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BBenenue

HNucuunnuna «Hacocel. HacocHble U BO31yXOMyBHBIE CTAaHIIUUY SIB-
JSIeTCSl OJHOM W3 OCHOBHBIX JHMCUMIUIMH HAMNpaBlIEHUS MOATOTOBKHU
«CtpourenbctBoy, npodumieit «BomocHaOxkeHue ©u  BOJIOOTBEICHUEY,
«'uapoTeXHUYECKOe CTPOUTENbCTBOY, «['mapoMenuoparus». 3HaHUS,
NOJIyYEHHbIE TIPU €€ M3YYEHUH, HEOOXOIUMBI Il pabdOThl WH)KEHEpa B
00JIaCTH CTPOUTENIHCTBA Pa3IMUHbIX 00bEeKTOB. [IpoekTupoBanue, cTpou-
TEJIBCTBO W JKCIUTyaTalus JIIOOBIX OOBEKTOB IMpejIoJiaraeT HeoOXou-
MOCTh PalMOHAJIBHOTO BBIOOpPAa HACOCHO-CUJIOBOTO OOOPYIIOBAaHMS. IDTOT
BbI0Op ompenenseT 3(QPEKTUBHYIO U SKOHOMUYHYIO pabOTy BCETO CTPOU-
TEJILHOr0 00BbeKTa. ParmoHambHBIA MOJ00p HACOCOB — 3TO OMpEACIICHUE
paboueii 30HbI, 00yCIaBIMBAOUIEH ONTUMAIBHBIN PEKUM Hacoca, IpH KO-
TOpOM OH paboTaer ¢ MmakcumanbHbIM KIIJl 1 MUHUMaTbHO BO3MOXKHBIMU
TpaTaMu JJIEKTpOdHEpruu. [l rpaMoTHOro moadopa HaCOCHO-CHUIIOBOTO
o0opy1I0BaHMsI HEOOXOIUMO 3HATh CBOMCTBA HACOCOB UM YMETh IOJIb30-
BaTbCsl €ro XapakTepucTukamu. Hacrosee nocodue no3BoJiseT OBIaIETh
TUMU 3HaHUAMH U yMeHusMu. [locoOue momoraer OakanaBpam, Maru-
CTpaM | CHEIUaINCTaM OBJIaIeTh OCHOBHBIMH HaBBIKAMH, HEOOXOIUMBIMHU
JU1s1 pabOThl MHXKEHEPA, UCTIONB3YS 3HAHUS, TOJIYYEHHBIE BO BpEMs y4eObl.



1. HACOCHBI

1.1. OcnoBublie mousiTus. Kinaccupukanust Hacocon

['uapaBIMYeCcKMMU MallIMHAMU HA3bIBAIOTCSI MAIIMHBI, KOTOPHIE:

— COOOMIAI0T MPOTEKAIOMIEH Yepe3 HUX KUIKOCTH MEXaHHUYECKYIO
sHEepruro (Hacoc);

— MOJYYaroT OT JKMJAKOCTU YacTh DHEPTUU U MEpPEaaroT ee pabodyemy
OpraHy Ui TIOJ€3HOTO HCIIOJIb30BaHUs (TUAPABINYECCKUM JBHUTATEIIb-
TypOUHA);

— CXKUMAIOT M TEpPEMEIAa0T ra3000pa3Hbie XKUAKOCTU (ra3bl) (KOM-
peccop).

Hacocbl sBISIIOTCS OJHOM U3 CaMbIX PAacHpOCTPAHEHHBIX Pa3HOBU-
HOCTEW MAaIVH. VX MpUMEHSAIOT U1 pa3IMYHbIX LEJIEH, HAYMHAS OT BOJO-
CHa0XEHUS HACeJCHUs W MPEANPUITHNA W KOHYAs 1M0JIadyeil TOIIMBa B pa-
KETHBIC JIBUTATEIIH.

Hacochl kimaccuuiupyroTes Mo NpUHIKUIY padOThl U KOHCTPYKIIMHU
pabouux opranoB (puc. 1). OHu AensATCS Ha JBE OCHOBHBIC IPYMIIBI: 00b-
E€MHBIC U TMHAMUYECKHE.

| Hacocu |
| |
|
HHI M MY KM
{  Obvemuvie | — OWHamnueckue |
NopwHeewe LexTpobesHme
| NnyrxepHsie (cranpuatore) | flonactHoie IﬂnarﬂHanthle |

PoTopHBIE

HpblAbyaTee

BogonogbemHHER

Ocegme

Buxpesbie

NedTouHME

HMHexTop

1

_l CTpyiHBIE

BogonoguemHoie
Koneca

MapoanesaTop
Yepnaxosole
MOgBEMHUEH BozgywHble nogeemHUEY (3pandiTe)
AuadparmeHHme /
HarHeTarensHme BracbiBaioWMe

WecTepeHHbie

BubpauMoHHbIe

Puc. 1. O6mas kmaccudukaiys HacoCoB
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Hacocel ciykaT g nepemenieHus KUAKOoCcTeh. Mexanudeckas
JHEPrusl Hacoca MpeoOpa3yeTcsi B MEXAHUYECKYIO0 IHEPTUI0 >KHIKOCTH.
Takum 00pa3om, HACOCHI MOJJHUMAIOT JKUJIKOCTh HA OMPEACIICHHYIO BBICO-
Ty, MOJIAIOT €€ HAa HEOOXO0IMMOE PACCTOSHUE UJITU 3aCTaBJISIOT IIUPKYJIHPO-
BAaTh B 3aMKHYTOMN CUCTEME.

1.2. JIlunaMu4ecKre HACOChI

JlunaMmuueckue HaAcochl (YHKIIMOHUPYIOT CIEAYIOIUM 00pa3oMm:
3HEprusi BOJbl (IlepeKaurBaeMOM udepe3 padouylo Kamepy arperara) us
KMHETUYECKON mpeoOpa3yeTcss B MOTEHUMalbHYI. B pesynbrare, npu
YMEHBIIAOMIEHCS CKOPOCTH PACTET NAaBJICHUE — ATOT MPOIECC U Ha3bIBa-
ercsi TuHaMuKOM. OcTallbHble TOHKOCTH Pa0OThI 3aBUCAT OT KOHCTPYK-
TUBHBIX OCOOEHHOCTE 000PYyA0BaHUSI.

1.2.1. Jlonacmuwie nacocot

JlomacTHBIMM Ha3bIBAIOT JWHAMUYECKHE HACOCHI, B KOTOPBIX IKH/I-
KOCTh MepeMeniaeTcsl myTeM oO0TekaHus Jionacteit (puc. 2). Ux ornuyu-
TEJIbHOW OCOOCHHOCTBIO SIBIISICTCS BpaIaloIIeecs B HETIOABMKHOM KOPITY-
ce pabouee KoJsieco, cHaOkeHHoe JionatkaMmu (puc. 3). B 3aBucuMocTH ot
dbopMbI pabodero kosieca U YCJIOBHI MPOTEKAHUS YEepe3 HEro >KUIKOCTH,
JIOTIACTHBIC HACOCHI JIEJISAT Ha IIEHTPOOEIKHBIC, OCEBBIC M JUATOHAIBHBIC.

B menTpoOexHBIX Hacocax MOTOK ABMIKETCS MEPHEHIUKYISIPHO OCH
BpaIcHUSI.

CropoHa HarHeTarua Hanpaanenue
8paleHUA

PaGouee koneco

CropoHa
BCaCbIBAHWA

S

\\\\f %\\\{\’:' eer,

o8

722224
N

L%,

SRS

NN

SR

Kopnyc Hacoca

N
)

Hanpaenenue notoka
Auddysop  xuaKocTy

Puc. 2. JlonmacTHOM Hacoc B pa3pese
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B oceBbIx Hacocax MOTOK KUJKOCTH JBHMXKETCS MApaJUIEIbHO OCH
BpaileHus (puc. 4).

Puc. 3. Cxema nonactu Hacoca: Puc. 4. JIBu>xeHue KuIKOCTH:
1 — pabGouee kozeco C JonaTkamu; 1 — Ban; 2 — kopmyc;
2 — IUTUHAPUIECKUI KOPITYC; 3 — pabouyee KoJeco

3 — HampaBJISAIONIMA anmapar

B AUAroHaJbHBIX HACOCAaX ITOTOK JABHIKCTCA HAKIIOHHO K OCH Bpallc-
HHA 110 ITPOHU3BOJIBHBIM YIJIOM.

1.2.2. Hacocel mpenus

Hacocel TpeHust — AMHaMHUYeCKUE HACOChl, B KOTOPBIX KUAKas cpena
NepeMeIaeTcs Mo/ BO3IEUCTBUEM CUJT TPEHUSI.

Buxpesbie Hacocbl. B BUXpeBOM Hacoce KOJECO C JIONACTIMU Bpa-
IIaeTCs BHYTPH MWJIMHIPUYECKOTO KOpITyca, MPU OTOM PACCTOSHUE
OT TOpIIa JIONATKH 10 CTEHKH MUHUMAIIbHO (puc. 5).

Puc. 5. BuxpeBoii Hacoc:
1 — pabouee koneco; 2 — monarka; 3 — KOpIyc;
4 — BcachIBarOIIMi NaTpyOOK; S — HAMIOPHBIN NaTPyOOK
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[IprHIMN OEUCTBHUS BUXPEBOTO HACOCA 3aKJIKOYAETCSA B TOM, YTO BOJA
BCACHIBACTCS BO BXOJIHOE OTBEPCTHUE U 3aKPYUHMBAETCS B BUXPb Oyarogapsi
Kpbutbuatke. [Ipu HeOONbIIMX dHEPro3arpaTax MOIIHOCTH MOTOKA YBEIH-
YUBAETCA B Pa3bl, U KUJIKOCTh C OOJIBIIUM JABJIEHUEM BbIOPACHIBAETCS U3
BBIXOJHOTO MaTpyoKa.

Crpyiiabie Hacocbl. OTHOCATCS K TUITy JUHAMHAYECKUX HACOCOB, UC-
NOJIB3YIOLIMX B CBOEW paboTe 3HEpPruto0 paboyux OpPraHoB, CHIIbI TPEHHUS
WM BHEIIHUE CHIOBBIE Toys (puc. 6). J[iid yBenu4YeHUs KUHETUYECKOU
DHEPIUM MEPEMENIAEMOr0 MOTOKA CTPYWHBIM HACOC UCHOJIB3YET SHEPTUIO
IIOCTOPOHHETO MOTOKA JKHUJIKOCTH, Napa uiau ra3a. CTpyilHbIE HACOCHI
KJIACCU(DUITUPYIOTCS B 3aBUCUMOCTU OT BUJA paboOYero BelecTBa: €CJH B
KauecTBe pabouero BEIIeCTBa UCIOJIb3YeTCs ra3 (CKaThlid BO3MYX WUIIU Ka-
KOW-1M00 ApYroi ras), CTpyHWHbIA HACOC HA3BIBAIOT 3KEKTOPOM; €CIIH pa-
O0YMM BEIIECTBOM SBISIETCA Tap, HACOC HA3bIBAIOT WHXKEKTOPOM; ECIIH
UCITIOJIB3YETCS ropsidasi BOAA — 3JIEBATOPOM, €CIIU XOJI0AHAs BOJA — TMAPO-
AJIEBATOPOM.

Conno geisymefi
EFIOKOCTH Cxopameeca
BXOOHOES COMLIO Huddyzop

i }

Jerxyman
HHMIOKOCTE

- Brixon

T opnoenHa
1 ouddyzopa
IleperaunEacMEBIe FMOEOCTE,
ras WiIM MHad cpena

Puc. 6. Cxema cTpyiHOro Hacoca

Opaudrtel. IlpencraBiusor coO0l AUHAMUYECKHE HACOCHI, MpeaHa-
3HAYECHHBIC I MOJAYU KUJKOCTH M3 KOJIOJLEB MPU MOMOIIU CHKATOTO
Bo3ayxa (puc. 7). [lpuniun paboTsl 3piarudTa OCHOBaH HA UCIIOJIL30BAHUU
Pa3HOCTU CPENHEW IUIOTHOCTH BOJIBI W BO3AYIIHO-BOASHOW 3MYJIbCUH.
B 3aBHUCMMOCTH OT KOHCTPYKTUBHOI'O MCIIOJHEHUS U NPUHLNNA JCUCTBUS
SpaU@THI AEIATCS HA JIBa OCHOBHBIX Tuma. HarHerarenbHbie SpaudThl, B
KOTOPBIX Mojarolas Tpyda omycKaeTcs MoJi YPOBEHb PACIOIOKEHHS BO-
JIbI, UCTIONIB3YIOT CKATBIM BO3YX, IMOCTYMAIOIIUI OT KOMIpeccopa B TpyoOy.
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Bo BcacweBaromux spimudTax moparomas TpyoOa
TaK)Ke OITyCKAETCS IOJ YPOBEHb PACIOIOKCHHS
BOJIBI, HO BOJAa B HUX HE BBITAIKHBAETCS Yepes
NOoJIaloIyI0 TpyOy, a BCAChIBAaeTCs B HEE CBEPXY.
YtoObl oOecrieunTh NpOTEKaHUE TAKOTO MPOIIeC-
ca, B mojarouiedl TpyOe CO3Mal0T pa3pekeHHe
BO3/yXa, JJI Yero Hy>KeH CHelHaIbHBIN BaKyyM-

Puc. 7. Dpmudr

HacoC.

BuOopaumnoHnbie HACOCHI. JTO MOTPY>KHBIE HACOCHI, MOJIHUMAIOITNE
BOJy IMpU TOMOIIM BO3BPATHO-TIOCTYMATENbHBIX JABMXKEHUNU TMOPIIHS
BHYTPH HAaCOCHOM yactu (puc. 8).

BHyTpeHHee mpocTpaHCTBO KOpIlyca BUOPAIMOHHOTO Hacoca pas3fe-
JICHO Ha TPU OTCEKa: B TIEPBOM HAXOJUTCS CUIIOBOM 31eMeHT 1, B cpeiHeM —
HarHeTaroias Kkamepa 3, a B TpeTheM — BcachiBatoias kamepa 4. OCHOBY
CHJIOBOTO 3JIEMEHTa COCTaBJIsI-
eT anekTpoMarHuT I1-o0pa3Hoi

GbOopMBI, 3aJIUTHIN  CHEIUAIb-
HBIM COCTaBOM 3IOKCHUIHOMN
CMOIJIbI, KOTOpasi HE JOITyCKaeT

COIIPUKOCHOBCHUA AJICKTPO-

IPOBOJSIIETO AJIEMEHTA C BO-
NOH M HAJEKHO KPEHHT >JIeK- Puc. 8. BubpanuroHHbIi Hacoc
TPOMAarHuT B Kopmyce. BcachkiBaromiasi kamepa OCHaIaeTcs oOpaTHBIMU
KJIallaHaM# 8, NUISNKA KOTOPBIX MEPEKPHIBAIOT BXOJMSIIHE OTBEPCTHUS B
MOMEHT ABWkeHus nopiHs 10 B cTopoHy KiamaHoB, mpeaoTBpalias o0-
paTHBIN cOpOC BOBI, a MIPU yAAJICHUH TOPIIHS OT KJIAraHOB OHU OTKPBI-
BaIOTCS, B PE3YyJbTAaTe€ YErO MPOUCXOAUT 3aIlOJIHCHUE BCACBHIBAIOIICH Ka-
Mephl HOBOW mapTuel Bojbl. Bubparop 2 siBisieTcss BTOPOMl cOCTaBIISIIO-
nie sanekrpoMaruuTta. C OJHOM CTOPOHBI, HA HEM 3aKPEIUIEH PE3WHOBBIN
aMOpTHU3aTOP 9, a C IPYrol — MTOK /, HA KOTOPOM MOCPEJCTBOM Taiiku 9
(buKcUpyeTcss OCHOBHAsI JIeTallb KOHCTPYKIIMKA — TOPIIIeHb. MeXy HUM |
BUOpATOPOM pacroJiararotcsl maidbl 6, BIUSIONME HA BEIUYUHY XOJa
nopiiHsg. Boja u3 Hacoca BBIXOJUT MO/ AABJIECHUEM IO CHEIUATbHBIM Ka-
Hanam 11.



1.3. O0beMHBIE HACOCHI

OObemMHBIE HACOCHI pabOTAIOT MO NPUHITUITY, TPU KOTOPOM KUJIKOCTh
MEPEMEIIACTCs MMyTeM MEePUOANYECKOr0 M3MEHEHHUS 00beMa 3aHUMAaeMOi
€10 KaMepbl, ONEPEMEHHO COOOIIAIONIEICS ¢ BXOJIOM U BBIXOJIOM Hacoca.
Kunkocth 3a KakIbI IUKI TOJACTCS ONPEACICHHBIMU TOPLIUSIMU —
o0bEeMaMH.

IMopmHeBble Hacochbl. [IpuHiMn paboThl MOPIIHEBOTO Hacoca: 3a
CUET MOCTYIATEIbHOTO JBUXKEHUS TOPIIHS CO3JAETCS pa3pekeHue B IO-
JOCTH TOJI HUM, TyJla 3aCaChIBA€TCs KUAKOCTh U3 MOABOMASIIETO (BCAChI-
Baroniero) Tpyoomnposoza (puc. 9). [Ipu oOpaTHOM IBMKEHUU MOPLIHS HA
BCACHIBAIOIIEM TPYOONPOBOJIE 3aKphIBACTCS KJIAlaH, MPea0TBPAIAIOIIHIA
MPOTEUKY KUJIKOCTH OOpPaTHO, M OTKPHIBAETCS KJIAllaH HA HAaTHETaTEIILHOM
TpyOOTPOBOIE, KOTOPHIA OB 3aKPHIT MPU BCACHIBAHUH. Ty/1a BHITECHSET-
Cs1 )KUJIKOCTbh, KOTOpasi HAXOIWJIaCh MOJI TIOPITHEM, U TIPOIIECC TOBTOPSETCS.

T Knaman

T Kmaman IMTaryn KpuBornun

Puc. 9. Cxema paGoThl MOPIITHEBOTO HACOCA

Ilnyn:kepuble Hacochbl. [IpuHimn paboThl IUIYHXKEPHOTO Hacoca
(puc. 10) TOT X€, UTO U B MOPIIHEBBIX Hacocax. OTIUYKUE ITUX HACOCOB
JIpYyr OT Apyra 3aKJIF0YaeTCs B HAarHETAroUEM d3JeMEHTE. B mopiiHeBbIxX
Hacocax padoTaer mopiieHs. B minyH- '

KEPHBIX — TUTyHKep. [lnmymkep uaer d éﬂ N
BIIpaBO (BCACBIBAHME) IIOJIBIMACTCS . /

BIIYCKHOM KJIallaH, 3aKpPbIBAC€TCs BbI- /] ™

| T > ¢ -
nyckHou. Bopa 3amonHsger kamepy. ,—4%—/ .
[Tnymxep uuer BiIeBO (HarHETaHUE) — ‘ N [ s —
3aMUpPacTCsl BIYCKHOM KJIAIlaH, IO/I-

HUMAETCS BBINNYCKHOW. Boma ycrpe- p

MJIICTCST IO Ha3HA9CHUIO. Puc. 10. Cxema IIIyH)KEpHOT0 Hacoca



PoTopHbie Hacochbl. ITO0 00BEMHBIE HACOCHI, B KOTOPHIX BBITCCHEHHE
KUJKOCTH MPOU3BOJUTCS U3 MEPEMeEIIaeMbIX pabounx Kamep B pe3yJibTa-
T€ BpAIlaTEIbHOIO0 WJIM BPAIIaTeIbHOTO U BO3BPATHO-NOCTYNATEIHLHOTO
JBW)KEHUN pabo4rX OpraHoB — BbITecHUTENEH (puc. 11).

OOmacTh
B3aChIBaHUs

Obiacth
HarpeBaHUs

//////////////ﬂ

Puc. 11. Cxema poropHOro Hacoca

PoTopHble HacOCHl padOTAIOT MO CIAEAYIOUIEMY MPUHIINITY: IEpeKayu-
BaeMasl KUJKOCTh CHayaja MOCTYMAET BO BHYTPEHHIOK KaMeEpPy yCTpOM-
CTBa, U3 KOTOPOW OHA BBITAJIKHWBAETCS BpPAIIATEIbHBIMA U MOCTYIATEIb-
HBIMU JIBUKCHUSIMH, COBEPIIAEMBIMU pabOYMM OpPraHoM — POTOPOM.
Yactu poropa Hapsiyy ¢ BHYTPEHHUMH CTEHKaMu padoueil kamepbl (op-
MUPYIOT 3aMKHYTO€ MNPOCTPAHCTBO, B KOTOPOE U IMOMANAET KUIKOCTb.
[Ipu ymenblieHnn o0beMa TAKOTO MPOCTPAHCTBA, UYTO MPOUCXOIUT TPHU
JIBUKEHUH POTOPA, KUAKOCTh MO 3aKOHAM (PU3UKU BBHITAJTKHUBACTCS.

IllecTepeHHbIe HACOCHI. DTO POTOPHBIE HACOCHI C PAOOYUM OPraHOM
B BHJIE IBYX HecTepéH (puc. 12). [Ipuniun paboTel TakoM *xe, Kak Uy po-
TOPHOI'0 HACOCA.

Puc. 12. Cxema paboThI mecTepeH pOTOPHOTO HAcoca
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Kpbuibuarsie Hacocwl. [lpenHazHadeHsl Ajisi pabOThl C PYYHBIM
MPUBOJIOM U MPUMEHSAIOTCS I MEpPEeKauMBaHUS KUAKOCTA TPU MajoM
naBiienuu. KpeuibuaTeiii Hacoc (puc. 13) mpeacraBiisieT coO00i pa3HOBU/I-
HOCTh 00beMHBIX HacocoB. Kpbuto 1 cHaGkeHO NByMsI KilallaHaMH 2 U Ka-
gaeTcss B Kokyxe 3. Kadanwe MpoMCXOIUT C TOMOIIBIO BBIBEACHHOM
HapyXKy pyuku 4. Ilog KpbUIOM pacrosioKeHa HEeTOABUKHAS IEpEeropoika 5
C Iapoy KJamaHoB 6, paznensioias KoXKyX Ha J1Be padouune nojgoctu A u b.
[Ipu nBM>KEHUU KpbUIa B OJIHY U3 ATUX IMOJOCTEH KUIKOCTh 3acachIBaeTCH,
a M3 IPyTOH B TO K€ BPEMS BBITATKUBACTCS.

jossting 0

< b
Beimvex >

Bcaceieauune

Puc. 13. Kpbuibuatslii Hacoc

BoponogbeMHMKH. DTO COOpPYXKEHUs, CIyXalllye i1 NOAbeMa U Ie-
PEIBUKEHHS BOABI U3 HIDKEIICKALIErO0 PACIOJIOKEHUST B BbILIEIIECKAICE
(puc. 14). Horna ux Ha3bIBatOT OE3HAMIOPHBIE BOIONOIHEMHUKH, OHH TIO/I-
pa3feNsaoTCA Ha JICHTOYHbBIE, IIHYPOBBIC, BOAOUYEPNAIILHBIE (YEpPIaKOBBIE).
JIeHTOYHbIE U HIHYPOBBIE BOJOIIOABEMHUKU OTHOCITCS K KAIMJUISIPHBIM BO-
JOTIOJTbEMHBIM MEXaHU3MaM, MPUHLUIT KX pa0OThl OCHOBaH Ha HUCIOJIb30Ba-
HUW CUJI MOJIEKYJISIPHOIO IPUTSKEHUS, KOTOPbIE BO3HUKAIOT B CJIOE€ BOIBI,
MOJHUMAEMOM JICHTOU-IIHYpOoM. PaboTa J€HTOYHOTrO W HIHYPOBOTO BOJO-
IMOABEMHUKA OCHOBAHA HA BBIHOCE TOHKOTI'O CJOSI BObBL, YACPKUBAIOLIETOC
Ha MOBEPXHOCTHU JBIKYIICHUCS JICHTHl WM IIHYpa Ojlarojapsi cuiam Cuer-
nenus. [Ipu BpalieHuu BeAyliero OJIOKa JIEHTA-IIHYp MEepeMEIIaeTcs U,
NPOXOs Yepe3 TOJILY BOABI B KOJOIE, 3aXBaThIBAET ¢ COOOM YaCTHIIbI BO-
nbl. [Ipy BBIHOCE BOJIBI HABEPX B MOMEHT Mepexoa 4yepe3 BEAyLIHil OJIOK
3TH YaCTHILIBI MTOJT JEHCTBUEM LICHTPOOEKHBIX CHII OTOPACHIBAIOTCA B KOXKYX,
U3 KOTOPOIO MO CIMBHOMY NAaTpyOKy CTEKaroT B pe3epByap.

11
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Puc. 14. KoHCTpyKIMsl BOAOIIPUEMHHUKA!
1 — Bexymuii KUB; 2 — DIEKTPOJIBUTaTENb;
4 3 — IaXTHBIA Konoel; 4 — OJI0KOBOE HATHKHOE
YCTPOWCTBO; 5 — JIEHTa — BOJOIIOAbEMHAs BETBb

—
—

]
BoaonoabemMHoe KoJ1€c0. DTO MallIlHA, MIPEICTABIAIONIAs COO0M KO-
JIECO, IO OKPY>KHOCTH KOTOPOT0 NpHUKpeIuieHsl yepnaku (puc. 15). Hux-
HUW Kpal KoJjeca OIyLIEH B BOMY, U IIPU BPALICHUU KOJIECA BOKPYI OCH
Yepraky 3a4eprbIBalOT BOJY U3 BOJIOEMA, & B BEPXHEH TOUYKE KoJieca BOJa
BBUIMBAETCS U3 YEPHAKOB B CIICLIMATIbHBINA TPUEMHBIN JIOTOK.

J

T

Puc. 15. PaboTta BOgonoareMHOTO KoJieca

HNuadparmennble (MeMOpaHHbIe) Hacocbl. Pabounm opranom
Hacoca dTOro Tuma siBisieTcs nauadparma (MemOpaHa) — ruOkas IjiacTuHa
U3 PE3UHBI WM METAJUIMYECKOTO CIUiaBa. J(nadparma ycraHOBIEHA MEXKTY
IBYMsI EMKOCTSIMU: TI€PBasi CIY>KUT JIJIsl BTATUBAHUS M BBITAIIKUBAHHS OT-
KauMBaeMOU >KUJIKOCTH, BTOpas — JJIsl CPeJbl, BHI3bIBAIOIIEH KoJieOaHUs
nradparMsl.

12
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Puc. 16. Pabota memOpaHHOrO Hacoca

[TpuHun gelcTBUS Takoro Hacoca mpoct (puc. 16). Ilpu oTkauuBa-
HUU paboueil cpelibl U3 MOJIOCTU KosieOanus quadparma BTATHUBAETCA, TEM
CaMbIM 3aTSTUBAsl KUJIKOCTh B EMKOCTh JJIS MEPEKAYUBaHMUS, TIOCIIE YETro
JaBJieHUWE B pabouei MOJOCTH MOBbBIIIAETCS, AuadparMa OmycKaeTcs, Bbl-
TaJKHUBasi BHIKAUMBAEMYIO KHJIKOCTh B OTBOJALIMN MaTpyOoK. BBuay TOrO
YTO BXOJHOW M BBIXOJHOW MaTpyOKH CHAOXaroTcs oOpaTHBIMHU KilanaHa-
MU, NIEPEMEILICHNUE YKUIKOCTH MTPOUCXOIUT TOJHKO B OJTHOM HAIpPABJICHUHU.
B kauectBe paboueit cpeapl s nuadparMbl UCTIOIB3YETCS JTHMOO KUI-
KOCTb, INOO BO3/YX.

1.4. Pemenue 3aaa4. Pacyer mapaMeTpoB HacoCoOB

3agaua 1. [InyHxepHbId HACOC OJMHAPHOTO JECUCTBUS 00ECIICUHNBACT
pacxon mnepekaunBaeMoii cpeapl Q = 1 M3/u. Jluamerp muIyH:kepa
coctapisier D = 10 cMm, a nnuaHa xoxa S = 24 cMm. Yacrtora BpaiieHus
pabouero Bana coctaisieT n = 40 06/mMun. TpeOyeTcss HallTU 0OBEMHBIN
K03 UIMEHT TTOIe3HOT0 AeHCcTBUS Hacoca (puc. 17).

Pewenue:

[ Imomane IIONEPEUYHOI0 CCUYCHMSI IUTYHIKEpa:
nm-d®> 3,14-0,12

F= .- ' ” — =0,00785 m>.
Bripazum koabUIueHT mojae3Horo AeUCTBUS U3 GOpMYJIbl pacxoja
Q 1 60

= . =0,88.

F-Ssn  0,00785-0,24-40 3600
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Puc. 17. ITnyH»kepHbIid Hacoc

3agaya 2. JIByXIOpIIHEBOW HAcOC JIBOWHOIO JAEHCTBUS CO3JAET
Hanop H = 160 M npu nepekaunBaHuy Maciia ¢ IIOTHOCTBIO p = 920 kr/me,
Juamerp mopmHsi cocraBiaser D = 8 cm, auamerp mrToka d = 1 cwm,
a JyIMHHA XoJa nopuiHg S = 16 cM. YactoTa BpalieHus pabodero Bajia co-
craBisgeT N = 85 o6/muH. HeoOxoaumMo paccuutarh HEOOXOAUMYIO MOIII-
HocTh anektpoasurarens (KIIJ nacoca u snekTpojaBurartenss NpUHSATH
n = 0,95, a ycranoBouHbIN Ko3ddunment A = 1,1) (puc. 18).

3
T = )
L:I: :{- P P [
L _ L :
- T . - - ;—'.L - =
. i [
T f
T g f
& R == i L
[ 1
b
[—-..‘—!.__ T fflfa‘fffffffff#ff’z [:
ﬂh 16 cm i-
Puc. 18. JIByxnopurHeBoi Hacoc
Pewenue:

HJ'IOHI&I[I/I MONICPCYHOI0 CCUCHHUA MMOPIIHA U ITOKA:

F=

3,14 - 0,08

= 0,005 m?

_ 3,140,017
n f=——"—

= 0,00008 m?.

[Tpou3BOAMTEILHOCTH HacOCa HAXOAUTCS 110 (popmyie:
Q=n-(2F-f)-S-n=0,95 (2 - 0,005 — 0, 00008)-0,16 - 85 - 60 = 7,69 m3/.
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Jlanee HaxoAuM I0JIE3HYH0 MOLIHOCTh HACOCa:
N,=p-g-Q-H=920-9,81-0,0021-160 = 3,085 kBT.
C yuerom KIIJ] u ycraHoBoYHOTO KO3 dUIIMEHTa MOTyYaeM HTOTrO-
BYIO YCTAaHOBOYHYIO MOIIHOCTb:

Nyer = =% - & = 3,085/(0,95-0,95)-1,1 = 3,39 «Br.

II
3agaua 3. TpexnopuiHeBOM HACOC MEPEKAYUBAET KUJKOCTh C IUIOT-

HOocThIO p = 1080 Kr/m> M3 OTKPHITOM €MKOCTH B COCYJ IOJ JAaBJIECHHEM
p; =1,6 6ap ¢ pacxomom Q = 2,2 M3/u. 'eoMeTpHUECcKas BBICOTA MOAbEMA
KUJIKOCTH COCTABISACT Hqp, = 3,2 M. [losie3Hast MOIHOCTB, pacxomyemas
Ha TIepeKavYnBaHUE KUIKOCTH, COCTABISIET Ny, s = 200 BT. Heobxoaumo
HAWTH BEJIMYMHY OTEPH HAIopa.

Pewenue:

Haiinem co3naBaemblil HAacCOCOM Harop u3 (GopMyJibl HOJE3HOW MOII-

HOCTH:
— Nioges _ 200

" pgQ  1080-9,81:0,00061
[loacTaBuM HalileHHOE 3HaUY€HHE Hamopa B (hopMyIly Hamopa, BbIpa-
YKEHHYIO Y€pE€3 Pa3HOCTh JABJICHHUM, U HAWJIEM HCKOMYIO BEJIUYHHY:
hn =H - (pl - pl)/(pg) - HreOM:
= 30,95 - ((1,6 — 1)-100000)/(1080-9,81) — 3,2 = 22,09 m.
3agaua 4. PeanbHasi MpPOU3BOJIUTENBHOCTH BHHTOBOI'O HAcoca CO-

= 30,95 m.

craager Q = 1,6 m3/u. 'eomeTpuueckie XxapakKTepUCTHKU Hacoca: dKC-
LHEHTPUCUTET € = 2 cM; auamerp poropa D = 7 cMm; mar BUHTOBOM mo-
BepxHOCTU potopa T = 14 cm. YacToTa BpalieHUs pPOTOpa COCTABIISIET
N = 15 o6/muH. Heobxoaumo ompeaeanth 00beMHBIM KOIPOUITUEHT MO-
JIE3HOTO JIEMCTBUS HAcoca 1y .

Pewenue:

BripazuM uckomyio BeIWYHMHY U3 (DOPMYJIBI MPOW3BOIUTEILHOCTH
BUHTOBOT'O HAcOCa:

Ny =Q/(4-eD-Tn)=1,6/(4-0,02-0,07-0,14-15) - 60/3600 = 0,85.

3apaya 5. Heo6xoaumo paccunrtarh Hamop H, pacxon Q u mone3nyo
MOIIHOCTH N IIEHTPOOEKHOr0 Hacoca, MePEKAYMBAIOIIETO KUJAKOCTh (Ma-
JoBsi3Kast) ¢ mIoTHocThIo 1020 kr/M3 u3 pesepByapa ¢ M3OBITOYHBIM JIAB-
neHueM p; = 1,2 Gap B pe3epByap ¢ U3OBITOYHBIM JIaBJICHUEM P, = 2,5 Oap
110 33JITaHHOMY TPyOOIIpoBOAY ¢ nuameTpoM TpyOs!l d, = 20 cM (puc. 19).
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i\ HACOC

Puc. 19. Cxema k 3agaue 5

OOmas aMHHA TpyOOINpoBoAa (CyMMapHO C SKBUBAJIEHTHOW JIMH-
HOIl MECTHBIX CONpPOTHUBIEHUI) cocTaBisier L = 78 m (npussath ko3ddu-
nueHT TpeHus paBHbIM A = 0,032). Pa3HOCTBH BBICOT pe3epByapoOB COCTAB-
nsetr H. = 8 m.

Pewenue:

JI71st ManoBSA3KUX CpeJl BBIOUPAEM ONTUMAIbHYIO CKOPOCTh JIBHXKEHUS
B TpyOompoBoie paBHOM v = 2 Mm/c. PaccuntaeM pacxojl ®KUIKOCTH Yepe3
3aTaHHBIN TPYOOIIPOBO/I;

Q=(md*)/4 - v=(3,14-0,2%)/4-2=0,0628 m*/c.

CkopocTHOM Hamop B TpyOe:

v 2/(2-g)=2%(2-9,81)= 0,204 m.

[Ipu COOTBETCTBYIOIIIEM CKOPOCTHOM HArope MOTepU Ha TPEHUE 10

JUTUHE COCTAaBSIT:
hy = (A -L)/d, - [v¥/(2g)] = (0,032-78)/0,2 - 0,204 = 2,55 M.
OOt Hanmop COCTaBUT:
H= (pZ _pl)/(pg) + Hr + hgn =
=((2,5-1,2)-100000)/(1020-9,81) + 8 + 2,55 = 23,54 m.
OcTtaeTcs onpeaeuTh MOJE3HYI0 MOIIHOCTB:
nones = P2 Q-H =1020-9,81-0,0628-23,54 = 14792 Br.

3anaua 6. [lenecoobOpa3Ha 1 nmepekayka BOJIbI IEHTPOOSIKHBIM HACO-
COM ¢ npou3BoaAuTEIHHOCTHI0 Q = 50 M*/4 o TpyOonpoBoxy 150 x 4,5 Mm?

Pewenue:

Paccuntaem ckopoCTh MTOTOKA BOJIBI B TPYOOTIPOBO/IE:

Q= (n-d?*/4-v,
v =(4-Q)/(n-d?*) = (4-50)/(3,14-0,141?) - 1/3600 = 0,89 m/c.
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Jlns BOABI CKOPOCTHh MOTOKAa B HArHeTaTeJIbHOM TPyOOMNpOBOJE CO-
ctaBisgeT v =1,5 — 3 m/c. TlonyyuBieecss 3HaY€HUE CKOPOCTU MOTOKA HE
MomnajaeT B JaHHBIM UHTEPBAJ, U3 YEr0 MOXKHO CJIeJIaTh BBIBOJ, YTO MpPHU-
MEHEHHE JaHHOTO IIEHTPOOEKHOTO Hacoca Heleaecooopa3Ho.

3amava /. Onpeaenuth KOdPEOUIMEHT TMOJAYM IIECTEPEHYATOrO
Hacoca. ['eomeTpuueckue xapakTepUCTUKKU HAcoca: IJIONaAb MONEepPeYHO-
ro ceyeHMsl IPOCTPAHCTBA MeXy 3yObsiMu mectepHu f = 92 MM?%; uncio
3yObeB Z = 10; mnuHa 3y0a mecrepuu b = 38 mm. Yacrora BpaiieHus
n = 280 o6/MuH. PeanpHas mojaya miecTEpeHYATOrO HAcOca COCTaBIISET
Qpean = 1,8 M3/u.

Pewenue:

TeopeTuyeckas MpoM3BOAUTEILHOCTD HacOCa:

Q=2-fzn'b=2-0,000092-10-0,038-280-60 = 1,18 m>*/4.

Kosdpunment nmogaun (KII/, o6bemHbIN KOIPGUIIMEHT MOJIE3HOTO

JCHCTBUS), COOTBETCTBEHHO, PABEH:
ny=1,18/1,8-3600 = 0,65.

3agaua 8. [lentpoOexusiii Hacoc, umerommmii KI1J[ n,, = 0,78, nepeka-
YUBACT KUAKOCTh TUIOTHOCTBIO p = 1030 kr/m* ¢ pacxogom Q = 132 m*/u.
CoznaBaemblil B TpyOomnpoBoje Hanop paBeH H = 17,2 m. Hacoc npuso-
JIATCA B JECUCTBUE JIEKTPOIABUTATEIIEM C MOIIHOCTBIO NAB_yCT =95 kBt n
KIIJ nBurarens n,, =0,95. HeoOxoaumo omnpenenuTb, yI0BIETBOPSET
JIM JaHHBIA HacOC TPeOOBAHUSM IO ITyCKOBOMY MOMEHTY.

Pewenue:

[TyckoBO¥t MOMEHT MHOT/Ia Ha3bIBAIOT €IIIE¢ MOMEHTOM TPOTaHUs, UIN
HayaJbHBIM MOMEHTOM. [Ipu BBIOOpE 2JIEKTpOABUTATENSI BaXKHO YOEIUTh-
Csl, UTO MYCKOBOM MOMEHT OKa)XeTCs OOJIbIIE CTaTHYECKOTO0 MOMEHTA
IUIAHUPYEMOM NPOEKTHOM Harpy3ku Ha Bany. [Ipu 3TOM mompaszymeBaer-
Cs, YTO HAIPSHKCHUE M YacTOTa IUTAIOIIEr0 HAIPSDIKCHUS MPUOIMIKCHBI
K HOMHUHAaJYy.

PaccunTaeM mOJIE3HYIO MOIIHOCTH, HJIYIIYI0 HEIOCPEJICTBEHHO Ha
NepeKauYMBaHUE CPEIbI:

Niones = -2 Q-H=1030-9,81-132/3600-17, 2 = 6372 BT.

Yurem kK03 (PUIIMEHTHI TOJIE3HOTO JIEUCTBUSI Hacoca W AJIEKTPOJIBU-

raTess ¥ OMpeAeIuM MOTHYI0 TPeOyeMYI0 MOIITHOCTD 3JIEKTPOIBUTATEII:
Nipes = Nnones!/ (14 "M g5 ) = 6372/(0,78-0,95) = 8599 Br.
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[lockoapbky HaM U3BECTHAa YCTAaHOBOYHAs MOIIHOCTH JBUTATENS,

onpeaeuM Kod(PhUIMEHT 3armaca MOIIHOCTH 3JIEKTPOABUTATEIS:
B = Nypyer /Nypes = 9500/8599 = 1,105,

Jns nBurareneit ¢ MomHOCThIO OT 5 10 50 KBT pexoMeHnnyercs Bbl-
OupaTh IMycKoBOHM 3amac MomHocTH oT 1,2 mo 1,15. IlomyuenHoe Hamu
3HA4YCHUE HE MONAaJaeT B JAHHBIA MHTEPBAJ, U3 YETO MOXKHO CJ/IEJIaTh BbI-
BOJI, YTO MpPHU SKCIUTyaTallMd JAHHOTO Hacoca MpHU 3aJaHHBIX YCIOBUSIX
MOTYT BO3HUKHYTh MPOOJIEMbl B MOMEHT €r0 ITyCKa.

3apaua 9. LleHTpoOeKHBIN HACOC MEPEKAYMBAET KUIKOCTh IIOTHO-
cthio p = 1130 kr/M*® U3 OTKpBHITOTO pe3epByapa B peakTop ¢ pabouum
naBieareM p = 1,5 6ap ¢ pacxogom Q = 5,6 m*/4. ['eomeTrpuueckas pas-
HHIA BBICOT cocTaBisaeT H, = 12 M, npudyeM peakTop pacnoiokKEeH HUKE
pesepByapa. [lorepu Hamopa Ha TpeHHE B TpyOax U MECTHBIE COIPOTHUB-
JIEHWsl COCTABIIAIOT Ny, = 32,6 M. TpeOyeTcst onpenenurs mojie3Hyro MOI-
HOCTb Hacoca (puc. 20).

3ALOPHLIN
/ PE3EPBVAP

EMKOCTB
P=1.5 Mlla

Puc. 20. Cxema k 3agaue 9

Pewenue:
Paccuntaem Hamop, co3gaBaeMblii HACOCOM B TPYOOIIPOBOJIE:
H=(p; —p)/(p-g)—H+ th =
=((1,5-1) -100000)/(1130-9,81) — 12 + 32,6 = 25,11 m.
[Tone3Hast MOIITHOCThL Hacoca MOKET ObITh HaijieHa 1Mo GpopMmyJie:
Nyones = pg'Q-H=1130-9,81-5,6/3600-25,11 = 433 Br.
3agaua 10. Onpenenuth NpeAeIbHOE MOBBIIMIEHUE PAacXojia LEHTPO-
OEKHOro Hacoca, MepeKaurBarolIero BoAy (IJIOTHOCTh MPUHSTH PaBHOU
p = 1000 kr/m?*) U3 OTKPBITOTO pe3epByapa B JIPyrol OTKPHITHINA pe3epByap
¢ pacxogom Q = 15 m*/4. ['eomerpuueckass BBICOTA MOJbEMA JKHIKOCTH
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cocraBisier H, = 5 M. Bona nepekaunBaercs no tpybam d = 40 x 5 mm.
Momnocts snexrpoasurarens Ny, =1 kBr. O6wmwuii KIIJ{ yctanosku npu-
HATH PaBHBIM 7)ycr = 0,83. OOIre nmorepyu Haropa Ha TPEHUE B TPyOax U B
MECTHBIX CONPOTUBIEHUAX COCTABISIOT iy = 9,7 M (puc. 21).

, TIPMEMHEIH
/' PESEPBVAP

———————

3ABOPHEIN
PE3EPBVAP
= |

’)/ Ll |
!

- - -

] HACOC

Puc. 21. Cxema x 3amaue 10

Pewenue:

OnpenenuM MakKCUMaJIbHOE 3HAUYEHUE Pacxojia, COOTBETCTBYIONIEE
MaKCHMaJIbHO BO3MO’KHOW MOJIE3HOW MOIIHOCTH, Pa3BUBA€MOIl HACOCOM.
s 3TOro mpenBapUTENIbHO OMNPEAEIUM HECKOJIBKO MPOMEKYTOUYHBIX
MapamMeTpoB.

Paccuutaem Hamop, HEOOXOAMMBIN JIJI1 IEpEKaYMBaHUsI BO/IbI:

H=(pz—p.)/(p-g) +H+ th:
=((1-1) -100000)/(1000-9,81) + 5+ 9,7 = 24,9 m.

[Tone3Hast MOIIHOCTB, pa3BUBaeMasi HACOCOM:

Nyones = Nys/Myer = 1000/0,83 = 1204,8 Br.
3HaYeHWEe MaKCUMAaJIbHOT'O pacxXo/ia HaiieM U3 GOpMYJIbL:
Niones = pg-Q-H.

Haninem nckomyro Bemmuuny:

Quaxe = Nyoses/(p-g-H) = 1204,8/(1000-9,81-14,7) = 0,0049 m/c.

ITo 3amanmio Q = 15 m3/a = 0,0042 m/c.

N3BecTHO, 4TO pacxo/a BOJbI MOXKET ObITh YBEJIUYEH MaKCUMAaJIbHO B
1,254 paza 6e3 HapyIieHus: TpeOOBaHMM AKCILTyaTalliy Hacoca:

Quaxc/Q = 0,0049/0,0042 = 1,17.

BeiBo: mpeaeabHbI pacxo IEHTPOOESKHOI0 Hacoca IIpU OMHCaH-

HBIX YCIOBUSIX MOXET ObITh He Ooblie Q. .= 0,0049 M*/c = 17,64 m*/4.,
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2. OBJIACTb IPUMEHEHUA
N OCHOBHBIE ITIOKA3ATEJIN HACOCOB

Hacocel, win B 0011eM Cilydyae HarHeTaTeli — MallWuHbI, CIYy>Kalllhe
JUIsl IpeoOpa3oBaHMsl MEXAaHUUYECKOM SHEPTUU JBUTaTelisl B SHEPTHUIO Tie-
peKauYMBaEeMbIX KUJIAKOCTEN (MU Ta30B).

OO6nacTh NpUMEHEHHS HarHeTaTeJIe — HACOCOB:

a) CUCTEMbl BHYTPEHHErO M BHEIIHErO0 BOJOCHAOXKEHHUS MOCEJIKOB,
rOPOJIOB U IIPEANPUATUN;

0) cuCTeMBbI KaHATU3AIUH;

B) CHUCTEMBI TEIJIOCHAOKEHUSI, Ta30CHA0KEHHS, BEHTHIISIIIAN U JIP. ;

I') TUAPOTEXHUKA — MOJBEM U MEPEMEIICHHUE KUIKOCTEH, HaMbIBKa
IJIaTHH;

1) PHEPTEeTHKA — OXJIKJACHUE, THAPO30JI0yIaJICHNUE;

€) IPOMBIIIJIEHHOCTh — IMEpeKauyKa Pa3jUYHOr0 poAa KUJKOCTEH,
MyJIbII, YaCTO XMMUYECKH aKTUBHBIX, TUAPOI0OBIYA U T. [I.;

) CTPOUTENBCTBO — I0OJladya PacTBOPOB, THAPOTPAHCIIOPT, OTKAYKa
BOJIbI;

3) CEIIbCKOE X03MCTBO — OPOIICHUE, JI0XKICBaHHUE.

[TpuHIIMn paboThI I0OOTO BHJa HACOCOB OCHOBAH Ha TOM, UTO MeXa-
HUYECKash SHEPrusi Hacoca MpeodpaszyeTcsi B MEXAaHWYECKYH) SHEPTrHUIo
KUJKOCTH. Y Ie/IbHAs MEXaHUYeCKask YHEPTUS KUAKOCTU Ny, BbIpaKaeT-
Ccsl TpexuieHoM bepnyium:

Nyex= Z + ply + ov?/2g,
rae Z — ynelbHas dHEPTHs MOJIOKEHUs, p/y — yAeibHas dHEPrus JaBJe-
Husl, 0. v2/2Q — ynenbpHas SHEprus CKOPOCTH.

Pa3iauyHbie TUIIBI HACOCOB YBEJIMYMUBAIOT MOJHYIO DHEPTHIO YKUJIKO-
CTH OOBIYHO 3a CUET OJIHOTO U3 CJIAraeMbIX 3TOT'0 YPaBHEHUS.

OCHOBHBIMHU TapaMeTpaMH HACOCOB JIFOOOTO THUMA SIBJSIOTCS MPOU3-
BOJIMUTEIILHOCTH (IT0J1aua), Harop, MoifHocTh, KIIJ] u momyctumas BeicoTa
BCACBIBAHUS (J1J15 JIOTIACTHBIX HACOCOB).

[Togaya (MpOU3BOIUTEIBHOCTh — OOBEMHBIE WJIM BECOBBIE KOJIWYE-
CTBa HUJKOCTH WJIM ra3a) XapakTepu3yeTcs 00beMOM KUIKOCTH, TT0jjaBa-
€MOM HACOCOM B HAIOPHBIM TPYOOIIPOBO/I B €IMHHUILY BPEMEHU, U U3MEPSi-
ercst 0OBIYHO B M°/4, 11/4, M3/cyT, M3/MuH (1714 Ta30B), o603HagaeTcs Q.
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Hanop H (p — naBnenue), pa3BUBaeMblii HarHETaTENIMU BHYTpPHU TIe-
peMeIaeMon KUAKOCTHU (Ta3a), MpeAcTaBiseT co00M MpupaiieHue yaeib-
HOU PHEPTUU KUJIKOCTH HA y4acTKE OT BXOJa B HACOC JI0 BBIX0JIa U3 HETO.
BripaxkeHHBI B MeTpax Hamop Hacoca OMpPEJeNseT BBICOTY IMOJbeMa
l xr mepexkaumBaeMOM >KHMAKOCTH 3a CYET JHEPTHH, COOOIIaeMoil ei
HacocoM. M3mepsiercst B MeTpax BOJSHOTO cT0j10a (M BOJ. CT.), MHJLIH-
MeTpax PTyTHOTO cToJioa (MM pT. CT.),TeXHUYECKUX aTMochepax (aTm.),
krc/cm?, Ila. Hamop o6osnauyaerca H = 98067 Ila = 1 arm. =
= 1 krc¢/cM? = 10 M Bog. cT. = 735,6 MM pT. cT. = 0,98 6ap. MommHocTs —
OTHOIIIEHHWE PabOThI, 3aTPAYCHHOW HACOCOM Ha TEpPEMENIEHUE >KUJIKOU
Cpelbl K MPOMEXYTKY BPEMEHU, B TEYEHUE KOTOPOIO0 OHA COBEpIIEHA, W3-
Mepsetcs B KBT, J1. ¢., kre-m/c u o6o3Havaercs N:

N =v-Q-H/ (n"K),

rie K =1 npu N B krc-m/c; K =75 npu N B 1. ¢.; K= 102 nipu N B kBT;
N — o0muit ko3ddunment nonesnoro aeicreus (KI1/1) naruera-
TeJsl, MPEICTABIISIIONIUNA COO0N OTHOIICHHUE MOJIE3HO UCIIOb3Ye-
MOU SHEPTHH KUIAKOH Cpesibl K CYMMapHOMY KOJIMYECTBY DHEP-
I'UU, NIEPEIAHHON ITOU CPENE; U3MEPSAETCA B MPOLEHTAX WM J10-
JI9X eauHuIbl, Kojieoaercs ot 0,15 mo 0,95 nmm 15-93 %:
N = Nuones! N3 Nyoy = pgQH /K3 1 = NyexruppNosrem-

JlomycTuMasi BbICOTa BCAChIBaHUS, WJIM KaBUTAIIMOHHAsI BbICOTa (1
JIOTIACTHBIX HACOCOB) — 3TO pa3pekeHUE Ha BCAChIBAHWU Hacoca 10 o0Opa-
30BaHMs kKaBUTanuu. Ee onpenenser BbicoTa (IrmyOuHa), ¢ KOTOPOM Hacoc
CIOCOOCH MOJHUMATh KUAKOCTh Ha BcachiBaHUM. 3mepsieTcs B MeTpax,
o0o3Hauaercs Ah. /{151 BOJBI 3TOT mapaMeTp COCTaBIISIET HE OOJIbIIIE 8 M.

XapakTtepucThka Hacoca — Trpaduueckas 3aBUCUMOCTbh OCHOBHBIX
TEXHUYECKUX MOKazaresel OT AaBieHus (sl 00bEMHBIX HACOCOB) MU OT
noja4u (i1 TUHAMUYECKHUX ), TIPU TTOCTOSIHHBIX 3HAYEHUSX YaCTOThI Bpa-
IICHUS, BA3KOCTU U TJIOTHOCTHU YKUJKOU CpPebl Ha BXOJIE B HACOC.

Pabouas yacTh XapakTepucTUku (pabodasi 30Ha) — 30Ha, B Ipejeax
KOTOPOW PEKOMEH]IYETCs IKCILTyaTaIls Hacoca.

Haruerarenu pa3aenstoT Mo ABYM MPUHIUIIAM:

1) nns mepeMenieHus KanelbHbIX XKUIKOCTEH MPUMEHSIOTCS HarHeTa-
TE€JIU, Ha3bIBAEMbI€ HACOCAMHU;
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2) nns mepeMelieHusl ra3000pa3HbIX KUJKOCTEM HarHeTaTesd MO/I-
pa3aeIsItoTCs Ha:

a) Ipu JaBiaeHuM p < 1,5 MM BOJ. CT. — BEHTUJIATOPHI,

0) npu nanenuu p = 1,5+30 MM BOJI. CT. — BO3TYXOBO/IbI,

B) ipu JaByieHuu p > 30 MM BOJI. CT. — KOMIIPECCOPHI.

OO06nacTh MPUMEHEHHS KKIO0TO0 BHJAA THAPABIMYECKUX MAIIUH 3aBU-
CUT OT UX KOHCTPYKIIUH.

LeHTpoOe:KHBII JIOMACTHOM HACOC — MO0/a4a JKUAKOCTU IMPOUCXO-
JUT 32 CUET IEHTPOOEKHOM CHUJIbI, BOSHUKAIOIIECH MpHU OBICTpOM Bpalle-
HUU Kojeca c¢ jomatkamu. O6macte nmpumenenus: Q = 1,1+1300 M3/
n=0,4+0,9;H<700 m.

OceBoil JIONACTHBIA HAacOC (MPONE/ICPHBIA) — NIEPEMENIACT KUJI-
KOCTh (Ta3) BIOJb OCH BpalEHUs 3a CYET KoJieca MPOIEIJIEPHOro THIIA.
O6nacts npumenenns: Q < 0,25+45 m3/c ; H = 0,9 u BbIIE.

JIMaroHajbHbIN HACOC — MOTOK XHUIAKOCTH, MIPOXOIAIIMNA Yepe3 pa-
Oouee KoJeco, HAMPaBJIeH HE PaMaAIbHO, KaK Y IEHTPOOEKHBIX HACOCOB,
U HE MapajuieNbHO OCH, KaK Y OCEBBIX, & HAKJIIOHHO, KaK Obl [0 JAMaroHaju
IIPSIMOYTOJIbHHKA, COCTABJIEHHOT'O U3 PAJUAIIBHOIO U OCEBOTO HAIIPaBJIEHUM.
O06sacTh €ro NPUMEHEHUS: 3aHUMAET MPOMEKYTOUHOE MOJIOKEHUE MEKITY
IEHTPOOEKHBIMU U OCEBBIMU.

BuxpeBoil J1o0nacTHBIN HACOC — MEPEMEIIAET KUIAKOCTh IPHU IOMO-
I BEPTYIIKK C JIONACTAMU, 0€3 HCIOIb30BAHUS IEHTPOOCKHOU CHIIBI.
O6nacts npuMenenns: Q = 1+40 m3/4; 1 =0,25+0,5; H = 15+90 M.

CrpyiiHblii Hacoc, padOTaONIMK MO MPUHIIMITY CMEUICHUS MOTOKa
NepeKavYrnBaeMoO KUJKOCTU CO CTPyeH >KUJIKOCTH, Iapa WU rasza, o0ma-
JaeT OOJIBIINM 3a1laCOM KMHEMATUYECKON SHEPIUH.

BoaocTtpyiinblii Hacoc (ruapolsseBatop). Pabouyas u nepexaunBae-
Masi cpena — Boja; n = 0,6+0,7. O0nacTh NMpUMEHEHUs: BOJAOOTIUB W3
TpaHIEn (CKBaXKHH).

Bo3aymHbiii nogbeMHUK (ApaudT) — s nojadu (Mmoabema) xKu-
KOCTH HCIMOJB3YETCSl IHEPrUs CxKaToro Bozayxa. O0nacTb MpUMEHEHUS:
OTKa4yKa BOJbI U3 CKBAXKUH, TPAHIIEH.

IIIHexoBBI HACOC — BajJ C HABUTOM Ha Hero cnupaibio. OOmacTh
MPUMEHEHUSA:

Q — 10 5 M3/c (15+5000 n/c); n = 0,7+0,75; H — 1o 6+7 m.
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IHopuHeBo# HACOC — MEPEMELIAET KUAKOCTh IIPU IMOMOIIMU ITOPLIHS
WIN CKAJIKU, ABMXKYIIMXCS BO3BPATHO-MOCTynHaTeapbHO. O0nacTh mpume-
Henus: Q <200 m3/4; 1 =0,9+0,99; H — 10 2000 M.

IiIyHKepHBI HACOC — OTIIMYAECTCA OT NMOPIIHEBBIX KOHCTPYKLIMUEU
BBITECHSIIOIIETO TeIa. BMECTo mopIiHs TIyHXKep.

JAunadgparmMeHHbIA HACOC — OTIIMYAETCA OT NOPILIHEBBIX KOHCTPYKLIH-
eil BeITeCHsIOIIEro Tesna. Bmecto nopuHs rudkas auadparma (MmemOpaHa)
U3 KOXH, NPOPE3UHECHHOW TKAaHW WJIM CHHTETHYECKOrO MaTepuaia.
O6nacte npumenenus: Q = 1+150 m3/49, H — o 2000 m.

BuHTOBO#I Hacoc — MMEET BUHTHI CHEIUATBLHOTO MPOMUIIs, JTUHUS
3areIICHUS MEXKTy KOTOPBIMH 00€CIIEYHMBACT MOJHYIO T€PMETH3AINI0 00-
JIaCTU HarHeTaHus OT 00JACTH BCACHIBAHUSI.

IlecTepeHHbIil HacOC — pabO4YMM OPraHOM HAacoca SIBISIIOTCS JIBE
niecTepHu: Beaymas u Begomas; mn = 0,7+0,9. OOnagaroT peBEpCUBHO-
CThIO, CIIOCOOHBI U3MEHSTH HAIpPaBIICHHE MOTOKA B TPyOONpoOBOAaX, MpH-
COEMHEHHBIX K HACOCY.

3. HEHTPOBEZ’KHBIE HACOCBI

[{leHTpoOEKHBIE HACOCHI SBISIOTCS CaMBIMH PacIpPOCTPaHEHHBIM
HAacocaMu B MHpE.

OcHogHble demanu YyeHmMpoOEI’CHbIX HACOCO8

K OCHOBHBIM JeTaJISIM IIEHTPOOCIKHBIX HACOCOB OTHOCSTCS: paboure
KOJIeca, BCACBIBAIOIIMI TIOJIBOJ], Bajl U KOPIYC HAcOCa, CaJIbHUKHA H TIOJI-
ITUITHUKH.

Hasnauenue pabouero xoiyieca — mepeaava KUJAKOCTH YHEPTUH, MTOIa-
BaeMO OT Bajia JBUTrartelisl K Bajly Hacoca. Pabouune koseca ObIBatOT ¢ O/1-
HOCTOPOHHUM M JABYCTOPOHHUM BXOJIOM BOJIBI, COCTOST U3 ABYX JMCKOB U
JIOTIaTOK, PACIIOIOKEHHBIX MEXIy JUCcKamMu. Pabodee kojieco oTiMBaeTCs
IICJTMKOM BMECTE C JIONaTKaMH. Y IIEHTPOOCSKHBIX HACOCOB B pabOUYNX KO-
Jgecax 0O0bIYHO ObIBaeT 6—8 sonarok. Ilpu nmepekadke 3arpsA3HCHHOMN KHU/I-
KOCTH YHCJIO JIONIATOK YMEHbBINAeTCs 10 2—4, pa3Mepbl IPOTOYHON YacTH
KOJIeca OMPEEISIFOTCS THAPABIMYECKUM pacueToM. Dopma Kojeca JOIK-
Ha OBITh yJOOHOM JJIsI OTJIMBKH M ME€XaHHMYECKOW 00paboTku. Martepuan
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KOJIeca BBIOUPAIOT C YUYETOM BO3MOXKHOCTH €r0 KOPPO3UHU MOJT IeHUCTBUEM
BOJIbI: YYTYH, YIJIEPOJMCTas CTajdb, MAapraHIIOBUCTas CTajlb, KepamuKa,
OpoH3a, TIacTMacca.

BcaceiBaronuii 1oiBoJ1 ObIBa€T KOHCTPYKTUBHO TPEX TUIIOB:

a) 0CEBOM KOHMYECKUM (JTyUIIUi 1O TUAPABIUKE);

0)1oABOJ B BH/I€ KOJIEHA MIABHOTO OYEPTaHMS;

B) OJIYCIIUPAJIBHBIM TOJBOJT (IPUMEHSETCS JJIS yMEHbIIIeHus Traba-
PUTOB Hacoca B OCEBOM HallpaBIICHUMU.

OTBOJI MO KOHCTPYKIHMH HMEET IEJbI0 YMEHBIIUTh CKOPOCTHOM
HaIlop BBIXOJA KMIAKOCTH M3 paboyero kojieca ¢ HAMMEHBIITUMH THAPAB-
JUYECKUMU TOTEPSIMHU JIJIs TPeoOpa3oBaHusl KUHETUYECKOW SHEPTUU B T10-
TEeHIMAJIBHYIO SHEPTUIO JaBJICHHUS.

J7n1s 5TOr0 MPpUMEHSIOT:

a) CHUpaJbHbINA OTBOJ;

0) HampaBJISIOIIUI armapar;

B) KOJIBLIEBOU OTBOJ.

Ban Hacoca U3roTtaBiauBaceTCA U3 CTajld, KOBAHOW WM HEPKABEIONIEH
(1 KOPPO3MOHHBIX KUAKOCTEH). Koseca 3akperuisitoTcsl Ha Baly ocpe-
CTBOM IIIMOHOK M YCTAHOBOYHBIX TackK.

CallbHUKHM YCTaHABIMBAIOTCS MEXJY KOPITYCOM M BajoOM Hacoca CO
CTOPOHBI BcachlBaHUs (YTOOBI HE MPONMYCKAJIM BO3AYyXa) U CO CTOPOHBI
HarHeTtanus (4ToObl He TpomycKaiu Bojibl). CallbHUK CO CTOPOHBI BCAChI-
BaHMs CHaO)kaeTcsl TUApo3aTBOpPOM. JIJIsi CaTbHUKOB IIEHTPOOEIKHBIX
HACOCOB MPUMEHSIOT MATKYH0 HAaOMBKY — XJIOMuarylo Oymary win acOe-
CTOBBIH LIHYP, MPONUTAHHBIN CalIOM U MapapuHOM.

[ToaImUMHUKN Y MEHEe KPYITHBIX HACOCOB — IIAPUKOBBIC UJIH POJIMKO-
BBIC€ C KOJBIIEBON CMa3Ko#, y 00Jiee KPYITHBIX — CKOJB3SIINE, C BKJIAIbI-
IIIaMH, 3aJIUTEIMH 0a00UTOM.

Martepuan kopmyca — 4yryH WIHM yriepoaucras craib. Hacockl cnu-
pAIBHOIO THIIA UMEKOT TOPU3OHTAIIBHBIA pPa3beM Kopmnyca. B MHOroko-
JIECHBIX HAcocax TyYpOMHHOTO THUITA KOPITYC COCTOUT U3 OT/CIIbHBIX CEK-
IIUH, CTSHYTHIX OonTamu. [y mpucoenuHeHuss mpuOoOpoB (BaKyyMMETpa,
MaHOMETpa), M1 3aJMBKU BOJIOM, BBHIMTyCKa BO3JyXa W BOJIBI B KOPIyCe
YCTPauBaIOTCSl OTBEPCTHUS UJIM CTABSITCA COOTBETCTBYIOIIME KpaHbl. Koe-
CO MPUMBIKAET K Bally BTYJIKON. MeXay KOJIECOM M KOPIYCOM OCTaBJISIIOT
3a30p BeJIMUMHON He Oosiee 0,25 MM, BCTaBisisi B HUX OPOH30BBIC WIIH
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YyTr'yHHBIC YIUIOTHUTEIbHBIE KOJbIIA, a TaK)Ke Jeias 3a30p YIVIOBOW WM
3y04aThlid, YTO YBEJIMUMBACT TUIPABINYECKOE COITPOTURIICHUS IIPH YTECUKE.
Jlocmouncmea u Hedocmamxu YeHMpPOOEHCHLIX HACOCO8
JlocTOMHCTBA:
a) IPOCTOTAa U KOMITAKTHOCTh KOHCTPYKIIMH, MaJIbI BEC U Ta0APUTHI;
0) IpOCTOTa COEAMHEHUS C DJIEKTPOJBUTATEIISIMU U TTAPOBBIMU TpyOaMu;
B) yA00CTBO 3KCILTyaTaliuy (MOHTaX U JIEMOHTaXK);
') OBICTPBIN ITyCK M MPOCTOTA PEryJIMPOBAHUS;
1) TUTaBHAS T0/1a4a BOJIbI;
¢) HeOoJIbIIasi CTOUMOCTD;
) HaJI€KHOCTD U JIOJTOBEYHOCTB;
3) BO3MOKHOCTb MEPEKAYKHU 3arpsA3HEHHBIX KUJKOCTEH.
Henocrarku:
a) HE0OXOIMMOCTh 3aJIMBKH;
0) OrpaHUYEHHOCTh TPUMEHEHUS JIJIS1 MAJIBIX TTPOU3BOAUTEIHLHOCTEN.

3.1. Cxema U NpUHIUIN JAeHCTBUS HEHTPOOEKHBIX HACOCOB

[Ipuniumn neicTBUs: Co3AaHue pa3psXKEHUS M0 OCH KoJieca MyTeM OT-
OpachiBaHus (1101 BIUSHUEM IICHTPOOECKHON CHITBI) JIONIATKAMHU YKHJIKOCTH
B HarHeTaTeJabHbI TpyOompoBo. L{eHTpoOeKHbIH HAacOC MOXKET HadaTh
paboTy TOJIBKO TMOCIIE 3AJIMBKU (3aMIOJIHEHMSI) €70 BOJIOM.

Knaccugpurxayus yenmpobesrcnvix nacocos

1. ITo uncny Koyiec: OJTHOKOJIECHbIE 1 MHOTOKOJIECHBIE.

2. o nanopy: HuszkoHanopusie H = 10 m; cpennenanopusie H = 10+70 m;
BbICOKOHanopHeie H > 70 m.

3. Ilo crocoOy mojiBoAa BOJBI K KOJIECY: C OJHOCTOPOHHUM I10JIBO-
JIOM BOJIbl; C JIBYXCTOPOHHHUM IOJBOJIOM BOJBI (JABYXCTOPOHHEE BCACHI-
BaHHUE).

4. TTo pacnoyioxKeHHUIO Baja: TOPU3OHTAILHBIC U BEPTUKAJIbHBIE.

5. Ilo cnocoOy pa3zbeMa Kopiiyca: ¢ BEpTUKAIbHBIM U TOPU30HTAIIb-
HBIM pa3beMOM KOpIyca.

6. Ilo cmocoOy oTBoza BoABI U3 pabodvero Koyieca B KaMmepy: CIH-
pajibHbIE U TYpOUHHBIC (C HAMPABIISIOIIUM aIlliapaToMm).

/. Ilo ciocoOy mpuBOJa: MPUBOAHBIC, COSTUHSIEMbIE HEMOCPEICTBEH-
HO C JIBUTATEJEM.
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8. Ilo pony nepexkauynBaeMoi KUAKOCTU: BOJAOIPOBOIHBIEC, KaHAIU3A-
[IUOHHBIE, TeTUTO(UKAIIMOHHBIE, KUCIIOTHBIE, 36MJIECOCHI U JIP.

Apmamypa yeHmpooe*cHbiX HACcoCo8

1. IlpuemHbIe KanaHbl (CETKH) W MPUEMHAas BOPOHKA Ha BCacChIBalO-
niet uHur. [IpueMHbIi Ki1anaH COCTOUT U3 CETKM U 0OpaTHOTO KjallaHa,
KOTOPBIA MPEAOTBPAIIAET BBITEKAHUE KUIKOCTH, 3aJJMBAEMOW B HACOC H
BO BcachlBarouuil TpyoornpoBoa. M3roraBiuBaroTcsi pUeMHBIE KIalaHbl C
MaKCUMaJIbHBIM Auamerpom D, = 400 MM 19 HACOCOB C MaKCUMaJIbHBIM
TMaMeTpOM BcachiBaroIiero natpyoka Dy, = 250 mm.

2. 3a7BIXKKa Ha BcachiBaroiieM TpyoorpoBoje. OHa ycTaHABIMBAETCS
TOJIBKO TOT'/Ia, KOT/Ia HACOC COEMHEH CO BCACHIBAIOUIMMU TPYyOOIPOBOIa-
MU JIPYTHX HACOCOB WJIM €CIM HACOC HAXOAUTCS MOJT 3aJTMBOM.

3. Bakyymmerp — ycTaHaBIMBAaeTCs Ha BCAaChIBAIOIIEM NaTpyOKe
Hacoca.

4. KpaH 171 BbIIyCKa BO3JyXa — YCTAaHABIIMBAETCS B BEPXHEH 4YaCTH
KOpIlyca Hacoca.

5. OOpatHbIii KJIaMlaH Ha HATOPHOM TPYOOIPOBO/IE.

6. 3aaBHKKA Ha HAIOPHOM TPYOOINPOBOAE MpEAHA3ZHAUCHA ISl ITyCKa
HAacoca, €ro OCTAHOBKHU U PETYJIMPOBAHUS MTPOU3BOAUTEILHOCTA U HANIopa
Hacoca.

/. MaHOMeTp — yCTaHaBJIMBAETCS HA HATOPHOM NaTpyOKe Hacoca.

8. YcrpoiicTBo 115 3aMBKHM Hacoca (TpyOKa ¢ BEHTHJIEM OT Harop-
HOTO TPYOOTIPOBO/Ia UJIM OT BaKyyM-Hacoca).

9. Bonomep — ycTaHaBIuBaeTCsl Ha HAIOPHOM TPYOOIIPOBOJIE.

10. TlpenoxpaHuTeNbHbIA KIIallaH — yCTAHABIMBAECTCS HAa HAIIOPHOM
TpyOONPOBOJIE U CIYXKUT JJIsl 3alIUThl Hacoca U TpyOOMpoBOJa OT JeH-
CTBUSI TOBBIIIEHHOTIO JABJICHUS, BO3HUKAIOLIETO MPHU THUJIPABIMYECKOM
yaape.

11. Bogomep U mpeaoXpaHUTENbHBIN KjlalaH OObIYHO YCTaHABIIMBA-
FOTCS1 JJ1s1 TPYIIIBI HACOCOB.

3.2. IBu:KeHHe :KUAKOCTH B padoueM KoJiece HEeHTPOOe:KHOro Hacoca

B 11eHTpoOeKHBIX Hacocax JKUIAKOCTh MOJBOJUTCS K JIOMaTKaMm pado-
4yero Koseca Ba0Jb ocH Baja (puc. 22). [Ipu Bxoae Ha J0MaTKH MPOMCXO-
JTUT OTKIIOHEHHE CTPyH OT OCEBOTO HAMpaBJICHUS K paJauaibHOMY.
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JKuakocTh Ha JIOMATKK TOCTYMHAeT ¢ aOCOIIOTHOW CKOPOCTHIO C;, a HA BHEIII-
HEll OKPYXKHOCTH pabodyero Kojeca CKOPOCTh €€ JIOCTHraeT BEIMYMHBI C,.
YacTuupl KUJIKOCTH MEXKAY JONMaTKaMu pabodero KoJjieca COBEPIIAOT
CJIO’)KHOE ABUWKEHHUE. BO-TIepBhIX, OHU YYACTBYIOT BO BPAIlEHUH C OKPYXK-
HOM TMEPEHOCHOM CKOPOCTHIO U, BO-BTOPHIX, NIEPEMEIIAIOTCS BIOJb JIOTMa-
TOK C OTHOCHUTEJIbHON CKOPOCTBIO W.

Do =Dy

Puc. 22. JIBmxeHue )KUIKOCTH B paboueM KoJiece

CyMMapHOE HaIlpaBJICHHE JBHKCHUS YaCTHIIBI KUJIKOCTH OIPEIeIs-
€TCSl CIIOKEHUEM BEKTOPOB-CKOPOCTEH W U U, B pe3yJIbTaTe YEro MoJIy4H-
¥ aOCOJIIOTHYIO CKOPOCTh C — I'€OMETPUYCCKYI0 CYMMY NEPBBIX JBYX
BEKTOpPOB: C =U + W.

[Ipn nBMO>KEHUUM JKHIKOCTH B pabodeM KoJjiece PacCMOTPHM JIBa MO-
MEHTa: MOMEHT BXO/Ia JKMJIKOCTH B paboyee koJieco (¢ uHiaekcom 1) u mo-
MEHT BBIXO0J1a U3 KoJieca (C HHIECKCOM 2).

[Ipu 3TOM OyeM UMETH CIEAYIOIINE MTOKA3ATEIIH:

W — OTHOCHTEIIbHAS CKOPOCTb;

U — OKpY>KHasi CKOPOCTb;

C — abCcoM0THAsI CKOPOCTh;

C, — paaualibHas COCTaBJISIONIAss AOCOIIOTHON CKOPOCTH, C,.= C*Sina,;

C, — OKPY>KHasl COCTaBJISIOIIAst AOCOFOTHOW CKOPOCTH, C,,= C*COSQ;
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0. — YroJI MEKIy HanpaBJIEHUSIMU a0COJIFOTHOM M OKPYKHOUM CKOPOCTEIA;

B — yron mMexnay HampaBJI€HUSIMU OTHOCUTEIBHON CKOPOCTH W U B
0o0OpaTHOM HalpaBJE€HUU OKPYKHOW CKOPOCTH U;

I — uHIeKC, 0003HAYAIONIUHN «paiuaibHaAsD);

U — UHAEKC, 0003HAYAIOIIUN «OKPYXKHASD.

BennunHa OKpy»KHOW CKOPOCTH Ha BBIXOJIE U3 KOJIECA!

mT-Dy - n
U, = T, M/C,
IJIe N — YUCJI0 00OPOTOB B MUH;
Qr _ Q
C, =—= = Mm/c,

@ T Dby @y
rne Q, — TCOPETHIECKUH pacXo] JKUIKOCTH, M/C; ® — KUBOE CEUEHHUE I10-
TOKa Ha BBIXOJIe U3 Koleca, M%; b, — mupHuHa pabodero Kojueca
Ha BBIXOJIC; (P, — KOAP(PIUIIMEHT CTECHEHUSI MOTOKA JOMaTKaMu
Ha BbIXOJIE, @,= 0,9+0,95.

3.3. OcHOBHO€E YpaBHeHHe HEHTPOOEKHOr0 HACoCca

OCHOBHOE ypaBHEHHE IIEHTPOOEKHOIO0 Hacoca JaeT BO3MOXHOCTH
ONPEICTUTh TEOPETUYECKUIM HATIOP.

[Ipu BBIBOJIE YpaBHEHUS IPUHUMAIOT CJIEAYIOIIUE JOMYIICHUS:

a) paboTa, coBepIiracMas HaCOCOM, ITPOUCXOAUT 0€3 THIPABIMICCKUX
MOTEPb;

0) KoJeco nMeeT 0ECKOHEIYHOE MHOYKECTBO JIOTTATOK.

OTHU JONYIIEHUS MO3BOJISIIOT CYATATh MOTOK B KOJIECE COCTOSAIIUM M3
AJIEMEHTAPHBIX CTPYEK, (hopMa KOTOPBHIX COOTBETCTBYET (HhOpME MEXKJIO-
IMACTHOT'O KaHaJja.

MorHoCTh, pa3BUBaeMasi HACOCOM TIPH MOBEME BOJIBI 0€3 MOTEPh:

N:pg QT 'HT’
rae H, — monHbli Hamop, pa3BUBAaeMbId KOJECOM, ONPEACTIEMbIN U3
ypaBHeHUs bepHynnu:

2 2
- c5—cC
HT — D2 — D2 + &2 1’
p-g 2-g
P2 — D2 < . C% - f )
rie Tog IbE30METPUIECKAN HATIOP; — _— CKOPOCTHOHU HAIop.
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bananc sHeprum Ha 1 KT )KUJIKOCTH, TPOXOIAIIENA YEPE3 KOJIECO:

P2—Pp _Wi-wj  uj-ui
- )
pP-g 2-g 2-g
2 2 2 2
P2 — D2 . W1 —w) Uz — Uy
ri¢ —— — HNOTCHIIHUAJIbHAasA BHGPFI/ISI, > — > — KHHETHU4YCCKas
P8 '8 '8
DHEPIHUSL.
[ToxcraBisseM OQHO yPaBHEHUE B APYTO€, OIYUHUM:
2 2 2 2 2 2
wi—w us —u c5—cC
L= 1 2 4 Yz 14 % L
2-g 2-g 2-g

[ToncraBisieM BbIpasKE€HHUS, IOJTYYEHHBIE U3 TPEYTOJIbHUKOB CKOPOCTEH:
wi=ct+uf—2-u;-c cosa; M wi =c2+us—2- U, C, - COSAy.
[Tociie cokpaleHus noJly4ynm:
_ Up:CyCOSAy — U4 'Cq - COSTy

H, = .

DT0 ypaBHEHHE BIIEpBBIC OBLIO BhIBeAcHO Oinmepom (1707-1783).

OHO CBSI3BIBAET TEOPETUUYECKUIN HAIOP HACOCA CO CKOPOCTSIMU JIBUKEHUS
YKUJKOCTH, KOTOPBIE 3aBUCAT OT IOJA4YM HAacoca, yrioBOW CKOPOCTH Bpa-
HICHUS paboyero Kojeca, a TAkKe OT €r0 FTeOMETPUUYECKUX XapaKTEPUCTHK.

3.4. JleficTBUTEJIbHBIH HANIOP HACOCA

Hamnopom Ha3bIBaeTcs NpUPOCT YJIETbHON SHEPTUU KUJKOCTH (SHEp-
rusi | Kr) Ha myTH OT BXOJIa IO BBIXOJIa U3 HACOCA, BRIPAKEHHBIA B METpax

CTOJI0a TIepeKaYNBAEMOM JKUKOCTH:
Up-Cy - COSAy; — Uq°Cq - COSOq

Hy=n-H; =, . )

rJie 7). — TUApaBInYecKuid K03 (PUIIMEHT MOJIe3HOTO ICUCTBUS.

Bo u30ekanue morepb HacOC MPOCKTUPYIOT Tak, 4ToObI @y = 90°,
Uy:Cy - COSU>

torma H, =7, , 9TO YpaBHEHHUE IIEHTPOOEIKHOTO HACOCA.

Pacnipenenenue ckopocTeil B kaHasiax paboyero KoJjieca:
_ Uy-Cy - COSAy
H,=kn;, " ,

rae k = 0,75+0,9 — koadduimeHT, onpeaenseMblid OMBITHBIM ITYyTEM JIJIs

KaXXJIOTO Hacoca B 3aBUCUMOCTH OT uuciia U (HOPMBI

jJomarok; 1, — ruapaBmudeckuid KIIJ[ Hacoca
(0,9+0,95).
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Ha npakTuke noib3yroTcs CIeyOIEeN 3aBUCUMOCTBIO !
H, =k Di - n?,
rie N — JyacToTa BpallleHUs BaJla Hacoca B 00/MUH.

HencTBuTenbHbIA Hatop H,, co3maBaeMblii HACOCOM, 3TO €T0 peajib-
HbII HANop, KOTOPbIA MOKHO ONPENEIIUTh C IMOMOIIBID MaHOMETPOB HIIH
IIb€30METPOB, YCTAHOBIIEHHBIX JI0 U ITOCJIE HACOCA.

PaccmoTpuM paboTy HACOCHOW YCTAHOBKHM C IIEHTPOOEKHBIM Haco-
coM (puc. 23).

_HanopHelit ypoEeHE
A 17 . A

IIpreMHEBIIT YPOEEHD

2l
HJ‘ R 1 I

- w— o — = pa—

= —9\;1‘ b

\-'-o

Puc. 23. Cxema 060py10BaHMsI HACOCHOM YCTAHOBKH C IIEHTPOOEIKHBIM HACOCOM
1 — nacoc; 2 — nurarens; 3 — mydra; 4 — BcachIBaroIUi TpPyOOIIPOBOI;
5 — mpueMHbBIN pe3epByap; 6 — HAMOPHBIN TPYyOOTIPOBO/T;
/ — HaTMIOpHBIN pe3epByap; 8 — 3aaBIKKa; 9 — 0OpaTHBIN KIlaraH

[Ipumem 3a mIOCKOCTh cpaBHEeHUs IockocTh O — O. Hanumewm
YPaBHEHUE NPUPALLECHUS YACIbHON YHEPTUM WIIM MOJIE3HOU YIEJIIBHOU pa-
OOTHI:

2 2
p P2 —P1 , V2 — Vg
E,—E,=—-=(z,—71) 8+ -+ :
2 1 0 2 1 0 >
rae z, — Zqy = Z, Z — PaCCTOSIHUE MEXKIY uaH(I)aMI/I MaHOMETpPA U BaKyyM-

MeTpa.
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I[&BJ'ICHI/IG, pa3sBuBacMOC HACOCOM:
2 .2
Uy —V7

p= (22 —z)pg+ P2 —p1 + 5

2 2
V55—V
+—=2— M
pg 2g
CyMMa IMepBbIX JIBYX YICHOB Ha3bIBACTCS MAaHOMETPHUYECKUM HAITOPOM:
P,-P; _ v3-v?
(z,—2z1) -2+ g = H,.x, Torma H=H,, + 2

B nercTByIOMMX HACOCHBIX YCTAHOBKAX MAHOMETPUYECKUIM HATIOP:
H,.. = H, + H; £z,
rae H,, — nmokazanue maHomerpa, m; H, — Ioka3aHue BakyymMeTpa, M;

2—Pq

TaKKaKH=p%,T0H:(ZZ—Zl)g+ ?

Z — paccTosiHUE MEeXy larndpaMu MaHOMETPa U BAKyyMMETpA.
Torma moJIHBIM HAIIOP HACOCHOM YCTAaHOBKH OIPENEISIETCS BhIpa)e-

HUEM:

v3-v?

2g
[Tonnbiii Hamop Hacoca (IOdHAasE BBICOTA MOABEMA >KUAKOCTH HACO-

COM) paBE€H CyMMeE MOKa3aHUN MaHOMETpa U BaKyyMMETpa, yCTaHABIIMBa-

€MbIX Ha HAlOPHOM M BCACBHIBAIOIIEM MaTpyOKax, IMJIIOC Pa3HOCTh CKO-

POCTHLIX HAIIOPOB B HAITIOPHOM H BCACbIBAIOIIICM HaTPY6KaX.

H,= H,+H, +z+

3.5. Pazanunble ciryyan mpucoeIuHeHHsI
MAaHOMETPAa U BAKYYMMETPA K LEHTPOOEKHOMY HACOCY

JIyist mpoeKkTUpyeMO YCTaHOBKM HAcocCa MOJHBIN HAop onpeesseT-
cst hopmyJIion
H - HF.B. + HF.H. + hH.B. + hH.H.M. = HI‘ + Z h’
rae H., — reope3nueckas BoicoTa BcachiBaHus; H, , — reome3nyeckas Bbl-
cora HarHetanus; h,,,h,,, — cymMma moTrepp Hamopa (1o
JUITMHE U MECTHBIX) Ha BCACBIBAIOIICH M HArHETATEILHOM JINHUSX,
H = HI‘.B. + HI‘.H.’ Z h = hH.B. + hH.H.M.
BriBoA: ypaBHEHHE TMOJHOrO Hamopa Ui MPOEKTUPYEeMOro Hacoca,
C Y4E€TOM BBICOT YCTaHABIMBAEMbIX MAHOMETpPA U BaKyyMMmeTpa (puc. 24),

OyJleT UMETh BU:
2 2
U2—V71

H= H, +H, += 2,
HJIA H = HF.H. + HF.B. + 1«ll'[.B. + hH.H.M. = Hl" + Z h' M.

b
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&0
- J ®
T = ! /- ™
Y ok A J z . }___
ot r_\x.xj K“'jﬁ %;E
H= Hy +H +2+32 H = Hy- 2y + H-z 5+ 5w
a) 0)
HACOC MOoO JATHEOM -
()
S g z
LT/

s 3
vi-uy

H= Mz— M1+2+

6)

Puc. 24. Ciiydan ycTaHOBKH LIEHTPOOEKHOTO Hacoca

3.6. TeopeTHyeckasi NPOU3BOANTEIbHOCTH LIEHTPOOEKHOI0 HACOCA

OcHOBOM Ui onpeleseHus] NoJaul LIEHTPOOEKHOTO HAcOCa MOKET

CIIYXHUTb U3BCCTHOC YPABHCHUC pacXxoJa KUAKOCTH:
3

Q= FD,MT :
rae F — miomans sXMBOro cedeHus MOTOKA, M%; U — cpeiHss CKOPOCTb
KUJIKOCTH, HOpMaJibHasi 3TOMY CEUYEHUIO.
Torna:
Q:=(@- Dy —z- 63) by Ca,

rne D, — HapyXHbIN TUaMeTp KoJieca; Z — KOJUYECTBO JIONAToK; 8, — TOJI-
IIMHA JIOMATKU MO OKPYXHOCTU AuameTpoM D, ; b, — mmpuHa
KOJIECa Ha BHEIIHEM JUAMETPE; Cp,p — CKOPOCTh BBIXOJAA K-
KOCTH U3 KOJIeCa B MEPUANOHAIBHOM HAIIPaBJICHUH.
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Hccneoosanue npoghuns nonamox pabouezo koneca

®opmy JonaTok (Jonacreil) padboyero kojeca Hacoca MOXKHO Xapak-
TEPU30BATh YIJIOM ff2, C KOTOPBIM JIOMAaTKa MOJXOAUT K BBIXOJIHOMY ceye-
HUIO (puc. 25). DTO yroja MexJy KacaTeabHOH K JIOMACTH U MPOI0IKEHH-
eM (oTpUIlaTEIbHBIM HAINPaBJICHUEM) MEPEHOCHOM CKOPOCTH — Ha BBIXOJIE
u3 pabouero kojsieca. Onpenenum, kak (Gopma JIonacTei, U clie1oBaTeb-
HO, YroJ f2, BIUsSeT Ha TeopeTudeckuil Hamop Hp, co3naBaemblii HacocoM:

HT = HCT + H,E[I/IH’
rae Hy — Teopermueckuii Hamop; H,,, — nuHamudeckunit namop; He, — cra-
TUYHBIN HAIOP;

2 2 2_ .2 2_ 2 2 2 2.2 2_ 2
H — Wi— W3 + uz—u1H — Cz—C1H — Wi— W3 + Uz;— uj +Cz—C1
AUH 2g 2g cT 28 T 2g 2g 2g
W
2 C,

Puc. 25. CkopocTHas XapaKTEpUCTHKA!
U — OKpy>XHasi CKOPOCTb, HallpaBjieHa Mo OKPY>KHOCTH;
W — OTHOCHUTENBHAsA CKOPOCTh, HAMIPABJIEHA 10 KAacaTeJIbHOM K JIOMATKE;

C — abCcoI0OTHAst CKOPOCTh, TEOMETPUYECKasi CyMMa CKOPOCTEH U U W;

Cor — PazuajIbHas COCTABIISIONIAS A0COMIOTHOM CKOPOCTH MOTOKA KHUJIKOCTH,
HaIlpaBJEHHAas 10 paAuyCy OT OCH BpAILECHHUS;

Coy, — KacaTenbHas COCTABIIAIOIIAs CKOPOCTH, HAIIPaBJIEHHA 110 KacaTeJIbHOU

K OKPY>KHOCTH, KOTOPYIO OMMCHIBAET MPU BPALLICHUU KOHEIL] JIONACTH

PaccmoTpuM dopmyity aJisi TEOPETUUECKOTO Haropa B MPENnoioxKe-
HUM, YTO YIoJ BXOJa JonacTu B kojeco coctapiseT 90°. [Ipeobpazyem ee
TaK, 4TOObI B HEE BXOAMII YTOJI 2.
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I/IHI[GKC 2 O3Ha4acT, 4YTO MbI paCcCMAaTpUBACM CCUCHHC HA BBIXOAC U3

c
xoneca. 13 puc. 25 BuaHo, uro tgp, = uz—z—:tw Coy = Up— Cyp - CLEP5,
H = u_% Uy Cor - CtEP,
T - - .
g g

Hccnenyst 3Ty 3aBUCUMOCTb, PACCMOTPUM TPH THUIIA JIONACTEN Kojieca
IIEHTPOOCSIKHOTO Hacoca (puc. 26): 3arHyThle Ha3aja (@), paguanbHbIe (0)
W 3aTHYTHIC BIepen (8).

p, W, 2

a) 6) g)

Puc. 26. Tunel gomnacreit

B citydae, ecim stonactu 3arayThl Hazan (puc. 26, a), ,< 90° ctgf, > 0,
2
u
torga H, < EZ.

Jns paguanbHBIX JIONACTEW, Y KOTOPBIX KacaTellbHas K BBIXOJHOW
KpPOMKE HampapjieHa MO paauycy (MOIXOIAT K BBIXOAY Mol yriiom 90°)
uz
ot
Eciu nomactu 3aruyTsl Brepen (puc. 26, 6), 5> 90°, ctgff, <0, Torna

(puc. 26, 6), £, = 90°, ctgfs, = 0, u, cnegoBarensuo, H, =

H, >4
g

B pesynbTare BUIMM, 4TO MPH JIOMACTAX, 3aTHYTHIX BIEpe], BOSHUKA-
eT HanOobIni Harop. OJIHAKO UMEHHO MPU TaKOM THIIE JIONACTEH MOsIB-
JSIIOTCS. HAaUOOJIBIIINE 3aBUXPEHUS] U, CIE0BATEIbHO, HAUOOBIITUE TH/I-
PaBIIMYECKHUE TIOTEPH.

B coBpeMeHHBIX Hacocax JIOMACTU JEal0T CJErKa 3arHyThIMU Ha3aj
JUISL  YMEHBIIICHUS THAPABIMYECKUX motepb u mosbimieHus KII/I.
[Ipu 3TOM OOJIee BBICOKHM HAIOp MOJy4aroT Oiarogaps OOJbIlIe WHTEH-
CUBHOCTH pabOTHI JBUTATEIIS.
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3.7. BbicoTa BcachbIBaHUS HEHTPOOEKHBIX HACOCOB

JIBI>KEHHUE KMIKOCTH 110 BCACBIBAIOIIEMY TPYOOIIPOBOLY U IOIBOJ €€
K pabodyeMy KOJeCy OCYIIECTBISIOTCSA 3a CUET Pa3HOCTH JAaBJICHUS HaJ
CBOOOIHOM IMOBEPXHOCTBIO KUAKOCTH (B IMPHEMHOM pe3epByape) u adco-
JIFOTHOTO JIaBJICHHUS B IIOTOKE, y BX0ja B Kosieco. OIHAKO JaBIeHUE B 3TOM
00J1acTH HE SBIIAETCS MOCTOSHHBIM, OHO OMPEACIACTCS PACIOI0KECHHUEM
HAcocCa 10 OTHOLICHHIO K YPOBHIO CBOOOJHONW IMOBEPXHOCTH U APYTHMHU
dakropamu. s oOmpeneiaeHHs 3aBUCHUMOCTH BCEX OJTHX IapaMETPOB
HCOOXOAMMO YUYUTBHIBATH Pa3jMUYHbIE CXEMbI YCTAHOBKH ILIEHTPOOEIKHOTO
Hacoca (puc. 27).

BrIcoTa BcachIBaHUSI Hacoca OTHOCUTCS K YHCIy I1apaMeTpOB, UMe-
IOIIMX YPE3BBHIYANHO Ba)KHOE MPAKTHYECKOE 3HAYEHHE MPU IMPOCKTUPOBA-
HUM HACOCHBIX cTaHimi. ClaeayeT pasauyaTh BaKyyMMETPHUYECKYIO H
r€OMETPUYECKYIO BBICOTY. DTH ITOHATHS B3aUMOCBSI3aHbL.

i o

w1
v

|
[I.|Iir|'

a) &)

Puc. 27. CxeMbl yCTaHOBKH IIEHTPOOEKHOIO Hacoca:
@ — YPOBEHb CBOOOHON OBEPXHOCTH JKUIKOCTH
B OTKPBITOM pe3epByape pacrooKeH HIKE ocH pabouero Kojieca;
6 — ypOBEHb CBOOOHOM MOBEPXHOCTH JKUJIKOCTH
B OTKPBITOM Pe3epBYyape PacroioKeH BhILIE OCH paboyero Kojeca;

6 — 3a00p BOJIbI U3 3aKPBITOTO pe3epByapa; Hs — pa3HOCTh OTMETOK OCcH paboydero
KoJieca Hacoca U CBOOOIHOM MOBEPXHOCTH KUIKOCTH B pe3epByape,
KOTOPYIO Ha3bIBAIOT I'€0JI€3MUECKON BHICOTOM MOAbEMA UITU BCACHIBAHUSA
(Hayano)
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Puc. 27. Oxonuanue

Bakyymerpuueckass BbicOTa BcachiBaHusl Hy,, — 3TO creneHs pasps-
EHUs Ha BXoJie B Hacoc. OHA 3aBUCUT OT aTMOC(EPHOro JaBIEHUS, TEM-
nepaTypsbl, yIeJIbHOIO Beca >KUJKOCTH, KOHCTPYKTHUBHBIX OCOOEHHOCTEM
Hacoca.

ITo cxeme (puc. 27, a) reoae3udeckast BBICOTa BCACHIBAHUS OMPEICIIs-
eTcs U3 ypaBHeHUs1 bepHyu:

P V2 p 174
0+ 24 0 =Hot o420ty
pg 29 pg 29

2
. L VS
BBUJly HUYTOKHOU MaJIOCTH U, NpeHeOperaeM BeIMUMHOM i.

2
H. = Pat — Psc . Ugc
s~ BC!

p-g 2-g
rac h — IIOTCPHU HAIIOPA BO BCACBIBAKOIIIEM T 60H OBOJC.
BC Yy

Par — Psc
p-8g
3aBUCUMOCTh MEXJY T'€OJE3UUYE€CKOM BBICOTOM BCACBHIBAHUS M BaKy-

Bakyymmerpuueckas Beicota: Hy,, =

YMMETPHUUECKON OMPEACIAETCS CACIYIONUM 00pa3oM:

2
Usc

HBaK:HS + 2.g+hBC'

EQuMHCTBEeHHOE OTJIMYHME pacuera I0 BTOpoM cxeme (puc. 27, 0)
3aKJIIOYAETCS B TOM, YTO BEJIMYHMHA Te0Je3UUeCKOM BBICOTHI BCACHIBAHUS
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OyZIeT uMeTh OTpHIATeNbHOE 3HaueHue. B »ToMm ciydyae 3aBHCHMOCTD
2
o v
MEXy BICOTAMU UMEET clieytomuid Bua: Hy,, = Z—BCg + h,. — Hi.
OTtpuiateibHOE 3HAYEHHUE TE€O0JIE3MYECKON BBICOTHI BCACHIBAHUS
OOBIYHO Ha3bIBAIOT moAmopoM. [Ipu mocTtaTouHoM MOJOpE JAaBICHUE HA
BXOJI€ B HACOC MOYKET yCTAHABJIMBATHCS OOJIbIIE aTMOCPEPHOIO HA BCEX
pexuMax ero padboThl.
[TpuHIMNHATbHOE OTIWYHE CXEMBbI MPU OTKAYKE >KUIKOCTU U3 3a-
MKHYTOTO pe3epByapa (puc. 27, 8) OT IpeAbIayIIe 3aKI0YaeTCs B TOM,

qToO BaKYYMMeTqueCKaﬂ BBICOTA BCACBIBAHUS B 3TOM Cﬂyqae paBHa:
H — DPar + Pus6 + P1

BaK ~ p-g )

IJI€ Pus6 — U30OBITOYHOE JIaBJIICHUE, KOTOPOE B 3aBUCUMOCTH OT TE€XHOJIOTH-
YECKOro Ha3HAYeHUs] HACOCHOW YCTaHOBKH, KOHCTPYKTHUBHBIX
OCOOEHHOCTEHN €€ MCIOJHEHUS U pekruMa paboThl MOXKET ObITh
MOJIOKUTEIBHBIM, OTPUILIATENIbHBIM WM JaXKe 3HAKOIEPEMEH-
HBIM.

['eone3nueckas BbICOTa BCAaChIBAaHUS OMPEIEISIET TIIyOUHY 3aJI05KEHUS
dbyHAaMEHTa MAITUHHOTO 3/IaHUs] HACOCHOW CTaHIIUU. 3HAYCHUE T'€0J1e3H-
YECKOW BBICOTHI BCACBIBAHUSI HEOJMHAKOBO JIJII HACOCOB PA3JIMYHBIX TH-
noB. J{axxe AJisi OAHOTO U TOTO K€ HAcCOCa OHO HE OCTAETCS MOCTOSIHHBIM B
MPOILIECCEe €ro AKCIUTyaTalru. B OObIYHBIX YCIOBHSIX MaKCUMajlbHas Ieo-
Jie3MuecKasi BRICOTa BCAChIBAHUS ISl IEHTPOOEIKHBIX HACOCOB COCTABIISIET
He OoJsiee 5—7 M, JIsl HEKOTOPBIX HACOCOB — JI0 8 M.

C yBenuuenuem nojayu Hacoca QQ BO BcachIBaIOIICH JIMHUM PAcTET

CKOPOCTHOM Harop u norepu. [loaTtoMy yMeHbIIaeTC MaKCUMAJIbHO 10-

MyCTUMas T€0/Ie3UUeCKas BLICOTa BCAChIBAHUS.

Hanbonee yacTto BcTpeyaronyecs Mnpu 3KCILTyaTallu HAaCOCOB IPO-
OJieMbl CBsI3aHBI C YCJIOBUSMH BCAChIBaHUS Ha BXOJI€ B TUJIPOCUCTEMY,
U TIOYTH BCETJla OHU OBIBAIOT BBI3BAHBI CIUIIKOM HHU3KUM THIpOCTaTHYE-
CKUM JaBJieHHWEM (TMOJAMOpPOM) Ha BXoje Hacoca. [Ipuunna storo nubo B
BBIOOpE HACOCa C HEONTUMAJIbHBIMU JIJISl JAHHBIX YCJIOBUM SKCIUTyaTalllu
napaMeTpamu, JJM0O B OMIMOKAX, JOMYIIEHHBIX NPU MPOCKTUPOBAHUU TH-
JIPOCHUCTEMBI.

3aBO/IbI, BBITYCKAIOIIUE HACOCHI, B Katajorax (M macrnoprax) yKasbl-

d

BaIOT BEJIMUMHY JIOMTYCTUMOM BBICOTHI BcackiBaHus Hiax (mormycTtumMas BbI-
cOoTa BCachlBaHUS M3 KaTajora), OonpeieeHHON MO HATYPHBIM UCIBITAaHU-
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M W IIPUBEJEHHON K aTMOC()EPHOMY JAaBIEHMIO 1 KI/CM? U TeMmIleparype

20 °C. B ciryyae ycTaHOBKH HAaCOCOB B MECTHOCTH, TJIe aTMOC(HEpPHOE J1aB-

JIEHUE OTJIMYAETCs OT HOPMAJIbHOTO, CIEAYET BBOJMUTH IOIPABKy B Kara-

JI0KHYI0 BEJIMUMHY JOMYCTUMON BaKyyMMETPHUUYECKOU BBICOTHI BCACHIBA-

HUs 110 hopmylie

HBaK: Hgg; -10+ HA’
rne Hy — armocdepHoe naBieHHME B MECTHOCTH, II€ YCTAHABIMBAETCS
HACOC, BBIPQKCHHOE B MM PT. CT. (IpHHUMAETCs 110 TabJ. 1).
Taomuna 1
ATtMocdepHoe 1aBieHnEe B 3aBUCUMOCTH OT BBICOTHI HaJl YPOBHEM MOPSI

Bricora Hax
YpOBHEM —600 0 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1500 | 2000
MOps, M

Atmocdeproe
nasnenme Hy, | 11,3 | 103 1 10,2 | 101 | 10 | 98 | 97 | 96 | 95|94 | 93 | 92 | 86 | 84
MM pT. CT.

BricoTa BcachIBaHUsI 3aBUCHUT TaKK€ U OT TEMIIEPATYPbI KUIKOCTH.
Yewm Bhlillie TEMIEpaTypa BOJbl, TEM MEHbIIIE BbICOTAa BcackiBanus. [oaro-
My JJISI IEPEKAYKH KUAKOCTH ¢ Temreparypoi 6onee 20 °C k BeIU4HUHE
HXa* cnmemyeT BBOAWTH TOMNpaBKy, paBHyr pasHoctu 0,24 —h,,
rae 0,24 m Boa. CT. — JaBlieHME HachIIleHHOro mapa npu t = 20 °C;

h; — naBieHuEe HACBIIIEHHOTO Napa MpU JAHHOW TeMIlepaType KUJIKOCTU
(mpuHUMAaeTCs 1o TadI. 2).
Tabnuua 2

JlaBiieHHE HACBIIIEHHOTO NIapa B 3aBUCUMOCTH OT TEMIIEPATYPhI

t,°C 5 10 | 20 30 40 50 60 70 80 90 100

h

009012024 | 043 | 0,75 | 1,25 | 2,02 | 3,17 | 4,82 | 7,14 | 10,33
M BOJI. CT.

OO6uiee n3menenue Benuunnsl Hy, onpenensercs no popmysie:
HOYY =HXT 10+ H, + 0,24 — h,.

38




Bo Bcex ciyuasix BbICOTa BCAChIBaHUS JOJIKHA YJIOBIETBOPSAThH YCIIO-
BUIO, O TOM YTO MUHUMAJIbHOE a0COIIOTHOE JIABJIICHUE Py Y BXOJA KU
KOCTH B padouee KOJIECO JOJKHO MPEBBINIATh JABJIECHUE HACBIILIEHHOIO

napa nepeKadyuBaHus JKUIKOCTH hy:

v2 P, v} P, , v _P
O+=2+2=H.+2L+2L+h _- =Ll 41=-"3a H _h
0g | 29 s og | 29 nes Pmin og 29  pg s ILB.

H B TO KC BPCM

Pmin = Py Vi h¢ + Ah
min pg 2g t )
riae Ah — BenuurHa, Ha3bIBaeMasi KABUTAIIMOHHBIM 3aI1aCOM.
Nmeewm:
P
p—; — Hg — hy = hy + Ah, oTky D2

P anPa o Qs
Ho=Lehy b =2 h o, - @00

rae Cyp = f(ns) — koaddureHT, 3aBUCAIINI OT YACIbHONH OBICTPOXOIHOCTH
Hacoca.

3.8. KaButauus

Korpaa y kuakoctu Ha BXoJie B pabodee Kojeco abCOIOTHOE JaBie-
HUE CTAaHOBUTCS MEHBIIE JIaBJIECHUS HACBILICHHOIO Mapa IaHHOW KHJIKO-
CTH TIpH ee paboucii Temreparype, BO3HUKACT SIBJICHHUE KaBUTAIMH (XO-
JIOJTHOE KHMIICHUE XUJKOCTH), OHA 3aKumNaeT. SIBjeHne napoodpa3oBaHus B
XOJIOJHOM >KUAKOCTH, MPOAOJDKAIOIIEECS 10 MOJHOrO CpbiBa PabOTHI
Hacoca, HaszblBaeTcsl kaBuTauuel. IIpu »Tom HaOmrogaeTcs LeNbld KOM-
IJICKC SIBJICHHH, TJIABHBIE U3 KOTOPBIX NEPEUNCIICHBI HUXKE.

1. Bolgenenue mnapa U pacTBOPEHHBIX T'a30B U3 JKUJIKOCTH B TE€X Me-
CTax, I/Ie JaBJICHHUE JKUIKOCTH PABHO WJIA MEHBIIE JIABJICHUS HACBHIIICH-
HBIX €€ I1apoB.

2.MecTHOE TOBBIIIICHUE CKOPOCTH JBUKEHUS KUJIKOCTU B MECTaX
CKOIUJICHUS MTy3bIPHKOB Mapa U OECHOPSII0YHOE IBUKEHUE KUIKOCTH.

3. Konnencarusi my3bIpbKOB, YBJICYEHHBIX MOTOKOM B 00JIaCcTh IIO-
BBIICHHOTO JaBJEHUS. [[BMKEHHE >XHUIKOCTH K LIEHTPY MY3bIPHKOB C
OOJBIION CKOPOCTHIO YBEIIMUEHHUSI JIABJICHUS], CTOJIKHOBEHUE CTPYEK, TUJ-
paBiIuMyeckre yaapbl (MecTHble) — yKoJibl. CIIeICTBHEM BCETO MEpEUrcC-
JICHHOTO CTaHOBUTCA PA3pyLICHUE IMOBEPXHOCTHU JIONATOK HAa BBIXOJEC U3
pabouero koyieca (KaBUTALIMOHHAS 3PO3Hs).
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4. Xumudeckoe pa3pylieHue MeTaljia B 30HE KaBUTALIUU KUCIOPOIOM
BO3JlyXa, KOTOPBIM BBIJEISETCS U3 KUJKOCTH B MECTE MOHMXEHHOTO J1aB-
JeHus (KOppo3usi).

XapakTepHble NMPU3HAKK KaBUTALMU: IIyM, BUOpalus Hacoca, IMOo-
TPECKUBAHUE.

IIpuuunovl 603HUKHOBEHUS KABUMAYUU:

a) HU3K0e 0apOMETPUYECKOE JIaBJICHUE HAa BXOJI€ BO BCACHIBAIOIIYIO
TpyOYy;

0) BbICOTa BCacChIBaHUS OOJIBIIIE TOMTYCTUMOI;

B) BBICOKAsI TEMIIEPATYpPa KUIKOCTH,;

r) OoJIbIIIME TOTEPHU HAMOpa BO BCacChIBaroOLIEH TpyoOe.

Kasutanusa ymensinaer KII/I, Hamop u npou3BOAUTENBHOCTh HAacOCa
IpU OJHOBPEMEHHOM MEXAaHMYECKOM MOBPEXKICHUH JeTaneil (Jomacted u
nuckoB). HaumbGosiee moaBep)keHbl KaBUTAIMM YYTYH U YTIEPOJUCTAs
CTaJib, HanbOoJIee YCTOMYMBBI HEPKaBeIOIIas CTaJlb U OpOH3a.

Mepul 3awumer demarneii HaAcOco8 om KAGUMAYUU:

1. HamiaBka MOBEPXHOCTH TBEPJIBIM CILIABOM.

2. Metannu3aiusi HOBEPXHOCTU B XOJIOJHOM COCTOSIHHH.

3. MecTHasi IOBEpXHOCTHAA 3aKaJiKa.

4. TwarenbHasg 00paboTKa MOBEPXHOCTH.

5. TlokpeITHE OCHOBHOTO METajljla TOHKMMH IJIACTUHKAMU HEpKaBe-
IOIIECH CTAJIH.

6. CHIKEHHUE BBICOTHI MTOAbEMA BOJIBI.

/. Biyck HEOOBIIIOTO KOJMYECTBA BO3/yXa BO BCACHIBAIOIIYIO TPYOy.

KaBuTannonHueie 0COOEHHOCTH HACOCOB OMPEACIISAIOTCS MO KaBUTaIlU-
OHHBIM XapaktepuctukaM N, Q, n, n = f(Hy,,).

3.9. KoapuumeHT 1moJ1e3HOro 1eicTBHSI U MOIITHOCTH HACOCA

OO6umit K11/ Hacoca ompenessiercst popmyoi: n=mn,+n_+n_ .

O6bemubiii KITJ nacoca: n,= Q& = QL-I-q ~0,95+0,98,
1

rae Q — pacxoj BoAbI HA BBIXOJE U3 Hacoca; (Q; — pacxo/ BOJIBI Ha BXOJIE
B HacoOC;  — MOTEPH 3a CUYET NMEPETeKaHUs YaCTH KUIKOCTH M3
00J1aCTH BBICOKOTO B OOJIACTh MOHUKEHHOI'O JaBJIeHUs (BO Bca-
CHIBAIOIIYI0 YacTh HACOCAa) M 3a CUET yTEYEK JKHIKOCTH Uepe3
CAJILHUKH.
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I'mnpasnnyeckuii KIIJ[ Hacoca n_ ompenessieTcst BETMYUHOM THIPaB-

JUYECKUX MOTEPh — MOTEPh PHEPrUU HA MPEOJOJICHUE THAPABIMYECKUX
COIPOTUBIICHUM MPU JBUKEHUM KUIKOCTH OT BXOJla B HACOC JI0 BBIXOJa
U3 HETo, T. €. BO BCAChIBAIOIIEM armapare, paboueM Kojiece M HarHeTa-

TeJILHOM maTpyOKe:
H H _
nr = H+h, = H_T =~ 0,9 - 0,95,

riae h,. — morepu Ha rusipaBIUYECKUE CONMPOTUBIICHUS BHYTPU HacocCa.

Mexannueckue MOTepU CKIAJbIBAIOTCS U3 MOTEPh HA TPEHUE B MOJ-
IIUITHUKAX, CaTbHUKAX, Pa3rPy304HBIX JUCKaX pabodvero Kojeca, a Takke
MOTEPh HAa TPEHUE HAPY>KHOU MOBEPXHOCTH paboUuero Kojaeca 0 KUIKOCTh.

Mexanuueckui KIIJ[ nacoca:

nM — N_Nll\flex.rIOT ~ 0,9 - 0997’

rae N — MomHoCTh Ha Bainy Hacoca; Nyey nor — MOIITHOCTb, 3aTpaurBacMast
HA MEXaHUYECKHE MOTEPH.

O6umit KIIJ[ nacoca n = n,+n +n = 0,6+0,92 xapakrepusyer cre-
NIEHb COBEPILEHCTBA KOHCTPYKIMHU HAcoca, a TAK)KE KaueCTBO M3TOTOBJIE-
HUS Hacoca.

Ecnu Ban Hacoca coelMHEH ¢ BajoOM JBUTATENS MIPU MTOMOIIN MY (THI,
TO YCTAaHOBOYHYIO (pacyeTHYH) MOIIHOCTh JBHUTaTeNid OMNPEACIIOT
o gpopmyie

Nys = KN = Ky 1o kB,
rae K,z — kosdduuuenT 3amaca MOLIHOCTH JBUIATENs, YYUTHIBAIOLIMN
Clly4aliHble HENPEABUICHHBIC HATPY3KHU JABUTATEIS.

Bennuuny xoadduimenra 3anaca npuHUMAIOT:

— mipu MontHoctr N 10 20 kBT — 1,25;

— mpu MontHocTr N ot 20 10 50 kBt — 1,2;

— nipu mottHocTd N oT 50 1o 300 kBt — 1,15;

— mipu MontHocTy N 6osee 300 kBt —1,1.

Ecnu Ban Hacoca cCoeIMHEH C BAJIOM JABUTATENsI PEYKTOPOM WIIU Pe-
MEHHOU Nepeavyeii, TO MOIIHOCTb JBUTATENS OMPEIEISETCS BBIPAXKEHUEM

N
N =Ky —,
Nnep

7€ Nyep — KIIJI mepenasn.
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3.10. Ko duumeHT mos1e3HOr0 aeiicTBUsA
U MOIIHOCTH EHTPAJBLHOI0 HACOCA

Xapaxkmepucmuku yeHmpo0Oe*CHbIX HACOCO8

['paduveckrie 3aBUCUMOCTH MEXIY IBYMS IIepeMeHHBIMU (OCHOBHBI-
MU MokazaressiMu HacocoB — Q u H) npu mocTossHHOM TpeTheM IMoKa3aTe-
je (uncie o0opoToB paboyero Koseca - n) Ha3bIBAIOT XapPaKTEPUCTHKAMHU
EeHTPOOEKHBIX HAacocoB. OOBIYHO paccMaTPUBAIOT CIIEAYIOLIUE XapaKTe-
puctuku: Q — H; Q — N; Q —n; Q — Hp,w rae Q npunsaTa HE3aBUCUMOU
NEePEMEHHOM, a OCTAJIbHBIE TTOKA3aTEIU — 3aBUCUMBIMU (DYHKIIUSIMHU.

Teopemuueckas xapaxmepucmuka yenmpooeicHo20 Hacoca

3aBUCUMOCTh MEX]ly HPOHU3BOJIUTEIBHOCTHIO (Q W Hamopom H mpu
MOCTOSIHHOM 4HKclie 000pOTOB N, BbIpakeHHasi rpauyecku, Ha3bIBACTCS
xapakrepuctukod Q — H (puc. 28). Teopetrueckoe onpeaeaeHue XxapakK-
tepuctuku Q — H mpou3BOIsT ¢ UCIOJIB30BAHUEM OCHOBHOI'O YPaBHEHUS

IIEHTPOOEKHOTO Hacoca:
_ U2V2—COS(XZ U2V2u

H = —
T g g

Bennunna U, — nocTosiHHAsA, Tak Kak N — NOCTOsIHHASA. byiem cunrath
HE3aBUCUMOM MEPEMEHHON BeMUUUHY Q. M MOCMOTPUM, KaK OyJIeT u3Me-
HATbCA BenunHa H, ¢ nsmenennem Q.

Vau v
Puc. 28. Xapakrepuctuka Q — H
[Tonyunm:
Vou = Uy — Voctg By,
Qr
rﬂe V22 = T[Dzbz.

Ecnu ydecTs CTeCHEHHE IUIONIAAM BBIXOJa JOMaTKaMu padodyero Ko-

ct
jgeca, BBeas Koap@uuueHt ¢,, TO Torma V,, = U, — L ctgB;
T D2byp;
U5 Ujct
u H, =22 g B2 -
g mDzbze;
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IIpu Q. = 0 navanpHas opauHarta 3aBucumoctu Q. — H, Oyner paBHa
2

U
H, = ;2. Jlns ynpoieHus: aHanu3a 0003Ha4uM B ypaBHeHuu H.. Bennuuny
U3 U,ct
—2 yepes A, a Uzctgly uepe3 B u nonyunm: H, = A — BQ,.
mD2by @2 8

Kak BugHO U3 popmyinsl, rpaduueckas 3aBucumocts Q. — H, u300-

paXXaeTcsi CEMEWCTBOM TPSIMBIX, UCXOMSIIAX W3 OJHOW TOYKH C OpJAUHA-
- U2

TOU HT = —2, HO C paSJII/I‘IHBIMI/I er'IaMI/I HAKJIOHA K OCsIM B 3aBUCUMOCTHU
g

oT 3Ha4eHwus yriaa 3, (puc. 29).

H o .00°)
QT.HT'-[};_E'E,
Q90
T Q. Hi(By=907

T —

P T — A— T—
-___‘"—-___ Q'I' H'l
—

—

o l'::;,,
™
P

.
b

7
ma] S
A

LY

5

0 Q- Q

Puc. 29. I'paduueckas 3aBucumocts Q. — H;

[TpoaHanu3upyeMm BIHMSHHE yTJIa [3, Ha TEOPETUUYECKYIO XapaKTEPH-
CTHKY Hacoca:

1) B, <90° ctg B, > 0. [IpsiMast TeOpeTHYECKOT0 Harlopa HalpaBjicHa
HAKJIOHHO BHU3, TAaKOE€ TIOJIOKCHHWE HAOJIFO/IaeTCs MPU OTOTHYTHIX Ha3ajl
JIOTIaTKaX;

2) B, = 90° ctg B, = 0. [IpssMast TEOPETUUCCKOrO0 HATIOpa HaIpaBJIe-
Ha MAapAJUIEILHO OCH, C HaYajJbHOM opauHaton H, = Ug, TaKOE MOJIOXKeE-
HUE HAOJIOMAETCs IPH paraIbHOM PACIIONIOKEHUU paboYMX JIONATOK Ha
BBIXOJIC M3 KOJIECa;

3) B, >90° ctg B, < 0. [Ipssmas HampaBiIeHA BBEPX.

Jns mosydyeHMsT pacueTHOM XapaKTepUCTHKH Hacoca HEOOXOIUMO
y4ecTh JIOMYIIEHHUs, IPUHATHIC TIPHU BHIBOJIC OCHOBHOTO YPaBHEHHUS, KOT/Ia
OBLITH IPUHSATHI HJICATbHAS JKUIKOCTh M OECKOHEYHOE YUCIIO JIOMATOK.
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[TosToMy: a) eciii MpPUHITH KOHEYHOE YHKCIO JIOMATOK, TO KPHUBas
Q. — H, mepemecturcs Hmke u 3aiimer mnonoxkenne Qp —Hp , a ee

UZ
HayaJbHasi OpJIMHATA YK€ OyAeT paBHA KEZ; 0) cieayeT yuyecTb, 4TO MoTe-

pU Harmopa B HAcOCe CKIAJBIBAIOTCS M3 MOTEPh HAMOpa Ha TPeHHUE, OTEPh
B MECTHBIX COINPOTHUBIICHUSX W MOTEPHh HANOpa Ha yAap MpH BhIXOJE Ha
JIOTIaTKY KOJIeca ¥ HAIIPABJISIFOIIETO arapara. ITH BHUIBI TOTEPh CBSA3aHbBI
C M3MEHEHUEM pacxona Q. M OPHUEHTHPOBOYHO MOTYT M3MEHSITHCS MPO-
MOPIIMOHAIBHO KBaJIpaTy pacxoja (Mpu TypOYJIECHTHOM PEXKHIME).

[Torepu Hamopa Ha TPEHHUE W MECTHBIC CONTPOTHUBIICHUS YUUTHIBAIOTCS
napabonuyeckuM 3aruOom BHU3 nuHuu Q. — H, ¢ BepummHOil B Hayane
KOODJMHAT K B KOHEYHOM CUETE XapaKTepu3yroTcs muaueir Q1 — Hy

[Torepn Hamopa Ha yJaap TEOPETHUECKH MMEIOT MECTO JIHUIIb MPHU OT-
KJIFOUCHHE BEJIMYMHBI pacxona oT pacueTHOU (Q., ), Ha KOTOPYIO IIPOU3-
BEJICH TUAPABINYECKUAN pacyeT Hacoca. YUeT MoTeph Haropa Ha yjaap xa-
pakrepusyercs kpuBoit Q7' — Hp'. KpuBas Q7' — Hy' sBistercs paboueii
XapaKTepucTUKol Hacoca. OgHAKO OHA €IIe HE YYUTHIBACT YTCUKH JKU/I-
KOCTH 4Yepe3 3a30pbl, a MPUHATHIC TOMYIIEHUS U TIOMPABKU HE JIAl0T BO3-
MOKHOCTH TOYHO YCTaHOBUTH €€ XapakTep.

[Toatomy mpakTudecku kpuBasi Q — H HaXoJHUTCS OMBITHBIM ITyTEM,
HAa OCHOBAHWU UCIBITAHMS HACOCA HA CTICIIMAIIBHON YCTaHOBKE.

Pabouas xapakxmepucmuxa yenmpobesicrnozo Hacoca (puc. 30)

[Tpu ucripITaHUY:

1) onpenenstor Q, H, N u n;

2) BIABIISIOT Tpaduueckyro 3aBucumocth H, N un = f(a).

X0J1 MOCTPOEHUS XapaKTEPUCTUKU:

Perynupys creneHb OTKPBITUS 3aJBM)KKH HATIOPHOM JIMHWUHU, TOJTyYa-
IOT Pa3JIMYHBIC MPOU3BOIUTCIILHOCTH M COOTBETCTBYIOIIME WM HAIOPHI
JaHHOTO Ymciia 000poToB. TOUHO Tak ke (HUKCUPYIOTCS IJIsl Pa3TUIHBIX

3HaueHur Q BenmuuHbl N U 1. BennuunHa 1 11 KaXKJI0M TOYKU KPUBOU

_ YQH
ONIPEICNISECTCSI COMOCTABICHUEM BEJIMYMHBI N = Tz’ kBT, u N, usmepse-

. . N
MOM MpuOOpaMu WK ONIPEIETIIEMON pacueToM 1 = Wﬂ

[Tonyuennsie kpuBbiec Q — H, Q — N, Q — 1 Ha3wpIBarOTCA pabouynMu
XapaKTepUCTUKAMH Hacoca.
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Touka A xapakrepuctuku Q — H, oTBeyaroas MakCuMaabHOMY 3Ha-
YEHUIO 1], Ha3bIBaeTca padoueil Toukou (puc. 31), Tak Kak OHAa COOTBET-
CTBYET ONTUMAJIBLHOMY PEXUMY paOoThl Hacoca. [Ipu 3akpbITON 3aABUKKE
Ha HaNopHOW JUHUM Hanop paBeH Hg, a MomHocTh Ny = 30 % Ny.

H Q-H N
A ‘7/
Q-N |
|
Hy H ] |
| . i r N,
l | Ny~ 03N, |
.- L4
Qa Q Q
Puc. 30. Pabouune xapakreprcTuku Puc. 31. Onpenenenne paboyeil TOUKH
Hacoca

Bces 3Ta MOIIHOCTB pacxoAyeTcs Ha MEXaHWYECKUe NOTEpU B IMOJ-
IIMITHUKAX W CaJbHUKAX M HA HArPEeBAHUE KUJKOCTH B KOPIIyCE Hacoca.
dopmebl xapakrepuctuku Q — H 1ieHTpoOeXHBIX HACOCOB MOT'YT OBITH BEChMa

pa3HOOOpa3HbIMU: MOJIOTUMH, KPYTONAJarolMMy, Bo3pacTatromumu. Kpy-

Ho—Hyp 0
TU3HY XapaKTEPHCTUKU OMPEICIA0T cooTHOMmeHneM K = o 100 %,
A

rane Hy — Hanop Hacoca npu padbote ¢ 3akpbITod 3a1BHXKOM; Hy — Hamop
pyu MakcuManbHOM 3HayeHnu KII/I.

[Tonoroil cuuTarOT XapakTEPUCTUKY, UMEIONIYI0 KpyTu3Hy 8+12 %,
kpyTtonanaromieit — 25+30 %. [lonorue xapakTepucCTUKU HACOCOB TO3BO-
JSIOT TPUMEHSITh UX TaM, TJ€ MMEET MECTO 3HAYMTEIbHOE KoJieOaHue
PacxoJI0B IPU OTHOCHUTEIBHO IMMOCTOSTHHOM Harope.

[IpuMeHeHne HacoCOB C KPYTOIMAAAIOIIEN XapaKTEPUCTUKOM LETIECO-
o0pa3Ho B clly4yae 3HAYUTEJIbHOTO KOJIeOaHUs HAMopa, Py OTHOCUTEIHHO
MIOCTOSIHHOM Pacxo/ie, HallpuMep, Ha HACOCHBIX cTaHUUsX | moabéMa, npu
KOJIeOaHUU YPOBHS BOJIbI B PEKE.

PaboTta HacocoB, UMEIOIIUX HEMPEPHIBHO CHIKAIOIIUECS XapaKTepH-
CTUKH, MPOTEKAET YCTOMYMBO BO BCEX TOYKaxX KpuBOM. Bo3pacraromme
xapakTepuctuku (puc. 32) ¢ MaKCUMyMOM HMEIOT HEYCTOMYUBBIN
HavyabHbIA yyacTok Hy — Hp, 3TOT BXoasmuii y4acTok HEOOXOAUMO Jie-
JaTh KaK MO>XHO MEHbIIMM. PaboTa Hacoca Ha 3TOM y4acTKe XapaKTepu-
CTUKH HEYCTOMYMBA, COIIPOBOKIAETCA CUIIbHBIM IIyMOM (puc. 33).
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II (gpyTonanaroman)

H
n | A [l (rospacTaromasn)
y ;.-i "«.h\ [ (momoras)
I -
Q- rl l s
1
M t o~
MakrC [
|
7 Q, Q
Puc. 32. Bo3pacraromas Puc. 33. Xapakrepucruka,
XapaKTepUCTUKa MMEIOIIAasl HEYCTOMYUBBINA Y4aCTOK

PaGoTa HacOCOB ¢ XapaKTepUCTUKOMN, UMEIOIEH HEYCTONYMBBIN yua-
CTOK, JIOIYCKAaeTCs TOJIbKO C Pacxo/iamMu, MPEBBIMIAIOIIUMU pacxod Q4.
CteHl 711 UCTIBITAHUS IIEHTPOOEKHBIX HACOCOB MPEIyCMaTPUBAET MUTa-
HUE HACOCOB IO 0OOPOTHOM CXEME.

st moctpoenust xapakrepuctuk Q — H; Q — N u Q — n ipu nocto-
SSHHOM 1) TpeOyeTcst He MeHee 20 ucibITaHui Hacoca.

3amepvl npu ucnvimanusx

VZ_vZ
Hamop mo ¢opmyne H,, + H, + z + % OTIPEICSACTCSA C MCIOb-

30BaHMEM MOKa3aHU MaHOMETpa U BakyyMmeTpa (puc. 34).

. Pacxon onpenensercs mo MEpHOMY
l =3 Oaky (mpu pacxone Menee 20 7/c) wiu
T KaIMOpOBaHHBIMU TpUOOpaMu, ycCTa-

=
® HOBJICHHBIMM Ha HAIlOPHOM TPYyOOIpo-
Q{}ﬁf@

MOUHOCTh OMNpenenseTcss IuHa-
— — MOMETPOM (KPYTHUJIbHBIM) WJIM OajiaH-
— CUPHBIM 3JIEKTPOJBUTATEIEM MO IMOKa-
3aHUSIM BaTTMETpa, amIepMeTpa U

Puc. 34. Hacocnast yCTaHOBKA 5y rvierpa, MONIHOCTS, MOTyYaeMas

V3 V-A-cos
Yo L CoS® KBrT.
1000
BenuuuHy COS(@ ONPeNesioT [0 XapaKTEPUCTHKE JBUraTells

cos® - N,.

arperaToMm ot cetu: Ny =
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s onpenenenns momnocty Ha Bary N (N = Ng " 1,;5) n,, Oepercs
110 XapaKTePUCTHKE JBUTATENS B 3aBUCUMOCTH OT Harpy3KHu:

N% = Ny N; =; E—o =Nyers  Np = Ny; 2—2 =Nyers Mas "N = Nyer-

Yuciio 000pOTOB OMPEAEIISIIOT TAXOMETPOM.

Hacocel mojBsepratorcsi TpeM BHJIaM UCTIBITAHUM: HOPMaJbHBIM, 00-
KaTOYHBIM, KABUTAIIUOHHBIM.

Kasumayuonnsie ucnoimanus nacoca

Hapsiny ¢ noctpoeHnem pabounx XapakTepUCTUK HAacoca MPOU3BOAST
€ro KaBUTALIMOHHbIEC HUCTIbITaHUS. X TPOBOAAT HA CHEHHAIBHOM 3aMKHY-
TOM cTeHjie (puc. 35) npu NOCTOSAHHBIX Q ¥ N C LIEJIBIO MOJYYEHHUS JIOIY-
CTUMOTO 3HAUEHMs BaKyyMa Ha BXOJieé B IEHTPOOEKHBIH Hacoc Hioe.
WcnibiTanus npou3BOAAT JJisl HECKOJBKUX 3HAaUYeHUM pacxona Q W Takum
00pa3oM IONy4aloT XapaKTepucTuky Hacoca Q — Hior. ueTBepTyIO 1O
cuery, KkoTopas BMecTe ¢ xapakrtepuctukamu Q — H, Q — N u Q — n noz-

HOCTBIO XapakTepusyeTr padoty Hacoca (puc. 36).

=W

’ e LSS 7

Puc. 35. KaButanimoHHBIE UCTIBITAHUS HACOCA

mon
H.‘Eﬂ.l(

3 210 12 3 45 6 Hs
Puc. 36. IToctpoenne pabo4mnx xapaKTepUCTHK
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3.11. XapakrepucTuka TpyoonpoBoja.
HeycroitunBasi paboTa HacoCoB

Xapaxmepucmuka mpybonpoeooa
[Monuerii Hanop Hacoca: H=H., + H., + h,, + h,, = H. + X h, v;

Zh _ f(D,l,Q);Zh —SQ% H=H. +SQ%
XapakTeprucTHKa BOJAOBOAA OMpEesieT 3aBUCUMOCTh MEXIY pacxXo-
JIOM KHUJKOCTH U IIPE00JIeBaeMbIM HanopoM (puc. 37).

H,m Q-H
’\\A
hs| |
I |EhA
b3
hi hoi |
ARG | m——
I ==
| |
| |
l Hr
et |
S | Dy
il il 4 I\ T

Puc. 37. XapakTepuctuka Bo10BOAA

Ha coBmernieHHOM rpaduike UMEIOTCS, C OJTHOM CTOPOHBI, pacroJjara-
EMBIH HAIoOp M COOTBETCTBYIOIINE €My MPOU3BOIUTEIIBHOCTH (XapaKTepH-
CTHKa Hacoca), a ¢ APYroi — moTpeOHbIC HAIOPHI C COOTBETCTBYIOITUMH
UM pacxojiamu. Todka mepecedeHus 3TUX XapaKTEPUCTHK COOTBETCTBYET
pabouemMy peXHMYy Hacoca B cUCTeMe TpyOompoBoaoB. IIpu mombope
Hacoca HE0OXOIMMO, YTOOBI:

— 3a/laHHBIC PEKUMBI paOOTHI JIe)KAJIM B 00JIACTH HAUBBITOAHEUIIINX
sHaueHui KII/[ Hacoca;

— BBICOTA BCAChIBaHHUS HAacoca HE IPEBBINIaia Mpejielia, YCTaHOBJICH-
HOTO JIJISL TJAHHOW KOHCTPYKITHH.

Touka A ompezensieT Bce JaHHBIC, XapaKTEpPU3YIOIMe pabodyuil pe-
KMM Hacoca: MPOU3BOAUTEILHOCTh 4, Hamop H,, BBICOTY BcachIBaHMS
Hsc, MmomHOCTh Ha Baimy Hacoca N, KIIJ — 1. bonsmiyro npousBoau-
TEeIBHOCTh, YeM Q,, HAcoC, MOJAIOIIUM BOAY B JaHHBIA TPyOOIpPOBO/I,
pa3Buth HEe MoxkeT. Jig nomgaun Q3 < Q4 HEOOXOAUMO MPUKPHITH 3aABUXK-

48



Ky Ha HaloOpHOW JIMHWUHU, CO3[aB JOIMOJHHUTEIHHOE COIMPOTHBIECHUE hj.
ITpu sToM momnHbIA Hamop Hacoca: Hy = H. + ), h; + h;. CoorBercrByio-
M oopazom mamenutcs u KI1JI Hacoca.

Heycmotuiuusas paboma nacoca

PaboTa Hacoca ycroiunBa rpu H, < H[/, 4To COOTBETCTBYET yPOBHIO
B HaIIOPHOM pe3epByapea, — b,.

Ecnu npou3BOAMTENBHOCTh Hacoca CTaHET MEHbIe BelMWuuHbl Qp
(B CBSI3U C YBEJIMYEHHUEM T'€OMETPUUYECKOMN BBICOTHI MOJIbEMA), TO padoTa
Hacoca Oyner HeycTonuuBou (puc. 38), Tak KaK XapaKTepUCTHKa TPyOo-
npoBoga Ay — Ejp mepecekaercs ¢ xapakrepuctukon Q — H B n1Byx TOu-
kax. Hacoc Oyzer eme paboTtaTh, XOTh U HEYCTOMUYMBO, A0 TEX IMOP, MOKa
Touka B He mepeMecTUTCs BJIEBO 0 TOYKH A, 4TO COOTBETCTBYET IIpe-
JIETIHOMY PEKUMY paboThl Hacoca Qpe,. [IpH 3TOM T0129a BOJIBI HACOCOM
NPEKPATUTCS COBCEM U padoyas TOYKA HACOCA MEPEMECTUTCA B TOUKY Ajj.
Hacoc cHOBa BO300HOBUT pabOTy JUIIbL MPU TOHWKEHUH YPOBHS
B HAIIOPHOM pe3epByape /10 MOJ0KEHUS a; — b;.

H A Em Ey
Am | B / E: % bs
L~ - N
An : b\
| N ?
/ Q-H —_
A _‘f—- / /><, \/ ai — b]
/ — —
A |[ \ a - b
| —
| : H' | B B H
I
l |
|
| |
L _
Qe Qs Q ZAT-

Puc. 38. HeycroiiunBast pabota Hacoca

HeycroitunBas paboTa Hacoca, BhIpa)arolasicsi BO BHE3AMHOM H3Me-
HEHHUH MPOU3BOUTEIBHOCTH, COMPOBOXKIACTCS THAPABIMYCCKUMU yaapa-
MH. UTOOBI M30€KaTh HEYCTOMUMBOM pabOTHI HAcoca, CleayeT Mo0upaTh
Hacochl 0€3 3araaaronieii 1eBoi BeTBU XapakTepuctuku Q — H.
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3asucumocms OCHOBHBIX NOKazameneu padomvl YeHMpPOoOEeHCHO20
Hacoca om yucia 00opomos pabouezo Koeca

[Ipu 00001IEHNH ONBITHBIX TAaHHBIX U TOAOOPE HACOCOB MOJB3YHOTCS
Teopueld moaobus. M3MeHeHue udmcia o00pOTOB pabodero koseca IeH-
TpOOEKHOTO HAacoca BJIEUET 3a COOOM HM3MEHEHHE Hamopa, MPOU3BOIU-
TEILHOCTH W MOIIHOCTH, MOTpedisieMoil HacocoM. [Ipu 3ToM B olHOM U
TOM € HACOCE PEKUM €ro paboThl OCTAeTCs MOJOOHBIM MPEKHEMY, BCIIE-
CTBHE IMOJIO0OMSI TPEYTOJIBHUKOB CKOpPOCTEH Ha BXojie U Bbixoze (puc. 39).

3 momo0ust mapasuieiorpaMMOB CIICTYET:
UZ_VZ_WZ_VZZ Uz_HDzl’l 60 _n_Q_1TD2b2V22_r1_Q n

U B Vs B wy Vi, Up ~ 60 IDyny; n_1’ Q1 TDzbyVy,  ny'Qp  ny

Puc. 39. TpeyrojibHUK CKOPOCTEW HA BXO/JIE U BBIXOJIE

Hanop, paBBI/IBaCMHﬁ HaCoCOM, COI'NIaCHO OCHOBHOMY YPAdBHCHHIO

U2V2 COS
IIEHTPOOEKHOI0 Hacoca, onpenensercs mo ¢popmyne: H = n,. K E—
CooTHoIIeHHe HAOPOB IIPU U3MEHEHHUH YKciia 000POTOB € N JI0 Ny
H _ UpVycosa, U, V, n? H n> H n?

Hy,  UpVzcosa, U, V4, n2’H, n2’ H; n?
Tax kak MOIIIHOCTH HAacOCa MPOIMOPIMOHAIbHA TPOU3BEICHUIO PACXO-

J1a Ha HAIIOP, TO IIPH 1) = cONst MOKHO HANMUCATE!
N yQH _n n? N n3

N;  yQ:H; n; n? Ny nj

HOJ’IBSY?[CI) MOJIYYCHHBIMHU COOTHOLICHUAMHU, MOKHO IICPCCUUTATL pa-
00Uyl XapaKTEpUCTUKY Hacoca Ha APYroe 4ucio oo6oporoB. M3 3akoHa
MIPONOPLUHUOHAIIBHOCTH CIIEAYET:

H Q? H H, N Q3.

- =—==K, =const wu — = K, = const.
H, Q' Q@2 @ 1 N1QQ3Q32
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N3 BBIIEIPUBEACHHBIX PABEHCTB MOJIYYUM YPABHEHUE KPUBBIX.

H = K,Q?
KpuBsie napaboJibt: { 1 3
N =K;Q
Crioco6 moctpoenust xapakrepuctuk Q; — H; mo u3BecTHOI xapakre-
o n
puctuke Q — H 3akmodaercs B MCHOJIB30BaHUKM OTHOIICHUN Q; = Q (—1) ;
n
2
n
H, = H(n—;) U HAXOXKIEHUU TOYKHM H Q-H, y
4
-H
A, 1o otuMm BearuuHam (puc. 40). Q Ay’
AHaNOTUYHBIM 00pa3oM MOXKET a0
I
ObITh  TMOCTPOCHA  XapaKTEPUCTUKA s !
— % - d I 1
Q; — N; mo wu3BECTHOM Xapakrepu w -
ctuke Q — N, ¢ ucnoab3oBaHUEM OT- - I
o, I
HOIICHHIA: - K,Q N
3 -~ '
— n1). — n3 i
Q= Q(); Ny =N(3). . ol @
| Q_n
[Ipu mocTpoeHUn XapaKTEPUCTHUK Q-n -7 ==t
pabotel Hacoca Q —H, Q — N mpu pas- T !
JUYHOM YHCIIe 000pOTOB OBLIO MPHU- - Q
HaTo, yro KII/l Hacoca He MeHseTCH. Puc. 40. TToctpoeHue
IlosTomy kpuBast Q — 1 mpu ny 060po- XapaKTepPUCTHK Hacoca

TaxX HECKOJBKO CMECTUTCS OT CBOETO
NPEKHETO TOJOXKEHUsT (BIPaBO — MPHU Ny >N W BICBO — MPU N4 < n).
[Ipn u3mMeHeHnn yrciaa 00OPOTOB C N HA N4 JIONMYCTUMAasi BAaKyyMMETpHUYe-

jonl __ yymon nf
CKasl BBICOTA BCACBIBAHMsA, COOTBETCTBEHHO, OyneT Hy,.w = Hiye =
n

3.12. Ko dunueHT ObICTPOXOAHOCTH
U rujipaBindeckasi Kjiaccupukamus HAco0CoB

Kosgpguyuenm 6v1cmpoxoonocmu

[{enTpoOeKHbIC U MPOIMEIEPHbIE HACOCHl M3rOTABINBAIOTCS B HACTO-
sIee Bpemsi ¢ OOJIBIINM JTMAIla30HOM IPOM3BOIUTEILHOCTEH U HAIIOPOB.

Jlnst cpaBHEHUs, KiaaccupuKausa U moa00p pa3IuUHbIX THUIIOB KOJIEC
IEHTPOOEKHBIX M MPOTEIUIEPHBIX HACOCOB, BHITIOJIHEHHBIE IS Pa3IMYHbBIX
HaropoB U IPOM3BOJUTEIBHOCTEH, MOJB3YIOTCA KOI(PPUIIMEHTOM OBICT-
POXOAHOCTU Mg (YACTBHBIM YHCIOM OOOpPOTOB), OOBEAUHSS pa3IUUYHbIC
IPYIIBI KOJEC IO MPUHITUITY WX T€OMETPUUYECKOTO M KMHEMATHYECKOTO
no06wus (mogo0ue peKuMoB).
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['eomerpuueckoe mojgoOue KoJyiec MPEeanoiaraeT MpPOHOPIHUOHATh-
HOCTh BCEX pa3MepoB NpoTouyHOM yacTu. KuHemaTuueckoe mnopoOue
npeanoiaracT OJWHAKOBOE HAIpaBJICHUE BEJIUYUH CKOPOCTEM B CXOJ-
CTBEHHBIX TOYKaX IMOTOKOB.

Koadduimenrom ObICTPOXOAHOCTH WM YIETBHBIM YHCIOM 000POTOB Ns
Ha3bIBACTCSI YUCJIO 0OOPOTOB ATATIOHHOI'O KOJECa, KOTOPOE BO BCEX JIETa-
JSIX TEOMETPUYECKU MOJ00HO paccMaTpyuBaeMOMYy KOJIECy Hacoca U MpH
nojaaue xuakoctu Q = 75 yi/c obecnieunBaeT Harop H = 1 m.

KoadduimeHT ObICTPOXOIHOCTU 1y MOKHO OIpPEEIUTh, BOCIOJIb30-
BaBIIIKCh 3aKOHOM MPONOPLHUOHATBHOCTH JIA MOAOOHBIX KOJIEC WJIU Tie-
PEMEHHOM 4YHUCJE O00OpPOTOB M pa3luWyHbIX auameTpax. [lo ocHoOBHOMY

YpaBHEHHIO IIECHTPOOEIKHOTO Hacoca:

H = kn, 2224 U = “6]?:1, m/c.

Hamnop nmponopuroHaneH Npou3BeICHUIO IBYX CKOPOCTEH, Kaxaas 13
HUX TpONopLUOHAIbHA npousBeAeHuto N-D. CrnemoBaTenabHO, IS ABYX
NoJA00OHBIX paboYMX KOJIEC LIEHTPOOEKHBIX HACOCOB C PAa3HBIMHU YHCIIAMHU

obopotoB (n u ny) u guamerpamu (D u D;) MOXHO Hamucath:

H n D
H_ = (n—)Z(D—)Z nnu H nsmensercsa IIPONOPHHUOHATIBHO (n- D)Z.
1 1 2
HpOI/ISBOI[I/ITeJ'IBHOCTB HacoCa MIpomnopunuoOHaJIbHA ITPOU3BCIACHHUIO

CKOPOCTM Ha IUIOIIA/Ib BBIXOJHOIO cedyeHus koiseca, T. €. Q =C,,F =

= C,,mD, b.
M3 3akona reoMCcTpUICCKOIoO HOI[O6I/I$I KOJICC.
D B
D, By

3HAUNUT, IUIONIAb BEIXOJHOIO CEYEHMs IponopuuoHansaa D2, Panu-
allbHAsl COCTaBJsIONIAast a0OcoioTHOW ckopoctu Cy, MPOMOPLIMOHATIEHA
npoussenenuto N-D. Otcrona

=G
Q1 n;” "Dy
[IpousBomutensHOCT Q M3MEHSETCs MHPOIOPLUOHANBHO n- D3,

MomnHocTh N n3mensercs nponopimonanbHo Q — H. Tloacrasmnsis BmecTo
Q u H nponopiuoHanbHbie UM BEIUUYUHBI, UMEEM

N n D
N (n—l)S(D—l)S-

MomsocTs N mponopruoHansaa ns « D,
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[IprMeHNM TOTyYEHHBIE COOTHOIIEHHS K JAHHOMY KOJIECY U T€OMETPH-
YEeCKHU NOJJOOHOMY €My C yJIENbHBIM YUCIOM 000pOTOB g U AUaMeTpoM Ds,

[IOJIyYUM:
1 _ niD% 0075 ngD3
H n2D2" Q n D3’
o D
Hckirouas U3 3TuX ABYX YPABHEHUM BEJIUUYNHY 35:

D; n 1, 0075 ngn31

D ngvH Q  n ngg
M Pellast ux, MOIydHM:
n,/Q
n, = 3,65™2 o6/mun,
H%

rne Q = 8m%c; H=8 m.
JIJsi HACOCOB C JIBYXCTOPOHHHM BXOJOM KHJKOCTH B KOJIECO B IIO-

9 Q
cineaneit popmyie BMecto Q ciaeayeT mpuHUMaTh >

N3 dbopmynbl 1as ng BUAHO, 4TO yeM Ooibiie Q u Mensiie H, Tem
OoJbLIE Ng.

KoadduimeHT OBICTPOXOTHOCTH Ng XapaKTepU3yeT THUI pabodero
KOJIECA U COOTHOIIIEHHE €r0 OCHOBHBIX Pa3MEPOB.

[Honsitue o ko3 uIeHTe OBICTPOXOTHOCTH MO3BOJISET:

a) COCTaBUTh I'MJIPABIMYECKYIO KJIACCU(DUKALIUIO HACOCOB;

0) CONOCTaBUThH PA3JIMYHbIE TUIBI PA0OUYUX KOJIEC;

B) IPOBOJIUTH U3YyUYECHHE OOJBIITNX HACOCOB MO MaJIbIM MOJICTISIM.

H3zmenenue xapaxmepucmuxu Hacoca npu 00mouxe Koec
O6nacTb MPUMEHEHHUs IEHTPOOEKHOTO HACOCA MOKHO PACHIMPUTH
nyTeM OOTOYKM ero pabodero KoJjeca
(puc. 41). Ilpu yMmeHbIIEHUU Hapy>KHOTO ]
nuameTpa pabodero Kosieca OKpYXKHas
CKOPOCTh YMEHBINIACTCS, 3HAYUT, yMEHbB-

D2

HIaeTCsl U HAIop.
Y HacocoB, UMEIOIIMX HAIPAaBIISIOLINE

anmaparbl WINA YIUWIOTHEHUE HA BBIXOJAE U3 JIO- D,

NIACTHOTO KOJIECA, CPE3ar0T TOJIBKO JIONATKH. R (2 )
B Hacocax cnupaibHOTO THNa 00Ta4H- ' | J

BAalOT Ha MEHBIINNA AUAMETP Kak JIOMATKH,

TaK U JIUCK KoJeca.

Puc. 41. O0Touka koseca
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Jlis mepecuera NMPOM3BOAUTENILHOCTH U HAamopa Hacoca Mpu 00To-
YEHHBIX KOJiecaxX MOJIb3YIOTCS COOTHOLIEHUSMH, MTOJYYEHHBIMU U3 3aKOHA

IPONOPLUHOHATIBHOCTH:
222; Ez (2)2; Ez (2)3,
Ql Dl Hl Dl Nl Dl

rae Q, H u D — s Hacoca ¢ HeoObIUHBIM KoJiecoM; (4, H; u D; — niis
Hacoca ¢ 00TOYEHHBIM KOJIECOM.

[1pu o6Touke koneca KI1J] Hacoca u3MeHsIeTCs B HE3HAUUTEbHBIX MPe/Ienax.

Ha ocHOBaHMM ONBITHBIX JaHHBIX YCTAHOBJIEHBI CIIEAYIONIUE TPaHU-
IIbI OOTOYKHU JIOMMACTHBIX KOJIEC B 3aBUCUMOCTH OT K03 dHImeHTa ObICT-
POXOJIHOCTH N (puc. 42):

60 <ng > 120 — nonmyctuma o0Touka Kojeca 10 20 %,

120 <ny > 200 — gonyctuma o6TouKa kKoJieca 10 20-15 %,

200 < ng > 300 — nonmyctuma obtouka kojeca 10 7—10 %.

O0Touka kosec Oonbiie, yeM Ha 20 %, He AoImycKaeTcs.

st onpeneneHusi TpeOyeMoil cTeneHu OoOTOYKM pabodero Koseca
Hacoca HEOOXOAMMO CHayajga MOCTPOUTH KPUBYIO MPOIMOPIHOHAILHOCTH
o hopmyie

Q
Q=—2+vH = avVH,
JH,
rae Q u H — cooTBETCTBEHHO, aOCIUCCHl M OPAMHATHI TOUEK KPHBOM MPO-

MMOPLUOHAJIBHOCTH; Qp v H, — pacueTrHpli pacxol OIHOTO

Hacoca W IOJHas BbICOTa MOJbeMa BOJbI, T. €. adcuucca u
OpJMHATa UCKOMOM paboueil TOYKH Hacoca.
3agaBasice BermunHOil H B kommue-

H Q-H (n:D) crBe 6-10 3Ha4eHUl, MCHBIIMX U OOJIB-
AL mux H,, ONpenessroT COOTBETCTBYIOLIUE
Qe ) 3HaYeHue Q W CTPOST KPHBYIO IMPOIIOP-
/o uMoHanbHOCTH Q = a VH. llepeceuenue
// ; i KPUBOM MPONOPIUOHAIBHOCTU C Xapak-
W TepUCTHKON Hacoca Q — H, mpu HOp-
Q=aqi, ~ |H || Hs maneHOM amamerpe paGouero koneca D,
P d J J| 1acT Touky A ¢ koopauHartamu Q, u H,.
Qs Qa Q ITo abcuucce Q, u ompexaensercs
Puc. 42. Onpenenenue TpeOyeMbIil JuaMeTp pabodero KoJjeca:
CTENEeHU 00TOUKH Qp

D06T - QA.
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[TyTeM 0O0TOYKM M M3MEHECHHS 4Hucjaa 00OpOTOB B JOIMYCTUMBIX IIpe-
Jieax MOYKHO PacCHIMpHUTh 00JacTh MPUMEHEHHS HAcoca M COTJIAcOBATh
ero pabory ¢ cerbro. YacTh 3TO# 007acTH IJi AOMYCTUMBIX 3HAYEHUM
KIIJI oGpasyer pabouee moje Hacoca, KOTOPOE MHOTJA MPUBOJIUTCS Ha
rpaguIeCcKUX XapaKTEPUCTHUKAX HACOCOB.

3.13. ITapajuienibHas M NOCJIeI0BaTEeIbHAsSI padoTa HACOCOB

llapannenvras paboma Hacoco8 ¢ 0OUHAKOBLIMU XAPAKMEPUCTMIUKAMU

CoBmecTHas paboTa HECKOJBKHX HACOCOB Ha OJIMH OOIIMII BOJOBOJ
WM HECKOJBKO CBSI3aHHBIX MEXAY CO00Il HAaOPHBIX BOJOBOJIOB Ha3bIBa-
eTCsl mapajuieJIbHOM paboToM.

Cymmapnas xapaktepuctrka Q — H(I + II) npu mapannensHoit pado-
TE HACOCOB C OJIMHAKOBBIMH XapaKTepucTukamu (puc. 43) CTpOUTCS IMyTeM
yaBoeHUs1 abcuuce (pacxoloB): MPH OJAMHAKOBBIX OpAMHATaX (Hamopax).
ab = bc; de = ef; gh = hk. Touka 1 — paGouas To4ka, XapaKTepU3yIOIIas
pexxuM padotsl (Q, H, N) nByx nmapauienbHO padOTaroluX HACOCOB, C OJIU-

HAKOBBIMH XapaKTEPUCTUKAMHU Ha JTaHHBIA BOA0BO. 31ech Q; = Qpp > Q‘;“ :
Q11 < 2Q.
H Q-HLID Q.HA+ID
— _ a E
d1 1I p
( ; g I—&
: H+
| |
C — |
_L I | I I H-
- T QI QU+ Qi Q
2

Puc. 43. CymMapHas xapakTepucTUKa napajieibHoH paboThl HACOCOB

[Ipu mapamnenbHOM pabOTEe TpeX HACOCOB IMOCTPOCHHUE XapaKTEepPH-
CTUKM COBMECTHOM palOOThl OCYIIECTBISCTCS AHAJIOTHYHO TPEIbIAYIICH.
YMeHbllIeHHe TPOU3BOAUTEIILHOCTA KaXXJA0TO HACOCa MPU UX Hapasiieiib-
HOU paboTe 0OBSICHSIETCS YBEIMUCHUEM MOTEPh HAMOPa B BOJOBOJIE C YBE-
JUYCHUEM CYMMApHOU MPOU3BOIUTEILHOCTH.
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CreneHb YMEHBILICHUSI MPOU3BOJUTEIBHOCTH 3aBUCUT OT KPYTHU3HbI
xapakrepuctukn Q — H Hacoca v OT BEeTMYMHBI THAPABIMYECCKUX TIOTEPH B
BOJIOBOJIE, T. €. OT KPYTHU3HBI €r0 XapakTepucTuku. [lapamienbHoe BKIIIO-
YEeHHE HACOCOB JOCTATOYHO 3(P(HEKTUBHO IMPHU MOJOTUX XAPAKTEPUCTUKAX
TpyOOIpoOBO/Ia.

llapannenvrnas paboma Hacocos ¢ pasHvlmu xapakmepucmuxkamu (puc. 44)
H  on

QHup

e

I

Hpq

|
|
|
|
|
lI
I Qq Qr Q1 Qr+11 Q

Ay — - 4

Puc. 44. PazHbie XapakTepUCTUKHU MPHU MapauieIbHON paboTe HACOCOB:
Q — H; — pabGouas xapakTepucTuka Hacoca l;
Q — Hy; — pabGouas xapakrepuctuka Hacoca Il

Hacoc II MoxeT HauaTh napauieabHyto paboTy ¢ HacocoM | aumib oT
Toukd A. OT 3TOMl TOYKHM U CTPOSAT KPUBYIO COBMECTHON pabOThI
Q — H1411) 00bI4HBIM TTyTEM, cOBMEMIAst (CKIIabIBast) aOCUUCChI KPUBBIX:

Q-Hyim = Q1 + Qi
Q1 < Qp Qy < Qqp, mosTomy Q (1< Qr + Qyy.
llapannenvnas paboma HAcCOco8, YCMAHOBNEHHBIX HA  PA3HLIX
HACOCHbIX cmanyusx (puc. 45)

T

Z a

|

|

|

i I |
|

i == : L
__/L_ - - — 0 Q[[ Q1

Puc. 45. TlapamnenbHast paboTa HacOCOB

OF — — — — — _ =

I Q
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KpuBas Q — Hj; oTkoppekTHpoBaHa 1mo opauHaTam KpuBoit O — E'
(kpuBO# TPyOOIIPOBO/IA Z) IO TOUYKH a.

llapannenvnas paboma mpex 00UHAKOBLIX HACOCO8 HA 08a 800068004 (puc. 46)

[Toctpoenue paboueii xapakTepucTuku aByX BoaoBoaoB C — E'ocy-
HIECTBIIACTCS AHAJTIOTUYHO TIOCTPOCHHUIO CyMMapHOU pabodeil xapakTepu-
CTUKU paOOThI IByX HACOCOB — IyTE€M CIJIOKEHHUsI a0CIKCC MPHU OJIMHAKO-
BBIX OpJMHATaX.

H Q-Ham

E' Q-Ha++m
EI

1

|

I

I I

C | | |
| I I H:

1 | |
QI+II—[[I QI+II+III QI+II+III Q

3 2
Puc. 46. CymmapHas XapakT€pUCTHKA TPEX HACOCOB:
Q(1+114111) — CYMMapHasi mojiaya HaCOCHOM CTaHIMEH Ha JiBa BOIOBOJIA;

Qu+11+11D)

, — 10jla4a Mo OJTHOMY BOJIOBOJLY;

Qu+11+111)

3 — IIPOU3BOAUTCIIBHOCTD KaXXA0I'0 HACOCa ITPHU UX COBMECTHOM pa60Te

Ilocneoosamenvras paboma nacocos

[TocnenoBaTenbHOM HaA3BIBAIOT COBMECTHYIO pabOTy HACOCOB, KOT/a
OJIMH HACOC IMOJIaeT XKUAKOCTh BO BCACHIBAIOIIMN MaTpyOOK APYyroro, Ko-
TOPBIN MOJAET €e Aajee B HAMOpHYI cuctemy (puc. 47). ITocaenoBaresnb-
HYI0 pabOTy HAaCOCOB IMPUMEHSIOT TOT/a, KOT/ia HAlop, pa3BUBAEMbI O]1-
HUM HACOCOM, HEJIOCTATOYEH JIJIs MO IbeMa KUIKOCTH Ha 3aIaHHYIO BBICO-
Ty WIM B TeX ClIydasx, KOrja ITOCJeJ0BaTEIbHOEC BKIIOYCHHE HACOCOB
MO3BOJISIET OOCCIICUNTh ITOJady PacyeTHOI'O pacxojia B CHCTEMY TpPyOoO-
npoBoJoB (puc. 48). I MOCTPOCHUS CYMMapHON XapaKTEPHUCTUKH TIO-
CJIIE0BATEILHO PadOTAIOIIMX HACOCOB HEOOXOJAMMO CJIOKHUTH OpPJIMHATHI
xapaktepucTuk Q — H 3TuX HacocoB npu OgHUX U TeX ke adcuuccax (Imo-
Jadyax), TaKk Kak Hamop, pa3BHBAeMBbIN IMOCIEI0BATEIIHFHO PaOOTAIOITUMHU
HAcCoCaMH, PaBeH CyMME HAIllOpPOB, Pa3BUBAEMBIX KaKIbIM U3 3TUX HACOCOB.
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B ciyuae nocnenoBarenbHOM pabOTHI ABYX HACOCOB C OJIMHAKOBBIMU Xa-
pPaKTEPUCTUKAMU OPJMHATHI IIPU OJUHAKOBBIX a0CIMCCaxX yABaUBAIOTCSI.

gmﬁmﬁ

Puc. 47. IlocnenoBarenbHasi paboTa HACOCOB

H

Q-H{A+HII)

P

2Ho

Iy
];i_ﬂtﬁ H l H 11
[ :_ vy "y i

Qr+11 Q

Puc. 48. IlocnenoBarenpHast paboTa 0JIMHAKOBBIX HACOCOB B ciyuae Hr > Hy

H

—— 1
-\_\-_"‘—\-\_\_\_\H P ~E
Hh“x 3

e

2Ho| | ¢! — —2h| Z

- 4 <

e

]l _—
Ko \'é. 2H-
PR i ,

_‘_'_,_,-'—""
o
:\ H.| [Hoo
L -
|

1
Qun Qr411 Q -~
(Qum) _'l‘
Puc. 49. IlocnenoBarenpHas paboTa IByX OJIMHAKOBBIX HACOCOB B cirydae Hr < Hg

|
|
A |
|
|
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[Ipu 3agaHHBIX XapakTepucTuKax padoThl ojiHOTO TpyObompoBojaa CE
U reofe3ndeckoil BbicoTe moabema H, pexum padoOThl 0JHOTrO Hacoca
OTIPEACIIUTCS TOYKOM 2, a ABYX IMOCJIEI0BATEILHO COCIMHEHHBIX — TOUKOH 1
(puc. 49). Ecnu ynBouts H,, u ciegoBarensHo, h, To pesxum paboThl ABYX
MOCJIE/IOBATENIbHO COEIMHEHHBIX HACOCOB OMPEACIIUTCS TOYKOU 3, T. €.
npu nogaue pacxoja Qr oba Hacoca OyayT MmoAaBaTh 3TO KOJIUMYECTBO BO-
ne1 Ha BeIcoTy Hy,p = 2H[ (puc. 50).

H

0 Q. Q —A-

Puc. 50. ITocnenoBatenpHast paboTa ABYX pa3HbIX HACOCOB,
YCTAaHOBJICHHBIX HA Pa3HbBIX CTAHIIMSIX:
BZ — xapakrepuctuka TpyoonpoBosaa Ha yuactke [ — II;

Q — H'; — xapakrepucTuka Hacoca I, OTKOppeKTUpOBaHHast [0 OparHaTaM KpruBoii BZ;
Q — Hyy 1 — cymMMapHas xapakTepuCTHKa ITOCIIeI0BATEIbHON pabOThI IBYX HACOCOB;
TOJTyYEHHAs CIIOKEeHHEM opauHaT xapakrepuctuk Q — Hy u Q — Hy;
npu ouHaKkoBbIX abcuuccax; CE — xapakTepucTruka BoJI0BOAA
IIPU HU3KOM FOPU30HTE BObI

3.14. KoHCTpYKIMM HEHTPOOEKHBIX HACOCOB

L]enmpobesichble 8000NPOBOOHBIE HACOCHL C 2OPU3OHMATILHBIM 8ANIOM
110 KOHCTPYKTUBHBIM OCOOCHHOCTSIM JIEJIATCS Ha!

1. OgHOKOJIECHBIE KOHCOJIBHBIE HACOCHI C OJTHOCTOPOHHUM IOJIBOJIOM
BOJIBI.
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Mapka K (konconsnbie) — 'OCT 22247-76E.

MapxkupoBku: 4K-8 (roe 4 — quameTp HACOCHOTO MATpyOKa B JTIOM-
Mmax; K — koHCcOonbHBIN; 8§ — n3/10); K 45/55 (3K-6).

BcaceiBaronuii naTpyOOK — rOpU30HTANIbHBIN; HAIOPHBINA TaTPyOOK —
TOPU3OHTAIBHBIN WA BEPTUKAJIbHBIM.

Kopnyc, paboune kojeca, yIJIOTHUTENIbHBIE KOJbIAa — YyTYH, Bal —
CTajb, MOJAIIUIMHUKN — IapukoBbie. CoeMHEHUE C JABUTATENIEM — HEIMo-
cpeAcTBeHHOE (MydTa) Ui PEMEHHOU nepeayei.

XapaKkTEepPUCTHUKHU:

Hoox = 4 + 5,5 M; Q = 8+290 m%c; H=10-90 m;
n = 50+84 %; n; = 60-+250.

Mapka KM (MoHO00J10Kk Hacoca): paboyee KOJIECO HACaKCHO Ha Ball
JBUTATEJS, @ KOPIYC Hacoca 3aKperuieH Ha ¢iaHIe JIEKTPOIBUTATEIIS.

2. OTHOKOJIECHBIE HACOCHI C ABYCTOPOHHUM MOJBOJAOM BOJIBI.

Mapxka D unu HD —T'OCT 10272-87.,

Pazbem kopmyca — B TOPH30HTaIbHOW IUIOCKOCTH, BJIOJb Bala,
3TO 00JIer4yaeT peMOHT, OCMOTP U 3aMEHY AeTayei.

Kopryc u yImioTHUTENBHBIE KOJIbLIA — YYTYH, BaJI — CTajlb, NOAIIMI-
HUKU — IIIAPUKOBbIC, CATIBHUKU — C TUJIPOYIUIOTHUTEJIEM.

OTH HACOCHI IUPOKO PACIIPOCTPAHEHBI B CUCTEME LIEHTPAIM30BAHHO-
IO BOJOCHA0XKEHMUSI.

XapaKTEepUCTUKMU:

HoYY > 5,0 M; Q = 20012500 m%/c; H=19+125 m;
n = 70+88 %; n; = 60+190.

3. MHoOrokosnecHsle HacOChl MPEUMYIIECTBEHHO C OJIHOCTOPOHHHUM
noaABOJAOM BOJbI, CCKIHMOHHOI'O HJIM CIIMPAJIBbHOT'O THUIIOB (MHOFOCTYHCH—
qaThbIe).

MHoroctyneH4yaTbie IIEHTPOOEKHBIE HACOCHI PAa3BUBAIOT OOJBIIME
HaIlOpbl IIPHU OTHOCHUTCIILHO HEOOJIBIITNX Imoaaydyax. briBarot CCKIOMOHHOTI'O
(C HampaBISIOMKMMHU aniapaTaMi) U CIUPAIbHOTO TUIIOB IIEHTPOOEIKHBIX
HAaCOCOB.

B cexkumoHHOM Hacoce KUAKOCTh IMOCTYIAET MOCJIEeIOBATEIbHO U3
OJIHOTO KOJIECA B IPYro€ Yepe3 HAMpaBJSIONIUE anmapaThl, KOTOPbIE UMe-
OTCS B KaxJouW cekinuu. Kopmyc Takoro Hacoca COCTOMT W3 CEKIUHU
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U JIBYX KPBIIIEK, COEAMHEHHBIX CTXKHBIMU OonTamu. OceBoe J1aBlICHHE
BOCIIPUHUMAETCS THAPABINYECKON IATOW. Marepruasl OCHOBHBIX JCTAJIEU —
YyTyH, BaJl — CTaJb.

Mapka ITHC 100 — T'OCT 10407-88. Pacxon Q = 8+3850 m%(c;
H = 44+1480 m (HopmasibHas rpymnma).

Mapxka IIHC 60-100 — TTOCT 10407-83. Hamop H = 600+1900 m
(BBICOKOHAMNOpHAS TPYIIIA).

HenocraTku CEKIMOHHBIX HACOCOB:

1) 6onpime oceBbie yermust; 1= 67...80 %;

2) auskuit KI1/1 (0,6+0,75);

3) CII0’)KHOCTh U3TOTOBJICHHS, COOPKH U pa30OPKH.

B MHoroctyneHuyaThIX Hacocax CIHpPaJIbHOTO THIA KoJieca pacroja-
raroTcsi IONapHO CUMMETPUYHO, & )KUIKOCTh MOCTYHAET U3 OJHOT0 KoJieca
B JIPYTro€ MO MepeTeyHbIM KaHallaM uiu Tpybam (puc. 51).

s

Puc. 51. /IBuxeHne )KUIKOCTH B MHOTOCTYTIEHYAaTOM HAcoCe

OceBoe JaBJICHHE YaCTUYHO KOMIICHCUPYETCSI CUMMETPUYHBIM pac-
MOJIOKEHUEM KOJIeC, YACTUYHO — YIMOPHBIMU WIH PauaibHO-YIIOPHBIMU
MOJAINITHUKAMU. Pa3beM Kopllyca — ropM3OHTalbHBIM. MHOrocrynesya-
ThI€ HACOCHI CIIUPAIIBHOTO THUIA KOHCTPYKTUBHO O0JIee COBEPIIICHHBI U 00-
nanarot 6osiee BeicokuM KIIJ1 (0,75+0,78), mpoiiie B cOOpke 1 pazdopke.

Mapxkuposka I{H: Q =175+1300 m%/c; H = 90+250 m.

Llenmpobedrcrvie 6000npPOBOOHbIE HACOCHL C BEPMUKATLHBIM 8ALOM

[1o KOHCTPYKTUBHBIM OCOOCHHOCTSIM JCINIATCS Ha:

1. Hacocsl J1s1 3ar1yOJI€HHBIX HACOCHBIX CTaHIUH.

OOHOKOJIECHBIE HACOCHI C pabOYMM KOJIECOM OJHOCTOPOHHEIO BXOAa
UMEIOT pa3beM B FTOPU30HTAIBHON TIOCKOCTH. COEIMHEHNE C ABUTATENIEM
OCYLIECTBIISIETCSI BEPTUKAJIbHBIM MPOMEKYTOUHBIM BaJIOM C ONOPOMl Ha
HaIpaBJISIIOIINE MOJUITHUKA Yepe3 Kaxabie 1,5 — 2,5 M. OceBoe ycuine
BOCIIPUHUMAETCS TSATOW 3EKTPUUYECKOTO IBUTATEIIA.
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MapxkupoBku: ot 28B-12 mo 72B-22, 10000B-4/63, rae B — Beptu-
KaJbHBINA IUaMeTp HACOCHOro marpyOka, 12 u 22 — n3/10Q = 1,035 M%/c;
n=87+89 %; H=22+110 m.

2. Apte3uaHckue (MOJyNOTPYKEHHbIEC) IIEHTPOOECKHBIE HACOCHI IS
OTKa4YKH BOJIbI U3 CKBAKUHBI.

OTnM4YaroTCs TEM, YTO JBUTATENb PACIIONOKEH HA TTOBEPXHOCTU 3€M-
JIY HaJ CKBOXKHHOM, a HACOC MOTPYKEH HUKE TMHAMUYECKOTO YPOBHS BO-
nbl. Ban, coequHsmonuii ABUraTesib ¢ HACOCOM, MPOXOAUT B BOJIONIOBEM-
HOH TpyOe.

OCHOBHBIE Y3JIbL:

a) MOrPYXHON HACOC OJHO- WJIM MHOTOKOJIECHBIH, C KOJIECAMHU OJIHO-
CTOPOHHET0 BXOJIa ¥ C HAIIPABJISIOIIUMHU anapaTamu;

0) 2JIEKTPOBUTATEIb C OTIOPHBIM Y3JIOM;

B) TPAHCMHUCCHOHHBINA Bajl M BOJAOMOAbEMHAs TpyoOa.

OCHOBHBIE HEJJOCTATKH TAKOT'O PACTION0KECHUS ABUTATEI:

— HE0OXOAMMOCTh YCTPONCTBA JUTMHHOTO TPAHCMUCCUOHHOTO BaJIa;

— CJIO)KHOCTh U TPYJIOEMKOCTh MOHTAKa U JIEMOHTAaXa arperara,;

— HEBO3MOKHOCTh YCTAHOBKH B UCKPUBJICHHBIX CKBaKUHAX;

— OOJIBIITNE METAJUIOEMKOCTh U BEC.

MapkupoBku: A — 20A-18-1, 20A-18-3 u 24A-18:1, roe A — apre3u-
anckuit, 20 u 24 — nuameTp CKBaXXWHBI B aronmMax, 18 — n3/10, 1 u 3 —
YHCJIO KOJIEC.

[TorpyxeHue oT NoBEpXHOCTH 3eMiIH — OT S5 10 80 M. Bec — 10 20 .

XapaKTepuCTUKa:

Q = 6001200 m%/c; n = 68+72 %; H = 28+85 m.
3. ApTe3naHCKuil TypOMHHBIN HAcOC.
Mapku ATH-8; ATH-14, rne 8 u 14 — HauMeHbIIIUM THaMEeTp CKBa-
JKUHBI B JIIOMMax.
[TorpyxeHne OT OBEpXHOCTH 3eMiid — J10 100 M.
XapaKTepuCTUKA:

Q =30+200 m%/c; N = 6265 %; H = 30+100 M.
I[TorpykHble LIEHTPOOEKHBIE HACOCHI JUISl OTKAYKM BOJBI U3 CKBAKHMH

OTJIMYAarOTCA TCM, 4TO ABHUIATCJIb U HACOC, COCAMHCHHLIC BMCCTC, PaCIIO-
JararOTCs HHMXKC JUHAMHUYCCKOI'O YPOBHSA BOAbI B CKBAXKHUHC. OcHOBHBIE
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Y3JIbl: IOTPYKHOU HACOC, MOTPYKHOM DIIEKTPOJABUTATEID, HAITIOPHBIN TPY-
OOMPOBOJI C HATOPHBIM KOJICHOM M OJIOK yMpaBieHUs (CTaHIMS) DIIEKTPO-
neurateiaeM. Hacocbkl MHOTOKOJIECHBIE ¢ pabOYMMU KOJIECAMH OJHOCTO-
POHHEro BXOJa W HAIpPaBISIONIMMU alapaTaMd, HUMEIOT JBUTATEIU
MOKPOCTATOPHBIC WJIM SKpaHU3UpOBaHHbIC (dale — nepebie). BakHas ne-
TaJIb — ONTIOPHBIN MTOAIUITHUK, PACIIOJIATaEMbIM B HUJKHEW YaCTH arperara.

[IpenmyiiiecTBa MHOTOKOJIECHBIX HACOCOB:

— OTCyTCTBHUE JMHHOTO TpaHncMuccuonHoro Bayia (TOCT 10428-89E);

— BO3MOKHOCTb YCTAHOBKH B UCKPUBIICHHBIX CKBa)KMHAX;

— IPOCTOTa MOHTaXa U JICMOHTaXa;

— BO3MOKHOCTh YCTaHOBKH HETOCPEJCTBEHHO B KOJ0/i11e 0€3 yCTpOii-
CTBa HAJ[36MHOT'O MTaBUJILOHA.

HenoctaTku MHOTOKOJIECHBIX HACOCOB: BBICOKOE TPEOOBaHUE K Kaye-
CTBY BOJBI (MyTHOCTh — He Oostee 100 mr/m).

Mapxkuposka: IBIL] — 'OCT 10428-79. Ilpumensiercst npu quaMeTpe
CKBaXHH — HEe MeHee 100 Mm.

[Torpyxxenne ot moBepxHoctu 3emiau — 10 200 m; n = 35+77 %;
H = 12+680 m.

Kananuzayuonnwvie yenmpobedicruvle Hacocwl

Kananuzanmonnbsie Hacockl ((heKanbHbIC) MpPeAHA3ZHAYCHBI JJIs1 TIEpe-
KAuKU CTOYHBIX BOJ, WJIOB, JKUJKOCTEW, 3arpA3HEHHBIX MEXaHUYECKUMHU
IPUMECAMHU, HAXOASIIMMUCA BO B3BEILICHHOM COCTOSIHUMU.

KoHcTpyKTHBHBIE OCOOCHHOCTH:

a) OoJpIIMe pa3Mephbl MPOXOJHBIX KAaHAJIOB U MaJiO€ YUCIIO JIOMATOK
(ae Oozee 4);

0) HaTM4YMEe PEBU3MOHHBIX JIFOKOB HA KOPIYCE M BCACBIBAIOIIWX TIa-
TpyOKax JiJIsi OCMOTPa U YUCTKH HACOCOB 0€3 UX Pa300pKH.

KananuzannoHHble HaCOCHI BBIMTYCKAIOTCA C TOPU3OHTAIBHBIM HIIH C
BEPTUKAJIbHBIM BAJIOM.

MapxkupoBku:

a) C TOPU3OHTaIBHBIM BajtoM: Q = 16+2400 m’/c; n = 4580 %;
H =8+103 wm;

0) ¢ BepTHKanbHBIM BaomM ®B: Q = go 800 m*/u; n = 66+85 %;
H = 18+48 wm.

63



Hacocwi 011 xumuyecku acpeccusHvix s'cuokocmet

B TexHuke BOogOCHAOXKEHUS W KaHAIU3AIMKA IPUMEHSIOTCS HACOCHI
tuna X (XUMUYECKUM KOHCOJBHBIM Ha OTIENbHOM cTOiKe). /[ mepeka-
YUBAaHUS arpeCCUBHBIX KUIKOCTEH MPOMBIILUIEHHOCTh BBIITYCKAET TaKXE
MHoroctynenuarsie Hacocsl Tuna MCK (xapakrepuctuku: Q = 1o 460 m3/c;
H = 1o 95 M), a Takke Hacochl THa X/l B XMMHUYECKHA CTOMKOM HCITOJIHE-
¢ Q = 1o 700 m3/c; H= 0 95 m.

Jletaqim mpOTOYHON YaCTH ATUX HACOCOB BBITIOJHEHBI U3 KOPPO3UOH-
HOCTOMKHMX MarepHayioB (HEp)KaBEIONIUX CTalleld, TUTaHA, ILIACTMAaCCHI)
WJIY MOKPBIBAIOTCS PE3UHOM, SMAJIbI0, CHHTETUUYECKMMHU CMOJIaMH.

3.15. PeryiupoBaHue eHTPOOEKHBIX HACOCOB
U CIIOCOOBI MX 3aJIMBKHU

HckyccTBEeHHOE HM3MEHEHHE XapaKTePUCTHKUA TPyOONpoBoaa WU
Hacoca JJisi 00ecTeYeHHs 3aJJaHHbIX BEJIMYUH MPOU3BOJUTEILHOCTH WU
HaIopa HACcCOCa HAa3bIBAETCS PETYJIUPOBAHUEM.

W3meHeHnne XapakTepUCTUKUA TPyOONpPOBOJIa JOCTUTACTCS JAPOCCEIH-
pOBaHUEM 3a/IBUKKON, U3BMEHEHUEM YHrciia 000pOTOB HAacocCa.

HeobxoauMocTs peryiupoBaHusi EHTPOOEIKHOTO HACOCA BO3HUKAET
pu KoJieOaHUK BETUYUHBI TOTPEOJIICHNS BOJIBI B TEUEHNUE BPEMEHH.

Pezynuposanue nacoca 3aosusickoti (puc. 52)

JlocTOMHCTBA: MPOCTOTA, HET HEOOXOJUMOCTH MPUMEHSTH KaKue-
I100 OTIOJIHUTENbHBIE AIIEMEHThI 000PYA0BaHUS WU YCTPOUCTBA.

CylIHOCTh: MPUKPBIBas 3aJBWKKY Ha HANIOPHOW JIMHUH, BBOJIST JIO-
MOJIHUTEJIbHOE COMPOTHUBIICHUE M ATUM MEHSIOT TPOU3BOIUTEIHHOCTh OT
MaKCUMAaJIbHOU (MPU MOJTHOCTHIO OTKPBITOM 3aaBUkKKe) 110 0.

[Ipu npoccensHoM perynupoBanun KIIJI HacocHOW ycTaHOBKH
YMEHBIIAETCA, TaK KaK HE BECh HAMOp, CO3/1aBa€MbIii HACOCOM, IMOJIE3HO
UCIIOJIB3YETCS B CETU. TepsieMasi MOIIHOCTb:

h H
AN = YQ8hs > kBT, Ny = YQa A «BT.
102 ng 102na

Jlnst Touku B (Ha xapakrepuctuke Q — H) monesnast MOIIHOCTH ompe-

NH = Y—QB fp KBT.

nensiercs BennunHamu Qg 1 Hp: 0
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Puc. 52. PerynupoBanue Hacoca 3aIBUKKON

) QgH
Heo6xomuMas MOIIHOCTh Ha Bany Hacoca: N = };ogn B kBT, a MomI-
B
o .. _ YQaHp
HOCTb, 3aTPAa4MBaEMasi HACOCHOH YCTaHOBKOM: Ny yor. = T kBT.
Bllas

NH _ yQBHD102 _ HD
N - H NB T],[LB T H T]BT]AB' KBT.
B.yCT. 102 yQgHp B

O‘ICBI/II[HO, 4TO APOCCCIBbHOC PCryjiupoOBaHUC 3KOHOMUYCCKU HCBbLI-

KII/] HacocHOW yCTaHOBKH:

rogHo. Kpome perynupoBanus 3aJBUKKON MHOTIa MPUMEHSIIOT PEryJIUpo-
BaHME BIIyCKOM BO3]lyXa BO BCAChIBAIOIIYIO TPyOy Hacoca WM Mepemyc-
KOM YacCTH BOJbI BO BCACBIBAIOIIYIO JJMHUIO HACOCA.

Pecynuposanue usmenenuem uucia obopomos (puc. 53)

Takoe perynupoBaHue siBjisieTcsa 0osee 3KOHOMUYHBIM. CrOCOOBI pe-
I'YJIMPOBAHUS YUCIIa 00OPOTOB:

a) U3MEHEHHUE Yrciia 000pOTOB pOTOpa ABUTATENs (IPUMEHUMO TOJIb-
KO Il JBUratejed MOCTOSHHOIO TOKa MapoOBbIX TYpOUH U JIBUTATelien
BHYTPEHHETO CrOpPaHHUS);

0) yIUIOTHEHHE TUPOMY(PTaMU WU MAarHUTHBIMU MYy (pTaMu;

B) NIEPEKIIFOUCHNE OOMOTKH Ha PA3IMYHOE YHCIIO TIap MOJFOCOB.

JIJ1st DIeKTpoABUTATENICH TIEPEMEHHOTO TOKA BO3MOXKHBI CTIOCOOBI «a»
u «Oo». Cnocobd «B» MOXKET ObITh OCYILIECTBJIECH JUIIb MPU HAIUYUU Ha
cTaTope JABUTaTeIsi OOMOTKH, KOTOPYIO MOXHO BO BpeMsi pabOThI mepe-
KJIFOYaTh Ha Pa3IMYHBIC CXEMBI (CTYIIEHYATOE PETYIUPOBAHHUE).
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Puc. 53. PerynupoBanue u3MeHEHHEM Yurcia 000pOTOB

T'uopomygmur u snekmpomaznumnvle mMygmaoi:

1) marauTHbIe My(DTHI cKOsb)keHUs DMC ot 75 1o 250 kBrT;

2) acuHXpoHHO-BeHTWJbHbIM Kackaa (ABK), wusmenenue 3J[C
250-2000 B;

3) wacrotHbiii npuBo (Tupuctopsl) IKTC ot 75 go 250 xkBr;

4) BEeHTWJIbHBIM JBHWraTelib (IBUTraTeIb IMOCTOSHHOTO TOKa) OoJiee
1600 kBrT.

[Ipu ycTaHOBKEe Hacoca BbIIIE YPOBHS BOJIbI B IPUEMHOM pe3epByape
HEoOXoMMa 3aJTMBKa HAacoca IpH MycKe ero B paboTy (puc. 54).

3aiBKa Hacoca MPOU3BOJIUTCS CIETYIOUMMU CIIOCOOaMU.

1. 3anuBKa Hacoca U3 HamopHoro TpybOomporoaa. [Ipu sTom cremyet
yCTaHABIIMBAaTh Ha BCACHIBAIOIIEM TPYOOIPOBOJIE HacOca MPUEMHBIN KJia-
naH ¢ cetkoil. CyMMapHOe ceYeHHE OTBEPCTH B KjlarmaHe JOJDKHO OBITh B
2 paza OoJibllie CEYEHHUsI BCAChIBAIOIIETO TPyOOIpoBoaa. 3aJuBKy Hacoca
cJIelyeT IPOU3BOJIUTH NEPE KaXkAbIM €T0 MMyCKOM.

2. OtcacbiBaHUE BO3/lyXa MpH MOMOIIH KEKTOpa (puc. 55).

DKEKTOP MPUCOETUHAECTCS K CAMOM BEPXHEM 4acTH KOpITyca Hacoca.
[lepen myckom 3xeKTOpa 3aIBUKKa Ha HAIOPHOM TPyOOINpPOBOAE Hacoca
IUIOTHO 3aKpbIBA€TCs. 3aJIMBKa HAcOCA MPHU MOMOILIHU 3KEKTOpa BO3MOXKHA
JUIIb NIPU 3HAYUTENBHOM JABJIEHUH B HAIIOPHOM TpyOomnpoBoze. Paboyas
BOJIa JJIS 2KEKTOopa OepeTcs U3 HAMOPHOro TpyOOmpoBOJa, B Clydae Ma-
JBIX U CpeAHMX HacocoB. Ha HACOCHBIX CTaHUUAX C KPYHNHBIMHU LIEHTPO-
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OCKHBIMM HACOCAMU YCTAHABJIMBAIOT BUXPEBONM WM IIEHTPOOEKHO-
BUXPEBOM HACOC, KOTOPBIM BOJa 3a0MpaeTcs U3 UCTOYHHKA BOJIOCHAOXKe-
HUS U MIOJIAETCS K 37KEKTOPY, YCTAHOBJIEHHOMY Yy HACOCOB.

-g—
A==~
|
I
|
|
D
Puc. 54. Cxema 3anuBku Puc. 55. OrcaceiBanne Bo3ayxa
LEHTPOOEKHOTO HAacoca IIPY IIOMOLIH 3KEKTOpa

3. OtcacbiBaHME BO3JyXa MNpH TMOMOIIM Bakyym-Hacoca (puc. 56).
Ha HacoCHBIX CTaHIMSX C KPYMHBIMH HACOCAMH JIJISi CO3JaHUs BaKyyMma
IIMPOKO MPUMEHSIOT BaKyyM-Hacochkl. [lepen myckoM BakyyM-Hacoc J0JI-
eH OBbITh 3aNuT BOJOM. J[Ji1 HOpManbHOU pabOTHl BaKyyM-Hacoca HeoO0-
XOJIUMO TOCTOSIHHOE LHUPKYJIUPOBAHUE BOJIBI YEPE3 HErO C LETbI0 MOJ-
Jep>KaHusl MIOCTOSSHHOTO 00beMa BOJSHOTO KOJIbIIA W JIJIS OTBOJA TeIa.
[ToaToMy OTCachIBaroliasi JUHUS HAcCOCa COEIUHSAETCS C OaukaMu BOJIO-
npoBooM. O0bEM LUPKYJIUPYIOLIEH BOJBI IPUHUMAETCS B 3aBUCUMOCTH
OT IIPOM3BOAUTENLHOCTH BaKyyM-Hacoca B mpegenax 0,2-0,7 m3/mum,
TeMIlepaTypa BOJibl B Hacoce He AojikHa npeBbimaTts 90-50 °C.
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Puc. 56. OtcacbiBanue Bo3/1yxa Ipy NOMOIIU BaKyyM-Hacoca
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[Ipou3BOIUTENHLHOCT, BaKyyM-HAcOCa MPAKTUYECKUA OIpPEACsieTCs
UCXOJI1 U3 BPEMEHH, HEOOXOIUMOTO I CO3/IaHMSI PACUETHOrO pa3psiKe-

HUS, U U3 00bEMa BO3/IyXa BO BCaChIBaIOIIEM TpyOoInpoBoe 1o ¢hopmyie
Qp = (Wrp+Wy)H,

B (Hr—Hrp)T

rae Qp — IPOM3BOAMTENLHOCTh BaKyyM Hacoca, MY/MuH, Wrp — 00beM

- K, m®/mun,

BO3/lyXa BO BCACBIBAIOIIEM TPYyOONpPOBOJE, M3; Wy — obObem
BO3/yXa B KOpIyce LEHTpobexkHoro Hacoca, M>; Hy — BeicoTa
cTosiba BojbI (OapomMerpuyeckoe naBieHue), M; Hrp — reomer-
pUYecKasi BBICOTa BCachlBaHUS Hacoca, M; T — BpeMsi, Tpedyemoe
JUISL CO3JIJaHMSI PAaCUETHOTO Pa3psKEHUS; MPUHUMAETCs He OoJiee
2 MUH JUISI IOKapHBIX HACOCOB U 10 3—5 MUHYT — JIJIsI HACOCOB
npyroro HazHadueHus; K- koadduimeHt 3amaca Ha BO3MOXK-
HOCTh MPOHUKHOBEHUSA HEKOTOPOI'O KOJIMYECTBA BO3/yXa 4epe3
HEIUIOTHOCTH M CaJbHUKH; MPUHUMAETCS B 3aBUCHMOCTH OT
JUTMHBI BCachIBaroliero Tpyoonposoa pasueim 1,05 —0,15.
OOBIYHO YyCTAHABIMBAIOT 2 BaKyyM-Hacoca C OJHUM ITUPKYJISIIMOH-
HbIM 0auKOM: OJIMH — pabo4uii, OJUH — pe3epBHBIN. BakyyM-HacoChl pu-
MEHSIIOTCSI 1JIs1 pabOThI Ha COBEPILICHHO YUCTOM Boje. Ilpu 3arpsisHeHHOMN
BOJIE CJICAYET UCIOJIb30BaTh 33KEKTOPBL.
Mapxku BaKkyymM-HaCOCOB:
KBH — HenocpenacTBeHHOE COETMHEHUE C DJICKTPOIBUTATEIIEM
Q=0,4+0,8 M3 /mun; H,,, = 7-8 M;
PMK: Q = 1,527 m3/mun; H,,, = 7,5-8 m; H,,,= 1-2 atm. (Bo3ny-
XOJYBKH);
BBH: Q = 1,5+50 m3/mun; H,,,= 7-8 m.

3.16. Ilyck ¥ 0CTAHOBKA IIEHTPOOEKHBIX HACOCOB H YXO/1 32 HUMH

Ilyck yenmpobedchwvix HACOCO8 U YX00 3a HUMU

[Topsanok mycka:

a) OTKPBITh KpaH Y MAHOMETpPA U IIyCTUTD JIBUTATCIIb;

0) 1mociie pa3BUTHS MOJHOTO YKCia 000POTOB OTKPBITH KpaH Ha BaKy-
YMMETPE;

B) yCTUTh BOJAY K CAJIbHUKAM W MOJIIUITHAKAM, €CJIH 3TO TpeOyeTcs;

I') OTKPBITh HAIIOPHYIO 3aIBUXKKY.
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ITopssnoK OCTaHOBKU:

a) MEIJIEHHO 3aKPbITh HAMIOPHYIO 3aJABUXKKY;

0) 3aKpBITh KpaH Ha BaKYYMMETPE;

B) BBIKJIIOUUTD JIBUTATEIIb;

I') 3aKpbITh KpaH HA MAaHOMETPE U MPEKPATUTh JOCTYI BOJABI Ha 3a-
JUBKY CaJIbHUKOB U OXJIQXJICHUE MOAIIUITHUKOB.

ITyck Hacoca mpu OTKPBHITOM 3aJBUKKE HA HAIIOPHOM JIMHUU 3HAYU-
TEJIbHO YNPOUIAET CXEMY aBTOMATH3alMU U MPAKTUYECKH BO3MOXKEH IMPU
HaJIM4YUK OOpaTHOIO KJallaHa M CPEACTB ISl TallleHUs TUIIPABINYECKOrO
yaapa.

VYX0/1 32 HACOCOM BO BpeMsi pabOThI:

a) TeMIieparypa MoIIMITHUKOB HE JOJDKHA MPEBBIINIATh TEMIEPATYPY
nomenieHus 6oisee yeM Ha 40+50 °C;

0) cireauTh 3a ypOBHEM Maciia B MOJAMIUIHHKAX U CBOEBPEMEHHO
(uepe3 1000 9) ero MeHSTH;

B) PETryJIMPOBaTh YTEUKY BOJIbI UepPE3 CAIbHUKY;

) cOOMI0IaTh TPaBUIIa TEXHUKHU 0€30MaCHOCTH.

OcHOBHBIE HEMOJIAJIKU B paboTe Hacoca:

a) 0TKa3 OT pabOTHI MOCJIE MYyCKa,;

0) yMEHbIIIEHHE MPOU3BOIUTEILHOCTH B MPOIECCE PabOThI;

B) YMEHBIIEHUE HAropa B Ipoliiecce padoThl;

I) epe3arpy3Kka JBUraTes;

1) BUOpalus U myM (HempaBuiIbHAs yCTAaHOBKA arperara Uiu ocliad-
JICHWE KPEIUICHUH, KaBUTAIINSA).

OcCHOBHBIE TPUYHUHBI HETIOTIAI0K:

a) HETUIOTHOCTh BCACHIBAIOIIICH JIMHUY;

0) MexaHUYECKHE OBPEXKICHHUS IeTalIel Hacoca;

B) YBEJIMYCHUE COMPOTUBICHUS B HAMOPHOM WM BCachbIBarOUIEH
JVHUSX;

I') YMEHbIIICHUE WK YBEIUYEHUE YKCiia 000POTOB JBUTATENS;

1) CKOTUICHHE BO3/TyXa B KOPIYCE HACOCA;

€) MpocauyrBaHUE BO3/lyXa BO BCACHIBAIONIYIO JIMHUIO WM B KOPIYC
Hacoca 4yepe3 CAIbHUKH.
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3.17. OceBoe 1aBJIeHNE H CIIOCOOBI €0 Pa3rPy3KHu

OceBoe 1aBiieHHE BO3HMKAEeT B pabodeM KoJjiece MPU OTCYTCTBUH
CUMMETPHH, IPU OJJHOCTOPOHHEM BcachiBaHUHU (puc. 57).

%
{

Puc. 57. Pactipenenenue naBieHus

JlaBiieHre co CTOPOHBI HATHETATEIbHOrO NaTpyoKa:

2_A42
p — p, T

4
n(D%-d?) n(D3— n(D%-d?)

2
P, =P, 224 p, K222k p=p, _p =p, P, "L

Tak kak P, > P;, T0o utoroBoe nasnenue P monoxurensHO, T. €. UIMEETCS
U30bITOYHOE JJABJICHUE, ICHCTBYIOIIEE CIIPaBa HAJIEBO — OCEBOE JIABJICHMHE.

JIns ypaBHOBEIIMBAHUS OCEBOTO JABJICHUS:

a) B OJTHOKOJIECHBIX HACOCaX:

— YCTpauBalOT OTBEPCTUA B 3aJHEW CTEHKE pabouyero KoJieca Harpo-
THUB BCACHIBAIOIIIETO MAaTPyOKa U YIJIOTHEHUS HAJl HUM;

— COGJIMHSIOT CHEelHaIbHBIM MaTPyOKOM MPOCTPAHCTBO MO3aJu KOJie-
ca CO BCAaChIBAIOIIUM MATPYOKOM;

— B HEOOJIBIIIMX HAcOCaxX CUJTy OCEBOTO JIaBJICHUS NEPEal0T Ha yIop-
HBIN IOJIINITHUK;

0) B MHOT'OKOJIECHBIX HacOCax:

— YCTpauBalOT THIPABIMYECKYI0 Pa3rPy30uHYIO MATY WM IIaioy,
3aKPEIJICHHYI0 Ha BAJly HAcOCa 3a MOCJIEAHEN €r0 CTYNIEHbIO;

— pacrnoJjilaraloT CUHMMETPUYHO paboyue Kosieca Ha Bally U MOABOIST
BOJIy K HUM MEPEMyCKHBIMU TPyOONPOBOAAMHU WJIM KaHAJIaMH, CACIaHHbI-
MH B KOpIYCE.

B Hacocax ¢ ABYCTOPOHHUM BXOJOM CHJIa OCEBOTO CJABUIrA OTCYT-
CTBYET.
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4. MPOEKTUPOBAHUE HACOCHOM CTAHIIMU
BTOPOI'O ITOABEMA

4.1. I'padux BogonorpedIeHust
U peKuM padoThl HACOCHOW CTAHIIMH

Hacocnas crtaHums BTOpOro noabeMa MOJAeT BOAY HU3 PE3EPBYapOB
YUCTOM BOJIbI, PACTIOJIOKEHHBIX MOCIIE OUYMCTHBIX COOPYKEHHI BOJIOIPO-
BO/I4, B Pa3BOALLYIO CETh TOPOJA.

[ToTpeOnenre BOAbI HA XO3SMCTBEHHO-TTUTHEBBIE, TIPOU3BOACTBEHHbIE
HYK/bl, HA IIOJIMB 3€JIEHBIX HACAKICHUNW U MOUKY JOPOKHBIX NOKPBITUI
OCYLIECTBIISIETCSI HEPABHOMEPHO TI0 YacaM CYTOK. XapakTep BOAONOTPeO-
JIEHUSI B TEUYECHHUE CYTOK 3aBUCUT OT KIMMATHYECKHX YCIIOBHI; CTEIIEHU
0JIaroyCTpOICTBA 3[]aHUI; pEeKUMa KU3HHU, TPYJIOBON NIESITEIBHOCTH KH-
TeJel U UX YUCIIA; KOJIMYECTBA MIPOMBIIUICHHBIX MPEANPUITUN U UX MPO-
U3BOAUTEIBLHOCTH; XapaKTepa BBHIMYCKAEMON MMM NPOAYKIMM U MHOTHX
npyrux (aktopoB. B nelcTByronmx cucteMax BOJOCHAOXKeHUs: rpaduk
BOJIOTIOTPEOJICHUST YCTAaHABIMBACTCS MMyTeM OOpabOTKU SKCIEPUMEHTANb-
HBIX JAHHBIX, & IJI1 BHOBb MPOECKTUPYEMBIX CUCTEM MPUHUMAETCS 10 aHa-
JOTHUM C yX€ JNeUCTBYIOIHUMHU. OCHOBHBIM pPAacUETHBIM IApaMETPOM CH-
CTEMbI BOJOCHA0XKEHUSI B 3TOM CIlydae SIBJISETCSI MAaKCUMAJIbHBIM CyTOY-
HbIl pacxos (QcyTmakc).

Haubonpmmii yacoBoil pacxoa Bojbl Qumakc B CyTKH HauOOJIBIIETO
BOJIONOTPEOICHUS] HA3bIBACTCS PACUETHBIM U ONpeesisaeTcs no popmyie

Qcyr.makce

Qu, Mac = Kumakc , M3/cyT,

rae QcyTMake — MAKCUMAJIBHBINA CyTOYHBIN Pacxojl, M/CyT, ONpeeseTcs
COTJIACHO 3aJJaHMI0 Ha TpoeKTHpoBaHue; Kuymakc — Ko-
3¢ UIMEeHT YacoBOl HEPAaBHOMEPHOCTH.

Ecau wu3BeCTHB 3HAYEHUS MUHHUMAJIBLHOIO CYTOYHOIO pacxoja
Qcyvrmun u koddduimeHTa ero 4acoBo HepaBHOMEpHOCTH Kuymum,
TO aHAJOTMYHO MOKHO ONpPEAENIUTh 3HAYEHUE MHUHHUMAJIBHOTO YacOBOTO
pacxona Qumun. Mexay Tem g BeiOOpa Hanbosiee SKOHOMHUYHOTO pe-
»KUMa pabOThl HACOCHOM CTAaHIIMU HEOOXOIUMO MPEACTaBIATh auddepeH-
IMPOBAHHYI0 KapTUHY JHMHAMUKUH OTOOpa BOJbBI BOJIONOTPEOUTEIIMU
U3 BOJIONIPOBOJIHOM CETH IO YacaM CYTOK.
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B Tabn. 3 npuBOAsATCS BapuaHThl CYTOYHOI'O MOTPEOIEHUS BOJbBI HA
XO03SMCTBEHHO-MIUTHEBBIE HYXKJIbI 10 YacaM CYTOK JJIsl Pa3JIMUHbIX 3HaYe-
HUM K03 PUIIMeHTa 4acCOBOl HEPABHOMEPHOCTH.

Jlnst MaJIbIX TOPOJIOB WIJIM TOTpeduTenel (Mpu MaKCHMMaJIbHOM BOJIO-
norpednennn 10 10-15 Teic. M3/CyT) MOKHO ¢ HEKOTOPBIM IPHOIMKEHH-
€M MNPUHATH TpaduK BOAONOTPEOJEHUS, COOTBETCTBYIOUIMNA 3HAYCHUSIM
ko3¢ unrenta ot 1,5 u BeIe; 11l cpeAHUX (PpU MaKCUMaJIbHOM BOJIOIO-
tpebdnennu ot 10-15 teIc. 10 50-70 THIC. M%/CyT) — 1,30-1,45; I KPYIHBIX
(mpy MakcuManbHOM Bogonorpebnerun cbime 50-70 Teic. M%/cyT —
1,15-1,25. Tlo sTomMy rpaduky MOKHO ONPEAEIUTh MaKCUMAJILHBIN Yaco-
BOM pacxoJl BOJbI B CYTKU HAMOOJBIIEr0 BOJOMOTPEOJEHUS, KOTOPBIA
MPUHUMAETCS PACYETHBIM JIJI BOJIOIIPOBOIHON CETU ropoja.

Taomuna 3
PexxuM BoJtonoTpeOaeHus 10 4acam CyTOK

Yacsol Yacooit pacxon B % OT MaKCUMaJbHO CYTOYHOI'O IIpH KI{MAKC

cyrok 1,15 [1,201125/130 [135]/140/145/150(1,60|1,70|1,80

3,60 [3,50)3,35|3,20 |3,00[2,50|2,00/1,50]1,25|1,00|0,40

3,60 [3,45/3,25|3,25 |3,20(2,65|2,10/1,50|1,25|1,00 0,90

3,60 [3,45/3,30/2,90 [2,50]2,20/1,85|1,50|1,25|1,00]0,90

3,60 [3,4013,20/2,90 [2,60]|2,25/1,90|1,50|1,25|1,00]1,00

3,60 [3,40]3,25/3,30 |3,50|3,20/2,85|2,50|1,25|2,00]|2,35

3,70 [355|3,40|3,75 |4,10(3,90|3,70|3,50|3,25|3,00 | 3,85

4,10 [4,00|3,85/4,15 |14,50|4,50|4,50|4,50]4,75|5,00 5,20

430 [4,40/4,4514,65 |4,90|5,10|5,305,50|6,00 6,50 | 6,20

ONOOUgPIWDN RO
|

1
Blw©|o|~|o|v|~winf -

4,80 |5,00|5,20|505 |4,90|5,35|5,80]|6,35|6,70|6,50 | 5,50

©
|

4,70 14,80|5,05|540 |5,60|585|6,05]|6,25|5,85]|5,50]4,85

10—-11 4,60 [4,7014,85/4,85 [4,90]5,35|5,85|6,25|5,40 4,50 |5,00

11-12 450 [4,55]4,60/4,65 |4,70]5,25|5,70|6,25|5,85|5,50 6,50

12-13 450 [4,55]/4,60/450 |[4,40]4,60/4,80)5,00|585]|7,00]7,50

13-14 4,40 [455|4,55/4,30 |4,10][4,40|4,70|5,00]5,85|7,00|6,70

14-15 4,50 |4,60]4,75|4,40 |4,10]4,605,05]5,50|5,505,50]|5,35

15-16 |4,50 [4,60]4,70/4,55 |[4,40]4,60)|5,30|6,00|5,45|4,50 4,65

16-17 450 [4,60]4,65/4,50 |4,30]4,90)5,40 6,00 5,50 5,00 4,50

17-18 4,20 [430]14,35/4,25 [4,10]4,60|5,05|5,50|6,50|6,50 | 5,50

18—-19 4,30 [4,25|/440/4,45 |4.50|4,70|4,85|5,00|5,75|6,50 | 6,30

19-20 4,20 [4,25|4,30/4,40 |4,50|4,50|4,50|4,50]4,75|5,00 5,85

20—-21 4,20 |4,25[4,30 4,40 |[4,50|4,404,20|4,00|4,45|4,50]5,00

21-22 1410 |4,15|4,20 450 |4,80|4,203,60]3,00]3,10]|3,00] 3,00

22—-23 400 |390|3,75]/420 /4,60|3,70]2,85|2,00]2,00]|2,00]2,00

23—-24 |39 |380(3,70350 [3,30(2,70/2,10[1,50|1,25|1,00]1,00

Wtoro | 100 | 100 [ 100 | 100 [100 | 100 | 100 |100 | 100 |100 |100
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PexxuM paboThl HACOCHOM CTAaHIIUM BTOPOTO MOJAbEMa CJIeIyeT Ha3Ha-
YaTh B 3aBUCUMOCTHU OT MPUHATOTO rpaduka BOJAONOTPEOICHUS U HATTMYHUS
B COCTaBE CETU PETYJHPYIONMIUX EMKOCTEH: BOJIOHAIIOPHBIX OallleH; pe3ep-
ByapoB, PacCIOJIOKEHHBIX Ha OTMETKax, OO0ECHEUYUBAIOIIUX TpeOyeMblil
HaIop BOJbI Y MOTPEOUTEIEH.

Pe3epByap BoIOHANOPHON OalllHU aKKyMYJIUPYET BOAY B 4achl, KOraa
MPOU3BOIUTEIHLHOCTh HACOCHOW CTaHIIMU MPEBBIIIAET BOJONOTpPEOICHUE,
U MOJIa€T BOJY B paclpeeIuTeIbHYIO CETh B Yachl, KOrja BoJonoTpedie-
HUE MPEBBIIAET MTOAAYy BOJBI HACOCHOM CTAHIIUEH.

Hanbomnee 61aronpusaTHeIM PEKUMOM PaOOTHI HACOCHOM CTaHIIUM SIB-
JsieTCs €€ paBHOMEpPHas paboTa B TEUEHHUE CYTOK, MO3BOJISIONIAS TPUME-
HUTh MUHUMAJIbHOE YUCJIO pabOUMX arperartoB U 00€CneuynTbh UX IKCILTya-
Tauuio B oonactu ontuManbHbix KIIJI. OnHako B 3THX ycloBUSIX TpeOy-
eTcsi 00JIbIION 00bEeM pe3epByapa BOJIOHAIOPHOM OaIllHU, YTO CBS3aHO CO
3HAUUTEJbHBIMUA KalHUTAIBHBIMU BIIOKEHUSIMU. B CBSI3U C 3TUM paBHO-
MepHasi paboTa HAaCOCHOM CTAHIIMU B TEYCHHUE CYTOK C YACOBOM MPOU3BO-
mutenbHOCTRI0 4,17 % oT Qcyr menecooOpa3Ha JUIlb i HEOOJbIINX
HACEJICHHBIX IMYHKTOB WM JJi1 OOBEKTOB C OTHOCUTEIHLHO PABHOMEPHBIM
BOJIONIOTPEOICHUEM.

[Ipu mianupoBke U penbede HACEICHHOrO MyHKTa, OJaronpusTHBIX
JUTSL pacTONIOKEHUSI HA3eMHBIX Pe3epBYyapoB, 00€CICUMBAIOIINX HEOOXO-
JUMBIN HAmop BOJBI y MOTpeOuTENeil, paBHOMEpHas paboTa HACOCHOM
CTaHIIMU BTOPOTO MOJAbEMa MOKET OKa3aThCs I€JIECO00pa3HON U ISl OT-
HOCHUTEJILHO KPYITHBIX 0OBEKTOB.

C uenpl0 YMEHbBIIIEHUS EMKOCTH pe3epByapa BOJOHANIOPHON OallHU
OPUMEHSIOT CTYyNEHYaTyr0 padOTy HACOCOB, MPU KOTOPOM OJHA TCpYyIINa
HAcOCOB pa0OTaeT B TEUEHHUE CYTOK PaBHOMEPHO, a Jpyrue BCTYNAIOT B
paboTy B 4achl HAUOOJIBIIIUX PACXOOB.

B mpornecce omnpenencHus pexumMa paboThl U KOJIMYECTBA PabOunx
HACOCOB HEOOXOJMMO YUYWTHIBATh BJIMSHUE TAPaUICIbHOTO BKIFOUCHMUS
HAcOCOB Ha nojavy. [I[pon3BoAUTENBHOCTh KaXJA0TO U3 HACOCOB MpH Ta-
pamienbHOM paboTe HECKOJbKMX HAcOCOB OyJIeT MEHbIle MPOU3BO/IU-
TEJIBHOCTH 3TOTO K€ HAcoca, eciu OH OyAeT paboTaTh OJWH Ha JIAHHYIO
CUCTEMY TPyOONpPOBOJOB. BenuunHa CHUXKEHUST pacxojia IpH mapaieib-
HOI paboTe IEHTPOOESIKHBIX HACOCOB 3aBUCHT OT (opMbI KpuBoii Q — H,
XapaKTEPUCTUKH HACOCA U XAPAKTEPUCTUKHU CHCTEMBI, OT KOJMYECTBA O/I-

73



HOBPEMEHHO pabOoTaronuX HACOCOB M KOJEOJIETCS B 3HAUYUTEIBbHBIX Ipe-
nenax — npuonusutenbHo ot 10 1o 30—40 %. IToaTomy moadop HacocoB
cJielyeT MPOU3BOJUTHh MIPU OJHOBPEMEHHOU paboTe HAamOOJIBIIETO YUCIa
napajuieJIbHO paOOTaKOIINX HACOCOB.

st mpuHsAToro rpaduka BOJIONOTPEOSICHUS 3a4al0T PEXKUM PaOOThI
HACOCHOM CTaHIUU TaKUM OOpa3oM, YTOOBI OH KaK MOHO TOYHEE COOT-
BETCTBOBAJ I'pauKy BOAOMOTPEOJICHHS, & YHCIIO U3MEHEHUN pexuMa pa-
00TBbI HE TpeBbILATO0 3—4 B CyTKU. B 3aBHCUMOCTH OT MPUHATOIO 3Haye-
HUs Kod(dduiuenta HepaBHOMEPHOCTH Kumakc pEKOMEHIYIOTCS Cleny-
IOII[M€ BApUAHTHI PeKUMa pabOThl HACOCHOM CTAHIINU:

1.ITIpu Kumakc Menee 1,4 — ¢ 23 go 6 yacoB paboTaroT 2 Hacoca
¢ obmei nonauent 3,35-3,36 % ot Qcyr.makc, ¢ 6 10 23 yacoB paboraroT
3 Hacoca c¢ obomeit mogaueit 4,5 % oT QcyT. MaKC.

2.1Ipu Kuwmakc menee 1,4 — ¢ 23 mo 5 vacoB paboraroT 2 Hacoca
c oomieit nogaueit 3,0 % ot Qcyr.make, ¢ 5 10 23 yacoB pabortaroT 3 Haco-
ca ¢ obmieit momaueii 4,55 % ot Qcyt. MAKC.

3. IIpu Kumakc menee 1,4 — ¢ 0 1o 8 wacoB paboTator 2 Hacoca ¢ 00-
meit noxaueit 3,30 % ot Qcyr.makc, ¢ 8 10 24 yacoB padboraroT 3 Hacoca
¢ obmei nomaueit 4,6 % ot QcyT. MAKC.

4. ITpu Kumakc 6osee 1,3 — ¢ 0 1o 4 yacoB pabdoraer 1 Hacoc ¢ noxa-
yeit 2,5 % ot Qcyr.Mmake, € 4 10 24 yacoB paboTaroT 2 Hacoca ¢ 00IIeH 1o-
naueit 4,5 % ot QcyT. MaKC.

[Ipunsiteie rpaduku BOIOMOTPEOICHUS U PEKUM PAOOTHI HACOCOB TIO
yacaMm CYTOK lieJecooOpa3Ho coBMelaTh B Tadi. 4. Ananu3 tabn. 4 mnos-
BOJISIET OMNPEICIUTh MPOU3BOAUTEIBHOCTh HACOCHOM CTaHIMU BTOPOTO
noabema (Quc), KoTopas OyJeT paBHa MaKCUMaJIbHOMY MPOILIEHTY MOda41
BOJIbI HACOCHOHW CTaHIUCH (Tp. 3), YMHOKEHHOMY Ha Qcyryaxc U JCTICH-

Homy Ha 100 M3/4).

[Ipu 3anonHenuu 1ada. 4 uudpsel rpad 4 u 5 HAXOJAT IMyTEM BhIUMTA-
HUSl U3 OOJIBIIKUX 3HAYEHUN ymucen rpad 2 U 3 MEHbIIMX U 3alKCHIBAIOT B
cooTBeTCTBYIOIIYIO Tpady (4 umm 5). 1o aTol ke Tabiauiie MOXKHO Oorpese-
JUTH PETYJIUPYIONIYI0 €eMKOCTh pe3epByapa BoAoHanopHou OamrHu. [Ipen-
MOJIOXKHB, YTO B KOHIIE CaMOTro JUIMHHOTO TIEpUoja pacxoja BOIbI U3 pe-
3epByapa (rp. 5) B HEM HUYEro HE OCTAEeTCs, MPOTHB 3TOr0 4aca B rpade
6 ctapsat 0, a 3aTeM 3amUCHIBAIOT B Tpade 6 HapacTarolUM UTOTOM OanaHC
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BOJIbI B pe3€pBYyape, MOCIEI0BATEIBHO CYMMHUPYs YaCOBbIE MOCTYIUICHUS U
BBIUMTAsl YaCOBbIE PACXO/Ibl U3 pe3epByapa. BennunHa Hanbosblero yaco-
BOT'O HaJu4us BOJBI B pe3epByape (Tp. 6) u OyJeT peryiupyromnei eMKo-
CTBIO €r0 B IIPOLIEHTAaX OT MAKCUMAJIbHOT'O CYyTOYHOTO BOJONOTPEOICHUS.

Tabauma 4
Bononorpe6iaenue u pesxuM paboThl HACOCOB
Pacxon lonasa Bome! [Toctynnenue Pacxon
YacoBbie BOJIbI HaCcoCaMUu B pesepByap | U3 peepByapa OcraTox
NPOMEKYTKH | B % OT B % OT 3 1p 2 5 _p 3) |BDbe3epByape
Qcvrmake | Qevrmake (rp-3=1p.2) | (rp.2-1p. 3)
1 2 3 4 5 6
0-1
1-2
23-24
Hroro 100 100

AHanu3 pexuMOB BOJOTOTPEOICHUSI U pabOThl HACOCOB MOKHO TPO-
U3BECTU TpadUuecKu, MyTeM MOCTPOCHUS MO JaHHBIM Tpad 2 u 3 Tabs. 4
CTYIIEHYATOr0 WM HHTETrpanbHOro rpadgukos (puc. 58, 59).

[Ipn ucnonb3zoBaHUM CTyneH4YaToro rpaduka (cM. puc. 58) perynu-
pyromiasi eMKOCTb OINpPEIEseTCss HauOOIbIIEH U3 OTIAEIbHBIX IUIOLIAJEH,
oOpa3yeMbIX JUHUEH pabOThl HACOCOB U JIMHHMEH BojonotrpedieHus 1
(HanpuMep, MPU PaBHOMEPHON pabOTe HACOCOB — 3aIITPUXOBaHHAS 00-
nacTh oT 23 10 5 4, paBHas MPUOIU3UTEIBHO 7 %).
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Yacoi  cyTox
Puc. 58. CoBmenieHHBIH Tpaduk CTYIIEHUYATOr0 BOIOMIOTPEOICHUS
Y pabOThI HACOCOB:
1 — BogonoTpebieHue; 2, 3 — mojaavya HaCOCOB, COOTBETCTBEHHO,
paBHOMEpHAS U CTyneH4aTas; 4 — peryimpyomas eMKOCTb




Jlist onpenienienus pexxuma paboThl HACOCOB U BMECTUMOCTHU 0aka BO-
JOHANIOPHOW OaliHu yYJ0OHEE MOJIb30BaThCA HWHTETPATbHBIM TpadHUKOM.
OpauHaThl HHTETPaJIbHBIX TPA(QUKOB TAIOT CyMMapHOE KOJIUYECTBO BOBI,
MOJAAHHOM C Hayaja CyTOK JI0 KaKJI0Tro paccMarpuBaemMoro yaca. Ha puc. 59
NPUBEJICH WHTETPANbHBIN Tpaduk BomomnorpebieHus (IuHUS 1), coBMe-
HICHHBI C WHTErpajibHbIM TIpapHKOM IMOJa4M BOAbl HACOCHOW CTaHIUEH
BTOPOT'O MOJbeMa MPU paBHOMEPHOM (JIMHHS 2) U CTyIeHYaTOM (JIUHHS 3)
peKrUMax, COOTBETCTBYIOIIUX pacyeTy mo 1adi. 3.
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Puc. 59. MnTerpanbHblii rpaduk:
1 — Bomonotpebenue; 2, 3 — COOTBETCTBEHHO, PaBHOMEPHASI
U CTyIIEHYATas T0IaYH
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Tanrenc yriia HakJIOHa MUHTETPaAJIBLHON KPUBOHM C OCH aOCIUCC Xapak-
TEpU3yeT MHTEHCUBHOCTh PACXOJIOBAHMS BOJIBI M IMOJA4YM BOJBI 32 COOT-
BETCTBYIOIINI IPOMEKYTOK BPEMEHH.

ITomaga BOaBI HacOCaMM MPEACTABJICHA JIOMAHOW JIMHUEHW, TOUYKH HU3JI0-
Ma KOTOpOH COOTBETCTBYIOT MOMEHTAaM BPEMEHHM M3MEHEHHS MOAAaud BOJIbI
HACOCHOM CTaHIIUEH, T. €. MOMEHTaM IyCKa U OCTAaHOBKH OTJIEJIbHBIX HACOC-
HBIX arperaToB. TpeOyeMylo akKyMyJIHUPYIOIIYI0O €MKOCTh OMPEIEINISIOT IO
UHTETpAIbHOMY IpapUKy KaKk CyMMY aOCOTIOTHBIX BEIMUYMH MaKCUMaIbHBIX
OTPULIATEIIBHOW Y TIOJIOKUTEIBHOM PAa3HOCTEN OPAMHAT KPWBBIX MOJAYU U
Bojionorpebnenus. Harmpumep, npu ctynen4aroii paboTe HaCOCOB BMECTH-
MOCTB 0aka cocraBut 0,8+ | -1,45 | = 2,25 %. Ecim xpuBYI0 1ojauu (JIMHUIO 2)
CIABUHYTH BJIEBO BJOJIb OCH a0CIUCC TaKUM OOpa3oM, YTOOBI OHA CTaja Ka-
caTelbHOM K HauOoJiee BBITYKJION YacTu KPUBOU NOTpedieHus (Touka A), TO
pas3HoCTU opAuHAT JUHUM 1 1 2 OyayT OJHOrO 3HAaKa, a MaKCUMAaJIbHAs pa3-
HOCTbh OPJMHAT JACT PACUETHYIO BEJIUYHHY PErYJIUPYIONIEH eMKOCTH.

AHaJIN3 peXUMOB padOThl HACOCHBIX CTAHIMNA MOKAa3bIBAET, UTO MPHU
CTYNEHYaTON pabOTe HACOCOB MPOUCXOAUT CHUXKEHUE TPeOyeMOH MOIHOM
BBICOTHI TOJbEMA BOJbI, YTO BEJAET K YMEHBIIIEHUIO BBICOTHI Oaka. Kak
BUJIHO W3 MPUBEACHHOTO TMpUMEpa, NMPH CTYNMEHYaTOW paboTe HACOCOB
BMECTHUMOCTh 0aka BOJOHANIOPHOM OAaIllHU MOKET OBITh 3HAUUTENBHO (I10-
4yTH B 3 pasza) MEHbIIIE, YeM MPU PAaBHOMEPHOU padoTe, HO 3aTO yBEIUYH-
BaeTcs IUIONIAJh HACOCHOW CTaHIMM BCJIEACTBHE YCTAHOBKHU OOJIBIIETO
4uclia HacoCOB. B psize ciyuyaeB yBeIWYMBAETCS U AUAMETP BOJIOBO/IOB,
TaK KaK MpHU CTyNeHYaTod pabdOTe OHM JOJKHBI OBITh PACCUMTAHBI Ha
MPOITYCK OOJIBIIETO KOJTUYECTBA BOJIbI, YUEM IPU PABHOMEPHOIA.

IIpu onpenenenun odIIero oobemMa pe3epByapa BoJOHAIIOPHOM Oarii-
HU CJIeAYyeT YYHUTHIBATh, UTO, KPOME PETYIUPYIOIIEH €MKOCTH, pe3epByap
JIOJKEH ele Cojep)KaTh MPOTHUBOIOXKAPHBIM 3amac Bojbl. Takum oOpa-
30M, 001U 00BEM pe3epByapa:

Wp = Weer + Wriox, M2,
rne Wp — obmmii 00beM pesepsyapa, M, Wper — peryIupyromui 00bem
pesepByapa, M%; Wrox — IPOTUBONOKAPHBIN 3amac, Mm>,

[ToxapHbIii 00BEeM B Oakax BOJIOHAIIOPHBIX OallleH JOJKEH OBITh pac-
CUMTAH Ha JACCATUMHUHYTHYIO TPOJOJDKUTEIBHOCTh TYIICHUS OJHOTO
Hapy>XHOTO H OJHOTO0 BHYTPEHHEro ToOXKapa MpPU OJHOBPEMEHHOM
HauOOJIBIIEM PACXOJI€ HA APYTUE HYKIBI, T. €.
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TJI€ (pox — PACXOJ HA TYIIEHHWE OJHOTI'O HAPYXKHOTO MOXKapa, JI/C, MPUHH-
MaeTCs 1O 3a[aHMIO; q*  — PACXOJ Ha TYHICHHE OJJHOIO BHYT-

PEHHETO ToXapa, OpPUEHTUPOBOYHO MOKHO TIPHUHSTH 5 JI/C.

IIpu oTcyTcTBUM B COCTaBe BOJONPOBOJHOM CETM BOJAOHANOPHOU
OalrHu, 4TO XapakTEePHO IS CPETHUX W KPYITHBIX TOPOJIOB, PEXKUM pado-
Thl HACOCHOM CTaHIIMM BTOPOTO IMOJbEMa MaKCUMAaJIbHO MPUOIMKAIOT
K rpauky BOJIONIOTpEOICHUS, IPUHUMAS €T0 CTYIIEHUYAThIM.

[Ipu ycraHoBieHHH pexuMa pabOThl HACOCHOW CTaHUUU BTOPOTO
IoJabeMa Ha ceTh 0e3 OamHu A1 0oO0ecCIeYeHHUs MOoJaud HeoOXOIUMOI0
KOJIMUECTBA BOJIbl MOTPEOUTENISIM HEOOXOIUMO, YTOOBI KaX bl Yac CYyTOK
MPOU3BOAUTEIHLHOCTh PAOOUMX HACOCOB Oblla paBHA MJIM HECKOJIBKO TIpe-
BhIIIAJIa BojionoTpednenue. HempeprlBHOE M3MEHEHHE BOJOMOTPEOICHUS
U COOTBETCTBYIOIIEE U3MEHEHHUE MOTEPh HAINlOpa U JABJICHUHN B CETH OyayT
BBI3BIBATh TaK)K€ HEMPEPhIBHBIC U3MEHEHHUSI TTOJa4H BOJIbI HAacOCcaMu, 00Y-
CIIOBJICHHBIE CBOHCTBOM CaMOPETYJIHMPOBAaHHS IMECHTPOOECKHBIX HACOCOB,
CBSI3aHHBIM C OCOOCHHOCTSIMH MX XapakTepucTuku Q — H.

[IpeBbillieHre TOAa4YM HaJ MOTPEOJCHUEM BOJIbI BBHI3OBET 3a CUET Ca-
MOPETYJIMPOBAHUS YBEIMYEHHUE HAIOpa B CETU U MPUBEIAET K HEKOTOPOMY
nepepacxoay djekTposHepruu. OJHAKO MPH yAa9HOM BBIOOpE peKrMa
pabOThl HACOCOB MOJXKET OKa3aThCsl, YTO TaKO€ PEIICHHE SKOHOMHUYECKHU
BBITOJIHEE BAPHUAHTA C BOJOHANIOPHOW OalrHe.

4.2. OnpenesieHne KOJNYECTBA, MATEPHUAJIA U TMaMeTpa
BCACHIBAIOIINX U HATMIOPHBIX TPYOONIPOBO/I0B

KosnmdecTBO BCachIBAOMIUX JUHUK JIOMKHO OBITH HE MEHEE JIBYX.
HpH BBIKJIOUCHUH OHHOﬁ JIMHUN OCTAJIbHBIC IOJI)KHBI 6BITB paCCUrNTaHBbI
Ha MPOIMYCK MOJHOI0 PaCYETHOrO PacXo/a.

TpyOompoBoabl B HACOCHOM CTAHIIMH, a TAK)KE BCACHIBAIOIINE JTHHHH
3a mpejerlaMyd HaCOCHOM CTAHIIMU BBIMIOJHSIOTCS U3 CTaIbHBIX TPYO Ha
cBapke. J{nameTpsl TpyO BHYTPH HACOCHOW CTAHIIMU M BCACHIBAIOILIUX JIH-
HHI 3a mpeeaMyd HaCOCHOM CTaHIMHM jKeJaTeIbHO IPHUHUMATE B 3aBHCH-
MOCTH OT PEKOMEHAYEMBIX 3HAUYECHHI CKOPOCTH JABMIKEHHUS BOIBI B TPY0O-
npoBojax (tadi. 5).
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Tabmnura 5
CKopoCTh JBMKEHHUSI BOJIBI B TPYOOIIPOBOIAX

Jlanmetp Tpy6, My CkopocTh B TpyOOIIpORBOJIE, M/C
’ BCACBIBAIOIIEM HAITOPHOM
Jo 250 0,6...1,0 0,8...2,0
250...800 0,8...1,5 1,0...3,0
bonee 800 1,2...2,0 1,5...4,0

KonuyecTBO HanmopHBIX BOJOBOJIOB 3a MpEAEIaMi HACOCHON CTaHIIMU
(He MeHee JBYX) HNPUHUMAIOT COIVIACHO 3aJlaHUI0 HAa MPOEKTUPOBAHHUE.
HamopHbie BOJIOBOABI U3rOTAaBIMUBAIOTCS U3 KEIE300€TOHHBIX, UYYTYHHBIX,
acOEeCTOLIEeMEHTHBIX, IJIACTMACCOBBIX WIIM CTalbHbIX TpYyO. Ilpu BbIOOpE
Marepuana TpyO cienyeT Y4YUThIBaTh BEIMYMHBI MOTPEOHBIX HAIOPOB,
arpecCUBHOCTh TPYHTOB M TPAHCIOPTUPYEMOUM BOJBI, YCJIOBHS JKCILTya-
Taluu TpyOOIIPOBOJOB U SKOHOMHUYECKHUE (DAKTOPHI.

JlnaMeTpbl HAOPHBIX TPyOONPOBOJOB (BOJOBOAOB) OMPEACIIAIOT I10
pacueTHOMY pacxojty HacocHO# ctaHiuu (Quc, JI/c), IpUXOASIIEMYCsl Ha
OJIMH BOJIOBOJ, UCXOSl U3 BEJIMYMHBI SKOHOMUYECKOU CKOPOCTH.

4.3. OnpeneseHue MOJHOM BBICOTHI MOAbEMA

OmnpeelieHHe MOJTHOM BBICOTHI MOJhEMa HACOCOB BTOPOTO IOJbEMa
MOET OBITh MPOU3BEACHO JIHUIIb IOCJIE MOJHOIO pacueTa CeTH U OIpec-
JICHUS BBICOTHI BOJOHAMOPHOM Oamran. Hamop Ha cTaHIMU AOJKEH OBITH
JIOCTATOYHBIM JUIsl oOecreueHusi TpedyemMoro cBoOOHOTO Hamopa B 00-
CIy’)KHBA€MOM HACOCHOM CTaHIMEH WYHKTE WIM Ha TPOMBIIIICHHOM
IPESANPHUITHH, C YIETOM TIOTEPh HAIOpa B CETH U pesibed)a MECTHOCTH.

[Ipy MpOSKTHPOBAHMKM HACOCHBIX CTAHIUK BTOPOIO IMOJAbEMa MOXKET
OBITh HECKOJIPKO BapHaHTOB B3aMMHOI'O PACIIOJIOKCHHMS HACOCHOM CTaH-
1uy, OamHu U ceTH. IS KaXK[A0oro M3 BapHUaHTOB OIPCACIICHHE ITOJIHOM
BBICOTHI IOJbEMa BOJBI MMEET CBOM OCOOCHHOCTH. Hmke paccMOTpeHBI
Han0oJIee YacTO BCTPEYAIONITNECS BApHAHTHI.

Paboma nacocnoti cmanyuu na cemo 6€3 6000HaANOPHOU OAUIHU

B sTOM cirydae HacocHast CTaHIIMS BTOPOTO MOabeMa J0JKHA o0ecTIe-
YHUTh T0JIa9y HEOOXOIUMOTO KOJIUYECTBA BOJIBI C HEOOXOAMMBIM HATIOPOM
B JIMKTYIOIIYIO TOYKY CeTH. JIMKTyromas Touka — 3To HanboJiee HeOaro-
NPHUATHAS TOYKA B CETH, ONPEEIAIoNnas HeoOX0MMBI HAIlOp HACOCHOM
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CTaHIIMU BTOpOro mnojabeMa. Kak mpaBumio, AUKTYyIOIIAs TOYKa Hamboliee
yJaJieHa OT HACOCHOM CTAaHIIMU WM PACIOJIOKEeHa Ha HanboJee BHICOKOH
OTMETKE MECTHOCTU. EcCiM B JIHMKTYHOLIEW TOYKE HACOCHOM CTaHLIUEU
obecrnieynBaeTCsl HEOOXOIUMBIM CBOOOJHBIM HAMoOp, TO BO BCEX IPYTrUX
TOYKAaX CETU BEJIUYMHA JEUCTBUTEIBHOTO CBOOOJHOTO Hamopa OyAeT mpe-
BBIIIIATH HEOOX0aMMOe ero 3HaueHue (puc. 60).

s

2
:Ml\ B eoponpoeoguyre
r
. 7 4 CeThb
7777 Ehj\_ A

\_ hhm < .

Puc. 60. CxeMa mojgauu BoJbI HACOCHOM CTaHITMEH BTOPOTO MOAbEMa B CETh
0e3 BOJIOHANIOPHOMN OarHu:
1 — pe3epByap UMCTOM BOABI; 2 — HACOCHAS CTAHILUSA; 3 — AUKTYIOIIAs TOYKA CETH;
4 — BOJIOBOJIbI; 5 — MOTPEOUTETH BOBI

[TorHas BBICOTA MO BEMA HACOCOB B ATOM CIIydae:
Hu = Hr + hsc + hac + hon + hes, M,
rae Hr — reomerpudeckas BrIcOTa MOabeMa, omlpeaeiisseMas Kak pa3HOCTb

33JIaHHBIX OTMETOK MOBEPXHOCTH 3€MJIM B IUKTYIOIIEU TOUKE VZ T

Y MUHUMAaJILHOTO YPOBHS BOJIbI B pE€3€pByape YUCTON BObI V”°

MUH

Hr=Vv* -V® M,

aT MUH

rae Nec — moTepu Hamopa BO BCACHIBAIOIICH JIMHUM IIPH YJIAJICHHOM pac-
MOJIO)KCHUH HACOCHOM CTaHIIMKM OT pe3epByapa YHUCTOW BOJIBI

(PUB), npuaumaemsie B mipeaenax 0,5...1,0 M; mpu coBMelIeH-

HOM WJIM MaJIOM YyJAaJ€HUM HacocHOM ctaHiuu ot PUB hgc oT-

JEIBbHO HE YUYUTHIBAIOTCS U ATH MOTEPH BKJIIOYAIOTCS B BEIHYH-
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Hy huc; hac — cymma nmoteppb Hamopa Bo BHYTPEHHHX KOMMYHH-
KalUsX HACOCHOM CTaHUMM, MPUHHMaeMas paBHOM 3..5 M;
Nce — ¢BOOOIHBINM HAIOP HA YPOBHE IMOBEPXHOCTH 3€MJIU B JMK-
TYIOIIEW TOUYKEe, BEJIMYMHA KOTOPOTO 3aBHCUT OT XapakTepa
00bEeKTa BOJOTIOTPEOICHHS U TIPUBOJAUTCS B 3aJJaHUM HA TIPOCK-
TUpOBaHUE; hry — cyMMa MoTepb Hamopa B Hapy>KHOM Hamop-
HOM BOJIOBO/IC U CETH.
B 3aBHUCHMOCTH OT MecTa PacroJioKEHUs AUKTYIOIIEeH TOUKHU (B Hada-
Je, B KOHIIE WJIHM B IPOMEKYTOYHOM MECTE€ CETH) M HACOCHOM CTaHIIUM
BTOPOTO Mo ibeMa (JaJeKO OT CeTH WX BOJIM3U Hee) BeIMUYUHA hiin MOXKET
OBITH OTIpeIeSIeHa CICAYIOIIUM 00pa3oM:
a) TIPU PACMOJIOKEHUM HACOCHOW CTaHIIMU Ha 3HAYUTEIBLHOM Yjalie-
HUU OT CETU U IUKTYIOIICH TOUKH B HA4YaJI€ CETH
hr = heop,
rae hgong — cyMma moTeph Hamopa B Hapy>KHOM BOJIOBOJIE OT HAaCOCHOM
CTaHIIMM 10 TUKTYIOIIECH TOUKH;
0) npy pacroIOKEHUU HACOCHOW CTaHIIMU Ha 3HAYUTEIILHOM YIAJICHUH
OT CETH M IUKTYIOIICH TOYKH B KOHIIE WJIA B IPOMEKYTOUHOM MECTE CETH
hr = heox + NceTy,
rne hcetu — cyMMa moteph Harmopa ceTu oT €€ Hadayia JI0 JTUKTYIOIIEH TOUKH,
B) IIPY PACIIOJIOKCHUHW HACOCHOM CTAHIIUM BOJIM3U CETH M JHKTYIO-
e Toukd B Hayaiie cetd hoy = 0;
I') MPH PACHOJIOKEHUH HACOCHOW CTAaHIIMU BOJIM3U CETH M JIMKTYIO-
IIeH TOYKU B KOHIIC HIIA B POMEKYTOUYHOM MecTe ceTr hrin = Ncetu.
C 1enp0 MaKCUMAJIBHOTO COKpAIIIEHUS PACYETOB B KYPCOBOM IPOEK-
T€, HE CBSI3aHHBIX HETMIOCPEJACTBEHHO C MPOSKTUPOBAHMEM HACOCHOM CTaH-
MU, OOBIYHO TpeAycMaTpUBaeTCs (€CIM HE 3aJaHbl JIOMOJHUTEIIbHBIC
TpeOoBaHus) Ciaydai, Korja He0OX0AUMO OIPEeIsITh BEIUYHUHY hpos.
CyMMma 1rmoTephb Haropa B Hapy»KHOM BOJOBOJC ONPEACIAeTCs 10 Tad-
JUIIAaM JIJIS THJIPABIMYECKOr0 pacdera TpyOoonpoBoaoB. st mpuOImKeH-
HBIX PacuyeTOB MECTHBIC CONPOTHBIICHUS JJIMHHBIX TPYOOIIPOBOIOB IIPH-
HuMaeMm paBHbiMU 10 % noteps Ha Tpenue. Takum oOpazom, cymma mo-
Tepb Haopa COCTABUT:
hson = 11-i-¢ , M,
re 1 — TUAPABIMYECKUN YKIIOH, M/KM, OOBIYHO OMpeesseMbIi 10 TabIu-
aMm JUisl TUAPABIMYECKOro pacyera TpyOONpOBOJOB MO peaak-
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mueit ®.A. Illesenésa kak 1000i; ¢ — minHA BOMOBOIA, KM;
1,1 — ko3 duieHT, yIuThIBaIOUIMNA MOTEPU HAIMOpa B MECTHBIX
CONIPOTUBJICHUSIX.
[loTepu Hamopa omnpenessaroTcs MO0 MaKCUMMallbHOMY 4acOBOMY pac-
X0J1y HaCOCHOM CTaHIIUM, OTHECEHHOMY K OJTHOMY HaIllOpPHOMY BOJIOBOJTY.
[Ipy HEOOXOAUMOCTH PACCMOTPEHHS IPYTUX CIydacB MOTEPH HAropa
B cetd (hcetn) npuHUMAIOTCS O 3a1aHUIO.
Ananmuzupys puc. 60 u hpopmyny
Hu = Hr + hac + huc + hoa + hes, M,
MOYKHO JIeJIaTh BBIBOJ, YTO CTaTWMuecKuil Hamop Hcr sBisieTcss cyMmoit
CJICAYIOIIUX CllaracMbIX:
Her = Hr + hae, M,
rjae 0003HAYCHHUS aHAJOTHMYHBI TEM, YTO MPHUBEJCHBI B paHee INPHUBEICH-
HOT hopmyIie.
Paboma mnacocnoii cmanyuu npu pacnonodsxiceruu 8000HANOPHOU
OawHu 8 Hauale cemu
BricoTHas cxema pabOThl HACOCHOM CTaHIIMU IIpU paboTe €€ Ha BOJIO-
HAMOPHYIO OAIIHIO, PACIONOKEHHYIO B HaYaJle CEeTH, MpUBeeHa Ha puc. 61.
XapakTepHbIM IS TaKOW CHCTEMBI SIBISIETCS TO, YTO BBICOTA OallrHw,
a CJIeJIOBaTeIbLHO W IOJHAs BBICOTA IMOJIbEMa BOALI HACOCAMHU 3aBUCHUT OT
MOTEph HAIlopa B CETH IPU MaKCUMallbHOM Bojopa3oope. Ilockonbky
JAHHBIM MPOEKTOM pacyeT BOJOMPOBOJAHOMN CETH HE MPEeyCMaTPUBACTCH,
BbIcOTa OarnHu Hp mpuHUMaeTcs 1o 3aaHui0 Ha TPOSKTUPOBAHUE.
B sTOM cirydae monHas BbICOTA MOJbEMA BOABI HACOCHOW CTAHIMEUN
BTOPOTO MOIbEMA:
Hu = Hr + Hp + Hp + hac + huac + hom, M,
rae Hp u Hp — BbpICOTa, COOTBETCTBEHHO, pe3€pByapa U CTBOJA BOJOHA-
MOpPHOM OaIllHu, M.
B aTOoM ciydae, onpeaesnsisi Hamop HACOCHOM CTAHIMU IO BBIMICTIPH-
BEJICHHOU (popMyJie, BBICOTY pe3epByapa BojoHamopHou OarmHu Hp mpu-
HUMAIOT B 3aBUCHMOCTH OT €r0 EMKOCTH U PEKOMEHIyEMOTO COOTHOIIICHHUS

Hp

—=05..1,2,

Ay
rae [p — nmameTp pesepByapa,
a TaKKe YUYUTHIBAs, YTO BEIMYMHA Nmp paBHA MOTEpsSM Haropa B HaIop-
HBIX BOJOBOJAX, ONpeaeisieMbIx o hopmyie: hgox = 1,1-i M.
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Tor Aa TCOMCTPHUYCCKaAs BbICOTA IIOABCMA BOAbI Hr OIPCACTACTCSA KAaK

Pa3HOCTh OTMETOK MOBEPXHOCTH 3eMJIM Yy OalrHu Vz U MUHUMAJIBHOTO

YPOBHs BOJIbI B pe3epByape yucTod Bojasl VB . Cratnyeckuil Hanop npu
TAKOW CXEME€ MOAAYU BOAbI HACOCHOM CTAHLIMEU SIBIISIETCS CYMMOU CIIENY-
IOIIUX cliaraeMeix (puc. 61):

Hcr = Hr + hsc + Hs + Hp, M.

by

H
Hg

Hy H_
2
B soponporonmHyEs
1 # H r CETh

Fir
b, T o
h HT

Puc. 61. CxemMa mogaun BoAbI HACOCHOM CTAHIIMEH BTOPOTO MOIbEMA B CETh
TIPY BOJIOHATIOPHOM OalllHe B HaYajIe CETH:
1 — pe3epByap 4uCTOM BOJBI; 2 — HACOCHAS CTaHIMUS; 3 — BOJOHANOPHAs OallHs;
4 — BOJIOBO/IBI; 5 — TOTPEOUTEH BOIBI

Paboma mnacocnoti cmanyuu npu pacnonodxcenuu 8000HANOPHOU
OawHu 8 KOHYe cemu (C KOHmppe3epa8yapom)

BricoTHast cxema paOOThl HACOCHOM CTaHIIUM TIpU paboTe €€ Ha BOJIO-
HAITOPHYIO OAIIHIO, PACTIONIOKEHHYIO B KOHIIE CETH, MPUBECHA Ha pHC. 62.

IIpn onpeneneHn NMOITHOM BBICOTHI MOABEMA BOJIBI HACOCAMHU HAMO
UCXOJIUTh U3 CJIEAYIOIINUX CIy4aeB paOOThl HACOCHOW CTAHIIUHU:

a) 4achl MAaKCUMaJIbHOT'O BOJIONIOTPEOIEHUS, KOT/Ja YacTh BOJbI MO/~
€TCS HACOCHOM CTaHIMEW, a JIPyras 4acTh MOCTYNAeT B CETh U3 BOJOHA-
MOPHOU OalHy;

0) "yachl MaJIoro BOJONOTpeOIeHUs, KOT/Ia BOJa, MojlaBaeMasi Hacoca-
MU, MTOCTYIA€T B OCHOBHOM TPAH3WUTOM B OAIIIHIO.
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Puc. 62. CxeMa moja4uu BoJbl HACOCHOM CTaHIIMEH BTOPOTO MOAbEMa B CETh
IIpU BOJAOHANIOPHOM OalHe B KOHIIE CETH:
1 — pe3epByap YKCTON BOJBI; 2 HACOCHAS CTAHITHS;
3 — BojloHATIOpHAsI OanTHs; 4 — TUKTYIOMAs TOYKA CETH;
5 — BOJIOBOIBI U CE€Th; 6 — MOTPEOUTEHN BOIBI

Jliia 0boux ciayyaeB OOBIUHO TPEOYIOTCS Pa3IMYHbIE HANIOPHI HACOCOB.
[Tpu MakcuMaabHOM BogomnoTpeOacHun (cimyvaid (a)) ompeaeneHHe IMoJI-
HOI BBICOTHI MOABbEMA HACOCOB H MpoM3BOAUTCS aHANOTHYHO, KaK U MpU
paboTe HACOCHOM CTaHIIMU HA CeTh 0e3 BojOoHanopHo# Oamuau. [Ipu sTom
YYHUTHIBAIOT, YTO B KaU€CTBE JUKTYIOIICH TOUKH MPUHUMACTCS TOYKA CXO-
Jia, Torjaa cBOOOHBIN Harmop B HeW hcg ¥ moTepu Hamopa B BOJAOIIPOBO/I-
HOW CETHU NMIPUHUMAOTCS T10 3aIaHUIO.

[Tpy MUHHMaIBLHOM BOJONOTPeOIecHUU (ciaydai (0)) Hamop HacOCOB
oTpeJesieTCs U3 YCIOBUS MOJJauu Bkl B OaiHi0. [losiHas BeicOTa MOIb-
&Ma Ipu 3TOM onpeesuTCs 1o hopMmyiie (cM. puc. 62):

H' =H' +Hp+Hs+ hsc + huc + M V8
rae H , H ,h'— Ipn MUHEMaJIbHOM BOJIONIOTPEOJICHUH, COOTBETCTBEH-
HO, HAamop HACOCHOW CTaHIMH, TE€OMETPUYECKas BBICOTA
noabEéMa BOJIbI, CYMMa IMOTEPh HANOpa B HApy>KHOM Hamop-

HOM BOJIOBOJIC M CETH (OIpEeaesIeTCs aHAIOTHIHO, KaK U TIPH
paboTe HACOCHOM CTaHIMU 0€3 BOJOHAIIOPHOM OaITHu), M.
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B stom ciydae, onpenenss Harmop HaCOCHOW CTAaHIIMM IO BBIIIENPU-
BEJICHHOU (hopMyJie, BHICOTY pe3epByapa BojioHanopHou Oamnu Hp mpu-
HHUMAIOT B 3aBUCUMOCTH OT €r0 EMKOCTU U PEKOMEHIYEMOI'0 COOTHOLLIEHUS.

CraTruueckuil Harmop npu TOM OIMPEICIUTCS KaK

H;:T :H’F+hBC+HE+HP.

Hamop HacocoB cremyeT mpuHUMaTh PaBHBIM HAMOOJIBIIEMY M3 TI0-

JYYEHHBIX B JIByX PACCMOTPEHHBIX ciiy4yasax. CTaTUYECKUW HANOpP MPUHU-

MacCTCA aHAJIOTUYHO NMPCAbIAYIIUM CUTYALUAM.

4.4. ITonOoop HACOCOB M JBUTaTeJIel

Buvibop nacocos

[To ycTaHOBIEHHOMY paHee peKUMY paOdOThl HACOCHOW CTAHITMH U €€
pou3BOAUTENLHOCTH QHc, KOJMWYecTBYy pabounx HacocoB Nu M moTpeo-
HoMmy Hamopy Hu (mmosHO# BhICOTE MOABEMa BOJBI) MPH CIIydasiX pabOThI
CHUCTEMBI BOJIOTIOTpeOIeHUS Oe3 Tmokapa U MpH MoXKape, 10 CBOIHBIM I'pa-
¢bukam TMoJell HacOCOB COOTBETCTBYIOIIETO THUIA JIMOO IO MacrmopTam
HACOCOB BBIOMPAIOT THI U MapKy pabodyux HAcOoCoB. B 3ToM cirydae moja-
ya o7HOTO Hacoca Qu, COOTBETCTBYIOIIAs pacuyeTHOM (TpeOdyemoit) mpouns-
BOJMTEIILHOCTH HACOCHOU cTaHInu QHc, OMPEIEISICTCS KakK

Qu="1". (1)

JI7ist cTaHUMiA Manol NpOU3BOAUTENIBHOCTH HAauOOJIbIlIee MPUMEHEHUE
HaXOJAT HACOChl C TOPU3OHTAJIbHBIM BajoM Tuna «K», a misg craHuui
cpeaHel u OoJbIIel TPOU3BOAUTENIBLHOCTH — TUNA «/I». [Ilnupokas HoMeH-
KJIaTypa HAcOCOB 3TUX THUIIOB, BBIIYCKA€Mash OTCYECTBEHHOM ITPOMBIIII-
JIEHHOCTBIO, TIO3BOJISIET BBIOpaTh arperar, HaWiIydliuM oOpa3oM OTBEYa-
FOIIMHM YCIIOBUSIM SKCIUTyaTalluu.

Pabourie 30HBI KaXJOro THUIIOpPAa3MEPa HACOCOB MPEJCTaBICHbI Ha
CBOAHBIX I'pauKax B BHUJE KPUBOJIMHEHHBIX MapasuiesiorpaMmoB. Bepx-
HsASl KPUBOJIMHEWHAS JIMHUA KAXKIOTO MOJIS — XapaKTEpPUCTHKA Hacoca ¢
HauOOJBIINM, a HUXKHSISI, COOTBETCTBEHHO, C HAaMMEHBIIMM 3aBOJICKUM
IuaMeTpoM pabouero kojeca. Pabouas 30Ha B 3aBOACKHMX NAcropTax Ha
xapakrepuctuke Q — H orpanuuena BOJHHUCTBIMH JIMHUSAMU. [Ipu 3TOM
pPEKMMHAs TOYKA HACOCA JIOJDKHA HAXOAUTHCSA B MPEAEIax PEKOMEH]ye-
MO paboyelt 30HbI HacOCa U pacroiararbesi He Bbllie kpuBon Q — H.
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JI71s1 BBIOpaHHOT'O HAcoca BBIMKMCHIBAIOT €r0 MapKy, rabapuTHBIE pas-
MEpBI, YUCIO O00OpOTOB M Maccy Hacoca. KaTanokHble XapaKTEpUCTUKH
HACOCOB CHHMMAIOT Ha MWUIMMETPOBKY, KaJIbKy WU KCEPOKOMUPYIOT U
BKJIQJIBIBAIOT B MOSCHUTENBbHYIO 3anucky. [Ipu 3Tom nienecoobpasHo mpu-
MEHATh HAaCOChl OJHOTO THIA U MapKH, a TaKK€ HACOChI, UMEIOIIUE MaK-
cumanbHoe KIIJI B pesxuMHOM TOUKE.

Pe3epBHBIC HACOCHI BBIOMPAIOTCS TOM K€ MapKH, 4YTO U paboyue, a ux
KOJIMYECTBO MPUHUMAETCSI COTIACHO KaTaJIOTaM.

Hamop (kaTtanoxHblii) mogo0OpaHHOrO Hacoca JOJDKEH OBITh paBeH
pacuetHoMy Hu mnu mpeBocxoauTh ero He 6onee yem Ha 1,5...2,0 m. Ec-
JU 3TO YCJIOBHE HE BBINOJHSAETCA, TO TpeOyeTcs JTMOO0 KOPPEKTUPOBKA
quciia 000pOTOB JABUTATENS, IOO 00TOYKA pabouero Kojeca Hacoca.

Obmouxa pabouezo Koneca

Pacuer HeoOXoauMo#l cTeneHn 00TOYKH paboyvero Kojieca HaYMHAOT
c omnpeaeneHus Ko3ppuurenta ObICTPOXOIHOCTH:

~3,6504/Qupr

Nn. =
S H% y

OIIT
rae n — vacrora Bpamenus, Mue; Qonr u Honr — 3HaueHus, COOTBET-
CTBEHHO, MOJa4u, M>/C, ¥ HAIOPa, M, COOTBETCTBYIONINE MAKCH-
ManbHOMY 3HaueHuto KIIJ[ BeIOpaHHOro Hacoca Mpu HOPMallb-

HOM JIaMeTpe pabodero Kosjeca.
[Ipu ucnonb30BaHUK OJTHOKOJIECHBIX HACOCOB C JIBYXCTOPOHHUM BXO-
10M B pabouee kojieco (Mapku «JI») moa kopHem BMecTo Qont MOJCTaB-

Q
JseTCS % [Toce 3Toro CTposSIT KPUBYIO MPOHOPLIHUOHATIBLHOCTH (pHC. 63)

C UCTOJIb30BaHUEM (POPMYJIbI:
— 715 HacocoB ¢ ns< 150 — H = kQ?;
— 171 HacocoB ¢ ns> 150 — H = kQ.
KoadduimenTs mponopiinoHaIbHOCTA HAXOAT 10 (popMyTiaMm:

Q)

H
— JIJIS HAcoCoB ¢ ns> 150 — k=—*=

Q—H.

— 11 HacocoB ¢ ns < 150 — k=

~—~



H=kQ*

Puc. 63. ITpumep nocTpoeHns KpUBOW MPONOPLUUOHAIBHOCTH
u xapaktepuctuku Q — H 06ToueHHOoro xoseca

3anaBasch BeauunHOW Q B Koau4decTBe 6...10 3HaYeHUH, MEHBIIINX U
Ooonpiux Qu, ONMpeAeNsSIOT COOTBETCTBYIOIIME 3HaueHus H u mo Hum
cTposT KpuByto nponopuuonansaoctd H = kQ? umu H = kQ. B paxy npu-
HATBIX BeJIMYMH Q JOJIKHA ObITh M BeaudruHa Qu, KOTOPYIO pacroiaratoT
BO BTOPOM IIOJIOBHUHE PsiJ1a 3HAYCHUMU.

[lepeceyenue KpuBOM MPOMOPIIMOHAIBHOCTH C KATaJOKHOU XapaKTe-
puctukoii Q — H BeIOpaHHOr0 Hacoca ¢ HOpMaJIbHBIM JUAMETPOM padboue-

ro koisieca nact Touky A c¢ koopauHatamu Qa u Ha. Ilo abcuucce Qa

OMpEACIISIIOT TpeOyeMbIi auamMeTp padbouero komieca: ., =/ Qi [Tomy-

Q.

yuB BeNMUUHY [losr, ONIpEAEAIOT cTeneHb 00Touku = K = % 100% wu

CPaBHMBAIOT C JOMYCTUMON. BO3MOXKHBI cleayromue mpeaesibl 00TOUKH
KOJIEC B 3aBUCUMOCTHU OT K03 PUIIeHTa OBICTPOXOHOCTH:

— 1 KoJiec ¢ 60 < ns < 120 — ue 6omnee 15...20 %;

— g kostec ¢ 120 < ns < 200 — ue 6onee 11...15 %;

— mst kostec ¢ 200 < ns <300 —ue O6onee 7...11 %.

Ecau crenenb 00TOYKM HAXOJMTCS B MpeEJIesiaX peKOMEHIYeMbIX 3Ha-
YEeHUH, TO TI0 u3BeCTHBIM 3HaueHusM Q, H, N, 1, B3sSTbIM 13 Katanora rnpu
HOPMAJILHOM JIHaMeTpe padbouero koseca Jl, onmpenenstoT BeTUIUHbI.

— JI7IsI HACOCOB ¢ ns < 150:

Rosr (- (ILOBTT . (I[omy . ( 1 j
BT — lH BT — 'H,N BT — | — 0 -N’ ET=1_ 1_ ;
QO 21 Q (@) I[ (@) I[ T]O ( n) HOBT
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— JUTs1 HacocoB ¢ ns> 150:
2 2 4
QOET:[%j Q; HOBT:(%j -H, NOET:(%j "N

[To momyuennbiM naHHbBIM cTposT kKpuBbie Q — Host; Q — Nosr,;
Q — NosbT, KOTOPBIEC UCHOJIB3YIOT B JAJbHEUIIIEM aHAJIU3€ COBMECTHOM pa-
OOTBI HACOCOB U BOJIOBOJIOB.

Buvibop snexmpoosucamenet

Jlns ompenenieHus MOIIHOCTH JBUTATEIIS BBIYUCIISIOT CHavaia MOIII-
981Q, -Hy KB,

n
rae Qu u Hy — COOTBETCTBEHHO, 1Oa4a M HAMOP OZHOTO HACOCA, M/C U M;

HOCTH Ha Bally Hacoca N =

N — KO3 PUITMEHT MOJIE3HOTO JIEUCTBUSI HAacoca, COOTBET-
CTBYIOIIUM BEJIMYMHE PACUETHON IPOU3BOAUTEIBHOCTH.
Ecnu Ban Hacoca coeIMHEH C BajJOM JBUTATENS MPU MOMOIIU MY(THI,
TO YCTAHOBJICHHYIO (Pacu€THY0) MOIIHOCTb JIBUraTelsl OMPEAENSIOT IO
dbopmye:
Nz =K, ;-N, xBr,
rane Knig — xkoadduiment 3anaca MOITHOCTH JABUTATENS, TPUHUMAEMbIN B
3aBUCHUMOCTH OT MOITHOCTH Hacoca:

MorHocTh Ha Baixy Hacoca N, KBt <20 | 20-50| 50-300 | >300

Koaddumment 3anaca momuoctu Ky 1,25 1,20 1,15 1,10

B kauecTBe 3neKkTpoABHUTaTENEH PEKOMEHIYETCS MPU MOIIHOCTSIX /10
250 kBT, a B OTIeNBHBIX Clly4asiX U Mpu OOJbIIEH MOITHOCTH, TPUMEHSTD
K YCTAHOBKE ACHMHXPOHHBIC JJICKTPOJBHUTaTeNn Tpex(ha3zHOro ToKa C KO-
POTKO3aMKHYTBIM POTOPOM.

[Ipu GOdBLIMX MOIIHOCTSAX B KAadye€CTBE MPHUBOJIAa HMCMHOJB3YIOT CHH-
XPOHHBIE AJIEKTPOJABUTATENH, a TAKKE aCHHXPOHHBIE ¢ (Pa3HBIM POTOPOM,
peryJmpyemMbie TI0 CXeMe aCHHXPOHHOTO Kackaja. Beioop mMapok aBurare-
JIed U UX KOHCTPYKTUBHBIX U IKCILTYaTallMOHHBIX MTApaMETPOB OCYIIECTB-
JIIETCSl C MCTOJIb30BAHUEM KATaJIOTOB WJIM KaTaJlOroB HACOCOB, B KOTOPBIX
MPUBOJIATCS COOTBETCTBYIOLIME MapaMeTpsbl aurareneit. [Ipu s3tom HeoO-
XOJUMO, YTOOBI MOIIHOCTh BBIOPAHHOTO JBUTATENsl ObLJIa HE MEHBIIE
omnpeeIEHHOM TT0 IPUBEICHHO BbIlIe (hopMyJIe.
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4.5. AHAJIM3 COBMECTHOM PadoThl HACOCOB M BOJ0BO/I0OB

Obuwue nonosceHus

[Ipu nonbope eHTPOOEKHBIX HACOCOB HA 3aIaHHBIN pacxoj] HE0OXo-
JIUMO, 4TOOBI TIOJIHASI BBICOTA MO IbeMa Bo/ibl HH Kak MOXHO TOYHEE COOT-
BETCTBOBAJIA HAMOPY, Pa3BUBAEMOMY HACOCAMH.

B cBs3u ¢ orpaHUYEHHBIM KOJWYECTBOM THUIOB IIEHTPOOEIKHBIX HACO-
COB TaKOT'0 COOTBETCTBHUSI YaCTO JOCTUYb 0€3 JOMOJIHUTEIbHBIX MEPOIPH-
ATUN HE YIAETCH.

bnu3koe COOTBETCTBHE HANopa HACOCOB TMOJHOM BHICOTE MOAbEMa
BOJIbI MIPY 33JIaHHOM PAacX0Jie€ MOXET ObITh JOCTUTHYTO OJHUM U3 CJEdy-
FOIIMX MEPOIPUATHIM:

— W3MEHEHHEM XapaKTEPUCTUKHA Hacoca MyTeM HM3MEHEHHs uucia
000pOTOB UM 0OTOYKH pabOUero KoJyeca;

— U3MEHEHUEM JuaMeTpa BOJOBOJIOB.

B BOJONPOBOAHBIX HACOCHBIX CTAHIMSIX Yalle BCETO HWMEET MECTO
YCTaHOBKA HECKOJIBKUX Pab0YMX HACOCOB 2 — 4, a YUCIJIO HAIOPHBIX BOJIOBO-
JIOB TaKXe MPUHUMAaeTca He MeHee ABYX. /s TouHoro pacuera cucrem rie-
pPEKavKH BOJIbI C MapajlIesIbHO pabOTAIOIIMMHU HAcOCaMH U TPyOONpoOBOIaMuU
UCTIOJIB3YETCS aHAJIU3 COBMECTHOM paboThl HACOCOB U TPYOOTPOBOJIOB C O/I-
HOBPEMEHHBIM YTOYHEHHEM MOTEPh Harlopa BHYTPU HACOCHOM CTaHLIMU.

[lens »TOrO aHanmm3a — OMNPEEIUTh BO3MOXKHBIC PEKUMBI PabOTHI
pPa3IMYHOTO KOJIMYECTBA HACOCOB HA OJIMH WJIM HECKOJIbKO BOJIOBO/IOB,
a TaK)ke He0OXOUMOCTh 00TOUKH paboYero Kojieca «KaTajoKHOTO Hacocay.
Jlnst aToro Ha OoHOM rpaduKe CTPOSAT XapaKTEPUCTHUKY OJHOTO Hacoca,
napajuieaIbHON paboThl HECKOJIBKUX pabOYMX HACOCOB, OJHOTO BOJOBO/IA,
napajuieIbHON paboThl HECKOJIBKUX BOJIOBOJIOB IyTEM CIIOKCHHS a0CIIHUCC
IPU OJIMHAKOBBIX OpJAMHATAX.

[Ipu pacuerax cucremM ¢ MNapayieNbHO PadOTAIOIIMMU HACOCAMHU
(B OMH MJIM HECKOJBKO BOJOBOJIOB U HAa CETh) HEOOXOIUMO yYHUTHIBATH,
YTO MOTEPU HAMOpa B KOMMYHHUKAIUSAX CTAHUMU (OT BCACHIBAIOIICH BO-
POHKHU JI0 BBIXOJ]a U3 CTAHIIMH) 3aBUCIT OT YMCJIa BKIIOYEHHBIX HACOCOB.
DTO 03HAyYaeT, 4TO pacyeTHbI rpadukK, MOCTPOCHHBIA IJIA MOJaYd He-
CKOJIBKMX HAacOCOB B OOIIMI HAMOPHBIN TPyOOMpOBOJ, HE MOXET OBITH
UCIIOJIb30BaH AJIsl OompeiesieHus: pabodeil TOUuku B cirydae paboThl IPyroro
(MeHbIIIET0) Yucia HaCOCOB B TOT ke TpyOonpoBo 1. OCOOEHHO 3TO BaKHO
JUTSL CTAaHIIMKA CO CTYNEHYAThIM PEKUMOM PabOThI HACOCOB.

89



JIJis ynpoIieHust pacuera ClIOXKHBIX CUCTEM PEKOMEHIYETCS] IPUMEHSITh
METO/I «HCIIPABJICHUSD XapaKTEPUCTUK HACOCOB, BBIYUTASI U3 XapaKTEPUCTHU-
KH Hacoca NOTEpH Haropa BO BHYTPEHHUX KOMMYHUKAIUSAX CTaHIUH.

XapaKTepucTHKa HAOPHOTO BOJIOBOJA B 3TOM Clydyae CTpouTcs 0e3
ydeTa NoTepb Haropa BHYTPU HACOCHOM CTaHUUHU (TOJBKO M3 pacyeTa Io-
TEeph HaNopa B Hapy>kKHOM BoJi0BoAe). [Ipu TakoM mocTpoeHuu OAuH rpa-
(UK COBMECTHOU pabOThl JEHCTBUTEINICH JUIsl JIFOOOT0 YKciia HACOCOB MpHU
nojade B Jt000€ YMCIIO HAMOpHBIX BOJOBOAOB. Ha puc. 64 npuseneH
IpUMEp TaKOro MOCTPOEHUsS JI Ciydas MapauielbHOM padoThl Tpex
HacOCOB Ha JIBa BOJIOBO/IA.

H 1 4 5 6 8

Her

@

Puc. 64. IIpumep nmoctpoenus rpaduka COBMECTHON pabOThI TPEX HACOCOB
Ha JIBa BOJIOBOJIA:
1 — xapaxrepuctuka Q — H oHOrO Hacoca (kaTangoxkHasi TMO0 0OTOUEHHOTO KOJIeca);
2 — xapakTepuctuka Q — Nyc moTeps Hamopa BHYTPH HACOCHOW CTAHIIHMH;
3 — «ucrpaBieHHas» xapakTepuctuka Q — Hycrip 0THOTO Hacoca; 4 — XapakTepuCTHKA
Q — Hi+2 1Byx HacocoB; 5 — xapakrepuctuka Q — Hiio:3 Tpex HacCOCOB;

6 — xapakTepucTrKa 0HOro BooBoja Q — hpox; 7 — XapakTepucTHKa JBYX BOJOBOIOB
(Q — heop)1+2; 8 — xapakrepuctuka (Q — hgoy)1+2 ipu aBapuu; 9 — xapaKTEepUCTHKA
(Q — hgop)1+2 BogoBOOB MpH noxkape; 10 — xapakrepuctika Q — N;

11 — xapakrepuctuka Q —n; 1...5 — pexxumHbIe TouKH (TalII. 6)
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llopsiook evinonnenus pabom

[TocTpoeHre COBMECTHBIX XapaKTEPUCTUK HACOCOB IMPU Mapaslielib-
HOI1 paboTe B CUCTEMY BOJOBOJIOB MPOBOISIT B CIEAYIOIIEM MOPSJIKE:

1. U3 karanora rpaduueckue xapakrepuctuku Q — H u Q — n nepe-
HOCsITCS B cuctemy kKoopaunat Q — H (puc. 64, kpupas 1). B cinyuae npo-
U3BEJICHHOM OOTOYKM pabouero Kojieca NEPEHOCATCS XapaKTePUCTUKU
Q — Hosr 1 Q — ot 00TOYEHHOTO KOJieca.

2. CtpouTcs KpuBasi OTEpb HAmopa BO BCACHIBAIOIIUX TPYOOIPOBO-
JaX W BO BHYTPEHHHX KOMMYHHKAITUSAX HacocHoW crtaHimu Q — huc
(cMm. puc. 64). s aT0r0 onpeaensercs ruApaBIndecKoe COMPOTUBICHUE

HACOCHOU CTaHIIUU.
h

o)
H
rie huc — npussTHIE panee npu onpeneneHnd Hy 3HaueHus notepp Hanopa
BO BHYTPEHHUX KOMMYHHMKAILMSIX HACOCHOM CTaHLUH, M;
Qu — pacueTHas IPOU3BOAUTENLHOCTH OJHOTO HAacoca, M>/c.
OnpenenuB Suc U 3aaaBasich 5...6 3HaueHuAMU Q B Mpeiesiax XapakTepu-
CTUKH HAcOCa, ONPECACIIAIOT BEIMYMHY IOTCPh Hamopa: hHC =Sphc .Q2. Pe-

3yNbTaThl 3aHOCAT B TaOl. 6 M HCIOJB3YIOT IS IMOCTPOEHHs Tpaduka
Q — huc (em. puc. 64, xpuas 2).
Tabmuma 6
PacueTHbIe JaHHBIC TS IOCTPOCHUS XapaKTCPUCTUKH

Q — huc 1 Q — Hucnp

Pacxon | Pacxon | Ilorepum Hamopa Hamop nacoca «McnpaBieHHBIN»
Q,m¥c | Q%4 M¥c| hue =S4 Q%M |(mokaranory) H, m | mamop H— hyc, m
Q1
Q2
Qu

3. CrposT «ucnpaBieHHyo» xapakrepuctuky Q — H oxHoro Hacoca.
JIy1st 5TOTO TIPU MPUHSTHIX 3HaYeHUSX Q U3 COOTBETCTBYIOIIUX MM 3Haye-
Huit H Boruntaror hpu. [lonyueHHble naHHble 3aHOCAT B TaOJ. 7 U UCHOJb-
3YIOT JUTS TIOCTPOSHMSI «HCIIPaBICHHOI) XapakTeprucTHKu Q — H (cM. puc. 64,
KpuBas 3).

4., Ctpoutcsa xapaktepuctnka Q — H mapamrenpHOl paboThl IBYX
U T. I. HacocoB (cM. puc. 64, kpusble 4, 5). [ ee mocTpoeHus: HeOOXOIUMO
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HaANTH MpUHAIeKaIme e Toukn. Ha prc. 65 npeacraBieH mpuMep mocTpoe-
HUsSI cymMmMapHOU xapakTtepucTtuku Q — Hi+2 qByX mapajuienbHO paboTarommx
HACOCOB C OJIMHAKOBBIMU XapakTepuctukamu Q — Hip, mostomy ajis ee rmo-
CTPOEHHS yJIBauBaeTCs OTPe30K «ab» = «bcy. [1ogo0HBIM e 00pa3omM Haxo-
JISITCSI M BCE APYTHUE MPUHAJIEkKAIIME € TOUKHY (Ha puc. 65, @ He MOKa3aHbI).

H
C

a\ b
ab=bc >
(Q-H):2 (Q-H)1+2

a) Q
o a=bc , \(Cheikz

0)

Puc. 65. Cxembl noctpoeHus xapakrepuctuku Q — H
napajieIbHOM paboThI IBYX HACOCOB U BOJOBOJIOB:
@ — HAcOChI C OIMHAKOBBIMH XapAKTEPUCTUKAMU;

6 — BOJOBO/IbI OJJMHAKOBOTO JUaMETpa U MaTepuasia

Her

Q

5. Ctpoutcst HanopHasi XapaKTepUCTUKA OAHOTO BojoBoaa Q — hpop
(cM. puc. 64, kpusas 6). [{ist aToro, 3aaaBasich 3HaUYCHUAMHU Q, B 3aBUCH-
MOCTHU OT B3aMMHOT'O PACIIOJIOKEHUS HACOCHOW CTAHLWH, PETYIUPYIOLIUX
E€MKOCTEeW M BOJONOTPEOUTENS], ONPEAEIAIOT BEJIMYUMHY MOTEPh HAmopa B
BOJIOBOJIe NBoj MJTM CyMMapHBIC MOTEPH B BOJOBOJIC M CeTH Ny 171 paHee
HAa3HAYCHHOI'0 JMaMeTpa BOAOBOJA, CYMMHUPYIOT UX CO 3HAYEHUSIMHU CTa-
Thueckoro Hanopa Her. Pe3ynbTaThl BeIUKUCICHUH 3aHOCAT B TaOJ. 7 U UC-
NOJIB3YIOT IS mocTpoeHus rpaduka (Q — hpop)1 (cm. puc. 64, kpusas 6).

Tabnuna 7

PacueTHble qaHHBIC TSI TOCTpOSHUS XapakTepucTuku (Q — heop)

> - . ITorepu Hamopa
acxon UPaBIMICCKUN yKIIOH B BOJIOBOJIE Her + hgog, M
Q, 1/c 10001, m -
hBOjl = 1,1'1'6, M
Q1
Q2
Quic
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6. Ctpoutcst xapakrepuctuka Q — Moy mapayienbHONW pabOTHI OHO-
ro, AByX 4 T. /1. BOJIOBOJIOB (cM. puc. 64, kpusas /). [loctpoeHue KpuBoit
(Q — hpop)i+2 OMHOTHIHBIX BOJOBOJOB (cM. puc. 65, 6) Tpou3BOIUTCS
aQHAJIOTUYHO TOCTPOCHHMIO XapPaKTEPUCTHUKHU IMapalIeIbHOW pPabdOThl OJH-
HAKOBBIX HacocoB (puc. 65, a). B pe3yibTaTe mMory4aroTcsi TOYKH Iepece-
YEHUS XapaKTEPUCTUK BOJIOBOJIOB C XapaKTEPUCTHKAMH MapalIeIbHO pa-
OoTaronux HacocoB (Hampumep, A) (cM. puc. 64). DTH TOYKH HA3BIBAIOTCS
pexuMHBIMUA. Touka A — TOUKa NEPECEUCHHS XapaKTEPUCTUKH Mapall-
JebHOM paboThl Becex pabounx HacocoB Q — Hi+2+3; KpuBas ¢ cyMMapHOUH
XapaKTEepPUCTUKON paboThl BeexX BOmOBOMOB (Q — hpop)i+2 sBIsETCS pe-
KUMHOM TOUYKOM paOOThl HAcOCHOW cTaHIuu. [Ipy mpaBuiIbLHOM BBIOOpE
HACOCOB U MOCTPOEHUM Tpaduka UX COBMECTHOU pabOTHI ¢ BOAOBOJIAMHU
KOOPJMHATHI ITOM TOYKU COBIAJAIOT C MOJIYYECHHBIMU paHee 3HAYECHUSIMHU
QHC u Hy (CM. puc. 65).

Jlanuble U3 TpaUKOB COBMECTHOM pPabOThI HACOCOB M BOJIOBOJIOB
(cM. puc. 65) nepeHocsT B Tabl. 8, M OHM CIIy’>KaT JJIS JaJbHEHIIEro aHa-
Ju3a pa3INYHbIX BAPUAHTOB COBMECTHOU pabOThl HACOCOB W BOJIOBOJIOB.
[Ipu onnHAKOBOM KOJIMYECTBE pabOYMX HACOCOB M BOJOBOJIOB aHAJIN3
COBMECTHOM pabOThl MOXHO MPOU3BOJINUTH, CpaBHUBAs KpuBble Q — H of-
HOTO HAcOCa M OJIHOTO BOJIOBO/IA.

Ta6nuna 8
[Ipumep ananuza paboThl HACOCOB U BOJOBOJIOB
B Cllydae paboThI TpeX padourx HACOCOB Ha JiBa BOJIOBOJIA (CM. puc. 65)

Yucno pabotatomux | Ilomaua paboraromux | Hamop pabotarommx KIIJ
HACOCOB, IIT. HacocoB, M/c (11/c) HACOCOB, M HacocoB, %

I1pu paboTe Ha OUH BOTOBOJ:

1 Q1 H M

2 Q2 H; N2

3 Qs Hj N3
[Ipu pabote Ha 1Ba BOAOBOJIA:

1 Q4 Ha N4

2 Qs Hs Ns

3 Qnc Hy Nu

CosemecmHas paboma HAcoco8 u 8000860008 NPU ABaAPUU

[Ipu aBapum HacoOCHasl CTaHIMS JIOJDKHA OOECreyrBaTh MOAady He
MeHee 70 % pacdeTHOro pacxojia Ha XO3SIMCTBEHHO-TIUTHEBBIC HYXKIbl U
10 aBapuitHOMY rpauky — Ha MIPOU3BOJACTBEHHBIC HYXXJbl. B cityuae oT-
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KJIFOYEHUS OJAHOTO M3 BOJOBOJOB Ha PEMOHT 3HAYUTEIIBHO BO3PACTaIOT
MOTEpHU Hamopa B paboTaromux BogoBoAax. JJisi yBeIuyeHus MpomyCKHOM
CITIOCOOHOCTH BOJOBOJIOB M CHMIKEHHS MTOTEPh HANOpa B HUX yCTPauBaroT
nepembiuku (puc. 66). B aTom citydae BoJ0BOIbI pabOTAIOT B OJIHY JTUHUIO
TOJIbKO HA YYaCTKAaX MEXIY NEPEMbIYKAMMU.

[lepembraza T
Qu A Qe r3
== DKk o - xll*]']:lm} HD’H
e Que % % D>
- H— —{ C—txHLDK K
8 &, €,

Apapua

X

Puc. 66. [Ipumep cxembl yCTaHOBKH IEPEMBIYEK Ha BOAOBOIAX

Jlns mocTpoeHus xapakTepucTuku Q — heox BOJOBOMOB Ipu aBapuu
3agaroTcA S...6 3HadeHuAMU pacxoqa Q, Bkiroyas BenuuuHy Quc, ¥ orpe-
JCISI0T TIOTEPU HAropa B BOJOBOJAX (Ha MpUMEpEe JBYX NMEpEeMbIYCK Ha
JIBYX HAIOPHBIX BOJOBOAX):

heoj = 1,1[i1-(fl+€3)+izfz], (2)
rae i1 ¥ i2 — TUAPABAMYCCKUNA YKJIOH TIPU Pacxojie, COOTBETCTBEHHO,
% v Quc; £, 0,0, — JNIMHBI y9aCTKOB MEXKIY IIEPEMBbIYKAMHU.

[Tomyyennbie gaHHbIe 3aHOCATCS B Ta0a. 9. [locTpocHue xapakrepu-
ctikd Q — hpox mpu aBapuu Ha BOJOBOJAX IPOU3BOJUTCS aHAJIOTMYHO,
KaK U IPU IIOCTPOCHUH XapakTepucTUku Q — Npojy pu HOpManbHOM pabdo-
T€ CTAHIIUH.

Tab6auma 9
[ToTepu Hamopa B BOJIOBOAAX MPU aBapUU
Ha IPUMEPE YCTPOMCTBA IBYX MIEPEMBIUCK

Pacxon Q; ['mapaBiryeckuil yKIOH, M Hee + h

Q, w/c B 1000i, 1000i, cr + Npog, M
Q1
Q2
Quc

94



KosimyecTBO mepeMblueK Ha3HAYAETCSI UCXOJ U3 PACCTOSTHUS MEKIY
HUMHU (00bIYHO HE Oosiee 1...3 xkM). Ecnu npu npuHSATOM KOJIUYECTBE Tie-
peMbluek He obecmeunBaeTcsa mpomyck 70 % pacxona BOJbI Ha XO3sii-
CTBEHHO-TIUTHEBBIE HYX bl U PAa0OTy MPEANPUATHM, TO YUCIIO EPEMBIYEK
CJIEAYET YBEIUYUTD.

CosmecmHas paboma HACOCO8 Npu NoXcape

Hacocnas cTtaHius BTOporo mnoabéMa JI0kKHA 0oO0ecrieuynBaTh Mogaqy
MOJTHOTO PAacYeTHOTO pacxojia BOJbI Ha TYIIEHHUE IOXKapa IpU HAuOOJIb-
IIIEM YaCOBOM PACXO0JI€ BOJbI HA IPYTUE HYK/IbI.

[TosToMy mOpu TOXKape pacyeTHas IPOU3BOJIUTEIBHOCTh CTaHIUU
CKJIQJIBIBACTCSl U3 MaKCUMAaJIbHOTO CEKYHJIHOTO XO3SUCTBEHHOT'O WUJIU TPO-
U3BOJICTBEHHOTO pacxojia (10 3alaHuI0 — (u.MAKC, JI/C) U PacyeTHOro ce-
KYHJIHOTO pacxXo/ia BOJIbl Ha TYIIIEHUE MOXKapa:

grox = Qumakc + 'mox , JI/C; Qrox = q'mox: N, JI/c,
1€ qu.MAKC — MAaKCUMAaJIbHBIM CEKYHIHBIN Pacxo]l B Yac HauOoJIbIIIETO BO-
nonorpebaeHus, j/c; q'mox — pacxo] Ha TYLIEHHWE OJIHOIO
HapyXKHOTO TIOXapa, JI/C, MPUHUMAETCS TI0 3aJaHUIO;
N — KOJIMYECTBO OJIHOBPEMEHHBIX MOXKAPOB, MPUHUMAEMOE
0 3aJIaHMUIO.

ITo criocoOy TyllIeHus MoXxapa pa3indaroT BOJIOMPOBOALI BHICOKOTO U
HU3KOTO JaByicHUs. B BOJOMpPOBOJIaX BBHICOKOIO JIABJICHUS MPH MOXKape
CBOOOJHBIN HAIMOp JOHKEH 00ECIIeUnBaTh MOXKAPHBIM THAPAHT, CO3/1aBas
BBICOTY KOMIIAaKTHOHM CTpyr HE MeHee 10 M Ipu MOJHOM pacxXo/ie BOAbI Ha
MOXKAPOTYIICHUE U PACIOJOKEHUU TIOXKAPHOTO CTBOJIA Ha YPOBHE
HaMBBICIIEN TOYKH CAMOT'0 BBICOKOTO 3/IaHMUSI.

B BogompoBojax HU3KOTO JABJICHUS HANOP JJIsSl MOJYYCHHS IOXKap-
HBIX CTPYH CO3/1aeTCs MEPEABMIKHBIMM ITOXKAPHBIMU HACOCAMHM, TOABO3H-
MBIMHM TIOKapHOW KOMAaHJIOM K MECTY IOKapa U 3a0HparollliMU BOJY U3
BOJIONIPOBOJHON CceTU uepe3 TuapaHThl. IIpu 3TOM CBOOOJHBIM Hamop
B CETH Ha YPOBHE 3€MJIM y MECTa IoXkapa J0JDKeH ObITh He MeHee 10 M.

B HaceneHHBIX MecTax OOBIYHO TPUMEHSIOTCS CHUCTEMBI HHU3KOTO
nasienus. IIpu sToM cBOOOIHBIN Hamop B Touke moxkapa (hg, ™ = 10 m),

KaK TpaBWJIO, MCHBIIEC BEIMYMHBI CBOOOJHOTO XO3SWCTBEHHOI'O Haropa
hce B 9T0# Touke. B TO ke BpeMs mpu MPOIYCKE MO CETH U BOJOBOJAM
MaKCHUMaJIbHOTO XO3SHCTBEHHOTO U MOKAPHOT'0 PAcX0JI0B IOTEPH HaIopa
B Tpy0Oax Mo cpaBHEHUIO C pabOTOM ceTu Oe3 Mmokapa BO3pacTyT.
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Pexxum paboThl HACOCHOM CTAHIIMU MPH MOKAPOTYIICHUU CIEIYeT
yCTaHaBJIUBaTh MO IrpauKy COBMECTHON pabOThl HACOCOB U TpyOOMpoO-
BOJIOB. XapaKTepUCTHKA TPYOONPOBOJAOB CTPOUTCS MYTEM OIpeeeHUs
TpeOyEMBIX HAIIOPOB O MPUBEICHHBIM BhIIIE (hOPMYJIaM.

JI1st cucTteM ¢ pacmoJioKeHUEM OallHU B KOHIE CETHU (C KOHTppe3ep-
ByapoM) UX IPHUOIMKEHHO MOXHO ITOCTPOUTH MapaljieIbHBIM CMEIICHUEM
rpaguka XapakKTEpUCTUTUKH BOJOBOJOB INIPU TMOJA4Y€ XO3SIHCTBEHHO-
MATHEBOTO PacxXojia K IUKTYIOIICH TOUKE Ha BETUIUHY

AH = HZ;”K — Her.

[Ipu pacnosioxkeHun OalTHU B Hayaje CETH, B 3aBUCUMOCTU OT TOTO,
41O OyAeT OOJIbllle — MOHUKEHHUE MbE30METPUUYECKOW OTMETKU B TOYKE
no)kapa WM YBEJIMYECHHE MPU MOXkKape MOTeph HAMOpa B CETH HA y4YacTKe
OT 3TOM TOYKH 1O OAIIHU, MOXKET MOIYYUTHCS Pa3IuYHOE COOTHOLIEHUE
NbE30METPUUECKUX OTMETOK Yy OallHu, T. €. Mbe30METpUYECKas JIMHUS
MO>KET MOWTH BBIIIE WU HUXKE YPOBHS BOJIBI B OaKe.

B nepBoM ciyyae OaiiHsg J0JIKHA ObITH BBIKIIIOYEHA U3 PabOThI, BO
BTOPOM — OHa MOXET paboTaTh WU BO BpeMs Moxkapa, HO OyJeT ObICTpO
onopoxkHeHa. Takum oOpa3oM, MpU pacyeTe CUCTEM HU3KOTO JABJICHUS
NUTaHKE OT OAIIHU MPU MOXKAPE YUUTHIBATH HE CIEAYET.

Hamop, KOTOpsiii AOJMKHBI pa3BUBATh HACOCHI MPHU IMOXKAPE, MOKET
OBITh MPU CUCTEME HU3KOTO JABJIICHUS OOJIbIlIe UJIM MEHBIIIE HAIlOpa Haco-
COB NIpH paboTe B OOBIYHOE BpPEMs WM PaBEH €My U OMpEAeseTCs 0
BBIIIENPUBEAECHHBIM GopmynaM. [Ipu 3TomM cratrueckuil Hamop NpH IMo-

xape H:;”K PACCUUTHIBAETCS TI0 ITUM K€ (PopMysam, HO ¢ y4€TOM MHUHH-

MaJIbHOTO CBOOOHOTO Hamopa Mnpu mnoxape. Hampumep, npu moxape Be-
anurHa Her npu paboTe HACOCHOM CTaHIIMK C PacCloJIOKEHUEM BOIOHA-
HOPHOM OaIlHK B Hayaye ceTu, onpeaeissemas kak Her = Hr + huw + Hp + Hp,
3aMeHsIeTCSA Ha

H™ =H +h +h"™"=H +h +10wMm.
CT r IIH CB r IIH
Bo3MOXHBI Tpy BapuaHTa PEKUMOB PadOThl HACOCHOW CTAHIUU MPHU
oJavye BOAbI HA OKAPOTYILICHUE:
1. HeoOxoaumbIil pacxoj] mogaeTcsi OCHOBHBIMU pa0OYMMHU HacoCaMu
3a CUET CHIKEHHUsI HAropoB B ceTu (puc. 67, a). CHIKEHUE CTaTU4eCKOro

Hamopa B JUKTYIOIIEH TOYKE ceTu mpu mnoxape AH onpenendror napai-
JIETTbHBIM MEPEHOCOM XaPAKTEPUCTUKU TPYyOOTIPOBOJIOB.
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2. Pacxon QE‘C”K OJIaeTCd BKJIIOYEHUEM JOIIOJHUTEIIbHBIX OJHOTO-

JBYX HACOCOB TOTO € TUIOpPAa3Mepa, YTO U XO3SMCTBEHHO-IIUTHEBBIE
(puc. 67, 6). Ilpu 3TOM, COOTBETCTBEHHO, YBEJIMUUBAETCS YUCIO HACOCOB B
HAaCOCHOW CTaHUMU. YUCIO pe3epBHBIX HACOCOB MPUHUMAETCS B COOTBET-
CTBUM C HOPMaMH.

3. Eciin HeoOXOoauMBbIN Hamop AJig MOKapOTYyIIeHUsT OOJbIlIe pa3BU-
BAEMOTO XO351CTBEHHO-ITUTHEBBIMH HACOCAMU M HEBO3MOKHO PEIINUThH 3a-
Jayy BKJIFOYEHHEM JOMOJIHUTENBHBIX HACOCOB, CIEAYET yCTAaHABJIUBATH

OXapHBIC HACOCHI Tpebyemoro Haropa H™* ¢ cyMMapHoii mojadenn Qo™

(puc. 67, 6). IIpu paboTe MoKapHBIX HACOCOB XO3SIIICTBEHHO-IUTHEBBIC
OTKJIIOYAIOT. J[JI1 Tpynmbl MOKAPHBIX HACOCOB MPETyCMATPUBAIOT OJMH
pPE3EPBHBIN.

H

Q_hnox

) 2ol

nox Q

S, MAKC nox NMaxc

a) 6)

Puc. 67. Xapakrepuctuku padoThbl
HACOCHOMW CTAHLIMU MPH TYIIEHUU MOXKapa:
@ — OCHOBHBIMU PabOUYMMHU HAaCOCaMU;

6 — OCHOBHBIMU U JIONIOJTHUTEIIbHBIMU
HacoCaMu;

6 — CIIeUaJIbHBIMU MPOTUBONOKAPHBIMU
HACOCaMU;

H"”* — cratuyeckuii Harmop mpu padbore
CT

%, Maxe nox OCHOBHBIX HACOCOB IIpH I1OXKape
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Ha ocHoBaHMM U3JI0KEHHOTO, MOCJE ONPEIeTICHUs PEeKUMa HACOCHOM
CTAHLIMM BTOPOro MOJIbEMa MpU MOkKape (KOJIUYECTBO, MPOU3BOIAUTEINb-
HOCTb M TOJIHAsI BBICOTA MOJABEMA MOMKAPHBIX HACOCOB) HEOOXOAMMO OT-
KOPPEKTUPOBATH MOJA00P HACOCOB U, CJIEA0BATEIHLHO, COBMECTHBIN rpaduk
paboThl HACOCOB M BOJOBOJOB KakK IPU HOPMaJIbHON pabOTe HACOCHOM
CTaHIIMHM, TaK U ITPH aBapHH Ha BOJOBOJIAX M Moxape (cM. puc. 67).

4.6. PasmemeHue 000py10BaHNUsI HACOCHOM CTAHUMHU

Onpedenenue ommemKuy 0CU HacoCo8

OTMeTKa OCH Hacoca OIPEAeNseTCsl B 3aBUCMMOCTH OT IPHUHATOU
CXEMbl PACHOJOXKCHUA: MOJ 3aJIMBOM WU C IOJIOKUTEIBHOW BBICOTOM
BCcachIBaHUs. B cTaHIMAX MEpBOM KaTeropuu, a TaK)KE€ B HACOCHBIX CTaH-
[IUSIX BTOPOTO MOIbEMA, KaK MPaBUIIO, HACOCHI YCTaHABIMBAIOTCS M0]] 3aJIUB,
IpY 3TOM OTMETKA OCH HAacoca OMpeIessieTCs KOHCTPYKTHUBHO (puc. 68).

Ha puc. 68 mokazaHbl mpuMepbl OPUEHTHUPOBOYHBIX OIpPEICICHUIN
OTMETOK OCH HAaCOCOB JJIsl Pa3JIMYHBIX CIy4aeB MX YCTAHOBKH, €CJIU 3a]1a-

Hbl KOHKPETHBIE OTMETKM YPOBHEW BOJIBI B pPE3€pByape UMCTOM BOJIbI
(PYB).
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Puc. 68. PacrmonosxkeHne HacCOCOB:
a — TOJI, 3aJIUB; 6 — C MOJIOKUTEIBHOM BEICOTOM BCACHIBAHUS,
h — paccrosinue 10 noJja, mpuHUMaeTcs o tadu. 10;
1 — npuemMHas BOpoHKa
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VYcraHoBKa HACOCOB MOJ 3aIMB O0JIEr4aeT UX MYCK U YIPOIIAET CXe-
My aBTOMATHM3allMM HACOCHOM CTAaHLMHU. Y HACOCOB, YCTAHOBJICHHBIX IO
3aJIMB, BEPX KOpITyca JIOJIKEH ObITh pacrosioskeH He MeHee yeM Ha 0,3-0,5 m
HUXE PacueTHOr0 YpOBHS B pe3epByapax YUCTOM BOABI: ISl OOBEIUHEH-
HOM XO3AMCTBEHHO-TIOKAPHOM WA TMOKAPHOM T'PYNIbl HACOCOB — HHXKE
YPOBHS IIOKapHOTO 3araca, Ui X03IUCTBEHHO-IIUTHEBOU IPYIIIbI — HUKE
CPEAHEr0 YPOBHs BOJBI B PE3€pByapax.

[lociienHee BBI3BAHO TEM, YTO HET CMBICIIA BKJIIOYATh JOMOJIHUTEIb-
HBIC HACOCHI ¥ YBEJIMYMBATH [10/1a4y HACOCHOM cTaHluu, Koraa B PBY 3a-
nac BOJbI Ha Wcxojze. Eciau maHHbIE O pacUETHBIX YPOBHSIX U XPaHECHHUU
MOKApPHOTO 3amaca OTCYTCTBYIOT, YPOBEHb XPAaHEHHUs IMOYKAPHOIO 3araca
npuHuMaroT Ha 1,0 M BbIIIE MUHUMAJIBHO YPOBHSI BOJIBI B pe3€pByape,
a CpelHUM ypOBEHb — Ha 2,4 M BbIIIE MUHUMAJIBHOTO, IPU 3TOM BCE BBbI-
HIE€YyKa3aHHbIC TAPAMETPHI ONPEIEIAIOTCS B 33IaHUU HA IPOESKTUPOBAHHUE.

[Ipu ycTaHOBKE Hacoca ¢ UCHOJIb30BAHUEM BAKYYMMETPUUECKOMN BBI-
COTBI BCAChIBAHUSI OTMETKA OCH HAcOCa:

Vou < VE/IHH +Hpp, M,

rae Hrs — reomerprdeckas BRICOTA BCachlBaHuUs, M (cM. puc. 68),
H,, = H/ (h + U—zj M
I'B BAK 1B 2g 5 1

rae HAQY — momycTuMas BaKyyMMETPHUYECKAsl BBICOTA BCAChIBaHUS, MPHU-

HUMaemasi Mo XapakTEepUCTUKE Hacoca, M; hrs — MakcuMalb-
HbIE TIOTEpU HANoOpa BO BCACHIBAIOIICH JIWMHUU (BKJIOYas
KOMMYHHUKAIlMM BHYTPU HACOCHOW CTaHIMU) OT MPUEMHOU
BOPOHKH JI0 BCACHIBAIOIIETO NaTpyOKa HAacoca, L — CKOPOCTh
BO BCachIBaloIleM naTpyoke Hacoca, M/cC.

N3BecTHO, 4TO yjelibHas PHEPrusi MOTOKa MPHU BXOJI€ B HACOC, OTHE-
C€HHasl K €ro OcCH, JOJDKHA OBITh JIOCTATOYHOM JJIsI 00eCTeYEHUsT CKOPO-
CTEd M YCKOPEHHUM B IOTOKE IIPY BXOJE B HACOC U IMPEOJOJCHUS COIPO-
TUBJICHUM O€3 MajeHUs IaBJICHHS Ha BXOJIC JI0 BEJIMYMHBI, BEAYIIEH K 00-
Pa30BaHUIO KaBUTANMH. B CBs3M ¢ 3TUM, pelnaroiiee 3HauyeHue mpruoope-
TaeT He a0COJIIOTHAs BEIWYMHA YJEIbHON SHEPruu MOTOKA, a MpEeBbIIIe-
HUE €€ Ha/l SHEPTrHuel, COOTBETCTBYIOIICH /TaBJICHUIO HACKHIIICHHBIX MApPOB
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NIEpPeKAaYMBACMOM JKHJIKOCTH. DTO IPEBHIINICHHE HAa3bIBAIOT KAaBHUTAIMOH-
HBIM 3a11acoM Ah, KOTOpOE OnpeAesaeTcs Mo GopMyie

Ah=H_ —-H"°" M,
a BakK

rae Ha — atmocdeproe nasnenue npu temmeparype Bojasl 20 °C, M BoJ. CT.
B MECTHOCTH, TJIE COOPYXKAETCSI HACOCHAsI CTaHLIUS .

[Ipu temnieparype Bozasl Beie 20 °C u3 BenuuuHsl H S BBIYUTAIOT

JTaBJICHWE HACHIIIIEHHOTO BOJSTHOTO Tapa.

Y4uuThIBas BBIIEU3IOKEHHOE, B HACTOSIIIEE BPEMs JIJIsl KaBUTAITMOHHOMN
XapaKTEPUCTUKN HACOCOB IIMPOKO HCIOJIb3YIOT HMMEHHO BEIMYUHY Ah,
a HE HIB‘;[);(I :

Torna reomerpuyeckast BRICOTa BCAChIBAaHUS OMPEACIIUTCS TaK:

2
H =H —Ah*" —[h +U—j, M,
I'B a B 29
rae Ah°" — nomyctrumMoe 3Ha4YeHHWE KaBUTAI[MOHHOIO 3araca, IpuHuMae-
MOE TI0 KaTaJI0KHON KaBUTAIMOHHOMN XapaKTEPUCTUKE HAcOca, M.

Komnonosxa obopyoosarnus u mpyb6onpoeooos

PacnosnoxxeHre HacocoB M TPyOONpPOBOJOB B HACOCHOM CTaHIIMU
JOJKHO OTBEYATh CJICIYIOIIUM OCHOBHBIM TPEOOBAHUSIM:

— TPUMEHEHHBIH THUIl HACOCOB JOJDKEH OO0ECIEYUTh ONTUMATbHYIO
KOMIIOHOBKY MAIIIMHHOTO 3aj1a 1 HAUMEHBIIIYIO0 €T0 CTOUMOCTb;

— BBIOpAHHOE YUCJIO M TUIl HACOCOB JIOJDKHBI 00ECIEYMBATh MEPCIIEK-
TUBHOE yBEJIUYCHUE MPOU3BOAUTEIHBHOCTH HACOCHOM CTaHIMU 0€3 3Ha4u-
TEJIbHBIX JIOMOJHUTENIbHBIX KaNUTAIbHBIX BJIOKEHUM (Hampumep, MyTem
3aMEHBbI HACOCHBIX arperaToB Ha 00JIe€ MOIIIHBIC);

— HaJIC)KHOCTD ACHCTBUS;

— y100CTBO, MPOCTOTA U 0€30MACHOCTh OOCTYKUBAHUS;

— MUHUMAJIbHASI IPOTSXKEHHOCTh TPYOOIIPOBOJIOB U IPOCTOTA UX Y3JIOB.

KoMmoHoBKy arperaToB, TpyOOIPOBOJIOB M JAPYTroro oOOPYIOBaHMUS
PEKOMEH/TyeTCs MPOBOAUTH B CICAYIONICH MOCIEI0BATEILHOCTH:

1. Onpenensitot pazMepsl GyHIaMEHTa MO/ arperaT U BIOUPAIOT cXe-
MY PacHoJI0KEHUSI HACOCHBIX arperaToB B MaIMHHOM 3ajie (puc. 69 u 70).

2. KommnoHyrOT BcachIBaloliie W HANOPHBIE TPYyOONPOBOABI B Ma-
HIMHHOM 3aJie.
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3. BBIIOIHAIOT THAPABINYECKUN pacueT TpyOOIpoBOIOB, TOAOUPAIOT
apMmaTypy u (hacoHHBIe YyacTh. THUIT M pa3Mephbl apMaTypbl MPUHUMAIOTCS
10 CIPABOYHOM JUTEepaType. Y TOUHSIOT MOTEPU HAImopa BO BHYTPEHHHUX
KOMMYHHUKAIUAX HACOCHOUW CTaHITUH.

4. BpluepyuBalOT aKCOHOMETPUUECKYIO CXeMYy TpPyOOINpOBOJIOB U ap-
MaTypbl BHYTPY MAIIMHHOTO 3aJla HACOCHOMW CTAHIIMM C yKa3aHUEM JIJTUHBI
U IUaMEeTPOB TPyOOIPOBOIOB.

5. IloxOuparT BcmoMoraTeabHOE HACOCHOE M JIPYyroe TeXHOJOoruye-
cKoe 000pyI0BaHHE.

6. BeiOupatot anexkTpudeckoe 000py10BaHINE HACOCHOM CTAHIIHH,

7. OnpenensoT rabapuThl MAITUHHOTO 3aJla ¥ BCLIOMOTaTEIbHBIX T0-
MEIICHUU.

8. CocraBinstor crnenudukauo o00pya0BaHus, TPyOOIIPOBOAOB, ap-
MaTyphl B (PACOHHBIX YaCTEH.

Pama u ¢oynoamenm noo nacocuwiii acpecam

["opuzonTanbHbie Hacock Tuma «K» u HeOombimme Hacochl THma « Iy
MOHTHUPYIOT C BJEKTPOABUTATEIISIMU Ha OOIIEH YYyTyHHOHW IUIUTE 3aBOJ-
CKOT'0 M3roToBieHus. boyiee MOIIHbIE HACOCHI MOHTUPYIOT Ha OOIIEH WK
pa3feapHONM pame U3 NPOKATHOM CTalu. BeicoTa pamMbl NPUHHUMAETCS HE
Menee 100 mM. PaccTositHue oT Kkpast pambl 10 OCH MTOCAAOYHBIX OTBEPCTUN —
50...100 mm; 1o kpast pyHaamenta — He MmeHee 50...150 mm.

[Ipy KOMIOHOBKE BBIYEPUHBAIOT (DPOHTAIBHYIO MPOCKIIMI0 HAacoca
U DJICKTPOJBUTATENSI M ONPENSIIAI0T MUHUMAJIbHBIE pa3Mepsl yHIaMeHTa.
B mnane gopma yHmameHTa MOKET OBITh IPOCTOM M CIIOKHO#H (cM. puc. 69).
BoicoTa pyHIamMeHTOB HaJ MOJIOM MAIMHHOIO 3ajila IPUHUMAETCS HE Me-
Hee 0,1...0,3 M (cM. puc. 69 u 70). B 3aray0neHHBIX U MOJTy3ariTy0JICHHBIX
HACOCHBIX CTAHIUAX IS 3alIUTHl OT BO3MOKHOT'O 3aTOIJICHUS TP aBa-
UM AJIEKTPOJIBUTaTENIM HACOCOB PacIoiaratoTcsi Ha BbicoTe He MeHee 0,5 M
ot noisa. [locne onpeneneHus: BHICOTH (PyHIaMEHTa HaJl MOJIOM OIpejie-
JISIFOT OTMETKY T0J1a MAITMHHOTO 3aJia.

B Ha3eMHBIX ¥ MOTYy3ariayOJIeHHBIX HACOCHBIX CTAaHIUSAX MPU HU3KHUX
TOPU30HTAX MOJ3EMHBIX BOJ TIyOMHA 3all0KEHUs (PyHAaMEHTa JOJKHA
ObITh He MeHee 0,5...0,7 M.

B o06oux cnydasx macca QyHIaMeHTa JODKHA OBITh HE MEHEe 4YeM
B 4 paza 00JIbIIIe MacChl HACOCHOTO arperaTa (Hacoc TUTFOC AJIEKTPOIBUTATEND ).

101



Hae
By 5 A
R -~ =
A | & / I
El\" (s e i r é | \1
Ber 1 18| ©| ¢ r
b Lor R /
R ) \x I
1Al -
- FARY a 8 :&
1 PN
L
e
a) 0)
& Paigeasman pasa
e
N gk [ == gt
S 8 a 717 = 1; g A %
@lglg [ | e 7
~ |+ 2 [ [ 7 777
2= 7
>0l | || 50-100 50-100] | [| 2] »50 350 250
e L
L

6)
Puc. 69. MoHTa)kHBIE TIATHA HACOCOB:
a, 6 — PyHIaMEHTHI TI0]T TOPU30HTAIBHBIA HACOC, COOTBETCTBEHHO, TTPOCTOM
Y CJIOKHBIH; 6 — (hyHIAMEHT T0]T BEpTUKAIIBHBIN Hacoc; B, L — pasMeps! pyHmameHnra;
6, { — pa3mepsl BeICTynaromux yacteil; Huac, s — pa3mMepbl, COOTBETCTBEHHO,

Hacoca u aexkTpoasurarend; g, g — amaMeTpel, COOTBETCTBEHHO,
BCACBIBAIOIIETO U HAIIOPHOTO MaTpyOKOB

Bwvibop cxemwvl pacnonosicenus hynoamenmos azpecamos

B BOIONPOBOJIHBIX HACOCHBIX CTAHIMAX HACOCHBIE arperarsl B OC-
HOBHOM PacrloJIararoTcsl MapauieIbHO W NEPIECHIUKYJSIPHO MPOI0JIbHOU
OCH 3/1aHHs MO0 B IIaXMATHOM MOPSIAKE, YTO MO3BOISET YMEHBIIUTD IITH-
pUHY MamuHHOrO 3ana. IlociegHee XapakTepHO I 3ariayOJICHHBIX
HACOCHBIX CTaHIHUH.

Ecnmn noHm>keHue ypoBHS I'PYHTOBBIX BOJ JOMYCKAET CTPOUTEIHBCTBO
HACOCHOW CTaHIIMU B OTKPHITOM KOTJIOBaHE, TO €€ yJ0OHEH MpOeKTUpPO-
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BaTh MPAMOYTOJIbHOW B Tu1aHe. Toraa mpu OOJbIIOM KOJIMYECTBE arpera-
TOB (0oJiee 4-5) 1enecooOpa3HO ABYXPSAIHOE pa3MEIICHUE arperaToB Uiu
UX Pa3MEIICHUE B IIAXMATHOM MOPSIIAKE.

Ha puc. 70 moka3aHbl HEKOTOpPbBIE BapHaHThI pa3MEICHUS arperaToB B
MalllMHHOM 3ajyie. Ha cxeme myHKTUpHOU JIMHUEH 0003HaYEH MPUSIMOK pe-
3epByapa YMCTOM BOJBI.
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Puc. 70. CxeMbl pacnonoKeHus arperatoB ¢ TOPU30HTAIbHBIMU HEHTPOOEHKHBIMU
HacocaMH B ClIy4ae YCTaHOBKH HAaCOCOB HE MOJ1 3aJIMB:
H — nacoc; M — anektpoiBurarens

Heo6xoauMo 0TMETUTh, YTO NpUBEICHHbIE HA puc. /0 cXeMbl IpuMe-
HSIOTCS B OOJIBIIMHCTBE CJIy4aeB, KOT/1a HACOCHAsI CTAHIIUS pacioiaraeTcs
OTHOCUTENIbHO Heaaneko oT PUB. B atom ciaydae qis obecrieueHrs Haex-
HOCTH M yJ0OCTBa 3KCIUIyaTallud IIeJIecO00pa3HO O00OpYIOBaTh KaXKIbIM
HacoC COOCTBEHHOW BcachiBaroliell jguHuEeH. To ke KacaeTcs HACOCHBIX
CTaHIMI, PACHOJIOKEHHBIX Ha 3HAYUTEIIBHOM pacctossHuu oT PUB.

103



B ux mammHHOM 3aje pacmosaraercsi oOmuil i1 BCEX HACOCOB TPyOO-
IIPOBOJI, OT KOTOPOTO MOKET OTXOJHUTh MEHBIIEE YHMCIO BCACBIBAKOIIUX
JIMHUM, HO HE MeHee ABYX. OOBIUHO B TAaKMX HACOCHBIX CTAHLMSIX BHYTPH
MaIIMHHOTO 3aJ1a YCTpauBaeTcsl U 00NN HAIOPHBINA KOJIJIEKTOP.
VYrnpapneHue paOOTONM HACOCHBIX arperaTtoB B 3TOM Cly4ae OCy-
IECTBJISICTCS IIYTEM YCTAHOBKH 3aIIOPHO-PETYIUPYIOIIEH apMaTypBhl.
Pacctositnue Mexny (yHIamMeHTaMH HACOCHBIX arperaTtoB, a TakKKe
MEXAYy arperatamMyd M CTEHAMHU 3JIaHUW JOJDKHO Ha3HA4YaThCs C YUYETOM
TpeboBanuil. [1lupuHy NMPOX0J0B MEXKAY BHICTYHAIOIMIMMHU YaCTSIMHU HACO-
COB, TpyOONPOBOJOB U JBUrareneit (puc. /1) cneayer npuHuUMaTh HE Me-
Hee: a — MeX Iy arperatamu, 1 M; b — Mexxy arperataMu u cteHoM, 0,7 M;
C — MEX]ly HEMOABKHBIMHU YacTAMU 000py0BaHUA U TpyOonpoBoaamu, 0,7 m;
N, M — COOTBETCTBEHHO, JIMHA HAcOca U deKTpoaBuraress (puc. 71, 6).
b
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Puc. 71. Cxema onpeneneHus MMPUHBI IPOXO0JI0B B MAITUHHOM 3aJIc:
@ — C TOPU30HTAIBHBIMUA HacOCaMU; 6 — C BEPTUKAJILHBIMU HACOCAMH,
8 — C Y4ETOM JIEMOHTa)Ka POTOpa dJIEKTPOIBUTATEIIS;

2 — MeXay TpyOompoBogaMu

Y HacoCOB C TOPIEBBIM Pa3bEMOM U y OOJIBIIMHCTBA 3JIEKTPOABUTA-
Tesel Ball ¢ pabOYUM KOJIECOM WMIIU Bajl C AKOPEM JJICKTPOJIBUTATENS TIPU
pa300pKe BBIIBUTaeTCs HapyXy MO HaNpaBJICHUIO Ocu arperara. [lnuHa
BaJla MpUOJIM3UTEIIBHO paBHA JJIMHE HACOCA WM AJIEKTPOJIBUTATEINS], COOT-
BETCTBEHHO. JIJis1 OONBIIMX HACOCOB, PEMOHT KOTOPBIX MPOU3BOIUTCS 0€3
JIEMOHTakKa HACOCa WJIM JIEKTPOJIBUTATEIIS], PACCTOSIHUE MEXK]y arperara-
MU U CTEHKOW JOJDKHO NpuHUMatbes Ha 0,25 M Oosblie AJUHBI Bajia
Hacoca W 3JICKTPOABUTATES.
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Bcacuvisarowue u nanopnvie mpyb6onpogoost

TpyOonpoBoObl BHYTpH HACOCHOW CTAHUMU HNPUMEHSIOTCS CTaJIbHBIE
Ha cBapke, (JaHIbl Ha TpyOax MPUBAPUBAIOTCS TOJBKO JJISI PUCOEANHE-
HUS apMaTypsl U HacocoB. KonnyuecTBo U 1uaMeTp TpyOOmnpoBOOB BHIOU-
paeTcs COTJIaCHO yKa3aHUsIM.

[Ipu 3TOM, Kak MpaBUJIO, JUAMETP ATUX TPYOONPOBOJOB OOJIbIIE
JMaMEeTPOB MaTpyOKOB HAcocoB. JIJisi UX COEAMHEHUs UCIOJIb3YIOTCS Tie-
PEXO0JIbl IKCUEHTPUUYECKHE (BCACBHIBAIOIIUNA TPYOOIPOBOA) U KOHHYECKHUE
(HanopHbIi TpyOOIpoBOA). Paszmepsl mepexoaoB BBHIOMpPAOTCA MO CIpa-
BOYHOM JIUTEPATYPE.

Jlns 60pBrOBI ¢ KaBUTALMEH HEOOXOIUMO M30eraTh IMOIaIaHus BO3IY-
Xa BO BCAChIBAIOMINI TpyOONpoBOJ, 0Opa30BaHUsl BO3AYIIHBIX MEIIKOB U
oOecreurnBaTh MUHUMAJIbHBIE NMOTEPU B CaMOM TPyOONpoBOJE U BO Bca-
CBIBAIOIIEH BOPOHKE.

becnepeboiinas paboTa HacoCa 1 MUHUMYM THIPABINYECKUX MOTEPh
BO BCACHIBAIONIIEH JIMHUU 00ECIIEUUBAIOTCS TAKXKE MPABUIIbHBIM PacIoJio-
KeHUeM BcacbiBatonux TpyOo B mpusimke PUB HacocHol cranIium.
PaccTosiHre OT BXOJHOTO CEYEHMs BCachIBalollei TPyObl 10 JIHA U CTEH
KaMepbl WU MPUSIMKA CJIeAYyeT MPUHUMATh TAKUM 00pa3oM, 4TOObI CKOPO-
CTH TOJIX0/1a BOJIbI K MIPUEMHON BOPOHKE OBbLIN HE 0OJIbIlIe CKOPOCTH Te-
YeHUs! BO BXOJHOM ceueHuu. [lonyuaromuecs npu 3ToM pa3Mepsbl MoKa3a-
HBI Ha puc. 68.

Jlnst yMEHBIIIEHUS] MECTHBIX MOTEpPh MPHU BXOJE MOTOKA BO BCACHI-
BalOIIyI0 TpyOy JuaMeTp BXOJHOTO cedyeHusl JIpx YBEIWUYMBAIOT IO
CpaBHEHHUIO ¢ JuamerpoM Tpyosl ds. OOBIYHO NOPUHUMAIOT
Iex = (1,25-1,5)ds. [Ipu 1ieHTpabHOM YIJie KOHYCHOCTH BXOJHOM YacTH
8-16° nnmunHa e€ cocrapmnsert (3,5-7,0)([sx — ds). [IpuemHbIe KiIanansr u3-
32 3HAYUTEIBHBIX THAPABINYECKUX COMPOTUBIICHUM, CO3aBa€MbIX HMH,
yCTaHABIMBAIOT JUIIbL HAa HEOONBIIMX U, KaK MPAaBHIO, BPEMEHHBIX
HACOCHBIX YCTAaHOBKaX, UMEIOIIUX JIUAMETP BCAChIBAIOIICH TPyObl HE 0O-
aee 300 Mm.

[Ipu nanuuuu B npusimke PUB nByx m Ooiiee BcachIBamoIMX TPyoO
paccTosiHUE MEXJIy HUMU A0JDKHO ObITh He meHee (1,5-2,0)/Izx. B3zauwm-
HOE pACIOJIOKEHHE TPYyO MPU 3TOM JOJKHO HMCKIIOYATh BO3MOKHOCTD
BIIUSIHUS pa0OTAIOIIMX HACOCOB JIPYT HA JIpyTa.
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BcacsiBatoiue TpyObl TOJDKHBI OBITh KaK MOXXHO MEHbIIEH JJTUHBI
Y UMETh HalMEHbIIIee YUCIO (PACOHHBIX YacTed (KOJIeH, OTBOJOB, TPOWHU-
KOB U JIp.), @ TAKXKE HEMPEPHIBHBIN MOABEM K HACOCAM C YKIIOHOM HE MEHEe
0,005 st mpenoTBpallieHUs: 00pa30BaHUS BO3YIIIHBIX MEIIKOB (puc. 72).

Puc. 72. Ilpoknanka BcachIBaIOIUX TPyOOITPOBOIOB:
a — HelpaBWIbHAS; 8 — IPABUJIbHAS; 1 — BO3AYLIHBIA MEIIOK;
2, 3 — IpsAMOI 1 SKCIIEHTPUYHBII NePeX0/1bl COOTBETCTBEHHO

TpyOonpoBobl BHYTPHM HACOCHON CTaHIMKM MOTYT pPacIoyiaratbcs
HaJ TOBEPXHOCTHIO T10JIa ¢ YCTPOUCTBOM MOCTHKOB HaJl TPyOOIIPOBOIaMH,
B MEJIKMX KaHaJlaX, KOrJa MaxOBUK 3aJBIKKU BO3BBIIIACTCS HaJ MOJIOM;
B MIyOOKMX KaHajaxX; Ha KPOHIITEHHAX y CTEH MAIlIMHHOIO 3ajia; B M0/iBa-
nax (puc. 73).

Pasmepnl kaHaIOB U1 MUHUMaJIbHOE yAQJICHHE TPYyO OT CTEH W IoJja
HA3HAYaI0TCA U3 YCIOBUS BO3MOKHOCTH MOHTa)Ka U OOCITYyKUBaHUs apMa-
Typsbl 110 TabJ. 10. TpyGonmpoBoibl MOTYT pa3MelaTbcst KOMOMHUPOBAHHO:
4acTh — HaJ| [IOJIOM; YacTh — B KaHAJIaX U T. M. B 3arny0iIeHHbBIX CTaHIUAX
BCAChIBAIOIINE M HANOPHBIE TPyOONPOBOBI, KaK MPABUIIO, PACIIONAralOTCs
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HaJl TIOJIOM C MOCTHKaMu OOCTyKMBaHUS HaJ HUMHU. B He3zarmyOIeHHBIX
HACOCHBIX CTaHIMSIX IlesiecooOpa3Ha MpoKJaaka TpyO B KaHajax, pa3Mepbl
KOTOPBIX CJIeAyeT MPUHUMATh B COOTBETCTBUHU C PEKOMEHIAIIUSAMU CIIPABOY-
HOU JMTepaTypsl, a Tarkke puc. 73 u tadi. 10. [Tox TpydbonpoBogamu u apma-
TYpOil B HACOCHOM CTaHIIMU CJIEAYET MPeyCMaTPUBaTh CIEIUAIBHBIE OMIOPbI
n3 0etoHa. MacOHHbBIE YACTH HA TPYOOIPOBOJaX BHYTPHU HACOCHOM CTaHIIUU
CTaJIbHBIE, BEC U Pa3Mep UX OMPEEIISIOT M0 CIPABOYHOM JIUTEpATYPE.
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Puc. 73. CniocoOs1 pa3zmeliieHust TpyoOnpoBOI0B B MAIlIMHHOM 3aJi€:
a — HaJl IOJIOM;, 6 — B MEJIKUX KaHaJlaX; @ — B IITyOOKMX KaHajax;
2 — Ha CTeHax; dg — rMaMeTp QusHIa

Taomuma 10
PexomeH1yeMbie pa3Mephl K pa3MeIIeHUIO TPyOOnpoBOI0B
B MaIlIMHHOM 3aJie (cM. puc. 68, 73)

[Ipu Hanuuyuu apmatypsl | Ilpu oTcyTcTBUM apmMaTypsl
Paswep, st | Av<400 g "= 450,600 | dy> 600 | dy = 450...600 | dy> 600
a 300 500 700 400 400
b 300 500 500 500 500
h 250 300 350 250 250
c 250 350 500 350 350
H 400 600 600 600 600

HamopHast nuHus KaXI0ro Hacoca, Kak MpaBujIo, o0opyayercs 00-
paTHBIM KJIAllaHOM U 3aJIBHXKKOHM. Y CTaHOBKAa OOpAaTHOTO KiamaHa Mpeny-
CMaTpPHUBACTCS MEXKJy HACOCOM W 3aJIBFKKOW. Ha BcachIBarOIIMX JTUHHUSIX
3aJIBIKKH YCTaHABJIMBAIOTCSA Y HACOCOB, PACIIOJIOKEHHBIX IO 3aJTUBOM,
WM TIPU TIPUCOCAMHEHUN HACOCOB K 00IIel BCaChIBAIOIICH JIMHUH.
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Hamophsele, BcachiBatoiue TpyOONPOBOIBI U apMaTypy HEOOXOJIMMO
KOMIIOHOBaTh TaKMM 00Opa3oM, 4ToObl OblJIa BO3MOXKHOCTH OTKJIFOUEHUS
paboThI OJTHOTO U3 HACOCOB OT OOIIEH CUCTEMBI O€3 MpeKpaleHus: padOoThI
CTAHIIMM U TIOJa4d BOJBI KaXKIbIM HACOCOM B JIFOOO HAMOpPHBIN TPyOO-
IPOBOJ.

Ha HacoCHBIX CTaHUMAX MEPBOU U BTOPOU KATETOPUM NPU PEMOHTE
Tr0001 3aBMKKH WJIM 3aTBOpa, OOpaTHOrO KilarmaHa Wiu TpyOOoIpoBoja
T0JKHO obecrieunBatbest 70 % pacueTHOM mogadu BOABI HA XO3HCTBEHHO-
MUTHEBBIC HYXIbI U 110 aBapUUHOMY T'pauKy — Ha MPOU3BOACTBEHHBIE.

Ha cranmuu Tperhelt KaTeropum PEMOHT apMaTyphl JIOIYCKaeTCs
MIPOU3BOJAUTH MPH MOJTHOM MPEKPaIEHUH TToAa4H, a pEMOHT TPyOOIIPOBO-
0B (KpOM€ CTaHIUM C OJTHUM BOJOBOJOM) — MPHU CHUIKEHUH pacxojia 10
70 % pacueTHoOTO.

BriOop konmdecTBa M MECT YCTAaHOBKHM 3allOpHOM apmaTypbl pac-
CMOTPHUM Ha MPUMEPE HACOCHOW CTAHIIMM MEPBOM KATETOPUU HAJEKHOCTU
C IByMsI paOOUYMMU U IByMSI p€3E€PBHBIMU HACOCAMH, BCACHIBAIOIIUM U OT-
BOJISIIIUM KOJUIGKTOpOM (puc. 74).
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Puc. 74. CxeMbl K ONpeIEIEHUIO YUCIIa U MECT YCTAHOBKHU
3aIIOPHOM apMaTypbl B HACOCHOW CTaHLIMU
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Ha puc. 74, a noka3aHa ycTaHOBKa TOJIbKO 00s13aT€IbHOM ISl KaXK]10-
ro arperara 3aropHOM apMaTypbl. 3aJIBI)KKH 2 WCIIOIB3YIOTCS KakK 3arop-
HO-PETYJIUpYIOollasi apMaTypa, TaKk KaK ¢ UX IMOMOIIbIO PETyJIUPYIOT Nojaa-
qy HacocoB. OUeBUIHO, UTO PEMOHT JIFOOOM U3 3aJABUKEK WIH JIFOOOTO BO-
JI0BOJIa BOBMOYEH TOJILKO MPU OCTAHOBKE BCEH HACOCHOM CTaHIIUM.

VYcranoBka 3aaBukeK 3 U 4 (puc. 74, 6) m03BOJISIET PEMOHTUPOBATh
Mo0y10 U3 3aaBIKEK 1 win 2, BEIBOJS B PE3€pPB JBa COOTBETCTBYIOIIUX
Hacoca M MO OJIHOM BCACBIBAIOIICH U HANOpPHOM JUHUU. OIHAKO PEMOHT
3aIBUKEK 3 U 4 BO3MOKEH TOJBKO MPU OCTAHOBKE BCEU CTAHIIUM.

CnBoeHHbBIE 3aJIBUKKH Ha KOJUIEKTOpax (puc. /4, 6) mO3BOJISIOT pe-
MOHTHUPOBATh JIOOYI0 W3 JIMHUM W JIO0YIO0 3aJBHKKY IPU BBIBEJICHUU
B PE3€PB JIBYX COOTBETCTBYIOLIUX HACOCOB.

Kaxnpiii u3 JIByX BCachIBaIOIIMX BOJOBOJOB PAaCCUMTHIBACTCS Ha
nponyck 100 % pacuetHoro pacxojaa. Eciau paboTa 1ByX HaCOCOB Ha OJIMH
BOZI0BOJI He oOecneunBaeT noaady 70 % pacueTHoro pacxona, To, paccra-
BUB 3aJIBIDKKU 110 cxeme (puc. 74, 2), MOXKHO YBEIUYHTh MOJAdy, IO/I-
KJIFOUMB TPETUM (PE3EPBHBIN HACOC).

HenocratkoM cxeMbl (puc. 74, 2) sSBISCTCS HEOOXOAMMOCTh OTKIIIO-
YEeHUS IByX HACOCOB MPHU PEMOHTE 3aJIBHXKKU 6. DTOT HEOCTATOK yCTpa-
HSETCS YCTAaHOBKOM CIIapeHHO# 3aaBMKKu 6 (puc. 74, 0) (npu 3TOM MOXK-
HO yOparh 3aJBUXKKY 4) WIM YCTAaHOBKOM 3aJBUKEK Ha BBIXOAEC 8
¥ YCTPOMCTBOM OOBOIHOM JIMHHUY CO CTIAPSHHBIMHU 3a/IBHKKamu 7 (puc. 74, e).
[IpuBeneHHbIE CXeMBbI HE MCUEPIIBIBAIOT BCE BO3MOXHBIC BapHaHThI pac-
CTAaHOBKH 3allOPHOM apMarypsl B MamumHHOM 3aje. Kak mpaBuio, moBbI-
HIEHUE CTENEeHU 00ECIHEeYEeHHOCTH IMOJa4y BOJbl HACOCHOM CTaHIIMEH Jo-
CTUTAETCSl YCTAHOBKOM JOMOJHUTEIHFHOTO YMCIIAa 3aTIOPHON apMaTyphl.

PaccmoTpeHHbIE  CXeMBl  BHYTPHCTAHIIMOHHBIX  KOMMYHHUKAITUH
HAIMOPHBIX TPYOOIPOBOJOB C OOJIBIIUM KOJUYECTBOM 33JIBHIKEK TPEOyIOT
3HAUUTENLHOTO YBEJIMYECHUS pa3MEpPOB 3JaHUS HACOCHOW CTaHUUU W,
CJIEIOBATENILHO, TIPUBOAAT K YIOPOKAHHUIO €r0 CTPOUTEITHLHON CTOUMOCTH.

J1J1s1 Ha3eMHBIX HACOCHBIX CTAHIM 00Jiee MPUEMIIEMBIMH SIBJISIFOTCSI CIIO-
COOBI IPOKJIAIKK TPYyOOIPOBOIOB HAJI TIOJIOM WIIH B KaHanax (puc. 75, a, 6).

Jns gacTuuHO 3ariyOJIEHHBIX HACOCHBIX CTaHIUMKA Oosiee mpuemiie-
MBIM SIBJISIETCSI: PACIOI0KEHUE BCACHIBAIOIINX U HAMOPHBIX KOJIJIEKTOPOB
OJIMH HaJl ApyruM (puc. 75, 2) WU UX pa3MelnieHue B OTACIBHOM IOMeE-
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HIEHUH, MPUMBIKAIOIIEM K HACOCHOM CTaHIIMU; BBIHOC 3alIOPHOW apmary-
PbI B OTJEIbHBIE KaMEPHI MEPEKITIOUCHUN, YCTPAaUBAEMbIE€ TaK K€, KaK KO-
JIOJILBI HA BOJAOIIPOBOIHOM CETH.

Bricota paboueil yacTu Kamep OIpeensieTcsl BRICOTOM YCTAHOBIICH-
HBIX B HUX 33JIBIJKEK U B JIIOOOM cilydae JIOJDKHA ObITh HE MeHee 1,5 M.
BricOTy 3achIllKu OT Bepxa MOKPBITHS KaMepbl 0 MOBEPXHOCTU 3E€MIIH
cienyer npuHuMarh He menee 0,5 m.

CylIecTBEHHOIO YMEHBIIICHUSI Pa3MEpoOB 3JaHUA B 3ariyOJICHHBIX
HACOCHBIX CTaHIUSIX JOOMBAIOTCS pa3MelieHueM apMmaTypbl Hacoca
Ha BEPTHKAJIBHOM y4acTKe HAIlOPHOro TpyodompoBoja (puc. 75, ).
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Puc. 75. Cxembl pa3MmerieHus BHyTPUCTAHIIMOHHBIX TPYyOOIPOBOIOB:
a — HaJl I0JIOM; 6 — B KaHaJlaxX; 6 — C BEPTUKAJIbHBIMU CTOSIKAMH; & — HA CTEHE

B kauecTBe 3amopHOM apMaTtypbl B OCHOBHOM NPUMEHSIOT 3aJBUKKU
Y TIOBOPOTHBIE 3aTBOPHI. 3aIBUKKHU U 3aTBOPHI MOJAOUPAIOT MO JTUAMETPY
YCJIOBHOT'O MPOXoJa U AaBiieHuto. HeoOXoIumMo OTMETUTh, YTO TIPU pas-
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JUYHBIX KOMOMHAIMSAX BKJIIOYEHHUS HACOCOB Ha OTJEIbHBIX y4acTKaxX Tpy-
OOMPOBOJOB MOXKET MEHSIThLCS HalpaBJieHUuE TeueHus. [[uCKOBbIE 3aTBOPHI
B TAKUX YCJIOBHSX pabOTaIOT IIOXO0, XOTS OHU 00J€€ KOMIIAKTHBI, YEM 3a-
JBUKKH.

3aaBmwkku auameTpom Oosiee 400 MM, a Takke 3aJBHKKHU BCEX JHa-
METPOB MPU JUCTAHIIMOHHOM HJIM aBTOMATUYECKOM YIPAaBJICHUH yCTaHAB-
JUBAIOT C JIEKTPUYECKUM WJIM THAPABIMYECKUM IMpUBOJOM. Tum, pa3me-
pPBI U BEC 3a/IBHXKEK, JUCKOBBIX 3aTBOPOB, OOPATHBIX KJIAMAHOB U JIPYroi
apMaTypbl BEIOUPAIOT 110 CIIPABOYHOM JINTEpATypE.

HamopHbie BOJOBO/IbI BEIBOJST U3 HACOCHOM CTAHIIUU HUXKE TITYOUHBI
poMep3aHus, cuuTas oT Bepxa TpyObl. C TpyOamMu BHYTpH 3ariayOJeHHBIX
HAaCOCHBIX CTAHIIMH OHHU COEIMHSIOTCS BEPTUKAIbHBIMU CTOAKaMH. Ctos-
KU JIOJDKHBI HE MEIaTh MEPEABUKEHUIO MOABEMHO-TPAHCIIOPTHOTO 000-
pynoBanus. [Ipu 3ariny0ieHMN HACOCHOM CTAHIIMU J0 5 M BO3MOKEH BbI-
BOJ TpyO 6€3 yCcTpoiiCcTBa CTOSKOB. 3a MpeiesiaMyu CTaHIIUUA TaKUe BBIMYC-
KU COEAUHSIOTCS C BOJOBOJAMHU YYacTKaMH TpyOONpoBoAa € YIJIOM
HakJoHa 110 30°.

4.7. IToadop BCIOMOTraTeIbHOr0 000PY/I0BAHUSI HACOCHOI CTAHUMHU

[TopOop ocyuiecTBisieTCs CAEaYOUUM 00pa3oMm:

1. TlonOuparoT BaKyyM-HAcOCHI, B CIIy4a€ €CJId HACOCHBIE arperarsbl
YCTaHOBJICHBI HE MOJI 3aJIMB. BBIOMpAIOT JpeHaXKHbIE HACOCHI U HACOCHI
aBapuHHOTO OCyIlIeHusl u rpsseynaneHus. Kpatko onuceiBarot (¢ moaoo-
POM HacCOCOB) CUCTEMY TEXHUYECKOT'0 BOJIOCHAOKEHUSI.

2. BeibuparoT noasEMHO-TPAaHCIIOPTHOE 000PYI0BaHUE.

3. [IpoeKTHUPYIOT JIEKTPUUECKYIO YacTh HACOCHOW CTaHIIMM: OIpeje-
JISTFOT MOIITHOCTh MMOHU3UTENBHBIX TPAaHC(HOPMATOPOB; BHIOUPAIOT YKCIIO U
pasMepbl Kamep TpaHC(HOPMATOPOB, COCTABISIOT CXEMY JJICKTPUUYECKUX
COCIMHECHUN.

4. CocTaBysmoT crenu@ukanuo 000pyaoBaHus, TpyoonpoBoaoB, da-
COHHBIX YacTell U apMaTyphl.

Pexomenaaruu mo BBIOOPY M pacyeTy BCIIOMOTATEIBLHOTO 000pYI0-
BaHMUsI, a TAKKE OCHOBHBIE UX TEXHUYECKUE XapAKTEPUCTUKU MPUBE/ICHbI B
CIIPABOYHOM JIUTEPATYPE.
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4.8. Pa3zpaboTKa CTPOUTEJIbLHOMH YaCTH
3MAaHUA HACOCHOU CTAHIUM

B »TOoM pasnene nmpuBOAST pacdyeT U KPaTKOE OMHCAHUE CTPOUTENb-
HOW YaCTH 3/IaHUSI HACOCHOM CTAHIIMU MO CIEAYIOIIEN CXEeME:

1. OGmias koMIo3uIMs 31aHUS (B TOM YHCIIE€ U OBITOBBIX TOMEIIe-
HUil). 31ech CleAyeT AaTh IEepeuYeHb W pa3Mepbl MOMEIICHUW 3daHUs
HACOCHOMW CTaHIIMM C KPATKUM H3JIOKEHHEM MX Ha3HAYEHUs U TepeUucIie-
HUEM Pa3MeIaeMoro B HUX 000py/I0BaHMUs.

2. KoHCTpyKTHBHAs cxeMa 37aHusl. 37eCh HEOOXOIUMO OXapaKTepHu-
30BaTh KOHCTPYKIUIO U (popMy 3arnyOjieHHON U HaJA3€MHOW yacTel 31a-
HUSI, METOJ ITPOM3BOJICTBA pabOT, OCHOBHBIEC pa3Mephl B IJIaHE U MO BHICO-
T€, 000CHOBAThH UX.

3. Onucanue CTPOUTEIbHBIX KOHCTPYKIIMA U MPUMEHEHHBIX CTPOU-
TEJBbHBIX MaTepHaioB. 3€Ch KPaTKO ONUCHIBAIOT KOHCTPYKIMU 3JaHUS,
yCTPOMCTBO (YHIAaMEHTOB, CTEH, IIOJOB, MEPEKPHITUN, MPUMECHEHHBIC
MaTepUaIbl.

PexoMeHnmamuu aJisi BBIMOJHEHUS 3TOTO pas3jiea MPOeKTa MPUBEACHBI
B CITIPABOYHOM JIUTEPATYPE.

Konmponvno-uzmepumenvrnoe obopyoosanue u agmomamuxa

B sToM paznene mepeducistoTcs MPUHSATHIE K YCTAaHOBKE KOHTPOJIb-
HO-U3MEPUTEIbHbIC MPUOOPHI U MX HazHadyeHue. [IpuBoauTCS TIepeyeHb
MPOIECCOB, MOJICKAIMNX aBTOMATU3AIMU, U KPATKO MEPEUUCIISIIOTCS OC-
HOBHBIC 3JIEMCHTBHI aBTOMATH3UPOBAHHOM CXEMbI YIIPABIICHUS HACOCAMHM.
PexoMeHmamuu 1 BBIMOJHEHHUS 3TOTO pasjielia IMPOEKTa IPHUBEIACHBI
B CIIPABOYHOM JIUTEPATYPE.

Cneyughuxayus obopyoosanus, mpybonposooos u haconHvix uacmeti

Crenudukalius COCTaBISETCS I MPEABAPUTEIBHOrO 3aKa3a Ha 3a-
BOJIax 00OpYyJAOBaHMS, IS YI0OCTBA YTCHHUS YEPTEIKEH MPH CTPOUTEIIh-
CTBE CTAHIIMH, MOHTaXe O0OpyJOBaHUs M ero 3kcruryararuu. CocraBis-
eTcsl crenu@ukanus OJHOBPEMEHHO C BBIOOpOM 00O0pYIOBaHMS, TPYyOO-
MIPOBOJIOB M apMaTypsbl (Tadi. 11).
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Tabmnura 11

Crnenudukanms
[To3. | O6o3naueHue HanmenoBanue Kom. lg/lllaczla; [Tpumeuanne | 9
1 |Jlusrugpomari Hacoc nienTpo6exHbIii 4 529 2 pa0. ~
J1200-36 +2 pes.
C DJIEKTPOJIBUTATEIIEM Hacoca -
A2-71-4,
1450 00/muH, 22 kBT
N~
4 |T'OCT 8696-74 TpyOsI cTanbHbIE 20 | 324
snexTpocBaphbie 300,
325x4
12 |CnpaBouHuK Knanan o6paTHblii 4 41,4
NOJ pelakuuedl |MOBOPOTHBIN (paHIEBbIH
A.C. Mocksutuna | IT 44075 200, P, = 16
20 60 60 10 15 20

B cnenudukannio BKIOYAIOT OCHOBHOE M BCIIOMOTATEIbHOE HACOC-
HOE O00OpyJOBaHME M HJIEKTPOJBUIATeIM K HEMY, MOJBEMHO-
TpaHcnopTHOe 00opyaoBaHue. CocraBiieHHas crienupuKaus TPUBOAUTCS
Ha YEPTEKE.

5. MPOEKTUPOBAHUE HACOCHOM CTAHIIMA
BOJOOTBEJAEHUA

5.1. OcHoBHBIE ¢XeMbl KOMIIOHOBOK
KaHAJIU3AIMHOHHLIX HACOCHBIX CTAHIIUN

B cucremax BOAOOTBCACHUA HACCIICHHBIX ITYHKTOB 0OBIYHO MUMEIOTCS
HACOCHBIE CTAHIINH — TJIABHBIC U pallOHHBIC.

['maBHBIC HACOCHBIC CTAHIIMH CITYXKAT IS TOa4d OBITOBBIX U TIPOM3-
BOACTBCHHLIX CTOYHBIX BOA Ha OYUCTHBIC COOPYIKCHMUSI.

Panionnrie HacoCHBIE CTaHIMKU INOAHHUMAIOT CTOYHYIO BOAY OT Y4aCTH
roposa (palioHa) B BBIIIEPACIONIOKECHHBIN KOJUIGKTOP WM B TJIABHBIM
KOJJIEKTOP, UM HA OYHCTHBIE COOPYKEeHHs. B HEKOTOPBIX Ciydasix CTpOsIT
MOJIKAYMBAIOIINE HACOCHBIE CTAHIIMU Ha Tpacce TJIaBHOTO Wi OacceiHo-
BOT'0 KOJIJIEKTOPA MO JIOCTUKEHUU UX TTTyOUHBI OoJiee 6 M.

113



Mecra pacnonoKeHruss HaCOCHBIX CTAHUUN OMNPENEISIOTCA MPHU peliie-
HUW CXEMbI BOJOOTBEICHUSI HACEJIEHHOIO IMYyHKTa, KaK MPaBUJIO, B CaMbIX
HU3KHMX TOYKaX TEPPUTOPUU KaHAIU3yeMoro oowekrta. [Ipu aToM caHuTapHo-
3alMTHAs 30Ha JI0 KWJIOW 3aCTPOMKH ITpUHUMAaETcs He MeHee 15-30 m.

Tun craniuu BeIOMpPAETCS B 3aBUCKUMOCTH OT CyTOYHOW MOJAyYM, Xa-
paKkTepa IMepeKauyuBaE€MbIX CTOKOB, TJIYOMHBI 3aJI0KEHUS IOJBOIAILIETO
KOJUIEKTOpA M THUAPOJIOTUYECKUX YyclIoBUid. [ OOJIBIIMHCTBA KaHalW3a-
IIUOHHBIX HACOCHBIX CTAHIMA MPHUEMJIEM COBMEIICHHBIA THUI CTaHLHH,
B KOTOPBIX NMPUEMHBIA pe3epByap U MAIIMHHBIA 3aJ1 pACIIOI0KEHbI B OJI-
HOM 3JIaHWH, HO Pa3AEJICHbI IIIyXOW BOJOHEITPOHUIIAEMON MEPETOPOJIKOM.
dopma 3/1aHUS B IUIAHE MOXKET OBITh MPSMOYTOJBHOW MPU HETIIYOOKOM
3aJIETaHUM TOJIBOJAIIETO KoyuiekTopa (10 3—4 M) U CTPOUTEILCTBE OT-
KPBITBIM CIIOCOOOM B CYXHX YCTOMYMBBLIX IpyHTaxX. ['myOokue cTaHuuu
11e7IeCO00Pa3HO CTPOUTh OMYCKHBIM CIIOCOOOM C TIOA3EMHON YacThIO
Kpyrioi gopmel (puc. 76). B cTaHIIUSIX COBMEIIEHHOTO THUIIA HACOCHI, KaK
MPABUJIO, PACIIONAratoTCs Mo/ 3aJJUBOM.

a) 0)

Puc. 76. CxeMBl KaHAIM3aIIMOHHBIX HACOCHBIX CTAHIIWN:

a — pa3zenbHas; 6 — COBMEIICHHAs; 6 — COBMEIIIEHHAS Ha CKAJIbHBIX TPYHTAX;
2 — C BePTUKAJIbHBIMHU HacOCaMu; 1 — MOJBOISIINIA KOJIJIEKTOP; 2 — MPUEMHBIN
pesepByap; 3 — BcachiBarolue Tpyosl; 4 — HalOpHbBIEC TPYOBI;

5 — BJIEKTPOJBUTATEN; 6 — HACOC
(Hauaso)
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Puc. 76. Oxonuaunue

B cocTtaB nomeneHnii HACOCHOM CTaHLMMU BXOJAT: IPUEMHBIN pe3ep-
Byap C peuieTkamu, IpoOuiikaMu; MalllMHHOE OT/EJICHUE, T1Ie pa3MEICHBI
HACOCHBIE arperatbl U MPOU3BOJCTBEHHO-BCIIOMOTATEIbHBIE U OBITOBBIC
nomertnenus (cMm. puc. 76). [TomerieHre pemeToK U MallMHHOS OTICICHHUES
000OpYIyIOTCSI TOABEMHO-TPAHCIIOPTHBIMU CpeACTBaMU. B  HacocCHBIX
CTAaHIUSAX MPEAYyCMAaTPUBACTCS MPUTOYHO-BBITSKHAS BEHTW IsILUs. B mo-
CJIEIHEE BpeMs C PACIIMPEHUEM HOMEHKJIATYPhI MOTPYKHBIX MOHOOJI0Y-
HBIX HACOCOB HAOJIFOACTCS TCHACHIIUS MPOSKTUPOBAHUS HACOCHBIX CTaH-
Ui C HACOCHBIMM arperaramu, pa3MellaeMbIMi B MPUEMHOM pe3epByape,
0e3 MalIMHHOrO 3ajia, 4YTO OCOOEHHO XapaKTEepPHO JUIs CTAHIMK Majoil u
CpeIHEeN MPOU3BOAUTEIBHOCTH.
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5.2. PesxxuM NMPUTOKA CTOYHBIX BO/J K HACOCHOI CTAHIINM
U olpe/iesieHne ee MPOU3BOUTEILHOCTH

Pexxum mpuUTOKa CTOYHBIX BOJ K HACOCHOW CTAaHLMM 3aBUCUT OT Xa-
pakTepa 00bEKTa KaHAIM30BAHUS: YUCIEHHOCTH HACEJIEHUs, HOPMbI BOJIO-
OTBEJICHUSI, KOJIMYECTBA U XapaKTepa MPOMBIIUICHHBIX MPEANPUATANA U T. 1.
B cnydae mocTymuieHHs K HaCOCHOM CTaHIIUM XO3SMCTBEHHO-()EKaIbHBIX
CTOYHBIX BOJI OT >KWJIOW 3aCTPOMKH IIPEKIE BCETO ONMPEAENSAETCA CPEIHE-
CEKYHJIHBI pacXoJi CTOYHBIX BOJ MO 33JaHHOMY MAaKCHMaJbHOMY CYyTOY-
HOMY IIPUTOKY:

_Sw
mid g4’
IZI€ Qmid — CPEOHECEKYHJIHbI pacXxoj CTOYHBIX BOJ, J/c; Qw — Makcu-

MaJIbHBII IPUTOK CTOYHBIX BOJ (II0 33IaHUIO), M°/CYT.

B 3aBHcHMOCTH OT BEIMYUHBI (mid ONPEAEIISIOT 3HAU€HUE OOILEro Ko-
3pduLmeHTa HepaBHOMEPHOCTU MPUTOKA CTOYHBIX BOJA Kgenmax Mmpu ycio-
BUH, YTO KOJIMYECTBO MPOU3BOACTBEHHBIX CTOYHBIX BOJ HE MpeBbIIIAeT 45 %
o0IIIer0 pacxoja, 3aTeM OMPEISISIIOT PaclpeesieHHe CYyTOYHOro pacxoia
CTOYHBIX BOJI 110 YacaM CyTOK. [loiyyeHHbIe JaHHbIE 3aHOCAT B Ta0. 12.

q j/c,

Tabmuma 12
[IpuTOK CTOYHBIX BOJ HA HACOCHYIO CTAHIUIO
q YacoBou NPUTOK CTOYHBIX BOJ
acel CYyTOK o 3
B % OT CYTOYHOIO TO XK€, BM

0-1

1-2

2-3
23— 24

Htoro 100

ITo Tabu. 12 onpenensercss MaKCUMaJIbHBIN YaCOBOM MPUTOK CTOYHBIX
BOJ K HACOCHOW cTaHUuMW. [IpOU3BOAMTENBLHOCTH HACOCHOW CTAHIIUMU
JIOJDKHA PABHATHBCA MAKCUMAIBHOMY PACYETHOMY 4YaCOBOMY IPUTOKY

CTOYHBIX BOJ| MJIH HECKOJIBKO IPEBBIMIATE €70’
(%) o - Q
Makc
> W M3/,
HC 100
rae Quc — NPOM3BOJUTENILHOCTh HACOCHOH cTaHImu, M/4; (Y%o)Makc — Mak-

CUMAJIBHBIM YaCOBOW MPUTOK CTOYHBIX BOJ B % OT CyTOYHOIO
(cMm. Tabm. 12).
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5.3. OnpenaesieHne KOJIUYECTBA, MATEPUAJIA U JUAMETPa
BCACHIBAIOIINX U HATIOPHBIX TPYOOINIPOBO/I0B
U MOJIHOW BBICOTHI MOAbeMAa

KonuyecTBO BcachIBalOIUX JUHUNM JOJIKHO OIMPEACNATHCS KOJnye-
CTBOM YCTaHOBJIEHHBIX HAacocoB. TpyOONpoBOAbl B HACOCHON CTaHUWU
BOJOOTBE/ICHMS], & TAKXKE BCACBIBAIOLIME JIMHUM 32 TpeieslaMi HACOCHOM
CTaHIIMU BBIMOJHSIOTCS U3 CTaJIbHBIX TPyO Ha cBapke. J(umameTpnl Tpyo
BHYTpU KaHanu3almoHHOW HacocHou ctaniuu (KHC) u BcacwkiBarommx
JUHUM 3a TpeAesiaMu CTaHLMU MPUHUMAIOT B 3aBUCUMOCTH OT PEKOMEH-
JIyeMBIX 3HAUEHHH CKOPOCTH JIBIKEHUS BOABI B TpyOompoBoaax (Tadi. b).

HamnopHbie BOJOBOABI HM3rOTABIMBAIOTCS U3 JKEIE300€TOHHBIX, Y-
T'YHHBIX, aCOECTOLEMEHTHBIX WM T1acTMaccoBbIX TpyO. [Ipu BeIOOpE Ma-
Tepuana TpyO clieyeT YYUTHIBATh BEIMYMHBI MOTPEOHBIX HAMOPOB TaK
ke, KaK ¥ B HACOCHOM CTaHIIMU BTOPOTO MO IhEMaA.

[lonHas BeICOTA MOABEMA CTOYHOM BOJABI (HAIIOp HACOCHOM CTaHIUM)
npu nojadye €€ Ha OYUCTHBIE COOpYKeHus (puc. 77) ompenensercs o
dbopmyie:

Hu =Hcr + hsc + huc + heop, M,
rae Her — cratuueckast BbICOTa MOIbeMa KUJIKOCTH, M:
Her=Hr + hpx + hz, M,

rne Hr —reomerpuueckas BbICOTa IMOIBEMA JKHIKOCTH, OMpeaesseMast
o dhopmyie
— 3
Hr=V> —-V® M,
10

T cp

rie V3 — oTMeTka MOBEpXHOCTH 3eMJIM y MOTpeOuTens (IpueMHas Kamepa

ot

KaHAJIM3AI[MOHHBIX OYMCTHBIX COOPYKEHHI1), MpUHUMAaeMas M0

MPOEKTHOMY 3aJlaHHI0, M; V° — pacueTHbI YpOBEHb BOJIbI B
op

MIPUEMHOM pe3epByape, npuHumaemMas Ha 1,2—1,5 M MeHblie
JIOTKA MOJIBOJSIIIETO KOJUIeKTOpa M; hec — moTepu Hamopa BO
BCAChIBAIOIICH JUMHHMH; MPU Pa3/IeIbHOM PACHOJIOKEHUU MPH-
€MHOI0 pe3epByapa U HACOCHOW CTaHIMU MPUHUMAIOTCS PaB-
HbiMH 0,5—1,0 M; Ip¥ COBMECTHOM PACMOJIOKEHUU MTPHEMHOIO
pe3epByapa U HAaCOCHOW CTaHIIMU B OJHOM 3JaHUU hpc OTAENb-
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HO HE YYMTBIBAIOTCS M ATHU MOTEPH HAropa BKIIOYAIOTCS B Be-
mmauHy huc; ac — cymMMa moteps Haropa BO BHYTPEHHHX KOM-
MYHHUKAIMSX HACOCHOM CTAHIINM, TPUHAUMAEMbIE PaBHBIMH 3—5 M;
hrk — BbICOTA YPOBHS BOJIBI B IPUEMHOM KaMepe HaJl MOBEPXHO-
CTBIO 3eMJIM Yy MOTpeOuTeNs, M; N3 — 3amac Ha W3JIMB KUIKOCTH
u3 TpyOompoBoaa (IpUHUMAETCS paBHBIM 1 M); Bojg — MOTEpHU
Haropa B HallOPHBIX BOJIOBO/IAX:

hBoz[ = 1,17 . 1,05 1L .

rae 1,17 — kodpdUimreHT, yYuThIBAIOIINN YBEIUUYCHUE THAPABINYECKOTO
COMNPOTHUBIIEHUS] TPyOONPOBOJIa MPU TPAHCIIOPTUPOBAHUU HE-
OUYMILEHHBIX CTOYHBIX BOJ MO CPaBHEHHUIO C YHCTOU BOJAOW;
1,05 — xoadduiueHT, yYuTHIBAIONINI OTEpU HAropa B MECT-
HBIX CONpPOTHUBIEHUSX; { — JJIMHA HAIOPHOTO BOJOBOJIA, KM;
| — THIpaBIMYECKUI YKIIOH, OOBIYHO OIpeaesieMbld 1Mo Tao-
JUIaM IS TUAPABJIMYECKOTO pacyeTa TpyOOmpoBOJIOB MO pe-
nakuued @.A. [lleseneBa kak 1000i.

h .
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Puc. 77. OnpeneneHue BbICOTHI MObEMA CTOYHOM KUAKOCTH (HAIopa)
HAaCOCHOM CTaHIIUU:
1 — xaHanM3alMOHHAs HACOCHAS CTAHIIMS; 2 — MAIIMHHBIN 34T
3 — npueMHbIN pe3epByap; 4 — COpOyACP>KUBAIOIINE PELIETKH;
5 — mpreMHas KaMepa KaHAJIM3allMOHHBIX OYUCTHBIX COOPYKEHUN
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5.4. IlonGop HACOCOB U ABUTAaTEJIEH

Buvibop nacocos

B 3aBUCMMOCTHM OT MOJYYEHHBIX BBIIIE MPOU3BOAUTEIBHOCTH U MOJI-
HOM BBICOTHI MojbeMa Hy BHIOMPAIOT KOJIUYECTBO, TUIT U MApPKy HAaCOCOB.
[Ipu 5TOM PyKOBOJACTBYIOTCS CHEAYIOIIMMH MOJIOKECHUSIMU:

— YHCJIO W T0Jladya HaCOCOB JOJDKHBI 00€CTIeUMBaTh YCTOMYMBBHIN pe-
KM pabOThl HACOCHOM CTAHIIMU TPU MEPUOIUUYECKUX KOJICOAHUAX IPH-
TOKa CTOYHBIX BO/I;

— Hacochl (Kak paboume, TaKk M Pe3EpBHBIE) 11€71€CO00pa3HO MPUHHU-
MaTh OJTHOTUITHBIMU;

— BBIOpAHHOE YMCIIO U TUIT HACOCOB JIOJIKHBI 00€CIIeUnBaTh MEPCIICK-
TUBHOE yBEJIUYCHHUE MPOU3BOAUTEIHHOCTH HACOCHOM CTaHIMU 0€3 3Ha4u-
TEJIbHBIX KallUTaJIbHBIX JIOMOJHUTEIbHBIX BJIOXCHUN (HAIpUMEp, MyTEM
3aMEHbl HACOCHBIX arperaToB Ha 00Jiee MOIIHBIC);

— 0oJiee KpymHbIE arperatbl UMeIOT U 0oJiee Beicokuid KIT/;

— MpUMEHEHHE 0oJiee KPYIHBIX arperaToB CIIOCOOCTBYET yMEHbIIIE-
HUIO Pa3MEpPOB MAIIMHHOIO 3aJ1a;

— OJHAaKO TMPHUMEHEHHME MaJIOr0 4YMCja KPYMHBIX arperatoB B psjic
CJIIy4aeB MOXKET SIBUThCSI IPUUYMHON HEOINPABJAHHOTO YBEIUYEHHUS PE3EPBA
MOUIHOCTH U, COOTBETCTBEHHO, SKCILTyaTallHOHHBIX PACXOJIOB.

Ha npakTtuke 4yucio paboyux HACOCOB, YCTAHABIMBAEMBIX B KaHAJIH-
3aI[MOHHOM HACOCHOM CTaHIMHU, MpUHUMaeTcs: 1 pabouuii arperat — ajist
CTaHIIMA MaJOW MOPOU3BOJAUTEIIBHOCTH; 2...3 — ISl CTAHLUUN CpEeIHEH
MPOM3BOJIUTEILHOCTH U 3...6 — ISl CTAHIIUK OOJIBIION MPOU3BOAUTEIh-
HocTH. [Ipu 3TOM HEOOXOUMO YUUTHIBATh, YTO MIPOU3BOAUTEIBLHOCTD OJI-
HOTo paboyYero Hacoca J0JKHA ObITh HE MEHEE MUHUMAJIBHOTO YaCOBOIO
MPUTOKA CTOYHBIX BO/I.

Uucno pe3epBHBIX arperatoB MPUHUMAETCA COTJIACHO MPOCKTHOMY
3alannio. Tum U MapKy HaCOCOB BBHIOMPAIOT B 3aBUCUMOCTH OT PaCU€THBIX
3HaueHu Hanopa Hu 1 mojgaun Hacoca Qu Mo CBOJHBIM rpadukam mosei
HAaCOCOB COOTBETCTBYIOILIETO THUIIA JIMOO MO macnoptam HacocoB. Ilomaya
oiHOTO Hacoca Qu onpenensiercs o ¢popmyie (1).

Paboune xapakTepucTUKU HACOCOB MOJOMPAIOTCS COMIACHO T1. 4.4.

Hamop monobpanHoro Hacoca JOJXKEH ObITh paBeH pacueTHoMy Hu
WJIY MPEBOCXOUTH ero He 0ojee yem Ha 1,5...2,0 m. Ecnu 310 yclioBue He
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BBITIOJIHSIETCS, TO TpeOyeTcs: TMO0 KOPPEKTUPOBKA YKCIa 00OPOTOB JIBU-
raTessi, 1100 00ToUYKa paboyero kojieca Hacoca.

B kauecTBe OCHOBHBIX HACOCOB IPHUMEHSIOT OOBIYHO (PeKabHBIC
HACOCHhl C TOPU3OHTAJIBHBIM WJIM BEPTUKAJIBHBIM BaJIOM, a TaKXKe T'PYHTO-
BbI€ WJIW MOTPY>KHBIE MOHOOJIOYHBIE HACOCHI.

[Ipn HEOOMBIION BBICOTE MOabEMa BOABI (10 5 M) 1menecooOpasHo
MPUHUMATh HTHEKOBBIE HACOCHI.

Obmouka

[Ipu HEeoOxoauMOCTH 00TOUYKH paboyero koseca, pacuyeT HeOOXO0au-
MOM CTEIeH!U 0OTOUKH MIPUBEJCH B II. 4.4.

Buvibop snekmpoosucameneti

BriOop anexTpoaBuraresieid s KaHaJW3allMOHHBIX HACOCOB aHaJo-
TMYEH BBIOOPY SJIEKTPOJBUTATENCH /I BOJOMPOBOJIHBIX HACOCOB U TIPH-
BEJICH B 1. 4.4.

5.5. AHaJIM3 COBMeCTHOM padoThl HACOCOB U BOAOBO/I0B

Ilocmpoenue epaghuxa coemecmmnoii pabomul HACOCO8 U 800080008

B kaHanu3alMmoOHHBIX HACOCHBIX CTAaHUHUSX Yalle BCEr0 UMEET MECTO
yCTaHOBKA HECKOJIBKUX pabo4nX HacOCOB (2—4), a YUCII0 HATIOPHBIX BOJIO-
BOJIOB TaK)Xe€ MPUHUMAETCS, KaK MPaBUIIO, HE MeHee NBYyX. [ TouHOro
pacyeTa CUCTEM IMEPEKauYKHh CTOKOB C MapajliebHO pabOTaIOIMMHU HACO-
caMd U TPyOONpPOBOJAMU HCIOJIb3YyEeTCS aHaM3 COBMECTHOW palOThI
HACOCOB U TPyOONPOBOJOB C OJIHOBPEMEHHBIM YTOUYHEHHUEM NOTEPH HAIO-
pa BHYTPH HACOCHOM CTAHITUHU.

[enp 3TOr0 aHaiu3a: ONpeeauTh BO3MOKHbBIE PEXKUMBI PA0OTHI pa3-
JUYHOTO KOJIMYECTBA HACOCOB HAa OJMH WM HECKOJIBKO BOJIOBOJIOB.
Jlyst aTOTO HAa OHOM TpadUKe CTPOSIT XaPAKTEPUCTUKY:

— OJIHOTO HAcOCa;

— MapaJieIbHON pab0Thl HECKOJBKUX pabOUUX HACOCOB;

— OJIHOTO BOJIOBOJIA;

— MapajuiesibHOW pabOThl HECKOJBKHUX BOJIOBOJOB IYTEM CIIOKECHUS
abcuuce NMpy OJIMHAKOBBIX Op/IMHATAX.

DaKTUYECKOU XAPAKTEPUCTUKOW HACOCA SIBISACTCS «UCHPABJICHHASD)
€ro XapakKTEepUCTHUKA C YYETOM MOTEPh HANIOPA BHYTPU HACOCHOM CTaHIINH.

[TapannensHast paboTa HACOCOB MOJAPOOHO onucaHa B 1I. 4.5.
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[TocTpoeHre xapaKTEPUCTUKU HAIIOPHOTO BOAOBOAA OMMUCAHO B II. 4.5.
Ha puc. 78 nan npumep Takoro mocTpoeHUs i Ciaydas napauieIbHOU
paboTHI TPEX HACOCOB Ha JIBa BOJIOBO/A.

Hy

b

Puc. 78. IIpumep noctpoenus rpaduka COBMECTHON pabOThI TPEX HACOCOB
Ha JiBa BOJIOBOJA!

1 — xapakrepuctuka Q — H ogHoro Hacoca; 2 — xapakrepuctuka Q — hyc morepb
Haropa BHYTPH HACOCHOW CTaHIINM; 3 — «HMCTpaBiIeHHAs» XapakTtepuctuka Q — Hycrp
0JIHOTO Hacoca; 4 — xapakrepuctuka Q — Hiyo IByX HaCOCOB; 5 — XapakTepuCcTUKa
Q — Hi+243 TpEX HacoCOB; 6 — XapakTepUCTUKA OXHOTO BOA0BOAA Q — hypo )

7 — XapakTepucTHKa 1ByX BojoBoA0B (Q — hpoy)1+2; 8 — xapakrepuctuka Q — 1;

9 — xapakrepuctuxa (Q — hypg,)1+2 npu aBapuu; 10 — xapakrepuctuka Q — N

[TocTpoeHne COBMECTHBIX XapAaKTEPUCTUK HACOCOB MpPH Mapalijielib-
HOU paboTe OTpakeHo B 1. 4.5.

Ta6auma 13
PacueTHBIE JaHHBIE 11 IOCTPOEHMS XapakTepUCTUKU Q — hyyo, B KHC
Pacxon ['mopaBnuueckum [ToTepu Haropa B BOIOBOJE
. - . Her + hBBO[L) M
Q, a/c ykJioH 10001, M hgoy = 1,23.i-4,m
Qs
Q>
Quic
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Ha puc. 79, a npencraBieH npuMep NOCTPOSCHUSI CYMMapHOM Xapak-
tepuctuku Q — Hi+2 MByX mapasmiensHo paOOTarOIMIMX HACOCOB C OJMHAKO-
BbIMU XapakTepuctukamu Q — Hiz mytem yaBoeHus abciuce npu ojuHa-
KOBBIX opjauHaTax (ab = bc).

Crpourcs xapakrepuctuka Q — hyy,, napaaiensHoi paboThl OJHOTO,
JIBYX U T. J. BOJIOBOJIOB (CM. puc. 78, KpuBasi /) COIrJIaCHO METOJIMKE pac-
YyeTa HACOCHOW CTaHIIMHM BTOPOTO MObEMA.

H

0)

Puc. 79. Cxembl noctpoeHus xapakrepuctuku Q — H
napaJiieIbHOM paboThI IBYX HACOCOB U BOJIOBO/IOB:
@ — HACOCHI C OJIMHAKOBBIMH XapaKTEPUCTUKAMH,
6 — BOJIOBOJIbI OMHAKOBOTO JUAMETpPa, MaTepuaia v JTNHBI

Cosmecmuas paboma HACOCO8 U 800080008 NPU ABAPUU

[Ipu aBapuum Ha BOJOBOJAX KaHAJIM3ALMOHHAS HACOCHAsl CTAHIIMS
JI0JIKHA MOJaTh Ha OYUCTHBIE coopyskenus 100 %-if pacxoa CTOYHBIX BO/I.
B aTOoM ciyuae pe3ko Bo3pacTaroT MoTepy Haropa B BojoBoAax. Jis yse-
JUYEHUS] TPOIMYCKHOW CIMOCOOHOCTH BOJOBOJOB W CHHUXEHUSA MOTEPD
Haropa B HUX ycTpauBaroT nepembluku (puc. 80). B aTom cityyae Bos1oBo-
Tl pabOTAIOT B OJHY JUHUIO TOJBKO HAa YYaCTKaX MEXIY IMepEeMbIYKaMH.

Jna moctpoenus xapakrepuctuku Q —hyy,, BOI0OBOJOB IIpu aBapun
Ha KaHAJIM3aIMOHHBIX CETAX (BOJIOBOAAX) MCIOJb3yeTcs hopmyna (2).

[TomydyeHHBIC TaHHBIEC 3aHOCATCS B Ta0. 14.
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Puc. 80. [Ipumep cxeMbl yCTaHOBKH MEPEMBIYEK Ha BOJAOBOIAX

Tabnuma 14
[Torepu Hamopa B HaOPHBIX BOAOBOJAX KAaHAIU3ALMOHHOW CETH
IIPY aBapUU HA NIPUMEPE YCTPOUCTBA IBYX NEPEMBIUEK

Pacxon Q; ['mnpaBaudecKuii yKIOH, M Her + hgop =
Q,Mc (n/c) | 2 1000i, 1000i, = Hcr+ 1,23(2i1 +13), M
Q1
Q2
Quc

IToctpoenue xapakrepuctuku Q — hyy,, mpu aBapum Ha BomoBOmax
MIPOU3BOJUTCS TAK KE, KAK U HA BOJIONPOBOIHON HACOCHOM CTAHIIMMU.

KonnuecTBO nmepembluek HA3HAYAETCA UCXOJISI U3 PACCTOSTHUSA MEXKIY
HuMH (00b1yHO He MeHee 700...800 m). PaccTossHMS MEX Ty MepeMbIUKaMH
MIPUHUAMAKOT, KaK MPaBUIO, OJUHAKOBBIMU.

Tak xak npu ar000M KomudecTBe nepeMmbiuek 100 %-s1 momada cTou-
HBIX BOJI BO BpeMsI aBapvH HE MOKET OBbITh JIOCTUTHYTA, 3Ta 3aja4a pelia-
€TCs MyTEeM BKJIFOYEHHUS B pabOTy Ha BpeMs JUKBUJIAIIMU aBapUM PE3EPB-
HOrO arperata ¢ MHUHUMHU3ALMUEH KOJMYECTBA MEPEMBIYCK, TaK Kak
YCTPOMCTBO OOJIBIIIOTO KOJHUYECTBA MEPEMBIUCK MPUBOJIUT K 3HAYUTEIIb-
HOMY yJOPOKaHUIO CTPOUTEIHCTBRA.
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5.6. PazMeiieHue 000py10BaHNS HACOCHOI CTAHLMHU BOJA0OTBEICHMS.
KoHCTPYKIIMM HACOCHBIX CTAHIIUA

Onpeodenenue emKoCmu npuemMHo20 pesepsyapa

[IpyUTOK CTOYHBIX BOJ K HACOCHOM CTaHIMU IO YacaM CYTOK, KaK 3TO
YKa3bIBaJIOCh BBIIIE, HEpaBHOMEPHBIA. JlJisi obecniedeHuss MaKCUMaIbHO
BO3MOKHOTO ONTUMAJIBHOTO PEeXUMa PabOThl HACOCOB HEOOXOJUMO yCTa-
HOBUTH, B 3aBUCUMOCTH OT MX IOJIaud, MPUEMHBIN pe3epByap, KOTOPHIHA
BBITIOJIHAET (PYHKIIUIO PETYIUPYIOIIENH €MKOCTH.

IIpy DpOEKTUPOBAHMK HACOCHBIX CTAaHLMKA NPUEMHBIM pe3epByap,
MOMENIECHUE PEIIETOK, MAIIMHHBIN 3aJl, MOJCOOHO-IPOU3BOICTBEHHBIE U
OBITOBBIE TOMEUIEHUS OOBIYHO Pa3MEIIAOTCA B OHOM 3[JaHUU, HO UHOTAA
JIOTYCKaeTCsl OTMENIbHOE PACIOIOKEHUsI IPUEMHOTO pe3epByapa. Hacoc-
HbIE CTAHIMA C OTAEIBHO PACIOJOKEHHBIM IPUEMHBIM PE3EPBYyapOM
yCTpaWBaIOT B CiIydae riyOOKOro 3aJI0KEHHS OTBOJSIIETO KOJIJIEKTOPA,
IIPH BO3BEJICHUM CTAHIIMM B TSDKEIBIX TPYHTOBBIX YCIIOBHUSX WM IIPH ITI0-
CTYIUIEHHH Ha CTAHIIMIO CTOKOB, COJIEPXAIIUX FOPIOYHE, B3PHIBOOIIACHBIE
WJIM TOKCUYECKUE BEIIECTRA.

[Ipu cOBMECTHOM pacMOIOKEHUH B OAHOM 3/IaHUM IPUEMHOTO pe3ep-
Byapa ¥ MaIllMHHOTO 3ajla OHU Pa3JIesIOTCS B MOJ3EMHON YacTH 3/IaHUs
BOJIOHETIPOHHUIIAEMOM Turyxoi creHou. [IpuemHbIi pe3epByap obopyayer-
Csl IPUSAMKOM, KyJa BBIBOJIATCS] BCACBHIBAIOIIME MaTPpyOKH HAcOCOB. JlHuIIe
MPUEMHOTO pe3epByapa BBHIMOJIHAETCS ¢ YKIOHOM He MeHee 0,1 B cTopoHy
npusMka. [IpusiMmku y BcachlBaromux TpyO ycTpauBarOTCs ISl TOTO, YTO-
Obl MOXHO OBLIO MaKCUMAaJIbHO HCIOJIb30BaTh PEryJHUPYIONIYI0 BMECTH-
MOCTh TPUEMHOTO pe3epByapa.

[Ipu OonbiKMX pazMepax MPUSMKOB B HUX OYJET OCTaBATbCS MHOTO
HEOTKAYEHHBIX CTOKOB, a Majibie CKOPOCTH MPUBEIYT K OTJIIOKEHUIO OCal-
Ka; IpU MajbIX pa3Mepax — yBEIMYMBAIOTCS THMAPABINYECKUE COMPOTUB-
JICHUS Ha MTOAXO0/IE )KUIKOCTH K BCACHIBAIOIIUM TPyOaMm.

B cBsi3u ¢ aTMMH (hakTOpaMH PEKOMEHAYIOTCS CIAEAYIOIINE pa3MephI
npusMKoB: Tiayouna 2ds (ds — guamerp BcachiBaroieil TpyObl); MIMpHUHA
no 1y — (3,5-4,0) dB, HAKJIOH CTEHKH CO CTOPOHBI pe3epByapa — 60°.

TpeOyemass eMKOCTh MPUEMHOrO pe3epByapa OINpPEIEseTCs B 3aBU-
CUMOCTH OT MPUTOKA CTOYHBIX BOJI, MPOU3BOJUTEIBHOCTH U YHCJIA yCTa-
HOBJICHHBIX Pa00YUX HACOCOB, PEKUMa UX PAaOOTHI.
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Haubosee y1o0HO ONpeeaTh PEryIHPYIOIIYI0 eMKOCTh IPUEMHOTO
pe3epByapa rpaduuecku, IyTeM MOCTPOCHHSI COBMECTHOTO Tpaduka Mmpu-
TOKa M OTKauku (puc. 81).

Ly
W

MarcuManeHsit %0 o1 Qevr
w
[ ]
LI S

[ ]

0 10 30 50 60

Bpema, T, mun

Puc. 81. ITIpumep pexxrma paboThl HACOCHBIX arperaToB
JUJISL OTIPEICJICHHS] EMKOCTH IIPUEMHOT'O pe3epByapa:
1 — TUHUS IPUTOKA M OTKAYKHU B YaC MAKCUMAJILHOTO TIPUTOKA,
2 — muaus 50 %-ro nputoka; 3 — TMHUA OTKaYKH HaCOCaMU

[Tpu mocTpoeHuu 3TOro rpaduka mojaararor:

— MMPUTOK CTOYHBIX BOJI PABHOMEPEH B TEUCHUE YaCa;

— YHCJIO BKIIFOYECHUN HACOCA HE JOJKHO MPEBBIIATH TPEX BKIIOUYCHUMN
B yac IMpU PYYHOM YMPaBJICHWU U MPU aBTOMATUYECKOW paboOTe HACOCOB
OTE€YECTBEHHOTO ITPOU3BOJICTBA C JBUTaTEISIMU MOIIHOCTHIO CBbIIE S0 kBT;

— YHMCJIO BKIIFOYEHUM HACOCA OTEYECTBEHHOIO MTPOU3BOJCTBA C JIBUTA-
TeJISIMHA MOIIIHOCTHIO MeHee 50 kBT nmpu aBTOMaTHdeckoil paboTe T0IKHO
OBITH HE OOJIEE TSITH.
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OrpaHvyeHue Mo YKCIy BKIIOYEHUH HACOCOB OTEYECTBEHHOIO MpPO-
W3BOJICTBA BBI3BAHO TEM, YTO OOJIBILIOE YMCIIO BKIIOUYEHUN, XOTS U MO3BO-
JSI€T COKPaTUTh BMECTUMOCTh IMPHUEMHOTO pe3epByapa, HO OKa3bIBa€T He-
OJlaronpusITHOE BO3JIEUCTBHE Ha AJIEKTpoanmnapaTrypy YMNpaBJICHHS HaCO-
CaMU U Ha CUCTEMY AJIEKTPOCHAOKEHHUS B LIETIOM.

MareMaTnuecKku JOKa3aHO, YTO MAaKCUMAaJbHO TpeOyeMas peryiaupy-
I011asi EMKOCTh IIPUEMHOTO pe3epByapa BO3MOXHA JJisi CTaHI[MU C OJIHO-
TUIHBIMU HACOCAMU IpU NMpUTOKE, paBHOM 50 % OT MakcHMMalIbHO 4aco-
Boro. [loaToMy pacyeT peryiupyromieid eMKOCTH pe3epByapa MpOU3BOIST
JUTSL AIBYX CJIy4aeB: MaKCUMaJIbHOTO YaCOBOTO MPUTOKA U MIPUTOKA, PABHO-
ro 50 % oT makcuMasibHOro 4acoBoro. IIpu 3ToM mpenmnonaraercs, 4To
OpU KaKJIOM HOBOM LIMKJIE OTKAayKM BKJIIOYAIOTCS Ccpa3dy Bce pabouue
Hacockl ctanimu. Ha puc. 81 npuBenen npumep onpeaesieHus: peryiupy-
IOIIEeN EeMKOCTH MPUEMHOTO pe3epByapa.

Jlist moctpoeHust 3Toro rpaduka Ha OCH OpJAMHAT OTKJIAJbIBAIOT 3HA-
YEeHHE IPUTOKA CTOYHBIX BOJ B % OT cyTo4HOro Qw B 4ac MakCUMaJIbHO-
ro mputoka (cMm. mpuioxkeHue). Ha ocu abcruce OTKIAIABIBAIOT BpeMsl
or 0 no 60 MuHYT, pa30uBasi TOT OTPE30K HAa TPU PaBHbIC YaCTH IO
20 MuHYT Kaxaas (MCXOs U3 HEOOXOAMMOCTH, HACOCHI MOYKHO BKJIFOUYATh
He OoJiee Tpex pa3 B 4ac).

[Ipu nmomaue HacocoB, paBHOM MaKCHUMalbHOMY YacOBOMY IPHUTOKY,
JMHUW TIPUTOKA W OTKAYKW Ha Trpaduke coBmamaror (muHMs 1, puc. 81).
[Ipu sTOM Bce paboune HACOCHl CTAHIIMKM OYIyT OTKAYUBaTh CTOKHU O€3 Ie-
pephiBa B TEUCHUE Haca.

Janee ctposT rpaduk MpUTOKa NP MOCTYIUICHUH CTOKOB, paBHBIN 50 %
OT MaKCUMaJbHOTO YacOBOTr0, B HaieM npumepe 6,53/2 = 3,27 (nuHus 2,
puc. 81).

[Ipu 3TOM pexuM pabOThl CTAHIIMU MPUOOPETET MPEPHIBUCTHIN Xa-
paKTep, TaKk KaKk CyMMapHbI 00beM OTKaukud B 20-MUHYTHBIM OTpPE30K
BpeMeHH OyJIeT mpeBbIaTh TPUTOK. [103TOMY HacOCHl OyIyT BKITIOUATHCS
B paboOTy He B Hauaje Kaxjaoro 20-MHUHYTHOTO OTpe3Ka BPEMEHH, a He-
CKOJIBKO MO3K€E, C TEM YTOOBI K KOHILYy 3TOT0 OTpe3Ka BPEMEHH ObLIT OTKa-
4YeH BECh 00bEM MOCTYIUBIINX CTOKOB.

B cBsi3u ¢ 3TUM rpaduK OTKAYKUA CTPOUTCS IMyTEM MPOBEACHUS JTUHUU
u3 KoHIa 20-MUHYTHOTO OTpE3Ka MPUTOKA, MapauieTbHOU MaKCUMaIbHOMY
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4acOBOMY MPHUTOKY, JI0 MEPECEUCHUS] €€ C FOPU30HTAIbIO, TPOBEACHHOMN
oT Hauana 20-MUHYTHOTO OoTpe3ka. Takum oOpa3zoM, OyneT MOCTPOEH rpa-
(UK OTKAYKK CTOKOB IPH MPHUTOKE, paBHOM 50 % OT MakCUMaJIbHO Yaco-
BOTO (JIOMaHas JiuHus 3, puc. 81).

O4eBUAHO, YTO B ATOM ciydae TpeOyemasl peryjaupyromas eMKOCTh
IPUEMHOT0 pe3epByapa OMpPEeeIUTCs KaKk MaKCUMalbHasi CyMMapHas pas-
HOCTh OpJIMHAT TpaUKOB MPUTOKA U OTKauku (iuauil 2 u 3, puc. 81) B %
oT Qw (B HaireM ciaydae — Y%omax = 55).

Perynupytoias eMKOCTb IPUEMHOTO Pe3epByapa ONMpPeETUTCS KaK

Whe3 = (Yomakce - Qw)/100, M2,

AHaJIOTUYHBIM 00Pa30M OCYIIECTBIISIETCSI ONPEICIICHUE €MKOCTU pe-
3epByapa U Ui JPYTUX YCIOBUN PabOTHI.

Bo Bcex ciyuasx o0beM MpPUEMHOrO pe3epByapa JOJDKEH OBbITh HE
MEHee 5-MUHYTHOM MaKCHMAaJIbHOW TMOJa4u OJHOTO M3 HacocoB. HeobOxo-
JIUMO OTMETHUTH, YTO B MPUEMHBIX pe3epByapax HACOCHBIX CTAHIIUU C TO-
naueii 6onee 100 ThIc. M3/CyT HEOOXOAMMO IIPELYCMATPHBATH IBA OTAEIIE-
HUs 0e3 yBeanueHus o01iero oobema.

OnpedeneHue ommemKkuy 0CU HacoCo8

OTMeTKka OcM Hacoca ONpeAeNseTcsi B 3aBUCUMOCTH OT HPHUHSTOM
CXEMbI PACIIOJIOKEHUS: TOJ 3aJTMBOM WJIU C TOJIOKUTEIHLHON BBICOTOM
BCAChIBaHUSI.

PaboTa HacocoB He MMOJ 3aJIMBOM IMPUMEHSIETCS B TOM Cllydae, €Ciu
MPUEMHBIN pe3epByap pacIoIoKeH OTAEIbHO OT HACOCHOW CTaHIUU JIN0O
IpH TIYOOKOM 3aJI0KCHHUH MOABOJISINEro KojuiekTopa (cMm. puc. 76, a, 8).
B 3TOM cityyae oTMeTKa OCH Hacoca OIMpPEIESIETCSl ¢ YYETOM JIOIyCTUMOM
BBICOTHI BCAChIBaHUS HACOCA.

Hopmamu pexoMeHIyeTcsi yCTaHaBIUBAaTh HACOCHI B CTAHIIUSAX BOJIO-
OTBEJICHUS MOJ 3aIMB (CM. puc. 76, 6). IT0 obJer4yaeT MyCcK HACOCOB H
YIOPOIIAET CXeMYy aBTOMAaTU3allMM HACOCHOW CTaHILIMUH, MPU ITOM OTMETKY
OCH Hacoca OMPeNeIsIOT KOHCTPYKTHUBHO, HCTIONB3Ysl YCTAHOBOYHBIC Yep-
TEXHU HACOCOB. Y HAcOCOB, YCTAHOBJICHHBIX O]l 3aJIUB, BEPX KopIyca
JOJKEH OBITH pacioyio’keH He MeHee ueM Ha 0,3...0,5 M H1Ke pacueTHOTO
YPOBHS B IPUEMHBIX pe3epByapax.

JlomycTriMast BbICOTa BCAChIBaHHSI HACOCOB 00ECTIEYMBAET BOZMOXKHOCTh
ux paboThl IPU MUHUMAIBLHOM YPOBHE BOJIbI B IPUEMHOM pe3epByape.

127



Komnonoexa obopyoosanus u mpyb6onpoeooos

PacnonioxxeHne HAacocoB U TPYyOOINPOBOJOB B HACOCHOW CTaHIIUU
JOJDKHO OTBEYaTh CICAYIOIIMM OCHOBHBIM TpPEOOBAHHUSIM: HAIEKHOCTH
NeNUCTBUA;, ya00CTBO, MPOCTOTAa U OE30MACHOCTh OOCITYKHWBAHUS, MUHH-
MaJibHasl MPOTSHKEHHOCTh TPYOOIIPOBOJIOB M MPOCTOTA MX y3JI0B; BO3MOXK-
HOCTb pacllUpeHUs CTaHLIUH (puc. 82).
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Puc. 82. Pacnionoxenue Hacoca 1o 3ajuB:
1 — pacnipenenuTeNbHBIN KaHAT;, 2 — COPOYAEP>KUBAOIIAs peleTKa-IpoOnIKa;
3 — mpueMHBIN pe3epByap; 4 — HACOCHBIN arperar; 5 — GyHIaMEHT MO HAaCOCHBIN

arperat; 6 — BcachIBaroIuii TpyOONpoBo; / — MpUeMHasi BOPOHKA; 8 — MPUSAMOK;
Vmun, Ver, VMake — OTMETKH, COOTBETCTBEHHO, MUHMMAJILHOTO,
cpeaHero (pacyeTHOT0) U MAaKCUMAJILHOT'O YPOBHEH BOJIbI

KoMmnoHoBKy arperatoB, TpyOOIpPOBOJIOB U JAPYroro oOOpYI0BaHMUS
PEKOMEHAYETCA IPOBOAUTH B CIECAYIOLIEH MOCIEA0BATENBHOCTH:

1. OnpenensatoT pa3Mepbl (yHIAMEHTa IOJl arperatr U BbIOMpPAIOT
CXEMY PACTOJIOKEHUSI HACOCHBIX arperaToB B MallMHHOM 3aje. [Ipu atom
YUYUTBHIBAIOT, UYTO HACOCHI PACMOJIATalOTCA B OJWH PSJ BIOJIb CTEHKH,
OTJICJISFOIIEH MAIIMHHBIN 3aJ1 OT IPUEMHOI0 Pe3epByapa.

2. BxiroueHrne HacoCOB MPOECKTUPYETCS aBTOMATUYECKU B 3aBUCHMO-
CTH OT IPUTOKA CTOYHOM KUJIKOCTH.
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3. KommnoHyroT BcachbiBarolue M HAmNoOpHbIE TPYOONpPOBOJBI B Ma-
IIMHHOM 3ajle, YYMUTBIBAS,, YTO KXl HACOC COEAMHSIOT C NMPUEMHBIM
pe3epByapoM CaMOCTOSITEILHBIM BCACHIBAIOIIUM TPYOOIIPOBOIOM, Jaxe
€CJIM MPUEMHBINA pe3epByap PacHoIOkKEH OTAEIBHO OT HACOCHOW CTAHIIMH.

4. BBINOJHAIOT TUAPABINYECKUN pacyeT TpyOOIpOBOIOB, MTOAOUPAIOT
apmatypy u (acoHHbIe YacTh. Tun u pasmMepsl apMaTypbl IPUHUMAIOT MO
CIPABOYHOW JIUTEpaType. YTOUHAIOT IOTEPU HAIopa BO BHYTPEHHHX
KOMMYHHUKAIUAX HACOCHOU CTaHIIUH.

5. BrluepunBaOT akCOHOMETPUYECKYIO CXEMY TPYOOIPOBOIOB U ap-
MaTypbl BHYTPY MAIIMHHOTO 3aJ1a HACOCHOM CTAHIIMU C YKa3aHUEM JIJIUHBI
U IMaMETPOB TPyOOIPOBOIOB.

6. IlonOuparoT BcioMoraTeiabHOE HACOCHOE M JPYroe TEXHOJIOruYe-
CKO€ 000py/I0BaHUE.

7. BeiOMparoT 31eKTpuyecKoe 000pyA0BaHUE HACOCHOM CTaHIUU.

8. IlomydeHHble pa3Mepbl MO3BOJISIIOT ONMPENETUTh radapuThl MAILIMH-
HOTO 3ajla U BCIIOMOTATENbHBIX MoMelieHui. [Ipu 3ToM ciemyer y4uThl-
BaTb HEOOXOJMMOCTb BBIJICTICHUS IUIOMIAAEH 1JI1 MOHTa)KHOM IUJIOIIAJIKH,
r7ie MPOXOJbI BOKPYT JEMOHTHPYEMOI'O WU MOHTHUPYEMOro 00OpyoBa-
HUS JOJKHBI ObITh HE MeHee 0,7 M, U JUIsl YCTAaHOBKH BCIIOMOTaTeIbHOTO
000pyA0BaHUSI.

Pama u ¢pynoamenm noo nacocnulii acpecam

['opuszonTaneHbie Hacockl TUna «CJI, I'p» MOHTHUPYIOT C 3JIEKTPOIBU-
rateyissMiu Ha OOIIEeH YyryHHOHW TUIMTE 3aBOJCKOIO M3rOTOBJIEHUs. boee
MOIIIHbIE HACOCHI MOHTHUPYIOT Ha OOWIEH WM pa3febHOM pame U3 Mpo-
KaTHOU cTtayni. BreicoTa pambl nmpunumaercs e menee 100 mm. Paccros-
HHE OT Kpasi paMbl 10 OCH N0caaoyHbIx oTBepcTud — 50...100 MM, 110 Kpas
dbynaamenTa — He MmeHee 50 MM.

[Ipy KOMIIOHOBKE BBIUEPUMBAIOT (PPOHTAIBHYIO MPOCKIUI0 HAacoca U
AIIEKTPOJIBUTATENSI U ONPENEISIIOT MUHUMANbHBIE pa3Mepbl (yHIaMEHTa.
B miane gopma ¢dyHaameHTa MOXKET OBITh MPOCTOM W CIOXKHOU. BwicoTy
(GyHIaMEHTOB HaJl MOJIbIe MAIIMHHBIC 3aJ1a TpUHUMatoT He meHee 0,1...0,3 m
(cM. puc. 82). 1yig 3a1uThl OT BO3MOXHOTO 3aTOIUICHUS MIPU aBapUU DJIEK-
TPOJBHUTATEII HACOCOB PaCMoiararoT Ha BeicoTe HE MeHee (0,5 M oT mosia.

JlHuIlle HACOCHOW CTaHIMU oOpaszyeT oOIas aJjis MPUEeMHOTO pe3ep-
Byapa U MallIMHHOIO 3aJia KeJIe300€TOHHAs IUINTa, Ha KOTOPYIO OMHPAOT-
cs1 OeTOHHbIE (PyHIaMEeHTBI HacocoB. [1nuTa ycTpanBaeTcss Ha OTMETKE JTHA
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npusiMKa TpueMHOro pesepyapa (cMm. puc. 82). IIpoctpaHCTBO MEXIy
IUTUTOM U TIOJIOM MOXKET OBITh 3aI0JIHEHO TOLUM O€TOHOM.

Macca dynnamenta goJbkHa OBITH KaKk MUHHMYM B 4 pa3a OoJblie
Macchl HACOCHOT0 arperara (Hacoc IUTIOC 3JIEKTPOBUTATEND).

Buvibop cxemwvl pacnonosicenuss pyroamenmos azpecamos

B kaHanu3allMOHHBIX HACOCHBIX CTAHIUSIX HACOCHBIE arperatbl B
OCHOBHOM pacloJiaraloT MapajieibHO U NEPHEeHAUKYISIPHO MPOIO0JIb-
HOM ocH 37aHusl 10O, Mpu OOJIBIIIOM KOJIUYECTBE HACOCHBIX arperatron
(6bosee 4...5), B IaXMaTHOM MOPSIAKE, YTO MO3BOJISIET YMEHBIIUTH IIU-
puHy MamuHHOrO 3ana. [lociegHee XapakTepHO s 3ariyOJICHHBIX
HACOCHBIX CTaHIIWH.

Ecnu noHukeHne ypoBHSI TPYHTOBBIX BOJ| JOIYCKAET CTPOUTEILCTBO
HACOCHOMW CTaHIIUM B OTKPBHITOM KOTJIOBaHE, TO B TOM cily4yae €€ y1o0HeH
POEKTUPOBATH MPSMOYTOJIBHON B TUIaHE.

Paccrosinne Mexay (pyHIaMEHTaMU HACOCHBIX arperatroB, a TaKXKe
MEXy arperaTaMu U CTeHaMH 3JIaHU HY>KHO Ha3Ha4yaTh C y4€TOM Tpedo-
BaHuil. [lluprHy NpOXOIOB MEXIy BBICTYHAIOIIMMH YacTSIMH HAaCOCOB,
TpyOOIIPOBOJIOB M JBUTATENICH CIEAyeT NMPUHUMATh HE MeHee: | M —
Mexnay arperatamu; 0,7 M — Mexy arperaramu u creHoit; 0,7 M — Mexay
HEMOABUKHBIMU YacTsIMU 000PYIOBaHUS U TPYOOIPOBOIAMHU.

Bcacuvisarowue u nanopnvie mpy6onpogoosi

BcacbiBatoliue ¢ HamopHble TPYOONpPOBOJBI  KaHATU3aLMOHHBIX
HACOCHBIX CTaHIIMH TPOCKTUPYIOTCS AHAJIOTMYHO BCACBHIBAIOIIUM U
HAIMOPHBIM TPYOOINPOBOAAM HACOCHOM CTAHIIMM BTOPOro mojabema. [{ua-
METp TPYOOIPOBOIOB BHIOMPAETCS COTJIACHO yKa3aHUSAM, YUYUTHIBAS, YTO B
BOJIOOTBOJISAIIMX HACOCHBIX CTAHIMSAX KaXKJbIH yCTAaHOBJICHHBIM HACOC
JOJKEH UMETh CBOM BCAChIBAIONICH TPyOOIpPOBO/I.

CoenuHeHue TpyOOINPOBOJOB, MATPYOKOB HACOCOB IMPOW3BOJUTCS
aHAJIOTUYHO HACOCHOW CTaHIIMKM BTOPOTO MOAbEMA.

Mexy BcachIBalOIIMM MaTpyOKOM Hacoca W 3aJIBUKKOW 00s3aTelb-
HO YCTaHABJIMBAETCS MOHTAXHBIM MaTpyOOK C HAJIBWXHBIMH (DIIaHIIAMU
(Ha TpyOoInpoBoAax OOJIBIIUX AUAMETPOB — MOHTaXHbIE MY(ThI), KOTO-
pBIM TOJDKEH 00eCreYnuBaTh BO3MOXXHOCTHh CHSTHS TEpPEIHEH KPBIIMIKU
KOpITyca Hacoca BMECTE C BCAChIBAIOIIUM MaTpyOKOM MpHU 3aKpHITOH 3a-
JIBIDKKE Ha BCACHIBAIOIIEM TPYyOOMPOBO/IE.

BcacsiBatomue TpyOOmpoBOIbI TPOKIAABIBAIOT C TIOJIHEMOM HE MEHEE
0,05 M oT BXOAHO# BOPOHKH K KOPITYCy Hacoca.
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becnepeboiinas pabora Hacoca 1 MUHUMYM THAPABINYECKUX MMOTEPh
BO BCACHIBAIONIECH JIMHUM OOECIEUMBAIOTCA TAKXKE MPABUIBHBIM PACHOJIO-
KEHUEM BCACBHIBAIOIINX TPYO B MPUEMHOM PE3epByape HACOCHOM CTaHIUU
IOKa3aHa Ha puc. 82,

JIisi yMEHbIIEHHUsSI MECTHBIX MOTEPh MPU BXOJI€ MOTOKA BO BCAChIBA-
IOIIYI0 TPYOy AMaMeTp BXOJHOTO cedeHus [px yBEIMYMBAIOT MO CpaBHE-
HUIO ¢ quameTpoM TpyOsl dg. OObaHO puHUMaroT Jpx = 1,50s, mmnHa ee
coctasiset (1,3...1,7) dp. 3amnpemaercss ycraHaBIMBaTh OMOPY MOJ Bca-
CBIBAIOILIEN BOPOHKOM, TaK Kak Ha HEW MOTYT 3aJ€p>KUBATHCA BOJIOKHU-
CThI€ 3arpA3HEHUS, KOTOPBIE 3aKYIOPSAT BXOJ KUJKOCTH.

[Ipu guamerpe BcachIBaromiero tpyoomnposojaa 6onee 500 mm Bxoa-
HOE OTBEPCTHE PEKOMEHJIYETCSl pacrojiaraTb BEPTUKAJIbHO B IUIOCKOCTH
MOBEPXHOCTH PA3JEIUTEIHHON CTEHKH. Takoe pacroyioKEHUE MO3BOJISIET
JIOBOJIBHO MPOCTO MEPEKPHITh OTBEPCTUE IIMOEPHBIM IIMTOM WM IHAH/I-
POM MpU PEMOHTE 33JIBU>KKM Ha BCACBIBAIOLIEM TPYOOIIPOBO/IE.

[Ipu npuMeHEeHNH BEPTUKAIBHBIX HACOCOB, KaK MPaBUJIO, BCACHIBAIO-
il naTpyOOK pacrmosiaraercsi BEepTHKajdbHO. B 3TOM ciiydae pa3mepsl
IuaMeTpa BXOJa MmarpyOKa U ero JJIMHA OMPEACNISIOTCS IMacIOPTHBIMU
JAHHBIMU HA KOHKPETHO BBIOpPaHHBIN THUIT HacOCA.

Hanophsie TpyOOIpoBObI U apMaTypy HEOOXOIMMO KOMIIOHOBATh Ta-
KUM 00pa3oM, 4TOOBI B JIFO0OOM MOMEHT OblIa BO3MOXKHOCTH OTKITFOUCHHS
OJTHOTO U3 HACOCOB OT OOIIEH crucTeMbl 0e3 MpeKpanieH st padoThl CTAaHIIUU
¥ 4TOOBI ObLTA BOBMOXHOCTh TOJIaYM BOJIBI KaXKILIM HACOCOM B JIFOOOM M3
HaMpaBJIEHUI HAIIOPHOTO TPYyOONPOBO/Ia BHYTPH HACOCHOW CTaHIIMH.

[Ipu HeckoNbKMX Hacocax, paboTarImKX B OOIIMI HAMOPHBIN TPyOO-
MPOBO/I, TIPUCOCIMHEHNE HATIOPHBIX CTOSIKOB K OOIIIEMY HArlOPHOMY TPyOo-
NPOBOJY JIENIAl0T COOKY IIENbIra B HIETBITY, TaK KaK MPU NPUCOCAUHEHUN
CHM3Y B HAIIOPHOM CTOSIKE HEPaOOTAIOIIEr0 HACOCa BBITIAAET OCAIOK U CTOSIK
CTaHOBUTCS CBOCOOPA3HOM JIOBYIIKOW-OTCTOMHUKOM JJISl TSXKEJIBIX B3BEIICH-
HBIX BEILECTB, a MPH JUIUTEIHHON OCTAHOBKE 00pa3yeTcsl BeCbMa YIIJIOTHEH-
Has MPoOKa, KOTOPYIO HE MOXKET MPOOUTH CTPYSI BOABI TIPY BKITFOUYCHUH HACO-
ca B paborty. 1o 310l ke nmpuunHe 1enecoo0pa3Ha yCTaHOBKA 3aBMKEK Ha
TOPU30HTAITLHBIX YYaCTKaX HATIOPHBIX TPYOOTIPOBOIOB OT HACOCOB.

Ha HamopHO¥ JTHHHM Ka)XJ0TO HAacoca MPEeayCMaTPUBAETCS YCTAaHOB-
Ka OoOpaTHOro KjanaHa M 3aJBUWKKH. YCTaHOBKA OOpaTHOro KJlaraHa
IPEAYCMATPUBAETCS MEXAY HACOCOM M 3aJIBUKKOW. Y CTaHOBKA MHOTOTa-
penpYaThIX OOpaTHBIX KJIamaHOB HE JIOMYCKaeTCsl.

131



['mapocratudeckue, THAPOIMHAMUYECKUE W TeMIIepaTypHbIE Hamps-
’KEHUsI, BOSHUKAIOIIKE B HAIIOPHBIX TPYOOINPOBOJIaX, U BECOBYIO Harpy3Ky
MOCJIEAHUX HE ClielyeT NepejaBaTh Ha Hacoc. s 3Toro HeoO0xoaumo
yCTaHaBJIUBATh MO TPYOOIIPOBOIBI ONOPKI, KOMIIEHCATOPHI U YIIOPHI.

TpyOomnpoBoibl BHYTPpU HACOCHOW CTAHIIMM MPEUMYIIECTBEHHO pacIio-
JararoT 1o MOBEPXHOCTH ToJia (puc. 83) ¢ yCTpOMCTBOM MOCTHKOB HaJl TPY-
oonpoBogamMu. B 3TOM cinyuyae ycTaHaBIMBaIOT OETOHHBIE OMOPHI (O] ap-
Matypy). Paccrossaue Mexmy oropamMu Ha HPSIMBIX YYacTKax OIPEACIISTIOT
pacdyeToM W NMpuUHUMAOT He Oosee 3 M. Eciu TpyOompoBoj MPOXOAUT IO
CT€HaM 3JIaHU, €T0 YKJIAJBIBAIOT Ha KeJIe300€TOHHBIC KOHCOJIU, HA HUX KE
YKJIaJBIBAIOT M XOI0BOM MOCTHK JIJII 00CITYKMBaHUS TPyOOIPOBOIA.

MunumansHOE ynajieHue TpyO OT CTEH U MoJia Ha3HA4aeTCsl U3 yClio-
BHsS BO3MOXKHOCTH MOHTa)ka M OOCIy»XKHBaHHs apMmarypbl (Tadm. 15)
Y C YYETOM PEKOMECHIAIINH.
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Puc. 83. Cioco6s!I pazmMernieHus TpyOOTpPOBOIOB B MAIITMHHOM 3aJI€:
a — HaJ 10JIOM; O — Ha CTEHE;
do — quametp draHIa; m — AJIKMHA 3JISKTPOABUTaTENs Hacoca

Tabmuma 15
PekoMeHyembIe pa3Mepsl K pa3MEIEeHUI0 TPYyOOIIPOBOIOB
B MaIlIMHHOM 3aJie (cM. puc. 83)

Pasmep, dv < 400 IIpu Hanuuuu apmatypsl | Ilpu orcyrcTBHM apMaTypbl
MM v dy =450...600 | dy>600 | dy=450...600 | dy> 600

b 300 500 500 500 500

h 250 300 350 250 250

Cc 250 350 500 350 350

[Ton6op 3amopHO#t apMaTyphl MPUBEJIEH B 1. 4.6.
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5.7. IllonGop BCIOMOraTeJibHOr0 000pya10BaHMS
HACOCHOM CTAHIUU

Bb100p BcrioMorarenbHOro 000py10BaHHsI HACOCHOM CTaHLIMK ITPOU3-
BOJIUTCS B CIEAYIOLIEH MMOCIEI0BATEIbHOCTH:

1. BriOuparor obopyjoBaHue Jyisi NpeABaApPUTEIILHON MEXaHHUYECKOM
OYMCTKU CTOYHBIX BOJI.

2. BoiOuparot apeHakHble HACOChI, HACOCHI aBapPUITHOTO OCYIIEHUS U
rps3eyaalieHus], a Tak)Ke HAacOCHI ISl OXJKICHHUS U THAPOYIUIOTHEHHUS
calbHUKOB. KpaTko omuchiBaroT (C mojg00poM HACOCOB) CUCTEMY TEXHH-
yeckoro BoaocHaOxkeHus. [loaOuparoT BakyymM-HAcoChl, €CJIM HAaCOCHBIE
arperaThl YCTAaHOBJICHBI HE MO/l 3QJIUB.

3. BriOuparot nogpEMHO-TPAHCIIOPTHOE 000PYI0OBAHHUE.

4. IIpoeKTUPYIOT ANEKTPUUECKYIO YACTh HACOCHOM CTAHIIMU: OIpe/e-
JISIFOT MOITHOCTh MOHU3UTENBHBIX TPAaHC(HOPMATOPOB; BHIOUPAIOT YKCIIO U
pasMepbl kKamep TpaHC(HOPMATOPOB, COCTABJISIOT CXEMY JJIEKTPHUUECKUX
COCIMHEHUN.

5. CocTaBnsT crneruukayio 000pyaoBaHus, TpyoOnpoBoI0B, (a-
COHHBIX YacTell U apMaTyphl.

5.8. Pa3zpaboTka cTPOUTEILHOI YacTH 31aHUS
HACOCHOM CTAHLMHU

B sTom pazzpene mpoekra HNPUBOIAAT pacyeT M KPAaTKOE OINMUCAHUE
CTPOMUTEIIBHON YaCTH 31aHUSI HACOCHOW CTAHIIMU I10 CIEAYIOLIEH CXEME:

1. O0BbeMHO-TITITAaHUPOBOUHBIE pellieHus. HazeMHast yacTh 3/1aHUs CO-
CTOMT W3 MAIIMHHOIO 3aJIa, MIOMEUCHUN 3JIEKTPUYECKUX YCTPOMCTB, al-
MUHUCTPATUBHBIX U OBITOBBIX MOMEIIICHHUIA.

2. KoHctpykTuBHas cxeMa 3aaHus. OOOCHOBaHHME TMOJ3EMHOM U
Ha3€MHOM YaCTH HACOCHOW CTaHIMH. PacdeT KOHCTPYKTHBHBIX pPa3MepOB
NMoA3eMHON M HazeMmHOM yacth. OOOpyJAOBaHHE HACOCHOM CTaHIIMU OC-
HOBHBIM U BCIIOMOTaTeJIbHbIM 000PYJOBAaHUEM.

3. Onmcanue CTpOUTENBHBIX KOHCTPYKITUH. Onucanne KOHCTPYKIIUU
31aHUs. HACOCHOM CTAaHLMH, ONMMCAHWE MAIIMHHOTO 3ajia, MPOJIETOB 37a-
HUS, Pa3MEpPOB MEPEIBMKHOM YaCTH TPY30MOABEMHOr0 00OpY/I0BaHMS,
OKOH, I10J1a, BOPOT U IPUMEHEHHBIX CTPOUTEIBHBIX MAaTEPUAIIOB.
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5.9. KoHTpo/IbHO-U3MepHuTeILHOE 000pPy/10BaHKe.
Cnenudukanus 000py10BaHus, TPyOOIIPOBOI0B
U (PACOHHBIX YacTeH

B 3TOM paszene nepeurcisioT NPUHATHIE K YCTAHOBKE KOHTPOJIBHO-
U3MEpPUTEIIbHbIE TPUOOPHI HA KAHAJIU3AIMOHHOW HACOCHOW CTAaHUWU U UX
Ha3HayeHue. [[puBOaAT nmepedyeHpb MpoueccoB, MOIeKaIIMX aBTOMaTU3a-
I[UU, U KPATKO MEPEUUCIISIIOT OCHOBHBIE AJIEMEHTHI aBTOMATU3UPOBAHHOM
CXEMBbI yIIpaBJIeHUs KaHAIN3allMOHHBIMA HACOCAMH.

B cnenudukannio BKIIOYAIOT OCHOBHOE M BCIOMOTaTEIbHOE HacoC-
HOe 000pyIOBaHUE, U DJEKTPOJIBUraTENM K HEMY, 000pyJOBaHHUE Ipe/iBa-
pUTEIIBHOM  OYMCTKM  (CETKH,  PEUIETKU-APOOUIIKH),  MOJBEMHO-
TpPaHCIIOPTHOE 000PYIOBAHUE.

Tabnuna 16
Cnemudukanus o6opynoBanus KHC
Macca
ITo3. O06o3HaueHne HanmMeHnoBanue Kox. IIpumeyanue
eI., KT
2 ®upma FLYGN Hacoc norpy»xHoii 4 550 2 pa0. 15
FLYGN3231 + 2 pes. 7
Hacoca 7
4 I'OCT 10704-91 TpyOs! cTanmbHbIE 20 32,4 7
anekTpocBapubie 300
12 CrnipaBOYHUK Knanan oOGpatHbIii 4 41,4
MO/ peIaKIHnei TTOBOPOTHBIN (hIaHIIEBBII
A.C. MockBuTrHa
13 | I'OCT 31839-2012 Hampasisrorme 1 1,2 KOMITJICKT
IUTSL TIOJTheMa HacOCOB
14 I'OCT 30539-97 BricTpopazbeMHas 1 540
TpyOHas my(dra

CocrapienHas crieniupuKanus MPUBOJAUTCS Ha YEPTEkKE U pacroara-
eTcsa Haja mTamroMm. I[Ipumep cocraBieHus crienupukanuv U ee dopma
MpUBEJICHBI B Ta0. 16.
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punoxenue

PaCXOI[BI OBITOBBIX CTOYHBIX BOJ I1O0 9aCcaM CYTOK, %

Pacxom OBITOBBIX CTOYHBIX BOJ, % OT CyTOUHOTO Quw,

Yacel
cyToK IIpU BEeJIMUMHE 00111eT0 K03 dUlireHTa HEPaBHOMEPHOCTH
1,90 1,80 | 1,70 | 1,60 | 1,40 {1,35| 1,25 | 1,20 | 1,15
0-1 1,20 1,25 | 1,27 | 155 | 1,65 [1,85| 2,00 | 2,25 | 2,60
1-2 1,20 1,25 | 1,27 | 155 | 1,65 [1,85| 2,00 | 2,25 | 2,60
2-3 1,20 1,25 | 1,27 | 155 | 1,65 [1,85| 2,00 | 2,25 | 2,60
3-4 1,20 1,25 | 1,27 | 155 | 1,65 [1,85| 2,00 | 2,25 | 2,60
4-5 1,20 1,25 | 1,27 | 155 | 1,65 [1,85| 2,00 | 2,25 | 2,60
5-6 3,10 3,30 | 3,50 | 4,35 | 4,20 [ 4,80 | 5,05 | 4,90 | 4,80
6-—7 4,80 500 | 520 | 5,95 | 5,80 |5.00| 5,15 | 4,90 | 4,80
7-8 7,40 7,20 | 7,00 | 5,80 | 580 | 5,00 5,15 | 5,00 | 4,80
8-9 7,95 750 | 7,10 | 6,70 | 5,85 | 5,65| 5,20 | 5,00 | 4,80
9-10 7,95 750 | 7,10 | 6,70 | 5,85 | 5,65| 5,20 | 5,00 | 4,80
10-11 7,95 750 | 7,10 | 6,70 | 5,85 | 5,65 5,20 | 5,00 | 4,80
11-12 6,30 6,40 | 6,50 | 4,80 | 5,05 |525| 5,10 | 4,90 | 4,80
12 -13 3,60 3,70 | 3,80 | 3,95 | 4,20 | 5,00 | 5,00 | 4,70 | 4,70
13-14 3,60 3,70 | 3,80 | 5,55 | 5,80 |5,25| 5,10 | 5,00 | 4,80
14 - 15 3,80 4,00 | 4,20 | 6,06 | 580 | 565 | 520 | 5,00 | 4,80
15-16 5,60 570 | 580 | 6,05 | 580 | 5,65 5,20 | 500 | 4,80
16 — 17 6,20 6,30 | 6,40 | 5,60 | 580 |5,65| 5,20 | 5,00 | 4,80
17 -18 6,20 6,30 | 6,40 | 5,60 | 5,75 [ 4,85| 5,15 | 5,00 | 4,70
18 - 19 6,20 6,30 | 6,40 | 4,30 | 5,20 | 4,85| 5,10 | 5,00 | 4,80
19-20 5,25 525 | 530 | 435 | 4,75 | 4,85]| 5,10 | 5,00 | 4,80
20-21 3,40 3,40 | 3,40 | 4,35 | 4,10 | 4,85| 5,10 | 5,00 | 4,60
21-22 2,20 2,20 | 2,20 | 2,35 | 2,85 | 3,45| 3,80 | 4,50 | 4,80
22 -23 1,25 125|125 | 155|165 [185| 2,00 | 2,40 | 3,00
23-24 1,25 125|125 | 155|165 [185| 2,00 | 2,25 | 2,60
Hroro 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
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