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PaGora BbimonHeHa B MOCKOBCKOM TOCYJapCTBEHHOM YHUBEPCHUTETE
npupogoo0ycTpoiictBa Ha Kadeape «KomrmiekcHOe HCMOIL30BaHUE BOJIHBIX
pecypcoB»
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OBLIASA XAPAKTEPUCTUKA PABOTDBI

AkTyanbHOCTh  mpoOjembl. TemMa  guccepralum  CBsI3aHa € METOJMKOM
BOJIOXO3SIICTBEHHBIX pacueToB. B HalleM NOHMMaHWH, COBPEMEHHBIE BOJOXO3SHCTBEHHBIC
pacuetsl (B janpHeiniem BXP) - 3T0 MHOromiaHoBble pacueThl B COCTABE IPOEKTa (CXEMbI
KHNOBP, TOO, TO/1, TOP), umeroiue 1ejibio 000CHOBAaHHE KOMIUIEKCHBIX BOJIOXO3SHMCTBEHHBIX
U BOJOOXpPaHHBIX Mepompusthil. B umcine MepompusiTuii -  peryjaupoBaHHE CTOKa
BOJOXPaHWIMILAMHU, TEPPUTOPHAIBHOE NIEepepacupeelIleHne CTOKa, NPeAoTBPaIlleHue BPpEIHOIO
BO3JICHCTBUS BOJI, COOPYKEHUS B CHUCTEME TEPPUTOPHAIBHOIO BOJOACIEHUS U COBMECTHOIO
yIpaBiieHus] BOJHBIMH PECYpCaMH TPAaHCTPAaHUYHBIX U TIOTPAHUYHBIX CTBOPOB.

Teopernueckne OCHOBBI BOJIOXO3SMCTBEHHBIX PAaCUETOB 3aJI0KEHbl BbLIAIOIMMHUCS
poccuiickumu yueHsiMu C.H.Kpuukum, M.®.Menkenem u A.J[. Capapenckum eme B 30-40
rojpl. B nanpHelieM HayYHBIMU UCCIEIOBAHUSIMU B 00JACTH THIIPOJIOr0-BOAOX03SICTBEHHOIO
000CHOBaHHS 3aHUMAINCh KPYTHbIE OT€UECTBEHHBbIC YUeHBIC B 00JacCTH BOJHOTO XO3SHCTBa U
sHepretuku:  A.E.Acapumn, K.H.becrtyxeBa, E.I'.  bnoxunos, A.Jl.BenukaHoB,
A Tunppendnarr, WU.B.I'yramii, I'.X.HcwmaiibiioB, H.A.Kapresenumsunu, [1.B.Kopenucros,
A. @ Ilnemkos, J.S.PatkoBuu, A.lll.Pe3nukoBckuii, I'.I'.CBaHui3€e, HEKOTOpbIE JIpyrue
CIEIUAJIUCTHI.

Co3nianbl HOBBIE HAIPAaBJICHHSA, TAaKHE KaK CTOXACTHYECKas TUAPOJIOTHs, WMUTAIMOHHOE
MOJIETUPOBAHNE BOJIOXO3SMCTBEHHBIX MPUPOAHBIX MPOLIECCOB Ha OCHOBE JIETEPMHUHUCTUUECKUX
U croxacTuieckux mojenei. Tem He MeHee, Teopusl BOJIOX034HCTBEHHBIX pacyeTOB HYXAAeTCs,
Kak W uobas Hayka, B TIEPMAaHEHTHOM COBEpIICHCTBOBAHWM W pa3BUTUH. Paspurtue
KOMIIBIOTEPHBIX TEXHOJOIMHM IOCIEHUX JAECATUICTHH OpPUEHTUPYET BOJOXO35HCTBEHHOE
00OCHOBaHUE MIPOEKTHBIX PEIIEHUH Ha HIMPOKOE HUCIOIb30BAHUE BOJOXO3SIIICTBEHHBIX MOAEIEH,
METO0/1a CTATHCTUYECKUX UCIILITAHUH.

KputepueMm siBnsieTcss HHKEHEpHas MPaKTHKa, KOTOpas CTaBUT Mepe MPOSKTUPOBIIMKAMHU
MHOTOYHCIICHHBIE 3a/1a49M, TPEOYs HAJICKHBIX, OBICTPHIX M 0OOCHOBAHHBIX PEIICHUH B YCIOBHSIX
KOMIUIEKCHOTO BOJIOTIOTPEOJICHUs] M, Kak MpaBUJIO, HAIPSHKEHHOTO BOJOXO3SICTBEHHOTO
Oamanca. OnxHO W3 MHXEHEPHO-TEXHUYECKMX MEpONPHUATUH BOJOOOECIEYEHUsT — 3TO
peryaupoBaHue CTOKa BOAOXpaHwIHIaMy. Kak M3BECTHO, peryIMpoBaHue peYyHOIO CTOKA — 3TO
nepepacipeielieHue BO BPEMEHH OOBEMOB PEUHOrO CTOKAa B OJAHOM M3 CTBOPOB PEKU IIO
CPaBHCHHMIO C XOIOM IIOCTYIUICHHS BOJBl Ha IOBEPXHOCTH BomocOopa. CTOK peryaupyercs
MyTEM HAKOIUICHHS BOJBI B BOAOXPAHWINILAX MPHU MOJOBOABIX M MMaBOJKAX U PacXo/I0BaHUsS €€
B TIEpUOJ TIOBBILIEHUS MOTPeOJEHUST BOJbI HAaJl €€ €CTECTBEHHBIM IOCTYIUIEHMEM B PEKU C
BOJ10cOOPOB. /[Be IiaBHBIX 3ajlayM B TaKMX pacyerax — BBIYUCIEHHE 00bEMa BOJOXPAaHWIMILA
(WM HECKOJBKUX MPH Pa3BETBICHHOW BOJIOXO3AWCTBEHHOM CUCTEME) M OOOCHOBAHME PEKUMA
€ro paboTEHI.

B kauecTBe TeMbl JUCCEPTALMOHHON pabOThl BHIOPAHO PETYNHPOBAHUE CTOKA HATUBHBIMU
BoJOXpaHWwIMILamMy. HanuBHble BOAOXpaHWIMILA JIOCTATOYHO PACIPOCTPAHEHHBIM  THII
COOPYXEHUM Il PEryjMpoBaHHs pEYHOrO CTOKa B TeX clydasx, KOrja Helb3sl WIn
HEllenecoo0pa3Ho pa3MelniaTh BOJOXPAHWIMIIE HENOCPEICTBEHHO B pycile peku. Meroauka
pacuera UMEET CBOM OCOOEHHOCTH, YUYE€CTh KOTOpbIE MPAKTHUECKU MOXKHO TOJBKO C ITOMOIIBIO
KOMITBIOTEPHOTO MOJIETUPOBaHUs. TeMa peryaupoBaHusl CTOKAa HAJIMBHBIMHU BOAOXPAHUINILAMHA
MajJo H3yue€Ha M CHEIHalbHO HE paccMaTpuUBajach, HECMOTpPS Ha TO, YTO JaHHBIA THII
BOJIOXPAHWIHIL PeaTU30BaH HA MHOTUX KOHKPETHBIX 00BEKTaX.

HanuBHble BojoXpaHWIMIA MOTYT ObITh 00pa3oBaHbl MyTeM OOBAJIOBaHUS TEPPUTOPHH,
NPEICTABJIAIOIIEH ECTECTBEHHYIO Yallly Ul aKKyMYJISILUM CTOKA ¢ 3aMKHYTOM 4acTH BogocOopa.
IIpu »TOM pecypchl BomoxpaHmwiuiia (HOpPMHUPYIOTCSI KaK CO CTOPOHBI BoaocOopa, Tak U
IIOCPEACTBOM BOJOIONAYH W3 30HBI U3BATUSA CTOKA. JIpyroil BapuaHT CBsI3aH C pasMEIIECHHEM
peryiupylomeid €MKOCTH B PYyClIEé BOJOTOKA, IPAKTHYCCKA HE HMMEIONMIETO COOCTBEHHBIX
pecypcoB s Pa3BHTHUS  BOAOMOTPEOJICHHS, HO PacIojiaraloliero TornorpapuyecKumMu
BO3MOXKHOCTSIMU JIJISl CTPOUTENBCTBA BOIOXPaHMIIHIIIA.



Heas u 3apaum uccaeaoBanuil. [Jenv ouccepmayuounsbix uUccie008anuil 3aKi04anach B
pa3paboTke METOAMKH aBTOMATH3HMPOBAHHOTO pacueTa MapaMeTpoB U pekuMa PeryIupoBaHUs
CTOKAa B HAJMBHOM  BOJOXPAaHWIMING, padoTalomeM B  YCIOBHSIX  KOMIUIEKCHOTO
BOJIONIOTPEOIICHUSI.

OcHosnass 3a0aua Ouccepmayuu COCTOSJIA B CO3JIAaHUM WMUTALIMOHHOW  MOJIENH,
MO3BOJISIIOIIEH OnpeensTh 00JacTh ONTUMAIbHBIX 3HAYEHUH MapaMeTpoOB BOAOXO3SHCTBEHHON
cuctemsl (B nampHedmem BXC), Brimovdaromed HAIWBHOS BOJOXPAHWIIHING, HA OCHOBE
MAaCCOBBIX KOMIIBIOTEPHBIX pPacueTOB M aNIPOKCUMHUPOBAHHBIX 3aBHCHUMOCTEH CTOMMOCTHBIX
MOKa3aTese OT mapaMeTpOB TPaKTa BOJAOMOAAYN U PETyJIUPYIONIEH EeMKOCTH.

B mpotiecce uccnenoBanus pemaiich caeayolie YacTHbIC 3aaun:

1. AHanu3 nuTepaTypHBIX UCTOYHUKOB MO METOJIMKE BOJIOXO3SIMCTBEHHBIX PACUETOB C ILIEIbIO
pa3paboTKu MaTeMaTUYECKON MOCTAaHOBKY 3a7a4d AUCCEePTALH;
2. Pa3paboTka 000OIICHHON METOIUKH pacdyeTa BOJOXO3SMCTBEHHON CHCTEMBI ¢ HAJIMBHBIM

BOJOXPaHUIHILIEM;

3. Pa3paboTka MMHUTAIIMOHHOW MOJENU MO IpeajaracMol METOAMKE B COCTaBE CJICIYIOLINX

TIO3UIMH:

3.1 Pazpabotka 07104HOM CTPYKTYPbl MOJIENH;

3.2 ®opMHUpPOBaHUE CTPYKTYPhl BOJOXO3SHUCTBEHHOrO OanaHca Ha OCHOBE OallaHCOBBIX

ypaBHEeHH B quddepeHInaTbHON (HopMe U B KOHSUHBIX HHTEPBAIAX BPEMEHH;

3.3 PazpaboTka anropuTMa MHOTOJIETHETO BOJoOX03siicTBeHHOro Oananca BXC ¢

HAJMBHBIM BOJOXPAaHWIUIIEM PUMEHUTEIBHO K YCIOBUSM MHOTOJICTHETO (CE30HHOTO)
pEryIMpOBaHMUsl CTOKA C  YY€TOM  YCTAaHOBJIEHHBIX  KPUTEPHEB  MOKPBITHS

BOJIONIOTPEOIICHMS;
3.4 TIloctpoeHwe U anmpoKCUMAlMs PE3yJbTUPYIOLIEH 3aBUCUMOCTU  «EMKOCTh
BOJOXpAHWIMIA — TMPOMYCKHAS CIOCOOHOCTh TpaKTa BOJOMOAAUH» IIyTEM

CpeIHEeKBaIPaTHUECKOT0 CTIIaKUBAHUS MO TUTIEPOOIIE IKCIIEPUMEHTAIbHBIX TOUEK;

3.5 IloctpoeHne 3aBUCUMOCTH CTOMMOCTHBIX nokazaTesiell BXC oT Ha3BaHHBIX pacueTHBIX

napaMmeTpoB, onpe/iesieHre o01acTi onTUMalbHbIX 3HaueHnit BXC (Bpi6op BapuaHTa);

3.6 ®opMupoBaHue 0a3bl JAHHBIX /111 UMUTALIMOHHOTO SKCIIEPUMEHTA MOJIEIH;

3.7 ABToMaTruzauus mpolecca MOCTPOEHHUS AUCIETYEPCKOro rpaduka g yHpaBiIeHHUS

BOJOXPaHUIMILEM;
3.8 ®opmupoBanue 0JIOKa BBIXOTHOW HWH(pOpPMAIMHM M OPTraHM3AIMsS CHUCTEMBI BBIIAYH
pe3yabTATOB.
4. AnpoOarnyst MOJIEIH Ha IIPUMEPE KOHKPETHBIX OOBEKTOB.

Ipeamer U o0bekT ucciaenoBanmil. [IpeameTrom wucciieloBaHUN SBISIETCS METOAMKA
BOJIOXO3SIICTBEHHBIX pacueToB Uil OOOCHOBaHHUS MapaMETPOB HAJIMBHBIX BOAOXpaHuiMil. B
KauecTBE METO/a MCCICAOBAHMM NPUMEHEH METOJ CTAaTUCTHYECKMX MCIBITAHWM Ha OCHOBE
HUMHUTAIUOHHON BOJOXO3AHCTBEHHON MOCIIH.

B kayectBe OOBEKTOB HCCIENOBaHMSA PACCMOTPEHBI: OAWH M3 TPOSKTHBIX BAPHUAHTOB
perynmupoBanus croka p.Camyp B Hmxnecamypckom Bojoxpanunuine B /[larecrane u
Bojgoxpanwiuuie Ilomuatuc B npoexkte BXC «CeBepHblii KoHBeiep» B pecnyOnuke Kunp.
Br160p 00beKTOB 00YCIIOBIEH XapaKTEPHIMU OCOOCHHOCTSIMH BOJIOXO3HCTBEHHBIX CUCTEM IS
WJUTIOCTPAIUH NpeAsiaraeMoi METOIUKH.

Hayunasi HoBu3Ha paboTthl. Pa3paboTtana u peann3oBaHa Ha KOMIBIOTEpe 000OIICHHAsS
METOJMKA pacyera [apaMeTpoB U PEKHUMa PETYJIMPOBAHMSI CTOKA B HAJIMBHBIX BOJOXPAHMIMIIIAX
C ofpejiesieHueM 00JIacTH ONITUMANIbHBIX PEIICHUH.

BrinonHenHas padoTa siBIsieTCs 3aKOHUCHHBIM 3TanoM Oojee olmiei pa3paboTku, KoTopas
npeaycMaTpuBaeT MojenupoBaHue Oosee cnoxHelx BXC, Oonee neTtambHOro M3y4yeHHs
IMHAMHKH 3arpsi3HEHHs HAJIMBHOTO BOJOEMA, a TakKe MHCCIEHA0BAHUSA BO3MOXKHOCTEH
HCIIOJIb30BAaHUS HAIMBHOW €MKOCTH JUJISl CPE3KU BBICOKHX ITOJIOBOJUH U IaBOJKOB.

HocroBepHOCcTh TOJY4eHHBIX pe3yJbTaToB o0ycroBieHa METOAUKON
BOJIOXO3SIICTBEHHOTO pacueTa MO MHOTOJIETHHM psjJaM CTOKa W BOJONOTpeOsieHus ¢



3aMBIKAHUEM PsiIa IO HAIIOJIHEHHMIO €MKOCTH Ha IIEPBOM M IIOCIEHEM MHTepBaiax. Pe3ynpTaTsl
WMUTALMOHHBIX 3KCIIEPUMEHTOB MOJTBEPKAAIOTCA TOYEUHBIMHU pacueTaMU MO TPATULIMOHHOU
METOJIMKE, a TAK)KE COBIAJCHUEM PacueTHBIX MOKa3aTeslel C JaHHBIMU IIPOEKTHBIX TPOPadOTOK.

OO0aacT, mpUMeHeHUsI MoJenu orpaHudeHa Tonbko crnenudukoit BXC ¢ ogauM
HaJIMBHBIM BOJIOXpaHWIMIIEM. B 0osee ClI0XKHBIX CUTyallMsIX OHAa MOXET CIY>KUTh OCHOBHBIM
pacueTHbIM OnokoMm Oosee oOwiel Monenu. [[nsi aeMoHCTpallMu Auama3oHa HCMOJIb30BAHMS
MOJIENIM PACCMOTPEHBI IBa KOHKPETHBIX 00BEKTa ¢ IapaMeTpaMH CTOKa, OTJINYaroIUMHUCs Ooiee
yeM Ha nopsaaok. Tak, HanpuMep cpeaHEMHOT0IeTHUHN cToK Camypa COCTaBisAeT nopsaaka 2 KM,
CTOK peK, HamoJHAIMX Bogoxpanunuue [lonuaruc - okomno 35 MIIH.M-.

[Ipu BBICOKOH M3MEHUYMBOCTH BOJHBIX PECypcoB HEOOXOIUMO TpUOerath K COKpAIEHUIO
pacyeTHBIX MHTEPBAJIOB BPEMEHM, JMOO HCIIOIB30BaTh CIEHUAIBHYI0 METOAUKY JJisi CHSTHS
CUCTeMaTU4YeCKO omMOKH (Kak 9T0 ObLIO caenaHo ajs npoekta « CeBepHbIil KOHBEMEp»).

HNHTepec K HaauMBHBIM BOJOXPaHWIIMIIAM JOCTATOYHO BBICOK, HECMOTPS HA JOBOJBLHO
ciaboe ocBelleHne NpodiieMbl B TeXHHUECKOH nuTepatype. COOTBETCTBEHHO IIMPOKa 00JacTh
HAyYHBIX  HWCCJIICNOBaHMM 1O  dToM  mpoOiieme. PaspaGorammas  Momens  Oyzer
COBEPILIEHCTBOBATbCS 10 MEPE HAKOIUICHHWS MAaTepHalOoB W Pa3BUTUS METOAMUKH PpELICHUS
YACTHBIX 3a/1a4.

IIpakTuyeckass HEHHOCTh PadoOThl COCTOMT B TOM, YTO pa3pabOTaHHas MMUTAIMOHHAs
MOJIeNTh CYIIECTBEHHO CHIDKAeT 00JacTh IMOMCKA PEIIEHHH, MOBBIIACT HX HAJACKHOCTH H
MO3BOJISIET COKPATUTh 3aTPaThl BPEMEHH MPHU TPOCKTUPOBAHUH.

PesynpTarhl AguccepTanMOHHOW pa0OTBI MOTYT OBITh HWCIOJB30BaHBI B  PEATHHOM
ITPOCKTUPOBAHUM NIPU PELLIEHUH BOMPOCOB PETYIUPOBAHMS CTOKA B HAJIMBHBIX BOJOXPAHUIIUIIIAX
pa3zHoi (PYHKIIMOHAILHOW HampaBieHHOCTH. [IpejuioxkenHas UMHUTAIIMOHHAS MOJIENb MO3BOJISIET
BBINOJHATE OONBLION 00beM OOOCHOBBIBAIOIIMX PACYETOB C MajbIMHU 3aTpaTaMd BpPEMEHH,
mojiyyasi TOJHYI0 HMH(OPMAIUI0 O BOAOOOECIICYCHHOCTH TOTpeOHTeNeld B 3aBUCHMOCTH OT
couetanus napameTpoB BXC B 06s1acTi oNTUMaIbHBIX 3HAUCHUH.

Anpo6auus pa6oTel. Pe3ynbTaThl UCCIEIOBAHUM U OCHOBHBIC MOJIOKEHUS IHUCCEPTALUU
HEOJIHOKPATHO JOKJIAJbIBaJIUCh Ha HAyYHO-TEXHMYECKHX KOH(epeHLHaX B MOCKOBCKOM
rOCyAapCTBEHHOM YHHMBEPCUTETE MPHUPOIOOOYCTPOMCTBA, B TOM YHWCIE Ha MEXKAYHAPOIHOU
koHbepenimu B 2006 roxy. [duccepranmonHas padota oOCyxaanach Ha 3acelaHusx Kadenpsl
KUBP u xadenpsl THApONIOTUHM, THAPOMETPUU U perynupoBanHust croka MI'VII, uznoxena B
psne myOIuKaIuil.

My6aukanuu. [To Teme guccepraruy omyOIMKOBaHO 5 MEYaTHBIX padoT.

Ob6bem pabGorel. [uccepranus COCTOMT M3 BBEJICHHUS, IATH TJIAaB, 3aKJIFOYECHMS, CIIMCKA
UCIOJIb3YEMOU JIUTEepaTypbl, HacuuThiBaroumero 93 HamMeHnoBanusi. Pabota uznokena Ha 162
CTPaHHULAX MAIIMHOMHUCHOTO TEKCTa, WITIOCTpUpPOBaHa 34 pUCYHKaMH, COAEPKUT 42 TaOaulbl.
Tekct quccepTaniuu AONOJHSIOT 28 CTpaHUL TPHUIIOKEHUS.

COJAEP KAHUE PABOTBI

Bo BBegenum 000CHOBaHa aKTyaJbHOCTh TEMBI  JHUCCEPTAI[MOHHOW  PadOTHI,
chopMyIHPOBaHBI TENb U 3a7a4d UCCICOBAHMI, U3JI0KEHA HAyYHAs] HOBU3HA U MPAKTUYECKas
3HAYUMOCTb PaOOTHI.

B nepgoii riiaBe aucceprannyd paccCMaTpUBAETCS METOJUKA BOJIOXO3SIMCTBEHHBIX PACUETOB
IpU  ONPENEJIEHUH EMKOCTH BOJOXPAHWIIMIL, BBIMOJIHEH 0030p UM TIPOBEACH aHAIMU3
JUTEPATyPHBIX UCTOYHUKOB IO TEOPUHU peryiupoBaHusa cToka. IIpoaHann3upoBaHa MeToauKa
BOIOXO3SHCTBEHHBIX PAaCcYETOB MO OOOOIICHHBIM TIapaMeTpaM CTOKa M BOJOIOTPEOJICHUS U Ha
OCHOBE MHOTOJIETHUX PsZ0B. PaccMOTpeHbI Tpy/ibl BBIIIIEHA3BAHHBIX aBTOPOB, a Takke pabOTHI
A JO.AnexcanapoBcKoro, }0.M.Manucoga, J.M.MamaTkaHoBa, J.H.KopoGogoii,
B.M.IlolizHepa u  ApyruxX  HCCIENOBATENEH, TEOPETUYECKUE W AKCHEPUMEHTAJIbHbIE
WCCJIEZIOBAHUSI KOTOPBIX OBLIM HAINpaBi€Hbl HAa OIMCAaHUE, MOJCIHUPOBAHUE U YIIPABICHUE
MPONECCOB (PYHKIMOHUPOBAHHS BOAOXO03IUCTBEHHBIX CUCTEM, PETYIHPOBAHUE PEYHOTO CTOKA.

HawmGonee uyacTto mpuMEHSEMBIM W O0OS3aTCIBLHBIM B KAadeCTBE ITOBEPOYHOrO pacyuera
aBiseTcss 0000meHHplid Meton pacdeta. OH K€ SBISETCS OCHOBHBIM HHCTPYMEHTOM



9KcrepTHOro aHanm3a. CyTh pacdeToB OSTHM METOAOM 3aKJIIOYaeTcs B  ONPEACICHUU
peryaupyromei eMKOCTH BOJOXPAaHWINIIA V B 3aBUCUMOCTH OT 337aBa€MOro 00beMa U pexuMa
rapaHTHPOBAaHHOW OTHA4M 10 OOOOIIEHHBIM TIapaMeTpaM CTOKa ¥ BOJOIOTPEOJICHHS.
Kpurepuem cimyuT 00eCrie4eHHOCTh YJJOBJIETBOPEHUS TpeOoBaHui. [Ipy HAIMYNU HECKOIBKUX
noTpeOUTENe B KauyecTBE KPUTEPHs CIEAYeT HCIOJIb30BaTh NPUBEIACHHYIO 00ECTIeYeHHOCTD.
Ilpusedennas obecneueHHOCMb - 3TO YCIOBHasl BEIUYMHA O00ECIIEUEHHOCTH, KOTOPYIO JOJDKHA
UMETh CyMMapHasi OTJada BCEeX HoTpeduTesneil, yToObl MHOTOJETHEE BOAONOTpeOseHrnEe ObLIO
SKBHBAJICHTHBIM CyMMe MOTpeOisieMbIX 00beMOB BobI BceMu yuyactHukamu BXK ¢ yuerom ux
00eCTIeYeHHOCTE! M IOIyCTUMOTO CHIKEHUS TpeOOoBaHMH B IepeOOHbIC TOIBI.

zAi -P,
_4 (1),
24,
1
rae A; — pacueTHble TpeOOBaHUS K 00BEMY BOJIBI 1-OT0 OTPEOUTEIS;
P; — obecnieueHHOCTH yI0BJIETBOPEHHs TPEOOBAHUI 1-0T0 TOTPEOUTEIS.

[Ipu HEOOXOAUMOCTH CTPOTOTO ydeTa TIyOWHBI IMepedoeB 3a MpeaeliaMH pPacuyeTHOM
obecreueHHOCTH TpeboBaHus OecriepeOOHHOCTH YKECTOYAIOTCS:

P

np

S A, B+ A (100-P) ]
p =1 (2)3
1
r1ie Ajc, — COKpAIIeHHOE BOJOTIOTPEOICHHE C YIETOM JOITyCTUMOM TITyOMHBI TIepe0oeB.

Onpenenenrne BOAOXO3SMCTBEHHBIX IOKa3aTelel, BKIOYas €MKOCTb PETYJIMpPOBaHMs, 110
OTJICIbHBIM PEAJIbHBIM WJIM MOJEJIBHBIM TOJaM HpPHUEMJIEM TOJBKO B MaJlOOTBETCTBEHHBIX
3alaHUAX U JUIS IPEJBAPUTEIBHBIX OLIEHOK, ECJIM HET JAHHBIX YBEIMUYUBAIOIIUX PACIOIaracMylo
uHpopmanuio. bornee mnpeamodTUTENHHBIM SBISIETCS 0000MmIEeHHBI Meron. [IpemmyinecTBo
JAHHOTO METO/1a COCTOMT €Ie M B TOM, YTO HO3BOJISIET KOPPEKTHO CHOPMYITUPOBATH peIIaeMyto
3a/1a4y, He yriayOusisich B JETal, 3a4acTyl0 OTBOJALIME BHUMAHUE OT OCHOBHOM TeMbl. Tak
00BbEM PYCIIOBOIO BOJOXPAaHWIMINA 3aBUCUT OT CPEJIHEMHOIOJETHEr0 o0beMa CTOKa,
KOA((UIIMEHTOB BapHallMM U aBTOKOPPENSILIMM CTOKa, OOECHEYEHHOCTH HOKpBITHS, 00bema
HOTEPh U pacueTHOE BOJONOTpeOIeHuE.

V:f(g,Cv,ra,(p,P,W) (3),

rae § - o0beM CTOKa; €, - KOO(Q(GHUIMEHT BapHaluy; » - KOO(QOHUIMEHT aBTOKOPPETIALNN

CTOKa, P - 00eCIICYCHHOCTh IIOKPBITUA; W - 00BeM IIOTEphb M OTAa4a U3 BOAOXPAHWIHIIA, ¢ -

YCJIOBHBIN MapaMeTp peKUMa CTOKa BHYTPH roja.

[IpoexTupoBaHUe U IKCIUIyaTalusl BOJOXPAHIIMIL, B YHUCIO MOTpeOUTENedl KOTOPBIX
BXOJHUT OPOIICHUE 3€MEJIb B 30HE HEYCTOMUYMBOTO YBIQKHEHHUS, OCIIOKHEHBI M3-32 OTCYTCTBHS
000CHOBaHHOW METOJMKH JIJISl pacueTa 3aBUCHMOCTU IOJIE3HAsh €MKOCTb - OOECIEeYEeHHOCTh -
BOJOOTAAa4Ya TpH IEPEMEHHON TMOTPeOHOCTH B BOJE, 3aBHCALIEH OT €CTECTBEHHOIO
YBIIA)KHEHHUS TMOYBOTPYHTOB. B Takux ciywadax BojomorpeOieHue Uil BCeX JIeT
TUAPOIOTHYECKOTO psiia IHOO MPUHUMAETCS COOTBETCTBYIOIINM OJHOW M3 TPeX KaTeropuit
€CTECTBEHHOW YBJIIAKHEHHOCTH (BJIQXHBIM, CpeAHUN ¥ 3aCyNIIMBBIA TOA), JUOO TIO
WHAUBUAYATBHOW Ui KaXXJAOTO TOoAa BEIUYHHE, OOBIYHO OMpENeNsieMONd B COOTBETCTBUU C
CYMMOH OCaJKOB 3a BereTtalMoHHbld mnepuona. Ilo pe3ynbTaTaM pacyeToB CTPOSITCS
3aBUCHMOCTH: €MKOCTH BOJOXPAaHWIUINA OT OOECIEUEHHOCTH YIOBICTBOPEHUS 3aJaHHBIX
TpeOOBaHMI Ha BOAY U JOMYCTHMOIO OTPAaHUYEHHs BOJONOTPEOSIeHUs B MepeOOWHBIE TObI;
MaKCHMAaJIbHOTO TIOMyCKAa W3 BOJOXPAHWIHINA WJIH TPOMYCKHOM CIIOCOOHOCTH TpaKTa
BOJIONIOJIaYM OT OOECTIEUCHHOCTH YIOBJICTBOPEHHUS 3aJlaHHBIX TpeboBaHuil. B nmuccepranmm
YUYTEHA JJaHHAsi 0COOCHHOCTh BOJOXO3SIMCTBEHHOTO pacyeTa.

[Ipu pa3paboTKe OTBETCTBEHHBIX IPOEKTOB OIIEHKA BOJOXO3SIWCTBEHHOW OOCTAaHOBKH HE
MOKET OIrPaHMYMBATHCS HKCHEPTHBIMM METOJaMH N0 mpuuuHe uHauBHayanbHocTH BXC u
OoupIIoro yuciaa (akTopoB, BIMSIOMIMX HA pelieHHe. Tak aHaIUTHYECKOe peIlieHHe, Naxe Uit



ClTyyasi HE3aBUCUMOT'0 PETYJIMPOBAHUS CTOKA OJJMHOYHBIM BOJIOXPAHWIMIIEM, UMEET OIPAHUUEHHYIO
00J1aCTh MCHOJIL30BAHUSL.

Homorpammbl 11 onpeneneHnss MHOTOJIETHEW COCTABISIIOIIEH €MKOCTH BOJOXpaHWJIMIIA,
noctpoensl S1.d.ITnemkossim o metoauke C.H.Kpurikoro u M.d.MeHkens B IPeoNoxKeHnu 00
OTCYTCTBUM CBSI3M MEXIY CTOKAMH CMEXKHBIX JIET TMIpPOJOrhdeckoro psga. B nampHeliiem
N.B.I'yrnuii, Taxke HCHONb3ys METOJMKY CIOXKEHHMS KpPHMBBIX OOECHEYEeHHOCTH HAaIlOJIHEeHUs,
MOJTy4MJI HOMOTpaMMbl C y4eTOM BHYTpupsaHou cBszu g r = 0.3. Ilo3nHee aHanoruuHbie
HOMOTpaMMbl C 0OoJiee TOJHBIM JHAla30HOM M3MEHEHMs IOKa3aTellsi aBTOPErPecCHu, HO IpU
Pa3IMYHBIX CTOXACTHYECKHX MOJIEISAX CTOKA (pa3Hble MoauduKaniu MapKoBCKOTO Tporiecca) ObLTH
nonydensl H.A. Kapreemumsmm, J[.5. ParkoBuuem u I'.I'. CBannaze. Bee 3t HOMOrpammsl He
YUUTBIBAIOT (hakTopa IyOHHBI IepedoeB 3a MpeeaaMu pacueTHol odecriedueHHOCTH. DopManbHOe
UCIIONBb30BaHUE TPUBEACHHOW OOECHEYEHHOCTH, KaK IIOKa3bIBAIOT pacyeThl, MPUBOAUT K
cUCTeMaTH4YecKol ommoOke. JlpyrnM MHHYCOM METOJa SIBJISIETCSl ONpEAEIEHHE Ce30HHOMN
COCTaBJISIIONICH TO mapamerpudeckuM (opmynaM. CIOXKHOCTH 31€Chb COCTOHT B ONpPEICNICHUU
TPaHHUL JIMMUTUPYIOLIETO MEPUOA U, [JIABHOE, B Y4€Te EPEMEHHOI0 BOJONOTPEOIECHHS B TEUEHHE
roga. OTMETUM, YTO TIOCTPOEHHE TOAOOHBIX HOMOTPaMM sl Ciydasi HAJHMBHOW EMKOCTH, MO
KpaiiHell Mepe, Ha O/IHy NEPEMEHHYIO (IIPOMYCKHYIO CIIOCOOHOCTH MOABOJSIIErO TpakTa) OOJbIIE,
YeM B ClTy4yae pyca0BOrO BOJOXPaHWIHLIA.

HecomHeHnHoe npenMyIecTBO MO CPaBHEHHIO € OOOOIIEHHBIM METOAOM IHPENCTABISIOT
BOJIOXO3SIIICTBEHHBIE ~ MOJENH, KOTOphle yxke Oomee 20 JeT  HCHONB3YIOTCS  UIS
BOJIOXO3SIICTBEHHOTO  00OcHOBaHMs. MmuTtannonHas Mojaenb, MO CYILIECTBY SBIISIETCS
KOMIIBIOTEPHON peanu3aiueil mpouecca (QpyHKIHMOHUPOBAHUS BOJOXO3SHWCTBEHHOW CHCTEMBI,
KQXJI0€ COCTOSIHME KOTOPOM XapaKTepus3yeTcs CBOEH KOMOWHaluel MepeMeHHbIX. M3MeHsis
IIEPEMEHHBIE, MOXHO MOJEIUPOBATh IEPEXO] CHUCTEMBI M3 OJHOTO COCTOSIHMSL B APYTOE.
['maBHOE NOCTOMHCTBO WMMHTAIMOHHBIX BOJOXO3SIMICTBEHHBIX MOJENEH B TOM, UYTO OHHU
MPEIOCTABISAIOT MIMPOKHE BO3MOXHOCTH I aHAIIA3a CUTYyallud MPH PA3IUYHBIX CLEHAPHUIX
¢ynkunonupoBanus BXC.

OnTuMH3aIMOHHbBIE MOJIENH, Oa3UpyIOIIHecs: Ha METOUKE JTUHEHHOTO M TMHAMUYECKOTO
IPOTPaMMHUPOBAHUs, B OOJBIIMHCTBE CIIy4aeB NEHCTBYIOT MO MPUHIMITY «UYEPHOTO SIIUKa» U
[O3TOMY 3HAUUTENbHO YCTYNAIOT HUMUTAIMOHHBIM C TOYKU 3peHUs 3(PGEKTUBHOCTH H
Ha/le)KHOCTH. CyOBEKTHBHBI U KPUTEPUH ONTUMAIBHOCTH — TIOKa3aTeNH, BBIpAXKAroOIIne
IpeebHYI0 MEpY JUJIsl CPAaBHUTEIHHOW OIICHKM BO3MOXKHBIX PEIICHUN M BHIOOpAa HAUITYUIIETO
u3 HUX. [Ipy pemeHnn oNTUMHU3AMOHHBIX 3a/1a4 32 KPUTEPUI ONTUMAIBHOCTH OOBIYHO OepyT
neneByto GpyHkuuoo. Moienab COCTOUT U3 11eneBol (QyHKIMHU, OTPaHUYEHHON YCIOBUSMH 33/1a4H,
Y OIPaHUYEHUM, XapaKTEPU3YIOLUIUX 3TH yCIOBUS.

[Ipy ucnonp30BaHUU JUHAMUYECKOIO MPOTPaMMHUPOBAHUS HEOOXOAUMO, MPEXKIE BCErO,
IIPEJCTaBUTh 3a/lady paclpeiecHts B BUE MOCIEI0BAaTENIBHOTO MIPOLIECCa pacCIpeeIeHNs WIN
MHOTOIIIarOBOM MPOLIEAYPhI IPUHATHS PEIICHUH.

Mozen BOAOXO3SIMCTBEHHOIO IIJIAHUPOBAHUS, PEIIAEMbIE METOJOM JIUHAMUYECKOTO
IPOrpaMMHUPOBAHHUS, UMEIOT HEJTMHEHHYIO LIeJeBYI0 (QYHKIIUIO U JIMHEHHbIe orpaHndenus. Eciu
xKe 1eneBas (DyHKUIUS W OrpaHMYEHMs JIMHEHHBI, TO JUIsl PELICHHMs TaKUX 3ajgad Oosee
3¢ (}eKTUBHO NPUMEHSTHh JUHEHHOe nporpamMmmupoBanue. To, UYTO METOABl JIMHEHHOTO
IPOTPAMMHUPOBAHUS «TOTOBBI K YHOTPEOJIEHUIO», TPUBEIO K CTPEMIICHHIO paccMaTpUBaTh
MHOTHE 3aJa4d  BOJOXO3SMCTBEHHOIO MPOCKTUPOBAHMS Kak JIMHEWHBIE. JIMHEHHOoe
IPOrpaMMUPOBAHUE  INPUMEHsIETCd  JUIsl  OIpENETeHHMs]  TFapaHTHUPOBAaHHOM  OTJA4M
BOJIOXPAaHWJIMILA U YIIPABIIEHUS! KaYECTBOM BOJIbI.

VY4uuThIBas BHIIIEU3I0KEHHOE U 3HAUUTEIIbHBINA CPOK HCIIOJIb30BaHUsl MOJEIINPOBAHUS, KaK
METOJla MCCIENA0BaHus, ClIeAyeT KOHCTaTUPOBaTh, YTO Hauboyiee palMOHAIBHBIM MyThb — 3TO
UMHTAIMOHHBIE MOJENH, BKIIOYAIONIUE OJIOKM ONTUMHU3ALUH. Takue MONBITKH MPEAIpPUHSITHI, B
YaCTHOCTH, B MIPEICTaBIEHHON paboTe.



Bropass riaBa mocBslieHa OCOOCHHOCTSIM pacueTa HaJMBHBIX BOJOXPAHWJIMIL Ha
KOMIUIEKCHYIO BOJOOTAAUy, (hakTopaM, BIMSIOIIMM Ha BEJIMYMHY PETryJUPYIOLIEH eMKOCTH, a
TaK)Ke OIPEACICHUIO €MKOCTH BOJAOXPAHWINILA B PEKMME UMUTALIUN.

Oco0eHHOCTH NPOEKTHPOBAHMA H PACYeTa HAJMBHBIX BOJOXPAHUJIMII HA
KOMILICKCHYI0 BO00TAa1y.

IIpobnema co3maHus HAIMBHOIO  BOJOXpAaHWIMIA MHorogakropHas. BozHukaer
3HAYUTEIHHOE KOJHUYECTBO BOMPOCOB, MPOOJIEMHBIX KaK C THIPOTEXHUUECKON TOYKHU 3PEHUS, TaK
U C TMO3UIMHU PEryJIupOBaHUS CTOKA. IIpHpoIHO-TEXHHYECKHE OCOOEHHOCTH OOBEKTa
MIPOCKTUPOBAHMUA, TAKUE KaK IOA3EMHOE IMTAaHHE JIOXkA, IapaMeTpbl THAPOIMHAMHYECKOU
MOJIETTM  WCIONBb3yeMOM dYacTh BOJOCOOpa, HMHTEHCHBHOCTH HCIIApPeHHUs C  3epkKala
BOJIOXpaHWINIIA ¥ (QUWIbTPAllMM B OCHOBAaHMM M OEPETOBBIX NPUMBIKAHUSAX, WHTEHCUBHOCTb
[IOCTYIUIEHHS. HAHOCOB C PEryJUMpPYeMbIM W HEpPEryiaupyeMmsIM IIputokoM. Ho B oriuume ot
MOJNEPTHIX Obe(OB, PaBHUHHBIX W TOPHBIX BOJOXPAHHIIMWII, 3aWJICHHE €MKOCTH HaJUBHBIX
BOJOXPAaHMJIMIL IPOMCXOAMUT IIOJ BJIMSHHEM TOJBKO TOHW BOJBI, KOTOpas akKKyMyJIHpyeTcs B
BOJIOXPaHWJIMIIIE, & HE BCETO CTOKA BOJBI M CTOKA HAHOCOB.

[lepeuncnennble acrekThbl 0 BO3MOXKHOCTH YYT€HbI B padoTe, OJHAKO Hay4dHas
HalpPaBJIEHHOCTb CBA3aHa C ONPE/CIICHUEM EMKOCTH W DPEKHUMOM pEryJIMpOBaHUS CTOKa B
[IPEIOJI0KEHNH, YTO YKa3aHHbIE BbIIIE IPOOIEMbI B IPUHLIMIIE PELIECHBI B IEPUOJT U3bICKAHNH U
Ha MPEeANpPOSKTHON CTaIuu.

B Bogoxo3siCTBEHHONW 4YacTH MPOEKTHOTO OOOCHOBaHUS HEOOXOIMMO PacCMOTPETh
BOJIOXO3SIICTBEHHYIO OOCTAHOBKY B 30HaX M3BATHSI CTOKAa M €ro HWCIOJB30BAHUS MPHU
LEHTpaJIbHOW 3a/1aue PeryJaIupoBaHusi 00bEMOB BOJbI B BOJOXPAHUIIHUIIIE.

Ouenka 0onycmumozo uzvamus

IIpu pewiennu nepsoil npoGneMbl HEOOXOAUMO YCTAaHOBUTH BO3MOXKHBIH 00BEM U3BATHS,
KOI/la HE HAHOCHTCA HEBOCIOJHMMBIM ymepd Oacceliny peku IoHOpa, U 00ecrneumBaroTcs
CaHUTAPHO-IKOJIOTHUECKHUE TIOMYCKU HIKE CTBOpa BoJo03abopa. MeTouKka moJOOHBIX pacyeToB
u3noxena B paborax Bembnepa X.A., Kacka A.I'., Xocpossuna U.JI., Kedpenn @.D., INarumnno
I[T.J., ®ununnosuuy WM., ®amesckoro b.B., [lyoununoit B.I'., Illaxora N.C. u npyrux
aBTOPOB. MeTo10/10r1s1 BOIIPOCa U3JI0KEHA B pacCMaTpUBAEMOM TJIaBe AUCCEPTALIUM.

Jpyrum orpaHu4eHHEM BO3MOKHOIO U3BSATHSA SIBISETCS MPOIMYCKHAsA CIOCOOHOCTh KaHaa
WIM BOJIOBOJA, MOJBOJSANIET0 BOAY K BOAOXpaHWMILy. Onpenensionmm (akTopoM 31eCh
SBIISIETCS THIT Bomo3abopa. becrmotunHbIi Bogo3abop caepkuBaeT oTo0p Oonee ueM (25-30%)
KUBOro toka. IlmoTunHbIM Bomo3abop cHUMaeT AaHHOE orpaHuyveHue. Ilpu 3Tom mpomyckHas
CHOCOOHOCTH 00YCJIOBJIEHA Nr€OMETPUYECKMMH pa3MepaMy M YKJIOHOM TpakTa BOJOIOauH, TIpU
[0YbEME BO/Ibl — IPOU3BOAUTENBHOCTBIO HACOCHBIX CTaHIMM.

Onpeodenenue emkocmu HAIUGHO20 6000XPAHUIUA 6 PEHCUME UMUMAUUY

3ajada pemaercs Ha OCHOBE BOJOXO3SHCTBEHHOTO OajiaHCa, OMPEAEISIONIEro TEeKyIIUi
rapaHTUPOBAaHHBIM OOBEM BOJBI M MHOTOJICTHIOW BoAooOecrnedeHHOCTs. Jist paspaboTku
BOJIOXO3SIIICTBEHHOr0  OanmaHca  JOJDKHBI  OBITH  ONpENeieHbl  MPOCKTHBIE  OOBEMBI
BOJIONOTPEOIICHUS] U YCTAHOBIJICHBI KPUTEPUHU YIOBIETBOPEHHUS TPEOOBAHUN BOJONOTPEOUTENEH.
Metoauka 3TUX  omepauui  orpa0oTaHa  JOCTaTOYHO YETKO B MHOTOYMCIIEHHBIX
BOJIOXO3SIICTBEHHBIX ITPOEKTAX.

OueBUAHO, YTO PEIIUTH 3a/lauy OJHHUM IPOCUYETOM HEBO3MOXHO. IloaTomy HeobOxoauma
nomaroBasi urTepauus. B Xome wuTepauuMi myTeM IUIaHMpyeMoro mnepebopa BapHaHTOB
BapbHUPYEMBIX MapaMeTpoB (EMKOCTH pEryJHpOBaHHWs, IPOIYCKHONW CIIOCOOHOCTH TpaKTa
BOJIONO/1a4M, TEXHHUUECKUX PEIIeHUI Mo BoA03abopy, 00beMY U PEKHUMY OCTATOYHOI'O CTOKA B
peKe-IOHOpE) ONPEIENAeTCS 3aBUCUMOCTh PETYJIHMPYIOIIEH €MKOCTH BOJOXPAaHWIMILA OT
3aJ0’KeHHOro Bogonorpednenus u napamerpoB BXC. Kaxaomy coueTaHnio mnapameTpos
COOTBETCTBYET CBOE 3HAUCHHME IOKa3aTesss CTOMMOCTH. Pacmomaras HOCTaTrodHbIM 0O0BEMOM
nHGOpPMAIIMK JJIS  TIOCTPOCHUS HA3BAHHOW 3aBHCHMOCTH, MOXKHO OIPEJICIHTh O0JIaCTh
ONITUMAJIBHBIX PEIICHUH /U1 BbIOOpa OKOHYATETLHOI'O BApUAHTA.



B mporecce BOI0XO3SIICTBEHHOTO OOOCHOBAHHUSI MPOEKTOB HEOOXOIUMO pa3zpadaThiBaTh
pa3sBepHYTYIO0 CTPYKTYpy BOJOXO3SMCTBEHHOro OanaHca, B psfe CIydaeB LEIecooOpa3Ho
JOTIOJTHATh ~ BOJOXO3SUCTBCHHBIC OallaHChl  CIICIUANBHBIMU TpadukamMu W  TaOIUIaMH,
XapaKTepU3YIOUTMIMH MHOTOJIETHUN PEXKUM PETYJIUPOBAHUS U pacTIpeieNieHUs] BOJAHBIX PECYPCOB.
Pa3paboTka  BOMOXO3SMCTBEHHONM  MOJENM  MpelycMaTpuBaeT  CUCTEMY  KPUTEpPHUEB
yJIOBJIETBOPEHMSI TPEOOBaHUN MOTpeOUTENEH, peXKUM PETYJIUPOBAHUS CTOKA CYIIECTBYIOIUMH U
MMPOCKTUPYCMBbIMU BOOOXPAHUIHUIIIAMU, H€O6XOILI/IMOCTI) o0ecrieyeHus OTpaCJICBBIX U PCIKUMHBIX
IIOIYCKOB, BAPUAHTHOCTb INPUHIUIHAIBHON CXEMBI BOJOXO3SANCTBEHHBIX MEPONPUATHI U
KOHKPETHOI'O0 AKOHOMHUYECKOTO M BOJOXO3SIMCTBEHHOro 3(¢ekra B Mpeaenax BO3MOKHOCTEH
NpUHATON cxembl. OCHOBHOM alrOpuTM — MHOTOJIETHUH OallaHC ¢ 3aMBIKaHUEM psifia o 00beMy
HAIOJHEHUS BOJIOXPaHUWIIMIIIA Ha HA4YaJI0 U KOHEI| MHOTOJIETHETO psija.

C nomompl mnpemjlaracMod HMMUTALMOHHOW MOJEIN MBI IIOCPEICTBOM MAacCOBBIX
pacueToB yCTAaHABJIMBAEM COOTHOIIECHHE MEXKAY OCHOBHBIMHU XapaKTEPUCTHUKAMHU T'HMAPOY3JIa:
€MKOCTBIO BOJOXPAHWIHUIIA, KOJTHYECTBOM BOJBI, MIPEAOCTABISEMONW MOTPEOUTENAM, U
00ecreyeHHOCThI0 OTJa4ul. PacueTHas 00eCHEYeHHOCTh OTJAud XapaKTepU3yeT HaJleKHOCTh
BoJ000eceueHus: morpedbureneil. Yame Bcero pacueTHast 00€CeYeHHOCTh XapaKTEePU3yeTcs
B IIPOLEHTaX, KaK BEpPOATHOCTh 4ucia OecrnepeOONHHBIX JIET, B TEYEHHE KOTOPBIX
noTpeduTenel y10BIETBOPAIOT BOJOH MOITHOCTHIO.
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Ilpasuna ynpagnenus 6000Xpanunuuiem

PacuerHast 00ecre4eHHOCTh OTIENBHBIX YYaCTHHUKOB BOJOXO3SWCTBEHHOTO KOMILJIEKCA
XapakTepu3yeT paboTy KOMIUIEKCHOTO THAPOY3Ja B PEXHME HOPMaJbHON BOJOOTAAuH. B
HOPMAJIbHOM PEKUME IKCIUTYyaTaIllH MOTPEOUTENIH MOYyYaloT TO KOJHMYECTBO BOJBI, HA KOTOPOE
paccuMTaHbl X MPOM3BOACTBEHHBIE MOIIHOCTH W IUIAH BBIIYCKa MPOXyKIWHU. I'mapoysen npu
3TOM o0ecreynBaeT TapaHTUPOBAaHHYIO OTAady, T.e. TaKyl, KOTOpas C 3aJaHHOU
00€eCIIeueHHOCTHIO YAOBIETBOPSET TPeOOBaHUS MOTPEOUTENEH B BOJE 32 MHOTOJIETHUN MEPUO/I.
Ho oGecnieuenne rapaHTHPOBAaHHOM OTJauu - JUILb OAHA U3 (QYHKIMI Bomoxpanmuiia. Kpome
peXrMa HOPMaJIbHOM BOJONOAYH PA3IHMYAIOT PEXKUMBI pabOTH B yCIOBUIX NSGHUINTA BOIHBIX
pecypcoB ¥ UX H30BITKOB. PexuM paboThl B yCHOBUSX JedHUIMTAa BOABI HPUBOIUT K
HKOHOMHUYECKUM yIIepOaM, BETMIMHA KOTOPBIX 3aBHCUT OT Pa3MepoB Aeduiura.

B orToli  CcBA3M BO3HHMKAET HEOOXOJMMOCTh  3a0JIATOBPEMEHHOIO  OMOPOKHEHUS
BOJOXPAHWIMIIA TI€pe]] MHOTOBOJHBIM HEPHOAOM M SKOHOMHUIO IOTPEOJIEHHS BOJBI IEPE
OKU/IaeMBIM MaJloBoAbeM. lloaToMy pa3pabaThiBalOTCSl CIiEUaNbHBbIE IMpaBHIIA YIPABICHUS
paboTol BOIOXPAHWIHUIN, SAPOM KOTOPBIX SBIAIOTCS aucrieTdepckue rpaduku. [lomb3ysacek
JUCTIETYEPCKUM TpaUKOM, MOKHO ONPEACTUTh OTAady M3 BOJOXPAHWIMINA B KOHKPETHBIX
YCIOBHSIX TO BEIMYMHE TEKYIero HAMOJNHEHHS W psAdy Ipyrux mnokasareneid. [Ipobiema
MOCTPOCHMS JMCIIETYEPCKUX MPABUIJI UCCIIEAOBANACH HAa MPOTSHKEHUH MHOTHX JIET AcCapuHBIM
A.E., becryxeBoit K.H., PesnukoBckum A.Ill., PyOunmreiin M.U., pa3BUBaBIIMMH TEOPHUIO
yIpaBJICHUS BOJOXPAHWINIIAMU KPYITHEHIIINX THAPOY3IOB U KACKaI0B BOJOXPAHHIIHUIIL.

Jucnerdepckuii rpadMK - 3aBHCHMOCTbH, ITOCTPOCHHAs B KOOPAMHATAX BpPEeMSA - 00BEM
(YpoBeHB) BOIBI B BOJOXPAHWIHINE, MPEACTABIAIONIAS COOOH CEpUI0 KPHBBIX, KOTOPBIC IENSAT
€MKOCTh BOJIOXpPAaHWIHIIA Ha OTIEIbHBIE 30HBI, COOTBETCTBYIOIIME BBINIETICPEUHCICHHBIM
(GYHKIMSIM BOAOXPAHWIWINA: TAPAaHTUPOBAHHOM OTJAauyd, YPE3aHHOH OTJaud, MAaKCUMAaJIbHOTO
UCTIOJIb30BaHUSl CTOKa, OE30MacHOCTH coopykeHuil. [lomp3ysich AucreTdepcKuM TpaduKoM,
MOYKHO MOJYYUTh KOHKPETHYIO PEKOMEHJAIHMIO 10 Ha3HAUYeHWIO OTAAYM M3 BOJOXPAHWIUINA,
uMesl TOJIBKO OJMH YIPABISIONIMKA TapaMeTp - YpoBeHb. MIMEIOTCS MpUMephl, KOT/Aa IpaBuiia
YIPaBICHUSI CTOATCS C YYETOM IIPOrHO3a BOJHOCTH MPEICTOSIIETO ITOJIOBOJHOIO IEpHoIa
(BKK, LumnsHCKU# THAPOY3EN).

[TpaBuna ynpaBieHHsT HAJIMBHBIM BOJOXPAHIIHUILIEM CTPOSTCS HA TeX )K€ NMpHHIMNaxX. B
JMICCEPTALMOHHON paboTe MPUHSATA JBYX30HHAS CTPYKTYpa AMCIETYEPCKOrO Tpaduka, KOTopast
U 3aJ0KeHa B AITOpUTME MOJAETH. BKiIIOueHue anropurMa IMOCTPOEHHUS IJUCIIETYEPCKOro




rpaduka B MOJIEJIb B HAIIEM CJIy4ae MMEJIO IIEJIbI0 HE TOJBbKO aBTOMAaTU3UPOBATh MPOIIecC, HO U
CONMM3UTh NPOEKTHBIM M HKCIUTyaTal[MOHHBIA BapHaHThl — B OSKCIUTyaTal[MOHHOM Ciydae
TOOHUTHCS BOJIOOOECTICYEHHOCTH, OJIM3KON K TIPOCKTHBIM TPEOOBAHUSIM.

Ilomepu u3 éoooxpanunuwa

Bopoxpanunuiie, perynupyss peYyHOM CTOK, pacXoAyeT BOAy JUIsl CHaOKeHus
norpebureneil (mone3Hoe BOAOHNOTPEOJIEHUE), YACTUUHO TEpseT €€ Ha MCIapeHue ¢ BOJHOU
MOBEPXHOCTH, (QUIBTPALIMIO U JIbA0o0Opa3oBanue. [loTepu BoJbl HAa HCIAapeHUE C MOBEPXHOCTU
BOJIOXPAHWIMIIA B F0OXKHBIX pailoHaX CTpaHbl JOCTUTAIOT MHOTAA MOJOBHUHBI MOJE3HOIO 00beMa.
Henb3s He y4uTHIBaTh MOTEpH Ha (HWIBTPALHNIO, T.K. HANIOP BOJBI, PaBHBIH Pa3HOCTH OTMETOK
ObedoB, CO37AET MOCTOSHHO JEHCTBYIONIYIO CHIIY, TOJ BIMSHHEM KOTOPOH MPOHCXOIUT
¢dunpTpanus yepes3 MIOTHHY, O]l IUIOTHHON U B Oeperax, B 00X0 MIOTHHBI. OUIbTpalliOHHBIE
IOTOKM YMEHBIIAIOTCS NPH YMEHBIIEHUU YPOBHs BepxHero Obeda, HO gocturaror yacto 20 -
30% 3a rox oT cpeaHero oobeMa BoIbI B BojgoxpaHuiuiie. OunbTpaius u3 BOJOXpaHWIHINA -
OUYEHb CJIOKHOE M MaJIOM3yUeHHOE sIBJICHUE. 3aaua TeM 0oJiee YCIOKHSICTCS B Cllydae HATUBHOU
€MKOCTH.

[Torepu Ha ¢uiAbTpanUIO0 MOJ IMJIOTHHY U B OOXOA €€ OMpEeNesslfoTCS MO0 H3BECTHOU
METOJMKE B COOTBETCTBHHM C TEOPHEH JIBMKEHHS TPYHTOBBIX BOJ. lloTepw BOIBI uepe3 Teso
3eMJISTHOM IUIOTHHBI MoJIcuuThIBatoTCs 1o hopmynam H.H. IlaBrnoBckoro, a uepe3 yIioTHsOIUE
YCTPOHCTBA 3aTBOPOB - 10 OOBIYHBIM (hopMyJIaM TUApaBIuKkd. [lpu onpeneneHuu QUIbTpaIium
U3 BOJOXPAHMUIIUII HEOOXOAMMO OMHUPATHCS HAa PE3YyJIbTaThl THAPOTEOTOTUYECKUX HCCIEIOBAHUN
¥ pacueToB. Bompochkl METOOMKH pacueTa IMOA3EMHOW (WIBTpanmuyd ¥3 BOJOXPAHHIIUII
npuBoaarcs B padorax [unenko A.A., bunnemana H.H., Hudantosa B.U., 3amapuna E.A. u
np. Jlis MeHee OTBETCTBEHHBIX CIy4aeB BEIHMUMHA (PUIBTpAIMM MPU MPOSKTHPOBAHUU JOJDKHA
YUUTBIBAThHCS IO AHAJIOTUU C CYIIECTBYIOLUIMMH BOJOXPAHWIUIIAMH, HAXOIAIUMUCS B CXOJHBIX
TUIPOTEOJIOTUYECKUX YCIIOBUSX.

Pacrionaras nmaHHpIMH 00 MHTEHCHUBHOCTH (DUIBTPALIMOHHBIX TOTEPHh B 3aBUCUMOCTHU OT
HAMopa, TO €CTh TEKYIIEro HANOJHEHUs BOAOXPAHMIHUINA, B 0aJlaHCOBOE ypaBHEHHE BHOCHTCS
BEJIMYMHA MOTEPb, KaK MPOU3BEACHHE CIIOS MTOTEPh ISl JAHHOIO MOMEHTa BPEMEHH Ha TEeKylllee
3Ha4YeHHE TUIOIIA/IU 3epKaa.

AHaJOrMYHO YYMTHIBAIOTCA B pacuerax OanaHca NOTEepH Ha ucmapeHue. B orauune oT
PYCJIOBOTO BOAOXPAHWJIMILA HYXHO OIpPENeNiATh BHUIMNMOE HCIApeHue (pasHUIly MEXIy
UCIIApEHHEM C BOJHOM TMOBEPXHOCTHIO M OCaJKaMH Ha IUIOMIA[b 3€pKaja), a He
JIOTIOJTHUTEIILHOE.

3a OCHOBY pacuera cCJOS HCIapeHus TMpuHsATa o0000meHHas ¢opMysa, IMMOJTydYeHHas
b./1.3aiikoBbivM, A.Il.bpacnaBckum u O.A.BUKyIMHOH, U METOAMKA pacueTa BXOJAIIMX B ITY
dbopMyInly mapamMeTpoB, OCHOBaHHAsl Ha MCIOJIb30BAaHUHM METOJ/la TEIIOBOro OanaHca C y4eToM
TpaHc(hOopMaIMK METEOPOIIOTUIECKHUX 3JIEMEHTOB Ha/l BOJHON MOBEPXHOCTHIO.

Hannas dopmyna st E; MM/cyT. umeeT BU

Es = 0,14(eg - e200)(1+0,72*w09) (%),

I/l ) — MaKCHMallbHasi yIPYTroCTh Mapa Mpu TemIepaType MOBEPXHOCTU BOAbI, MO; €20,
W200 - BIQXHOCTb BO31yxa (MO) U ckopocTh BeTpa (M/c) Ha BeicoTe 200 ¢M Haj MOBEPXHOCTHIO
BOJIBI.

JUiist MaJIBIX BOZOEMOB, C IUIOMIA/bIO 3ePKaa 10 5 KM:

E, = Ex*K,*K;*B mm/ro, (6),

rae Ey) - mcmapenme ¢ OacceifHa rmromanpio 20 M, orpeensieMoe M0 MHOTOJICTHUM
HaOmoneHusiMm win no kapre; Ky, K, [ - mompaBounsie koddduiMeHTHl Ha TIyOUHY,
3alMIIEHHOCTh U IJIOIIa/1b BOJOEMA.

Ecniu B o0mem BogHOM OanaHce BOJOXpaHHWIMWINA TIOTEPH HE3HAYUTENbHBI, OHU
YUUTBHIBAIOTCS YIIPOLLEHHO U IPUHUMAIOTCS B pa3MeEPE UX CPEAHETO MHOTOJIETHETO CIIOSI.

ITorepu Boabl Ha JIbO000pa30BaHUE MPEACTABISIIOT COO0M KOIUYECTBO JIb/A, OCEBLIETO Ha
Ocperax mpu 3uUMHEH cpaboTke BogoXpaHwiuIia. lloTepum BOABI Ha JIbIOOOpa30BaHUE
UCUHCTISIIOTCA TI0 popmyie:



Q,J _ (Fm' — in )h.w'a (7),
At,

rae Fui u Fyi - mnomane 3epkaia BOJOXpaHWIIUINA B HA4AJIE M KOHIIE PACUETHOI'O HHTEpBaja
BpeMeHu Atj; h, — TonmMHa JbJa B pacueTHOM HHTEpBaie BpeMeHHU At;; a - OTHOLIEHHE
IUIOTHOCTEH BOJIBI ¥ JIbA; OOBIYHO NPUHUMAETCS] PABHOE €IUHUIIE.

TonmuHa 1A 3aaeTCsA A KaXIO0TO paCYeTHOTO MHTEPBAJIa BCEX JIET PACYETHOIO PAa.
[Ipu oTcyTcTBUM 3UMHEH CpPabOTKM BOJOXPAHMIIUINA WU MIPU 3UMHEM €0 HAIIOJIHEHUH MOTEPh
BOJIbI Ha JpJj00oOpa3oBaHue HeT. [loTepu BoJbl Ha JIbA000Pa30BaHHUE SABISAIOTCS IOJHOCTBIO
BO3BPAaTHBIMHU, T.€. JI€[, OCEBIIMI 3UMON Ha Oeperax BOJOXpAaHWIMIIA, BECHOW TaeT M
YBEJIMUYUBAET BOJIHBIE PECYPCHI.

Bnuanue pexcuma nanocoé na ypghpekmusnocmso peyiupoeanus

Kak u B cimyyae pycioBOro BOJOXpaHWIUINA CYIIECTBYET MpolieMa OTI0KEHNUI HAHOCOB B
BOJOXPAaHWIMILE, YTO IPUBOJUT K 3aWICHUIO EMKOCTM M CHWKECHHMIO pPETYJIHMPYIOLIEH
CITOCOOHOCTH BOJIOXpaHWJIUINA. B KOHCTPYKIIMH BOJ03a00pHOTO COOPY)KEHUS HEOOXOIMMO
npeaycMaTpuBaTh BO3MOMKHOCTH 33JI€p)KaHUSl HAHOCOB, a BOJOXPAHWJIMILE JIOJDKHO OBITh
00€CreueHo CUCTEMOM ONMOPOXKHEHUs KaK B aBapUHUHBIX CUTyalMsX, TaK U C LEJbI0 IIAHOBOU
OYHUCTKH OT JIOHHBIX OTJIOKeHHH. Kpome Toro, nomkeH ObITh yCTAaHOBJICH MEPTBBHIM 00BEM ¢
IIPOEKTHBIM CPOKOM 3aWJICHUS.

B Tperbeii riiaBe npencTaBIeHO ONMCAHUE UMUTAIMOHHON MOJENH, JAIOTCSl MHKEHEPHAas
M MaTeMaTU4eCKas ITIOCTAaHOBKHM 3a/1add, OIHCAHHWE aJIrOpuTMa HMMHUTALMOHHOW MOJEIN
BOJIOXO3SIICTBEHHOW ~ CHCTE€Mbl ~ HAJUBHOI'O  BOJOXPAaHWIMINA, TMOPSJOK  paboThl U
PEe3yJIbTUPYIOIIAs Bb1aya.

Huoicenepnasa nocmanogka 3adauu

WmxenepHass mocTaHOBKA 3amaun (popMysmpyeTcs ciaexyromuM obpazom: «OmnpenenuThb
HOJIE3HBI 00BbEM M paccuuTaTh PEKUM PEryJMpOBaHUS CTOKAa B HAJMBHOM BOJOXpPAaHWIIHUIIE,
KOTOpOE SIBJIIETCS. TapaHTOM BOJOOOECIICYCHHs BOJIOXO3SHUCTBEHHOTO KOMIUIEKCA MpH
HalMEHBIIMX 3aTpaTaXx Ha CO3JaHMe BOJOXO3AHCTBEHHOM cucremsl. Bojonorpebdiaenue
onpejensercss CyMMapHbIM OOBEMOM 3ampoca BOJAONOTpeOUTENeH, BXOJAIIMX B COCTaB
KOMILJIEKCa. 3a OCHOBHOM KpUTEpHUH YJOBIETBOPEHHUS KOJUYECTBEHHBIX TpeOOBaHHM K Boje
NPUHUMAETCS TIPUBEICHHAs 0OecneueHHOCTh (popmyisl 1, 2). Kpome Toro, B Mozienu BBOJUTCS
noBepouHblii kputepuid HagexHoctd R (RELIABILITY), ucnons3yeMslii B psae 3apyOesKHBIX
npoekToB. JlaHHBIM Moka3arenb (UKCUpPYET OOBbEM TIapaHTUPOBAHHOW BObI, IEpeIaHHOU
HOTPEOUTENIO 32 MHOTOJIETHE, B 10JIIX FrapaHTUPOBAHHON 0TJauu. Pe3epBoM BOJHBIX pECYypCOB B
30HE M3BIATHUSI CUMTAETCS OOBEM BOJbBI, IPU KOTOPOM OCTATOYHBIN CTOK pEeKH OOecredyuBacT
XO03MCTBEHHBIE U HKOJIOTHUECKUE MMOTPEOHOCTH OacceiiHa-10Hopay.

PaccmarpuBaemass BXC cocTouT M3 Tpex OCHOBHBIX OOBEKTOB: BOJOTOK, M3 KOTOPOTO
3a0upaeTcss BOAA, TPAaKT BOJIOMOAAYM K HAJMBHOMY BOJOXPAHMJIMILY, BOJOXPaHMIMIIE,
BOJIOXO3SMCTBEHHBIN KOMIUIEKC.

Mamemamuueckasa nocmanoexka 3aoauu

CooTBeTcTBYIOLIas HH)XEHEPHON ITOCTAHOBKE pacyeTHasl CXeMa BKJIH0YaeT BOJHBIA OOBEKT,
U3 KOTOPOro 3abupaercss BOJa, BOAOXPAHWJIMILE M YCIOBHBIH KOMIUIEKCHBIM moTpedutens W

(puc.1):

So W“-T' SO = Sl 2 Scan + WH.T.

1@ L

Puc. 1. PacueTHas cxeMa UMHATAIIMOHHON MOJIETIN



Sp — MOPUTOK K CTBOPY HU3BATUSA; Scoy — CAHUTAPHO-IKOJIOTMYECKUE TOMYCKU; q —
IPOMYCKHAsi CIIOCOOHOCTh TpakTa; Wy, — BOJIONOTPEOICHNE B HIKHEM TEUYEHUH; S| — 00beM
IPUTOKA K BOJOXPAHUJIHUIILY C YIETOM BO3MOKHOTO U3BSATHS U MPOIYCKHOM CIIOCOOHOCTH TpakTa
BOJIONIOJIaYM; + AV - peryjaupoBaHue npuToka, W — KOMIUIEKCHOE Bojonorpednenue; L. =
Waep*he — IOTEpU HA HCHAPEHUE; TOE Waep — IUIOMIAAb 3€pKana; he - HHTEHCUBHOCTh BUAMMOIO
ucnapenus; Ly = waep™hs - morepu Ha dunbrpanuro; hy — MHTEHCHBHOCTH (UIBTpPaLUM Ha
MOMEHT CTa0WIM3allMd TUAPABIMYECKOTO peXHMa II0CIE€ OKOHYAaHMS CTPOMTEILCTBA
BOJOXpaHMIMIa; L = wsep*h; — morepu Ha npnoobpasosanue; h; — Tonmuna paa.

Ha cxeme moka3aHbl Takke CHCTEMa aBapUHHOIO OINOPOYKHEHUS €MKOCTM M CHCTEMa
cOpoca M3JIUIIKOB BOJBI ¥ CTOYHBIX BOJ BOJOXO3SIHICTBEHHOI'O KOMILJIEKCA.

O06006m1as ypaBuenue (3) 11s ciaydas HUIMBHOW €MKOCTH, ITOJTy4aeM

V=1(0, Q. Q> S. Cp 1o 0. P W) (8),

riae Op - pe4HON CTOK; Jyem - OCTATOUHBIN PACXOJ MM TPAH3UTHBIM IOIYCK HHMXKE CTBOpA
u3bATUSA; Oy - IPOIYCKHAS CIIOCOOHOCTH TPAKTa BOAOINONAYM K BOJOXPAHUIMILY; S - 00BEM
peanpHOr0 NPUTOKA B BOJOXPAHWIMIIE, XapPAKTEPU3YIOLIMKCA  YCEUYEHHOM  KPUBOHU
pacrpenenenus BEpOATHOCTEN; ¢ - IOKa3aTellb H3MEHYMBOCTH IIPUTOKA K BOAOXPAHUIIUILY; f

- IIOKa34aTeCJIb aBTOPEIPECCUN IIPUTOKA, ¢ - NApaMETP BHYTPUTI'OAOBOTO PACHPEACICHHUS [IPUTOKA

K BOJOXPAaHWIHUILY; P - 00€CIICYeHHOCTh YIOBJICTBOPECHHs TpeOoBaHMii; W - rapaHTHpOBaHHAs
0T/1aya BOAOXPaHIINILA.

OueBnHO, YTO MapaMmeTpbl NPHUTOKA MOMHMO €CTECTBEHHBIX 3aKOHOMEPHOCTEH, HECYT
BIIMSIHUE TPOEKTHBIX PEIIEHUH KaK C TOYKU 3PEHHS] CAHUTAPHO-IKOJOTUYECKOI'O COCTOSTHUS
30HBI U3BATHUSA, TAK U MPOIYCKHOM CIIOCOOHOCTH TPAKTA.

Ypasnenue 6oooxozaiicmeennozo oananca

Jnis omnucaHusi pexuma CpaOOTKH - HaIlOJIHEHUS BOJOXPAaHWIWINA B JHUCCEpTaLUU
WCIIONIb30BAHO YPAaBHEHHE BOJOXO3sIICTBEHHOTO OanaHca B nuddepennmansHoii Gopme (6e3
ydeTa (yHKIIMU TOTEPh Ha JIbI000pa30BaHKE, CYIIECTBEHHO YCIOXKHSIONICH GopMy 3amucu, HO
HE UMEIOILEeN MPUHIUITNATIBEHOTO 3HAUYCHHUS ):

[9() = Q)] -dt =aV + a(H) - [h, () + b, (H))]-dr
NPUHUMAS , YO ITIeMEHMApH oe npupawerue obvema 6 éodoxpanuruwe dV = w(H)-dH

noaydaem : (9),

%w(z)—g(r)—ww%[he<f>+hs<H>] ;W

o)L =400 = 00 = Xt -[ 1 () + hy (1) ]
20e H(t) — Heuzeecmmnas hpyHKyus Ommemxy HANOIHEHUs

rae: V(H)- ¢yskums tekymux oObemMoB Bojoxpanmnuima; o(H)- Oarurpaduueckas
byukums miomanu 3epkana; Q(t) - rmaporpad komruiekcHoro BogomorpeOnenus; hg(H) —
WHTCHCHUBHOCTh (PUIIbTPAlM HAa MOMEHT CTaOWIM3allii TUAPABIMYECKOTO pPEeXuMa IOcIe
OKOHYAHHUS CTPOUTENBhCTBA BoAOXpaHwmma (m/c); q(t) — GyHKOUS BoaOMOAaud B
BOJIOXPAHWIHIIE C YYETOM MPOMYCKHOW CIIOCOOHOCTH TPaKTa; he(t) - HNHTEHCUBHOCTH BUANMOTO
ucrnapenus (m/c).

Pemienne mpuBeneHHOTO BHINIE HETMHEHMHOTO AU(PEPECHIINATHHOTO YPAaBHCHUS HE UMEET
MPAKTHYECKOTO 3HAUYEHHUS, I03TOMY B OCHOBE PacyeTOB JIEKHUT YPaBHEHUE BOJOXO35ICTBEHHOTO
OanaHca /171 KOHEUHBIX HHTEPBAJIOB BPEMEHHU:

Si+Av-Ls-Le-Li- W=0 (10),

rae Si- o0beM IPUTOKAa K BOJOXPAHWIUILY C Y4€TOM BO3MOKHOTO U3BATHUS U3 PEKU U
MPONYCKHON CIMOCOGHOCTH TPAaKTa BOJOMOMAYH, M> + AV - PErylIMpOBaHHE MPHTOKA, M, L -
noTepy Ha (GUIBTPAIIO, M; L, — IOTEpH HA HCIAPEHHE, M°; L; — MOTEpH Ha JIb1000pa30BaHue,
M°; W — KOMIUTEKCHOE BOZOIOTpeOeHue, M. Ypasrenue (10) HCKIIOUaeT XOIOCTBIE COPOCHL,
UCXOJS M3 TOrO, YTO TPH IOJIHOM HAMOJTHCHHH €MKOCTH BOJIOTIOJada MPEKPAIAeTcs, a CTOK
MPOIYCKAETCs] TPAH3UTOM I10 PEKe.



Jlnst Goupliield 4acTH BOJOXO3SMCTBEHHOTO T0/a MPUHUMAIOTCS MECSUHbIE HHTEPBAJIbI
BpCMCHH, a B IICPUOJ BBICOKHX BOJ BbIIIOJHACTCSA p836I/IBKa Ha ACKAaJIHBIC, IIpHU BBICOKOH
HCPAaBHOMCPHOCTHU HAa NNCHTAAHBIC 1 CYTOUHBLIC HHTCPBAJIbI.

dopmanuzanys MaTeMaTHYeCKOM MOCTAHOBKU 3a/1auMl MPEACTaBIEHA HIDKE.
Z = K(V,q) > min— @yrkyuonan 8 3aoaue onmumuzayu u,
NPUHUMAemc si N0 KANUMAlbHbl M 3AMpPamam , 20e

V =f(q,P,) —o0vem 6000xpanun uwa uwemcs Kax QYHKyus om nponycKHoil cnocoorocm u

U YCMaHo6/eH HblX Kpumepues NOKpblmusi

Ozpanuuenu 5 6 3a0aue :

W, <W,<W, . —e600onomped nenue i— 20 nompebdumen s 8 KA}COOM UHMepPBane BpemeHu
P,W,2W,,)=P, - @axmuuecka 3 8EpPOAMHOCM b npeeviuleHsl npoexmHuIx
mpebosanuil i — 20 nompebumen s O0ANCHA  OblMb He MeHbule e20 npoexmHou
obecneueHH ocmu NOKpbImMus no yucny becnepe0oii Hblx em

9mMo mpebosanue 3aMeHAeMCsa SKEUSANEHN HblM MPedosanue M

N0 NpuseoeHHo i obecneueHH ocmu

P,(W > WZ )P,

R, = R,, —nadedxcnocms mHo2071€mHe 20 600000€che UeHUs KOMNIEKCA

Voo <V £V .. —0bvem 8000XpPaHUN UWA He Moxcem Ob1mb

bonvute MaKCUMANbH O monozpagpuy eckoti emKocmu

rae q — NpOIyCKHas cnocoOHocTh TpakTa; Py — dakrhueckas obecneyeHHocTs; P, —
npuBeJIeHHAs 00eCleueHHOCTh; V — 00beM Bojoxpanunuiia; K — kanutanbHbie 3aTpathl; Z —
neneBass (PyHKIMS, 3aBHCHUMOCTh KaNHUTAIbHBIX 3aTpaT oOT oOBeMa BOJOXpAHWIUIIA U
MIPOITYCKHOM CITOCOOHOCTH TPaKTa BOJOIOIAYH.

B umcrmo xpurepueB Mojenu moOaBiIcHA MHOTOJICTHSS HAIEKHOCTH BOIAOOOCCIICUCHMS,
JIOCTAaTOYHO MIUPOKO MPUMEHSIEMAs 32 PyOeIKOM.

N
1 Z W
N W,

rae W, —Qakrndeckas OTAa4a BOJOXPAaHWIMINA B 1 —OM TOAy, HE INpPEBbIIAOLIAs

(1D),

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

BOJIOIIOIAYH.
O4eBHIHO, YTO AHAJIWTUYECKOE PEIIEHUE aHHOM 3aJayl MPaKTUYECKH HEBO3MOXKHO.
EnuHCTBEHHBIM CIOCOOOM SIBIISIETCS BapUAHTHBIM pacueT ¢ HOMOIIBI0 MMUTAIMOHHONW MOJIEIH.
brok — cxemMa KOppeKTHpyeTCs B COOTBETCTBUM C pEAJIbHBIM YHCIOM TO3MILIHH,
IIPEJICTaBJIEHA HA PUC.2.
@OyHKIMS 3aTpart, NPUHATAs B JAHHON BEPCUM MOJIETIH, ObITh MIPE/ICTABICHA B CIEAYIOLEM
BUJIE:
K(V,q)=K,(V)+K,,(q) (12).

CyMmMapHbIe 3aTpaThl CKJIaIbIBAlOTCS U3 JIOKAIBHBIX 3aTpaT no Bojgoxpanmwinnyy Ky(V) un no
co3faHuio Tpakra Bojonoaauu Kip(q). 3aBucumocts K = f(V) annpokcumupopaHa JuHEHHOM
(byHKIMEH METOIOM HaUMEHBIINX KBaJApaToOB, OpUeHTHPYsich Ha pekoMmeHaanuu U.C.111axoBa.

K,=a-V+5b

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

o _,
Oa
aD:O

b



azl V:+ sz‘ V., - Z KV.=0

aZn; Vi+b-n—Zn;K[=O

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

MMuranuoHHas BOO0OX03IMCTBEHHAS MOJICIIb

v

baza maHHBIX |

y
| Kputepun moxpertus |

| MHoroseTH!I BOJAOXO03sIMCTBEHHbII OajlaHc I

Y \

V=f@V) | [ K(V.0) = Ke(V)+Ken(@) |

[IpaBuia ynpasnenus |

A
| Brlgaya pe3ynpTaToB |

Puc. 2. biiok-cxemMa IMHUTAITMOHHON MOJECIIH

CronMocCTh MOABOJIALIETO TPAKTa HANIPSIMYIO CBS3aHA C €ro MPOIMYCKHON CIIOCOOHOCTHIO U
3aBHUCHT, B 001IEM, OT TeX ke (PaKTOPOB, YTO M CTOMMOCTh BOJOXpaHuiuil. Kpome 3Toro Biuser
caMO KOHCTPYKTHBHOE pEILIEHHE - KaHajl, TyHHelb, TpyoOompoBoi. Kak yxke ormeueHo, B
JUCCepTallii MCHOJIb30BaHbl PEKOMEHJAIMU IO OMPENENICHUI0 KalUuTaJIbHBIX 3aTpaT B Clydae
tepputopuanbHoro mnepepacnpeneneaus croka (M.C.lllaxoBa «Bomubie pecypcel W HX
parmoHansHOe Hcnoib3oBaHue» ExarepunOypr, 2000r.) B yacTHOCTH KanmuTaabHBIC 3aTpaThl HA
OJIMH KUJIOMETP TPACChl COCTABIISIOT:

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

K =8.26-¢9'" — ona kanana

Jns pybonpoBona: K, =K, +K,,=00476V +7.567+57-L-¢'”

Jlist KaHana: K. =K, + K, =0,0476 -V +7.567 +8,26-L-q""

rjae L - qinvHa moABOSIIEro TpakTa, KM.

TeXxHUKO-25KOHOMUYECKHI pacueT BBINOJHAETCS Ha OCHOBAaHMM KPHUBOW, BCE TOYKHU
KOTOPOW /AT OJMH M TOT K€ BOJOXO3SHUCTBEHHBIM 3(PQPEKT MPU pa3IMUHBIX COYCTAHUSIX
MPOMYCKHOM CIMOCOOHOCTH ( M eMKocTH V. B psnme ciaydaeB MOXHO amnmpOKCUMHUPOBATH
¢yskuuto q = f(V) ¢ momompio runepOooIMYecKord 3aBUCUMOCTH CPEIHEKBAIPATHICCKUM
CTIIa)KHBaHHUEM.

q; m

q max V’
V max

IZle M — IPOU3BOJIbHAS KOHCTAHTA, ONPEIEISIIOIIAACS B PE3YJIbTaTe AllIPOKCUMALIAN; (max
U Viax — MAKCUMAJIBHBIE 3HAYEHUS U V U3 PE3YyJIbTATOB SKCIIEPUMEHTA.

CpenHeKBaApaTUUECKOE CIVIAKUBAHUE BBIINOIHAECTCA 10 CEPUM  OKCIIEPUMEHTAIBHBIX
TOYEK.



max

Takum  00pazoM, OMpENENAIOTCS  3aBHCUMOCTH, HEOOXOAWMBIC JUISI  PEIICHUS
ONTHUMH3AIMOHHON 3a1aUH.

Ha ocnHoBe Oosbmioro o0beMa HMMHUTAIMOHHBIX pAcdye€TOB M BOJEBBIX PEIICHUI
MIPOEKTUPOBILMKA HA3HAYAIOTCSl pallMOHAJIbHbIE NTapaMeTPhbl BOJOXO3MCTBEHHON cucTteMbl. Jliis
BBIOpAHHOTO BapuaHTa pa3padaThIBAETCS NUCIETYEPCKUN TpaduK, MPU MOCTPOSHUU KOTOPOTO
paccMaTpuBaIOTCs TOAbl C HAaUOONBIIMMU JAe(UIIUTAMU, TOCIIE YEro 3aHOBO MEPECUUTHIBAETCS
BOJIOXO3SIICTBEHHBIN OajaHC, HO YKe ¢ yUeTOM TUCTIETUEPCKOro rpaduka.

CrpykTypHas cxeMa MOJIeNIM MPEJCTaBIeHa Ha puc.3.
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Puc. 3. CtpykTypHas cxema IMUTallMOHHON MOJIENH

B nporpaMMy MMHUTAIMOHHON MOJENH HATUBHOTO BOAOXPAaHWIIMINA BBOASTCS CICTYIOIINE
UCXOJHbIE TaHHBIE:

1. ITapameTpsl cTOKa: S, Cy, Cs, .

2. 'maporpadsl xapakTepHBIX TTO BOJHOCTH JIET.



3. O0beM ® peXHM BOJONOTPEOJCHUS TMOTpeOUTENel, MOJKOMAHIHBIX HATUBHOMY
BOJIOXPAHUIIHIILY.

4. CaHATapPHO-IKOJIOTHYECKHE TIOITYCKH B PeKe HIDKE BOI03a00PHOTO THAPOY3Ia.

5. [IpomyckHasi cmocoOHOCTh TpaKTa BOJIOMOJa4H K HATUBHOMY BOJIOXPaHMIIUIILY.

6. Crioii moTepb BUJMMOTO UCIIAPEHHUS.

7. OunpTpallMOHHBIE TOTEPU HA MOMEHT CTa0MJIU3AIMK THIPABINYECKOTO PEKMUMA B BUJIE
KPUBBIX HUHTCHCHUBHOCTH (DMIIBTPAIIH B 3aBUCUMOCTH OT OTMETKH HAIIOJTHCHUS BOAOXPAHMIIHINA.

8. Ilorepu Ha nBI000Opa3OBAHHUE.

9. barurpaduueckre KpUBbIC BOAOXPAHMIIHIIA.

10. MepTBbIit 00beM Vypmo, TOTE3HBIH 00beM Vi, (BapHAHTHO).

11. MHOTONETHNH pacueTHBIN sl MECSYHBIX 00BEMOB CTOKA PEKH.

12. CpelHEMHOT OJIETHUH CTOK.

13. ObecredeHHOCTh MOKPBITHS MTOTPEOUTENICH BOION U IPUBEACHHAS 00ECIICYCHHOCTD.

14. JlnnHa MarucTpanbHOTO BOJIOBOAA.

15. HapexHnocth mioauw, reliability.

Pesynprarel pacueToB ¢ TNPUMEHEHHEM UMHUTAIMOHHBIX MOJENed I[MOMUMO  TOJHOU
CTaTHCTUYECKON OOpabOTKH JIOJDKHBI MMETh OJIHY - JIBE CBOJHBIX TaOJIUIIBI, MTO3BOJISIFOIIMX
OBICTpPBIN aHAINU3 BAPHAHTOB UMUTAIIMOHHOTO SKCIIEPUMEHTA JIJIsl MACCOBBIX pacyeToB. Hannuue
CBOJIHOM TaONHIIBI PE3yIbTaTOB HEOOXOIMMO TaKXKe MPU aBTOMATU3MPOBAHHOM IOCTPOCHUU
mucrneryepckoro rpaduka. Huke mnpuBOASTCS MakeThl OCHOBHOM CBOJHOM TaOMUIBI U
BOJIOXO3SIMICTBEHHOTO OajlaHCa MOJICIIEHOTO SKCTICPUMEHTA.

B ocHOBe WMMUTAIIMOHHBIX MOJENEH JIEKUT IMOCTBOPHBIA BOJOXO3SUCTBEHHBIN OaaHC.
[TockoJibKY B TaHHOM CJTy4ae pacCMaTpPUBAETCs OJIMH CTBOP, OAIAHC BBITIONHSIETCS B MPUBSI3KE K
CTBOpPY BOJOXpaHWIHUINIA. B pa3paboTaHHOIl Mozenu BepcHs BOJOXO3SHCTBEHHOro OallaHca
npezcTaBieHa B Tabnmue 1.

Tabnuma 1
Pacmionaraemeie BOZHBIE peCypCh
1 2 3 4 5
IIpuTok Kk cTBOpY CaH.-3KoJIoT. Bo3moxHBIi
roJbl MECALIbI BO03a00pa TIOITYCKHU 00BeM Boo3abopa
So(t), MTH.M® S,(t), MTH.M® S(t), MmH.M®
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HAJIMBHOTO BOJIOXPaHUIIUINA
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TpakTa BOJIOBOJIA P AKKYMYJISIIHS
Si(b), MITH.M SiL(t), MITH.M® Si'(t), MITH.M® AV, MITH.M SiL-AV), MITH.M
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PacueTHble TpeOOBaHMS K BOJAHBIM pecypcaM Pesyneratel BXb
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CBopHas TabnuIa pe3yIbTaToOB dKCIIEPUMEHTA MPe/ICTaBIeHa B Tabnuie 2.
Tabmuma 2

Viy, | q=_ wmic q=_ wmic q=_ wmic g= ™mlc qg= ™mlc
MIH.M P, % P, % P, % P.% P.% Pon%

[TomuMoO TabmUIl pe3yabTHPYIONIAs BhIaua COACPKUT HAOOP KPUBBIX OOECIIEUYCHHOCTH U
AQHAJTM3UPYIONINX 3aBHCHUMOCTEH, HEOOXOMWMBIX i TpUHATHS pemeHud. [padudeckuii
MaTepuas yKa3aHHOIO CBOMCTBA MOKa3aH B 4 U 5 riaBax.

Opna u3 BepcHil MOJIETI OPUEHTUPOBAaHA Ha yYeT MEPEMEHHOT0 BOAONOTPEOIEHUS MyTEM
BBEJICHUS MMOMPABOYHBIX KOAIPDHUIIUEHTOB, YUUTHIBAIOIINX YPOBEHb €CTECTBEHHOTO YBIAKHEHUS
MOYBBI IO MHOTOJIETHEMY PSIAy OCaJIKOB, CBOMCTBEHHOTO TaKOW OTpaciv Kak opoiieHue. [Ipu
3TOM BOJOMOTPEOICHUE MO TOAaM MHOTOJIETHETO pPsiia YCTaHABIMBAETCS B 3aBUCHUMOCTH OT
nedunmTa BogHOTO Oanmanca pactenuid (puc. 4). B pa3paboTtaHHON MOJEIH IPUHSITA CIIeTyIOast
METOJIMKA: BECh PsJ pa30MBAETCs HA TPYIIIBI JIET, OJM3KUX MO 00ECTIEYCHHOCTH OCAJIKOB, M JJIs
KOKIOW M3 Tpynm BBOJATCS KOI(PPUIMEHTHI BOJONOTPEOJICHUS, KOTOpblE M 3a/Jal0T €ro
M3MEHYMBOCTH B MHOTOJIETHEM Pa3pe3e.

ArnpoOarusi BepCcUH TakKe BBINOJIHEHAa Ha pacCMaTpUBaEMbIX NMpuUMepax B 4 U 5 riaBax.
[IpunsTa yIpoIrieHHas METOIMKa ydeTa IePeMEHHOTO BOJOTIOTPEOICHHUS.
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Puc. 4. 3aBucumocTs K03 puiiieHTa BOAONOTPeOIeHUs 0T 00€CIIEYeHHOCTH
TPy JIET 10 ocaakaM (YIUThIBAaeT ASPHUIIMT BOAHOTO OajlaHCa PACTCHHMA
0 BEJIMYMHE ECTECTBEHHOTO YBIIQ)KHEHUS ITOYBHI)

B 4erBepTOii riIaBe TpUBEIEHBI PE3yJbTaThl AKCIEPUMEHTAJIbHBIX HCCIEAOBaHUN IS
BapHaHTa HAJIMBHOTO BOJIOXPAHWIIWINA B HIDKHEH yacTw OacceitHa peku Camyp, paccka3aHo O
MPUPOTHO-KIMMATUYECKUX YCIOBUSAX JaHHOTO OacceliHa, 00 SKOJOTMYECKUX MpoliemMax
OacceifHa peKu, pacCCMOTPEHA BOJOXO03SHUCTBEHHAS OOCTAaHOBKA PETHOHA.

B 0OacceitnoBoii cxeme Camypa (1982 roma) oguH U3 BapuaHTOB BOA0OOOECICUECHHUS
peruoHa TPEIoaraeT CO3/laHue PETryJIUPYIONIE €eMKOCTH B OJHOM M3 €CTECTBEHHBIX
NOHIKEHUN Mexaypeubss pek Camyp u ['rombrepbryail. OTOT BapuaHT HE  sBIIETCSA
cymecTBeHHbIM ¢ Touku 3peHuss BXC Camypa, HO JOCTaTOYHO yAOOEH B KadyecTBE MpUMepa
WCIIOJIb30BaHUS MOJIETIH.

Kinumar Teppuropun 3aMeTHO MEHSIETCS B 3aBUCHUMOCTH OT €€ BBICOTHOTO MOJIOXKEHUSI.
bBacceilin xapakrepusyercs pa3BUTHIM OpPOIICHHMEM W 3HAYUTENbHBIMHM 3aTpaTaMU CTOKAa Ha
MIPOMBINIIICHHO-KOMMYHAaJIbHOE BOJIOCHAOKEHNE (AMIIIEPOHCKUN TTOTyOCTPOB).

B umuranmonnoit monenu Ha pexke CaMmyp CpaBHUBA€M M pPAaCCUMTHIBAEM JIBa BapHaHTa
BOJIOINPOIYCKHOTO TPaKTa: KaHal U YYTYHHBIN TPyOOIIPOBOJ], M BEIOMpPAEM HAWITYUIIUN BapUaHT
10 KalUTaJbHBIM 3aTpaTaM.

OtpacneBbie TpeOOBaHUS BOJOCHAOKEHUS U PETYISPHOTO OPOIICHHS IPUHSTHI B IPUMEPE
HAaMEPEHHO BBICOKMMHU, IMOCKOJIBKY COOTBETCTBYIOT YPOBHIO IPOEKTHOTO 3ampoca CyObEeKTOB
BOJIOZICIICHUS, a C IPYTOM CTOPOHBI MO3BOJISIFOT alipoOUPOBATh MOJIENb IS YCIOBUM TTyOOKOTO
MHOTOJIETHETO PETYJIUPOBAHMS CTOKA.

BBoastcs ciieyronue uCX0IHbIE TaHHbIE:

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

- 00beM U pexxuM BogonoTpedneHus: Wy, = 780 MJIH.M3; Wop = 540 MITH.M

- CAaHUTAPHO-DKOJIOTHIECKHE TTOMYCKHU B PeKe: Scop = 699,20 MITH.M®



- CJIOM TOTeph BUAUMOTO UcTapeHust: hy,; = 0,509 m

- (punpTpanMoHHbIe TOTEpH: 3a1at0Tcs rpadukom 3aBucumoctu Q=f(V)

- Oaturpaduyeckre KpUBbIC BOJOXPAHIIINIIIA

- MepTBBI 00beM Vyyo = 30 MITH.M®

- MHOTOJICTHUH PacUeTHBIN PsiJi MECSYHBIX 00BEMOB CTOKA PEKH 110 MECSIaM

- CPEITHEMHOTOJIETHUM CTOK: Qcp = 2245 MITH.M®

- 00ecneYyeHHOCTb NOKPBITUSA: Pop = 75 %0; Pyey = 95%.

- JUIMHA oABOAAIIEro TpakTa: L = Skm.

Pe3ynbTarhl 3KCiepUMeEHTa BKIIOYAIOT:

1. Kpuble 00ecriedeHHOCTH MPOEKTHON TapaHTHUPOBAHHOW OTAAYM MPH Pa3IUIHON
IPOMYCKHOM CIOCOOHOCTH TPAKTA .

Py = 86 %.

KpuBble o6ecne4eHHOCTU NPOEKTHOMN
rapaHTMpPOBaHHOII oTAauYM Npu q=120 m°/c
1400 -

Kpusble 06ecney4ye HHOCTU NPOEKTHOM
rapaHTMpoBaHHOW oTAaum npu q=150 m’lc
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Puc. 5. KpuBbie o0ecrieueHHOCTH MPOEKTHON FrapaHTUPOBAHHOMN OT/Iauu
o 3
IpY OPOIyCKHON criocoOHOCTH TpakTa q = 120 u 150 m™/c.

W3 nguamazoHa KpHBBIX oOecreueHHOCTeH BbIOpaHbl aBe HOMorpammbsl ais 120 u 150 M/c
(puc.5). U3 rpadmkoB BUAHO, YTO UMes MPUBEJCHHYIO 00ECIIEYeHHOCTh paBHYI0 86% naxe npu
Viny = 1600 MIH.M® | MIPOMYCKHOM crocoOHOCcTH TpakTa 120 M°/C MBI HE MOXKEM MOIHOCTHIO
obecrieunth MOTpebUTENeH BOIOH, a IIPH IPOIYCKHON CIIOCOOHOCTH Tpakta q = 150 M’/c u
eMKOCTH Vypy = 1200 MITH. M’ OyAyT yI0BIETBOPATHCS TPeOOBAHUS BOJIOTIOTPEOUTENEH.

2. KpuBbie MaKCUMaNbHBIX IE(PHUIIMTOB MPU Pa3TUIHBIX  (pHUC.6).

PaHX1poBaHUe MakCUMas bHbIX AeduumToB
npum q =120 m’/c

PaHxuposaHue MakcumanbHbIX aeduumutos
npm q =150 m’/c
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Puc. 6. I'paduku, nokaspiBarolire KpuBble MAKCUMAaIIbHBIX AE(PHUIIUTOB
npu q = 120 u 150 m’/c.

[IpuBeeHHBIC TaHHBIC MMO3BOJISIOT CYIUTh O TUIyOWHE TIepe0OoeB 3a MpeIeIaMHi PacueTHON
00ecre4eHHOCTH B HanboJiee MaJIOBOIHbIE TEPUO/IbI MHOTOJIETHETO Psijia.

3. Benomocts (Tabnuna 3) W3MEHEHUs 3HAYCHUH €MKOCTH HAJIMBHOTO BOJIOXPAaHWIHINA B
3aBUCHUMOCTH OT IPOIYCKHOW CIIOCOOHOCTH TpakTa q U 00ECHEYeHHOCTH MOTpeOuTeNneit Bo10M.
Tak xak npuBefeHHas obecrneyeHHOCTh Py, = 86%, To BUAHO, YTO NMPOIYCKHas CIOCOOHOCTh
Tpakta npu q = 120 M°/C He yAOBIETBOPsieT TpeboBaHus norpedureneit, a npu 130, 140, 150 u
160 M’/c TpeGoBanus yaosnerBopsitores (puc.7). [1o SKOHOMHYECKIM COOOPasKEHISIM TOHSTHO,
YTO YeM MEHbIIIE MPOITyCKHAsi CIOCOOHOCTh TPaKTa U HAJTMBHOTO BOJOXPAHUIIUINA, TEM JCIIEBIIC
o0oiiieTcss MX CTPOUTENBCTBO M JKCIUTyaranus. T.e. onTUMalbHbI BapuaHT ¢ Oyzaer B
nuamnasode ot 140 mo 150 M3/C, T.K. TPU TaKUX 3HAYEHUSIX OOECMEeUeHHOCTh MOoTpeduTeseit
BOJIOM YK€ HE 3aBUCHUT OT €MKOCTH BOJAOXPAHIIIUIIIA.



Tabmuna 3

v q=120 | q=130 | q=140 | q=150 | q=160
KRy milc m3lc milc milc 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

MITH.M®

V oy =f(q)
1600 y A8 1600
1400 " s 8
= 3 1500
£ 1200 |
5 5_1400
£ 1000 | £
> > 1300 -
800
600 —_— : 1200 ‘ ‘
60 65 70 75 80 8 90 95 100 11/0_ f(q1)20 130 140 150 150
c‘ 1%8 n 128 * ,131,% P, % —&— annpoKCUMMMpYHoLL as KpmBas q, m'/c
Puc. 7. I'paduk n3MEHEHUH €MKOCTH Puc.8. I'pacduk 3aBUCUMOCTH €MKOCTH
BOJIOXPAHWJIMIIA B 3aBUCUMOCTH OT BOJIOXPAHMJINIIA OT IPOIMYCKHOU CTOCOOHOCTH
00eCIIeYeHHOCTH ITOTPeOUTENIeH BOION Tpakra 1npu Py, = 86%

4. ITo naHHBIM DKCTIEPUMEHTA OCTPOEH TpauK 3aBUCIMOCTH €MKOCTH BOJIOXPAaHHJIHIIA OT
IIPOIYCKHOM CHOCOOHOCTH TpaKTa YK€ IMpHu 3aJaHHOi oOecneueHHocT 86 % (puc.8). Ha
JAHHOM TIpauKe IOCTPOEHAa TakKe AanIpoKCUMHUpyrolas KpuBas q = m/V, rme m -—
IPOU3BOJIbHASI KOHCTAHTA, ONpPEEIIAIOIascs B pe3ysbTare anipokcuMauy. C MoMoIbo 3Ton

KpuBOH (¢ = m/V) omnpeneneHbl KaluTalbHbIE 3aTPaThl MO BOAOXPAHWIIMILY U HOJBOIAIIEMY
TPaKTYy.
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Puc. 9. I'paduku 3aBUCUMOCTH KalTUTAJIBHBIX BIOXKEHUNH OT €MKOCTH BOJOXPAHHIIUINA, €CITH
MOJIBOASIINN TPAKT KaHaJl U TPyOOIpPOBOJI COOTBETCTBEHHO

OOnacTp  ONTUMAIBHBIX ~ 3HAYEHUH  MOXKeT  ObITh  HaljieHa  MOCPEACTBOM
nudepeHIpoBaHNs aNMIPOKCUMUPOBAHHBIX 3aBUCHUMOCTEW win rpaduuecku (puc.9). Tak
hOpMasTbHBI ONTHMYM MO KaHAY COOTBETCTBYeT 918,7 MIH.M® EMKOCTH, YTO BBIXOJHT 3a
npenenbl UCCIEeNyeMbIX 3HaueHuid. B 3ToMm ciiydae oNTHMaiabHOE pEIIEHHE COOTBETCTBYET
€MKOCTH BOJIOXpaHuiuma Vpom = 1250 MIH.M . COOTBETCTBEHHO 3HAUYEHHE q = 145 M>/c.
®opmanbHbIN ONTUMYM 10 TpybonpoBoay 1945 MM . B 5TOM ClIy4ae ONTUMAJIBHOE PEIICHUE
Viom = 1200 mma.m®. CootBetcTBeHHO 3HaueHue q = 120 M°/c. DOpPMATBHBIH OMTHMYM 0OBIYHO
HE MPUHUMAETCS B KauecTBE MPOEKTHOTo peuieHus. PaccMarpuBaeTcst Bcsi 00JacTh 3HAYEHUN
napameTpa, OJIM3KUX K ONTHMAIBHOMY.

5. Jlucnieruepckuii TpaduK MOCTPOCH U3 YCIOBUI MaKCUMaIbHOW ype3ku opomreHus Ha 30
%. JIByx30HanbHbIN rpaduk npencrasieH Ha puc. 10.

Jiia oueHku 3¢ (EKTUBHOCTH TUCIETUYEPCKOrO peryiupoBaHusi Ha puc.ll mpeacraBieHb
COBMEUICHHBIE KpHUBbIE OOECHEUEHHOCTH, TMOJy4YE€HHbIE B pe3yJbTaTe€ MHOTOJETHErO
BOJIOXO3sIICTBEHHOro OanaHca i BapuaHta Oe3 NpaBWJ YIPaBICHUS U C Y4YETOM
JTUCTIETYEPCKOTO rpaduka.



AvcneTuepckuit rpacmk KpuBble o6ecne4eHHOCTU NPU NOCTOSIHHOM
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Puc. 10. ducnerdyepckuii rpadux ais Puc. 11. I'paduk kpuBbIx
00€eCIeYeHHOCTH HAJTMBHOTO BOJOXPAHMITUIIIA JI0 ¥ TIOCTIE TUCTIETYEPCKOTO rpaduka

Ha peke Camyp:
I — 30Ha noHmxkeHHoOM otaaum; 11 — 30Ha rapaHTUPOBAHHOU OTAAYH

B nsToli riaBe moka3aH MpUMEP UCIOJB30BAHUS UMHUTAIIMOHHOW MOJENU IS BapHaHTa
HaJIMBHOTO BojoxpaHmmiia [lonmuarruc B mpoekte «CeBepHbI KOHBEHep» B pecmybmuke Kump,
W3JTI0’KEHBI TIPUPOTHO-KIIMMATHIECKUE YCIIOBUSI pacCMaTpUBaeMOTo OacceifHa, IKOJIOTUIECKUE U
BOJIOXO3SIMCTBEHHBIC MPOOJIEMBI U JaHBI PE3YJIHTAThl UMUTAIIMOHHOTO YKCIIEPUMEHTA.

[Tpoekt «CeBepHOTrO KOHBEHEPa» - UCIOIB30BAHUSI YETHIPEX MaJIbIX PEK, U30BITKH CTOKA
KOTOPBIX OOBEIUHSAIOTCS B KOJUIEKTOPE ISl BOJIONO1auu B BoAoxpaHwmiie [lomuatuc, kotopoe
nepeperynmpyer 3a0paHHbIil CTOK B rpaduk BogonoTpedaenus r.Hukocuu u ee OKpecTHOCTEH.

PacueTHas cxema UMUTAITMOHHOW MOJIEH BKIIIOUAET 4 PEKH, U3 KOTOPBIX 3a0MpaeTcs BOJa,
KOTOpasi IOCTyMNaeT B BOJAOXPAHWIUIIEC TIO TPyOOIPOBOTY, a 3aTEM B 3aperyJUPOBAHHOM O00bEMe
nojaercs norpedutento (puc.12).

BBogsiTcs crienyromye UCXOAHbBIE TaHHBIE:

- TapaMeTpbl CTOKA MO YETHIPEM PEKAM.

- Wien = 6,96 MHH.M3; Wop = 5,44 MITH.M

- CAaHUTAPHO-DKOJIOTHYECKHE TOMYCKH IO YeThIpeM pekam: S.,; = 3,038 MITH.M® 3 Seon =

1,558 MIH.M"; Seon = 3,942MIH.M’; BOJOXPaHUIHAIIE S¢oy = 0,24 MIJTH.M®
-her =095 M
- (hunpTpanMOHHBIE TOTEPH: 3a1at0Tcs rpadukom 3aBucuMoctu Q=f(V)
- Oaturpaduyeckre KpUBbie BOJOXPAHUIIUIIA
- MepTBBIA 00BeM Vypo = 0,01 MJTH.M®
- MHOTOJICTHUM PACUYCTHBIN PSiJ] MECTIHBIX 00BEMOB CTOKA PEKHU IO MECsIIaM
- oTMeTKa Ha BogoxpaHumuma V . = 241 m.
- CPETHEMHOTOJIETHUM CTOK 33 PaCYETHBIN PAL: Qcp = 34,72 MITH.M®

- 0becrie4eHHOCTh MOKPBITUS: Pop = 75%; Prey = 95%. Py = 86%.
- IIMHA ToABoIsAIIero Tpakra: L = 25km.
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Puc. 12. PacuetHas cxema Jyist HAIMBHOTO Bojoxpanuinuma Ilonmaruc
1€ Scon — CAHUTAPHO-IKOJIOTHYECKUE TOMYCKU; ( — MPOMYCKHAsl CIIOCOOHOCTh TpakTa; Wy,
— BOJIONIOTPEOJICHHE B HIDKHEM TCUCHUH, Sl, Sz, S® — cToku peK; St - MIPUTOK K CTBOPY U3BSITHS,
Si— 00beM NpPUTOKA K BOJOXPAHWIHUILY C YYETOM BO3MOXKHOTO H3BATHUS M IPOITYCKHOM
CIIOCOOHOCTH TpakTa Bojomnoaaun; W — KOMIUIEKCHOe Bogomnorpednenue; L., Ls , Li — motepu Ha
UCTapeHne, QUIbTPaAIHIo, JIbI000pa3oBaHHE.



Pe3ynbTarhl 3KCIEpUMEHTa BKIIOYAIOT:
1. KpuBble 00ecrieyeHHOCTH MPOEKTHOW TIapaHTHPOBAHHOM OTJaud IpU PA3IUYHOM
MIPOITYCKHOM CITIOCOOHOCTH TpakTa q (puc.13).

KpuBble o6ecne4eHHOCTU NPOEKTHOMN
rapaHTMpoBaHHOW oTAaauu npu q=0,8 m%/c

KpuBble o6ecrne4YeHHOCTV NPOeKTHOM
rapaHTMpoBaHHOI oTaauu npu q = 1 m°/c
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Puc. 13. Kpusbie o0ecriedeHHOCTH MTPOEKTHOM rapaHTUPOBAHHON OTJa4H
TPH IIPOITYCKHOM criocobHocTH TpakTa q = 0,8 1 1,0 M™/c.

W3 rpadukoB BHIHO, YTO Aaxe OPU Vi = 50 MIHM U q=0,:8 M/C MBI HE MOKEM
MIOJTHOCTBIO 00ECTIeUnTh NOTPEOUTENICH BOIOM, a IPU MPOIYCKHOM criocoOHOCTH TpakTta q = 1,0
M>/c 0BecTIcYeHNE noTpeduTeneil Boaon OyneT mpu eMKOCT! Vg, = 20 MJIH.M-.

2. KpuBble MaKCUMaIbHBIX AS()UIINTOB IPU PA3TUIHBIX (.

[IpuBeneHHbIe AaHHBIE MO3BOJIAIOT CYAUTh O MIyOMHE 1epe0oeB 3a MpesieaMu pacueTHON

o0ecIie4eHHOCTH, B Han0oJiee MaJIOBOAHBIE TOIbI.

PaHXupoBaHue MakcuMarnbHbIX PaHxxupoBaHme makcumanbHbIX
AeduvumntoB npu q = 0,8 milc Aeduumtos npu q = 0,9 milc
og 2.5 o 25
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Puc. 14. I'padukn, nmokassiBaronyue KpUBble MaKCUMAIBHBIX AEUIIUTOB
mpu q = 0,8 1 0,9 m’/c.

3. Ha puc. 15 nokasas rpaguk u3MeHEHUs! 3HaY€HUH €MKOCTH HAJIMBHOTO BOJIOXPaHUIIHUIIA
B 3aBUCHUMOCTH OT IIPOIYCKHOM CITIOCOOHOCTHU TpakTa q U 00ecreueHHOCTH oTpeduTeneil BoAoi.

Tak kak mpuBeneHHas 00ecne4eHHoCTh Py, = 86%, TOo BUAHO 1O rpaduKy, 4TO MPOIyCKHAs
Croco6HOCTS TpakTa Tpu q = 0,8 M’/c HE yIOBIETBOpPSET TpeGOBaHWs MOTpebUTENCH, a IpH
OCTaJbHBIX 3HAYEHMSIX ( TpeOOBaHUS YIOBJIETBOPSIOTCA. Takum o0Opa3oM, ONTHUMAaJIbHBIN
BAPHUAHT 3HAYCHUH ( HAXOAMTCS B OKPECTHOCTH q = 0,9 M°/cC.
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Puc. 15. I'paduk u3MEHEHHIA EMKOCTH Puc. 16. I'paduk 3aBucumocTu
BOJIOXPaHWINILA B 3aBUCUMOCTH OT KAMUTAIbHBIX BIOKEHUN OT EMKOCTH

00€ecTieueHHOCTH TTOTpeOuTeNel BO0M
4. JIna onpeneneHusi ONTUMAJIbHOIO 3HAYEeHUs napameTpa ctpouiachk kpusas K = f(V) (puc.16).
B sTOoM ciydae onTHMallbHOE pEIIEHHE COOTBETCTBYET €MKOCTH BOJOXPAHWININA Vg =
21mma.M’. CooTBeTcTBEeHHO q = 0,9 M°/c.

Hucnieruepckuii rpaduk (puc.17) MOCTPOCH U3 YCIOBUH MaKCUMAIbHON YPE3KH OPOIICHUS
Ha 50 % wu BomocHaOxkenus Ha 20%. Jlns oneHkd 5G(GEKTHUBHOCTH JAUCIIETYEPCKOTO



perynupoBaHusi Ha puc.l8 mpencTaBieHbl COBMEIICHHbIE KpHBBIE OOECIIEYEHHOCTH MJIs
BapuaHTa 0e3 MpaBUJI YIIPABJIECHUS U C YIETOM JUCIIETYEPCKOro rpaduka.

AuncneTyepckuii rpadmk KpuBble 06eCcne4eHHOCTU C NOCTOSIHHbLIM
BOAONOTPEGNEHNEM ANl ONTUMANLHOTO
BapuaHTa
13 1 — - _
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Puc. 17. lucnetruepckuii rpaduk mg HanuBHoro Puc. 18. I'paduk kpuBbIX 0Oecrie4eHHOCTH
Booxpanunuma [lommatuc 710 ¥ TIOCJIE TUCTIETYEPCKOro rpaduka
7. llpu nepeMeHHOM BOIOCHA0)KEHUH UMEEM CIIeIyIoIue pe3ynbTarsl (puc.19).

Kpusas o6ecne4eHHOCTM Npu nepemMeHHOM KpuBble o6ecne4yeHHOCT NpU Nepe MeHHOM
W 1500 BoAoNoTpe6eHum Boaonotpe6neHun
1400 5 o 4]
1300 X 2 A
1200 v ~ E 10 — A
1100 S — . s Pup = 86% .
1000 < ;’ 6 R = 95% S
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Puc. 19. KpuBsie o6ecrie4eHHOCTH MPU TIEPEMEHHOM BOJIOMIOTPEOICHUH I BOJJOXPAaHUIIUIIA
Ha peke Camyp u B pecnyOsinke Kunp cooTBeTcTBEHHO
Bepcusi nepemeHHOro BOAONOTpEOJIEHUS 3aKaHYMBAETCS Ha JTale  BbINOJIHEHMS
BOJIOXO3SIIICTBEHHOr0 OajaHca, MO3TOMY aHAIM3 U OLEHKa SKOHOMHYECKOH 3((PEKTUBHOCTH B
JAaHHOM CJIy4ae METOJAUYECKU He 0TpadoTaHa.
AHanu3 BBINOJHEHHBIX HAMM MCCIENOBAHUN IOKa3aj, YTO C IOMOIIBI0 MMUTALMOHHON
MOJIENIN TIPOIIE U OBICTPEE YBUAETH PE3yJIbTATHI P PA3IMYHBIX U3MEHEHHSX ITapaMeTPOB.

3aKiIoueHue

B mameit crtpane m 3a pyOexoM TOCTpOeHBI M (PYHKIIHMOHUPYIOT BOJIOXO3SIICTBEHHBIE
CHCTEMBI, OCYILECTBIISIOLINE PETYIUPOBAHUE CTOKA B HAIMBHBIX BOJOXPAHMINIIAX. DTO OCOOBIN
KJIACC COOPYKEHHMHM €O CBOMMM 33Ja4aMM KaK IPOEKTHOrO, TaK M HAy4YHOI'O XapakTepa.
JuccepranmonHas paboTa KacaeTcs BOJOXO3SIMCTBEHHBIX ACMEKTOB MPOOJIEMBI, B YaCTHOCTH
ONpENETEHUS PETYIUPYIOLIEH EMKOCTH M PEKUMA PETYIUPOBAHUS CTOKA.

1. B guccepramuu mpeanioskeHa HOBas 000OIIEHHAs METOAHMKA pacdyeTra MapameTpoB U
peXMMa PpEeryJMpoBaHUs CTOKAa B HaJMBHBIX BOJOXPAHUJIMINAX C OIpeaeieHrueM o0IacTu
ONTUMAaJIbHBIX PEILIECHU.

2. Ilo mpemnaraemoil mMetoAuke pa3zpaboTaHa MMUTALMOHHAS MOJENb pacdyeTra eMKOCTU
HAJIMBHBIX BOJOXPAHWIIUIN, KOTOpas CYIIECTBEHHO CHIKAET OO0JIaCTh TIOMCKA pEIICHHUIA,
MOBBIIIAECT HAJEKHOCTh PE3YJIBTATOB pacdyeTa M MO3BOJISIET COKPATHUTH 3aTPAaTbl BPEMEHH IIpU
MIPOCKTUPOBAHUH.

3. st *MUTAIIMOHHOM MOJIeTH pa3paboTaH alrOPUTM MHOTOJIETHETO BOJIOX035HCTBEHHOTO
OanaHca BOJOXO3SIMICTBEHHONW CHUCTEMBI C HAJIWBHBIM BOJOXPAHWIHILIEM MPUMEHHUTEIBHO K
YCIIOBUSIM MHOTOJIETHETO (CE30HHOT0) PEryJUpPOBaHUS CTOKA C YYETOM YCTaHOBIJIEHHBIX
KPUTEPUEB MOKPHITUS BOJIOTIOTPEOICHHSL.

4. B coctaBe MOJeNIN MPETyCMOTPEHA CHCTEMa BBOJa MCXOJAHOW MH(POPMAIMK U BBIBOJA
pPe3yIbTaTOB 0OOOCHOBBIBAIOIIMX PACUETOB, BKIItOUas rpadudeckuiit mHTEpdEiic.



5. B MoJienu BBINOJIHAETCS IOCTPOEHUE U ANIPOKCUMALUS PE3yJIbTUPYIOIIEH 3aBUCUMOCTH
«EMKOCTb BOJOXPAHWIMIA — TIIPOMYCKHasg CIIOCOOHOCTh TpPaKTa BOJONOJAUM» IIyTEM
CPEIHEKBAIPATUYECKOTO CIUIAXKHBAHMSA IKCTIEPUMEHTAIBHBIX TOUEK 10 TUIEepOoIIe.

6. Ha ocHOBaHMM MOJYYEHHBIX AHAIU3UPYIOUIMX 3aBUCUMOCTEH B MOJEIU OIpeAeseTcs
00J1aCTh ONTHUMAJILHBIX pemeHMﬁ B COOTBETCTBUU C IIPUHATBIMU KPUTCPUIAMU.

7. B 3aBeplwiaroniei  yactu  ajropurMa = MoJenum  pa3paboTaH = 4aCTUYHO
aBTOMATU3UPOBAHHBI  PEXUM  IIOCTPOGHHS  JABYX30HHOTO  JHCIETUEPCKOro  rpaduka,
BKJIFOYAIOIETO 30Hbl HOPMAJIbHON FAPAaHTUPOBAHHON OTa49M U MOHWKEHHOM BOJOOTAAYH.

8. OTnenpHast BEpCHs MOAETH NpEeIHAa3HAYEHA I y4eTa HEePEMEHHOTO BOIONIOTPEOICHHS
OpOILIEHHS] B MHOT'OJIETHEM pa3pese.

9. Ucnonn3oBaHre pa3pa0OTaHHONH MMHTAIMOHHOW MOJIEIH TO3BOJIAET MpPOBECTH Ooliee
yIiayOJIeHHOE BOJOX03HCTBEHHOE 0OOCHOBAHUE KOMILIEKCA MEPONPUSITHH.
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