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OBLIASA XAPAKTEPUCTHUKA PABOTDBI

AKTyajJbHOCTh  mpoOJjembl. Tema  guccepraquu  CBfi3aHa € METOJMKOMU
BOJIOXO3SIMICTBEHHBIX pPAacueTOB. B HalleM NOHMMaHUU, COBPEMEHHBIE BOJOXO3SMCTBEHHBIC
pacuetsl (B nanbHeimiem BXP) - 3To MHOromjgaHoBbIE pacdeTbl B COCTaBE IMPOEKTa (CXEMBI
KHOBP, TOO, TO/1, TOP), umeromue 1eip0 000CHOBaHUE KOMIUIEKCHBIX BOJ0XO03SHCTBEHHBIX
U BOJOOXPAHHBIX MEPONpUATHHA. B yuciae MeponmpusaTHiI - PEryaupoBaHHE CTOKa
BOJOXPaHWINILAMU, TEPPUTOPUAIIBHOE TEPEpACIPENCIICHUE CTOKA, NPEAOTBPAIEHNE BPEAHOIO
BO3/ICICTBUS BOJ, COOPY)KEHUS B CHUCTEME TEPPUTOPUAIBHOIO BOJOJAEICHUS M COBMECTHOIO
YIPaBJIEHUS BOJAHBIMH PECYpCaMH TPAaHCTPAaHUYHBIX U IIOIPAaHUYHBIX CTBOPOB.

Teopernueckue OCHOBBI BOJIOXO3SMCTBEHHBIX pPAaCUETOB 3aJI0’KEHBbl BbIIAIOLIUMUCS
poccuiickumu yueHslMu C.H.Kpunkxum, M.®.Menkenem u A.Jl. CaBapenckum eme B 30-40
rofpl. B manpHeWIeM HayYHBIMH HCCIIEIOBAHUSMHU B O0JIACTH THIPOJIOTO-BOIOXO3HCTBEHHOTO
000CHOBaHUS 3aHMMAJIKMCh KPYIHbIE OT€YECTBEHHbIC yU€HbIE B 00JIACTH BOJHOIO XO3siicTBa U
sHepretuku:  A.E.Acapus, K.H.bectyxeBa, EI. bnoxunos, A.Jl.BenukaHos,
A Tunppenbnarr, W.B.I'yramii, I'.X.Hcwmaiibinos, H.A.Kapreenumsunu, [I.B.Kopenuctos,
A.®.Ilnemkos, J.S.PatkoBuu, A.lll.Pe3nukoBckuii, ['.I'.CBaHuza3e, HEKOTOpbIE Jpyrue
CIEIUAJIACTHI.

Co3naHbl HOBBIE HAIPaBJICHUS, TaKME KaK CTOXACTHYECKas TUIPOJIOTHs, UMUTALMOHHOE
MOJIEJIMPOBAaHUE BOJIOXO3HCTBEHHBIX IIPUPOIHBIX IPOLECCOB HA OCHOBE JETEPMUHUCTHYECKHUX
U cToxacTuieckux mojeneil. Tem He MeHee, Teopusi BOJIOXO3HCTBEHHBIX pacyeTOB HYXAAETCS,
Kak u Jo0as Hayka, B II€PMAHEHTHOM COBEPILIEHCTBOBAaHMM U pPa3BUTHUU. Pa3Butue
KOMIIBIOTEPHBIX TEXHOJOTMM MOCIEIHUX JAECATUICTHUH OpPUEHTUPYET BOJOXO3SHCTBEHHOE
000CHOBaHME MPOCKTHBIX PEILIEHUH Ha HIIMPOKOE UCIOIb30BaHUE BOJOXO3SIMCTBEHHBIX MOJETIEH,
METOJ1a CTATUCTUYECKUX HUCIIBITAHUH.

KpurepueM sBnsieTcss HHKEHEPHAs IPAKTHKA, KOTOpasl CTaBUT IE€pPe] NPOEKTUPOBILUKAMHU
MHOTOYHCIICHHBIE 33/1a4H, TpeOys HaJeKHBIX, OBICTPBIX U 0OOCHOBAHHBIX PELICHUN B YCIOBHUSIX
KOMIUIEKCHOTO BOJOMOTPEONeHUs] M, KaK MpaBWIO, HANPSKEHHOTO BOJOXO3SIMCTBEHHOIO
O6amanca. OnHO W3 MHXCHEPHO-TEXHUYECKHX MEPONPHUATHHA BOJOOOECIIEYEHUsT — ITO
peryiaMpoBaHUe CTOKAa BOAOXpaHWIMINAMU. Kak N3BECTHO, PEryJIMPOBAHNE PEYHOIO CTOKA — 3TO
nepepacipeesiecHie BO BPEeMEHH OOBEMOB PEYHOrO CTOKa B OJHOM M3 CTBOPOB DPEKH IO
CPaBHEHHMIO C XOJIOM IOCTYIUIEHHs BOJbl Ha IOBEPXHOCTh BojocOopa. CTOK peryaupyercs
IyTEM HaKOIUIEHUS BOJbI B BOJOXPAHWIMIIAX IPHU MOJIOBOJABSX U NAaBOJKAX M PACXOJIOBAHUS €€
B IIEpUOJ] MOBBILIEHUS NOTPEOJIEHUS BOJbI HAJl €€ €CTECTBEHHBIM IOCTYIUIEHHEM B PEKH C
BOJI0COOpOB. /[Be INTaBHBIX 3a7]auM B TaKUX pacyeTax — BBIYMCICHHE 00beMa BOJOXPAaHMIIUIIA
(WM HECKOJBKHMX TIPH Pa3BETBICHHOW BOJOXO3SMCTBEHHOW CHCTEME) M OOOCHOBAHHE PEXHMa
€ro paboTEHI.

B xadecTBe TeMBbI AuCCEPTALIMOHHON pabOThl BHIOPAHO PEryJIMPOBAaHUE CTOKA HAJMBHBIMU
BOJlOXpaHWIMIIaMu. HainuBHBIE BOJOXpaHWIMINA JOCTATOYHO PACHpPOCTPAHEHHBIM  THII
COOPYXKEHMM IJIsi PETyJIMPOBAHHA PEYHOrO CTOKAa B TEX ClydasxX, KOTAa HEIb3s WIN
HelleJIecoo0pa3Ho pa3MellaTh BOJOXPAHWIIMILE HETOCPEACTBEHHO B pyciie pekd. Meroauka
pacueTa UMeeT CBOU OCOOEHHOCTH, Y4ECThb KOTOpPbIE MPAKTHUECKH MOYKHO TOJBKO C IOMOIIBIO
KOMIIBIOTEPHOI'0 MOJIEIMpPOBaHUs. TemMa peryarupoBaHus CTOKAa HAJIMBHBIMHU BOJOXPAHUIUILIAMU
MajJ0 M3y4YeHa M CICHHUAIBHO HE paccMaTpHUBalach, HECMOTPS HA TO, YTO JAHHBIA THII
BOJIOXPAHWJIMII pEaTn30BaH HA MHOTUX KOHKPETHBIX 00bEKTaX.

HanuBHble BOIOXpaHMIMIA MOTYT OBITh 0Opa3oBaHbI IyTeM OOBaJOBaHHS TEPPUTOPHHU,
NPECTaBIAIONICH €CTECTBEHHYIO Yally JJIsl aKKyMYJISIIIUK CTOKA C 3aMKHYTOM 4acTu BojgocOopa.
IIpu sTOM pecypcbl BOJOXpaHWIMINA (OPMUPYIOTCS KaK CO CTOPOHBI BOAOCOOpa, Tak M
IOCPEACTBOM BOJONOJAYM U3 30HBI U3BATUS CTOKA. J[pyroil BapuaHT CBs3aH C Pa3sMEIIEHHUEM
peryiupyomeil €eMKOCTH B pyclleé BOJOTOKA, NPAKTUUYECKH HE MMEIOLIEr0 COOCTBEHHBIX
pecypcoB i pa3sBUTHUA BOAONOTPEOJICHUS, HO PACIOJAraiouiero TOMorpapuuecKuMu
BO3MOKHOCTSIMH JIJIs1 CTPOUTENIBCTBA BOJOXPAHWIIUIIIA.



Heas u 3apaum uccaeaoBaHuii. [Jenv ouccepmayuoHuvbix uccie008anuil 3aKI04anach B
pa3paboTKe METOAMKH aBTOMATH3MPOBAHHOTO pacueTa MapamMeTpoB U pEeXHMa PETyIUPOBaHUS
CTOKa B HAJUBHOM  BOJOXPAaHWJIMINE, paboTalmeM B  YCIOBHSIX  KOMIUIEKCHOTO
BOJIONIOTPEOICHUSI.

OcHosnas 3adaua Ouccepmayuu COCTOSJIA B CO3JaHUM WMHUTALMOHHON MOJEINH,
MO3BOJIAIOIIEH OMpENeNaTh 00JacTh ONTUMAIBHBIX 3HAYCHHUH MapaMeTpoOB BOAOXO3SHCTBEHHON
cuctembl (B panbHedimem BXC), Bxmrouaromeil HaJMBHOE BOJOXPAaHWUJIMILE, HAa OCHOBE
MAacCCOBBIX KOMIBIOTEPHBIX PACYETOB M aANMPOKCHMHUPOBAHHBIX 3aBUCUMOCTEH CTOMMOCTHBIX
MOKa3aTeJIel OT MapaMeTPOB TPAKTa BOJOIOIAYH U PETYJIUPYIOIIEH EMKOCTH.

B mporiecce nccnenoBanus pemaiich CIeayoNe YacTHbIC 3aJaun:

1. AHanmu3 nuTepaTypHBIX UCTOYHUKOB 110 METOJIHUKE BOJOXO3SIMICTBEHHBIX PACUETOB C IEITBIO
pa3paboTKu MaTeMaTHYECKOM MOCTAaHOBKY 3aauu AUCCEPTAIlHH;
2. Pa3paboTka 00OOIICHHON METOIUKH pacyeTa BOJOXO3SMCTBEHHON CHUCTEMBI ¢ HAJIMBHBIM

BOJOXPaHUIIHILEM;

3. Pa3paboTka MMUTAITMOHHON MOJENH IO TpeIaraéMoil METOJIUKE B COCTABE CIICAYIOIINX

HO3ULINH:

3.1 Pa3zpaboTtka GI09HOM CTPYKTYPBI MOJICIIH;

3.2 ®opmupoBaHUE CTPYKTYPHI BOJOXO3SHUCTBEHHOro OanaHca Ha OCHOBE OallaHCOBBIX

ypaBHECHHI B quddepeHIHaTbHON (GopMe U B KOHSYHBIX HHTEPBAJIaX BPEMEHH;

3.3 Pazpaborka anropuTMa MHOTOJETHETO BOJOXO03slicTBeHHOro Oamanca BXC c

HATMBHBIM BOJOXPAHUJIUIIEM TPAMEHHUTEIHHO K YCIOBHSIM MHOTOJIETHETO (CE30HHOTO)
pEryIMpOBaHUs CTOKA C  Y4eTOM  YCTAHOBJCHHBIX  KPUTEPHUEB  MOKPBITHS

BOJIOTIOTPEOJICHUS;
3.4 TlocTtpoeHWe ¥ aNIpPOKCHMAIMS PE3YJTHPYIONIEH 3aBUCHMOCTH  «EMKOCTh
BOJIOXpPAHWJIMINIA — TMPOIMYCKHAs CIHOCOOHOCTh TpaKTa BOJOMOAAYH»  IyTEM

CPEIHEKBAIPATUYECKOTO CTIaKUBAHUS MO TUTIEPOOIIE IKCIIEPUMEHTATBHBIX TOUEK;

3.5 IlocTpoeHne 3aBUCUMOCTH CTOMMOCTHBIX NokazaTesield BXC oT Ha3BaHHBIX pacueTHBIX

rapamMeTpoB, ONpeelieHne 00J1acTh onTUMaIbHbIX 3HaYeHnt BXC (BpIOOp BapuaHTa);

3.6 ®opmupoBaHue 0a3bl NTaHHBIX I UMUTAIIHOHHOTO SKCIIEPUMEHTA MOICIIH;

3.7 ABToMarmzamusi mpoliecca IMOCTPOCHHs JUCIIETUYEPCKOTO Tpaduka s YIpaBlIeHUS

BOJOXPaHUIIHILEM;
3.8 ®opmupoBaHue 0JIOKa BBIXOAHOW WH(MOpPMAIMW W OPraHU3alUs CUCTEMBI BBIIAYH
pe3yNbTaTOoB.
4. Anpobarust MOIeNIA Ha TIPUMEPE KOHKPETHBIX 0ObEKTOB.

IIpeamer M o0bekT mcciaenoBanmil. [IpeameTom wucclieoBaHUN SABISIETCS METOAMKA
BOJ/IOXO3SIICTBEHHBIX PAacueToB I OOOCHOBAaHHUS MapaMEeTPOB HAJIMBHBIX BOAOXpaHMIMII. B
KauyeCcTBE METOJa WCCIEAOBAHUN MPUMEHEH METOJl CTATUCTHUYECKHX HCIBITAHWIA Ha OCHOBE
AMUTAIMOHHON BOLOXO035IMCTBEHHON MOJIEIH.

B kaudecTtBe OOBEKTOB HCCIEIOBAHHUS PACCMOTPEHBI: OJMH M3 MPOEKTHHIX BapHAHTOB
perynupoBanus ctoka p.Camyp B HwmxHecamypckom Bojgoxpanwiuiie B JlarectaHe u
Bonoxpanwmiie Ilomumatuc B mpoekre BXC «CeBepHblli KoHBeiiep» B pecmyomuke Kurp.
Br160p 00bEKTOB 00YCIIOBICH XapaKTEPHBIMUA OCOOCHHOCTSIMH BOJAOXO03IUCTBEHHBIX CUCTEM JIJIst
WUTIOCTPAIMH TIPEeIaraeMoil METOANKH.

Hayuynasi HoBu3Ha padoThl. Pazpaborana u peann3oBaHa Ha KOMITbIOTEpe 000OIICHHAS
METOJIMKA pacueTa mapamMeTpoB U PEKMMa PETYJIUPOBAHMS CTOKA B HAIMBHBIX BOJOXPAHIIIUIIIAX
C OIpeieNIeHueM 00JIaCTH ONTUMANIbHBIX PEIICHUH.

BrimonHenHas paboTa sBiIeTCs 3aKOHUEHHBIM 3TaroM OoJiee o01eit pa3paboTku, KoTopas
npeaycMaTpuBaeT MojenupoBanue Oonee cioxHbIX BXC, 0Oosiee neTaabHOTO HW3Y4YEHUS
TUHAMHUKW 3arps3HCHUs HAJIMBHOTO BOJOEMa, a TakXKe HCCICIOBAaHUS BO3MOXKHOCTEU
HCIIOJIb30BaHUs HAJIMBHON €MKOCTH IS CPE3KH BHICOKHMX MOJIOBOJIUHM M MTaBOJKOB.

JlocToBepHOCTH MOJIy4eHHBIX pe3yJabTaToB o0ycIloBIeHa METOIUKOU
BOJIOXO3SIICTBEHHOTO pacueTa IO MHOTOJIETHUM psJaM CTOKa U BOJOINOTpeOsieHus ¢



3aMbIKaHHUEM psijia [0 HAIlOJHEHHIO EMKOCTH Ha MEPBOM U IOCIEAHEM UHTepBajax. Pe3ynbraTsl
UMUTAIMOHHBIX SKCIIEPUMEHTOB MOATBEPKAAIOTCS TOYEUHBIMHU pacyeTamMH MO TPaJAMIIMOHHOU
METOJIMKE, a TAK)KE COBIAJCHUEM PACUETHBIX MOKa3aTesell ¢ JaHHBIMU IPOEKTHBIX TPOPaOOTOK.

OO0sacT, NMpUMeHEHUs] MOJENH orpaHuyeHa Toibko crneuudukoit BXC ¢ ogHuM
HAJIMBHBIM BOJOXpaHWIMIIEM. B 0osee CIOKHBIX CHUTYaIHsIX OHA MOMKET CIIY)KUTh OCHOBHBIM
pacueTHbIM OJOKOM Ooinee oOmiet momenu. [l neMOHCTpalMM AMana3oHa HCHOJIb30BaHUs
MOJIETIN PaCCMOTPEHBI JIBa KOHKPETHBIX 00BEKTa C TapaMeTpaMH CTOKa, OTJIMYaroIUMHucs Ooliee
qeM Ha mopsinok. Tak, HAIPUMep CPeIHEMHOTONCTHHH cToK CaMypa COCTABIISET MOPSIKA 2 KM,
CTOK PEK, HAOJHAOMIMX Bogoxpanuiuiie [lomuaTuc - okoso 35 MITH.M".

[Ipu BBICOKOH M3MEHUYMBOCTH BOJHBIX PECYypCOB HEOOXOIUMO MpUOEraTh K COKPAIICHUIO
pacyeTHbIX MHTEPBAJIOB BPEMEHH, JUOO MCMOIb30BaTh CIELUUATbHYIO METOJIUKY HJSl CHSTUS
CUCTeMaTH4YeCKO# omuOKH (Kak 3T0 ObLIO caenaHo ams npoekta « CeBepHbIl KOHBEHep»).

WNuTepec K HalnMBHBIM BOJOXPAHWJIUINAM JIOCTATOYHO BBICOK, HECMOTpPS Ha JOBOJBHO
cmaboe ocBelleHUE MPOoOIeMbl B TeXHUYECKOW nuTeparype. COOTBETCTBEHHO IIUPOKA 00IacTh
HAay4YHBIX  HMCCJIEOBaHMM MO  3TOM  mpobneme. PaspabGorannas  moxmens  Oyner
COBEpIICHCTBOBATHLCA MO MEpe HAKOIUICHHs MaTepHUajoB U Pa3BUTHUS METOAMKHU pPEIleHUs
YaCTHBIX 3a/1a4.

IIpakTHyeckasi HeHHOCTh PadOTHI COCTOMT B TOM, YTO pa3pabOTaHHas WMUTAIMOHHAs
MOJIENIb CYIIECTBEHHO CHMXAeT 00JacTh TMOWCKA PEIICHH, MOBBIMNACT WX HAJCKHOCTh H
MO3BOJIIET COKPATUTH 3aTPAThl BPEMEHHU MIPU MPOCKTHUPOBAHHH.

PesynbpTarel AuccepTaliMOHHOM paboThl MOTYT OBITh MCHOJNb30BaHbl B  pPEaTbHOM
MPOEKTUPOBAHUHU TIPHU PELICHUH BOMPOCOB PETYIMPOBAHMS CTOKA B HAIMBHBIX BOJOXPAHMIUIIIAX
pa3HoOll PyHKIMOHAIBHON HampaBieHHOCTH. [IpeyioxkeHHass UMUTAIIMOHHAs MOJIEb MO3BOJISIET
BBITMIOJHATH OOJNBIION 00BEM OOOCHOBBIBAIOIIMX PACUYETOB C MajbIMU 3aTpaTaMd BPEMEHH,
nojy4asi TOJHYI0 HH(OpMAIMio O BOJOOOECIIEYCHHOCTH IOTpeOUTEeNeld B 3aBUCUMOCTH OT
couetanus mapameTpoB BXC B 0651acTu ONTUMATbHBIX 3HAUCHUH.

Anpobanusi paboThl. Pe3ynbTaThl UCCIEIOBAHUM U OCHOBHBIE MOJIOKEHUSI TUCCEPTALUU
HEOJTHOKPATHO JOKJIAJbIBAIUCh HA HAYyYHO-TEXHHUUYECKUX KOH(pEepeHIHUsX B MOCKOBCKOM
rOCyJIJapCTBEHHOM YHHMBEPCHTETE IMPUPOJ000yCTPONCTBA, B TOM YHCIE HAa MEXIYHApOIHOU
koH(pepenmmu B 2006 roxy. JuccepranmonHas paboTa o0CyXaamach Ha 3aceJaHUsAX Kadeapbl
KNBP u xadenpsl Tuaposioruu, THAPOMETPUN U perynupoBanus croka MI'VII, usnoxena B
pAne myOauKaIui.

Iy6ankanuu. [To Teme auccepranuu omyOJIMKOBaHO 5 TIEYaTHBIX PadoT.

O0bem padorbl. [Juccepraiusi COCTOUT U3 BBEACHUA, MATH TJIaB, 3aKIIOYCHMS, CIIHCKA
UCTIOJIb3YeMON JIMTEpaTyphl, HacuuThIBatoniero 93 naumenoBanus. PaGora u3noxena Ha 162
CTpaHHUIaX MAIIMHOIMMCHOTO TEKCTa, WUTIOCTPUPOBaHA 34 PUCYHKaMH, CONCPKUT 42 TaOIUIIbI.
TexkcT nuccepTanuy JOMOJIHAIOT 28 CTPaHUILL TPUIIOKEHNUS.

COIEPKAHUE PABOTbI

Bo BBegenmu 000CHOBaHAa  aKTyaJIbHOCTb TEMbl  JUCCEPTAlMOHHON  paboThl,
chopMyIUPOBAHBI 1IeNIb U 3a7a4d UCCIICJOBAHMIA, U3JI0KEHA HAyYHAs] HOBU3HA U MPAKTUYECKas
3HAYUMOCTb PaOOTHI.

B nepsoii ri1aBe auccepTraniyi pacCMaTpUBaETC METOAUKA BOIOXO35MCTBEHHBIX PACUYETOB
Opy  OMNPENETICHUH €MKOCTH BOJOXPAHWIHIN, BBIMOJIHEH 0030p MW TIPOBEACH aHAIMU3
JUTEPATYPHBIX HCTOYHUKOB IO TEOPHM PETyIHpOBaHUs cToKa. lIpoaHanmm3upoBaHa meToauka
BOJIOXO3SIMICTBEHHBIX PAacdYeTOB 10 OOOOIIEHHBIM TTapaMeTpaM CTOKa M BOJOTOTPEOJICHHS U Ha
OCHOBE MHOTOJIETHUX PsAZ0B. PaccMOTpeHbI Tpy/bl BBIIIICHA3BAHHBIX aBTOPOB, a TaKke PabOTHI
A.JO.AnexkcanapoBcKoro, F0.M.Manucoga, J.M.MamaTkaHoBa, J.H.Kopo0GoBoii,
B.W.IloWi3Hepa u  Apyrux  HCCIENOBATENEH, TEOPETUYECKME M DKCIEPUMEHTAIbHBIE
WCCJICIOBAHUS KOTOPHIX OBLIM HaNpaBleHbl HA OMNMHCAaHUE, MOJICIMPOBAHWE U YIPABICHUE
MPOIECCOB (PYHKIIMOHUPOBAHUS BOJOXO3SIICTBEHHBIX CUCTEM, PETYIHMPOBAHHE PEYHOTO CTOKA.

Haumbonee dacTto mpuMeHsSeMbIM W O0OS3aTEIbHBIM B KadeCTBE ITOBEPOYHOrO pacyera
aBNseTcs 0000meHHbId MeTton pacyeta. OH ke SBISETCS OCHOBHBIM HHCTPYMEHTOM



sKkcriepTHOro aHaimm3a. CyTh pPacdeToB JTUM METOJOM 3aKJIIOYaeTCss B  OIpPEACICHUH
peryIupyIomeii eMKOCTH BOJOXpAHWINIIA V B 3aBUCHMOCTH OT 33/1aBa€MOT0 00beMa U pexknma
rapaHTHPOBAHHON OTAa4M 1O O0OOOIIEHHBIM IapaMeTpaM CTOKa W BOJONOTPEOJICHHS.
Kpurepuem cimy uT 00eCIeYeHHOCTh YOBJIETBOPeHUS TpeOoBaHui. [Ipn Hann4Inm HECKOIBKHUX
NoTpeOUTENe B KauyecTBE KPUTEPHS CIEAYET HCIOJb30BaTh NPUBEIACHHYIO 00ECIICYeHHOCTD.
Ilpusedennas obecneueHHocmb - 3TO YCIOBHAS BEIMYMHA O00ECIICUCHHOCTH, KOTOPYIO JIOJDKHA
UMETh CyMMapHasl OT/Jada BCEX MOTpeOHuTeneil, YToObl MHOTOJIETHEE BOAOMOTpEeOIeHUE OBLIO
9KBUBAJICHTHBIM CyMME MOTPEOIIsieMbIX 00eMOB BO/IbI BceMu ydacTHuKamu BXK ¢ ygetom mx
00eCTIeYeHHOCTE! 1 IOIyCTUMOTO CHIKEHUS TpeOoBaHMH B IepeOOHbIEC TOIBI.
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rae A; — pacueTHble TpeOOBaHUS K 00BEMY BOJIBI 1-OT0 MOTPEOUTEIIS;
P; — 00ecrieyeHHOCTh yIOBIIETBOPEHUS TPEOOBaHUI! 1-0r0 MOTPeOUTENSI.

[Ipu HEOOXOAUMOCTH CTPOTOTO ydeTa TIyOWHBI IMepedoeB 3a MpeaesiaMH pPacueTHOM
obecrne4eHHOCTH TpeboBaHus OecriepeOOHHOCTH YKECTOYAIOTCS:
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r7ie Ajc, — COKpAIIeHHOE BOJIOTIOTPEOICHHIE C YIETOM JOITyCTUMOM TITyOHHBI TIepe0oeB.

Omnpenenenre BOAOXO3SMCTBEHHBIX IOKa3aTeNed, BKIKOYas €MKOCTb PETyJIMpPOBaHMs, I10
OTZEIBHBIM pEaJbHbIM WM MOJENIBHBIM TOJaM IIPUEMJIEM TOJIBKO B MAaJOOTBETCTBEHHBIX
3alaHUAX U JUIS IPEJBAPUTEIbHBIX OLICHOK, €CJIM HET JAHHBIX YBEIMUYUBAIOIIUX PACIOIaracMylo
uHpopmanuio. bornee mnpeamodTuTeNnsHBIM SBIsIETCS 0000mIeHHBI Merona. [IpemmyinecTBo
JTAHHOTO METO/1a COCTOMT €Ie M B TOM, YTO HO3BOJISIET KOPPEKTHO cHOPMYIUPOBATh peIIaeMyto
3a1a4y, He yriayOusisich B JETalu, 3a4acTyl0 OTBOJALIME BHUMAHUE OT OCHOBHOM TeMbl. Tak
00BbEM PYCIIOBOIO BOJOXPAaHWIMINA 3aBUCUT OT CPEJIHEMHOIOJETHEr0o oObeMa CTOKa,
K03 PHUIIMEHTOB BapualMd W aBTOKOPPEISIUH CTOKa, OOECHEeUYeHHOCTH MOKPBITUS, 00BeMa
HOTEPh U pacueTHOE BOJONOTpeOIeHuE.

V=1£(5,c.r.o.P.W) 3),
rae § - o0beM CTOKa; C |, - KOd(QGHUUMEHT BapHaluy; » - KOO(QOUIMEHT aBTOKOPPETIAIUN

CTOKa, P - 00eCIICYCHHOCTh IIOKPBITUA, W - 00BeM MOTEePb U OTAA4Ya U3 BOAOXPAHUIIMUIIA; ¢ -

YCJIOBHBIM ITapaMeTp peKUMa CTOKA BHYTPH roja.

[IpoexTupoBaHUE U HKCIUIyaTallUs BOJOXPAHMIIUIL, B YHCIO MOTpPeOUTENEeH KOTOPHIX
BXOAUT OPOLICHUC 3C€MCJIb B 30HC HGYCTOﬁqHBOFO YBJIAXXKHCHUA, OCJIOKHCHBI M3-3a OTCYTCTBHUA
000CHOBaHHOW METOJIMKH [IJIsl pacueTa 3aBUCHMOCTHU II0JIe3HAs €éMKOCTh - O0ECleuyeHHOCTh -
BOJIOOT/Ia4Ya TIPU TIEPEMEHHOW TMOTPEOHOCTH B BOJE, 3aBUCSIIIEH OT €CTECTBEHHOTO
YBIIA)KHEHHUS TMOYBOTPYHTOB. B Takux ciywadax BojomorpeOieHue [l BCeX JIeT
THAPOJIOTHYECKOTO psAla TU00 MPUHUMAETCS COOTBETCTBYIOIIUM OJHOM M3 TpeX KaTeropuit
€CTECTBEHHOW YBJIIAJKHCHHOCTH (BJIQXHBIM, CpeJHUN ¥ 3aCylUIMBBIA TOJ), JUOO IO
WHANBUAYATBLHOW I KaXXJAOTO TOoJa BEIUYHHE, OOBIYHO OMpENeNsieMOd B COOTBETCTBUU C
CYMMOH OCaJKOB 3a BereTtalMoHHbli mnepuona. I[lo pe3ynabTaTaM pacyeToB CTPOSITCS
3aBUCUMOCTHU: CMKOCTH BOJOXpaHWIHIIA OT OGGCHC‘IGHHOCTI/I YAOBJICTBOPCHHUA 3aJaHHBIX
TpeOOBaHMI Ha BOJAY M JOMYCTHMOIO OTpaHMYEHHs BOJOMOTPEOSieHUs B MepeOONHBbIE TObI;
MaKCHMAaJIbHOTO TIOMyCKa W3 BOJOXPAHWIHINA WIH TPOIYCKHON CIIOCOOHOCTH TpaKTa
BOJIONOJIaYM OT OOECIEeUEeHHOCTH YAOBIETBOPEHMs 3aJaHHbIX TpeboBaHuid. B nuccepraumm
yUYTEHA JJaHHAst 0COOCHHOCTH BOJOXO3SIMCTBEHHOTO pacyeTa.

[Ipu pa3paboTKe OTBETCTBEHHBIX IPOCKTOB OIIEHKA BOJOXO3SIWCTBCHHOW OOCTAHOBKH HE
MOXET OIpaHMYMBATBhCS OHKCIIEPTHHIMM METOJAMM 10 MNpuuMHe HHAuBHAyanbHocT BXC n
OosnpIIoro yuciaa (akTopoB, BIMSIOMIMX HA pelleHue. Tak aHaIMTHYECKOE pEIleHUE, Naxe I



ClTyyasi HE3aBUCUMOT'0 PETYJIMPOBAHUS CTOKA OJJMHOYHBIM BOJIOXPAHWIMIIEM, UMEET OIPAHUUEHHYIO
00J1aCTh MCIOTb30BAHUSL.

Homorpammbl 11 onpeneneHnss MHOTOJIETHEW COCTABISIIOIIEH €MKOCTH BOJOXpaHWJIMIIA,
noctpoensl S1.®.ITnemkossim o metoauke C.H.Kpurkoro u M.®d.MeHkenst B IPeoNoKeHnu 00
OTCYTCTBUM CBSI3M MEXKIY CTOKAMH CMEXKHBIX JIET TMIPOJIOrWYecKkoro psga. B nmampHeliiem
WN.B.I'yrnuii, Takke HCMIONB3ysd METOJUKY CJIOKEHHS KPHUBBIX OOECIIEYeHHOCTH HAIOIHEHHUS,
MOJTyYMJI HOMOTpaMMbl C y4eTOM BHYTpupsaHoi cBszu juid r = 0.3. Ilo3nHee aHanoruuHble
HOMOTpaMMbI C OoJjiee TMONHBIM JHara30HOM M3MEHEHHUs TOKas3aTelsl aBTOPErpeccHu, HO TpU
Pa3TIMYHBIX CTOXACTHYECKHX MOJIEIAX CTOKA (pa3Hble MoauduKanui MapKoBCKOTO Tporiecca) ObLTH
nonydensl H.A. Kapreemmmsmm, J[51. ParkoBuuem u I'.I'. CBannase. Bee 3t HOMOrpammsl He
YUUTBIBAIOT (hakTOpa IyOHHBI IepedoeB 3a MpeaeaaMu pacueTHol odecriedueHHOCTH. DopmanbHOe
UCTIONIb30BAaHME TPHUBEACHHON OOECMEUeHHOCTH, KaK TOKa3bIBAIOT pacueTbl, MPUBOIUT K
cUcTeMaTHYeckol ommoOke. JlpyrnM MHHYCOM METOJa SIBJISIETCSl ONpEAEIEHHE CE30HHOMN
COCTaBJISIIOIICH TO mapamerpudeckuM (opmyiaM. CIOXKHOCTh 3/€Chb COCTOMT B ONpEIeNICHUU
TPaHHUL] JIMMUTUPYIOLIETO MEPUOAA U, [TIABHOE, B Y4€Te NEPEMEHHOI0 BOJONOTPEOIEHHS B TEUEHHE
roga. OTMeTHM, YTO TIOCTPOCHHE MOAOOHBIX HOMOTpaMM IJisl Cydasi HAJMBHOW EMKOCTH, IO
KpaliHell Mepe, Ha O/IHY NMEPEMEHHYIO (IIPOIMyCKHYIO CIIOCOOHOCTH MOABOJSIIErO TPaKTa) OOJNBIIE,
YEM B CITy4yae PyCJIOBOIO BOAOXPaHUJIMILA.

HecoMHeHHOE MPEMMYIIECTBO IO CPaBHEHHIO C OOOOIIEHHBIM METOJOM TPEACTABISIOT
BOJIOXO3SIICTBEHHBIE ~ MOJIENIM, KOTOpble yxke Oomee 20 JeT HCHONB3YIOTCS  JUIS
BO/IOXO3SIICTBEHHOTO  00OcHOBaHMs. muTtannonHas Mopenb, MO CYIIECTBY SIBISIETCS
KOMIBIOTEPHON peanu3aiueil mpouecca (QpyHKIHMOHUPOBAHUS BOJOXO3SHUCTBEHHOW CHCTEMBI,
KQXKJI0€ COCTOSIHME KOTOPOM XapaKTepu3yeTcs CBOCH KOMOWHalMeW MepeMeHHbIX. M3MeHsis
MEPEMEHHbIE, MOYKHO MOJEIHUPOBATh IEPEXO0J CHCTEMbl M3 OJHOTO COCTOSHHUS B JIPYroe€.
['maBHOE NOCTOMHCTBO WMMMHTALMOHHBIX BOJOXO3SIMICTBEHHBIX MOJENEH B TOM, UYTO OHU
MPEAOCTABIAIOT MIMPOKHE BO3MOXHOCTH /I aHAJIW3a CUTYyallud MpPH PA3IUYHBIX CLEHAPHUSIX
¢yukunonuposanus BXC.

OnTUMH3aIMOHHbBIE MOJENH, Oa3UpyIOIIHecs] Ha METOUKE JTUHEHHOTO M THHAMUYECKOTO
POTrPaMMHUPOBAHUs, B OOJBIIMHCTBE CIIy4yaeB NEHCTBYIOT MO MPUHIMITY «UYEPHOTO SIIUKa» U
MO3TOMY 3HAUUTENBHO YCTYNAIOT HMUTAIMOHHBIM C TOYKU 3peHUs 3(PQPEKTUBHOCTH M
Ha/leKHOCTH. CyOBEKTHBHBI W KPUTEPUU ONTUMAIBHOCTH — TIOKa3aTeNH, BBIpAXKAroIIue
IpelebHYI0 Mepy ISl CPaBHUTEIHHON OIIEHKH BO3MOKHBIX PEIIeHUN M BbIOOpa HAWITYYIIETO
u3 HuX. [Ipu pemeHny oNTUMU3AMOHHBIX 3a/1a4 32 KPUTEPHH ONTUMAIBHOCTH OOBIYHO OepyT
neneByto GpyHkuuoo. Moieab COCTOUT U3 1eneBol (YHKLINHU, OTPaHUYCHHON YCIOBUAMHU 33/1a4H,
Y OrPaHUYEHUM, XapaKTepU3YIOLUINX 3TH yCIOBUS.

[Ipy ucnonp30BaHUU JUHAMUYECKOTO MPOTPaMMHUPOBAHUS HEOOXOAMMO, MPEXKIE BCEro,
IPEJCTaBUTh 3a/lady paclpeieeHts B BUE MOCIEI0BAaTEIBHOTO MIPOLIECcCa pacpeIeieHus Win
MHOTOIIIarOBOM MPOLIEAYPbl IPUHATHS PEIICHUH.

Monen BOAOXO3SIMICTBEHHOIO IJIAHUPOBAHUS, PEIIAEMble METOJOM JAMHAMHUYECKOTO
IPOrpaMMHUPOBAHHUS, UMEIOT HETMHEWHYIO LIeJeBYI0 (QYHKIIUIO U JIMHEHHbIe orpanndenus. Eciu
xKe 1eneBas (DyHKUIUS W OTrpaHMYCHMs JIMHEHHBI, TO JUIsl pELICHHMs TaKUX 3ajgad Oosee
3O PEeKTUBHO TNPUMEHSTH JMHEHHOE TMPOrpaMMHpOBaHHE. 10, YTO METOABl JIMHEHHOTO
POTPAMMHUPOBAHUS «TOTOBBI K YHOTPEOJICHUIO», TPUBEIO K CTPEMIICHHIO paccMaTpUBaTh
MHOTHE 3aJa4yd  BOJOXO3SIMCTBEHHOIO MPOCKTUPOBAHMS Kak JIMHEWHbIe. JIMHEHHOoe
IPOrpaMMUPOBAHUE  IPUMEHSIETCA  JUIsl  OIpENEJeHHMsT  TFapaHTHUPOBAHHOM  OTJA4M
BOJOXPaHWINILA U YIPABJICHHUS KaYECTBOM BOJBI.

VYuuThIBas BHILIEU3I0KEHHOE U 3HAUUTEIbHBINA CPOK HCIIOJIB30BaHUsl MOJEINPOBAHUS, KaK
METOJla MCCIE0BaHus, CleAyeT KOHCTaTUpOBaTh, YTO Hauboyiee palMOHAIBHBIM MyTh — A3TO
UMHTAMOHHBIE MOJENH, BKIIOYAIONIUe OJIOKM ONTUMHU3ALUH. Takue MONBITKH MPEANpPUHSITHI, B
YaCTHOCTH, B NIPEICTaBIEHHON padoTe.



Bropasi riaBa mnocpslieHa OCOOEHHOCTSIM pacueTa HAJUBHBIX BOJOXPAHWUJIMIL Ha
KOMIUIEKCHYIO BOJO0OTAauy, (hakTopam, BIUSIONIUM Ha BEIWYHHY PETyIUPYIONIEH €MKOCTH, a
TaK)Ke ONpPEAEICHUI0 EMKOCTH BOJOXPAHUIIUINA B PEKUME UMUTALIUH.

Oco0eHHOCTH MPOEKTHPOBAHMSA M PacyeTa HAJIMBHBIX BOJIOXPAHUJIMII HA
KOMILJIEKCHYIO BO00TAaYy.

[IpoGnema co3gaHusi HATUBHOTO BOJOXpAaHWIUWINA MHOrodakTopHas. BosHukaer
3HAYUTENIBHOE KOJIMYECTBO BOIIPOCOB, MPOOIEMHBIX KaK C THIPOTEXHUYECKON TOUKHU 3pEHMUSI, TaK
U C TO3WIMHU PETyJIupoBaHusi cToKa. I[IpuponHO-TeXHHMYECKHEe OCOOEHHOCTH OOBEeKTa
IPOEKTUPOBAHUS, TAaKHE KaK IOJ3EMHOE IUTaHHUE JIOXKa, MapaMeTpbl T'MAPOJUHAMUYECKON
MOJIETTM  WCIONB3yeMOM dYacTu BOJOCOOpa, HMHTEHCHBHOCTh HWCHApeHHUs C  3epkKala
BOJIOXpAaHWIMILIA U (QWIBTPAllMM B OCHOBAaHUM M OEPETOBBIX MPUMBIKAHUSAX, MWHTEHCUBHOCTH
MOCTYIUICHHSI HAHOCOB C PEryJHpyeMbIM U HEperyjIupyemMbiM NputokoM. Ho B oTimuue ot
NoNepThIX ObeOB, PaBHUHHBIX M TOPHBIX BOJOXPAHMJIHIL, 3aWICHHE EMKOCTH HAaJIMBHBIX
BOJIOXPAHWJIHIL TPOUCXOAUT TOJ BIMSHHEM TOJIBKO TOW BOJBI, KOTOpas aKKyMyJIHPYeTCS B
BOJIOXPaHWJIMILE, & HE BCErO CTOKA BOJbI U CTOKAa HAHOCOB.

[lepeuncieHHble acMeKThl IO BO3MOXHOCTH YYTeHBI B paboTe, OJHAKO Hay4dHas
HAIpaBJIEHHOCTh CBsA3aHa C OINPEJCIICHUEM EMKOCTH U PEKHUMOM pEryJIHpOBaHHUS CTOKa B
MPENONI0KEHNUH, YTO YKa3aHHbIE BbIIIE TPOOIEMbI B IPUHIUIIE PEUICHBI B IEPUO U3bICKAHUH U
Ha IIPEANPOCKTHON CTaJHH.

B BOOXO03SHCTBEHHONW dYacTH MPOEKTHOTO OOOCHOBaHUS HEOOXOIMMO PAcCCMOTPETh
BOJIOXO3SIICTBEHHYIO OOCTAHOBKY B 30HaX M3BSATHS CTOKA M €ro HWCIOJB30BAHUS MPHU
HEHTPaJIbHOU 3a/jaue PeryIupoBaHusi 00beMOB BOJBI B BOJIOXPaHHUIIHUIIIE.

Ouenka oonycmumozo uzvamus

[Tpu perennu nepBoil mpodIEeMbl HEOOXOIUMO YCTAaHOBUTH BO3MOXHBIA 00BEM H3BATHUSA,
KOIJla HE HAHOCUTCS HEBOCIOJHUMBIM yiiepO OacceliHy peku OHOpa, U 00ecreyrBaroTCs
CaHUTAPHO-IKOJIOTHUYECKHE TIOMYyCKU HIKE CTBOpa BoJo3abopa. MeToanka moJoOHBIX pacyeToB
usnoxkeHa B paborax Bempaepa X.A., Kacka A.I'., Xocpossuua WU.JI., Kepenu @.®., I'atuino
I[L.A., ®ununmouy W.M., ®damesckoro b.B., Jlyoununoit B.I'., IllaxoBa W.C. u apyrux
aBTOPOB. MeTo010THsI BOIIPOCa U3JI0KEHA B pacCMaTpUBAeMOH I1aBe AUCCEPTALMH.

JlpyruM orpaHMY€HUEM BO3MOXKHOTO U3BSATHS ABISETCS MPOMYCKHAsl CIOCOOHOCThH KaHala
WIM BOJIOBOJA, MOJBOJISAIIECIO BOAY K BoaoxpaHwmuily. OmnpexaessrominM (GakTopoM 371ech
ABIIIETCS TUN BoAo3abopa. becrinoTuHHbINA Bog03a0op caepxkuBaeT oTOop 6omnee ueM (25-30%)
XKHUBOTO TOKa. [IMOTHHHBIN BOM03a00p CHMMAaeT AaHHOE orpaHuueHue. IIpu 3TOM mporyckHas
CIIOCOOHOCTH 00YCIIOBJIEHA T€OMETPUUECKIUMH pa3MepaMH U YKJIOHOM TpakTa BOJIOIOJAuH, TpU
HOJIbEME BOJIbI — IPOU3BOAUTEIBHOCTHIO HACOCHBIX CTAHIIHM.

Onpeodenenue emKkocmu HAIUGHO20 6000OXPAHUNUWLA 6 PEIHCUME UMUMAYUU

3amada pemaeTcs Ha OCHOBE BOJOXO3SWCTBEHHOTO OanlaHCa, OMPEAEISAIONIEro TeKyIIUi
rapaHTHPOBAHHBIH 00BEM BOJBI M MHOTOJICTHIOO BOAoO0OecnedeHHOCTh. [ pa3paboTku
BOJIOXO3SIIICTBEHHOrO0 ~ OanaHca  JOJDKHBI  OBITh  ONPEAETCHbI  MPOEKTHBIE  OOBEMBI
BOJIONOTPEOJICHUSI U YCTAHOBJIEHBI KPUTEPUHU YIOBIETBOPEHUSI TPEOOBAHUN BOJOMOTPEOUTENEH.
Metoauka 3TuX omepauuii  orpa0oTaHa  JOCTaTOYHO YETKO B MHOTOYHUCIICHHBIX
BO/IOXO3SIICTBEHHBIX MTPOEKTAX.

OueBUAHO, YTO PEIIUTH 3a/a4y OJHMM IPOCYETOM HEBO3MOXKHO. IloaTomMy HeoOXomuma
nomaroBas uTepauus. B Xxome wuTepauuii myTeM IUIaHUpyeMoro rnepebopa BapHaHTOB
BapbUPYEMBIX IapaMeTpoB (EMKOCTH pPEryJUpOBaHUSA, NPOIYCKHOW CIOCOOHOCTH TpaKTa
BOJIONO/Ia4YM, TEXHUUECKUX PELIEHUI MO0 BOA03a00py, 00bEMY U PEKUMY OCTATOYHOI'O CTOKAa B
pEKe-I0HOpE) OINpPEAEHAETCS 3aBUCHUMOCTh DPETYJIHPYIOIEH €MKOCTH BOJOXpPaHWIHIIA OT
3alI0keHHOro BojaomnoTpebnenus u mapamerpoB BXC. Kaxmomy coueraHuio mnapameTpoB
COOTBETCTBYET CBOE 3HAYCHHME IOKa3aTeNsi CTOMMOCTH. Pacronmaras JOCTaTodyHbIM 0O0BEMOM
uHboOpMalMu i TOCTPOCHUS HA3BaHHOM 3aBHCHUMOCTH, MOXXHO OIpEAETUuTh 001acTh
ONITUMAJILHBIX PEIIEHUH /U1 BEIOOpa OKOHYATEILHOTO BapUAHTA.



B mporiecce BOOXO3SHCTBEHHOTO OOOCHOBAHUS MPOCKTOB HEOOXOIUMO pa3padaThiBaTh
pa3BEepHYTYIO CTPYKTYpy BOJOXO3SMCTBEHHOTO OanaHca, B pAle CIy4aeB I[eecoo0pa3Ho
JOITOJIHATH BOI[OX03$II\/JICTBGHHI)I€ OajlaHChI CIICiaJIbHbBIMHU Fpa(i)I/IKaMI/I n Ta6J'II/IIIaMI/I,
XapaKTepU3YIOUMIMH MHOTOJIETHUN PEKUM PETYJIUPOBAHUS U pACTIpeeNIeHUs] BOJAHBIX PECYPCOB.
Pa3paboTka  BOMOXO3SIMICTBEHHON ~ MOJAENM  IpeaycMaTpuBaeT  CUCTEMY  KpPUTEpHUEB
yAOBJIETBOPEHUS TPeOOBaHMM MOTPeOUTENEH, PEXKUM PEryJIHPOBAHUS CTOKA CYIIECTBYIOIIUMHU U
MMPOCKTUPYCMBIMU BOAOXPAHUINIIIAMU, H€O6XOILI/IMOCTI> oOecrieyeHus OTpaCJICBBIX U PCIKUMHBIX
MOMYCKOB, BApUAHTHOCTh TMPUHIUIHAIBHON CXeMbl BOJOXO3SHWCTBEHHBIX MEPONPUATHI U
KOHKPETHOTO 3KOHOMHYECKOTO M BOJOXO3SHCTBEHHOTO 3(deKTa B mIperesax BO3MOKHOCTEH
npUHATON cxembl. OCHOBHOM alrOpuTM — MHOTOJIETHUH OallaHC ¢ 3aMBIKaHUEM psifa o 00beMy
HAIOJIHEHUS BOAOXPAHIIIUINA Ha HA4aJI0 M KOHEI] MHOTOJIETHETO psfa.

C mnomomplo MpeanaraeMoil HWMUTAIMOHHOW MOJENH MBI TOCPEICTBOM MAacCCOBBIX
pacyeTroB yCTaHAaBIMBAEM COOTHOIIEHHUE MEXIY OCHOBHBIMHU XapaKTEpPUCTUKAMU T'HMApOYy3ia:
€MKOCTBIO BOJOXPAHWJIHUIIA, KOJTUYECTBOM BOJbI, MNPEAOCTABISEMON MOTPEOUTENAM, U
o0ecrieueHHOCTRI0 OTnaun. PacdeTHast 00ECIEYeHHOCTh OTHAaYd XapaKTEepH3yeT HaJeKHOCTb
BoJ000eceueHus: moTpedbureneil. Yamie Bcero pacueTHast 00€CIeYeHHOCTh XapaKTepU3yeTcs
B IIPOLEHTaX, KaK BEpPOATHOCTh 4Hcia OecrnepeOONHHBIX JIET, B TEYEHHUE KOTOPBIX
noTpebuTtenel yaoBIETBOPSIOT BOAON MOTHOCTHIO.

N -m
P = -100 ¢ 4
N +1 % ( )7
e0e N — oamuna  pacuemnozo psaoa ; m — 4ucio  nepebOUHbIX nem

Ilpasuna ynpaenenus 6000Xpanunuuiem

PacuerHast 00ecre4eHHOCTh OTIENBHBIX YYaCTHHUKOB BOJOXO3SWCTBEHHOTO KOMILJIEKCA
XapaKkTepusyeT paboTy KOMIUIEKCHOTO THApOY3Jia B peXHME HOPMalbHOM BoxooTdauu. B
HOPMAaJIbHOM PEKUME HKCIUTYyaTallH MOTPEOUTENH MOTyYaloT TO KOJIHMYECTBO BOJBI, HA KOTOPOE
paccuMTaHbl UX MPOU3BOJCTBEHHBbIE MOILIHOCTH M IUIaH BBIMyCKa MPOAYKIUH. ['mapoysen mpu
3TOM oO0ecreynBaeT TapaHTUPOBAHHYIO OTAady, T.e. TaKylo, KOTOpas C 3aJaHHOU
00€CTIeUeHHOCTRIO YIOBJIETBOPSICT TpeOOBaHMsI MOTpeOUTENEH B BOAC 32 MHOTOJICTHUMA TTEPUOI.
Ho oGecnieuenne rapaHTUpPOBaHHOM OTJauu - JUILIb OAHA U3 (QYHKIMHA Bomoxpanunuiia. Kpome
peXrMa HOpMaJbHOW BOJOMOJAYM PA3NUYAIOT PEXKUMBI pabOThI B YCIOBUSAX JAePUIIMTA BOAHBIX
pecypcoB U HUX H30BITKOB. Pexum paboTel B YCIOBUSAX JAedUIUTa BOJBI MPHUBOAUT K
SKOHOMMYECKUM yiiepOaM, BeIMUMHA KOTOPBIX 3aBUCUT OT pa3MepoB reduiura.

B orToifi  cBA3M BO3HHMKAaET HEOOXOIMMOCTh  3a0JIATOBPEMEHHOIO  OMOPOKHEHUS
BOJIOXpAaHWIMILA TIepe]] MHOTOBOAHBIM MEPUOJOM M 3KOHOMHIO MOTpeOJeHHUs BOIBI MeEpen
OKU/IaeMBIM MalloBoAbeM. [loaToMy pa3pabaThiBalOTCSl ClEUANbHBIC IMPaBWIA YIPABICHUS
paboToil BOJOXPAHWUIIUIL, SAPOM KOTOPBIX SBISIFOTCS aucnerdepckue rpaduxu. [lonb3ysch
JUCTIETYEPCKUM TpaUKOM, MOKHO ONPEACTHTh OTAauy W3 BOJOXPAHHWIMINA B KOHKPETHBIX
YCIIOBUSIX MO BEJIMYMHE TEKYIIero HAmNOoJHEHHs W psAy Jpyrux mnokaszareneit. [IpoGiema
IIOCTPOEHHUS JUCIETUEPCKUX IPaBUJI UCCIEN0BANIACh HA MPOTSKEHUM MHOTIMX JET AcapuHBIM
A.E., becryxeBoit K.H., PesaukoBckum A.Ill., PyOunmreiin M.W., pa3BUBaBIIMMH TEOPHIO
yIpaBJIEHUS BOJOXPAaHWINIIAMH KPYIHEHIINX THAPOY3JIOB U KACKaJ 0B BOJOXPAHUIIMILL.

Jucneruepckuil rpaduk - 3aBUCHUMOCTb, IMOCTPOEHHas B KOOpJAWHATaxX BpeMs - 00beM
(YpOBeHb) BOIBI B BOJIOXPAHWIHUIIE, MPEICTABISIONIAast cOO0N Cepuio KPUBBIX, KOTOPBIE AEISAT
€MKOCTh BOJIOXPAaHWIHIIA Ha OTJEJIbHbIE 30HBI, COOTBETCTBYIOIIME BBIIIETIEPECUUCICHHBIM
GYHKIUSAM BOJOXPAHWIIUINA: TApaHTUPOBAHHOW OTAa4yM, ype3aHHOW OTAaud, MaKCHUMAallbHOTO
UCTIONIB30BaHUSl CTOKa, OE30MacHOCTH coopykeHuil. [lomp3ysich AucreT4epcKUM TpaduKoM,
MOKHO TIOJTYYUTh KOHKPETHYIO PEKOMEHAAIMIO MO0 HAa3HAYEHUIO OTAa4Yd U3 BOJOXPAHUIIUINA,
uMesl TOJIbKO OJMH YIPABIAIOIIMN HapaMeTp - ypoBeHb. VIMeroTcs mpumepsl, Korjna mpaBuiia
YOpaBIEHUSI CTOSATCS C yYETOM IMPOTHO3a BOJHOCTH MPEACTOALIETO IMOJOBOJAHOTIO TMepuoaa
(BKK, LlumastHCKHiT TUAPOY3€ET).

[IpaBuna ynpaBieHHs] HAJTUBHBIM BOJOXPAHWIHIIEM CTPOATCA Ha TeX K€ MpuHIUNax. B
JMCCEPTALlMOHHON paboTe MpUHATA JBYX30HHAs CTPYKTypa AMCIETYEPCKOro rpaduka, Kotopas
U 3aJ0)KEHa B alrOpUTME MOJENTH. BKiloueHue anropuTMa MOCTPOCHHUS AMCIETYEPCKOTO



rpaduka B MOZETh B HAIlIEM CIIy4ae MMEJIO LETbI0 He TOJBKO aBTOMAaTU3UPOBATh MPOIIECC, HO |
CONMM3UTh NPOEKTHBIM M HKCIUTyaTAallMOHHBIA BapHaHThl — B OSKCIUTyaTallMOHHOM Ciydae
JOOHUTHCS BOJIOOOECTIEUEHHOCTH, OJIM3KON K TIPOSKTHBIM TPEOOBAHUSIM.

Ilomepu u3 éoooxpanunuwia

Bonoxpanunuiie, perynupyss peYyHOM CTOK, pacXoAyeT BOAYy JUIsl CHAOKeHus
norpebureneil (mone3Hoe BOAONOTPEOJIEHUE), YACTUYHO TEpsieT €€ Ha MCIApeHue ¢ BOJHOU
MIOBEPXHOCTH, (PUIBTPALIUIO U JbI000pa3zoBanue. [lorepu BoAbl Ha MCIApeHHE C MOBEPXHOCTU
BOJIOXPAHWIMIIA B F0OXKHBIX pailoHaX CTpaHbl JOCTUTAIOT MHOTAA MOJOBUHBI MOJE3HOIO 00beMa.
Henp3s He yuuThiBaTh MOTEpH Ha (PUIBTpALIMIO, T.K. HAOp BOABI, PaBHBIA Pa3HOCTH OTMETOK
O0beoB, co34aeT MOCTOSHHO MACWUCTBYIOILYIO CHILY, IOJ BIMSHHUEM KOTOPOW MPOMCXOIUT
¢ubTpanus 4epes3 IMIOTHHY, O] IUIOTHHON U B Oeperax, B 00X01 MIOTHHBI. OUIbTpalOHHBIE
IOTOKM YMEHBIIAIOTCS MPH YMEHBIICHUH YPOBHs BepxHero Obeda, HO nocturaror yacto 20 -
30% 3a rox OT cpeaHero o0beMa BOJBI B BOJOXpaHIIUIIC. DUIbTpaIius U3 BOJOXPAHUIIHUINA -
OUYEHb CI0XKHOE U MAJIOM3YUYCHHOE BJICHHE. 3a7aya TeM 0oJiee YCI0XKHAETCs B CIy4yae HaTMBHOU
€MKOCTH.

[Torepu Ha GUIBTpaLUIO MOJA IUIOTUHY M B 00XOJ €€ ONpPENesIOTCS IO H3BECTHOMH
METOJIMKE B COOTBETCTBUHU C TEOpUEH ABM)KEHUS TPYHTOBBIX BoA. IloTepu BOIbI uepe3 Teno
3eMJISTHOM TUIOTHHBI MoJIcuuThIBatoTCsA 1o hopmynam H.H. TlaBrnoBckoro, a uepe3 yroTHsOLUE
YCTPOKCTBA 3aTBOPOB - 10 OOBIYHBIM (OpPMYyJIaM THApaBIUKU. [Ipu onpeneneHun QpUIbTpariu
U3 BOJOXPAHUJIMIL HEOOXOIMMO ONMPAThCs Ha Pe3ybTaThl THIPOre0IOTNYECKUX UCCIeI0BaHUN
U pacueToB. Bompochkl METOOWKH pacueTa IOA3€MHOW (WIbTpanmuyd M3 BOJOXPAHHUIIUII
npuBoaarcs B padorax lunenko A.A., bungemana H.H., Hudantosa B.U., 3amapuna E.A. u
np. Jlyis MeHee OTBETCTBEHHBIX CIIy4aeB BEIMYMHA (QUIBTPALMH MPU NPOEKTUPOBAHUU JOJDKHA
YUUTBIBATHCS IO AHAJOTUHU C CYILECTBYIOLUIMMH BOJOXPAHMIUIIAMH, HAXOIAIIMMUCS B CXOJHBIX
TUIPOTEOJIOTUYECKUX YCIOBUSX.

Pacnionaras n1aHHBIMHM 00 WHTEHCHBHOCTH (WIBTPALMOHHBIX MOTEPh B 3aBUCHUMOCTH OT
HANopa, TO €CTh TEKYIIEro HANOJHEHUs BOAOXPAHWIHUINA, B 0alaHCOBOE ypaBHEHHE BHOCHTCS
BEJIMYMHA N10TEPh, KaK MPOU3BEICHHE CII0S MOTEPh IJIs JaHHOI'O MOMEHTAa BPEMEHH Ha TeKyllee
3HAUEHUE TUIOIAHU 3epKaa.

AHaIOTMYHO YYMTBIBAIOTCS B pacyeTax OajaHca NOTEpU HAa UcHapeHwe. B orimume ot
pPYCJIOBOTO BOJOXpaHWIMIIA HYXXHO OIpENeisaTh BUIUMOE HCNAapeHHe (pas3HUIly MEXIY
UCIIAPEHUEM C BOJHOM TOBEPXHOCTBIO M OCaJKaMU Ha IUIOIIAgb 3€pKaja), a He
JIOTIOJTHUTEIIBHOE.

3a OCHOBY pacuera cCJOS HCIapeHus TMpuHsATa o0000meHHas ¢dopMysa, MMOTydYeHHAs
b./1.3aiikoBbivM, A.Il.bpacnaBckum u O.A.BUKyIMHOH, U METOOMKA pacueTa BXOJAIIMX B ITY
(GopMyi1y mapamMeTpoB, OCHOBAaHHAsl Ha HCIOJIb30BAHMU METOJIAa TEIUIOBOrO OajaHca C yyeToM
TpaHchopMaIMK METEOPOIIOTUIECKUX SJIEMEHTOB HaJl BOJHON MOBEPXHOCTHIO.

HNannas dopmyna st E; MM/cyT. umeeT BU

E: = 0,14(ep - €200)(1+0,72*w>9p) (5),

IZle eg — MaKCHMallbHas yNpyrocTh Mapa Mpu TeMIIEpaType MOBEPXHOCTH BOJBI, MO; ez,
W200 - BIQXHOCTbh BO31yxa (MO) U ckopocTh BeTpa (M/c) Ha BeicoTe 200 ¢cM Haj MOBEPXHOCTHIO
BOJIBI.

JUtst MaIBIX BOZOEMOB, C TUIOMIA/IbI0 3ePKaa 10 5 KM:

E, = E2*K,*K;*f mm/rog, (6),

rae En - mcmapeHme ¢ Gacceiina mromampio 20 M°, ONpeIesieMOe 10 MHOTOICTHHM
HaOmoneHusiMm win mo kapre; K, K, [ - mompaBounsie koddduiveHTsl Ha TIyOUHY,
3alIUIIEHHOCTD U TUIOMIA/Ib BOJIOEMA.

Ecniu B oOmem BogHOM OanaHce BOJOXpAHHWIWINA TIOTEPH HE3HAYUTEIbHBI, OHU
YUUTBIBAIOTCS YIIPOIIEHHO U MPUHUMAIOTCS B pa3Mepe UX CPEAHET0 MHOTOJIETHETO CIIOS.

[Totepu Boabl Ha JbA00Opa30BaHUE MPEICTABISIOT COOOM KOTUYECTBO JIbJa, OCEBIIETO Ha
Oeperax mpu 3UMHEH cpaboTke Bomoxpanwnuiia. [loTepu BoOIbI Ha JBAO0OpA30OBaHUE
UCUHCTISIIOTCS TI0 popmyrie:



(FHi — FKi )hjia (7),

Q.= At,

rae Fui u Fyi - mnomane 3epkaia BOJOXpaHUIIUINA B HA4aJIe M KOHIIE PACYETHOI'O HHTEpBaja
BpeMeHu Atj; h, — TommMHa JbJa B pacueTHOM HHTEpBale BpeMeHHM At;; a - OTHOILICHHE
IUIOTHOCTEH BOJIBI U JIbJA; OOBIYHO MPUHUMAETCS PAaBHOE EAMHUIIE.

TonmuyHa A 3amaeTCsA A1 KaXI0TO pacueTHOTO MHTEpBaJIa BCEX JIET PACYETHOIO PAla.
[Ipu oTcyTcTBUM 3UMHEH CpabOTKM BOJOXPAHUIIUINA WU MIPU 3UMHEM €0 HAIlOJIHEHUH MOTEPh
BOJbI Ha JpJ00Opa3oBaHue Her. [loTepu BoAbl Ha J1bA00OPAa30BaHHUE SABISIOTCS IOJHOCTBIO
BO3BPAaTHBIMHU, T.€. JI€[, OCEBIIMI 3UMON Ha Oeperax BOJOXpAaHWIMIIA, BECHOW TaeT H
YBEJIMUYUBAET BOJIHBIE PECYPCHI.

Bnuanue pexcuma nanocoé na ypgpekmusnocmo peyiupoeanus

Kak u B cimyyae pycioBOro BOJOXpaHWININA CYIIECTBYET MpolieMa OTI0KEHHU HAHOCOB B
BOJOXPAaHWIMILE, YTO MPUBOAUT K 3aWICHUI0 €MKOCTH U CHIDKEHUIO PETYJIHPYIOIIEH
CIOCOOHOCTH BOJIOXpAaHWJIUINA. B KOHCTPYKIIMH BOJ03a00pHOTO COOPYKEHHUS HEO0OXOIMMO
npeaycMaTpuBaTh BO3MOYKHOCTH 33J€p)KaHUS HAHOCOB, a BOJOXPAHWIMIIE JOJKHO OBITh
00€CreueHO CUCTEMOM ONMOPOXKHEHUS KaK B aBapUHUHBIX CUTyalMsX, TaK U C LEJbIO IIAHOBOU
OYHUCTKH OT JIOHHBIX OTJIO)KeHHH. Kpome Toro, nomkeH ObITh yCTAaHOBJIEH MEPTBBIM 00BEM ¢
IIPOEKTHBIM CPOKOM 3auJICHUSI.

B Tperbeii rinaBe npencTaBiIeHO ONMMCAaHUE HMUTAMOHHON MOJEINH, JAlOTCS MHKEHEPHas
U MaTeMaTudeckas IIOCTAaHOBKM 3aJlauyM, OIMCAaHUE aJropuTMa HMMMTALMOHHONW MOJENN
BOJIOXO3SIICTBEHHOW  CHCTEMbl ~ HAJUBHOI'O  BOJOXPAaHWIHWINA, TMOPSJOK  paboThl U
Pe3yJAbTUPYIOIIAs BbIIaYa.

Huowcenepnasa nocmanogka 3adauu

WmxeHnepHass mocTaHOBKA 3a1aun (popMysmpyeTcs ciaenyromuM obpazom: «OrpenenuTsb
HOJIe3HBbI 00bEM M paccuuTaTh PEKUM PEryJMpOBaHUS CTOKAa B HAJMBHOM BOJOXPAaHWIIHUIIE,
KOTOpOE SIBJIIETCS. TapaHTOM BOJOOOECIICYCHUsI BOJOXO3SHUCTBEHHOTO KOMIUIEKCA TMpH
HaVMEHBIIMX 3aTpaTax Ha CO3JaHHE BOJOXO3AHCTBEHHOM cuctembl. Bononorpebiaenue
onpezensercss CyMMapHbIM OOBEMOM 3ampoca BOAONOTpeOUTENeH, BXOIAIIMX B COCTaB
KOMILIEKCa. 3a OCHOBHOM KpHUTEpHUH YJOBIETBOPEHHUS KOJUYECTBEHHBIX TpeOOBaHMM K Boje
IPUHUMAETCS IpUBEAEHHAsI o0ecnieueHHOCTh (popmyiel 1, 2). Kpome Toro, B Moaenu BBOAUTCS
noBepouHblii kputepuid HagexHoctd R (RELIABILITY), ucnons3yeMslii B psae 3apyOesKHBIX
npoekToB. JlaHHBIM Moka3aTtenb (UKCHUPYET OOBEM TIapaHTUPOBAHHOW BObI, IEpeJaHHOU
HOTPEOUTENIO 32 MHOTOJIETHE, B 10JIIX FrapaHTUPOBAHHON 0Tauu. Pe3epBoM BOJHBIX peCypcoOB B
30HE M3BIATHUSI CUUTAETCA OOBEM BOJBI, NP KOTOPOM OCTATOYHBIN CTOK peKH OOecrequBacT
XO3MCTBEHHBIE U HKOJIOTHUECKUE MOTPEOHOCTH OacceiiHa-10HOpay.

PaccmarpuBaemass BXC cocTouT M3 Tpex OCHOBHBIX OOBEKTOB: BOJOTOK, M3 KOTOPOTO
3a0upaeTcss BOAA, TPAaKT BOJOMOAAYM K HAJIMBHOMY BOJOXPAHWJIMILY, BOJOXPaHUIIMIIE,
BOJIOXO3SMCTBEHHBIN KOMIUIEKC.

Mamemamuueckas nocmanogka 3a0a4u

CootBeTcTBYIOLIas NH)XEHEPHOU ITOCTAHOBKE pacyeTHasl CXeMa BKJII0YaeT BOJHBIH OOBEKT,
U3 KOTOPOro 3abupaercss BOJa, BOAOXPAHWJIMILE M YCIOBHBIH KOMIUIEKCHBIM moTpedutens W

(puc.1):

SO WH.T- S() - S] Z Scan + WH.T,
—_

1@ Ls

Puc. 1. PacueTHas cxemMa UMHATAIIMUOHHON MOJEIN



Sp — MPUTOK K CTBOPY HU3BATUSA, Scoy — CAHUTAPHO-IKOJIOTHYECKUE TIOMYCKH; ( —
MPOMYCKHAsi CIOCOOHOCTh TpakTa; Wy — BOJOMOTPEOTICHHE B HUKHEM TEUEHHH; S; — 00beM
MIPUTOKA K BOJOXPAHUIIUIIY C YIETOM BO3MOXKHOTO U3BSTHS U MPOITYCKHON CIIOCOOHOCTH TpaKTa
BOJIOTNIONIAYH; + AV - peryjJupoBaHUe NpuToka, W — KOMIUIEKCHOE BojomoTpednenue; L. =
Waep™he — IIOTEpPU HA UCHAPEHUE; TAE Waiep — ILIOMIAMAb 3€pKaia; he - MHTEHCUBHOCTb BUAUMOIO
ucnapenus; Ly = waep™hs - motepu Ha Qunbrpanuro; hy — MHTEHCHBHOCTH (QUIBTpPaLUM Ha
MOMEHT CTa0WIM3AallMd TUAPABIUYECKOTO pEeXHMa TOCIAEe OKOHYAHHS CTPOHUTEIHCTBA
BOJOXpaHWINIA; L = wep*h; — motepu Ha nbnoobpazosanue; h; — Tonmuna npaa.

Ha cxeme mokaszaHbl Takke CHCTEMa aBapUHHOTO OMOPOKHEHUS E€MKOCTH M CHCTeMa
cOpoca U3IUIITKOB BOJBI M CTOYHBIX BOJ BOJIOXO3SHCTBEHHOTO KOMILJIEKCA.

O6006mmas ypaBHeHue (3) amst cirydast HATUBHOW eMKOCTH, MOJIy4aeM

V=100, 0. 0 5. Coo i 0. P W) (8),

riae Oy - pe4HON CTOK; Jyem - OCTATOUHBIN PACXOJ MM TPAH3UTHBIM IOIMYCK HHMXKE CTBOpA
u3bATUSA; Oy - IPOITYCKHAS CIIOCOOHOCTH TPAKTa BOAOINOAAYM K BOJOXPAHUIMILY; S - 00BEM
peanpHOrO IMPUTOKA B  BOJOXPAHWINIIE, XapaKTEPU3YIOLIUKCA  YCEUYCHHOUM  KPUBOH
pacnpeneneHuss BEpOATHOCTEN; C = - MOKA3aTeIb U3MEHYMBOCTH IPUTOKA K BOAOXPAHUIIUILLY; r

- [IOKAa34aTeCJIb aBTOPEIPECCUHN IIPUTOKA, ¢ - MApaAMETP BHYTPUTI'OAOBOTO PACHPEACICHUS IIPUTOKA

K BOJOXPAaHWIHUILY; P - 00eCIIeYeHHOCTh YJIOBJIETBOPECHHs TpeOoBaHmii; W - rapaHTHpOBaHHAs
0T/1aua BOAOXPaHWINILA.

OueBnaHO, YTO MapaMeTpbl NPHUTOKA MOMHMO €CTECTBEHHBIX 3aKOHOMEPHOCTEH, HECYT
BIIMSIHUE TPOEKTHBIX PEIIEHUH KaK C TOYKU 3PEHHS] CAaHUTAPHO-IKOJOTUYECKOT'O COCTOSTHUS
30HBI U3BATHUSA, TAK U MPOIYCKHOM CIIOCOOHOCTH TPAKTA.

Ypasnenue eoooxozaiicmeennozo oananca

Jlnsg omnucaHusi pexuma CpaOOTKH - HaIlOJIHEHUS BOJOXPaHWIWINA B JHUCCEpTaLUU
UCIIONIb30BAHO YPAaBHEHHE BOJOXO3sIICTBEHHOTro Oananca B nuddepennmansHoii Gopme (6e3
ydeTa (PyHKIIMU TOTEph Ha JIbI000pa30BaHKE, CYIIECTBEHHO YCIOXKHSIONICH GopMy 3amucu, HO
HE UMEIOILEeN MPUHIUITUATBLHOTO 3HAUYCHHUS ):

[9(t) = Q)] -dt =aV + a(H) - [h, () + h,(HD)]-dt
NPUHUMASL, YMO DTIeMeHMAapH oe npupawerue obvema 6 sodoxpanunuue dV = w(H)-dH

noaydaem : (9)’

%/W(O—Q(t)—w(H)'[he(f)”ls(H)] ,

o)L =400~ 00 = X t1)-[ 1,0+ hs (1) ]
20e H(t) — Heuzeecmmas (hyynKyus ommemxy HANOIHEHUS

rne: V(H)- ¢ynkuus tekymux o0beMoB Bopoxpanwiuma; o(H)- Oarurpaduueckas
bynkums miomanu 3epkana; Q(t) - rmaporpad komruiekcHoro BogomnorpeOnenus; hy(H) —
WHTCHCHUBHOCTh (DUIIbTpAIlMK HAa MOMEHT CTaOWIM3allii TUAPABIMYECKOTO pPEeXuUMa IOocIe
OKOHYAHHUS CTPOUTENBhCTBA BoAOXpaHwmma (m/c); q(t) — GyHKOUS BoOIOMOAAYd B
BOJIOXPAHWIHIIE C YUYETOM MPOMYCKHOU CIIOCOOHOCTH TPaKTa; he(t) - MNHTEHCUBHOCTh BUAMNMOTO
ucrnapenus (m/c).

Pemmenrie nmpuBeACHHOTO BhINIE HEMMHEWHOTO NU(DPepeHIInaNIBHOTO YpaBHEHUSI HE MMEET
MPAKTUYECKOTr0 3HAUYEHHs, I03TOMY B OCHOBE PaCyeTOB JIEKHUT YPAaBHEHUE BOJOXO35IICTBEHHOTO
OanaHca 1711 KOHEUHBIX MHTEPBAJIOB BPEMEHHU:

Si+AV-Ly-Le-Li- W=0 (10),

rae S;- o0beM IMPUTOKAa K BOJOXPAHWIMILY C Y4€TOM BO3MOKHOTO U3BSATUS U3 PEKU U
MPONYCKHOH CIMOCOGHOCTH TPAKTa BOJAOMOMAYH, M° + AV - PEryIHPOBAHHE MPHTOKA, M; L -
motepu Ha QUIBTPALHMIO, M°; L, — IIOTEPH Ha MCIApEHHe, M, L; — OTEpH Ha JIbI000pa3oBaHHue,
M°; W — KOMIUTEKCHOE BOornoTpeOnenue, M. Ypasrerue (10) HCKIIOUAaeT XOMOCTIE COPOCHL,
UCXOJS W3 TOTO, YTO TPH IOJIHOM HAIOJTHCHHH €MKOCTH BOJIOTIOJaYa MPEKPAIaeTcs, a CTOK
MPOIYCKAETCs] TPAH3UTOM I10 PEKe.



Jlis Oonbliell 4acTH BOAOXO3SIICTBEHHOIO rojia MPUHUMAIOTCS MECSYHBbIE HHTEpBaJbl
BPEMEHHU, a B TEpPHOJ| BBICOKUX BOJI BBINOJHSETCS pa30MBKa Ha JeKaJHble, NPH BBICOKOU

HCPAaBHOMCPHOCTHU HA NICHTAAHBIC 1 CYTOUHBIC HHTCPBAJIbI.
(DopManmauI/m MaTEeMaTHYCCKOM MOCTAaHOBKH 3aJauu npeaAcTaBjicHa HUXKEC.

Z =KV ,q) > min— ¢ynxyuonan 6 zadaue onmumuzayu u,

NPUHUMAEmc i N0 KAnumanbHel M 3ampamam , 20e

V= f(q,P,) —o0vem 6000Xpanun uwya uwemcs Kax (pynKyus om nponycKHotl cnocobrnocm u
U ycmauoeneH Holx Kpumepues noKpulmus

Oepanuuenu s 6 3a0aye :

Wiwm <W,<W, . —e600onomped nenue i— 20 nompebumen s 8 Ka’cOoM unmepsane pemeHu
P,(W,2W,,)=P, - gaxmuuecka 2 8EpPOAMHOCT b npesvluleHus NnpOeKmHbvIX
mpebosanuil i — 20 nompebumen s 00IdNCHA  ObIMb He MeHbue e20 npoeKmHou
obecneuenn ocmu nOKpblmust no uucny bGecnepeboil HbIX em

9mo mpebosanue 3aMeHAemcs IKEUBACHM HbIM mMpebosanue m
1o npuseoeHHo il obecneveHn ocmu
P,(W = WZ )P,

R, = R, — Hadedxcrocms MHo201emHe 20 600006eche uenus KoMNieKca
Viso SV SV, .. —00vem 6000XpaHUN Uya He Modicem bvimy
bonvue MAKCUManvu o monozpaghuy eckoli emKocmu

rae q — NPOIyCKHas CIOCOOHOCTh TpakTa; Py — (akruueckas obecneueHHOCTh; Ppp, —
MpHUBEICHHAsT 00CCIICUeHHOCTh; V — 00beM Bojoxpanmwiuia; K — KanuTansHbIe 3aTpathl; Z —
neneBass (PyHKIMS, 3aBHCHUMOCTh KaNHUTAlNbHBIX 3aTpaT oOT oOBeMa BOJOXpAHHWIUINA U
MIPOITYCKHOM CIIOCOOHOCTH TPAaKTa BOAOIOIAYH.

B uucno kputepueB Moaenu Ao0aBiIeHa MHOTOJIETHSAS HAAEKHOCTh BOJ0OOOECIICUCHUS,
JIOCTAaTOYHO IIUPOKO MPUMEHSIEMAas 32 pyOeIKOM.

N
1 ZWW
= .
N W,

e W, —(akTU4ecKas oOTaava BOJOXPAHWIMIIA B 1 —OM TOJy, HE TMpEBHIIIArONIas

(1D),

MPOCKTHOTO 3HAYEHUs TapaHTHpOBaHHOW oTmaun W, , R - «reliability» - HajzexHOCTH

BOJOTIOJaYH.
O4eBHIHO, YTO AHAJIWTUYECKOE PEIIEHUE JAaHHOW 3a/ayl MPaKTUYECKHM HEBO3MOXKHO.
EnnHCTBEHHBIM CTIOCOOOM SIBIISIETCS BAPHAHTHBIN pacdyeT ¢ TOMOIIbI0 MMUTALIMOHHON MOJICIH.
brok — cxemMa KOppeKTHpYeTCs B COOTBETCTBUM C pEAJbHBIM YHMCIOM TO3MLIHH,
MpeICTaBICHA HA pUC.2.
@OyHKUMS 3aTpart, NPUHATAs B JAHHON BEPCUM MOJIEIH, ObITh MIPE/ICTAaBICHA B CIEAYIOLIEM
BUJIE!
K(V,q9)=K,(V)+K,,(q) (12).

CyMmMapHbIe 3aTpaThl CKJIQJbIBAIOTCS U3 JIOKAJIBHBIX 3aTpat 1o Bogoxpanuauiy Ky(V) u no
co3faHuio Tpakra Bojonoaauu K.p(q). 3aBucumocts K = f(V) annpokcumupopaHa JuHEHHON
(GyHKIMEH METOIOM HaUMEHBIUINX KBaJApaToB, OpUeHTHPYsich Ha pekomeHaanuu 1.C.111axo.a.

K,=a-V+b

6

D=Y(aV,+b-K,)> > min :
i=1

b _,
Oa
b _,



aZn} v+ bi v, - Zl KV.=0

rne K; , Vi — COOTBETCTBEHHO KANHTaJbHbIC BIIOKCHUS M TIOJIHBIE OOBEMBI TIO
paccMaTpuBaeMoil rpymnmne BoJOXPaHUIUII.
K, =0.0476-V +7.567

HMMuranuoHHas BOIOX03IMCTBEHHAS MOJICIIb

v

baza nannbpIx |

y
| Kpurepun mokpsITus |

| MHoroseTHHI BOI0XO03sIMCTBEHHbIH OajiaHc |

Y \

V=f(@V) | | K(V,0) = Ke(V)Ken(@) |

[IpaBuia ynpasneHuns |

A
| Brinaua pe3ynsraTtos |

Puc. 2. biiok-cxeMa IMUTAIIMOHHON MOJEIN

CronMOoCTh MOABOJSALIETO TPAKTa HAMPSIMYIO CBS3aHA C €ro MPOIYCKHON CIIOCOOHOCTHIO U
3aBHUCHT, B 0011IeM, OT TeX ke (PaKTOPOB, YTO U CTOMMOCTH BOJOXpaHuiuil. Kpome 3Toro Biuser
caMO KOHCTPYKTHBHOE pEIIEHHE - KaHajl, TyHHellb, TpyoOorpoBoza. Kak yxke ormeueHo, B
JUCCepTallui MCIOJb30BaHbl PEKOMEHAIMU TI0 ONPEIENCHUI0 KalUTaIbHBIX 3aTpaT B Clydae
tepputopuanbHoro mnepepacnpeneneaus croka (M.C.lllaxoBa «Bomubie pecypcel u  HX
panmoHansHOe Hcmonb3oBaHue» ExarepunOypr, 2000r.) B yacTHOCTH KanuTaabHBIC 3aTpaThl HA
OJINH KWUJIOMETP TPACCHI COCTABJISIFOT:

K =57 -q"* — ona nanopnozo 6000600a ,mvic . py6 (13).

K =8.26-¢q"" — ona xanana

Jost TpybonpoBoza: Ky =K, +K,, =00476V +7.567+57-L-q"

Jist kaHanma: K. =K, + K, =0,0476 -V +7.567 +8,26-L-q"”

rae L - anvHa moABoASIIero TpakTa, KM.

TeXHUKO-35KOHOMMUYECKUI pacyeT BBINOJIHAECTCS HAa OCHOBAaHMM KPUBOM, BCE TOUYKH
KOTOpPOW JAIOT OJWH M TOT K€ BOJOXO3SHUCTBEHHBIM 3(PQPEKT MPU pa3IMUHBIX COUYCTAHUSIX
MPOIMYCKHOM CIMOCOOHOCTH ( U eMKocTH V. B psnme ciaydaeB MOXHO amnmpOKCUMHUPOBATH
¢yskuuto q = f(V) ¢ momompio runepOooIMYecKord 3aBUCUMOCTH CPEIHEKBAIPATHUYECKUM
CIJIaKUBAHHUEM.

q; m

q max V’
V max

IZIe M — NPOU3BOJIbHAS KOHCTAHTA, ONPEIEISIIOIIAACS B PE3YJIbTATE AlIIPOKCUMALAN; (max
U Viax — MAKCUMAJIBHBIE 3HAYEHUS U V U3 PE3YyJIbTATOB SKCIIEPUMEHTA.

CpenHeKBaApaTUUECKOE CIVIAKUBAHUE BBIMNOIHIECTCA 10 CEPUM  OKCIIEPUMEHTAIBHBIX
TOYEK.
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max
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max

Takum 06p8.30M, OIPCACIIAOTCA 3aBHUCUMOCTH, HeO6XO,Z[I/IMBIe HJI pelICHUA

<
»—tx

ONTHUMH3AIMOHHON 3a1aUH.
Ha ocHoBe Oonpmoro o0beMa WMMHTALMOHHBIX pPACUETOB W  BOJEBBIX PEIICHUN

MPOEKTHPOBIIMKA HA3HAYAIOTCS palliOHaJIbHbIE TapaMeTpbl BOJIOXO3AUCTBEHHOM crucTemsl. J{is
BBIOPAaHHOTO BapHaHTa pa3palaTbIBacTcs AUCIETYEPCKHM IpaduK, MPU MOCTPOSHUH KOTOPOTO
paccMaTpuBalOTCs TOAbl C HAaUOONBIIMMU JAe(ULIUTaMU, MOCIIE YEro 3aHOBO MEPECUYUTHIBAETCS
BOJIOXO35IIICTBEHHBIN OajaHc, HO YXKe C YUeTOM JTUCIETYEPCKOro rpaduka.

CrpyKTypHas cxema MOJIeJId Ipe/ICTaBIeHa Ha puc.3.
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Puc. 3. CrpykrypHas cxema MMUTallMOHHON MOJIENH

B nporpammy HMUTALMOHHON MOJEIN HAaJIUBHOIO BOOOXPaHUIIUIIA BBOAATCA CIICAYIOIINC

UCXOJHbIE TaHHBIE:
1. ITapameTpsl cTOKa: S¢p, Cy, Cs, Ta.
2. 'maporpads xapakTepHBIX TTO BOJIHOCTH JIET.



3. O0beM ® pexXHM BOJOMOTPEOJICHUS TOTpeOUTEeNel, MOIKOMAHIHBIX HATUBHOMY
BOJIOXPAHUIIHIILY.

4. CaHHTapHO-IKOJIOTHYECKHUE TIOITYCKH B PeKe HIKE BOI03a00PHOTO THAPOY3Ia.

5. [IpomyckHasi cmocoOHOCTh TpaKTa BOJIOMOJa4H K HATUBHOMY BOJIOXPaHMIIUILY.

6. Croii moTepb BUJUMOTO UCIIAPEHHUS.

7. OunpTpalliOHHBIE MMOTEPU HA MOMEHT CTa0WIM3AIMH THIPABINYECKOTO PEKUMA B BUJIE
KPUBBIX UHTCHCHBHOCTH (DMIIBTPAITH B 3aBUCUMOCTH OT OTMETKH HAIIOJTHCHUS BOAOXPAHMIIHIIA.

8. Ilorepu Ha IBI00Opa3OBAHHUE.

9. barurpaduueckre KpUBbIC BOAOXPAHMIIHINA.

10. MepTBbIit 00beM Vypo, TOJE3HBIH 00beM Vi, (BapHAHTHO).

11. MHOTONETHUH pacueTHBIN sl MECSYHBIX 00HEMOB CTOKA PEKH.

12. CpeqHEMHOT OJIETHUH CTOK.

13. Obecre4eHHOCTh TIOKPBITHS MTOTPEOUTEINCH BOIOHN 1 MPUBEACHHAS 00CCIICYCHHOCTD.

14. JlnuHa MarucTpanbHOTO BOJIOBOAA.

15. HapexHocth oauw, reliability.
PesynpTaTel pacueToB ¢ TNpPUMEHEHHEM HWMUTAIMOHHBIX MOJENed I[MOMUMO TOJHOU
CTATHCTUYECKON OOpaOOTKH JIOJDKHBI MMETh OJIHY - JIBE CBOJHBIX TaOJIUIIBI, MTO3BOJISIFOIIIMX
OBICTpPBIN aHAINU3 BAPHAHTOB UMUTAIIMOHHOTO SKCIIEPUMEHTA JIJIsl MACCOBBIX pacyeToB. Hannuue
CBOJIHON TaONHIIBI Pe3ybTaTOB HEOOXOIMMO TaKXe IMPU aBTOMATU3MPOBAHHOM IOCTPOCHUU
mucneruepckoro rpaduka. Huke mnpuBoAsSTCS MakeThl OCHOBHOM CBOAHOM TaOmUIBI U
BOJIOXO3SIMICTBEHHOTO OajlaHCa MOJICIIEHOTO SKCTICPUMEHTA.

B ocHOBe WMMUTAIIMOHHBIX MOJENEH JIEKUT IMOCTBOPHBIM BOJOXO3SUCTBEHHBIN OaaHc.
[TockoyibKy B TaHHOM CJIy4ae pacCMaTpPUBACTCs OJIUH CTBOP, OAIAHC BBITIONHSACTCS B MPUBSIZKE K

CTBOPY BOJIOXpaHWIHIa. B pa3paboTaHHOW MOJEIH BepcUs BOIOXO3SHCTBEHHOrO OajaHca
npezcTaBieHa B Tabnmue 1.

Tabmuua 1
Pacmionaraemele BOZHBIE peCypChl
1 2 3 4 5
IIpuTok Kk cTBOpY Camn.-3Ko70T. Bo3moxkHbIi
robl MECALIbI BO03a00pa TTOITYCKHU 00BeM Boo3abopa
So(t), MiTH.M® S,(t), MTH.M S(t), MM’
IIponomxenue
HAJIMBHOT'O BOJIOXPaHMIIUILA
6 7 8 9 10
O0bem O0bem ., |PerymupoBaHnue
IIpoexTHblit ]
BOJ103a00pa ¢ BOJ03a00pa ¢ PEUYHOTrO0 CTOKA:
00BEM C YYETOM Pacrnonaraembie
YHCTOM MPONYCK.  HETOM IOTEPh |0 oo o [ cpaborTka, BOIHBIE DECYDChI
CIIOCOOHOCTH T10 JJTMHE p pcG 0COB «h» - becyp
TpakTa B0JIOBOJIA p AKKYMYJISIIHS
Si(t), MITH.M SiL(t), MITH.M> Sit'(t), MITH.M> AV, MITH.M Sit'-AV), MITH.M
[Iponomxenue
PacuetHble TpeOOBaHMS K BOAHBIM pecypcam Pesynsratel BXb
11 12 13 14 15 16 | 17
Xap-ka
Bomocuab | Opomie Oo6mue HATIOJTHEHUS
AOCH POLICHH TH Hroro Hedummr
KEHUE e HOTEpH HAJIUBHOTO
BOJI-IIA
w w L w Vo, \%
BCH» op» 001> s ; D, MJ'IH.M3 MJTH. KOH»
MJIH.M MJIH.M MJIH.M MJIH.M N MJIH.M




CBojHas TabnHIa pe3yIbTaTOB SKCIIEPUMEHTA TIPEICTABICHA B TabIUIIE 2.
TaoOnuua 2

Vinys | q=_ wmc q=_ wmc q=_ wmc qg= ™mlc qg= ™mlc
MITH.M P, % P, % P, % P,% P,% Pup, %

[Tomumo TabmuI pe3yabTHPYIONIas BhIJa4a COACPKUT HA0OP KPUBBIX OOECICUCHHOCTH U
AQHAJTM3UPYIONIUX 3aBHCHUMOCTEH, HEOOXOAWMBIX i TpUHATUS pemeHud. [padudeckuit
Marepuai yKa3aHHOTO CBOMCTBA MOKa3aH B 4 U 5 riaBax.

Opna u3 BepcHil MOJIET OPUEHTUPOBAaHA Ha y4eT MEePEMEHHOT0 BOAOIOTPEOICHUS TyTeM
BBEJICHUS MMOMPABOYHBIX KOIPPUIIUEHTOB, YUUTHIBAIOIINX YPOBEHb €CTECTBEHHOTO YBIAKHEHUS
MOYBBI IO MHOTOJIETHEMY PSIAy OCaJIKOB, CBOMCTBEHHOTO TaKOW OTpaci Kak opoineHue. [Ipu
TOM BOJOMOTPEeOIEHUE MO TroJlaM MHOTOJETHETO pPsijfia yCTaHABIUBAETCS B 3aBUCHUMOCTH OT
nedunmTa BogHOTO Oananca pactenui (puc. 4). B pazpaboTtaHHON MOJIEIN PUHSATA CICAYIOIIast
METOJIMKA: BECh PsiJ pa30MBaEcTCs HA TPYIIIBI JIET, OJM3KUX MO 00ECTIEYCHHOCTH OCAJIKOB, U JJIs
KOKIOW U3 TpyNm BBOJATCS KO3(DPUIMEHTHI BOJONOTPEONICHUS, KOTOpbIE M 3a/Jal0T €ro
M3MEHYMBOCTh B MHOTOJIETHEM pa3pese.

Armnpobanusi BepCcur TaKKe BBITIOJIHEHA Ha pacCMaTpPHBAEMBbIX MpuUMepax B 4 U 5 TiaBax.
[IpunsTa ynporieHHass METOIMKa y4eTa IEPEMEHHOTO BOIOTIOTPEOICHHS.

1,2
1,1
1
0,9
0,8
0,7
0,6

kove

Puc. 4. 3aBucumoctb k03¢ puLneHTa BoronoTpedaeHust 0T 00eCieueHHOCTH
TPYIII JIET TI0 Oca/iKaM (YUHUTHIBAeT Ae(HUIIUT BOAHOTO OaslaHCca pacTeHU
0 BEJIMYMHE ECTECTBEHHOTO YBIAKHEHHS OYBHI)

B 4erBepTOii riiaBe TpPUBEIEHBI PE3yJbTaThl AKCIEPUMEHTAJIbHBIX HCCIEAOBAHUN s
BapHaHTa HAJIMBHOTO BOJOXPAHWIIWINA B HIDKHEH yacTh OacceitHa peku Camyp, paccka3aHo O
MPUPOTHO-KIIMMATUYECKUX YCIOBUSAX JAaHHOTO OacceiiHa, 00 JKOJOTWYECKUX MpoliemMax
OacceifHa peKu, pacCCMOTPEHA BOJOXO03SHUCTBEHHAs OOCTAaHOBKA PETHOHA.

B 0OacceiinoBoii cxeme Camypa (1982 roma) oauH u3 BapuaHTOB BOA0OOECHCUYECHHUS
peruoHa TMpEeIIoyiaraeT Co3JaHue PETryJIUPYIOMed €MKOCTH B OJHOM M3 E€CTECTBEHHBIX
NOHIKEHUN Mexnaypeubss pek Camyp u ['romerepbryail. OTOT BapuaHT HE  sBIAETCSA
cymecTBeHHbIM ¢ Touku 3peHuss BXC Camypa, HO JOCTaTOYHO yAOOCH B Ka4yecTBE MpUMeEpa
HCIIOJIL30BAHHUA MOJIEIIH.

Kinumar Tepputopun 3aMeTHO MEHSIETCS B 3aBUCHUMOCTU OT €€ BBICOTHOTO MOJIOKEHUSI.
Bacceitn xapaktepusyercsi pa3BUTHIM OpOIICHHEM W 3HAUYUTEIBHBIMU 3aTpaTaMU CTOKAa Ha
MPOMBINIIICHHO-KOMMYHAaJIbHOE BOJIOCHA0KEeHNE (AMIIIEPOHCKUN TTOTyOCTPOB).

B umuTanmonHoit monmenu Ha pexke Camyp CpaBHMBaeM W PacCUHMTHIBAEM JIBa BapHaHTa
BOJIONPOITYCKHOTO TPaKTa: KaHal U YYTYHHBII TPyOOIIPOBOJ, M BEIOMpAEM HAWITYUIIUN BapUaHT
0 KalMTaJIbHBIM 3aTpaTam.

OtpacneBbie TpeOOBaHUS BOJIOCHAOKEHUS U PETYISPHOTO OPOIICHHS IPUHSTHI B IPUMEPE
HaMEpPEHHO BBICOKMMH, IMOCKOJBKY COOTBETCTBYIOT YPOBHIO IMPOEKTHOTO 3ampoca CyOBEKTOB
BOJIOZICNICHUS, a C IPYTOl CTOPOHBI MO3BOJISIFOT alipoOUPOBATh MOJIENb IS YCIOBUI TIyOOKOTO
MHOTOJIETHETO PETYJIUPOBAHMS CTOKA.

BBoasrcs crenyronme uCX0JHbIE TaHHbIE:

- mapaMeTpbl CToKa: S¢p = 2190 muH. M3, ¢, =0,17,1,=0,3.

- 00beM U pexxuM BogonoTpedneHus: Wye; = 780 MJ'IH.M3; Wop =540 MITH.M

- CAaHUTAPHO-IKOJIOTHYECKHE TTOMYCKHU B PeKe: Scop = 699,20 MJTH.M



- CIIOM MOTEPh BUAUMOTO UCTIAPEHUS: hyyy; = 0,509 M

- punbTpalMoHHbIe TOTEepH: 3a7atoTcs rpadukom 3aBucumoctu Q=f( V)

- Oaturpaduyeckre KpIUBbIE BOJOXPAHMIINIIIA

- MepTBBIi 00beM Vyyo = 30 MJIH.M

- MHOTOJICTHUH pacUeTHBIN sl MECSYHBIX 00BEMOB CTOKA PEKH 110 MECSALaM

- CPETHEMHOTOJIETHUH CTOK: Qcp = 2245 MJIH.M

- 00ecneYeHHOCTb NOKPBITUS: Pop = 75 %0; Pyey = 95%. Py =86 %.

- IJIMHA MOABOJAAILETO TpakTa: L = Skm.

Pe3ynbTarhl 3KCIepUMEHTa BKIOYAIOT:

1. KpuBble o00ecriedeHHOCTH MPOEKTHON TapaHTHUPOBAHHOW OTAAYM MpPH Pa3IUIHON
MPOIYCKHOM CIOCOOHOCTH TPAKTA (.

KpuBble o6ecne4eHHOCTU NPOEKTHOMN KpuBbie 06ecne4eHHOCTN NPOEKTHOMN
rapaHTMpoBaHHOIi oTAauM npu q=120 m°/c rapaHTMpoBaHHOM oTAaum npu q=150 milc
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Puc. 5. KpuBbie o0ecrieueHHOCTH MPOEKTHON TapaHTUPOBAHHON OT/Iauu
TIPH MPOITYCKHOM crIocoGHOCTH TpakTa q = 120 u 150 m’/c.

W3 nuamazona KpuBBIX oOecriedeHHOCTeH BbIOpaHbl aBe HOMorpammbsl aist 120 u 150 M/c
(puc.5). U3 rpadukoB BHIHO, UTO UMeES IPUBEACHHYIO 00ECIeUeHHOCTh paBHYI0 86% Hake mpu
Viny = 1600 MIH.M® H IpOIyCKHOM CIIOCOOHOCTH TpakTta 120 M’/C MBI HE MOKEM MOIHOCTHIO
obecrieunTts MOTpebUTENeH BOIOMH, a IIPH IPOIYCKHON CIIOCOOHOCTH Tpakta q = 150 M/c u
eMKOCTH V,y = 1200 MIH.M® GYIyT YIOBIETBOPATHCS TPEGOBAHHUS BOAONOTPEOUTEIEI.

2. KpuBble MaKCUMaJIbHBIX IE(PUIIMTOB MPU Pa3TUIHBIX  (pHC.6).

PaHxu1poBaHue MakcUManbHbIX AeduumToB PaHxupoBaHne MakcUManbHbIx AeduumToB
npuq =120 m’lc npu q =150 m’lc

100 -
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Puc. 6. I'paduku, noka3bpIBarolye KpUBble MAaKCUMAIbHBIX JE(UIIUTOB
mpu q = 120 u 150 m’/c.

[IpuBeneHHbIe TaHHBIE TO3BOJISIIOT CYJIUTh O TJIyOHMHE nepe0oeB 3a MpeesaMyu pacueTHOM
00ecre4eHHOCTH B HanboJiee MaJloBOIHbIE TEPUO/IbI MHOTOJIETHETO Psijia.

3. Benomocts (Tabnuna 3) U3MEHEHUs 3HAYCHUH €MKOCTH HAJIMBHOTO BOJOXPAaHWIHINA B
3aBUCHUMOCTH OT IPOITYCKHOW CIIOCOOHOCTH TpakTa q U 00ECIEYeHHOCTH MOTpeOuTeNneit BO10M.
Tak xak npuBefeHHas obecredeHHOCTh Py, = 86%, TO BUAHO, YTO NMPOIYCKHas CIOCOOHOCTH
Tpakta npu q = 120 M°/C He yAOBIETBOpsieT TpeboBaHus norpedureneit, a mpu 130, 140, 150 u
160 M/c TpeGoBaHust ynoBIeTBOPSIOTCS (puc.7). 10 SKOHOMHUUYECKHM COOBPAKECHHSIM [OHSTHO,
YTO YeM MEHbIIIE MPOITyCKHAsi CIOCOOHOCTh TPAaKTa U HAJMBHOTO BOJOXPAHUIIUINA, TEM JCIIEBIIE
o0oiiercs WX CTPOUTENBCTBO M OJKCIUTyaranus. T.e. ONTUMalbHbI BapuaHT ( OyAer B
nuamnasode ot 140 mo 150 M3/C, T.K. MPU TaKUX 3HAYCHHUSX OOECIEUEeHHOCTh MOTpeduTesneit
BOJIOM YK€ HE 3aBUCHUT OT €MKOCTH BOJOXPAHIIIUILIA.



Tabmuna 3

q=120 | q=130 | q=140 | q=150 | q=160
milc m3lc m3lc m3lc m3lc
P, % P, % P, % P,% P,% Pup,%
900 70,21 74,47 76,60 76,60 76,60 | 86,82
1000 70,21 76,60 80,85 80,85 80,85 | 86,82
1200 76,60 82,98 85,11 85,11 85,11 | 86,82
1400 76,60 85,11 87,23 87,23 87,23 | 86,82
1600 76,60 87,23 91,49 93,62 93,62 | 86,82

VHny; 3
MJTH.M

V uny =f(q)
1600 1600
1400 1 s X
= % 2 1500 \
£ 1200
3 2 1400
& 1000 - 3
> > 1300 -
800 1
600 R 1200 ‘ ‘ ‘ ‘
60 65 70 75 80 8 90 95 100 11/0_ f(q1)20 130 140 150 160
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Puc. 7. I'paduk n3MeHEHU €MKOCTH Puc.8. I'pacdmk 3aBUCUMOCTH €MKOCTH
BOJOXPaHWINILA B 3aBUCUMOCTHU OT BOJIOXPaHWIIHIIA OT IPOMYCKHON CIOCOOHOCTH
00eCIIeYeHHOCTH MOTPpeOUTENIeH BOION Tpakra 1npu P, = 86%

4. [To naHHBIM PKCTIEPUMEHTA OCTPOEH TpahuK 3aBUCIMOCTH €MKOCTH BOJIOXPAaHHJIHIIA OT
NPOIYCKHOM CIIOCOOHOCTH TpakTa yxe Ipu 3anaHHOM obecrneueHHoctn 86 % (puc.8). Ha
JAaHHOM TpaduKe IOCTPOCHA TAaKKe aNMpoKCUMUpylomas KpuBas q = m/V, rme m -
IPOU3BOJIbHASI KOHCTAHTA, ONpPEJeIIAI0Iascs B pe3yibTare anipokcuMaryy. C MoMoIbpo 3Toi
KpuBOH (¢ = m/V) omnpeneneHsl KanuTajlbHbIE 3aTPaThl MO BOJOXPAHWIMILY U HOIBOJAIIEMY
TPaKTy.

K=f (Vuny) K =f(Viny)
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Puc. 9. I'paduku 3aBUCUMOCTH KalTUTAJIBHBIX BIOXKEHUNH OT eMKOCTH BOJOXPAHHIIUINA, €CITH
HOJBOJAIINN TPAKT KaHAJ U TPyOOIPOBOJ COOTBETCTBEHHO

OOnacTp  ONTUMAIBHBIX  3HAYEHUH  MOXeT  OBbITh  HalileHa  MOCPEACTBOM
nudepeHIpoBaHns aNMIPOKCUMUPOBAHHBIX 3aBHUCHUMOCTEW win Tpaduuecku (puc.9). Tak
DOPMANIBHEIH ONTHMYM 110 KaHATy COOTBETCTBYeT 918,7 MIH.M® eMKOCTH, 4TO BBIXOJHT 3a
npeensl UCClIeAyeMbIX 3HadeHud. B 3ToM cilydae OnNTHMaiabHOE pEIIEHHE COOTBETCTBYET
eMKOCTH BOJOXPAHIIHIA Viom = 1250 mum.m’. COOTBETCTBEHHO 3HaueHHme q = 145 wm'/c.
®dopManbHBIN ONTUMYM 110 TpyOompoBoay 1945 MIH.M . B oTOM CIy4ae ONTUMAJIBHOE PEIICHUE
Viom = 1200 mmam®. CootBetcTBerHO 3HaueHue q = 120 M°/c. DOPMATBHBIH OMTHMYM 0OBIYHO
HE MPUHUMAETCS B KauyeCTBE MPOEKTHOro peuleHus. PaccMaTpuBaeTcst Bes 00J1acTh 3HAYCHHUH
napameTpa, OJIM3KHX K ONTHMAJIbHOMY.

5. Jlucnieruepckuii TpaduK MOCTPOCH U3 YCIOBUI MaKCUMaIbHOW ype3ku opomieHus Ha 30
%. JIByx30HanpHbIi rpaduk npencrasieH Ha puc. 10.

s onieHKH 3(PPEKTUBHOCTH JAUCHETYEPCKOTO PEryJupoBaHus Ha puc.ll mpencraBieHbl
COBMEUICHHBIE KpHUBbIE OOECHEUEHHOCTH, TIOJy4YEeHHbIE B pe3yJbTaTe€ MHOTOJETHETO
BOJIOXO35IIICTBEHHOro OanaHca Ui BapuaHTa O0e3 MpaBUI YNpaBIEHUS U C  y4YETOM
JIMCTIETYEPCKOro Tpaduka.



nMCﬂeT‘-’IepCKMM rpachK KpVIBbIe obecne4yeHHOCTU npu NOCToOAHHOM
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Puc. 10. Jucnieruepckuii rpaduk mist Puc. 11. I'paduk kpuBbIX
00€eCMeYeHHOCTH HaJTMBHOTO BOJJOXPAHUITHUINA JI0 ¥ TIOCTIE TUCTIETYEPCKOTO rpaduka

Ha peke Camyp:
I — 3082 moHmkeHHOM otnaun; 11 — 30Ha rapaHTUPOBAHHON OTAYU

B nsToOli riaBe moka3aH MpUMeEp KUCIOJIB30BAHUS UMHUTAIIMOHHOW MOJENU IS BapHaHTa
HaJIMBHOTO BojoxpaHmmmia [lonmuarrc B mpoekte «CeBepHbIN KOHBEWep» B pecmybnuke Kump,
U3JTI0’KEHBI IPUPOTHO-KIIMMATHYECKUE YCIIOBUSI pacCMaTpUBaeMOro OacceitHa, IKOJIOTUYECKUE U
BOJIOXO3SIMCTBEHHBIC MMPOOJIEMBI U JaHBI PE3YIbTAThl UMUTAIIMOHHOTO YKCIIEPUMEHTA.

[Tpoekt «CeBepHOTr0O KOHBEHEPa» - UCHOIB30BAHUS YETHIPEX MaJbIX PEK, U30BITKH CTOKA
KOTOPBIX 00BEIUHSAIOTCS B KOJUIEKTOPE ISl BOJIOTOIauu B BogoxpaHwmie [lomuaTuc, kotopoe
nepeperynmpyer 3a0paHHbIi CTOK B rpaduk BogonoTpediaenus r.Hukocuu u ee OKpecTHOCTEH.

PacueTnas cxema MMUTAITMOHHOW MOJIEH BKIIOYAET 4 PEKH, U3 KOTOPBIX 3a0MpaeTcs BOJa,
KOTOpasi OCTyMHaeT B BOJAOXPAHUIHUIIE TIO TPyOOIPOBOY, a 3aTEM B 3aperyJITUpPOBAHHOM O00beMe
nojaercs nmorpedutento (puc.12).

BBogsiTCs crieayromye NCXOAHbBIE TaHHBIEC:

- TapaMeTPhl CTOKA TI0 YETHIPEM PEKaM.

- Wi = 6,96 MJ'IH.M3; Wop = 5,44 MITH.M

- CaHUTAPHO-IKOJIOTHYECKUE TOMYCKH IO YeThIpeM pekam: Sc,; = 3,038 MJ'IH.M3; Seon =

1,558 MITH.M®; Seon = 3,942MmH.M; BOJIOXpaHHIHIIE Sc,; = 0,24 MITH.M
-hpr =095 M
- (hunbTpaMOHHbIE TOTEPH: 3a1at0Tcs rpadukom 3aBucuMoctu Q=f(V)
- OaturpadudecKkrue KpUuBbie BOJOXPAHUIIHIIA
- MepTBBIi 00BeM Vyyo = 0,01 MITH.M
- MHOTOJICTHUM PACUYCTHBIN PS] MECSIHBIX 00BEMOB CTOKA PEKHU IO MECSIIaM
- oTMeTKa aHa BogoxpaHumuima VY, =241 m.
- CPEAHEMHOTOJIETHUH CTOK 3a pacdeTHbIN psan: Qcp = 34,72 MIH.M
- o0ecne4eHHOCTb NOKPLITUS: Py, = 75%; Pyey = 95%. P, = 86%.

- JUIMHA oABOAsAIIEro TpakTa: L = 25km.
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Puc. 12. Pacuetnas cxema Juist HAIMBHOTO Bojoxpanuinuma llonmaruc
r7ie Scop — CAHUTAPHO-IKOJIOTHUYECKUE MTOMYCKH; ( — IPOITyCKHAs CIOCOOHOCTH TPakTa; Wy
— BOJIOIMOTpeOIeHNE B HIYKHEM TEUCHUU; Sl, Sz, S — croku peK; St - MIPUTOK K CTBOPY U3bSITHS,
S;— o0beM mpUTOKa K BOJOXPAHWIUILY C YYE€TOM BO3MOXKHOTO H3BSATHS U MPOMYCKHOM
CIIOCOOHOCTH TpakTa Boaomnoaaun; W — KoMIUIeKCHoe Bogomnorpednenue; L., Ly, Li — motepu Ha
UCTIapeHne, GUIbTPAIHIo, JThI000pa3oBaHHE.



Pe3ynbTarhl 3KCIepUMEHTa BKIOYAIOT:
1. KpuBble o00ecriedeHHOCTH MPOEKTHON TapaHTHUPOBAHHOW OTAAUM MpPH Pa3IUYHON
MIPOITYCKHOM CITIOCOOHOCTH TpakTa q (puc.13).

KpuBble o6ecne4eHHOCTU NPOEKTHOMN K 6 .
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Puc. 13. KpuBble o0ecriedueHHOCTH MTPOEKTHOM rapaHTUPOBAHHON OTJa4U
TIPU TPOITYCKHOM criocoGHocTH TpakTa q = 0,8 1 1,0 M°/c.

W3 rpadukoB BHIHO, Y4TO Aaxe MOPU Vg = 50 MIHM | q=208 M>/C MBI HE MOXKEM
MOJTHOCTBIO 00€CTIeunTh NOTPEOUTENIeH BOIOM, a IPH MPOIYCKHOM criocoOHOCTH TpakTta = 1,0
M>/c obecrieueHme HnoTpeduTeneil Bogoi OyneT npu eMKOCTU Vyy = 20 MJIH.M".

2. KpuBble MaKCUMaIBbHBIX Ae()UITUTOB TPU PA3THYHBIX (.

[IpuBeneHHbIE AaHHBIE MO3BOJIAIOT CYAUTh O IIyOMHE Mepe0oeB 3a MpesieaMu pacueTHON

00ecIIe4eHHOCTH, B Han0oJiee MaJIOBOAHBIE TOBI.

PaHXupoBaHue MakcuManbHbIX PaHxXxupoBaHue makcumarnbHbIX
AeduvumToB npu q = 0,8 milc Aeduvumtos npu q = 0,9 milc
g 2,5 2,5
; 2 “s
g \Y T 2
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Puc. 14. I'padukn, mokassiBaronyue KpuBble MAaKCUMAIBHBIX ACHUIIUTOB
mpu q = 0,8 1 0,9 m’/c.

3. Ha puc. 15 nokasan rpaguk u3MeHEHHUs! 3HaY€HUH €MKOCTH HAJIMBHOTO BOJIOXPAaHUIIUIIA
B 3aBHCHMOCTH OT MPOMYCKHON CIIOCOOHOCTH TPakTa q U 00ECIIEUEHHOCTH MOTPEOUTENEH BOOM.

Tak xax npuseneHHas obecrne4eHHOCTh Py, = 86%, To BunHO 1o rpaduky, 4TO MPOITyCKHAs
croco6HOCTh TpakTa mpu q = 0,8 M/c He YIOBIETBOpSeT TpeGOBaHHS HOTpebHTENneii, a mpu
OCTaJIbHBIX 3HAYEHMSIX ( TpeOOBaHUS YIOBIETBOPSIOTCSA. Takum o0Opa3oM, ONTUMAaJIbHBIN
BAPHAHT 3HAYCHUH  HAXOAUTCS B OKpecTHOCTH q = 0,9 M°/c.

70 K = f(Vuny)
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Puc. 15. I'paduk u3meneHnii eMKOCTH Puc. 16. I'paduk 3aBucumocTu
BOJIOXPaHWJIMIIA B 3aBUCUMOCTH OT KalUTaTbHBIX BIOKEHUN OT EMKOCTH

00€eCcTIeueHHOCTH TOTpeOUTENCH BOIOM
4. JIna onpeneneHust ONTUMAIBLHOTO 3HAYEeHUs napameTpa ctpouiachk kpusasg K = f(V) (puc.16).
B sTOM ciydae onTHMalbHOE peEIIEHHE COOTBETCTBYET €MKOCTH BOIOXPAHWININA Vg, =
21mma.m’. CootBercTBeHHO q = 0,9 M/C.

Jucneryepckuii rpaduk (puc.17) mocTpoeH u3 yCIOBHM MaKCUMAJIBHOW YPE3KH OPOIICHUS
Ha 50 % wu BomocHaGxkenuss Ha 20%. [lig oueHkd >PPEKTUBHOCTH JUCIIETYEPCKOTO



perynupoBaHuss Ha puc.l8 TpeAcTaBIeHb COBMEIIEHHBIE KpPUBBIE O00ECIEUYEHHOCTH IS
BapuaHTa 0e3 MpaBWJI YIIPaABJIEHUS U C YIETOM JUCIIETYEPCKOro rpaduka.

[ucneTyepckum rpadmk KpuBble 06ecne4eHHOCTV C NOCTOSAHHbIM
Bop,ono1'pe6ne|-meM ansa ontTmMmarnibHoro
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Puc. 17. lucneruepckuit rpaduk myg HanuBHoro Puc. 18. I'paduk kpuBbIX 0Oecrie4eHHOCTH
Bonoxpanunuma [lommaruc 710 ¥ TIOCJIE TUCTIETYEPCKOro rpaduka
7. Ilpu nepeMeHHOM BOIOCHA0)KEHUHN UMEEM cIIelytolue pe3ybTarsl (puc.19).
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Puc. 19. KpuBsie o6ecrie4eHHOCTH MPU TIEPEMEHHOM BOIOMIOTPEOICHUH I BOJOXPAaHUIIHIIA
Ha peke Camyp u B peciyOnnke Kumnp cooTBeTCTBEHHO
Bepcusi nepemeHHOro BOAONOTpeOJieHHsT 3aKAHYMBAETCS HA dTale  BBIIOJHEHHS
BOJIOXO3SIICTBEHHOTO OanaHca, MO3TOMY aHAJIM3 U OIIEHKA SKOHOMHYECKON 3(PPEeKTUBHOCTU B
JTAHHOM CJTy4yae METOJMYECKU He 0TpadoTaHa.
AHalii3 BBINIOJIHEHHBIX HAaMU HCCIEAOBAaHUM MOKa3all, YTO C TMOMOILIBI0 HUMHUTAIMOHHOU
MOJIEININ TIPOIIE U OBICTPEE YBUAETH PE3yJIbTAThI MPH Pa3IMYHBIX U3MEHEHHSX ITapaMeTPOB.

3aKjIoueHue

B mameit ctpane u 3a pyO0exoM TOCTpOEHBI M (HYHKIHMOHUPYIOT BOJOXO3SIICTBEHHBIE
CUCTEMBI, OCYIIECTBISIONINE PETYTUPOBAHNE CTOKA B HATMBHBIX BOAOXPAHUIIHUINAX. DTO OCOOBIN
KJIaCC COOPYKCHHM CO CBOMMH 3aJadaMH KaK MPOEKTHOTO0, TaK W HAy4YHOTO XapakTepa.
HuccepranmonHas paboTa KacaeTcs BOJOXO3SIMICTBEHHBIX ACMEKTOB MPOOJIEMBI, B YaCTHOCTH
OTIpENICTICHUS PETYIUPYIOMICH EMKOCTH U PEKUMa PETYIHPOBAHUS CTOKA.

1. B amccepramuu mnpeaniokeHa HOBas 000OIIEHHAsh METOAMKA pacdyeTra MapameTpoB U
peKUMa PEryJIMPOBaHUS CTOKAa B HAJIMBHBIX BOJOXPAHWIWIIAX C OMpEAeICHHUEM O00JIacTH
ONTUMAJIbHBIX PEIICHU.

2. Ilo mpemmaraemoii MeTOIMKE pa3padOTaHa WMUTAIMOHHAS MOJENb pacueTa €MKOCTH
HAJIMBHBIX BOJOXPAHWIIUIN, KOTOpas CYIIECTBEHHO CHIXKAeT o0O0JIaCTh TIOMCKA peIICHHUIA,
MOBBIIIAET HAJICKHOCTh PE3YJIBTATOB pacdyeTa M TMO3BOJISIET COKPATUTHh 3aTPaThl BPEMEHH IPHU
MIPOEKTUPOBAHUHU.

3. st *MUTAITMOHHOM MOJIETH pa3paboTaH alrOpUTM MHOTOJIETHETO BOIOX035HCTBEHHOTO
OanaHca BOJOXO3SIMICTBEHHONM CHUCTEMBI C HAJIWBHBIM BOJOXPAaHWIHILIEM MPUMEHHUTEIHHO K
YCJIOBHSIM MHOTOJIETHETO (CE30HHOTO) PETYJMPOBAHUS CTOKA C YYETOM YCTAHOBJICHHBIX
KPUTEPUEB MOKPHITUS BOJIOTIOTPEOTICHHMSL.

4. B coctraBe MOJENIN MPETyCMOTPEHA CHCTEMa BBOJIa UCXOJAHOW MH(POPMAIMKM U BBIBOJA
pPE3yIbTaTOB 0OOOCHOBBIBAIOIINX PACUETOB, BKIItOUas rpadudeckuiit HHTepdeiic.



5. B Mozenu BBIIOIHSETCS TOCTPOEHUE U AIIIIPOKCUMALIHS PE3YJIbTUPYIOIIEH 3aBUCUMOCTH
«EMKOCTh BOJIOXpAaHWJIMIIA — TPOMYCKHas CIIOCOOHOCTh TpakTa BOJONOJAYM» ITyTEM
CPCAHCKBAAPATHICCKOI'O CIIIa’)KUBAHUA SKCIICPUMCHTAJIBHBIX TOYCK 110 FI/IHGP6OH€.

6. Ha ocHOBaHMHM TOyYEHHBIX aHAJTM3UPYIOMIUX 3aBHCUMOCTEH B MOJEIH ONPEACIICTCS
00J1aCTh ONTHUMAJILHBIX peHIGHI/Iﬁ B COOTBCTCTBHHU C IIPUHATBIMU KPUTCPHUAMMU.

7. B 3aBepmiaromieidd  yacTh  ajropurMa = MoJeNM  pa3paboTaH  YaCTUYHO
ABTOMATH3MPOBAHHBIM  PEXHUM  IOCTPOSHHS  JBYX30HHOTO  JUCIETYEPCKOro  rpaduka,
BKJIFOUYAIOIIIETO 30HBI HOPMAJIbHOM rapaHTHPOBAHHOM OTJauyl U TIOHMKEHHOW BOJOOTAAYH.

8. OtnenbHast Bepcusi MOJENIN NpeHa3HaYeHa Ui yuyeTa IepEMEHHOI0 BOIONOTPEOIECHUS
OpOIIECHHS B MHOTOJIETHEM pa3pese.

9. HWcnonb3oBanue pa3paOOTaHHOW WMHUTALIMOHHON MOJENM TO3BOJISET MPOBECTH OoJiee
yriTyOJIeHHOE BOIOXO03SIHCTBEHHOE 00OCHOBAaHNE KOMIIEKCA MEPOIIPUSATHIA.
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