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VIIK 627.841
MOHHUTOPHHI U OLIEHKA PEKMMA PABOTHI HU3KOHAIIOPHBIX
BOJIO3ABOPHBIX T'M/IPOY3JI0B OPOCUTEJBLHBIX CHCTEM

T.B. Haymosa!, U.®. IIukanosa®
I®T'BHY «BHUUT UM um. A.H. Koctakosa», r.Mocksa, Poccus;
2OI'bOY BO PI'AY — MCXA umenu K. A. Tumupssesa», T. Mocksa, Poccus

Pexum paGoTbl HU3KOHAIIOPHBIX BOJ03a00PHBIX THIPOY3JI0B OPOCUTEIBHBIX CH-
CTEM OIpECISAETCS PEryIMpOBaHIUEM YPOBHEH M pacX00B BOJIbI B KaHAIAX C TOMOIIbIO
TapUPOBAHHBIX 3aTBOPOB BOJOIMPOITYCKHBIX COOPYKEHHUH U IIITI030B-PErYISTOPOB IS
6ecniepeOoiiHOM 1 6€30MacCHON TPAHCTIOPTUPOBKH M IOCTABKH BOJIbI B COOTBETCTBUU C
NOTPEOHOCTSMU CENTbX03MPOU3BOIUTEICH.

Hecmotps Ha TO, 4TO [JIs1 KaXKOU CpeHEN U KPYITHOM OPOCUTEIBHON CUCTEMBI
IPEJOCTABIISIFOTCS] COOTBETCTBYIOIIME HHCTPYKIIMU MO UX SKCIUTyaTaI[i Ha OCHOBE 00-
mmx «[IpaBuit sKcIUTyaTalinu METMOPATHBHBIX CUCTEM...» [ 1], Ha IPaKTUKE MOCTOSTHHO
NPUXOJUTCS CTAIKHBATHCS C HETPEABUICHHBIMU CUTYAIMSIMH, KOTOPBIC TPEOYIOT TPUHS-
THUS ONIEPATUBHBIX pelieHniH. MOHUTOPHHT M OLIEHKA peXruMa paboThl BO103a00PHBIX
THIIPOY3JIOB OPOCUTENBHBIX CUCTEM B PETYJISPHBIC HHTEPBAIBI BPEMEHH MTO3BOJISET
OTIPEICTNTH BO3HUKAIOIIUE MPH SKCILTyaTaI[H MPOOIEMbI U TPUHATH 000CHOBAaHHBIE
peleHus Py ONEPaTUBHOM YIPABICHHUH, a TAK)KE OCYILECTBIISITh IPOrHO3UPOBAHUE U
IUTAaHUPOBAHUE COOTBETCTBYIOIINX MepornpusaTHii. [Ipy MoHUTOpUHTE TpOBOAATCS
HaOJIOZICHNS 32 TEXHUYECKHUM COCTOSIHUEM COOPYKEHUI OPOCUTEIILHOW CUCTEMBI, 32
YPOBHSIMH U PAcX0JaMH BOJbI B KJIFOUEBBIX TOUKAX HA KaHaJaX, 3a BBICOTON MOAHSITHS
3aTBOPOB BOJIOMPONYCKHBIX COOPYKEHHUH U IIITI030B-PETYISITOPOB, & TAKXKE 3aTpaTamMu
Ha KCIUTyaTaIfio ¥ TEXHHYECKOE 00CTy)KUBaHHE.
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OnHO# 13 OCHOBHBIX IPOOJIEM IKCILTyaTallii BOI03a00PHBIX THAPOY3IIOB SIBISETCS
00opbba ¢ 3amJICHHEM KaHAJIOB OPOCUTEIBHBIX cucTeM. HecMoTpsi Ha TO, YTO mepexBaT
JOHHBIX HAaHOCOB Ha MIEPBOM dTarle, OCYIIECTBISIEMbIl BO03a00PHBIMU COOPYKEHUSIMH,
KOHCTPYKLIMM KOTOPBIX OCHOBaHbI Ha MPUHIUIAX MOMEPEYHON HUPKYJSIUU WIH T0-
CJIOMHOTO JIeJIEHUS! B3BECEHECYIIEro MOTOKa, mocie nepeopMupoBaHus BEpxHero obeda
3¢ (}EeKTUBHOCTh TepexBaTa HAHOCOB CHIKaeTcs. J(OMONHUTENbHBIA 3aXBaT JAOHHBIX
HAHOCOB B B0OJ103a00p MPOUCXOAUT HM3-3a 3aWJICHUS] BEPXHETo Obeda 10 OBITOBBIX OTMe-
TOK, BCJIEJICTBHE YEro YBEIUUYUBAIOTCA CKOPOCTH MOJX0/a TTOTOKA K COOPYKEHUIO U JIOH-
HbI€ HAHOCHI IPOHUKAIOT B BEPXHUE CJIOU MOTOKA, 3a0upaemMbie B KaHaJl.

Ha pucynke 1 mpencraBieHbl JaHHbIE MOHUTOpPUHIA KojeOaHUs ypOBHEH BOJBI B
MaructpaibHoM kaHaie Tepcko-Kymckoro runpoysna. M3 rpaduka Ha pucyHke 1 BugHO,
YTO MpH IJIAaHOBOM rpaduKe MoJauyu BOJBI B OPOCUTEIBHYIO CUCTEMY YpOBEHb BOJBI B
KaHaJle OKa3bIBAECTCA 3HAYMTENIbHO BbIIIE YCTAHOBJIEHHOW B MPOEKTE OTMETKH, KOTOpas
paBHa 139,70 M mpu MakCHMaJbHOM NMPOMYCKHOM crnocobHocTH Kanama 100 m3/c (mpe-
BbIlieHue 10 50 cm). [lanHas cuTyalus sSBIsSETCS ClIeICTBUEM 3aUJICHHs KaHaia U MOXKET
MIPE/ICTaBISATh OMACHOCTH MepeuBa BOJAbI Yepe3 OpOBKH KaHalla, HAPUMeEp, MPU 3aKJIU-
HUBaHUHU 3aTBOPOB IIII030B-PETYISITOPOB MM MPOXOKIECHUH JIMBHEBBIX OCAKOB.

o ]| Mo\
= 140,1 l \ {1 \
110 R /7 AN PN WLV, \Vf\-\

139 8 j VpﬂRPHF. BOIBI B MHTT/I(‘TII’)HT[BHOM KaHallc l'lpI/T MAaKCHUMAIOBHOM pﬂ(‘XﬂTlP
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Pucynok 1 - I'padux xonebanus ypoBHEW BOABI B MATUCTPAIBHOM KaHAaJe

PerynsipHblii MOHUTOPUHT U OLIEHKA TMJIPABINYECKUX [MAPAMETPOB IOTOKA, IPOBO-
IUMbIe cy)00i skcrutyaTanuu Tepcko-KyMckoro ruapoysna, mo3Bojuwin pa3padoTaTh
PAL DKCIUTYaTalMOHHBIX MEPONPUATHI MO CHUKEHHIO 3aXBaTa JOHHBIX HAHOCOB B KaHa-
JIbl OPOCHUTEIBHON CUCTEMBI:

1. PerynspHoe mpoBeneHne riayO0OKUX THAPABINYECKUX MPOMBIBOK MPU CHUKEHUU
ormetok HITY [2];

2. JlononHUTEIbHAS TEXHOJIOTHSI LIEJIEHANIPABICHHOIO0 TONIEPEMEHHOTO MOJHOIO OT-
KpbITUs 1-2 MUTOB BOJOCOpOCHOM TUIOTUHBI 0e3 cHibkeHus: oTMeTok HITY (paspaboTka
BHUUTuM) [3].

[IpoBeneHre COBMECTHBIX MPOMBIBOK MPU CHIKCHUH U 0€3 CHIKEHUS TOPU30HTOB
Bobl B BB 1m03BONIMIIO CHU3UTH 00BbEM 3aXBaTa JOHHBIX HAHOCOB B KaHAJIbl OPOCHUTEIb-
Hou cuctembl Ha 30-40 %.

[Tomumo 3TOTO, TITYOOKHE MTPOMBIBKH MO3BOJISIOT YMEHBIIUTH PUCKHU TTOATOIIIICHUS
MMOMMEHHBIX TEPPUTOPUIN B 30HE BIUSHUSA BOJOXPAHWINILA, A IIOJIHOE OTKPBITUE OJTHOTO-
JIBYX IIUTOB BOJIOCOPOCHOM IJIOTUHBI 00ECIieunBaeT OeCpensITCTBEHHBINA MPOMYCK IIyTH
Y MyCOpa 4epe3 ruapoy3ell.
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OpnnHako 4acTtoe MpoBeJeHHUE IITyOOKUX IPOMBIBOK BBI3BIBAET BO3PAaKEHUS CO CTO-
ponbl PriOHan3opa. [loaTromy riiybokue MpOMBIBKH MPOBOASTCS MO COOTBETCTBYIOIIUM
COIIACOBAHMSM, U B HACTOSLIEE BPEMs OCYLIECTBISIOTCSA OJIUH pa3 B roJ: B MapTe - Ie-
pell MPOXOKJICHHEM BECEHHE-JIETHEr0 MaBOJIKA, YTO 3HAYUTENHHO CHIKAET 3(PQeKTHB-
HOCTb PEryJMpOBaHUs HAHOCHOTO pexuMa. [IpoTuBOpeurss MHTEPECOB pPa3IMYHBIX OT-
pacieil HapoJAHOTO XO034iCTBa, UMEIOIIHNE OOIIMe BOJAHBIE PECYPChl, MOTYT 3aTparuBaTh
HE TOJIBKO PBIOHOE XO3SHUCTBO, HO THAPOIHEPTETHKY, BOIHBIA TPAHCIIOPT, MPOMBIIIICH-
HOCTb, KOMMYHaJIbHOE BOJAOCHA0KEHHE U T.1.

[ToaTromy mpobiiema cOKpallleHHs 3axBaTa HAaHOCOB B BOZ03a00pbI, KaK U JI00as
apyras npoOiema, 3aTparuBaroIias UHTEPEChl PAa3IMYHBIX BOJOMNOJIB30BATEICH, HE MO-
KET OBITh pa3pelleHa TOJBKO CHUIIAMM YIPABJIEHUS SKCILTyaTallUd OPOCUTEIIBHON CHUCTE-
MbI. J{71s1 aTOTrO TpeOyeTcs nepexoa K MHTETPUPOBAHHOMY YIIPaBICHUIO BOJHBIMH PECYp-
camu (M1YBP), uHCcTpyMeHTaMu KOTOPOTO SIBJIAIOTCS: oOllee MUIaHUPOBAaHUE U COTJIaco-
BaHHUE MCIIOJIb30BAaHUS BOJIHBIX PECYPCOB; KOOPIMHAIMS Pa3BUTUSL OoTpaciieil; nHpopma-
LIMOHHBIA OOMEH; y4yacTHE B MPEACTaBISAIOIIMX B3aMMHBII HMHTEpPEC MaTE€pPHAbHBIX U
(uHaHCOBBIX 3aTpartax [4,5].

B perynupoBaHMM HaHOCHOTO pE&XHMMa OPOCUTENIBHON CUCTEMBI 3aMHTEPECOBAHBI
KaK CIIY»OBbl dKCIUTyaTallid, TaK M CEJIbXO3MPOU3BOJAUTEIN, KOTOPHIE BBHIHYXKJIEHBI Tpa-
TUTh 3HAYUTEIIbHBIE CYMMBI JIEHET HA OYUCTKY BHYTPUXO3SIMCTBEHHOW CETH, YTO IPHUBO-
IUT K yAOpOKaHuto npoaykuuu. [loatomy noMmumo 00pbObI ¢ 3aXBaTOM HAHOCOB Ha IO-
JIOBHOM BOI03a00pHOM THIIPOY3Jie, HEOOXOJMMO MPOBOJIUThH COTJIACOBAHHBIE JIEHCTBUS
MEXAY CEJIbXO3MPOU3BOIUTEISIMHU U CIIYKOOM 3KCIUTyaTallui BOJ03a00pPHOr0 THApPOY3Jia
10 PEryJIupoOBaHUIO BOJONOTPEOIEHUS U KOPPEKTUPOBKE Ipa()UKOB MOJa4U BOBI.

Oco0eHHO 3¢ ()EKTUBHBIM PETYIMPOBAHUEM MOJA4YU BOJBI B MAarCTPaIbHBIA KaHAT
SIBIIIETCSL COKpallleHne 3abopa BOJIbI B IEPHO/] MTPOXOKICHUS BECEHHE-JIETHUX U OCEHHHUX
IaBOJIKOB C BBICOKMMH CKOPOCTSIMHU IOTOKA M BBICOKUMHU MYTHOCTSIMU. [loaTOMYy cokpa-
masi BOAONOTpeOIeHEe B JAaHHbIE MEPUOJIBI BPEMEHHU, COOTBETCTBEHHO, YMEHBILIAETCS
o0BbeM 3axBaTa HAHOCOB B KaHAJIbl, YTO HAIJISIIHO BUAHO U3 rpaduka (puc. 2), MoJy4eH-
HOTO Ha ocHOBe uccienoBanuiit BHUNTuM [4].

U3 rpaduka Ha pucyHke 2 BUAHO, YTO mpH 3a0ope Boasl MeHbiie 50 % ot olmiero
pacxoza BoJbl B MoJioce BoA03abopa U mpu cpenHux ckopoctsax noroka U/ Up=1,7, 3a-
XBaT HAHOCOB B B0OJ103a00p cokpaiaercs Ha 40 %.

KoppektupoBka rpa@ukoB MO CHUXKEHHUIO MOAAYM BOABI BO BPEMs MPOXOXKICHUS
BECEHHE-JICTHUX U OCEHHUX MaBOJKOB JOJHKHA COTJIACOBBIBATHCA C CENbXO3MPOU3BOIU-
TEJISIMH, KOTOPBIE JTOJKHBI OLIEHMBAaTh CBOM NOTEHLMAJIbHBIE MOTPEOHOCTH B BOJE Ha
OpOILIEHHE MPU COOIIOACHUHN COOTBETCTBYIOIIMX HOPM IOJIMBA, T.€. CEIbXO3MPOU3BOIU-
TEeJH JOJKHBI OpaTh 4acTh OTBETCTBEHHOCTH U MOJHOMOYMHN MO YIPABJICHUIO UPpPUTALIH-
OHHBIMHU CUCTEMAMU.

[lepenaya OTBETCTBEHHOCTH M MOJTHOMOYMI IO YIIPaBICHUIO HPPUTALIMOHHBIMU CH-
CTeMaMH OT FOCYAApCTBEHHBIX YUPEKJIEHUN B OpraHU3alliyd YaCTHOTO CEKTOpa SIBIsETCS
HEMPOCTOM 3aJlaueid, pelIeHuEe KOTOPOU B KaXJI0M CTpaHE UMEET CBOM 3aKOHOJIATEIIbHbIC,
KYJIbTYPHBIE U COIIMAIbHO-9KOHOMUYECKHE OCOOEHHOCTH, O YeM yKa3bIBaeTCs B aHAIU-
truueckoM noknane ®AO [7]. JaHHbl mOKIaM SBISIETCS MPOJOKECHUEM MyOJIMKAIIUMA
®AO (Opranmzanus OOH no BompocaM NpoOAOBOIBCTBUSL M CEIBCKOTO XO35MCTBA) MO
MOJICpHM3ALUU YTIPABICHUS OpOLlIeHUs [8], B KOTOPOM, B YaCTHOCTH, HE paccMaTpUBa-
I0TCS BOIIPOCHI PEryJIMPOBAHNSI HAHOCHOTO PEXUMa.

Takum 006pa3oM, MOHUTOPUHT THIPABINYECKUX MTAPAMETPOB PEKUMA pabOThI BOJIO-
3a00pHOr0 rUAPOY3IIa MO3BOJINI IPOBECTU CPABHUTEIBHBIA aHAIU3 U OLIEHKY 3(PPEeKTUB-
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HOCTH MCIOJIB30BaHUs METO/IA LIEJIEHAIPABIEHHOIO MAHEBPUPOBAHUS LIIUTAMH BOAOIIPO-
IYCKHBIX COOPY’KEHUH 10 COKPAIIEHUIO 3aXBaTa JJOHHbIX HAHOCOB B KaHaJbl OPOCUTEIb-
HOM CHCTEMBI U KOPPEKTUPOBKE rpa)uKOB BOAOIIOAAYN.

gx/Zq — OTHOIIICHUE yIEeTbHO-
4 TO pacxoja JOHHBIX HAaHOCOB,
MOCTYIAIOIINX B BO/103a00D, K
o0miemMy pacxoy TOHHBIX

| HaAHOCOB B I10JI0CE BO03a00-
pa;

U/ Up — oTHOLIIEHHE CpeTHEM
CKOPOCTH TTOTOKA K CKOPOCTH
HayaJia JBKECHUS HAHOCOB;
Q«/ZQ — oTHOIIEHUE pacxoaa
BOJIbI, 3a0UpaeMoil B KaHall, K
o0miemMy pacxoay BOJIBI B 1O~
| ;oce Bojo3abopa

‘@

70

w sum’

Pucynoxk 2 - I'paduk nporeHTa 3axBata JOHHBIX HAHOCOB B KaHAI
dbpoHTaAIBHOTO BOI03a00pa

HecMmoTtps Ha nokazaHHyr 3(()EKTUBHOCTH INpeAsiaraéMbIX METOIOB PETYIHpPOBa-
HUSl HAHOCHOI'O PEKMMA, NPOBEIEHHBIM aHAJIN3 MO3BOJIMI BBIIBUTH LIENbIN P MpPEnsT-
CTBHM 110 UX BHEJIPEHUIO, CBOASAIIMMI, IPAKTUUECKHU, HA HET MONBITKA UX UCIOJIb30BaHUS.

B nepByro odepenp 3TO NPENsATCTBUS B CUCTEME YIPABJIEHUSI, KOTOPbIE HOCAT Kak
BHEIIHUI XapakTep (HEOOXOAMMOCTb YPEryJIHpOBaHUS KOH(QIMKTA MHTEPECOB pa3iny-
HBIX BOJIOIOJIb30BaTelNe), TaK U BHYTPEHHUI XapakTep, 00YyCIOBIEHHBIN HEOOXOAMMO-
CTBIO BOBJICYEHUS CEIbXO3IPOU3BOIUTENIEH B YIIPaBICHUE OPOCUTEIBHOU cuctemon. Ile-
PEXOJ K MHTETPUPOBAHHON CUCTEME YIPABIEHUS U BOBJIEUYEHHUS CEIbXO3IPOU3BOUTENIEH
B YNpaBJIEHUE OPOCHUTENIbHON CHCTEMBI SIBISIETCS BaXKHOM mpoOiemoii, TpeOytomieil ana-
JU3a U TPUHITHS COOTBETCTBYIOIIMX 3aKOHOAATENbHBIX MU HOPMATHUBHBIX JIOKYMEHTOB.
HekoTopsle acriekTsl JaHHOM MPOOIeMBbl paccMaTpuBatOTCs B cTathsx [9, 10].

CrenyromuM TpPEnsSTCTBHEM SBISETCS HEOOXOJMMOCTh IPOBEIEHUS 3KCIPECC-
OLIEHKU B OIpPEAEJICHUM ONTUMAIbHBIX BAPUAHTOB MAHEBPUPOBAHUS LIMTaMU BOJO3a-
OOpHOTO I'MpOYy3ja, YTO HEBO3MOXKHO MPHU MCIIOJIb30BAHUHU YCTAPEBIIETO U3MEPUTEIIb-
HOTO 00OpynOBaHMs (TUAPOMETPUIECKHE BEPTYIIKH, OATOMETPHI, PEHKH), TaHHBIE KOTO-
pBIX TpeOyIOT ONpeAesIeHHOI0 BPEMEHHU Ul KamepaslbHOH 00paboTku. B HacTosmiee
BpeMsI OTMEUAETCsl BO3pACTAIOLIMI ITporpecc B 00JaCTH CO3/1aHUs M UCIIOJIb30BAaHUS U3-
MEPUTEILHON TEXHUKHU C MPOrpaMMHBIM o0ecriedeHreM it coopa, mudpoBoit 06padboT-
KM C UCHOJIb30BAHME METOJOB KapTUPOBAHMS, NEPEadu, XpaHEHUSI U OTOOpaKEHUs Ha
MOHUTOpAX B PEaJbHOM BpPEMEHU MHpOpMalKU 00 yPOBHSX BOJHOM MOBEPXHOCTH, CKO-
POCTSX MOTOKA, MYTHOCTEH W.T.J. VIHTEpakTUBHBIA PEKUM CBSI3U CEIbXO3MPOU3BOUTE-
Jei co ciayx0aMu SKCITyaTalli BOI03a00PHBIX THAPOY3JIOB 00ECIEUUBAETCS C TIOMO-

300



IbI0 KOHTPOJIEPOB st cOopa MHGOPMAIMK IO PEKUMaM TIOJUBA M MPOTPAMMBI CTaH-
JapTHBIX Bbruuciaenui, Harpumep, CROPWAT.

Takxe cymiecTByeT mpobiiemMa MOJTOTOBKHA HHXKEHEPOB-MEIMOPATOPOB, KOTOpas,
HECMOTPSI Ha YBEJIUYUBAIONIUECS CIOXKHOCTH M MEHSIOLIYIOCS CUTYallMIO B OPOIIEHUU,
BCE €IlI€ HaXOJIUTCS HA TOM K€ TPAJUIIMOHHOM YPOBHE — UX TOTOBSIT TOJIBKO AJI MPOEK-
TUPOBAHUS W CTPOUTENHCTBA KaHAJIOB, HO HE VISl YNPABICHHUS OPOCHUTEIBHBIMH CHUCTE-
MamMu. B OCHOBHOM, B yCIIOBHUSIX, KOT/Ia YIIpaBJICHHE CTAHOBHUTCS BCE OOJEe CIOXKHBIM,
OHH OCTAIOTCSl HEJOCTATOYHO MOATOTOBICHHBIMHU U C OTPAaHUYCHHBIMU BO3MOYKHOCTSIMH.
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