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KOMIIJIEKCHASI MOJAEPHUSALIASL
I'MAPOTEXHUYECKHUX COOPYXEHUU

Tuopomexnuxanviy KypoLibiMOapobly OaKbLIAY JHCIHEe ecenke any KYpaioapblMeH MEeXHUKAbIK KaMma-
MACBI30bIZbIHbIY HCEMKINIKCIZ0i2l, KYpblabiMOapobiy Ccy emKizywii (beximnenep MeH KAIKaHOAap) myuteiepinoe
3aMaAHAYU MEXHUKATLIK KYPAanoapowbly 60aMaybina OAlIaHbICbl, UOPOMEXHUKANLIK KYPbIIbIMOapObl KeuieHOl
HCAHAPMY HCYMACAPBIH, CY UAPYAULBITBIZL HHICAHOAPBIHBIY KAYINCI3 HCYMBIC ICMeYiH KAMMAamMacyl3 emy yulin
JHCOHOEY JHCoHe KAllma KAANbIHA KeIMIPY HCYMbICIMAPBIH HCYP2i3y Kepek.

H3-3a Hedocmamounoli mexHu4yecKuou OCHAWEHHOCMUU 2UOPOMEXHUYECKUX COOPYI*CEHUll cpeocmeamu
KOHMPOJS U yuema, OMCYmcmeust OCHAWeHUsT COBPEMEHHbIMU MEXHUYECKUMU CPEOCMBamu pe2yiupoeanus 3a-
NOPHBIMU Op2anHamu (3ameopsl U wWumsl) 6000NPONYCKHLIX NPOJIEMO8 COOPYICEHUU HeoOX00UMO NposedeHuUe
PEMOHMHBIX U 80CCMAHOBUMENLHLIX PAbOM 8000X03UCMBEHHbIX 00beKmMOo8 011 obecneyeHust ux Oe30nacHol
IKCHIyAmayuu, KOMIJIEKCHOU MOOEPHUZAYUU SUOPOMEXHUUECKUX COOPYHCEHUIL.

Due to the lack of technical equipment of hydraulic structures of control and accounting of funds, lack of
equipment with modern technical facilities control shut-off bodies (shutters and shields) culvert span structures,
it is necessary to carry out repair and rehabilitation of water facilities to ensure their safe use, for the compre-
hensive modernization of hydraulic structures.

Beenenune. Kaszaxcran uMeeT MHOTOJIETHUIN OMBIT IO 3KCILTyaTalluM BOJOXpaHWIMIL. Bee xpyn-
HBbIC BOJOXPAaHWIUINA B OCHOBHOM moctpoeHbl 30-40 ner Hazan. Hampumep, Tepc-AmubOymnakckoe
noctpoeHo B 1962 r., Tacotkensckoe — B 1974 r., byrynckoe — B 1967 r., banamckoe — B 1974 r.,
Actanunckoe — B 1971 1., Cenetunckoe — B 1966 1., lllokaiickoe — B 1971 r. @akTH4eCKuii U3HOC
OOJIBIIMHCTBA BOJIOXO3SMCTBEHHBIX O0BEKTOB coctaBisieT 60% wu Oonee. Ha MHOrMX BOIOXO3sH-
CTBEHHBIX OOBEKTaX CO BPEMEHH BBOJa MX B DKCIUIyaTallMIO HE MPOBOIMINCH PEMOHTHBIE M BOC-
CTAaHOBHUTENBHBIC pa0OTHI, TIOPTOMY W3 TOJa B TOJ CHMXKACTCS MX HAJACKHOCTh M 0€30MaCHOCTh. DTOT
BBIBOJ] CZCJIaH IO pe3yJibTaTaM NPOBEACHHBIX oOcnemoBanuii. Eciu y4uThIBaTh, YTO BEPOSITHOCTH
aBapuil Ha THIPOTEXHUYECKUX COOPYKEHUSX HAUMHAECT PE3KO IMOBBIMIATHCS W MPU 3TOM BO3pPACTaET
OTIACHOCTH WX Pa3pyIICHHsI, TO MHOTHE M3 HUX HYXTAIOTCSI B MOJICPHU3AIINN U/HUIH PEKOHCTPYKITHH

B Tabmune 1 nmpuenen nepeueHb kpynHbeix ['DC, a B Tadnuie 2 — pacnpeesicHne BOJOXPaHH-
JIUII B 3aBUCHMOCTH OT UX o0bema [1].

Tabmuna 1 — [epedens kpymHbIX [DC ¢ BOZOXpaHUITHIAMH

TUApOsIEKTpOCTAHIIS Pexa, Ha KOTOPOIT Momnocts 'DC, CpeTHeMHOTOJIETHSISI BRIpabOTKa
pacmonoxerna ['OC MBT JJIEKTPO3HEpruY, MiIH KBT-u
Bykrapmunckas Epruc 675 2430
Ycrp-Kamenoropekas Epruc 332 1520
Hlyns6unckas Epruc 702 1590
Kanmraraiickas Wne 345 860
MappapuHckas Celppapust 100 650

Tabnuna 2 — PacnpeneneHue BOJOXPaHWINIL B 3aBUCUMOCTH OT UX 00beMa

O6beM, MIH M’ KomnuuecTBo

1-5 116
5-10 30
10-50 33

50 - 100 15
100 - 500 12
500 - 1000 5
1000 u BbIIIE 3
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[To manapiM KBP MCX PK B Kazaxcrane u3 653 umeronmuxcs THAPOCOOPYXKEHHH 268 Hyxk-
JAfOTCS B CPOYHOM PEMOHTE, U3 HUX 28 OTHOCSTCSA K KPYIHBIX COOpYXEHHsIM. B pecnyOnukaHckoi
COOCTBEHHOCTH HaxoauTcsi 24% KpYyNHBIX THAPOTEXHUYECKUX COOPYXEHUH (66 BOIOXpaHMIIMILI,
91 ruapoysen u MarucTpajgbHBIX KaHAJIOB), OCTalbHbIE — Ha OajlaHCE KOMMYHAJIbHBIX HMPEANPHUITUI
W/ B 4acTHOH coOcTBeHHOCTH. Cepbe3HOoi NpoONeMOW SBISIOTCS Maible THAPOTEXHUYECKUE
COOPY>KEHHMSI, YacTh KOTOPBIX 3a0polleHa, HE MMEEeT BIalelbleB WM 3KCITYyaTalHOHHYIO CIIyKOy.
TexHmUecKkoe COCTOSHUE WX KpaWHe HEyMIOBIETBOpHUTENIbHOE. ExXerogHsld ymepO OT HEYIOBIETBO-
PHUTENBHOTO COCTOSIHUS PETYIUPYIONINX U 3aIIUTHBIX COOPYKEHHUH OT BPEIHOTO BO3IEHCTBUA BOJ —
OT MAaBOJIKOB, HABOJHEHUH, TIOATOIUIEHUH — OLIEHUBAETCS B LIEJIOM IO CTpaHe B JECATKH MHJIJIMOHOB
moin. CHIA [1]. KpoMe Toro, mpuMepHO BO CTOJBKO K€ OIICHHBACTCS ymiepd caMUM BOIHBIM pe-
cypcam. IIpakTuka MOKa3bIBaeT, YTO PEryysipHas OIEHKAa TEXHHYECKOTO COCTOSHMS THAPOTEXHHYEC-
KX COOpPYKEHHU ¥ MPOBEIEHHE IO €€ pe3yibTaTaM PEMOHTHBIX paOoT MO3BOJSIOT B HECKOJBKO pa3
COKpaTUTh yuiepd OT BPEAHOTO BO3ACHCTBUS BOJ WJIM BO3MOXKHBIX aBapuil. [IpuMepom Takoi oLeHKH
(haKTHUECKOI0 COCTOSIHUS 0€30MacHOCTH IUIOTUH SBJIIIOTCA paboThl, BhIogHEeHHbIe Ha lllapmapun-
CKOM 1 ByryHCKO# TJIOTHUHAX U BOJIOXPAaHWINILAX.

HeyznoBneTBopUTeNbHOE TEXHHYECKOE COCTOSHUE THAPOTEXHUYECKUX COOPYKEHHUH 00YCIOBUIO
HEOOXOMUMOCTh TIPHHSTHS 3KCTPEHHBIX Mep I0 ycuieHHIo ux Oe3omacHocTH. B 2002-2004 romax
BO/IOXO3MCTBEHHAs] OTPACib CTPaHbl BIIEPBBIC 3a JAECATH JIET MOIy4HiIa OKOJIO 2,5 MIIpA TeHre Ha
NPOBEJICHUE PEMOHTHBIX Pa0OT Ha THAPOTEXHUUYECKHX COOPYKEHHAX. B OrokeTe mocneayomux et
(uHaHCUpPOBaHUE 3TUX PAbOT BO3POCIO yke 4—5 pas, UTO MO3BOJIMIIO BBIIOIHUTH CPOYHBIE BOCCTAHO-
BUTEJIbHBIC PabOThI HA 0CO00 OMacHBIX 00BekTaX. [IpoBeneHbl PaboOTHI MO ceiicMoycuieHuo Tepc-
Amun0ynakcKoro BOJOXpAaHHJIHMINA HPPHUTAlMOHHOIO HazHaueHHs (oOmias cymma 3aTpar CBBIIIE
500 muH Tenre) [1]. C y4eToM TEXHHYECKOTO COCTOSIHHUS coopykeHuil B Kazaxcrane BbImenseMbIX
CPEICTB HEIOCTaTOYHO — OHU cocTaBIIOT 10—15 % morpedHOCTH 0OecnedeHns: 6e301MacHOCTH COOpY-
eHnd. OUHISAHANS, HAIPUMED, B T'OJ pacXoJyeT Ha PEMOHT BOAOXO3SHCTBEHHBIX OOBEKTOB OKOJIO
1 mapn eBpo, @pannus — 15 mupa espo, 'epmanus — 20 mupa espo, CIHA —55 mnpa nonmnapos.

IIyru pemenusi. KoMmriekcHass MoaepHM3aLUsl THAPOTEXHHUUYECKHX COOPYXKEHUH HMEET clie-
JYFOILUE TPOOTIEMBI:

HEOOXOIUMOCTh B MPOBEAECHHH PEMOHTHBIX M BOCCTaHOBHTEJILHBIX Pa0OT BOJOXO3SIMCTBEHHBIX
00BEKTOB I 00ecreueH s UX 0e30MacCHOM HKCIUTyaTally;

HEIOCTAaTOYHAsl TEXHUYECKas OCHALICHHOCTb TI'MIPOTEXHHYECKUX COOPYKEHHMH CpelcTBaMu
KOHTPOJIS U YUEeTa;

OTCYTCTBHE OCHAILECHHS COBPEMEHHBIMU TEXHUYECKHMU CPEACTBAMH PETYIUPOBAHMS 3aIIOPHBIMU
OpraHamH (3aTBOPBI U IIUTHI) BOJOIIPOILYCKHBIX IIPOJIETOB COOPYXKEHUI.

[Ipennaratorcst cieayroniye Mepsl IS MPEOJOJICHHUST KPU3UCHBIX CUTYyallMid MpHU KOMIUIEKCHOM
MOJIEPHU3ALUY THAPOTEXHUUYECKUX COOPYKEHUI:

[IPOBEICHHUE IIJIAHOBBIX PEMOHTHO-BOCCTAHOBUTEIBHBIX PabOT BOZOXO35IICTBEHHBIX OOBEKTOB C
UCIIOJIb30BAHUEM COBPEMECHHBIX CTPOUTENBHBIX MAaTepHAJIOB U CIIOCOOOB MPOBEACHHS PadoT;

JIOOCHAILIEHHE TUAPOTEXHHUUECKUX COOPYKEHUH COBPEMEHHBIMHU CPEICTBAMM KOHTPOJSI M ydyeTa
BOJIBI;

COBEpIICHCTBOBAHUE CHUCTEM PETYJIMPOBAHMS 3allOPHBIMU OpPraHaMU COOPY>KCHMS IUIS BBINOJI-
HEHHs YIIPaBICHUECKUX 3a/1a4.

[Ipu 3TOM MOKHO TOJTyYUTH BBITOJBI B BUIE:

CO3[IaHMs CTaOMJIbHOIM OCHOBBI JUIS Pa3BUTHS HAllMOHAJBHBIX CUCTEM II0 aBTOMATH3allMU U JHC-
neTYepU3alny;

MOBBIILICHUS TEXHAYECKOTO M TEXHOJIOTUYECKOT0 YPOBHS BOJOXO3IHCTBEHHBIX 00BEKTOB;

BHEIPEHUSI M PACIpOCTPaHEHUs Jy4IIeH MHUpPOBOH NPaKTHKH KOPIOPATHBHOTO YIIPAaBICHHUS
BOJHBIMU PECypCaMu 0 OacceifHaM peK;

CO3JIaHMSI U Pa3BUTUSI KOHKYPEHTOCIMOCOOHOTO PHIHKA HAyYHO-TEXHHYECKUX M HMHKCHEPHO-TEX-
HUYECKHX YCIYT ¥ 3((HEKTUBHOM CHCTEMBI epeJau 3HAHUI B POU3BOACTBO B BOIHOM CEKTODE;

(dbopMmupoBaHus B pecllyOinMKe MHHOBAaIlMOHHON HMH(PAcTpyKTypsl IPOM3BOJCTBA IO BBIITYCKY
000py/IOBaHUS U MEXaHHW3MOB TOJbEMa 3aTBOPOB M LIUTOB COOPY)KEHHH M KOHTPOJIBbHO-U3MEpH-
TEJILHOTO 000PYA0BaHNS;

109



MexdyHapoOHass HayyHo-npakmu4yeckas KOHgpepeHUUs

CHIDKCHUSI DKOHOMHYECKOH 3aBHCUMOCTH PECIyOJIMKH OT UMIIOPTa TEXHOJIOTHYECKOTO 000pYy-
JIOBaHUE U 3alaCHBIX YacTeH;

MPOBEICHNS HE3aBHCUMON OICHKH (DYHKIIMOHAJBHBIX, TEXHHUKO-3KOHOMHUUYCCKUX IMOKa3aTeleH,
0€30IacHOCTH ¥ SPrOHOMUYHOCTH 00pPa3lOB HOBOTO 00OPYJOBAaHHS U KOHTPOJIBHO-U3MEPUTEIHHOTO
000pyTOBaHUS, CO3TaHHBIX MIIM 3aBE3CHHBIX B pecnyOiuky [2].

Pe3yabTaThl HccIe0BaHUI. ABTOMATHU3AIUY U JUCIICTYCPU3AIMU 10 YIPABICHHIO U UCTIOJb-
30BaHHIO BOJHBIX PECYPCOB C pa3pabOTKONW MEXaHU3MOB KOMIUIEKCHOW MOJICPHHU3AIMH THUAPOY3JIOB
SIBISICTCSl OJIHUM W3 HANpaBJICHUI MO 0OecreueHnIo BOJHON 0e30MacHOCTH pecyONnKd, Pa3BUTHIO
HAI[MOHAIBHBIX CUCTEM aBTOMATH3allMH, JUCIETYCPU3ALNU 0 YIPABICHUIO U UCIOJIH30BAHHUIO BOJI-
HBIX PECYPCOB 1O OacceitHOBOMY IpHHIHITY [3].

B pesynpraTe peanuzamud 3TOTO HANpPABICHUS ITPH COOTBETCTBYIOIIEH T'OCYIapCTBEHHOU
noJiIepKKe OyAyT oOecreueHsl ycroiunBoe pa3sutue otpaciein AIIK, koMmIuiekcHas MoaepHHU3aIus
THIPOTEXHUICCKUX COOPYKEHUH MO 00ECIEUCHUIO YIPABIAEMOCTH BOJHOTO MOTOKA M 0€30MacHOCTH
I'TC, BHenpeHWE COBPEMEHHBIX aBTOMATHU3UPOBAHHBIX CPEJCTB KOHTPOJIL M ydYeTa TOBEPXHOCTHBIX
BO/I, UCIIOJIb3YEMBIX B MHpOBOﬁ ITPAKTHUKE.

B Meromonoruu BHEAPEHUS aBTOMATH3MPOBAHHOTO KOMILICKCA M KOMIUIEKCHOW MOJEpHU3AIMN
THJIPOTEXHUIECKUX COOPYXKCHUH W ONpeIeieHUs] pacXoia BOJBI B OTKPBITBIX BOJOTOKaX TMpHU
PA3IIMYHBIX PEKUMAX TCUCHUA HCIIOJIb3YCTCA HM3BECTHBIN IMPUHOUIT «OT KOHKPETHOTO — K a6CTpaKT-
HOMY U OT a0CTPaKTHOTO — K KOHKPETHOMY» B CJISIYIOIIEH IMOCIeI0BATEIBHOCTH [4]:

1. BHeapeHue MpOrpaMMHO-AMMapaTHOTO KOMILICKCA Ui aBTOMATHU3UPOBAHHOTO HM3MEPCHUS
YpOBHEH BOJIBI BJIOJb pycia BOAOTOKA U TIepeiaun Pe3yIbTaTOB 3aMEPOB B LIEHTP 00pabOTKH JaHHBIX
JUTS pacueTa TeKYIIero 3HaYCHUs Pacxoia.

2. Pa3paboTka MAaTEeMaTHYECKOTO M MPOTPAMMHOI0 OOCCIICUCHHUS ISl aBTOMATHIECKOTO pacyera
U ydeTa pacxojia BOJIbI B BOJJOTOKE MO JaHHBIM 3aMEPOB YPOBHEH.

3. IToBbIlIEHUE TOYHOCTH OTPENEIECHUS PACXOI0B BOJBI B BOJOTOKaX MHHUMYM Ha 10% 3a cuet
MIPUMEHEHUS ONTUYECKUX METOJIOB U3MEPEHHUS YPOBHS BOJBI C IOTPEITHOCTHIO = 1 MM, 4TO TTO3BOJIUT
YYECTh JOTIOHUTEIbHBIC 00BEMbI TOBEPXHOCTHBIX BOJI.

OTmpaBHOM TOYKOW HMCCIEAOBAHMNA SIBISICTCS CYIICCTBYIONIAS MPAKTUKA THAPOMETPHH OIpele-
JICHHUSI PacXoja BOJBI B OTKPBITBIX BOJOTOKAX, OCHOBaHHAs HA WCIOJIb30BaHHH OJHO3HAYHOH (hyHK-
[MUOHAIILHON CBSI3W MEXJY YPOBHEM M PACXOJOM, MPEACTABIsIeMOi B rpaduyeckom Buae. [lorper-
HOCTH B OIpEJENICHNH pacxojia CKIIAJBIBAIOTCA W3 MOTPEUIHOCTU TPaAyHUPOBKH Tpaduka METOI0M
«CKOPOCTB-ILIONIA/IbY», TOTPEITHOCTH U3MEPEHUS YPOBHS, MOTPEIIHOCTU, CBSI3aHHON C OTKIOHCHUSIMH
PEKUMA JABMXKCHHUS OT PABHOMEPHOTO, M TIOTPEITHOCTH CHSTHUS 3HAUCHHS PAacXo/a ¢ rpaduka.

TeopeTnueckuii aHANIN3 COCTOSIHUSL MPOOJIEMBI YMEHBIECHHS MOTPEITHOCTH TMPH ONpEACICHUN
pacxoZa BOAbI B OTKPBITEIX BOJOTOKAX ITOKAa3bIBACT, UTO HMCIIOJB30BAHUC COBPEMCHHBIX TEXHOJOTHI
U3MEpeHul, cOopa, XpaHeHus, 00pabOTKH u nepenayr UH(HOPMAIUHU TTO3BOJISIET MOBBICUTh TOYHOCTD
pacueTa pacxona BOJBI He MeHee yeM Ha 10%, 4To B MacmTabe peKk ¢ pacxomamu Bbime 1500 m’/c
JACT BO3MOXKHOCTB TIPH PacdeTe BOIOMOTPEOICHNS COKOHOMHTB OKOJIO 5—7 KM’ BOJBI [5].

Jyis BeneHwsi PyCIOBOrO MOHUTOPUHTA MpEUIaracTCs BHEIPUTH MPOTPaMMHO-AIIapaTHbIN
KOMIIJIEKC, KOTOPBIA MPU MOHUTOPUHTE PYCIOBBIX MPOIIECCOB MO3BOIUT (UKCHUPOBATH CKOPOCTh Teve-
HUSI BOJIBI B PYCJIaX PEK U KaHAJIOB, BBIZIABATh HHOOPMAIIHIO, C TOMOIIBI0 KOTOPOW BO3MOXKHO PacCyu-
ThIBATh OGBGM HaHOCOB U CTCIICHb pa3MbIBa pyCeCJil, pacXoa BOAbLI Ha q)HHBTpaHI/IIO u I/IH(i)I/IJ'H)TpaHI/IIO,
YTO, B CBOK OuYepe/b, MOMOXKET PACCMOTPETh ONTHUMANIbHBIC BAPHAHTHI BOJOYUYETa B KaHAlaX U
ONITUMH3HUPOBAThH HETATHBHBIC SBJICHUS PYCIOBBIX MPOIECCOB.

Jdnst MofepHH3allMi THUAPOY3Ja TpeaaracTcsi UCIOJb30BaTh METOAWKY, MO3BOJIIONIYIO pac-
CMOTPETH CIEIYIOIINE BOMPOCHI 110 TEXHUKO-IKCILUTYaTaIIMOHHBIM TIOKa3aTeIsIM:

COCTOSIHHE BHHTOBBIX MOJBHEMHUKOB JOHHBIX W TMOBEPXHOCTHBIX 3aTBOPOB M 3AIUTHBIX MpPU-
CIIOCOOJICHUH OT MEPETPY30K;

HaJIM4YKe 3JIEKTPOTEXHHUUECKOTr0 000pyJ0BaHUS U KaOeJIbHbIX JIMHUIL;

HAJIMYME CHUCTEMbl ABTOMATHU3MPOBAHHOTO PETYJIMPOBAHHS W YIPABJICHHUS THIPABIMYCCKUM
PEKUMOM PEKH U KaHAJIOB B MpeJiesiaX THAPOy3JIa.

HpI/I Hon60pe TCXHUYCCKUX CPCACTB OCHOBHBIMHU TCXHOJIOTUYCCKUMU IIapaMETpaMK KOHTPOJIA,
YIPaBICHUS U CUTHAIHM3AIMY TIPEJUIaracTCs MPUHATh CICAYIONUE IOKA3aTEIH:
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YPOBEHB BOJIBI B CTBOPAX THAPOIIOCTOB;

MOJIOKEHUE 3aTBOPOB IMAPOTEXHUIECKUX COOPYKEHHI;

yIpaBliCHHE 3JICKTPOIIPUBOAAMH 3aTBOPOB;

aBapuilHas TEXHOJIOTMYECKAs! CUTHAIM3ALIU;

pacyeTr pacxoa0B BOABI.

Jns BHeIOpeHHWs aBTOMATU3UPOBAHHOW CHCTEMBl YIPaBICHHUs BOIHBIMH pecypcaMy Ipenia-
rarTcs clenyromue (yHKINOHAIbHBIE XapaKTEPUCTHKH:

1) aBTOMaTH4Yeckoe M3MEPEHUE YPOBHS BOABI B BEPXHEM M HIKHEM Obe(ax, Ha JIeBOOCPEIKHOM U
npaBoOepeKHOM KaHalax;

2) aBTOMaTH4eCKOEe MaHEBPHPOBAHUE U (PUKCALUS ITOJIOKEHUS 3aTBOPOB;

3) mporpammHoOe obecrieueHrne paboThl aBTOMATHKU;

4) nporpammHoe obecriedeHre 0a3bl JaHHBIX;

5) mporpamMMHBIE CpEICTBA AHATHOCTUPOBAHUS [6].

WHTennexTyanbHbIM SAPOM BCEX O3THX CHCTEM SBISIETCA IIPOTPAMMHUPYEMBIH JIOTMYECKHH
kouTposuiep (IJIK) — aTo MukporpoieccopHas cucTemMa, npeaHa3zHaueHHAs I PEATH3aIliN AT OPUT-
MOB Jorudeckoro ynpasienus. [IJIK coyxut s 3aMeHbl pesieiiHO-KOHTaKTHBIX CXeM, COOpaHHbIX Ha
JUCKPETHBIX KOMIIOHEHTax — peje, CYETUMKax, TaiiMepax, jIeMeHTax >kEcTkoi joruku. IlpuHim-
nuanbHoe oTinune [1JIK oT peneliHbIX cxeM 3akirodaeTcs B TOM, YTO BCe ero (QYHKIMU peatn30BaHbl
nporpaMMHo. Ha ogHOM KOHTpoiiepe MOXHO OCYIIECTBUTh CXEMY, SKBHUBAJICHTHYIO ThICSYaM
3JIEMEHTOB KECTKOM Joruku. [Ipyu 3TOM HaAEKHOCTH PabOTHI CXEMBI HE 3aBHCUT OT €€ CI0KHOCTH.

[IporpamMmmupoBaTh KOHTpOJUIEp MOKHO Ha TATH A3bikax IEC-1131.3 crannapra:

peneitHo-koHTakTHBIX cxeM (Ladder Diagram);

(hyHKIIMOHANBHEIX O1oKOoBBIX quarpamm (Functional Block Diagram);

MTOCIIeTOBATEIBHBIX (PYHKITHOHABHEIX cxeM (Sequential Function Chart);

CTpyKTypupoBaHHOro TekcTa (Structured Text);

accemb6nep (Instruction List).

Js Tex, KTO NPUBBIK K PEJICHHO-KOHTAaKTHBIM CXeMaM, OyJeT yIo0HO paboTaThk C SI3BIKOM, CO-
3naHHbIM Ha ux ocHoBe (Ladder Diagram). Tem, KOMy MOHSTHEH 3JIEKTPOHHBIE CXEMBbI, MOTYT BOC-
MOJB30BaThCS  SA3BIKOM (DYHKIMOHANBHBIX OnokoBbix amarpamm (Functional Block Diagram).
OmnbITHBIE TPOrPAaMMHUCTBI MOTYT HCIIOJIB30BaTh BO3MOXHOCTH BCeX sI3bIKOB. COBpEeMEHHBII KOHTPOJI-
Jep MOXxeT o0pabaTbIBaTh JUCKPETHBIE W aHAJIOTOBBIE CUTHANbI, YIPABJIATH KJlalaHAMH, IIarOBBIMU
JBUTaTEISIMH, CEPBONPHBOAAMH, MPEOOpa30BaTEeNsIMI YaCTOTHI, OCYIIECTBIAATh perynupoBanue (PID
peryisitop). Beicokue sKkcIuTyaTallMOHHBIE XapaKTEPUCTHKH NENAIOT LENeco0Opa3HbIM MPUMEHEHUE
TUIK Be3ne, rae Tpedyercs Jorudeckas 00padoTka CUTHAIOB OT TaTIHUKOB.

[IpuMeHeHne KOHTpOILIEpa 00EeCIIeUNBACT:

BBICOKYIO Ha/I&KHOCTB;

IIPOCTOE TUPAXKUPOBAHHUE U 00CIIy)KUBAaHUE YCTPOUCTB YIIPABICHUS,

YCKOpPSIET MOHTaX W HaJaJKy 000py10BaHUS;

obecrieunBaeT OBICTpOEe OOHOBJIEHHE aITOPUTMOB yIpaBiieHHUs (B TOM 4Hciie U Ha padoTaromeM
000pyIOBaHUH).

B Hacrosiiee BpeMsi CUCTEMBl aBTOMATUKU NPUHATO OOBEAUHATH B €AUHYIO CHUCTEMY aBTOMAaTH-
yeckoro aucnerdepckoro ynpasiueHus (ACHY). Ilpu 3Tom Ha mepBblil TJIaH BBIXOIUT BO3MOXHOCTH
00BbEIMHNTH KOHTPOJUIEPH! KaXKIOH U3 MOJICHCTEM B €ANHYIO CUCTEMY, UMEIOIYIO €IUHBIH OepaTop-
cKuil nHTEepdeiic, T03BONIAIOMNN 00eCIeUnTh JIOTUKY B3aUMOCBS3U IOACUCTEM, KOTOpasi O4E€Hb BaskHa
NPY HEWITATHBIX M aBapUHHBIX CUTyanusx. IMEHHO MO3TOMY INpH BHIOOpE ammapaTHBIX CPEACTB IS
coznanusg ACJ]Y TuApOTEXHUUECKOTO COOPY>KEHHsI BBIOOD ClieNiaH B MOJb3Yy KIACCHYECKHX MPOMBIILI-
nennbix [JIK, a He cnenmanu3upoBaHHBIX KOMIOHEHTOB Ul HE3aBUCHUMOI'O YIPABICHUS KaXIOW U3
nojcucteM. J[is 3amadd KOMIUIEKCHOW aBTOMATH3AIlMHM HHXEHEPHBIX CHUCTEM THIPOTEXHHYECKOTO
coopykenuss kommnanusi Mitsubishi Electric mpennaraer cemeiictBo koHTpoiuiepoB FX, orTnmyno
3apEeKOMEH/IOBABIINX c€0s B CMEKHBIX 00JIACTSIX.

CoBpeMenHbIe Monienu KoHTpouiepoB cemelictBa FX (FX3G u FX3U) 001anaroT BEICOKMM OBIC-
TPOACHCTBHEM, OTIMYHBIMA KOMMYHHKAITMOHHBIME BO3MOXKHOCTSIMH, @ TaK)Ke BBICOKOH T'MOKOCTBIO
KOH(QUTYpUPOBaHHUA W TPOTPaMMHPOBAHHS TPU OTHOCUTENIbHO HeBbicokoil mene. IIJIK FX moryt
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OBITh paCIIMPEHBI 10 256 JOKAIBHBIX KaHAJIOB BBOJA/BBIBOIA, U3 KOTOPBIX J10 64 KaHAJIOB MOT'YT OBITh
AHAJIOTOBBIMHU, B TOM YHUCJIC U KaHAJAMH U3MEPEHUS TEMIIEPATyPHOTO TPAJMCHTA B BOJAOXPAHIIIUIIAX.
Onu nozaepkruBaoT 0OMEH JaHHBIMH I10 TAKHM ITPOMBINUICHHBIM ceTsiM, kak Modbus RTU, Profibus,
DeviceNet, CC-Link, a taxxe Ethernet ¢ mpotokomom TCP/IP. Kpome toro, Heckompko ITJIK FX mo-
ryT oOBeIUHATHCSA B ceTh RS-485, mpu 3TOM oOecrneuuBaeTCsi MPO3pavyHOCTh JAHHBIX KAXKIOTO W3
TUIK, y4acTBYIOIIUX B CETH.

Taxum obpazom, uaTepdetic Modbus RTU MokeT OBITh HCITONB30BaH IS CBSI3U C OKOHECYHBIMHU
yCTpoiicTBaMu (HampuMep 4YacTOTHBIMH TMpeo0pa3oBaTesiMU  JICOSTOYHBIX 3JICKTPOABUraTEIICH,
Ja3epPHBIMU W YJIBTPa3ByKOBBIMU YPOBHEMEpaMU WU TEMIEpaTypHbIMU naTumkamu). [lomexa —
sammumieHHas muaa CC-Link MOXXeT UCIIOTb30BaThCs ISl 00bETUHEHUS B CETh 10 32 KOHTPOJIIEPOB,
YOPaBJISAIONIMX Pa3IHUHBIMU TOJCHCTeMaMu, a uHtepdeiic Ethernet MoxeT OBITH MCIIONIB30BaH IS
CBSI3M KOHTPOJUJICPOB HJIH JUJIsl OOBEAMHEHUS C CHCTEMOW BUICOHAOIIONCHHUS U TEIEMETPUH, 2 TAKXKE
JUTSL CBSI3M C YAAJICHHBIMH TIPOIIECCHHTOBBIMU IIEHTPAMU Yepe3 MHTepHeT. Ha pucyHke mokasaHo ce-
MEHCTBO KOHTpOJIEpoB FX M cXxema aBTOMATH3aIlU{ YIIPABJICHHS JJICKTPOIBUTATEIIIMA 3aTBOPOB C
OJIHOBPEMEHHBIM MOHHUTOPHUHIOM YPOBHEH MOBEPXHOCTHBIX BOJ M KOHTPOJIEM TEMIIEpaTyphl BOJBI U
BO3IyXa [4].

EX31-CNV-BD
FX3u-4AD-PT-ADP
FX3u-485ADP-MB I

FX28-16CCL-M

CC-timk

VR IpATEYKOE Bl XATUIKH
__ ypoems

a 7]

CewmetictBo KoHTpOIUTepoB FX (@) 1 cxeMa aBTOMaTH3aIMH YIIPABJICHUS YJICKTPOIBUTATEIISIMH 3aTBOPOB (6)

Opranunzanyss THQOPMALKOHHOTO OOMEHa MEXIY CHCTEMOH aBTOMAaTH4EeCKOrO0 KOHTPOJS YPOB-
HEeW M CHCTEMOH yNpaBieHHS MaHEBPUPOBAHHWEM 3aTBOPOB II03BOJISIET OPraHU30BaTh HEIPEPBIBHBII
MIpOIeCC BOJOMEICHNUS M BOJOPACIPECICHUSI B 3aBUCUMOCTH OT pekuMa paboThl THApOy3iIa U KO-
MaHJl C aBTOMaTHU3UpOBaHHOIO paboyero mecta (APM) nmucmerdepa, CBSI3b C KOTOPBIM OCYILECTB-
msiercst o muHe CC - Link. KoHTponep nonydaer JaHHBIE OT JaTYMKOB YPOBHS U B CIIydae OTKIIO-
HEHUSI YPOBHSI OT 3aJlaHHOW BEIMYMHBI MMOJHUMAET JIMOO OIMYCKAaeT MOCIEI0BATEIBHO BCE 3aTBOPEI,
YTO TapaHTUPYeT OTCYTCTBUE Pa3MbIBa HIDKHETO Obeda TMAPOTEXHUYECKOTO COOPYIKEHUS, C OJHOH
CTOPOHBI, U TOYHOCTh BOAOIOAAYH — C IPYTOil.

APM nmucmietuepa peanmusyercs Ha 0aze KommbioTepa ¢ ucronb3oBanueM SCADA-cuctem. s
pelieHns 3a/auu [eHTPATM30BaHHOTO AMCIETYSPCKOro yrpaBieHus kommnanus Mitsubishi Electric
MpeagaraeT nporpaMMHbIi naker MX4.

OTOT makeT B MOJIHOW Mepe IO3BOJIAET peain30BaTh (YHKUMH AUcHeTYepu3anuu Ojaromaps
TaKUM QYHKIHSIM, KaK OTOOpayKeHHE COCTOSHUSI M YIpaBJieHHe 00BEeKTaMH MH)KCHEPHBIX CHCTEM THJI-
poysna, mocTpoeHue TpaduKoB M3MEHEHHS PAacXOJ0B M YpOBHEH BOJBI, HAKOIUICHHUE apXHBOB aBa-
PHUHHBIX COOBITHH WM THUAPOJOTMYECKUX JaHHBIX 3a JNIUTEIbHBIN epruo] HAOIIOACH!, 0TOOpaKeHNE
aBapuii B cHUCTeMe, mepemada HHPOPMAIUA O COOBITHAX B cHUcTeMe 1o dakcy, e-mail wm SMS u
MHoroe apyroe. [lepexaya manubix Mexxay APM - omeparopa u xoHTpoiuiepamMu FX HHXEHEPHBIX
cucreM peanusyercs no mmHaM CC-Link, Ethernet wmm Modbus.

Cucrema mucreTdepa J0HKHA 00eCIICUnBATh:

LEHTPAIM30BaHHOE YIPABICHUE W MOHHTOPHHT IapaMeTpOB PaOOTHI 3IEKTPOMEXaHUYECKUX
CHUCTEM;

OIIEPaTUBHOE OTCJICKMBAHNE OCHOBHBIX U BCIIOMOTATENbHBIX IapaMeTPOB paboThI;

CBOEBpPEMEHHOE OIOBEIIEHUE 00 aBapUITHBIX W HEIITATHBIX CUTYAIMsIX C perucTpanneil CoOObITHI;

BEJICHUE apXUBa aBapuil U BpeMEHH HapaOOTKH 000py10BaHUS;

(hopMHpOBaHNE OTYETOB aBapUil.
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Takum o0Opazom, mpeiaraeMas CUCTeMa KOMILICKCHOM aBTOMATH3alldW SIBISCTCS TPEXYPOB-
HEBOW C HEPAPXUYECKOU CTPYKTYpOM:

1. Bepxuuit ypoBens — SCADA — cucrema.

2. Hmwxuauit ypoBenp — I1JIK Mitsubishi Electric cepum FX3U, Moaynmu ITUCKpETHOTO W aHAJIO-
TOBOTO BBOJIa CUTHAJIOB, KOMMYHHUKAITHOHHBIC MOTYJIH.

3. [loneBoii ypoBeHb — aHAJIOTOBEIE U AUCKPETHBIC JaTYNKH, UCIIONHUTEIbHBIE YCTPOHCTBA.

IIpubop pabotaer Ha 0a3ze NIpPOrpaMMHOTO KOHTpoiuiepa. OTHOKPHCTAUIFHBIE MHUKPOKOHT-
pOJUIEpHl BKIIIOYAIOT B ceOs BCE COCTAaBHBIC YacTH MHUKpO-ODBM: mporeccop, maMsaTh MporpaMm 1
NaMsATh JaHHBIX, CUCTEMY MPEPBIBAHUI, a TAKXKE MPOrpaMMHPYEMbIe UHTEP(EHCHBIC CXEMBI JUIS CBSI-
3W ¢ BHEMIHe#H cpemoit. [loaToMy Bce y3ibl mprubopa — TaTYHK, YCTPOHCTBO MHAMKAITUH, TIPOIECCOP,
aMATh, KHOIIKW YIIPAaBJICHUA 6YZ[YT BBIIIOJIHEHBI B BHUIC eZ[HHOﬁ CXEMbI, YTO IMO3BOJIMT MUHHUMHU3UPO-
BaTh YKCJIO 3JICMEHTOB CXEMbI, YIIYUIIUTh €€ IKCILTyaTallAOHHBIC M SKOHOMUYCCKUE XapaKTCPUCTHUKU.
CoznaBaemble TTPHOOPHI TOKHBI pabOTaTh B aBTOHOMHOM PEXKHUME IO 33JaHHOMY BPEMEHHOMY
pacIucaHuIO C pPerHCTpaIrfel N3MEepeHHBIX 3HaYeHU B I poBoi ¢opme. M mis ymobcTBa mocie-
nytouield o0paboTKH JaHHBIX Ha KOMITBIOTEpE B KaueCTBE MUKPOKOHTpOJUIEpa BHIOpaH OBICTPOJEH-
CTBYIOIIUH BOCBMHUPA3PATHBI MHUKPOKOHTPOJUIEP C MHOTOKPATHO MPOTPaMMHUPYEMOW TaMSAThIO H
aKTHUBAaIlUEeH ByX MPOrPaMMHO 33JaBaeMbIX PEKUMOB HHU3KOTO YHEPTOMOTPEOICHHS, YTO TTO3BOJIIIIO
MaKCHMAaJIbHO CHU3MTh 00II[ee SHEPronoTpedaecHe KoHTpouiepa. [Turanue rudporoii yactu npudopa
OyneT noBeneHo A0 pabouero HampsbkeHus +3B, a uamepurenpHol yacT — 1o +5B [7].

CpencrBa yIpaBlieHUS] H BOJIOYYETa — 3TO BHICOKAsh TOYHOCTh M3MEPEHHsI ITOJIOKEHUS 3aTBOPOB,
ypOBHefI BOJBI, HII/IpOKI/Iﬁ AuanasoH HU3MCEPCHUA M BBICOKAA HAJACKHOCTb. Ha ocHoBe IIPUHATBIX
CPEACTB CHCTEMBI YIPaBJICHHUs U KOHTPOJISI OCYLIECTBIAIOTCS TOUHOE BOAOPACHPEACTICHUE U yUeT.

OCHOBHBIM TapaMeTpOM BOJOpACIIPE/ICTICHHUS SIBIISICTCS YpPOBEHb BOJBI B HIDKHeM Obede
MarucTpagbHBIX KaHAJOB, KOTOPHIA (YHKIMOHAIBFHO CBS3aH C IIOJIOKEHHWEM 3aTBOPOB (CTETICHBIO
OTKpBITHA 3aTBOPOB) [8].

3akmoyenue. OIHUM U3 MyTel KOMIUIEKCHOH MOJEPHU3ALMH THAPOY3IOB SIBISIETCS BHEAPCHHE
CHCTEM aBTOMATH3AllM{ II0 BOJOMAEICHHWIO M BOJOYYeTy. s oCymIecTBIeHUs EHTPaTH30BaHHOTO
KOHTPOJIS 32 XOJOM BOAOpPAcCHpe/CIeHUs] W YIpaBICHUS MPUHATHIE CPelICTBA 00OpyIOBaHUS obec-
TICYHMBAOT BHITIOJTHEHUE BCEX ATUX (PYHKIUHN B TIOJTHOM O00BEME.

OnepaTtop UMeeT BO3MOXHOCTh U3MEHAThH TMOJOXKEHHE Ka)XJI0TO 3aTBOpa Ha THAPOY3Je Ha HEOO-
XOIUMYIO BEJIIMYMHY W, KPOME TOTO, HCIIONB3YS MEPCOHAIBHBI KOMITBIOTEP, OCYIIECTBISATH BOO-
pacrpeeNcHie aBTOMAaTHYECKHY I10 3a/IaHHOM TTporpamMmme.

[IporpamMmmHoe obecriederne sl pacyeTa 00bEMOB CTOKA B 3aBUCHMOCTH OT YPOBHEH B BEpXHEM
1 HIDKHEM Obeax OTKPBITHS 3aTBOPOB BKIIIOYAET B ce0s COBOKYMHOCTH MPOTPAMM W IIPOTPAMMHBIX
CPEACTB JJisl peaiu3allid BCEro KOMIUIEKCAa 3ajJad aBTOMAaTH3WPOBAHHOTO YIpaBlieHHs Ha 0aze
MIPUMEHEHUS CPEJICTB BHIUMCIIUTEIBHON TEXHHUKH.

Konnentparus HaydHBIX UCCIIEZIOBaHNH Ha MPUOPUTETHBIX HAIMIPABIECHUSIX BOTHOTO XO3SHCTBA B
COOTBCTCTBUU C COLMATIBHO-OKOHOMUYCCKUM Pa3BUTUEM CTPAaHbI U TPEHAAMU MUPOBLIX Z[OCTH)KeHHﬁ,
BHEJPEHUEC M PACHpPOCTPAHCHHE 3HAHWW JYYIIUX B MHUPOBOW IPAKTHKE CHUCTEM KOPIIOPATUBHOTO
yIpaBJIeHHS U UCTIOIH30BAHUS BOJHBIMH PECYPCAMHU JOJDKHBI 00ECTIEUHUTh PeaTn3ainio 3a/1a4.
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