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OcHoBOWM 3HeproapheKTUBHOIO UCMOIb30BaHMSA HACOCHOro o6opyaoBaHUS ABISETCS
cornacoBaHHas paboTta Ha ceTb, T.e. paboyas Touka AO/KHA HaxoaMTbCa B pabouem
AnanasoHe XapakKTepuUCTUKKM Hacoca. BbimonHeHMe 3Toro TpeboBaHnsa NO3BONSIET
3KCMNyaTUpOBaTb HACOChI C BbICOKON 3D PEKTUBHOCTLIO M HAAEXKHOCTbIO. Pabouas Touka
onpeaenseTcs XxapakTepMcTUKaMm Hacoca M CUCTEMbI, B KOTOPOM YCTaHOBMEH Hacoc. Ha
rMpakTUKe MHOrme BogocHabykawlme opraHmsaummy CTtaskmBarTcs € npobnemoin
HeaddEKTUBHOM 3KCNayaTaunm HacocHoro obopyaoBaHms. 3a4acTyto K.M.4. HaCOCHOM
CTaHLWM 3HAYNTESIbHO HMXE K.M.A4. YCTAaHOBJIEHHbIX Ha HEN HACOCOB.

NccnenoBaHms nokasblBaloT, YTO B CpeAHEeM K.M.A4. HAaCOCHbIX cucrtem coctasnseT 40%, a
10% HacocoB paboTatoT € K.n.4. HMxe 10%. B 0CHOBHOM 3TO CBSI3@HO C
nepepasmepuBaHmneM (BbIGOPOM HaAcOCOB C 6ONMbLLIMMM 3HAYEHUSIMU NOAAYM M HarMopa, YeM
TpebyeTtca ans paboTbl CUCTEMbI), peErynmMpoBaHMUeEM pexmnmMmoB paboTbl HACOCOB MNpu
MOMOLLN ApPOCCENMPOBaHUSA (T.€. 3a[IBUXKOMN), N3BHOCOM HaAaCcOCHOro ob6opyaoBaHua. Boibop
Hacoca ¢ 6onbWUMN NapaMeTpaMn UMeeT ABE CTOPOHbI.

Kak npaBusio, B cuctemMax BoagoCHabxeHus rpadumk BogonotpebneHns B CUIbHON CTEMEHU
MEHSETCS1 B 3aBUCMMOCTM OT BPEMEHU CYTOK, AHS HeAenu, BpeMeHu roaa. Mpu sTom
CTaHuMS AoMKHa obecneynTb MakcMMasabHoe BogonoTpebneHme B LUTAaTHOM pexuMe BO
BPEMS MUKOBbIX HAarpy3ok. 3a4acTytlo K 3TOMy AobaBnsieTcsa 1 Heo6XoAMMOCTb nogavm
BOAbl Ha HY>XAbl CUCTEM NOXapOoTyLwweHus. Mpn oTCYyTCTBMKN perynnpoBaHmns HaAcocC He
MoxeT a3 dekTnBHO paboTaTb BO BCEM AMana3oHe M3MeHeHUs BogonotpebnenHus.

DKcnjyaTauus HacoCoB B YCNOBUSAX U3MEHEHUS TpebyeMbix pacxo[oB B LUMPOKOM
AvanasoHe NMpuBoauT K TOMY, 4To ob6opyaoBaHue 60blUy0 YacTb BpeMeHU paboTaeT 3a
npegenamu paboueir 061acTn, C HUSKMMN 3HAYEHUSAMM K.M.A4. U HU3KNUM pecypcoM. MHoraa
K.M.A. HACOCHbIX CTaHumMin cocTtasnseT 8-10% npu TOM, 4YTO K.M.A. YCTAHOBNEHHbIX Ha HUX
HacocoB B paboueM gmnanasoHe coctaBnseT cebiwe 70%. B pe3ynbTaTe Takom
aKcnnyataumu y notpebutenei cknaablBaeTcs SIOXKHOE MHEHME O HEHAAEXHOCTU n
HeaHEKTUBHOCTM HACOCHOrO 060pyaoBaHMs. A yunTbiBas TOT PakT, YTO 3HAYUTESbHYIO
€ro AO0/I0 COCTaB/ISAOT HAaCOChl OTEYEeCTBEHHOrO NPOM3BOACTBA, BO3HMKaeT MUd o
HEHaAEeXHOCTN U Hea((dPEKTUBHOCTM OTeUYeCTBEeHHbIX HAacoCoB. Mpu 3TOM NpakTunka
MoKasblBaeT, YTO Lesblii ps oTedeCcTBEeHHbIX HAaCOCOB MO noKasaTensM HageXHOCTU U
aHeproad@eKTUBHOCTN HE YCTYyMNaeT Ny4llMM MUPOBbLIM aHasnoram. na ontuMmmsauunm



3HepronoTpebneHns CyLecTByeT MHOXECTBO CNoCcob60B, OCHOBHbIE M3 KOTOPbIX
npueBeaeHbl B Tabnunue 1.

Tabnuua 1. MeToabl CHMXKEHUA 3Hepron0Tpe6neHm| HACOCHbIX CUCTEM

MeToAbl CHUYKEHUA 3HepronoTpe6s1eHna HaCOCHbIX CHMKeHue

cucrtem SHepronotTpebneHusn

3aMeHa peryiMpoBaHuUs NoAaun 3aABMXKON Ha

. 10 - 60%

perynmpoBaHMe 4acToTON BpaLleHUs
CHM)XEHME YacTOoTbl BpalLleHMs HAacOCOB, NMPU HEM3MEHHbIX

5-40%
napameTpax ceTu
PerynnpoBaHune nyTeM U3MEHEHMS KOJIMYECTBA

10 - 30%
napanfienbHo paboTatowmx HacoCOoB.
Moape3ka pabouero koneca no 20%, B cpegHem 10%
Ncnonb3oBaHne AONOMHUTENbHbLIX pe3epByapoB As1s

10 - 20%
paboTbl BO BpEMS MUKOBbLIX Harpy3ok
3aMeHa anekTpoaBuraTenemn Ha bonee apdeKkTMBHbIE 1-3%
3aMeHa HacocoB Ha 6onee adpdeKkTnBHbIE 1-2%

2P HEKTUBHOCTb TOFO MM MHOIO crocoba perynmpoBaHnUsa BO MHOMOM onpeaensiercs
XapaKTEPUCTUKON CUCTEMbI U rpadUKOM ee U3MEHEHMS BO BpeMeHU. B kaxxaom cnydae
Heob6xo4AMMO NMPUHUMATL pelleHne B 3aBUCUMOCTU OT KOHKPETHbIX 0COBEHHOCTEN YCNOBUIA
akcnnyatauum. Hanpumep, nony4ymeluee B nocseaHee BpeMs 60sblloe pacnpocTpaHeHue
perynpoBaHMe HAaCOCOB MpU MOMOLLM M3MEHEHMS YaCTOTbl HE BCErga MOXET NPUBECTU K
CHWXXEHWI0 aHepronoTpebneHus. NHoraa aTo gaeT obpaTHbI addekT. NpuMeHeHne
YaCTOTHOro NpmBoga MMeeT Hambonblwmnii adpdekT Npn paboTe HAaCOCOB Ha CETb C
npeobnagaHneMm AMHaMUUYECKOW COCTaBASAIOLWEN XapaKTeEPUCTUKMK, T.e. NOTepb B
TpybonpoBoaax v 3anopHoO-perynupytoLllen apmatype. NpMMeHeHne KackagHoro
perynpoBaHusl NyTeEM BK/IHOUEHUS U BbIK/THOYEHUS HEO6X0AMMOro Koan4vecTea HacocoB,
YCTaHOBNEHHbIX NMapannenbHo, uMeeT Hambonbwmin addekT Npm paboTte B cmcTtemax C
NpenMyLLECTBEHHOMN CTAaTUYECKOWN COCTaB/SAIOLWEN.

MO03TOMY OCHOBHbIM UCXOAHbIM TpeboBaHMEM AJ1st NPOBEAEHUS MEPONMPUATUIA MO
CHWXXEHWIO SHepronoTpebrieHns SABNSIeTC XapakTepucTnka CUCTEMbl U ee U3SMEHEHME BO
BpeMeHn. OcHoBHas npobnema npu paspaboTke aHeprocbeperatowmx MeponpuUaTmii
CBsi3aHa C TEM, YTO Ha AEUCTBYIOLWMX 06beKTax napaMeTpbl CETM NMpPaKTUUYECKM BCeraa
HEW3BECTHbI, N CUJIbHO OT/INYAIOTCS OT NPOEKTHbIX. OTINYMS CBA3aHbl C UIBMEHEHMNEM



napaMeTpoB CeTU BCneACTBME KOppo3un TpybonpoBoaoB, cxeM BogocHabxeHus, ob6bemoB
BogonoTpebneHns n 1 .n.

[Onsa onpeneneHus peasbHbIX PEXUMOB paboTbl HACOCOB M NapaMeTPOB CETU BO3HUKAET
HeobXx0ANMOCTb NPOBEAEHNSA 3aMepPOB HENOCPEACTBEHHO Ha 06beKTe C UCMOb30BaHUEM
cneunanbHOro KOHTPOJIbHO-N3MepuTenbHOro o6opyaoBaHus, T.e. NpoBeaeHNS
TEXHMYECKOro ayauTa rmapaBanyeckon cuctemol. [Ans ycnewHoro nposeaeHums
MeponpuaTUn, HanpaBiEeHHbIX Ha MOBbIWEHNE 3HEPro3PEKTUBHOCTN YCTAHOBNEHHOIO
obopynoBaHus, Heob6xoanMo pacronaraTb Kak MOXHO 6osiee NoaHoOWM nHdopMaumen o
paboTe HAaCcoOCOB M yuYMTbIBaTb €e B AajibHENLWEM. B Le0M MOXHO BblAENUTb HECKOJIbKO
onpeAeneHHbIX NocnefoBaTesbHbIX 3TaNoB ayAnTa HacoCHOro o6opyaoBaHus.

1. C6op npenBaputenbHoi nMHPOpMaumm o coctaBe 060pyaoBaHuUs, YCTAHOB/IEHHOIO Ha
06bekTe, B T.4. CBEAEHWUIA O TEXHOOMMYECKOM MpoLecce, B KOTOPOM MUCMOb3YHOTCS
Hacocbl (CTaHUMWM NepBOro, BTOPOro, TPETbLEro NOALEMOB U T.4.)

2. YTOUYHeHne Ha MecTe npeaBapuTesnibHO NOJyYeHHOM nHgopMaunm o coctaBe
yCTaHOBNEHHOro 060pyAoBaHMsl, BO3MOXHOCTEN NOSTyYEHUS AOMONHUTENbHbIX AAHHbIX,
HaIMunsa CpeacTB NPoOBeAEHUS U3MEPEHUI, CUCTEME ynpaBrieHus u T.4. NpeaBaputensHoe
nJaHWpoOBaHWE NPOBEAEHUS UCMbITAHUNA.

3. MpoBeaeHmne ucnbiTaHMm Ha obbekTe.

4. ObpaboTka M oueHKa pe3ysibTaToB.

5. MoaroToBka TEXHUKO-3KOHOMNYECKOro 060CHOBaHMS ANS pa3fMYHbIX BApUaHTOB
MoAepHU3auum.

Ta6nuua 2. MpuuMnHbI NOBbILWEHHOro 3HepronoTpe6sieHna un Mepbl Mo ero

CHMXXEHMUIO
MpuYNHbI BLICOKOIO PekomeHayeMblie OpUVEeHTUPOBOYHbIN
3HepronotpebneHusn MEpPOrNPUATUSA MO CHNIKEHUIO CPOK OKYnaeMocTu

3HepronotpebneHusn MeponpuaTMin
Hanunuune B cucrtemax - OnpepeneHue Heob6xoamMMocTn OT HECKOIbKUX AHEWN
rnepmoanyvecKoro Aencrems B MOCTOSIHHOW paboTe HAacoCoB. ' A0 HECKOJIbKUX
Hacocos, paboTatowmx B - BKkatoueHue 1 BbiKIOYeHue MecsueB
MOCTOSIHHOM pexuMe Hacoca B py4YHOM MM

HEe3aBUCUMO OT NMoTpebHOoCTElN  aBTOMAaTU4YECKOM pexume

CUCTEMbI, TEXHOJIOTMYECKOTO TOJIbKO B MPOMEXYTKM
npouecca u T.n. BPEMEHMN.

CucTeMbl C MeHsIlOLLENCS BO - lcnonb3oBaHme npmsBoaa C Mecsubl, rogbl
BPEMEHMN BETNYNHOMN peryinpyeMon 4actoTomn

Tpebyemoro pacxoaa. BpaLLleHMS ANS CUCTEM C

npenmMyLeCTBEHHbIMU

noTepsAMnM Ha TPpEHUE



MpUYYNHbI BbICOKOIO PekomeHayeMblie OpUEHTUPOBOYHbDIN
3Hepronorpe6bneHus MepornpUATUSA MO CHUXKEHUIO CPOK OKYNnaeMocCcTu

3HepronorTpe6bneHus MeponpuaTUin

- NMpnMeHeHne HaCOCHbIX
CTaHuumm c asyma u 6onee
napannenbHO YCTaHOB/IEHHbIMU
Hacocamu Ans CUCTEM C
npenMyLLeCTBEHHO CTaTUYEeCKOoMn
COCTaBAsOLLEN

XapaKTepPUCTUKMN.

MNepepa3MepmBaHmne Hacoca. - Nogpeska pabouyero koneca. Hepenu - rogpl
- 3amMeHa pabouero koneca.
- NpumeHeHue
3N1eKTpoABUraTesien c MeHbLleln
4YaCTOTOM BpaLLeHus.
- 3aMeHa Hacoca Ha Hacoc

MeHbLLEero TUNnopasMepa.

MN3HOC OCHOBHbIX 3/1EMEHTOB - PEMOHT 1 3aMeHa 3/1eMeHTOB Henenu
HacCocCa HaCoOCa B Cllyda€e CHUXEHUA ero

pabounx napameTposB.

3acopeHune n koppo3us Tpyb. - Ouuctka Tpy6 Hepenu, mecaupbl
- NpuMeHeHne punbTPOB,
cernapaTtopoB M nogobHom
apMaTypbl ons
npeaoTBpaLLEeHNs 3aCOPEHMS.
- 3aMeHa TpybonpoBoaOB Ha
Tpy6bl U3 COBPEMEHHbIX
NMoJIMMEPHbIX MaTepuarnos,

Tpy6bl C 3alUNTHBLIM NOKPbLITUEM

Bonbline 3aTpaTbl HA PEMOHT - Nogpe3ka paboyero koneca. Henenu-roabl
(3aMeHa TopLOBbIX - NpuMeHeHne
YMJIOTHEHUN, NOALIUIMHUKOB) 3/1EeKTPOABUraTENEN C MEHbLLEN

- PaboTa Hacoca 3a npeaenaMn  4acToToW BpalleHUst unu



MpuuKnHbI BbICOKOIO

3HepronorpebnexHusn

paboueln 30HbI,

(nepepasmepmBaHme Hacoca).

PaboTa Heckonbkux HaCoCoB,
YCTAQHOBJIEHHbIX NapannesibHoO

B MOCTOAHHOM peXunme

PekoMmeHayeMble

MeponpuaTna Nno CHMXEHNIO CPOK OKynaemMocCcTm

3HepronorpebneHusn

pPeayKTOPOB B TeX Clyyasix,
Koraa napameTpbl Hacoca
3HAUMTENIbHO NPEBOCXOAAT
noTpebHOCTN CUCTEMBI.

- 3aMeHa Hacoca Ha Hacoc

MEHbLUEro TMnopasmepa.

- YCTaHOBKa CUCTEMbI
ynpaBneHua nnn Hanagka

CYLWECTBYIOLLEN

OpUVEeHTUPOBOYHbIN

MeponpuaTum
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Puc. 1. Pabota Hacoca Ha CETbh C MPENMYLLECTBEHHOM CTATNYECKOM COCTaBJISIIOLLEN rpyn

YacTOTHOM PErynpoBaHumn
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Puc. 2. PaboTa Hacoca Ha CeTb C MPeNMyLECTBEHHbIMU MOTEPSIMU HA TPEHNE MPU
YacTOTHOM PErynpoBaHumn

Mpy NepBUYHOM MoOcCeLleHNM 06beKTa MOXHO onpeaenuTb "npobneMHble”, C TOUKMN 3peHns
sHepronoTpebnenmns, Hacocbl. B Tabnunuye 2 npnBeaeHbl OCHOBHbIE MPU3HAKW, KOTOpbIE
MOryT CBMAETENbCTBOBATb 0 HEA(PEKTUBHOM 3KCMyaTaunm HacoCHOro obopyaosaHmsa 1
TUMOBbLIE MEPOMPUATUS, KOTOPbIE MOTYT UCMPaBUTb MOJIOXEHME C YKa3aHMeM
OPMEHTMPOBOYHOIO CPOKA OKYMAEMOCTU MEPONPUSATUI NO SHeprocbepexxeHuto.

B pe3ynbTaTe npoBeAeHMs UCMbITaHUA HEOBX0AMMO NOMYYUTb CrieayoLyo MHpopMauutio:
1. XapakTepuCcTnKu CUCTEMbI N ee N3MEHEHUS C TedeHNeM BpeMeHun (4YaCcoBOM, CYTOUHbIN,
HeaenbHbIn rpadukmn).

2. OnpegeneHve 4eNCTBUTENbHbIX XapaKTepUCTMK HacocoB. OnpeaeneHne pexmnmon
paboTbl HACOCOB A1 KaXA0ro M3 XapaKTepHbIX pexnmos (Hanbosee NpoAOIKUTENbHbIN
peXunM, MakCMManbHas, MMHMManbHasa nogava).

OueHKa NMpUMEHeHNs pas/IMYHbIX BapuaHTOB MOAEPHU3aLUM 1 cnocoba perynmpoBaHus
MPUHMMAETCS Ha OCHOBaHWM pacyeTa CTOMMOCTU XXU3HeHHoro umknia (LCC) obopyaosaHus.
OCHOBHYIO J010 B 3aTpaTax XM3HEHHOro umkia Atbon HaCoOCHOW CUCTEMbl COCTaBNSAIOT
3aTpaTtbl Ha 3/1eKTPo3Hepruto. NosToMy Ha aTane npeaBapuUTEeSIbHOM OLLEHKN Pa3fIMYHbIX
BapuMaHTOB HE06X0AMMO BOCMO/Ib30BaTbCA KPUTEPUEM YAENbHOM MOLWHOCTH, T.€.
MOLHOCTN, NnoTpebnsaeMon HacoCcHbIM 060pyAOBaHMEM, OTHECEHHOM K eANMHULE pacxoaa
rnepekaymBaeMom XnaKocTu.

BbiBOADbI:

3a4aun CHMXeHUS aHepronoTpebsieHMss HACOCHOro 060pyAOBaHUS peLlaloTCs, Npexae
BCero, nytem obecneyeHmns cornacosaHHom paboTbl Hacoca n cucrtemsl. MNMpobnema
M36bITOYHOro 3HepronoTpebaeHnss HAaCOCHbIX CUCTEM, HAXOASLWMNXCS B IKCMayaTaumm,
MOXeT 6bITb yCMewHo peLlleHa 3a c4eT MoAepHM3aumn, HanpaBaeHHON Ha obecneyeHune
aToro TpeboBaHwms.



B cBoto ouepenb, Ntobble MEPONPUATUS MO MOAEPHU3ALMM AOSKHbI ONUPATLCS Ha
[lOCTOBEpHbIE JaHHble 0 paboTe HAaCOCHOro 060pyAOBaHMSA U XapaKTePUCTUKAX CUCTEMbI. B
KaXZ1oM cnydae HeobXxoAnMMOo paccMaTpuMBaTh HECKOJIbKO BAapMaHTOB, @ B KayecTBe
WHCTPYMEHTa Mo BbI6OPY ONTMMasibHOro BapuaHTa UCMOJb30BaTh METOA, OLIEHKMU
CTOMMOCTM XWM3HEHHOIO LMK/Ia HACOCHOrOo 060pyA0BaHMS.



