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Kuwra npepcraenser coboi nonHoUEHHOE 1
BCE00BEMNIOLEE PYKOBOACTED M0 pacHeTy
1 KOHCTPYWPOBAHMIO HACOCHBIX CTAHUMIA C
MOrPYXHEIMU Hacocamu. CuMTaln, 4T KHMra
MOXET ABNATLECA NOCOGMEM NO KOHCTRYWPO-
BAHWMID HACOCHBIX CTAHLWI C NPUMEHEHNEM
NOrPyXHbIX HACOCOB W WCMONLADBATLHCH
TEXHUHECKUMMW CNEeuManucTamu  Halwero
MPEaNPUATIA,

C.B. XpameHkos,
npeanaeHT PABB, reHepansHsii AMpeKTop
MY «MoceonokaHans

ManaHve ceoespemerHo U Gyaer socTpefo-
BAHO CReUUanMCTamMu NpPOEKTHBIX MHCTUTY-
TOB, SKCMNYATALUMOHHBIX CIYXD, 8 TAKKe CTy-
AEHTAMMW, M3YYREOLLWMI BONPOCH! BOAOCHAD-
KEHUA W BOAOOTBEABHWA,

E.W. Nynsipes,
[AOKTOP TEXHUHECKUX HAYK, AWpekTop Y
sMoceopokananHWnpoekTs

HacToAWwan kHMra o4eHs 06CTOATENLHO pac-
CMATOUBAET CUCTEMY HACOCHI-NPUEMHBIA pa-
3epByap-HanopHble Tpybonpoeoasl. Peko-
MEHAYEMBIE KOHCTPYKTMBHBIE NapameTpel Ha-
COCHBIX CTAHLMA TWATENBHO 0B0CHDBaHE!. AB-
TOP 3HAKAMUT HAC ¢ PABOTON HACOCHRIX CTaH-
LW € pasHbiv 0G0PYADBAHMEM. . «LMTMPOBA-
HWE» NPOEKTOB HACOCHLIX CTAHLMI, pasHblX
LLKOM W CTPEH 048Hb LIEHHO W NO3HABATENLHO.

A.WN. BuBanbkesmy,

reHepantHbIi MpeEKTOp

0AD «CuBrunpoKOMMYHEDLOKAHAR",
3aCAYKEHHBIN paBoTHUK XX PO

TMpuBeaeHL! MPUHLNANE NPOSKTMPOBAHWA Ha-
COCHbIX CTaHLMI W NoAGOpa arperaTos no-
TPYKHON YCTRHOBKMW. KHWUra aKTyansHa e Hayy-
HOM W NPaKTUHECKOM OTHOLUEHMA,

®.B. KapmaauHos,

LDKTOP TEXHUYECKWX HayK, NpodECCcop,
FeHepanbHbIi AUPeKTop

YN «Bogokadan Caukr-Netepbypra»

KHury cyutaem 04eHs NONE3HoM ANA Opraqm-
3alUi BOADOMNPOBOAHO-KAHANNIALNOHHOTO
X03riicTea. B HacToAwee Bpems LWMpoKa
APUMEHSIOT NOFPYXHbIE HACOCH! KaK B Kanu-
TansHOM CTPOMTENBCTER, Tak U MpK 3aMeHe
CTapelx HACOCOB Ha Gonee COBPEMEHHbIE.
[P 3TOM METOA0B PACcHETa M MK NPEBHUNEHO-
ro nogGopa He Geino.

H.B. Xecrkos,
FeHepansHLIA gMpexTop
I'¥M «Bogokaxans r. AkyTcka

Knura aktyansHa ans WWPOKOTD Kpyra cne-
UMAIMCTOB — OT NPOEKTUPOBLLUMKOB A0 KOM-
MEDPCEHTOR — W ABNASTCA OAHON M3 HEMHO-
riAx, BOCTPEDOBAHHBIX HA PEIHKE TEXHWYEC-
KOW MTEpaTYPbI.

®.A. O3106MHCKMIA,
rmasHeIA cneuwanuet Buk OAQ
«MarHUTOropcKMin rnpomeas

MoHorpagua nanoxeHa JoX0O4MBbIM Aabi-
KOM, OCHOBHBLIE TEOPETUHECKUE W NPaKkTh-
YECKUE PELLEHNA TPOMANIOCTPUPOBAHK. AR-
T0p 0000LEET TEOPETMYECKIE, HAYYHD-TeX-
HUHECKHE ¥ MPaKTHHEcKne paspagoTri Bedy-
WX HAYYHO-MCCNEA0BaTENLCKUY W NPDEKT-
HO-KOHCTPYKTOPCKMX MHCTUTYTOR, Tpeboaa-
HWA AEACTBYIOWX CTAHAAPTOR, CTPOMTENb-
HblX HOPM W NTPABWIT NPOEKTUPOBAHMS, & Tak-
e coBeTBEHHIM DNLIT N0 BONPOCY NoAbopa
HACOCHBIX ArperaTos M exibopa onTMMans-
HBX YCNOBMA APOEKTMPOBAHUA HACOCHLIX
CTAHLWI C NOTRYXHEIMK HACOCAMM.

W.WN. NasnuHoBa,
[OKTOP TEXHWYBCKUX HaYK,
npoteccop, 3as. kad. MAKXuC

Hau onkIT KCNoMbaoBaHna pekoMeHaauni
asTopa B cuUcTeMax 0BopoTHOrO BogocHAD-
KEHWS NOKA3AN BblCOKYIO 3PdEKTWEHOCTL
MOrPYXHBIX HACOCOB B HETEra30B0M Npa-
MBILLNEHHOCTH. :

B.C. NeHknH, TEXHMYECKWA OUPEKTOD
000 «HMNd BUTIK»

MoABMEHNE NOrPYXHBEIX HACOCOB B CHCTEMEX
B0A00TBEAEHWA NPUBEN0 K NOABNEHWIO NPMH-
UMMHMANEHO HOBBIX KOHCTPYKTMBHBIX PELUEHWA
KaHANW3ALMOHHBIX HACOCHBIX CTAHLWA. ABTOP
PEKOMEHAYET KOHKPETHBIE PELIEHNA NO pas-
NINYHBIM Y3NaM CTAHUWA, NOATBEPXOERA WX
TEOPETUHECKUMM 0BOCHOBAHNAMK.

B.M. Bacunbes, [OKTOP TEXHUHECKNX
Hayk, npodeccop, 3as. kad. CNGMACY,
pykoeOAUTENS NpoekTos D00 «[UB
HABHEDHEIE BKOCWCTEMEL

BeckMa Noneatsl PEKDMEHOALMK NO KOHCTRY-
MPOBAHMID HACOCHLIX CTAHLIWIA © arperatamm
MOKPOIR W CYXOi YCTAHOBKM, KOHCTRYWPOBA-
HWIO NPMEMHbIX PE3EPBYAPOB C YYETOM pas-
HOMBPHOrD NPUTOKA BOMLI K HACOCAM, HEO0-
MYLLEHWA 3aMNEHNA DE3BPBYAPOB.

M.C. CyxapmsH,
reHepansHsii gupextop OAD
«CeskaslMNpoKoMMyHEOAOKaHEN:

Kak npasuinbHO BeIBPAaTh HACOCH M3 MHOXE-
cTBa Beinyckaemex? Kak HaiTW onTMMank-
HOE IKOHOMUHECKOE PELUEHUE MO CTAHLMNT
KHura naeT OTBET Ha aTW W MHOTWE apyrie
BOMPOCHL.

10.T. Baraee, masHbIi MHXEHEP
MYT «lopeoaokaqans r. Hosocubupeka

KHura ABNAETCH HE3aMeHUMbIM Nocobuem
KaK Ans MHKEHEPHO-TEXHUHECKNX PaBoTHU-
KO8 NpeAnpusTIA BKX, Tak # ans npenoga-
BaTeNeil CTROMTENLHEY BY308, YMTAIOLMX
kypC «PeKOHCTPYKLMA CUCTEM BOROCHa0Xe-
HUA W BOAOOTEEAEHWA®,
Y.A. [3nmMuHCKac, Nepeblil 3aMECTUTEND
FeHepanbHOTD AMPEKTOPa
MY «Bogokaxan» r. HuxHwit Hoeropog,



C.E. BEPE3UH

HACOCHBLIE CTAHLIMM

C NOIPYXHbIMU
HACOCAMMU

PACHET 1 KOHCTPYUPOBAHWME

MOCKBA e CTPOUMS[IAT e 2008



VIIK 628
BBK 31.38
B 48

PeuenasenTn:

E.M. Iymsipes, 1-p Texd. Hayk, mpektop I'VIT sMocsonokananHHWHnpoekts;
WU, Mapausosa, 1-p TexH. Hayk, npod., 3as. kadenpoit MUKXuC;
AH. Bupamskessr, rer. 1ip. OAO «CHBIHNPOKOMMYHBONOKAHA», 3aci. paboTHHK KKX Pd

Bepesun C.E. u ap. HacocHble CTAHIIMK C MOTPYKHBIMH Hacocamu. Pac-
yer u KoHcTpynposaHue. — M.: OAO «H3parenscro «Crpoitnsaars, 2008,
— 160 c.: n.

b 48

ISBN 978-5-274-02277-4

Astop — renepanbibiii gupexrop 3A0 «Bonocnabiene i BojoOOTBeCHNE> —
0GOBILILT ONBIT HCIOMB30BAHNS TOPYJKHAIN HACOCOB HA HACOCHBIX cTanmisx. B kanre
NpoaHa/IN3npoBatbl TEXHHYECKHE BOAMOMHOCTH H ocofieHHOCTH NMOTPYHBIX HACOCOBR,
[NPUBCAEHBI NTPAKTHYECKHE MIPUMEPLI PACYETOB HACOCOB 110 TIPOM3BOANTENBHOCTH, Ha=
[OPY, € YYETOM IHAPABIHYECKOTO PEAKUMA, C HATIOPHBIMH TpyOONPOBOAAMH M JOTIYCTH-
MbIM BLICOTAM BCaChIBaHIMI.

JList CHeuaaneToB MPOMBIIIEHHBIX TPEANPUATHI, TPOCKTHPOBILUKOR, CTyeH-
TOB U ACMHPAHTOB TEXHOJAOIHYECKHX M TEXHHYECKHX (,'I'll?IlHathHOCTCii YHHBEPCUTE-
TOB, CHELNATH3NPYIONIXCA [0 HANPABJIEHUAM: OXpalia BOJHEIX PECypPCoB, BoocHab-
JKEHIE H BOJ0OTBEIIEHHE, TPOLECCH 1 aTllapaThl XHMHYECKOH TEXHOJO0THI.

YK 628
BBK 31.38

ISBN 978-5-274-02277-4 © C.E. Bepeaun, 2008
© OAQ <HManatenscrso «Crpoitzaars, 2008




HacocHble cTaHUMU SIBJISIIOTCS. BAXKHENIINM 3JIEMEHTOM CHCTEM BOLOCHAGKEHMS M
BonootseaeHus1. OT paboTel KOMILIEKCa COOPYKEHHIT 1 000pYI0OBAHMA HACOCHBIX CTaH-
11T BO MHOTOM 3aBUCUT OOLIAsl HANEKHOCTh M 9KOHOMHUYECKas 3((eKTHBHOCTL Moaa-
91 WA OTBeJeHHMsI Bofbl. B Haureil crpae u 3a py6exxoMm M31aHo GOBLIOE KOTUIECTBO
TPYAOB, IMOCBAIIEHHBIX MPOOIEMaM MPOEKTHPOBAHHMS HACOCHBIX CTAHLMIA M rmoabopy
obopynoBauus Ui HUX, TeM He MeHee, OOHOBJISIOIIUIICS W COBEPILEHCTBYIOIIUIICH Phl-
HOK HAcOCHOro o6opyaoBaHMs TPebyeT IMOCTOSIHHO MEPECMOTPA CTAPLIX MOAXOAOB K
NPOEKTHPOBAHHIO.

B KHMre onMcaHbl KOHCTPYKLIMH, MPHHIHIT AeiCTBUs ¥ 06JACTH MPUMEHEHUS T10-
IPYXHBIX HACOCOB PasjJMYHBIX TUMOB. PaccMOTpeHBl MX TEXHWYECKME XapaKTepHCTHKH
1 PEXHUMBI PAGOTHI. ABTOD HE OTPAHUUMBAETCS OIHUM OTMMCAHHEM MOTPYKHBIX HACOCOB
H HMX MPEeUMYLIECTB MEpPEe arperaraMi Kjaccuyeckoil KOMIOHOBKM. PaccMOTpeHs! BOTI-
POCHI COBMECTHOM paBoThl HACOCOB M BOLOBOJOB, ONTHMU3ALMK JTHAMETPOB BOIOBOIOB.
[TpoaHaiu3MpoBaHbl OCHOBHBIE (DAKTOPHI, BIMSAIONIME HAa paGoTy HACOCOB, TAKHE KaK
KaBUTALUs, BUOpALIMs, OCEeBOE W PAIMAIBHOE YCUIIME B HACOCAX, OLIEHEHA CTENeHb WX
BoszeiicTBUs Ha obopynosanue. [IpuBeneHBl TPUMEPLl UCIOIB30BAHMS YaCTOTHOTO pe-
IVIMPOBAHMS JUIST ONTHMHU3ALIMK PEXUMOB paboThl HacocHoTo obopynosaHus. Bonbiioe
BHUMAHWE YJIENeHO MPOEeKTHPOBAHWIO COOCTBEHHO HACOCHBIX CTAHIIMII, BKIIIOYAs KOH-
CTPYMPOBaHHE NMPHEMHBIX PE3EPBYapoOB M KOMIIOHOBKY 000pYIOBaHMs, JaHbI PEKOMEH-
aauMM 1o oOBA3Ke HACOCOB, MOAOOPY 3alopHO-peryaupyioueil apmarypsl. OTAenbHO
BBIIEJIEHBI BOIPOCHI MPOEKTHUPOBAHUS HACOCHBLIX CTAHIIMIT MAJIOW MPOH3BOAMTENIBHOC-
TH. PaccMOTpeHb! BONPOCH KOMITBIOTEPHOTO aHAIN3a THAPABIMYECKHX XAPaKTepHCTHK
HACOCHBIX CTaAHIIHIA.

WM3nanwne npencrapisier coboit MOTHOIIEHHOE M BceoOheMITIONIEE PYKOBOICTBO, B KO-
TOPOM MOXHO HAWTH OTBETHI Ha GOJBIIMHCTBO BOMPOCOB, BO3HUKAIOIIMX TPH pacuete U
KOHCTPYMPOBAHWHM HACOCHBIX CTAHLMIA C TOTPYKHBIMM Hacocamiu. KHuUra HarmucaHa xu-
BBIM NMPOQECCHOHATBHBIM A3BIKOM, COAEPKHUT GONBIIOE KOJIMUECTBO MILTIOCTPALIMIA, rpa-
(DUKOB, CXEM W KOHKPETHBIX MPUMEPOB, CIIOCOBCTBYIOMINX YIIYIILEHHIO BOCIPHSTHS TEO-
PeTHYECKOro MarepHana.

Cumralo, YTO KHUTA MOXKET SIBIATHCHA MOCOGHEM M0 KOHCTPYMPOBAHUWIO HACOCHBIX
CTAHLIMI ¢ IPUMEHEHHMEM TIOTPYXKHBIX HACOCOB M MCIIOJIB30BATHCH TEXHUUECKUMM Creln-
ATUCTAMU HALIEero MpearpusITH.

C.B. Xpamenkoe, nipesuneHt PABB,
reHepanbHbiil aupekrop MI'VIT «MocBogokaHan»

M3nanue cBoeBpeMEHHO U OyIeT BOCTPEGOBAHO CrELIMATMCTAMM TTPOEKTHBIX MHCTH-
TYTOB, 9KCILIYaTALIMOHHBIX CIYXKD, a TAKXKE CTYAEHTAMM, M3y4alOUIMMU BOMpPOCHI BOOO-
CHaOXeHMs1 M BOJIOOTBEIEHMS TIPOMBILIIEHHBIX OObEKTOB M HACEICHHBIX MYyHKTOB.

E.H. [ynvipes, TOKTOP TEXHUUYECKHX HAYK,
aupekrop I'VIT «MocsomokananrHW Wnpoexrs
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HacTosiuas KHHTAa o4eHb OOCTOATENLHO PACCMATPUBACT CHCTEMY HACOCHI—TIPUEMHBII
pe3epByap—HaropHbie TPYOONPOBO/bI. PekoMeH/IyeMble TapaMeTpbl HACOCHBIX CTAHLIMH
TILATeTbHO OBOCHOBAHBI. ABTOP 3HAKOMUT HAC ¢ PabOTOl HACOCHBIX CTAHLIMIA C pa3HbIM 000~
PY/IOBAHMEM. .. «LIATHPOBAHHME» MPOCKTOB HACOCHBIX CTAaHLIMif, Pa3HBIX LIKOJI M CTpaH OYEHb
[IEHHO M To3HaBaTebHo. KHura 0coBeHHO 10sie3Ha Jyis TIPOCKTHPOBIHKOBE.

A.H. Busansiesuy, reHepanbhblil gupekrop OAO «CHOrMnpoKOMMYHBOAOKAHANY,
sacayxkentblit paborHnk KKX PO

Mouorpadhus H3TOKeHa JOXOMUMBBIM S3BIKOM, OCHOBHbIC TEOPETIHECKHE 1 TIpAKTH4eC-
KMe peleHns Mpor/TIoCTPHPOBAHBL. AsTop 060611aeT TeOpeTHYECKHE, HAYUHO-TEXHUIECKUE
1 TIPAKTHUECKME Pa3paboTKK BEAYUIMX HAyIHO-UCCICIOBATE/ILCKHX H [POEKTHO-KOHCTPYK-
TOPCKMX MHCTUTYTOB, TPEOOBAHHA JIeHCTBYIONINX CTAHAAPTOB, CTPOMTEIbHBIX HOPM U Mpa-
BUJI TIPOEKTHPOBAHMSI, & TAKKE cOBCTREHHBIIT OMBIT 10 BOMPOCY 1Moadopa HACOCHBIX arpera-
TOB ¥ BBIOOPA ONTUMATGHBIX YCIOBUI MPOSKTUPOBAHMS HACOCHBIX cTaHLMii, 000pYI0BaAH-
HBIX MOTPYKHBIMH HAcOCaMH.

H.H. I[lagrunosa,
JIOKTOP TeXHWYECKUX HayK, rpodeccop MUKXuC

KHuTy cuMTaeM OYeHb MOJIE3HOM s OpraHu3aiiii BOIOMPOBOAHO-KAHATH3ALHOH-
HOTO X03siiicTBa. B HACTOsilIIee BPeMsT LIMPOKO NPUMEHSIOT MOrPYXKHbIC HACOCH! KaK B Ka-
TUTATLHOM CTPOMTE/IbCTBE, TAK M MPH 3aMEHE CTapbIX HACOCOB Ha BoJiee COBPEMEHHDIE.
TIpu 3TOM METOLOB pacyera M WX TMPaBHIBHOIO nmonGopa He 6bu10... [IpaBUIbHO TTOXO-
GpaHHbBIe HACOCHI W CMELMAbHAS KOHCTPYKLINS 3NaHI HACOCHOII CTAHLIMK — 3TO 3a/0r
HameskHoCTH, AM(EeKTUBHOCTH W I0JITOBEYHOCTH.

H.B. Xecmiog, reHepalbHblii JMPEKTOP
I'VI1 «Bomokanan» . SIKyTcka

[TocoBie HAMMCAHO TIPOCTHIM M JOCTYIHBIM SI3bIKOM M TIPEACTABIACT OrPOMHBII MH-
Tepec LISl POCCHI{CKHX CMELMATNCTOB  IIPOEKTHPOBLIMKOB. Haill OMbIT UCTIONB30BAHUSA
peKoMeHIalHii aBTopa B CUCTEeMaX 0DOPOTHOTO BONOCHAGKEHHUS TIOKA3al BBICOKYIO 3(-
(DeKTHBHOCTH TOTPYKHBIX HACOCOB B Hed)Tera’oBoii MPOMBILLIEHHOCTH.

B.C. Teniun,
texamueckuii mupekrop 000 «HITD SUTIK»

[MosiB/IeHME TIOTPYKHBIX HACOCOB B CHCTEMAX BONOOTBEACHNS MPUBEIO K MOABIEHUIO
NPUHUMITHATLHO HOBBIX KOHCTPYKTHBHBIX peleHuii KaHaIN3alMOHHBIX HACOCHBIX CTaH-
1uit. ABTOP PEKOMEHIYeT KOHKDETHbIE PElIeHMUsl IO pasiiniHbIM yanaM CTaHUMi, moa-
TBEpIKIAS X TEOPETHIECKMMH ODOCHOBAHMSMH.

B.M. Bacuivesg, NOKTOP TEXHUYECKNX HAYK, npodeccop CIT6TACY,
PYKOBOJIUTEIb MPOEKTOB 000 «[MTUb «MHKeHepHblE 3KOCUCTEMBbI»

BeckMa TO/e3HB! PEKOMEHAALMM 10 KOHCTPYMPOBAHUIO HACOCHDIX CTAaHLIMIA ¢ arpe-
raraMM MOKpOIl M CYXOil YCTAaHOBKH, KOHCTPYMPOBAHWIO MPUEMHBIX pesepByapoB C yue-
TOM PABHOMEPHOTO TIPUTOKA BOIBI K HACOCAM, HEIONYUICHNS 3aiJIeHHs Pe3epByapoB.

M.C. Cyxapusn, TeHEpPaTBHbII IMPEKTOP
0AO «CepkaBlMNpPOKOMMYHBOIOKaHAT»

Kak mpaBwibHO BbIOpaTh HAcoChl M3 MHOXECTBA peimyckaembix? Kak HaiTH onTH-
MATBHOE SKOHOMHUYECKOE PELeHHe MO cTaHiiu? KHHUra aeT OTBET Ha 3TH 1 MHOTHE ApY-
r'Me BOIMPOCHI.

J0.T. Bazaesg, rnaBHbll WHXEHEP
MYTT Hosocubupcka «[opeonokaHam»
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C. Bepesun, P. 10uccon, B. 3arop-
cKUil Ha MEXIYHAPOIHOH KOH(pe-
pexuuu B Mockse. 1995 .

TyTa, MperoaaBal HaM, CTY/ISHTaM BbINYyCKa 1981 romna, kypc «Hacocsl U HACOCHBIE
craHmm». CeMpio ToaaMu nosxe uMeHHo bopuc BacuiibeBnd B Gecee co MHOIf,
KaK C HAYaJbHHUKOM OTIejia BOoAOocHaOXKeHWsI U BOJOOTBENCHMS JKKX Bpecrckoit
061aCTH, YCOMHMIICS B CIIPOCE Ha TOTPYXHbIE HACOCHBIE arperarbl BBUILY HEKOH-
BepTHpyeMoCTH pyOJisi 1 HETOTOBHOCTH niotpe6uteneii. U ee ke B 1989 r. HaMm yzna-
JI0Ch BHENPHUTHL TEPBBIA KPYMHBIiA, mofadei 800 M3/4, UMIOPTHBIH MOrPYKHOM
HACOC HA [VIABHOI KaHATN3ALMOHHON HACOCHOI CTAaHIMHU T. [MuHCKAa.

Bhipakalo OrpOMHYIO 6/1arofapHoCTh TOIAAIIHAM PYKOBOIUTEIIO BOJIOKaHAaa
Muncka W.B. Kosarepuuy, 3aMecTUTeNIO npejcenaressi bpectckoro 0BIMCITONKO-
ma TT1.A. MapuyKy, CBOMM HadarbHUKam A.A. Oseukuny u B.I1. [Bo3neBy, MUHN-
crpy KKX Benopyccun B.B. barype ¥ ApyrM pYKOBOLUTE/IM M KOJIeram.

ViauHbIii OMBIT GBICTPO PACTIPOCTPAHMIICS HA MHOTHE MPEANPUATHS OTPACIIH, &
ABTOP CTA/l aKTMBHBIM MPONAraHAMCTOM MOTPYXKHOTO 06OpyI0BaHUSL.

C 1992 roma MHE [I0BEJOCh B Ka4eCTBe AMPEKTOPA nogepHeit crpyktypsl ITT
Flygt, otkpsiToit B bpecte, pasBuBaTh CETh ¢dupmel B Kuese, Taiukenre, MHHCKe,
Mockee, Caukr-ITetepbypre, HOBOKy3HEIIKE, Ve, a 3aTeM M MPOAOJCKATE 3TY pa-
6oty B Muncke 1 Mockse. B ToT nepuon cynpba cBea MeHsi ¢ BhICOKOTPOdeccH-
oHaIBHBIMM TpakTHKamu B.A. 3aropckum, M.A. TepacuMEHKOM, C.B. XpameHKoO-
seiM, B.H. IMTakom, H.W. LlapukoMm, A.A. TTorossim, B.A. Yeonbiessiv, @.B. Kap-
masuHosbM, 10.1. Hedenonbim, E.B. KpbuibLOBBIM, 10.T. BaraesbiM, JI.W. Kan-
topoM, Y.A. JIsumnrckacoM, A.B. IPUropbeBbIM U MHOTMMU IPYIAMH. Hauuna-
JIOCh ke Moe obpalieHue K TeMe MOrpyXHOro obopynoBaHHs B 1988 . B HUHU
BOJITEO, xorza ydensie nHcrutyra B.H. IliBeios u WU.H. MsACHHUKOB I1O3HAKO-
MIUIA MeHs ¢ OyayiiuM medoM 1 HaCTaBHUKOM Panbdom IOHccoHoM. [Mamsiti 0
HeM, Ha PEIKOCTh I06POM M MHTEJUIUTEHTHOM YeNOBEKe, 1 MOCBAIIACTCS KHUTA.

Cero/Hsi IOrPYKHbIE HACOCHI BBIMYCKAIOTCA MHOKECTBOM nipousBonuTeneid. Hau-
Gosiee KPYITHbIE M3 HUX PACTIONATAIOT PEKOMEHIALMAMN MO pacieTy 1 KOHCTPYUpPOBA-
HMIO HACOCHBIX CTAHILIMII TIO HACcOChI COOCTBEHHOTO MPOM3BOACTBA. HopmaTuBHas
JIMTepaTypa TIo MPOEKTHPOBAHMIO CTAHIIMH (YCTAHOBOK) C MOTIPYKHBIMH HACOCAMH B
Pocciu He u3aapanach. [105ToMy pa3paboTdiKaM IPOEKTOB U CTICHUaINCTaM TpUXo-
JUTCS TIEPEHOCHTh HOPMBI M TIPABUJIA, OTHOCSIIMECS K KIaCCHIECKUM HACOCHBIM
CTAHIIMSIM, Ha YCTAHOBKH C MOTPY>XKHBIMU arperatamu. [MocKonbKy TOoCcheIHne OTIH-
qAoTCA ¥ KOHCTPYKTUBHO, M OCOOBHHOCTAMM PasMELICHUs B CTAHIIMAX, Ha3ped He-
0GXOIMMOCT 0BOOIIEHNS OfbITA (DUPM-M3TOTOBUTENEH MOTPYXXHBIX HACOCOB, MPOCK=
THBIX HAy4HO-MCC/IEIOBATEIBCKUX 1 SKCIUTYaTUPYIOLINX opraHu3atuii.

B




MOrPY>XHbIE HACOCbI U UX MPEMMYLLIECTBA

VenoBus coBpeMEHHOI XXW3HN, NpaBUIa OXpaHbl TPyIa U TEXHUKH 0e301acHo-
CTH, POCT LIEH HA 3JIEKTPO3HEPIHMIO U 3JIEKTPOHOCHUTEIH TPEIBABISIOT HOBBIE Tpe-
DoBaHMA K arperaram JUisl HAaCOCHBIX craHUuiM. CeromHs Heobxommmo obecrieum-
BaTh HalleXKHOCTh, GecriepeboifHOCT U THOKOCTh paboOThl HACOCHBIX arperaToB M
CHCTEM, B TOM YHCIIE TIPU aBAPUIAHBIX M CTUXMITHBIX 3aTOTUIEHHUAX HACOCHBIX CTaH-
1, BBICOKYIO 3Hepro3(ddeKTMBHOCTh 1 MUHUMYM IlIyMa, HEIOMYCTUMOCTh aBa-
DHITHBIX COPOCOB 3arpsi3HEHHBIX BOJI, MUHUMYM INTATHOIO MEPCOHAA, HETOCTYII-
HOCTh K 000pYIOBaHUIO NTOCTOPOHHUX.

Haubonee momHo OTBEYalOT 3TUM TPEOOBAHHAM IIEHTPOOEXKHBIE MTOIPYKHBIE
S7eKTPOHACOCHI, MTO3TOMY BEAYyIIMe KOMIAHWUM BCe GOJIbIe OPHEHTHPYIOTCA HA UX
mpou3BoacTBo. Camble KpynHbie 10 u3 10 TeiCSY CYLIECTBYIOMIMX (DUPM-TTPOH3BOIH-
teqeli (puc. 1.1) kontpomupytor 50 % HacocHoro peika [1]. W ecim 50 ner Hasan
TOTPYXHBIE HACOCH! C BO3IYXOHAMOJIHEHHBIM 3JIEKTPOIBUTATE/IEM BBITTYCKAJIA TO/Ib-
%0 onHa ¢dupma, To ¢ 1980-x — Bce Bemyuue. COBIT MOrPYKHBIX HACOCOB 34 3TOT

MApA. aonn,

s A Y

- 1,35 Mnpa. — o6wem peanwaauym dupmel ITT Flygt, Beinyckaiolein Tonkko
MOrPYXHLIE arperars

Puc 1.1. OGneM peanusalii HACOCOB BEAYHIMMHM MUPOBbIME TpoussoauTesnsiMu B 2006 r.
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[IeprozL BBIPOC B HECKOJIBKO Pa3 M0 CPABHEHUIO € KIIACCUUECKMMH arperaraMu [2].
JIMHAMMKa POCTA MPOJAX MOTPYKHBIX HACOCOB KPYITHEHIIMX TIPOU3BOAMTEIIEN KaK
3apyBexHbIX (pHc. 1.2), TAK ¥ POCCHICKMIX (puc. 1.3) cBUNETEIBLCTBYET O TOM XKe.

Oco0ObIM CIPOCOM TOTPYXKHBIE HACOCHI MOJb3YIOTCH Y TEX MpearpusiTHii, KOTo-
phie CTPEMSTCSI COKPATUTh TPYAOBBIE M OKCIUTyaTallMOHHbIC 3aTPAThI C MIOMOLBIO
nporpeccuBHOi TexHuku. Hampumep, BogoKaHasl Crokronbma obeayxusaer 350
KAHATM3aLMOHHBIX CTAHLIMH, U HU Ha OXHOM M3 HMX HE OCTaloCh TPaIHUMOHHbIX
HACOCOB — BCE TMOTPYXKHbIE. DTH CTAHLIMM OOCIYXHUBAIOT JHUIIL YETHIPE CMEHHBIC
MOGHITbHbIE GpUrambl, Kaxias 1o asa yenoseka [3]. IIpoeKTMpOBaHHE HOBBIX H
PEKOHCTPYKLIMS TEHCTBYIONIMX HACOCHBIX cranumit B Poccuu, 0coBEHHO C MOsIBIE-
HieM TaKuX KOMMaHWil, Kak «B3ner», penko obxomutcs 0e3 MCIoNb30BaHMs M0~
pyKHBIX Hacocos. B 2006 rozy nsnaHsl «PekoMeHIaLmum» HWUU BOJITEO [4], co-
racHo KOTOpbiM (1. 7.3.4) mpeanoyTeHre Ha CTAHLMAX MEpeKadkn MOBEPXHOCT=
HOTO CTOKA CNIEIyeT OTI4BaTh HACOCHBIM arperatam MorpyxHoro ThIa.

[TorpyxHble HacoChl, KaK MPAaBUIO, J0POXKE KIIACCHUCCKHX. Yem ke 00ycliOB-
JIEH PACTYIIMiA CTIPOC Ha HUX?

[Ipexie BCero, 3T0 TEPMETHYHOCTb SNMEKTPUIECKHUX Y3/I0B arperard, 4ro rfo-
3BOJISET €My B OTJIMUME OT KJIACCHYECKMX (pHC. 1.4) Oecnepedoiino padoTaTh nox
YPOBHEM KHIKOCTH KaK IpH CyXOil, TaK W IpH MOKpPO# TOJIBOAHOM YCTAHOBKE
(puc. 1.5).

bEaLE
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Puc. 1.2. PocT nponax rorpy;kHoro obopyiopaHus ITT Flygt
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Puc. 1.3. Pocr nponak HacocHoro 3asoza «Baner», Omck
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Puc. 1.4. Knaccnueckas HacocHas Puc. 1.5. Crasiums ¢ rmorpyKHbIMH HacocaMu obec-
CTaHLHS 3aTPaTHA B CTPOMTENILCTBE M NneyuBaeT COKpAllleHWe CTPOMTEIbHBIX 3aTpar W
SLIBOIMTCS M3 CTPOS TIPHU 3aTOILTEHMSX BO3MOXKHOCTH PaboThl B 3aTOMJIEHHOM COCTOSIHUM

ITpuMeHeHue MOTPYKHBIX HACOCOB MO3BOJISIET COKPATHTh 00BLEMbI CTPOUTENb-
CTBa, TAaK Kak TpUeMHOe M MalllMHHOEe OoTHelleHus coBMelatoTcs. [Ipu Mokpoii
“CTAHOBKE HACOCOB MCKITIOUAKOTCSI PACXOJbI HA CUCTEMBI OTOTIJIEHMS, BEHTUIISLIAY,
moaauy TEXHUYECKOW BOIbI. DTUM obecrneunBaercst skoHomus 30—60 % unBec-
THUHOHHBIX CPENCTB.

pvroe BaXXHOE MPEUMYILECTBO MOTPYKHBIX HACOCOB NIPUMEHEHUE BOIBLI B Ka-
S2CTBE OXJIAKIAIONIEro areHTa. Belcokas Temrieparypa — IJIaBHBIN Bpar 2JIeKTpo-
IZsHTaTesis, Mno3ToMy HeoOXoOUMO MOCTOsIHHOE oxnaxiaeHue. brarogaps 6ofee Bbl-
COXO0I TenmI0eMKOCTH BOIBI OXJIAXKICHHME MPOMXOOUT OoJiee MHTEHCHBHO, MO3BO-
795 HCIOJI30BaTh HAcoc Ui OONMbIIMX Harpy3ok. [eno B ToM, yto He MeHee 10 %
SIEKTPUYECKON SHEPruu, MOABOINMMON K HACOCHOMY arperarty, TepsSieTcsi B HEM
‘puc. 1.6). Beero 1 kBT moteps (310 10 % MoiHocTy Ha 10 kBTt) nmpomyuupyet 3a
| =ac CTOMBKO TErJa, 4Tto ero xpataer Ha HarpeB 100 Kr anekTpoaBuraTesis Hacoca
=0 100 °"C. B TpanuuMOHHBIX HACOCAX OXJIAXKIIEHUE BO3IYIIIHOE, B MTOTPYKHbLIX — DO-
zee addexTuBHOe BoasiHoe. COOTBETCTBEHHO, MX pecypc OofblIe W JorycKaemast
=aCTOTA TMYCKOB 3HAYMTENBHO BBILLIE, YEM BO3AyXooxXiaxaaeMblx. Tak, eciu wis co-
=peMEHHBIX CYXMX DJIEKTPOABHIaTeeil peKoMeHIoBaHO [5] MakcuManbHO 6 TIyc-
w08 npu MoiHocTH 10 20 kBT, 4 nycka npu 20—75 kBT u 2 nycka B yac npu 100—
200 kBt, TO norpyHble IOMYyCKalOT B 3TUX IpaHMIIaX MOLIHOCTEH, Kak MpaBuiio,
15 sxmioveHHi B yac. TeM cambIM MOTPYKHOIM HAcOC MO CpaBHEHMIO € KlaccHyec-
w3t crocobeH paborarh B ropasio 0ojee MIMPOKOM AMara3’oHe KojiebaHuil Bomo-
moTpeblieHns WIM TIPUTOKA BOI.

RARAIRANIN

100kr go 100 ° C
10 kBT iae 9 kBT

Puc. 1.6. BoasHoe oxiaxineHHe 3JIeKTPOABUTATENS B MOTPYXKHBIX HACOCAX [MO3BOJSET KO-
=oMuTE anekTposHepruio: 10% notepb B aneKTpoaBuratene MouiHocTbio Beero 10 kBt — arto
. =B1. mpomnssonsuii Harpes 100 kr metanna no 100 °C 3a 1 vac
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Puc. 1.7. HecoocHOCTH M 3a30pbl, XapaKTePHbIE [UIsl KIACCHUCCKNX HACOCHBIX arperaTtoB

V KJ1acCHUUecKMX HACOCHBIX arperatoB HEpeiKu [6] HecoOTBETCTBUS 1O BaTy
MeJKIy HACOCOM M JIBHTaTesIeM (puc. 1.7), KOTOpbIE TIPUBOISAT K PE3KOMY COKpPAIIE-
HIIO CPOKa CITyXOBbI (PHC. 1.8).
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HecooCHOCTL U 3a30pbl, AI0IAM

Puc. 1.8, 3aBucuMocTh HAPaBOTKH JI0 OTKA3A BPALIAIOLIHXCA MAIIMH OT BEJMYUH HECOOCHOC-
Teil 1 3a30pOB



A 1. TlorpyskHble Hacockl 1 WX NpeumMyliecTsa nepeqn Knaccn4eckumm n
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Banoe — 20 MkM
JonycTumas HepoBHOCTL

Nno NOBEPXHOCTH MEXaHWYEecKoro
ynnotHeHwa — 0,6 Mkm

A ==

Fwc. 1.9. PanuanbHblit 3a30p NP UEHTPOBKE BANOB [UIst KIACCHYECKOT0 HACOCA (@) M OTKIOHE-
LR 110 MOBEPXHOCTH MEXaHMYECKOro YILIOTHeHMsI [UIst TTOrpy:KHOro Hacoca (6): 1 — momymyd-
7= =acoca; 2 — pan Hacoca; 3 — monymydTa 3IeKTpoaBUTaTeNs; 4 — Bad SMEKTPOIBUTATEIIS:
= — MHINKATOP; 6 — MEeXaHWYECKOe YIUIOTHEHUE MOrpyKHOrO Hacoca
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Fuc. 1.10. Cocrapnstiolie noTeps MOLIHOCTH 3NEKTPOHACOCHOTO Arperara

OTseTcTBEHHOI OMepalyeil Py YCTAHOBKE KJIACCUYECKOTO Arperara siBisieTcs
SSHTIPOBKA BAIOB, KOTOPas 3aKJII0YAETCSl B YCTAHOBKE HAcoca M JBUTATeNs Tak,
=700 0ba Bana GbUTH CTPOro COOCTHBL. COOCTHOCTH BAJIOB MIPOBEPSIETCS 3aMEPAMH
PEIMATBHBIX 33a30POB IO OKPYXKHOCTH MOJAYMY(T M TOPLEBBIX 3a30POB MEXIY
sunv. [U1st 9TOTO MCHOJIB3YIOT CHELMANBbHYIO CKOOY MM MHaukatop (puc. 1.9).
_lonycTHMas BeJIMYMHA PaaMaibHOTO 3a30pa MEXIY BATaMU HACOCA W JABMTATENs —
=0 sxv [7]. TlorpyxHoii Hacoc HMYEro 3TOro He Tpebyet, a HomycKaemasi HepOB-
S0CTH MOBEPXHOCTH MEXaHWYeCcKOoro yrutotHeHHs 0,6 MKM mocTHTaeTcs B 3aBOJIC-
w3 venoBHsix (puc, 1.9).

HorpyXHO HacoC COBMEIEH C 3/IeKTPOABUraTeieM B KOMIAKTHBIT arperar ¢
WEXCHMATBEHO KOPOTKMM eIWHbIM BaloM. biaromapsi stomy sHeprusi nmepenaercs
o7 poTopa K paboyeMy KoJlecy ¢ MHUHMMaJIbHBIMH ToTepsivu (puc. 1.10). Hecooc-

3 S0CTE M COOTBETCTBEHHO BMOpalMsi, 1IyM, BO3nefCcTBUE HA MOMIIMITHUKKA U MeXa-
SMEECKHE YIUIOTHEHMS TAKKE MHHMMH3MPOBAHBL
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Puc. 1.11. Monera, rocrasienHas peGpom Ha paboTalomHii MOrpyXHOIl Hacoc He naxaet. Bué-
paums, LyM, H3HOC MUHUMH3HPOBAHbI

= =

Puc. 1.12. Mexanuyeckue NoTepH arperaroB Ha TPAHCMICHOHHOM BTy JOCTHIAIOT 5—6 %

Ha puc. 1.11 Haras1HO ZIEMOHCTPUPYETCH OTCYTCTBHE BUOPALIN — MOHETA, TI0-
CTaB/ieHHasd pebpoM Ha KOPIYC MeHCTBYIONIEro MOrpy:KHOTO HACOCA, HE Tafaer.

MHorjia Hacock! cpaBHUBAIOT 10 BestmumHe ruapasiueckux KT, Takoe cpas-
HEHHWE HEOCTATOMHO M MOXKET JaXKe UCKa3UTh PealbHylo KapTHHY. MexaHuuyeckie
NOTEepH arperara ¢ TPAHCMUCCHOHHBIM JUIMHHBIM BasioM (puc. 1.12), Harnpumep, B
HECKOJIbKO pa3 BbILLIE, YeM Y MOTPYKHOIO HACOCA TeX JKe MapaMeTpoB, M JOCTUTAIOT
5-6 % [8, 9].
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Fwe. 1.13. CoBpeMeHHOe KAPTPWDKHOE MEXaHMYECKOE YIUIOTHEHHE

[Moxanyii, NpUBEIEHHBIX APTYMEHTOB B TOJB3Y IPEUMYIIECTBA ITOTPYKHBIX
S200COB Mepell TPAAUIMOHHBIMU JIOCTATOYHO.

A eCThb JIM Y MTOTPYKHOTO Hacoca ciiabbie Mecta? «ECTecTBEHHO — CKaXyT 9KC-
TTVaTAlMOHIINKY, — 3TO MEXaHWYecKoe (TOpLEeBoe) YIUIOTHEHHE Ha Baiy». M, Be-
soaTHO, OYIyT npasbl, HO MEXaHWYECKHE YIUIOTHEHMS IIMPOKO HCIIONL3YIOTCS B
=2C0Ccax, aBTOMOOMIISX KoMIpeccopax U T.a1. ¢ 1940-x 1 MocTOSHHO COBEPILIEHCTRY-
wrcd. DOJBUIMHCTBO COBPEMEHHBIX MEXaHMYECKUX yruiotHeHui (puc. 1.13) pac-
cemransl Ha 40 TeicsY yacoB paboThl. MexaHMuYecKoe YIUIOTHEHHE — 3TO MHIUKA-
“op Hacoca. Eciii MexaHMUYECKoe YIUIOTHEHHE Hajio TeYb B MEPBbIE Yachl MW JIHU
250Tel — 3TO Yalle BCEro, BUHA MPOU3BOIUTENS, 4 €C/IM B TIEPBBIE MECHIIBl — 3TO
20i9HO BHHA MPOEKTHMPOBIIMKA WM IKCIIYATALIMOHHMKA.

CrelaIueT 1o HacocaM MHUpoBOro ypoBHs JI. TyabesprcoH Ha Borpoc: «Bbl
COT7ACHBI C TEM, YTO OOJIBIIMHCTBO OTKA30B HACOCOB CBS3aHBI C IMOJOMKAMM YII-
soTHeHHN?» OTBETUN — «S1 OBl He BBINETSUT OTAE/bHBIE 3eMEHTHI. S pelmTeahHo
S2eE7910, YTO OONBIIMHCTBO OTKA30B HACOCOB MPOMCXOMUT HM3-3a HENPaBHILHOIO
2L IpHMEHEHMS, CONPOBOXIAEMOI0 HealleKBaTHBIM obciayxkuBaHueM» [10]. Hama
siTaua HaydyuThesl U3bexarh olMOOK Ha CTAOWM NMPOEKTHPOBAHUMS,

J BbiBOL

MorpyxHble Hacockl Haubonee NonHO OTBeYaloT COBpPEMEHHbIM TDBSOBEI-
=susM. HecmoTps Ha bonee BbICOKYHD CTOMMOCTb, POCT Crnpoca Ha HWMX
Snarogapst TEXHUYECKMM MNpenMyLLecTBamM, 3Ha4YUTENbHO Bhille, YemM Ha
¥naccuyeckre HaCoCHble arperarthl.



2. NIPUHLUUMbI MPOEKTUPOBAHWS
HACOCHOW CTAHUWU U BbIBOPA HACOCOB

[Ipn pacuere M TIPOEKTUPOBAHMN HACOCHBIX YCTAHOBOK (CTaHLMit) HeobXomm-
MO CJIEOBATh OTPEIEJeHHBIM ITPABUIIAM.

1. TIpexie BCEro HYKHO OIPEAETUTH PACUETHBIH CPOK CIHYKObl 00BeKTa, s
9TOr0 NIPUHUMAIOT BO BHUMAaHUWE CleAyloliee:

e  OXHIAeMOE CTApEHHE M M3HOC MEXaHMYecKoro obOpylIoBaHMS;

e  BO3MOXKHOCTH paclIupeHHst 00beKTa B OymyLIeM,

e  CJIOXKHOCTH OCYIIECTBIIEHMS TAKOTO PACIIUPEHMSI,

e 5(hdeKTHBHOCTb PAGOTHI CUCTEMBI B TeYE€HUE TMEPBBIX JET IKCIUTyaTalluH,
KOT[a OHA He MOXET elle padoTaTh B [MOJHYIO MOIIHOCTD.

[Tpu BBHIOOPE pacueTHOTO CPOKA CIIYXKObI HACOCHOM CTaHLIMU HYXHO usberathb
ype3MepHOii (PMHAHCOBOIT HATPY3KM HA CYLIECTBYIOIIMX TI0b30BaTeIel CHCTEMBI.
OueHb JOJITHH PacyeTHBI CPOK MOTPeOYeT CTPOUTENLCTBA Golee IOporuX coopy-
JKEeHMil 1 TIOBBILIEHHBIX 3aTPaT Ha TEXHUYecKoe oOciyxXuBaHue. BeiGoOp CauLIKOM
KOPOTKOrO CPOKa CJIYXKObI MOXKET IPUBECTH K IOMOJHMTEIbHBIM 3aTpaTaM Ha pac-
LIMPEHNE COOPYXKEHWs, BOCTPEGOBAHHOTO paHbIle, 4eM mnpeanonaranocs. Cpok
CITy’KOBbI 06BEKTA TOJDKEH BBIOMPAThCS Tak, YTOOBI CTOMMOCTb CHCTEMbI MEXKIY CY-
IECTBYIOLIMMH M OyIyIIMMHU T0JIb30BaTesIMU Oblia Obl pasjiesieHa MOPOBHY.

B CIIA, Harmpumep, oOUIMH CPOK CIYKObI HACOCHOM CTaHLMW NMPUHUMAIOT
paBHbiM 30 romam [5], a obopynoBaH#ue MoAOUPalOT Ha OJIVDKAMIIYIO MEPCTIEKTUBY
10—15 neT ¢ BO3MOXHOCTBIO YBEJIMYEHMS] KOJIMYECTBA YCTaAHABIMBAEMbBIX arpera-
TOB WJIM MX TPOM3BOMMTENLHOCTH. Mcxons M3 pacyeTHOro CpoKa CTAHLMM, OIpe-
JIENIFIOT €6 MAaKCUMAJIbHYIO TIPOM3BOIMTENIEHOCTh Ha OJIVDKHION M JTAJIbHIOK Tepc-
IeKTHBBI ¥ PACCUMTHIBAIOT HEPABHOMEPHOCTH MOCTYTIIEHUSA BOAONOTPeOIeH s MK
BOJIOOTBENEHHS.

2. Heobxooumo MOCTPOMTH XapaKTePHCTHKY CHCTeMbl M HAIOXKWTb Ha HEe Xa-
PAKTEPUCTHKY MPEANOIaraéMbIX HaCOCOB.

(Qco3HaeM JIH MblI, TToA0Mpasi HACOCHI, YTO B IEUCTBMTEILHOCTH HaM HYXKHBI HE
HACOCHI — HAM HYXHa jJocTaBka xkuakoctu? TIpy 3TOM XKHMIKOCTh J0JDKHA TOCTH-
raTh JaXe caMoii HeymoOHOH (MMKTYyoLIei) ToOUKY B Jitoboe BpeMs THS U rona. Jo-
CTaBKa XMIKOCTH OCYILECTBIIsIETCsl Yepes cucremy Tpybompososios. Hacockl, Ha-
PSILY C 3aIBIKKAMM, KJIallaHaMK, BaHTy3aMU W T.IL, SIBJSIOTCS JIMLIb JIEMEHTAMU
cucteMbl. 1 MMEHHO cHUCTEMa MUKTYET CBOEMY 3JIEMEHTY — HAcoCy KakKUMMW JIOJIK-
Hbl OBITH €r0 MapameTpsl.




2. MpUHLMNBI NPOEKTUPOBAHWA HACOCHOW CTaHLM 1 BbIBOpa HacoCos 15

MHorue 3HaloT, YTO HAcoc pamguaTopa aBToMmobuis Oyger paboratk 12—15
7eT, a (DpeoHOBBII KOMIIPECCOpP XOMOAMIBHIKA HE CO3[ACT MpobeM BaageIblam
18—20 ner [11]. IMogo6GHas DOJTOBEYHOCTD JJIS ATPEraToOB BOJAOMPOBONHBIX M Ka-
HATH3ALMOHHBIX CTaHLMI — Gonbuiasg peakocTs. OGBICHSETCA 9TO, TIPEXKIe BCe-
rO TEM, YTO TEepBbIe MONOOpaHBI B YETKOM COOTBETCTBHH C MOTPEOHOCTIMHU CHC-
TEMBI, JUISI BTOPBIX TAKylO NMPUBI3KY CIENaTh TPyOHEE, TaK KaK CUCTeMa MMeeT
MHOTHE TIepEMeHHBIE,

Takum 0Opa3oM, MPOEKTUPOBAHUE CTAHLIUN TIPOBOIUTCA C 00S3aTeNIbHBIM TI0-
CTTOeHEEEM XapaKTepPUCTHK COBMECTHON paboThl HACOCOB M HATIOPHBIX BOAOBOIOB
» wn z=amu3oM. [Ipu aHanu3e Hepenko BO3HMKAIOT CJOXKHOCTH C PallMOHAIBHBIM
TISOpOM HaCcOCOB Kak M0 KOJIMYECTBY, TakK U M0 MX napaMerpaM. HekoTtopsie nipu-
WweTes DellieHMS TAKMX MPOOJieM NPUBENEHBI B IaBe 3.

3. Pasmepbl HACOCHOM CTAHLIMM 3aBUCST OT KOJIMYECTBA MOHTUPYEMBIX pe3eps-
wman arperatoB. /I HacocHBIX cTaHimil [ Kateropuu (00CIYKUBAIOT SKBUBAIEHT-
e woamuectBo kutened, cebiue 5000 yenoBek) cliemyer MpeaycMaTpUBaTh yCTa-
SEs B CTAHUWMM IBYX pe3epBHBIX HacocHbIX arperatoB [12, 13]. Bo3amoxHocTb
SICTOTO B OMepaTMBHOTO MOHTAXa/IeMOHTaXa HACOCOB TMOrPYXKHOM YCTAHOBKU
ST N 2BTOMATHUECKOro pasbema, 0e30MacHOCTb NPHU aBapUIftHBIX 3aTOTUIEHHSIX
SEIsIEE0T OOCTATOMHOCTH pasMEeIlleHHsl Pe3epPBHBIX HACOCOB Ha CKIAne, a He B
Tt 3TO0 4acTo MPUMEHSIETCS] Ha MPaKTHKE.

MATI «CanapaTBofoKaHaI», HallpUMep, YCIEIIHO 3KCIUTyaTHPYeT CeMb Ka-
werwssnmonHbelX HacocHblX cranuuit (KHC), Ha kotopeix ¢ koHua 1990-x 3a-
s=ocreosanbl 20 IOTPYXKHBIX HAacOCOB. Pe3epBHBIE arperatsl B KOJIMYECTBE JABYX
LTVE HaxomsTcs Ha ckiage. Mx mepeMeunialoT OT CTAHIMHK K CTaHILMM, obecrie-
“usas peMOHT M npoduiakTHKy pabounm Hacocam. TeM caMbIM, HUCITOJB3YS 10~
CTOMHCTBA MOTPYXHBIX HACOCOB, YAAJIOCh CHU3UTEL 00IEe KOJIMYECTBO pe3epB-
SEIX HACOCOB C YEThIPHAALIATH, HOPMUPYEMBIX U KIaCCHYECKUX HAcOCOB, 110
z=vx* (puc. 2.1).

* OcHoBeIBasiCh HA 3apybexHOIt 1 poccHCKOM MPAKTHKE CNEIMANHCTEI BO [JIaBE C ABTOPOM BHECIH B
TSSOy TPYINTY, 3AHMMAKLILYIOCs MPoeKToM (enepaibHOro 3akoHa «0 KOMMYHAILHOM BOIOOTBEAEHHH»
TOTDEEKY CAEAVIOLEro colepXKaHus: «B cmanuusx, 060py0oeannbix NOZPYICHHIMU HAcocamu, donyckaemes
we SCmaRaseINeams éMopoll Peeperslll HACOCH,

Ha 4-x KHC — 12 norpyHbix Hacocos Ha 3-x KHC — B norpyxHbix HacocoB

1+1
peaeps

Fac 1.1, TVI1 «CanasatBofoKaHal» ¢ KoHUA 1990-X TOMOB YCMEUIHO 3KCIUIYATHPYET HA CeMH
SECOCHBIX CTAHUMAX 22 norpyXkHeIX arperata. [To HopMaM Ha KakKmoil CTaHIMKM CIEoyeT ycra-
=w=TwEaTh 110 IBA PE3ePBHBIX HAcoca, T.e. Beero 14 pesepsHbix. Ha npakTke — 10CTaTOMHO OBYX
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4. TTpearnonoxuM, 4yTo HCKOMBbIE apaMeTpsl, onaya @ u Harop H Hacoca, 1mo-
no6paHb! npaBuwibHO. MMest KonMuecTBeHHbIE JaHHbIE, CJIEIyeT OLEHUTH Ka4ecTBo
nepeKaunBaeMbiX CTOYHBIX BOJA, KOTOPOE BIMSIET HAa cOCTaB U BhIOOp obopynoBa-
Hus B 1ejgoM. HeoOGXonUMo YYHTBIBATh CIEAYIOUINE XapaKTePUCTUKH: ILIOTHOCTD,
BA3KOCTb, arpeCCHBHOCTD JKMIAKOM cpeibl, abpasuBHOCTL B3BELUIEHHBIX BEIIECTB,
obpa3oBaHMe OCAJKOB M BPENHBIX Ta30B, WX B3PhIBOOIACHOCTH, BOCIJIAMEHsE-
MOCTb, TOKCUYHOCTh, @ TAKXKE KPYIMHOCTh U creuuduKy (BOIOKHUCTOCTh, KJIei-
KOCTh H T.IT.) coaepsKaiiuxcst B Boae yactuil. [TocieaHee o0s3bIBaeT pacCMOTPETh
BOIPOC O HEOOXOIMMOCTH MCIIONBL30BAHUSI COPOYAEPXKUBAIOIINX PEIIETOK B Ha-
COCHBIX CTaHLMSIX.

2.1. NpepoxpaHeHne HacoCoB
M NpUeMHbIX pe3epByapoB OT 3aCOpoB

3amepxaHue TBEPIBIX BKIIOYEHMM KHUIKOCTH M yoaleHue UX U3 HACOCHOM
CTAHIIMY CUMTAIOTCS HEXenaTeJbHbIMU | 14] BBUIY 3aTpaTHOCTH M CAHHUTAPHO-3KO-
JIOTMYECKOT0 BpEna.

ITpy HMCIIOIB30BAHMKM HACOCOB, CTOMKMX K 3aCOPEHMIO, WJIM HACOCOB C PEXY-
[IIAM KOJIECOM (HACOCHI-IPOOMIKM) IOMYCKAETCsl He YCTaHABIMBATL PEIIETKH ITe-
pejl HUMH. DTO Npenornpenesier MpeuMyIecTBO CTONKHUX K 3aCOPEHHIO arperaTtos,
TAK KAaK OTCYTCTBHE PEIIeTKH — YxKe 3KoHOMMsA. Ecim MCroab3yloTcsl HACOCHhI 10~
rpYKHOil YCTAHOBKM, TO HA HACOCHOI CTaHIIMM, KPOME TOro, He IMOTpedyloTcs U
OTOIUIEHHE, W MPUHYAUTEIbHAs BEHTHISILUS, U TEXHUYECKUH BOIOIPOBOI.

Jlyumwit crioco® yhajieHusl OcaKmalomMXcs W IJIaBaloLIMX BEHIECTB — 3TO
TPAHCIIOPTUPOBKA MX BMECTE C BOJOH Yepe3 HACOCHYIO CTAHLIMIO HA OYMCTHBIE CO-
OpYKEHHS.

CyLIeCcTBYIOT HACOCHI, CIIOCOOHBIE MepeKaunBaTh TBepble BemecTsa. Mmeror-
CSl M PEKOMEHIAIIMM 110 KOHCTPYMPOBAHMIO HE3aCOPSIOIINXCS IPUEMHBIX PE3ePBY-
apoB M COOTBETCTBYIOIIMM peXHMaM paboTbl HACOCOB, XOTA HEOOXONMMOCTH MC-
[10JTb30BaHUST MEXAHNYECKUX PELIETOK BCE JKe CIEeOYeT OINPE/esaTh IPOEKTOM B 3a-
BUCUMOCTH OT MECTHBIX YCIOBHI M CYIIECTBYIOILEH MPAKTHUKM.

CoxpaHeHHIO TPHEMHBIX Pe3epByapoB B YMCTOTE CIOCOOCTBYET Cleylolliee
[15]: mpuMeHeHMe MOTPYKHBIX MEIIANOK; OaiiracupoBaHue YacTH IepeKavnuBae-
MBIX BOJ B pe3epsyap; paboTa HACOCOB B PEXKUME «ITyCK-OCTAHOB» (UTO IPEoy-
TUTEJIbHEE YaCTOTHOTO PEryJIHMpOBaHMs arperaToB); MEPUOAMYECKOE CKavyMBaHUE
BOJBI 10 YPOBHS HIDKE JOMYCKAEeMOii TeOMeTpUYeCKOii TIIyOMHBI BCACHIBAHMSA; OIO-
POXKHEHME U YMCTKA CEeKIIMM pe3epByapa (Wi KaHAIU3ALMOHHBIX CTAHIHIA TPOH3-
BoauTeabHOCThI0 cBbie 100 000 M3/cyT CeKLIMOHMPOBAaHKE pe3epByapoB 0bs3a-
tesbHO [13]). Hebecrone3Ho B 3TOl CBSI3W y4YMTHIBATH PEKOMEHIALIMH, U3JI0XKEH-
ubie B Epponeiickom CraHmapTe Ha MPOEKTHMPOBAHHE U CTPOMTENIBCTBO COOPYKe-
HMIT U1 cTOYHBIX Box [16].

CornacHo [elicTByomuM epporeiickum HopmaM EN 12050, MuHMManbHBIIA
ITPOXOJI B HACOCHOM arperare (T.e. B paboueMm KoJjiece) JOJLKeH ObiTh He MeHee
40 MM, XapakTepHO, 4TO B TIPEIIIECTBYIOLIEM CTAHIAPTE 3Ta BeJIMYMHA yCTAHAB-
nusayiack He MeHee 80 MM, Croiib cylleCTBEHHAs MOMpaBKa OOBSICHAETC TEM, YTO
GOJIBLIOI TIPOXOJI YKe HE pacCMaTpUBAeTCsl KaK PEILIAOIHiA TapaMeTp Ui He3aco-
psiemocTi. CBsi3aHO 3TO ¢ MosiBeHneM B KoHLe 1990-X Tak HasbiBaeMbIX N-pa6o-
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SHX KOJIEC, OTIMYAIOLIMXCs 0C000# YCTOHYMBOCTBIO K 3aCOpaM, HECMOTPSI Ha BABOE
MEHBIIEE CCYCHUE NPOXO/IA 110 CPABHEHMIO C M3BECTHBIMH KOHCTPYKLIMSAMM [17].

Insi ynaneHust TBEpABIX, 0COGEHHO ILIABAIONIIX BEIIECTB, CJIELYEeT MpeaycMaT-
PHBATL MPOCKTOM M aBTOMATUKOI CTAHUMM NEPUOIMYECKME KPATKOBPEMEHHBIE
OTKa9KH NPUEMHOTO pe3epByapa 10 yPOBHsl, KOTOPBIi HUKE TOTO, YTO YCTAHOBIEH
FIPOH3BOIMTENEM [UIS OCTAHOBA HACOCOB, M TPH KOTOPOM HA MOBEPXHOCTH BO3HH-
KAcT BO3yLIHAs BOPOHKA, NJOCTHTAIOIAs BCachIBAlOUIEro narpyoka. O6GbIYHO JoC-
TATOUHO CHMXeHMA ypoBHA 10 0,5+1,0D Ham HM30M BCACHIBAIOLIETO naTpyoka.
[Tpouenypa ouncTku GyJeT BBI3BIBATH 3aXBaT BO3/IyXa HacoCOM, IIyM, BHOpaluio,
YAApHBIE TMIPABITMYECKUE HATPY3KH U HEONAronpusITHO BO3NEHCTBOBATH Ha arpe-
rat. Ho 1moCKonbKy Hacoc Mpu TakoM ypoBHe paGoTaeT BechMa OTPAaHWYEHHOE Bpe-
MA M ICPMOAMYECKH, TO 3TO AOMYCTUMO. XOTS COIIACOBaTh NPUMEHEHHe JaHHO
TIPOLIEAYPEI C MPOM3BOAMTENIEM HACOCA BCE KE CIEIVET.

OTkioYeHne arperata HyXHO IPOM3BOANTH KAK TONBKO HACTYIAeT CPhIB OT-
KA4KH HIH TOBEPXHOCTb BOJIbI OCBODOXKIAETCS OT MUIABAIOIINMX BeluecTs. [Torpyxk-
HBIC HACOCBI MOKDOIii ycTaHOBKHM Gosiee 3(hheKTUBHBI LIS OYHCTKYU pe3epByapoB
MOZOOHBIM CIIOCOOOM, TaK KaK alpMOpH PACIIONATAIOTCs HIDKE 110 OTHOLIEHUIO K
YPOBHIO KHMIKOCTH, YEM arperaTsl Cyxod ycTaHOBKH. [Tepnoau4yHOCTh HMKIOB OYH-
CTXH 3aBHCHUT OT MECTHBIX YCJIOBHH, COCTaBa MepeKayMBaeMOii XUIKOCTH U Ofpe-
JeSeTCs 3KCMepMMEHTAIBHO Ha MecTe.

2.2. Kputepum BbibOpa HacocoB

TpeGyemble mapaMeTpbl HACOCOB PACUMTAHBI, TEXHHUECKOE 3aIaHIUE COCTARIC-
0. 3alpoChl MOCTABIIMKAM HACOCHOTO 0GOpPYNOBaHMUSI OTIIPAaBIEHAL.

[Ipeamonoxum, yTo 3asBICHHBIM TapaMeTpam (ranpumep Q = 200 m3/y,
= 13 M) OTBEYAIOT MPEIJIOKEHHS YeThIPEX HAMGOee M3BECTHBIX Gupm — nipo-
M3BOAMTENCH MOTPYXKHBIX arperato: ABS, Grundfos, ITT Flygt, KSB [2]. O6o-
3HAYHM MX cooTBeTcTBeHHO X, Y, Z, W.
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Pmc. 2.2. Xapaktepuctikn HacocoB bupm X, Y, Z u W s Q=200 M3/u, H= 13 m




18

C.E. bepeanH. HACOCHbIE CTAHLINW

1. BnextpoaHeprus 80 %
2. Obopygoeauue 9 %
3. O6enyxusanve 11 %

6 2

4

5

SnektpoaHeprug 53 %
MoTepsiHHaa aHeprus ua-aa sacopos 17 %
PemonT, npounctka 19 %

O6opynosarne 3 %
O6cnyxusarue 8 %

LR CLo SR 2o

Puc. 2.3. JluarpaMmbl COCTABJISIIOIINX CYMMBI 3aTpaT 3a BeCh CPOK ciyx0bl HACOCOB, TEpeKa-
YMBAIOLIAM YHCTYIO (@) M cTOUHBIE (6) BOMLI

XapakTepuCTUKN HACOCOB (PUC. 2.2) OKasaiuch OYeHb omuskumu. WM BeposT-
HO, CJISAYET OCTAHOBHTHL CBOM BHIOOD, OCHOBBIBASICH HA CAMOM HEZOPOTOM M3 MPE/-
CTaBJIEHHbIX.

Ho pa3Be Tokymasi, HanpuMep, aBTOMOOHIIb C OMPE/Ie/IeHHBIM 00BEMOM [IBHTa-
Tesisl, BbI OyjieTe BBIOMpPATH ero M3 caMbix newesbix? HapepHoe, He TOJIBKO LEHA,
HO 1 apyrue GakTopbl MOBJIMSIOT Ha BaLl BHIOOP. OnpeIe/siiouM KpUTepHeM Bbl-
Gopa Hacoca ABJISIETCS] CyMMa 3aTpaT 33 BECh CPOK cyx0bl (Ha 3amane ero HasbiBa-
jor LCC). IMoxkazarens LCC HacocoB B 3aBUCHMOCTH OT TOIO, KaKylo XKMIKOCTH
oHM OymyT KayaTh — YHCTYIO WIH 3arpsA3HEHHYI0, — OTIMYAIOTCA 10 COCTABY U
BeJIMUMHE BXOISIMX B Hero 3arpar. M3 muarpamm (puc. 2.3) [18], BumHO, 4TO LieHA
06OpPYIOBaHMS B CyMMe 3aTpaT COCTaB/seT 9 % 110 YMCTBIM M Beero 3 % 1o CcTou-
HbM Bogam. OCHOBHAS YaCTh 3aTPaT MPUXOIMTCA Ha 3JIEKTPOSHEPTHIO. [Tpu mpo-
KauKe CTOUYHBIX BOI, KPOME TOTO, CYILECTBEHHBI 3aTPAThl HA PEMOHT 1 TIPOYMCTKY
— 19 %, notepy, CBSI3aHHbBIE C MPEOJOIEHUEM 3aCOPOB, — 17 %.

[To5TOMY BBIGOP HACOCOB C/IENyeT HAYMHATh C PACUETA 3aTPaT Ha JICKTPOIHEP-
Mi0, KOTOpasi MOTpebyeTesl Ha TMepekadKy Beero obbema BOZbI 3a BECh TEPHOL Cro
skerutyatammy. [IpenonokmM, 4To CpokK CiIyxK0bl Hacoca 8 neT, a Bech 00beM BOJIBI
Ha nepekadky — 240 Thic. M3, Toraa, UCTIONB3ys XapaKTepuceTuky (puc. 2.2) 1 mac-
MOpTHBIE JaHHble GUPM, HETPYIHO MOACYMTATH KOIUYECTBO KIJIOBATT TIO KaXIO-
My n3 HacocoB (tabm. 2.1). Pacuetsl n auarpamma (puc. 2.4) MoKa3bIBaOT 3aMeT-
Hyio (10 22 %) pasHMLly B SHEPronoTPeGIeHNH HaCOCOB.

Ta6uia 2.1. Dueprosarparsi nacocos pupm X, Y, Zu W

TMorpebasie- | Konuyecrso | DHepronor- DuepronoTped- | OTHOCHTENTLHOE

Dupma

Hanop, | [Monaua, = ; ,
96 Masi MOLI- | MOTOYAcOB | pebneHHe | NeHHe 3a CPOK IHEpro-
L HOCTh, KBT B roa B ron, KBr | cuyxkOm, KBT |I'IDTpeﬁ,FICHHE, %
X 13,14 59,33 13,15 1110 14 591 218 871 120
Y: 12,29 56,60 11,80 1163 13 725 205 875 113
Z 12,85 58,33 13,10 1129 14 785 221 777 122
w 13,77 60,00 11,05 1 097 12 124 181 865 100
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Puc. 2.4, OtHocuTenbHOR 3Hepronorpebaenue Hacocos X, Y, Z, W Ha nepekauky PaBHbIX
oGeeMoB (B KBTu)

3arpathl Ha oBCIyKUBaHME JII0OOH TEXHUKM BechMa pasiuyatorcsi. Hemerkoe
0OBEIMHEHME aBTOTEXOOCTY)XKMBAHUS MTPOAHATM3UPOBAIO 7,5 MIH. aBTOMOGHIEH
sanbonee momyssipHbIX Mapok. CornacHo naHHbeM [19], uncno medexTos, oGHApy-
SSHHBIX Y MEHEE HalleXKHBIX Mapok (12—15 %), npesbiiaeT KOMM4ecTBO MOTOMOK
S07ee HaleXHBIX aBTOMAlWH B 6—7 pas.

[To Hacocam nogo6GHEIX MacIITaGHBIX MCCIENOBaHMIT He ObLIO, HO Pa3HMLA B
JETpAaTaxX HAa PEMOHT M 3aMYacTH, KaK CBHIETENbCTBYIOT SKCIUTyaTaAlIMOHHIKY, elle
cvmectseHHee. Tem Goriee, YTO MHTEHCUBHOCTD HArPY30K (4MCI0 pabOuMX YacoB B
CVTKH) M TIPONOJDKUTENBHOCTh MCIOJIb30BAHMS HACOCOB B TOAaX 3HAUMTEIBHO
ssime, deM aBromMoOuiiei. [ToaToMy coBeTyeM MOMHTEPecoBaThCs Tepe BhIGOpoM
F300Ca Y CHeLMaIMCTOB O 3aTparax Ha obCcIyKMBaHME HAcoca TOW WM MHON Map-
$35. 4 TAKXKeE MOMYYNTh Y IMOTEHIIHATBHBIX MOCTABIIMKOB CBEEHHS O LIeHaX Ha 3arl-
=acti. M eme onuH coBeT, ObITh MOXET, CYObeKTUBHBIIA.

B nocsienHue ropl MHOTHE M3BECTHBIE (GUPMBI MEPEBOIAT CBOE TIPOM3BOICTBO
& cTpaHsl ¢ Gosiee nelieBeIMU paboyeit CUloi ¥ mpounmu pecypcamu. CTOPOHHM-
A3 STOM TeHOEHLIMK OyIyT NOKa3bIBATH, YTO KAYECTBO arperaroB He U3MEHUTCS, TaK
s2x cDOpKa HACOCOB OCYLIECTBIISIETCS TIOJ KOHTPOJIEM Ha COBPEeMEHHEMINX TeX-
SOTOTHYeCKHX JTMHMAX. Ho BO3HMKAeT BONPOC: OTKyJa Ha HACOCHBI 3aBOX, pas-
WELICHHBIH B Da3BUBAIOLIEIHCA CTpaHe, OyIeT MOCTaBISTLCS JINThe, IBUTATENH, JIPY-
mwe xoMmivieKTyiommne? ABTOp OBUT CBUIETENEM TOr0, Kak HEMELKWIl 3aBOl Tocie
OTOpaKoBKM YETHIPEX M3 TSTH MPUOBIBLINX M3 PAa3BMBAIOLIEHCSH CTPAaHbI KOPIYCOB
“rperatos, ObUT BBIHYKIEH 3aKasblBaTh TUThe B [epMaHn, cpbiBasi CPOKH, HO obec-
SeaMBasi Ka4eCTBO.

Jpyrue (GUPMEI IPEANIOYUTAIOT CHUKATE CeGeCTOMMOCTD TYTeM HapaLHBAHHS
S=eMma MPOU3BOJICTBA B HECKOJIBKO pa3 Ha PONIOHAYATHLHOM 3aBOJE, HE YBETIUH-
SIS TIpH 3TOM YMCJICHHOCTh TEPCOHAIa M 9KOHOMS pecypchl. [TorpeburessiM, Ko-
Topess 3aboTATCA O KayecTe 000pYIOBaHUS, CIedyeT 3a6/1aroBpEMEHHO BBISICHUTB,
== oHO OyIeT M3roTaBIMBATHCH.

TlIpu pabGore Hacoca CO CTOYHBIMHM BOJAMM BBICOKA BEPOSTHOCTH 3aCOPOB, KO-
TUpEiS CBOIAT Ha HET Jo0yio sHeproaddekTBHOCTL. O TOM, YTO 3aCOPOYCTOIYM-
SOCTE HACOCOB BEChbMA pas3iiMyHa, CBHIETEILCTBYIOT Pe3yJILTaThl ONBITOB [2], mpo-
SesssHBIX ¢ TeMH ke Hacocamu X, Y, Z, W (cM. puc. 2.2).

B npo3payuHyio eMKOCTb C BOIOW BBOIWIIM JIOCKYTHI pasmepoM 20x20 cM U3 TeK-
TS, KayuyKa M MOJMMEPHOI MIeHKH — 1o 50 JIOCKYTOB M3 KaXIoro Matepuana
=& monsrmyeMsiii Hacoc. [locsie onuHakoBoro nepuona pa6otet (1o 30 MUHYT) noz-
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Puc. 2.5. Pesyisrarts ucneitaHnii Hacocos X, Y, Z, W Ha yCTOHYMBOCTD K 3aCOpaM (1Mo Konm-
YecTBY MepeKayeHHbIX TOCKYTOB) npH noxadax Q; =60 n/c u 0,=80 xn/c

Puc. 2.6. Camoounaioleecs: moayoTkpbiToe pabouee Koneco N

CUMTBHIBAJIH KOJMUECTBO TIepeKaYeHHbIX HAcOCaMU JIOCKYTOB U OIPE/Iessiv, TaKUM
00pa3oM, YCTOWYMBOCTh K 3acopaM. Puc. 2.5 WTIOCTPUPYET PE3YIbTaThl NCIbITA-
Huii. PasHuna cyniecrsenHa. Hammyunine nokasartenyd oOHapyXKWM Hacocsl C N-
pabounm Korecom. OHO mpecTaBisieT coboil MOMyoTKpbITOE pabouee Kojeco ¢
CHMMETPHUYHBIMM JIOTIACTSIMI S-00pa3HOil ()OpPMBI, NOTMOJHEHHOE Pasrpy304HbIM
CIMpPATBHBIM XKeJ00O0M, BBITIONHEHHBIM B BOPOHKOOOPA3HOM IHMILE YIMTKH.
Kpomka JioracTeif pabouero KoJieca Mpy 3TOM 3aKaluBaeTcs 1Mo 0coboit TeXHOI0-
FUM JUTS TIOBBIIIEHMS €ro TBEPIOCTH U CHIDKEHMs u3Hoca (puc. 2.6).

Mt cpaBHwM ruapasanyeckue KITJI HacocoB, OCHalIEHHBIX PabOYNMHU KoOJle-
camu N, ¢ Hacocamu GUPMBI Z aHATIOTHIHBIX napaMeTpos (O, H), MOIIHOCTBIO OT
6 110 85 KBT. CpaBHEeHME BEIN TIO TIACTIOPTHBIM JaHHBIM 28 HACOCOB-aHaJIOroB [2].
Jluarpamma (puc. 2.7) mokassisaet, uto KITJl Hacocos ¢ Konecom N BbliIe, 1
GOJBILIMHCTBA TUIIOPAa3MEpPOB arperatoB-aHaJIoroB.




. TlpwsHUWNGl NPOEKTUPOBAaHWA HAaCOCHOW CTaHLMK 1 Bbibopa Hacocos 21

60
w o i R - |
50 B Wayuwe, yemZ [
A B Z nyywe, vem W
: f:
g g0 et g ld
L':U i P { L3
£ 90 v e
£ =t M "
10 I ™ = =
A
0
0 50 100 150 200 250 300 350 400 450
[Nogaya, n/c

P 1.7, JuarpaMma cpaBHeHUs TTACTIOPTHBIX JaHHBIX 28 Hacocos-aHanoros. Lludps Ha nu-
s — nvakTel pasninunii KTT[D HacocoB dmpM Z 1 W (¢ pabounm konecom N) MoOIIHO-
g ot 6 0o 85 kBt

HacocHbIi arperar COCTOMT W3 TMAPABIMYECKOM 1 2NeKTpudecKoil yacreit. He
Wees BAKHO YUMTHIBATH W BTOPYIO COCTABJISIOLLLYIO.

CormacHo JaHHBIM BpuTaHcko#l accormaiiu ruapasiaukos [20], Hacockl mo-
e w07 31 % Beeil SHEPTUH, 3aTPAYMBAEMOIl POMBILIJIEHHOCTBIO, a MpH paboTe
= 40 5acos B rojl 3MeKTPOABUIaTe/lb TpeOyeT 3aTpaT Ha 3JIEKTPOIHEPTHIO B He-
“w=a0 pa3 MpeBBIIAOIINX ero cTouMocThb. K cokaneHuio, 5TO He BCErIa yUYnThi-
wuemo= CviecTByeT MpakTHKa 3aBbIIIeHHs TpeOyeMoli MOIIIHOCTH HACOCHOM yCTa-
“osawm 22 10—15 % 3aka3uuKoOM B 3alaHUM Ha [MPOEKTHUPOBaHHUE, a 3aTeM, CaMUM
SepeGOTIHKOM TPOEKTA Ha TaKylo Xe BenuunHy. B pesyssrare b 20 % HacocoB
= IVIOT TIOABOIMMYIO MOLIHOCTB IOJHOCTBIO, OcTambHble MMetoT Ha 20—30 %
sssewEHbBIE TI0 OTHOLIEHHIO K TpebyeMbiM mapameTpsl [21]. CyuiecTyer enie oaHa
Spesiaeva. [lonb3oBarTenb Hacoca MPeMIoYMTaeT PEMOHT (MEPEMOTKY) CTrOPEBILEro
~ooa TOKVITKE HOBoro. Ho oTpeMOHTMPOBAHHBIN IBUTaTelIb, Kak MPaBUIIO, Tepsi-
= = KT A ecim yuecTs, uto | % nossnuenus KITJ obecrieunBaeT 9KOHOMHIO
“eeTrosETPAT 32 TIepHOI CPOKA CITYKOBI IBUTATENs B pa3MepPe PaBHOM €ro CTOMMOC-
% 7o TOKYTIKA HOBOTO MOTOpA IMOYTH BCErIa BhITOOHee ero nepemMorku [20].

S 9exTPOIBUTATENM K TMOTPYKHBIM HacocaM M3roTaBJIMBalOTCSl B COOTBET-
Swes CO CTAHZAPTAMM M30JISLMM cTaTopoB mo kiaccam: Y (90°C), E (120°C),

Tennosoii nNpenen KNaccoe W30NALMK

Buiciuwia H (180 "C) TpagMumoHHblid F (155 'C)
TpoiiHan kanunnsipHas TpexkpaTHas NponuTka
nponuTKa NOrPYXeHnemM B eMKOCTb
C Nakom
S s=osenun , » / r 66—70 % 3anonHeHus
- ", n
WL TSAIAM Y nop nakom

P 18 NapakTepHcTHKA KiaccoB uzomsinm anexrponsurarteit H n F «Kaxasie 10 °C Ten-
s samaca TIOUTH YIBAWBAIOT XKW3Hb 2EKTPOLBUTATEA», — TOBOPAT CIIEIHATNCTb
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TOK HA DA3E UMK
AHANUBATOP MOLLIHOCTK
(onums)

NAMATE HACOCA

anexkTpoHHan tabnuua
JOAHHBIX

cO0Op AAHHBIX O BPEMEHM
akcnnyaTaummn

aKTWBHaA MOLLUHOCTL
TOK Ha kaxnoin cdase
nucBanaHc Toka

HUCNO NYCKOB HanpaxeHue
nepexoc ¢a3s
BWBPALINA KO3DHULMEHT MOLLHOCTH
anepronoTpebneqne
Temnepatypa

pagnanbHo-0NopHOro

NOALMITHUKE Teus B KNeMHyI0 KOpoBKy

Temnepartypa

oBmoToK cTaropa Teub B CTATOPHLIA OTCEK

TemnepaTypa OCHOBHOrO

NOAWWNHWKE
MoAenexve BoALI B Macne

Puc. 2.9. Hosas cucrema MmoHMTOpHHIa HacocoB MAS 711 otobpaxaet, 3amoMHHAaET W 3anu-
ChIBaeT

B (130°C), F (155°C) u H (180°C) [22]. YeMm BbIlIe TeMMepaTypHBIi Npeaen
(uudpa B ckobKax), TeM BHILIE CTENEHb HAaOEeXHOCTU arperara.

B nacrosuiee Bpems Gpupmsbl, 3a0oTtdiimrecs o0 ypoBHe HAIeKHOCTH IPOU3BO-
JIMMOTO 000pYHOBaHMS, KOMIUIEKTYIOT CBOM HACOCH! 3JIEKTPOABUTATEISIMUA BhICILIE-
ro kinacca uzonstiuu H (180°C). Ho GonbIIMHCTBO MPOU3BOAUTENICH BCE EIIE MC-
NOJIb3YIOT MeHee Joporue 3jeKTponpuratenu kiacca usonsguun F (155°C), temre-
paTypHBIii rpenen Kotopbix Ha 25°C Hinke (puc. 2.8). Mexny Tem kaxabie 10° Ten-
JIOBOTO 3amaca, Kak CUMTAIOT CMeLUaNnUCThl U MOATBEPKIAeT NPaKTHKA, MOYTH Y-
BAMBAIOT CPOK CJIYKOBI 3JIEKTPOABUrATEIss. DTO 0OCTOATENLCTBO CIENYET YUUThI-
BaTh Ipy BblOOpe 0b0OpYIOBAHMS.

W3neunts GoJie3Hb BCeraa JIerde v JelIeBlie B Hayame, MoKa OHa He TIPOrpeccu-
pyver. Tak U ¢ TexHukoi. [TosToMy, paccMaTpuBasi HACOChI-AHAIOTH, HEOOXOOMMO
CPaBHMTH CMCTEMBI MOHMTOPWHTA, KOTOPBIMI OHM OCHallleHbl. B rocnemHue romst
MOSIBUJINCh MHOTO(DYHKLIMOHAIBHBIE CHCTEMBI, MO3BOJISIONINAE, [IOMUMO TIepeaayn
aBapUIfHBIX CUTHAJIOB C JaTYMKOB TerJia, TOKa, BUOpallMi U T.J., PErYJIsSpHO CHU-
MaTh MOKa3aHWs ¢ HUX, HAKATUTMBATE U XPAHUTh B «3alLIMTOM» B arperat GJioke ma-
mati 20 et u Gosnee (puc. 2.9). EcTecTBEHHO, 9TO MOBLICUT LIEHY HAcoca, HO OLLY-
THMO CHU3MT TMOCIEIYIOIIHE PACXOIBI.

O BbilBOA

Mpu nogbope HacoCOB HEOBXOAUMO YYMTHLIBATE, YTO OHM JIULLL YaCTb CU-
cTeMbl (BOAOBOALI, apMaTypa U T.M.) AOCTaBKU XMUAKOCTU, MO3TOMY Onpe-
OenaTb napameTpbl arperatoB 6e3 NpYBSA3KW K CUCTEME HEemomnyCTUMO.
MMaBHbI KPUTEPUIA CPAaBHEHWUA HACOCOB — CyMMa 3aTpaT 3a BECb Nepuog,
nx cnyx6bl. LieHa sBnaeTca HaMMeHee 3HauMMbIM KOMMOHEHTOM B CyMMe
OaHHbIX 3aTpar Mo HAaCOCHbLIM arperaram.
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PEXXMMbl PABOTbl HACOCHON CTAHLIUW.
XAPAKTEPUCTUKWN HACOCOB U TPYBONMPOBOAOB

PexiMbl paboThl HACOCHOM CTAHLIMK CYLLECTBEHHO 3aBUCIT OT U3MEHEHUs pe-
SoweoE BOIOMOTPeONIeHHS I MIPUTOKA CTOYHOMN Xuakoetu. Kak npaswio, pexu-
Wi modonoTpebIeHNs M MTPUTOKA CTOYHBIX BOI OTPENCISIOTCS KIMMaTHUYECKUMH
 TOrOIHBIMM YCIOBUSIMM, PEXKMMOM pabOThl MPEANPUATHIE M OopraHusauuii ropo-
0. SHCTI0M KYJIBTYPHBIX, CTIOPTUBHBIX MEPOTIPUSITHIT U IPYTMMK (haKTOpamHu.

PemiM BononoTpedieHus /BOT0OTBEIeHUSI XapaKTepU3yeTCsl CYTOUHBIMMU, He-
SesssIMH M TOMY NOI0OHBIMM rpadUKaMu, a Takcke KoadUuiHeHTaMil HepaBHO-
wemeocti. Cytousslid rpadMK HacelleHHOTO MyHKTA MMEeT, KaK MpaBuiio, MUKO-
S BO3DAcTaHMA B YTPEHHEE U BeUepHee BpeMsl JIHSI.

Fea3MBl paboThl HACOCHBIX YCTAHOBOK MPOMBINUIEHHBIX MPENNPUATHIL onpe-
- eoTCd [IaBHBIM 00pa3s’oM TEXHOJIOTMYECKHUM IPOLIECCOM IPEaNpUATHSL.

Asa713 paboThl HACOCHBIX YCTAHOBOK BBITIONHSAETCS C MCIOJB30BAHMEM XapakK-
SemeeCTHE HACOCOB M TPYOONpPOBONOB. XapaKTepUCTHKAMM HACOCA SIBIISIIOTCS 3aBU-
SewescTw Hanopa H, momHocTH IV, KoadhduumenTa nonesHoro aefictsus (KIII) 1
 SE=wTAIMOHHOIO 3araca Ah]_p (oGo3HauyaeMoro 3anajgHbIMM HACOCHBIMM (hprpma-
W NPSHR) ot nomayn Hacoca Q Npu OnpeieseHHOW YacToTe BpalleHust # pabo-
sesw xoseca guaMerpom D.

Tlpu napaulebHOI paboTe HACOCHI MONAIOT BOAY B ONWH WM HECKOJIbKO Ha-
“Swesix BOZOBOIOB WIH B OfHY cHcTeMy Tpybornposogos. CymmapHas xapakTtepu-
e O—H napajuiesibHO paboTamoIMX HACOCOB CTPOUTCS CIOXKeHHUeM abcuuce X
SCesTEDHCTHK MPU OIHOM M TOM Xe 3HaYeHMM OpAMHATEHL (Haropa), Tak Kak HX
umEs 07243 paBHA cyMMeE IMojad KakKIoro Hacoca. :

Tlps TOcieioBaTe/bHOM paboTe ABYX LIEeHTPOOEXHBIX HACOCOB ONWH W3 HHX
seseT EHIOKOCTH BO BCACHIBAIOLIMI MATPYyOOK OPYroro, KOTOPLI MMOAAET €€ B CHC-
e pvoonpoBonoB. CymmapHast xapaktepuctuka O—H mocieoBateslbHO pabo-
s HACOCOB CTPOMTCS CIIOKEHMEM OpAMHATHI MX XapaKTepUCTHUK TIPU OJHOMN
o == monade, Tak Kak pa3BUBAeMbIit MMM HAMOpP PaBeH CYMME HAIMOPOB, co3ia-
Sy K2XIIBIM HACOCOM.

JEECcHMOCTD MEXIy PacXofoM JKMIKOCTH 4epe3 Tpybomposol ¢ U HAOpOM
° woropsii TpebyeTcs sl obecneyeHts 3TOTO pacxo/ia, Ha3blBaeTcsl XapaKTepyuc-
o TpyOOMNpOBOJA M ONMMCLIBAETCS YPaBHEHUEM

H=Hg+S0% (3.1)
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Puc. 3.1. XapakTepucTHKH BOIOBOMOB Pas3IMYHLIX IHAMETPOB
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O TpyBonposog

- Owametp TpyGonposona +

Puc. 3.2. OnpeneneHne oNTUMAIBHOTO auamMeTpa Tpybornporoaa

e Hg— craTudyecKuii Harmop, 0OyC/IOBIEHHbII Pa3HOCTBIO IE0Ne3HYECKIX OTMETOK
Moa4y M MpUeMa JKUIKOCTH; S — THUIpaBIMIecKoe COTPOTHBIeHHE TpyboIrpoBoa.

[apaBnuyecKoe COMPOTUBIEHHE 3aBUCUT OT MaTepuasia TpyboIrpoBoIa U ero
anamerpa. XapakrepucTuku BofosonoB auametrpom 200, 250 u 300 MM npoTsDKeH-
Hocthio 500 M, ripeactasieHbl Ha auarpamme (puc. 3.1) mMoKas3bIBAIOT CKOJIb Pa3in-
4alTCsl MOTEPU B HUX.

Yem BBIIIE TIOTEPH, TEM BBILLIE TPeOYEMbIe 3HEPro3aTrpaThl Hacoca Ha MPOKAYKY
JKUIKOCTH MO Tpybe.

OpHAaKo ¢ yBeJIMYEHUEM THAMETPA BOIOBOJA PACTET €ro CTOMMOCTb. Juarpam-
Ma (pHc. 3.2) TMo3BoJIIeT OUEHNUTh KOJIMYECTBEHHYIO 3aBUCUMOCTb CTOMMOCTH CHC-
TeMbl HACOC—TPYOONPOBOI OT M3MEHEHMs AMaMeTpa W HAWTH ONTUMAIbLHBIN 1ua-
MeTp BOZIOBOIA.

Hapsimy ¢ norepsiMit 1o JUTMHE HYXKHO YYUTHIBATH TAKXKe CYMMY MECTHBIX [10-
Tepb X, (puc. 3.3), onpenensemyio 1o gopmyJie

Zi= Gt &t &y )V Y2, (3.2)

rae & — koadUUMeHT MoTeps B OT/EIbHBIX 27eMeHTax 00B3KHM Hacoca; V — cKo-
POCTh XKHIKOCTH B TpyOe, M/c.

Hcrnonb3ysa nanxyio GopMyJy, TpH cKOPOCTH KHUIKOCTU B TpyOe, HanpuMmep,
2 M/C JIErKO MONCYUTATh, YTO CyMMapHasi BETMYMHA MECTHBIX MOTEPb 0OBA3KH
(puc. 3.3) cocraut H, = 0,6 m.

Ipaduueckyn xapakTepucTiKa TpybonpoBoaa n3odpaxaercs napadonoii. Ilepe-
ceueHmne xapakrepuctuk O—H Hacoca u Tpy6GorpoBona qaet pabouyio TOUKY Haco-
ca. Koopaunate! 310 Touku B rutockoctt O—H cOOTBETCTBYIOT Moave U Haropy
TP JAHHOM peXiMe paboTsl HAcOCOB U Tpybornposona (puc. 3.4—3.7).
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P 2 3. KoadUUMEeHTsl MECTHRIX THAPABIHYECKUX MoTeph & B CTAHIAPTHBIX 3JeMeHTax 00-
s =ac0ca

F250Ta Hacoca HauboJiee SKOHOMMYHA, KOTAa ero rojaya M Harop COOTBeT-
et vakcumansHoMy 3HaveHdio KII. Bmecte ¢ TeM joryckaeTcsi HEKOTOpoe
ownoseHie paboYMX MapaMeTpoB 3THUX HACOCOB OT 3HAYEHWIl, yKa3aHHBIX B KaTa-
e OIHAKO OHM HE JOJDKHBI BBIXOAMTE 32 MPEIeNibl PpeKOMEHIYEMBIX Moaay Ha-
s woTopbie 0OLIYHO OTMEYAloTCsT YepToukamu Ha Xapaktepuctukax KIT, mo-
IRy TIDH 9TOM BO3MOJKHA TIeperpy3ka HacOCHOTO arperarta, Kpome Toro, cyiie-
eeT OTACHOCTh BO3HUKHOBEHMS KaBUTaumu, KapuTtaimeil Ha3blBaeTCsl Hapylle-
e CEONTHOCTH TIOTOKA XKMIKOCTH, COTIPOBOXKIAEMOe 00pa30BaHUEM M paspyiie-
e TvIBIDBKOB, 3aITOTHEHHBIX MApaMM JKMIKOCTH, rasaMy WIKM MX cMechlo. SIB-
e SEBHTALIAN COMPOBOXKIAETCS NOMOTHUTEIBHBIMM TIOTEPSIMM SHEPTUMH U pas-
mesmew TIOBepXHOCTEH pabouero Koieca M Kopmyca Hacoca.

& TpaKTHKE HepeaKO BO3HHUKAIOT CIOXKHOCTH C PAlMOHANBLHBIM TMOAOBOPOM
swo= mo KonmudecTBy W napameTpam. CIOXKHOCTH, Kak MpaBuio, obyclIOBIEHB
LeoTEeHHOMN pasHULIEH BeIMYMH MMHUMATBHOH W MakCHMaJIbHOM MPOU3BOAU-
. sooTH HACOCHOM cTaHLIMKM. DTa pasHuiia yeyrybsiercs TpeboBanueM [13] obec-
s IIPOITYCKA MAKCHMAJIBHOTO pacxoja Ha ciydyail aBapMiHOTO OTKITIOUEHMs
~ors w3 HanlopHBIX TpyOonpoBoaos. [ToatoMy pacuetHslit nuanason Q—H mapa-
es STHHWYHOTO HACOCA HEpelKo pacIIMpsieTcsi HACTONBKO, 4TO ODeCreyMTh
= swsony & 3oHe onrtumyma KITTJ1 w He BbIBecTH arperart 3a Mpeesibl OrpaHude-
0 T wOIIHOCTH WM KaBMTALIMOHHOMY 3aracy BecbMa Hesierko. HekoTopeie pe-
s O TOM, Kak JIy4Ine MPUCIOcobMTh arperaThl K MepeMeHHbIM BETHIH-
SN SecTeMbl, TIDHBEEHBI B CIICIYIONINX MPUMEpaX.

# TNpwmep 1
L]

SuoesTsad  POM3BOOUTENBHOCTh KAHAJIM3AIMOHHONW HACOCHOM CTaHLMMK

0 = 5560 M3 /. TpeGyeMblii HATIOp MPU aBAPHITHOM OTKITIOYEHHMH OZHOTO

wn =ozosonoB H = 50 M. MUHMMaNbHBINA peatbHblil TPUTOK HA CTAHIIMIO
t = 30 /4. Heobxonumo nono6parth HACOCHI, YCTOWYMBO paboTaouye BO

He MPHUTOKOB, BKIIIOYAS aBapHIHEBIT — Ha onuH BomoBo. IlepBoHa-
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Puc. 3.4. Tpaduk coBmecTHOl paBGoTs
7 TPYOOITPOBOIOB M MOTPYKHBIX HACOCOB

2 MotHoctbio 490 KBt (4 1w, 2 peseps-
14  HBIX) € YACTOTHBIM NpeodpasopareneM
/ Ha | Hacoc: | — xapaktepucTHKa cuc-
4 TeMbl MpU paboTte ABYX TpyGOINpoBo-
J0B; 2 — XapaKTepHCTHKA CHCTEMBI
£ / npu paborte opHoro Tpybonposoaa;

= 50 :

a b ]

9 . \ N 3 — XapaKTepHCTHKA HACOCA MOIIHOC-

:ch 4 v4 =7 ~\ Tbio, 490 kB, 50 Tir; 4 — kpuBasa co-
\ 39 N N

BMECTHOI pabOThbl [IBYX HACOCOB
\\ N 490 kB, 50 T1; 5 — KpuBas coBMec-
< 3 9 ol ~ THOW paBoTsl Tpex Hacocos 490 kBT,
20 NE 91 50 Mi; 6 — XapakTepucTHKa Hacoca
\ 7 490 kBt npu uactore 35 Ti; 7 — xa-
10 6 pakTepHucTHKa Hacoca 490 kBt nipu va-
crore 40 Ii; 8 — XapakTepucTHKA Ha-
0 e e : g coca 490 kBt npu uacrore 42 Ti; 9 —

s KpWBasg COBMECTHOi paboThl Hacoca

Mopava, m3/4 490 kBr, 50 Tix 1 Hacoca 490 kBT, 39 Tit

i"

3
S/
B

/

By B

Hanop, m

>

80 Puc. 3.5. Ipaduk coBmecTHOIt paGoThl
/ TPYGONPOBO/IOB M MOTPYXHBIX HACOCOB

70 motrHocTso 490 kBT (2 1t.) M HacocoB
1/ 125 kBt (4 wr.): | — xapakrepucruka

60 A cucTeMsl IpH paboTe OBYX Tpydonpo-
/ / BONOB; 2 — XapaKTePHCTHKA CHCTEMBI

50 / ripu pabote oHOro TpyGonposoaa; 3 —
\\ q\\ f\ / XapakTepucTHka Hacoca, 125 kBT; 4 —

40 N N KpHBasl COBMECTHOH paboThl IBYX Ha-
\ \ \\)/\ LN COCOB MoOIIHOCTBIO 125 KBT; 5 — rpa-

30 A \ (UK cOBMeCTHOI paboTHI TPEX HACOCOB
\ MolIHocThI0 125 KBT; 6 — KpuBas co-

20 7 8 9 BMECTHOIt paboTHl YeThipeX HACOCOB
\ \5 ‘1 MotHocTbio 125 kBt; 7 — Xapaxkrepu-

i 6 cThka Hacoca, 490 kBt; 8 — kpusas
COBMECTHOIT paBoThEl OOHOrO Hacoca

490 kBt u aByx 125 kBt; 9 — kpuBas

O 2000 4000 6000 8000 1:10% 1,210% 1410 (copyvectrol paGoTer BYX HACOCOB
Mopaua, m3/4 490 kBT 1 uersipex Hacocos 125 kBt

10

YanbHO ObUIM MPEITOXEHBI YETHIPE ITOTPYKHBIX Hacoca (IBa M3 HHUX pe3epBHBIE)
momHocThIo 490 KBr, noxadeit O = 4100 M3/, Hamopom H = 37 M, ¢ YaCTOTHBIM
PETYIUPYIOUAM 3JIEKTPONPHBOIOM, YIIPABISIOMIMM paboToi OJHOTO M3 HACOCOB,
Ipachukm coBMeCTHOI PaGoOTHI HACOCOB, YACTOTHOTO MPeOGPa30BATENS M BOIOBO-
[IOB MPEICTABJIEHbI Ha puc. 3.4,

3aKa3uMK, NPU3HAB 3TO NPELIOKEHHUE JYUIIHM (HA30BEM ero eapuanmom I),
TIOTIPOCHJT HAWTH BO3MOKHOCTE YIEIIEBICHUS.

3amady ynanoch pelMTh MOCPEACTBOM NMOAGOpA ABYX IPYIIIT arperatos MOLIHO-
ctei0 490 u 125 kBt (6apuanm 2), oTIMYAIONIMXCS TIO BEJMYMHAM EAWHUYHBIX TTO-
Aay TMPUOMHM3UTENLHO B TOI K€ MpPONOPLMH, B KOTOPOil COOTHOCSITCS BETMYMHBI

MHHHMAaIbHOTO W pacyeTHOTO IIPUTOKOB.




T

-
%/ \ 7— coBMecTHasi paboTa MATH HACOCOB;
| 8 — coBmecrtHas pabora LIECTH Haco-
E‘ ._/ \ \- . P
3 coB; 9 — coBmecTHas paboTa ceMH Ha-
COCOB

3. Pexumbl paboTbl HACOCHOW CTaHLMKU. XapakTepucTKi HacoCos ... 27

oy Puc. 3.6. Ipaduk cuctem TpyborpoBo-

% y 2/ IO0B W paboTHl CeMM TIOTPYXKHEBIX HACO-

e coB 560 kBT: 1 — xapakrepucTuKa cH-

- .\QM\‘E%MQ 48 creMbl 1IpH paboTe OIHOrO TpyGOIpo-

| NG D \vhx 9| Boma; 2 — XapakTepHCTHKA CHCTEMBI

= ‘l > s £\ﬁ. npu paboTe ABYX TPYGONPOBONOB; 3 —

" { A ™~ xapakrepucrika Hacoca; 4 — coBmecT-

- &7 T V4 \S Has paboTa JABYX HACOCOB; 5 — COBMe-

CTHasi paboTa Tpex Hacocos; 6 — co-

; =0- / \, \\ BMecTHasi pafoTa YeTsipex HAacOCOB;
B

© o 2000 4000 6000 8000 110¢ 1210 141041,610% 1,810
Mopaua, mM3/y

70 o /5 Puc. 3.7. Ipaduk cucrem tpyGomnposo-
/ y JIOB M COBMECTHOIi paboTbl Tpex mo-

&0 rPYXKHBIX HacocoB, 470 kBr u Tpex
% et e B Q / KIIaCCHYECKHMX HacocoB 1o 600 KBr: 1 —
\\ . | | xapaktepucruka cucrembl npu paGote

~~.| omHoro Tpy6Gonposonos; 2 — xapakte-

]
’\(6 PUCTHKA CHCTEMBI MPH paboTe IByX TPy-
™\
4

GoIpoBonoB; 3 — XapakTepHCTHKA Ha-
\6\ coca 470 kBrt; 4 — coBmecTHasi pabota
IByx HacocoB 1o 470 kBt; 5 — cosmec-

THaa paborta Tpex Hacocos 1o 470 xBt;

™\ | 6 — coBmectHas paGota Tpex Hacocos,
2 470 xBt u onHoro Hacoca 600 kBt; 7 —

N A
e

=
A

| coBMecTHas1 paboTta Tpex Hacocos, 470
10} kBT, 1 Tpex Hacocos o 600 kBt
!

J 2000 4000 6000 8000 110% 1210% 1,410 1,610 1,810%
Mogaya, m3/4

5 rpaduka coBMECTHON pabOTHI HACOCOB M BOXOBONOB (puc. 3.5) BUAHO, YTO,
SOMSHENPYS KOJIMYECTBOM pabOTAaIONMINX arperaToB B 3aBUCHMMOCTH OT MPHTOKA,
S.5C cnpaBUTCsl ¢ MEpeKayKoil CTOKOB BO BCEM AMANa3oHe KaK B HOPMAJIBHOM,
TIE ¥ B aBapUITHOM pexmuMax,

Anann3 rpaMKoB Ha pHC. 3.4 U 3.5 MO3BONSET CHENaTh CIeIYIOLINE BHIBOIBL

06a BapuaHTa nonbopa obopynoBaHus Kak | (OMHOTUITHBIE HACOCHI TUTIOC Yac-
sorHEBIH MpeobpasoBaTtelib), Tak U 2 (JIBe IPYNITbl HACOCOB, OTIMYAIOIIMAXCS 110 MO-
Ze. De3 «4aCTOTHHKA») 06eCneyrBaloT aHATOTHYHYIO OTKAYKY, aneKBaTHYIO TIpU-
moxy Ha KHC;

HAcOoCkl MO BapuaHTam 1 u 2 cripassites ¢ otkaukoil 100 % pacueTHOro mpuTo-
¥ 70 OIHO¥ HUTKE BOAOBOJA NPH MOAKIIOUSHHN PE3ePBHBIX arperaToB, YCTAHOB-
==unbX Ha KHC;
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BMECTE C TeM, HenoCcTaTKoM BapuaHTa | (cMm. puc. 3.4) asiusercs To, 4T0 BOMb-
uryio yactb BpemeHu (mpu nputokax KHC menee 3000 M3/‘1) arperarsl JOJIKHBI
OyayTt paborare Ha yactotax Hvke 40 [i1. Ho B 3TOM AnanasoHe ckopocTH Bpallie-
HUS TIOBBIIIAETCS OMNACHOCTh 3aCOpPEHMsI pabouyero KoJjieca Hacoca COAEpPKHUMBIM
ctokoB, a KITI cobcTBeHHO YacTOTHOTO IMPUBOJA 3aMETHO TazaeTr (00 2ToM mnoj-
pobHee B r1ase 4).

KpoMe Toro, MeHblIIIie HACOChI TT0 BapHaHTy 2 MMeIoT Gojlee HI3KOE pacriono-
JKeHHe NMaTpybKOB K YPOBHIO BOIbI B IMPHEMHOM pe3epByape, M MOTOMY ITOJIHEE
UCIONB3YIOT €ro EMKOCTb, YeM KPYITHBIE arperartbl. HakoHel, KOMTUIEKT 060pyno-
BaHMs [0 BapUaHTy 2 OKasajicsl B LEHOBOM BeipaxkeHun Ha 30 % HuXe, YyeM 1o
BapuaHTy | ¢ «4aCTOTHUKOM».

[TpuMep MoOKa3bIBAET, YTO TOTPYKHBIE HACOCHI, TOTOOPAHHbIE B COOTBETCTBMM
¢ KoJeOaHUAMM MPUTOKA TPYINaMK PasHBIX THUITOPa3MEPOB, CIIOCOOHBI MPOM3BO-
JITh OTKAa4Ky B OoJiee SKOHOMHMYHOM pEXMMeE, YeM OJHOpa3MepHbIe arperaThl C
YaCTOTHBIM peryiupoBaHueM. [Iuama3oH moaady v HAropos MpH 3TOM OKasalics
HIMpe, YeM 10 BapuaHTy | ¢ «4aCTOTHHUKOM».

BmecTte ¢ TeM Ha 0c000 KPYMHBIX HACOCHBIX CTAHIMSX paboTa MOrpy;KHBIX Ha-
COCOB COBMECTHO C KJIACCHYECKMMM HACOCAMM Pa3HOM MPOM3BOAMTEIBHOCTH, MO-
KeT OBITh paldOHATLHOMA.

€ lMpumep 2

PacueTHast Tiomaya HacocHoi crarimm — 12000 M3/, Hamop — 45 M, Harop
Jutst mpokadky 100 %-ro pacueTHOro pacxoia MpH OTKJIIOYEHUH OQHOTO U3 BOIOBO-
OB — 55 M, MHHUMAJIBHBIA TIPUTOK — 5500 M3 /4, cpeaHuit mputok — 8750 M3 /u.

[TpoekToM (BapuaHT |) MpeaycMaTpuBaloCh OCHAIEHHE NaHHOW HACOCHOWM
CTAHLIMM CEMBIO MOTPYKHBIMU arperataMu MolnHocTbio 560 kBt kaxuerii. [Tomo-
OGpaHHble HACOCH! XOPOIIO BOUCHIBATMCH B paboune mapaMeTpbl CTaHLIMKM, HO OKa-
3bIBAJIMCEL Ha IIpeiesie CBOMX BO3MOKHOCTEH B ciiydac aBapHM Ha OOHOM M3 BOIO-
BOIOB (puc. 3.6).

HomeHknaTypa Bcex M3BECTHBIX MPOM3BOAMTENEll MOTPYKHBIX arperatoB He
MO3BOJIsIa HA TOT MOMEHT HalTH GoJiee MOAXOASANUIMIA MOTPYXKHOM Hacoc, 4eMm
MPeNyCMOTPEHHBII 10 TpoeKTy. [TOCKOIBKY MMETa MECTO OMACHOCTb aBAPHITHBIX
3aTOTJIEHUH CTAHILIMK, TO TIPUMEHEHUE MOrpYKHBIX HACOCOB SBISLIOCH HEOOXO0-
JHUMBIM YCIIOBHEM.

Toraa Bo3HuKIIA uest (BapuaHT 2) COBMECTHOM YCTAHOBKM TPEX KJIACCHYECKHX
arperaToB ¢ CyXuMu aBuratestMu bonbiieit momHocty (o 600 kBt) ¢ Tpemst mo-
rpyxHbIME 110 470 KBT — MeHblleit, yem o npoekty. [Togaun HACOCOB MpH pac-
yeTrHoM Harmope (H = 55 m) — 2650 n 1260 M3/‘I — COOTHOCSITCS B TOIi e Mporop-
LMK, YTO U BEIMYHHBI MAKCUMATEHOTO 1 MUHMMAJIBLHOTO TTPUTOKOB.

Ha puc. 3.7 npencrasieH rpauk cOBMECTHOIT paboThl 3TUX arperatoB Ha CHU-
cTeMy [JBYX HallOPHBIX BOJOBOJOB, a B Tabu. 3.1. mpuBeieHo cpaBHEHUE MapaMeT-
pPOB HACOCHOM CTAaHIIMK, OCHAIEHHO MO MPOEKTHOMY U KOMOMHUPOBAHHOMY Ba-
pUaHTaMm.

Kaxk BunHo u3 Tabn. 3.1, pasHOTUITHbBIE HACOCHI 110 BAPHMAHTY 2 0becreunBaior
repeKkavyky I10 YeTHIpeEM OCHOBHBIM TOYKaMm paboThl CTAHLIMKU C KOHOMUEH B
cpenHeM 9.3 %. Orciona Hacockl, MogodpaHHBIE MO BapuaHTty 2, obecreyar, 1o
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Tabmmua 3.1, PesyasraThl aHANIM30B padoThl HACOCOB MO BapHanTam 1 u 2

KombuHaumn paboTel 0GopynoBaHus 1o BapHaHTaMm
Xapakrep- Mo sapuanTy 1. Mo Bapuanty 2.
HBIH ONHOTHITHBIE HACOCH Ipe rpynmnst Hacocos o 470 kBt (3 wr)
o MPHTOK no 560 kBr (7 wr.) u 1o 600 kBt (3 wr.)
v Ha HC,
=i /g KONIMYECTBO | yaenbHass | paBoTaio- | paGoraio- )
ERSIOTED OIHOBpE- | MOIIHOCTE e e JACHBHATE [FIBOHOMIL
MEHHO |[(Ha Bany) Ha | Hacockl HACOCHI P OCTL | SHepI FO
paGotaio- | nepexauky | mouroc- | MommHoc- i QIROIICS
LIHx 1000 w3 ThIO Thio 600 HTEEE“? HA0 X "
HACOCOB, CTOKOB, 470 kBr, kBT, B ‘M map ";QTY :
mT KkBru T WT T S
1 2 3 4 5 6 7 8
1 5500 1 90,54 1 - 82,7 9.4
2 8750 2 110,26 2 - 100,22 10,0
3 12000 4 147,22 3 1 142,8 3
4% 12000 7 227,78 3 3 195,0 16,8

* Pabora HACOCOB MpH aBapHMH Ha OJHOM U3 BOIOBOIOB.

“DEBHEHMIO C arperaTaMy I10 MPOEKTHOMY BapHaHTy |, B CpeiHeM 3a roi 3KOHO-
w0 7,7 MiH KBy Ha nepekauky Boabl. Takasi SKOHOMMSI COMOCTABUMA CO CTOM-
MOCTBIO OJTHOIO M3 PACCMOTPEHHBIX HACOCOB.

Kpome 1010, MHBECTUIIMOHHBIE 3aTPAThl HA 3aKYMKY HIECTH PA3HOTUITHBIX ar-
DETATOB TPOTHB CEMM MOTPYXKHBIX HACOCOB UL HAHHON CTAHIIMM OKA3aJIUCh HA
20 % umxe. ITpu stom tpeGosarne CHuIl 06 ycraHOBKe Ha HACOCHON CTAHIIAM
ZEVX PE3CPBHbIX HACOCOB ¢ Hanbosblleit monaveil (ctpoka 3, Tabu. 3.1) Takke Bbi-
ZEDAMBAETCA 110 BAPMAHTY 2.

HakoHel, yCTaHOBKA TPeX MOTPYXKHBIX HACOCOB IO BAPUAHTY 2 SIBJSIETCA J0C-
TETOYHON Ui obecrieyeHus GecriepeOoitHON paboThl CTAHLIMK B CIyYae ee 3aTor-
SSHA, TIOCKOJIBKY TNPM MX MapajulesibHOM paboTe Ha [Ba BOLOBOAA 0OBEM Tepe-
szaxu cocrapiser 10700 m3/4, Te. 90 % makcumansHOro TMIPUTOKA.

7 BbIBOA,

OnHoBpeMEHHOe MCNO/b30BaHNe B HACOCHbLIX CTAHLMSX HACOCOB paa-
HOW NPOM3BOAMTENBHOCTU U AAXe Pasnu4HbIX TUMNOB MOXET 0Ka3aTbCs
paunoHasibHee NpuMeHeHnst 0AMHaKOBbIX MO nogayamM 1 Tunam arpera-
TOB, ynpaBisembIX perynupyemMbiM ai1eKTponprusoaoM. PekomeHaoyemoe
COOTHOLLEHWE BeNn4YnH noaay HacoCcoB NPW 3TOM A0DKHO GbiTh Npuban-
SWTENBHO PaBHbIM COOTHOLUEHWI0O 0OBEMOB MakCUMansHOro pacyeTHo-
r0 M MUHUMALHOTO (PaKTMYECKOro 4acoBOro BoAonoTpebneHns/Boao-
OTBEOEHWA MO HACOCHOW CTaHLUN.




DAKTOPbI BINAHUSA HA PABOTY HACOCOB

Hanexwnocts 1 a¢dexTuBHOCTE pabOTH HACOCHBIX ATPEraToB 3aBUCHUT OT MHO-
rmx (akTopos. Haubosibliee BiusiHIe OKa3bIBAIOT KABUTALMS, BUOPALIMsl, OCEBbIE
U paauaibHble HArpy3KW, 0ObEMHBIE U JIOKAJIbHbIE BOIOBOPOTEL.

4.1. KaButauuma

[Moxanyit, rmaBHBIT UCTOYHUK TTPOBIEM € HACOCAMM — 3TO KABUTALIMS — SIB-
JieHre 00pa3oBaHMsl B JKHUIKOCTH TOJOCTeH (KaBUTAIIMOHHBIX MMY3bIPLKOB MM Ka-
BEpH), 3aMOJIHEHHBIX Ta30M, TApOM WJIM MX CMechio. KaBuTaums BO3HHKAeT B pe-
3yJIbTaTeé MECTHOTO MOHMKEHMS JaBIE€HUS B KMIKOCTH, KOTOPOE MOXET MPOMCXO-
IOUTh TIPK YBEJIMYEHHUM €€ CKOPOCTH (TMIpoAuHaMuuecKas Kasurauus) [61]. IMepe-
MELIAsICh C TIOTOKOM B 001acTh ¢ Goee BHICOKWM JaBIEHUEM, KABUTALMOHHBII
TTy3bIPEK 3aXJIONBIBAETCSI, M3ITy4as [IPU 9TOM SHEPTUIO, KOTOPAs pa3pyIlaeT rmoBep-
XHOCTb pabouux Kojec, yIuToK (puc. 4.1) u T.1.

DTa SHEpPrus TaKKe CO3IaeT yJapHbIE BOJIHBI, BHI3BIBAIOIINE BUOPALIMIO, pac-
TIPOCTPaHAIOLIYIOCS Ha pabodee KoJieco, Bajl, YIUIOTHEHMWS, TIOAIIAITHUKHN, MTOBBI-
mag uxX W3Hoc. Bo3HMKHOBEHME KaBUTAUMH OGYCIOBIEHO Pa3sHLIMM TIPUMUHAMUI
(Tabm. 4.1), HO Bcerna CBA3aHO C HEYYETOM 3aKOHOB TMAPABIMKHM M MMIPOAMHAMMU-
KU TP [MPOEKTHPOBAHMH.

Kaxnprii Hacoc XapakTepH3yeTcsl BeNTWYMHOI KaBUTALMOHHOTO 3araca Ahm
(NPSHR) — 310 MUHMMAmbHOE NaBlieHKeE, B TIPEIEIaX KOTOPOTO V KMAKOCTH, MO~

Puc. 4.1. KaBuTanus ynuTku mociie roga paboTsl Hacoca
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Tz20muua 4.1, Buabl B NPHYHHBLI BOSHHKHOBEHHS! KABHTALMH

Bansl KaBUTALIMH an'{HHbI BO3HHKHOBCHMWA

BEVIDEHHAA Hanmmuue Ha HAMOPHOI CTOpPOHE Hacoca MPHUKPLITOH 3alIBHAKH,

SeTHPKYISILIHS 3acopeHHOTro (UILTPA, JABJIEHHS] CO CTOPOHBI CHCTEMBI CBBILLE
pacuerHoro. Hacoc paGotaer B TOuKe, jleBee ONTUMAIbHOIN 30HBI

BoaMyIIeHns PaGouee koneco 3apeineHHoro pasmepa. Mcnonbsosanmne

= TDOTOYHOI YacTH  HeCOOTBETCTBYIOIIMX AETANCH, YCTAHOBIEHHBIX TPH PEMOHTE

JacachiBaHUe Henonxopaiee yriotHeHue Bajaa. [TOBBILIEHHBIE CKOPOCTH MOTOKA

SoaTyNa BO BcachiBaiolleit mHun, HecoocHocTh, HecopasMepHOCTh (haHLeB.

PaBora Hacoca B TOYKe, MpaBee ONTUMAIBHON 30HBI
TpOVAEHTHOCTD [TpOeKTOM 3a/0KEHBl HECOOTBETCTBYIONINE TEXHUYECKUM TPeboBaHHAM
JWHUSL BCACBIBAHMA, MPUEMHBII pe3epByap, 0DBsA3Ka, apMaTypa
“lapoobpazoBaHue HecooTeetersus 1Mo KaBuTalMoHHOMY 3anacy. Ha scacbiBaioeit

CTOPOHE €CTh MPUKPhITAS 3aIBIKKA, 3aCOPEHHbII (DHITBTP.
BcaceiBaHHE MPOMCXOINUT C HEZOCTATOUHON TIyOMHbL

=saapolieil B HACOC, coXpaHseTcss oqHo(ha3Hoe COCTOSIHME, T.e. COCTOSIHME CO0-
creeuH0 KuaKocTd. HoMMHANBHOE 3HAYEHME Ahw W KPUBYIO 3aBHCUMOCTH ﬂth
= mozagy/Hamopa 00s13aH TPeNoCTaBIsATE MPOU3BOIUTENb HAcoca.

Hacoc B CTAHIIMIO HEODXOAUMO MOAOHMPATh, YCTAHABIUBATE U OOBA3BIBATD TaK,
w=0fs! OH PACIIONATal B 30He CBOEi paboTel (onpenesseTcs HalT0XKEeHUEM XapaKTe-
PWCTHK HACOCOB M CHCTEMBI BOIOBOIOB) TEM JIOMYCTHMBIM KaBHUTALMOHHBIM 3ara-

oom An o (NPSHA), BemuunHa KOTOPOToO Obuia OBl BBILLIE Ahm (NPSHA >
NPSHR).
Husvn cioBamMi, Ah - — €CTh MOTEHIIMATbHAS HEPrisl KUIKOCTH Y BCACHI-

non
SSOmEro OTBepCTHA Hacoca, Ak, = H, + H — va — H;— H, tne H, — armoc-

Sepsoe nasienne (10 Mm BogHoro cton6a); H, — craTdecKuii Harop (ToNoxu-
e sssnIil MM OTPULIATENBHBIIT), OTIPEeIIeMBIi KaK pa3HOCTh YPOBHEN MeXIy CBO-
S mw0il TOBEPXHOCTBIO KUIKOCTH M OChIO HACOCA, M; H‘,p — JaBJieHne MaposB Ie-
Sesa9HBAEMOl KMIKOCTH, 3aBHCSLIEe OT TEMIMepaTypbl, M; Hy — moTepH Ha Tpe-
swe B0 BCAChIBAIOLIEH JMHUM, M; H, — TOTepH B MPOCTPAHCTBE MEXIY TOPJIOBH-
0 3 TOJIOBKOWM pabodero Koneca Hacoca (eci HEM3BECTHBI, MOXKHO TPUHSTH PaB-
==auw 0,6 M) [6].

4 Tlpumep 1

HyAKHO Ompe/e/inTh TEOMETPUYECKYIO BBICOTY BeachiBanusi H (puc. 4.2) st
Emcoca ¢ Ak = 7 M.

PacueToM C MOMOILBI0 pekoMeHaaimit [33] u [6] momyyaeM noTepy: Ha BXOJE B
Eacoc H = 0,6 M; Ha TpeHHe BO BCachiBaloLIeH TMHUKH H= 0,3 m; Ha 3anBUXKKe H,
= 0.1 m: Ha KoH(y3ope H, = 0,1 M; 1aBreHre HACHLILICHHBIX M1ApOB va = 0,2 M.
Sewwauna H pasHa H co 3HAKOM MHHYC.

L5t TIONTyMEHHsI UCKOMOi M| periuM Tpu ypaBHEHHMS.

Ahyon = L16R, (4.1)

2= 1.1 — xoa(hduIMEHT 3ammaca, IPHHUMAEMBbIii B 3aBUCUMOCTH OT YCJIOBHH pado-
=2 macoca 1,1-1,5 [6].
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H,=0,1 va =0,2

Puc. 4.2, Pacyer reoMeTpH4eCKOii BBICOTbI BeachiBaHusl Hy

Hy=—H, (4.2)
TaK KdK YPOBCHbL BOJbI OT'{]HL[E}.TCJ'[bHHﬁ MO0 OTHOILIEHHWIO K OCH Hacoca.
AH, .= H,+ H~H,—~H,—H,— H—H, (4.3)

Orciona
Hy = —(l,lAHTp =it va+ H, + H, + H+H, ) wi

TpebyeMblit KaBUTALIMOHHBIN 3arac Mm OOBIYHO BBIMHMCIISIOT TIO XapaKTepHC-
THKE, MPeIcTaBIAEeMOi MPoM3BoaAUTeIeM Hacoca. KpuBasg A}Ll.p HAYMHAETCS C TOYU-
KW HYJIEBOI1 1ogayy M MeUIEHHO pacTteT ¢ ee yBeauueHneM. Korna sHaueHue nona-
Y YXOIUT BITPABO OT ONTHUMAIBLHOM 30HBI, KpUBas Ahm pes3ko Bo3spacraet. O6nacTh
cripaBa oT 30HbI onTuMansHOro KIT/ oOBIMHO SBIsieTCS KAaBUTALIMOHHO OINACHOIA.
KapuTanoHHBIH 3amac He TOIJIAeTCs KOHTPOJIIO C TOYKM 3PEHMS] MEXaHWKH, U
OrepaTop HACOCHOM CTaHLMK (OCODEHHO eC/IM OH HE O3HAKOMIIEH C XapaKTepuc-
THKaAMH HACOCOB) YJIABJIMBAET 110 METAUIMYECKOMY IIYMY M ILIETYKAM Pa3sBUBLIYIO-
cs1 kaBuTauuio. K coxaneHWio, Ha PbIHKE CIMIIKOM MaJio TIpHOOpOB, MO3BOIISIO-
LIAX HADJIIOAATh U MPEIOTBPALaTh KABUTALIMIO. XOTS JAaTYUK JABJIEHUs HA BCACHI-
BalOIEeH CTOpPOHE Hacoca, MOMAIOIINI CUTHAJI TPEBOTW TpH TaJeHWH JaBjeHHS
HUKE JIOTYCTHMOIO [Ulsl KOHKPETHOro arperara, MOTr Obl M JOJDKEH MPHUMEHSIThCH
TTOBCEMECTHO.

MHorue orepaTopbl 3HAIOT, YTO 3BYK NMpOManaeT Mmocjie MPUKPBITHS 3aIBIKKH.
Ho, cHuXasi TeM caMbIM I10Ja4y U KABUTALIMIO, MOXKHO HE JOCTHYb TEXHOIOTHYEC-
KHX [MapaMeTpoB MPOU3BOACTBEHHOIO MpOoLecca WX BOIOCHA0XKEHMS/BOI0OTBEIE-
Hus. na Toro ytoObl MPaBMIBHO YCTPAHUTH KaBMTALMIO, HYXKHO MCITOJNIB30BATh
MPWHLKIT — HA BXOAE B HACOC JO/DKHO BCerna OBITh XXKHMIKOCTH OOJIbIIe, YeM Ha
BhIX0O/Ie. BOT HECKOJIBKO MPOCTHIX CITOCOO0B KAK 3TOr0 HOCTUYE:

— 3aMEHUThb JMaMeTp BCACBIBAIOLIETO MaTpydKa Ha OOJIBIIIMIA;
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11910,

Oce Hacoca

=

VA~
00, |, 300

430 3200
2100 4200

= 1

Pumc. 4.3. Ilpumep HesepHOil 00BA3KM Hacoca. [luaMeTp BcachiBamoollero narpyoka MeHblle,
=M H&HD}}HOFO

— MEPEMECTHTh HAacoc OMMIKe K IMHUTAIoIIEMy pesepByapy, Ho He omke 5—10
ZHaMeTPOB BcachlBaloUlei TpyObl;

— [OHU3HUTL CONPOTUBJIIEHKE BO BCACHIBAIOLLIEH TpyDe 3aMeHOIi ee MaTepuasa
=2 MEHEE LIEPOXOBaThIi, 3aBIKKN HA IMOEPHYIO, XapaKTePU3YIOILYIOCS MEHbIIIN-
w3 MECTHBIMM ITOTEPAMM, ylajeHueM o0paTHOro KiamnaHa;

— €CJIM BcachIBaloIlasi Tpyda MMEET MOBOPOTHI, YMEHBIIUTh UX KOJIMYECTBO U
(3LTH) 3aMEHUTb OTBOJbI MaJbIX Ha OOJbIINE paguychl MOBOPOTA, COPUEHTHPOBAB
M% B OJIHOM IUIOCKOCTH (MHOTIA MpaBWibHEe 3aMEHUTE JKEeCTKYI0 TpyOy rMOKoif);

— YBEJIMYMTH JaBJICHUE HA BCACBIBAIONIEH CTOPOHE HAcoca MOBBIIIEHUEM YPOB-
%4 B MUTAOLLEM pe3epByape Jubo CHIDKEHMEM OCH YCTAaHOBKM Hacoca, Jubo uc-
T07b30BaHKMEM OyCTepHOTo Hacoca.

M3noxeHHBIE CITOCOOLI MPOCTHL U TIOHSITHEI JIIOOOMY CITEIIHAINCTY, HO PaccMaT-
DHBAI0 HEJABHO TIPOEKT, BBHITIOJIHEHHBIH ABTOPUTETHOM MPOEKTHOWH OpraHu3almeit,
# OOHapyXHBalo, YTO Hacockl ¢ Togaueit 1400 M3/4 0GOpPYNOBaHBI 3aIBHXKAMU
pic. 4.3) nnamerpamu 400 MM ¢ HarnopHoii 1 300 MM co BcachIBaroIIeii CTOPOHBI!?
«Bal mepenyTaid AMameTpel», — roBoplo. — He MoXeT Hacoc, U3roTaBIUBaeMbIii
COTMIHOMN eBporelickoil (UupMoit, GBITE BHIMOJIHEH BOTIPEKH KJIACCHYECKOMY Ipa-
S3UTY: BCAchIBAOLIMI MATPyOOK N0/KeH OBITH OoMblie HarmopHoro!

Oxasanoch, 4To naTpybku UMeIoT oAuHakoBbie quaMerphl mo 300 mm., Yem
OVKOBOICTBYETCS HacocHasi pupma, noragatbesd HeTpynHo. C MOOXOMAIIMM IO
ZAHHYIO MoJavy BcackiBalomuM natpydokom auamerpom 400 wiu 500 MM Bo3poc-
=3t Obl pasMep YIUTKH 1 eHa. Ho ecan 651 MPOEKTHPOBLIMK MOACYUTAI TTOJIyda-
SMVIO CKOPOCTh Ha BXole B Hacoc 5,5 m/c, a 3a Hacocom 3,1 M/c, To cMor Obl
+OeIuTh 3aKa3uMKa OTKa3aThCsl OT HAcoca, MpeapacroiiokKeHHOro K KaBUTALMH,
w0TH U MeHee OpOororo.
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¢ [lpumep 2

B HacocHOl CTAHIIMM CMOHTHPOBAHBI arperaThbl CYXOH TFOpPH30HTATBHOM ycTa-
HOBKHM BBIIIIE YPOBHS BOIBI B MMPHUEMHOM pe3epByape Ha 2,8 M. X HOMHHa/IbHbIE
napameTpsl: Q = 3500 m3/4, H= 26 m, Ah_ = 7,7 m. Hacocsl kaBuTHpyiot. Peais-
HO OHU paboTtaioT B Touke, rae Q= 3900 m°/u, H = 24 m, Ahrp = 8,6 M. /Inanaszon
nofay HacocHoit craHumm 6000—10000 M3/'-1.

Pewenue.

C nomomsio dopmynsl (4.3) momcumteiBaeM Ak, = 5,8 M. Orcrona
Ahmn<l,mkm = 8,5 M, uto HegonycTumo. dedunT moamnopa Ha BcachblBaroLIei
CTOpOHE HAcoca IIPH ero pabore B HoMuHame coctasiser 8,5 — 5,8 = 2,7 m. B dak-
TUUYECKOI K€ TouKe paboThl, e pa3HOCTh l,IAth— Ahmm =1,1x8,6 — 5,8 = 3,7,
YCIIOBUS €IlIe JKecTde.

PaccmoTpuM JiBa BapMaHTa BHIBOJA HACOCOB M3 KaBUTALMOHHOW paboTHL:

— JIPOCCETMPOBaHNE HATIOPHON JIMHUM C MOMOIIBI0 PETYJIMPYIOLIEro KiarnaHa;

— YBeJIMUEHHE /IaBJIeHMST HA BCACHIBAIOLEH CTOPOHE YCTAHOBKON B IPUEMHOM
OTHe/leHUH OyCTepHOTro Hacoca.

Bapuanm 1.

AHanu3upyst Xxapakrepuctukn Q—H n Q — ah.m Hacoca, Haxomum Q = 2000
M3/4, IpU KOTOpOM Ahm =38M< Mﬂm. [Tonbupaem perynupylomuii KiamnaH,
CIOCOOHBIN MOAAEPXKUBAThL HABJIEHUE B HAMOPHOM JTMHMM KaXKIOTo Hacoca Ha
ypoBHe 3,5 6ap, YTO COOTBETCTBYET eAMHMYHOI nogade 2000 M3 /u. CTpoum rpa-
bk coBMecTHOI paboThl TPEX HACOCOB € TpeMms KiaraHaMu U TpyOONpoBOLOB

(puc. 4.4). Tpn Hacoca CTIPABISIIOTCS ¢ MUHHMATBHBIM TTpUTOKOM 6000 M3 /4.

40 A

36

32 - 4

Harop, m

28 -

24 | 2
:

20

0 2000 4000 6000 8000
Mopaua, m3/y

Puc. 4.4. Tpacdukn coBmecTHOM paboThl TpeX HACOCOB M BOMOBOOB C PeryjJMpyeMbIMM Kiara-
Hamu: 1, 2, 3 — KpHBbIE OIHO, ABYX W TPexX NapajuiesibHO paboTalolIMX HACOCOB COOTBETCTBEH-
Ho; 4, 5, 6 — rpadMKi BOIOBO/IOB C PELYKLMOHHBIMM KJanaHAMM, MONJEPKUBAIOIIMMH J1aB-
JeHue B cucteme 3,5 G6ap npu paGoTe OQHOTO, ABYX M TPEX HACOCOB COOTBETCTBEHHO; 7 — Xa-
paKkTepucTHKa BofoBoaa Ge3 IpoccelMpoBaHus
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Puc. 4.5. [Morpy:kHoii oceBoii Hacoc 1, CO3MAIONIMIA MOANOP HACOCY CYXOil YCTAHOBKM 2

Bapuanm 2.

PaHee mokazaHo, 4TO HEIOCTATOK HATIOpA Ha BCACKIBAIOLIEH CTOpOHE Hacoca
coctasnger 3,7 M. YeraHoBMM Tyna OyctepHbiit Hacoc. Hamnbosee nmpocto MOHTH-
TYVEMBIMH M TOAXOOAIIMMM [UIA TIOABEMA 3HAYUTEIBHBIX 00BEMOB BOIBI HA HEDOIb-
LIVIO BBICOTY SIBJISIIOTCSI HACOCHI C OCEBBIMM WIIM JHATOHATBHBIMU PabouuMM KoJie-
cavn. Takue arperaThbl yCTAHABIUBAIOTCSI HETTOCPENCTBEHHO B HATHETATEILHYIO KO-
TOHHY (B JAHHOM Cllydae OTKpBITYI0) (puc. 4.5).

IMoxGupaem Hacoc ¢ HOMMHATBbHBIMK TIapametpamu Q = 3000 M3/4, H= 5,5 M,
7 = 83 %. XapakTepucTHKH paboThI Maphbl IMOCIEJ0BATEILHO COENMHEHHBIX HACO-
COB MpecTaBleHbl Ha puc. 4.6, Tpex map HACOCOB TOC/IEN0BATENbHO-TIAPAIIETHLHO
COSIHHEHHBIX COBMECTHO C BOIOBOIOM, — Ha puc. 4.7.

[Tyck cylecTByIOIIEro Hacoca MPOM3BOMUTCA C 3aIepXKKOM, IMOC/Ie TOTO Kak
2ceBoil GycTepHBIN arperaT HamoJMHWUT KOJIOHHY BOION 10 BO3MOXKHOTO M3/IHBA,

AHaM3 XapakTepUCTHK TOKA3BIBAET:

1) mnopaua OycrepHoro arperarta (puc. 4.6) B pabouem AMana3oHe BhILIE, YEM
CVIIECTBYIOLIETO, YTO oOecrneurnBaeT CTabUIbHbIN MMOANOP MOCIETHEMY,

2) pabouasi TouKa ABYX Map MapajuieibHO HeicTBYIOmMX HacocoB (puc. 4.7)
cootBetcTBYEeT Q = 7200 M3/‘{, H = 30 M 1 HaxoauTCsl B 30HE ONTHMYyMa 00OMX
ETPETaToB;

3) Tpebyemblli KABUTALIMOHHBII 3aMac CyIIECTBYIOIIMX HACOCOB CYXOM ycTa-
HOBKH B 9TOM TOUKE Ahm =6 M.

[MoncunThiBaeM pacrioiaraeMbliii KABUTALTMOHHBIN 3arac no dopmyne (4.3):

Ahﬂon = 10+2,0—0,2—0,2—0,1—0,3—0,6 = 10,6 m;

10,6 > 6,6, re. ycnosue Ak, > 1,1Ath COOMIONeHO.
VIrpo3sl KaBUTALIMU HET.
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Puc. 4.6. [padhuxu paboThl MociaeloBaTeIbHO COeAMHEHHRIX HACOCOB U BoA0BOAA: | — xapak-

TEPUCTUKA HACOCA CYXOil YCTAHOBKMU; 2 — COBMECTHAsl XapaKTePUCTHKA MOC/IeNI0BATENbHO pa-
GOTAIOIIMX HACOCOB. 3 — XapaKTepUCTHKA BOIOBOAA
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Puc. 4.7. Tpacduk napauiensHoil paGoTsl TPEX MAp MOC/IEI0BATELHO COEIMHEHHBIX HACOCOB M

Boposona: |, 2, 3 — rpaduxy paboTsbl OAHOI, ABYX, TPEX Map MOCIEA0BATENLHO COSAMHEHHbBIX
HACOCOB, COOTBETCTBEHHO; 4 — XapaKTepPHUCTHKA BOILOBOAA

CpasHeHue BapruaHnToB | 1 2 1o sHeprosatpartam (tabi. 4.2) mokasblBaeT sIBHOE
MPEUMYIIECTBO B MCIOJL30BAHUM OYyCTEPHBIX HACOCOB, a 3((heKT 0T IKOHOMUHM
aekTposHepruu coctapiser 2081272 py6. B roji, 4TO CpaBHUMO C 3aKyIMOYHON 11e-
HOI1 arperara.

Takke HeOOXOIUMMO OTMETUTh, YTO YCTAHOBKA PEAyKIIMOHHOIO KJiiaraHa 1o Ba-
puaHTy | He MCKIIOYaeT CAeayIOIINX npobiem:
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Tabtnuua 4.2. DHepro3aTpaThl HA MEPEeKAYKY MHHHMAJIBHOTO TIPHTOKA

Bapuant noo0opynoBaHs

INokasate/u No BAPHAHTAM PEKIIMOHHBIM | GYCTEPHBIM HACOCOM
KIanaHom, 3 mm 60 kBT, 2 it
TMonaua, M3/uac 6000 7200
MouHocth B paboueit Touke, KBt 3x266 2%(295+62,8)
KI, % 71 83
Jatpathl MeKTPoSHepruK Ha 1 m?
epeKauyMBaeMBbIX CTOKOB, KB1u/m3 0,133 0,099

ToaoBbIE 3aTpaThl HA TMepeKavyky MUHHUMAIbHOTO
aouroka Q = 6000 M3/u (1 kBru — 1,2 py6), py6. 8 388 576 6307 304

— HATHYHE BO3AyXa BO BCACKIBAIOILEM TPYOOIIPOBO/IE CIEIOBATENLHO, HEYCTOM-
=iBag pabora HacOCOB;

— yMeHbIIIeHNEe pecypca paboThl MOAIUTHUKOBBIX Y37I0B U yrutoTHeHwid. TTpu
nonade 2000 M3 /u Hacoc paGoraer Ha rpaHuLe orpaHUYeHNs 0 Q. € TIOBBIILIEH-
=5IMH OCEBLIMM M paIvaibHBIMKU CHITAMH.

Takum 06pa3oM, MOXHO CPaBHUBATH 3(M(MEKTUBHOCTh PA3TMYHBIX MEPONPHI-
THii TI0 YCTPaHEHWIO KABUTALIMH,

4.2. Bubpauus

Bubpauusi Bo3HHKaeT OT paboThl BpAlLAIOIIMXCs YacTel arperara v, XoTs ycT-
DaHNTh €€ MOJTHOCTBI0 HEBO3MOXKHO, HYXKHO 3HaTh, Kak NOAICPKHBATh BuOpauuio
#a MPUEMIEMOM YPOBHE.

OCHOBHO# MPUYMHON BUOPALMHA SIBIISIETCS My/TbCALIMS AABJEHHUs] B IIPOTOYHOM
gacti Hacoca., OcobeHHO OOobliIe HATPY3KHM MCIBITBIBAIOT T€ Y371bl U 2JIEMEHTHI,
e TOTOK CO3IaeT MepeMeHHbIe 10 HATIPABIEHUIO CHIIbI BO3AEHCTBHUS. DTO MPEK-
3e BCEro sI3bIK CIMPATIBLHOTO OTBOAA M JIONATKM Harpaslsiolero anmnapara. O6te-
xaHWe MX HepaBHOMEPHBIM TOTOKOM, BBIXOAAIIMM M3 paboyero Koieca, MpoMecXo-
IMT C PA3HOHAIPABIEHHbIM BEKTOPOM CHJI ¥ MEPMOIMYECKMM BHXpeOOpasoBaHH-
ex. B 30Hax BuXpeii maBieHHE MOXKET MOHMKATBCS N0 MapooOpasoBaHusl Jaxe B
COCTOSHIY TTOATOTUICHH. [losiBIeHe U MOCeAyIoIee CXI0MBbIBAHKE ITy3bIPeil COo-
TPOBOXKIIAETCS BEIOPOCOM SHEPIUH, KOTOPAs PE3KO TOBBIIAET YPOBEHb BUOpALIMH,
SCAENCTBUE YEr0 YCHIMBAIOTCS LIYM M M3HOC arperara.

[Ipy OTKJIOHEHWH MAPaMeTPOB IMOJaYM M HAropa Hacoca OT ONTUMATbHBIX
sHAYEHMIl HACTYIIaeT PoCT BUOpaLMM 1, CleAoBaTelbHO, H3HOoca arperata. Oco-
GeHHO CcTpazaloT Bpamamimmecs geramn. INMostomy (Gupmbl, MPOU3BOAALINE
TOMIIMITHUKY [UTSE HACOCOB, HE OTBEYAIOT 33 CHIDKEHHME CPOKa CIIYKOBI MO~
suka (50 Teic. MOTOYAcOB), eciM pabouast nmoxavya Q 1EHTPOOEXKHOro Hacoca
seixonmna 3a npenenst 0,50, < Q <1,25 0, M eciu Harop H nacoca ¢ 0CeBbIM
JTH JMATOHATBHBIM pabounmu Konecamu mpessiman 1,25H, (Q, u H, — HOMU-
salbHBIE TIOaYa W Harop).

VpoBeHb BUOPALMY B 3HAYUTEIILHON CTETEHH 3aBUCHT OT TOrO, HACKOJBKO Ka-
4eCTBEHHO BBHITMOJIHsIACH DaaHCUPOBKA pabouero Koieca.
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Puc. 4.8. TlonsonHas GanaHCHPOBKA CYIIECTBEHHO CHUMaeET aucBataHe H BHOPALIMIO pabounx
KOJIEC TIO0 CPABHEHHIO C OOBIYHO BBINOIHAEMON HACOCHBIMH 3aBOAAMHM

KoaduumeHTsl BuICTPOXOAHOCTH
ETT TT | | | | I 1

10 20 40 50 100 200 300
Dopmbi
I..J nonactei
PanunansHas PannanbHo-nNpocTpaHCTBeHHAA  NlyaroHanbHas OceBsas
Francis

Puc. 4.9. KoaduumeHTsl GbIcTpoXoaHOCTH s pasiuuHbix (opM jonacteil paGounx Komec

banancuposka pabodyero Koneca, BBINOJIHsIEMAas Ha HACOCHBIX 3aBOMAX TPa-
AMLIMOHHBIM CIIOCOOOM, yXKe He sABisercs JocTaTtouHoit. [Ipn paGore Koneca B
BOJIE TUIPaBIMYECKHE CHJIBI MCKAXAIOT GajaHC, NMOCTUTHYTHIN B CYXMX YCIIOBUSAX.
HoBeiit crnoco6, ocyliecTBasieMblil ¢ MOMOLIBIO MaTeMaTHYecKoit Momenu [23],
KOTOpasi UMUTHPYET TMOIABOAHBLIE YCIOBUS, CYIIECTBEHHO CHIKAET OucOaiaHc U
BuOpaumio (puc. 4.8). CoOTBETCTBEHHO CHUKAETCH U3HOC YIUIOTHEHMA, MOAIIMII-
HUKOB, BaJa.

s knaccudukaiuy paboymx Kojiec 1Mo THITaM M ONMCAHUS UX TEOMETPUH, C
TOYKM 3peHUs] U3MEHEHHs HaTpaB/IeHH s MOTOKA XUIKOCTH TIPH IBMKEHUHU €e B pa-
Douem Konece OT BXOJa IO BbIXOA U3 HETO, HCIO/IB3YIOT TTOHATHE GhICTPOXOIHOCTH.

YucneHHoe 3HaYeHUe OGBICTPOXOIHOCTH 0603HaYaeTcsi KOI(MUIIMEHTOM GbICT-
poxonHocTH Ng U 110 HeMy KiacCH(HULMPYIOT TUITBI paboumnx Kosec. BeanmuuHsl Ng
111 OHUX M TeX e TUITOB pabouyux Kosec, MPUBOAMMBIE B POCCHICKUX M 3apy-
OeXXHBIX HCTOYHMKAX, OTIMYAIOTCA. JIeo B TOM YTO pOCCHiicKas TPAaKTOBKA KOIh-
(unmeHTa OBICTPOXOAHOCTH — 5TO YacTOTA BpalleHust (YMCI0 06OPOTOB B MUHYTY)
TaKOT0 3TaJIOHHOTO paboyero Kojeca, reOMeTPUIECKH MoI00HOr0 JaHHOMY, KOTO-
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poe nipu MakcumaimbHoM KITJ u nonage 0,75 M3/c paspupaer Hanop | M. Hanpu-
Mep, B AMEPUKAHCKOI TPAKTOBKE — 3TO TO Xe, HO IIpH Tojaye | rauioH oHO pas-
suBaeT Harop B | ¢yT.

TTOCKOJIBKY MOrpYXXHbIE HACOCHI TPOM3BOMSITCS B OCHOBHOM I10Ka 38 PyOexXoMm,
31ech npuseneHa (puc. 4.9) kinaccuukanus pabounx Kojiec B MHOCTPAHHON TpaK-
TOBKE 110 K03(hpUIMEHTY GBICTPOXOTHOCTH, BBIUUCIISIEMOMY T10 (DOPMYJIE:

Ny = ’;{g ;
r1e n — Yuciao 06opoToB B MUHYTY; O — momaya npu mMakcumyme KIIJI n/c; H —
zarop rnpu MakcumanbHoM KITJT, .

PaGoune Koneca ¢ HauOONBIIMM H3MEHEHMEM HampaBJeHUsl IBIKEHHS (OT
OCEBOrO Ha BXOJE K PalMaTbHOMY Ha BBIXOIE) TEHEPHUPYIOT ITOBBIIIEHHbIE HAIOPhI
3a cuer LeHTpobexHoro shdekra. Paboune komeca, JOMacTH KOTOPHIX HauMeHee
OTKJIOHSIOT TIOTOK — OCEBBIE, XAPAKTEPU3YIOTCS MOBBILIEHHBIMHA TOga4YamMu, HO
HH3KHMU HaIlOpaMH.

[MoBbllIeHHasT BUOpaLusi, MOMUMO CHIMJKEHMS HANEKHOCTH arperara, Bbi3bIBa-
ST IIYM M OKA3bIBAET BPEAHOE BIMsSHUE Ha nepcoHal. CleayeT OTMETHTB, YTO MPH
IOTPYXKHOM (MOKpO#) ycTaHOBKE HAcOCOB 3TOT BpeAHbIH 3()(EKT NMPaKTUYeCK!
OTCYTCTBYET.

B HACOCHOI CTAHLIMU JUIS TIOJOEpXKaHus BUOpallii Ha TIPHEMJIEMOM YPOBHE
arperathl He0OXOIMMO YCTAHABIMBATL C YYETOM CJIEAYIOIINX MPABHIL

1. Bee yactu cucTeMbl (arperar, TpyOOMpPOBO/IbI, APMATYpPa, OMOPhI M T.JL.) J0JIK-
551 OBITH TOCTATOYHO MPOYHBLIMK M JKECTKO 3aKPerUIeHHBIMU, YTOObI COOCTBEHHbIE
xomebaHMsS UMETH YacTOTHl HUKE HaMMEHbBIIEH eCTeCTBeHHON YacTOThl KoneGaHMid
CHCTEMBL.

Puc. 4.10. YcraHoBKa Hacoca W ero oOBs3Ka, MUHUMHU3UPYIOLIHE BUOpaLIHIO
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2. Hacoc nomkeH GbITh M301IMPOBAH OT KOHCTPYKIIMU CTAHLINH, TIOITOMY OC-
HOBaHHe (CTaHMHa) arperara JA0J/DKHO MMETh Maccy Gosiee ueM BBOE TPEeBbIIIA-
IOLIYIO Maccy ero Bpamalomuxcs yacteil. MOXKHO HCIIOJIb30BATh CHEUATbHEIE
THOKHE OTMOPHI WIN PE3NHOBOE MOKPHITHE MEXIY OCHOBAHMEM HACOCA U TTOJOM
CTAHLIMH,

3. Tpy6orpoBo/bl JOKHBI MPOYHO KPEMUTLCS C MOMOIIBIO aHKEPHbIX GOITOB
1 THOKHX OTIOp K MOy M MO BO3MOXHOCTH K CTEHaM CTaHIMK. BikHue K Hacocy
OTIOPBI pacronaraloTCsi OT HEro Ha pacCTOSHUM 1/3 KpUTHUECKON JUTMHBI Tpybo-
[1POBOJIA, MPU KOTOPO BO3HUKAIOT MepBhle eCTECTBEHHBIE KOaeOaHmsl.

4. Taxenble 57IeMEHTBI CUCTEMBI (3aIBUKKM, KJIAMAHbI) AOJDKHBI GBITH 3aKpern-
JIEHBI C MOMOUIBIO IOMOJHUTENIbHBIX 01op. PekoMeHIyeTcst MCHob30BaTh CHITb(O-
HBI U1 COEIMHEHUI Hacoca ¢ Tpybamu u Mexny Tpydamu (puc. 4.10).

5. PekoMeHIyeTcs Ha HaNOPHO# CTOPOHE HACOCA YCTAHABIMBATH NEPEXON Ha
Gombrmit nuamerp (mnddys3op), YTO CHUKAET CKOPOCTh XUAKOCTH 1 TOTEPH Ha
TpeHue. OOpaTHBIIl KIaraH ¥ 3a HUM 3aBIDKKA MOHTHPYIOTCS rocie auddysopa
(10 HampaBIEHUIO TIOTOKA).

6. YuacTok TpyGBl MeXIy OMopaMu NoJiKeH GbITh MeHbine 70 % KPUTHYECKOI
JUTMHBL TPYOBL. DTy BEIMYHHY PaCCUMTHIBAIOT 110 (hopmynam [24, 25] 6o HaxomsT
B Tabmuuax [26].

Hcrionb3osanne 4aCTOTHO-PEryIMPYEMOro MPUBOIA MOXKET BbI3bIBATH B OIpPe-
JEJIEHHOM JHara3oHe 4acToT (KOrna OHM COBMANaioT ¢ COOCTBEHHBIMM YaCTOTAMU
CHCTEMBI) YCHIeHHEe BHOpaLiK. DTO HEODXOAMMO YMUTBIBATD TIEPE]] €TI0 TpUMeHe-
HUeM 1 u3berath paboOTHI YCTPOICTBA B JaHHOM jAanasone. Bubparst, mym siemsi-
IOTCSl XOPOIUMMM MHIMKATOpaMU, (QYHKLIIMOHUPOBAHMS M COCTOSIHUS HACOCA U CH-
CTEeMBI B Le/IoM. M eclti OHM MONCPXKUBAIOTCS HA TOMYCTUMOM YPOBHE, TO THI-
PaBIMYECKME M MEXAHNYECKNE 3JIEMEHTBI Hacoca M CaMa ero YCTAHOBKA U TIPHBS3-
Ka K CHCTEME BBIMOTHEHBI MPABUIIEHO.

BuGpats u 1ym ot paGoThI BPAILAIOIIMXCA YaCTell aTperaToB — sIBICHHE He-
n30exkHoe. OHO HAHOCHUT BpeJ M CaMoil MallmMHe, U riepcoHaty. CylecTByiOT npa-
BUJIA YCTAHOBKM HACOCOB UIsl TMOMIEPKaHHUS BUOpALIMU M IIyMa HA TIPUEMIEMOM
ypoBHe. [TorpyxHasi ycTaHOBKa HACOCOB B 3TOM CMBICJE 3HAUMTENIBHO BHITOIHEE
CYXOH YCTAHOBKH.

4.3. OceBoe U paguanbHoe ycunus B Hacocax

[Ipn npoxoxaeHHn MOTOKa XHUIKOCTH 4yepe3 paGouee KONECO HEHTPOGEKHOTO
Hacoca BO3HMKaeT oceBoe yeuinre. OHO 06YCI0BIEHO PasHOCTHIO TABJISHUI HA TI0-
1Iaab paboyero Kojeca CO CTOPOHBI BCACHIBAHMS M HATHETAHWS. SHAUYEHMe ITOii
CHJIbl 3aBUCHT OT HAIopa, pa3MepPOB U THIIA pabodyero Kojieca M yIUIOTHEHHIA.

MakcnmanbHoe oceBoe ycuiiue GyfeT UMeTh MECTO MPH MaKCUMATBHOM pa3-
BUBaEMOM Harope Hacoca, TO ecTh MpU paboTe ero Ha 3aKPBITYIO 3adBHXKKY (pHC.
4.11).

HckmoueHne 0ceBOro ycuims IOCTUTAeTCs B HACOCAX JABOITHOTO BCACKIBAHMS C

CHMMETPUYHBIMH TTOIBONAMH.

ABTOpY I0BOAMIOCH YYAaCTBOBATh BO BHEAPEHUH TTOTPYKHBIX HACOCOB ABOWHO-
ro BcaceiBaHusi pupmbl RITZ i yenosuii sKcTpeMaibHBIX HATIOPOB, TEMITEPATYp
1 KOppO3MiHBIX BosaeicTsuid. [To MHEHHIO Mob30BaTeneil TaHHOTO 06OpPYIOBa-
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Puc. 4.11. XapakTepucTHKH M3MEHEHHUIT OCEBOI M palMalibHON HArpy30K I10 OTHOLIEHHIO K
sozavue Hacoca: | — ocepasi HAarpyska; 2 — pagMaibHasd Harpyska; 3 — Touka onTuMmyma; 4 —
wpaxkrepucTika O—H,; 5 — ruapasauueckuit u obummit KI1/1 HacocHoro arperata; 6 — KaBH-
TEIHOHHAA XapakTepHcTHKa AIITD; 7 — TOuKa, MOKA3LIBAIOILIAS, YTO YPOBEHb BOIbl HAIl OCHIO
=ac0Ca CO CTOPOHBI BCACKIBAHMSA IOJDKEH COCTABIATH He MeHee | M

=us — cneuyanuctoB AK «Anpoca», — OHO 0Ka3aJIoCh HECPABHEHHO HalEXXHEe W
SKOHOMHYHee paHee npuMeHsiBiierocs [27]. [TpuHLMIT KOHCTPYKIIMK 3TOTO HAco-
ca. HaseiBaemoro HDM, coctout B criemytomem. Arperat (puc. 4.12) ckomIoHo-
=aH W3 [BYX PACIIOJIOXEHHBIX OOWH HAI JAPYTUM MOJYHACOCOB, KaKIbI M3 KOTO-
OBIX 1T0/IAeT HABCTPEUY B OCEBOM HaIlpaB/IeHWHU 1O MOJOBUHE PacXoa BObI C [0J1-
=BIM OIMHAKOBLIM HarmopoMm. Tem cambiM Baut, 61arogapst BO3AeiCTBIUIO BCTPEUHBIX
TOTOKOB, HAXOOMUTCHA KakK Obl BO B3BELIEHHOM COCTOSIHMM M CHMMAET KOJIOCCAb-
“VI0 OCEBYIO Harpy3ky Ha OIMOPHYIO MATY (MOOMSATHUK).

B Hacocax ¢ oIHOCTOPOHHUM BXOIOM BOCITPUSITHE OCEBOIl CUIIbI OCYILECTB/ISA-
=TCs OTMOPHBIM MOAIIMAITHMKOM. LIS CHIDKEHUS OCEBOT0 YCWIMS Ha HapyXKHOi cTO-
poHe 3a1Hero (Mo MoToKy) AucKa paboyero Kojieca BhITOMHSIOT paalaibHble pebpa

pic. 4.13). bnarogapst UM, NapJIeHUE B MOJOCTH MEXKIY KOJIECOM M KOPITYCOM IpH
=paiieHMy pabodero Kojeca ymeHbmaercsa. Kpome Toro, paguaibHble pebpa crio-
c0OCTBYIOT CHIDKEHHIO TAaBJIeHHS Ha YIUJIOTHEHWE Ha Baly.

[Tpu pabote HeHTPOOEKHBIX HACOCOB Ha pabouee KOJIeco AEiCTBYET, TOMUMO
2CEBOI, U pamuasbHasg cuia. BosHuKaeT oHa M3-3a HEMOCTOSIHCTBA [IaBIEHWN MO
mEPUMETPY CIUPAIbHOTO OTBOHA HACOCA BBUAY €ro HECUMMETPUYHOCTH, M M3-3a
H#epaBHOMEPHOCTH CKOPOCTEH Mo NepuMeTpy padoyero Kosjeca, BBHIY aCCUMETPUH

moaBoaa.

[Tpu pabote Hacoca B 30HAX, OTIIMYHBIX OT ONTUMAILHOM, XapakTep 3THX SBJIE-
=3l M3MEHsIeTCs, TaK KakK TUIOMIANN TMOIMEepPeYHbIX CEUYeHM CMMPabHBIX OTBOIOB
#€ COOTBETCTBYIOT KOJIMYECTBY JKMIKOCTH, MPOXosiiei yepe3 HUX (cM. puc. 4.11).
T1pH 3aHIDKEHHBIX TI0IaYaX CKOPOCTh MOTOKA IO XOAY B KaHaJe MajaeT, a JaBieHue
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Puc. 4.12. IlorpyxHoii MHoroctyneHuatelit Hacoc Ritz 1 2
NIBOIHOrO BeackiBaHus. OceBoe JaBjeHHe Ha ISTY JeKTpo- Y
JIBUTATENS 30€Ch YCTpaHeHO: | — Bcac BEPXHEro MOJyHaco-
ca; 2 — HAIOPHBLII KaHa JABYX MOJYHACOCOB; 3 — BCAC HMK-
HEro nojiyHacoca; 4 — 3NeKTPOABHTaTelNlb; 5 — TMOANATHUK

OceBoe ycunue
BepxHuni
noayHacoc

VKHWIA
nonyHacoc

5 e

Oceeoe ycunue

Puc. 4.13. PaguansHeie pebpa Ha 3anHeit ctopoHe pabouero
KoJeca JUis CHUJKEHUS OCeBOIo YCHIIHs

Bo3pacraet. [1pu 3aBbllIeHUE TI0Aa4, HA000POT, CKOPOCTh MOTOKA B CMHPAJIBHOM
OTBOJIE IO XOJy BO3pacTaeT, a JaBJIeHHE TTanaeT.

Kpome nocTosiHHOM IS JAHHOTO peXuMa MMAPaBINYecKoil paauaibHO CHIbL,
Ha pabouee KONeco AeHCTBYIOT CHJIbI, BOSHMKAIOIINE M3-3a MEXAaHWYECKOro U TH/I-
paBiIMyecKoro aucbanarca pabodero Kojeca. DTH CUIIBI BBI3LIBAIOT OMEHME Bajla U
NpeXIeBPEMEHHbII M3HOC TOMIIHITHUKOB.

4.4, O6beMHble 1 NoKarnbHble BOAOBOPOTbI

O0beMHOE 3aBUXpPEHUE MOTOKA MPOMCXOAUT M3-3a HEPaBHOMEPHOI'O pacrpee-
JIEHHMS €r0 CKOpPOCTeil Kak 1o BeJMuuHe (puc. 4.14), Tak 1 1o HanpasjIeHUIO BBOIA
(HarpuMep MO YIJIOM K pe3epByapy).

B pesynsrate BO3HMKAET KPYroBOE IBMKEHUE MACCHI XKUIKOCTH BOKPYT Haco-
ca, KOTOpOe YCHJIMBAETCS TPU BXOJI€ B HACOC BBHUIY CY:KEHUSI [MOTOKA. 3aBUXPEHHE
MOXET COBIIAZaTh C BpalieHHeM pabovero Kojieca 1o HAMPABIEHUIO U ObITh eMy
IPOTHUBOMNOI0XKHBIM,
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Puc. 4.14. HepasHoMepHas 3miopa CKOPOCTel MOTOKAa Ha BXOAE B pe3epByap MPHUBOAMT K
0GBLEMHOMY BOJIOBOPOTY, YCHIIMBAIOILIEMYCS TIDU BXOJE B Hacoc

p MpoTKe HanpasneHus
BpaleHns pabouero koneca

/_3 5

AP-neperpyaka

HomuHansHas kpueas

BpauieHws paboyero
Koneca
+ } + t }
H Q
T MNpoThe HanpaeneHwA
BpaleHus paBodero koneca

Kpueasa cuctemsl

HomuxansHas kpueas

Mo HanpasneHuio
Bpawerdma pabodero
koneca

Puc. 4.15. Boaneiicreie 00beMHOr0 3aBUXpeHMst Ha paboTy Hacoca

3akpy4yMBaHME TIOTOKA NMPH BCACBIBAHWHM B HaNpaBleHUM BpalleHus pabodero
KoJieca Hacoca MPUMBOAUT K cHipKeHUIo monauu, KIT/I 1 terutootaaun. 3aBUXpeHue
#e B MPOTHBOIIONIOXKHOM HamNpaBlIeHMU ellle BpeaHee IS Hacoca, IMOCKOJBKY €ro
pabouasl TOUKa CMEILAeTcsi BIPaBO M BBEPX OTHOCHTEIBHO HOMUHAJIBHOIL (pHC.
4.15). CnenoBarensHO, TIoAaYa M MOUTHOCTHAS HATPY3KA PACTYT, a KABUTALIMOHHEIH
sanac nanaetr. [IIym nipu pabote, KaBUTALASE U IPEXIeBpeMeHHBIN M3HOC MOIILINTI-
HUKOB M YIUIOTHEHUI SBJISIOTCS MPU3HAKAMM M3JIWILIHEN MpeaBaprTeIbHON 3aK-
DYTKH IMOTOKA.

Kpome Toro, JoKajibHbIE BOIOBOPOTHI B OTIMYKME OT 00BEMHBIX Dosiee MHTeH-
CHBHBI M MOIYT BbI3bIBaTh yIAAapHbIe HATPY3KM Ha BpalllalolIne 3JeMEeHThl Hacoca,
3aXBAT BO3IyXa, BUOpalMiO, KABUTALIMIO, CHIKEHUE MOAauu.

JlokanbHbIE BONOBOPOTEI MPUBOIAT K 00pa30BaHMIO BOPOHOK, KOTOPLIE ObIBa-

fOT TIOBEPXHOCTHBIMU Y TIOTPYXHBIMH.



44 C.E. Bepe3smH. HACOCHBIE CTAHLIWIA

Tun 1 Konuyeckue Tun 4 PeaHulil BO3AYLIHLIR
E oGpa3aoBaHua CTBON, OTHETNUBAR
Ha MNOBEPXHOCTH BOPOHKA
Tun 2 -=s»r——~—— 0O6pasosaHue Tun 5 MpepbIBUCTLIA
<<= NOBEPXHOCTHOR BO3OYLWUHLIA CTBON
BOPOHKWN no BCen anuHe
X
~
MonHocTso MonHocTsio
Tun 3 pasBwTan BOPOHKAE, Tun 6 pasBUTLIi
npW Nogxpalueasnn BO3OYLUHBIA CNoiA

BUAEH OTYETAMBBINA
BUXPb B BOAE

Puc. 4.16. Tunb! TOKATBHBIX OBEPXHOCTHBIX 3aBUXPEHM

[ToBEpXHOCTHOE BOPOHKOOOPA30BaHME MOXKHO YCIOBHO pasleluTh HA 1IECTh
Turos (puc. 4.16).

Be3obuanbie ¢ MepBOro B3MsiAa KOHMYECKHe 00pa3oBaHMsl Ha CIIOKOMHOI
IJ1a7IKOi ITOBEPXHOCTH BOABI CITOCOOHBI OBICTPO Mpeobpa3oBaThesi B TUITbI BOPOHOK,
npeCTaBIeHHbIe Ha puc. 4.16 1 HaHeCTH yiIepd HacoCcHOMY arperary. [lamkas mo-
BEPXHOCTb BOJIbl B 9TOM CMBICTIC OMacHee psAOH Ha BOIE, MOCKOJIBKY CO3MaeT yCIlo-
BUS 1Sl (DOPMUPOBAHUS BOPOHOK.

O ToM, Kak M30eXaThb JOKaJbHBIX BOIOBOPOTOB B HACOCHO-TTPHEMHBIX pe3ep-
Byapax, noipoOHee M3JI0XKEHO B miasax 3, 0.

4.5. Pabora Hacoca 3a npegenamm 30Hbl ONTUMYMA

[Tpu non6ope HacOCOB HEOOXOAMMO YUUTHIBATD, YTO OHM SIBJISIOTCS JIHIND Ya-
CTBIO CUCTEMB! JOCTABKM KHUIKOCTH, B KOTOPYIO TAKXKe BXOMISIT BOJOBOILI, apMa-
Typa u T.1. [loaToMy mapameTpbl HACOCOB AOJDKHBI MAKCHMAaJIBHO COOTBETCTBO-
BaTh CHCTEME.

3oHa onrTuMyma paboThl HEHTPOBEKHOTO HACOCA OTIPENENIEeTCs Mo XapaKTepu-
cruke ero KIT[ 1 o6bruHO pacrioniaraercst B rpanuuax £25 % mopaum npu MakcH-
MmansHOM KI1II.

[ToHATHO, YTO BBIXOJ 3a MpeHeNbl JaHHoi 30HbI cHizkaeT KIT/I arperara u Be-
IET K Mepepacxoiy MeKTPO3IHEeprHn. DTHUM, OOHAKO, nMpobiemMa He OrpaHuYHBAET-
cs1. UsMeHeHue panuaibHON U OCEBOI HATPY30K, KABUTALIMOHHOM M IPYIrMX COCTaB-
JISTIOIINX MIPY OTKJIOHEHHH TOJaui HACOCa OT HOMMHAJIBHOTO 3Ha4YeHUst Q BbI3bl-
BalOT SIBJIEHMS, CHJIBHO BIMSIOIIME Ha ero u3Hoc. [ToatoMy mpou3BOAUTEIN TMOMI-

LIMITHUKOB, HATIPUMED, He rapaHTUPYIOT JOCTHKEHHUSI HOPMHUPYEMOTO CPOKa CIIYK-
OBl cBOGTO M3/1E/Vsl TIPU paboTe LEHTPOOEXHOTo Hacoca 3a npeaenamu 0,50,< 0 <
< 1,25(_),], rie @, — noxaya B HOMUHAJIE.




DaKTOpbl BNVSAHMA Ha paboTy Hacocos 45

il PocT TeMnEpaType
s Kaswraums

WaHoC NOMWWNHKKDE, YNOTHERWA

Livpkynaums Ha scace

MascumanisHii KN

MaHoe NoALNNIHWEDS,
NTHOTHEHWA

Younenan
KABWTALNA

0,5 Q, @, 125@, Q
100
° 80__
¢ 60
2 I P a
HanbHanA
B a0k e "RAVRINE
8 |
20 -
CTh 0 . . .
| 0,5 Q, A 1125:Q; Q
O
K, 10
10- 7]
10- 8 |
e
a =1
2p- =
S 4
2
0
T T T
1a- 0,5 Q, Q, 1.25Q, Q
fa-
0- Pmc. 4.17. XapakTepucTUKHM Hacoca
- AHaJIM3 3aBHCHMOCTERl, pacrojiaraeMbIX Moj xapaktepuctukoit Q—H naco-
H- ~a. rnokaseiBaer cienyioiiee (puc. 4.17).

PaBoTa arperata B 30He CJieBa OT ONTHMAJIbHON BbI3bIBAET TOBbILIEHUE AA_,
3€- camxenne KI1J, noBbILIEHNE OCEBBIX M palUalbHBIX CHI, PeLUpKyIauuio. Tem
T~ caMBIM BCSl BBIOpOILIEHHAS SHEPrHsl HArpeBaeT NnepeKauynBaeMylo BOMIy, YTO YCKOps-
IB- =T M3HOC arperaTa, MPUBOIMUT K HecTabMIbHOCTH PabOThI, BUOpALIMM, IIYMY, KaBH-
bl- sauun. O6pasHo, 3TO AHAJIOTMYHO TOMY, YTO Bbl B aBTOMOOWJIC JdBUTE Ha IEIa)lb
- TOPMO3a, KOrIa neiaib rasa OHOBPEMEHHO HaXdra J0 OTKa3a.

- Pabora Hacoca B 30HE CMpaBa OT ONTUMAIbLHON BbI3bIBAET TOBBIIIEHHE Ahm;
) < camkenne KT, uto nogasisieT 3(p(heKTHBHOCTh MALLIWHEL, TIOBBILIEHWE pagvallb-

HEIX CWI, YTO BEIET K BHﬁpaI.lHIJ; ITOBBILIIEHHUE BHGDFOHOTPE&HEHHH, HHOTJa BbILIE
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Puc. 4.18. Llnpkyndaiug 4actv nepekaynBaeMol KIIKOCTH YEpes BCACHIBAIONIYIO JTHHHIO

ﬂﬁr,— 4 ‘ MpuemHsli
peaepayap

e |

Tpefesia YCTAHOBICHHON MOIIHOCTH 3JIEKTPOIBUTATeIsI, YTO MPUBOINT K Teperpe-
BaHUIO M BBIBOIY €r0 M3 CTPOS.

Haubosiee pacripoctpaHeHHasi MPHYMHA OTKIOHEHUS paboumx rnmapaMeTpoB Ha-
COCOB OT pacUeTHbIX — BBIOOD arperaToB C «3amacom» 0 HATopy U Tojauve.

CylIlecTByIOT pa3iMyHbIe CIIOCOOBI MPUBEIEHUS] B COOTBETCTBIE peanbHBIX H
PacyYETHbIX PEKHMMOB PabOThI HACOCHBIX YCTaHOBOK. CaMblii MpocToii W3 HuUX —
ApOCCeMpoBaHUe HAMOPHOrO TPYOOIIPOBOAA TaK, YTOOBI €r0 XapaKTepUCTHKA 3a-
HsJTa DoJiee BBICOKOE MOJIOXKEHMUE, @ PealbHBbIii pacX0/] CPaBHSUICS ¢ pacyeTHbIM. Ho
[IPH STOM TMPOMCXOIUT HEMPOM3BOAMUTEIbHAS MTOTEPSI SHEPTHM B IPOCCETUPYIOLIEM
opraxe.

DKoHOMHYHee Crocoba ApOCCeNUPOBAHUS SABISETCS cbpoc yacTn nmomasae-
MOJT HACOCOM KHUIKOCTH B IMIPUEMHYIO eMKOCTh (puc. 4.18) mim Bo BCACHIBAIOLLYIO
JmHMIo. Ho [isi 5TOro Hy:XKHO CMOHTHPOBATH JOMONHUTENLHbIE 3aIBUKKY, PEry-
JMpPYIOLIMIT KNamaH u Tpy6OTIPOBOI, KOTOPKIA He BCerma MpocTo 3aBECTH B MPH-
EMHYIO €MKOCTb.

CaMbIM He3aTpaTHBIM CIIOCOOOM MpPHBEIEHMUS rnapamMeTpoB Hacoca K ONTH-
MQJIBHBIM 3HAYE€HHUSIM MPEICTaBJIseTCs] yMEHblLIeHNe TuamMeTpa paboyero Koseca
(puc. 4.19).

MBI ¢ erkocTeio MeHsieM B MOBCEAHEBHOI XU3HM MHOroe. Kaxkablii U3 HAC
MeHsieT rapiepob 1pu cMeHe ce30Ha. BOJBIIMHCTBO MEHSET B CBOEM aBTOMOGHIE
[IPH CMEHE CE30Ha IIMHbI 1 Macio. Mbl He XOTHM HamNpsIraTh CBOI OPraHU3M U CBO
ABTOMOOMIIB.

Hacocbl Mbl monGupaem Ha MakcuMaibHble napameTpbl. [Ipy 5TOM MbI 3HAEM,
4TO MOYTH JII0O0I HACOC MOXKET ObITh OCHAIEH PABGOYNM KOJIECOM MEHBILErO [1a-
MeTpa.

Tak rouemy MbI JOJDKHBI HAMPSITaTh HACOC PaBOTOI TOJIBKO C KOJECOM MAKCH-
MaJIbHOTO pasMepa, He <«IepeolieBast» ero Mo Ce30HHLIE N3MEHEHUS 00BhEMOB BO-
nornotpebieHus/BonooTBeAeHUs?

A Beeraa Jii Mbl YBEPEHBI B MPAaBUILHOCTH PACYETHBIX napametpos? Mul ke
3aBBIIIAEM HX IUTA CTPAXOBKU. U TOra MBI ¢ JIETKOCTBIO IOTOMHAEM HACOC, HATIPH-
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3—7 %

e

100 %

Puc. 4.19. 3amena pabouero Kojeca Ha MEHBLIMIL AHaMeTp — caMBlil He3aTpaTHBII criocod
SLIBEIEHNS HACOCA B ONTHMAIBHBIH PEXHM paboThl

Mep, PeryIMpyeMbIM 2JIeKTPONPUBOIOM, YTO arpuopH MPUBETCTBYETCH, HO CTOUT
#a TOPSIIOK JIOPOXKE, YeM 3aracHoe pabouee KOieco.

Tak moueMy Ob1 HaM HE 3aKJIalbIBaTh B CMETBI CMCHHbBIE paboune KoJjieca MeHb-
[IMX MAMETPOB TIOJI CE30HHbIE CHIDKeHMS noaad? Beab CTOMMOCTD MPH 3TOM BO3-
pacteT Beero Ha 3—7 % MO OTHOIIEHHIO K HAcoCy, a 110 OTHOLICHHMIO K CMETE Ha
£2COCHYIO CTAHIIMIO ¥ BOBCE HE3HAUMTEJILHO (pHC. 4.19). Tem cambIM MBI 3acTpa-
xyeMcsl OT OIIMOKM B IIPOEKTE, CMOKEM BBIBECTH HACOC HA ONTHMYM paboTel, a
330/HO Y3HAEM LIHBI Ha 3aMYacTH Y TOFO WM HHOTO MOCTaBLIMKa, YTO HEIMUIHE.

TeMm He MeHee MHOTHE CHMTAIOT CAMBIM TIPABUJILHBIM CIIOCOOOM MPUBEIEHUS B
COOTBETCTBHE PeaTbHBIX M PACYETHBIX PEXMMOB pabOThl HACOCA — HMCIOJIB30BAHNUE
perympyemoro anekrponpusoaa (POIT).

JlaBaiiTe MpOAHAJIM3UPYEM METOJ YACTOTHOTO PEryJiMpoBaHUsl, TOCKOJIBKY
strble (C IPUMEHEHMEM TMIPO- HIIM 3IEKTPOMAarHUTHBIX My(T) JUTst TOTPYKHBIX Ha-
COCOB eIBa JIM TOAXO/IT.

4.6. YactoTHOe perynmpoBaHue norpyXHbiX HacocoB

B KHWTe BEAYLIEro POCCHIUCKOTO CTELMANNCTA TT0 BHEAPEHUSIM PeryMpyeMbIX
fIPHBOJIOB, HOKTOPA TEXHUYECKUX HayK B.C. Jle3nosa [28] npuBeleH MPUMEP TOrO
¥aK. MCTIONB3Ysl CXEMY Mapajule/IbHO M ITOC/IE0BaTe/IbHO COCAMHCHHbIX HACOCOB
(puc. 4.20, a), ynaercsi NOJYYUTb 3HAYUTEIBHOE KOIHYECTBO paboumnx TOYEK B
LIMPOKOM IMANa30He HarmopoB ¥ nozxay (puc. 4.20, 0).

[pu BBIGOPE HACOCA WJIM TPYIIIbl HACOCOB, BKIIOYACMbIX B CHCTEMY, HeoOxo-
MO YUWTHIBATH 3HAUEHUE U XapaKTep W3MEHEeHHs MOoauy, MPOAOIKUTEIBHOCTD
paboThl CTAHLIMH C TOH WIM MHOW nojauei, 1oOMBasgCk MUHMMAILHOTO YUCIa
=KTIOYCHUI/OTKIoYeHnit arperatos. CrieiyeT OTMETUTB, YTO MCMOIB30BAHUE MO~
rDVXKHBIX HACOCOB B TAKMX CXEMaX 3HAYUTEIBHO BBIFOAHEE KJIACCHYECKMX, T10-
CKOJIBKY JIOTyCKAeMasl 4acToTa MX MYCKOB/OCTAHOBOK BbILIE B HECKOIBKO pas.

VesioBust, IPU KOTOPBIX MPUMEHSITh YaCTOTHBII 3/IEKTPONPHBOL enecoobpas-
#0, chopmynuposanbl b.C. JIe3HOBBIM B [29]:

— HacocHasi BOIOTPOBOIHASI YCTAHOBKA IMOAAET BOJY HEMOCPEACTBEHHO B CETh
(sacochble ctantmu 11, 111 mMoaBeMOB, CTAHIMN TTOAKAYKM U T.IL);
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Puc. 4.20. CosmectHas pa6ota NoC/Ie10BaTe/IbHO-TIapa/lJie/IbHO COeIMHEHHbBIX HACOCOB M BO-
noBona: A — nocnenoBarebHO-NapaielbHoe CoellMHenue HacocoB; B — rpaduk coBMecTHOl
pabOTEI HACOCOB M BOAOBOAOB; / — XapaKTepHCTHKA CHCTEMBI TPYOONPOBOIOB; @ — HAIMOpHAs
XapaKTepUCTHKA OIHOTO MarucTpaIbHOro Hacoca (1 mim 2); 6 — T0 Ke OIHOrO MOJMOPHOID
Hacoca 3 umn 4 (5 uin 6); 6 — cyMmMapHas XapaKTepHCTHKA JBYX MarCTpaibHbIX Hacocos 1+2;
2 — TO XK€ /IBYX MOATMOPHBIX HACOCOB 3+4; 0 — TO e OIHOTO MATHCTPATLHOTO U JIBYX MOIIIOP-
HBIX HacocoB 1+3+4; e — To XKe Beeit HACOCHOI yeTaHOBKH 142+3+4+5+6; o, 3 — TO e Tpex
M YETBIPEX TOANOPHEIX HACOCOB COOTBETCTBEHHO

— 00BeM NMPUEMHBIX Pe3ePBYapoB KaHATM3ALMOHHBIX H MHBIX HACOCHBIX CTAH-
LIl He MPEeBBIIIAET OOBIYHBIX PA3MEPOB, T.€. €0 EMKOCTb He Mpesbimaer 5—10-
MHMHYTHOM 0241 Haubosee KPYIHOIo HACOCa;

— JlManasoH KojiebaHus BONONOTPEOIeHNS W ITPUTOKA JOCTATOYHO GOJBIIOL
(He menee 15—20 % makcumanbHOI Momaum);

— JMHaMMYecKas COCTaBjsAoNIasl BOJONONaYM JOCTATOYHO DosbiLas (He Mme-
Hee 20—30 % obuieii BBICOTHI MOABEMA KHIKOCTH);

— B OTACJbHBIX CIyYasX, HarpuMep, Ui oOecrieyeHHsi paBHOMEPHOTO peXkuMa
paboThl OYUCTHBIX COOPYXEHHIA;

— IPU MONIHOCTH HacocHbIX arperatoB 75—100 kBt u Bbiwe.
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Puc. 4.21. JIBmxkerne paGoueii TOUKH T cucTeMsl ¢ GOJbIIOi BbicoTOM moabema (1) m mwis
cHcTeMbl ¢ GoNbIIMMK ToTepsMu (2); undpsl y Kpusbix B 11

I[TpyMeHeHHe YaCcTOTHOIO MPUBOjA Uit Hacocos MowiHocThio 300—400 kBt n
BhillIe OOBUHO 3aTPYAHMTEIBHO, MOCKOIBKY OHHU OCHALLAIOTCS BBICOKOBOJIBTHBIMH
3IeKTPOIBUTATEIISIME, A 9TO PE3KO YCJIOXKHAET U YIOPOXKAET YCTAHOBKY.

TakuMm 06pa3oM, peryJIupyeMblii IPUBOJ UMEET CYLIECTBEHHbIE OrPaHUYEHHUS K
ITMPOKOMY HMCITOJIB30BAHMIO M [UISI ONpEIesieHHsl er0 SKOHOMHYECKON BbIrO/bI HE-
0DXOIMMO JETAJLHO MPOaHAIM3UPOBATh CUCTEMY IEPEKAYKH.

BOBIIMHCTBO HACOCHBIX CTAHLMI HOMYCKAeT AMCKPETHYIO (BKI/BBIKII) pabo-
1y. [ToaTomy 1enecoobpazHocTh Mcnosib3oBanusa POIT sHeprun 10/KHaA onpene-
IATHCH B CPABHEHWH, TPEXJie BCero, ¢ TUCKPETHBIM YIIPABIeHHEM, a TakXKe C alb-
tepHaTHBaMi. [ cucteM ¢ OOIBIIMMU MOTEPSAMH OIHON M3 albTepPHATHB MOXKET
OLITH MPUMEHEHKE JOTOJTHUTEIBHBIX MEHEE TPOM3BOAUTE/ILHBIX HACOCOB, KOTOPbIE
MOTYT MCITONTb30BATHCS JUIsl MEPEKAauyKH HeGObIINX 00beMOB KuakocTH. [ cuc-
TeM ¢ OOJIBLLION BBLICOTOM TMOOBEMA, rie TpebyeTcs HempepbiBHAsA IMOJaYa, 3KOHO-
MHUYECKU BBITOIHBIM MOMXKET OKA3aThCH CTPOMTEILCTBO KOMIIEHCALIMOHHOIO pesep-
Byapa, BMECTO peryJupoBaHusi ¢ nomoliusio POIT.

PaBoueii Toukoil Hacoca SBIISAETCS TOUKA MEPECeUeHMs] ero XapakKTepUuCTHKH
1 KpuBoii cuctemsl (puc. 4.21). Kpnsast cucteMbl 03 cTaTMCTHYECKOI COCTABIISI-
woieit 2 dyger cosrasath ¢ KpuBoit nocrosHHoro KITJI, mosromy koraa qacrora
oyner cHukarbcqa, ruapaenuueckuii KITJL nHacoca Oymer ocraBaThesi TEM XKe
(puc. 4.22). OnHako B cucreMe / CO CTATUCTHYECKHUM HAIrioOpoM TP MOHVMIKEHUH
gactoTsl, ruapasauyeckuit KITJI Hacoca Oyaer meHsTbess. Kpusas cucremsl I He
copnanaet ¢ noctoaHHbIMU KpuBbiMu KIT/1. Touka mepecevyeHuss KPUBOM CHCTe-
MBI I XapaKTEPUCTHKH HACOCA HAYHET CMEILAThCS B JIEBble YaCTH XapaKTepucTH-
k1 Hacoca u kpuBoit KIT/.

Kpusasi cuctembl 2 Gyner cosmanath ¢ kKpuBoid nocrosinHoro KITI, mostomy
Mpy CHIDKEHUM vacToTsl ruapasauyeckuii KIT/T Hacoca OyneT octaBaTbesl TEM XKe,
PaBHBIM B IaHHOM ciyyae 74 %.

PaGouast TOUKA TOTO Xe Hacoca B cucTeMe | ¢ reoje3muyeckuM Harmopom 6 M
Byzer HaxomuThes Tipu yacrote S0 Tix Tam xe u obecrieynBaTh nogavy 93 i/c ¢ Ha-
niopom 9,3 M mpu KI1/T 74 %. Ho kora uacrora Hacoca noHusutes 10 35 [ix, 1o u
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Puc. 4.22. /Ipuxkenne paboyeil TOUKM [UIsi CUCTEMBI ¢ GOMBIION BbICOTOW moapeMa (1) U mwis
cucTeMbl ¢ Dosbimmy notepsamu (2) Ha rpadukax KT/ u moutHocTH; tidpsl ¥ KpuBeiX B Ti1

nofava yMeHbIutes 1o 26 ji/c (e, puc. 4.21), Hamop — 1o 6,4 M, MOIIHOCTb — JI0
4.9 kBr, a KI1[I ynanet no 50 % (puc. 4.22).

Cam nio cebe PBII He vaeanbHbIH arperar, Tak Kak UMEeT BHYTPEHHHE MOTEPH.
KIT[ coBpemenHoro PBII cocraBnsier 95—98 % [30, 31] npu HOMMHANBLHOI Yac-
TOTE, HO IpH cHWKeHUU YactoThl KIT/I mamaer, Kak rmokasaHo Ha puc. 4.23.

POI1 BeI3bIBaeT MOTEPH HA TAaPMOHHMKAX B YIpaBJIseMOM HBHUTaTeNe. 3T0 Tpo-
HCXOIMT HM3-3a HECOBEPLUEHHON CUHYCOMIANbHON BoMHBI oT POII. DTH morepu
3aCTaBIIIOT IBUraTe/lb HATPEBAThCsI, UTO BEHET K CHIDKEHHIO paboumx XapakTepuc-
TUK JBuratess npu pabore ¢ PIII. [ToTepu Ha rapMOHMKAX, IMPOM3BOIMMBIE CO-
BpemeHHbMU PBTI, Bapeupytotest B npemenax 5—10 %, B pesynsrare yero KIT/T
nsuratens nagaet emle Ha 0,5—1 %.

Brirony ucnonb3oBanusi POIT ymoGHO OLIEHMBATE [0 BEJMYMHE YIEILHON
SHEPIHH, T.¢. 10 KOJIUYECTBY SHEPriH, HeoOXOMMMOil Ha TepeKauky | M3 B JaHHOI
cucreMe.

Torna ynenbHast 2Heprust

3 Duepeusn PRl P KBT/M3, (1)
Iepexauennviii _obsem V (0]

rne P — momsocTs, KBt; T — Bpems, u; ¥V — nepekaueHHBIH 06beM Bomsl, M2: Q —
rogava, M3/t1.

Ha rpaduke (puc. 4.24) orobpaxeHnl xapakTtepucTikn O—H W BeIMYMHBI
SHEPTHit LISl TPEX CUCTEM C PETYIMPOBAHMEM YACTOThI C ONMHAKOBOM paboueii Tou-
kKot Q=93 n/c u H=9,3 M, HO C pa3HBIMH reofe3ndecKuMy Haropamu. Cucre-
Ma 1 nMeer Gombiune norepu, H = 3 M. Cucrema 2 gpisieTcsi CMeIIaHHO# cucTe-
moi, H., = 6 M, Tie IMHAMUYecKas cocTtapisomas gocturaer 36,7 %. Cucrema 3
¢ OoJiblIoi BhIcOTOM TTombeMa, H.. . = 8,5 M, rie mMHaAMHYECKas COCTABJISIIOILAS

reo
npocturaer 8,9 % B obuiem Hamope.
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Puc. 4.23. KII/1 cospementoro POII ¢ yacTtorHeIMH nipeobpasoBaTe/isiMu
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Puc. 4.24. ToteHumaisl sHeprocGepexkenust npu ncnonssopaiun POTT s pasnnyHbIX CHC-
teum. Xapaktepuetnkn O—H cucrem: 1 — ¢ GonbliMMi moTepamu; 2 — KOMOHMHHPOBAHHA]
3 — ¢ GoNbIIOI BEICOTOI oxbeMa. KpuBbie yAeabHBIX JHEPTHIl 10 chcTeMaM: 4 — peryanupy-
svast ¢ GONBLIMMHE TIOTEPSIMM; 5 — peryiupyeMas KoMGHHHpOBaHHas, 6 — C AMCKPETHBIM YIi-
parieHueM; 7 — peryJipyemast ¢ GoJbIIOi BEICOTOIT TOLbeMa

[MoTeHMan 3HeprocHabkeHust mipu ucnosb3oBanny POII MoxHO onmcarsh
061aCThI0 MEXY KPUBBIMM YIEJbHbIX SHEPrHiil 4aCTOTHO-PETYJIMPYEMbIX CHCTEM
4.5, 7 u puckperHoit 6. [Monaya cucremsl | MoXeT GbITh MOHMXKeHA 10 12 J1/C 1
sCe JKe, OCTABATHCS HIKE IT0 YIeIbHOH 3Hepruu 4, YeM IIpH AMCKPETHOM YTpaB-
aenuu 6. Takum 06pa3oM, MOTEHIHAT 3HEprocbepeKeH s CHCTEMBI 4 BBILIE, YeM
6. YV KOMOMHUPOBAHHOI CHCTEMBI 2 TIOTEHLIMAJ SHEPrOCOepeXeHHs MPU HCTIONb-
sopabun POII mamaer 1o Mepe yBeJMUYeHUS MOJa4yM 5 110 CPABHEHUIO C AMCKPET-
#oit paboToit 6. A cuctema 3 ¢ GOBIION reone3nYECKOil COCTABISTIOLIEH TIPH YIi-
pasnenuu PBI1 Gyner mo 5HepronoTpedneHuio 7 BCEraa HEBBITOIHEE AMCKPET-
Hoil paboTsl 6.
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Puc. 4.25. [IparpaMmMa npoJo/BKUTeIbHOCTH paboThl HACOCHOI CTAHLIMN C [EPEMEHHOI Mmoaa-
4eii/TIPUTOKOM B TEUEHHE rojia
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Puc. 4.26. JuarpamMma MpoAOLKUTEILHOCTH paboThl M COOTBETCTBYIOLLAS AUCKPETHAA TUCTOr-
paMmMma

BOJBIIMHCTBO CTAHLMK PacCYMTAHO Ha MUKOBBIE TMOAa4YH, KOTOPELIE MPOMUCXO-
IIAT BCEro HecKoJibKo pa3 B rof. IToatomy Hacockl B ctaHuusax paboraior Ha 50—
80 % Harpysku OT pacueTHOro 3HaueHus. DbdekTHBHOCTL Hacoca ¢ POIT usmens-
eTcsl B COOTBETCTBMU C pexKUMOM mogaud. YToObl BEIYMCINUTE [OTHOE MoTpedie-
HHE DHEPIUN B TEYEHHE OIpPEIesIcHHOr0 MHTEpBala BpeMeHH, HeoOXonuMa Juar-
pamMMa [poNOJIKHUTEILHOCTH paboThl.

[TonHoe rmoTpebieHne 3HEPrUU B TEUEHHE rofa MOXKeT ObITh paccuWTaHO M3
IMarpaMMbl POAOJIKUTELHOCTH paboTel (puc. 4.25), o0beIMHEeHHOI ¢ Tpa KoM
YIOENBHOH dHEPruu:

Cmay O'max
E,= [ PQdi= [ E(Q)-Qdt=Y p-T,=Y E,T-0. (2)
Qmin min

[MoncunTaeM CKOJIBKO YHEPTHH CIKOHOMJIEHO B T€UeHWE OTHOTO Toja MpH Mc-
nojb3opaHuu POI1 B KoMOMHMPOBAHHON cucTeMe 2, Y KOTOPOH AMHAMHYecKas
cocTrasnsiolias Haropa cocrasiger 36,7 % (cm. puc. 4.24) o cpaBHEHMIO C OUCK-
peTHBIM yrpasieHuem. [IuarpaMma Mpoao/KUTENLHOCTH paboThl LISl 3TOH CcTaH-
MU C HAJIOXKEHHUEM JUCKPETHOIT TMCTOrpaMMBbl ToKasaHa Ha puc. 4.26.

OGiuee norpebjieHre SHEPTHNA HACOCOM, yrpasisiemMbiM POIT:

E,=Y B-T=Y -E, T-0=00381000(93+60)/2-3,6+
+0,36-6000-(60+40)/2-3,6+0,054-1760-40 /2-3,6 = 56188 KBr.

O61uee oTpedIeHne SHEPIHK Y HACOCA C IMCKPETHBIM YIIPaBIEHHUEM BbIYMC-
JisieM, OTipe/ie/TiB BHavase oburyio rnonayuy:
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Puc. 4.27. Kpusble cHCTEMBI 1 HACOCOB B PA3IMYHbLIX KOMOMHAIMAX, C MOCTOSHHOI CKOpOC-
T30 W VIIpaBJIseMbIX ¢ momolibio POII

Q,, =1000-(93+60)/2-3,6+6000-(60+40)/2-3,6+1760-40/2-3,6 =1482120 M,

E = 0,04 xBru/m,

Eo = 0,04x1482120 = 59284 xBr.

DKOHOMMSI SHeprum TIpu ucnoib3osannu POI1 exeromHo Oyzer: 59 284 —
56188 = 3097 xBr.

JList OLIEHKM JEHEXHOM sKoHOMUN JI Bocriosb3yeMcsl (hakTopoM TeKYLIEiH CTo-
sviocTH 3arpar C [32]:

o i [ (3)

r

~3e r — NpoleHTHas craBka, npumem r = 10 %; N — KonM4ecTBo JIeT NCTOob30Ba-
swst, ipumem N = 10 Jrer;

154 +0,1)7"°

C
0,1

=6,145.

IMpousBeaeHKHe FONOBOI SKOHOMMM 3HEpruu, ctrommoctd 1 kBru (mpumem
1 pv0.) u dakropa C nact akoHomuio J = 3097x1x6,145 = 19031 pyo.

OTcloia BBIBOM: MCIOJB30BAHNME YACTOTHOIO MpPUBOAA OYyAET BLIFOAHBIM, ECIH
saTpaThl Ha Hero okaxytes Huxke 19031 py6., uTo HepeaibHO.

Taxum 06pa3oM, NoKasaHo, 4to npumeHeHne POII wis cucteMsl TpyOGOIPOBO-
=0B. e IMHAMHYECKasl cocTaBsTiomas B padoueii Touke gocturaet 36,7 %, spns-
=TCs TI0 CPaBHEHMIO ¢ ANCKpPEeTHOW paboroii Hacoca (6e3 POII) sHepreTudecKH
sonee addextusHbiM. Ho 3KoHOMHYecKoil BbToabl BHeApeHue POII n3-3a 3arpar

=4 HEero He JacT.

Ha MHOTOHACOCHBIX CTAHLIMAX, TIE PEryJHpOBaTh MOCTATOYHO TOJIBKO OJWH
arperar, npuMeHenue POI1 Bunuresa dosiee 3KOHOMUYHBIM.

Ha puc. 4.27 npecraBieHsl XapakTepuctiku O—H yetbipex pabounx HacocoB,
¥auAl0LIMX Ha OIHY MPOTKEHHYIO HUTKY BooBoMA. TONBKO OIMH HACOC MOCTOSTH-
=0 ucronbsyer POII. TMpu MakcumanbHoM nputoke 1120 11/c M cratMdeckoM Ha-
nope 9 M IMHAMWYECKHe MoTepu cocTapisior 11 M, T.e. 55 % or obuuero Haropa.
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Puc. 4.28. Wamenenue pabodeii Toukn Hacoca, ynpasisemoro POIT, u Hacoca ¢ IMOCTOSHHOIN
CKOPOCTBIO TIPH TIOHIJKEHUH MOJA4YM; P — PeryaupyeMblil HAcoC; H — HeperyJiupyemblii Ha-
coc; 1 — KII Hacoca

ITpu gacrorax 50 Ii1 onuHouHBbIi Hacoc momaet 500 11/c, aBa Hacoca noxaior 840 11/c,
u Tpu Hacoca — 1030 n/c. AHanKM3 XapakTePUCTHK PabOTHl HACOCOB B Pa3slTMYHBIX
KoMOMHaumaAxX (cM. puc. 4.27) ¥ U3MEHEHHE MOJNOXKEHMs paboyeil TOUKH ¢ ydeToM
KIT (puc. 4.28) nokaswiBator cneayiomiee. Kak Tonpko norpeGHOCTh B rmonave
YMEHBIIAETCS OT MakcuMalibHoro 3HadeHua 1120 /¢, oauH U3 HACOCOB HAYMHAET
paboTaTe Ha TMOHVMKEHHOH YacToTe. YIpaB/isieMblil HACOC ClIEAyeT Mo KPHUBOil cuc-
TEMBbI, KOTOpas C YMEHbLIEHHEM MMOAAa4YM MepeMeliaer pabouyio TOUKY (CM. pHC.
4.28) B Hanpasnenuu Gomnee Huskoro KITI. B To ke Bpemsi pabouue TOUKM LIS
HACOCOB € MOCTOSIHHOI CKOPOCThIO cMellaloTes Brpaso. [Ipu yacrore Hike 40 Iix
OIWH Hacoc oTkiovaetcsd. Ecnmu momaya u gajiee yMeHBIIAETCS, YACTOTA TTOHMUKA-
€TCs CHOBA, W ClleAyiolliee NajleHue Harnopa JOCTUTaeTes TIPH yacToTe okoso 35 T
u T.4. B npumepe, pabouast Touka npu MakCHMalbHOI [101a4ye HAXOIUTCH ClIeBa OT
Touku Hamseiciiero KI1/, kak 31o u nomkio 661t KIT/I Tpex Hacocos, paboraio-
LIMX MIPU MTOCTOSTHHOM yacToTe (M obecreunBaounX O0IbIIYIO 9aCTh MOJaYH), TOr-
Jla HEMHOTI'O YBEeJIMYMBAETCH, U UX paboyas TOYKA CABUTAeTcsl BIPABO 10 KPHUBOIi
Hacoca. OnHOBpeMEHHO Tofavya OoT Hacoca, ympasisiemoro POIT, cuuxaercsa. O6-
wmit KIT/ paccunTsiBaercs cinoxenneM pasnuansix KIT/I, npomopuuoHaIbHO pas-
BUBaeMbIM nogauaM. YToObl onpenenuTs BhIrOAY YIPABIEHUs, BEIYHCISIOT YAETb-
HYIO BEJIMMMHY 3HepronoTpedieHmns KakIoro Hacoca M CyMMapHYyIO.

Bo n3bexaHue oOpa3oBaHUsl TAK HA3BIBAEMBIX MEPTBBLIX 30H B [IPOLIECCE PEry-
JIMPOBAHUSI HATlOpHAsl XapaKTEPUCTHKA PEryJMpyeMoro Hacoca MOJDKHA pacriofa-
raThCsl HECKOJIBKO BbIILIE XapaKTepUCTHKM HeperyaupyeMoro Hacoca. [Toatomy pe-
TYIMPYEMBIM 2JIEKTPOTIPUBONIOM Clie[lyeT 000pya0BaTh Hanbomee KpYIHbIEe HACOCK]
¢ Haubosiee MOJIOroi XapakrepucTukoii Q—H.,

Ha MHOroHacOCHbIX cTaHUusIX, yripasisseMbix POI1, Hepeako BO3HUKAIOT Mpo-
OJ1eMbl IIPH MEPEKITIOYEHUH MEXIY KOMOMHALMSIMH HAcocoB. M3-3a orpaHuueH-
HO# TOYHOCTH KOHTPOJILHOIO 000pYJOBaHMS HACOC MOXKET pPaboTaTh B TOUKE TPH
HYJIEBOH TTOfiayue KaXKIblil pa3, korna pabodasi TOUKa HaXOMUTCS OJIM3KO OT 30HBI
MEPEKIIoYeHNs 1ojiay. DToro Hy;KHO u30eraTh, Tak Kak HUKaKas rosie3Has pabora
IIPM 3TOM He MPOUCXOANT, ¥ BOAA B paiioHe Hacoca OyaeT HarpeBaThes, OTYEr0 MO-
JKEeT neperpeTbesl IBuratenb. [loToMy pexxuM yrpasieHus OyIeT 3aBUCETh OT TOro,
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HaCKOJIbKO KPYTHI B OKPECTHOCTSIX TOYKHM HYJIEBOM MOJavM KPUBBIE HACOCA U CHC-
TeMbl, 3aBOJCKUX JOMYCKOB HAcoca, A0MycKos 1o yactore POTI, a Takke TOYHOCTH
1aTYMKOB B COYETAHWHM C WM3MEHEHWEeM YpPOBHS BOIbLI B TPUEMHOM pe3epByape

(0BeraHO ycraHaBiusaercst * (5+10) cm).

MeHbIIMe MPOM3BOAUTELHOCTH, KOTOPhIE XapakTepHBbI Ul HACOCOB, YIpaB-
15eMBIX YaCTOTHBIM TIpeoGpasoBaresieM, GyIyT yMEHbIIATh CKOPOCTH B TPYOOMPO-
soze. B pesynsrare, B TpyGOIpPOBOJE MOXET OTJIOXKHTBCs OOJbLICE KOMMYECTBO
ocazka.

Hacochl, TepeKauuBaloline IPS3HYI0 BOMY, HE JOJIKHBI paboTaTh MpH CIIHIL-
XOM HUBKHMX cKopocTax. OxuaxiaeHne OyaeT YIOBIETBOPUTEIbHbIM, HO OCAlOK M
50/I0KHMCTHIE BELIECTBA MOIYT HAKATUITMBAThCS, M OMACHOCTh 3a0MBaHMsl OXJIaXaa-
jolileit cHCTeMBl M pabouero Koseca OyneT MOBLILIATBCSA. DTa KPUTHYECKas CKO-
DPOCTh pa3iuyHa Ul pasHbIX HACOCOB.

Hacocsl, ynpasiasiembie POTI, BO36YKIaioT OrpoMHOE KOIMYeCTBO 4acTot. Ecin
olHA U3 COOCTBEHHBIX YACTOT HACOCOB M 00BsI3KM OKaxercsi B auanasone POII, To
3710 yewut Bubpaiio v nryM. Oco6eHHO 3TO CKaXeTcsl Ha CTaHLMAX, I/Ie arperaTbl
CMOHTHPOBaHbI B CYXOM MalIMHHOM OTeeHHu. B aTom cityyae HeoOX0IMMO Tpe-
IycMaTpUBaTh OJIOKMPOBKY B MAHE/M YIIPABJIEHUs B MOMEHT COBIANCHHs HacTOT.

Takum 006pa3oM, MOXKHO 3aKJIIOYUTh, YTO 3KOHOMHYECKYIO BbIFOAY OT HCIOJIb-
soBanus PDIT Ha HACOCHBIX CTAHLIMAX CJIEAYET TILATEILHO MPOCYUTBIBATS.

¢ [Mpumep

HeobGXomMMO 3arpOEKTHPOBATh HACOCHYIO CTAHLIMIO [POMU3BOANTE/IbHOCTHIO
250000 m3/cyT. CTaHLMS JOJDKHA MTEPUOAMYECKH M01aBaTh BOAY B MOJTHOM 00beMe
Ha pasHble reojie3ndeckue OTMETKU. TpeGyeMble HATOpBI [Jif 3TOr0 COCTaBISIOT
H, = 34,9 M, H, = 54,5 m.

Bapuanm 1.

Ha cranumm ycraHapiausaercsi 10 BbICOKOBOJIBTHBIX HACOCOB C NapaMeTpamMu
0= 2340 M3/u, H= 50 M, P= 660 KBT KaxIplii, HACOCHI YNPABIIIOTCS YACTOTHbI~
Mu ripeobpasosaressiMu (puc. 4.29).

3aKa3umK, PACCMOTPEB BapMaHT |, OTKJIOHMI €ro Mo TpUYMHE 3HAYMTEeIIbHOM
CTOMMOCTH, HeoOXOIUMOCTH MIYyGOKOTO PeryJupoBaHusl YacTOThl arperaTtos W,
[JlaBHOE, OrpaHMYEHHBIX MUIOLIALEi MOI CTPOMTENBCTBO CTAHIMHU C JAHHBIMH ra-
dapuramu (30000x36700).

Bapuanm 2.

B npueMHOM pe3epByape MOHTHPYIOTCS 8 (B TOM YHCiIe 2 pe3epBHBIX) TTOTPYXK-
HBIX HACOCOB MOKPOI1 ycTaHOBKM ¢ mapamerpamu Q = 3120 M3y, H=34,6 M, P=
=375 kBr, a B MALIMHHOM OTIEJeHUN— § (B TOM 4Mcje 2 Pe3ePBHBIX) arperaton
cyXxoii ycTaHOBKH ¢ mapamerpamu Q = 3120 M3/u, H= 20 m, P= 250 kBr.

Hacochl MOKPOii YCTaHOBKH TTOCPEICTBOM CUCTEMBbI TPYOOIIPOBOAOB M apMary-
pel (puc. 4.30, 4.31) BkmoyatoTcss B paboTy TO MapauiesibHO, TO MOCICA0BATEIbHO
C arperatamu CyXOil YCTaHOBKM, BbldaBasd TpeOyemble MOJayd M HAropel Ha ABE

pasHble OTMETKU.
TTpu Takoii KOMIMOHOBKE YAal0Ch COKPATUThH rabapuUThl CTAHLMHU 0 JOTYCTH-
MbIx (20000x21000), a TakKe YMEHBIINTh KamUTaJbHbIE W SHEPro3aTpaThl (cym-
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Puc. 4.29. Cranums ¢ 10 BLICOKOBOJTETHBIMM HACOCAMH, YIPABISIEMBIMH YACTOTHBIMHU npeod-
pa30BaTENAMMK

MapHas yCTaHOBJIEHHass MOLIHOCTh 5 MBT) mo cpaBHeHMio ¢ BapuaHTOM | (cym-
MapHasl yCTaHOBJIEHHasl MOLIHOCTE 6,6 MBT), mpenycMaTpuBalommuM 4acTOTHOE
peryJupoBaHue.

B KavecTse BbIBOZA NMpUBENEM HECKOJIbKO (pas u3 kuuru b.C. Jle3nosa [28]:

«CunraemM HEOOXOAMMBIM OBPATHTH BHUMAaHWE CIELUATNCTOB BOIOTPOBOAHO-
KaHa/M3allMOHHOIO XO35MCTBA HA TO, YTO B PEKJIAMHBIX MPOCIEKTAX pAla OTeye-
CTBEHHBIX 1 3apyOeXHbIX (DUPM 3aBbIlLIAeTCS SHEpreTuyeckas 3(hdeKTUBHOCTD pe-
TYJIMPYEMOTo 3/IeKTPONpUBoAa. B yacTHocTH yKasbiBaeTcs, UTO MpUMEHEHHE pery-
JINPYEMOTro 3JIEKTPOIPHUBOIA B HACOCHBIX YCTAHOBKAX IMO3BOJSET SKOHOMWTH IO
50 % sHepruu, pacXoayeMoil Ha MepeKayky YMCThIX M CTOYHBIX BOJ, a CPOKH OKV-
MaeMOCTH 3aHMKEHbI».

«Mcrnonb3oBaHue peryJaMpyeMoro 3JeKTporpuBo/ia CBA3aHO C BOSHUKHOBEHM-
€M MOTEPb B YaCTOTHbBIX MPeoOpa3oBaTensax, TpaHchopMaTopax, 3J1€KTpoIBUTaTe-
751X m co cHikennem KI1/1 Hacocos, paGoTaloimx Ha MOHMAKEHHBIX YaCTOTAX Bpa-
weHust. Takum oBpasoM, NpUMEHEHNE PEryJIMpYeMOro MPUBOAA MO3BOJISIET IKOHO-
MUTb B cpenHeMm 5—15 % sHepruu, pacxomyeMoii Ha rmomauy BOIbI».

«Kak npasuno, ucnoib30BaHue peryaupyeMoro snekrpornpusona B CAY kaHa-
JIN3aLIMOHHBIMW HACOCHBIMM CTaHUMAMM (Hampumep, B Mockse) obecrieunsaio
IKOHOMUIO 3Heprun 5—10 %».
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Puc. 4.30. Ctanuus ¢ 8 NOrpY)KHBIMH HAcOcami MOKPOI YCTAHOBKM M § arperaramu cyxoi
VCTAHOBKH B MAIITHHHOM OTACJICHHH
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OCHOBbI PACYETA U KOHCTPYUPOBAHUA HACOCHDbIX
CTAHLUWIA C ATPEFATAMMU MOrPY>XHOW YCTAHOBKW

HacocHast CTaHIMS (32 MCKITIOUEHHEM LIMPKYJISIIMOHHOM CUCTEMBI), KaK Ipa-
2470, COCTOMT W3 TIPUEMHOr0 M MAlIMHHOTO Pe3epByapoB, pa3jle/IeHHBIX TIIYXOi
==peroposikoil. [IpreMHBIH pe3epByap BBINOJHAET (DYHKLHIO OycepHOii 30HBI, B
£OTOPOIi TIPOUCXOIMT MOIJIOLIEHNE KOJe0aHHii NMPUTOKA M OTKAYeK, a TaKXKe BbI-
~25HNBAHUE ITOTOKA.

HanexHasi ¥ 5KOHOMHWYHAas paboTa HACOCHOI cTaHIIMK BO3MOXHA IPU BBITION-
“=:MH KaK MHHUMYM JIBYX YCJIOBHii B OTHOLIEHHH ee TIpueMHoro pe3sepsyapa. [lo-
~o% KUIKOCTH B HeM JIO/KeH ObITh CTaOMJIBHBIM M PABHOMEPHBIM, YTOOLI HE CO-
“Ta8aTh YCIOBHIl [UTA TMONANaHWsl BO3AYXa B HACOCHI, U OIHOBPEMEHHO OBICTPHIM
= n3bexaHne obpa3oBaHUs 3aCTOMHBIX 30H, a B CIIyYae MepeKavky 3arps3sHeHHbIX
207 — BO M30eKaHMe CKOTUIeHMsl ocafKa W TUiasarolnx seiects. [loaToMy pasme-
< IPHEMHOTO pe3epByapa JOJDKHBI ObITh 10CTATOYHO BEMKHM, YTOOBI 0GeCTeynTh
=200CaM XOPOIIYIO TMAPABIMKY, M OJHOBPEMEHHO Malibl, YTOOBI MCKIIOUNTD 3aC-
TO# M 3aCOpBI. : )

B cTaHuMsIX ¢ MOrpyXHOI (MOKPOIf) YCTAHOBKOI HACOCOB MPUEMHBINA U Ma-
—wHHBII pe3epByap 00bEIMHEHBI B OAMH — HACOCHO-MPUEMHBIA. OTO Hamaraer
TOTMOTHUTEIBHYIO OTBETCTBEHHOCTh Ha COOJIIONEHME TPABUI pacyeTda W MPOEKTH-
SoBaHUsS TIPHEMHBIX PE3ePBYAPOB TaKUX CTaHIIMIA.

B 1970—1980-x romax yueHble-THAPABIMKM Pa3HbIX CTPaH MHpa Haubojee WH-
~=HCHBHO MCCJICIOBAIM THAPABIMYECKHE MapaMeTphbl TIPMEMHBIX PE3EPBYapoB Ha-
~oCHBIX cTAaHUMIA. Bpuin BeIpabOTaHbl OCHOBHBIE MAPAMETPLI X MTPOEKTUPOBAHNA,
©oTOphLIE TIPUBOIMIIUCE B pslie TyOJMKALMNA 1 KHUL

Taxk, B yuebHuke «Hacocsl 1 HaCOCHbIE CTAaHLMK» [33] maHbI XapaKTePHbIE MPH-
+=pbl MPABUIBLHOTO W HEMPAaBUJIbHOTO PACTIONOXEHUIT BCACHIBAIOLIMX TPYO HAco-
-o8 B IPUEMHOI Kamepe (puc. 5.1).

Uncturyr Mnpasnuku CIIA, 06001INB HAKOIUIEHHBIN OIBIT, BbIBEJI B CBOEM
SvHIaMeHTAIbHOM Tpyae [34] psia craHzapTHeIX pekoMeHmaumii (puc. 5.2—5.5).

HH3KOCKOPOCTHOI ¥ MpsSIMOHAIIPAaBIEHHbLIl MMOTOK KO BCeM BCacaM OLHOBpeE-
\2HHO — MepBbIil BADMAHT BBIMOIHEHHST TPUEeMHO# KaMmepbl. CKOPOCTh B 30HE BCa-
~wiBaHMA HACOCA HOKHA GbiTh mpumepHo 1 ¢yt (0,3 M/c) B cekyHay (puc. 5.2).
HeKOTOpble HACOCH! HEMUIOXO PaboTaloT MPH CKOPOCTH 2 (yTa B CEKYHIY M BbILLIE.
370, B YACTHOCTH, TIPOMCXOMUT TaM, [/I¢ MPOEKTHPOBAHME OCHOBBLIBACTCS Ha M3Y-
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ueHun Mozen. He pekoMeHayeTcs BHE3aITHOE H3MEHEHHe PA3MEPOB BXOIHOM Tpy-
Ob! B [IpHEMHYIO KaMepY WJIM BXOZIA C OIHOI CTOPOHbI, MPOM3BOISILIIHIO BOJIOBOPOT
(cM. puc. 5.2).

B npuemHBIX pesepByapax MHOrOHACOCHBIX CTAHIIMIl MONE3HO MEXIY BCacamu
YCTaHaBINBATh ITEPETOPOAKU. Jlake eciin He Bce HACOCHI BCEra AEHCTBYIOT OIHO-
BPEMEHHO, TO M B TAKOM CJIyJac NMPUMEHEHNE Pa3eMTENbHBIX [IEPETOPOIOK MO-
KET ObITh BbITOAHLIM, ECii T1eperopoku H0mKHEL HCTIONB30BATHCS KOHCTPYKTHB-
HO M Hacochl OyayT [eilcTBOBaTh MONEPEMEHHO, OCTABBTE MPOCTPAHCTBO MOTOKY 34
KaXII0H Teperopoikoii oT AHMIIA KaMepsl, 110 KpaifHeil Mepe, 10 MHHUMAILHOTO
YPOBHs BOIbI. IpW MCMO/IB30BaHNM T1EPETOPONOK YBEIUULTE PACCTOSTHUE MEXKIY
BCacaMi HacOCOB Ha TOMNIIMHY MEPErOPOIKH, YTOOBI CKOPPEKTHPOBATh LIEHTPAIb-
HOE TIPOCTpaHCTBO. CKpyrIMTe WM NPUIANTE CTPEIOBUAHOCTL TOPLY MEPEropos-
KU (puc. 5.3, a).

He pexomeHmyeTcsl pacnonoxeHHe TpyIiibl HACOCOB 110 KPYTY 110 OTHOLIEHHIO
K MOTOKY KaK C MeperopojkaMu, Tak u 0e3 Hux (puc. 5.3, 6).

Peskne nameHeHusi pasmMepos MmomBomsieit TpyOs WK J0TKA He PEKOMEHIY~-
1oTest (puc. 5.4, 6). OTHOCHTEIBHO Manasi TpyGa BBOIA JOJLKHA MPUCOEIMHATECS K
OobIIOI MPUEMHOI KaMepe depes MOCTENeHHO PACHIMPSIONLYIOCS CEeKLMIO. YTo
PaCLIMPEHUs NOKEH OBITh 110 BO3MOXHOCTH MaJl, MPEIOYTUTEILHO He Goee 15°
(puc. 5.4, a). C NOMOIIBIO 3TOTO MOXHO JOOHTLCS TpeByeMoi CKOPOCTH B Kamepe
oxono 0,3 m/c. INpucoennHene MaIOro BBOA HETOCPEACTBEHHO B GOJBIIVIO Ka-
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Puc. 5.1. Henpasusibtoe (a) n npasuisHoe (6) pacnonokeHHe BCACHIBAIOLIMX NAaTPyOKOB B
MpHEeMHOIT Kamepe
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Pwc. 5.2. BapuaHT pacTONOXKEHHs NMPUEMHON KaMepsbl
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Pac. 5.3. YeTpoiicTBO MeperopoloK Mexiy BcacaMH B TMPHEMHbIX pesepByapax
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Ol npepnoytutensHo o = 107

Puc. 5.4, TMpucoenuHeHKe OTHOCHTENBHO Malol TPyOLl BBOAA K BoNBIION NIPUEeMHOIT KaMmepe
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Puc. 5.5. Tleperoporka, pelieTka Wil 9KPaH JOJKHbI YCTAHABIMBATECA MONEPEK BBOAHOIO
caHATA B Hauange LUMPOKOI YaCTH CeKLMH
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YcraHoBka HAcOCOB NO MOTOKY
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Puc. 5.6. TIpu nocnenosarenbHoll yCTaHOBKE HACOCOB OTHOCHTEIBHO MOTOKA CHEMVET Bbi-
ACPAKUBATH PACCTOSIHME MEXAY HUMM > Y -D. Hanpumep, npu Hesaumupalolieii cKopocTH
0,3 m/c Y= 8 [50]

MEpY CJIMIIKOM BO3MYTHUT MOTOK M BBI3OBET 3aBUXPEHHMS U BOPOHKOOOpPAa3oBaHMeE,
4TO HApYyIIMT paboTy HACOCOB.

Ecimi ckopocTb noToka B KaMepe BO3MOXKHO YIepXHBaTh HU3KOil (okomo 0,3
M/C), Pe3Koe yBeIMYeHHe CO CTOPOHBI BXOMHOI TPYOhI MOXHO AOMYCTHTH, €CIH
paccrosiiue ¥ Gyner He MeHee 3HaueHMIl, yKasaHHBLIX B TaGmuie (puc. 5.5.)

Pacrionarate Hacochl B IMHUIO MO MOTOKY He PeKOMEHIYETCsI, EC/IM COOTHO-
LEHWE MMUPUHbI TPHEMHON KaMephl K AuaMeTpy (Bcaca) HEAOCTATOYHO BEJIHKO
(W = 3D), nockonbKy mocieayiommii Hacoc GyaeT nonagath B 30HY TypOyJieHT-
HocTH mpenslayiiero. M eciu storo He u3bexkaThb, TO paccTOSTHUE MEXIY Bcaca-
MU NpH MPOAONBHON YCTAHOBKE HACOCOB CiIeAVeT NIPUHMMATh B 3aBUCUMOCTH OT
CKOPOCTH TOTOKa (pHc. 5.6).

Pekomenmauum mist cTabuibHOI paboThl CemylolLe.

»  Coxpansiite ckopocTs Ha BXoae B npenenax 0,6 m/c.

*  BobinepxuBaiiTe CKOPOCTb MOTOKA B MPMEMHOIA Kamepe He Bbiiie 0,3 M/c.

*  HM3beraiite u3MeHeHNIt HalpaBIeHHsl MOTOKA HA BXOIE B HACOC, a4 €CIH
M3MEHsIETe, TO IUIAaBHO, PABHOMEPHO, HE3aBUCHMO.

B fiononHeHye K IaHHBIM PEKOMEHIALIMSIM LISl YIYYIIEHUS! THAPABINIECKHX
YCIIOBUIi B NMPUEMHOIl KaMepe MOTYT MCIIONb30BaThCs: KOHMY30pbI, TOPHU30HTAIb-
HbIC Tep(hOPNPOBAHHBIE MEPETOPOAKM WM PELIETKN; TOPU3OHTAIbHBIE TUIACTHHDI,
MOTrPYKEHHbIE B XKMUIKOCTh Hajl BCACAMM, TIABAIOLINE HA TIOBEPXHOCTH KUIKOCTH
TUIOCKHME JIEMEHThI WIIH 1Iaphl U T.]IL

JT1060it M3 3TUX BAPHAHTOB WJIM UX KOMOMHALIMS MOXET VIVYIINTB CTPYKTYPY
MOTOKa B KaMepe.

Ecin xe 3T0 He 1MOMOXET, TO MOXeT MoTpe6oBaTLCS OrpaHMYEHHe OBLIEro
TIPUTOKA, 3aMEHa Hacoca WK ero nmpoussoautenbHocTH. MHorma Tpedyercs ucmei-
TaHHE Ha MOJIEJIH.

WHKeHepaM, MPOEKTHPYIOLIMM HACOCHYIO CTAHIIMIO, JIy4IlIe TPOKOHCYIIETHPO-
BATbCSI C MPOU3BOOMTE/ISIMA HACOCOB MJIM HE3aBMCHMON slabopaTtopueii mist u3ro-
TOBJICHUSI OTHO# WM HECKOJIBKHMX Mozeeii (cM. riasy 8).

XOpoLIO U3BECTHO, YTO BUXPeOOPA30BaHME Y 30H BCACHIBAHMS BPEIUT HACO-
cam, a Uil TeHepUpOBaHMsl BUXPEil JOCTATOYHO JlaKe HE3HAYMTEIbHOI cuibl. U
€CJIK 3TOTO ABJICHUSI MOXKHO U30eXarh MpH MPOEKTHPOBAHHH HOBBIX TIPUEMHBIX pe-
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MNopaua Hacoca 6,5 m3/u
MUHUMENEHBIA YyPOBEHD
norpyxenvs 3,2 m

HuameTp koHpy3opa Hacoca 2,0 m
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Pwc. 5.7. HacocHast cTaHUuMS: @ — [0 PEKOHCTPYKLIMM — BHXPH HA BXOJE M pacliMpeHHe BOK-
~T HACOCA, CMEIEHHE HACOCA OTHOCHMTENBHO OCH TIPHEMHOIO pe3epByapa, LUPKYJISILMS BOK-
—T Hacoca; § — Mocjle PEKOHCTPYKLMN YCTPaHEeHbl BHE3AINHbIE PACIIMPEHHSI, HACOC YCTAHOB-
=3 110 LEHTpY, OIMKe K 3aIHeil cTeHke
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Puc. 5.8. Hacocel onpecHUTEbHON YCTAHOBKHM: @ — TOC/IENOBATENbHO YCTAHOBICHHbIE HAco-
-2 paboTalOT B 30He TYPOYIEHTHOCTH, CO3aBAEMOM TMPEIbLIYIIMM HACOCOM B YCIOBHSIX acCH-
wETPHYHOTO TIPUTOKA; §§ — TIOC/IEe PEKOHCTPYKIIMK TIONEPeYHOe CeYEHHE HACOCHO NPUEMHOTO
S=3epBYapa YMEHBIIIN W CMOHTUPOBAIN HATPABISIONINE MEPEropoiki, MpH 3TOM BHUXPeod-
S230BAHME M LIMPKYJISILIMA MCUe3In

2

a 6

Mopaya Hacoca 5 M3/

©

Puc. 5.9. Hacocs! pabotaior HepoBHO, HaGmonaercs subdpaums (a). [podunuposaHue sanHeit
CTEHKH 110 KOHTYPY HACOCOB M YCTAHOBKA [BYX HATIPABIISIOLLMX TIEPEropooK cHsio npobiemy (6)

3ePBYapoB, TO [UIS CYLIECTBYIOIINX, TIe MPoOIeMbl yKe MMEIOT MECTO, HYXKHO TpH-
45Th COOTBETCTBYIOLIME Mepbl. BO3MOXHBIE TIOIXOAbl K YCTPAHEHHUIO TAKUX MPO-
AeM B KOHKPETHBIX pe3epByapax xopoiuo npopadotansl [Natepcorom [35] u mpea-
cTaBjieHbl 3ech Ha puc. 5.7-5.9.

Kio4yeBbIM TIapaMeTpoM HACOCHOIU CTaHIMM SIBJISIETCS. €MKOCTb MPUEMHOTO

pesepByapa.
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5.1. PacyeT emMKoCTM NpueMHOro pesepsyapa

EMKOCTb pe3sepByapa 3aaeTcsi ypOBHAMM OTKAYKU MAKCHMATbHON W MIHM-
MabHOH. OGbeM BOIBI MEXy STUMH YPOBHSIMM HA3bIBAETCSI peryiupyeMbiM. TTo
HEMY M BEIYTCA pacyeTbl B JaHHOW IJ1aBe, W [UIs YIIPOILEHUsT GyIeM HAa3bIBaTh ero
EMKOCTBIO MPUEMHOTIO pe3epByapa. 9Ta BeJIMYMHA 3aBHCUT OT 06beMa MOCTYIalo-
IIAX B CTAHLIMIO BO, MOAAYM HACOCOB, JIOMYCTUMOIO BPEMEHH LIMKJIA OTKAYKH (KO-
JIMYECTBA MYCKOB B Yac), 3a0aHHLIX TIPOU3BOIAMTENEM HAcoca/IBHTATEIIsI.

[TorpyXHbie Hacockl, Graroaaps KUAKOCTHOMY OXJIAXIEHHIO 3JIeKTPOJIBUTATE-
Jisl, CBOGH KOMIIAKTHOCTH, KOHCTPYKTUBHBIM OCOOEHHOCTSIM, JOTIYCKAETCS BKJIIO-
qaTh ropasio Haile Ki1acCU4ecKuX (HeMOrpyXkHbIX), B CBA3M C YeM HACOCHBIE CTAH-
LMK C MOTPYXHBIMM HACOCAMM TMPOEKTHPYIOT 3HAYMTEIEHO MEHBIINX Pa3MEpOB.

BoJTBIIMHCTBO MPOM3BOANTENEl MOTPYKHBIX HACOCOB YKA3bIBAIOT, YTO MaK-
CUMAaJIbHOE YMCJIO TTYCKOB — 15 pa3 B yac. XOoTs B OTAENbHbIX MYBIHKALIMAX up-
MBI IPUBOZAT NPUMEPBI U OOJIee BHICOKMX YAaCTOT BKIIOYEHMH MAJBLIX arperaTtop
(0-5 kBr), Tak Grundfos nokassisaer 25 [36, 37|, a Flygt naxe 60 IYyCKOB B yac
0e3 onmacHOCTU CHIKEHUSI CPOKa CIyKObI [38].

bbLIH paccMOTPeHBI PyKOBOICTBA MO pacueTaM, PEKOMEHAAIIMH 1O MPOEKTH-
POBaHHIO HACOCHBIX CTAHIMI, 0OOPYIOBAHHBIX arperaTaMu MOrPYKHON YCTAHOB-
KH, H COOTBETCTBYIOIIME KOMMBIOTEPHBIE MPOrpaMMBbl pacdeTa BeAYLIMX HAcoC-
Heix ¢upm: ITT Flygt, Grundfos/Sarlin, KSB, ABS u np. (B Poccuu rnono6Hbie
PabOTBI M3-3a HEABHETO MOSIBICHMUSI NPOU3BOIMTENE MOTPYKHBIX KAHATH3ALM~
OHHBIX HaCOCOB He BBIMONHsINCE). Pekomennaunn Grundfos / Sarlin, Harnpumep,
Gasupyrores [36] Ha BhIIepXKIBaHMU IBYX pa3MepoB (puc. 5.10) B HACOCHOI cTaH-

dTES 1D

b e—— a

Y

Puc. 5.10. Pexomenayemble pasmepsl [UIsl YCTAHOBKH MOrpYKHLIX Hacocos Grundfos
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1u (PacCTOSTHUI MEXIy OCSIMM HAcOCOB B n OT ocu Hacoca /10 Givkaiiuiei cre-
abl (), a TAKKE OMpeesieHUH PeryaupyioLieii eMKOCTH pe3epByapa ¢ UCIOJIb30-
BAHWUEM YpPaBHEHMsI

0 (5.1)

& 47 max’

rie Vh — perymupyloilasi eMKOCTb MOKpPOil Kamepbl cTaHuMu; Q — ronaya Hacoca,
1/C; Zyax — MaKCUMabHasl 4acToTa MyCKOB HACOCOB B 4ac, 1/u.

Haubonee npopaboran y Grundfos-Sarlin pasgen KOMIUIEKTHBIX HAaCOCHBIX
CTAHLMII 3aBoicKoro uarotoBneHus [37].

Kommanua KSB pekomenayet [39] st MpoeKTHPOBAHUS MIPUEMHBIX Pe3epBy-
apoB UCIOJIL30BaTh YeThIpe pasmepa (puc. 5.11): nnameTp pesepsyapa D; paccTosi-
HHe MexXay Hacocamu E; paccTostHUe OT Hacoca 0 OIM3Nexallux 3aaHei B n 6o-
xosoil DN1 cTeHOK pe3epByapa.

®upma ABS ucronbayer i ornpeneneHusi oobema pesepsyapa dopmyiy [40]

vn_ 9,90p 2)

Z
rne Vn — perynupylommii o6beM KOToILa, M3; Op — momava Hacoca, Ji/c; Z — 4uc-
70 MYCKOB HACOCOB B 4ac, |/4, mpu 3TOM J0MycTHMasl 4acToTa MyCKOB arperaTos:

7= 20/4 nipu momHocTH Hacocos 0—11 kBr, Z= 15/4 npu mouHocth 11—160 kBt
1 Z=10/4 ipu >160 kBt.

gA BA

Y

>R

$0

Puc. 5.11. PexomeHiyeMble pasMephl JUisi YCTAHOBKH MOTpyxHbix HacocoB KSB
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MuTtepecHa KommbiotepHas rporpamma ABS o noafopy HacocoB W KOHCTPY-
upoBaHulo craHiuii. OHa 1M03BOJISIET MHXEHepaM YBHIETh CTAHIIMIO KaK B IJIOC-
KHMX, TaK ¥ B TPEXMEPHBIX KOOpAMWHATAX.

Ho naubonee geranbHO, Ha HaWl B3MJs, W paHblue apyrux (¢ 1974 r.) tema
pacyera U MPOeKTUPOBAHUS HACOCHBIX CTAHLIMI C MOTPYKHBIMU arperatamu Obuia
uccnaenosaHa komrmanueit ITT Flygt coBMecTHO ¢ BpUTaHCKHUM TeXHOJIOTMUECKHM
YHUBEPCUTETOM W Accolmariueil runpomexanukos [41, 42]. B crannaprax Mucru-
tyta lugpasnuku CLLIA 1o npoeKTHpOBAaHHWIO HACOCHBIX TIPMEMHBIX PE3EPBYAPOB
[15] rpuBeneH B NMPUIOKEHMH UMEHHO JAaHHBIM pacyer.

3neck onuceiatotest Hapabotku ITT FlygtAB, a takske coberBeHHbI (¢ 1989 1)
OIBIT TIPUMEHEHMS MOTPYKHBIX HACOCOB,

JIBa ocHOBHBIX (hakTOpa OMNpelesioT MUHUMATbHbBIE pPa3Mepbl MPUEMHOTO
pesepByapa CTaHLUMM — TUAPABJIMKA MEpPeKayku M UMUCIO MYCKOB HACOCHBIX ar-
peraTos.

[Tpu 10 BKIIOUEHMAX B Yac, HANpUMeEp, BpeMs LIMKJA Mexay rnyckamu 7 co-
CTaBJISIET 6 MMHYT.

MakcuMansHOe YMUCIO0 MYCKOB IMTOMYYAETCsl B Caydyae, eCld HACOC MOJIOBHHY
BpeMeHM paboTaeT, a OCTaBLIYIOCS TIOJOBHHY BpeMeHU TpoctanBaeT. [1pu aToM mo-
Ja4ya Hacoca Q ¢ y4eTOM YKa3aHHBIX JAHHBIX JOJIKHA BIBOE IPEBLILIATL MTPUTOK
BOIBI ¢, TIOCKOJIBKY arperar B TeueHue 3 MUHYT JOJDKEH repekadaTb 00beM BOIEI,
rmocTyraioluei 3a 6 MUHYT, T.e. ¢ = Q/2.

Perynupylomnii (akTUBHBIA) 00beM, T.e. 00BEM MEXIY YPOBHEM IIPH IyCKe M
YPOBHEM TPH ocTaHOBKe (puc. 5.12), nowkeH ObITh M0A00paH TaK, YTOObI OH COOT-
BETCTBOBAI TIPUTOKY BOJBI 32 3 MMHYTBHI.

TpebGyemblii 00beM MeXIy MYyCKOM U OCTaHOBKOI VTFleﬁ BBIUMCJISIETCSI TIO

thopmyne

Y (5.3)
6T 4 g
rie Vmc|5 — Tpebyemblii 00beM, J1; 7' — BpeMs LUHKIA, ¢; @ — MPOU3BOANUTENILHOCTE
Hacoca, Ji/c.

Vposess | (myck)

K+

K+

VYposens 0 (octanos)

Puc. 5.12. Cxema Konofia ¢ MOrpyKHEIMU HACOCAMH
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R e

Puc. 5.13. DyHKUMOHATBHAS Puec. 5.14. Omnepa-  Puc. 5.15. Onepauyon-
CXeMa C YeThIpbMSI HacocaMu uMoHHas cxema 1 Hasi cxema 2

Bpems wukina 7 onpegensieTcsl Kak cyMMa TpONOJDKUTEIbHOCTEH HaroIHEHUS
pesepsyapa (V/g) u ero otkauku V/(Q — q) nio dopmyie

Vv Vv
T, =—+—: (5.4)
qg 0-¢q
rae Tmin_ BpeMA MEXIOY ABYMA IMOCIENOBATEIbHBIMHU ITYCKaMH, T.€. BpEMA LHKIA

Hacoca (c); V — aktuBHas (peryiupyiollasi) eMKocTh cOOpHOro pesepsyapa, T.e.
00bEM MEXKIy YPOBHEM IIpM IycKe (VpoBeHb |) M ypoBHEM IpM OCTaHOBKE (Vpo-
geHb (), JI; ¢ — TIPUTOK BOMABI B HACOCHYIO CTAHLIMIO, JI/C; O — TMPOU3BOIUTEN b~
HOCTh Hacoca, Ji/c.

CraHuun ¢ bosee yeM OIHMM YCTAHOBJIEHHBIM HACOCOM MOTYT BKJIIOUYATHCSH B
paboTy M OCTAHABIMBATLCS TIO JABYM OIEPALIMOHHBLIM cXxeMmaM (IOcJie0BaTe1bHOC-
tam). Ha puc. 5.13 npoH/uTIOCTpMpOBaHO OEHCTBHE CTAHIIMK C YETHIPEMS HACOCAMH.

PaccMOTpHM [IB€ OMepalMoHHBIE CXEMBI €€ paboThI.

Cxema 1. XapakTepusyercs TOCHEI0BaTENbHO BLIMOMHSEMBIMH TTYCKaMK TpH
PErVIIMPOBAHMI 10 MHAMBHIYAIbHBIM YPOBHSIM BOJIbI [0 MEpe HAroJIHEeHUs: pesep-
syapa. Kak TonbKko ypoBeHb HauMHAET ManaTh, HACOCH! OTKITIOYAIOTCS B 0OpaTHOM
nopaake (puc. 5.14). Bra cxema obecrieunBaeT Gojiee paBHOMEPHBINH pacxo, 4To
DEKOMEHIYEeTCsl JUIST TToflad Ha OUMCTHBIE YCTAHOBKM,

Cxema 2. TTycKu HACOCOB OCYIIECTBIISIIOTCS B TOM JKe ITOC/IEN0BATE/IbHOCTH, YTO
1o cxeme |, HO Bce HACOCHI MPONOJIKAIOT paboTaTh M0 NOCTHKEHUS MUHUMAIIbHO-
ro YPOBHSI OCTAHOBKM M 3aTeM OTKmogaiotcs (puc. 5.15).

Ha rpacdukax (puc. 5.16) ¢ nMoMoLIbIO TIPEACTABIEHHBIX LIS TIPUMEPA XapaKTe-
DUCTUK CUCTEM T0KAa3aHa 3aBUCUMOCTh 00BEMHOMN MOJauM OT YMCJIa HACOCOB, pa-
DOTaIOIIMX MapaLIesbHO.

C ucnonszoBanueM Qopmyn (5.3), (5.4) onpeneneHbl peryaupyeMbie 0ObEMbI
cbopHOTo pe3epByapa B 3aBUCHMOCTH OT BPEMEHU LIMKJIA U [TPOU3BOINTENLHOCTH Ha-
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Puc. 5.16. IMoctpoenue rpadika coBMecTHOI paboThl HACOCOB M TpyOONpoBoOLa
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Puc. 5.17. Inarpamma pacuera o6beMa IPHEMHOTO pesepsyapa rnpu padoTe HACOCOB Mo cxeme |

coca. TMonyueHHele nanHbie npyu paGoTe 110 cxeme | MPeICTABNEHBI B BI/E AMArpaM-
MbI (puc 5.17). o ocu opauHAT AMATPAMMEI OTJIOXEH 00BEM cBopHOro pesepByapa
B M>. Bemuuuibr 06beMHOI monaun s Pa3TMYHBIX CHCTEM OTJIOKEHBI TT0 0CH abc-
Mce, a YMCIO MYCKOB B Yac M MPOLOJIKUTENLHOCTh LIMKJIOB OTJIOXEHBI MO IBYM
OCsIM, OZIHA U3 KOTOPBIX Iapasuie/ibHa ocu abcliuce, a apyras — OCH OpAMHAT.

Jlnst onpenenenust oGbeMa MPUEMHOTO pe3epByapa ClieyeT BhIOpaTh Ha Jarpam-
M€ COOTBETCTBYIONIMIT pacxoa Q (J1/¢) M NPOBECTH BEPTUKATEHYIO JIMHUIO JI0 TIepece-
YCHHUsL C AMarOHATLHOM TMPSIMOA, TMPEICTABIAIONICH YHUCIO MYCKOB B Y4ac WIH BPeMst
IHKIa. OT TOYKHM MepeceyeHtst MPOBECTU TOPU3OHTAIBHYIO JIMHHIO BIEBO U orpere-
JIUTH IO OCH COOTBETCTBYIOLME NWHIMBHAYaJIbHbIE 00beMbl. CyMMapHbIii TpeGyeMblit
00beM MPUEMHOTO pe3epByapa B JaHHOM mpumepe (cM. puc. 5.17) pasen 92 M.

Tpebyemblit MUHUMAIBHBI 00BEM MPHEMHOTO pe3epByapa M0 HACOChl ¢ 0~
Aaueit 300 71/c, pacCUMTAHHBLA MO AEHCTBYIOWINM POCCHIACKIM Hopmam [13] nHa
TATHMMHYTHYIO T0Jla4y HauboJjiee NPOM3BOAUTENBHOIO Hacoca, cocTaBuT 90 M2,
YTO XOPOUIO COTJIACYETCS C TOMYUeHHBIM Pe3y/ILTATOM.

[Iyck HacocoB npu paboTte cTaHLMM MO ONMEpaLMOHHON cxeme 2 OCYLLIECTBIIS-
eTCsl B TOH XKe IOCIe0BaTeIbHOCTH, YTO M 110 cXeMe 1, HO 31ech BCe HACOCHI po-

NOJEKAIOT Ka4yaTb A0 TeX Mop, MOKa YPOBEHb BOMBI HE MOCTUIHET HUXKHEro YPOBHSI
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Puc. 5.18. JuarpaMma pacuera obbema NpHEeMHOTO pe3epByapa NMpH MOCIEN0BATEILHOCTH
=TIOUEHMI TI0 cxeme 2

orioiovenust. Tlostomy o6bembl Vs, V3 u ¥, cGopHOro pesepByapa OyIyT MeHbILIE,
seM U1 onepaimoHHoi cxembl 1. O6beM V| ocTaeTcst TeM xe.

Ha muarpamme (puc. 5.18) 3HaueHuMs nofady OTJIOKEHbL MO OCSAM, Mapauie/ib-
=eiM ocsiM abetyice u opauHar. 1o ocu abelmcece OTIOXEHO BpeMs LIMKIIOB, a BEIH-
=311Hbl MIWHUMAJIBHBIX 06 beMOB cOOPHOTO pe3epByapa OTJIOXKEHBI 110 YeTIPEM OCSIM,
napa/uiesisHBIM OCH OPIMHAT.

Yto6bl onpenenuTs 06beMsl Vi, V5, V3 u ¥V, HyXHO HaiiTh Ha IMarpaMme To4-
¥, COOTBETCTBYIOLIYIO M3BECTHOI 0OBEMHOM T01a4e (COIIACHO XapaKTEpUCTHKE
c3CTeMbl) M M3BECTHOMY BPEMEHM LIMKJIA, M HaliJIEHHYIO TOUKY CIIPOELMPOBATDH Ha
OCH OpPIAUHAT.

BeeleHMeM albTepHATUBHOM CHCTEMBI YIIpaBjieHHsl, M03BOsIOLIel obecre-
<3Th TOMePeMEHHOE MCTIO/Ib30BaHNE HACOCOB, MOXKHO YMEHBILUTH 00BeM COOPHO-
0 pesepByapa, a Takxke JOCTHYb OoJiee pABHOMEPHOTO PACTIPE/IEIEHUsT MOTOYacoB
VEXITy YeTHIPbMST HACOCAMH.

JlaHHast cUCTEMA MOXET TIPUMEHSITHCS [UTsl CTAaHLUIL ¢ JII0OBIM YMCIIOM HACOCOB.

5.2. PekoMmeHAaLMN NO KOHCTPYMPOBaHUIO
HaCcoCHO-NPUEeMHOro pesepsyapa

T1pM MPOEKTUPOBAHUM HACOCHO# CTAHLIMM BaXKHEE BCETO 3aI0KUTh Oaronpu-
#THBIE TUAPABIMYECKME YCIIOBUS LISl pabOTHI arperaTos.

IMoTox Bombl B M060# HAcoC A0/KeH OBbITh OAHOPOIHBIM ¥ YCTAHOBUBLIMMCS,
523 3aBUXPEHMIT ¥ BOBJIEUEHMS BO3[yXa B JKUIKOCT.
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Puc. 5.19. TIpuHunnuansHas KOHCTPYKLMSI HACOCHO-NPHEMHOTO pesepnyapa Flygt

Hapyuienue ofHOPOAHOCTH MOTOKA MOXKET TIPUBECTH K HAPYLLIEHUIO ONTUMATb-
HBIX YCJIOBHMiT paboThl pabouero Kojeca u K CHYDKeHHIO THapasiunyeckoro KITJI, ro-
SIBIICHUIO IlIyMa, BUOpaLuii, MpodieM ¢ MONIIMITHUKAMM W JPYTUMM DJIeMEHTAMM.

3aBuUXpeHUs Ha BXOIE B HACOC MOTYT BHI3BaTh JOKAIbHOE MAIeHUE IaBICHMS,
obpasoBaHue U TIOCTYIUIEHME SI/Ipa BO3MYLIHOIO BUXPS B Hacoc. DTO SIPO BO3IyXa,
a TaKkXKe BO3/yX, BOBJICYEHHBIN XKUAKOCTBIO, MPUBOAAT K CHIKEHMIO MOAaYM, He-
PaBHOMEPHO# HAarpy3ke Ha pabouee KOJECO M MECTHBIM YIapHLIM HATpY3KaMm Ha
Pa3IMYHbIC YaCTH HACOCA, BBI3bIBAS LUYM W BHOpalLMy W, KaK CJIeACTBUE, TTOJOMKH.

ITpu nepekauke 3arpsA3HEHHBIX BOJ KOHCTPYKLIMS IIPUEMHOTO pe3epByapa JI0/I-
XKHA 0DecrieynBaTh He TONBKO COOTBETCTBYIOIIMIA TIOMBOJ MOTOKA K HACOCAM, HO
TAKXKe TPEnsiTCTBOBaTh 00Pa30BAHMIO OCAKA M [MOBEPXHOCTHOM TEHBI B KOJIOILE.

Hcxons u3 BeimienepevncaeHHOro, paspaboraHa [42] MpUHLIMMHATBHAS KOH-
CTPYKLIMS HACOCHO-TIPHEMHOIO pesepByapa (puc. 5.19).

B nannoi KOHCTPYKLMH ITONATaHNe BO3MYXa B XKHIKOCTb BC/IENCTBHE MaleHMs
BOIBI CBE/IEHO K MHHUMYMY 3a CYET MCMOMBL3OBAHMS TMEPETOPOIKM CIELNATbHOI
KOHCTPYKUMH. [TOTOK BO/IBLI M3 MOABOASIIETO TPYGOMPOBOIA CTATKMBAETCS C MEpe-
TOPOIKON M 3aT€M CTEKaeT BHU3 10 Heif B MPHUEeMHBI JIOTOK. B 1He mpreMHoro
JIOTKa MMEIOTCst OTBEPCTHA, KOTOPhlE B OMpPENeJeHHON CTEeNeHH OrpaHu4YMBaIOT
IBUKEHHUE MMOTOKA, obecreunBasi TeM CaMbIM BpeMs JUISl yIadeHHus Bo3ayxa. Ecium
HEKOTOpas 4acTb BO3/YXa BCE JKE€ MOMANAET B HACOCHYIO KaMepy, TO 3TOT BO3IYX
MOTHUMETCS BAOJb HUXKHEH CTOPOHLI HAKIIOHHOIO JHA MTPUEMHOTO JIOTKA U 3aTeM
Ha [0BEPXHOCTh. BropuyHoe BoBIeUYeHUE BO3IyXa B BOMY Ha BXOIE B HACOCHYIO Ka-
Mepy TpejloTBpalaeTcst 6maroapsi TOMy, YTO JOHHbIE BBIXOIbI BCETIA HAXOMSITCS
HIKEe MUHMMAaTBbHOTO YPOBHSI BOIBI B HACOCHOI Kamepe. BomoorGoiiHas creHka
MPAMO HATIPOTHB TMOABOAAIIETO TPYOONIPOBOIa N0/KHA OBITH JOCTATOYHO BHICOKOIA,
4TOOBI MIPENOTBPATUTE MEPETNB TIOTOKA Yepes Hee. XOTS MOTOK B IPUEMHOM JIOTKE
TypOY/IEHTHBIH, 311€Ch MOIYT COOPAThCS PA3INUHBIE, B TOM YMC/IE TUIABAIONINE, Be-
ecTBa. [Ing ux orBoJa M, TAKUM 00pa3oM, IUIst TIPEIOTBPAlIEHUs] HAKOTUICHHS
MOKHO HCTOIBE30BaTh OOKOBBIE BOTOCIUBLI (puc. 5.20).

JIoHHBIE BBIXOIbI (OTBEPCTHsI) MPHEMHOTO JIOTKA PACHONOKEHbI HAa ONHON OCH
C HacocaM# — 10 OIHOMY BBIXOJY JUIS KaXnoro Hacoca. PasMepsl oTBepCTHil mon-
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Puc. 5.20. BonoorboiiHast neperopoika ¢ OOKOBBIMU CIIMBaAMH

HHpatoTCcs ¢ yCIOBMEM obecrieyeHHs paBHOMEPHBIX CKOPOCTE# MPUTOKA K arpera-
taMm. Takas KOHCTPYKLIMSI TIOMOTAeT MpeloTBPATUTL BUXPEBOI MOTOK Ha BXOIE B
HACOCHI.

Monsonsmiast Tpy6a JOJKHA BBICTYIATH 32 IPe/Ielibl OTBEPCTH B HAKIOHHOH
MEpEropoJIke | 3aX0IUTh BHYTPb Pe3epByapa, YToObI MPEOTBPATUTD C/IMB BOIbI He-
[MOCPENCTBEHHO B OTBEPCTHSI MPMEMHOIO JIOTKA MIPH MAJIOM TPHUTOKE.

BepTUKanbHas MEPeropoika A0MKHA GbITh HECKOJIBKO BBIIIE OCEBOIl JTMHUH
MOABOASAILEH TPYOBI.

BoaocnnBbl PENOTBPAIAIOT CO30aHUE MOANOPA B ITOABOAIIEM KO/LIEKTOPE, a
TaKoKe 00ecreynBaloT MOCTYIUIEHHE TIaByYMX MaTepualoB B HACOCHYIO KaMepy M
MX OTKAuKy.

OnucaHHbIe TPUHLIUITE GBUTH TOJIOXEHBI B OCHOBY MaciuTabHoit (1:3) Moaenu
HacocHoi ctaHmu (pHc. 5.21), Mo KoTopoii ObUIH onpeleseHbl ONTUMANbHbIE pa3-
MepEI, PEKOMEHIyeMbIe Ui TPOEKTUPOBAHMN.

Ha amarpamme (puc. 5.22) 311 pasmepsl (MX CEMb) MPEACTAB/ICHbBI B 3aBUCHMO-
CTH OT MOAaYM eAMHUYHOro Hacoca. Pasmepbl CTaHLIMM ONPENEAITCS YUCIOM U
raGapuTaMH arperaTtoB, UX MPOM3BOAUTENLHOCTBIO M YHCIIOM TYCKOB B 4ac Kaxio-
ro Hacoca.

CobmiofeHue pa3MepoB obecreyrBaeT NOCTYIUIEHHE K HAcOCaM paBHOMEPHOTO
MOTOKA BOIbI 6e3 3aBuxpeHuil U TypOyneHTHBIX TeueHHii. [TocKOIbKY BOMa BO BCeM
06beMe HAXONUTCS B ABVMIXKEHUM, BEPOSITHOCTL OCAXKIEHMS OCalKa sBISETCH O4YEHb
HeGOobIIOI (TP YCIOBUM, YTO MUHMMAIbHbIE PasMephbl HE TMPEBbIIEHbl HAa 3HA-
yuTeNbHYI0 BeqnunHy). Ecnv HeoGXomuMo yBeaMuMTh 00beM pesepByapa, TO Jiyd-
[ile BCETo 5TO Cle/aTh 3a CUeT YBEeJIMYeHUs paccTOsIHUs OT MECTa BXOAA IOTOKa B
MPUEMHYIO KaMepy IO Hacocos (pasmep A).

JlaHHbliT pasMep He J0/DKeH OBITh MeHbllle MHHUMAallbHOTO PeKOMEHIYEMOro
pasMmepa, MOCKOJIBKY TaKOe YMEHBLICHUE BBI3bIBACT TTOBBILICHHE CKOPOCTH BOMBI U
HEpaBHOMEPHOE pacripe/ie/ieHiie CKOPOCTeil B HACOCHOM Kamepe rpu paboTe Haco-
coB. BblIepkuBaHWe PEKOMEHIOBAHHBIX PA3MEPOB BAXKHO W [UIS MPELOTBPAILCHMSI
CKOTUIEHMS IIaMa WIKM TBEPOBIX YACTHIL MEXIY M 32 HACOCAMM, €CJIH CTaHILIUA Te-
peKauyuBaeT 3arps3HEHHbIE BOIbL. PaccTosiHue MexXay OCeBBIMM JIMHUSMH JABYX
CMEXHBIX HacocoB (pasmep B) siBisiercsi MUHUMalbHbIM. OIHAKO MPH MPOBEpKE
PA3MEPHOro YepTeka MOXKET OKA3aThCsl, YTO TO PACCTOSTHHE MPUBOAMT K HAJIOXe-
HUIO IBYX CMEXHBIX HACOCOB Apyr Ha apyra. [Tosromy st J000ro ciyyas 3asop
MEXIy YIMTKaMU He J0/KeH ObiTh MeHee 200 mm.

MUHHMAIBHEIL YPOBEHb BOJIbI B HACOCHO-TIPHEMHOM pe3epByape J0JKeH ObITh
0CTATOYHO BHICOKIAM, YTOObI KBaIpATHbIE OTBEPCTHS B HAKIIOHHO# (MM TOPH30H-
TATbHOMN) NMeperopojike MPUEMHOI Kamepsb! Beeraa ObUIH 3aroiHeHbl BOLOH (BBILLIE
pasmepa G) Bo u3bexaHue MOBTOPHOIO BOBJIEYEHHs BO3/yXa Yepe3 JIOTOK MpH OT-
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Puc. 5.21. Mopnens HacocHo-nipuemHoro pesepsyapa ITT Flygt

Kauke. MUHUMAIbHBII YPOBEHb BOJIbl MOXET OBITH M YBEJIWYEH, €CIM KaBUTaLlU-
OHHBIIf 3arac HacocoB roTpebyeT obecrieyeHHs COOTBETCTBYIOLIEro roanopa. B
JI000M cliydyae JaHHBLIA YPOBEHBb NO/DKEH OBLITH HE HIDKE BepXa VJAWTKM arperarta.
[upuna npueMHoro jJotka E nonbupaetcs Tak, 4ToObI MIPH BEICOKO#M CKOpOC-
TH BOIBI B roaBoasiiem Komtekrope (1,0—1,5 m/c) mocrynaionas Boja yaapsiach
0 BEPTHKAIBHYIO TIEPETOPOIKY, a MPH MaJioil cKopocTH Bomubl (okomo 0,7 M/c) cTpys
BO[IbI YAAPSUIACH O HAKJIOHHYIO (FOPH30HTAIBHYIO) MEePeropoaky MpueMHON Kame-
pol. Kakux-nm1ubo npobiem 3T0 He BbI3BIBAET, TAK KaK BOBJIEUEHHE BO3/yXa Tpei-
cTaBisgercs 0oJsiee Cepbe3HbIM MPH YBETHYEHUHM CKOPOCTH MOCTYIAIONIEH BOIBI.
Hacoc ycraHOBIeH Ha BBIXOOHOM MaTpyOKe, MPUKPEIJIEHHOM K IIJIMTEe OCHOBA-
Hus. OcHOBaHUE CO3/1aeT CTEHKY 3a BCACOM Hacoca, paspyiias TeM CaMbIM 3aBUXpe-
HHS BOIBI TIOJI HACOCOM, KOTOPhIE MOIYT BO3HUKHYTh BCJIEACTBUE HECMMMETPHYHO-
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Pric. 5.22. /luarpaMma Ut ONpenesieHusi pasMepoB HACOCHO-TIPHEMHOTO pe3epByapa

O JIBMKEHUS MOTOKA. BepTHKa/IbHasA HaropHag Tpyba ycTaHoBIeHa BOIM3M 6a30Boii
sanHell CTeHKM KOJo/Iia, YToObl YMEHBIIUTL BEPOSTHOCTD BPALLIEHNS MACChI JKUIIKO-
crit. Eiue 6onee nogasisieT BUXpeobpa3oBaHUe c3a/lM Hacoca M CnocobCcTByeT ynare-
HHIO OCAlKa YCTPOMCTBO BOKPYT HAIOPHOM TpyObl HAKIOHHOM IMEPErOpOIKH MM
GeTOHHOIT TIPU3MBI, OTMpAlOLIeiics Ha THUIIE pe3epByapa (puc. 5.23).

Kpenex
DaT4yKOoB
YPOBHA

Meperoponka

MpWeMHBIA NOTOK

LaTumki

YPOBHSA
Mopeogawan Tpyba

BeToHHas npuama

Puc. 5.23. Bum craHuuMy ¢ HACOCAaMH MOKPOH YCTAHOBKH
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Puc. 5.24. HacocHo-1pueMHBlii pesepByap Kamephl ¢ GOKOBLIM BBOJOM HA BBICOKOM YpPOBHE
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Puc. 5.25. HacocHast Kamepa ¢ GOKOBBIM BBOIOM Ha HM3KOM YPOBHE

Pazinunple BapuaHTBl CTAHZAPTHON KOHCTPYKILIMH pe3epByapa, MCIbITAHHbIE
Ha MOZEJIAX M Ha MpakTHKe, MpelcTaBieHsl Ha puc. 5.21 u puc. 5.24—5.30.

Pesepeyap ¢ ényckom na evicokom yposre. B 3aBUCHMOCTH OT MOJOKEHUS MO~
BOZISIILIETO KOJLJIEKTOPA BO3MOXKHBI /IBa BaDHAHTA C BXOIOM HA BBICOKOM YPOBHE 10
OTHOILIEHHIO K HacocaM: ()POHTANLHBINA BIYCK M GOKOBOI BITyCK.

Dponmanvhstit 6nyck. JJaHHas KOHCTPYKIIUS (CM. puc. 5.21) TpebyeT MUHUMAb-
HOT'O MPOCTPAHCTBA U SBJIAETCA 0a30BOH s OoJee CIOXKHBIX UCTTOJIHEHMIA,

Konctpykumst pesepByapa (puc. 5.24) npeaHasHaueHa mwist 60k06020 enycica. Tak
KaK MpHEMHAs KaMepa I0JDKHA BMECTUTH ITOABOMSAIIYIO TPYOY, ee LIHpUHY HYKHO
uMeThb Ha 25 % Gomblue quameTpa Tpy6bl. Bbicota BOMOOTOOIMHOM CTEHKH TOJDKHA
COCTaBJIATh 1O MEHBbIIEH Mepe 3/4 nuamerpa Tpyosl. Jpyrue napameTpsl HACHTHY-
HbI [TapaMeTpaM KoJoAala ¢ (PPOHTAIBHBIM BBOIOM.

Pesepgyap c enyckom na Huskom yposre. B NaHHOM ciiyuae MoABOAALIAS Tpyba
HAXOMTCS HIKE YPOBHS BOAbI B pe3epByape, MIIM XKMAKOCTB MOCTYIIAET B PE3EPBY-
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Puc. 5.26. Hacocnasn kamepa ¢ ()pOHTAILHBIM TIPHIOHHBIM  BBOIOM
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Puc. 5.27. [1BoiiHoii HAcOCHO-TIPHEMHBIH pe3epByap

D IO OTKPLITOMY JIOTKY, COIPSATAIONIEMYCSl € €ro JHUILEM. B CBSA3M C OTCYTCTBUEM
=aneHus MOCTYMAIOLIEro MOTOKA MoranaHue Bo3ayXa B BOLy MaaoBeposTHO. CooT-
=>TCTBEHHO, HACOCHO-TPMEMHBII pe3epByap MOXKeT ObIThb YIPOLIEH, TTOCKOIbKY €ro
~THHCTBEHHOE HA3HAUYEHUE COCTOWT B PABHOMEPHOM pacrlpelesieHWH MOoToKa K
sacocaM. 3Iech TaKKe MOXHO BBIIETHTH OOKOBOM (puc. 5.25) U (PpOHTaTbHBIN
saveku (puc. 5.26). KoHeTpykumst ¢ GpOHTaIBHBIM BIIYCKOM TpeOyeT DOibllero
APOCTPAHCTBA, HO OHA MCKIIKOYaeT TYypOYy/IeHTHOCTL MOTOKA. BrycKHOI JIOTOK npH
STOM pacILIMpsieTcs MO HATIPABIEHUIO K arperataM rof yrioM 65—75° B mate u 8°
10 IHY.

[IpsiMOYroJibHAasi BOCBMUHACOCHAsI CTAHLIMS (PHC. 5.27) COCTOMT U3 IBYX O1M-
=aKOBBIX KAMep, pa3sMepbl KOTOPhIX PACYMTAHBI TI0 AuarpamMme (cM. puc. 5.22).

HacocHbie CTAHIINK LMIMHAPHIECKOi (hopMbl (0COOEHHO, eclii OHU Iy0oKHe)
TpOLLIE OTYCTUTH 10 HY)KHOTO FOPM30HTa IPYHTA, YeM MPSAMOYTOJIbHbIE.
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Puc. 5.29. IllectuyronsHelii pe3epsyap ¢ 3aIHMM BBOIOM MO OTHOLIEHHIO K HACOCAM

LunmiHIpryecKue CTaHLIMU IPOEKTUPYIOTCS TAKUM 06pa3oM, 4TO BHauasle pac-
CUMTBIBAETCSI CTAHAAPTHBIN NPSMOYTONBHbII MOYJIB 110 JUarpamme (cM. puc. 5.22)
¢ TpeOyeMbIM KOJIMYECTBOM HAcOCOB, 3aTeM MOMYJb BITMCBIBAIOT B KPYT MOIXOIS-
mero adamerpa (puc. 5.28).

B HEKOTOpBIX Clyyassx BOZHMKaeT HEOOXOAMMOCTh YCTAHOBKH HATIOPHBIX ITAT-
PyOKOB (1 TPy®) HACOCOB HABCTPEYY MOIBOJSILEMY KOJLUIEKTOPY MM JIOTKY.

BapuaHT Takoro pesepByapa IIeCTHYrojibHON (OpMBI (B KadecTBe rpumepa
pasHoOOpasus CTPOMTENbHOTO MCTIONIHEHUs) TIpeIcTaBieH Ha puc. 5.29. Boma mno-
CTYMaeT K HacocaM Yepe3 OTBEPCTHsSI B TIEPEropoike, CMOHTUPOBAHHOM MEXKIY BBO-
[IOM KOMJIEKTOpa U HATIOPHBIMU NaTpyOKamMu arperatos. OTBEpCTHs TIPH 9TOM pac-
rnojiararores Mexay (pyHIaMeHTaMu T4 nmaTpydKaMyu HACOCOB.

PasBuTieM BapuaHTa paccTaHOBKM HAMOPHBIX NMAaTpyOKOB HABCTPEUY MOTOKY
MOXET CJYKWTh UWIVMHAPUYECKHIA pe3epByap C LIEHTPAIbHOI MPUEMHOIT KaMepoit
1 nieprdepuitHo pasMellleHHBIMU Y 6a30BOit CTeHbI cTaHuMK Hacocamu (puc. 5.30).
Bona k arperatam roctymaer uepe3 oTBepcTHS B KOJIBLEBOI TEPEropoIKe MpUEM-
HOIT Kamepsl. DT OTBEPCTHsI PACTIONATAIOTCS MEXKIY OCHOBAHMSIMM HATIOPHbIX AT~
pYOKOB HacocoB. OcOOeHHOCTBIO 3TON CTAHLIMU SIBISETCS TO, YTO HACOCHI KAUaloT
JKMIKOCTh B BEpXHUIT pe3epByap, OTKy/la OHa TPAHCIOPTHPYETCs Jajiee CaMOTEKOM.
Tem cambiM HCKITIOYAETCSI HEOOXOAMMOCTD B MCIOJIB30BAHNM 3aBIKEK U obpar-
HBIX KJIarNaHoB 3a HacocaMHu. ABTOMAaTMKa B 3TOM CJIydae [JOJDKHA YYMTHIBATH 3(h-
(ekT 0BpaTHOrO TOKa CTONOA KUIKOCTH Yepe3 HACOC.
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Pue. 5.30. LntmHapuyeckas MHOTOHACOCHASI CTAHIIMSA C LEHTPAIBHBIM BBOLOM 1 nepudepuii-
SBIM PACIONIOKEHWeM arperaTon

TToMuMO cOBCTBEHHO HACOCOB, B CTAHIIMSAX MCIIONb3YIOTCA 3aIlIOPHO-PETYJIn-
pyIOLiIasl apMaTypa, 3JeKTPOLINTBI aBTOMaTHKH, AaTIMKH, kabesm W gpyroe obopy-
10BaHUE.

[Tpy paccTaHOBKe 3TOTO 06OPYIOBaHHsl HEOOXOAMMO MPHUACPKUBATECS CIICLY-
OIIMX 00IIMX pPEeKOMEHIAIMI, OTHOCALIMXCSA K Hacocam MOTPYKHOIi yCTAHOBKH:

— BO M30eXaHMe KABMTALIMM apMaTypa Ha HarnopHoil TpyGe Jo/kHa pacrosa-
raThCsSl HA YPOBHE He BbILIE 8 METPOB 0 OTHOLIEHHIO K BEPXY YJIMTKHM HacoCa,

— yroBbl 06JIErYMTL OBCITYXKUBAHIE W 3aLINTUTL Kabesb, ISt MPOKIAIKN Ka-
Oensi peKOMEHIYeTCs [poaenaTe B 1oy keno® (B COOTBETCTBUM C TpaBHIaMu
nyoay;

— OMOpPHBIA KPOHIITEHH [LUIsi Kabesas u APMHPOBAHHBIN KOXYX AOJDKHBI OBITH
VCTAHOBJIEHBI TAKMM 00pa3oM, 4ToObl 0DeCTednTh JIETKWI TOCTYIl K HHUM, T.e. B
rpesiesiax 0CcsAraeMOCTH MO JIIOKOM;

— ecJIM JUIS 3alIMTHI Kabens Ucrob3yeTcs TpyOda Wiy 1IAHT, OHU HE J0JKHBI
NOKpHIBaTh Kabesb Mo BCeil JUIMHE B MaHeIn YIIPaBIeH!s, MOCKOILKY MCTapsio-
l1IMecs B3PhIBOOMACHBIE Ta3bl OT CTOYHBIX BOJL [P TOMafgaHuH B mkad MoryT rnpm-
guHuTh Bpea (cm. TV 3);

— Ta3bl OT CTOYHBIX BOJ MOTYT BbI3BaTh OKHMCJIEHHE KOHTAKTOB peJic, MO3TOMY
raHeIb YIIpaBieHus HeoOXooMMOo pacnoararh B MPOBETPHUBAEMOI 30HE;

— JATYUKK YPOBHS, MO KOTOPBIM OCYILECTBIIAETCS] IIYCK/OCTAHOBKA Arperaros,
TOKHBI PACTIoNaraThCsl B 30HAX MEXIy HarmOpHBIMU Tpy6aMi HacOCOB U 3aaHel
CTEHKOI KOJIOALA, T.e. B Hanbolee CIOKOHHOM ero MecTe;

— yro6BI M30exkaTh MpobeM B paboTe MOIMJIABKOBbIX JaTYMKOB YPOBHSI OT IL1a-
BAIOIIEr0 MYCOpa, MOXHO HMCTOJb30BaTh 3ALMTHYIO BEPTHKATLHYIO Tpyby, ¢ BXO-
10M BOIBI Ha YPOBHE HMXKE MUHUMAILHOTO (CM. pUC. 5.23);

— B MHOTOHACOCHBIX TIPUEMHBIX pe3epByapax C arperarami, MMEIOLIMMH Can-
HUYHYIO Tiofiaqy cBble 315 yi/c, cnenyet ycTaHaBIuBaTh [15] nmpunoHHBIE pasne-
JTATENbHBIE [IEPETOPOIKH 110 MOTOKY, MEXIy BCacami HacOCOB;
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— M03aH HATIOPHBIX NATPYOKOB MOXET CKAarUIMBAThCS! OCANOK, JIJIf Yero peKo-
MEHJIYETCA yCTpauBaTth 3a maTpyokaMu HaKJIOHHYIO (ron 45°) cTeHKy U3 beToHa WiIn
METa/UIMYECKO# MnacTuHbl (cM. puc. 5.23)

JUis ynpouieHusi pacueToB U MOCTPOEHHI pa3paboTaHbl IPOrpaMMbl TPOEKTH-
POBaHMS HACOCHBIX CTaHLMIl. HeKoTopele U3 HUX MO3BOJSIOT, HAPAIY C TEXHUYEC-
KMMH, ONTUMH3HPOBATh U 9KOHOMUYECKUE (LIEHOBbIE, SHEPTeTHYEeCKHE U MIP.) CO-
CTABJIAIOLLINE, B TOM YHMCIE C MPUMEHEHUEM PEryJHpYIOIIEro IpHBoJa.

Ha monyueHue ueprexa HacocHOil craHuuu (puc. 5.31) ¢ Mcnoab3oBaHUEM
nporpaMmbl Secad criequanucty rnotpedyercst okono 10 munyr. Kak Bumnte, pas-
Mephbl B IJIaHe HACOCHO-MPMEMHOTrO pesepByapa Ha nomady 4500 M3/4 coctaBunm
8020x8120 MM (rpu Kpyr/ioM MCTIOMHEHHH — AUaMeTpoM 12 M). 3HauMTeIbHbII Iua-
na3oH rnofiay 31oii crarmmu (900—4500 M3 /4) rnpenonpeneT nperMyLLIECTBO UCTTOTb-
30BaHMs HACOCOB Pa3HBIX TIPOM3BOIMTENbHOCTEH ¢ ¢ = 900 M3/4 u g, = 4500 m3/u,
NpUYeM OJMH M3 IBYX KPYIHBIX ArPEraToB SIBJISIETCS PE3ePBHBIM.

B nporpammy Secad 3amoxeHbl MocjieiHue YCOBEPIIEHCTBOBAHUS BbILLIEOMH-
CaHHOI MOIEJIM HACOCHO-TIPMEMHOTO pe3epByapa [43].

[TporpaMmel, arnpobupoBaHHbie HA TIPAKTHKE THICAYAMH MHKEHEPOB BO MHO-
MX CTpaHax MHUPa MOTYT ObITh PeKOMEHIOBAHBI K LIMPOKOMY MCITOJIb30BAHHUIO B
Poccnu kak isi MpOeKTHBIX OpraHU3alifii, Tak U B y4eOHOM Mpoliecce MoAroToBs-
KU crielMaiucToB o Kypey «Hacockl M HacocHbIe CTaHLIMM».
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MEILEHBI KOPOOKM Kabe/IbHbIX Pa3beMOB. DJIEKTPOLINTOBAS PACIIONATAETCS HA MO-
BEPXHOCTH 3€MIIM B 3aKPBITOM OTHENEHWH, NTPHMBIKAIOILEM K CTAHIIMH,

Hacochas craHums «Ayctepinily npou3BoauTeIbHOCTbIO 150 ThiC. M3/CyT ¥ Ha-
nopoM 0 140 m (puc. 5.36, 5.37) ¢ 1993 r. nonaer Bony u3 CeHsl B pe3epByapsl,
YCTAHOBJICHHBIE B pa3/MYHbIX paiioHax [Napuxa B 3aBHCHMMOCTH OT penbeda MecT-
HocTu. Boma ucrnons3yercs g nonusa. [ToMelmenue cTaHImm BCTPOEHO B COBpe-
MEHHOC aIMWHHMCTPATMBHOE 3[aHWE B IEJI0BOM IieHTpe ropoxa. Ha HazemHOM
YPOBHE HACOCHOH CTAHLMH PAa3MELLEHBI 3IEKTPOLINTEI 1 [BA KOMNAKTHBIX TPAHC-
hopmatopa 20 KV — 660 V Mouisoctsio o 5000 kBA.

TlonzemMHOe NPOCTPAHCTBO CTAHLIMM WIMPUHOM U 28 M TIyGHHOI 20 M pasuene-
HO Ha 11Ba sipyca. Ha HupKHeM gpyce cMoHTHpoBaHs! |1 Hacocos MOrpyKHOM ycra-
HOBKH NPOU3BOAUTENBHOCTBIO 1800 M3 /4, HartopoM 70 M, momHocTEIO 560 kBT
KaKIIBlif, @ 9TAXOM BbIIlle — YETBIPE TAKMX e MOTPYXHbIX arperara, Ho Cyxoif yc-
TaHOBKH (cM. puc. 5.37).

Hacocb! HIDKHETO sipyca ¢ NMOMOIIBIO COKHOM CHCTEMBI TpYOOMPOBO/IOB M YIT-
PaBIIsIeMbIX 3a1BrKeK auameTpom 600—1000 mm (58 wtyk) paboTaroT 1160 mapan-
JIelIbHO, 00 (MpM Mojave BOABI HA CaMBbIii YOAJIeHHBIH pesepByap) IocienoBa-
TCILHO C YETBIPbMS arperaTaMi BEPXHEro sipyca, pasBuBasi B 3TOM CJIydae Harop
a0 140 m. [t nipenoTBpalteHHs TMAPABINYECKIX YIAPOB TIPEeIyCMOTPEHEI JIBa Ha-
TMOPHBIX pe3epByapa 00beMoM 110 60 M3,

HacocHble craHimu «Aycrepnuiny u «Opmu» GesynpeuHo pabotaior Gojiee
10 neT. ITocKOIBKY HACOCHI MTOTPYKHBIE, TOCTOSHHOTO MEPCOHANA Ha CTAHLIUSIX HET.

B nayane 2007 r. B [Tapuxe BBeneHa B SKCIUTYyaTalHIo ellie 0aHa BLICOKOITPON3-
BonuTenbHast (18 M3/c) KaHaIM3aLMOHHAasi HacocHast craHumst «Cesam» ¢ arperara-
MM TOTPYKHOI YCTAHOBKH.
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Puc. 5.34. Hacocnas cranuuu «Opmi» (paspes C—C)

Ha cranumu anamerpoM 30 M u rybuHoit 33,4 M, o6opynoBaHHOM pelIeTKa-
MM, CMOHTUPOBaHbI 13 HacocoB MolHOCThIO 110 460 KBT (puc. 5.38) ¢ nepcrnekTu-
BOIf IOYCTAHOBKH EIlie TISITH TAKKUX e arperaTos. [1pyi 3ToM ypoBeHb BOIbl Hal ar-
perataMu MoxkeT jocturatb 29 m (puc. 5.39).

[ToBbILIEHHBIE [UIMHA M, COOTBETCTBEHHO, MAacca CHJIOBBIX W KOHTPOJIBHOTO
kabeneil morpeboBaia B MpoekTe «Sesame» NeTalbHON NMPOPadOTKH CHCTEMbI UX
MoHTaxa (puc. 5.40).
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Puc. 5.35. Hacocuas cranumst «Opin» (paspes A—A)

WHTepecHbIe MOAXOAB PEATM30BaHbI B HACOCHBIX CTAHIIMSX, THE 3aKA3YMKOM
BBICTYMNaNo npaBuTesibeTBOo Tamnmanna. Obe ctaHIMYM BBIMOAHEHBI 6€3 MaBHILO-
HoB. OniHa M3 cTaHUMi ¢ nojaveit 6 M3/c umeer auameTp 14 m (puc. 5.41), apyras
Ha 10 M3/c, cHabXeHHas MexaHMUECKOt peweTkoi — auamerp 24,5 m (puc. 5.42).

XapakTepHo, YTO B MPEICTaBIEHHBIX MPOEKTAX MOrPYXKHbIE HACOCH! PACMONATA-
10TCS IOBOJILHO GJIM3KO APYT K APYTY U MO OTHOLIEHHIO K 3aIHUM M G0KOBBIM CTEH-
Kam. [To3TOMy CTAHLIMHM CTOJTb 3HAYMTEILHBIX TPON3BOACTBEHHBIX MOIHOCTEH BECh-
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Pue. 5.36. Hacocuas craHims «Ayctepiiuil»

Puc. 5.37. TpexmepHasi cXeMa HACOCHOIl CTAHLMU «AyCTepJIHL» C HACOCAMH MOKpPOH M CyXo0i
VCTAHOBOK, MPEIyCMATPHBAIOIIMMH TOCIEA0BATENLHYIO U NMApaIeibHYyIo paboty arperatos [62]
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Puc. 5.39. Paspesst KHC «Ce3am», nomyckaiowieii 3aTorieHne HacocoB Ha ryouHy 29 m
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CABLE  [.ext maxi| poids ou m [rayon de courbure mini
4120mm’ [ 60 mm | 7.3 kg 400 mm
121.5mm | 22 mm | 0,56 kg 85 mm

Puc. 5.40. Hacochas ctaHums «Sesame» (3/1eMeH-
Thl MOHTaXKa CHJIOBBIX M KOHTPOJILHOrO KabeJieit)
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Puc. 5.41. HacocHasi CTAHIINSL 1MaMETPOM 14 M M MPOM3BOAMTENBHOCTBIO 6 M3/
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Puc. 5.42. KHC «Taii6aii», nmamerpom 24,5 M ¢ nogaueit 10 m3/c, oBopyaosanHas peiuerkamu
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Puc. 5.43. Tuapasnuueckas MOJIETb HACOCHOI cranumy «Opm» (Macuitad 1:10)

Ma KOMTIAKTHBI, HECMOTPS Ha TO, YTO Ha HEKOTOPBIX M3 HUX YCTAHOB/ICHBI MEXaHU-
yeckme pelieTku. Takoe pa3sMelleHHe arperartoB COOTBETCTBYET PEKOMEHIALMAM
(bMPMBI-M3rOTOBUTEJISL, XOTSI ISl HEKOTOPBIX CTAHIINIA JONOIHUTEIbHO MPOBOAMINCH
MCTBITAHMS HA THIPaBIMYecKuX mojessix B maciurabe 1:10 (puc. 5.43).

B Poccuy nipoeKThl HACOCHBIX CTAHLIMI C MOTPYKHBIMI HACOCaMK 4Yalle BCe-
ro npeaycMaTpHBAIN 3aMeHY YKe YCTAHOBJIEHHBIX KJ1aCCUYECKHMX arperaTos. Tem
He MeHee BBITTOJIHAINUCE TTPOEKThI 715l MOTrPYKHbIX HACOCOB MOKPOTO MOHTaXa
(puc. 5.44—5.60).

TaknMm 0Gpas3oM, mpy 06OPYIOBAHNUH COBPEMEHHbIX HACOCHBIX CTAHLIMI, B TOM
qMesIe KPYIHBIX, MPEANOYTEHHE OTAAETCs MOTPYKHBIM arperaram, uto obycnosie-
HO WX MPEUMYIIECTBAMU: HaleXHOCTbIO, GecrepefoiHOCTbI0 paboThl, 0COBEHHO
[TpH aBapUITHBIX 3aTOTLIEHHSIX HACOCHBIX CTAHIIN 1 TMPeIOTBPALLEHHEM TeM CaMbIM
cGpOCOB CTOKOB B BOJOEMbI; OTCYTCTBHEM MOTPEOHOCTH B MOCTOSIHHOM TiepCcOHase
Ha cranumsix (tpareaus Ha KHC r. Kpacroropeka B centsiope 2006 r. etie pa3 noj-
TBepIKIAET aKTYaJbHOCTh TOT0); HENOCTYITHOCTBIO K 000PYI0BAHMIO MTOCTOPOHHNMX
I CHIDKEHUEM TTOTPeGHOro KOJMYeCTBa PE3EPBHbBIX arperaToB; BbICOKOH SHEP-
ro5dh}HeKTUBHOCTBIO; HU3KUM 1IYMOM NPy paboTe; yMeHbLIEHUEM Pa3sMEpPOB 1 CO-
OTBETCTBEHHO CTPOMTEIIbHBIX 3aTpar.
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Puc. 5.45. [poekr pexoncrpykunn KHC, paspabotaHHblii ACTpaxaHrpakIaHNPOEKTOM
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Puc. 5.47. [NpoekT raBHoit HACOCHO} cTaHUMU, pa3pa-

doranubiilt MUKXuC cosmecrto ¢ JIDI1

Hacoc NP3400/735
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Puc. 5.53. Pexoncrpykuust KHC B Kemeposcekoii o6nacti. ITpoekt 3A0 «AKBa MHXHHHPHHI»
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5.4. Manble HacoCHble CTaHLMM C HAacocamu MorpyXHON
yCTaHOBKM U ONTUMM3aLus ux oopm 1 pasmepos

B 11060M HAceNeHHOM ITyHKTE MaTbiX HACOCHBIX CTAHLIMI 3HAUMTENBbHO 3HA-
yuTeJIbHO GOJblIe, YeM KpPYIMHBIX. LI cTaHAapTH3alMi TTPOEKTHBIX pELLIEHMIT TTO
VATBIM HACOCHBIM M JUISI YBEJIMUEHHsl COBITA CBOEI MPOAYKLMH MHOrME (UPMB,
MPOM3BOASIIME HACOCHI, Pa3pabaThiBAIOT M MOCTABJIAIOT KOMIIIEKTHBIC CTAHILIMH 34~
sonCcKoit coopku (puc. 5.61). @panuysckuit gumaan ITT Flygt, Hanpumep, peamm-
syet Gostee 8000 Takux cranimii B rof. B Poccun Hanbonee aKTUBHBIM TTOCTABILIH-
<OM KOMILIEKTHBIX HACOCHBIX CTaHLMii siBjsiercss komrmanus Grundfos.

Matepuanami isi KOpIycOB HAHHBIX CTAHIIMI CIyKaT apMMPOBAHHBIH CTEK-
1OBOJIOKHOM TUIACTHK, GETOH, MONMMep-0eTOH, 3alIUIIEHHAs MM CTOMKash K KOp-
po3uy cranb., HauGOombIIMM CIPOCOM MOJIB3YIOTCS KOpIyca M3 CTEKIIOTIacTHKa
(puc. 5.62, 5.63). ®upma «DKonaiH», HarpUMep, U3rOTaBINBAET KOPITYCa AMaMeT-
pom 110 3 MeTpoB (puc. 5.64). OAO JID9ID» u 3A0 «BMB» pa3padaTbiBaloT U M3ro-
rapTUBaoT B T10IMOCKOBbE HACOCHBIE CTAHLIMM M3 Xeae300eToHa (puc. 5.65). OHu
XapAKTEPU3YIOTCSl MEHBILEH CTOMMOCTBIO, YeM CTAHIIMN BBINOJTHEHHbIC N3 JAPYIUX
matepuaiioB. KOMIUIEKTHEIMU ObIBAIOT U BBICO-
KOTIPOM3BOAMTE/IbHbIE HACOCHBIE CTAHIMHU. 3a-
Ka3bIBAIOT MX, B OCHOBHOM, TOT/A, KOraa Tpedy-
eTcsl OIepaTHBHBIN MOHTAX WM CTPOMTENIbHASA
MIoIA1Ka OrpaHdIeHa, U YpoBeHb IPYHTOBBIX
BOJIL BBICOKHMiT, B TAKMX yclOBHSX Jaxe 2—3 ma-
pajleJIbHO  CMOHTUPOBAHHBIE ~ KOMILIEKTHBIE
cranumn (puc. 5.64, 5.66) BeironHee xenesobe-
TOHHBIX, TIOCTPOEHHBIX METOJAMMU OITYyCKHOTO
KOJNOALIA MITH «CTeHa B rpyHTe». CTaHLMK 3aBO-
CKOTO M3TOTOBJIEHHs Yallle BCEro BOCTPEOOBAHBI
B cucTeMe KaHauu3auuu. [TpUHIIUIIEI KOHCTPY-
UpOBaHWs KOMIUIEKTHbBIX ~KaHaIM3allMOHHbIX
CTAaHIINIT YIUTBIBAIOT GoJIbIIee KOMMYeCTBO (ak-
TOPOB T10 CPAaBHEHHIO ¢ BOXONpPoBOAHbIMH. [To-
5TOMY OHH TPEICTaBISIOT OOMbLIMIA HHTEPEC B
U3ydeHnH 0coOeHHOCTEH MX MCTIOMHEHWS.

[IpuTOK CTOYHOM XKUIKOCTH B KaHAIW3ALHU-
OHHYI0O HACOCHYIO CTaHIIMIO, OCOOEHHO, eciu
OHA Masasg, — BEJMYMHA HEMOCTOSIHHAS Kak I0
HaTpaBJIeHUIo TaK U 1o oobeMy. HacocHas ctaH-
[MsT, NeHCTBYS HEIMOCTOSIHHO, 3HAaYMTEIbHYIO
4acTb BpeMeHM (DYHKIIMOHHPYET KaK OTCTOHHMUK.

OcaIok ¢ yieJbHbIM Becom Oonee 1 ocaxia-
eTCsl Ha JHMILE M HAKaIUIMBAeTCsl B 3aCTOMHBIX
30Hax pesepsyapa. OH CITOCOOCTBYET IMOSIBJICHHIO
HETPUSITHOTO 3anaxa M SIBJSeTCd MCTOMHMKOM
oracHbIX ra30B. OcamoK MOXKET MOoIacTh B HACOC
TOJILKO B TOM CJIydae, eCJii OKaKETCs B 30He BCa-
Puc. 5.61. KoHCTpykumsi KOMN-  ChIBAIOLIEro maTpybka Hacoca, Te YCKOPEHHbIH
JIEKTHO# HACOCHOI CTAHLINK TMOTOK JKMIKOCTH TIOIXBATHIBAET OCAMIOK.




12 C.E. bepesmH. HACOCHBIE CTAHLIAW

Puc. 5.62. KoMruieKTHas HacoCHasi CTAHLMA W3 CTeKIoIUacTuka npousponctsa 000 «Dep-
T, Cankr-IletepGypr

Puc. 5.63. M3roToBneHue HACOCHOM CTAHLIMH M3 cTekioriactika Ha 000 «Dkomaith», 1. To-
JBATTH

OcHoBHas 3a/1a4ya pe3epByapoB HACOCHBIX CTAHIIMIT — 3TO 0BeCHeYeHNe HauTyd-
1Iei paboyeit cpeaipl Ui HACOCOB, a TAKXKE YCPEIHEHHE MOCTYIAIOLIEN B TIPUEMHBII
pesepByap CTOYHOM XMAKOCTH. PesepByap NO/DKeH ObITH CKOHCTPYMPOBAH TAKAM
00pa3om, uTOObI HapaBHe C JKMAKOCTBIO YIQISIUCh M OCANOK, U TUIABAIOIIHE Belle-
crBa. OTcyTCTBME 3HaHMiT 0 paboTe Hacoca W THAPABIMYECKUX PEXUMAX IBIKEHUS




5 OCHOBbI pacHeTa U KOHCTPYVMPOBAHWA HACcOCHbBIX CTaHUNW... 13

Puc. 5.64. [Mapa CTeKJIOIMIACTHKOBBIX HACOCHBIX CTAHLMHA AHAMETPOM 3 M MNpOM3BOACTBA
000 «DxonaiiH»

CTOYHOI JKMIKOCTH B pe3epByapax 4acTo MPHUBOIMT K 3aBBIIIEHUIO €TI0 CTPOUTEIb-
HOTO 06BEeMa. A ueM KpyriHee pe3epByap, TeM O0JIbILE BEPOSATHOCT TOTO, HTO OH Mpe-
BPATUTCsI TIO CYTH B COOPHMK LIS Ocanka. DTo MPUBOAUT K HEeoOXOIUMOCTH TIEpHO-
JMYecKoll OYMCTKH pe3epByapa M TOBBILIEHNIO OOIINX SKCIUTyaTallMOHHBIX 3aTpar.

TTiasarolme B3BelIeHHbIE BellecTa (yaeapHblil Bec < 1) TakKe MpeacTaBisioT
coBoit mpobiieMy, TTOCKOJIBKY T11aBaloT Ha MOBEPXHOCTH CTOYHOM JXKMIKOCTH B Ha-
COCHO-TIPHEMHOII Kamepe, He BOBJIeKasch B Hacoc. CMech XKHPOB, BOIOKOH U 1Ipy-
FUX TUTABAIOLINX BEIECTB CIMUMAeTcsl, 06pasyeT KOPKY, KOTopasi 3aTpyaHsieT pabory
JATYUKOB YPOBHSI M MOKET YXYALIMTH PaboTy HACOCOB MPU pacralaHWy Ha KpyIl-
Hble yacTH. TLiapaoniasi B3BeCh CIIocobHA ymanaTecs, KOrAa OKasblBaeTCs B 30HE
BJIMSHMS BCACLIBAIOLLEro marpybka Hacoca, YTO JAOCTUTraeTcs Npu MOHMXKEHHHU
YPOBHS JXUIKOCTH B pe3epByape HIKe 00bIMHOrO.

Jns onpeneseHus: oNTUManbHOI (hopmbl pesepByapa HACOCHOM cTaHLUU, €€
[POTIOPLIIA, TMAPABIHYECKHX M IHEPreTHYECKuX orpaHueHnii ObLIM ITPOBEICHBI
ncciepopanus [44]. B ux xone yaajioch YCTAHOBUTE CJIENYIOIIEE.

e  BospacTaHme YacTOThI AMCKPETHbIX BKIIOUEHHIH/ BHIKIIOUEHUI MATIBIX 110~
rPYXKHBIX HACOCOB (3KCTMEPUMEHTBHI MPOBOAWINCE Ha Hacocax Flygt ¢ monaueii 1o
100 M3/4) ¢ 15 mo 30 u maxe 60 MYCKOB B 4ac MOBBIIIAN0 TEMIIEPATYPY CTATOPA
He3HauYnTe bHO M coxpaHsiio ee B rpefenax 80 “C. D1o, mpu Kjacce U30ILNH
F (155°C) u tem Gonee npu H (180°C), HeomacHO i ABHUraTesns. MexaHW4eCcKux
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Puc. 5.65. KomnexktHas HacocHast craHims W3 kenesoberoHa JISTT/BUB

MOBPEXKIEHMIT B y3e Bajl—pabouee KoJieco npu (hopcupoBaHHBIX MCTIbITAHMSIX (12
Hacocos nonpepriauck cymmapHo 180000 myckaM) TakKe He BbISBIEHO.

e  YMeHbILIEHHE PACCTOSIHUI MEXKIY Mapoii YCTaHOBIEHHBIX HACOCOB M CTEH-
KaMi HACOCHO-IIPHEMHOTO pe3epByapa (BIUIOTh 10 COMpPUKAcaHUs YIMTOK) He OKa-
3pIBaeT BIMsiHMs Ha paboty w KIT/ arperaros.

e VYMmeHblleHHME 3a30pa MEXIY JHUILEM MPUEeMHOTO pe3epByapa U BXOOHBIM
oTBepcTHeM (BcacoMm) Hacoca BIUIOTH 0 PACCTOSIHMSI, cooTBercTBylomtero 12 %
pasMepa IuMameTpa Bcaca, He yxymmano rnapamerpoB u KITI Hacoca.

B pesysisrare 661 chOPMYJIMPOBAHEI OCHOBHBIE MTPUHLIMITEI POEKTHPOBAHMS
HACOCHO-TIPHEMHBIX PE3EPBYapoOB HOBOTO THIIA.

e [opusoHTaNbHAS YACTh OHMILA pe3epByapa HO/DKHA ObITh MUHHMAaIbHBIX
pa3sMepoB M PACTIONAraThCs HEMOCPENCTBEHHO MO BXOAHBIM OTBEPCTHEM Hacoca.

e  ConpspKeHHe BEPTUKATBHBIX CTEHOK C IHUIIEM BHYTPU pe3epByapa J10JIK-
HO BBITIOJIHATLCS YePe3 TIOBEPXHOCTh, YT0Jl HAKJIOHA KOTOPOii K TOPU30HTAIH TIPH-
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Puc. 5.66. MoHTaXK CTEKIONMAACTMKOBLIX HACOCHBIX CTAHLMI «DKonaiiH»

HuMaercsl He MeHee 60° Ui 1epoxoBaThiX (OeTOHHBIX) M He MeHee 45° mwus ran-
KiX (MOJMMMEPHBIX) MOBEPXHOCTE.

e PaccrosiHMe OT ropM30HTANBHON YACTH OHMILA pe3epByapa 10 BXOJHOIO
OTBEPCTHA Hacoca (HACOCOB) MOMDKHO ObITh He Gosee 1/2 muameTpa BXOIHOrO OT-
BEPCTHS.

Dupma ITT Flygt, ocHOBBIBasICh Ha JaHHBIX MPUHLIKIAX, pa3paboTana HACOCHO-
rpUeMHBIA pe3epByap, HasaHHb TOP (puc. 5.67), 1 poBena cpaBHUTE/ILHbBIE HC-
[BITAHMST €0 C TPANMLIMOHHBIM PE3ePBYapOM, MMEIOIMM OBallbHOE AHHMIIE [45].

PesepByapbl ObUIH COENMHEHBI MEXIY cOOOH U 3arojHeHbl OJIMHAKOBLIM KO-
nudecTBoM Boabl (o 800 1) U B3BelIeHHBbIX BelecTs (1o 44 Kr mecka ¥ Mo 5 Kr
nepeBsSIHHBIX OMWIOK). YKHMIKOCTh TepekauuMBain U3 OIHOro Kononua B apyroii 40
pa3 wim 1o 10 pa3 kaxmbiM HacocoM. B pesynsrate 94 Kr B3BELIEHHbBIX BELLECTB
OCEJIO Ha JIHe KOJIOALA TPATULIMOHHOH KOHCTPYKLIMH U JIULIb 4 KT Ha JIHE PE3EPBY-
apa turna TOP (puc. 5.68).

HacocHo-1nipueMHubie pedepByapsl TOP OTAMUHO 3apeKOMeHAIOBAIH cebst U B
peasibHBIX YCJIOBHAX pabotsl (puc. 5.69).

MOHTaX CTEKJIOTIACTUKOBOUM cTaHUMU BecbMa IpocT. CTeK/I0IUIacTUKOBBII
KOPIYC HACOCHOM cTaHLMM «DKonaiiH» rmokasad Ha puc. 5.70.

B HacTrosilee BpeMsl KOMIUIEKTHBIE HAcocHble ctaHmu Tuna TOP usrorasiu-
patoTcst amamerpom 0,8, 1,0, 1,2, 1.4, 1,8 m.

Koncrpykimnsg TOP nosyduia cBoe pasBUTHE U HA HECKOJIBKUX O0Jiee KPYITHBIX
KeJIe300eTOHHBIX KPYIJIBIX M TMPSIMOYTOJIBHBIX B TUIAHE HACOCHBIX CTAHLMSIX TIPO-
u3somutenbHocThio 10 700 /¢ (puc. 5.71). Pasmepsl TaKMX CTAaHLIMI CTaHAapTH30-
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Puc. 5.68. CpasuuTeibHBIl TeCT NMepekauku M3 pesepsyapa B peseppyap. OTnoxeHus B pe-
3epByapax TpaguIuoHHON KoHeTpyKuun (a) u TOP (6) nocne 40 nukior nepekaukn. Obmas
Macca B3BELIEHHBIX BELIECTB B pe3epByape CTAHAAPTHON KOHCTPYKLHMKM cocTapiasana 94 kr, a B
TOP — 4 kr. CTpenKky MoKa3sIBAIOT TOMIMHY C0S OTI0XKeHHt




CHOBbBI pacHeTa W KOHCTPYMPOBaHWA HACOCHBIX CTaHUMK. ..

Pue. 5.69.

Ha teppuropun
TOCTHHWYHO-
JIBOPLIOBOTO KOMILIEKCa
CrpenbHa ¢ 2002 &
paboraior 6e3 moIoMoK
10 cranumit TOP

Puc. 5.70. MoOHTaX CTeKJIOMIACTHKO-
poil craHumu BechbMa npoct. Crekno-
[UTACTHKOBBII KOPIYC HACOCHOIT CTaH-
UMK «DKonaiiH» (gHu3y)
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PaccToAaHWe OT CTEeHKW CO CTOPOHLI BBOAA A0 Neperopogaku

4.
D, = TQ“”, roe Q,,, — o6lan nopaya craHuum
-TC
e ]

DN — gwamerp HanopHoro narpybka

Puc. 5.71. CrannaptHblii KoHCTpyKTHB TOP [U1S1 HECKOMBKIX CTaHLMIT U3 Kene3obeToHa: 4 —
Kpyrieie; b — npsiMoyrosibHble; | — BeqMuMHA BeIOMpAeTcs COrNacHO pa3mepy Hacoca
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Tabmuua 5.1. Pasmeps! nacocubix ctanumii Tuna TOP, B 3aBHCHMOCTH OT NPOH3BO-

JIHTEJIbHOCTH
[Mpon3BoaUTETLHOCTE
CTaHIHK

A, MM M, MM N, MM P, MM R, MM lnpamoyroms- DN, MM | B, mm

| T

3 Hacoca, I pe:epnya:p

1 pesepeyap

2000 350 700 240 480 201 157 100 670
204 157 100, 150 680
192 157 80, 100 640
183 157 100 610
2500 440 880 300 600 255 245 200 680
270 245 100 720
281 245 150, 200 750
289 245 150 770
330 245 150 880
319 245 200 850
311 245 150 830
3000 520 1040 360 720 437 353 250, 300 970
410 353 250 910
500 353 205, 300 1110
392 353 200 870
455 353 200 1010
518 353 200 1150
531 353 300 1180
3500 620 1230 420 840 646 481 300, 350 1230
688 481 300 1310
704 481 350 1340

BaHbl [46], B 3aBMCMMOCTH OT MPOM3BOAMTEILHOCTH M NMpPUBENEHbI B Tabi. 5.1.
Herons3oBaHue CTaHAAPTHBIX KOHCTPYKIIMNA M JaHHBIX Tabi. 5.1 3HaYUTENbHO YII-
pOIIaeT MPOEKTUPOBAHHE CTAHLMIA NMPOU3BOAMTENLHOCTLIO Ho 700 11/c.

O BbiBO4

MupoBas Hayka Hakonuaa 40CTATOMHO 3HaHWIA 1 onbiTa ANnsa NpaBunbHOro
NPOEKTVPOBaHNS HACOCHbIX CTaHLMIA, OCHALLLEHHbIX LEHTPOBEXHbIMU MO-
rPY>XHbIMW Hacocamn MOKPOIA YCTaHOBKWM pasHOl Mpov3BOAUTENBHOCTU.
Mpy 3TOM B MPOEKTUPOBAHUM MOXHO WUCMOMb30BaTb Pas/iNiHbie UHCTPY-
MEHTbl — 1 AvarpaMmbl, 1 Tabnuubl, N KOMMNbIOTEPHbLIE NporpaMmel. He-
cTaHoapTHbIe pelleHns 1 NPoekTbl 418 0C000 KPYMHbIX WK MHOrOHacoc-
HbIX (C KOonuyecTsoM arperatos 6osiee YeTbipex) CTaHuuii pekomeHayeT-
Cs NPOBEPATb UCMBbITAHUAMU HA MOOENAX.




6. HACOCHbIE CTAHUWNIA
C NOrrPy>XHbiIM1 OCEBbIMU HACOCAMMW

MoHOGIOK 0CeBOro Hacoca ¢ 3MEKTPOABUTATEIEM MOTPYKHOr0 THMA TpebyeT
MHUHUMANBHBIX KAlMTATbHBIX 3aTPAT HA CTPOUTEILCTBO HACOCHOM CTAHIIMM BBUIY
ee MpocToThl. [Ipy MX MPOeKTUPOBAaHUHN, OJHAKO, HEOOXOAMMO YUMTHIBATE PSiI OCO-
OeHHOCTEl, KOTopble 00YCIOBIEHbBI BBICOKOI MPOM3BOAMTENLHOCTHIO HAHHBIX ar-
peratos (10 20000 m3/4).

[TorpyxHbie 37€KTPOHACOCHI ¢ OCEBBIM (NPOMEIEPHBIM) WM AHATOHAb-
HBEIM pabo4yMMM Konecamy OOBIYHO YCTAHABIMBAIOTCS B BEPTMKAIBHOI Harop-
HOIi KOJIOHHE Ha BLICTYN (chiaHel), 3aKperuieHHbIH cHU3y. XKecTKoro coeauHe-
HMsI (AHKEPOBKM) He TpedyeTcs, MOCKOJBbKY BEC HACOCA NOCTATOYEH, YTOOBI
VIEpXKaTh €ro Ha MecTe. YCTaHOBKa CHeLHaTbHBIX (DUKCATOPOB MpeaoTBpAallaeT
BpalleHMe HACOCOB B PEaKTHBHOM HAalpaB/eHMHW M OJHOBPEMEHHO YCHJIMBAaeT
onopHselil anew. ITpu Takoii KOHCTPYKUMKM BO3MOXEH caMblif IPOCTOI Bapu-
AHT YCTAHOBKH HACOCa — OIYCKAHUEM B HATHETATEIbHYIO KOJIOHHY C MOMOLIBIO
nebenku uan KkpaHa. KonoHHBI MOTYT BINOMHATECA M3 6eToHa (puc. 6.1) nmubo
U3 Metaa (puc. 6.2), a Mo TUNy (PYHKUMOHUPOBAHUS ObITH CO CBOGOAHBIM
AubO MOATOIUIEHHBIM M3JMBOM. B mocneanem ciyuae Heo6XoauM 0GpaTHBIIH
KianaH (puc. 6.2), a HHOIrIA M 3aJBHIKKA.

AJIBTEPHATUBOIN BEPTUKATBLHOH MOXKET OBbITh HAKIOHHAs HATIOPHASI KOIOHHA.
MonTax Hacoca npu 3TOM HPOM3BOAUTCS 110 MPOLOILHBIM TON03bAM (peiibcam),
3aKPETUIEHHLIM BHYTPHM KOJOHHBI (puc. 6.3).

Hanexnas u sddextnBHas pabota Hacoca 3aBUCUT NPEXIe BCETO OT KOHCT-
PYKIIMUK [PUEMHOT0 pesepByapa.

Jlnst Hacoca ¢ OCEBBIM WM JAHATOHAIBHLIM PabOYMM KOJNECOM MACATbHBIM SB-
JISIETCs1 YCIOBUE, €C/HM MOCTYNAIOUIUIT OTOK OyleT paBHOMEPHBIM, C YCTAHOBUB-
LIMMCST TeYeHHeM, Oe3 3aBMXPeHMil, BOPOHOK, 0e3 BOBJIECYEHHOIO BO3IYXA.

e HecraOuibHblil OTOK Ha BXOZE B HACOC MOXKET CHU3MTH MPOH3BOIHTE/b-
HOCTb Hacoca M BbI3BATh UMITYJIbCHOE U3MEHEHWe Harpy3Ku Ha JIOMacTsaX Ipores-
Jiepa, COTMpOoBOXKIAIOIIEecs BUOpALIME M IYMOM.

e OObeMHbIE 3aBUXPEHMS] HA BXOJE B HACOC MOTYT HEXeJaTelbHbIM 06pa3soM
M3MEHHATh HAIop, NMPOU3BOANTEIBHOCTE U MOUTHOCTE HAacoca.

e JlokanbHble 3aBUXPEHHS TIPHBOIAT K HapYILIEHHIO CIUIOLIHOCTH TTOTOKA M
CJIeIOBATENBHO, K BUOpALIMH, LIIYMY, KABUTALIMH, 4 TAKXKE CIIOCOOHBI 3aXBaThIBATH C
TIOBEPXHOCTH B HACOC IUIABAIOIINI MYyCOp, YTO MOMXKET BbI3BaTh MOJOMKY Hacoca.
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Pue. 6.1. YeTaHoBKAa HACOCA B OTKPBITOH KOJOHHE

T2LZ2T7ZZ77 7777772 i

Puc. 6.2. YeraHoBka HAcoca B METAJUIMYECKOH KO-
JIOHHE ¢ KPBIIKOil 1 ¢ GOKOBBIM HAMOPHBIM MaTpyd-
KOM OCHAIIEHHBIM 0DPATHBIM KJarnaHoM

a,

BapvaHT KOHCTPYKIIMH, MPEACTABIEHHbINH Ha PHC. 6.4, spiasercs HanbdoJee
[POCTBIM, TO3TOMY K HeMy 00paimaioTcs yalle BCETO. OpnHako cieayer MMeTh B
BUIY, YTO B 3TOM Cjlyyae TPeGYIOTCS MOBBILIEHHAs! FIYOHHA MOTrPYKeHHs Hacoca
1t GoJlee TIPOTSLKEHHBIH MOIBOMSIIMIL KaHan, 13-3a 4ero odlas CTouMocTh CTpO-
WTEIbCTBA TAKOM CTAHLIMM MOXKET 0Ka3aThCsl BBILIE, YeM MPH APYruX KOHQUTypa-
nusix. Kpome Toro, sToT BapHaHT HaumeHee 3(Q@EeKTHBEH MpH paboTe ¢ Hepas-
HOMEPHO MOCTYTAIOUIAM PACXOIOM, TTOITOMY PEKOMEHAYETCs TOJIBKO UL CTaH-
il ¢ MIeATbHBIMU YCIOBUSIMU BIIyCKa, HAalpUMep, ¢ OAHUM HAacoCOM MW HpH
(ppOHTATLHOM BITYCKE.

Ha MHOrOHACOCHBIX CTAHIMSX, KOTOPbIE XapakTepH3yloTcsi pasHOOOpasHbIMU
paGOUMMM YCIOBHSIMH, HEOOXOIMMO MPUMEHSITH OTOKOPA3AE/IUTE/H HIIH TIOTOKO-
HATIPABJISTIOLIME TIEPErOPOIKH, KOTOPBIE CIIAXKHBAIOT BO3AEHCTBIE acMMMEeTpHUil BO
BXOMHOM TOTOKE (puc. 6.5). MuHUMabHas IyOMHa NOrpyKEeHNA S Hacoca B OT-
KPBITOM BOJOTIPHEMHHMKE SIBNIAETCA (DYHKLMEH CKOPOCTH MOTOKA, INAMETpa BXOML-
HOTO OTBEPCTHsI HACOCA U pacrpe/esieHusl MOTOKa NpH MOABOAE K HACOCY. Ha au-
arpammax (puc. 6.6) mpeicTapieHbl JaHHbIE 3aBUCUMOCTH [47].

[MotokoopMHpyIOLIasi CTEHKa Tepejl BXOTOM B HACOC, BRITIOIHEHHAA U3 Me-
tania wim 6etoHa (puc. 6.7), MO3BOJISIET 3a CUET 0OpPa30BaHUA TEM CaMbIM TPOTA-
JKEHHOIO BCACLIBAIOIIEro maTpydKa ¢ MIaBHO MU3MEHSIIOUIMMCS CEYeHUEM YMEHb-
IATh BEIMUMHY TpeGyeMoro 3araybjieHus HU3a arperara 1o pasMepa Inamerpa
peachiBatoiiero orsepctus D. [TpuBeneHHbIE pa3Mepsl (CM. puc. 6.5, 6.7) MOXKHO
naiiti B [48].

B HeKOTOpBIX Clydasx MUHUMAIbHAs [IyOnHa MOrpyKeHMsI Hacoca, yKasaHHas Ha
AMarpamMMax, He yIOBJIeTROPsIET TPeOOBAHMSM KaBUTALIMOHHOTO 3ariaca Ath. [pu pac-
yeTe ITOM [IyOMHBI HEOOXOIMMO OCHOBBIBATBLCA HA KABUTALIMOHHOM XapakTepucTUKe
HACOCA, KOTOpasl YKA3aHa B €r0 TeXHUYECKOH JTOKYMEHTALIMH.
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L A Puc. 6.3. MoHTax Hacoca B HAKJIIOHHOII KOJIOHHE
o OCYILECTBJIAETCS MO MOA03bAM (pelibcam), 3aKperi-
JIEHHBIM BHYTPH ee
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Puc. 6.4. Tlpocreiilias KOHCTPYKIIMSI OTKPBITOrO BOAOTIPHEMHHKA ¢ TIPUBA3KON K auamerpy D
HaﬂOpHOﬁ KOMOHHEI

B neitcTByiolMX CcTaHIMAX OBIBAET TPYAHO 3aKPeNuTh MMOTOKOHAIPABIISIONINAE
3MeMEHTBl K JHUILY u cTeHKaM. s takux ciyyaeB komnanusg ITT Flygt paspao-
Tana KOHCTPYKLIMH HArlOPHBIX KOJIOHH, BHYTPU KOTOPBIX KPENSTCS JaHHBIE 3J€-
MeHTHI (puc. 6.8).

Hacochl ¢ 0ceBbIMM MM IMATOHAIBHBIMU PA00OYMMH KOJIECAMH SIBJISTIOTCS] HU3-
KOHAropHbIMHU. [103TOMY BaXHO IeTaabHO MPOCYMTHIBATH MOTEPH HAropa B Kax-
JIOM W3 3IeMEHTOB 00BsI3KM arperarta. Jlmarpamma (puc. 6.9) maeT BO3MOXHOCTb
OTpEeeNsaTh MECTHbIC MOTepPU A/ B CTAHIAPTHBIX 3J€MEHTaX 119 BOXOIMOIbEMHBIX
KoJoHH nuamerpom ot 700 mo 1600 mm.,

Bo usbexxaHue ycKOpeHHOrO M3HOCA TOANIMITHMKOB pabounii Harop arperara
HE JOJDKEH TIPeBBIATh 1,25 HOMMHAIBLHOIO 3HaYeHMsl HAmopa, MPUBOIMMOTO U3-

roToBHTEJIEM HAacoca.

Ha HacocHBIX CTaHLIMUAX OOBIYHO YCTAHABIMWBAIOT IBa M Donee dIpPEraToB. MHo-
F'OHaCOCHEIE CHUCTEMBI MMEHOT 60]1}:]11}’10 MPOU3BOAHTE/IBHOCTDL, SABJIHIOTCH boee
rubkumMiu B paboTte u Gonee HamexKHbIMU. Takue cTaHILIMK MPOEKTUPYIOTCS Ha base
WHIWBHIYAITbHBIX BOOOIPHEMHBIX MOﬂYHEﬁ. HOCKOI[])K}’ BXOI[H'LH‘Hﬁ MOTOK OOJEKEH
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Puc. 6.5. [IpueMHO-HacOCHas KaMepa C MOTOKOHANPAB/ISIOMMHI 3IEMEHTAMH

SSM  p=07wm SM p=08wm
1.5 2,0
1.2 1.6 //
0.0 1.2
4 iy
0.6 ,/ 0.8 /
n.al 0.4
0.0 0.0
0.2 04 06 0.8 1.0 0 03 0.6 08 12 15
D=10m D=12m
2.5 3.0
f /
20 // 2.4 A
15 18 /
1.0 1.2 /
P 4 /
0.5 0.6
0.0 0.0
0 05 1.0 1.5 20 25 0 07 1.4 20 2.8 3.5
D=14m =
4.0 5.0 D=16m
3.2 / 4.0 //
2.4 ’ 3.0 //
1.6 / 2.0 y.
/
A by
0.8 1.0
0.0 0.0
0 1.0 2.0 3.0 4.0 50 0 1.2 24 3.6 4.8 6.0
Q, m3/c Q, m3/c

Puc. 6.6. MUHUMAIBHO TOMYCTUMOE 3araybneHue S BXOAHOIO OTBEPCTUS Hacoca B 3aBUCHMO-
¢t oT ero nonaun Q w nuamerpa D
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Pue. 6.7. HacocHo-npuemHas kamepa ¢ noToKo(hopMupyloIeii CTeHKOoH U3 GeToHa, 06pasyio-
LieH BCacklBAIOWIMIT MaTpyboK

AA (1:10)

e

!

+B
P16307

+2
P1aq

Puc. 6.8. KoHCTpyKIIHS BOZOHATIOPHO
KOJIOHHBI C 3aKPErIeHHLIMIU BHVTPH T0-
TOKOHAMPABJIAIO UMK INeMeHTaMHu,
A paspaborannas ITT Flygt

OBITE MAKCHUMAIBHO PaBHOMEPHBIM, KOHMUrypalmsi NpUMeMHOIl KaMepbl, OTKYIa
MOTOK IMOCTYITAET B OTAEAbHbIE MOMYJIH, HMEET OOJIBIIOE 3HAUSHUE,

Crioco6 Briycka Bofbl Yepes BcachIBalOLIMii naTpy6ok (cM. puc. 6.7) HauMeHee
UYBCTBUTEJIEH K HEPABHOMEPHOCTH IMOCTYMAIOIIEro MOTOKA, KOTOPBI XapakTepeH
1Sl MHOTOHACOCHBIX CTAHLMI. DTa HEPABHOMEPHOCTb MOXET BO3HUKATH B PE3YJlb-
TaTe OTKJIOHEHMS MJIM TIOBOPOTA MOTOKA B MPUEMHOI Kamepe, a Takxke 1pu pabore
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Puc. 6.9. MecTHbie noTepn Harmopa AA B CTAHZAPTHBIX 37eMeHTax 00BA3KH B 3aBUCMMOCTH OT
nofauy Q Ui HAMOPHBIX KonouH auamerpom ot 700 1o 1600 mm
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Puc. 6.10. MHoroHacocHasi CTAHINSA € OTKPLITBIM BOJOTIPUEMHUKOM H (DPOHTANIBHBIM BITYCKOM

OQHOTO HACOCA C 4aCTMYHOI HArpy3koil. YcTaHOBKa ¢ BCAchIBAIOLLIUM IaTpyOKOM
SIBIISICTCS B 3TOM cJIydae Jyunmm pemiedueM. [TockonbKy cucreMa ¢ OTKPBITBIM BO-
JOTNPUEMHHUKOM (CM. puc. 6.4) Haubosee YyBCTBUTE/IbHA K HECTAOMIBHOCTH MOTO-
Ka, Tpebyercs GoJjiee MPOTSLKEHHbIE MTPUEMHas KaMepa W paslie/InTelbHbIe epero-
POIKHN MEXKIY OT/IeJIbHBIMIA BOAOTIPUEMHUKAMU, YEM IIPU CHCTEME C BCACHIBAIOLLIUM
natpy6koM. Ecim OTKpBITBII BOLOTNIPHEMHUK MpHMeHseTcs i bosiee, YeM Tpex
HACOCOB, [UTMHA Pa3IeNUTENbHBIX MEPEropoIoK JOJIKHA COCTAB/ISITL He MeHee 2/3
oT obuieii mUpuHbLI BofonpueMHuka (puc. 6.10).

Eciu cxKaTue MoToKa MPOUCXOIMT TMepell BXOAOM B BOINOMPUEMHHUK, M3-3a Ha-
JIMYMS PEMIETOK WM 1MGepoB ITHHA BOAONPUEMHMKA N0JIKHA ObITh YBeIMYeHa 10
6D u Gosee B 3aBUCHUMOCTH OT CTEIEHU CIKATHS,

CyILeCTBYIOT JIBE OCHOBHBIE KOHCTPYKLIMY MHOTOHACOCHBIX CTAHLIMIL: C (PPOH-
TANLHBIM U ¢ GOKOBBIM BITYCKOM BOJIbI B ITPUEMHBIN pedepByap. Eciu Byck (poH-
TalnbHbI (cM. puc. 6.10) 1 WKMpHHA ero MeHble O0LIel IHPHHBI BOAONPUEMHH-
KOB, TO TTOABOISILYIO KAMEPY ClieyeT CMMMETPHYHO pactuuputb. CymmapHbIit
VIOJ1 paciliupeHnst OT MOABOsIIe TpyObl He JoJuKeH npesbliath 40°. [Lis OTKpbi-
THIX MOABOMASIIMX JOTKOB OOLIMIA YroN pacuiMpeHusi He NOJUKeH rpesbimath 20°.
Hak/10H IHMILA B TPHEMHOM pe3epByape ycrpauBaercst B npeaenax 10°. Ecau 3ti
nmapameTpsl He COOJIIONAIOTCS, TO [UlSl YJAYUIIEHHMs pacrpeiesieHus MojiBOAUMOro
MOTOKA HEOOXOAMMBI Pa3eUTE/IbHbIE WK BOAOOTOOIHbIE cTeHKH. [Lna npuHsATHS
ONTUMAILHOrO PeLIeHHs 3Ty cXemy 1o Gojiee CIIOXKHBIM BAPHAHTAM HCTIOMHEHHMSI
HACOCHOI CTAHIIVMK CIIEAyeT BHAYalle UCTIBITATL HA MOJIEJIsIX.

Ecnu Bryck OOKOBOH, TO peKOMEH/IyeTCsl YCTAHOBKA MEPEropoiKy ¢ BEPXHUM U
JNOHHBIM TIE€PEJIMBOM, YTO CMOCOOCTBYET IMepepacripeiesieHuio  paccenBaHUIo
BoJIbIIeil YaCTH KMHETHYECKOil SHepruy TMOCTYMaomiero moroka (puc. 6.11).

IIpu MpOEeKTUPOBAHWK O0CODO KPYIHBIX HACOCHBIX CTAHLMI 00ILeil Mpou3BoO-
IMTEBHOCTBIO Gonee 22000 M3/4 wim envHUYHOIT TTonayeit Hacoca 6osee 9000 M3 /a
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Puc. 6.11. MHOroHacocHasi CTAHIMS ¢ OTKPBITHIM BOZOMPHEMHHKOM W BOKOBBIM BITYCKOM

Puc. 6.12. Tlpucriocobenne wia Kperexa kabens, npetaraemoe ITT Flygt
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Puc. 6.13. KaGenbHele JMIB OCEBOrO HACOCA MOTYT Ieperie-
TaTbCH, €CJIM HE IMPUMEHUTL PEKOMeHAyeMble Tpucrocobie-
HUS JUTSE MX HATSOKeHUS

HacocHele craHumu ¢ oce-
BBIMU TIOTPYXKHBIMM arpera-
TAMH OTIMYAIOTCS TPOCTO-
TOil B 3KCIUTyaTallMK U Tpe-
OyI0T MMHUMYM KalHTallb-
HBIX 3aTpar

peKOMeHIyeTCsl 00s3aTe/IbHOe UCTIBITAHUE €€ MOJETU B TUAPABIMUYECKON 1abopa-
TOPUH WK TPOBEAEHUE KOMIBIOTEPHOIO aHAN3a THApOOMHaMUKH [15].

PaccrosgHue mMexmy nmeperopoikoil U BOAONPHEMHBIM MOZAYIIEM JODKHO OBITH
JIOCTATOYHBIM, YTOOb! YAANUTEL 3aBUXPEHMS M BOBJIEUYEHHBII BO3IYX 0 MOCTYTUIE-
HUs1 Bobl B Hacoc. [TOTOK BOIbl, TPAHCIIOPTHPYEMBIH Yepe3 BOJOITOAbEMHYIO KO-
JIOHHY, BecbMa MOILIHEIH. O6TeKas KabeabHbIe XUkl HACOCHOTO arperara, OH IoJl-
BEpraeT MX CHJIbHBIM KonebaHUAM U TeperieTeHnio Mexkay coboil, [ToBpexiennii
JKHIT BCJIENCTBUE 3TOr0 MOXKHO M30eXKaTh, UCITOB3Ys MPUCIIOCOBIeHNs, 0becedn-
BAIOIIIME MX HATSDKKY, @ TAKXKe TepMeTHYHOE M OIHOBPEMEHHO 3/IACTUYHOE Mepece-
YeHHE C KOHCTPYKILIHMEH KOJOHHBI (puc. 6.12),

OnbIT MOKA3BIBAET, YTO HKOHOMMS IMPH NPUMEHEHNH OaHHBIX MpHUCIIocobie-
HUI MPHUBOIMUT K reperieTeHuto xui (puc. 6.13) cnycrs 4—6 mecsues mnocie
MycKa Hacoca.

O BbIBOJ

MorpyxHble Hacochl C OCeBbIM (MPOMEeNepHLIM) UM AuaroHanbHbIM pa-
Bo4rmMuK Konecamm rno3songioT CYWECTBEHHO YMNPOCTUTL N COKPaTnTb 3aT-
paTbl Ha nepekkayky 6onbLMX 06LEMOB BOAbI HA Masnyio BbICOTY. na ux
HagexHoi paboTsl 0COBEHHO BaXHO 06ecneynTb paBHOMEPHOCTb, CTa-
BUNLHOCTL NOTOKA Ha BBOAE Ge3 3aBUXPEHIii, BOPOHOK, BOBJIEYEHUS BO3-
nyxa. lpy 3TOM pekOMeHAYEeTCsH MPUMEHSATbL ONMUCaHHbIE 30EeCh MOTOKO-
dopmMupyioLLIME YCTPOCTBA B 3aBUCUMOCTIN OT KOHKPETHLIX YCIIOBUIA.
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Puc. 8.1. Bunumble Ha MoeIH BUXPH OT CTEHKHU (@), OCeaHero Hacoca (6), MOBEPXHOCTH BOMBI
(&), nuua (2) 1o neicTByloLIero Hacoca, MO3BOJIAIOT OMPENENTHTE NPABMIILHELIE pasMepbl 1 pac-
MOJIOJKEHHE arperatoB [Uisl PealbHOTO TPOTOTHIA

COCeIHero Hacoca, a Takxke Tpebyemoe 3arinybieHue o OTHOIIEHHIO K PeabHOMY
arperary (puc. 8.1).

[l MHXKEHePHOTO MPOEKTUPOBAHMSI U TEXHMUECKOIO aHAIU3a, TO3BOSIONIE-
ro TpencKasbiBaTh XapakTep paboThl HOBBIX COOPYKEHHWI MM TMPOLIECCOB 0 MX
M3TOTOBJIEHMS MK BHEAPEHMS, TAKKE MOKHO MCIOIB30BATh KOMITHIOTEPHLIE TTPO-
rpaMMbl ruapoaMHamukn noroka (CFD).

CFD mnpenycmaTpuBaeT aHallU3 XKUIKOCTHBIX ITPOTOKOB, TEIIONEPEHOC U HC-
TOJIb30BaHKE TIPOrpaMMHOTO obecrieyeHus: Ha 6ase YMCIeHHBIX METOIOB pacyera.
CFD cpabarsiBaer npu pasneieHun obaacTeil Ha G0bLI0E KOIUYECTBO sYeeK UiH
KOHTPO/bHBIX 00beMOB. B kaxnoit Takoit sueiike quddepeHnaibHble YypaBHEHUS
OIMUCHIBAIOT JKUIKOCTHBIE MOTOKK (ypaBHeHMe Hasbe-Crokca), npeacTaBieHHBIE
Kak anrebpanyeckue ypaBHEHUsI, CBS3BIBAIOLINE JaBIeHUE, CKOPOCTh, TEMIEpaTy-
pY, Harpy3Ky W Ipyrue nepeMeHHbIe, Takue, KaK Pa3HOBUIHOCTh KOHLIEHTPALIMU, B
3aBUCMMOCTH OT MX 3HAYeHMIl B CMEXHBIX fg4eiKax. DTU ypaBHEHWS DPElIaloTCs
YMCJIEHHBIM METOLOM M BOCCO3/AaIOT MOToKopacnpeneieHus (puc. 8.2).

CFD mnosBossieT BbIMUCAATE BCIO TYPOYJIEHTHOCTb BHYTPM M BOKPYT HAcocCA.
910 TpebyeT nMpUMeHEHMs BeCbMa MOILHBIX KoMmnbiotepoB. Ha ¢wupme ITT, nHa-
MpUMep, Uisl OCYLIECTBIEHUS TAKMX CJIOXKHbBIX PACUETOB M MOIEJIHPOBAHUS CKOM-
TTOHOBaHa Ipyrina u3 24 mpoLeccopoB IMOJ YIIPaBIeHHEM OIePallioOHHON cHcTe-
Mbl Linux.

[Mepsoie uenbitanng mMeroga CFD kommnanus ITT semonumna B 1975 1 no 3a-
Kazy aspokocMmmyeckoro areHTcTsa NASA. Bo3moxkHo, 31a pabota Obuia nMuoHep-
HOI B CBOEM poIle.

Pesynerat yucieHHOr0 MOAETMPOBAHHUS 3aBHCUT OT TOTO, HACKOJIBKO Kade-
CTBEHHO M 110poOHO MOCTPOEHA TPEXMepHasi BeKTopHas ceTka. Hemapowm 51a one-
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Puc. 8.2. CFD ananus JIByxnacocmﬁ Kamepel npu pafoTe OAHOro arperara

m leomeTpust W Mowck pewweHns
m CGop paHHbiX " mm
Nocypostve CocTasneHue

[ ] munsmpuoﬁ B rera

Puc. 8.3. 3atpatsl BpeMeHH Ha BUIbl paboT npu undposom monennposanun CFD

Puc. 8.4. Martemariueckas MOeNb TOUHO MOKa3ala MecTo 06pasoBaHusi BOPOHKH, MMeIOLLelt
MECTO Ha PeabHOI HACOCHOH CTaHLMH

paLMsi 3aHMMAET Y ONBITHBIX crietmanicTos 40 % BpeMEHH Ha BBINOJIHEHWE BCETo
komriekca CFD (puc. 8.3).
CXOIMMOCTh pealbHON KapTHHBI THAPOAUHAMMKY M TOil, KOTOpasi MOIy4aeTcs
B pe3y/bTaTe MaTeMaTHYecKOro MOIETUPOBaHHs, BEChbMa BbICOKas (puc. 8.4).
Meton CFD rno3possgeT ObICTPO OLEHMBATH Pa3/IMYHbIE KOHCTPYKTHBHBIE pe-
[IeHUS 15 ONMTUMM3ALMK TTOTOKOB B HACOCHOI CTAHLIMM W HAXOIMWTh JIVUIIHE Ba-
puanTsl (puc. 8.5).
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A. KoHctpykuwst no npoekty. CFD
aHanWa nokaaan aHaduTensHylo
HepaBHOMEPHOCTL MOTOKOB Y HACOCOB

CkopocTe noToka, M/c

a0
25

a0

B. MNepeas moandwkauns, BeINONHEH-
Has ¢ nomoLukio nporpammel CFD.
30th 34CTOA M NOBbILLEHHBIX
CKOPOCTEll BCE eLUe UMEIOT MEeCTo

CropocTte noToka, m/c

LT ]
a0

Cropocte noTtoka, m/c

05
B. Mporpamma CFD Hawna ny4yiiee
pelwerHve. Pacnpenenenue NoTokos v

(1] a
CKOpPOCTE paBHOMEpHOe

Puc. 8.5. Haxoxnenuwe ¢ nomomeio CFD MeTosa KOHCTPYKUMH LISl YAYHIIEHWS THAPOIWMHA-
MHKH TOTOKOB B CTAHLIMH

O BbiBO4

Mpu NPOEKTUPOBaHMN KPYMHbIX WK HECTAHAAPTHbLIX HACOCHbLIX CTaHLIMIA
cneayeT BbiNONHATbL WCMbLITAHWS Ha rugpasnnyeckort nnbo umMbpoBoi
mMoaenu. AHanusa Ha LUMdpPoBOI MOAEN MEHbLLIE MO CTOMMOCTU U BPEMEH-
HbIM 3aTparTam, YeM Ha ruapasaMyecKon, a Takxke 0bnanaeT XopoLuen yri-
pPaBnsSeMoCThI0O U JOCTOBEPHOCTHLIO.




9

3KOHOMMWUYECKUIA AHANN3 HACOCHbIX CUCTEM

HacocHble cHCTEMBI ILIMPOKO PACTIPOCTPAHEHB! B MUpE. DTH CUCTEMBI TIPUBO-
IST B JABWKEHME TeXHOIOrH4yecKue Tpolecchl MHOIMX OTpacieii MpoMbILILIEHHOC-
TH U KOMMYHAIIbHOTO X03stiicTBa. Okono 22—31 % MHPOBOii 3IEKTPO3HEPTHH TPa-
TUTCS Ha HacocHble cuctemsl [9, 54]. Ot 20 no 50 % 2T0it 9HEpPruu MIET Ha KOHK-
pETHBIE OMEPALUi TIPOMBIILIEHHBIX MPENTPUATHIA.

[TapamMeTpbl HACOCHOH CHUCTEMBL: MOIIHOCTb, MCIIOJIb3YyeMbIe MaTepHambl, cpe-
Ja [UTSl TIepeKayKu, KOHCTPYKIINSI HACOCOB, THI YCTAHOBKH, COCO0 yrpaBieHUs
CHCTEMOIT — B3aMMOCBSI3aHbl U JOJIKHBI COOTBETCTBOBATDL JIPYT JPYTY HA MPOTSKE-
HUM Bcero cpoka ciyx0sbl. I1pu sToM HeobxoauMo obecrneynBaTh MUHUMAIBHOE
noTpebeHre HEPTMM M COKPATUTh APYrue 3aTpathl, BKIIOYas TeXoOCIyKHBaHHE.
3aKyroyHas CTOMMOCTh SIBIISIETCS JIMIIb HeOOJIbLIONH YacTblo CYMMBI BCEX 3aTpar
no arperary (puc. 9.1).

[TotpebsiemMast HACOCHBIMH CHCTEMaMM 3/IEKTPOIHEPIUsi MOXET ObITh CHIDKe-
Ha Ha 30—50 % 3a cuet cMeHBl 0DOPYIOBAHUS WIIM CHUCTEMBL YIIPABIEHHUS.

DKOHOMHUUYECKUI aHAJIM3 HACOCHBIX CHCTEM BO3MOXKEH ITPH MCIMOJb30BaHUM
CIIEYIONIUX METOIOB:

gpcteie coepexeHust — Net Savings;

koadduumeHT cepexxeHns (nHBecTHMM) — Saving-to-Investment Ratio SIR:

perymupyemasi BHYTpeHHsiss HopMa npuObuin — Adjusted Internal Rate of
Return (AIRR);

MPOCTOIl M AMCKOHTHBIN TlepHon okymaemoct — Simple Payback (SPB),
Discounted Payback (DPB).

3ayacTylo MpOCTOii MEePHO] OKYITAeMOCTH Tpe/LIaraeTcsi HaM KakK KpuTepui
BLIOOPA MPOEKTHBIX pelteHuit. MeToa olleHHUBaeT, KAKoe KOJIMYECTBO JIeT 3aHHMa-
€T MOKpPbITUE TIEPBOHAYAIBLHBIX WHBECTHIIMOHHBIX 3aTpaT (TexHuka «fish bait» —
npuMaHka uisi pei0) [54], M Mcnob3yeTcs TONBKO i rpyboro CpaBHUTEILHOTO
aHaJIN3a MPOEKTHBIX PelleHuI.

B Poccun BbIGOpP MPOEKTHBIX PElIEHWi OCHOBAH HA METOIE CPaBHUTEJIbHOMN
IKOHOMUYECKOH 3 (hEKTUBHOCTH MO TIOKA3aTeNio TIPUBEIEHHBIX 3aTpar [35], Ko-
TOPBII M0 KAKIOMY BApUAHTY MPECTaB/seT co00i CyMMy claraeMbix:

Mn=C+EK 9.1)
wm =T, C+K, 9.2)
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a 6

53%
Puc. 9.1. OcHoBHBIE 3aTPaThl MMPH HKCIUIYATALMM HACOCHBIX CTAHLIMH (CTOMMOCTL 0GopynoBa-
HUS COCTABJISET HE3HAYMTENbHYIO [I0J110): @ — BonocHabxeHue; 6 — BonooTBeneHue; | — ajek-

TPO3HEPTrua; 2 — CTOMMOCTB 00OpymoBaHus; 3 — obcnyKuBaHue; 4 — 2JMeKTPOIHEPrHs MPH
COKPAILEHNH MPON3BOIMTENBHOCTH; 5 — PEMOHT, MPOYHUCTKA

rae IT — npuseneHnsie 3atparsl; C — oKCrUTyaTallMOHHbIE 3aTpathl; E, — HopMaTuBs-
Hblil KoadduimeHT 32(hPeKTHBHOCTH KanUTATBHBIX BAOXKeHMi; K — KanuTanbHble
BJIOXKEHHSI B CTPOUTENBCTBO, Tu — HOPMATUBHBIA CPOK OKYMAEMOCTH KalMTaATbHBIX
BIIOKEHMIA.

Pecypc HacocHBIX cucTeM HepenKo cocTapisieT ot 15 1o 20 net. PeanbHblii cpok
CIyKObl HACOCHBIX CHUCTEM TPYAHO CIIPOTHO3MPOBATh, TaK KAK OH pasiuveH s
CcOOCTBEHHO HACOCHOM TEXHWKH, 3HEPrONPUBOIOB, BOJOBOIOB M HAMOPHBIX CETeil,
3aropHO-peryIupylolieit apMatypel U T.a. [Tpu 3TOM cliaraembie 3aTpaTthbl ¢ Teye-
HHUEM BPEMEHM pa3NuyaloTcsa: WHOoTAa TPeOYIOTCS cephe3Hble MHBECTHIIMM, 4 HHOT-
/14 BaKHAB PEryJsipHasl SKCIJIYATALIMOHHAS COCTABIAIONIAL,

C npakTUYecKoil TOYKH 3PEHUS CYIIECTBEHHO BAXHO OTPENETHTh TEKYIIEe
3Hauenne LCC 3a nepuoa 4—8, nuoraa 10 set. M 370 He MPOTHBOPEUMT poCCHIiC-
KUM HOopMaMm |[58].

-9KOHOMH‘-[§CKJ-I[';1 dHaJIM3 HACOCHbLIX CHCTEM [MPOBEOEM Ha Dase mokasarens —
sarparsl kusHeHHoro uukia LCC (Life cycle cost). 3a pybexom aHaiu3 1o 3atrpa-
TaM kusHeHHoro uukna LCC gpnsieTcs OCHOBHBIM MHCTPYMEHTOM, MOMOTAIOIINM
COKPATUTh YOBITKU U VBEJIMYUTb 3HEpro3(hekTHBHOCTE DOMBIIMHCTBA TUIIOB CUC-
TeM, BKIovast HacocHsele. TepmuH LCC nmonumaercst B Poccuu [56] Kak mM3nepxku
(3aTparhl) B TeUeHHe KMU3HEHHOTO LUKIA. CloBocoyeTaHHe «KU3HEHHbIH LIMKII»
ObL10 OBI yIOOHEE 3aMEHNTh Ha «CPOK Cy:KOb». OOHAKO BOMPOC MepeBoia OCTaeT-
€51 OTKPBITBIM, TIOCKOJBbKY PYCCKMIT TEPMMH TIOKa €IIe HE YTBEPIMICS.

Meton pacuera LCC siBnsieTcst pesysiktatoM [57] COBMECTHBIX MCCIE/NOBAHMIA,
npoBeneHHbIX WHCTUTYTOM [Mapaenuky (Hydraulic Institute, USA), HHCTHTYTOM
«Europump» m YrpapiaeHuem MPOMBIILUIEHHBIX TeXHOAOTHI npu MuHucTepcTBe
suepretuku CILLA.

LCC ucumchsiiorest 3a Bech CPOK CAYKOBI CUCTEMBI Ha MOKYIKY 000pyI0BaHMsI,
MOHTaX, IMYCKO-HAJANKY, IKCILTyaTaluio, TeXoOcay:KuBaHue, BIUIOTh 10 3aTpaT Ha
YTHIIM3AlMIo naHHoro obopynoBanus v ero BeiBo3 [57]. Ananus LCC nossossiet
BBISIBUTH Haubomee BBITOOHOE pPEHICHHE B paMKaX MTOCTYVITHBIX BO3MOKHOCTEI.

[Ipoananmusupyem dopmyiny (9.2): T, — Benuunna obparsas E,, a E, mo pas-
JIMYHBIM HCcTOYHUKAM npuHumaercs ot 0,12 mo 0,17 [2, 5]. Takum o6pasom, T},I
pacrpe/ie/isieT 3KCIUTyaTalnoHHbie 3atpathl C; Ha cpok 6—8 JieT.

[Tpu atom nocranoeneHue IlpaButensctsa P® [59] oTHOCHT Hacockl apTe3n-
aHCKHE W MOTPYXKHBIE K TPETBEH aMOPTH3ALIMOHHOI rPyMIie co CPOKOM IMOME3HOTO

-

s
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MCIIOJIL30BAHMS OT 3 10 5 JieT BKJIIOUMTEIbHO, @ HACOChl LIEHTPOOEXKHbIE, MOPILIHE-
BbIE ¥ POTOPHBIE — K YETBEPTOI aMOPTU3ALIMOHHOI IpyTINe OT 5 JIeT 10 7 JIeT BKITIO-
YUTEJIBHO.

3arpatsl xkusHeHHoro 1Mkia LCC no KaxnaoMy M3 CpaBHMBAEMbIX BADUAHTOB
BBIPAKAIOTCSI YPABHEHUEM:

LEC =€) F 0y FE+ €y # Cu ¥ CHE, +C,y, (9.3)

[Tpu 3TOM cnaraeMbie 0003HAYAKOT CIENYIOLIHE 3aTPAThI:

C,, — HauaibHasi WM KarnTaibHas CTOMMOCTD, LIeHa (Hacoca, cuCTEMBI, TpYyO,
JIOTIOJHUTENbHBIE Yeayri). HauanbHble KannTaJoBIOXKEHWS BKJIIOYAIOT: LeHY 3a-
Kyraemoro ofopynoBaHus Kak 6a30By10; pa3paboTKy KOHCTPYKTOPCKOW M TeXHO-
JIOTMYECKOI TOKYMEHTALIMI, TTPOLIECC COCTABIEHMS KOMMEPYECKOTO TPELTOKEHHUSI;
MCTIBITAHMS Y WHCIIEKTOPCKHIA HAI30p; MHBEHTAPM3aLIMIO 3arm4acreii; o0yyeHue o0-
CIIYKMBAIOIIEro MepcoHana; BCroMorartelbHoe 000pyIoBaHue Ui OXIaXICHHUS 1
TUIPABIMYECKOTO YIIJIOTHEHMS,

C;, — CTOMMOCTb MOHTaXa W IYCKO-HaNaaKu (BKJIIOYAS TPAHCTIOPTUPOBKY).
3aTpaThl HA MOHTAX W MYCKO-HAIAnKy: pa3paboTka (yHIaMeHTa KOHCTPYKIIHUH,
MOArOTOBKA, OETOHMPOBAHME M aPMHPOBaHKE U T.M.; YCTAHOBKA 000pYIOBaHUSA Ha
(yHIaMeHT; TPAHCIIOPTHPOBKA 000PYI0BAHUS U MATEPHAIIOB; MOIKIIFOUEHUE 3TIeK-
TpoobGopynoBaHus M Kadess; MOAKIIOYEHNE BCIIOMOTATEbHBIX, HOMOJIHNTEIbHBIX
CUCTEM; 3aMep XapaKTepPUCTHK TpH 3anycke. MOHTAaXK MOXKET OCYIIECTBIATHCS 11O-
CTABILMKOM 0DOpPYIOBAHUS, TOAPSIIYMKOM WA OOCIIYKMBAIOILIMM IIEPCOHATIOM;

C, — 3aTpaThl Ha 3JIEKTPOIHEPIHIO, OHHU SIBHO MPEBOCXOAAT BCE APYTME COCTAB-
msmotve LCC, ocobeHHo ecau Hacockl paGoratot Gonee 2000 uacor B rod. Pacuer
TIPOCT, eciu notpebiisiemMasi MOIIHOCTb MTOCTOSIHHA BO BPEMEHH, €C/IM HET — TOraa
HeoOXOIMMO YCTAHOBUTD 3aBUCUMOCTb MOILIHOCTH OT BpeMEHH. 3aBHCHMOCTb T0-
TpebisieMoit MotHocTH P, KBT, Bblpaxaercst (hopMyIioit:

P = pQH/1 0271Hnﬂ11,m, (9.4)

e Q — nonaya, M3/cex; p — ynmenbHsiit Bec; M, — KIII Hacoca, 1, — KII1/1 snek-
TPOBUIATENS, My — KTIIJI TpaHCMHUCCHHM WM pPELyKTOpA.

Bri6op Hacoca u anekTponsuraress ¢ onpeneaeHHbiM KIT/1 sivsier Ha noTped-
JieHue 2eKkTposHepriny. Cuctema yrpasieHHs, OTCIeXHBaIoIIas H3MeHeHe MOIII-
HOCTH BO BPEMEHM, MOXKET cama OIpelesisiTh HarpysKy MmpH M3MEHEHUH CKOPOCTH
BpaieHusi paboyMx KoJieC HACOCOB, ONTHUMAIBHO IMOTPEG/ss 3MEKTPOIHEPTHIO.
[Tpuyem peryaupoBaHMe 3HEPronoTpedieH s Mo MPUHLUITY IIyCK—OCTaHOB pabo-
YuX arperaToB He BCeria ycTyrnaeT MpeabiayiueMy mertomy, rnockonbky KIII B co-
BMECTHOII paboTe HACOCOB HA BOAOBOIBI MpeBatupyloT. Mcnonb3oBaHue peryiu-
pPOBaHMs C TMOMOIIBIO IPOCCEIBHOIO KiarnaHa wiy Oainaca CHU3UT MPOU3BOAM-
TELHOCTh W YBEJIMYMT 3aTPAThl HA 3JIEKTPOIHEPTHIO.

Aueprernyeckuit KIT wnu KosmyecTBo mortpebisieMoii sHeprum TpedyeTcs
BBLICTPAMBATL B TEX XK€ KOOPIMHATAX BPEMEHH (KaK BIIPOYEM, M OCTajlbHbIE 3J1e-
meHTsl LCC), B pesyibraTe yero rojyyaeM sHepronorpebnenne B KB4, Tapudsi
3a Kaxaplil kKBT'u moTpebieHHO 3MeKTPO3HEPTHH, KAaK U3BECTHO, Pa3jiniHbl 110

PETHOHAM;
C, — 3apabotHasi ruata ajis o0CYKMBAIOIIEro nepcoHaia 3aBUCUT OT 00beMa
paboT M CTereHu aBTOMATH3aLUK1 HaCOCHOM cucTeMbl. K mpumepy, Hacoc, rnepeka-

YMBAIOLIMI OMAcHbIE BELECTBA, MOTPebyeT eXeAHEeBHOI rpoBepky Ha yteuku. C
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OpPYroii CTOPOHBI, MOJHOCTBIO ABTOMATU3MPOBAHHAS CUCTEMa MOXKET noTpeboBaTh
OYEHb OTPAHUYEHHOTIO BHUMAHMUS OIEPaTOPOB;

C,, — 3aTparbl HA PEMOHT M CEPBUCHOE OOCIyXMBaHME, 3aBUCAT OT PEKOMEH-
HAlWi TPOM3BOAMTENS 110 UX 4acToTe W 00beMYy, TUTIOC 3aTpaThl HA 3allaCHbIE Yac-
TH, PACXOJIHbIe MaTepUasibl. KanmuTanbHbI peMOHT U MOTHOE CEPBUCHOE 0OCITYKH-
BaHHME OTIMYAIOTCH BO3MOXKHOCTBIO WM HEBO3MOKHOCTBIO MPOBEIEHUS PEraMeH-
THBIX PabOT HEMOCpPeNCTBEHHO Ha MECTe YCTaHOBKM obopypoBaHus. KonuuecTso
pemIaMEHTHBIX paboT ompenessieT CyMMapHbie 3aTpaThl Ha MIaHOBOE TEXOOCITYKM-
BaHue. [IpeanonaraeMble 3/1€MEHTBl yUeTa — YIJIOTHEHMS, MMOALUITHUKH, U3HOC
pabouero KoJieca, KianaHa, MyQTbl, 1eTany ABUTATES;

C, — 3arpaTel MO MPUYMHE MPOCTOS M/WIIH MOTEPU MPOM3BOTUTENLHOCTH, SIB-
JISIIOTCS OYEHBb BaXKHBIM 3IEMEHTOM Ipu roxacyete cymmapHoro LCC U MOTYT KOH-
KYPUPOBATh C 3aTpaTaMi Ha 3JIeKTPO3HEPIHIO M 3aTpaTaMM Ha 3ameHy uyacteit. s
CHWXKEHHWS TSDKECTH TAKMX 3aTpaT YCTAHABIMBAIOT pesepBHOe obOopynoBaHHE, B
3TOM cJlydae BHEIUIaHOBOE TeXoOcnyKMBaHue Oy[AeT BKIIIOYaTh TOJABKO 3aTpaThbl Ha
DEMOHT.

Ceqy — 3aTpaThl Ha GOpLOY C 3arpsA3HEHMEM OKPYXalolled cpejibl, BKIOYAsd
YTHIM3ALMIO JeTajieil M 3arpsg3HeHuid 0T BEIOPOCOB, B OCHOBHOM 3aBUCAT OT IpH-
DOIIBI TIepeKauuBaeMoii cpensl. BrimouaioT mrpadul 3a yiiepd ot 1popsBoB Tpy6o-
MIPOBOIOB ¥ TIOKAPOB ITO NMPUYHHE NPOPHIBOB (MepeKkayka OrHeorlnacHbIX BEIIEeCTB).
[MomnexaT yTHIN3alMK: OTpaboTaHHbIE CMAa3KH, OXJIAXKIAIOUINE KUJAKOCTH, OTCITY-
JKUBILIKE 3aM4acTy W JeTallu;

C4 — 3aTparthl Ha YTHIM3ALHMIO, BKIIOYas IEMOHTAX OCHOBHOIO 000PYIOBaHHS
1 BBIBO3 JIOMOJIHUTENBHOrO 000pya0BaHus, obecreynBaloT BOCCTAHOBIEHHE pabo-
yeit maowanku. [pu goporoit yrunusauuu B pacuete LCC Gonbloe BHUMaHKE
VIeNsieTcss pecypcy o0opynoBaHMS.

[MpaBujIbHO BBIOpaHHAS KOHCTPYKIIMS HACOCHOI CUCTEMBI SIBISETCS BAXKHBIM
3JIEMEHTOM Npu MuHMMM3aunu nokasatenss LCC. Jlyunie Bcero coctaBuTh Tabiu-
LIy ¥ BHECTH B Hee 110 BO3MOKHOCTH BCE BEJIMUMHEI. TaM Ijie HeT BeMUMHbI 3aTpar,
cnemyer no0aBUTH KOMMeHTapuii. ITomb3oBarenb cam JOMKEH pPELNTb, Kakue
UMEHHO 3aTpaThl YUUTHIBATh.

IMpu ananuze LCC taxcke obeyxnatorcst U huHaHcoBble (DaKTOPHI, BKIIOYAIO-
1IMe: DecTByloe Tapudpl Ha 37MEKTPO3IHEPIHIO; OXHMIAeMOe VBeJIHUeHHEe Tapu-
(hoB (MHGIALMS) HA TEKTPOIHEPTUIO W PEMOHT 3a BpeMsl pabOThl HACOCHOI cUC-
TEMBI; YPOBEHb CKMIKH; MPOLIEHTHYIO CTaBKY.

IaBHOI 1ebI0 MeToAa SIBIISIETCS] IpsiMast Bbiroaa. I1o3ToMy COBEPIIEHHO OYe-
BUIHO, YTO YPOBEHb eXeroaHoil uHdusiuuu ¢ Tpedyercss KOMIIEHCUPOBATh IIPOLIEH-
THOM CTaBKOM /, BLIPAXXEHHOM B HOJISIX €OUHMLL:

C,=C,[1+(@{-0]n, 9.3)

e n — pacueTHbIN mepuon, roasl; C, U Cp — TeKYIIME M TPEACTOSIINE YEPE3 /1
JIeT 3arpathl; (i — ¢) — peanbHasi A0S MPOLEHTHOM CTaBKH, A0JIH efl.
IMokazarens LCC sBoautest wist Toro, 4tobbl: npuodbperars HACOCHI M CUCTEMBbI
MCXOJISI U3 TTO3MLIMOHHOIO aHalu3a 3aTpar; ONTUMMU3MPOBAaTh CYMMAapHBIE 3aTPaThl,
OCO3HAHHO PEeryJMpys COOTHOIIEHNE MEXIY KamUTAIbHBIMU (3aKyITOYHEIMW) U 9K~
CIUTyaTALIMOHHBIMHI 3aTpaTaMu; HAyYMTbCS PEryIsipHO OLIEHMBAThb BCE MCXOAHBIE
KII[ kak saeMeHT 3aTpar; MOHATh, YTO KayecTBeHHOoe obopyaoBaHue TpebyeT MH-

_
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Puc. 9.2, DcKi3 HACOCHON CHCTEMbI ¢ MEPHOINYECKH BBIXOIALICIT U3 CTPOsA YIIpaBiseMoil 3al-
BIZKKOIT: | — pesepsyap; 2 — ympasisiemas 3a1Biokka; 3 — bak noj nasnenuem 2 6ap; 4 — Ha-
coc; 5 — Tenn00dMeHHHK

HUMAJTBHBIX PEMOHTOB; MPOU3BOIUTL 3aMEHY HACOCHOI0 00OPYIOBaHUSI UCXOMs U3
roTpebHOoCTEll CUCTEMBI W PealbHBIX YCIOBMIi, a HE MEXaHHYECKH B COOTBETCTBUU
C CYIIECTBYIOLLIMMH aHAJIOTaMH.

% Mpumep

PaccMOTpPMM HACOCHYIO CMCTEMY C YIpPaBisieMOil 3alBMKKOM, BBIXOASIIEH
u3 crpost Kaxaeie 10—12 MecsilieB M3-3a 2PO3UM MPHU KaBUTALIMK CO CTOMMOC-
Th10 pemoHTa 4000 o (puc. 9.2). Cucrema cHabGxKeHa HaCOCOM, IepekaunBa-
IOIMM KMAKOCTh U3 pesepByapa B 6ak, HaXoIsUIMiics rmoa nasieHuem. Terio-
0OMEHHHK HArpeBaeT KUIKOCTh, 4 yIpapisieMas 3alBHKKa CTaOMIM3UPYeT Mo-
nauy 1o 80 m3/4. 3aaBuxkka o6bYHO paboTaeT mpu oTKpbITHU Ha 15—20 % co
3HAYMUTEIbHBIM KaBUTALMOHHBIM LIYMOM HM3-3a HempaBuibHOTO Moadopa obo-
pynosanus. [Tposepkoii 6b110 06HAPYKEHO, YTO HACOC MMEET 3aBBIIIECHHbIE TMa-
pametpsl — 100 Bvecto 80 m3/u. Tpu 3TOM MeCTHbIe TOTEPH HAMopa Ha 3ai-
BHIKKE SABHO 3aBbIIIEHBI.

INpennaraoTes K BHEAPEHUIO YETHIPE BapUaHTa!

A — YCTAaHOBHUTH HOBYIO YIIPABIISIEMYIO 3aIBVIKKY LISl oOecredeHus: O0MbILIoro
repenaga JaBjieHU;

b — 1 cHMKeHUd T1I0Teph HAarmopa MOXHO ToJpe3aTh padbouee KOJIeco HAcoca;

B — yCTaHOBUTL YAaCTOTHBII TIpeobpa3oBaTelb Il N3MEHEHUs] CKOPOCTH Bpailiie-
HMSI Hacoca U ofecriedeHmsl KeJaeMOt MoIauH, a YIpaB/isieMylo 3aJiBUKKY yOparTh,

[ — MOXHO OCTaBUTh CHCTEMY TaKOii, KaKasi OHa €CTh, C €KErONHBIM MPEIro-
JlaraeMbIM PEMOHTOM 3aIBMKKU PEryJIMpOBaHUs MTOTOKA.

3aTpaThl HA HOBYIO YIIPABJISIEMYIO 3a/IBIIKKY, KOTOpasi MMEET MOAXOISLINN pas-
mep, — 5000 gosur. 3arpathl Ha MOIMMUKALIMIO XapaKTePHCTHKM Hacoca 3a cueT
obpesku pabouero koneca — 2250 mosut. Hacoc paboraer npu nogaye 80 M3/4 B
teuenue 6000 u B roa. 3arpartsl Ha anekTposHepriio — 0,08 momm. 3a 1 kBru, KI1J1
anexktponsuraresst — 90 %.

CpasHeHUe BapMaHTOB MOOUQMKALIMM HAacOCHOIt cucreMsl (puc. 9.3) npuse-
nJeHo B Tabm. 9.1.

T1pu nozpe3ke pabouero Komeca 10 375 MM (BapuaHT b) cyMmapHBbIil Harop Haco-
ca cHuskaetest 10 42 m nipu riofade 80 m3/4. TIpH TAKOM CHUKEHNH JaB/IEHUsT MECTHBIE
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4 — pabouee koneco (375 Mm); 5 — 1o xe, 430 MM; 6 — MOHMKEHHAA CKOPOCTh HACOCA

TabGmmua 9.1. CpaBnenne BapHaHTOB MOAH(MKAIMH HACOCHOI cucTeMbl (CM. puc. 9.3)

[MokasaTens BADBAHT L |
A | B | B =

XapakrtepucTHKa Hacoca: -

auamerp paboyero Kojeca, MM 430 375 430 430

Harop, M 71,7 42 34,5 71,7

KI1Id, % 751 72,1 77 75,1

nogaua, M3 /u 80 80 80 80

norpebasieMas MOLIHOCTh, KBT 23,1 14 11,6 23,1
arparst, gowa, CLHIA:

9MEKTPO3HEPTHsA B ol 11088 6720 5568 11088

HOBbII KJlATNaH 5000 0 0 0

moauduuMposaHue pabodero Kosneca 0 2250 0 0

npeobpa3oBaTeib YACTOTHI 0 0 20000 0

MOHT&K npeobpasoBaTe/is YacToThl 0 0 1500 0

PEMOHT 3aIBHKKH B roi 0 0 0 4000

MOTEPU B YIpaBIsSIeMOoil 3anBykke OyayT mexnee 10 M, 4TO COOTBETCTBYET 3aJI0KEHHOI
pacueTHoIl paboueit Touke KiarnaHa. [ogoBbie 3aTpaThl coctasar 6720 oL

CTOoMMOCTh YACTOTHOTO I[peodpa3oBaTes, pacCYMTAHHOIO Ha MOLIHOCTB
30 kBt (Bapuant B), cocrasnser 20 TbIC. DO, JOMOJHUTENbHBIE 3aTPAThl HA MOH-
Tax — 1500 monn. Texobemy:KuBaHue YaCTOTHOrO rnpeobpasoBaTesns oboiiaeTcs B
500 nomn./ron. [Mpeanonaraercsi, utTo 0OOpyTOBaHHe He OyIeT HyKIAThCH B PEMOH-
T€ Ha IMPOTSKEHHUH BCEro CpoKa CiyxKO0bl — 8§ JeT.

Bapuant ' (cuctema 0e3 M3MeHEHMI) MpPHBENET K €XEroJHbIM 3aTpaTaM Ha
PEMOHT VYIpaBJIAOLIEl 3aIBIKKH, paboTaolleif B pexxuMe KaBUTalliW, B pa3Mepe
4000 mom.

[Ipeanonoxum, uto meilcTBYIOWIMNA Tapud HA 3MEKTPOIHEPIMI0 COCTABISIET
0,08 monn./xBt-4; cuctema obeyxkusaercst 6000 w/Tox; KOMIIAHKS TPATUT Ha ILUIa-

e
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Tabnuua 9.2, DKenayaTalHOHHbIE 3ATPATHI LIS KAKIOr0 H3 YeThipex BAPHAHTOB

[MokasaTens BapuanT ;
A b B | r

HavanbHoe KanmuTalOBIOKEHHE,
nomn. CIOA 5000 2250 21500 0
Tapudy Ha snekTposHepruio, nown/(kBru) 0,08 0,08 0,08 0,08
Cpe/nas MOIIHOCTE oGopynoBaHusi, KBt 23 14 11,6 23,1
KosimyecTBo yacoB paboThl B rof 6000 6000 6000 6000
3arparsl, 107J1/TOI:

3€KTPO3IHEPIUs 11088 6720 5568 11088

texobcaykuBaHue (niaHoBoe) 500 500 1000 500

PEMOHT Kaxiblii BTOpPO ron 2500 2500 2500 2500

NPYyrHe 3aTpathl 3a IOl 0 0 0 4000

NpoOCTOM 0 0 0 0

obcayKnuBaHKHe OKpyXKalolmx ruowageit 0 0 0 0

BbLIBOJ M3 KCIUTYyaTALIMKU U YTHIIN3ALINS 0 0 0 0
Cpok ciyx0bl, JeT 8 8 8 8
CraBka Ha KamuTaloBnoXeHus, % 8 8 8 8
Wndasaums, % 4 4 4 4
Bennuuna LCC 91827 59481 74313 113930

HoBoe obcmykusaHue Hacocos 500 mom./ron u 2500 1071, 3a KaXIblit BTOPO# rolL;
HET 3aTpaT Ha BBIBOA M3 SKCIUTyaTalliM W YTWJIM3ALMIO; CPOK CIYXObl TPOeKTa
8 JieT; OXUIaeMble CTABKM HA HOBBIE KaMTAIOBIOXKeHUs 8 %, oxunaeMas HHGIA-
uns 4 %. DxeruyatallMOHHBIE 3aTPaThl ISl KaXKIOTO M3 YEThIPEX BAPMAHTOB IpPHU-
BelIeHbI B Tabm. 9.2.

Bapuant b, ¢ mozxpe3koii pabovero kosieca, 00/1anaeT HAaMMEHBIIMMU 3KCILTYa-
TALMOHHBIMM 3aTpaTaMy W I 3TOTO Caydasi SIBJISIeTCs MPeAroYTUTeNIbHBIM.

O BbIBOAO

3KOHOMUWYECKUIA aHanM3 HaCOCHLIX CUCTEM CledyeT BecTu Mo rnokasare-
N0 3aTpartkl Xu3HeHHoro upkna (LCC), npeacrasnsiowero cobon cymmy
3 BOCbMW KOMMOHEHTOB 3aTpar. 3akyrnoyHas LieHa B 3T0i CyMMe COoCcTaB-
naet nuwb okono 10 %. OpraHu3aTopel U 3aKka34yuMku KOHKYPCOB Ha 3a-
Kynky HacocHoro o6opynoBaHus 06s3aHbl TpebosaTk OT KOHKYPCAHTOB
pacyeTbl LCC no 3assnsemomy 060pya0BaHuMIO.



BbiBO/bl

CoBpeMeHHbIM TPeGOBAHUSM K HACOCHOMY O0OPYIOBAHMIO — CHMKEHMIO Ka-
MUTAJILHBIX M 3KCIUIyaTallMOHHBIX 3aTpaT, MUHUMYMY OOCTYKMBAIOLIETO MepcoHa-
Jla, HanexxHoceTtH, GecriepeboitHOCTH M THOKOCTH paboThl, B TOM YHCJIE TTPY aBapHii-
HBIX U CTUXMIHBIX 3aTOTUIEHUSX, — Haubolee COOTBETCTBYIOT MOTPYKHBIE HACOCHI.
Cripoc Ha HUX, HECMOTPSI Ha BOJIBIIYIO, TT0 CPABHEHUIO C KJIACCUYECKUMU arpera-
TaM#, CTOUMOCTb, CYIIECTBEHHO BO3pOC,

bnaropapst cBOMM KOHCTPYKTHBHBIM 0COGEHHOCTSIM TTOTPYKHBIE HACOCKHI XapaK-
TEPHU3YIOTCS MEHBLUWMH BEIWYWHAMM BHOpalMM, 1IymMa, MeXaHUYECKUX U THAPAB-
JIMYECKUX TOTEPD, HATPEBa IEKTPONBUTATENS, a TAKIKE MEHES 3aBUCUMBI OT PeKuMa
BOJIOIO/Ia4YM M YPOBHA BOIbI Ha BCACHIBAIOLIEH CTOPOHE, YeM KJIaCCHUYECKHE,

HacocHo-nipueMHEIe pe3epByaphl CTaHIHNI CIeIyeT MPOeKTUPOBaTh ¢ COBII0-
JeHUEeM KaK MUHMMYM ABYX ycioBuid. TTOTOK XMAKOCTM B HEM JOJDKEH OBITH CTa-
OWIBHBIM M PABHOMEPHBIM, YTOOBI HE CO3[aBaTh YCJIOBMI MOMagaHus BO3AyXa B
HACOChl, M OIHOBPEMEHHO OLICTPLIM BO M30exkaHue 0Opa30BaHMs 3aCTOIHBIX 30H,
a B ciyyae TepeKkayky CTOKOB, CKOIUIEHMSI OCaoKOB M TUTABAIOIIMX BelecTB. ITo-
3TOMY HAcoChl B IIPMEMHBIX PE3epByapax J0KHBI YCTAHABIMBATLCS OTHOCUTEILHO
OIM3KO APYT K APYTY M K 3aMHUM (ITO IMOTOKY) M GOKOBLIM CTEHKAM, HO HAXOIHUTHCH
OT maTpyOKa BBOJA BONBI B pe3epByap Ha PACCTOSHWHM He MEHBIIEM pPacueTHOro,
OTIpeeNIIeMOro Kak (PyHKLMS Mogadyu Hacoca.

[Tpn ocHameHNM HACOCHOI CTAHIIMM MOTPYXHBIMU HACOCAMHM MOHTHPOBATH B
CTAHLIMM BTOPOM pe3epBHBIN arperar HepalMOHAILHO.

[MorpyxHbie HacOChl CyXOii YCTAHOBKHU CJIYeT IPOEKTHPOBATL CTPOIO C yye-
TOM TIPaBHJI MCIOJHEHUSA BCACHIBAKOLIMX TPYOOIIPOBOIOB.

[Ipn mpoekTHpOBaHUKM KPYITHBIX W/MJIM HECTAHIAPTHBLIX HACOCHBLIX CTAHLIMIA
PEKOMEHIYETCH MPOBOANTL MAPABIMYECKIE UCC/IeIOBAHUS HA MOJIENSIX B Crelya-
JIM3UPOBaHHBIX JabopaTtopusax, JUO0 Ha MaTeMaTUYECKUX MOIEISX C MMOMOIIBIO
CIELIMAJIbHBIX MPOTrpaMM.

BpiOop HacOCHBIX arperaTtoB JOJDKEH OCYILECTB/ISATHCA CPABHEHMEM CYMM 3aT-
paT 3a BeCh PACHETHBII CPOK MX CIYKObl. 3aKylouHasi LieHa B CyMMe 3aTpar siBJIsi-
€TCSl HAMMEHEEe 3HAaYMMbIM KOMITOHEHTOM.
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OKono 4YeTBEPTM MUPOBOIN AHEPTNK TRATUTCSH
Ha Hacockl, HO nuwb 20% WX UCNONbL3YEeT Nog-
BOAVMYIO MOLLUHOCTb NONMHOCTLIO, @ 8HAYWUT, pac-
CYUTaHbLI MPaBUIbLHO.

MHorue nonb3oBaTeny BblbupaioT HacoChk! Mo
LleHe, HO OHa ABAAETCH CamMbiM He3Ha4YMMbIM
KOMMOHEHTOM B CyMMeE 3aTtpar 3a nepuoj, ero
cnyxosbl.

HeaddekTnBHOCTE paboTh! 1 NONOMKM arpe-
raTtoe Yalle CBA3aHbl He C UX Ka4yecTBOM, HO C
Ka4ecTBOM NPOEKTUPOBaHWNA HACOCHbIX CTaHLWA,

MonbiTaemcsa 0606WUTL ONbIT PacyeToB U
npaeun Nno ycTaHOBKE MOrPY>XHbIX HACOCOB, NO-
CKOJNbKY CAPOC Ha HWUX, KaXeTcd, onepexaer 3Ha-
HUS O HUX.

C.E. bepe3uH
WWwW.pump.ru




