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8000CcHabXeHUs.
memodom momoezpachbuu rpouyecca.

lpednoxeHa cucmema MOHUMOPUH2a B8000MPO8odHOLU cemu

The paper is focused in studying problems of safety in watersupply systems. It’s
offered the system for monitoring watermain using method of tomography on the

process.

BBenenue
[IpobnemaTtnka 0€30MaCHOCTH, CBsI3aHHAS C
(YHKIMOHUPOBAaHUEM CHCTEMbI  BOJOCHAO0XKEHHS,

HMEEeT B HACTOsIIEe BpeMsl OCHOBHOC 3HAYCHUE,
0COOEHHO BBHJIy COBPEMEHHBIX yIPO3 IUBHIN3AIUH.
DTO CBS3aHO TaKXKe C TE€M, YTO BOJIOCHAOKEHHE —
3TO COCTaBHAash YacTh HHQPPACTPYKTYPhI, KOTOpas
(YHKIIMOHUPYET B TOPOICKOI arioMeparuu.
MOHHUTOPHHT SBIISETCS HCCICIOBAHUEM, aHAIMU-
30M H OIEHKOW COCTOSHHS CHCTEMBI C MEIBI0
obciienoBaHus e¢ U3MEHEHWH. MOHUTOPHHT
XapaKTepU3yeTcss CHCTEMAaTHYHOCTHIO  HCCIENO-
BaHUWl, NPOBOJUMBIX Ha TPOTHKCHUH YCTAHOB-
JICHHBIX TPHWHIWIIOB W Tpouexayp. MOHUTOPHHT H
KOMIBIOTEPHOE MOICTHPOBAHNE B HACTOSIIEE BPEMs
CTaHOBATCA CTaHAApTOM TIIpU OKCIUTyaTalluu U
yOpaBJIeHUN CHCTEMaMH KpHUTHYECKOW wH(pa-
CTPYKTYpBI, K KOTOPOHl OTHOCHUTCS CHCTEMa
BoJjocHaOxeHus: [6]. MOHHUTOPHHT  SBJISETCS
HEOOXOMUMBIM JJIl  yNpaBIEHUS JKCIUTyaTallen
4yepe3 KOHTPOJIb, PETYIUPOBAHHWE W HAIpaBJICHUE.
3amaHreM MOHUTOPHHTA SIBISICTCS MUHHMAJIH3aIUs
HApYIICHUA B BOJOCHAOKECHUH M BPEIHOTO BIIHSHUS
Ha 370poBbe JtoAeil [2]. MOHUTOPUHT COCTaBisIET
TPYIIy CKOOPJIMHUPOBAHHBIX JeHCTBUH  (W3Me-
peHusl, HakoIuleHne, oOpaborka nmaHHBIX). CoBpe-
MEHHBIi MOHHTOPWHT HCHOJB3yeT MPOTPAMMBI
yIpaBiieHus1 (TIPOTpaMMBbI JIOTHYECKOTO KOHTPOJIS),
OeckaHaIbHYIO TPAHCMUCCHIO JaHHBIX — TEXHOJIOTHH
r100abHBIX MOOWIBHBIX CHCTEM, KOMITBIOTEpHOE
yIpaBJIeHHE U BU3yaJIbHOE IPOTPaMMHUPOBAHNE.
enbto pabOTBI  SBJISETCS  TPEAOCTABICHUE
BO3MOXKHOCTCH MOHUTOPHHTA COCTOSHHS Oe3omac-
HOCTH C MCIIOJIb30BaHHEM MPOMBIIIICHHOW TOMOTpa-

¢un mporeccoB u (GUIOCOPUH arperanuy JaHHBIX

HU3MEpeHUil.

O0beM MOHHTOPHHTA BOJONPOBO/HOI CETH
3ajaHieM MOHHMTOPHMHIA BOJOINPOBOJHOI ceTn

SIBJISIETCS JUTMTENbHAsT MIACHTH(UKAIMSA U perucrpa-

LUl COCTOSIHUSI M M3MEPEHUS] BEINYMHBI THIpPaBIIH-

YEeCKUX I1apaMeTpoB, KadecTBa BOJBI M €€ TEeXHH-

YECKOr0 COCTOSIHUS. OTO TMO3BOJISIET IPAaBHUIBHO

VIOpaBIATh paclpeieieHneM BoAbL, 3(PQeKTuBHO

KOHTPOJMPOBATh KAadeCTBO OKAa3bIBAEMBIX YCIYT,

CBSI3aHHBIX C JOCTaBKOH BOJBI JJIS MOTPeOICHUS

HEOOXOMMOTO KadecTBa B HEOOXOAWMOM KOJH-

YEeCTBE U HY>KHOM JIaBJIeHUH [2, 6].

Wudopmanns Juist ynpaBieHHs ¥ PETYIISLHHN:

— HU3MEpeHHe U  KOHTPOJIb THJAPABINYECKUX
apameTpoB;

— HW3MEpeHHe U KOHTPOJIb KauecTBa BOJBI;

— HW3MepeHue, KOHTPOJb M COMOCTABJICHHE KOJIH-
4eCcTBa BOJbI, OIICHKA MOTEPh U MIACHTH(UKAIIMS
Teuu;

— JOCTaBKa 10 3/aHui M KaJMOpOBKa CHUMYJIS-
LIMAHBIX MOJIEIIEH.
Wudbopmarus s

COCTOSTHHS:

— anpoOHMpoBaHME MaTepHasa TpyOOIpOBOIOB;

— TeJeBH3MOHHAS MHCIICKIIHS;

— TIPOCMOTP apMaTypHl.

Wudopmanus a1 OIeHKH HaIe)KHOCTH:

—  PperucTpaIys aBapuiHOTO COCTOSHUS;

— HEMpPaBWIHHOCTH (YHKIIMOHUPOBAHUSI.
Komnvlomepnaa cucmema ynpaeneHus muna

S§CADA
Omneparop CUCTEMBl BOJOCHAOXEHUsI JOJDKCH

UMETh JOCTYN K MH(OpManuu, KoTopas INpecTaB-

OIICHKHA TCEXHHUYCCKOT'O



Haykosi npaui. Bunyck 72. Tom 85

80

JsieT JIeHCTBUSL CUCTEMbl aBTOMAaTHUKH, 4YTO MJacT
BO3MOXKHOCTh YIIpaBJIeHHs paboToH MOJICHCTEM H
00beKkToB. Takylo poib HCHOJNHAET CHUCTEMa THIA
cucteMsl koHTposst SCADA (anrn. System Control
and Data Acquisition). Ona mo3Bomsier cbop u
npeoOpa3oBaHUe NaHHBIX, BU3YyAILHOCTh COCTOSHUS
IpoILecca U PETyIMPOBaHHE HUM, MPEeRyNpeKICHUE

W PETUCTPALMI0O HEXENaTeNbHBIX CIy4aeB H
coepexxenre manHbix [2]. C momompio SCADA
orepaTop MPOBOAWT HAA30p 3a pabOTOH CHCTEMBI
BOJIOCHAOKEHMsI, a »SKCIUIyaTallHOHHBIE CITY>KOBI
3aHIMAIOTCS 00CTY>)KUBAaHUEM CHCTEMBL.

Ha puc. 1 nmpencraBineHa cTpykTypa Hporpam-
mupoBaaust SCADA.

KoMMyHHKaIHOHHBIE IPOrPAMMBI

— COop maHHBIX

- VYmpaBneHue JaHHBIMA

— BusyanbHoe o0cnenoBanue
— PerynupoBanue

— Ilpenynpexnenue

TJIABHBI MOYJIb

OnuuoHaIbHBIE MOTYJIH

Puc. 1. YcrpoiicTBo cTpyKTYpHI Kiaaccuuyeckoil cucrembl SCADA

MOHUTOPHMHI COCTOSIHMA 0€30IIaCHOCTH MeTO-
JI0OM TOMoOrpaguu npouecca

MoHUTOPHHT PabOTBl OTHACNBHBIX JJICMEHTOB,
00BEKTOB, MOACUCTEM, BXOJSIIUX B COCTAB CHCTEMBI
BOJOCHA0)XCHUS, TNPEICTaBIAeT COOOH OCHOBHYIO
nperpagy Iepel yrpo3od BO3MOXXHBIX —Hexela-
TENBHBIX ciy4aeB (aBapwii). MOHUTOPHHT TpeOyeT
UCIIONIb30BaHHS M3MEPUTEIbHBIX METOJIOB, KOTOPBIE
HHOOPMHUPYIOT CBOCBPEMEHHO O COCTOSHUM IHapa-
METPOB, XapaKTEpU3YIOIINX HOMHHAIbHYIO (6e30-
MACHYI0) pa0OTy CHCTEMBI BOJOCHAOKEHHS, a TaKKe
PETHCTPUPYET NepeceyeHre YCTaHOBJICHHBIX TPAHHII.

Tomorpadusi TPOLECCOB SBISETCA MEPCIEK-
TUBHBIM METOJIOM, KOTOPBI HaXOJHUT BCE HOBBIC
NPUMEHEHUSI TIPU MOHUTOPUHIE TEXHOJOIMYECKUX
HPOLECCOB. DTO MO3BONISET MOJIYYHTh ICKTPOHHYIO
KapTUHY B JICHCTBUTENBHOCTH BHYTPEHHHX SIBJICHUM
TeXHH4eckoro obopynoBarus. Ocoboe 3HaveHHE
HUMEeT Ciydail, Korja HeT BO3MOYKHOCTH ITOJIy4EHUsI
ONTHYECKO KapTHUHBL. B 3TOM cyIiecTByeT mosHas
aHaJIOTHsI C UCIIOJBb3YeMOH B Hacrosiiee BpeMms
TOMOrpaduy B MEIUIIMHE.

Buowvt momozpagpuu

B 3aBucumMocTM OT TPUHIMUIIOB
paanlxma}oT CJIE/IYIOLIIE BH/Ibl TOMOTpadUH:

ToMorpadus ONTHYECKass C HCIOJIb30BaHUEM

ANIEKTPOMArHUTHOTO M3JTy4EHHUS;
— Tomorpausi MarHeTHIHOTO SIIEPHOTO PE30HAHCA;
— ToMmorpadus yIbTpa3zByKoOBas C HCIOJIb30BAaHUEM

aKyCTHYECKUX BOJIH;

TeHCTBHS

— Tomorpadus EMKOCTHas, INPOBOJHUKOBas (Oe3-
peakTHBHAs), MHIYKIMOHHAS C MCIOJIb30BaHUEM
N3MEPEHUH IEKTPUUECKUX CBONCTB;

— ToMmorpadus ¢ UCHOJNB30BaHUEM I'aMMa- U PEHT-
TEHOBCKUX M3ITyUICHUI;

— Tomorpadus OSMHCCHUM  TIOJOKHTEIbHBIX
TPOHOB.

Haubonee pa3BuTOol sBIE€TCS CHCTEMa TOMO-
rpadun emroctHoU (ECT) u Ge3peaktuBHoii (ERT),
KOTOpasl HCIIOJIb3yeT M3MEHEHUs EMKOCTH WM
MPOBOAMMOCTH  MCCJIEAyeMOro IieHTpa. B dase
BHEJIPEHHBIX HCCIICOBAHUI HaXOAUTCS CHUCTEeMa
MYJIBTUMOJAILHON TOMOTpaduu, KOTOpas HCIIOJIb-
3yeT 1Ba u Ooslee METOIOB OJHOBPEMEHHO.
Haunbonee pa3Butoif siBIsIeTcs paboTa ¢ HUCHOJB30-
BaHMEM TOMOTrpauy TIOJHOTO  COINPOTUBIICHUSA
(EIT), xoTopas mo3BOJSET OJHOBPEMEHHO HU3MEPATh
€MKOCTH M IPOBOAMMOCTb HCCIEIYEeMOTO LEHTpa
[4, 5].

Hoen npoyeccnoit momozpaguu

Kapruna monyuaercst Onaronmapsi YCTaHOBKE
JnaT4ukoB. CUrHAJIBI ¢ TaTYMKOB 3aBHUCST OT KOMIIO-
HEHTOB BHYTPH  HCCJIEJyeMOTO MPOCTPAHCTBA.
Kommbrorep mnpeoOpasyer curHaiabl € JaTYHKOB,
BO3HUKAIOIIUX B OMpEJIENICHHOEe BpEMs, B TOMO-
rpagu4ecKy0 KapTHHY IIOIIEPEYHOTO  CEUYEHHs
HCCIIEAYeMOTO TaTINKaMH ITPOCTPAHCTBA.

Ha puc. 2 npexacrasiena oOmast cxema nporec-
CHOH TOMOTpapum.

OJICK-

> 1 — pacrmooxeHre U3MEPUTEIBHBIX
JJIEKTPOIOB;
— 2 — 3JIeKTpOHHAsT 00paboTKa U3MEPSEMBIX
| 1 2 3 CHTHAJIOB,;
3 — KOMITBIOTEPHOE TOJIyYCHNE KAPTHUHBI.
.

Puc. 2. Cxema nponeccHoii Tomorpadun



TexHo2eHHa be3rneka

JlaHHBIE KapTHHBI MOTYT OBITh aHATU3UPOBAHBI
KOJIMYECTBEHHO, UYTO MOJXKET OBITh HCIIOJIB30BaHO B
CTpaTeTUU TMPOBEIECHHS IPOLECCa WIH C LENBIO
Pa3BUTHsI MOJENUPOBAHUs ITPOLECCA.

IlIpomviuunennoe ucnonv3osanue

ITpoumeccHast ToMorpadmst TONydHiIa TpHME-
HEHUE IpPU BBISIBICHUU ONACHOCTEH OKpYyXKarolleu
cpenmbl — 3arpsiI3HEHHUE TPYHTa, BOJIBI B OMOpeakTopax
U KOJUIOWJHBIX CHCTEMaxX, HpU MHOro(ha3oBoM
KOHTpOJIE pacXoja BOABI, KOrja HEOOXOIUMEI
JaHHBIE O 3HAUUTENIBHON pa3sHHIlE NMIOTHOCTH WU
THIPABINYECKOH TPAHCIIOPTUPOBKE. 3aperucTpu-
POBaHHBIE aHHBIC CIIyXaT TakXke AJIA JIEKTPOHHOU
00paboTKM KapTHH ONACHBIX IIPOLECCHBIX SIBJICHHUH C
HCTONB30BaHUEM PETyJIUPOBaHHS IMPOLECCOM WU
cucTeMaMH 0€30T1acCHOCTH — CHTHAIN3aIHeH.

MOHHTOPHHT COCTOSTHHSI 0€30MacHOCTH depe3
CUTHAJIM3ALHUIO O KPUTHYECKOM COCTOSTHHU — 3TO:

— TIEpETNONIHEHNE PE3EPBYapOB;
— HEeXellaTeIbHbIE XUMHUYECKHE PEAKIINU;
— aBapHM TEXHUYECKOTo 000pyIOBAHUS.

Meronet ERT u EIT npumensitorcs B mporecce
¢uipTpanMu  Yepe3 MOHHUTOPHHI, BH3YyalbHOE
HaOJIoIcHHEe U ONTHUMU3AIMIO PACXOAa JABICHUS U
BpeMEeHH paboThl MEXIy IMKIaMHU IPOMBIBKH,
TaKKe dYepe3 JIOKAIHM3aLUI0 YyTedeK (Herepme-
TUYHOCTB) M3 TPYOONPOBOJOB, YTO YBEIMUHBACT
3G PEKTUBHOCTh CHIKEHHUsI BO3MOXHOCTEH aBapuH
Ha 00BEKTaX.

Tomorpadusi MOJHOTO CONPOTHBIECHUSI HCIIOIb-
3yeTcd IpPU HCCIEJOBAaHUSAX OTCBIPENBIX CTEH
MOCTpoeK pa3Horo tuma [1]. DToT meton sBisieTcs
0COOEHHO TMNPUTOAHBIM TPU  HCCIEAOBAHUAX
HEpa3pyUICHHBIX B pe3ylbTaTe KOPPO3UHM MaTe-
pHaNoB, TPH HCCIEIOBAHUN HW3MEHEHHUil, TNpouc-
HIEIINX IO/ BIUSHUEM CBIPOCTH, HMPU TPEIIMHO-
o00pa3oBaHuu MaTepuaos [7].

Metoaoaorusi npeodpa3oBaHusi
MOJTYy4YeHHBIX ¢ MOHUTOPHHTA

Anrnmiicknii TepmuH “data fusion” o3Havaer
METOJ Ipeo0pa3oBaHMsl JaHHBIX Yepe3 uX
oovenuuenne (FDP), menpio kotoporo sBisercs
MoJydeHne HWH(GOPMAIMK OT HECKOJIBKHUX HCTOY-
HUKOB, IpeoOpa3oBaHHe B HH(GOPMAIHIO BBICIIETO
Ka4yecTBa, 4eM HH(POpMAIHS OT KaXI0TO OTAEIHFHOTO
ncrouHuka [3].

Tepmun FDP M0HO HCII0JIB30BaTh BCEr/Ia B TOM
cnydae, korja pacnopsaurens FDP umeer myumyio
Ka4eCTBEHHYI0 HH(OpMalMIo, 4YeM MOTpeOuTemb
OpUTMHAIBHBIX JIaHHBIX. Poct kawyectBa HHQOP-
Malliu MOXKET HACTyNaTh B 00bEME JI0 HACTOSIIETO
BPEMEHH TIIOJYYEHHBIX C MOHHTOPUHra pabOTHI
CUCTEMBl WM IPHUBJICYEHUE HOBBIX BO3MOXHBIX

JAHHBIX,

B3aMMO3aBUCUMOCTEH, KOTOpblE JO HACTOSIIEro
BpeMeHH He Obumn poctymHbel. Meton FDP
3aKJIIOYaeTcss BO  MHOTOYPOBHEBOHM  CTPYKType

JAHHBIX, BBIXOSIINX W3 AATYNKOB, CTYNIEHUIATON UX
arperanuy, 70 TOJy9YeHHs jKelaeMold WH(OpMAIINH,
KOTOpasi TPUTOJHA Ui TIPUHATUS PEIICHHUS IS
pean3annuy MOCTaBICHHBIX IeJeH.

Wcnons3oBanne FDP Taxkxe maeT BO3MOKHOCTH
npeoOpa3oBaHusl JaHHBIX ABTOMATHYCCKH, YTO
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HEOJHOKPATHO TMPHUBOJUT K HCKIIOUYEHHUIO POJIU

orepaTopa Ha JJAaHHOM YPOBHE PEIICHHS IPOOIEMBI.

HctounnkamMu wHGOpMAIMA B COBPEMEHHOM
MOHUTOPHHTE (QYHKIIMOHHUPOBAHHUS CHUCTEMBI BOIO-
cHaOxeHuss SZW sBIseTCs M3MeEpUTeIbHOE 000pY-
JIOBaHWE, TEHEPUPYIOIIee IaHHBIE 110 KadecTBY,
KOJIMYECTBY U AaBjeHUIO BoAbl. Vcnonb3osanue FDP
OCHOBaHO Ha 3¢¢ekre cuHeprun. C TOYKH 3pEHUSA
TEXHUKH, Hadyajlo HChojp30BaHus weroga FDP
natupyetrcs 80-mu rogamu XX CTONETHSA, XOTA B
JKUBBIX opranusmax tun FDP uzBecten ot npanenos
— Hampumep, ¢ MOMOIIBI0 3pPEHUs, CclyXa, BKyca U
MPUKOCHOBCHHUS  TpaHCHOPMHUPYETCS B MO3T,
KOTOpBIN TEHEepUpyeT HOBYIO HH(popMauuio. OTOT
Bun FDP pasBuBaercs B pesynpTate WHpOpMa-
UOHHBIX TOTpeOHOoCcTel. B  Hacrosmee Bpems
ucnons3oBanue FDP cBs3aHo ¢ ompeaencHuem
METCOPOIIOTHICCKUX HW3MCHEHUH, OOHapyKeHHEM
OTIACHOCTEH OKpY’)KaIoLIeH cpelsl U T.1., UCTIONB3YS
UL OTOW IENMM TEXHUYECKHE HCTOYHHKH O0cie-
JIOBaHUS (HaIpuMep, pajiapbl).

EcrecTBeHHBIE ONACHOCTH LMBUIM3ALUN CBS-
3aHBl C (QyHKIHOHUpOBaHueM SZW, otcioga u
HEOOXOJAMMOCTh MOHUTOPUHTA, BBIABICHUS U
MPETYIpPExKICHHS.

OmHako cymecTByeT Oapbep MaTeMaTHIecKOi
aJIeKBaTHOCTU Mojeneil, ncnonszyroumx FDP [3].

PasmiuaroTcs ciemyromue Omneparyu, peaxmus3o-
BaHHble B FDP:

— COIIacOBaHWE HAaHHBIX PA3HBIX MCTOYHUKOB M HX
YHEDUIPOBAHKE, HOPMATH3AIUS HIH BPEMEHHO-
MIPOCTPAHCTBEHHAsI KOOPAWHAIINS;

— COCIMHEHHWE JAaHHBIX uepe3 co3JaHue 0a3kbl,
KOTOpass OTHOCHUTCS K JaHHOMY OOBEKTYy CHC-
TEMBI,

— CO3JaHME TIpaBWJI HA OCHOBE OIpeAeTeHUs
CBSI3EH  MEXAY PpasIUYHBIMU  COCTOSIHHSIMH
00BEKTOB, BXOJISIINX B COCTAB CHCTEMEI;

— OICHKa HACTOSINUX M MPOIICAIINX IOTped-
HOCTel B 00JacTH MOHHTOpPWHTa (HYHKIHOHH-
poBanust SZW.

Hcnonb3oBanue FDP tpebyer yuera cienyromei
MpOoOIeMaTUKH:

— CYIIECTBYeT Oapbep, 3aKIIFoUarouIuiicss B 00s3a-
TeIPHOM  HWCIIOJIHEHHHM TIpaBWjia — JIeTde
oOciien1oBaTh M MOJTydaTh JaHHBIE, YeM Ipeolpa-
30BBIBATH B CHCTEMAaTH3HPOBAHHYIO HH(MOP-
MAIuIo;

— B HACTOfILEE BPEMsI UMEEM JIEI0 C MHOKECTBOM
JIaHHBIX U OTHOCHUTEJIBHO MaJIO MCIIOJIb3YyEeM UX B
CUMYJIILIMOHHON MOJIENH;

— CleQyeT CYUTATbCA C TEHACHLUEH MOCTOSHHOIO
pocTa YUCICHHOCTU JaHHBIX WA (PaKTOM, UYTO
TpebyeMble peakuu OIeparopa, B OCHOBHOM Ha
OTIaCHOCTB, ITOCTOSTHHO CHIDKAIOTCS,

— B Ipenenax MOAETHPOBaHMS (yHKIIHOHNPOBAHUS
SZW cnenyet ydecTh aBapUHBIN CIICHAPHUIL.

B ocnoBnom nentp FDP ¢ momomipio cumynis-
IIMOHHBIX MaTeMaTHYECKUX MOJENeH MOKa3bIBaeT ¢
JOCTYITHBIX ~MCTOYHHKOB CIHMAHUS JaHHBIX W
apdekroM 3TOro sBIAETCS OLEHKA IPaBIOINO-
JIOOHOTO IKCILTYaTAlIMOHHOTO COCTOSTHUS SZW.
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BriBoabI

XopolIo 3alUIaHUPOBAHHBIA M CHUCTEMAaTHUECKU
MPOBOANMBI MOHHMTOPHMHT JaeT IMOJb3y depes3
YCOBEPIICHCTBOBAHUE 3KCIUTyaTallld, YyBEIHUICHHUC
0€3011acHOCTH, YMEHBIIEHHE PICKA OTPULIATEIHHOTO
BIMSHHUA Ha 3J0POBbE JIIOJACH WM YIydIICHUE
s dexTHBHOCTH QYHKIHOHUPOBAHUSI SZW.

Hcnonp30BaHne MNPOMBIIUIEHHOW MPOLIECCHOM
ToMOrpadM IaeT HOBBIE BO3MOXXHOCTH MOHHTO-

pPHHIa COCTOSIHUSI 0€30MacHOCTH TEXHOJIOTHYECKUX
HPOLIECCOB.

[IpomeccHas Tomorpadus crocoOCTBYeT ImepeHe-
CCHHUIO HHTEpPIPETAlUN KapTUH MOHUTOPHHra U3
OIMCaHUsI KauyeCTBEHHOTO B KOJMYECTBEHHOe. BHe
COMHEHHS JOCTONHCTBOM 3TON TEXHHKH SBJISCTCS HE
BTOp)KCHHE B MPOIECC MOHHTOPUHIa U BO3MOXK-
HOCTH “‘YBHIIETh HEBUANMOE .
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