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Puc. 1. YrpoieHHas ctpykTypa 00beKTOB HEPTEra3zon00b14u.

[logasiTasi Ha TMOBEPXHOCTh PA3NUYHBIMU  criocobamu  ((OHTAHHBINH,
ra3auTHBIN, HACOCHBIM) HEPTh OT CKBAKUH MO CKBaXUHHBIM KOJUIEKTOpaM
HampaBJISIETCSl Ha TPYNNoByw 3aMmepHyro ycTaHoBKY (I'3Y). CxkBaxuHbl
MOOYEPETHO MOJKIIOYAIOTCS K 3aMEPHOIM YCTaHOBKE JJIsl ONPEACNICHUs UX 1e0uTa
10 >KUIKOM U Ta30BoM (hazam.

[Tocne 3amepa HedTh MomamaeT B MPOMBICIOBBIA KoOJUIEKTOp. UTOOBI ee
«IPOTOJIKHYTH» 10 IieHTpajdbHoro nyHkta coOopa (IIIC) win ycTaHOBKH
noaroroBku Hedtu (YIIH), ucnons3ytot goxumubie HacocHble ctaHiuu (JJHC).
3nech U3 HePTH YaCTUYHO OTACIISIFOT Ta3 M BOY (B cerapaTopax M OTCTOMHHUKAX), a
3aTeM C IOMOIIIbIO0 HacocoB TpaHcnopTupytoT a0 LIIC wmm YIIH.

VYcranoBku mnpenBaputenbHoro cobpoca miactoBbix Bon (YIICB) moryt
BKJIFOYATh B CBOM COCTaB OTCTOMHUKU U TEXHOJIOTHYECKUE PE3EPBYaphl, Iie HEPTh
OTCTauBAETCs, U U3 HEE YaCTUYHO BBIJEISIOTCS BOJIA U Ta3.

Yactnuno obe3BokeHHass HedTh momamaer Ha YIIH, B coctaB KoTOphIX
BKJIIOUEHBI cenapaionHble ycraHoBku (CY), nmpenHa3HaueHHbIE JJI Jera3aluuu
He(TH, yCTaHOBKM 00e3BOkMBaHUA U obOeccomuBanus (YOQO), ycTaHOBKU
crabunuzaruu (Y C) ns BblAelIeHUs U3 HEPTH JIETKUX YTIE€BOAOPOIHBIX (PpaKIUM.
Mertan/aTan/nponan/OyTaHoBble  (QpakiMu — UMEIOT  JIOCTaTOYHO  HUBKYIO
TeMIepaTypy KUMEHUS U MOTYT OBITh OTEPSIHBI B TIPOIIECCE TpaHCIIOpTa HeDTH MO
MarvucTpajibHbIM He(TepoBO1aM.
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[TonroroBnenHas (ToBapHas) He(Th HANpPaBIsSETCSs B TOBApHBIA MapK
(pe3epByaphl), OTKyJla €€ HAcoCaMH uepe3 y3ibl KOMMEpPYECKOIo yueTa TOTOBOM
npoaykiuu (YY) nmoaaroT B MarucTpaibHbI HEPTEIPOBO/I.

[lnactoBasi Boda, BbIJETIEHHAs W3 HEPTIHONM HMYIbCUU Ha YCTAaHOBKAX
peIBapUTENbHOTO cOpoca BOJ, YCTAHOBKAxX MOATOTOBKU HE(PTH, MOCTyMaeT Ha
YCTaHOBKY O4MCTKH I1acToBbIX BOJ (Y OIIB), mocie 4ero ee CHOBa 3aKauyMBaroOT B
iacT uepes3 Bojopactpeaenurensubie 010ku (BPB) 1 HarHeTaTenbHble CKBAKUHBI
C MOMOIIBI0 KycToBoM HacocHo cranimu (KHC) nns ynydmenust nputoka HedTu
K 3a005IM 3KCIUTyaTallMOHHBIX CKBAXHH.

['a3, BbIENEHHBII Ha TexHonormdeckux anmaparax YIICB u VIIH,
HampabJisieTcsi Ha Ta300eH3uHOBBIM 3aBoj (I'B3). Yacth sTOro rasza momaercs
kommnpeccopHoit craniueit (KC) Ha razopacnpenenurensuyto yctaHoBKy (I'PY), a
3aTeM - B 3aTpyOHOE MPOCTPAHCTBO HEPTIHBIX CKBAXKHH, HKCILTyaTHPYEMBIX
ra3nu(THBIM METOAOM.

Cnoco0b1 1006141 HEPTH
PaznuuaroT cneayroniue 100bIBaoNUe (3KCITyaTalliOHHbIE) CKBAKUHBI:

(l)OHTaHHbIe - He(i)TB IMOJHHUMACTCA Ha IIOBCPXHOCTL IIOJ I[GI?ICTBHGM
BHYTPHUILIACTOBOI'O IAaBJICHUA,
HaCOCHBbIE:

- 000pYJI0BaHHBIC IITAHTOBBIMU TIyOMHHBIME Hacocamu (LLITH);

- 000pyToBaHHBIC ATEKTpOIIeHTpoOekKHBIMU Hacocamu (DLH);

razandTHbIe - He(DTh MOJHUMASTCS HA TOBEPXHOCThH 3aKaYMBAEMBIM B
CKBa)KHMHY T'a30M.

DoHTAHHBIN CIIOCO0

@DOHTaHUPOBAHNE CKBRXUH OOBIYHO TIPOMCXOJUT HA BHOBb OTKPBITHIX
MECTOPOXKACHUSIX He(TH, KOTr/a 3amac MiIacTOBOM SHEpPruM Benuk. JlaBieHue Ha
3a00€ CKB@)XHH JOCTATOYHO OOJIBIIOE, YTOOBI MPEOA0JIETh THAPOCTATHUECKOE
JaBJICHUE CTOJIOA KUIKOCTU B CKBKMHE, TPOTUBO/IABIICHNE HA YCThE U JIaBIICHUE,
pacxoayemMoe Ha TPEOJOJICHUE TPEHUS TMpPU JBWIKEHUU IKUIAKOCTH BBEpX.
@DOHTaHUPOBAHUE JKUJKOCTA OOJIErdyaercs CONEp KaIlUMKCS B HEW My3bIpbKaMuU
raza, TaK KakK pa3ra3upoBaHve He(TH HAYMHACTCS YXKE€ B CKBaXHWHE Ha
OTpEJENICHHBIX TTTyOnHaX.

[Tnotnocte cronba I'KC (razoxuakocTHass cMechb) B (DOHTaHHBIX TpyOax
MEHBIIIE, YeM TMpu MojabeMe HerazupoBaHHOM HepTH. COOTBETCTBEHHO,
rugpoctaruueckoe aapyieHue croyida [ 7KC meHbliie u a1 ee mogbemMa notpedyeTcs
MeHbliee 3a00HOe naBieHue Pc.

JlaBrieHue, mMpu KOTOPOM HA4YMHAETCS pasra3upoBaHue He(PTH, Ha3bIBACTCS
JTABJICHUEM HACBIIIECHUS - Pyac.

DoHTaHUPOBAHUE BO3MOKHO MPHU P> Pyac 1 nipu P < Phac.

B 3aBUCHMOCTM OT TEOJIOTHYECKUX XapaKTEPUCTHK UM OCOOCHHOCTEH
MPOIYKTUBHOTO TUTACTa TPUMEHSIOTCS Pa3jIMYHble KOHCTPYKIIUU CKBAKUH.
O0s13aTenpHBIMU DJIEMEHTAMHU SBIISIIOTCS Hanpasienue (5 — 15 M), kouaykrop (100
— 500 M) m oOcamHas (9KCIUTyaTallMOHHAs) KOJIOHHA (0 TPOTYKTUBHOTO
rOPU30HTA). JTa MPOCTasi KOHCTPYKIUS MOXKET OBbITh UCMOJIb30BAHA MPU IITyOHHAX
ckBaxxuH 110 2000 M.
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[To nenomy psy IpUYMH 4aCTO MPUMEHSIOT 00JIee CI0KHbIE KOHCTPYKIIUU.

Hns nonBecku HKT (HacocHo-kKoMIipeccopHble TpyObl), HamlpaBICHUS
MPOJYKIIMU CKBAXKUH B 3aMEPHBIE YCTPOUCTBA, PETYIUPOBAHUS pAOOTHI CKBaKUHBI,
€€ KpaTKOBPEMEHHOI'O 3aKPbITUS Ha PEMOHT Ha YCTh€ (POHTAHHOW CKBAKUHBI
yCTaHaBJIMBAETCA CIElUMaIbHOE 000pYyIOBaHME — KOJIOHHAs TOJIOBKA, (DOHTaHHas
apmatypa 1 MaHU(OJIb/IbI.

Kononnast rojoBka mpeaHa3HayeHa JUIsi TEepMETH3allMM  MEXTPYOHBIX
MIPOCTPAHCTB, TIOJIBECKH 00CaTHBIX KOJOHH M YCTAaHOBKH (DOHTAHHOM apMaTypBhl.

doHTaHHas apMarypa MOpeJHa3HAuYeHA [JIs HaMpaBJICHUS TMPOAYKIUH B
BBIKUJHYIO JIMHUIO Ha 3aMEPHYI0 YCTaHOBKY, MPOBEJICHHS TEXHOJOTMYECKUX
oTiepaluii Ipy KCIUTyaTallii ¥ PEMOHTE CKBAKMHBI, OCYITICCTBICHUS TITyOUHHBIX
WCCJICIOBAHUM, PETYITUPOBAHMS PEKUMA PAOOTHI CKBAKUHBI.

doHTaHHas apMaTypa COCTOUT U3 TPYOHOU roJIOBKH (117151 ToiBeca (POHTAHHBIX
TpyO) u doHTaHHOU enku. Ha BBIKMAHBIX JHUHUSX (DOHTAHHOM apMaTypbl
YCTaHABIMBAIOTCS  IITyLEpbl  (perylupyeMble W HEPETyJIUpyembie) s
pEeryIupoBaHus pekuMa paboThl CKBaXKUHBI.

Manudonpa npenHasHaueH s OOBs3KM (OHTAHHOM apMarypsl ¢
TpyOonpoBogoM. [IpuMeHsIIOTCS pa3iudHble CXEMbl OOBSI30K B 3aBUCHUMOCTH OT
MECTHBIX YCJIOBUM U TEXHOJIOTUU IKCILTyaTaIlu.

IKCILIYyaTANMS CKBAKMH IITAHTOBLIMHU INIyOMHHBIMH HACOCAMHM

Teopernueckasd cyTo4yHas I[ojadya IITAHTOBOTO IUTYHXKEPHOIO Hacoca
onpenensiercs BeipakenneM Qr = 1440 F S n, rue:

Qr - TeopeTHUeCcKas CyToOYHas MMoAava;

F — momanes ceuenus miyHxepa Hacoca;

S — ICHCTBUTENBHBIN X0 TUTYHXKEPa;

N — Y4KCJI0 XO0JI0B TUTYH)KEpa B MUHYTY.

JevictButenpHas momada Qp Kak MPaBUIIO MEHbBIIE TEOPETHUYECKON W
omnpenensercs kodpduimearom nmoaadn 1 = Qn / Qr (n > 0,6-0,65)

Ha kosduimenT nogaun BIUstOT MHOTHE (DAKTOPHI, CPEAN KOTOPHIX:

- BIIMSIHUE CBOOOIHOTO Tra3a - 1M1,

- YMEHBbIIIEHUE TI0JIE3HOTO X0/1a IUTyHXXepa - M2 (yrnpyrue nedopmaliimn);

- YMEHBIIIEHHE 00beMa OTKaYMBaEMOM KUIKOCTH B pE3yJIbTaTE €€
OXJIQXKJIEHUS Ha MTOBEPXHOCTHU U JIeTa3aluu - Ms;

- YTEUKU MEXIY MUIUHAPOM U TUTYHKEPOM, YTEUKH B KJlamaHax U T .I1. - Ma.

Takum oOpazoM, pe3ynbTUPYIOIIUH KOADPUIIMEHT TOoAa4Yu MPEICTaBIISICT
co0oli Mpou3BeAeHNE HECKOIBKUX KOA(PHUIIMEHTORB 1 = 1112134

[IITanroBass HacocHasi YCTaHOBKA COCTOMT W3 HA3eMHOr0 M IOA3EMHOTO
obopynoBanus. K nogzeMHoMy 000pyI0BaHUIO OTHOCATCS:

MITAHTOBBIN HACOC C BCACHIBAIOIINM M HaTHETATEIHHBIM KJIallaHAMM;
HACOCHBIE IITAHTH U TPYOBI.

HazemMHoe o6opynoBaHue npeacTaBisieT co00i CTaHOK-KaydajiKy, OCHOBHBIMU
AJIEMEHTAaMH KOTOPOTO SBJISIOTCS JIEKTPOABUTATENb, PEIYKTOP, KPUBOIIIUII, IIATYH,
OaslaHcup, yCTheBasi OOBS3KA C CaTbHUKOM.
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HopmanbpHoe (GyHKIMOHUpOBaHWE TIYyOWHHBIX INTAHTOBBIX HACOCHBIX
YCTaHOBOK TpeOyeT NMPUMEHEHUsI COBPEMEHHBIX CIIOCOOOB KOHTPOJS pabOThI Kak
MOJ3E€MHOTO, TakK M HA3eMHOTO OOOpYIOBAaHMS U BBISBICHUSA Pa3JIMYHBIX
HEUCIIPABHOCTEW €1IE 10 HACTYIUICHUs aBapuiiHbiX oTKa30B IIII'H.

OpauH U3 cnocoO0B AMATHOCTUKH MOA3EMHOTO M Ha3€MHOT0 00OpYIOBAHUS —
AUHAMOMeETpHpoOBaHue. J[MHAMOrpaMMBbl JAlOT BaXKHYI0 MH(GOpMAIMIO 0 padoTte
YCTAaHOBKUA B 1enoM. [ monydeHHs NUHAMOTpaMM YCTaHOBKa 00OpymyeTcs
CIICIMAJIbHBIMU JATYMKAMH YCHJIMHM Y JaTYUKAMH X0J1a MOJIMPOBAHHOIO IIITOKA.

[To oTkmoHeHUIO HOPMBI TMHAMOTPAMMBI OT HOPMAJIBHOH MOYKHO CYIUTH O
pasTUYHBIX Ae(PeKTax paboThl ITyOMHHON HACOCHON YCTaHOBKH (TIOMAIaHNe Ta3a B
HACOC, YTEYKU B HArHETATEIIbHOM WJIM BCACBIBAIOIIEM KJIAllaHE, 3aKJIMHUBAHUE U
Ip.), @ Takke 00 YMEHBIIEHUH MTOJIE3HOr0 X0/a IUIYHKEPa HacOca MO CPAaBHEHUIO C
X0JIOM TOYKH TOJIBECA IITAHT U3-3a YIPYTUX AeopMaiuii mranr u Tpyo.

Hpyroii crioco6 amarnoctuku IIII'H — BarTrmerpupoBanme. ITOT crnocob
UCIIOJIB3YET CBsI3b MH(DOPMAITMOHHBIX MPU3HAKOB BATTMETPOTPAMMBI (3aBUCHMOCTh
NOTPeOIsIEMOM aKTUBHOM MOIITHOCTH OT MOJIOKEHUS ITyH)Kepa Hacoca) C TEMH UITU
unbIMU TioBpexieHusmu II'H (oOpbIB miin mpockaib3bIBaHUE PEMHEH, pa3danaHc
MIPOTUBOBECA, IEPETPY3KA MO TOKY, HEUCIPABHOCTH B HACOCHOM CUCTEME U T.1.).

DKCITyaTANUS CKBAKUH MOTPYKHBIMU 3JIEKTPOLEHTPOOKHBIMU
Hacocamu (JIH)

OIIH nmeroT HeocmopuMBIE IPEUMYIIIECTBA IEPE INTAHTOBBIMUA YCTAHOBKaMU
10 IByM IIPUYUHAM:

MEePEHOC MPUBOAHOTO JIEKTPOABUTATENS HA 32001 U IMKBUIAIUS KOJIOHHBI IIITAHT,
4yTO cymecTBeHHO noBbimaet KIIJI cucremsi;

3HAYUTEIBHBIN JUana3oH padounx mojad (0T HECKOIBKUX JECATKOB IO HECKOJIbKHUX
COTEH M?/CyT) M HAOPOB (OT HECKOJILKUX COTEH 0 HECKOJIBKUX THICSY METPOB ) IPH
CPaBHUTEJIHHO BHICOKOI HapaOOTKE yCTAHOBKHU Ha OTKa3.

[TorpykHbIE BIEKTPOLIEHTPOOEKHBIE HACOCHI — ATO MHOTOCTYIEHYAThIC
LHEHTPOOEKHBIE HACOCHI C OOJBIIMM YHUCIOM CTyHneHed (HECKOJbKO COT),
MPUBOJMMBIC BO BpallleHUE TMOTPYKHBIM JJIEKTPOJBUTATENIEM CHEIUATbHON
KOHCTpyKimu. OI[H omyckaercss B CKBOXMHY MOJ PACUETHBIA JUHAMUYECKUN
ypoBeHb Ha 150 — 300 M. YcTaHOBKa BKITIOUAET CIAETYIOMINE KOMIIOHECHTHI:
MacJI03a0JIHEHHBIN AJIEKTPOBUTATEIb;

TUAPO3AIIUTY WIH MPOTEKTOP;

MIPUEMHYIO CETKY HAcocCa;

MHOTOCTYIIEHYAThIM LIEHTPOOEKHBIN Hacoc;
OpoHUPOBaHHBIN AMEKTpokabdens ¢ kpenexom Kk HKT;
YCTBEBYIO apMaTypy;

OapabaH 111 HAMOTKH Kabes;

TpaHchopmaTop;

CTaHLIUIO YIPABICHUSI.

BrinmyckaeMble B HACTOSIIEE BPEMS HACOCHI PACCYMTAHbl HA HOMUHAJIbHBIE
pacxonbl ot 10 1o 1000 M3cyT. 1 Hanopsl OT 450 10 3000 Mm.
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CocTostHuE  TOTPY)KHOTO  OOOpPYIOBaHMSI M COCTOSIHHE€  CKBa)KHUHBI
OTIPEEISIOTCA 1EJIBIM PSAJIOM TMapameTpoB. TakuMu mapameTpaMu SIBISIIOTCST TOK
AJIEKTPOJBUTATENS, COMPOTUBICHUE HW3OJSALMUUA Kabenst W DIEKTPOJABHUIaTels,
TeMIlepaTypa dJEKTPOJABHUTATENsA, COCTOSIHME Hacoca (BKIIOUEH/BBIKIIOYEH),
JaBJICHUE Ha IpUeMe Hacoca, OydepHoe 1aBieHHE U Jp.

I'aznudrHas IKCIIIyaTaus CKBAXKHUH

[Na3nudTHYIO CKBa)KMHY MOXKHO paccMaTpuBaTh Kak ()OHTAHHYIO, B KOTOPOii
HEJOCTAIOIIMNA 11 HEOOXOIMMOIO pa3rasupOBaAHUS KUIAKOCTH Ta3 MOABOJUTCS C
MOBEPXHOCTHU 1O CHEIMAIIbHOMY KaHamy. J[Ba kaHana, HEOOXOAUMBIE Al PabOThI
ra3auTHOW  CKBOXHHBI,  CO3JAIOTCS  JOBYMS  psSAaMH  KOHLEHTPUYHO
pacnoyiokeHHbIX TpyO. Kak mnpaBuiio, cxkaTelid ra3 mnojmaercs B MEXTpyOHOe
MPOCTPAHCTBO, a 00pa3ylolascsa Mpyu 3TOM Ta30’KUIKOCTHASI CMECh MOAHUMAETCS
0 BHYTpeHHeMy psay TpyO. [luameTp BHYTpeHHHX TpyO OOCTaTOYHO Maid M
nukTyercsa ckopocThio noabema [KC. IlepBblil psig TpyO 0OBIYHO OMYyCKaroT 1O
UHTepBaja nepdopanuu, a BTOpor psl — oA JMHAMUYECKHUI ypOBEHb Ha IITyOHHY,
COOTBETCTBYIOILIYIO pabodyeMy JaBieHMs Ta3a (Ha yCTbe CKBaXKHHbI). PeanbHbIil
YPOBEHB BCET/Ia YCTaHABIMBAETCs y OaliMaka moJbeMHbIX TpyO. OH HE MOXKET OBITh
BBIIIIE WJIM HIKE OaliMaka, Tak kKak Jnbo raz He Oyaet moctynath B HKT, nubo
KHUIKOCTb.

JlaBnenue Ha 3a00€ ra3nu(THON CKBaKMHBI JOCTATOYHO MPOCTO ONPEAEIIUTH
no paboyeMy AaBJIEHUIO Ta3a Ha YCThe CKBAXHUHBI (pabouee MaBiieHHE Ta3a U
nasnenue y Oammaka HKT mpaktuyecku paBHBI, a rIIyOHMHBI NOTPYKEHHS TPyO
W3BECTHBI).

ApmaTtypa, ycTaHaBIMBaeMasi Ha yCThe ra3au(THON CKBaXKMHBI, AHAJIOTMYHA
(oHTaHHOI apMaType U UMEET TO K€ Ha3HauCHHE: TepMeTH3allHsl YCThs, 0/IBECKa
HOJbEMHBIX TPYO M BO3MOXHOCTh OCYIIECTBJICHHUS PAa3JIMYHBIX OIEpalui Mo
IPOMBIBKE CKBa)KHHBI, [0 TEPEKIIOUYECHUIO HANPaBJICHUS 3aKauMBaHUA ra3a u T.II
Yacto wucnoiwb3dyercs (oHTaHHas apMaTypa, OCTaBLIasicsi Mocjiae (OHTAHHOTO
nepuoja dKCIulyaTallMi. B ciydae MHTEHCUBHBIX OTJIOKEHUH napaduHa apMartypa
JOTIOTHUTEBHO 000PYIyeTCs JIyOPUKATOPOM JIJI BBOJIA B CKBAXKMHY CKpeOKa.

CocrosiHue ra3nu@THON CKBaXKMHBI OMPENEIAETCS TAKUMU IMapaMeTpaMu, Kak
pabouee NaBlieHHWE Ta3a M €ro pacxoj, ACOUT KUAKOCTH, Oy(depHoe aBiieHuE,
JTMHAMUYECKUI YPOBEHb, 3a00MHOE TABICHHUE U .

1.1.2. I'pynnossbie 3amepHbIe ycTaHOBKH (I'3Y)

['pynnoBeie 3amMepHbIE YCTAaHOBKHM MpEIHA3HAUEHBbI JJIsi M3MepeHus aedurta
HEe(TAHBIX CKBAKMH MO KUIKOM U ra3oBoi (azam. '3V Bkitouaer B CBOM COCTaB
nepexsoyaTenb ckBaxxuH MHoroxoaosoi (IICM) u cenapatop. C nomonisio [ICM
uccieayeMas CKBa)XKMHA MOJKIIIOYAETCS K CernapaTopy, a MPOAYKIHS OCTaTbHBIX
CKBaXMH KycTa HampaBlisieTcss B oOmmii kosuiektop. B cemaparope mpoucxonut
pazaeneHue KUIKOCTU UM ra3a C MOCIEAYIOIUM HW3MEpeHHeM Ae0uTa CKBaKUHBI T10
¢dazam. Ilpomykiusi NOCTaBIEHHOW Ha 3aMep CKBaXUHBI IOCJIE TMPOU3BEICHHBIX
W3MEPEHHI HATIPABIISIETCS B OOIITHIA KOJUIEKTOP.

1.1.3. Jlo:xumuble HacocHble ctanuuu (JJHC)

Jlo)kuMHast HAcoCHasl CTaHIMS TMPEACTaBIsSIeT CcO00Ml  COBOKYNMHOCTH
TEXHOJIOTUYECKUX OOBEKTOB, BBIMOJHSIOMIMX 3aJady JOBEJECHUS J0 TpeOyeMbIX
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BEJIMUMH 3HAYEHUI NaBICHUS U pacxoja HePTH, MOCTYNAIOUIEH ¢ MECTOPOXKICHUS,
Uit e€ JanbHeWIIed TpaHCIOPTUPOBKM Ha TMYHKTHI cOOpa H MOATOTOBKHU.
Texnonornyeckumu oobektamu JJHC sBasitoTcs cemapaTopbl UM Ta3zocenapaTropbl
JUISL TIPEABAPUTENIBHOTO BBIJCNICHUS Ta3a W3 HEPTIHON SMYJIbCHH, HACOCHBIC
arperaTsl JUIsl TpaHCIIOpTa HEPTH, (pakesbHAs YCTAaHOBKA, PEareHTHOE XO035UCTBO,
JpeHaXKHO-KaHAJIM3AIlMOHHbIE €MKOCTH, 3allopHasi U PEerylupyromas apMarypa,
y3JIbl yU€Ta raza u >KuJKOCTH.

1.1.4. YcranoBku noarorosku Hegtu (YIIH)

CocTaB TEXHOJOTUYECKOTO OOOPYJOBaHMs YCTAHOBOK IMOATOTOBKH He(pTH K
TPAHCIIOPTY MO MarucTpalIbHBIM HEe(PTEPOBOAAM 3aBUCUT OT MHOTHX (PaKTOPOB U
cnemu@uueH A KaXAOro KOHKPETHOTO  MecTtopoxkiaeHus. K takomy
000pYyI0BaHUIO MOKHO OTHECTH:

HarpeBaTelIbHbIE TIEUH;

cenaparopsl;

OTCTOMHMKU;

AIIEKTPOJAETUAPATOPHI:

KOHLIEBBIE CENapaTophl;

pe3epBYyapHbIN MapK;

JPEHAKHBIE EMKOCTH;

YCTaHOBKH BBOJ1a PEarcHTOB;

(dakenpHOE XO3SUCTBO;

aBapUNHBIC EMKOCTH;

HACOCHbBIE€ CTAaHLUU PA3IUYHOTO HA3HAYCHMUS;
€MKOCTH Pa3JIMYHOIO Ha3HAUYCHHUS;

y3en yueta He()TU U APYyTHe TEXHOJIOTMYECKUE OOBEKTHI.

Cemapatopbl  mpeAHa3HAa4YeHBbl Uil Jera3auud HedTu. 371ech BCIEACTBUE
YMEHbILICHUS JABJICHUS U HarpeBa HETU MPOUCXOIUT BbIJIEJICHHUE ra3a U3 ChIPhSI.

B oTcToliHMKax NpOUCXOIUT OCHOBHOE OT/IEJIEHUE BOJBI BCIEACTBUE PA3HOCTH
IUIOTHOCTEN HEPTH U MOJATOBAPHOM BOJIbI, @ TAKKE YMEHBIICHHUS CKOPOCTH MOTOKA.

B anexrponmermaparopax moJa BO3AEHCTBHEM 3JIEKTPUYECKUX IEPEMEHHBIX
nojiedl NPOUCXOAUT OKOHYATEJIbHOE pa3pylIeHHE OSMYJIbCUU «HEPTh-BOJA,
CIIMSIHUE, YKPYIIHEHHWE M OTCTAaMBaHWE Kalelb BOJABI C PAaCTBOPEHHBIMU B HEM
COJISIMH.

ToBapHast HeTh HampaBisieTCs B pPe3epBYApHbINM MapK, OTKYyJla 4epe3 Y3JIbl
ydeta He(pTH MoJaeTcsi B MarucTpajibHbI HEPTETPOBO/I.

1.1.5. KycroBblie HacocHble cTaniuu (KHC)

[Toanep:kaHue MIacTOBOrO JABJIEHUS YaCTO OCYIIECTBIISIETCS 3aKauyKOW BOJIbI
BO BHEILIHUN KOHTYpP HEPTAHOTO IJIacTa. 3akauka BOAblI IPOU3BOJUTCS KYCTOBBIMU
HACOCHBIMU CTAHIIUSIMU Y€pe3 BOJOPACIIPEACIUTENbHbBIE OJIOKH U HarHETaTeJIbHbIE
CKBA)KHHBI.

O0beMbl aBTOMATH3ALMH HEKOTOPBIX OOBEKTOB JOOBIYM U MOJITOTOBKU
He(TU IPUBEICHBI HIKE.
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Tabmia 1 —Cxksakuna, ocHarénHas LHT'H

HaumenoBanus NapaMeTpOB U

Ovukimn CUCTeMRL

COCTOSIHHIA N3mepenn |Ynpasnen [Perynupo |Curnanusa|lIpotuso-
e ne Ba -HHE  |IUd aBapuiiHas

1. Tok AnekThONRUTATENS @D (@)

2 JlapneHue HA VCThE CKRAKUHEI @D (@) (@)

’% HHHHMOMETI’)I/IDORHHI/IG @

4. CocrosiHue Hacoca (BKJIIOYEH - @ @

Amrarrarrar)

5. Pabora mo 3a1aHHOM BpeMEHHOM ® ®

6. JTeOIOKMNOBKA ARADUU )

Tabmma 2 — CkBaknHa, ocHanEénHas DI H

HanmenoBanus mapameTpoB u Ovakimu CucreMnl

COCTOSHYA N3mepenn |Yrpasnen |Perynupos |Curnanu3za |IIpotrBo-
e ne a -HHe s aBapuitHas

1 . Tok ANEeKTNONRUTATENS HACOCA (@) (@)

2 Jlarnenue Ovdennoe @ @ @

2, }THRHE‘,HI/IE‘, HA ﬂl’WIéMe HACOCA [an)

4. TGMTIGI‘)H.TVDH. JRUTATENA [an)

5. ConpoTHBIICHHE M30JIAINU KaOens 1 ®

6. CocrosiHue Hacoca (BKIOUEH - @ @

Amyerryazriare)

7. Pabota 110 3a1aHHON BpEeMEHHOM ® @®

8 HCHOT‘DV?KH 10 TOKV TBUTATCIA (@b

0 TTenernvika mo TOKV TRUTATENS @

1 0 TeGnokunORKA aRANUN @

Tab6mmiia 3 — YcraHOBKH 151 MI3MEPEHIIS TIPOM3BOIUTEIIBHOCTH CKBKUH

HaumeHnoBanus mapamMeTpos 1

Ovukimn Cucremnl

COCTOSHYIA N3mepenu |Ympasnen |Perynupos |Curnanuza ([Ipotuso-
e ue a -HUe U aBapupHas

1. JTeOWUT CKBAXKMHEL 110 HETH )

2. JIeOWUT CKRAKWHEL IO BOIIE )

3. JIeOWUT CKRAKMHBIL IO TA3V )

4 Jlapnenue B 00IIEM KOIIEKTONE ) &)

5. TMonmoxenne mepexIYaTens @ @D

6. TleneknryeHne CKRAXUH @ D

7. HecaHKIIMOHMPOBAHHBII TOCTYII B )

rrossnrrraxrrra LTAT Tz A
8. Temneparypa B IOMEIICHUN @ @ @
Tabmia 4 — Cenapatopbl He(TsIHBIC

HanmenoBaunus napamerpos u ®Ovrknmu CUCTeMb

COCTOSHHA W3mepenu |Yrpasnen |Perymupos|Curnanusa [[Ipotuso-"
e e a -HHe s aBapuiiHas

1. JlaBnenue B cemaparope @ &) &) S

) _VNOREHR KUTKOCTH @ @ @ @

3. Tonoxenue Knanana @ @




1.2.

Taommia 5 —OTCTOMHUKN

HaumenoBanus mapameTpoB u Ovaknmn CUCTEMEI

COCTOSIHMIA N3mepenn |Ynpasnen |Perymupos |Curnanusa |[IpotuBo-
e ue a -HHE g aBapuiHas

1. YnOREHE WUTKOCTH (@) (@) @

2. VYnogrenn naznena dhaz (wedrh-pona)  |@ [ @D @D

3. OOGROMHEHHOCTR HehTH D @D

4 TlonoxeHne KTAnaHOR (@) @

Tabmmiia 6 — DneKTpoIeruaAPaTOPbI

HaumeHnoBaHus mapameTpoB u Dvuknmm CucreMnl

COCTOSIHIMIA Wsmepenn | Ynpasnen |Perympo |Curnamus (IIpotuso-
€ ue BA -HUC |anud aBapuiHasg

1 Pacxon wedrtu 1a rRurxane [an) [an)

2. Jlarnenue HedTH HA BRIXOTIE (@) (@) @

3. O6ROMHEHHOCTE HebTH @D @D

4. VNnOREHh XUIKOCTU (@) @ @

5. Ynogrenr naznena dhaz (vedth-pona) |@ @D @D

6. YnoreHr Macna B ThanchonMarone @ @

7. Tok TnanchonmaTona @ @

R Hannsxenue Ha TnanchonmaTone (@) @

[TPUMEYAHUE: Tao0auiml

JIVKOJL.

1-6 COOTBETCTBYIOT CTaHIAPTy KOMIIAHUH

AHanu3 MNpPUBEACHHBIX BbILIIE TaOMUI] MOKA3bIBAET, 4YTO aBTOMATHU3AlIMs
OOBEKTOB J00BIYM M MOATOTOBKM HE(THU CBOAMUTCSA, B OCHOBHOM, K H3MEPEHHUIO
3HAYEHUN TEXHOJOTHYECKHUX [TapaMeTpOB, CUTHAIN3AaLUHA OTKJIIOHEHUI NTapaMeTPOB
OT 33/IaHHBIX 3HAYEHUN U COCTOSHUI KpaHOB U o0opynoBanus. [llupoko pazsuta u
GyHKUMS TpOTUBOABApUIHON 3auuThl. HO nHIlIb B peKUX clydyasx peanin3yercs
GyHKUHS peryiaupoBaHus (cenapaTopbl, OTCTOMHUKH, 3eKTpoaeruapatopsl). [lpu
TOM OOBEKTHI PETYJIUPOBAHUSA TOCTATOYHO MPOCThIE M HE TPEOYIOT CIIOKHBIX

ANTOPUTMOB YIIPABIICHHUS.

CocTaB 00HLEKTOB J00BLIYM M MOJAITOTOBKH ra3a u

00beMbI ABTOMATH3AIINH

VYrpornieHHas cxema 100bIUM U MOJATOTOBKY ra3a MpeicTaBiIeHa Ha puc. 2.

KycT ckBaMuH

PP e

KycT ckBaxuH

|

FazocGopHan
ceThb

AKC

KycT ckBaxXuH

SFF.

OcylleHHbIA ras

K

oruyecKue

UCyLWeHHbIW ras

[azonpoEBo.
nojKnk4YeHWA

Llex ocyLuku rasa |

—
|

Puc. 2. YopouieHHas cxema 100bIYM 1 TTOATOTOBKH Tasa.
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MecTopoxkaeHHs IPUPOTHOTO Ta3a B 3aBUCUMOCTH OT €T0 COCTaBa MOTYT OBITh
2a306blMuU U 2A30KOHOeHcamuvlmu. Takoe JeJIeHUE MECTOPOXKICHHM
IPUPOIHOTO Ta3a OMpeeseTCs COCTABOM YIJIEBOIOPOIHON MPOAYKITUH.

["a30BBIMH HA3bIBAIOT MECTOPOKCHUS, B COCTaB MPOIYKIIUHA KOTOPBIX BXOJSAT
B OCHOBHOM yTJ1eBoA0po bl C1, Cp, C3 ¥ MPAKTUUECKH OTCYTCTBYIOT YIJIEBOOPOIbI
Cs u Bbime. K ra3oBsiM MECTOPOXKIACHUSIM MOKHO OTHECTU Takue, Kak MelBexbe
(mauano pazpabotku — 1971r.), Ypenroiickoe (1978r.) u AmOyprckoe (1986r.).
OCHOBHBIE 3aMachl ra3a B 3TUX MECTOPOKACHHUIX COCPEAOTOYEHBI B CEHOMAHCKOM
TOPU30HTE.

['a30KOH/ICHCATHBIMUA HA3bIBAIOT MECTOPOXKJEHUSA, B COCTaB MPOAYKLIUHU
KOTOPBIX BXOJHUT 3HAYUTEIBHOE KOJIMYECTBO YIiieBoaopoaoB Cs U BBIIIE.
Hanpumep, npoaykiuss BadaHKUHCKOW 3aJIEKH Y PEHTOMCKOTO MECTOPOXKICHUSA
comepkut 10 350 /M3 TSHKENBIX yIIeBOA0POIOB.

JleneHne MeCTOpOXJAECHUH Ha ra3oBble U T'a30KOHJIEHCATHbIE OOYCIIOBIIEHO
pa3IMuyveM TEXHOJIOTMYECKUX IMPOIECCOB MOArOTOBKM WX NPOAYKIHU K
TpaHcnopTy. B cooTBercTBUM ¢ TpeboBaHusiMU oTpacieBoro crangapra (OCT
51.40-93) Touka POCHI TPAHCIOPTHPYEMOTO rasza IO BJare M YrieBoJ0opoiam
OTrpaHUYECHA CIEAYIOIINMH 3HAYCHUSIMU:

B 3UMHUU MEPUOJL;

718 XOJIOJHOM KJIMMaTHUECKOM 30HEI — 0T MuHyc 25 10 munyc 20°C;

171 YMEPEHHOM 1 ’KapKoil KIMMATHYECKUX 30H - 0T MuHyc 10 10 munyc 5°C.
B JICTHUU MEPUOI:

JUISL XOJIOAHOM KJIIMMATUYECKON 30HBI — OT MUHYC 15 10 MUHYyC 59C;

171 YMEPEHHOM U ’KapKoi KIMMaTUYeCKuX 30H - Munyc 3°C.

BrimonHeHne 3TuX TpeboBaHUM U TUKTYET BHIOOP METO/Ia MOJTOTOBKH rasa K
TPaHCIOPTY.

[ToaroroBka MpOAYKUIHMH CKBaKUH Ta30BBIX MECTOPOKIEHHUIl CBOAUTCH K
ocymke ra3a. I[lpu »sTom oOecrneunBaercs TpeOyemass TO4Yka pPOCHI TIO
BJIArocoiepkanuto. [l ocymku ra3a B HacTosllee BpeMsi HAa MPOMBICIIAX
NPUMEHSIOT JIBa MTpoliecca:

[Tornomenue Biaru U3 ra3a ¢ MOMOIIBIO KUAKOTO abcopOeHTa (abcopOumoHHast
ocymika). [Ipu 3ToM BiIaXHbIN Ta3 U )KUIKU a0COPOEHT ABMXKYTCS TPOTUBOTOKOM,
a HACHIIICHHBINA Biaroi abCOpOCHT HEMPEpPBHIBHO BBIBOAWTCA U3 abcopOepa Ha
pere’epanuo (4acTo MPUMEHSAETCS Ha CEBEPHBIX MECTOPOKICHUSAX ).

[Tormomienue Biaru TBEpbIM aicOpOCHTOM (aACOPOIMOHHAS OCYIIKA). BnaxHbii
ra3 MPOKAYMBACTCS YEpe3 HEMOIBMIKHBIN CJIOW ancopOeHTa, KOTOpHIA Tpedyer
nepuognyeckor perenepauuu. g oOecriedeHHs HENPEPHIBHOCTH Mpolecca
azcopOuu Tpedyetcst 6aTapes aacopoepoB (IPUMEHSIETCS PEIKO).

YCTaHOBKM  TOJATOTOBKM  MPOJIYKUHUHA  CKBAXKWH  Ta30KOHAEHCATHBIX
MECTOPOXKIEHUIl JOKHbI 00eclneYuTh TOYKY POChl NMOATOTOBJIEHHOIO K
TPAHCNOPTY ra3a mo BJjare W yrieBoaopoaaM. OCHOBHON TEXHOJOTMYECKUN
mpolecc  MOArOTOBKM ~ ra3a  Ta30KOHJIEHCATHBIX  MECTOPOXKIECHUA — —
Hu3KkoTeMmneparypHas cenapauus (HTC). [Ipouecc nporekaer npyu NOHUKEHHON
temnepatype (-10 + -20°C) u no3BonseT ouncTUTH ra3 ot Biark u Kouaencara (Cs
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M BBIIIE).

JloObrya  mmacToBOro  raza  oOecleyuBaeTcsd  AKCILUTyaTallMOHHBIMU
CKBOXKMHAMH, O0BEAMHEHHBIMUA B KYCThI (3 — 7 ckBaxkuH). [loakiroueHne KycToB
ckBakuH K YKIII' (ycTaHOBKAa KOMIUIEKCHOM MOJATOTOBKH T'a3a) OCYIIECTBIISETCS,
KaK MpaBUJIO, TI0 MHAMBUAYAJIbHBIM ra3zonpoBojaM-nuieiigam. NHorna k ogHomy
nuiedy nojkiroyaercs 2 Kycra. B 3aBUCMMOCTH OT MHOTHX (DAKTOPOB MPOKJIAAKA
nUIePOB MOKET OCYIIECTBIATHCS HAA3EMHBIM W MOA3EMHBIM criocobamu. B
ycioBusix KpaliHero ceBepa (BeyHas Mep3JiOoTa) PACHpPOCTPAHECHHE TMOTYUMII
HaJ[36MHBIN CIIOCO0.

Ha ycThe CKBayKMH IUIACTOBBIN a3 UMEET II0CcoBYI0 TemuepaTypy (10-30°C).
Ho Tak kak B coCcTaB ra3oBOro NoToka KpoMe YriieBOJOPOJ0B BXOJUT U IIACTOBAs
BOJIa, TO B 3MMHEE BpEMsI, KOT/1a TeMIIepaTypa OKPYKarollIei cpebl OIyCcKaeTcs 10
-20 + -40°C m pmaxe HwKe, B muIeidax BO3MOKHO 3aMep3aHUE KaleJdbHON BIIaru
(rumpatoobpaszoBanue). ['uaparooOpazoBaHre MPEMSTCTBYET MPOIECCY TOCTaBKU
raza or ckBaxuH A0 YKIII. IloaToMy B BBIKMJIHBIE JIMHUM CKBaXXUH
npeaycMaTpuBaeTcs mojiaya MeTaHoJIa.

O0BbeM aBTOMaTU3AIMHU KYCTOB Fa30BbIX CKBAYKUH:

® 3MEpEHUE JIaBJICHUS Ta3a Ha CKBAXKUHE;

M3MEpEeHre Mepernajia JaBlIeHHs ra3a Ha CyXKalollleM YCTPONCTBE;
U3MEPEHUE TEMIIEPATYPhI ra3a Ha CKBAKUHE;

n3Mepenue HarnpsixeHusi, Toka CK3 (cucrema kaToHOM 3aIIUTHI)
Y YPOBHS 3allIUTHOTO MOTEHIIMAJIA KYCTa,

u3MepeHue notpednsieMoit anekrposneprun CK3;

CUTHAJIU3AITUS TeMIIEpaTyphl B 010k-00kce TM (TeneMexaHukm);
CUTHAJIU3AIUS OTKPBITUS JBEPHU OJIOK-O0KCa;

CUTHAJIM3ALUS OTCYTCTBUS HANPsHKEHU nuTanus 220 BOJIBT;
CUTHAJIU3AIUS pa3psia aKKyMyJIsITOPHBIX OaTapel ycTponcTBa
oecriepeOOMHOr0 MU TaHHUS.

B cocraB YKIII' BxoasT ciieayroniyie OCHOBHbIE TEXHOJIOTHYECKHE OObEKTHI:

- 37aHKe TepeKroyaromeit anmapatypsl (311A);

- 1IeX OCYIIIKH ra3a;

- IIeX pereHepanuu abcopoeHTa;

- y3€J1 X03pacuéTHOIo y4eTa rasa.

O6mumu a1t Becero YKIIT sBisitoTest: cimy>keOHO-IKCILTyaTallMOHHBIN OJIOK C
OTIEpPAaTOPHON M Yy3JIOM CBSI3M, II€X pereHepaluyd MeTaHoja, ra30CcOOpHas CeTh
(KyCTBI Ta30BBIX CKBAXKHH), y3€J MOJKIIOUYCHUS K MaruCTPAIIbHOMY Ta30MPOBOAY
(ra3ompoBOJi MOJKIIOYEHUS) UM TEXHOJIOTUYECKHE OOBEKTHI BCIIOMOTaTEIBHOTO
Ha3HAYCHUSI.

[To mMepe BBIPAaOOTKM Ta30BOTO MECTOPOKICHUSI W TIOHMIKEHUS TUIACTOBOTO
JaBJIEHUsI B Ta30BbIX CKkBakmHax Ha Bxoae YKIII' motpebyeTcsi cTpoUTENbCTBO
noxuMHon komnpeccopHoi craniuu (JIKC). Munorna nx nHazeiBaroT JIKC BTOpOIii
ouepenu B otinmune ot [IKC, ycranaBnuBaeMbix Ha Beixoje raza uz YKIII (AKC
MEpBOM OYepe/In).

Otbop mimacToBOro rasa JJig €ro MOATOTOBKM K TpaHcmopty Ha YKIIT
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obecneunBaercsa N ckBakuHamu, crpynnupoBaHHbiMU B M kyctoB. Cpenuuil 1edut
ckBaxxunbl — 100 - 600 Teic. M%/cyT. (IMQPBI OUEHb CPEIHHE — BCE 3aBHCHT OT
IJIACTOBOIO JIABJICHUS).

I'az ¢ nmaBnenwem P MIla (mns HOBBIX Mectopoxiaenuit — 10-15MlIla, HO
JaBJICHUE TIA/IaeT B X0Jie pa3paboTku MecTopoxkaeHus B cpenneM Ha 0,4 — 0,6 MIla
B o) W Temmeparypoil mmoc 5 - 15°C mocTymaer mo KoJUIEKTOpaM C KyCTOB
CKBQXXUH B 3[JaHUE MIEPEKIII0YAIOIIEH apMaTyphl (CM. puc. 2).

l'a3 mocnenoBaTenbHO MPOXOJIUT 3AMOPHYIO apMarypy C AUCTaHIMOHHBIM
yIPABJICHUEM, PETYIUPYIOIIUN ITYIEP, CHUXKAIOIINNA JaBJICHUE ra3a, U 0J1aeTcs B
1nex ocymku rasa. llex aGcopOUMOHHOM OCYIIKH ra3a COCTOUT M3 HECKOIbKUX
TEXHOJIOTUYECKUX JMHUM. X konnuectBo Ha pasnuuHbix Y KII[' He oquHakoBO U
ompejensieTcss ~ 00beMOM ~ rasza,  IOCTYMalIIero  OT  CKBaXWH, W
MIPOU3BOIUTEIIBHOCTRIO abcopOepoB. KonuuecTBo nuHMii MoxkeT ObITh 8-10-12 u
OoJIbIIIe, HO IBE U3 HUX - PE3EPBHBIE.

a3 1Mo TEXHONOTMYECKOW JIMHUM TOCJIEIOBATENbHO MPOXOAUT KpaH C
JIMCTAHIIMOHHBIM YIIPABJICHUEM, TPOMBIBOUHYIO KOJIOHHY (B CTapbIX TEXHOJOTUSIX
ee Her), abcopbep, pacxoJoMep rasza, PEryJHUPYIOIMIMM KJamaH U KpaH C
JMCTAHIIMOHHBIM YTIPABJICHUEM.

C moMOIIbI0 PacXoJOMEPOB U PETYIUPYIONIUX KJIAIIaHOB OCYIIECTBISACTCS
pacripeielieHue Harpy30K Mo TEXHOJIOTMYECKUM JIMHUSM 11€Xa OCYIIIKHY rasa.

B nmpoMBIBOYHOM KOJIOHHE T'a3 OYUINAETCS OT MEXIIPUMECEH, COJIEN U YACTUYHO
OT METaHOJIa IyTeM ITPOMBIBKH Pe(IIFOKCHON BOIOH.

B aGcopbepe ra3 ocymaercs adbcopOeHTOM - audTUieHraukoiaeM (JI3I)
(tpudTunenraukoiem — TOI). Perenepanus abcopbeHTa OCYIIECTBIISIETCS B IIEXe
pereneparuun JIOI' (TOI'). OcyiieHHBIM ra3 coO BCEX TEXHOJOTHMUCCKUX JIMHUUN
oOBeUHSETCS B OOIIMK KOJUIEKTOP M MOJAETCs B MyHKTHI XO3PAaCYETHOTO 3amepa
rasa.

JJ1st mpetoTBpallieHus pacTeIUIeHUs TPYHTA ra3 Iepe mojadeil B ra30rnpoBo/l
MOAKIIOYEHUS IPOXOIUT Yepe3 BO3AYIIHbIE X0N0AuIbHUKHY (Tuiomanaka ABO).

O0beMbl ABTOMATHU3ALMU TEXHOJOTMYECKUX OOBEKTOB MOJTOTOBKHM Tas3a
IpeCTaBIICHbI B Ta0J. 7 (03 yuera TeJeMeXaHUKU U CUCTEMBI MOXKAPOTYIICHHUS).

Tabnuua 7
O0bexT AHajnoroB | Ananoros | Jluckpern | /IluckpetrH
ble BXO/IbI ble ble BXO/IbI ble
BbIXO/IbI BbIXO/IbI

3ITA 80 10 160 170
Ilex ocymiku raza 150 30 150 160
Lex perenepanuu 180 15 380 260
METaHoJIa
[lex perenepauun 100 15 170 170
TOl'a
CODb ¢ oneparopHOi 15 0 90 70
HNUTOI'O: 2395 945 70 950 830
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[MPUMEYAHMUE: Lludpsl, npuBeneHHbie B Tab. 7, 1aHbI IPUOIUKEHHO.

BoiBoabl, cienaHHbIe BbIIe MO OOBEKTaM J0OBIYM M TMOATOTOBKU HE(PTH,
MO>KHO B ITOJIHOM Mepe OTHECTH U K 00bEeKTaM JJOOBIYH U MOATOTOBKY T'a3a. bombioe
KOJIMYECTBO TUCKPETHBIX BX010B/BbIX010B 1o YKIII" roBopUT 0 MIMPOKO pa3BUTOI
(YHKIMM CHTHAJIM3ALUU COCTOSHUN KpaHOB M 00OpynoBaHHsA W (QYHKIHUU
OpOTHBOABAapUHHON 3ammThl. KoJIM4YecTBO aHaJOroBBIX BBIXOJOB ONpEAEseT
KOJIMYECTBO KOHTYPOB pEryaupoBaHus B cucreme. C yueToM O0JIbIIOro KOJu4ecTBa
HUTOK II€Xa OCYIIKM Ha OJIHY HUTKY MPUXOAUTCS 3-5 KOHTYPOB PEryIUpOBaHUs
(YpoBHH, pacxojibl).

1.3. O0beKTHI TPAHCIIOPTA ra3a
K ocHOBHBIM 00BEKTaM aBTOMAaTU3allMHU MPOIIECCca TPAHCIIOPTA ra3a OTHOCSTCS

(puc. 3):

FonosHaA MpomexyToUHan MpomexxyTouHan

Puc.3. O6beKThl MarucTpagIbHOTO Ta30MPOBO/IA.
KOMIIPECCOpHAsk CTaHIIM/EX;
ra3onepeKaurBarole arperaTsl;
ynajeHHble TexHosornyeckue oobekThl KC;
ra3opacrpeeuTeNbHbIE CTAaHINY;

NO/I3EMHBIE XPaHWINILA I'a3a;
y3JIbl y4€eTa rasa;
JIMHENHbIE KPAHOBbBIE TUIOLIAIKH.

» Kommnpeccopubie cranuun (KC)  marucTpanbHBIX — ra3ompoBOOB
npeIHa3HAYeHbl JJI1 KOMIPUMUPOBAHUSI TPAHCIIOPTHUPYEMOTro raza 10 JaBJeHUS,
o0ecreurBaronero ero nNojiayy oT MICTOYHHUKOB ra3a 10 norpedureneil. OCHOBHbIMU
napameTpamu KC SBISIIOTCS KOJMYECTBO TPAHCIIOPTHPYEMOTO Tas3a, J1aBJICHUE U
TeMIlepaTypa ra3a Ha BXO/JI€ U Bbl XOZ€ CTAHIIUH.

[To Ttexnonornueckomy mnpuHuuny KC nenstcs Ha ronosHeie (I'KC),
pa3MerniaeMble OOBIYHO B HEMIOCPEICTBEHHOM OJIM30CTH OT MECTOPOXKIICHUH Ta3a, U
IIPOMEKYTOUYHBIE, PACIIOIaraéMble MO Tpacce ra3ornpoBo/ia, B COOTBETCTBUU C €r0
TUAPABIAYECKUM PACYETOM.

Ha T'KC ra3 He TONBKO KOMIOPHUMHPYETCS, HO W NOATOTABIMBAETCA K
TPAHCIIOPTY. st obecrieueHus TpeOOBaHMIA, NPEAbSABISIEMBIX K
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TPAHCIIOPTUPYEMOMY Ta3y, HAa TOJIOBHBIX CTAHIUAX Ta30MpOBOJA MPOU3BOJIUTCS
cemapanus, OCYIIKa, OYHCTKa, YIAJEHHUE CEPOBOJOPOJA U  YIIEKUCIOTHI,
OXJIQXJEHUE U 3aMep KOJIMYECTBA rasa.

Ha mnpomexyrounbix KC o00s3aTellbHO TPOU3BOAUTCS OUYMCTKA Ta3a oOT
MEXaHUYECKUX MPUMECEH U, TPU HEOOXOIMMOCTH, €r0 OXJIaXKICHHUE.

becnepeboitnas pabora KC oOecrieynBaeTcs COTJIACOBAHHBIM
(GYyHKIMOHUPOBAHUEM BCETO KOMIUJIEKCA COOPYKEHUH, KOTOpBI MO CTENeHH
3HAYMMOCTH MOKET ObITh pa3/ielieH Ha OOBEKThl OCHOBHOTO U BCIIOMOTaTEIbHOIO
Ha3HAYCHUSI.

K ocHoBHBbIM 00bekTaM KC OTHOCATCS TIJIOMIAIKU ITPUEMA U ITyCKAa OYHUCTHBIX
YCTPOMCTB, YCTAaHOBKM OYMCTKM Ta3a OT MEXaHUYECKHX IpUMecei,
ra3ornepeKaynBaloIMe arperarbl, KOJUIEKTOPHI Ta3a BBICOKOTO JABJICHUSI, Y3€I
OXJIQXJICHUS ra3a.

K o6bexTam BCrioMOraTeIbHOTO Ha3HAYEHHSI OTHOCSITCS: y3€JI PeAylIUPOBaHUS
JIABJICHUSI IyCKOBOTIO, TOIUIMBHOTO Ta3a W ra3a Ha COOCTBEHHbBIE HYXKIIbI;
AJIEKTPOCTAHLIUA WM TpaHCchOpMaTOpHAas MOJACTAHIMS MPU BHEIIHEM HCTOYHUKE
HHEProCHAOKEHHUSI; KOTENbHAS WM YCTAHOBKA YTUIIU3AIMH TEIjIa YXOSIINX T'a30B;
CKJIaJ] TOpIOYE-CMa30YHBIX MaTEPHAJIOB; PEMOHTHO-IKCILTyaTallMOHHBINH OJIOK;
CIIy’K€OHO-IKCIUTyaTallMOHHBIA OJIOK; Ciy>k0a CBSA3M; OOBEKTHI BOJIOCHAOXKEHUS,
KaHaJIU3alU U OYUCTHBIE COOPYKEHHS.

» OIHMM U3 OCHOBHBIX OOBEKTOB IIpollecca TPAHCIOpPTa rasa SIBISICTCS
ra3onepexkayMBalONIUii arperar, MOBBIIIAIONIMN JaBJICHUE Ta3a B ra3omMpoBO/IC
nyTeM ero cxkatusi. ['TIA cocTouT U3 EeHTpOOEKHOTO KOMIIpeccopa, ABUTATENs U
BCIIOMOTATEJIbHOT'O TEXHOJOTUYECKOT0 000pYyI0BaHUs. ATperaTbl pa3iMuyarTcs 1Mo
MHOTMM MpHU3HAKaM: MO €IMHUYHON MomHocTth (0T 4 no 25 MBT), no tumy
JIBUraTesis (ra30TypOUMHHBIE I 3JIEKTPONPUBOIHBIC) U T. 1.

Kaxk nmpasuno, equanunori momHocty ['TIA HemocTtaTouHO I 0OeCIeUeHHs
HY>KHOW CTETICHU CXKaThs U 00BEMHOM POU3BOAUTENHLHOCTH. [109TOMY HECKOIBKO
I'TIA 06bryHO 00BEIUHSIOT B KOMITpeccopHbIe 1exa (KLI).

Takum o00pa3oM, KOMIIPECCOPHBIM II€X MPEACTABISIET COO0M COBOKYIMHOCTD
paboraromux Ha oOmyro Harpy3ky ITIA wu oOmenexoBoro o6opymoBaHuUs
(ycTaHOBKa MOJTOTOBKH Ta3a, y3eJ MOJKIIOYCHUS, PEKUMHBIE KpPaHbI, arperarsl
BO3IYILIHOTO OXJIAXKJICHUS Ta3a, CUCTEMA MOKAPOTYIIEHUS U T.1.).

s 6onee 3pheKTUBHOTO YIPaBICHUS MPOIIECCOM TPaHCIOPTAa MPUPOTHOTO
rasa 11eJiecoo0pa3HO KOMIUIEKCHO aBTOMAaTHU3UPOBATh TEXHOJOTMYECKUE OOBEKTHI,
MOATOMY TPOU3BOJAT HE TOJBKO CHUCTEMbI aBTOMaTtuueckoro ympasieHus (CAY)
['TIA, Ho u xommpeccopHbix 1exoB (CAY KII).

» s BBIJIaYU rasza B ceThb OTpPEeOUTENS COOPYXaT
razopacnpeneaurejbible cTaHMu (I'PC), 00b1YHO pacnosiokeHHbIE BOJIU3U OT
noTpeduTens (ropoj, HaCeICHHBIA MyHKT, IPOMBIIIUICHHBIC TIPEATIPUATHSA), T. €. B
KOHIIE Ta30MpoBOJa WK 0TBoAa OT Hero. OcHoBHBIM Ha3zHaueHueM ['PC sBusiercs
peayLIMpOBaHUE BBICOKOTO JaBJIEHUS Ta3a MarucTpajbHOrO Ta30MpoBoAa 0
JABJIEHUSI, HEOOXOJIMMOTO TOTPEOUTENI0 B KaXXJIOM OTAEIbHOM ciydae. Kpome
3TOro, Ha ' PC mpon3BOIAT OUMCTKY ra3a OT MEXaHUYECKUX IPUMECEH U BJIaru, y4eT
nepeaaBaeMoro MOTPEOUTENNIO Ta3a, PEryJupOBaHHE JABJICHHS Ta3a B 3aJaHHBIX



15

npenenax. [Ipu He0OX0MUMOCTH, MPETyCMAaTPUBAIOT OJI0PU3AIMOHHBIE YCTAHOBKU
HEOOXOIUMOM MOIITHOCTH.

» Tazousmepurtenbnble cTanuuu (I'MC) mnpenHasHaueHsl nIs  ydera
MIPUPOJIHOTO rasa, I0OBIBAEMOI0 Ha MECTOPOXKIACHUHN TIepe] Mojlaueii ero B HUTKY
razornpoBoaa. ' IC taxkxke coopyxkaroTcsi BOJWU3M TPaHMI] IIPU TPAHCIIOPTUPOBKE
rasa Ha 3KCIOpT. ITH 00BbEKThI 00€CTICUNBAIOT KOMMEPUYECKUH yUeT rasa.

» Iloxzemnunie xpanmanma rasa (IIXI") npemnasHadeHbl A1 0OCCIICUCHUS
OecriepeOOTHOTO ra30CHAOKEHUsA TMOTpPEeOUTENed TMPU  BO3MOXKHBIX  PE3KHX
KoJeOaHmsIX B MOTpeOaeHuu ra3a (Jeto, 3uMa). [logzeMHOe XpaHwWIuIe raza —
CJIOHBIM TEXHOJIOTHYECKUN OOBEKT, BKIIOYAIOMNNA B ce0s IIIACT-KOJUICKTOP,
CKBKHHBI, TUICH(BI, KOMIIPECCOPHYIO CTAHITHIO, IIEX MOATOTOBKH M OCYIIKH T'a3a,
a TaKXKe JIPyrue 00OBEKThI MPOMBICIIOBOTO M BCIIOMOTaTEILHOIO HA3HAYCHHS.

» B Mecrtax 0TBOJOB OT OCHOBHOH MarvcTpaid, MepeMbIUeK, BOAHBIX TPErpal
Ha Ta30MpOBOJIC YCTAaHABIMBAIOT 3alOPHYI0 apMaTypy (KpaHOBBIC ILIOIIAAKH),
KOTOpasi TaKXke SBISCTCS OOBEKTOM aBTOMATHU3allMd M JUCIETYEPCKOTO
yIIpaBJICHUSI.

BoiBOABI

JIisi  TeXHOJIOTMYECKMX TMPOLecCOB J00bUM He(TH M raza XapakTepHa
3HAUWTEIbHAS PACCPEIOTOUYEHHOCTh OOBEKTOB IO IUIOMAAAM (J0OBIBarOLNE
CKBQXXWHBI, HarHeTaTeJIbHbIC CKBaKUHBI, TPYIIOBBIE 3aMEpPHBIC YCTAaHOBKH,
KYCTOBbIC€ HACOCHBIC CTaHIIMU W T. A.). W3BecTHO, 4TO HamboJiee KpPYIHbIC
poccuiickue MeCTOpOXKJAeHUsI HepTU U raza Haxonarcs B 3ananHoi Cubupu u Ha
Kpaitnem CeBepe (xosonHo). Ho He Bcerga mMeeTcsi BO3MOKHOCTh Pa3MECTUTh
KOHTPOJUIEpl B OTaluiMBaeMblx  momemieHusix. C  Apyroil  CTOpOHBHI,
paccpeOTOUCHHOCTh OOBEKTOB MO OOJBIIUM TUIOMIAJSAM HAKJIAIbIBA€T CBOU
TpeboBaHus K KaHaimaMm cBsi3u. CrienuduyuHbl U TpeOOBaHUS K KOHTPOJUIEpaM C
TOYKH 3pPEHHUS KOJIMYECTBA IMOJICPKUBAEMBIX BBOJOB/BBIBOJIOB (QHAJIOTOBBIX,
JIUCKPETHBIX).

VYrpaBneHue TeXHOJIOTMUECKUMHU MpoiieccaMy JoObIYH He()TH U Ta3a CBOJIUTCSA
K YIOPaBJICHUIO OOOpPYAOBAaHHEM - DJIEKTPOLICHTPOOESKHBIMUA WM IITAHTOBBIMU
HACOCaMH, TPYNIOBBIMH 3aMEPHBIMH YCTaHOBKaMH, KpaHaMu. YIpaBIeHUE
peanu3yeTrcsi KOMaHIaMH OTKPbITh, 3aKPbITh, BKJIIYHUTbH, BBIKJIIOYUTH
(muckpeTHoe ymnpasieHue). [IpakTuyecku OTCYyTCTBYET HENPEPhIBHOE yIpaBICHUE
TEXHOJIOTUYECKUMU TTapaMeTpaMu ¢ 00paTHOM CBA3bI0. [LIupoko pa3BuTh PyHKIIUM
KOHTPOJIS, CHTHAJIM3alMK aBAPUHUHBIX CUTYyaIui, OJIOKUPOBOK.

C apyroit CTOpOHBI, MHOTHE TEXHOJOTMYECKUE MPOIIECChI COCPEOTOUCHBI Ha
CPaBHUTEJIBHO HEOOIBIIUX TUIOMIAJAAX. OTO YCTAHOBKH TMOATOTOBKH He(TH,
YCTAHOBKH KOMIIJIEKCHOM MOATOTOBKH Ta3a, JOKUMHbIE HACOCHBIC CTAHIIMM U T. TI.
KoHTposiepsl, Kak MpaBUiIo, YCTAHABIUBAIOTCS B OTATUIMBAEMBIX TTIOMEIICHHSIX U C
TOYKHA 3PEHUSI YCJIOBUM SKCIUTyaTallMM K HUM MPEAbSIBISIOTCS MEHEE >KECTKHE
TpeboBanus. B3anmoelicTBrEe KOHTPOIIIIEPOB MEKY COOOM U C BEPXHUM YPOBHEM
peanu3yeTcsi MOCPEICTBOM CIEIHMAIU3UPOBAHHBIX ceTel. OObeMbl aBTOMATH3AIIUN
CYIIECTBEHHBI, a OTCIOJIa BBITEKAIOT CBOM TPEOOBAaHUS K «UHTEIUICKTY»
KOHTPOJIJIEPOB U KOJMYECTBY IMOIEPKUBAEMBIX BBOJOB/BBIBOJIOB.
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OObekTaMu ynpaBiIeHHs B TEXHOJOTHUYECKHUX MpPOIEccaxX TPaHCIopTa HEPTH U
ra3a sIBJIIFOTCSI HACOCHBIE M KOMIIPECCOPHBIE arperaThl, I€XOBbIe U CTAaHIIMOHHBIC
KpaHbl, BCIIOMOTaTelbHOE O0OpYyJOBaHME, a TaKXKe JIMHEWHbIE y4acTKu Hedre-
ra3onpoBOIOB, ra30paclpeieUTeIbHbIC CTAHIINY U T. M. J{JIs1 TMHEHHBIX Y4aCTKOB
XapaKTEpHbl KOHTPOJb IMapaMEeTpPOB, CUTHANU3ALMS OTKJIOHEHHM W JUCKPETHOE
ynpasienue kpaHamu. K Tomy ke 3T 00BbeKThl yAaJIeHbl OT ITyHKTOB YIIpaBiICHUS
Ha 3HAYMUTENIbHbIE pacCTOsiHUSA. B TO e BpeMs HAcOCHBbIE M KOMIIPECCOPHBIE
CTaHIIUU - «KOMIIAKTHBIC» OOBEKTHI, MPH aABTOMATH3AIMHA KOTOPBIX HaPSAy C
KOHTPOJIEM, CUTHAIHM3AIEeH U TUCKPETHBIM YIIPaBICHUEM PeaTu3yroTcs pyHKIUN
HEIPEPHIBHOTO YIPABICHUS (PETYIUPOBAHHUS).

[To-gpyroMy cTpouTCsl ynpaBieHUE MpolieccaMu nepepadboTku He(TH U Ta3a.
Hapsiny ¢ 3agayaMyd KOHTPOJS M CHTHAIM3AIMM OTKJIOHEHHUU 3/1€Ch IIUPOKO
pa3BUThl (YHKIUU CTAOMIM3AlMK TEXHOJOTHYECKUX MapaMeTpOB B PEKUME C
o0paTHOli cBsI3bIO (HEMpepbiBHOE yrpaBieHue). Cxembl aBTOMATHU3AIUU
YCTaHOBOK MepepadoTKu HE(DTH U Ta3a BKIIOYAIOT JIECATKH, & TO M1 COTHU KOHTYPOB
perynupoBaHusl. YTNpaBiIeHUE TaKUMHU IpoleccaMu TpeOyeT NMpuMeHeHHs Oosee
CIIOXHBIX aJTOPUTMOB (KacKaJHbIE CHUCTEMbI, CHCTEMbl C KOMIICHCAIue
BO3MYIICHUH, CHUCTEMbl CO B3aUMO3aBUCHUMBIMHU IapaMeTpamMu, aJalTUBHbBIC
CUCTEMBI, CUCTEMBI ONTUMAJIBHOTO yrpaieHus). OcTtatorcs GyHKIUU KOHTPOJIS,
CUTHAJIM3AIH, OJJOKUPOBOK.

TakuMm oOpa3zoM, KaxIblii 00bEKT HeTerazoBoi orpaciu o0JIagaeT CBOMMU
OCOOCHHOCTSIMM C TOYKM 3peHusi ero asromarm3amuu. Mcxoms wu3 aTux
0COOCHHOCTEH, BBIIBUTAIOTCS U COOTBETCTBYIOIINE TPEOOBAHUS K apXUTEKType, a
TaKKe anrapaTHbIM U mporpaMmHubIM cpeactBaM ACYTII.

Jlns  aBTOMATH3allid  HENPEPBIBHBIX  TEXHOJOTHYECKHUX  IPOIIECCOB
nepepaboTku HEe(TH M Ta3a, a Takke HEPTEXUMHUYECKHX IPOILIECCOB Hamboiee
amantupoBanbl DCS-cuctembl. XapakTepHasi yepTa YNpaBISIOMIUX MPOIIECCOPOB
(xorTpoiepoB) DCS-cucreM - cHocOOHOCTD MOAEPKUBATH OOJIBIITOE KOJIUYECTBO
koHTypoB [N ]-perynupoBanus (DCS-cucremsl OyayT moapoOHO pacCMOTPEHBI Ha
JeKkiuu Ne5).

st paccpeoTOYeHHBIX OOBEKTOB, TaKUX, KakK HEPTSIHbIE UM Ta30BbIC
IIPOMBICJIBI, & TAKXKE JIJIs1 00BEKTOB TPAHCIIOpTa HEDTHU U Ta3a MPUMEHSIOT CUCTEMBI,
noctpoeHHbie Ha 6a3e PLC u nporpammuoro obecnieuenuss SCADA. 3amadeii Takux
CHCTEM SIBJIICTCS 00eCIedeHre aBTOMaTHUECKOT0 JUCTAHIIMOHHOTO HAOIIOIEHUS U
JUCKPETHOTO YIpaBlieHUs (QYHKIMSIMH OOJBIIOTO KOJMYECTBA PaCHpeIeICHHBIX
YCTPOMCTB (YacTO HAXOSIIUXCS Ha OOJIBIIOM PACCTOSHUW APYT OT JApyra M OT
JTUCTIETYEPCKOTO TyHKTa). KOMu4ecTBO BO3MOXKHBIX YCTPOMCTB, paOOTAIOMINX MO
yIPaBICHUEM CHUCTEM AMCIIETUYEPCKOTO KOHTPOJIS M YIIPABICHUS, BEIUKO H MOKET
JIOCTUIaTh HECKOJBKUX COTEH. sl ATUX cucteM Hauboliee XapakTEepHOU 3aaauei
aBisgeTcs cOOp W Tepegavya JaHHBIX, KOTOpas peaqu3yeTcs JUCTAHITMOHHO
PacIONIOKEHHBIMU (y/1aJIECHHBIMH ) TePpMHUHAJbHBIMHU ycTpoiicTBamu (RTU).
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2. TIporpaMmHoO-anmapaTHbIe CpeICTBa ABTOMATH3AIUH
2.1. O0001IeHHAS APXUTEKTYPA CUCTEMbI YIIPABJIEHUSI 00beKTAMU
I00BIYH, IOATOTOBKH U TpaHcnopta Hedtu u raza (SCADA)
Ha puc.4 npencrapieHa apXuTeKTypa MHOTOYPOBHEBOM CCTEMBI yIIPABIICHHUS,
o0oOIaromnasi MHOTOYHCICHHBIC MPUMEHEHUS TaKWX CHCTEM IS YIPaBICHHUS
TEXHOJOTHYECKUMH MTPOIIecCaMu HEPTSIHON U Ta30BOi MPOMBIIIIEHHOCTH.

CeTk NpeanpHATHA WEB-cepeep
CTaHUMK onepartopa’ ] =
McneT4epa e
A P = APM -::neu,uanm:ToB
S S Cepeep _.*. ‘—— 1

4
=]
o
T
T
T
*x

HMHgpopmaunuoHHan ceTh

KoHueHTpaTOp,
HHTepdeACHBIA
KOHTpOnnep

MpoMbiWwneHHan ceTb

RTU/PLC RTU/PLC

Puc.4. O600611eHHast CTPYKTypHasi CXeMa CUCTEMBI YIIPaBIICHUS.

Kak mpaBuiio, 3T0 IByXypOBHEBBIE CHCTEMbl, © UMEHHO Ha ITHUX YPOBHSIX
peanu3yeTcsi HEMOCPEJCTBEHHOE YIMPABIEHWE TEXHOJOTUYECKUMH TPOIECCAMHU.
Crnennduka KaxXJOW KOHKPETHOM CHUCTEMBbl  YIPABICHUS  OIPEACISICTCS
UCITIOJIb3yEMOM Ha KaKJIOM YPOBHE ITPOrPAMMHO - amfapaTHOU MmiIaT(opMON.

e HwkHuii ypoBeHb - ypoBeHb O00BEKTa (KOHTPOJUIEPHBIN) - BKIIOYAET
pa3IM4HbBIE Odamuuku (usmepumenvHvle npeoodpazoeamenu) 011 coopa
ungopmayuu 0 XoA€ TEXHOJOTUYECKOTO TMPOLECCa, 2IeKMPOnPUoOsbl U
UCNONIHUmMENbHble  YCMPOUCmea  O01A  peanu3auyuu  pezyiupyrouux u
ynpasnarwuwux 6o3oeiicmeuil. JIaTuvKy TMOCTaBISIOT WUH(POPMAIUIO JIOKATHHBIM
koHTposiepam (PLC), koTopble MOryT OOECHEUUTh pEaU3alliio CIICTYIOIHX
byHKIIHIA:

- cbop, mepBuyHasi 06pab0TKa U XpaHEHHE HH(POPMAIIUK O COCTOSTHUU
000pyIOBaHUSA U TTapaMeTpax TEXHOJIOTUYECKOTO MPOIIecca;
- aBTOMAaTHUYECKOE JIOTHYECKOE YIIPaBJICHUE U PEryIUPOBAHHUE;
- WCTIOJTHEHHE KOMAaH/I C TTHKTA YIIPABJICHMS,
- CaMOJMarHoCcTHKa paldOThl MPOTPAMMHOTO OOECIEUEHUsS] U COCTOSHHUSI CaMOro
KOHTPOJUIEPa;
- 00MeH nHpopMalel ¢ MyHKTaMH YIPaBJICHS.

Tak kak mH(OpMaIMs B KOHTpOJUIEpaX MpeaABapUTEILHO 0OpabaThiBacTCsA U
YaCTUYHO MCIOJB3YETCS Ha MECTe, CYLIECTBEHHO CHIDKAIOTCS TpeOOBaHUS K
MPOITYCKHON CITIOCOOHOCTH KaHAJIOB CBSI3H.
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e Uudopmarus ¢ ITOKaTbHBIX KOHTPOJUIEPOB MOXKET HAIPABIATHCS B CETh
JUCIIETYEPCKOTO TYHKTA HEMOCPEACTBEHHO, a TaKXe 4Yepe3 KOHTPOJLJIephl
BepxHero ypoBHs (cM. puc.4). B 3aBUCUMOCTH OT TMOCTaBJICHHOW 3a1ayu
KOHTPOJUIEPbl ~ BEpXHEro  YpoBHS  (KOHILIEHTPATOpPbl, KOMMYHHUKAIIMOHHbIE
KOHTPOJUIEPHI) pealu3yloT pa3ianuHbie GyHKIUU. HekoTopbie U3 HUX MepedyrciIeHbl
HUXKE:

- cOOp JaHHBIX C JIOKAJIBHBIX KOHTPOJUIEPOB;

- 00paboTKa JaHHBIX, BKIIIOYasi MaCIITAOUPOBaHUE;

- IOJACPKAHUE €AMHOTO BPEMEHH B CUCTEME;

- CHHXPOHH3a1us pabOThI MOACUCTEM;

- OpraHM3anus apXruBOB 110 BEIOPAHHBIM MapaMeTpaM;

- 00OMeH nHbopMaIer MeX Ty JIOKaJTbHBIMU KOHTPOJUIEpAMU U BEPXHUM

YPOBHEM;
- paboTa B aBTOHOMHOM PEKUME TPU HAPYIICHUSAX CBSI3U C BEPXHUM
YPOBHEM;

- pe3epBUPOBAHNE KAHAJIOB IIEpeAady JaHHBIX U JP.

e Bepxuuii ypoBenb - nucneruepckuid myHkT ([I1) - BkItouaeT oaHy umu
HECKOJIbKO CTaHLUW YIpaBJi€HUs, MPEACTABISIIONIMX CO00l aBTOMaTU3UPOBAHHOE
pabouee mecto (APM) nucneruepa/oneparopa. 3A€Ch K€ MOKET OBITh pa3MeIICH
cepBep 0a3bl nJaHHBIX. Ha BepxHEM ypoBHE MOTYT ObITh OpraHM30BaHbl padbouue
MecTa (KOMIBIOTEPHI) IJIs CHEUANKMCTOB, B TOM YHCIE W JUIsl HWHXKEHEepa I0
aBTOMaTU3alUU (MHKUHUPUHTOBBIE CTaHIIMK). YaCcTO B KaUeCTBE pabOUUX CTAHIIHUMI
ucnosb3yroTcs [I9BM tuna IBM PC paznuunbix KoHPUTYpaIimii.

CraHuuu  ympaBlieHUs — TpEeIHA3HAYEHBl  JUIsI  OTOOpaKEeHHs  XoJia
TEXHOJIOTHYECKOr0 Ipoliecca W OMNEPATHBHOTO YOpPABJIECHUS. OTH 3aJaud U
MpU3BaHO pemniaTh mporpammuoe odecneyenne SCADA, opueHTHpOBaHHOE Ha
pa3paboTKy U monaep:kaHue HMHTepdeiica MEXIy IUCIETUYEPOM/ONEPATOPOM U
CUCTEMOH yNpaBieHUs, a TakKe Ha oOecrieueHue B3aUMOJCHCTBUS C BHEIIHUM
MHUPOM.

e Bce ammaparHble cpeacTBa CHUCTEMbI YIpaBIEHUST OOBEIUHEHBI MEXIY
co0oil kaHajaMu cBs3U. Ha HIOKHEM ypOBHE KOHTPOJUIEpPHI B3aUMOAECHCTBYIOT C
JATYMKAMU U UCTIOJTHUTENIbHBIMU YCTPOMCTBAMU OCPEACTBOM (PU3UUECKHUX JTMHHM,
a ¢ OJOKaMHM YAaJEHHOTO M pPacHpeeIeHHOTO BBOJA/BBIBOIA - C MOMOUIBIO
CHEUaTN3UPOBAHHBIX CETEH.

CBs3p yJQJEHHBIX KOHTPOJUIEPOB C KOHTPOJUIEpPAMH BEPXHETO YPOBHS
(KOHILIGHTpAaTOpaMM) YacTO pean3yeTcsl MO paauo M TelePOHHBIM KaHajlam. B
cilydae HeOOJbIINX PACCTOSHUMN JIOKAJIbHbIE KOHTPOJUIEPH OOBEIUHSIIOTCS MEXIY
co00if M C BEpPXHUM YpPOBHEM YIPABJSAIOUIMMH CETSIMH Ha 0a3e BUTOW Mapshl,
OINTOBOJIOKHA.

Cas3pb paznuuabix APM omnepaTuBHOrO nepcoHanga M CHEHAIUCTOB MEXIY
co00H, ¢ KOHTpOJJIEpAaMU BEPXHETO YPOBHA, a TAKXKE C BBILIECTOSIIMM YPOBHEM
OCYUIIECTBJISIETCS.  MOCPEACTBOM  HMH(POPMALIMOHHBIX  ceTedl  (BUTas  mapa,
OTITOBOJIOKHO).

Crnextp peanuzauuii RTU B Takux cuctemax ynpasjieHUs! JOCTaTOYHO HIUPOK.
Konkpetnas peanuzaius RTU 3aBucut ot 061acTi NpUMEHEHUS. DTO MOTYT OBITh
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OpoMbIlIIeHHBIE — KoMmmbioTepsl  (PC-coBMecTHMblE  KOHTPOJUIEPHI) WU
nporpamMmmupyemsie jorudeckue konTposuiepsl (PLC/ITJIK). Ha poccutickom peiHKe
Mpe/ICTaBIICHA MIMPOKAsi raMMa KOHTPOJUIEPOB CaMbIX Pa3IMYHbIX KOH(UTYpalluid U
Ha3HAYCHUMU.

Uto kacaercs mnporpammHoro mnpoaykra tuma SCADA, To ceifuac Ha
POCCHUHCKOM PBIHKE NPHUCYTCTBYET HECKOJBKO IeCiITKOB OTKpHITEIX SCADA-
MAaKeToB, OOJAJarONIMX MPAKTUYECKH  OJIMHAKOBBIMH  (DYHKIIMOHAJIbHBIMU
BO3MOXKHOCTsIMU. Tem He MeHee, kKaxapii SCADA-makeT sSBIsSETCS MO-CBOEMY
YHUKAJIBHBIM, M €r0 BBIOOP 11 KOHKPETHOM CHCTEMBI aBTOMATH3AIlMH TIO-
IPEKHEMY OCTAETCS AKTyalIbHBIM.

Bri60op KOMMYHUKallMOHHOTO MPOrpaMMHOTO obOecreueHus: (MPOTOKOJIOB
oOMeHa wuH(poOpmanmen) s KOHKPETHOW CHCTEMBI YIPABICHHUS OIpeaesseTcCs
MHOTHMH (PaKTOpaMH, B TOM YHCIE M THUIIOM MPUMEHSEMBIX KOHTPOJIJIEPOB, U
BbIOpaHHbIM SCADA-TIakeToM.

I[IporpaMmmHo-annapaTHblie CpeACTBAa ABTOMAaTHU3AIUH NPOIECCOB
nepepadoTKku He()TH U rasa

Jnst  ynpaBlieHUS — HENPEPHIBHBIMHU ~ TEXHOJIOTMYECKHMMH  MPOLIECCAMHU
(3aBOJICKUMH) CYIIECTBYIOT CIEIUAIU3UPOBAHHBIE IPOTPaMMHO-ANNapaTHHIE
cpeicTBa, KoTopble moiyuymsin Haspanue Distributed Control Systems — DCS
(pacmpesielicHHBIE CUCTEMBI yripaBieHus - PCY).

Ecnu xoHTposUIepsl B CBOE BpEeMs MIPUIIUIA B aBTOMATHU3AIHIO ISl 00pabOTKH
JTUCKPETHBIX CHUTHaNOB, TO DCS-cucteMbl W3HAYaIBLHO TPEIHA3HAYAINCH IS
paboOThl C aHAJOTOBBIMH CUTHAJIAaMH. VIMEHHO aHaJIOTOBBIC CHUTHAJBI JTaTIYNKOB
TEMIIepaTyphbl,  JNaBIICHHUS, YPOBHS, pacxoJa  ONPEACISIIOT  COCTOSHHUC
TEXHOJIOTHYECKHX MPOIIECCOB MepepadoTku HeTH 1 ra3za. O1Ha U3 OCHOBHBIX 3a/1a4
VOpPaBJICHUS TAaKUMHU TIpollecCaMH — CTaOmiIM3aiusi OOJBIIOr0 KOJIWYECTBA
TEXHOJIOTUYECKHUX TTapaMeTPOB, KOTOPBIE YACTO SBJIAIOTCS B3aMMO3aBUCUMBIMU. Ho
ATO HE 03HAYaeT, 4YTo coBpeMeHHble DCS-cructeMbl He ananTupoBaHbl A1 pabOTHI
C TUCKPETHBIMU CUTHAJIAMH.

JIro6as DCS-cucrema — 3T0 cmcTeMa, BKIIFOUaromas B ce0s1 Bce KOMIIOHCHTBI
CUCTEMBI YIpaBJICHUS: KOHTPOJUIEPHl (YMPaBISAIONIME MPOIECCOPhI), CETH U
uHTEeppENCh  CBSI3M, TMpOrpaMMHOE OOECreYeHHe CTAHIMK  ONepaTopoB,
VHXVHUPUHIOBBIX CTaHUUM. Bce 3T nporpaMMHO-amnmapaTHbIE CPEACTBA
Ha3BIBAIOTCS CHCTEMOMW, Oojiee TOro, WHTETPUPOBAHHON CHCTEMOH, TaK Kak
B3aMMOJICCTBHE BCEX KOMIIOHEHTOB TaKOW CHCTeMBbl (M TPOTpaMMHBIX, H
amnmapaTtHbiX) obecrnedeHo (upmoil - mpousBoautesieM. [IOHATHO, 4TO B ATOM
CJIy9ae MOYXHO TOBOPUTB O BBICOKOH CTETICHH TOTOBHOCTH 3THX CPEJICTB U BEICOKOM
HaJIC’KHOCTH, TaK KaK ATO B3aMMOJCHCTBHE “‘OTTauMBaeTCsI’ MHOTMMHM TOJlaMU B
“1a00paTOPHBIX” YCIOBUAX CHEIUATNCTAMHU CaMOU (PHUPMBI.

Otoro He ckaxemb o SCADA-cucTteMax, KOrjga CO3JaHHEM CHCTEMBbI
yOpaBJICHHUS 3aHUMAIOTCS (UPMBI - CUCTEMHBIE HHTErpaTophl. [Ipuxomutcs
“CTBIKOBATh MPOTPAaMMHO-aNNapaTHbIE CPEACTBA PAa3HbIX MPOU3BOJUTENEH B
paMKax peadbHOr0 BPEMEHHW, OTMYIIEHHOTO Ha pa3paboTKy mpoekTa. Jlis
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npuoOpeTeHus omnbITa (KOTOPBIA, KaK M3BECTHO, MPUXOIUT HE cpa3y) Tpelyercs
BpeMs.

B pamMkax 3Toii JJeKIIuM TPYHO OMKCATh BCE TOHKOCTHU U HIOAHCHI BBIOOPA TOTO
WJIH UHOTO TTOJIX0/1a K CO3/IaHUI0 CUCTEMBI YIIPABJICHUS. JTOT BHIOOp OMpeAesieTcs
OYeHb MHOTHMH (DaKTOpaMH W B KaKUX-TO CIIydasx OYCBHICH W OJHO3HauYeH. B
JIPYTHX CIIy4asiX BO3MOXXHBI BapHaHTHI BBIOOpA W TOTO, U Apyroro moaxona. [lpu
3TOM JIOJIKHBI OBITH BBIIBUHYTHI JIOMOJHUTEIILHBIC KPUTEPUH, CTIOCOOHBIE CKIIOHUTH
Yalry BECOB B Ty UJIM HHYIO CTOPOHY.

YTBepkaaTh MOxHO Jummb cieayromee. Cerogas BeiOop DCS-cuctemsr
o0oifteTcst MOTPeOUTENIO Topoke (B cpeltHeM) 1Mo cpaBHEHHIO ¢ BeIOOpoM PLC n
SCADA. Ho xenaHwe COKOHOMHTb, B CBOIO O4Y€pElb, MOXXET MPHUBECTH K
OTPHUIATELHOMY PE3yJIbTaTy.

Jlexus Ne2 — [IporpammupyemMble JIOTHYECKUE KOHTPOJLIEPHI.

Jlexrust Ne3 — [Iporpammuoe obecnieuenne SCADA.

Jlexrmst Ned — Pacnipenenennbie cuctemsl ynpasierus (DCS).

Jlexuust No5 — ABTOMaTU3UPOBAHHBIE CUCTEMBI YIIPABICHUS TPOU3BOJICTBOM.

KoHTpoJibHbIE BONPOCHI

1. OcobGeHHOCTH OOBEKTOB yNpaBiIeHUS HEPTEra30BOM OTpaCiH,
OTIPEIEIAIONINE PA3TMYHBIC TIOIXO0IBI K aBTOMATU3AIMK (HA TIPUMEPE
00BEKTOB HEPTETPOMBICIIOBOM TEXHOJIOTHH).

2. OcoOeHHOCTH 00BEKTOB yIpaBIICHUS HePTETa30BOM OTPACITH,
OTIPEIEIAIONINE PA3TMYHBIC TTOIXO0IBI K aBTOMATU3AIMK (HA TIPUMEPE
00BEKTOB OOBIYH, MMOJATOTOBKHA U TPAHCIIOPTA Ta3a).

3. O00061IeHHast ApXUTEKTypa MHOTOYPOBHEBOM CHCTEMBI YIIPABIICHUS.
KoMroHeHThI cucTeMbl U uX (PYHKITUH.

4. JIBa moaxojia K BBIOOPY MPOrpaMMHO-aIapaTHBIX CPEICTB
aBTOMaTHU3AIMH JIJIs1 00BEKTOB HepTerazoBoii oTpaciu. CpaBHUTETbHAS
XapaKTEePUCTHKA.



21

Jlexkus Ne2
AnnapatHble CpeJACTBA YIPaBJIeHHs TEXHOJIOTHYECKHM 000Py/10BAHUEM

1. OcHOBHBIE TEXHUYECKHE XaPAKTEPUCTHUKH KOHTPOJLJIEPOB
U MPOrPaAMMHO-TEXHUYECKHX KOMILIEKCOB

CoBpeMEHHBIII  PBIHOK  KOHTPOJUIEPOB UM MPOTrPaMMHO-TEXHHUYECKHX
KOMILJIEKCOB BeCchbMa pa3HooOpa3eH. BriOop Hambosee mnpuemieMoro BapuaHTa
aBTOMATH3AlMU TPEACTABIACT COOOH MHOTOKPUTEPUATBHYIO 3a7ady, PelICHUEM
KOTOPOH SIBISIETCS KOMIIPOMHCC MEXJYy CTOMMOCTBIO, TEXHHYECKHMM YPOBHEM,
HAJIC)KHOCThIO, KOM(OPTHOCTHIO, 3aTpaTaMyd Ha CEPBUCHOE OOCIY>KUBaHUE,
MOJIHOTOM MPOTPAMMHOT0 OO€CIIEUEHNS U MHOTHM JIPYTUM.

[IpenmpusiTusi BEIOUPAIOT CpPEeACTBa M CHUCTEMBbl aBTOMATH3aIllMU HCXOIS W3
JIBYX BApUAHTOB MTOCTaBJICHHOW LIETH:

- pellIeHUE YUCTO TAKTHMYECKUX 3a/ay aBTOMAaTH3aluu (3aME€Ha MOPAJIbHO U
TEXHUYECKU YCTapeBIINX CPEICTB, oOecrnieueHue HOPMAJILHOTO
(YHKIIMOHUPOBAHUS MpOLiecca, peanu3alus NpOoCTeUIIuX (PyHKUUNH — KOHTPOJI,
OJIOKUPOBKH, PETYIUPOBAHHSA);

- Tpeciel0OBaHUE CTPAaTErMUeCKUX Ieneld aBToMaTu3aluuu (TIOBBIIICHHE
HKOHOMUYECKON 3(PPEeKTUBHOCTH, OOECIIEUEHHE HMHTErpalud JaHHOW CHUCTEMbI
aBTOMATU3ALUU C APYTUMHU CUCTEMAaMM Ha IpPEaNpHUsITHH, 0OMEH MH(pOpMaluen ¢
ousHec-npoueccamu, T.6. ¢ ACVYII, ympomieHue 0OCITy>KHBaHUS M BO3MOXKHBIX
OyIyIIMX MOJIEpHU3AIIUN).

K ocobGeHHOCTM TIpuOOpeTeHHs CPEACTB MU CHUCTEM aBTOMAaTHU3AIlUU
OOJBIIMHCTBOM 3aKa3YMKOB MOKHO OTHECTH

1. OrcyrcTBHE TpeOOBaHUN K COBPEMEHHOCTH MPUOOPETAEMBIX CPEACTB U CUCTEM U
CBOMCTBaM, ONPEEISIONUM NEPCHEKTUBHOCTD UX SKCIUTyaTallUu.

2. HepocraTouyHoe 3HAaHHWE pbIHKAa MpejlaraéMblX CpeICTB AaBTOMATU3ALUU U
OTCYTCTBHE UX HE3aBUCUMOTO OOBbEKTUBHOI'O aHAJIM3A.

3. HeonpaBnaHHO y3K0€ YHMCIO MPOU3BOJAUTENEH, paccCMaTpUBAEMbIX B KauecTBE
NOTEHUUATbHBIX MOCTABIIUKOB CPEACTB U CUCTEM aBTOMaTu3aluu. A (paKTHUECKU
B Poccun wnmeercss OrpoMHBIM BBIOOpP CpPEACTB M CUCTEM IIMPOKOIO Kpyra
ITPOU3BOJUTEIIEH.

4. HezanHTepeCOBaHHOCTh 3aKa3dMKa B CJIOXHBIX, HO Topaszo 6osee 3¢h(HEKTUBHBIX
anroput™max ynpasieHusi. OOBIYHO 3TO OOBICHAETCSA JOCTATOYHO HU3KUM YPOBHEM
oOcny>kuBatoniero nepconana. Jlocrarouno [TUI-perynstopa u 6J10KUPOBOK — 3TO
TO, YTO HYKHO ceiuac. A Korja MOBBICUTCA KBaJIM(HUKalMg MEpPCOHANA, TOr/Aa
OyJieM 1yMath.

TpyaHo “Blie3Th B IKYPY’ 3aKa34yMKa U MOHSTH, IOYEMY OH Tak ceOs BEIeT Ha
OYEHb WIMPOKOM PBIHKE CPEACTB M cucTeM aBTtoMatu3anuu. Ho ogny wu3
O0COOEHHOCTEH ero MoBEeACHUS MOXKHO OOCYXJaTh — He3HAHHMe PBbIHKA CPE/ICTB U
cucteM. [Ipomno yxe 8-10 ser ¢ Tex mop, Kak Ha POCCUMCKUN PHIHOK BBIILIN
MHUPOBBIE NIPOU3BOJUTENN KOHTPOJUIEpOB. Kaxkercs, 3T0 TOCTaTOYHOE BpeMs IS
TOTO, 9TOOBI pa300paThcs B mpobdieMe.

Hactosmas nekuust He mpecienyeT Leib JaTh TIIyOOKHH U OOBEKTHUBHBIM
aHaIM3 CpEACTB AaBTOMATH3alUMU (KOHTPOJUIEPOB). ITO MAENO CIELHATNCTOB-
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AKCIUTYaTallMOHHUKOB. TeM He MeHee, MOMBbITAeMCsl ClieJlaTh MEPBYIO MOIMBITKY
CUCTEMATHU3AlIMK 3HAHUN O KOHTPOJLIEPAX.
dopMUpOBaHUE COBPEMEHHOT'O MUPOBOTO, B TOM YHUCJIE U POCCUICKOTO,
PBIHKA CPEJICTB U CUCTEM YIIPABJICHUS B TIOCIEIHEE ACCATHIETHE OBbLIO
0OYCJIOBJICHO CIIEYIOIIUMU (haKTOpaMu:
- TIOSIBJICHUEM HEJIOPOTMX U BHICOKOTIPOU3BOIUTENBHBIX TPOMBIIUICHHBIX
KOMIIBIOTEPOB Ha 0a3e MHKpoIpoiieccopoB Gpupmsal Intel;
- IOSIBJICHHEM HEJOPOTUX MOJAYJEH BBOJA/BbIBO/Ia, KOHCTPYKTHBHO
COBMEIIIEHHBIX C KIIEMMHBIMU KOJIOJIKAMH;
- nosiBiiecHneM B HoMeHkiarype PLC monyneit I[TM]I-perynupoBanus;
- MIOSIBJICHHEM KOMMYHHUKAIIMOHHBIX MOJIYJIEH, MO3BOJISIOIINX CO3AaBaTh CETH
PLC u nerko noakiar04aTh UX K KOMIBIOTEPY;
- UCTI0JIb30BAaHUEM BUTOM TMAPHI JIs MOJKIIOUCHUS U3MEPUTEIBHBIX
npeoOpasoBareneil U MoyJiel BBO/1a/BbIBOJA.
- MOSIBJICHUEM HEJIOPOTHX U COBEPIICHHBIX ceTei, moao0HbiX Ethernet,
Arcnet;
- OSIBJICHUEM HeZloporux npomeinuieHHbx cereit FIP, CAN, Profibus
H IPYTUX;
- MOSIBJIGHHEM YHUBEpCaIbHOTO nmporpaMmmuoro obecneuenus SCADA
JUTSl TIEPCOHABHBIX KOMIIBIOTEPOB, BHITIOIHSIONMIETO (PYHKITUU
YeJI0BEKO-MAaIlIMHHOIO UHTepderica;
- nosiBJiecHueM KoMOuHupoBaHHoro [10 111 BU3yanusauuu u
nporpammupoBanus PLC;
- OSIBJICHUEM HAJIEKHOM, IIUPOKO PaCIpOCTPaAaHEHHOUW OnepaliMOHHON
cuctemsl Windows NT;
- MOSIBJICHUEM THUIOBBIX PEIICHUI MPU MPOU3BOJICTBE AIlllapaTHBIX CPEJICTB, B
YaCTHOCTH, MaruCTpajibHO - MOJYJIbHON apXUTEKTYPHI ILUIAT KOHTPOJUIEPOB

no ctaugaptam ISA, PCl, VME.

KnaccudgunmpoBaTh KOHTPOJUIEPHl MOXKHO IO pa3IMYHBIM IIpU3HaAKaM. Bor
OJlHa U3 KJIaccuduKkanuii (1o Ha3HAYEHUIO):
- OOIIENTPOMBIIIICHHBIC KOHTPOJUICPHI;
- BCTpamBaeMbIe KOHTPOJLIEPHI,
- MPOTHBOABAPHIHBIC KOHTPOJIIEPHI (pe3epPBUPOBAHHEIC,
BBICOKOHAJIC)KHBIC);
- TeIeMEXaHMYECKHE KOHTPOJUICPHI, IEPEIAFOIINE CUTHAJIBI Ha OOJIBIITHE
paccTosiHUS (IECSITKU U COTHH KM).

O030p pa3IUYHBIX CEMEHCTB KOHTPOJIJICPOB MHOTHX IPOU3BOJUTEICH
MOKa3aJl, YTO B TMIEPBOM MPHUOIIKCHUHA B Ka4eCTBE XapaKTEPUCTHK KOHTPOJIICPOB
MO’KHO BBIJIEJINUTH IISITh 0000IIEHHBIX TOKA3aTEEH:

- XapaKTepHUCTHKa Mpoleccopa;

- XapaKTepHCTHKA KaHAJIOB BBOJIA/BBIBOIA, TIOIJICPKUBACMBIX
KOHTPOJUIEPAMU;

- KOMMYHHKAITMOHHBIE BO3MOKHOCTH;

- AKCIUTyaTaIllMOHHBIC XapaKTEPUCTHUKHU;
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IporpaMMHOE 0OecTieueHHe.
PaccMoTpuM 3TH oKa3aTenu.
1.1. XapakTepucTHKA Npoieccopa. 3/1eCh UMEeTCsl BBUY:
Hajguuue W o0beM paznumuHbeiX BuaoB mamsaru: O3V, ITI3VY, IIII3Y, EPROM,
EEPROM, Flash;
THUII U Pa3psiIHOCTb OCHOBHOM MPOIIECCOPHOM TLIIATHI;
pabouasi yacToTa;
MOJJIEP>)KKa MaTEMATUKH C IJIABAIOIIECH 3aMsTOM, MO3BOJISIONIAs BHITOIHSITh
s exTuBHYI0 00paOOTKY TaHHBIX;
Hamuue ¢pyukuuu [TN]]-perynupoBanus.

[HamATk.

O3Y (omepaTuBHOE 3arOMHUHaroIIee ycTpoicTBo) miu RAM (random access
MEemory - naMsTh C MPOU3BOJBHBIM JOCTYIIOM) MPEACTABISAET COOOW TUM MAMSTH,
KOTOpasi MO3BOJIAET YTEHHE U 3alKCh B JIO0YI0 sUEWKYy 0e3 MpeaBapUTeIbHOIO
noucka. B KoHTpoJuiepax 3TOT TUIT TAMSTH UCIIOJIB3YETCS IJIsl XPAHEHHS IPOrpamMm
Y 3HaYCHUN TEXHOJOTUYECKUX apaMeTpOB (JIaHHBIX ).

II3Y (nocrosiHHOEe 3amomuHaromiee ycrpoictBo) uinu ROM (Read Only
Memory - maMaTh TOJIBKO JJIsl YTE€HHUs) YCTPOCHA B BHJIE aJPECyeMOT0 MaccuBa
syeeKk (MaTpullpl), Kaxkjaas s4uelka KOTOPOTO MOKET KOJUPOBATh €IUHUILY
undopmaruu. Jlanasie Ha ROM 3anuceiBaniuch TpU €€ HM3TOTOBJICHUU IMYyTEM
HAaHECEHHWd  Ha  MaTpHIe  AJIOMUHHEBBIX  COEIMHHUTEIBHBIX  JOPOXKEK
auTorpapuyeckuM crnocodom. Hamuume winm OTCYTCTBHE B COOTBETCTBYIOLIEM
MECTE TaKou JOPOKKU Koauposasuo "0" mmm "1".

B xonTposmepax namars tuna [13Y ucnonp3yercs s XpaHeHUs MpOrpaMmm
noJsib3oBaTesns. JlaHHBIA TUN NaMSATH HE MOJIYYHJI IIUPOKOTO PAaCIpOCTpaHEHUS B
CBSI3H C TEM, YTO COBPEMEHHOE MPOTPaMMHOE 00ECIIEYEHUE 3a4aCTYI0 UMEET MHOTO
He0pabOTOK M 4acTo TpeOyeT OOHOBJIEHHUS, B TO BpeMsl KaK IMPOU3BOACTBEHHbBIN
LIUKJI U3TOTOBJICHUS TAMSTH IOCTATOYHO JJIUTENEH (4-8 Heelnb).

EPROM (CIIII3Y), EEPROM (BCHII3Y) u Flash (¢u3m) otHOCATCS K
KJIacCCYy JHEProHe3aBHCHMON mepe3anuchbiBaeMoll MNaMATH (aHTJIMICKUN
sKBUBaJIEHT - honvolatile read-write memory uiu NVRWM).

B EPROM mepen 3amuchio HEOOXOAMMO TMPOU3BECTH CTHUpAHHE (IS
MOJIY4E€HHS] BO3MOKHOCTH MEPE3ANMCHIBATH COIEPKUMOE NaMsATh ). CTUpaHHE STUeeK
EPROM BeinonHsieTcst cpa3y AJid BCe MUKPOCXEMbI TOCPEICTBOM OOITyUeHUS Ynma
yIbTpa(HOIECTOBBIMUA WIIH PEHTTE€HOBCKUMU JTy4aMH B TEUEHHE HECKOJIbKUX MUHYT.

B EPROM crupanue npuBoAUT Bce OUTHI CTHpaeMoOd OOJacTH B OJHO
cocTosiHue (0OBIYHO BO BCE €JIMHUIIBI, PEKE - BO Bce HyM). 3anuch Ha EPROM
OCYUIECTBJISIETCS. HA IPOrpaMMaTopax.

bonapmiM  OCTOMHCTBOM — TakOM  MaMATH  SIBISIETCS  BO3MOXKHOCTH
NIEpE3aIiChIBaTh COAECPKUMOE MUKPOCXEMBI.

Henocrarku:

HEOO0JIbIII0E KOJUYECTBO IIUKIIOB MEPE3anicH;

BBICOKAsl BEPOSITHOCTD "HEJOTEPETH", UTO B KOHEUHOM UTOTE MPUBEIET K

cO0sIM, WK TIEpeaiepKaTh MUKPOCXEMY O] YIbTPa(HOIETOBBIM CBETOM, UTO
MO’KET YMEHBIIUTh CPOK CIIY>KObI MUKPOCXEMBI U JJa)Ke MIPUBECTH K €€
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MOJIHOW HETOJIHOCTH.

['maBHO¥M oTimuuTenbHOM 0coOeHHOCTRIO EEPROM (B T. 4. 1 Flash) ot panee
PAaCCMOTPEHHBIX THUIIOB YHEPrOHE3aBUCUMON MaMSTH SIBISETCS BO3MOXKHOCTH
NepenporpaMMUPOBAaHUS. TIPU TOJKIIOYEHUH K CTaHAAPTHOM CHUCTEMHON IIMHE
MUKpornpoueccopHoro ycrpoiictea. B EEPROM mnosiBunace BO3MOYKHOCTH
MPOU3BOIUTH CTUPAHUE OTIEIBHON SYEHKH NMPHU MOMOIIM SJIEKTPUUYECKOTO TOKA.
Jns EEPROM crtupaHue Kaxaoil SYEHKH BBINOJIHSACTCS ABTOMATHYECKU IIPH
3alKCH B HEE HOBOM MH(OPMAIIHH, T.€. MOKHO H3MEHHUTH JaHHBIC B JIIO00H sYCHKeE,
HE 3aTparuBas ocTajbHbIC. [Iporeaypa cTupaHusi OOBIYHO CYIIECTBEHHO
JUTUTEIbHEE MPOLIEYPHI 3aMHCH.

[IpeumymiectBa EEPROM no cpaBuenuto ¢ EPROM: yBenuyeHHbIN pecypc
paboThl, mpoiie B 00paleHNH; HEJOCTATOK - BHICOKAsi CTOMMOCTh. B KoHTposepax
ATOT THIT MAMSTH HCTIOIB3YETCS KaK ISl XpaHEHUS ITPOrpamMM, TaK U I XpaHEHUS
JTAHHBIX.

Flash (momnoe wassanume - Flash Erase EEPROM) BnepBbie Oblia
pa3paborana komranueit Toshiba B 1984 romy, u yke Ha CIeIyIOMMUA TOJ OBLIO
HayaTo Mpou3BoJACTBO 256 KoOut mukpocxem flash-mamsaTté B MpOMBINITIEHHBIX
macmtabax. B 1988 roay kommanus Intel paspabGotana coOCTBEHHBIM BapuUaHT
Gbd1I-naMATH.

Texnonornuecku ¢umI-naMarsh poacTBeHHa kak EPROM, tak u EEPROM.
OcHoBHoe oTinuue pmm-nmamsatd ot EEPROM 3akirouaercs B TOM, YTO CTUPAHUE
COJICP)KMMOTO SIY€CK BBITTOTHACTCS JIMOO JJII BCEH MHKPOCXEMBI, JHOO IS
onpenenéHHoro 0y0ka (Kiactepa, Kajapa Wik CTPAHUILBI).

Crnenyer 3aMETHUTb, YTO CYIIECTBYIOT MUKPOCXEMBI, TIO3BOJISIOIINE PaO0TaTh C
0JIOKaMH pa3HbIX Pa3MepoB (IIJIs1 ONTUMH3AL MU ObICTpoIeCcTBHS ). CTUPATh MOKHO
Kak OJIOK, TaK U COJIEP’KUMOE BCE MUKPOCXEMHBI cpasy. Takum oOpa3om, B o0I1eM
ciydae, JUisi TOTo, 4TOObI U3MEHUTH OJIMH 0aiiT, CHavasa B Oydep CUUTHIBACTCS BECh
OJIOK, T/I€ COACPKUTCS TMOJICKAITUN M3MEHEHHUIO OAalT, CTUPACTCS COJEPKUMOE
O510Ka, U3MeHseTCsl 3HaueHue Oaiita B Oydepe, mociae 4ero mpou3BOUTCS 3aMKCh
u3MeHeHHoro B Oydepe Oinoka. Takas cxema CyIIeCTBEHHO CHUXAET CKOPOCTh
3amucy HEOOJIBIIMX 00BEMOB TAHHBIX B IMPOU3BOJIBHBIC 00JIACTH MaMSTH, OJTHAKO,
3HAUUTEIHLHO YBEIMYMBACT OBICTPOACHCTBUE TMPHU TMOCICIOBATEIBHON 3aluCh
JAHHBIX OOJIBIITUMU TTOPIIASIMH.

[IpeumyiectBa ¢uu-namsaty no cpaBHenuto ¢ EEPROM:
0oJee BBICOKAsi CKOPOCTh 3alHCH TIPH MOCIIEIOBATEILHOM JJOCTYTIE 32 CUET

TOTO, YTO CTUpaHUE HHOOPMALIMK BO (I MPOU3BOAUTCS OJIOKAMU;
ce0eCTOMMOCTD MPOU3BOJICTBA (HIIAII-TIAMSATH HIDKE 3a CUET O0Jiee MPOCTOM
OpTraHU3aIlNH.

Henocrarok - MeyieHHas 3alich B MPOU3BOJIbHBIC YIACTKU MTAMSITH.

Hwxe mnpuBeneHbl Tpu TaOMUIBI € XapaKTEPUCTUKAMH MPOIIECCOPOB
pa3sTUYHBIX KOHTpOJUIepoB. OueBHIIHO, 00JIACTU WX TMPUMEHEHHUS COBEPIICHHO
Pa3INYHBI.
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Xapakrepuctuka npoueccopa DLO5 (Direct Logic

DLO5

OO61mmit 06beM namsTH (CIOB) 6K
| O6beM nmamsiTH IporpamMm (CJIOB) 2048 I
4096 (128 - o/w") |
HET
2.0 Mxc
2.7-3.2 Mc

| O0beM MaMsITH NEPEMEHHBIX (CIIOB)
[IN/]-perynupoBanue
Bpewms BBIITOTHEHUS JOTHYECKON ONEPALTUU
Bpewms ckanupoBanus (mporpammsl B 1K)

5/H" - SHEProHEe3aBUCUMAS]

Xapaxmepucmuxa npoueccopos Simatic S7-400 (Siemens

412-112 414-2 | 3 /4H 416-2 /3 417-4 | 4H

48+48/ 72+72
Ko

128/384/+384
K6

0.8+0.8/1.6+1.6
M6

2+2 /2+2 M6

256 /256 K6
64 / 64 M6
64 / 64 M6

256 /256 Ko
64 / 64 M6
64 / 64 M6

256 /256 K6
64 / 64 M6
64 / 64 M6

256 /256 Ko
64 / 64 M6
64 / 64 M6

0.2 MKC

0. 1 Mxc

0.08 MKc

0.1 mkc

0.6 MKC

0.6 MKC

0.48 MKc

0.6 MKC

32768

65536

131072/131072

131072/
131072

2048 / 2048

4096 / 4096

8192 /8192

8192 /8192

1. O6sem BecTpoennoro O3V (st mporpamm + i TaHHBIX).
2.1. O6bem 3arpykaemMoil BCTpOEHHOM MaMsTH.

2.2. Kapra Flash EEPROM.

2.3. Kapra O3V.

3. BpeMsi BBINOJIHEHUS JIOTHYECKOM orepaiuu (MKC).

4. Bpemsi BBINIOJIHEHUS ONIEPALMH C IJIABAIOIIEH 3ansATOM (MKC).
5. AnpecHoe MPOCTPAHCTBO JUCKPETHBIX B/B.

6. ApecHOe MPOCTPAHCTBO aHAJIOTOBBIX B/B.



[Ipoueccopu
bIC
MO/TyJIH

IPOIECCOp

MVME2300

MPC603/604

MVME2400

MPC750

MVME2100

MPC8240

Yacrora, MI 11

200/300

233/500

200/250

I SDRAM, M6

16/32/64/128

32/64/128/256

32/64

Flash, M6

5

9

5/9

CpaBHUTeJIbHASI XaPAKTEPUCTHKA NMPOLECCOPOB

Yacrora, MIu

RTU 3310 Intel 186 XL
RTU 3330/3335 Intel 386 EX
Fanuc 90 - 70 Intel 386
Intel 386 DX
68LC302

MOSCAD-L
SMART
IUC

68302

MPC860T
Pentium,
Celeron
Intel 486 DX
Intel 586 DX
Intel 486 DX4
Pentium

1.2. XapakTepucTHKA KaHAJOB BBOAa/BbIBOAAa KOHTPOJLJICPOB

[TapameTpbl KOHTpoOJUIepa C TOYKU 3pPEHUS MOAJIEPKMUBAEMBbIX UM KaHAJIOB
BBO/13/BbIBOJIA YACTO MOT'YT OBITH ONPEAEISIIOUMMU MpU BbIOOpE. BaxkHO HE TOJIBKO
Kouyecmeo Kananoe BBOJA/BBIBONA, TMOAJIEP)KHUBAEMOE KOHTPOJIEPOM, HO U
pa3HooOpa3re  MoIyJiel  BBOAA/BbIBOJA 1O  KOJAUYECMEY U YPOBHAM
KOMMYymupyemulx cuzHa/106 (TOK/HaNIPSHKEHUE), CHOCOObl ROOKTI0YeH U BHEIITHUX
1ernei K MOAyJIsiM BBOJIa/BBIBOIA, KOJTMYECTBO KAHAJIOB JIOKAIbHO20, YOAIEeHHOZ0 T
pacnpedeneHnozo BBOJA/BHIBOIA.

PaccMmoTpum nonoapoOHee 3Th XapaKTePUCTHKHU.

= KonnuecTBo moa/IepKUBAEMbIX KOHTPOJIEPOM (IIPOIIECCOPOM) KaHATIOB
BBO/1a/BbIBOJIA (AHAJIOTOBBIX, TUCKPETHBIX, CKOPOCTHBIX ).

boabmuHCTBO GUPM-TIPOU3BOAUTEICH MOCTABJIAIOT HA PHIHOK CPEACTB U
CHCTEM AaBTOMATH3ALMU CeMeliCTBA KOHTPOJLJIEPOB, KAXK/10€ U3 KOTOPbIX
PAacCUMTAHO HA ONpe/eJIeHHbI HA00P BbHINOJIHAEMbIX PYHKIUI U 00beM
oOpadarbsiBaemMoii muHpopMmannu. Cpeau HUX HMEIOTCH CEMENCTBA CaMbIX
MAJIbIX KOHTPOJLJIEPOB (MUKPO) HeOOJIHION BHIYUCINTEIbHON MOIIIHOCTH,
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CMOCOOHBIX MOAAEPKUBATH MAKCUMYM HECKOJILKO 1ECATKOB
BBO/J0B/BbIBO10B, B OCHOBHOM, TMCKPeTHBIX. 00/1aCTh NPUMEHEHUSI TAKHX
KOHTPOJLIIEPOB - COOP JAHHBIX U CUCTEMbI IPOTHBOABAPUITHON 3a1UTHI. B
KayecTBe MPUMEPOB MOKHO MPHBECTH KOHTPOJLIEPHI ceMeiicTBa MicroLogix
(Allen-Bradley), Direct Logic DL05 (Koyo), Nano (Schneider Electric).

CemeiicTBa MaJlbIX KOHTPOJUIEPOB YXKE CIIOCOOHBI MOJJACPKUBATh COTHU
BBO/IOB/BBIBOJIOB, BBITIOJIHATH 00JI€€ CIOXKHBIE PYHKIIMU. DTH KOHTPOJLJIEPHl UMEIOT
JOCTaTOYHO Pa3BUTHIA aAHAJIOTOBBIA BBOJI/BBIBOJI, BBIMIOJHSIOT OTEPAIMA C
wiaBatomeir Toukoi u  ¢GyHkuuum [IUJ{-perynupoBanus. K »3Toit rpymme
kouTposuiepoB MoxkHo oTHectn SLC 500 (Allen-Bradley), Direct Logic DL205
(Koyo), Smart — (PEP Modular Computer), Simatic S7-200 (Siemens).

KonTtpomiepbl cpeaHeli MONIHOCTH, oO0Jajas JOCTATOYHOW MaMSThIO U
OBICTPOJICHCTBUEM, MOTYT 00pa0aThIBaTh YK€ THICAYM MEPEMEHHBIX JUCKPETHOTO,
aHAJIOrOBOTO M CKOPOCTHOTO THMA. [I[puMEHSIOTCS A1 aBTOMAaTU3aIMi HEOOIBIITNX
OOBEKTOB MPOIECCOB JOOBIUM, MOATOTOBKA M TPAHCIOpTa HEPTH M Taza. ITO
xkoHtpoutepel Fanuc 90-30 (GE Fanuc), PLC-5 (Allen-Bradley), Premium
(Schneider Electric), Direct Logic DL405 (Koyo) u apyrue.

HakoHnen, HekoTOpbie KpYIHbIE (PUPMBI TMPOU3BOAST KIACC KOHTPOJIIEPOB
OUY€Hb BBICOKOW BBIUYMCIUTEIBHONU MOIITHOCTH, 00JIaIA0IINX MMAMSIThIO, U3MEPSEMOi
MerabaWTamMu W JecsaTkamMu Merabait. Mx crnocoOHOCTh 00pabaThiBaTh ECITKU
THICSAY TMEPEMEHHBIX W Mpeaorpeaenia ux o0JacTh MPUMEHEHUS - B KAayeCTBE
KOHIICHTPATOPOB HWH(OpMAILNK, TOJYy4aeMOl OT JIOKAJIbHBIX KOHTPOJUIEPOB.
BreruncnurenbHbple  BO3MOXKHOCTA JTOrO  Kjacca KOHTPOJUIEPOB  IMO3BOJISIFOT
peaTu30BbIBaTh CIIOXKHBIE aJITOPUTMbI (JATUBHOE, ONTUMAJILHOE YIPABICHUE),
MPUMEHSIEMbIE TIPU aBTOMATH3AIlMU HEMPEPBIBHBIX TEXHOJOTHMUYECKUX IMPOIECCOB
(mepepaboTka HedTH U Taza, Hedrexumus). Hanbosee spkuMu mpeIcTaBUTEISIMH
9TOH TpyIIbl KOHTpoIUIepoB sBistorcs ControlLogix (Allen-Bradley), Simatic S7—
400 (Siemens), Fanuc 90-70 (GE Fanuc), VME (PEP Modular Computers).

CpaBHUTENbHAS XapAKTEPUCTHKA KOHTPOJUIEPOB TTO BBOAY/BBIBOTY

KonTposutep Ob6mee JluckpeTHbie AHaJIOroBbIe

MicroLogix1000 32 32 5(1)
MOSCAD-M 24 19 (14/5) 5(1)
TeleSAFE Microl6 512 256/256 128/64

Direct Logic DL-405 3584 3584 512
Quantum 31744 31744 1736/868

ControlLogix 128000 128000 4000

Simatic S7-400 131072 131072 8192

= Pa3Ho00pa3ue KOMMYTHUPYEMBIX CUTHAJIOB.
Kak 3apy0exHble, TAK M 0Te4eCTBEHHbIE IPOU3BOAUTEIH KOHTPOJLJIEPOB
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KOMILJIEKTYIOT CBOH U3/1eJIU IIMPOKOH raMMoOil MOAYJIell JUCKPETHOIO U
aHAJIOTOBOr0 BBOJAa/BbIBOA. [0 KO/IMYECTBY MOAKII0YAEMBbIX CUTHAJIOB
pasaunyanT Moayau Ha 4, 8, 16, 32 u 64 kanaua. Takoe pazHooOpasue
MoayJiel o0Jsierdaer mogoop tpedyemMoi KOHGUIrypanum KOHTPoJLIepa,
M03B0JIASI MUHMMH3MPOBATH CTOMMOCTh TEXHUYECKUX CPEICTB.

KoMMmyTupyemble MOIYJISIMH JHUCKPETHOTO BBOJA/BBIBOJA CHUTHAJBI MOTYT
UMETh PA3JIMYHbIA YPOBEHb HANIPSHKCHUS MIEPEMEHHOIO U TIOCTOSIHHOTO TOKa. DTO U
12, 24, 48 B nocrosiHHOrO TOKa, 120 1 240 B nepeMeHHOro Toka ¢ pa3InyHbIMU
Harpy3kKamu 1o TOKY.

YPOBHH KOMMYTHPYEMBIX CUTHAJIOB MOIYJISIMH aHAJIOTOBOTO BBOJA/BBIBOJIA
MOTYT OBITH caMbIMH pa3zHooOpasHsiMu. Oto 0-5B, 0-10B, +£5B, +10B mo
HanpspkeHnto u 0-20MA, 4-20MA 1o Toky. ECTh U cienmanbHble MOAYJIH JJ1s1 BBOJIA
B KOHTPOJUJIEPHI CUTHAJIOB OT TEPMOIIAp U TEPMOMETPOB COMTPOTHUBIIEHUS PA3TUIHBIX
rpaayupoBoK. [IpuBeeHHbIC 3/1€Ch JaHHBIE IO YPOBHSIM CUTHAJIOB, 0€3YCIOBHO, HE
MCYEPIIBIBAIOT BCErO pa3Hoo0pasus, MPEACTABICHHOTO Ha PhIHKE.

Huxe B kauecTBe npumepa nprBecHa HOMEHKIIaTypa MO TyJIe BBO1a/BbIBO/IA
KOHTpoJuiepoB ceMerictBa DL-405 ¢pupmer Koyo.

VDC/VAC - HanpspKkeHHUE TOCTOSTHHOTO/TIEPEMEHHOTO TOKA.

Monayan BBoaa/BriBoaa KoHTpoJuiepa DL-405 (Koyo)
Kox o Onucanne moayJien

KaTaJiory

JIMCKpeTHBIN BBOJ

D4-08ND3S | 8DI uzonupoBanusix ypoBus 24-48 VDC

D4-16ND2 | 16Dl (2 rpynmst o 8) yposas 12-24 VDC

DA4-32ND3 32Dl (4 rpynmet o 8) ypoBas 24 VDC

D4-64ND2 | 64DI (8 rpynm o 8) yposust 24 VDC

D4-08NA 8Dl yposns 110-220 VAC

D4-16NA 16DI (2 rpynmns o 8) yposus 110 VAC

D4-08NE3S | 8DI uzonuposanusix yposus 90/150 VAC

D4-16NE3 | 16Dl (2 rpymmsl no 8) yposus 12/24 VDC
JIMCKpEeTHBIN BBIBOJ

D4-08TD1 | 8DO yposus 12-24 VDC

D4-08TD1S | 8DO yposus 24-150 VDC

D4-16TD1 | 16DO (2 rpynmsi o 8) yposus 5-24 VDC

D4-16TD2 | 16DO (2 rpynmst o 8) yposus 12-24 VDC

D4-32TD1 | 32DO (4 rpynmsl o 8) ypoBus 5-24 VDC

D4-32TD2 | 32DO (4 rpynnsl 1o 8) yposus 12-24 VDC

D4-64TD1 | 64DO (8 rpynn no 8) ypoBHus 5-24 VDC

D4-08TA 8DO ypoens 18-220 VAC

D4-16TA 16DO (2 rpynmsi o 8) yposast 18-220 VAC

D4-08TRS-1 | 8 peneitabix Beixogos 10A

D4-08TRS-2 | 8 peneitHbIX BBIXOJ0B SA

D4-08TRS 8 penelHbIX BBIXOJ0B 2A

D4-16TR 16 peneitnbIX BBIXOA0B 1A
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AHaJOTOBBIN BBOJI
F4-04AD 4Al yporus 0-5B, 1-5B, 0-10B, £5B, £10B, 0-20mA, 4-20MA
F4-04ADS | 4Al uzonupoBannsix, yposus 0-5B, 1-5B, 0-10B, £5B, £10B, 0-
20MA, 4-20MA
F4-08AD 8Al yposns 0-5B, 1-5B, 0-10B, £5B, £10B, 0-20mA, 4-20MA
FA-0B8THM | BAl nns curaanoB Tepmorap
FA-O8RTD | 8Al qyist curHaoB TEPMOMETPOB CONPOTHUBIICHUS
AHAJIOTOBBII BBIBOJ
FA-02DA 2A0 yposns 0-5B, 0-10B, 4-20MA
F4-04DA 4A0 yporus 0-5B, 0-10B, +5B, +10B, 4-20mMA
FA-08DA-1 | 8AO ypoBHs 4-20MA
FA-16DA-1 | 16A0 yposus 4-20MA
FA-0ADAS | 4A0 yporus 4-20MA

= Paznauyarorcs Moaysid BBOJIA/BBIBOJIA M TIO CITOCOOY MOJKJIFOYEHHUS BHEITHUX
nened. K olHUM MOAYJIAIM BHEIIHHWE LIEMU MOAKIIOYAIOTCS C MOMOIIBIO KJIEMM C
BUHTOBBIMH 32KMMaMHU. BO3MOKHO TakKe MOJKIIOYEHUE BHEIIHHUX LENEW 4Yepes
CbEMHBIE TEPMUHAJIbHbBIE OJIOKU WIN (PPOHTAIBHBIE COCTUHUTENH, YTO MO3BOJISET
IPOU3BOAUTH 3aMEHYy MOJyJiel 0e3 JeMOHTaka BHEMHUX Leneid. Hexortopsie
npousBogutenu [ITK nmpemiarator cuctembl BBOJA/BbIBOJIA, B KOTOPHIX BHEIIHUE
HU3KOBOJIBTHBIE LIENU MOKJIFOYAOTCS IOCPEACTBOM IPYKUHHBIX 3aKHUMOB.

Ha nuneBoil maHenum Mopyseill BBOJa/BbIBOJA MOTYT OBITh PacHOJIOKEHBI

CBETOJMO/bI NHIMKALIMY COCTOSIHUS BHEIIHUX LIETIEN.

= OmHOW U3 BAKHEUIIMX XAPAKTEPUCTUK KOHTPOJUIEPOB SBIAETCS HX
CIIOCOOHOCTh ~ MOJIEPKUBATh  JIOKAJIbHBIMA, PACIIMPEHHBIN, YJaJleHHBIA WU
pacnpeieIeHHbIN BBOI/BBIBO/I.

[lon sn10KanvbHbIM ciaegyeT NMOHUMATh TAaKOM BBOJI/BBIBOJ, KOTJAa MOAYJIHU
BBOJIa/BBIBOJIa Pa3MEIIAIOTCS HEMOCPEACTBEHHO Ha TOM € IAacCH, Ha KOTOPOM
pasMenieH U MOIYJIb LIEHTPAJIBHOIO mpoueccopa. Tak Kak KOJIMYECTBO CIOTOB B
accu OorpaHuyeHo (Makcumym 16 - 18 1y HEKOTOPBIX KOHTPOJUIEPOB), TO U
KOJIMYECTBO JIOKAJIBbHBIX BBOJIOB/BBIBOJIOB MOXET OBITh TakK€ OrPaHUYEHO.
[Tpenmy11eCcTBO JOKAIBbHBIX BBOJOB/BBIBOJIOB 3aKJIFOYAETCS B TOM, UTO OHU UMEIOT
BBICOKYIO CKOPOCTh OOHOBIIEHHUS JaHHBIX. [Ipu Bcex mpoumx paBHBIX YCIOBHSX,
CKOPOCTh 00pabOTKM ATHX BBOJIOB/BBIBOJIOB OUEHb BBHICOKA. JTa XapaKTEPUCTHKA
OCOOEHHO BaXKHA, KOTJAa pe4Yb HAET O PEryJupoOBaHUHM TEXHOJIOTHYECKUX
apaMeTpOB.

Jnst monnep:kku OOJIbLIEro 4ucia MNepeMEHHbIX (UPMBI-IIPOU3BOIUTEIH
anmnapaTHbIX CpPEACTB CHAOIMIM CBOM CHUCTEMBl BO3MOXKHOCTBIO PACHIMPEHUS
JIOKaJIbHOTO BBOJA/BBIBOAA. DTU WIACCU PACUIUPEHUA C PA3MELIEHHBIMU B HUX
MOJAYJISIMA BBOJIA/BBIBOJA COEAUHSIOTCS MEXIY CO0OM crenuanu3upoOBaHHbIM
KOPOTKUM KabelieM U MOTYT ObITh OTHECEHbl MAaKCMMyM Ha HECKOJIbKO JIECSTKOB
METPOB OT LEHTPAIBHOTO Mpoueccopa. HexkoTopsle KOMILIEKCH KOHTPOJUIEPOB
CHOCOOHBI OJIZIEPKUBATh OJIHO//IBA IIACCH PACIIMPEHMS], IPYTHE - AECITKH IIacCh
C OYEeHb OOJIBIINM KOJHYECTBOM MOJYJIei BBO1a/BBIBOIA.
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Hanpuwmep, mHOTHE KOHTpOoJUiepsl komnanuu Schneider Electric (cemeticTBo
Premium) umeroT O0JbIINEe BO3MOXXHOCTH 10 PACHIMPSHHOMY BBOAY/BBIBOY. OHU
JIOMYCKAIOT UCIIOJIb30BaHUE JI0 8 pacHIMPUTENHHBIX MMaHenel Ha 12 clIoToB KaxKaas
(mo 96 ci0TOB), U3 KOTOPBIX 87 CIOTOB — JUIsl MOJIyJIeH BBOJIa/BhIBOJIA, WU J10 16
pacipuTeNbHbIX TaHened Ha 4, 6, 8 cimortoB (mo0 128 cmortoB). B Takoi
KOH(UTypanuu 1mnoj, Mo1yJIii BBO/Ia/BbIBOJIa UCTIONb3yeTcs 111 cnoToB.

Puc. 1. Opranusanus pacuiMpeHHOr0 BBOJIa/BbIBOIA B KOHTpoJuIepax Premium.

B cemeiictBe Premium (puc. 1) pacmmpuTensHble TaHETH MOTYT OBITH

KaHan MNe1
| |

PacwmupuTenbHbIe NaHenu
c Mmoaynem REY 200 "slave"

Bus X ,,
[
Ao 100m |
| |

KaHan Mez

MakcHMManbHaA eMKOCTb paclUMpeHUA:
TSXMTPMX -102 - 2 naHenw Ha 12 cnOToBE MNK 4 NnaHenu Ha 4/6/8 cnoToe
Opyrve mogenu TSXITPMX - 8 naHenen Ha 12 cnoToB UNK 16 NnaHeneW Ha 4/6/8 cnoToB

pasMmenieHsl Ha paccrosHun He Oosee 100M ot OGaszoBoit manenu. Ilpu
ucrosib3oBanuu  Moxayias Bus X remote (TSX REY 200 "Master",
yCTaHaBJIMBAEMbId B 0A30BOM TaHENW) ATO PACCTOSTHUE MOXKET JoCTUrath 250Mm
(MOITyNIb TOIJEPKUBACT JBAa KaHaIa pacUIMpPeHUs - UMEET JaBa Toprta). B atom
cliydae B TIEPBYIO PACHIMPUTEIBLHYIO IaHENIb KaKIOTO KaHalla JIOJDKEH OBITh
ycraHoBiieH Moxyss TSX REY 200 "Slave".

CpaBHHTENbHAS  XapaKTEPUCTHKA  KOHTPOJUIEPOB TO  BO3MOXKHOCTSIM
pacIIMpeHus BBO/1a/BbIBOJIA!

Simatic S7 - 400 - 1o 21 cToiiku paciMpeHust

Premium - 1o 16 croex (10 128 cjioToB)

DL - 405 - 1o 3 cToek pacmimpeHust

SLC 500 - 1+2 (3 croiiku - 30 Mmoxyeii)

Quantum - 1 croiika Ha 16 c10TOB (JIOKAJIbHBINH BBOA/BLIBO/),

0e3 pacuupenns (14 x 32 =448 DI/DO)

Bus X remote a0 250 M i

o e

Bus X remote no260m *

KoHTponnep
TSXITMPX c moaynem
REY 200 "master"

Yoanennwuii BBOJ/BBIBOI TPUMEHSIETCS Ui CHCTEM, B KOTOPBIX HMEETCS
00JBIIIOE KOTUYECTBO JAATIYMKOB M IPYTHX MOJIEBBIX YCTPOMCTB, HAXOMSIINXCS HA
noctatoyHo OonbiioMm pacctosHuu (1000 u Gosiee METpPOB) OT IEHTPAIBLHOTO
nporeccopa. OTO OTHOCUTCS M K o0OBbeKkTaM He(TerasoBoil OTpaciu, 4YacTo
HaXOJAUIMXCS Ha OONBIINX PACCTOSIHUAX OT IMYHKTOB yIpaBieHus. Takoi moaxon
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MO3BOJISIET YMEHBIIUTh CTOMMOCTb JIMHUWA CBSI3M 33 CYET TOrO, YTO MOAYJIHU
BBO/1a/BBIBOIA Pa3MENIAIOTCS BOJIN3HU MOJIEBBIX YCTPOMCTB.

Kananel ynaneHHOro BBOJA/BBIBOJIa OOHOBIISIIOTCS ~ ACMHXPOHHO IO
OTHOUIEHUIO K CKaHUpOBaHUIO mporeccopa. [losTomy wu3 uwWcna 3ajaad,
WCIIOJIb3YIOIIMX y/IaJIEHHBIN BBOJI/BBIBO/I, PEIIEHBI MOTYT OBITh TOJILKO TE€, KOTOPbHIE
He TpeOyIOoT 0OHOBIIEHHUS BBOJ1a/BbIBOJIAa HA KAXAOM IIare.

OUPMBI-TPOU3BOIUTENN  alMapaTHBIX CPEICTB AaBTOMATH3alMU PEIIA0T
npo6JieMy yAalleHHOTO BBOJ1a/BBIBO/IA MTO-PA3HOMY.

Yacto mojmepkka  YJAJICHHBIX  BBOJOB/BBIBOJIOB  OCYIIECTBIISIETCS
MOCPEJICTBOM MOJYJIEH, Ha3bIBAEMbIX 'yHalleHHbI Beayuuil" W "yaaJeHHbIA
BeJIOMBII". Beaymuii Moy pacnosiaraeTcs B JOKaIbHOM KapKace KOHTpoJiepa u
CoeMHAETCs KabeineM ¢ “ylajJeHHbIM BEAOMBIM~, KOTOPBIA HaxXOOUTCS B
ymaeHHoM kapkace (koHTposmiepsl DL205, DL405 ¢dupmer Koyo, koHTposiep
Quantum komnanuu Schneider Electric).

OnuH Benyuuii MOyJIb MOXKET MOAAepKkuBath 32, 64, 125 Benomsix. B cBoro
ouepesib, PA3NMYHBIE ITPOLIECCOPBI, MOTYT MNOAJIEPKMBATh HECKOJBKO BEAYIIUX
monynel. Takum o0pa3oM, CUCTEMBI YIPABICHUS, OCTPOEHHBIE 110 TEXHOJOTUU
yZlaJ€HHOTO BBO/1a/BbIBO/IA, CIOCOOHBI 00pabaThIBaTh MHOTHE THICSYU TApaMETPOB.

Jli1s KoH(UTYypUpOBaHUs yIaJI€HHOTO BBO/IA/BbIBOAA KOHTpOsuIepa Quantum
IIPELYCMOTPEHBI COOTBETCTBYIOIINE MOYJIN:

MOZYJIb ToI0BHOTO KaHaia RIO;
moayinb noakanana RIO.

Mopyne ronoBroro kanana RIO ycranaBmmBaroTcst B Ty k€ MOHTAKHYIO
MaHelb, YTO W MOJAYJb LEHTPAIBHOTO MPOLECCOPa, YIPABISIONIMNA CUCTEMOU
BBOJ1a/BbIBOIa. OH UCIOIB3YETCS AJIs JABYHANPABICHHON NIEpeIavn JaHHBIX MEXTY
LHEHTPAJIBHBIM MPOLIECCOPOM U MOIyIsIMH ToAkaHanoB RIO, ycTaHOBIEHHBIX Ha
yIAJIEHHBIX NaHessx. s noaknrodeHus B cetb Moayiist rojgoBHoro RIO u oxHoro
uiu 6onee moayeit moakananoB RIO (o 31) ucnonb3yercst KoakCHaIbHBIN Kabeb.
CxkopocTts nepenauu ganabix o cetu RIO - 1.5 MOut/c, mpoTsbKeHHOCTh CETH - 10
5250 M (puc. 2).

Puc. 2. Opranu3zanus yJajieHHOTo BBO/Ia/BbIBOIa B KOHTpoJsuiepax Quantum.

NokanbHoe WaccK ¢ Moaynem
npoueccopa v rofIOBHbIM
Moaynem RIO CRP 931 00

KoakcvanbHbIW Kabenb

Ho 31 yana
y

r
Fi

MocT

¥aaneHHble WaccK ¢ moaynem nogkaHana RIO CRA 931 00
B cucteme umerorcst Mmoynu yaaieHHoro BBojaa/BeiBosia (RIO) ¢ oquHapHbIM
Y CJIBOCHHBIM KaHAJIOM:

MOJyJId TOJIOBHOTO KaHana: oguHapHbiid 140 CRP 931 00, caBoeHHbIN
140 CRP 932 00;
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monynu noakanana R1O: ogunapusiit 140 CRA 931 00, caBoennsiit 140 CRA 932
00.

CoeauHenue ynajaeHHBIX KapkacoB (¢ moayisimu “D4-RS-Bemombiii”) ¢
JIOKaNbHBIM KapkacoM mporieccopa D4-450 dbupmer KOyo ocyiiectBisieTcs depes
MOPT Mpolieccopa uik nocpeactsoM Moayis “D4-RM-senymuii”.

Puc. 3. Opranusanus yiajJeHHOr0 BBO1a/BbIB0O/1a B KOHTpoJL1epax DL 405.

YaaneHHble KapKachl
{ao ¥ Ha kaHan) c mogynamu D4-RS

Kapkacbl
PaclMpeHUa  yepes D4-RM

Kaxnapii moayns D2-RM  mopnepkuBaeT OJWH KaHAI — yJIaJICHHBIX
BBOJIOB/BBIBOJIOB (/10 7 kapkacoB). Bce konTposiepsl DL405S nonnep:xuBaioT aBa
monyisa D2-RM (mporeccop D4-450 mmroc kK 9TOMY HMEET MOPT, MOAICPKUBAIOIINAN
yIAJIEHHBIA BBOJI/BBIBOJ). PaccTositHME ynaleHHBIX KapKacoB OT KOHTpOJUiepa
nocturaer 1000M (3kpaHHpOBaHHBIN Ka0esb “BHUTas mapa’) IpH CKOPOCTH OOMEHa
38,4 Koog.

Takum 00pa3oM, opraHu3zanus yJIajJ€HHOTO BBOJA/BbIBOJIa 00ECIIEUMBAETCS
au00 BCTPOEHHBIM B TMPOIIECCOpP TMOPTOM, HUIpalOllUM pojb '"Mactepa", aub0
CHELMAbHBIMA ~ MOJYJISIMH,  TMOJJIEP’KUBAIOIIMMU  KapKachl  YJaJIEHHOTO
BBO/1a/BBIBOJIA.

PacnpenesieHHbIH BBOJI/BBIBOJI SIBJIIETCS PA3HOBUIHOCTHIO YAAJIIEHHOTO, C TOU
JUIIb pPa3HUIEH, YTO KOJMYECTBO IMapaMeTpoB, KOTopoe TpelOyercs "mocraTs',
Majgo (OT HECKOJBKHUX TapamMeTpoB 10 necartkoB). I[losTomy perieHue c¢
IPUMEHEHHUEM KapKacoB yAaJIEHHOT0 BBOIA/BbIBOIA, PACCYMTAHHBIX HA IOCTATOYHO
00JBIIIOE KOJMYECTBO MapaMeTpOB, MOXKET OKa3aThCs IOPOTUM. B CBsi3u ¢ 3TUM
HEKOTOpbIe (PUPMBI MPEIAraloT CleUaTu3upoBanHble pemenus (cuctema Field
Control ¢upmer GE Fanuc, cucrema BBoma/BeiBoga FLEX 1/O ¢upmser Allen-
Bradley). OnHo W3 pemieHmii pacnpeesieHHOTO BBOJA/BBIBOAA - MPUMCHCHUE
MHTEJUIEKTYaJIbHBIX YCTPOMUCTB, 00bEIMHEHHBIX MTOJIEBOU IIUHOM.

Field Control (GE Fanuc) mMeer MOIyJbHYIO KOHCTPYKIIMIO W COCTOUT W3
osioka uaTepderica muHbl (Bus Interface Unit — BIU), 6110ka 1mojaeBbIx KOHTAaKTHBIX
YCTPOMCTB (IIIacCH BBOJIa/BBIBOJIA) M TIOJIEBBIX MOJYJIEH BBOJa/BhIBOAA. B cocTaB
BIU BxomuT uHTEpdEic NI COSAMHEHUS C TAKUMH ITOJICBBIMU XOCT-IIMHAMH, KaK
muHa Genius u FIP. YHuBepcanbHble OGIOKH HOIEBBIX
KOHTAKTHBIX YCTPOUCTB, KOTOPbIE MOTYT YCTaHABIMBATHCS
Ha DIN-pelike WM Ha TNaHeNW, UMEIKOTCS B Pa3JIUYHBIX
KoHQurypauusx (mo mnpumenenuro). OmpuH  OJIOK
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uHTep(derica IMMHBI MOXET NOJJACPXKUBaTh N0 & MOAyJeil BBOJA/BBIBOJA,
obecnieunBas B cymme 128 Todek.
KoMMyHHKanMOHHBbIE BO3MOKHOCTH KOHTPOJLJIEPOB

K nmapamerpaM KOHTpPOJIJIEPOB, XapaKTEpPHU3YIOIIUM HX CIOCOOHOCTb
B3aMMOJEMCTBOBATH C IPYTUMHU YCTPOUCTBAMU CUCTEMBI YIIPABJICHHUS, OTHOCSTCS:
KOJIMYECTBO U Pa3HOOOpa3ne MOPTOB B MPOLIECCOPHBIX MOAYJISX;

MIMPOTa HabOpa UHTEPPEHCHBIX MOAYJIEN U HHTEP(PENCHBIX TPOLIECCOPOB;
NOJJIEP>KUBAEMBbIE POTOKOJIBI;

CKOPOCTh OOMEHA JaHHBIMU U MPOTSHKEHHOCTh KAaHAJIOB CBSI3H.

CereBasi apxuTeKTypa CHCTeMbI YIIPABJICHHUS

Kak noka3zano Ha puc. 4, cucteMa ynpaBJieHHUs! TEXHOJOTHYECKUM IPOLECCOM
IPEJICTaBIsIET COO0M MHOIOYPOBHEBYIO CTPYKTYPY.

YcTpoiicTBa BEpXHEr0 YpOBHS (KOMIIBIOTEPBI, KOHILIEHTPATOPHI) Ha CBOEM
YpOBHE OOMEHUBAIOTCS OOJBIIMMHU OoObeMaMu HH(opMaiuu. Jta uHpOpMaIus
3alMIIEHAa MEXaHW3MaMHU IMOATBEPKICHUM W MOBTOPOB HAa YPOBHE IPOTOKOJIOB
B3aumozeiicTBus. IlepecbuiaeMblii MacCUB JTaHHBIX MOXET OBITh JOCTYIEH He
TOJIBKO LIEHTPAJIbHOMY YCTPOMCTBY, HO U JPYI'MM Y3JIaM CETH 3TOTO YpOBHA. JTO
O3HAYAET, YTO CETh SABIISIETCS PAGHONPAGHOU (0OHOPAH20601L), T. €. OTIPENIENAETCS
MOJICJIbIO B3aUMOJIECHCTBUS PEer-to-peer (paBHbIl ¢ paBHBIM). Bpems goctaBku
uH(pOpMaIU HE SBISIETCS JOMUHUPYIOIIUM TPeOOBAaHUEM K 3TOU CeTH (peyb UIET
0 J)KECTKOM PEaTbHOM BPEMEHM).

Ceru, oOecneunBaromyie HHPOPMALMOHHBII OOMEH Ha 3TOM YpPOBHE,
Ha3bIBAIOT MHPOPMALIMOHHBIMU ceTsiMU. Haumbomnee sipkuM mpencTaBUTeNeM ceTen
sToro ypoBHs siByisieTcst Ethernet ¢ mporokonom TCP/IP.

HUuopmayuoHHasa cems !' !'

MHpopmayusn

Ethernet,
Fast Ethernet

ControlNet, DH+,
Genius, 1/0 Link,
Modbus Plus,
Modbus, FIPIO,
Profibus-DP,
DirectNet

DeviceNet,
Interbus,
ASI, SDS,
HART, FF

KoHueBOH MHTennekKT. - BeCcKOHTaKTHBLIA
BblKNHYaTenb DaTYMK ny OaTYMK

Puc. 4. CeteBasi apXUTEeKTypa CUCTEMBI PABIICHUS.
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Cetn, obecrnieunBaromniyie HHHOPMAIIMOHHBIE OOMEH MEXy KOHTPOJUIEPAMH,
JATYMKAMU U UCTIOJTHUTENIbHBIMU YCTPOMCTBAMU, YaCTO O0BEIUHSIOTCS MOJ] O0IIUM
Ha3BaHueM "mpomouunennvte cemu' (Fieldbus nmocnmoBHo mepeBoamTcs Kak
"MmoseBast ceTh").

WX MOXHO pa3fesuTh Ha JIBa YPOBHS:

- ynpaenaoujue TIPOMBIIUICHHBIE CETH, pellaollue 3agadu coopa u
00pabOTKM JaHHBIX Ha YPOBHE MPOMBILIUICHHBIX KOHTPOJIEPOB, YIPABICHUS
TEXHOJIOTUYECKHUM MPOLECCOM;

- noJiegvle CETU WM IIUHBI, 33Ja4l KOTOPBIX CBOJASATCS K ONPOCY JATYUKOB U
YIPABJICHHUIO pA0OTON Pa3HOOOPA3HBIX UCIOJHUTENBHBIX YCTPOMCTB.

Ha ceroaHamHuii neHb CHEKTP MPOTOKOJOB i OOOMX STHUX KIIACCOB
MPOMBIILICHHBIX CeTeH (yIpaBJisitolliie U noJsieBbie) 10BoJbHO mupok. CAN, FIP,
Profibus, ControlNet, DH+, Modbus, Modbus plus, Genius, DirectNet, DeviceNet,
Interbus, SDS, ASI, HART, FF u eme HECKOJbKO JECATKOB ITPOTOKOJIOB
MPUCYTCTBYIOT CETOJIHS HAa PhIHKE MPOMBIIUIEHHBIX ceTeil. Kaxaas u3 ceteit umeer
CBOM OCOOEHHOCTHU M 00JIaCTU PUMEHEHUS.

1.3.1. IloreBbIe IIUHBI

B mnocinegHue roapl MpOSIBWIACH TEHICHIMS TPUMEHEHHUS B CHUCTEMax
YOPaBIEHUS TEXHOJIOTMH CKBO3HOIO CeTEeBOr0 JOCTyma: OT MOIIHBIX
CYNEpPBU30PHBIX KOMITBIOTEPOB W MHOTO(QYHKIIMOHAIBHBIX KOHTPOJUIEPOB [0
WHTEJJIEKTYaJIbHBIX MOJIEBBIX YCTPOUCTB (JIaTUHUKHU, UCTIOJHUTENIbHBIE YCTPOMUCTBA U
T. 1m.). [Ipu 3TOM Takas CBSI3b JOJKHA YAOBIETBOPSATH BCEM COBPEMEHHBIM
TpeOOBAHUSIM IO (PYHKIIMOHATLHOCTHU, HAJIS)KHOCTU U OTKPBITOCTH. PaccMOTpeHHbIE
HIDKE TI0JIEBbIE IIIMHBI MPEIHa3HAYEHBI 111 HEOCPEICTBEHHOTO B3aUMO/ICHCTBUS C
YCTPOMCTBAMH MOJIEBOTO YPOBHHI.

Ilonesvte wiunbl (MMHBI YPOBHSA JATYMKOB U UCHOJHUTEIBHBIX YCTPOICTB)
JIOJDKHBI yIOBJIETBOPSITH IBYM TpeOoBaHUsIM. Bo-1iepBbIX, HEOOX0IUMO MepeaBaTh
JTAHHBIE B COOTBETCTBUHU C KECTKUM BPEMEHHBIM perjiaMeHTOM. Bo-BTOphIX, 00beM
JAHHBIX JIOJDKEH OBITh MHHUMAJIBHBIM, YTOOBI O0ECIEUUTh PabOTOCTIOCOOHOCTH
CeTM B KPUTHUYECKHME MO Harpy3kam MoOMEHThl. CeTb YpPOBHS JTaTUYUKOB
oOecrieynBaeT HENOCPEACTBEHHBIN uHTepdeiic MEXIY peaabHbIM
TEXHOJIOTUYECKUM IPOIIECCOM U MPOMBIIIIEHHBIMA KOHTPOJUJIEPAMMU.

[lepenaBaemyro B Takoil ceTH HH(POpPMAIIUIO MOKHO pa3AeiuTh Ha JBa
OCHOBHBIX THIIA: O@HHbBle O npouecce N napamempuyeckue oannwvte. O6a TUMA
JIAHHBIX TPUHIMIHAIBHO PA3JIMUYHbBl M TPEABSABISIOT K KOMMYHUKAIIMOHHOW
CUCTEME pa3Hble TPEOOBAHMUSI.

Jlannvie o npouyecce (U3MEHEHUE COCTOSIHUSA KpAHOB, IEPEKIIIOYATENEH,
YOPaBISIONIMX CUTHAJIIOB W T. M.) HE SBJIIIOTCS CIIOXKHBIMH U, KaK MpPaBUIo,
ONPEAENSIOTCA HECKOJbKUMU HHGPOPMAlMOHHBIMU  OuTamu. OO0BEM Takoi
uH(pOpMAITUU UMEET YETKYI0 TEHJEHIIMI0 K cokpamieHnio. CoBceM HENaBHO ATH
JAHHBIE ISl OJHOTO MPOCTOr0 ycTpoiicTBa 3aHuManu 8-16 6ut. Ho yxe ceituac
Pa3BUTHE TEXHOJIOTMH MPUBEJIO K TOMY, UTO C TPOCTEHIINX JATYMKOB (AUCKPETHOTO
THUIIA) TPUXOANT Bcero 1-2 6uta napopmanuu.

JlaHHBIE O TpolLiecCE€ MMEIOT SIBHO BBIPAKEHHBIM LHUKINYECKUM XapakTep.
Bonee toro, mis peanuzanuu 3aqa4 aBTOMAaTUYECKOTO YIPaBICHHUS HEOOXOAMMO,
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yTOOBI OINPOC KAaHAJIOB M BblAa4ya KOMaH] Ha YIPaBJICHUE NPOBOAWIHCH YEpE3
periiaMeHTUpyeMble HMHTEpPBaJbl BpPEMEHH. JTO TaK Ha3blBaeMoe TpeOOoBaHue
JETEPMUHUPOBAHHOCTH KOMMYHHKAIIMOHHOM cucteMbl. biaromaps HeOombIIOMY
o0beMy TEpeaBacMbIX JIaHHBIX CHCTEMbl MPOMBIILIEHHON CBS3U CIIOCOOHBI
JEUCTBUTENLHO YJOBJIETBOPSATH BPEMEHHBIM TPEOOBAHUSIM CO CTOPOHBI peabHBIX
IIPOIIECCOB.

Iapamempuueckue dannvie HeOOXOUMBI KaK JUIsl OTOOPAKEHUS TEKYIIIETO
COCTOSIHAS ~ CETEBBIX  YCTPOMCTB  (MHTEJUIEKTYyaJIbHBIX), TaKk W HUX
[EpENpPOrpaMMHUpPOBaHusaA. B NPOTUBOIOJIOKHOCTH JAaHHBIM O  IpoLEecce
napaMeTpuueckast iHGopMalusa He UMEeT UKINYEeCKoro Xxapakrepa. JlocTym k Hel
peanusyercs Mo 3anpocy, B allUKIMYECKOM pexuMme. Ilepenaya napaMeTpuyecKux
JAHHBIX TPEOYET U peain3yeT METO/IbI CIIEIUAIBHOM 3aIUThI, 4 TAKKE MEXaHU3MOB
noaTBepkaeHui. KOMITIEKCHBIN napaMeTpruuecKuil OJIOK JJIs1 MHTEJUIEKTYaJIbHbIX
YCTPOMCTB 3aHMMAET OT HECKOJIBKMX JAECSITKOB OalT 10 HECKOJbKUX COTEH
Kujao0aiT. B cpaBHeHMHM ¢ OBICTPO MEHSIOUIMMMCS JAHHBIMH BpPEMEHHbIE
TpeOOBaHUS [Js Mepedauyd NapaMeTpoB MOXKHO CUHUTaTh HEKPUTHUYHBIMU. B
3aBHCHUMOCTH OT TUIIA YCTPOMUCTB U MPOTSHKEHHOCTU CETU TPeOOBaHUS IO BPEMEHU
IIPOCTUPAIOTCS OT HECKOJIBKUX COTEH MUJUITMCEKYH/ 10 HECKOJIBKUX MUHYT.

IIpoToKO0JIBI 10JIEBBIX IIMH

¢ SDS (Smart Distributed System) - cucrema BBO/Ia/BbIBOJIa C pacIpeICICHHON
JOTHKOM, TpemioxkeHHas kommanueir Honeywell nns moctpoeHus —cereid,
00BEAUHSAIOINX NepUuepruiiHbIe YCTPOICTBA PA3IMYHbBIX IPOU3BOAUTENEH (pUC.S).

DTa ceTh MO3BOJISIET pabdOTaTh ¢ TAKUMHU YCTPOMCTBaMU BBOJA/BBIBOAA, Kak
KOHLIEBBIE BBIKJIIOYATEIH, (OTORIEKTPUUECKUE U OECKOHTAaKTHBIE JaTYHKH,
MO3UIIMOHEPHI, U OCYILIECTBISITh 0OMEH HH(OpMaLMel Ha BBICOKUX CKOPOCTSX.

[IpeumymecTBa cetu:

OJIHA U Ta K€ CETh AJI1 KOHTPOJUIEPOB U UICTOYHUKOB MH(pOpMaLINH;

NUTaHUE OCYLIECTBIISIETCS MO MMPOBOJAM CETEBOI0 Kabes;

JMArHOCTHKA HAa YpPOBHE (PU3UUYECKUX YCTPOICTB;

BpeMsI ITPOXO0KICHUS JAHHBIX IO ceTH MoXeT pocturats 0.1 mc.
XapaKkTepUCTHKA CETH.

Joiuna munbl | CropocTh JoiuHa orBeTrBJIeHus1 | Ym0 yCcTpoicTB

305 M 1 Mourt/c 0.9m 32
1219 m 500 Kout/c 1.8 M 64
243.8 M 250 Kout/c 3.7m 64

487.7 m 125 Kourt/c 7.3 M 64
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DL405 KOHLEeBOH BEecKOHTaKTHbIA

SaaBuKKa
c Mmogaynem SDS EbIKNOYaTeNb AaTHMK
0 ?
\ (L
L
- |
KaHan ceAsn anMHoOU A0 450m 3arnywka

Puc.5.

[lepudepuitnpie  yCTpOWCTBAa MOJKIIOYAIOTCS K  Mactep-moayio  SDS
OOBIYHBIM 4-X TPOBOJHBIM Kabenem (puc. 5). Takum oOpazom, Moayib SDS
3aMEHsAET CTaHJapTHbIE MOJAYJIM BBOJA/BBIBOJA, oOecrednBas MOAKIIOUEeHHE 64
JUCKPETHBIX BXOJOB WJIM BBIXOAOB (pacmpenesieHHbI BBOJA/BBIBON). B kapkac
nporeccopa DL405 (Koyo) MoxHO ycTaHaBIMBaTh 10 8 Beaymmx moayied SDS
(mo 512 agpecaToB Ha MPOIECCOP).

¢ IlepBeie mpoaykThl, padoTaronue Mo TexHOJOTHH ASI|, BHIILIN HAa PHIHOK
1993 rogy. CerojHsi 3Ta TEXHOJIOTHS MOAAECPKUBACTCA PAJIOM U3BECTHBIX (UPM:
Allen-Bradley, Siemens, Schneider Electric u np.

OcHoBHas 3a/1a4a dTOM CETH — CBSA3ATh B €UHYIO HH(DOPMAIMOHHYIO CTPYKTYPY
YCTPONCTBA HUXKHETO YPOBHS aBTOMATU3UPYEMOTro mporiecca ((hoTodIeKTpuIecKue
JATYMKW, UCIHOJHUTEIbHBIE YCTPOWCTBa, peJle, KOHTAKTOPbI, EMKOCTHbBIC
NEPEKII0YaTEeNH, MPUBOJbI, CTAPTEPHl U T.NI.) C CUCTEMOM KOHTPOJIIEPOB. ITO
noaTBepkaaeTcsa u Ha3BaHueM cetu - ASI (Actuator Sensor Interface).

ASI-unTepdeiic mo3BosieT uepe3 CBOM KOMMYHHUKAIIMOHHBIE TMHUH HE TOIBKO
nepesaBaTh JaHHbIC, HO W moaBoauTh nutanue (24 VDC) x natumkam u
UCITOJIHUTENIbHBIM YCTPOUCTBAaM. 3/1€Ch UCIIOJIb3YETCs PUHLIUII TTOCIIE0BATENbHON
nepenaun Ha 0azoBoi uyactore. MHPOPMALMOHHBIN CHUTHAI MOIYJIUPYETCS Ha
MUTAIOIIYIO YacTOTY.

K omgHOMYy KOHTpouiepy MOXHO MOJKIIOYUTE 10 31  ycTpolcTBa.
[TpoTsxkenHOCTh cerMeHTa ASI-mmHBI MOXeT qocturath 100M. 3a cuer penurepoB
JUIMHY CETH U YUCJIO y3JI0B MOXKHO yBelnuuBaTh. Tomojorueit ASI-ceTu MoOXeT
OBITH IIMHA, 3B€3/1a, KOJIBIO HIIM JIEPEBO ¢ IUKJIOM orpoca 31 y3ma 5 Mc.

OcHOBHOW Ka0enb MpeAcTaBisieT coO0M TMIOCKUH (HE SKpaHUPOBAHHBIM U HE
BUTas Tapa) JBYXWIbHBIA KaOellb, WCIOIb3YIONUNHCS OJHOBPEMEHHO JIJIst
ocHoBHOTO nuTanus (24 VDC) natdyukoB W WCIOJHUTEIBHBIX MEXAHU3MOB U JIJIs
NocCJIeI0OBaTEIbLHOM Nepeaadyn JBOMYHON nH(popMaImu cOopa JaHHbIX C YyCTPOICTB,
MOIKJTFOYCHHBIX K IITUHE.

Hekoropble KOHTpoOJIEphl MOIIEPKUBAIOT MOAYJIM MacTepa wmuHbl ASI,
KOTOpBIE YIPaBJIAIOT Tepenadell JaHHBIX MEXIy pa3InYHBIMH KOMITOHCHTaMHU
muHbl AS| 1 eiicTBYeT Kak TOYKa MOJAKIIOUEHUS IIMHBI K yrpasistoiieMy (host)
KOHTPOJUIEPY.

KoHTposiep B Takol ceT UrpaeT poJib MacTepa, a neprudepuiiHbie yCTponcTBa
- IOJJYMHCHHBIX.

MaxkcumanbHbli 00beM JaHHBIX ¢ oaHOoro ASl-y3na — 4 Oura.
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Ha puc. 6 xontposutepsr Micro (Schneider Electric) B3anmmomeiicTByroT C
noJieBbIMH ycTpoiicTBamMu 1o muHe ASI. OyHKIMK Beaymero odecrnednBaroTCs
untepdeiicapiM Mmoayiem SAZ 10.

TSX 37 (Micro) c mogynem
SAZ10 (AS|-BeayLumi)
@ ASl-lunHa
MNMuTaHne i_ :
LUMHbI o
L o
DaTtyuk Ny il N

Puc. 6.
¢ HART- nporokoJ

O4eHb MEPCIEKTUBHBIM TEXHUYECKH W BBITOIHBIM 3KOHOMHYECKH SIBIISETCS
B3aMMOJICUCTBUE WHTEJUIEKTYaJbHBIX MPUOOPOB C KOHTpPOJUIEpAMHU dYepe3
UAPOBYIO TMOJEBYI0 IMUHY. OTO HCKIIOYAET MCKAKEHWE HHU3KOBOJBTHBIX
aHAJIOTOBBIX CUTHAJIOB B IIEMAX CBA3M KOHTPOJUIEPOB C JIATYUKAMH, CYIIECTBEHHO
YMEHBIIAET PacXoJbl Ha KaOCNbHYIO MPOMYKIIMIO, IMO3BOJSIA K OJIHOM IIHHE
MOJKJII0YaTh HECKOJIBKO MpuOOpoB. Takyto BO3MOKHOCTH npegoctasiser HART-
MPOTOKOJI.

IMpotoxosr HART (Highway Addressable Remote Transducer),
pa3paboTtannbiii hupmoit Rosemount Inc. B cepenune 80-x rofoB, peanusyer
u3BecTHbIN crangapt BELL 202 FSK, ocHoBanHbIii Ha TexHomoruu 4 — 20 MA.

Craagapt BELL 202 FSK - 3TO0 KOIMpOBKa CHUTHAJIa METOJAOM YacCTOTHOTO
caura st ooMeHa nmanHbeIMA Ha ckopocTu 1200 box. Curnan HakmaapiBaeTcs Ha
aHaJIOTOBBIN M3MepUTENbHbIN curHan 4—20 MA.

CxeMa B3aMMOOTHOIICHHN MEXIy y3JIaMH CETH OCHOBaHAa Ha MPHUHITUIIEC
Master/Slave. B HART-ceTu MoxeT npucyTcTBOBath 10 2 Master-y3noB (00bIYHO
onuH). Brtopoit Master, kak mpaBuiI0, OCBOOOXIEH OT TMOJIEPKAHUS ITHKJIOB
nepeadyd M UCIOJIb3YeTCsl Il OpraHu3alii CBSA3M C KaKOW-TMOO CHUCTeMOM
KOHTpOJIsi/oToOpakeHus: naHHbIX. CTaHgapTHas TOMOJOTHS — «3Be37a», HO
BO3MOYKHA U IIMHHAS opranu3anus. [y mepenayn 1aHHBIX 110 CETH UCTIOJIb3YIOTCS
JIBa peXUMa:

- aCHHXPOHHBIN: 1o cxeme «Master-zanpoc/ Slave-otser» (oauH UK
ykJaaeiBaetrcs B 500 mc);

- CHHXPOHHBIN: TTACCUBHBIE y3JIbl HEMTPEPHIBHO NPEIAOT CBOM JaHHBIC MacTEP-y3ITy
(BpeMst 0OHOBJIEHHUS TaHHBIX B MacTep-y3ie - 250 - 300 mc).

OcnoBuble mapametrpsl HART-nipoTokomna:

- JIJIMHA TOJICBOM IIHMHEI - 1.5 kM;

- CKOpOCTh Tepeaun nanubix - 1.2 Ko/c;

- YUCJI0 MPUOOPOB HA OJTHOM IHHE - 70 16.

HART-nporokon no3Boser:

- MPOBOJUTH YIAAICHHYIO HACTPOUKY TaTYMKOB Ha TPEOYEMBbIi AHana3oH U3MEPECHUS
4yepe3 MOJICBYIO MITUHY;
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HE TOJIBOJUTh K TaTYUKAM OTACIbHBIE JIMHUU JJICKTPOIUTAHUS U HE UMETh B HUX
0JIOKOB TUTaHUs (IEKTPONUTAHUE PEATM3YETCS OT OJIOKOB TUTAHUSI KOHTPOJIEPOB
yepe3 MOJIEBYIO LIUHY);

YBEIUYUTh UH(POPMALIMOHHBIN MOTOK MEXKIYy KOHTPOJIJIEPOM U MpUOOpamu,

pY HATMYUU CaMOJIMarHOCTHKHU B IMTPUOOpax rnepeaaBaTh COOOIICHUS O

HEUCIPaBHOCTSIX I10 T0JIEBOM IIMHE, a JJajee - ONepaTopy.

¢ Fieldbus Foundation.

Fieldbus Foundation - nHexommepueckas opranusanus (co3gana B 1994
rofy), Kotopas oOwbemaunser Oonee 120 Beaylmux MHPOBBIX IMOCTABIIUKOB U
KOHEYHBIX I0JIb30BaTEIEH CUCTEM YIIPaBICHUS TEXHOJIOTHUYECKUMU MTPOLIECCAMU U
aBTOMAaTHU3allU{ MPOU3BOCTBA.

B 1996 roany Obina paspaboTaHa IojieBas IIIMHA, KOTOpas HCIOJb3YET
moaudukamuio cranpapra [EC1158-2 nnst gusnyueckoro ypoBHS U KOHIICTIIUIO
PROFIBUS mns mpukiagHoro ypoBHs. I[Iporokon Foundation Fieldbus (FF)
IPEJCTaBISIET COOON OTKPBITYIO, BHEIPEHHYIO B MPOMBIIUIEHHOCTH TEXHOJIOTHIO,
KOTOpasi JAeT IOJIb30BATENSIM BO3MOXXHOCTh NMPUMEHATH JY4YIIUE B HACTOSIIUN
MOMEHT TOJIEBBIE YCTPOMCTBA PA3UYHBIX MOCTABIIMKOB M HE MPUBS3BIBACT UX K
KaKOMY-TO OIpPEAECICHHOMY MPOU3BOIUTEIIO.

Fieldbus mnpencraBiasier coboit nokansHyto ceth (JIBC), oOnanarorryro
BO3MOYKHOCTBIO PacipeiesiTh YIPABICHHUE 110 BCEH CETU. Y TIpaBiIeHUE IPOLECCOM
BKJIIOYAeT B ce0d pa3nuuHble (QYHKUUU: KOHPUIYPUPOBAaHHE, KaIUOpPOBKY,
MOHHUTOPHHT, JUATHOCTUKY, @ TaKXK€ PETUCTPAIMIO COOBITHIA, MPOUCXOJAIINX B
Pa3TUYHbBIX y3JIaX TPOU3BOJICTBEHHOW CHCTEMBI.

B cooTBeTcTBUM € MHOTOYPOBHEBOM MOJENBIO OTKPBITHIX cucteM (OSI)
MPOTOKOJ TIOJIEBOM IIMHBI UCIOJIb3yeT YpoBHU 1, 2 u 7 (YpOoBeHb (PU3NUYECKHUX
YCTPOMCTB, yPOBEHb KaHaa CBs3U U crienudukaius GpopmaTta COOOIIECHHUIA).

Foundation Fieldbus umeer 2 ¢puznuecknx ypoBHS:
dbusuueckuit yposenb H1 FF (Mepiennslit), obecneynBaromuii pabodyro

ckopocTtb 31,25 Kour/c;
dbusnueckuit yposenb H2 FF (O6b1cTphIit), oOecrieunBaromuii pabouyro
ckopocTb 10 1 Mout/c.

Hawnbonee pacnpocTpaHeHHas TOMOJIOTUs MoJieBoM muHbl FF - mmnHHas
(puc.7) u gpeBOBUAHAS.

@ BeicokockopocTHoW Ethernet H2

CermeHT FF H1 {80 16 NnpnGopos)

2!
MHTennekTyaneHele yCTPOUCTBA
CermeHT FF H1 (a0 16 npubopoe)

O, & O 3

MHTennekTyanbHble YCTPOWCTEA
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Puc. 7.
OcCHOBHBIE IPEUMYIIIECTBA:
e CHIKEHHE KaUTaIbHBIX U MPOEKTHBIX PACXOJIOB:
- YMEHBIIEHUE KOJIMYECTBA 000PYI0BAHMUS;
- YMEHBIIIEHUE KOJIMYECTBa Kabelei;
YCKOpEHHUE MyCKO-HalaIKu (aBTOMAaTU3UPOBAHHOE
KOH(UTYpHUpPOBAaHUE NaTYUKOB ¢ nomoltisio [10);
- YIPOILEHNE YePTEeKEW U YMEHbIICHHE BpEMEHHU Ha UX pa3paboTKy;
- YCKOpEHHE pa3pabOTKu KOH(UTYpaIIUH;
- YIPOLIEHUE MOHTAXKA.
¢ [loBbileHne cTaOMIBHOCTH MPOLIECCa.
e VYBenMueHHUE BPEMEHU HEMPEPBIBHOM paboTHI Mpoliecca.
e (CHmXeHHe pacxo/10B Ha 00CIIy>)KMBaHHUE U IKCILTyaTalHIo.
1.3.2. YnpasJasironiue ceTu
Knacc 3amau, pemaeMpIXx STHMH CETSIMH, CBOJUTCS K aBTOMATHU3AIMH
KOHKPETHBIX  TEXHOJOTHYECKHX  mporeccoB.  OTcioga  BBITEKAIOT U
COOTBETCTBYIOIIUE TPEOOBAHMS:
- CKOpPOCTb Mepeaayu, YAOBIETBOPSIONIas 3a/jadaM pealbHOTO BPEMEHH;
- 00BbeM nepenaBaeMbIX JIaHHBIX;
- IPOTSKEHHOCTh CETH;
- JIONyCTHUMOE KOJINYECTBO Y3JIOB;
- NIOMEXO3aIIMIIEHHOCTb U T. II.
IIpoToko.bI yHIpaBJIAOIIUX ceTel
CerogusmrHss CUTyalus Ha PHIHKE MPOMBIIUICHHBIX YIIPABISIONINX CETeH -
sro ControlNet, PROFIBUS, Modbus, Modbus Plus, DH+, DirectNet, FIPIO,
Remote 1/O u wmHorme napyrue ceT. DTO CETH YPOBHS KOHTPOJICPOB |
TPaJAMIIMOHHOTO BBOJAA/BbIBOAA (MOAyJbHOro). Kakmas M3 HUX UMEET CBOU
O0COOEHHOCTH U 00JIaCTU TPUMEHEHUS.
¢ IIporoxomr MODBUS mosxHO Ha3BaTh HanboIee pacIpOCTPAHECHHBIM B MUPE.
J171st paGoTHI CO CBOMMH YCTPOMCTBAMU €TI0 UCTIONB3YIOT AecATKH Gupm. [IpoTokon
MPUBJIEKAET MPOCTOTOM JOTUKU M HE3aBUCUMOCTHIO OT ThNa nHTepdeiica (RS-232C,
RS-422, RS-485 unu xe TokoBas neTis 20 MA).

IIpotokon paGoraer mo mnpuHiumy Master/Slave (Bemyimii-BeIOMbIiA).
Kondurypauuss Ha OCHOBE 3TOr0 NPOTOKOJA MPEANojaraeT Hajluuue OJIHOTO
Master-y3ma u mgo 247 Slave-ysnos. Tonbko Master nHUIMUPYET UKIBI 0OMEHa
naHHbpIMU. CyIIIECTBYET JBa THIA 3aPOCOB:

- 3ampoc/oTBeT (aapecyeTcs ToNbKo oauH u3 Slave-y3nos);
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IMpOKOBeIaTeabHas nepeaada (Master uepes BeictaBiienue aapeca 0 oopamaercs
KO BCEM OCTAJIBHBIM y3JIaM CETH OJHOBPEMEHHO).

CeTb Ethernet

Wnos
5905

Master 1 Master 2 Modbus/RTU - Slave

Ha puc. 8 nmpuBeneH mpumep  B3aUMOJEHCTBUS  KOHTPOJUIEPOB
SCADAPack/Slaves yepe3s unrepdetric RS-485, ucrnonb3ys craHaapTHBIN TIPOTOKOJT
oomena Modbus. Jnsa cBs3u kontpoiuiepoB SCADAPack ¢ paboueii cranmmeit
gyepes ceTb Ethernet ucone3oBan Mmoayne/mutro3 Ethernet 5905.

¢ IIporoxon PROFIBUS (PROcess Fleld BUS) paspaboran B I'epmanum.
Cranmapt npoTtokoia omnuceiBaeT ypoBHU 1, 2 m 7 OSl-momenun. B PROFIBUS
UCTIONB3YeTCsl THOPUIHBIA MeToj moctyma Master/Slave u neneHTpain3oBaHHAs
npoueaypa nepenaun Mmapkepa. Cetb MOXKET cocTosTh U3 125 y3710B (4 cerMeHTa 1no
32 y3na), u3 KoTopbix 32 MoryT ObITh Master-yznamu. Anpec 0 3ape3epBUpoBaH s
pexxrMa IUpoKoro Benlanus. B cpene Master-y3inoB no Bo3pacraroumM HOMEpaM
y3JI0B TepeAaeTcs MapKep, KOTOPBIM MPEeNOoCTaBiIsSIeT MPaBO BEACHMS IMKJIOB
YTEHUS/3aMUCH Ha IMIWHE. Bce IMUKIIBI CTPOro perjJaMeHTHUPOBAHBI MO0 BPEMEHH,
OpraHM30BaHa MpOAyMaHHas cucTeMa TaiiM-ayToB. [IpoTokoa xopoio pa3perniaer
pa3HooOpa3Hble KOJUIM3WKM Ha muHe. HacTpolika BceX OCHOBHBIX BPEMEHHBIX
napaMeTpoB UJET IO CLIEHAPHIO MOJIb30BaTeNsl. Paboyas CKOpoCTh epenayn MOKET
ObITh BbIOpaHa B quanasone 9,6-12 000 Kout/c.

[Tpu mocTpoeHNN MHOTOYPOBHEBBIX CHCTEM aBTOMATHU3AIIUN 9aCTO BOSHUKAIOT
3aJa4d OpraHu3aluy WH(GOPMAIMOHHOTO OOMEHa MeXAy ypoBHSMHU. B omHOM
cilydae He0OX0AUM OOMEH KOMIUIEKCHBIMU COOOIICHUSIMHA Ha CPETHUX CKOPOCTSIX.
B napyrom - OBICTpbIi OOMEH KOPOTKUMHU COOOIIEHUSMHU C HCIOJIb30BAaHUEM
YIPOILEHHOTO MPOTOKOJa oOMeHa (ypoBeHb naT4ukoB). B Tperbem Tpebyercs
paboTa B ONAacCHBIX YydYacTKax THPOM3BOACTBA (HE(PTEra3oBble TEXHOJIOTHH,
XUMHUYecKoe Tpon3BocTBO). st Beex atux ciaydyaeB PROFIBUS umeer pemenue.
[Ton 0O1M Ha3BaHWEM MOHUMAETCS COBOKYIHOCTh TPEX OTAENIbHBIX MPOTOKOJIOB:
PROFIBUS-FMS, PROFIBUS-DP u PROFIBUS-PA.

[Tporokon PROFIBUS-FMS nosiBuiics nepBbIM U ObLI MpeAHA3HAYEH ISt
paboThI Ha TaK HAa3bIBAEMOM IIEXOBOM YPOBHE. 37eCh TpeOyeTcs BRICOKAsl CTETICHb
(GYHKIIMOHATBHOCTH, M 3TOT KPUTEPUI BaykHEe KpUTEpHUsi CKOpocTH. OCHOBHOE €T0
Ha3Ha4YeHUE - epegada 00IbITNX 00bEMOB TAaHHBIX.

B 3agavax ynpasieHus, TpeOyOIUX peaTbHOTO BPEMEHH, HAa MEPBOE MECTO
BBIJIBUTAETCS TAKOW apameTp, Kak MPOI0JKUTEILHOCTh IMKIIA IIUHBL. Peanu3zanus
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nporokona PROFIBUS-DP naer yBennuyeHue MNPOU3BOAUTENBHOCTA IIHWHBI
(Hanpumep, s nepenayr 512 OUT JAaHHBIX, pacHpeleseHHbIX N0 32 CTaHIMUSM,
TpeOyeTcst BCEro 6 Mc).

[Iporokon PROFIBUS-PA - 5310 pacmmpenne DP-mporokona B yactu
TEXHOJIOTUM TIepelayu, OCHOBaHHON He Ha RS-485, a Ha peanuzanuu craHgaprta
IEC1158-2 nys opraHm3aniuu mepeaadd BO B3PBIBOOMACHBIX cpefax. OH MOXKeT
UCITIOJIb30BATHCS B KAUECTBE 3aMEHBI CTApOW aHAJIOroBoM TexHosoruu 4-20MA. Jlns
KOMMYTAIlMd yCTPOWCTB HYyXHAa BCETO OJHA BHUTas Iapa, KOTOpas MOXKET
OJTHOBPEMEHHO MCTIOJIB30BAThCS U 1T HHPOPMAITMOHHOTO 0OMEHa, U JjIs TI0JIBOJIA
MUTaHUS K YCTPOUCTBAM TIOJIEBOTO YPOBHSI.

[TIpotoxkon PROFIBUS-DP  moamepxuBaeTcsi  yCTpOHCTBAMHU  pa3HbBIX
IpOon3BOAUTEINCH. J[71s1 KOHTPOJUIEPOB KOMITAHUH SIEMENS 3TOT MPOTOKOJ SIBJIICTCS
OoCHOBHBIM (puc. 9). Hekotopsie koHTpOsmiepsl cemeiictB S7-300 u S7-400 mmeror
BcTpoeHHbld  mopt PROFIBUS-DP, npyrue B3auMOAEUCTBYIOT C  CETHIO
MOCPEICTBOM KOMMYHHUKAIIMOHHBIX MPOIIECCOPOB.

MNnam Mporpammatop [laHens onepatopa

PROFIBUS

YCTpoWCcTBA | HMMIHM’
nonesoro ypogHa S7-400 S7-300 S7-200

Puc. 9.

1.3.3. Uudopmaunnonnas cerb Ethernet

Ethernet - aTo nokanpHas ceTh aJist OBICTPOTO PABHOIIPABHOTO (OTHOPAHTOBASI
ceThb) oOMeHa MHdOpMalKMe MEXIy KOMIBIOTEpaMU U APYTUMHU YCTPONCTBAMU
(KOHTpOJIJIEpaMU ~ HIDKHETO  ypOBHS,  OOJBIIMMH  KOHTpOJUIEpaMH  —
KOHIIeHTpaTopaMu). B kadectBe (U3MYECKUX CPEACTB CBSI3U MCIOJB3YIOTCS
TOJICTBIM KOaKcHaIbHBINA Ka0eab 10Bases, Tonkuii koakcuaabHbli Kadeanr 10Base?,
Butas mapa 10Base-T, ontoBosnokno 10(100)Base-F. Cxopocts 0OMeHa 1Mo ceTH -
10 M6ox (100M6o).

[TpoTsixeHHOCTh ceTu Ha BUTOW mape - 10 100 M, Ha cnenuanTu3upOBaHHOM
onrroBojI0KHE - 710 2800 M. KonmnyecTBo y3110B ceTu (pabounx CTaHINi, CEPBEPOB U
T. M.) OMNpPEAENsIeTCS MHOTHUMH (aKTOpaMH U MOXKET JOCTHUTaTh HECKOJIbKHUX
JIECATKOB.

DTa JoKaJibHasl CETh UCMOJIb3YeTCS B TOM Cllydae, KOorja B CUCTEME MMEIOT
MecTo OOoJbIue MOTOKM WMH(OpMaIMKM, a TakXke MpU HEOOXOAUMOCTH CO3JAaHUS
MHOTHX MOJIb30BaTEIBCKUX y3JI0B (padounX, MHKUHUPHUHTOBBIX CTAHIINMI, CEPBEPOB
U T. J1.) B CETH.

BOJABIIMHCTBO KOHTPOJUIEPOB CpefAHEl W OOJIbIION MOIIHOCTA HMMEIOT

=

J:
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BO3MOXKHOCTh B3auMoeicTBus ¢ Ethernet uepes BcTpoeHHBIE TOPTHI MPOIIECCOPOB
VI TTOCPEACTBOM MHTEP(EHCHBIX MOTyIICH.

JHaxxe mukpokonTposiepsl MicroLogix 1200, MicroLogix 1500 ¢pupmer Allen-
Bradley moryr ObiTh moakmrouensl k cetu Ethernet uepes unrepdetic 1761-NET-
ENI. OroT unrepdeiic moaaep>;kuBaeT MOHUTOPUHT IIPOIPAMM M UX 3arpy3Ky, cOOp
JaHHBIX U PaBHOIIPaBHBIA 00MeH nHpOpMaIuei.

A mporieccopbl KoHTposuTepoB cpeaneit momuoctu PLC 5/20E, PLC 5/40E u
PLC 5/60E cnabGxenbl BcTpoeHHBIM mopTtoMm Ethernet. Kpome Toro, B cucreme
umeetcs Moayib uatepdetica Ethernet (1785-ENET) ans kortposepos PLC 5.

[lnatdpopma xortposiepoB ControlLogix Toi ke KOMIaHWM pacroJaraert
uaTepdericabivu Moayasmu 1756-ENET/ENBT - 1 nopt, 10 Mout/cek (ENET),
10/100 Mo6wut/cex (ENBT).

KonTpomneps! cemericta Quantum (Schneider Electric) moanep:xuBaroT ceTh
Ethernet TCP/IP nocpenctBoM uHTEpHEHCHBIX MOTYJICH:

140 NOE 211 00 - 2 mopta (nepenatyuk U NpueMHUK) ¢ rpotokoiom 10BASE-T,
BUTAd Mapa, CKOPOCTh nepeaaun gaHHeix 10 Mout/cex);

140 NOE 251 00 - 2 nopra (niepeaatduk v npueMHUK) ¢ npotokoaom 10BASE-FL,
OINITOBOJIOKHO, CKOPOCTH Iepeaaun JaHHbix 10 MouTt/cex).

Konrpomiepsr cemeiictB  S7-300 u S7-400 (kommanus — Siemens)
nojiep)kuBatoT ceTh Ethernet uepes kommyHukaimonnsie mporeccopbl CP 343-1
TCP u CP 443-1 TCP.

Kontpomnepsr cemerictBa 90-70 xomnanun GE Fanuc mmeror paszbem s
TIOJIKJTFOUCHUS TIPHEeMOTIepeIaTurKa JIOKIbHOU cetn Ethernet, odecneunsatomiero
BBICOKOKAUECTBEHHYIO CBSI3b MEXIYy KOHTPOJIJIEpAMHU.

Kommynukanuonnsiii  nporieccop  MCP-T  (Motorola Communication
Processor) npeaHa3HavyeH I8 B3aWMOJCHCTBHS C JIOKAIBbHOH ceThio Ethernet mo
npotokosry TCP/IP. Moxer cinyxuTh MocToM Mexay cetbio Modbus u cerbio
Ethernet mpu 6ospIux 00bEMax mepenaBacMoi B CeTH HH(DOPMAITUH.
IKCIIyaTAllMOHHbIE XAPAKTEPUCTHKHU

¢ HapexHocTb  CUCTEMBI  yOpaBJiCHHUS  OIICHMBACTCS  CIEAYIONIUMU
KOCBEHHBIMU MTOKA3aTEIISIMHU:
B03MOXXHOCTB pe3epBUPOBAHMS CETEH, KOHTPOJJIEPOB, MOJIYJIEH BBOJ1a/BHIBOJA U T.
1.

K nanbonee pacpocTpaHEHHBIM CIOCOOAM pe3epBUPOBAHUS OTHOCSTCS:
TOpSIYU PE3EPB OTACTHHBIX KOMIIOHEHTOB W/UJTM KOHTPOJUIEpa B IIEJIOM (TIpH
HETMPOXOXKICHNHU TecTa B pabodeM KOHTPOJUIEpE YIpaBIeHUE MTEPEXOAUT KO
BTOPOMY KOHTPOJIIEPY);

TPOUPOBAHNE OCHOBHBIX KOMIIOHEHTOB M/WJIM KOHTPOJIJIEPA B IIEJIOM C
TOJIOCOBAHMEM TIO Pe3yJIbTaTaM 00pabOTKHU CUTHAJIOB BCEMU KOHTPOJUICPAMH,
COCTABJISIFOIIMMU TPYTIY (32 BBIXOIHOM CUTHAJ MPUHUMAETCS TOT, KOTOPBIi
BbIJJAJTA OOJILITUHCTBO KOHTPOJUIEPOB TPYMIIBI, & KOHTPOJIIEP, PACCUUTABIINAN
WHOU pe3yabTaT, OOBSIBISETCS HEUCTIPABHBIM);

pabota o nmpuHnuiy "mapa u peseps'. [lapamiensHo paboTaer mapa
KOHTPOJIJIEPOB C TOJIOCOBAHUEM PE3yJbTaTOB, a aHAJIOTUYHAS ITapa HAXOAUTCS B
ropsiaeM pesepse. [Ipu BBISABIEHUU pa3HOCTH PE3yIbTaTOB PAOOTHI TIEPBOM MaphI
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ympaBieHUE MEPEXOAUT KO BTopoii mape. [lepBas mapa Tectupyercs u, 1160
OTIpeIeIsIETCs] HAIMYUE CIIy4ailHOro cO0sl U yrpaBlieHHEe BO3BPAILAETCS K MEPBOM
nape, 1100 TUarHOCTUPYETCS] HEUCIPABHOCTD U YTIPABIIEHUE OCTAeTCsl Y BTOPOU
napshl.

Hanuurie BCTPOGHHBIX aKKyMyJSATOPOB W OaTapeil, oOeclieyuBaromMX padoTy
croco0 opraHu3alyy yupaBieHUs NpU MPEeKpalIeHUH TUTaHUs OT CETH.
['myOuHa 1 MOTHOTA AUATHOCTUYECKUX TECTOB.

YcaoBus IKCIIyaTallUM:

- JIMana3oHbl TEMIEPATYP U BIAXKHOCTH OKPYKAIOIIEH Cpe.ibl;

- HauOoJibllIve BUOpAIMK U yAapHbIE HATPY3KHU;

- JIOMYCKAaeMbI€ 3JEKTPUUECKNE U MATHUTHBIE IOMEXH H T. II.

N3BecTHO, 4TO HauboJee KPYIHbIE POCCUNUCKHE MECTOPOKIACHUS HEPTH U ra3a
HaxoaTcs B 3anannor Cubupu u Ha Kpatinem Ceepe. [Ipu BeiOOpe mporpaMMHO-
TEXHUUYECKUX CPEJCTB aBTOMATH3aLMH OOBEKTOB AOOBIYM TAKUX MECTOPOKICHHIM
Ha NEPBbIM IUIAH MOTYT OBbITh BBIIBUHYTHI TPEOOBaHUS UX pabOTOCIOCOOHOCTH B
KECTKUX YCIOBHMSX DOKCIUlyaTallMM (HampuMmep, B LIMPOKOM JUAara3oHe
temneparyp). MOoXXHO, KOHEYHO, pa3MECTUTh ammapaTypy B CHEIHAIbHBIX
000rpeBaeMbIX MOMEIICHUIX, HO 3TO MTOBJIEYET 32 COOO0M 3HAYUTENBHOE YBEINUEHUE
JIMHUM CBSI3U U yIOPOXKAHUE CUCTEMbI aBTOMaTH3auuu. C Apyroi CTOPOHBI, CIEAYET
UMETh BBUTY, UTO allapaTypa, ciocoOHas paboTaTh IPU OUEHb HU3KUX MUHYCOBBIX
Temmnepatypax (10 - 40°C), umeeT Gonee BEICOKYIO CTOMMOCTb.

Kontpomepsl, criocodHbie (yHKIIMOHUPOBAThL O€3 MOJ0rpeBa B YCIOBUSX
MUHYCOBBIX TEMIIEpaTyp W MpEeJHA3HAYEHHbIE AJI1 aBTOMAaTH3alUUd OOBEKTOB,
HaXOAIIUXCS Ha OOJIBILIMX PACCTOSHUAX APYT OT ApYyra U OT IMYHKTOB YIIpaBJiIeHUs,
noayuynnu HasBanue RTU (Remote Terminal Unit - ynameHHoe TepMHHAIBHOE
YCTPOMCTBO). DTU yCTPOICTBA B KAUECTBE KAHAJIOB CBSI3U HCIIONIb3YIOT Telle(hOHHBIE
JVHUM WK paanokaHan. O0a 3TH KaHaja TpeOyIOT HaJu4usl MOJEMOB CO CTOPOHBI
OpUeMHHKa W MepefaTdyuka, T[OTOMY  TaKH€  CHCTEMbl  Ha3bIBAIOT
TenemexanndueckumMu. B Hedrerazopoii orpacin RTU Hamum mpumeHeHue mnpu
aBTOMATU3ALMN TAaKUX OOBEKTOB, KaK KYCThI JOOBIBAIOIINX HEPTSIHBIX U Ta30BBIX
CKB&)XHMH, BOJOHAarHETaTEeNIbHbIE CKBAKMHBI, KYCTOBbIE HACOCHBIE CTaHIUH,
ra3opacrnpefeNuTe/IbHble  CTaHIMHM, JIMHEHHBIE  YYAaCTKM  MarucTpajbHBIX
HedTerazonpoBooB U T. . IIpumep npumenenus RTU Ha nuHeiiHOM ywacTke
HedTenpoBoa nmpuBeaeH Ha puc. 10.
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Puc. 10. Cuctrema ynpasieHus: He(TEIPOBOIOM MOJIKIIOUEHUS U y3JI0M y4eTa
Ha 0a3e koHTposiepoB MOSCAD.
Cnoco0b1 MOHTakKA

CriocoObl MOHTa)ka KOHTPOJUIEPOB M MOJIyJieH BBOJa/BbIBOJA JOCTATOYHO
TUIU3UPOBAHBI. DTO U KOP3UHBI C THE3JIaMU JUIsl Pa3IMuHbIX MOAYJEH, u 6a30BbIe
IUIaThl ¢ pa3beMaMHt 1oJ Moayiu. KoinuecTBo Moayneil, pa3mMeliaemMbIx B KapKace
(kop3uHe) wiM Ha 0a30BOM IjIaTe, MOXET ObITh pa3audHbiM (oT 3 g0 18).
CKOH(pUTYpUpOBAHHBIE B KOpP3MHAaX M Ha 0a30BBIX IJIaTaX KOHTPOJUIEPHI MOTYT
MOHTHPOBAThCSI Ha HUTax, B mkadax, npopuiabHbix peiikax. Mmerorcs ITITK,
MOCTPOEHHBIE MO0 MOJYJbHOMY MPHUHIUITY, B KOTOPBIX MOHTaX JIOOBIX MOMYyJEH
(mMpoueccopHbIX, BBOJA/BBIBOAA, KOMMYHHUKAIIMOHHBIX W T. I.) MPOU3BOAUTCSA
HEMOCPECTBEHHO Ha MPO(HIHLHOM peke.

2. TeHaeHIIUM Pa3BUTHS KOHTPOJLJIEPOB

- OecIpoBOIHAS CBSI3b (COTOBAs CBS3b, PATUOCBSI3H);

- Pa3BUTHE HOBBIX BUJIOB HAHO-MHUKPOKOHTPOJUIEPOB OT OJIHOTO JI0 JIECSITKOB
BBOJIOB/BBIBOJIOB  (CIICLMATU3UPOBAHHBIX M MPOrPAMMHUPYEMBIX)  Oiaromaps
BO3pPACTaHUIO MOLIHOCTH MUKPOIIPOILIECCOPOB;

- pacHIMpeHue BapuaHTOB BBOJIa/BBIBOJIA [Tl KOHTPOJUIEPOB OJIHOTO THIIA;

- pa3BuTHE OOUIMX U CHEUMATU3UPOBAHHBIX (IJIs1 OTIENBHBIX KJIAcCOB
TEXHOJIOTUYECKHUX MPOILIECCOB) OMOIMOTEK MPOTPAMMHOI0 0OeCeueHtsl, KOTOpbie
“3aIIMBarOTCS B MaMITh KOHTPOJUIEPOB”;

- commkenne koHtposiepoB u IIK mo dynkuusm (cediuac cOmmxeHue
MPOUCXOJIUT 10 APXUTEKTYpe, MO0 MPUMEHIEMBIM MPOLECCOPAM U TPOTPAMMHOMY
00€eCTIeUeHHIO).

ITpoucxoasT cylecTBEHHbIE H3MEHEHNS B IPOMBILUICHHBIX U MOJIEBBIX CETSX.



10.
11.
12,
13.

w o

45

[Mpomomxkaercss pacnpoctpanenue cetu Ethernet ma Bce ypoBHM ympaBieHHS.
['maBHBIM HEAOCTATOK — CIy4aillHBIA TOCTYH — MHHMMM3UPYETCS NMPUMEHEHHEM
KOMMYTaTOpOB, 4YTO IIO3BOJIAET CHU3UTh HArpy3ky Ha CeTb M M30eratb ee
“3aThIKaHMs” MpPU OOJBIIOM KoJIMyecTBe cooOueHuil. [Ipoucxoaut nzMeHeHHe
IPOTOKOJIOB CETH TAaKUM OOpa3oM, YTO CTAHOBUTCS PEAJBHBIM JKECTKUW ILIMKII
rapaHTUPOBAHHBIX 1O BPEMEHM COOOIIEHHUH, a TaKKe LUKI CO CIy4alHbIM
noctynom. Ha moneBom ypoBHe mmHa FF Taxoke coenunsiercs ¢ Ethernet.

B KoOHTpoisiepax HayMHAIOT HCIOJIb30BaTh aJITOPUTMBl CAMOHACTPOMKH
perynstopoB. CaMOHACTpOHKa MOKET BBINOJHATHCS MO KOMaHJE onepaTopa Wid
aBTOMATUYECKHU — PETYJISATOPHI C IPOrHO3UPYEMOIN MOJIENBIO (aJalITUBHBIE).

KoHTposbHBIE BONIPOCHI

1. ®axTopsl, 00ycIOBUBIINE POPMUPOBAHUE COBPEMEHHOTO PHIHKA CPE/ICTB

Y CUCTEM aBTOMAaTHU3ALIHNH.

. KJ’IaCCI/I(bI/IKaI_[I/IH KOHTPOJJICPOB 110 HA3HAYCHUIO, ITPUMCPHEI.
. KHaCCI/I(bI/IKaI_[I/IH KOHTPOJUJICPOB IIO KOJIMYCCTBY IIOAACPKHNBACMBIX

BBOIIOB/BI)IBOIIOB, IIPUMCPHI.

. XapaKTepI/ICTI/IKa KOHTPOJUICPOB. MaFI/ICTpaJIBHO-MOIIYJILHaH APXUTCKTYpPaA.

HpOI.[CCCOp, KaKk OCHOBHOM KOMIIOHEHT KOHTpOJIJICPA, C€Iro XapaKTCPUCTHKH,
IIPUMCPHI.

. XapaKTepI/ICTI/IKa KOHTPOJIJICPOB C TOUYKH 3PCHUA BBO,Z[a/ BbBIBOJA.

JlokanbHBIM U PaCIIMPEHHBIN BBOJ/BBIBOJ, IPUMEPHI.
6. XapakTeprucTuka KOHTPOJIEPOB C TOYKU 3PEHHS BBOJ1a/BBIBOIA.
VY naneHHslid U pacnpeeaeHHbI BBOJ/BbIBOJ, TIPUMEPHI.
7. DKCIITyaTallMOHHbBIE XapAaKTEPUCTUKN KOHTPOJJIEPOB.
8. CriocoOb1 obecrieueHus HaIeKHOCTU CUCTEM yIPABICHHUS.
9. XapakTepucTHKa KOMMYHUKAIIHOHHBIX BO3MOKHOCTEH KOHTPOJIIEPOB.
CereBas apXUTEKTypa CUCTEMBI YIIPABIICHHUS.
[ToneBpie mMHBL. XapakTepucTuka. [IpuMepsl NpOTOKOIIOB.
VYnpasnsomuye ceTi U TpeOOBaHUs K HUM.
XapakTepucTrKa MOIYJISIPHBIX IPOTOKOJIOB YIIPABIISIOIINX CETEN.
14. Cets Ethernet u ee posb Ha BceX yPOBHSX CHCTEMBI YITPABIICHHUS.
15. TenaeHuu pa3BUTHS KOHTPOJIJIECPOB.
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Jlextms Ne3
IIporpammHoe obecnieyeHrue CUCTEM yIIPaBJIeHUS] TEXHOJIOTHYECKHM
o0opyaoBaHNEM
1. Knaccuduxaius nporpaMMHBIX CPEICTB CUCTEM YIIPaBICHUS

B tunosoit apxurexktype SCADA-cUCTEMBI SIBHO
MPOCMATPUBAIOTCS JIBA YPOBHSI:

- ypo6eHb JIOKAIbHBLIX KOHMPO/Eepo8, B3aUMOJCUCTBYIONINX C OOBEKTOM
YIPABJICHHS TIOCPEACTBOM JTaTIYMKOB U UCTIOJIHUTEIHHBIX YCTPOUCTB;

- YpO6eHb OnepamueHo20 ynpaeaeHusa TEXHOJIOTHUYECKUM MPOIIECCOM, OCHOBHBIMU
KOMIIOHEHTAaMH  KOTOPOTO  SIBIIAIOTCSI  CEepBephl,  pabouune  CTaHIUHU
orepaTopos/nucrierdyepoB, APM crnenmaivcTos.

Kaxnapli w3 3TMX  ypOBHEM  (PYHKUMOHMPYET TOJ  YIPaBICHHUEM
crieruanu3upoBaHHoro nporpammuoro obecnedenus (I10). Pazpabotka storo 10
WIM €ro BhIOOp M3 MpeasiaracMbIX B HACTOSIIEE BPEeMsl HA PhIHKE MPOTPaMMHBIX
CPEIICTB 3aBUCUT OT MHOTUX (haKTOPOB, MPEXKJIE BCETO OT pelIaeMbIX Ha
KOHKPETHOM ypOBHE 3aJ1ay.

Paznuyaror 6a30Boe U MPUKJIaAHOE IporpaMMHOe obecrniedeHue (puc.l).

Puc. 1. Kmaccudukanus mporpaMMHBIX CPEACTB CUCTEMBI YIIPABICHHUS.

MNporpammHoe
obGecneyeHne
T T e = _— T T
- T
~ oc ™ T ACYTA ™ A Ay N
/ I / npousBoaAcTBa \
// Basosoe M0 \\ / MpuknagHoe NO \'\
! ‘| J'[ il 1|
| | ¥ .
]
| .III 1\ ! /'
BeTtpaveaemoe| | HacTonbHoe no 10 SCADA |* Apxuebl | | MO TMRoBbIX |
no no [KOHTPONNNEPOE n BO0PB szapad
/ AN e /
R e T— e e~
> baszoeoe 110 Bkar04aeT B ceOs pa3IMyHbIe KOMIIOHEHTHI, HO OCHOBHBIM
p

U3 HUX gBjsieTcs onepanuonHas cuctemMa (OC) mporpaMMHO-TEXHUYECKHX CPEACTB
ACVYTIIL. Kaxnsiii ypoBenb ACYTII mnpencraBieH «CBOMMH» MPOrPaAMMHO-
TEXHUYECKUMH CPEJCTBAMU: HA HIXKHEM YPOBHE peUb UAET O KOHTPOJUIEpAX, TOr1a
KaK OCHOBHBIM TEXHUYECKUM CPEJICTBOM BEPXHETO YPOBHS SBISETCA KOMIIBIOTED. B
COOTBETCTBUH C 3TUM B KPYTY CIIELUATIMCTOB MOSBUJIACH U TaKas KiIacCU(PUKAIMS:
BCTpPauBaeMoe U HACTOJIbHOE ITPOrpaMMHOE 00ecIieYeHueE.

OueBuHO, TpeOOBaHUS, IPEIBABIAEMbIE K BCTpaBaeMOMY U HacToJibHOMY [10,
paznuuHbl. KoHTposuiep B cucteMe ymnpaBiieHUs Hapsay ¢ (QyHKuusMu cOopa
uH(pOpMAaIUU pelllaeT 3a/1a4d aBTOMATUYECKOTO HEMPEPHIBHOTO UJIU JIOTHYECKOTO
yhnpaBieHus. B CBS3u € 3TUM K HEMY MNPEIbSABISAIOTCS >KECTKHME TPeOOBaHUS T10
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BPEMEHU PEAKITMHU Ha COCTOSTHUE 0OBEKTA U BHIIAYN YIIPABJISIONINX BO3ICUCTBHI Ha
UCIIOJIHUTENIbHBIE ~ ycTpoicTBa.  KoHTposiep  JOJDKEH — 2apanmupo8anHo
OTKJIMKAThCS HAa U3MEHEHUS COCTOSIHUS 00BEKTA 32 3a0aHHOe BPEMSL.

Jlns pereHust mol0OHBIX 3a7a4 pekoMeHayercs npuMmenenue OC peajabHOro
Bpemenn (OCPB). Takue omnepallMOHHbIE CHUCTEMbl MHOTJA Ha3bIBAIOT
JETEPMUHUPOBAHHBIMU, TOJIpa3yMeBasi MOJ| 3TUM TapaHTHUPOBAHHBINM OTKJIMK 3a
3aJIaHHBIN MPOMEXKYTOK BpeMEHHU. BOJIBIIMHCTBO MUKPOIIPOIIECCOPHBIX YCTPOMCTB
(B TOM 4HMCIE KOHTPOJIJIEPH M KOMITBIOTEPHI) UCITOIB3YIOT MEXaHU3M MPEPHIBAHHM
pabotsl mporieccopa. B OC peanbHoro Bpemenu, B otiauuue or OC obmiero
Ha3HaueHUs (HE TapaHTHPYIONIMX BPEMEHW WCIOJHEHHUS), MPEpPhIBAaHUSIM
MPUCBOCHBI ~ MPUOPUTETH, a CcaMH TpepbiBaHus  0OpadaThIBalOTCS  3a
rapaHTUPOBAHHOE BpEMs.

Br16op OC 3aBHCHUT OT KECTKOCTH TpeOOBaHUI peaibHOrO BpeMeHu. s 3a1auy,
KPUTUYHBIX K PEAKIIMM CUCTEMbI YIPABJICHUS, B HACTOAIEE BpEeMs MPUMEHSIOTCS
TaKHe OllepallMOHHBIE CUCTEMBI peanbHoro BpeMenu, kak OS-9, QNX, VxXWorks.
B cucremax ¢ MeHee KECTKUMH TPEOOBAHUSIMU K PEaIbHOMY BPEMEHH BO3MOKHO
npumeHenne Bepcudi Windows NT/CE, TouHee HMX pacIIMpeHHH peaJbHOTO
BPEMEHU.

OS-9 otHocuTcs K knaccy Unix-moJoOHBIX OMIEPAIIMOHHBIX CUCTEM PEATbLHOTO
BpEMEHU U TpeajiaraeT MHOTHE TpUBBIYHBIE dJeMeHThl cpeasl Unix. Bcee
dbyHKIIMOHATBHBIE KOMIIOHEHTHI OS-9, BKItOUas sapo, uepapxudeckue (aitsioBbie
MEHEI’KEphI, CACTEMY BBOJ1a/BbIBOJIA U CPEACTBA Pa3pabOTKU, pEaTu30BaHbl B BUJIC
HE3aBUCUMBIX MOyJiei. KoMOuMHUpyst 3T1 MOy, pa3pabOTUMK MOKET CO3/1aBaTh
CUCTEMBI C CaMOil pa3HOil KOH(UTypalMel - OT MUHUATIOPHBIX aBTOHOMHBIX SIZIED,
opueHTupoBaHHbix Ha  [I3Y  KkoHTpomsiepoB, 1O  NOJHOMAacHITAOHBIX
MHOTOITOJIb30BATEIBCKUX CUCTEM PA3PAOOTKHU.

OS-9 obecreunBaeT BHITIOJHEHUE BCEX OCHOBHBIX (PYHKIIUH OIEpaliOHHBIX
CUCTEM pEaJbHOTO BPEMEHU: YIIpaBIEHUE MPEPHIBAHUSMU, MEXK3aTauHbIii 0OMEH
uH(dopMaImen 1 CHHXpOHU3alus 3a1a4.

Onepanuonnas cucreMa QNX pa3paboTku kanazackon pupmbr QNX Software
Systems Ltd. sBisiercs omHOW W3 HamboJiee NIUPOKO HCIOIb3YEMbIX CHCTEM
peanbHOro BpeMeHu. QNX rapanTupyeTt BpeMs peakiiiuy B Mpezesiax OT HEeCKOIbKHUX
JIECATKOB MHMKPOCEKYHJlT 10 HECKOJbKHX MUJUTMCEKYHI (B 3aBUCUMOCTH OT
osicTponerictBust [I9BM u Bepcun QNX). Kpome Toro, Beicokasi 3 PeKTHBHOCTh
QNX B 3amadax ympaBiieHUs B peajbHOM BpPEMEHU 00€CTeYMBACTCS TaKUMU
CBOMCTBaMHU, KaKk MHOT033JJa4HOCTh (710 250 3a1a4 Ha OJTHOM Y3Ji€), BCTPOCHHBIE B
SJIPO CUCTEMBI CETEBBIE BO3MOXKHOCTH, THOKOE YIpPABJICHHE IPEPHIBAHUSIMHU WU
MIPUOPUTETAMH, BO3MOYKHOCTH BBITIOJHEHUS 3a/Jad B 3aIWIICHHOM W (POHOBOM
pexuMax.

Omnepanuonnast cuctema QNX Hamuia MpuMEHEHHE KaK Ha HIDKHEM YPOBHE
ACYTII (OC pnns xoHTpoJuiepoB), Tak M Ha BepxHeM ypoBHe (OC nns
nporpammuoro obecrneueuust SCADA).

OmneparnroHHas cuctema peanbHoro BpemMenu VXWOrks npeanasnadena s
pa3paboTtku [1O BCTpOEHHBIX KOMIIBIOTEPOB, PAOOTAIOIINX B CHCTEMAX <OKECTKOTO)
peanpHOro BpemeHu. K omnepamuwonnoit cucreme VxWorks mpumaraercs u
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uHCTpyMeHTanpHas cpeaa Tornado ¢upmer Wind River Systems co cpeactBamu
pa3paboTKu MPUKIAAHOrO MporpaMMHOro obecrneuenus. Ero paspaboTka Benmercs
HAa MHCTPYMEHTAJIbHOM KOMIIbIOTEpe B cpenae Tornado uisi mMoOCiemyIOLEero
WCITOJIHEHHUSI Ha 11eJIEBOM KOMIIbIoTEepe (KOHTpoJIiepe) no yrpasieHueM VxWorks.
OC VxWorks noaaepxxuBaer Hesiblil psijJ KOMIbIOTEPHBbIX IIATPOPM, B
Tom uuciae Intel 386/486/Pentium, PowerPC, DEC Alpha. K maardgopmam,
NoJ/Iep:KNBaeMbIM HHCTPYMeHTaJbHOUH cpenoil Tornado, oTHocsaTcs Sun
(Solaris), HP 9000/400,700, DEC Alpha, PC (Windows 95 u NT) u apyrue.

Omnepanmonnas cucrema Windows 3HakomMa BceM Kak HacToJbHas cuctema. Ho
3TO, TpPEXkIe Bcero, otHocutcs K ruiarpopmam Windows 3.xx/95, B KOTOpBIX
JEHUCTBUTENLHO OTCYTCTBYET MOJAEpPKKA peanbHOro BpeMeHu. CHuTyanus pes3Ko
u3Menusach ¢ nosienenneM Windows NT. Cama no cebe Windows NT He siBiseTcs
OTEPAITMOHHON CUCTEMOM peajbHOrO BPEMEHU B CHIIy psila €e OCOOCHHOCTEH.
Cucrema mojJiep)KMBaeT ammapaTHble (a HE NPOrpaMMHBIC) TMpephIBaHUS,
OTCYTCTBYET MPUOPUTETHASE 00pabOTKa OTIOKEHHBIX Ipoueayp u ap. Ho B koH1e
XX Beka panl GupM NpeanpuHsIIA cepbe3Hble MonbITKU peBpatuth Windows NT B
OC 3KecTKoro peajpHOr0 BpeMEHU. M 3TH MONBITKM YBEHYAIUCh YCIEXOM.
Kommanus VenturCom paspabortama moayiab Real Time Extension (RTX) -
nojcucreMy peaibHoro Bpemenu (PB) mius Windows NT. Dta noacucrema nmeeT
COOCTBEHHBIN TUIAHUPOBIIUMK cO 128 mpuoputeramMu MpepbIBaHUM, KOTOPHIA HE
3aBucuT OT NT. MakcumanpHOE BpeMs peakinu Ha mpepbeiBanHue coctanisiet 20-80
MKC BHE 3aBUCHUMOCTH OT 3arpy3KH Ipoleccopa. Tenepb npu KaxaoM IpepbIBaHUN
OT TaiiMepa TPHOPUTET TMepeAaeTCs KPUTUYHBIM IO BPEMEHM 3ajadaMm. A B
ocTaBIeecs: 0T UX PabOTHl BpeMsi MOTYT BBITIOJIHATHCS «MEIJICHHBIE) MPOIIECCHI:
BBO/I/BBIBOJI, pa00OTa C JUCKOM, CEThIO, TpapruecKuM UHTEPPEcOM U T. 1.

32-paspsanas Windows CE 6Obina co3nana kommnanuer Microsoft mus mambix
KOMITBIOTEPOB (KaJIBKYJISITOPOB), HO B CHIIY psifia JOCTOMHCTB CTalla MPETEHI0BATh
Ha posib crtanmaptHoii OC peambHOro BpemMeHH. K dmcimy 3THUX JOCTOMHCTB
OTHOCATCH:

OTKPBITOCTh M MPOCTOTA CTHIKOBKH ¢ Apyrumu OC cemerictea Windows;

BpeMsl peakuuu nopsaka 500 Mkc;

3HAYUTEIBHO MEHbIKE Mo cpaBHeHuto ¢ apyrumu OC Windows tpeboBaHus K
pecypcam MaMaTy U BO3MOKHOCTb ITOCTPOCHUS OE3IUCKOBBIX CHCTEM.

A B 1999 roay xomnanmeti Direct by Koyo OC Windows CE Osina BriepBbIc
ycTaHoBJIeHa Ha mnaTdopmy MUkpoPLC.

Br160op onepaninoHHONH CHUCTEMBI MPOTPaMMHO-TEXHHUUECKUX CPEACTB BEPXHEro
ypoBHss ACYTII onpenensercs npukiagnon 3agadeit (OC o011ero mnoiab30BaHuUs
i OCPB). Ho nHaunbonpliyto MmOnmyJaspHOCTh M PacHpOCTpaHEHUE MOTYUUITU
pasmuunbie Bapuantel OC Windows (Windows NT/2000). Mmu ocHalieHsI
MporpaMMHO-TEXHHUECKUE cpeacTBa BepxHero ypoBHs ACYTII, npeacraBieHHbIe
nepconanbHbiMu  kommbioTepamu (I1K) paszHoit MomHOCTH W KOH(pUTYypaluu -
pabouue CTaHIIUU OTIePATOPOB/TUCTIETYEPOB U CIICIIUATTUCTOB, CEPBEPHI 0a3 JaHHBIX
(BA) u . n.

Takast cutyalis BO3HUKIIA B PE3yIbTaTe MEJIOTO psifa MPUYUH W TEHACHITUI
pPa3BUTHS COBPEMEHHBIX HH(POPMAIIMOHHBIX U MUKPOIIPOIIECCOPHBIX TEXHOJIOTHH.
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BoT HECKOIIbKO OCHOBHBIX apryMEHTOB B 1063y Windows:

Windows uMeeT oyeHb MIMPOKOE PACHpPOCTPAHEHHUE B MHpE, B TOM UHCIE U B
Poccuu, B CBSI3M € 4eM JIeTKO HANTH CrIeHaIMCTa, KOTOPBIM MOT ObI COIPOBOXKIAThH
cucTeMsl Ha 0a3e atout OC;

sta OC uMeeT MHOKECTBO MPHUJIOKEHUN, 00€CTIEUNBAIOIINX PEIICHUE PA3IMYHBIX
3a/1a4 00pabOTKH U MpeICTaBICHU HH(POPMAITUH;

OC Windows u Windows-nipuiioskeHus MPOCThl B OCBOEHUHU U 00J1aJJal0T TUIIOBBIM
WHTYUTHBHO MOHATHBIM HHTEpPeEiicom;

NPWIOKEHUs, paboraromue 1oa ynpasiaeHuneM Windows, ToOIIepKUBaIOT
OOIIeTOCTYTHbIE CTaHAAPTHl OOMEHA TaHHBIMH;

cuctembl Ha 6aze OC Windows mpocThl B SKCIUTyaTallid U Pa3BUTHH, YTO JIEJIACT
WX SKOHOMUYHBIMH KaK C TOYKU 3PEHUS MOACPKKH, TaK U MPU TIOITAITHOM POCTE;
Microsoft pasBuBaer wuHpopmammonnsie TtexHodormu (MT) mast Windows
BBICOKMMU TEMITAMH, YTO MO3BOJISIET KOMITAHUSM, UCTIOIB3YIOIIUM 3Ty TIaTGOopMy
«UJITHA B HOTY CO BPEMEHEM.

Taxoke cienyeT y4uThIBaTh U TO, YTO HEOTHEMJIEMOMN YaCThIO BEPXHETO YPOBHS
ACY TII sBasercss 4eNOBEK, BpeMs peakIMH KOTOPOro Ha COOBITUA
HEJICTEpPMUHUPOBAHO M 3a4acTyl0 JOCTaTOYHO Benuko. Jla u cama mpoOsiema
peaIbHOrO BpeMEHH Ha BEPXHEM YPOBHE HE CTOJIb aKTyaJbHa.

B 90-x romax mmpokoe pacupoctpanenue nonyuuia OC peaqlbHOrO BpeMEHU
QNX. HMmeercs mMHOXecTBO mpumepoB ucmonb3oBanus QNX Ha Bcex ypoBHs
uepapxudeckoi cTpykTypbl ACYTII (0T KOHTpOJIJIEPOB 10 CEPBEPOB U pabOUUX
ctanmuii). Ho B mocieqaue roapl akTMBHOCTH KommnaHuu Ha peiake SCADA-cucteM
3HAYUTEIBHO CHU3WIACHh, YTO MPHUBEJIO M K CHUKEHHUIO YHUCIA MPOJAX 3TOr0
nporpaMMHOro npoaykra. OObSICHAETCS 3TO TeM, 4To emie B 1995 roay komnaHus
QNX Software Systems Ltd. o0bsiBrIIa 00 «yX07€» BO BCTPOCHHBIC CHCTEMBI.

C Touku 3peHust pa3pabOTKH CUCTEMbI YIIPABICHUS MPEANOUYTUTEIbHA TaKas
porpaMMHasi apxXuTekTypa, B Kotopoil 110 Bcex ypoBHel ynpaBieHUs
PEATM30BAHO B €IMHOW ONEPALIMOHHON cUCcTEME. B 3TOM cilydae «aBTOMAaTHUYECKU
CHUMAIOTCSI BCE BOTIPOCHI, CBSI3aHHBIE C BEPTUKAIHHBIM B3aUMOICHCTBUEM
pPa3TUYHBIX MPOrPAMMHBIX KOMIIOHEHT CUCTEMBI yrpasienus. Ho Ha mpakTuke 3To
JaIeKo He Tak. JJocTaTouHOo 4acTo B pa3padaThiBa€MbIX CUCTEMAaX KOHTPOJIS U
YIPABJICHHS HIDKHUM U BEpXHUN ypOBHU peann3yroTcs B pazubix OC. 1 Haubomnee
XapaKTepHa CUTYyallus, KOIr/la Ha ypOBHE KOHTpoJiepa ucnoibizyercs OC
pealibHOTO BpeMEHH, a Ha ypoBHe onepatopa/nucnetdepa SCADA-cucrema
dynkuuonupyet moa Windows NT. bes crienuanu3npoBaHHBIX PEIICHHA 11O
OpraHu3alliy B3aUMOJCHCTBUS MEXAY MOJACUCTEMAaMU 371eCh HE OOONTHUCH.

» JIng GyHKIIMOHUPOBAHKS CHCTEMBI YIIPaBJICHUS HEOOXOIUM M €IIe OJIUH THIT
[10 - npukiaagnoe nmporpammuoe odecnedenue (I1I10).

W3BecTHBI Ba MyTH pa3pabOTKU MPUKIAIHOTO MPOrPAMMHOTO OOECTICYCHUS
CUCTEM YyTIPABIICHUS:
co3anue coocTBeHHOro npukiaaHoro 110 ¢ ucnonp3oBaHueM CpeacTB

TPaJAUIIMOHHOTO MTPOTPAMMUPOBAHUS (CTAHIAPTHBIC SI3BIKU

IPOrpaMMUPOBAHMS, CPEACTBA OTJIAAKH U T.1.);

UCITIOJIb30BaHUeE I pa3padoTku npukiaanoro [10 cymecTByronmx
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(rOTOBBIX) HHCTPYMEHTAIBHBIX CPEJICTB.

[lepBblii  BapuaHT sBisieTcss HauOosiee TpyaoeMkuM. [IpumeHnenue
BBICOKOYPOBHEBBIX  SI3BIKOB ~ TpeOyeT  COOTBETCTBYIOIIEH  KBalU(UKAIIUU
pa3pabOTUMKOB B TEOPUM U  TEXHOJOTUM MPOrPaMMHUPOBAHUSA, 3HAHUS
OCOOEHHOCTEM KOHKPETHOW OMNEPalMOHHONW CHUCTEMbI, TOHKOCTEW aImapaTHOTO
oOecrieueHus (KOHTposuiepoB). C TOYKH 3pEHUSI OCHOBHBIX KPUTEPUEB - CTOUMOCTH
U BpeMEHU pa3pabOTKH - ’TOT BapUAHT HEMPUEMIIEM B OOJIBIIMHCTBE CIy4aeB.

Bropoii BapuaHT siBisietTcs Oosee npeanoututeabHeiM. [louemy? A motomy,
YTO Ha CETOIHALIHUMI IEHb B MUPE YK€ CO3/1aHO HECKOJBKO JIECATKOB
WHCTPYMEHTAJILHBIX CHUCTEM, XOPOIIIO TOIIEPKUBACMBIX, Pa3BUBAEMBIX U
HaIIeAMNUX TPUMEHEHHE MPY CO3JJaHUH JIECSITKOB U COTECH THICSY MPOEKTOB
aBTOMAaTH3AlMU. JTU MPOBEPEHHBIE BpEMEHEM IIPOrPaMMHBIE CPEJICTBA YIPOIIAIOT
(pa3zpaboTunkyu HHTEPGEHCOB - HE BBICOKOKIACCHBIE MPOTPAMMHUCTHI, a
CHEIUATKUCTHI IO ABTOMATU3AIMH), YCKOPSIOT U 3HAUUTEIIBHO YACIICBIISIIOT
mpoiiecc pa3paboTKH.

C Touku 3peHus 0071aCTH MPUMEHEHUS TOTOBbIE MHCTPYMEHTAJIbHBIE CPEACTBA
MO>KHO pa3/JIeNTh Ha JIBa Kjiacca:

CpelICTBa, OPUEHTHPOBAHHbIE HA Pa3pabOTKy MporpamMMm YINpaBieHUS BHEITHUMHU
ycrporicTBamu, KoHTpoiuiepamu - CASE-cucremsr (Computer Aided Software
Engineering);

Cpe/ICTBa, OPUEHTUPOBAHHbBIC HA oOecreueHue nuTepdeiica oneparopa/ gucreryepa
¢ cucremoit ynpasienuss — SCADA-cucremsr (Supervisory Control And Data
Acquisition - nucnieTuepckoe ynpaBieHHe U cOOp TaHHbBIX).

o Kontpomnepy TpeOyeTcs mporpamMma, B COOTBETCTBHM C KOTOpPOW OH
B3aMMOJICUCTBYET C 00BEKTOM. B 0JTHUX CiTydasix peub UJIET TOJIBKO 0 COOpe JaHHBIX
C 00BEeKTa, B JAPYrHUX - O JIOTHUYECKOM YIPABJICHHUH (HAIPUMEP, BBHINOJTHECHUH
O0mokupoBoK). HakoHen, OJHO H3 OCHOBHBIX NPUMEHEHHH KOHTpOJJIEpa -
peanu3aius QyHKINI HEMPEPHIBHOTO YNPABIEHUS OTACIbHBIMU TTapaMeTpaMu HIIN
TEXHOJIOTUYECKHUM anmapaTroM (MpoIeccoM) B IIEJIOM.

@upmbl, TPOU3BOAAIINE O0OpYyIOBaHHWE Il  TOCTPOCHUS  CHUCTEM
aBTOMATH3AIMH, BCET/Ia CTPEMUJIMCH COMPOBOXKIATH CBOIO MPOIYKIIUIO HAOOpOM
MPOTPAMMHBIX HMHCTPYMEHTOB, C ITOMOIIBIO KOTOPBIX TIOJIb30BAaTENIb IO OII-
pEICICHHBIM TIPaBWJIAaM M COTJIAIIICHUSAM MOT OBl OIHCHIBATH JIOTHKY pPaOOTHI
KOHTpoyiepa. Ha paHHeM 3Tame pa3BUTHS STUX MPOTPAMMHBIX CPEACTB HaOOp
MO/IJICP)KMBAEMBIX MMM (YHKIIMA OOecrieurBajIcs HeCTaHAAPTHBIMU s3bIkaMu. Co
BpPEMEHEM TpaBUJIa U COTIIAIICHUS COBEPIIICHCTBOBAIKCH M Ha ONIPEACIICHHOM dTare
ObLTM O(OPMIICHBI B BHJIC CICIUATBHBIX S3BIKOB MPOTPAMMHUPOBAHUS, 00pa30BaB
TO, 4TO ceituac HazpiBaeTcss CASE-uncTpymMeHTapueM.

B 1992 rogy MexnyHnapoanas OnektporexHuueckas Komuccus (MOK, IEC -
International Electrotechnical Commission,) B3siia oA KOHTPOJIb MPOIIECCHI,
CBSA3aHHBIE C pa3BUTHEM dToro Tuma mnpukiagHoro I[1O0. beimu BBEIABUHYTHI
TpeOOBaHMSI OTKPBHITOCTH CHUCTEMBI, BBIMOJHEHUE KOTOPHIX TIO3BOJIHIIO OBl
YHU(PHUIIMPOBATH MPOTPaMMHBIE CPEJCTBA U YIPOCTUTH pa3paboTKy:

BO3MOXKHOCTh ~ pa3pabOTKM  JpailBEpoB i  KOHTPOJUIEPOB  CaMUMU
MOJIb30BATENSIMU,  T.€.  CONPOBOXACHHE  MPOrPAMMHBIX  MPOAYKTOB  TIO
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IPOrpaMMHUPOBAHUIO  KOHTPOJIJIEPOB  CIIELUATbHBIMU WHCTPYMEHTAJILHBIMU

CpEelICTBAMHY;

HaJIM4YMe KOMMYHHMKAIMOHHBIX CpeAcTB (MHTep(ErcoB) M B3aMMOJEUCTBUS C

JIPYTUMU KOMIIOHEHTaMU CUCTEMBI YIIPaBJICHUS;

BO3MOYKHOCTh MOPTAIUU SIApa CUCTEMBI Ha PsAJl TPOTrPaMMHO-ANMapaTHBIX
maTdopm.

Ha pbiHKe MOABUIIOCH OOJIBIIIOE KOJMYECTBO MAKETOB, YIOBICTBOPSIOIINX
BBIIIICONICAHHBIM TpeboBaHuAM. [IpakTHuecku Bo BCEX ITHX MaKeTax cpenia
pa3pabotku peanmzoBana B Windows-unrepdeiice, IMEIOTCS CpeICTBA 3arpy3KU
pa3paboTaHHOTO MPUIIOKEHUS B UCTIOTHUTEIBHYIO CUCTEMY.

Ha3BaHust HEKOTOPBIX U3 ATHX MAKETOB NMPUBEACHBI HIKE:

RSLogix 500, RS Logix 5, RSLogix 5000 ¢upmer Rockwell Software mms
IPOTPaMMHUPOBAHUS KOHTPOJLIEPOB pa3inuHbIX cemeiicTB Allen-Bradley;
DirectSOFT s koHTposutepoB cemerictBa Direct Logic ¢dupmer Koyo;

naketsl PL7 u Concept - TIO nnst mporpaMMupoOBaHMsl KOHTPOJUIEPOB Pa3IMYHBIX
cemelicTtB kommnanuu Schneider Electric;

naketsl STEP 5, STEP 7 Micro, STEP 7 st mporpaMMupoBaHusi KOHTPOJUIEPOB
cemelicTB S5 u S7 dpupmer Siemens;

nakeT T00IbOX mis koHpUrypupoBaHHs KOHTPOJUIEPOB ceMeiicTBa Moscad;

nakeT TelePACE st mporpaMMHpOBaHHS KOHTPOJUIEPOB CepUit

TeleSAFE Micro 16 u SCADAPack ¢pupmer Control Microsystems.
Cragmaprom MOK 1131-3 onpenenensl [ATh  SA3BIKOB  ITPOTPAMMHMPOBAHUS
KoHTposuiepoB: Tpu rpaduueckux (LD, FBD, SFC) u nBa tekcroBbix (ST, IL).

LD (Ladder Diagram) - rpadudeckuii SI3bIK JuarpaMMm peICHHON JIOTHKH.
S3b1k LD npumensieTcst 1u1st ONucaHust JOTHYECKUX BBIPAKEHUHM PA3JIMYHOTO YPOBHS
CII0)KHOCTH.

FBD (Function Block Diagram) - rpaduveckuii s3bIK (YHKIIHMOHAIBHBIX
6mokoBbIX auarpamm. S3eik FBD mpumensieTcss 1jisi MOCTPOEHUsT KOMIUIEKCHBIX
MPOIICAYP, COCTOSAIINX U3 PA3IMYHBIX (DYHKIIMOHATBHBIX OMOIMOTCYHBIX OJIOKOB -
apu(pMeTHYECKUX, TPUTOHOMETPUUYECKUX, PETYIATOPOB U T.1I.).

SFC (Sequential Function Chart) - rpaduveckuii A3bIK MOCIEI0BATEIBHBIX
dbynkuuoHambHbeIX cxeM. fA3pik SFC mpeaHa3zHaueH uisi UCTIOJIB30BaHUS Ha dTare
npoektupoBanusi [10 u MO3BOISET OMHUCATh «CKENET» MPOTrpamMMBbl - JIOTHKY €€
paboThI HAa YPOBHE MOCJIEOBATEIBHBIX IIIaTOB U YCIOBHBIX MIEPEX0/IOB.

ST (Structured Text) - a3bIK CTPYKTYPHUPOBAHHOI'O TEKCTA. DTO SI3BIK BHICOKOTO
yYpOBHSI, T0 MHEMOHHUKE TIOX0Xk Ha Pascal u mpuMensieTcs 1u1st pa3paboTKu MPOIeTyp
00pabOTKU JTaHHBIX.

IL (Instruction List) - s3bIk HHCTPYKIUI. DTO SI3BIK HU3KOTO YPOBHs Kjacca
accemMOiiepa W  MpPUMEHSIETCS N8 OPOrpaMMHUpPOBaHUS  3PPEKTUBHBIX,
ONTUMHU3UPOBAHHBIX MTPOLIETYP.

B konie 90-x rogoB mosiBUIKCH OTKPBIThIE MporpaMmmHubie TpoaykThl ISaGRAF,
InControl  (Wonderware), Paradym (Intellution), mnpeanasHaueHHble IS
pa3pabOTKH, OTIAIKUA M UCTIOJIHEHUS TIPOTPAMM yTPABIICHUS KaK JUCKPETHBIMH, TaK
Y HETPEPHIBHBIMH MPOLIECCAMHU.

Ceifyac y>ke MOXHO CKa3aTh, YTO MOJABJISAIONIEe OOJBIIMHCTBO KOHTPOJUIEPOB U
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CUCTEM yIpaBJICHUS o0cy>KUBaeTCs POrpaMMHBIMU MPOAYKTaMHU,
peanusyronmmMu cranaapt MOK 1131-3.

[upoxoe npumenenue B Poccun Hamien naketr ISaGRAF ¢paniryzckoit komnanuu
CJ International.

OcHOBHBIE BO3MOKHOCTH NAKeTA:

[Tonnepxkka Bcex mATH sA3bIKOB cTaHgapta MOK 1131-3 mmroc peanuzanus s3bika
Flow Chart kak cpencrtBa onucanus auarpamm coctosiHuid. [lpu satom ISaGRAF
MO3BOJIIET CMEIINBATH MPOTPAMMBI U MIPOIIEAYPhI, HAITUCAHHBIC HA PA3HBIX SI3bIKAX,
a TaKX€ BCTaBJSIThb KOJOBBIE MOCJEAOBATEIBHOCTH W3 OJHOTO fA3bIKa B KOJbI,
HaIKMCaHHBIE HA APYTOM SI3bIKE.
Hanmare MEOTO(YHKITMOHATBHOTO OTJIaTIMKa, TTO3BOJISIONIETO BO BpEMS

pabOThI MPUKIAAHON 337]a4l IPOCMATPUBATH COCTOSIHUE MPOrPAMMHOIO

KOJ1a, IEPEMEHHBIX, TPOTPAMM 1 MHOTOE JPYTOE.
[Topaepsxka pa3IMYHbIX MPOTOKOJIOB IPOMBIIIJIEHHBIX CETEH.
Peanuzanus omiuii, o0ecrneyuBaOIIMX OTKPHITOCTh CHCTEMBI JJisi JIOCTYyNa K
BHYTPEHHHM CTPYKTypam JaHHbIX npukiagHod [SaGRAF-3agaum, a Takxke
BO3MOKHOCTh pa3pabO0TKH JpaBEpOB /I MOJIyJIeH BBOJIa/BbIBO/IA, pPa3pabOTaHHBIX
caMUM TIOJIb30BaTesieM, U BO3MOXKHOCTh mnepeHoca [SaGRAF-sapa na moOyro
anmnapaTHO-IIPOrpaMMHYI0 TIaTGopmy.
HaGop npaiiBepoB st paboOThl €  KOHTpOJJIEpAMH  Pa3IUYHbIX  (HupM-
npousBoaureneii: PEP Modular Computers, Motorola Computer Group u ap.
Hanuuue OMOMHUTENBHBIX HWHTEPAKTUBHBIX PEAAKTOPOB [IJIsi  ONKCAHUs
MePEMEHHBIX, KOHCTAHT U KOH(UTypaiuii BBO1a/BbIBOIA.
BcTpoeHHbie cpelicTBa KOHTPOJIS 32 BHECEHUEM HM3MEHEHHUI B MPOrPAMMHBIN KO
ISaGRAF-tiprtokeHus 1 mevaTy OTYETOB 0 pa3pabOTaHHOMY MPOEKTY ¢ OOIBIIION
CTEMEHbIO JCTaNM3allUM, BKJIIOYas Te4yaTh TaOJIUI] MEPEeKPECTHBIX CCHUIOK IS
MPOTrPaMM U OTJEIbHBIX NEPEMEHHBIX.
[TonHOE JOKYMEHTHPOBAHKE TATIOB Pa3padOTKHU.

o [Iporpammubie cpencrtBa BepxHero ypoBHa ACYTII (SCADA-makets)
MpeIHa3HAYCHBI I CO3AaHUS MPUKIIATHOTO MPOTPAMMHOTO O0ECIIeYeHUS MyJIbTOB
KOHTPOJISI U YNOPABJICHUS, pEaTU3yeMbIX Ha Pa3IUYHBIX KOMIIBIOTEPHBIX
maTpopMax W CHenuaIn3upoBaHHBIX padoumx cranmusx. SCADA - makeTs
MO3BOJISIOT MPU MUHUMAJIBHOM J10JI€ TPOTPaMMHPOBAHUSI HAa MPOCTHIX S3BIKOBBIX
CpeacTBax pa3padarsiBaTh MHOTO(DYHKIIMOHATbHBIN HHTEpdElic, 00ecTieYnBarOIIUi
oriepaTopa/aucneTdyepa HE TOJIBKO TOJHOW WH(OpManued o TEXHOJOTMYeCKOM
npoIriecce, HO ¥ BO3MOYKHOCTBIO UM yTIPABJIATh.

B cBoem pazsutum SCADA - makeTsl HOpouuid TOT k€ MyTh, YTO U
nmporpaMmMHOe  oOecrieueHue Ui TPOrpaMMHUpPOBaHMsI  KOHTpoyiepoB. Ha
HadanbHOM OTane (80-e rombl) (QupMbI-pazpabOTYMKK anmapaTHBIX CPEICTB
co3gaBanu  cobctBeHHbie  (3akpeiThie)  SCADA-cuctemsl,  crmocoOHbIE
B3aMMO/ICHCTBOBATh TOJIBKO CO «cCBoei» ammapatypou. Haumnas c¢ 90-x ropaos,
MOSIBUIUCH YHUBEpcalibHbIE (OTKpbIThIe) SCADA - mporpamMmel.

[TonsiTue OTKPHITOCTH SIBISETCS (yHIAMEHTANIbHBIM, KOTJA pe4Yb HACT O
IPOrpaMMHO-AMNIAPATHBIX CPEACTBAX MJIsi MOCTPOEHUSI MHOTOYPOBHEBBIX CHUCTEM
aBTomaTu3anuu. bosjee moapoOHO 06 3TOM OyJIeT CKa3aHO HUKE.
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Ceiiuac Ha pOCCUHCKOM PBIHKE MPUCYTCTBYET HECKOJIBKO JIECATKOB OTKPBITHIX
SCADA-naketoB, 00JaJal0MKUX MPAKTUHYECKH OJUHAKOBBIMU (DYHKIIMOHATBHBIMHU
BO3MOXHOCTSIMU. HO 3TO coBceM He O3Ha4aer, yTo JI0OOW M3 HUX MOXKHO C
OJIMHAKOBBIMU YCHIIMSIMU (BPEMEHHBIMU U (PMHAHCOBBIMU) YCIIEITHO aJaliTUPOBATh
K TOW WM WHOM CHCTEME YINpaBlieHUsA, OCOOCHHO, €CIM peyb HJET O ee
moaepauzanuu. Kaxapiii SCADA-nakeT sSBISETCS M0-CBOEMY YHUKAJIbHBIM, U €0
BBIOOp NI KOHKPETHOM CHCTEMBbl aBTOMAaTHU3AlMK, 0OCYX JAaeMblii HAa CTpaHMUIIAX
CHEIUATBHON TTEPUOIMISCKON MPECCHI MOYTH Ha MPOTSKECHUU TIOCICTHUX TECITH
JIET, TIO-TIPEKHEMY OCTACTCS aKTyaIbHBIM.

Hwxe npuBeaen nepeuenp Haubosee nomyssipubix B Poccun SCADA-
MaKEeTOB.

o Trace Mode/Tpetic Moyx (AdAstrA) - Poccus;

InTouch (Wonderware) - CILIA;

FIX (Intellution ) - CHIA;

Genesis (Iconics Co) - CIIA,;

Factory Link (United States Data Co) - CILA;
RealFlex (BJ Software Systems) - CIIIA;
Sitex (Jade Software) - BenukoOpuraHus;
Citect (Cl Technology) - Aectpanus;
WinCC (Siemens) - 'epmanus;

RTWin (SWD Real Time Systems) - Poccus;
CAPI'OH (HBT - ABromaruka) - Poccus;
MIK$Sys (MUDN) - Poccus;

Cimplicity (GE Fanuc) - CIIIA;

RSView (Rockwell Automation) - CILIA u MHOTHE ApyTHE.

[TocnemoBaTeIbHOCTH MPEACTABIICHHUS MTAKETOB B IPUBEICHHOM BHIIIIC
MepevHe B IOCTATOYHOM cTeneHu ciydaiina. Koncratupyercs numib cam Gakt
CYILIECTBOBAaHUS TOM MJIM UHOU cucTeMbl. [Ipeanaraercs ucxoaurs U3
npeanockuiki, uTo SCADA-nakeT CyIecTByeT, €CIIH ¢ MOMOIIBIO HETO yKe
peann30BaHO XOTs Obl HECKOJIBKO JCCATKOB MPOCKTOB. BTopas nmpeanoceuika - HeT
abcomotro nyutied SCADA-cuctems! a1t Beex ciydaeB npumenenus. SCADA -
ATO BCETO JIUIIb yIOOHBIM HHCTPYMEHT B pyKax pa3paboTyHKa, U €€ aJjanTaius K
KOHKPETHOM CUCTEME aBTOMATH3aIIUU - BOMPOC KBATU(PUKAIIUN U OTIBITA.

e /o HegaBHEro BpPEMEHM 3ajJada pPETUCTpanuu WHOOpPMAIMd B PEaIbHOM
BpEMEHU Morjia ObITh pelieHa JIMOO Ha YpOBHE MPOTrpaMMHOTO oOecredeHus
KOHIIEHTpaTopa (KOHTpOJUIepa BEpXHEro ypoBHs), 6o Ha ypoBHe SCADA-
cuctembl. Ilpm 3TOM peub mmer o OONBIIMX IMOTOKaX JaHHBIX O IMpoIlecCe,
MOCTYTAIOIINX OT OOJIBIIOTO KOJIMYECTBA TaTYNKOB (HECKOIBKUX COT WUJTU THICAY) B
peaTbHOM MaciITabe BPEMEHH M C BHICOKOUM YaCcTOTON (TIEPHOIBI OTIPOCa — MOPSIKA
cexkyHa u gaxe noiyer cexkyna). Ha yposae ACYTII sta undopmarus HykHa 115
OTIEPATUBHOTO YIPABJICHHS TEXHOJIOTHUYECKUM MPOIIECCOM.

JlaHHBIE TEXHOJIOTMUYECKHX TpoiieccoB crenuduunbl. OHM, KaK MpaBUiIo,
MOTYT OBITh TIPE/ICTABIICHBI B BUJIC BPEMEHHBIX PSAI0B «3HAUCHUE — BpeMs». J{7s ux
coopa u xpaneHus: npakruuecku 000t SCADA-makeT UMEET B CBOEM COCTaBe
MOJICUCTEMY PETHCTpPallMd HUCTOPUYECKUX MAaHHBIX (apXWMB) C BO3MOXHOCTHIO
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NOCEAYIONIE BHIOOPKU TpeOyeMbIX JJIsl aHalu3a JAHHBIX U UX MPEACTaBICHUS B
BUJIC TPEHJIOB.

Ho takue apxuBbl HE MpeIHA3HAYEHBI IS JUIMTEILHOTO XpaHEeHUs OOJIBIINX
00beMoB uHpopmMaiuu. K ToMy xe, peds 31€ch UAET O TaK Ha3bIBAEMBIX JTOKATbHBIX
apxuBax. ApxuB SCADA-nakera xpaHuUT HHGOPMAIMIO O TMEPEMEHHBIX JIHIIh
OJIHOTO KOHKPETHOT'O TEXHOJIOTMYeCKoro mpornecca. Ho mpenmnpusitue mmeer B
CBOEM COCTaBE LEJbIA PsAJ TEXHOJOTUYECKUX MPOIIECCOB, CUCTEMBI YIPABIICHUS
KOTOPBIMU BBITIOJHEHBI, KaK MPaBUJIO, HA Pa3IMYHOM MPOrpaMMHO-amnmapaTHON
miatdopme.

B monydenuu onepaTuBHBIX 1 00BEKTHBHBIX TEXHOJIOTHYECKUX TAHHBIX CETOTHS
3aMHTEPECOBAaHbl MPAKTHUECKU Bce CiIyXkObl mpenmpustus. OIHAKO XapakTep
HeoOX0ouMoN HH(OpPMAIMK pa3TUYeH IS pa3IndHbBIX YPOBHEH ympasinenus. Ha
BepxHeM ypoBHe (ACVYII) HyXHa TOJIbKO WHTErpupoBaHHas (IPEeABAPUTEIHHO
MOJATOTOBJICHHAs) MHGOpPMAIMS O TEXHOJIOTMYECKUX IMpolieccax (JaHHBIE THUIIA
«HApACTAIOIIUM HWTOTOM», CPEIHUX 3HAYCHUW 3a OMpPE/ENICHHbIE MPOMEXYTKHU
BPEMEHHU, 00111e€ KOJMYECTBO IPOU3BEICHHBIX POAYKTOB H T.11.).

Jlnst XpaHeHusi Takod WHQOpPMAIMK XOPOIIO aJanTUPOBaHBl 0a3bl JAHHBIX
pensiuonnoro tuna (PBJI). Jlanasle B 3TMX 0a3ax CTaTHYHBI, CBA3aHbIl MHOTUMU
OTHOUIICHUSIMHU, JOJDKHBI OBITH JIETKO BBIOMPAEMBI IO PA3NMYHBIM CJIOXKHBIM
kputepusiMm. Opnaxko PBJ[ He mnpucnocoOsieHbl s XpaHEHHs OrPOMHOTO
KOJIMYeCTBAa 3HAueHWH mapameTpoB, mnomydaembix oT SCADA-cuctem wu
HaKaIJIMBa€MbIX 3a JIOCTAaTOYHO JJIUTEIIbHOE BpeMs (10 Tpex u OoJjiee JeT).

B pesynbrate, mHpoOpmamms, WMEIOMA’ACS W YCHEIIHO HCIONb3yeMas B
ACYTII, HenoctymnHa 1151 BEpXHETO YPOBHS.

Takum 06pa3oM, Ha3pesa He0OXOIUMOCTh CO3/IaHUsI U BHEIIPEHHSI B TIPOIIECC
yIOpaBlICHUS] TaK HA3bIBAEMBIX UCHOPUUECKUX aPXU608 TIPOU3BOACTBEHHBIX
JAHHBIX WU 0a3 0aHHbIX peanbHoz2o epemenu (bJIPB) Maciitaba npennpustus.

Bo - nepBbIX, TakKe CUCTEMBI I0JKHBI 00ECTIEYUTH COOp TAHHBIX C PA3TMUHBIX
UCTOYHHKOB MPOU3BOICTBeHHON nHpopMaruu Ha npeanpustun (SCADA-cucrem,
DCS-cucrem, nabopatopusix cucrem - LIMS, pazmuunsix CYBJl u 1. 1) 1 ux
JOJITOBPEMEHHOE XpaHEHUE B €JMHOM (opmaTe. Bo-BTOpBIX - 00ecneunTh AOCTYII
K WHGOpMAIMK CIIEHUATUCTAaM U PYKOBOJMUTENSIM BCEX YPOBHEW U CIyk0 1O
CTaHJAPTHBIM TMPOTOKOJIAaM C TOMOIIBIO CHEIUATU3UPOBAHHBIX KIUEHTCKHUX
IIPUJIOKECHUM.

Takue cucTEeMBI OT pa3NMUYHBIX TPOU3BOAUTENEH (B TOM dYHCIE U OT
npousBojuteneir SCADA-cucteM) yke mosBWIMCh B Poccun U ¢ KaxapIM JHEM
HaxomAT Bce Oosiee mmpokoe npumenenue. Cpenu mux IndustrialSQL Server —
KOMIIOHEHT MHTerpupoBanHoro makera FactorySuite (Wonderware), iHistorian -
KOMIIOHEHT cemeiicTra Intellution Dynamics u apyrue.

o CymiecTByeT IeNbIN psifl 3a7a4 YIIPaBICHUs, HE IEPEKPHIBAEMBIX HU KJIACCOM
ACVYII, an knaccom ACYTIL. YactuuHO 3TH 3aJaud HE TEPEKPBHIBAIOTCS M3-3a
OTCYTCTBHSI BO3MOKHOCTEW MPOTrPaMMHOI0 00ECIIEUeHHsI 3TUX YPOBHEH CHCTEMBI
ynpasieHus. Cpe HUX HaXOMATCSA U 33/1a4H, pelIeHne KOTOPBIX MOXKET OKa3aTh
pematoniee BausiHuEe Ha 3(Q(PEKTUBHOCT MPEANPUATHS B LIEIOM: TUCTIETYEpU3ALUS
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IIPOM3BOICTBA, OTIEPATUBHOE IJIAHUPOBAHUE, YIIPABICHHE Kau€CTBOM MPOIYKIUH U
MHOTHE JIpyTHe.

Hanuure 6a3bl JaHHBIX peaibHOrO BpEMEHU MaciTaba npeanpusiThs — 3TO
TOJIBKO JIMIIb TIPEANOCHIIKA 111 UX petieHus (Heo0XoIuMoe, HO HeJIOCTaTOYHOE
yciioBue). Psan pazpaboT4MKOB MHCTPYMEHTAIBHBIX CUCTEM IMPEJIaraioT
UCITIOJIB30BAaTh C 3TOM EbIO CIIEUATBHBIN TUIT POTPAMMHBIX MPOAYKTOB. DTO
MOTYT ObITh HEOOJIBIIIUE CUCTEMBI, TPEAHA3HAYEHHBIC JIJISI PEIICHUS OTAEIbHbIX
TUTIOBBIX 33/1a4, HAIIPUMEP, CUCTEMBI pacueTa M COTJIACOBAHMS MaTePHUATbHBIX
OamancoB. [TosBUIICS PsiT HHTETPUPOBAHHBIX CHCTEM, TTOICPKUBAIOIINX, HAPSITY
¢ QYHKIIUSAMH XpaHEHUS U TIPEICTaBIIeHUs WH(DOpMAIH, peIlIeHre 3a/1a4y pacuera
TEIJIOBBIX M MaTEPHUAIILHBIX 0aTaHCOB, INITAHUPOBAHMS, ONTUMH3AIUH U T.11. K
HanboJiee U3BECTHBIM MPOTPaMMHBIM ITPOAYKTaM 3Toro kinacca [10 oTHocaTcs
InfoPlus xommanuu Aspen Tech, «Kanekynsatop kauectBay ¢pupmel [IETPOKOM,
P1 System (Plant Information System) komnanuu OSIsoft.

CoBpemenHoe pazButue uHdopmarmonusix Texuonoruit (MT) coznano
MPEANOCHUIKH JJIs1 CTIEIIHONW WHTErPallii BCEX YPOBHEW yIpaBIICHUS
MHOTOYPOBHEBOW CHCTEMBI M CO3/IaHUsI MHTETPUPOBAHHOM MH(DOPMAITMOHHON
CUCTEMBI MPEITPUITHSI.

2. O0mas xapakTepucTuKa nporpaMmuoro ooecneyenus SCADA

2.1. OcHoBHble pynknuu SCADA-cucrem

[Tporpammuoe obecneuerune Trma SCADA npegHazHaueHO 1 pa3paboTKu U
OKCIUTyaTallii aBTOMATH3WPOBAHHBIX CHCTEM YIPABICHUS TEXHOJIOTHYCCKUMU
nporeccamu. Pe30HHO 3a1aTh BOMPOC: @ YTO K€ BCE-TaKM MEPBUYHO — pa3paboTKa
WK SKCIuTyaTarusi? Y oTBeT B JaHHOM CiTy4ae OJIHO3HAYEH — MIEPBUYHBIM SIBIISIETCS
3¢ dexTuBHBIN 4YenoBeko-MalMHHbI uHTepdeiic (HMI), opuenTupoBanHbIii Ha
MOJIb30BATENsl, T. €. Ha OMEPATHUBHBIA MEPCOHAN, POJIb KOTOPOTO B YIpPaBICHUU
apisgercst onpexaensomein. SCADA — 3To HOBBIM Toaxoa K mpobieMam
YeJIOBEUeCKOro (pakTopa B cucTeMax yrpaBlieHUs (CBEpXY BHU3), OPHEHTAIMS B
NIEPBYIO OYepe/Ib Ha YeTIoBeKa (onepaTopa/ucneTdepa), ero 3aauu U peain3yeMble
UM (QYHKIIIH.

Taxomn HOAXO0M MO03BOJINI MUHUMU3UPOBATH y4yacTue
OTIepaTOPOB/IUCIIETYEPOB B YNPABIECHUU MPOIIECCOM, HO OCTABHJI 32 HUMH IPaBO
MIPUHSTHUS PEIICHUS B OCOOBIX CHUTYaIUsX.

A uto nana SCADA-cucrema pazpadboruukam? C nosisnennem SCADA oHu
MOJIYYHJIA B PYKH (G (HEKTUBHBIN HHCTPYMEHT ISl IPOCKTUPOBAHUS CUCTEM
yIpaBIeHUS, K MPEUMYIIECTBAM KOTOPOTO MOKHO OTHECTH:

BBICOKYIO CTENICHb aBTOMATHU3aIIMH Tpoliecca pa3paboTKH CUCTEMBI

yIpaBJICHHS,

y4acTue B pa3pabOTKe CIEIUATNCTOB B 00JIaCTH aBTOMATU3HPYEMbIX
MpoI1IeccoB (MIporpaMmmMupoBaHue 6e3 MporpaMMHUPOBAHUS);

peanbHOE COKpAICHIE BPEMEHHBIX, a, CJICA0BATEIIbHO, M (PMHAHCOBBIX
3aTpar Ha pa3paboTKy CUCTEM YIIpaBICHUS.

[Ipexne, yem roBoputh 0 (pyHKIMOHANBHBIX BO3MOKHOCTsAX [IO SCADA,
mpemyiaraeTcsi  B3TJSHYTh  Ha  (YHKIHMOHAJIbHBIE  OOS3aHHOCTH  CaMHX
onepaTtopos/nucnerdepoB. KakoBel ke 3T o00s3anHOocTH? Crenyer cpasy
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OTMETHTh, 4YTO (YHKIIMOHAIbHBIC OOS3aHHOCTH  OMEPATOPOB/IUCIIETUYEPOB
KOHKPETHBIX TEXHOJIOTMYECKHX IPOIIECCOB U MPOU3BOACTB MOTYT OBITh
CYILIECTBEHHO PAa3HBIMU, J]a K CAMU MTOHSTHUS «OIEPaTOP» U «JAUCTIETUEP» JAIEKO He
paBHO3HauHbL. TeM He MeHee, cpeii MHOTr0oOpa3us dTUX 00s3aHHOCTEN 0Ka3a10Ch
BO3MOYKHBIM HalTH 00IIME, MPUCYIIUE JAHHOW KaTeropuu pabOTHUKOB:
perucTpanus 3Ha4YeHU OCHOBHBIX TEXHOJOTUYECKHUX U X03PaCUETHBIX

napameTpoB;
aHaJIn3 MOJIYYCHHBIX JaHHBIX U UX COMOCTaBJICHHE CO CMEHHO-CYTOUHBIMH

3aJIaHASIMH M KaJICHIapHBIMU TUTAHAMH,
y4eT U PETUCTpaIvs MPUINH HAPYIICHUH X012 TEXHOJIOTHYECKOTO

npolecca;
BEJICHHE KYypHAJIOB, COCTABIICHHE ONEPATUBHBIX PAlOPTOB, OTYETOB

U IPYTHX JOKYMECHTOB;
IPEIOCTABIIEHUE TAaHHBIX O XOJI€ TEXHOJOTHYECKOTO Mpoliecca U

COCTOSIHUM 00OPYZIOBAHMSI B BHILIECTOSIINE CIYXKObI U T. 1.
Panbliie B onepaTopHO#l (AUCTIETYEPCKON) HAXOAWICS IIUT yIpaBieHus (0Tcroza -
TOoBast). J{J1sl yCTaHOBOK M TEXHOJIOTMYECKHUX MPOIECCOB C HECKOJIBKUMU COTHSIMU
napamMeTpoB KOHTPOJSI W PEryJupoOBaHMs JUIMHA IIUTa MOTJa JOCTHraTh
HECKOJBKUX JECSATKOB METPOB, a KOJUYECTBO MPUOOPOB HA HHUX H3MEPSIIOCH
MHOTHMH JIeCATKaMHU, a WHOrna u coTHamH. Cpenu 3THUX TpUOOpPOB ObUIU U
MoKa3bIBaroNye (IIKaja U yKazaTeib), 1 CaMONUIIYITUe (KpOMe IIKaJIbl U yKa3aTems
elle U JuarpaMmHas Oymara ¢ mepoM), U CUrHanusupyromue. B omnpenenenHoe
BpeMsl orepaTop, 00XOMs IUT, 3alUChIBall TOKa3aHHUs MpUOOpOB B kypHAN. Tak
pemianach 3a1a4a c6opa U perucTpaumu uHdopmanuu.
B mpubopax, o0CIyXHBaIONMX PETyIupyeMbIe MapaMeTpbl, UMEIUCh YCTPOHCTBA
JUTSE HACTPOMKY 3a/laHusl PETYISITOPY U AJIs Tepexoa ¢ aBTOMaTHUECKOTO PEXUMa
VOpaBJICHUS HAa pPy4yHOE (IUCTAHIIMOHHOE). 37ECh K€, PSIOM C MNpubopamu,
HAXOJIUJIMCh MHOTOYUCIICHHBIC KHOMKHU, TyMOJIEphl U pYyOMIHbHUKH JIJISI BKITFOUCHUS
U OTKJIIOYEHHUS Pa3IMYHOIO TEXHOJOTMYecKoro odopynaoBaHus. Takum obpazom
pemaivuch  3a7a4yd  JAUCTAHIMOHHOTO  YNPABJIEHUS]  TEXHOJOTUYECKUMHU
napamMeTpamMu U 000pyI0BaHUEM.
Han murom ympaBneHus (Kak MpaBWiIO, Ha CTEHE) HAXOAWJIACh MHEMOCXEMa
TEXHOJOTMYECKOro Mpolecca ¢ H300paKEHHBIMM Ha HEW TEXHOJIOTMYECKUMU
anmaparamMd, MaTepUaJbHBIMM IIOTOKAMA W MHOTOYHCIICHHBIMHA JIaMIIaMHu
CUTHAJIM3AIUH 3€JIEHOTO, JKeNITOr0 M KPacHOro (aBapUHOTO) I[BETA. DTU JIAMITBI
HAaYMHAJIM MHTaTh NP BOHUKHOBECHUW HEIITATHOW cUTyaluu. B 0co00 omacHBIX
CUTyallusiX TpeaycMaTpuBaiach BO3MOXKHOCTh TIOJa4d 3BYKOBOTO CHTHAla
(cupena) mJist OBICTPOTO TPEAYNPEKICHUS BCEro ONEpaTUBHOrO mepcoHana. Tak
pelIanuch 3aaud, CBSI3aHHBIC C CUTHAJIM3alMel HapyIIeHU TeXHOJIOTUYECKOTO
periaMenTa (OTKJIOHEHUN TEKYIIUX 3HAYCHWM TEXHOJIOTMYECKUX MMapaMeTpoB OT
3aJIaHHBIX, 0TKa3a 000pyAOBaHMUS).

C mosiBeHHWEM B ONIEPATOPHOM/ TUCTIETYEPCKON KOMITBIOTEPOB OBLIO
€CTECTBEHHBIM YacTh (DYHKITUH, CBA3aHHBIX CO COOPOM, pETUCTPAIIHEH,
00paboTKON U 0TOOpaKeHHEM HH(POPMAIIUH, OTIPEICTICHUEM HEIITATHBIX
(aBapuifHBIX) CUTYyaIMi, BEJICHUEM JOKYMEHTAIINH, OTYETOB, MIEPEIIOKUThH HA
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KOMIbIOTEpHI. Ellle BO BpeMeHa MepBbIX YIPaBISIONINX BIUUCIUTEIbHBIX MAIIUH
C MOHOXPOMHBIMU a(PaBUTHO-IIU(PPOBBIMU JUCIUICSIMU Ha 3TUX JUCILIESIX
YCWJIMSIMU DHTY3HACTOB-Pa3pabOTUMKOB YKE CO3/aBAIKCh «IICEBAOTpaPUUIECKUE)
U300paKeHUs - TPOOOPa3 COBPEeMEHHOM IpauKu. YrKe TOr/ia CUCTEMbI
obecnieunBaau coop, 00padoTKy, oToOpakeHne nHGOpMaIllK, BBOJ KOMaH]I U
JTAHHBIX OTIEPATOPOM, APXUBUPOBAHKE U MPOTOKOJIMPOBAHKE X0 1a MIpoIiecca.

XoTenoch Obl OTMETUTH, YTO C TMOSBIEHUEM COBPEMEHHBIX MPOTrPaMMHO-
TEXHUYECKUX CpEIICTB aBTOMaTHU3alllH, pabounx CTaHIMUI
OIepaTOpOB/IMCIETYEPOB,  (PYHKIIMOHUPYIOIUX Ha 0a3ze  MPOrpaMMHOTO
obecneuenns SCADA, muThl ynpaBieHUs: 1 HACTEHHbIE MHEMOCXEMbI HE KaHYJIH
0e3BO3BpaTHO B JeTy. Tam, rjae 3To NpOJUKTOBAHO IE€JIE€CO00PA3ZHOCTHIO, IITUTHI U
MYJIbTHI YIIPABIEHUS OCTAIOTCA, HO CTAHOBATCS 00Jie€ KOMIaKTHBIMHU.

[losiBnienne YBM, a 3aTeM 1 NEpCOHABHBIX KOMITBIOTEPOB BOBJIEKJIO B
IPOLIECC CO3JIaHUS ONEpaTOPCKOro uHTepdeiica nporpaMmMuctoB. OHU XOPOILIO
BJIAJICIOT KOMITBIOTEPOM, SI3bIKAMH MPOTPAMMHUPOBAHUS U CIIOCOOHBI TTUCATh
CJIOKHBIE MTPOTPaMMBL. /{7151 3TOr0 MpOrpaMMUCTY HYKEH JIMIIb aJrOPUTM
(popmanuzoBanHas cxema perienus 3anaun). Ho 6ema B Tom, 4TO MpOrpaMMHCT,
KaK MPaBUJIO, HE BIIAJICET TEXHOJIOTUEN, HE KITOHUMAET» TEXHOJIOTUYECKOTO
nporecca. [loaToMy A pa3pabOTKH aIrOPUTMOB HAJI0 ObLIO MPUBJIEKAThH
CIEIHUAIMCTOB-TEXHOJIOT OB, HAIIPUMED, NHKEHEPOB M0 aBTOMATU3ALNH.

Beixogq w3 »3ToM cuTyanuu ObUl  HaWIEH B CO3JaHUU  METOJIOB
«MpOrpaMMHUpPOBaHUsT 0€3 peabHOr0 MPOTPAaMMHUPOBAHUA», JOCTYIHBIX IS
MOHUMAaHUsI HE TOJBKO MPOrPAMMUCTY, HO U MHXKEHEpY-TexHoJory. B pe3ynbpraTe
MOSIBUJIUCH MPOTPAMMHBIE MAKEThI ISl CO3JaHusl MHTepdeiica «4eIoBeK-MalInHa)
(Man/Humain Machine Interface, MMI/HMI). 3a py0Oexxom 3TO mporpaMMHOE
obecnieuenne nonyumino HasBanume SCADA (Supervisory Control And Data
Acquisition — cynepBH30pHOE/IUCIIETUEPCKOE YIIPABICHUE U COOp JaHHBIX), TaK
KaK TpeHa3HAvYaIoCh JJIs1 pa3paboTku U (QYHKIMOHAIBHOU moaaep:kku APMos
oneparopos/nucrietuepoB B ACYTII. A B cepenune 90-x a6bpeBuarypa SCADA
(CKAIA) yBepeHHO TMOSBHIACh M B JIEKCMKOHE POCCHHCKHX CIEIHAIUCTOB II0
aBTOMATH3aLIHH.

Oxa3anochb, 4YTO OOJIBIINHCTBO 33/1a4, CTOSIIINUX Mepe]] CO3AaTeNIIMU
nporpammHoro ooecreueHust Bepxuero ypoHs ACY TII paznuyHbix otpacieit
MPOMBIIIIEHHOCTH, I0CTATOYHO JIETKO MOAJAETCsl YHU(DHUKALIMH, [TOTOMY YTO
GbyHKUIMU onieparopa/aucneTdyepa NpakTUYECKU JH00ro NpoOru3BOICTBA
JIOCTATOYHO YHU(DULIUPOBAHBI U JIETKO MOJAAOTCS (hopMalIU3aluu.

Takum o6pazom, 0a3oBbiii Habop PyHkIMit SCADA-cucteM npeaornpeaesieH
pOJIBI0 ATOTO MpOrpaMMHOro obecrnedeHuss B cucremax ynpasieHus (HMI) u
peann30oBaH MPaKTUYECKU BO BCEX MaKeTax. ITo:

- cOop uH(pOpMaIUH C YCTPOMCTB HIDKHETO YPOBHS (JIaTYUKOB,
KOHTPOJIIEPOB);

- TIpUEM U Tepeiadya KOMaH/ orepaTopa/Iucrerdepa Ha KOHTPOJIJIEPHI U
WCIIOJTHUTEINIbHBIE YCTPOUCTBA (IMCTAHIIMOHHOE YIIpaBJIeHNE OOBEKTAMH);

- CEeTEeBOE B3aUMOJICHCTBUE C HH()OPMALIMOHHOW CUCTEMON IPEATPUITUS
(C BBIIECTOSIIIIMMHU CITYy>KOaMH);
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OTOOpaKEHHE MapaMETPOB TEXHOJIOTHYECKOTO MPOLECCA U COCTOSTHUS
000py10BaHUS C TIOMOIILI0O MHEMOCXEM, TaOJIHII, TPa(PUKOB U T.II. B YI0OHOM
JUTSL BOCIpUSITHS POpME;

OTIOBEIIIEHUE IKCILTYaTaIMOHHOTO MepcoHalia 00 aBapUMHBIX CUTYyaIUsIX U

COOBITHSIX, CBSI3aHHBIX C KOHTPOJIUPYEMBIM TEXHOJIOTUYECKUM MPOIECCOM U

GbyHKIMOHUpPOBaHUEM TIporpaMmHo-anmapaTHeix cpeacts ACY TII ¢

perucTpanuen JEUCTBUM NEPCOHANIA B ABAPUMHBIX CUTYalUSIX.

XpaHECHHE MOTy4YeHHON NHPOPMAIINH B apXUBaX;

MPECTABICHUE TEKYIIUX U HAKOIIJICHHBIX (APXUBHBIX) JaHHBIX B BUJIE

rpadukoB (TpeHbI);

BTOpUYHAas 00paboTka nHpopmanmu;

dbopMHpOBaHUE CBOJIOK U IPYTUX OTUYETHBIX JOKYMEHTOB IO CO3JJaHHBIM Ha
JTane NPOEKTHPOBAHUS A0IOHAM.

K wunrepdeiicy, cozmanHomy Ha Oa3ze mporpammHoro obOecrneuenuss SCADA,

MPEABABISIETCS] HECKOJIBKO (PYyH/IaMEHTAIIbHBIX TPEOOBAHMIA:

OH JIOJKEH OBITh MHTYUTHUBHO MOHATEH U yI00EH s
oreparopa/IucreTyepa;

eMHUYHAS OITHOKA OTepaTopa He JOJKHA BbI3bIBATH BhIAUy
JI0’KHOM KOMaH/Ibl YIIpaBJeHUs! Ha OOBEKT.

2.2. ApxurektypHoe nocrpoesue SCADA-cucrem

Ha wnavanpbHOM »Tame pasButus (80-¢ ToAbl) KaXIblii TPOU3BOIUTEINb

MUKPOIIPOLIECCOPHBIX CHUCTEM YIPaBICHUA pa3padaTbiBall CBOK COOCTBEHHYIO

SCADA-mporpammy. Takue mporpaMMbl MOTJIH B3aMMOJECHCTBOBATH TOJBKO C

y3KUM KPYroM KOHTPOJUIEPOB, M MO BCEM IMapaMeTpaMm ObLIU 3aKPbITHIMH

(orcyTcTBHME Habopa JpailiBepoB i pabOThl C YCTPOMCTBAMHU Pa3IUYHbBIX

MPOU3BOJIUTENICH U CPEJICTB UX CO3/IaHUsI, OTCYTCTBUE CTaHJIAPTHBHIX MEXaHU3MOB

B3aMMOJICUCTBUS C IPYTUMU MTPOTPAMMHBIMU MPOIYKTaMU U T. 11.).

C nosiBiI€HUEM KOHIIENIMU OTKPBITHIX CUCTEM (Havyano 90-X) mporpaMMHbIe

CpEACTBa ISl ONIEPATOPCKUX CTAHIIUN CTAHOBSITCS CAMOCTOSATEIbHBIM MMPOAYKTOM.

e OpHOI U3 MEepBbIX 33/1a4, MOCTaBICHHBIX Niepena pazpadoTunkamu SCADA,

CTasia 3aJja4a OpraHu3alid MHOTOMOJIb30BATEIbCKUX CUCTEM YIIPABJICHHUS, TO €CTh

CUCTEM, CIOCOOHBIX MOAEPKUBATH JOCTATOYHO OO0JIbIIOE KoJnuecTtBo APM

noJyib3oBaTenie (KJIMeHTOB). B pesynbrare mNosiBUNIACh KiaIueHm - cepeepHasn

TEXHOJIOTHS WA apXUTEKTypa.
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KieHT - cepBepHas apxXUTEKTypa XapaKTEPU3yeTCsl HATMYMEM JABYX
B3aMMO/JICHCTBYIOIIUX CAMOCTOSTEIBHBIX IIPOLIECCOB - KIIMEHTA U CEPBEpPa,

KOTOPBIC, B 00IIIEM ciTydae
PphIC, m yHae, Pabodnme cTaHUuMKM (KNUEeHTDI)
MOTYT BBIIIOJIHATHCS Ha

Pa3HbIX KOMIIBIOTCPAX, -
0OMEHUBAsCh JaHHBIMH I10 . .

|
|

ceru. [lo Takoii cxeme MOryT r =1\ f — f =1
OBITh TOCTPOEHBI CHCTEMBI _l_‘ _l_‘
YIPABJICHUS g
TEXHOJIOTUYECKUMU < ViHdpopMaLMoHHan ceTb
IpolLieccaMu, CUCTEMBI CepBep

00pabOTKH TaHHBIX Ha ‘ =911

ocHoBe CYB/[ u T. 1. o

MpoMbIWNeHHAaA CeTh

Puc. 2.1. Knuent-cepBepHas ; .
apXMTEKTYpA. Hﬂ’ Hﬂ’

Kinenr-cepBepHas MnK mmmmﬂﬂm MnK
apXUTEKTypa NPEAnoaraer,
4TO BCS MH(POPMAIUSA O TEXHOJIOTHYECKOM MPOIIECCE OT KOHTPOJUIEPOB cOOUpaeTCs
u oOpabaTbIBaeTCs Ha cepBepe BBOJA/BbIBOIA (cepBep 0a3bl JaHHBIX ), K KOTOPOMY
0 CETH NOAKIo4aroTcsi APM KIMeHTOB.

[lox cTaHume-cepBEPOM B ITOM APXUTEKTYpPE CIEAYET IOHUMATh KOMIIBIOTED
CO CIEIHUaIbHBIM MPOTPAMMHBIM OO€CTIEUCHUEM ISl COOpa U XpaHEHUs JAHHBIX U
NOCJIEYIONIEN X Mepeaayd Mo KaHajaaM CBS3HM ONEPaTUBHOMY MEPCOHATY IS
KOHTPOJISL U YIPABIIEHUS TEXHOJIOTHUYECKUM MPOLIECCOM, a TAKXKE BCEM
3aMHTEPECOBAHHBIM CHeUanncTaM 1 pykoBoautessam. [lo onpenenenuio cepsep
SBJIIETCS] MOCTABIMKOM MH(GOpPMAIINH, a KIHEHT — e¢ moTpeduTeneM. Takum
o0pa3oM, pabo4dne CTaHIIUKU OTIEPATOPOB/AUCTIIETYEPOB, CICIIUAIUCTOB,
PYKOBOJUTENEH SBISIOTCS CTAHIUAMU-KIIMEHTaMU. OOBIYHO KJIMEHTOM CITY>KUT
HactosibHbIN [1K, BeIONHSIONTUI TpOrpaMMHOE 0OecTieueHne KOHEUHOTO
nosib3oBatests. [1O knrenTa - 3To mo0as MpuKIagHas IporpaMMa Wi Maker,
CIIOCOOHBIE HAMPABIIATH 3aMPOCHI 110 CETU CEPBEPY M 00pabaThIBATh MOTYyYaAEMYIO
B 0TBeT uHpopmaruio. EctecTBeHHO, PYHKITUU KIIMEHTCKUX CTaHIUH, a,
CJIEIOBATEILHO, U HPOZPAMMHOE 0becneuenue, pa3TuiHbl U ONPEIEISIOTCS
GbyHKUMSIMHE paboyero MecTa, KOTOpoe OHM 00ECIIeUHBALOT.

KonnuecTBo oneparopckux CTaHIui, cepBepoB BBOAA/BbIBOIa (cepBepoB b/I)
OTpEENsIeTCs Ha CTaUU MPOCKTUPOBAHUS M 3aBUCHUT, MPEXKIE BCETO, OT 00bemMa
nepepadaTbiBaeMoil B cuctemMe uHpopMauuu. it HeOOJIbIINX CUCTEM YIIPABICHUS
dbyHKuMM cepBepa BBOAa/BbIBoAAa M crtaHuuu omneparopa (HMI) moryr ObITh
COBMEUIEHBI HA OJTHOM KOMITBIOTEPE.

B ceTeBbIx pacnpeneneHHbIx cucreMmax cpeacrBamu SCADA/HMI crano
BO3MOYKHBIM CO3/1aBaTh CTAHIINH (y3JIbI) PA3TUYHOTO (PYHKITMOHAIIBHOTO
HA3HAYCHUS: CTAHIIMH ONIEPaTOPOB/IUCTIETYEPOB, cepBephl ¢ hyHKIMsIMU HMI,
“cnensie” cepBepsl (0e3 hynkumit HMI), ctaniiun MmoruTOpUHTa (TOJIBKO
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npocMoTp O€3 MpaB Ha yIpaBJIEHUE) 7S CIICLIUATUCTOB U PYKOBOAUTEICH U
Jpyrue.

SCADA-nporpaMmbl UMEIOT B CBOEM COCTABE JIBa B3aMO3aBUCUMBIX
monyist: Development (cpena pa3pabotku npoekra) u Runtime (cpeaa
UCIIOJIHEHHUS] ). B 11en1X CHMKeHHUsS] CTOUMOCTH TIPOEKTa 3TU MOAYJIU MOTYT
yCTaHaBJIMBATLCA HA pa3Hble KoMIbIOTephl. Hanpumep, cTaHIuu onepaTopa, Kak
IIPAaBUIIO, SIBJIAIOTCA y3aamu Runtime (wau View) ¢ moaHsiM HabopoM QyHKITHI
YeJI0BEKO-MalIMHHOTO uHTepdeiica. [Ipu 3ToM X0Ts ObI OMH KOMIIBIOTEP B CETU
nosmkeH ObITh THIa Development. Ha takux y3max mpoekT pa3pabarsiBaercs,
KOPPEKTUPYETCS, a TaK)Ke MOXKET U ucronHIThCsl. HekoTopeie SCADA-cuctemMsr
JIOTYCKal0T BHECEHUE U3MEHEHHI B MPOEKT 0€3 OCTAHOBKHU pabOThI BCEH CHCTEMBI.
[Tporpammuoe obecnieuenne SCADA-cepBepoB MMO3BOJSET CO3AaBATh TOJIHBII
MPOEKT CUCTEMBI YIIPABJICHHUS], BKItOUas 0a3y nanubix 1 HMI.

e BaXHbBIM acHeKTOM B CTPYKTYPHOM TIOCTPOCHHHM CETEBBIX CHCTEM
VIOPABJICHUS SBIIETCS CMpYKmypa 0a3pl OGHHBIX pPealbHO20 6pPeMeHU
(ueHTpanu3oBaHHas WK pacnpenencHHas). Kaxnas u3 crpykryp 8 SCADA/HMI-
CUCTEMaX peaM3yeTcs pa3HbIMU pa3paboTyuKamu To-pasHoMy. OT peaiuzaiuu
CYILIECTBEHHO 3aBUCIAT A(PEKTUBHOCTH OOECIEUEHUS] €IUHCTBA U IEITOCTHOCTH
0a3bl ITaHHBIX, €€ HAJE)KHOCTh, BOBMOXXHOCTH MOJU(DHUKALIUHU U T.]I.

B ogHux cimyyasx aJjig JOCTyIa K JaHHBIM Ha KOMIIbIOTEpE-KIIMEHTE
co3JaeTcs «CBOs» 0a3a JaHHBIX, KOMUpyeMas C YAAJIIEHHbBIX CEPBEPOB.
JyOnupoBaHKe TaHHBIX MOXET MPUBECTH K ONMPEAEICHHBIM MTPOOJIEMaM € TOUKH
3pEHUs LETOCTHOCTU 0a3bl JAHHBIX U MPOU3BOJUTEIBHOCTH CUCTEMBI YIIPABIICHHUS.
[Tpu Mmonudukanum 6a3bl JTaHHBIX C TAKOW OpraHu3alleil, Hanpumep, Npu
BBEJICHUH JIOTIOJTHUTEIHHOM MEPEMEHHON OTPEOYIOTCS U3MEHEHHS B KaXKI0M
CETEBOM KOIMU, UCTIOJIB3YIOLIEH 3Ty IEPEMEHHYIO.

B npyrux ciydasix KOMIbIOTEpaM-KIUEHTaM He TpeOyroTCsl Konuu 06a3
naHHbIX. OHU TIOJTYYar0T HEOOXOIMMYIO0 UM UH(OPMAIIUIO 110 CETH OT CepBepa, B
3aJlaqyy KOTOPOTO BXOJUT Mojiep:kanue 0a3pl JaHHBIX. CepBEepOB MOKET OBITH
HECKOJIBKO, 1 JIF00ast 4aCTh JaHHBIX XPAHUTCS TOJIBKO B OJTHOM MECTE, Ha OJHOM
cepsepe. [loaTomy u Mmonudukaus 6a3bl JaHHBIX MPOU3BOJUTCS TOJIBKO HA OJTHOM
KOMITbIOTEPE — cepBepe 0a3bl JAHHBIX, UYTO OOECIIEYMBAET €€ €AUHCTBO U
1EJI0CTHOCTh. Takoil MoaXo0/ K CTPYKTYPHOMY MOCTPOCHUIO CUCTEMbI CHUXKAET
Harpy3Ky Ha CeTh U JaeT ellle UEeJbId P MPEUMYIIECTB.

C Toukwu 3peHust ctpykrypHoro nocrpoerus SCADA-nakeToB pa3iuyaror:
- CHCTEMBbI, 00ecrieunBaloIne MOJHbINH Habop 6a30BbIX hyHKIHH HMI;
CUCTEMBI, COCTOSIIIIUE U3 MOIYJIEH, PEATU3YIOIINX OT/AEIIbHbBIE
byakuuu HMI.

Cucremspl, oOecreuMBarOlIMe IMOJHBIM Habop ©0a30BBIX (QYHKIMHA, MOTYT
KOMITJIEKTOBATHCSI IOMOJIHUTEILHBIMU OMIHUSIMU, PEATU3YIOIIMMHI HE0OS3aTeIbHBIC
B IIpUMEHEHNN (YHKIIMA KOHTPOJIS U YIIPABJICHHUSI.
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Bo BTOpOM ciyyae cucteMa co3/iaeTcsi HOJTHOCThIO MOAYJIBHOM (cepBep
BBO/1a/BbIBOJIA, CEPBEP ATAPMOB, CEPBEP TPEHIOB, U T.A.). i1 HeOOIbIINX
MIPOEKTOB BCE MOJIYJIM MOTYT MCIIOJIHATHCS Ha OJTHOM KoMIbloTepe. B mpoekrax ¢
OOJIBIIMM KOJIMYECTBOM MEPEMEHHBIX MOIYIN MOKHO paclpee/IuTh Ha
HECKOJIbKO KOMITBIOTEPOB B Pa3HbIX COUYETaHUSIX. BapuaHT KIIMEHT-cepBEpHOI

apXUTEKTYPhl TAKOU CUCTEMBI KnueHTe! (HMI) CepBep

MIPEJICTaBJIEH Ha puc. 2.2. - anapMos
B knueHT-cepBepHOU 1 1

ApPXUTEKTYPE CHCTEMBI _ - ‘

YIIPaBJICHUS, IPEICTABICHHON Ha = 1_ = 1_ S,

puc. 2.2, pyHkiuu cbopa u | |

XpaHEHUs JaHHBIX, YIIPABICHHUS ‘

anapMamu M TPEHIaMK Cepeep - E:E::EE

pacnpeeneHbl MEKIY TPeMs B

cepBepamu. Oynkuus HMI ‘ ‘

peanusyercs Ha CTaHIUsAX- g -

KJIUCHTAX. .

Puc. 2.2. ApxuTeKTypa Hﬂmmmmmlm' MNK HHMMM’ MK

moxayisHOM SCADA.

Hanpumep, SCADA Citect umeer B cBoeM cocTaBe MSITh (PYHKIIMOHATHHBIX
MOAyJel (cepBEpOB WM KIHEHTOB):

1/O - cepep BBoma/BeiBoIa. OOecieunBacT nepeaady JaHHBIX MEXKITY
(du3nvUecKuMHU yCTpOCTBaMU BBOJIa/BbIBOIa U Apyrumu Moayisimu Citect.

Display - xnument Bm3yanusanuu. OOecrieyuBacT ONEPATOPCKHH HHTEPQEHC:

0TOOpaKeHHE JaHHBIX, MOCTYHAIINX OT Apyrux momyieit Citect, n ympasneHue

BBHITIOJIHEHUEM KOMaH]I OTIepaTopa.

Alarms - cepsep amapmoB. OTCIICKHUBACT TaHHBIC, CPABHUBAET MX C
JOTTYCTUMBIMU TIpe/ieNiaMu, TTPOBEPSET BHITIOJIHEHHUE 3aJaHHBIX YCIOBUN U
0TOOpakaeT ajJapMbl Ha COOTBETCTBYIOIIEM Yy3JI€ BU3yaIU3alluu.

Trends - cepsep TpeH0B. COOMpAET U PErUCTPUPYET TPEHIOBYIO
nH(OpMaIio, O3BOJISIST 0TOOPaXKAaTh PA3BUTHE TPOIECCA B PEATHBHOM
MaciTade BPeMEHU WM B PETPOCTICKTHBE.

Reports - cepsep oTueToB. ['eHepupyeT OTYETHI IO UCTEUCHUN
OTIpEICTIEHHOTO BPEMEHH, PU BO3HUKHOBEHUH OMPEEICHHOTO COOBITHS

WIH TI0 3aIpoCy orepartopa.

B onHOM ceTr MOXKHO MCIIOJIB30BaTh TOJIBKO OJWH CEPBEP ajlapMOB, CEPBEP
TPEHIIOB M CepBep OTYETOB. B TO ke Bpems MOMyCKaeTcs HCIIOJIb30BaHHE
HECKOJbKUX cepBepoB BBoja/BbiBoga (1/0O Server). KonnyecTBO KOMIBIOTEPOB ¢
ycTaHOBIICHHBIM MoaysieM Display (o6ecneurnBarommm onepaTopckuii uHTepderic)
B CETH MPAKTUYECKU HE OTPAHUYCHO.

SCADA kak oTKpbITasi cHCTeMa

PacnpocTpanenne apXuTeKTyphl «KIUEHT-CEPBEP» CTAIO0 BO3ZMOKHBIM
Omaromapsi pa3BUTHIO W IIMPOKOMY BHEIPEHUIO B MPAKTHKY KOHIIETIITUN OTKPBITHIX
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cucreM. [ maBHOM IPUYMHOM NOSIBJICHUS M Pa3BUTHUS KOHLIETIIIUU OTKPBITBIX
CUCTEM SIBUIIUCH HPOOIEMbL 63AUMOOEIICHI8UA NPOCPAMMHO-ANNADAMHBIX
cpeocme B JOKAIbHBIX KOMIBIOTEPHBIX CETAX. PEIUTH 3T MPOOIEMbI MOKHO
OBLJIO TOJIBKO IyTEM MEXIYHAPOJAHON CTaHAApTU3AIUU IPOTPAMMHBIX U
anmnapaTHbIX HHTep(]eicoB.

o Konyenuyua  omkpvimelx  cucmem  TpEIINoONaraeT  CBOOOJHOE
B3auMozeiicTBue mporpaMMmHbiX cpeacts SCADA ¢ mporpaMMHO-TEXHHYECKUMU
CPEIICTBAMH PAa3HbIX MPOU3BOJIUTENECH. DTO aKTyaJbHO, TaK KaK JJI1 COBPEMEHHBIX
CHUCTEM aBTOMATHU3allMM XapaKTepHa BBICOKAs CTEMEHb HHTETPalUd OOJBIIOTO
KOJIM4YeCTBAa KOMIIOHEHT. B crcreme aBToMaTu3allMu KpoMe OOBEKTa yIpaBICHUS
3aJIeCTBOBAH LEJbI KOMIUIEKC MPOrpaMMHO-aNNapaTHbIX CPEACTB: JATYUKHU U
UCIIOJIHUTEIIbHBIE YCTPONCTBA, KOHTPOJUIEPHI, CEpBEPHI 0a3 IaHHBIX, padoune MecTa
orepatopoB, APMpbI cieninainucToB u pykoBoguTeneu u T. A. (puc. 2.3). [Ipu stom
B OJIHOM cucTteMe MOryT OBbITh NPUMEHEHbl TEXHUYECKHE CPEACTBA pPa3HbIX
IIPOU3BOJUTEIIEH.

Puc. 2.3. Unterpanus SCADA B cuctemy ynpaBieHHs.

OueBuziHO, YTO AJ1s1 3P(HEKTUBHOTO (YHKIIMOHUPOBAHUS B 3TOU Pa3HOPOIHOM

cpene
APM cneuynManUCcTOBE M PYKOBOAUTEeNeH

Ww oN Y

SCADA SCADA SCADA Cepeep
Development Runtime Runtime PEO

N N N
ODBC/SOL |
5 NBC (TCPIIP} O '
|

SCADA - Profibus, ControlNet, Modbus, Genius 1 ap.

cepBep
Hﬂ MNK Hﬂ MK

SCADA-cucTeMa q0iKkHa 00eCreunBaTh BHICOKHN YPOBEHb CETEBOTO
B3aUMOJIEUCTBUSI.

Peanuzanus stoit 3agaun tpedyer or SCADA-cucTeMbl Hanuuus munogpx
nPOMOK0OI068 00MeHa ¢ Haudonee NONYIAAPHLIMU HPOMOIUMAECHHBIMU CEMAMU,
takumu, kak Profibus, ControlNet, Modbus u apyrummu.

C npyroii croponbl, SCADA-cucTeMBbl TOKHBI OACPKUBATH UHMmeEppelic
u co cmanoapmuvimu ungopmayuonnvimu cemanu (Ethernet u ap.) ¢
UCIOJIb30BaHUEM cTaHAapTHHIX MpoTokoJioB (TCP/IP u ap.) nyis oOMeHa JaHHBIMU
C KOMIIOHEHTaMH PacIpeeICHHON CUCTEMBI YIIpaBICHUSI.
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[Tpaxtruecku mobas SCADA-cuctema nMeeT B CBOEM COCTaBe 0a3y TaHHBIX
peaIbHOr0 BpEMEHH U MOJICUCTEMY apXUBUpOBaHUs NaHHBIX. Ho moacucrema
apXMBHUPOBAHUA HE MpeHa3HAYCHA JIJIsl JUIUTETLHOTO XpaHEeHUS OOJIbIINX
MaccUBOB MH(oOpMauu (Mecslbl ¥ rojbl). MHpopMalvs B Heil mepuogndecku
OOHOBJISIETCS, MHAYE JIJIs1 HEE MPOCTO HE XBAaTUT MecTa. PaccMaTpuBaeMbli 3/1€Ch
kiacc nporpammuoro ooecrieueHust (SCADA - cuctemsl) IpeiHa3HAYCH IS
oOecrieueHus TeKylIel 1 apXuBHON MHGOpMaIIeil orepaTUBHOTO NIEPCOHAa,
OTBETCTBEHHOTO 32 HETIOCPEICTBEHHOE YNPABICHUE TEXHOJIOTHYECKUM
IIPOIIECCOM.

HNudopmanus, oTpaxaromas XO3SMCTBEHHYIO NEATEIbHOCTh MPEINPHUITHS
(TaHHBIC UISI COCTABJICHMS MaTEpHAbHBIX OallaHCOB YCTaHOBOK, IPOU3BO/ICTB,
MPEANPUATHAS B IIEJIOM U T. 11.), XPAaHUTCSA B PEIBIITUOHHBIX 0a3zax maHHbIX (PBJ)
tuna Oracle, Sybase u T. 1. B 3Ti 0a3bI JaHHBIX HHGOPMAITUS TOCTABISACTCS OO ¢
IOMOUIBIO PYYHOI'O BBOJA, JINOO aBTOMATU3WPOBAHHBIM CHOCOOOM (IIOCPEACTBOM
SCADA-cuctem). Takum o00pa3oMm, BBIJBUTaeTCA e€HIe OJHO TpeOOBaHHE K
nporpammHomy obecniedeHuto SCADA - nanuuue 6 ux cocmaee npomoronos
oOMmena c munogvimu 0a3zamu OAHHBIX.

Haubosnee mmpoko mpuMEeHUMBI JIBa MEXaHHW3Ma OOMEHa:

ODBC (Open Data Base Connectivity - B3aumMojieiicTBHe C OTKPBITBIMH Oa3aMu
JTAHHBIX) — MEXKTyHAPOIHBINA CTaHAAPT, MpeArnoiararonmii ooMeH nndopmaiuei ¢
PBJ] mocpeactBom ODBC-npaiiBepoB. Kak cTaHmapTHBII MPOTOKON KOMITAHUU
Microsoft, ODBC nonnepxxuBaeTrcss ©  HaumboJjiee  paclpOCTPaHEHHBIMU
npuioxeHusMu Windows;

SQL (Structured Query Language) — si3bIK CTPYKTYPHUPOBAaHHBIX 3aIIPOCOB.

o [Iporpammuoe obGecnieuenne SCADA momxHO B3aMMOJEHCTBOBAThH C
KOHTpOJJIEpaMH sl OOeCIieueHus YeI0BEKO-MallIMHHOTO nHTepdelica ¢ cuctemMoi
ynpasienuss (puc. 2.3). K xonTposuiepam dYepe3 MOIyIHM BBOJA/BBIBOAA
MOAKIIOYEHBI JAaTYUKU TEXHOJOTHYECKUX IMapaMeTpOB U  HCIIOJHHUTEIbHbBIE
ycTpoicTBa (Ha puc. 2.3 He MOKa3aHbl).

Nudopmarust ¢ gatuyvka 3ammchiBaeTcsi B perucTp KoHTposuiepa. s ee
nepenaun B 6a3y nanasix SCADA-cepBepa HeoOXoanMa crieliuaibHas MporpaMma,
Ha3blBaemas jpaiiBepoM. JlpaiiBep, yCTaHOBJEHHBIM Ha cepBepe, o0ecrneyrmBaeT
O0OMeH JTaHHBIMU C KOHTPOJUIEPOM IO HEKOTOpoMy (u3uueckomy kaHairy. Ho ms
peanuzanuyu ooOMeHa HeO0X0IUM U JIOTHYECKUM MPOTOKOJ.

[Tocne mpuema SCADA-cepBepoM curHai momnajgaer B 0a3y AaHHBIX, Te
MIPOU3BOAMTCS €ro 00paboTka u xpanenue. J{Jis oToOpaxkeHus 3HaUeHUs CUTHaja Ha
MOHHTOpPE paboueil cTaHIMKM omepaTopa WH(GOpPMAaIUsA C cepBepa TOKHA OBITh
nepesaHa Mo CeTH KIMEHTCKOMY KOMITbloTepy. M TOJbKO mociie 3Toro omnepaTop
HOJyYUT MH(OPMALIMIO, OTOOPAKEHHYI0 U3MEHEHUEM 3HAueHUs, I[BETa, pa3Mepa,
MOJIO’KEHUS U T. Il. COOTBETCTBYIOLIETO OOBEKTA OMEPATOPCKOro nHTepdeiica.

Bombioe Komu4ecTBO KOHTPOJUIEPOB C pa3HBIMH MPOTPAMMHO- allllapaTHBIMU
maThopMaMH U TOCTOSIHHOE YBEJIMYECHHE MX YHCIIA 3aCTAaBIBUIO Pa3pabOTUHKOB
BKuTIO4aTh B cocTaB SCADA-cucteMbl 601bI110€ KOJTUYECTBO TOTOBBIX JPAWBEPOB
(10 HECKOJIbKUX COTE€H) W MHCTPYMEHTapuil s pa3padOTKU COOCTBEHHBIX
JpaiiBEpOB K HOBBIM WJIM HECTAHAAPTHBIM YCTPOMCTBAM HUKHETO YPOBHSI.
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Jns B3aummozeiicTBus npaiiBepoB BBoAa/BbiBoAa U SCADA 10 HemaBHEro
BPEMEHH HCITOJIb30BATIUCH JIBa MeXxaHu3Ma (puc. 2.4):
- DDE (Dynamic Data Exchange - nuaamMuyeckuii 0OMeH TaHHBIMH);
- 0OMEH 1Mo COOCTBEHHBIM (M3BECTHBIM TOJILKO (hupMe-pa3pabOoTIMKY) IPOTOKOJIAM.
Puc. 2.4. O6men undopmanueii ¢ nomoibio DDE-nipoTokona.

KnueHnr CepBep

SCADA MpoTokon DDE MpoTokon
L —

NNK |Pervctpbl
Runtime cepBep P

Apaneep

B3amen DDE kommanust Microsoft mpenioxumna 6omnee agdekTuBHOE U
HaJIE)KHOE CPEACTBO MEpeaaun TaHHbIX Mexay npoueccamu — OLE (cm. Huxe). A
Bckope Ha 0a3e OLE nossuiics HoBbli cTanaapT OPC, opueHTUpOBaHHbBIN Ha
PBIHOK MPOMBIIIEHHOW aBTOMAaTU3alUH.

e OPC-unrepdeiic

OPC - 310 a66peBuarypa ot OLE for Process Control (OLE mis
ynpasienus nporeccamu). Texnonorust OPC ocHoBaHa Ha pa3paboTaHHOMN
xomnanuei Microsoft rexnoorun OLE (Object Linking and Embedding —
BCTPauMBaHUE U CBs3bIBaHUE 00BEKTOB). [To1 00beKTaMU 3/1€Ch MOAPA3yMEBAIOTCS
TaK Ha3bIBAEMbIE KOMHOHEHM b, KOTOPBIE MIPEACTABIISIIOT COOOH TOTOBBIE K
MCIIOJIB30BaHUI0 MUHU-TIPUIIOKEHUS. BeTpanBas 1 cBsi3bIBasi 3TH KOMIIOHEHTHI,
MO>KHO pa3padaTbiBaTh NPUII0KEHUS KOMHOHEHMHOU APXUTEKTYPbI. DTOT
HOBBIN MOAXOJ K pazpaboTKe NPUIOKEHUHN, IPEITI0KEHHBIN KOMITaHUEN
Microsoft, monyunn HazBanue Texnosorun COM (Component Object Model —
MOJIeJIb KOMITOHEHTHBIX 00BbEKTOB). Terneps MPHIOKEHUE-KITUEHT MOXKET
yIaJICHHO BBI3bIBATH TE€ WJIM UHbIE QYHKIIUU ITUX OOBEKTOB TakK, Kak OyATO
00BEKTHI HAXOIATCA «psiioM». OOBEKT MOXKET HAXOUTHCA U B CAMOM JI€JIE PSIOM
(B ampecHOM MPOCTPAHCTBE MPUIIOKEHHS) - Tor1a 3To rpocto COM.

Ecnu s)xe 00beKT HaXOAUTCS B APYTOM IpOrpamMMe Ha TOM Ke KOMIBIOTEpe
WK Ha apyrom y3ie cetH, To 3to DCOM-Distributed (pacnpenenennas) COM.

Tak uto xe Takoe OPC ? OPC npencrapnseT co00H KOMMYHUKAIIMOHHBIN
CTaHJIApT, MOJICPKUBAOIIMN B3AaMMOJCHCTBAE MEXK/TY TTOJIEBBIMU YCTPOMCTBAMH,
KOHTPOJUIEpAMH M MPUIIOKEHUSIMH pa3HbIX npousBoauteseii. Crangapt OPC
OMHUCHIBAET KOMIIOHEHTHBIE OOBEKTHI, METOJIBI U CBOMCTBA (0a3upyrommecs Ha
texHonoruu OLE/COM) niist cepBepoB TaHHBIX PealbHOTO BPEMEHH, TAKUX Kak
PLC, DCS, cucrtem apxuBUpOBaHUS JaHHBIX U IPYTUX, U 00ECIIEUUBAET Mepeavy
uH(popMaIuK, CoAepKallencs Ha ITUX cepBepax, cranaapTHbiM OLE-kinuenTam.

OPC-B3auMojielicTBIE OCHOBAHO Ha KIIMEHT-cepBepHOi apxutekType. OPC-
kiueHT (Hanpumep, SCADA), Boi3biBast onpezenennbie GyHkimnn oobexta OPC-
cepBepa, NOANKUCHIBAETCS HA MOJYYEHUE OMPEACICHHBIX JAHHBIX C ONPEIeIEHHON
yactotoi. B cBoto ouepens, OPC-cepBep, onmpocuB (HU3NIECKOE YCTPOUCTRBO,
BBI3BIBAET U3BECTHBIC (DYHKITUU KIIMEHTA, YBEIOMJISISL €r0 O MOJYyYeHUU JaHHBIX U
nepenasas camu AaHHble. Takum oOpa3om, mpu OPC-B3anmozeiicTBun
UCIONIb3YyIOTCs Kak npsimbie COM-BBI30BBI (OT KIMEHTA K CEPBEPY), TaK U
oOpatHbIe (0T cepBepa K KIUCHTY).
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Bbonee nonynsipHO U310kUTh UAeto TexHonoruu OPC MOKHO Ha nipumMepe
CTaHJapTOB Ha MMHBI )1 nnepcoHanbHOro kommnbiotepa (I1K). K mmue 1K moxHO
MOJAKIIOYATh MUPOKUHN KIIACC YCTPONCTB, TPOU3BOIUMBIX IIEJIBIM PSIIOM
KOMITaHUM, U Bce OHU OyAYT UMETh BO3MOKHOCTh B3aMMOJIEHCTBOBATH JIPYT C
JPYTOM, MOCKOJIbKY UCIIOJIb3YIOT OJIHY U TY K€ CTAHAAPTHYIO INHY. Takxke u
yHuunupoBanHbiii uHTepdeiic OPC mo3BosseT pa3audHbIM TPOrpaMMHBIM
MOAYJISIM, IPOU3BOIUMBIM CAMUMHU PA3IMYHBIMU KOMIIAHUSIMH,
B3aMMOJIEUCTBOBATH JIPYT C APYTOM.

OPC-cepBep oTBeqaeT 3a MOMydYEeHUE JAHHBIX OT COOTBETCTBYIOIIETO
YCTpOMCTBA ynpasieHus npoueccom. Ha kaxxmoM cepBepe HMeETCsl HEKOTOPOE
konmuectBo OPC-rpymnm, KOTopble MPEACTABISAIOT COO0M JTIOTUYECKUE KOJUICKIIUN
JIAaHHBIX, 3alIPOC Ha MOJIyYEHHUE KOTOPBIX MOCTYNAET OT KJMeHTa. [ pymnmbl Ha
cepBepe MOT'YT OBITh JOCTYITHBI HECKOJIBKUM KJIMEHTAaM OJTHOBPEMEHHO WJIU JIUIIb
OJTHOMY KIIMEHTY.

Kaxnas OPC-rpynna coaepxxut Habop OPC-351eMeHTOB, B KOTOPBIX
XPaHATCA JaHHbIE, TOCTYNUBIINE OT COOTBETCTBYIOIIETO YCTPOMCTBA yIIPABICHUS
MpoIeCCaMHU. 3alpoC KJIMEHTA CEPBEPY Ha MOJTYyUYECHHE TAHHBIX PEATU3yeTCs
MOCPEJICTBOM yKa3aHHs UACHTUPUKATOpa deMeHTa. MneHTupukaTopsl 31€eMEeHTOB
— CBOM Yy Kaxkzioro cepBepa. [lo yHuKaapHOMY UIEHTU(UKATOPY CEPBEP yMEET
HAXOJIUTh HY>KHOE 3HAUYEHHUE B COOTBETCTBYIOIIEM YCTPOICTBE (Hampumep,
koutposuiepe). st IUIK npentudukatop sneMeHTa 0OBIYHO COOTBETCTBYET
HOMEPY perucrpa. JJonoJHUTETLHO CEpPBEP MOXKET CHA0XKATh MOJyYCHHbIE JaHHBIE
METKON BPEMEHH.

Hcnonp3oBanne texnosmornn OPC B Hacrosiiee BpeMs BO3MOKHO JIMIIb B
ONEpalMOHHBIX CHUCTEMax, NOocTpoeHHbIX Ha TexHojorun OLE/COM, T.e. B OC
Microsoft Windows 95/98 u Windows NT. UayT pa3paboTku MOIAEPKKUA ITOMN
TEXHOJIOTMU 1A oneparinoHHon cucteMmbl UNIX.

Takum 06pazom, J11000€ yCTpOUCTBO, g KoToporo ectb OPC-cepBep, MOXeT
UCIIOJIB30BaThC  BMecTe ¢ Jo0oit  coBpemennoit  SCADA-cucremoit,
peanu3oBanHOM Ha maTthopme MS Windows.

PassuBaromias ctangapt OPC nexommepueckas opranusaiius OPC Foundation
(http://www.opcfoundation.org), nHacuutsiBaeT cBbiiie 200 uneHoB. B Hee BXoasT
MOYTH BCE BEIYIINE MUPOBBIC TTPOU3BOJAUTEIN MPOTPAMMHO-AIIAPATHRIX CPEIICTB
aBTOMAaTH3aIINH.

Xota cragaapt OPC u ocHOBaH Ha YHUBEpCaIbHOM (PyHIaMeHTe -
COM/DCOM, oH pa3pabaThIBajICs CHECHHUAILHO IS UCIIOJIb30BAHHS B
MIPOMBIILJICHHONW aBTOMAaTU3AIlMU U TTOATOMY UMEET BIIOJIHE COACPKATEIHHYIO
KOHLETITYaJIbHYIO CTOPOHY.

CranaapT COCTOUT U3 TPEX OCHOBHBIX CHEIU(PUKAIIMIA:

- IOCTYN K JJaHHBIM pealibHoro Bpemenu (Data Access);

- 00paboTka TpeBor u coObiTil (Alarms & Events);

- mocTyt K ucropuieckuM gaHHbIM (Historical Data Access).

CootBerctBenH0, OPC-cepBepoB TOXKE MOXKET OBITh TPU BUJA, XOTS
JIOTIYCKAeTCsl COBMEIIATh Bce 3TH (GyHKIUHU B oHOM cepBepe. OPC-cepBepbl
(U3UYECKUX YCTPOUCTB OOBIYHO SIBJISIOTCS TOJIBKO CEpPBEPAMHU JTAHHBIX.
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Panbie p8,3pa6OT‘{I/IKaM KIIMCHTCKUX

IPHUIOKEHUHN TPUXOUIOCH IIHCATh Mpunokenne X | . . . Mpunoxenue Y

MHOYECTBO JIpaiiBepOB (CM. PHC. CIIpaBa) A A

JUTSL B3AUMOJICHCTBHSI C KaXJIbIM U3 n i bl

UCTIOJIb3YEMBIX YIPABJISIOIIUX YCTPOUCTB v v

(KOHTPOHHCPOB)- |Cepsep A |Cepsep B | | CepBep cl
Cranpapt OPC no3Bosnsier

HAIMCATD JIMIIb OJUH- MpunoxeHne X MpunoxeHne Y

eIMHCTBEHHBIN JpaiiBep (puc. OPC-uHTepgeic OPC-uHTepgenc

crpaBa) s JOCTyIa K i nec i

JTAHHBIM, TIOCTYIAIOIINM B

eauHOM (hopMaTe OT CaMbIX i i i

pa3IMYHBIX HCTOYHHUKOB. OPC-cepeep A| |OPC-cepsep B| |OPC-cepsep C

OPC-unrepdeiic
JIOTTyCKaeT pa3IMuHbIe BApUAHTHI OOMEHA: ¢ (U3UIECKUMH YCTPOHCTBaMHU, C
pacrpe/ieIeHHBIMUA CETEBBIMU CHCTEMaMH yIIPABJICHUS U C JIIOOBIMH
npuioxkeHussMHu (puc.2.5). Ha ppIlHKe UMEIOTCS M HHCTPYMEHTAIbHBIC TTAKEeThI JJIS
Harmmcanusg OPC-KOMITOHEHTOB.

Opyrue OPC-cepeep SCADA
NpHUNOXEHWA

Puc. 2.5. O6men nannbiMu o OPC-unrtepdeiicy.

Hcnons3oBanue TexHonoruu OPC no3BoisieT KOHEUHBIM M0JIb30BaTENSAM
BBIOMPATH MPOTPAaMMHO-aNNapaTHBIE CPENICTBA, HanboJiee OTBEYAIOIITUE X
NOTPEOHOCTSIM, HE3aBUCUMO OT TOT'0, KTO UX MTPOU3BOIUT.

JApyrum npenmyIiiecTBOM OMUChIBAEMOW TEXHOJIOTUH SIBISIETCS TO, YTO MPHU
€€ MCMOJIb30BAaHUM CHHXKAIOTCSI PUCKU U CTOUMOCTh MHTErPALIMOHHBIX padboT. Bee
UCIIOJIb3yEeMbI€ B CUCTEME KOMIIOHEHTHI pa0OTaIOT Ha OJTHOM U TOM ke
TEXHOJIOTHH.

e [Ipu pa3paboTke cuCTeM aBTOMAaTU3ALMK MOXKET MOTPeOOBATHCS CO3AaHHE
COOCTBEHHBIX MPOTPAMMHBIX MoayJel (He mpexycmoTrpeHHbix B SCADA - cucreme)
W WX BKJIIOYEHHE B CUCTeMY aBTOoMaTu3zanuu. [103TOMy CBOWCTBO OTKpPBITOCTH
SCADA-cuctem sBIsieTCA OYECHb BAXHOM XapaKTEPUCTHKON MPOTPaMMHBIX
poyKToB 3TOro Kiacca. Otkpbitocth SCADA-cucTemMbl 03Ha4aeT BO3MOXKHOCTD
JOCTyTAa K crhenuuKausaIM CUCTEMHBIX BBI30BOB, PEATH3YIONIUX TOT WM HHOU
CUCTEMHBIM CEpBUC. DTO MOXET OBITh M JOCTYN K TpaduyeckuM (QYyHKIHM,
GbyHKUMSIM paboThl ¢ 6a3aMu JaHHBIX U T.1I.

C apyroél CTOpOHBI, CErOJHS B MHUPE CYIIECTBYET MHOMXECTBO KOMIIAHUM,
3aHUMAIOUIUXCS  Pa3padOTKON pa3NUYHBIX MPOTPAMMHBIX KOMIIOHEHTOB JIJIst
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SCADA-cucrem, nampumep, ActiveX-o0bekToB. WX wucmonb3oBaHue mpu
pa3paboTke CHCTEM aBTOMATH3AIMM  YIOPOLIAeT ©  YCKOpSIET TpoIiecc
MPOEKTUPOBAHUA. DTOT MPOIECC Bce OONbIIe HAYMHACT HAMOMUHATH IPOIECC
«COOpKM» TIPHUKIATHOTO TMPOTPAMMHOTO 00ECIIEYCHUS W3 TOTOBBIX KOMITOHEHTOB.
CHuxaroTcsi TpeOOBaHMsI K KBAIM(UKAIIMKA MPOTPAMMHCTOB — KOJIHYECTBO 3ajad,
pelraeMbIX CHCTEMOW C TIOMOIIBI0 MPOTrpaMM COOCTBEHHOW pa3paboOTKu Ha
BBICOKOYpOBHEBBIX s3bika Thma C wmim Visual Basic ymenpmaercs. Bce 3to
criocoOcTByeT pacuuperuto odmactu npuMmeHeHnss SCADA-cuctem.
o ActiveX-00beKTbI

ActiveX — sto TexHomorus Microsoft, ocaopannas va COM/DCOM (cm.
BBIIIIC) W TIPEeIHA3HAYCHHAs IS HAaNWCaHWs CeTeBBIX mpmwiokeHuit. OnHa
MPEIOCTABIIICT MPOTPAMMICTaM HAOOPHI CTaHIAPTHBIX OUOIHMOTEK, 3HAYUTEITHHO
00JIeryaromux nponecc KOAUpOBaHHUS.

Crangapt ActiveX MO3BOJISIET POrpaMMHBIM KOMITOHEHTaM
B3aMMOJICUCTBOBATh JAPYr C JPYrOM 1O CETH HE3aBUCHUMO OT  S3bIKa
porpaMMHUpOBaHusi, Ha KOTopoM onHu Hamucanbl (Visual Basic, Visual C++,
Borland Delphi, Borland C++, mto0bie cpeacTBa pa3paboTku Ha Java).

ActiveX oOecrnieunBaeT HEKUH «CKPEIUSIIOUIMH pacTBOpP», € IMOMOILBIO
KOTOPOTO OTJACIbHBIE IPOTPaMMHBIC KOMIIOHEHTBI Ha pa3HBIX KOMITBIOTEpax
«CKJICHBAIOTCS» B SIUHYIO PACTIPEICICHHYIO CHCTEMY.

Texnonorus ActiveX BKJIIOYAeT B ¢€0s KIIMEHTCKYIO U CEPBEPHYIO YaCTH.

CepBepHas 4yacTh TeXHOJNOTHH ActiveX peann3oBaHa ¢ momombso Microsoft
Internet Information Server (I1S).

Knuenrckas TtexHonorusi ActiveX peanuszyeTcs Ha MallMHE-KIUMEHTE C
OMOIIBI0 OMOIMOTEK, mocTaBisieMblx BMecTe ¢ Microsoft Internet Explorer,
SBJISIONIMMCS TTOTHOGYHKIIMOHATBHBIM WeB-0paysepom (WWW - World Wide
Web) u konreitnepom a1 ActiveX-anementoB. Ceromusi TexHojorus ActiveX
YCIICIIIHO BHEAPSAETCS B CUCTEMbI, GpyHKImonupyromme va Windows-miardopme.
Het comHenus, uto B Oimkaiiiiee Bpems 3TU TEXHOJIOTUN OYyT UCIIOIb30BATHCS U
Ha Jpyrux miargopmax, Tak Kak WH(OPMAIIMOHHBIE TEXHOJOTHU Pa3BUBAIOTCS
OYEHb BHICOKUMH TEMITAMH.

Kakoe ke otHomenue texHojorus ActiveX mmeer k SCADA-cucremam?
Paspaboruniku  SCADA-mporpamm  Ha  maatdopme  WindowsNT/2000/XP
BOCIIOJIB30BaIMCh 3TOM TexHosorued Microsoft. Ceituac yxxe mHorme SCADA
SIBJITFOTCSI KOHTeHHepamMu isd ActiveX-00beKTOB. A 3TO 3HAYUT, YTO OTPOMHOE
KOJMYECTBO TOTOBBIX K MHOTOKPAaTHOMY HCITOJIB30BaHUI0 ActiveX-00beKTOB,
CO37aBa€MbIX MHOTOYHCIICHHBIMU TPOU3BOJUTEIAMHU TIOJJOOHOTO MPOrPaMMHOTO
MPOJIYKTa, MOTYT BCTPAMBATLCS C MUHUMAIBLHBIM MporpamMmmupoBanreM B SCADA-
npwioxkeHusi. Y torma mporecc pa3paboTKH YeTOBEKO-MAIIMHHOTO HMHTEpderica
OyneT HamoMuHAaTh PabOTy C KOHCTPYKTOPOM, 3aKJITIOYAIONIYIOCS B TMOAOOpe H
BCTPAaWBAHUM T'OTOBBIX KOMIIOHEHTOB.

B pexxume ucnostHeHUs ActiveX-KOMIOHEHTHI ITOJICPKUBAIOT JUHAMHYCCKUN
O0OMEH JaHHBIMHU C IPYTUMHU CETEBBIMHU MPOTPAMMHO-ANTIAPATHHIMA KOMITOHEHTAMHU
no OPC-unrepdeiicy.
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[Tpumep ActiveX-o0bekTa mpuBeeH Ha puc. 2.6.

P UNETPRL

Hraa | H auaneHeIk MDMEHTl F.OHEYHEIN rMOreHT | HustH. mpuoprTer | B epxH. npyopuTer | Wrana kaHana | K
1| | 2
Cofemusa;

Tun | Hara | Bperaa | Hrda KaHana| K.ogupoeka | EDDISU.LEHHel Bperan KBHTHFIDEFEIHHH' COneparop
4| | 2]

Puc. 2.6. ActiveX-00bekT «CBOAKA CUTHATU3ALIUID.

Utak, oTkpbiTocTh mporpammuoro obecrnedeHuss SCADA obecnieunBaercs
HEIbIM PSAIOM (PaKTOpOB, & UMEHHO:

BO3MOYKHOCTBIO CO3/ITaHUsI COOCTBEHHBIX IPOTPAMMHBIX MOJTYJICH

Y UCIOJIb30BaHUS IPOTrPAMMHBIX MOIYJEH pa3paOOTKU APYrUX KOMITAHHH;

HAJIMYHUEM CTICMANIbHBIX JipaiiBepoB st cBsa3u SCADA ¢ nHaubomnee
MOMYJIIPHBIMHU KOHTPOJUIEpaMU Pa3HbIX GupM;

HaJIMYHEM CIICIIHATBHBIX HHCTPYMEHTAIBHBIX CPEJICTB VIS CO3TaHMS HOBBIX
IpanBEpOB;

BO3MOYKHOCTBIO UX paOOTHI B TUITOBBIX ONIEPAIIMOHHBIX CHCTEMAX;

HaJIMYUEM TUIOBBIX nporpammubix mHTepdeiicoB (DDE, OLE, OPC, ActiveX,
ODBC, SQL wu gp.), ceemBatonmx [10 SCADA ¢ apyrumu mporpammHO-
anmnapaTHbIMU CPEJCTBAMU CUCTEMBbI yrpaBieHus, Bkitodas 1 CYB/I.

Ceiiuac y>xe MOKHO cKa3aTh, 4To coBpemMeHHbIe cucteMbl SCADA/HMI
XOpOIIIO CTPYKTYPUPOBAHBI U TIPEJICTABIISIOT COOOM rOTOBBIE K MPUMEHEHHUIO U
corjacoBaHHbIC 10 GYHKIIUAM U 10 BceM uHTepdencaM Habopbl IPOrpaMMHBIX
MPOYKTOB U BCIIOMOTATEIbHBIX KOMIIOHEHTOB.

Opranmzanus nocryna k SCADA-npuiiokeHUAM

SCADA-npusioxkeHusi, 10  ONpPENeNCHUI0, SBISIOTCS  MOTPEOUTEIIMU
TEXHOJIOTMYECKNX JaHHBIX, HO, C JPYrOod CTOPOHBI, OHM JOJKHBI OBITh M HX
uctounukom.  HMuadopmamus  co  SCADA-mpuiokenuit  moTpednsercs
MHOTOYHCIICHHBIMA ~ KJIMEHTaMH  (TIPeXAe  BCEro,  CHENUaJucTaMud |
PYKOBOJMTEIISIMU CPEIHETO 3BEHA).

JI1st aBTOMAaTH3UPOBAHHOTO JIOCTYTA K MHGOPMAIIMH PEaIbHOTO BPEMEHH C
00010 pabovero Mecta He0OX0AMMO YCTAaHOBUTH KOMIIBIOTED, MOAKIIOUSHHBIN K
JoKanbHOM cetu. OpraHr30BaHHOE TAKUM 00pa30M aBTOMATHU3UPOBAHHOE padouee
Mecto (APM) npeaHazHaueHo sl peaiu3aiyy BIOJHE OMPEISICHHBIX (yHKITUMA.
[ToaToMy porpaMmHOe 0OecTieueHne KOMIbIoTepa (CUCTEMHOE U TIPUKJIIATHOR)
JIOJDKHO 00ECTIEYNTh COOTBETCTBYIONMHI qaHHOMY APM Habop moap30BaTeIbCKUX
yciyr. K ux yuciay MOXHO OTHECTH:

- 00BeM mpeaocTaBisieMoi nHpopMaIuu;
- (opma npencrasienuss “HPOPMAIUK;
- peanu3yemblie PYHKIUU (TOJIBKO HH(POPMALIMOHHBIE WIIM C BO3MOXHOCTBIO BbIAAUn

YIPaBJISIONIMX BO3EHCTBUN);
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MPOTSHKEHHOCTH M HA/IEKHOCTh KaHaJla CBS3H «MCTOYHUK-TIOTPEOUTEIBY;
MIPOCTOTA OCBOCHHMS TI0JIH30BATEIIEM H T.]I.

B nepuoanueckoil mpecce MOCIEIHUX JET 3a CUCTEMHBIM M MPUKJIATHBIM
MPOTpaMMHBIM O0OECTIEYeHHEM, KOTOpOe HEoO0XoauMo Komibiorepy APM s
MOJTYYEHHUsI YIAJICHHOTO JOCTYIa K MPOU3BOJACTBEHHON MH(pOPMAIUH, 3aKPEITUIICS
TEPMUH «KJIMEHTCKOE MpUIoKeHue». KIneHTCKrue MPUIoKEeHUS Pa3InyHOTO THUIIA
MOTYT TPEIOCTaBIATh HMHGOPMAIMIO B JIFOOOM O00BEME€ U MPUEMIIEMOM IS
MI0JIb30BATEIIS BUJIE.

Knuent-cepsepnas opranuzanus SCADA-cucrem npeanosaraet
MPUMEHECHHUE KIIMEHTCKUX MPWIOKEHHUM IBYX THUIIOB: C BOBMOKHOCTBIO TIepeaaun
YOPaBISIONIUX BO3CHCTBUHN C KIIMEHTCKOTO MPUIIOKEHUS U YUCTO
MOHUTOPUHTOBBIC IPUIIOKEHUS. [loTb30BaTe0 HEOOXOIUMO JIUIITH OTPEICTUTh
JIOCTATOYHBI HA0Op YCIIYT.

Ho 3a yciyru, kak u3BeCTHO, HaAo0 miaTuTh. [loaTomy Bechbma
CYIIIECTBEHHBIM KPUTEPHUEM IIPH OpraHU3alluy KIMEHTCKOro y3ia (APM) sBisieTcs
€ro CTOMMOCTb (aIMmapaTHOE U MPOrpaMMHOE 00eCTICUCHHE).

B Hacrosiiee Bpemsi CylecTByeT HECKOJIbKO PEIIEHU TOCTABJICHHOM 3a/1auH,
0a3upyromuXcs Ha MPUMEHEHUH pPa3lIMUHBIX TexHojoruii. Ho W croumocTh
Mpe/iyiaraéMbIX pelieHrui Toxxe paznudHa. OTcCro/1a U MOSIBUINCH TAKUE TOHATHS, KaK
«OenHpIe/00oraThie M TOHKHE/TOJCTHIC KIUESHTHI».

CambIMU TPOCTHIMU U PACIPOCTPAHCHHBIMHU KJIMEHTCKUMHU MPUITIOKCHUSMHU B
HACTOSAIEE BpEMs SIBISIOTCS KIUEHTHI B JIOKaibHOW cetu (puc. 2.7). Takue
kiueHTckue npwioxenuss B SCADA-cucremax TpaJUIIMOHHO OOBEAUHSIOTCS C
CEPBEPHBIMU TPUJIOKECHUSMHU TMPOTOKOJIAMHU JIOKAJBbHBIX ceTed. Yacto Takum
npotokosioMm sBisiercst TCP/IP.

Puc. 2.7. Opranuzanus noctyna Kk uiHGopMaIuu yepe3 JOKaIbHYIO CETh.

KnueHTckne yv3nbel - APMBI

Ne NP ..... N0 N

KopnopaTWMEHaA ceTb

Ethernet

anIMbII.IJHEHHaFl ceTh
TCPIP _J
=]

MK MK SCADA -vy3nbl

bonsmmaCcTBO coBpeMenHbix SCADA-makeToB paboTaeT Ha maTdhopmax
Windows 2000/NT/XP. Otcrona cnenyer, 4to ais opranuzaunu APM
noTpedyeTCsl KOMIBIOTEP JOCTATOYHO XOPOIIEi KOHPUTypalluu 1 JTULEH3NOHHOE

ﬁ
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nporpammuoe obecrieueHrne SCADA. Koraa peus uner 06 opranuzanuu
OOJIBIIOr0 KOJIMYECTBA aBTOMATU3UPOBAHHBIX pabOYUX MECT Ha 0Oaze
nporpammHoro obecrneueHuss SCADA, To Takoe pelieHre MOXKET OKa3aThCs
JOPOTOCTOSIINM («OoraThie» KiIMeHThl). K ToMy ke, O0JIbIIMHCTBO MOJIb30BaTeNen
SCADA-npuiiokeHui, B OTJIUYUE OT ONEPaTOPOB/TUCIIETUEPOB, OTHOCUTCS K
KaTerOpUM HEPETYIISIPHBIX, T. €. TOJIKIIIOYAETCS K CUCTEME TIEPUOIUYECKHU IO MEPE
HEOOXOIMMOCTH.

TexHos0rus cepBep/TepMUHA

[TocTosiHHOE MOSIBIICHHE HOBBIX BEPCU POrPaMMHOTO 0OeCTIeueHHUs,
IPEIbABISAIONINX BCe O0JIee BRICOKHE TPEOOBaHMUS K MTPOU3BOIUTEIBHOCTH
knueHTckux [1K, mpuBeno k ToMy, 4TO HEKOTOpPbIE KOMIIAHUU-PA3PaAOOTIUNKU
IPOrPaMMHOT0 O0ECTICUeHUS PEeUIIN Pa3padoTaTh TEXHOIOTHIO, KOTOpas Obl
o0ecrieunsia BHIIIOJIHEHNE BCEX BHICOKOIIPOU3BOIUTEIBHBIX BHIYUCICHUHN Ha
CepBepe, OCTaBJISS KIIMEHTCKUM KOMIIbIOTEpaM poJjib TepMuHaIoB. Hanbosee
yJIa4HbIC PEIICHUS MPeIIoXIIN Kopropanus Microsoft (Windows 2000 Terminal
Services) u kommanus Citrix (Metaframe). I1O Metaframe - 310 gononHeHHE K
Windows 2000 Terminal Services, KOTOpoe 1aeT BO3MOKHOCTh UCIIOJIb30BaTh Ha
KJIMEHTCKUX KOMITbIOTEPaX OMEPAIIMOHHBIE CUCTEMbI, OTIIMYHBIE OT Windows,
Harpumep, Linux win Macintosh.

TexHonorus cepBep/TepMHUHAI TOJJEPKUBACT PEXKUM KIHMEHTCKUX CECCHUH,
KOTJla OJWH CepBEp OOCIY)KHBA€T HECKOJIBKO KIHUEHTOB, (DYHKIMOHHPYIOIINX
HE3aBHCHUMO JPYT OT apyra. [Ipu 5ToM Kaxaplii TepMHUHAI MOJIy4aeT CBOH pecypc:
namsiTh, BpeMsl IIEHTPAIBHOTO Tpolleccopa, JAOCTYNl K JAHCKaM cepBepa U
npuiokeHusM. Korga KiaueHT 3amyckaeTcs, TepMUHAIBHBIA CEpBEp PETUCTPUPYET
€ro, Mpea0CTaBIIss AOCTYI K pecypcam cepepa. Windows Terminal Server coznaer
BUPTYAJIbHBIN JTUCIUIEH, M300pak€HHE KOTOPOTO OTOOpa)kaeTcsi Ha JIOKaJIbHOM
MoHHuTOpe. Onepaiuu BBOJ1a, aKTUBU3UPYEMbIE KIIMEHTOM C KJIABHATYPhI M MBIIIIH,
oOciy)XMBaroTCsi cepBepoM. J[oOaBieHHEe HOBOTrO KIMEHTa 3aKIH0YaeTcs JUIIb B
MOJKTIOYEHUH HOBOTO TEPMHUHAJA K CETH.

TepMmuHanbHBIE TOJB30BATEId UMEIOT JOCTYN K JIaHHBIM, MHEMOCXEMaM,
TpeHAaM, ajjapMaM C BO3MOXKHOCTBIO 0OMeHa HH(pOopMalliel B peaJbHOM BpEMEHU
6e3 HeoOxomumoctu yctaHoBku SCADA-cucTeMbl Ha JIOKaJIbHOM KOMIIBIOTEPE
(tepmunane). Takum 006pa3om, pedb UAET O TEXHOJOTUIX TEPMUHAIHHOTO JIOCTYTa
C MCTIOJIb30BAHUEM TaK HA3BIBAEMBIX «TOHKUX» KIUEHTOB.

TepMuHam MOXKET UTPATh POJIh KaK CTAHIIMK OTIepaTopa/qucreryepa, Tak u
APM HeperynsipHbIX 10JIb30BaTENEH (TEXHOJIOr0B, cenuaiucToB ciayxx0e1 KUIT n
T. 1), KOTOPbI€ MOTYT UMETh JAOCTYN K HE0OOX0AUMOMN ONepaTUBHON HUH(pOpMaALIUU
0 TEXHOJIOTUYECKOM TIpoiiecce U o0bopynoBaHuu (puc. 2.8).

Jl5is opraHu3auy B3auMoICHCTBUS MEXKy CEPBEPOM U
TEPMUHATIOM/KIUEHTOM UCTIONB3YIOTCS CTAaHIAPTHBIC TPOTOKOJIBI:
it OC Windows - Microsoft RDP (Remote Desktop Protocol);
st OC Linux/CE - Citrix ICA (Independent Computing Architecture).
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TepmuHanbl - APMbBI cneynannucToB U pyKoBoAMTeNed (KNMeHTbI)

BupTyanbHbIie
SCADA
 MPUNOXKeHWA

TCPIIP
TepMUHANbHBIA
cCepBep CepBep
Runtime SCADA EEOAQA/ELIEOAA SCADA -yanel

Puc. 2.8. Apxutektypa TepMUHAII-CEPBED.

bnaronapsi TepMHUHAJIBHBIM TPOTOKOJIAM B KaUY€CTBE KIIMEHTOB MOXKHO
UCITI0JIB30BaTh pa00yYKe CTAHIIMK, HAYMHAS C «CYNEP-TOHKUX» O€3/IUCKOBBIX,
paboTaromux Ha matdopmax Linux/CE, Windows 3.11/95/98, no cranumii,
¢bynkunonupyomux noxa ynpasienuem Windows NT/2000.

[IpumeHeHue TepMUHaIl/CepBEPHOI TEXHOJIOTUHU MO3BOJSET CO3AaBaTh 0OoJiee
HYKOHOMHUYHBIE PEIICHHUS 3a CUET TOTO, YTO:

- TIPWIOXKEHUS YCTAaHABIMBAIOTCS U MOJICPIKUBAIOTCS aIMUHUCTPATOPOM

TOJIBKO Ha CEpBEpE;

- 0OHOBJIEHHE IPOrPaMMHOT0 0OECTIEUeHUS BBINOIHIETCSA TOJBKO OJIUH pa3 U

TOJIBKO Ha CEpBEpE;

- TEePMUHAJIBHBIC KIIMEHTHI MOTYT ObITh PEAIM30BaHbl HA PA3JIUYHBIX U, YTO
0COOEHHO Ba)XKHO, HEAOPOTUX IIaTGopmax.

[Ipu pabore B TEepMUHAIBHOM peXHME Bcid 00paboTka uHMOpMaUu
pOU3BOAMTCS Ha cepBepe. Ero xkoHurypauus 3aBUCUT OT YCTAaHOBJICHHBIX Ha
CepBepe MPUJIOKEHUA M OT KOJUYECTBA OOCITYKMBAEMbIX UM TepMHUHaOB. IIpu
00pabOTKEe BBICOKOCKOPOCTHBIX MPUJIOKEHUM JJi1  OOJBIIOTO  KOJMYECTBA
TEPMUHAJIOB (JECATKH) MOXKET MOTPEOOBATHCSA JOCTATOUYHO JOPOTOCTOAIINMN CepBeEp
(OonbIIast onepaTUBHAS MAMSATb).

Hcronb3ysi HOBbIE apXUTEKTYPHBIC BO3MOKHOCTH, KOMITAHUHU-PA3PA0OTUNKH
SCADA-cuctem ctanm mpejiaraTb TEpMUHAIBHBIC CEPBUCHI, MOJICPKUBAIOIIIE
BoimosiHeHne SCADA-npunoxenuit B pexume ceccun. Kommanus Wonderware
BHEJIpWIIa TepMHUHAN-CepBepHYI0 TexHomoruto s SCADA-cuctemsl InTouch
Bepcun 7.1. TosBnenne Bepcuit IFIX (Intellution/GE Fanuc), moaaepxuBaroImmx
OC Windows 2000, otkpsuio Bo3mokHocTh mpumenenus [10 iClient Terminal
Server nist NoAep>KKH MHOTOCEAaHCOBOM pabOThl «TOHKUX» KIIMEHTOB. He oTcTanu
u apyrue Beaymme npouspoautresin SCADA-TIpoayKToB.

Internet/Intranet- Texnosiorun
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OueBuaHbIM TIOCOM ceTH Internet sisnsercs ee yHuKanbHasi IPOTSKEHHOCTh
U paclpeNe’eHHOCTb, YTO IMO3BOJSET MeperaBaTh MHPOPMALUIO Yepe3 ThICSUH
KWJIOMETPOB MEXKIY JIOOBIMU JABYMsI TOYKaMH 3eMHOro mapa. Kpome storo, ceTh
OTJINYAETCSl YHHUKAJbHOW CTaHIapTU3alMeld [EpeJaBacMbIX JAHHBIX, YTO
oOecreynBaeT OJIMHAKOBYI) YHUTA€MOCTh, MH(POPMATUBHOCTb W OJIHO3HAYHOCTD
MEepEJAaBACMBIX JAHHBIX BHE 3aBUCUMOCTH OT ONEPALMOHHON CUCTEMBI, B KOTOPOH
pabortaet komnbiorep — Windows 9x/NT/2000, Unix wiu OS/2. 3Ty BO3MOKHOCTb
JaeT MPUMEHEHHE CTaHAapTHOro mpotokoina nepenaun TCP/IP.

Opnako Hapsimy ¢ jaoctouHcTBaMu Internet ciemyer OTMETUTh M OCHOBHOM
HEJIOCTATOK - OYEHb HHM3Kasi CKOPOCTh INepenayn JaHHbIX. CoueTaHue pa3anuHbIX
buszngeckux cpea nepeaaun nHGopmaiuu u Takux cBoricTB mpotokoia TCP/IP kak
HEOMpPEACICHHOCTh BPEMEHHU MOTYUYEHHUsI OTBETA BEAYT K TOMY, YTO IepeaaBaemas
uH(popmanus OyJeT nepeaaHa NpaBUIbHO U 0€3 MOTEPh, HO 3apaHee CKa3aTh, KAKOe
BpeMsI 3TO 3ailMeT, Henb3s. O4ueBUIHO, 4TO Internet -TeXHOTOTUM Mano MOAOUIYT
JUTSI IPUMEHEHUSI B CUCTEMAaX C OBICTPOTEKYIIMMH MPOIECCAMH, OJHAKO TaM, TJIe
BpEMsI HE SIBJISIETCS KPUTHUYHBIM, Internet sBisieTCS MPUEMIIEMBIM PEIICHUEM IO
00€eCIIeYeHNI0 CBOECBPEMEHHOW M TOYHOW HH(pOpPMAIMEH olepaTopa CHUCTEMBI,
WHKEHEPA-TEXHOJIOTa NI PYKOBOAUTENS.

Yno06cTBO M momyssipHOCTH Internet ctamu OCHOBHOUM MpUYMHON TOro, uto Web-
TEXHOJIOTUM Hayajdl aKTUBHO MPHUMEHSTHCS BO BHYTPEHHUX HH()OPMAIMOHHBIX
cucrteMmax npeanpustuid. Kaxuoe npeanpusiTue paHo WU MO3JHO CTAIKUBACTCS C
HEOOXOJIMMOCTBhIO ABTOMATH3allMM CBOEH JAesTenbHOCTH. OIHONW U3 MEpPBBIX
CTAaBUTCS 3ajJjaya IEHTPAIU30BAHHOTO XpaHEHHUs MH(POpMAIMU U JTOCTyNa K HEw.
Ecnu paHbliie Takve TEXHOJIOTUH UCTI0JIB30BAIIMCH JIUIITL HA CAMOM BEPXHEM YPOBHE
ynpasienus - ACVYII, To B mocnegHee BpeMs Bce 00Jiblliee pacCIpoCTpaHEHUE OHU
nonyyaroT u B cuctemax ypoBHs ACY TII (B cuctemax kiacca SCADA/HMI).

BuyTpennue uHGOPMAIIMOHHBIE CHCTEMBbl NPEANPUSATHSA, TOCTPOCHHBIC C
ucrosib3oBanueM Web-TeXHOJI0THH, MOTyYuiIn COOCTBEHHOE Ha3BaHue — «Intranety
(MHTpaHeT - BHYTpEHHSS ceTh). MHTpaHeT coBceM He 00s3aTeIbHO JOJDKHA
OTPaHUYMBATLCS JIOKAIBHOW CETHIO MPEANPHUSATHS - OHA MOXET OOBEAUHSTH
HECKOJIBKO PEANPUATUI, HAXOASAIINXCS HA 3HAUUTENIbHBIX PacCTOSHUSIX. OTinune
Intranet ot Internet 3axirodaercst B TOM, 4TO €€ MH(POPMAIMOHHBIE PECYPCHI U
MOJIB30BATEIM OOBEIMHEHBI OOIIMMHU 3a7a4aMd W TMPUHAJIC)KHOCTHIO OJHOMY
KOJUIEKTHUBY.

Tak Kakue € KOHKPETHO TEXHOJIOTMU U CHCTEMBbI MOXHO MPUMEHHUTbH IS
coBmecTHOM padoTel cucteM ACY TII na ypoBae HMI/SCADA u Untepuer? Huxke
npejuiaraeTcss KpaTkuid 0030p YK€ CYIIECTBYIOIIMX M Ha TMPAKTUKE IIUPOKO
HCIIOJIB3YEeMbIX TEXHOJIOTHH Ha 0aze Internet.

e CaMbIM TIPpOCTBIM, HO OY€Hb JICUCTBEHHBIM METOJIOM HWHTETpaIluU
HMI/SCADA B HHTepHeT sBISIETCS HCHOJb30BaHHME 3JIEKTPOHHOI MOYTHI B
KaueCTBE CPEACTBAa OMOBEUICHUS IpU TMOSBICHUM HOBBIX 3alHUCEd B KypHAJe
TPEBOT. ODTUMH BO3MOXKHOCTSIMH 00Osanator OonsmuHCTBO SCADA-cuctewm,
MMEIOLIMXCSl cedyac Ha phIHKE. DJIEKTPOHHAs IMOYTa, KpOME MPSIMOM IMOCHUIKU
nucbma aapecary uepe3 IHTEpHET, MOKET HCHOJIb30BaTb W Pa3JIMYHbIC
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«IEePEBAIOYHBIE TYHKTbD), HANpUMEp, LUIIO3bl MEHHKUHTOBBIX KOMITAHMM IS
MOCBUIKM COOOLIEHMS HETTOCPECTBEHHO Ha MEMIKep afapecara.

e [opa3no Oonee MHGPOPMATUBHON SBIIAETCS BO3MOXKHOCTh I'¢HEPHPOBAHMA
OTYETOB O TEKYIIEM IOJIOKEHUU Jel Ha oObekTe B crangapre HTML. [ns
ucnoib3oBanus 3toro meroga SCADA-cuctema popMupyeT oTUeT C AMArpaMMaMH,
rpaduxamu, tabmunamu B Bune HTML-¢aiina, KoTopslii coxpaHseTcs Ha JUCKE
(JIOKaNMBbHOTO WJIM YJAJIEHHOTO KoMIbioTepa). [leproanunocTs 0OHOBIEHUS OTYETa
3aBUCUT TOJIbKO OT HacTpoek SCADA-cucTeMbl W HE OYEHb BIHUAET Ha
IPOU3BOJMUTEIIBHOCTh  OCTaJbHBIX  KOMIIOHEHTOB  CHCTEMbl  YIPAaBJICHUS.
CoxpaHeHHbIH (ails, B CBOIO 0Yepelb, MOXKET HCIOIB30BaThCsl Web-cepBepoM Iuis
IPEIOCTABIIEHUS OCTyNa K 3TUM JaHHBIM 4epe3 ceTb HTepHeT U3 000H TOUKU
3€MHOT0 I111apa, UCIO0JIb3Yys 00bIKHOBEHHBIN Web-Opay3ep. MeTon He npeanoaraer
BO3MOXKHOCTH BO3/JCHCTBOBaTh Ha OOBEKT 4YEpe3 CUCTEMY AaBTOMAaTHU3AlIUH,
JOCTYIMHBI JINIIb (YHKITUM MOHUTOPHUHTIA.

e bosnpuime BO3MOKHOCTH NPEIOCTABIISIET CYNIEPBU3OPHOE YIIPABJICHUE Yepe3
WNutepuer. [[nsa ocymecTBiaeHus 3toro Meronaa ynpasieHus cuctemon ACY TII
HeoOxonuma SCADA-cucreMa, nojaepskuparonias GyHKIIMU YIPaBICHUS 110 CETU
TCP/IP. Ilpu stoM (QyHKUMOHMpYIOMIAasi Ha yaajieHHOM Kommbiorepe SCADA-
CUCTEMa JIOJDKHa HMMETh B CBOEM paCHOpPsDKEHUM KOIMMIO MPOEKTa, BKIIOYas
OMKMCAHHUE UCIOJIb3YEMbIX MEPEMEHHBIX, rpapUUeCcKue OOBEKThI, CKPUITHI U T. II.
(«romncteie» knHMeHTH). B 3TOM ciydae mepecbuiaeMble TIO ceTH Internet maHHBIE
OyAyT coaepKaThb TOJBKO TEKyIIME 3HAYeHUs IapaMeTpoB, CUUTAHHBIX W3
KOHTpOJJIEpoB  (cOOp  MaHHBIX), W KOMaHAbl yJAJEHHOIO KOMIIbIOTEpa
(ynpasnenue). [Ipumepamu peanusanuy Takux CUCTEM MOTYT CIIYKHUTb TPOrPaMMBI
WebCast (pupma Intellution, maket iFix), NetLink (AdAstra, Trace Mode) u Scout
(Wonderware, InTouch).

e J[pyryto KOHIEMIMIO MpeajaracT MeETOoJ CBsI3u uepe3 Opaydep (Web-
browser). B aTom ciy4ae nCnonab3yeTcsi TEXHOJOTHS TaK Ha3bIBAEMOTO «TOHKOTOY
kinuenTa. Ilpu ycranoBke cBszu mexay Web-6payzepom u SCADA-cepBepoM B
JIOKaJbHBIM KOMIIBIOTEP OCYILIECTBISICTCA 3arpy3ka JaHHBIX O padoTarolleM B
cucTteMe npoekTe (BkiIroyas rpaduueckue oObeKTb). B 3TOM ciiydyae Bcs
MaTeMaTthyeckas 0OpadOTKa [aHHBIX MPOMCXOAMT Ha YJAJICHHOM CepBepe, Ha
JIOKaJIbHOM JK€ KOMIIBIOTEPE HWAET TOJBKO IMPEACTABICHHUE IAHHBIX, HCHOJbB3YS
ActiveX umu apyryto Web-texnonoruro. [Ipumepom peanuzanmu MOTYT CIYKUTh
HaOops! noakmouaembrx moayneit WebClient (US Data, FactoryLink/MonitorPro),
WebActivator (AdAstra, Trace Mode).

e Ocoboe mecto B Web-TexHomorusx 3aHUMaeT cOOpP /JaHHBIX uYepe3
HNHTepHeT 0T YyJAAJeHHBIX KOHTPOJJIEPOB. OTOT METOJ  (pakTUYECKU
COOTBETCTBYET TPAJULMOHHO NPHUHATOM CTpykType mnoctpoeHus ACY TII c¢
ucnons3oBanueM SCADA-cuctem, HO B JaHHOM CIIy4ae MEXKIy caMOi CUCTEMOU U
[TJIK MOXeT JiexkaTh HE OJIHA ThICSYa KUJIOMETPOB. B Takoi KOHpUTypary MOKeT
pabotats m06ass SCADA-cucTema, ymeroIas nochliaTh COOOIIEHHUS 110 IPOTOKOITY
TCP/IP (uTo MoryT AenaTh NpakTU4ecku Bce cuctembl). AHanornyHo u [IJIK moryt
paboTaTh B TakO# cucteme, eciivi oHu uMeroT Ethernet nnm nocnenoBarenbHbIN MOPT
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c mnogaepxkkoit TCP/IP. Ilpakthyecku Bce KpyNHEWIINE MPOU3BOAUTEIH
KOHTPOJIEPOB UMEIOT TAKUE MOJEIH.

e (CoOBEpUICHHO HOBOW TEXHOJOTWEN [yl ympaBieHus uepe3 HHTepHer
apisitorcs BerpanBaembie B IIJIK Web-cepBepsbi. Celiuac MOXHO rOBOPUTB JIUIIIb
O HaMmeTHBIIMXCS mepcrnekTuBax. OpHa U3 TIJIaBHBIX OCOOEHHOCTEH ATOM
«PEBOJIOLUOHHON» TEXHOJIOTHH (KpoMe yHuBepcanbHOCTU cBsi3u ¢ ITJIK) - orkas
or wucnons3oBanus SCADA-cuctem. Web-cepBep HaxomuTcss B KOHTpPOJUIEpE,
KOTOPBIM IIOAKJIIOYEH HEMOCPEACTBEHHO K cetu Internet. Mmeromuiics B
KOHTPOJIJIEPE COTMPOIECCOP OCYIIECTBIsIET hopmupoBanrue HeoOoxomumbix HTML-
CTPAHHIL ¥ CBA3BIBAET UX C JAHHBIMH, IOCTYNAIOIIUMHU € 00beKTa. OTHAKO B JTAHHOM
cllyuae OCHOBHAasl TSDKECTb PaOOTHI M0 00pabOTKe NaHHBIX OyIeT JOXKHUTHCS Ha
IJIeYd CaMOro KOHTPOJUJIEpA, KOTOPHIM BBIHYXKJEH OYyJIeT KpoMe IEepBHUYHON
00paOOTKM JaHHBIX OCYIIECTBISATh MU BTOPUYHYIO OOpabOTKYy, YTO MOXKET
noTpeboBaTh NPUMEHEHHUs1 ropasfno Ooisee mourHoro mnpoueccopa I[IJIK, yem B
ciydae paboTsl 6e3 Web-cepsepa.

Bo Bcex Internet/Intranet-pemeHusix 1Mo  oOMEHYy  JaHHBIMHM  KpOMe
TEXHOJIOTHYECKOIO CEPBEPA KAK HOCMAGUW{UKA TAHHBIX U KIIMEHTA KaK noJjayyamens
uHpopMaruu 3aneiictBoBad Web-cepeep (puc. 2.9). Undopmanus Ha cepBepe
XPAaHUTCS B BUJIE CTPAHMUII, HA KOTOPBIX, KPOME TEKCTa, MOTYT HaXOJIUThCA pa3HbIe
OOBEKTHI: TpapuUecKue N300paKeHHs, AyJUO - U BUJACOPOIHMKH, (POPMBI JJ1s1 BBOJA
JAHHBIX, UHTEPAKTUBHBIE IPUIIOKEHUS U T. 1.

Puc. 2.9. Unterpamms SCADA u Internet.

B3zaumopeiictBue mexay Web-cepBepoM U KIIMEHTaMH OCYILIECTBIIIETCS HA OCHOBE

TCPIIP HTTP
[ 1]
——=r)
SCADA WEB - cepBep WEB - 6payzep
CepBep Windows 2000 cepeep Runtime SCADA
AaHHBbIX MS IS Internet Explorer
nporokona HTTP (HyperText Transfer Protocol - mnpoTtokon mnepeaauu

TUIIEPTEKCTA).
Jlnst mpocMotpa npunoxenuit Web-kireHToM MOryT HCIosb30BaThCsl HABUTATOP
Microsoft Internet Explorer coorBerctBytomieit Bepcun unu SCADA-cucrema B
pexxnme Runtime.

Web-cepBep pabortaer Ha 0aze Microsoft Internet Information Server (IIS) u
CBSA3BIBAECT YCTAHOBJICHHBIE HA HEM IIPUIIOKEHUA ¢ Internet.

[Ipaktnuecku Bce Bemymme (GupMmbi-pazpadbotunkun  SCADA-cucrem
3aHUMAIOTCA CO3JIaHUEM MPOrPaMMHBIX MPOIYKTOB C HCTojb3oBaHueM Internet-
TEXHOJIOTHIA, B TOM YHCJI€ U TEXHOJOTUM C UCTIOJIb30BAHUEM «TOHKHUX)» KJIUEHTOB.
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HNurterpupoBannbsie SCADA-cucTembl

Opanum u3 Haubosiee 3HaYMMBIX (akTtopoB pa3Butus SCADA-cucteMm
CTAHOBHUTCS TO, UTO HEKOTOPBIE BEYIINE MTPOU3BOAUTEIIN pACUMUPAIOM PYHKUUU
SCADA «no éepmukanuy» uepapxuu MHOTOYPOBHEBOW CUCTEMBI yIIPABJICHUS.

C oaHOI CTOPOHBI, UJIET pacliupeHre GYHKIHA B CTOPOHY
HEIMOCPEICTBEHHOTO YIIPABJICHHS TEXHOJIOTMYECKUMU MTPOLIECCAMHU
(aBTOMaTHYECKOE PErYJIMPOBAHKUE U IPOTPAMMHO-JIOTMYECKOE YIIPaBJICHUE).
@DyHKIMY HENOCPEACTBEHHOIO YIPABICHUS PEATU3YIOTCS B IMAKETaX MPUKIAIHBIX
IporpaMM Kak JijIsl KOHTPOJUIEPOB, MOCTPOCHHBIX HAa 0OCHOBE PC-COBMECTUMBIX
koHTposiepoB (SoftPLC), Tak u 115 KOMIBIOTEPHOU peanu3anuu QyHKIUn
HernocpeacTBeHHoro ynpasienus (SoftControl).

[Inpokoe ucnons3zoBanue |BM PC mrardopmer B koHTposutiepax (Softlogic)
Hayasnock B 90-x rogax XX Beka U ObLJIO0 00YCIOBIEHO MHOTHUMH (PaKTOpaMH, OJNH
U3 KOTOPBIX — JIy4IEE COOTHOIIECHHUE «IIPOU3BOJUTEIBHOCTSD - IEHA». A s
Poccuu Toro BpeMenu 310 0bu10 onpenenstoum. M BoT oTeuecTBeHHas pupma
AdAstrA unterpupyet cBoro SCADA-cHcTEMyY C CHCTEMOM IPOTrPaMMHUPOBAHHSI
PC-kouTposuiepoB. Tak mosiBUiiachk HOBasi TEXHOJOTHS CKBO3HOTO
MPOrpaMMHUPOBAHUsI KOMIIOHEHTOB HUKHETO U BepxHero ypoBHel ACYTIL

['oBops ©0 KOMIOBIOTEPHOM peanu3anuu (YHKUUH HENOCPEICTBEHHOTO
aBTOMATHUYECKOT'0 YIIPABIECHUS TEXHOJOTHUYECKUM IPOLECCOM, CIENYET OTMETUTH,
YTO TIPAKTUYECKH BCE W3BECTHblIE HMHCTpyMeHTanbHble SCADA-cHCTEMBI
00€eCreynBalOT ATy BO3MOXHOCTb. XOTS TaKO€ COBMEIICHHE U IO3BOJSET
SKOHOMUThH Ha alllapaTHBIX CPEJCTBaX, OHO MOXET HMMETh Psii HETraTHBHBIX
nocyeacTBuid. Bo-nepBbIxX, onepanroHHasi CUCTeMa ONepaTOPCKON CTAHIIMM MOKET
HE 00ecne4yuTh HEOOXOAMMYIO ISl KOHKPETHOrO TEXHOJOTMYECKOIo IMpolecca
ckopocTth peakunn SCADA-cucteMbl. Bo-BTOPBIX, HUKTO HE TapaHTUPOBAH OT
«3aBUCAHUS CUCTEMBI, XOTsI JIJIs HEKOTOPHIX 00BEKTOB (MHEPIIMOHHBIX ) 3TO MOMKET
OBITh U HE KPUTUYHO.

C npyroit cropoHsl, iepBuyHas nHpopmanus, coopantHas SCADA-cuctemamu
OT TEXHOJOTUYECKUX YCTAHOBOK M TPOU3ZBOJCTB JIsl MPUHSATHS ONEPATUBHBIX
(TaKTUYECKUX) pEIICHUHA Ha YpPOBHE OMNEPATOPOB/AUCIETYEPOB, IOJKHA OBITH
JIOCTYITHA B peajibHOM BPeMEHH BCeM YPOBHAM YIIPaBJECHUA C LIEIIbIO €€ aHaIu3a
U TIPUHATHUS yHOpaBIEHYECKHX (cTparermyeckux) pemeHuid. Ho mo HemaBHero
BPEMEHU B CHIIy Pa3IMYHbIX NpUUYnH (oapoOHee cM. riaBy 4) 3Ta 3a/1aya He Oblia
pelieHa, 4To SBJSJIOCH CYIIECTBEHHBIM TOPMO30M MOBBIIIEHUS 3(PPEKTUBHOCTU
MIPEANPUSATUHN.

Jlns1 ee pelieHrs Ha PhIHKE TPOTPAMMHBIX MPOYKTOB CTaJ MOSIBISATHCS HOBBIN
KJIACC IPOrPAMMHOTO OOECIIEYEHHS] — HHTEIPUPOBAHHBIE MAKETHI MPOMBIIUICHHON
aproMarm3ammu. B atux maxkerax SCADA/HMI sgaBagercs aume OJHUM W3
KOMITOHEHTOB. JIpyroil Ba)XHEHIIMII KOMIIOHEHT TAaKUX CHUCTEM — 0a3bl JaHHBIX
peaNbHOTO BPEMEHU WJIM apXHMBBI HCTOPUYECKUX JTAHHBIX, IPEIHA3HAYCHHBIC JJIS
XPaHEHHs] OTPOMHBIX MAaCCHBOB MH(GOPMAIMKA C BO3MOKHOCTBIO JOCTYIA K HEH C
paznmuunbix APM. Croga ke MOXHO OTHECTH CIEIUaIU3UPOBAHHBIC MAKETHI JJIS
yOpaBi€HUs] TEPUOJUYECKUMH MPOLECCAMU, JJisl BBISIBICHUS W MHUHUMHU3ALUU
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MPOCTOEB 00OPYIOBaHUSA, JJIi TPOCMOTpPA MPOU3BOJCTBEHHON WHGMOPMAIUN C
noMoIIbI0 IHTEepHET-TeXHOIOTUM U T. 1.

K kiaccy MHTErpHpOBaHHBIX CHCTEM MOXXHO OTHECTH TaKHE MPOTPaMMHbIE
npoAykThl Beayuux npousBoauteneir SCADA, kak FIX Dynamics (Intellution/GE
Fanuc), FactorySuite 2000 (Wonderware) u apyrue. OTH CHCTEMbI MPEICTABIISIOT
co00Oll MOUIHBIE NPOrpPaMMHBIE KOMIUIEKCHI, OOECIEUMBAIOIINE WHTErPaAIIUIO
CUCTEMBI yIpaBJieHUs MPOU3BOJACTBOM B I1iesioM. lMcrnonb3oBaHue B cucreMax
pa3HBIX yPOBHEW €AWHOTO CTWIA OQOPMIICHUSA, €AWHOW TEPMHUHOJIOTHH,
WHCTPYMEHTApHA, CIYy)KEOHBIX CPEACTB W T. . 3HAYUTEIBHO OO0JIETYArOT
pa3paboTYMKaM TMPOCKTUPOBAHUE CHUCTEM, a NPEANPHUATHIM - HUX OCBOCHHE H
IKCILTyaTaIHIo.

Hanexuoctr SCADA-cucrem

[Moustue naodexcnocmu SCADA-11akeTOB BKIIOUaET B ce0s ABa acCIeKTa:
HAJISKHOCTh caMoro mporpammuoro npoaykra SCADA 1 BO3MOKHOCTD
IPOrPaAaMMHOTO PE3EPBUPOBAHMS KOMIIOHEHTOB CUCTEMBI B Pa3IMYHBIX BapHaHTaX.

Hanexxnocte SCADA-makeTa onpeesieTcs HeCKOJIbKUMHU
XapaKTEePUCTUKAMU: HAJICKHOCTHIO ONEPAIMOHHON CUCTEMbI, HAIMYUEM CPEJICTB
COXpaHEHUS JaHHBIX U KOHPUTYpAIUHU MIPU COOSX, HATUYUEM CPEJICTB
aBTOMATHUYECKOTO Tepe3anycka CUCTEMBI.

[To HanmexHoctu coBpemeHHble SCADA-TIPOIYKTHI, TakkKe Kak U IO
(YHKIIMOHATBHOCTH, HE3HAYUTEIBHO OTJIMYAIOTCS JIPYT OT Jpyra. Tem He MeEHee,
Ipy BBIOOpE IMaKeTa MOXHO OOpaTUTh BHUMAHWE HAa CIUCOK €r0 BHEIPCHUH.
Hanuare B TaKOM CIIMCKE MTPOEKTOB JJISI OMTACHBIX M OTBETCTBEHHBIX MTPOU3BOJICTB,
MIPOCKTOB ¢ OOJBIITMM YHUCJIOM IMapaMeTPOB, TEPPUTOPHAIBHO W (DYHKIIMOHAIBEHO
pacnpeneneHHbIx APMOB TOBOpPHUT 0 TOCTaTOYHO BBhICOKOH HamexxkHoctn SCADA-
nakeTa.

Ho cuctema yrmpaBieHuUs MOKET MOJTHOCTBIO BRIMTH U3 CTPOS HE TOJBKO IO
MPUYHMHE 0TKa3a MPOrPaMMHOI0 00eCTICUeHHsI, HO U 000pyAOBaHUSI.

[TomyuuBinas HauboJee MUPOKOE PACTIPOCTPAHCHUE pacIpeiesieHHAs
CUCTEMa YIIpaBIICHHUS, IpeIcTaBIeHHas Ha puc. 2.10, BBIAJET U3 CTPOsL, €CIIU BCETO
JIUIIH B OJTHOM KOMITIOHEHTE (CepBepe) BOZHUKHET HEUCTIPABHOCTb.

Peanuszammma SCADA-nakeTamu
byHKIMIA pe3epBUPOBAHUS MTO3BOJISET SCADA SCADA
YCTpaHATh OTKa3bl B CUCTEME 0€3 OTEPU ‘ APM ‘ APM
e¢ QYHKIIMOHAIBHBIX BO3MOXHOCTEH 1 \' \'
pOM3BOAMTENLHOCTH. [IporpamMmMHoe | NBC | .
obecnieuenue SCADA noanepxuBaet

N

peaNM3aIrio pe3epBUPOBAHUS PA3TUUHBIX
KOMITOHEHTOB CUCTEMBI YIIPaBJICHUS KaK
BCJIEZICTBHUE OCOOEHHOCTH apXUTEKTYPHI,
TaK ¥ HaJIMIUsI BCTPOCHHBIX MEXaHU3MOB.

CepBep

Puc. 2.10. CeteBas apxurextypa SCADA.
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J{1s1 MOBBIIIEHUS HA/IE)KHOCTH CUCTEMBI YIIPABICHUS JOCTATOYHO SIBHO
MIPOCMATPUBAETCS BapUAHT C pe3epBUpoBaHueM cepBepa (puc.2.11). 3nech
BO3MOXHBI JIBa BapuaHTa. B ogHOM ciydae 06a cepBepa (OCHOBHOM U pe3epBHBIN)
B3aMMOJIEUCTBYIOT C YCTPONUCTBAMHU

BBOJIA/BBIBO/IA, yJBaUBas HarPy3Ky Ha SCADA SCADA
IPOMBIIIIEHHYIO CETh U CHUKASI ‘ APM APM
IPOM3BOAMUTENLHOCTE CUCTEMBI. B

IITATHOM PEXHUME KIMEHTHI | nsc |

.",.' II.lll
":" -",.'

B3aMMOJICHCTBYIOT C OCHOBHBIM DCHnEHou PeaepEHbm
cepBepoM. IIpu BeIXOzEe ero u3 crpos CepEEp CepEep
OHU HAIPABJIAIOT CBOU 3aIPOCHI K

pe3epBHOMY CEPBEDPY.

Puc. 2.11. Pe3epBupoBanue ceppepa.

B  pacmnpeneneHHOM — KJIMEHT-
cepBeprort  apxutekrype SCADA-
CUCTEM JIMIIIb OAUH (OCHOBHOM) CEpBEP
B3aMMOJICHCTBYET C KOHTpoJuiepaMu. lIpu 3TOM OCHOBHOH cepBEp MOCTOSHHO
OoOHOBJsIeT 0a3y JaHHBIX PE3EPBHOTO cepBepa, OOecreuHBasi €ro IMOCTOSIHHYIO
TOTOBHOCTb.
Pe3epBupoBaHue ceTH U KOHTPOJLJIEPOB

CrpykTypa, npuBeicHHAs Ha puc. 2.11, yBeIuUnMBaeT HaI€KHOCTh CUCTEMBI,
YCTpaHsisi OJTHO U3 OCHOBHBIX «CJIa0bIX» MECT — O0TKa3 cepBepa. JApyrum «ciadbim»
MECTOM paclpe/ieJICHHON CUCTeMbI YITPaBIE€HUSI MOKET ObITh caMa ceTh. BbIxos ee
U3 CTPOS HAPYIIAeT yIpaBieHUE, TaK KaK CTAHIIMH ONEepaTOPOB/IUCTIETIEPOB B
ATOM CJIy4ae OKa3bIBAOTCSI OTPE3aHHBIMU OT CUCTEMBI. [[OBBIlIEHNE HAAEKHOCTH
CHUCTEMBI yIIPaBJICHUS 00eCIIeUnBaCTCs JOTIOJHUTEIIBHOU ceThio (puc. 2.12).

BONbIIMHCTBO KOHTPOJIJIEPOB MOXKET MOJIEPKUBATH JOTOIHUTEIbHYIO
(pe3epBHYI0) CBSI3b C CEPBEPOM

BBOJ1a/BbIBOIA. [Ipu oTKa3e SCADA SCADA
OCHOBHOT'O KaHaJIa TapaHTHPYETCS APM APM
OOMEH JTaHHBIMU MEXITY !' ‘
KOHTPOJIJIEPOM U CEPBEPOM. | | Nnec1
JlocTHYb MTOJTHOTO PE3ePBUPOBAHUS i i Nnec z

MO>KHO ITyTeM I1yOJIMPOBaHUS

KOHTpoiepoB (puc. 2.12). PesepBHbIN

cepBep

Puc. 2.12. BapuaHTsl

pe3epBUPOBAHUS.
PaccmoTpeHHbIe BBIIIE CITOCOOBI OCHOBHOW U pesepBHBbIA MK

MOBBINICHUS HAJCKHOCTH CUCTEMBI

YIOPABJICHHUS XOPOIIO W3BECTHBI. BaXHBIM 37€Ch SBISETCS TO, YTO HMEHHO

BctpoeHHble B SCADA-cucteMy MeEXaHM3Mbl MO3BOJISIOT KOH(PUTYpHUPOBAThH

pacnpesiefieHHYI0 KIMEHT-CEPBEPHYIO apXUTEKTypy, OINpeAessis Ha CTaJuu
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MIPOCKTUPOBAHUSI OCHOBHBIE M PE3EPBHBIC YCTPONUCTBA CHCTEMBI yIpPaBICHUS. A B
pexume ucrnonHenus nmeHHo SCADA- cucTema orpesesnseT HEUCIIPaBHOCTh TOTO
WJIM UHOTO KOMITOHEHTA CUCTEMbI U aBTOMATHYECKH MPOU3BOIUT MEPEKIIIOUCHHUE Ha
pe3epBHOE 000pyI0BaHUE, TIPEIYIPEkKIas 00 3TOM ONEepaTUBHBIN NIEPCOHAT.
IIporpammHuo-anmaparHas miargopma

K 5T0i1 rpynie MOXXHO OTHECTH CIEAYIOINE XapaKTePUCTUKU:
KOMITbIOTEpHAs 11aTopma, orepaloHHas cuctemMa, KOHUrypaius KOMIbloTepa
(gacToTa mporeccopa, TpeOyeMbIie pecypchl OIIEpaTUBHON U AUCKOBOM MaMsITH),
BO3MOYKHOCTH TIEPEHOCA TIPHIIOKECHHUH B IPYTYIO ONIEPAIIMOHHYIO CUCTEMY.

AHanu3 miaThopM U ONepaIrMOHHBIX CUCTEM HEOOXO0IUM, TTIOCKOJIBKY OHU
OTIPEIEISIIOT BO3MOXKHOCTH pactipoctpanenus SCADA-cucTemMpl Ha UMEIOIIHECS
BBIYHCIIUTEILHBIE CPEJICTBA U CTOMMOCTD CHCTEMBI.

[Tporpammuoe obecnieuenne SCADA, kak u mo6oe apyroe 110, BermonHsieTcs
MO/ yNOpaBJIICHHWEM TOW WIM WHOW omnepalMoHHOM cuctembl. Kakas xe
olepaloHHasl CUCTeMa HamOoJiee TpuemiieMa JjIsl MPOrpaMMHOIO OOecredeHus
BepxHero ypoBHA? OOs3arenbHo npuMeHenne OCPB  wumm  goctaTtodHo
OTIEpPAllMOHHON CHCTEMBbI OOIIEero Ha3zHayeHUsi? DTOT BOMPOC OOCYXKIaics Ha
OPOTSHKEHUM HECKOJBKMX JIET B PAa3IMYHBIX TEPUOJIMYECKUX  U3JIaHUSAX,
MOCBSIIEHHBIX ~ aBTOMATU3allMM  TEXHOJOTMYECKHX TpoleccoB. B wurore,
KOMITPOMUCC HalJIeH: TpeOOBaHUS K MapaMeTpaM ONeparlMOHHON CUCTEMBI TI0JKHbI
OTIPEEIATHCS ABTOMATU3UPYEMBIM 00OBEKTOM M IMPUKIIATHOMN 3a7a9ei.

C oxHO CTOpOHBI, B He(PTEra3oBoi OTpaciy CYIIECTBYET JOBOJIHHO
IITUPOKHUHA KJTACC MHEPITMOHHBIX 00BEKTOB. Hemb3s Takke u 3a0bIBaTh, 4TO
HEOTBhEMJIEMOM 4acThio BepxHero ypoBHs ACY TII aBnsieTcs yenoBek, Bpems
peakIuu KOTOPOTO Ha COOBITHS HEJETEPMUHUPOBAHO U 3a4aCTYO TOCTATOYHO
BenuKoO. M, HaKOHEII, HeJIb3s1 HE YYUTHIBATh TCHACHIINY Pa3BUTHS MUPOBOTO PhIHKA
IPOrPaMMHOTO OOeCIIeYeHUsI.

B pesynbrate, nogasistomiee 60asmmHCTBO SCADA-cucTem peanu3zoBaHo (1
00 3TOM yke roBopuiioch B riiaBe 1) Ha MS Windows-tuatgopmax (Windows
NT/2000). 3to u InTouch, u FIX, u Genesis, u poccuiickuit Tpetic Moyn. 13
YEeThIPHAAIATH CUCTEM, IPUBE/ICHHBIX BBIIIE, IBEHAAIIATh MPEAHA3HAYEHBI JIJIs
paboThl B pa3nuynbix Bapuantax OC MS Windows. 3aech, 6€3yciioBHO, CKa3aIiCh
no3unuu komrnanuu Microsoft Ha peIHKe omepaoHHBIX CUCTeM. MI3BECTHO, YTO
uMeHHO kKoMmmanust Microsoft Oblia u ocTaeTcst «3aKOHOAATEIEM MOJIBDY B 3TOM
KJIacCe MPOrpaMMHOI0 00ECIIeUeHuUsI.

A Bot Takue nomyisipasie SCADA-cuctembl, kak RealFlex, Sitex, RTWin
GYHKIMOHUPYIOT TIOJT YITPABJICHUEM OIEPAIMOHHONW CHCTEMBI PEalIbHOTO BPEMCHH
QNX. Dta OCPB gns IBM PC sBrusercs omHOW u3 Haubojee MHUPOKO
UCITOJIB3YEMBIX TIPU MOCTPOCHUU CHUCTEM YIPaBJICHHUS W cOOpa JAaHHBIX MPEKIe
BCETO 3a CYET TOT0, YTO TapaHTUPYET BpeMs pPEaKIMH CHUCTEMBI B Mpenesax OT
HECKOJBKHX JIECITKOB MUKPOCEKYH/T 10 HECKOJIBKUX MUJUTHCEKYHT (B 3aBUCUMOCTH
ot OsicTpoaeiicTBust [I9BM u Bepcun QNX).

[upoxo wm3BectHas SCADA  FactoryLink wmeeT 1ensiii  CIHCOK

TIOJIICPYKUBAEMBIX e MporpaMMHO-anmapatHeix miardgopm: OS/2 (IBM PC), UNIX
(IBM PC), VMS (VAX), HP-UX (HP 9000) u MS Windows (IBM PC).
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KomnrerorepHsie pecypcbl, TpeOyemble AJi yCTaHOBKU U HOPMAJIbHOTO
(GYHKITMOHUPOBAHUS pa3IMUHbIX KOMIIOHEHTOB SCADA-cucTeM, onpeaesiroTes
MHOTMMH (aKTOpaMH, B TOM YHCJIE, HA3HAUEHUEM CETEBOr0 KOMIIbIoTEpa (padboyast
cTaHIus orneparopa, cepsep b/[, APM cnernuanucra v T. 11.), KOJIMYECTBOM
o0pabaThIBa€MbIX [IEPEMEHHBIX, UCIIOJIB3YEMON ONEPALIMOHHON CUCTEMOI
(Windows 95/98/NT/2000, QNX) u T. 1.

B kauecTBe KIMEHTCKUX KOMIBIOTEPOB HauOOJIbILIEE PACTIPOCTPAHEHHE B
Hacrosee BpeMs HaxonsaT |BM-coemectumsie T1K (ot 486 mo Pentium 11 500/800
MTI'n).

OmnepartuBHas namsTh, Tpedyemas anst SCADA-nakeToB pa3nuyHbIX
npou3BoAUTeNeH, konebnercs ot 32 no 128/256 MO.

TpeboBanust kK cBOOOTHOMY 00BEMY MAMSTH Ha JKECTKOM JIUCKE TAKKe
nocTaTouHo MUHUMAaIBHBI (100 — 200 MO).

MoryT HakIaAbIBaTHCS TAKKE OrPaHUYECHUS HAa KAYECTBO U O0BEM MMAMSITU
BUJICOKAPTHI, pa3pellieHue 3KpaHa MOHUTOPA, pa3Mepbl MOHUTOPA.

TpeboBanus K anmapaTHbIM CPEICTBAM, IPU3BAHHBIM MO AEPKUBATh
cepBepHbIe (QYHKIMHU, MOTYT OBITh CYILIECTBEHHO 00Ji€€ BHICOKUMH. DTO OTHOCUTCS
U K 00BbEMY ONEepaTUBHOM MMaMATH, U K 00bEMY JKECTKOIO AUCKA, KOTOPBIM MOXKET
U3MEPSATHCS yXKe 1eCATKaMU U coTHAMU ['0.

C apyroit CTOpOHBI, MHOTHE KJIMEHTCKHE KOMITbIOTEPHI ITPHU UCIIOJIb30BAHUU
COBPEMEHHBIX CETEBBIX TEXHOJIOTHIA, TAKHX, KaK apxuTektypa Server/Terminal,
Internet-texuonoruii (WEB-cepBep), MOryT ObITh JOCTaTOYHO CIA0BIX
koH(purypauumii (IBM 286/386) ¢ MuHMManbHbIMU TPEOOBAaHUSMU KaK K
OTIepaTHBHOM, TaK M K IMCKOBOM MaMsTH, a TO M BOBCE OE3IMCKOBBIMH.

Macwimabupyemocms - 510 ciocooHocts [10 SCADA HapammBaTh pazMepsl
CHCTEMBI YIIpaBJeHUs, oOecrednBas Mpyu dTOM MPEEMCTBEHHOCTh MO OTHOIICHUIO
KO BCEM paHee YCTaHOBJIEHHBIM NPOTrPAMMHO-ANNapaTHBIM CPEICTBAM.

C pocTOM MOIIIHOCTH KOMITBIOTEPOB M COOTBETCTBYIOIIMM POCTOM
uH(OPMAITMOHHONW MOIITHOCTU oniepatopckux cTaHiuii SCADA-cuctemsl
CTaHOBATCA MaclITabupyeMbIMU. OHU BBIITYCKAIOTCS B Pa3IMUHBIX BapHAHTaX,
KOTOpBIE IPU COXPAHEHHUHU B LIEJIOM (PYHKIIHMOHAILHOTO MPO(UIIS TOIAEPHKUBAIOT
OT HECKOJIBKHUX JECSITKOB MJIU COTEH JI0 IECATKOB THICSY BXOJJ0B/BBIXOJI0B
(JTUIIEH3UPYEMBIX TOYEK).

EcTecTBeHHO, CTOMMOCTh TaKHMX MAKETOB PAa3IMYHA: YeM OOJIbIIIEe TePEMEHHBIX
noaaepxkuBaeT SCADA-nmaker, TeM oH gopoxe. Ho 3To yaobHo moTtpedurento -
MO>KHO MTPUOOPECTH MAKET MO/ MPOEKT MPAKTUUECKH JIF0O0ro Maciitada.

['pananus koauyecTBa JULEH3UPYyEMbIX Touek B pa3nuuHbix SCADA-makeTax
paznuuHa. B psnge makeToB oHa Oojiee paBHOMEpHa, yeM B apyrux. Hanmpumep, Ha
PBIHKE MPOTPaMMHBIX TPOYyKTOB MOxkHO HaTtu SCADA-nakets Ha 75, 150, 500,
1 500, 5 000, 15 000, 50 000, 150 000 u 450 000 nepemennsix. IIpu 3TOM
YUUTBHIBAIOTCS TOJBKO BHEIIHWE TIEPEMEHHBbIE, CUHMTHIBAEMBbIE C YCTPOWCTB
BBOJa/BbIBOJIa. BHyTpeHHHME TMEpeMeHHble, KOTOpble OyayT OIpeneiaeHbl
pa3pabOTUMKOM TMpH MPOEKTUPOBAHUH, HE SABJSIOTCS  JIHIEH3UPYEMbIMU
(OecrutatHel), XOTS M OYIQyT XpaHUTHCS B MaMATH KOMIIbIOTEpA UM HA KECTKOM
mucke. Jpyrue Qupmei-npousBonutein  SCADA B oflmiee  KOJIUYECTBO



2.8.

80

JUIEH3UPYEMBIX TOUYEK BKIIOYAIOT W BHYTpPEHHHE TNiepeMeHHble. Hampumep,
npuobpereHue Takoro nakera Ha 500 IHIIEH3UPYEMBIX TOUEK 03HAYAET CIIETYIOIIEE.
Ecin B cooTBETCTBMM € MPOEKTOM pa3paboTuuky norpedyercst cosnats 100
BHYTPEHHUX MEPEMEHHBIX, TO CUCTEMA criocoOHa Oyzaer oOpabarbiBaTh juiib 400
NEPEMEHHBIX BBOJA/BbIBOJA. HO M 0 BO3MOKHOM pacHIMpEHUN CUCTEMBI HE HaJlo
3a0bIBaTh.

[Tpu pacuimpeHny CUCTEMBI YIIPABIEHUSI, HAIPUMED, YBEIMUEHUHU KOJINYECTBA
00pabaThIBa€MbIX MIEPEMEHHBIX, CO3JaHUU HOBBIX CTaHIIUN IS
nepepacnpeesieHus BBIMUCIUTEIbHON HArpy3KH MEXAy KOMITBIOTEPAMH B CUCTEME
SCADA-nakeTbl CHa0Xar0TCsl BCTPOCHHBIMU MEXaHU3MaMH, KOTOPBIE MO3BOJISIIOT
pa3paboTurMKkaM peann30BaTh Takue BO3MOKHOCTH. C TOUKHM 3peHHs ynoOcTBa
UCTIONb30BaHus 3TuX MexaHu3MoB Bce SCADA-nakeTs! pa3nuyasl. MHOTHE (GUPMBI
IpeajiaraloT CUCTEMbI, B KOTOPBIX OCHOBHasg paboTa MO KOH(PUTYypPHUPOBAHHUIO
KOMIIBIOTEPOB KJIMEHT-CEPBEPHON apXUTEKTYPhl XOPOILIO AaBTOMAaTU3UPOBAHA.
JDKCITyaTALMOHHbIE XaPAKTEPUCTHKHU
K 31011 rpymnme MOXXHO OTHECTH:
ynoocTBo uHTepdeiica cpeapl pa3paboTKu (3TO KadyecTBO OOeCHeunBaeTCs
npumeHeHueM Windows —1og00HBIX HHTEp(]ECcOB), MONHOTA W HAIJISIAHOCTH
npeacTaBieHUs (PyHKIMHA CUCTEMBI Ha 3KpaHe, yao0CTBO M HMH(OPMATHUBHOCTH
KOHTEKCTHBIX U ONEPATUBHBIX MOJICKA30K, CIIPABOYHOU CUCTEMBI;

KAaueCTBO JOKYMEHTALIMH - [TOJIHOTA, SICHOCTh U HAIJISIIHOCTh OMUCAHUS

CUCTEMBI, IPUMEHEHNE YCTAHOBUBIIEICS TEPMUHOJIOTUH, pyCU(pUKALHS,
YpOBEHb pycUUKaIMH (3KpaHbI, TOJCKA3KH, CIIPABOYHAS
CUCTEMa, CUCTEMHBIE COOOIIEHUS, TOKYMEHTAIUA);

MOJIHOTA/HEOCTATOYHOCTh CPEJICTB AUATHOCTUKH COCTOSIHUSI CUCTEMBI ITPHU COOSIX U

OTKa3ax, HApyIIEHUSX BHEIIHUX CBSI3€H; TPYJOEMKOCTh U

YpOBEHb aBTOMAaTU3aLUU PadOT MPU UHCTAUISALUU U KOHPUTYpUPOBAHUU
CUCTEMBbI; BO3MOKHOCTH BHECEHUSI U3BMEHEHUH B clcTeMy 0Oe3 ee

OCTAHOBKH U T.[I.

MI0JIO’KEHUE TIPOTPAMMHOTO MPOYKTa Ha PhIHKE: TUJIEPCKas CETh,
KOHCYJIbTAIIMOHHAs NOJIEPKKa, HAIMYHUE «TOpsiuel TMHUNY», 00yUeHHE,
yCIIOBUSI OOHOBJICHHS Bepcuit (upgrade), KOTM4eCcTBO MHCTAUISIUN | T. 1.

OneiT  paboThl aBTOpPOB Ha (aKydbTEeTEe TOBBIMICHUS KBaTu(UKAITUU
CHEIUAINCTOB B 00JIaCTM aBTOMAaTU3allUd TOKa3blBaeT, 4YTO Ha MecTax
CHEIUAINCTBl YacTO HCIHBIThIBAIOT TpyaHoctd B ocBoeHun SCADA wu3-3a
OTCYTCTBUS KA4e€CTBEHHOM JTOKYMEHTAllMM Ha NPUOOPETEHHbIE MPOrpaMMHBIE
IPOAYKThI. YYUTHIBas JAJIEKO HE TOrOJIOBHOE 3HAHUE AaHIJIMHCKOTO sA3bIKa
IporpaMMHUCTaMU W, TeM O0oJee, TEXHOJIOraMH, MNOJApoOHAas M KadecTBEHHas
JIOKYMEHTAIUsI HA PYCCKOM S3BIKE IPOCTO HEOOXO M.

OKCIUTyaTallMOHHbIE ~ XapaKTEPUCTUKU B  3HAYUTENBHOM Mepe HOCST
CYOBEKTUBHBIN XapakTep U HE MOTYT OBITh OLIEHEHBI KOJIMYECTBEHHO. O HUX MOXKHO
CYIUTh TOJBKO MO pe3yibTaTaM MPAKTUYECKOTO HCMIOJIb30BAaHUS MPOTrPAMMHOIO
OpOAYKTa: TECTHPOBAHMs, ampoOMpPOBAHMs, aHAJIM3a, OIbITA MPOMBIIUIEHHOTO
BHeApeHuss. KocBeHHOW  XapakTepuUCTUKONM KayecTBa UM OTPabOTaHHOCTHU
KPYHHOTHPAXHOTO MPOTPAMMHOIO MPOAYKTa CIYKUT €ro IMOJOKEHHUE Ha PBIHKE,
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MTOCKOJIBKY OOJIBIIIOE YUCIIO pPeah3aIiiii MPOAyKTa CBUIETEILCTBYET O CONHIHOM
ONbITE TPUMEHEHUH, YYTEHHOM IMpU OOHOBICHMSIX TpoaykTa. KomuyecTBo
uHcTasinut - SCADA-makeToB  KpyHmHEWIIUX IPOU3BOJUTENEH, TaKUX Kak
Wonderware u Intellution (GE Fanuc), nepemaruyiio yxe 3a 200 Thicsy.
Ochognute noocucmemvt SCADA-nakemos

CoznlaHre COBpEMEHHOM CHCTEMbI YIIpaBJEHUsI MOTpeOyeT OT pa3paboTuuka
HEKOTOpOro Habopa 3HaHuU mpumeHsemoro B mpoekre SCADA-nakera. Uto ke
Haj0 3HaTh 0 SCADA pa3paboTunKy, IPHUCTYyIas K CO3aHHUIO TIPOSKTa?

Jlst peanmzaiuu pacCMOTPEHHBIX B pazjaene 2.1 6a3oBeix ¢pynkiuit SCADA-
CHUCTEMBI pa3pabOTUNKy OTPEOyeTCsl, KAK MUHIUMYM:
opranu3zoBath B3aumojeiicteue SCADA-makeTa ¢ anmapaTHBIMH CpPEJICTBaMU
aBTOMAaTU3alMU (KOHTPOJUIEPAMH);
co3garh rpapuueckuil uHTEpdeEiic 1 qucneryepa/onepaTopa, T.€. 0TOOpaKeHHe
TEXHOJIOTUYECKOr0 TpOoIecca U 3HAYCHUHN MapaMeTpoB Ha JAMHAMU3UPOBAHHBIX
MHEMOCXeMaXx;
o0ecIeyuTh ONEpaTUBHBIA MepcoHan MHGOpMAIMel 0 CUTyalusX, CBSI3aHHBIX C
OTKJIOHEHHEM TEXHOJOTHYECKUX TMapaMeTpoB OT 3aJaHHBIX 3HAYCHUH, O
peIaBapuitHOM COCTOSIHUM 00OPYIOBAHUS U T.I1.;

HACTPOUTH CUCTEMY PETUCTpAIlMU U apXWBUPOBAHUS JAHHBIX U UX MPECTABICHUE
HA MOHHMTOpPE B BHJE TPEHIOB, YTO IMO3BOJUT OIEpaTopy U CIElUaIUCTaM
MIPOBONUTH aHAM3 COCTOSIHUS MPoIiecca U 000pyI0BaHHUS.

MOXHO TIEpEYHCIIUTh €IIe PSAJ THUIOBBIX 3aJad, PEIIacMbIX B IPOIECCE
pa3pabOTKKU CUCTEMBI yrpaBieHus (11a0JIOHBI OTYETOB, CTATUCTUYECKAst 00padoTKa
JIaHHbIX, B3aumoneiictBue ¢ PBJl u np.). Bosee Toro, mpakTHUecKd KaKabli
npousBoaute’b SCADA mpemaraeT CBOM CHEIHATM3UPOBAHHBIC MEXaHU3MBI,
HaIpaBJICHHBIC Ha TOBBINICHHEC WH(GOPMATHBHOCTH OIEPATOPCKOTO WHTEpdeiica,
yno0cTBa paboTel ¢ HUM. be3ycioBHO, Bce OHM HE MOTYT OBITh PacCMOTPEHBI B
pamMKax JaHHOTO Y4eOHOTo mocoous.

Jlnst pa3paboTKM KaueCTBEHHOTO OMEpaTOpCcKOro uHTepderica pa3paboTUuKy
Takke HeoOxoaumo  Bianerb BCeTpoeHHBIM B SCADA-makeT — sI3bIKOM
nporpammupoBadus. C €ro mMOMOIIBI0 CO3JAI0TCS TaK Ha3bIBaeMble CIICHAPUU
(ckpunTel) — (parMeHTHl IIPOTpaMM, OOECIICUMBAIOIINE ONCPATHUBHBIN IEpCOHAT
CBOEBPEMEHHOM HH(pOPMAIIUEH U 00JIETHAIONIHE YITPaBICHUE TPOIIECCOM.

Takum oOpazom, SCADA — 310 HaOOp HHCTPYMEHTOB (MOJICHUCTEM) ISt
pelIeHUs IEPEUNCICHHBIX BBIIIC 3a/1a4.

e Bzaumoaeiicteue SCADA-nakeToB ¢ KOHTPOJLJIepaMu

COop maHHBIX W yIpaBJICHHE MIPEANOJIAraloT epeMenieHne naopmaun
MeXIy 00BEKTOM U cTaHluel oneparopa. O0s3aTeIbHBIM MPOMEKYTOUHBIM
3B€HOM B 3TOM LIETIOUKE SBJISETCSA KOHTpOJUIEp. B3auMoencTBre KOHTposuiepa,
KaK TIOCTaBIIMKa U pueMHnKa nadopmarmu, co SCADA-cucreMoi
oOecrieunBaetcs apaiiBepamu (pasnen 2.3). Kakue apaitBepbl TOCTABISIFOTCS C TEM
i uHbIM SCADA-1akeToM, KaK yCTaHOBUTH JIpaiiBep, KaKue TUajJoTy MPH 3TOM
JIOJKHBI OBITh 3aMIOJTHEHBI, Kakast uH(popmanus notpedyercs pa3paboTuukKy,
MMEETCS JIM MHCTPYMEHTapHil 17151 pa3paboTKu cOOCTBEHHBIX apaiiBepos? Ha atu u
MHOTHE JIpyTrue BONPOCHI €11Ie MPEACTOUT OTBETUTD.
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Kpome 3Toro, crucreMa ynpaBiieHHs BKIIOYAET, KaK MPAaBUIIO, EIIE Psij
KOMITOHEHTOB: CEPBEPHI JAHHBIX, padoure CTAaHIIMU CIICUATUCTOB U T.I. Bee
KOMITOHEHTBI CUCTEMBI YTIPABIICHUS 00bEIMHEHBI MEXITY COO0HM MPOMBIILICHHON
(ympassitoieit) cetbio. CHCTEMBbI YIPABICHUS OTACIbHBIMUA TEXHOJIOTUYECKUMHU
npoueccamu (ACYTII) u npyrue nojapasnesaeHust IpeanpusTus 00beIMHEHb
MeXIy cOO0M B JIOKaIbHYIO BeuUCIUTENBHYIO ceTh (JIBC). U 31ech Bo3HUKaeT
€llIe LIEJIBIN PsiJT BOMPOCOB: KaKKe MOMYJIsiPHbIE TPOMBIIIUICHHBIE CETH
nonnepxkuBaeT SCADA-nakeT, Kakue MPOTOKOJIbI 0OMEHA C TUIIOBBIMU
PENALMOHHBIMU 06a3aMH TaHHBIX MOTYT OBITh UCTIOJIB30BAHBI?

e I'papuuyeckunit nuTepPeiic

KauecTBO 0TOOpaXkeHUsI HHPOPMAIIMH Ha MHEMOCXEMaX OMpeeIsIeTCs
XapaKTepUCTUKaMU TpapruuecKkux BO3MOKHOCTEHN makeToB. K HUM MOKHO OTHECTH
rpaduyeckuil peakTop, BO3MOKHOCTb CO3JaHMsI 00bEMHBIX N300paXKEeHUH,
Hanuuue OnOINOTEK U pazHooOpa3ue rpagMuecKuX 3aroTOBOK M TOTOBBIX
00BEKTOB, OOTaTCTBO MHCTPYMEHTApUsl, MHOT00Opa3ne JUHAMHUUECKHX CBOICTB
3JIEMEHTOB MHEMOCXEM, (hOPMAThl UMIIOPTUPYEMBIX N300paKECHUM, HaTUne
WHCTPYMEHTApUS JUISl CO3/IaHUSI pACTPOBBIX PUCYHKOB, HAJIMYHE U BO3MOKHOCTH
MHOTOOKOHHBIX PEXHMOB H T. II.

[Ipn co3gaHuM KOMIIOHEHTOB OIEPATOPCKUX MHTEpPErcoB (Hampumep,
MHEMOCXEM) pa3pabOTUUKy MPUXOJIUTCS HUCIOJL30BaTh rpaduueckue OOBEKTHI,
MPEACTABIAIONIUME COOOM TEXHOJIOTHYECKHE anmaparbl (KOJIOHHBI, E€MKOCTH,
TEIJIOOOMEHHUKH W T. J.), YYaCTKA TpyOONpoBOAAa W TaKUE€ YCTPOMCTBA, Kak
KJIAllaHbl, HACOCHI, AJIEKTPOJBUTATENIN, KOHTPOJUIEPHI, KOMIbIOTEPHl U T. 1. Kak
paBUiIO, 3TO CIIOXKHBIE OOBEKTHI, IMOJIYyYEHHbIE OOBEAMHEHUEM MHOXKECTBA
NPOCThIX 0OBEKTOB MIIM PUCYHKH TUIa Bitmap.

Coznanre KakJaoro u3 3TUX 00OBEKTOB TPEOyeT OOJIBIIOTO BPEMEHU M MOXKET
3HAYUTENIbHO 3aTAHYTh pa3paboTKy mpoekTa. i1 yckopeHus paboThl HaJl TPOEKTOM
npaktudecku Bce SCADA-makeTsl mpejaraer pa3padoTuuky OuOIHOTEKH
TOTOBBIX OOBEKTOB, BKJIIOYAIOIIME COTHU U THICAYM TpaUueCKUX KOMIIOHEHTOB
(puc. 2.13).

Teneps HET HEOOXOAMMOCTH PUCOBATh OOBEKT U TEPATH IParoleHHOE BpeMs,
eci MoAoOHbI O0BEKT ecTh B OMOnMoTeke. JJ0CTaTOYHO OTKpPBITH OMOJIMOTEKY
OOBEKTOB IIETYKOM MO COOTBETCTBYIOIIEH MKOHKE WHCTPYMEHTapusi, BbIOpaTh
paszen, 3aTeM - OOBEKT M BCTaBIATH €ro B JIIOObIE OKHA pa3pabaTbhiBa€MOro
uHTepdeiica. Oneparusi BCTaBKM TOTOBOIO OOBEKTa 3aHUMAET BCETO HECKOJIBKO
CEKYH/.
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Hacocoifds

-

H

Puc. 2.13. bubmuoteka «Hacocer» SCADA-nakera iFIX.
Yacto mpu paszpaborke rpaduyeckoro HHTEepdeiica NPUXOIUTCA CO37aBaTh
TUIIOBBIC TPYMIIBI OOBEKTOB, MIPEAHASHAYCHHBIC JJISI PEIICHHUS KOHKPETHOM 3a/1auHu.
Hanpumep, rpynma u3 tpex o6bekToB (kHOMKa «IIYCKy», kHomka «CTOII» u
WHJIUKATOP COCTOSIHUS - JIAMIIOUKA 3€JICHOT0/KPacHOTO 1BETAa) MpeIHa3HAYCHA JIJIst
MyCKa/OCTaHOBA HACOCA, JIEKTPOJBUTATEIISA, KOHBEWEpa U T. 1. C UHIUKAIIUEH UX
cocTosiHUA. Toraa KaAblil pa3 [ PELICHUs 3TOW 3aJadu
pa3paboTuuKy MpUIETCS CO3AaBaThb ATU TPU OOBEKTa U R

KOH(UrypupoBaTh MX (337aBaTh JUHAMUYECKHE CBOWCTBA). . Crapt

Ho Ttakmx OOBEKTOB B OJHOM OKHE MOXKET OKa3aThCs

HECKOJIbKO. Bpems cremmanucra B 3TOM ciydae OyaeT . Cron

pacxosioBaTbcsa HeIDPEKTUBHO. . p—
Jns pemenus mogo06ueix 3agad SCADA-niakeTs

MpeIJIaraloT pa3IMuHbIe PEIICHUS: O PyuHo#

TOTOBBIE CIIO)KHbIE OOBEKTHI C 3aJaHHBIM Habopom
JUHAMHYECKUX CBOMCTB, XpaHSAIIMECS B ClICHUATIbHBIX OMOINOTEKAX;
UHCTPYMEHTApUH U1 UX CO3JaHMsI C BO3MOKHOCTBIO COXpaHEHHsI B OMOIMOTEKe
JUIS MHOTOKPATHOTO MCTIOJIb30BAHMSL.

Pa3paboTunky HaJ0 JUIIb BEIOpATh TpeOyeMblil 0O0BEKT U3 OMOIHOTEKH,
BCTaBUTH €T0 B TpaMUeCKyI0 CTPAHMILY U B TOSBUBIIUICS Ha SKpaHE AUAJIOT
BBECTH MMsI/MMEHA NTEPEMEHHON/IEpEeMEHHBIX.

B SCADA-cuctemax pa3iWyHbBIX MPOU3BOAMUTENICH HA0Op IWHAMUYECKHX
CBOMCTB OOBEKTOB JOCTATOYHO THUMH3UPOBAaH. B pexume HUCIOTHEHUS TMpH
OTIpE/IeNICHHBIX YCIOBUAX O0BEKTHI HHTEpJEiica MOTyT:
nepeMenarbes (TOpU30HTAIBHO, BEPTHKAJIBHO);

U3MEHSTH pa3Mepsl (M0 TOPU3OHTAIH, 10 BEPTUKAIIN);

3aMOJHATHCS 1IBETOM (TI0 TOPU3OHTAIH, TIO BEPTUKAIIN);

OBITh MOJI3YHKOBBIMU PETYJIATOPaMU (TOPU30HTATBHOTO
WJIM BEPTUKAJIBHOTO THUIIA);
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MOSIBJIATHCSL HA SKPAHE U UCYE3aTh C HETO (BUJUMOCTb);
MepIaTh;

BpaIlaThCs;

U3MEHSTH IBET.

OauH M TOT *e€ OOBEKT MOXKET MMETh Ha0Op pPa3IMYHBIX JUHAMUYECKUX
cBoiicTB. KomOMHAaIMK 3TUX CBOMCTB MPEIOCTABISIOT BO3MOXKHOCTh CO3/IaBaTh Ha
9KpaHe B pexxume ucrnoisHeHus (Runtime) mpakTuuecku Jr00bIe TUHAMUYCCKHE
3¢ dekThI, 0bseryas onepaTopy/IucneTdepy BOCIpUsTHE HHPOPMAIUH.

B mensx yHudukanmm OKOH uWHTepdelica omeparopa/mucrerdyepa U
COKpAIIEHHs CPOKOB pa3pabO0TKH MPOEKTOB HEKOTOPbIE KOMITAHUHU -ITPOU3BOIUTENN
SCADA cHa0>aroT CBOU MaKeThl MPOTrpamMMm abJI0OHaMHi OKOH C BO3MOKHOCTBIO HX
Monupukanmu u co3nanusi cobctBeHHbIX mabmoHoB. [pyrue SCADA-cuctembl
peIyCMaTPUBAIOT BO3MOXXHOCTh UMITIOPTA/SKCIIOPTa OKOH U3 OJHUX MPUIIOKEHUI
B JIPYTHE, UTO TAKXKE CYLIECTBEHHO YIPOIIAET IPOLECC pa3pabOTKH.

Iloacucrema curHajJau3anuu

B03MOXXHOCTH 10 NPENOCTABICHUI0 HH(OPMALUK SKCILTyaTalluOHHOMY
nepcoHany 00 aBapuHHBIX CUTYaLUAX U COOBITHSIX 00€CTIEUNBAIOTCS M10ICUCTEMaMHU
curHann3anuu. Takue moacucTeMbI - 00sa3aTenbHbIM KoMoHeHT Jrodoro SCADA-
MakeTa, HO MEXaHU3MBbI UX pPeaTu3allui pa3iIndHbl.

B pycckoM s3bIKE MOHSATHE «CUTHAIM3AIMS» CTOUT PAIOM C TOHSITHEM
«TpeBOray». AHIJIMHCKUM aHAJOroOM 3THUX NOHATHH sBisgercs Alarm (amapwm). B
JaNbHEUIIIEM M3JI0KEHUH MaTepHalia 1Mo MOJCUCTEMaM CUTHAIM3AINH Pa3IMYHbIX
SCADA-mnakeToB aBTOpamMu OYIET MCIOIB30BATHCA Ta TEPMUHOJIOTHS, KOTOpas
of00peHa MX MPOU3BOAUTEISIME TPU MEPEBOJIEC JOKYMEHTAIIMU HA PYCCKUN SI3BIK
(iFIX — TpeBoru, InTouch — anapmsr).

[TonnepxuBaeMble TUIIBI aJJapMOB (TPEBOT), IPUOPUTETHI, BO3MOXXHOCTHU IO
bunbTpanuy anapMoB (TPyMNIUPOBKA), MEXaHU3MbI BbIBOIa MH(pOpMaIuu 00
anapmax, y100CTBO KOH(PUTypUPOBAHUSI CUCTEMBI aJ1apMOB U T. T1. - BOT JAJIEKO HE
MOJIHBIN MepeueHb XapaKTEPUCTHK MOJACUCTEMbI CUTHAJIU3ALIHH.

AJslapm (COCTOSIHME TPEBOTH) - 3TO cooOiieHue, GopMUpyeMoe CHUCTEMOM
yIpaBICHUS U UMEIOIIEE IENbI0 MPUBJICYh BHUMAHUE OTIEPATHBHOTO TIEpCOHANIA O
BO3HUKHOBEHWU CUTYyallMd, KOTOpas MOXXET TPUBECTH K HAPYHIICHUIO
TEXHOJOTHYECKOT0 Tpollecca WM 0Oojiee cepbe3HbIM mocienctBusMm. CTeneHb
B2XHOCTH TOTO WJIM WHOTO aBapUITHOTO COOOIIEHUS 3aBUCHUT OT TOCJIEACTBUMN, K
KOTOPBIM MOJKET TIPUBECTH HapyIlICHHWEe, BBI3BABIIECE JaHHOE aBapHITHOE
coobmienrie. Hanbonee BakHble aBapuiiHble COOOIIEHUS MOTYT NOTPeOOBAaTh
BMeEIIaTeIbCTBA ONIEPATUBHOTO NiepcoHana. [loaToMy st G0NMBITMHCTBA aBapUHHBIX
COOOmIeHN, CPOPMUPOBAHHBIX  CHUCTEMOH, TpeOyeTcss  TOJTBEPKIACHHUE
(KBUTUPOBAHUE) UX MOJYYCHUS OTIEPATOPOM/ TUCTIETIEPOM.

Hapsiny ¢ anapmamu B SCADA - cuctemax CymiecTBYeT HMOHSATHE COOBITHIA.
[Ton codbITHEM cieyeT MOHUMATh OOBIUYHBIE CTATYCHBIE COOOIIEHUS CUCTEMBI, HE
TpeOyrolue MOATBEPKIACHUS UX TOJYYEHHUS W OTBETHOW pEeaklHUU OIeparopa.
OOBIYHO COOBITHS TEHEPUPYIOTCS MPHU BOSHUKHOBEHUU B CUCTEME OIPEIEICHHBIX
yCIIOBUM (perucrpanus oneparopa B CUCTEME, BBOJ MH(OPMAIIUU OTIEpaTOPOM).

[TpuunHbI, BBI3bIBAIOIIME COCTOSHUE allapMa, MOTYT ObITh CAMBIMU Pa3HBIMHU:
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OTKa3 anmnapaTHbIX CPEJCTB (JaTYUKOB, KOHTPOJIJIEPOB, KAHAJIOB CBSI3H);
0TKa3 TEXHOJIOTUYECKOro 000py10BaHUs (Hacoca, JIEKTPOABUTATEINS U T. 11.);
BBIXO/] TAPAMETPOB TEXHOJOTUYECKOTO Mpoliecca 3a 3aJJaHHbIe TPaHUIIBI.

o Bce SCADA - cucteMbl MOJJEPKUBAIOT aJlapMbl JBYX THUIIOB: AMCKPETHbIE U

aHAJIOTOBbIE.

JlucKpeTHBbIe ajapMbl CpadaThIBAIOT MPU U3MEHEHUU COCTOSTHUS AUCKPETHOM
NEPEMEHHOM (KpaH OTKPBIT/3aKpBIT, HACOC BKJIKOYEH/BbIKIIOUEH). [lo ymonuanuto
JTMICKPETHBIN ajmapM MoxkeT cpabateiBath pu nepexoze Ha 1 (ON) wm va 0 (OFF),
B 3aBUCUMOCTH OT KOHKpeTHOro SCADA - makera.

AHAJIOTOBBIe anapMbl 0a3upyloTCs Ha aHaAlW3€ BBIXOJAA 3HAUCHUU
NEPEMEHHOI 3a yKa3aHHbIE BEPXHHUE W HIDKHUE TpeNeNbl. AHAIOTOBBIE allapMbl
MOTYT OBITh 33/1aHbI B HECKOIBKUX KOMOMHAIUAX (puc. 2.14):

- BEpXHUE Ipeienbl (IpeaaBapuilHblid U aBapUHHBIN);

- HIDKHUMN TIpeieNibl (MpeaaBapuitHblil U aBapuiHBIN);

- OTKJIOHEHUE OT 33JJaHHOTI'0 3HAYCHMUS;

- CKOPOCTh U3MEHEHUS IapaMeTpa.

A ApapMHHBIA anapm
AxTHBEH
3

— BepxHAA agapuitHaA rpaHuLa

30Ha HeYYBCTEMTENBHOCTH

" |BepxHAaA npegagapWiHaA rpaHuLa

30Ha HeMYBCTEMTENbHOCTH

SHaYeHHe
I

e —

AxTueeH AxTueeH
lpepagapuitHbIA anapu

_| Bpemsa

Puc. 2.14. I'paduueckas uHTEpOpeTALMS BEPXHUX MPEIABAPUNHOTO
Y aBapUUHOIO aJapMOB.

Jlns BBIXOJA TMEPEMEHHOM W3 COCTOSHUS ajapMa HEOO0XOJMMO, YTOOBI ee
3HAQYEHUE CTajJ0 MEHbIIE MOpPOrOBOr0 HA BEJIMYHMHY, HA3bIBAEMYKO 30HOU
HEYYBCTBUTEIBHOCTH.  AHAJOTMYHO  MOXHO  HMHTEPIPETUPOBATH  HUKHUE
[IpelaBapulHbIE U aBAPUMHBIC aJIAPMBI.

Bce BBIIEH3I0KEHHOE CIPABEUIMBO W U1 ajlapMa THUIIA «OTKIOHEHHUEY.
3asaHHOE 3HAYEHHE B X0J1€ TEXHOJIOTHYECKOTO MPOIECca MOKET U3MEHATHCS JTHO0
orepaTopoM, JHUOO MPOrpaMMHO (aBTOMaTHYecKH). AnapMm «cpaboTaer» mpu
BBIXOJI€ 3HAYEHUs IEPEMEHHOM 3a TPAHULLy AOIYCTUMOTO OTKJIOHEHUS.
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Anapwmbl, ompenensieMble CKOPOCThIO M3MEHEHHMsI IMapaMeTpa, BOSHUKAIOT B
cilydae, €CJIM OHa CTAHOBUTCS O0JIbIle (MEHbIIIE) MPEAeIbHO AomycTUMOi. [lonsTue
«30Ha HEUYBCTBUTEIBLHOCTH» K aJlapMaM 3TOr0 THUIA HE IPUMEHSETCS.

o Baxnyro pons B moacucteme amapmoB Jroboro SCADA-makera urparT
npuoputeThl. [Ipuoputersl anapMoB MOTYT OBITh HCIOJIL30BaHBI B Pa3TUUYHBIX
Hensx: JAJiA OINpeiesieHHus crocoba BbIBOAA alapMoOB (Ha MpuHTEp, B (ailn, B
TEKYUIYI0 CBOJIKY), ISl ONPEICIICHUS MOPSAKAa X MOSBICHUS B OKHAX TEKYIIUX
alapMoB, JIA 3allyCKa CKPHUITOB, AJSl OMNpeneieHHs] JICHCTBHS, BBI3BIBAEMOTO
cpabaTblBaHHEM ajlapMa OIpPEAENICHHOro MpuopuTeTa (HampuMep, BKIIOUYCHHUE
3BYKOBOI'O CUTHaja) U T. II.

Kak mpaBuio, BaXHOCTh NPUOPUTETA YMEHBLIACTCS C YBEIUYECHHEM €ro
3HaueHud. Takum oOpazoM, NPUOPUTET C HOMEPOM 1 - caMbliil Beicokuidl. Hanmpumep,
ecnu anapmbl ¢ npuoputeramu OT 1 10 10 DOMKHBI BBIBOJUTBHCA HA 3KpaH, TO
NEPBBIMU OYTyT BRIBOJIUTHCS AIAPMBI C TPUOPUTETOM | B MOPSIIKE UX OCTYIUJICHUS,
3aTeM - alapMbl ¢ npuoputeToM 2 u T. 1. KonumdecTBo 3HaueHuil (ypOBHEM)
npuoputeToB B pazHbix SCADA-nakeTax pa3audHo (AECSITKUA U COTHH).

o [logcucrema amapmMoB MpeaycMaTpuUBaeT BO3MOXKHOCTh —KJIACCHU(PDUKAIIMU
aJIapMOB TI0 CaMbIM Pa3JIMYHBIM TPHU3HAKAM: MO arapaTaM TEXHOJIOTHYECKOTO
mpoiiecca, 1Mo TUIY ajJapMOB, UMEHU, IPUOPUTETY U T. 1. B 3aBHCHUMOCTH OT 3TOTO
KQKJIBIM amapM MOKET ObITh OTHECEH K OIPE/IeNICHHON IpyIie (30He, KaTeropuu).
[logoOHasi rpynmupoBka — yAOOHBIM cnoco0 (UIbTpaluM ajapMOB M HX
00paboTku (MOATBEPKIAEHUE, CIIOCOO BBIBOAA, (OpMaT, IIBET U T. I1.).

0 BwBox mHGOpManMu 00 aBapUWHBIX CUTYAIHSIX PEaTU3yETCs Pa3TInIHBIMH
cnocobamu. Ee MOXHO BBIBOJUTH B CIICUATIM3UPOBAHHBIE OKHA OMEPATOPCKOTO
uHTepdelica B BUAC TEKYIIUX M apXWBHBIX CBOJOK, 3alUCBhIBaTh B (ailibl,
pacmevaTpiBaTh Ha TPHUHTEpAxX, MNPETHA3HAUYCHHBIX JJIS BBIBOJA aBapUHHBIX
COOOILIEHUH.

Kpowme Toro, 3Ty aBapuitHyt0 HHGOPMAIIMIO MOKHO OTOOpaKaTh
HETMOCPEICTBEHHO HAa MHEMOCXeMaxX nHTepdeiica onepaTuBHOTO MepCcoHaa:
BBIBOJI B CTICIIMAIbHBIE TEKCTOBBIE TIOJIS;

JTUHAMU3AIMs 00BEKTOB (M3MEHEHHE 1IBETa, MEPIIAHUE U T .11.).

®opmar BbeIBoma (MHGOpMalMs, BKIOYaeMas B aBapUHHOE COOOIIECHUE)
OTIpeJIeIsIeTCSl Ha CTaJUd TMPOEKTUPOBaHMs. B CTpoky aBapuitHOTO COOOIICHHUS
MO>XHO BKJIFOUHTHh TEKYIIYI0 BpeMsS M JaTy, THI ajlapMa, €ro MPUOPUTET, MM
NIEPEeMEHHOMH, ee TeKyllee 3Ha4YeHHe, 30Hy HEUYBCTBUTEIHHOCTH, Pa3MEPHOCTH, a
TaK)Ke TPYMIY aJapMOB U €r0 COCTOsIHUE (TIOATBEPKIACH/HEMOATBEpKACH). s
JUCKPETHBIX aJlapMOB MOKHO co37aTh nojie 0N (Bki1.)/off (Beiki.). st amapmoB ¢
METKaMH BPEMEHHU B I10JIE TEKYIIETO BPEMEHHW MOXHO BBIBOJIUTH MH(POPMAIIHIO C
TOYHOCTBIO 10 MIJUTHCEKYHI.

[Tpumep oOBEeKTa BEIBOIA aBapUiftHON WH(GOPMAINHU PUBEICH Ha puc. 2.15.
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MM/DD : 155 EW Operator MNarme Groupharme

MM/DD HH:MM:323 EVT Type Operator Pri Mame GroupMame Value/Limit
MM/DD HH:MM:33 EVT Type Operator Pri MName GroupMame Value/Limit
MM/DD HH:MM:33 EVT Type Operator Pri MName GroupMame Value/Limit
MM/DD HH:MM:33 EVT Type Operator Pri MName GroupMame Value/Limit

Puc. 2.15. Ilpumep popmaTta BeIBOAA HH(OpMALIUK 00 anapmax.

e [loacucrema perucTtpauuu, apXMBUPOBAHNS U 0TOOPaKEeHNsI TaHHBIX B
BHU/Ie TPEHI0B

[IpencraBnenre maHHBIX B BuUAE TpadukoB (TPEHIIOB) peansyercs B
COBPEMEHHBIX SCADA-nakerax CHEeIMaIbHBIMH MOJCUCTEMaMH. K
XapaKTEPUCTHKAM TaKHX IOJCHCTEM MOXHO OTHECTH CIOCOOBI PETHCTpaIldn
apXMBHBIX  JaHHBIX, CHOCOOBI  OTOOpAXKEHHSI  TPEHIOB, YAOOCTBO IO
KOH(HUTYpHUPOBAHUIO TPEH/IOB, BO3MOKHOCTH 10 TTEPEKOH(UTYPHUPOBAHUIO TPEHIOB
B pexume Runtime, mpemocTaBisieMblii CepBHUC TpH paboTe ¢ apXHUBHBIMU
TpEeHJAaMH, BO3MOKHOCTh TOCTPOEHUs TpapUKOB y(X) U T. 1.

Tpenowt peanvrnozo spemenu (Real Time) oroOpakaroT TMHAMHYECKHE U3MCHECHUS

napamMeTpa B TEKYIIEM BpEMEHHM (B TEMIIE C MPOTEKAHHWEM TEXHOJOTHYECKOTO

npouiecca). Ilpu mosBIeHMM HOBOTO 3HAYEHHUS IapaMeTpa B OKHE TpEHJa

MIPOUCXOIUT TPOKpyTKa Tpaduka. Tekyiiee 3HaUeHWE TapaMeTpa BHIBOJAUTCS, KaK

IIPaBUJIO, B IPABOM YaCTH OKHA.

Hcmopuueckue  (Historical)  wau  apxuenvie mpenost He  SBISIOTCS

JTUHAMUYECKUMH U CTPOATCST HAa OCHOBE BBIOOPKM apXWUBHBIX JIAHHBIX.

OtoOpakaecMmble 3HAYEHUS TEPEMCHHBIX HAa apXWBHBIX TPEHAAX HETOJBYIKHBI H

MOTYT ObITh OTOOPaKEHBI TOJBKO HA OMPEEICHHOM BHIOOPKOW OTpE3KE BPEMEHH.

[lpu pabdore SCADA-cuctembl B pexume Runtime (cpema wucmonHeHuUs)

MIPOU3BOMTCS 3aITMCh 3HAUCHUH ITEPEMEHHBIX B PETUCTPAIIMOHHBIC (hakiJIbl.

Jns  3anucu  3HAUYEHMA TIEPEMEHHBIX B PETUCTPAlMOHHBIA  daia  MOryT

MCITIOJIb30BATHCS PA3JIMYHbIE CIOCOOBI:

perucTpanus Mpyu U3MCHCHUH MIEPEMEHHON Ha BEJTUYHMHY, TIPECBBIMIAIOIIYIO
HEKOTOPBIN NTOPOT;

MEPUOJNYECKH C 3aJJaHHON YaCTOTOM.

[IpeamouTuTenbHa pETUCTPAIMS TaHHBIX B HECKOJIBKO HEOOJBIITNX TI0 pa3Mepy
¢aiinoB, 4emM B 0IUH OOJBIION (aiii, T. K. IPH TOM IIPOIIE OCYIIECTBIATH BEIOOPKY
JTAHHBIX JJIs mocieaytomero aHanu3a. O0bemM BBIOOPKH ISl XpaHeHus B (aitimax
3aJjaeTCsl B Mpolecce KOH(PUTypUpOBaHUS CHUCTEMBbl BPEMEHHBIM MEPHOAOM (OT
HECKOJIbKHMX YacOB JI0 HEJIENb).

Hexotoprie SCADA-nakeTsl HUCIOIB3YIOT KPYTOBYIO CHUCTEMY 3alHCH B (pailibl.
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[Tpu 3TOM OmpenensieTcst KOMMYecTBO (HailIoB, MPOIOKUTEIILHOCTh PETUCTPALIUH B
KQXK]IbIM U3 HUX, BpEMsi CMEHBI peructpaimontoro ¢aina. [locne Toro, kak ucreuer
BpEMsl pETUCTPALIMK B MOCJIEIHUN (aiii, peructpanus OyJaeT mpoI0JKeHa CHOBA B

PervcTpauuna HayMHaeTca
dain| ¢ nepeore daina

dain 001 dain| Yepes Hegenw NpoAoKaeTCA

010 002 | BO BTORPOA haln

— UYepes 10 Hepenk pervcTpalMa -
Pann| cyopa nponssoanTeA B nepeeiii | PaW| Elle HYepes Hepenio -

009 | thaiin, cTMpan cTapble AaHHble | 003 | B TpeTHi

dain dann
008 004

dain dann

007 D2 005

005

nepBbii (pailyi, yHuUYTOXKAs! IPU ATOM cTapyro uHpopmaiuio (puc. 2.16).

Puc. 2.16. KpyroBas cucrema perucTpanuu JaHHbIX.

Pa3HOBUIHOCTHIO KPYTOBOTO SIBJISIETCS METO/I, KOT/Ia Ha CTauu
MPOEKTUPOBAHUS OMPENICIACTCS KOJIUYECTBO (DaiyIoB, MPOAOIKUTETLHOCTD
pPErUCTpaly B KaXIbI U3 HUX, a TAK)KE TTUTEIbHOCTh XPAaHEHHUS ApXUBHBIX
JTAHHBIX U1 Kaxaoro (daitna. [To mepe ucrtedeHus: cpoka xpaHeHus: HHGHOpMAIUH
(aiiapl aBTOMAaTUYECKH YHUUTOXKAIOTCS, 0OecrieunBasi CBOOOHOE JIMCKOBOE
MIPOCTPAHCTBO /111 BHOBb CO3/1aBA€MbIX PETUCTPAIMOHHBIX (haiiiIoB.

st rpaduaeckoro otoopakenus nuapopmarmu SCADA-cucTeMbl pa3TMuHbIX
MIPOU3BOJIUTEIICH MPEJIaratoT JBa PELUICHUS:

WCIIOJIb30BaHUE JIBYX PAa3IUYHBIX MHCTPYMEHTOB ISl CO3JaHUS JUArpaMM MOl
TPEH/IbI PEAJIbBHOTO BPEMEHU U apXUBHbBIC TPEH/IbI;
€UHBIN MHCTPYMEHT sl TPEH/I0B PEAJIbHOTO BPEMEHU U ApXUBHBIX TPEHIOB.

[To uncity mepheB Ha OJIHOM JuarpaMMe TakykKe BO3MOXHBI BapuaHThl. B oiHux
SCADA-cucTeMax KOJIMYECTBO MEPhEB Ha JuUarpaMMe 3aJaHo xkectko (4, 8, 16
nepbeB). Jpyrue npejiararot 1uarpaMMbl Ha HEOTPaHUYEHHOE KOJIMYECTBO MEPHEB.
Hactpoiika aumarpamm npou3BOIUTCA B CHEUMANbHBIX auaiorax. [lapamerpamu
HACTPOWKH MOTYT OBITH JMANa3oH BPEMEHH, OXBATHIBAEMBIM TPEHIOM, YacTOTa
BBIBOJIa 3HAUCHUN TEpPEeMEHHOW (mepuoa OOHOBIEHWS), pa3perieHrue CETKH II0
TOPU30HTAIBHON M BEPTUKAIBHOM OCSAM. MOryT HacTpamBaTbCsl U IapaMeTpPhbl
MEePbEB: MAapPKEPhl, CTUJIb U TOJIIWHA JIMHUH, 1IBET.

B03MOXHOCTB MTepeKOH(PUTYpHPOBAHHS TIEPhEB TPeHIA B pekume Runtime —
BakHas xapaktepuctuka SCADA-makera. OHa 3akiafplBacTCsl HA CTaIud
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OPOEKTUPOBAHUA C HCIOJB30BAHMEM PA3IMYHBIX METOAOB: C  IOMOIIBIO
BCTPOCHHBIX QYHKIUN, YHUKATBHBIX BCTPOCHHBIX MEXAHU3MOB.

Y10o0HBIM MeXaHHU3MOM pPa0OThl C AMArpaMMON B PEKHUME BBINOJHEHUS
ABIIIETCST OTOOpakeHHe Kypcopa BpeMmeHH (Bu3upa). B mecrax mnepeceueHus
Kypcopa ¢ KpPUBBIMH BBICBEUMBAIOTCS 3HAUYEHHE TIEPEMEHHOM U BpeMs,
COOTBETCTBYIOIIEE 3TOMY 3HauUeHUIO. [1osie3HOM MOKET OKa3aThCsd U BOBMOMKHOCTh
BBIBOJIAa HAa OJIHOM AMarpaMMe MepbeB C Pa3IMYHBIMHU MpeieaMu 0TOOpakaeMbIX
MIEPEMEHHBIX U Pa3INYHBIMU IIKAJIAMU.

Jnsa pabotel ¢ apxuBHbBIMH TpeHmamu mnpousBoautenn SCADA-cuctem
npeiaraloT JOMOJMHUTEIbHBIA CEPBUC: BO3MOXKHOCTH BBIICISATH Pa3IUYHbIC
YYaCTKU AUarpamMMbl, YBEIHMUMBAThH BbIICJICHHBIC YIACTKH JJIsl IETAIBHOTO aHaN3a
KPUBBIX, IIEpPEMEIIAThCS BJIOJIb ApPXMBHOTO TPEHA U T. II.

e BceTpoeHnHble SI3bIKH MPOrPaMMHUPOBAHUS

Bcerpoennsie si3biku miporpammupoBaHus - moimHoe cpeactBo SCADA -
CUCTEM, IPEIOCTABIIONIEE Pa3padOTUMKy TMOKUII MHCTPYMEHT AJs pa3padOTKU
CIOXHBIX TmpwioxkeHudl. B  pannux Bepcusx SCADA - cucreM S3bIKH
peanu3oBbIBaiIn HeOoratTeiii Habop ¢yHkiui. CoBpemenHsie SCADA - cucTembl C
TOYKH 3peHus (HYHKIIMOHATBFHBIX BO3MOKHOCTEH CYIIECTBEHHO Ooraye.

MHorue (QyHKOHM TPUCYTCTBYIOT TMPAKTUYECKH BO BCEX  S3bIKaX:
MaTemMaTnueckue QyHKIUHM, GQYHKIUA YOPaBICHUS OSKpaHAMH, ajapMaMu,
Tpenaamu, ActiveX - oobektamu, DDE - oOmMeHoM 1 T. 1.

[Tonublii HaOOp TpeOyeMblX (PYHKIUN KOHKPETHOM CHUCTEMBI YIpaBiICHUS
OOBIYHO HE MOXET ObITh 00ecreueH Toabko 0a3oBbeIM [10. CymecTByeT 00JbII0e
KOJIMYECTBO 33]1a4, B TOM YHCIIC U PACUETHBIX, JUIS PEIICHUSI KOTOPBIX MOTpedyeTcs
BcTpoeHHbIE B SCADA-cucteMy s3bIK MporpaMMupoBaHus. JIjisi MOBBIIEHUS
byHKIMOHATBFHOCTH UWHTEpdeiica B pa3zpabarbiBaeMOM MPHIOKEHUH MOTYT
CO37aBaThCAd MPOTPAMMHBIE (PparMEHThl (CKPHUIITHI), BBIMOJIHEHUE KOTOPBIX
CBSI3BIBACTCS C PA3HOOOPA3HBIMU COOBITUSMHU B MPUIIOKEHNHU, TAKUMH KaK HaXKaTHe
KHOIIKH, OTKPBITHE OKHA U T.II.

«Xopomioy, ecid 310 BasiC-mogoOHBIH  A3bIK ¢ HEOOratbiM HaOOPOM
orneparopoB tumna IF - THEN - ELSE i FOR - NEXT. Ho B mocnegnee Bpems
HameTunach  TeHaeHuus npumeHeHuss B SCADA-mporpammax — Takmx
BBICOKOYPOBHEBBIX SI3bIKOB ITporpammupoBanus, kak C win VBA.

BaumopeiicteBue SCADA-cucTemsl ¢ 6a3aMu JaHHBIX TpeOyeT MpUMEHEHUs
crangapTHeix uHTepdeiicoe ODBC u SQL. «TexHonory» MOXKET HE XBaTUTh
3HAHMM JIJI1 yCTAaHOBKH JIpaiiBepoB, KOH(UTYpUpOBaHUS UHTEpPeiica U T.1I.

Takum o6paszom, ucnosibzoBanre SCADA-makeToB npu pa3padoTke
npuknagaaoro [0 APMog onepaTtopos/nucrieTdepoB B OOIBIIIMHCTBE CIIy9aeB HE
O3HAYAeT, YTO JIJIsl ITOM PabOThI HE IPUACTCS MPUBJICKATh KBATM(DUITMPOBAHHBIX
CHEIUAINCTOB B 00JIaCTH MPOTPAMMHUPOBAHUS («CHCTEMIIIMKOBY U
«IPHUKIIATHUKOBY).

C apyroii CTOpOHBI, OCHOBHAs YacTh pa3pabOTKU MPOEKTa BIIOJHE IO CUJIaM U
CHELMATUCTY 0 aBTOMATH3aI1H, BIACIOIIEMY KOMIIBIOTEPOM.

Cnenyet ormeTuThb, uTo SCADA, 6€3yCcliOBHO, yIPOIAET MPOIECC CO3TaHUS
ITO Bepxuero ypoBHst ACYTII. Ho sToT npoiiecc ocTaeTcsi 10CTaTOUYHO
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TPYAOEMKHM, TPEOYIOIIMM COOTBETCTBYIOIIECH KBaTU(PHUKAIIUN U BPEMEHH.

KoHTpoJsibHbBIE BONPOCHI
1. Knaccudukanus nporpammubix cpencts ACYTIL.
2. OnepaliluoOHHbIE CUCTEMBI PEATbHOTO BPEMEHHU.
3. XapakTepucTuKa MpUKIaTHOTO MPOrPaMMHOI0 00ECTICUECHHUS.
4, ®yukiuu nporpammuoro ooecreuenuss SCADA. dyHKIMU onepaTopa.
5. ApxutektypHoe noctpoeane SCADA-cuctem. Knnenrt-cepsep.
6. SCADA kax otkpbiTast cucteMa. OCOOEHHOCTH OTKPBITBIX CUCTEM.
7. OPC-unTepdeiic.
8. Metozs! opranmuzaruu goctyna k SCADA-puiioxxeHusM.
ApxuTekTypa “TepMuHai - cepBep’.
9. Metoast opraam3aruu goctyna kK SCADA-puiioxxeHusM.
SCADA u Untepner.
10. Hagexunocts SCADA-cucteM. PesepBupoBanue.
11. I'paduueckre BOZBMOKHOCTH.
12. [loacucrema anapmoB. THIIBL, TPYIIIIBI U IPUOPUTETHI.
13. Iloacucrema apxuBupoBaHus U TpeHabl. Haznauenue. Tumbl TpeHa0B.
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Jekuusa Ned
Pacnpeodenennvie cucmemol ynpasnenus
(DCS - Distributed Control Systems)

1. Onpenesienue, Ha3HAYeHHUE, PyHKIIHOHAIbHBIE oTJIM4YHA 0T SCADA

Pacnpenenennoit CucremMoil YmnpaBieHUs NPHUHATO Ha3bIBaTh OOJBIIYIO
CUCTEMY  YIOpaBJCHHsS, T[OCTAaBIIEMYIO B TIOJHOM KOMIUIEKTE  OJHUM
npousBoauTesieM. [Ipr 3TOM B KOMIUIEKT CUCTEMBI BCETJa BXOISAT KOHTPOJUIEPHI
(YynpaBisirompe TpoIleccophbl), IUIATBI W MOIYJIH BBOJA/BBIBOJA, CETEBOE
o0opynoBaHue, pabo4ymre CTaHIUHU, MPOrpaMMHOE OOecredeHne - BCe OT OJHOTO
IIPOU3BOIHUTEIIS.

Yacto npousBoautens PCY co3naBan cBOM CETH yIpaBieHHUS U CBOU paboune
CTaHIINH, TOCKOJIbKY Ha MOMEHT UX pokaeHus u ceTh Ethernet, n komnbiorepst (PC)
OBLUIM JOCTATOYHO CJIAOLI.

PCY o00puHO pa3zpabareiBaiuch (M cedvac pas3palaThIBAlOTCS) IS
aBTOMATH3allMM HENPEPBIBHBIX TEXHOJOTMYECKUX MPOLIECCOB - 3TO TO, YTO
Ha3bpiBalOT ACYTIL

PCY Hukoraa He NpUMEHSUIMCH U YOPABJIEHUS NPOLIECCaMU YIIaKOBKH,
CBapKd aBTOMOOWIIEH, pa3ivBa NUBAa B OYTBUIKK W JPYTHUMH JUCKPETHBIMU
IIPOLIECCAMM.

OyukiuoHanbHo PCY oTivuanuchk (M 10 CUX MOP OTIMYAIOTCS) OT CHUCTEM
[TJIK+CKAJZIA (PLC + SCADA) creayronaMu CBOMCTBAMH:
basza naHHbBIX pacnpeneneHa MeX1y KOHTPOJIEpaMu, HO BBITJISIIUT €IMHOM C TOUKU
3peHus nHxeHepa. IMeHHO 3TO CBOMCTBO UM 3aJ105k€HO B Ha3BaHue "PCY".
Omnepatopckuii nHTEpdEiic TeCHO HHTETpUpoBaH B cuctemy. 910 He [10 SCADA,
KOTOpOE HY)XHO "TIpWBS3BIBATH"' K ammapaTHBIM CpeicTBaM (Kenesy). 311ech BCe
paboTaet cpa3zy Mocje BKIOUYECHUS MUTAHUS U 0€3 KaKoH-1100 HACTPOMKH.
WNuTencuBHas u oOmupHas 06paboTka TpeBOr (alapMOB) U COOBITHI peanu3yercs
Takxe 0e3 Kakux-J1m00 YCUIIUN CO CTOPOHBI pa3padoTIHKa.

Bo3mokHOCTE BecTH pa3paboTKy KOH(HUTypali U BHOCUTh U3MEHEHUSI OH-JIAlH,
(TO ecTh, HE OCTaHABIIUBAs TPoIIecca YIPaBICHHUS).

B0O3MOXXHOCT, MEHATH OTKa3aBiliee OOOpPYIOBAHHE U PACIIUPSATH CUCTEMY
(106aBIATH HOBBIC Y3JIbI U MJIATHI) O€3 OTKIIOYCHUS TUTAHUS.

['myOokasi quarHocThka OT ypOBHS OIepaToOpckoro uHTepderica 10 OTACIBHOTO
KaHasia BBOJIa/BbIBOJIa 0€3 KaKoi-JIn00 HACTPOIMKH.

B03MOXXHOCTh pe3epBUpOBaHUSI JIOOOT0 KOMIIOHEHTa CHUCTEMbI (KOHTpOJIEP,
MOJYJIb BBOJA/BBIBO/IA, ONEPATOPCKUE CTAHIIMKM) Ha ammapaTHOM YpPOBHE U 0Oe3
KaKON-11M00 HACTPONUKH IPOrPaMMHOTO 00ECIICUCHHUS.

Bce aTo, pazymeercs, nenaer HadaibHyr lLieHy PCY 0ojee BBICOKOUM 1O
cpaBHeHuto ¢ I[IJIK+CKAJIA, HO Ha TOpSAOK CHMXKAET BpeMsi pa3pabOTKU U
BHE/IPCHUSI.

[Tonarue "pacmpeneneHHas cucrema' HE OTHOCHTCS K TEPPUTOPUATIBbHBIM
npu3HakaMm. TeppuUTOpHAIIBHO pacCHpeAeieHHbIE CHCTEMbI MPUHITO HA3bIBATh
"cuctemamu TeneMexaHuku', "cucremamu tenemerpun” unu npocto "CKAIA-
cucrtemamu".
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OTmeTuM, 4TO BBIIIETIEPEUNCIICHHBIE CBOWCTBA OTHOCSTCS K KJIIACCHUYECKUM
PCY (DCS) - TDC3000, PlantScape ¢upmer Honeywell; 1/A Series ¢dupmer
Foxboro; CENTUM CS3000 dupmsr Yokogawa u Ipyrum.

Komnanuu - npouszgooumenu DCS
¢ Foxboro (I/A Series);
¢ Honeywell (PlantScape);
¢ Fisher-Rosemount (Delta-V);
¢ ABB (Symphony);
¢ Yokogawa (Centum XL);
¢ Valmet (Dimatic).

2. Kparkas xapakrepuctuka DCS-cucrem
» Cucrema CENTUM CS3000 npemnazHadeHa Juisi yIpaBJICHUS JIOCTATOYHO
OONBIIMMHU TEXHOJOTHYECKMMHU TIpollecCaMu M Mpou3BojcTBaMu. OHa THOKO
MacmiTabupyemMa M OpraHM30BaHa IO JIOMEHHOMY MPHUHIUIY (COCTOUT U3
cerMeHTOB). CHcTeMa MOXKET BKJIIOYATh JO 16 JOMEHOB, KaXIblii U3 KOTOPBIX
BKJIIOYAeT MakcUMyM 64 craHiumu ynpaBieHus (U3 HUX He Oonee 16 craHuui
orepatopa). MakcuMaabHOE KOJIMYECTBO CTAHIIMN Ha BCIO CUCTEMY - 2506.

JlomeHbl (CerMeHThl) CETH OOBEAUHSIOTCS B €IMHYIO CUCTEMY YIPaBICHUS C
nomotneio kouBeptepoB muabel BCV (Bus Converter). Bo3amoxxHO mocTpoeHme
HepapxXudecKoi CUCTeMBI (3-X ypOBHEBas IIMHA C IBYMS KOHBEpTEpPaMU IIIHHBI ).

Cranmus onepatopa mnoanepxuBaer g0 100 000 mapamerpoB (cTaHIuUS
LHS4000 - mo 1 000 000 mapameTpoB).

MunnMansHas KOH(QUTYpalusi CHCTEMBI - OJTHA CTAHIIHS YIPABJICHHUS U OJTHA
CTaHITUS OTepaTopa.

Koudurypamus cuctemer CENTUM CS3000 ¢ HECKOIBKMMH CETMEHTaMHU
cetu V-net mpeacrasiena Ha puc. 1.

B cucreme nmeercs nBa TUNA CTaHIMK YIIPABJICHUS:

cTaHgapTHasi cTtaHuusi ¢ ayonupoBannbiMu CPU, mpencraBnsitomumu  coOoi
paboratomyto napy (nBa CPU Ha ogHOM 1U1aTe) M pe3epBs, ¢ 1yOIupOBaHHON IIMHON
V-net u miiaramMu NUTaHUs, MOAYJISIMUA BBOJ1a/BBIBO/IA;

KOMIAKTHAsl CTAHIUA (OuH 1Kad).

CymiecTByeT 1Ba THIIA CTAaHAAPTHBIX CTAHIIMKA YIIPABICHUS:
cranuust KFCS, B kotopoit ynpagsstomue 610ku FCU u y3i1b1 6710K0B
BBOJ1a/BbIBO/Ia COCAUHSIOTCS MHOM ESB (pacmmpennas o0be1uHUTENBHAS
nJiaTa) Wik AUCTaHIIMOHHOM mHOM ER;
cranuus LFCS, B kotopoit ynpasinstoniue 6;10xku FCU u y31b1 6510k0B
BBOJ1a/BbIBOA coenuHasgroTcs muHou RIO.
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Ethernet

HIS | ENG HIS

| |
"

f _—— —= CGW f —=

I 1 ] _l__l

V-net
SFCS
=) BCV KFCS| |LFCS = BCV

Ir___ '__V-Het____l i—_______v-ﬁt___|
| l | :
| SFCS | SFCS
| KFCS LFCS | | KFCS LFCS |
| CermeHT | | (:ernnel-rrJ|

HIS - ctaHuwmA onepaTopa

ENG - cTaHumMA ¢ hyHKUMAMKW NPOeKTUPOBaHKMA 1 yrpaBneHnAa obopyaosaHuem
CGW - BnoK MexceTeEoro UHTepderca

BCY - npeoBpasoeatens V-net/V-net AnA nogKNw4YeHUA HOBOIMO CErMeHTa
KFCS - BbICOKOCKOPOCTHAA CTaHUWA ynpaBleHWA

LFCS - cTaHUuMWA ynpaeneHa ANA CUCTEM ¢ AUCTAHUMOHHEIM EEOOM/EBIBOAOM
SFCS - KOMNaKTHAA cTaHUMA ynpasneHUA

Puc.1. Kondurypanus cucremer CENTUM CS3000.

o Crannuu KFCS npenna3zHaueHbl 1Jis1 BBICOKOCKOPOCTHOTO yrpaBiieHusi. OHu
BKJIFOYAIOT B CBOM COCTaB CIICIYIOIINE KOMIIOHEHTHI:
ook ynpasnenus (FCU), Bkmouarommii BHemHuN uHTEpdeiic ¢ ceThio V-net, a
Takke MyOJupOBaHHBIC MPOIIECCOPHBIC TJIATHI, OJIOKHM MUTAHUS, aKKyMYJISITOPHBIC
Oarapeu u uHTEpQEHCHBIC IaTHl MUHBI ESB;
y3en 0Jioka MOJyJield BBOJIa/BBIBOJIA, BKIIIOUAIOIIMM aHAJIOTOBBIC, AUCKPETHBIC U
MHOTOTOYEYHBIE MOJYJIM BBOJIa/BBIBOJIAa, MHTEP(PEHCHBIC MOAYIU CBSA3U C OJIOKOM
ynpasienus (ESB) u ynanenusimu y3namu (ER);
MOJIYJIH CBSI3H ¢ moJieBoi mmHoi (FF H1).

Nmeercs nBa Tuma y3i10B 0J10Ka MOyJeil BBOAA/BbIBOAA:
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- J10Ka1bHbLI y3en 0JI0Ka BBOJA/BBIBOJIA, MOAKIIOYAEMbIN HETIOCPEICTBEHHO K
onoky ynpasienus (FCU) u Haxosmuiics B mikady cTaHmuu (pUc. HIDKE);

- Oucmanyuonnvii (YJAIECHHBIN) y3en 0J10Kka BBOJA/BbIBOJA C UHTEp(eiicoM
Ethernet, MoHTHUpYEeMBIi B yIaaeHHOM mIKady PsIOM C JaTYUKAMU U
UCTIOTHUTEIbHBIMH YCTPONCTBAMH.

I[JISI INOAKIHOYCHHUSA K 6J'IOKy MHTepdhencHbIe Moaynn
VIPaBJICHUS  JIOKAJIbHBIX y3JIOB, WKnHBI ESB
YCTAaHABJIMBAEMbIX B IIKa(y CTaHIHUH f\\
YIpaBJICHHS, UCTIONB3yeTcs muHa ESB. 1 8
[una ESB MOXET UMETh oy
pPE3EPBUPOBAHUE, @ €€ MaKCUMAJIbHas v

Moaynu eeoaa/BbiBOfa Moaynu
HNPOTSKEHHOCTh cocTaBisier 110 M, a TAHNS

CKOpocTh - 128 Mowut/c.
Jns moakirodeHuss K OJIOKY YIIPABICHHUS YOAIEHHBIX Y3JI0B C TTOMOIIBIO
uHTep(ecHOTO MOy, YCTaHABIMBAeMOro B IKady CTaHIUU YMpPaBICHUS,
ucroas3yercs muHa ER. DTa mmHa Takke MoKeT ObITh 3ape3epBUpPOBaHA.
V3nel  OJIOKOB  BBOAA/BBIBOJIA,  pacCloOjio)KeHHbIe Ha  muHe ER,
YCTAHABJIIMBAIOTCS B yAAJICHHBIX IKagax WJIM Ha CTOHKax.

MakcuManbHOE paccTOsIHUE MpHU Tepedade cocTaBisieT 185 m mpu

Enok
HCIIONb30BaHuU Ethernet-coBMeCTUMOro KOaKCHAJIBHOIO Kaless ynpaeneHns

10Base2, 500 M - mpu HCHIONB30BAHMM KOAKCHUAJIBHOTO KaOess
10Base5 u 10 2 KM - IpH UCIIOJIB30BAHUN TTOBTOPUTEINEH ONITUYECKOM Yien i I

IIUHBI. E
KowmmonenTs! cranmmu ynpasieaus KFCS MmoaTupyrorces B

creruaibHOM MmKady Uin B cToikax. CTaHIUS yIIPaBICHUS vien 3 I

noajaepkuBaeT A0 10 6;10k0B BBOJa/BIBOIA (710 8 MOTyJIEi

BBOJIa/BBIBOJIA B KAKJOM OJIOKE). Yien4d I

KomrionoBka cnernuanpbHOr0 mikaga CTaHIUMA YIpaBICHUS
Yien5
KFCS: nepennsisi yacts - Onok ympasienuss FCU u 5 6mokoB

BBOJ1a/BBIBOA; 3aQHSSI YacCTh - 5 OJIOKOB BBOJ1a/BBIBO/IA. Moaynu I
[Ipumep MoOHTaka OJIOKOB Ha MepeaHEH YacTh CHEIHAIbHOTO

mkaga noka3zaH Ha pUCYHKE CIIpaBa.
o Cranmmu LFCS amantupoBaHbl ajis CHCTEM YIpaBICHUS C OOJIBIIUM
KOJIMYECTBOM BBO1a/BBIBO/IA.

B cranuuu ynpasnenust LFCS ¢ nokimtoueHHbIMU yCTPOCTBAMU Yepes3 IUHY
RIO peanmn3oBaHo pe3epBUpOBaHUE IIEHTPAIHHOTO Mpolieccopa. Bo3aMOXKHO Takxke
pesepBupoBanue muHbl RIO u paznuuHbie BapuaHThl MOHTaXka B IIKady WM Ha
cToiike. B BapuaHTe c pe3epBHpoBaHHEM OJIOKa YIpPaBICHUS Pe3epPBUPOBAHUE
UMEIOT TPOIeCCOpHasl IiaTta, OJOK MHTAaHUA, AaKKyMYyJSTOPHbIM OJOK U
uHTepdencHbiii Mmoaynb muHbl RIO.

VY3np1 6JI0KOB BBOJAA/BBIBOJAA, MOJKIIOYaEMble K OJIOKY YINpaBieHHUsS C
nomombio muHbl RIO, He 00s3aTeNbHO MOHKHBI HAXOJAUTHCS B MIKady CTaHIIUW
ynpasneHus. [Ipu yganennn 6710K0B BBOJIA/BBIBO/Ia OT CTAHIIMK Ha PACCTOSTHUE 10
750 M ucnoisb3yercsl SKpaHUpOBaHHAs BuTas mnapa. [IprumeHeHHe MOBTOpHUTENEH
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IIMHBI ¥ ONTOBOJIOKOHHOW CBSI3M YBEIMYMBACT paccTosiHue 1m0 20 KM, mpuyuem

MOBTOPHUTEIN M ONTOBOJIOKOHHBIC JTMHIHA MOYKHO Y€PEI0BaTh JI0 YE€ThIPEX pas.

»  OcHoBHBIMH KOMIIOHeHTaMu cucteMbl PlantScape (Honeywell) senstorcs:

- THOPUAHBIN KOHTPOJUIEP AJIS AUCKPETHOTO YIIPABJICHUS U YIIPABICHHS
UHTETPUPOBAHHBIM MTPOIIECCOM;

- (hyHKIIMOHATBHEIN cepBep;

- oneparopckuit uaTepderic (HMI);

- IPOTrPaMMHOE OOECTIeueHUE cepBepa U KOHTPOIIIEPOB;

- cetu ynpasinenns ControlNet.

KomnoneHntsl cuctemsl PlantScape Obumn  pa3paboTaHbl  Tak, YTOOBI
(GYHKIIMOHUPOBATh KAaK e0UHAA 6bICOKO ORMUMU3UPOGAHHAA CUCHmeMA,
oOecrnieurBasi BBIMOJIHEHUE TakuX (QYHKIHUH U Takylo 3()QPeKTUBHOCTb, KOTOpHIC
OOBIYHO HEJOCTYIHBI JJISI CUCTEM CO CIa00¥ B3aUMOCBSI3bIO YEIOBEKO-MAITHHHOTO
untepdeiica (HMI) u mporpammupyembix oruueckux kountpoiuiepos (PLC).

[Ipotieccopsl cucTeMbl OIEPKUBAIOT A0 64 MOy el BBOIa/BbhIBOA
HE3aBUCUMO OT IJIOTHOCTH MOJyJiei. MakcuManbHOE KOJTUYECTBO aHAJIOTOBBIX
MoayJei - 32. Moaynu BBOJ1a/BbIBOIa MOTYT OBITh Pa3MEIIEHbBI KaK JIOKAJIbHO, TaK
U yJIaJIEHHO.

ApxutekTypa cucteMsl PlantScape npencrasiieHa Ha puc.2.

JTokanbHaA ceTk Ethernet TCP/IP

Cepeep I CTaHuMA | CTaHuMA

ControlNet

C 100 nnn

PLCSIC

Kapkacel BEOgalBBIBEOAA ControlLogix
5550

Moneeasa wwHa FF 0u iy

Kapkac
o 1771

c i
&b == PLCSIC ¢

Allen-Bradley, Modicon u gp.
Puc. 2. ApxutekTypa cuctemsl PlantScape.

B3anmoneiicTBue  KOMIIOHEHTOB  CHCTEMBI HAa  YPOBHE  YNPABJICHUSA
OCYILECTBISIETCS ¢ MOMOIIBI0 OTKpbITON ceTu ControlNet, koTopast o6ecrieunBaer
CBSI3b KOHTPOJIJIEPOB C CEPBEPOM, KOHTPOJUIEPOB MEXY COO0I U KOHTPOJIEPOB C
BBOZIOM/BBIBOIOM. [10 3TO# ceTu cepBep MOTy4yaeT JaHHBIE U3 KOHTPOJUIEPOB IS
OOHOBJICHUS TUCIIIEEB, OCYIIECTBISET COOP UCTOPUIECKUX JAHHBIX U HH(OpMALIUU
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00 amapmax. IIO Control Builder monb3yercsi 3TON ceThi0 ISl 3arpy3Kd H
MOHHMTOPUHIA AJITOPUTMOB YIIPABIICHHUS.

[Ipomycknast ciocooHocTh cetr ControlNet ¢ yuerom pesepBupoBanus
cocTaBisieT 5 MOUT/c U XapakTepu3yeTcsi BO3MOKHOCTBIO IETEPMUHUPOBAHHON
nepenaun JaHHbIX. C pu3nueckol TOUKU 3pEHUs CPECTBA MEPEAAYH TaHHBIX
IPEJCTaBISIIOT COOON KOaKCHUaIbHbIN KaOelb ¢ MoJAepKaHUEM ITMHHON
TOIMOJIOTMH TUIIA «MAarUCTPaIM C OTBETBICHUAMNY». MakcuMallbHas AJIMHA Kabess
C MEJHBIM MTOKPBITHEM CETMEHTA CETH COCTABIIAET 1 KM (MaKCUMalIbHAs IJIMHA
3aBUCHUT OT KOJIMYECTBA pa3BETBUTENEH). Y CTAaHOBKA IPOMEXKYTOYHBIX
MOBTOPUTENEHN, KOJIMYECTBO KOTOPBIX MOXKET IOCTUTATh 5, IO3BOJISIET
UCITI0JIb30BaTh Ka0EJb C MEIHBIM MTOKPBITHEM JIMHOM 110 6 kM. Mcnonp30Banue
JIOTIOJTHUTEIBHBIX BOJIOKOHHO-ONTHYECKHX ymauTeneit ControlNet mo3Bosser
YBEIIMYUTH JJIMHY CeTH 10 22 kM. Kax b1l cerMeHT
CYIIEPBU30PHOI/PABHOIIPABHON CETH MOAJIEPKUBAET A0 6 KOHTPOJUIEPOB 0€3
pe3epBUPOBAHUS WK JI0 5 KOHTPOJUIEPOB € pe3epBUpoBaHueM. Kaxplii
YIPaBJISIOUIUI MPOLIECCOP MOKET OOBEAUHATD 10 § IIACCH BBOJIA/BBIBOJIA YEPE3
CEeTh BBOJ1a/BBIBOJIA.

Cucrema PlantScape wmokeT OBITb MHTEIPUPOBAHA C KOHTPOJUIEPAMHU
pa3sIMuYHbIX  (QUPM-TIPOM3BOAMUTENEH. OTO  B3aUMOJAEWUCTBUE MOXKET  OBITh
peanu3oBaHo AByMs myTsMmu: uepe3 ceTb ControlNet u HemocpenCTBEHHO 4epes
cepBep.

J1st TOrOo, 4TOOBI YCTPOKWCTBA MOIJIM CBSI3bIBATHCA JPYT C IPYTOM Yepe3 CETh
ControlNet, TpeOyeTcs nCronb30BaTh MPOTOKOI, MOHATHBIN 000MM YCTpOWCTBaM.
Ha cerognsiinuii 1eHb TakuMu npoTokoiaamu sBisitorcst ControlNet u DH,
ToJIep )KUBaeMble HeKOTOphiMU ycTpolictBamu ¢pupmbl Allen-Bradley. K aum
otHocstcest PLC-5/C, u ControlLogix5550, moxnepskuBaromue cetb ControlNet, a
taxxe PLC-5 na DH+.

Kpome Ttoro, cucrema PlantScape wnMeeT BCTPOCHHYHO KOMMYHHUKALUIO
Foundation Fieldbus (FF H1), moaaepxuBaemyto cepBepoMm.

»  Apxutektypa I/A Series (Foxboro) nmonrme roapl OblLla OCHOBaHa Ha
koHuemniuu y3aa (Node), KoTophlil sBsUICS 0a30BBIM 3JIEMEHTOM TMOCTPOCHHUS
CHCTEM YIPaBJICHUS TEXHOJOIMYCCKHUMHM IMPOIECCaMU. B COOTBETCTBUHU C TaKOM
ApXMTEKTYPOH KaKIbIi y3€ll CHCTEMBbI pa0OTAacT HE3aBHCHMO M BBIMIOJHSET BCE
(GyHKIMK, CBA3aHHBIC C aBTOMaTH3alMel mporecca. OH MOXKET ObITh CBSI3aH C
Ipyrumu y3iaamu FOXDOro wim ycrpoiictBamu Apyrux (GUPM d4epe3 COBMECTHMEIE
CeTH.

VY3ei COCTOMT U3 Habopa MOIYJICH ABYX THIIOB — MPOIECCOPHBIX MOAYJICH U
MOJIyJiell BBOJIa/BBIBOJIA, KOTOPbIE 00BETUHEHBI MEKIY COOO0# MMOCPEICTBOM IIIHUHBI
y3ma Nodebus. Y3en mpenacraBiseT coO0H NMPOMBINUICHHBIH IKad ¢ HabOpom
MOJyJCH, COCAMHEHHBIX C pabOYUMH  CTAaHIHUAMHU  (OMEPATOPCKUMU U
WH)KEHEPHBIMU) M MTOJICBBIMU YCTPOHCTBAMHU.

Tununynas cuctema ynpasiaenus |/A  Series, BijIrodaromas OUH Y3€l,
npuBesieHa Ha puc. 3.

B cucreme nMenoce 4eThIpe TUIA MPOLECCOPHBIX MOAYJICH:
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NpUKJIaaHble mpomeccopbl (AP) — KOMITBIOTEpBI, OOBIYHO TMOJKIIOYaEMbIe K
3aMIOMHUHAIOIINM YCTPOHUCTBAM OOJIBIION €MKOCTH ISl TIepeiaun JaHHBIX B 000UX
HaIpaBJICHUSIX;

npoueccopbl padounx cranmmii (WP, AW) — KOMIBIOTEPH, K KOTOPBIM
MOJAKIIOYAIOTCS BHJICOMOHUTOPHI, KJIaBUaTypa U JApPyrHe YCTpOMCTBa padodmMx
CTaHIIUM;

Npoueccopbl CBA3M - UHTEPHENCHl U MUTIO3bI ISl 00ecredeHus] B3auMOIeHCTBUS
KOMITOHEHTOB CHCTEMBI YIIPABIICHUS YepE3 TIOKATbHBIC CETH, paCIIpE/ICICHHBIC CETH,
ycrpoiictBa RS-232/RS-485;

ynpapiasiionge mnpoueccopbl (CP), kK KOTOPBIM MOJKIIOYAOTCS MOJIYJIH
BBO/1a/BBIBOJIA TIOJICBO IIIUHEI.

Buaeomonutop| |Mellb (wWapoBon Knasunatypa MpuHTe
) P MAHUMYNATOR) VP P P
I | I
CTpUMMep MpuknagHoH
npoyeccop
MNpoyeccop
HMCKOBO d
A A pagoqel cTaHUMN
WecTkMe AUCKH Npoueccop | |
CBAIH
MepudepuiiHbie CeTb Nodebus
YCTpoHCTBA
YIp ABNA K WHIA LWkach
npoyeccop
|
MNeneBan [WKHA
Moneeon wkadg MNoneeol wWkadg
|| Hsonn‘rop' | Hsonmopl |
[ [ I I
Mogyne| |Moayne Moayns| |MoAynL
nw nw nw MLy
HionaTtop| WUsonatop

Puc. 3. Cucrema ynpapneHnus Ha 6a3e OJHOTO y37a.

I[pumeuanue. Paznenenve mo QyHKIuUsAM pabOYMX CTAHIMKA OOBSICHSICTCS
HU3KON MPOU3BOAUTEIBHOCTBIO MPOLECCOPOB MEPCOHAIBHBIX KOMIBIOTEPOB TOTO
BpemeHn. DyHKIMU omeparopckoro uHTepdeiica BBHIIOIHSIM paboune CTaHIUH
WP, ¢yHKiuu KOH(QUTYpUpPOBaHUS YHPABISIOUUX IPOLIECCOPOB — padbodue
cranruu AW, ¢dyHkuuu paboTsl ¢ ¢aiaamMu, yCTpOHCTBAMH TaMSATH, (PYHKITUH
yIOpaBJICHUS O0OpYAOBaHUEM, XpaHEHUs KOH(UTypaluu CHUCTeMBbl - paboure
craanuu AP. HaGop KOMITIOHEHTOB y371a, IPECTABICHHBIN Ha pHC. 3, HE SBJISACTCS
00s13aTeTTLHBIM U OTIpeIeTIseTCs] KOHPUTypaIlueil CHCTEMBI.

Ha panHumx stamax pasButus cuctembl |/A Series B kadectBe Momysiei
BBOJ1a/BBIBOJIa UCTIOJIB30BaIUCh Moy FBM (FBM1, FBM2...) MoHTHpYyEeMBIC B
kapkacax u mkadax. K HUM moACOeAMHSUIMCH JaTYMKH TEXHOJIOTHYECKHX
napaMeTpOB U UCTIOJHUTEIbHBIE YCTPOHCTBA.
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[Tpu uconp30BaHNM YAAICHHOTO BBO/IA/BBIBOJIA CBS3b C YIIPABIISIOIIUMHU
npoleccopamMu odecreurnBaiach H30asaTopaMu nojeBoi muHsl FBI. M3omsaTop
MI0JICBOH IIWHBI IPUMEHSIICS JJ11 00€CTIeYeHHSI TaTbBAHMUECKOHN pas3BsI3KH U
YMEHBIIICHHUS UG POBOTO B3AUMOBIIHSHIS YIaJICHHON MOJIEBOM IIUHBI U CUCTEMBI
BBOJIa/BBIBOJIa. V30 TOPBI yCTaHABIMBAJIMCH B KAPKACHI I MOHTaXa MOYJICH
BBOJ1a/BBIBOIA.

Yupaeisomue rnpoueccopsl (CP - Control Processors) — siapo cuctemsr /A
Series - oOecreunBaloT 00paOOTKY ITOJIGBBIX CHTHAJIOB ¢ Moxayiei FBM.
VYrpapnsgrouidi npoueccop COACPKUT B MmamsATd 0a3y JaHHBIX U aJTOPUTMBbI
YIOPABJICHHUS] TPOIECCOM, W B COOTBETCTBUM C HHMH MPOUCXOIUT 00OpaboTka
CUTHAJIOB. Ynpasnsrone MIPOLECCOPBI obOnagaroT 000N
MIPOU3BOAUTEIILHOCTHIO, YTO TMO3BOJSET OCYIIESCTBIATH OIMEpaIliy C TUTABAIOIEH
TOYKOM W PpEaJu30BBIBATH CIIOKHBIC QJITOPUTMBI  yrpaBicHus. [lepBeiM
ynpasisironuM  niporieccopom 6p1 CP10. 3arem mmpokoe pacrpocTpaHeHue
nonyunin 6omnee npousBoguTeababie CP30 u CP40 u ux moaudukamuun CP30B u
CP40B.

JlokanbHas ceth I/A Series Carrierband oGecneunBaer ymaneHHbIi 00MeH
JAHHBIMHU MEX]y Y3JIaMH CUCTEMbI YIIPABIICHHUS.

C pa3BuTHeM IIUPPOBON TEXHUKH coBepieHCTBOBaachk u I/A Series. JleneHue
pabounx crannuiit Ha WP (omepatopckue) u AW (MHXUHUPHUHTOBBIE) CTaJO
ycioBHBIM. OTrana HeoOX0IMMOCTh BBIICIATh MPUKJIAIHbIE CTaHIIMU AP B CBsI3U €
BO3POCIICH TPOU3BOJUTEILHOCTBIO TEPCOHATBHBIX KOMIbIOTEPOB. Ha cMmeHy
uzossitopam FBI mpumnm kommyrukamonnsie Mmoxynu FCM, Ha cMeHy CBS3HBIM
mporeccopaM — CHeluaibHble MOAYJIM CHCTEMHBIX HHTETpaTopoB. [locTerneHHO
BO3pacTajia MPOU3BOJAUTEILHOCTh U YIPABISIIOMMNX HporeccopoB. B kone 90-x
roJIoB MOSIBWJIMCH yripaBisitoniue mpoieccopel CP60. beuta paspaborana HoBas
cepust moaynei - FBM200, kotoppie B3aUMOAECUCTBOBAIM C YIPABIISIIONIUM
MIPOIIECCOPOM Uepe3 KOMMYHHUKaIMOHHbIE Moaysin FCM.

[TepBoHauanpHo cuctema |I/A  Series pabortasa Ha KOMIIBIOTEpax IOJ
ynpaBienneM  Unix-mogoOHoit  omepanmoHHOW — cuctembl  (Solaris)  wu,
COOTBETCTBEHHO, BCE MpOrpaMMHoOe obecreuenne Obuto Hamrcano mog Unix.

[MosiBneHue monyJssipHOM omneparonHor cuctembl Microsoft Windows NT
CTUMYJIMPOBAJIO BBIMYCK ouepeaHoi Bepcuu I/A Series — mrecToi.

Apxutektypa I/A Series mecroii Bepcuu npuBecHa Ha puC. 4.
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Puc.4. Apxutektypa I/A Series mecroii Bepcuu.

PesepBupoBannas mmHa NOdebus oObeauHsSET BCE CTAHIUH CHCTEMBI,
oOecrieunBasgs oOMeH wuHpopMauuenr Mexnay HuMmu. [lluHa pacnonaraercs B
MPOIECCOPHBIX KOP3WHAX JUISl YIPABJISIOMIUX TPOIECCOPOB M HHTEPHEHCHBIX
Moayseil. MOXHO MOcCieI0BaTeNIbHO COeTUHUTD 4 KOop3uHbL. J{Ji1 Gojiee KpyMHBIX
KOH(UTrypaluii HCHoib3yTcs pacmuputenu mmHbl Nodebus — ycumurenu-
NOBTOPUTENU CUTHAJA.

NuTtepdericHbie MOy TIPUMEHSIOTCS IS TOAKITIOYSHUS pa00UnX CTAHIIHHA K
e Nodebus. [TpuMenstoTes 1Ba THIa HHTEPPEHCHBIX MOIYIICH:
moxaysib DNBT (pannsist Bepcus);
moaysit RCNI/NCNI (HoBast Bepcus).
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Monyns DNBT ycranaBnuBaercsi B IpOIIECCOPHYIO KOP3HHY U 00€CTIeYnBAET
untTepderic Mexay padoueii cranuuei u muHorM Nodebus. Ha kaxayio cTaHIUiO
TpeOyeTcss CBOW KOMMYHUKAIMOHHBIA MOJyNb. MakcumanbHas JJiMHa Kabens
mexay padoueit crannueii 1 DNBT (CP) cocrasisier 150M, ckopocTh mepeaaun
na"gueix 10MOuT/cex.

Monymu NCNI/RCNI oGecnieunBaroT 60jee TrHOKOE MOCTPOCHHUE CHUCTEMBI.

Monyns NCNI pacnionaraercst B mponieccopHoit kop3une. OH COeUHEH C MIMHOMN
Nodebus u moxynem RCNI (puc. 4). Moxyns RCNI coennHéH HEOCpeICTBEHHO C
paboueii cranmueid. [Tpumenenne moayneiit RCNI/NCNI Gonee nmpeamodTurensHoO
10 CTEAYIOIINM MPUYUHAM:
paccTosiHie MeX Ty padoueli ctaniu U CP MOXeT ToCTUTaTh 2 KM, TaK KaK MEXIY
RCNI 1 NCNI moeT ObITh yCTaHOBIJICHO ONITOBOJIOKOHHOE PACIIUPEHUE;
CKOpPOCTh OOMEHa JaHHBIMH C pabodell cTraHmmMer MokeT BeIOMpaThcs 10 - 100
MO6/cek;
MokHO Tmonakimodath Heckoilbko RCNI x  omnomy NCNI npu mnomomu
KOMMYTAaTOpOB, T.€. UCII0JIb30BaHUE OJJHOIO YCTAHOBOYHOI'O MECTA B IIPOIIECCOPHOM
KOpP3UHE JaeT BO3MOXKHOCTH TMOJKIIIOUYUTh HECKOJbKO padouMx CTaHIMH (KUX
KOJIMYECTBO OMNPENEISETCS BO3MOXHOCTSIMU KOMMYyTaTopa M CcBOOOAHBIMU |P-
azipecamMu).

B oaHo# cucTeme ynpaBieHs] MOYKHO HCIIOJIb30BaTh OJTHOBPEMEHHO 00a TUTa
MO/TyJIEH.

[logcucrema  BBOJa/BbIBOAA  cocToMT w3  moayiled FBM200 wu
KOMMYHUKAIIMOHHBIX Moxayied FCM. JlanHble MOIynW yCTaHABIMBAIOTCS Ha
0a30BBIX TUIaTaX, BHYTPU KOTOpbIX Haxoautcs mmHa Fieldbus. Cesse mexxny FBM
u FCM peammzyercs mo nporokonxy HDLC co ckopocteio 2M6/cex. Moaymu FCM
npeooOpasyror nakersl HDLC B makeTs! Ethernet 10M6/cek /i B3auMOICHCTBUS €
YIOPABJISIIOIIUMU TIporieccopamMu. K oJTHOMY yHpaBIIsIFOIIIEMY MPOIIECCOPY MOMKHO
MOJKTIOYUTH Yepe3 KOMMYTATOp 10 6 KOMMYHUKAIIMOHHBIX MoyJieit FCM.

B 2004 rony nosiBuiachk BocbMasi Bepcust cucteMsl /A Series, mpruHInITHaIbHO
OTJIMYAIOIIASICA OT MPEKHUX BEPCUU. B BOCbMOU BEpCUM peaIn30BaH COBEPLIEHHO
JPYrol TPHUHIMI TOCTPOEHUS CETH YIMpaBlICHUs, MapUIpyTU3aIUH, Mepeaadu
JTAHHBIX, a TAKXKE TIPEJICTaBIIEHO HOBOE MOKOJICHHUE YITPABIISIONIUX MPOIECCOPOB.
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Yupomiennas apxurekrypa |/A Series BocbMOH BepcHwH IpeAcCTaBliceHa Ha
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Puc. 5. Apxutektypa I/A Series BocsMoii Bepcum.

B »aTO0li BepcuM UEHTpaTbHBIM KOMIIOHEHTOM CHCTEMBI SIBIISIETCS CETh
ynpasieHuss Mesh, koTopasi COeIMHSET YNpaBISIONIME MPOIECCOPBI, paboure
CTAHIIUH U TOJCUCTEMbI BBOJa/BhIBO/IA B ceTh 100MO/11°6. Ceth ynipaBienus Mesh
npejcTaBiasier coboil kommyTtupyemyio cetb Fast Ethernet, ocHoBanHyio Ha
crangaprax IEEE 802.3u (Fast Ethernet) u IEEE 802.3z (Gigabit Ethernet). Cets
COCTOMT U3 KoMMyTaTopoB Ethernet, oOpasyromux onpeneieHHy 0 TOIOJIOTHIO.

PesepBupoBanHas cetb ynpasieHuss Mesh mpenocraBisieT MHOTOYMCIICHHBIC
KaHaJbl CBSI3U MEX]y JIOOBIMU JIByMSl YCTPOMCTBAaMHU CETH, YTO OOECIEeYMBAET
BBICOKYIO HaJEXKHOCTb.

YcTpoiicTBaMH CHCTEMBI, TTOIKIII0UYAEMBIMA K KOMMYTAaTOpaM, SIBIISIOTCS:
pabourie CTaHIMM, MOAKIIOYAaeMble K KOMMYyTaTopam ©Oe€3 HCIOJIb30BaHUs
UHTEPPENCHBIX MOIYJIEH;
ynpasisitongge  npoueccopsl  FCP270, Hanpsimyro B3aMMOJEHUCTBYIOIIHME C
MOJICHCTEMaMH BBOJ1a/BBIBO/IA;
ynpasisitonie npoueccopsl ZCP270, B3auMoAeHCTBYIOIIME C TMOJACUCTEMaMU
BBOJIa/BBIBOJIA Uepe3 KOMMYHUKaMOHHBIA Moxynb FCM100Et.

B nHacrosiee Bpemsi cuctemsl I/A Series 6-7 u 8 Bepcuit HecoBMecTumbl. Ho
pa3pabaThIBaeTcs MOJIYJb, KOTOPBIA MO3BOJUT BKJIIOYATh B 8§ BEPCHIO CHUCTEMBI
CEerMeHTHI, BLIIOJIHEHHBIE Ha mrHe Nodebus.
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Paboune cranumuu o0ecneunBarOT HHTEPPEC MEXKITY CUCTEMOI U YETTOBEKOM
JUTSL yIIPaBJICHUS TEXHOJIOTMUECKUM MPOIIECCOM, a TaKXKe JIsl KOHPUTYPUPOBAHUS U
MOJJIEPKKU CaMOM CHCTEMbI YIIPABJICHHUS.

B Hacrosimiee BpeMsi OAMH KOMIIBIOTEpP CIOCOOEH BBINOJHATH BCE
HEOOXOJMMBbIE OmNepaluyl 10 KOH(PUTYPUPOBAHUIO CHUCTEMbI, OTOOPAKEHHIO
UH(pOPMAIIUY U XpaHEHHIO TaHHBIX. TeM He MeHee, B cucteMe I/A Series pa3nuyaror
orepaTtopckue padoure cranmuu (WP) u umkeHepHble padoune craniuu (AW).
Kommperotep cranmuu AW, kak mpaBuiio, ©MeeT OOJIbIINNA 00BEM OMepaTHBHOU
NaMATH MO0 CPAaBHEHMIO C KoMIbloTepoM onepatopckor ctanuuu WP (1024 M6 u
512 MO, COOTBETCTBEHHO).

3. [Ipoueccopnl u cetu B DCS-cucremax

3amava yHpaBISAIOMUAX MPOIECCOpoB M KoHTpoyuiepoB DCS-cucrem —
MOJIIEPKKa OOJIBIIOT0 KOJIWYECTBA KOHTYPOB PETYIHPOBAHHUS U JIOTHYECKOTO
yOpaBieHHUs. DBOJBIIMHCTBO KOHTYpPOB KPUTUYHO KO BpPEMEHU BbLIAuu
YIPABISIOMUX BO3JACHCTBUI. OTO NperomnpesenseT >XECTKHe TpeOoBaHUs K
MPOILIECCOPHBIM IIaTaM, THUIAM TPOIECCOPOB M pabOYUM YacToTaM, 00bEMY
OTIepAaTUBHOMN MAMSATH.

XapakTeprcTrka nporeccopon cuctemsl /A Series npuBeneHa B TabJIHIIE.

CP60 ZCP270 FCP270

Tun nporeccopa AMD DX5 | AMD Elan SC520 | AMD Elan 520
| Yacrora, MI'n 133 100 100 |
ITamate RAM, M6 8 16 16
SDRAM SDRAM
32 32

ITamsars Flash, M6 -
CkopocTb cBsi3u ¢ FBM 2 Mo/c 2 Mo/c 2 M0/c
Yucino MOAKIIOYESHHBIX Max 120, Max 120 Max 30

MOJTyIeH o 30 za FCM,
o 24 una FBI

e Vmnpapasiwommii npoueccop C200 (cucrema PlantScape) npeacrasisier
co00# NBYXIUTATHBIA MOJYJb YABOCHHOM MIMPHHBI Ha 0a3ze mporeccopa 100 MHz
PowerPC 603E ¢ O3V (8 M6aiiT) 1 (pyHKIIMEH BHISBICHUS U UCTIPABIICHUS OIINOOK.
B kaudectBe noctostHHON namsaTu ucnosblyercs [13Y (4 Moaiit) ¢ nmapamienbHbIM
CTUpaHUEM U C 3aIIUTOM OT OIMOOK 10 YeTHOCTU. BecTpoeHHas utueBas 6atapeiika
CIY’)KUT JJII COXpaHEHWs pPe3epBHOM Komuu 0a3bl JaHHBIX KOHTpoOJUiepa, a
JIOTIOJTHUTEJIHLHBIN MOJTyJIb OaTapeil IMMPUHON B IBa CJI0Ta 00ecrieurnBaeT GyHKIUIO
MOA3apsIKU BMECTO 3aMEHBI JTUTHEBON OaTaperki.

OTUMHU K€ TMPUYMHAMH OOYCJIOBJIEHBI W TMapaMeTphl CETe U IIHuH,
npumensieMbix B DCS-cucremax.

e V-net (CENTUM CS3000) - cerb ympaBieHHs pPealbHOO BPEMEHH CO
CKOPOCTBI0 0OMeHa aHHbIME 10 MOuT/c. DTa ceTh 00beTMHAET TAKME KOMIIOHCHTHI
CHCTEMBI YIIPaBJICHUs KaK CTaHIIMA yIpaBiIeHUs, cTaHus oneparopa, BCV, CGW.

CeTtb MOXeET ObITh 3ape3epBHpoBaHa. [IpOTSKEHHOCTh CETU ITPU COCAMHEHUN
CO CTaHIIMEN oreparopa - 185 M, pu NOJAKIIOYEHUHU APYTUX YCTPOUCTB - 10 S00
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M. Pacimmupenne cetu JoCTUraeTcs MPUMEHEHNEM TTOBTOPUTEIIEH M OITUYECKHUX
noBTOpUTENEH (MaKCUMyM 4), 4TO MO3BOJISET YIJIMHUTE CETh 10 20 KM.

Cucrema c OJHOHM cTaHIMEH omeparopa C YCTAaHOBJIEHHBIMH Ha HeH
GYHKIUSIMU IPOCKTUPOBaHus He TpeOyeT cetu Ethernet.

C nomorneto Ethernet MoxxHo 00BeTMHUTE MY COOOH CTAHIIMIO OlepaTopa
Y MHXUHUPHUHTOBYIO CTAHIMIO, & TAKXKE CYNIEPBU30PHbBIE CUCTEMBI.

CraHuun YIIpaBJICHUS TUIIA KFCS, npeHa3HAYCHHBIC IS
BBICOKOCKOPOCTHOTO YTPABJICHUSI, HCIOJIL3YIOT BHYTpEHHIOIO ImuHy ESB ms
MOIKJTIOYCHHUS JIOKAIbHBIX Y3IIOB BBOJ1a/BBIBOIA, HMEIOIYIO CKOPOCTh 0OMeHa 128
Mobwur/c.

e B mnocnenneii Bepcum |/A Series meHTpaJIbHBIM KOMIIOHEHTOM CHCTEMBI
SIBJISICTCS CETh ynpanieHus Mesh, KkoTopasi COeTMHSCT yIPaBJISIONIUE TPOIECCOPHI,
pabourie CTaHIIUU U MOJICHCTeMbI BBOAA/BbIBOIa B ceTh 100MO/11°0.

VYpasnstomuii nporieccop FCP270 HenocpeCTBEHHO COETMHEH BOJIOKOHHO-
ontuaeckuM kadenem 100M6/c Ethernet ¢ cetpro ynpasiaenus Mesh.

“Camzy” ympasistomuii poreccop FCP270 coenunen ¢ nonesoit muHo# 6e3
ucnonb3oBanusi unrepgeiricnoro moayns FCM. Ckopocth oOMeHa aHHBIMHU C
MOJICBBIMA ~ YCTPOWCTBAMHM  (TaTYUKAMH, WCIIOJHUTEIHPHBIMA MEXaHU3MaMH)
ocymectBisieTcs no mmue Fieldbus - 2 Mo6/c (mpotokon HDLC).

e ControlNet (PlantScape) - 310 ruOkas BBICOKOIPOU3BOIUTEIbHAS CETh,
NIOJ/ICP’KUBAIONIAsl KaK CYINEepPBU3OPHBINA/PAaBHONPABHEI OOMEH HH(pOpMAaIHen
(xkouTposepel ¢ HMI), Tak u cereBoil BBOJ/BBIBOA. ODTO OTKPHITas CETh,
cnenuuKanus  KOTOpOW MpUHAIISKHUT U KoHTposmpyercss  ControlNet
International, mast  koropoit Honeywell sBiasieTcs — 4iIeHOM-yupeauTesIeM.
[IpomyckHasi cOCOOHOCTh C y4€TOM pe3epBUPOBAHMS cocTaBisier 5 MOut/c u
XapaKTEPU3yeTCs] BO3MOXKHOCTHIO Je€TEPMUHUPOBAHHON Tiepenayn naHHbIX. C
bu3nYecKoil TOYKM 3pEHUsl CPEACTBA MEpedaud JIaHHBIX MPENCTaBIAIOT cOoOOMU
KOAKCHAJIbHBIN KaOelb ¢ MojIepKaHuEM ITUHHOM TOMOJIOTHUU TUTIA «MAruCTPaju C
OTBETBJICHUSIMM).

4. Hapexnoctb DCS-cucrem

CENTUM CS3000. B cranuuu ymnpaBieHHs MOTYT OBITH 3ape3epBUPOBAHbBI
wiatel CPU, BHemHKMe nnTepdeiicel cetn V-net, uarepdeiicapie miatel muHb R1O
¥ BHYTPCHHSIS IMHA y371a. IMeroTcst Moieu ¢ pe3epBHBIM HCTOYHHKOM TTUTAHUS.

Ha kaxmoii nporieccopHol miaTe HaX0IUTCs ABa mpoiieccopa (puc. 6).

Kasx b1l mporieccop BHITIOHSET OAHH U T€ e YNPABIISIONINE BHIYUCICHUS, a
PE3yNbTAaThl BEIYUCICHUA CPABHUBAIOTCA MEXKTy co0oii. Eciu pe3ynabTaTh
COTJIACYIOTCSI, TO OHM MEPEeatoTCs B MaMATh U Ha HHTEP(EHCHYIO TUIATy IIWHEI.

Ecnmu pesynbTaThl paboThl MPOIIECCOPOB HE COBMAAAIOT, TO CPABHUBAIOIIECE
YCTPOMCTBO (KOMIApaTop) BOCHPUHUMAET ATO KaK HEIITATHYI0 CHUTYallUI0 U
MIEPEKITIOYAETCS HA PE3EPBHYIO TUIATY.

PesepBHas mporieccopHas miaTta BBIMOJTHSIET T€ )K€ CaMble BBIYUCIICHHS, UTO U
OCHOBHas T1aTa. [Ipu mepekitoueHny ee B akTHBHOE COCTOSTHUE BBIYUCIICHHBIC HA
Hel pe3ynbTaThl epealTcs Ha MHTEpPeiicHyo MHY 0e3 IpepbIiBaHus Mpolecca
YIpPaBJICHHUS.
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[Tpu o6Hapy:xenuu ommoOku cocrostuust CPU npon3BoauTCsS caMouarHocTuKa
IUIaThI, U €CJIM allllapaTHbIE CPEJICTBA B HOPME, TIJIaTa BO3BPALIAETCS U3 HEIITATHOTO
COCTOSIHUS B pe3epBHOE.

. . V-net 2
V-net 1
| NeBas h}a’&dééé&ﬁﬁi{l{ﬁ&{a{T """" P T | npaeas npoueccopuas nnara:
E HHTEepgelic : WHTephelic :
: V-net ! V-net '
: CPU1 | CPU1 :
| Baox | | 5 || Baox 5
I CPABHCHIIN E CpABHEHIIN E
: B CPU2 : CPU2Z2 = :
E E . E
HHTepdgeic HHTeptheic
WHLI ESB W1HLI ESB
I I
® L ® L WwnHa ESB

Puc. 6. PezepBupoBanue cranuuu ynpasierus cucteMbl CENTUM CS3000.

I/A Series. OtkazoycroituuBas Bepcust FCP270 cocTout u3 1ByX napauieabHO
paboTarommx MoIyJiel ¢ AByMsI OTACIbHBIMU COSUHEHHUSIMH C CETHIO YIIPABJICHUS
Mesh. JIBa mMoayns ympaBIsIOLIETO MpPOIEccopa, CB3aHHBIC JPYT C APYroM Kak
OTKa30yCTOWYMBasg Tapa, OOECIeUnBalOT HENPEPBhIBHYIO paboTy 00bekTa
YIPABJICHHS B CITydae MPaKTUYECKU JTF000M armapaTHOW HEUCIPABHOCTU OJTHOTO U3
MOJIyJIEN 3TOM MAPBL.

O6a Momyssi MPUHUMAIOT U 00pabaTHIBAIOT UH(POPMAIIUIO OJTHOBPEMEHHO, U
HEUCIIPAaBHOCTH OOHAPY>KUBAIOTCA  caMUMH MOAyJssMu. OJIHUM M3 BaKHBIX
METOJIOB OOHAPYKEHHSI HEUCIIPABHOCTH SIBIISIETCSI CPABHEHNE KOMMYHHUKAITMOHHBIX
co00IIeHH Ha BHeIIHeM nHTepdeiice Moays. [Ipu oOHapyKeHUU HEUCTIPABHOCTH,
KOMMYHHKAIIIOHHOE COOOIIEHUE MTPEPHIBACTCS, M BBITIOIHIETCS] CAaMOAMarHOCTHKA
000X MOJyJeH, 9TOOBI ONPEACTUTh, KAKOW U3 MOIYJICH SBISETCS HEUCIIPABHBIM.
3areM wHCIpaBHBIA MOIYJIh MPUHUMACT Ha ce0sl yIIpaBJIeHNE, HE OKa3bIBasl BIMSHUS
Ha HOpMalbHYIO paboTy cuctembl. llocine 3Toro cooOmieHne O MpepBaHHOM
KOMMYHHKAIITAOHHOM COOOIIEHHWH TepefacTcss WCHPaBHBIM MOMAYJIEM 4epes
MEXaHU3MbI TOBTOPHOU Mepeladil KOMMYHHUKAIIMOHHOTO TPOTOKOA.

PlantScape. PesepBupoBanne koHTposuiepa cuctembl PlantScape cocrout B
MCIIOJIb30BaHUU JIBYX KapKacoB C OJIMHAKOBBIMH Iponeccopamu (puc. 7). B
COOTBETCTBHUH C TEXHOJIOTHEH Pe3epBUPOBAHUS ONPEACISIOTCS OIIMOKU B paboTe
OCHOBHOTO TMPOIIECCOPa, TapaHTUPYETCSI CHHXPOHU3AIHS 0a3bl TaHHBIX,
ocylIecTBIsieTCs Oe3yAapHOe MepeKIYCHUE.

[Tpu KoHGUTYypHUPOBaHUM PE3EPBUPOBAHHOIO KOHTPOJLJIEPA COACPKUMOE
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KapKacoB JIOJDKHO OBITh UICHTHYHBIM U 0€3 MOAyJeil BBo1a/BbiBoAa. CBsI3b
MEKIy KapKacaMy OCYIIECTBISIETCS ¢ TIOMOIIBI0 MOJyIel pedepBupoBanus (RM),
COEIMHEHHBIX MEXy c000i ONTOBOIIOKOHHBIM KabeneM (CKOpOoCcTh 0OOMeHa -

20 Mb6wut/c). KoOMMyHUKAIIMOHHBIE CETH MEXKILy CEPBEPOM U KOHTPOJLIEPOM,
MEXy KOHTPOJUIEPOM H yIaJI€HHBIM BBOJAOM/BBIBOJOM MOTYT OBITH TaKKe
3ape3epBUpOBaHbI (oM ). Bo3M0oXHO pe3epBUpOBaHHE U JIOKAIBHOM CETH.

JlokanbHasa ceTb Ethernet TCPIIP

| CTaHuMA | CTaHuMA

Cepeep ~\;
N S

PeszepeUpoeaHHan ControlNet

/

OcHOBHOMW
KOHTpONnep

PeszepBHBIA
KOHTponnep

PezepeupoeaHHan O ControlMNet

Puc. 7. PesepBupoBanue B cucreme PlantScape.

5. UHTerpupoBaHHOe MPOrpaMMHoe odecnieuenne (Ha mpumepe I/A
Series)

ITO I/A Series nmpencrasnser co0oit HAOOP Mporpamm, Kaxuas U3 KOTOPBIX
npeHa3HaueHa JJIs BBIOJHEHHUS KOHKPETHOW (QyHKUIUHU. pyroil OTIMYUTEITHHO
ocobenHocteio IIO cucremsl sBiSeTCS BBICOKAs CTENEHb WHTETPAIUH C
anmapataeiMu cpeacTBamMu. SCADA-makeTsl MOTYT paboTaTh ¢ KOHTpPOJUIEpaMHU
pa3IMYHBIX TPOW3BOJUTENCH (NPH  YCIOBHM HAJW4YUsS  COOTBETCTBYIOIIMX
npaiisepon), I1O I/A Series npeaHa3sHaueHO TOJNBKO Jjs paboThl B cucteme. Jlo
ycTaHOBKH ocHOBHOM uactu [IO I/A Series mpoBomutcst mpoueaypa System
Definition, BeimonHseMass B OJHOMMEHHOM MPOTrPaMMHOM IAKETe, KOTOpas
npeaHa3HaYeHa NIl KOHQUTYpAIMH aIlapaTHOH YacTh CUCTEMBL. [IOCKOIIBKY
crCcTEMa IOJI KOHKPETHBIN MPOEKT MOCTABISETCS “MOJ KIIt0Y”’, JaHHAs MPOLEAypa
BBIMOJIHSACTCSI  MMOCTABIIMKOM. [IpM W3MEHCHMHM KOH(HUTYpaluu CHCTEMBI
(no6aBnenue cranuui, moxynei FBM, ympanstomux mpoiieccopoB) AaHHas
npoleaypa J0JKHa MPOBOAUTECS BHOBb W Bc€ I1O I/A Series ycraHaBIMBaThCs
3aHOBO.

OcHoBoii mporpammHoro obOecneuenuss I/A Series sBnsercs mnporpamma
FoxView. Ona npencrasiseT coboit “okHO” moib3oBaTenss B cpeay I/A Series.
Onna u3 ocHOBHBIX (pyHKkImi FOXView — otoOpakeHne XoJa TeXHOJIOTHYECKOTO
nporiecca BO BPEMEHHM M MPENOCTABICHHE ONEpaTopy CPEICTB KOHTpoisi. B
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IporpaMMe OCYILIECTBISICTCSl CUTHANIM3AIMs HEMOJIaJoK B paboTe ammapaTHON
YacTH M ajJapMOB TEXHOJIOTMYECKOro mporiecca. M3 riaBHoro menwo FoxView
MOXXET OBITb OCYHIECTBIEH JOCTYH K pa3jiu4yHbIM  KOH(Uryparopam,
UCIIOJIB3yeMbIM 11 co3nanug npukiagHoro I[1O  cuctembl  ympaBieHUs
KOHKPETHBIM IIPOLIECCOM.

Haubonee  BaXHBIM  KOH(MUIypaTopoM  fABISETCS  KOHQUTYpaTop
unterpupoBanHoro ymnpasiaeHus |ICC  (Integrated Control Configurator),
npeIHa3HAaYCHHBIN AT CO3/IaHUs U PEeJaKTUPOBaHUs 0a3bl JAHHBIX YIPABISIONIETO
nporieccopa.

Jis co3maHusi MHEMOCXEM TEXHOJOTHYECKOrO MpOoLecca, Ha3bIBAEMBIX II0
tepmuHONoruH |/A Series TeXHOIOTHYECKUMH TUCTUISSIMH WIIH TIPOCTO TUCTUICSIMH,
a Takke NS TOCTPOCHHS TPEeHIOB M (EeHCIUIEWTOB (OKHO, CoOJepiKaliee
MH(OpPMAIMIO 0 IEPEMEHHBIX, XPAHAIIUXCSA B 0a3€ JaHHBIX) HCHOJIb3YETCS MAKET
FoxDraw.

JIJ1s MOHUTOpHHTA annapaTHOM YacTH CUCTEMBI U €€ HACTPOUKHU MPUMEHSETCS
nporpamma SMDH (System Monitor Display Handler).

Jis  oTroOpakeHHsT alapMOB TEXHOJIOTMYECKOTO Ipolecca MPUMEHSETCS
Alarm Manager, moctyn K KOTOpPOMY OCYIIECTBIseTcs M3 OKHa FoxView.
Konouryparop gaHHON NporpaMMbl HCIOJIB3YETCS JUIsl HACTPONKU MapaMeTpoB
0TOOpaXeHUs aJapMOB.

B memsx pabGotel ¢ wuHOpManmeil 0a3bl AaHHBIX (BEACHUE HCTOPUH,
apXMBHpOBaHUE U T.1.) ucnoiyibdyerca maker AIM*AT. On BkitovaeT B cedst psf
IporpaMM IpeaHa3HAYCHHBIX JIJIsI PA3TUYHBIX [EeH !

AlIM*Historian mjs BeIeHUs HCTOPUH MPOIIECCa U apXUBUPOBAHUS JaHHBIX
AlM*DataLink ans skcniopta nHbopmarmu u3 6a3sl AaHHBIX B [10 cTOpOHHHX
nocTaBIIMKOB (Harpumep, B Excel)

AIM*Explorer ucronbs3yercss jisi IOCTPOCHHS YCOBEPIICHCTBOBAHHBIX TPEHIOB
napameTpoB Ipoliecca

OPC Server npumensiercs i nepenadu nHGpopMammu B CeTh MPEANPUATHS

[ToMrMO NaHHBIX MPOTPAMMHBIX CPEJICTB, padOTAIOIINX TOJBKO B cpene /A
Series, mmpoko pacmpoctpaneHo wumkeHepHoe I10 — FoxCAE u IACC,
oOnagaronre BO3MOXXHOCThIO ()YHKIIMOHUPOBATH BHE CUCTEMBI.

OxkHo nporpamMmbl FOXView (puc.8) npu 3arpy3ke aBTOMAaTHUECKHU MTOSBIISETCS
Ha SKpaHe MOHHUTOPA.

OKHO mporpamMMbl pa30UTO Ha HECKOJIBKO 00IaCTeH:
Ctpoka rimaBHOTO MEHIO.
CucteMHasi TlaHellb, cojeprkaiias JBe KHONMKM — System wu Process, crtpoky
BPEMEHU/JIAThl U CTPOKY COOBITHA.
CTpoka COCTOSHHSA, Ha KOTOpPOWM  YKa3blBalOTCA IMyTh K  OTKPHITOMY
TEXHOJIOTMUECKOMY JUCILICIO, TEKYIlas paboyas cpeia, YMCIIO OTKPBITHIX OBEPJIEEB,
UCIIOJIb3YEMbIN HK3EMILISIP UCTOPHUHU.
Jucnneiinas maHenb, oOecreyuBaromas OBICTPBIA JOCTYN K TEXHOJIOTMYECKUM
JUCILIESIM.
O6usactb 0TOOpaKEHUS! TEXHOJIOTHYECKUX JIUCIILIIEEB.
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[T} Foxview Aw700L:AWTODI - Inikial_Disp

File Help
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Puc.8. Oxno FoxView.

BaxxHbIM IOHsATHEM ITPH paboTe B FOXVieW siBiisieTcst OHATHE pabodeii Cpeibl,
uin npocto cpenapl. Cpena ompezaenseT BHEIIHUM BUJA OKHA W IPEIOCTaBISET

pa3ITUYHBIA YPOBEHBb JOCTYIA K €ro o0bekTaM. VM3HayanbHO OMpPEACIICHO YEThIPE
cpenbl:

Initial
Operator
Process_Eng
Softw_Eng
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Kax ot cpesie cooTBETCTBYET TPH OAHOMMEHHBIX (MMSI Cpefibl) (aiina pa3HbIX
TUIIOB (.env, .mbr u .), Haxozsmuxcs B katanore D:/opt/env. B Hux nmponucaHsl Bce
aneMeHThl okHa FOXView u ypoBHE noctyna. Co3mgaHue HOBBIX Tpoek (hailiioB ¢
JPYTMMH UMEHAMU MO3BOJISIET CO3/1aTh HOBBIE CPEbI.

Cpena Softw_Eng mpenocrapnsier MakCUMaJbHBIH TOCTYI K KOHPUTypaTopam
CUCTEMBI.

BaxHbIM 371EMEHTOM OKHa SIBJISIETCS] CUCTEMHAs ITaHEJb, B YACTHOCTH KHOTIKU
System u Process (cM. puc. 8, cieBa BBepXy), OTOOpakaroIIue COOTBETCTBECHHO
HEUCITPAaBHOCTH alNapaTHBIX CPEJCTB CUCTEMBI M allapMoOB Ipouecca. OHU MOTYT
OBITH KPACHOTO WJIM 3€JIEHOTO LIBETA.

Muraer He muraer
KpacHblii AJlapM He KBUTHPOBAH AJlapM KBUTHPOBAH
3enEHblii Her anapmoB, HO 4TO-TO Het anapmos
OCTaJI0Ch HECKBUTUPOBAHHBIM

[lpu HaXxaTHX HAa KHOIIKH 3amyckaroTcs coorBercTBeHHO SMDH (nmporpamma
MOHUTOpHHTa ammapatHod dactu) u  Alarm Manager. SMDH mno3Bomser
IPOCMOTPETh  KOH(UTypaluio  00O0pYyAOBaHWSA, BBISIBUTH  HEHUCIIPABHOCTH,
npou3BecTH HacTporiky. Alarm Manager cimyxut s oToOpaskeHHs ajapMOB
TEXHOJOTMYECKOro mpolecca.

13 Alarm Manager 10cTymHO ceMb TUCIUICEB ajapMOB, IEPEKITIOUCHUE MEKITY
KOTOPBIMH OCYIIIECTBIISICTCS U3 MIYHKTa IIaBHOTO MeHio Displays:

Most Recent Alarms (campie rmociieIHAE aBapUITHBIC CUTHAJIBI) — CAMbIC TIOCTICTHUE

HEKBUTHUPOBAHHBIE aBApUKHBIE CUTHAIIBI, OOHOBJISIEMbIE KXKAYIO CEKYH/IY.

New Alarm Summary (CBoaka HOBBIX aBapHWHBIX CUTHAJIOB) — BCE AKTHUBHBIC

HEKBUTHPOBAHHBIE aBapUUHBIC CUTHAJIBI.

Unacknowledged Alarm Summary (CBoaka HEKBHTUPOBAaHHBIX aBapUHHBIX

CUTHAJIOB) — BCE HEKBUTUPOBAHHBIE aBapUiHbIE CUTHAJbl, KOTOPbIE BEPHYJIUCH B

HOpMaJbHOE COCTOSTHUE.

Acknowledged Alarm Summary (cBojxa KBUTUPOBAaHHBIX aBAPUUHBIX CUTHAJIOB) —

BCE aKTUBHBIC KBUTHPOBAHHBIC aBAPUITHBIE CUTHAIBI.

Alarm History (npeapicTopusi aBapHWHBIX CHUTHAJIOB) — BCE COOOIICHUS 00

aBapUIfHBIX CHUTHAJIaX W BO3BpaTax B HOPMAJIBbHOE COCTOSHHUE W3 BBIOPAHHOTO

apxuBaropa Historian.

Operations (Oneparyn) — yrpaBjieHUE CHPEHOM U BO3MOKHOCTh H3MEHEHUS CPEIbI.
ba3a nannbix ynpasJsiromero npoueccopa. Kouguryparop 1CC.

B ocHoBe (yHKIMOHUpOBaHus cucTeMbl |/A Series nexur 6a3za JaHHBIX
yIOpaBISIONIETO Tporeccopa. ba3za maHHBIX TpenacTaBisier coboit  Habop
KOMIIAyH/IOB, B COCTaB KOTOPBIX BXOJSAT OJIOKH.

brok — 3TO THUMOBOW anropuT™M, NpEIHA3HAYCHHBIA JIs BBIMOJTHEHUS
omnpenenéuHor Qynkmuu. CymiecTByeT Ooyiee cTa CTaHAAPTHBIX aJTOPUTMOB.
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Kaxnapiit Onoxk o6magaer OOJbIIMM HAOOpPOM MApaMeTPOB, TO3BOJSIONINX
MPUCHIOCOOUTh CTAaHIAPTHBIA aNTOPUTM IOJ BBIMOJHEHUE KOHKPETHOW 3aJayu.
[TapameTpsl 6JIOKOB yCTaHABIUBAIOTCS B IIPOLIECCE CO3aHuUs Oa3bl TaHHbIX.

broku 00benuHAI0OTCS B KOMIIayHbl. KoMmayH 1 — toruueckasi COBOKYIHOCTb
0JIOKOB, BBIMOJHSIONIUXCS BMECTE (C OJHUMHU M TEMHU K€ MepuojaoM u ¢has3oi).
VYIpoiieHHO, KOMIAyHJ — 3TO aJrOPUTM VYIPABJICHHUS TEXHOJIOTHYECKUM
napamMeTpoM (mapameTpamu), MOCTPOCHHbIMH Ha 0a3e THUIOBBIX aJTOPUTMOB
(61okoB). Hampumep, ecnm peub HIET O PETYJIUPOBAHUHM TEXHOJOTUYECKOTO
napamMeTpa IO OJHOKOHTYpHOM cxeme (OOBEKT, JaTyuK, PEeryysTop,
WCIIOJHUTEILHOE YCTPOMCTBO), KOMIIAYH/I OJKEH COCTOATH (KaK MUHUMYM) W3
TpeX MOCIEA0BATEIbHO COCIMHEHHBIX OJI0KOB — 010Ka aHanoroBoro Beojaa - AlN,
O5loka, peanu3yromero 3aKkoH peryiaupoBanus (Hampumep, PID), u Omoka
aHasoroBoro BeiBoga - AOUT.

PeanpHo 11emouka 6J0KOB KOMITayHJa BKJIIOYAET €Ile U JApyrue OJOKU, HO B
paMKax JaHHOM JIEKIIMH 3TO HE pacCMaTpPUBAETCS.

Jis co3maHus W peJakTHpoBaHMs 0a3bl maHHBIX B cpeae I/A  Series
MPUMEHSIETCS HMHTETpUpOBaHHBIA KoHburypatop ympasieHuss (ICC), a mns
POCMOTpa JE€TalbHBIX JUCIUICEB OJIOKOB M KOMIIAYHJIOB (OKHA, COJIEepKallue
3HAUYEHMsI BCEX MapaMeTpOB, a TAKXKE TPEHJIbI, CPEACTBA YIPABICHUS U PYyYHOTO
BBOJ1a) — porpamMma FoxSelect.

Hoctyn k [ICC ocymectBiuseTcss ©3 TJIaBHOrO MeHo FoxView -
Config/Control_cfg/CIO_config. Dta komaH/1a BRI3BIBAET HA 3KPaH CTAPTOBOE OKHO

nporpamMmel (puc. 9), HazpiBaeMoe OKHOM BbIOOpa kommayHaoB - COMPOUND
SELECTION.

#< FOXBORO: Integrated Control Configurator

Integrated Control Config COMPOUND SELECTION @AW7001

COMPOUND NAME SEARCH
*

BLOCK NAME SEARCH
*

BELOCK TYPE SEARCH
*

CONTROL

FCP288_ECB

FCP2BB_STA

MODELKA

RET

SIM

SIM_H

TEST

vOLBB1_VECB

voLBB1_VYSTA

VOLWRK_VECB

Mo iF

CHOICE

Puc. 9. OxHO BBIOOpa KOMITAYH/IOB.
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[Tocne co3manust kommnayHja noTpeOyeTcsi co3aanue OJI0KOB, Pean3yIOLIUX
AJITOPUTM YTIPABJICHHsI, BBOJ TTApaMETPOB OJIOKOB. 3aTeM KOMMAyH/ JOJKCH OBIThH
3arpy’)XeH B YMPaBISIONUMN Tporieccop (eciu ero paspaboTka MPOBOIWIACH B
oubnroreke). IIpoBepka ero paboThl ocyimecTBaseTcss B mporpamme FoxSelect
BKJIFOUEHUEM Ha UCIIOJTHEHUE.

[Tonpobuno Mmetomuka pabotel B mporpammax FoxView, ICC, FoxSelect,
FoxDraw Oynet onricana B TocoOwH, CreMaabHO MPeAHA3HAYCHHOM /IS U3YICHHSI
KOMITOHEHTOB IPOrpaMMHoO-anmnapaTHoro komriekca I/A Series.

WTak, KOMIUIEKCHAsh aBTOMAaTH3AIUs TEXHOJOTUYECKOTO IMpOIecca MOXKET
OBITH pelIcHa IBYMS ITyTAMHU:

Ha 0ase pacnpezeiieHHol cuctemsl yrnpasienus (PCY/DCS);
Ha 0a3e mporpammupyeMbix norudeckunx kontposuiepos (ILVIK/PLC) u wenoBeko-
mammmHHOTO uHTEepdeiica (UMIU/SCADA).

Kaxaplii w3 3TUX TyTed HMEET CBOM IOJIOKHTEIbHBIC M OTPHUIIATECIIBHBIC
CTOPOHBI.

IMoaxon XapakTepucTHKA +/-
PCY OdeHb BBICOKAsi HAIG)KHOCTh U CTENEHb TOTOBHOCTH +
[TIomHOCTBIO HHTETPUPOBAHHBIE HHCTPYMEHTEI UMMU, +
0a3bl JaHHBIX U IPUJIOKEHUS
OnTtuManpHas JUisl HEIPEPHIBHOTO YIIPaBJICHUS +

Jloporast apxuTekTypa Juisi MHOTHX NPUII0KEHUN -

YJ'Iy‘-IHIGHI/IG (bYHKIII/IOHEUIBHOCTI/I CUJIBHO YCIOXKHACT -

CTPYKTYPY

IUIK ¢ UMH | IIpuBnekarenpHas ieHa, MOAYJIBHOE AIIIapaTHOE +
o0ecrnieueHue
OnrtumainbHas 711 BBICOKOCKOPOCTHBIX JIOTUYECKUX +
IIPUII0KEHU I

Kontpomiep, YMU u npunoxeHne He UHTETPUPOBAHBIL | -

He nerepMuHuCTCKasA, MEHEE COBPEMEHHAsA KOHLIECNIIUA | -
YIIPaBJICHUS

HeTt xoMImo3uTHBIX TOYCK, IJIA KAXKIO0I0 IIapaMCTpa -
HCIIOJIB3YCTCS UM

KoHTpoJsbHBIE BONIPOCHI.

JIBa HampaBIeHMs HA MTyTH CO3JaHMsI MHOTOYPOBHEBBIX CUCTEM yIPABICHUS
M X CPaBHHUTEIbHAS XapaKTEePUCTHKA.

DCS-cucrembl — 00111as1 XapaKTepUCTHKA, KOMITOHEHTHI,
oOnacth npumeHeHus. [Iprumepsl.

Apxutektypa I/A Series 6-oii Bepcuu.

Apxutektypa I/A Series 8-oii Bepcumu.

VYmpasnstomue mpoieccopsl B DCS-cucremax.
CpaBHuTENbHASA XapaKTEPUCTHKA YIIPABIAIOMUX mpoieccopoB B DCS
CHCTEeMax M MPOILIECCOPHBIX MOAYJIeH KOHTposuiepoB B cuctemax SCADA.
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6. Certu u mmnbl B DCS-cucremax. Xapakrepucruka cereit DCS u
SCADA-cucrem.

7. Hapexnocts DCS-cuctem. [lpumepsi.

8. HuterpupoBanHoe nporpaMmmuoe ooecrneuenue /A Series Foxboro.
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Jlekusa NeS
HNurerpanus ACYTII u ACVYII
1. AKTyaJIbHOCTbh HHTETPAIUH
['oBopss 0 mIporpaMMHOM OOECHEUEHUH CHUCTEM AaBTOMATH3allMU, HEIb3s
OCTaBUTh 0€3 BHHMMAaHHA U TIPOLIECCHI, CBS3aHHBIE C BHEApPEHUEM OypHO
pa3BHUBAIOIIMXCS MH(POPMALIMOHHBIX TEXHOJOTMM M Ha BBIMIECTOSIIUX YPOBHSIX
yIOpaBIEHUS MPOMBIIUIEHHbIM npeanpuatueM. KoneuHo, 3d@exTuBHOCTD
(GYHKIIMOHUPOBAHUS TPEANPUATHS OmpeneisieTcss 3P(GEeKTUBHOCTHIO pabOTHI €ro
OTJENbHBIX MPOM3BOJACTBEHHBIX MOPA3ACICHUN, TEXHOJOTUYECKUX YCTAaHOBOK
(ACVYTII). Ho HeBo3moxkHO roBopuTh 00 3ddextuBHOCTH oTneapbHOH ACYTII B
OTPBIBE OT CUCTEMBI YIPABICHUS NPEAIPUATHEM B LIETIOM.
ABTOMatH3anus NOpeanpusaAtuid (B TOM

yucine u HedrerazoBbix) B Poccum Ha

ACYN IPOTSHKCHUH [IOCJIETHUX JECATUIIETUN

" CTPOMJIACh 110 TPEXypPOBHEMY HPUHIMILY (pHC.

cieBa). B mr00oif cucreMe  yIpaBJeHHS,

| St MIOCTPOEHHOM 110 HEPAPXHUUECKOMY MPHHIIUILY,

. TIpeamnojaraeTcsi JBHKEHHE HHGPOPMAIlMK B

CHUCTeMbl AETOMATUHECKOTO JABYX  HANpaBICHUAX:  «CHU3Y  BBEPX»

l ynpasneHus (CAY) (BOCXONSAINMI IIOTOK) M «CBEPXY BHU3»
L (HUCXOJSIIUN MOTOK).

O6BekT yrpagneHMA m, Hﬂ C HmKHETO YPOBHA I/IH(l)OpMaHI/IH OoT

- pa3IMYHBIX ~ JAaTYAKOB  IOCTYIAeT  Ha

aBTOMATUYECKUE pEryjsTopbl (KOHTPOJUIEpb]) W B BHJIE  YNPABISIOMIMX
BO3JICHCTBUI BO3BpalllaeTCsl Ha HCNoJHUTENbHbIe ycTpoiictBa (M1Y). Ha stom
YPOBHE 3aMBIKAIOTCS KOHTYphl aBTOoMaTumyeckoro ympasieHuss (CAY), a
uHbopMalusl O MapaMeTpax TEXHOJOTHYECKOro Mpolecca MOCTyNaeT BbIIIE - Ha
ypoBenb ACVYTIL. 3mecy (B omeparopHoil/mucneruepckoi) uHpopmaius
oToOpakaeTcs Ha dKpaHax, Tabjmo u peructpupyercs. OnepaTuBHbBIN MepcoHal
UMEET TaKKe BO3MOXHOCTb (OPMHPOBATH YIPABISIOIINE BO3JEHCTBUS: Ha
peryyiiarop - M3MEHEHHEM 3aJaHus, Ha OOBEKT - B PEXHUME PYYHOIO
JMCTAHIIMOHHOTO YNPABJIEHUS UCTIOJHUTEIbHBIMU YCTPOWCTBAMU.

Beepxy, Ha ypoBHe ACVYII (B MUpPOBOI MPAKTUKE 3TOT YPOBEHb YIIPABIICHHS
nonyuni Ha3Banue ERP - Enterprise Resources Planning - mianupoBaHue pecypcos
NpEeANpUATUs),  UMEITCS  CTPYKTypbl,  oOeclieyuBaimue  (QUHAHCOBO-
XO35IUCTBEHHYIO JESTENbHOCTh MPEANPUATHS B 1EJIOM, IJAHUPOBAHHE U YyYeT
MPOU3BOJICTBA, B TOM YHCIIE:
yhpaBieHue pruHaHCaMu;

OyXTanTepCKuil yuer;

HEpreTHYecKoe 0OecreyeHue;
MaTepHaIbHO-TEXHUYECKOE 00ECTIeUeHHE;
COBIT TOTOBOM MPOAYKIUY;
PEMOHTHO-TEXHHUECKOE 00EeCTIeueHue;
YIPABJICHHUE IEPCOHAIIOM U T. [I.
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Pe3ynbTaToM MX JEATEIBHOCTH SIBISIOTCSA IUIAHBI, 3aJaHUsl, PETJIaMEHTHI,
KOTOpbIE B KayeCTBE YIPABISAIOMIMX BO3JIECHCTBUIA «CIYCKAIOTCS» Ha YpPOBEHb
ACVYTII. Bot 31ech 1 BO3HUKAET TIaBHBINA BOIPOC - a Ha 0a3e Kakoi nHpopManuu
BCE 9THU 33/IaHMsI U TUTaHbI BbIpadaThiBaIUCh? [0 B TOM, YTO a@gmomamuyecku
(TOJHATH» Onepamueuylo UHPOPMALMIO 0 YPOBHS MPHUHATHSA CTPATETUYECKUX
pelieHuil 1oiroe BpeMs He yaaBaioch. B pesynbraTe uHbopManus sl IpUHATUS
YIPABJICHUECKUX PEIICHUN 4acTo ObLIa HE TOJIBKO He ONepaTHBHOM (ycTapesiei),
HO ¥ HeJI0CTOBEPHOIi (UesioBeuecKuii pakTop).

B Poccuu ucmopuuecku cnoxicuiocs mak, Y4mo agmomamu3ayus
YRPAeneHUA NPOMBIULIEHHBIMU RPEONPUAMUAMU 00120€ 8PEMS
0CYyULecCmeAIach no 08yM 00CHAMmMoOUHO 000COOIEHHBIM U HE3ABUCUMBIM OPY2
om opyza nanpaenenuam (ACYTII u ACYII).

Pa3BuTne 5STHX HampaBIeHU OOBIYHO OCYIIECTBISJIOCH Pa3IUYHBIMU
KOJUIEKTUBAMHU CIIEIUATUCTOB, MOAYUHEHHBIX PYKOBOJMUTEISIM PA3IMYHbBIX CITYKO,
OBLJIO TI0X0 CKOOpIMHUpoBaHO. O0a HarpaBJIeHUS HE ObLIN CBS3aHBI MEXKTY COOOM
HU OpraHU3allMOHHO, HU (Gu3uvecku, HU uHPopmarmonHo. Kpome Toro,
aBTOMaTH3alus OO0OMX OTUX HANpaBICHUM CTpomiach Ha Pa3HOPOIHBIX
TEXHUYECKUX U MPOTPAMMHBIX CpPEICTBaX, HE MpeaycMaTpuBalla BO3MOKHOCTHU
CTaHJapTU3aIMU KaHaJI0B oOMeHa HHpOpMaIel MEXITy YPOBHAMH.

e B 90-x rogax mpomwioro Beka B Poccun (oco6eHHO B He(hTera30BoOi OTPaciin)
Hayayicst OypHBIU MPOLIECC MOJECPHUBALMNH TEXHUYECKUX CPEACTB aBTOMATH3ALIUH.
Ha cMeHy MopanbHO M (PU3HYECKH YCTAapEBUIUM CPEICTBAM MPHUILLIN COBPEMEHHbIE
IPOTPAMMHO - TEXHUYECKHE KOMIUIEKCHI. DTO ¥ KOHTPoLiephl (PLC) pazmnunbix
npousBoauTeneit, u DCS paznuunbix MacmtaboB, Ha 6a3e KOTOPHIX MOKHO CTPOUTD
WHTETPUPOBAHHBIE CHUCTEMbl yIOPABIEHUS HE TOJIBKO TEXHOJIOTMYECKUMU
yCTaHOBKaMH, a Jake IexaMu ¥ HeOonbmumu 3aBojgaMu. SCADA-cucTemMsl yxe
CTaJI HEOTHEMJIEMON YaCThI0 MHOTUX MOAEPHU3UPOBAHHBIX W BHOBb BBEJECHHBIX
ACVYTIL

OCcOOEHHOCTBIO ITUX CHCTEM SIBISIETCS TO, YTO OHU PabOTAIOT C MOTOKAMHU
JAHHBIX, TMOCTYMAIONIUMU B PEAIbHOM MacliTabe BPEeMEHH, C BBICOKOW YaCcTOTOM
(mepuoabl onpoca — NopsJiKa CEKyHA U aKe J0JIed CEeKYH]) U U3 OOJIBIIOro Yyncia
MCTOYHUKOB (OT COTEH JO JECATKOB ThICSY MapameTpoB). OTa uHpopmanus
XpaHuTCcsl B 0a3ax [aHHBIX HE PEISIMOHHOIO THUMA M HUCIOJIb3YyeTCs JId
OMEpPAaTUBHOIO YIPABJIEHUS TEXHOJOrMYeCKUM mnporeccom. Ho wunbopmanms,
ycnemHo ucnonb3dyemass B ACY TII, HeynoOHa sl cUCTEMBbl BEPXHETO YPOBHS
YIPABJICHHUS.

[TonoxuTenbHble pe3ynbTaThl aBTOMATHU3AIMU TEXHOJOTUYECKUX IPOIIECCOB
OUYEBHJIHBI — YCTICIITHO UJIET MPOIIECC 3aMEHBI MOPAJILHO M (PU3UYECKH yCTAPEBIINUX
CPEACTB aBTOMAaTU3AllMM HA COBPEMEHHBIE W HAJEKHbIE MUKPOMPOILIECCOPHBIE
cuctembl (DCS wunu SCADA). Ha npennmpusiTusix MOSBWINCH CIEIUATHUCTHI,
BJIAJICIOIIINE KOMIBIOTEPHBIMH CUCTEMAMU W COBPEMEHHBIMU METOJaMH
YIPABJICHHS, CTICIIMAIIMCTHI 10 WH(DOpMaImoHHbIM TexHosorusiMm (UT).

e Jlna pemeHus 3agad4 aBTOMATU3ALMM YIPABICHHUS aJIMUHUCTPATUBHO-
XO3IUCTBEHHON JesaTenbHOCThI0 mpeanpusituii (ACVYII) B mocnegHee Bpems
CO37aeTCsi W IIUPOKO BHEAPSETCS OOJbIIOE KOJIUYECTBO THUIIOBBIX CHCTEM
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ynpasineHus. [lo  (GyHKIUMOHANBHBIM BO3MOXKHOCTSM BCE OTH  CHCTEMBI
HepaBHO3HAaYHBI. Cpe/ld HUX UMEIOTCS M TaK Ha3blBaeMble KOPOOOUYHBIE MMPOIAYKTHI,
peanu3yromme O4YeHb HEeOOJIbIIoe  KOJW4YecTBO (yHKIuM (OyXraaTepckue,
CKJIQJICKUE U T. I1.), U MOIIIHBIE CUCTEMBI, CIIOCOOHBIE MOJIEIUPOBATH MPOUCXOSIINE
Ha mpeanpusaTur npoiecchkl yrpaeienus (SAP/R3, Baan, Oracle Applications).
[TpencraBiensl u cucteMsl cpeadero kiaacca (JD Edward’s, MFG — Pro, SytelL.ine,
Renaissance, Concorde XAL, SunSystems, BOCC-Kopnopauus, ["anakruka,
[Tapyc, Pecypc u ap.), ciocoOHbIE peann3oBaTh JOCTATOYHO OOJBIIOE KOJIUYECTBO
GYHKIHMI 10 pa3IuYHBIM HAMpPaBIECHUSM — (DUHAHCHI, IEPCOHAI, COBIT.

OCOOEHHOCTBIO BCEX 3THX CHUCTEM SIBISIETCS NPHUMEHEHHE COBPEMEHHBIX
peJSIUMOHHBIX 0a3 MaHHBIX, TaKuX Kak, Hanpumep, Oracle, Informix, Microsoft
SQL Server u apyrux, HamboJiee XOPOIIO MPUCITOCOOIECHHBIX JIJIS PEIICHHS 3a/1a4
aHanmm3a. Ha 3TOM ypoBHE HyXHa TOJBKO TPEABAPUTENHHO MOJATOTOBIICHHAS,
WHTETpUpOBaHHAs HH(OpPMAIMA O TEXHOJOTHMUYECKHX TMPOIECCaX, COCTOSHUU
000pyI0BaHUSs, pACXOIHBIX MTOKA3aTeNsIX (JaHHBIC TUIIA CPETHUX 32 OINPEICIICHHbBIE
MIPOMEKYTKU BPEMEHH, HApaCTAIOIINUM UTOTOM, 00EMBI BEIPAOOTaHHOM TPOYKITUN
U T. 1.). Takue naHHble TOJKHBI IOCTYIIATh B CUCTEMY TOpa3Jlo pexe, 4YeM JaHHbIe
peasbHOrO BpeMEHH, HO OHH JIOJKHBI OBITh OMIEPATUBHBIMU U JOCTOBEPHBIMHU.

Buenpenue B mpoliecc ynpaBlIeHHs 3TUX MOIIHBIX TPOTPAMMHBIX KOMILIEKCOB
HE MpuHECTo oxuaaeMoro s¢¢exkra. OCHOBHOM HENOCTATOK TaKUX CHUCTEM
3aKJIF0YAETCs B TOM, YTO OHHM M3HAYAJIbHO HE MOTJIM ONEPATHBHO U aJeKBATHO
pearupoBaTh Ha peanbHbIE MPOOIEMBI MIPOU3BOJCTBA, KOTOPhIE HA MPEANPUITUN
OOBIYHO HempeackazyeMbl. CHCTEMBI aBTOMATH3UPOBAHHOTO IUTAHUPOBAHHS U
yIpaBIEHUS] MPOU3BOJICTBOM PA3BHBAINCH M3 OyXTaJITEPCKUX CUCTEM, KOTOPHIC
XOPOIIO BHIMOJTHSIOT YYETHYIO POJIb, HO HE MOKA3bIBAIOT ITyTH COBEPIIICHCTBOBAHUS
NPOM3BOACTBA. A HWMEHHO JTa 3ajJada CTOMT celyac mepea OOJIBIIMHCTBOM
OTEUECTBEHHBIX MPEITPUITHIH.

BHOBB ciioxkunach cuUTyalus, KOTJJa U Ha HOBOM BUTKE aBTOMAaTH3allMM Ha
OPEeIIpUITUIX YaCTO OTCYTCTBYET OOMEH OIllepaTMBHOM MH(pOpMAIMeil He TOJIbKO
MEXy YPOBHSIMHU YyTNpaBlieHUs (BEPTUKAIbHBIE CBSI3W), HO U MEXIY CHCTEeMaMu
OJIHOTO M TOTO K€ YPOBHS (TOPU30HTAIbHBIE CBSI3H).

C TexHUYECKON TOUKH 3PEHUS 20PU3OHMAIbHAA VHTErpalus Mpearoiaraer
oObeIMHEHUE MEXIy COoO0Oll BceX aBTOHOMHBIX CHCTEM aBTOMAaTH3aI[UH
TEXHOJIOTHUECKUX U TIPOU3BOACTBEHHBIX MPOIECCOB, a TAK)KE aIMUHUCTPATUBHBIX
OTJICJICHUM 1IEXOBOTO YPOBHSI B €MHYI0 UH(GOPMAIMOHHYIO CETh. DTO 00ECIEeUUT
HEOOXOAMMBbIA OOMEH AaHHBIMU B PEAIbHOM MacluTabe BpPEeMEHU MEXAYy BCEMHU
MoJpa3feieHusIMH ~ OCHOBHOTO W BCIOMOrarenpHOoro  mpousBojcTBa. C
MPOM3BOJACTBEHHOW TOYKM 3pEHHUsS, OSTO O3Ha4aeT ydYeT KaKAOoro Imara
MIPOM3BOJCTBEHHOTO TIpollecca OT TPUOBITHA CHIPbS 10 BBIJAYM TOTOBOMU
MPOTYKITUH.

Bepmuxanvuaa wvuterpanus  0asupyercs Ha OpraHM3alMd  MOTOKOB
uH(OpPMAITUU OT HUKHETO YPOBHS (JaTYMKOB M KOHTPOJUICPOB) BO BHYTPEHHUE U
BHEIITHWE KOMIBIOTEPHBIE CETH MPEANPUATUS U Yepe3 HUX B aIMUHUCTPATHUBHBIE
cucteMmbl ympasieHus. JlanHas 3amava pemraerca IyTeM — OObEeIWHEHUs
MIPOMBITIUICHHBIX W aJIMHUHUCTPATUBHBIX ceTel. OCHOBHas IEllb BEPTUKAIBLHOMN
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WHTETPAllMA - YCTPAHCHHWE NPEMSATCTBUH HA TyTH WHOOPMAIMOHHBIX IMOTOKOB
Mmexay ypoBHsIMU ACYIT u ACYTII ¢ nenpto onepaTuBHOro oOMeHa JIaHHBIMHU.

Ha npennpustusx aBToMaTU3UpOBaHHBIN 00MeH nHpopmalreil yacto ObIBaeT
HEBO3MOYKHBIM TI0 CEAYIOIIUM MPUYNHAM:

JTATIeKO HE BCE TEXHOJIOTMYECKUE MPOLIECChl aBTOMATU3MPOBaHbI Ha 0a3e
COBPEMEHHBIX IIPOrPAMMHO-AIIAPATHBIX CPE/ICTB;

UMEIOTCS YCTapEBIIUE CUCTEMBI aBTOMATU3AIUH, MOIKIIIOUEHUE KOTOPBIX
K CETH OPraHn30BaTh OYEHb TPYIHO;

HEKOTOpBbIe cucTeMbl cienansl nogq DOC u otcyTcTBYEeT
KOMMYHUKAI[MOHHOE 00€CIIEUEHNUE;

OTCYTCTBYIOT (pu3nueckue Juanu cBszu (JIBC);

OpraHU3alMOHHBIE TPOOIIEMBI.

CoBpeMeHHass aBTOMAaTHU3alMs TEXHOJIOTMYECKUX IPOLIECCOB OJHOIO Iexa
4yacTo ObIBAET pealin30BaHa Ha Pa3HOPOIHBIX TPOTrPAMMHO-ANMAPATHBIX CPEICTBAX.
3/1ech MOKHO BCTPETUTh CUCTEMBI YIIPABIICHHUS PAa3IMUHbIX (UPM- TPOU3BOAUTENICH
DCS u SCADA (ABB, Fisher Rosemount, Foxboro, Honeywell, Intellution,
Wonderware u np.). yis aHanmu3a TakoW «pa3HOIIEPCTHOW» HHGOpMAIMN €e
notpedyeTcsi NMpuUBECTH K eauHoMmy (opmary. B cneunanbHOW mnepuoanyueckoi
Ipecce MOaXKe IMOSBWINCh TAKWE TEPMHUHBI, KaK «OCTPOBA» WM «JIOCKYThD»
aBTOMATH3alIHH.

MO>XHO KOHCTaTHpPOBAaTh, YTO HA MPEAIPHUATHUSAX YaCTO OTCYTCTBYET €IHHAast
uH(pOpMalMOHHAs cpela, KoTopas cMoIyia Obl CTaTb OCHOBOM CHCTEMBI
OMEpPaTUBHOIO y4yeTa U YIpaBIEHUs pecypcaMu Mpou3BojicTBa. HexBaTka mpexie
BCEr0 TEXHOJIOIMYECKOW HHPOpMallMK CTAaHOBUTCS Bce OoJiee U 00Jee aKTyaIbHOM.
CeronHsi MPakTUYECKU BCE CIY>KObI MPEINPUATUN 3aMHTEPECOBAHBI B MOJIYYEHUN
OTIEPATUBHBIX U OOBEKTUBHBIX TEXHOJOTMUYECKUX JAHHBIX.

M3 Bcero BBIIEHU3II0KEHHOTO ClIeyeT OOBEKTUBHAs HEOOXOUMOCTh
uHTerpanun yposaeit ACYTII u ACVYII — ceronns ajis 3Toro co3aaHbl BCe
HEO0OXOIUMbIE TTPEATOCHUIKH:

PYKOBOJCTBO MPEINPUITHI CTAaHOBUTCS BCE 00Jiee 3aMHTEPECOBAaHHBIM B
MOJIYYCHHUH ONEPATUBHON M O0OBEKTUBHONM MH(OPMAIIUU O TEKYIIUX U apXUBHBIX
3HAYEHHUAX NapAMETPOB TEXHOJOTUYECKHUX IIPOLIECCOB;

Ha MHOTHUX NPEANPUITHAX YK€ CO3aHa JOCTATOYHAs CETEBasI

uHppactpykrypa (cetu Ethernet Ha ypoBHe npeanpusiTvs, CTaH1apTHbIE
MPOMBIIIUIEHHBIE IMHBI HA ypoBHE ACYTII);

Ha PbIHKE CPEJCTB aBTOMATU3AIIUH YK€ MOSBUINCH CTIEIMATM3UPOBAHHbIE
MPOTPaMMHBIC MPOYKTHI PA3IUYHBIX TUIIOB, B TOM YUCJIEC U OT Pa3padOTYUKOB
SCADA-cucrem.

OcHoOBHas 11eJ1b UHTETPaIluy Pa3IMYHbIX MOJICUCTEM TIPEATPUITHS -
oObeuHeHne NHGOPMAIIMOHHBIX TIOTOKOB, CO3JJaHUE €IMHOTO NH(POPMAITMOHHOTO
MIPOCTPAHCTBA sl OOBEKTUBHOMW U OTIEPATUBHOMN OIICHKU TEKYIIEH CUTYalluu,
ONEPATUBHOIO MPUHSITUS ONTUMAJIBHBIX YIPABICHYECKUX PELICHUN, TUKBUIALUN
WH(OPMAITMOHHBIX ¥ OPTAHU3AIMOHHBIX 0APHEPOB MEXTY YIIPABIECHYECKUM U
TE€XHOJIOTUYECKUM YPOBHSIMH.

2. UnTerpupoBaHHAas CHCTEMA yIIPaBJIeHNUS NMPeANPUATHEM
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3a moclielHUE TPU-YETHIPE rojia B CHEIUATbHBIX MEPUOJUUYECKUX HU3TAHUAX
MOSIBIJIOCH OOJIBIIIOE KOJWYECTBO CTaTeH, MOCBSIICHHBIX BOMPOCAM HHTETpalliu
ypoBHeil ACVYII u ACVYTIL. Bce cnenuanncTtsl CXOAATCS BO MHEHHH, YTO B
HepapXxuu YIpaBJIeHUST HEOOXOIUM MPOMEKYTOUHBIM MHTErPUPYIOIIMHA YPOBEHb,
KOTOPBIM MOT OBl CITY’)KUTh MOCTOM MEXK/Ty pa3HOPOIHBIMU TOTOKaMU WHGOPMAITUN
ATUX ypoBHEH (puc. 1). UTo kacaeTcs HHCTPYMEHTAIBHBIX CPEJICTB (MPOrPaMMHOIO
obOecrieueHus1) JIJIsl pealii3alliy 3aJ1ayd 00beTMHEHHUS HHPOPMAITMOHHBIX TTOTOKOB,
TO WX BBIOOP OIpEACNsIeTCs, TPEXKAE BCETO, KOHKPETHBIMU  yYCIIOBUSIMU
(CTIOKMBIIICHCS HAa TPEANPUATAA CTPYKTYpOod HWHGOPMAIIMOHHBIX ITOTOKOB,
WCIIOJIB3yeMBbIM  Ha  Pa3HbIX  YPOBHSIX  MPOTPAaMMHBIM  OOECIeYCHHUEM,
JEHUCTBYIONTUMH TPOTOKOJIaMH OOMEHa W T. J.), a TaKKe MOTPEOHOCTSIMHU B
uH(OpPMAITUHU CIEITUATICTOB U PYKOBOJUTEIIECH BCEX YPOBHEH.

APM cneyquanncToB

APM cneyranHeToB
H PYKOBOAHTENeH

W pYKoBOAUTENeH

m W

== ==

APM cneyuanucToBs
W pyKoBOgUTENEl

APM cneyquanncToB
W pyKoBOAHTENER

VpoBeHb

YpoBeHb
ACY TN

Puc. 1. UuTerpupoBanHas cucteMa ynpaBieHUs MPEANPUITHEM.

B o6miem cityqae oomen nanabiMu Mexxkty ACYIT u ACY TII ocymiecTBisercs
M0 BEPTUKAJIM BO BCTPEUYHBIX HAINPABIICHUSIX.

Bocxongmuii  nmotok  (opmupyercs MNpOU3BOJCTBEHHOW HMH(pOpMaLIUEH,
MOCTYMAOIIEH ¢ TEXHOJIOTUYECKUX YYaCTKOB, YCTAHOBOK U 1IEXOB. B ocHOBHOM 3Ta
uH(popMaIusl TIepenaeTcs aBTOMATU3MPOBAHHBIM CIOCOOOM OT JIEUCTBYIOIIMX
ACVYTII, co3mannbix Ha 0aze SCADA u DCS. PesynpraThl mabopaTOpHBIX
aHanu30B (popMuUpyrOTCs B 1abopaTopHbIX WHMOpMaIMoHHBIX cucteMax (LIMS -
Laboratoire Informatic Management System). IIpemycmoTpeH py4HOH BBOJ
JAHHBIX, KOTOPHIE HE MOTYT OBITh BBEICHBI B CHCTEMY aBTOMATH3MPOBAHHBIM
cnocoboM. ITOT MOTOK JAaHHBIX OOECHEYMBAET CIELUUATNCTOB U PYKOBOJIUTENEH
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BEPXHETO YPOBHS CBEACHUSMHU O KOJIMYECTBEHHBIX M KaUE€CTBEHHBIX MOKA3aTeNAX
nepepadoTaHHOTO ChIPhs U MPOYKTaX MepepadOTKU, TEXHOJIOTHYECKUX PEKUMAX U
X HapyUICHUSX, COCTOSHUM TEXHOJIOTMYECKOTO0 OOOpYJOBaHUs, MOTPEOICHUU
pEareHTOB U SHEPrOHOCUTEINEH, 3aTpaTax TpyJa U T. 1.

Hucxonsaimuii moTok npeacrasisieT coO00 MpOn3BOICTBEHHbBIC 3a/1aHUS,
rpaduku paboThl U PEMOHTOB, TEXHOJIOTMYECKHUE PErJIAMEHTHI, ClieIU(pUKAIIIU Ha
KaueCTBO BbIpa0aThIBAEMbIX HEPTEPOAYKTOB U T. 1I.

Ananu3 cymectByronmx ACY moka3bIBaeT, 4To U MEXAy OJACHCTEMaMHU
TEXHOJIOTHYECKOTO YPOBHS (TOPU30HTAIIBHBIE CBSA3H), U MEXIY IOJICUCTEMAMHU
BEPTUKAJIIBHOTO MTOJIYMHEHHUS POUCXOAUT HHTEHCUBHBIN 00MeH nH(popmarueil. B
TO K€ BPEeMsI MHOTHE KaHAaJIbl CBSI3U JINOO BOBCE HE aBTOMATU3MPOBAHBI, THOO
aBTOMATU3UPOBAHBI HEIOCTATOYHO.

OcHoBHBIE (0a30BbI€) PYHKIMU UHTETPUPYIOIIETO YPOBHS:

e cOop u ynudukaus uHpopmauuu ot paznuunabix ACY TII npeanpustus u
APYTUX UCTOYHUKOB TEXHOJOTMUECKON MH(POPMALUH, CUIIbHOE €€ CHKaThe
U JIOJTOBPEMEHHOE XPAaHEHNE €JUHOTO APXUBA;
OBICTPBIM JoCcTyn K HH(OpMalMM JHOO0T0 «KJIMEHTa» (CHeUualucTa WIn
PYKOBOJIUTEIS) U €€ MPEACTaBICHUE B EAMHOM (popmare;
nojJiep>KKa KaHajmoB ooOMeHa uHpopmanueit ¢ yposaem ACVYIIL, npencraBieHHbIM
takuMu cucteMamu, kak SAP/R3, Oracle Application, Baan, I'ataktuka u Ipyrumu.

Ha mocTcoBeTCKOM HpOCTpaHCTBE CPOPMUPOBATIOCH HECKOJIBKO OCHOBHBIX
MOJIXO/I0OB K aBTOMATH3allMU YNPABICHUS MPOU3BOJICTBOM B PEAIbHOM MaciTade
BpeMeHU. B 3Tux paMkax BeyTcsi pabOThI 10 CO3IaHUI0 HHPOPMALIMOHHBIX CUCTEM
npousBoactea  (MCII), ABTOMATU3UPOBAHHBIX  CHUCTEM  OIIEPATUBHOIO
nucneryepckoro ympasieHus (ACO/Y), cucrem nmoanepKKu MPUHATUS PEIICHUN
(CIIIIP) u T.11. Kak mpaBuiio, 00beM peann3yeMbixX (PYHKITHI U TOAXO0/IbI K PEIISHUIO
GyHKIMOHATBHBIX 3a7a4 Ha Pa3jIMYHbIX TPEANPUATUSIX WHIWBUIYAIbHBI H
00yCIOBJIEHBI MOTPEOHOCTSIMU CIIELIMATIUCTOB B MPOU3BOJACTBEHHON MHpOpMAIUH
Ha MOMEHT BHEAPEHUSI HHPOPMAIITMOHHON CUCTEMBI.

B pa3nuyHBIX HCTOYHMKAX 3TOT AapXUTEKTYpPHBI YPOBEHb YIPaBJICHUS
Ha3bIBAIOT MMO-Pa3HOMY. ODTO M MOHSATHO - KOHKPETHO 3aHUMATHCS CO3JIaHUEM
WHTETPUPOBAHHBIX CHCTEM YIpAaBICHUSA MpeanpusitueM B Poccuum eme TONbKO
HAYMHAIOT. A TIO3TOMY M OTCYTCTBUE €AMHOU TEPMUHOJIOTHH.

B mupoBoii npaktuke chopmupoBanack U 3akpenwiack uaeonorus MES
(Manufacturing Execution Systems). Ilo ompenencauio APICS (American
Production and Inventory Control Society) MES - sto undopmamuonHas u
KOMMYHHUKAIIMOHHAsI CUCTeMa MpPOU3BOACTBEHHON cpenbl mnpeanpusatus. boiee
pa3BEpHYTOE ONpEIEICHUE Jana MEKIyHApOJHAas HEKOMMEpUYECKas acColuanus
MESA (Manufacturing Enterprise Solutions Association). MES-cuctema - 3to ACY
IIPOU3BOICTBEHHOM I€ATEIbHOCTBIO IPEANPHUATHS, C TOMOILBIO KOTOPOI B pEKUME
peaNnbHOr0  BPEMEHM  OCYIIECTBISIIOTCS  KOHTPOJb,  JOKYMEHTHUPOBAaHHE,
IUTAHUPOBAHUE U ONTUMU3ALMS IPOU3BOJICTBEHHBIX MPOLECCOB OT MOCTYIUICHUS
CBIPbS 10 BBIITYCKA TOTOBOW MTPOTYKIIHH.
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Hcnonp3yst  ¢akThueckue TEeXHOJIOTHMYecKue maHHble, MES-cuctemsr
MOAJACPKUBAIOT BCIO NMPOU3BOACTBEHHYIO AECATEIBbHOCTh MPEINPUATHS B PEXKUME
peambHOr0 BPEMEHH. DBBICTpBIM pPE3yNbTATUBHBIM OTKIMK Ha W3MEHSIOLIUECS
yclioBUsl TToMoraet 3PGEeKTUBHO YNPABIATh MPOU3BOJACTBEHHBIMU OMEPALMSIMHU U
npoueccamu. Kpome toro, MES-cucrembl (popMupyroT naHHblE O TEKYIIMX
MIPOU3BOJICTBEHHBIX IMOKa3aTemsix, HeoOxoaumble N pyHkimonupoBanus ERP-

cucreM. Takum oOpazoM, MES-cucrema - 53TO CBA3yIOLIEE 3BEHO MEXIY
OPHUEHTUPOBAHHBIMU Ha (MHaHCOBO-

1 ~
ACYM X034KicTBeHHbIE onepaunn ERP-cucremamu n

ONEPATUBHOMN IIPOU3BOJICTBEHHON
JEATENBHOCTBIO IPEANPUITHS HA YPOBHE LIEXA,
YnpasneHwe NpoM3BOACTEOM | YYacTKa WU IIPOU3BOACTBEHHOU JIMHUU.

i ERP - cucTeMBblI

MES - cucTeMbl Ortcrona cnenyer, 4TO HHTETPUPOBAHHYIO

1 aBTOMATU3UPOBAHHYIO CHCTEMY YIIPaBICHUS

ACYTI (SCADA, DCS) INPOMBIIUIEHHBIM  MPEANPUITHEM  MOXKHO

s MPEACTaBUTH B BUE YEeTBIPEX

L B3aMMOCBSI3aHHBIX YPOBHEH yrnpaBiieHus (puc.
CUCcTeMbl aBTOMaTHHECKOTO clieBa).

i ynpaeneHua (CAY) ITpy 2TOM KaK/Iblii YpOBEHB YITPaBIEHHs

XapakTepu3yeTcs “CBOE” MHTEHCUBHOCTBIO
06BbekT ynpasneHuAa (I, 1Y) HUPKYJIUpYIOLIel B HeM UH(pOpMaIKi, CBOUM
MacmTaboM BPEMEHU U CBOMM Ha0OpOM

GyHKUIMA.

e Kontyp ynpaBnenust ypoBHs CAY sBisIeTCs CaMbIM JKECTKHM IO BPEMEHU
peaklny, KOTOPOE JOJKHO U3MEPSITHCA AOIAMHU CEKYH M MUJUIMCEKYHIaMU.

e VYposenb ACYTII siBnsieTcs caMbIM MHTEHCUBHBIM 1O 00beMy UH(POPMAIINH,
HO, KaK IPaBUJI0, MEHEE KECTKUM C TOUKHU 3peHus BpeMenu. B SCADA-cucremax
MPOUCXOJUT HAKOIUIEHHEe U 00paboTka OOJBIIOr0 YHCIa TEXHOJIOTHYECKHUX
napamMeTpoB U cosnaerca uH(GOpMalMoOHHAas 0a3a HMCXOOHBIX JAHHBIX IS
IIPOU3BOJICTBEHHOTO YPOBHSI.

e OnepaTuBHO-IPOU3BOJCTBEHHBIM yYpOBEHb YIIPABICHHMS ONUpAaeTCs Ha
O00BEKTUBHYIO MH(OpMaIHio, noctynatwouryio kak ot ACYTIL Tak u ot apyrux
ciy’)k0 mpousBojcTBa. VHTEHCHMBHOCT, HWH(GOPMALMOHHBIX TOTOKOB 37€Ch
CYLLIECTBEHHO HI)KE€ M CBS3aHAa C 3aJa4yaMH OIIEPAaTUBHOIO IUIAHUPOBAHUS U
ONTHMM3ALMHU 33JIaHHBIX MTPOU3BOACTBEHHBIX NOKa3aTesiel (Ka4yecTBO MPOAYKIIUH,
IPOU3BOAUTENLHOCTD, SHEProcOepekeHrne, cebecTouMocTh U T.A.). BpemeHHbIE
LUKJIbl YTPABIECHUS COCTaBIIIFOT MUHYTHI, 4achl, CMEHbI, CyTKH. OrnepaTuBHOE
yIpaBJE€HHUE MPOU3BOACTBOM OCYIIECTBISETCS CIENUATNCTAMU, KOTOPBIE AETATBHO
BJIAJCIOT TMPOU3BOJICTBEHHON CHUTyalMe (pyKOBOIUTENIH MPOU3BOACTBEHHBIX
LIEXOB, YYaCTKOB, IJIaBHbIE€ TE€XHOJOTH, SHEPreTUKH, MEXaHUKHU U Jp.). B cBs3M ¢
ATUM JIOJKHO TOBBIIIATHCSA KauyecTBO M 3((PEKTUBHOCTh MPUHUMAEMBIX Ha 3TOM
YPOBHE PELICHUM.

e Crparermdyeckuii ypoBEHb YMPABICHUS OCBOOOXKIAETCS B 3TOM Clydae OT
pelleHusl ONEePaTUBHBIX 3a/1a4 MPOU3BOJICTBA U 00eCTIeUNBAET MOACPKKY On3Hec-
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IPOLECCOB MpeAnpusaTus B 1enoM. [loTok nHpOpMamu OT MPOU3BOACTBEHHOTO
YPOBHSI CTAaHOBUTCS MHMHHMAJIbHBIM M BKJIIOYaeT B ce0d arperupoBaHHYIO
YOPABJISIIONIYI0 M OTYETHYI0 MHMOPMAIMIO C TUIIOBBIMH BpEMEHAMHU KOHTPOJIS
nekana, mecsn, kBaptan. Crona ke mnoctynaer uHdopmanus 00 aBapUHHBIX
CUTyalusX, TpeOyIOIUX HEMEIJICHHOTO BMEIIATENbCTBA BBICILIETO
YIPaBJIEHYECKOT0O NIEPCOHANA MPENPUATHS.
3amayu, pemaeMblie HA YPOBHE YIIPABJICHHS IPOU3BOACTBOM:
= Coop, xpanenue u npedocmagieHue OAHHbIX

Ota QyHKIHS obecrneynBaeT MHPOPMAIIMOHHOE B3aUMOJICHCTBIE Pa3IMUHbIX
IPOU3BOJACTBEHHBIX IOJACHCTEM il IOJYYEHHUsS, HAKOIUIEHUS U INeperayu
TEXHOJOTHYECKOM M  yNpaBiedyeckod HMHPOpMAIUHM, LUPKYIUPYIOUIEH B
MIPOU3BOJICTBEHHOM Cpele Mpennpuarvs. JJaHHble O XOJI€ MPOU3BOJCTBA MOTYT
BBOJIUTHCSI KAK aBTOMATHUYECKU C 3aJaHHOUN nepuoandHocThio u3 ACYTII, Tak u
BPYYHYIO ONIEPATUBHBIM [IEPCOHAJIOM.

= Hducnemuepuzayus npouseoocmea

OOecnieunBaeT TEKYIIMA MOHUTOPUHI U JUCHETYEpU3AIMIO IpoLecca
IIPOU3BOJICTBA, OTCJIEKHUBAET BBIMOJIHEHUE ONEpalui, 3aHATOCTh 000PYJOBaHUS U
JH0JIeH, KOHTPOJIUPYET B pE€aIbHOM BPEMEHH BBINOJHEHUE PAOOT B COOTBETCTBUU C
IJIAHOM.

= OnepamugHnoe nianuposanue

Ota QyHKIM 00ecreuynBaeT ONepaTuBHOE U JIETANIbHOE JIAaHWPOBAHUE
paboThl, OCHOBAaHHOE Ha MPUOPUTETAX, aTpUOyTaX, XapaKTEPUCTUKAX U CBOMCTBAX
KOHKPETHOTO BHJIa MPOAYKIHUH, & TAKKE AETATBHO U ONITUMAIbHO BBIYUCIISIET
3arpy3Ky o0OpyZ0BaHUs IPU pab0Te KOHKPETHON CMEHHBI.

= Ynpaenenue kauecmeom npooykuuu

[IpenocraBiser TaHHbIE U3MEPEHHI O KaUeCTBE MPOIYKLIMH, B TOM YKCIIE U B
peXUME peaTbHOr0 BpPEMEHHM, COOpaHHbIE C MPOU3BOJCTBEHHOIO YpPOBHS,
oOecrieunBas 10>KHBIM KOHTPOJIb KAYeCTBA U ITPUBJIEKas BHUMAHUE K OTKJIOHEHUSM
KaueCTBEHHbIX MOKa3aTesel NpOAYKIUU OT 3a1aHHbIX.

= Ynpaenenue npouzeoocmeeHnvimu ponoamu (mexoocayricueanue)

[Tonnepkka mpomecca TEXHUYECKOrO OOCITYy)KMBaHHUS, IIJIAHOBOTO U
OTNIEPaTUBHOIO PEMOHTA MPOU3BOACTBEHHOI'O U TEXHOJIOTHYECKOT0 000PYI0BaHMUS
Y UHCTPYMEHTOB B TE€YEHUE BCErO MPOU3BOACTBEHHOTO NPOLIECCa.

Ha 3amane wucnonb3zoBanue MES-cuctem cuutaercss O4YEBHAHBIM, U TIPHU
peleHny 3a7a4 KOMIUIEKCHOW aBTOMATH3allMM MPEANPUITHS OJHOBPEMEHHO
WIIYTCSl PELICHUS I TPEX B3aMMOCBs3aHHBIX ypoBHeH ymnpasineHus: ACYTIIL,
MES u ERP. B Poccun e momoOHble cHCTEMbl MPAaKTUYECKH HEU3BECTHBI U
UTHOPUPOBAHUE HMX HEOOXOAMMOW POJU SBISAETCS NPUUYMHOM CYIIECTBEHHBIX
npoOseM Mpu CO3JaHUU KOMIUIEKCHBIX CHCTEM aBTOMATH3AllMM MPOMBIIIIEHHBIX
MIPEANIPUATUHN.

Pa3paboTunku HHCTPYMEHTAIBHBIX CUCTEM (B TOM YHUCIIE M Pa3padOTIYNKH
SCADA) npeyarator UCIoab30BaTh B LENAX UHTETPALlUU PA3JIMYHbBIC TUIIbI
IIPOrPAMMHBIX TPOJYKTOB. SICHO OJTHO: MOCKOJIBKY P€Yb HJIET O CO3AHUH €IMHOTO
UH(GOPMAIIMOHHOTO IPOCTPAHCTBA, OJJHUM M3 OCHOBHBIX KOMIIOHEHTOB
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IPOrpaMMHOT0 0OecTieueHHs] YPOBHSI YIIPaBIECHUS TPOU3BOACTBOM JOKHBI ObITH
0a3bl qanHbIX (BJ1) uiy apxuBbl, OpUCHTUPOBAHHBIC HA XpaHEHHUE U 00PabOTKY
O0JBIINX 00BEMOB JJAHHBIX PEATBHOTO BPEMEHH U3 PA3IMYHBIX HCTOYHUKOB.
Benenue apxuBa u 06paboTKa 3anpocoB — 3TO 3a1a4uu cepBepa. He MeHee BakHbI
U KJIMEHTCKHE MPUII0KEHHUS, CIIOCOOHBIE MPEICTABISATh HH(POPMAIUIO B
TpedyemMoM Bujie U popmare.

3. ba3pl JaHHBIX peajbHOI0 BpeMeHH

Ba)XxHBIMM KOMIIOHEHTAMH, UCIIOJIb3yEMbIMHA Ha BEPXHUX YPOBHSX, SBIISIOTCS
cuctemsl ynpasienus 6a3zamu qanubeix (CYB/). [peanpusarus ¢ momompeo CYBJ]
peoaosen npoOaeMbl, CBSI3aHHBIE C OTPOMHBIMU 0ObeMaMu TyOJTUPOBAHHON U
MHOT/Ia TPOTUBOPEUNBOM HHPOPMAITUH, TTPEIOCTABIIEMON K TOMY K€ Pa3IMYHBIMU
U 3a4acTyl0 HECOBMECTHMBIMHU Jpyr C Apyrom crnocobamu. Ho mcmompzoBanue
TPaJAMLIMOHHBIX PEJIALMOHHBIX 0a3 TaHHBIX, OPUEHTUPOBAHHBIX HA PEUICHUE 3a/1a4
ypoBHs1 ACVYII, He Bcerna BO3MOKHO B CUCTEMAX YIIPABJIECHUS IPOU3BOICTBEHHOIO
YPOBHs1. 37€Ch MOKHO BBIIEJINTH HECKOJIBKO OCHOBHBIX OTPaHUYECHH.
[Tpon3BOACTBEHHBIE MPOLIECCH TEHEPUPYIOT JaHHbIE OYEHb ObICTPO. YTOOBI
XpaHUTh MPOU3BOJICTBEHHBIM apXuB CUCTEMBl, Hampumep, ¢ 7500 pabouumu
nepeMeHHbIMH, B B/l Kaxmyro cekyHIy HeoOxoaumo BcTaBisATh 7500 cTpok.
OOb1uHbIe B/l HE MOTYT BBIAEPKATH MOAOOHYIO HAIPY3KY.

OObeMbl MPOU3BOJACTBEHHON HH(MOpPMAIMU OTpOMHBI. MHOTOMECSYHBINA apXuB
3aBojia ¢ 7500 TeXHOJOrMYECKUMHM IepeMeHHbIMU TpeOyeT noj b/l nuckoByro
namsaTe oO0beMoM okosno 1 TepaOaiita. CeronHsuIHHME TEXHOJIOTMH TaKUMHU
o0beMaMH MaHUITYJIMPOBATH HE MOTYT.

SQL kak s3bIK HE MOAXOAMUT JJIsi 00paOOTKH BPEMEHHBIX WU TEPHOJIMYCCKUX
JAHHBIX, TAIUYHBIX JJI IPOU3BOACTBEHHBIX CUCTEM. B 4aCTHOCTH, YpE3BBIYANHO
TPYJIHO YKa3aTh B 3alpoce NEPUOJUYHOCTh BHIOOPKH BO3BpALIAEMbIX JaHHBIX.

Kak pe3ynpTar npeogosieHus 3TUX OrpaHUYEHUN MTOSBUIICS HOBBIM KJIACC
MPOIYKTOB - 0a3bl JaHHBIX peasibHOro BpeMenu (b/IPB). IIpu aToM HameuaroTcs
nBe koHuenuuu coznanusa bJ[PB: He3aBucumas, HoBast pazpaborka b/l u
pa3pabotka b/IPB Ha ocHOBe u3BecTHbIX pensiunoHHbIX B/I, Hanpumep, MS SQL
Server.

Industrial SQL Server (Wonderware)
Industrial SQL Server u ero oco6eHHOCTH

Industrial SQL Server - BHyTpr3aBOACKOM XpaHUTEIh apXHUBHOM
uHbOpMaInK, BKIIOYAst JaHHbIE O COOBITHSIX U COOTBETCTBYIOIIUX PEAKLIUAX.
Industrial SQL Server npencrasnser coboit PBJI, B KoTopoii ydTeHbl HCTOYHUKH,
CKOPOCTb MOCTYIIEHUS U 00beMbI IPOU3BOICTBEeHHOM nH(popmaruu (puc.3). On
MO3BOJISIET OCYIIECTBIATH COOp U 3alKCh JAHHBIX B COTHU pa3 ObICTpee, 4YeM TO
nenatoT oObruHble B/ Ha aHanoruuHo argopme, U IpU 3TOM 3aHUMAET
3HAYUTEIHLHO MEHbIIIE TUCKOBOIO MPOCTPAHCTBA.
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Puc. 3. Industrial SQL Server B MHTErprpOBaHHOM CUCTEME YIIPABIICHUS.

Hecmotps Ha T0, uto Industrial SQL Server mocraBisieTcs koMnaHueu
Wonderware kak caMOCTOSTEIbHBIN TPOAYKT, OH B TO K€ BpEMS SIBJISICTCS OJTHUM
U3 IJIaBHBIX KOMITIOHEHTOB naketa FactorySuite2000, ero crepxaem. bynyun
unTerpupoBanHbiM co SCADA-cuctemoit InTouch, Industrial SQL Server
Croco0eH HaKarIMBaTh MPHU TTOMOIIU CEPBEPOB BBO1a/BhIBOJIa MH(MOPMAIIHIO
MPAKTUYECKU OT JIFOOBIX U3MEPUTENIbHBIX MPUOOPOB U YCTPOMCTB cOOpa JIaHHBIX.

Nudopmarmonnsie motoku Industrial SQL Server u ux HarnpalieHHE
SBJISFOTCSI CTAHAAPTHBIMU U1 0a3 TaHHBIX PEAIbHOTO BPEMEHU: C OJHOU CTOPOHBI
- 9TO JTaHHBIE, TIOCTYMAIOIINE U3 PA3IMYHBIX UCTOUYHUKOB JJIsi coxpaHeHus B bJ| mo
ctangapTHeIM ipotokosiam DDE, OPC, SuiteLink, ¢ apyroii - nanssle,
3amnpalirBaeMble moTpedbuTensimu yepes unrepdeiic SQL ceprepa.

CrangapTHBIM ME€XaHU3MOM Moucka nHdopmanuu Ha cepepe Industrial SQL
Server sBmsiercss SQL, 4To rapaHTUPYET TOCTYIMHOCTH TAHHBIX CAMOMY IIIHPOKOMY
Kpyry npuioKeHnil. B moamMuoxkecTBO s13p1ka SQL BXOAUT pacimpeHune, Ciryxamniee
JUIS. TIOJIyYeHUsI JUHAMHYECKUX MPOM3BOJICTBEHHBIX JaHHBIX M3 IndustrialSQL
Server U MO3BOJIAIONIEE CTPOUTH 3ampOChl Ha 0aze BPEMEHHBIX OTMETOK. Bce
npwioxkeHus1, padorarommue ¢ Microsoft SQL Server, MOTYT TakXe MOAKITIOYATHCS
u K IndustrialSQL Server.

Jlns XpaHeHus JaHHBIX peanbHoro Bpemenu B IndustrialSQL Server
UCIIOJIB3YIOTCSl ICTOPHUECKHE OJIOKU MM (Daiisibl CrEUalbHOTO opMmaTa.
OcHoOBHOE TpeOOBaHUE K HUM - 00ECIIEYEHUE BHICOKOW CKOPOCTH PETUCTPALNN U
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MOBBINICHHOE CKATHE TAHHBIX.

B IndustrialSQL Server (Bepcuu 7.1 u BbiIe) Hapsiay ¢ goctynom mo SQL-
3anpocam, J00aBjieHa BO3MOXHOCTh MOJIy4€HHs JaHHBIX Mo mporokonam OPC,
DDE, SuiteLink.

4. Cnenyua;Tu3MpoBaHHbIE POTrPAMMHBIE CPeICTBA

Jlnst opranu3zanuu HHGOPMAITMOHHOTO MOTOKA MEXKAY TEXHOJIOTUYECKUM
ypoBHeM (ACVYTII) u 6usznec-cuctemMon psii pa3padOTYNKOB HHCTPYMEHTAIbHBIX
cucteM (B ToM unciie u SCADA) npenniararoT HCNoJIb30BaTh CHEIUATBHBIN THUIT
MIPOTPAMMHBIX TTPOTYKTOB.

HaunGomnee momynsipHbIe MPOTrpaMMHBIE TPOAYKTHI, CIOCOOHBIEC peIaTh
3aJ1a4u UHTETPAIMOHHOTO YPOBHS, IPUBEACHBI B TA0I. 1.

Tabnumna 1

HanmeHnoBanue npoaykra Dupma-IIpoON3BOJIUTEID

ABB Simcon Inc. Integrated Refinery Information
System (IRIS)

Aspen Technology Aspen Tech's InfoPlus.21
Honeywell HI-Spec Sotution Uniformance

Invensys Performance Solution Integrated Control and
Infomation System (ICIMS)
Petrocom Kanbkynstop

OSISoft Plant Information System
(P1 System)

Integrated Refinery Information System (IRIS) npeacraBisier co6oi
HHTErPUPOBAHHBIM KOMMEpPYECKHMIi MaKeT NPOrpaMMHbIX MoayJeil. OnH
o0ecmeynBaeT AeATEJIbHOCTH ONEPATOPOB, HHYKEHEPOB, ILUIAHMPOBAHHWE U
ynpapiieHue ¢ (YHKOUSIMH XPaHEHUs, MPeACTABJIeHMS W AaHAJU3a
TEXHOJOTMYECKHUX U JTa00pPaTOPHBIX I1aHHbIX. UMeroTcs 0M0JIM0TEeKN THIIOBBIX
NPUJI0KEeHNH NI KOHEYHBIX MoJib30oBaTesel. [laker BKiIIOUaeT Takxke MOy IU
OTYETOB, pacyeTa TEIJIOBHIX M MATEPUAJbHBLIX 0aJaHCOB, IMJIAHUPOBAHMS,
ONTUMM3ANUMN, MOHUTOPUHTA OKPYKAIOIIEH Cpe/ibl, AHAJIN3a TIaHHBIX, TPEHI0B
u SQC-pacuertos.

SAnpo cucremsl IRIS - pensiimonnas 6aza nanHbIx 1 Xxpanenus ot 50 go 100
000 TeroB 3a MATh JIET C MUHYTHBIM Pa3pELIEHUEM.

IRIS  wumeer  pacmpenelieHHYI0 — KJIMEHT-CEPBEPHYIO  apXUTEKTYpY,
noanepxkuBaeT miathopmel UNIX, RISC, Intel PC u cranmapTHble TEXHOJIOTHH
TCP/IP, OLE, DDE u MS Windows, obecrieunBas mepcoHany NpearnpHsIThs JOCTYII
K 1aHHbIM cucTeMbl IRIS u mpunosxenusm mo cetn LAN.

Aspen Tech's InFoPlus.21 - uadopmMalimoHHO-yIpaBIIsSoNas CUCTEMa,
oOecrieunBaroiast HHPPACTPYKTypy A cO0pa, 1ETOCTHOCTH, YIIPABICHUS, U
MPEACTABICHUS TEXHOJOTHUYECKUX JAaHHBIX, B TO BpeMs kKak ERP-cuctemsi
WHTETPUPYIOT YIIPaBIEHYECKUE JaHHBIC. DTa CUCTEMa TaK)Ke 00ECTIeUnBaET
UHOPACTPYKTYPY JJIsl MHTETPUPOBAHHBIX MPUIIOKEHHM, TAKMX KaK yIpaBlieHUE
TEXHOJIOTUYECKUMHU MPOLECCaMU, YIPaBIIEHUE TPOU3BOJACTBOM, YIIPABICHUE
KaueCTBOM.
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Aspen Tech's InFoPlus.21 uaTerpupyer TexHomorudeckue nanasie B ERP-
CUCTEMY JIJIsl COBEpPIICHCTBOBAHUS U YIYUIICHUS TOAAEPKKU IPUHSITHS PEILICHUH,
o0ecrieunBaeT KaueCTBEHHBIMU JAHHBIMU BCE MOPA3/IEICHUsI IPEATIPUATHS.

Integrated Control and Infomation System (ICIMS) ycunuaer
HOJIEPKKY MPUHATUS PELICHUM, 0OecrieunBasi HHTETPALUIO MEXKAY CUCTEMOMN
yIpaBJICHUS HUKHETO YPOBHS, UH(POPMALIMOHHBIMU CUCTEMAMHU YIIPABICHUS
IPOU3BOJCTBOM, TEXHUYECKUMU MHPOPMAIITMOHHBIMU CUCTEMaMH U CUCTEMOM
yIpaBJICHHS OU3HEC-TIPOLECCAMHU.

ICIMS Britouaer ceteByto TCP/IP-apxutekTypy, apXuB UCTOPHH,
J1abopaTopHy0 HHOPMAITMOHHYIO CUCTEMY, SJIEKTPOHHYIO CUCTEMY
JOKYMEHTaIuH, (UHAHCOBOM OTUYETHOCTH, Oasupytommxcsa Ha ERP-unctpymentax
(SAP, BAAN wmu JD Erdwards).

Kpome nepeurcieHHbIX BbIIIE CHCTEM UMEETCS €Il Leas ramma
IPOrpaMMHBIX IPOAYKTOB, OPUEHTUPOBAHHBIX HA KOHKPETHBIE TEXHOJIOTMUECKHE
IIPOM3BOICTBA, HAIPUMEp, HePTenepepadaThIBAIOIINE 3aBObI, U
peIHa3HAaYCHHbIX JUISl PEIICHUS OTIEIbHBIX 33/1a4 3TOI'0 YPOBHSI (CUCTEMBI
pacuera U COrjlacoOBaHHs MaT€pHaJIbHBIX OalaHCOB, CUCTEMBI YIIPaBICHUS
JBUKEHHEM He(DTU U HEPTETIPOYKTOB B pe3€pBYapHBIX MapKax, J1ab0paTOpHbIE
MH(POPMALMOHHBIE CUCTEMBI U T. ]1.).

[TporpaMMHBI€ IPOTYKTHI TOJOOHOTO Kacca COBCEM HENaBHO MOSBUIIUCH B
Poccun. Tem He MeHee, yKe MPOSBIAIOTCS KPUTEPHUH JIJIs1 CPABHEHUS ITUX CUCTEM
KommyectBo untepdeticoB k ACYTII (DCS, SCADA)

MacutabupyemMoCcTh CUCTEMBI

XapakTEepUCTUKU AJITOPUTMA “‘CoKaTHS” M BOCCTAHOBJICHUS TAHHBIX
TpeboBaHus K TaMATH

B03MOXHOCTB “ropsdero’” pe3epBUPOBAHUS CEPBEPOB

KinueHnTtckue npunosxkeHus — y100CTBO paboThI

KonndecTBO 0AHOBPEMEHHO NOIEPKUBAEMBIX KIINEHTOB
CkopocTh 00pabOTKH OIeparyii YTCHHe/3auch

CTOMMOCTHBIE XapaKTEPUCTUKU

Criucok NpuBEIEHHBIX KPUTEPUEB HE MPETEHAYET Ha MOJHOTY. [ 1yOoKwHit
aHaJIN3 IIPOrPAMMHBIX IIPOJYKTOB ITOI0 Kjlacca €uie PEeACTOUT CeIaTh
cnenuanicram. Ho 00 ogHOM BaskHeMIIEH XapaKTepUCTUKE HHTETPUPOBAHHBIX
MH(OPMAIMOHHBIX CUCTEM HEJb35l HE CKa3aTh - HATMYME U YKCIIO MPUIIOKEHUN
JUISL pELLIeHUs] TUIIOBBIX 3a/1a4 IIPOU3BOICTBEHHOTO YPOBHS.

4.1. Plant Information System

Hasnauenue nporpammuoro ooOecmneuenusi Pl System - cOop, xpaHeHue,
oOpaboTka u mpeactaBienre uHpopMmanuu. Kaxmas w3 MEepEUHCICHHBIX BBIIIE
GyHKIMNA peaau3yeTcsi TMOCPEICTBOM Pa3UYHBIX KOMIIOHEHTOB W MOJYyJEH
nporpaMMHoro obecrnieueHus Pl System.
= Jlus cOopa u nepenayum JaHHBIX OT AeicTByromux Ha npeanpustuu ACYTII
MOXHO HcmoJib3oBaTh craHaapTHeie Pl-OPC-untepdeiicel. OTO0  1mO3BOJUT
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YHU(QHUIMPOBATh  MpOrpaMMHOE  oOecrneYeHne U CHM3UTh  CTOMMOCTH
nHpopMarmoHHo# cucteMbl. Pl-untepdeiicsl o6ecreunBaioT:

nonyyeHue u 3anuch JaHHBIX 0T SCADA, DCS, KOHTpOJIJIEpOB B peKUME
peajbHOr0 BPEMEHU IO COOBITHSM WM PACIHCAHUIO C JUCKPETHOCTHIO 0
MUJUTUCEKYH/IbI;

aBTOMATHYECKOE OIOBEIICHNE O HapylleHuH (uznueckoit cBsas3u Pl- cepsepa u Pl-
uHTepdeiica;

aBTOMAaTHYECKOE BOCCTAHOBJIEHUE JaHHBIX IPH BOCCTAHOBIICHUU CBA3U;

CoKaTHe JIaHHBIX JIJISl CHUOKEHUS Tpaduka B JJOKaIbHOU CETH.

["apanTupoBaHHasi JOCTaBKa JaHHBIX (0e3 pe3epBUPOBaHMS (HUIUYECKOTO
KaHaja) obecrneunBaeTcsi crocooHocThio Pl-unTepdeiicoB Oydeprs3oBath TaHHBIC
32 HECKOJIKO CYTOK B YCJIOBHSIX OTCYTCTBHS CBSI3M M aBTOMAaTUYECKU IMEPEAABAThH
naHHble B Pl-cepBep npu ee BOCCTaHOBJIECHUHU.

Pl-unrepdeiic nmeer MunuMalibHbIN Tpaduk B cetu (80-100 Ko6ut/c npu
nepenaude 25000 napamMeTpoB) 3a cUET CHKATHsl TaHHBIX HA YpOBHE HHTep(eiica,
ucnons3oBanusa PI-API nporokosna nepenayn JaHHBIX U ONTUMAIBHOW HACTPOMKH
CoKaTHsl TaHHBIX Ha YPOBHE MHTep(eiica — BO3MOKHOCTH MEPEJauyH TaHHbIX 110
pacnucanuio uinu coosituto. PI-unrepdeiic odecneunBaer AByXCTOPOHHUN 0OMEH
nanaeiMu Mexty PI System u ACYTII u BO3MOXHOCTh niepeauul U XpaHEHUs
JAHHBIX C MUJUTMCEKYHIHOM OTMETKOM BpemeHHu. Takum obpa3om, PI-untepdeiic
IpeIbsABISCT MUHUMaJIbHbIE TPEOOBaHUS K PU3NUECKOMY KaHAILy CBSI3U: IPOTOKOJI
TCP/IP, ckopocts niepenauu 64 Kout/c. Kanain cBsi3u ¢ Takumu
XapaKTEePUCTHKAMHU 00€CTIeunBaeT rapaHTHpoBaHHyto niepeaady 10000
napameTpoB.

Coznannas Ha 6a3e PI System nHdopMaliMoHHas cucTeMa MOXKET OBITh JIETKO
pacmupeHa 3a cueT BBOAMMBIX B Jkcmutyataunio ACYTII, moctpoeHHBIX Ha
pa3uuHOM TporpaMMHo-anmapatHou miatdopme. s storo PI System umeer
cbiie 300 cnenuanu3upoBaHHbix HHTEp(eiicoB k cucreMam ACYTII Bexyniux
IIPOU3BOJIUTENIEH MUPA.

Hnsa B3aumogpeiicteus Pl System ¢ pensunonHsIME 6a3aMy JaHHBIX MOKHO
UCIIOJIb30BaTh crenunanu3upoBannbii uaTepdeiic PI-RDBMS nubo cranmapTHbie
npotokoiasl ODBC unu OLE DB, Takxe noanepxxuaembie PI System.

st cBsizu PI System ¢ BepxHUM ypOBHEM yIpaBJICHHs, TOCTPOSHHBIM Ha
6aze cucrembl SAP/R3, umeercs cnenmanuzupoBanubiii koHHekTOp RLINK. 310
coenquHeHne cepruduimpoBano paspaborunkom SAP/R3 - xommanumeir SAP.
Wmeercs u untepdeiicel mans cesizu Pl System ¢ cucremamu JD Erdwards wu
Renaissance.

Kpome Ttoro, PI System nopnep:xkuBaer cranmaptHelie npoTokonsl DDE,
COM/DCOM wu wumeeT OTKpBITBIM mnporpaMMmubii uHTepdeiic PI-API  nns
pa3paboTKu COOCTBEHHBIX MHTEP(DENCOB K HETPATUIIMOHHBIM CUCTEMAM.

— XpaHeHue u 00padoTka uHGoOpMaLMU — OJHA U3 IIaBHBIX 3a1a4 Pl System.

OyHKIMU XpaHEeHUsT W 00pabOTKM JaHHBIX BO3JIOKeHBI Ha Pl-cepsep.
[Iporpammuoe obOecneyenne cepBepa Pl System Bkmodaer criemyrommue
KOMIOHEHTHI (puc. 6.4):
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Pl Universal Data Server (P1-UDS);
Pl Data Storage (PI-DS);

Pl Server Apps;

Pl Data Access Pack (PI-DAP).

CHCTEMEVHP&BHEHHHﬂpOHSBOﬂCTBEHHO-

YpoBeHL PI RDBMS
nNpeAnpUATHA

XO3ANCTEEHHOW AeATENBHOCTBIO

-——
Pl Server —|

Pl Univercal Data Server |
(YHWBepcanbHbIA cepBep AaHHBIX)

Pl Data Storage
(ApPXWB peanbHOro BEpeMeHM)

YpoBeHb
NpoM3BOACTBA

KnueHTCKWe NPUNOXKeHWA
|—:- Pl Proces Book

Pl Data Link
[— Pl Manual Logger

ALMUHUCTPUPOEAHKWE Pl Server Apps
Pl System {HaGop cepBepHbIX NPUNIOXKEHWA)
Pl STM

| Performence Eguations
| Totalizer

| saL

| Alarms

| Batch

|

| Pl Data Access Pack {JQocTyn K AaHHEIM])
| Pl API, Pl SDK, P| ODBC, PI OLEDB
YpoBeHb Pl-Interface Pl-Interface Pl-Interface

Pl-Interface

TeXHONOTMYeCKMX
ApoUecCcoB

Puc. 4. Komnonents Pl System.

> Pl Universal Data Server smusercs ¢ynmamentom Pl System. PI-UDS
BBITIOJHACT (DYHKIIMU cOOpa M pacrpelecHus JaHHBIX MO0 BCEM IMOJCHCTEMaM B
peXHME peabHOr0 BPEeMEHHU, 00CCIICUNBACT B3aMMOICHCTBUE C apXUBOM JaHHBIX,
cHabXast ero «OKUBBIMWY JTaHHBIMH.

PI-UDS cocroutr u3 cereoro menemkepa (Pl Network Manager), 6a3bl
JaHHBIX TEroB, MCHeIKepa OOHOBIcHWM W cHMMKa (Snapshot) - pesumeHTHOM
aMsTH, B KOTOPYIO 3alMCBhIBAIOTCS TeKymue 3HadeHus Todek. Pl-UDS Taxxke
COJICPKUT YHUBepcalbHbIi anantep nanubix (Pl Universal Data Adapter), koTopsiii
NpUMEHSICTCS  JIUIL  JOCTyNa K JaHHBIM 0a3 JaHHBIX KMCTOPUU  JPYTUX
npousBoanTeNeld. It 0a3bl coemuusAtoTes ¢ Pl-UDS uyepe3 cooTBeTcTBYrOMINNA
COM-KOHHEKTOP.

» Pl Data Storage - apxuB JaHHBIX — OJIMH W3 BaXHEUIIMX KOMITOHCHTOB
cuctempl. OO0beM apxuBa OIpeneseTCs KOHPUTypanued cepBepa. AIroputM
CKaThus JaHHBIX (JIMHEHHAsh WHTEPIOJISANNS) TapaHTUPYET WX BOCCTAaHOBJICHUE C
To4HOCTHIO OT 0,0000001 10 1 % 1IKaIBl U3MEPEHUS U C TUCKPETHOCTHIO | cekyHa,
YTO TO3BOJIIET PadOTATh C OONBIIUMHU apXHUBAMHU.
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Ckopocts 3anucu/yrenus B Pl Data Storage moxet nqocturats 100 000
ornepanuii B cekyHry. CKOpOCTb JOCTyIa K MHPOpPMaIlUK OIIEHUBAETCA KaK JOCTYI
COTHH T0JIb30BaTEJEH K ThICSIYaM TETOB 3a CEKYHy OJHOBPEMEHHO, JaKe €CIU
BCE MMOJIb30BaTENM OyAYyT 0OpamaThCs K OJHUM U TEM K€ TEram.

» Pl Server Apps - HaOOp CEpBEPHBIX NPHIOKCHUH, 3aBHCSIIHA OT
koHurypauuu Pl-cepsepa.

B cepsep Pl System Bxondar cneayromiye cepBepHbIe MPUIOKEHUS:

» Performance Equations - mnoacucTeMa [jIs BBIIOJHEHHS CIIOXKHBIX
BBIYKMCIICHUI MO (opMysaM HaJ JaHHBIMH M3 apxuBa 0€3 JIONOJIHUTEIHHOTO
IPOTrPaMMHPOBAHHS.

= Totalizer - momcucrema ansi WHTErpaibHOW 00paOOTKM JaHHBIX Ha

OTIPEJICIICHHBIX BPEMEHHBIX OTpE3KaX, HA3bIBAEMBIX HHTEPBAJIAMU HAKOILICHUS
(Accumulation Interval). ITo cpaBuenuro ¢ Performance Equations BeIduciIeHUs C
nomoiipio Totalizer 6ontee Tounsbie, T.k. Totalizer ucoap3yer naHHbIC HE U3 apXUBA,
a u3 Snapshot, T.e. naHHbIE, K KOTOPBIM HE MPUMEHSJIOCH CIKATHE.

» PI Alarm - moacucTema TpeBOr TNpeHa3HaYeHa JJIsi TOTO, YTOOBI
reHepUpoBaTh TPEBOTH /Jisi Touek Pl System u curHanu3upoBaTh O BOSHUKHOBEHUHU
tpeBor. Pl-Alarms gormonHser, HO He 3aMeHsSET CPEACTBa IO 0OpabOTKE TPEBOT,
KOTOPBIE UMEIOTCS B YIPABJISAIONIUX CUCTEMaX MPEANPUSITHS.

= P| SQL - npeana3znauen s noaaepxku SQL 3anpocoB k apXxMBUPOBaHHOMN
uH(popmanuu. brarogaps »Toil noacucreMe Kk apxuam Pl MoxkHO oOpaiaTees Kak
K OOBIYHOU peNsIMOHHON 0asze naHHbIX. B momonnenue k s3p1ky SQL cepsep Pl
ODBC Server noaaepuBaeT 3ampochl 10 BPEMEHH.

» Pl Batch - moacucrema aiist 00pabOTKH JaHHBIX MEPUOINICCKUX MPOIIECCOB,
MPOIYKIIAS KOTOPBIX BBIMYCKACTCS TAPTHAMHU. 3alUCH, aCCOIMUPOBAHHBIC C
napTusiMu, coiepkar uHpopmamuio 00 wupeHtudukarope cepuu (Batch 1D),
unentudukatope npoaykuuu (Product ID) u eauHuIIaX U3MEPEHUsS TPOIYKIIUH B
naptun. [loap30BaTens MOXKET M0 3aMPOCy BHIOPATh MHTEPECYIOITUE €TI0 APTHH.

» Pl Real-Time SQC - mpoBOAWT HENpPEpHIBHBIH KOHTPOJIb M OOpabOTKY
3Hauenud u3 Pl System ¢ wucnonbp3oBaHMEeM CTaTHCTHYECKUX MeTONOB. [lpu
BO3HMKHOBEHHWH HEMPUEMIIEMOT0 OTKJIOHeHHss oT HopMmbl Real-Time SQC
TeHEpUPYET U MepeaacT TPEBOTry 00 3TOM COOBITHH B MOJICUCTEMY TPEBOT.

» Pl ACE. Ananus npouzsooumenvrocmu u 3¢hghexmusHocmu 8 peaibHom epemeHi,
noocuem 3ampam u CHMOUMOCHU BblPADOMAHHO20 NPOOYKMA, pPacdenm HeuMepsembix
HANPAMYIO  6eIUYUH U BbIYUCTIEHUE NO  PAIUYHbIM  QQOpMYTIAM C  NONPABOYHLIMU
Koaghpuyuenmamu — 6ce 5mo mpedyem MamemMamudecKux GbIYUCIEHUL DAUYHOLL
CNOJCHOCIU U nepuooudHoCmy. MakcumanbHo obne2yas NoCMpoeHUue BCeB03MONCHbIX
suruucienutt, Pl Advanced Computing Engine (cpeda svinonnenust unsiceneprvix pacuemos)
nOo360/151em CQHOKYCUPOBAMb YCUNUSL UHIHCEHEPOS HA NPEBPALEHUU MEKVUYUX OaHHBIX O
npouzsoocmee 8 nonesuyio u HyscHyio ungopmayuro. PI ACE nozsonsem cozoagéamv
WAONOHBL  BLIYUCTCHUIL Ol OOHOMUNHBLIX 00bekmos, Xparsuuxcsi 6 MDB, komopuie
HOMO2arOm CMAHOapMU3UPO8aAMs U A8MOMAMUUPOBANs PA3pPADONMKY GbIYUCIEHUL O
MEXHONIOUYECKUX NPOYECcco8, YMO 3HAYUMENbHO CHUMCAEm MpY00eMKOCHb padomuvl
NPOSPAMMUCITIOS.
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= Pl Analysis Framework. Pl Analysis Framework - uoswii wiae 6 udeonocuu
passumus Pl System 6 cmopony unmezpayuu npou3so0CmMEEHHO20 MOOETUPOSAHU U
MEXHON02UYECKUX OAHHbIX peabHo2o epemeru. Pl AF - uncmpymenm ons co30anus mooenetl
U cxem npou3e00cmea (OpeaHU3AYUOHHbIX U MEXHON0SUYECKUX), COCIMOSUUX U3 DTIEMEHINO8
U UX 83aUMOCES3€lL U 83AUMO3ABUCUMOCTELL. DNleMeHNbl MO0 NPEOCMABTIAoN COOOU KaK
Quzuneckoe 0bopyoosarue (pezepayapol, Meni00OMEHHUKU, CMEeCUmenu, uamMepumen u
m.0.), max u boee abcmpakmHbie 102UtecKue KOHCIMpYKyuu (3¢hghekmusHocmy, IK0I02Us U
m.0). Pazpabomannas modenv noszeonsiem exmoyamv 8 cedsl  OPeaHU3AYUOHHO-
MEXHONIOUYECKVIO CIPYKIYPY NPeOnpusimusl, 102UKY €20 QyHKYUOHUPOBAHUS, NPUHYUNbL
KOHMEKCMHO-3A8UCUMO20 NPEOCMABNIeHUs OaHHbIX O NPOUIBOOCMEEHHOM  Npoyecce.
OcHo8b18a5Cy HA €OUHOU MOOeU, OOCMYNHOU JH00biM npunodxcenusim PI System, mooicro
APOBOOUMb  PA3IUYHO20 POOd AHATU3, 00PAbOMKY U npedcmagieHue uHgopmayuy o
npou3eoo0cmee, NOCMYyNAloOWylo 6 PpeaibHOM — 6DEeMEHU, HAnpumep  CO2NACOBaHUe
MEXHONO2UYECKUX OAHHBIX, pactem 3(PhHeKmusHoCmU, aHaIU3 RPOCMOe8 MeXHONI0SUYECKO20
000pYO0BaHIA.

= PI Sigmafine. Sigmafine noseonsiem nomyuums co2naco8aHHbI MAMEPUATLHBILL,
SHEpeMUUeCcKULl U NOKOMNOHEHMHbIL OANAHC UBMEPUMETLHOU UHGOpMAayuL no YCMAHOBKe,
3a600y wm Kopnopayuu. Vlcnonw3ys cneyuanvbHblii aneopumm HA OCHOBe Memood
Haumenvuux keadpamos, SIGMAFINE coenacosvieaem 6ce uzmepeHusi npuoopos,
VUUMBIBAS MOYHOCMb U OOCHOBEPHOCHIb KANCO020 Npuobopa. s Kaxcooeo 6blOpaHHO2O
8peMeHHo20 uHmepeana Sigmafine paccuumvigaem Co2naco8aHHble UIMEPeHUsl npoyecca
Max, 4moobl OHU UMeNU MUHUMATILHOE OMKIOHEHUe OM OetCMEUMETbHbIX 3HAYEHULL U
OO0HOBPEMEHHO, YMOObI MACCOBbILL U/UTU YHEPeMUYECKULL OANAHCHL CXOOUTUCH.

Pacuer 6amaHCOB - 3TO OCHOBHOE MPUMEHEHNE COTIIAaCOBAaHHBIX TAHHBIX U ATOT
pacdeTr HeoOXOJAMMO TPOW3BOJUTH B MEPBYIO OUYEPE/b, TaK KaK €r0 HCIIOIb3YIOT
JIpPYTUE THUIBI pacdeToB. Pacder 6amaHCOB HUCIOMB3YETCS ISl OMPENCTICHUS TOTO,
4YTO MOXKET "HamboJiee BEpOsSTHO" MPOU30NTH B MPOU3BOJICTBE 3a OINPEACIICHHbIN
BpEeMEHHON wuHTepBal. UTOOBI TPOM3BECTH pacueT OalaHCOBBIX JaHHBIX,
SIGMAFINE Oeper otTciexxuBaeMble H3MEPEHHUs IMapaMeTpOB Mpoliecca M
OLIEHUBAET JOCTOBEPHOCTH (OTKJIOHEHUE) U TOYHOCThH (JOMYCK) MU3MEPUTEIbHBIX
yctpoiicts. 3atreM SIGMAFINE npousBoauT pacyeT qaHHBIX Tak, 4TOOBI MAaCCOBBIN
W/WU DHEPreTUYeCKUi OanaHChl ObUIM COTJIACOBAHBI TP MUHUMYME OTKJIOHEHUS
JICUCTBUTEBHBIX 3HAYEHUN OT COTJIACOBAHHBIX.

= Pl Control Monitor. 9mo npunoscenue Pl paspabomano 0nsi onepamopos,
yyacmeylowux 8 ynpagienuu mextonoaudeckum npoyeccom. Pl CM  noseonsem
OOHapyHcums cOOU 6 KOHNTYPAX pe2yupo8aniisl, OYeHUmb Kauecmso pe2yiuposarus. 1100
KOHNTYPOM pe2yiupOoB8arst NOHUMAEMCSl KOMIIEKC NPOSPAMMHO-MEXHUYECKUX CPeOCmE Ol
VADABNeHUs NApamMempom  (Kayecmeom Wil KOIUYEeCmEoM) BbIXOOHOU NpOOYKYUU Ul
JIIOObIM KPUMUYECKU BAXNCHbIM MEeXHONIo2UdeckuM napamempom. 1axoce npunodicerue Pl
CM ucnonvzyemces urdicenepamu cuyscool ACY TII ons obHapysicenust HeucnpasHocmeli 8
KOHMYPax pe2yiuposarusl (0m 0amuuka 00 UCHOTHUMETbHO20 MEXAHUIMA) U NIAAHUPOBAHUSL
NposedeHUst NPOGUIAAKIMUUECKUX PAOOM.

= |T Monitor. IT Monitor - npunooicenue, exoosuyee 6 cocmas PI System, komopoe
UCNOIL3Yemcsl Ol KOHMPOJIA U AHAMU3A QhYHKYUOHUposarus IT-cmpykmypul npeonpusmust
C MOYKU 3PEHUS NOBLILUEHUS ee NPOUB0OUMETLHOCHIU, HAOEHCHOCU U Oe30NACHOCIU.
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OcnoBbiBasich Ha 0a30BbIX TexHONOrHsIX PI System, IT Monitor yaudunupyer
U TpPEeACTaBIseT JaHHBIE PEAJbHOIO BPEMEHHM O COCTOSHHMHM CETEH, CETEeBOro
obopynoBanuss u npuwioxkeHuil. [T  Monitor o06magaeT  yHUKaJIbHBIMHU
BO3MOXKHOCTSIMU TI0 XpaHEHHIO M 00paboTke WHGOpMAINK, MPEBOCXOISIIUMU
npenesibl  OOBIYHBIX HMHCTPYMEHTOB MOHHUTOpPMHTA paboThl HHOOPMAIMOHHBIX
cucteM. [T Monitor mo3BoJsitOT OBICTPO OMpenesaTh "y3kue" W MOTEHIMAIBHO
npoOiemMHubie MecTa B [T-CTpyKType npeanpusiTus.

» PI1 DAP (Data Access Pack) - Habop HHCTpYMEHTOB JIJIsl [IOMOIIIH OTIBITHBIM
MOJIB30BATEISIM B TIPOCMOTPE, CTPYKTYPUPOBAHUH M TOCTYTIEe K JaHHBIM Pl System,
BKJIFOYAFOIIHM:

Pl API (Application Programming Interface) - mzabop nporpamm, odecriedrnBarOIHiA
oOmuit mporpamMMHbIi nHTEpdeEtic k Pl System;
Pl SDK (Software Development Kit) - Habop HHCTPYMEHTOB IPOTPaMMHUPOBAHUS,
o0ecreunBaoIIMX J0CTyN K Pl-cepBepam u CBsI3aHHBIM C HUMU TIOJICUCTEMAM,;
Pl ODBC (Open Database Connectivity) - mnpeacraBaser Pl System kak
pensiuoHHyto 6a3y maHHblx. OH ompenenseT JOCTyH K €€ COJASPKUMOMY B
cTaHAapTHOM (opMaTe U MO3BOJSET MPUHUMATh U BBIMOIHATH KOMaH 6l SQL;
Pl OLEDB - no3Bomsier Pl System npuHuMath 3anpockl aHATOTHYHO PESIIMOHHBIM
0a3aM JaHHBIX.

= @OyHKIUs NpeacTaBjaeHus HHGOPMAIUM TTOJIH30BATEISIM (PYKOBOIUTEISAM U
cnenuanuctam npenanpuatusi) B PI System peanuszyeTcst ¢ MOMOIIBIO KIMEHTCKUX
MIPUIIOKECHUM.

CranaapTHBIEC POTPAMMBbI TO3BOJISIIOT MOJIB30BATENIO, HE MTprleras K TOMOIIN
IPOrPaMMUCTOB, pa3padaTbiBaTh IKpaHHbIE (HOPMBI C TPAPUUECKUM U TaOIUUHBIM
npeacTaBiieHrneM uHpopMmaluu B ynooHoM 1ist cedst Bue. [Ipu aToM goctymnHa Bes
coOpanHas u o6padoTanHas undopmarus, xpansimiascs B PI-cepepe, He3aBucHUMO
OT €€ UCTOYHUKA U THIIA.

Pl ProcessBook (PI-PB) — xkiuMeHTCKOe NpPHUIOXKCHHE, CyXalee s
otoOpakenus undopmarmu, xpansiueiics B Pl DataStorage u B apyrux ucTouyHuKax
JMaHHBIX. J{7151 OBICTPOM OLIEHKU COCTOSTHUSI MPOU3BOJICTBA TIPHUIIOKEHHUE TTO3BOJISET
CO3/1aBaTh U OTOOpakaTh HaCTpanBaeMble MHEMOCXEMBI U TpeHAbl. [lepekmtoueHue
MEXIY peKUMaMu pa3pabOTKH W MPOCMOTPA MPOU3BOAUTCS MPOCTHIM IICITYKOM
MBIIITH.

Cxopocthb u3BneueHus nanHbix u3 Pl DataStorage oueHnp BbICOKa U HE 3aBUCUT
OT KOJIMYECTBAa OJJHOBPEMEHHO pabOTaIONIUX KIMEHTOB U TOTO, YTO OHU PabOTarOT
C OJTHUMH U TEMU K€ TAaHHBIMHU.

Hns pacmupenusi Bo3moxkHocTedt B PI-PB  BcTpoen Visual Basic for
Application (VBA).

Pl DataLink - yacto ucnons3yemoe kineHTCKOe puiokeHne. OHO MO3BOJISEeT
IPUMEHSITD JIII aHAJIM3a JaHHBIX JeKTpoHHbIe Tabmipl Excel. Datalink BeiBouT
JTAHHBIC B DJICKTPOHHYIO TAOJIMIy W TO3BOJISET MPOCMATPUBATh WX M3BECTHBHIMU
cpenctBamu Excel. JlanHoe npuiiokeHne yaoOHO 1jisi GOPMHUPOBAHUS PA3TUIHBIX
OTYETOB.

PI-Manual Logger (PI-ML) - npunoxenue, npeaHa3HaueHHOE IS PYYHOI'O
BBOJIa JaHHBIX (JTA0OPATOPHBIX JAHHBIX, TOKA3aHU MPUOOPOB O€3 CTaHIapTHOTrO
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BBIXOJTHOTO cuTHana) B apxuB Pl System. JlaHHbIe MOTYT BBOAMTHCS M3 TEKCTOBBIX
daiinoB u ¢ nepenocHbix TepmuHanoB HHT (Hand Held Terminals), posibs koTopsix
MOTYT BBITMOJHSATh MUHHUATIOpHBIE KOMIbIOTEpHl Kiacca Palm Top wnm apyrue
YCTPOWCTBA.

Pl Batch View (PI-PC&PI-PB Add-in) - mnpuiokeHHe, I03BOJISIONICE
IPOCMATPUBATh MEPUOJIMYECKHUE MTPOIIECCHI, TIIaBHBIM 00pa3oM IMPHU MPOU3BOJICTBE
NPOAYKIMU mapTusMu (pe3epByaphl, cmenieHue). IIporpammHoe oOecrieueHue
MO3BOJISICT BBIACIATHh MAPTUW TMPOAYKIMH B apXWBE MO HMX HIASCHTU(UKATOpPAM,
MPOCMATPUBATH X0/ MPOIECCa MPOU3BOCTBA MAPTUH MTPOTYKTa, CPABHUBATH MEXKTY
co0oit TpadKu, COOTBETCTBYIOIINE KOHKPETHBIM MMAPTUSM, CPABHUBATH MMAPTUU C
HEKOTOPBIMU «ATAJIOHHBIMWY», ()OPMUPOBATH OTUETHI MO YCTAHOBKAM, MapTUsIM U
rpyInmnam napTuu.

Pl Active View - npennaznaden aist mpocMotpa Pl-apxuBa v BEIOOPKH TaHHBIX
yepes urepHer.

4.2. Cucrema noaaep:KKy NPUHATHA PelICeHH B TPAHCIIOPTe
He¢Tu Ha 6a3ze Pl System

VYyactok HedTenpoBoja JIazapeBo-I opbkuit mpoTskeHHOCTHIO 400 KM
AKCIUTYaTUPYETCS TPAHCIIOPTHBIM MpEeANnpUsATHEM BepXHEBOIKCKHI
maructpanbhbiit HedTenposo (BBHII). B cocras sToro o0nekra ynpasieHus
BXOJAT 1Th HeTenepekaunBarommx cranuuii (HIIC), y3nel yuera u npyrue
TEXHOJIOTUYECKHE OOBEKTHI.

HNcTounnkamu nponu3BOICTBEHHO-TEXHOIOTHUEeCKUX AaHHbIX a1t CIITP
SABJISIFOTCSL:

Cuctema qucneruepckoro kouTposis u yrpaienus (CAKY) «Cupuycy.
ABTOMATHM3UPOBaHHAsA CHCTEMA KOHTPOJS M  MCIOJIHEHUsS JIOTOBOPOB €
nocTaBiukamMu u notpedurensimu «ACKHU .

Cucrema cOopa JaHHBIX C y3JI0B KOMMEPUECKOI0 yueTa 3JEeKTPUUECKON IHEPTHU
«OHeprus-Moaem».

OnHol U3 riIaBHBIX 3aj1a4, PelIacMoil B CUCTEME, SIBIISIETCS 3a/1a4ya
oOBeMHeHus Beel nHpopMaIuu, HaXOoASIICHCs B JTOKAJIBHBIX CHCTEMAaX
aBTOMATH3alIUH, IEUCTBYIOIIUX HA YPOBHE KOHKPETHBIX YCTAHOBOK U
TEXHOJIOTUYECKUX IPOLIECCOB.

Cucrembl ympaBieHUs pa3iuyHbIMU oObekTamMu HedTenposoga (HIIC,
JMHENHBbIE YYacTKH, Y3JIbl y4yeTa U T. [I.) peaju30BaHbl Ha 0a3e MporpaMMHO-
TeremexaHndeckoro komiiekca «Cupuyc» Poccuiickoit pupmsl BUPA Peanraiim.
CAKY «Cupuyc» obecrnieunBaeT ONEpPATUBHBIA JUCIETYEPCKUN KOHTPOIIb H
yIPABJICHHE TEXHOJIOTHYECKHUM MPOLECCOM NEPeKayKu HEPTH, peasiu3ys MpU 3TOM
cieayronme GyHKIUU:

JMCTAHIIMOHHOE yIPaBJIE€HUE MaruCTpalbHbIMU U ToANOpHbIMU arperatamu HIIC,
3aIBUKKAMHU, JCOJIOKMPOBKOM 3aIuT, BcrioMorarelbHsIMH cucteMamu HIIC;
aBTOMaTH4eCKuil cOop TenecurnanoB o coctossanu HIIC, maructpanbHbIx

Y MIOJIIOPHBIX arperaTtoB, 3aJBUKEK, BCIIOMOTaTEIbHBIX CUCTEM;
aBTOMATUYECKOE OTOOpaKEHUE TEJIECUTHAIOB HA MOHUTOPAX

(MHEMOCXEMBI);
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aBTOMATHYECKUH CcOOp (IMKIWYECKHA W TIO 3ampocy) AaHAJIOTOBBIX CHUTHAJIOB
u3Mepenust napieHus B HedtenpoBoae u Ha HIIC, momHOCTM M Harpys3ok
MarucTpajbHbIX U MOAMOPHBIX arperaToB ¢ 0TOOpaKEHUEM Ha MHEMOCXEMaXx;
dbopmupoBaHue 00111ero KypHana onepatuBHbix coodmenuit (TC, TY)

C YKa3aHHMEM JIaThl 1 BPEMEHH COOBITHS;
dbopMHpoBaHUE JTOKYMEHTOB JIJIsi BBIBOJIA HA ME€YATh:

OMEPATUBHBIX COOOIICHHUM, CMEHHBIX U CYTOUHBIX TUCIIETYEPCKUX

JUCTOB (MO PErJaMeHTy WU IO 3aIpocy).

HNudopmarus ¢ 00eKTOB yIpaBiIeHUS COOUPAETCS B TEPPUTOPHATIEHOM
nucneruepckom nyHkre (TII), naxonsimemcst B Huxknem Hosropoge. Otot
YpOBEHbB YIIpaBJICHUS pealin30BaH Ha 0a3ze mporpaMMHOTo obecrneuenus: Cupuyc-
QNX.

XOT B 3JIGKTPOHHOM BHJIE€ UMeETCsl HH(OpMaIKs O MapaMeTpax
GYHKIMOHUPOBAHUS MPAKTUYECKU BCEX TEXHOJOTUYECKUX OOBEKTOB,
CYIIECTBYIOIAsl CUCTEMA YIIPABJICHUS HE 00ECIICUNBAET HAKOTUICHHSI 3TON
uH(OpMAIUH C IEJIbI0 €€ UCTIOIB30BaHMs MPOU3BOICTBEHHBIMU CITY>KOaMHU.

[Tockonbky kaxnas ACY umeeT CBOI CTPYKTYPY, ApXUTEKTYPY U TPUHITUIIBI
GyHKIMOHUPOBAHUS, TO JJISl MCIOJIb30BaHUS HH(POpPMAILMUA PEabHOTO BPEMEHU
MPEXJIe BCEro HEOOXOMMO PEIINTh 3a/1auy MOJYYCHUS U YHU(PUKAIUY TaHHBIX, a
3aTeM - €€ TIPEJICTABIICHUS CIICIIUAIMCTaM.

Heasto coznanus CIIIIP sBisercs obecrieueHrne pyKoBOJCTBA U
cneruanrctoB OAO BBMH nocroBepHoii nHQOpMalueld peaibHOro BpeMEHH,
HEO0OXOIMMOM JIJIs1 KOHTPOJIS KITFOUEBBIX MOKa3aTeNiel NeaTeIbHOCTH U
OTIEPATUBHOIO YIIPaBJIEHUSI MpolieccaMu TpaHCIopTa HEeDTH,
aBTOMATH3UPOBAHHOTO aHaIN3a MPOU3BOJACTBEHHON MH(OpMAIIUU C BblAadeit
pEeKOMeHAaIui 10 BEJICHUIO TPOU3BOICTBEHHBIX MPOIECCOB B COOTBETCTBUU C
MPUHATHIMH PETJIAMEHTAMH, aJITOPUTMaMHU, MAaTEMATUIECKUMH MOJIEIISIMU
MIPOU3BOJICTBA M KCIIEPTHHIMU 3HAHUSIMHU.

CIIIIP nomxHa 00eCeYnTh:

aBTOMAaTHUYECKU cOop MH(OpMAIUK peaTbHOr0 BpeMeHU (3HaueHU MmapaMeTpoB
TEXHOJIOTHYECKHUX MPOIECCOB) MOCPEICTBOM UHTEP(PEHCOB K (HYYHKITMOHUPYIOIIUM
ACVYTII;

pPYYHOI BBOJI TAaHHBIX O COCTOSIHUU TEXHOJIOTHYECKUX MPOIIECCOB Ha O0OBEKTAX, HE
000pyI0BaHHBIX MpOTrpaMMHO-anmnapaTHbiMu cpeactBamu ACYTII;
JIOJITOBPEMEHHOE W HAJIe)KHOE XPAHCHHE JAaHHBIX B TEUCHUE HECKOJBKHUX JIET B
eauHOM XpaHujuiie (0a3e MaHHBIX PEAIbHOTO BPEMEHM) Ha JKECTKHUX JHMCKax
cepBepa U APYrux HOCUTENSAX JICKTPOHHOU UH(pOpMAIIUK;

CTaHAAPTHBIN YHU(PHUIIMPOBAHHBIN JOCTYM K JAaHHBIM:

MOJIH30BATEIISIM - TIOCPEICTBOM KJIMEHTCKUX MPUIOKESHUM;

BHCITHMM aBTOMAaTHU3MPOBAHHBIM CHCTEeMaM - TOCPEACTBOM HUHTepderica
MPUKJIAHOTO MPOTpaMMUpOBaHus Uiu cTtanaapTHeix unrepdericos OPC, ODBC,
OLEDB;

aBTOMATHUYECKyI0 OOpa0OTKy M SKCHEPTHBIM aHaIU3 3HAUYCHUH MapaMeTpoB
TEXHOJIOTUYECKHUX TPOLIECCOB B COOTBETCTBUU C YTBEPKACHHBIMU AITOPUTMAMU U
periiaMeHTaMu;
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- OTIEPAaTUBHOE TUTAHWPOBAHWE PAa0OT MO YCTPAHCHHWIO MPUYUH BO3HHUKHOBEHUS
OIIMOOK W3MEPEeHHM mapaMmeTpoB, BbIJAa4y PEKOMEHJAUNA 10 BEJICHUIO
MIPOU3BOJICTBEHHBIX MPOLIECCOB B COOTBETCTBUH C MPUHITHIMU PEIICHUSMH.
Apxurtektypa CIIIIP npuBenena Ha puc. 5.

Puc. 5. Apxutekrypa cucTeMbl NOAAECPIKKU IPUHATHS PEILICHUS.

___________________________ ApmuHMcTRaTOp |

YaaneHHoe APM TexHonora APM aHepretuka Pl SMT
paGovee MeCTO Pl Process Book Pl Process Book Pl Process Book |
Internet Explorer Pl Data Link Pl Active View Pl Module Database |

APMEI

cneyHanicToB S —
c---=_ v\ |\ ] | ]
________________________________ —
I Pl Server |
| |
| ApXUB |

Pl System |

|

Apxus Pl |
| 1 Ba
-
|
|
|
| KomneloTtep

3Heprua-Moaem

| CyljecTBYIOWME f =
| AcyTn —1

B CIIIP pa3nopognass uHGoOpMamss OT pa3HBIX THUIOB HMCTOYHUKOB
oOweaunsieTcs B apxuse Pl-cepepa.

B pamkax cucteMbl oIepKKU MPUHATHS PEIICHUS TIPEINoIaraeTcs peiueHne
1[eJI0TO0 psAsia 3a/1a4. B 1aHHOM npuMepe mpeiaraeTcsi pacCMOTPETh OJIHY U3 HUX -
pa3pabotky APM Ttexnomora m APM »sHepreruka. Hasnauenue APMoB -
MpECTaBIICHUE CIICIMATNCTaM BCEeM HEeoOXoauMmon mH(opMamuu u odbecredeHue
WHTEJUICKTYallbHOM 00pabOTKM JaHHBIX, WX aHalW3a 0 YTBEPKICHHBIM
QITOPUTMAaM M PETJIAMCHTAM.

B pamkax opranuzaunu APM TexHonora peaqin3oBaH CICAYIOIAN KOMILICKC
3ajay:

e OToOpakeHWE JAHHBIX O TEKYIIEM COCTOSSHHH TEXHOJIOTHYECKOTO
o0opynoBanus He(TEIPOBOIA.

OToOpakeHue NaHHBIX O TEKYyIIeld HapabOTKEe TEXHOJIOTUYECKOTO
o0opynoBanus He(TEPOBO/IAa C HAYaJIa KAJIGHAPHOTO MecCsIIa.

Brruncienne cTaOuaIbHBIX PEKUMOB Pa0OTHI MAarMCTPAIbHBIX arperaTos.

Breraucienre cTabuabHBIX PEKHUMOB pa0OTHI IMHEHHBIX Y4aCTKOB
TpyOOIpOBOA.

HenpepriBHblit pacdet 3¢ (HEeKTUBHOTO CEUEHUS TMHEMHBIX YUaCTKOB
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TpyOOnpoBOA.
e Pacuer u nocTpoeHre HAMOPHOM XapaKTEPUCTUKHA MaruCTPaIbHbIX
arperaToB 3a IIPOU3BOJILHBIN IPOMEKYTOK BPEMEHHU.
e Pacuer u noctpoenue xapakrepuctuku KIIJ[ maructpanbHbIX arperatos 3a
MIPOU3BOJIBHBIN TPOMEKYTOK BPEMEHHU.
Jnst  peanmuzamuy  3a7a4  MCTOJB30BAIMCH  CIEAYIOIIME  KIMEHTCKHE
npunoxxenus Pl System:
. Pl Process book (11t oToOpaXkeHIsI MHEMOCXEM W HaBUTAIIMK 110 HUM, TTOCTPOCHUS
TPEHJIOB);
. PI Module Database Editor (m1s moctpoenus aepeBa o0bektoB APM TexHouora, a
TaKKe JJIsl OpraHu3alliy B3auMOICUCTBUS MEXITY IKPAaHHBIMHU (POpMaMH);
. Pl DataLink u PI-SMT (mns opranm3zamuu cBsizu mexay CIIIIP Pl System u
nokymentamu Microsoft Excel npu moctpoenuu oTueToB);
. Iloncucrema o0paboTku nmanHbix Pl Totalizer (ams pacdera cpeaHux w
HAKOIJICHHBIX 3HAUYCHUN );
. Berancimrensras noacuctema Pl ACE (s BBoIa IJTaHOBBIX 3HAYCHMIA).
[Ipumep onHoit u3 ¢opm oroOpaxkenus APM TexHoiiora - HaMOPHBIX
XapakTepucTuk arperata U xapaktepuctuk KII/I, BBITOTHEHHOW B KIMEHTCKOM
npuioxkenun Pl Process book, npencrasiena na puc. 6.
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OyHKIMOHAIBHBIE BO3MOKHOCTU UHTEpdetica:

Bb160p HACOCHOM CTaHIIMK U MAaruCTPalibHOTO arperaTa JJis aHajlu3a U pacuera.
3agaHue BpEMEHHOTO MHTEpPBAJIA pacyerTa.

3ajaHue LBETa CEpUU TOYEK.

Pacuer u otobpaxkeHnue B rpapuueckomM v TAOIMYHOM BHJIE TOYEK CTATUCTUKH I10
HarnopHOM XapaktepucTtuke u xapakrepuctuxke KITJI.

MacmrabupoBanue rpadrika aBTOMaTHYECKOE U PYYHOE.

[ToToueyHoe npoxokaeHue rpaduka.

[Teuats rpaduxa u TaOIUIIBL.

Pacuet k03¢ (ULMEeHTOB anMmpoOKCUMalIUK KPUBBIX HATIOPHOM XapaKTEPUCTUKU U
xapaktepuctuku KIIJI.

OTtoOpaxkeHune anmpoOKCUMUPOBAHHBIX KPUBBIX HATTOPHON XapaKTEPUCTUKH U
xapakrepuctuku KIIJ[ Ha ogHOM rpaduke.

Pacuer apdekTuBHOrO ceueHus: TpyOonpoBoa.

OTtoOpaxeHue Ha OJHOM rpaduke TOYEK pa3HbIX cepuil (BBIOOPOK) ISl aHAIU3A.
PenaktupoBanue (ynajaeHue u 100aBJICHUE) TOYEK B PE3YJIbTAThHl BHIOOPOK.
['paduueckoe oToOpakeHHE TEKYIIETO0 COCTOSIHUSI MAarCTPAJILHBIX arperaToB U
TEroB-UHIUKATOPOB CTAOMIIBHOCTH.

B pamxkax oprannszanun APM sHepreTuka peann3oBaHbl CIEAYIOIINE 3aJa4u:
[IpocmoTp mHeMocxeM sHeprocHabxkenuss HIIC, ¢ oToOpakeHHeM COCTOSTHUMN
HACOCHBIX arperaTtoB ¥ MacisHbIX Beikirouarenei (Pl Process book).

[TpocMoTp MoKazaHuit CUETYNKOB PHEPTOTIOTPEOIICHMSI, yCTAHOBIICHHBIX HA BBOJAX,
HACOCHBIX arperarax, BbICOKOBOJIBTHBIX JIMHUSIX U TpaHC(hOpMaTOpax COOCTBEHHBIX
Hyxa HIIC. IToka3zaHusi C4ETYMKOB OTOOpakaroTcsl B POpMeE TPEHIOB, C TIEPHOIOM
obHoBneHus napopmanuu 30 munyt (Pl Process book).

OOHapyXeHue pacXOXKIECHUN MEX Ty MOKa3aHUSIMU CYETUUKOB SHEPTOMOTPEOICHUS
HAaCOCHBIX arperaToB U JaTYMKaMH AKTHBHOW MOIIHOCTH HACOCHBIX arperatoB C
IIEJTBIO BBISIBJICHUS HeTOCTOBEepHBIX JaHHbIX (Pl Process book).

BrisiBieHHE pacXOXIEHMM MEXAy IUIaHOBBIM W (DaKTUYECKUM CYTOUYHBIM
suepronorpednenuem HIIC.

ABTomarndeckoe 3anonHeHue otuetHeIx Gopm Microsoft Excel mo mnanoBomy u
daktryeckomy 3Hepromnorpedennto HITIC Ha nmpousBoasHyto gaty (Pl DataLink).
OTtoOpaxkeHne JUMHAMUKH MPOLECCOB U3MEHEHUS MTapaMeTPOB IHEPronoTpedIeHUs
3a MPOU3BOJIBHBIN MPOMEKYTOK BPEMEHHU € TPOU3BOJIBHON CKOPOCTBIO.

[Ipumep otoOpakeHuss CBOJAHOW (POPMBI CYTOUYHBIX 3HAUYCHHUNM CUETYUKOB
snepronorpednennss HIIC «Kunemaps» u GopmMbl COCTOSTHUS MarucTpaibHOTO
arperata No2 HIIC «Kwuiemapsbl», BBIIOJTHEHHBIX B KJIMEHTCKOM TpuioxeHuu Pl
Process book, npezacrasien Ha puc. 7.
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HMC "Kunemapbl™

| ManyYacoERIE SHAHEHM A

CHETYMEMA YHETa ANekTpUYeCcko i 3HE Prvu

CyTOMHEIE 3HAYEHKMA | Z HEHENE MECALA

Mo panana A HEA MCLLHOG Brog Mo yanana Pe HaR MolRocts, KBS g

58677 00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

1707 .00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

87744 00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

0,00
19.10.2003 0:00:00

8035400 0,00
19.10.2003 15:00:23 19.10.2003 16:05:23

Puc. 7. CBoanast popMa CyTOUHBIX 3HAUEHUI CUETUYMKOB

suepronorpednenus HIIC «Kunemapsiy.

B unrepdeiic APM sHepreTrka BKIFOYEHBI TAKXKe CBOJHBIE (POPMBI
MOJIY4aCOBBIX 3HAYEHUIN CUETUYNKOB SHEPTOMOTPEOICHHS, C HAPACTAIOIIUM UTOTOM
(c Hauana mecsina) no kaxaoi HIIC, popmel o cpaBHUTENBHOMY
HHEPronoTPEOJICHUIO MATUCTPAJIBHBIX arperaToB B BUE TPEHAOB U T. II.

KouTpoJsbHBIE BONIPOCHI

. AktyanbHOCTBh HHTErpanuu ACYTII n ACVYII.
. ApXUTEKTypa HHTETPUPOBAHHON CHCTEMBI YIIPABIICHUS

MIPEINPUITUEM.

. OyHKINH ¥ 3a1a41 UHTETPUPYIOIIETO YPOBHSI.
. O6m1as xapakTepucTUKa MPOTPAMMHBIX MPOTYKTOB

UHTETPUPYIOIIETO YPOBHSI.

. Kpurepun cpaBHeHUsI MpOrpaMMHBIX IPOIYKTOB

WHTETPUPYIOIIETO YPOBHSI.

. Pl System — apxutekTypa 1 KOMIIOHEHTHI.

. Pl System: xapakrepuctuka nojacucteMsl cOopa 1aHHbIX.

. Pl System: Bo3amM0oxHOCTH 110 00pabOTKE JaHHBIX.

. Pl System: xapakrepuctrka noicucTeMbl IPeICTaBICHUS JaHHBIX.



