-
IYIOIIUH Toz1 OBLIO HAaYaTo MPoU3BoACTBO 256 K6uT MUKpOCcxem
flash-namsaTu B npombiieHHbIX Macmtabax. B 1988 r. komnanus
Intel paspaGoTasa cOGCTBEHHDIH BAPUAHT (hIIBII-TIAMSITH.

Bo (us1I-naMsATH UCIOMb3yeTess HECKOJIBKO OTJIMYHBIA OT
EEPROM Tun siueiiku-TpaH3ucTopa. TexHosaorudecku (hJiaim-
maMsTh poacTBeHHa Kak EPROM, tak 1 EEPROM. OcHoBHOE
otamune Quam-namsta 0T EEPROM 3akjio4aeTcsi B TOM, 4TO
CTHPaHUE COAEPKUMOTO STY€€K BBITIOIHSETCS JIOO JJIs BCei
MUKPOCXEMBI, JTU0O0 IS OTIPeIeIeHHOro 6J10Ka (KIacTepa, Kajpa
wau crpaHuiibl). OOBIYHBIA PasMep TAaKOTO 6JI0Ka COCTABJISIET
256 nnm 512 6aiiT, OfHAKO B HEKOTOPBIX BUAAX (DIISII-TIAMSTH
o6beM 6510ka Moxket nocturath 256 K6. Crenyer 3aMeTuThb, 4TO
CYIIECTBYIOT MUKPOCXEMBI, TI03BOJISAIONINE PAOOTATh C GI0KaMK
PasHbIX pa3MepoB (z1s onTuMusanuu ObictpogeiicTus ). Ctupath
MOJKHO KaK GJIOK, TaK ¥ COAEPKUMOE BCE MUKPOCXEMBI CPasy.
TakuMm 06pa3oM, B 001IeM cJydae, IJist TOTO, YTOObI U3MEHUTD
ofivH Gaiit, cHayasa B Gydep CYUTHIBAETCsI BECh OJIOK, TIE COfIEP-
JKUTCS TIOJIEXKAINI U3MEHEHHIO 0T, CTUPAETCS COAEPIKUMOE
6J10Ka, M3MeHsieTcsl 3HaueHue Gaiita B Gydepe, mociie 4ero mpo-
M3BOJIMTCS 3allUCh U3MEHEHHOTO B Oydepe 6i0ka. Takas cxema
CYIIECTBEHHO CHYLKAET CKOPOCTD 3aIUCcH HEGOJIBIINX 0ObEMOB
JIaHHBIX B [IPOU3BOJIbHbBIE 00JIACTH IIAMSITH, OJIHAKO 3HAYUTEILHO
YBEIMYMBAET OBICTPOAEHCTBHE MIPU TIOC/IEN0BATEBHON 3AIIMCH
JaHHBIX OOJIBITUMU HOPIUAMH.

IIpenmymectBa dJamm-namsaTu o cpaBaenuio ¢ EEPROM:

* 6oJIee BBICOKAsI CKOPOCTD 3aIIMCH MPU TOCJIEI0BATETEHOM
JIOCTYIIE 32 CYET TOTO, YTO CTUPAHKE MHGOPMAIIMY BO (JIBIII ITPO-
U3BOAUTCA OJIO0KAMU;

* ce6ECTOMMOCTD TIPOM3BOACTBA (DIIDII-TTAMSITH HUXKE 32 CIET
6oJiee POCTOI OpraHU3aIUH.

HenocraToxk:

MeJIJIEHHAs 3aIIKCh B IPOM3BOJIbHBIE YYACTKU [IAMSITH.
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[TocKOJIbKY Peyb UAET O HMAaMSITU MIPOIECCOPa, KOTOPbIi sB-
JISIETCS] OCHOBHBIM KOMITIOHEHTOM YIIPABJISIONIErO KOHTPOJLIEPA,
[PEATIOYTUTETHHBIMU TUTIAMHY [AMSITH SIBJISTIOTCS IMHAMIIECKast
0O3Y (RAM), xoropast ob6sagaer HauOOIBUIUM OBICTPOAEHCT-
BUEM, U IIPOTPeCCHUpYIOIasi (HJIIII-IaMsITh, KOTOPast 06JIaiaeT
ZIOCTaTOYHO BBICOKOW CKOPOCTBIO IOCTYIIA, SHEPTOHE3aBUCUMA
Y IMEET HEBBICOKYIO CTOMMOCTb.

4.2.2. XapaKTepUCTHKA KaHAJIOB BBO/Ia/BbIBO/A
KOHTPOJLIEPOB

[TapameTps! KOHTPOJLIEPA C TOYKU 3PEHUS MOJIIEPAKUBAEMBIX
UM KaHAJIOB BBOJIa,/BbIBOJIA YACTO MOTYT OBITH OTIPE/EISIIONMMM
pu BeiGope. BakHO He TOJBKO KOJIMYECTBO KaHAJIOB BBOJA,/
BBIBO/IA, TTOJI/IEP;KMBAEMOE KOHTPOJLJIEPOM, HO U pa3HOOOpa3ue
MOJyJiell BBO/Ia/BBIBO/IA 110 KOJIMYECTBY 1 YPOBHSIM KOMMYTH-
PYEMBIX CUTHAJIOB (TOK/HAIIPSIKEHUE ), CIIOCOObI TTOIKIIOYEHHUST
BHEITHUX TI€NIel K MOYJISIM BBO/Ia/BbIBO/IA, KOJTMYECTBO KAHAJIOB
JIOKAJIBHOTO, YJATIEHHOTO U PACIIPe/leJIEHHOTO BBO/IA,/BBIBO/A.

PaccmoTpuM moipoOHee 5TU XapaKTEPUCTUKH.

1. KosmryecTBO moAAEPKUBAEMBIX KOHTPOJLJIEPOM (TIPO-
IIeCCOPOM ) KaHAJIOB BBO/Ia,/BHIBO/IA (2HAIOTOBBIX, IUCKPETHBHIX,
CKODOCTHBIX ).

BouibinHCTBO (hUPM-ITPOM3BOUTEIEN IIOCTABJISIOT HA PHIHOK
CPENCTB U CUCTEM aBTOMATH3AI[UN CEMENCTBA KOHTPOJIJIEPOB,
Ka)KJI0€ M3 KOTOPBIX PACCUYUTAHO HA OIPE/eIeHHbIN HAGOD BBI-
HoHSAeMbIX GyHKIUi 1 00beM 06pabaThiBaeMOi MH(GOPMAIH.
Cpeny HUX MMEIOTCST CEMENCTBA CAMBIX MaJIBIX KOHTPOJLIEPOB
(MMKDPO) HEOOIIBIION BHIYMCIUTEILHOM MOITHOCTH, CIIOCOOHBIX
TIOJIEPKUBATH MAKCUMYM HECKOJIBKO JIECSITKOB BBOJIOB,/ BBIBOJIOB,
B OCHOBHOM JIUCKPeTHBIX. O6JIaCTh IPUMEHEHMST TAKUX KOHTPOJI-
JIepoB — cOOP IAHHBIX ¥ CUCTEMBI TIPOTUBOABAPUITHON 3aIIUTHL
B kauecTBe IPIMEPOB TAKUX KOHTPOJIJIEPOB MOXKXHO IIPUBECTH
KOHTpOJLIEphI cemeiictBa MicroLogix (Allen — Bradley), Direct
Logic DL0O5 (Koyo), Nano (Schneider Electric).

CeMeiicTBa MaJIBIX KOHTPOJLJIEPOB CIIOCOOHBI TIO/IEPKUBATD
ysKe COTHU BBOJIOB,/BBIBOJIOB, BBITIOJIHSITH O0JIe€e CJIOKHBIE (DYHK-
WU, ITU KOHTPOJLIEPHI UMEIOT IOCTATOYHO PA3BUTHIN aHAJIOTO-
BEII BBOJI,/BBIBO/I, BBITIOJIHSIIOT OIIEPAIVH C IIJIaBafoNIell TOYKON
u pyuknuu [TV /[-perympoBanust. K aToli rpyrie KOHTPOJLIEPOB
mozkHo otHectu SLC 500 (Allen — Bradley), TeleSAFE Microl6
(Control Microsystems), Simatic S7-200 (Siemens).
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KoHTpoJutephl cpeiHeil MOIHOCTH, 06J1a1ast IOCTATOYHOM
[AMSTBIO U OBICTPOIEHCTBIEM, MOTYT 0OpabaThIBATh YK€ THICSUM
[epEMEHHBIX JIUCKPETHOTO, AHAJIOTOBOTO U CKOPOCTHOTO THUIIA.
[IprMeHSIOTCSI I7Ist aBBTOMATU3AIUY HeGOJIBITUX 0GBEKTOB IIPO-
1ECCOB JJ0OBIYM, TOATOTOBKY ¥ TPAHCIIOPTUPOBKY He(DTH U rasa.
910 KouTponepbl PLC-5 (Allen — Bradley), Premium (Schneider
Electric), Direct Logic DL405 (Koyo) u ap.

Haxkomerr, HeKOTOpbIe KPyITHbIE (DUPMbI ITPOM3BOJIAT KJIaCC
KOHTPOJIJIEPOB OYEHD BBICOKOM BBHIYMCJIMTEIHHOM MOITHOCTH,
00.1a1210IIKX TAMSThI0, U3MEPSIEMOi MerabaiiTaMu 1 JIeCsSITKa-
Mu Merabaiit. Ix cmoco6HOCTh 06pabaThiBaTh JECATKH THICSY
HepeMeHHbIX W PeoNpeIesia OIHy U3 06JacTell IpuMeHe-
HUsI — B KQUeCTBE KOHIIEHTPATOPOB MH(MOPMAIIUH, T10JIY92EMOit
OT JIOKAJIbHBIX KOHTPOJLJIEPOB. BBIYUCIMTEIBHBIE BO3MOXKHOCTH
9TOTO KJIACCa KOHTPOJLJIEPOB TO3BOJISIOT PEATM30BBIBATD CIIOXK-
Hble AJITOPUTMBI (2IalITUBHOE, ONITUMAJIFHOE YIIPABJIEHHE),
[IpUMeHsIEMbIE TPY AaBTOMATHU3AI[UHU HETTPEPHIBHBIX TEXHOJIOTH-
YeCcKUX Ipoieccos (nepepaboTka Hed T U ra3a, He)TEXUMHUST ).
Hawubosee spxyuMu IpeCTABUTESIME 3TOM IPYIIIIbI KOHTPOJLIE-
pos siBisiiotest ControlLogix (Allen — Bradley), Simatic S7—400
(Siemens), Fanuc 90—70 (GE Fanuc), VME (PEP Modular
Computers).

2. Pa3noobpa3uie KOMMYTHPYEMbBIX CUTHAJIOB.

Kak 3apy6exxHble, TaK U OT€YECTBEHHBIE TPOU3BOIUTENN
KOHTPOJLJIEPOB KOMIUIEKTYIOT CBOM M3JIEJIUS NIMPOKOM TaMMOit
MOJIyJIell IUCKPETHOTO U aHAJIOTOBOTO BBO/a,/BhiBOAA. 110 KO-
JINYECTBY TOAKIIOYAEMbIX CUTHAJIOB Pa3IMIaloOT MOY/IU Ha 4,
8, 16, 32 u 64 xanasa. Takoe pasHoobpasue Moy ieil obJierdaer
mo160p TpebyeMoi KOHMUTYpAIMK KOHTPOJLIEPA, TO3BOJISIS
MUHUMM3UPOBATH CTOMMOCTh TEXHUYECKHMX CPEJICTB.

KoMMyTHpyeMble MOLYISIMY TUCKPETHOTO BBO/A,/BBIBOJA
CUTHAJIbI MOTYT MMETh Pa3JIMYHbIA YPOBEHb HANIPSIKEHUS T1e-
PEMEHHOT0 U TIOCTOSIHHOTO TOKa. JTo 12, 24, 48 B nocrosiHHOTrO
Toka, 120 1 240 B nepeMeHHOT0 TOKA C Pa3IMYHBIMI HArPy3KaMu
10 TOKY.

YPOBHY KOMMYTHUPYEMBIX CUTHAJIOB MO/IYJISIMU aHAJIOTOBOTO
BBO/Ia/BbIBO/Ia MOTYT OBITh CAMBIMH Pa3Ho0OpasHbiMu. I1o 0—5 B,
0—10 B, £5 B, +10 B no nanpstxenuio u 0—20 MA, 4—20 MA 1o
TOKY. ECTb ¥ crieruagbHbie MOy U JJisl BBOJA B KOHTPOJLIEPBI
CUTHAJIOB OT TEPMOIIAP ¥ TEPMOMETPOB COIPOTUBJIEHUSI PA3INy-
HBIX IPaZyUPOBOK. IIpuBeIeHHBIE 3/1€Ch JAHHBIE 10 YPOBHSIM
CUTHAJIOB, 6€3yCIOBHO, HE MCYEPIIBIBAIOT BCETO Pa3HOOOpasus,
[PEJICTABJIEHHOTO HA PHIHKE.
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PassinyaloTcst MOy I BBOJA,/BBIBO/A ¥ 110 CIIOCOOY O -
KJIIOYEHVsI BHENTHUX 1eneil. K oqHIM MOyJIsIM BHEIIHYE TN
MTO/IKJIIOYAIOTCS C IOMOIIBIO KJIEMM C BUHTOBBIMU 323KVMaMHU.
Bo3MoxHO Tak:Ke MMOAKIIOYEHIIE BHEITHHUX I[ETIei Yepe3 CheM-
HBIE TEPMUHAJbHBIE OJIOKU WU (HPOHTATBHBIE COEIUHUTEIH,
YTO II03BOJISIET IPOU3BOIUTE 3aMEHY MOy Ieil 6e3 JIeMOHTaXa
BHenrHuX 1eneit. Hekotopsie npousoautenu [ITK mpemmaraior
CUCTEMBI BBOJI3,/BbBIBO/IA, B KOTOPBIX BHEIIHUE HU3KOBOJIBTHBIE
METH MOJIKITIOYAIOTCS TOCPEACTBOM IPY>KUHHBIX 325KMMOB.

Ha nuieBoii manesn MomyJieil BBOJa,/BBIBOAA MOTYT OBITH
PACTIOIOKEHBI CBETOMOBI MHIUKAIIUY COCTOSHUS BHEITHUX
emnexn.

O/HOIT 13 Ba)KHEUIITUX XaPAKTEPUCTUK KOHTPOJIJIEPOB SIBJIS -
€TCsI UX CIIOCOOHOCTD TIOJIIEPIKUBATH JIOKAIBHBIH, DACIIUPEHHBIIA,
yAQJIeHHBIN 1 paclipesie/IeHHBIN BBO//BBIBOJ.

[Ton moKabHBIM CJleyeT IIOHUMATh TAKOH BBOJI,/BBIBOJ, KO-
r7Ia MOJIYJIY BBOZIA,/BBIBO/IA PA3MEIAIOTCS HETIOCPEACTBEHHO HA
TOM JK€ IIACCH, Ha KOTOPOM pasMellleH U MOJLYJIb IIEeHTPAJIbHOTO
mpoieccopa. Tak Kak KOJMYECTBO CJIOTOB B IIACCH OTPAHIYEHO
(maxcumym 16—18 111 HEKOTOPBIX KOHTPOJIJIEPOB), TO U KOJIU-
YECTBO JIOKATbHBIX BBOJIOB/BBIBOJOB MOXKET OBITh TAKJKE OTPAHM-
yeHo. [IperMyTIiecTBO JIOKAJIBbHBIX BBOOB,/BBIBOJIOB 3aKII0YACTCS
B TOM, YTO OHU UMEIOT BBICOKYIO CKOPOCTh OGHOBJIEHVSI JAHHBIX.
[Ipu Bcex MPOYMX PABHBIX YCIOBUSAX CKOPOCTh 0OPAOOTKU HTUX
BBOJIOB,/BbIBOJIOB OYEHB BBICOKA. JTA XAPAKTEPUCTUKA OCOOEHHO
Ba)KHA, KOT/Ia PEYb UJIET O PETYIMPOBAHUH TEXHOJIOTMYECKUX
MapaMeTPOB.

Jlist moaiepsKKY OOJIBIIETO YUCTIA IEPEMEHHBIX (PUPMBI —
[IPOU3BOIUTEIH ATITAPATHBIX CPENCTB CHAGNIIM CBOM CUCTEMBI
BO3MO>KHOCTBIO PACIIMPEHUS JIOKAIBHOTO BBOZIA/BBIBO/IA. JTH
[IACCY PACIIMPEHUS C PA3MENIEHHBIMU B HUX MOZYJISIMU BBO/Ia,/
BBIBOJI2 COEIMHSTIOTCS] MEXKIY COOOM CIIeNUaIM3MPOBAHHBIM KO-
POTKUM KabeJsieM U MOTyT OBITh OTHECEHBI MAKCUMYM Ha HECKOJIb-
KO ZIECSITKOB METPOB OT IIeHTpasIbHOTO IIporieccopa. Hexoropere
KOMILIEKCHI KOHTPOJLIEPOB CIIOCOOHBI OAIEPIKUBATH OHO,/IBA
IIACCHU PACUIUPEHMSsI, IPYTHUE — AECATKHU IIACCH C OYEHb GOJIBIIAM
KOJIMYECTBOM MO/IyJIeil BBO/IA,/BBIBOIA.

Hanpumep, kourposuiepsr PLC-5/40L, PLC-5/60L (Allen —
Bradley) momyckaror pacimpenme JIOKaJIbHOTO BBOA,/BHIBOIA
JISL yCKOPEHHOTO OGHOBJIEHUST IAHHBIX (PHC. 4.2). TO TO03BOJISIET
pacIpeHHOMY MTPOIIECCOPY CKAHUPOBATh A0 16 pacuiupeHHBIX
IIACCH BBOJA/BBIBOAA. PacivpeHHbIe Maccu MOTYT OBITh Pa3He-
ceHbl Ha paccrosiare 10 30 M OT Ipoleccopa.
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Mpoueccopsl PLC-5/40L, 5/60L JloKasbHble pacUTpeHHbie
B/B ¢ agantepom 1771-ALX

i g

CBSi3b NOKANbHbIX pacLMpPeHHbIX B/B
Puc. 4.2. Opranusanpus paciiipeHHOTO BBOa,/BbIBOAA

YnaneHHBIN BBO/,/BBIBOJ IIPUMEHSIETCS [IJIsI CUCTEM, B KOTO-
PBIX MMeeTCsI GOJIBII0E KOJNYECTBO AATIUKOB U APYTUX MOJEBBIX
YCTPOMCTB, HAXOSIIMXCS HA TOCTATOYHO GOJIBIIOM PACCTOSIHUI
(1000 1 6os1€€ METPOB) OT IIEHTPAIBHOTO MPOIIECCOPA. ITO OTHO-
cuTCsi ¥ K 00beKTaM HehTerasoBoii OTPAC/IM, YACTO HAXOJISIMXCSI
Ha OOJIBINNX PACCTOSTHUSIX OT IyHKTOB ypaBJieHust. TAKOU moaxojt
TI03BOJISIET YMEHBIIIUTH CTOMMOCT JIMHUH CBSI3H 32 CYET TOTO, YTO MO-
JTyJIA BBOJIA,/BBIBOJIA PA3MEMIAIOTCsI BOJIN3M MOJIEBBIX YCTPOMCTB.

YacTo KaHaJIbl yIaJIeHHOTO BBO/Ia,/BBIBOJIa OOHOBJISIIOTCST aCHH-
XPOHHO I10 OTHOIIEHWIO K CKAHUPOBAHUIO Ipotieccopa. IloaTomy
M3 YKCIIA 337124, UCTIOJIb3YIONINX Y/IaTeHHbII BBO/BBIBOI, pe-
IIEHBI MOTYT OBITH TOJBKO T€, KOTOPBIE HE TPEOYIOT OGHOBIEHMST
BBOJIa,/BBIBOJIA HA KAXK/IOM IIIare.

DupMbl — IPOU3BOIUTENH ANIIAPATHBIX CPEACTB AaBTOMA-
TU3AIMH PEIIAIOT IIPOOJIEMY YIQJIEHHOTO BBO/A,/BBIBOJA 110~
pasHOMY.

IToxmepxka ynaneHHBIX BBOZAOB,/BBIBOJOB MOXKET OCYyIIIe-
CTBJISITHCSI TIOCPEACTBOM MOJYJIEH, HA3bIBAEMBIX «YIATeHHBIN
BeAyIMuii» U «yAaJeHHBIN BeloMbliiy. Bexymuit moxyab pac-
MOJIATAETCS B JIOKAJIBHOM KapKace KOHTPOJLJIEPA U COEJTUHSIETCS
KaOeJIeM C «yIaIeHHBIM BEJIOMbIM»>, KOTOPbIA HAXOAUTCS B ya-
JleHHOM Kapkace (koutposiepst DL205, DL405 dupmsr Koyo,
kouTposutep Quantum xommuanuu Schneider Electric). Omqun
BelyIIU MOZYJIb MOXKET TIOJIepKuBaTh 32, 64, 125 BeIOMBIX.
B cBo1o 04yepenb HEKOTOPBIE IIPOIIECCOPBI MOTYT IIOAZEPKUBATD
HECKOJIBKO BeAyIIMX MOyJiei. Takum 06pa3oM, CHCTEMBI yIIPaB-
JIeHUsI, IOCTPOEHHBIE TI0 TEXHOJIOTHH YAAJIEHHOTO BBO/Ia,/BRIBOJA,
CIIOCOOHBI 06pabaTHIBATH MHOTHE THICSYU TAPAMETPOB.

Ha puc. 4.3 moka3zana peasmaans yaJeHHOTO BBO/Ia/BbIBO/A
nporieccopamu D2-240/250 xouTtposwiepos cemeiictsa Direct Logic
DL205. Kaxmprit Mmoxysab D2- RMSM nofnep:KuBaeT OuH KaHaT
yIaJIEHHBIX BBOOB,/BbIBOZIOB (110 31 Kapkaca). [Iporeccop D2-250
Ccr1ocobeH MoIIEeP;KIUBATh ceMb MacTep-mMojyJieit D2- RMSM.

[lpyroe pemeHne OpraHU3alny yAaJIeHHOTO BBO/Ia/BBIBO/A
06eceYnBaeTCsl BCTPOEHHBIM B IIPOIECCOP IOPTOM, UIPAIIIAM
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YnaneHHble kapkacbl D2-240/250
D2-240/250 ¢ ggyma (R0 7/31 Ha Kanan) ¢ Moaynamm D2-RSSS

mogynsamu D2-RMSM

MarvctpanbHas wwxa go 1200 m

DDD%

Puc. 4.3. Opranusanus yJajJieHHOTO BBOJla/BBIBOZIA

poutb «<MacTepay (kouTposutepst PLC-5 dupmsr Allen — Bradley,
KOHTpOJLIEPhl Premium xomnanuu Schneider Electric).

PacnpeneneHHbIlN BBOJ/BBIBOJ] ABJSETCSI Pa3HOBUIHOCTHIO
YQIEHHOTO, C TOM JIUIIB PA3HUIIEN, YTO KOJIIYECTBO IIAPAMETPOB,
KOTOPOE TPeGYETCsT «I0CTaTh», MaJIO (OT HECKOJIBKUX TAPAMETPOB
1o fiecsiTKOB). [loaToMy pelrienue ¢ MprMeHeHNEM KapKacoB y/ia-
JIEHHOTO BBO/[a/BBIBO/IA, PACCYMTAHHBIX HA JOCTATOYHO GOJIBIIOE
KOJIMYECTBO TIAPAMETPOB, MOKET OKAa3aThCs JOPOTUM. B cBsizu
C 9TUM HEKOTOPbIE (GPUPMBI TPEJIATAIOT CIIEITUATU3NPOBAHHBIE
pemrenus (cucrema Field Control pupmsr GE Fanuc, cucrema
BBOz1a/BbIBofa FLEX I/0 dupmsr Allen — Bradley).

Hamnpumep, 1151 UCIIOIb30BaHUS MOAYJIed BBO/a/BbIBO/IA
cuctembl FLEX I/0 He06X0AMM MOHTaKHBIU PEJIbC, MOLYJIb
ajanTepa, UCTOYHWK MTUTAHWUS, MOJLYJIM KOHTAKTHOU 6a3bl U Ka-
6esb. OMH MOZLYJIb A/IATITEPA MOKET TIOJIEPKUBATH 10 BOCHMU
MOJIyJIeil KOHTAKTHOM 6a3bl. ITO MO3BOJISIET peaan3oBaTh 128
JIMCKPETHBIX BBOJIOB/BbIBOJIOB (MK 64 aHAJIOTOBBIX BBOJIA, UJIN
32 anasnoroBbix BbIBoja). Ha puc. 4.4 nmpuBesien mprMep OpraHu-
3aI[¥ yIAJEHHOTO U PacIipeleIEHHOTO BBOA,/BbIBO/IA Ha Oa3e
koHTpoIepoB ¢upmbl Allen — Bradley, cucremsr FLEX I/0
u cetu Remote 1/0.

PLC-5 wm SLC 5/03 ¢ 1747-SN SLC5/02 ¢ 1747-ASB

> S

FLEX /0 ¢ agantepom 1794-ASB 1791-16 AC (32 8/8)

Puc. 4.4. Pacupenenennniii BBoa,/soisox Flex I/0
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OnHo U3 penreHni pactpeeIeHHOTO BBO/Ia,/BRIBOIA — TIPUMeE-
HEeHHUe MHTEJUIEKTYaIbHBIX YCTPOUCTB, 00beANHEHHBIX TI0JIEBOI
LIMHOM.

4.2.3. KoMMyHUKaI[OHHbIE BO3MOKHOCTH KOHTPOJLIEPOB

K mapamerpam KOHTPOJLIEPOB, XapaKTEPU3YIOIIUM UX CIIOCO0-
HOCTb B3aMMOJIENCTBOBATD C [PYTMMHU YCTPOUCTBAMYU CHCTEMBI
YIPAaBJIEHUST, OTHOCSITCS:

* KOJIMYECTBO U Pa3HOOOpa3ye MOPTOB B ITPOIECCOPHBIX MO-
Iy JIAX;

* mumpoTa Habopa uHTEPQENCHBIX MOIYJIEN 1 HHTEP(EHCHBIX
IIPOLIECCOPOB;

* [I0/I/IeP>KMBaEMbIe ITPOTOKOJIH;

* CKOPOCTh 0OOMEHA JIAHHBIMU ¥ MPOTSIKEHHOCTh KAHAJIOB
CBSI3U.

Ha puc. 4.5 mpezicTaBieHa ceTeBasi apXUTEKTypa MHOTOYPOB-
HEBOW CHCTEMBI YIIPABJIEHHUSI.

YcrpoiicTBa BepxHETO YPOBHS (KOMITBIOTEPHI, KOHIIEHTPA-

WNHbopmaums

@

WHhopmauumoHHas ceTb % | Ethernet, Fast Ethernet
L

AsTomartusauus
11 ynpaBneHue

ControlNet, DH+, Genius, /0 Link,
Modbus Plus, Modbus,
FIPIO, Profibus-DP, DirectiNet

YcTpoiicTea
HIDKHETO YPOBHS DeviceNet, InterBus. %\
Monesas ceTb (WWHa) ASI, SDS, HART, FF

C)Eé

KoHLeBO# BbIKNH04aTEND WHTEneKTyanbHblit faTuk BECKOHTaKTHbIV JaTnk

e

CeTb ynpasnexus

G

Puc. 4.5. CeTeBasi apXUTEKTypa MHOTOYPOBHEBOIH
CHCTEMBI YIIPABJICHUS

TOPbI) HAa CBOEM YPOBHE OOMEHUBAIOTCS OOMBITUMK 00beMaMK
nHpopMariyu. JTa nHpOpPMAIHS 3aIUIIIeHa MEXaHN3MaMH TTO/I-
TBEPKIEHUI U IOBTOPOB Ha YPOBHE MPOTOKOJIOB B3aUMO/IEH -
crBus. [lepechliiaeMblil MACCUB JAHHBIX MOJKET OBITH OCTYIIEH
HE TOJIBKO I[EHTPAJIbHOMY YCTPOUCTBY, HO U [PYTUM Y3JIaM CETH
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3TOTO YPOBHS. DTO 03HAYAET, UTO CEThH SIBJISETCS PABHOIIPABHOMN
(OMHOPAHTOBOIA), T.€. ONPEENSIETCS] MOEbIO B3AMMOIEHCTBUS
peer-to-peer (paBHbIii ¢ paBHBIM ). Bpemsi jocTaBku nHboOpMaluu
He SIBJISIETCS JOMUHUPYIOIMM TPeOOBaHMEM K 9TOil ceTn (peub
WJIET O JKECTKOM PEaIbHOM BPEMEHN).

Cern, obecrieyrBaroinye WHOOPMAIIMOHHBIA OOMEH Ha 3TOM
YPOBHE, Ha3bIBalOT HH(pOpMalmoHHbIMK ceTsiMu. Hanbouee sip-
KM TIPEICTaBUTENIEM CETE 3TOTO YPOoBHS siByisieTcst Ethernet
¢ mporokosom TCP/IP.

Ceru, obecrieunBaoriue WHGOPMAIMOHHBIE 0OMEH MEKILY
KOHTPOJLIEPAMHU, IATIMKAMU U UCTIOHUTEIBHBIME YCTPONUCTBAMH,
9aCTO OOBEAUHSIOTCS O] OOIIUM Ha3BAaHMEM — TIPOMBIIILTIEHHbIE
CETH.

Nx MOHO pa3nenuTh HA [BA YPOBHSI:

* YIIPaBJISIONIYE IPOMBIIIJIEHHBIE CETH, PENIAIoN[ue 3a1a4n
cbopa 1 06pabOTKM JAHHBIX HA YPOBHE IPOMBIILIEHHBIX KOHT-
POJLIIEPOB, YIIPaBJIeHUs TEXHOJIOTHYECKIM IPOIIECCOM;

* TIOJIEBBIE CETU WJIV ITUHBI, 33/]a9H1 KOTOPBIX CBOJISITCS K OIIPO-
Cy IATYMKOB ¥ YIIPABJIEHHIO PabOTON pa3HOOGPA3HBIX UCIIOIHU-
TeJIbHBIX YCTPOMCTB.

Jlist oGecniedernst 6€30MMOGOYHOCTH ¥ MAKCUMAJIBHOTO Y100-
CTBa Iepeiauy UH(OPMAIIH CETEBbIE OIlePAINY PETyINPYITCS
HabOPOM TIPABWII U COTJIAIIEHHIA, HA3bIBAEMbIX CETEBBIM IIPOTO-
kosioM. CeTeBOi IIPOTOKOJI OTIPEIETISIET TUIIbI PA3HEMOB, Kabe-
Jield, curHasIbl, (hOPMAThI JAHHBIX U CIIOCOOBI TPOBEPKY OMMGOK,
a TaKk)ke aJITOPUTMBI JIJISI CETEBBIX MHTEPGENCOB U Y3JI0B, IIPE/-
moJiarasi CTaHapTHBIMU B IIPEJIENIaX CETU IPUHIIHITBI TOATOTOBKU
COOOLIEHUH U MX TIepPeIadM.

Ha ceroausimsuii IeHb CIIEKTP MIPOTOKOJIOB JIJisi 000MX yKa3aH-
HBIX KJIACCOB IIPOMBITILTIEHHBIX ceTel (YIIPaBIISIONTIe U TI0IE€BhIE)
JIOBOJIBHO TIHPOK.

CAN, FIP, Profibus, ControlNet, DH+, Modbus, Modbus plus,
Genius, DirectNet, DeviceNet, Interbus, SDS, ASI, HART, FF u emme
HECKOJIBKO JIECSITKOB IPOTOKOJIOB IIPUCYTCTBYIOT CETOHS Ha
PBIHKE IIPOMBIILJIEHHBIX ceTeil. Kaxxast u3 cereli nmeeT cBOM
0COBEHHOCTH U 00JIACTH TPUMEHEHUSI.

[Iporokon Modbus MoxHO Ha3BaTh HanboJIee PaCIPOCTPaHeH-
HBIM B Mupe. [[Jis paboThI CO CBOUMHU YCTPOICTBAMMU €T0 MCIIOJb-
3yIoT fecsaTku (pupM. [[poToKO MPUBIEKAET TPOCTOTOM JIOTHKU
¥ HE3aBUCUMOCTbIO oT Tuna uHTepdetica (RS-232C, RS-422,
RS-485 mnu ke TokoBast netiist 20 MA).

I[Ipotokosn paboraer 1o npunuuny Master/Slave (Bexyumii-se-
nombiit). Korgurypaius Ha 0CHOBe 3TOTO IIPOTOKOJIA IIPeIIoa-
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raeT Hasm4ue ofHoro Master-y3na u o 247 Slave-y3mnos. Tonbko
Master vannuupyet UK oOMeHa qaHHbIME. CyIecTByeT 1Ba
THIIA 3AIIPOCOB:

* 3ampoc/0TBeT (AAPECYETCs TOIBKO OuH U3 Slave-y3ioB);

* mUpOKOBeNIaTeabHast repenada (Master uepes BbICTaBJIeHIE
anpeca 0 obpamaercst Ko BCeM OCTaJIbHBIM Y3JIaM CETH OJHOBPE-
MEHHO).

Ha puic. 4.6 mpuBezieH puMep B3aMO/IEUCTBYSI KOHTPOJLIEPOB
SCADAPack/Slaves uepes unrepdeiic RS-485, ucrnonb3ys cran-
JApTHBIA IPOTOKOJI 06MeHa Modbus. 17151 CBSI3u KOHTPOJLIEPOB
SCADAPack c paboueii crannueii uepes cerb Ethernet ucmosb-
30BaH MOyJib/ 103 Ethernet 5905.

APM pvcnetyepa Cetb Ethernet

LLInto3 5905 | LLInto3 5905
Kontponnepsl SCADAPack
RS-232 RSABS
. RS-485 .

RS-485

Modbus/TCP Modbus/TCP Modbus/RTU — Slave
Master 1 Master 2

Puc. 4.6. BaaumopeiicTBre KOHTPOLIEPOB 110 npoTokoxy Modbus

CANbus (Control Area Network) — 510 mocjieqoBaTebHast
IIMHA C JIETIEHTPATN30BAHHBIM ZIOCTYIIOM. BO3MOKHBIE KOJLTU3UH,
CBSI3aHHBIE C OJTHOBPEMEHHBIM 3aIIPOCOM IITMHBI, PA3PEINAlOTCs Ha
OCHOBE IIPHOPUTETHOCTH IIepeaBaeMbix cooliiennit. B CANbus
KaX (Il OJIOK JaHHBIX COAEPIKUT JOIOJIHUTEIbHBIA 11-OMTOBBII
UaeHTU(UKATOD, KOTOPHIHN U SIBJISIETCS IIPUOPUTETOM JAHHOTO CO-
o6menust. [IpaBo Ha paboOTy ¢ MIUHOM MOLYYHT TOT y3€I, KOTOPBIiT
nepefacT cooONIeHNe ¢ HANBBICIIUM TIPHOPUTETOM.

[Iporokosn CANbus 3akpbiBaet 1-ii u 2-it ypoBau mozaesu OSI.
I[To cBOMM XapaKTEPUCTHKAM OH y/IOBJIETBOPSIET HE TOJIBKO TPe-
GOBaHMUSIM 3a/[a4 PEATHHOTO BPEMEHHU, HO U PEAJIU3YET BBHICOKYIO
cTeneHb OOHAPYIKEHUs ¥ UCIIPaBJIeHusl OIUO0K. B kaxmoM co-
0061IeHr K MOXKET ObITh TepeaHo 10 8 6UT naHHbIX. Bosbine
GJIOKM MOJKHO TI€pPeIaBaTh 32 CYET MCII0JIb30BAHUSI IPUHIIAIIA
CErMEHTAINN.

ITporokon Bitbus pazpaboran dupmoii Intel B 1984 r. mst
[IOCTPOEHHUSI PACIIPe/IeJIEHHBIX CHCTEM, B KOTOPBIX TPE60BAIOCH
006ecreunTh BRICOKYIO CKOPOCTD TIEPENadH, IETEPMUHU3M U Ha-
nexuoctb. Ousnueckuit uTepdeiic ocHoBan Ha RS-485. VHbop-
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MAIMOHHBIA OOMEH OPraHU30BaH I10 IIPUHIIUITY «3aIIPOC-OTBET>
(Master/Slave).

[Iporokout Bithus ornpesiesisieT 1Ba PeKUMa epeadu JaHHbIX
TIO IITHHE:

a) CHHXPOHHBII PEXUM UCIOIb3YETCS IPU HEOOXOAUMOCTH
paboThI Ha GOJIBIION CKOPOCTH, HO HA OTPAHUYCHHBIX PACCTOSI-
HUSX. B 9TOM peskriMe K IITiHE MOKHO TTOJIKJIIOYUTH /10 28 y3JI0B,
HO JiIviHA IHbI orpannyrBaeTcs 30 M. CKOPOCTb MOXKET ObITh OT
500 k60 110 2,4 M6oa. CUHXPOHHBIN PEXUM Hepeaadr IPEIIIo-
JIaraeT UCTIOIb30BAHUE JBYX TIap ITPOBOOB (OTHOM MAPHI — JIJIST
JTAaHHBIX, IPYTON — JIJIs CHHXPOHUW3AIIWH );

6) MCTIOIb30BAHKE PEKMMA C CAMOCHHXPOHU3AIMEN TTO3BOJISIET
3HAYUTEJIBHO yUIMHUTD uHY. CTaHZapTOM Olpe/ieJIeHbl JIBe CKO-
poctu niepepaun: 375 k6ox (1o 300 m) u 62,5 k601 (10 1200 Mm).
Vcriosb3yst MOBTOPUTEIIH, MOKHO OOBEUHSTH [OCIIE0BATENBHO
HECKOJIBKO IIIITHHBIX CETMEHTOB (10 28 y3J10B HA ceTMeHT). Torna
ob11ee YUCI0 Y3JI0B MOKHO 1oBecTH 10 250, a IiHy o01ied
IIVMHBI —/I0 HECKOJIBKUX KUJIOMeTPOB. lIpu aToM pexxnme nepe-
JTAY¥ TaKXKe MCIIOIb3YIOTCS JIBE TIAPhl TPOBOTHUKOB (OHA JIJIST
JAHHBIX, IPYTAs 7S YIIPABJIEHUS TOBTOPUTETIEM ).

[Iporokoun FIP (Factory Information Protocol) o6ecnieurBaer
BBICOKHE CKOPOCTH TlepeIadll ¥ CTPOTO OIIpe/ie/IeHHbIE MHTEPBAJIBI
06HOBJIeHUs JaHHBIX. [[POTOKOJI MMEET TMOPUHBIN IIEHTPATIU30-
BaHHBII /IeTIeHTPAN30BAHHBIM KOHTPOJIb 32 IMIUHOY, OCHOBAaHHBIN
Ha IPUHIIATIE IMXPOKOro BemlaHusl. Vcnoap30Banme pexkumMa Im-
POKOTO BelaHust u36aBJisieT 0T HEOOGXOAUMOCTH TPUCBAMBAHMS
KaKZIOMY YCTPOMCTBY YHUKATBHOTO CETEBOTO a/Ipeca.

Kaxaslii y3es Ha nTMHE TOJTHOCTHIO aBTOHOMEH. Bcee y3ibt
MMEIOT BO3MOXKHOCTD MOJIYYaTh ITPEHA3HAUYEHHbIE JIJIsT HUX JaH-
Hble. KOHTPOJIb OCYTIECTBIISIETCS CO CTOPOHBI TIEHTPATBLHOTO Y3712
CeTH, Ha3bIBAEMOI0 apOUTPOM.

FIP-nipoTokon nonznep:xuBaet ypoBHH 1, 2 u 7 mopenu OSL.
B kaudecTBe cpefpl lepesavy UCIOJAb3YIOTCSI BUTAS [1apa UIH
onTOBOJIOKHO. MakcumasibHasi npoTskeHHOCTh cetr — 1000 M
6e3 moBTopHTee (40 15 KM ¢ ONTUYECKUMU TIOBTOPUTEJISIMHE )
npu ckopoctu oomena 1 Méut/c. Cersb nmoaaepxkusaer 10 128
YCTPOMCTB.

Kourposieps cemeiictBa Premium (Schneider Electric) uc-
TIOJTB3YIOT pa3HOBUAHOCTH cety FIP (FIPIO) nnst opranmsanuu
YAJIEHHOTO BBO/Ia/BBIBO/IA. 110 3TOM CeTH K IIeHTPaIbHOMY TIPO-
1ieccopy (4epe3 BCTPOEHHBDIH MOPT) MOTYT OBITh IIOKTIOYEHBI
(puc. 4.7):

* yZIaJieHHBIN BBOJ/BBIBOJI KOHTPOJLIEpOB Momentum,
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FIPIO bus

Bus X
] [0100m
TepCoHanbHbIi KoMMbioTEp

TSXMPSX

Puc. 4.7. Kourpoanepst Momentum B cetu FIPIO

* [TaHeJsb ynpasJeHus onepatopa CCX 17,

* IIepPCOHAJIbHbIE KOMITBIOTEDHI U IPYTHUE YCTPOHCTBA.

IIporoxox Profibus (PROcess Field BUS) paspa6oran B Iep-
manuu. CTaHIapT MPOTOKOJIa OnUCckiBaeT ypouu 1, 2 u 7 OSI-
Mmozenu. B Profibus ucriosb3yercst THOPUIHBIA METO/ IOCTYIIA
Master/Slave v ienieHTpaIM30BaHHAS TIPOIIELyPa IEPEIaYN Map-
kepa. CeTb MOXeT cocTOsITh 13 122 y3710B, U3 KOTOPBIX 32 MOTYT
6b1Th Master-yznamu. Anpec 0 3ape3epBUPOBaH IS PEKUMA
IIMPOKOTO BellaHus. B cpene Master-y3Ji0B 110 BO3paCTAIONIIM
HOMEDPaM Y3JI0B IIepeJaeTCsi MapKep, KOTOPBIU IIPE0CTABIISIET
IIPaBO BE/IEHUSI IUKJIOB YTEHUSI/3aIIMCY Ha muHe. Bee uKIIb
CTPOTO PErJIaMEeHTUPOBAHBI II0 BpEMEHH, OPraHU30BaHa IIPO-
JIyMaHHas cucTeMa TaiiM-ayToB. [IpoTokos XopoIo pa3pemniaer
pa3Ho0Opa3Hbie KOJLIM3KMK Ha mrHe. HacTpoiika Bcex OCHOBHBIX
BPEMEHHBIX [IAPAMETPOB UJIET IO CIIEHAPUIO 10JIb30BaTeist. Pa-
604ast CKOPOCTb IEpefau MOKET ObITh BBIOpaHa B Uala3oHe
9,6—12 000 x6ut/c.

[Ipu TOCTPOEHN M MHOTOYPOBHEBBIX CUCTEM aBTOMATU3AIUH
4aCTO BO3HUKAOT 32/[a91 OPTAHM3AINK HH(MOPMAIOHHOTO 06-
MeHa Mex1y ypoBHsMU. B ogHOM cityuae Heo6xoauMm oOMeH
KOMILIEKCHBIMU COOOIIEHUSIMY HA CPEIHUX CKOPOCTSIX. B npy-
rOM — OBICTPBI 0OMEH KOPOTKUMU COODIIEHUSIMU C UCIIOIB30-
BaHUEM YIIPOIIIEHHOTO IPOTOKOJIa 06MeHa (YPOBEHb IATYUKOB).
B TpeTbeM TpeGyeTcst paboTa B OMACHBIX yYaCTKAX IIPOM3BOICTBA
(HedTera3oBble TEXHOJIOIMH, XUMUYECKOE ITPOU3BOACTBO). [ljist
Bcex 3TuX ciny4aeB Profibus umeer pemtenne. [Tox 06mmm Has3Ba-
HUEM TOHUMAETCSI COBOKYITHOCTD TPEX OTAENBHBIX TPOTOKOJIOB:
Profibus-FMS, Profibus-DP u Profibus-PA.

IIpotoxon Profibus-FMS mosiBuiCst TepBbIM U ObLI TIPe/-
Ha3Ha4YeH JiUisi PabOTHI HAa TAK HA3BIBAEMOM II€XOBOM YPOBHE.
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3mech TpeGyeTCst BBICOKAsSI CTENEeHb (DYHKIIMOHATBHOCTH, ¥ 3TOT
KpUTEPUY BaskHee KpUTepusi ckopoctu. OCHOBHOE ero Ha3Have-
Hue — nepeaya 60bIIMX 0ObEMOB JAHHBIX.

B 3ajauax ynpasJieHusi, TpeOYIOINX PEATHHOTO BPEMEHH, Ha
IIepBOE MECTO BBIABUTAETCS TAKOH IapaMeTp, KaK IPOJOJIKH-
TEJIbHOCTH [IMKJIA IMUHBL. Peanusanus nmpoTokosa Profibus-DP
JlaeT yBeJIMYeHe TPOU3BOIUTENbHOCTH IITMHBI (HAIPUMED, IS
nepegadn 512 6UT HaHHBIX, pacIIpeleeHHbIX 110 32 CTaHLUSM,
Tpebyercst Bcero 6 Mc).

ITporokoa Profibus-PA — ato pacimmpenue DP-ipoTokosia
B YaCTH TEXHOJIOTHH IIePefadyr, OCHOBAaHHOH He Ha RS-485, a Ha
peaymzanuu crangapta IEC1158-2 niist opraHuzanuy nepeaadu Bo
B3PBIBOOIIACHBIX cpesax. OH MOXKET UCIIOIb30BAThCSI B KAUECTBE
3aMeHBI CTapol aHAIOrOBOM TexHomornu 4—20 MA. /{51 kommy-
TaIlMX YCTPOICTB Hy>KHA BCETO O/[HA BUTAS IIapa, KOTOPasi MOXeT
OIHOBPEMEHHO UCIIOJIB30BATHCS U [JIs1 HH(MOPMAIIMOHHOTO 0OMe-
HA, ¥ JIJISI TIOJIBOJIA TUTAHUS K YCTPONUCTBAM TIOJIEBOTO YPOBHSL.

I[Iporokoun Profibus-DP noniepKuBaeTcsi yCTpOUCTBAMU Pa3-
HBIX TIpPOU3BOAUTE e, J[JI51 KOHTPOJIIEPOB KOMIIAaHUY Siemens
3TOT IPOTOKOJ SIBJIsTETCST OCHOBHBIM (puc. 4.8). HekoTopbie koHT-
posunepsl cemeiicTB S7-300 u §7-400 uMeroT BCTPOEHHBIN TIOPT
Profibus-DP, npyrue B3auMOJIENUCTBYIOT C CETHIO TTOCPEACTBOM
KOMMYHUKAIIOHHBIX IIPOLIECCOPOB.

M3BM [porpammarop MaHenb onepatopa

e d S

YcrpoiicTea ST-400 S$7-300 S57-200
TI0M1EBOO YPOBHS

Puc. 4.8. Kourpoinepsi Simatic S7 8 cetu Profibus-DP

Cerb DH+ (Allen — Bradley) moaaepsxuBaer nepezgady aaH-
HBIX U y/IaJIEHHOE TIPOTPAMMHUPOBAHKE KOHTPOJLIEPOB B JIOTOJI-
HEHUE K OJJHOPAHTOBOU CBSI3U MEXKIY APYTUMU TPOIECCOPAMU
u ycrpotictBamu (puc. 4.9). Marucrpansuas auaus cetu DH+
MO’KeT UMEeTb IPOTsKEHHOCTH 710 3048 M, oTBeTBAEHU 10 30 M.
K omnoii cetn DH+ MOXXHO OAKIIOYUTS 10 64 ycTpoiicTB. Cko-
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POCTD T€pEAAYN JaHHbIX 3aBUCUT OT AJIMHBI IIIMHBI 1 MOKET Ha-
crpauBatbes ot 57,6 k6ox (3048 m) no 230,4 k6ox (750 m).

MK ¢ RSView nog Windows NT APM cneuvanucta

PLC5
¢ Moaynem 1785-ENET PLC-5/40E, 5/80F

Ethernet

Cetb DH+

ErEErs

PLC-5/11 PLC-5/20 PLC-5/40 PLC-5/80 SLC-5/04

Puc. 4.9. Kourposnepsi ¢pupmel Allen — Bradley B ceru DH+

XapakTepuCcTUKa OTHOPAHTOBOH CBSI3U:

* OTCYTCTBUE «MaCcTepay;

° MUHWMAJIbHBIN CeTEBOH TpaduK;

* 11060i1 KOHTPOJLIEP UHUIMATIU3UPYET CBSI3b C JIIOOBIM Ce-
TEBBIM Y3JI0M;

* IPOCTOTA HAPAIIMBAHUS KOHTPOJIJIEPOB B CETH.

Cetb Genius hupmsl GE Fanuc npeanasnadena 1is o6benu-
HEHWS B 3aKOHUEHHYIO CHCTeMY KOHTpoJLiepoB GE Fanuc cepuit
90—70 u 90—30, yaanennoit nepudepun Genius u Field Control
(puc. 4.10). BsaumozeiicTBIe pa3IITYHBIX YCTPOKCTB C ceThio Ge-
7iUs OCYIIECTBIISIETCS TOCPEICTBOM KOHTPOJITIEPOB MIUHBI Genius
(GBC), untepdeiicubix monyeit (GCM), 6:10k0B unTepdeiica
c mwmHoit Genius (BUI). @usndecku yCTPOICTBA OObEIMHSIIOTCS
B CeTh 9KPaHUPOBAHHOI BUTOI napoii. CeTh MMEET TOIIOJIOTUIO
«IIUHA», K KOTOPO# MOXKET OBITh MOAKIIOYEHO 10 32 yCTPOUCTB.
MaxkcumasibHas IJTUHA MTUHBI COCTABJSET 2,3 KM IPU CKOPOCTHU
obmeHa 38,4 k601, MakcuMaibHasi CKOPOCTD Iepefayr JaHHbIX
153,6 k6ox JocTHraeTcs mpu JyIuHe JUHUA 10 600 M.

Cetb Genius nojiepKUBaeT repenady Kak rio0aabHbIX [aH-
ubIx (Global Data), Tak u geiitarpaMm (IIpy KaX0M aKTe CKa-
HUPOBAHUA).

st o6mena nauubivu 110 Global Data xaxnoMy BXOZSIIIEMY
B COCTaB CETU KOHTPOJLIIEPY BBIIEISIETCS YYACTOK aIPECHOTO TIPO-
CTPAHCTBA. B 3TOT yyacToK OH nepeiaeT AaHHble, yKa3aHHBIE IIPH
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PC ¢ nnaroit Genius PCIM KowTponnep 90-70 YnaneHas croiika 90-70

¢ Moaynem GBC C MOZINIEM CKaHepa
Lliuna Genius

%ééé

Monesoii B/B Brokv B/B KowTponnep 90-30 LleHTpanbHbIf KOHTPOAEP
Field Control ¢ BUI Genius ¢ Moaynem GBC 90-30 ¢ Moaynem GCM

Puc. 4.10. Koutposieps pupmbt GE Fanuc B cetu Genius

KOH(UTYPUPOBAaHUY €T0 KOHTPOJLIepa IuHbL [lepenaya raHHBIX
OCYIIECTBIIsIETCs 63 yKazaHust KOHTPOJLIEPA, KOTOPBIN A0/IKEH
UX TOJIYYUTh. DTOT YYACTOK [OCTYIEH BCEM MOAKIIOUEHHBIM
K mHe PLC TO/IbKO /151 uTeHus. TakuM 06pasoM, [1sl Bcell ceTH
CO3/Ia€TCST €INHbII HabOP JAaHHBIX, HCITOIb3YEMBIH 1T OOMeHa.
OnvH KOHTPOJLIEP IIMHBI 00ECIIEYNBAET TPUEM /TIEpENady 0
128 6aiiT JaHHBIX OT KAJK/I0TO M3 y3JI0B.

Heiirarpamma (Datagram) npencraBisieT co60il Hapas-
JIEHHYIO TIOCBLIKY JAHHBIX OT OJHOTO KOHTPOJLJIEPA K JIPYTOMY.
IIpuem/nepenaya feliTarpaMM MIPOMCXOAUT TIOZ yIIPaBIeHUEM
MIPOTPAaMMBI 110JIb30BaTeN . MOMEHT OTIIPaBKU JIENTarPaMMbI
MOXeT OBITh 3a/IaH ¢ TPebyeMOii ePUOANIHOCTHIO WK 110 Ha-
CTYILJIEHUIO KAKOTO-TUG0 COOBITHS.

B nocsietHME TOIBI TPOSIBUIIACH TEH/IEHITNS TPUMEHEHNS B CH-
CTeMax yIpaBJIeHHs] TEXHOJIOTHI CKBO3HOTO CETEBOTO JIOCTYTIA: OT
MOIIHBIX CYIIEPBU30PHBIX KOMITBIOTEPOB ¥ MHOTO(YHKIIMOHAIIb-
HBIX KOHTPOJIJIEPOB /IO MHTEJLJIEKTYAIbHBIX TIOJIEBBIX YCTPOUCTB
(maTymKy, NCTIOTHUTETBHBIE YCTPOMCTBA U T.11.). [Ipu aTOM Takas
CBA3b JI0JIKHA YIOBJIETBOPSITH BCEM COBPEMEHHBIM TPEOOBAHMSIM II0
(PyHKITMOHATLHOCTH, HA/IEXKHOCTH ¥ OTKPBITOCTU. PaccMOTpeHHBIE
BBIIIIE CETH U IIPOTOKOJIBI HE TIPE/THA3HAYEHBI JIJIS1 HETIOCPE/ICTBEH -
HOTO B3aUMOJIEWCTBUS C yCTPONCTBAMU TIOJIEBOTO YPOBHSI.

[Tonessie muHB! (IMUHBI YPOBHS JATYMKOB U UCTIOJHUTEb-
HBIX YCTPOUCTB) [OJKHBI YAOBJIETBOPATEH ABYM TPEOOBAHUSIM.
Bo-mepBbIx, HE0OXOAMMO TI€peaBaTh AaHHbIE B COOTBETCTBUU
C JKECTKMM BPEMEHHBIM PErIaMeHTOM. Bo-BTODBIX, 06beM JaHHBIX
JI0JIKEH OBITh MUHMMAJIBHBIM, YT0OBI 06€CIIeYnTh paboTOCIIOCO0-
HOCTb CETU B KDUTHYECKHE TI0 HArPy3KaM MOMeHTHI. CeTh yPOBHSI
JIATYNKOB 00ECIIeYMBAET HEIIOCPENCTBEHHBIN HHTEP(hEC MEXKITY
PEeATbHBIM TEXHOJOTHYECKUM TIPOI[ECCOM U MPOMBINIIIEHHBIMI
KOHTPOJIJIEPAMU.
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[TepenaBaemyto B Tako# ceTu MHGMOPMAIIAIO MOXKHO PA3AEIUTh
Ha IBa OCHOBHBIX TUIIA: ]AHHBIE O IIPOIleCCe U IIapaMeTpUIecKue
nannbie. O6a TUIIA JAaHHBIX IPUHIMITMAIBHO Pa3/IMYHbI U IPEb-
SIBJISIIOT K KOMMYHUKAIIMOHHOU CHCTEME Pa3Hble TPEOOBAHMSL.

[lanHble 0 mponecce (M3MeHEHUE COCTOSIHUSI KPAHOB, ITe-
pekJfouaTeseil, ynpapJsiioIUX CUTHAIOB U T.II.) He SIBJISTIOTCS
CJIOXKHBIMH W, KaK TIPABUJIO, OMIPEEISTIOTCST HECKOJIBKUMU WH-
dopmarmonbiMu Gutamu. O6beM Takoil MH(pOPMALU UMeET
YeTKYIO TEHIEHITUIO K cOKparnenuio. CoBceM HEZIABHO 3T JIAHHbIE
JJISI OTHOTO TIPOCTOTO yCTpoiicTBa 3anumasu 8—16 6ut. Ho yxe
ceiiuac pa3BUTHE TEXHOJOTUH TIPUBEJIO K TOMY, UTO C TIPOCTEN-
MIUX IATYUKOB (AUCKPETHOTO THUIIA) MPUXOAUT Bcero 1—2 bura
vHpopManuu.

[larHbI€ 0 ITpolecce MMEIOT SIBHO BBIPAKEHHBIN ITUKIIITYECKUAN
xapakTep. BoJee Toro, 1t peanu3anuy 3a/1a4 aBTOMATHYECKOTO
yIIPaBJIeHUsT HEOOXOAUMO, YTOOBI OIIPOC KAHAJIOB U Bbilaya KO-
MaHJI Ha yTpaBJieHNe IPOBOIVJIVNICH YepPe3 PerJIaMeHTHPYEMbIe
MHTEPBAJIBI BpEMEHU. DTO TaK Ha3bIBaeMoe TpeGOBaHME JeTeD-
MHUHUPOBAHHOCTY KOMMYHUKAIITMOHHOW cUCTeMbI. biaromaps
He6OJIBIIOMY 00beMY TIEPeIaBAEMbIX IAHHBIX CHCTEMBI TIPOMBIIII-
JIEHHOU CBSI3U CIIOCOOHBI IEMCTBUTEIBHO YIOBJIETBOPSITH BDEMEH-
HBIM TPEOOBAHSIM CO CTOPOHBI PEATBHBIX ITPOIECCOB.

[TapameTpuyecKue AaHHbIE HEOOXOIMMBI KAK [IJIs1 OTOOpaske-
HUSI TEKYIIIETO COCTOSIHMS CETEBBIX YCTPOICTB (MHTEJIEKTYJlb-
HBIX), TaK ¥ MX IIepelIpOrpaMMUPOBaHysl. B IIpOTHBOIOIOKHOCTD
JAHHBIM O TIPOIlecce MapaMeTpuyeckast MHQOpPMaIvs He UMeeT
IIUKJIMYIECKOTO XapakTepa. JlocTy K Hell pean3yeTcs 1o 3aIpocy,
B allUKJINYeCKOM pexxkrMe. [lepeaua mapaMeTpuuecKux JaHHBIX
TpeOyeT ¥ peasu3yeT METO/AbI CIIEIUATbHOMN 3AIUTHI, a TAKXKe
MeXaHU3MOB HOATBEPKIeHUH. KOMILIEKCHBIN TapaMeTpUYeCcKIi
GJIOK JIJIsI HHTEJIEKTYaJIbHBIX YCTPOMCTB 3aHMMAET OT HECKOJIBKHX
IEeCSITKOB GalT 10 HECKOJIBKUX COTEH KII0OaiT. B cpaBHeHUN
¢ GBICTPO MEHSIIOIMMUCS JAHHBIMU BPEMEHHBIE TPEOOBAHUS JIJIsT
nepeiavyy IapaMeTPOB MOXKHO CUNTATh HEKPUTUIHBIMU. B 3aBU-
CHMOCTH OT THIIA YCTPOICTB U IPOTSIKEHHOCTH CETH TPeOOBAHUSE
10 BPEMEHU MIPOCTUPAIOTCS OT HECKOJIBKUX COTEH MIJITTUCEKYH/T
110 HECKOJTBKUX MUHYT.

PaccMoTprM HECKOJIBKO MPOMBINIIEHHBIX NIWMH YPOBHS JIaT-
YUKOB U VCTIOJTHUTETBHBIX YCTPOUCTB (TIOIEBHIX IIVH ), YCIIEIITHO
MIPUMEHSIEMBIX TIPU aBTOMATU3AIMY TEXHOJOTHYECKUX TPOIIEC-
COB.

[TepBble MPOIYKTHI, pabOTAIOMIKE [0 TEXHOMOTUH ASI, BHIILIA
Ha peiHOK 1993 1. CeroziHs aTa TEXHOJIOTUS TTOAIEPKUBAETCS



4.2. 0cHOBHbIE TEXHUYECKHUE XaPAKTEPHCTHKM KOHTPONNIEPOB ... 115

psimoM usBecTHBIX (pupM: Allen — Bradley, Siemens, Schneider
Electric u gp.

OcHoBHast 33/1a4a 9TOi1 ceTu — CBsI3aTh B e[UHYI0 HHGOPMALK-
OHHYIO CTPYKTYPY YCTPOMCTBA HUKHETO YPOBHS aBTOMATH3UPY-
emoro nporecca (hoTosIeKTpUIeCKHe JATINKY, UCTIOJHUTETbHbIE
YCTPOUCTBa, pesie, KOHTAKTOPBI, EMKOCTHBIE TI€PEKIII0YATENH,
MIPUBOJIBI ¥ T.I.) C CHCTEMOM KOHTPOJLJIEPOB. JTO MOATBEPKIAETCS
u HasBanueM cetu — AST (Actuator Sensor Interface).

ASI-wuuTtepdeiic TO3BOJISIET YePe3 CBOM KOMMYHUKAI[HOHHBIE
JIMHUY HE TOJIbKO MEPEIABATh JAHHbBIE, HO U TIO/IBOJIUTH TIUTAHIE
(24 VDC) k paT4viKaM ¥ UCIIOJTHUTENIbHBIM YCTPOUCTBAM. 3/1€Ch
UCIIOJIb3Y€eTCsI TIPHHIUI MOCIeI0BATENbHON TIepefaun Ha 6a-
30Bo# yactoTe. HGOOPMAMOHHBIN CUTHAT MOAYJIMPYETCS Ha
MUTAIONIYIO YacTOTY.

Tonosorueit ASI-ceT MOXeT OBITh IIMHA, 3Be3/a, KOJIbIIO
wiu iepeBo. K o/THOMY KOHTpOJLJIEpDY MOSKHO TIOAKTIOUNT 710 31
ycrpoiictsa. IIpoTsmkeHHOCTD cermMerTa ASI-IMMHBI MOXKET JTOCTH-
ratb 100 M. 3a cueT MOBTOPUTEJIEN JUIMHY CETH W YUCJIO Y3JI0B
MO’KHO yBesmuuBath. [lukit onpoca 31 y3/1a yKIasiBaeTcst B 5 Mc.
MaxkcumasnbHbIi 00beM TaHHBIX ¢ 0fHOTO ASI-y3ma — 4 buta.

Ha puc. 4.11 xourpostepst Micro (Schneider Electric) Bzaumo-
NeNICTBYIOT C TIOJIEBBIMU ycTpoiicTBamu 110 mmHe ASI. DyHkimmn
Belylero obecneynBaioTcst uHTEpdeiicabiM Moayiem SAZ 10.

SDS (Smart Distributed System) — nporokos cucrem BBoga/
BBIBOJIa, Ipe/ToKeHHbIN Kommanved Honeywell 1ist moctpoervist
ceTell, 00beIMHAOMUX TIepUbEePUHbIE YCTPONCTBA PA3IMYHBIX
MIPOU3BOINTETIEMH.

IAta ceth (Tabir. 4.1) nosBossieT paboTaTh C TAKUMHU yCTPOK-
CTBaMU BBOJIa/BbIBO/IA, KAK KOHIIEBBIE BBIKITIOUATENH, (POTO-
BJIEKTPUYECKHE U OECKOHTAKTHBIE JaTYMKU, TO3UIIMOHEDHI,
1 OCYIIECTBIISITh 0OMeH MH(OPMaIHell Ha BBICOKUX CKOPOCTSIX.

IIpenmymecTBa ceTu:

TSX 37 (Micro) ¢ mopynem
SAZ10 (ASI-Benywumit)

ASI-lumnHa

[uTaHme Wik d) é @ﬂ}

JIEITTS wy dneKkTpomsurarens

Puc. 4.11. IloneBsie ycrpoiicTBa Ha muHe AST
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* OJIHA U Ta K€ CETh JIJIs1 KOHTPOJLIIEPOB U UCTOYHUKOB WH-
dopmaruy;

* [IMTaHUE OCYLIECTBJISIETCS 110 IIPOBOJAM CETEBOTO KabeJis;

* IMArHOCTHKA Ha YPOBHE (DU3UYECKUX YCTPOUCTB;

* BpeMs TIPOXOXKIEHNS TAaHHBIX TI0 CETA MOYKET JOCTUTATH
0,1 mc.

Tabruya 4.1
XapakTepuCTHKa CETH
JlnmHa muHb1, M Cxkopoctb I[JIJP:::;;B;TB' yc‘::(():;’llgm
30,5 1 M6ut/c 0,9 32
121,9 500 k6ut/c 1,8 64
2438 250 k6ut/c 3,7 64
4877 125 x6ur/c 7,3 64

[Tepudepuiiabie ycTpoiicTBa MOAKIIIOYAIOTCS K MacTEP-MOJIY -
1110 SDS 00BIMHBIM YETHIPEXIIPOBOAHBIM Kabesiem. Taxum o6pasom,
Mozyab SDS 3ameHsieT cTaHZAapTHBIE MOLYJIN BBOAA,/BBIBO/A,
obecrieurBast MOKII0UYEHNE 64 TMCKPETHBIX BXO0B/BbIXOI0B
(pacupenesieHHBIN BBOJI/BBIBOT).

DeviceNet — OTKpbITasi KOMMYHUKAI[MOHHAS CETh HIXKHE-
rO yPOBHSI, KOTOPasi 00€CIeYnBaeT MOAKIIOUEHUE MOJEBBIX
YCTPOUCTB ([aTYNKOB, UCTIOJHUTETHHBIX YCTPONCTB, IPUBOIOB
U T.JI.) K ycTpoiicTBaM GoJiee BBICOKOTO YPOBHSI — KOHTPOJLIE-
pam.

DeviceNet — ato:

* IOCTYM K MHTEJJIEKTYJIbHBIM JATYMKAM PA3JIUIHBIX MTPO-
U3BOIUTEIEN;

* CBsI3b «<MacTep,/TIOMYMHEHHBIN» U PAaBHOIIPABHA,;

* KOH(UTYPUPOBAHKE JATINKOB, yIIPaBIeHUE U cOOP JaH-
HBIX.

DeviceNet — ceTb, HOAIEPKIBAEMAST PSIIOM BEAYIIUX IIPOU3BO-
JTeNeH aTINKOB, IPUBOZIOB U CUCTEM YIIPABJIEHS, B YACTHOCTH
dupmoii Allen — Bradley.

JTa ceTh COETUHSIET YCTPOUCTBA HIDKHETO YPOBHSI HETIOCPE]T -
CTBEHHO C CHCTEMOH yTIPaBIe€HNS, YMEHbBIIIAs KOJMYECTBO CBSI3EH
BBOJIa/BBIBO/IA U TTPOBOJIKU IO OTHOIIEHUIO K TUTMYHBIM allla-
paTHBIM penteHusiM (puc. 4.12).

[muna cetn DeviceNet onipeziensieTcss CKOPOCTBIO Tiepeia-
yu gauHbix: 100 M mpu ckopoctu 500 k6o, 200 M — 250 k6o,
500 m — 125 x6o.
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w
SLC 5/02, 5/03, 5/04
€0 ckaxepom 1747-SDN

Cetb DeviceNet
© O & @&
1791-16AC [Jarank ny Craptep Asurarens

Puc. 4.12. TloneBbie ycTpoiicTBa H MOy BBO/Ia/BBIBOA CEPUH
1791 B cetu DeviceNet

OcHoOBHOe HazHaYeHue IPOTOKoJa Interbus — opraHnu3aIyst
KOMMYHUKAIIU/ HAa YPOBHE JIATYNKOB U UCIIOJHUTEJIbHBIX Me-
XaHU3MOB. [nterbus VCMoMb3yeT MPOIEAYPY AOCTYIIA K NIMHE TI0
cxeme Bexyiuii/Benombiii (Master/Slave). Tononorus Interbus —
3TO (PU3UYECKOE U JIOTHIECKOE KOJIBIIO, Y KOTOPOTO (PU3NIeCKUit
YPOBEHb IIOCTPOEH Ha OCHOBE cTaHAapTa RS-485, rcmosb3yioero
BUTYIO NIApy JIJisi UH(POPMAIMOHHBIX repeay. s peanusanuu
KOJIBIIA MICTIOIB3YIOTCS IB€ BUTHIE TAPHI (YTIJIEKCHBIN PEXKIIM).
Takas ¢pusmyeckasi CTpyKTypa MO3BOISET OPTAHU30BATD CETh,
paborarpyio Ha ckopoctu 500 k6ut/c Ha paccTosinuu 400 M
MeXIy IBYMSI COCEAHUMH y3JIaMU. BKiloUeHHasI B KaX/I0€ ce-
TEBOE yCTPOUCTBO (DYHKIMSI IIOBTOPUTEJISI CUTHAJIA IT03BOJISIET
pacmuputh cuctemy a0 13 kM. Ob1iee YnCa0 yCTPOUCTB CeTH
OTPaHUYEHO U COCTABISAET MAaKCUMyM 256 y37108B (puc. 4.13).

Ha 6ase 0CHOBHOTO KOJIbIIA C UCIIOJIb30BAHMEM TAK Ha3bIBA-
€MBIX TEPMUHAJIBHBIX MOy JIEH BO3MOKHA OPTaHU3AIUS IOTIOJ-
HUTEJIbHBIX KOJIbleBbIX cermenToB (Interbus Loop).

C Touxu 3penus ceMmuypoBHeBoi OSI-Mozeny Ay cTaH apT-
HBIX ceTeil poToKo Interbus onpenesnieH Ha Tpex ypoBHsX (1, 2
u 7). BaxkHOe CBOMCTBO yPOBHSI 2 — BO3MOKHOCTD Peain3aliuu

CPU/OBus Momentum 1/0 ¢ WHtennexTyanbHoe Interbus 1/0-
mactep Interbus-a i CTBO

! yoip YOI

Makcumym 400 m

Maxcumym 13 km, o 256 y3nos

Puc. 4.13. Kourposnepst pupmbi Schneider Electric na mune
Interbus
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B IIPOTOKOJIE [nterbus XapaKTepUCTUKY 1€TEPMUHUPOBAHHOCTH,
T.e. BpEMEHHOH OIpe/ieJIeHHOCTH IIUKJINYEeCKON TPAaHCIIOPTUPOBKU
JTAHHBIX.

[Tporokon HART (Highway Addressable Remote Transducer),
paspaboranubiii pupmoit Rosemount Inc. B cepenune 1980-x rr.,
peasusyet u3BecTHbIN cTanaapt BELL 202 FSK, ocCHOBaHHbBIM Ha
texHosornu 4—20 MA.

Crangapr BELL 202 FSK — 2T0 KOAMPOBKa CUTHAJIA METOIOM
YaCTOTHOTO CABUTa st oOMeHa JaHHBIMM Ha ckopoctu 1200 6o,
Curaas HakJIaIbIBAETCS HA aHAJIOTOBBIM M3MEPUTENTbHBIN CUTHAT
4—20 MA. TTockombky cpennee 3HaueHue FSK curnama pasHo 0,
TO OH He BJIMSIET HA AaHAJIOTOBBIN cuTHAN 4—20 MA.

Cxema B3aMMOOTHOIIEHUH MEX/Ly y3/IaMU CETH OCHOBAaHA Ha
npuHiie Master/Slave. B HART-cety MOXeT IPUCYTCTBOBATS 10
nByx Master-y3mn08 (06brato ofut). Bropoit Master, Kak npasuio,
0CBOGOXK/IEH OT HOIEPIKAHSI IIUKJIOB [IEPEIaul U UCIIOJb3YeTCsT
JIJIsI OPTaHM3AINY CBSI3U C KAKOM-TM00 CUCTEMO KOHTPOJISI/
orobpaxenus nanHbix. CTaHIapTHASI TOOJIOTHS — «3BE3/a»,
HO BO3MOKHA ¥ IIMHHAS OpraHusaius. /[y nepeqayu JaHHbIX
IO CETH UCITOB3YIOTCS JIBA PEKUMA:

* AaCMHXPOHHBIN: 10 cxeMe «Master-3anpoc/Slave-oTsers>
(omuH UK ykaaasBaetcs B 500 mc);

* CUHXPOHHBIN: [IACCHBHBIE Y3JIbl HETIPEPBIBHO IIPE/IAIOT CBOU
IaHHBIE MacTeP-y3.y (BpeMsi OOHOBJIEHUSI IAHHBIX B MACTEP-
yame — 250—300 mc).

OcHoBubie apameTpbl HART-1poTOKOIa:

* JUIMHA TI0JIEBOY MWHBL — 1,5 KM;

* CKOPOCTb Inepefauu ganusix — 1,2 k6/c;

* ypcsI0 IpuOOPOB HA OAHOM mirHe — 10 16.

HART-1ipOTOKOJI TTIO3BOJISIET:

* IIPOBOJIUTD YIAJIEHHYIO HACTPOUKY aTYMKOB HA TPeOyeMbIi
IVATIa30H U3MEPEHNS Yepe3 I0JIeBYIO LIHHY;

* He [IO/IBO/IUTH K JATYMKAM OT/IEJIbHBIE JIMHUY JIEKTPOIIH-
TaHUSI ¥ HE MMETh B HUX GJOKOB NMUTAHUS (3JIEKTPOIUTAHUE
peayusyeTcsi OT GOJIOKOB IIUTAHUST KOHTPOJLIEPOB YEPES TIOJIEBYIO
IHHY);

* YBEJIMYUTH MH(MOPMAIMOHHBIN TTOTOK MEXKY KOHTPOJLIE-
POM ¥ IprOOPaMHU, IIPY HAIMYMU CAMOJAMATHOCTUKY B IIpubopax
nepeaaBaTh COOOIIEHUSI O HEUCTIPABHOCTSIX 110 MOJIEBOM IIUHE,
a jajiee — OTIEPATOoPYy.

Fieldbus Foundation (co3nana B 1994 r.) — HeKOMMepuecKast
OpraHM3aIyst, KOTOpast O0beANHSIET OOJIBIIIOE KOJIMIECTBO BELLY-
IIMX MAPOBBIX IIOCTABIMKOB ¥ KOHEYHBIX II0JIb30BATEJIEH CHCTEM
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YIIPaBJIeHUs] TEXHOJOTHYECKUMHU TIPOIIECCAMY ¥ aBTOMATU3AIUY
TIPOM3BOICTBA.

B 1996 r. Gbuia pa3paboTana 1mosieBast KMHa, KOTOPAst UCIIOJIb-
syet moaudukanuio crangapra IEC1158-2 nist pusudeckoro
YPOBHSI ¥ KOHIenuio Profibus nyist npuknagHoro yposssi. IIpo-
tokos Foundation Fieldbus (FF) npencrasisieT cOO0M OTKPBITYIO,
BHEJIPEHHYIO B TPOMBIIIIJIEHHOCTU TEXHOJIOTHIO, KOTOPAsl 1aeT
MI0JIb30BATEJISIM BO3MOXXHOCTD IIPUMEHSITh JIyUIITe B HACTOSIIIAN
MOMEHT IOJIEBBIE YCTPOICTBA PA3IUYHBIX TIOCTABIIUKOB U He TTPU-
BSI3BIBAET UX K KAKOMY-TO OTIPE/IEIEHHOMY TTPOM3BOIUTEIIO.

FF — mudposas, mocieoBaTenbHast, IyIJIEKCHAS CUCTEMA
Tepeayy TaHHBIX, COEANHSIONAS U TOIePKUBAIONIAST B3a-
MO/IEHCTBHE M0JIEBOTO 0O0PYI0BAHUS — JATYMKOB, IIyCKATEIEH
u KoHTpoJL1epoB. Fieldbus npeacrasiisier cOG0M JIOKATBHYIO CETh
(JIBC), 061a1a10111y 10 BO3MOXKHOCTBIO PACIIPE/IESATh YIIPaBJIEHNE
10 Beell ceTu. YrpaBJieHre poIeccoM BKIOYAeT B cels pasiind-
Hble (OYHKIIUN: KOHGUTYPUPOBaHHe, KATUOPOBKY, MOHUTOPHUHT,
JIMarHOCTHKY, & TAKJKE PETUCTPAIUIO COOBITHIA, TPOUCXOISIITX
B PA3JIMYHBIX Y3JIaX TPOU3BOICTBEHHON CUCTEMBI.

B cootBeTcTBIYT C MHOTOYPOBHEBO MOZIETBIO OTKPHITHIX CHCTEM
(OSI) ipoTOKO TOIEBOY IIMHBI UCTIOJIb3yeT ypoBHU 1,21 7.

Foundation Fieldbus imeet n8a (hpM3NYeCKUX YPOBHSI:

* dusuyeckuit ypoeub H1 FF (MezJieHHBIN ), 00ecriednBao-
mumii pabouyio ckopoctsb 31,25 K6ut/c. Ita peanusanusa Gu-
3MYECKOTO YPOBHSI OCHOBaHA HA MOAM(UIMPOBAHHOM BEPCUH
crarzgapta IEC 1158-2 u npepHasHayeHa A 00beJUHEHNS
YCTPOHCTB, GYHKIIMOHUPYIOIINX BO B3PBIBOOIIACHBIX Ta30BBIX
cpenax;

* dusmyeckuii ypoBeub H2 FF (6bICTpBIN ), 06€CTIeYnBAIOIINI
pabouyo cKopocTb 0 1MOUT/C 1 TaKKe OCHOBAHHBIH Ha CTaH-
napte IEC 1158-2.

KanasbHBIH ypOBEHD UCIIOJIB3YeT 31eMeHTHI IipoekTa IEC/
ISA SP50 yHuBepCcaIbHOU TPOMBIIILJIEHHOM CETH.

[TpuknagHO# ypoBEeHD BKIIIOYAET 3JIeMEHTHI U3 IIpoekTa ISP/
Profibus.

Haub6oJsee pacripocTpaHeHHast TOMOJIOTUS [IOJIEBOM NIMHBI
FF — muunas (puc. 4.14) u npesoBumaHas. CpaBHUTENbHAS Xa-
PaKTEPUCTHKA CEeTel U IKH [IpuBeieHa B Tabir. 4.2.

[TpakTryecKas: peau3alusi CETEBOTO0 0OMEHA JOCTATOYHO
crangapTHa. Beixo 1106010 ycTpoiicTBa B ceTh 00eCcIeunBaeT-
CsI CETEBBIMHU TLJIATAMU C BCTPOEHHBIMU pPazbeMaMu (TIOPTaMu).
KosmuecTBO OPTOB ¥ pa3zHO0Opa3Ue MOANEPKINBAEMBIX MU
IIPOTOKOJIOB ¥ OIIPeZIeJIsieT KOMMYHUKAIMOHHbIE BO3SMOXKHOCTH
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u BbicokockopocTHoil Ethernet H2

CermeHT FF H1 (o 16 npu6opos)

© 0 & &

VHTEnNEKTYaNbHbIE YCTPOMCTBA

Cerment FF H1(no 16 npu6opos)

6 & 6 &

WHTennekTyanbHble yCTpoiicTea

Puc. 4.14. MnTe/IeKTyaNbHbIE yCcTpoiicTBa Ha muHe FF

KoHTpoJutepa. [IpousBoauTenn CHAGKAIOT CBOM KOHTPOJLIEPHI
BCTPOEHHBIMY IOPTaMU, TAKUMH, Kak RS-232 v yHUBEPCATbHBIM
RS-485, nomyckarommm 0OMeH 110 pa3IndHbIM POTOKOIaM. Pac-
IIMpPeHre BO3MOXKHOCTEN ceTeBOro oOMeHa, 0OMeH nHbopMaImeit
C YCTPOMCTBAMHU PA3JIUYHBIX TIPOM3BOAMTENEN 00ECTIEUMBAETCSI
HabOpoM MHTEP(MENRCHBIX MOy IEl, MHTEP(HENCHBIX TIPOIECCO-
POB, CETEBBIX KAPT, KOTOPBIE TIPEIOCTABJISAIOT JIOTIOJHUTENbHBIE
TIOPTHI CBSI3MU.

Tabnuya 4.2

CpaBHHUTEIbHAS] XaPaKTEPUCTHKA CEeTel 1 MINH

Tonomnorus. Dusnueckas
Cetp Merozn no- Jnuna, M | Ckopocts | Y3isl
cpena
cTyna
Ethernet |11Iuna, 38e37a | Koak. kabes, 100 10 M6ox
BUTasl Iapa, 2800 100 M6ox
OITOBOJIOKHO
FIP Kosbo Buras napa, 15 000 1 Mé6on | 128
OITOBOJIOKHO
Profibus  |1lluna Buras mapa, 9600 12 M6ox | 125
M/S, mapkep |onroBosiokHO | 90 000
Bitbus [MIuna 2 mapsel mpo- 300 375x6on | 28
M/S BOIHUKOB 1200 62,5 x6ox
Modbus  |1lluna Buras napa 1200 115,2 kbon | 254
M/S
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Oxonuanue mabn. 4.2

Tomnosorus. Dusnueckas
Cetb Meroxa no- Jmuna, m | Ckopocts | Y3iast
cpena
cryna
DH+ IIuna Buras mapa 3048 57,6 x6ox | 64
750 230,8 x6ox
Genius IMuna Buras napa, 600 153,6 k6o | 32
OIITOBOJIOKHO 2300 38,4 x6ox,
DeviceNet |1lluna Buras napa 100 500 xbox | 64
500 125 x6ox
Interbus | Kousbo BuTas mapa, 12 800 500 x6ox | 256
M/S OIITOBOJIOKHO
ASI ITTvna, 3Be31a, | Butas mapa 100 — — 31
KoJb10, M/S CEerMeHT
SDS [una Buras napa 450 125 k6on | 64
M/S 30 1 M6og
HART una, M/S 1500 1,2 x6ox 16
FF I1Tuna, 3Be3712 Jlo 1 M6on| 16

M/S — Master/Slave.

4.2.4. JxcnuryaTallMOHHbIE XapaKTePUCTUKU

K rpynme skcrryaTanuoOHHBIX XapaKTEPUCTUK OTHOCSITCS
cienyIonue:

1. Bo3MokHOCTH pe3epBUpPOBaHUS ceTel, KOHTPOJLIEPOB,
MOJIyJiell BBOJIa,/BBIBOJIA U T.[I.

K Haubosree pacripocTpaHeHHBIM CII0COOAM Pe3ePBUPOBAHUS
OTHOCSITCSL:

* TOPSTYMH pe3epB OTEIbHBIX KOMIIOHEHTOB U/UJIH KOHTPOJI-
Jiepa B 11eJI0M (TIPH He TPOXOK/IEHUH TeCTa B pabo4eM KOHTPOJI-
Jiepe yIpasJieHIe IIepeXOUT KO BTOPOMY KOHTPOJLIEDY );

* TPOMPOBaHNE OCHOBHBIX KOMIIOHEHTOB 1/WUJI KOHTPOJLJIepa
B I[EJIOM C TOJIOCOBAHUMEM TI0 Pe3yJITaTaM 00paGOTKY CUTHAJIOB
BCEMU KOHTPOJLIIEpaMHy, COCTaBJISIONIMMY IPYTITY (32 BHIXOHON
CUTHAJI IPUHMMAETCSI TOT, KOTOPBIi BBIIATN OOJIBIIMHCTBO KOHT-
POJLTIEPOB IPYIIIBL, @ KOHTPOJLIED, PACCUUTABIINI HHOW Pe3yJIbTar,
OOBSIBIISIETCST HEUCTIPABHBIM));

* paboTa 10 IIPHMHIMITY «IIapa u pe3epB». [lapasiensHo pa-
6oTaet mapa KOHTPOJIJIEPOB C TOJIOCOBAHUEM PE3YJIHTATOB, & aHa-
JIOTUYHAS TTapa HaXOAUTCS B TopstieM pesepse. [Ipu BeisiBNIeHUN
Pa3HOCTH Pe3yJILTATOB PabOThI IEPBOM MapPhl YIIPABJIEHIE TIe-
pexoauT Ko BTOpoii nape. Ilepsas mapa tectupyercst u, in6o
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OIIPe/IETISIeTCST HAJINYKE CIYYaifHOro cO0sI U yIIpaBJieHE BO3BPa-
I[A€TCS K TIEPBOM Mape, MO0 AMAarHOCTUPYETCS HEMCIIPABHOCTD
Y yIIPaBJIEHUE OCTAETCSI Y BTOPOM I1aphbl.

2. Haswnume BCTPOEHHBIX aKKyMYJISITOPOB U OaTapei, obec-
HEeYMBAONMX PAOOTY CUCTEMBI YIIPABJIEHHSI IPY TPEKPAIIEHUN
MUATAHUS OT CETH.

3. YcioBUS 9KCILTyaTaIH:

* JIMATIA30HbI TEMIIEPATYP ¥ BIAKHOCTY OKPYKAIOIIEN CPEJIBI;

* HanGoJIbIIKEe BUOPAIMK U yIAPHBIE HATPY3KY;

* IOMYCKAeMbI€ JIEKTPUIECKUE VI MATHUTHBIE IOMEXH U T.11.

4. CriocoObI MOHTaKA.

Crioco6bl MOHTaKa KOHTPOJLIEPOB U MOy el BBO/Ia/BBIBOJA
JIOCTATOYHO THITU3UPOBAHbL. JTO ¥ KOP3UHBI C THE3/IAMU JIJIs1 Pa3-
JINYHBIX MOJyJIel, 11 GA30BbIE ILJIATHI C PA3HEMAMU TI0]] MOJLYJIHL.
KonmuectBo Mozy e, pasMeniaeMbIxX B KapKace (KOp3UHe) WK
Ha 6a30BOH IL1aTe, MOXKET OBITh pasaudabM (0T 3 10 18). Ckon-
(uryprpoBaHHble B KOP3UHaX 1 Ha 6a30BbIX IIATAX KOHTPOJLIEPHI
MOTYT MOHTHPOBATHCS HA MIUTAX, B Ka(ax, MpOPHUIbHBIX PENKAX.
Nwmerorcsa I[ITK, mocTpoennbie mo MOy IBHOMY TIPUHITUITY, B KO-
TOPBIX MOHTAK JIIOOBIX MOJLYJIeH (TIPOIIECCOPHBIX, BBOJA,/BBIBO/A,
KOMMYHHMKAIIMOHHBIX U T.I1.) IIPOU3BOJIUTCST HETIOCPEJICTBEHHO HA
poIIBbHOM peliKe.

5. TabapuTHble pasMepsl.

Ta6apuTHBIE Pa3MEDPBI KOHTPOJLJIEPOB U KOMIOHEHTOB CUCTEM
YIIPABJIEHUS! JOCTATOYHO PEAKO MOTYT OBITH OMPEAEISIONMMU
pu Beibope. TeM He MeHee IIPU PACCMOTPEHUM KOHKPETHBIX
[ITK B mocseAyomux pasjiesiax mocoOust 3Ta KOHCTPYKTUBHAsI
XapaKTepPUCTHKA OYIET HAXOIUTH CBOE OTPAKEHHE.

4.2.5. IlporpaMmHOe o0ecneyeHne

Y1o6cTBO TIPOrpaMMHUPOBaHsT KOHTPOJLIEPOB (B GoJiee mu-
POKOM CMBICJIE — KOH(MUTYPUPOBAHUS ), SIBJISIETCSI OYEHD BAXKHOM
xXapakTepucTuKoii. C mosiBjieHieM KOHTPOJLIEPOB KaXK/IbIii [TPOU3-
BOZIUTETh HAYAJI TIPEJJIATATh CBOM PEIIEHSI TI0 UX TIPOTPAMMHUPO-
Banwmio. B pesysbrate k Havary 1990-X IT. c10:KUIaCh CUTYyaIVs,
KOT/Z[a Ha PhIHKE TIPOrPaMMHOT0 00€eCTIeYeHusT IJIsl TIPOTPAMMHU-
POBaHsI KOHTPOJLIEPOB CYNIECTBOBAJIO OOJIBIIOE KOJUYECTBO
SI3BIKOB [TPOTPAaMMUPOBAHMSI, & CTAHAAPTHI, UX O0bEIMHSIOIINE
¥ pPerJiaMEHTUPYIOIINE, OTCYTCTBOBAH. Bce 9TO HEraTUBHBIM
00pa3oM OTPa’KkaJIoCh Ha CTOMMOCTHBIX XapaKTEPUCTUKAX pa3-
pabaThIBaEMbIX CUCTEM YIIPaBJieHus (TIOBbINIEHHBIE 3aTPATHI HA
[O/ICOTOBKY [IPOTPAMMUCTOB, Ha CO3/[aHKE IIPOTPAMM H T.IL.).
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B 1992 r. MexnyHapoaHas 371€KTPOTEXHUIECKAsT KOMUCCHUSI
(M3K, IEC — International Electrotechnical Commission) B3stia
10J] KOHTPOJIb IIPOIIECCHI, CBSI3aHHBIE C PA3BUTUEM TOTO THUIIA
npukiazgHoro 110.

Crangaprom MK 1131-3 onpeziesisieTcst msITh SI3BIKOB TPO-
rpaMMUPOBaHUsI KOHTPOJLIEPOB: Tpu rpaduyeckux (LD, FBD,
SFC) u nBa TekcToBbIX (ST, IL).

LD (Ladder Diagram) — rpaduyeckuii SI3bIK 1UarpamMm peJieii-
HOU JIOTUKU. A3bIK LD IpUMEHSIETCS 71T OTIMCAHUS JIOTHYECKUX
BBIPAKEHUI PA3TMYHOTO YPOBHSI CJIOXKHOCTH.

FBD (Function Block Diagram) — rpadudeckuii s3Ik (hyHK-
[IMOHAJIbHBIX OIOKOBBIX quarpamM. S13s1k FBD mpuUMeHsIeTCs ISt
[IOCTPOEHUSI KOMILTIEKCHBIX IIPOLIELYP, COCTOSIIUX U3 Pa3IMYHbIX
(OYHKIMOHAIBHBIX GUOIUOTEYHBIX OJIOKOB — apHU(PMETHUECKUX,
TPUTOHOMETPUYECKUX, PETYISITOPOB, MyJIBTUILIEKCOPOB U T.JI.

SFC (Sequential Function Chart) — rpacbudeckuii I3bIK oCIE-
JIOBaTeNbHBIX (DYHKITMOHANBHBIX cxeM. A3bik SFC npenHazHaueH
JUTSI UCTIOJIb30BaHUsI Ha aTarne npoektupoBanus 110 u nmo3sossier
OIUCATh «CKEJIET» TIPOrPaMMbl — JIOTHKY €€ PaboThl Ha YPOBHE
MOCJIEIOBATETHHBIX MTATOB U YCIOBHBIX TIEPEXOIOB.

ST (Structured Text) — sI3bIK CTPYKTYPUPOBAHHOTO TEKCTA.
ITO SI3BIK BBICOKOTO YPOBHS, IO MHEMOHUKE MOX0XK Ha Pascal
Y IPUMEHSIETCS /ISt pa3paboTKu mpoleayp 06paboTKK JaHHBIX.

IL (Instruction List) — s13bIK HHCTPYKIUHI. ITO SI3BIK HU3KOTO
YPOBHSI KJIacca acceMOJiepa v IIPUMEHSIETCSI ISt TIPOTPAMMUPO-
BaHUS 3 PEKTUBHBIX, ONTHMHU3UPOBAHHBIX IIPOIIEAYD.

Ceifuac yke MOKHO CKa3aTh, UTO TIOABIISAIONIEE OOTBITMHCTBO
KOHTPOJLIEPOB U CUCTEM YIIPABJIEHYSI 00CITYKMBAETCS TIPOTPAMM-
HBIMU TIPOyKTaMu, peanusyommumu ctagaapt MIK 1131-3.

[ITupokoe nmpumenenue B Poccun Hamen naket ISaGRAF
dpanmysckoit kommauuu CJ International.

OcHOBHbIE BO3MOXXHOCTH IIaKeTa:

* [IOZIIePKKA BCEX IISATH SA3bIKOB cTanaapra MOK 1131-3
wioc peanmsanus s3bika Flow Chart kak cpencrsa omucanust
nuarpamM coctosiiuii. [Ipu atom ISaGRAF no3BosisieT cMmenu-
BaTh IPOTPAaMMBI ¥ TIPOIEyPbI, HAITMCAHHbIE HA PA3HBIX SI3BIKAX,
a TaK)ke BCTABJISITH KOJIOBBIE TIOCJIE0BATENBHOCTH U3 OJTHOTO
SI3bIKA B KOJIbI, HAIMCAHHbIE HA JIPYTOM SI3bIKE;

* HAJMMYMe MHOTO(YHKIIMOHATLHOTO OTIQTYMKA, TI03BOJISI-
IOII[Er0 BO BpeMsi pabOThI IPUKJIAIHOM 3a1a4K IPOCMATPUBATh
COCTOSTHUE TIPOTPAMMHOTO KO/[2, TePEMEHHBIX, TIPOTPAMM U MHO-
TOe IPYTOe;

* [IO/IZIEPKKA PA3IMYHBIX IIPOTOKOJIOB IIPOMBIIIIEHHBIX CETEH;
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* peayr3aIys OIIKi, 06ECIeYMBAIONINX OTKPBITOCTh CHCTEMBI
IJIS1 IOCTyIa K BHYTPEHHUM CTPYKTYDPaM JAaHHBIX IIPUKJIATHON
ISaGRAF-3a1aun, a TakKe BO3MOKHOCTD Pa3pabOTKH APaiiBepOB
/IS MOZLyJIel BBOJIa/BBIBO/IA, Pa3pabOTAHHBIX CAMUM MOJIH30-
BaTeJieM, U BO3MOXKHOCTD 1tepeHoca ISaGRAF-szpa Ha mo0yio
anmapaTHO-IPOTrPaMMHYIO IIaThOPMY;

* HabOP APaiiBepOB [J1s1 PabOThI C KOHTPOJLJIEPAMHU PA3IUIHBIX
dupm — npoussoaureseit: PEP Modular Computers, Motorola
Computer Group u 1p;

* HAJUYWE JOTIOTHUTETHHBIX MHTEPAKTUBHBIX PEAKTOPOB
IU7IST OTUCAHMS TIEPEMEHHBIX, KOHCTAHT M KOH(MUTypaIuii BBoaa,/
BEBIBO/I3;

* BCTPOEHHBIE CPEACTBA KOHTPOJIS 32 BHECEHNEM U3MEHEHMI
B IIPOTPaMMHBIN Ko7 [SaGRAF-TIpuioKeHus 1 Te9aTi OTYETOB
0 Pa3pabOTAHHOMY TIPOEKTY C GOJIBIIION CTEIEHBIO IETATM3AIINH,
BKJIOYas! [Ie4aTh TaOJIHIl IEPEKPECTHBIX CCHUIOK ISl IIPOTPAMM
Y OT/IEJTbHBIX TIEPEMEHHBIX;

* TI0JTHOE IOKyMEHTUPOBAHKE 3TAIIOB Pa3pabOTKH.

Bwmecre ¢ Tem Bexmytue hupMbl — TPOU3BOAUTETH KOHTPOJI-
JIEPOB U CUCTEM YIIPABJIEHUS TIPEJIATAIOT CBOU CIIEITHATU3UPO-
BaHHbBIE TIAKEThI TPOTPAMMHUPOBAHUST KOHTPOJLIEPOB.

PaccmoTpuM porpaMMHOe 0becIiedeH e CTaHIUi OTepaTo-
POB/ANCIIETYEPOB.

SCADA-naxeTsI 103BOJISAIOT 6€3 IPUMEHEHHS BBICOKOYPOB-
HEBBIX A3bIKOB TIPOTPAMMHUPOBAHUS (MIU C MUHUMATbHBIM MX
IpUMEHEHHEM ) CO3/IaBaTh IIPOrPaMMHOE 0OecIIeYeH e TIEPCo-
HaJIbHBIX KOMIIBIOTEPOB (Pa6OYMX CTAHIIHIA, IYITOB OMEPATO-
POB/ANCIIETYEPOB), IPEIOCTABIISIONIEE ONIEPATOPY IMUPOKUHI
Ha60p QYHKIMHI /i1 MOHUTOPUHTA M YIIPABJIEHUS IPOIEC-
COM.

Ha nepsom atane (1980-e rT.) KaXXabli1 TPON3BOAUTETD
MHUKDPOIPOIECCOPHBIX CHCTEM YIPABJIEHUS Pa3pabaThiBa
co6erBennyio SCADA-uporpammy. Takue mporpaMMbl MOTJIH
B3aMMO/IEICTBOBAThH TOJBKO C Y3KUM KPYI'OM KOHTPOJLJIEPOB
1 TI0 BCEM TapamMeTpaM ObLUIN 3aKPBHITHIMU (OTCYTCTBUE HaOOpa
IpaiBepoB st paGOTHI C YCTPOMCTBAME Pa3JUYHBIX [TPOU3-
BOJINITENIEN ¥ CPEJICTB UX CO3/[aHUSI, OTCYTCTBUE CTAHAPTHBIX
MEXaHU3MOB B3aMMO/IENCTBUS C IPYTUMU TPOTPAMMHBIMU ITPO-
IYKTaM" | T.1.).

B 1990-¢ rT. cHayasa 3apyOesKHBIE, @ 3aTEM U OTEYECTBEHHBIE
bupmbl HavaM pa3pabaThiBaTh OTKPBITHIE SCADA-IIpOrpaMMmBl,
KOTOPBIE YK€ MOKHO OBLIO MCIIOIb30BAT JIJIsI MIUPOKOTO KJIACCA
MUKPOIIPOLIECCOPHBIX KOHTPOJLJIEPOB.
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Yuusepcanbubie SCADA-niporpaMMbl Benymux (pupm, pas-
PabATHIBAIOIIMX UCKITIOYUTETHHO TIPOTPAMMHBIH ITPOAYKT JJIsT
CHCTEM aBTOMATU3AIINH, CTAJIM HACTOJIBKO BBICOKOYPOBHEBBIMY,
YTO BBIAEPKUBATH KOHKYDEHIIHIO C HIMY IIPOM3BOINTESIM BCETO
KOMILJIEKCA IIPOTPAMMHO-AMIIAPATHBIX CPEACTB ObLIO YIKe He O
cuty. ITO IPUBEJIO K TOMY, YTO YKCJIO DUPM, Pa3pabaThIBAIOIIMX
IIJISI CBOMX KOHTPOJLJIEPOB opuruHaibHbie SCADA-TIpOrpaMMBl,
crayio ymenbinaercs. Ho konnyecTso hupm, crienuainsupy-
IOIAXCS Ha BBITyCKe OTKPBITHIX SCADA-TiporpamMm, IpoioKkaeT
pacru.

CnexTp GYHKIIMOHAIBHBIX BO3MOXKHOCTEN OTPE/iesIeH ca-
Moii posbio SCADA B cuctemax ynpasnerus: (HMI — Humain
Machine Interface/4enoBexo-mammuubii unTepdeiic — YMUN)
¥ peaIn30BaH IPAKTUIECKH BO BCEX ITaKeTaX. JTo:

* aBTOMATU3WPOBAHHOE IPOEKTUPOBAHNE CUCTEMBI, JA0IIee
BO3MOKHOCTD co3manust [1O cucteMbl aBTOMaTH3aMK 6€3 pe-
aspHOTO TporpammupoBanust (Development);

* WCTIOJIHEHVE TPUKIaAHBIX mporpaMM (Run Time);

* c60p MEepPBUYHON WHOOPMAIIMK OT YCTPOUCTB HUIKHETO
YPOBHS;

* 00paboTKa MepBUYHOM MH(POPMAIIHH;

* DETUCTpAIUS ATAPMOB ¥ UCTOPUYECKUX TAHHBIX;

* IIpe/ICTaBJIeHUe TEKYIUX 1 HAKOILIEHHBIX (ADXUBHBIX ) JIaH-
HBIX B BUjie TpauKOB (TPEH/EI);

* 0TOGpaKeHUE TAPAMETPOB TEXHOJOTUYECKOTO MPOIIecca
U COCTOSTHUSI 0O0PYIOBAHMUSI C TIOMOIIBI0 MHEMOCXEM, TabJIMII,
rpauKoOB U T.IL;

* TIOJZIEPKKA CTAHIAPTHBIX TEXHOJIOTHIA ¥ TPOTOKOJIOB OOMEHA
JTAHHBIMU;

* IUCTaHI[MOHHOE YIIPaBJIeHNE 00bEKTAMY;

* (hopMHUpOBaHE OTYETOB 110 CO3/[AHHBIM Ha 9TaIle TIPOEKTU-
POBaHUsI MTAGIOHAM.

baszoseiii dyHKnnoHaabpHbIN poduis cuctem SCADA/
HMI copmupoBaics elie BO BpeMeHa MEePBHIX YITPABJISIONUX
BBIYUCIUTEIBHBIX ManiH. Co BpeMeHeM (DyHKIIMOHAIbHBIE
BoamoskHoCcTU SCADA/HMI pacuupsiiuch (TOsIBJIEHUE [IBET-
HBIX JINCILJIEEB, CPENCTB aHUMAITNY, TOJIOCOBOU CUTHAU3AIIU
" T.OL).

C nosiBieHNEeM KOHIIENIIUYA OTKPBITHIX CUCTEM TIPOTPAMMHOE
obecrieuenne SCADA/HMI njist oniepaTOPCKUX CTAHIIUN CTAHO-
BUTCSI CAMOCTOSITEIbHBIM MIPOAYKTOM, CBOOOIHO B3aMMOIEH -
CTBYIOIIVM C ITPOTPAMMHO-AIIIAPATHBIMU CPEACTBAMY Pa3HBIX
[IPOU3BOAUTENIEH.
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4.3. HoBble TEXHONOrMW B NPOM3BO/CTBE KOHTPONNEPOB

B mocreamEe TO/BI TIPY IPOM3BOCTBE KOMITBIOTEPOB,/KOHT-POJI-
JIepOB NIMPOKO Pa3BUBAIOTCS CTAHAAPTHI MATUCTPAIBHO-MO/YIbHOU
apxurektypsl (PCI, CompactPCI, VME). I1o camomy pacrpocTpa-
HeHHOMY B EBporie cranmapty VME ye cOTHU (bHPM BBIITyCKAIOT
PpasJiyHble TUITBI T1aT. Cpeyt HUX — IIeHTPaJIbHBIE IPOIECCOPBI, Ce-
TEBbIE KOHTPOJLIEPBI, GJIOKHU TTAMSITH, MOJTY./IA BBO/IA,/BbIBOJA U T.]I.

VME — 310 32/64 pa3psitHas IMWHA C MAKCUMAJIBHOU TIPO-
IyCKHO criocoGHOCThI0 40 M6uT/c. KoHTposLiephl Ha Ga3e IHbI
VME n3roTaBinBaloTCsI B KOHCTPYKTUBAX «eBpoMexaHuka 19»
dopmaroB 3U un 6U.

ITH CTAHIAPTHI TIO3BOJISIIOT COGUPATh KOHTPOJLIEPHI U3 TO-
TOBBIX IIJIAT PA3HBIX (DUPM, BBIITYCKAIONTUX POIYKIIUIO IT0 STUM
CTaHJ[APTaM.

C60pKa KOHTPOJLIEPOB MTPH TAKOM MOAXO0/Ie CBOAUTCS K Pa3-
MEIIEHNIO CTAaHAAPTHBIX 1At (hopmaTa Evrocard B KOHCTPYKTH-
BHI (CTOMKM, MKa(MBI) TAKOTO XKe cTaHaapTa. V1 KOHCTPYKTHBHI,
¥ TJIAThI UMEIOT IMUPOKUH TUAA30H UCTIOJHEHUS HA Pa3HbIE
YCJIOBHS 9KCILTyaTalK (TEMIIEPATy Py, BAaKHOCTb, BUOPAIIUIO,
TIBLTh, JIEKTPOMATHUTHBIE TIOMEXU U T.1I.).

ITepcuiekTUBHOCTH TaKOro 110/1X0/a HecomHeHHA. O1HAKO
BbICOKasi crouMocTh VME-kouTposiepos (Ha 20—40% moposke
[0 CPaBHEHUIO ¢ OOBIYHBIMU KOHTPOJLIEPAMHY, UMEIOIUMH aHA-
JIOTUYHBIE XAaPAKTEPUCTUKY) B HACTOSIIIEE BPEMSI C/IEPKUBAET
MIPOIIECC MX PACTIPOCTPAHEHMS.

Cpenu bupMm, UCIOIB3YIOIKUX MAarUCTPAJIbHO-MOYJIBHYIO
apxutexktypy VME npu pon3BoACTBE KOHTPOJLIEPOB, HAXOASTCS
Takue u3BecTHble npousBoautenn, Kak PEP Modular Computers,
GE Fanuc (cemeticTBo kKoHTpOsIEpoB 90—70) 1 11p.

Kasxmplii 101p30BaTeb IPEIBSIBISIET K KOHTPOJLJIEPY CBOU
tpeboBanust. [IpousBoAUTED [JIs1 YIOBIETBOPEHUS BCEX MOJIb-
30BaTeJiell BBIILyCKaeT MHOKECTBO MOANMUKAIIVI CTAaHAAPTHON
Mozes. Ho Takoit moAxoz He T03BOJISIT IPOU3BOUTEIIIO CyIIle-
CTBEHHO CHU3UTh CTOMMOCTD CBOMX M3JEJHi. A PBIHOK TpeGyeT
(OYHKITMOHAIBHO THOKMX KOHTPOJLIIEPOB, KOTOPBIE 00eCTIeYnBAIIH
Obl BO3MOKHOCTH HEZIOPOTOrO PACIIUPEHUS MIH M3MEHEHMSI UX
koHurypanuu u dysaknwmii. B korme 1990-x rT. mpousBoguTenn
TIPEITIOXKUIIH, HAKOHETI, MOJIEST KOHTPOJLJIEPOB € M3MEHSTIOTTMCS
ypoBHeM (DYHKITMOHATBHOCTH U UHTeTpaIuu. /locTUTaeTcst aTo
[IpPIMEHEHNEM HaIlJIATHBIX ME30HUH-MOYyJIell B KOHTPOJLIepax
C MarucTpajbHO-MOAYJIbHON apXUTEKTYPOIL.
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ITH ME30HUHBI MOTYT UTPATh POJIb MOYJI€l BBO/IAa,/BBIBOIA,
nHTEepGENHCOB, MaMATH U T.I. Biarogapsi 5TUM BO3MOKHOCTSM
MOKHO COOMPATh U3 TOTOBBIX MO/YJIEi KOHTPOJLJIEPBI, CTPYKTypa
Y XapaKTEePUCTUKU KOTOPBIX OYAyT COOTBETCTBOBATH BCEM Tpe-
60BaHMAM aBTOMATH3ALUY KOHKPETHOTO 0ObeKTa. V, yunuThiBas
MPOCTYIO 3aMEeHY OT/IEJBHBIX TLJIAT B XO/I€ 9KCILTYaTaIllU, BCEeTIa
OCTaeTcsI BO3MOKHOCTD ITepeKOH(MUTYPUPOBATH KOHTPOJLIED
B COOTBETCTBUH C PACIIUPSAIONINMCS KPYTOM 3371a4 aBTOMATH-
3aIlMU ¥ U3MEHSIONMMHUCS CBOMCTBaMU 00beKTa. Takol moaxon
TTO3BOJISIET JJOCTUYh MAKCHMAIBHO BBICOKOTO YPOBHS MHTET DA
KOHTPOJIJIEPA ITPU OTHOCUTEIHLHO MAJIBIX 3aTPaTax.

Cucremsl, HocTpoeHHbIe Ha 6a3e VME-IIMHBI, Oy YHIIH [IH-
POKOE pacipoCTPaHEHUE BCJIEICTBUE XOPOIIIEN IPOU3BOIUTEb-
HOCTH U TIPUCIIOCA0IUBAEMOCTH K M3MEHSIIOIUMCS YCIOBUSIM
9KcILTyatanuu. B HacTosiiee BpeMsi phIHOK ITPOMBITIJIEHHBIX
CHCTEeM Pa3BUBAETCS B HAlpaBJIeHUN ucnoab3oBanus VME-nat/
HOCHUTeJIEN C yCTAaHOBJIEHHBIMU Ha HUX ME30OHUHAMM.



naBa 5

ACYTN U AUCNETYEPCKOE YMPABJIEHUE

5.1. 06wme noHATHS

B nacrosimee Bpemst SCADA (Supervisory Control And Data
Acquisition — mucmeryepckoe ynpasieHvie u cOOp TaHHBIX)
SIBJISIETCSI HAMOOJIE€e TIEPCIIEKTUBHOM TEXHOJIOTHEH ABTOMATH3H-
POBaHHOTO YTIPABJIEHUST BO MHOTHX OTPAC/ISIX TIPOMBILIEHHOCTH
[2].

B mociieiHre HECKOJIBKO AECATUIETHI 32 PyOEKOM PE3KO
BO3POC MHTEPEC K POOIEMaM MOCTPOEHHUSI BHICOK03(HEKTHB-
HBIX ¥ BBICOKOHA/IEXKHBIX CHCTEM JIMCIIETYEPCKOTO YIIPABIEHUS
u cOopa JaHHbIX.

C oxHOIT CTOPOHBI, 3TO CBSI3aHO CO 3HAYUTEIHHBIM IIPOTPECCOM
B 06J1aCTH BBIYMCIUTETBHON TEXHUKH, IPOrPAMMHOTO oOecriede-
HUS U TEJIEKOMMYHUKAIIAH, YTO YBEJMUMBAET BO3MOKHOCTH U Pac-
npsiet cepy IpUMeHeHUsS] AaBTOMATU3UPOBAHHBIX CUCTEM.

C npyroii CTOPOHBI, pa3BUTHE MH(POPMATTHOHHBIX TEXHOJIOTHIH,
TOBBITIIEHNE CTETIEHN aBTOMATU3AIMH U TTepepaCIIpeeieHIe
(YHKIMIT MEK/Ty YeTIOBEKOM M AIAPaTyPOil 000CTPIIIO IIPOBIEMY
B3aMIMO/IENCTBYS YETOBEKA-OTIEPATOPA C CHCTEMOU YIIPaBJIeHNS.
PacciepoBanue v aHaau3 GOJIBIIMHCTBA aBapUi M IIPOUCLIECT-
BUI B TPOMBINIJIEHHOCTY W HA TPAHCIIOPTE, YACTh M3 KOTOPBIX
mpuBesa K KaTacTpOGUUYECKUM TIOCTIECTBUSM, TIOKA3aJH, 4TO,
eca B 1960-x IT. omnbKa yer0BeKa sSIBJISIach IIEPBOHAYAIBHOM
npuyuHOM Jutih 20% WHIUAEHTOB, TO B 1990-X TT. 0715 <4€emo-
Beueckoro akropas Bodpoca 10 80%, mpuyeM B CBSI3U C II0-
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CTOSTHHBIM COBEPIIIEHCTBOBAHMEM TEXHOJIOTHI W IOBBIIIEHUEM
HaJIEXKHOCTH 3JIEKTPOHHOTO 000PYIOBAHYS U MAIIUH J0JIST 3Ta
MOXeT eiie Bo3pactu (puc. 5.1).

Yenoseuyeckuii paxTop

TexHomormyeckuit pakrop

OTHOCUTEIBHBIN BKJIAT
B IIPUYMHBI MHITAIEHTOB

Bpemsa

Puc. 5.1. TeHAeHIIMM IPUYHH aBapHii B CIO’KHBIX aBTOMATU3UPOBAH-
HBIX CUCTEMAX

OCHOBHOU TPUYMHON TaKWX TEHIEHIIUH SIBISETCS CTAPBII
TPAIUIUOHHBIN Moax0/ K nocTpoeHuio ACY, KOTOpEIi Ipu-
MEHSIETCSI YaCTO U B HACTOSIIIIee BPEMSI: OPUEHTAIUS B IIEPBYIO
oyepenb Ha MPUMEHEHNE HOBEUIUX TEXHUYECKUX (TEXHO-
JIOTUYECKUX) TOCTUXXKEHUH, CTPeMJIEHYE TIOBBICUTH CTEIIEHb
aBTOMAaTHU3aANNK 1 GYHKIIMOHATbHBIE BOBMOXHOCTH CHCTEMBI
4, B TO K€ BpeMsI, HeJJ0OIleHKa HEOOXOAMMOCTH MOCTPOEHUSI
3¢ GeKTUBHOrO YeI0BEKO-MaInHHOTO nHTepdeiica (HMI —
Human-Machine Interface), T.e. unrepdeiica, opueHTUPOBaH-
HOTO Ha OTIEPATOPA.

BosHuka HEOGXOAMMOCTD MPUMEHEHUsI HOBOTO TIOAX0/a
py pa3pabOTKe TAKUX CUCTEM, 2 IMEHHO OPUEHTAIINS B IEPBYIO
ouepe/lb Ha YeJIOBeKa-oneparopa (AucieTyepa) U ero 3afiauu.
Peanuzarueit Takoro moaxoa u apiasiorcst SCADA-cucTeMsl,
KOTOpBIe WHOT/A fake Ha3biBaloT SCADA/HMI.

YpaBjieHre TEXHOJOTHYECKUMHY MIPOI[ECCAMU Ha OCHOBE
SCADA-cucTeM CTaJIO OCYIIECTBJSTHCS B IIEPEOBBIX 3aIajl-
HbIX crpanax B 1980-e rr. B Poccuu nepexo| k ynpaBiieHUIO
Ha ocHOBe SCADA-cucTeM CTaI OCyIMIECTBIASITHCSI HECKOTBKO
no3sxaxee, B 1990-e rr.

SCADA-cucTeMbl HAWTy4IIMM 00pPa3oM IPUMEHUMBI JIJISI aB-
TOMATHU3AIUH yTIPaBJIeHNS HETIPEPHIBHBIMU U PACIIPeNeICHHBIMI
IIpoLeccaMy, KaKMMU SIBJISIOTCS HepTera3oBble TEXHOJIOTHYe-



130 'nasa 5. ACYTII n gucneTyepcKkoe ynpaBnieHue

ckue mporecchl. Kpome HeTsiHOM 1 Ta30BOI IPOMBITIIIIEHHOCTH,
SCADA-cucTeMbl TIPUMEHSIIOTCS B CIEAYIOMMX 00IaCTsIX:

* yIpaBJieHVE IPOU3BO/ICTBOM, TIepe/ladyeii v paciipe/iesieHIeM
3JIEKTPOIHEPTHUY;

° IPOMBITIJIEHHOE TIPOU3BOJICTRO;

* B0Z03260D, BOJIOOYKMCTKA U BOJIOPACIIPEIE/ICHHE;

* yIpaBJieHre KOCMUYECKUMHU OO BEKTAMM;

* yIpaBJieHHe Ha TpaHCHopTe (BCce BUIbI TPAHCIOPTA: aBUa,
METPO, JKEeIE€3HOI0POKHBIN, aBTOMOOWIBHBIN, BOAHBIN );

* TeJIEKOMMYHUWKAIINY;

* BoeHHast 00/1aCTb.

B mupe HacuuTHIBaETCS He OIUH IECSITOK KOMITAHUM, aKTUBHO
3aHUMAIONIUXCS pa3paboTkoii u Bueaperuem SCADA-cucreM.
[TporpaMMHbBI€ TPOAYKTHI MHOTUX U3 3TUX KOMIIAHWI ITPEICTAB-
JIEHBI HA poccuiickoM peiHke. Kpome Toro, B Poccuu cyiecTByioT
KOMIIaHWUH, KOTOPBIE 3aHUMAIOTCS Pa3pabOTKOM OTeYeCTBEHHBIX
SCADA-cucreMm.

5.1.1. Onpenenenne u o6mas crpykrypa SCADA

SCADA — sro niporiecc cbopa nHMGOPMAIUK PEATBHOTO Bpe-
MEHH C yAaJe€HHBIX 00bEKTOB JJIsT 00pabOTKH, aHAIN3a U BO3-
MOJKHOTO YIIPABJIEHUSI 9TUMU OOBEKTAMU.

B SCADA-cucremax B 60Jibllel I MEHBIIEH CTETIEHN pea-
JIN30BaHBI OCHOBHBIE TIPUHIUIIBI, TAKKE, KaK PaboTa B pexkrMe
PeajibHOrO BPEMEHHM, UCIIOJIb30BaHNE 3HAYMTEIbHOIO 00beMa
n30bITOYHON WH(OPMAIKHU (BBICOKAsT YaCTOTa OOHOBJIEHUS
JIAHHBIX ), CETEBAsi APXUTEKTYPA, IPUHIUIIBI OTKPBITHIX CUCTEM
¥ MOJYJIbHOTO UCIIOJIHEHWS, HAJIYKE 3aIIaCHOr0 000PYI0BaHMs],
PaboTAIOIIETO B «<TOPSIYEM PE3EPBE>, U IP.

Bce coBpemennbie SCADA-crucTeMBI BKITIOYAIOT TPY OCHOBHBIX
CTPYKTYPHBIX KOMITOHeHTa (puc. 5.2).

Remote Terminal Unit (RTU) — yaajieHHbIA TEPMUHAIL, OCY-
HIECTBISIONU 06paboTKy 3amaun (YIIPaBJIE€HNE) B PEXKUME Pe-
AJIBHOTO BPEMEHH.

yngf:JleeKHTm RTU CS MTU Omneparop

Pyc. 5.2. OcHoBHbIE CTPYKTypHbIe KOMIOHEHTHI SCADA-cucrembl
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CucreMbl peaibHOTO BpeMEHHU ObIBAET [IBYX TUIIOB: CHCTEMbI
JKECTKOTO PeaJIbHOTO BPEMEHH U CUCTEMBI MSITKOTO PeabHOTO
BPEMEHU.

Cucmemni JcecmK020 peanrviozo 6pemeny He JOMYCKAT HHl-
KaKUX 33/IePKeK.

Cuekrp Bomtomienust RTU mupok — OT IPUMUTHUBHBIX JIaT-
YUKOB, OCYLIECTBJSIOIIMX ChbeM HHGOPMAIUHU ¢ 00BEKT, 10 Clie-
IUATU3UPOBAHHBIX MHOTOIIPOIIECCOPHBIX OTKA30yCTONYMBBIX
BBIYKMCIUTEIBHBIX KOMILJIEKCOB, OCYIIECTBIISIIOIINX 00paboTKy
uHbOPMAIUK U YIIPABJIEHUE B PEXUME KECTKOTO PEATLHOTO
BpeMeHu. KOHKpeTHAsI ero peanu3anus OnpeesisieTcs] KOHKpeT-
HBIM TIpuMeHeHueM. VICTI0Ip30BaHNe YCTPOCTB HU3KOYPOBHE-
BOU 06paboTKY NH(POPMAIMH TIO3BOJISIET CHU3UTD TPEOOBAHMS
K [IPOILYCKHOM CIOCOOHOCTU KAHAJIOB CBSI3U C [[EHTPAJIbHBIM
JIMCTIETYEPCKUM ITYHKTOM.

Master Terminal Unit (MTU) — nucrieT4epcKuii MyHKT YIIPaB-
sienust (TJIABHBIN TEPMITHAI ), OCYIIIECTBJIsIET 00pabOTKY TaHHBIX
Y yTIPaBJIEHHE BHICOKOTO YPOBHSI, KK IIPABHJIO, B PEXKUME MSITKOTO
peaibHOTO BpeMenu. OjiHa U3 OCHOBHBIX (YHKIHIT — obecrie-
yeHue nHTepdeiica MEXTY YeI0BEKOM-OIEPATOPOM U CUCTEMOI.
MTU mozxet ObITh peai30BaH B CAMOM Pa3HOOOPa3HOM BUJE —
OT OIMHOYHOTO KOMIIBIOTEPA C IOTIOTHUTENbHBIMU YCTPONCTBAME
HOJKJIIOYEHVS] K KAHAJIAM CBS3U 10 GOJIBIINX BHIYMCIIUTEIbHBIX
CHCTEM ¥,/UJIU OObEJUHEHHBIX B JIOKATBLHYIO CETh PAO0YMX CTaH-
Ui 1 cCepBEPOB.

Communication System (CS) — KOMMyHHAKaITMOHHAS CUCTEMa
(KaHaJTBI CBsI31 ), HEOOXOMMMAsT [IJISI TIEPe/Iayu JAHHBIX C YIIeHHBIX
TOYeK (0GBEKTOB, TEPMUHAJIOB) Ha IIEHTPAJIbHBIN HHTEPGEC OrIe-
paropa-zaucnerdepa v epefiauy CUTHAJIOB yrpasienus Ha RTU.

5.1.2. @yukuuoHanbHas cTpykrypa SCADA

B naspanun SCADA npucyTCcTBYIOT IBE OCHOBHbIE (DYHKIINY,
BO3JIaraeMble Ha CUCTEMBI 3TOTO KJIacca:

* c60p JAHHBIX O KOHTPOJUPYEMOM TIPOIIECCE;

* yIpaBJieHHe TeXHOJIOTMYECKUM IIPOIIECCOM, Peai3yeMoe OT-
BETCTBEHHBIMU JIMI[AMI Ha OCHOBE COOPAHHBIX JAHHBIX U TTPABUT
(xpuTepreB), BBIIOJIHEHIE KOTOPBIX 00ECTIEYMBAET HANOOIIBIIYIO
3(h(HeKTUBHOCTD TEXHOJIOTUIECKOTO IIPOIIECCA.

SCADA-cucteMbl 06€CIEINBAIOT BHITOTHEHNE CIEAYIONMX
pyHKITI:

* preM HH(POPMAINH O KOHTPOJUPYEMBIX TEXHOJIOTUIECKIX
[IapaMeTpax OT KOHTPOJUIEPOB HIKHUX YPOBHEH U JATUYUKOB;
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* cOXpaHeHUe TIPUHATON HHHOPMAIINY B apXUBAX;

* 06paboTKa MIPUHATON HHDOPMAIIH;

* rpaduyecKkoe IpeCTaBIeHIE X0/1a TEXHOJIOTUYECKOTO IIPO-
1ecca, a TaKXKe MPUHATOM ¥ apXUBHOM MHGOPMAINK B yA0OHOI
IUJIs1 BOCIIPUSITHSI POPME;

* IpreM KOMaHJI OTlepaTopa U Iepesiada uX B aJIpec KOHT-
pPOJIJIEPOB HUKHUX YPOBHEN U UCIIOJTHUTETbHBIX MEXaHU3-
MOB;

* perucTpanusi COObITHIA, CBI3aHHBIX C KOHTPOJUPYEMBIM
TEXHOJOTUYECKUM TIPOIECCOM U JI€HCTBUSIMHU MTEPCOHATA,
OTBETCTBEHHOTO 32 KCILIYAaTallMio0 U OOCIyKUBAHUE CUCTE-
MBI,

* OIOBEIIEHUE IKCILIYATAUOHHOTO U 0OCIYKUBAIOIIETO
nepcoHasa 06 0OHAPyKEHHBIX aBAPUUHBIX COOBITUSAX, CBSI-
3aHHBIX C KOHTPOJUPYEMBIM TEXHOJIOTUYECKUM IIPOIIECCOM
1 GYHKIMOHNPOBAHNEM MIPOTPAMMHO-AIAPATHBIX CPEICTB
ACYTII ¢ perucrpanueil IeficTBUI MePCOHANA B aBaPUHHBIX
CUTYyaIUIX;

* (hopMupOBaHUE CBOIOK U JIPYTHUX OTYETHBIX JOKYMEHTOB Ha
OCHOBE apXUBHOI MH(MOPMAITNY;

* 06MeH nH(pOpPMaLKell ¢ aBTOMATU3UPOBAHHON CUCTEMOM
YIIpaBJIEHUS TPEAIPUSITUEM;

* HEIIOCPEACTBEHHOE aBTOMATHUYECKOe yIIPaBJIeHNE TEXHO-
JIOTHYECKUM IIPOIIECCOM B COOTBETCTBUY C 33/IaHHBIMHU aJITO-
PUTMaMHU.

Jlanublli Tepeuyedb (GYHKIUM, BhIMOJTHSIEMBIX SCADA-
CHCTEMaMH, He SIBJISIETCSI A0COTIOTHO TOTHBIM, G0JTEE TOTO, HATTUYKE
HEKOTOPBIX (DYHKITHI 1 00BEM VX PeaiM3alii CUIbHO BAPbUPYETCSI
OT CHUCTEMBI K CHICTEME.

5.1.3. Ocob6ennoctu SCADA kak npouecca ynpaBieHus

Cy1ecTByer iBa THIIA YIIPABJIEHNS YIaJI€HHbIMA OObEKTAMM
B SCADA-cucTeMax: aBTOMaTUYECKOE I MHUITUHUPYEMOE OTIepa-
TOPOM CHUCTEMBI.

IIponecc yupasisenust B coBpeMeHHbIX SCADA-cucTeMax
HMeEET CJIeAYIOIe 0COOEHHOCTH:

* npouecc SCADA npuMeHsieTcst B CHCTEMaX, B KOTOPBIX 00s1-
3aTeJbHO HAJMMYIe Yes0BeKa (01epaTopa, IUCIeTIepa);

* niporiecc SCADA 6b11 pa3paboTaH JJIsi CUCTEM, B KOTOPBIX
J1000€ HEMPaBUIbHOE BO3IEUCTBHE MOKET IIPUBECTH K OTKa3y
00BbeKTa yIpaBIeHUs WK ake KaTaCTPOMUIECKUM TTOCTIE/CT-
BUSIM;
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* OIIEpPaTOp HECET, KaK MIPABUJIO, OOUIYI0 OTBETCTBEHHOCTD
3a yIpaBJIeHUe CUCTEMOH, KOTOPAast IPY HOPMAJIBbHBIX YCIOBUSIX
TOJIBKO U3PE/IKa TPEOYET IOACTPONKY APAMETPOB /IJIST JOCTHU-
JKEeHUs OITUMAJIbHON IIPOM3BOIUTEIBHOCTY;

* aKTMBHOE yYacTHe ollepaTopa B IIpoliecce YIIpaBIeHUsI Ipo-
HUCXOJIUT HEYACTO U B HEIPe/ICKa3yeMble MOMEHTHI BPEMEHH,
0OBIYHO B CJIy4ae HACTYIUIEHUSI KDUTHYECKUX COOBITHI (OTKA3BI,
HEIITaTHBIE CUTYAINH U 1IP.);

* [IEICTBYISI OIIEPATOPA B KDUTHYECKUX CUTYAIUSIX MOTYT OBITH
’KECTKO OTPaHUYEHBI IT0 BpeMeHH (HEeCKOJIBKIMY MIUHYTAMU VTN
JTaXKe CEKyH/IaMU ).

5.2. AnnapatHble U nporpammHble cpeacTsa SCADA-cuctem

5.2.1. Ocuosubie Tpe6oBanus k SCADA-cucreMam

K SCADA-cucremaM IIpexbsBIsIIOTCS CAeLyIOIIe OCHOBHBIE
TpeOOBaHUSI:

* Ha/IEXKHOCTh CHCTEMBI;

* 6e30MaCHOCTD YIIPABJIEHNST,

* OTKPBITOCTB, KaK C TOUKY 3DEHUSI TOAKIIOYEHNSI DA3INIHOTO
KOHTPOJUIEPHOTO 000PY/IOBAHUSI, TAK Ml KOMMYHUKAIMH C IPYTUMHE
[IporpaMMamy;

* TOYHOCTh 0OPAOOTKHU ¥ MIPECTABJIEHUS JaHHBIX, CO3aHUE
6oraThIX BOBMOKHOCTEN ISl PeaM3aluu rpapuaecKoro nHTep-
(eiica;

* IIPOCTOTA PACIIMPEHUS CUCTEMEI,

* MCHOJb30BaHNE HOBBIX TEXHOJIOTHIH.

TpeboBanus 6€30NACHOCTH U HAAEKHOCTH yIIPABJIEHUS
B SCADA-cucremMax BKJIIOYAIOT:

* HUKAaKO eIMHUYHBINA OTKA3 000PYI0BAHUS He TOJIKEH BBI-
3BaTh BBIIAYY JIO;KHOTO BEIXOZTHOTO BO3IEHCTBYS (KOMAaH/IbI) HA
00BEKT yIpaBIeHNUS;

* HUKaKas eJMHIYHAsI OIIKOKa orepaTopa He J0JKHA BbI3BATh
BBIZIaUY JIO’KHOTO BBIXOHOTO BO3/IEHCTBYST (KOMAH/IBI) Ha OOBEKT
YIPaBJIECHUS,

* BCE OIEPAIIUY TI0 YIIPABJIEHUIO JIOJIKHBI OBITh MHTYUTUBHO-
HOHATHBIMU U YI0OHBIMY /1151 O1IepaTopa (aucierdepa).
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5.2.2. OcHOBHBIE BO3MOKHOCTH cOBpeMeHHbIX SCADA-
NIaKeTOB

Vicxops w3 TpeboBaHuii, KOTOPbIE HpeabsiBIsioTcs: K SCADA-
cucTeMaM, GOJIBITMHCTBY COBPEMEHHBIX MAKETOB IIPUCYIIH CJie-
ZYIOIIYie OCHOBHbBIE BO3MOKHOCTH:

* aBTOMATH3MPOBAHHASI Pa3pabOTKa, O3BOJISTIONIASI CO3/[ABATD
I1O cucreMbl aBTOMaTH3anuU GE3 PEATBHOIO IPOrPaAMMHUPOBa-
HUS,

* cpezicTBa cO0Opa M XPAHEHUST TIEPBUYHON MH(MOPMALIUH OT
YCTPOICTB HUKHETO YPOBHS;

* cpeacTBa 06pabOTKY ePBUYHON MH(POPMAIINY;

* CpEJICTBA YIIPABJIEHNUS U PETUCTPAIIMU CUTHAJIOB 00 aBapHii-
HBIX CUTYaITUSIX;

* CpeZCTBa XpaHeHUsI THGMOPMAIUH C BO3MOKHOCTBIO €€ IIOCT-
06paboTKU (KaK MPABUJIO, PEAIU3YETCsl Yepe3 MHTeP(dENCh K Hau-
6oJiee MOMyYJISIPHBIM 6a3aM JaHHbIX );

° CpeJCTBa BU3yaausanuu uugopMaiu B Buzie rpadukos,
THCTOTPAMM U T.IL.

5.2.3. TenaeHn UM pa3BUTHS aNIaPATHBIX U MPOTrPAMMHBIX
cpeactB SCADA-cucrem

Oo61mue TeHAeHITHA

I[Iporpecc B 06macTu MHGOPMAIMOHHBIX TEXHOJIOTHH 00y CII0-
BWJI Pa3BUTHE BCEX TPEX OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHT
CHICTEM JUCIIETYEPCKOTO yIpaBieHust u cbopa nanusix — RTU,
MTU u CS, 4T0 I03BOJIIIIO 3HAYUTEIBHO YBEIUYUTh UX BO3MOXK-
HOCTH; TaK, YUCJIO KOHTPOJUPYEMBIX yIAJIEHHBIX TOYEK B COBpE-
menHoi SCADA-cucreme mosxet nocturats 100 000 u 6osee. Ha
HACTOSIIIUI MOMEHT 3HaUeHVe JAHHOTO ITapaMeTpa IIPaKTUIeCKH
He UMeeT OTPaHUYEHUI.

OcHOBHasI TEH/IEHIINST PA3BUTHS TEXHUYECKUX CPENCTB (ar-
[apaTHOro U IporpamMmuoro obecnieuenust) SCADA — murpaiust
B CTOPOHY TIOJTHOCTBIO OTKPBITBIX cucTeM. OTKPBITasi apXUTEKTypa
TI03BOJISIET HE3ABMCUMO BBIOMPATH PA3JIMYHbIE KOMIIOHEHTHI CHCTe-
MBI OT Pa3JIMYHBIX IIPOU3BOUTEIEN; B Pe3yJbTaTe — paclIpeHue
(YHKIIMOHAIBHBIX BO3MOXKHOCTEMH, 06JIeTYeHIe 00CITyKUBAHUS
u cHukenne croumoctu SCADA-cuctem.
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VYnanennnie T€PMHHAJIbI

[1aBHas TeHAEHIWSI Pa3BUTHUSI y/aJleHHBIX TEPMUHAIOB
(RTU) — yBennuyeHue CKOPOCTH 0OpabOTKM U TIOBBINIEHUE UX
VHTEJUIEKTYyaJIbHBIX BO3MOXKHOCTeH. COBpEMEHHbIE TEDMUHAIIBI
CTPOSITCSI HA OCHOBE MHKPOIIPOIIECCOPHON TEXHUKH, PAGOTAIOT
IO]] YIIPaBJIEHNEM ONIEPAITMOHHBIX CUCTEM PEATBHOTO BPEMEHH,
py He0OXOAUMOCTY OOBEMHSIIOTCSI B CETh, HEITOCPEACTBEHHO
WJIU Y€PE3 CETh B3AUMOJIEUCTBYIOT C MHTEJLIEKTYATbHBIMU DJIEK-
TPOHHBIMU JATYMKAMU OOBEKTA YIIPABJIECHNS U KOMITBIOTEPAMM
BEPXHETO YPOBHSI.

KonkperHas peanusaius RTU 3aBUCHT OT 06JIaCTH IPUMEHE-
HusL. [171s1 MHIyCTPUAIbHBIX ¥ TPAHCIIOPTHBIX CUCTEM CYIIECTBYET
JBa KOHKYPUPYIOIIUX HanpaBaeHus B Texuuke RTU — 1mpo-
MBIIIIJIEHHbIE KOMITBIOTEDHI U IIPOTPAMMUPYEMBIE JIOTUIECKHEe
KOHTPOJLJIEPHI (B PYCCKOM MIEPEBO/IE YACTO BCTPEYAETCS] TEPMUH
<IIPOMBITILIEHHBIE KOHTPOJLTEPS»> (PLC)).

ITpoMbIlIEHHBIE KOMIIBIOTEDPHI IIPEACTABJSIOT COO0M, KaK
[IPABUJIO, TPOTPAMMHO-COBMECTHUMBIE C OOBIYHBIMU KOMMEpYE-
CKMMH TIEPCOHATTBHBIMU KOMIIBIOTEPAMY MAITUHBI, HO a/IalTH-
POBaHHbIE VIS )KECTKMX YCIOBUMN DKCILIyaTal[id — OyKBaJIbHO
TSI yCTAHOBKY Ha IIPOM3BO/ICTBE, B I1€XaX, Ta30KOMIIPECCOPHBIX
CTaHIMSX U T.II AlalITanusi OTHOCUTCS HE TOJIBKO K KOHCTPYK-
TUBHOMY UCIIOJIHEHUIO, HO U K aDXUTEKTYPe U CXEMOTEXHUKE, TaK
KaK U3MEHEHUs TeMIIEPATyPhl OKPY’KAIOIIel Cpebl IPUBOASIT
K Apeidy 3JTeKTPUIECKHUX TaPaMETPOB.

B kavecTBe omepanoHHON CUCTEMBI B TPOMBINLIEHHBIX PC,
paboTaloIUX B KAYECTBE yAAJEHHBIX TEPMUHAJIOB, BCE Yallle
HauuHaeT npuMeHsaThbcss Windows N'T, B ToM 4mciie pasiudHbie
PacIIMpeHus: peaibHOrO BpEMEHH, CIIEI[MAIbHO pa3paboTaHHbIe
JUJISI 9TOM OTIepAIlMOHHOM crcTeMbl. Hanboiee M3BeCTHBIMU 11O-
CTaBI[UKaMU IIPOMBIILJIEHHBIX KOMIIBIOTEPOB SIBJISIIOTCSI aMe-
pukaHckue ¢upmbl Xycom, Octagon Systems u TaliBaHbCKUE
Advantech, Axiom.

[Ipomsitientbie KOHTPosLIEps! (PLC) mpeacTaBiasior coboi
CIeIVATM3UPOBAHHbBIE BEIUVICUTEBHbIE YCTPOICTBA, TPEIHA3HA-
YeHHbIE JIJIs1 yIpaBJIeHus mpoiieccamu (00beKTaMu) B PeaTbHOM
BpeMeH. [IpoMblIIIeHHbIE KOHTPOJLIEPHI UMEIOT BBIYUCIATEb-
HOE SI7IPO ¥ MOZYJTM BBOJIA-BBIBO/IA, TPUHUMAIOIINE UH(POPMAIIUIO
(curHaJbl) ¢ JATYMKOB, TIEPEKIIOYATENEH, TIpeoOpa3oBaTesen
¥ KOHTPOJIJIEPOB U OCYIIECTBJISAIONINE YIIPABIEHHUE IPOIIECCOM
W OGBEKTOM IIyTEM BbIIAUM YIIPABJISIIOIIMX CUTHAJIOB HA TIPU-
BOJIBI, KJIAIIAHbI, IIEPEKJII0YATEIN U APYTUe UCIIOJHUTEIbHbIE
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ycrpoiictBa. CoBpeMentbie PLC 4acTo 06BEIUHSIOTCS B CETh
C IIOMOII[BIO IIPOMBIIIJIEHHBIX (MH/YCTPHAJIBHBIX ) IIMH (CceTelt),
a MPOrpaMMHBbIE CPEJICTBA, Pa3pabaThIBaeMbI€ ISl HUX, [I03BOJISTIOT
B y100HOI1 /17151 o1iepaTopa (hopMe IPOrpaMMUPOBATH U YIIPABJISITH
VMY WJIV HETIOCPE/ICTBEHHO, WY Yepe3 KOMIIBIOTED, HAXOSIIUICS
Ha BepxHeM ypoBHE SCADA-cHCTEMBI — AUCIETYEPCKOM ITYHKTE
yupasaeaus: (MTU). Uccrnenoanuie ppiika PLC 1moKasaio, 4To
HanboJIee Pa3BUTHIMU APXUTEKTYPOIL, IPOrpaMMHBIM obecrieye-
HYEM ¥ (QYHKIIMOHATbHBIMYA BO3MOKHOCTSIMU 00JIaIal0T KOHT-
posutepst upm Siemens, Fanuc Automation, Allen—Bradley,
Mitsubishi.

MHoro MaTepuaIoB U UCCIeT0BaHUM IO IPOMBIIIIEHHON
aBTOMATHU3AIMH IIOCBSIIEHO KOHKYPEHIIUY JIBYX HAIIPaBIeHUH —
PC v PLC; kaxiplii ©3 aBTOPOB IIPUBOIUT OOJIBIIOE KOJUYECT-
BO JIOBOJIOB «33» M <IIPOTUB» 110 KAXXAOMY HanpaBieHu. TeMm
He MeHee, MOXKHO BBI/IEJINTh OCHOBHYIO TEHIEHITUIO: TaM, T/e
TpebyeTcst MOBBIIIEHHAS HA/IEXKHOCTD ¥ YIIPaBI€HUE B JKECTKOM
peasibHOM BpeMenu, npuMenstiorcs: PLC. B nepBy1o ouepels 310
KacaeTcsi IPUMEHEHUST B CUCTEMAX JKu3HeobecieueHust (Harpu-
Mep, BOJOCHAOKEHME, DIEKTPOCHAGKEHNE ), TPAHCIIOPTHBIX CHU-
CTeMax, 9HePreTUYEeCKUX U MPOMBINIIEHHBIX IPENPUATUSX,
MIPEICTABIISIIONINX ITOBBIIEHHYIO 9KOJIOTNYECKYI0 OAaCHOCTb.
WNunycrpuasnbasie PC IpUMEHSIIOTCS IPEUMYIIIECTBEHHO B MEHEe
KPUTHYHBIX 00JIACTSIX.

Kanaunl cBs13u

Kanaubl cBs13U /1JIs1 COBPEMEHHBIX JIUCIIETYEPCKUX CUCTEM
oTIMYaTCs 60IBIIMM pasHooOpasueM. Boi6op KOHKpETHOro
PENIeHNs 3aBUCUT OT ADXUTEKTYPBI CUCTEMBI, PACCTOSTHUSI MEXKTY
mucnieTdepcknM myHKToM (MTU) u RTU, uyncia KOHTPOJIUPYEMBIX
TOYEK, TpeOOBaHWH TI0 TIPOITYCKHOM CIIOCOOHOCTH U HAIEKHOCTH
KaHaJIa, HATUYUS IOCTYITHBIX KOMMEPUYECKUX JIMHUU CBSI3H.

Teuneutueit pazsutust CS Kak CTPyKTYPHOTO KOMIIOHEHTA
SCADA-cucTeM MOXKHO CUATATh UCTIOJIH30BAHUE HE TOJHKO BbI-
JleJIEHHBIX KaHAJIOB CBSI3H, HO TAKXKe ¥ KOPIIOPATUBHBIX KOMITBIO-
TEPHBIX CeTEN W CHENNATN3NPOBAHHBIX TTPOMBITIIEHHBIX CETEN
(MHIYCTPUATBHBIX MWH). B COBpeMeHHBIX TPOMBIIILIEHHBIX,
HHEPreTUYECKHMX M TPAHCTIOPTHBIX CUCTEMAX OOJIBIIYIO TIOMYJISIP-
HOCTb 3aBOEBAJIH TPOMBIIILIEHHBIE CETH — CIIEIMATTM3NPOBAHHbIE
OBICTPOAEHCTBYIOIIME KAHAIBI CBSI3H, TI03BOJISTIONINE 3P (PEKTHBHO
pelliaTh 331a4y HaIeXXHOCTH U IOMEX0YCTOMYMBOCTU COeTUHEHUN
HA Pa3HBIX NEPAPXUUYECKUX YPOBHIX AaBTOMATU3AIIHH.
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Jucneryepckue MyHKTHI yIPaBJI€HHUS

I'maBHoi#t Tennennueil pazsutust MTU siBiseTcs nepexoj
GosbIUHCTBA Pa3paboTunkoB SCADA-cucTeM Ha apXUTEKTYPY
«KJIUEHT-CEPBEP», COCTOSILYIO U3 YeThIpeX (DyHKI[MOHATHHBIX
KOMIIOHEHT:

1. User (Operator) Interface (unTepdeiic mosp3oBarens/
OIepaTopa) — MCKJIIOYATENHHO BaXKHASI COCTABIISIONIAS CUCTEM
SCADA. [Ins nee XxapaKTepHBI:

a) craHapTH3anus nHTepdeiica moap30BaTesss BOKPYT He-
CKOJIBKUX TLIaT(hOpM;

6) Bce Gosee Bospacramoiiee Biusiare Widows;

B) MCIOJIb30BaHUE CTaHJAPTHOrO rpadudeckoro nHTepdeiica
nosib3oBarens (GUI);

r) TEXHOJOTUSI OGBEKTHO-OPUEHTHPOBAHHOTO IIPOTPAMMU-
POBaHUS;

1) CTaHAApTHbIE CPENCTBA Pa3pabOTKU IPUIOKEHNI, HanbOo-
Jiee TIOMyJIsIpHbIE cpeau KoTopbix — Visual Basic for Applications
(VBA), Visual C++;

€) TOsIBJIEHNE BAPUAHTOB IIPOTPAMMHOTO 00€CIIeYeH s KJIacca
SCADA/HMI pnst mpokoro crekrpa 3agad. OObeKTHas He3a-
BUCHMOCTB TI03BOJISIET MHTEPGEICY MOTh30BATENS IPECTABIISTh
BUPTYaJIbHbIE OOBEKTHI, CO3/IaHHBIE IPYTUMU CHCTEMaMH. Pe-
3yJIBTAT — paclIiupeHue BO3MOXKHOCTeN 1o ontumusaruu HMI-
nHTepdeiica.

2. Data Management (ymnpaBjieHde TaHHBIMH) — OTXOJ
OT Y3KOCIEINATN3MPOBAHHBIX 0a3 JaHHBIX B CTOPOHY TOJ-
JIEP’KKU OOJIBITMHCTBA KOPIIOPATUBHBIX PEJISIMOHHBIX 6a3
nauabix (Microsoft SQL, Oracle). 9ta He3aBUCUMOCTD J1aH-
HBIX U30JIUPYeT GYHKIUH AOCTYTIA ¥ YIIPABIEHUS TaHHBIMUA OT
neneBbix 3ana4 SCADA, 4TO O3BOJISIET JIETKO pa3pabaThIBaTh
ZIOTIOJIHUTEIbHBIE TIPUJIOKEHUS 10 aHATU3Y U YIIPABIEHUIO
JAHHBIMHU.

3. Networking & Services (ceTu u cityK06b1) — TIEPEXO]] K UC-
I0JTb30BAHUIO CTAHAPTHBIX CETEBBIX TEXHOJIOTUI ¥ IIPOTOKOJIOB.
Cty>x6bI CETEBOTO YIPABJIEHNS], 3AIUTHI ¥ YIIPABJIEHUSI IOCTYTIOM,
[epeiayy MOYTOBBIX COOOMIEHNH, CKAHUPOBAHUS JIOCTYITHBIX
PECYPCOB MOTYT BBITIOJIHSITHCS HE3ABUCUMO OT KOJIA [EJIEBOMA
nporpammbl SCADA.

4. Real-Time Servises (ciry;k6bI peabHOTO BpEMEHN ) — pe-
[IAIOT 33/[aYU PEATHHOTO ¥ KBAa3UPEATbHOTO BpeMeHu. JlaHHbIe
CJIy>K0BI yIIpaBJIsiioT oOMeHoM nHbopMarueii ¢ RTU, ocyiectsis-
I0T yIpaBJieHre 6a30i JaHHBIX PeAIbHOTO BPEMEHH, OTIOBEIEHHE
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(6] CO6LITI/IHX, BBIIIOJIHAIOT I[efICTBPIH 110 YyIIpaBJE€HUIO CHCTeMOfI,
nepenady WHGOPMAIHK 0 COOBITHSIX Ha MHTEepdelic omepaTopa.

OnepanyoHHbIE CHCTEMBbI

PbIHOK OIHO3HAYHO C/Ie/Iall BBIOOD B MOJIb3Y OIEPAIIMOHHOMN
cucrembl Windows. Permaromumu [1st GhICTPOro poCTa MOILyJIsP-
HocT Windows CTasiu ee OTKpbITast apXUTEKTypa 1 5 HeKTUBHbIE
cpencTBa pa3pabOTKK MPUIOKEHHIA, YTO MO3BOJIUIO MHOTOYKC-
JIEHHBIM (bprpMaM-pa3pabOTIMKaM CO31aBATh IIPOrPAMMHBIE ITPO-
JIYKTBI JIJIs1 pETIEHUST ITUPOKOTO CIIEKTPA 33/1a4.

Poct npumenennst Windows B ACY 06ycJioBJieH B 3HA4H-
TEJIbHOU CTEIIEeHH TI0SIBJIEHUEM PsiJia IPOTPAaMMHBIX IIPOIYKTOB,
KOTOPBIE ABJAIOTCS paciiuperusiMu Windows /jisi peaibHOTO
Bpemenu (Harpumep, RTX).

Cuaenyer orMeTutb, uto B SCADA-cucTeMax TpeGoBaHue
JKECTKOTO PeaibHOTO BpeMeHH (T.€. CIOCOOHOCTh OTKJINKA,/
06paboTKU COOBITUI B YETKO OIIPE/e/eHHbIe, TADAHTUPOBAH-
HbI€ UHTEPBAJIBI BDEMEHH ) OTHOCUTCS, KaK MIPABUJIO, TOJTHKO
K YAQJIeHHBIM TEPMIHAJAM; B iucneTdyepckux myHkTax (MTU)
IPOUCXOAUT 06paboTKa/yIpaBjieHre COOBITHSIME (TIPOIEC-
camu, 0ObEKTaMH) B PEKUME «MSTKOT0» (KBa3W-) PEaTbHOTO
BpEMEHU.

IIpukiagHOE IporpaMMHoe obecneyeHne

OpueHTaIMs HA OTKPBITHIE ADXUTEKTYPBI IIPH MOCTPOEHUH
CHCTEM JIUCIIETYEPCKOTO YIIPABJIEHUS U cOOPA JAHHBIX TO3BOJISIET
pa3paboTYMKaM HTUX CHCTEM CKOHIIEHTPUPOBATHCSI HETIOCPECT-
BEHHO Ha 11es1eBoi 3agaye SCADA — c60p 1 06pabOTKa JaHHBIX,
MOHUTOPHHT, aHAJIN3 COOBITUH, yIpaBJeHue, peanusanus HMI-
uHTepdeiica.

B nocieiHee BpeMsi Ha PHIHKE MOSIBUJIOCH GOJIBIIIOE KOJMYECT-
BO TIPOTPAMMHBIX TIPOAYKTOB Kiacca SCADA/HMI, no3Bossiionux
pemaTh creruduuecKre 3aa4u M0 YIIPABIEHUIO TEXHOJIOTH-
YeCKUMH ITPOIECCAMY, BBIXOISIINE 32 PAMKH TI€JIEBOM 3a1a4u
SCADA, takue, KaK 3a/1a4y aBTOMaTU3aLMH JJIsI JUCKPETHOTO
MIPOM3BO/ICTBA, OTAEIHHBIX IPOU3BOICTBEHHBIX ITPOIIECCOB, aB-
TOMATHU3AINH C UCTIOb30BAaHUEM HOBENTITNX HH(MOPMAIIMOHHBIX
TEXHOJIOTUH U JIP.

HanGosbIux yCIiexoB B 3TOM HANPABIEHUHU TOOUINCH KOM-
nanwu Intellution u Wonderware.
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5.3. SCADA-npoayKTbl Ha POCCUICKOM pbIHKE

B macTosiee BpeMst Ha POCCUIICKOM PHIHKE TTPECTABIEHO
HECKOJIbKO JECATKOB 3apyOesKHBIX U 0TeuecTBeHHbIX SCADA-
npoaykroB. Hekortopsie 3apybesxtbie SCADA-cucTeMbl, u3Bec-
THBIE B MUDE, HA POCCUNCKOM PBIHKE ITOKa He IPeCTABIEHbBI
(manpumep, Cube, Panorama, Cimview w np.). Ho s1a cutyanus
MOJKET B JIIOOOW MOMEHT M3MEHUTHCSI, KAK 9TO IIPOUBOIILIO,
Hanpumep, ¢ aBctpanuiickoit SCADA-cucremoit Citect: cuc-
Tema 3aBoeBajia poiHOK IOr0-BocTounoit Asuu u Amepukwu,
B EBpore poct ee mpogax cocrasui 30% B roz, a B Poccun ona
ObljIa HEM3BECTHA, 0K poccuiickas pupMa — AUCTPUOBIOTOP
RTSoft ne Hayama pacpocTpaHeHe CUCTEMBI Ha POCCUACKOM
pBIHKE.

B Poccuu cerojinst HanboJiee MOy IsIPHBI CIEAYIONIIE 3apy-
6exubie SCADA-nakeTsr:

* In Touch (Wonderware, CIIIA);

* iFIX (Intellution, CIITA);

* SIMATIC WinCC (Siemens, [epmanus);

* Citect (Ci technologies, ABctpaiiust);

* Wizcon (PC Soft International, U3pamwns—CIIIA);

* Sitex n Phocus (Jade Software, Besmiko6puratust);

* Real Flex (B] Software Systems, CIITA);

* Factory Link (US Date Corp., CIITA).

OteuectBernbie SCADA-TIpOrpaMMBbI JJIsI TIEPCOHATBHBIX
KOMIIBIOTEPOB IOSIBUJINCH B Hallell cTpaHe B Havane 1990-x rT.
C yke npuBbIYHbIM 10-I€THUM 3ama3(bIBaHKEM B 3TOM 00JIaCTH,
0COGEHHO YCUJIEHHBIM JI0JITO [TPEOJ0JIEBABIINMCS HEJOBEPHEM
K HaJIE)KHOCTH U «CEPhE3HOCTU» 3TUX cucTeM. Buavase Ha [IK
CO3/1aBaJIACh IIPOTPAMMBI 1T0J] KOHKPETHBIN OOBEKT ¥ JIWIIb 32-
TeM TIOSIBUJIVICh YHUBEPCATIbHbBIE PellieHus. B HacTosIee Bpemst
MIMEETCsI OKOJIO JiecsiTKa oteuecTBeHHBIX SCADA-nakeToB. Bor
HanboJiee U3BECTHBIE U3 HUX:

* TRACE MODE (AdAstra, Mocksa);

* CKAT (IlenTpmporpammMcucteM, TBeps);

* CAPTOH (HBT-ABromaruka);

* VNS, GARDEN, Vis-a-Vis (UuCAT);

* VIORD («@uopn»);

* RTWin (SWD — Cuctemsl PeanbHoro Bpemenn);

* 30H/I (ACYTII IIporpamma).
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3.3.1. MuTerpupoBaHHblii NaKeT KOMILIEKCHOM
aBroMarusauyu FactorySuite

['maBHOE HanpaB/IeHVE Pa3BUTHUS COBPEMEHHBIX IIPOIPAMMHBIX
TEXHOJIOTUH YIIPaBJI€HUSI IIPOMBIIIJIEHHBIM [IPOU3BOJICTBOM —
OpraHUYHOE COYeTaHNe Ha HOBOM TEXHUYECKOM YPOBHE, B PaM-
KaX e[MHOTO «TJI00ATBHOT0» MHCTPYMEHTAPHS], 3((hEKTHBHOTO
YIIpaBJIeH!s IIPOMBIIILJIEHHBIM IIPOIIECCOM KaK TaKOBBIM M He-
Pa3pPBIBHO CBSI3AHHBIM C HUM OOIUM OM3HEC-MEHEIKMEHTOM
MIPEIIIPUSTHS.

[Iupoko pacripocTpaHeHHbIE KAk HA MUPOBOM, TaK U Ha OTe-
yecTBeHHOM pbiHKe SCADA-cUCTEMBI B TIOABJISIIONIEM 60JIb-
OIMHCTBE OTBETCTBEHHBI JIUIIb 32 TOT YPOBEHD [IPOMBIILIEHHON
aBTOMATU3AIlMH, KOTOPBIH CBSI3aH C IOJIyYE€HNEM JaHHBIX OT pas-
JIMYHBIX JATYNKOB U YCTPOICTB BBO/IA-BBIBO/IA, BU3YAIM3aIlel
cobpaHHOi HHGOPMaNUH U ee apXUBHpPoBaHueM. JloCcTy ke
K 3TO# MH(OPMAIUH CO CTOPOHBI PYKOBOAUTEJIS IIPeIIPUATH,
a Takke PyKOBOJAUTEIEH 9KOHOMUYECKUX ITO/[pa3/leIeHUH /10
He/IaBHETO BPEMEHU OBLI JIMIIb OIIOCPe0BaHHbIM. [[J1sT anamn3a
IIPOM3BO/ICTBA B I[€JIOM, MOZIEJTMPOBAHUSI €70 OT/EJIBHBIX STAIIOB,
BBISIBIEHUSI KDUTUYIECKIX YYACTKOB U CIaObIX 3BEHBEB BAKEH
IOCTYII K IIPOU3BO/ICTBEHHON HH(MOPMAIIUY Ha BCeX YPOBHSIX
B PeaJIbHOM BpEMEHU.

Jlsist peniernit mog0OHBIX 33/1a4 ABTOMATU3AIMHN TIPOMBILLIEH-
HBIX IPEATIPUSATHN B I[eJIOM Ha PBIHKE ITOSIBIJICS PSi/i HOBEHIITNX
IIPOTPAaMMHBIX KOMILJIEKCOB, B TOM 4McJle akeT FactorySuite
aMepHKaHcKoit kommanuu Wonderware.

FactorySuite cocToUT U3 CJIEMYIONX OCHOBHBIX, XOPOIIO WH-
TerpupYIOUINXCS APYT C PYTOM KOMIIOHEHTOB:

InTouch — momnuast SCADA-cucrema (o Heit 6yznet 6osee
HOAPOOHO PACCKA3AHO HITKE);

InControl — wHCTpyMeHTATIbHASI CHCTEMA IIPOrPAMMHUPOBAHUS
kouTposiepoB — 110 Ha 6aze Windows NT ajist ynpasienust
KOHTPOJLIEPHBIM 060py/I0BaHueM U mporeccamu. [logepsxuBaer
IIMPOKUIA HAGOP YCTPOICTB BBOJA-BBIBO/IA, IBUTATENIEH, JATINKOB
1 IPYTOTO MIPOMBIILIEHHOTO 060PYI0BAHKS YePEe3 YCTOSIBUINECST
nHTepdeiChl 1 OTKPHIThIE IIPOMBIIIJIEHHBIE CETH;

InTrack — cucrema ynpasienust mpousBozcTBoM. [To3Bossier
HaOJTI0/IaTh ¥ OTCIIEKUBATD B PEATBHOM BPEMEHY HE3ABEPIIEHHOE
IIPOU3BO/ICTBO, MaTePUATbHO-TEXHUYECKUE 3aI1aChl, UCIIOIb-
30BaHMe 060pyn0BaHusI, MpocTon U T.I. CrucTeMa mo3BoJISIET
OIpenessATh M MOJEINPOBATh IPOU3BOACTBEHHBIE IIPOIECCH,
KOHTPOJINPOBATH UCIIOJHEHNE 3aKa30B Ha IIPOLYKIIHIO;
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InBatch — cvcremMa rUGKOTO YIIPaBJIEHUS TPOLIECCAMHY JO3H-
poBaHus U cMelnuBanust. I1pu momornu InBatch monb3oBaTesu
B METQJLIyPrUY€eCKOii, XUMUYECKOM, TUIIEBOI IPOMBIIIJIEHHOCTH
MOTYT MOZIEJTUPOBATH CBOU IIPOIECCHI, CO3/1aBaTh PELENITHI, UMU-
TUPOBATh UCIIOJHEHUE PEIIENITOB, COTIOCTABJISSI UX C MOJEJIBIO,
YIPABJISIT PEATBHBIM IIPOIIECCOM, TTOTB3YSICh MOIEIBIO;

InSupport — 5T0 IPOrpaMMHOE CPEICTBO /1T OOHAPY KEHNUST
Y yCTPaHEHWs] HENCIPAaBHOCTEN 1 BeIEHNS TEXHUYECKOH IOKyMEeH-
taru. InSupport mo3BosisieT pa3pabaThiBaTh MPOIIELYPbl HAXOXK-
JIEHUSI ¥ YCTPAHEHUsT HEUCTIPABHOCTEN, KOTOPbIE BBIIAIOT YETKIE
MHCTPYKIIUHU 10 0OCIIYKUBAHUIO M PEMOHTY 000DYIOBAHUS [IJIsI
OIIEPATOPOB U OOCIYKUBAIOIIETO TEXHUYECKOTO MEPCOHAA;

IndustrialSQL Server — pensiuuoHHas 6a3a JaHHBIX PeaJlb-
HOTO BPEMEHU JIJI1 BHYTPU3ABOJICKOTO TIPUMEHEHWS, SIBIISIETCS
«cepIeM» POoMbIILIeHHOTo Habopa FactorySuite. IndustrialSQL
Server cobupaeT 1 XpaHUT UCTOPHIO O TIPOU3BOACTBEHHOM IIPO-
1iecce, mMo3BOJIsIsE PaGOTATh IIPU 9TOM C HECKOJBKUMHE COTHIMU
YCTPOMCTB BBOZIA-BBIBO/IA ¥ YIIPABJIEHUS,  TAKIKE C MHOYKECTBOM
y350B InTouch w InControl. Ou 06benuHsIET 3Ty MHOOPMAIIUIO
C IAHHBIMY O KOH(UTYPAIINH, ABAPUMHBIX CUTYAIUSX U COOBITHSIX,
C UTOTOBBIMU ¥ CTATUCTUIECKUMHU JAHHBIMU, C HICTOPHEN PETENTOR
(u3 InBatch), ¢ nanubIME 0 Xoze TipousBozcTBa (ot InTrack) u ¢
JIAaHHBIMU O COCTOsAHMM 060pyAoBanus (u3 InSupport);

Scout — cpencTBo, HO3BOJISIIONIEE IPOCMATPUBATD TEXHOJIOTH-
YeCKHUIi ITPOIECC U IAHHBIE ABTOMATH3MPOBAHHOTO IIPOM3BO/ICTBA,
UCTIOJIb3YS YIaJeHHBIN gocTym yepe3 cetu Internet/Intranet.
MoXeT HCII0JIB30BAThCS PYKOBOAUTENSIMY Y MEHEKEPAMU JIJIST
pocMoTpa MHGOpMaIKy U3 J1000i reorpaduuecKoi TOYKH.

Kpome nepeuncrennsix makeroB B FactorySuite BxonuT He-
CKOJIBKO CIIEI[UATN3UPOBAHHBIX TPUIOKEHUN-KIMEHTOB, 00b-
eIVHeHHBIX 11071 Ha3BaHueM Factory Office. OHu mpeHa3HAYEHbI
7SI CO3[JAHUST TEKYIIVX ¥ aDXUBHBIX TPEH/IOB, TAPAMETPHYECKUX
rpacdukoB X-Y 1 TabaM4HOrO OTOOPAKEHUST TEKYIIUX U APXUB-
HBIX JTAHHBIX.

5.3.2. SCADA-cucrema InTouch

SCADA-cuctema InTouch cuutaercss caMoil IIpoiaBaeMOM
B Mupe. Ona umeer 6osee 200 000 uHCTAIAIINNA.

HenagHo nosiBuiach yske BocbMast Bepewsi takera — [nTouch 8.0.

InTouch siBJIsIETCSI IEPBBIM IIPOLYKTOM, TIOTyYUBLIAM CEPTH(HU-
KaT COOTBeTCTBUsI Ha coBMecTUMocTh ¢ Windows XP («Designed
for Windows XP») ot Microsoft.
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[Tporpammusrii maket InTouch, kak moboit SCADA-maxert, cocTo-
UT U3 IBYX OCHOBHBIX KOMIIOHEHTOB — CPeIbl Pa3pabOTKK U CPEIbl
ucnosiHenusi. B cpeie pa3paboTKy CO3/IAI0TCSI MHEMOCXEMBI, OIIpe-
JIEJISTIOTCS ¥ TIPUBSI3BIBAIOTCS K AlITIADATHBIM CPEICTBAM BXOTHBIE
U BBIXOJ[HBIE CUTHAJIBI ¥ TTAPAMETPbI, Pa3pabaThiBAIOTCS a/ITOPUTMBbI
YIIpaBJIeHMs ¥ HA3HAYAIOTCS IPaBa onepaTopoB. CO3/aHHOE TAaKUM
06pa3oM mpuiokeHre GyHKIHOHUPYET B CPEIE UCIIOMHEHHSL.

JLJ1s1 TOTO YTOGBI TIPHUJIOKEHIE MOTJIO 0OMEHMBATHCS IAHHBIMI
C amnmaparypoii, HEOOXOIMMO UCIIOIb30BAHUE TPETHETO KOMIIO-
HEHTa — OTEIbHOM TPOTrPaMMbI, HA3bIBAEMOM CEPBEPOM BBOJIA-
BBIBOJIa. Kak mpaBumio, cepBep BBO/a-BbIBO/IA OPUEHTUPOBAH HA
MCIIOJIb30BaHKe ¢ KOHKPETHBIM BUAOM 000PYI0BaHMS, TAKAM, KaK
[POMBINLJIEHHBIE KOHTPOJLIEPSL. InTouch nmeeT GOJIBIIOE YUCIIO
rOTOBBIX CEPBEPOB BBOZA-BbiBoa — Gostee 600. IIpu neobxoau-
MOCTHU MOKHO TaKsKe pa3paboTaTh HOBBIH CepBEP BBOZA-BhIBOAA
¢ MOMOIIBI0 MHCTPYMEHTAIbHOTO cpezcTBa FactorySuite Toolkit.
Bmecre ¢ TeM UCTIOTB3YIOTCS TaKKe CEPBEPHI BBO/IA-BBIBO/IA, KO-
TOPBIE PACCYMTAHBI Ha OOMEH JJAHHBIMHE COTJIACHO OTPE/IeJIEHHBIM
[IPOMBINILIEHHBIM CTAHAAPTaM ¥ MOTYT PpaboTaTh CO BCEMU KOHT-
pOJLIEpaMu, YIOBIETBOPSIONIMMY 3TOMY CTaHAApTy (HAIIPUMED,
Modbus, ProfiBus, DeviceNet v 1p.).

InTouch MOXHO UCHOIB30BATH KaK HA OTAEIbHBIX MAIIWHAX,
TaK U B paclpezieJIeHHON KJINEHT-CEPBEPHON apXUTEKTYPeE.

baza 1aHHBIX peasbHOTO BpEMEHU TaK)KE UMEET KIIMEHT-Cep-
BEPHYIO apXUTEKTYPY, OHA BeIeTCs TOJIBKO Ha cepBepe U He KO-
MIAPYeTCsI Ha KIMEHTCKUE CTAaHIINH.

Vcnonmauresnbhas cucreMa InTouch monnepxkuBaet 6a3y aaH-
HBIX TEKYIIMX 3HAYEHUU TIpoliecca. T 3HAYEHUE MOTYT OTpa-
JKaTh 3a/JaHHbIE TOYKU KOHTPOJISI YCTPOUCTB, TPEICTABJISIONIAE
apaMeTphl (PU3NIECKOro 0GBEKTA, WU TOYKH, IPEICTABISIONINAE
pacyeTHbIe 3HAYeHNUS. 3HAUEHMsT [TAPAMETPOB COOMPAIOTCs 1 00pa-
6aTHIBAIOTCS HA OJHOM HJIH OOJIBIEM KOJIMYECTBE KOMITBIOTEPOB,
KCIOJIB3YIOIUX PACIPENETIEHHYIO CTPYKTYPY IPOTPAMMHOTO
obecrnieyenust. I1oAePKUBAIOTCS CIEAYIONINE TUIIBI JAHHBIX:
repeMeHHbIE BBOJIA-BbIBOJIA, BENECTBEHHBIE YNCIIA, TIEJTBIE YHCIIA,
JIUCKPETHbIE YUCIIa, CTPOKOBBIE IEPEMEHHBIE (IIPeJICTaBIIsieT coO0it
CTPOKY CHMBOJIOB JTUHOM /10 131 cuMBoJIa), cynepriepeMeHHbIE
(HEKOTOPAs CTPYKTYPA, ONPEIEJISIONIAst COCTABHYIO IIEPEMEHHYIO;
cyTiepriepeMeHHast MOXKET COAEePIKaTh 10 64 TIepeMeHHBIX ¥ UMETh
10 IByX YPOBHEH BJIOKEHHOCTH ).

OcobenHoctsiMu cpenbl paspaboTku InTouch sABIAIOTCS Cie-
IyIOoIue.

1. Jlunamudeckast pa3pabOTKa CETEBBIX IPUIOKEHUN.
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JuHamudeckast paspaboTKa 06eCIeynBaeT IeHTPAIU30BaH-
HO€ COIIPOBOJKIEHNE OCHOBHOM Komuu npuioxenus InTouch
C IIOMOIIIBIO CeTEBOTO cepBepa. Kax/iblit KIMEeHTCKUi y3eJl Jie-
JIAET JIOKAJIbHYIO KOIHIO Pa3pabaThiBAEMOTO HPIJIOKEHUS. ITO
obecrieynBaeT MOJIHOE pe3epBupoBanue. Ecii cepBep HEAOCTY-
TIeH, KJIIMEHTCKHH y3eJI IIPOA0JIKAET PaboTaTh, UCIOJIb3YsI CBOIO
JIOKQJIbHYIO KOTIHIO Tpuyioskenusi. Korma cepBep cTaHoBUTCS
JIOCTYIIHBIM, OCYIIIECTBJIEHHE CBSI3M C HUM IIPOUCXO/IUT HE3AMETHO
JIJIsI TIOJTb30BATEJIST MJTU TTPOTPAMMABI.

JIpyroii BO3MOXKHOCTBIO CETEBOI PacIIpeieIEeHHON pa3paboTKu
SIBJISIETCST TO, YTO MIOJIb30BATENN MOTYT ITOJyYaTh U3MEHEHUS Ha
KJIMEHTCKUX y3J1aX 6e3 OCTAHOBKH 3AIMYIIEHHOTO TPIJIOKEHST
InTouch. Cucrema CUTHAIU3UPYET OLEPATOPY O JOCTYITHOCTH
V3MEHEHU B IPUJIOKEHUH, ¥ OTIEPATOP MOKET MPUHSTH UX, KOT/A
a10 Oyzer ynobuo. Ilpu npreme GyayT 3arpy>KeHbl ¥ 0OHOBIIE-
HBI Ha KJIMEHTCKUX Y3JIaX TOJIbKO U3MEHUBIIUECS KOMIIOHEHTbI
TIPUJIOKEHUSI.

2. Momnsiii pegakrop QuickScript.

C nomompio penakropa QuickScript npunoxenus: InTouch
MOZKHO PACITUPUTH U HACTPOUTH B COOTBETCTBUH CO CHIEIU(UKA-
ueit cucteMbl. CKPUITTBI MOTYT OBITH CKOH(UTYPUPOBAHBI 1T
WCIIOJTHEHUST C MHOTOYHCIEHHBIMY MTaPaMEeTPaMU, TAKUMH, KaK
CIIEIUAJIEHBIE COCTOSIHUSI IIPOLIECCA, U3MEHEHUSI JIAHHBIX, COOBITHSI
PUJIOKEHUs, COOBITUSI OKHA, HAXKATHe HA KJIaBUATYPE, COOBI-
tust ActiveX u npyrue. Cpena QuickScript Takxke moaepKBaeT
QuickFunctions, KOTOPbIE MO3BOJISIIOT MOJIb30BATEISIM Pa3paboTaTh
6UOIMOTEKY CKPHUIITOB [IJ/IsI JATBHENIIIEr0 UCIIOTIb30BAHUS.

Pepmaxrop QuickScript IpoCT B MCIIOIb30BAHUY, W [IPU 3TOM
MO3BOJISIET OJIb30BATEJISIM TIOTHOCTHIO HACTPAMBATH TIOBEIEHNE
npuiokenus. [Ipu co3manuu CKPUIITOB MOJb30BATETD MOKET
HCIIOJIb30BaTh KHOIIKY C HauboJIee 4acTo UCI0Ib3yeMBbIMU BbIPa-
JKEHUAMU U CTPYKTYPaMHU, TAKUMH, KaK «OOJIbIIE YEM»>, <MEHbIIIE
4eMy, IIUKJI, YCJIOBHBIE KOHCTPYKIINU («eCIU-TO-uHAue ). [lo-
MOJTHUTEIbHBIE (DYHKIINY, TAaKUeE, KAK MaTEMAaTUYECKUE, CTPOKO-
BbI€ IPe0OPA30BaHUS U JIP., JOCTYIHBI TOCPEACTBOM Macrepa,
KOTODBIN 3alpaliuBaeT HeOOGXOAUMbIE APTYMEHTBI ¥ TIPOBEPSIET
KOPPEKTHOCTh CUHTaKcuca pyHKImit. BcTpoeHHbIN MexaHU3M
[IPOBEPKHU KOPPEKTHOCTH MO3BOJISIET TI0JIb30BATEJISIM IIPOBEPSITH
MIPaBUILHOCTH CKPHUIITOB MEPE]] MX Pa3BEPTHIBAHNEM, TEM CAMBIM
[peI0TBPAIIast TOSBJIEHKE OMUOOK UCTIOTHEHMSL.

3. Ipacdmueckwuit untepdetic mOIH30BATE.

InTouch npepocTasJsier HabOp MHCTPYMEHTOB ISt Tpadude-
CKOTO OTOOPAYKEHUS COCTOSTHUS TIPOLECCA.
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Bo-1iepBbIx, 06sexmio-opuenmuposannas epaguxa. MolHbie
CpeICTBA 00BEKTHO-OPHEHTHPOBAHHOTO ITPOEKTUPOBAHUSI 00JIeT-
Yal0T PUCOBAHNE, PACIIOIOKEHVE, BRIDABHUBAHNE, Pa3fieIeHNe Ha
cJIou, pa3MelleHe B IPOCTPAHCTBE, BPallleHNe, THBEPTUPOBAHUE,
ny6aMpoBaHue, BhIpE3anue, KOIMPOBAHUE, BCTABKY, CTUPAHME
¥ MHOTHE ipyrue onepaimu. [nTouch momyckaeT HeOrpaHUIEHHOE
KOJIMYECTBO INHAMMIECKUX U300PAKEHUN B KaXKIOM OKHE.

Bo-BTOpBIX, anumayuonivie cési3u. ITU CBSI3U 06ECIIEYNBAIOT
BO3MOJKHOCTD «OKUBJIEHUS> JIIOOBIX 0OBEKTOB U MX KOMOMHAIIHI
TSI CO3/IaHUsI TIPAKTUYECKHM HEOTPAHMYEHHOTO HAbOpa MyJIbTH-
TITMKATIMOHHBIX XaPAKTEPUCTHUK, BKITIOYAST M3MEHEHSI PA3MEPOB,
1[BETA, IepeMellleHI, MUTaHNsI, '3MEHEHUs YPOBHS U T.J1.

B-tperbux, macmep-obsexmot. InTouch Brioyaer B cebst
obmupHyio 6ubanorexy macrep-oobexktos (Wizards), T.e.
NIpeIBApPUTEIHPHO CKOH(MUTYPHPOBAHHBIX BCIIOMOTATEIbHBIX
cpezicTB (TakuX, KaK NepeKTI0uaTe N , IOJI3yHKOBBIE PETYJISITOPHI
U CYETYUKH ), TIO3BOJISIONUX OBICTPO CO3/[aBATh MTPUKJIAHBIE
MIPOTPAMMBbI JIJIsI KOHKPETHBIX YCJIOBUI TPOU3BO/ICTBEHHOTO
npeanpusitusi. [Ipy OMOIIY OMOJHUTEIBHOTO HAOOPA WHCT-
pymenTanbHbIX cpencts (Extensibility Toolkit) BO3MOXHO TakKe
€031aTh COOCTBEHHbIE MacTeP-00bEKTHI, IPUCIIOCOOIEHHbIE
K Hy’KJIaM OTpPacJjIu.

B-uerBepthix, ActiveX. InTouch siBnsiercst ActiveX, KOHTE-
HEPOM, YTO HO3BOJISIET MOIb30BateasmM InTouch ycranaBiuBath
3JIEMEHTBI yTIpaBieHust ActiveX cTOPOHHUX (IPM U UCIIOIb30BATh
UX B JII0O0M OKHE IIPYJIOKEHMSE 6€3 BCSAKOTO IPOrPaMMUAPOBAHMSE
C TIOMOIIIBIO TIPOCTON TEXHOJIOTUY KOH(UTYPUPOBAHUS «YKAKU
Y KIIUKHU>.

InTouch no3BOJISIET OPraHU30BATH B3AUMOJIEWCTBHE C IPYTHMU
MIPUIOXKEHUSIMHU, UCTIOJIB3Y S CIENYIONIUE CPENCTBA:

o cranmaptabiii DDE-o6men (Dynamic Data Exchange —
JMHAMAYECKUI OOMEH JaHHBIMU. BOJIBITMHCTBO pa3paboTaHHBIX
CepBEPOB BBO/Ia,/BBIBO/A IOIEPKUBAIOT UMEHHO DDE-06MeH ajist
nepenauu gauubix B InTouch-npunoxerve. OObIYHbIE TIPUTOKE-
HUSI, CaMOe TIOIYJISIPHOE U3 KOTOPhIX Excel, Tak)ke UCIOMB3YIOT
DDE-MexaHU3M;

* OLE-rexnonoruto (Object Linking and Embedding — Bxuto-
YyeHue U BCTparBaHue 00beKTOB). VIcomb3yercst 1/isi B3auMoJIeii-
CTBUSI C HEKOTOPBIMU KOMITOHeHTamMu FactorySuite n npyrumu
MOJIb30BATENbCKUMU TIPUIIOKEHUSIMH;

» OPC-nporpammsl (OLE for Process Control —OLE st
ympasienus npoueccamu ). OPC npuMeHsieTcs 11 oOMeHa WH-
¢opmarnueii ¢ TexHosornueckumMu ycrpoiicrsamu tuma [LJIK.
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InTouch 8.0 u Bce npyrue FactorySuite KOMIIOHEHTBI MOTYT OBITH
OPC-xnueHToM 1J1st paboTHI ¢ JI00bIM 13 OPC-cepBepos.

SCADA-cuctema InTouch umeet BCTPOEHHbIE MEXaHU3MBI
WHTErpaIuy ¢ IpyruMy KoMIoHeHTamMu FactorySuite. Dt Mexa-
HU3MBI UCIIOJI3YIOT KaK YKa3aHHbIE CTAHAAPTHBIE IIPOTOKOJIEI,
Tak 1 COOCTBEHHBIH, pazpaborantbii pupmoit Wonderware, mpo-
ToKOJI SuiteLink. B 3ToM IIpOTOKOJIE BBEIEHA KOHIIEIIIHSI METOK
BPEMEHHU U KayecTBa WH(MOPMAIUH, BEICTABJISIEMBIX CEPBEPAMU
BBOJIA-BBIBOJIA.

B uesrom InTouch ynoBaeTBOPSieT MPAaKTUIECKH BCEM TPeE-
6GOBaHUSM, IIPEAbIBAIEMbIM B HacTosee BpeMst K SCADA-
CUCTEMaM.

5.3.3. SCADA-cucrema Citect

Paspa6orunikom SCADA-cucrems! Citect IBISIETCST aBCTPAIHIA-
ckast ¢pupma Ci Technologies (Ci — Control Instrumentation).
Citect — 3TO IPOrPaAMMHBbIIT IAKET, CO3aHHbINA Ha OCHOBE OOJIBIIO-
T'0 OIIbITa KOMITaHWH, KOTOpast bosiee 20 JIeT SIBJISETCS] CACTEMHBIM
uHTErpatopoM. OTBIT CHCTEMHOM MHTETPAIINY BIOXKEH HE TOJBKO
B coberBerHO [10, HO U B «6a3y 3HaHWI», KOTOPast BOILIOTHJIACH
B help-pyHKIMSAX, a TAKIKE B HOY-Xay B PEIIEHUH TIPOBJIEM, CBSI-
3arHbIx ¢ 300 IIJIK, moanep:xuBaeMbIMU 3TUM ITAKETOM.

[Tpu moxynke SCADA-nakeTa nepBOHAYaIbHbIE BIOKEHUS,
KaK IPaBUJIO, IOCTATOYHO BBICOKU. IIpruem cpeaa pa3paboTky,
KaK IIPaBUJIO, 3HAYNUTENBHO IOPOXKE, YEM CPE/Ia UCIIOTHEHMSI.
Ynusurensto, Ho Ci Technologies mpemaraer mosp3oBaTesisiM
cucTeMy pa3paboTKu 6ecniammo, NeHa JKe CUCTEMbI MCITIOJTHEHMST
cpaBHnMa ¢ ipyrumu SCADA-makeTamm.

Ounna u3 xapakrepuctuk Citect — 2ubKocmp, KOTOpast TPOSIBIIS-
€TCsI B HECKOJIBKUX YepTax. Bo-mepBsIx, A Citect ecTeCTBEHHBIM
SIBJISIETCSI PEACUM PACNPEOeNeHHOU PA3PAbOMKU NPULONCEHUIL.

Bo-BTopsix, B Citect 3aJ105KE€HO0 02pOMHOE MHO2000pa3ue noo-
x0008 K pazpabomxe npunosxcenui. Tak, BO3MOXHA pa3paboTKa
NPUIOXKEHUH Ge3 TPOrpaMMHUPOBaHUs BOOOIIIE Ha OCHOBE TI0-
CTaBJIsIeMbIX 6MOIMOTEK rpaduIecKuX 0ObEKTOB, MIaOJI0HOB,
npaiiBepoB u T.1. Bo3amokHa pazpaboTka IMPUIOKEHUHT C HC-
[10JIb30BaHUEM TIPOrPAMMUPOBAHUST B GOJIBINEN NI MEHBIIEH
crernenu. [Ipu aTOM, B 3aBUCUMOCTHU OT TPOhHECCHOHATBHBIX
HaBBIKOB pa3paboTymKa, MPUIOKEHNE MOKHO CO3/1aBaTh KaK
¢ moMoInblo ga3bIKa nakera Citect, HazpiBaemoro Cicode, Tak
1 6oJIee 3HAKOMBIX, TPAAMI[HOHHBIX S3bIKOB IIPOrPAMMUPOBAHMS
(Visual Basic, C).
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NHorna coxXHo IperycMOTPETD eTaTbHYIO TOTIOJIOTHIO TIPO-
eKTa ¢ pacipezeeHreM (PyHKIMOHAIBHBIX BO3MOXKHOCTEH 110
yasnaM. B Citect mperycMOTpPeHO MTPOCTOE HAPANIMBAHKE JIOTIOJ-
HUTEJNBHBIX Y3JIOB IIPOEKTA U BO3MOKHOCTD IepePaCIIpe/IeIEHI S
X GyHKIMA. BEIMOMHAIOTCS Takye IPOoIlelypsI B IpoIiecce KOH-
(urypupoBaHus Kax/A0ro y31a.

VYkasaHHBIE BbIllle 0COOCHHOCTH aHHOTO ITaKeTa 0COOEHHO
BaXHBI, Korga SCADA-TakeT UCIoIb3yeTcs BIIEPBBIE, TIOCKOJIBKY
He TpeOyIOT GOJIbIIIX (PUHAHCOBBIX BIOKEHUIA, C OHOU CTOPOHBI,
a C IPYToi — IO3BOJISIOT IIPOAHATIN3UPOBATH BCE BO3SMOKHOCTHU
cucteMbl (He 1eMo-Bepcun!).

Citect uictosib3yeTcs Kak 32-paspsiaoe npuiioxkerune Windows
NT, Windows 95 u Windows 98. C6op nanHbIX, GOpMEpPOBaHKE
aJIapMOB U [IOCTPOEHUE TPEHZOB MOXKET IIPOMCXOJUTH OJHOBPE-
MEHHO C PeJaKTUPOBAHMEM M KOMITUJLITINEN. SIapo makeTa siBis-
€TCsI MHOT032/[AYHBIM SI/IPOM PEATBHOTO BPEMEHU C BHITECHEHUEM
3a/1a4 10 IPUOPUTETAM.

[t kaxxoro HoBoro 1poekta B Citect aBTOMATUIeCKH CO3/ia-
etcs (aitoBas ctpykrypa B popmare dbf. [lyist xpareHust naH-
HBIX KaXI0TO ITPOEKTa MHUIAIu3upyeTcs okoyo 60 daiinos.
[Mon xaxmyto 3a1auy MPOEKTa OTBEEH «CBOIy (haiii (Hampumep,
(haiis AMCKpPETHBIX aJIapMOB, (halijl AaHATIOTOBBIX AIapMOB, aii
MePEeMEHHBIX MTPOEKTa, (paiis rpadudecKuX CTPAHUIL U T.A.). ITU
(aiisibl MOTYT OT/IE/IbHO UMITOPTHPOBaThest B Excel miist pemax-
TUPOBAHUS WK JOKYMEHTUPOBAHUSI.

Citect OpueHTUPOBAH HA PEAIN3AIIUI0 APXUTEKTYDBI KIIMEHT-
cepBep ¥ UMEET B CBOEM COCTABe IISITh (DYHKITMOHATBHBIX MOZyJIeH
(cepBepOB U KJINEHTOB):

* /0 — cepsep 8600a-6viso0a. ObecrieunBacT Iepeaavy JaH-
HBIX MEX/y (PU3MUECKUMHU YCTPONUCTBAMU BBO/Ia-BbIBOIA U JIPY-
rumu Moxyssimu Citect;

* Display — xauenm eusyanuzayuu. ObecniedrBaeT onepa-
TOPCKUU MHTEpdEc: 0TOOpakeHUE JaHHBIX, TOCTYIAIIINX OT
npyrux mozyJieit Citect, n yripaBijieHU€E BBIIIOJTHEHUEM KOMaH/
oTIeparopa;

* Alarms — cepeep arapmos. OTCieKUBAET JaHHBIE, CDABHHU-
BaeT UX C JOMYCTUMbIMU TIPEJIeIaMu, IPOBEPSIET BBHITOJTHEHTE
3a/[AHHBIX YCJIOBUI U OTOOPAXKAET AIAPMBI HA COOTBETCTBYIOIEM
y3Jle BU3yaJIU3aIluY;

* Reports — cepsep omuemos. leHepupyeT OTUYETHI 110 UCTEYE-
HUW OTIPEJIEIEHHOTO BPEMEHH, TIPY BOSHUKHOBEHUH OTIPE/IETIEH -
HOTO COOBITHUS UJIU TI0 3AIIPOCY OIEPATOPA;
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* Trends — cepeep mpendos. CobMpaeT 1 PerucTpUPYeT TPEH-
JIOBYIO NH(GOPMAIIXIO, TI03BOJISIsT GUKCHPOBATD Pa3BUTHE IIPOLECCA
B PEAJIbHOM BPEMEHY WJIA PETPOCIIEKTUBHO B OKHE TPEHIOB WJIH
B (aiine.

Kaxx it pyHKITMOHANIBbHBIN MOYJIb Citect UCTIONHSIETCS KaK
OT/IeTbHAS 33/1a9a HE3aBUCUMO OT TOTO, HCIIOJTHSTIOTCST JIX MO T
Ha OTHOM KOMIThIOTepe WK Ha pa3Hbix. [loatomy Citect o3BoJisieT
CTPOUTD APXUTEKTYPhI PA3JTMYHON CIIOKHOCTH.

[Ipocrefinmast apxuTeKTypa COCTOUT M3 OJHOTO KOMITBIOTEPA
(y3na), Ha KOTOpOoM paboraior Bce Moayiu. Eciu B 60abImux
TIPUKJIATHBIX CUCTEMAX 9TOT Y3€JI CTAHOBUTCSI TIEPETPYKEHHBIM,
to cepsepst (I/0, Alarms, Trends, Reports) MOTYT yCTaHABJIH-
BaThCs HAa Pa3HbIX y3JaX. A eciu 3a/1a4a cepBepa BBO/Ia-BbIBO/IA
MePETPY’KaeT y3€JI, TO MOXKHO YBEJNIUTh YHCJIO CEPBEPOB BBOJIA-
BEIBOJIa. Bce y31bl BU3yannsanuu MOTYT OCYLIECTBIISATD JOCTYIT
KO BceM cepBepam uepe3 ceTh. Citect monnepxubaet NetBIOS,
TCP/IP wn npyrue ceTeBble MPOTOKOJIb. OHOBPEMEHHO MOTYT
HCHIOJIHATHCSI HECKOJIBKO TIPOTOKOJIOB.

Citect mofiep>KUBAET anmapaTHble U KOH(DUTYpUpYyeMbIe ayap-
MBI

Annapammnvie anapmvl Tpu3BaHb UHPOPMHUPOBATH OTIEpPa-
TOpa 0 HEUCIIPABHOCTSIX, BOSHUKAOIINX B YCTPONUCTBAX CUCTEMBI
yIpasiieHns: (KOHTPOJIJIepaX, MOZYJISIX BBOZIA-BbIBOZA, KAaHAJIAX
CBSI3Y U JIP.).

AJapMbl, BEI3BIBA€MbIE€ OTKJIOHEHUSIMYU TEXHOJIOTHYECKUX
MapaMeTPOB 32 OMYCTUMBIE TPAHUIIBI, HENCITPABHOCTBIO TEXHO-
JIOTHYECKOTO 060Dy IOBAHNS, HAJIO TIPEIBAPHUTETHHO KOHPHUTYPH-
posatb. Cucrema Citect 03BOJISIET KOH(PUTYPUPOBATD AJTAPMBI
0 OT/IEJIbHBIM TIEPEMEHHBIM, TIO TPYIITIaM MIEPEMEHHBIX, TI0 BbI-
PaKEHUSIM, TIO PE3YJIBTATAM PACYETOB U T.J. Pa3inyaroT yeThipe
BU/I2 KOH(UTYPUPYEMBIX JIAPMOB:

* hpOBBIE ATTAPMBI, BOBHUKAIOT B OTBET Ha U3MEHEHMUE CO-
CTOSTHHUS;

* QHAJIOTOBBIE AJIAPMBI, GA3UPYIOTCS HA AaHAJIU3€E BBIXOJA 32
YKa3aHHbIE BEDXHUE U HUKHYE TIPEJIENbI, OTKIIOHEHUY OT HOPMBI,
MIPEBBIIIEHUY TIPEJIEIOB CKOPOCTY N3MEHEHUST;

* aJlapMBI C METKaM¥ BpeMeHH, 6a3upyIoTCs Ha TaliMepe,
KOTOPBIN paboTaeT B KOHTPOJLIEPE M PETUCTPUPYET AJaPMBbI
C TOYHOCTBIO 10 MUJLTMCEKYHI. MeTKa BpeMeHr 0OBIYHO HC-
MOJIb3YETCS I/ UBYUYEHUS TPEBOXKHBIX CUTYAIM, KOT/IA OJTHO-
BPEMEHHO BO3HUKAET IIEJIbIH pssl anapMoB. C TOMOIIBIO METKH
BPEMEHU MOKHO BBISIBUTD ITOCJIEA0BATENFHOCTS BOSHUKHOBEHUS
aJIAPMOB;
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* COCTaBHBIE aJIaPMBbl, BO3HUKAOIINE B PE3yJIbTaTe KOMOU-
HAIlUU COOBITHIA.

SI3bik nporpammuposanus Cicode nmogaepxkusaer mpocTon
HabOP OIEPATOPOB, C IIOMOIIBI0 KOTOPHIX MOKHO T€HEPUPOBAThH
OTYeT U 3a/1aBaTh ero mabaoH. Kak npaBuiio, oTueTs reHepupy-
FOTCSI B HEKOTOPbIE MOMEHTHI BDEMEHH, 33/[aBaeMble TallMepaMu
U cueTyrKaMu. MOXKHO TaKKe 3a/[aBaTh COOBITHE, KOTOPOE 3a-
MyCKAeT TeHEPAIMIO 0TYETA U YPOBEHD TPUBUJIETUPOBAHHOCTH
MOJIb30BATEISI, OTIPEEIIAIONIUI TIPaBa MOJb30BATES HA 3aIIYCK
reHeparyy 0T4eToB. MOKHO TakKe reHepupoBaTh oTueThl B Excel
¢ omorrsio DDE-cBsi3eti. B Citect ecTb 1 9/1eKTPOHHAS ITOYTA, 10
KOTOPOI OTYETHI MOTYT TTOCHLIATHCSI.

Eure ogauM otsimuuTeibHbIM cBOUCTBOM Citect sSIBJIsi€TCS
TO, YTO CPEAU CTAHAAPTHBIX (DYHKITNIT 3/1€Ch IPELYCMOTPEHO
nyb6auposanue. CepBep BBOZIa-BBIBOIA MOXKET AyOIMPOBATHCS
C MTOMOIIBIO PE3EPBHOTO CEPBEPA BBOJA-BBIBO/IA, HA KOTOPOM
BBITIOJIHSIETCS TA JKe caMmasl MpUKJagHas 3anada. IIpu oTkase
OCHOBHOTO CEPBEPa PE3EPBHBIN CEPBEP IIPOAOJIKAET paboTy 6e3
KaKoR-1100 1oTepyr HHMOPMAIUH.

MoryT Tak:ke 1y6aUpOBATHCS CEPBEPHI TPEHIOB, OTYETOB
u anapmoB. [ly6iupoBaHre BO3MOKHO ¥ Ha YPOBHE CETU. DTO
JleJIaeTcsl yCTAHOBKOHN B KOMITBIOTEPE /IBYX CETEBBIX KAPT M OP-
raHusainuen 1y6IMpPOBaHHOM CBSI3U C KOHTPOJLIEPAMU.

Yrunura «Computer setupy («YCTaHOBKA KOMITBIOTEPA» ) TI03-
BOJISIET KOH(UTYPUPOBATH KOMITBIOTED KaK Y3€J BU3YaTU3AINKI
(KJTMEHT ), KaK OCHOBHOH WJIN Pe3ePBHBIN CEPBEP BBO/IA-BHIBOJIA,
CEpBep AJIaPMOB, TPEHIOB UK 0TYeTOB. OHA TaKKe TTO3BOJISIET
KOH(MUTYpUPOBATh BPEMEHHYIO CHHXPOHU3AIUIO U 3allpelieHrne
cpabaTbiBaHUsI OTIPEIeJIEHHBIX KJIABHIIL.

B Citect Bctpoen rubkuii si3bik nporpammupoanusi Cicode,
CPaBHMMBII 110 BO3MOKHOCTH € si3bikamu Pascal, C. VimeHHO Ha
HeM Hamucana cama SCADA-cucrema. Cicode mo3Bossier co3-
JIaBaTh IPOrpaMMBblI Jit060i crenenu cioxkHocTh. SI3pik Cicode
MO/I/IEPXKUBAET, HaripuMmep, 40 orepaTopoB [7Is1 yIIPaBIEHUS ajiap-
Mamu, 19 omeparopos aist pabotsi ¢ aitnamu, 18 SQL-byHkuii,
50 o1epaTopoB [Jis1 OPraHu3aIiy PAbOThI C TPEHIAMU U MHOKE-
ctBo Apyrux. Vicxomusii aiin Ha Cicode cosmaercst peqakropom
¥ KOMITAJIUPYETCS BMECTE C IIPOEKTOM.

[TpoexT Bcerma KOMIUIMPYETCS C CUCTEMOM MCTIOTHEHMs. Bo
BpEMsI KOMITUJISIIIUY TIpoBepsiioTcst Bee dbf-caitsbl, Tpancampy-
ercst Cicode.

Bo BpeMs UCTIOTHEHNS] CUCTEMBI MOKET aKTUBU3UPOBATHCS
CIIEIIUAJIBHOE SIZIPO, KOTOPOE IOJJIEPKUBAET KOMAH/IbI MOHHU-
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TOPUHTA KOHTPOJIJIEPOB U CETEBBIX B3aNMMOIENCTBUH, TPOBEP-
KM 3aTPY3KH IIEHTPAJIBHOTO MPOIECCOPA, IIPOBEPKU OMUOOK
7 T.A.

[paduyeckue 0OBEKTHI HA JUCILIESIX OMEPATOPA MOYKHO TI0-
CTPOMTH C TTOMOIIbIO rpaduueckoro pexakropa (Graphics Builder).
Citect moanepXUBaeT HEOTPAHMIEHHOE KOJTNIECTBO OKOH — «CTpa-
HUI. JIJI1 UX CO3/IaHUS TIPEIAraeTCsl UCII0Ib30BaTh GHOIMOTEKY
mabsioHoB. [list yrpoueHust co3fanusi rpahuaeckux 06beKTOB
Ha CTPAHWUIIE TTOCTABJISIOTCS TPU OMOIHUOTEKN — OOHEKTOB, K-
HOB ¥ CynepKUHOB. OOBEKTHI — 3TO CTATUYECKME KAPTUHKH,
KJaccudUIINPOBAHHBIE IO TPYIIIAM, TAKUM, KaK MEXaHU3MHI,
pe3epByaphl, HACOCHI U T.J. [I)KMHBI ¥ CYNIepIKUHbI — 3TO JU-
HaMUYecKue OObEKThI, K HUM MOTYT IIPUKPEILISATHCS Pa3IndHble
epeMeHHBIE.

Yacto nipu pazpaboTke rpadudeckoro untepdeiica mpuxo-
JIITCSI CO3/IaBaTh TUIIOBbIE TPYIIIBI 00BEKTOB, IIPEHA3HAYEH-
HBIe JIJIs1 pellleHns KOHKpeTHOH 3aiaun. Hanpumep, rpymnmna us
Tpex 06bekToB (kHonka «IIYCK», knonka «CTOII» u unau-
KaToOp COCTOSIHUSI — JIAMIIOYKA 3€JIEHOI'0/KPAaCcHOI0 IIBETA)
npeHa3HavYeHa sl MyCcKa,/0CTaHOBa HACOCA, dJIEKTPO/IBUTA-
TeJs U T.A. C UHAUKAIueNd UX COCTOSIHUSA. Toraa Kakablil pas3
JUUISI pElleHUs 9TOH 3a/1auy Pa3paboOTYUKY TIPUIETCS CO3/1aBATh
9TH TpU 06beKTa U KOH(PUTYpUPOBATh X (3a4aBaTh CBOMCTBA).
Ho Takux 3ama4y Ha ogHOU TpadUIECKON CTPAHUIIE MOXKET
0Ka3aTbCst MHOTO. QOUeBUIHO, UTO BPEMSI CIIEIUATHACTA B ITOM
ciydae GyaeT pacxogoBathes HeabdekTuBHO. [t peneHus
monoOuHbIX 3amayu Citect mpegaaraeT MeXxaHu3M, Ha3BaHHBIH
mxkuHOM. HecKOoJIbKO CBSI3aHHBIX 00BEKTOB 0ObEAUHSIIOTCS
B IPYIIILY, IPYIINa COXPAHSIETCS B OMOIMOTEKE IIKMHOB, KOTOPAst
YyCTPOEHA aHAJIOTUYHO OubIMOTEKE 06 BEKTOB. JIKIMH MOXKET
YIPaBJIATHCS KaK eIUHbIA 00beKT (ero MOXHO KOIIMPOBATD,
nepeMeniaTh, MacIITabupoBaTh U T.1.). Tereppb Ha pelleHne BbI-
NIe0NMCaHHOM 3a/1a4u YUIeT TOpa3/io MeHble BpeMenu. Hamo
JIMIIIB BBIOpaTh TPeOyeMOro IK1uHa 13 OUOIUOTEKH U BCTABUTH
B rpaduyYecKyIo CTPAHHUILY.

C nmomoImpbIo CyniepKIHA peatn3yeTcsl TAKOH ke MEXaHU3M,
HO TOJIBKO TI0 OTHOIIEHUIO HE K IPYIIe 0ObEKTOB, a K I[eJI0i
CTPaHHUIIE.

OOGBEKTHI TUIIA IKUH U CYIIEPYKUH MTO3BOJISIIOT 9KOHOMUTh
JIMCKOBOE TPOCTPAHCTBO KOMIBIOTEPA, TAK KaK B €T0 MAMSITH
XPAHUTCS JIUIIH O/[HA KOTIVSL.
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5.3.4. SCADA-cucremsl FIX n iFIX

SCADA-cucremsi ¢ 06mum nazsanueM FIX (Fully Integrated
Control System) Bbimyckaer ¢pupma Intellution, ocHoBanHas
B 1980 r. Ona 3anumaet 3ameTHOE MecTO Ha poiHKe SCADA-cucremMm
Bcex pa3BuThIX cTpad. CHavasa BITyCKaJIUCh makeTsl mog DOS,
3areM JJist pa3nuvHbIX Bepeuit Windows. Ceiiuac mpomokaoT
PasBUBAThCS TOJIBKO 32-paspsiAHble AKeThl, paboTaionue Ha
wiatgopmax Windows 95/98/NT/2000/XP. B Hacrosiiiee Bpemst
oz yupasiieHrem maketoB FIX B mupe pabotaert coirie 150 000
KOMITBIOTEPOB IIPAKTHIECKH BO BCEX OTPACJISIX TPOMBIIIIIEHHOCT,
BKJTIOYAS SIZIEPHBIE DIEKTPOCTAHIIMK U HEDTETTPOBO/IHI.

Bces rpynna 32-pa3psiAHBIX IPOAYKTOB pas/esieHa Ha [Ba
cemeiictBa: cemeiictBo FIX u cemeticto iFIX. O6a cemelicTBa
coJiepKart psiji PYyHKITMOHATBHO aHAIOTUYHBIX MTAKETOB:

* SCADA-naxert FIX (iFIX);

* FIX VisualBatch (iBatch) — nporpaMmMHoe obecriedeHmue,
MpeJHa3HAYEHHOE JIJIS1 aBTOMATU3AIAN IEPUOTUIECKUX CEPUTA-
HBIX ITPOIECCOB;

* FIX WEB Server (iWeb Server) — Internet-maker [Jist Ivic-
TAHIIMOHHOTO HAGJIOEHNS B PEATTbHOM BPEMEHH 32 KOHTPOJIU-
PYEMBIM TEXHOJOTUYECKUM MIPOIECCOM;

* FIX Broadcast Network (iWebCast) — Internet-naker st
aBTOMAaTUYECKOU ITEPECHIIKY JIAHHBIN HA HACTOJIBHBIA KOMITBIO-
Tep;

* FIX Paradym-31 (iLogic) — TpOrpaMMHBIN TMAKET JJIst
yIIpaBJIeHUs] KOHTPOJIJIEPAMY HA OCHOBE MEPCOHATBHBIX KOM-
TIBIOTEPOB.

Kpome nepeurniciieHHbIX B ceMeiicTBe FIX MMeeTcs TIaKeT:

* FIX PlantTV — yHuBepcaIbHOE CPENCTBO MPOCMOTPA JaH-
HBIX, OCYIIECTBJISIIOIIEE JOCTYII K IIOCTYIAIOIIEN B PeaJlbHOM
MacinTabe BpeMeHr HHPOPMALUU OT Pa3HOOOPa3HbIX UCTOYHU-
KOB: apXuBHbIX (haityio, DDE-cepBepoB, 3alICAHHOIO U IIPSIMOTO
BUICON300PaXKEHS, OT PEJISAMOHHBIX 6a3 JaHHBIX U T.]I.

A B cemeiictBe iFIX:

* iHistorian — mcTOpUYeCKUii apXuB MPEATIPUITHS;

* infoAgent — web-KJIMeHT, IpeHa3HAYEHHBIN [JIs TIPE/-
CTaBJIEHUS U aHa/In3a NaHHbIX iHistorian;

* iClientTS — T1O pjist MOAEPKKH MHOTOCEAHCOBOM ¥ MHOTO-
I10JIb30BATEILCKON TEPMUHAIBHOM PaboThI ¢ iFIX Ha miaTthopme
Windows 2000/XP. PaboTa KJ1€HTa B TEDMUHATIBHOM PEXUME
OCYIIECTBJISIETCST Yepe3 web-6pay3sep U MpakTU4ecKu HUYEM HE
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OTJIMYAETCS OT PabOThI OGBIYHOTO KJIUEHTA, TIPH 9TOM He TpeOyeTcst
YCTaHOBKH AOTOMHUTENBHOTO 110 Ha KIMEHTCKUH KOMITBIOTED;

* VisiconX — o6bekT ActiveX [ist OCTYIA K PEISIUOHHBIM
B/l o mporokosry OLEDB (HauwHasi ¢ Bepcuu 2.5 BKIIIOYEH B CO-
craB iFIX;

* iDownTime — mporpaMMHoOe obecriedeH e JIJIsI BBISIBJICHUS
1 MMHMMU3AIAK IPOCTOEB 000PYIOBAHYS;

* iVisualize — cpenCcTBO CO3IaHKS YETOBEKO-MAIIMHHOIO
unTepdeiica Ha miarpopme Windows CE.

I'maBHOE OTMIMYME MEXKTY STUMH POJICTBEHHBIMU CEMENCTBAMM
3aKJII0YaeTCs B TOM, 4T0 FIX cOCTOUT U3 OTAETBHBIX 32-Pa3psIHBIX
TPIJIOKEHU T, 0OMEHUBAIOIIMXCS MEKY COOOM 110 BHY TPEHHUM
uHTepdeiicaym, a iFIX ocTpoeH Ha COBPEMEHHOIN KOMIIOHEHT-
HO-00BeKTHO apxuTekType. B iFIX peann3oBaH yrydineHHbIi
unTepdeiic cpeasl pa3paboTKU, MONAEPKUBAETCS OO BEKTHAS
Mozesib TpabraecKux GOpM U MHOTOE IPYroe, baroqapst 4eMy
3HAYUTEJIHHO MOBBIIIEHBI BO3BMOKHOCTH KOHTPOJISI M OTOGpaxKe-
HUSI IPOIIECCOB.

Y3161 PA3HBIX CEMENCTB MOTYT COBMECTHO MCIIOIb30BATHCS
B CETH.

[Taker FIX cocTouT 13 ABYX TUIIOB y3JIOB — Y3JI0B-CEPBEPOB
1 y3J10B uncThiX KveHToB. Cepeps! FIX (aaspBaroimuecs: SCADA
win HMT) nonepkuBaiot cBsi3b C KOHTPOJLIEPAMH U BEAYT 6azy
JIAaHHBIX peasbHOTro Bpemenu. Kientsi (HasbiBatorcst View Client)
0TOOpaXxaloT sKpaHHbie GOPMBI U peanusyoT auanor APM.

CepBepbl ¥ KJIMEHTHI MOTYT UMETh Moaubukanuio Develop-
ment (Paspabotka) uim Runtime (cnonxnenve). Moandukarvist
Development 1103BoJIsieT pa3apabaTbiBaTh IIPOEKT, B TOM YHUCJIE
B <ropstaeM» peskume (6e3 orkimodenust SCADA-CUCTEMBI), ¥ UC-
onHATh ero. Moandukarnus Runtime moanepKuBaeT TOJbKO
Cpely UCIIOTHEHUS.

SCADA-naxer iFIX coCTOUT WX CIAEAYONINX TUTIOB Y3JI0B:
«CJIETIBIX» CEPBEPOB, T.e. cepBepoB 6e3 ¢pyukuuit APM (6e3
MTOA/IEP>KKU 9KpaHHBIX (hopm), cepBepos (SCADA-cepBepsr),
kanenTos (i-Client) v yanos HMI Pak, coequustiomnux GbyHKIUYA
cepBepoB U kaueHToB. SCADA-cepBepsl iFIX nMeioT Moaudu-
KaIlUIo TOJIbKO Runtime, a y3ibi i- Client u HMI Pak moryT 6bITh
tuna Development wiv Runtime.

OcobennocTb apxuTekTypbi maketoB FIX u iFIX cocTout B TOM,
4T0 6a3a JaHHBIX PEATBHOTO BPEMEHU SIBJISIETCSI KICTUHHO PacIipe-
JIeJIEHHOM. B oT/iume oT 1ceBaopacipeieieHHON 6a3bl TaHHBIX,
KOTZIa KJIMEHT (baKTUYECKH CBSI3BIBAETCSI C COCPEOTOYEHHOM JIO-
KaJIbHOU 6a30ii JAHHBIX, KOIIMPYEMOIA C yIaJIEHHBIX CEPBEPOB HA
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MAIHY KJIUEHTa, B apxuTeKType FIX y3b1-KIMeHThI He BEAYT JIO-
KaJIbHBIX KO 6a3 nanHbix. OHU I0JIy4aI0T TOIBKO COOOIIEHMS],
TPEBOTH U OTOOPAKAEMYI0 B 9KPAHHBIX (hopMax MHGMOPMAIIUIO
B COOTBETCTBHUU CO CBOE KOHpUryparmeii. Takas apxurektypa
He HAKJIA/IbIBAET OTPAHUYEHUI HA COeJTUHEHUE CEPBEPOB U KJIU-
€HTOB, CHU)KAET HArPy3Ky Ha CETh, 00JIeryaeT MaciiTabupoBaHue
CUCTEMBI Y TTOBBITIAET €€ Ha/Ie>KHOCTb.

Pa3paboTka IpoeKTa BKJIIOYAET CIIE/IYIOIIE OCHOBHBIE ITAIIbL:
HaCTPOIKa ApaiiBepOB Ha OOMEH AaHHBIMH C KOHTPOJLJIEPAMH,
OCTpOeHue 6a3bl JAHHBIX, CO3/IAHIE IKPAHHBIX (HOPM, pa3paboTKa
CTpaTernii reHepaliy TPEBOT M orpaHmyeHust foctymna. [Ipakride-
CKY BCE 3TH STAITbl MOKHO PEIN30BaTh G€3 IIPOrpaMMUPOBAHS,
a JIMIIb TyTeM KOH(MUTYPUPOBAHUS TPUIIOXKEHUH. TONbKO st
HECTaH/IAPTHBIX (DYHKIUIT B 9KPaHHBIX (DOPMax U JIJISI OPraHu-
3a1un 06pabOTKM COOBITUI MOKET IIOTPe6OBATHCA HAITUCAHUE
CPaBHUTEJBHO HECIIOXKHBIX CKPUIITOB.

IIpoexTst B FIX u iFIX ornmuaiotcs aApyr ot apyra. [laker
iFIX B oTiinuue FIX nMeeT HOBble BO3MOXHOCTY BU3yaIu3allii
Ha y3Jie-KJIIeHTE:

* HOBBIM AM3aliH cpenbl paspaborku Intellution Workspace
C IEPEBOM ITPOEKTa, HEPAPXUeEil SKPAHHBIX 0GBEKTOB, HACTPAMBA-
€MBIMHY TTAHEJIIMU UHCTPYMEHTOB U JIPYTUMU BO3MOKHOCTSIMH;

* KaXK[bIi 3JIEMEHT 9KpaHHOU GopMbl iFIX — 9T0 06BEKT CO
CBOMCTBAaMH, METOJIAMU ¥ COOBITHSIMHU, K KOTOPBIM €CTb IOCTYII KaK
HAa 9Tare KOHPUTYPUPOBAHUS, TAK U HA STATIE BHITTOJHEHNST;

* Workspace siBnsiercst ActiveX-xoHTelHepoM, pudeM ¢ 6e30-
[aCHBIM BHeAPEHUEM (9TO O3HAYAET, YTO COON BHEIPEHHOTO
ActiveX-ayieMeHTa He IPUBEIET K OCTAHOBY CHCTEMBI B I[EJIOM);

* Workspace mosxert siBisitbest OPC-KIINEHTOM U HOJIy4YaTh
UHGOPMAIMIO HE TOJIBKO OT CBOEH 6a3bl IAHHBIX, HO U OT JI0O0T0
OPC-cepBepa;

* OTHO M3 BaXXHEUIINX OTJIUYUN COCTOUT B TOM, UYTO SA3BIK
CKPHIITOB B 9KPaHHBIX hopMax iFIX — 3TO CTaHIAPTHBIH SI3BIK
Visual Basic for Applications (VBA). C nomomipsio VBA MOXHO
pea30BaTh JIOObIC aHUMAIIMOHHbIE 9P (EKTHI.

Kpowme Toro, B iFIX ectb HoBast noucucrema Sheduler (1lna-
HUPOBIMUK ), KOTOPBI 110 BpEMEHH WX II0 COOBITUSAM MOKET
3aIycKaTh porpaMmer Ha VBA.

Jlns paspaboTunka mpoekT Ha iFIX 110 cpaBHEHMIO € IIPOEKTOM
Ha FIX o3Havaer GOJIBIIYIO «ITPO3PAYHOCTh» IKPAHHBIX (OPM
GJ1arofapst IPMMEHEHUIO IePeBa IIPOEKTOB ¥ CTAHAAPTHOMY SI3BIKY
VBA; 60J1bI11y10 THOKOCTH ¥ MOIIHOCTD AaHUMAIIUK U JIP.
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[Ipu perucrparmu cobuituii B SCADA-nakerax Intellution nipu-
MEHSIETCS [IBa BUIa OHATHI — TpeBoru u coobinenust. Coobuie-
Hus (message) cogepskar HeKPUTHIECKYIO HH(OPMAIIHIO, KOTOPast
He TpeGyeT BMENIaTeIbCTBa oneparopos. Tpesora (alarm) — ato
COOOIIEHNE O TIOTEHIUATLHO OTIACHBIX M3MEHEHUSIX B IPOIIECCE,
KOTOpOE TpedyeT peakiuw oreparopa. Hanbosiee yHUBEpCATbHBIM
CPEICTBOM OTOOPAsKEHHUST TPEBOT Ha 9KPAHE OIEPaTOpPa SIBJISETCS
crenuanbHbii 00beKT — «CBoAKa TpeBors. OH MO3BOJISET IIPO-
CMaTpUBaTh ¥ KBUTUPOBATh TPEBOTH, OTOOPAXKATH UX TPUOPUTET
IIBETOM H JIp.

TpeBoru 1 COOBIEHNS PACCHLIAIOTCS aAPecaTaM TPEBOT, K KO-
TOPBIM OTHOCSITCSI, HATIPUMED, TIPUHTEPHI, (Paiiibl, 00BEKTHI CBOAKH
TpeBor u Ap. B iFIX o cpaBHeHuio ¢ FIX ecTh NOTOJHUTEIbHBIN
a/[pecat TPEBOT — PEJISIIMOHHAs 6a3a JaHHBIX, Ky/la TPEBOTH
nepenaiorcs nocpeactsom ODBC-npaiiBepa.

Cucrema TpeBOT IMeET CIIefyolire Xapakrepuctuku. K cran-
JIAPTHBIM TPEBOTaM aHAJIOTOBBIX OJIOKOB OTHOCSITCSI IIECTD TH-
MIOB TPEBOT: TPEBOTU BEPXHSIS U HUXKHSISI IPEYTIPEUTETBHBIE,
BEPXHSISI U HUKHSSI KDUTUYECKUE, IO CKOPOCTH M3MEHEHUST U TI0
OTKJIOHEHUIO OT 3aJ]aHHOTO 3HaYeH s, J[MCKpeTHbIE B6I0KKM MOTYT
OBbITh HACTPOEHBI Ha TI0[aYy TPEBOT B CJIyYae U3MEHEHUs 3HaUe-
aust (¢ 0 Ha 1 u/wmm Hao6opor). Kpome Toro, ipu motepe cBsi3u
€ 06BEKTOM BO3HUKAET COOTBETCTBYIOIIAS TPEBOTA.

5.3.5. SCADA-cucrema SIMATIC WinCC

SCADA-cucrema WinCC paspaboTaHa KoMIIaHHel Siemens.

B nacTosiee BpeMs 3TOT IPOrpaMMHBIHN IPOIYKT 3aHUMAET
nepBoe Mecto B EBpone cpenu SCADA-cucteM 1 TPEThE MECTO
B Mupe. B 1999 r. mossBunacs nsttast Bepcus atoit cuctemsl. OHa
6a3upyercs Ha orepaiuoHHbIX cucreMax Windows 95/98/NT,
SIBJISIETCSI OTKPBITON U MACIITaOMPYEMOii.

Ortkpseitocts WinCC niofjiep>KuBaeTcs Ha BCeX YPOBHSIX pa-
GOTBI CHCTEMBI 32 CYET UCIIOIb30BAHMUS OTKPBITHIX HHTEP(ENCOB
¥ TOCTYTHOCTH BHYTPEHHUX CTPYKTYP.

OO6MeH IaHHBIMU € IPYTHMU TIPAIOKEHUSIME OCYIIECTBIISETCS
pu oMoty MexauuamoB DDE, OLE, ODBC/SQL, c KoHTpoJLIe-
pamu — nipu oMot OPC. Ilpu orcyrcrBun B WinCC Hy>KHOTO
npaiBepa a1 BeiOparHoro ITJIK paspaboTunk MOXeT co31aTh
cBoIi apaiiBep, uctoab3yst Channel Development Kit (CDK).

WinCC npepjiaraeT MAKCUMyM BO3MOXKHOCTEH pa3pabOTIUKy
JIJIsT HATIMCAHWST CBOMIX IOTIOJIHEHUH. Pa3paboTUrK MOJTyYaeT I0CTyII
K BHYTPEHHUM CTPYKTYPaM, TIPoIierypam 1 (yHKITUSM KOMIIOHEH-
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TOB cucTeMbl. Onricanue 3TUX QYHKIII IOCTaBIISIETCS CIIeIINAIbHO
ornensroi omueit Open Development Kit (ODK).

B WinCC peanusoBana BO3MOXXHOCTb IIPOCMOTPA COCTOSI-
Hust 00bekTa yepes Internet ¢ momomipio WinCC Web Navigator
Server.

Cucrema WinCC MoXeT MCIIOTIb30BAThCS KAK B OTHOIIOJIB30Ba-
TeJIbCKOM BapUaHTe, TaK 1 B KieHT-cepBepHOM. K WinCC-cepsepy,
npuHuMaromemy gauubie ¢ ILJIK, MoxeT ObITh TIOAKIIOYEHO /10
16 WinCC-xnuentoB. B WinCC 5.0 moxepKuBaeTcs 0 MeCTH
CEPBEPOB.

Ha6op omnrwmii cucremsr WinCC onpenesieTcs: 3aKa3uuKoM.
YcTaHOBKA OT/AEIBHBIX OMIHIA TPEOYET MOMOTHUTETbHBIX JIH-
LIeH3UH.

B ocHoBHOIT KoMILTIEKT TocTaBku WinCC BXOZST ciiefyomye
OTIIIUN:

* Alarm Logging — 1Jisi IOATOTOBKM, OTOOPAsKEHWSI, KBUTH-
POBAHUS U ApPXMBUPOBAHUS COOOIIEHNT;

* User Administrator — 1jis1 yupaBJieHUsI JOCTYIIOM K Pecyp-
cam WinCC;

o Text Library — 103BOJIsIeT cO3/aBaTh OUOIMOTEKY COOTBET-
CTBUU MEXy CIOBAMHU JIJIsI IEPEKITIOUEHMS I3BIKOB;

* Report Designer — BCTPOEHHbBII TeHEPATOP OTYETOB;

* Global Scripts — pefakTop, ¢ IOMOIbIO KOTOPOTO MOXKHO
nucath C-GyHKIMY 17151 00paboTKK COOBITUI;

* Tag Logging — cucreMa apxuBHpOBaHUs naHHBIX. CoBMeCT-
HO C PEJIaKTOPOM IIPEIOCTABISIOTCS CPEACTBA il TAGIMIHOTO
1 rpadpuyeckoro oTobpaskeHust 3HaYeHMiT B 6a3e JaHHBIX;

* Graphics Designer — pemakTop jiJisi pUCOBaHUsI MHEMO-
CXeM.

Bce pemakTopsl 32y CKaOTCS U3 IIEHTPATBHOTO MTPUIOXKEHUS
WinCC — Control Center. Control Center BBIIOTHSIET POJIb Me-
Hezkepa Beex ontmii WinCC u sIBJisieTCsl AJ1s1 HUX CBSI3YIOIUM
3BeHOM. Kax/1ast oIiusi COCTOUT U3 CUCTEMBI Pa3paboTKu U Cu-
CTEMBbI UCIIOJTHEHUSL.

Ciyx6a coobrennit Alarm Logging npeiHa3HaYeHa JJIsl BbI-
BOJIa COOOIIEHUH 0 X0/Ie KOHTPOJIUPYEMOTO TEXHOJIOTMYECKOTO
MPOIIECCa, TIOATBEPKAEHHUS COOOIIEHIIT OTIEPATOPOM U BEIEHNUST
apxXuBOB 3TUX coobinenuii. Hanpumep, 310 MoryT 66ITH COO0IIIE-
HISI O BBIXO/IE IAPAMETPOB 32 YCTABOYHbIE 3HAYEHUSI, COOOIIIEHMST
0 BXOJI€ TIOJIb30BATENEN B CUCTEMY U T.]I.

OIII¥st COCTOWT 3 IBYX YaCTel — CHUCTEMBI pa3pabOTKH U CH-
creMbI uctonHeHns1. CrcteMa pa3pabOTKHU CIIYKUT ST 3a[aHsT
TAKUX IAPAMETPOB COOOIIEHNUS, KAK YCIIOBYSI UX BOBHUKHOBEHMSI,
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TEKCTHI, IIBETA ¥ T.1., @ TAKXKE JIJIs 3aaHUsT ITAPaMETPOB apXUBa
coobmiennit. CucteMa UCTIOTHEHUS TIPeHA3HAYEHA JIJIsT BBIBO/IA
cOoO0IIIeHNI HA 9KPAH U MX APXUBUPOBAHUS BO BPeMsI PabOThI
WinCC-nipusiokeHust B XpOHOJIOTUIECKOM TIOPSIZIKE.

Kaxoe coobienre umeer 6109HyI0 CTPYKTYPY. B coobienne
MOTYT BXOAUTb CUCTEMHBIE OJIOKH, OJIOKH TAHHBIX U OJIOKU MH-
dopmairiu, onpenessieMoit mosb3oBateieM. CrcTeMHble OT0KH
COJIEPIKAT TAKyI0 MH(OPMAIIKIO, KaK BPEMSi, aTa U HOMEP coobIie-
HYist; GJIOKY JAHHBIX — 3HAYEHUST KOHTPOJIMPYEMbIX TAPAMETPOB;
6s10Ku UHGOPMAIIUY, OLIPEEJIIEMON T0Ib30BaTeIEM, — ODIILYIO
XapaKTEPUCTUKY COOOIIEHUS: TEKCT COOOIICHNS, MECTO BO3HUK-
HOBEHUSI HEMCIIPABHOCTH ¥ T.JI.

Jist KaXKI0T0 OKHA, IIPEIHA3HAYEHHOTO /IS OTOOPaXKEeHUsT
COOOBIIEHMIT, MOJKET OBITH 33/[aH ONPEAETEHHBIH (HUIBTDP, KOTO-
PBblii TI03BOJIIET OTOGPAXKATH B OKHE TOJIBKO YaCTh COODIIEHMIA,
HAIPUMEP, OTHOCSIIHAXCS K OIPeeIeHHOMY YYacTKy TEXHOJIO-
TUYECKOTO MPOIeCCa.

ApxuBUpOBaH¥Ee COOOIIEHNI MOKET IPOUCXOIUTD B PEKAME
KOJIbIIEBOTO Oydepa, KOr/ia YKa3bIBAETCSI MAKCUMAJIbHOE KOJIIYe-
c1BO coobmiernii B apxuse (10 10 000) u B ciryyae nepenoHeHust
Oydepa mepe3anuchBaeTCss caMoe cTapoe coodmienue. Takxke
JUIST aDXVBUPOBAHUS MOKET OBITh UCIIOIB30BAHO BCE IOCTYITHOE
JICKOBOE IIPOCTPAHCTBO.

Cayx6a User Administrator npeqHasHadeHa AJis1 KOHTPOJIS
mpaB gocrymna noss3oBateneir WinCC-mpunoxenust. Kaxxgomy
[OJIb30BATENI0 MOTYT OBITH IIPUCBOEHBI OIPEIETIEHHBIE «YPOB-
HU JI0CTyMay. MaKCUMaIbHO BO3MOXKHOE KOJMUYECTBO YPOBHEMH
nocryma — 999. ITpu Bxoze B mo60it WinCC-penakrop, Kak B pe-
JKUMe KOH(DUTYPUPOBaHUS, TaK ¥ BO BpeMsi BbimosHenust WinCC-
[IPUJIOKEHVSI, IPOBEPSIETCSI, 3aPETMUCTPUPOBAH JIM [OJIb30BATE b
B CHCTEME U KaK¥e YPOBHH JIOCTyIIa OH uMeeT. Eciiv rosib3oBaTesib
He 3aPEeruCTPUPOBAH, TO OH He MMeeT HUKaKuX mpas. Eciu mob-
30BaTeJib 3aPETUCTPUPOBAH, TO IPOBEPSIETCSI COOTBETCTBUE €TO
YPOBHSI IOCTYTIA YPOBHIO JOCTYIIA 3aIPANIMBAEMON (DYHKI[UH.
[Ipu pasivyuu B yPOBHSIX AOCTYTA (DYHKIUS HE MOXKET ObIThH
BbI3BaHA.

Penakrop Text Library npenHasHavyeH [IJIs1 cO3aHust 6u6-
JIMOTEKU COOTBETCTBUIA CJIOB WJI CUMBOJIOB. TO HEOOXOIMMO,
KOT/Ia TEKCT MOJKET OTOOPaXKaThCsl HA IBYX WK GoJiee sI3bIKax.
Ecau nysxHO, uto661 WinCC-npunoxeHnue B mpoiecce paboTs
MOTJIO MOJ/IEPKUBATH, HAIPUMED, ABa A3bIKa — AHTIMACKHIA
U PYCCKUii, TO 3TOT PEIAKTOP TIOMOXKET B CO3/IAHUHU U UCTIOJIH30-
BaHuu cootBeTcTBUil. Kpome Toro, Text Library XpaHUT TEKCThI
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COOOIIeH i, KOTOPBIE OATOTaBINBaOTCs B Alarm Logging, T.e.
TEKCT COOOIEHNUH TAKKe MOKET OBITh HA PA3HBIX SI3BIKAX.

Bcrpoennsiii renepaTop otueToB Report Designer cOCTOUT U3
peIaKTopa CXeMbI OTYETOB U CUCTEMBI TeHepanuu oT4eToB. [pa-
(uyeckmit peIakTOp CXEMBI OTYETOB MO3BOJISIET CIIPOEKTUPOBATH
BUJI OTYeTa. B mMOAroTOBKE CXEMBI OTYETA TIOMOTAIOT TOTOBBIE
CXEMBI.

OTYeTbl MOTYT CO/IEPKATh KAK CUCTEMHYO HH(MOpMANuIo (T.€.
aTpubyThl KOH(GUTYPAIMH, JAHHBIE O TIPOEKTE), TaK U UHHOP-
MAIUIO U3 aPXUBOB (T.€. TPOTOKOJIBI COOOIIEHUN Y U3MEPSIEMbIE
3HAYECHUST) B BUJIE TaOJIHII UK IPadUKOB.

JUJist CO3aHuUsT OTYETA UCIOIb3YIOTCS IUHAMUYECKIE 00B-
€KTBbI, KOTOPbIE HAIOJIHSIOTCS JAHHBIMU BO BPEMSI MCIIOJTHEHUSI.
Jluist BBIBOZIA OTYETA HEOOXOAUMO 33/1aTh, IO KAKOMY COOBITUIO
HAYMHATH TEHEPAIIMIO OTYETa U Ky/Aa GyeT BHIBOJAUTHCS OTUET.
[eHepaTop OTYETOB MMO3BOJISIET OCYIECTBUTH BHIOOP CIIEAYIOIINX
COOBITHIA:

* 110 TPeOOBAHUIO TT0JIH30BATEISL;

* B 3apaHee BHIOPAHHOE BPEMST;

* IUKJINIECKUI BBIBOJ.

Jl71s1 opraHu3aIy BeIBOJIA TIPEJIATAIOTCS CIEYIoNIre Ba-
PHUAHTBHIL:

* BBIBOJ| HA 9KPaH;

* BBIBOJI Ha BHIOPAHHBIN TIPUHTED;

* BBIBOJI B (haiiJI.

[Toncucrema o6paboTku cobpituit Global Scripts — ato obiee
HazBaHue 151 C-pyHKIUH 1 06paboTINKOB COOBITHIT BO BCEM
WinCC-npoekTe. PaznuyatoT ciemyonye TUIbl (QyHKITUI:

* (pyHKIMY TpOEKTa — 3TH (DYHKIMHU MTUIITYTCS MOTH30BATETIEM
LTSI KOHKPETHOTO TTPOEKTa;

* crangapTHble hyHKIUY — cofepxat dyukiuu WinCC AP,
KOTOpbIE OTCOPTUPOBAHBHI IO OIIIIUSIM;

* BHyTpeHHME (DYHKIIUM — 3TO HarbOJIee YaCTO MCIIOIb3yEMBbIE
(yHKIIMHU, KOTOPBIE TO3BOJISIIOT ANHAMUYECKY U3MEHSITD U TI03U-
[[MOHUPOBATH U300PAKEHNUE, IPUHUMATH U U3MEHSITh 3HAYECHUST
mapamMeTpoB. BHyTpeHHME OYHKINM TaKKe COAEPKAT CTAaHAAPT-
Hble pyHKIUY s13b1Ka C,

* 06paboTYMKY COOBITHIT — 3TO (DYHKIIMH, KOTOPBIE MOTYT
WCIIOJTh30BATh BCE BBIIETIEPEUNCIEHHbIE (DYHKITUU B TEJIE CBOEI
nporpammbl. O6pabOTIMKHU COOBITHIT CPaGaTHIBAIOT JIKOO IO 3Me-
HEHUIO0 HEKOTOPOTO MapaMeTpa JU60 4epes3 ONpeieIeHHBIN IPo-
MeXyTOK BpeMeHu. Kpome Toro, 06paboT4nKu COOBITHIT MOKHO
cosnasatb BHyTpH Graphics Designer ijist 106010 rpadu4ecKoro
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obbeKTa (HarpuMep, Mo HasKATHIO KJIABUIIM KJIABUATYPbI UK
MbIIM Ha 00JacTh 06beKTa OyAeT cpabaThiBaTh OLPEIEIEHHbI
CKDHWIIT).

[Toncucrema apxuBaruy napameTpos lag Logging npenna3Ha-
YeHa JIJIST CO3/IaHYsI OTIEPATUBHBIX U IOJTOBPEMEHHBIX APXUBOB.
B WinCC cymectByeT Tpu THIla apXVBOB:

* Process Value Archive — 0CHOBHOI apXuB JJIs1 PETUCTPU-
PyeMBIX mapaMeTpoB (TETOB), TO3BOJISIOIINN CO3/IaBaTh B OIle-
PATUBHBIN UK TOJTOBPEMEHHbIN aDXUB C 33JITAHHBIMU METOIAMU
apXUBHPOBAHUS,

o Compressed Value Archive — cxaTblii apxuB, Ga3UPYIOIUHAC
Ha Process Value Archive, cOnepXHUT CTAaTUCTUYECKHE JTAHHbBIE
32 33/IaHHBIN TPOMEXKYTOK BPEMEHU U C 33J]AaHHBIM METOJOM
06paboTKy;

* User Archive — MO3BOJISIET CO3/aBaTh CBOM TaGJIMIIBI CO
CBOMMM TIOJISIMH U BBITIOJIHSATH JIENICTBUST HAJI HUMW U3 CKPUII-
toB Global Scripts. OcHoBHOe HaszHaueHue User Archive — 310
noArotoBka penentos. User Archive noctaBiisieTcst OTAENbHOI
ommueit WinCC.

I'paduueckuii penakrop Graphics Designer npenHasHaueH
st cozanust MHeMocxeM. OH coziepskut 6oratyio 6ubaoTeKy
CTaHJapPTHBIX rpaduyecknx 00beKToB, 6ubaroreky Windows-
KOMIIOHEHTOB — KHOIIOK, CIIUCKOB U T.[., 2 TAKKE OUOINOTEKY
coxubix WinCC-00beKTOB — I10JI€i BHIBOZIA IIAPAMETPOB, PH-
CYHKOB, CO3/IaBAEMbIX TT0JIb30BATEIEM U T.1I.

Jluist Kas0ro 06beKTa OIpeiesieH Habop CBOMCTB, KOTOPbIE
MOTYT MEHSITBCSI BO BpEMsI BBITIOJTHEHUST IPUJIOXKeHNsL. B kauecTBe
IpUMepa MOXKHO IPUBECTH CJIEIYIONIME CBOMCTBA: MOJIOKEHUE HA
9KpaHe, JTIHA, IMUPUHA, IIPUQT, IIBET MIPUETA, IPOIIEHT 3aIT0JI-
HEHWS, LIBET 3aII0JIHEHNST, MUTAHWE, YACTOTa MUTAHUS U T.J. Takxke
1715t 06BEKTA ONpeieieH Habop COOBITHIA, Ha KOTOPBIE 3TOT OOBEKT
MOJKET PEArpPOBATh BO BPEMSI BBITIOJHEHWS IPUJIOKEHUS.

Graphics Designer nopnepxuaet texxosnoruto OLE 2.0, aro
II03BOJISIET BCTPAUBaTh B MHEMOCXEMbI KOMIIOHEHTHL ActiveX,
Pa3paboTaHHbIE TI0JB30BATEIIEM.

Ilnst ob6neryenus 3azay BoinoHeHuss WinCC-1poeKkToB
WinCC nocTOSSHHO TIOTIONTHSETCSI HOBBIMU omiiusiMu. [[Jist Bep-
cun WinCC 4.02 3TOT CIIMCOK COCTOUT U3 CJIELYIOMUX OCHOBHBIX
OTIIIUIL:

* Split Screen Manager — 103BOJIsIET OBICTPO CO3/ATH MIAGIOH
WinCC-nipunoxenust st npocMotpa akpaHoB WinCC-KmeHToB,
MIOJKJIIOUYEHHBIX K CUCTEME;
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* Alarm Logging Wizard — 1nporpamMma Jiist IpOEKTHPOBAHIS
CTPYKTYPbI CTPOKH COOOIIEHHI, & TAKXKE 3BYKOBBIX CUTHAJIOB [IPH
BBIBO/IE€ TOTO MJIK MHOTO THUIIA COOOIIEHHI;

* Picture hierarchy — »ra porpamma Ipejiaraer ya100HbIA
pocMOTp KapThHOK (co3nauubix B Graphics Designer) B Bue
CTPYKTYPbI «I€PEBOY;

* Life beat Monitoring — TO3BOJISIET CIEAUTD 33 COCTOSTHUEM
coequnennii Bcex I1VIK, moak/Ii04eHHBIX K CUCTEME;

» Tag Editor — mporpaMma UCIIOJIb3YETCs JJIsA CBA3K TETOB
C IPOrPaMMOii CO3/IaHUST TPEH/IOB B PEKUME UCTIOTHEHS;

* Time synchronization — TporpaMMa CHHXPOHHM3AI[UH Bpe-
MeHu, obecrieunBaer HOPMUPOBAHKE COOOIIEHNI B OIMHAKOBOM
XPOHOJIOTMYECKOM TIOPSIZIKE JIJIST BCEH CUCTEMBI,

* Chip Card — miporpamma JiJ1s1 TIOIZIEPAKKY ABTOPU30BAHHOTO
nocryma K pecypcam WinCC ¢ TIOMOIIBIO TIACTUKOBBIX KapT;

* Storage — Tporpamma, mo3BOJISIOIIAsI TEPEMEIATH TAHHBIE,
HAKOILIEHHBIE B I0JITOBPEMEHHBIX aPXUBAX, HA JPYTHE HAKOIIUTE-
JIML, 2 TAKXKE YAQJISTH YCTAPEBIIKE JAHHBIE C YKA3aHIEM BPEMEHU
WA B 32BUCHMOCTH OT TIPOIEHTA 3aMOTHEHUS TUCKA.

5.3.6. SCADA-cucrema TRACE MODE

TRACE MODE pns Windows — arto poccutickuit SCADA-
poyKT, paspaborannbiii pupmoit AdAstra Ltd. C ero nomomuipio
MOXHO He TOJIbKO pa3pabarbiBaTh pacupeznenaenusie APM orme-
PaToOpOB TEXHOJIOTUYECKOTO IPOIIECC, HO U 3aIIPOrPaMMHUPOBATh
KOHTpoJLIEPH, a Takke cBsi3aTb ACYTII ¢ kopriopaTuBHO# WH-
(hOpMaIMOHHOM CUCTEMOM IPEATIPUATHS U TI00ATBHON CETHIO
Internet [8].

TRACE MODE octoBana Ha DCOM — 62a30B0ii 32-pa3psiiHoii
TEXHOJIOTMH Kopropanuu Microsoft, mosioskeHHO# B 0CHOBY BCEX
ee COBPEMEHHBIX IIPOIYKTOB, HaunHast oT Windows NT u 3akaH-
guBast Office 2000. BzaumogeiicTBre MeXIYy KOMIIOHEHTaMHU
TRACE MODE B Internet Taksxe ocymectsisiercs yuepes DCOM
C UCITOJIb30BaHNEM OCHOBHBIX cTaHAapToB Internet/Intranet
(aanpumep, TCP/IP, HTML n 1.11.).

Cucrema paspabotku TRACE MODE conepuT psi HOBbIX
texuosoruti mpoexktupoBanust ACY T, orsmyaiomux ee ot apy-
rux SCADA-cucrem. Cpesivt HUX CIeIyIOIIHE:

* obecrieyeHre eNHBIX HHCTPYMEHTATBHbIX CPEICTB (eIUHON
JIMHUY POTPAMMUPOBAHUS ) KaK JIJIs1 Pa3pabOTKY OMEPATOPCKIX
CTaHIUH, TaK U JIJISI IPOrPAaMMUPOBAHUS KOHTPOJLJIEPOB;
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* paspaborka pacnpenenaeanodn ACYTII kak eaAnHOro mMpo-
€KTa;

* TEXHOJIOTHSI aBTOIIOCTPOEHUS IIPOEKTA.

Tpagunuonno SCADA-cUCTEMBI TOHUMAIUCH KAK MHCTPYMEHT
Pa3paboTK¥ MPOrPaMMHOrO obeceyeHust 1jisi paGOYMX MECT
JIMCTIETYEPOB, T.€. AJis1 BepxHero ypoas ACYTII.

[TporpammupoBaHe TPOMBINIJIEHHBIX KOHTPOJLJIEPOB WJTH
WHTEJIEKTYAIbHBIX JIATYMKOB IIPOU3BOJIMIIOCH MHBIMU IPOIPAMM-
HBIMU CPEICTBAMU WJIH CIIENAATHHBIMY TPOrPAMMATOPAMU, TIO-
CTaBJIsieMbIMU ¢ 060pyoBaHueM. [Tociie MosiBIeHUsT ¥ MacCOBOTO
pacmpoctpanenusi IBM PC-coBmMecTIMBIX KOHTPOJLIEPOB MOSIBH-
JIaCh BO3MOKHOCTh YHUGDHUIIUPOBATH IPOrPAMMHOE 00eCIIeYeHrE
JIJIs1 OIIEPATOPCKUX CTAHIIWIA ¥ IPOMBILIIIEHHBIX KOHTPOJIJIEPOB.

ITa BO3MOXKHOCTB peasiu3oBana B cucreme TRACE MODE 4.20,
B KOTOPYIO BBeJleHbI (DYHKIIMY TPOrPaMMUPOBAHUS KOHTPOJLIE-
POB M BBINYIIIEHA CHEMANbHAS UCIIOTHUTEIbHASI CUCTEMA JIJIST
KOHTpoJIIepoB — Mukpo MPB.

B nocaenyronux Bepcusix TRACE MODE texHOJIOTHSsI CKBO3HO-
r0 MPOrpaMMUpPOBaHwst ObLIa ycoBepuieHcTBoBaHa. Harbosrbiime
M3MEHEHMsI KOCHYJIUCH CPEACTB pa3paboTku. Beuim pazpaboTaHb
SI3BIK cXeM Ha (pyHKIuoHanbHbIX 6s10kax (TexHo FBD) u s13bIK
vHCTpykuwii (TexHo IL), KOTOpEIE SIBJISIOTCS SI3BIKAMU BU3YaJlb-
HOTO IPOrPAMMUPOBAHUS ¥ BKJIIOYAIOT 6osiee 150 ss1eMeHTapHbIX
u 6ubmoTeuHbIxX GyHKIui. Cpeay BCTPOEHHBIX aJITOPUTMOB —
A, ILA/1, HedeTkoe, TO3UIIMOHHOE PETYIMPOBaHUE, AUHAMU-
yeckast 6GaJIaHCUPOBKA, AJITOPUTMBI MACCOBOTO OOCTYKMBAHMS,
6JI0KM MOJIETUPOBaHsI 00BEKTOB, apU(pMeTHIECKHE, aIreOpande-
CKUe, TPUTOHOMETPUYECKHE, CTATHCTHIECKIE QYHKIWY, QYHKIUI
pacuera TEXHUKO-9KOHOMHUYECKMX ITOKas3artesiei u T.1. JlobaBiex
psil GYHKITMOHAIBHBIX OJI0KOB, ODUEHTHPOBAHHBIX HA KOHTPOJIb
1 yIIPaBJIEHKE TUIIOBBIMYU TEXHOJIOTMYECKUMHU 00beKTaMu (KJIa-
aH, 32/[BIKKA, TPUBOJ ¥ T.A1.). Takke pa3paboTaHbl aJITOPUTMBbI
AJIANITUBHBIX U MOJIAJIBHBIX PETYJISTOPOB.

B pacnpegenennsix SCADA-cucTemax paspaboTKa IPOeKTa
[IPUBSI3aHA K OHOU onlepaTopckoii ctannuu. [loatomy npu pas-
paboTKe CeTeBbIX KOMILJIEKCOB CHAYAJIA CO3AIOTCSI Ha3bl JAaHHBIX
peabHOTO BpeMeHH J7ist oTAeabHbIX [IK, v mimb moToM oHM
0OBEIVHSIOTCS B CETD.

Onnaxo coBpemenHbie mpomsbitiieHHbIe ACY «KUBYT> U pas-
BUBAIOTCSI IECSITKU JIET, UMEIOT TEHAEHIINIO K MHTETPAIIUN KaK
MexIy co6oi, Tak u ¢ ACY (puHAHCOBO-X03UCTBEHHBIX CIIYXKO.
3a 3TO BPeMsT MEHSIETCSI TEXHOJIOTHSI, TOOABIISTIOTCSI ¥ 3AMEHSTIOTCST
naturiku, APM, Mmogudunupyercs nporpaMMHoe obecriedeHre
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ACY. llognepxvBaTh ¥ pa3BUBATh CUCTEMBI, COCTOSIIIIE UX MHO-
rux 060co6eHHbIX [TK ¥ KOHTPOJLIEPOB, KasKABIA M3 KOTOPBIX
HUYEro He «3HAET» O APYTUX, U TPYIHO, ¥ J0POro. YTo6sl 3TOro
u306eKaTh, MOXKHO MCIIOJIB30BATh APXUTEKTYPY KIUEHT-CEPBED,
HO cOCpPenoToYeHrE 6a3bl TaHHBIX PEAIBHOTO BPEMEHH Ha CEP-
Bepe CHIKACT HAIE)KHOCTb CUCTEMBI (4TO OYET, i cepBep
OTKaXkeT?).

B TRACE MODE 6 pacupenenentas ACY, Bxiiouaiomnias u [1K
¥ KOHTPOJLIEPHI, PACCMAMPUaemcst Kax o0un npoexm. Iloatomy
kaxbii y3eu (1K wim koHTposutep) nmeet nHGOpMaImio 06 oc-
TQJIBHBIX Y3JIaX CUCTEMBI U B CJIyYae er0 MOAUMDUKAIY ABTOMATH-
4eCKU OOHOBJISIET COOTBETCTBYIOIIME 6a3bl Ha IPYTHUX y3aax. [Ipu
aToM ACY MOKHO CO371aBaTh KaK B apXUTEKTYPe KJIUEHT-CEPBEP,
TaK U pacrpejesieHHyo — Texuosorus pazpaborku ACYTII kak
€[IMHOTO IIPOEKTa Gy/IeT OAUHAKOBO 3 (hEKTUBHA.

TexHOIOTHUST aBTOIIOCTPOEHUST — 3TO TPYIINa OPUTUHATBHBIX
TexHoJIOTHH, peamsoBannbix B TPEVIC MOY/I 5 1 noceyrommx
Bepcusix. CyThb aBTOMOCTPOEHMS 32aKIII0YAETCST B ABTOMATHIECKOM
reHeprpoBaHuy 6a3 KAaHAIOB OIIEPATOPCKMX CTAHIINI M KOHTPOJI-
snepos, Bxoasamux B mpoekT ACYTII na ocHoBe nrdopmanum
0 YHUCJIe TOYEK BBOJIA /BbIBOJIA, HOMEHKIIATYPE HICTIOJTb3Y eMBIX
koHTpoLTepoB U YCO, Hamnanu u Xapakrepe cBssed mexay [IK
¥ KOHTpOJIIepaMit. B coorsercTsuu ¢ atum B TPEVIC MOVY/I 5
peayn30BaHbI ClIeyONIie BO3SMOXKHOCTH.

* «ABTomocrpoenues 6a3 Kanasos st cBsizu ¢ YCO B PC-
koHTpoJTepax. [losmp30BaTento JOCTATOYHO YKa3aTh MapKy
1 Komn4ecTBO PC-KOHTPOJIIEPOB, UCIONb3yEMBIX B IPOEKTE
u 3anycTuth «ABronocrpoennes — TPEVIC MOY/I cdhopmu-
pyeTt 6a3y KaHAJIOB [JIs1 KaX/I0TO KOHTPOJLIEPA U TIPOU3BELET
HacTpoiky Ha YCO aBTOMaTHYECKU.

* «ABTONOCTpOEHNE> (a3 KAHAJIOB /ISl CBSI3U C OOBIYHBIMU
KOHTpOJIJIEPaMHU. JTa IIPolieAypa aBTOMAaTUIeCKU FeHepUpyeT
6a3bl KAHAJIOB OIIEPATOPCKUX CTAHIIMI Y IIPOU3BOAUT HACTPOUKY
Ha HauboJiee paCIpOCTpaHEHHbIE B POcCUU KOHTPOJLIEDHI.

* «ABTOnOCTpOEHUEY cBsizelt Mexay y3namu «IIK — I1K»,
«ITK — KOHTpPOJLIEPBI», <KOHTPOJLIEPH — KOHTPOJLJIEPBI» OCYIIIe-
CTBJISIET CO3/IaHHUE, ABTOMATHYECKOE TIOJIEpKaHye 1 OOHOBJIEHIE
KOMMYHUKaIW Mexy y3namu pacnpeznenernoit ACYTII.

* «ABTOTIOCTpPOEHME> MTPH UMIIOPTE 6A3 TEXHOJOTUIECKUX
napameTpoB. B HarboJiee TEXHOJIOTUYECKH «KYJIBTYPHBIX> OP-
raHM3aIUAX pa3paboTKe IPOEKTa MIPEAIIECTBYET €r0 JeTalbHast
npopaboTKa 1 cocTaBieHre 6a3 TEXHOJOTHYECKHX TTIAPAMETPOB.
YacTo Jist 3TUX 1eJIedl UCIIOJIb3YIOTCSI PACIIPOCTPAHEHHbIE OA3bI
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JAHHBIX ¥ 3JIeKTPOHHBIE Tabmil, Hanpumep, Excel, Access u ap.
TPEUC MOY/I 5 nomyckaer UMIIOPT 9TUX 6a3 ¢ MOCJIeyOIUM
ABTOIIOCTPOHKEM.

TeXHOIOTHSI aBTOMOCTPOEHYS SIBJISIETCS PEBOJIIOIUOHHBIM
IaroM B pa3paboTKe CUCTEM PEAJIBHOTO BPEMEHH, TAK KaK CHU-
MaeT OTPOMHYIO YaCTh PYTHHHOM pabOThI 110 «HAOGUBKE» U KOH-
dburypuposanuio 6a3 mapaMeTpoB. Biarozaps aBToocTpoeHuo
paspaborka ACYTII cBoguTCS K CJEAYIONMM HECAOKHBIM IIPO-
eaypam:

* pasMmelneHue B paboueM IoJie peakTopa 6asbl KAHAJIOB MKO-
HOK KOHTPOJIJIEPOB U OIIEPATOPCKUX CTAHIIWA;

* yKa3aHue HATMIKst MHQOPMAIMOHHOTO OOMEHa MEXKY y3-
Jlamu;

* 3aMyCK aBTONOCTPOEHUS IPOEKTa;

* 33/IaHIE MATEMATHIECKO 0OPaGOTKY JAHHBIX U AJITOPUTMOB
yIIPaBJIEHHUSI.

Pazpa6orka rpaduyeckoro nHTepdeiica ormepaTopCKux CTaH-
IWif OCYIECTBJISIETCS B 0OBEKTHO-OPHEHTUPOBAHHOM PENIAKTOPE
[peJICTaBIeHus TaHHbIX. [paduueckre n306pakeHust CO3MAI0TCS
B BEKTOPHOM ¢hopMmare. PeakTop aeT BOSMOXKHOCTD CO3/[aHUST
00beMHBIX M300PaKEHUI MHEMOCXEM TEXHOJIOTUYECKUX OOBEKTOB.
DopMbI IMHAMUBAINH COAEPHKAT BCe HEOOXOAUMBIE DJIEMEHTHI,
B TOM YKCJI€ THCTOTPaMMBbl, IpaUYeCKHe, [IBETOBBIE ¥ 3BYKOBBIE
CUTHA/IU3aTOPbI, TPEHIbL, GEryIIHe JOPOKKH, MY IbTUILTUKALIAIO.
[IpemycMOTpeH Takske OOIMPHBIA HAGOP OMOIMOTEK TEXHOIOTH-
4eCKHMX OOBEKTOB.

Ecim nmeronuxcst tuHaMudeckux hopM 0ToOpakeHusI Hes0-
CTaTOYHO, TI0JIb30BATEIb MOKET HAIMCATH COOCTBEHHbIE (POPMBI
KakK KOMIIOHeHTHI ActiveX, ucnionbayst Visual Basic, Visual C++
u ap., u Berpouts ux B TPEVIC MOY/I. Kpome Toro, B Mupe
CO3/IaHbI IECATKY THICSY TOTOBBIX OECILIATHBIX U KOMMEPYECKHX
ActiveX-iporpamMM, TOCTYITHBIX, B YaCTHOCTH, Yepe3 VIHTepHeT.
Cpeau HUX — BJIEKTPOHHBIE TAOJIMIIBI, IPOrPAMMBI JOCTYIIA
K 6a3aM JaHHbIX, TeorpaduuecKue KapThl, rpaduKu u T.11.

@DopMmbl 0TOOPaXKEHUST MOTYT OOBEAUHSITLCS B 2paguueckue
obsexmot. Tpaduueckue 0OBEKTHI BKIIOYAIOT B ce0s1 HEOTPaHU-
YEHHOE KOJIMYECTBO CTATMYHBIX 3IEMEHTOB PUCOBAHMSI U TIHAMMU-
yeckux (popm otobpakenusi. OHU BCTABJISIIOTCS B 9KPAHbI B BUIE
OJIHOTO JIEMEHTA, MOTYT MCIIOJIb30BATHCSI B OYAYIIUX IPOEKTAX
WJIM Ha JIPYTUX DKPAHaX TEKYIIETO MPOEKTA.

TPEVC MOY/] nmo3BoJisieT co3/1laBaTh MHOTOYPOBHEBBIE,
repapxXu4ecKy OpraHu30BaHHbBIE, pe3epBupoBaHHble ACY TIIL
PaccMOTpUM TPEXYPOBHEBYIO CHCTEMY, BKJIIOYAIOILYI0 YPOBEHb
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KOHTPOJLJIEPOB, IMCIIETYEPCKUN YPOBEHD ¥ 2IMUHUCTPATUBHBIN
YPOBEHD.

ACYTII ypoBHSI KOHTPOJIJIEDPOB CO3/IAETCS HA OCHOBE MUKDO-
MOHHTOpA peasibHOTro BpeMeHu (Mukpo-MPB). 9ta nmporpamma
pasMeraercsi B PC-KOHTPOJLIEPE U OCYHIECTBISET COOP JAHHBIX
¢ 06bEKTa, IPOrPAMMHO-JIOTHYECKOE YIIPABJICHIE TEXHOIOTHYE-
CKUMH TIPOTIECCAMU U PETYIMPOBAHNUE ITAPAMETPOB TI0 PA3TUNYHBIM
3aKOHaM, a TaKXe BeJleHNe JOKATbHBIX apxuBoB. [Iporpamma
BEJIET MIOCTOSTHHBIA KOHTPOJIb paborocnocobuoctu YCO, ce-
TEBBIX JIMHUU, U B CIy4ae UX BbIXO/IA U3 CTPOSI ABTOMATUYECKHT
epexoIuT Ha pe3epBHBIE cpeacTBa. [Ipu momormm Mmukpo-MPB
MOJKHO CO3/1aBaTh IyOJIMPOBAHHbIE WK TPOMPOBAHHBIE CHCTEMBI
C TOPSTYMM PE3EPBOM.

OcCHOBY MCTIETYEPCKOTO YPOBHS yIIPABJIEHUS COCTABJIAIOT
Monurops! peanbaoro Bpemern (MPB). MPB TPEMC MOY/]I —
3TO CEPBEP PEATHHOTO BPEMEHHU, OCYIIECTBIISTIONIII IIPUEM JIaH-
HBIX C KOHTPOJLJIEPOB, YIIPABJIEHNUE TEXHOJIOTUIECKUM IPOIIECCOM,
nepepacipeieieHue JAHHBIX 110 JIOKAJIbHOU CETH, BU3YAJTU3AIHIO
vHbopmarmu, pacuet TIII u cratucTuueckux (PyHKIMIA, BeieHE
APXUBOB.

Ha agmunncrparusHoM ypoBHe ACY TII ncnosnb3yrorcst Mo-
Iy Supervisor.

Supervisor npeiocTaBJIsieT PyKOBOJUTEIIO NH(GOPMAILUIO O XO/Ie
¥ PETPOCIIEKTHBE TEXHOJIOTMIECKOTO IIPOIIECCa, CTATHCTUIECKUX
¥ TEXHUKO-3KOHOMUYECKUX IIapaMeTpax IPeApUsTUsL. JTa UH-
hopMaist MoKeT OOHOBJISITBCS B PEXKUME, GIIM3KOM K PEATbHO-
My BpeMenu (3anepxka 10—30 c¢). Kpome Toro, Supervisor naet
BO3MOKHOCTb IPOCMATPUBATh PETPOCIEKTUBY (OCYIIECTBIISTD
«1eitbek» ) mporecca Kak ¢puibM Ha BugeoMaruutodone. [pa-
(budeckuii «mieiibeK» apXuBa JaeT B PyKH PyKOBOIMTEJIST HHCT-
PYMEHT KOHTPOJISI pabOThI JUCIIETYEPCKOTO KOMILIEKCA M BCETO
HPEANPUATHS B IIEJIOM.

TPEVIC MOY/l — o712 13 HEMHOTHX HA POCCUICKOM PhIHKe
SCADA-cuctem aist OTIEPAIIMOHHBIX CHCTEM obuiero Ha3Haye-
Hus1, 06/TaIAI0NIUX CUCTEMOI e0ur020 ceme6ozo epemeni (Kpome
uee eme Citect). Bee mporeccs! B ceTeBbix Komiuekcax TPEVIC
MOY/] aBTOMaTU4eCK CHHXPOHU3UPYIOTCS, UTO TIO3BOJISIET
OJTHO3HAYHO MPUBS3bIBATH TEXHOJOTUIECKHUE COOBITUS K BpE-
MEHHOH ImKase, KakuM 65 u3 256 cetesnix [IK onu HU 661U
3a(UKCHPOBAHBI.



Jiutepatypa

1. ABTOMaTH3AIUs TEXHOJIOTHYECKOTO 0O00PYIOBAHUS MUK-
POBJIEKTPOHUKH : yueb. 1ocobue st By30B 10 IPUGOPOCTPO-
uTeabHOU creruanabHocTy / A. A. Ca3oHOB [u 1p.]; moxa pex.
A. A. Cazonosa. — M. : Beicmiag mkosta, 1991. — 334 c.

2. Jlemenxos, H. I1. SCADA-cucTeMbl KAk UHCTPYMEHT IIPO-
extupoBanust ACYTII : yueb. mocobue. — M. : uzn-8o MTTY um.
H. 2. baymana, 2004. — 328 c.

3. Kuprowun, O. B. YnpaByieHIEe TEXHUYECKIMY CICTEMAMU
yueb. nocobue. — Ya : uza-so YTHTY, 2005. — 170 c.

4. Kopnunos, P. B. OCHOBBI yIIpaBJIEHVS TEXHOJIOTUIECKUM
000py/I0BaHUEM U IPOMBINLIEHHBIMU POGOTaMU : y4e6. moco-
6ue: — M. : uzg. MUIT, 1992. — 178 c.

5. Kopnunos, P. B. OctoBbsl aBTOMaTu3aIuu. JInHeHbIE CH-
CTEMBbI YIIpaBJIEHHsI OTHOM MepeMeHHOH : yueb. mocobue. — M. :
u3n. MUIT, 1991. — 136 c.

6. MuxpormpoIieccopHOe yIpaBjIeHue TeEXHOJIOTUIECKUM
060pyI0BaHNEM MUKPO3JIEKTPOHKKH : yueb. mocobue / A. A. Ca-
30HOB [u 1p.]; mox pexn. A. A. CasonoBa. — M. : Pagno u cBsi3b,
1988. — 264 c.

7. Ilapgenos, O. /. TexHOIOTHSI MUKPOCXEM : y4eh. HOCO-
6ue. — M. : Beicias mxosa, 1986. — 320 c.

8. PykoBoacrBo nosb3osaress Trace Mode 5.0. — M. : @up-
ma Adastra, 2003. — 909 c.



Haiu kHUrH MOKHO proOGpecTu:

YueOHbIM 3aBeIeHUSIM U OUOIMOTEKaM:
B OTZIesiE TI0 paboTe ¢ By3aMu
TesL.: (495) 744-00-12, e-mail: vuz@urait.ru

YacrHbIM JHIIAM:
CIIICOK MarasMHOB CMOTPWTE Ha caiiTe urait.ru
B paszeiie «YacTHBIM JIUIAM>

Mara3uHaM 4 KOPIOPaTHBHBIM KJIHEHTaM:
B OT/IEJIE TIPOJIAXK
tel: (495) 744-00-12, e-mail: sales@urait.ru

Ort3biBbI 06 M3JAHKUM IIPUCHLIANTE B PEAAKIMIO
e-mail: red@urait.ru

HoBble u3xanus H JONOJIHUTENbHBIC MAaTEPHAIbI IOCTYIHbI
B 9NIEKTPOHHOI GubnoTeuHoi cucteme <IOpaiir>
biblio-online.ru

Yuebnoe usoanue

Ilarun Anatosmit BacuibeBuy,
Jlemkun Bacunuii UBanoBuy,
Kononos Baaaucaas IOpseBuy,
KaGanoBa Asia Bopucosna

OCHOBBI ABTOMATHU3AIINN
TEXHOJIOTNYECKRUX ITPOIHECCOB

YuebHoe mocobue i aKaIeMUIecKoro bakajaaBpuara

@opmat 60x901/ 6.
Tapuutypa «Petersburgs. Ileuats rudposasi.
Yeu. meu. 1. 8,56. 3akaz Ne

000 <«M3nareascrBo IOpaiir>
111123, r. Mocksa, yu. IlnexaHoBa, 1. 4a.
Temn.: (495) 744-00-12. E-mail: izdat@urait.ru, www.urait.ru



