Hayunsiii s)xypHan Poccuiickoro HUU npobnem menuopauuu, Ne 2(14), 2014 r., [138-149]
VJIK 626.824-52

0. I'. UBaHeHko, A. A. Tkauen, A. FO. UBaHeHKO

HoBouepkaccknii THXEHEPHO-MENNOPATUBHBINA HHCTUTYT [JOHCKOTO rocyaapCTBEHHOTO
arpapHoro yausepcurera, HoBouepkacck, Poccuiickas @enepauus

PACYET MNAPAMETPOB HEYCTAHOBUBIIEI'OCS TEYUEHUSA
BOJHBIX IIOTOKOB B MATUCTPAJIBHOM KAHAUJIE
JJIA CIHOCOBA AKTUBHOTI'O YIIPABJIEHUA
BOJOPACIHPEAEJIEHUEM

Lenbto uccnenoBaHuil ABISJIOCH peUIeHHE MPOOJIeMBbl YIIpaBJIeHUs BOAOpACIIpeese-
HHUEM B OpPOCHUTENIBHBIX MAaruCTPajbHBIX KaHAJIAX C MPUMEHEHUEM METOJOB, IO3BOJIIOIINX
YUHUTBIBaTh JUHAMUYECKHE XapaKTEPUCTUKH MPOLECCOB BOJOPACIPEICICHUS IPU HEYCTaHO-
BUBIIEMCSl TEUEHUH BOJbI, Ha IpuMmepe [IpuropoaHoro marucrpansHoro kanaina r. Kpacno-
napa. Pa3paboTtan crioco0 akTHBHOIO YIPaBJIEHUSI BOJOPACIPEICIEHUEM, B OCHOBY KOTOPOIO
3QJI0KEHBl METOJBl pacyeTa IMEepPeXOJHBbIX TMAPABINYECKHUX IPOLECCOB, IIPUMEHSEMbIC IS
pelIeHus 3ajjad COIJIaCOBAaHUSl PEXKHUMOB pabOThl arperaroB roJIOBHOM HACOCHOM CTaHIMU
C pexuMaMu paboThl NEPErOPAKUBAIOIINX U BOJAOPACIIPEAETUTENbHBIX COOPYKEHUI IIPpH ycC-
TAaHOBMBIIIEMCSI U HEYCTAHOBUBLIEMCS PEKUMax TEUEHHUs BOJBI I LIeJIEH BOJOpACIIpeeIie-
Hus. PazpaboTaHbl alropuTMbl pacuera YHIpaBJsSIOIIUX BO3ACHCTBUI BETUYMH OTKPBITHH 3a-
TBOPOB C JAMCKPETHO-UMITYJIbCHBIM 3aKOHOM COBMELIEHHOTO PETYIMPOBAHUS YPOBHEM BOJBI
[0 BEpXHEMY M HIKHEMY ObedaM Neperopa)kMBarolllMX COOPYKEHUH C IepeTeKaronnMu
o0bemMamMu. YCTaHOBJIEHO, YTO CIIOCOO aKTUBHOTO YIIPABJICHUS BOJOPACIPE/ICIICHUEM B Maru-
CTPAJIBHBIX KaHAJIAX C MPUMEHEHUEM JIOKAIbHBIX PETYJIATOPOB YPOBHS IO HWKHEMY M BEpX-
HeMy ObedaM meperopaxuBarolIMX COOPYXEHUH B Hauyaie 8-ro u koHie 9-ro 6nedoB gaer
BO3MOXHOCTb HCII0JIb30BAaTh UMEIOLIUECS PE3EPBHBIE EMKOCTH BOJIbI B Obedax. IT0 MO3BOJIsA-
€T IepepacupeesiaTh pe3epBHbIE 00bEMbl BOJBI MO JJIMHE KaHajla TaKUM o0pa3oMm, 4TO Ha
y4acTKe KaHaja MpPOTSHKEHHOCThI0 Oosiee 20 KM HEYCTAaHOBHUBIIMICS MPOLIECC TEUEHUS BOJIbI
TpaHcpopMupyeTcst B ycraHOBUBILIHUICS. Jloka3aHo, 4TO BHEApEHUE pa3pabOTaHHOTO Crioco0a
IT03BOJIAET ONITUMHU3UPOBATH IIPOLIECCHI YIIPABICHUS BOJOPACIPEACICHUS 1 MUHUMU3UPOBATH
XOJIOCTBIE U HETEXHOJIOTMYECKHUE COPOCHI.

KirroueBsle ciioBa: HaCOCHAsl CTaHUMS, MaruCTPAJIBHBIN KaHaJl, YIIPaBJICHHE BOAOpAC-
IIPEACIICHUEM, COBMEILIEHHOE PEryJIupOBaHUE YPOBHEW BOJIBI, YCTAHOBHBILEECS U HEYCTAHO-
BUBIIIEECS TEYEHUS BOJBI, NIEPETOPAKUBAIOIINE COOPYKEHHS, BOJAOPACIPEAEINUTEIbHBIE CO-
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CALCULATING PARAMETERS OF UNSTEADY WATER FLOW IN
MAIN CANAL FOR THE METHOD OF ACTIVE MANAGEMENT OF
WATER DISTRIBUTION

The aim of this study was to solve the problem of the management of water distribu-
tion in main irrigation canals using the methods which take into account the dynamic charac-
teristics of the processes of water distribution in unsteady flow. The study was carried out at
the example of Prigorodnyy main canal of Krasnodar. The method of active management of
water distribution was developed. It is based on the methods for calculating transient hydrau-
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lic processes applying for solving the objectives of matching operation regimes of the units of
pumping station with the operation regimes of baffle and distributing facilities at steady and
unsteady regimes of water flow for the purpose of water distribution. We developed algo-
rithms for calculating the control action values of shutter opens with discrete-pulse law of
combined regulating water levels on the head race and tail-water of baffle facilities with flow-
ing volumes. It was established that the method of active management of water distribution in
main canal using local level regulators on tail-water and head race of baffle facilities at the
beginning of the 8th and at the end of the 9th tail-water enables to use existing water capaci-
ties in the pools. This enables to transfer reserve water volumes along the canal in such a way
that part of the canal length over 20 km of unsteady water flow is transformed into steady. It
is proved that implementation of the developed method allows optimizing the management of
water distribution and minimizing single and non-technological discharges.

Keywords: pumping station, main canal, management of water distribution, combined
regulation of water levels, steady and unsteady flow of water, baffle facilities, water distribu-
tion facilities.

B Hacrosiiee Bpemsi Npu pelieHuu npodiieMbl yIpaBlIeHUs BOJIOpacIpe-
JEJIEHUEM NPEANOUYTEHUE OTAAETCS METOJAM PETYJIMPOBAHHUS, YUYUTHIBAIOLIUM
JUHAMHYECKNE XapaKTEPUCTUKH CUCTEM BOAOPACIPEIECIEHUS NPH HEYCTaHO-
BUBIIIEMCSI TEUEHUH BOJIBI.

N3BecTHO, 4TO 3(hPEKTUBHOCTH PabOThl OPOCUTENIBHBIX MarucTpaibHbIX
KAaHAJIOB 3aBUCHUT OT TOT'0, HACKOJIBKO IIOJIHO MCIIOJIB3YIOTCSI PE3EPBHBIEC 3aI1aChl
BO/IbI B Obe(ax kaHasoB. IMEHHO 3TUM ONpeneNnsieTcss BHIOOP TOTO WJIM MHOTO
crioco0a ynpaBJeHHsI BOJOPACIPEIEICHUEM.

Cpenu cylecTBYIOUIMX CIIOCOOOB aBTOMATU3MPOBAHHOIO YIIPaBJICHUS
TEXHOJIOTUYECKUMU IPOLIECCAMU BOAOPACIPEACIICHUS, TO3BOJISIIOIINX MUHUMU-
3UpPOBATh XOJIOCThIE U HETEXHOJOTUYECKHE COPOCHI BOJIbI, HANOOJIee MPOCTHIM U
JIETKO OCYILECTBUMBIM SIBIISIETCS pa3pabOTaHHBIN coco0 aKTHUBHOTO YIIpaBe-
HUS BOJIOPACIIPEIEICHUEM, KOTOPBII IT03BOJISIET aBTOMAaTUYECKU IIEpepacIpese-
JSTh U3JIMILIKA HAKOIJICHHBIX 00BEMOB BOJIbI B PE3EPBHBIX EMKOCTSAX KaHAJIOB U
MOKET IPUMEHSTHCS I OTKPBITBIX MarucTpaibHbIX KaHANOB. J[aHHBIN cI0c00
Ha3bIBAETCS AKTUBHBIM IIOTOMY, YTO OCHOBHBIE€ 3JIEMEHTHI YIPABICHUS COCpeE-
JOTOYEHBI U OCYHIECTBIISIIOTCS HA TOJOBHOM HAacoCHO# ctaHuuu. IIpu sTom Bes
cuctemMa O0be(OB MarucTpajIbHOrO KaHaja Ha BCEM €ro MpOTSHKEHUH aBTOMATH-
YECKH MEPEPEryINpPYyeTCs M CAMOHACTPAUBAETCS NPUMEHUTEIIBHO K HOBOMY

T'uApaBIIMICCKOMY PCKUMY KaHaJla. MaHI/IHy.]'ISILII/II/I YHpPaBJICHUA TIPOHU3BOIATCA
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MyTEM OTKJIIOUCHMS, a 3aT€M BKJIIOUCHHS OJHOTO0 M3 arperaTroB rOJIOBHOW Ha-
COCHOM CTaHIIMU Ha MEePUOJ] aKTUBHOTO YIIPaBJICHUS.

AKTHUBHOE yIpaBJE€HHE BOJOPACHPEACICHUEM IMPEIoaraeT HUCIob30-
BaHHE B KOHTYpPE YIPaBICHUS JIOKAJIBbHBIX PETYISATOPOB MO YPOBHIO BEPXHETO
WU HWKHEro Obeda meperopaxuBaroliux COOpyKeHHi. B Hacrosiel cratbe
paccMaTpUBaeTCsl PEryJIUPOBAHUE C MEPETEKAIIIMMU 00beMaMHu, IIPU KOTOPOM
B KOHTYpE€ YIpaBJICHHS MPUMEHSIETCS COBMEIIEHHOE PEryJIupOBaHUE YPOBHEM
BOJbI TI0 HUKHEMY U BEpXHEMYy ObedaMm Meperopa)kMBaroluX COOPYKEHUM.
[Ipu mpuMeHEeHUN peryJIupoBaHUs C MEepeTeKaloluMU 00beMaMu MecTa ycTa-
HOBKH JIOKAJBHBIX PETYJISTOPOB B cucTeMe ObeOB U MEPETropakuBarOIIUX CO-
OpYKEHUW MarucTpPaJIbHOTO KaHaja OINpEeJeNsIOTCS B MPOIECCe MPOBEACHUS
CIIEMAJIbHBIX MMHUTAIIMOHHBIX UCCIICJOBAHMHM HAa MAaTEMaTHYSCKON MOJICIIH.

BononoTrpebiienre Ha paccMaTpuBaeMOl OPOCUTEIBLHON CHUCTEME MOXKET
OBITH TIPE/ICIBHO 00€CTICYEeHHBIM, 0OECIIEYEHHBIM M HEJOCTATOYHO O0ECIIeUCH-
HbeIM. OOecrniedyeHHBIM (HEIOCTaTOYHO OOECICUCHHBIM) HAa3bIBACTCS BOIOIIO-
TpeOsieHue, TP KOTOPOM 00111asi cymMMa OTOOPOB BOJbI JICHCTBYIOIIUMU BOJIO-
MOTPEOUTENISIMU C YIETOM BEJIMUMHBI pacxoja cOpoca B KOHIIE MarucTpaabHOTO
KaHayia MeHbIe (00JIbIe) pacxo/ia roJIOBHOM HACOCHOM CTaHITUH.

O6ecnieuennoe BojaonotpediaeHue MoxeT ObITh 70 % 1 90 % (B oOuiem
cily4dae 7 -IpoleHTHBIM). MHBIME ciioBamu, o0ecriedeHHOE BOJIOMIOTPEOICHHE —
ATO BOJOMOTpeOsieHne n -mpoleHTHOW obOecreueHHOCTH [1]. Takum oOpazowm,
npeaenpHo odecnieueHHoe BogonorpedaeHue seisiercss 100 %. s cinyyas npe-

ACJIIBHO 00€eCIIeYeHHOTO BOI[OHOTpe6JICHI/I$I

QHC = ZQ1 + Qc6p 2
i=1

. . 3
rae O, — pacxol roJIOBHOM HACOCHOM CTaHIMH, M/C;
1 — KOJIM4YECTBO OTOOPOB BOJBL;
: 3
g, — pacxon i-ro orbopa BoJbl, M/c;

3
Qc6p — pacxon C6p003 B KOHIIC MaruCTpaJIbHOTO KaHaJid, M /c.
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NMuTalMOHHBIE UCCIENOBAaHUS AKTHUBHOIO YIIPABICHUS BOJOpACIpEE-
JIEHWEM B MAarucTpalbHbIX KaHalax ¢ MPUMEHEHHEM COBMELIEHHOIO PEryJIHpO-
BaHUS YpOBHEW BOJABI MO HWKHEMY U BEpXHEMY ObedaM MeperopakuBarolInx
COOPY’KEHUH, Ha3bIBAEMOTO TaKXKe PETrYJIMPOBAHUEM C MEpPETEKAIOUIMMU 00be-
MaMH, IPOBOJMIIMCH HA MaTeMaTU4eckor monenu IIpuropoaHoro marucTpaib-
Horo kaHana r. Kpacuogapa (IIMK r. KpacHonapa) ¢ rojgoBHOM HacOCHOM CTaH-
uuen i ciydas obecriedeHHoro 93 % BogonoTpedieHus.

[IpuropoaHslii MarucTpaibHbli KaHan r. KpacHogapa mpeacTaBisieT co-
Ooli pyclio TpareneuaIbHOro CeueHus: NpoTsKeHHOCThIo O6osee 50 kM. ["onoB-
Hasi HACOCHAas CTaHIMS 00OpyJ0oBaHa CEMbIO HACOCHBIMU arperaramu paBHOM

3
NPOU3BOJUTENLHOCTH, O, = 3,2 M'/C.

JlanHbie 1Mo ObedaM C THAPABIMYECCKUMU DJIEMEHTAMH U CXEMaTHU3UPO-
BaHHBIMM 3HAYEHUSIMH PACXOJ0B BOAONOTPEOICHUS, YTOUHEHHBIMH B MPOIECCE
MIPOBEJICHUS HATYPHBIX HcclenoBanuii Ha [IpuropogHoM MarucTpajibHOM KaHa-
ne . Kpacnonapa, npuBeaeHsl B Tabsmiie 1.

Taoauua 1 — I'mapaBandeckue 3jemenTsl B 0bedax IMK r. Kpacnogapa

Howmep | llepoxo- | Yxion | yimua |3anoxenwue | [lupuna OTt60p
Obeda | BaToCTh Obeda, M| oOTKOCa | IO IHY, M BOJIBI, M°/C
100 % 98 %

1 0,017 0,0003 4500 2 2 1,2 1,2
2 0,017 0,0003 3500 2 2 1,2 1,2
3 0,017 0,0003 4500 2 2 1,2 1,2
4 0,017 0,0004 3500 2 1 1,2 1,2
5 0,017 0,0004 2250 2 1 1,2 1,2
6 0,02 0,00045 | 3500 2 1,5 1,2 1,2
7 0,02 0,0006 4000 2 1,5 1,2 1,2
8 0,025 0,0004 5000 2 1,5 0,9 0,8
9 0,025 0,0004 4750 2 1,5 0,9 0,8
10 0,025 0,0004 9500 2 1,5 0,8 0,7
11 0,02 0,00005 500 2 1,5 0 0

MCTOJII/IKa I/ICCJICI[OBaHI/Iﬁ YTOUHAIACh B IIPOHCCCC MMUTAITMOHHOTO HU3Yy-
YCHHUA TUAPABIMYCCKUX IMCPCXOIHBIX IMPOHCCCOB, COOTBCTCTBYIOIIUX pPaA3JINY-
HBIM PCKHMaM I3KCINTyaTalUMU OTKPBITBIX KAaHAJIOB. Ha ocHoBe Takux HCCiICcao-

BaHUU pa3pa60TaHLI PCKOMCHAAIINHN 110 BBI60py N HAa3HAYCHHNIO OIITHUMAJIBHBIX
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napamMeTpoB KaHAJIOB U COOPYKEHUN Ha HUX, IJIUH Obe(OB, YKIOHOB JIHA pac-
MIPEAECIUTENBHBIX KAHAIOB, HATIOPOB U BEJIMYWH OTKPBITUN 3aTBOPOB HAa COOPY-
KEHUSIX, BBIOOPY CTBOPOB CEYEHUM KaHAJIOB /JI1 YCTAHOBKH CPEJICTB BOJIOM3MeE-
pEHNs NPU HEYCTAHOBUBLIEMCS PEKUME ABMKEHHUS BOIBI [2, 3].

Jl1s1 pazpaboTaHHOM MaTEeMaTUYECKOW MOJICNIU U TIPEJIOKEHHOTO MaKeTa
MIPUKJIAIHBIX TPOTPAMM HCIIOIb30BaHbl CIEAYIOIINE UCXOAHBIE NAHHBIE, MOJY-
YEHHBIE B PE3YJIbTATE HATYPHBIX UCCIICIOBAHUIA:

- TUAPABIMYECKHUE TapaMeTpbl YYacTKOB KaHaja: (opMma MONepeyHoro
CEYEHUs, YKIIOHBI, JUIMHA YYaCTKOB KaHalla U IIMPHUHA 1O AHY, 3aJI0KEHUS OTKO-
COB, K03(P(UIIMEHTHI IIEPOXOBATOCTH (IIpUBEIEHBI B Tabmuue 1);

- TUJIPABINYECKUE TTapaMeTPhl THAPOTEXHUYECKUX COOPYKEHUN: KOJIHYE-
CTBO M IIPOU3BOJUTEIBHOCTh arperaToB TOJOBHOM HACOCHOW CTaHILIMH, KOJIHYE-
CTBO U XapaKTEPUCTHUKHU PETYJIUPYIOLINX 3aTBOPOB HA MEPETOPAKUBAIOLIUX CO-
OpYXEHUSAX;

- BEJINYUHBI 3a0MpaeMbIX Pacxol0B BOJbI B CTBOpax BoAooTOOpa (Tadiu-
na 1) u ap.

Jl7ist pacyeTa mepexoIHbIX PEKUMOB TEUEHHS BOJIbI B KaHAJIaX pazpaboTaH
MIPOrpaMMHBIM KOMILUIEKC, OCHOBAaHHBI Ha METOJIE XapaKTepUCTHUK. MeTtoxa xa-
PAKTEPUCTHK, B OTJIMYKE OT APYTUX METOAOB, IPUMEHSIEMBIX ISl PELICHUS aHa-
JIOTUYHBIX 3a/a4, JAET BO3MOXHOCTb OIPEIEIATh BPEMSI U MECTOIOJIOKEHHE
(cTBOp) BO3HMKHOBEHUS NPEpbIBHBIX BOJIH. OH Hanbosee TOYHBINA, MaKCUMAallb-
HO MPUOJIMKEHHBIN K (U3MUYECKUM IpolieccaM, MPOTeKaIOIMM B HATYpHBIX yC-
JIOBUSX, Y MTO3BOJISIET JOCTATOYHO MPOCTO BBOJAUTH KPAEBBIE YCIOBHUS.

KoHnTponps pexuma paOoThl U YHOpaBJICHHUS 3aTBOPaAMHU IEPErOpakuBaro-
IIMX COOPYKEHUH OCYILIECTBISETCS B JUCKPETHBIE MOMEHTHI BPEMEHH
B COOTBETCTBUM C MAaT€MaTUYECKHMMHU 3aBUCHMOCTSIMH, OMHUCBHIBAIOIINMU IPO-
LecC KOHTPOJs M ynpaBieHHs. EMy COOTBETCTBYIOT pacyeTHBIE OIEpaluu
YIPABJISIOMIMNX BO3AEHCTBUI U yCTABOK.

B xadecTBe MaTeMaTHMUECKUX 3aBHCUMOCTEHU IJIA pacducTa YIpaBIIAIOINUX
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BOSHCﬁCTBHﬁ 34aTBOPaMH TICPCTrOpPaKNBAOIINX COOpy}KeHI/Iﬁ pacCMaTpuBarOTCA
3dKOHBI PCTYJINPOBAHUA TUCKPETHOT'O HeﬁCTBHH, YKAa3aHHBIC B Ta6n1/1ue 2.

Tabauuna 2 — MaremaTn4eckue 3aBUCHMMOCTH /ISl pacyeTa ynpaBJIsOLIIHX
BO31efiCTBUI 3aTBOPAMU NE€PEropa;kKuBaIIMX COOPYKEHUH
¢ IpMMEeHeHHeM 3aKOHOB PeryJMpoOBaHUsA JUCKPETHOT 0

JAeHCTBUA

JIMCKpETHBII (MMITYJIbCHBIN) 3aKOH
perynupoBaHus s CTaOUIM3anuu
YPOBHS BOJIbl B HIOKHEM Obede
NIEPErOpaKUBAIOIIET0 COOPYKECHHUSI

JIMCKpETHBII (MMITYJIbCHBIN) 3aKOH
perynupoBaHus s cTaOuiIn3anuu
YPOBHS BOJbI B BEpXHEM Obede
NIEPErOpaKUBAIOIIEr0 COOPYKECHHUSI

If nb=7
ns:=LEN(sp[nb])
eps:= glk[nb+1,1]-glt[nb+1,1]
If eps=€>=0,01
ds[nb+1,10]:=1,01*ds[nb+1,10]
Else
ds[nb+1,10]:=ds[nb+1,10]
EndIf
Ifeps=e<=-0,01
ds[nb+1,10]:=0,99*ds[nb+1,10]
Else
ds[nb+1,10]:=ds[nb+1,10]
EndIf
Endif

if nb=10
ns:=LEN(sp[nb])
eps:= glk[nb,ns]—glt[nb,ns]
If eps=€>=0,01
ds[nb+1,10]:=0,99*ds[nb+1,10]
Else
ds[nb+1,10]:=ds[nb+1,10]
EndIf
If eps=€ <=0,01
ds[nb+1,10]:=1,01*ds[nb+1,10]
Else
ds[nb+1,10]:=ds[nb+1,10]
EndIf
Endif

[Ipumeuanue — nb — HOMep Obeda; ns — HOMep cTBOpa; ds[nb+1,10] — 3amaHHBII
mar oTkpeITHs 3aTBOpa; glk[nb+1,1]=H; (f) — rmyOuHa BOJBI B HAYAIBHOM CTBOPE HIDK-
Hero Obeda, COOTBETCTBYIOIIAA 3aJaHHON yCTaBKE B MOMEHT BpeMmeHHu f; glt[nb+1,1]=

H, . (¢,) — rmyOuHa BOABI B HAYAIHHOM CTBOPE HIDKHErO Obe(a, COOTBETCTBYIOMIAs Xapak-

cT

TEPUCTHKE C BPEMEHHBIM ciioeM [, ; eps = H ' (t) — H,,(¢,) — OTKIOHEHHE peryanupyemMo-
ro napaMmerpa riryouHbl (YpOBHsI) BOJbI B HH)KHEM Obede OT 3a/laHHOM yCTaBKUM B MOMEHT
Bpemenu ¢, ; glk[nb,ns]= H'(#) — riybuHa BoJbl B KOHEYHOM CTBOpE BepxHero Obeda,
COOTBETCTBYIOIIAS 33JJaHHON yCTaBKe B MOMEHT BpeMeHH f; glt[nb,ns]= H, (f,) — riryouna
BOJIbl B KOHEYHOM CTBOpE BEpXHEro Obe(a, COOTBETCTBYIOIIASI XapaKTEPUCTUKE C BPEMEH-
HBIM cJI0eM ¢, ; eps = H ' (t) — H(¢,) — OTKIOHEHUE PErylIupyeMoro mapamerpa riryou-
HbI (YpOBH) BOJBI B BEpXHEM Obe(de OT 3aJaHHON yCTaBKUM B MOMEHT BPEMEHH £, ; € — 3a-

JaHHAasl TOYHOCTh PETyJMPOBAaHUs WA 30HA HEUYBCTBHUTEIBHOCTH PETYIMPYEMOIO mapa-
METpa; f, — BpeMs, XapaKTEPHU3YIOLIEe NIEPUOJUIHOCTL KOHTPOJIA U YIIPABJIEHUS 3aTBOPOM

Ha K10 XapaKTEpUCTUKE C BDEMEHHBIM CJIOEM f, .

ITonnbiM MNEPpHUOAOM AKTHUBHOT'O YIHPABJICHUA BOJOPACIIPCACICHUCM HA3bI-
BacCTCsA BpEM:A, B TCUCHHUC KOTOPOTO OJAHMH H3 arperaTtoB IOJIOBHOM HACOCHOM
CTaHIINM CHa4dadjla BBIKIIFOYACTCA Ha IICPUOId HC MCHCEC 6 qaCoOB, a 3aTCM BHOBb

BKJIIOYAETCs Ha mepuoa 10 18 gacoB (mepuoj okoHUYaHUS CYTOK). B mepuoma ot-
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KIIFOUYCHHUA arperara IIpoUuCXoduT cpa60TI<a HAaKOIJICHHBIX 00BEMOB BO/JBI
B 6BC(1)3X KaHaJia. HpI/I 9TOM YPOBHH BOAbI CHHIKAKOTCA HAa KOHTPOJIHUPYCMYIO
BCIIMYNHY, HC IMPCBLIIMIAIOITYTO BaﬂaHHOﬁ (1)I/IKCI/Ip0BaHHOﬁ YCTaBKH. B nepuona
BKIIFOYCHUA arperara 00BEMEBI H YPOBHU BOIBLI B 6B€(1)8.X MOTI'YT BOCCTaHABJIN-
BaTbCA.

B kadecTBe HayalabHOTO M I'paHUYHbBIX YCJ]OBI/Iﬁ MMPpUHATBI TUAPABINYC-
CKHUC IIapaMCTpPbl KaHaJIa I10 6Be(1)aM, COOTBCTCTBYIOIINC YCTAHOBUBIICMYCA HC-

3 .
PaBHOMEPHOMY TEUEHHIO C pacxoioM Bojbl O = 16 M’/c U riayOMHOM BOIBI

B TOJIOBE KaHana i = 2,242 M.
Benmuuuna cOpocHOro pacxoma B KOHIIE MarucTpajibHOTO KaHala

Qs =35 m/c.

NMHUTAIIMOHHBIMU HUCCIEAOBAHUSAMM OIPENEIECHbBl MECTa YCTAHOBKH JIO-
KaJIbHBIX PEryJsiTOpOB YPOBHEW BOJBI 10 HUKHEMY M BEpXHEMY Obedam mepe-
ropakXMBAIOLIMX COOPYKEHUM, yKa3zaHHbIe B Tabiuue 3. JlokanbHbIe perymisiTo-
PBI JOJKHBI OBITH YCTAHOBJIEHBI Ha MEPErOpakKUBAIOIIUX COOPYKEHUSIX B 8-M U

10-m Gredax.

Tadauna 3 — [lanHble Mo neperopaxkuBaomum coopyxenusam IIMK
r. Kpacuogapa

Homep| Tun |[Koaddu-|Korbdbumm-| Kosdpdumu- |upuna| Komm- | Otkpsl- | Hamuume
Obeda| compsi- | IMEHT | €HT rOpH- | €HT BEPTH- |3aTBOpa, | YeCTBO | THE peryisi-

JKEHHUS | pacxo/ia [30HTAIBHOTO| KaJbHOTO M 3aTBO- | 3aTBOpA, | TOpa

CKaTHs T0- coKaTUs pOB, M
TOKa MOTOKA IIT.

2 c’ 0,66 0,97 0,95 1,5 2 2,3 Her

3 I1C 0,64 0,96 0,95 1,5 2 2,3 Her

4 I1C 0,63 0,96 0,94 1,5 2 2,3 Her

5 I1C 0,65 0,97 0,95 1,5 2 2,0 Her

6 I1C 0,64 0,96 0,94 1,5 2 2,0 Her

7 I1C 0,63 0,97 0,95 1,5 2 1,1 Her

8 I1C 0,66 0,96 0,95 1,5 2 0,9 Ha

9 I1C 0,64 0,96 0,95 1,5 2 0,8 Her

10 I1C 0,65 0,96 0,94 1,5 2 0,6 Ha

11 I1C 0,63 0,95 0,95 1,5 2 0,6 Her

[Ipumeuanue — * — neperopaxuBaroIIne COOPYKEHUS.

Hpouecc HCYCTAHOBUBIICTOCA TCUCHUA BOJAbI HAYMHACTCA C MOMCHTA OT-
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KJIFOUEHHUs OJHOrO arperara rojloBHOM HACOCHOM CTaHIMU (C U3MEHEHUEM pac-
xoxa ¢ 16,0 mo 12,8 M3/C) U CHUKEHUS OTOOPOB BOJBI B TOYKAaX BOJOBBIJEIIA.
OTOT MPOIECC COMPOBOXKIAETCS MOHUKEHUEM YPOBHs BOJbI B Obe(ax KaHana.
Uepes nBeHaIIaTh YacOB OTKJIFOUEHHBIN arperaT BHOBb BKJIIOYAeTCs (C U3MEHe-
HEeM pacxona ¢ 12,8 1o 16,0 M’/c), Ipu 5TOM OTGOpPBI BOABI COXPAHSIOTCS HA
npexxHeM ypoBHE. B Teuenue sToro mepuona HaOMIOAAETCS MOIBEM YPOBHEH
BOJIbI B Obe(ax kaHama. OIWH TOJIHBIA MEPUOJ aKTUBHOI'O YIPABJICHUS BOIO-
pacnpeneneHueM mpooinKaercs 24 yaca.

Takum 06pa3zom, 3a 24 yaca OCyILIECTBIIAECTCS BECh LIUKII MPOIecca yInpas-
JICHUS! BOJIOpACTIPEICIICHUEM, BKIIIOUAIOIINI B ce0sl ynpaBieHHE BOAOINOAAYEH
Ha TOJIOBHOM HACOCHOW CTaHIMU W YIpaBJICHHE BOJOOTOOPOM B TOUYKAX BOJO-
BbIJIEJIA.

AKTHBHOE YyTpaBlieHHE MNPOLECCaMU BOJOpACHpPEeICHUS OCYIEeCTBIs-
JOCh CpEelCTBAaMU TaKeTa NpUKIaTHbIX mnporpamm «Crartuka—/lnHaMuKa—
Yeroituusocthy (HUMACC Jlupa Codt (Kues).

Ha pucynke 1 mpeacraBieHa 3aBUCUMOCTh W3MEHEHHUs TIIyOUMH OT yna-
JeHHOCTU Obe(OB OT TOJIOBHOI'O CTBOpAa MAarucTpajbHOTO KaHaja JJjig 0TOopa
pacxonoB Boabl 98 % oOecre4yeHHOCTH C MPUMEHEHHUEM COBMEIIEHHOIO pery-
JUPOBAHUS YPOBHEW BOJIbI MO0 HIDKHEMY M BEpXHEMY ObedaM meperopaxiuBaro-
UX COOpYKeHUH. B mpojoipkeHre mepBOro Mmojayiukia peryJiupoBaHus, CO-
cTaBisitoniero 12 4dacoB, HaOMIOAAETCS CHIDKEHUE YPOBHEH BOJBI B TOJIOBHOM
YaCTU MarucTpaJbHOTO KaHaja Ha BeauduHy 0,35 M C MOCHeayIolUM YMEHb-
IIIEHWEeM W3MEHeHMsI TTyOWHBI BOJABI MO JJIMHE KaHana. Ha aBroperymnstopax
IIyOuHa yJIep)KUBAETCsl Ha YpOoBHE (PUKCHPOBAHHOTO 3HadYeHUs. Bo BTOpoM To-
JYIUKIIE PETyIUPOBAHUS BKIIOYACTCS OTKIIOUCHHBIM arperaT HaCOCHOM CTaH-
1MUY, ¥ B TIoclienymomue 12 yacoB ypoBeHb BOAbI B Obehax MarucTpaabHOIO Ka-
HaJjia TMOBBIMIACTCS, MPAKTUYECKH JIOCTUTasl HayaJbHOTO 3HAYCHUS U B JAJIbHEH-

mIeM oCTaBasiCh HCU3MCHHBIM.
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Pucynok 1 — 3aBucuMocTh N3MEeHEHM I IJTYOUH BOABI OT YIAJE€HHOCTH
0be()OB OT r0JIOBHOI0 CTBOPA MATMCTPAJIBLHOI0 KaHAJIA JAJIs1 0TOOpa
pacxoaoB BoAbI 98 % o0ecrne4eHHOCTH NPH HAJIHYUHT
peryJsiTopoB YPOBHei M0 HUKHEMY U BepxHeMy Obedam
cooOpyxkeHMi (peryJiMpoBaHue C NMepeTeKalIuMu 00beMaMu)

Ha pucynke 2 mpencraBieHa 3aBUCMMOCTb M3MEHEHHMsS pacxoja oT yja-
JEHHOCTU Obe(OB OT TOJIOBHOTO CTBOpAa MAruMCTpajbHOrO KaHaja g oTOopa
pacxo0B Bojbl 98 % 00ecreyeHHOCTH ¢ MPUMEHEHUEM COBMEILIEHHOTO PETryJIn-
pOBaHMs YpOBHEW BOJBI MO HUKHEMY M BEpXHEMY ObedaM MeperopakuBaroIiux
coopyxeHuil. B mpopomkeHne mepBOro MOJMYLUKIA PEryJIUpOBaHUs, COCTaB-
nsroiero 12 yaco, HAOMIOAAETCS MAKCUMAIBHOE CHUYKEHHME pacxoja BOJIbI B T'O-
JIOBHOM YaCTH MArHCTPATBHOTO KAHAIA HAa BETHUMHY 3,2 M/C C MOCIELYIONNM
YMEHBIIIEHHEM U3MEHEHHsI pacXxo/ia BOJbI MO JJIMHE 10 XBOCTOBOM YacTH KaHasa.
B Teuenue BTOpOro mosynukia Mocjie BKIOYEHHUs OTKIIIOUEHHOTO arperara Ha-
COCHOM CTaHILIMM PACXOJl IO BCEW JJIMHE KaHala yBEJIMYMBAETCS M B KOHIIE MOJI-
HOTO IMKJIA PETYJIMPOBAHUS MPAKTUYECKH IOCTUTAET HAYaIbHOI'O 3HAYEHHUSL.

Ha pucynke 3 npencraBieHbl 3aBUCUMOCTA U3MEHEHUsI TITyOUMH BOABI OT
BPEMEHHU B HaYaJIbHOM CTBOpPE 8-r0 U KOHEUHOM cTBOpe 9-ro ObedoB 11t 0TOO-
pa pacxoq0B BoJbl 98 % o0ecre4yeHHOCTH ¢ MPUMEHEHUEM COBMEIIEHHOTO pe-
T'YJIMpPOBaHMs YPOBHEH BOJBI MO HIKHEMY M BepXHeMY ObedaM Meperopaku-
BAIOIIUX cOOpykeHui. Ha aBTOperynsTopax BeIMUUHBI TTyOUH yIEepP>KUBAIOTCS

Ha YPOBHC (1)I/IKCI/IpOBaHHBIX 3HaYeHMH. 3aBUCUMOCTH ypOBHeﬁ BOJbI OT BPpCMC-
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HH Ha aBTOPCTYJATOPAaX COOTBCTCTBYIOT INPUHATOMY AUCKPECTHOMY 3aKOHY HU3-

MCHCHHUA YCTABKU B 3a/IaHHBIX JHUAIIA30HAX.

; 0, Mxy6/c 0=AL)
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Pucynok 2 — 3aBucuMoOCTb H3MEHEHHS PACX0J0B BOAbI OT YIAJEHHOCTH
O0be()OB OT r0JIOBHOI0 CTBOPA MATMCTPAJIBLHOI0 KaHAJIA JAJIs1 0TOOpa
pacxoaoB BoAbI 98 % o0ecne4eHHOCTH NPU HAJTUYUHT
peryJsiTopoB YPOBHei 10 HUKHEMY U BepxHeMy Obedam
cooOpyxkeHMi (peryJiMpoOBaHue C NMepPeTeKalIuMu 00beMaMu)
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Pucynok 3 — 3aBucumMocTh H3MEHEHHSI YPOBHEH OT BpEMEHHU
B HA4YaJIbHOM CTBOpeE 8-ro 1 KOHeYHOM cTBOpe 9-ro 6bedoB 11 0TOOpa
pacxoaoB BoAbI 98 % o0ecne4eHHOCTH NPH HAJIUYUH PEryJIsiTOPOB
YPOBHeH 10 HHKHEMY M BepxXHeMy ObedaM coOpyKeHHi
(peryJiMpoBaHue C NepPeTeKAINNMHA 00beMaMM)

Ha pucynke 4 mpenctaBicHbl 3aBUCUMOCTH H3MEHEHHS PACXO/I0B BOJIBI OT
BPEMEHH B HauaJIbHOM CTBOPE 8-T'0 M KOHEYHOM CTBOpE 9-ro 6nedoB 1151 0TOOpa
pacxoq10B Bojabl 98 % o00ecreueHHOCTH ¢ MIPUMEHEHNEM COBMEIIEHHOTO PeryJiu-

pPOBaHMs YpPOBHEW BOJBI MO HUKHEMY M BEpXHEMY ObedaM MeperopakuBaroIux

10
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coopyxeHuil. Ha aBTOperynstopax BeITUYHHBI PACXOJIOB BOJIBI U3MCHSIIOTCS He-
3HAUYMUTENbHO. TakuM 00pa3om, ajist 0OTOOPOB pacxoa0B BoAbl 98 % obecreueHHO-

CTHU TIOJTBEepKAacTCs AP heKTUBHAS paboTa aBTOPETYJISITOPOB.

0, MKy0/c O=AT)
8 b =T === aT===== B r==-=-=-=-= | =T =-=== aTs===== T=-====-7 1
] L L 1 1 1 1
N e . L o N . 1
R — T |
1 1 1 1 1 1 1 1 1
6 b - == aT--=-== T-~—"="==- r—-———=—=—-= | 1—=-=-=-=-= b T-~—"~>=—7— 1
1 1 1 1 1 1 1 1 1
5 4 - | [ N B I | I I o — ] B ]
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
4 i - == e B T-=-=7=7== r-—-——=—=—-- r==-===" =T =-=-== aTT-=-=== T-~—~==== 1
1 1 1 1 1 1 1 1 1
3 J I | N d e - L= I | J B . J
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
2 T -=-===" m===== b Bl TE====== r=====-= r=====" ====== i B T====== 1
1 1 1 1 1 1 1 1 1
]__ _______ e e e e e N T ] R e e e e e N N ]
1 1 1 1 1 1 1 1 1 T
1 1 1 1 1 1 1 1 1
0 T T T T T T T 1 :C

0 20000 40000 60000 80000 100000 120000 140000 160000 180000
——8(0)  —=—9(4750)

Pucynok 4 — 3aBucuMoOCTb H3MEHEHHMS PACX0/10B OT BPpEMEHH B HAYAJIbHOM
CTBOpE 8-1r0 M KOHEYHOM CTBOpe 9-10 ObedoB AJ1s1 0TOOPA Pacxoa0B BOAbI
98 % o0ecrne4YeHHOCTH NPH HAJIUYUH PEryJIsTOPOB
YPOBHeH 10 HHKHEMY M BepxHeMy ObedaM coopyKeHHi
(peryJiMpoBaHue C NepPeTeKAINMH 00beMaMMu)

BuIBOaBI

PaccMoTpeHHBI cIOCOO aKTUBHOTO YIPABJICHUS BOJOpACIpeaeICHUEM
JaeT BO3MOXHOCTH MCIIOJIb30BAaTh HMMEIOIIUECS PE3EPBHBIE €MKOCTH BOJIBI B
onedax. Takoil pe3yJabTar IOCTUTAETCS MYyTEM TOYHOI'O KOHTPOJIS HaJl U3MEHE-
HUEM ypOBHEW B Hayase 8-ro u KoHIlle 9-ro ObedoB, MO3BOJIAS TIepepacipee-
JISATh pe3epBHbIE 00bEMBI BOJIBI 110 JUTMHE KaHaja U 3TUM CIIOCOOCTBOBATH CYIIle-
CTBEHHOMY MOBBIIIEHHUIO 3(PPEeKTUBHOCTH pabOThI HACOCHON CTaHIIMU U CHUCTE-
MBI BoJIOpacpeesicHus B 1ieioM. BHeapenue cnoco0a akTUBHOTO aBTOMATH3H-
POBAHHOI'O YNIPABIEHUS TEXHOJOTMYECKHUMH IPOLIECCAMHU BOJOPACIIPEICICHUS
HAa OPOCHUTEJIbHBIX MAarvCTpajbHBIX KaHAJIAX C MPUMEHEHUEM CPEICTB JIOKaJb-
HOT'O COBMEIIEHHOTO PETYJIUPOBAHUS YPOBHEW BOJBI MO0 BEPXHEMY U HUKHEMY
Obedam COOpyKEHUH C UCTOJBb30BAHUEM PE3EPBHBIX 3aMacoB 0OHEMOB BOJIbI B
Obedax MO3BOJIIET ONMTHUMHU3UPOBATH MPOIECCH YIPABJICHUS BOJOpacIpeaesie-

HHUCM U MUHHUMU3HUPOBATH XOJOCTBIC U HCTCXHOJIOTHYCCKHUC C6POCBI.
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