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AIIITAPATHBIE CPEJICTBA ABTOMATU3ALINU [TPOLIECCOB
HE®TEI'A30BOI'O KOMIIJIEKCA

1.001me XxapakTepucTUKN CUCTEM aBTOMATUKHU

TeXHUYEeCKUMHU 3JIEMEHTaAMU CUCTEM aBTOMAaTUYECKOIO U aBTOMATHU3MPOBAHHOIO
YIIPABJICHUsI TEXHOJOTUYECKUMHU MIPOLECCAMU SIBIIKOTCS CPEICTBA IOJIyYEHHS,
npeoOpa3oBaHUs W PETUCTpAMKM TEPBUYHON WH(POpMAIMK, AaHAJIOTOBBIC U
1M (POBBIC BEIYUCIUTEIIBHBIC CPENICTBA, UCIIOTHUTEILHBIE YCTPOUCTRA.

X y

-—b——*

Puc. 1 - DneMeHT CHCTEMBI aBTOMATUKH.

CpeacTBa MOJIy4CHHS, TIPEo0Opa30BaHUs U PETHCTPAlUK IIEPBUYHON MHGOPMAIIHH
— 93TO JATYUKHA M BTOPUYHBIC TpHOOpHI. K aHAIOrOBBIM CpelicTBAM  OTHOCSTCS
YCHJIUTCIIA,  WCIOJHUTEIBHBIC YCTPOHMCTBA U PEryJATOpPHl. VICIOIHUTEIbHBIMA
YCTPOMCTBAMH  SIBJIAIOTCSI ~ TEXHHYECKHE  DJICMCHTHI, OKa3bIBAIOIITHC
HEIMOCPEJICTBEHHOE (PU3MUECKOe BO3EHCTBHE HA TEXHOJOTHUCCKUM MPOIIECC.
[Tp paccMOTpeHHHM OOIIMX XapaKTEPUCTHK TEXHUYCCKUX DJICMECHTOB OyaeM
CUHTATh, UTO JIFOOOH M3 HUX MOYKHO TIPEJICTABUTh KaK MPeoOpa3oBaTeslb BXOIHOTO
CUTHAJIa X B BBIXOJIHOH Y, peaIn3yIOIMHUKA (PYHKIIMOHAIBHYIO 3aBUCUMOCTh ) = F (x)
(puc. 1). PaccMoTpuM Tpu OCHOBHBIC XapaKTEPUCTUKH TEXHHUYECKUX SJICMCHTOB:
K03 dunreHT npeodpa3oBaHus, MOTPEITHOCTD U MOPOT YyBCTBUTEIHLHOCTH.
Kosgguyuenm  npeobpazosanuss — 5TO OTHOIICHHE BBIXOJHON BEITUYUHBI K
BXOJIHOM:

R=1y/x (1)
WM OTHOIICHUEC UX npnpameHHﬁ:

k' = Ay/Ax. @)



G X (x+4x) X

Puc. 2 - Cxema onpenenenus ko3¢ duiirieHTa npeoOpa3oBaHus.

Enununa wm3mepenust kosdduimenta oOpa3oBaHUs OOYCJIOBJIEHA €AMHUIAMU
u3MepeHusl BenuuMH y u Xx. MHorma UCTIONB3YIOT 0e3pa3MepHbIii
OTHOCUTEJBHBIM  KOI(PUIIMEHT TmpeoOpa3oBaHUs 1), KOTOPHIM  HAa3bIBAIOT
OTHOILIEHWE OTHOCHUTEJbHBIX MPUPAIEHUN BBIXOJHOM M BXOJHOM BENWYMH (pHUC.

2):
n=(Ay/y)/(Ax/x) = (Ay/Ax)/(y/x), (3)

i npu Ax -> O

N = (dy/dx)/(y/x). )
Ecnu ¢ynkuus y = F (x) sBiseTcs IponopuyoHaIbHON 3aBUCUMOCTHIO, TO K = K =
const u 7 = n' = 1. [IpuMEeHUTENBHO K OTAEIbHBIM (QYHKIHOHATBHBIM 3JIEMEHTaM
ko3 uieHT npeodpa3zoBaHusl Ha3bIBaeTCs MO-pa3sHoMy. IS HaTYUKOB — 3TO
YyBCTBUTEJIBHOCTb, ISl ycwiIuTened — KodPGUUMEHT ycuieHus (Mo TOKY,
HaIpPSHKEHUIO WMJIM MOIIHOCTH) U T. M. TpeOoBaHus K 3HAYEHUIO Kod(duiueHTa
npeoOpa3oBaHus OOYCNOBJEHbl HAa3HAYEHHEM JJIEMEHTAa. Tak, Hampumep,
NPUMEHUTENBHO K JaT4hKaM TpeOyeTcs MakCuMaibHas 4yBCTBUTEIBHOCTb, a K
cTaduian3aTopaM — MHUHUMaJIbHAsA; K YCHWIMTENSM NpeabsIBIsETCS TpeOoBaHUE
MaKCUMAaJIbHOTO K0P DUITUEHTA YCUIICHHSI.
HyXHO OTMETUTh, UTO B YCHJIMTEISIX IIUPOKO MPUMEHsIETCS 00paTHasi CBSI3b JIs
yBeJIMYEHUS] KOA(PGUIIMEHTa YCWICHHUS WM TOBBIIIEHHUS €ro CcTabuiIbHOCTH. B
NEPBOM CJy4yae BBOJAT IMOJIOXKUTEIbHYIO OOpaTHYIO CBSI3b, @ BO BTOPOM —
OTPULATEIBHYIO.
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Puc. 3- Cxema onpeneneHns NOrpenIHOCTH.

lloepewinocms — OTKIOHEHHE BBIXOAHOW BEJIMYMHBI ) OT UCTUHHOTO 3HAYECHUS
BCJICICTBUE W3MEHEHHUS BHYTPCHHHUX CBOWCTB DJIEMEHTa WM  JCIICHUs
HOTPEIIHOCTH BHEIIHUX YCJIOBUM paboThl. llpu Hamuuuu mnorpemHocTu
xapakTtepuctuka Y’ = F (x) ornuyHa OT rpamgyupoBouHoit y = F (x) (puc. 3).
[TorpemiHOCTh MOKET MMEThb pPa3IMYHbIE HA3BAaHUS B 3aBUCUMOCTU OT MPUYMH,
BBI3bIBAIOIIMX €€,— TEeMIIepaTypHas, 4YacTOTHas, KojeOaHusi HaIpsLKeHUs
NUTaHMsI, HECTAOWIBHOCTh  (M3-32  M3MEHEHHs  [apaMeTpoB C TEUYEHHUEM
BpeMeHH) U T. 1. [Ipu xapakrepucTuke CBONCTB 3JIEMEHTOB UCHOIb3YIOT MOHATHUS
a0COJIIOTHOM, OTHOCUTENBHOW U MPUBEIEHHON OTHOCUTEIBHON MOTPEITHOCTH.
AOCoIII0OTHAs! TOTPEIIHOCTh

’ 5

7 Y — 3HAUYCHUE BBIXOJHOMN BEJIMYUHBI, @ ) — €€ TPaJyrupOBOYHOE 3HAUCHHUE.
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Puc. 4 - [lopor 4yBCTBUTEILHOCTH NIPU HATMYUU TPEHUS

OtHocurenpHas nmorpemHocts (%)

MIPUBE/ICHHAs OTHOCUTEIbHAS MOTPEIIHOCTD ( %)

6n=(Ay/ymax)' 100& (7)

TO€ Vmax — MAKCHUMAJbHOE 3HAYCHUE BBIXOAHOM BEIMYMHBI, OINPEACISIONIEEe
JIAAIIa30H €€ U3MEHEHNS.

OOBIYHO JUISI  OLIEHKM TOYHOCTH DJEMEHTOB HCHOJIBb3yeTCsl IPUBEJICHHAs
OTHOCHUTEJIbHAS MOTPEIIHOCTb.

llopoe uyscmeumenvbHocmu — MUHHUMAIbHOE TO aOCOJIOTHOW BETUYMHE
NpUpPAIICHHE BXOTHON BEJMYMHBI (AX; AXz), BBI3BIBAIOIIECE W3MECHCHHE BBIXOJIHOM
BeM4MHbI ) (puc. 4). UaTepBa [X Xz] Ha3bIBaIOT 30HOW HEYYBCTBUTEIBHOCTH.
[TpuunHOM CyIecTBOBaHUS MOPOTa YyBCTBUTEIHHOCTH SIBIISICTCS HaMuue JIIoQTa,
TPEHUSI WU TUCTEPE3UCA Y PA3IUYHBIX UCIIOJIHUTEIbHBIX YCTPOMCTB (JIBUTaTENEH,
pere), a TakKe HaIu4ure Japeida v mryMoB Ha BBIXOJE YCUITUTEIICH.

(6)

2. I[IpeoOpa3oBarenn HEANEKTPUUECKUX MAPAMETPOB TEXHOJIOTMYECKUX MPOLIECCOB

UyBCTBUTENbHBIE  DJIEMEHTBHI,  NpeoOpazylIliue  KOHTPOJUPYEMYHD  WJIU
pEeryJMpyemMyl0 BEJIIMUYMHY B BBIXOJHON CHUTHaN, YAOOHBIA ISl JAUCTAHIIMOHHOM
nepeIaur uin JajbHer et o0paboTKu, Ha3bIBAIOT OAMYUKAMU.

OOBIYHO B cHCTEMaxX aBTOMATHYECKOTO YIpaBJCHUS IS nepefadn WHGOpMaiiu
UCIIOJB3YIOTCS  AJNEKTpUUeCcKue curHaiabl. [lo3TOMy MIMPOKO MOPUMEHSIOTCSA
JATYUKHU, TTPEoOpasyIonue HEeANCKTPUUECCKUN CUTHAN B JIEKTpUUYeckuid. JlaTamku
MOTYT KJIACCU(PUITUPOBATHCS M0 HA3HAUYCHHIO: TATYMKUA TEMIIEPATYpPhl, TaBICHUS,
YPOBHS, JIMHEWMHBIX M YIJIOBBIX MEPEMENICHUM, COCTaBa BEHIECTB, ONTHYECKHUX
BeMMYMH W T. 1. Bo3MoxHa kimaccudukanus W TO TapamMeTpy JaT4HKa,
M3MEHSIONIEMYCS B Pe3ysIbTaTe MpeoOpa3oBaHusl U3MEPSIEMOUN BETUYUHBI, JaTYUKU
aKTUBHOT'O COMPOTHUBJICHUSI, EMKOCTHbIE, HHIYKTUBHBIE U T. 1.

JlaT4yuKu aKTUBHOTO COMPOTHUBIIEHUS (PE3UCTOPHBIC NaTUWKH). [[puHIMN HecTBUS
PE3UCTOPHBIX  JAaTYMKOB OCHOBAaH HAa M3MEHEHUH HX  DJIEKTPUYECKOIO



COIIPOTUBJICHUSA R IIpHu UBMCHCHWH JJINHbI / , IIoImaan CCUYCHUA 5 unm YACIBbHOTO
QJICKTPUICCKOT'O COIIPOTHUBIICHUA P. COHpOTI/IBJICHI/Ie JaTdruKa

R =0pl/S, 8)

rae R — conpotusnenne, OM; p — yAEIbHOE 3JEKTPUUYECKOE CONPOTHUBIICHHUE
MaTepuaia npoBojioku, OM™*M; | — nnuHa MpoBogHUKA AaTUMKA, M; S — IUIOMIAIb
CeuyeHus, M2,

OCHOBHOI XapaKTEPUCTHKOM TaKOro JaTdyrKa, W3MEPAIOIIEro IepeMEIIEHUE,
SBIISIETCS] 3aBUCUMOCTh COTPOTUBIICHUS OT mepemernienus, T. €. R =/ (/). Ilpu stom
9yBCTBHTEIBHOCTS (I]) JaTunKa

l|=dR/dl=p/S. (9)

Takue gaT4YMKK MOTYT padoTaTh B IEMSAX IMOCTOSHHOTO M IEPEMEHHOTO TOKa.
Pa3HOBHUIHOCTBIO PE3UCTOPHBIX JATYUMKOB SIBJISIFOTCS MOTCHIMOMETPUYECKHUE
JATYUKU M TEH30PE3UCTOPHI (MM TEH30JIaTUYUKH).

Ilomenyuomempuueckue Oamuuxku WCIONB3YIOT B CHCTEMaX aBTOMATHYECKOTO
ynpasienus (CAY) niis u3MepeHus yIrioBBIX U JIMHEHHBIX nepeMerienuii. Ha puc.
4 mokazaHa cxeMa JaTuMKa JIMHEHHOTo nepemenieHus. M3mepsemMasi BeIMunHa X
npeoOpa3yeTcsi B IMEpEeMEIIeHUE  JIBUXKKA  MOTEHLIHUOMETPa,  KOTOPOMY
COOTBETCTBYET BBIXOJHOE HampsikKeHUE (VYgux. [IOTEHIMOMETpUUECKHE AaTYUKU
WCIMOJIB3YIOT B CXE€MaxX Ha MOCTOSHHOM M IEPEMEHHOM TOke. KOHCTpyKkTHMBHOE
WCTOJIHEHUE JTATYNKOB PA3JIUYHO.

[lepemMeHHBIE  PE3UCTOPHI  BBIMOJHSIOTCS U3  OOMOTOYHOTO  MPOBOJA,
METAJUIMYECKUX  IUIEHOK,  TMOJYNPOBOJAHUKOBBIX  MarepuasoB. [llnpoko
MIPUMEHSIFOTCS TIOTEHIIMOMETPBI HEMPEPHIBHOW HAMOTKH. X Kapkac BBIMOJHSAECTCA
IJIOCKUM WM ITWIMHIPUYECKUM B Ccllydae MpeoOpa30BaHUS TOCTYIATEIbHBIX
MepeMENICHU M KOJBIEBBIM JUIsl TIpeoOpa3oBaHus YIJIOBBIX TepeMelneHuii. B
Ka4ecTBE 0OMOTOUYHOI'O IMPOBOIA UCIIOIB3YIOTCS MaTEPHAIIBI C BRICOKUM Y ICIIbHBIM
AIEKTPUYECKUM  COINPOTUBIICHHEM (MaHTraHWH, KOHCTAaHTaH, HUXpoMm). Jlus
MOBBIICHUS  WM3HOCOYCTOMYMBOCTH  IMPOBOJA IPUMEHSIOTCS  CIUIaBbl W3
0JIarOpOJIHBIX METAJUIOB: IJIaTMHA C UPUIMEM, IUIaTHUHA C nauiaauem. Juamerp
HAMOTOYHOTO MPOBOJIa BHIOUpAETCS MO TPeOyeMOl TOYHOCTH U COMPOTHUBIICHHUIO.
Tak, ay1s1 BBICOKOTO Kj1acca TouHOCTH auametrp mnposoaa 0,03—0,1, a ns
HuU3koro kiacca TtoyHoctH 0,3—0,4 wmm. OOMOTOYHBI MPOBOJ JaT4HMKA
MOKPBIBAKOT CJIOEM JSMAIM WM OKUCIOB. [IOJBMIKHBIM TOKOCHEMHBIM KOHTAKT,
BBINIOJIHEHHBIM B BHUJIC IIETKU WJIHA JBHXKKA, U3TOTOBJISIIOT U3 CIJIABOB IUIATHUHBI C
upuaueM, IUlaTUHBI ¢ OepuiuiveM, cepebpa unu dochopuctoit OpoH3bl. OH
CKOJI3UT 10 BHUTKAM HAMOTKM IIOTCHIHOMETpPA, 3a4YUIICHHBIM B MECTE
CONPUKOCHOBEHUS OT U3O0JISILIUU.
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Puc. 5 - Cxema naTyvka JIMHEHHOTO NIEPEMEIICHUS

s obecrnieueHus HaJIe)KHOW padOThl JaT4YMKa YCHUIME Ha CKOJB3SIIHMA
KOHTaKT cocrasser (0,5 -:- 15) 102 H.

OcHoBHOU XapaKTEPUCTUKOU MMOTEHIMOMETPUYECKOTO JATUYUKA SBJISETCS
3aBHCHMOCTH BBIXOJIHOTO HANpPsHKCHHUS Ugyx OT mepememeHus x T. €. Upy = T (X),
KOTOpasi MOXET ObITh JIMHEHHOW U HenuHeWHou. [y moTeHuuoMerpa,
M300paKEHHOT0 Ha pUC. .8, 3aBUCUMOCTD Ugyx (X) UMEET BUJ

Ugpix = Uget/[1 +(a/B) (1 — )], (10)

rae a = x/L — oTHouIeHue nepemMeIieHus IBIKKa JaTuuKa K JUIMHE BCEl HAMOTKU;
B = R,/R — oTHOIlIEHHE COMPOTUBJICHUS HArpy3KH K TOJIHOMY COIMPOTHBIICHUIO
NOTEHLMOMETpA.

Ecnu compoTuBiieHME HArpy3Kd 3HAYUTENBHO TMPEBBINIAET COMPOTUBIICHUE
NOTEeHIIMOMeTpa, T. €. Ry >R, To

U, =Uzo=U,x/l. (1)

BbiX —

Ha pwuc. 5 moka3zaHa 3aBHCHMOCTh OTHOCHTEIBHOTO W3MCHECHHS BBIXOIHOTO
HanpspkeHus U, /U, OT o Iipu pa3nnyHbIX 3HAYEHUIX KO3 HUIreHTa 3.
UyBCTBUTENHHOCTD JATYMKA MTPU MAJIBIX TEPEMEIICHUSIX

n= ld’U Bux/dx]x—o = Unx/t'

[IpoBOJIOYHBIE [aTYUKH HUMEIOT JOCTATOYHO BBICOKYKD TOYHOCTb, HO HX
HEJIOCTATKOM SIBJISIETCSI CTYNEHYATOCTh XapakTtepuctuku (28) u (29) wu3-3a
JUCKPETHOTO W3MEHEHUS! CONPOTUBIICHUS JaTYMKA MPU IEPEMELIEHUU LIETKU
(puc. 6). lllupuna crynenbku |, xapakrepuctuku (puc. 7) paBHa IIary HaMOTKH
MpoBOJa, a BhICOTAa R| — COMPOTHUBJICHUIO OJHOTO BUTKA. Mmeann3npoBaHHOU
XapakTepUCTUKON A (x) sBisieTcss TmpsiMas, TMPOBEACHHAs 4Yepe3 CepeArHbl
CTYIIEHEK, MPU 3TOM a0COJIIOTHAS! TOTPEIIHOCTD UM 30Ha HEUYBCTBUTEIbHOCTH

(12)



AR, = [R/(2w)], (13)

rac R— CONPOTHUBJICHUEC JaT4YUKa, W — YHUCJIO BUTKOB OOMOTKH JaTdnKa.
OTtHOCHUTEIbHAS IMOTPpCHIHOCTD

8= (AR,/R) == [112w)]. (14)

JlaTurK UMEeT Tak)Ke TEXHOJOTUYECKHUE TTOTPEITHOCTH.
VY 1aT4MKOB BBICOKOTO KJIacCa TOYHOCTH 3Ta TMOTPEITHOCTh COCTaBIsACT HE Oojee
0,01 %, a nys cpeanero kiacca Tounoctd — ot 0,25 10 0,5 %.

U 81X / Uﬂx

1,0 R 74
Vs
. VY| 4
Z
0,6 5 v

g A

$ / RY X
0.4 02 / 7| Lu

// P <
02— < o

] 4R

T4 Ru X

U7 08 06 08 o
Puc. 6 3aBUCMMOCTH BBIXOJ- Puc.7 Xapakrepucruka
HOTO HAIpsDKEHUs JaTdyuka OT JaTYMKa JIMHEHHOTO IepeMe-
MepEMEILICHUS HICHUS

JluHaMuyeckue CBOMCTBA MOTEHIIMOMETPUYECKHUX TaTYMKOB 3aBUCAT OT XapaKTepa
Harpy3ku. Ecinu Harpy3ka akTUBHas, TO JATYMK SKBUBAJIEHTEH O€3bIHEPLUOHHOMY
3BEHY C NepeAaTouHON PyHKIuen

W(S): “:RxRH/(rRJC_{_RRH)i (15)

rne R — momHoe compoTHBieHHE mOoTeHIHoMeTpa, OMm; R, — compoTuBieHHe
NOTEHIIMOMETpa MeXay Toukod H u aBuwxkoM (cMm. puc. .8), Om; r —
CONMPOTHUBJICHUE MOTEHLIMOMETPA MEX/Y IBMXKKOM U TOUKOH K (CM. puc. .8), Om.
Ecnu Harpy3ka peakTHBHasi, TO JaTYMK SKBUBAJIECHTEH alepUOAMYECKOMY WIH
dopcupyromemy 3BeHy. Hanmpumep, jis MHIYKTUBHOM Harpys3ku mepeaTovHast
GyHKIUS TaTIYnuKa

W (s) =& (1 +st)/(1 +5T), (16)
rnek = RyR,/(rRy + rR, +R,R,), v = L,/R,,



T = LHR/(rR,‘"Jf‘ ’:RH -{#R:VRH )

3necbLy — WHAYKTUBHOCTH Harpy3ku; R, — akTUBHas cocTaBisiomas
CONPOTHUBJIEHUSI HArpy3KH.

Tensopesucmopst UCHOJB3YIOT B CHCTEMAax aBTOMATHUKHU JJISI U3MEPEHUS CUJI U
nedopmarinii TBepAbIX Tell. CyIIecTBYIOT MPOBOJIOYHBIE, (OJIBIOBBIE, TUIEHOYHBIE
U TOJYIIPOBOAHUKOBBIE TEH30PE3UCTOPHI. [lelicTBME NPOBOJIOYHBIX, IJIEHOYHBIX
Wi (POIBrOBBIX TEH30PE3UCTOPOB OCHOBAHO HAa HW3MEHEHUU COIMPOTUBICHUS
MIPOBOJIOKH, TUICHKH WJIM (DOJIBTH TP MIX CKATUU WM PACTSHKEHUN. 3HAYUTEITbHBIN
nporpecc  JOCTUTHYT B HW3TOTOBICHUM  HAKJIEUBAEMBIX  (POJBTOBBIX
TE€H30pe3uCcTOpoB. OHHM HMMEIOT pPsA MPEUMYIIECTB NEped IMPOBOJIOYHBIMU,
00eCneunBaOT  JIYUIIyl0  TEIUIOOTAAa4y W BBICOKYIO 3¢ (EeKTHUBHOCTh
WCIIOJIB30BaHUs MIPU HaKJIeWKe Ha ynpyruil aneMeHT. ConpoTuBieHue GoIbroBbIX
TEH30PE3UCTOPOB JOCTUTAET HECKOJIBKO COTEH OM, JJIMHA MOXKET COCTABIIATH 3 MM,
a TommuHa — oT 0,025 g0 0,012 mm. ITpoBOJIOYHBII TEH30PE3UCTOP MPEICTABIISAET
co0Oll CBEpHYTYI0 B CIHpalb MPOBOJOKY sauamerpoMm He Bboime 0,05 wmwm,
HAKJIEEHHYIO Ha MOJOCKY Oymaru JiMHo# 10 40 MM 1 UMEIOIIYIO0 MEIHbIE BHIBOIBI

(puc. 8).

Puc 8. - ITpoB0JIOYHBII TEH30]aTYHUK

B IIOCJICOAHUC oAbl IMAPOKO HCIIOJB3YIOTCA INNICHOYHBIC TCH30PC3UCTOPHI.
TexHonorus nux HU3TrOTOBJICHUA 3aKJII04acTCA B BaKYYMHOﬁ BO3T'OHKC
TCH304YYBCTBHUTCIIbHOI'O MaTcpuajia H HOCJ'IGILYIOI_[Ieﬁ €ro KOHJCHCAIIMK Ha
ocHoBaHue. B kaudecTBe TCH30YYBCTBUTCIIbHOTI'O MAaTCpHaia HCIIOJIB3YIOTCA KakK
MCTAJUIMYCCKUC CIIJIaBbl, TadK W IIOJYIPOBOIAHUKMH. Baxubim JOCTOMHCTBOM
INICHOYHBIX H @OHBFOBBIX TCH30PC3UCTOPOB  ABJLICTCA TO, 4YTO IIpU HX
HN3TrOTOBJICHHNHU MOXHO IIOJTYYHUTh PCIICTKY JF000r0 PHUCYHKa.

OTtHOcCuTEIbHAS TCH3049YBCTBHUTCIIbHOCTb TCH30PC3HUCTOPA



n=(AR/R)/(Al/ly), (17)

rae R — comnpotusnenue tenzonatunka, Om; AR — U3MeHeHne CONPOTUBIICHHUS,
Owm; 17 — nnuvHA TEH30YYyBCTBHUTEIBLHOTO dJIEMEHTa, M; I/ — u3MeHeHue IIMHBI
JATYMKA, BEI3BAHHOE U3MeEpsIeMoi aedopmaltueii, m.

TeH304yBCTBUTEIIBHBIE JJIEMEHTBI H3TOTOBIISIOT U3 PA3JIMYHBIX CIUIABOB.

B Tabn. 1 mpuBeneHsl BETWYWHBI OTHOCUTEIHLHOW TEH30UYBCTBUTEIBHOCTH JIJIS
pa3JIUYHBIX MAaTEPUAJIOB.

Tabnwuma 1.

MatepuaJj NpoBOJIOKH 1) MarepuaJj NpoBOJIOKH 1)
Mauraaug 0,5 Komenn 2.4
Koncranren 19-2,1 |DnunBap 3,2—3,5
DnBaHC 2,1 [TnatuHOMpUINIA 5,8
Huxpom 2,1—2,3|Hukenp 12,6

ConpoTuBiieHre TeH30pe3ucTopa coctaisieT 00biaHO 100—200 Om, uzmepsiemast
nepopmanust He mpeBbimaeT 1 %. IIpoBojouYHBIE TEH30PE3UCTOPHI O0IAAAIOT
BBICOKOI TeMIepaTypHOU CTaOMIbHOCTBIO.

B kadecTBe MOJIYNPOBOJTHUKOBBIX TEH30PE3UCTOPOB WCIOJIB3YIOT TUIACTHUHEI,
CIEJIaHHbIE M3 KPUCTAJUIOB TepMaHUS WM KPEMHUS, HAKICCHHBIC HA OyMa)kKHOE
OCHOBaHHE, U C METAUIMYECKUMHU BbIBOJaMu (puc. .9). [[nuHa TeH30pe3ucTopa
cocraBisier 5—15 mm. [lonynpoBOJHUKOBBIE TEH30PE3UCTOPHI MO CPABHEHUIO C
MPOBOJIOYHBIMU ~ O0JIAJIAI0T  BBICOKOM OTHOCHUTEIIBHOM  UYyBCTBUTEIHHOCTBIO,
KoTtopass Haxogutca B npenenax ot —I100 mo 200. CompotuBieHue
tenszopesucropa 50 Om — 5 kOM. BpicOkoe 3Ha4YeHHWE OTHOCHUTEJIBHOM
YYBCTBUTEJIIBHOCTH  TO3BOJISIET CHU3UTH TPEOOBaHWS K  YCWIUTENSIM U
UCITIOJIB30BaTh MX JJI U3MEPEHUsI B PACHIMPEHHOM JAuana3zoHe nedopmaruii npu
HaJIMYUA OOJIBIINX 3JICKTPOMArHUTHBIX TIOMEX.




Puc. 9 - IIpoBOIHMKOBBIM TEH30JJaTYUK.

HyXHO OTMETUTD, UTO pa3pabOoTaHbl TEH30JJaTYMKHU JIaBJIICHUS MOIYJIHHOTO TUIIA B
BUJICe THOPUIHOM HWHTErpaIbHOM CXEMbl, B KOTOPOMl Ha OOIIEM KepaMHU4YeCKOM
OCHOBAaHHMM pPa3MElIEHBbl JATUYMK W OMNEPAIMOHHBIA YCHUIIUTENb. TEH30pEe3UCTOPHI
COEJIMHEHBI 110 MOCTOBOM CXeMe, 3JeMEHThl KOTOPOl HaHECEHbI Ha MOBEPXHOCTh
KpEMHUEBOM  TulacTUHKH  AuPPy3uoHHBIM  crocoboM.  Koaddumment
YYBCTBUTEIBHOCTH TAaKOTO TeH304aTduka cocTtaBisier 90, morpemHocTh- 2 %.
OTMeTHM, YTO METAJUTMYECKHE TEH30PE3UCTOPHI 00IaAal0T BEICOKOM TOYHOCTHIO U
CTaOMJILHOCTBIO; OHHM pPAacCUYMTAaHbl Ha IMHPOKYI0 OO0JacTh MPUMEHEHUS.
[TorympOBOTHUKOBBIE TEH30PE3UCTOPHI OOBITHO MMPUMEHSIOTCS IS TUHAMAYECKHIX
M3MEPEHU B MIMPOKOM Juamna3oHe 4acTtoT. Kak mpaBuiio, TEH30pE3UCTOPHI
BKJIIOYAIOTCSL B LEMb WA MO CXEME ACIUTENS HANPSHKEHHUS WIM 10 MOCTOBOM
cxeme. (Cxema BKIIOUEHHUSI TEH30pE3UCTOpPAa B ILEMb JEIUTENs HAMNPSHKEHUS
nokazana Ha puc. 10.

]

R1

Q’ —-*-
Puc 10 - Cxema BKJIIOYEHHUS TEH304aTUNKA

Iens memutens Rl, R2 muraercs or mcTrouHuMKa HanpsokeHus E. Brixognoe
HanpsbkeHue U, — HanpspbkeHHe Ha TEH30pPE3UCTOpe — IMOJaeTcs Ha
HArpy3049HO€  COMpOTHUBJICHUE . 1€H30pE3UCTOP MOXKET OBITh BKIIIOUYEH U KaK
conpotuBieHue R1 u kak compotuBieHue R2. B cxeMy mocTa TEH30pE3UCTOP
BKJIFOYAETCS TaK, KakK Moka3aHo Ha puc. 10 B nuHaMudeckoM OTHONIEHUH
TEH30/1aTYMKU SKBUBAJICHTHBI O€3bIHEPIITMOHHOMY 3BEHY.

EmMkocTtHbie nmatuuku. [IpuHIMO AEUCTBUSI €MKOCTHBIX JaTYMKOB OCHOBaH Ha
npeoOpa3oBaHUM JIMHEUHBIX WM YTJIOBBIX MEPEMEIICHUN B U3MEHEHHWE €MKOCTH
koHjieHcaTopa. EMkocTh C 006010 miockoro KoHIeHcaTopa

C =¢¢S5/90, (18)



e € — OUDJIEKTPUYECKas MPOHUIIAEMOCTh BaKyyMa, paBHas 8,85 *10~'? ®d/m; ¢
— IMBJIEKTpUYecKas MPOHUIAEMOCTh CPEbl MEKIY IUIACTUHAMU; S — ILIOIIAMb
TIEPEKPHITHS ILIACTHH, M, & — 3a30p MEK/IY IUIACTUHAMH, M.

OTHOCHUTENbHAS IyBCTBUTEIBHOCTD INIOCKOTO EMKOCTHOTO JIaTYMKA

C IEPEMEHHBIM 3a30POM

M= €,eS/06%. (19)
EMKoOCTh 1aTurKa yriioBoro nepemeinenus (puc. 11)

C=¢eeS (1 + 20/m)/8§, (20)

raie S — IIom@aab MEePeKphITHS TacTiH npu a = 0; o — yroja MmoBOpoTa
MJIACTUHBI.
UyBCTBUTENBHOCTh TAKOTO JIATYMKA

n= dC/dOL = QHOI'BS/(JT(S) (21)

EmkocTh JaTduKa MOXHO HU3MCHATb, HN3MCHIA 3a30p MCXKIOY IUIACTHHAMHU,
omanab ICPCKPLITHUA ILNIACTHUH

NI JUBJICKTPHUYCCKYIO ITPOHUITACMOCTDb TUBJICKTPHKA.

B Ta6n.2 YKa3aHbI CITOCOOBI IIOCTPOCHUA CMKOCTHBIX OTATYMKOB H o0yacTH UX
IIPUMCHCHMA.

Tak kak cuna QJICKTPOCTATUYICCKOI'O BSaHMOHCﬁCTBHH MCKAY IINIaCTUHaAaMM O4YCHb
Malia, TO paCCMaTpruBaCMBbIC I[al;‘H/IKI/I HaxogsiaT

T

e A A

Puc. 11 - EMKOCTHEBIN JaTUUK Puc. 12 - EMKOCTHBIA JaTUUK
VIJIOBOTO TEpPEeMENICHUS



HIMPOKOE MPUMEHEHHE B TeX ClIydasiX, KOrJa HEJOIMYCTUMBI  OOJIbLINE
u3MepurenbHble ycuins. OHU ynoOHBI Il U3MEpPEeHUs BUOpaluid C BBICOKOM
yacToTol. Bce eMKOCTHBIE TaTYMKUA pa0OTaIOT HA MTEPEMEHHOM TOKE MOBBIIIEHHON
yactoThl (0 1000 I'rr), 9TO sIBNIsIETCA WX HEOOCTATKOM, TaK KaK YCIOXKHSIETCS
cXxema HM3-3a HEOOXOJUMOCTH YCTpaHEHUs IMapa3uTHBIX eMKOocTell. B Hacrosiiee
BpeMs pa3pabOTaHbl TaTYUKU C TIEPEMEHHOM TUIONIA/Ibl0, paboTaloIe Ha YacTOTE
500 I'm.

Haubonee pacnmpoCTpaHCHHBIMH CXEMaMU BKIIOUCHHUS EMKOCTHBIX JaTYMKOB
SBJISIIOTCSI KOHTYPHBIE U MOCTOBBIE cXeMblI. [lociegHue B OCHOBHOM IPUMEHSIIOTCS
¢ muddepeHInaIbHBIMI €MKOCTHRIME TIpeoOpazoBatensmu (puc.13). D10 maer
BO3MOXXHOCTh MOJIYYUTh OOJIBIIYI0O YYBCTBUTEIBHOCTH IMPU KOMIIEHCAIUU
HEKOTOPBIX BPEIHBIX BHEIIHUX (DaKTOpPOB (Hampumep, TemiepaTypsl). Emkoctu
nuddepennmanbroro gatunka C; = Cy + AC u C; = C; — AC BKIIOYAIOTCS B
COCEJHUE TUIEYH MOCTA; B 1B APYTUX IIeUa BKIKOYAIOTCS WIH B3aUMOCBS3aHHbIC
WHIYKTUBHOCTH, WIH MOJYOOMOTKH TpaHchopmaTopa MCTOYHHUKA MUTAHUA Uy,
WM HU3KOOMHBIE CONPOTHUBIICHHUS. J1JIsi UCKITIOUEHHUS BIUSHUS €MKOCTEN KaOess B
CXeMe MpeyCMaTpHUBAIOT ClielnnaibHbie Mepbl. CUrHa Ha BBIX0JE Upgyy TaKOTO
MOCTa MPAKTUYECKU JJUHEUHO 3aBUCHUT OT U3MEHEHHS] EMKOCTH JIaTUMKa.

Tabnuna 2.
Bup natunka
OchoBHbIE ¢ nepeMeHHBIM C IepeMEeHHbIM
cBeeHH C nepeMeHHbM | ¢ uepeMelinoif yPOBHEM CpeAbl ¢ SHaueHHEM
3asopom O naomanbo 8§ AHsaeKTpHyecKoft | AHSMEKTPHUECKOR
IIPOHHILAE MOCTBIO € NpOHHLAeMS-
CTH B
. X X 14
. 2 X
Koncrpyk- F— .
THBHAS f
cxeMa L 2 / —¢,,:
JATUHKS | / ,
O6.nacTb Usmepenune | Mamepenwe au- | Mamepenue ypos- | Miamepenune tem-
NPHMEHEHHS | MAJbIX Tepe- [ HEHHBIX HJIH HSl BellecTBa; 3a- | nepatypsl £°,
Memiennil; | yrJioBbIX nepe- | MUTHAst CHTHAMX- | AABJCHUS p,
TOJIIMHBL | MeleHHHA Gosee | 3aUHSA; CYeT KOJH- | HANPSAKEHHOCTH
[TOKPBITHH ] MM; CYeT KO- | 4eCTBAa H3JEJHA | 3JIEKTPHYECKOrQ
0—1 mm; JHYEeCTBa H3je- noJs; clhpefe-
qaBJICHHS ARH JeHue JH3JIeK-
TPHUYECKHX
CBOHCTB Be-
LIeCTB; H3Mepe-
HHE BCJIHMYHHEL
pajguanuu




(CxeMa BKIIIOYEHUSI EMKOCTHOTO JaT4yrKa B KOHTYPHYIO LI€TIb NTOKa3aHa Ha puc. 14,
rne LC—xkonTyp, emkocte C, KoTOporo oOpa3oBaHa JaTYMKOM MU IHUTAETCA OT
reHepatopa [’ cTaOWiIbHON 4acTOThl. BenencrBue M3MEHEHMs] €eMKOCTH JaTyuKa
u3MeHsercs HanpsikeHue Uk Ha HaCTPOEHHOM KOHTYE.
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Puc. 13- quddepenunu- Puc. 14 - Cxema BkItOYeHHs
JIbHASI CXE€Ma BKIIIOUCHHUS €MKOCTHOTO JlaT4YUKa B pE30-
€MKOCTHOTO JaT4rKa HAHCHBII KOHTYp

3. Bropuunsle npruOopsl

Jns  HaOmofeHHsT 3a  XOJOM TEXHOJOTMYECKOro Mpouecca HeoOXOoIuMO
OCYIIECTBJISITh KOHTPOJIb U PETUCTPAILNIO (3alKCh) OCHOBHBIX €r0 MapameTpoB.
Jnst »TOr0 B CHUCTEMBbl AaBTOMATHUKU BKJIIOYAIOTCS BTOPUYHBIE MPHUOOPHI,
paboTtaromue B KOMIUIEKT€ C JaTYUKaMH, BBIXOJIHOM CHTHall KOTOPOTO OHH
u3MepsaroT. K BTOpUYHBIM — MpUOOpaM  OTHOCATCS  MHJUTUBOJIBTMETPHI U
MAPOMETPUUYECKHE BOJIETMETPHI, MUJITUAMIIEPMETPBI, aBTOMATHYECKHE
MOTEHIIUOMETPHI, ABTOMATUYECKUE YPABHOBEIICHHBIE MOCTHI, aBTOMATHYECKHE
AJIEKTPOHHBIE WHTErpaTtopbl U T.N. Bce MHOrooOpasue 3Tux MpUOOPOB MOKHO

pa3fgenuTh Ha JABe Oojbiuue rpymnmbl. llepBas w3 HHUX — HeOallaHCHBIC
(HEeKOMITEHCAIlMOHHbIE, HEYpPaBHOBEIICHHbIE) CHCTEMbI, BTOpas — OallaHCHBIE
(KOMIIEHCAllMOHHBIE, YpaBHOBEIICHHBIE). Hebanancnas cucmema

HCTIOCPCACTBCHHO U3MCEPACT

a) 5)
X .
—-E-—:i-—ﬂ g’a‘;-B// L [ > 2 A, 3 = L;_‘-i,-—
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Puc. 15. Cxembl BKIIIOUEHUSI BTOPUYHBIX PUOOPOB



WJIU 3alIMChIBAET BBIXOJIHOM CUTHAI Aatuuka (puc. 15, a), rae /[ — naruuk, a B —
BOCHPOM3BOASIINN oOprad. TakuM oOpa3oM HCIOJIB3YIOTCS MHPOMETPUUECKHE
MUJUTMBOJIBTMETPBI, KOTOpPbIE PabOTalOT COBMECTHO C TEPMOCONPOTUBICHUAMHU
WIM APYTUMH JAaTYUKAMU, BBIXOJHON BEIMYMHON KOTOPBIX SBJISAETCS HANPSKEHUE.
B kauecTBe BOCHPOM3BOASAIIEIO OpraHa B TAKUX MPUOOPaxX MHOI/AA HUCIOJIb3YETCs
JIOTOMETP, YTO YMEHBILAET OLIMOKY OT KOJeOaHNN HaNpsyKEHUS TUTAHHUS.
Haubomnee TOUHBIMU CUCTEMAMH U3MEPEHMUS ABISIOTCA OaniaHcHble cucmemsl (MIN
KoMIieHcatopbl). OHM  MNOCTpOEHBI ~ HAa  OpUHIUOE  OaJlaHCHUPOBAHUSA
(YpaBHOBEIUIMBAHHUS) BBIXOAHOW BEIUYHMHBI JATYMKA PAaBHOM €l BEIMUYMHON (pHC.
15, 6). Curnan ¢ gaTyvka / MOCTyMaeT B OpraH 2, B KOTOPOM OH CPaBHUBAETCS C
CUTHAJIOM YPaBHOBEIIMBAIOIIETO oprana 5. Ecnu paccornacoBanue /| paBHO HYIIO,
TO CHCTEMa HaXOJUTCA B MOKOe. Eciii M3MeHseTcsl KOHTPOJIMPYEMBIid mapamerp Xi
TO MosBISIETCS paccoriacoBanue (A # (), KOTopoe AEUCTBYET 4epe3 YCHIUTEThb 3
Ha OaJaHCUPYIOUIMM OpraH 5 g0 TeX MOop, MOKa CHUTHal paccoriacoBaHUS HE
CTaHET paBHBIM HYyJ0. [Ipy 3TOM Bocmpou3BoAsIEe YCTPOHCTBO 4 PETUCTPUPYET
U3MepseMyYI0 BeInurHy. Takol npubop-KOMIEHCATOp SIBISIETCS CAMOCTOATEIbHON
CUCTEMOM aBTOMAaTUYECKOTO YIIPABJICHUS, & IO3TOMY 3Ta U3MEPUTEIIbHAS CUCTEMA
oOnamaer psaoOM MpeuMyllecTB mepen HeOamaHcHOW. B uacTtHocTH, B Heil
OTCYTCTBYIOT IOTIPEUIHOCTH, BBI3bIBAEMbIE KOJICOAHUSIMH HANPSKEHUS MUTaHUS,
HECTaOMJIBHOCTBIO KO3 (duLMeHTa ycuineHus ycunutens u ap. Kpome Toro, 3TH
CUCTEMBI 00ECTIEYHBAIOT OOJIBIITYIO BBIXOAHYIO MOIIHOCTb.

Bropuunble npuOopbl KIacCCUPUUUPYIOTCS TAaKKEe W MO BUIY OanaHCUpyeMou
BenuuuHbl.  Eciam OamancHass cuctemMa  ypaBHoBemuBaeT AesHue DJIC ot
BHEITHETO MarHUTHOTO MOJs. BbIXogHOE HampshKEeHNE YCUIUTENS 3 MOCTYIAeT Ha
(a304yBCTBUTEIBHBIN YCUIUTENb MOUTHOCTH, TIOCTPOEHHBIN Ha IBOMHOM TPHUO/IE.
Ha BbIXOn ycmnuTens BKIIIOYEHA YNpaBisAolas oOMOTKa Wy OaJaHCHPYOIIEro
JBUTATENs. AHOABI JIBOMHOTO TPUOJAA TMUTAIOTCA MPOTHBOIIOJIOXKHBIM MO (aze
HaIIpSDKEHUEM OT CETH IMEPEMEHHOro Toka. Kaknas MojoBHHA Jammbl OTKpPbITA
JUILb TpU TOJOKUTENIbHOM HampsikeHun Ha aHozae. Eciu AU = 0, To Ha ceTku
TpHOZa HE MOJIaeTCsl HANPSKEHUE U TOTJa B 0OMOTKE Wy OTCYTCTBYET IIEPEMEHHBIN
TOK, @ €CTh JINIIb NOCTOSIHHASI COCTABIISAOIIAs U YETHBIE TADMOHHUKHU, KOTOPBIE HE
co3/1at0T Bpamaroniero momenta. Korna nosisnsiercst Hanpsbkenue Hebananca [l U
10, TO B 0OMOTKE Wy MOSBIsIETCS] TOK OCHOBHOM yacToThl 50 ['11. B 3aBucuMocTu
oT 3Haka AU MarHuTHBIN TOTOK B OOMOTKE Wy OIIEpEKaeT Wik OTCTaeT o (asze Ha
90° oT moTtoka B 0OMOTKE BO30YyXJACHUSI Wg JBUTaTelis 4, MUTAIONIEHCS OT CETH.
Dro obecreunBaercsa 3a cyeT BKIodeHus emkoct C B 1enb o6MoTku tC's. B
pe3yibTaTe B3aMMOJIEUCTBHS 3THX IMOTOKOB CO3JA€TCs BPAIAIOMIMI MOMEHT U
JnBUTaTENb 4 Bpallaercss B TaKOM HANpPaBJICHHH, MPU KOTOPOM OCYUIECTBISETCS
KOMITeHcalusl. Ban nBuraress yepe3 MeXaHU4YeCKylo Nepeiauy CBSI3aH C ABUKKOM
peoxopa. J[BHKOK peoxopa, B CBOIO OUYEpEdb, NEPEMEIIAET CTPEJIKY WIA HEPO
3aluchIBalONIero ycrpoicTBa. B MomeHT kommeHncauuu, T. €. npu AU = 0,
JBUTATENb OCTaHaBIMBaeTcsa. KaxaoMy TMOJOKEHHIO JIBHJKKAa peoxopna
COOTBETCTBYET IIOJIOKEHUE YyKas3aTessl Ha IIKaje WIM Iepa Ha Jauarpamme,
KOTOPBIE TPAAyUPOBAHbI B €IMHUIIAX U3MEPSIEMON BEIIMYUHBI.



B wusmepurenbHOW cxemMe MOTEHLIHMOMETpPa MPEAYCMOTPEHBI MepeKiIrouaTend /(,
MexaHudeckas CBiI3b M Mexay aBurareneM 4 U ABUKKOM peoctata RJ u
HOPMAJIbHBIN 3JIeMEeHT HO [Ji1 KOPPEKTUPOBKM TOKa B PEOXOpJie, a TaKkKe
HUKEJIEBOE COMpOTUBIEHUE RNI JJII KOMIIEHCAIlUM W3MEHEHHS TEeMIIepaTyphbl
XOJIOHBIX CIaeB TepMmomnapbl. J{isi ycTpaHEHHs BIWSHUS BHEIIHETO MArHUTHOTO
MOJISL Ha BXOJI€ TOTEHIIMOMETPa BKIIOYAIOT (QUIIBTP, COCTOSIIMMA U3 eMkocTu Cy U
cornpotuBieHus Ry.

ABTOMATHYECKHE  JJIEKTPOHHBIE  TMOTEHIIMOMETPHl  O0Nagal0T  BBICOKUM
OBICTPOJEHCTBUEM U TOYHOCTBHIO, KOTOpass OOYCJIOBJIEHA TEM, YTO HPUOOp, MO
CYLLECTBY, SIBJSIETCS AaCTaTUYECKON CUCTEMOM aBTOMATUYECKOTO YIIPABICHHUS.
[TpOMBINIIEHHOCTh BBITYCKAET pa3IUYHble MOAM(PHUKAIUMN MOTEHIHOMETpoB. K
MOKa3bIBAIOIIMM NpuOOpamM OTHOCATCA mnoTeHuuomeTpbl Mmapku KBIII, k
zanuceiBarom — KCII1, KCII2. TTorpemnocTts usmepenus cocrasisier 0,25—1
% OT mpenena u3MepeHusi; IOrPeIHOCTh 3anucy He npesbimaeT 1 % ot npenena
u3MepeHus. MHOroToueyHble aBTOMATUYECKHE MOTEHIMOMETPBl MO3BOJISIOT
perucTpupoBaTh H3MEpsSEMble NapaMeTpbl mpouecca B 12 Toukax. Bpews
IPOXOXKACHUS YKa3aTeIeM LIKAJbl Ul Pa3IMUHbIX TUIIOB IPUOOPOB COCTABISAET OT
1 mo 16 c.

OJEeKTPOHHBIE ABTOMATHYECKHME MOCTBl. ABTOMAaTUYECKHUE YpPaBHOBEIICHHBIE
MOCTBI BBIIIOJIHAIOTCS HE TOJBKO B BHUJIE ACTaTUYECKUX (WJIM 3HAYUTENIBHO PEXe
CTaTUYECKUX) CHUCTEM HEMPEPHIBHOTO OalTaHCHPOBAaHMs, HO M B BUAEC CUCTEM C
pa3BepTHIBAIOIIMM IpeoOpa3oBaHUEM, T. €. CHCTEM MEPUOINYECKOTO
OalaHCUPOBAHUS. Ha  puc. 16 mnokazaHa (QyHKUMOHAJIbHAS CXeMma
aBTOMATHYECKOT0 MOCTA HEMPEPHIBHOTO OaTaHCUPOBAHMUS.

[IpuHuMO AEMCTBUST Takoro MocCTa UWMEET MHOro oomero ¢ pabotoi
aBTOMAaTUYECKOro ToTeHIoMeTpa. OCHOBHBIMH y3JIlaMH MOCTa  SIBJISTFOTCSI
U3MEpHUTeNlbHAs cXxeMa |, yCHJIuTeNb MEePEeMEHHOro Toka 2 U OajaHCHpYHOIIUN
nBurarenb 3. MocT nmuTaeTcst OT CeTH MepeMeHHoro Toka. M3mepurenbHas cxema 1
BBITIOJIHAETCS] B BUJIE MOCTOBOM CXEMBI, B OJJTHO U3 II€Y KOTOPOU BKJIFOUYEH JAaTUUK
cornpotuBiieHust /[  (TepMOCONPOTHBIIEHHE, PE3UCTOPHBIA  JATYUMK WU
TeH304aTyuK). [Ipy 13MEeHEeHNN KOHTPOJIMPYEMOTro MapamMeTpa B IMaroHajal MocTa
MEXy TOUKOM a W JBUKKOM peoxopaa P mosBisercs nepeMeHHOE HaIlpshKeHHE
HeOananca AU, KOTOpoe yCUITUBAETCSl YCHUIIMTENEM 2, COCTOSIIIUM U3 HECKOJIBKHX
KacKaJIOB YCWJICHUS HaNpsOKEHUS U (a309yBCTBUTEIHLHOTO YCUITUTEINS MOIIHOCTH,
Ha BXOJI€ KOTOpPOTO BKJIOUEHAa OOMOTKAa yHpaBieHHS Wy OalaHCHUPYIOLIETO
nsurarens 3. Bam nBurarens yepes MEXaHHMUYECKYIO Mepenady CBs3aH C JABHKKOM
pexopia v yKazaTesneM WA CaMOMUCLEM.
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Puc. 16 - OyHKIHOHAIBHAA CXEMa ABTOMATHYECKOTO  MOCTa  HENPEPBIBHOTO
OaylaHCUPOBAHUSI.

.*—.....__.—

banancupyromui ABUraresb NepeMeIacT IBUKOK peoxopaa A0 TeX IOp IOKa He
YPaBHOBECUT MOCT.

B 3aBHCHMMOCTH OT TOrO, YBEJIMYMBACTCA WM YMEHBIIACTCS KOHTPOJIUpYyemas
BEJIMYMHA, U3MeHseTCs (pa3a HampshkeHUs HeOanaHca Ha 180° u, ciieoBarenbHO,
HaIpaBJICHUE BPAILCHUS JIBUTaTEIs.

OnucaHHbIi MOCT, NOJOOHO aBTOMATHYECKOMY IOTEHUUOMETDPY, SBISETCA
aCTaTUYECKOW CUCTEMOM ympasieHus. Ha TOUHOCTh M3MEpPEHUsI B TaKOW CHUCTEME
WU3MEHEHUS] HAnpsDKeHHUs] MUTaHUs U KO3(P(UIMEHTAa YCUJICHHUS YCHIIUTENS He
BIUAKOT.  [IpakTMyecku  Ha  MOTPEMIHOCTh  BIWSET  HAJW4YUue  30HBI
HEYYBCTBUTEIBHOCTU. TakoM MOCT MOXKHO BBINOJHUTh OJHOTOYEYHBIM U
MHOTOTOYEYHBIM C PETUCTpalMEel MOKAa3aHUM Ha OJHOM IHarpamme, Mpyu 3TOM B
CUCTEMY BBOJMTCS CIIELIMAIBHBIM MHOTOTOYEUYHBIM MEPEKIIOYATENb, [T00YEPEIHO
HNOJIKJIIOYAIOIMI  TaT4uKi. BO3MOXHO HCIOJIb30BaHME B TakuxX MNpudopax
MOCTOBBIX CXE€M C €MKOCTHBIMH WM HWHAYKTUBHBIMHU cONpoTHBiICHUAMU. [Ipu
3TOM JBHUrarenb 3 OyleT mepeMeniarb CepIeYHUK MHIYKTUBHOTO WJIM IJIACTHHY
€MKOCTHOT'O JaTYMKA.

Cxema aBTOMaTHYECKOI0 MOCTa C pa3BepTHIBAIOIINM MPeO0Opa3oBaHUEM MOKa3aHa
Ha puc. 40. 3mMepUTENbHBIM YCTPOHCTBOM CIY’KUT MOCTOBAsl CXeMa, B KOTOPYIO
BKJIIOYEHBI KpPYroBod peoxopa P u pgatyuk /[ (TEpMOCONPOTUBICHUE WIIU
PE3UCTOPHBIN), YIpaBisieMbld NepBUYHBIM u3Meputenem [/, K opHoil u3
JMaroHajei MocTta moABoIUTCA nocrosiHHoe Hanpstkenue U. [Ismxok K peoxopna
Bpaimaercss jasurareneM /e depe3 penyktop Pedl, mpu 3TOM HampspKeHHE
koMmrieHcamu Uk u3MeHsercst no nuiooopa3noil kpusol (puc. 17). Hanpsixenue
paccornacoBanus AU = Ux —U, mocTtymaeT Ha BXOJ YCHJIMTENS 2 Ha BBIXOJ
KOTOPOTO BKJIIOUEHBI OOMOTKH 3JEKTPOMarHutoB OM. u DM, 3amuchIBaroOIIEro
yctporictBa. B moment kommencanmu JAU = Ux —U,; = O oOmoTku
AIIEKTPOMArHUTOB O00ECTOYMBAIOTCS W Tedartaiouias IaHka [[1 mpuxuMmaer



KpacsIylo JeHTy u Oymary K crnupaibHoMy rpeOHio CI, mpu 3ToM Ha Oymare
OTIIEYaTHIBACTCS TOUKA. PaccTosiHME OT 3TOM TOUKH
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Puc. 17 - ®OyHKIMOHaNBHAA cxema ABTOMAaTHUYECKOI'0 MocCTa
Pa3BEPTHIBAIOIIETO

npeoOpa3oBaHUs

0 HYJEBOM JMHHUM JMarpaMMbl COOTBETCTBYET M3MEPSEMOW BEIMYMHE U
IPONOPLUMOHANIBHO YINIy IIOBOpPOTa JBMXKKAa peoxopaa. JluarpaMMHas JieHTa
nepeMeIaeTcs ApurareneM /[é uepes peaykrop Ped?2.

OmnucaHHbBIN BBILIE TPUHLMII MO3BOJISIET 3alUCHIBATH MOKA3aHUS OT HECKOJBKHUX
JaTYNKOB 32 OJAMH LUKJI, T. €. B OJHOM LHUKJIE IOJY4YaeTCs] HECKOJBKO TOYEK
paBHOBecHsl. /|11 pa3auueHns KpUBbIX UCIOJIb3YIOTCS TOUYKH Pa3HbIX LIBETOB. DTOT
Ccroco0 MO3BOJISIET CO3/4aBaTh OBICTPOJAEHCTBYIOIIME MHOTOTOYEUHBIE MPUOOPHI.

OcHOBHasl OTPEIIHOCTh U3MEPEHNUN U 3alIMCU 3TUM YCTPOMCTBOM HE ITPEBBIIIAET
1%
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Puc.18 - CxemMa mnpoliecca JMHAMUYECKON KOMITCHCAIIUU

OT Tmpexaena u3MepeHus. [ pasHbIX THIOB NPUOOPOB BpeMsi 00OpoTa oOcU
peoxopaa cocraBisgeT oT 1 g0 16 ¢, a moTpedissemas MomHOCTL — OT 15 1m0 60 B-
A; mpuna aquarpaMMHoi JeHThl 100—500 mM. Bropuunbsle npuOopsl NUTAIOTCS
ot cet yactorou 50 I'u, Hanpsxkenuem 220 B.



4. YcunurenbHble YCTPOWCTBA

YcunurenpHbIe YCTPOHWCTBA B CHCTEMax aBTOMATHKHU CIYXKaT IJsl YCHJICHHUS
CHUTHaJa pPaccOTJacOBaHMUSA IO MOIIHOCTH WJIH HANPSOHKCHUIO 10 BEIWYHHBI,
HEOOXOIMMOM IS yIPaBICHUS UCTIOTHUTEIHLHBIMU YCTPOUCTBAMH.

B cucremax aBTOMaTHMKM TPHUMEHSIOTCS BCE THIBI  yCHUJIMTENEH —
HEDJIEKTPUIECKHE M AJICKTPUUYCCKUE YCHIHTENU. K HEedNeKTprHIecCKUM OTHOCSTCS
MEXaHUYECKHEe, THAPABIMYCCKAEC W IMHEBMATHYECKHUE YCHJIMTENTH, a K
MEKTPUUYECKUM — DJIEKTPOHHBIC, TOITYIIPOBOIHUKOBBIC, MOHHBIC, MarHUTHBIC,
AJIEKTPOMAIIMHHEIE yeunuTenn. [Ipu BEIOOpE YCHIIUTENST YUYUTHIBAETCS MOIITHOCTD
BXOJIHOTO ¥ BBIXOJHOTO CHUTHAJIOB, T. €. OIEHUBAETCS TpeOyeMblii Kodpuiiment
YCWICHHS TI0O MOIIMHOCTH. Kpome TOro, OIEHHWBAIOTCS MMapamMeTphl HCTOYHHKA
CUTHAJla — W3MEPHUTEIIbHOH CXeMBbl (BBIXOJHOE CONPOTHBIICHUE, 3HAYCHHE
OCTaTOYHOTO HAIpPSOKEHUS W T. I1.) M MapaMeTpbl Harpy3kH (XapakTep HarpysKH,
BXOJIHO€ COIPOTHUBJICHHUE, MOTpedasieMas MOIIHOCTh, U T. 1.). K ycumurensim B
CUCTEMaX aBTOMATUKHM MPEIbABIAIOTCS CIEAYyIOIIHe TpeOOBaHUs: IMOCTOSIHHAsS
BPEMEHHU JOHKHA OBITh MUHMMAJIBHOM, XapaKTEPUCTUKA JOJKHA ObITh OJM3Ka K
JMHENHOM, 30Ha HEUYBCTBUTEILHOCTH HE JIOJDKHA MPEBBIIATH JIOMYCTUMYIO.
Tabmuma 3.

Kosdhdunnent
Kaace ycuHTeNs Bun ycuiutens YCHJIEHH A [TocTtosnnan
MO MOULHOCTH BpeMeHH, C

Anextponusie gamno- | Iloctoannoro Toka 104—108 10-8—10-?
3ble [lepemenHoro » 108—108 1073—1078
[TonynpoBoauukosoie | [locTosinnoro  » 103—105 10-6—10"7
[TlepemenHoro » 104—108 1078—10-%
MarnuTape C BBIXOZOM HAa [OCTOSHHOM 108—10# 1071—102
TOKe
C BHIXOIOM HA OEPEMEHHOM 108—10% 1072—10"% nm
TOKe
AneKTpoMalHHHbIe OGblyHBIH reHepaTop 102—108 1,0—10-2
A2MY) [enepatop ¢ camoBo36yxie- 102—104 |5-101—10~
HHEM

SOMY ¢ nonepeyHbIM MOJEM 108—5.105 | 101—10-3

Cunparnuueckue JpoccenbHble 104— 108 101—10-2
Crpyiinee 103—10¢ 1072—1078
[THeBMaTvueckue Hpoccenbrule 105—107 10-2—10-3
Crpyiiubie 103—10% | 10-3—10"

B T1abn. 3 mpuBeAeHbl OCHOBHBIE XapaKTEPUCTUKU HEKOTOPBIX KJIIACCOB
ycuiurteneid. BeiOop TOro Wi MHOTO YCWIIMTENS JIJISi CUCTEMbl aBTOMAaTUYECKOTO
yIpaBiaeHUs OOYCJOBJIEH THUIAMH HW3MEPUTEIBHOTO M HUCIOJIHUTEIHHOTO
ycrpoiictB. Ecnu ayisa ynpaBieHUs MCIIONHUTEIBHBIM yCTPOWCTBOM HEOOXOAUM
CHUTHaJl TMEPEeMEHHOI0 TOKa, a W3MEpUTEIbHOE YCTPOHMCTBO paboTaeT Ha



NOCTOSIHHOM TOKE, TO B YCHJIHTEIBHOE YCTPONCTBO BKJIKOYAETCS MOIYISATOP.
[Tpumepom mpocTeiero MoayiIsaTopa sABisieTcss BUOponpeoOpazoBaTesb, padoTa
KOTOpPOrO  paccMOTpPEHa  BbIIE NPH  ONMCAHUM  INPUHLMUIIA  JIEUCTBUSA
aBTOMAaTHUYECKOI0 IIOTEHIIMOMETPA.

B cucremax aBTOMaTH3MpOBAHHOIO NIPUBOJA KOHEYHBIM KaCKaJIOM YCHINTEIbHOTO
YCTPOMCTBA SBISAETCA YCHIWTEIb MOIIHOCTH. IIpu ympaBieHuuM IBUTaTENEM B
KAueCTBE YCHJIMTEIS MOIIHOCTH YacTO MCIIOJB3YKOTCS JJEKTPOMALIMHHBIE WIN
MarHuTHbIE YCWIATENU. [Ipy 5TOM B cXEMy yCHUIMTENS BKIIOYAETCS AEMOIYIISTOP.
Jemonynstop mpeoOpa3yeT CUTHAJ NEPEMEHHOTO TOKAa B CUTHAJI MOCTOSHHOIO
TOKa, KOTOPBIM MUTAeT OOMOTKH yrpaBjieHus ABurareis. [loatomy ycunutenbHbie
YCTPOWCTBA HE TOJBKO YCHJIMBAIOT CUTHAJ, NOCTYNAIOIIAW C HW3MEPUTEIBHOIO
YCTPOMCTBA, HO M MNPEeoOpa3yrOT €ro s YHOpaBiI€HUS HCIOIHUTEIbHBIM
ycTpoiicTBoM. PaccMoTpuM  0coO€HHOCTM  paboOThl  OTAENIBHBIX  KJIACCOB
YCWINTEJIEH B CHCTEMAaX aBTOMAaTUKH.

[losynpOBOJHUKOBBIE  yCWIMTENHW. V3 DJIEKTPUYECKUX  YCUIIMTENEW B
MaJIOMOILIHBIX CUCTEMax HauboJiee MepCIEeKTUBHBI MOJYNPOBOJHUKOBBIE M3-3a UX
MaJbIX rabapuTOB U MacChl, JKOHOMUYHOCTH, OOJIBIION
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Puc. 19 - CxeMbl moJynpOBOJIHUKOBBIX YCHIIUTEIIEH

HAJEKHOCTH M MaJOl MOCTOSHHOM BpeMeHU. CoBpeMEHHas MOIYIPOBOJIHUKOBAS
TEXHUKA IT03BOJISIET BBITYCKAaTh MUKPO3JIEMEHTHI B BUJE TBEPABIX CXEM, KOTOPBIE
SBJISIFOTCS MOHOJMTHBIM OJIOKOM M 9KBUBAJEHTHBI OOBIYHBIM CXEMaM. JTH CXEMBbI
00alal0T TMOBBIIIEHHOW HAJEKHOCTBIO M KOMIUIEKTHOCTHIO. CyIIeCTBEHHBIM
HEJOCTAaTKOM TOJYIPOBOJAHUKOBBIX YCHJIMTEIECH SBIAETCS HECTaOMIBHOCTh HX
apamMeTpOB, B YACTHOCTH TEMIIEPATypHAsL.

CymiecTByeT TpU CXE€Mbl BKJIIOUEHHS MOJYNPOBOAHUKOBBIX YCHIIUTENICH: ¢ 001en
6azoit (puc. 19, a), ¢ oOmum smutTepoM (puc.19, 6) U ¢ oOUIUM KOJUIEKTOPOM
(amuTTEpHBIN MOBTOpUTENH, (puUc. 19, 6). Ha cxemax mnNpuUHSATHI CleqyrOIINe
o0o3HaueHus: R, R, Rk—COOTBETCTBEHHO CONPOTHUBIECHHUS AMUTTEpa, Oa3bl U
KOJUIEKTOpa; JenuTenb Hanpsbkenus Rl, R2 mnpemnasnauen aius  3aaaHus
NOTeHIMana 6a3bl; BCe CXEMBbI MUTAIOTCS OT UCTOYHHMKA HANIPSDKEHUS E.



MarnuTHble yCHIHMTEJNH. MarHuTHbIE YCUIIUTENIU — HTO BJIEKTPOMATHUTHbBIC
YCTPOMCTBA, TMO3BOJAIOIIAE TOJIYy4YaTh 3HAYWUTENIbHBIE W3MEHEHHUS MOIIHOCTH
MIEPEMEHHOT0 TOKa IMOCPEJICTBOM YIPABICHUS TOCTOSHHBIM TOKOM  MaJlou
MOIIIHOCTH. [IpocTennii ApOCCeNIbHBIA MAarHUTHBIM YCUJIUTENb TPEACTABICH Ha
puc. 48. Ycunurenb COCTOUT U3 CEPACUHUKA, BhIOIHEHHOTO B BUae O, C-, I1-, I1I-
unmn M-o6pa3Hoii (GopMbl, Ha KOTOPBIM HAHECEHBI JIBE IIOJIOBHHBI pabdoueit
0OMOTKHM &M M 0OOMOTKa ympaBieHHs] Wy IIOCTOSTHHOI'O TOKA; IOCJIEI0BATENBHO C
pabouyeii OOMOTKOM B IeNb [EPEMEHHOIO TOKa BKIIOYEHO HArpy304HOE
conpotuBieHue Ry. VI3MeHeHrne MOIIHOCTH B Harpy3Ke 3HAYUTEIHHO MPEBBIIIACT
MOIIIHOCTh YIPaBJIEHHUS MOCTOSIHHBIM TOKOM P,. ITpuHIMN A€HCTBUS MAarHUTHOTO
YCUJIMTENS OCHOBAaH HA HEJIMHEMHOM XapakTepe KpHUBOM HaMarHWYMBaHUS
(beppOMarHuTHBIX MaTEPHUAIIOB.

Cratudeckasi XxapakTepUCTHKAa — 3aBUCUMOCTh TOKa l; B 1IN MepeMEHHOTO TOKa

oT Toka ympaBieHuss |, — mokazana Ha puc. 21. Ilo Bumy craTudeckoit
XapaKTEpUCTUKU  MAarHUTHBIE  yCWJIMTENTW  JIJNATCS  HAa  OJHOTaKTHBIC
(HepeBepCUBHbBIC) U JIByXTaKTHbIE (peBepCUBHBIC). VYceunurens c

XapaKTEpUCTUKOM, II0Ka3aHHOM Ha puc. 21, sABIgeTcd OAHOTAKTHBIM. Y
JBYXTAKTHBIX YCHUJIUTEJIEH IPU W3MEHEHUU IOJSPHO- CTH CUTHAJIA YIIPABICHUS
(aza BBIXOJAHOTO CUTHaJa u3MeHsieTcst Ha /1] . PeBepCUBHBINA yCUIIUTEND CTPOUTCS
Ha 0a3e IByX WJIM HECKOJIbKMX OJHOTaKTHBIX ycunurteneil. [IpuHuun ux nencraus
OCHOBaH Ha CyMMHPOBAaHHMH BBIXOJHBIX HANPSHKEHUNA WIA TOKOB OJHOTAKTHBIX
yCUIIUTE-

'nei. JIByXTaKTHBIN YCHUIIUTENb, BBIMOJHEHHBIM MO au(QpepeHIralbHON CXEME,
MOKa3aH Ha pucC. 22, a €ro CTaTh4€e CKasi XapaKTEePUCTUKAa— Ha puc. 23
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Puc.20. IpoccenbHblil Mar- Puc. 21. Xapakrepucruka

HUTHBIN YCUIIUTCIIb APOCCCIbHOI0  YCHIIMTCIIA



[Io cmocoOy  BKJIIOYEHUST  OOpaTHOW  CBA3M ~ MArHUTHBIE  YCHJIMTEIU
KJIACCU(DUIIMPYIOT HA YCUIIMTEIN C BHEIIHEH, BHYTPEHHEN U CMEIIaHHOM 00paTHOM
CBS3BIO; TIPU 3TOM HCHOJB3YETCS THUOKass W KecTkas oOpaTHas cBsi3b. Ecnu
oOpaTHasi CBSI3b BHEILHAS, TO CUTHAJI OOpAaTHOM CBSA3U MOJAETCS HA OTICIbHYIO
oOMOTKy. [nsi co3maHus BHYTpEHHEW OOpaTHOM CBSI3M IOCJENOBATEIBHO C
pabourMu OOMOTKaMU BKJIFOUYAIOT OHOTOIYTIEPUOAHBIC BHITPSIMUTEIH.
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Pue. 22, ]JIByXTaKTHBII MarHUTHBIN Puc. 23. - Xapakrepucruka
YCWIHATEIb JIBYXTaKTHOTO

YCUIIMTENS

Jns noBblieHust koddduirienTa ycuiaeHuss U ObICTPOJEHUCTBUS HMCHOJIb3YETCS
IOJIOKUTENbHASL 00paTHas CBA3b, a IS YIAYUIIEHUs CTA0MJIBHOCTH CTAaTU4YECKOU
XapaKTepUCTHUKU - OTpULIaTeIbHAass oOpaTHas CBsA3b. BHemHsAs oOpaTHas CBS3b
BO3MO’KHA T10 TOKY U 10 HaIIPSKEHMUIO.

[To cmocoOy BKJIIOYEHHS HArpy3KH pas3id4yaloT MAarHUTHbIE YCUIUTEIH C
NOCNe0OBAaTEIbHBIM M MapajluiebHBIM COEIMHEHHUEM Harpy3ku H pabodymux
0OMOTOK. B nuHamMMuecKOM OTHOLIEHMH MAarHUTHBIE YCUJIUTEIH IKBHUBAJICHTHBI
arepuoINYeCcKOMy 3BEHY C MepeaaToyHoN GyHKIuen

W (s) = k/(1 4 sT).

[ MarHuTHOro YCWJIHTENS C TIOCJIEIOBATENIbHBIM BKIKOYEHUEM HArpy3KH,
0e3 00paTHOM CBSI3U U C BBIXOJOM Ha NEPEMEHHOM TOKE (CM. puc.24) mapaMeTpbl
K # T BBIMHCHSFOTCS CIETYIOUIMM 00Pa3OM.
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Puc. 24. MarauTHbI YCWINTEINb C MAPAJUIENBHBIM BKIIOYEHUEM HArpy3KU

Koaddumment K sBrsieTcst wim  Ko3QPHUIMESHTOM YCHUICHHUS TI0 TOKY
22

WM KO3(P(ULIUEHTOM YCUIIEHUS M0 HANPSKEHHUIO

k= kU = AUBblx/AUBx —_—k[RH/Ry —

(23)
Wi K0O3(PGUIIUEHTOM YCUJICHUSI IO MOITHOCTH

k:kP:APH/QPv:kaU:
- (wy/w~)2 (Ry/Ry), (24)

rane APy —H3MeHeHHe MOIIHOCTH, BbIAEISIEMOM B Harpyske, BT; AP, —
M3MEHEHHE MOIIHOCTU B 0OMOTKe yrnpaienusi, Bt. [locrosHHas BpemeHu

T = Ly/R, = [1/(4D)] (@y/w~)* (Ry/Ry) = kp/(4f), ®

rne Ly — WHIYKTHBHOCTH OOMOTKHM ympamienusi, ['H; f — gacrora
HaIpsHLKeHUs nuTanus, 1.

Eciau MarHuTHBIN yCUJIMTENb BBIMIOJHEH M0 CXEME C MapajulelIbHbIM BKIIOUEHUEM
Harpy3ku, 0€3 oOpaTHOM CBSI3U U C BBIXOJIOM Ha MEPEMEHHOM Toke (puc. 24), To
KO(POULIMEHT YCUIICHUS TI0 HAITPSIAKEHUIO

kU =2 (wv/w~) (RH/Ry)’ (26)

a ITIOCTOsAHHAsA BPCMCHHA
(27)

T =2L,/R,.



[Ipy HaMUUMM B MAarHUTHBIX YCHIUTENAX IMOJIOKUTEIHHOW OOpaTHOW CBSI3U

IMOCTOAHHAA BPECMCHU
T=[kP/(4f)] (1 _ko. c)s (28)

TJIe Ko ¢ — KO3(DPUITUEHT OJIOXKUTEIIBHONH 00OpaTHOM CBSI3H.

Jlns ycunuTenei cpeHeil MOIHOCTH MOCTOSIHHAs BPEMEHH HaxOAUTCS B IIpeieax
0,05—0,1 c.

DJIeKTPOMAIIMHHbIE  YCHJMTEIH. ODJEKTpoMallnHHbIE  ycunuteau(OMY)
WCIIONB3YIOTCSA JJISI YIPABICHUS JBUTATEJSIMA IOCTOSIHHOTO TOKA.
DONeKTpOMAIIMHHBIA YCUJIUTENb MPEJCTaBIseT COOOW TreHepaTop IMOCTOSHHOTO
TOKa, SIKOPb KOTOPOTrO BpalIa€TCs MPUBOJHBIM JABUTaTeneM. OTINYUTEIbHBIM
cBoiicTBOM OMY sBisieTcsi BBICOKMM KOI(PPUIMEHT YCUIICHUS MO MOIIHOCTH.
3aBUCUMOCTh BBIXOJIHOTO HANPSKEHUS OT TOKA YIPaBICHUS JIMHENHA B IIUPOKHUX
npenenax. K Hegoctatkam OMY M0OXHO OTHeCTH OOJIBIIYIO MHEPLHUOHHOCTH B
CPaBHEHUU C JIEKTPOHHBIMH YCHUIUTEISIMH, OOJIBIIIYIO MACCYy U Ta0apUTHI.

B 3aBuCMMOCTH OT KOHCTPYKIMH H crnocoda BO30YXKIEHUS CYHIECTBYIOT
cieayromue Tunsl OMY: ¢ He3aBUCHMBIM BO30YXKIEHHEM; CO CMEIIaHHBIM
BO30YyXJIEHHEM; C MorepedyHbIM nosieM. Hanbonee mupokyro o0aacTe NpuMEHEHUS
uMeroT OMY ¢ nonepeyHbIM MoJieM. DTOT THUIl YCHIMTENS UMEET KO3PQPUUIMEHT
YCHJIEHUS 10 MOmHOCTH B npenenax or 500 mo 104 B cratope pacmomararorcs
OOMOTKM BO30YXXJCHUSI M KOMIIEHCAllUOHHAs 0OMOTKa. [l yMeHbIIeHUs
BUSPEBBIX TOKOB CTaTOp HaOUpaAETCs U3 TOHKUX JIUCTOB. POTOp MMeeT /iBe mapbl
HIETOK: MPOJOJIbHBIE U MoTnepeunbie. [lonepeynble MeTKH 3aMKHYThl HAKOPOTKO. K
MPOJOJIBHBIM IIETKAM MOJIKJIIOYAETCA LIENb HArpy3Kd. 3a30p MEXAY CTaTOpOM u
poTopoM cocTasiisgeT npumepHo 0,2—0,3 mm.

Puc. 25. DnekTpoMaliiHHBIA YCUIIUTEIb

[Tpunuun pad6otrel OIMY MOXHO O00BACHUTH 1O cxeme (puc. 25, a). HanpsikeHnue
yIpaBJieHusl ToAaeTCss B OOMOTKY BO30YXKJICHHS Wy SBIISIONIYIOCS YIIPaBIseMOM
oOMoTkON ycunutens. Sxopp OMY BpamaeTcss NPUBOIAHBIM JBUTATEIIEM C
MOCTOSTHHOW YTJIOBOM CKOPOCTBIO CO, TMPH ITOM B TomepeyHou memu /—1
HaBoguTcss Hebombimmas JJIC. I[lockonbKy momepedyHbie IMIETKA 3aMKHYTHI
HAKOPOTKO, B ATOM IIEMHU MPOXOAUT OOJBIION TOK /¢, MTOTOK KOTOPOTO HABOIUT B
npoaonbHOr 1ienu 2—2 DJIC E,. Ecnu Ha Bhixone DOMY BkiIroueHa Harpyska Ry,
TO B LEMNHU MPOXOAUT TOK |y, KOTOpBIN co3maer moTok peakuuu skops D, s
KOMIIEHCAIIMH 3TOT0 MoToKa B DOMY pa3melieHa KOMIEHCAIMOHHAsE 00MOTKa Wi



cozparomas notok @y, paBHbii @, W NPOTUBOIOJIOKHBIM IO HAIPABICHMUIO.
[ToaTomy DMV ycliOBHO MOKHO paccMaTpuBaTh Kak JBYXKACKA/IHbIN YCHUIUTENb:
Kackag | — oT uenu ympaBieHuss K TomnepeyHoil nemnu, kackax |l — or
MONIePEYHON e K MPO0JIbHOM (puc.25, 0).

5. McnonHuTenbHBIE YCTPOHCTBA

HcnomHuTenbHble yCTPOMCTBA CIOyXaT [Js MpeoOpa3oBaHUs YIPABISIONIETO
CUTHaja B IEpEMEIIECHHE OpraHa perynaupoBanus. 1lo xapakrepy nepememeHus
OpraHa peryJIMpOBAHUS UCIIOJHUTEIBHBIE YCTPOMCTBA ACNATCSA HA IPSIMOXOIHBIE U
noBopotHbele. [lo Bumy mnoTpebnsieMol »JHEPrUM HUX KiIacCUPUIUPYIOT Ha
TUIPABINYECKHE, THEBMATUYECKHE, DJIEKTPUUYECKHE U KOMOWHUPOBAHHBIC
(3MIEKTPOTUIPABINYECKUE U IJIEKTPOITHEBMATUUECKHE).

Haubonee HafeXHbIMH SIBIISIOTCS THIpaBIdyecKue ycTporcTBa. KoHCTpyKTHBHO
rUAPABJIUYECKHMEe U ITHEBMATUYECKUE YCTPOWCTBA BBINOJHSIOTCS B BHJE
MEMOpaHHBIX, MOPIIHEBBIX, CUIB(MOHHBIX U JIOMACTHBIX. OTH YCTPOHCTBA
NO3BOJIAIOT TOJy4yaTh HauOOJbIIEe YCUJIEHHE JMJii IEepEeMEIICHUs OpraHa
peryJIMpOBaHus.

K 31eKTprU4eCcKuM UCIOJHUTEIBHBIM YCTPOWCTBAM OTHOCSTCS 3JEKTPOMAarHUTHBIE
U DJIEKTPOMAIIUHHBIE YCTPONCTBA.

DJIEKTPOMArHUTHBIE HCIIOJHUTENBHBIE yCTpOWCTBAa. K yCTpoWcTBaM 3TOrO THUIIA
MOXHO OTHECTH pEJE, COJICHOMIbl M DIIEKTPOMAarHuTHele My¢rbl. Pene —
AJEMEHT, B KOTOPOM HW3MEHEHHE BXOJHOM JJIEKTPUYECKON  BEIMYHHBI
npeoOpa3yeTcsi B MEXaHUYECKOE NIEPEMEIICHHE, 3aMBIKAIOLIEE WIIM Pa3MbIKAIOIIEe
KOHTAKTbI. DJIEKTPOMATHUTHBIE PEJIE€ MPUMEHSAIOTCSA I MEPEKIIOUYECHUS MOIIHBIX
Lernen ToKa, U UX Ha3bIBaloT KoHmaxkmopamu. ConeHou 1 mpeacTaBiseT co0oi Ka-
TYIIKY, BHYTPU KOTOPOM pacnoyio’keH sikopb (puc.26). [Ipu nomade HanmpsiKeHUs
Ha KaTyLKY SIKOPb MPUXOJNUT B JABMKEHUE U IIEPEMEIAET OPTaH PETYIUPOBAHUS.

F.. %

Puc. 26. - Cxema coneHonga



[lepenaTounas GyHKIHMS COIEHONA

W (s) = XBbIX (S)/UBX (S) =
=k J[(1 4 sT,) (1 4 Tys+ Tis?)],

rie Xgx — nepememenue skops; 1, = Lo/Rg — mocrosHHas BpemeHu
ANEKTPOMAarHuTa; Ro> Lo — aKTUBHOE CONPOTUBIIEHUE U MHAYKTUBHOCTD KaTYIIKH,
COOTBETCTBYIOIIME HAYAIbHOMY MOJIOKEHUIO SIKOPS;

T1 = Vm/k (M — Macca MOABMXKHBIX YacTel; Ky — MKECTKOCTh NPYKHUHBI); 1o =
Kikn (£ — xo3ddunment nemndupoBanus); Kk, = = 2kol/ (k\Rp) — xosdpumnment
nepenaun cosieHonsia (Ko — KO3 PHUIMEHT TPOMOPIHUOHAIEHOCTH MEXITY CHIION
AJIIEKTPOMArHuTa U TOKOM |y B KaTymike).

B cucreMax aBTOMAaTHKM MPUMEHSIIOTCS 3JIEKTPOMArHUTHbIE MY(ThI CIEAYIOLIUX
TUIIOB: (DPUKIIMOHHBIE, TOPOIIKOBBIE U MY(PThI CKOJIbXKEHUSA. PpUKIMOHHAS My(dTa
COCTOMT U3 JIBYX MOIYMY(T, HaCaXKEHHBIX HAa BEAYIIMH U Beromblil Bajbl. Korna
Ha OOMOTKY Benylled MoinyMy(Thl MoJaeTcs HaNpsHKEHUE, TO MOIYMY(ThI
OPUTATUBAIOTCA U Ojarojaps TPEHUIO MEXAYy HUMHU Bexomas noiaymydra
IPUBOJUTCS BO BpalleHHE, IepeMellas opraH peryiupoBaHus. B mydrax
CKOJIB)KCHHMSI MOMEHT BpallleHUsI Ha BEJOMBIM BaJl IIEPEIACTCS 38 CYET MarHUTHOTO
1oJIs, CO37AaBacMOro OOMOTKOM, pacloiOKEeHHOM Ha Benylled nonymydre, npu
BpallleHUM KOTOpPOW B BEAOMOM MOAyMy(pTe HWHIAYyLUHpPYETCS TOK; MpHU
B3aMMOJICUCTBUM JBYX MAarHUTHBIX TI0JIEW BO3HMKAET MOMEHT BpalleHUS,
MPUBOASIIMN B ABUKCHUE BEOMBIN BaJl.

[TpuHun nedcTBUs MOPOIIKOBOM My(Thl (puc. 27) OCHOBAaH HAa HW3MEHEHUHU
BS3KOCTH (PEPPOMArHUTHOTO TIOPOIIKA, 3aMOJHSAIOMIETO0 3a30pbl 2 MY(QTHI.
Benymuit Banm 1 My ThI CBSI3aH C IPUBOJHBIM JIBUTATENIEM, a BEAOMBINA Bal 3 — C
opraHoMm perynupoBaHua. Korma Ha o0oOMOTKYy ympaBieHuss 4 mojaercs
Hanpspkenue 0y, TO U3MeHseTCsl BSI3KOCTh (PEpPOMAarHUTHOM MacChl U BO3HUKAET
CHJIa CUEIUICHUsI MEXIy MOIyMy(pTamH, a BEIOMbIN Bajl MPUXOAUT BO BpalllEHUE,
nepemeniast oprad peryinpoBanus. [Ipyn yBeaM4eHUM MOTOKA YIPaBIEHUS BO3pa-
CTaeT M MOMEHT, MEpPEeJaBacMbldi Ha BeIOMbIM Bail. [lpu OoTCyTCTBMHM TOKa B
OOMOTKE yTpaBJICHUs] MOMEHT HE PaBeH HYJII0 M COCTaBISET MPUMEPHO COTHIE
JIOJIM MaKCUMaJbHOTO MOMEHTa, T. €. M, = 0,01 M .. ITO 00BICHICTCS HATHUYHEM
TpeHUs B NOpolKe. Jld IoaydeHUs JMHEUHOM XapaKTePUCTUKU MEXKIY
MOMEHTOM M TOKOM yripaBiieHust M =/ (/y)

CO3Jal0T HAYaJIbHBIA TOK TMOAMarHU4MBaHUSI.

[lepenatounass QyHKUUS TOPOIIKOBOU My(ThI

(29)

W (s)=0(s)/U, (s) =

= ku/[(Tys+ 1) (Tus+ )], (30)



IJie CO — yIJoBas CKOPOCTh BEJIOMOro Baja, pan/c; Ky — xodddummeHt

nepeayn
Puc. 27. - Cxema mopomkoBoi My ThI

MyQTBI, ompenensemblii  mo  xapakrepuctuke M = f(ly); T, = Ly/R, —
MOCTOSIHHAsI BPEMEHM OOMOTKH YIIPaBJIEHUS;

Ly 1 Ry — MHIYKTUBHOCTh U AKTUBHOE CONPOTHUBIIEHHE OOMOTKH ynpaBiieHus; 7T,
= J®uow/Muoy — MEXaHHUECKasI TIOCTOSIHHAS BpeMeHH (J — CyMMapHBI MOMEHT
WHEPIIUH, PUBEICHHBIN K BEIOMOMY BaJly).

Ecnu 3a BBIXOJIHYIO BENIWYMHY NPUHATH Yrojl moBopora G Bemomoro Baja, TO
nepenaroyHas GyHKIUs Oy/IeT UMETh BH]I

W (s) =ky/[s (1 +Tys) (14-Ts)], (31)

TaK KakK
4
f= Smd!.

0

3HaueHne NOCTOAHHOM Bpemenu T Haxoautcs B npeaenax 0,03— 0,25 c.

DJIeKTPOMALIMHHBIE HCIOJHUTEIbHBbIE YyCTpPolcTBA. K 3IeKTpoMalimHHBIM
WCMOJIHUTEIbHBIM ~ YCTPOMCTBAM OTHOCSTCA JBHUTATEIM PA3JIUYHBIX THUIIOB.
JIBurarenu MmocCTOSSHHOTO TOKa OOBIYHO HCMOJIB3YIOTCS B CHUCTEMaX COBMECTHO C
AJEKTPOMAIIMHHBIMU  YCWJIMTESAMU. [[n ynpaBiieHUs TaKuMH JBUTATEISIMU
IMPUMCHSIIOT THPUCTOPHBIC MpeoOpa3oBaTeny. J[Burarenu MepeMEHHOTO TOKa
MPUMEHSIIOT B CHUCTEMAaX aBTOMATHYECKOTO YIPABJICHUS Pa3JIMYHBIX KJIACCOB
Omarogapsi WX IIPOCTOTE, HAIEKHOCTH, MAaJIOM WHEPIMOHHOCTH W  YI00CTBa
YIIPaBJICHUS.

N3 pBurarened MOCTOSIHHOIO TOKA HMCIOJB3YIOT JIBUTATENd C HE3aBUCHUMbBIM
BO30yx)JeHueM (puc. 28). YpaBlieHHE MOXKET OCYIIECTBISATHCS WU CO CTOPOHBI



SAKOps (SIKOPHOE YIpaBJICHHUE), WM CO CTOPOHBI OOMOTKM BO30YyxaeHuss Ob
(momocHoe ympasieHue). COOTBETCTBYIOLIME CXEMbI MPUBENICHBI Ha puc. 29, a, 6.
W3meHeHue HarpaBlieHUs U 4acTOThHI BpAIICHUsS JBUTATENS] OCYUIECTBISETCS MpHU
MOJIFOCTIOM YIIPaBJICHUU MyTeM M3MEHEHHUS MOJSPHOCTU U 3HAUCHHS HANPSHKCHUS
Usx = Uy (puc. 29, a), pu 3TOM Ha SKOpb uepe3 0aiacTHOE CONMPOTHUBIICHUE T
MOJIAI0T MOCTOsAHHOE HarpsbkeHue UB. Ilpu ympaBieHHWH cO CTOPOHBI SIKOpS Ha
0OMOTKY B030y>kaeHusi OB mojaioT NoCTOssHHOE Hampsbkenue UB a yrpaBieHue
CKOPOCTHIO W HAaNpaBJICHUEM JBIKCHUS OCYLIECTBIACTCA IyTeM H3MEHEHUS
3HAYEHHUA U NMOJSIPHOCTU HamnpsbkeHust Ha skope: U, = Us (puc. 29, 6).
[TomocHOE ympaBieHHE MO CPaBHEHUIO C SKOPHBIM TO3BOJSIET YMEHBIIHUTH
MOIIIHOCTh ~ YCHUJIMTENBHOTO  yCTPOWCTBA, HO TMpPH ITOM  YXYALIAETCA
obicTpoaeiicTBue. [loaToMy yripaBieHHE CO CTOPOHBI IKOPSI HCTIOIB3YETCS HINPE.

2 U &—
| a) Ug,= Uy Usg=const

]
g

] 08 ]
r—— A ] 08

F
w1, L o
Ug=const Ugy = Ug
Puc. 28. Jlurareins Puc. 29. Cxemsbl ymnpaBiieHUs JBUTra-
IIOCTOSIHHOT'O TOKa TEJSIMU ITOCTOSIHHOTO TOKa

Bpamaronmin MoMeHT Mg, aBHUrarens BO3HMKAET BCIEICTBUE B3aUMOIECUCTBUSA
nosieit BO3OYKACHUS U SIKOPS; OH IPOIOPIIMOHAJIEH MOTOKY BO30YXIeHHS D, M
TOKY sIKOPS |y

MBD .=C1]a(_Dm (32)

rje c. — Ko3()PUIMEHT NPONOPIUOHATBHOCTH.
[Ipn mocTosTHHOM MOTOKE BO30YKaeHUsI D, Bpalliaronuii  MOMEHT

My, =cil,. )

Ecnu st mpocTOThl MOMEHT HArpy3Kd CUMTaTh PaBHBIM HYJIO, TO MOMEHT (76)
pacxoayercsi Ha MPEOAOJICHME WHEPUUU SKOPS W TNPUBOAUMOTO B JIBUIKECHHE
OpraHa peryJupoBaHusd, T. €.

M = J (do/db), (34)
rae J — NpUBENEHHBIM MOMEHT UHEpIUH, H*M*c?; co — yrioBas cKOpOCTh Baia

JIBUTATEJS, pajy/c.
YpaBHEHHE LIETTH STKOPSI MOKHO TIPEJICTABUTH B BHJIC



(jFI:[S!RFI_l—LH (dl,/dt) +e, (35)
rae Ly, Ry — HMHAYKTUBHOCTH U aKTUBHOE COIMPOTHUBIICHUE SIKOPS;, € = Co —
npotuBo-J/[C.

MoxHo cocTaBuTh nudpdepeHIInaIbHOe ypaBHEHHUE JBUTATENsS, CBSA3BIBAIOIEE
CKOPOCTh BpallleHUsI Bajia C HampshKeHueM yrpapieHus: Ug:

T.T, (d?0/dt?) + T, (do/dt) +o = kU, (36)
rae Ty = La/Ra — nocrosHuas BpeMenwu nenu skopst; T, = IR/ (c1 ¢2) =l (0x/My)
— DJICKTPOMEXaHWYeCKas IOCTOSHHAs BpEeMEHH (Il x — YIJOBas CKOPOCTh

X0JIOCTOTO X013, paj/c; M, — myckoBOi MOMEHT nBuratelis); Ky = 1/¢c; = wx/U;
non — KOd(PuImeHT nepenayn.
Ha ocHOBaHWM ypaBHEHHMS IepeaaTouHast (GYHKIIUS IBUTATEIIS HMEET BH/T

W (s) =0 (s)/U, (5) =k (T, TWs* + Tus+ 1. @0

Ecnu 3a BEIXOAHYIO BETMUMHY JIBUTATEINS CYMTATh yroJl oBopoTa Baja 0, To
(38)
W (s)=0(s)/U, (s) =ty /[s(T:T s+ Tys+ 1)).
[TocTosHHAs ILemu sAKopsA, HaxoauTcs B npexenax (2 -- 5) -10 2 ¢, a
>JEKTpOMEXaHuueckas mocTosHHas — (2 -:- 15)*10 2 ¢. Tak kak
Ts < Twm Oosnee yueMm Ha TOPSIIOK, TO MEpeaTOUYHast PYHKIUS TPUHUMAET BUA

W(s)=w(s)/U, (s)="Fky/(Tys+1). (39)

[Ipm sTOM [BUTATENb SKBUBAJIEHTEH AllEpUOAMYECKOMY 3BeHy. I3 nBurarenen
NEPEMEHHOr0 TOKa HaubOoJee paclpOCTPAHEH WHAYKIIMOHHBIN IByX(a3HbIii

nsurarens (puc. 30).
Puc. 30. - UaaykuuoHHbIH 1BYX(a3HBIA TBUTATENb

OTU JBUTATENM HWMEIOT JBE OOMOTKHM CTaTopa: OOMOTKY BO30yxkaeHuss OB u
0o0MOTKyY ympaBieHuss OV. OOMOTKH cTaTopa pachoyIO)KeHbl B TMPOCTPAHCTBE

MO/ yTJIOM
90°. OOmoTKa BO30OYXKIEHHUS IMUTACTCS OT CETH IMEPEMEHHOTO TOKa, a 0OMOTKa
YIOPABJICHUS — OT YCHJIUTEIS CHCTEMBI, TIPUUEM 3TO HAIPSOHKECHUE CIABHUHYTO TIO

daze OTHOCHUTENBHO HamNpsDKeHUsT Bo30yxkaeHus Ha =+ 90° Awmmuryna
HaIpspKeHUs BO30YKIEHUS TMOCTOSHHA, & aMIUIMTYJa HanpsDKeHHs yIpaBieHUs
MU3MEHSETCS B 3aBUCMMOCTH OT U3MEHEHUs YIPABIISIEMON BENIMUMHBL. POoTOp Takoro
JIBUTaTeJIs BBINOJIHAETCA B BHUJIE IIOJOT0 TOHKOCTEHHOIO AQJIOMHHHEBOIO WIH



CTAIBHOIO IWIMHIpA WM B BUAE Oennubeld, kinetku. I[lpu B3aumoxeicTBun
AITMITUYECKOTO TMOJIsI, CO34aBaeMOro oOMOTKaMH CTaTopa, ¢ MOJSMU BUXPEBBIX
TOKOB, HAaBOJMMBIX B pOTOpPE, BO3HUKAET MOMEHT, INPUBOIAIIMN B JBHKCHHE
POTOP, KOTOPBIN ITEpEMELIAET PETYIUPYIOIINI OPTaH CUCTEMBI.

B  aguHamMuueckoM  OTHOLIEHUM  ACUHXPOHHBIM  JBYX(a3HbIil  JBUTATEb
paccMaTpuBaeTcs Kak allepuOJUYECKOE 3BEHO, €CIM 33 BBIXOJHYHIO BEIUYHMHY
IPUHATA YIJIOBasi CKOPOCTh Baja JABUTATeNsl, T. €. €ro nepeaarodyHas (yHKLUs
onuckiBaeTcst (Gopmynoil. Eciu ke BBIXOJHOW BEIUYMHOU SIBISIETCA  YTOJ
noBopoTa 6 Baja JABUTATENs, TO

W (s)=ky/|s (14 sT,)] (40)

B Ttabn. 4 npuBeneHbl MOCTOSHHBIE BpEeMEHU JABYyX(a3HbIX JBUrareiei B
3aBUCHMOCTH OT THUIIOB POTOPA.

Tabmuma 4.
. YacroTa ToKa B UenH [Mocronnuan
Fun potopa nosBynenns, T'u BpEeMeHH, C
[Moauifi uemaruurupil 4()05_0500 8:8(2)2:8,(]}3
Moawth cranuuoi 400T500 lé—:go
[oapiti THna GeqMubeil KJETKH 4005_9506 8,"13:{)%

6. ArperatHbie YHU(DHUITIPOBAHHBIE CUCTEMBI

[Ipu perieHny 3a1a4 aBTOMATU3AIMKI TEXHOJIOTMYECKUX MPOLECCOB YKOHOMUYECKU
Oonee BBITOJTHO UCIIOJIb30BaTh YHUBEpCalbHbIE PEryJISITOPhI
OOLIENPOMBIIIUIEHHOTO HAa3HAUYEHMs, HEXEJIH B KaXKIOM OTIEIbHOM CIy4yae
CO37aBaTh CHEIUMAIU3UPOBAHHBIE YCTPOMCTBA. YHHMBEPCAIbHBIE PETYJIATOPbI
Oslarosiapsi KOHCTPYKTUBHBIM OCOOCHHOCTSIM MOTYT PUMEHSTHCS JIJIsl YIIPABJICHHUS
pa3IMuHbIMU Tponeccamu. IIpoekThpoBaHME W TPOU3BOJCTBO TAKUX CHUCTEM
pexkoMeHI0BaHO ['OCymapCTBEHHOW CHCTEMOW MPOMBIIIUICHHBIX MPUOOPOB U
cpexncts apromatuzauuu (I'CIT). B coctaB I'CII BXogsT ycTpolcTBa MOJy4EeHHUS,
npeoOpa3oBaHus U MpeACTaBICHUs MHPOpPMAIMU O XOJIe Mpolecca, YCTpOHCTBa
nepepadyd  dTo  MHGOpMAIMKM, a TaKXKe HUCIOJHUTEIbHBIE YCTPOWCTBA,
BbIpabaThIBaOIMue HeoOXoauMbie Bo3AeucTBUS Ha 00bekT. Ilpu stom B I'CII
MPETyCMOTpEeHa YHU(DUKAIUSA BXOJHBIX W BBIXOJHBIX CUTHAJIOB JJEMEHTOB U
OJIOKOB CHUCTEMBI, Oyarojapss ueMmy oOecrneurBaeTcsi JSHEPreTuYeckoe |
KOHCTPYKTUBHOE COINpPSDKEHHWE TP  CO3JaHUM  arperaTHblX KOMIUIEKCOB C
IIUPOKUMH  (PYHKIIMOHAJIBHBIMU BO3MOXKHOCTSAMHU. [lo croco0y mMmoakirodeHus
JaTYMKa pa3lidyaloT TpU TMPUHIMIA TOCTPOEHUS peryisiTopa: NpUOOPHBIN,
armnapaTHbId U arperaTHbBIN.



Perynstopsl mpuOOpHOTO THIA MOJYYalOT BXOJHOM CHTHajd OT CHEIHaIbHBIX
BTOPUYHBIX JaTYUKOB-TIPEOOpa3oBaTesieil, BCTPOCHHBIX B  COOTBETCTBYIOLIUM
U3MEpPUTETBHBIN MPUOOp.
PerynsTopsl anmapatHoro TUIa IMOJIY4YarOT BXOJHBIE CUTHAJIBI HEMOCPEIACTBEHHO
OT MEPBUYHBIX JaTYUKOB. BXOIHOE yCTPOICTBO MPU 3TOM BBIIIOJHAETCA CMEHHBIM,
YTO J1a€T BO3MOHOCTh BKJIFOYATh PA3JINYHBIE TUIIBI JATYHKOB.
ArperaTHblil IPUHIUI OCTPOEHUS PEaIU3yeTcsa MPU CTAaHAAPTHBIX CUTHAJIaX Ha
BBIXOJIE JTaTYMKOB; OH JA€T BO3MOYKHOCTb CO3[aBaTh pPA3JMYHBIE CHCTEMBI M3
B3aMMO3aMEHSEMbIX OJIOKOB, MPEIyCMOTpeHHbIX HoMeHknaTypoit I'CII.
B OpOMBIIIEHHBIX  PEryjisTOpax MUCHOJb3yeTCs TPU BHUAA  DHEPrUM:
AIIEKTPUYECKAs, TUAPABIAYECKAs] W IMHEBMaTHYecKasd. B COOTBETCTBHHM C 3TUM
PEryIsATOPbI KJIIACCU(PULIMPYIOT HA DJIEKTPUYECKHE, TUIPABIMYECKHE U
nHeBMaTnueckue. Kaxapli M3 HUX HMMEET ONpeleleHHbIE MpPEeuMYyIlecTBa M
HEJOCTATKHU.
DJEeKTpUUYECKUE PETYISATOPbI 00E€CTIEYMBAIOT BO3MOKHOCTD IEpEAaun CUTHAJIOB Ha
0O0JbIlINE PACCTOSIHUS, YTO OYEHb BA)KHO, TaK KaK B MPOMBIIIJICHHBIX YCIOBHSIX
JATYUKU U OpTaHbl PETYJIUPOBAHUS MOTYT OBITh Pa3HECEHBI TEPPUTOPHAIIBHO.
JInst  ruApaBIMYECKMX WM ITHEBMATHYECKM  XPETYJATOPOB  XapaKTEpHBI
3HAYUTENIbHbIE MOIIHOCTH, OOJBIIME CKOPOCTM M BBICOKAs HaJIEXKHOCTh
UCIIOJTHUTENIbHBIX MEXaHNU3MOB, a TAK)KE B3PbIBO- U T0XKapOOE30MaCHOCTb.
WHora ucnosb3yroTcsi KOMOMHUPOBAHHBIE PETYJISTOPHI: JIEKTPOTHIPABINYECKUE
WIM AJIEKTPOIHEBMAaTHYECKuE. B Takux peryisTopax JaTYMKWA U U3MEpPUTEIbHbIC
YCTPOMCTBA BBINOJIHAIOT 3JEKTPUYECKUMH, A HCIHOJHUTEIbHBIE 3JIEMEHThl —
TUIPABINYECKUMH UM THEBMATUYECKUMHU.
Perynaropsl pa3iM4yHBIX THUIIOB BOCIHPOM3BOASAT OJHM M TE K€ CTaHIapTHbIE
3aKOHBl  peryaupoBaHus: mnponopuuoHanbHbld  (I1)> wuHTerpanbubii (M),
nponopiuoHanbHo-uHTerpanbHbiid (I11), mponopumonansHo-1uddepeHInanbHbIN
(ITJT), mponopuronansHO-uHTETrpoauddepentu-anbubiit (ITAT).
[T ]I — 3aKO0H peryJnpoBaHusl, ONMUCHIBAIOLIUNCS CIEAYIOIINM YPAaBHEHUEM:

4

Y = kox 4k, \ xd! + ky (dx/dt),
0
IJIc y — BBIXOJIHAS BEJIMYHMHA PEryJIsATOpa; X — BXOAHAs BenmuuHa; Ko, Ky Ko —
MOCTOSIHHbIE KOA(D(DUIIMEHTBHI.
[Ipy  OTCYTCTBMHM KaKUX-THOO COCTABJIAIOIIMX B 3aKOHE PEryJdpPOBaHHUS
bopMUPYIOTCS APYTHE 3aKOHBI, YIIOMSHYTBIC BBIIIIC.
IMpu k1 = k2 = 0 mosyumm 3akon I1 perymupoBaHust:

(41)

y = kyx, (42)
npu ki =k, = 0 — 3akon U:
¢ (43)
y=r S xdt;
0

npu ki = 0 — 3axon [1/1:



y = hox - ky (dx/dt); (44)

npu ko, = 0 — 3akon [1U:
, (45)
y=rkox-+ky Sxdt.

0

[lpu HacTpoiike perynsTtopa kodddumuentol Ko, ki, k2 Moryr usMeHsThCS.
[IpakTUyecku peryasiTop BOCIPOU3BOIUT 3aKOHBI. B yacTHOCTH, B mepenaToyHOn
GYHKIIMM  perynsiTopa TMpH  HUCCIEJOBAHMM JMHAMUKA HY)XHO YUUTHIBATh
MHEPIIMOHHOCTh 3JIEMEHTOB CXEMbI. B peryndaropax moMuMo JUHEHHBIX 3aKOHOB
UCIIOJIB3YIOTCS. M HenuHelHble. [IpuMeHsercss IByX- WM TPEXMO3ULUOHHOE
pEryJIMpOBaHHE.

B cnyyae AByXMO3UILIOHUOTO PETYJISATOPA 3aKOH PETYJIUPOBAHUS UMEET BUJT

_ [Ymax npu x>0; (46)
© \Ymin upn x<<0.

I[JBI TPCXITO3UTUOHHOTI'O PCTYIIATOPA 3aKOH PCIyJINPOBaHUSA UMCCT BU/J
(47)

[ymelx upn x> a,
=) 0 apn —a<<x<a;

9
lymin npy x<<—a,

I'iC a — 30Ha HCYYBCTBHUTCIILHOCTHU PCTYJIATOpPA.

[TPOI'PAMMHBIE CPEACTBA ABTOMATU3ALIMN ITPOLIECCOB
HE®TEI'A30BOI'O KOMIIJIEKCA
1. IToroku nHPOpPMaLIMK B aBTOMATU3UPOBAHHON CUCTEME YIPABIICHHUS

npennpusitueM. OOIIMe CBEICHMUS.

B Hacrosiee Bpemsi MOJYYMIIM PACOPOCTPAHEHHE Pa3IUYHOTO pojaa
aBTOMATH3UpPOBaHHbIE cuUcTeMbl. Kaxkpas H3 TakuX CHUCTEM pealu3yer
cnenuduyeckuii HaOboOp 3a7a4 U (QYHKIUNA, KOTOpPhIE KaK pa3 M OMNPEICIISIOT
CTPYKTYpY CHUCTEMBI, amnmapaTHbIE CpEJICTBA U MPOTPaMMHBIE CpEICTBA STOM

cucremsl (puc.1.1.).



ACYn

L N

ACY uex 1

ACY uex 2

CAMp

ACYTN 1

ACYTN

Puc.1.1 Apxurektypa aBTOMaTU3UPOBAHHAsSI CUCTEMBI YIIPABICHUS

OACY — orpacneBas aBTOMaTU3UPOBAHHAs CUCTEMA YIIPABJICHUS,

IpeanpUsTHEM

ACHH

ACVYII — aBTOMaTU3UpOBaHHAS CUCTEMA YIPABICHUS PETPUITHS;

ACHMH — aBTOMaTu3npoBaHHAs CUCTEMA HAYYHBIX UCCICAOBAHNN;

ACYTII — aBTrOMaTU3MpOBaHHAS CUCTEMA YIIPABIICHHS TEXHUYECKOTO MPOIIECCa;

CYT AJI — cuctema ympaBieHusi THOKOM aBTOMAaTU3UPOBAHHON JIMHUY;

CYT AIIl — cucremMa ynpaBiieHHs] THOKOTO aBTOMAaTU3UPOBAHHOIO MTPOU3BOCTBA.
B pamkax kax7oro Turia aBTOMaTH3UPOBAHHBIX CHUCTEM OOBIYHO MOKHO

BBIACIIUTH HCJ'IBIfI pAaa TaK Ha3bIBACMBIX (bYHKL[I/IOHaJ'IBHBIX IMoaACHUCTEM, KOTOPBIC

peanu3yroT KOHKPETHBIC 3a]]a4M 10 YIIPaBJICHUIO0 00beKTOM (puc.1.2.).

Puc.1.2. ®yukunonansHas noacucrema ACVYII

ACY uex 1

CYTAN

CYrAn1i

CYTAn 2




Hamnpumep, B pamkax ACVYII moxHo Beiaenuts nogacucreMsl — OKIL, BY,
YK, MTC, CuPII, YuOIL

OKII — omnepaTuBHO KajJ€HAAPHOIO IJIAHUPOBAHUS

BY — 6yxrantepckoro y4era

YK — yuera kazipoB

MTC — MarepralibHO TEXHUUECKOTO CHA0KECHHUS

CuPII — cOpITa 1 peanusaiuu IpoyKIIUU

YuOIl — ynpaBieHns U ONEpaTUBHOTO IJIAHUPOBAHUS

B pamkax ACYTII Beipensirorest noacucremsl — CullOU, PuCII, OP.

CullOU — cbopa u nepBuuHO 00pabOTKKH UHPOPMALIUU

PuCIl — perynupoBanus U cTaOMIM3aLMU TAPAMETPOB

OP — opraHn3anuu pexruMoB

Kpome (yHKIMOHANBHBIX MOJCUCTEM MMEIOT MECTO O0OecHedMBaroIIne
noacucteMmbl. C UX TOMOIIBIO 00€CIIEYnBAETCS HOPMaJIbHOE (DYHKIIMOHUPOBAHUE
CUCTEMBI.

JItobass wmH(OpManMOHHAs CcHUCTEMa COJEPXKHUT HHPOPMALMOHHOE U
IPOrpaMMHOE 0OECTICUCHHE.

Kaxnas w3 (QyHKIIMOHAIBHBIX TMOJCUCTEM HCHOIB3YET Ty WU HHYIO
uHpopmarito 00 oObekTe (TpeaMeTHON o00JlacTH) B paHEEe CO37aBaeMbIX
aBTOMATU3UPOBAHHBIX CHCTEMaxX 3Ta HHGPOpPMAIMs XPaHWIACh OOBIYHO B BUJIC
MAaCCHUBOB JIaHHBIX, KOTOPbIE M MCIOJb30BAJINCh NPOrpaMMamMd TOW WIM HHOU
(GyHKUIHMOHATIBHOM MOACUCTEMOM.

bonee mepcrneKTUBHBIM B HAaCTOSIIEE BPEMsI CUMTAETCS MOIAXOJ KOTJa B
paMKax aBTOMAaTU3UPOBAHHOM CUCTEMBI BBIJICIISIETCS crenuanbHas
obOecrieunBaromiast noacuctema (MO), B KOTOpoil KOHIIEHTPUPYETCS BCS
uHbopMaIuss U U3 KOTOPOW (PYHKIIMOHAIBHBIC MOACHUCTEMBI MOTYT IMOIy4YaTh
JaHHble  HeoOXoauMmble 1t ee  (YyHKUMOHUpOBaHUS.  SapoM  Takoi
obecrnieunBaroniein noacuctemsl (MO) sBISIIOTCS aBTOMATU3MPOBAHHBIE OaHKH

naHHbIx (ABJ).



Paccmotpu ACVYII npennpusatusi ¢ BblIeTI€HUEM NOACUCTEMBI. JIJs1 Takoii
CUCTEMBI UIMEIOT MECTO CIEAYIOIIHE OCOOCHHOCTH:
1. IlpeobnanaroT 3amauv WM (QYHKIMHU CBSI3aHHBIE C OOJBIIMM KOJIWYECTBOM
pacyeToB.
2. CtpykTypa XpaHUMOW MH(POpMALUU HE OTINYAETCA OONBIION CII0)KHOCTBIO, HO
O00BEMBI €€ BEJIUKH.
3. HmeeT MecTo &ECTKO 3aJaHHBIN MEPEUYeHb 3alPOCOB, KOTOPHIE OMPEICISIOTCS

(YHKIUSAMU aBTOMaTU3UPOBAHHON CHUCTEMBI.

4. MudpopmanroHHasg nojacucTeMa J0JKHA GOPMUPOBATH TOKYMEHTHI U OTYETHI C

3aJIaHHBIMU (POPMAMH.
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Puc.1.3. ACVII ¢ BeIaeeHNEM NOACUCTEMBI
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Puc.1.4 IToroxn nanuesix B AC

Cnemudukoit Takoro poja aBTOMATU3UPOBAHHOW CHUCTEMBI SIBJISICTCS
CJIEAYIOIIICE:

1.lomken OBITH OOECTEUEH BBICOKO OIEPATUBHBIN pEXUM pPabOTHI B
peanbHOM MaciliTade BpEMEHHU.

2.Hanuume CIOXHBIX PacyeToB IJis pealu3alud  MOJEIUPOBAHUS
MoBeJICHUSI 00BEKTA U BHIPAOOTKE MPABWILHBIX YIIPABJISIIONIUX BO3JICHUCTBUM.

3.boibi10# 00bEM BEIYUCIICHUH.

B o6mem cnygae ABJl — sTto moacucrema AC BKiIrOHaromass B CBOU
COCTaB KOMIUIEKC CIEIUaIbHBIX METOJOB M CPEICTB (MaTeMaTHYECKUX,
TEXHUYECKUX, MPOTPAMMHBIX, JIMHTBUCTUUECKUX U OPTaHU3AIMOHHBIX ) IS
MOJJICPKKH JTUHAMUYECKON HH(GOPMAIIMOHHON MOJIETH TPEIMETHON O0JacTh C
IEJIBIO0 PEIICHUS 3a/1a4 YIPaBJICHUS UM 00CITYKUBaHUs MTOTPEOUTENECH.

OO6b1unO0 K ABJ] ipenbsaBisroTCst TPeOOBaHUS:
1.Cuctema  mOJDKHA  YIOBJIETBOPATH  WH(POPMAIMOHHOW  MOTPEOHOCTH

IIOJIB30BATCIIA.



2. Cucrema JomKHAa oOecreynMBaTh 3aJaHHBIA  YPOBEHb JIOCTOBEPHOCTH
XpaHsencss HHPopMaIiy.

3. Cucrema pomkHa obecreunBaTh TpeOyeMyl0 MPOU3BOAUTENBHOCTh TIPU
o0OpaboTke 3ampoca.

4. Cucrtema JnoipKHa oOecrednBaTh JOCTYN K JaHHBIM IIOJb30BaTelei B
COOTBETCTBUH C UX MOTHOMOYHUSIMH.

5. Cucrema nomkHa oOecneunBaTh YAOOCTBO OOpaleHHs TOJIb30BaTENs 3a
uHpopMmarmei.

6.CucreMa 10KHA 00eceunBaTh BO3MOKHOCTh PEOPTraHU3alui U pacIlIPEHMSL.

2. O000meHHasT apXUTEKTypa CUCTEMBI YIIpaBICHUS OOBEKTaMH JOOBIUH,

IIOATOTOBKH U TPAHCIIOPTA HC(I)TI/I H ras3a

Ha pwuc.2.1 mnpencraBieHa apXuTEeKTypa MHOTOYPOBHEBOW CHCTEMBI
ynpaBieHus, 00001aronas MHOTOYHUCICHHBIE NPUMEHEHHUsS] TaKUX CUCTEM IUIs
VOPABJICHHUS  TEXHOJOTMYECKMMM  TpoueccamMu  He(TIHOM U Tra3oBOU
npombitieHHOCTH (SCADA).

CeTb NpeanpHATHA WEB-cepBep

CTaHUMK onepaTopa/ y |
AMcneT4epa
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Puc.2.1 OGo01eHHas CTpyKTypHas CXeMa CUCTEMBI YIIpaBJIeHUS.



Kax mpaBuio, 3T0 AByXypOBHEBBIC CHCTEMbI, I UIMEHHO Ha ATHUX YPOBHSIX
peanu3yeTcsi HEMOCPEJCTBEHHOE YMPABJICHHE TEXHOJOTMUYECKUMHU IPOLIECCAMH.
Cremu¢uka KaxI0M KOHKPETHOM CHUCTEMBbI  YIOPABICHUS  OINpPEAENseTCs
UCIIOJIb3yEMOM Ha KaXKJIOM YPOBHE IIPOrPAaMMHO - ammapaTHOU MmiaT(GopMON.

Hwxuuii ypoBeHb - ypoBeHb 00BEKTa (KOHTPOJUIEPHBIN) - BKIIOYAET
pa3inuHbIe JaTYUKU (M3MEpPUTENbHbIE TpeoOpa3oBatein) s coopa nndpopmanuu
O XOJIe TEXHOJOTHYECKOTO MPOIEecca, SJICKTPONPUBOJLI W HUCHOJHUTEIbHBIC
YCTPOMCTBA I peaju3alid PEryJUpPYIONIMX W YHPABISIIONIMX BO3AEHCTBUM.
JlaTyuku MOCTaBIAIOT UH(POpMAIUIO JOKaIbHBIM KoHTposuiepaMm (PLC), koTopsie
MOTYT 00€CIIEUUTh PeATU3AIINIO CIeAYIOMUX QYHKIUMI:

- cOop, mnepBuyHasg oOpabOTKa W XpaHeHUEe HH(GOPMALUU O

COCTOSHUM  00OpYZIOBAHMS U [TapaMeTpax TEXHOJIOIMUECKOro Mpolecca;

- aBTOMATHYECKOE JIOTUYECKOE YIPABICHUE U PETYIUPOBAHUE;

- HCIIOJHEHHE KOMaHI C ITyHKTA YIIPaBJICHHUS,

- caMOJMarHocTuka paboThl IPOrPAMMHOTO OOECIIEYEHHUS U COCTOSTHUS
CaMoro KOHTpPOJIepa;

- 00MeH MH(popMaLel ¢ MyHKTaMH YIPaBICHHSL.

Tak xak mHbOpMaIMs B KOHTpOJUIEpax MpelBapUTeIbHO 00pabaThiBaeTCs
YU YACTHMYHO MCHOJB3YETCSd Ha MECTe, CYLIECTBEHHO CHWXAIOTCA TPEOOBAHMS K
IPOIYCKHOW CIIOCOOHOCTU KaHAJIOB CBSA3H.

HNudopmanvs ¢ JIOKaTbHBIX KOHTPOJUIEPOB MOXKET HAMpaBISATHCS B CETh
JUCIIETYEPCKOTO TYHKTA HEMOCPEACTBEHHO, a TaKXke 4Yepe3 KOHTPOJLIEPHI
BepxHero ypoBHs (cM. puc.2.1). B 3aBUCMMOCTHM OT TMOCTaBJICHHOW 3aJayu
KOHTPOJUUICPBI ~ BEPXHEro  YpOBHSA  (KOHIIGHTPATOpPbhI, KOMMYHHUKAIIMOHHBIE
KOHTPOJUIEPHI) peaTM3ylOT pa3nuuHble (QyHKIMUA. HekoTopele ©3  HHX
MIePEUUCIICHBI HIDKE:

- cOOp JaHHBIX C JIOKAJIbHBIX KOHTPOJLJIEPOB;

- 00paboTKa JaHHBIX, BKIFOYAs MacIITAOMPOBAHNUE;

- IoAACPKaHNEC CAUHOI'O BPEMEHU B CUCTCME,



- CHHXPOHM3aIUs pabOThI TTOJACUCTEM;

- OpraHM3aI|s aApXHUBOB 10 BEIOPAHHBIM MTapaMeTpaM;

- 00MeH uHpopMaIHel MEeXTy JTIOKaJIbHBIMU KOHTPOJIEpAMU U BEPXHUM

YPOBHEM;
- paboTa B aBTOHOMHOM pPEXKUME MPU HAPYIICHUSIX CBSI3U C BEPXHUM
YPOBHEM;

- p€3€pBUPOBAHKE KAHAJIOB MIEPEIavYM JAHHBIX U JP.

Bepxuuit ypoBens - gucrneruepckuii myHKT (JII) - BKIO4aeT oaHy WM
HECKOJIbKO CTaHLUW YIpaBJi€HUs, MPEACTABISIIONIMX CO00l aBTOMaTU3UPOBAHHOE
pabouee mecto (APM) nucneruepa/oneparopa. 37€Ch Ke MOKET OBITh pa3MeIICH
cepBep 0a3bl naHHBIX. Ha BepxHeM ypoBHE MOTYT OBITh OpPraHHM30BaHbI paboyre
MecTa (KOMIBIOTEPHI) MJis CIEUMAIMCTOB, B TOM YHCJIE M JJIsi MHXEHEpa IO
aBTOMaTu3alui (MHXUHUPUHTOBBIE CTaHIMHM). YacTo B KadecTBe paboOuux
ctaniuit ucnoisb3yrotcs [I9BM tuna IBM PC paznuunbix KoHQUTYypatiuii.

Crannuu  ymnpaBjieHUsI MpeIHA3HAYCHbl JJI1  OTOOpaKeHus  Xoja
TEXHOJIOTUYECKOT0 Tpollecca M ONEPAaTUBHOTO YHOpPaBICHHUS. OTU 3aJaud H
MpU3BaHO pemath nporpamMmmHoe obecneueHne SCADA, opueHTHpOBaHHOE Ha
pa3paboTKy W MOJJep)KaHue HHTepdeiica MEeXITy TUCIeTYEpPOM/OnepaTopoM u
CUCTEMOM yTMpaBlICHUs, a TakKe Ha 00ECTeuYeHHE B3aMMOJICUCTBHS C BHEIIHUM
MHPOM.

Bce ammapartHbie cpencTBa CHUCTEMBI YIPaBICHUS OOBEIMHEHBI MEXIY
co0oil kaHanmamu cBsi3U. Ha HUKHEM ypOBHE KOHTPOJUIEPHI B3aWMOJIECHCTBYIOT C
JaTYUKaMUd W HUCIOJHUTEIBHBIMU YCTPOMCTBAMU TOCPEACTBOM  (HU3UUYECKUX
JMHUH, a ¢ OJIOKaMH YJJAJICHHOTO M PACTIPEICIICHHOTO BBOIa/BBIBO/IA - C TIOMOIIHIO
CIICLIMAJIM3UPOBAHHBIX CETEH.

CBsi3p yIQJIEHHBIX KOHTPOJUIEPOB C KOHTPOJUIEPAMH BEPXHETO YPOBHS
(KOHIIEHTpAaTOpaMH) YacTO PEaM3yeTcsl MO paauo W TenedOoHHBIM KaHaiam. B
ciy4yae HeOOIBIINX PACCTOSHUM JIOKATbHbIE KOHTPOJJIEPHl OOBEAUHSIIOTCS MEXKIY
co00Oll M C BEpPXHHUM YPOBHEM YMPABISIIONIMMHU CETAMH Ha 0a3e BUTOM Tapshl,

OIITOBOJIOKHA.



CBs3b paznnuHbix APM onepaTuBHOIO nepcoHalia v CeHATIMCTOB MEXIY
co00ii, ¢ KOHTPOJIJIEpaMU BEPXHETO YPOBHS, a TaK)XE C BBIIMIECTOSIIMM YPOBHEM
OCYUIIECTBJISICTCS.  TOCPEJCTBOM  HMH(POPMALMOHHBIX  ceTed  (BUTas  mapa,
ONITOBOJIOKHO).

Cnextp peammzamuii RTU B Takux cucTemax YIpaBJ€HUS JTOCTATOYHO
mpok. Konkpernas peanuzamuss RTU 3aBucut ot o0iacTu mpuMeHeHus. ITO
MOTYT OBITh IPOMBILIUIEHHBIE KOMIBIOTEPHI (PC-coBMECTHMBIE KOHTPOJIEPHI) WIH
nporpamMmmupyembie Jorudeckue koHTposuiepbl (PLC/IIJIK). Ha poccuiickom
pBIHKE TIPEJCTaBICHA INMHPOKash ramMMma KOHTPOJUIEPOB CaMbIX pPa3IHMYHBIX
KOH(Urypanuii 1 Ha3HAaYEHH.

Uro kacaercs mporpammHoro mnpoaykra tuna SCADA, To ceifuac Ha
pPBIHKE TPUCYTCTBYET HECKOJBKO JecsATKOB OTKphITEIX SCADA-makeTos,
o0aalolUX MPaKTUYECKH OJUHAKOBBIMU (DYHKIMOHAIBHBIMU BO3MO’KHOCTSMHU.
Tem ne menee, kaxapii SCADA-nakeT sBIs€TCA MO-CBOEMY YHUKAIBHBIM, U €0
BBIOOp /i1 KOHKPETHOM CHCTEMBI aBTOMATH3allMUA TO-TIPEKHEMY OCTaeTCs
aKTyaJIbHBIM.

Bb100p KOMMYHUKAILIMOHHOTO MPOrpaMMHOr0 oOecnedeHus (IIPOTOKOJIOB
oOMeHa uHdOpMaIuei) s KOHKPETHOM CHUCTEMbl YIPABICHUS OMPEIEIseTCs
MHOTUMHU (paKTOpaMu, B TOM YHUCJIE€ U TUIIOM NPUMEHSIEMBIX KOHTPOJUIEPOB, U

BbIOpaHHbIM SCADA-makeToM.

3. IIporpammHo-amnmapaTHbIe CpEACTBa aBTOMATH3allMM IPOILIECCOB

He(dTerazoBoro KoMIuiekca

Jlnst  ympaBIieHHST HENPEPBIBHBIMM — TEXHOJIOTHYECKMMH  IIPOIECCAMMU
(3aBOJICKUMH)  CYILECTBYIOT CICIHAIM3UPOBAHHBIC POrPaMMHO-AIapaTHbIC
cpeacTBa, KoTophle monyumnn HasBanwe Distributed Control Systems — DCS
(pacnpeneneHHble CUCTEMBI yIipaBiieHus - PCY).

Ecnmu koHTposutepsl B CBOE BpeMsl MPHUILIA B aBTOMATH3AIUIO IS

00paboTKH JIMCKPETHBIX CHUTHAJIOB, TO DCS-cucremsl W3HAYAIBHO



MpeIHA3HAYAINCH 71 PA0OTHI C aHAJOTOBBIMHU CUTHaJIaMH. VIMEHHO aHAIOTOBBIE
CUTHAJbl JaTYMKOB TEMIIEpATyphl, AABICHUS, YPOBHS, pacxoja OMNpPEACIISIOT
COCTOSIHUE TEXHOJIOTMUYECKUX TMPOIIECCOB IepepadoTku HepTu u raza. OnHa u3
OCHOBHBIX 3a7a4 YIPaBJICHHUS TaKUMH TMpolieccaMyd — CTaOMiIu3anusi OOJBIIOTO
KOJIMYECTBAa TEXHOJOTHYECKUX  IMapaMeTpoOB, KOTOPbIE YacTO  SBJISIOTCS
B3aMMO3aBUCHUMBIMU. Ho 3TO He o3HayaeT, uto coBpemeHHble DCS-cuctembl He
aJanTUPOBAHBI JJis1 paOOThI C IUCKPETHBIMU CUTHAJIAMH.

JIrobas DCS-cucrema — »9TO cHCTEMa, BKIIIOUaromias B ceOS  Bce
KOMIIOHEHTBhI CUCTEMbI YIIPABIICHUS: KOHTPOJIEPHI (YIPABIISIIOLINE TPOLIECCOPHI),
CEeTH U WHTEP(PEHChl CBS3HM, MPOrpaMMHOE OOECIEUEHUE CTAaHUUU ONEepaToOpoOB,
WHKUHUPUHTOBBIX CTaHIMi. Bce »TM mnporpaMMmHo-anmapaTHbIE CpEICTBa
Ha3bIBAIOTCS CHUCTEMOM, Oojee TOro, WHTETPUPOBAHHOM CHCTEMOM, TakK Kak
B3aMMOJICHCTBHE BCEX KOMIIOHCHTOB TaKOM CHCTeMBl (M TIPOTpaMMHBIX, U
amnmapaTHbIX) obecrieueHo (upmoi - mpousBoauTeneM. IIOHATHO, 4TO B 3TOM
Cllydyae MOKHO TOBOPUTH O BBICOKOW CTEMEHM TOTOBHOCTH 3THUX CPEACTB M
BBICOKOM HAaJIE’KHOCTH, TaK KaK ATO B3aMMOJECHCTBHE ‘“OTTAYMBAETCS’ MHOTHMH
rojlaMu B “1ab0paTopHBIX” YCIOBUSAX CHEHUAIUCTAMU CaMOM (DUPMBL.

Otoro He ckaxemb o SCADA-cucreMax, Korja CO3JJaHUEM CHCTEMBI
yOpaBieHUs] 3aHUMAIOTCS (UPMBI - CHCTEMHBIC HMHTErpatophl. llpuxomurcs
“CTBIKOBAaTh” MPOrPAMMHO-ANIIAPATHBIE CPEICTBA Pa3HBIX IPOU3ZBOJMUTENIECH B
paMKax peajgbHOTO BpPEMEHH, OTIYIIEHHOr0 Ha pa3paboTky mpoekra. Jlms
NpUOOPETEHUsST OMbITa (KOTOPBIM, KaK W3BECTHO, MPUXOJIUT HE cpazy) TpelyeTcs
BpeMs.

B pamkax 3To# JIeKIuu TPYAHO OMKCATh BCE TOHKOCTH U HIOAHCHI BBIOOPA
TOrO0 WM HMHOTO MOJXO0Ja K CO3JaHUI0 CHUCTEMBI yIpaBJieHUs. OTOT BBIOOD
OTpeeNsIeTCs] 0YeHbh MHOTHMH (DakTopaMu W B KaKWX-TO CIIy4asX OYEBHICH U
OJIHO3HaueH. B Apyrux ciydasx BO3MOXKHBI BapHAaHTHI BEIOOpA U TOTO, H JPYTOTO
noaxona. Ilpu 3ToM JOJDKHBI OBITH BBIABUHYTHI JOTOJHUTEIIBHBIE KPUTEPUH,

CHOCOOHBIE CKIIOHUTH Yallly BECOB B Ty WJIH HHYIO CTOPOHY.



YTBepxkaaTh MOkHO Juiib cieayiouiee. Ceronns BbiOop DCS-cucremsr
oboiieTcss moTpeduTento 1opoxe (B cpeaHeM) 1o cpaBHeHHIO ¢ BhiOopoMm PLC u
SCADA. Ho xenaHue COKOHOMHUTb, B CBOIO Ouepellb, MOXET NPHUBECTH K

OTpULIATEIBHOMY PE3YJIbTATY.

4. HWudopmanmonHoe oOecreueHne aBTOMATU3UPOBAHHBIX  CHUCTEM

YIIPaABJICHUA He(bTeI‘aSOBOI‘O KOMIIJICKCA

4.1 NUudopmanus u faHHbIE

B okpyxaromeM Hac MHpe UMEIT MecTo JHuOo (usuveckue Tena, Jubo
¢usznueckue mons. IlocnenHue HaxXomATCs B COCTOSSHUM — HETIPEPHIBHOTO
U3MEHEHHUS, KOTOpbIE COMNPOBOXKIAIOTCS OOMEHOM »JHEpPrHed U BbIICICHUEM
CUTHAJIOB B OKpYy:Karolei cpene. [Ipu B3anmMoaeicTBUN 3TUX CUTHAIOB C IPYTUMHU
TelaMM WIM OOBEKTaMH, B TOCIEAHMX TAaKXe€ BO3HUKAIOT OIpeesICHHbIE
M3MEHEHUS WX CBOMCTB WM COCTOSIHMM. ODTO W HA3bIBACTCS PETUCTpAIUEH
CUTHAJIa. DTU U3MEHEHHUsI MOKHO HAOI0JIaTh WK U3MEpATh. B pesynbrare 3Toro
nporecca 00pa3yroTcsi naHHble. J[aHHBIE — 3TO 3aperMCTPUPOBAHHBIC CUTHAJIBI.
JlanHble HecyT B cebe MH(MOPMAIUIO O COOBITUAX PEATbHOTO MUPA, OJJHAKO OHU HE
TOKJIECTBEHHBI HH(POPMAIUH.

WNudpopmanus — 370 NPOIYKT B3aUMOACUCTBUSA JaHHBIX U aJ€KBATHBIM UM
METO/IaM.

OnpeneneHue He SBISAETCA €AUHCTBEHHBIM. B HacTosiiee BpeMs HET

CTpororo O6Hl€HpI/ISHaHHOFO OIIpCACIICHUA I/IH(I)OpMaHI/II/I, X0Td HMCIOTCA



pa3nuuHbie MOHATHS 00 uHpopManuu. llpuyem oka3piBaeTcs, YTO B pa3HbIX

HAYYHBIX JUCHUIUIMHAX 3TO MOHITUE HHTEPIIPETUPYETCS MO-PA3HOMY.

4.2 CpoiicTBa HHPOpMAITIH

Nudopmanus obnagaeT cieyronuMi OCHOBHBIMU CBOWCTBAMMU:

1) Junamuka, T.6. UHGOpPMAalUA HE SBISIETCA CTAaTUYCCKUM
o0bekToM. OHa HM3MEHSAETCS BO BPEMEHH M CYIIECTBYET TOJBKO B MOMEHT
B3aMMOJICHCTBHSI TAaHHBIX U METO/IA.

2) OOBEKTUBHOCTh U CYOBEKTUBHOCTh. JlaHHBIE camu 1O cebe
SBIISAIOTCA OOBEKTUBHBIMM, T.K. OHHM SIBJISIOTCS PE3YJbTaTOM PETUCTPALUU
OOBEKTUBHO CYIIECTBYIOIIMX CHUTHAIOB. B TOXXe BpeMsi METOMBI SBISIOTCS
cyObekTUBHBIMU. HO TOT MeToj, KOTOpBIA HCHOJB3yeTCs A 00pabOTKH C
JaHHBIMU, MOXET ObITh CYOBEKTUBHBIM, €CIIM JIPYyroll paboTaeT ¢ TeMH, e
naHHbIMU. bojee OOBEKTUBHOW MPUHATO CUYUTATh MH(DOpPMAIHIO, B KOTOPYIO
METO/Ibl BHOCSIT MEHbILIE CYObEKTUBHBIX JIEMEHTOB. Tak, HapUMep pe3yabTaT
HaOmoeHusT (POTOCHUMKA Kakoro Jimbo oO0bekTa Jaer 0osiee 0OBEKTHUBHYIO
nH(dOpMaIUIO, YeM pe3yIbTaT HAOI0ICHHsI pUCYHKA ITOTO K€ 0OBEKTA.

3) [Tonnora wunbopmammu. [lomHora wuHGOpMaUM BO MHOTOM
XapaKTepu3yeT KauecTBO MH(OpMAIMK U ONpenesseT JOCTaTOYHOCTh JaHHBIX
JUTSI IPUHSATHSI PEIICHUS.

4) JlocToBepHOCTh MH(pOpMaIuu. /[aHHbIE BO3HUKAIOT B MOMEHT
pEeTUCTpalii CUTHAJIa, HO HE BCE CUTHAJIBI SBJISIFOTCS TIOJIC3HBIMH, T.€. BCETa
UMEET MECTO KaKOH-TO ypOBEHb IOCTOPOHHUX CHUTHajoB. B pe3ynbraTe
TIOJIC3HBIE TaHHBIE COTIPOBOKIAFOTCSI OTIpeIeTICHHBIM yPOBHEM
UH(GOPMAIIMOHHBIX HIYMOB. llpu yBelnyeHUM YpOBHS LIYMOB JOCTOBEPHOCTD
uHbopMaluu cHWkaerca. M B TakoM ciyyae Al MOJYYEHHUS TOTO Ke
KOJIMYECTBA WH(POPMAIIUU U TOTO K€ CHTHAIA HEOOXOAUMO UCTIOIB30BaTh JHO0

OoJIbIlIe JaHHBIX, JIN00 00JIee COBEPIIICHHBIC METOIbI.



5) AnekBaTHOCTh WH(OpPMAIMM — OTO CTENEHb COOTBETCTBUS
pealbHOMY TIPOLIECCY MU OOBEKTY.

6) JlocTynHOCTh  MHpOpMAMu — 3TO MEpa BO3MOXHOCTHU
NOJy4uTh Ty WIM HHYIO0 uH(popmammio. Ha cTemeHb AOCTYMHOCTH BIMSIOT
OJHOBPEMEHHO M CTENEHb JOCTYIHOCTHM K JaHHBIM M JOCTYIHOCTh K
aJIeKBaTHBIM METOJIaM JIJIsl UX UHTEPIIPETALIH.

7) AKTyanbHOCT, HMH(OpPMAIMM — CTENEHb COOTBETCTBUSA
uHpopMaluu TekyleMmMy MoOMeHTY. [lockoiibky HMH(OpMalMOHHBIE MPOLECCHI
IPOUCXOASAT BO BPEMEHHM, TO aJIeKBaTHas W JOCTOBEpPHas, HO yCTapeBILAs

uH(pOpMAaIUs MOXKET MPUBOAUTH K OIIMOOUYHBIM PEIICHUSM.

4.3 HWudonornyeckuii ¥ JaTAJIOTMYECKUN ACMIEKThl MPOECKTUPOBAHMS

aBTOMATU3UPOBAHHON MH(GOPMAIIMOHHON CUCTEMBI

To, uTo MBI MMeeM B BHUJE JAHHBIX 00 OOBEKTE WJIM O MPEAMETHOU
obnactu, B OBM, MoXkeT, MpH HCIOJIIb30BAHUU OIPEACIIEHHBIX METOAOB CTaTh
uH(popmalue, T.e. TPUOOPECTH CMBICIOBOE cojepkaHue (ceMaHTuky). Ecim
dukcamus curHaia 006 OOBEKTE OCYIIECTBISETCS C IOMOIIBIO €CTECTBEHHOTO
A3blKa, TO JaHHblE M HX CEMaHTHKa (UKCUPYIOTCSI COBMECTHO, HO €CJH
ucnoaszyercss OBM 1 0ToOOpakeHUsi COCTOSIHHMSI TaKOoro OOBEKTa, TO B HEM
OOBIYHO JaHHBIE M WX HHTEpIpeTalusl pas3jieiieHbl, HapuMep, Ha pa3IUyuHbIe
TOJISL, 3TO CBSI3aHO C ABYMSI IPUYMHAMMU:

1. 9BM He nMenu ¥ HE UMEIOT JOCTATOYHBIX BO3MOYKHOCTEH IS
00pabOTKH TEKCTa Ha MPUBBIYHOM SI3bIKE.

2. [TamsaTe D9BM koHEYHa, ¥ TO3TOMY CEMAHTHKA BO3JIAaracTCs Ha
MIOJIB30BATEINSI, & XPAHATCA TOJIBKO JaHHbIE, IPUYEM IOJIb30BATENIb MOXKET HE
caM MHTEpIpPETUPOBaTh JaHHbIE, a pPa3paboTaTh AJI ATOrO MPOrpaMMy.

[Ipu co3zganuu ABJ] nuMer0T MecTo MH(POJOTUYECKUM M JaTallorH4ecKuil

aCIEKThI MPOEKTUPOBAHUSI.



Nudonornueckuit — ymnoTpeOnseTcs TMpH PacCMOTPEHUH BOMPOCOB
CBSI3AHHBIX CO CMBICIIOBBIM COJIEpP)KaHHWEM JIaHHBIX HE3aBHUCHUMO OT HX CIlocoda
OpeJICTaBlICHUs B HaMmsATH cucteMm; npu coszganun AWC Bepgensercs asran
UH(POJIOTUYECKOTO TPOEKTUPOBAHUSA, B €ro paMKax pEeLIaloTCs CIeIyIoIIne
OCHOBHBIE BOIIPOCHI:

—0 Kakux OOBEKTaX WIM SBJICHUSAX pEAJIbHOIO MHpa Tpedyercs
HaKarmBath U o0padaTeiBaTh nHPopMaruio B AUC;

— KaKkue OCHOBHBIE XapaKTEPUCTUKH OOBEKTOB M KaKue€ B3aWMOCBSI3U
JIOJKHBI OBITh YUTEHBI B HHPOPMAIIMOHHOM cCHCTEME;

—yrounsiercss BBogumbie B MC monatus o0 oO0BeKTax, WHX
XapaKTEPUCTUK U B3aUMOCBSI3H.

[Ipy pmartanoru4eckoM MPOESKTUPOBAHUM HCXOISAT W3 BO3MOXKHOCTEH
UMEIOLINXCS CPEACTB BOCIPUATUS U XPAHEHHUA, a TaKKe 00pabOTKM AAHHBIX NS
pELICHHUs CIEIYIOIINX BOPOCOB:

— pa3paboTKH COOTBETCTBYIOIMIUX (POPM MPECTABICHUS JaHHBIX;

—pu BeIOOpE Mojiede U MeToja MpPEJCTaBICHUs U MpeoOpa3oBaHus
JTaHHBIX;

—1npd  (GOPMYJIUPOBAHWM  MPABHI  CMBICIOBOM  HHTEpIpETALUU

IMOJIYUYCHHBIX JAHHBIX.

4.4 Tlonsitus BJ1, cucremsr ynpasienus: b/ (CYB/).

Ha mepBbix mnepuonax pa3pabOTKM W BHEAPEHHUS aBTOMATHU3UPOBAHHBIX
MH(POPMAITMOHHBIX CHCTEM, B X MPOTPAMMHOM OOECIICUCHUH HCITOIh30BAJICS TaK
Ha3bIBAEMbIHM 11033Ja4HbI TOAXO0A. [Ipru TakoMm moaxonae, mpu CO3AaHUMU CIOMKHBIX
AC BO3HHUKAIOT TPOOIIEMBI:

— N30BITOYHOCTD JAHHBIX;
— CJIO)KHOCTh BHECEHUSI U3MEHEHUN B UCXOJHBIC JAaHHbIC, TaK KAaK IpHU
KOPPEKTHPOBKE JIAHHBIX IS OJHOM IIPOrpaMMbl, HEOOXOIMMO KOPPEKTUPOBATH

U JJIS JPYTUX POTpaMM;



—TaK Kak MMEET MECTO B3aUMOCBSI3b MEXK]Y CTPYKTYpOW HAHHBIX U
TEKCTOM MpOrpaMM, TO MU3MEHEHHWE B OPTaHU3AlMHU WIH CTPYKTYpE HaHHBIX
MPUBOJUT K HEOOXOJUMOCTH U3MEHEHHSI M CAMUX MTPUKIIAIHBIX POrPaMM;

— mobas AC sBIseTCS pa3BUBAIONICHCS, a IPU ATOM BHEAPSIOTCS HOBBIC
MpOTrpaMMbl, B KOTOPBIX €CIM JIa)K€ HCIIOJIb3YETCSd pPaHEe MNPUMEHSIIONINECS
JTAaHHBIE, UX BCE PABHO HEOOXOJUMO BKIIFOUUTH B HOBYIO BEPCHUIO MPOTPAMMBI.

Kpome HUX ecTh U JApyrue HEAOCTaTKHU, KOTOpPbIE CTUMYJIHPOBAIH
MOSIBJICHHE HOBBIX IMOAXO0JIOB K OpraHrW3alyuy JaHHbIX:

1. WNurterpanust m ueHTpaau3alusl JaHHBIX, KOTJa BCE JIaHHbBIC
HaKaIlJIMBAIOTCsA, OOpadaThIBAIOTCS M XPaHATCS LEHTPAIU30BaHHO, CO3/1aBast
JTUHAMUYECKU OOHOBIISIIONIYIOCS HWH(DOPMAIMOHHYI0 MOJENb TMPEIMETHON
o0nacTu.

2. ObecneyeHre HE3aBUCUMOCTH TIPUKJIAJHBIX TPOTrPaAMM U CAMHX
JAHHBIX.

Peanuzanust TUX NPUHIIMIIOB B TOM WUJIM KUHOM BHUJE IPUBOAUT K CO3aHUIO
€IMHOTO I BCEX 3a7ay (MPUKIAIHBIX) Onoka (6a3bl) NaHHBIX, 2 BO-BTOPHIX — K
CO3/IaHUI0 TIAKeTa YMPABISIOMIMX MPOTpaMM ISl MaHUMNYJUPOBAHUS ITUMU
naHHbIMU. Takum 00pa3oM u3 coctaBa nmpukiagHbix nporpamm [1I1; u Iy AUC,
UCIIOJNB3YyeTCs TMo3aJaunblid nmoaxoa B coctaBe AMC, mocTpoeHHass Ha OCHOBE
Oanka naHHbIX. Bo-nepBbix B B/l BkitoueHwsl camu ganHbie Mj...[JAn. @parmentsl
[1I1, oOecnieunBaroIyiec MAaHUITYIUPOBAHUE TAHHBIMUA KaK Obl BKJIIFOYEHBI B COCTaB
CYB/] u, HakoHEN, camMu NPUKIATHBIE IMPOrPAMMBI, OCHOBAHHBIE HA HOBOM
npuHuune (puc.4.1.). M3 HUX ocTaroTcs TONBKO TE€, KOTOphIE MOJIEPKUBAIOT

AJITOPUTM KOHKPETHOM 3a/1a4H.
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Puc.4.1.®ynknuu undopmarmonHoro oodecneyeruss AC

[Io cpaBHeHMIO C TpPaJWIUOHHBIMHU TO33JaYHBIMU TIOJIXOJIaMH, KOTJa
KKJI0€ MPUIIOKEHHE 00ecredyeHo MOHOMOJIbHBIMU (paitiamu. [lenTpann3zoBanHoe
yIpaBlIeHUE UMEET CIEIYIOIINe TPEUMYIIIECTBA:

—  COKpailleHue U30bITOYHOCTH XPAaHUMBIX JaHHBIX, TO €CTh B 3TOM
CJIy4ae MOKET ObITh 00eclieueHa MUHUMAJIBHO HEO0X0AuMast U30bITOYHOCTh
XpaHEHHs JIaHHBIX, €CJIM K€ BBIIBISETCS (aKT  HUCIHOJIb30BAHUS
HeckoabkuMH 111 ogHUX MaHHBIX, TO TaKUE JAHHBIC 3aHOCSTCS U XPAHITCS
B OJTHOM DK3eMILIsIpe (KpoMe pe3epBa):

—  yCTpaHEHHE  TMPOTHUBOPEYMBOCTH  XPAaHUMBIX  JaHHBIX,
CJICICTBHEM YCTPAHCHHUS W30BITOYHOCTH JAHHBIX SBISACTCS YCTPAaHCHHE
BO3MOYKHOCTH YCTPAaHCHHS MPOTHBOPESYMBOCTH OJHUX W TEX K€ JaHHBIX B
Pa3TUYHBIX MPUITOKECHUSIX;

—  MHOTOAacTlEeKTHOE  WCIONB30BAaHWE  JIAaHHBIX, TO  €CTh
[IEHTPAIM30BAaHHOE YIPABJICHUE B TOJHOW Mepe MO3BOJSET PEan30BaTh
MPUHITUT OJHOKPATHOTO BBOJIA JAHHBIX U MHOTOKPATHOTO HMCIOJb30BaHUS
JTAHHBIX;

—  BO3MOXHOCTb COOJIFOJICHHSI CTaHAApTOB, B HACTOSIIECE BPEMs
npu MPOCKTUPOBAHUH ANC YYHUTHIBAOTCS KOPIIOpaTHUBHEIE,

BCAOMCTBCHHBIC, ITPOMBIIIJICHHBIC U HHTCPHAITMOHAJIbHBIC CTAaHAAPTHI;



— obecrieyeHrne BO3MOKHOCTH CaAHKIOMOHWUPOBAHHOI'O JOCTYIIA K
JaHHBIM, HHTCTpalusad JaHHBIX IIPUBOAUT K TOMY, UYTO JAaHHBIC,
HCIIOJIB30BAHHBIC PA3HBIMHU HOTpe6I/ITeJIHMI/I, XPaHATCA Ha O6H1HX HOCHUTCIIAX
H MOI'YyT ICPCCCKAThBCA CaMbIM PpPa3JIMYHbIM O6p330M, OTUM CaMbIM
MMOBBIIIACTCS BO3MOKHOCTL HOCTYIIA K CCKPCTHBIM JdHHBIM H T.II., 4 TAKIKC
BO3MOKHOCTDb HCTIPCAHAMCPCHHOI'O HCKAXKCHUA TaHHDBIX

— BO3MOKHOCTL OOecIeueHUs OCJI0CTHOCTH AaHHBIX, 3aJada
obOecreyeHus JaHHBIX COCTOUT B 00CeCIICUCHNH UX IMPpaBHUJIBHOCTHU, TOYHOCTH,

JIOCTOBEPHOCTH IIpU XpaHeHuu B b/I.

4.5 baHk JaHHBIX, KaK aBTOMaTH3anus cucteMbl. KommoneHTs B/

Ha puc.4.2. mnpencraBieHa crpykrypa AbBJl, Takas cTpykrypa
JEUCTBUTEIBHO COOTBETCTBYET CTPYKTYpE aBTOMAaTHU3MPOBaHHBIX cucrteM. OHa
ABJIIETCS YETIOBEKO-MAIIMHHOM U MpeHa3HayeHa i cOopa 1 00padOTKHU TaHHBIX,

HCIIOJIB3YCMBIX B PA3JIMYHBIX C(bean YeJI0BEUCCKOM ACATCIIBHOCTH.

AB/], (AUC)

B CYB[, MNonb3osaTen BbluncnmntenbHas

Puc.4.2. Crpykrypa AB/I

b/l npenHazHaueHa i MOIJIEPKAHUS AJAEKBATHOW MOJEIIM MPEAMETHOM
00J1acTH, C IENBI0 HWCIOJIB30BAHHUS €€ B PAa3IWYHBIX NpuiokeHusx. bJl momxHa

06J'IaI[aTB CICAYIONIMMH OCHOBHBIMH Ka4CCTBAMMU:



—  HMHTErPUPOBAHHOCTBHIO, HAIPABJICHHYIO HA PELICHUE KOMILUICKCA
3a1ay;
—  CTPYKTYpUPOBAaHHOCTBHIO  (MOJIYJIIBHOCTBIO),  TO3BOJISIOLIECH
OTpaxkaTh KaKyl0-TO IPEAMETHYIO 00JIaCTh B BUJIC aJICKBATHOW MO/IEIIH;
—  HE3aBUCHMOCTBIO ONHMCAHUS JAHHBIX MPUKIAAHBIX IPOTPAMM;
—  B3aMMOCBSI3aHHOCTBIO JaHHBIX, YTO MO3BOJISET UCIONB3YSl OJHO
JIAaHHBIE TIOJTy4aTh HOBBIC TAHHBIE HA UX OCHOBE.
B 3aBucuMocTH OT TOro, KTO MCHONB3yeT WiH pazpadbarsiaet AUC (AB/),
BO3HUKAET Kak Obl ypOBHU aOCTparupoBaHus uiu npejactasieHus o bJI.

HauGonee pacnpocTpanena TpexypoBHeBas apxutekrypa bJ] (puc.4.3.).

no

BHewWHWI ypoBeEHb

Puc.4.3. TpexypoBHeBas apxurektypa b/l

Buemnee mnpencrasienue — 310 coaepxkumoe bJl, kakuM BUIHUT €ro
OIPENICIIEHHBIN TOJIb30BaTENb. [Isi Takux mosb3oBatenen bl — 310 Xpanuuie
CBCJICHHM (HA CTHICHIWH, OIICHKAX, IIeHaX) O TeX O0OBEKTaX, KOTOPHIC IMOHSTHBI

CrielaIucTam B 3Toi npeameTtHoit odnactu (I10).



BTopoii ypoBE€Hb —  KOHILENTYyaJIbHBIM YPOBEHb  IPEACTABICHHUS
COOTBETCTBYET MpeAcTaBieHUI0 mpoektupoBimmka AWC o  jmorudeckoi
OpraHM3alliyd JaHHBIX WM O CTPYKTYpE HaHHBIX. OJTOT ypOBEHb BO MHOIOM
COBIAJAET CO BHELIHUM MPEJCTABIECHUEM, HO €r0 OTINYUE COCTOUT B MPUBS3KE K
cpenctBam peanuzanuu AVC (CYB]]). Onucanue b/l Ha KOHIIENTyaJIbHOM YpOBHE
3agaercs Ha s3bike onucanust OB/, ucnonszyemoro B CYB/I.

KonnentyanbHoe NpencTaBlIeHUE COCTOUT W3 MHOXKECTBA HK3EMILIAPOB
KKJOTO TUIAa KOHIENTyalbHOM 3amucu. Ha kaxaoMm ypoBHE ujer oOoOiieHue
WHIUBUYAJIbHBIX MPEICTAaBICHUIN NoJib30BaTed. OnpeaeneHusi KOHIENTyalbHON
CXeMbl MOTYT BKJIIOYaTh W JIpyru€ JOMNOJHUTENbHBIE CpPEACTBA — CpEACTBA
obecrniedyeHus: 6€30MaCHOCTH, LIEITOCTHOCTH.

Tpetuii  ypoBeHb  —  BHYTPEHHHM  YPOBEHb  INPEICTABICHUSA
(abctparupoBanus). Ito mpencraBieHue Bced bJl B Buae MHOTMX SK3EMIUISIPOB
Ka)XJIOro TUIAa XpaHUMOU 3anucu. Ho BHyTpeHHUE NpEACTaBIEHUS, TaKOe, KaK U
NIEPBBIE JIBA YPOBHS HE CBSI3aHbBI C (PU3HMUECKUM YPOBHEM ((PM3UUECKHUE 3AINCH).

JpyrumMu cioBaMH, BHYTPEHHE MIPEACTABICHUE MTPEANIOIIAraeT, YTO NaMsATh
— OECKOHEYHOE JTMHEIHOE aJpeCHOE MPOCTPAHCTBO.

BuyTpennue nmnpejcTaBieHUsT OOBIYHO OMNHMCHIBAIOTCS C  MOMOIIBIO
BHYTPEHHEUW CXEMBbI, KOTOpasi ONpEAEseT pa3jInyHble TUIbI XPAHUMBIX 3alHUCEH,
CYLIECTBYIOIIME HWHJIEKCHI, CIOCOOBI MPEJICTABICHUS XPAHUMBIX IOJIEH,
MOCJIEA0BATEILHOCTD XPAaHUMBIX 3aMKUCEN U T.1I.

CYBJl — cnoeuuanbHBII TAKET MPOrpaMM, IOCPEACTBOM KOTOPOTO
peanusyercs LEHTpaln3oBaHHOE yrpaBieHue bJ[ u obecmedymBaercss JOCTynm K
HUM.

VYTpoIieHHOo 3TH PYHKIIUU peaTu3yI0TCsl CIEYIOIIMM 00pa3oM:

1. [Tonb30BaTenb BBIAAET 3alpoc Ha JOCTYN K AAaHHBIM (1100
BBIOOPOM KaKOT0-TO IMyHKTa MEHI0, JIN00 chopMHUpoBaB 3ampoc Ha s3bike SQL).

2. CVYB/l BoCTIpUHMMAET 3TOT 3aMpoC U aHAJTU3UPYET.

3. CYB/[ mnpocMarpuBaeT BHEIIHIOK CXEMY [OJIb30BaTENs,

KOHLIETITYQJIbHYIO CXEMY M BHYTPEHHIOIO CXEMY.



4. ITocne storo CVYBJl BeIMONHSET HEOOXOAWMBIC OTEPAINH
npeoOpa3oBaHusl JaHHBIX OT OJHOTO YpPOBHS K JIPYTOMYy U B pe3yJbTaTe
ununuupyer uepe3 OC mepemauy naHHbIX Mexay ¢usnueckod B u
M0JIb30BATEIIEM.

OcnoBubie pynkiuun CYB/I:

1. Obecneuenne Bo3MoxkHOCTH onucanus nanubix: CYBJl nomxHa
o0ecreunTh OIpeNeieHHe WIA OINWCAaHUE JaHHBIX (BHEIIHME CXEMBI,
KOHLIETITyaJIbHbIE CXEMbl B BHJI€ BHYTPEHHHX CXeM) U 00eclneuuThb
npeoOpa3zoBaHUE ATUX ONUCAHUWA B (POPMY COOTBETCTBYIOIIHMX OOBEKTOB HIIU
npyrumu cinoBamu CYBJl nomkHa BKIIIOYATh B c€0s SI3bIKOBOM MPOLECCOp IS
OJTHOTO SI3bIKA OIMCAHUS JAHHBIX.

2. O6pabotka nmannbeix: CYBJ[ nmomkHa yMeTh 00pabaThiBaTh
3ampochl IOJIb30BATENsl Ha BBIOOPKY, U3MEHEHHUE, yNaJCHHUE CYLIECTBYIOIIUX
3anMceld WM Ha 100aBlieHHWE HOBBIX JAHHBIX B 0a3y, WIN APYTUMHU CIIOBaMU
CYBJl nomkHa BKIOYAaTh B ce0s MIpoLEccOp A3bIKa MaHUITYJIUPOBAHUSA
JTAHHBIX.

3. OGecneuenne Oe3omacHOCTH M IieocTHOCTH AaHHBIX: CYBJ]
JIOJDKHA KOHTPOJIMPOBATh MOJIB30BATENIBCKUE 3alPOCHl M MPECEKaTh MONBITKH
HapylIeHUs TpaBuil  0€30MaCHOCTM U ILIEJIOCTHOCTH,  OIpEAENICHHBIX
npoekTupoBIMKOM b/] mnu agmunnctparopa b/I.

4, OObecnieueHre BOCCTAHOBJICHUS H JIyOJMPOBAHUS JaHHBIX:
CYDBJl wim npyrol CBA3aHHBIM C HEW KOMIIOHEHT JIOJKHBI OCYIIECTBIISITh
HEOOXOAMMBIA KOHTPOJIb 32 CBOEBPEMEHHOCTHIO MPOLEAYp AyOJIUpPOBAHUS
JAHHBIX W 32 pealu3auued MpoLexyp BOCCTAHOBJIEHUS JAaHHBIX IPH
anmnapaTHbIX cOOsX, MPOTPAMMHBIX COOSIX U T.1.

d. [Tognepxanue cnoBaps nanHHbiX. OOecneyeHne GyHKIUA
CJIOBaps JAHHBIX: OTOT CJIOBAph JOJDKEH COJEpKaTh JaHHbIE O JaHHBIX
(Hanpumep GOpMBI PA3NUUHBIX CXEM, NMEPEKPECTHBIE CCHUIKU, YKa3bIBAIOIIUE,
KaKue TMpUKIaJHble NpOorpamMmbl Kakyr 4acTe b/l uCHosb3yroT; Kakue

TEpMHUHAJIbI IOAKIOYCHBI K CUCTEMC B I[&HHBIﬁ MOMCHT U T.I[.).



6. ObGecneuenne  Tpebyemoit  mpomsBoauTenbHOCcTH: CYB]]
JOJDKHA ~ BBIIOJIHATH ~ BCE  BBIIEyKa3aHHble  (QyHKuIMH  (0OCOOCHHO
MaHUITYJIMPOBAaHUE JAHHBIMU), 32 BPEMEHHbIC MHTEPBAJIbI, HE MPEBBIIIAIOIINE
TpeOyeMBbIX.

[Tonb3oBareneit AuC (wnu BJ1) MOKHO pa3enuTh Ha TPU TPYIIIIbI

1. [IpuknanHble MPOTPAMMHUCTBI  —  CHEHHAINACTBI, KOTOpbIE
CO3/IaI0T MPUKIAAHBIE MporpaMmel, B3anmozencTBytomue ¢ bJl. [Ipuknanusre
nporpaMmMbl MOTYT OBITh HamMcaHbl HA YHUBEPCAJIbHBIX S3bIKaxX, JHOO C
UCIIOJIb30BaHUEM s13bIKOB  KOHKpeTHbIXx CVYBJl, B mo0om cioydae OHHU
peanu3yloT Kakhe-TO OIepald, CBS3aHHbIE CO BCTABKOM, BBIOOPKOH,
yZaJ€HUEM JTaHHBIX, TUOO UX OOHOBJICHHUEM.

2. KoHeuHble 1obp30BaTENM MOTYT HOJIY4aTh JOCTYI K JAHHBIM.
Bo-nepBbIX, HCTIONB3ys TaK Ha3bIBAEMbIH UHTEp(EIiC, OCHOBAaHHBIA Ha MEHIO U
dbopmax. Bo-BTOphIX, MCHOJIB3YsS TaK Ha3bIBa€MbIM KOMaHIHBIM HHTEp(eiic,
WJIM TIPOLIECCOP SA3bIKA 3ampoca. B 3TOM cirydae moinb30BaTeNb JOJKEH yKa3aTh
KOMaH/y WJIH BBIpaKCHHE BBICOKOTO ypoBHs (Hampumep Select/Insert) oObruno
C HCIOJIb30BaHHWEM BBICOKOTO s3blka (Hampumep SQL) u B pesynbprate
NOJy4YUTh T€ WM HHbIE HEoOXoauMble eMy naHHble. [lonb3oBarens MoxkeT
noiayuuTh Joctyn K bBJI ucnonb3ys mNOpUIIOKEHUS WA [OPOrPAMMBI,
pa3paboTaHHbIE TPUKIAAHBIMUA IPOTPAMMUCTAMHU.

3. Anmunuctpatop b/ — numo (rpynma swmir), peanusyroiiee
ynpasienue b/I.

Ecimu paccmotpers ACY, TO MOXKHO BBIIEIUTH OOBEKT YHpPABICHUS, T.€.
bJl, ¥ MOXHO BBIIEIUTH YIPABISIONIMKA OpPraH, WKW CHUCTEMY YIPABJICHHUS, T.€.

anmuamrcTparopa bJ1 (puc.4.4).

Aamunuctpatop b/ - cy
|
Y Y
lpynna lpynna oy
CUCTEMHDbIX NPUKNALHbIX
pynna
NPOrpamMmmMmmncToB NPOrpamMmmMmuncToB




Puc.4.4. CYB]I

OcHoBuble QpyHKITNN agmMuHucTpaTopa b/1;

1. OnpeneneHue KOHLENTYaJlbHOW CXEMbl — TMEpPBBIA  ATall
co3nanuss AuC, COCTOMT B TOM, YTO CHEHHAIHUCTBI, XOPOLIO 3HAIOUIUE ATy
0071acTh, (OPMUPYIOT BHEITHUE TPECTABICHUS WJIM BHEITHUE CXEMBI TaHHBIX,
O TmpeaMeTHOM oOnacTu. OTOT d3Tanm  OOBIYHO HAa3bIBACTCS  HTANlOM
MH(OJOTrMYECKOro MPOEKTUPOBAHUSA, HO W Ha STOM JTale aJIMUHUCTPATOP
JOJDKEH YK€ NpUHUMATh yd4acTue, 4YTOObl HMMETh BO3MOXKHOCTH CO3/1aTh
COOTBETCTBYIOIIYI) KOHLENTYAIbHYIO CXEMY.

2. Onpenenute BHYTPEHHIOK CXEMY JIaHHBIX — 3TOT OTarl,
HA3bIBAETCS ATANOM (HPU3UIECKOTO MPOSKTUPOBAHUS.

3. B3aumogeiictBue ¢ monb3oBarteniMu  — B (YHKIIHIO
aagmuHuctparopa b/l BxoauT obOecrnedeHue Moab30BaTeNei HEOOXOIUMBIMU
JAHHBIMH, KOHCYJbTAIlMM 10 pa3pabOTKe TMPUJIOKEHUU, OOecreyeHue
KOHCYJIbTALIMM IO TEXHUYECKUM M JIPYTHMM BOMNpPOCaM, MPH BO3HUKHOBEHHU
npoOem B mmporiecce dkcruryataruu b1

4, Onpenenenve W peanu3anus Mep 1O  OOECIEYEHUIO
0€30MacHOCTH M LEJIOCTHOCTHU. (HAlpUMEp: OJIHA Mepa IO 3allUTe JaHHBIX OT
HEKOMIIETEHTHOTO MCIIOJb30BaHUsI, @ BTOPasi, IO OOECIEUEHUI0 CEKPETHOCTU

OTPE/ICICHHON YaCTH JIaHHBIX ).

S. Onpenenenve  OpouEAyp  PE3EpBHOIO  KONMUPOBAHHUS U
BOCCTaHOBJICHHSI.
6. VYrpaBieHue MNpPOU3BOAUTENBHOCTBIO W pearupoBaHus Ha

n3mensronecs tpedoBanns k AuC (ABJI).
Apxurektypa BJI. Jlna obecneuenust nezaBucumoctu I1I1 ot maHHBIX, 118
oOecrieueHusi LEJOCTHOCTH, O€30MacHOCTH JaHHBIX TMpU MNocTpoeHuu bJl

HCIIOJIB3YCTCA T.H. MOJCIIN JAaHHBIX.



Buemnsis Mozaens ganubix (BmMJI), koHIenTyanbHas MOJENb JaHHBIX
(KMJI) u BHyTpeHHsisi Moaenb AaHHbIX (BHMJI). OTu Momenu cCOOTBETCTBYIOT
YpOBHSIM TipejcTaBieHuss win abctparupoBanust BJ[. CymiecTByeT HECKOJIbKO
TepMUHOB: Mojienb AaHHbIX (M), cxema M/ (CxM/I) u otobpaxkennie M1 oaHoi
Ha JPYTyIo.

CxeMa HNaHHBIX — O3TO HHCTPYMEHTApUil, MO3BOJIIONIMI OTOOpaXxaTh
MIPEAMETHYIO 00JIaCTh Ha ONPEICIICHHOM YPOBHE aOCTparupoBaHMsI.

CYB/l peanusyer oOMeH JaHHBIMH Mexay pabdouumu oOnactsmu [T u
®BbJ] (puc.4.5). JIroboit 3ampoc I, chopmynupoBannsiii Ha SAHJI, moctynaer B
CYB/. Mmest coOTBETCTBUE CXEMbI MOJEJIEH M OMHCAaHUE OTOOPAKEHUE MENKITY
moxaensamu, CYBJl oGpamaercs k matepuanam jgoctyna OC s BBITOTHEHUS
HEOOXOIMMBIX JIEUCTBHI yK€ Ha (u3nueckoM ypoBHe. Takoe B3auMopeilcTBuE
mexay CYBI, OC u MJl MoxkeT ObITh MPEACTaBICHO B BUJIE TPEXYPOBHEBOI

APXUTCKTYPbI JaHHBIX.
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Puc.4.5. CxemMa mmoTOKOB JaHHBIX

[TocnenoBarensHocTh nevictBuit CYBJ] npu dopmupoBanun 3anucu
BuM/T mst TIIT o 3ampocy creayronias (puc.4.6.):
1. TIIT obpamaercst k CYBJl nns urenus wiu 3anucu u3 OB/l B
Buje BmM/I;



2. CYB/Jl ucnons3ytorcs cxembl BmMJl u KM/ u ucnonssys
oroOpaxenus BmMJ[ na KMJI, onpenenser kaxue 3amucu KMJ]
HEe0O0X0o MBI J1s hopMupoBaHus TpeOyemMoi 3anucu BiM/I;

3. Ucnonp3yst cxembl KMJ[ u BEM/] u onmcanusi oToOpaxeHus
KM/ wa BaMJ], CYBJl onpenenser, Kakhe XpaHUMbIC 3aIlKCH
HEOOXOAMMBI JUIsl MOCTpoeHus 3aTpeOoBaHHbIX 3anuced KM/ u kakas
COBOKYIMHOCTh (PU3MUYECKHX 3amuceil HeoOXOoauMma ISl CUUTBHIBAHUS C
MAarHuTHOTO JIUCKA;

4. CYB/I Beimaer 3anpoc OC Ha cuMThIBaHUE, B CBOIO OydepHYIO
00J1acTh MaMsATH, HeoOXoaumoi 3anucu u3 Ob/I;

5. OC, c moMompl0 CBOMX METOAOB JOCTYIA, CUUTHIBAECT U3
¢dbuznyeckoir mamsTu 3arpedoBaHHble CYBJl dusuueckue 3anucu, u
nomeniaet ux B cuctemusiii 0ydep CYB/I, kpome Toro, coobmenue OC o
BBITIOJIHEHUU 3TOTO 3arpoca gobasisiercs K coodmenusm CYBJI, u taxxke
nomeniaercs B OyhepHyro namsTh;

6. Ha ocHoBaHuMm wuMEIOMMXCI CXEM MOJEIEH W ONHUCAHUM
cooTBeTcTBYIOIUX oToOpakenuit, CYB]] dopmupyet B OydepHoit namsaTu
3amch BmM/I B Takom Buze, B kakoM TpeOyet I111;

7. CYBJl mnepecwuiaer chopmynupoBanHyro 3amuch BmMJl B
pabouyro obnacts (PO) BBoga/BeiBoaa I111;

8. CYB/I nepenaet B Il cBou cooOmienust u coodbmenuss OC o
pe3yJibTaTax BBIMOJHEHUS 3aMpoca;

9. IIIT obpabatkiBaeT 3amuch, noctynusinyo B PO BBoga/BbIBO/A,

H BbIAACT PE3YJIbTAT IMOJIB30BATCIIIO.



BwMA OTobpakeHun
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Puc.4.6. IlocnenoBatensHoCTh nerictBuil CYB/] npu popMupoBanum 3anvcu

BmM/I qost TIIT mo 3ampocy

Hanuuue B B/ nporieccoB oOMeHna nHdopmalve Mexay mojb30BaTeaeM U
cucrtemon, Mexxny agmuauctparopom b/l (u AnbJl) u cucremoil, a Takke MEXAY
MOJIEISIMA  JTAaHHBIX Pa3JIMYHbIX YPOBHEW TMpPEACTABICHUS JaHHBIX TpeOyeT
yHU(PUKAITUN 3TUX TPOIIECCOB, T. €. pa3pabOTKU COOTBETCTBYIONMIUX UHTEP(HEHCOB.
Ot uHTepdeiicel paspabareiBatoTcss ¢ momomipio A0 w SAMJ] Ha
COOTBETCTBYIOIINX YPOBHSIX.

B tunoBom Bapuwante bBJ[ 00BIYHO HCHONB3YIOTCS — CIEMYIOUIHE
UHTEPPEHCHI:

1. WUurtepdeiic  monwp3zoBarens.  Hcnonb3yercss  s3BIK
BHEIIHETO YPOBHA, MPU MNOATOTOBKE HMCXOJHBbIX TekcToB [T wnm
bopMyIUPOBKE 3aMPOCOB;

2. Nmeer mecto nipu tpancisinuu [T wnm 3anpoca ¢ s3pika
BHEIIIHETO YPOBHS JaHHBIC moctynaioT Ha BXoJ CYBJl B 00BEeKTHBIX
KOJax;

3. Mexnay KM/l u Anb/l;



4, Mexny BuM/l u Anb/l;
5. Mexny BuMJI u Anb /1.
Kpome Toro, ajis HanucaHusi U KOPPEKLHUHU CXEM MOJEIEH aIMUHUCTPATOP
BbJI MokeT ObITh 00ecTieYeH COOTBETCTBYIOIIMMU CPEACTBAMM WIIH SI3bIKAMU.
Kpome paccMoTpeHHBIX yke ypoBHeH abcTparupoBanus B b/l cymiecTByer
el oJIMH, UM TPEAIICCTBYIOMMN. MoIeNIh 3TOr0 YPOBHS COACPKUT MHGOPMAIIUIO
o 11O B Buge, HezaBucuMoM OT ucnoiabzyeMoid CYB/l (Ha ecTeCTBEHHOM SI3BIKE).
DTO eCTeCTBEHHBIM, MH(OOPMAIIMOHHBIM YPOBEHb a0CTparupoBaHUs, CBSI3aHHBIN C
dbukcanue U onvcaHueM BbIACICHHBIX cBeaeHui o 110. Moaenb 3Toro ypoBHs

HaszbIBaeTcsa uHdosornyeckot mojensto I10.

4.6 Knaccudukamus UC u B]]

NC (BI) MoryT kiaccuuImMpoBaThCs MO Pa3IMYHBIM MPU3HAKAM

1) B 3aBucumoctn ot Macmraba (MC pabouelt rpynmsl, oTaena
MIPEATPUATHS )

2) Tlo xapakTepy 00pabOTKH WHPOPMAIIHH:

- omnepartuBHas 00pabOTKa TpaH3aKIIUKL;

CUCTCMBI OIICPATHBHOI'O aHAJIN34,

CUCTEMBI MTOAACPKKU IPUHATHS PELICHUM;

XPaHWJINILLIE TaHHBIX.
3) B 3aBUCHUMOCTH OT apXUTEKTYPHI:

- HC c ueHTpanu3upoBaHHON apXUTEKTYPOU;

- UC ¢ apxuTeKkTypoil KIIMeHT-CEpPBED;

- Kopnopatusueie HMC ¢ uCHOJB30BaHUEM HMHTEPHET-
TEXHOJIOTHH;

- T'eorpaduuecku pacnpenenennoit C.



4.6.1 VIC c neHTpaJM30BaHHOW apXUTEKTYpOil

Takast apXuTEeKTypa SBISETCS TPAAUIIMOHHONW M XapaKTEPU3YETCsI TEM, YTO
umeercs OBM (mentpanbubiii y3en, HOST), Ha kotopoMm pacnonaraercs u bJ[ u

CYB/I u npunoxeHus.

MamaTtb MamaTb
A A
Mpoueccopl Mpoueccop2 B3Y
KoHTponnep KoHTponnep
TepMuHana TepmMunHana

TONAIAULD TONAIAUD

TONAIAULD TONAIAUD

Puc.4.7. UC ¢ ueHTpaiIn30BaHHOW apXUTEKTYPOI

4.6.2 VIC c apXUTEKTypOil KIIMEHT-CEepBEP

[Tpu paccmorpennu MC moxxHO, Ha O0jiee BHICOKOM ypOBHE 000OIICHUS

apXUTEKTYPbl, BHIICIUTh TaKue KOMIOHEHTHI — cepBep (mm mamuusl bl, CYB])

¥ HaObopa KJIMEHTOB (Pa3IUYHbIC IPUIIOKEHUS).



cepsep

KommyTtupytowas

rnana

Knuent 1 - KnueHrt 2

Puc.4.8 UC ¢ apXuTeKTypoi KIIMEHT-CEPBEP

B pamkax Takoil apXUTEKTypbl MOXET OBITh BBIFICNIEHA Pa3HOBUIHOCTh —
daiin-cepsep. B aTom ciyuae kommbiorep-cepsep u ero 6aza (B3Y) ucnonb3yercs
KaK XpaHWIMIIE JaHHBIX, a 00paboTka Ha (ailsi-cepBepe HE Mpou3BogUTCS. B
apXUTEKTYpe KIHMEHT-CEpPBEp HA CEpBEpEe MOXKET OCYLIECTBIATHCA 0O0paboTKa
JTAHHBIX.

B mocnennee BpemMsi B HEKOTOPBIX CIydasx MAIIMHBI KIUEHTOB MOTYT
UMETh CBOM COOCTBEHHBIE COXpaHsEMbIE JaHHbIE, U MAIlIMHA CEPBEPA TOKE MOKET
UMETh CBOM TIPUJIOKEHHSI. TO €CTh, KaKIbIi KOMIIBIOTEP MOXKET BBICTYIIATh U B
poJIM cepBepa, U B pOJM KIMEHTa. B 3TOM ciiydyae roBopsT, 4yTO Takas CTPYKTypa
MOAJEPKUBACT MOJHYI0 cucremy bJ[. B paMkax 3TOM apXUTEKTypbl ONUCHIBAETCSA
JIBa BapUMaHTa AOCTyMa:

— KJIHMEHT MOXXET TMOJIy4aTh JOCTYI B KaXXIblii MOMEHT BPEMEHHU

TOJIBKO K OJTHOMY U3 CEPBEPOB;

— KIUEHT MOXET TMOJYYUTh JOCTYI K JIFOOOMY YHCIIy CEpBEpOB

OJTHOBPEMEHHO (pacripe/iesieHHas cucTeMa JaHHbIX ).



5. Knaccudukanusi mporpaMMHBIX CpPEICTB aBTOMAaTU3UPOBAHHBIX CHCTEM

yIpaBIEHUS TEXHOJIOTUYECKUMU MPOoIleccaMy He(hTEra3oBoro KOMILIEKCa

B Tunosoit apxurektype ACYTII HI'K sBHO mnpocmarpuBaroTcs [Ba
YPOBHSI:
- YPOBEHb  KOHTPOJUIEPOB,  B3aUMOJCHCTBYIOIIUX  C
O0OBEKTOM YIIPABJIEHUS MOCPEICTBOM JATYUKOB M HCHOJHUTEIBHBIX
YCTPOWCTB;
- YPOBEHb ONEPATHUBHOIO YIPAaBICHUS TEXHOJIOTHYECKUM
MPOLIECCOM, OCHOBHBIMH KOMIIOHEHTAMH KOTOPOTO SIBJISIFOTCSI CEPBEPHI,
paboune cTaHIIMKM onepaTopoB/aucneryepoB, APM cnennanucTos.
Kaxnptii u3 53THX ypoBHEH (YHKUIMOHUPYET TIOJA  YIpPaBJICHHEM
cneruanu3upoBaHHoro rnporpammuoro odecrnedenus (I10). Paspabortka storo 10
WIH €r0 BBIOOp U3 MpeJiaraéMblX B HACTOSIIEE BPEMsI Ha PBIHKE MPOrPaMMHBIX
CPEICTB 3aBUCUT OT MHOTUX (PAaKTOPOB, MPEXIE BCEr0 OT pEIIAaeMbIX Ha
KOHKPETHOM ypoBHE 3ajad. Paznnuaror 0a30Boe M NPUKIATHOE MHPOrpaMMHOE

obecneuenue (puc.5.1.).

MNporpammHoe
obecnevyeHne
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Puc.5.1. Knaccudukanus nporpaMMHBIX CPEACTB CUCTEMbBI YIIPABJICHHUS



bazosoe 1O BkitouaeT B ce0s pa3auvHbIE KOMIIOHEHTHI, HO OCHOBHBIM W3
HUX sBysieTcst onepanuoHHas cucteMa (OC) mporpaMMHO-TEXHHUYECKUX CPEICTB
ACVYTIIL. Kaxneiii ypoBenb ACYTII mnpencraBieH «CBOMMH» MPOrPAMMHO-
TEXHUYECKUMHU CpPEJICTBAMM: HA HIKHEM YPOBHE peuyb HJET O KOHTpOJUIEepax,
TOT/Ia KaK OCHOBHBIM TEXHUYECKUM CPEICTBOM BEpPXHETO YpPOBHS SBISETCA
KOMITBIOTEP. B COOTBETCTBUU € 3TUM B KPYTy CHEIMAIMCTOB MOSIBUIACh U TaKas
KJIacCU(pUKaLMs: BCTpAaMBAEMOE U HACTOJILHOE MPOTpaMMHOE 00ecTrieueHHE.

OueBugHO, TpeOoBaHUs, TMpEeAbSIBISEMbIE K  BCTpaMBaeMoOMYy U
HactosibHOMY 11O, pasnuunbel. KoHTposiep B cuctemMe ympaBlIeHUST Hapsay C
byHKUMsIME cOopa nH(OpPMAIMKU PElIaeT 3a1a4d aBTOMATUYECKOTO0 HEMPEPHIBHOTO
WJIU JIOTUYECKOrO yNpaBieHus. B CBA3M ¢ 3TUM K HEMY NPEABSIBISIOTCS KECTKUE
TpeOOBaHMS IO BPEMEHHU PEAKLUU Ha COCTOSIHUE O0OBEKTA U BbIAAUN YIPABIISIFOLINX
BO3JCICTBUIM HAa  HWCHOOJHUTENbHBIE  ycTpoiicTBa. KoHTpomiep  AoikeH
rapaHTUPOBAHHO OTKJIMKAThCS HAa M3MEHEHMSI COCTOSHUS OOBEKTa 3a 3aJlaHHOE
BpeMs.

Jlnst  pemieHust MOAOOHBIX 3amad  pekoMmeHayercss mnpumenenne OC
peansHoro BpeMenu (OCPB). Takue onepalimoHHbIE CUCTEMbI MHOT/Ia HA3bIBAIOT
J€TEPMUHUPOBAHHBIMU, TOJpPa3yMeBas MOJl 3TUM TapaHTUPOBAHHBIA OTKIMK 3a
3aJJaHHBIA [TIPOMEKYTOK BPEMEHU. BOJIBIIMHCTBO MUKPOITPOLIECCOPHBIX YCTPOUCTB
(B TOM 4mCJI€ KOHTPOJUIEPHl U KOMIIBIOTEPHI) UCIOJIB3YIOT MEXaHU3M MPEPhIBAHUIN
pabotel mporeccopa. B OC peanbHoro Bpemenu, B ommune or OC oOmiero
Ha3HayeHUs (HE TAPAHTUPYIOIIMX BPEMEHU WCIOJHEHUS), MPEPHIBAHUSIM
NPUCBOEHBI  MPUOPUTETHI, a caMd [pepbiBaHusA  oOpabaThIBalOTCS 32
rapaHTUPOBAHHOE BPEMSI.

Br16op OC 3aBUCHUT OT KE€CTKOCTU TPEOOBAHUI peanbHOrO BpeMeHu. [[is
3a/1a4, KPUTUYHBIX K PpEaKIUU CHUCTEMbl YIMPABJICHUS, B HACTOSIIEE BpeEMs
MPUMEHSIOTCSI TaKWUE OTMEPAlMOHHBIE CHCTEMBI pealbHOro BpeMmeHH, kak OS-9,
QNX, VxWorks. B cucrtemax ¢ mMeHee >XECTKMMHU TPEOOBAHUSIMU K pealbHOMY
BpeMeHH BO3MOkHO npuMeHenue Bepcuit Windows NT/CE, tounee wux

pacUIMpEeHNi peanbHOro BpEMEHH.



OS-9 otHocutcs k kiaccy Unix-mOJOOHBIX OMNEPAMOHHBIX CHUCTEM
pealbHOTO BPEMEHU W TpeJjiaraeT MHOTHE MPUBBIUHBIE 3JeMEHTHI cpeabl Unix.
Bcee ¢ynkumonaneHple KoMmoHeHTHl OS-9, Bkimouas sapo, HepapXUUecKHe
¢aitioBble MEHEIKEphl, CHCTEMY BBOJA/BBIBOJIa M CPEICTBAa pa3pabOTKH,
peayi30BaHbl B BHJAE HE3aBUCUMBIX Moayned. KomOuHupys stH Momynw,
pa3paboOTYUK MOXKET CO3/1aBaTh CUCTEMBI C CAMOW pa3sHOW KOH(UTypalueu - oT
MUHHUATIOPHBIX aBTOHOMHBIX sI/Iep, OpueHTUpoBaHHbIX Ha [13Y koHTpomnepos, 1o
MOJIHOMACIUTAOHBIX MHOTOIIOJIb30BATEIBCKUX CUCTEM pa3pabOTKU.

OS-9  oOecreunBaeT  BBINIOJHEHHWE  BCEX  OCHOBHBIX  (DYHKUWH
OTIEPAIIOHHBIX CHCTEM pEAJTbHOTO BpPEMEHHU: YIpPAaBICHHUE MPEPHIBAHUSIMH,
MeX3aauHblii 0OMeH nH(pOopMaLuel 1 CHHXpOHHU3alus 3a/auy.

Omnepanmonnast cucrema QNX paspabotku kananckod ¢upmer QNX
Software Systems Ltd. sBnsiercs omHOI W3 HamOoliee IIUPOKO HCHOIB3YEMBbIX
cucTeM peanbHOro BpeMeHu. QNX rapaHTHpyeT BpeMsl peaklud B Mpefesax OT
HECKOJIbKMX JECATKOB MHKPOCEKYHJI JO HECKOJbKMX MIUIIUCEKYHI (B
3aBucuMocTH OT ObicTpoaeiicTBus [I9BM u Bepcun QNX). Kpome Toro, Beicokas
sbpdextuBHOCT, QNX B 3amayax ymopaBi€HUST B peajJbHOM  BpPEMEHU
o0ecrieunBaeTcs TaKMMH CBOMCTBaMHM, KaK MHOI03aJadHoCcTh (10 250 3amau Ha
OJTHOM Y3JI€), BCTPOCHHBIE B SIIPO CHUCTEMBbI CETEBbIE BO3MOXKHOCTH, THOKOE
yIpaBieHUE MPEPHIBAHUAMHU U TPUOPUTETAMH, BOSMOKHOCTh BBITIOJTHEHUS 33/1a4 B
3alUIIEHHOM U (POHOBOM pEKHUMAaX.

Onepannonnas cucrema QNX Haluia NpuMeHEHNE KaK HA HUKHEM YPOBHE
ACYTII (OC pnns xoHTpoJuiepoB), Tak M Ha BepxHeM ypoBHe (OC nnus
nporpammuoro obecrneucuust SCADA).

OmnepanuonHasi cuctema peanbHoro BpeMeHu VXWOorks npennasnavena
s pazpabotku [1O BCTpOEHHBIX KOMIBIOTEPOB, pabOTAIOMIUX B CHUCTEMax
«OKECTKOro» peanpHoro BpeMeHu. K omepanmonnoit cucteme VxWorks
npuiiaraeTcsi U MHCTpyMeHTalbHas cpena Tornado pupmsl Wind River Systems co
CpeacTBaMH  pa3palOTKM MPHUKJIAJHOTO MporpaMMHOro obecredenus. Ero

pa3paboTka BeleTCs Ha MHCTPYMEHTaJIbHOM KoMmIbloTepe B cpene Tornado mms



MOCTEAYIOUIETO HCIOJHEHHUs] Ha LEJEBOM KOMIbIoTepe (KOHTpoJUIepe) o[
ynpasiaeHuem VxWorks.

OC VxWorks mommepxuBaeT 1enblii psl KOMIOBIOTEPHBIX IIATPOpPM, B
tom ugucie Intel 386/486/Pentium, PowerPC, DEC Alpha. K miardopmawm,
OIICPKUBAEMbIM HHCTPpyMEHTaNIbHOM cpeaoit Tornado, otHocsTest Sun (Solaris),
HP 9000/400,700, DEC Alpha, PC (Windows 95 u NT) u npyrue.

Onepanuonnass cucreMa Windows 3HakoMa BceM KakK HACTOJIbHAS
cuctema. Ho at0, mpexnae Bcero, oTHocutcs K minatdopmam Windows 3.xx/95, B
KOTOPBIX JCUCTBUTEIBHO OTCYTCTBYET MOJACPIKKA pealbHOTO BpeMeHH. CHuTyarus
pe3ko u3MeHwiach ¢ nosisienneM Windows NT. Cama no cebe Windows NT He
SBJIIETCSI OMEPAlMOHHOM CHUCTEMON peaJlbHOrO0 BPEMEHHW B CHIY psga ee
ocobeHHocteil. CucrtemMa MOAAEPKUBAET ammapaTHble (a HE MPOrpaMMHBIE)
MpEepbIBaHUsI, OTCYTCTBYET MPUOPUTETHAsE 00pabOTKa OTJIOKEHHBIX MPOLEIyp U
ap. Ho B konme XX Beka psaag ¢GupM MNpEANPUHSIIA CEPbE3HBIC TOIBITKU
npespatuth Windows NT B OC »xecTkoro peajabHOro BpeMeHu. M 3T momnbITku
yBeHyanuch ycrexoMm. Kommanust VenturCom paszpabotana momyns Real Time
Extension (RTX) - moxacucremy peansHoro Bpemenu (PB) mis Windows NT. Dta
MOJICUCTEMa HWMEET COOCTBEHHBIM IUTAHUPOBIIMK co 128 mpuoputeTamu
npepbiBaHuid, KOTOphId He 3aBucUT OoT NT. MakcumanbHOe Bpemsi peakiuu Ha
npepeiBanue cocrasisieT 20-80 MKC BHE 3aBUCHMOCTH OT 3arpy3Ku Mpoleccopa.
Teneps npu Ka)xa0M MPEPHIBAHUH OT TakMepa MPUOPUTET MepeaacTCs] KpUTUIHBIM
10 BPEMEHHM 3ajJadaM. A B OCTaBIIEECS OT MX PabOTHI BpEMsI MOT'YT BBHITIOJHSTHCS
«MEJJICHHBIE» TPOIIECCHI: BBOJ/BBIBOJ, paboTa C IHUCKOM, CEThIO, TpadUICCKUM
uHTepdEeicom 1 T. 1.

32-paspsiqnas Windows CE Obuta co3gana kommanueit Microsoft s
MaJjbIX KOMIBIOTEPOB (KAJIBbKYJIATOPOB), HO B CHIIy psga JIOCTOMHCTB CTaja
MpeTeHI0BaTh Ha poib cTaHgaptHoi OC peanbHOro Bpemenu. K uuciy sTux
JIOCTOMHCTB OTHOCSTCSI:

- OTKPBITOCTh U MPOCTOTa CTHIKOBKH ¢ ApyrumMu OC cemelicTBa

Windows;



- Bpems peakuuu nopsaka 500 Mkc;
- 3HAYUTENBHO MEHBbIIME MO cpaBHeHHIO ¢ jApyrumu  OC

Windows TpeGoBanus K pecypcaM HamsTH ¥ BO3MOXKHOCTb TOCTPOCHHS

0€3UCKOBBIX CHUCTEM.

A B 1999 rony xommanueit Direct by Koyo OC Windows CE O6biia
BIIEPBBIC YCTaHOBJICHA Ha TuiaTdopmy MukpoPLC.

BriGop omepanmoHHOW CHUCTEMBI MPOTPAMMHO-TEXHUYECKUX CPEACTB
BepxHero ypoBHia ACYTII onpenensercs mnpukiagHoit 3amadein (OC oOurero
nosib3oBanuss win OCPB). Ho HanOonbliyto monyjasipHOCTb U PacHpOCTpaHEHHUE
nonyunmin pasnmmudbsie  Bapuantel OC  Windows (Windows NT/2000). Wwu
OCHAILIEHBI TPOTrPaMMHO-TEXHUYECKHUE cpeacTtBa BepxHero ypoBHs ACYTII,
npejCTaBlIeHHbIe TepcoHanbHbIMU KommbioTepamu (I1K) paszHoil moimHOoCcTH U
KoH(Urypanuu - pabouue CTaHIMU OINEpPaTOPOB/IUCIETYEPOB M CICIHAIIMCTOB,
cepBepbl 0a3 ganHbix (B1) u T. 1.

Takass cuTyanus BO3HHKJIA B pe3ylbTaTe MEJIOro psga NPUYUH U
TEHJICHIIUN PAa3BUTHUS COBPEMEHHBIX WH(OOPMAIMOHHBIX M MHUKPOIPOIIECCOPHBIX
TEXHOJIOTUH.

BoT HECKOIbKO OCHOBHBIX apryMeHTOB B moJib3y Windows:

- Windows umeeT 04eHb HIMPOKOE PACTIIPOCTPAHEHHE B MUPE, B
TOM uuciie 1 B Poccuu, B CBSI3M € 4eM JIETKO HAWTHU CHEIMATINCTA, KOTOPBIN
MOT OBl COMTPOBOXKIATh CUCTEMBI Ha 6ase 3Toit OC;

- sta OC mMeeT MHOXKECTBO MNPUIIOKEHHM, 0OecreunBaroInX
pelIeHre pa3InyHbIX 3a/1a4 00pabOTKU U MpeACTaBICHUS HHPOPMALINH;

- OC Windows u Windows-Tipuio>XKeHHSI TTPOCTHI B OCBOCHUU H
00J1a1af0T TUMIOBBIM HHTYUTUBHO TIOHATHBIM HHTEPhEHcoM;

- TpWwIOKeHHus, paboTtaronue moja ymnpaBieHueMm Windows,
MOIJICP>KUBAIOT OOIIEIOCTYITHBIE CTAaHIAPThI 0OMEHA TAHHBIMU;

- cucreMbl Ha 6aze OC Windows mpocTbl B 3KCIUTyaTallud U
Pa3BUTHH, YTO JEJIaeT UX YIKOHOMUYHBIMU KaK C TOYKH 3PEHUS MOIJICPIKKH,

TaK U IIPpU IIO3TAITHOM POCTE;



- Microsoft pazsuBaer nadopmanmonnsie Texuomoruu (UT) mis
Windows BBICOKUMU TE€MIIaMH, YTO MO3BOJIIET KOMIIAHUSAM, UCTIOIb3YIOIIUM
3Ty MIaTHOPMY «HUATH B HOTY CO BPEMEHEMY.

Takxxe ciieqyer ydyuThIBaThb M TO, YTO HEOTHEMJIEMOM YacThIO BEPXHETO
ypoBHst ACY TII sBnsieTrcss 4enoBeK, BpeMsl pEaKIMH KOTOPOro Ha COOBITHS
HEJICTEpPMUHUPOBAHO M 3a4acTyl0 JOCTaTOyHO Benuko. Jla u cama mpoOiema
peaNbHOr0 BPEMEHH Ha BEPXHEM YPOBHE HE CTOJIb aKTyaJbHa.

B 90-x romax mmpokoe pacnpoctpaneHue noayumwia OC peanbHOro
Bpemernn QNX. Mwmeetcst MHOXKecTBO mpuMepoB ucmoiab3oBaHuss QNX Ha Bcex
ypoBHsi uepapxudecko cTpykTypbl ACYTII (0T KOHTpOJUIEpOB A0 CEPBEPOB U
pabounx cranuuii). Ho B mocnenHue rojapl akTUBHOCTh KOMIIAHMM Ha DPHIHKE
SCADA-cucTeM 3HAYUTEIBHO CHU3WIACH, YTO TMPHUBEIO W K CHIDKCHHUIO YHCIIA
Ipoak 3TOr0 MPOrpaMMHOro npoaykra. OObsicHsAETCS 3TO TeM, yTo eme B 1995
rony kommanus QNX Software Systems Ltd. oOwbsBmia 006 «yxome» BO
BCTPOCHHBIE CUCTEMBI.

C Touku 3peHHs pa3pabOTKU CUCTEMbl YHIPABICHUS NPEINOYTHUTENbHA
Takas NporpaMMHasl apxXuTekrypa, B kKotopoil [IO Bcex ypoBHEW ympaBieHHUs
PEATM30BAHO B €IMHON ONEPALMOHHOMN cUCcTeME. B 3TOM ciiyyae «aBTOMaTUYECK
CHUMAIOTCSI BCE BOIIPOCHI, CBSI3aHHBIE C BEPTHUKAIbHBIM B3aUMOJECUCTBUEM
pPa3IUYHBIX TPOrPAMMHBIX KOMIIOHEHT CUCTEMBI yripaBiieHusa. Ho Ha mpakTuke 310
naneko He Tak. JlocTaTOYHO yacTo B pa3palbaThIBaeéMbIX CHUCTEMax KOHTPOJS U
YIOPABJICHUS] HUKHUN U BEpXHUN ypoBHHU peanusyrorcs B pa3Hbix OC. U Hauboiee
XapakTepHa CHUTyalusd, KOTJa Ha YpPOBHE KOHTpoJuiepa wucnojbdyercs OC
peasbHOTO BpEeMEHH, a Ha ypoBHe omeparopa/nucnerdyepa SCADA-cucrema
¢yukuuonupyer non Windows NT. be3 crnenmanu3upoBaHHBIX pEIICHUN IO
OpraHM3alMy B3aUMOJCHCTBUS MKy MOJACUCTEMaMU 371eCh HE 00ONTHUCH.

Jnisg QyHKUMOHUPOBAHUS CUCTEMBI YIPaBICHUS HEOOXOAMM U €IIe OJUH
tun 10 - npuknannoe nporpammuoe obecneuenue (I1110).

W3BectHpl 1gBa myTH  pa3pabOTKM  MPUKIAJAHOTO  MPOTPaAaMMHOTO

o0ecIeYeHHST CUCTEM YIpaBJICHUA:



- cozganue cobctBeHHOro npukianHoro 1O ¢ ucnonp3oBaHueM

CpEICTB

TPaJAUIIMOHHOTO MTPOTrPaMMUPOBAHUS (CTaHIAPTHBIC A3BIKU
IPOrpaMMUPOBAaHMS, CPEACTBA OTJIAJKH U T.1.);
- WCHOJb30BaHWE I pa3paboTku  mpukiagHoro  [10

CYILECTBYIOIIUX

(TOTOBBIX) HHCTPYMEHTAIBHBIX CPEJICTB.

[lepBbiii  BapuaHT sBIsieTcs HauOosiee TpynoeMkum. [lpumenenue
BBICOKOYPOBHEBBIX  SI3BIKOB  TpeOyeT  COOTBETCTBYIOLIEH  KBamu(UKALUU
pa3pabOTUMKOB B TEOPHUM M TEXHOJOTHH TMPOTPAMMHUPOBAHMSA, 3HAHUS
OCOOCHHOCTEM KOHKpPETHOW ONEpPAalMOHHON CHCTEMBI, TOHKOCTEH aImapaTHOro
oOecrieueHusi (KoHTpossiepoB). C TOYKM 3pEHHS OCHOBHBIX KPUTEPUEB -
CTOMMOCTH U BPEMEHHU pa3pabOTKU - 3TOT BapHaHT HENPUEMIIEM B OOJBILINHCTBE
CIIy4acB.

Bropoii BapuaHT sBuserca Ooznee npeanodyTutenbHbIM. [louemy? A
OTOMY, YTO Ha CETOJIHSALIHUM JI€Hb B MHUPE YK€ CO3JaHO HECKOJIbKO JECSTKOB
WHCTPYMEHTAIBHBIX CHCTEM, XOpOIIO TMOAJIEPKUBAEMBIX, pa3BUBACMbIX U
HaIIeJIINX MPUMEHEHHE NpPU CO3JaHUHM JECSITKOB M COTEH ThICAY IPOEKTOB
aBTOMATH3alMU. DTU IPOBEPEHHBIE BPEMEHEM MPOTrpaMMHbIE CPEJCTBA YIPOILIAIOT
(pa3pabotunku uHTEPHEUCOB - HE BBICOKOKJIACCHBIE MPOTPAMMHUCTHI, a
CHELMATUCTBl IO aBTOMAaTHU3alMH), YCKOPSIOT U 3HAUYUTEIBHO YIEUICBIISIIOT
MpoIIeCC pa3padOTKHU.

C Toukm 3peHHs] 00JacTH MPUMEHEHHUS TOTOBbIE HHCTPYMEHTAaJIbHBIC
CpeICTBa MOXHO pa3AesuTh Ha JIBa Kilacca:

- CpEeICTBa, OpPUEHTUPOBAHHBIE Ha pa3pabOTKy Mporpamm

VIOpaBJICHUS] BHENTHUMHU yCTpoiicTBamu, KoHTpoiuiepamu - CASE-

cuctemsl (Computer Aided Software Engineering);

- CpeACTBa, OPUCHTHPOBaHHBIE Ha oOecreueHue uHTepdeiica

omeparopa/ maucrierdepa ¢ cuctemont ympasieHus — SCADA-cucteMbl



(Supervisory Control And Data Acquisition - aucrieTyepckoe ypaBieHnue

¥ cOOp TaHHBIX).

Kontponnepy tpebyercst mporpamma, B COOTBETCTBUM C KOTOPOM OH
B3aMMOJICUCTBYET ¢ OOBEKTOM. B OmHHMX ciydasx pedb HIET TOJBKO O cOope
JAHHBIX C OOBEKTa, B JAPYIHMX - O JIOTUYECKOM  YIIpaBJieHUU (HAmpumep,
BBINIOJIHEHUU  OJOKUPOBOK). HakoHel, OJHO U3 OCHOBHBIX NPUMEHEHUHN
KOHTpoOJUIepa - peanu3aius (YHKIHA HEMPEPHIBHOTO YMPABICHUS OTACIbLHBIMHU
napamMeTpaMH WK TEXHOJOTUYECKUM aIapaToM (IMPOIECCOM) B LIEJIOM.

®upMmbl, nOpouszBOAANIME O000pyAOBaHUE JUIsI TOCTPOCHHUS CUCTEM
aBTOMAaTHU3allMM, BCEr/la CTPEMHWINCh COMPOBOXKIATh CBOIO MPOAYKI[MIO HAOOpOM
MPOTPAaMMHBIX HHCTPYMEHTOB, C TIOMOIIBK) KOTOPBIX IOJb30BATENb 10 OIl-
peleeHHBIM TpaBUjaM W COTJIAIICHUSIM MOT Obl ONKCHIBaTh JIOTUKY pPaOOThI
KOHTpoJulepa. Ha paHHeM »Tame pa3BUTHS 3THX MHPOTPAMMHBIX CPEJCTB HAOOP
MOJIEP>KUBAEMbIX UMH (YHKIIMA oOecrieurBascs HeCTaHAAPTHBIMU s3bikaMu. Co
BPEMEHEM TMpaBUjia W COTJAIICHUS COBEPIICHCTBOBAINCHL M Ha OINPEAEICHHOM
sTane ObUTM O(GOpPMIICHBI B BHJE CHEIUATBHBIX SI3bIKOB MPOTPAMMHPOBAHUSA,
o0pa3oBaB To, 4To ceituac Ha3biBaeTcsi CASE-UHCTpyMEHTapHeM.

B 1992 rogy Mexnynaponnas OnektporexHudeckas Komuccus (MOK,
IEC - International Electrotechnical Commission,) B3sij1a I0JT KOHTPOJIb MPOIIECCHI,
CBSI3AHHBIE C pPa3BUTHEM H3TOro tuna npukiaaaHoro [10. beumd BBEIABUHYTHI
TpeOOBAaHMSI OTKPBHITOCTH CHUCTEMBI, BBIMOJHEHUE KOTOPHIX TO3BOJIIIO OBl
YHUDUIIUPOBATH MTPOTPAMMHBIE CPEJICTBA U YIIPOCTUTH Pa3pabOTKYy:

- BO3MOXKHOCTh pa3pabOTKu JpailBepoB ISl KOHTPOJUICPOB

CaMHUMH TOJb30BaTEISIMU, T.€. COMIPOBOXKICHUE MPOTPAMMHBIX MPOIYKTOB

1o POrpaMMHUPOBAHUIO KOHTPOJIEPOB CrielUaJIbHBIMU

WHCTPYMEHTAJIbHBIMU CPEJICTBAMU;

- HaJIMYME KOMMYHHUKAITMOHHBIX CpeAcTB (MHTEp(deicoB) s

B3aUMOJICUCTBUS C JPYTUMU KOMIIOHEHTAMH CUCTEMBI YIIPaBJICHUS,

- BO3MOXKHOCTb MOPTAIMU fJIpa CUCTEMBI Ha Psii NPOrpaMMHO-

anmnapaTHbIX miaTopm.



Ha peiake mosBHIIOCH OOJIBIIIOE KOJUYECTBO MAKETOB, YAOBICTBOPSIOIMINX
BEIIIICONTUCAHHBIM TpeOoBaHUsAM. [IpakTHYeCKH BO BCEX OTHUX IaKeTax cpena
pa3pabotku peanuszoBaHa B Windows-uHTepdeiice, UMEIOTCS CpelICTBA 3arpy3Ku
pa3pabOTaHHOTO MPWIOKEHUS B UCIIOTHUTEILHYIO CHCTEMY.

Ha3BaHus HEKOTOPBIX U3 ITUX MAKETOB MPUBEJICHBI HIDKE:

- RSLogix 500, RS Logix 5, RSLogix 5000 ¢bupmber Rockwell

Software misi mporpaMMHpOBaHUS KOHTPOJIJIEPOB PA3IMUHBIX CEMEHCTB

Allen-Bradley;

- DirectSOFT s xouTposuiepoB cemerictBa Direct Logic
¢upmer Koyo;
- makerel PL7 wu Concept - TIO nns nporpaMMuUpOBaHUs

KOHTPOJUIEPOB PA3IIMYHBIX ceMericTB kommanuu Schneider Electric;

- maketet STEP 5, STEP 7 Micro, STEP 7 jus

POTrPaMMHUPOBAHUS KOHTPOJUIEPOB ceMeicTB S5 u S7 ¢pupmer Siemens;

- maker ToolboX mma KOHQUIYpHUpOBaHUS KOHTPOJLICPOB
cemeiictBa Moscad;
- maker TelePACE nmna mnporpaMMmupoBaHHS KOHTPOJUIIEPOB
cepuit
TeleSAFE Micro 16 u SCADAPack ¢upmer Control Microsystems.

Cranpaprom MOK 1131-3 onpeneneHsl ITh S36IKOB TPOrPaMMHUPOBAHUS
koHTpoJuiepoB: Tpu rpaduueckux (LD, FBD, SFC) u nBa tekctossix (ST, IL).

LD (Ladder Diagram) - rpadgudeckuii sI3bIK JHAarpaMM PEICHHOMN JIOTHKH.
A3k LD npumeHsieTcss ISl ONMCAHUS JIOTUYECKUX BBIPAXKEHUM PA3JIAYHOTO
YPOBHSI CIIOKHOCTH.

FBD (Function Block Diagram) - rpadudeckuii s3bIK (yHKIIMOHAIBHBIX
6mokoBbIx auarpamm. S3eik FBD mpumensieTcst 1t mocTpoeHHsT KOMILIEKCHBIX
MPOLIETYP, COCTOSIIUX U3 PA3TUYHBIX (DYHKITMOHAIBHBIX OMOJIMOTEYHBIX OJIOKOB -
apuPMETHICCKUX, TPUTOHOMETPUYECKUX, PETYIATOPOB U T.1I.).

SFC (Sequential Function Chart) - rpaduueckunii S3bIK MOCIEI0BATEIBHBIX

q)YHKHHOHaJILHBIX cxem. S3pik SFC NpeAHasHAUYCH OJIs1 MCIIOJb30BAHWA Ha JTallc



npoektupoBanus [0 U Mo3BOJIsIET OMHMCATh «CKEJIET» MPOTrpaMMbl - JIOTUKY €€
paboOThI HA YPOBHE MOCIEAOBATENbHBIX IANOB U YCIOBHBIX IIEPEXOI0B.

ST (Structured Text) - sA3bIK CTPYKTYPUPOBAHHOTO TEKCTA. IJTO SA3BIK
BBICOKOTO YPOBHS, IO MHEMOHHKE TMOX0XX Ha Pascal m mnpumensercs s
pa3paboTku mpoieayp oOpaboTKU JTaHHBIX.

IL (Instruction List) - si3bIk HHCTPYKITHIA. DTO SI3bIK HU3KOTO YPOBHS Kilacca
accemMOyiepa W  TPUMEHSCTCS JJI1  TporpaMMHupoBaHusl  3(PQPEKTUBHBIX,
ONTUMH3UPOBAHHBIX IPOLIETYP.

B xonie 90-x ro/ioB MOSBUINCH OTKPBITHIE MPOTPAMMHBIE TPOIYKTHI
ISaGRAF, InControl (Wonderware), Paradym (Intellution), npennasnaueHnbie as
pa3paboOTKH, OTIAJAKU M HCIOJHEHHUs MPOrpamMM YIpaBIEHUs KaK JUCKPETHBIMH,
TaK U HEMPEPHIBHBIMU MTPOIIECCAMH.

Ceifuac yXe MOXHO CKa3aTh, 4YTO TIOJIaBJIAIONIEE OOJBIITUHCTBO
KOHTPOJUIEPOB U CHCTEM  YIpaBlEHUs OOCIYyXHBaeTCid MPOrPaMMHBIMU
IpoAyKTaMHu, peanusyrommmu crangapt MOK 1131-3.

[Mupokxoe mpumeHenue B Poccun namen maketr [SaGRAF ¢panirysckoit
xommanunu CJ International.

OcHOBHbBIE BO3MOHOCTH NAKeTa:

- ITonnepkka Bcex mATH si3bIkOB cTaHgapta MOK 1131-3 mmroc
peanuzauusa sa3bika  Flow Chart kak cpencrtBa omMcaHus JauarpaMm
coctostHuii. Ilpu 3tom ISaGRAF mno3BonisieT cMmemuBaTh HPOrpaMMbl H
MpOIEAYphI, HAMMMCAHHbIE Ha Pa3HBIX S3bIKaX, @ TAKXKE BCTABISATH KOJIOBBHIE
MOCJIEA0BATEILHOCTH U3 OJHOTO SI3bIKa B KOJbI, HAMKMCAHHBIE Ha APYrom
A3BIKE.

- Hanuune MHOro()yHKIIMOHAIBHOTO OTJIAYHMKA, MTO3BOJISIOIIETO
BO BpeMsi pabOThl TPHUKIAAHOW 3a7aud TPOCMATPUBATH COCTOSHUE
MpPOTPaMMHOr0  KOJIa, IEPEMEHHBIX, TPOTPAMM B MHOTOE JPYTOE€.

- [Tonnepsxka pa3IUYHBIX MPOTOKOJIOB MIPOMBIIIJICHHBIX CETEH.

- Peanuzanus omuii, 00eceunBarONINX OTKPBITOCTh CHUCTEMBI

JJI 10CTyNa K BHYTPEHHHUM CTPYKTypaM JaHHbIX npukiagHord [SaGRAF-



3aJaud, a TaKXe BO3MOXKHOCTh pa3pabOTKU JpailBEpoB [UJIsi MOAYyJEH
BBOJIa/BBIBOJIa, Pa3paOOTAHHBIX CaMHUM IOJb30BaTEeNIeM, U BO3MOKHOCTb
nepeHoca [ISaGRAF-saapa na mo0yto anmnapaTHO-MPOTPaMMHYIO MIaThopmy.

- HaGop npaiiBepoB miiss paboThl ¢ KOHTPOJIEPAMH Pa3THYHBIX
dbupm-npousBoauteneii: PEP Modular Computers, Motorola Computer
Group u ap.

- Hanuuune AOMOMHUTENBHBIX WHTEPAKTUBHBIX PENAKTOPOB IS
OMMCAHUS IEPEMEHHBIX, KOHCTAHT U KOH(PUTYpaliii BBOJa/BBIBOIA.

- BceTpoeHHble cpeacTBa KOHTPOJIA 3a BHECEHWEM HM3MEHEHUH B
nporpaMMmHbli kKo [SaGRAF-nipunokeHuss #u medaTd  OTYETOB 10
pa3paboTaHHOMY HPOEKTY C OOJIBLIONW CTENEHBIO JeTalu3aliy, BKIIOYas
neyaTb TaOJIMLl TMEPEKPECTHBIX CCBHUIOK IS MPOrpaMM M OTIEIbHBIX
IIEPEMEHHBIX.

- [TosnHOE TOKyMEHTUPOBAHHE 3TANOB Pa3pabOTKH.

[Iporpammusie cpenactBa BepxHero ypoBHS ACYTII (SCADA-makeTs)
OpeIHa3HayeHbl Il CO3JaHUsl MPHUKJIAJHOTO MPOTPAMMHOIO obOecreueHus
MyJIbTOB KOHTPOJISL U YIPABJICHUS, PEATU3yEeMbIX Ha Pa3IMYHBIX KOMIBIOTEPHBIX
mwiatpopMax U crenuain3upoBaHHBIX paboumx crannusx. SCADA - makeTs
NO3BOJISIOT MPU MUHUMAJIBHOW JI0J€ IPOrPaMMUPOBAHUS HA MPOCTBIX S3BIKOBBIX
CpEeACTBax pa3zpabaThIBaTh MHOTO()YHKIIMOHAIbHBIH uHTEpPeENiC,
o0ecIeunBaOIINA OrepaTopa/IMcIeTyepa HE TOJIBKO TOJHOW WHGOpMaImen o
TEXHOJIOTHYECKOM IPOLIECCE, HO M BO3MOKHOCTBIO UM YIIPABJISTh.

B cBoem pazsutuum SCADA - makeThl HNpOLIIM TOT K€ IMyTh, YTO M
nporpaMMHOe oOecredeHue [Uisi MpOorpaMMHUpOBaHMA — KOHTpoyuiepoB. Ha
HayanbHOM ATane (80-e roxapl) (QUPMBI-pazpabOTUMKK anmapaTHbBIX CpPEICTB
CO3JIaBAIM  COOCTBEHHBIC  (3aKPBITHIC) SCADA-cucremsl, CIIOCOOHBIC
B3aMMO/ICHCTBOBATh TOJIBKO CO «cBoei» ammaparypoil. Hauwnas ¢ 90-x ropaos,

NOSIBUIUCH YHHUBepcalibHbIE (0TKpbIThIe) SCADA - mporpaMmsi.



[TonsiTe OTKPHITOCTH SBISIETCS (PYHIAMEHTAIbHBIM, KOT/Ia pe4yb HIET O
MpOrpaMMHO-aNMNapaTHbIX CPEACTBAX JJIsi MMOCTPOCHUSI MHOTOYPOBHEBBIX CHCTEM
aBTomaTu3anuu. bojee moapoOHO 06 3TOM OyJIET CKa3aHO HIKE.

Ceiluac Ha pOCCHUHCKOM pBIHKE MPUCYTCTBYET HECKOJBKO JECATKOB
oTKpeIThIX ~ SCADA-makeToB, 00JIaalonux  MPaKTHYECKU  OJIMHAKOBBIMU
GyHKUIHOHATBHBIME BO3MOXHOCTSIMU. HO 3TO coBceM He 03Hauaer, uTo 000l u3
HUX MOYXHO C OJJMHAKOBBIMU YCHJIUSIMU (BPEMEHHBIMU U (PMHAHCOBBIMH) YCIICIITHO
aJanTHUPOBATh K TOW WJIM MHOU CHCTEME YIPaBIEHUs, 0OCOOCHHO, €CJIH PeUb UJIET O
ee moaepum3ammu. Kaxasiii SCADA-makeT sBiseTcs Mo-CBOEMY YHUKAIbHBIM, U
€ro BBIOOp I KOHKPETHOM CHUCTEMBbl aBTOMAaTH3alluu, OOCYyXJAaeMbli Ha
CTpaHULAX CIEIUAIbHON MEPUOJUYECKON TIPECChl TMOYTH Ha MPOTHKEHUHU
MOCJIEAHUX JIECSITH JIET, MO-TIPEKHEMY OCTAETCS AKTyaIbHBIM.

Hwxe mpuBenen mnepedenp HambOosee momylisipHeix B Poccun SCADA-
MaKETOB.

- Trace Mode/Tpeiic Moyxa (AdAstrA) - Poccus;
- InTouch (Wonderware) - CIIIA;

- FIX (Intellution ) - CLIA;

- Genesis (Iconics Co) - CIIIA,;

- Factory Link (United States Data Co) - CIIIA;
- RealFlex (BJ Software Systems) - CIIIA;

- Sitex (Jade Software) - BenukoOpuranus;

- Citect (Cl Technology) - Ascrpanus;

- WInCC (Siemens) - I'epmanusi;

- RTWin (SWD Real Time Systems) - Poccus;

- CAPI'OH (HBT - Astromaruka) - Poccus;

- MIK$Sys (MU®DN) - Poccus;

- Cimplicity (GE Fanuc) - CIIIA;

- RSView (Rockwell Automation) - CIIIA u MHOTHE ApYTHE.

[TocnenoBaTenbHOCTh MPEACTABICHUS MAKETOB B IPUBEJECHHOM BBIIIE

nepevyHe B JOCTaTOYHOW cTeneHu ciaydyaiiHa. KoHcraTtupyercs auiib cam (paxt



CyIIECTBOBaHUS TOW WIM HHOM cucTeMbl. [lpemmaraerca wucxoauTe U3
npeanockuiku, 9To SCADA-makeT CymecTByeT, €Clii C TOMOIIBI0 HETO YXkKe
peann30oBaHo XOTA Obl HECKOJBKO JECATKOB MPOEKTOB. BTopas npeanochlika - HET
abcomotro nmyumieit SCADA-cuctemsl amst Bcex ciydaeB npuMenenus. SCADA -
ATO BCEro JIMIIb YIOOHBIA MHCTPYMEHT B pyKaxX pa3pa0dOTyuuKa, U €€ aJianTaius K
KOHKPETHOM CUCTEME aBTOMAaTH3allUU - BOIPOC KBATU(PUKALIUU U OTIBITA.

Jlo HexgaBHEro BpPEMEHM 3ajJada PErucTpanuyd UHQOpMaluuyd B pealbHOM
BpEMEHU Morjia ObITh pelieHa JMOO Ha YpPOBHE MPOTrPaMMHOTO OOecredeHUs
KOHIIEHTpaTopa (KOHTpOJUIepa BEpPXHEro ypoBHs), b0 Ha ypoBHe SCADA-
cuctembl. Ilpu 3TOM peub uuer O OONBIIMX IMOTOKAaX JAaHHBIX O MpPOIIECCE,
NOCTYHAIOMIMX OT OOJNBIIOTO KOJWYECTBA JATYUKOB (HECKOJIBKMX COT WJIM ThICSY)
B peajbHOM MaclTade BpPEMEHH M C BBICOKOM 4YacTOTOW (IEepUOAbl Ompoca —
nopsijika cexkyHa u gaxe noneit cekynn). Ha yposHe ACYTII sta undopmanus
HY’KHA JUUIS1 OTIEPATUBHOIO YIIPABJICHHUS TEXHOJIOTMYECKUM IIPOLIECCOM.

JlaHHBIE TEXHOJIOTMYECKHUX MpoleccCoB crnenupuyHbl. OHU, KaK MpPaBUIIO,
MOTYT OBbITh NMPEACTABIEHBI B BUJIE€ BPEMEHHBIX PSJIOB «3HaueHue — Bpemsi». s
ux cOopa u xpaHeHus npakruyecku Jr06oi SCADA-makeT UMeeT B CBOEM COCTaBe
HOJICUCTEMY PETUCTPALMd HCTOPUUECKUX JIaHHBIX (apXHMB) C BO3MOKHOCTBHIO
nocieaAyoueil BHIOOpKU TpeOyeMbIX JJIsl aHallu3a JAHHBIX U UX MPEACTaBICHUS B
BUJIE TPEHJIOB.

Ho Ttakme apxuBbl HE NpeIHAa3HA4YEHbl IS JUIMTEIBHOIO XPAHECHHMS
O0onpX 00beMOB HH(popMmanuu. K ToMy ke, pedb 31eCh UIET O TaK Ha3bIBAEMbBIX
nokanbHbix  apxuBax. ApxuB SCADA-makera XxpaHUT HUHPOpMAIUIO O
NEPEMEHHBIX JIMIIb OJHOIO KOHKPETHOIO TEXHOJOrnyeckoro mpouecca. Ho
NPEeANpUATHEe UMEET B CBOEM COCTaBE LENbIA Psii TEXHOJOTMYECKUX MPOIECCOB,
CUCTEMBI YIPaBJIEHUS KOTOPBIMU BBINIOJHEHBI, KaK MPaBWIO, Ha pPa3IMYHOU
IpOrpaMMHO-aIIapaTHoM miaThopme.

B monydyeHun omepaTuBHBIX M OOBEKTUBHBIX TEXHOJOTWYECKHUX JIaHHBIX
Cero/IHd 3aMHTEPECOBaHbl MPAKTUUYECKH Bce CIyXObl mnpeanpuatus. OgHaKo

XapakTep HeoOXOoAUMOW HWH(OpMAUMU pa3IMueH Ui Pa3IUYHbIX YpOBHEU



ynpasinenus. Ha BepxHem ypoBHe (ACVYII) HyXHa TOJBKO MHTErpUpPOBAaHHAs
(mpeABapUTEIHHO MOATOTOBICHHAS) HHPOPMAIIHS O TEXHOJIOTUYECKUX IMPOoLieccax
(IaHHBIE TUNA «HAPACTAIOIIMM HWTOTOM», CPEIHUX 3HAYCHUHN 3a OmNpe/ielICHHBIC
IIPOMEKYTKH BPEMEHH, 0011[e€ KOJIUYECTBO MPOU3BEICHHBIX MPOJAYKTOB U T.1.).

JIist XpaHeHus1 Takod MH(OpMAIMK XOPOIIO aAanTUPOBAHbI 0a3bl TaHHbBIX
pensiuonnoro tuna (PBJI). Jlanasle B 3TMX 0a3ax CTaTH4YHBI, CBA3aHbl MHOTUMU
OTHONICHUSIMU, JOJDKHBI OBITH JIETKO BBIOMPAEMBI IO PA3JTHYHBIM CIIOKHBIM
kputepusiMm. Opnaxko PBJ[ He mnpucnocoOieHbl aii XpaHEHHs OrPOMHOTO
KOJIMYeCTBAa 3HAueHWH mapameTpoB, momaydaeMbix oT SCADA-cuctem wu
HaKaIJIMBa€MbIX 3a JIOCTAaTOYHO JJIUTENIbHOE BpeMs (10 Tpex u OoJjiee JeT).

B pesynbrare, mHdopmalius, UMEIOMIasCsd W YCHEHIHO HCIOJb3yeMas B
ACYTII, HenoctynHa 1151 BEpXHETO YPOBHSI.

Takum oOpa3omM, Ha3pena HEOOXOAMMOCTb CO3/1aHHS U BHEAPEHUS B
nporecc YIIpaBJICHUS TaK HA3bIBAEMBbIX HUCTOPUYECKUX apXUBOB
MPOU3BOJICTBEHHBIX JaHHBIX WKW 0a3 JaHHbIX peanbHoro BpeMenu (BJIPB)
Maciitaba mpeanpusIThs.

Bo - mepBbIX, Takue CHCTEMBbl JOJDKHBI oOecrneduTb cOOp AaHHBIX C
pPa3NUYHBIX HCTOYHHKOB TPOM3BOJCTBEHHON HWH(OpMAIMM Ha TPEANPUATAN
(SCADA-cucrem, DCS-cuctem, maboparopubix cuctem - LIMS, pasnmnunbix
CYB/l u T. .) 1 UX AOJATOBPEMEHHOE XpaHEeHUe B eAuHOM (hopmate. Bo-BTOPBIX -
o0OecreyuTh J0CTYNl K HHGOPMAIMKM CHEIUATNCTAaM M PYKOBOJIUTEISIM BCEX
ypoBHEM M ciayxk0 O  CTaHAAPTHBIM  NOPOTOKOJAM  C  [OMOUIBIO
CHEUATU3UPOBAHHBIX KIIMEHTCKUX MPUIIOKEHUH.

Takue cucremMpl OT Pa3NUUHBIX MPOU3BOAUTENCH (B TOM YHCIE U OT
npousBojauteneir SCADA-cucteM) yke mosBWIMCh B Poccun U ¢ KaxapIM JHEM
HaxomAT Bce Oosiee mmpokoe mpumenenue. Cpenu mux IndustrialSQL Server —
KOMITOHEHT MHTerpupoBanHoro makera FactorySuite (Wonderware), iHistorian -
KOMIIOHEHT cemeiicTra Intellution Dynamics u apyrue.

CymiecTByeT LENbI psAx 3anad yIpaBlIeHUs, HE TEPEKPHIBAEMBIX HHU

kiaccoM ACVYTI, au knaccom ACYTII. YacTUuHO 3TH 3aa4u HE NEPEKPHIBAIOTCA



U3-32 OTCYTCTBHUS BO3MOXKHOCTEM MPOTPaAMMHOTO OOECHEUYEeHUs STUX YpPOBHEH
cucTeMbl yrpasieHus. Cpeln HUX HaxOIATCs U 3a/1auM, PEIICHHE KOTOPBIX MOXKET
OKaszaTh pellaloliee BIUsSHUE Ha dSPGEKTUBHOCTh MPEANPUITHS B IEJIOM:
JAUCIIETYEepU3alsl IIPOU3BOJCTBA, OIEPATUBHOE IUIAHUPOBAHUE, YIPABJICHUE
Ka4eCTBOM ITPOAYKIIMU U MHOTHUE APYTHE.

Hanuune 6a3bl 1aHHBIX peabHOTO BPEMEHU MacilTada MpeAnpUusTUs — 3TO
TOJIKO JIUIIb MPEANOChUIKA A UX pemieHus: (Heo0X0auMoe, HO HEeAOCTaTOYHOe
ycioBue). Psan  pa3paOOTUMKOB MHCTPYMEHTAIBHBIX CHUCTEM  IMpeAJiararor
WCIIOJIB30BaTh C ATOM LENBIO CIIEIUATIBHBINA TUIT IIPOTPAMMHBIX MPOAYKTOB. JTO
MOTYT OBITb HEOOJIBIINE CHCTEMBI, MIPEIHA3HAUCHHBIC ISl PEIICHUS OTIACIbHBIX
TUIIOBBIX 3aJad, HalpUMEpP, CHCTEMBl pacueTa U COIVIACOBAHUSA MaTEPHAIBHBIX
OasnancoB. [losBUIICS psiJ MHTETPUPOBAHHBIX CUCTEM, MOAJEPKUBAIOIIUX, HAPAY
C (pyHKUMAMU XpaHEHMs U MPEACTABICHUS UHPOPMAIINY, PELICHUE 3aau pacueTa
TEIUIOBBIX M MaTe€pHaJIbHbIX OallaHCOB, IUIAHUPOBAHMS, onTUMM3alMu U T.n. K
HanmOoJiee M3BECTHBIM MPOrPaMMHBIM MpoAyKTam 3Toro kmacca IIO orHocsaTcs
InfoPlus kommanuu Aspen Tech, «Kanbkynsrop kadectBay Gupmbl [IETPOKOM,
Pl System (Plant Information System) xomnanuu OSIsoft.

CoBpemenHnoe pazputue uHpopmamoHHbix TtexHosnoruit (MUT) coszmano
INPEANOCBUIKM U1 YCHEIIHOW HWHTErpallid  BCEX YPOBHEH  YIpaBIEHUS
MHOTOYPOBHEBOW CHUCTEMBbl W CO3JaHUS WHTEIPUPOBAHHON HH(POPMALIMOHHON

CUCTEMBI MPEITPUITHS.
5. 1 O6mas xapakrepuctrka rnporpammuoro ooecneuenus SCADA
5.1.1 OcnoBuble pynkunn SCADA-cuctem
IIporpammuoe obecneuenne Tuma SCADA  mnpenHasHadeHO IS
pa3pabOTKM W  OJKCIUTyaTallid aBTOMATH3WPOBAHHBIX CHCTEM  YIIPaBIICHUS

TCXHOJOIMYCCKUMHU IIPOLICCCaMMU. Pe3onHo 3a1aTb BOIIPOC: a 4YTO KC BCC-TaKH

NEePBUYHO — pa3paboTKa WM dKciutyatauusa? W oTBeT B JaHHOM ciyyae



OJTHO3HAYEH — TIEPBUYHBIM SIBIACTCS OS()PEKTUBHBIA YEITOBEKO-MAITMHHBIN
untepdeiic (HMI), opueHTHpOBaHHBIN Ha MOJB30OBATENsA, T. €. Ha ONEPATUBHBIN
MepcoHaJl, pojb KOTOPOTO B yIpaBieHuu spisietcs onpeaenstomeit. SCADA — 3To
HOBBIA MOJXOJ K MPOOJEeMaM YeIOBEYECKOTo (pakTopa B CHUCTEMaxX YIpaBIICHUS
(cBepxXy  BHHU3), OpHEHTalUuMs B TMEPBYIl0O  ouepedb Ha  4YeJoBeKa
(omeparopa/aucrieTdepa), €ro 3aa4M U peaii3yemMbie UM (YHKITUH.

Takon IOJIXOJT TO3BOJINII MUHUMU3UPOBATH y4yacTtue
OIIepaTOPOB/IUCIIETYEPOB B YIPABIECHUHU MPOIIECCOM, HO OCTaBWJI 32 HUMHU IPaBO
MIPUHSATHUS PEIICHUS B OCOOBIX CHTYaITUSX.

A gro mama SCADA-cucrema paspadotunkam? C mosiBnennem SCADA
OHU TIOJYYMJIM B PYKU d(PGPEKTUBHBIAN MHCTPYMEHT JIJISi MPOCKTUPOBAHUSI CUCTEM
yIpaBIeHUS, K MPEUMYIIECTBAM KOTOPOTO MOKHO OTHECTH:

- BBICOKYIO CTENEeHb aBTOMATH3aIlMM TIpoliecca  pa3padoTKu
CUCTEMBI
yIpaBICHUS;
- ydactue B pa3paboTke  CIENMATMCTOB B oOnactu
aBTOMATHU3UPYEMBIX
IpoIIecCOB (ITporpaMMHUpOBaHUE O3 MPOrPaMMHUPOBAHUS);
- pealbHOE COKpalleHHE BpPEMEHHBIX, a, CJEJAO0BAaTENbHO, W
(MHaHCOBBIX
3aTpaT Ha pa3paboOTKy CUCTEM YIIPaBICHUS.

[Ipexne, yem roBOpUTH 0 (pyHKIMOHATBEHBIX BO3MOKHOCTIX [0 SCADA,
npejaraeTcs  B3MVIAHYTh Ha  (YHKUMOHAJIBHBIE  OOSI3aHHOCTH  CaMHX
oreparopos/nucrierdyepoB. KakoBel ke 3T o0s3anHOCTH? ClemyeT cpasy
OTMETUTh, 4YTO (PYHKIMOHAJIbHBIE OOSI3aHHOCTH  OIEPaTOPOB/AUCIIETUYECPOB
KOHKPETHBIX TEXHOJIOTMYECKMX TMPOIECCOB M MPOM3BOACTB MOTYT OBITH
CYIIIECTBEHHO PA3HBIMU, J]a U CAMU TOHATUS «OMEPATOP» M «IUCIIETYEP) TATCKO
HE paBHO3HAuUHBL. TeM HE MeHee, cpeAr MHOrooOpasusi ITHX O0OsS3aHHOCTEH

OKa3aJI0Ch BO3MOKHBIM HaWTH 001K, IPUCYIITUE JAHHONW KaTerOpuu paOOTHUKOB:



—  perucTpanus 3HAYEHUH OCHOBHBIX TEXHOJIOTHUECKHX W

X03PaCUETHBIX

napameTpoB;

—aHaJIu3 TOJYYCHHBIX JAHHBIX M UX COMOCTABJICHUE CO CMEHHO-CYTOUYHBIMHU
3aIaHUSIMU U KaJICHIapHBIMU TUIAaHAMH;
— y4eT W  perucTpaldss NOpUYUH  HapylIeHUH  Xxoja

TEXHOJIOTHYECKOTO

npolecca;

— BEJICHUE JKYPHAJIOB, COCTABJICHUE OTIEPATUBHBIX PAllOPTOB, OTYECTOB U
JIPYTUX TOKYMEHTOB,;
— TMPEJOCTABJIICHUE JAHHBIX O XO0JI€ TEXHOJOTHYECKOTO IMpollecca

U

COCTOSIHUM 00O0PY/I0BaHUS B BBIIIECTOSIIINE CITY>KOBI U T. 1.

Panbiiie B omepaTopHO#l (IMCIETYEPCKON) HAXOAWIICA IIUT YIPABJICHUS
(orctoma - muToBas). JlmA YCTaHOBOK W TEXHOJOTHYECKHX TIPOIECCOB C
HECKOJBKUMH COTHSIMHU IapaMETPOB KOHTPOJS U PETyJIWpPOBaHUS JIJIMHA IIUTA
MOTJIa JOCTUTATh HECKOJBKUX JECATKOB METPOB, a KOJIMYECTBO IPHOOPOB HA HUX
U3MEPSIIOCh MHOTMMH JIECSTKAMH, a WHOTJA U cOoTHAMH. Cpeau 3TUX MpUOOPOB
OBLTM ¥ TOKa3bIBaoIIKe (IIKaJIa U yKa3aTelb), 1 CAaMOMUIIYIUEe (KpOME Kbl U
yKazaTels elle W JauarpaMMHas Oymara ¢ TIepoM), W CHUTHanmm3upyomue. B
OTIpEJICTICHHOE BPEMs OTIepaTop, 00X0/Is IIUT, 3aMUChIBAT TMOKa3aHUsl MPUOOPOB B
)KypHai. Tak pemaiach 3ajaua coopa U peructpainuu nHGopMaIuu.

B mpubopax, oOCTyKHMBarOIIUX PETYIHPYEMbIC IapaMeTpbl, HMEIHChH
YCTpOWCTBA Il HACTPOWKH 3aJaHUs PETyIaTopy W JUisl Tepexona ¢
aBTOMATHYCCKOTO PEKUMa YIIPABJICHUSA HA PYYHOE (IMCTAHIIMOHHOE) YIIpaBJICHUE.
31ech ke, psIoM ¢ TprudopamMu, HaXOAMINCh MHOTOUHCIICHHBIE KHOTIKH, TyMOJIEphI
U pYOWIBHHMKHU JJisi BKIIIOUCHHS] U OTKJIIOYCHHS PA3IMYHOTO TEXHOJIOTHYECKOTO
obopynoBanus. Takum oOpazoM, peraiuch 3ajJadyd JUCTAHIIMOHHOTO YIIPaBIICHUS

TEXHOJIOTUYECKUMH TMapaMeTpaMu U 000pyJ0BaHUEM.



Han wmmrTom ynpaBineHus (Kak MpaBUIO, HA CTEHE) HaXOAWJIACh
MHEMOCXEMa TEXHOJOTHYECKOro Tpolecca ¢ H300paXeHHbIMH Ha  HEH
TEXHOJIOTUYECKUMHU anmnaparami, MaTepuaIbHBIMU OTOKaMu u
MHOTOYHMCJICHHBIMU JIAMIIAMU CUTHAJM3ALMKM 3€JIEHOr0, JKEJITOr0 M KPacHOro
(aBapuifHOro) 1BeTa. OTH JaMIlbl HAaYyMHAIM MUraTh TMPU BO3HUKHOBEHHUH
HEITaTHOW cuTyaluu. B 0co00 omacHBIX CHUTyalMsX MpeaycMaTpuBaiach
BO3MOXKHOCTh ~ TOJ]a4¥  3BYKOBOTO  cHWTHajga (cupeHa) Juisi  OBICTPOTO
NPEAyNpEeXICHUS BCEro OINEpaTUBHOTO IMepcoHasa. Tak pelagnuch 3a/ayu,
CBA3aHHBIE C CUTHaJIM3alMeld HapyLIEHU TEXHOJOTHYECKOro perjiameHTa
(OTKJIOHEHUH TEKYIIMX 3HAYEHUW TEXHOJOTMYECKHX NapamMeTpoB OT 3aJaHHBIX,
0TKa3a 000py/I0BaHuUs).

C mnosiBIEHWEM B OINEPATOPHON/AUCIETYEPCKON KOMIIBIOTEPOB OBLIO
€CTECTBEHHbIM 4acTh (YHKIUH, CBS3aHHBIX CO COOpOM, perucTpauue,
o0paboTkoii © OTOOpaxeHHWeM HH(OpMalMK, ONPEACIIEHUEM HEIITaTHBIX
(aBapuilHBIX) CHUTyalMil, BEIEHWEM JOKYMEHTAIlMH, OTYETOB, IEPEJIOKUTh Ha
KOMITBIOTEPHI. Ellle BO BpeMeHa MEPBbIX YIPABISIIOIIMX BBIYMCIATEIBHBIX MalluH
C MOHOXPOMHBIMH al(aBUTHO-IU(POBBIMH AUCIUIESIMM Ha H3THX JHUCIUIEAX
YCUJIMSIMU SHTY3HAaCTOB-pa3pabOTUMKOB YK€ CO3/1aBaJIUCh «IICEBAOrpadUYECKUe)
u300pakeHuss - mpoolOpa3 COBpeMEHHOW Tpaduku. VYKe TOrja CHCTEMbI
obecnieunBanu cbop, 00paboTKy, oToOpaxkeHue WHOOpPMAIMM, BBOJ KOMaHI M
JAHHBIX ONIEPATOPOM, APXUBUPOBAHKUE U IMPOTOKOJIMPOBAHKUE X0/1a ITpoLiecca.

XoTenochk Obl OTMETUTh, YTO C MOSIBJIEHUEM COBPEMEHHBIX MPOrPaMMHO-
TEXHUYECKUX CpEIICTB aBTOMaTHU3alIUH, pabouunx CTaHIUH
OTIepaTOPOB/IUCIIETYEPOB,  (YHKIMOHUPYIOIMMX Ha  0aze  MpOrpaMMHOTO
obecrieuenuss SCADA, muThl yripaBieHUs: 1 HACTEHHbIE MHEMOCXEMbI HE KaHYJIH
0e3BO3BpaTHO B JIeTy. Tam, re 3TO MPOJUKTOBAHO 1EI€CO00Pa3HOCThIO, IUTHI U
NyJIBTHI YIPABICHUS OCTAIOTCS, HO CTAHOBATCA 00JIe€ KOMITAKTHBIMHU.

[Tossnenne YBM, a 3ateM M NEpCOHAIBHBIX KOMIIBIOTEPOB BOBJIEKJIO B
IPOLIECC CO3JIaHusl OnepaTopckoro uHTepdeiica nporpaMmMucToB. OHH XOpOILO

BJIQJICIOT KOMIIBIOTCPOM, A3bIKAMHU IIPpOIrpaMMHUPOBAHUA U CIIOCOOHBEI ITHCATh



CJIIOKHBIE TpOrpaMMbl. JIJIS 3TOTO MPOTPaAaMMHUCTy HYXKEH JHUIIh aJITOPUTM
(popmanuzoBanHas cxema pemieHus 3agadn). Ho 6ema B TOM, 9TO MPOTPaMMHUCT,
KaK TpPaBWJIO, HE BIAJCET TEXHOJIOTHEH, HE «IIOHHMMAET» TEXHOJOTHYECKOTO
nporecca. [losTomy nms pa3pabOTKM alrOpUTMOB HaAO0 ObUIO MPHUBIICKATH
CHEIUATNCTOB-TEXHOJIOTOB, HAIIPUMED, NHKEHEPOB MO aBTOMATU3ALIHH.

Boixon wu3 »3ToM cuTyauuu ObUT HaiiieH B CO3JAaHUM METOOB
«IpOTpaMMHUPOBaHUs 0€3 peabHOr0 MPOTrPAMMHUPOBAHMS, JOCTYIMHBIX IS
MOHUMAaHUs HE TOJBKO MPOrPAMMHUCTY, HO U MHKEHEPY-TeXxHoJory. B pe3ynbpraTe
MOSIBUJIUCH MPOTPAMMHBIC TIAKETHI TSl CO3/IaHus MHTEpdeiica «IeI0BEK-MaITnHaY)
(Man/Humain Machine Interface, MMI/HMI). 3a py0Oexxom 3TO mporpaMMHOE
obecrieuenne noayudmwio HazBanue SCADA (Supervisory Control And Data
Acquisition — cymepBU30pHOE/AUCIIETYCPCKOE YIIPABICHUE M COOp JIaHHBIX), TaK
KaK TpeHa3HavyaIoCh JJisl pa3paboTku U (QYHKIMOHAIBHOU mojaep:kku APMos
oneparopos/nuctieryepoB B ACYTII. A B cepenune 90-x a6bpeBuarypa SCADA
(CKAJA) yBepeHHO MOSABUIACh M B JIEKCMKOHE POCCHICKHX CHEHHUAIUCTOB IO
aBTOMaTH3aIINU.

Oxkazanocb, 4TO OOJBIIMHCTBO 3aJay, CTOALIUX T[Epe] CO3AaTeNIIMU
nporpammHoro obecrnedenust BepxHero ypoBHs ACY TII pasnuunbix oTpacneit
MPOMBITIIUICHHOCTH, JIOCTATOYHO JIETKO TOJJAETCS YHU(PHUKAIUUA, TOTOMY YTO
byHKIIMM ~ omeparopa/mucmeTdepa  MPaKTHYECKH  JIOOOro  MPOU3BOJICTBA
JIOCTaTOYHO YHUDUIIUPOBAHBI U JIETKO MOJAAIOTCS (hopMalIh3aIiuu.

Takum  oOpa3zoMm, 0OaszoBwii  HaOGop  ¢ynkumii  SCADA-cucrem
NpEeNoNpeaesieH pPOJbl0 ATOTO MPOrPaMMHOIO OOECIEeUeHHUs] B CHCTEMax
ynpasnenust (HMI) u peanuzoBan nmpakTriecky BO BCeX MakeTax. ITo:

— c0op MHpOpPMALIMKU C YCTPOUCTB HUXKHETO YPOBHS (JATUUKOB,

KOHTPOJUIEPOB);

— mpueM U Tepefaya KOMaHj olepaTopa/mucrerdepa Ha

KOHTPOJUIEpPHl W HWCIOJIHUTEIbHBIC  yCTPOHCTBA  (IMCTAHIIMOHHOE

yIpaBJIeHUE 00BEKTAMHU);



— CeTeBOE B3auMOJEHUCTBUE C HWHGPOPMAIMOHHON CHCTEMOM
MpEeANpPUATHS (C BBILIECTOSIIMMHU CITyKO0aMu);

— oToOpaxeHHE TMapaMeTpPOB TEXHOJOTMYECKOro IIpolecca |
COCTOSTHUSI 00OpY/IOBaHUS C MOMOIIBI0O MHEMOCXEM, Tabnull, TpaduKoB U
T.II. B YIOOHOM AJ1 BoCTipusitusi hopme;

— OIOBEUIEHUE 3KCIUTYyaTallMOHHOTO IepcoHana 00 aBapUMHBIX
CUTyallusix ¥ COOBITHSIX,  CBSI3aHHBIX C  KOHTPOJUPYEMBIM
TEXHOJIOTUYECKUM TIpoliecCOM M (DYHKIIMOHUPOBAHUEM IMPOTPAMMHO-
anmapatHbix cpencts ACY TII ¢ perucrpanment 1edCTBUM NEPCOHANA B
aBapHUITHBIX CUTYaIIUAX.

— XpaHEHUue NOJIyYeHHON HHPOpMaAUHU B apXHUBaXx;

— TIpelICTaBJICHHE TEKYIIMX M HAKOIJICHHBIX (ApPXUBHBIX) TaHHBIX
B BUJIe TpapUKOB (TPEH/IBI);

— BTOpUYHas o0paboTka uHPOpMaIuu;

— (dopmupoBaHHE CBOJAOK U APYTUX OTYETHBIX JOKYMEHTOB IIO
CO3/IaHHBIM Ha 3Tare MPOEKTUPOBAHUS 11a0JIOHAM.

K wuntepdeiicy, cozmanHoMy Ha 0a3e MNpOrpaMMHOTO oOOecredYeHus
SCADA, npennsBiseTcs HECKOJIBKO (PyHIaMEHTaIbHBIX TPEOOBAHMIA:

— OH [JOJDKEH OBbITb HMHTYUTHUBHO TMOHSATEH U ya00eH s
orneparopa/IucrneTyepa;

— eIMHMYHas olIMOKa omeparopa He JOJKHA BHI3bIBATh BbIIAUy

JIOKHOM KOMaHAbI YIIPABJICHHA HA OOBEKT.

5.1.2 ApxutektypHoe noctpoeaue SCADA-cuctem

Ha navanbHOM »3Tame pa3Butus (80-€ rojpl) KaxKIblii MPOU3BOIUTEIND
MUKPOIIPOLIECCOPHBIX CHCTEM YIPABJICHUS pa3pabaThiBall CBOIO COOCTBEHHYIO
SCADA-nporpammy. Takue mporpaMMbl MOIJIM B3aMMOJIEHCTBOBATH TOJBKO C
y3KUM KpPYyroM KOHTPOJUIEPOB, M IO BCEM DapaMerpaMm ObLIM 3aKpbITHIMU

(orcyTcTBUE Habopa JIpaiiBepoB mjis pabOThl C YCTPOWCTBAMHM PA3IUYHBIX



MIPOU3BOMTEINICH U CPEACTB MX CO3MIaHUSI, OTCYTCTBUE CTaHAAPTHBIX MEXaHHU3MOB
B3aMMOJICUCTBHS C IPYTUMHU MTPOTPAMMHBIMHU TPOAYKTaMH U T. 11.).

C nmosBIICHHEM KOHIICIIIMM  OTKPBITBIX cucTeM (Hadaimo  90-x)
IpOrpamMMHBIC cpencTtBa A OTIEPATOPCKUX  CTaHITUH CTAHOBATCS
CaMOCTOSTEILHBIM TPOIYKTOM.

OnHolt U3 MepBBIX 3a7a4, MOCTaBICHHBIX Tepes paspadotunkamu SCADA,
CTaJia 3aJa4a OpraHu3alui MHOTOTIONE30BATEIbCKUX CUCTEM YIIPABJICHHS, TO €CTh
CHUCTEM, CIIOCOOHBIX IMOJACPKUBATh JOCTATOYHO OOJIbIIOE KoJimdecTBO APM
moJib3oBaTenie (KiueHToB). B pesynbpTaTe MOSBWIACH KIWEHT - CEepBEpHas
TEXHOJIOTHS MWW apXUTEKTypa.

KimneHnt - cepBepHas apXWUTEKTypa XapaKTEepU3yeTCs HalluuueM JBYX
B3aMMOJICUCTBYIOINX CAMOCTOSTEIBHBIX TPOIECCOB - KIUEHTA M CEPBEPA,
KOTOpbIE, B OOIIEM cllydae, MOTYT BBITIOJHATHCA Ha Pa3HbIX KOMIIBIOTEpPAX,
oOMEHHUBAsCh JaHHBIMM 110 ceTH. Ilo Takoil cxemMe MOTryT OBITh TOCTPOEHBI
CHUCTEMBI YIPABICHUS TEXHOJOTHYCCKUMHU TMPOIECCAaMH, CHUCTEMBI 0O0pabOTKH

naHHbIX Ha ocHoBe CYB/ u T. .

Paboyme cTaHUMKN (KNUEeHTBHI)
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Puc.5.2. KniueHTt-cepBepHast apXUTeKTypa.



Knuent-cepBepHasi apxXuTeKTypa Mpearoyiaraet, 4to Bcs UHopMmanus o
TEXHOJIOTHYECKOM TPOIECCe OT KOHTPOJIEPOB coOMpaeTcss U oOpadaTeiBaeTCsa Ha
cepBepe BBOAa/BbIBOAA (cepBep ©0a3pl JAaHHBIX), K KOTOPOMY IO CETH
noakirrouarorcs APM KineHToB.

[log cranuuein-cepBepoM B OTOH apXUTEKType CIEIyeT MOHUMAaTh
KOMITBIOTEP CO CIEHHUAJIBbHBIM MPOTrpaMMHBIM oOeclieueHueM Juisi coopa u
XpaHEHUs] JaHHBIX M TOCIEOyIOUIe WX IMepeAadyd MO0 KaHajgaM CBS3U
ONEPATUBHOMY TEPCOHATY JUIsl KOHTPOJISI M YIPaBICHUS TEXHOJOTUYECKUM
IIPOLIECCOM, a TAK)KE BCEM 3aMHTEPECOBAHHBIM CIIELUAIUCTAM U PYKOBOJHUTEISIM.
[lo ompexneneHuio cepBep SBIAETCS MOCTAaBIIMKOM HMH(OpManuu, a KIUEHT — €€
norpedburenem. Takum oOpa3om, pabodue CTaHLMK ONEPAaTOPOB/IUCIETYEPOB,
CHEIUAINCTOB, PYKOBOJMUTENEH SBISAIOTCS CTaHIUSAMU-KIMEHTaMH. (OOBIYHO
KJIMEHTOM CITy>KUT HacToJibHBIM [1K, BhImOMHAIOIUI porpaMMHOe oOecrieueHue
KOHE4HOoro nosb3oBarens. [10 kiauenTta - 3To mobdas npukiIagHas NporpaMma Win
NAKeT, CIOCOOHBIE HAIpaBIATh 3alpPOChl MO CETU CepBepy M 00pabdaThIBaTh
nojiyyaeMyi0 B OTBeT HH(popmanuio. EcrecTBeHHO, (YHKIUM KIMEHTCKUX
CTaHIM, a, CIEIOBaTeJbHO, W MPOrpaMMHOE OOEeCnedYeHue, pas3IuyHbl H
ornpeaensaorcs GyHKIUAMU pabouero MecTa, KOTopoe OHU 00ECIIeUnBaloT.

KonunuecTBo oneparopckux CTaHIMM, cepBEpOB BBOJA/BhIBOJA (CEpBEPOB
bJl) ompenensiercs Ha CTaAUM MPOEKTUPOBAHUS U 3aBUCUT, NPEXKJIE BCEro, OT
obbema mepepabarpiBacMoil B cuctemMe wHGopManuu. (s HEOONBIIMX CHCTEM
ynpasieHus QyHKIMH cEpBEpa BBOAA/BbIBOAA U cTaHuuu ornepatopa (HMI) moryt
OBITH COBMEIIEHBI Ha OJJTHOM KOMITbIOTEPE.

B cereBnix pacnpenenennsix cuctemax cpeactsamu SCADA/HMI cramo
BO3MOXHBIM  CO3/1aBaThb CTaHUMHM (y37bl) PA3IUYHOIO  (YHKIHMOHAJIBLHOTO
HA3HAUCHUS: CTAHIIMHM OIEPATOPOB/IUCIIETYCPOB, cepBepbl ¢ (ynkmusmu HMI,
“cneripie” cepBepel (0e3 dynkmuit HMI), cranumm MoHUTOpHWHTA (TOJBKO

MpoCcMOTp 0O€3 TpaB Ha YIpaBJICHHUE) ISl CHEHUAIMCTOB W PYKOBOJUTENIEH W

JIpyTHE.



SCADA-niporpaMmbl IMEIOT B CBOEM COCTaBE JIBa B3aMMO3aBHUCHUMBIX
monmyisi:  Development (cpema pa3pabotku mpoekta) m  Runtime (cpenma
UCTIOJIHEHUSI). B 1ensX CHUKEHHS CTOMMOCTH TPOEKTa 3TU MOAYJIU MOTYT
YCTaHABIMBATHCA HA pa3HbIE KOMIBIOTEpPHl. Hampumep, cTaHIMu omepaTopa, Kak
IPaBUIIO, ABJAIOTCA y3iaamu Runtime (wim View) ¢ moiaHsiM HaOOpoM (GyHKIHM
4eJIOBEKO-MallMHHOTO uHTepdeica. [Ipu 3ToM x0Tst Obl OJIUH KOMITBIOTEP B CETH
nomkeH ObiTh THra Development. Ha Takux y3max mpoekT paspabaTeiBaercs,
KOPPEKTHPYETCs, a Takke MokeT W ucnouHATbes. Hekotopeie SCADA-cucTembl
JOMYCKAIOT BHECCHUE N3MEHEHHM B ITPOCKT 0€3 OCTAHOBKH Pa0OTHI BCEH CHCTEMBI.
[Tporpammuoe obGecrieueane SCADA-cepBepoB MO3BOISET CO37aBaTh ITOTHBIN
MPOEKT CUCTEMbI YIIPaBJICHHUSI, BKItoUasi 6a3y nanubix u HMI.

BaxxHBIM acmeKTOM B CTPYKTYPHOM IIOCTPOCHHH CETEBBIX CHCTEM
yIOpaBJICHUS  SIBIISIETCA  CTPYKTypa 0a3bl  JIaHHBIX  pEaJbHOTO  BpPEMEHU
(ueHTpanm3oBaHHas WK pacnpenencHHas). Kaxnas u3 crpykryp 8 SCADA/HMI-
CHUCTEMaX peaM3yeTCs pasHbIMU pa3padoTuyukamu To-pasHoMy. OT peann3aruu
CYIIECTBEHHO 3aBHUCAT A()(PEKTHBHOCTH OOECIICUCHHS €IWHCTBA W IIEJIOCTHOCTH
0a3bl TaHHBIX, €€ HAJAC)KHOCTh, BOBMOXXHOCTH MOAU(DUKAITUH U T.]I.

B omHuMx cnmydasx nans JOCTynma K JaHHBIM Ha KOMITbIOTEpE-KIUEHTE
co37aeTcsl «CBOS» 0a3za JaHHBIX, KOMUpyemas ¢ YJAICHHBIX CEpPBEPOB.
JlyOnupoBaHue JaHHBIX MOYKET MPUBECTH K OMPEEICHHBIM IpoOiIeMaM ¢ TOYKU
3peHUs 1eIOCTHOCTU 0a3bl IAaHHBIX M MPOU3BOIUTEILHOCTH CUCTEMBI YIIPABICHUS.
[Ipu momudukauuu 0a3bl JAaHHBIX C TaKOW OpraHu3anueid, Hampumep, MpU
BBEJCHUU JIOMOJHUTEIHHON TEPEMEHHOW MOTPEOYIOTCS H3MEHEHUS B KaKIOU
CETEBOM KOTMH, UCTIOIB3YIOMIEH ATy MEPEMEHHYIO.

B npyrux cinydasx KommblOTepaM-KIMEHTaM HE TpeOyrOTCS Komuu 0a3
naHHbIX. OHU MOYYaroT HEOOXOANMMYIO UM WH(OPMAITUIO 10 CETH OT cepBepa, B
3a/layy KOTOPOTO BXOAUT TojaepxkaHue 0a3bl maHHbIX. CepBEpOB MOXKET OBITh
HECKOJIbKO, W JII00as 9acTh JAaHHBIX XPAHUTCS TOJBKO B OJTHOM MECTE, Ha OJHOM
cepsepe. [ToaTomy 1 Mmomudukanys 6a3pl JAHHBIX POU3BOIUTCS TOJHKO HA OJHOM

KOMIIBIOTEPE — CEPBEPC 0a3nl JaHHBIX, YTO oOecIreunBaeT ee CAUHCTBO H



LEJIOCTHOCTh. TakoW MOAXO0A K CTPYKTYpPHOMY MOCTPOCHHUIO CHUCTEMBI CHIXKAET
Harpy3Ky Ha CeTh U JIaeT eIlle LEJNbIil psiJ MPEUMYIIECTB.
C touku 3penust ctpykrypHoro nocrpoerus SCADA-nakeToB pa3nuyaror:
- CHCTeMbl, 00ecreunBaronue noaHbi Ha0op 6a30BbIX GyHKIHH HMI;
— CHCTEMBI, COCTOSIINE M3 MOJIYJIEH, peaTu3yroInX OTICIbHBIC

bynkuu HMI.

Cucremsbl, obecrieynBaronIfe MOIHBIA HaOOp 0a30BbIX (DYHKIMH, MOTYT
KOMIUTIEKTOBATHCS JIOTIOJTHUTEIHHBIMHU OIIIUSMHU, PEATU3YIONIMMHI HE0OsS3aTeIbHbIE

B IPUMEHEHNHU ()YHKLIIMHU KOHTPOJIS U YIIPABJICHHUS.

KnueHnTtb! (HMI) CepBep
’i ’i . anapmMoB
S R e

CepBep
Cegﬂsep - E TpeHAOB
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y ==

Puc. 5.3. Apxurekrypa monynbHoii SCADA.

Bo BTOpOoM ciiydae cucteMa co3iaercsl MOJHOCThIO MOAYJBHOM (cepBep
BBOJIa/BBIBOJIa, CEpPBEP alapMOB, CepBep TPEeHAOB, U T.1.). s HeOombImmx
MIPOEKTOB BCE MOJYJU MOTYT MCIOJHATHCA Ha OJJHOM KOoMIIbloTepe. B mpoekrax ¢
OOJIBIIMM  KOJIMYECTBOM TMEPEMEHHBIX MOIYJM MOXHO paclpeaeuTh Ha
HECKOJIbKO KOMIIBIOTEPOB B PA3HBIX COYETAHUSAX. BapuaHT KIMEHT-CEPBEPHOU
apXUTEKTYpPhl TAKON CUCTEMBI MIPECTABIICH Ha pucC. 5.3.

B KJIMEHT-CEPBEPHOU ApXUTEKTYpE CHUCTEMBI YIIPABJICHU,

IpeCcTaBICHHON Ha puc. 5.3, QyHKUMU cOopa U XpaHEHUsS JAHHBIX, YIPaBICHUS



aJlapMaMH M TPEHJAMM pachnpeneneHsl Mexay Tpems cepepamu. Oynkuus HMI

peann3yeTcs Ha CTAHIUAX-KIUEHTAaX.

Hanpumep, SCADA Citect umeer B CBoeM COCTaBe MATh (PYHKIIMOHAIBHBIX

MOAyJ€el (cepBEpOB WIH KIHEHTOB):

Citect.

— /O - cepBep BBOma/BeiBoAa. ObecreunBacT nepeaavy JaHHBIX
MEXTY

(U3MYECKUMHU yCTPOMCTBAMHM BBOJA/BBIBOIA U JPYTUMH MOIYJISIMU

— Display - kiuenT Busyanuzanuu. OOecnieunBaeT ornepaTopCKuit
uHTep(deiic: oToOpakeHne NAaHHBIX, MOCTYMAOIIUX OT APYTUX MOMIYyJIeH
Citect, u ynpaBiieHHE BBIIIOJTHEHUEM KOMaH]I OTIepaTopa.

— Alarms - cepBep anapmoB. OTCIIe)KHUBAET JaHHBIC, CPABHHBACT
ux ¢ JOMYCTUMBIMU TIpENieJaMH, MPOBEPSET BBHINOJIHEHUE 3aJaHHBIX
yCIIOBHI OoTOOpaXkaeT ajapMbl Ha COOTBETCTBYIOLIEM Y3Ji€
BU3YaTH3aIIH.

— Trends - cepsep TpeHmoB. CoOupaeT © PETUCTPUPYET
TPEHIOBYIO uH(pOpMaIMIO, TO3BOJISAS OTOOpaXXaTh pa3BUTHE
npolecca B pealbHOM MaciiTade BpeMEHU WM B PETPOCIIEKTHBE.

— Reports - cepep oTueToB. I'eHepupyeT OTUETHI IO UCTEUEHUU
OTIPEIETIEHHOTO BPEMEHHU, NMPU BO3HUKHOBEHUHU OIPEEICHHOTO COOBITHUS
WU 110 3a1pocy orepaTopa.

B ogHoOM ceTn MOKHO MCIIOJIb30BAThH TOJIBKO OJIMH CEPBEP ajJapMOB, CEPBEP

TPEHAOB M CCPBEP OTUCTOB. B 10 Xxe BpeMs JOIIYCKACTCA MCIIOJIb30BaHUC

HECKOJbKUX cepBepoB BBoaa/BbiBoga (1/0O Server). KonndyecTBO KOMITBIOTEPOB €

ycraHoBlIieHHBIM Mojysiem Display (oOecnieunBaronium onepaTopckuii uHTEpherc)

B CCTHU IIPAKTHYCCKHN HEC OI'PAaHUYICHO.



5.2 SCADA xak OTKpbITas cuctema

PaCHpOCTpaHeHI/Ie APXUTCKTYPbI «KIIMCHT-CCPBCP» CTAJIO BO3MOKXHBIM
6J1ar0z[ap51 PA3BUTHIO U HIUPOKOMY BHCAPCHHUIO B IIPAKTUKY KOHICIIIUHU OTKPBITBIX
cucteM. [ naBHOM HpPI‘-II’IHOﬁ IMOABJICHUA MW PAa3BUTHUA KOHOCIIIWK OTKPBITBIX
CHCTCM ABUIINCH HpO6JI€MI)I B38.PIMOI[€ﬁCTBI’IH IMpOrpaMMHO-aIIIapaTHbIX CPCIACTB B
JIOKAJIbHBIX KOMIIBIOTCPHBIX CCTAX. Pemute st HpO6JIeMBI MO’KHO OBIIIO TOJIBKO
IIyTeM MC)KI[YH&pOI[HOﬁ CTaHIapTU3alIUH  IIPOTPAaMMHBIX H  allllapaTHbIX

UHTEP(PENCOB.

APMcneyManMcTOB M PYKOBOAMUTENEH

L

SCADA SCADA SCADA Cepeep
Development Runtime Runtime PEO
& & == ooscisaL |
NBC {TCP/IP)

SCADA Profibus, ControlNet, Modbus, Genius u ap.
cepeep ~

MK

Puc.5.4. Unrerpamus SCADA B cuctemy ynpapieHUsI.

KoHnenims oTKpbITEIX CUCTEM MpEANoaraeT cBOOOJHOE B3aUMOCHCTBHE
nporpammubix cpeactB SCADA ¢ mnporpaMMHO-TEXHUYECKUMU CpPEICTBAMU
pa3HbIX MNPOU3BOJIUTENEH. DTO aKTyaJlbHO, TaK KakK JJIsi COBPEMEHHBIX CHCTEM
aBTOMAaTHU3allMM XapaKTepHa BBICOKASI CTENEHb UHTETpallii 0OJILIIOTO KOJUYEeCTBA
KOMIIOHEHT. B cucrteme aBromMaTu3zalMM KpoMe OOBEKTa  yIpaBJCHUS
3aJIeCTBOBAH LEJbI KOMIUIEKC MPOrpaMMHO-aNNapaTHbIX CPEACTB: JATYUKHU U

UCIIOJIHUTENIbHBIE YCTPONCTBA, KOHTPOJUIEPHI, cepBephbl 0a3 JaHHBIX, padbouue



MecTa orepaTopoB, APMEbI crienuanucToB U pykoBojguTeled u 1. 1. (puc.5.4.).
[Ipu »>TOM B OmHON CHUCTEME MOTYT OBITh MPUMEHEHBI TEXHUYECKHE CPEACTBA
Pa3HbBIX MPOU3BOUTENICH.

OueBugHo, uto I 3GGEKTUBHOTO (YHKIIMOHUPOBAHUS B  OTOU
pazHoponnoit cpene SCADA-cucteMa foikHa 0OecreyruBaTh BBHICOKUN YpOBEHb
CETEBOTO B3aMMOICHCTBHSI.

Peanuzamms stoit 3amaun Tpedyet or SCADA-cucTeMbl HATUYUS THITOBBIX
MPOTOKOJIOB OOMeHa ¢ Haubosiee MOMYJISIPHBIMH MPOMBIIUICHHBIMU CETSIMHU,
takumu, kak Profibus, ControlNet, Modbus u npyrumm.

C npyroii ctoponsl, SCADA-cucTemMbl JOMKHBI TOAEPKUBATH HHTEPPEiic
U CO CTaHJAapTHBIMH uHpopManuoHHbIME ceTasmu (Ethernet u  ap.) ¢
UCIIOJIb30BaHUEM cTaHAapTHBIX MpoToKoiI0B (TCP/IP u ap.) nns oOMeHa TaHHBIMU
C KOMIIOHEHTaMH PaCIpPeIeICHHON CUCTEMBI YIIpaBICHUSI.

[Ipaktuuecku mnro6ass SCADA-cucrema uMeeT B CBOEM cocTaBe 0azy
JAHHBIX PEaJbHOTO BPEMEHHM | TIOJICHCTEMY apXUBHPOBaHHUS JaHHBIX. Ho
MOJICUCTEMa apXMBUPOBAHMS HE TMpEeAHA3HAYCHA [JIS JJIUTENHHOTO XPaHCHUS
Oonblx MaccuBoB wuHGopMmanuu (Mecsipl U Tonbl). MHbopmanus B Hei
MEPUOJIMYECKA OOHOBIISIETCS, HWHA4e JJisi HEEe TMPOCTO HE XBAaTUT MeCTa.
PaccmarpuBaemsiii 31ech kitace nporpammuoro odecrneuenus (SCADA - cuctemsr)
npeaHa3HayeH Ui oOecreueHus TeKyled W apxXuBHOW  uHpopmaruen
ONEPATUBHOIO IEpPCOHANa, OTBETCTBEHHOIO 3a HEMOCPEICTBEHHOE YIPABIICHHE
TEXHOJIOTUYECKUM MPOLECCOM.

Nudopmarus, orpaxkaromias X03sUCTBEHHYIO ACATEIbHOCTh MPEANPUATHS
(maHHBIE IS COCTaBJIEHWS MAaTE€pUATIbHBIX OalaHCOB YCTAHOBOK, MPOWU3BOJCTB,
NPEANPUSATUS B 1IEJIOM U T. I1.), XpaHUTCA B PENSIIMOHHBIX 0a3ax naHHbIX (PBJI)
tuna Oracle, Sybase u T. 1. B atu 6a3bl JaHHBIX HHOOpPMAIUS TOCTABIIETCS JTHOO
C TIOMOIIBIO PYYHOTO BBOJA, JIMOO ABTOMATHU3UPOBAHHBIM  CIOCOOOM
(mocpenctBom SCADA-cuctem). Takum o00pa3om, BBIJBUTaeTCs €II€ OJHO
TpeboBanne k mporpaMmmHoMy obOecrneuennio SCADA - Hanmume B MX COCTaBe

IMPOTOKOJIOB oOMeHa ¢ TUITOBBIMHU Oa3aMu JaHHBIX.



Haubonee mupoko mpuMeHNMBI JBa MEXaHU3Ma OOMEHa:

— ODBC (Open Data Base Connectivity - B3ammojelcTBUE C

OTKPBITBIMM ~ 0a3aMM  JJaHHBIX) —  MEXIYHApOJHBIA  CTaHAApT,

npeamnonarammui oomen wHpopmanuer ¢ PBJ] mocpenctsom ODBC-

npaiiBepoB. Kak crangaptHbeiii npotokon kommanuu Microsoft, ODBC

NOJJICP)KUBAETCT M Haubosee pacnpoCTPaHEHHBIMU TMPUIIOKEHUSIMU

Windows;

— SQL (Structured Query Language) — sI3bIK CTPYKTYPHUPOBAaHHBIX
3aMpocoB.

[Tporpammuoe ob6ecnieuenne SCADA 10OKHO B3aUMOJIEHCTBOBATH C
KOHTPOJJIEpaMH sl OOECIIeUeHHUs1 YeI0BEKO-MaIlIMHHOTO nHTepdelica ¢ cuctemMoi
ynpasinenus. K KoHTposuiepaM uepe3 MOJIYJIH BBOJA/BBIBOAA IOJKIIOYEHBI
JATYUKU TEXHOJOTUYECKUX TTapaMETPOB U UCIIOJIHUTEIbHBIE YCTPOUCTBA.

Nudopmarus ¢ gaTuMka 3amuchiBaeTCsl B PETUCTP KOHTposuiepa. s ee
nepenqaun B 0a3y gaHHbix SCADA-cepBepa HeoOxoauma —CHeIaIbHAs
[porpamMma, HasblBaeMas JApaiiBepoM. J[lpaiiBep, YCTaHOBJICHHBIM Ha CEpBEpE,
obecnieurBaeT 0OMEH JAaHHBIMU C KOHTPOJUIEPOM IO HEKOTOPOMY (PH3UYECKOMY
kaHaiy. Ho i peanusanun ooMeHa HE0OXO0UM U JIOTUYECKHM MPOTOKOJL.

[Tocne mpuema SCADA-cepBepoM curHai momnajaaetr B 0a3y AaHHBIX, TC
MIPOM3BOIUTCS €ro 00paboTka u xpaHeHue. J{ns oToOpaxxeHHs 3HAUeHUS CHUTHAJIa
Ha MOHHMTOpPE pabouel CTaHIMKU ornepaTopa HHGOpMaIHs ¢ CEpBEpA JOJIKHA OBITh
nepesaHa Mmo CeTH KIMEHTCKOMY KOMITbIOTepy. M TOIBKO Mocie 3TOoro omepaTop
NOJIyYUT UHGOpPMAINIO, 0TOOpaKEHHYIO U3MEHEHUEM 3HAY€HMs, 1[BETa, pa3Mepa,
MOJIO’KEHUS U T. Il. COOTBETCTBYIOLIETO OOBEKTA OMEPATOPCKOro nHTepdeiica.

bonpmioe  KOMMYECTBO  KOHTPOJUIEPOB €  Pa3sHBIMH  IPOrPaMMHO-
anmapaTHeIMUA TUTATPOPMaMHU W TIOCTOSIHHOE YBEIMYEHUE MX YHCJIa 3aCTaBIISIIO
pa3zpabotunkoB BkMO4YaTh B coctaB SCADA-cuctembl 00JBIIOE KOJIUYECTBO
TOTOBBIX JpaliBepOB (110 HECKOJIBKUX COTEH) U MHCTPYMEHTApHil JJisl pa3paboTKu
COOCTBEHHBIX JPaliBEpOB K HOBBIM WJIM HECTAHJAPTHBHIM YCTPOMCTBAM HUKHETO

YPOBHSI.



Jlna B3aumojielcTBuUs apaiiBepoB BBoAa/BeiBoAa 1 SCADA 1o HenaBHEro
BPEMCHH HCITOJIb30BAITUCH JIBa MexaHu3Ma (puc. 5.5):
— DDE (Dynamic Data Exchange - nunamudeckuii 0OMEH JaHHBIMHK);

— 00MEH 110 COOCTBEHHBIM (M3BECTHBIM TOJILKO (rpMe-pa3paboTIKy)

MIPOTOKOJIAaM.
KnHeHT CepBep
SCADA ‘—*npommn DDE AOpaneep fporoken NNK | Peructpsl

Runtime cepeep

Puc. 5.5. O6men undopmanueit ¢ nomotibto DDE-nipoTokonia.

B3amen DDE kommanust Microsoft npennmoxuna 6onee 3¢ dexkTuBHOE U
HAJIE’)KHOE CPEJICTBO Mepeauu NaHHbIX Mexay npoieccamu — OLE (cM. Huxe). A
Bckope Ha 0aze OLE mosBwics HoBbiM ctanaapt OPC, opueHTHpOBaHHBIM Ha

PBIHOK ITPOMBIIIJIEHHOM aBTOMAaTU3ALNH.

5.3 OPC-unrepdetic

OPC - sro ab6peuarypa ot OLE for Process Control (OLE pmns
ynpasienus npoueccamu). Texnomorus OPC ocHoBaHa Ha pa3paboTaHHOU
xomnanuer Microsoft Texnomormun OLE (Object Linking and Embedding —
BCTpaMBaHMUE U CBsI3bIBaHUE 00bEKTOB). [log 0ObekTaMM 3/1€Ch MOIpa3yMeBarOTCs
TaK Ha3bIBa€MbIe KOMIIOHEHTHI, KOTOpBIC NPEJCTABISIIOT COOOW TOTOBBIE K
UCTIOJIb30BAaHUI0 MUHHU-TIPUIIOKEHHs. BcTpamBasi U CBsI3bIBasi 9TH KOMIIOHEHTHI,
MOKHO pa3pabaTbIBaTh MPUIOKEHHUS] KOMIIOHEHTHON apXUTEKTYphl. DTOT HOBBIN
NOAXO0A K pa3paboTKe MNPUIIOKEHUN, TPEIOKEHHBIM KoMmaHuend Microsoft,
noayuynn HasBanue TtexHosorun COM (Component Object Model — momens
KOMIIOHEHTHBIX 00BeKTOB). Temepp NPUIOKEHUE-KIHUEHT MOXKET YAAJICHHO
BbI3bIBATh T€ WM HUHBbIE (PYHKIUU STUX OOBEKTOB TaK, Kak OYyATO OOBEKTHI
HaxXoAATCs «psiaoM». OOBEKT MOXKET HaXOJUThCS M B CAMOM Jiejie pAaoM (B aJpec-

HOM MPOCTPAHCTBE NPUIIOKEHHUS) - TOTa 3TO Ipocto COM.



Ecnu jxe 00beKT HaXOAUTCS B APYrod MporpaMme Ha TOM K€ KOMIIbIOTEpe
WIN Ha ApyroMm y3ie cetu, To 310 DCOM-Distributed (pacnpenenennas) COM.

Tak uto xe Takoe OPC ? OPC npezacrasisier co00li KOMMYHUKAIIMOHHBIN
CTaHJAPT, MOJIEPKUBAIOIIUN B3aUMOJCHCTBUE MEXIY IOJEBBIMU YCTPOMCTBAMM,
KOHTPOJUIEpAaMU W NPWIOKEHUSIMU pa3HbiXx mpousBoaurenieid. Cranmaptr OPC
ONKCHIBAET KOMIIOHEHTHbIE OOBEKTHI, METOJbl M CBOICTBa (Oasupyromuecs Ha
texHonorun OLE/COM) nmnst cepBepoB JaHHBIX PEaibHOTO BPEMEHH, TaKMX Kak
PLC, DCS, cuctemM apXMBUpOBaHUS JaHHBIX U JIPYTUX, U 00€CIIEUYMBACT Iepeaady
uH(pOopMaIUK, COAEpKaILEHCs Ha ITUX cepBepax, cranaapTHbiIM OLE-knuenTam.

OPC-B3auMoIeiiCTBHE OCHOBAaHO Ha KJIMEHT-CEPBEPHOM ApPXUTEKTYpE.
OPC-xnuent (manpumep, SCADA), BbI3bIBasi omnpejeieHHble (YHKIIMU OO0BEKTa
OPC-cepBepa, MNOIONKCHIBAETCS HA IOJYYECHHE OINPEACIECHHBIX JAHHBIX C
ompenesieHHoW Jactotoi. B cBoro ouepenn, OPC-cepBep, onpocuB ¢uzndeckoe
YCTPOMCTBO, BBI3BIBAECT W3BECTHbIE (YHKIUM KIMEHTa, YBEAOMIISISI €ro o
MOJIy4YEeHUM JAHHBIX M TepenaBas camu AaHHble. Takum oOpazom, mpu OPC-
B3aMMOJCHCTBUM HCIONB3YIOTCA Kak npsiMble COM-BbI30BBI (OT KJIHMEHTa K
cepBepy), Tak U oOpaTHbIe (OT cepBepa K KIUEHTY).

bonee nomynsapHo n3noxkuTh uaer texroiaornn OPC M0XHO Ha mpumepe
CTaHJApPTOB Ha MIUHBI 7151 epcoHanbHOro kKommbtorepa (I1K). K mmne I[TK MoxHO
NOAKIIYAaTh IMIMPOKUM KJIAcC YCTPOMCTB, MPOU3BOAMMBIX LEJIbIM  PAJIOM
KOMIIAaHUM, U BCE OHM OYyAYT MMETh BO3MOXXHOCTb B3aUMOJIEHCTBOBATH APYT C
JIPYrOM, TOCKOJIbBKY HMCIOJB3YIOT OJIHY W Ty € CTaHJapTHYIO MHHY. Takxe u
yHuuuupoBanHbeii  uHTepdeiic OPC mo3BosiseT pa3MyHbIM MPOrPAMMHBIM
MOJYJISIM, IIPOU3BOAUMBIM caMHUMU pa3IMYHBIMU KOMIIaHUSIMH,
B3aMMOJIEUCTBOBATH JIPYT C APYTOM.

OPC-cepBep oTBeuaeT 3a MOJY4YEHHE JaHHBIX OT COOTBETCTBYIOLIETO
YCTPOMCTBA yHpaBiIeHHUs] npoueccoM. Ha kaxIom cepBepe MMeEETcs HEKOTOPOe
kosimuectBo OPC-rpymil, KOTOpble MPEICTABISAIOT COOO0M JTOTHYECKUE KOJUICKITUU

JaHHBIX, 3allpOC Ha IMOJYUYCHHC KOTOPBIX IIOCTYIIACT OT KIIMCHTA. prrIHBI Ha



CepBEPE MOTYT OBITh IOCTYITHBI HECKOJIBKAM KIIMEHTaM OJTHOBPEMEHHO WJIU JIUIITh
OJTHOMY KJIMEHTY.

Kaxnas OPC-rpynna cogepxutr Habop OPC-aneMeHTOB, B KOTOPBIX
XpaHATCS JTaHHbIC, MOCTYNUBIINE OT COOTBETCTBYIOIIETO YCTPOUCTBA YNPABICHUS
npoieccamMu. 3ampoc KIMEHTa CepBepy Ha IMOJY4YEHUE JaHHBIX peaTnu3yeTcs
MOCPEJICTBOM yKa3aHUs UACHTH(UKAaTOpa 35ieMeHTa. UneHTudukaTopsl 3JIeMEHTOB
— CBOM y Kaxjaoro cepsepa. [lo yHuKanpbHOMY UACHTU(PHUKATOPY CEpBEpP yMeeT
HAaxXOJIUTh HYKHOE€ 3HAYEHHUE B COOTBETCTBYIOLIEM YCTPOWCTBE (HaAmpumep,
koutposuiepe). ns IIJIK wupentuduxatop sjiemMeHTa OOBIYHO COOTBETCTBYET
HOMEPY peructpa. JlonoaHUTENbHO CepBEP MOXKET CHAOXKATh MOITYUYEHHBIE TaHHbBIE
METKOW BPEMEHU.

Ncnonp3oBanne texnonorun OPC B HacTosiiee BpeMsi BO3MOKHO JIMIIb B
OTIEpaAllMOHHBIX CHUCTEeMax, MocTpoeHHbIX Ha TexHojorun OLE/COM, T.e. B OC
Microsoft Windows 95/98 u Windows NT. UayTt pa3paboTku MOaAEp>KKH 3TOMN
TEXHOJIOTUH 1S onepariuoHHou cuctembl UNIX.

Takum o6pazomM, mM0b0e yeTpoicTBO, Ai1g Kotoporo ecth OPC-cepep, mo-
KET MCHOJb30BaThcsl BMecTe C J00o0il  coBpemenHoi SCADA-cuctemoit,
peanu3oBaHHOM Ha maThopme MS Windows.

PazBuBaromasi cranmapt OPC Hexommepueckass opranmszainus OPC
Foundation (http://www.opcfoundation.org), nacumrtbhiBaeT cBbimie 200 wieHoB. B
HEEe BXOAAT MOYTH BCE BEAYIIHE MHUPOBBIE MPOU3BOJUTEIN MPOTPAMMHO-
amnmapaTHbIX CPEJICTB aBTOMATHU3ALIUH.

Xotst crangapt OPC u ocHOBaH Ha YyHHMBEpPCAIbHOM (YyHIaMEHTE -
COM/DCOM, oH paspabarbiBaJIiCd CHCIUAIBLHO JUISI  KCIOJB30BaHUS B
MPOMBIIIUICHHOW aBTOMATH3allMM M TI03TOMY HMMEET BIIOJIHE COAEpP>KATEIbHYIO
KOHIIENTYaJIbHYIO CTOPOHY.

CrtaHIapT COCTOUT U3 TPEX OCHOBHBIX CHEIM(UKAIIHIA:

- IOCTYyT K JJaHHBIM peanbHoro Bpemenu (Data Access);

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

- 1octyn K ucropudeckum aaHHbIM (Historical Data Access).



CootBerctBenHo, OPC-cepBepoB TOXX€ MOXKET OBITH TpPU BUOA, XOTA
JIOITyCKaeTcsl CoBMellaTh Bce 3TH (yHKIMH B onHOM cepBepe. OPC-cepBepsl

(1)I/ISI/II-ICCKI/IX YCTpOfICTB OOBIYHO SBJISIOTCS TOJIBKO CCpBCpaMU JTaHHBIX.

Mpunoxenne X| . . . |Npunoxedne Y
4 4
n [t} bl
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Cepeep A Cepeep B CepBep C

Puc.5.6. CxeMa B3aUMOICUCTBUSA C YIPABISIONIMMHU YCTPOMCTBAMHU
Panbiie pazpaboTurikaM KIMEHTCKUX MPUIIOKEHUN MPUXOJWIOCH MHUCATh
MHOKECTBO JpaiiBepoB (cM. puc.5.6.) Juisi B3aUMOJICHCTBUS C KaXKIbIM U3

HCIIOJIb3YEMBIX YIPABISIOMIMNX YCTPOUCTB (KOHTPOJLICPOB).

MNpunoxeHHue X MNpunoxeHHe Y

OPC-uHTepdec OPC-uHTeptenc
nBc
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! ! !

OPC-cepeep A| |OPC-cepeep B| |OPC-cepeep C

Puc.5.7. Crangapt OPC

Crangapt OPC no3BosisieT HanucaTh JUIIb OJUH-€IMHCTBEHHBIN JpalBep
(puc.5.7) nns noctyna K JAaHHBIM, MOCTYHAIOINIMM B €IMHOM (hopMare OT CaMbIX
Pa3TUYHBIX UICTOYHUKOB.

OPC-unrtepdeiic  gomyckaeT  pas3lIWyHbIe BapuaHThBl  OOMEHa: C
(bU3NYECKUMHU  YCTPOMCTBAMHM, C PACHpPEACIICHHBIMU CETEBBIMH CHCTEMaMU
yOpaBJICHUS M C JIIOObIMH TpuiiokeHusmu (puc.5.8). Ha pelHKe uMeroTcs u

HHCTPYMCHTAJIbHBIC ITAKCTHI JJIsI HAITMCAHU A OPC-KOMITOHEHTOB.

Apyrue OPC-cepBep
NpUNeKEHHUA




Puc.5.8. O6men nanubimu o OPC-unTtepdeiicy.

Ucnonb3oBanne texHosorun OPC 1mo3BoJisieT KOHEUHBIM MOJIb30BaTEISIM
BBIOMpaTh MPOrpaMMHO-ANIMapaTHbBIE CPEACTBa, Hauboliee OTBEYAIOIIME HX
NOTPEeOHOCTSIM, HE3aBUCUMO OT TOT'0, KTO UX MPOU3BOIUT.

Jpyrum nperuMytiecTBOM OMUCHIBAEMON TEXHOJIOTUH SIBJISIETCS TO, YTO MIPH
€€ WCTOJIb30BAHUH CHIDKAIOTCS PUCKH M CTOMMOCTh MHTETPAIMOHHBIX paboT. Bee
UCIIOJIb3yeMble B CHCTEME KOMIIOHEHThl paboTaloT Ha OJHOM M TOM XKe
TEXHOJIOTHH.

[Tpu pa3zpaboTke cuCTeM aBTOMAaTH3AI[MH MOXET MOTPEOOBAaThCS CO3AAHUE
COOCTBEHHBIX MPOTPaMMHBIX Mojayled (He mpenycMoTpeHHbix B SCADA-
CICTEME) M HUX BKIIOYEHHE B CHUCTEMY aBTOMaTu3amuu. [lo3TOMy CBOHCTBO
otkpeiTocTht  SCADA-cucTEM SBISETCI OYEHb BaXXHOW XapaKTEPHCTUKOU
MPOrpaMMHBIX MPOAYKTOB 3TOr0 Kiacca. Otkpeitocte SCADA-cucTembl 03HavaeT
BO3MOYKHOCTh JIOCTYIa K CIEIMU(HUKAIMAM CHCTEMHBIX BBI30BOB, PCATH3YIOIINX
TOT WJIA WHOM CHUCTEMHBI CEpPBUC. DTO MOXKET OBITh U JOCTYN K IpapUUYeCKUM
byHKUuMsSIM, QyHKIUAM paboOThl ¢ 6a3aMH TAHHBIX U T.J.

C npyro#t CTOpOHBI, CETOJHSI B MUPE CYIIECTBYET MHOXKECTBO KOMITaHHH,
3aHUMAIONIUXCS Pa3padOTKOM Pa3IUYHBIX MPOTPAMMHBIX KOMIIOHEHTOB ISt
SCADA-cuctem, Hanpumep, ActiveX-o0bekToB. MX wucnoib30BaHue Mpu
pa3pabOTKe CHCTEM aBTOMAaTH3allMd  YIPOIIAET M  YCKOpPSIeT  Mpoliecc
POEKTUPOBAaHUA. DTOT MPOLECC Bce OONbllle HaYMHAET HAMOMUHATH MPOIECC
«COOpKM» TIPHUKIATHOTO TMPOrPAMMHOTO OOECTIEUYEeHUsI U3 TOTOBBIX KOMITOHEHTOB.
CHmwxkaroTcst TpeOoBaHUS K KBATU(UKAIMKA MPOrPAaMMUCTOB — KOJIMYECTBO 3aj1ad,
pelaeMblXx CHCTEMON C TOMOIIBIO MPOTpaMM COOCTBEHHOHM pa3paboOTKu Ha
BBICOKOYpOBHEBBIX s3bika Thma C wmmm Visual Basic ymenbpmaercs. Bce 3to

criocoOcTByeT pacuupenuto odnactu npumeHeHuss SCADA-cuctem.



5.4 ActiveX-00beKThl

ActiveX — sto texHosorus MicroSoft, ocHopannas na COM/DCOM (cm.
BbIIlIE) W TpeJHA3HAYCHHAs [JIs HaNHCAHMUS CETEeBbIX MpuiokeHuil. OHa
MPEIOCTABIISIET MPOrPaMMHCTaM HaOOpbl CTAHIAPTHBIX OUOJIMOTEK, 3HAUUTEIILHO
o0JIeryaromux npouecc KOAUPOBaHHUS.

Crangapt  ActiveX  1O3BOJIIET  NPOTPAaMMHBIM  KOMIIOHEHTaM
B3aMMOJICUCTBOBATh JPYr C JAPYrOM IO CETH HE3aBUCHUMO OT  S3bIKa
IpOrpaMMUpPOBaHMsI, Ha KOTOpoM OHM Hamucanbl (Visual Basic, Visual CH++,
Borland Delphi, Borland C++, nto0sie cpencta pa3paboTku Ha Java).

ActiveX obecrnieunBaeT HEKUH «CKPEIUISIOMIMNA PacTBOP», C IOMOILBIO
KOTOPOTO OT/AENbHBIE MPOTrPAMMHBIE KOMIIOHEHTHI Ha pa3HBIX KOMIIBIOTEpax
«CKJICUBAIOTCS B €IMHYIO PACIIPEIETICHHYIO CUCTEMY.

Texnonorus ActiveX BKIIOYAeT B c€0sl KIIMEHTCKYIO U CEPBEPHYIO YaCTH.

CepBepHasg uacTh TexHoJorun ActiveX peann3zoBaHa C IOMOIIBIO
Microsoft Internet Information Server (11S).

Knuenrckas texHosnorusi ActiveX peanu3yercs Ha MalllMHE-KIUEHTE C
OMOIIbI0 OMOIMOTEK, MmocTaBisieMbix BMmecte ¢ Microsoft Internet Explorer,
SBJISIONIMMCS TTOTHOPYHKIIMOHATBHBIM WeB-0paysepom (WWW - World Wide
Web) u kouteitHepom st ActiveX-anmementoB. Ceromusi TexnHosorust ActiveX
YCIICIITHO BHEAPSACTCS B CUCTEMBbI, pyHKInoHupyromme va Windows-miardopme.
Het comHenwus, 4to B Omkaiiiiiee Bpemsi 3TH TEXHOJIOTHH OyIyT MCIOIb30BaATHCS
¥ Ha Apyrux 1uardopmax, Tak Kak WH(OPMAIMOHHBIE TEXHOJOTHH Pa3BHBAIOTCS
OYEHb BBICOKUMU TEMITAMHU.

Kaxkoe xe otHomenue texnonorus ActiveX umeer k SCADA-cuctemam?
Paszpabotunku SCADA-mporpamm Ha tmwiardopme  WindowsNT/2000/XP
BOCIIOJNIb30BaJIMCh 3ToW TexHosorueir Microsoft. Ceituac yxxe muorme SCADA
SBIISAIOTCA KOHTeHepamu aiisi ActiveX-00beKTOB. A 3TO 3HAYWT, YTO OTPOMHOE
KOJIMYECTBO TOTOBBIX K MHOTOKPAaTHOMY HCHOJb30BaHUIO ActiveX-00bEeKTOB,

CO3JJaBa€MbIX MHOI'OYHCICHHBIMU ITPOU3BOAUTEIIAMUA I'IO,Z[O6HOI‘O MMporpaMMHOTIO



OpOAYKTa, MOTYT BCTpPaMBaTbCs C MHHUMAJIbHBIM TMPOTPAMMHPOBAHHEM B
SCADA-tpunoxkenusi. W Ttorma mporecc pa3pabOTKH YeIOBEKO-MAIIHHHOTO
uHTepdeiica OyneT HamoMUHATH PabOTy ¢ KOHCTPYKTOPOM, 3aKITIOYAIOUIYIOCS B
no100pe ¥ BCTpauBaHUH T'OTOBBIX KOMIIOHEHTOB.

B  pexume  ucnonHeHuss — ActiveX-KOMIIOHEHTHI  MOJIEP)KUBAIOT
IUHAMUYECKHA OOMEH JaHHBIMH C JPYITMMH CETEBBIMH IPOTPaAMMHO-
ammapatHeiMu  KomrioHeHTamu 1o OPC-untepdeiicy. [Ipumep ActiveX-o0bekra

npuBezeH Ha puc. 5.9.

P UNETPRL

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

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

Puc. 5.9. ActiveX-00bekT «CBOIKA CUTHAIU3ALIUN.

Utak, otkpeiTocTs mporpammHoro obecriedennst SCADA obecrieunBaeTcs
HEIbIM PAAOM (PaKTOpOB, & UMEHHO:
— BO3MOXHOCTBIO  CO3J@aHUSI ~ COOCTBEHHBIX  IPOrPaMMHBIX
MOJTyJIEN
U UCIHOJB30BAaHUS NPOrPaMMHBIX MoOAyJled pa3paboTKu  ApYyrux
KOMITQHUH;
- HaJuuyMeM cheuuanbHbIX ApaiiBepoB g cBsizu SCADA ¢
HauOoJee
NOMYJISIPHBIMU KOHTPOJJIEpAMU pa3HbIX GupM;
-  HaJu4heM CHEIUaJbHBIX HWHCTPYMEHTAJIbHBIX CPEACTB s
CO3JaHMs HOBBIX
JPaBEPOB;

-  BO3MOXHOCTBIO UX pa6OTBI B THUITIOBBIX OIICPAIMOHHBIX CUCTCMAX,



- HaJIM4YUEeM THUNOBBIX TIporpammubix uHTepdeiicoB (DDE, OLE,

OPC, ActiveX, ODBC, SQL u ap.), ceaspBatonux [10 SCADA ¢ npyrumu

POrpaMMHO-AINIAPATHBIMU CPEJCTBAMU CHUCTEMBI YIpaBJieHUs, BKIoYas U
CYB/I.

Ceiifuac yxe MOXHO CKa3aTb, yT0 coBpeMmeHHble cucteMbl SCADA/HMI

XOpOILIO CTPYKTYPUPOBAHBI U MPEACTABISAIOT COOOM TOTOBBIE K MPUMEHEHUIO U

COTJIacOBaHHbIC MO (PYHKIMSAM U MO BCeM HMHTepdeiicaMm HaOOphl MPOTrPaAMMHBIX

IMPOAYKTOB U BCIIOMOTI'aTCIIbHBIX KOMIIOHCHTOB.

5.5 Opranmzanus nocryna kK SCADA-npunoxeHusmM

SCADA-npuiioKeHusi, 1O OINPEACIICHUI0, SBIAIOTCS MOTPEOUTEISIMU
TEXHOJIOTMYECKNX JaHHBIX, HO, C JPYrOod CTOPOHBI, OHM JOJOKHBI OBITh M WX
ucrounukoMm.  Hudopmamus co  SCADA-nmpuioxeHuit  notpebisiercs
MHOTOUMCJICHHBIMU  KJIHEHTaMu  (TMpexae  BCero,  COCNHaTUCTaMH U
PYKOBOJUTEISIMU CPEIHETO 3BEHA).

J1Jist aBTOMaTU3UPOBAHHOTO JOCTyNa K HH(GOPMAIIK PEATbHOTO BPEMEHH C
Jr000ro pabouero Mecta HEOOX0AMMO YCTaHOBUTHh KOMIBIOTEP, MOAKIIOUEHHBINA K
JoKalbHOM ceTn. OpraHu30BaHHOE TaKUM 00pa30oM aBTOMAaTU3UPOBaHHOE pabouee
Mecto (APM) npegHa3zHaueHo JUisl peanu3alyy BIOJHE ONpPEAEIEeHHbBIX QYyHKINM.
[TosToMy mporpamMmHoe oOecreueHre KOMIbIoTepa (CUCTEMHOE U TMPHUKIIAIHOE)
JIOJDKHO 00€CTIeUnTh COOTBETCTBYIONMNK TanHHOMY APM Habop mosip30BaTeIbCKUX
ycryr. K ux 4ucity MOXXHO OTHECTH:

- 00beM mperocTaBiIgeMoil UHpopMaLnu;
- ¢opma npeacTaBiaeHUs HHHOPMAIINH;
- peanuszyeMble (QYHKIUU (TOJBKO HWH(DOPMALMOHHBIE WM C

BO3MO>KHOCTBIO BbIJIaUW YIIPABISIONINX BO3JECHCTBUN);



- TPOTSHKEHHOCTh W HAJIEKHOCTh KaHajda CBA3UM «UCTOYHUK-

MOTPEOUTENBY;

- MPOCTOTA OCBOEHUS IMOJIb30BATEIEM U T.]I.

B nepuoandeckoil mnpecce mocieaHux JIET 32 CUCTEMHBIM U NMPUKIATHBIM
MPOrpaMMHBIM OO€eCIeYeHUEM, KOTOpoe HeoOXxoaumo kommbioTepy APM s
MOJIYYeHUS YIAAJICHHOTO JOCTYIa K MPOU3BOICTBEHHOW MH(MOPMAIUK, 3aKpEIuiICs
TEPMUH «KJIMEHTCKOE MPUJIoKeHUEe». KIueHTckue npuioKeHus: pa3audyHoOro THUIa
MOTYT MPEIOCTaBIATh MH(POPMALUIO B JIOOOM OO0BEME M MPUEMIIEMOM IS
M0JI30BATEINSI BUJIE.

Kimment-cepBepnas  opranmsamus  SCADA-cucteM — mpeamonaraer
MPUMEHEHUE KIMEHTCKUX MPUJIOKEHUI JBYX THIIOB: C BO3MOYKHOCTBIO IEpeIaun
VOPaBISAIONIMX  BO3JAEUCTBUH C  KIMEHTCKOTO  TPUJIOXKEHUS W YHUCTO
MOHUTOPUHTOBBIC TpuiiokeHus. [loab30Barento HEOOXOIUMO JUIIL OMPEIETUTh
JIOCTATOYHBIN HA0Op YCIIYT.

Ho 3a ycayru, kak wu3BECTHO, Haao IuiaTUTh. IloaToMy BechMa
CYILIECTBEHHBIM KPUTEPUEM IIPU OpraHU3alUN KIMEHTCKOTo y3i1a (APM) sBusercs
€ro CTOMMOCTbH (aIMmapaTHoe U MPOrpaMMHOE oOecTieueHue).

B Hacrosiiee Bpemsi CyLIECTBYET HECKOJBKO PEIICHUWH MOCTAaBICHHOM
3alaun, Oa3upyIINXCS Ha TPUMEHEHUH pPa3IuYHbIX TexHojorui. Ho wu
CTOMMOCTbD MpeajiaraeMbIX pelIeHrui Toxxe paznuuHa. OTcro1a U MOSIBUINCHh TaKue
TTOHATHS, KaK «OeHbIe/00oraThle M TOHKHE/TOJICTHIE KIIMEHTHI).

CambIMU POCTHIMU U PACTIPOCTPAHEHHBIMU KJIMEHTCKUMHU TTPUIOKEHUSIMU
B HACTOSIIEE BpPEeMs SIBISIOTCS KJIWEHTHI B JoKajlbHOU cetu (puc. 5.10). Takue
kineHTckue npuiiokennss B SCADA-cucteMax TpagullMOHHO OOBEIUHSIIOTCS C
CEpPBEPHBIMU TPHUJIOKECHUSMHU TMPOTOKOJAMU JIOKAJIbHBIX ceTed. YacTo Takum

npotokosiom siBisiercst TCP/IP.



KnnenTckne yv3nbel - APMBI

N ..... NI N

e

N

Fa

/
/

KopnopaTuBHaA ceTb

] —f;_::ﬁ.

MNpoMeIWNeHHAA CeTh =1 Ethernet
! ! TCPIIP -_J
_f==-:~,l

MNnnK MNnnK SCADA -vyanbl

Puc. 5.10. Opranuzanus noctyna Kk “tHGoOpMaIuu 4yepe3 JOKaIbHYIO CETh.

bonpmmacTBO coBpeMenHbix SCADA-makeToB paboraer Ha Iuiargopmax
Windows 2000/NT/XP. Orcroma cneayer, uto s opraHuzaiuu  APM
noTpedyeTcsi KOMITBIOTEP JIOCTATOYHO XOpOoIleld KOH(PUTYpaIluu U JTUIEH3UOHHOE
nporpammuoe obOecnieuerne SCADA. Korma peus wuaer o0 opranusanuu
OOJBIIOrO0  KOJMYECTBA aBTOMATU3MPOBAaHHBIX pabounx MecT Ha 0aze
nporpamMmmHoro obecrneueHuss SCADA, To Takoe pelieHHe MOXET OKas3aThCs
JoporocTosiuM («oorateiey» KiaueHThl). K ToMy ke, OOJBIIMHCTBO MOJIb30BaTeNeh
SCADA-npunioxxeHuii, B OTJIMYKME OT ONEepPaTOPOB/IUCIIETYEPOB, OTHOCUTCS K
KaTerOpuM HEPETYISAPHBIX, T. €. MOJKII0YAETCS K CUCTEME MEPUOANYECKH 10 Mepe

HEOOXOIUMOCTH.

5.6 TexHonorus cepBep/TepMHUHAI

[locTosiHHOE TMOSIBICHHE HOBBIX BEPCHM MPOTPAMMHOIO OOECHedeHus,
NPEeAbABISIIONIMX Bce Oojee BBICOKME TpeOOBaHUS K MPOU3BOAMTEIILHOCTH
knueHTckux [IK, mpuBeno x ToMy, YTO HEKOTOpbIE KOMIIAHUHU-PA3paOOTUYUKU
IPOrpaMMHOT0 OOECTeueHusl Pelwin pa3paboTaTb TEXHOJOTHIO, KOTopas Obl

oOecreuyniia BBIIOJIHEHHE BCEX BBICOKOITPON3BOANTECIIbHBIX BBIUMCJICHMHA Ha



cepBepe, OCTaBlisAsd KIMEHTCKMM KOMIIbIOTEpaM poiib TepMuHaioB. HambGonee
yIadHbIe perieHus npeaioxmm kopropaius Microsoft (Windows 2000 Terminal
Services) u kommanus Citrix (Metaframe). [10 Metaframe - 3To gononHeHHe K
Windows 2000 Terminal Services, KOTOpoe aeT BO3MOXKHOCTh MCIIOJIb30BaTh Ha
KJIIMEHTCKUX KOMITbIOTEPAaX ONEPAIMOHHBIE CHUCTEMbI, OTIMYHbIE OT Windows,
Hanpumep, Linux unu Macintosh.

Texnonorus cepBep/TepMUHAN MOACPKUBACT PEKUM KITUECHTCKUX CECCH,
KOI/Ia OJIMH CcepBep OOCIY)XMBAET HECKOJbKO KIMEHTOB, (PYHKIMOHUPYIOIIUX
HE3aBUCUMO ApyT OT Apyra. [Ipu 3ToM KaxKIplii TEpMHUHAI MOJy4aeT CBOM pecypc:
naMATh, BpEeMs LEHTPAJIbHOIO MPOLECccopa, JOCTYNl K JUCKaMm cepBepa u
npwioxkeHussM. Korja KIMeHT 3amycKkaeTcsi, TEPMUHAIBHBIN CEPBEP PETUCTPUPYET
€ro, MOpenocTaBisisi JocTyn K pecypcam cepBepa. Windows Terminal Server
CO3/1a€T BUPTYAJIbHBI JUCIUIEH, H300pa)K€HHE KOTOpOro oToOpa)kaeTcs Ha
JoKanbHOM MoHHUTOpe. Omepanuu BBOJA, AKTHBU3UPYEMbI€ KIHMEHTOM C
KJIABHATYPbl U MBIIIH, 00CITyKHBaIOTCsI cepBepoM. JloOaBieHnEe HOBOIO KIIMEHTa
3aKJIFOYAETCs JIMIIb B MOAKIOYEHUH HOBOTO TEPMHUHAJIA K CETH.

TepMuHanbpHBIE MOTB30BATENIM UMEIOT JOCTYN K JaHHBIM, MHEMOCXEMaM,
TpeHJ1aM, ajapMaM C BO3MOXKHOCTbIO 0OMeHa HH(popMalrell B peaJbHOM BPEMEHU
6e3 HeoOxomumoctu yctaHoBku SCADA-cucTteMbl Ha JIOKaJIbHOM KOMITBIOTEPE
(tepmunane). Takum oOpa3om, peub UAET O TEXHOJOTUSIX TEPMUHAIBLHOTO JTOCTYyTa
C MCTIOJIb30BAaHMEM TaK HA3bIBAEMBIX «TOHKUX) KIHEHTOB.

TepMuHan MOXKET UTpaTh POJb KaK CTAaHIIMH OINepaTopa/Iucnerdepa, Tak u
APM HeperynapHbIX MOJab30BaTeNel (TEXHOIOr0B, crienuanuctoB ciyxosl KUIT u
T. I1.), KOTOPbIE MOTYT UMETh JIOCTYI K HEOOXOAMMOI onepaTuBHON MH(pOpMaLUU
0 TEXHOJIOTHYECKOM Ipoliecce U 00opyaoBanuu (puc. 5.11).

Jns OpraHu3aluu B3aMMO/JICCTBUS MEXKIY CEpBEPOM 51
TEPMHUHAJIOM/KIMEHTOM HCTIONb3YIOTCS CTaHJapPTHBIE IPOTOKOJIBI:

- g OC Windows - Microsoft RDP (Remote Desktop Protocol);
- s OC Linux/CE - Citrix ICA (Independent Computing

Architecture).



TepMuHanbl - APMBI cneyManMcToE W PYKOBOAWUTENEN (KNWEHTBI)

BupTyanbHbIe
SCADA

TCPIIP
TepMUHaNbHbIA
cepeep CepBep
Runtime SCADA BEOAa/BbLIBEOAA SCADA -yanel

Puc. 5.11. Apxurektypa TepMUHAI-CEPBED.

brnarogapss TepMHHAIBHBIM TPOTOKOJIAM B KA4eCTBE KIMEHTOB MOYKHO
UCTIOJIB30BaTh pa0OYHMe CTAHIWU, HAYMHAS C «CYNEP-TOHKHX» O€3/IMCKOBBIX,
pabotaromux Ha mmiarpopmax Linux/CE, Windows 3.11/95/98, no cranumii,
bynkuuonupyomux noja ynpasieauem Windows NT/2000.
[TpuMeHeHHEe TEPMHUHAJ/CEPBEPHO TEXHOJIOTUU TO3BOJISIET CO3/1aBaTh
OoJiee 5KOHOMHUYHBIE PEIICHUS 32 CYET TOTO, UTO:
- IPWIOKCHUSI ~ YCTAHABJIMBAIOTCA W TOJJICPKUBAIOTCS
aJIMHHHACTPATOPOM TOJILKO Ha CepBEPE;
- OOHOBJICHHE TIPOTPAMMHOTO 00ECIIEYCHHUS BHITTOHSIETCS TOJIBKO
OJIMH pa3 ¥ TOJBKO Ha CepBEPE;
- TepMUHAJIbHBIC KJIMEHTBI MOTYT OBITh peaJu30BaHbl Ha
pa3IM4YHbBIX U, YTO 0COOEHHO BaXXHO, HEJIOPOTHX IUIaTGopMax.
[Ipu paboTe B TEpMUHAIBLHOM peXuUME Bcid 00paboTka HHGOPMALMU
NIPOM3BOAUTCS Ha cepBepe. Ero koHdwuryparus 3aBUCHUT OT YCTaHOBIICHHBIX Ha

CepBepe MPUJIOKEHUA U OT KOJUYEeCTBa OOCHYKMBAaEMbIX UM TepMHUHANOB. [Ipu



00paboTKe BBICOKOCKOPOCTHBIX TPHJIOKEHUH s OOJIBIIOTO  KOJUYECTBA
TEPMUHAIOB (JECATKHA) MOXET TMOTPeOOBATHCS JOCTATOYHO JJTOPOTOCTOSIINAN
cepBep (Oomblas ornepaTuBHAs aMSITh).

Hcrionp3yss  HOBbIE  apXUTEKTYpPHBICE  BO3MOXKHOCTH,  KOMIIAHUH-
pazpabotunkun SCADA-cucteM crTaiau mOpeajaratb TEPMHUHAIBHBIE CEPBUCHI,
nojaepxuBatoniue BbinoJHEHHE SCADA-TIpUIOKEHUH B PEXKUME CECCHM.
Kommanust Wonderware BHempuia TEpPMHHAI-CEPBEPHYIO TEXHOJOTHUIO IS
SCADA-cuctemsl InTouch Bepcun 7.1. INossaenue Bepcuii iFIX (Intellution/GE
Fanuc), mnoanepxuBatromux OC Windows 2000, OTKphUIO BO3MOXKHOCTH
npuMenenusi [1O iClient Terminal Server mjisi moaaepXKu MHOTOCEAHCOBOM

pa6OTI>I «TOHKHUX» KIMEHTOB. He oTcranum u APYruc BCAYIIHUC ITPOU3BOAUTCIIN

SCADA-1poayKTOB.

5.7 Internet/Intranet- rexnosoruu

OueBnaHbIM  IUIOCOM  ceTh  Internet  sBIeTCS €€  yHUKaJIbHasd
MPOTSHKEHHOCTh M PACIIPEICNIEHHOCTh, YTO MO3BOJISECT MEepenaBaTh MH(POPMAIIUIO
yepe3 THICAYM KHJIOMETPOB MEXY JIOOBIMU JBYMsS TOYKAMH 3€MHOTO Iapa.
Kpome 3TOro, cerp OTiamMyaercss YHUKaJIbHOM CTaHAAPTU3ALMEH IEepEIaBacMbIX
JIAHHBIX, YTO OOECcHe4YrMBaeT OJUHAKOBYIO YUTA€MOCTh, WH()POPMATHUBHOCTH H
OJIHO3HAYHOCTh II€PE/IaBAEMbIX [AHHBIX BHE 3aBUCUMOCTH OT OIEpPALMOHHOMN
CHUCTEMBI, B KOTOpou paboraer kommbiorep — Windows 9x/NT/2000, Unix wmu
OS/2. 3Ty BO3MOKHOCTH AAae€T MPUMEHEHHE CTAaHAAPTHOIO MPOTOKOJA Mepeaadyu
TCP/IP.

OnHako HapsAny ¢ JocTOMHCTBamu Internet ciaegyeT OTMETUTh U OCHOBHOM
HEJIOCTAaTOK - OYEHb HM3Kasi CKOPOCTh nepenadn JaHHbIX. CoueTaHne pa3iauyHbIX
buszndeckux cpen nepenadn uHOOpPMAIMU U Takux CBOWCTB mpotokona TCP/IP

KaK HCOIPCACICHHOCTh BPEMCHHU IIOJYYCHHA OTBETAa BCAYT K TOMY, UTO



nepenaBaeMasi nHGopMalus OyJeT nepeaana MpaBuiIbHO U 0e3 MOTephb, HO 3apaHee
CKa3aTbh, KaKoe€ BpeMsl 3TO 3ailMer, Henb3d. OueBuHO, uyTo Internet -TexHonoruu
MaJjo MOJOMAYT JJig MPUMEHEHUsI B CHCTeMaX C OBICTPOTEKYIIMMH IMPOIECCaMH,
OJIHAKO TaM, TJI€ BpeMs HE SIBISICTCS KPUTUYHBIM, Internet sBisieTcss mprueMIeMbIM
pelieHrueM no o0ecreueHrI0 CBOEBPEMEHHONW U TOYHOUM HH(opMaliuel oneparopa
CUCTEMBI, MHKEHEPA-TEXHOJIOTa NI PYKOBOJAUTES.

VY 106cTBO M nonyJsipHOCTH Internet cTanu OCHOBHOM MPUYMHOW TOTO, YTO
Web-texHomorun ~ HayaJld ~ aKTHBHO  NPUMEHATBCA  BO  BHYTPCHHHUX
MH(QOpPMAIIMOHHBIX cucTeMax mnpeanpusTuil. Kaxmaoe mnpeanpustue paHO WU
MO3JJHO CTaJKHUBAETCSI C HEOOXOAUMOCTHIO aBTOMATU3ALMH CBOEU AESATEIbHOCTH.
OpHOI U3 MEePBBIX CTABUTCS 3a/laya IEHTPATM30BAaHHOTO XpaHEHUsI HH(OPMAITUH U
JocTyna K Heil. Eciii paHplie Takue TEXHOJIOTMH MCIOJIb30BAIUCH JIMIIb HA CAMOM
BepxHeM ypoBHe ympasieHus - ACVYII, To B mocineaHee Bpemsi Bce OoJbliiee
pacrpocTpaHeHre OHM moJiydatoT U B cucremax ypoBHs ACY TII (B cucremax
kiacca SCADA/HMI).

BuayTpennue nHpOpMalMOHHBIE CHUCTEMBI MPEANPUSITHS, TMOCTPOSCHHBIE C
UCIIOJIb30BaHUEM  Web-TeXHONOrui, TOJy4HJid COOCTBEHHOE Ha3BaHUE —
«Intranety (uHTpaHEeT - BHYTpPEHHssl ceTh). MHTpaHET coBceM HE 00s3aTelbHO
JIOJDKHA OrPaHUYMBATHCS JIOKAJIBHOM CEThIO MPEANPUATHS - OHA MOXKET
OOBEIUHAThL HECKOJBKO TMPEANPUATHH, HAXOASANIUXCS HAa 3HAUYUTENIBHBIX
pacctossHusX. Otnuume Intranet ot Internet 3akitouaercs B TOM, 4YTO €€
MH(OPMAIMOHHBIE PECYPCHI U TMOJIH30BATENN OOBEAMHEHBI OOLIMMHU 3a/ladyaMu U
MPUHAAJIEKHOCTHIO OTHOMY KOJIJIEKTHUBY.

Tak Kakue k€ KOHKPETHO TEXHOJOTHH M CUCTEMbI MOKHO TPUMEHUTD IS
coBmecTHO pabotel cuctem ACY TII na ypoBne HMI/SCADA u Hurtepner?
Hwuxe npemaraercs kpaTkuid 0030p yKe CYIIECTBYIOIIMX M HA TPAKTHUKE IIHPOKO
UCITIOJIb3yEeMBIX TEXHOJIOTUH Ha 6a3e Internet.

CamMbpIM TIPOCTBIM, HO OYEHb JICCTBEHHBIM METOJIOM HWHTErpaluu
HMI/SCADA B WHTepHeT sBIsSETCS WCIOJB30BAHUE DJIEKTPOHHOM TMOYTHI B

Ka4eCTBC CPCACTBAa OIIOBCIICHUA IIPU ITOABJIICHHH HOBBIX 3anucen B KypHaJIc



TPEBOT. OTUMH BO3MOXKHOCTSIMH 00Osanator OonsmuHCTBO SCADA-cuctewm,
UMEIOIINXCSl cefyac Ha phIHKE. JJEKTPOHHAs MOYTa, KPOME MPSAMOMl MOCHUIKH
nucbMa ajpecary uepe3 VHTepHET, MOXET WCHOJb30BaTh W Pa3IMYHbIC
«MEPEeBaJOYHbIC MYyHKTHD», HAIPUMEpP, MLII03bl MEHHKUHTOBBIX KOMMAHUW IS
MOCBIJIKUA COOOIIEHUSI HEMOCPEICTBEHHO Ha MEHKep aapecara.

I'opazno Gonee MHGOPMATUBHON SIBISIETCS BO3MOKHOCTh T'€HEPUPOBAHMUS
OTYETOB O TEKYyIIEeM IMOJIOKEHUU nen Ha oOwvekre B cranmapre HTML. [lns
ucronb3oBanusi  atoro  meroga SCADA-cuctema ¢opMupyeT OTYET ¢
auarpaMMamu, Tpadukamu, Tabmuuamu B Bujge HTML-daitna, xoropsiii
COXpaHsieTCsI Ha JUCKe (JIOKaJbHOrO WM  YJAJIEHHOTO  KOMIIBIOTEpA).
[lepuouyHOCT, OOHOBJIEHUS OTYETA 3aBUCUT TOJNBKO OT HacTtpoek SCADA-
CUCTEMBI U HE OYEHb BJIMSET HAa MPOU3BOJUTEIBHOCTh OCTaJbHBIX KOMIIOHEHTOB
cucreMmbl ympaBineHus. CoxpaHeHHbIH (aill, B CBOIO OYe€pellb, MOXKET
UCIOJIb30BaThCss Web-cepBepoM JjIsl TIPEIOCTaBIECHUs JIOCTYNa K 3TUM JIaHHBIM
yepe3 ceTb MHTepHeT U3 110001 TOUKM 36MHOIO I1apa, UCIIONIb3Yysl OOBIKHOBEHHBIN
Web-0pay3ep. Metoa He mpeamoiaracT BO3MOKHOCTH BO3JCHCTBOBATh HA O0OBEKT
Yyepe3 CUCTEMY aBTOMATHU3ALMH, JOCTYIHBI JUIIb (YHKIIMM MOHUTOPUHTA.

bonpuie BO3MOKXHOCTH MPENOCTABIISIET CYIIEPBU30PHOE YIIPABICHUE YEPE3
WNurepuer. [Ins ocyuiecTBiaeHus 3Toro meroja ympasieHus cuctemMo ACY TII
HeoOxoauma SCADA-cucreMa, nojaepskuparomias GyHKIIMU YIPaBICHUS M0 CETU
TCP/IP. Tlpu stom ¢yHKUMOHUpPYOIIAas Ha yaaieHHoM kommbiotepe SCADA-
CUCTEMAa JOJDKHA HMMETh B CBOEM pACHOPSDKEHMHM KOIMIO MPOEKTa, BKIIIOYAs
OMKCAHUE UCIOJIb3yEMbIX MEPEMEHHBIX, rpapuyeckue 0ObEKThl, CKPUITHI U T. II.
(«ToncTeie» KIUMEHThI). B 3ToM ciyuae mepecbuiaeMble 1Mo ceTu Internet maHHbIe
OyaoyT coaep)KaTh TOJIbKO TEKYIMe 3HAY€HUsS [apaMeTpoB, CUYUTAHHBIX U3
KOHTpOJUIEpOB  (cOOp JaHHBIX), W KOMAaHJIbl yAAJEHHOTO KOMIIbIOTEpa
(ynpasnenue). Ilpumepamu peann3alui TakUX CHUCTEM MOTYT  CIYKHUTh
nporpammbel WebCast (dupma Intellution, naker 1Fix), NetLink (AdAstra, Trace
Mode) u Scout (Wonderware, InTouch).



JIpyTyro KOHIICTIIIHIO TIpeiaracT MeToI CBsI3M depe3 Opaysep (Web- browser). B
ATOM CIIy4ae HCIIOJB3YETCS] TEXHOJOTHs TaK Ha3bIBAEMOIO0 «TOHKOTO» KIMEHTA.
[Ipu ycranoBke cBsizu Mexay Web-opayzepom u SCADA-cepBepoM B JOKaIbHBIN
KOMIIBIOTEP OCYIIECTBISIETCS 3arpy3Ka JaHHbBIX 0 pabOTaIOIeM B CUCTEME TIPOEKTE
(Bkirouass rpaduyeckue o00BEKThI). B 3TOM ciiyyae Bca MaremaTHdecKas
00paboTKa JaHHBIX MPOMCXOAMT Ha YAAJEHHOM CepBepe, Ha JIOKAJIbHOM K€
KOMITBIOTEPE HAET TOJBKO TMPEACTABICHUE MaHHBIX, UCHOJNB3ys ActiveX wuim
npyryio Web-texnonoruto. [lpumepoMm peanuzanud MOTYT CIYXUTh HaOOpPBI
nojnkmodaeMbeix  moayiern WebClient (US Data, FactoryLink/MonitorPro),
WebActivator (AdAstra, Trace Mode).

Ocoboe Mecto B Web-TexHonorusx 3aHuMaeT cOOp JAaHHBIX 4epes
HNHTEepHET OT yJaleHHBIX KOHTPOJUIEPOB. DTOT METO (PaKTUUECKHU COOTBETCTBYET
TPAOUUMOHHO TNpUHATON CcTpykType mnoctpoeruss ACY TII ¢ ucnonb3oBaHueM
SCADA-cuctem, HO B JJaHHOM ciydae Mexay camou cucremoi u ITJIK moxer
JeXKaTh HE OJIHA ThICSYa KUJIOMETpoB. B Takoi koHdurypanum Moxer padoTaTh
mobass SCADA-cuctema, ymeromas mochiiaTe coootienus no npotokonry TCP/IP
(4TO0 MOTYT JenaTh NpakTU4YecKu Bce cuctembl). AHanornuno u I[IJIK moryr
paboTaTh B Takol cucteme, ecau oHuW umeroT Ethernet mnm mocnmemoBatenbHBIN
nopt ¢ moanepxkoit TCP/IP. Ilpaktuuecku Bce KpymHEHIIHMe MPOU3BOIUTEIU
KOHTPOJUIEPOB UMEIOT TAKUE MOJEIH.

CoBepilIeHHO HOBOM TEXHOJOTWEW sl ynpaBieHus depe3 HMHTepHer
apistoTcst BetpauBaembie B [IJIK Web-cepsepsl. Ceituac MOKHO TOBOPUTH JIUIIb O
HAMETUBIIUXCS TnepcrnektuBax. OnHa W3 TIJIaBHBIX OCOOEHHOCTEW  3TOM
«PEBOJIIOIIMOHHONY» TEXHOJOTHH (Kpome yHuBepcanbHOcTU cBsizu c I1JIK) - oTka3
ot wucnonszoBaHuss SCADA-cuctrem. Web-cepBep HaxoauTcs B KOHTpoOJUIEpe,
KOTOpPBIA TOAKIIIOYEH HEMOCPEICTBEHHO K cetu Internet. Mmerommiics B
KOHTPOJIJIEPE COTMPOIECCOp OCYIIeCTBIsIeT hopmupoBanue HeoOxoaumbix HTML-
CTpPaHUIl U CBS3BIBAET WX C JAHHBIMH, MOCTYIMAKOIUMU C oOBbekTa. OgHako B
JAHHOM CJlydae OCHOBHAs TsDKECTh padoOThl Mo 00paboTKe MaHHBIX Oyjaer

JOXHTBCA Ha IUICYM CaMOI'0 KOHTPOJLICpA, KOTOpBIﬁ BBIHYKJICH 6y,Z[€T KpOoM€E



NEePBUYHON 00paOOTKM JAaHHBIX OCYIIECTBISITH W BTOPUUHYIO OOpabOTKy, UTO
MOKET MOTPeOOBaTh MPUMEHEHHUSI TOpa3ao Oosiee MorHOro mporeccopa [JIK, yem
B ciryuae paboTel 6e3 Web-cepaepa.

Bo Bcex Internet/Intranet-pemennsx 1o oOMEHy IaHHBIMH KpOMeE
TEXHOJIOTMYECKOr0 CepBepa Kak MOCTaBIIMKA JIAHHBIX U KIIMEHTa KaK MOoJydaTens
uHopmaruu 3aaeiictBoBan Web-cepep (puc. 3.12). Undopmarus Ha cepBepe
XPAaHHUTCS B BUJIC CTPAHMUII, HA KOTOPBIX, KPOME TEKCTa, MOTYT HAXOJIUTHCS Pa3HbIC
O0OBEKTHI: FpapuUecKue N300paKeHHs, Ay TUO0 - U BUJCOPOIHUKH, (DOPMBI JJIs1 BBOJIA

JaHHBIX, MTHTCPAKTUBHBIC ITPHUJIIOKCHHA U T. /.

TCPIP HTTP
—=
SCADA WEB - cepBep WEB - Gpayzep
CepBep Windows 2000 cepeep Runtime SCADA
AaHHbIX MS IS Internet Explorer

Puc. 5.12. Unaterpamus SCADA u Internet.

B3aumoneiictBue mexay Web-cepBepoM U KIIMEHTAMH OCYIIECTBIISIETCS Ha
ocHoBe mpotokosa HTTP (HyperText Transfer Protocol - npotokon mepenaun
TUIEPTEKCTA).

s mpocmoTpa mpwinokenuit Web-knmuertom MoryTt mcmonb3oBaThes
naBuratop Microsoft Internet Explorer coorBetcTByromieit Bepcuu mim SCADA-
cucTema B pexkuMe Runtime.

Web-cepBep pabotaeT Ha 0aze Microsoft Internet Information Server (I1S)
Y CBSI3BIBAET YCTAHOBIICHHBIE HA HEM IIPUIIOKEHM ¢ Internet.

[Ipaktuueckun Bce Beaymme Qupmbi-pazpadborunku SCADA-cuctem
3aHMMAIOTCS CO3JIaHHEM NPOrPAMMHBIX MPOAYKTOB C HMCIOJIb30BaHMEM Internet-

TeXHOHOFHﬁ, B TOM YHCJI€ U TEXHOJIOTHUM C UCHOJIb30BAHUEM «TOHKHUX)» KJIUEHTOB.



5.8 UnTterpupoBannbie SCADA-cucTeMbl

Opgnum u3 HauOosiee 3HAUMMBIX (akTopoB paszBuTusi SCADA-cuctem
CTAaHOBHUTCS TO, YTO HEKOTOPBIC BEIYIIHE MPOW3BOAUTEIIA PACIIUPSIOT (DYHKIIHH
SCADA «110 BepTUKaIN» UepapXud MHOTOYPOBHEBOM CUCTEMBI yIIPaBICHUS.

C onmHON CTOpOHBI, WUAET pacliupeHue (QYHKIUA B  CTOPOHY
HEIOCPEICTBEHHOIO YIPABJICHHUS TEXHOJIOTHYECKUMU MPOLIECCAMHU
(aBTOMaTHYECKOE PEryJMpPOBaHWE U MPOTPAMMHO-JIOTHYECKOE YIPABICHUE).
OYHKIMY HEMOCPEICTBEHHOTO YIIPABIICHUS PEATU3YIOTCS B MAKeTaX MPUKIaAHBIX
nporpaMM Kak JJii KOHTPOJIJIEPOB, MOCTPOCHHBIX Ha ocHOBe PC-cOBMECTHMBIX
koHTpoJuiepoB (SoftPLC), Tak u 1 KOMIBIOTEPHOM peanu3anuu (QyHKIUH
HernocpeacTBeHHoro ynpasieHus (SoftControl).

[upokoe wucnons3oBanue IBM PC mmargopmbl B KOHTpoJuiepax
(softlogic) mauamoce B 90-x romax XX Beka U ObLIO OOYCIOBICHO MHOTHMH
(dakTopamu, OAMH U3 KOTOPBIX — JYYIIEe COOTHOIIEHUE IIPOU3BOJUTEIBHOCTD -
neHa». A mns Poccum Toro BpemeHu 5310 Obulo ompenenstonmMm. M BOT
oreuectBeHHast pupma AJAStrA unrerpupyer csoro SCADA-cucTemy ¢ cucreMoit
nporpammupoBanusi PC-xonTpoiepoB. Tak mosiBUiIack HOBasg TEXHOJIOTHS
CKBO3HOI'O MPOTrPaMMHUPOBAHUS KOMIIOHEHTOB HM)XHEIO W BEPXHEro YypOBHEHN
ACVYTIL

['oBopss 0 KOMIBIOTEpHOW peanu3anuu (PYHKIUN HETMOCPEICTBEHHOTO
aBTOMATUYECKOT0 YNPABJICHUS TEXHOJOTHYECKUM MPOLECCOM, CIEAYET OTMETUTD,
YTO MPAKTUYECKH BCE HU3BECTHbIE MHCTpyMeHTalbHble SCADA-cucremsl
00ecreurnBalOT 3Ty BO3MOXHOCTh. XOTS TaKO€ COBMELICHHE M TIO3BOJISIET
PKOHOMUThH Ha allllapaTHBIX CPEJICTBaX, OHO MOXET HMMETh PsiJi HEraTHBHBIX
MOCIIEACTBUNA. BO-TIEpBBIX, ONEPAMOHHAS CUCTEMA ONEPATOPCKON CTAHLIMU MOYKET
He o0ecrneynTh HEOOXOAMMYIO JJIi KOHKPETHOTO TEXHOJOTHMUYECKOro Ipoliecca
ckopocTh peakunn SCADA-cucteMbl. Bo-BTOpBIX, HUKTO HE TapaHTUPOBAH OT
«3aBUCAHUS» CHUCTEMBI, XOTS JJIsi HEKOTOPHIX OOBEKTOB (MHEPIIMOHHBIX) 3TO

MOJKET OBITh U HE KPUTHUYHO.



C npyroit croponsl, mnepBuuyHas uH(popmaiusa, coopannas SCADA-
CUCTEMaMU OT TEXHOJOTUYECKUX YCTAHOBOK M TIPOU3ZBOJICTB IS TPUHSATHS
ONEpPATUBHBIX (TAKTUYECKUX) pEUICHUH Ha YpOBHE OMNEPAaTOPOB/AMCIETUEPOB,
JOJDKHA OBITH IOCTYITHA B p€ajIbHOM BPEMEHHU BCEM YPOBHSIM YIIPABICHUS C HEITHIO
€e aHajiu3a U MPUHATHS YNpPaBICHYECKUX (cTparernyeckux) pemenuir. Ho 1o
HEJJaBHETO0 BPEMEHU B CUJIY PA3IMUYHBIX NPUYUH (MOApoOHEe cM. TiaBy 4) 3Ta
3alaya He ObLIa PEIIeHa, YTO SBISJIOCH CYIIECTBEHHBIM TOPMO30M ITOBBITIICHUS
3 PEKTUBHOCTH TIPEATIPUATHH.

Jlist ee pemieHusi Ha PBIHKE MPOTPAMMHBIX MPOAYKTOB CTa TOSBIIATHCS
HOBBIM KJACC TPOTrPaMMHOTO OOECIIeUeHHUs — WHTETPUPOBAHHBIC ITaKETHI
IPOMBIIIJICHHON aBToMaTH3aiuu. B atux makerax SCADA/HMI sBisercs auiib
OJIHUM M3 KOMIIOHEHTOB. /[pyroil BaxHEHWIINN KOMIIOHEHT TaKMX CUCTEM — 0a3bl
JAHHBIX ~ PEAJbHOTO  BPEMEHU WM  apXUBbl ~ HUCTOPUYECKUX  JAHHBIX,
NpeIHAa3HAYCHHBIC [IJII XPAaHEHHs OTPOMHBIX MAacCHBOB HMHGOpMAIMH  C
BO3MOYKHOCTBIO JOCTyna K Hed ¢ paznmnuHbix APM. Croga k€ MOXKHO OTHECTH
CHEIUATM3UPOBAHHBIC TAKETHl ISl YIPaBICHUS MEPHOIUYSCKUMH TMPOIECCAMHU,
JUTSL BBISBJICHUS W MHHHMH3AIAA TPOCTOECB OOOpPYAOBaHHS, I IMPOCMOTpA
MIPOM3BOJICTBEHHOM MH(OpMaIHK ¢ moMoIIbio MHTepHET-TEXHOJIOTHI U T. .

K knaccy uHTErpupoBaHHBIX CHCTEM MOXXHO OTHECTH TaKUE MPOTrpaMMHBIC
npoaykTsl Beaymmx npousBoguteneit SCADA, kak FIX Dynamics (Intellution/GE
Fanuc), FactorySuite 2000 (Wonderware) u apyrue. OTH CUCTEMBI MPECTABISIOT
co0Olf MOITHBIC TPOTPAMMHBIC KOMIUIEKCHI, OOECIICUYMBAIOIINE WHTETPAIIHIO
CHUCTEMBI YIIpaBJICHUS MPOU3BOJCTBOM B IesioM. lcrmonb3oBaHWE B cUCTEMax
pa3HbIX yPOBHEW e€aWHOTO CTWiIS OQOPMIICHUS, €IUHOM TEPMHUHOJIOTHH,
WHCTPYMEHTApHS, CIYy)KEOHBIX CPEACTB W T. J. 3HAYUTCIBHO OO0Jerdaror
pa3paboTYMKaM MPOCKTUPOBAHUE CHUCTEM, a NPEANPHUSATHSIM - UX OCBOCHHUE H

IKCILTYaTALMIO.



5.9 Hanexuocte SCADA-cucrem

[Houstue "HanexHoctu SCADA-nakeToB BK/IIOYAeT B ceOsl JIBA acIIEKTa:
HAJKHOCTh caMoro mporpamMmMmuoro mnpoaykra SCADA u  BO3MOXHOCTb
MIPOrPaAaMMHOTO PE3EPBUPOBAHMS KOMIIOHEHTOB CUCTEMBI B Pa3IMYHbIX BapHaHTaXx.

HanexnaocTth SCADA-nakera oTpeIeIeTCs HECKOJIbKUMU
XapaKTEPUCTHKAMU: HAJICKHOCTHIO OMEPANMOHHON CHUCTEMBI, HAIMYUEM CPEACTB
COXpaHEHHUs JaHHbIX M KoH(urypauuu npu cOO0AX, HaJIUYUEM CpPEJCTB
aBTOMATHYECKOTO TIepe3amyCcKa CUCTEMBI.

[To nagexnoctu coBpemenHble SCADA-TpOAyKTHI, Takke Kak WU IO
(GyHKIMOHATBLHOCTH, HE3HAYUTENIBHO OTJIMYAIOTCS APYT OT Apyra. Tem He MmeHee,
py BBIOOpE IMaKeTa MOXHO OOpaTUTh BHHUMAaHWE HAa CIUCOK €r0 BHEIPEHUH.
Hanu4uue B TakoM CIHCKE MPOEKTOB JJIS OMACHBIX U OTBETCTBEHHBIX MTPOU3BOJICTB,
MPOEKTOB C OOJBIIMM YUCIIOM IMapaMEeTPOB, TEPPUTOPHAIBHO U (PYHKIIMOHAIHHO
pacnpeneneHHEIX APMOB ToOBOpHUT 0 10CTaTOYHO BBICOKOH HanmexxHocTH SCADA-
nakeTa.

Ho cucrtema ympaBiieHHsI MOKET TTOJTHOCTHIO BBIMTH M3 CTPOS HE TOJIBKO 10
MPUYMHE 0TKa3a MPOrPaMMHOI0 00eCTIEUeHHsI, HO U 000pYAOBaHUSI.

[TomyuyuBiass Hawbonee IIUPOKOE PACIPOCTPAHEHHE pacHlpeeeHHas
CHUCTEMA YIIPABJIEHUS], TPEACTABIECHHAS HA pUC. 5.13, BBIMAET U3 CTPOS, €CIIU BCETO
JIUIIH B OJTHOM KOMIIOHEHTE (CepBepe) BO3HUKHET HEUCTIPABHOCTb.

Peammzamuss  SCADA-naketamMmu (QyHKIMA pPE3EPBUPOBAHUS TMO3BOJISIET
YCTPaHITh OTKa3bl B cucTeMe 0e3 moTepu e (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH U
npousBoautenbHocTH. [Iporpammuoe obOecneuenne SCADA  mopjaepxuBaeT
peaTu3annio Pe3epBUPOBAHUS PA3TMYHBIX KOMIIOHEHTOB CHCTEMBI YIIPABIICHUS
KaK BCJICJICTBUE OCOOCHHOCTH AapXUTEKTYyphbl, TaK W HaJIW4YUS BCTPOCHHBIX

MCXaHHN3MOB.



SCADA SCADA

!! A:;qc \!' APM

Puc. 5.13. CereBas apxurextypa SCADA.

JlyOnupoBaHue cepBepa BBOJA/BbIBOJA. [ MOBBIIICHUS HAJIEKHOCTH
CHCTEMBI  YHOPaBICHUS JOCTATOYHO SBHO IPOCMATPUBACTCA BapUaHT C
pesepBupoBaHueM cepBepa (puc.5.14). 3nech BO3MOXKHBI J1Ba BapuaHTa. B ogHOM
ciaydyae 06a cepBepa (OCHOBHOM M pE3EpBHBIN) B3aUMOJICHCTBYIOT C YCTPOMCTBAMU
BBOJIa/BbIBOJIa, YJBaWBas HArpy3Ky Ha TMPOMBIIUICHHYIO CETh M CHUXas
IIPOU3BOAUTEIIBHOCTh CUCTEMBI. B IITaATHOM pEeXMME KIMEHTHI B3aUMOACHCTBYIOT
C OCHOBHBIM cepBepoM. [Ipu BBIXOE €ro U3 CTpOsi OHKU HAIIPABJISIOT CBOU 3aIIPOCHI

K PE3epBHOMY CEpBEDY.

SCADA SCADA

!! A:;qc ” APM

OcHOBHOW
cepBep

PesepEHBbIA
cepBep

=

Puc.5.14. PezepBupoBanue cepsepa.



B pacnpenenennoit kimueHT-cepBepHoi apxutektype SCADA-cuctem
JWIIb ONWH (OCHOBHOW) CepBep B3aUMOJICHCTBYET ¢ KOHTpoyuiepamu. llpu sTom
OCHOBHOM cepBep MOCTOSHHO OOHOBIsAET 0a3y JaHHBIX PE3EpPBHOTO CepBepa,
o0ecrieunBast €ero MOCTOSHHYIO TOTOBHOCTb.

Pe3epBupoBanme ceTH U KOHTPOJIIEPOB.

CtpykTypa, mpuBefcHHass Ha pwuc. 5.14, yBenWuMBaeT HAICKHOCTH
CHCTEMBI, yCTpaHssl OJHO M3 OCHOBHBIX «CIa0BIX» MECT — OTKa3 cepBepa. Jpyrum
«CIabbIM» MECTOM PACTIPEIEICHHOW CHCTEMBI YIPABICHUS MOXKET OBITH cama
ceTb. BBIXOm ee W3 CTpos Hapylmiaer yIpaBieHHWE, TaK KaK CTaHIUH
OIIEpaTOPOB/IUCIIETYEPOB B HTOM CJIy4yae OKa3bIBAIOTCS OTPE3aHHBIMU OT
cuctemMbl. [loBbIIEHWE HAACKHOCTH CHCTEMBI YIPABJICHHUS OOCCIICUMBACTCS
JIOTIOJTHUTEIBHOM ceThio (puc. 5.15).

BOAbIIMHCTBO KOHTPOJIEPOB MOKET MOAJAECPKUBATH JOMOTHUTEIHHYIO
(pe3epBHYI0) CBSI3b C CEpPBEPOM BBOJA/BhIBOJA. IIpyM OTKa3e OCHOBHOrO KaHaja
rapaHTUPyeTCsi OOMEH JaHHBIMHU MEKy KOHTPOJUIEPOM U CEPBEPOM.

JlocTHdb  TIOJIHOTO  PE3EPBUPOBAHHMS MOXKHO TyTeM JIyOaupoBaHUS

KOHTpoJuIepoB (puc. 5.15).

SCADA SCADA
!' APM ‘ APM
| Il nBc1
| [ necz

PeszepBHBIA
cepeep

CCHOEHOWU M pezepEHBbIA MK

Puc. 5.15. BapuaHTsl pe3epBUpOBaHUS.



PaccMoTpenHbie BbIlIE CHOCOOBI TOBBIMICHUS HAJIEKHOCTH CHUCTEMBI
YIOPaBICHUS XOPOIIO HU3BECTHBl. BaXHbIM 37€cCh SBISETCA TO, YTO HMEHHO
BcTpoeHHble B SCADA-cucTeMy MeXaHHU3MBbl MO3BOJIAIOT KOH(UTypupOBaTh
pacHpeNeNieHHYI0 KJIMEHT-CEPBEPHYIO apXUTEKTYpy, ONPENeNsAs Ha CTaauu
IPOEKTUPOBAHUSA OCHOBHBIE M PE3E€PBHBIE YCTPOMCTBA CUCTEMBI yIpaBieHUs. A B
pexxume ucrnonnenus uMeHHo SCADA- cuctema onpezenseT HEeUCIPaBHOCTh TOTO
WIM UHOTO KOMIIOHEHTA CHCTEMBbl U aBTOMATHYECKH IPOU3BOIAUT NEPEKIIOUECHUE

Ha pe3epBHOE 000pyI0BaHHUE, IPEAYIPEKAAsT 00 STOM ONEPATHBHBINA TEPCOHAI.

5.10 IlporpamMmmHo-anmapaTHas miardopma

K o9roil rpynme MOXHO OTHECTH CIEAYIOIIME XapaKTEPUCTUKHU:
KOMITbIOTEpHAs T1aTdopMa, orepalmoHHas cucTeMa, KOHQUrypaius KoOMIboTepa
(dactota mporueccopa, TpeOyembie pecypchbl ONEpPaTUBHOW W JMCKOBOW IMaMSITH),
BO3MOYKHOCTh IIEPEHOCA IPUIJIOKEHUI B IPYTYIO ONEPALMOHHYIO CUCTEMY.

AHanu3 mnatdopM U ONepauoOHHBIX CUCTEM HEOOXOIHUM, MOCKOJIbKY OHH
ONPENENIAI0T BO3MOKHOCTh pacnpoctpaneHusi SCADA-cucTteMbl Ha UMEIOIIUECS
BBIYMCIINTEIILHBIE CPEJCTBA U CTOMMOCTD CHUCTEMBI.

[Iporpammuoe oGecneuenne SCADA, kak u moboe apyroe 110,
BBINOJIHAETCS MOJ YIIPABJICHUEM TOM WIM UHOM ONEpalMOHHOM cuctembl. Kakas
K€ OIlepallMOHHAas CcucTeMa HaubOoJjee mpuemiieMa JUisi [POrPaMMHOIO
obecnieueHusi BepxHero ypoBHsA? OOszarensHo npumeHenne OCPB  umm
JIOCTaTOYHO OIEPallMOHHOM CHCTEMbl OOIIero Ha3zHaueHusa? OITOT BOIPOC
oOCyXJalcs Ha MPOTSKEHUU HECKOJBKUX JIET B PA3JIUYHBIX NEPUOTUYECKUX
W3JIaHUAX, MOCBSIIEHHBIX aBTOMATHU3alMl TEXHOJIOTMYECKUX IpoLeccoB. B urore,
KOMIIPOMHUCC HaiiieH: TpeOOBaHUS K IMapamMeTpaM OIEpPAlMOHHON CHCTEMBbI
JOJIKHBI OTMIPEACNIATHCS ABTOMATU3UPYEMbIM OObEKTOM U MPUKIIATHON 3a4auei.

C onHOI cTOpOHBI, B He(TEra3oBOM OTpPAcCiIM CYIIECTBYET JOBOJIBHO

HII/IpOKI/Iﬁ KJ1aCC HHCPUHUMOHHBIX o0bekToB. Henp3s Takke 336I)IB8,TB, qTo



HEeoTbeMiIeMOM 4acThio BepxHero ypoBHs ACY TII saBnsercs yenoBek, Bpems
peakuu KOTOPOTO Ha COOBITHS HEIETEPMUHUPOBAHO M 3a4acCTYIO JOCTATOYHO
BenuKko. M, HakoHel, HeNb3s HEe YUUTHIBATh TEHJICHIIUU PA3BUTHSI MUPOBOIO PhIHKA
MIPOrPaMMHOTO OOECTIeUEHUSI.

B pesynbrare, nogasmustomiee 60abmuHCTBO SCADA-cHcTEM peanu30BaHO
Ha MS Windows-tutargopmax (Windows NT/2000). 1o u InTouch, u FIX, u
Genesis, u poccutickuii Tpeiic Moya. VM3 detelpHaamaT cucteM, IPUBEACHHBIX
BBIIIIE, ABEHAIATh NMPEAHA3HAYEHBI ISl pa0boThl B paznuuHbix Bapuantax OC MS
Windows. 3nech, 0e3yciioBHO, CKa3aauch mo3uiuu kommanud Microsoft Ha peiHke
OIepaIMOHHBIX cUcTeM. M3BecTHO, uTO MMEHHO Kommanus Microsoft Obuta n
OCTaeTCs «3aKOHOJIATEIEM MOJIB» B 3TOM KJIACC€ MPOrPaMMHOTO 00ECIICUSHHUSI.

A Bot Takue nonyssipaeie SCADA-cuctemsl, kak RealFlex, Sitex, RTWin
GYHKIMOHUPYIOT TIOJT YIIPABIEHUEM OIEPAIMOHHONW CUCTEMbI PEaIbHOTO BPEMEHH
QNX. Dra OCPB gns IBM PC sBnsercs omHOM u3 HamOoyiee IIMPOKO
UCIIOJB3YEMbIX MPU MOCTPOEHUU CUCTEM YIPABJICHHUS U cOOpa JTaHHBIX MPEKIE
BCEr0 3a CYET TOr0, YTO FapaHTUPYET BPEMsl PEAKIMU CUCTEMbI B IpeAeiax OT
HECKOJIbKUX  JIECATKOB MHMKPOCEKYHJI [JI0 HECKOJbKUX MWIUIMCEKYHA (B
3aBUCUMOCTH OT ObicTpojericTBus [I9BM u Bepcun QNX).

[Mupoxo wu3BectHas SCADA FactoryLink wumeer menbiii  cnmcok
NOJICPIKUBAEMBIX € TporpaMMHo-anmapaTHeix 1miardgopm: OS/2 (IBM PC),
UNIX (IBM PC), VMS (VAX), HP-UX (HP 9000) u MS Windows (IBM PC).

KomneloTepHsie pecypchl, TpeOyemble Jii YCTAaHOBKU U HOPMAJIBLHOTO
GbyHKUMOHUpPOBaHUS pa3inuuHbix kKomMnoHeHToB SCADA-cuctem, omnpenenstorcs
MHOTHMH (haKTOpaMH, B TOM YUCJIE, HA3HAYCHUEM CETEBOTO KOMITbIOTEpa (paboyas
cTtaHuusi omeparopa, cepsep b/, APM cnenuanucrta ¥ T. M.), KOJHMYECTBOM
0o0pabaThIBa€MbIX TEPEMEHHBIX, HCIOIB3YEMON  OMEPAlMOHHOW  CHCTEMOM
(Windows 95/98/NT/2000, QNX) u T. 1.

B kauecTBe KIMEHTCKHMX KOMITBIOTEPOB HaWOOJbIIIEEe PacpOCTpaHEHUE B
Hacrosiee BpeMs HaxoasT IBM-cosmectumebie TTIK (ot 486 1o Pentium 11 500/800
MI n).



OnepatuBHas mamsth, TpeOyemass st SCADA-MakeToB pa3audHBIX
npou3BoAUTeNeH, Koaebnercs ot 32 no 128/256 MO.

TpebGoBanus k cBOOOAHOMY OOBEMY MaMsTH Ha >KECTKOM JIUCKE TaKXke
noctatouyHo MuHUMAITBHBI (100 — 200 MO).

MoryT Hak1aJbIBaThCS TAK)KE OTPAHUYCHUSI Ha KA4eCTBO U 00BbEM MaAMSITH
BUJICOKAPTHI, pa3pelieHre SKpaHa MOHUTOPA, pa3Mepbl MOHUTOPA.

TpeGoBanus Kk ammapaTHBIM CpEACTBaM, NPU3BAHHBIM TOJACPKUBATH
cepBepHble (PYHKIIMHU, MOTYT OBITh CYIIIECTBEHHO 00Jie€€ BBICOKUMH. DTO OTHOCHUTCS
U K 00beMy ONEpaTUBHOMN MaMATH, U K 00BEMY KECTKOTO JMCKA, KOTOPHI MOKET
U3MEPATHCS YXKE ACCITKaMU U COTHSIMU [ 0.

C npyroit  CTOpOHBI, MHOTHE KIHMEHTCKHME KOMIIBIOTEPHl  MPH
WCITOJIb30BAaHUU COBPEMEHHBIX CETEBBIX TEXHOJIOTHH, TaKWX, KaK apXHUTEKTypa
Server/Terminal, Internet-trexuosnoruii (WEB-cepBep), MOryT OBITH JOCTaTOYHO
cnadbix koHpurypamuii (IBM 286/386) ¢ MuHUMaIbHBIMH TPEOOBAHUSIMU KaK K
OTIepaTUBHOM, TaK M K IMUCKOBOM MaMsTH, a TO M BOBCE OE3TMCKOBBIMH.

Macmradbupyemocts - 310 cnocooHocth I10 SCADA mnapamuBarh
pa3Mepsl CHUCTEMBI yIpaBlieHUs, oOecrednBas MPH 3TOM MPEEMCTBEHHOCTH TIO
OTHOIIEHUI0O KO BCEM paHee YCTAaHOBJICHHBIM IMPOTrPaMMHO-ANNapaTHHIM
CpeICTBaM.

C pocToM MOIIHOCTH KOMIBIOTEPOB M COOTBETCTBYIOIIUM pPOCTOM
uHdopMaImoHHOW  MomHocTu — omepatopckux — craniuid  SCADA-cuctembl
CTaHOBATCSA MacimTadupyeMbiMd. OHHM BBIMYCKAIOTCS B Pa3IMYHBIX BapHAHTAX,
KOTOpBIC TPU COXPAHCHUU B IEJIOM (HYHKIIMOHATHLHOTO TPOGUIS TOAACPKUBAIOT
OT HECKOJIbKUX JIECSITKOB WU COTEH JO JECATKOB THICSY BXOJOB/BBIXOOB
(JIMLIEH3UPYEMBIX TOYEK).

EcTecTBeHHO, CTOMMOCTh TaKMX [IaKETOB pa3iMyHA: dYeM OOJIbIIe
nepemeHHbIXx momuepxkuBaeT SCADA-maker, TeM oH nopoxke. Ho sTo ymo6HO
NOTPEOUTENIO0 - MOXHO NPUOOPECTH MaKeT MOJ MPOEKT MPaKTUYECKH JIH0OOro

macurrada.



['paganms konmuyecTBa JHUIEH3UPYEMBIX TodeKk B paznuuHbix SCADA-
nmakerax pasnuyHa. B psane maketoB oHa Oojiee paBHOMEpHa, YeM B JPYTHX.
Hanpumep, Ha pbeIHKE TPOrpaMMHBIX MPOayKTOB MOKHO HahTh SCADA-makeTs
Ha 75, 150, 500, 1 500, 5 000, 15 000, 50 000, 150 000 u 450 000 mepeMEeHHBIX.
[Ipy STOM y4YHUTHIBAIOTCS TOJBKO BHEIIHHWE TMEPEMEHHbIC, CUUTHIBAEMbIE C
YCTPOMCTB BBOJ1a/BbIBOJIa. BHyTpeHHME IepeMEeHHbIE, KOTOphIe OyAYyT ONpeeIeHbI
pa3pabOTUMKOM TMpH  MPOCKTUPOBAHWUH, HE SBJSIOTCS  JIHIICH3UPYEMBIMU
(OecraTHbI), XOTS U OYJAyT XpaHUTHCA B MAMSTH KOMIIbIOTEpPA WM Ha >KECTKOM
mucke. Jpyrue Qupmer-npousBoguten  SCADA B ofmiee  KOJIUYECTBO
JUICH3UPYEMBIX TOUYEK BKIIOYAIOT W BHYTPEHHHE IepeMeHHble. Hampumep,
npuobpereHue Takoro mnaketa Ha 500 JHMIEH3UpPYEMBIX TOUYEK O3HAYaeT
cienytomiee. Ecnu B COOTBETCTBUM C TMPOEKTOM pa3pabOTUUKy MNOTpeOyeTcs
co3natb 100 BHYTpEHHHX TEPEMEHHBIX, TO CHCTEMa CcIocoOHa Oyzer
obpabateiBarh suiib 400 mepeMeHHBIX BBOAA/BbIBOAA. HOo M 0O BO3MOKHOM
pacIlMpeHny CUCTEMBI HE HaJI0 3a0bIBATh.

[Ipy pacmiupeHMH CHCTEMBl YIPABJICHUS, HalpUMEpP, YBEIUYECHUU
KOJTM4YecTBa 00pabaThIBa€MBIX MEPEMEHHBIX, CO3JaHUM HOBBIX CTaHIMHA IS
nepepacnpeiesieHuss BBIYMCIUTEIbHOW HAarpy3Kd MEXIy KOMIIbIOTEpaMU B
cucteme SCADA-makeTsl CHa0XaloTCd BCTPOCHHBIMU MEXaHU3MaMH, KOTOpbIE
MO3BOJIAIOT pa3pabOTYMKaM pPeaTn30BaTh Takue BO3MOXKHOCTH. C TOUKHM 3pEHUs
yno0cTBa HCMONab30BaHus ATUX MexaHu3MoB Bce SCADA-makeTsl pas3inyHbI.
MHuorue ¢upMbl TpeqIaraloT CHUCTEMBI, B KOTOPBIX OCHOBHas padoTa IIo
KOHQUTYPUPOBAHUIO KOMITBIOTEPOB KIIMEHT-CEPBEPHON apXUTEKTYpPhl XOPOIIO

ABTOMATHU3HUPOBaHaA.



5.11 DkcrmtyaTaliuOHHBIE XapaKTEPUCTUKH

K aroit rpymnne MOKHO OTHECTH:

— ynoOctBo wuHTepdeiica cpeasl pa3paboTku (3TO KaveCTBO
oOecrieunBaercss npuMeHeHueM Windows -T0g00HBIX HHTEP(hENCOB),
MOJIHOTA W HATJISAHOCTb MpENCTaBlIeHUs (PYHKIUMN CHUCTEMbl Ha JKpaHe,
ya00CTBO M MHGOPMATUBHOCTh KOHTEKCTHBIX U OTIEPATUBHBIX TOJICKA30K,
CIIPABOYHOM CUCTEMBI;

— Ka4eCTBO JOKYMEHTAIIMU - MOJHOTA, SICHOCTh W HAIJIAIHOCTH
OTMCAHUS CHUCTEMBI, TPUMCHCHHE YCTAHOBUBIICHCS TEPMUHOJIOTHH,
pycudukanus, ypoBeHb pycupUKaIuu (3KpaHbl, MOJICKa3KH, CIIPaBOYHAS
CUCTEeMa, CUCTEMHBIE COOOIIICHHS, JTOKYMEHTAIIUS);

— TMOJHOTa/HEeIOCTATOYHOCTh CPEJCTB JMATHOCTUKU COCTOSHHUS
CUCTEMBI TMpu cOOSX M OTKa3aX, HAPYIICHUSX BHEIIHUX CBS3EH;
TPYIOEMKOCTh H YPOBEHb aBTOMATU3AlUHA PA0OT MPH MHCTALISAIUNA H
KOH(UTYpUPOBAHUU CHUCTEMBI; BO3MOKHOCTH BHECEHUS U3MECHECHHI B
cucteMmy 0e3 ee  OCTaHOBKH U T.J.

— TMIOJIO)KEHHWE TPOrPAMMHOTO MPOAYKTa Ha PBIHKE: JUJIepCKast
CETh, KOHCYJIbTAIIMOHHAS TOJACPKKA, HAMYUE «TOpSUEH JTUHUN,
oOyueHue, yCcoBUsL OOHOBIIEHUsI Bepcuil (upgrade), KOJIMUYECTBO
VHCTAJUTALMN U T. 1.

OnpIT paboThl aBTOPOB Ha (aKyIbTETe TMOBBIIIEHUS KBATU(PUKALMH
CICIUAIMCTOB B O00JIACTM aBTOMAaTH3allUd TOKa3bIBaeT, 4YTO Ha MeCTax
CHEIUAINCTHl YaCcTO HCIHBIThIBAIOT TpyaHoctu B ocBoeHun SCADA wu3-3a
OTCYTCTBUSI KA4YECTBECHHOW JOKYMEHTAIlMd Ha TPHOOPETCHHBIC MPOTrpaMMHBIC
MPOAYKTHI. YYUTHIBas JaJleKO HE TIOTOJIOBHOE 3HAHWE AaHTJIMHCKOTO S3bIKa
MpOrpaMMHUCTAaMU W, TeM O0oJiee, TEXHOJIOTaMH, TOJApoOHAs U KadeCTBEHHas
JOKYMEHTAITUS Ha PYCCKOM SI3BIKE TIPOCTO HEOOXO0IMMA.

OKCIUTyaTallMOHHBIE XApAaKTEPUCTHKKA B 3HAYUTEIBHOM Mepe HOCST

CyOBEKTUBHBIM XapakTep U HE MOTYT OBITh OLIEHEHbI KOJWYECTBEHHO. O HHUX



MOXHO CYAUTh TOJBKO IO PE3yJbTaTaM MPAKTHYECKOrO HCIOIb30BAHUS
IPOTPaMMHOT0 TPOJYKTa: TECTUPOBAHUS, AamnpoOOMPOBaHMs, aHAJIN3a, OIbITA
NPOMBIIIJICHHOTO  BHeApeHus. KOCBEHHOW  XapaKTepUCTUKOM KadecTBa W
OTpaOOTAHHOCTH KPYMHOTHPAKHOTO MPOTPAMMHOIO TMPOJYKTa CIYXHT €ro
MOJIOXKCHUE Ha PBIHKE, IOCKOJBbKY OOJBIIOE YHCIO pean3aldii MPOJyKTa
CBHJICTEIILCTBYET O COJIUHOM OIBITC MPUMEHEHHH, YYTCHHOM TPU OOHOBICHHSIX
npoaykra.  KommuectBo  mHctamwmsiuuii  SCADA-makeToB  KpyMHEHIINX
npousBoauTenei, Takux kak WWonderware u Intellution (GE Fanuc), nepemaraysio

yxe 3a 200 ThICsY.

5.12 Ocuosuble nmoacucremMbl SCADA-akeToB

Co3naHve  COBPEMEHHOM  CHCTEMBbl  yMpaBleHHs  MOTpedyeT  oT
pa3paboTurka HEKOTOporo Habopa 3HaHui mpumeHsiemoro B mpoekte SCADA-
naketa. Uto xe Hamo 3HaTh 0 SCADA pa3paboTumky, mpucTynas K CO3JaHHUIO
poeKTa’?

Hnsa peanuzanun 6a30Bbix ¢GyHkuH SCADA-cucteMbl pa3paboTuuKy
noTpedyercs, KAk MUHUMYM:

— OpraHu30BaTh B3aUMOJICHCTBUE SCADA-nakera c
anmapaTHBIMUA CPEACTBAMHU aBTOMATU3AINH (KOHTPOJIJICPAMH );
— co3nath rpaduyeckuii uHTEpdEc IS qucnerdepa/onepaTopa,

T.€. OTOOpaKEHHE TEXHOJOTHYECKOTO TMpollecca M 3HAYCHUN MapaMeTpoB

Ha JUHAMHU3UPOBAHHBIX MHEMOCXEMaX;

— o0ecneunTh ONEPATHBHBIA  TEpcoHaNn  HWHPOpMAIMEH O

CUTYaIIMIX, CBI3aHHBIX C OTKJIOHEHHWEM TEXHOJOTHYCCKHUX MapaMeTPOB OT

3aJIaHHBIX 3HAYEHUH, O TIPEeIaBapUIHOM COCTOSIHUHM 00OPYI0BaHUS H T.I1.;

— HACTPOWUTH CHUCTEMY PETHCTPAllUd U apXUBUPOBAHMS JTAHHBIX H
X TPEJCTaBJIeCHHE HAa MOHHUTOPE B BHIE TPCHAOB, YTO TIO3BOJIAT
OTepaTopy MW CHEIUAIUCTaM MPOBOJWTH aHAJIU3 COCTOSHHUS TIpoliecca H

000py10BaHUSI.



MO>XHO MEpPEeYHCIIUTh €UIe s/l TUIOBBIX 3a/ad, PEIIaeMbIX B IPOILECCE
pa3pabOTKH CUCTEMBI yIpaBIeHHs (MA0JIOHBI OTYETOB, CTATUCTUYECKAs 00paboTKa
JTaHHBIX, B3aumojaeiictBue ¢ PBJl u np.). bomee Toro, mpakTHdecKd KakKabli
npousBoguTens SCADA mpeanaraer CBOM CHEUUATM3UPOBAHHBIC MEXaHH3MBI,
HaIpaBJeHHbIE Ha MOBBINIEHHE MH(GOPMATUBHOCTH OINEPATOPCKOrO MHTEpdeiica,
yno6cTBa paboThl ¢ HUM. be3ycioBHO, Bce OHM HE MOTYT OBITh PACCMOTPEHBI B
pamMKax JaHHOTO y4eOHOTO MOCOOus.

Jist  pa3paboTKM  KayeCTBEHHOIO  OMEpaTOpcKoro  uHTepdeiica
pa3paboTYNKy Takke HEOOX0auMO BiIaaeTh BCTpoeHHBIM B SCADA-MakeT SA36IKOM
nporpammupoBanus. C €ro moMouipl0 CO3JAIOTCA TaK Ha3bIBa€Mbl€ CLIEHAPUU
(ckpunThl) — GparMeHTHl MporpamMm, O0OECIEYMBAIOIINE ONEPATHUBHBIN MEpCOHAT
CBOEBPEMEHHOUN MH(pOpMaLIMEN U 00JIErYaroINe YIIPaBIeHUE IPOLECCOM.

Takum o6pazom, SCADA — 310 Habop MHCTPYMEHTOB (MOJACUCTEM) IS
pELICHUS IEPEUNCIICHHBIX BBILIE 33/1a4.

B3anmogeiicteue SCADA-TIakeTOB ¢ KOHTPOJIJICPAMH.

COop maHHBIX W yOpaBJICHHE MPEANOIAraloT MnepeMeiieHne nHhopMaiuu
MeXAy OOBEKTOM U cTaHuuend onepatopa. OO0sS3aTeNbHBIM MPOMEXKYTOUHBIM
3BEHOM B JTOM LIENOYKE SBJISETCS KOHTpOJUIep. B3anmonencTtBue KOHTpOJUIEpa,
KaKk TocTaBIIMKa W npueMHuka wuHbopmammu, co SCADA-cucremont
oOecrieunBaercs apaiiBepamu. Kakue apaiiBepbl MOCTaBISAIOTCA C TEM WIH MHBIM
SCADA-nakeToM, Kak yCTaHOBUTH JpaiBep, KaKUe MUAJOTH MPH STOM JOJKHBI
OBITH 3aMoOJIHEeHBbI, Kakas HH(popmMalus noTpedyeTcs pa3pabdoTuuKy, UMEeTCs JU
WHCTPYMEHTApUN 711 pa3paboTKu cOOCTBEHHBIX ApaiiBepoB? Ha 3Tu M MHOrme
JIPYrUe BOMPOCHI €IIE NPEACTOUT OTBETUTb.

Kpome storo, cuctema ympaBieHHUs BKIIOYAET, KaK MPaBUJIO, €UIE PsJl
KOMITOHEHTOB: CEpBEPhl JIAaHHBIX, paboOuyue CTaHIMU CICIHAIMCTOB U T.M. Bce
KOMITOHEHTHI CHCTEMBI YIIPaBJICHUS OOBEAMHEHBI MEXKIY COOOW MPOMBIIUICHHON
(ympasasitoieid) cetbto. CHCTEMBbl yNPaBICHUSI OTACIbHBIMUA TE€XHOJOTUYECKUMHU
npoueccamu (ACYTII) u apyrue mnoxpasnencHuss NPEaNpUsITHS O0BHETUHEHBI

MEXy coOol B JIOKalbHYIO BhIUHCIUTENbHYIO ceTh (JIBC). U 3mech Bo3HHMKaET



elie IeJblii psI BOMPOCOB: KakWe TOMYJApHbIE TMPOMBIIUICHHbIE CETH
nonnepxkuBaeT SCADA-makeT, Kakue MPOTOKOJBI OOMEHa C TUIIOBBIMHU
PENSIIMOHHBIMU 0a3aMU TAHHBIX MOTYT OBITh UCIOJIb30BAHbI?

['padmueckuit uaTepdeiic.

KauectBo oTOOpaskeHuss MH(POpPMaLMU HAa MHEMOCXEMaxX OMNpEeNeseTcs
XapaKTepUCTUKaMU IpauuecKuX BO3MOXKHOCTEH nakeToB. K HUM MOXKHO OTHECTH
rpau4ecKuii pelaKTop, BO3MOXKHOCTH CO3JaHUS OOBEMHBIX HW300paKCHUN,
Hanuuue OuONIMOTEK W pa3HooOpazue rpaduueckux 3aroTOBOK M TOTOBBIX
O00BEKTOB, OOTaTCTBO WHCTPYMEHTapus, MHOT0OOpa3ne TUHAMUYECKHX CBOMICTB
AJIIEMEHTOB MHEMOCXeM, (opMaThl UMIOPTHPYEMBIX H300paKEHUH, HaIMIue
UHCTPYMEHTApUS ISl CO3JaHMsI PacTPOBBIX PUCYHKOB, HAJMYKWE M BO3MOXKHOCTH
MHOTOOKOHHBIX PEKUMOB H T. TI.

[Ipy co3maHuM KOMIIOHEHTOB ONEPAaTOPCKUX HUHTepdericoB (Hampumep,
MHEMOCXEM) pa3pabOTUMKy MPUXOAUTCS HCIONb30BaTh Ipapuueckue OOBEKTHI,
MPEACTABIAIONIME COO0OM TEXHOJIOTHYECKHE anmaparbl (KOJOHHBI, E€MKOCTH,
TEIUIOOOMEHHUKU M T. J.), YYaCTKM TpyOOIpoBOJa M TaKH€ YCTPOMCTBA, Kak
KJIallaHbl, HACOCHI, JJIEKTPOIBUTATEHN, KOHTPOJUIEPHI, KOMIbIOTEpHl U T. A. Kak
OPaBUJIO, O3TO CJIOXKHBIE OOBEKTHI, IMOIYYEHHbIE OOBEAUHEHHEM MHOXKECTBA
IPOCThIX OOBEKTOB MIIM PUCYHKH THIa Bitmap.

Co3gaHue KaxJI0ro u3 3TUX OOBEKTOB TpeOyeT OOJBIIOTO BPEMEHH U
MOJKET 3HAYUTENIbHO 3aTSHYTh pa3paboTKy npoekTa. /st yckopeHus paboThl Haj
npoektoM mpaktudecku Bce SCADA-makeTsl mpeanaraer  paspaboTUHKY
OMOMMOTEKN TOTOBBIX OOBEKTOB, BKJIIOUAIOIIME COTHU M THICAYM TIpapUUecKux
KOMIIOHEHTOB.

6. MeTo/bl 1oCcTyNa U 3allUThl JAHHBIX

3ammTa JaHHBIX JOKHA 00ECTICYUTh MX O€30MacHOCTh M CEKPETHOCTD.
Ot nBe (QYHKIMM TECHO CBS3aHBI MEXAY COOOM, W ISl WX pealu3aliuu
UCIIOJIB3YIOTCSL OJTHM W TE€ JK€  PECYpPChl, HO MEXKIy HHUMHU CYIIECTBYET H

IPUHOUIINATIBHOC pa3In4une. HOI[ (bYHKIII/ICI‘/’I 0€30IacHOCTH TTOHMMAETCS 3aluTa



JAHHBIX OT HENPEAHAMEPEHHOI0 NOCTYIIA K JAHHBIM U MCKa)KEHHIO UX CO CTOPOHBI
MOJIb30BATENsI, a TaKkKe MNpH CcOOAX ammapaTHO-IPOrpaMMHBIX cpeAcTB. [lon
(GYHKIMEH CEKPEeTHOCTH IIOHMMAETCsl 3allluTa JAHHBIX OT MPEIHAMEPEHHOTO
noctyna. B Takux cimyuasx obecrieueHre ceKpeTHOCTH TpeOyeT aeneHusi Bceil B[
Ha pa3Jeisl:

—  OOLIEAOCTYIHBIE;

—  KOH(UJEHINAIIbHBIE.

Ilocne pasgenenus, AamuHucTparopsl bJl TOJDKHBI IPUHATE MEpHI IO
00€eCIEYEHUI0 CEKPETHOCTH, UX, B CBOIO 0YEPE/b, MOKHO PA3AEIIUTD:

—  TEXHUYECKHE;
—  OpraHM3allOHHBIE.

B  nmanpHeldimmeM OyneM  paccMaTpuBarTh  BOMNPOCHI, CBSI3aHHBIE €
TEXHUUYECKUMHU acCIEeKTaMHU 00ECIeueHUs] CEKPETHOCTH U OE€30MaCHOCTH, IPU ITOM
CYBJl He MOXeT pa3peliuTh BBIOJHEHHE Kakux-iaubo omepauuid Hajg b/,
ITOJIB30BATEINI0, HE MOJIYYMBIIEMY HA 3TO COOTBETCTBYIOIIETO MTPaBa.

[Ipu perieHny BOIPOCOB 3aIIMUTHI JaHHBIX B 003aHHOCTU aJIMHUHHUCTpATOpa
Bb/I Bxoaur:

— Kjaccupukauus — JaHHBIX B COOTBETCTBUM  C  HX
UCIIOJIb30BaHUEM,;

— OIpEeNeseHrue IMpaB JOCTylla OTHENBHBIX IIOJB30BATENEN K
ONPENEIICHHBIM TpylIaM [JaHHBIX W ONPEACIICHUE OIPaHUYCHHUM Ha
XapakTep onepauui, BHIIOIHAEMBIX MTOJIb30BATEISIMU C I TUMHU JTaHHBIMU;

— Opra’u3anys CUCTEeMbl KOHTpOJIA focTyna K b/;

— TECTUPOBAHUE BHOBb CO3aBAEMBIX CPEICTB XPAHEHHUsI TAHHBIX;

— MEPUOJNYECKOE  MPOBEACHUE  IPOBEPOK  IMPABHIBHOCTH
(YHKIIMOHUPOBAHUS CUCTEMBI 3aIUTHI JAHHBIX;

— HCCIEeOBaHue BO3HUKAIOINX CIIy4YacB HapylIeHUs
IIPAaBUJILHOCTU CUCTEMBI 3a1UThI b/;

— UCCJIEJOBaHHE COBPEMEHHBIX TEXHOJIOIM B OOJACTH 3aIlUThI

JaHHBIX.



PaccMOTpuM BO3MOXHBIE YPOBHM CaHKIIMOHHPOBAHHOTO JOCTyHa JJIsd
Pa3JINYHBIX TUIIOB NOJIb30BATEIICH:

1. HeorpaHMUYEHHBIH JOCTYIl KO BceM OTHomeHusM bJ u ux
MTOKOJICHUSIM;

2. HEOTPAaHUYEHHBIM [JIOCTYNl K TpYIINE OTHOUIEHUH U HX
MOKOJICHUSIM;

3. OrpaHMYEHHBI JOCTYNl K TpYyINe OTHOINIEHHMA U UuX
MTOKOJICHUSIM.
JUJIst OTHOIIEHH pa3IMyaroT CIeAyIOIMEe YPOBHU JOCTYyIA!

1. HeorpaHMYEHHBIA JOCTYIl KO BCEMY OTHOIIECHUIO U JJI BCEX
THUIIOB ONEPaLINN;

2. MOCTyN K JIOOOW YacTH OTHOIICHHS, HO C MPaBOM M3MEHEHUS
TOJIBKO YaCTH OTHOILLIEHUS;

3. HEOrpaHWYEHHBIN JOCTYN K YacTU aTpUOyTOB AJI BCEX THUIIOB
OTEpalnii;

4. poctyn K 000U YacTU OTHOINICHHs, HO Oe3 MpaBa U3MEHEHUs
€ro COJIePKUMOTO;

5. IOCTYyN TOJIBKO K YacTH aTpuOyTOB, C TMPAaBOM HM3MEHEHUs
3HAYEHUsI YaCTH JIOCTYIHBIX aTpUOYTOB;

6. mOoCTyn TONBKO K YacTW aTpuOyTOB, O3 mpaBa M3MEHEHUS HX
3HAYEHMsI, U 3aMpeT IOCTyIa K OCTaJIbHBIM aTpudyTaMm;

/. HEOTPaHUYEHHbIA JOCTYH TOJBKO K OJHOMY KOPTEXY
OTHOUIEHUS AJI1 BCEX TUIOB ONEpalnii;

8. JmocTyn TOJBKO K OJHOMY WJIM TPYIIIIE KOPTExkel, Oe3 mpasa
VU3MEHEHUSI ITUX KOPTEKEM;

9. moctym, B COOTBETCTBMU C M.l...M.8, HO C OTpaHUYEHUEM IO
BPEMEHU;

10. 3anper Ha JOCTYI K JIFOObIM YacTsIM OTHOLLEHUS JIJISl BCEX

THUIIOB OMEpaIH.



JIaHHBIN CHUCOK YpPOBHEH MAOCTyIa IMOJIb30BaTeNell OTpakaeT Kak Obl
TpeOyeMblil Juamna3oH paboThl CUCTEMBI U €€ HEOOXOIMMYIO THOKOCTD MPH 3aIIUTE
naHHbIX. OJIHAKO pealbHO TaKuX CHCTEM HE CYIIECTBYET BCJEACTBHUE OOJIBLIMX
BPEMEHHBIX, PECYPCHBIX, allllapaTHBIX 3aTpar.

PasznuyaroT cneayronme 0CHOBHbIE METO/IbI 00€CIICUEHM S 3aIUThl JaHHBIX:

—  WACHTU(UKAIUS TO0JIb30BATENEH;
—  yIpaBJE€HUE JOCTYIIOM.

Nnentuduxamus nonb3oBarens. Aamunuctpatop bJl, npenocrasisis
MOJIb30BATENI0 TpaBa JIOCTYNa, JOJDKEH YyKa3aTb CHUCTEME, Kakue IpaBa
IPEIOCTaBIEHbl  IOJb30BATEN0, CPOPMHUPOBATH NACHOPT IMOJb30BATENs U
OIpEeNENUTh CPEJICTBA MJEHTU(UKALUU Toyb3oBarens. B cBoo ouepenb, mepen
HayaJioM ceaHca paboThl ¢ CUCTEMOM MOJIb30BATENb JTOJIKEH:

—  uaeHtuduIupoBarth ceds;
—  MOATBEPAMUTH MOJIUHHOCTH CBOEH HICHTU(PHUKALIUY.

[Ipouecc naeHTHPUKALNN TOJIB30BATENS BBIITOIHIETCS C TOMOIIBIO JINOO C
CUCTEMHBIM  WJCHTU(PHUKAIMOHHBIM  HOMEpPOB, JIMOO  MAalIMHOYHUTAEMOTO
uaeHTUUKaTopa, 1100 HOMEpa TEPMHUHAJIA, 3aIPOCUBIIETO CEAHC PAOOTHI.

[Ipouecc moaTBepkA€HUS MOJIMHHOCTH — OOMEH HH(OpMaIed Mexzy
II0JIb30BATENIEM U CUCTEMOM.

Bo MHoOrux cucremax BTOpas MpOBEpPKa MOJIb30BATENS HE PEaIM30BaHa.

VYmopasiaenue poctynoM. B macmopr mnonp3oBarens JOJDKHO BXOJHTH:
UJCHTU(UKAIIMOHHBIA HOMEp, MPOLEAYypa ONpeaesieHUus MOMJIUHHOCTH, MEePEUYCHb
paspenieHHbIX onepaiuii. OqHaKko, B psijie ciiydaeB, MH(PpOpMaAIMU O pa3pelieHHbIX
olnepanusax OKa3bIBAETCS HEJOCTATOYHO, /ISl PEUIEHUS BOIPOCA O JOIMYCTUMOCTH
BBINIOJIHEHUS 3TUX OINEpaluid ¢ KOHKPETHBIMU JAaHHBIMH, MO3TOMY IJsl KaxaOou
IpyNIbl JAaHHBIX HEOOXOJUMO HMMETh CBA3aHHBIM C HUMH Ha0Op OrpaHUYEHUI
JOCTyIa:

—  YCJOBHME, KOTOPOMY JIOJDKHBI YAOBIJIETBOPSTH IOJb30BATEIb,

YTOOBI UMETh IOCTYII K ATOU TpyIIe JaHHbIX;



—  [maponib,  NPEAbSABISEMBbIA  OpH  BBIOOPKE  HEKOTOPOM

KOMOUWHAITUN JaHHBIX;

—  MapoJib, NPEAbABISEMbI MpU MOAUDUKAIIMY TAHHBIX.

JUist  OTClIeXMBaHMS 3TOrO HAO0Opa OrpaHWYEHUN JIOCTyNa JOJDKHA
CYILIECTBOBATh CIEIUalbHAasl MpOTpaMMa, M €CJIM YCIOBUE WJIM OTpaHUYCHHE
JOCTyTa OB HApPYUIEHBI, TO CUCTEMA JIOJKHA:

—  TIOJIaBUTH BHITIOJHEHHE ONepalnii, TpeOyeMbIX MOJIb30BaTENEM;
—  BBIJIaTh €My CUTHAJI OIIKUOKH;
—  3a(UKCUpOBAaTh B CHEIUAIBHOM >KypHaie (HaKT MONBITKU

HapylIeHus: 0€30MaCHOCTH.

AnropuT™M (PYHKIITMOHMpPOBAaHUS TOJOOHOW MporpaMmbl OasupyeTcs Ha
akcuoMme O€30IMacHOCTH, KOoTopas (popMyiaupyercss ClIeayroluM oOpa3oM: eciu
KoMOuWHaIus aTpulOyToB Aji,...,AN JOCTymHa (3amperieHa) nosib3oBatento 'X', B
3aBUCUMOCTH OT yclioBus 'B', TO u moakomMOuHAIMs aTpuOyTOB TaKXkKe JOCTYITHA
(3ampemena) 'X' o 'B'.

CocTtaB NpOBEPOK BBIMOJHAEMbIX CHEIUAIBHON MpPOrpaMMoM, OOBIYHO
(1 (14%00)1117178

1. mpoBepsieTcsi, Bce JM OTHOILUEHUS, YIMOMSHYTbIE B 3aImpoce,

JIOCTYITHBI MMOJIb30BaTeNto 'X';

2. TIpOBepseTCS, BCE JIM TIOKOJEHHs, YMOMSHYTHIE B 3aIpoce,

JIOCTYITHBI MMOJIb30BaTeNto 'X';

3. mpoBepsieTcs, Bce M KOMOWHAIMU, YIMOMSHYTHIE B 3ampoce,

JIOCTYITHBI MOJIb30BaTeNtO 'X';

4. mpoBepsieTcs, 3a7aHbl JU KBATHU(DHUIMPYIONIME BBIPAKCHMUS,

KOTOpbIE OrPAHWYMBAIOT JOCTYIHBIM Tosb30Bareno 'X', nuanazoH

aTpuOyTOB, U MPOBEPSIETCS, JICKAT JIM 3aNpalliBacMbie aTpUOYTHI B 3TOM

JUara3oHe.



