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Llenv uccnedosanus — usyuernue pexcumosd pabomovi 8000NPONYCKHBIX COOPYHCEHUL, B8XO0AULUX
8 cocmag 2UOPOMENUOPAMUBHOTL CLLCTNEMDbL, C NOMOULDIO YUCTIeHHO20 KOMNLIOMEPHO20 MO0 UPOBAHUS
6 cpeoe HEC-RAS. B pabome onucarbt 0CHO8HbLe dManvl 06pabomKU UCX00HbIX OAHHbIX, NO020MOSKU
MOOeJl, 8bINOJIHeHUS MOOCSIUPOBAHUA U AHAIU3 NOJIY4eHHbIX pedysvbmamos. Hccnedosarn eonpoc
nPOSPAMMHO20 ONUCAHUS NPABUSL YRPABJEHUS 8000NPONYCKHbIM COOPYHCEHUCM — YNPABIACMbIM
3amMe0poOM, PACNOJIOHCEHHbIM HA KAHAJIEe MPANeLeudaIbH020 CeUeHUs, U BbINOJIHAIOULUM (BOYHKUUIO
pe2ynuposarus yposreti 600vt. Co30aHHbIe NPABUIA PAOOMBL COOPYHCEHUS NPEONOSIAAI0M UMEHeHUEe
NOJIONCEHUS, 3aMB0PA 8 3ABUCUMOCMU OM YPO8Hel B800b. 8 BepPXHeM U HudCHem Obeghax, uem
obecneuusaemcs pezynuposarue. /s nonyueHHol mo0esiu KAHAJA ¢ 6000NPONYCKHbIM COOPYHCEHUCM
ObLLU NPOBEOeHbL PACHeMblL NPU HEeYCMAHOBUBULEMCS DEXCUME MeUeHUs 8600bl 8 KAHAJIE, UCCTIe008AHA
DeaKuUs COOPYHCeHUS HQ U3MeHeHUe NPONYCKAeMO20 PACX00a 800bl, NPOAHATUSUPOBAH NOJIYUEHHbL
X00 yposHell 8 8epxHeM U HuxdcHem bvegpax. Ha ocHosanuu pe3yibmamos mo0esiupo8anis cOesiaHbl
8b1800bL 0 NPUMEHUMOCIU O0AHHO20 Memood UCCTe008AHUS Ol PeuleHus 3a0a4, CEA3AHHbLY
¢ ONMUMUALUCTL PEHCUMOB IKCNILYAMAUUL 2UOPOMETIUOPAMUBHBLY CUCIMEM.
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The aim of this research was to study the operating modes of water-passing structures that are part
of the irrigation and drainage system using numerical computer modeling in the HEC-RAS environment.
The paper describes the main stages of processing the source data, preparing a model, performing
modeling and analyzing the results. The problem of the program description of the rules for managing
a water-passing structure — a controlled gate located on a trapezoidal channel and performing the function
of regulating water levels is investigated. The created rules for the operation of the structure imply
a change in the position of the gate depending on the water levels in the upper and lower reaches, which
ensures regulation. For the resulting model of a channel with a controlled gate, calculations were carried
out for a non-steady flow of water, the response of the structure to a change in the flow rate of water
was investigated, and the obtained values of water levels in the upper and lower reaches was analyzed.
Based on the simulation results, conclusions were drawn about the applicability of this research method
for solving problems related to the optimization of operating modes of irrigation and drainage systems.
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Beenenne. KomibioTepHbie Momesm, Omu-
CBHIBAIOIIME [IBUJKEHME BOJHOTO ITIOTOKA B ecTe-
CTBEHHBIX pycJIaxX, KaHallaX, Pas3JINJYHBIX BOJIO-
IIPOILYCKHBIX COOPYKEHMAX HAIILIM IIUPOKOE IIPH-
MeHeHUe IPH PEeIeHNH 3a]1a4 BOJI0II0Ib30BaAHMUS.
[TpumeHuTEIHHO K THIPOMETHOPATUBHEIM CHCTE-
MaM MOIEJIMPOBAHME IBIKEHNS BOIHOIO IIOTOKA
B KaHAJIaX I03BOJIAET PEeIUTDH ITUPOKUIN CIIEKTP
3aJ1a4, CBSI3aHHBIX C JUHAMUYECKUM pacIpe/ierie-
HHEM BOBI, IIPOrHO3SUPOBAHMEM ABAPHUMHBIX CH-
Tyaruii, obecreueHneM HaesKHON ITOJaYN BOJIBI
norpebuTeso. PactpesesieHre BOOHBIX IIOTOKOB
OCYIIIECTBJISIETCS C IIOMOIIBIO COOPY:KEHMI, COmep-
SKAIIUX 3aTBOPHI, CTEIIEHb OTKPBITHUSA KOTOPHIX M3~
MEHSEeTCS B 3aBUCHMOCTH OT JKeJIaeMOM IIPOITYCK-
HO# crroco0HOCTH coopyskeHusa. CrcremMa KOMITBIO-
TEPHOTO THUIPOJAMHAMHYECKOTO MOeIUPOBAHIUS
HEC-RAS o6namaer #a00poM MHCTPYMEHTOB, II0-
3BOJIAIOIINX UMHUTHPOBATH PA00TY HACOCHBIX CTAH-
ITUI ¥ BOJOIIPOITYCKHBIX coopy:kenwit. [Ipu atom
PeaKIis yIpaBJIsONNX 3JIEMEHTOB COOPY KEeHMs
HA TO WJIM HMHOE COOBITHE 3a[AaeTCsS C IIOMOIIBIO
CIEITMAaIbLHOTO SI3bIKA ITPOTPAMMHUPOBAHUSA.

Marepuaner u meronel. B cratbe pac-
CMOTPEHBI ACIHEKTHI IIOCTPOCHHUS KOMIIBIOTEPHOM
MaTeMaTUJeCKOM MOJeau (parMeHTa THUIPO-
MeJIMOPATHUBHOM CHCTEMBI, COCTOSAIIEI0 M3 ABYX
OTPE3KOB KaHasia (IIOJBONAIINAN M OTBOISILIMIA)

% X-Y-Z Perspective Plot - Warning Geometry is newer than output.
Fe Optons
UpstreamRS:  [5 <] 3] 2] e | '% Reload Data
DownstreamRS: [0 2 Rofaton Age ,E
Azimuth Angle 148 -

¥ VIIPABJIIEMOI'0 COOPYIKEHUSI — BEPTHKAILHOIO
3aTBopa. BomompolryckHoe coopy:KeHUe BBITIOJI-
HSIeT 33144y IOIepyKa s He00X0IMMOT0 YPOBHS
BOJIBI B HIKHEM Obede IpH Pa3IMYHEBIX IIPOIIYCKa-
eMBIX pacxoax (M3MeHSIoNeMCs TOTPeOJIeHNH).

MogenupoBatme BBIIOJIHAIOCHE B cepejie
HEC River Analysis System — HEC-RAS [1, 2].
Bria moarorosiieHa Mojesib KaHAIA TPATIEIeH-
IaJIBHOI'O CeUeHNs, pa30HUToro Ha a8a obeda Bomo-
IIPOITYCKHBIM COOPYKEeHHNEM — YIIPABJISEMBIM ILIO-
ckmm 3atBopoM (puc. 1). CorstacHo kiraccuduka-
1un [3] JaHHBIN 3aTBOP ABJIAETCSI BHYTPHUCHUCTEM-
HBIM MEJIOPATHUBHBIM PEryJINPYIOIIIM COOPYKe-
HEeM, a paccMaTpuBaeMasi 3a1a9a 3aKJII0YaeTCs
B aBTOMATHU3AINHN YIIPABJIEHUI 3aTBOPOM C IIEJIHIO
IIOIIePRAHIS IIOCTOSIHHOIO YPOBHS BOJIEL.

[TonroroBka MojIe/IH COCTOSIA U3 TPEX OC-
HOBHBIX 9TAIIOB:

1) cosganme Habopa IIOIIEPEYHEIX CEUCHUIH,
OIMMCHIBAOIIET0 TEOMETPUI0 KaHAIa;

2) ompeaesieHne MECTOIIOJIOKEHUS YIIPaB-
JISTIOIIET0 COOPYSKEHMs M 3aJaHKe ero XapakTe-
PUCTHK;

3) 3alaHMe IIPaBUJI YIPABJIEHUS COOPY-
SKEHIEeM.

HaGop momepeunsix ceveHmit OBLT CO3MaH
C TIOMOIIIBHIO CITEITIAIBHO pa3paboTaHHOIM I 9TO-
ro nporpammsl Channel Generator (chgen) [4, 5].
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Puc. 1. Mogens kaHasa ¢ ynpapiasieMbIM COOPYKEeHUEM
Fig. 1. Model of the channel with a controlled structure
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leomerprueckre XapakTEPHCTHKKA BOIOIIPO-
ITyCKHOTO COOPYKEHNS: IIIMPUHA, BBICOTA, PACIIOJIOKE-
HUe 3aTBOpA — 3a/1al0TCsA B CIIEIMAIBHOM PEIaKToOpe
HEC-RAS. 3atBop MosxeT OBITH KaK IIPsMOYTOJIBHBIM,

PRIRODOOBUSTROJSTVO 5’ 2021

TaKk M IIPOM3BOJIbHOM (popMbL B mepsoM ciyuae
OH OITMCBIBAETCS TPEMs IIapaMeTpamMu (BBICOTA, IITH-
PHHA, OTMETKA HMKHET0 II0pora 3aTBOpa), BO BTOPOM
ciyuae — HabopoM KoopmuHaT X, Y (puc. 2).
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Puc. 2. Onucanue reomerpun 3aTBOpPa BOJOIPOIMYCKHOT'O COOPY KEHU:
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Fig. 2. Description of the geometry of the culvert gate of the structure

ODYHKITMOHUPOBAHME 3aTBOPA COOPY:KEHUS
OBLIIO OITMCAHO C TIOMOIITHIO CITEIIMATBLHOM ITPOrpaM-
MBI, TEKCT KOTOPO¥ ¢ KOMMEHTAPUAMHU TIPUBEIEH

B Tabsmre. J3pik onucanusa npasuia B HEC-RAS
BO MHOTOM SIBJISIETCSI CXOYKHIM C PaCIIpPOCTPaHEeH-
HBIM I3BIKOM TIporpaMvupoBanus Pascal [6].

Tabnmuna

IIporpamMmmHoe onncanne MoOJAeJTMPYEMOT0 Pe;KMMa PadoThI BOAONPONYCKHOTO COOPYKEeHHSI

Table

Program description of the simulated mode of operation of the culvert

Kox ynpasneunus / Control code

KommenTtapmuit / Comment

‘WSEL_US=Cross Sections: WS Elevation(RedFox,
Redfox, 3, Value at current time step)

‘WSEL_DS=Cross Sections: WS Elevation(RedFox,
Redfox, 1, Value at current time step)

if (WSEL_DS’ > 106.6) Then
Gate.Opening(Gate #1) =0

Elself (WSEL_DS’<106.5) And (WSEL_
US > ‘WSEL_DS’ + 0.2) Then
Gate.Opening(Gate #1) = 10

End If

[Toyuaem 3HaueHUsT yPOBHS BOJHI HUKHEM Obede coo-
PYIKREHUS B TEKYIIMI MOMEHT MOJEILHOIO BPEMEeHHI

We obtain the values of the water level downstream
of the structure at the current moment of the mod-
el time

[Tonyuaem sHAUeHMs YPOBHS BOIBI BepXHEM Obede coo-
PYSKEHHS B TEKYIIMI MOMEHT MOJEIbLHOI0 BPeMEeHH

We obtain the water level values upstream
of the structure at the current moment of the mod-
el time

Ecin mpeBrIliieH ypoBeHb HuKEHEro obeda 106,6 BBIIOJI-
HSIETCS TI0JIHOE 3aKPHITHE 3aTBOPa

WNuaue, eciiu ypoBeHb HuzxHero obeda Huzxe 106,5 1 ypo-
Berb B.B. mpesrimiaer ero Ha 0,2 M, BBIIOJIHSIETCS OTKPHI-
THE 3aTBOpa

If the downstream level of 106.6 is exceeded, the gate
is fully closed. Otherwise, if the downstream level

is below 106.5 and the B.B. level exceeds it by 0.2 m,

Talyzin A.A.
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the gate is opened
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Jls1st moJstyueHHO MOeJIN OBLIO BBIIIOJIHE- BOABLI IIPH PA3JIUYHBIX IIOJIOKEHHUSIX 3aTBOPA)
HO MOIeJMpPOBaHNE NBUKEHNS BOALI B pa3/iMy- IIOKA3aHBI Ha pHUCYHEKax 3a-30. Peakimsa coopy-
HEIX PEKMMAaX C YUYeTOM pPeaKIMH OporpaMM- JKeHH’s Ha M3MEeHeHWe pacxola BOOLI B KaHAJIe
HO-YIIPABJIIEMOr0 COOPY:KEHUS Ha IIapaMeTPhl  COOTBETCTBOBAJIA OMKHOAEMOHN, B HIKHEM Obe-
TIPOITyCKAaeMOro BOJHOTO TTOTOKA. HekoTophie mo-  de TOaIepsKUBAJICA 3aTaHHBIH YPOBEHL BOBI
JIydeHHBIe XapaKTepPUCTUKN (PACUeTHEIEC YPOBHU  IIPH PA3JINMYHBIX PACXOIaxX.
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Puc. 3a. YpoBHH BOOBI IpU OTKPHITOM 3aTBOPE
Fig. 3a. Water levels when the gate is open
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Puc. 36. YpoBHH BOAEBI IpH 3aKPHITOM 3aTBOpE
Fig. 3b. Water levels when the gate is closed

PeaynbraTel u o0cys:xaenue. PeaysibraTel  IpencTaBiieHbl B popMe KAk TAOJIMII, TaK 1 B rpadu-
BBIIIOJTHEHHOT'O MOJIE/IMPOBAHMS MOI'YT TaK#e OBITh  KOB (pHC. 4), YTO IPeIoCTABJISAET JOIOJIHUTEILHEIE
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BO3MOKHOCTY aHAJIN3A U TIOCTIE TYIOIIe 00paboTKI
JaHHBIX. B Tab/mie oTpaskaoTcss HOMep HCCIIe/Iy-
€MOr0 yYacTKa KaHaJIa, IOJIOMKEeHIe TOUKH C II0IIe-
PEYHBIM ceYeHneM (ITMKeTask), CMOIeTMPOBAHHBIN

PRIRODOOBUSTROJSTVO 5’ 2021

pacxond BOIBI, YPOBEHb JHA KaHAJA, CMOOEJIIPO-
BAHHBIA YPOBEHDb BOMBI, YKJIOH CBOOOIHOM IIOBEPX-
HOCTH BOJIbI, CKOPOCTh T€UEHMSsI, ILIOIIATE CeUCHMST
BOJTHOTO TTOTOKA, IIMMPHHA TTOTOKA TI0 BEPXY CEUEHTS.
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Puc. 4. Ilosryyennsie pacueTHbIe 3HAYEHNUS YPOBHEHN U PACXO0B BOIBL:
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Fig. 4. Calculated values of water levels and flow rates obtained:
Blue bold — UVB, blue thin — UNB, green — flow through the gate of the structure

Tabaumel ¢ pe3yabTaTaMyd — PaCYETOB
HEC-RAS moryT OBITH 9KCIIOPTHPOBAHBI B CTAH-
JapTHBIE (DOPMATHI, TIOCJIE Yer0 IIOMEIIeHbl JJIsT
XpaHeHusa U JaJIbHeHInel 00paboTku B 0a3y JaH-
HBIX, TOJIEP:KUBAKIINX 3aIPOChl B CTAHIAPTE
SQL [7]. Tak OymeT obecieueHO B3aMO/IEHCTBIE
MESKTy CHCTEMOM IUAPaBINYECKOr0 MOIEeTHPOBA-

HUS U aBTOMAaTU3UPOBAHHON CUCTEMOM yIIpaBJie-
aus 'MC [8-10].

BriBoamnl
IIpoBeneHHEBIN SKCIEPUMEHT IOKA3aJI IIPH-
MeHUMOocTh cucreMbl MomesmpoBaunsa HEC-RAS
IUIS WICCJIGHOBAHUA PEKHUMOB (PYHKIIMOHHIPOBA-
HUS YIIPABJISEMBIX 9JIEMEHTOB TMIPOMETHOPATHB-
HBIX CHCTeM. B craThe IpencTaBiieHsl pe3yJIbTaThl
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HICCJIEIOBAHMS, OCHOBHOM IIEJIbI0 KOTOPOIO SIBJISA-
JIOCh M3yYeHIe BO3ZMOKHOCTEH KOMITHIOTEPHOIO MO-
JIeJINPOBAHIS PEKIMOB IBILKEHIS BOII B KAHAIAX
THIPOMEJIMOPATUBHOM CHCTEMBI, 000PYIOBAHHBIX
YIIPABJIIEMBIMH BOJIOIIPOILYCKHBIMI COOPY KEHs-
vu. OmmcaH IIporece IMOATOTOBKKM TAKOM MOJIEJIH,
BKJIIOYAIOIIEH B ce0s IIPOrpaMMHOE OIMCAHME IIpa-
BUJI YIIPABJIEHUS BOIOIIPOILYCKHEIM COOPYSKEHIIEM.
Crnengyer OTMETHTDH IIOTEHIIMAJI IIPOIPAM-
mel HEC-RAS nyia pemrenns safgad yupasiieHNs
pacIpeseaeHueM BOIBL B TUIPOMEIMOPATUBHEIX
cucreMax, O0YCJIOBJIEHHBIA BO3MOYKHOCTBIO CO-
BMEIIEHUSA YMCJIEHHOI0 THIPOIHMHAMUYECKOIO
MOZEJIMPOBAHNSA BOJHOIO IIOTOKA W IIPOTPAMM-
HOT'O OIMCAHHUS PEKMMOB (PYHKIIMOHNPOBAHUSI
BHYTPHUCHCTEMHEIX COOPYIKEeHIMIA.
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