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HacocHr,re craHqnx sBntlorct laxHefi nM greMeHToM cxcreM Bo,qocHa6xeHrt n
BoloorBeAenxr. Or pa6orr KoMMeKca coopyxeHrfi n o6opyaoBaHxs HacocH6rx craH-
llr{i Bo MHoroM 3aBucl{r o6rqaq Ha4exsocT! fi sroHoMuqecxiu 90(ber.rr,rBHocrb rlola-
qlr tdnl{ orBe,leHfir Bolr,r. B Ha efi crpaHe n 3a py6€xoM }3AaHo 6onll]Ioe Koru.recrBo
rpyAoB, nocBruleHHbrx npo6neMaM npoeKTMpoBaHrs HacocHbrx cTaHqnfi u noA6opy
o6opyAoBaHxr Arq Hr.rx. TeM He MeH€e, o6Ho&rflorqHric{ H coBepueHcTB}roulHiicr pbr-
Hox HacocHoro o6opyloBaHfir rpe6yer nocroqHHo nepecMorpa craphrx floaxoAoB x
npoeKr polaHnro,

B KHxre onncaHbr KoHcrpytquu, npnHllnn leficTBrr u o6nacrn nplrMeHeHr.rr no-
mlDKH6u HacocoB ptt3jlt{qHllx T{noB. PaccMgrfreHLl fix rexHxqecK{e yrapaKrepncrxxr.r
fi pera{MH pa6oTbr, ABmp He orpaHrlrlr.lBaeTcr oAHrrM onlrcaHrreM lrorp]rl{Hbrx HacocoB
n ,nr npexMyruecTr irepea arpemraMx K,racc{qecKoi KoMnoHoBXr,i, PaccMorpeHbi Bon-
pocbl coBMe€rHofi pa6oTH HacocoB u BoloBotroB, omuMrr3aqrrr4 lrraMeTpoB noAoDoIoB,
flpoaHa"lx3npoBaHhr ocHoBHbre (baKropbr, Bnxfloq e Ha pa6ory HacocoB, raKte xaK
KaB TaUIrt, Blt6paqrr! oceloe u paqtanr,Hoe ycwrx€ B Hacocax. oueHeHa cTeneHb ,tx
so3leficTBr.{r Ha o6opyIoBaH[e, IlpuBeleHbr nprrMepH rcnoJrb3oBaHrrr qacroTr{oro pe-
rynupoBaHr,{r A'r onTl,lMr,I3auxu pexirMor pa60TK HacocHoro o60pyloBaHxr. Eonblnoe
BHuMaHxe yleJreHo npoeK rpoBaHxo co6crBeFHo HacocHr,rx cTaHqni,
crpyxpoBaHr,{e nprieMHr,rx p$epByapo} r{ KoMnoHoBrq o6opyAoBaHr.rr, AaH!,r peKoM€H-
raur4r flo o6B$Ke HacocoB, noA6opy 3aflopHo-peryrrpytoqefi apMarypbr. Or,qenbHo
Bbr4eneHbr Bonpocbr npoeroupoBaHr.rs HacocH6rx craHrlxtr Marofi npou3Borr.rrenbHoc-
rx, PaccMorpeHH Bolpoc6r KoMnlrorEpHoro aHajrx3a nrlpaBnuqecxnx xapaKTepxcrxK
HacocHbrx craHxxfi.

lfuaaHxe npe,qcmBlrer co6ori nonHoqeHHoe r Bceo6b€M,roqee p]KoroAcrBo, B Ko-
ropoM Mo)rcro Hafirx oTBeTbt Ha 6onbrnr.rHcrBo ronpocoB, Bo3Hrrnrcqnx np pacqerE H
xoHcrp)'rpoBaHrrr HacocHblx craH4,tri € norp)r(HLtMt{ HacocaMrr. KHnm HanucaHa xu-
BbrM npooeccnoHar'rbHbrM s36r(oM, coAep)o{r bo'rhrroe KoJrfiqecrDo wl,]mcrpaqxfi, rpa
OxKoB. c\eM 14 KoHXperHhi.r npl,|MepoB. cfloco6crB),rourx yn]queHHro Bocflpuq$1,'reo-
peTxqec(oro Mareprana.

Cqtrrab, qro KHura Moxer taJurlcr [oco6lreM no xoH€Tpp,rpoBaHl, ,o HacocHbtx
cmHrlrfl{ c npr,rMeHeHI{eM norpyxHbD( HacocoB ti 'lcEorrb3oBaTbcs TexS[qecKtMLr cneun-
anxcraMu Hauem npellnprrrTt4r.

C.B. Xpa eHKo6, npe3],/.ae]'i-r PABB,
rEHepanbHbrfi ,unpeKrop MryII {MocBotoKaHan,

l,l3Aanxe cao€BpeMeHHo x 6yAer mcrpe6osaHo cneqrajr,rcraMx npoeKrHbrx rlHcrr,t-
TyroB, oxcruryaTauxoHHbrx crpK6, a rarorc cTyAeHTaMH, r43ytraDquMr Bonpoc6t !oao-
cHabxeHxr x BoIooTBeAeHtr [poMbrluenHHx o66eKToB n HacejreHHbx nyI{KToB.

E,rI. Ilfnupes, !.oKrop rcxHvqecKrrx Ha),K,
Ar4p€rclop ryTI (Mocao4oKaHanHllllnpoeKr'



C E. Fiepetu1 FIACOCHb E CTAHLIL4|4

Hacroruat KHvra o'IeHb o6crotrenbHo paccMarpnBaer c!{crelvy Hacocbl npneMHblii

pelepBldp HanopHhre m)6onpoBosbr' PeKoveH'qvevbre *p"""p' "1'T":i1..:::."^"]]]l{

| ruareabHo otucHoBaHbr ABroprHaKoM'r IHaccpatu lo iHacocHbr\cmHuxxcp4rH6l \ rooo-
pyaoBaHxeM.., <uvrnpoBaHxet npoeKroB HacocHblx crasuni' pa3Hbrx uiKon I'{ crpaH oqeHb

uiHuo r no3Hasaren${o KHlrB oco6eHHo no'€Ha 4'1,s npoeKrxpoBlutlKoB'

4.11-  bul tubKeeuq.  reHeparbHbr, l  t rxpexrop OAO'Cx6rvnpoKovvyHBonornxa' r '
rac,lvxeHHblii paoqrH X,KN rv

MoHorpaoxt x3noxesa AoxoarlxBblM t3blKoM' ocHoBHble reoperxqecKue l,l npaKrxqec-

*" p"."""" npo*..tpxpoBaHH Amop o6o6Draer reoperr'{lrecKxe Hq rHo-rexHuqec(He

n nparM.iecKqi paspaoorKu Denyluxr !{alryHo-ucoercBarenbcKt{x x npoeKrHo-KoHcrpvK-

-p"** ,""t"tr*u, tp"6oBaHMt neitcrByoutt( cmHnaproB' crpo erlbHblx HopM x npa-

BDn npoer:rxpoB;H r, a TaIc{G CO6crBeHHbIi:i OnblT no Bonpocy nou6opa HacocHblx amera-

,ou n'go,Oopa ontu"-ot blx vcroBHii npoeKr!{poBaHut HacocHhrx crasnr{il' o6opyloBaH-

Hbrx norDPcrL'IM{ HacocaMl'r. 
14.t1.  deauHosa,

aoKroP fexHurl€cKr{x HayK' npooeccop MUKX C

Kxury c.tt{raeM o'reHb non*Hoii lnq opraHfi3aqxii BoronpoBonHo-xasanx3aul'{oH_

HOro xo3tiicrsa. B Hacrotul€e BpeMq uupo(o npxMeHtlor norp)'(Hble Hacocbl Kax B Ka-

nfiranbHoM cTpourenbcrBei rax u np 3aMeHe crapblx HacocoB Ha 6o"qee coBpeMeHHble

npn 3ron Mero4oB pac'rera x Lx npaBvrlbHoro no!6opa H€ 6l'no npaBfinbHo noao_

Opar,rse Hacocrr u cneuxan6sas KoHcrpyKul'{q ?aaHxt HacocHoi craHu x 3-ro 3anof

Har€xBocrr.l, 3ooe'(lt BHocrx , oo,tu""no"t''r, 
^"..,.06, r€sepa,lbHbri lupeKrop

ryn (Do4oKaHan' n tK)T cKa

Iloco6fie HanxcaHo npocrblM tl locrynHblM n3blKol\{ u npelcra&qner orpoMHbllr IIH-

repec &It poccxilcKxx cneuranvctoB ll npoeKrt{poBull{KoB Ham onHr qcnonb3oBaHl{q

".'-.*"orrrl d$opa B cxcrcMa\ oboporHoro Bo'ocHaoxeHtrq noMlar ubrcoKy'o rO

OeKruBHoclb nory]?|Hbrx HacocoB B Hed)TeraroBoti nPovbruneHHoclx 
B.C. teHkua,

lcM qecK]1il nupeKrop OOO THIIO 3I'IT3K'

noqB,IeHue norpltK{btx HacocoB B cl'IcreMax BoaoorBeaeHfiq npvBeno K not&reH Io

npnHul{nlra,lbHo HoBblx KoHcrp}rcrl'BHHx penreHt{li Kasirnx3aul'loHH}Ix HacocHLlx craH-

u"i'i. ,qurop p"*o*"nay"r KoHKperHbIe peueHlu no pa3'rn'{HbiM FnaM craHut{n' noa-

rBepr{nat xreoperr'{cecKxM o6ocHoBaHtqMn'
R.tu Bacunhe/,. \oKrop tExHHqecKux HavK' npooeccop Cn6lACv'

p]'r(oBoilu-renb npoeKroB ooo'IIh6'l'lHxeHepsbre 3KocxcreMbl'

BecbMa nonerHbr peKoMennauux no (oHcrpyvpoBaHHlo HacolHbrx craHUxi i  c  ame

raraMx MoKpo'l x clxoii yc-raHoB(x. rcHcrp)'uposaHnlo npueMHblx p€epByapoB c vre-

,o" pouno""pnoro np','oKa so'u' K HacocaM! 
x?rt]:ffi;:T::iffiTi;ffi:1"'
OAO {CeBKaBf npoKoMMv'rBonoKaHarrD

KaK npaBunbHo Br,I6parb Hacocbl l{3 MHoxecrBa BErnycKa€Mblx? Kax HaiiTx onrl{-

ManbHoe 5KoHoMfiqecKoe pemeHue flo craH, ut{? KHxra naer orBer Ha 3rt I'{ MHome npy-

rne Bonpocbl 
fu't Ea'�(te6' 'raBHLIii nsxeHep

MyII HoBoct{6upcKa { I opBo-qoKaHar'



C.E. ;ep\kH. HACOCHbIE CTAHUIt4

C. Bepe3xu, P IOHccoH, B 3arop-
c(lli Ha Mex.DJ'HapoaHoii KoHOe
peHrux B N{ocKBe 1995 r

Tyra, npeloaaBaJl HaM, CTyAerfaM Br,InycKa 1981 roAa, Klpc <Hacocbl 'l HacocHhle

cmnulrH,. ceMbo roaaMtl no3xe rMeHfio Bopxc Bacx'IheBuq B 6t1"41"o "tol:

** " ""n-*"t*ot oraena BoaocHa6xeHfit I't BoqoorBeaeH[t xKX BpecrcKoi

o6nacr[, ycoMHuncs B cnpoce Ha [orppKHble rmcocHBle arperar6l BBI'!Iy HeKoH_

Bepr[pyeMocru p]6nt ti HeroroBtlocr'rl norpe6fiTeJlefi 14 Bce xe B 1989 r HaM yAa-

no'"i ut"lptt" ""p""tl (p)'nH6lft' noaaqefi 800 Ml/'r, xM[oprHr'Iir florpyxHofi

Hacoc Ha fltaBHoi:i KaH,LlrI3aul4oHHoil HacocEoi craHUl-lll r lllHcKa'

BbrpaxaD omoMHyo 6naroaapHocrb roraarnHtlM p!'KoBoafiTerlo BoaoKaHana

IIxHcKa II.B. KoBaneBxqy, 3aMecr4Terlo npeacelarers BpecrcKoro o6nHcnonKo-

Ma n.A. MapqyKy, cBollM Ha'IaJII'HliKaM AA. OBeqKxr{y n B fl IBo3aeBy' MtrHr-

crpy XKX Eenopycctfi 6.8. Bar]pe l'I ap]TxM p]xoBoarrereM r'I KornemM'
yaaqHbli onblT 6l'Icrpo pacnpocrpaHnnct Ha MHorue npealtpll'ITnt omacnl'I! a

aBTOp CTaJI aKr/BHbIM nponamrt]lricroM [orpyxHoro o6opyaoBaHut'

C 1992 ro.qa MHe aoBe,locb B Kaqecrrc AlipeKropa aoqepHefi crpyKrypbl ITT

Flygl, orKpblTofi B Bpecre, pa3BrBarb cerb (bupMbl B Kr,{eBe' TauKeHTe' MfiHcKe'

Moc(re, CaHKr-Ierep6ypre, HoBoKFHeuKe, yoe, a 3areM x npoao"DKarL 3Ty pa-

6ory a Mrncxe u Mocxae B Tor nep[oa cynL6a cBejra Melit c BblcoKonpooeccll-

orr"r"ro,*, np"*n*""]j B.A. 3aropcK'{M' lI A fepacI'IMe}txoM, c B XpaMeHKO_

u"", S.U. nu*o", H.l'l UapHKoM, A.A nonoBblM, B A yconbueBLlM' (D B Kap-

"*r"o""t", !O.[. Heoeaosdi'{, E B. Kpr'rnrqonsru, [O f EaraeBbIM' JI 14 KaH-

,opo", tf.,A., Att"tn"*"oM' A.B- lpxropbeBblM H MHornMu ap'TI{Mtn HaqllHa-

Jrocb xe Moe o6pauleHue K TeMe norpl,KHoro o6opyloBaHxq B 1988 r B HI4l4

BOArEO, Koraa yqeH6le xHcrrr}.ra B.H lllneqos u 14 H MqcHnKoB no3HaKo_

MrfiH MeHt c 6yayxrt'tM ure(boM u HacraBHuKoM PaIb(boM IOHccoHoM flaMqrtl o

HeM, Ha peaKocrb ,uo6poM tl rHTeJIJr''reHTHoM qeroBeKe, tl nocBtluaercq KHtlm'

C,erofttc norplr{o$te xacocbl Bbm}cKaorcq MHoxecrBoM nporBBoMTeT ei Hau-

6oree (plrD$Ie Ir3 Hl,l]( pacloJlalalor peKoMeEqau[tMu no pacqery x xoHcrpy'tpoBa-

tro ruao"*o "au"uti'i noa Hacocbl co6crBeHHoro npox3macrBa HopMar{BHat

r,rrreparlpa no rlpoeKmpoBaslllo craHuufi (ycraHoBoK) c norppclblMfi HacocaMI'I B

Poccrr He ,rsaasanacs no3ToMy pa3pa6dr'ffKaM npoeKToB x cflelr'{iurtcraM nplnxo-

aurcs flepefloclTb HopMbr u npaBrtla, oTHoctrluecq K K[acctqecKr'tM ltacocHblM

cra]flryrrM, Ha ]qraHoBKI't c norplr{clblMr{ arp€mraMu nocKorbKy floc,re[fle orjDl-

qaloftt n KoHcrptKTrlBHo, u oco6eHHomqMl pa3MenrerMt B cmHul'ltlx! Ha3pena He

o6xoar4Mocrr, o6o6rqelMt o'IBIm (bt{pM-ra3roroBuro'Iei norp}t{o{blx HacocoB' npoeK-

THbIX HalqHo-I,lcoleloBaTetE€Kr'D( 14 gKCIUrlATnpyo[[D( opmHr,3al-l|r,l'



ux nPEuMytl{EcTBA

ycrroBlq coBpeMeFHoi )gt3Hlr, npaBrura oxpaHhr rpyAa x rexHl,tKt 6*onacHo-
cTIl, pocT ueH Ha g]1el.TpogHepflfK) r 3nercrpoHoc[TeJll npeabrrBJurroT HoBlre Tpe,
5oBaHus K arperaraM Anc HacocHbD( craHqrri. CemAnr Heo6xolr4Mo o6ec[e.rx-
Barrb Ha,qe)KHoclb, 6ecnepe6ofrHocr6 r M6Kocrb pa6orbr HacocHBD( arperamB x
crcreM, B ToM ltr'cjre qpl,l aBapldH6D( lt cTI,IxxtiHbD( 3aToIDreH[t( HacocHbD( cTaH-
rDrii, Br,rcoK''ro gHeprog(b(beKnBHocrb I{ M{Hnrv[&( u]r,va, He,uonycrr,rMocrb aBa-
priHbrx c6pocoB 3arp.mrleHrlhD( Boa, MrrHt{rr}'rtt [rrarHoro nepcoHMa, Hetocryn-
HOCTb K O6OpyAOBllIlr,{Io IOCTOpOHHTX.

Han6onee nonrlo orBeqaror srtlM Tpe6oBaH[.sM qeETpo6exF6re [orp]DxHHe
rreKrpoHacocbl. no?ToMy Belryure KovnaHly Bce 6onbue opfieHTrpyrorcg Ha rd
npor3Bo,qcrBo. CaMHe Kpyrusr€ l0 r{3 10 TLrccq cyulecrB],ronqD( (DxpM-[por3BoA[-
rerei (pxc. 1.1) ronrpo,trapyror 50 % Hacocuoro phrFKa [1]. I4 ecn]r 50 ner Ha3a.q
ft,rpyrorLr€ Hacocbl c Bo3llr(ollanojrnellHhrM sJreKrpoIBImTeJreM BHrrycKaJra To,'rh-
|.o onHa OtpMa, To c 1980-x - Bce B€Ayrl{tre. C6!Ir florp]r{ctbx HacocoB 3a gTor

6 / J P F - f t e ^ c P i' c  {  -  t , f  f
I - l,os rnpa. - o6EM p@xsqu, OnpMb, tt ,'rS *r**"or"o,o^.o

norpyx(ue arperarlr

h l.l. Oor€M pe3,rrcaurn HacocoB Be^{truuMx MnpoB6rMu npor3BolmenrMr.{ B 2006 r.

norPvxHbtE HAcocbt 14



C.E. EepuuH. HACOCHbIE CIAHUUITl

neploa Bblpoc B HeCKOJT6KO pa3 nO Cpa.BHeHuto c Kllaccllqec(InM'l ArpemraMn [2]

AmaMr.xa pocra npoaax norpyxHl'D( HacocoB KpynHeiilllt{x npot{3Boalnrejretl KaK

3ap]6exH6lx (p c. 1.2), raK t poccniclaD( (ptrc. 1.3) cBuaeretKrByer o roM xe'

Oco6brM cnpocoM norpy)Klrhle Hacocbl nojrb3)-Iorct y rex npe'anpHtr[t' Koro-

pble CTpewITcq co(paTrfftt TpyAoB6Ie r' gKcruIyaTallt{oHHble 3aTpaTbI c IloMoUIBIo

nporp""cusrroii re>*"Kr. Haflpt{Mep, loao@Han cToxronhMa o6ctr!'{arBaer 350

Kar{an$a4roEHErx cTaHqtfi, ll III'I fia oaHoll 'l3 HxX He OCTanOCb Tpa'qlur'�IoHHblx

sacocoB Bce [orp]xH6le. 9TIt CTaHqIdi O6cnpctBaloT JltlxL qeTBIpe CMeHHbIe

Mo6r,rbHlre 6ptr446l, Kaxaa4 no aBa qeroBeKa I3l. [IpoeKTlpoBaH[e HoBELT x

peKoHcrplxqut aeficrBylo4m( HacocHhD( qaFIIt'lIi B POCClrrt' OCO6eHHO c notB"Ie-

xleu rarutx rounanr'ri, KaK <Banert, peaKo o6xoqltrct 6e3 ]-lcrlojll,3oBaHr,I' ro-

rp})l(Hbrx HacocoB. B 2006 roly rBAaHEr <Pe(oMeH'[auT ]-r' HI4LI BOAIEO [4]' co-

rracEo KoropblM ([, 7.3,4) npe.qno'rreHxe lla craltul4tx nepe(aqKn loB€pxHocr-

HOrO CTOKa Cne.q'€T oTAaBaTb HacocHblM arperaTaM rlorpyxHoro Tlna'

Ilorpyrorble Hacocbl, KaK flpaBrlrlo, aopoxe Kracc,[IecKrx qoM xe o6ycnoB-

r'reH pacrlrllltei cnpoc Ha Hl,Dd
npexre Bcero, 9To repMerlrqEocrB SjreKTplrlrecKttx y3jroB arperara' qro no-

3Borqel eMy B ornl,Iq e or KraccnqecKt( (pxc. 1.4) 6ecrcpe6ofido paoorarh IIoa

ypoBueM xr,qxocrrl KaK npri c]t(oi' Ta( ll npl't MoKpoi flo,uBoaHoii ycraHoBKe

(prc. 1.5).

3

Prc, 1.2. Posr nDonax florp}}rHom o6opvnoBaHm ITT Flvgl

Pnc. 1.3. Pocr npo[ax HacocHom 3aBoaa (B3ner', OMc(



crpyxHbe Hacocbt I L,1x fpe,lMyLllecTBa nepea KnacaLl!ecKr1ML,l

I

P!c. 1.4. Knaccx'recxaq HacocHat
-flur|' 3arparHa B crpor{rerbcrBe n
iiiorxrcr x3 crpor nplr 3arorlrreHrux

Prc. 1.5. Cra8r@ c norp]r(HbrMx HacocaMu ooec-
neqirDaer coxpaueHue fipoxrenbHbrx 3arpar n
Bo3MoxHocrb pa6orhr B 3aro

flpxMeHeHue norp'4rGBrx HacocoB no3Borrer coKparfi Tb o6beMr,r crpofiTerrb-
- ' :BJ. tak KaK nprevHoe r va[vHHoe otAereHvrl  coBveularcTcq, I lp votpo
laraHoBKe HacocoB ucK'IloqarcTcrl pacxolEl Ha cI-{cTeM6t oTon,,IeHtq, BeHTnnquuu,
:ola.ry rexHriqecKofi Boabr. 3rr.rM o6ecne.rr4Baercs sKoHoMr{r 30-60 % uHBec-
rrunoHH6Ix cpeacTB.

.lplroe BaxHoe npelMlrqecrBo norplTKHLD( HacocoB nprMeHeHfie Boa6r B Ka
--'.TBe Oxnaxlarcrlero arer{Ta. BHcoKarr TeMnepaT}pa rnaBHBlii apar sneKTpo-
=r{raTerrr, nogroMy Heo6xoanMo nocToqHHoe oMax4eHxe, Enarolaps 6o,1ee Bbr-
:Llxoii TerrJroeMKocTI'I Bo,qbl o)orax4eHlte npolTxoaxT 60nee HHTeHclBHo, no3Bo-
-sr rrcnonr,3oBaT6 Hacoc anr 6onLuux Hafpy3oK. Aeno B ToM, '{To He MeHee l0 %
:rei:rpuqecKoti 3Hepflx{, noaBoarrMorl K HacocHoMy arperary TepreTcr B HeM
.ixc. 1.6). Bcero I KBr norepr, (sro l0 % MourHocrH Ha I0 xBr) npo.q)'unpyer sa
: qac cronr,Ko renna,.rro ero xBaraer Ha flaapeB 100 Kr 3neKrpolBxrarenr Hacoca
:o 100'C. B Tpa.quuxoHHbrx Hacoczlx oxjraxreHfie Bo3lyuHoe, B norpyxH6rx 60-
.:ia 3OOeKr[BHoe BoArHoe. CoorBercrBeHHo, rlx pec]?c 6onb[re u lonycKaeMzlrr
j.tcrom fi)cKoB fHagtrTerbHo Bblulej 9eM BoltmooxroKllaeMbtr, TaK! ecrll a,1t co-
aF\reHHlrx cyoix 3jreKTpollBxraTenefi peKoMe4.qoBaHo [5] MaKcxManbHo 6 nyc-
'{oB rpr MonrHocru ao 20 KBr, 4 nycKa npu 20-75 KBr n 2 flycKa B.rac npx 100
:1-O KBT, To norpp<HEre aorrycKaror B gTrlx rpaHr,ru?x MolrlHocreii, KaK npaBrijlo!
i sKlo.IeHvit B gac, Tev caMHM nofp,tKHoi{ Hacoc no cpaBHeHv|o c Kr.laccrqec-

1Jr\r cnoco6eH pa6omrr, B ropa3Ao 6onee lxupoKoM ,quafla3oHe Kone6aHrdi Bo,uo-
:orpe6neHfi9 tul]t npuToKa Boa,

l0 |€r

Px. 1.6. Bo,qrtsoe ouax4eHie snenpoaBrarene B norplxtslx tsacocax no3Bonqer !xo-
:rvrc anempoetseprrlo: l0% norepb B sneKpoaBxrarere MoqHocrbo Bcero l0 xBr - 3ro

\Br. rDor3Bolrurn Ha.oeB 100 ff MeraDa ro 100'C aa I qac
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rfilF-;1.F-:- a F  q r
Fil fq
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T F
Prc. l.?. HecoocBocrn L 3a3opbl' xapat{repBhle rtq bacctrc€cKUx HacocHbx arperaroB

y Kfiaccu.{ecKrx EacocHdx arp€raroB nepea<r'r [6J HecoorBercrBl'Ie rlo BaJry

Mexlry HacocoM n aBrrareJreM (p[c l 7), KoropHe npl'tBoa'rr ( p*KoMy coKpaDre-

Huro cpoKa cn],rK6hl (P[c. 1.8).

\
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0,002 0,05 0,1

HecoocHocrb ' 3a3opbr' aoiM

Prc. 1.8. 3aBxcuMocrb Hapa6orKx no orrc3a Bpauaouxxct MaurlrH or Benltq'tH



NV

rqy

ilorpyxRbte Hacocbt u u1x npeuMyqecrBa ltepeA KnaccrgecKrlMl4 t l

a AonycrxMbM panranhHbrn
G3op nw qeHrpoBKe 6

AonydxMaq HepoBHonb
no nGepxHocD M€xaHreecKoro

ynnoBeHrq - 0,6 MKM

h- 1.9. PaqnanHrlrf, 3asop ryn qeFrpoBrc Banos A,,L saccr{qe.Koro Hacoca (r) r{ orxroHe
nl no doBepxHocrr MexaHEecxorc yrlllor{€Hn{ ajrs norpprarom Hacoca (O: I nonwy6-
r'r sacoca; 2 Ban Hacoca; 3 - nonlaryOTa 3ner$porBnrarerr; 4 - Ba, enerspoABurarenr!
: - rrHlq(arop; o - MexaHlrcecKoe ,ruorHesne rcrp!,xHorc Hacoca

t
noABoArMaq 3Heprrt

MoqHocrb Ha aHxoAe

h- !.10. CocmB,I'lorun€ norcpb Mour{osri, ueKrpoHacocHoro arperara

OrBercrBeHnori ofiepattl{ei nplI ycraEoBr<e K,'racc[rrecKoro arlremra rBjurercs
EttIpoBKa BaJIOB, KmOpaS 3aKDOqaeTCq B yCTaHOBke HaCOCa ,l ABUtaTe,lt TaK,
rrdtl o5a Bana 6bL'M crporo coocrHhr. CoocrHocrb BanoB npoBepqercr 3aMepaMx
lEr{tu-rLrJLrx 3a3opoB rro o(p}DKlrocr.r{ nonwyoT I{ TopueBbrx 3a3opoB MeXAy
E ax- A,1r gTom ucrror63yror crreq[ajrbr{yb cKo6y ,rlx n{4rrKarop (ptrc, 1,9).
.fonlsmNa.q serlqrua pa,ulaJrbHoro 3iBopa Mexry Ba?'raMr Hacoca I,l rB[mr€e,lt
]) !.rv l7]. nory],naroi fiacoc Hr{rrero gTom He rpe6yer, a AorrycKaeMar HepoB-
ErrL noBepxHocjlr MexaHnqecKom yrljtorHeHt I 0,6 MxM rocrxmerct B 3aBorc-
sr FnoBnrx (pxc. 1.9).

Iloapyrcroi Hacoc coBMeilIeH c greKrpoaBnrarereM B KoMnaKTHb i arperar c
Excr{vajrLHo KoporKlM eAIiHLIM Ba"'roM. B,ratoAapq gToMy gHeprllq [epeAaeTcfi
or Fmpa K pa6o.r€My Konecy c Mr,tHr{MaJlbr{brMr,t fioreptMx (pxc. 1.10). Hecooc-
FrE r coorBercrBeEHo Bn6paqI''I, rllyi(, Bo3leticrBue Ha fioArrrmHl{rc, r Mexa-
ErlocKlle'fir'IoTI{eEI,g TaIO(e MI,IHI,IMI,I3I,IpOBaHbL



12 C.E. 6epehH. HACOCHbIE C|AHUl,414

Ptc. 1.11. MoHera, nocraMeFHar pe6r'oM {a pa6ombrr!fi norp}r{arofi Hacoc He naraer.
pallrr, r[yM, r3Hoc MnnnMr4npoBaHbr

Pxc. 1.12. MexaHnqecse rcrepn arperaroB Ha rpaHcMr.{cnoHnoM Bany locrnmrar 5-6 %

Ha puc. l.l1 Harna{Ho AeMoHcrp4pygTcs src}'rc"TBue Blt6parud.r , MoHEm, no-
c'raBrreFHar pe6poM rla Koprryc AelicrB)'rorqero norplDctoro Hztcoca, He naraer,

I4HorIa Hacochr cpaBu{Baror rro BeJnIl 4He rrlpaBnl,lqecKo< KIII. ThKoe cpaB-
IroH[e EelocraroqHo u Moxer Aa)Ke ucKa3r,ri] pe€JTbI.IlrIo KalrIIrI]/. Me)@Ht.recKle
noTepn a4)eraTa c TpaHcMlrcc[oFHhtM arr][ItI|IM B€IOM (pUC, l.l2), Hanp]fi\rep, B
HecKorhKo pi!3 BIiEe, qeM y rrolp)rKEoro Ercoca T€x xe napaMeTpoB, r4 aocTrratoT
s-6 % 18,91.
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h- l.ll. CoBpeMeHHoe MprpnlxHoe MexaHxqecKoe yMorHeHre

Ilox&ryii, nprBeAeHHhrx apryMeHToB B nonBy npeuMyruecrBa norppKHbrx
-rjsoB nepea TpalhutoHxblMtr aocTaToqHo.

A acrn, nll y norp]nGoro nacoca cla6r,re r,recra? <EcrecrBeHHo cKax]T 3Kc-
--,.3rrrtrroHlrlrrKrr, 3To MexaHn.recKoe (TopqeBoe) ]TlrlorHeHue Ha Bany]. 14, Be-
r:--Ho. 6yn)'T npaBLI! Ho MexaHnqecKxe ]4DroTHeH[rr llr,rpoKo r,rcflorrb3ybrcrr B
.r!:,rca\. aBroMo6n"rrx KoMnpeccopzlx H T.n. c 1940-x n nocrorHHo coBepueEcrBy-
a-:.r. 6or6ul,rHcTBo coBpeMeHHbrx MexaHr{qecKrd ynnoTHeHxi (pxc. l.l3) pac-
----]l-aH6r Ha 40 THcrq qacoB pa6orbr. MexaH['recKoe ]'nnorHeH e 9To 'lHArKa-
:r9 Hacoca. Ecnt MexaHuqecKoe }rtIJImIleHue I.LlIo Tet{r, B nepBble gacbl,tlr lttlt
:'alorlr - 3To gallle Bcero, BllHa npo!3BoAtirerrt, a ec.,lr B nepBble Mectubt - 3To
:6tqno BuHa flpoer(Il4poBltltlKa tull,l gKclt lyarauxoHHl{Ka.

Cnelrl€,1ttcT no HacocaM MrpoBoro )poBHr I. lyA6h{prcoH Ha Bonpoct (Bbr

:;-:tacHbr c reM, 'rIo 6orbrrfiHcrBo orKa3oB HacocoB cBt3aHbI c nojroMKaMu }'rI
:.::xeHxii?r orBerr.r,'r - nt 6br rle B}I,qerr4[ orAerBHbre grreMeHTbr, q peuurejrbHo
:tatcto, .IIo 6orbrrl,IHcrBo orKa3oB HacocoB nporcxoAttr tl3-3a HerlpaBljr6Horo
.-. rprr\rer{eHr,rr, conpoBoxtraeMoro Hea,qercaubrM o6cnpKrBaHueMD [10]. Haua
i.:l,ra Hafrlrbcr r€6exan oux6oK Ha cra[ur npoeKT[poBaHurr.

I BbtBOA

norplDi<Hbre Hacoc Hau6oree nonHo orBeqaor coBpeMeHHbtM Tpe6oBa-
Hl,!cM. HecMorpq Ha 6onee BbtcoKy|lt crol,lMocrb, pocr cnpoca Ha H x
6naroAapg TexHr,lec(rM npexMyqecrBaM, 3HaqrlTerbHo BbtLlle, qeM Ha
Knaccr4gecK e HacocHbte aTpeTaTd,
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I 2. nPuHllunbl nPoEKT[4POBAH]49 |
I HAcocHom crAHut4l4 t4 BbtsoPA HAcocoB I
- r

I
I

Bpl-l pacqere fi npoeKT poBaHtix HacocHbu ]cmHoaoK {craHuxi) Heo6xonx- 
I

vo creroBarb onpellereHHblM npasxnaM. I
l. npex-[e Bcelo Hy)KHo onpeaenl,irb pac'lefibli cpoK cJIy,|(6 o61'eKl a. !,19 I

3TOrO ipIHl,IMaIOT BO BHI'IMaHUe CreA,'Ktnlee: I
. oxr.rraeMoe crapeHlle l{ tt3Hoc MexaHlsecKoro o6opyloBaHit: I
. Bo3MoxHocrb pacrrrrrperrxr o6aerca B 6yayureM; I
. cnoxHocTb oc), IecTMeH[t ra(oro pacufipeHwl; I
. 3(b(beKrrBHocr6 pa6orbl cxcreMLl B TeqeHte rlepBllx rler sKcnjryaraun{' I

KorAa oHa He Moxer erle pa6orar6 B fiorrHlto MoulHocrb. I
flp{ BLr6ope pacqerHoro cpoKa c.rr}DK6br HacocHofi craHqI'Ilt HpKHo x36erarb I

vpesuepnofi Or,fiancoroii HarpFxl-l Ha cyrqecrBylol!0{x fionb3oBarenei:i cxcreM6l. I
O'reH6 aonrufi pacaerHHir cpox norpe6yer crpotrre,rrlcrBa 6onee aopor x coopy- I
xexri u noBbIIIreI{HLIx 3arpar Ha rexH[rlecKoe o6cn]xxBaHr'te. Bbr6op crxlxKoM I
KoporKoro cpoKa cnlDK6bI Moxer nplBecr[ K aoIIoJIHllrer'Ir'HblM 3arparaM Ha pac- |

r{peHxe coopyxeHxt, Bocrpe6oBaHHoro paHlllle, qeM npeano,larMocb CpoK I
cn})(6bl o6'!eKra AonxeH B6l6[parbct raK''ITo6bI croxMocrb g'IcreMbl Mexry cy I
nrecrByouuMli x 6ylyrqHMl,I norb3oBarerqMu 6bula 6bI pa3reneHa [opoBHy l

B CIIIA, HanpxMep, o6nrHfi cpox c,1p(6!I HacocHofi craHqt l nplrHlMalor I
paBHBrM 30 roaaM [5], a o6opyroBaHxe noA6[panr Ha 6rtlxai:iruyrc nepcneKruBy I
10 15 ner c Bo3MoxHocrblo ),'aertitleHl,rs (o,lr{.lecrBa ycraHaMlBaeMHx arpera- |
ToB xjrn ux npoH3Boaltre,rr'Hocrr,r. I4cxoat I,l3 pac{erHoro cpoKa craHurlr'Ir onpe I
lejltlor ee MaKctlMiulbrr!'to npou3BoarrerlHocrL Ha 6rfixHlolo l'I aa,rbHlolo llepc- 

|
neKrHBbl l.i paccq ThlBalol HepaBHoMepHocTb nocTynreHtirl BolloflofpeoreHHrl MJII4 

|
BO4ooTBetreHIIt. I

2. HeobxorxMo nocrpor,lrb xapaKTepxc,Yxy c creMH r HMoxvlb Ha Hee xa- |
paKrepltcTlKy npe.qnotaraeMblx HacocoB,

OcorHaeM,lx vu, notr6vpat Hacocbl, ' {To B 0ei lcrar le lbHocrv Hav Hyxi lbl  He I
Hacocbr - HaM IrlDKEa nocraBKa xuaKocrH? flpx 3ToM xfiaKocrl' aotrxHa nocrtl- |
rarb ,qaxe caMori Heyao6Hofi (,sxKryIou€Ii) To'IK'I B nlo6oe BpeM{ qHt v roaa. Ao- |
craBKa xtaKocrr ocyr[ecrBrterct uep* clrcreny rpy6onpoBoaoB. Hacoc6l, Ha_ |
pqay c 34qBxxKaMfi1 KrranaHaMri' BaHTy3aMu u Tn, tBJ'IqIoTct Jlltllf, 3.reMexTaM[ |
cxcTeMr,r, I,[ uMedHo cxcTeMa 4{KryeT cBoeMy sneMeHry - Hacocy KaKt u aoJDK- |
HH 6BrrL ero flapaMerpbr,



MHone 3Halor, qro Hacoc p 4naropa aBToMo6uJrr 6yAer pa6orar6 12-15
rer. a lbpeoHoBr,rfi KoMrrpeccop xono.qrrtbHltKa He co3Aacr npo6neM BnaAenhqaM
13-20 rer Il ll, floAo6Has AonroBe,rHocrL AJUr arperaroB BoAonpoBoAHBrx rr Ka-
naru3arlnoHH6rx craHqrafi - 6om, ar peAKocrb. O6rrcHr€Tcs 3To, npex4e Bce-
o reM! qro rrepBHe [oAo6paHBI B qerKoM cooTBercrBl.I[ c florpe6RocrgM]-t ct4c-

:aN!I. l.llq BTOpliX Taxyb npliBt3Ky CAer'IaTb TpyAHee! TaK KaK cticTeMa uMeeT
vHorlie nepeMeHHEre.

TaKfiM o6pa3oM, npoeK tpoBaHr,ie craHur-ltt flpoBoAl{rcr c o6s3arerbHHM IIo-
qoaHr|esr \apaKrep crx( coBMecrHoi{ pa6orH HacocoB y HanopHbD( BonoBonoB
a at J{arH3oM. flpfi aHa,ru3e HepeaKo Bo3xrKalor cJloxHocilt c pauI4oHaJIbHlIM
dqov HacocoB Kax no xoj|lflrecrBy. Tax r no rx napaverpav. HeKoropBre npx-
Er qe[IeHxrr raKrrx npo6neM npuBeAeHBI B r"taBe 3.

.f, Paf\repbr HacocHoi craHqulr 3aBrcrr or Ko'rr,rrecrBa MoHTxpyeM6rx psepB-
- rFrsmB. A1s EacocEbrx craHqr-ri I Kareropni (o6cnyxuBalor 3KBuBareHT-
- rilrflecrBo xr4Tererl, cBblxe 5000 ,{e,,roBeK) cneAyer npeAycMarpuBarL ycra-
-!1 a craHur,rH lBrx pe3epBHbrx HacocHr,x arperaroB [12, 13]. B@MoxHocrb
tF:om x oflepar"BHoro MoHTaxa/aeMoxraxa HacocoB norplrrGoii ycraHoBKl
rt! K\ aatoMarfqecKolo paJbeMa. 6eJonacHocr6 npti aBapui:iHbc( iarotllleHl,ltx
-FFT.DOT IOCTaTOTIEOCTb pa3Me!.IeHt I pe3epBHbIX HaCOCOB Ha CKJra,qe, a He B

@l ?rc qacro npxMeHterct Ha npaKTlK€.
\{J_n .CanaBaTBoAoKaHaj[r, Hanpr{Mep, ycnerxEo sKcnnyaTxpyeT ceMb Ka-

-BrrDroHHrix HacocHbrx craHur.ri (KHC), Ha Koroprix c Konqa 1990-x 3a-
Ei--rBoBaHH 20 norpyxri x HacocoB, Pe3epBnbre arperarhr B KojrrirrecrBe AB)'x
-:fr Hzrxoarrrcr Ha cK,raae. I,[x nepeMeuraror or craHurr.r K craHqxn, o6ecne-
=Bar peMoHT u npo(pxnaKTr.rKy pa6o.rrM HacocaM. TeM caM6rM, ucnorE3yr Ao
::orHcrBa norpp(HHx HacocoB, yAaJrocL cHtt3t4Tb o6qee KorrxqecrBo pe3epB-
:;.-\ HaCOCOB C qeTbIpHaqLlaTI'I, HOpMXpyeMbIX Att KnaCCliqeCKUX HaCOCOB! AO

= ! \ ' ( p H c . 2 . 1 ) .

I np Hq/nhr npoeKrrlpoaaHl,lt Ftacoct|ori craHqrtl 14 Bbroopa NacocoB '15

'OcHoBuMcB ra eptfekon r p@cxnckon nperKe cneunurcm Bo riaE c ampoM Baeu( B
T'.-). .pynny, lHrMaourym, npoeKoM Oe,rcpduorc s{oHa .O xoMMyH@bHoM BoaooBeaeH{,,
rr=arrf oreryblrerc .olepx H@: "B cnat4@, o6apldoaalBv tu?pyw|wu BacocNu, donr.raenc,
d ?-Mtu6anh 6nopa, pgepsPdt 40coo,

Ha 4.\ KHC 12 norpylHu\ Haco.oB Ha 3.{ KNC - 3 norpy{Hb x hacoco8

_I-------
l + l

pe3epa

h ll. ryTI 4araBarBoroxaH;ur, c KoHua 1990-x rolo8 )rneuHo 3Kcnnyarxpyer Ha ceM
=.!-:\lfLa cmHur.qx 22 norplxrJbrx arpemra. IIo HopMaM Ha xaxnofi cmH{rl! cnen}€r ycm-
nstr.Brb no .uBa p$epBHbD( Hacoca, r.e. Bcem 14 p*epBH6u. Ha npamKe - logmro{Ho aB}a
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16 C.E 6epeuH. HAcoCHblE CTAHUUII

4. llpearlo,rroxl{M, qro ric(oMBle napaMerphl! fioaaqa 0t, Haflop f/Hacoca, no-

ao6paubr npaBsnbHo. l4ueq xorltqectnennue aaHHI'Ie, c:leryer oueHurl xaqe€lBo
nepexaq[BaeMHx croqfidx 8o,0. xolopoe Brtqei Ha cocraB Lt sbt6op o6op]noBa-
Hxr B qenoM. Heo6xoar{Mo yrl,rrblBarl cr'Iery()xlue xapaKTeprcruKx: IulorHocrL!
Bt3Kocrb, arpeccuBHocrb xx.trKoi cpea6l, a6pa3[BHocrb B3BeueHH6IX BerrecrB!
o6pa3oBaHxe ocaAKoB tt BpeaHhlx ra3oB, I,tx B3pblBoo[acHocrb! BocnJlaMeHge
vocrb, ToKcuqHocr6r a m|oKe rplnHocrb x cneuuo Ky (soro(HlacrocrB, Xnei-
Kocrr, u r.n,) coreDxarqflxcrl B Boae rlacrr{u. floc,ieaHee o6t36lBaer paccMorper6
Bonpoc o Heo6xoauMocrn ttcnojrt 3oBaHtit copoylepxxBaroui,Ix peuleroK B Ha-
cocHbIX cTaHurqx.

2.1. llpeAoxpaHeHue Hacocoa
u npheMHbx pe3epByapoB oT 3acopoa

3anepxaH e rBepnHx s&'rrc,reHxil xr,nxocrn H ,ra-qeHxe Mx H' HacocHoi
craHqlu cqxrarorcr HexenareJrbHbrMr{ u4] BBIr.4y 3arparHocrx n caHtrapHo gKo_

nofxqecKoro Bpela.
Ilptt t{cno,'I}3oBaH[M HacocoB, croi:iKttx K 3acopeHnlo. tlrllt HacocoB c pexy-

nrlM KonecoM (HacocBl-lpo6xnKx) aonycKaerct He ycraHaMlBarb pelnerKli ne-
pea HuMu. 3To flpeaonpeler{er [peuMFrecrBo croiKrfi K 3acopeHlilo arperaroB,
raK Ka( orc)"Tcra e peuJerkx yxe ,KoHovt q, tc,'lH Hcnonb rlrrorct Hacochr lro-
rpyxHoii ycraHoBKu, To Ha HacocHoli craHI+{I,t! KpoMe roro, He norpe6ylorcq t
orol],leHfle!  

 

npuH)rxrerbHat BeHTtt lturq. fi re\Hv,recKtfr BononpoBoa.
Jly{nllnii cnoco6 yaaneHls ocaxrarcr![xct x ntaBaloulrlx BeutecrB 3To

TpaHcnoprupoBKa [x BMecre c Bololi qep HacocHyo craHutllo Ha ogrlcrHble co-
oppKeHr,rJr.

CyuecrB]'ror Hacoc6l, cfloco6H6le nepeKa.rrBarl' TBep['Ie BenrecrBa, I4Melor-
cr u pexoMer{aaurx no KoHcTp}'rlpoBarxtlo He3acoperoll[\ct npl{eMHblx p4epBy

apoB n coorBercrB!'IouxM pexxMaM pa6or6l HacocoB, xmt Heo6xonl,IMocrb tlc-
nOI63OBaHUt MeXaHUqecKuX peIIeTOK BCe )<e CrteAyeT OnpeleJUrTIr npOeKTOM B 3a-
BtlCtlMOCTli OT MeCTHLIX yCnOBrM li C'alIeCTB]'lOIIIet npaKTlKl'L

CoxpaHeHuro npl,reMdblx p4epByapoB B qHcrore cnoco6crByer cneaylouee

u5l: npxMeHeHfle norp'rKHbrx MeujatoK; 6afinacupoBaHlre qacr[ rlepeKaqfiBae-
Mbrx Bo! B pe3epByap; pa6ma HacocoB B po(IrMe <rrycK-ocraHoBr (qro nperno'r-
r f i renhHee qacrotHofo peDn[poBaH,{9 arperaloB): nep on qecKoe c| .a ' ] ] rBaHl4e
BoaH ro )poBHq HrDKe AonycKaeMoir reoMerpn,{ecKoii my6xfltl BcacbrBaHxt; orlo-
po)KHeHxe 14 'r crKa ceKUllx pe]epByapa f[,l9q KaHd,lHiau[oHHbtt craHul4ii npotiJ-
BoaHTeirbHocr6to cB6rue 100000 r,r3/c)T cexutonr'rpoaaruie pe3epByapoB o6q3a-
TerbHo u3l), He6ecnone3Ho B groii cBq3x ] IxrHBarI' peKoMeltaaur{ti, ll3roxeH
HHe s EBponeficKoM CTaHrapre Ha npoeKrrpoBaHue u crpoxrenbcrBo cooplD(e
Hr 1 ,L'rr cro.iHHx Bo,q [16].

CornacHo aei:icrB)'rouxM eBpo[eiicK,tM HopMaM EN 12050, MUH[ManbH6]li
npoxoa B HacocHoM arperare (T.e, B pa6ogeM Korece) lorlxeH 6LITb He MeHee
40 MM. XapaKrepHo, rrro B npeauecrB)'roueM craH,qapre 3Ta BeiI[q]4Ha ycraHaB

nlBanacb He MeHee 80 MM, CToJrb cyrlecrBeHHaq [onpaBKa o6']"tcHqerct reM, 'rro

6onbuofi npoxoa tD(e He paccMarpxBaercq KaK pelxarcqllx napaMerp ant He3aco-
pqeMocr[, CBr3aHo 9To c notB,IeHlIeM B KoHqe 1990 x raK Ha3bIBaeMLlx N_pa6o-
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rrro( KoJIec, orrt qarcuD{cr oco6ofi ycroiqrBocrbro K 3acopaM, HecMorp, Ha BABoe
veHrrlee ceqeHne npoxoaa no cpa.BHeHnto c 'l3BecrHrrur_r xoncrpyrclriaur_r [t7],

Anr ytanenrr rBepabD(, oco6ergo ruraBaroqm( BellecrB, cJreayEr npealrcMar_
pnBar6 [poeKToM [I aBToMartKoIf craHIII,fl{ neproArqecKlre KparKoBpeMeHH6re
oTKaqKIt npteMHoto p$epByapa Ao LpoBHrr, KoTopbDi Hlfr(€ Toro, .fro ycTaHoBneH
npox3BolrTe.rleM arq ocTaHoBa IncocoB, lt [pI4 KoTopoM Ea froBepxHocT[ Bo3Hll_
xaer Bo3,a}'lltHzlc BopoHKa, AocrrMorqM BcacHBaroqeto rrarp],6Ka, 066lrII{0 Aoc_
TaroqHo cltrDKeE r )poBHr Ao 0,5+1,0, Ha.q Hrr3oM BcacBrBarollero narpy6Ka.
IlpoqeAypa oqucrror 6yler B6r3BrBar6 3axBar Bo3Ayxa HacocoM, uryM, Bl,l6paulrrc,
!:rapEbre lriIpaBJrnecKr,re Harp,3ror r He6naronpl'trfl{o Bo3Ae*crBoBarr, Ha ame_
rar. Ho nocKonbKy Hacoc nps raKov yposHe paooraer aecrva orparfrerotoe aoe
\tt 11 nepronJ,rttecK'. ro trTo,Dorrycr,|Mo, Xoff cotnacoBatb npr4veaeuae 4anuoi
rrybqelry?br c npor3Bolr,nejreM Hacoca Bce xe cJrellveT.

OrMloqeHxe arpet ara HlDtcto npox3Bonmb *r*,or"*o "uarynra, "p",u or_
KalrKr,r ruru noBepxHocTr, BoABI ocBo6oxqaercq or rlnaBaroqrrx BenlecrB, noft^,r{<-
HHe Hacocbt MoKpot ycraHoBtot 6onee f(DOeKrfiBHbt trjlg ogl,tcrKjla parap"yrpo"
loro6HblM cnoco6oM, TaK KaK anpxopn pacnonamlorcq HIDKe no orHoureH[rc K
!?oBHro )Is{uKocTr.r, qeM arperarBl cyxofi ycmHoBro.r. flepuoAritxocn uur,ror ovr.r_
crKtt galBllcltr or MecrHhfi yc,toBr_Ifi, cocraBa rrepe(aluBaeMor; )q,lqKoc,Ilt tt orDe_
le,Icerct 3KcllepltMemaJlblto IIa MeCTe.

2.2. Kpl4reprx Bbt6opa HacocoB

Tpe6yEMLIe fiapaMetphr HacocoB pacrMmHbr, TexH[lrec(oe 3a{a}rue cocTaMe_
Ho, 3:rnpocbr nocTdaup.rr,aM mcocHoro o6opyAoBaEwr mfipaB.,IeHbr,

. .  f lpeano,,roxuv, qlo 3arBreHHbrM napaMerpaM (xanptuep 0 _ 200 M r/ , r .
It= 13 M) orB€.raror npeAroxeHrrr qerbrpex Hau6o,ree ri:secrxnx 6upu - npo_
x3Borrreneq norpla<HBrx arperaroB: ABS, Grundfos, ITT Flygt, KSB t2l. 060_
:tlrarrrM r,rx coor3ercrBemro X, Y. Z, W.
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1. SrenpooNepf/t 80 o/o

2. O6opyaoBaNue I %
3. O6cryxMsaHre 11 %

1. Snenpo3Nepfhe 53 o/o

2. norepFHHae oHeprrq u3_3a 3acopoB 17 %

3. PeMoHr, npocrcrxa 19 %

4. O6opyaoBaHre 3 o

5. O6cnyxqBaHrc I o/o

P!c. 2.3. nmmaMNrlr cocraMtkruur cvrjMtr 3arpar 3r bec6 cpox cnvxoH Hacocou nepexa

llBalorurM crcrJb (a) x cro'rHtre (t) BorLl

Xaparrepucrlrrn HacocoR (pnc. 2.2) oKa3a'r cb oqeHb 6nn3KoMLi 14 RepotT-

Ho, c,reayer ocraHoBllrb cBoii Bbl6op. ocHoBblBatcl' Ha car{oNl Heropofolit }{3 npen-

Ho pa3Be noKynat. HanpxNrep. aBroMo6xnb c onpene'leHHhIM o66eMoM aBI'Ira-

Te,rr, Bbr 6ynere Bbl6xpar| ero x3 caMblx aeueBblxl HaBeprloe, He ronbKo ueHa'

Ho Il npyr e OaKTopbt noBjll{tlor Ha Baul BL,I6op. Onpeaens]ourtrltl Kp repueNi Bbr-

6opa Hacoca le.]tercs cyMi!{a 3arpar 3a Becb cpoK cn}'K66I (Ha 3anane cro Ha36lBa-

rcT LCC). noKa3arenb LCC HacocoB B .raBrcxNlocrr or roro' KaKyrc xIIAKocrI)

oH 6,vn)'r Ka'Iarb - I{ cryrc lrqu 3arp,I3HeHHyIo - orjll{gAxlrct flo cocraBy 14

Beruqr{ He Bxolrlu[tx B Hero :arpar 14: ararpauM (p c 2 3 ) [ 1 8] ' BunHo qro ueHa

o6opyloRaH[t B c]'l!tMe 3aTpar cocTaBreeT 9 70 no'Ixcr6IM x BCerO 3 7o nO CTOII-

HbrM BoaaM. OcHoBHae qacrb 3arpar np xonrrct Ha 3neKTpo3Heprurc' npx npo-

(a(IKe cro(IHbrx Bon. KpoMe roroi cyuecTBeHH6l 3arpaTLl Ha peNloHf x npoqncrKy

- 19 %, norepx, cBt3aHHble c npeonoreHxeM 3acopoB. 17 %

llo3roNly Bbt6op HacocoB cnenyer HaqxHarb c pactlera 3arpAT Ha 3ncKTpo3Hep-

rnll]. Koropat norpe6yerct Ha nepeKa'{Ky Bcero o6beMa Bonbl 3a aecb nepror ero

3Kcnnvarauxu. flpeanonoxHNl, 'ITo cpoK cnyx6bl Hacoca 8 ner, a Becb o66cltl Bollhl

na nepexaqxy - 240 rsrc, nl- Toraa. ,lcnoft,ya xapaKepxcrllKll (puc 2 2) u nac-

noprHble naHHbIe (bupM) HerpyrHo no,(cliH rtlrl' Korl{\ecrBo KunoBafi no Kaxro

Nry 3 HacocoR (ra6x.2.l) Pac'rerl,I x a arpaMtrla (pnc 24) noKa3brBalor 3aMer-

Hyo lno 22 %) pa3rrsuy B 3Hepronorpe6neHtlt{ HacocoB

Ta6nxua 2.1. SHeprGlrDarD EacocoB OHpM X, Y, Z n W

no i r ' b  1e  (o r " ' . ! r l  JHep  no  r l r o r  o  6  O  oc  en r r r oe

o ro \d  hanoo  ! o  u " . . oo  p !6  ' r r r r c  r '  r e  .  po "  iH (p  '

, r o c " . . l l  . r o !  8  . \ ^ r b  \ B  n o m e 6 c H  c  
q a

X  t : . t +  S S , : :  1 3 . 1 5  I  l l 0  l ' 1 5 9 1  2 1 8  8 7 1  1 2 01 3 . 1 5
y 12,29 56.60 11.80 I  16l  \3115 205 875 1l l

z 12.s5 58,33 11,10 1 129 14 785 221 177 t22

w 13,77 60.00 11.05 I  097 t2121 l l l l  865 100
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PF- 2.4, Offioc'ns6Hoe oHeprororpe6reHne HacocoB X, y, Z. W Ha nepe(aqKy paBHbd

3arparbr Ha o6cr)':,rsBaH[e nlo6oi ToxHr{]ct BecbMa pa&1[qarorcq, HeMeqKoe
n5l€nnHeEre aBTorexo6cntxrBaHrr nponHzurr8ripo&uo 7,5 r"'lH. aBroMo6rdefi
.'lri6onee florryrspHBrx MapoK, Cornacgo AaH[6rM [19], qxoro AeabeKToB, o6Hapy
^eHHbrx y MeHee Haqerfirbrx MapoK (12-15 %), npeBBruaer KorlFrecrBo noJroMoK
6o-ree Ha,qexfiblx aBToMauuH B 6-7 pa3.

flo HacocaM no,qo6Hblx Macnna6HLlx kccneaoBaHxn Ee 6hr,'ro, Ho pa3Hr.o.la B
iTpalax Ha peMoHT l:I 3afiqacTt{, xaK cBltIeTeIbcTB}aIoT SKCtJIyaTaqXOH}It{K{, eue
-_luesrBeHHee, TeM 6onee, qro r,IrrrellcrBt{ocrb Harpy3oK (qxorro pa6oqux ,racoB B
-lrxn) l{ npoAoJDKxrenLHocrb l,lcIlort,3oBaHltt HacocoB B roAax 3]Iaqurer'rr,Ho
3afle, qeM aBroMo6t refi. IlogroMy coBerleM no[HTepecoBarbcr nepeA B6r6opoM
=roca y cnequar'ucroB o 3arpara* Ha o6cnyxtrBaHre Hacoca roii ,L'rx xHoft Map-
i]l- a mrcrc nonyYr{rb y IlofeHqtlar'IbHbD( locmBuIIKOB CBeAeHtI]E O UeHaX Ha 3afi_
41- . 14 eue o,qrrH coBer,6bIIL Moxer, c)fb€r(IxBHbli.

B nocneAHue roAbr MHorue l&BecrHhte (bltpMbr nepeBolm cBoe npoli3BoAcrBo
i ._TpaHH c 6onee A€[reBbrMr pa6oqeft cxnoi n Ilpo,{r-rMr.r pec}pcaMx. CTopoHHr.t-
g 3Tof, Tetl4elllur{ 6yA}T AoKa3BBarb, qro KaqecrBo arperaroB He fi3MeHi,trcfi, TaK
Er c6opKa HacocoB ocFlecrBJurercr noA KoHTporeM Ha coBpeMeEHeiiutx rex-
nrcruqecKxx r'IltHwD(, Ho Bo3Frixaer Bonpoc: orKyAa Ha HacocH],rii 3aBoA, pa3-
*ueHHui B pa3BrrBarorqefict crpaHe, 6yneT fiocraBjrqrbcr ,nr6e, ABr4mrenu,Ipy-
:E (ovrLrer(r!,roruue? ABTop 6bm cB4qere,reM Toro, KaK HeMeut<,{i 3aBo! floc,re
qr6FxoBrc, qerr,rpex u3 II[Tr4 nprr6ErBturx rr3 pa3BlBaoqeicr crpaHlr (oprrycoB
rFararoB, 6bl'r BLIHJD(aefi 3aKa3blBar6 tljrbe B fepMaH'r,r, cpblBat cpoto{, Ho o6ec-
Eqrtag xaqecTBo,

-lpl.nie OupMbr npeAno.flrraror cgrrxarb ce6ecro[Mocrb n]'reM HapaqrrBaHr,tt
dl.ya npor3BoAcTBa B HecKoJr6(o pa3 Ha lloAoHaqaJrbHoM 3aBo,qe, He I,Ber',rr,tqlt-
E npx 3ToM lruoreEHocrB nepcoHarra u s(ot{oMrr pec)?crr. florpe6r_trersM, xo_
que la6orffc, o KaqecrBe o6opyaoBaHur, cneryer 3a6naroBpeMeHHo BhrrcHrrb,
It ofio 6yaer l-t3roraM[BarEct.

flpr pa6ore Racoca co croqHBrMn Bo!:rMr BbrcoKa BeporrHocrb 3acopoB, Ko-
4rre cBorrrn Ha Her Jrrobylo gneprogooeKrl,lBHocrb. O ToM, .rro 3acopoycroiqu-
Er! {acocoB B€cbMa pa3.rrrqHa, cBrreren6crB}-K}T p$yrBTarbr ofibnoB [2], npo-
EEsHru c reMr xe HacocaMn X, Y, Z, W (cM, pr,{c. 2.2),

B trpo3paqF!'ro eMKocrb c Boloit BBoII4[r, nock]Tbt pa3MepoM 20x20 cM r.I3 TeK-
cErr- (ayq)'Ka r4 nojrr,lMepHoil rlneHlo.t - IIo 50 rocK!'ToB r'3 Kaxqoro Marepr:ua
E rcrDrryeM6ri Hacoc, nocne oAuHaKoBoro neptoAa pa6or6r (no 30 Mr.tll),r) rroA-

p-
ro
tLl



20 C.E. 'epekH. HACOCHbIE CTAHUTlt4

100
90

?.=8

_.-\ 
.

\

. X . Y _

-+z - la/-
I

"' 80
6 7 0
3 6 0
5 5 0
9 a o

9

1 0

0

PIlc, 2.5. P$yn}rarlJ 'cnhlmHlrft HacocoB X, Y, Z, W Ha vcrotr",Bocrb K 3acopaM (ro KoJ]'-
qecrBy nep€GqeHHbx nocqToB) npn noaaqax 0r =60 a/c v Q2=80 '/c

Pxc. 2,6. caMooqnuamqeect rcnyorrQbme paoocee Koneco N

clMTEIBarn KOJIr{TIoCTBO IrepeKaqer'tHBrx HacocaM[ nocK]'ToB r'I onpeae.nfinu' TaKI{M

o6pa3oM, )sroiqtBocrb K 3acopaM. PI,lc. 2.5 urL'Ircrp[pyer pe3ynbrarEl ltcnhlTa

Ht[. Pa3Hrdra cy]qecrBeHfia. Haniry'rnl e [oKa3aret[' o6Hap]t)Ktnl Hacocbl c N-

pa6oqrM KonecoM. OHo flpe,qcrawltor co6oi nonyorKpB]To€ pa6oqee KoJleco c

cnMMerpt{trHr,rMx "'lonacrtMx s-o6pa3Eoit oopMLI, AonorHeEsoe pa3rpy3oqHblM

cruipaJrbH6lM x€no6oM, BbI[o,rHeHHbIM B BopoHKoo6pa3HoM aHnue ynrrKu

KpoMxa nolacrefi pa6oqero Koreca nplt gToM 3aKa.rMBaer€t IIo oco6oft T€)olono-

n r Ars noBlrrlresNq em rBepaocrl l' cHr'Dl(exl4g t3Hoca (pxc. 2.6).

Mbr cpaBEaIM rrlqpaB,TrqecKre Kr[I HacocoB, ocHaueHrr'D( pa6oql'IMn Kote-

caMu N, c HacocaMl lbt'IpM6r Z aHaroru'[sD( napaMerpoB (0, 14' MoulHocrbro m

6.qo 85 KBr CpasHeI {e Be { IIo nacnoplHblM aaHH6IM 28 HacocoB-aHanomB [2]

AxarpaMva {pxc. 2.7) noKalBrBaer.'no K ful Hacocoe c Korlecov M Bblule. n',Lq

6orr,unHcrBa rnnopa3MepoB arpemmB-aHajloroB.
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?r, l-..lnarpaMMa cpaBtseHlrt nacnoprHblx raHHBIx 28 tsacocoB-aHanofou. Utopd !a !n-
r:!y!. - nyHRrLr pasuq'n KnA HacocoB O'pM Z x W (c pa6oqxM KonecoM N) MouHo-
--r r- 6 ro 85 KBr

H-icocHblii arperar cocroxr [3 ,,4paMnqecKofi l,I 3"']eKrpu,recKoti qacreli, He
Etst BaxHo yI,tTbIBaTb x BTOpyro cocmBr'Iloyqyo,

Cor-racHo aaHHlrM Bpr-traxcKofi accoq[aulll 4qpaBJIr,rKoB [20], HacocH no-

!e--l!or I I % Bceii gHepru[, 3arpa.IxBaeMofi npoMbllu"'IeHHocr6rc, a npx pa6ore

- r.lr-r '{acoB B roa gneKTpoaBlrrarenL rpe6yer 3arpar Ha 3reKrpo3Heprun B He-
.*rE o pal npesHLllatotllv\ ero croHvoc t b. K coxaieHvK). rTo He acelra ylx f bl-
-=- Ct recrByer npaKr{Ka 3aBEI reHfiq rpe6yeMoi MoulHocrri HacocHoi ycra-

* Ha l0 15 % 3aKagqftKoM B 3qnarlxli Ha [poeKT'poBaHtte! a 3areM, caMuM

lEf:r|rnKoM npoerca Ha raK)'ro xe Befi.IllllHy B pe3yrbrare ntrrrlb 20 % HacocoB
GE6aror nollBo,quNryro MolIIHocr! nortHocrl'Io, ocrMrHble xMelor Ha 20-30 Zo
rcHHlre no mr{ollre H!,rlo K Tpe6yeMr,IM fiapaMerpbr [21]. C]uecrByer eure oaHa
tdreva. norBoBarenb Hacoca npeAno,rtimer pevoHT (nepevofK!) cropeBUero
sFogtt noK,vrrKe HoBoro. Ho cnper"ton[,rpooann6lii ,uB]jmrenb, KaK npaBtrto, Tept-
< t l.fl,l. A ec"lu l lecr\ wo 1 % noBLlrreHut KnI o6ecneq[Baer sKoFoMxIo
r-omnrpar 3;t nep oA cpoKa cn)rK6LI ,qBxrarert B pa3Mepe paBHoM ero crroxMoc-
t- r flox-\T(a HoBoro Moropa noqrtt Bceraa Bbroaxee ero flepeMorlo{ [20].

l-raKTponBxrarenn K norpyxH6lM HacocaM r'I3roraRjlnBanrct B coorBer-
E- !^o cTaHlapTaMu I'I3ontqxl{ cTaTOpoB no KJIaccaM: Y (90'C), E (120'C),
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d 3 0

r 2 0

1 0

0
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TennoBori
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Brrunn H (130 C)
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TpaauwoHH8t F (r55 c)
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L- 4 \apaxreprcrxs uaccoB LBontuxx 3nenporBrraren H x F (Kaxrbre l0 'C ren-
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c6op aaHHbrx o BpeMeHu

AHM'I3ATOP MOU.INOCTI4
(onql4r)

kGaohun€Hr MourHonh

Tecb E ueMHyo (opobry

foeseHhe €oau B Macne

Pxc.2.9. HoBar crrcreMa MoHrrropxHra HacocoB MAS 7ll oro6paxae-r, 3anoMxHaer r 3ann-

B (110'C), F (155'C) u H (180'C) [22]. r leM Br,rue reMreparypHr,r i  f lpeaer
(ur{Opa B cKo6Kax), TeM Bbrure creneHb HaaexEocrlr arperara.

B Hacrornree BpeMr lblpMbr, 3a6orflu[ecr 06 !?oBHe Haqe)KHocrr,r nporgBo-
n'IMoro obopyaoBaHxt, KoMIDIeKT!'Ior cBolt Hacocbt 3"rlet(rpoaBrrarertMx abrcrxe-
fo xracca fi lor9ur. ,r H (180'C). Ho 6on6ur,{Hcrao npoHrBoa,rferei Bce eue ric-
nonl'3)aror MeHee aoporrre 3rreKTpollBurarejn{ Krracca u3orrqnri F (155"C), TeMne-
parypHLri npeaen xorop6D( Ha 25'C HrDKe (pxc. 2.8). Mexly reM xaNuHe l0' ren-
IOBOTO 3anaCa, KaK Cq]jmrcT Cneqxa,'Ir'tCTLI U flOJIrBepxIaeT npaKTnKa, nOqTfi yA-
BarrBaror cpo( cn)Dl(6br sneKTpoaB]{rarejur. OTo o6crorrer6crBo creayer Irxrbr-
Barr, npu Br,r6ope o6opyaoBaHxr.

I43reqmB 6on$Hb Bceraa Jrerqe { aellleBile B Harlafle, noKa oHa He nporpeccu-
pyer, TaK u c rexHlKofi. flo3ToMy, paccMarpuBaq Facoc6l aHMorr{, rleobxo,uxMo
cpaBHl4rl cltcreMbl MoHl,tropr.rHra, Korop6tMx oHr,r ocHa leH6L B nocneaHlre rc,uLl
noqBxnr.rcb MHoro(byHKq oHaJIBHbIe ct{creMH! no3Bojltlolq[e, noMuMo nepe.uaq]I
aBapufiHHx cuHaroB c aarquKoB Terlrra, ToKa, Br-r6paqx,l r.r r.a., perynqpHo cHn-
Matb noKaJaHttq c Hrr,  HaKannuBarb x \paHxrb B c taUr14rov" B arperaT 6,1oKe na
Mrrr.r 20 rer x 6onee (pi{c, 2.9). EcrecrBeHHo, 9To noBblcttT ueHy Hacoca! Ho orly-
Tr,rMo cHrr3riT locjreayrou.ure pacxoltl,

B BbIBOA

flprl noA6ope HacocoB Heo6xoAr4Mo y'fl4TbrBarb, 9To oHr4 J 4Lu6 qacr6 cl,4-
creMH (BoAoBoAd, apMarypa |4 T.n.).qocraBKu xl,laKocrl,4, nooroMy onpe-
Aenqr6 napaMerpbt arperaroB 6e3 nprBq3Kt4 K ct4creMe Heaonycrr4Mo,
fnaBHbri kpl4repl4i cpaBHeHrlq HacocoB - cyMMa 3arpar 3a Becb nepuon
l4x cnyx6bt. L.leHa gBnrercr HaxMeHee 3Ha'{r4MbrM KoMnoHeHToM B cyMMe
aaHHbx 3aTpaT no HacocHbrM arperaraM,
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pExr4Mbt PAEOTb| HACOCHOfr CTAHq1414.
xapAKTEPt4CTl4Kl4 HACOCOB 14 TPv6OnPOBOIOB

P3irllvH pa6orr,r Hacocxoi craHlu, cyu.lecrBeHHo 3aBrcnr or r3MeHeHKs pe-
ra.cs mronorpe6neHxq ruIlr npxroKa croqHoii xxaKocrx. Ka( npaBLlo, pe){or
!i t.tonorpe6neHltr tt tlpHToxa croqHlx Boa onpeaejlrllorcg KJIUMaTI{qecKIMlt
r r.\:o-rlrbrMfi ycjroBr,rjrvx, pe)(yvoM pa6orH npelnpn9Tvfi opmH}lJauxi ropo-
E, trrrov KynLTlpHbx, c[opTr:rBHbx MeponpurTxi u npyrxMr oaKTopaMr{.

Pallrr{ Boaolo4)e6neHrrq/BoaoorBeleH!fi xapaKTepu3yercrr c}"To.rHbrM[! He-
ErffiL\lr n roMy no,qo6HBrMu rpalbxKaMu, a rarcKe Ko3(b(buqrieFraMn HepaBHo-

EEd'TIl. C].rogHbri rpa(bK EaceneHHoro nyHKTa uMeer, KaK npaBluro! nuKo-
* -rpacraHliq B yrpeHHee u BeqepHee BpeMn aHr.

P:.riv6r pa6or6r HacocHbrx ycralxoBoK npoMbrujreHHblx npelnpxrrr.rr; onpe-
-tro:)Tcs rrraBHbtM o6pa3oM TexHojlomlecls.tM npoueccoM npeAnpllnrrit.

.*i.arx3 pa6or6l HacocHbD( ycral{oBoK BblrlojrHrlerct c t{cnorb3oBaHt{eM xapak-

E-:-rlrr HacocoB rl Tpy6onpoBoaoB, XapaKreplcrlKaM[ Hacoca flBflrrrorce 3aBx-
,-r-ni Hanopa ll, Mou.lHocrx N, KosooxqfieHTa fio"re3Horo ,qeicrBxq (KflA) n
a E&(rauroHHoro 3a[aca Alh (o6GHa'{aeMoro 3ana.4Hr,rMx HacocHhlMu lbnpMa
- \PsHR) or noaa'[i Hacoca 0 npll o[peAe,reHHoii .racrore BpaureHxr r pa6o-
:o rdeca &taMeTpoM ,,

Il$r napan enbHoft pa6ore Hacochr noaaror Boay B oll.rH rrr,r HecKojrbKo Ha-
-lEH\ mJoBoIoB r,rjll4 B onH] cucrevy rpy6onpoBonoB. CyvMapHat \dpaKTepH
c 0-11 flapajurenbHo pa6orarouux HacocoB crpor.rrcr croxeHrreM a6cqHcc r,x

ErTapnsrx( flptt olHoM l.t ToM xe 3l{aqeHl-tH opat{HaTbl (ganopal, Tax KaK l,'x
-f no,taqa paBHa c'lfMe rloaaq Kaxloro Hacoca.

n! nocneaoBarenbHoii pa6ore aBlr( ueETpo6exHLrx HacocoB o,qr,rH r{3 Hnx
aitE: aurocr b Bo BcacLlBarcu fi narpyoox lplroro, Koropbri noAaer ee a c,ic-
E! :s6onpoBoaoB, cprMapfiar xapaKrepucrlKa 0-llnocneaoBarerrHo pa6o-
-Er HacocoB cTpoltTct cJIoxeHI{eM opal{HaTbl r{x xapaKrepxcTr{K npx oaHot
I li te Ilortaqe, TaK KaK pa3BIrBaeMbIt rlMlr Hanop paBeH cyMMe HanopoB, co3Aa-
EE\ X'|)€ll'IM HaCOCOM.

lrslcnvocrb Mexry pacxoaoM xl,raKocr[ qep rpy6onpoBoa O r,r HanopoM
I oroplrn Tpe6yercq,qrr obecneqeHnr SToro pacxo.ua, Ha3brBaercr xapaKTepuc-
-i rp]6o[poBona In onllcB]Baercs ypaBHeHteM

(3 .1 )
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Prc. 3.1. XapaKrepxcrqM Bo,noBonoB pa3nu!ix!D{ nxaMerpoB
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- AqaMerp rpy6onpoBoAa +

Prc. 3.2. Onp€ne,rreHue orrxManbHoro lnaMerpa rp)6onpoBoaa

rte f/s crarlqecKritr Harrop, o6ycrroBreHrsnl pa3Hocrbro reoae3rgecKttx orMeroK
nolaqu u npxeMa )rqaKocr!; ^9 - rnrpaM[qecKoe colpmnMeHxe rp]6onpoBoaa.

nlqpaB,'rFiecKoe coflporhMeH[e 3aBltcl,tr or Marepr{Ma rp}6onpoBoaa x ero
IfiaMerpa, XapaKTepucrlKr BoaoBo,qoB anaMerpoM 200, 250 x 300 MM nporD(eH-
Ilocrblo 500 M, npeacraMeH6r Ha aHarpaMMe (puc. Ll) [oKa3brBaror cKonb pa3nu-
qaloTcrl noTepLI B HID(,

qeM Bbrure IImepI-l, TeM Bbrue rpe6yeMr,re 3Hepro3arpar6l Hacoca r{a IrpoKaqKy
)sraKocrn no rp]6e.

OaHaKo c 'tserx'reH eM,quaMeTl)a BoaoBoaa pacrer ero cror-rMocrb, ItarpaM-
Ma (puc. 3,2) nGBo-[rer oqeHr{rb KornqecrBeHHyo 3aBl{cnMocr6 cronMocrn clrc-
TeMBr Hacoc-Tp)6onpoBon or n3MeHeHm ArraMerpa x HailTt onTl{Mtu'rbHr,rii al,la-
MeTp BO!OBOAa,

HaprA/ c nmeptMtr no r2'lriHe ElrKHo l {rrhlBarh rattoKe c}rlrMy MecrHBx rlo-
repL tr br-rc. 3.3), olpeaerreMyo no OopMy"re

(3.2)

rle E - Kogab(bluneHT norepb B orAenbHbrx gneMeHTax 068'310r Hacoca; I/- cKo-
pocr6 )or,qKocrH B Tp!6e, M/c.

llcnonHyrr aaHHlrro OopMyny, npr cKopocl/ xuaKocr[ B Tpy6e, HanplMep,
2 M/c nerKo noacqrfarb, qro c]'r{MapHar Berrnqn}ra MecrHbrx florepl' o6Bq3KI4
(pnc. 3.3) cocraBrr AM : 0,6 M.

lpaonqeclor xapaKrep[crlKa'rpy6ofpoBoaa r8o6paxaerct [apa6onoi, Ilepe-
ceqeH[e xapaKTepr-rcru( O-ll Hacoca It rp]6onpoBoaa aaer pa6oql,o roqKy saco-
ca, KoopaxHarr,r groit Toqru B rrjrocKocr[ 0 ]1 coorBercrB]'ror noaaqe r{ Hanopy
rrpx aaHHoM pexllMe pa6mbr HacocoB x rpyoonpoBoaa (puc. 3.4-3.7).

>"n: Gt+ \2+ 4 ......\.)V2/2c,
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lr- 3-l- Ko3OOnu'eHrE MesrHnx r4qpaMxqecK.rx norepb q B sraE{aprHbrx 3n€M€Hmx 06-

Eqm dacoca Halr6onee gKoHoMI,tqHa, Koraa ero rloaaqa r Hanop coorBer-
qFr vaxcrMa;rbHoMy 3Ha'Ienno KIII. BMecre c reM rorrycxaercq fieKoropoe
--E€rere pa6oqux [apaMerpoB gTrD( HacocoB or 3HaqeE ri, ]'Ka3aHHblx B Kara-

|E- O$axo oHt He nojDrorbr B6Doalrrb 3a Irpeae.[bl peKoMeHA]eMbIx noaaq Ha-
3 rgmpbre o6BIqHo orMeqalorcq qeproqKaMl,I Ha xapaKrep[crxKax K[IA, no-
tls'[pr,r 3ToM Bo3Mo){o{a [ep€rp]3Ka HacocHoro arpemra, KpoMe Toro, cFqe-

eF q6cHocrB Bo3H[rcroBeHls KaBrraqu[, KaBr-tmrureii na3brBaerct HapFre
cr(}lDroc t rloroKa )crnKocrq corrpoBox4aeMoe o6pa3oBaHteM rI pa3pyllle-

tr!3tpbKoBj 3arlonHeuHi;D( rlapaM,l xlIAKocT[, ra3aM| tlJlr.l tlx cMec6lo. qB-

ErBmiurxn conpoBo)v.naeTct ,[onorHrTerbHttMl,t noTepflMh ?Hep tl x pal-
loBepxHocreft pa6o.rero Kojreca lr Koprryca rlacoca.

Ir npaKnd<e HepeaKo Bo3H[Karor c?loxHocrlt c paqr.IoHa[6H6IM [oA6opoM
no xonnqecrBy r{ lapaMerpaM. Cno){crocM, KaK npaBrrro, o6ycnoMeH6r

pasHurrefi Berrl{qriH MlFuMa.[bHor)i ]r MaKc[Mar6Hoil [porcBoau-
HacocHofi craHrlrll. 9ra pa3rfldra yc]Ty6r'rsercr rpe6oBaHxeM I | 3] o6ec-

trporD,cKa MaKcrrMa.JrbHoro pacxo,4a Ha cnyqaii aBapffiHoro orKrloqer t

v

F

D
F

f.
I
I
F
F
t

B HanoprcD( Tp)6onpoBoroB. fIo3ToMy pacqer4rnfi rvalla3o$ 8-E napa-
elrHr\Horo Hacoca Hepe,lxo pacurpgerct Hacto].lbKo.']|o o6ecne'turb

a 3oHe oflTxM}a(a KIIA r H€ BbrBecru arperar 3a npeaejrbl orpaHl,r.Ie-
txIDtocTl,l 1.ufl4 Kaa rautoHHovy lanacy Bec6va He,1erKo, HeKoTopble pe-

o roM, Kax JryqIIIe flptcnoco6rrb atpemrEr K nepeMeHHbIM Ber'I[rIu-
nprBeaeEbr B cJreAlarcn{rr( rrprrMepax,

]F..ep 1

[po[3BoaxTorBHocTL Karrajrt3aqlroHlrotr HacocHot cTaHrlr{fi

O: 5560 Mr/q. Tpe6yeMblil Hanop nplr aBap[ftHoM orlcno.reHllr oaHoro
-loDonoB I/= 50 v. MuHlMa,lbHbrfi peanbfibtfi rpl,iroK Ha craHuMlo

!m xl/'{. Heo6xoar,rMo [oao6par6 Hacocbr, ycroii.rr-rBo pa6oralou[e Bo
rrpxroKoB, BKnoqarr aBaprfiFrd - Ha oa[H BoaoBoA. IIepBoHa-



26 C.E. 'epeuH. HACOCHb E CTAHlll414

2

50

4 2 1
ooil

* X ' 3 ' 9

N 8

6

80

70

60

- 5 0

I

30

20

1 0

80

70

60

d 5 0

s 4 0
30

20

40m 6000 3000 1.104 1,2.104 t,4.lo!

4000 6000 3000 t.1d 1,2104 1,4.10.

floaara, rv3/v

Prc. 3.4. lpaorK coBMecrHon pa6orhr
rpyoonpoBonoB fi norplxHhrx HacocoB
MourHocrb'o 490 KBr (4 lljr., 2 pe3epB-
Hbx) € qacrorHHM npeo6pa3oBar€neM
Ha I Hacocr I - xaparepxonxa cx€-
reMbl npH pa6ore rB)a( rpy6onpoBo-
AoB; 2 - xapanepncrnxa cncreMbr
npfi pabore oAHoro rpybonpoBoAa;
3 xapaKepxcrrKa Hacoca MonrHoc-
rb0, 490 r.Br, 50 Iq; 4 - KpxBar co-
BMecrHon pa6or6r aB).{ HacocoB
490 xB! 50 Iq: 5 - xprBar coBMec-
rHot pa6or! rpex HacocoB 490 (Br,
50 Iu: 6 - xapanepncruxa Hacoca
490xBr npr vacrore 35 tu; 7 xa-
par(r€pr.rcrrKa Hacoca 490 xBr npn 'ra-
srcne 40 Iir; 8 - xapaoepxcrrrKa Ha-
coca 490 KBr np! cacrore 42 fu; 9
rynBar coBMecrsofi pa6mH Hacoca
490 KBx 50 fu r Hacoca 490 xBr. 39 lir

Pnc. 3.5. lpaoxK coBMecrHon pa6orhr
rpyboflpoBoroB r nory)xHbl! HacocoB
MoqHocrbro 490 KBr (2 ua) r HacocoB
125 KBr (4 ur.)r I - Mpanepncrxxa
cxcreMr npr paoore !B)4( Ty6onpo-
loaoB; 2 xapaKr€prcrrKa cxc,reMt
npu pa6ore orHoro rpy6orpoBola;3 -
xaparnEpxcvKa Hacoca, 125 KB-ri 4 -
xpuBar coBMecrHoil pa6or6r !B$ Ha-
cocoB MorllHocr}rc ]25 xB.r; 5 rpa-
onx coBMecrHon paoorbr rpex HacocoB
MourHocr6D 125 xBr; 6 - qrBar co-
BMecrHofi pa6orbr qerbrpex HacocoB
MoDrHocrbro 125 KBa! 7 - xapanepr-
crnxa Bacoca, 490 KBr; 8 xpnBat
coBMecrHon pa6mbr olHoro Hacoca
490 xBr n aB)r{ 125 xB.r; 9 - xpnBaq
coBMecrHoil paoorbr rDlr( HacocoB
490 xBr n 'rer6rpex HacocoB 125 KBr

1 0

qa,lLHo 6H,1l,t [pe&toxeHH tletbrpe norp]xttb[x Hacoca (,48a l,|3 Ht{x peJepBHHe)
MouHocrblo 490 x3t. noaa,let 0 = 4100 Mll,r, HanopoM H - .17 M. c '{acrot HbrM
perymrpyou.ll,tM gneKTponpr,tBoAoM, ynpaBrgrorltrM pa6orofi oAHoro r-13 HacocoB,
lpa(btrKr{ coBMecTHoi paborBr HacocoB, qac-ror[oro npeo6pa3oBarerrr t BoAoBo-
aoB npeacraMeHH Ha puc. 3.4.

3aKa3'{r.rK, [pra3HaB 9m npe4roxeHtre n)n rI,lM (Ha3oBeM ero sapuaHmo l),
nollpoctor HaIfIFl' Bo3MoXHOCT6 yAellre&Ielllr.,l.

3a{a.ry yAMocb pe]nI{TL [ocpeAcTsoM noA6opa,lByx rp],nn arperaroB MonIHo-
crtto 490 tt 125 KBr (sapuaim 4, a$ta.jl lolJluxcA no BeflrqlHaM eluHI-{qHbD( no-
Ia.r nprort 3[Te"rbno B To]ii xe Ilpollopu,lln, B (oroporl coorHocmcq Ber,ruqllHbi
MttHtMarbHoto fi pacqcrHoro [pnToKoB.

2

\\

\\ N\
\

JPI\\-
3 t 6
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Pqc. 3.6. lpaorK cxcreM rpyoonpoBo-
noB a pa6orbr ceMx norpyxHHx Haco-
co8 560 KBri I - xapamprcrnKa cx
creMH npx paoore oaHoro rpy6onpo-
Borai 2 - xapar-repxcrxxa c{creMbr
npu pa6ore lBtr rpy6onpoBoroB; 3 -
xapaKreprcru& Hacoca; 4 - coBMecr-
Ha' pa6ora rByx lucocoB: 5 coBMe
crHar pa6ora rper HacocoB: 6 - co
BMecrHac paoora cerupex HacocoBi
7- coBMecrHe paoora nr 

 

HacocoEl
8 coBMecrxar pa6ora urecr, Haco-
coB; 9 - coBMecrHar pa6om ceM{ Ha-

Psc. 3.7. lpa$xK crcreM rpy6onpoBo
aoB ,r coaMeqsoii paoorhr rpex no-
.plxH6rx HacocoB, 470 KBr x rpex
saccxcecKrn nacocoB no 600 KBr: I
xapamprcruka cacreMLr npx pa6de
oaHoro rpy6onpoBoroBi 2 - xapane
prcr,na cxcreMd npn pa6ore n3l.r rpy-
6onpoBoaoBt 3 - rapaoepxcrrxa rrn-
coca 470 KBr; 4 cosMecrHar paoora
,{B}a HacocoB !o 470 (Br: 5 - coBMec
rud paoora rpex lacocoB tro 470 KBri
6 - coBMecrsd paoora rpcx HacocoB,
470 KBr r orHoro Hacoca 600 KBri 7
coBMecrHar pa6oa rpex HacocoB, 470
KBr. x rpex HacocoB no 600 kBr

i

I
i | :
t
i I

z

- :
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: 2000 4000 6000 3000 1.1c. 1.2rd r4ld 16ld 1.3101

noaaea' M3lT

ilr r?a(bnKa coBMecrHorl pa6orrr HacocoB n BoAoBoIoB (pxc, 3.5) Bq4Ho, 9ro.
a-sarrHrrpyr KorrMqecrBoM pa6orarouux arperaroB B 3aBuctrMocrn or npuroKa!
!--:a cnpaBurcq c nepeKa'lKoii croKoB Bo aceM luafla3oHe KaK B HoDM,lJt6I{oM.
-:.. ,{ B aBapxtHoM pexxMax.

lrir-r!3 rpaor.rKoB Ha pHc. 3.4 l,I 3,5 no3Bojrrer clenarb cnel]rcuue BbrBoAbr:
l6a BapuaHTa rro!6opa o6opyaoBaHr{r xaK I (onHornnHbre Eacocbr nnloc ,rac-

:-:-:ri npeo6pa3oBarerB), raK u 2 (ABe rpynnLr HacocoBi orr'uqarcquxcq no no_
:fi:- 5€3 (qacrorHrKar) o6ecneqr,rBaror aHa,rorrNFyro orKaqKy! aqeKBarH),ro npu-

:* ua KHC;
iacocbr [o aapxaHTaM I u 2 cnpaBsrca c orKa.rKoi 100 % pacqerHoro nprro-

L :lO OIHOU Hl,nxe BOIOBOAa npl4 [OAKr'IIOqeHrfi,I p$epBHr,rx arperaToB, yCTaHOB-
--'iHb[x Ha KHC:

: ?100 4!o0 6000 s0o0 I r04 r,2 ld r 4l01r,6.tor

: 2000 4000 6000 3000
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BMecre c reM, HeaocrarKoM BaplaHTa I (cM. puc- 3.4) cM{ercc ro, qro 60r!-
Lxyro qacr6 BpeMeHh (npf i  nptro(a{ KHC MeHee 3000 vlTrr arperarsr ao,rxrur
6y!]'r paomarh xa .racrma,\ Hxxe 40 lq, Ho B 3ToM nrrafla3oHe cKopocrr{ Bparle
HI,n noBllrJaerc{ onacHocrl 3acopeHutr pa6o'rero xo,reca Hacoca coaepxnMbrM
croKoB, a KnA co6crBeHHo qacrmHoro flplBoAa 3aMerHo na,qaer (06 3ToM no!-
po6Hee B r"raBe 4).

KpoMe roro, MeHLuue Hacocbt no BapnaHry 2 fiMercT 6oiree H[3Koe pacnoro-
xeHue narpy6KoB K ),poBHo BoAbr B npleMHoM pBepByape, fi floroMy noirHee
ucnojMylor ero eMKocrb, tIeM KplrIHbIe arperaTbl HaKoHeq, KoMnneJ<r o6opy4o-
BaHr.{rr no BapHaHTy 2 oKa3arcr B qeHoBoM BllpaxeHr.rn Ha 30 % Hlr)Ke, qeM no
Bap]/a}jj'ry 1 c <rlacrorHuKoM>,

IIp[Mep no(a3btBaer, qro notp]xHbte Hacocbr, no.(o6paH]GJe B coorsercrBxu
c Ko"reoaHrrMr fipuroKa rp]rnnaMu pa3H6rx rr{[opa3MepoB, cnocobHr,r npor3Bo-
axrb orKa.rKy B 6onee gKoHoMt HoM pexrMe! qeM oaHopa3MepxLle arperarhl c
qacrorHbrM perynfipoBaHl-leM. Axala3oH llolaq u HalopoB npu 3ToM oxa3Mct
luMpe, rIeM no Bapuzulry I c <\acToTHitKoMr.

Blrecre c reu na oco6o KpynHbD( HacocHlrx crar{u-rrx pa6ma norp)rKHlJx Ha-
cocoB coBMecrHo c Maccx'{ecr vr{ Hacocavti pa3Holt npol,t raor[TeJIbHocTy. vo-
xer 6HT6 pau[oH&'r6Hofi .

a nprMep 2

PacqerHai f lora,ra HacocHoi{ craHUyfi  12000 vl /q.  Hanop 45 v. Hanop
AJI' npoKa'rrur 100 %-ro pacqerHoro pacxoaa npir mK[roqeHror oaHoro r,r3 Bo,qoBo-
,doB 55 M, vuHrva,'r6Hbrir npflroK 5500 Mllq, cpenHuil np{roK 8750 Ml/q.

I lpoeKrov (Bap[aHT l)  npenycvafpxsa, locb ocHauleHl le naHHofr HacocHofi
craHqfiri ceM6ro norpy)KHlrMx arperaraMr,r MoutHocrBro 560 KBT KaxrHii. floao-
6paHHr,re Hacochr xopouo B[rcr,rBa"'[.rc! B paboqfie napaMerpbr craHurri, Ho oKa-
thrBaJllrcb Ha nperene cBolrx Borvo^xocrei B c-Dqae aBaplix Ha orHov xr Bono-
BoaoB (plrc. 3.6).

HoMeHK,'ra rypa Bcer IrBef l  Hhrx npoH3so,4v I  enei norp]r{Hhr\  ar per aroa He
no3Bojrrra Ha ror MoMeHT HafiT[ 6onee noaxoacurl,rti norpyxHoii Hacoc, qeM
npe,qycMorpeHHBrii no npoeKTy. flocKorLKy xMera Mecro onacHocrb aBapuiHbrx
3aronreHrrti craHuu(, To nprrMeHeH e norpyxHbrx HacocoB qsnrnocr, Heo6xo-
AXMhIM YCJ1OBT{CM.

Tof, la Bo]HxKJ|a raer (BapuaHf 2) coBMecrHori  ]craHoBrx ryex Llaccx'recxHr
arperaroB c cporMl{ ABrrarerqMu 6or6fiefi MoulHocrx (no 600 KBT) c rpeMe no-
rppKHLIMu |Io 470 KBT - MeHbuefi, qeM no npoeKry, floAa,rfi HacocoB npx pac-
.rerHoM nafiope (1/: 55 M) - 2650 x 1260 r"r3/u - comnocrcr B rori xe nponop-
qrjx, qTo tI BeIrq[HbI MaKct{MaJIbHoIo H MtiHtiMaJIbHoIo npt{ToKoB.

Ha puc. 3.7 npe,qcraBneH rpaorrK coBMecrHori pa6oru errlx arperaroa na cu-
creMy ABm xafiopHbrx BoAoBo,qoB, a B Ta6n, 3,l, npuBeAeHo cpaBHeHxe napaMer
poB Hacocflofi craHurjr, ocHau.IeHHort no rpoeKruoMy x KoM6rGupoBaHHoMy Ba-
pt4aHTaM,

KaK BruHo u3 Ta6n. 3.1, pa3r{orunHr,re Hacocbr no Bap aHry 2 o6ecneqhBaor
nepexaqKy no qerr,rpeM ocHoBHBrM roqKaM pa6orbt craHunn c aKoHoMxefi B
cpeAHeM 9,3 %. Orcrota Hacocbr, noao6paHHbre no BapxaHTy 2. o6ecne'rar, no
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' Pa6oE sacocoB rp{ aepx{

-?aaHeHlro c arperaraMu no npoeKTHoMy BaprraHTy l, B cperHeM 3a roA gKoHo_
r{roo 7,7 M,rH (BT,{ Ha nepeKa.rKy BoAbr, Ii*ar 3KoHoMnJr conocraBuMa co crot{-
vocTLIo oaHoro x3 paccMoTpeHHblx HacocoB.

KpoMe roro, ftHBecrr{rlroHHhre 3arparbr Ha 3aKy[Ky rrrecl, pa3EorrrnHbx ar,
feraroB nporlrB ceMI,{ [orp]DKrr6lx xacocoB &,rr AaHHofi craHrltu oKa3ajrucb Ha
:,lr t r{xxe. flpu gToM Tpe6oBaHle CHr,rII o6 ycranorre Ha HacocHoi craHu[u
-E\ pe3epBH6rx EacocoB c Hari6onbuei fioAa'{eii (crpoKa 3, Ta6n. 3.I) TaKxe BbF
:ep;xanaerca no rapuarry 2.

HaKoHeq, ycraHoBKa ]},ex [orppKHbD( HacocoB rro BapuaHTy 2 qMrercfi Aoc-
:?ro.rHoii A,'rs o6ecneqeEfi 6ecflepe6ofinoji pa6mBr craHrlllrr B cnyqae ee 3aron-
reHru! nocKonBKy nprl nx_rlapa,rr,rer6llori pa6ore Ha aBa BoAoBoaa o66eM Ilepe-
(r.rKlr cocraBrser 10700 M3/s, r.e.90 Vo MaKcuMrnr;Horo [pr{ToKa.

f BbIBOA

OAHoBpeMeHHoe r,lcnolb3oBaHqe B HacocHbtx craHuhsx HacocoB oa3-
Hoi npox3BoAh I enbHocTy h Aaxe pa3nrlgHbtx T noB Moxer oKa3arbcg
paq[oHanbHee np MeHeH[r o.q[HaKoBbtx no noaaqaM h r naM arpera-
roB, ynpaBnceMbx perynqpyeMUM grefiponpxBoAoM. peKoMeHAyeMoe
coorHoueHue Bert19t4H nolaq HacocoB np oroM AonxHo 66trb npr6nLl_
3xrenhHo paaHbtM cooTHouleHrD o6reMoB MaKcxMar6Horo pacgeTHo_
ro h Mt4HrMarbHoro (DaKT!,tqecKoro qacoBoro BoAonorpeateaua/BoAo-
oraeAeHuq no HacocHot cTaHu!&i.



OAKTOPbI B'I149H14' HA PABOTY HACOCOB

H44o{o{ocrb ll g(b(beK[nBHocr6 pa6orbr H:rcocH6rx atperaroB 3aBrrcr,tr or MHo-
nr( OaKropoB, Har6or6uee B,rr.nBl,le oKa3hrBaroT KaBI,imLU,ts, Bri6paqur, oceBbro
u pa,unanbHbre Harpy3Kx, o6beMHbre n noKa.I6Hbre BoaoBopoTBl.

4,1. KaEurauui

Iloxa,ry'i, lnaBHHii [croqr {K trpo6neM c HacocaMr - 3To KaB[Tau[t - rB-
neHne o6pa3oBaHtrrr B xruKocTtr florocTefi (KaBrraqroHHhrx ny3BrpbKoB rrrl Ka-
BepH), 3alonHeHHErx ra3oM, rrapoM I'llrl r{x cMecblo, KaBHTar]rrq Bo3HlKaeT B pe-
3y,lBTaT€ MeCTI{OrO IIO[ 'DKellw�I AaB]IeHI{q B )KI,IAKOCTII! KOTOpOe MOXeT IIpOtlCXO-
.4nT6 IIp'l ]tsejrr{lreHu[ ee cKopocT[ (r44poa'FaM['{ecKar KaBuTaunc) [61]. Ilepe-
MerIaJICb C TIOTOKOM B O6naCT! C 6onee B6rCO(I,!M IaB,rIeHleM. KaBuTaUtOHXbIII
Iry36rpeK 3DOrOnHBaeTCf, r'3,rryqas npn gToM 9HepII'Io, KoTopajr pa3pl'IxaeT noBep-
xHocrB pa6oqrr( Konec, yrr.rro( (pnc. 4.1) !{ T.A.

gra sHepnls Talc{<e co3IaeT yAaprGre BonHbr, Bbr3brBaltotqle Bn6paqDlo, pac-
rlpocTpaHgo[Iylocg Ha pa6oqee l<o'leco, BaJI, ]/rlJrmHeHl,tjf,, rloalrrfirlHltKll. noB6r-
Iua{ I,lx tt3Hoc. Bo3HrIctoBeHI,Ie KaB[Taqr{x o6ycnoBIeHo pa3Hr,rMr npr,IiIHH:lMu
(Ta6n. 4.1), Ho BcerAa cBq3aHo c HelFreroM 3aKoHoB rxApaBrrllKt I, I'lqpolrlHaMr,r-
Krr npll npoeKTr{poBaHull,

Kaxlbrfi Hacoc xapaKrep[3]rrcs Bet!{qlll{orl KaBr,rrarl[oHHoro 3anaca Ar_
(NPSHR) 9To Mm rMarrbuoe ,qauefixe, B npeleJrzu Koroporo y xuAKocrl! lro:

ft{c. 4.1. KaBxraunr yrorrr<n nocne roAa pa6orH Hacoca
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hdruua 4.1. Bruhl n Ilpnqll| 't Bo3mmtoBeHrlt aBrraqltr'

3uN Mgmu{i J np

j-.rDeHHqi HaqMqHe Hd HanopHoii cropoHe Hacoca np xpLrcn anB xKx.
:trlpxynruxe 3acopeHHoro Ou6rpa, laBneHxfl co cropoHbl clrcreMH cBbue

3i rrNureHlrq

pac.rerHoro. Hacoc pa6oraer B rocrc, neBee onrtManhHoil 3oubl

Pa6o'ree Koneco 3aBhrrleHHoro pa3Mepa. [Icnonb3oBaHfie
H€coorBercrBlmur.x aornen, ycraHoBneHH6lx npfi peMome

HenoDrcaqrq€e yllnorHeHxe Ba,ra. noBbl[eHHble cKopoc noroKa
Bo BcacbrBarouret ,tlHHx. Hecoo<Hocrb, HecopalvepHocrb O raH reB
Pa6ora Haco.a s ro'rxe. npaBee onruManhHot 3oH6r

flDoeKmM 3anoxeHr HecoorBficmllouie reuffiecKlrM rPeooBaHIrtM
,rHrrr BcacbrBaHr{r. npxeMHLrii pe3epByap, o6Ee3(a, apMarypa

Hecoo/rsercrB r no x"BxmuroHHov) knacy. Hd Bca.brBrouren
cropoHe ecJ! npxKphnat 3anBuxKa, 3acopextsdil Oxn6rp
Bcac6rBaH e npoxcxo[I,-r c Heaocmro,{Hoii rny6uts!

nepe-

lHir\tl,I

grlarcueti B Hacoc, coxpaHqeTcq oaHo(ba3Hoe cocTotHr,Ie, r.e. cocToqHre co6-

IIEHHO Xl4.4KOCTr,r, HOMIIHa,'ILHOe 3HaqeHXe A4p H KpllB)'IO 3aBI{CUMOCTX Arrp

f; io.raqfi/Hanopa o6t3aH [peaocme"IT6 npotl3Boal'lTer6 Hacoca

Hacoc B craHqr'Iro Heo6xo/luMo Iloa6xparb, ycraHaBjrtBarb L o6Bt36iBarb raK,

c.-c5br oH pacnonarajr B 3oHe cBoefi pa6ortl (onpeAejlterct HiuloxeHl{eM xapaKre-

ln'Tlt'( HacocoB l,l ctrcreMLl BoaoBo,qoB) TeM aorrycrl,lMblM KaBltraIIlIoHHbIM 3afla

ov rn o. (NPSIIA), BerttquHa Kmoporo 66na 6LI BlIlUe aI,! (NPSHA >

\PSHR).
IIHLTMI,i cnoBaMLI, AlLon - ecr6 noreHlrxa'IbHat 3Heprrrl xrlqKocrh y BcacLI

-trrmero orBepcrrit Hacoca, Alllon: H^+ Hr- Hup H1- Hr,rle Hu anuoc-

ifeHoe laBreHue (10 MM BoaHoro cron6a); 11. - craravecrcli Hanop (nonoxx_

E3l$rr"r rrDl oTprqaTer6HBlii), onpeAelfieMhlfi KaK pa3HocTb ]?oBHei{ MexIy cBo-
furoi noBepxHocrl,lo ro.{-aKocfl,t 14 ocblo Hacoca. M: 4p _DaMeH}le napoB ne

lEErrlBaeMoii xrrlKocrr4, 3aBfictllee or reMnepar]p61, Ml flf - florepfi Ha rpe-

E m Bcac6rBalorlei rtl:dtlr|, M; Hi - noTepx B npocTpaHcTBe Mex4y ropnoBx-

rla n roroBKofi pa60qero Koneca Hacoca (ecJlll HeI,BBecTHbtr Moltolo [pl{HtTB paB-

nrn 0,6 u) [6].

,a nprMep 1

H):{Ho o[peAenHTb reoMerpullecK]'Io Bblcory BcacwBatr]r'..d Eo (puc. 4.2, M,
E - ! r _ a c a r r o n = 7 M .

Fac,reroM c noMonILrc peKoMeH.qauufi I33] tr [6] flo"ry'raeM nm€px: Ha BxoAe B

E-Dc 4: 0,6 M; Ha rpeHtre Bo BcacrlBarclreitr JruHxl'I /1i: 0,3 M; Ha 3a'qBxx(e 4
- ',i- t v: Ha KoHibFope IIK : 0,1 M; aaB'e}tr{e HacbrnreHHHx napoB Hw : 0,2 M.
t.grqrrHa flo paBna 4 co 3EaKoM MI4Hyc.

.a1c noJryqeHrt xcKoMofi 11" peut{M Tptr }paBHeHnl,

(4 .1 )

r l.t - Ko3ababxqxeHT 3arlaca, flpHnrMaeMblitr B 3aBrrcllMocr[ or ycnoBfiri pa6o-

r.  Hacoca 1,1-1,5 [6] .
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Pqc. 4.2. Pacqer feoMerpr{qecKon Bbrcor6r BcacbrBanH llo

Ho: -H",

TaK KaK )poBeHr, BoALr orpuqarenr,Hrrii no orHollreHslo K ocfi Hacoca.

Lgtol: H^+ Hs- H\p- H. H, tlf i1t.

(4.2)

(4.3)

OTcloaa

Ho= ( l , l ^ t4 !  4+  4o t t t *+H"+ Hr+Ei )  unn

Ho:  - ( l , l x7 -  l0+  0 ,2  +0 ,1+ 0 ,1+ 0 .3  +  0 ,6 )  =  (  1 )  =  I  i r
Tpe6yeMbrii KaBxraqxoHnbri 3anac ArrD o6r,NHo Blrqllcjnrror no xapaKTepuc

TuKe, npeacraBrreMoii flpou3Boaurer'reM Hacoca, Kp Bas drn Ha'rxHaercr c ro.r-
Klt HyneBotl noAaqa u Me4neHHo pacrer c ee yBenxqeHlreM. KorAa 3Ha.reHue no!a-
qr ]xoIuT BnpaBo oT onTriMarrtHoii 3onbr! Kpr,rBar Alro pe3Ko Bo3pacTaeT, O6nacT6
copaaa ot  roHbl  ont l lM:L, lbHoto Kr In o6bt . lHo t&uerct  KaB TduIoHHo ondcHof i .
KaBlirauloHHLlfi 3anac He rloa4aerct KoHTporto c roq(u 3peHuq MexaHHKlt, u
onepaTop HacocHoi cTaHlIm (oco6eHHo ecr'rx oH He o3HaKoMJreH c xapaKrepxc-
TXKaMI HaCOCOB) ynaBn[BaeT nO MeTiUnUqeCKOMy rxyMy n qenqKaM pa3BnB[y6-
cq KaBrraqurc. K coxa"'reH lo, Ha prtxKe cJI[luKoM M,uIo np[6opoB, no3Bontrc-
nlrtr{ Ha6nbAaT6 a npe,qorBpaulaT} KaBnrarlr{K), XoTq AaTsrK la&'reHuq Ha Bcacbr-
Barouet cTopoHe Hacoca! rroaarorluti chrHarr rpeBofa npx na,seHxr.{ aaBneHxq
Hf ixe nof lycrMVoro l ln t  KoHtperHoto atpelata.  vot  6bl  r  lor  eH nprveHqtbct

MHorr,Ie oneparopbl 3Halor, tITo 3B]x npona'4aer nocne npfiKpblTurl 3a,IIBt{)<Kr{.
Ho, cHuxar reM caMblM noAaqy x KaBrrarlxro, MoxHo He IocTnqL TexHono rqec-
Kxx napdvemoB npol,l3aotrcraeHHofo npouecca nt BonocHd6xeHl,tg/BonoorBeft
Huq. ,["tt roro 9To6bI npaBr.ulbHo ycrpaHl,ITb KaBuraIIt{Io! HpKHo trcnojl}3oBarh
nptiHufin - Ha B\o4e a Hacoc no/.DKHo Bcer4a 6HTL x}AKocTlt 6orbue. ,teM Ha
Br,rxoAe. Bor HecKorr,Ko [pocrBrx cnoco6oB KaK gToro Aocrngbl

3aMeHurb ar{aMerp BcacbrBarolqero narpy6Ka Ha 6onburxii;
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P|.. 4.3. fipnMep HeBepHoii o6Bq3KI, Hacoca. AraMerp BcacuBaroue.o narp]6Ka MeHbue,

- nepeMecrrrb Hacoc 6nDKe K nr,narouleMy p$epByapy! Ho He 6nuxe 5-10
:{a\rerpoB BcacbrBaroulefi Tpy6r,r;

noHu3nTb conpoT BrreHl{e Bo BcacbrBaroueti Tpy6e 3aMeHori ee MaTeprilrra
-i \reHee uepoxoBarbrii, 3a4Bxxmi Ha rx!6epF!,ro, xapaKTep 3],'loulyrcct MeHlulx-
vlr \lecrHr,rMrr noreprMrr, yAaneH!|eM o6parHoro K,ranaHa;

- ecru BcacbrBarcLuaq rpy6a fMeer noBoporll, pleH6lltl,trl, I,tx KoJII{qecrBo I,l
i!]x) 3aMeHurh orBoAr,r Ma,']brx Ha 6oft,ulxe pa{xyc}r noBopoTa! copueHTr,tpoBaB

:.\ B o,4Hoii rrjrocKocTlr (riHorAa npaBxnbHee 3aMeHUTb xecTK!'ro Tpy6y r 6Koii);
yBen qlr rb 4aBneHxe Ha BcacuBarcuel,l cTopoHe Hdcoca no86 llcHIev )poB-

:.r B nuralorleM p$epByape ntr6o cHrixeHreM oct{ ycraHoBKtr Hacoca! il[6o uc-
:o,rb3oaaHreM 6ycTepHoro Hacoca.

ll3noxeHHbre cnoco66r npocrLr u noHrrHLr ro6oMy cneuniurcry) Ho paccMar-
:rrBarc He,qaBHo fipoeKr, Bbr[oj[t€HHbri aBTop[TerHoii npoer.rHoii opraHx3aqrei,
" oSHap),r,rBalo. qro Hacocbr c nolagei{ 1400 vl/,r o6opy4oBaHu iarBDKKav[
?rrc. 4,1) Ar,raMerpaM[ 400 MM c HanopHoii r., 300 MM co BcacbrBarouiefi cropoH]rl?
.Bu nepefl].raty AfiaMerpbrr, - roBopro. He Moxer Hacoc, u3roraBnrBaeMbrii
:axulHofi eBpoleficKoi abupMoii, 66rrr, Br,rnonHeH BonpeKrj KraccfiqecKoMy npa-
:;Lr): BCaCbrBarOUr l [aTp]6OK AO,lxeH 6brTb 6onbrlle HanOpHOrOl'>

oKa3Mocr,, '{ro narpy6Ku xMercT oaxHaKoBbre ,u[aMerpLr no 300 MM, qeM

:txoBoAcrByercr HacocHar (br,rpMa, norararr,cr HerpylHo. C no,uxoasurrM no,s
:.rHH'.ro noAauy BcacrrrBarour,rM narpy6KoM AfiaMerpoM 400 rda 500 MM Bo3poc-
:l{ 6br pa3Mep ynurKu r.r ueHa. Ho ecirr., 6br npoeKTtrpoBrrlr{K noIcqHTajr noryra-
:\r\Io cKopocr6 Ha Bxole B Hacoc 5,5 M/c, a 3a HacocoM 3,1 M/c, To cMor 6br
lSe.lIITb 3aKa3q[Ka orKa3arbcq or Hacocar npelpacnonoxeHHoro K xaBUTauHI|,
ioTrl ll MeHee roDororo.
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a nprMep 2

B HacocHofi craHr{{l.r cMoHTrpoBaHbr arperarbr cyl(oi ropx3oHTajl6Hoi:i ycra-
HOBKI{ BbIUIE YPOBTI,I BOAEI B TIPXCMHOM Pe3CPBYAPC HA 2,8 M. I4X HOMUHMI,HLIE

napdMerpbl: 0 .- 1500 v'lq. H - 26 M, M n - 
1.7 \,. Hacocbr xaBxrHp,'ror. Pea,lh-

Ho oEl{x pa6maror B roqKe, rye Q= 3900 Ma/q, H = 24 M, Ar- = 8,6 M. ,4[ana3oH
noaaq HacocHofi craHur.rH 6000-10000 M3/q.

C noMorqbro OopMynH (4.3) rroacqlrbrBaeM Arrcn:5.8 M- Orclola
Allon<l,l^rtu = 8,5 M, qro HeaonycrxMo, Ae(buqnr noaflopa Ha BcacbrBalouefi
cropoHe Hacoca rlpx ero pa6ore B HoMxHMe cocmBneer 8,5 5,8 = 2,7 M, B OaK-
rxqecxoii xe roeKe pa6orbr! rae pa3Hocr6 l,l^nrl Allon = l,lx8,6 - 5,8 : 3,7,

YCJIOBII'I €UIC XECTAIE.

PaccMorprrM lBa BapllaHTa BhrBoaa EacocoB rr3 KaBlirauxoHHoi:i pa6mLl:
- .upocce,rrxpoBaHrre HanopHofi nrlH]ll{ c noMor[Ho perynxp]rouero KnanaHa;

!tser'rrtreHre ,uaBJIeHur Ha BcacbrBaorqei cTopoHe ycTaHoBKot B npfieMHoM
oTIeJreHu[ 6ycTepHoro xacoca.

AHarx3hpyr xapaKrepucrtrv.t! Q-H u I - L4p Aacoca, HaxoanM 0 : 2000
Ml/q, npr{ KoropoM Allm:3,8 M < Ai,non. noloudaeM perynupyK,nrliii KnanaH,
cnoco6Hblii no!,qepxrrBarr, aaBjreHre B Ha[opHo]i nuHri'r Kaxloro Hacoca Ha

)poBHe 3,5 6ap, qro coorBercrayer eauH[qHoii noaaqe 2000 M]/v. Crpouu rpa-
(bI{Kx coBMecrHori pa6orbr rpex HacocoB c rpeMq KranaHaMu x rpy6o[poBo.uoB
(pxc. 4.4) Tpy Hacoca cnpaMqrcrcr c np roxoM b000 vr lq.

I

20
0 2000 4000 6000 8000

noaaea. M3/e

Pxc, a.a. IpaOrKr coBMecrHon pa6mH rpex HacocoB n Bo,qoBo,qoB c perynrpyeMhrM! sana-
HaMr: l. 2, I ryuBre oaHo, aBy( n rp€x napa,anenbHo pa6orarourxx HacocoB c
Ho;4, 5,6 - rpaoxKx BoaoBoroB c peayKItoHHhIMx xranaHaMn, noanepxxBarorrxMo aaB_
neHue B cucreMe 3.5 6ap npn pa6ore orHoro. !B)a( u rpex HacocoB coorBercrBeHHo; 7 xa-
paneprcruKa BoroBoaa 6e3 lpocce'rxpoBaHrfi



laKropb BfurHrlr  Ha pa6ory HacocoB 35

)(_r0
t H .

HA

LX

. 7 .

Pic. {.5. Io.pyxHon oceBoii Hacoc l. co3na}ouruil nornop Hacocy cy{oii ycraHoBKr 2

Bapuaqm 2.
PaHee noKa3aHo, qro HelocraroK Haflopa Ha BcacBlBalot(eii cropoHe Hacoca

::\'TaBnser 3,7 M. ycraHoBuM TyAa 6ycrepHbri Hacoc. Hax6onee npocro MoHrlr-
,-_, . \ rbr\ iH f i  norxol l tL! t4v14 r/ut  nonleva tHaqhrerbHH\ ()6beMoa BoAbt Ha He6orB-

1to B6tcoT! ,IBrlglOTCt HaCOCbt C OCeBblMlt 'LlI nfiaroHajlbHbtvrl pa6o9llM Ko,1e-
::\ot, TaKxe arperarbl ycraHaBjlttBabrcq Henocpe.IlcrBeHHo B HarHerareillHyb Ko-
.rHHy (B aaHHoM cnylae orKpbrrlb) (puc. 4.5).

no!6xpaev Hacoc c HovuHarlbHr,rvH napavefpavx 0 1000 M1/,r .  H- 5,5 M,
' = 83 %. Xap KTepuc' tKr pa6orbr napbr nocneAoaaTerbHo coeAaHeHHbrx Haco-
:rB npeacTaBrleHbl Ha pltc. 4.0, Tpex nap HacocoB nocr'reaoBaTeIbHo-napajljlejlLHo
:.lt-tIIHeHHbIx coBMecrHo c Bo.qoBoAoM, Ha pkc. 4.7.

[IycK cyulecrB],rouero Hacoca npori3BoAt{Tcr c 3aAepxKoii, nocre roro KaK
reBoii 6ycrepHbrti arperar HanoJrHr,tr KoJroHHy BoAoti Ao Bo3MoxHoro x3 iRa.

AHanH3 xapaKTepl,tcrxK [oKa3HBaer:
l) noaa.ra 6ycrepl{oro arperara (pxc. 4.6) B pa6oqeM U{ana3oHe abrue. qeM y

:t ecTByroruero! qro o6ecne.r[BaeT cTa6nnr,HLri nolnop nocneAHeMy;
2) pa6o,ras ro.rKa AB)D( nap napar'urerrbHo AeiicrByroturrx HacocoB (puc. 4.7)

:,lorBercrByer Q = 72OO M3/s, H: 30 M v HiLxoAnrcrr B 3oHe onrxMyMa o6oux

3) Tpe6yeMbrn KaBnTaqlroHHbri:i 3anac cyxlecrB)'rouux HacocoB c]r(oii ycTa
:osKrl B gToii TOqrc arm : 6 M.

no{c.rnrLrBaeM pacnonaraeMbri KaBrrau[oHHbrii 3anac no OopMyne (4.3):

. \ r lon: l0+2,0-0,2-0,2-0, I  -0,3-0,6 = 10.6 M;

10.6 . 6.6. r.e. yc,losue Ar"^- > l . lAr- co6nrcleHo.
vmo3Ll KaauTaut{u HeT.
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Pxc. 4.6. lpaorKr{ pa6orbr nocne,4oMrenhHo coe4xtseHHhd tsacocoB u roloDola: I - xapaK-
reprcrnxa Hacoca clxon ycraHoBxx; 2 coBMecrHar xapaKreplcrxKa nocnenoBarenbHo pa-
ooratorrxx HacocoB; 3 xapaKrepxcraKa BoloBoaa
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Pxc. 4.7. fpaoxx napdren6Hon pa6orEr rpex mp nodeaoMren6so coeanHeHs6rx sacocoB ,
BoloBoqa: l, 2, I .paorKr pa6orLr oaHot, aBla, rpex nap nocneaoBarer6Ho coeraEetstslx
HacocoBj coorBercrBeHHo: 4 xapaKrep crnKa BonoBona

CpaBHeHxe Bap[aHToB ] n 2 no 3Hepro3arparaM (ra6r. 4.2) noKa3blBaer rBHoe
npeuMyqecrBo B ncnor!3oBaHrru 6ycTepH6rx HacocoB, a 3o(bexT oT gKoHoMur{
)r leKTpO rHepf ,r  cocraMqef 2081272 p!6, a ron. qro cpaBHuMo c raKf,no'rHoi i  ue-
Hoi:i arperara,

TaKxe Heo6xoauMo orMerrlTb, rrro ycraHoB(a pe,qy(ur.joFHoro KranaHa rlo Ba-
p[aHry I Ite xcKlroqaeT cnea!,rouxx npo6neM:
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Ta6tn\a 4,2. 9Hepro3arlar ||a nepe(aqy Ml,tlltlM,ull'Hom nptroxa

no€rarenr no BapxaHrs{

\lourHocr6 B pa6o'ret ro.rRe, KBr

i\n.q, %

laryat6r 3nerflpoetseprxt Ha 1 M3 _
..pexa'r BaeMLrx croxoB, xBr.t/Mr

IoroB6'e 3arpard Ha nep€xalrKy trrxstirubHoro
rpnro(a O : 6000 Mrlq (l KBr,{ - 1,2 pt6), py6.

BapraHr loobopyiroRaHn!

6000
3x266

1 l

0 . 1 3 3

8 388 576

7200
2x(295+62,8)

8 3

0.099

6 307 304

- Hilrrl,Irlre Bo3ayxa Bo BcaclIBaIouIeM Tpy6onpoBoae cileaoBarejllHo, HeycTOt-
.{xBat pa6ora HacocoB;

- yMeHbruer{ne pecypca pa6orll noruxnHl,lKoBblx ytloB x ynnorHeHfii. IIpn
roraqe 2000 M3/q Hacoc pa6oraer Ha rpaxxqe orpaHtMeHlrfi no O.in c noouuen

16l\ll{ OCeBbIM],I U pa{l{iUIbH6IMI'I CriJIaMr.

TaKt{M o6pa3oM, MoxHo cpaBH[Barb 3(b(beKrl'rBHocr6 pa3nu'{Hblx Meponpnt-

n{l no ycTpaHeHxrc KaBuTaIIxn,

4.2. Bt46palJ'ue

B 6paqrir Bo3HaKaer or pa6orbl Bparqarcqr'rxcrl qacret arperara r! xort ycr-

f!Hr{T6 ee nolHocT6lo HeBO3MOXHO, H}'KHO 3HaTh, KaK nOA-qepX]tBaTb Bu6pauurc

na np[eM.ieMoM ]poBHe.
OcHoBHoh npvgxHori  Bv6pduxx tB,1'ercs rryrbcauxt naBneHxq B nporo' lHot

:{ilcrx Hacoca. oco6eHHo 60nbulre Harpy3rut ncnllrblBaloT Te y3nbl ll s.,IeMeHrbr'
ire noToK co3aaeT nepeMeHHIJe no HanpaBreH[rc curbl Bo3AeilcTBxt. 9ro npex-

fe Bcero 93bIK cnr,rparlHoro oTBoIa lt roIIaTKl{ HanpaB,ulbuero annapaTa o6Te-

raHxe Hx HepaBHoMepHlIM noroKoM, BBD(OA'IU!4M !€ pa6oqero KoJIeca! npottcxo-

l I f  c paJHoHanpaMeHHblv BeKropoM c q r  nep ort lgecxt lv Brl \peo6paroBaHtl-
--\{. B 3oHax Brrxpeii IIaMeHne Mox€T noHxxarlct ao napoo6pa3oBaHr'Iq aaxe B

roctorHxH noaTonreH Jl .  [ logB]1eHxe x nocj]el ] ] ' Iouee cMon6lBaHxe ny16lpet l  co-

:rpoBox4aercr Bhr6pocoM sHeprnx, Koropau pe3Ko noB6lllaer )poBeHb Bn6palll{tl'
3c:le.4cTBre qero yctiJll{BaloTcrl rrlal l,I [3Hoc arperaTa.

flpn orKnoHeHlx napaMerpoB floaat{u u Hanopa Hacoca or onrxM,L'IbHbIx

,r .rqeH i  HacrynaeT pocr B 6pauf l , l  14. crenoBalerLHo. l {JHoca alpefaTa oco-

5aHHo crpaaaror Bpaualou.lr{ect aer:!n],l. fIo3ToMy (bspMLI, npol'l3Boanuue

nollxrnHtIKI{ IIJI' HaCOCOB! He OTBeqarcT 3a CHr'IXeHl,le cpoKa cn]DK6tI noarlun
grrxa (50 ruc. MoroqacoB), ecnx pa6oqat notraqa 0 qeHTpo6exHoro Hacoca

3l,rxolujla 3a npelen6l 0,50n< Q <1,258nu ecJlx Hanop l/ Hacoca c oceBbIM

tltll auaroHaJrbHblM pa6o,{uMr.{ (orecaMH rpeBbuan l,25gn (0n I'I l1n - HOM|

il:tlbHbre noaarla l,t Ha[op),
ypoBeHb Bu6paqxl,t B 3HaqI,ITeiIbHof creneHt{ 3aBllcxr or roro, HacKojrbKo Ka-

qccIBeHHo abtnolHgiacb 6a,laHcupoBKa pa6oqefo Koneca

flil{

lle-
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Ptc. 4.8. IlonBonHar 6daHcxpoBKa cFtecrBeHHo cHrrMaer ldc6uaHc x Bx6paMro paooeux
(onec no cpaBHetsr'o c o6br,rHo BbrnorHeeMon HacocHUMx 3aBoraMrj

Ko3orrqueHru 6bcrpoxoAHocr 
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Pqc. 4.9. KGdxuxeF.br 6brc-rpoxontsocrx anq pa3nxqtslx OopM nonacren paooeox Korec

BanaHclpoBKa pa6overo Koneca, BHnor'IHteMaq Ha HacocHLIx 3aBoAax rpa-
AxuuoHHhrM crlocoboM, ],.xe He fiBjrrercr AocrarorrHori, npr pa6ore Koneca B
BOAe lltnpaBjllrqecKne cl|rtbl ucKaxabT 6artaHc, aocTrtrH'.rbli B clxxx ycnoBusx.
HoBhrfi cfioco6, ocylqecrBnseM6rii c rroMollbro MareMaruqecKoir Moaenx 123],
KoTopac rrMnTxpyeT nolBoAHbre ycrroBtlt! cyrqecTBeHHo cHl,Ixaer Anc6a,,IaHc ll
Br6pauxrc (pxc. 4.8), CoorBercrBeHHo cHrxaercr a3Hoc yrnorHeHrrti. nollxxn-
HllKoB, Baula,

["u uacculluxaur-tn pa6oqux Konec no rrflaM ],r on]tcaHhr ux reoMerpj[t, c
'IroqK[ 3peHuq u3MeHeHtit HanpaMeHIfi noToKa xxlKocTx npx lB]DKeHu'{ ee B pa-
6oqeM Ko,lece or BxoAa Ao B6xoAa r{3 Hero, ucnonb3}ror noHtrxe 6blcrpoxoaHocrx,

qlc,reFHoe 3Ha.reFHe 6brcrpoxoAHocrr,t o6o3Haqaercr Kos(briuxeHToM 66rcr-
poxolHocrx /{s H no HeMy Knaccxol,lurpyror rr,rnbr pa6oqux Konec. BerxquHbr iy's
L1t onq/.x u re\ xe r noB pa6o,rx\ Korec. nplBoaxvblf B poccl,ticKlx la |apy-
6exHbtx l,tcro'tHrKax, orruqabrcrl. Aero B ToM qro poccxiicKat rpaKToBKa Ko3!D-
Otq{eHTa 6brcrpoxolHocTl,t - sro qacrora BpaueHuq (qHcno o6oporoB B Mr-rHyry)
TaKorc gTanoHHoro pa6overo KoJIeca, reoMerpttrlecKlt noAo6Horo naHHoMy, xoro-
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poe npu MaKcr{MMbBoM KfIA n noaa,re 0,75 Ml/c pa3BxBaer Eanop I M. Hanptl
yep, B aMepxKaHcKoii TpaKToBKe - 9TO TO Xe, HO npU flOlage I TaJUIOH OHO pa3-

BlrBaer Hanop B 1O)'r.
nocKon6Ky nom'rKHr,re Hacocbr rIpoI,I3BoIUITct B ocHosHoM noKa 3a py6exoM,

r-recb nplBeaeHa (pnc. 4-9) KlaccxoxKauxq pa6oqld Konec B xHocrpaHHot TpaK-
roBKe fio xo3(babfiuleHTy 66lcrpoxoaHocrn, BblgrlcnrleMoMy no OopMyne:

t
, ,  n l u

.le , -.rxcno o60poroB B Mr.rHyry; O noaa.Ia npx MaKcuMWe Kna n/c; fl
Hanop npt{ MaKcHMaJIbHoM KIA, M.

Pa6o.rxe Koneca c Hatr6o,'IbDIiM I{3MeHeHI,IeM HanpaMeHrrq aBuxexxt (or

JCeBOTO Ha BXOAe K pailria,IbHoMy Ha Bl'aoae) reHeplpy'IoT noBblueHHsle Hanopbr
ia c.rer ueHTpo6e)KHoro 3OOeKTa. Pa6oqle Koreca, Jronacru KoropLIX HaI{MeHee
Ona'IOHtOT nOTOK - OCeBbIe' XapaKTepI43)'IOTCg nOBbIUeHHI'IMrI IIOAaqaMI'i, HO

1It3KI{MX HanOpaMI,l,
noBLIueHHat B 6pallllt, noM[Mo cr{lDKeHnq Ha,aexHocrrl arperara, BbI36IBa_

: t  L l l ]  v  oKalLtBael  Bpe4Hoe BJlMtHve Ha nepcoHa,r l .  Cnetrye I  o lMel1116.  q lo npr l

rorp)r{Gofi (MoKpoii) ycraHoBKe HacocoB 3Tor BpeaHblfi 9(F(beKT npaKTl'tecKx

JTC!'ICTBYCT.
B HacocHorl craHqur.{ !.rn rloMep)<aHxt Br.r6palllrti Ha npxeM"'IgMoM ypoBHe

:rperarr,r Heo6xoa[Mo ycraHaBJ[Garb c yqeroM cJrea!'Ioult npaBwl

L Bce qacrfi cxcreMbt (arperar, Tp]6onpoBorbl, apMarlpa, onopbl l't r.a.) aorx-

=:u 66trl AocraroqHo npoqHLlMlt l,t xecrKo 3aKpeIUIeHHI'IlIl't! 9To6bI co6crBeHHtle
(o,te6aHtc MMeru qacmrbl Huxe HattMelltueii ecrecrBeHHoi qacrorbl Korre6aEufi

J]ICTCMI,I.

P!c. 4.10. ycraHosKa Hacoca u efo o6Bt3Ka, MUHlMU3IrpIourte Ba6paurx)
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2- Hacoc AonxeH 6brrr, x3onupoBaH or KoHcrpyKurfl,r craHurn, nosroMy oc-
HoBaHrie (craHnHa) arperara IIoJrxHo rMer6 Maccy 6onee ,reM BlBoe npeBLIllIa-
rcruyro Maccy ero BpauaDrquxcr gacrei:i. MoxHo l{cno,rh3oBarb cneuharrbHlre
ru6Kne onopll unx pe3uHoBoe noKptlTtie Mcx.rry ocHosaHseM Hacoca u norroM
cTaHlIxlr.

3, Tpy6oopoBo!6r AorxHbr npoqHo Kpenr,rrlcr c noMolqLrc aHKepHbL\ 60,!T08
ti flr6KHx onop K nony x no Bo3MoxHocrti K creHaM craHu! .i, BnxxH'le K Hacocy
onopH pacnor'rararorcq or Hero Ha paccrorHl,t' l/3 Kpr,rrr,r,recKoii [qr,rHbr rpy6o_
npoBolaj npx Koropot Bo3HuKaor nepB6le ecrecrBeHHHe Ko.[e6aHlrt.

4, Trxenl,re 3neI{eHT6r cucreMbr (3aABrrxKx, KrraflaHbr) lo,,txHLr 6L,rr} 3aKpen-
,eHBr c noMoulhrc Aonor'IH TeJrLHLrx onop, PeKoMeHAyeTct xcnorb3oBaTb cunb(bo_
Hbl l,rr coeahHeHuii Hacoca c rpy6aMx x Mexly rpy6aMx (prc. 4,10).

5. PeKoMeruyercr Ha HanopHoii cropoHe Hacoca ycraHaMrBarb nepexoa Ha
6o,'rbnllfiii Ar,raMerp (-qxooy3op), qro cHuxaer cKopocrb xrillKocru r{ norepu Ha
rpeHue. O6parHbrii KranaH h 3a Hr{M 3a.4Br,DKKa MoHrxp},rorcq nocne ,urooy3opa
(no HanpaBneHrrro noroKa).

6. y.racToK Tpy6H Mexqy onopaMn AoJDKeH 6brTL, NteHr,rxe 70 ya Kpv.rlx\ecKoil
,t'IuH!l rpy6br. 3ry Benx'{nHy pacc,tr.rrbrBaror no d)opMy,,raM 124, 25] nH6o HaxoArr
B ra6nxlax [26].

I4cno,rb3oBaHne qacrorHo-peryJrupyeMoro nphBoAa Moxer Bbr3brBar6 B onpe-
IerteHHoM lriana3oHe '{acToT (KorAa oHt coBna_qa}oT c coOcTBeHHLtMx ,JacToTaMI,I
cxcreMBt ycrreHle Bx6paq[x. 3To Heo6xolr,rMo yqrlrbrBarb nepe! ero npm\reHe_
H eM ll n36emTr, pa6oTbr ycTpoffcTBa B IaHHoM AHana3oHe. Bx6pauxr, uJyM rBns-
loTcr xopol[rrMr,l xHlrKaTopaMu, lD],nKur.roH]{poBaHrr ]t cocroeHnr l{acoca u cs_
creMLr B rtenoM, 14 eclu osr nouepxxBarorcrr Ha aonycrr,tMoM ypoBHe! To rlul
paBJInIecKte H MexaHl,tqecK}le 3r'IeMeHT6t HaCOCa !I CaMa ero ycTaHoBKa u IIpl,lBt3_
Ka K C[CTeMe 86lnOJIHeH6I npaBHrbHO.

Bu6parirq u rxyNr or pa6or6r Bparuarcuxxcr ,{acreii aDeraroB eBireHue He-
x36exHoe. OHo HaHocrr Bpe,q u caMoii MauuHe, 'l nepcoHany, Cyurecrsyror npa
Br,rr'ra ycraHoBKr.r Hacocots anrr nouepxaHr{q Bn6paux! x uty}ra Ha npreM,,reMoM
ypoBHe. florpyxHar ycraHoBKa HacocoB B 3ToM ctvrhrcJ,re 3HaqxrerrbHo BLrronHee
clxoii ycraHoBKr,r,

4.3. OceBoe x paAuarbHoe ycl4,|l4q B Hacocax

IIp{ npoxoxreHn{ noroKa xr4aKocrl{ qepe3 pa6o\ee Koneco ueHTpo6exHoro
Hacoca Bo3HnKaer oceBoe yclljlxe. OHo o6ycnoMeHo pa3Hocrblo AaMe Hr.{ i; Ha rulo-
qarb pa6oqero Koteca co cropoHbl BcacblBaHnt r HarHeraHltg. 3Ha,IeHI{e 3Toi
cnr'llr 3aBrcl,rr or Hanopa, pa3MepoB ri rrna paboqero Ko,reca r ]Tr,,rorHeH!{ii.

MaKcrMa,'rr,Hoe oceBoe ycrcrue 6yAer trMerb Mecro npu MaKcsMairbHoNr pa3-
BrBaeMoM Hanope Hacoca! To ecrr, npr pa6ore ero Ha 3aKpr,rryrc 3a,{B[xKy (pxc.
4. r  l ) .

IlcK[roqeH(e oceBoro ycrjr'Ilt Aocrl{raerct B Hacocax aBoiiHoro Bcac6lBaHriq c
cIlMMeTDltlIHllMA nOnBOlIaMU.

ABropy AosoArroc! ) tacrBoBarb Bo BHeApeEr{n norp}r(HLrx HacocoB ABoiiHo-
ro Bcac6iBaHMr (b[pMr,r RITZ n rq ycnoBxii gKcTpeMa]rBHbx HanopoB, TeMneparyp
r.r Koppo3xiiEbrx BoiaeficrBurl, flo MHeHun non$oBarereii aaHHoro o6opyroBa-
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P'i..4.11. XapaKrepncr.Kq x3MeHeHrn oceBon x pa.uru6tsoii sa.py3o( no orHoueHxb x
I oceBar HarpFKa; 2 - panvanLHar HarpFKa; 3 - roqKa omnMyMa: 4

jaKrepxcrrKa O l/i 5 .xrpaBroqecKxft x oblrxn KnA Hacocno.o arperara: 6 - KaBU-
::rxoHHar xapaKrepucrxKa ArrD;7 - roqKa. noKa3uBabqe, qro )poBeib Borbl Haq ocbli)

i:.o(a co cropoHbr BcacbrBaHnr -aonxeH cocra&rrrrb He eHee I M

a]!q cnequa,'IucroB AK <Anpocar, - oHo oKa3aJ'IocL, EecpaBHeHHo Ha,qexHee u

r\oHoMxt{Hee paHee nplMeHrrBuerocs [27]. npxHunn KoHcrpyKrllrr,r 3Toro Haco-

:.i. Ha3r,rBaeMoro HDM, cocror,rr B oreA)'roureM. Arperar (puc.4,l2) c<ounono-
!H l i  |  ABIX paCnOnOXeHHhlX O[r lH HaA Ap] ' r [V f lOI ] 'HdCOCOB. Ka{Ib lx  14J rOlO-

:r\ nolaeT HaBcTperry B oceBoM HanpaMeHI,It{ rlo [o,rIoBIHe pacxola Boabr c noJl-
.br\r o,4rHaKoBlrM Ha[opoM. TeM caMbrM Ban, 6"'raroaapq Bo3aeiicrBxro Bcrpe,]H]lx
:oroKoB, Haxolurcq KaK 65l Bo B3BeueHHoM cocTotHt{}t r cH[MaeT Ko]'IocquL-
illo oceB!.ro Harpy3Ky Ha o[opH]3o rury (nonnrTHr{K).

B Hacoca\  c  o4HocropoHHl, tv  B\o lov Bocnput t  e oceBoi i  cr t lb t  oc)uectarq-
i .c , r  onopHb[, r  f lonu} lnHr\ov.  nnf l  cHH^eHHr oceBoro ]c f t rv) r  Hd Hirp]4KHof i  cro
:\rHe 3a'qHero (no nmoKy) ar.rcKa pa6o.rero Koneca Br,lnonHtlor partuarllHEle pe6pa

Dnc. 4.13). Bnaroaapg rrM! aaBJreHue B norocru Mexly KonecoM r.r KopnycoM npx
:palj]leHuu pa6oqero Koneca m{e}$uaeTcr. KpoMe Toro. pa.qranbHbre pe6pa cno
JOSCTB]'IOT CHtrxetlzrc AaBreHX{ Ha yrUrOTHeHXe Ha BaJIy.

llpx pa6ore qeHTpo6e)Knb)x HacocoB Ha pa6oqee Koreco aeiicrayer, [oMxMo

xeBoii, u pa4u:uI6HM ctfia. Bo3HttKaer oHa [3-3a HenocrotHcrBa aaBfieHtii tlo

:reprrMerpy cnupMlHoro mBo,ua Hacoca BBrny ero HecrMMeTprqHocrx, r x3-34
r.'paBHoMepHocTr.r cKopocTei{ no nepxMeTpy pa6o.rero Ko,'reca, BBxay accaMeTpu[
:io.tBo]la.

flpu pa6ore Hacoca B 3oHax! orjrHrrHbrx or onrrMantHoir, xaparirep 3rrx qBne-

:ll$"t x3MeHqeTcq, TaK KaK rulorlaqti nonepeqHblx ceqeHriii c {piulbHbrx orBoaoB
:re coorBercrByror Korl4qecTBy xr.raKocru, npoxoacueii qepe3 Hltx (cM, pr{c. 4,1l),

flpx 3aHTDTHHLD( no,qaqax cKopocrb noroKa no xoay B KaHiuIe naraer, a,aaBJIeH]Ie

'125 150

p



42 C. E. 6ep$hH. HACOCHbIE CTAHUI,4l,'1

Pnc. 4.12. florpyxnotr MHomcrynexvand Hacoc Ritz
BoftHoro BcacblDaHfi{. OceDoe laBreHre Ha nfry 3nercpo-
aanrarerr 3qecb ysrpaHeHor I - Dcac Bepcrem nonluaco-
ca; 2 - HanopH}If, I(AHanlFyx nonyHacocoD;3 - lcac r(-
Hero noryHacoca;4 - 3n€rspo@nar€,rb; 5 nomfl]inK

o

PIlc. 4.13. Pa,qra,EH}Ie pe6pa Ha 3aaHef flopoHe pa6oqero
Konecs arrr cHmrcHnfi oc€mro ycltlwl

BO3paCTire! flpr,r 3aBbllllerllnr fioAaq, nao6opor, c(opocTr, [oToKa B cnlpanbFoM
orlole ro xoay Bo3pacrFr, a aaBreHre Il4qaer

KpoMe nocrocmrofi ane AarrFom pexl{Ma nrapaRrrr{lrecKofi paiuaJlLHoft c]drBl,
Ha pa6oqee Koneco aeicTByroT cwol' go3xrralounl€ t3-3a MexaHrttlecKoro ll l!ta-
paBJrl{llecKoro allc6ajla$ca pa6oqer0 Koreca. 3Tlrr clIJrhI B6I3brBaroT blIeril'e BSna I,t
NPEXAEBPEMEHHBIf I&HOC TIO4IIIIIIHI,IKOB.

4.4, O6beMHbE n roKalbHbE BoAoBoporbl

OOBeMHoe 3aBr,oapeBre fio{oKa npo{cxoar,rr r€-3a EepaBHoMepEoro pacfipeAe-
nellr,L{ ero cKopocl€i KaK rro BerMqrfie (prc. 4.14), TaK r IIo Har4)a&nerl Io BBoaa
(Hanprd\,(ep floa yrnoM K p$epByapy).

B pe3ynbrare Bo3r[(aer Kp]aroBoe aBrDKer e MaccEr )r{llrKocrIt BoKplrr Haco-
ca, Koropoe r:rlnr,lBaerct npr Bxole B gacoc BBrrny clxem,{9 nmoKa. 3aBxxpeHre
MOXer CoBrra,qarb c BparqeglteM pa6oqem xoreca no Har4)irBjreHrro r,[Jrr 6brrb eMy
rlpm[BortojroxHhlM.
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Pxc. 4.14. HepaBHoMepHar snlopa cxopocreii noroxa Ha Bxore B pe3epByap npaBollr
o6eMHoMy BoloBopory ycnnlBaroueMycr npr.r Bxone B Hacoc

npofls HanpasneHnc
spaqeHrr pa6@e.o rcne€\ 3

l i i lbl,

rrtq
Lla U

:Hge

eMy

P!c. 4.15. tso3netcrBne oobeMHoro 3aBnxpeHxr Ha pa6ory Hacoca

3aKpy ,rBaHle noroKa npr' Bcacr,rBaHru B HanpaBneHnr,r BparueHxg pa6oqero
roneca Hacoca flpr{BoarrT K cHrDKeHr,rKr lloaaqn! Kfla u TenrrooTAaqr. 3aBxxpeHne
,lie B npmllBolloloxfioM HanpaBjreHlrr eule BpeaFee ,qrt Eacoca, nocKorhKy ero
pa6oqar roqKa cMerlaercrr BnpaBo ,r BBepx o1'Hocr{Ter'rbHo HoMr{HMLHoti (p!rc.
L l5), CneloBaren6Ho, fioaatra rl MoruHocrHzls Harpy3Ka pacryr, a KaBr,tTauI-loHHr,Ifi
J<rnac na.qaer. lllyv np pa6ore, KaBr.rrau , x npe)KDeBpeMeHHbri r,r3Hoc no,0Lur1n-
HIlKoB u yrurorHeHuii nMglorcr IIplI3HaKaMu u3JrurxHeii npeaBaplrrenbr{ort 3aK-
plTKlt nomKa,

KpoMe roro, noxa"rbHbte Boaoaoporbr B orjtuqtle m o6aeMH6Lx 6oree rHTeH-
cttBflb|,i Moryr Bbr36IBaTr, yaapHB]e Hatpy3K[ Ha BparlarcIllfie 3JIeMeHTbI Hacoca,
a\aar Bor,flyxa! sH6pa[tfio, KaErrau Io, cHr.rxeH e ndlaqr.

lloKa,rrbHBre Bo,qoBoporbr npuBoarr K o6pa3oBaHlro BopoHoK, KoropBle 6LIBa-
ror noBepxHocTHbrM[ ri norprxrr6rMrl.



(.E. EepeuH. HACOCHb E CTAHUfll,l

r," r _--€_ 53;:::::ffi" rvn 4
Ha no6epxHocru

Tqn 2 ---€- Thn 5

Tun 3 Tr4n 6

Pnc. 4.16. TrnH roKd6HLrx noBepxHocrHbrx 3aBxxpeHxn

lloBepxHocrHoe sopoHKoo6pa3oBaH[e MoxHo ycjroBHo pa3AeJUrrB Ha lrecrB
rr.rnoB (pxc.4.16).

Be3o6snHr,re c nepBoro B3rrlrIa KoH[qecKue o6pa3oBaHng Ha cnoKoilHoii
rna4Koii noBepxHocrx Roabr c[oco6Hbr 6brcrpo npeo6pa3oBarbcr B Tfinr,r BopoHoK,
npeAcraMeHHr,re Ha pHc. 4.16 r HaHecru yuep6 HacocHoMy arperary fnanKar no
BepxHocrb BoAbr B sroM cMbrore onacHee pr6[ Ha BoAe. nocKo]'r6Ky co3laer ycrro-
Brrr &rrr oopMr.rpoBaHxr BopoHoK.

O ToM, KaK x36exarb noKaJIbHbIx BoIIoBoporoB B HacocHo-npxeMH6x pe3ep-
Byapay. nonpo6Hee rr ,roxeno e r  raear 5,6.

4.5. Pa6ora Hacoca 3a npeAelaMu 3oHbt onrrMyMa

npx noA6ope HacocoB Heo6xoAsMo y'{hrblBarb, rITo oHr{ t&rltlorct r'In[Ib !a
cTllo cIcTeMr,t aocTaBKx xHAKocTx! B KoTopylo TaKxe BXoIlqT BoAoBonLI! apMa
Typa r xn. flo3ToMy napaMerpgl HacocoB aorixHbr MaKcrrN{iurbHo coorBercrBo-

3oHa onruMy\ra pa6orbr qeHrpo6exHoro Hacoca oflpeAenrrercs no xapaKTepu
cruKe ero Kfln u o66rqHo pacnoraraercq B rpaHnuax 125 % noda.rn npn MaKcu-
ManLHoM KnA,

floHqrHo. 'rro BbrxoA 3a npeAe,rbr AaHHoii 3oHLr cHxxaer Kll,4 arperara x Be-
ner K nepepacxoly 3neKTposHeprnr{, 9TuM, oAHaKo. npo6neMa He orpaHHquBaer-
Lq. 14 \MeHeHye pan a[bHo oceBox Harp] roK! KaBItauHoHHo]t u Dp] t  ] tx cocraB
,rsrcurfix npl,I orKroHeHI,Ir{ noAaqt{ Hacoca or HoMraHdnhHoro 3Ha'{eHxq Q. Bbr3bF
Barcr reneHrq. cHrhHo Brl t t rcut le Ha efo yrHo(.  I lo l tovy npox rBo!f i renx noD-
rurnHHKoB, HanpriMep, He raparrTr,rp,'roT AocTuxeHfi9 HopMrrpyeMoro cpoKa crry)K-
6ri cBoero rr3nerus npn pa6ore ueHTpo6exHoro Hacoca 3a npenenaMri 0,50"< 0 <
< 1,250", rAe 0" - noAa.ia B xoM Hane.
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PF. .1.17. XaoareDxcroru Hacoca

AHanu3 3aB1,lc],rMocrei, pacnoraraeMblx nor xapar.repucrfiKoii Q-H aaco-
::. noKa3Llaaer cJreryorqee (pr{c. 4.17),

Pa6ora arperara B 3oHe cJIeBa or onrr{MiulbHoii B6l36IBaer floBbrueHtte a4p,
:rrlxeHue KflA, noBbruleHre oceBbx u pa,qtril'IbHblx cr'r, peutlpKyntuurr. leM
:.:!6r\r Bcq Bbl6poueHHat sxeprrit HarpeBaer nepeKaquBaeM]'lo Bo-qy, qro ycKopt-
j: I3Hoc arperara, fipxBonur K Eecra6ti,rl'Hocrtr pa6orbl. Bu6pauux, ujy]vly, KaBa-
::rn t- O6pa3Ho, 3To aHajlort{qHo roMy! .JTo BbI B aBToMo6[rIe aaBure Ha neaaJ'II)
op\to3a. Koraa nellzulb m3a olHoBpeMeHHo HiDKaTa ao mKa3a-

Pa6ora Hacoca B 3oHe crlpaBa or onrrMa,'ILHoit BbI3tIBaer noBllnlleHxe Arm;
::lnxeHr,re KflA, 'rro floaaB,lter 3abaDeKrfiBHocrb MauuHBI, IloBbrrueHl'e pa4tlajlL

:ii!r\ clrjr! trro Beaer K Bx6pauril{; floBI'IueE le 3Eepronorpe6neHut, liHoraa Bblue
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Prc. 4.18. UxpKymuur qacrx flepexaqmaeMon xulKocrx !cpe3 Bcacbrsanlrvo nxflxro

npeaena ycTaHoBrrteHHot{ MoLuHocT[ 3IeKTpOIIBttmTeJ'rq) qTo npxBonnT K neperpe_
BaHUIO l,l B6IBOAy ero I,r3 CTpOt.

Han6o,1ee pacnpocTpaHeHHiur nprrl'iHa orKrroHeHrc pa6o,rux napaMerpoB Ha-
cocoB or pacqeTllbrx - BLI6op arperaToB c (3anacoM, no Hanopy l' nolaqe.

Cyqecrsylor pa3rti.IHLle cnoco6bl npr.IBereHxq B coorBercrBl,Ie peaJlbHbrx I,I
pacqerr-rbrx pexxNloa pa6orhr HacocHr,rx ycTaHoBoK. CaM6lii npocToii l,l3 Hrlx -
lpoccenrpoBaHr.re HanopHoao rpy6onpoBoAa TaK, qro6br ero xapaKreplcTr{Ka 3a_
Htra 6o,r€e Bl,rcokoe notoxeHue, a peallHbrii pacxoA cpaBHtnct c pacqeTHBIM. Ho
nprr gToM npoxcxoam Henpofi3Bonr,rTeJlbHar noTepr 3Heprxu B apoccenrpyrculeM
opraHe.

SKoHoMI'{Hee cnocoba ApoccenxpoBaHfr rBnqeTcq c6poc .racTn noAaBae-
Mou HacocoM xIAKocrr{ B npieMHy}o eMKocrt, (p c. 4.18) xnrl tso BcacbrBaloulyro
nnHr.rlo, Ho a"rq 3Toro H}'KHo cMoHrtrpoBarb lonojrHrlrerjbHbre 3a,4BaxKy. pery_
nf ip\ iourx i l  ManaH u rpy6onpoBon.  xotopbt i {  He Bcerna f lpocto HBectr r  B nDx_

Canuu ue:atparnuu cnoco6oM nputs€AeHar{ napaMerpoB Hacoca K onru-
MZLTbH!IM 3HaqeHUtM npeacTaBjlteTct ytrleHbrJeHne lxaMeTpa pa6oqefo Koneca
(puc. a.l9).

Mbr c rerKocrbro MeHreM B noBceAHeBHoii xr{3Hx MHoroe. Kaxnliii ,l3 Hac
MeHgeT raplepo6 npx cMeHe ce3oHa. BorLtxxHcTBo MeHreT a cBoeM aBroMo6u,le
npll cMeHe ce3oHa luUHLL Macro. Mbr He xorr{M Hanpgrar6 cBoii ooraHt3M ll cRoii
aaroMo6xnL.

Hacocbr M6r no!6xpaeM Ha MaKcHMaJrr,Hbre napaMerpbr. npu 3roM Mbr 3HaeM,
.ITo noqrx nlo6oi Hacoc Moxer 6bITL ocHauleH pa6o.JIM KorecoM MeHb ero Aaa_

TaK rro'{eMy Mbr AoDKHr,r Haflprrarb {acoc pa6oroi TorL,Ko c Kor€coM MaKcu-
MzullHoro pa3Mepa, He <flepeoAeBatr ero noA ce3oHHbre u3^IeHeHfiq o6aeMoB Bo_
nonoTpe6"rer rr/BoAooTBeAeHtig?

A Bcer{a nr M6r }tsepeHbt B npaBr.trbHocru pac,{erHErx rapaMerpoB? Mbr xe
3aBbllltaeM rx IuIg crpaxoBKfi. 14 TorAa MLI c rerKocrlto lonott{teM gacoc. HanDr{_
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PIlc.,1.19. 3aMetsa pa6o.r€ro xoneca Ha MeHblxxi a aMerp - caMbln H€arparHblti cnoco6

MatbHbrii P€xnM Pa6orbl

a l a
r .  Ho
)U1Ctll

uyrc
tefv
npx

nTlt-

6xie

npx-

\ep, perynlpyeM6lM grreKrponpuBoaoM, qTo anp,opH nptBeTcTByeTct! Ho cTo'ir

Ha nopr.qoK lopoxe, qeM 3anacHoe pa6oqee Koneco

TaK no.IeMy 66r HaM He 3aKll4qllBar! B cMerbl cMeHHI'Ie pa6oqle Ko'reca MeHI'

rllrfi InaMeTpoB noa ce3oHHHe cHttKeflut noaaq? BeIb cToI'tMocTI' np 3ToM BO3

Dacrer Bcero Ha 3-7 % no orHolxeHr o K HaCOCy' a nO mHOrreHIllO K CMere Ha

sacocHyro craHrlllrc l{ BoBce He3l{aqlfierl'Ho (pxc 419) TeM caMbIM MbI 3acTpa

\1eMCt OT OUTU6K{ B flpoeKre, cMoxeM B]IBeCT!{ HaCOC Ha OnrUMyM pa6orbl' a

lSoIlHO y3HaeM UeHH Ha 3anqacTi't y roro ltl,l tHoro nocTaBUIiKa! 9TO HeJII'llrIHe'

TeM He Me{ee MHorre cqttralor caMLIM npaBluILHbIM cnoco6oM npl{BeaeHx' B

aooTBeTcTBl{e pea[bFED( x pacqeTHr x pexgMoB pa6orbl Hacoca - rcnorb3oBaHt{e

perynxpyeMoro srreKrponplrBoaa (P3II)

naBaiiTe npoaHa,lu3[pyeM Meron qacrorHoro perynlipoBaHMt. nocKoJIBKy

;tHbre (c nplMeHeHI,IeM rltlpo- ,ljtl'I 3reKTpoMarHurHLIX MyOT) aJUI norpyxHllx Ha-

cocoB €lIBa ,1{ nolxoaqr.

4.6. t{acrorHoe perytlhpoBaH[e norpyxHbx HacocoB

B KHxre Berytqero pocctliiicKoro cneqr,laflttcra flo BHerpeHutM perynrpyeMbl.(

npnBoaos, aoKTopa rexHxqecKr Ha)'K 6.C. JIe3HOBa [28] npnBeaeH nptlMep rOrO

xaK, xcnon63y9 cxeMy IrapaJuerbHo H nocneaoBarerlHo coeauHeHHLIx HaCOCOB

,pt tc  4.20.  d l .  yaae,c, l  non]rxrh 3HaqHTerbHoe Korv l lecrBo pa6o' rv \  Tor leK B

ujlrpoKoM Auana3oHe HanopoB H no,qaq (pxc 4.20, O.

flpn Bbl6ope Hacoca [rl't rp}Trnll HacocoB' BlcrllosaeMbx B cxcreMy! Heo6xo-

lx o yI,IT6IBaT6 3HatIeHUe H XapaKTep I,l3MeHeHlfi nolaqlt! npoaojlxl'ITejlbHocrb

Da6orbr craHqr4l{ c roi ttlt xHoii noaaqeil, ao6r'IB:ulcb Mt{Hl4M'ulbHo'o q''Icra

sr'rro.reulli'i/mr.nrouexri afpemToB. crelyeT orMeTuTb' qTo ucnor!3oBaHt{e no-

ipp(HLIX HaCOCOB B TaKl'�IX CXeMaX 3HaqI'�ITenbHO BbIrOAHee KJIaCCUqeCKI{Xr nO-

axonlKy aorrycKaeMat 'Iacrora rix rrycKoB/ocraHoBoK Bblure B HecKojlbKo piB'

ycnoBug.  npu xotopblx npuMeHgTh qacrorHbl i 'neKlponpuBo!  uenecoo6paJ-

Ho. c(bopMy,lnpoBaHH E C. ,lle3lloBbtu B [29]:
- HacocHaq BoAOITpoBoAHzUI ycmHOBKa no-qaeT BoAy HenOcpeAcTBeHHo B ceTI)

(HacocHble cTaHU,lri II. lll noaaeMoB, cTaHuxx noaKall�<tr rl Tn );
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Prc. 4.20. CoBMecrHar pa6ora flocneaoBarenbHo,,ap4uen6Ho coeaxHeHn6rx
noao4a: ,4 - nocneroRar€nbro-napdrner'rbHoe coerHtseH{e sacocou: t ma6rK coBMecrHon
p3bord Hdco,oB  

 

sonoBoroB.  / -  \dpaKrepx 'p 'oonpo"ooo",  ,  n"nop"-
MpaKreprcrr(a onHoro va.ncrpan$o.o Hacoca (l nnx 2); 6 ro xe offoro nonnopHoro
Hacoca 3 mu 4 (5 xn! 6)i d - cyMMapHar xapaKrep,{crxka aB)a( Marl.crpd6Hrx HacocoB l+2:
? -  ro^e nBy\  nolnopHhr HrcocoB l -4:  d ro xe o0Horo ldr /c , |a jbHo,o " , " r ,  nornop,
H6rx HacocoB l+3+4i e - ro xe Bcen HacocHoii ycaHoBKx l+2+3+4+5+6: x, 3 ro xe rD€x
u ,rer6rpex nolnopHtrx Hac

o6beM npueMHLIx p$epByapoB KaHMx3auuoHHbIx t{ l{Hrrx HacocHbIX craH-
uuii He npeBbrrxaer o6brqH6rx pa3MepoB, T,e, ero eMxocrr, He npeBblrraer 5_10
MxH],'rHoii nolaqx HaH6o,tee KplrnHoro Hacoca;

- llrana3oH Kone6aHnq BoAonorpe6neHrrs ,r npJ,rroKa locrarovHo 6on6rxofi
(He MeHee 15-20 % MaKcxMMbHoti no!avu):

auHaMt{qecKat cocraBrqroularl Boaoflolaqu aocraroqHo 6o"rburat (He Me_
}lee 20 30 % obruei Br,rcorbr noaaeMa xu,4Kocru);

- B orle.,rbHbrx cryqafix, HanprrMep, &'rr o6ecneqeHrr{ paBHoMepHoro pexxMa
pa6or6r o{xcrHr,rx coop}rKeH[fi ;

- nprl Mo([Hocrrr HacocHbx arperaroB 75_100 KBT u Bbrue.
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Pxc. 4.21. .4BnxeHre paoo'reil roqlar.une ctcreMN c 6orbr-uoit B6lcoron no$€Ma (l) n ffe
crcreM6r c 6onbuir.{Mu norepeM (2)i uxOpH y ryxBLx 3 Iir

> 1 2

; 1 0
P .
6 -
I .

l + 2 j

npxMeEeHr,re .racrorHoro nplBoaa aJUI HacocoB MotuHocrblo 300 400 KBT x

B6rUe O6bFrHO 3aTpyAHt{TenLHO, nOCKOJIbKy OHtl OCHaUlalOTCt BbICOKOBOJI6TH6IMII
rjreKTpoaBrraTejrrMr{! a 3To pe3Ko ycno)KIUIeT I,l yaopo)KaeT ycTaHoBKy.

TaKrM o6pa3oM, peryJrxpyeMblil [pHBoa xMeer cyurecrBeHHble orpaHlqeHut K
[tIIpoKoMy xcflorL3oBaHl,lrc I !,rt onpe,qeleHng ero 9KoHoMulIecKOu B6ITOAEI He_
o6xoArMo AerMLHo npoaHiult3t{poBarL clcreMy nepeKarlKu,

Eo,rblllrr,rHcrBo HacocHbrx craHq[fi aorlycKaer a!{cxperH}'Io (BKI/B6IIcII) pa6o-

ry- nGToMy ueilecoo6pa3Hocrb Irclo?'II'3oBaH[rI POII SHeprltli aoJrxHa onpele-
,-rrrrbcr B cpaBHeHrrr,r, rpex4e Bcero, c 4.lcKpeTHLIM )'nprlBjleHlieM, a raloKe c :ulb-
repHarxBaMx. ,III' c[creM c 6onbuuMu loreptMl,l oaHoii ll3 ajltrepHarnB Moxer
6HTb rpxMeHeltue aororHxrertbHBlx MeHee npo 3BoanrejlbHblx HacocoB, Koropble
\toryr ltcnojrb3oBaTb€r a,llts nepeKaqKx He6onbuux o66eMoB xx,trKocTu, a[tr cnc-
reM c 6oft,rlloi Bbrcmofi nolleMa, rae rpe6yercrl HenpepblBHat noAaqa, gKoHo

\lruecKt B6ITOAHLIM MOXeT OKa3aTI'Cg CTpOITTeJIbCTBO KOMneHCaIIXOHHOTO pe3ep-

Byapa, BMecro perynupoBaHr,u c noMolll6lo P3n,
Paboqerl To.rKoitr Hacoca ,IMfierct rot{Ka lepeceqeHrg ero xapaKTepxcrxKtl

n KpnBoitr cxcreMbr (prc. 4.21). KprBat cxcreMLl 6e3 crarucrltqecKoii cocraB,Iq-
rcuefi 2 6yaer coBnaAarb c KpxBoii locrotHEoro KflA, no3ToMy Korna '{acrora

Syrer cHrDKarhcs, rr.{apaMuqecKrii KnA Hacoca 6yaer ocraBarlct reM xe
(Dlrc.4.22), OaHaKo B cr{creMe ,/ co crartcrtNecKrM HaltopoM npH noHrxeHsll
\acrorLr, ,,4paDr{qecKrrft KIIn Hacoca 6yaer MeHtrhcJI. Kp BiuI cxcreMbl / He

coB[a{aeT c nocTorrHxbrMr,r Kp]rBHM[ Kna, TOqKa rlepeceleHlrt KptlBoii cucTe-
\lbl U XapaKTepl{CTHKI'l HaCOCa HaqI{eT CMelIaTbCt B IeBLIe qacTrl xapaKTepUCTtl-

Klr Hacoca u Kp!{Boir Kna.
KprBag crrcreMH 2 6yaer coBna.qarb c KpuBoii nocrotHHoro KnA, rlo3roMy

npH cHxxeHur{ qacTorbr MApaBntrqecKxfi Kna Hacoca 6y!eT ocTaBarbct TeM xe,

PaBHIIM B ,qaHHoM cnyqae 74 Zo.
Pa6o.rat ro'r(a roro xe Hacoca B crtcreMe I c reoa*L{qecKxM [anopoM 0 M

6yrer Haxoanrr,cr npra qacrore 50 fq raM xe t{ o6ecneqrsarr, no,qa'ry 93 r/c c Ha-
nopoM 9,3 M npu KIII 74 %- Ho Koraa.tacrora Hacoca noH[3nrcq ao 35 nr, ro

:TAH.
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n
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tr
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Prc. 4.22. ABxxeHxe pa6o'iei1 roqKn ffe cucreMH c 6onLuon B6rcoron norbeMa (l) u nnt
cncreMbr c 6o,LDrM, norepcMr (2) Ha ryaorKax KnA , MomHocrx; urop6r y KprB6rx B l-Lr

noAaqa F{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{eH![[rrcr Ao 26 t/c (cM. phc. 4,21\, Ha[op Ao 6.4 M, MonIHocr6 !o
4.9 KBr. a Knn 'ara.0er 0o 50 do (prc. 4 22).

CaM no ce6e PgII He uAeiurbHlrft afpemr, Tax KaK uMeer BH)'rpeHHHe norepn
KflA coBpeMeHHoro POn cocraB,,rrer 95-98 % 130,3ll npx HoMr.rHarbHoii .{ac-
Tore, rto npr,r cHr,DKeHr,[t qacrorbl KIIA na-qaer, KaK noKa3aHo Ha puc.4.23.

POn Blr3r,rBaer norepu Ha rapMoHxKax B ),npaBJUreMoM lBurarene. 3To npo-
r,rcxoAr{T r,r3-3a HecoBeprxeHHofi cuHycoli,{arbHofi BonHbr or Pgn, 3Tu norepfi
3acraBJultor ABurarer'rb Harpeaarbct, qro Beler K cHuxeHulo pa6oqux xapaKTeprc-
Tr,rK ABr{rarejrr npn pa6me c P9II. llorepx Ha rapMoHrKax, npo!3BoArrMHe co-
BpeMeHHlrMr{ PAfl, Bap6npyrorcq s flperenax 5-10 %, B pe3ynbrare'{ero KllA
lrurare:rr naraer eqe xa 0,5-l %.

BbrroAy xcnonL3oBaHfig PSII yAo6Ho oueHlrBarb no BenxquHe yIenr,Hoil
3Hepru[, T.e. IIo Korr{qecrBy gHeprHu, Heo6xoar,rMofi Ha nepeKaqKy 1 Nr3 s laHHoi

Toua yrenbHaq 3HeprKt

( t )=Y!=!.xer/u3.
V Q

rAe P MorqHocrb, KBT; f- BpeMr, .{; ,/- nepeKaqesHr,rfi o6aeM 8046r. Mr; 0 -
Donaga. M'/q,

Ha rpaofiKe (puc. 4.24) oro6paxeHn xapaKrepucrxKx Q-H fi Benr4sll{bl
3Heprnii &rq rpex cxcreM c peryJrrpoBaHreM qacrorLr c o,qltHaKoBofi pa6oqeii Toq-
Koi,i Q = 93 n/c u 11: 9.3 M, Ho c pa3HLrMr reoAe3r{qecKuMrr HanopaMr{, Cr{cTe-
Ma I xMeer 6onbuue rlorepll, Il.eo = 3 M. Cr{creMa 2 sB,'rrercr cMeuaHHofi cricre-
Moir, 4eo 

: 6 M, rAe AuHaMr,rlrecKarr cocraMrroular Aocrxraer 36,7 %. ClrcreMa 3
c 6ot6rxofi BBlcoroii no,rl'beMa, 4eo 

: 8,5 M, rAe AuHaM[qecKiur cocraMsloulau
rocrnraer 8.9 % B o6ureM HanoDe,
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Pcc. 4.23. Kfitr cosDeMeHHoro Pgn c qacrorHblMx npeoopa3oBarentMu
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Pxc. 4.24. floreHus ru 3H€procbepexeHt{q npn xcnoi63oBaHxx Pgn nrt pa3n'iqtsh'r cnc-

i.\r. XapaKrepxcrrrxt 8-H cvcrev.: I c 6orburxNt norepqMui 2 KoMOrHrpoBaHHat;
t -L 60r6uon Bbrcotor  no0btvd KpuBbre y0enbHbr\  rHeprux noc cre lav a-peryrrp\

r ld  c  oonbuuvu ndepqvn:5 pery i rptevde rov6rHrposdHHM:6 -  c  n rxperHhrv vn-
Da&ren,eMi 7 perynupy€Me c oonburoil Bb'corot nofteN{a

floreHqxa,'r 3HeprocEabxeH[t rIpH rcnojMoBaHrllr Pgn MoxHo ofillcarb

o6nacrbp Mexly KprrB6IMli ya€nbHbtx gHeprxii '{acrorHo_peryrupyeMblx cltcreM
.1. 5, 7 x AttcKperHofi 6. floaaqa crcreMH I Moxer 66lrb rloHxxe4a ro ]2 n/c

BCe Xe. ocTaBaTbct Hrlxe no ynenhHofi lHeprl,|x 4. qev npfi nl4cKpeTHov ]rnpaB-
reHx o,  TaKxM o6pa3oM. noreHuHirn rHeproc6epexeHrt  cxcrevbl  4 BblLxe.  qeM

6. y KoM6uHlpoBaHHoi cttcreMbl 2 floreHuttiljl sHeproc6epexeHl'{q nptl ucnonb-

roBaHxx P3fl na,qaer no Mepe 'tserxqeHlln noAaqx 5 no cpaBHeHtllo c AncKper-

Hoii pa6orofi 6. A clcreMa 3 c 6onbrloii reoae3xqecKoi, cocraBjltlouex fiplt yfl-

paBneHrr[ Pgn 6y,qer no sHepronorpe6neHnto 7 Bceraa HeBBIroaHee aucKper_

Hoii pa6orH 6.

/

>(
I

2 '

1
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P{c. 4.26. nua.p.vMa npo,ronx 1enbHocr paoorBr r coorBercrByourat ,llcKperrr.], flrc1of-

Eo,rburxHcrBo craHuri pacct farJo ra nrKoBbre noailqx. Korophlc npol{cxo-

,4!T Bcero HecKorb(o pa3 B roA. no3ToMy Hacocbr B craHurasx pa6oralor Ha 50-

ll0 uo HAfpy3Ku OT paCqerHofo 3r'ra.reHfir. SdxbeKTrBHOCTb HaCOCa C P9II X3NreHr-

erct B coorBercrBxr4 c pexuNtoNl no,4aqu. rlTo6L'I BbFI cnurb nonHoe norpc6ne
rrre 3Hepnrx B T€qeHue onpcacrcr{Horo lllrrepRarra BpenreHr, Heo6xottxNla nuar-
par{Nra npolroD(urL'rrLHocru pa6orbr-

llonrroe norpe6neHse 3Heprrrl B rerrcHltc rora noxer 6hlrb pacc,rxraHo ,ll

)rxarpar{Nrbr npoaonxrlc,lLHocrfi pa6ortl (pttc. 4.25). o61'e!!'HeHHoii c rpaOxKoNI
yne,rLHoli 3rreprxfi:

E,", I 
p(qdt= 

I t,l?) Odt=t p, r,=2, E, rt O, (2)
Aflr

floncqlTaeM cKorbKo 3Heprrir caKoHoNi,reHo ts TeqeHue orHoro rona npu xc-
norLioBaHuu P3B r rorr6uurpoeanHo ct ic]eNre 2. y Koropoi i  nf i rraN,xqecKat
cocraBrercruar{ Haropa cocra&rrrer 36,7 jzo (cNr. puc.4.24) no cpaBHCHI,IIo c nucK-
perHbrNl ynpaRneHreN{. AuarpaMNla npononxxrenbrrocrll pa6orbl Ant rroii craH-
unr{ c Ha,roxeHlreM aucKpcrHoii nrcrorpaMNILI noKa3aHa Ha pxc. 4.26.

O6uec norpecneHfie 3rreprnu HacocoNr. ynpaErreMhINl P3n:

E,,,,=2,1 r,=>, E,, 4 q =0.038.r000 (93+60)/2 3,6+
+0,36 6000 (60+40)/2 3,6+0,054 1760 40/2 3.6=56188KBr.

O6uce norpe6neHxe gHeprrx y Hacoca c rllcKperHLIi\I ynpatner{ueu Bbrqtlc-
"!reM. olpener'lB BHaqilrre oouyro nona,{y:

8000
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Prc. {.27. Kpnu6re cucreMbr Ir HacocoB B parlcrrbrx KoN{ofiHauttx, c nocrotHHot cKoPoc-
:llr n ynprBrteubrx c noMonrh0 Pgn

Q,,,, =1000 (93+60)/2 3.6+6000 (60+40)/2 3,6+1760 40/2 3,6=1482120M',

t: 0,04 KBr''{/\13.
qot : 0.04x1482120 : 59284 KBr
3KoHoMxr 3Heprxn npu ucnojll3oBaHl{u P9[1 exeronHo 6y,[er: 59284 -

r : 1 8 8 = 3 0 9 7 K B r
-iLrl' oueHKx aeHexHoii 3KoHoMnII4 Bocnot$yeMct (baKropoNl reKyurei cro-

..vocru 3arpar C [32]:

-  I  ( l + f )  "
(3 )D

r l r

-: / npoueHTHafl craBKa. np r{eM r: l0 %; N - KonxqecrBo ner lrcnor'I$oBa
' i i r r .  npxMeM N: 10 ner;

^  | r l  0 . l r "  . - -
Lr,1

Ilpolr3BereHxe roloBoii 3KoHoMru SHepr r, crolllltocrl{ I KBT'I (npxNleNl

.\5.) x Oanopa C nacr 3KoHoMt{ro /: 3097x1x6,145 : 19031 py6.
OTcona BLIBoa: ucnoJrb3oBaHre qacrorHoro nptlBo.qa 6yaer BblronHbIM. ec-rl

:;rparLr Ha Hero o(axlrcq Hnxe 19031 py6...ITo HepearrbHo.
TaKxNi o6pa3oM, noKa3aHo, qro npuMeHeHxe POfl nnq c[creMhl rpy6onpoBo-

:iR. urne ArHaMur{ecKat cocraMsloutat B pa6oqeil To\Ke aocrxraet 36,'7 %, aena-

:iar no cpaBHeHrro c axcKperHoii pa6oroii HAcoca (6e3 P3n) 3Heprerfi.lecKl'l

irree 3tb$eKTuBHblr\I� Ho lKoHoMuqecKoii BL'IroIIbI RHe,4peHrre POfl la3-3a larpar

Ha MHoroHacocHLrx craHul{flx. rae perynl{poBar! aocraroqHo roll'Ko oal{H
!:perar, rrprrrreHeHxe POfl Bxnxrc,r 6o,ree 3KoHoMuqHblM.

Ha pxc, 4.27 npeacraBneHbr xapaKTeptcrxKI,t 0-ll'{erblpex paboqrix HacocoB.

i.rqarouux Ha orHy nportxeHHyo HrtrKy BoaoBoIIa. To,'I6Ko oauH llacoc nocrotH

:o ricnoJrb3yer POfl, npfi MaKcxMatlbHot\t npxroKe ll20 n/c x crarx'IecKoM Ha-

ope 9 rr,[rHaNrt{,IecKue norepfi cocraBntnr ll M. re. 55 % or o6urero Hanopa
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Prc. 4.28. I3MeBeHxe pa6o'ren ro,rxx Hacoca. ynpaMreMofo P3II. u Hacoca c rocrorHHon
cKopocr6b npr noHnxeHru nonaqur p perynrpyeMbrti Hacoc; u - HepcrynxpyeMut Ha-
coci n KflA Hacoca

rlpn ,racrorax 50 lu onxHo'{Hbrii Hacoc noAaer 500 n/c. aBa Hacoca nolaror 840 n/c.
t{ Tpn Hacoca - 1030 n/c. Aran!3 xapaxrepxcrxK pa6orH HacocoB B pa3[rqHbrx
KoM6r,rHaqrigx (cM. puc. 4,27)' tl r3MeHeHr,re nojroxeHuq [ta6o'{eii To.tK{ c yreroM
KIIA (pltc. 4.28) noKa3LIBaIor cneayoruee. KaK TonrKo norpe6Hocrb B nona,re
yNreHburaercs or MaKc6ManbHoro 3HaLreH[r I120 n/c. olnH x3 HacocoB HaqrrHaer
pa6oTaTb Ha noHuxeHHoiii .racrore. ynpaMreMbrl Haooc c,reAyeT Do Kpr.tsoiii cuc-
revH, roropd,r c yMeHbueHMev notaqf i  nepeveutaet pa6o'ry,o togt i  tcM, pf ic.
4.28) B HanpaBneH[x 6o,1ee Hh3Koro Kn4. B To xe BpeMtr pa6o.lxe ro.lKn lnt
HacocoB c nocrorHHoii cKopocrBlo cMetuarorcr BnpaBo. [lpB qacrore Huxe 40 lu
oAUH Hacoc orMloqaercq, Ecnu fioAaqa r Afiee yMeHlrraerct, rlacrora noHfixa-
ercn cHoBa, r,r cre!!'loruee naqeHre Hanopa Aocruraerca npx qacrore oKono 35 lu
x r.a, B npxMepe, pa6oqar roqKa npx MaKcuMa,'rr,Hoti nonaqe Ha\onnrcq creBa oT
ToeK! HanBbrcuero KflA, KaK sro r,r !o,'rxHo 6blrl,. KflA Tpex HacocoB, pa6oraro-
uux npu nocroeHHoi gacToTe (x o6ecleqtrBabrlxx 6onbru]Io \acTb nona,Ju), Tor-
!a HeMHoro yBejlrqt{Baerct, u xx pa6o'{at ro\Ka cnBfiraercq BnpaBo no KpxBoli
Hacoca. OnHoBpeMeHHo noAaqa or Hacocaj )TrpaMreMoro Pgfl, cHxxaercr, 06,
ullri:i KII.{ pacc,rurusaercr cr'roxeH'eM pa3jrrqHbtx Klll. nponopquoHa,'rbHo pa3-
B[BaeMLrM noAaqaM. r{T06r,r onpenennTb Br,rroAy ynpaf|,'leHxr! BlrqucjUrroT yAenb-
H),ro BenrNr,rHy 3Hepronorpe6,'reHnr Kaxnoro Hacoca u cyMMapHyro.

Bo x36exaHxe o6pa3oBaHur raK Ha3brBaeMtrx MeprBrrx 3oH ts npouecce pery-
nlipoBaHwr HanopHar xapaKTepxcTfi Ka perynl{pyeMoro Hacoca nojrxHa pacllora-
rarbcr HecKor6(0 Bbrue \aparlepl , tctxKJ' l  Heperyn}lp)evoro Hacoca, I IorTov) pe-
rynrpyeMHM gneKTponp[BoAoM cneAyer o6opynoBarb Hau6onee Kp]rnHBle Hacoc6r
c Hau6onee nonoroii xapamepxcrrkoi; 0-11,

Ha MHoroHacocH6rx craHuxrx, ynpa&'rreMtrx POfl, HepeAKo Bo3HaKaror npo-
6neMll npu nepeK,rrcqeHr Mex-uy KoM6ruaureMri HacocoB. L13-3a omaHu'reH-
Hoii ToqHocTn Ko;rTporl6Horo obopyloBaHxr Hacoc MoxeT pa6orarb B TogKe npr,t
HyneBoi noAa.{e Kax.Ar,rii pa3, Korna pa6oqar ro.rKa HaxoAurca 6,1 3Ko or 3oHbr
nepeKJrroqeHrfi noAalr. OToro HyxHo x36erarL, TaK KaK HuKa(ar no,re3Har pa6ora
npr, sToM He npor.rcxolll,rT, x Boaa B paiioHe Hacoca 6y!eT HarpeBaTlcr, mqero Mo-
xer neperperbcr nBr{rarenB, floroMy pexxM },npaMeH[q 6y4er 3aB cerr, or roro,

. ;}t sorE
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'racKonlKo (plTLr B oKpecTHocTtx ToqKli HyrleBoii rloaa'Il'l KplIBbIe Hacoca l, c c-

re\$r. 3aBoacKux aollycKoB Hacoca, Ionyc(oB no rlacrore P3fl, a raK{e roqHocrlt

taTg KOB B COgeTaHt{I,l C 3MeHeH[eM ypoBHt Roabl B npr{eMRoM p$epByape

(o6brqHo ycraHaB .{Baerct t (5+10) cM).

MeHburje npofi3BoanrerbHocrx, Koropble xapaKTepHbl 41t HacocoB, ]T tpaB-

.Trer{brx lracToTHLIM npeo6pa3oBaTereM, 6ytr}'r yMeH6uaTb CKOpOCTTj B Tpy6onpo-

Bo4e. B pe3yJIBTar€, B Tpy6onpoBone Moxer orjlo)c'lrbct 6o,'Ibruee Ko,'Iu'{ecrBo

Hacocbr.  nepeKa'{uaaloL!xe rps lHylo Bo!y.  He t ronxHbl  pa6orarb npr  cnuul-

(oM Hrr3Krrx cKopocTrlx. oxnax4eHxe 6yaeT yaoBnerBopuTenbHllM, Ho oca,uoK I'l

BOnOKHT{CTbre Be[tecTBa Mor]'r Haxalul'�IBaTbc!! x onacHocrb 3a6tiBaHnq o)uaxaa-

lo ue c} tcrevBl  u pa6oqero Koneca 6y!e l  noBbtrxafbcq JTa Kpxlv ' {ecKat  cro-

oocrb pa3,'ll,lqHa l,lt pafHBI\ HacocoB

HacocH, )rflpa&'IceMble P3fl, Bo36tx.qalor orpoMHoe KojrurlecrBo qacror' l:,cJII'I

o.tHa fi3 co6crBeHHbtx qacror HacocoB l't o6Be3KI'I oKDKercq B A ana3oHe P3II, To

rro yqrflrr Bn6paul4o x nllyu. oco6eHHo 3To cKaXeTCt Ha Cft|HIII{tX! rlle arperarbl

c\toHT[poBaHLI B C]'(OM MaIU]IHHOM OTAeneHXU. B STOM Cnyqae Heo6xoa[Mo npe-

r)-cMarpr{Barb 6noK}rpoBlg B naHenu yflpaBneHl'rq R MoMeHT coBnaneHl'It qacror-

Ta(uM o6pa3oM, MoxHo 3aKrllo\r{Tb! 9To 3KoHoMuqecK}'Io Bblroay or }lcnojlb-

loBaHt{c P3n Ha HacocHblx craHulitx cJleayer rllarenl'Ho npocqxrblsaTL

a npxMep

Heo6xoauMo 3anpoeKT[poBarr, HacocHylo craHu[Io npou3Boaxrerl'Hocrblo

250000 M3/c'.r, CTaHurn ,qo,'DKHa nepfloaxqecKx floaaBarb Bo.qy B nonHoM o6beMe

Ha pa3Hbre reole3liqecKlte oTMeTKlt. Tpe6yeMble Hanopbl 4rlq 3Toro cocTaMtFT

H, = 34,9 u, H2= 54,5 M

Ha craHuu ycraHaMrBaerct l0 BblcoKoBonbrHblx HacocoB c napaNlerpaMn

Q: 2340 M3/s, H: 50 M, P = 660 KBr Kaxnllii. Hacocbl JrrpaB,tllorct qacrorHbl-

\{u [peo6pa3oBarentMtr (plrc. 4.29).
Jaxa3,t l , tK, paccvotpeB Bapf iaHl l .  orK, ' loHtu eao no np!4! luHe 3Ha!lxrerbHo14

cToriMocTI,I. Heo6xo,ullMocTx fny6oKoro perynupoBaHdt qacToTbl arperaroB ti,

araBHoe, orpalIHqeHHbIX nnotualleii non crpol'lTer'IbcrBo cTaHuuu c aaHHI'IM ra

Sapr{raMx (30000x36700).
Rapuann 2.
B npfieMHoM p*epByape Mosrxp)'Iorcq 8 (B ToM qllcne 2 peepBHblx) norpyx-

HL,rx HacocoB MoKpoii ycraHoBKx c napan,erpaMv Q:3120 Mi/e, H = 34'6 M' P:
:375 KBr. a B MaurHHoM oraerreHul'I 8 (B ToM qxcne 2 pe3epBHhlx) arperaroB

c)\ou ycr.rHotsKx c napal lerpavu 0- 3120 r l1 'q.  H- 20 M. P- 250 rBr '

Hacoc6l MoKpoi ycrafioBKn nocpeAcrBoM cl{creMbl rpy6onpoBoaoB !l apMary-
psr (pnc.4.30, 4.31) BK"'Iloqalorcs R pa6ory ro napa,rnenr'Ho, ro flocreloBarersHo

c arperaTaMlr clxofi ycTaHoBKx, B AaBaS Tpe6yeMlle floaaqll li HanopI'I Ha aBe

OA3HI,IE OTMETKI,I,

Ipn raKoii KoMnonoBKe yaajrocb coKparurb ra6aptrll craHqul'l ao .qonycrn-
vHr (20000.21000).  a raKxe yveHbLl l l l lb Kanl ' i l :LrbHble M rHeplolarpalbl  (cyv
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Prc.4.29. Cr.Hurr c l0 rbrcoKoBonBrHbryx fiacocaNor. ynpaMeeij6ryu,racrorluM, npeo6-

NrapHar ycraHoBjreHHar uounocrs 5 MBT) no cpaBHeHxro c BaplaHToM I (cyM
^{apHa9 ycraHonneHHar MoulrrocTb 6.6 MBr), npeayoMarp[Barou]r,rNl t{acroTHoe
peryr'rnpoBaH!le.

B Ka'{ecr8e BHBoAa npxBeAeNr HecKo,ibKo (Dpa3 x3 KHxru 6.C.,rle3HoBa [28]:
.C,rurreM Heo6xonxM6tM o6parr,rrL BHxMaH[e cneul{anHcros BoAonpoBonHo-

KaHa,rr3auuoEHoro xo3tiicrBa Ha ro, llro B peKr'Iat\IHLIx npocneKrax ptAa oreqe-
crneHH6rx x 3apy6cxHhtx (brrpM 3aBLniraercr 3Heprerx,{ecKar 3(b(beKrnRHocrh pe_
rynxpyeMoro sneKTponpsBona, B qacrHocT lxa3brBaercqj qTo nprMeHeHr,re pery-
J rpyctiloro 3,'reKTponpxBoaa R HacocHr,rx ycTaHoBKax no3BorlteT SKOHOI\rUTb nO
50 % gHeprrx, pacxonveMoii Ha nepeKa,tKy qrcrbrx x crot{Hbrx Bor, a cpo(x oKy-
naervrocTr,r 3aH XeHbrr.

nl4cno,'rr,3oBaHUe peryJrupyeNroro 3r.leKTpoflpuBona cRr3aHo c Bo3HxKHoBeHr,t
eM norepb B lracrorHbtx npeo6pa3oBarenrx, TpilHc(boplraropax, greKTpollBrrrare_
Jrflx o co cHuxeHHeNt KnI HacocoB, pa6orArottrxx Ha noHxxeHHbrx qacrorax Bpa-
ueHnq. TaKuNr o6pa3oM! npuNreHeHre perynupyeMoro npr{Boaa no3aor,rrer 3KoHo-
rllurb B cpelHeM 5 15 % sHepr x, pacxoryeMoii Ha florarty Boar,tr.

<KaK npaBxno, xcnonBoBaHr{e perynfipyeMoro 3neKTpoflpxsora B CAy KaHa-
,r]x3au[oHHBlMx BacocHr, ill{ craH{u9Mu (Hanpn]\{ep. B MocKBe) ooecneqrBano
3KoHoMxro sHeprxu 5 l0 %r,
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HacocHar craHq[t (3a rcKlloqeH[eM urpKynturloHHofi cucreMbt, KaK rlpa

:  - .o .  coclot lT I r  nprevHofo l {  MaLxxHHolo petpBydpoB. pa}reneHHbl{  rny\oH

.:'eropoaKofi. IIpueMHbIff p$epByap BBrnonHqer (byHKI[lo 6yoepHoit 30HbI' B

. r:opoii flpoucxoaxr noDroureHue Kone6aHtii fipliroKa u mKaqeK, a raloKe BbI-

rjiHIIBaHtle noToKa.
HanexHat ti gxoHoMtqHaq pa6ora HacocHoitr craxut'll', Bo3MoxHa npfi BLIlor-

. :  r r r r  rar  v t rHrv]4u,ABy\  ycnosui l  B o|HouJeHu, i  ee npxevHofo perepBydpa.  no-

i riaulKocTl{ B HeM,qorxeH 6}ITL CTa6u,IbH6IM U paBHOMepHbIM, qrO6I'I He CO-

rBaTb ycnoBxii .IIJrr nona4aHrt Bo3ayxa B Hacocll, ll olHoBpeMeHHo 6BIcTpblM

.. xi6exaHne o6pa3oBaHI,L 3acroi:iHbtx 3oH, a B cnyrae nepexaqKx 3arpt3HeHHblx

:rtf Bo x36exaH[e cKon,leHlrl ocaaKa lt nraBaloql'Ix BeuecrB nogToMy pa3Me_

:ri npneMHoro p$epByapa Ao,'Ixxhl 6blrb aocraro'{Ho BeJlrKr, qro6bl o6ecnequrb
-::jocav xoporu''ro t-qpaMxKy, x olHoBpeMeHHo Ma,Ibt, qTo6bl t'lcKnloqllTb 3ac-

:l li iacopl,l,
B craHur.rqx c florplxHoii (MoKpoii) ycraHoBKoii HacocoB nptteMHl'Ii x Ma

nrJHbri p*epByap o6aelI,IHeHbI B oaxH HacocHo-npfieMHHri. 3To Ha,laraer

- r floiHI{TeJILH}-IO OTBeTCTBeHHOCTb Ha CO6JnOIeHI4e npaBUJI pacqeTa t{ npoeKTx-

. raHr/r flprlevH6I\ pe3epByapoB TaKlu claHullii

B 1970-1980-x roaax ) IeHbIe-rI4paMI'lKt pa3HLIx crpaH ML{pa EaH6onee uH-
-:rcxBHo ,rccneloBarll rrulpaM[qecK]re napaMerpbl npMeMHbLX pe3epByapoB Ha

:\_Hbrx craHuui:i. 6r,ux B6Ipa60TaHr,I ocHoBHbIe flapaMerpbl r{x npoe(TtlpoBaxnt'
..-)ropbre npnBoaxnficb B pt[e ny6nuKaulii I,t KHxr.

TaK, B lrye6H Ke <Hacocbl x HacocHL,Ie craHlr{tl, [33] aaHbl xapaKrepHble nptl-

:pD.  npaBunbHoro v HenpaB[qhHofo pacnono, ieHHi l  BcacblBa,oul ru lp ]6 Haco

:rs B npxeMHoii KaMepe (pt{c. 5.1).

l4Hcrxrl,"r Iii.apaB"']xxu Cl[lA, o6o6uruB HaKonneHHr,lti onr'Ir, BbrBe,'I B cBoeM

. lxraMeHr,urbHoM rpyae l34l pqa craHAaprHblx peKoMeH.qaq fi (pr{c. 5.2-5.5)

Hf iJKocKopocrHoi  x  nprvoHdnpaBneHHbr i l  noroK ro BceM acacdv oaHoBpe-

.r:HHo - nepB6lri BapnaHT BI'InorHeHrq npreMHoii KaMepl'I CKopocrl' B 3oHe Bca-

:rBaHrrqs Hacoca aonxHa 6bIrI' rp[MepHo 1 O]'r (0,3 M/c) B celqfiuy (puc 5.2)

:laxoropLre Hacocli Henloxo pa6oralor flpu cKopocru 2 O]'ra B ceK]'ruy,r BI'InIe.

lio, B '{acrHocrtt, npoucxoaxr raM, rle npoeKTl,lpoBaHue ocHoBhlBaerct Ha l,{3y-

OCHOBbI PACqETA 14 KOHCTPY]4POBAHUN HACOCHbIX
CTAH UUI;I C ATPETATAM14 NOTPYXHO'I YCTAHOBKl4
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'{eHr'rr MoAerrD{, He peKoMeHAyercr BHe3anHoe q3MeHeHr,re pa3MepoB BxoAHoii Tpy_
66r B np eMHyro KaMepy unx Bxona c oaHoii cropoHH, npor3BolqrlHro BonoBopor
(c^{.  prc.5.2).

B npxeMHbrx pe3epByapax MHoroHacocHblx craHqufi none3Ho Mexly BcacaMr,t
ycraHaMxrarb neperoponkx. Iaxe ecnu He Bce Hacochr BcerAa aeiicrBl,ror oAHo_
BpeMeHHOj TO l,I B TaKOM Cry'lae npxMeHeHne pa3aenriTenlHllx neperopoaoK Mo_
xer 6r,116 BbrronHBtM, Ecnl{ neperopoAKx Ao,rxHr,r rcnor,l]3oBarLcr KoHcrp],KTLlB_
Ho x Hacocbr 6y!)T AeiicraoBarb nonepeMeHHo. ocraB[,Te npocrpaHcrao noroKy 3a
Kd(qot neperopo4Koii or lHhula KaMepbr! no KpaiiHefi Mepe, ao Mr.tHr{MarrbHoro
ypoBHr BoAbr. flpu xcnonb3oBaxriu neperopotoK )tsenuqBTe paccrorHue Mex4y
BcacaMx HacocoB Ha ronuuHy neperopoAKx. 9T066r cKoppeKTxpoBarb qeHTpaJr6_
Hoe npocrpaHcrBo. CKplrnr,rre 'l,t{ npr44afire crpenoBrqHocrb ropuy neperopoA_
Kx (pac. 5.3, a).

He peKoMeHnyercr pacnonoxeHxe rp)mnbr HacocoB no Kpyry no orHoureHr,rb
K floroKy KaK c neperopotKaMr,i. TaK u 6e3 Hxx (puc,5.j, O,

Pe3Kue ,r3MeHeH,ir pa3NrepoB oonBoAflueii Tpy6br unu rorKa He peKoMeHAy-
rorcr (prc. 5,4, O- OrHocrrrenr,Ho Manar rpy6a BBoAa AonxHa np coeAxHqrbcrr K
6onbruoii npfieMHoi KaMepe qepe3 nocreneHHo pacruuprrcuyrcca ceKq lo. yron
pacuupeHrt aonxeH 6LITb no Bo3MoxHocru ntan, npenno,trxrenbHo He 6onee 15"
(puc. 5.4. a). C noMoutro :roro uoxuo ao6xrLcrr rpe6yeMofi cKopocrt{ s KaMepe
oKo ro 0.J v/c.  npl , |coeDxHeHxe vdnoro BaoDc HeflocpeAc]BeHHo e 6o,, tsurr |o |d

Aotqoruo --

I
o o

6

--t_:l

Psc. 5.1. HenpaBnnbfloc (a) npaBrnlHoe

trtt,

o
o

o

(O pdcnonoxeHue BcacNBarourux narpy6KoB B



l, NoBbi pacleTa tl KoHcTpyr'lpoBaFLtlcHacocHb x c laHu/r l 6 l

rp)

x\ la

e,li't!

)po.r-

rHr ! -

] fo.r
: e  l :
arepe

6

vo > 0,6 ll,/c
r c rEAs4W

--.. 5.2. BapoaHr pacnotoxeHxt npxeMflo KaMepLI

o

?i.. 5.1. ycrpoiicrBo lrepe.opomK N{ex.qv BcacaNrn R nple Hbrx pe3cpBvapax

Y

*,

hc.5.4. tlpncoenxHetsue mHocxrenlno N{a,lon rpv6d BBoua K oonbuoii np eutsoii KaMePe

2,5 1.0 10,0

Pxc. 5.5. Ilepercpoqxa, pernerxa unr 3xpaH nonxrbr vcraHaB,uBar6cq noflepeK B3olHoro
..-rHda B Ha'{ane utDoxori cdc'rx ceKuxr

1 . 0  1 , 5

t 2

w r t , r + 2 D
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Y(DJ

8
6

2
0,1 0,2 0,3

Prc. 5.6. Ilplt nocrenoBarenrHon ycraHoBKe HacocoD orHocr,rejbfio noro(a cnelyer 86r,
aepxHBarb paccrorHxe Mexny H Mx > y.r. HanprMep, npx HsaxnxBabur€ii cKopocrn
0,3 M/c r= 8 I50l

Mepy cnxluKoM Bo3t\,f!'rrr noroK u BhBoBer 3aBuxpeH[rli BopoHKoo6pa3oBaHxe,
qTo Hap}1rI]IT pa6ory HacocoB_

EcnH cKopocTr, noToKa a KaMepe so3MoxHo ylepxr.{BaT6 Hr,r3Koti (oKono 0,3
M/cr, p*Koe yBenh.reHfe co cropoHLr BxoaEoti Tpy6br MoxHo aonycrfiT6. ecr{
paccrotHre f 6y!er He MeHee 3HaveH[fi, yKa3aHH6rx B Ta6nxqe (pMc_ 5,5.)

Pacflorararr, Hacocbl B rxHuto no noroKy He peKoMeH4yerca. ecr,rl,t coorHo-
ureHre rlluptrHBr flpneMHoti KaMepbr K AnaMeTpy (Bcaca) HeAocraroqHo senr{Ko
(l/> 3D), nocKo,rbKy nocneayroqxii Hacoc 6yAer nonaAarr, B 3oHy ryp6yreHr-
HocT npenHf iyueto.  I , l  ecrr  ) toro He h ibeaa16.  To pacctoqHl , le  Me{ny Bcaca_
MU npa npolon6Hou ycTaHoBKe HacocoB cr'.IelyeT nptHhMaTL B 3aBtcrlMOCTu OT
cKopocrr{ noToKa (prc. 5.6).

PeKoMeH,qaur{s Anr cTa6hhHoi:i pa6orbj cx€nyl{)trrxe,
. CoxpaHriire cKopocTb Ha BxoAe B npenenax 0.6 M/c.
. BluepxxBai;re cKopocrb noToKa B npneMHoti (aMepe He BHUre 0,3 M/c.
. l436eraiiTe fi3MeHeHxii HanpaMeHrrr noroKa Ha Bxone B Hacoc. a ecrfi

[3MeHqeTe, TO r]raBHo! paBHoMepHoj He3aBICLiMO,
B lononHeHle K aaHHBrM peKoMerqauhrM aJUr yjyqrxeFxr rlupaMxqecKux

ycroBxi B npueMHoii KaMepe Morlr xcnonr,3oBarr,cr: KoH(by3opbr, ropr{3oHTiurb_
Hhre nepoopnpoBaHHLre neperopoAKx nnl,I petllerKri; ropu3oHTajrbHbre rulacrlHbr,
norp"KeHHbre B xtutKocTb Ha_q BcacaMfi. nr'IaBaloure Ha noBepxHocTtt xfi{KocTr.t
n/tocKne 3r'IeMeHTbr Irr'l 

 

lUapH H T.a,
Jllo6oii r.r3 sTfix BapxaHToB rurh xx KoM6J,rHau[r Moxer yn] {urrTh cTpyKTypy

EcnH xe gro He rloMoxer, To Moxer norpe6oBarlca orpaHx.IeHue o6uero
npr,rroKa! 3aMeHa Hacoca rljllt ero flpou3aoaxrenbHocrfi. I4Houa rpe6yerc, xcrl6r_

[4HxeHepaM, npoekrfipynur,tM HacocHyro craHunro! nyque npoKoHcyrr,rr.rpo-
Barr,cr c npor,r3BoAuTer'rrMr{ HacocoB ,lnu He3aBucxMofi na6oparopxeit n'I' tr3ro_
ToMeHxq onHotr |rrrn HecKojl6Kxx Monerei (cM. rnaBy 8).

Xopouo tl3BecrHo, ,rro Bxxpeo6pa3oBanxe y 3oH BcacLIBaHug Bpenrr Haco-
caMj a Iurs teHeprpoBaBxr Bxxper AocrarorrHo raxe Fe3Ha,{rreJGHoii cl{,rbr, u
ecr'Iu 3Tofo qBJIeHfir MoxHo x36exarl, npx fipoeKTlpoBaHl,ttt HoBLLX npaeMHblx pe_
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AnaMerp KoHO!3opa Hacoca 2,0 M

Pk. 5.7. HacocHar cmtsrye: a - no pexoHcrpruux _ Baxpx Ha Bxoqe x pac rpeHte BoK-
oca orHocHrenbHo ocu npteMHoro pe3epByapai utpxyrtqlfi 3oK-

1: nacoca; 6- nocne peKoHcrprutr ,trpaHeHt BH$aflHbIe pacutpodrlt. Hacoc vsatsoB_
:i no ueHrpy, 6ntxe K 3arHei cresKe

P|lc. 5.8. Hacocbr onpecHmn6Hon ycraHoBKn: 4 nocneaoMrerlbHo ycratsou€HHHe Haco-
:t pa6oralor B 3oHe rypoyneHrHocrx, co3laMeMot npenblnyurxM HacocoM B ycnoBxex accu-
q:rpriqqo.o npuroxa; 6 nocne pexoHcrp$ulrx nonep€q'{oe c€q€Hlre HacocHo npxeMHoro
a <pB)dpJ yveHbuJ n r cMoHrrpoB:ih HaflpaMqouHe neperoponI(H. npr 1 ov Brrpeo6-
-roBaHue r u4(yntuxt ocqeuu
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ltr-
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Psc. 5.9. Hacoc6r paoomr,or HepoBHo, Ha6nbaaerct Bn6pauun (a) npooluxpoBaHie 3a.qtsen
,'ieHKx no Kornypy HaceoB ,smHoBXa ,qBla HanpaMlourxx nep€rcpoloK cH- Io nponrleMv (O

rapByapots, To Iunr cyuecrByloq[x, rle npo6neMlr yxe xMelor Mecro, H]rKHo npn-
arr6 coorBercrByror{He Mepbl Bo3MoxHrIe [orxoabl K ycrpaHeHxlo raKxx npo

5:leM B KoHKperHbn p$epByapirx xopo o npopa6oraHbl [arepcoHoM 135] u npea-

,-TaBneHBI 3Aeclr Ha PuC. 5.7 5.9,
KrtrcqeBBIM napaMerpoM HacocHoi craHurlt qBrqercrl eMKocrb npleMHoro

pe3epByapa.
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5.1. Pacaer eMKocrx npxeMHoro pe3epayapa

EMKocrb pe3epByapa 3a,qaercs ypoBr.rrMl{ orKaqKr{ MaKcr,rMiLrtLHor, ,t Ml,rHl-
Manr,Hoii. O6reM BoILr Mexqy 3T[Mx ]ToBHrMr Ha3llBaerc, pery,jxpyeMbrM. no
HeMy Ben].rcr pacverhr B AaHHoii rnaBe, x !,,rr )TrpoueHr.rq 6yneM Ha3hrBaT6 ero
eMKocrbro npreMHoro p*epByapa. 3Ta Benr.rgxHa 3aBr{cr{T or o6beMa nocrynalo_
Lqnx B craHurj|o BoA, nolalru HacocoB! AonycrtrMoro BpeMeHq ullKra oTKaqxu (Ko_
rliqecrBa rrycKoB B qac), 3a.qaEHLrx npo[3BonxrereM HacocaABrrarerr.

IlorpyxHbre Hacocrj, 6narolapfi xxnKocrHoMy oMaxleHr,tro gjrer(rponBfirare_
nr, cBoelr KoMnaKTHocrri, KoHcrp!'Krt{BHbIM oco6eHEocrrM. Aonycxaerc, BK,lIo_
rlaTr, ropa3Ao qaule Klaccx,recKrrx (HenorpyxHbrx), B cBr3jj c aeM HacocHbre cTaH_
ul,lu c norp]TKHBIMI,I HacocaMl,t npoeKTnp],IoT 3HarluTerbHo MeHr,tul,lx Da3MeDoB.

bo rbul l . tHcIBo npohrBor Terei l  norp)AHbt\  " raoao" y"r ro,uulor ,  " ,o  r r*_
cuMarrbHoe qr{crro [ycKoR - 15 pa3 B qac. Xorr B orren6H6tx ny6n[Kauxrx Oup_
Mr,r npl{BoatT npxMepH u 60,'ree BhlcoKux ,{acroT BIcllo,JeHI,IIi Marbtx arperaroB
(0-5 KBr), raK Crundfos noKa3r,rBaer 25 [j6, 37], a Flygt Aaxe 60 nycxol e vac
6e{ of laclocl , t  cHxxeHhe cpoKa cr},x6l t  l18l

r,blflIr paccMorpeHlr pyxoBollcTBa no pacveraM, peKoMeq4aufin no npoeKrx-
poBaHrro HacocH6rx craHuftii, o6opyloBaHHr,rx arperaTaMn norp]rKHoii ycTaHoB_
Klr, u cooTBeTcTByroulre KoMnbroTepHbre nporpaMMr,r pacqeTa Beny4ux Hacoc-
Hbrx OupNrj ITT Flygt. Grundfos/Sarlin, KSB, ABS ',l.qp. (B poccxs nono6H6re
paoorbl t13-3a HetaBfiero nogBJreH'It npol,I3Bolrrereii norp],rKH6jx KaHaJ,II{3auu_
oHHL,rx HacocoB He BbrnonHr,rxcb). peKoMeHAau[[ Crundfos / Sarlin, Hanp]rMep,
6a3xpyrorcs [36] Ha BbuepxxBaHt{r nB]x pa3Mepog (prc. 5.10) e Hacocxoii craH-

B  =  1 , 5 D
C = 0,8D

Pnc. 5.10. PeKoMenayeMbre parNrepBr &rr ycraHoBKs aorp'1G6rx HacocoB Crundfos
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uurl (paccrocHlri Mexqy ocaMfi HacocoB -B L or ocu Hacoca !o 6nuxai:irxeii cre-

Hbr (J,  a rarc{e of lpereleHu,r peDnupJloLxe,{ evRoclr{  pe !epB}apd c hcnoJIs'o
BAHI,ICM YPABHE} ,I,I

. - o
42 nax

( 5  r )

ffe I4 perynrQyourag eMKocTL MoKpoi:i KaMepu cranuuri 0 nollaga Hacoca.
r/c; Zmax - MaKcuManbHire qacrora nycKoB HacocoB B qac, l/tr'

Hau6o,ree npopa6oraH y Grundfos-Sarlin pa3rer KoMfu'IeKTHBIx HacocHblx
craHuuii 3aBoacKoro x3roroMeHut [37].

KoMlaH[.q KSB peKoMeHnyer [39] a,19 npoeKTl{poBaH t rpueMHI'Ix pe3epBy-

apoB l{cflojrr,3oBarb eerblpe pa3Mepa (puc. 5.11): nxaMerp peepByapa D; paccrot

Hfie Mexry HacocaM[ 4 paccroqHt{e or Hacoca,qo 6nu3nexamxx 3atrHefi B u 60-
KoBoil DNI creHoK pe3epByapa.

OupMa ABS ucnonL3yer E[t onpeaeneHut o6aeMa p*epByapa OopMy,ly [40]

V n  0 , 9 Q p .  1 2 )
z

fle I/, - perynreyourr{ii O6r,ev xo:roAUa, ull Qp no[a\a HAcOca, t/c, Z - s'qc-
to tlycKoB HacocoB B rlac. l/'r, npu 3roM AonycrrMatl eacrora nycKoB arperaroB:
Z= 20/'r np, MorlrHocru HacocoB 0 l1 KBr, Z: l5/e npx NloulHocrx l1 160 KBr
rr Z= I0/q nps >160 rBr

Prc. 5.11. PeKoMeHAyeMue pa3Mepbr rllt ycmHoBs norylx{brx Hacoco8 KSB
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l4HTepecHa KoMnbrorepHar nporpaMMa ABS no noA6opy HacocoB r{ KoHcrpy-
[poBaHuro craHullii, OHa flo3Bo,'rrer lrHxeHepaM ]tsfrerh craHur{ro KaK B flJroc-
Khxt TaK ,I B TpeXMepHbIX KOOp[rHaTaX.

Ho Hax6oree reranr,Hoj Ha HarU B3orr4! x paHr,lre Apyr].rx (c 1974 r) TeMa
pacqera r npoeKTlpoBaHne HacocHbrx craHquii c norp]rKHbrMx arperaraMfi 6brra
r'rccire,qoBaHa KoMnaHueii ITT Flygt coBMecrHo c EpmaHcKfiM TexHoirorrqecKriM
yHxBepcmeroM x Accoquaulefi uqpoMexaHr{(oB I41,421. B cra{-uaprax I,lHcrx-
T,'ra luApaBnuKr.{ CIIIA no npoeKrrpoBaHuro HacocHbrx IIp[eMHr,L.( p*epByapoB

Jl5l  npxBeneH B npuroxeHyI r lMeHHo raHHbrl i  pac,rer.
3Aecb onncr,rBarorcq Hapa6orKx ITT FlygtAB. a mloKe co6crBeHHbrii (c 1989 n)

onHT npuMeHeHI,IJI nOrp}DKHlIX HaCOCOB.

Asa ocHoBHLrx OaKTopa onpeAenrror Ml{HlrMatbHbre pa3Mepbr npxeMHoro
pe3epByapa cTaHu n rulpaBJ1fiKa nepeKaqKtr qlcrro [ycKoB Hacoclt]x ar-
peraroB,

flpn l0 Bx,'rrc.reAxqx B rrac, HanpxMep, Bpenfi ur{KJra Mexly flyc(aMu Ico-
craBnter 6 MUH''r,

Maxclr^{a,'Moe qrcr'Io nycKoB nojl}nraerct B ctyqae, ecJ r Hacoc nojloBltHy
BpeMeHu pa6oraer, a ocraBmyrccr nonoBr,tHy BpeMeHr,r npocra[saer, npu 3ToM no
Aaqa Hacoca 0 c '"reroM yKa3aHHbrx aaHHbrx AoJrxHa BABoe npeBhrrrarr, npnroK
Bolrl 4. nocKonLKy arperar B TetreHr.{e 3 MuI{}'r norxeH nepeKa,rarr, o6r,eM BoAr,r,
Docrynarcuefi 3a 6 MxH\.r, rc. q : Q/2.

Perynupyrcrunfi (aKTuBHbri:i) o61,€M, re, o6r,eM MeX4y )?oBHeM flpu rrycKe r{
ypoBHeM [pl, ocraHoBKe (plrc. 5,l2). norxeH 66rrr noao6paH TaK, qro66r oH coor-
BercrBoBarr flpxroKy Borbr 3a 3 MxHlrbr,

Tpe6yeMbrii o66eNr Mex-qy rycKoM u ocraHoBKoii frpe6 Blrqfic,'rrercr no
dooMvne

lmin x0
frpco = (5.3)

rae ,/rpc6 - rpe6yeNrLrii o6r,eM,.r; 7- BpeMs ur,tK,'ra, c; 0 - npox3BoArrenhHocrb

YooBeH! I (Bcki

Prc. 5.12. CxeMa Konolua c no.plxHuMn Hacoca r

YpoBesb 0 aoqamBl
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P!c. 5.13. Ot+rKuxoHanbHat
.reiia c qerbrpbMq HacocaMu

BpeMr qr.rK,'ra I onpeaerqerc, KaK cyMMa flpo,qojD(Irre/'rlHocreii HanorHeHr{t
pdepByapa (V/q, u ero orxatxu V/(Q q) ro OopMyne

V V
" ' ^  s  Q s

(5.4)

Prc. 5.14. Onepa' Prc. 5.15. Oncpaqrots
qnoHflar cxeMa I xa! cxeMa 2

rfe ?;in- BpeMq Mex{y AByr{g [oc/'reAoBarejrLHr,rMr,r nycKaMrr, T.e. Bpewr ur,rKna
Hacoca (c); I/ aKTrBHar (perynrpyroutar) eMKocrb c6opHoro pe3epByapa. T,e.
o6beM Mexry )poBHeM npr nycKe (ypoBeHb l) x )"oBHeM npx ocraHoBKe (ypo-
seH6 0), n; 4 npxroK Boa6r B HacocHyro craHrlurc. n/c; O npor€Boarirenr-
Hocrb Hacoca- ,r/c.

CTaHquu c 6onee qeM o,qHlM ycraHoMeHHblM HacocoM Mofl,T BKrtoqarLcs B
pa6ory l,l ocraHaMxBarLcr no AB],r!r onepaqroHHr,rM cxeMaM (oocreAoBaren6Hoc-
Trrt. Ha plrc, 5.13 npo'{,L'rrocrpnpoBaHo aeiicrBue craHqfiri c rrerlrpbwr HacocaMri.

PaccMom'.IM rBe onepalllroHHble cxeMbl ee pa6or6l.
C-xerd 1. XapaKTep6yercr nocr'reloBarer'rhHo BLrloJrHrreMbrMH nycKaMx flpx

peryn[poBaH[u no xH4r{Br.r4yiurr,HrrM ypoBH9M aoaH no Mepe HaflonHeHnrr pe3ep-
Byapa. KaK TorlKo ypoBeHh Haqr.IHaer na.[arl,. Hacocbt orKrlo.ianrct B o6parHoM
nopqaKe (puc. 5.14). Dra cxeMa o6ecne'{hBaer 6oree paBHoMepHbrri pacxoa, qro

PEKOMCH.IIYETC' AJUI IIOAAq HA OqI,ICTHBIE YCTAHOBKII.
Cxe$a 2. nycKrr H cocoB ocFlecrB.Jrrrorce B Toii xe nocreaoaare,rr,Hocrl,l, qro

no cxeMe l, Ho Bce Hacocbl npo,uonxalor pa6orarb !o locrtD{{eHtlJl M1{HUMaJIBHo-
ro ypoBHq ocraHoBxr.r x 3areM orK.,noqarorcs (pnc, 5,15).

Ha rpaouKax (p[c. 5.16) c noMoubo npeacraBreHHbrx &'I' nphMepa xapaKre-
pltcrtiK c[creM noKa3aHa 3aB].tct{Mocr6 o6aeMHoii noaaq[ or qlcra HacocoB, pa-
6oraouux naDa,1,1e,rLHo.

C [cnorb3oBaHreM OopMyn (5.3), (5.4) onpeneneHH perynxpyeMbre o6aeMhr
c6opHoro p$epByapa B 3aBHcttMocru or BpeMeHu lrllKra t{ npo}BBonl{TejllHocru Ha
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Pxc. 5.16. locrpoeHre rpaoxxa coBMecrHon paborbr HacocoB x rpy6onpoBona

Pllc. 5.17. .IlxarpaMMa paccera o66eMa npreMHoro perpByapa np, pa6orE lracocoB no cxeMe I

coca, flonfteHH6re aaHHbte npx pa6ore no cxeMe I flpelcraBneHbr B Bq4e axarpaM
Mbr.(p{c. 5.17). no ocu oplxHar AraarpaMMBr ornorcH o61,eM c6opHoro p$epByapa
s MJ. Bo]l'fqtrHtl o6reMHoi nonaq! ult pa3,'IrI.rHLIx cucreM orroxeHlI ro ock a6c-
u,icc, a q'{cjlo nycKoB B qac H fipolo?'rxITer',IrHocTb uI,IKroR mjloxeHLr no nB]1l't
ocsv. olHa ,tr rotopbtx napajnenbHa ocM a6cu[cc. a np].ra, _ ocl4 oprxHar

I,rr onpeAeneHrr o6beMa npxeMHoro p$epByapa cneryer Bbr6par6 Ha &rarpaM-
Me coorBercrByroqxii pacxoa 0 (n/c) r npoBecrx Beprrfiarrr,H),ro nnHuro !o nepece_
qeH[r c nIaroH&rr,Hoii nprMoi, npelcTaBnrroueii ,{'lcjro nycKoB B qac l4nx BDcM,
ul,IK,ia. OT To\Ioj nepeceqeHu, npoBecrfi ropti3oHTa],I6Ft)4o JIt{H,Io MeBo },l onpele_
r'iur6 no ocl,I coorBercrBybuue lillnr{BrutyanbHhte o6beM6t. C},MMapHhtii Tpe6yeM6rii
o6reM npueMHoro p$epByapa B rraHHoM npuMepe (cv. p'{c. 5.17) parex 92 M3.

Tpe6yeMBrii M[HlMai6Hbr]i o6reM npx€Mhoto p$epByapa no! HacocEr c no_
aa.lei 300 n/c, pacc{xraHHLrli no AeitcrB},roDtlM poccuticKxM HopMaM [13] Ha
nsruMr,rHyrHyro nolaqy Hax6onee nporr3Boarrejr6Horo xacoca, cocrarrr 90 r"rl,
qTo xoporxo coDlacyeTc9 c IIonyveHHbIM pe3yn6TaToM.

flycK HacocoB npra pa6ore craHqfx [o oflepaurroHHoti cxeMe 2 ocy.rqecTB'rr-
erct B TolI xe rocr'IeAoBarejrLHocrI, qro I,l IIo cxeMe l, Ho 3!ecb Bc€ Hacocbl IIpo_
aojlxarcT KaqaTb ao Tex nop, IIoKa ypoBeHb Bolbl He AOCTUIHeT HUXHeIO },pOBHfi
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PEc. 5.18. A{arpaMMa paclera o6beMa npreMHoro pe3epBvapa flpq noflenoBarer6Hocru
:iroqeHun no cxeMe 2

rrxrlrcqeHrir, flo3ToMy o6aeM6r V2, V3 k V4 c6op1loro p*epByapa 6yA)'r MeHb[e!

le\r &1r onepaq[oEHoi, cxeMbl 1. O66eM Ia ocraercq reM xe.

Ha ar{arpaMMe (pxc. 5.18) 3Ha,{eHufl noaaq orroxeHH rlo ocqM' nap,Lrr'Ierh-

:{r,r\r ocrM a6cqxcc u op,quHar- flo ocn a6cqficc ornoxeHo BpeMq Ilr{LIIoB, a Berrl,-

:nHbr MHHr.rMa,rLHbIx o6beMoB c6opHoro p*epByapa orroxeHn no qerblpeM oc,rM!

iapannejilHllM ocn opal{HaT.
qTo6br onpeaelxrb o66eu\r Vt, V2, Vj A I/4 H"KHo HaiiTx Ha auarpaMMe roq-

(1. COOTBeTCTByTOIIIyIO U3BeCTHOI1 O66eMHOii no,Uage (CornacHo xapaKTepxcrlKe

:rtcreMbr) ,{ [3BecrHoMy BpeMeHi ullKna, l,t Hai:iaeH]r]'Io roqKy cfipoeul{poBarb Ha

BBeaeHleM a,rbrepHarxBHoil cftcreMlr ynpaMeHxq, no3Bonsrcqefi o6ecne-

. rn6 nonepeveHHoe HcnoJI6|oaaHxe HacocoB. Moxxo weHbulxrh o6leM c6opHo-

o p*epByapa, a raxxe Aocrx'II' 6o,1ee paBHoMepHoro pacnpeAeneHr'Iq MoroqacoB

\!3iuy treTLIphMrI HaCOCaMX.

naHHat cucreMa Moxer npfiMeHqrbcg rjrq craHu[ia c rlo6btM '{ltcJIoM HacocoB

5.2. PeKoMeHAauh[ no KoHcrpyl4poBa Hx lo
HacocHo-npreMHoro pe3epByapa

[IpH npoeKTxpoBaH[x HacocHofi craHqltu BaxHee Bcero 3a"1o)K[TL 6naroflp[_
-THEre r .qpaMl,IqecKlte ycnoBnc !t{ pa6orbl arperaroB.

noroK BotrLI B nlo6oii Hacoc loJDKeH 6t'rr! oaHopoaHblM I'I ycraHoBHBllll'lMct,

a.l 3aBrxpeHuii I4 BoMeqeHl,lt Bo3ays B x44Kocr6.
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Prc. 5.19. IlpyHurtrodhBar KoHcrpyxllr tsacocHo-npueMfioro pe3epByapa Flygt

HapyueHxe o4HopoAHocru nmoKa Moxsr rp Becrr K BapFreHuro onrrrMaJrb-
Hbrx ycnoBnii pa6oT6r pa6oqem Kojreca r,l K cnrDKeHr4o rxApasrrnrrecKoro K[IA, IIo-
rBrler Io lIJyMa, Brfipaqrffi, npo6reM c noauritllllfiaMfi l,I ap]4,tMu IteMer ardt.

3aBrrxpeHut Ea BxoAe B Hacoc Mor!'T BbrcBarL ,oKafbl{oe [a.4eHue AaBJleHtlrI,
o6pa3oBaHxe { flocT)mneHue rApa Bo3lyuHoro Bxxpr B Hacoc. 9ro qlpo Bo3A]xa,
a TaIoKe Bo3I0/r{. BoMeqeHHHfi xr.taKocTbto! nptBolrlT K cHtDt<eHulo noaag[! He
paBHoMepHoii Hamy3Ke Ha pa6oqee Koneco u MecTHbrM yaapHBrM Harpy3KaM Ha
pauIlLIHbIe qacTfi Hacoca, B6I3LIBarr lx],'l!f y BH6paunl{ rI, KaK cJIeIcTBue, no?roMKlt,

npu nepeKaq(e 3arpr3HeHHr,rx BoA KoHcrpyKrltit npxeMHoro pe3epByapa Aon-
xHa o6ecneqrBaT6 He TortbKo cooTBeTcTByotql i IroIBoI noToKa K HacocaM, Ho
TaroKe rrpenrTcmoBaTb o6pa3oBaHxro oca4Ka u noBeprcjocTHoii [eHBr B Korolue.

llcxoAa u: nuurenepe.rHcjreHHoro, pa3pa6oraHa [42] npmurur{anbHar KoH-
crp).Knr{q HacocHo-npxeMHoro pe3epByapa (pnc. 5,19).

B laHHoir KoHcTpyKqflu nona,traRt{e Bo3Atxa B x}tqKocTB BcnetcrBxe na.qeHll]f,
BOAbI CBeIIeHO K M'{Hllllfr'I{y 3a CqeT ,CIO]'IL3OBaHUT neperOpOAIOl CneUhanr,HOIl
(oHcrp),Krlriu. floroK BoABr rr3 rlolBoAqDl€ro rpy6o[poBoAa crMKxBaercr c nepe-
ropo,qKoi x 3aTeM cTeKaeT BxI3 no Hefi B npreMHLrft noToK, B nHe [pneMEoro
roTKa [MeIoTcrI oTBepcTIt, KoTopHe B onpelereHHoi cTeneHt4 ofpaHurluBaoT
ABIDKeHxe [oToKa, o6ecnequBar reM caMBIM BpeMrI l]llt yAareHxq Bo3Axa, Ecnx
HeKOTOpat qacTb Bo3,a)r(a Bce xe nonalaeT B HacocH]'Io KaMepy, To 3ToT BO3AIX
nolHvMeTcs BAoIB HXXHet CTOpOHBI HaKTTOHHOIO IlHa npr,leMHOIO r'IOTKa U 3aTeM
Ha noaepxFocrr,. BTopxqHoe BoMeqeHlte Bo3Alxa B Bo{y Ha BxoAe B HacocE},ro I<a-
Mepy fipeAorBparuaercn 6naroAapr roMy, qro loHHbre BrixoAbr BcerAa HaxoArrcq
Hr,DKe MrHr,tMrurbHoro ypoBHg Bo,qbr B HacocHofi KaMepe. Boloor6oiHar creHKa
flprMo HanpoTr,rB noABoAquero D]6onpoBoAa AonxHa 6HT6 locTaToqHo Br,rcoKoii,
,rro6br npeAmBparxrb neper'nrB noroxa qepe3 Hee, Xorr nmoK B [pueMHoM ,orKe
Ifp6yneHTHbrir, 3AecL Moryr co6parbcs pa3nriqHr,re, B ToM qr{cre nnaBarotufie, Be-
ulecrBa. IIq l,rx orBoAa ll, TaKrM o6pa3oM, lrr npeAmBpaqeHur HaKorureHwr
MOXHO 'iCIIOJTL3OBaTB 6O(OBbre BOAOCrrnBBr (pxc. 5.20).

AoEHr,re Brrxoabr (orBepcrrfi) npueMHoro norKa pacnoroxeHbr Ha oAHoi ocx
c HacocaMr - no oAHoMy B6rxoAy &lE Kax4oro Hacoca. Pa3Mep6r orBepcr[fi noA-
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Pllc. 5.20. BoaoofiotiHat neperoporra c 6oKoBbrMn cnlrBaMr

6rparorcq c ycJroBueM o6ecneqeHus paBHoMepHBIx cKopocrefi npr{ToKa K arpem-

rav. laKai KoHcrp]'r(xxtq novoraer npermBparl.lrb BxxpeBofr nmoK Ha B\one a

llotrBoatuas lp)6a llo,uKHa Bblcr)'narb 3it npetren6l or8epcllii a HaMoHHot

neperopoaKe r{ 3fiolltTl' BEyrpb p$epByapa, qTo6bl npeaoTBpaTfirb cn]'IB Bonbl He-

nocpeacTaeHHo B oTBepcTt{t rlptieMHoro rtoTKa npn ManoM IIpnTo(e

Bepr Ka,lbHag neperopoaKa ronr\Ha 6HTb HecKojll'xo Bblue oceBoii ,1r'tHvl'l

noaBoafiulefi rpy6H.
BoaocnrBbr npeaorBpauarcT co3aaH[e noalopa B floaBolrlnreM KonneKTope! a

TaroKe o6ecretrxBaloT nocryBneHt{e ruIaBJ ll4x MaTep[tnloB B Hacoclr]Io KaMepy ]I

rx oTKaqKy.
OnlcaHHbre npfiHqxnbl6bulx no,roxeH6r B ocHoBy Macurra6Hoii ( 1:3) Moaenn

HacocHoii cmHurx (pnc. 5,21), no Koropoli 6buu onpeAeneHbl ornuMaJIbHI'Ie pa3

Mepbr, peKoMerutyeMlle I2'Iq npoeKTtlpoBaA[t.

Ha auarpaMMe (p[c, 5.22) 9Tl' pa3Mepbl (lfi ceMB) npeacmBJ1eHbl B 3aB]tct{Mo

cTH OT flOAaqfi eArHhqHoro Hacoca. Pa3MepbI cTaHqult onpeaer'ItloTcq q]icrtoM lt

ra6apuraMu arperaroB, Itx flpol,t3BoatrerLHocrblo v qucJIoM nycKoB B qac Kax{o-

Co6nroaeHne pa3MepoB o6ecnequBaer nocr)'rl'rreHl,le x HacocaM paBHoMepHoro

noroKa Boabr 6e3 3aBr,xpeHr,lll x rlp6yneHrHLlx reqeHllii. flocKonbKy Bola Bo BceM

o6aeMe Ha(oattrc{ B aBtIXeHr{1,I, BepotrHocrl' ocaxqellut ocarxa qBjlrlerc.s oqeHb

He6onbuoi ([pu ycJIoBr,Iu, qro Ml,tHl{MaulbHble pa3Mepb] He npeBbIuIeHLI Ha 3Ha-
qHTenbH)'ro BenFMKy). Ecnr.I Heo6xo,uuMo yBerl[qmb o6aeM pe3epByapa, To n] l-

ue Bcero 5To caeraTb 3a cqeT 'tser'IuqeHllJl paccTotHuq oT MecTa axola noToKa B

IlpHeMH]m KaMepy Ao HacocoB (pa3Mep A).

AaHHbri pa3M€p He aoJDKeH 6bITb MeHBue MII{r4MMBHoro peKoMeH,EyeMoro

pa3Mepa, nOCKOnbKy mKOe y{eHbueHue BLI36IBa9T nOBLIlueHHe CKOpOCTII BOAbI l{

HepaBHoMepHoe pacnpeaeneHle cKopocreitr B FacocHofi KaMepe nprt pa6ore Haco

coB, Bbuepx[Baxve peKoMeruloBa8H6lx pa3MepOB BiDKHO rl IJ'UI npeAOTBpaUIeH 'I

cKonneHllrl ltDIaMa r,1ll TBepablx qacTuu Me)rJIy I'I 3a l{acocaMl{, ecrl'I cTaHuxs ne

peKaquBaeT 3arpff3HeHHble BOAIi. PaCCTOtH[e MeXIy OCeBLlMlt nxH[qMtr aB)r(

cMexHHx HacocoB (pa3Mep B) tBnterct MriHnMiIJlLHblM. oAHaKO npl,t npoBepKe

pa3MepHoro qeprexa Moxer oKzl3;lTbct, qTo 3To paccToqFrje npllBoaxT K HaJIoxe-

Hrro IIBIX cMexHslx HacocoB aplT Ha apyra, flogroMy art nrc6oro cnyqat 3a3op

Mextry ynurKaMn I{e AonxeH 6brrb MeHee 200 MM.

MxHl,{Ma,rhHHfi ]ToBeHI' aoDbt B HacocHo npveMHov pe3epBlape nojtxeH 6bllb

nocTaToqHo BBIcoKrM, qro6H Ica.qparHble oTBepcTllt B HaKloHHot (tulu ropl{3oH-

T:urbHofi) neperopoAKe npfieMfioi KaMep6I Bc€rAa 6bl]1ll 3anonHeHI'I BoAot (BLI e

pa3Mepa G) Bo rr36exaHt{e noBTopHoro BoBreqeExt Bo3tr}xz! qepe3 noroK npx or-
I
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Prc. 5.21. Molerb HacocHo-npxeMHoro pe3epByapa ITT Flyet

KaqKe. MlHfiManLHbrfi '?oBeHL Boa6r Moxer 6HTb r,r ]tsejrrqeH! ecrr,r KaBuraqt,r-
oHHBrii 3anac HacocoB norpe6yer o6ecneqeHl,I.fi coorBercrB]'ro[lero noAnopa. B
nrc6oM cnyrae laHHBrfi lpoBeHb AoJDKeH 6r,rrb He HDKe Bepxa yJ .rrKx arperara.

lIIxpI-lHa npneMfioto ,'rorKa E no-q6[paercc raK, qro66r np],r BbrcoKoi cKopoc-
TI,I BOA!r B nOABOATUIeM KonneKrope (1,0 1,5 M/C) [OCTyrabnIaS BOAa yAapr,'racb

o BepTl'Kanrbl{ylo neperopoa(y, a nplr M:uloi cKopocTir BoaL] (oKono 0,7 M/c) cTp]9
BOAri yaapqnacB o HaKnoHlryo (ropx3oHTrurblryo) neperopoary npneuuoii xaue-
pbr, KaKlrx-nx6o npo6"reM 3To He BhI36IBaer, aaK KaK BoMeqeH]re Bo3ayxa [pea-
cla&lteTcrl 6oree cepbe3HbrM npx yBeluqeHLll,l cxopocTl,l nocTlrnaDuei aolbl,

Hacoc ycraHoMeH Ha BbD(oaHoM narp!6Ke. nplKperueHHoM x lljltrre ocHoaa-

HXt. oCHOBaHUe CO3AaeT CTeHKy 3a BCaCOM HaCOCa, pa3pylar TeM CaMblM 3aBEXpe-
Hw�I BOAIJ IIOA HACOCOM, KOTOPLIE MOT}T M3HUKI4'Tb BCJIEAC'IBI,i€ HCCI4MMETPXLIHO-
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Pa3Mepbr A-G, MM

Pxc. 5.22. A arpaMMa !,rq onperereHtt pa3MepoB HacocHo-np eMHoro pBepByapa

ao.trBr,rxeHrrr fimoKa. BepTuKaJIr,H:uI HanopHan rp]6a ycmHoMeHa B6ntBu 6a3oBoii

rarHeti cTeHK[ Kojroaqa, qTo66I ]ueE6urxTr, BepotTHocTL BpanIeHI,s MaccH jro{aKo-

,-n{. Eule 6onee no,qaB,'l'er Brlxpeo6pa3oBaErre caa,4u Hacoca ll cnoco6crByer yature-

rxrc ocarKa ycTpoilcrBo BoKp''r Hanoploii Tpy66I HaK,'IoHHoii fleperopoAKx xnrt

6.roHHofi npu3M6r, on!.tparcueficc Ha aHxIIIe pe3epByapa (pl,lc. 5.23).

Prc. 5.23. Bri{ craHura c HacocaMlt Moxpon }tratsoBxx
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Ptrc. 5.24. HacocHo-npxeMHbrit pdepByap KMep6r c 6oKoB6rM BBoloM Ha B6rcoKoM ,poBHe

J4

Pnc. 5.25. HacocHar (aMepa c 6oKou6rM BBoloM Ha H

Pa3nM'{Hbre BapraHrbr craH,4aprHoii r<oHcrpyK[l{x pe3epByapa, xcnbrraHH6re
Ha Molejrrx r{ Ha npaKTr{Ke, npeAcraBrreHbr Ha pfic. 5.21 v prtc, 5.24_5.30.

P%epeyap c snyc\oh fia qhrcoKont wos\4 B 3aBtclrMocfi or no,roxeHu, nor_
BOAfiUIeIO KOJUTeKTOpa BO3MOXHII ABa BapuaHTa c BxoltoM Ha BLIcokoM ypoBHe lro
orHoueHulo K FacocaM: (bpoHTanbHbrii BnycK { 6oKoBoii BrrycK.

@poqnaib\dd snrcg. AaHHarr KoHcrpyKqurr (cM. pnc. 5.21) Tpe6yer M,lHuMar6_
Horo npocrpaHcrBa r tBrlterct 6a3oBofi !21t 6otee c,,IoxH6rx ircfiorHeHnii.

KoHcrplxqru p*epByapa (puc. 5.24) npe4Ha3Hase{a Mt doKosozo snycaa. TaK
xaK np{eMHarr KaMepa aorrxHa BMecrnrb nolBoluu!4o rp}6y, ee rxnpxHy t+xfio
nMer6 Ha 25 % 6oftue ,ur{ar"terpa rpy6r,r. Bbrcma BoAoor6ofiHofi creHKjj aorDrcra
cocraBJ.rrrb rro MeHburefi Mepe 3/4 IA Merpa rpy6br. Aplrrle napaMerpr,r |'!eHTxq_
Hhr napaMeTpaM Konoaua c lbpoHTa"rbHHM BBOIOM,

PBepstap c snydto.it Ha HBKLM ypo6*e. B AaHHoM cnyqae noABoI-snlag Tp'6a
Haxoaurcr HIDKe )'poBHrr Bolbr B p epByape, l,tnt xLfqKocTL nocTynaeT B pe3epBy,
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Ptc. 5.26. HacocHar xaM€pa c OpoHmnEHhIM nprqoHHbrM BBorIoM

ILc. 5.27. ABofiHoil Hacoctso-IlpxeMHbln p$€pByap

lp no orKp6IToMy norKy, colptrapu.leMycq c em AHItureM- B cBs3[ c orc]'rcrBxeM
:4leHfirI nocTfrnaloulero noloKa nona4aHMe BoJlt)'\a B sotry va,loBepotTHo cool -

=TCTBeHHO, HaCOCHO-[pteMHbIi p$epByap MoxeT 6brTr' ynpoueH, rIocKoI6Ky ero

:llIItCTBeHHOe Ha3HaqeHt{e cocToI'IT B paBHoMepxoM pac[pe,qenen/tl rloToKa K

3acocaM, 3recb TaIoKe Moxlto BBIIe!'Il{rb 6oKoBoil (pxc. 5.25) u OpoHTanBHLIIi
3nvcrur (puc. 5.26). KoHcrplxu c c abpoHranr'HblM BrrycKoM rpe6yer 6onbuero

]po€rpaHcTBa, Ho oHa rrcK[Ioqaer T]ry6yneHTHocrb nmoKa Bnyc(Hoft noToK nptt

noM pacurxpgercg no HanpaMeHr{Io K arperaraM noa yrnoM 65-75' B nnaHe l,I 8"

:to llHy.

flprMolronbHaq BocbMI,IHacocHiuI craHrrul' lpic. 5.271 cocroxr ll3 aByx oart-

:{aKoBdx KaMep, paSMepBr Kompbrx pacql'trar$I llo.{uarpaMMe (cM. pltc 5.22).

HacocHbre craHql{H l-tr't'IxHApnqecKoii abopMBI (oco6eHHo, ecnH oH r,'rl6or(lre)

]poue olrycTnTb ,qO HIDKIIoIO roprsoHTa rp)'HTa, qeM IIpJIMOyronI'HIie
I
F
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Prc. 5.28. HacocHo-apxeMHui pe3€pByap uun,rupxqecKon OopMbr

P{c. 5.29. Illec yronBHhrii pe3epByap c aa,qHxM Bso!

IlxnmuprlqecKue craHu[fi npoeKTxp]'rorcq raKrM o6pa3oM, ,{To Br{aqa,re pac-
cqrffbrBaercr craHraprrrbri flpsMoyro"'rbHlrft Moaynb no nuarpaMMe (cM, pI,Ic, 5.22)
c Tpe6yeMHM KortiqecrBoM HacocoB, 3aTeM MoAyrb B[xcbrBaroT B Kpyr noAxoArr-
urero alaMerpa (puc. 5.28).

B HeKoropBlx cnytaqx Bo3Hrkaer Heo6xoAr.rMocrb ycraHoBKn HanopHL,L\ nar-
py6KoB (',l Tpy6) HacocoB HaBcTpeqy noIBoArrIeMy Kojl'reKropy l,tr.rr noTKy.

BapuaHT TaKoro pe3epByapa uecrrryrorbHoii abopMbr (B Ka.,recrBe npfiMepa
pa3Hoo6pa3ur crpoureftHoro rcnonHeHur) npelcraMeH Ha pl,tc, 5.29. Boaa no-
cr)'[aer K HacocaM 9epe3 orBepcrxr B rreperopoaKe, cMoHTnpoBaHHoii MeX4y BBo_
AoM KorureKTopa u HarlopHr,rMx naTpy6KaMu arperaroB. OTBepcTru npx sroM pac_
rorararoTcs Mexny OlsIaMeHraMH noA naT)y6KaMx HacocoB,

Pa3BrirueM BapraHTa paccraHoBKri HanopHbrx narpy6KoB HaBcrpeqy [oroKy
MOXeT CJry)tC,rTb tlrtill,tHAplt.tecKr|x p$epByap c qeHTpa,'rbHoii [pueMHoii KaMepori
u flepu(bepx]iHo pa3MerqeHH]rMu y 6a3oBoil cTeHH craHuxtr HacocaMx (prc. 5.30).
BoAa K arperaTaM nocrynaeT qepe3 orBepcTHq B KonLrIeBoi neperopoAKe fipueM-
Hofi KaMepr,r. 9Tx oTBepcrm pacnorarabrcq Mexqy ocHoBaHxqMli EanopHlrx nar-
py6KoB HacocoB. Oco6eHHocrLlo gToi craHulttt r&rterct ro, qro Hacocbl KaqaKlr
xrl4KocTb B BepXHUt pe3epByap! oTKyaa oHa TpaHcnopTripyeTcr l.Uree caMoTeKoM.
Telr cavru ltcxjtrcqaetct Heo6xoll4Mocr6 B jlcno,rl,3oBaH]ltl 3a,qBrxeK x o6par-
Hbrx KJranaHoB 3a HacocaMrr. ABToMaTTKa B 3ToM cn]&ae AorDKxa )"rxT6rBaTr 9iF-
(beKr o6parHoro ToKa cTon6a xu,qKocTu ,reDca Haooc_
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trc. 5.30. U,{rxHADl,qec@ ueHTpa,lbHhtM BBoroM neptoept{n-
i6r\r DrcnonoxeHlleM arpemmB

IIoMuMo co6crBeHHo HacocoB! B craHlrlttx t{cnonb3}'lorct 3aflopHo-peryrrlt-

p!rcruarr apMaTypa, 3JreKTpouIllTbI aBTOMaltKIr, AaTqXKX' Ka6eJ'IX ll ap''roe o6opy-

IIp[ paccraHoBKe 3Toro o6opyaoBaH JI Heo6xo/rulMo nptltrepxxBarbcq cneay-

ioL[Mx o6lur{x peKoMeHralrfi, olHocquirn\cfl K HacocaM norppGoi yclaHoBKv:

- BO ,r36exaHlre KaB[Tau[x apMaT]pa Ha HanopHoi Tpy6e aoJD{ara pacfiora-

rarbcrr Ha ypoBHe He B rue 8 MeTpoB no oTHolIIeH o K Bepxy yn[TKu Eacoca;
- qro6br o6ner"rrnrB o6c.,r\D(xBaHxe u 3auurt{Tl Ka6en6, Anq npoKJaIKl Ka-

6€re peKoMeHryercq npoae,'Iar6 B nony xero6 (B coorBercrBl'l[ c npaBrjlaMx

nY9)r
- orlopH]Ii KpoHuretiH ,ulq Ka6er'Ltt lr apMI'lpoBaHHEIfi KOX]X AODCibI b6ITb

lcTaHoBrreHbr TaKI{M O6pa3OM, qTO6bI O6eCnegI4TB 'IerKxil AOCTyn K HUM' Te B

npeAeJlrx aoctraeMocTx noa rlIoKoM;
- ecJlr,t &'It 3aulITbI Ka6ejrt clonb3yeTct 'rpy6a rlJIr'I rIJ.[aHl oHll He aO.JI)OrbI

noKpbBarb Ka6ejrb no Bceii anxHe B rIaHeJU }.rIpaBJIeHrl,I, nocKonbKy '{cnapflo-

rl]uecq B3pblBoonacHble ra3bl oT cTollHl'rx BoA npll nona'UaHnll B uKalD Mor'"I npl{-

qsHrrrE Bpe! (cM. IIyS);
- ra3BI OT CTOqHbIX BOA MOI)"I BLBBaTT' OKtlCIeHlle KOmaKTOB pele! IIO9TOMy

naHenb ynpaBreHxq Heo6xo,quMo pacnoJramTr, B npoBeTplBaeMox 3oHe;

aaT"o.IKn !?oBI{q, no KoTopblM ocylqecTB,rqeTct rrycK/ocTal{oBKa arperaToB,

,!or'D(HH pacfloraraTbcq B 3oHax Mexay HarIopHBIMI4 Tpy6aMX HacocoB u 3alHeq

cTeHKofi KoJroAIIa, T.e- B Hall6ojree cnoKoiHoM ero Mecre;
- qro66l x36exarb [po6neM B pa6ore nonnaBKoBblx ,larql'lKoB ]poBlLI or flJla-

Barouero Mycopa, MoxHo llcnojrb3oBaTb 3arqxTH)'Io Beprl{KaJrb}ryo Tp}6y, c Bxo-

.uoM Borbr Ha ypoBHe trrDKe MtHI{MatLHOrO (CM. pt C. 5 23):

- B MHOTOHaCOCHLTX IlpXeMHhD( p$epByapax c arpemTaMx, llMelor|Il,Mll ea -

H{rrnyo floaaqy cB6rrlle 315 n/c, cneayer ycraHaMt{Barb [15] npxaoHrlble pa3ae-

nlrenLHbre neperopo,qKu no noroKy, Mexlry BcacaMl'I HacocoB;
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r)rc. 531. npnMep ucnortseHxr KHC
c O:900 4500 Mrlq. l/= 50 M, pac-
llraHHon flo nporpaMMe Secad

- n@a,qx HanopHblx narpy6KoB Moxer cKan'IuBarBci oca,qoK, ajMero peKo-
MeBqyercq ycrpaxBarb 3a [arpy6KaMx HaK,roHF],ro (no! 45') creHKy u3 6eroHa rdf
Merajlnuqecxoii L'racrxHbr (cM, puc, 5,23)

4m ynponleHrrr pacqeroB x nocrpoeHfi pa3pa6oraHH nporpaMMbr npoeKrll-
poBaHrr HacocHbrx craHuufi. He(oropbre u3 Hux no3Borrrror! Hapruty c rexHrlqec-
tl4MH. onryv!tll,tpoBatb rl rKoHoMl{\ecKre (ueHoBbte. ?Hepfer[,tecKye H np.) co-
cTaBr'UIIOU{le, B TOM 9I,ICJIe C nplMeHeHrieM peryrlp]4ouelo flprrBola.

Ha nojl] reHl,re 'reprexa HacocHofi craHrlxn (plc. 5,31) c rcnonb3oBaHHeM
nporpaMMbr Secad cneuxanucry norpe6yercr oKono l0 Mr.{H}T. KaK Buarfre, pa3-
Mepbr B ntaHe HacocHo-npl,reMHoro pe3epByapa Ha nola,{y 4500 Mr/q cocTaBxnu
8020x8120 MM (npr.r Kpyrr'roM rcno,'rHexru - At{aMerpoM 12 M). 3Ha,{l{ro'rbHLrff 4ia-
na3oH noAaq 9rofi cEHqrru (900-4500 M3/q) npeAonpero'nfi npen0'qecrso rrcnojb-
3oBafixq flacocoB pa3Hr,rx lpox3BoArarenbHosr€ri c q= 900 M3/9 tl C2: 4500 ur/u,
npnrreM oafix r,r3 aByx KplmHBd arperaToB nBrureTcr p*epBHbrM.

B nporpaMMy Secad 3anoxeHr,r nocreaHue ycoBep[r€HcrBoBaHr,trr Bbrrxeonx-
caHHoi MoAerH HacocHo-np[eMHoro pe3epByapa [43].

flporpaMMbr, anpo6xpoBaHH[re Ha npaKrfixe rr,rcrqaMr lHxeHepoB Bo Mxo-
rux crpaHax Mxpa Morlr 66rT6 peKoMeH{oBaHBr K mrpo(oMy ,tcnorb3oBaxriro B
Poccxx KaK Ant npoe)oHbrx oprar{H3auxfi, Ta( n B } re6HoM npoqecce [oAroroB-
Kx cneqt{ajltcroB no Kypcy <Hacocrr r HacocHbre craHqHur.
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MeueHbr Kopo6Kr Ka6eIbEbL{ pa3!€MoB. S,IeropoullToBas pacnonameTc, Ha no_
BepxHocTti 3eMnu a 3aKpr,rToM oTAeIeH[X, npuMbxarorueM K cTaHutzll,

HacocHa, craHurr <Aycreprxur flpotr3Bollurer'rr,Hocrrro 150 Tbrc. M3/c]T rl Ha_
flopoM Io 140 M (pvc. 5.36, 5.37) c 1993 | loAaer Bony u3 CeHEr B p$epByapH,
lrcTaHoMeHH6re B pa3jrr{.tHbx paiioHax Ilapuxa B 3aBlc,rMocr[ m Derbeda Mecr_
Hocrla. Bola {cnorbJyerc, rL.It nojltjBa, floveutegte cmtulty ""apoa"o " coupa_
Melll{oe a,qMuHucTpatxBHoe 3IIaHr{e B lenoBoM ueHTpe ropola. Ha Ha3eMHoM
)?oBHe IIaCOCHO' CTaHIlk[ pa3MelqeHbl SneKrpolqt{TLr lt aBa KoM[aKTHHx Tp,rHC_
OopMaropa 20 KV 660 V MorqHocrbro no 5000 KBA.

Io!3eMHoe npocrpal.rcrBo craHur-tfi urxpnHoi n 28 M rny6xHoii 20 M pa3,{ere-
Ho Ha nBa rpyca. Ha HHxxev qpyce cvoHr poBaHH | | xacocoa norpynorofr ycra_
HoBlor npor3BoAuTeJrbHocr6ro 1800 u3/v, xanopor"r 70 v, nounocruo 560 xBr
Kaxl6ll{, a sriD(oM Br,rne - qerbrpe TaKtr( xe norp}r{<HB[,( arperam, Ho c]r@il yc-
raHoBKr (cM. pr{c. 5.37).

Hacoc6r HrDr(Hero rpyca c noMonlbro cno){o{ofi cficreMr,r rp]fonpoBoAoB r.t }4r_paBrlrreMrx 3a,qBlxeK lnaMerpoM 600 1000 MM (58 nryK) pa6oraror nh6o Ilapzrr_
,renbHo. ny6o (nph nonaqe Bonbl Ha cavHfi yaanenxrrd perepalap.y noc,re4ora_
T€II,HO C lleTtrpbl{rl arperaTaMH Bepx}lelo tpyca, pa3BrrBaJI B 3ToM Crryrlae Hanop
ao 140 M, nrr nperorBpaureHrur frupaBnriqecKyx ylapoB npelyo,lorpexu asa xa_
nopHr,rx pe3epByapa o6bevoll no 60 v3.

HacocHBIe cTaHqttlj nAycTepnnlr n (Opnl'r 6*]fipeqHo pa6oTaroT 6onee
I 0 ner. nocKonr,Ky Hacocbr norpJD{qbre, nocl orHHoro nepcoH:ua Ha cTaHqr,tqx Hsr.

B Ha,rare 2007 | B flapnxe BBereHa B 3Kcrl{yarau{rc erle olHa BbrcoKorrpor,t3_
ro4menbnae (18 u3/c) xaHUr[3auroHHzu HacocHM cTaxqur <Ce3aM, c arperaTa-
MI{ norp]rKllod ycTaHoBKI,{.

Ptc. 5.3. nraH HacocHoft craHurr lopru' ryorcBo4xrenbHoc.rhb 2lMrlc. rraMerDoM l9 M
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Pt|c. 5.34. HacocHar crar tt, .Op , (pa3pe3 C-C)

Ha crarql'll &raMerpoM 30 M I,l rnJ/6mroft 33,4 M, o6opyloBaltrloi peltrel(a-

Mr,r, cMolrorpoMHbr 13 HacocoB Mo[urocrEK, rlo ,150 KBT (p[c. 5.38) c rcpcneK[n_
Boft aoycraHoBKr eqe IItIu raKID( x€ arpemroB. flprn 3mM ypoBeEb Bqahr riaa ar-
p€raraMn MoxeT locrtrarb 29 M GI,rc. 5.39).

IoBr,mr€HHhre arlll{a I,Ij coorBerclBeEHo, Macca cnJroBED( L KorlrporrbHoro
Ka6e,refi florpe6oBana B IIpoeKr€ (Sesamer aeraJEEoft flpopa6or n c{caeMbr rD(
uorn'axa (pac. 5.,$).
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Prc. 5.35, HacocHar cmHuns .Opnx' (pa3p$ A-A)

I4HTepecFEIe noAxoabr pear'[.t3oBaH6r B FacocH6lx craHrlt{qx, rAe 3aKa3qrrKoM
Bbrcryn:ulo npaBrTeJrLCTBO TalrnaH{a, O6e CraHurrH BHnorHeHH 6e3 naBfinBo-
HoB. OaHa x j  craHulr i  c  noraqef i  b  M1/c [Meer, f l raMerp l4  M tpHc,  5.4 l ) .  t rp ]Tat
Ha l0 M'lc. cHa6xeHHar MexaHlfqecKok peuleTKofi lxaMe]I, 24.5 v (p,tc. 5.42),

XapaKrEpHo, '{To B [peAcraMeHHbrx npoeKT?x rotp]rKr{6re HacocBr pacnonam-
IOrct IoBonBHO 6,'rrBKo Ap]tr x ,qpyry x no omolreHrto K 3.aq {M L 6OKoB6rM cTeH-
KaM. flo3loMy craHqllri cToJIb 3I{alIr4Te,rLHHx npoli3mAcrBeHHbD( MoluEocreft aec!-
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5 OcHoBbt pac,rera 1,1 Kot-tcrpy[poBaNLlF Hacoc]tlx cTaHuli

PlIc. 5.39. Pa3p$bl KHC *cBaM', ronltKanrqefi 3aTonnesl,e Hacoco} Ha r,1]6xHv 29 M
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Pnc. 5.40. HacocHar crdHur.l' as€same, (3neMeH-
KrDonbHoro xa6eren)



5 OcHoBbr pacaera u KoNcrpyr.'lpoBaHt'1eHacocHbrx cTaHufir4. . .

Pxc. 5.11. Haco.Hat cmHuns .qxaMcrpoM 14 M u npo :roanre'rrnocrHo 6 u3lc
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5 OcHoBbr pacqera !4 Kol-lcrpyr4poaaF s Nacoc|6x craHutlr'l..

P c. 5.43. |lrlDaBrxqe€@ Molen6 tsacocHoii craHux (Opnx' (Macurao l:10)

MA KOMNAKIHLI, HCCMOTP' HA TO, qTO HA ECKOTOPbD( H3 HI{X YCTAHOMEHbI MCXAHI

q€cKre pell]eTKn. TaKoe pa3MeuleH[e arpeaaToB coorBeTcTByer peKoMenaauwlM

(bxpMbl-x3aoroBrfreng, xmg Iuu HeKoropblx craHII[i AolIoJIHlireJIbHo npoBoal{jltlc!

,rcnLrraHHr Ha  I4paBrluqecKnx Moae,rurx B Macura6e l:10 (pxc 5 43)

B Pocc u npoeKr[,I HacocHtlx craHultfi c IIorp]DKHtIMx HacocaM( qaule Bce-

ro npelycMaTpxB,ull{ 3aMeHy }tKe ycTaHoBJIeHHBIX Kr'IaCCUqeCXUX arperaToB leM

He MeHee Bblnonngjlrlcb npoeKTL,I ar'Iq norppKHblx HacocoB MoKporo MoHTaxa

(pnc. s.44-5.60).
TaKrrM o6pa3oM, npla o6opyaoBaHul'I coBpeMeHHbL\ HacocHllx craHulrl{' B ToM

,rMc-qe xpynHbrx.  npeInog leHue ofraelc t  nofpp(nblv arpela I  av.  910 06ycnoB, ' le-

HO UX npelMynlecrBaMli: Ha.qexHocrllo, 6ecfiepe6oitrHocrblo pa6ort'I, oco6eHEo

lpx aBapxiaHblx 3arolueHl'tx HacocHblx craHII[t 14 npe'[oTBpanleHr'IeM TeM caMEIM

c6pocoB croKoB B Bo,uoeMbl; orc)'rcrBl{eM norpe6Hocru B nocrosHHoM nepcoHane

Ha craHqr,tgx (Tpareau, Ha KHC r KpacHoropcxa B ceHTt6pe 2006 r eue pa3 non-

TBepx-qaeT al(rytmbHocTL sToro); HeIIOCTnHOCTLIO K O6OpylOBaHl{ro nocropoHHxx

Ju{u; cHr{xeH eM roTpe6Horo Ko.nuqecTBa p*epBH}Ix arperaToB; BBlcoxot SHep

ro3(bOeKTIrBHocrLIo; Hrl3(HM lxylvtoM npu pa6ore; ,rrvleHbueHr{eM pa3MepoB ll co-

OTBCTCTBEHHO CTPOIITEIbHbIX 3ATPAT.

89
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5. OcHoBbr pacaera ll KoHcrpynpoBaH c HacocHblx craHqt4u.

Prc. 5.45. npo€Kr p€KoHcrplKern KHC, pa3pa6oraHHblfi Acrpaiampax&HnpoeKroM
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5 OcHoBbr pac,tera |4 KoHcrpyhpoBaH,1n HacocHbtx craHq|,r...
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Pxc. 5.49. K}{C-l nporuBoa{rE rbHocbro 50000 MVC}{. r. 6p€s'r. flpoen BpecrxoMM]'Hnpo€r.m
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5. OcHoBbr pacaera |,1 KoHcrpyt4poBaHrfl HacocHblx craHqri ..

, -rr -:l-gr

P{c. 5.51. (HC MaMerpor'{ 14 M. Ilpo€m rpyltrcl I9II/BUB
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5 OcHoBbr pacaera 14 KoHcrpy14poBaHrlt Hacocflblx craH!11,r14...

a. trst

T_

Pqc. 5.53. PeKoHcrplrqtD KHC B KeMepoBcKon o6nacrx. IIpoeKr 3Ao <AKBa xltr(usxptHr'
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Prc. 5.54. Pe(oHcrplKxn KHC B KeMepoBc(on o6nacru Pa3p* npoeKr 3AO dKBa xH-
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F - -

Pxc. 5.57. Ct{creMa o6oporHo.o BonocHa6xeHxt OAO .Ka3aHboprc'sr6'. [poeKr OOO

<HII@ SlIT3Kr
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Cneqro!,r(oLtft ocHoBHoro o6oDrAoBoHr4t

Psc. 5.57. IlpoAofireiue
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5.4. Martbte Haco(Hbre (TaHqllll ( Haco{aMn norp}rxHol'l
ycTaHoBK4 U OntllMl43aqlm ,'|x QopM ]'�t pa3MepoB

B nlo6oM EaceneHqoM ryH(re M:uM( HacocrGD( crartrud $laqnrelbHo 3Ha-
,lMTerbrro 6ol6ure, qeM Kp)'[F6D( &'rs craluapM3alrlt nPoeKTIrbD( pelxeHllt no

\rzLJrHM HacocFlbrM I,i &1, ysent{'{eHxt c66rra csoei npo4}}crl,J'{ MHonie ohpvu.
npor,r3Bo.qqulte Hacocbl, pa3pa6arbBalor I{ fiocraBntlor KoMIDIeKTT$Ie craH[I{Ii 3a-

BoncKofi c6opKl (puc. 5.61). @parrUy3c]crft QMtran ITT Flygt' ranpl'M€p' pearln-

3yer 6onee 8000 TaKtt( craHllltfi B mA B Poccr'It qax6onee aK[nBHr'lM IlocraBlqrl-

KoM KoMrLrleKTHhD( Hacocr+,D( craHr[til sBrtercs KoMIIaHr-fi Gfundfos.

MareplranaM[ Ant Kop[ycoB aaHHrD( craHu{fi cJDt(ar apMIlpoBaHHbIt creK_

loBorot<IioM rulacr!{K. 6eroH, fionriMep-6flotr, 3anrnqeltHas mlrt cmtKa'I K Kop-

po3r{rn crarrb, Ha[6onbttlM cnPocoM [orb3]tK]Tcq Koplyca I'I3 creK'IorllacrtKa

(pl{c. 5.62, 5.53). O]{pMa <OKonafiq), Ha[pxMep, t3romBrMBaer Koprryca $taMer-
poM ao 3 MerpoB (prc. 5 64). OAO dIOn, t 3AO (BtlB' pa3pa6arblDalor n fi3ro-

ias,rnBarol s floB,(ocxoBL€ Hacocg6le cmHurlr,r rc xet*o6efoga C)fic. 5.65) OHn

r€paxreplr3larorcc MeEbluefi crotMocrr,Io, qeM cralflll4lt BbrnojlrteHHble u3 apyndx
MareptaroB. KoMrIJIeKrl{bIMI' 6brBaPT u Bblco-

Konpou3BolllleJI6Hble HacocHble craHurr' 3a-

KA36IBAIOT ],D(, B OCHOBHOM, TOTAA, KOTAA TPE6Y-

eTct ollepaTrBHblil MOma)K ]'|fi CTpOI'ferhBaq

lnorqaAKa olpaH[tleFa, II{ ypoBeHr, rp}sToBBD(

Bo,[ Br,IcoKr,li, B Ta]sD( yc.toBli.D( Aaxe 2-3 na-

paJUreIBIro cMonTl{poB,ttltrBle KoMrDIeKrHSIe

craH{uu (puc. 5.64, 5.66) B},rroAsee xe'Ie3o6e-
IOHHI;D(, nOCTpOeI{n6IX MerOIaMrr OnycKlroro
KOIOIUa rrull,l (CTeUa B rpygTet. cTaEqtI'�I 3aBOA_

c(oro [3roroMeHl,It qalqe Bcero Bocrpe6oBaHbr
B crcreMe KaIrMIr3aIr[[. nplrHqtnbl Korlcrpy-
,tpoBal{,tt KOMIIJIeKIII6D( KaHaJII{3aU{OIIHEIX

craHq[fi ] nrrbrBabr 6o,'rburee KotrsecrBo Oax-
lopoB no cpaBHeH{Io c Boao[poBonrsrM . flo-
gToMy orrr npercraBjullor 6otbur[fi lHTepec B

I{3],.{elIfi,I oco6eqHocrefi gx lrcIlo lertrrs.
IIp{-IoK cro$tofi }otA<ocrt B Kaflatu3alrl-

oHnyo EacocHylo craHqulo, oco6eHrio, ecru
oHa Marat, - BeJrr,ltMHa Herlocloqll]lalE (aK no

HalpaBJreMro rtrr( tr Ito o6beMy. Hacoclla'I cmH-
ql-lr, neficrBys HerrocrotlrHo, SgaqrrejlbH]'Io
qacrb BpeMeHfi abyra{uoHt'Ipyer Ka( orcroit'IrK

OcaaoK c yaeJEHlIM BecoM 6onee I ocaxaa-
CTC' HA AHYIqE I' HAKATUIIIBAETC.' B 3ACTOIIII6D(

3oHax pe3epByapa. OH cloco6crByer nocBjleHl-l|.0

HenpujlTHorlo 3anaxa It qBjrrleTct I4cTolIHx(oM

onacFhD( ra3oB. Oca,uoK Moxer nonacrl' B Hacoc

TOTLKO B TOM Cnyrae, ecJl}l oKa)(ercq B 3oEe Bca-

cr,naouem natp]6xa xacocai rae ycKopeHl ,rt
noToK xr4axocTl,I IIo!](BaTtiBaeT ocaloK.

Pflc. 5.61. KoHcrpFoue xoMn-
ier{IHofi HacocHon cmHqnn
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Pllc. 5.62, KoMrlreKmar HacocH,ur cEHur.rs r'3 creKnornac.Ms nDon3Borcma OOO (OeD-
rru', CaHKr-nerep6)"r

Plrc. s.63. I43roroMeHye HacocHofi €raHqrx rc crexnonnacflrKa m OOO €rcnanH,. n To-

OcHoBHac aa,qaqa pg3€pByapoB HacocHHx cmHrJrdi - 9To o6ecneqeF e Harl,ryq-
lneii pa6oqeil cpeAbr l/rr xacocoB, a raro(e ycpeAneEre rrocr]rraroueii B npheMrsDt
p*epByap croqHofi )o-IAKocT,l, Pe3epB)'ap AoJD(eI{ 66116 cKoxcrpytrpoBaH Tarc{M
o6pa3oM, .11066r HapaBHe c x-nAKocrbro yA:rlcnxc6 r, ocaAoK, x rrnaBanrqrre Berrle-
crBa. OrcyrcrBr,re 3HaHni o pa6ore Hacoca u ntqpaarrgecKr( pexllMax ABT,DKeHII'



OcNoBb pac!era u KoHcrpylpoBaHtltHacocHbrx c laFql , lh . . .

Pnc. 5.64. Iapa HacocHblx ffatr{xil rlaMerpoM 3 M flpon3BoacrBa

OOO (SxonanH'

cro.rnofi togKocrr{ B p$epByapax qacro npxBoat{t K 3a3l'[IreHrlo ero crpot{Tejrb-

Horo o6!eMa. A qeM KpynHee peepByap, TeM 6onblrre Beposrl{ocrb roro' lrm oH npe-

Bparrrcr rlo c]"Tr.r B c6opnnx l]rx oca,4xa 9ro npr-rBoAm K Heo6xoAr'rMocrx nepr'ro

nErecKoiii oqxcrrut p$epByapa x [oBbniJeErlo o6u!r( gKcruyamuuoHt$D( 3aTpax

nnaBalouue B3BeueHHble Beu.IecrBa (yaenbH6lfi Bec < 1) TatoKe npeacraMclor

co6ofi npo6nevy. nocro,'�lbKy nraBa|ol Ha noBepxHocr crogHofr )tol-oKocrH B Ha-

cocHo-fiptteMHoii KaMepe, He BoBjreKagcb B Hacoc. CMecL ){orpoB' BonoKoH I'l apy-

lr4x rr,laBaloulHx Be lecrB cn[naerct, o6pa3yef KopKy. Koropas mrpytrHqger pa6ory

aarrr,rKoB )'poBrur I,t Moxer yxyautrL pa6ory HacocoB [pI{ pacnalaHHu Ha Kp]m-

H e qacrlr. fltaBalouat NBecb cnoco6Ha yatu'ltrbctt! Kolaa oKa3blBaerct B 3oHe

BIIl,ttHl,lrI BcacblBzttoulero narpy6Ka Hacoca, qro aocrtiraercg npl,I noHll)KeHnl/l

ypoBHq ){G,uKocru B p$epByape Hl-lxe o6b!'rHoro.

Ane oflpeaeneHui onr va,lbHoi{ OopMbl peRpByapa HacocHoitr cmHuMu' ee

lponopqui, tapaBlll+IecKtlx ]{ 3HeprerlFlecKtrx orpaHl4lreH|ii 6bl|lfi npoBeaeHbl

rccreaoBaHxs [zl4]. B ltx xoae yaanocb ycraHoBxrb cnea]'Iouee.
. Bo3pacraHlae qacrorbl dt'lcKperHLlx BKflrcqeHlifi/ Br,IK[Io'{e}fl'I[ Manblx llo_

rppKHrix HacocoB (3KcnepuMeHTbI npoBoaltjlnc6 Ha Hacocax Flygt c fioaa'reii ao

100 M3/.r) c 15 ao 30 !r.uaxe 60 rrycxor r uac noBhnxano reMrleparlpy craropa

He3HaqfiTejrbHo u coxpaHtuo ee B npeaenax 80 "C gro, Ilpl't KJIacce t{3ojUlqr'tl

F (155'C) L reM 6onee np{ H (180'C), HeonacHo llts lBt r^rera MexaHxqecK'lx
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.a I,-

Pnc. 5.65. KoMtrneoH& HacocHar cmHqxq u3 xer€3o6eroHa JI3n/Bl,lB

noBpe)qeHui B y3ne Ban pa6o,ree Koneco npu (bopcxpoBaHHbrx xcnHTaHIaLx (12

HacocoB no,dBepuucb cyuMapHo 180000 nycKaM) mrcr(e He Bbl9BneHo,
. yMeHbujeHrie paccrogHtrii Mex.qy napoil ycraHoMeHHbx HacocoB x creH-

KaMLr HacocHo-npueMHoro pe3epByapa (Bn'1016 ao conp[KacaHrr yi]xroK) He oKa-

3brBaer a;trrHrq Ha pa6ory tr Knn arperaroB.
. yMeHbueHxe 3a3opa Mexly aHuueM npr{eMHoro pe3epByapa u BxolHbrM

oraepcrr{eM (BcacoM) Hacoca Bnrorb !o paccroqHaq, coorBercrB}'Ioqero 12 %
pa3Mepa rxaMerpa Bcaca, He yrryaruaro napaMerpoB tr Kfl,A Hacoca.

B p$ynbrare 6br[n coopMynnpoBaHLr ocHoBHLre npunuxrlbr npoeKTnpoBaHr.rt
HacocHo-np[eMHbrx pe3epByapoB HoBoro rxna.

r lopl{soHranrxar qacrb AHl.rrra pe3epByapa lorIXHa 6I'ITI' MtiHuMa,tbHbrx
pa3MepoB x pacno.flaraTBct HenocpeacTBeHl{o noII BxoaHbIM mBepcTueM Hacoca,

. ConpE (eHne BeprrKar6Hr,rx creHoK c lHurqeM BHyrpr.r pe3epByapa ao'Ix-
HO BbIIIOJIH'TICTI qepe3 nOBepXHOCTL, yro, HaXJTOHa KOTOpO'I K rOpl{3OHTaUIrl npl'-
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1., ,1i. i$Y-S.'
It
.-\

Prc. 5.66. Momax cr€Kno Hunfi {SKonaiH'

Hlr,{aercs xe MeHee 60'A.'Ic uepoxoBarbx (6eroHHb ) x He MeEee 45',!,rrt Dra,q-
K x (nonr{MepH6D() [oBepxHocreiA.

. PaccrorH[e or topr.r3oHTanbHofi qacrll aHxrqa p$epByapa ao BxoaHoro
orBepcrrq Hacoca (rlacocoB) ao,'DGIo 6r,[b He 6on€e l/2 axaMErpa BxoaHoro m-
BepcTxr.

OupMa ITT Flygt, ocHoBbrBarrcb Ha AaHHr,rx npr{Hqtnax, pa3pa6omna HacocHo-
npue}flrErft pe3epByap, xa$aHH6rfi TOP (pllc. 5,67), I,l flpoBe,ra cpaBl T€JIblIbI€ xc-
[LrTaHnq ero c TI,aIuITIOEHBIM p$€pBFpoM, I'lMeIorq/M OBa,'BHoe ,qlndqe [45]

P$epByapLr 6Lr,1n coea[neHbt MeXAy cooofi L 3anorHeHbl oa Ha(oBBIM Ko-
flrrrecrBoM Bo,uri (no 800 n) r B3BeureHHbrx BeurecrB (no z|4 Kr necxa x no 5 Kr
repeBcHHBrx oruuroK), XraKocrr, flepe(aquBMl, rr3 oaHoro Konoaqa B ap]'mfi .10

pa3 rrrl{ no 10 pa3 xax4brM HacocoM. B p*ynbrare 94 rc B3BelljeHHEIx BeurecrB
oceno l'a AHe Kono4la rpa,4lu.It{oHHoii KoHcrpyrqu[ u n},lrll6 4 Ic IIa AHo pe3epBy-
apa rrfla TOP (puc. 5.68).

HacocHo-IIpI,IeMlIbre p*epByap6t TOP ornnqHo 3apeKoMe{AoBaru ce6c x B
pe&rbur,D( ycroBr.r.D( pa6oT6r (plc. 5,69).

MoHTax cfeK,ronracruKoBoft craHqri[ BecbMa rrpocr, CleKllollltacrl,lKoBbli
Koprryc HacocHofi craHqrix <OKonaiiH, noKa3aH Ha pt{c. 5.70,

B Hacrotuee BpeMq KoMrureKTH6te HacocHBIe craHq[fi Txla TOP t{3rmaBn l-
sarcrcr nHaMefpoM 0.8. 1.0. 1.2, 1.4. I .8 v.

KoHcrpyralu TOP nonl II,Ina cBoe pa3Blrrue Ir Ha necKo,'IBKi2rx 6onee KpylHblx
xejreo6eroFHrD( Kplr.'rLD( ri nprMoylo,tl,HBD( B nnalle riacocHblx craHun4( npo-
r.r3BoarrrenbHocftro Io 700 n/c (puc. 5.71). Pa3MepbI TaKrx crallq]rfi craF qaprt3o-
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Pvc. 5.67. HacocHU craHurfl TOP

a o

Prc. 5.68. CpaBxrr€rbHbrfi recr nepexaqKx n3 pBepByapa B p€epByap. Ornoxeld E pe-
3epByapax rparxuxoHHoii (oHcrpyqxx (a) u TOP (O nocne ,10 qn(noB nepeKaqM. O6ua'
Macca B3erreHHrx BeqeoB B peepByape cmH,4aprHofi KoHcrpFuun cocmBnrna 94 K, a B
TOP 4 xn Crpenxx noKaLBalor ronur,Hy cnot ornoxeHuil
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Pnc. 5.69.
Ha reppnropHH

nBopuoloro xoMrureKca
CrpenbHa c 2002 x
pa6orarsr 6e3 nonoMoK
l0 cmHqnfi TOP

Pnc. 5.70. MoHrax creKrroruracrnKo-
Boi craHrqrx BeclMa npocl Crexno-
rl'racrJ,lxoebrfi Kopfiyc HacocHoi craH-
ur { agxonafiH, (6},a3y)
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A

PaccroFHue or creHK, co cropoHbr BBoaa ao neperopoaKu

li.n
D, =,1:--=L tae obt - o6udq loaacd cr.Hr-,v

\ l  r ,6 rr
DN auaMerp HanopHoro narpy6€

Pxc. 5.71. CraHnaprHbrii xoHcrpyr.rnB TOP ane H€cKon6xrx craHuon u3 xene3ooeroHa: ,-l -
Kptrnbre; ,6 - nprMolmnbHbre; t - BernqrlHa Bbr6xpaercr cornactso pa3Mepy tsa€oca
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Ta6nrdra 5,1, Pawepbl Eacocttllx craEqoi rfita TOB B 3rsxcrMocrll or trpo*|Bo_

arnulb|Iocrl|

119

DN, MM

4802407003502000

600300880

720

2500 440

3000 520 1040 360

620 1230 420

201
204
t92
183
255
270
281
289
330
3 1 9
3u
437
410
500
392
455
518
531
646
688
704

t57
t57
t57
245
245
245
245
245
245
245
353
353
353
353
353
353
353
481
zl8l

481

100 670
100, t50 680
80, 100 640

100 510
200 680
100 720

150, 200 750
150 770
150 880
200 850
150 830

250, 300 970
250 910

205,300 1110
200 870
200 1010
200 ll50
300 1180

300, 350 1230
300 1310
350 1340

3500 840

BagEr [46], B 3aBl,tcltMocrt or npol,I3BoAnrejrr,Hocrlil l,l npl{Beaer$r B Ta6n. 5 1.

I4clorG3oBaFrrc cmq4aprl*o( Kotlcrpylo[d u aar*rED( Ta6t. 5. I 3Ha'{rreJII'Ho yrl-
porqaer rpoelo{poBarffo cmIIIlI{fi npot3Boarre.'BHocrblo Ao 700 n/c.

d Bbt8oa

MrpoBar HayKa HaKonrra Aocraro'rHo 3HaHui t{ onb[a A,lc npaBxnbHoro
npoeKrxpoBaHxq HacocHbrx craHuli, ocHaqeHHblx qeHrpo6exHblMll no-
rpy)KHhrM, HacocaMr4 Mo(poi ycraHoBKx pa3Hox npou3BoAurerbHocrlr.
np|4 oroM B npoe(lhpoBaHltt/ MoxHo [cnor63oBar6 pa3rr.]Hble ,Hcrpy_
MeHThr - l, A arpaMMbt, l.1 Ta6n ubt, x KoMnborepHbte nporpaMMbl. He-
craHAaprHbE peueHuc tl npoeKrbr Ans oco6o KpynHux lrrlt4 MHoroHacoc-
HHx (c KonuqecrBoM arperaroB 6onee'lerbtpex) craHq i peKoMeHAyer-
ct npoBeptrb ucnblTaHuqM, Ha Moaergx.



6. HACOCHbtE CTAHU14l4
c norPyxHbtMu ocEBbtM14 HACOCAMTI

MoHo6noK oceBoro Hacoca c 3jreKrpolBrirareneM norp'rKHoro rrrna rpe6yer
MrrHxMaJtbHLIx kaflr,lrauMblx 3arpar Ha crpol,trenbcrBo HacocHoii craHu n BBrl4y
ee npocrorLr, flpfi rx npoeKTnpoBaHx , orHaKo, Heo6xoluMo l {lTr,rBarb pra oco-
6eHHociei{ .  Kotophre o6ycnoBneHH BbtcoKox f lpol , | tBoAlate tbHocth]o naHHbt\  at-
per dr oB rao 20000 vl/' .

florpy)KH6re 3jreKTpoHacochr c oceBr,rM (nponennepHr,rM),lx AxaroHa,,r6-
HbIM pa6o.I,tMx KorecilMu o6bl'rHo ycTaHaB.JIrBaloTct B BeprnKanbHoti Hanop-
Hoil Ko,roHHe Ha Br,rcryn (O,laHeu), 3aKpen,reHHbrii cHr,t3y, XecrKoro coeArHe-
Hut (aHKepoBKI,I) He Tpe6yeTcr. nocKor'rbKy Bec Hacoca locTaToqeH.,{ro6br
ynepxarb ero Ha Mecre. ycraHoRKa cneuua,r6H[,rx (btKcaropoB npenorBparqaer
BpauIeHue HacocoB B peaKTI,IBHoM HanpaBJIeHULt lt OAHOBpeMeHHO yCl,trtl{BaeT
onopHBril (FnaHeu, npu raKoi KoHcrpyKuhfi Bo3MoxeH caMbrii npocroii Bapu-
aHT ycTaHoBKI HaCOCa - OnyCKaHUeM B HarHeTaTejIbHyIO KOJIOHHy C nOMOtltlO
ne6e4Ku unu KpaHa, KonoHHbr Mor)"r BBrnorrHrrrr,cr x3 6eroHa (pnc, 6.1) nl,I6o
r43 Mer,LrL'la (pHc. 6,2), a no rrny OyHKuxoHnpoBaH[r 6r,lr] co cBo6otHhrM
nx6o noATonneHHbrM H3rtrBoM. B [ocneAHeNr cnyqae Heo6xoAuM o6parHr,rir
KqanaH (pnc.6.2) ,  a  rHorAa n 3aABl I ) (a.

,trrbTepHarxBofi BepTxKanr,Hoii MoxeT 6BrTb HaKroHHar HanopHae KoJroHHa,
MoHTax Hacoca npu 3ToM npox3BoAurcr no flpoAoJr6HBrM nono3brM (peftcaM),
3aKpenneHr{brM BE}.rpu KonoHHBr (pfic. 6,3),

HarexHaq u 3olbeKruBHar pa6ora Hacoca 3aBuo.rr npexre Bcero or KoHcr-
pl/Kll x npueMHoro pe3epByapa,

Ang Hacoca c ocesblM tu'r nuaroHanbHblM pa6o.JrIM KoJIecoM uaeajrbHbrM gB-
rtercq ycr'roBre, ecnx nocrylarcqxil noroK 6yner paBHoMepHbrM, c ycraHoBHB-
lrtrMcr reqeHueM, 6e3 3aBLxpeHufi, BopoHoK, 6e3 BoMe,{eHHoro Bo3!}D(a.

. Hecra6ldnlHblii noroK Ha axolle B Hacoc Moxer cHI3ItrL npolt3Bollrrejrb-
HOCTL HaCOCa r,f BbBaaTL UMnyJrbcHoe ti3MeHeHr,re Harpy3Kx Ha nonacTtx npoflen_
nepa, conpoBoxrarcueecr Bu6pairr,ieii a ulruoM.

. O6leMHlre 3aBHxpeHur Ha Bxoae B Hacoc Morr'r Hexo'rarenbHr,rM o6pa3oM
I8Mel{JrTb Hanop, npoh3BoauTertbHocTL l,t MoutHocTL Hacoca.

. JIoKa,'IbHHe 3aBfixpeHrt npllBo,qtr K Hap)'lllleHtilo cnnouHocrf r]oroKa u
cneAoBare,rhHo. K Bll6pauult, txytty, KaBtfauux, a raloKe cnoco6Hbr 3axBar6lBar! c
noBepxHocTl{ B Hacoc nr'taBaK)lufiti Mycop, qTo MoxeT B]BBaTb noJ'Iot\{Iq Hacoca.
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Prc. 6.1. vcraHoBKa Hacoca B orxp$rofi KonoHH€

Prc. 6.2. ycraHoBKa nacoca B MeratnnqecKot Ko-

,oHHe c Kpbr xofi H c 6oxoDbIM HanopH M narp)6-
rcM ocHarqeHHhrM o6parHbtM xrlanaHoM

Bap[liaflr KoHcrpyxqn[, npeAcraBneHHr,Ifi Ha p:',c 6.4' sBIt€Tcq Har'6o'ree

npocrHM, nogToMy ( HeMy o6parqalorca qarle Bceto. oaHaKo cnenyer I'iMerb B

Br4.[y, qro B gmM ciryqae rpe6]'Iorcfi rloBEIIIIerlHa,I uy6uHa norp]'KeHlq Hacoca

r{ 6otee fiportxeHHblfi noaBoAtrll4li Kas&rr' u3-3a'rero o6qac croxMocrb crpo-

TenbcrBa raKoii craHut'Il, Moxer oKa3arBct Bblue, qeM Ilpu aPyrlx Kono[r]pa-

u qx. KpoMe roro, gTm Bap[aHT HauMeHee qbaFeKrlIBeH IIp]-l Paoore c HepaB-

HOMepHO noCTy[aroqxM pacxoaoM, no3roMy peKoMeEAyeTct ToIBKO AtS CTaH-

llt ii c xreanbr$IMt yc,rroBtlrlMl'I BrrycKa, Harlp]tMep' c oll{ttM HacocoM unu nPu

OpoHTanbHoM BnycKe.
Ha MHoroHacocHblx craHqlrtx, Koropble xapaKrept3ylorcq pa3Hooopa3HElMrt

pa6o.rr.rMt ycrloBr{crd'1, Heo6xoaiMo IIpI'rMerI{II' noroKopa3aejMrqt { IIJM noroKo-

HanpaBJU oufie fleperoponKl, Koropbr€ ctJtzDKt'lBarcT Bo3aefcrBle acr'lMMeTl)Ittl Bo

BxoAHoM floroKe (pl{c. 6,5). MI'IHtMarbHas rn}6x{a norpyxeHtt J Hacoca B m-

(pr,rToM BoaonpteMF IKe tErteTct oyH(IIUei C(OpOCTI'I nOTOKai anaMeTpa-BxoI-

HOIO OTBepCTr,uI HaCOCa I,I pacfpea€Jlelttt noToKa npl,l flonBole K HaCOCy tla arll-

arpaMMax (puc. 6.6) npeacraMeriH aaHHr,re 3aB{ctrMocru [47]'
noroKoabopMr'Ipyoqaq cresKa nepea BxoaoM B Hacoc, BblrlojlH€HHiul lfi Me-

Ta.rna rDII-l 6erosa (p{c. 6.7), no3Bonser 3a cqer o6pa3oBaH[t reM caMBIM nport-

xeHHoro Bcac6lBalourero [arp]6Ka c rlrraBfio tl3MelltlotirllMcg cerleHleM yMeEb-

rirxrb Benrq[try rpe6yeMoro 3auy6neH]ts HI'r3a arperara no pa3Mepa al'IaMerpa

BcacHBaolqero orBepcrl,Ir D. fIptBeaeHHBIe pa3Mep6l (cM pnc 6 5,6 7) Moxt{o

naiu n 1481.
B EeKdmpbD( cjryqa.D( ifl4{o.4a,Gnat My6uHa norplDl(eErlt Hacoca! }'Ka3aEtat rla

g"uapu*r,, "" yao*"tlop"cr rpe6oBafitff\, Kalltruulomloro 3anaca Ai,n npu pac-

qerr groi Iny6r4sl neo6xol[d\4o ocltoB6BaTbct tlzr KaBuf.l]['Iol{Hoi xapa(rq)]tcTlKe

Hacoca, Kompar! ,aKa3ar{tL B ero 1e)ctr,l'recKoi aoKyMeHral$el'
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Prc. 6.3. MoHrax Hacoca B HaxnoHHon xonoHHe
oc',uecreuercr no noro3hqM (perhcaM), 3aKp€n-

,Dh.

TT

Pxc. 6.4. npocrefiuar xoHcrpyy,uxr orKpdro.o BoaotrpxeMHxxa c npnBr3Kon K,lnaMerpy ,

B aeilcrBylou.lxx craHq[rx 6brBaer rpyaHo 3aKperrurh noroKoHanpaBjrrblrrue
gneMeHTbr K ArlxrrJy r.r creHKaM, A,1r rarou cnyraeB KoMnattt,lr ITT Flygt pa3pa6o-
rana KoHcTplxqHr,r HanopHr,x KoroHH, BHyTpr.r Kompbrx Kpeflrrcq aaHHr,re 3re-
MeHrH (puc.6.8).

Hacocbl c oceBr,IMl,I illlu luaroHMbHbrMx pa6ogtMu KortecaMr trB.'IfiIorct HIt3-
KoHanopHbrMn. no3ToMy BaxHo Aeranr,Ho rrpocqurr,rBarB norep Hanopa B KarK-
AoM u3 sreMerlroB 068131(]r arperara. I[arpaMMa (pxc. 6.9) Aaer Bo3MoxHocrb
onpeaejUlTb MecTHBIe noTepl,t a/? B cTaHAapTHlIx SIeMeHTax .IIJUI BOAOnOIIbeMHbrx
KonoHH auaMerpoM or 700 ao 1600 MM.

Bo rc6exaHne ycKopeHHoro x3Hoca no4lrunHxKoB pa6o,{I{fi H,rnop arperara
He ,qorxeH flpeBbr[rarb 1,25 HoMuHar6Horo 3HaqeHlrr Hanopa, nplrBoal{Moro lr3-
roToBtfereM Hacoca.

Ha HacocHr,rx craH(atx o6b|'rHo ycraHaB,'rxBaror aBa u 6onee arperamB, MHo-
roHacocHHe cItcreMLI liMelor 6on6rrlm npou3BoAtfen6Hocr6, cMqlorct 6o,'lee
rl,t6Kl{Ml,l B pa6ore H 6onee HaAo{orr,rMr{. ThK e crar.rutu rDoeKrxpyrorct Ha 6a3e
uHIxBrlqyanhHLx Bo,qonpxeMHBrx MoAy,leii. IlocKorbKy BxoArlqxit norox.uoJDKeH
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Puc. 6.5. npueMHo-HacocHat r€Mepa c nomKoHanpaBnflorur{MH sneMeHraMtr

S , M  D = 0 , 7 M S , M

2t

O = 1 , 4 M

Q' M3/c

Pnc. 6,6. MLIHUManbHo aonycruMoe 3art]6n€Hte
cry or ero notraqn Q A auaMe]Tr D

Q' u31c

.t BxoaHoro orB€Pcrns Bac

D = 0 , 8 M

D = 1 , 0 M D = 1 , 2 M
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_xAx t,L.r
0

Prc. 6.7. HacocHo-npxeMHar xavepa c noroKooopMxpyouen meHxon x3 6eroHa. o6pa3yb-
lrcn BcacbrBabqxn narpy6oK

I
B

Prc. 6.8. Kotscrpyxuxl soaosanopHoii
KonotsHH c aaKp€rLreHHLrMr BHlTpx no-
roKoHaapaerrIorfiMB
pa3pa6oraHHar ITT Flygt

or,rTb MaKcxM:urr,Ho paBHoMepHtrMj KoHQxrlpaqrrr npxeMHoji KaMep6l, oTKyaa
noroK flocrynaer B orAe]'IbH]Ie Mo,4yl r, I,IMeer 6o,'Ibluoe 3HaqeH e.

Cnoco6 BnycKa BoAr,r qep$ BcaclrBarorqui narpy6oK (cM. prc. 6,7) HaxMeHee
qyBcrBrrrer'reH K HepaBHoMepHocrtr nocrynatolllero noroKa, Korop6rii xapanepeH
l,'Iq MHoroHacocHtlx craHqnfi, gra HepaBHoMepHocrr, Moxer ao3Hl{Karb B p*ynb-
TaTe oTKrIoHeHt{t tuln ooBopoTa noToKa B npreMHofi KaMepe, a Taxxe np pa6oTe
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'>r
/

.{/

ffi4

Pnc. 6.9. MecrHNe norepu Haropa A, B faHraprHhrx 3neM€tTa'\ o6BBXx B 3aBacxMocrx or

nonaqx O I,1, Hanop{bx KononH MaMerpoM or 700 ao 1600 MM

ffi66q6,
{ s -  -  E



126 C E. qep*u!. HACOCHbIE CTAHUll14

)

l 100(max2Cf )

6
.6.*+
\17.

:
\7.

' |

lii

Pnc. 6.10. MHorcuacocHat craHutt c orKpbrrbrM sononpxeMHurcM H QpoHrarIbHUM BnrKoNr

oaHoro Hacoca c qacrnqHoii Harpy3Koi. ycraHotsKa c BcacblBalouuM narpyoKoM

,arr9e fcq B ?rov cnlqae nfruuM peureHxev.  I locKonb$ cf icrev i  c  orKpbl l  b l j t l  Bo-

aonpueMHUKoM (cM. puc. 6,4) Haa6o,lee ql,'BcrB[Ter]Ha K Hecra6l'L'lbHocrr floro-

Ka. rpe6yerc{ 6onee nporexeHHbre [pueMHffI KaMepa H pa3lenxrenbHble nepero

poaKx Mex.ay oTIeJIBHLIMT,I BOIlOnplneMHUKaMU, qeM npl,t cl4cTeMe c BcacblBaloull'lM

narpy6KoM. Ecmr orKpr,lTbrti BoaonpueMHuK npt4MeHtercrl nnt 6onee, qeM Tpex

HacocoB, arlxHc ptl,4erlIferbHbrr neperopo4oK llorKHa cocrilBMTb He MeHee 2/]

or o6ueii r npr.rHEr Boaonpr.reunaxa (pnc. 6.10).
Ecrr cxarlte fioroKa nponcxorl{T nepea BxoaoM B BoaonpueMHHK. 3 3a Ha-

,'Ix.Irrs peureroK xn! utr6epoB ,q,'IuHa Boaonp{eMHUKa lorxHa 6bITb yBerlrqeHa ao

6D x 6oJree B 3aBuclMocrH or crefleHl,I cxarl,ul

Clurecrs) lor  DBe ocHoaHbre KoHcrpyKut l , t  vHotoHacocHbr{  cr i rHU, l i :  c  OpoH-
ra,16Hr,rM r c 6oKoBbrM BnycKoM BoIIbI B npreMHblii pe3epByap, Ec,l BnycK OpoH-
ranbHBrfi (cM, plrc. 6.10) lx prHa ero MeHbue o6ueii ultpl{Hbr BoronpreMHlj-

Koa.  ro norBorrLrryrc Kavepy cneale i  c l , lMVerpur ]Ho pacurxpr ' l rb  CyMvapHbln
yron pacrxxpeHxr or flonBoatuteii lpy6tI He,qonxeH npeBblurarb 40'. Aqt orKphl-

rl'lx nollBoar[qux JrorKoB o6rq ii yron pacuxpeHlur He nonxeH npeBl'Iuarb 20'

Har.noH aHr,rnra B npneMHoM p$epByape ycrpatlBaerct B npeaerax l0'. Ec,'II'I 3Tx

fiapaMerpr,r He co6nroaarorcr, ro ant ynyruel{xt pacnpeaeneH[g noaBoaHMoro

noroKa Heo6xoaraMbI pa3.aerl,ITerbHlle ''!It{ Bonoor6oiHble creHK , AJr-q npt'Herfi,

onrnMalrbHoro perueHnt! ory cxeMy no 6o,lee c,'IoxHLIM BapfiaHTaM t{cnonHeHt{rl

HacocHoii craHunx cneAyer BHartare ,cnHTarb Ha rloAertx.

Ecnx BnycK 6oKoBoii, To peKoMeH-ayerct ycraHoaKa nepeaopo,aKs c BepxHxM x

aoHHbrM neper'raBoM, qTo cnoco6cTByeT nepepacnpeleJleHl{lo u paccerBaHl{ro

6on6ueii qacrr,r KrH€TnqecKoi:i sHeprun nocrynarcqero nmoKa (phc. 6.1 l)

flpx npoeKTltpoBaHHll oco6o KplrnHblx HacocHl'tx craHquii o6qeii npo[3Bo-

n rrerbHocrBro 6onee 22000 M3/q unu enriHrfiHoir noaaqeii Hacoca 6onee 9000 Ml/'I
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Prc. 6.11. MHoroHacocsat craHrl'It c srxpbnbrM BoaoflpxeMHxKoM L 6oKoBhIM BrrycxoM

Pnc. 6.12. np cnoco6n€H e !,1t xpenexa Ka6ett, npeanaraeMoe ITT Flvgt
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P{c. 6.13. r,a6enbHbre xxnbr oceBoro Hacoca Moryr nepenne-
rarbcq, ecnx He npuMeHurb pexoMeHnyeMbre nprcnoco6ne-
Hue lre ,x HarrjxeHrrt

HacocHbre craHurrl, c oce-
BbrMrl norplxts6lMfi arpem-
raMU ornnuaDrcr npocro-
roii B 3Kcn,'ryaraur.{x rpe-
6!6r MTHUMyM rannra,rb-

peKoMeHI)crcr o6r3are.[LHoe uclblraHrie ee MoAen[ B rtqpa&rlqecKofi ,ta6opa-
Top[u r,rnrl npoBeaeHrre KoMrrbrorepxoro aHa:rr3a MApoarnaMura, Il5],

PaccroqHxe Mexry fleperopolKoii r{ Boaonpr{eMfibrM MoAyneM aorrr{o{o 66rrr,
,qocraroqHHM, qro6br yAafl,rrr, 3aBrrxpeHl-tt fi BoBreqeHHhtfi Eo3AI'( ao [ocr]'rue-
Hl.r9 Boabr B Hacoc, norox BonH. TpaHcnoprHpleMbri qepe3 Bo,[ono4]evH]'to Ko-
noHEy, BecrMa Molql'Ibdi. O6TeKaq Ka6en6HEre xxnbr HacocHoro arporara, oH noA-
Bepraer l-{x oir'rbHbrM Kojre6aHlqM Il nepeDlereHnro MeXA/ co6ori, noBpexleHr{ft
xxr''r BcreAcrBr{e 3Toro MoxHo u36exarb, xcnonb3ys npfcnoco6neHrr, o6ecneqfi-
BaIOU[Ie 'iX HaTtxtgf, a TaK)(e repMeT[rlHoe L oaHoBpeMeHHo 3nacTr,rqHoe nepece-
qeHxe c Kol{cmyclt{eil KonoHHBr (prc.6.12).

OnLIT noKa3brBaer, trro gKoHoMHt Ilpx np(MeHeHlrr,r aaHHbIx nprfcnoco6ne-
Hrril npr.rBonr K neperrrereHno xrjr (pxc. 6,13) cnycrt 4 6 MecrqeB nocJre
rrycKa Eacoca.

tr BbrBoa

norp\Dr(Hbre Hacocr,l c oceBblM (nponennepHHM) xnrl AraroH€t'lbHHM pa-
6o9r,rMr,4 KorecaM14 no3Bons|or cyqecrBeHHo ynpocrtlrb 14 coKparurb 3ar-
parbr Ha nepeKKaqKy oorbu.rrx o6leMoB BoAH Ha Maryo BrJcory. Anr fix
Ha,qexHofi pa6orbr oco6eHHo BaxHo o6ecneg!4Tb paBHoMepHocr6, cra-
6r,ulbHocT6 noToKa Ha sBoAe 6e3 gaBuxpeHhi! BopoHoK, BoBneqeHrlg Bog-
Alr(a, nph oroM peKoMeHAyeTcq nphMeHgTb onucaHHbre 3Aech noToKo-
QopMhpyloutrle ycrpoicTBa B saB[ct4Mocrl4 or KoHKperHbtx ycroBr.4fi.
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Ptc. 8.1. BxaxM6re Ha Monenn Bxxpi{ or creHxx (z). oceru{ero Hacoca (O. aoBepxtsocrr Borbr
(d), rHrua (e) no neiicrByloqero sacoca, no3Bonrrc( oflpeae'rrr6 npaBrnbHhre pa3Mepbr u pac-
tronoxeHxe aryeraron I'r peu6Horo flpomflrna

coceAHero Hacoca, a ra)cxe rpe6yeMoe 3arny6neHne no mHoIjIeH],IIo K peMLHoMy
arpemry (pxc.8.1).

nnc xHxeHepHoro npoeKTlpoBaHr{q n rex}llFrecKoro aHaru3a, no3Bo,.urrcqe-
fo npeacKa3brBaTB xapaKTep pa6oTbt HoBbrx coopyxeHxii xJrrr npoqeccoB 4o r{x
lr3IoToMeHtuI gJIi{ BHelpefil,It, TaIoKe MoxHo xcnoJlb3oBaTb KoMlbrcTepHLIe npo-
rpaMMrr rrilpoal,lHirMriKu noroKa (cFD).

CFD npeaycMarpHBaer aHirjrn3 )K{aKocrFbrx [poroKoB, TerDlonepeHoc n {c-
noilb3oBaHue npofpaMMHoro o6ecneqeHug Ha 6a3e qJrcJreHHbLx MeroAoB pacqera.
CFD cpa6arHBaer npfi pa3AejreEfir{ o6nacreii Ha 6orblroe KoruqecrBo rqee( s]rr.{
KoHTponbHbrx o6beMoB. B Kaxloii TaKoii fiqeiixe gn@lleperqna,rtuue lpanxenr.ur
onrcbrBaroT xri{KocTHlre nmoKx (ypaBHeHrre HaBbe-CToKca), npeacTaMeHHl{e
I<aK anreopaFlecKie ypaBHeHtig, cBr3brBalou[re aaMeHt{e, cKopocTb, TeMflepary-
py Harpy3rry x apyrxe flepeMeHHLre, TaKrre, KaK pa3HoBxaHocTb KoHueHTpauut, B
3aBUC''MOCTI{ OT ttx 3HaqeHrii B CMeXHbIX gqeltrKax, 3TU }?aBHeHUt pellIaIOTCt
qrcr.reHHbrM MeToaoM u Bocco3laror noToKopacnpeaeneHhq (puc, 8,2),

CFD rlo3Bonger Br,rqficnfiTb Bcro r]!6yneHTHocrb BH]Tpx lt BoKp]'r Hacoca.
3To rpe6yer npxMeHeHurr BectMa MoulHr,rx KoMnlrorepoB. Ha Or{pMe tTT Ha-
npxMep! ILnq ocylqecTMeHl{t TaKIx cjloxHbrx pacgeToB ',l Moaell,IpoBaHfit ckoM-
noxoB,lHa rp),nna lr3 24 npoqeccopoB noA ynpaBneHueM onepau[oHHoii cucre-
MbI Linux.

IlepBrre rcnr,rraHrl]g MeroAa CFD KoMnaHnr ITT BlrllojtHnjra B 1975 r no 3a-
Ka3y a9poKocMFrecKoro areETcTBa NASA. Bo3MoxHo. 3Ta paboTa 6bma nlroHeD-
HOr.r B CBOeM pOAe.

PBynLTar qucneHHoro MoAer[poBaHl,tt 3aaltcxr or roro. HacKoIbKo Kaqe
CTBeHHO U nOApO6HO nOCTpOeHa TpeXMepHM Be(rOpHiUr CeTKa. HeIapoM gTa One-



146 C.E. 6epeuB. HACOCHb E CTAHl-lrlt4

Pnc. 8.2. CFD aHanru aryaHacocHon KaMepbI npn paoore orHom arpemra

I c(.ea,ss .l,ffitr*

nctdm
rEm'F,

Brc. E.3. 3arparH BpeMeHL{ Ha Bt'ahr pa6m npx ul{OpoBoM Mo,qenxpoBaHsx CFD

Pxc. 8.4. MareMartrcecxat Moaenb roq{o noxas:ula Mecro o6pa3oBAHut BopoHM, xMerouefi
Mecro Ha peanlHoi HacocHoi craHuxx

paqxr 3aHxMaeT y onbITHI'Ll CneII]raJII,lCIOB 40 % BpeMeHU Ha B ITOTHeHUe BCerO

KoMrueKca CFD (pr.{c. 8.3).
Cxoar.rMocr6 pearEHofi Kag tHbI rlrpoaxHaMl4Kt u roi, xolopatr nonyqaerct

B pe3yJ[,Iare MareMarrrqecKofo MoaertltpoBaHl,l{, BecLMa BbIcoKarI (pHc. 8 4).

Meroa CFD [o3BoJUIer 6Brcrpo oqeHlBarb pa3rl{tlHble KoHcrpyKTtBHHe pe-

llleHl,tq &1' onTl,IMl{3atltlti [moKoB B HacocHot cTaHII{rr u Haxolr-tT6I] l]rrHe Ba-

pr-raHrbr (Plrc. 8.5).
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A. KoHcrpyKqu, no npoeKry. CFD
aHdu3 noKa3d 3HaeurerbHyrc
HepasNoMepHoob noroKos y Hacocos

E. neFaq MoAaorxaquq, BbrnonHef-
Hae c noMoulh|o npo.paMMbr CFD
30Hbr 3ano 

 

noBbrueHH6x
ckopocren Bce eure "Meor Mecro

B nporpaMMa CFD laura ryeuee
peuerue. PacnpeaeneHre norokoB I
cKopocre, paBHoMepHoe

P{c,8.5, HaxoxleHxe c noMourto CFD Merola KoHcrptrLrxx ,arr ynyquetslr rrlpoaxHa
MrKq noro(oB B cratsuxt

* [ :

gl."

o BbrBoA

np!4 npoeKThpoBaH!4r,1 KpynHhrx L1n14 HecraHnaprlthrx HacocHhrx craHqhi
cneAyer BHnonHcrb l,4cnhrraHr1g Ha r .qpaBnr4,recKoi nra6o uraopoBoi
MoAenh. AHanh3 Ha qrlopoBoli MoAenh MeHbue no crol4Mocl.4 14 BpeMeH-
HbrM 3arparaMj qeM Ha r ApaBnh,recKoi, a raKxe o6nanaer xopouefr yn-
paBn9eMocTbro r,1 aocToBepHocTbro.
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M3KoHoMuqEcKl4il AHArl143 HAcocHblx cl4crE

HacocHbre cfcreMbt lftrpoKo pacnpocrpaHeHLl B Mxpe, 9Tu ct{creMbl nprBo-

atr B aBuxeHue rexHojlorxqecKl,Ie npoueccll MHort orpacnel{ npoMllllrjreHHoc-
Tx x KoMMtarrajrEHoro xGqiicrBa, OKono 22-31 % MupoBofi sner.rpo3Hepr[I{ Tpa-
Turcr Ha HacocHl,re cttcreMbl [9, 54]. OT 20 Ao 50 % 3rofi 3Heprtru u.qer Ha KoHK
pefHbre onepau tr  npovbrLrr leHHblt  npennp, l9fr lu.

llapaMerphr HacocHoii ctrcreMbl: MorrHocrb! rcnoilb3yeMble Marepuajlbl, cpe-

ra &'rr nepeKaqKu, KoHcm]'Kuxn HacocoB, Trin ycraHoBKI'I, cnoco6 ynpaBneHfis

cficreMoii - B3auMocBt3aHbI u aotx}ILl coorBercrBoBar6 ap]'r apyry Ha nportDKe-
Hll Bcero cpoKa cJI'rK6!l, flp'l 3ToM Heo6xoaxMo o6ecneqtlBart' ntxH MarLEoe
noDe6,leH e fHeprr4r x coKparr.irb rlp)'r Me 'larparbr. Bx,1lo'{it re\o6crDloiBaH e
3aK),noqHat croxMocrB qMterct ,xrxb He6onbuoii tlacrllo clalMbl Bcex 3arpar

no arperary (pxc. 9.1).
l lorpe6lnevat HacocHbtM14 c creMavl, t  ] reKlporHeprut voxel 6bl lB cHHxe-

Ha Ha 30-50 Zo 3a c'{er cMeHbI o6opyAoBaHut tljrtl clrcreMbl }TtpaMeHne-
9KoHoMnqecKuli aH,uln3 HacocHblx clrcreM Bo3MoxeH npti [cnorb3oBaHutl

cjrea)'rourrx MeToaoB:
,{[crbre c6epexeHug - Net Savings;
Koo(b(bxqueHr c6epexeHxq (uHBecruufix) - Saving to-Investment Ratio SIR;
peryn pyeMat BHlrpeHHtt HopMa npn6buli - Adjusted Internal Rate of

Return (AIRR);
npocroii x axcKoHrHblii neptro! oKynaeMocru - Simple Payback (SPB),

Discounted Payback (DPB).
la,racrylo npocroi t  nepxo, oK),naeMoct14 npeurar iercr l  HaM rar KpxlepHx

Bbr6opa npoercHbrx pe reHxii, Meroa oueH'lBaer! xaKoe Kor'IxqecrBo iler 3aHxMa-
er noKp6rrr{e nepBoHaqajl6HbIx I,IHBecrHutaoHHBIX 3arpar (TexHnxa <fish bait,)
np[MaHKa,ars p6I6) [54], x xcnorb3yercq rortKo Anc rpy6oro cpaBHtlrenl'Horo
aH:UIU3a nPOeICIHLIX PellleHllt.

B Poccur B6I6op npoeKrHHx peueH ii ocHoBaH Ha MeroAe cpaBH[Te]'ILHolt

3KoHoMnqecKofi sOOeKTuBHocr,' IIo noKa3arerlo npfiBereHHbx 3arpar [55], Ko-

TopHii rlo KaxroMy Bap[aHTy npeacraBrJrer co6ofi c]'MMy cnaraeMtlx:

I ] I = C + E H K

' f i x I l : T r C + K ,

(9 . l )

(9.2)
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Pnc. 9.1. OcHobHbre 3arpard npr trKcruydrauxn HacocH6rx crasuun (crouMocrL o6opy.qoBa
nbHyro!ono): o - Boroc tsaoxe tsxc; 6 - BoroorBcreHuei l- trneK'

rp@Hep.unt 2 crouMocrL o6opyroBaHrri I oocllyxnBaH er 4 - rieKrpo3HepD{r npH
coKpaueHnu npon3BonnrenbHocrHi 5 pevoHr. npoqucrKa

rne fl npxBeleHHbre 3arparbl; C 3Kcfl,ryararr oHr{bre 3arparb( E- - xopMar u-
H6ri Ko3OOxuHeHr 3o4,eKrr,rBHocrn KanxriurbHbrx &'IoxeHrii; K - Kan TartbHlre
B- ' lodeHxr B crpoHre rbcrBo: T.,  HopvarHBHbri  cpoK oKlrnnevocrl ,
BiroxeHr,rii.

Pecypc HacocHBrx cficreM HepelKo cocraBreer or l5 ao 20 ner. Pe;urbHbrii cpoK
c-,r,vx6bl HacocHLIx crcreM TpynHo cnporHo3tlposar6, TaK KaK oH pa3/'Il{qeH A/'It
co6craeHHo HacocHoii TexHrKr'r, 3HepronpuBoloB. BoaoBonoB s HanopHHx cereti,
3anopHo-perynxpyrcucii apMarypl{ n r,.q, Ilplr sToM crlaraeMbre 3i:rrparbl c reqe
HHeM Rper{eHn paarrxqarorcr: IrHorla rpe6ylorcrl cep[e3HLle uHBecrI,IuI,ju. a rHor-
!a BiLxHaB perynrrpHaa 3KcnnyarauxoHHae cocraMqroular.

C npa(TuqecKoii rotlKx 3peHur cyuecrReHHo RaxHo onpeler.rHrb reKyuree
3Ha'{eH e LCC aa nepxon 4-8. r{Houa l0 ner. 14 3To Hc nporr,rBope.rxr poccuiic
Kur{ HopiraM 1581.

9KoHoMfivecKxii aHal,rx3 HacocHbrx cxcreM nDoBereM Ha 6a3e noKa3arena
rafp-rhr xrrHeHHoro ur lMd LCC {Li fc cvLlc corr i .  ta pr6exov irHrlr  r  no 'JTpa
TaM xx3HeHHoro u Krra LCC gRnqercr ocHoBHbtM I,tlIcTpyMeltToNIj noMomlolu,lM
coKparnr6 y66rrKx x yBenxqr,rrb 3Hepro3(bd)eKrxBHocrb 60,rbrrrHcrBa runoB clrc-
TeNr! BMroqar HacocHLre. TepMxH LCC noHuMaeaca s Poccxr [56] (aK u3.qep)KKu
(3arpar6r) B TeqeHae x!!3HeHHoro uuKna. CnoBoco'{eraHxe (xxrHeHHblii uxKrrt
6hr,ro 6br y,uo6Hee 3aMeHxrb Ha (cpoK cnyx6hr,,, On aKo Bonpoc nepeBo,qa ocraeT-
cs orKpbrrbrM, nocKonbkl, pyccKxr repN{xH roKa errle He }'raep-[nj1cr.

Meroa pacvera LCC rMrercr pe3ynbraroM 157l coBMecrHbrx nccneaoBaHxii.
npoReneHHbrx rrHcrur)'ToM fxrpaRnuKn (Hydraulic InstitLrte, USA),,rHcrrrrlroNi
(Europumpr n Ynpauenl{erv npoMblx]reHHbrx rexHo,'roruii npx MxHxcrepcrse
3Heprer[K ClIlA.

LCC ficq cnrbrcr 3a BccL cpoK cny](6H cucreMBl Ha noKynKy o6opynoBaHur.
\roHlrx.  nycKo Hi-L[u-Dr).  ,KcnnyarJU!rro. Te\o6c. ]^xtsJrhe. tsrL[orb no uIp:]r  Hr
]Tr,rJ'lu3aurrb laHHoro o6opynoBaHnq r cro 86rB03 I57]. AHrn l LCC no3Bomer
BbrqB!arb Fdn60ree qHrodHoe peureHre B pavI<a\ DocDnHbr\ Bo' \ao)AHocren.

npoaHanu3xpyetrr OopMyny (9.2): T" Benrv Ha o6parHan EH. a EH no pa3
rr,rqHhlM r,rcroqHuKar\r np Hr,r\raercr or 0.12 ao 0.17 [2, 5]. Ta( M o6pa3oM. T,,
pacnperenrrer gKcnnyarauraoHBbre 3arparbr Ci Ha cpoK 6-8 nex

flpr,r 3ToM nocraHoareHxe llpaBxrenbcrsa PO [59] orHocxr Hacocbr apre3 -

rHcKrlc norplxH6re K rpefbei i  avopr {duxoHHoil  rp},nne co cpoKo\r noJrerHoro

2 3 12
9%

1
53%



150

,rcno,l$oBaHxq or 3 ao 5 ner BK,rloqure,,rlHo, a Hacocbl ueHTpo6exHble, noprnHe
abre u poropHr,re - K qerBeproi aMoprl,I3auxoHHoi rplmne or 5 ner no 7 ,'Ier BK,'Irc
qUTEJII'HO,

3arparbr xn3HeHHoro u[K,'Ia LCC no Ka)(!oMy t{3 cpaBHrtBaeMbx Bap[aHToB

BbrpaJKarorce ypaBHeHxeM:

C.E Eep$hH HACOCHbIE CTAHUUI, l

LCC = Cic + Cin + Ce + Co + Cm + C. + Cenv + Cd.

P: p QH/102\Art ir]|E, (9.4)

(9.3)

npu 3ToM craraeMble o6o3Haqalor crenynullte 3arpar6l:
C ̂  -  Ha,rMLHag unH Kanr ra, lbHat clol , lMocrb, ueHa (Hacoca, cuf leMbr. rp]6.

aono,"-trrr"nottue ycnyr ). Ha'{a,rbHbte KanurrutoMoxeHrit BKrloqalor: ueHy 3a-
xynaeMoro o6opynoBafivr KaK 6a3oB)'Io; pa3pa6orKy KoHcrp)'KropcKot u rexHo
noruqecKoii aoK!,r{eHTauxa; npouecc cocraMeHtrq KoMMepqecKoro npe,u,roxeHt'Iq;
rcn raHl{r u r,rHcneKTopcKnil Ha.u3op; uHBeHTapx3auttlo 3arNacreiii; o6yreHue 06-
cnp(xBaroruero nepcoH:ula; BcnoMorarerbHoe o6opyaoBaHne ,{,trt or'IaxleHr9 l'l
rxapaBnxqecKoro )'nnoTHeHut;

C,n crof ivoctb MoHra,Aa t t  nlcKo-Ha,4: l lKu (BLrloqag rpdHcnoptupoBry).
3arparbr Ha MoHTax r nycKo-Hajla,qKy: pa3pa6orKa (byH,qaMeHTa KoHcrpyKunll,
noaroroBKa! 6eroHupoBaHue u apMxpoBaHl{e u r.a.; ycraHoBxa o6opyaoBaHxt Aa

O)'rjAaMeHT; TpaHcnoprupoBKa o6opyaoBaHut u MarepruloB; noaK[rcqeErre 3reK-
Tpoo6opyaoBaHrir r Ka6ets; noaKnro.IeH[e BcnoMorarerlbHLlx, aonortHureJILHLLl
c[creM; 3aMep xapaKTepi,IcrxK npx 3anycKe. MoHTax Moxer ocyuecrB;IrlTbct no-
craBurnKoM o6opyaoBaHusj rorpenqxKoM tull{ o6cn,rKxBalourxM nepco[ajloM;

Ce - 3arparL,r Ha 3nercrpogHeprurc, oHI,t tBHo flpeBocxoaqr rce apyrle cocraB-
nrrourHe LCC, oco6eHHo ecnu Hacocbl pa6oralor 6onee 2000 qacoB B roa. Pacqer
npocr, ecnx norpe6ngeMarl MoluHocrb nocrotHHa Bo BpeMeHrt, ecnr{ Her - Torna
Heo6\orxvo yctaHoBvrb ]aBrcl , IMoctb MoLtlHocrl , t  or Bp€MeHu 3aBxcH\locl6 no-
Tpe6jrreMoii MotqHocru P, KBT, Bbrpaxaerct (bopMynofi:

rae O - noaava. ul/cex; p - yrenbHhlii Bec; rl' KIIA Hacoca, l! KIIA 3teK-
TpoaBxrarejUr! n- - KrIA rpaHcMtrccxx n,' perlxropa.

Bu6op xacoci u a:rerrpoaBumre.flq c onpelereHHblM KIIA B,Ixqer Ha norpe6_
r'IeH[e SneKTpo3Eepr[x, CucreMa )npaBjleHxt, orc,lextBalollag u3MeHeHt{e Morr_
HOCTl,l BO BpeMeH],I, MOXeT CaMa OnpelertTb HarpFKy npx x3MeHeHl'�lll cKopocrx
BpaureHrfi pa6oqfix xorec HacocoB, onrttMiljlLHo norpe6r99 3neKTpo3Heprurc-
npn,{eM perynxpoBaHxe 3Hepronorpe6neHn no npr,IHut{fly nycx-ocraHoB pa6o
qltx arperaroB He Bceraa ycr),naer npe,qblAyllreMy Merony, nocKoJrbKy KII,q B co-
BMecrHoi pa6ore HacocoB I{a BonoBollbr npeBiult{pyox [4cnon63oBaHxe peryJr'l-
poBaHMrr c noMollblo apoccerrbHoro K?'Ia[aEa ,iJIt{ 6aiinaca cHtl3rr npor3Boall-
TerlHocTb r )aaerllqHT 3aTpaTH Ha SneKTpOgHeprfiII).

SHeprerxqecKr,Di KIIA nrl Konx.recrBo norpe6nteMoii 3Heprxt rpe6yerct
B6rcrpal,IBarb B Tex )Ke Koopat{Harax BpeMeHx (KaK Bnpo\eM, }l ocrarbHlle 3JIe_
MeHTbr LCC), B pe3ynlTare qero nonyqaeM gHepronorpe6JreHHe B KBT'I. TapuObI
3a Kaxrbrii xBT.r norpe6,reHHoil 3neKTpogHeprun, KaK H3BecrHo, pa3rxqHr,l no

C^ 3apa6orHas rlnara ant oocr)t(xBaroluero nepcoHa.'Ia 3aBrcnr or o6aeMa
pa6or u creneHu aBToMarr.{3aqun HacocHoli cucreMbl. K npxNlepy, Hacoc, nepeKa
'ruBarcuxil onacHLre BeurecrBa, norpe6yer exeaHeBHoii npoBepKv Ha )'re'rKn. C



nplroi:i cropoAr,r, noirHocrbro aBToMaru3l4poBaHHar cBcreMa Moxer norpe6oBarb
oqeHb orpaHUgeHHofo BHuMaHut onepaTopoB;

Cm 3arparr,r Ha peMoHT x cepBxcHoe o6cnpcrBaHre, 3aBncrrr or peKoMeH

aaunii npofi3Boa[Te,rr no rx \acrore o66eMy, n]l]oc 3arparbr Ha 3anacHHe qac

m, pacxoaH6re Marepuiubr. Ka[xrMr,Hrrii peMoHT u nonHoe cepBxcnoe o6c,1yxt-
BaHfie oTjlnqatoTcrl Bo3MoxHocTLIo l.ult{ HeBo3Mo)KHocTbIo npoBeaeHllt perrlaMeH-
TH6x pa6or HelocpencrBeHHo Ha Mecre ycraHoBK[ o6opyAoBaHvr. Ko,iu'{ecrBo
per"raMeHTHr,rx pa6or onpeaenqer c',rlrMapH6le 3arparr,r Ha ruraHoBoe rexo6crpKri-
BaHI,Ie, npeanonaraeMble 3neMeHTbr yr{era - yflrorHeHxq, noallll{nHt{Ku, I,t3Hoc
pa6oqero Koreca, KnanaHa, Myrbrbr. aerann aBurarens;

Cs - 3arpar6r no flpxqvHe flpocroe n/n"']x norepx npot3Boarre/tlHocrr,I! tB-
r'nrorcr oqeH6 BaxHbrM greMeHToM npr no,qcqere cF{MapHoro LCC u Mor}'r xoH-
K!?HpoBal b c larparavI Ha reKTpo 'Hepr rc dfpa]dv 

 

Ha raveHy gacrei i . .LLlq

cxrxeHl{rr rrxecrr,r raKrx 3arpar ycraHaBrrfiBaror pe3epBHoe o6opynoBaHl,Ie, B
3ToM cryqae BHen/'IaHoBoe rexo6cn]t{<xBaxue 6yaer BKfltoqarr, Tor6Ko 3arparH Ha
peMorrT.

C"nu 3arpar6r Ha 6opb6y c 3arpr3HeHreM oKp)n(arcueii cpeablr B(nloqag

''rll,1ll3aunrc aeraneti u 3arpq3HeHuii or BLr6pocoB! B ocHoBHor{ 3aBr,rcrr or npu-
poar,r nepeKaquBaeMori cpeabr, BK,rroqaror urrpaobr 3a ),rirep6 or npopbrBoB Tpy6o-
npoaoloa r f lo i \apoB no npHqxHe npopbrBoB (nepera,{Ka orHeondcHH\ BeuecfB).
floanexar ]TxnH3aqxn: orpa6oraHHbre cMa3Kx, oxrrzD(narcuue )KuaKocru, orcr'Iy
xrBlllrie 3a[qacTu r aerar'[.r;

Cd - 3arparr,r Ha )'rxnu3auxrc, B(n(){ar leMoHrax ocHoBHoro o6opyAoBaHxt
l,I BbIBo3 aonorHurejlbHoro o6opyaoBaHr.tt, o6ecflegxBaor BoccraHoMeHue pa6o
qeil nroula,AKu. flpx aoporoi:i ]Tlrnx3auuu B pacqere LCC 6oirbrrroe BHriMaHre
yne,rsercr pecypcy o6opyaoBa{xq,

IIpaB[,lbHo Bbr6paHHar xoHcrp],KU q HacocHoi cucreMbr qBnrercfl Bar\Hbrv
3neMeHroM flpu MxHlMl]3arrfiu noKa3areju LCC, JlylnJe Bcero cocraBxrh ra6"']n-
uy h BHecr B Hee no BotMoxHoc| l1 Bcf Bert ig!4Hht,  TaM Ine Her BenH'rxHbr iarpar.
cneayer ao6aBlrr, KoMMeHTapxii. norEBoBarerb caM aorxeH pelxurb, KaKre
UMeHHO 3aTpaTLI ]qI{THBaTL.

flpx aHann3e LCC ra(xe o6cpqarorcc x (DuHaHcoBLre Oaroopbr, BKJ'rroqap-
qlle: neficrB),rourie rapr(bbr Ha gneKrposxeprnro; oxxqaeMoe yBenaqeHne rapl,r-

OoB (uHor-{ullq) Ha sneKTpo3Heprxn r peMoHT 3a BpeMr pa6or6r HacocHoii clrc-
TeMbr; )poBer{b cKrutKr; npoqeHrHl,ro craBKy.

l,'raBfioi ue"rblo Meroaa rBjurercr rlprMaJr BHrora. flo3ToMy coBepureHHo oqe-
BrrqHo, qro 'poBeHb exeroaHoii uHOntqtu{ c rpe6yerct KoMneHc[poBarb npoueH-
THoft craBKori l. BlrDaxeHHoii B roJrrx eluHrIu:
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+ ( t - c ) 1 , ? , (9.s)
rae r - pac'{erHbrii nepl,ro!, rolbr; Cn n CD Teq4rll{e l{ npelcrorune qepe3 r?
rreT 3aTpaTH; (i - () - pea,lhHar aonr npoueHTHon flaBKfi. aonx etr.

floKa3arerr, LCC BBoanrcc lnn roro, qro6r,r: npjtobperarL Hacocbl,i cucreMr,l
licxoar !i3 no3riur{oH}roro aHarl3a 3aTpaT; onTrrMr3lipoBaTB c}a(MapH6le 3aTpaTLI,
oco3HaHHo perynupyr cooTHoueHrie Mexly Ka[xTanbHbrMn (3aKynotrHHMu, tt 3K-
cmyaTarlrroHH6rMr 3aTpaTaM[; Hayrr,rTbcr perynrpHo oueHHBaTb Bce r.rcxoaHb,e
KflA (aK 3neMeHT 3arpar; noHrirr,, qro KaqecrBeHHoe o6opyaoBaHrre rpe6yer Mu-



Prc. 9.2. 3cKu3 HacocHon cxmMd c nepuolvqecKx BLlxoaeurcii x3 crpot ynpaMteMoii 3a.q-
BxxKoii: I - pe3epByapi 2 yryaMqcMar 3alBr{xxai I 6aK no! aaBneHUeM 2 6ap; 4 Ha-
coc: 5 rennoo6MeHHx(

Hr{MaJrLHbrx peMoHToB; npou3Boaxrb 3aMeHy HacocHoro o6opyaoBaflne tlcxollt x3

norpe6Hocreii cxcreMbr x pean6Hlrx ycnoBxii, a He MexaHl,IqecKr'l B coorBercrBl{I

c c'.luecTayourxMx aHaJIomMI,l,

a npxMep

PaccMorp M HacocHyro crcreMy c ynpaBJrqeMoil 3aaBlxKor:i. Bblxoasrqeii
,r3 crpor Kax-ubre 10-12 MectueB u3-3a 3po3xu npu xaBuraqxlt co crol'tMoc-
TLro peMoHTa 4000 nonn. (pt{c. 9,2). CltcreMa cHa6xeHa HacocoM, nepeKa'IuBa-
rourxM xl{aKocrh r.r3 pe3epByapa B 6aK, Haxo4tlqnfics non laBreHI,IeM. Tenno
o6MeHHaK HarpeBaer xn.qKocr6, a ynpaBnqeMat 3arBlrxKa cra6r,'Ir3rpyer no-

Aa'{y !o 80 M3/q. 3aasNxxa o6HqHo pa6oraer npu orKpblrriu Ha 15 20 % co
rHalrvre rbHBtM KaBrfauroHHbr!r  t l lyvoM lr3- rd HenpaBfiJIhHoto no46opa 06()
pyaoBaHur- flpoBepKofi 6brno o6Hapl,DKeHo. qro Hacoc uMeer 3aBblueHHbIe fla
paMerpLr 100 BMecro 80 M3/v. npr :.o" MecrHLIe rlorepfi Hanopa Ha 3aa-
auxKe rrBHo 3aBbtllleHLL

flpeanararorcs K BHeapeHulo qerblpe BapxaHra:
A - ycraHoBxrh HoByro ),npaBrterryo 3a{BrDKKy ,1,'I' o6ec[e.IeHxt 6onLnlloro

nepefiala aaMeHr.r9;
6 - &'rr cHxxeHuq nor€pb Hanopa MoxHo noap$arb pa6o'{ee Koneco Hacoca;
B - ycraHoBmr qacrorHr,rfi npeo6pa3oBarenb nnrl u3MeHeHtrrl cKopocrn Bpaue

Hxq Hacoca o6ecneqeHxq xe,'raeMoii rlora'ru, a ynpaBlteM]'Io 3a.qBux(y y6parb;

f MoxHo ocraBarl cucreMy raKoii, KaKaiI oHa €crb! c e)Kero,[HblM npe,Eflo-
raraeMblM pentoHToM 3aqBDKKn peryndpoBat{wl noToKa.

lirrpalbr Ha Hosno ynpaMqev)'ro 3iLraHAry. (oropat tt\leef noaxoluu,ill paJ-

I{ep. 5000 ao,L'I. 3arparbl Ha Monlt(bl{Kaul{rc xapaKTepl'Icrl'lKt Hacoca 3a.cqer
o6pe3Kx pa6oqero Koneca 2250 !onn, Hacoc pa6oraer npx no&'{e 80 Mr/'r B
re'{eHl,re 6000 " B roa. 3arpar6l Ha sJreKrposHeprl,Irc - 0,08 ao,ln. 3a I xBT ", KnA
:,rercmoaeuraretrl 90 %.

CpaBHeH[e BapxaHToB Moau(bxKaqmr HacocHoi:i cltcreMll (puc. 9.3) npxBe-

aeHo B ra6",r. 9.1.
npx nonpe3Ke pa6oqero Korreca ao -375 MM (BapxaHr 6) cyMMapHl'rii Hanop Haco-

ca cHaxaercr ao 42 M npu noaaqe 80 Mr/.I. flptt m(oM cHtDKeHrr aaRIIeHut MecrHble

(.8. Eep'kH. HACOCHbIE CTAHU14I
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Prc. 9.3. Pa6ocre xapaxrepucraKr{ c{creMd i Hacoca. Bapxaflrd: I A, q 2 Ei 3 Bi
4 - paoocee (oreco (375 MM); 5 - ro xe. 430 MMi 6 - noHxxetstsar cKopocrB Hacoca
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Th6nfiua 9.1. CpaBrreHre Bapxarms MoA{(trxxauxlr HacocHoii crcr€Mbr (cM, ptrc, 9,3)

Xapanepucrxxa Hacoca:

rqaMerp paooverc Koneca, MM

KtlI\, %

norpe6nreMar MourHocrb, KBr

3a,paru, .q(m. c[lA:

3rempo3Heprur B ror

Morao{urpoBaBre paooqero Koneca

npeo0pa3oBarer6 lacror6r

MoHrax npeoopa3oBarff e \acror6r
peMoHr 3anBx)xr(x B roa

430
7  t . 7
75.1
80

23,1

1 1 0 8 8
5000

0

0

375
42

'72,1

80
t 4

6720
0

2250
0
0
0

410

77
80
|  1 , 6

5568
0

20000
1500
0

430
71,7
75.1
80

2l. l

l  r088

0
4000

norepr.r B ynpaBrLqeMoii 3a.qBE\cc 6yA)'r MeHee 10 M, .flo coorBercTB)€T 3aloxeHHoi
pacqerHoii pa6oqeri To.rKe K,'ranaHa. loAoBbre 3arparbr cocmBrr 6720 Ao,aL

CTo[MocrL qacrorHoro npeo6pa3oBarerq, paccql{TaHHoro Ha MollHocrh
30 KBT (BapiraHT B), cocraMffer 20 Tr,rc. Aorn,, AonojrHl{Te.rrbHbre 3arparlr Ha Mor{-
Tax - 1500 Aorn. Texo6cn)r(r.rBaH e qacrorHoro npeo6pa3ona,re,rr o6oiqercx a
500 !oJ]"'r,/ron, Jlpenflonaraercn, qro o6opyroBaHxe He 6y.qer Hyx4arbc{ B peMoH-
Te Ha npoTrDKeHnx Bcero cpoKa cnlx6Lr 8 neT.

BapuaHT f (cncreMa 6fi u3MeHeHrrfi) flprlBeller K exeroAHbrM 3arparaM l{a
peMoHT ynpaursrcuei 3atBl,Ixl<u. pa6oraroueii B pe)KxMe KaBumul,Ix, B pa3Mepe
4000 !or"r.

flpernonox[v, qro,leiicrBynufiii rapr.r(b Ha gneKrpo3Heprurc cocraBn'er
0.08 ,qoJL'r./KBT-q; clcreMa o6cnlDKuBaercr 6000 .r/roA; KoMnaHru rparm Ha nna-

)



154 C.E. 6epeu\. HACOCHbIE CTAHUtl14

Ta6n r\a 9.2. 9(cft,tyarauroHH$e 3arparH aJIt xaxAom m qer6ryex BapHa roB

HaqanbHoe Kanxruo8'oxeHue,
aorn. CIIIA

rapuo Ha rnexrlo3Hepr[6, !orL!./(KBr q)

Cpeffrr MonrHocrb o6opyao8nHuq, xBr

KoruqecrBo cacoB pa6orH B foq

3nenpo3Hepfl{t

rexo6cnlx'BaH'{e (nnaHoBoe)

peMoHr Kax!6ri Bropoil ron

lplTre 3aTparbr 3a ron

o6cnlxrBatsue oxpyxaoutx uonra.qeil

36180! x3 3Kcnnyamura 11 runt3autt
CpoK q'rlx6br, n€r

CraBe sA mnxraroBroxeHxe, %

t4P,6r'.us'. %

Beraqstsa LCC

5000
0,08
23

6000

I 1 0 8 8
500
2500

0
0

0

8

9t827

2250
0,08
) 4

6000

6720
500
2500

;

8
8

59481

21500
0,08
I 1 , 6
6000

5568
1000
2500

0
0

0
8
8
4

74313

0
0,08
23.1
6000

l 1 0 8 8
500
2500
4000

0
0
0

8

l l 3 9 l 0

HoBoe o6cn)r(xBaHxe HacocoB 500 nonn,/roa u 2500 noJL'L 3a KaxnBli:i BTopofi roA;
Her ]arpar Ha BhrBon 14r l rcnryaraurv 14 , ' rxnH rauurcl  cpox cnyx6H npoexia
8 ner; oxqaeMbre craBKa Ha HoBbIe xannrurnoBnoxeHlu 8 Zo, ox44aeMaq lrHore-
ur{-q 4 Zo, SKcnnyarauuoHHble 3arparbl,t/!t Ku(uoro rr3 qerHpex BapnaHroB llptl
BeaeHbr B ra6n. 9.2.

BaplaHT 6, c norpe3Koii pa6oqero Koreca, o6na4aer HanMeHl'llll'lMt'l ?Kcn?'Iya
TauroHHBIMl,I 3aTpaTaMU ln ,q,'I{ 9TOrO CI}4{UI tMrIeTCrI [peA[O9TUTe?'II'Ii6IM.

D BbIBOA

SKoHoM!,{'recK t aHar!43 HacocHblx cl,4creM cneAyer Becr!4 no noKa3are_
r|o 3arparH xr43HeHHoro ttuKna (LCC), npeAcraBncloqero co6ot cyMMy
r43 Boc6Ml,l KoMnoHeHToB 3arpar. 3aKynogHaF ueHa B 9Toi cyMMe cociaB-
nqer r Lllb oKono 10 %, OpraH 3aropht l/ 3a(a39h(14 KoH(ypcoa Ha 3a-
KynKy HacocHoro 060pyAoBaHtlg o693aHbt rpe6oBarh or KoHKypcaHToB
pac'rerH LCC no 3aqsnceMoMy o6opy[oBaHr4to.



BbrBoAbl

CoBpeMeHHLrM Tpe6oBaHr,nM K HacocHoMy o6opyloBaHr,trc cHu)KeHMb Ka-
nlrMr,Hbrx n 3Kcnr''ryarauroHHLu 3arpar, MnHxMylry o6cn]To{Bato[Iero nepcoHa
ra, HanexHocru, 6ecnepe6oiifiocru r rfi6Kocrn pa6orbr, B roM '{nqre npu aBapxfi-
HLIX u crttxriiHblx 3arofl,'IeHuf,x, - Fat{6oree coorBercrBylor fiorp]rKHble 1lacoc6l.
Cnpoc Ha Hrfi, HecMorpn Ha 6onburJ,'ro, no cpaBFeHr,tro c KitaccsqecKfiMr{ arpera-
TaMI. CTOI{MOCT6, CyLqeCTBeHHO RO3pOC,

BnaroAapr cBorM KoHcrp),rcnBHbrM oco6eHHocrsM [orp]rKHHe Hacocbl xapaK-
'repl,t3!'IoTct MeHLIlltMn BerxqnHaMx Br6pallxt, Illl]'t{a, MexaH}lqecKllx n rrapaB-
nuqecK'x floTep!, HatpeBa 3jteKTpolBtiraTeetr, a TaKxe MeHee 3aBlcIrM[,I m poruMa
Bononora'rl,{ rl ],poBHt aorbt Ha BcachtBatoueil ctopoHe! 9eM MaccrgecMe,

HacocHo-npueMHLre peepByapH craHuufi cneAyer npoeKTnpoBarL c co6r,o-
AeHueM KaK MxHxMlrM ABlx ycnoBxri, noroK xr.{AKocrr B HeM Ao,rxeH 6brrb cra-
6'L'ILH6IM u paBHoMepHbrMl 9ro6br He co3AaBaT6 ycnoB[ri nona,qaHxq BGA]xa B
Hacoc6l, u o,qHoBpeMeHHo 6brcrpbrM Bo H36exaHue o6paioBaHxg 3acToiiHbrx 3oH,
a B cnlnrae nepeKaqKx croKoB! cKorureHurr ocarKoB x nr'raRax)ulltx BeuecrB, flo
3TOMy HaCOCBI B npHer\rHbx pqepByapax aoJDKH!I ycTaHaB.JluaaT6ct oTHocaTenbHo
6nu3Ko ,qplr K apyry x K 3arHxM (rlo noroKy) ll 6oKoBr,rM creHKaM! Ho Haxoarrbct
or narpy6Ka BBona BoAr,r B pe3epByap Ha paccrorHr,llt He MeHb eM pacqerHoro!
orrpeAerlrreMoro xaK (DyHKqru noaaqx Hacoca.

llpx ocHaqeH[r HacocHoii craHqr,tr norp]rKHbrMx HacocaMn MoHTHpoBarb B
cra}rulrrr Bropofi p$epBHbrii arperar HepaquoHanr,Ho.

norplxHlre Hacoclr cyxoii ycraHoBKlr creryer flpoeKrr,rpoBarb crporo c yqe-
ToM npaBrjr ucnojrHeHr{s Bcacr,rBarcqr'rx rpy6onpoBoAoB,

npll npoeKTopoBaHuu KpynHbx lr/xnr HecraF.qaprHLrx HacocHbrx craHu]lia
peKoMeHlyeTct npoaonl{Tb rl,t4paMuqecKue ficcreaoBaHrjg Ha Molerqx B cneul'a-
nu3l{poBaHHrrx na6oparopxrx, ,' 160 Ha MareN{aru'{ecKux Moaenqx c noMolrlbro
cneu[aJrbHlrx nporpaMM.

Bbl6op HacocHr,u arperaroB ,qonKeH ocyurecrMtrbct cpaBHeHueM cyr{M 3ar-
par 3a Becb pac'rerHbrii cpoK r.rx cn})66r. 3aK)'[o']Har qeHa B cyMMe 3arpar qBnrr-
eTcq HauMeHee 3HaquMhtM KoMnoHeHToM_
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