JIOHCKOW rOCYAAPCTBEHHbIA TEXHUYECKWUN YHUBEPCUTET

LEHTP ANCTAHLUWMOHHOIO OBYYEHWA 1 MOBbILLEHNA
KBAJIMOUKALINN

Kadeapa «'mapasnuka, rmaponHeBMOaBTOMaTNKa U TEMNIOBbIE
npoueccb»

YYEBHOE NOCOBMUE K KYPCOBMY MNMPOEKTY (PABOTE)
no ANCUMNNJINHE

«NHHOBALMOHHbLIE METO4bl MPOEKTUPOBAHUSA
JIONACTHbIX rMAPOMALLUUH>»

ABTODbI:

A.A. Tymakos, M.C. lMNMonewkuH, M.C. KunuHa

PoctoB-Ha-[1oHy, 2013



LieHTp AMCTAHUMOHHOMO 06YYeEHMs 1 NOBbIWEHMS] KBanMdUKaLm

MHHOBaUWOHHbIE METOAbI NPOEKTUPOBAHNA TOMACTHbIX r<MApOoMallnH

AHHOTaUuNA

YuebHoe nocobue pekoMeHOOBAHO CTyAeHTaM 4 Kypca
oby4atowmxca no HanpasneHnam 220600 1 222000 «UH-
HOBaTMKa» MpW BbINOIHEHNUN KYypCOBOro npoekta (pabo-
Tbl) MO AUCUMNIMHE «MHHOBAUMOHHbIE METOAbl MPOEKTU-
POBaHMS NIOMACTHbIX MMAPOMALLNH>.

ABTOpbDI:

cT. npen. MNonewknH M.C.

K.T.H., AoueHT Tymakos A.A.

acc. KunmHa M.C.




[leHTp AUCTAHIMOHHOTO 06YYeHHUS U MOBbIILIEHUST KBaJTUPHUKALUU

I/IHHOBHL[I/IOHHL)IG MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

Copep)xaHue
BBEOEHME ..., 5
1. OCHOBHbIE CBEAEHNSA O LEHTPOBEXXHbIX HACOCAX .....6
1.1. YCTPOMCTBO M NPUHLMM AEUCTBUSI.....cceeeeeeeeeeeeeeeeenne. 6
LEHTPOOEXHBIX HACOCOB ... ..cvvvvueeeeerrieeeertneeeesnneeesesnnaeeeanes 6
1.2, KnaccnmKaumst HACOCOB .........ccevvvnreeerrieeeerieeeeennnnnns 10
1.3. OCHOBbI TEOPETMYECKOIO AHAMN3A c.vueeeneeeeneeeineennaeens 15
KOHCTPYKLIMM HACOCOB ....c.euenenieneeneeneeneeeeeeeeneeeaneeaeenaes 15

2. OCOBEHHOCTM KOHCTPYKTMBHOIomM TEXHOJIOIN-
YECKOIo UCNOJIHEHUALEHTPOBEXXHbBIX HACOCOB TUMNA K,

KM, O, BULHC ... 19
2.1. OnucaHue TNOB LEHTPOBEXHBIX HACOCOB .................. 19

2.2. OCO6EeHHOCTM TEXHONOMMYECKOrO UCMOSTHEHMS............... 28
3/1EMEHTOB KOHCTPYKLUMWN LEHTPOBEXHbIX HACOCOB.............. 29

3. MHHOBALIMOHHDLIE METOAbl NMPOEKTUPOBAHUA
JIONACTHBIX TMAPOMALLUMH ... 46
3.1 CoBpeMeHHble KoMMneKCbl CAMP .......coevviveeiieeiceeis 46

3.2 [pOoeKTUPOBOYHbIE PACHETBI TIOMACTHBIX. .. evvveeeeeneeernnaes 49
77410 0] = 1 49

3.3 [lpumMeHeHne naketoB CAD ansg TBepAOTeSNbHOro
MOAENMPOBAHMUS NIOMACTHBIX TUAPOMALUMH. .ccvvneeeeiieeeeiieeeeeaennens 51
3.4 MporpaMMHble nakeTbl CAMP ans uccneaoBaHust paboumx

(1] 970]1 (T o(elo ] - R PP RPRP 54
3.5 [lepcnekTuBHble  HanpaeneHus  co3gaHua  CAIP
TULPOMALLMH ..eeeniieete ettt ettt et e e et e e e e e e ens 56
4, CUCTEMbI BA3 [OAHHbLIX AONA PACHETA M
MPOEKTUPOBAHUA_JIONACTHbIX TMAPOMALLWMH ............... 58
4.1 Cucrema pacyeta n koHdurypuposanus Willo-Select ....58

4.2 Cucrema pac4deTa un KoHdurypmpoBanus Grundfos........ 66

5. TEXHWYECKOE 3AAAHME__HA KYPCOBOW TMPOEKT
(PABOTY ) .ot e e e e e e e e 76
5.1. TpeboBaHusa K 0(pOpPMNEHNIO TEXHNUYECKOIO 3aAaHus ... 76

5.2. ConepxaHne NOSICHUTENbHOMN 3aMUCKW ..............cevve..... 77

3



[leHTp AUCTAHIMOHHOTO 06YYeHHUS U MOBbIILIEHUST KBaJTUPHUKALUU

I/IHHOBHL[I/IOHHL)IG MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

5.3. TpeboBaHus K rpaduyeckoi 4acTu_KypCcOBOro MnpoeKTa

QoL 1101 1) PSPPSR 77
6. PACHET U MPOEKTUPOBAHME LUH .....................oiiiie, 78
6.1. Ctpyktypa CAIP LUeHTpOBEXHOr0 HAcoCa ................... 78

6.2. PacyeT OCHOBHbIX MapaMeTPOB LIEHTPOGEXHOrO Hacoca B
cucteMe PCT MathCad .........ooiiiiii e 86
6.3. PacyeT cucTeMbl YpaBHOBELLMBAHWUS OCEBOW CUJTbI ..... 105
Pa3rpy304HbIM ANCKOM (TUAPOMSATON) ..vvvvvvrerrrenrnrerernnnnnnns 105

6.4. MNMpoeKkTnpoBaHMe LEHTPOBEXHOMO HAacoca B.............. 110
cnucteMe KOMIAC 3D ..oniiiiieeeeeee e 110

7. PACHET BETOHHOIO OCHOBAHUAHA........................... 116
8. CO3AAHMUE TPEXMEPHOW MOAENN PK LEEHTPOBE)XHOIO
HACOCA B CUCTEME UNIGRAPHICS NX6.......c.cevvvueeennnnnne. 118
8.1 Pa3zpaboTka 3CKM3a IONACTHOMO KOMIECA ....vvuveeeerennnnnns 118

8.2 MogenvnpoBaHue 3/1eMEHTOB paboyero Koneca ........... 127

8.3 Pa3paboTka yepTexelt no nocrpoeHHoi 3-d moaenu .. 136
PAOOUETO KOJMTECA .vvvvunnieeeeeeeiiiiieeeeeeeeeeritaa e e e e e e eeerneannnas 136

9. BAPUAHTbI 3AJAHUW U CMTIPABOMHBIE AAHHDIE ......... 139
Ansg NPOEKTUPOBAHWNA LEHTPOBEXXHOIO HACOCA ....... 139
JTIMTEPATYPA ..o 143
NPUNOXEHWE A. PE3YJIbTATbl MNPOEKTHOMO PELUEHWA B
CUCTEME WILLO-SELECT ..uuiiiiiiiiee et 145
NPUNOXEHUWE b. PE3YJIbTATbl MNPOEKTHOMO PELUEHUSA B
CUCTEME GRUNDFOS WINCAPS ... 147



[leHTp AUCTAHIMOHHOTO 06YYeHHUS U MOBbIILIEHUST KBaJTUPHUKALUU
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BBEAEHMUE

[aHHoe y4yebHoe nocobue pacnpoCTPaHSEeTCs Ha KypcoBOM
npoekT (paboTy), BbINONHAEMbIA CTyAEHTAMU HanpasneHus 220600
KaK BMA y4ebHol paboTbl No ancUMnanHe «JlonacTHble rMApPOMaLLMHBI
W rmapognHaMuyeckme nepegaun» (JIMMN), n ycraHaBnuBaeT eAnHble
TpeboBaHus K coaepxxaHuio, oOpMAEHNIO, BbINOTHEHUIO PAcYeTOB U
npoueccy NpoekTupoBaHusl. PaboTa no pacyeTy M NPOEKTUPOBaHMIO
OCYLLECTBNSIETCS B MOSIHOM COOTBETCTBUM C OCHOBHOM 06pa3oBaTesb-
HOW MporpaMMoit NoaroToBkM 6akasaBpoB M MarMcTpoB MO Harpas-
neHuno 220600 «MHHOBaTUKa», pa3paboTaHHOM Ha ocHoBe [ocyaap-
CTBEHHOro obpa3oBaTenibHoro craHaapta (FOC).

KypcoBoi1 npoekT (paboTta) no aucumnavHe «MHHOBaLMOHHbIE
MeToAbl MPOEKTUPOBAHMSA NIOMACTHbIX FMAPOMALLNH»  BbINOAHAETCS
CTYAEHTaMM Ha 4-M Kypce B 7-M CeMecCTpe — AHEBHOW OYHOW (POpMbl
(cpok 0byyeHust 4 roaa).

Llenbio KypcOBOro NpOEKTUPOBaHUS SBMSIETCA 3aKperieHne
TEOpeTUYeCcKoro MaTepuana no Kypcy, nosly4eHme OCHOBHbIX HaBbIKOB
pac-yeTa M MNPOEKTUPOBAHMS OCHOBHbLIX 3/IEMEHTOB LIEHTPOBEXHOro
Hacoca ¢ nomouwbto cpeacts CAMNP, a Takke MpakTUYeCKUX HaBblKOB
paboTtbl B nporpaMmHbix naketax CAD, CAM n CAE anst UHXEHEpPHbIX
N nccnepoBaTenbCKUX 3a4aY, CBSA3aHHbIX C BbINO/IHEHNEM 3a4aHus.

Kaxkapbli1 CTyAeHT, BbIMOMHAS KypcoBol npoekT (paboTy), ans
YCBOEHMS METOAMKM pacyeTa LeHTPOoHexHOro Hacoca nNpoBOAMT pac-
yeT B nporpamMme Mathcad v.15 ogHOro mnm HECKONbKUX LIaroB npu-
6/IMXKEHWIA, @ 3aTeM MO BbIGpaHHLIM B NPeABAPUTENILHOM pacyeTe UC-
XOAHbIM [A@HHbIM MPOM3BOAUT KOHCTPYKTOPCKOE MPOEKTUPOBaHne
ueHTpobexHoro Hacoca B nporpamme Komnac 3-d v.13 w
UNIGRAPHICS NX6.

BbinonHeHne pabounx YepTexer HaCoCHOro arperata C Co-
MPOBOAUTENBHOW AOKYMEHTaUME Mpou3BoaMTCs B nporpamMme Kom-
nac 3-d v.13, a NOCTPOEHNE TpeXMepHol Moaenun paboyero koseca B
nporpaMme UNIGRAPHICS NX6. 3T0 no3BonseT CTyAeHTaM OBfafeTb
HaBbIKaMN U YMEHWSM OHOBPEMEHHOW paboTbl B HECKONIbKUX COBpe-
MeHHbIX nakeTax CAINP no texHonorusiM 2-d n 3-d NpoeKkTUpoBaHus.

06w BUA LEHTPOBEXHOr0 Hacoca CTYAEHT MPUHUMAET ro-
TO-BbIM, UCMOMNb3YS KaTanorn, CNpaBOYHUKK, 3NEKTPOHHble H6a3bl AaH-
HbiX [1-5] M OpPMEHTUPYSCH Ha CYLLECTBYIOLMI BbIOpaHHbIN NpOTOTUM
Hacoca.



]_leHTp AUCTAHIIUOHHOT O o6yquI/m U IMOBBIILIEHUA KBHHI/I(l)I/IKaLU/II/I

MHHOBaLMOHHbIE METO/bI TPOEKTUPOBAHUS JIONACTHBIX U POMAIIUH
1. OCHOBHbIE CBEAEHUA O LEHTPOBEXXHbIX HACOCAX

1.1. YCTpOMACTBO M NpUHLUMN AEeNCTBUS
LeHTPOo6e)XXHbIX HacoCoB

LleHTpobexHble Hacockl SBASKOTCS HaMbonee pacrnpoCcTpaHeH-
HbIMW Cpeay NONacTHbIX AMHAMUYECKUX HAcocoB. MpU OTHOCUTENBHOMN
NpoCTOTE YCTPOWCTBA PaboynMx OPraHoB W 3MEMEHTOB KOHCTPYKLMM
ABMXKEHME XXMAKOCTU B HUX OT/IMYAETCS Ype3BblYalHOW CIOXKHOCTbIO.
B AMHaMMyecKnx Hacocax npesBpalleHne SHeprnmM NpoucxoamnT 3a cyeT
AENCTBMS HA XXMAKOCTb CUJT MHEPLUKM, BASKOCTHOrO TpeHus, Kopuonu-
ca M BUXpeBOro obmMeHa, B pe3ynbTaTe Yero yBeNMYMBaeTCs MOMEHT
KOJIMYECTBa ABMXXEHUS XMAKOCTU OT BXOAA K Bbixody paboyero kone-
ca.

Hacoc, coeauHeHHbIi C MPUBOAHLIM ABWUraTeneM, CpeacTsa
ANs KOHTPONs paboTbl Hacoca M ero perynupoBaHust (MUKpornpoLec-
COpHasl TeXHMKa M KOMMbIOTEPHbIE TEXHOMOrMM) B COBOKYMHOCTU
NpeAcCTaBnsOT HACOCHLIN arperar.

HecmoTpsa Ha 6onbluoe pa3HOO6pa3ne KOHCTPYKLIMIA, Hacochl
AMHaMMyeckne COCTOSIT M3 psiA@ aHanorM4yHblX 3n1eMeHToB (CTyne-
Hei), KOTOpble MOXHO paccMaTpuBaTb B KauecTBe 3/eMeHTapHbIX
Hacocos [3].

LleHTpobexHbli Hacoc (puc.1.1) (MM cTyneHb MHOFOCTYrMEH-
4YaToro Hacoca) BK/OYaeT:

e noasoa 1, mpeaHasHayeHHbIN AN MoAaYM XXMAKOCTM OT
BXOAHOro natpybka k pabouyeMy Kosiecy nepBoi CTyneHu (Mam K no-
criefylolein CTyneHn) Hacoca, obecneumnBatowmii Tpebyemoe pacnpe-
[eneHne CKOpoCTel Ha Bxoae B paboyee Koneco;

Puc.1.1. MpuHuMnNuanbHas cxeMa LUeHTpobexHoro Hacoca: 1 — noa-
Bof; 2 — pabouee koneco; 3 — 0TBOA; 4 — YNIOTHeHWe; 5 — poTop
Hacoca
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e pabouee Koneco 2, B KOTOPOM MPOUCXOANUT npeobpa3oBa-
HME MEeXaHW4YecKoW 3SHEpruyM NpUBOAA B MMAPABMYECKYI SHEPIUIO
nepeKkavymMBaeMomn XUAKOCTH;

e 0TBOA 3, KOTOPbINA CAYXUT Ana cbopa XnaKoCTH 3a pabounm
KoJIECOM, FALIEHMS MOMEHTa CKOPOCTM U NpeobpasoBaHus KMHETUYe-
CKOW 3HEpPruM XMUAKOCTU B SHEPrUIO AaBNEHUsl, NOABOAA XXUAKOCTM K
HarnopHOMY NaTpybKy wmiu x CNeAYOLWEN CTYNEHN Hacoca.

LLleneBble ynioTHEHNS MeXAYy HEMOABWMXXHBLIMM M BpaLLaroLLu-
MWUCS AeTansiMM Hacoca npeAHasHayeHbl A8 YMEHbLUEHMS MpoTeyek
(06beMHbIX NoTepb). NS nNpeaoTBpaLleHnsl BHELWHNX YTeYeK B Haco-
Ce MPUMEHSIIOT KOHLIEBOE YMNJIOTHEHUE pa3HbIX TMMOB (TOpPLOBbIE, Hec-
KOHTaKTHble) [4] (cM. no3.4 Ha puc.1.1). PoTop Hacoca 5 Bpalyaercs B
NOALUMMHMKAX.

KoncrpykTuBHas Kiaccudukaums LEeHTPOBEXHbIX HACOCOB IpH-
BeaeHa B 1m.1.2.

Moagoabl UeHTpobexHbIX HacocoB (puc.1.2) BbIMOMHAT B
Buae KoHdysopHoro natpybka (pwuc.l1.2,a), W30rHyTOro KoseHa
(pnc.1.2,6), konbLEBON KaMepbl (puc.1.2,8) u nomyCNMpPasbHON KaMepsbl
(pnc.1.2,r), pNs OCEBbIX HACOCOB — B BMAE MPSIMOOCHOrO naTpybka u
W30rHyTOro KoseHa.

Puc.1.2. CxeMbl NOABOZOB LIEHTPOBEXHbBIX HACOCOB: @ — KOH(Y30PHbIN
naTpybok; 6 — N30rHyTOE KONEHO; B — KOMbLieBas Kamepa; r — nony-
CnvpasbHbIM NoaBoa

B aMHaMmnuecknx Hacocax UCnosb3yoTca paboune koneca He-
ckonbkmx TMMoB (puc.1.3). Pabouee koneco 3akpbiToro Tuna (CMm.
puc.1.3,a) COCTOMT U3 KOPEHHOro 3 M MOKPbLIBHOMO 1 AMCKOB C pacno-
JIOXXEHHBIMW MeXAy HUMK fonacTtsiMu 2. Pabouee koneco nonyoTKpbl-
Toro Tvna (puc.1.3,6) He MMeeT MOKPbIBHOrO AMCKa, a /IoNacTu Bbl-
MOJIHEHbI 3a04HO C OCHOBHbLIM AMCKOM. Pabouee KoOneco OTKPbITOro
TMna (puc.1.3,B) He UMeeT AUCKOB, @ JIONAacTU Kpensitcsl K BTySKe
aHanorm4yHo paboyeMy Kosecy oceBoro Hacoca. Pabouee koneco Bux-
peBoro Hacoca (puc.1.3,r) npeacrtaBnsieT coboit BTYNKY C paauanb-
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I/IHHOBHL[I/IOHHL)IG MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

HbIMU flonacTaMn (TMna «3Be3Aodka»). Pabouee KONeco BMXPEBOMO
Hacoca 3aKpbITOro0 TUMNa UMEET Psifi KOPOTKUX I0NaTok no nepudepun
Aancka.

?
3
6)
B) r
Puc.1.3. CxeMbl paboumx KONeC AMHaMUUECKUX HAaCOCOB: @ — 3aKPbITO-
ro TMna:

6 - NONTYOTKPbLITOro TNa: B - OTKPbITOIO TUMa, r - BUXPEBOIro Tuna, A
- OCEBOro Tuna

OTBOAbI BLINMOMHAT: ANS LEHTPOOEXHBIX HAaCOCOB Crnvpasib-
HbiMn (puc.1.4,a) nam konbuesbiMn (puc.1.4,6), B Buge Hanpasnsio-
wux annapatos (puc.1.4,B), coctaBHbiMK (puc. 1.4,r), coctosiummMm ns
KOMOMHaLUMKM HanpaBnaoLWEro annapaTa co CnMpasibHbIM UK KosbLe-
BbIM OTBOAOM. [ OCEBbIX HAaCOCOB OTBOAAMW CAyXaT BbiNpaBnsio-
LiMe annapaTbl, BbIMOSIHEHHbIE B BUAE psiAa HEMOABWMKHLIX NPOdUsb-
HbIX JTONATOK, paBHOMEPHO PacMosIOXKEHHbIX MO OKPY)KHOCTHU.

Ans npuBeaeHus Hacoca B paboyee cocTosiHMe ero pabouyas
KaMmepa M BCacblBaloWMit NAaTpyboK AC/MKHbLI BbiTb 3aMO/IHEHbI XXUAKO-
CTblo. MycK LEHTPOBEXHOro Hacoca cnegyeT Npou3BOAWTbL MpU 3a-
KPbITON 3aABWMXXKE HArHeTaHusl, a OCEBOTO M BMXPEBOrO — COOTBET-
CTBEHHO C OTKPbITOMN.

MpuHUMN AENCTBMS LEHTPOBEXHBLIX HACOCOB 3aK/OYAETCS B
BO3HWMKHOBEHMWN LIEHTPOBEXHOM CUJbl NMPU ABMXXEHUM YacTUYEK Xua-
KOCTM MO OKPY>XHOCTU. oA AeACTBUEM STON CUMbI, @ TaKkXKe B pe3y/ib-
TaTe MexaHW4eckoro BO3AENCTBMSA fonacTeir paboyero koneca Ha
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XMOKOCTb OHa YCTPEMNSIETCA Ha nepudeputo, co3aaBass TaMm K3bbl-
TOYHOE [JaBNIEHWE, @ Ha ee MecTe BO3HMKAET BaKyyM, B pesyfbTaTe
AEVCTBUS KOTOPOrO MPOMCXOAMT BCACbiBAHWE XXMAKOCTU. AHANOMMYHO
OCYLLECTBNSAETCS paboumii MpoLecc M B ApPYyrux TuMax JoMnacTHbIX
HaCcoCoB.

Puc.1.4. CxeMbl OTBOAOB LIEHTPOGEXHBIX HACOCOB: a - CNUpanbHbIi; 6
- KOJbLIEBOW;
B - HanpaB/sIlOLWKIA annaparT; I - COCTaBHON 0TBOA

XunakocTb Yepes noasoA NOCTyMaeT Ha Bpallalomecs ona-
cTn pabouero kKoneca. B pesynbTaTe B3auMoOAeENCTBUS MOTOKa C pe-
LUETKOM NlonacTeil MpoucxoauT BO3pacTaHME MOMEHTa CKOPOCTM 3a
pabounM KONecoM, CrnefoBaTesibHO, U YBESIMYEHWE YAENbHOW 3Hep-
rmn. B amddy3opHbIX KaHanax oTeoda NpoMcXxoauT npeobpa3oBaHue
YacTu KMHETUYECKON SHEPTUM B SHEPIUIO AABMEHMSI.

Mpu paboTe Hacoca M3-3a HECUMMETPUM 3MOPbI AABAEHWUI MO
06e Hapy>Hble CTOPOHbI paboyero Koseca AEVCTBYET OCEBOE YCUIIME,
HarnpaB/iEHHOE B CTOPOHY BcacbiBaHusl. MMpu 4pe3MepHOM WK3HOCE
YMJIOTHEHUIA BEIMYMHA OCEBOWM CUJIbl MOXET PE3KO BO3pacTu. B BbiCo-
KOHaMOPHbIX MHOTOCTYMEHYaTbIX HAacocax BEMMYMHA OCEBOM CWMbl A0-
CTUraeT HECKOJIbKMX AECATKOB TOHH.

B Hacocax NpUMMEHSIIOTCA pasnnyHble Crnocobbl ypaBHOBELLMBA-
HWS1 OCEBOW CUJbI:

e B OAHOCTYMEHYaTbIX Hacocax - MpuMeHeHue paboumx
KOMec C ABYCTOPOHHWUM BXOZOM, MPWMEHEHWE CMMMETPUYHLIX YM/OT-
HEHWM MO 06e CTOpOHbI paboyero Koseca, YCTaHOBKa paauvalibHbIX
TOPLIOBbIX JIONACTEN HA BHELLHE CTOPOHE BEAYLLEro ANCKA;
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e B MHOroCTyneH4aTbiX Hacocax C OAHOCTOPOHHWMM pac-
nonoxeHnem paboumx Konec oceBoe YyCunve ypaBHOBELUMBaEeTCH C
MOMOLLbI0 Pa3rpy304Horo 6apabaHa uam ruapasnmyeckon natol. Eciu
pa3rpy304Hblil 6apabaH NOMHOCTLIO YPAaBHOBELUMBAET OCEBOE YCUNE
Ha OJHOM pacyeTHOM pexuMme, TO FMAPaBIMYECKas NSATa ABNSETCS
CaMOpery/IMpyOLWMM pasrpy304HbIM YCTPOMCTBOM, paboTatowmM as-
TOMaTUYECKM Ha BCEX pexuMax. YpaBHOBELUMBAHME OCEBONM CWMbl B
MHOMOCTYMNeHYaTbIX Hacocax TaKxe AOCTUraeTcs MomapHbIM pacrnono-
XeHneM paboumx Kosniec B pasHble CTOPOHblI (CMMMETPUYHOE pac-
nosnoxeHune pabounx konec).

CnenyeT UMeTb B BUAY, YTO Nto60oi cnocob ypaBHOBELIMBAHMS
OCEBOIr0 YCUNNS CBA3aH Co cHMKeHueM KI1 Hacoca.

Mpn paboTe HacocoB CO CnMpanbHbIM OTBOAOM Ha HepacyeT-
HbIX peXumax (3a npeaenamu paboueil YacT XapaKTePUCTMKKN) BO3-
HUKAIOT AOMOSIHUTESNbHbIE paauasibHble CUIIbl, AENCTBYIOLLNE Ha POTOp
W yxXy4warooLwme AnHaMMyecKne XapakTepucTMkm Hacoca.

B Hacocax C KOnbLEBbIM OTBOAOM MaKCMMasSibHOE 3HaueHue
paananbHON CUSbl UMEET MECTO Ha ONTUMANbHOM peXMME.

Mpy wnCNonb30BaHWM HaMpaBNAOWMX annapatoB ABYX- M
Tpex3axo4HbIX CnupasnbHbiX OTBOAOB, COCTaBHbIX OTBOAOB paavasib-
Hble YCU/IMS Ha BCEX pPeXMMaX YpaBHOBELIMBAKOTCS.

PagnanbHble ycunus MOryT BO3HWKHYTb B LLENEeBbIX YMNIOTHE-
HUAX NMPU 3HAYUTENIbHOM MX M3HOCE MAW MPU HaMYMK SKCLEHTPUCK-
TeTa B LIenu.

1.2. Knaccupmkauma Hacocos

Knaccudukaums nonacTHbIX HAacOCOB OCYLLECTBASETCA MO OT-
JENbHbIM XapaKTEpHbIM MPU3HAKaM: KOHCTPYKUMA, cdepa Mcnonb3o-
BaHUSI, CBOWCTBA NepeKaurMBaEMON XUAKOCTU.

Knaccudukaums no HasHaueHUKo KMeeT Haubonbluee
3HayeHue ANA 3KCMyaTaluMOHHOMO MepcoHana, BaXkHa WM ANa KOH-
CTPYKTOpa, KOTOPbIA AO/MKEH YUUTbIBATh OCOBEHHOCTU paboThl Hacoca
B OMpe/ieNeHHbIX YCNOoBUAX:

e Hacocbl O6LIEro HasHayeHusa - npeaHasHauveHbl Ana nepe-
KaunBaHWsl XONOAHOMN, UMCTON, HEArpeccMBHOM BOAbI UMM CXOAHBIX C
Hel No (U3MKO-XMMUYECKUM CBOWCTBAaM >XuakocTel. Hacockl npume-
HAIOTCA B Pa3fIMYHbIX OTPACIAX HAPOAHOIO X03AWCTBa;

e HACOChl ANS TPAHCMOPTMPOBaHWUS B3BeCen - npeaHa3Haye-
Hbl ANA NepeKkaunBaHna HeWTparnbHbIX UM MaNIoarpPeCCUBHBIX XUAKO-
cTeil ¢ TBepAbIMM YacTuuaMu. OHU NPUMEHSAIOTCA B ropHOA06bIBalo-
e MPOMbILLIEHHOCTU, CTPOUTENLCTBE, KOMMYHASIbHOM XO3ACTBE U
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ap. K 3Toi rpynne OTHOCATCA TPYHTOBbIE, LUMAKOBblE, (heKasbHbIE,
MaccCHbIe U ApYr1Me Hacochl;

e SHEpreTMYeckMe Hacochl - NMpeaHasHauyeHbl Ans paboTbl B
CXeMax TEMoBbIX M aTOMHbIX 3/IEKTPOCTaHUMIA. K HUM OTHOCSATCS MNu-
TaTeslbHble, KOHAEHCATHbIE, CETEBbLIE U CreLMasibHblE HacoChl;

e XMMMYECKME HACOChl - NMpeAHa3HaYeHbl Ans NepekavnBaHus
UNCTBIX He3arps3HEHHbIX arpeccuBHbBIX XXWUAKOCTENM B XMUMUYECKOW
NPOMBILLIEHHOCTY;

e Hacocbl Ansi HedTAHOW M HedDTEXMMUYECKON MPOMBILLIEH-
HOCTV - NpeaHa3HayeHbl AN Cblpoli HedTU M NPOAYKTOB ee nepepa-
60TKM B LUMPOKOM AMana3oHe TeMmnepaTyp. 3TO Hacocbl Ans Maru-
CTpasbHbIX HedTENpPOAYKTOB, 3aKOHTYPHOrO 3aBOAHEHMSI HEdTSAHbIX
NNacToB, 6EH3MHA, OKWXKEHHbIX FA30B U Ap.

Mo npuHUMNY AeNCTBUSA AMHAMUYECKME HAcOChl AeNdTCs Ha
ABe rpynnbi:

e nonactHble (LeHTpobexHble N OCeBbIE), B KOTOPbLIX Mepe-
flaya 3Heprum XuWAKOCTU OCYLLECTBIISIETCH B pe3y/bTaTe B3anMogen-
CTBMSA pelueTkn paboyero koneca ¢ NOTOKOM;

e BUXpeBble (OTKPbLITOMO M 3aKpbITOro TvMna, cBob6oaHOBMXpE-
Bble), B KOTOPbIX Nepeaayva 3HEPruM OCHOBHOMY MOTOKY OCYLUECTBIS-
€TCs 3a CYET BMXPEBOro O6MeHa C BTOPMYHBIM MOTOKOM, CO34aBae-
MbIM pabounM Konecom.

Mo popy nepekauuMBaeMOi XXMAKOCTU MoApa3aensoTcs
Ha HaCcoCbl ANS NepekavnmBaHns:

e UYUCTBIX M Crierka 3arpsisHeHHbIX HEMTPasbHbIX XXUAKOCTEN;
3arpsisHEHHbIX XUAKOCTEN U B3BECEN;
nerko3arasoBaHHbIX XXUAKOCTEN;
rasoXXMaKOCTHbIX CMecei;
arpeccuBHbIX XXUAKOCTEN;
XUOKUX METaIOB.

Bblbop MaTepuanoB, KOHCTPYKUMS M MPUHUMM paboTbl Haco-
COB 3aBUCAT OT (PU3NYECKUX U XMMUYECKUX CBOMCTB NepeKauynBaeMbixX
YKUAKOCTEN.

Knaccmdmkaumsi AMHaMUYECKUX HAacOCOB MO KOHCTPYKTUBHBIM
npu3HakaMm npeacraeneHa B Tabn.1.1.
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Tabnumua 1.1
Knaccudukaums agMHaMMyecKnx Hacocos
Twn Hacoca KOHCTPYKTMBHBIA NpU3HaK MpyMeHseMoCcTb
HacocoB
ueH- | oce | Bux-
Tpo- | BbIX | pe-
6ex- BbIX
HbIX
1 2 3 4 5
[opu3oHTanb- Ocb BpalleHuns potopa (+) + (+)
HbI Hacoc pacrnonoXeHa ropu3oH-
TanbHO
BepTukanbHbiii | OCb BpalleHusl pacroso- + (+) +
Hacoc XXeHa BepTuKaabHO
Hacoc ¢ — — + —
HaK/NOHHO pac-
MosI0XKEHHOM
0Cbl0
KOHCONbHbIN Paboune opraHbl pacno- + )| (#)
Hacoc NOXEHbl Ha KOHCOSbHOM
yacTu Bana
MOHO6104YHbIV Pabouue opraHbl pacrno- + — +
Hacoc NOXeHbl Ha Bany ABura-
Tens
Hacoc ¢ BbiHOC- | Onopbl poTopa U30anpo- (+) + (+)
HbIMM OMopaMu | BaHbl OT MepeKayvMBaeMon
XNAKOCTK
Hacoc ¢ BHyT- Onopbl poTopa conpuka- + —
pEeHHMMUK OMno- caloTca ¢ ne-
pamu peKauMBaEMON XMUOKO-
CTbi0
Hacoc c 6oko- XKnakocTb K Hacocy nog- (+) )| ()
BbIM BXOAOM BOAMTCA NepneHanKynsp-
HO K OCW BpalleHus pa-
604Mx opraHoB
Hacoc ¢ oceBbIM | XXMAKoCTb K Hacocy noa- + + —
BXOA0M BOAWTCS B HanpaBieHnn
ocn paboymnx opraHoB
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Hacoc asycto- KnakocTtb nogsoamTcs K + — +
pOHHero Bxoda | paboumm opraHam C ABYX
NPOTMBOMNOSIOXHbIX CTO-
pOH
OgHocTyneH4ya- | Hacoc ¢ ogHUM KoMmnnek- | +
ThI HacoC TOM paboymx opraHoB +)
[OsyxctyneHya- | Hacoc c ABymMsa nocnegno- +
ThI Hacoc BaTeSIbHO PacrosoXeH-
HbIMW KOMMNJIEKTaMu pa-
604Mx OpraHoB
MHorocTyneh- Hacoc ¢ Tpems n 6onee | (+)
YaTbl Hacoc KOMMeKTaMu nocneaosa-
TEeNbHO  PacnoOfIOXEHHbIX
paboynx opraHoB
OAaHoMoTouUHbIN | Hacoc ¢ nogayen »xuako-
Hacoc CTW Yepes 0AuH NoaBoa (+) () | (B
[ByxnoTouHbIi | Mogaya >XnAKOCTU Npounc- +
Hacoc X0OuT Yepes ABa nogsoda
Hacoc ¢ Topuo- | Kopnyc Hacoca cocTtouT (+)
BbIM pa3beMOM | U3 AeTanel ¢ pa3beMamu (+)
(CEKLMOHHbIN B MIOCKOCTSIX, NepreH-
Hacoc) OVIKYNSPHBIX OCK Bpalle-
HWs poTopa
Hacoc ¢ oceBbiM | Koprnyc Hacoca nmeet (+)
pa3beMoM pa3beM B NJOCKOCTU OCK
BpaLleHuns poTopa
[BYXKOpMNYyCHbIN | Hacoc ¢ AONONHUTENbHBIM | +
Hacoc BHELUHWUM KOPMYyCOM ANs
obecneueHuns repme-
TUYHOCTHU
Hacoc c 3awut- | Hacoc UMeeT BHYTpeHHUI | +
HbIM KOPMYCOM | CbEMHbIN KOpMYC, CTON-
KW K BO3JENCTBUIO Mne-
peKa4YMBaAEMON XXMUAKOCTM
Morpy>xHoM Hacoc pacnonaraetcs nog | +
Hacoc YPOBHEM >XUAKOCTU B pe-

3epByape
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Hacoc c TpaHc- | Hacoc (06bl4HO norpyx- +
MMUCCUOHHBIM HOI) 1 ABUraTeNb coeam-
BaJIOM HEHbl MPOMEXYTOYHbIM

BaJIOM
Hacoc c npea- MpeaBkAOYeHHOe Koneco | +
BK/TIIOYEHHBIM CNYXXWUT 418 YIy4dLleHns
KOJ1IeCOM BCacblBatoLLEel Cro-

CO6HOCTM Hacoca
FepMeTUYHBIN MOAHOCTLIO UCKITHOYEH +
Hacoc KOHTaKT nepeKayvMBaeMon

KUAKOCTU C OKPY>KaloLLEN

cpeno
O6orpeBaembllt | MpoToyHas YacTb 060- +
(oxnaxxaaeMblit) | rpeBaeTcs (OXnaxaaeTcs)
Hacoc OT MOCTOPOHHEro nc-

TOYHMKA
CraumoHapHbIn | Hacoc, paboTatowwmii Ha
Hacoc dyHaameHTe (+) ()| (B
Hacoc co cnu- BHYTpeHHsIS MOBEpPXHOCTb
panbHbIM OTBO- | OTBO-A@ O4YepyeHa Mo ) — —
[0M cnupanu Apxumeaa "
Hacoc ¢ konb- BHYTpeHHsI9 NOBEPXHOCTb +
LeBbIM OTBOAOM | OTBOAA yAaneHa oT pabo-

yero Kosieca Ha oaMHaKo-

BOE PaCcCTOsIHME
Hacoc c Hacoc umeeT BCTpoeHHbIA | (+)
HanpaBsloOWUM | paavanbHbI UK Nony- (+)
annapaTom OCEBOM JIONAaTOYHbIN OT-

BOA

Hacoc c cocTaB-
HbIM OTBOJOM

Hacoc obopyaoBaH
HanpaBnsoWMM annapa-
TOM CO CnMpanbHbIM Un
KO/bLEBbIM OTBOAOM

Hacoc ¢ Heno-
JBWXHbBIMW J10-
nactsiMu pabo-
ymx Konec

B Hacoce oTcyTCcTBYET
YCTPOWCTBO NOBOPOTa
nonactu pabouero koneca
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Hacoc ¢ noso- Hacoc umeet ycTpoincteo — .
pOTHbLIMM NloNa- | NOBOPOTa JionacTen pa- (+)
cTamm pabounx | 6ouero Koneca
Konec
Perynupyemsiit B coctaBe Hacoca umeert- + .
Hacoc Cs1 YCTPOWCTBO ANs n3Me-

HeHUs1 pexxnMa paboThbl

MpuMeyaHne: NpuHSaTbl 0603HaveHns: (+) - Hanbonee 4acTo
NMPUMEHSIIOTCS;  + - MHOTAA MPUMEHSIIOTCS; — - HE MPUMEHSIIOTCS.

1.3. OcHOBbI TEOpPETUYECKOro aHasin3a
KOHCTPYKLIMM HAaCOCOB

Hacocbl aBnsi0TCS MawmMHaMK, KOTOpblE MOAYMHSAIIOTCS 3aKo-
HaM rMapoavMHaMmnyeckoro nogobus no 3akoHy PeliHonbaca. Tak Kak
npeobnapatoliee 60MbIIMHCTBO HAcocoB paboTaeT B KBagpaTU4YHOM
30HE PEXMUMOB, YCMIOBUSI MMAPOANHAMUYECKOrO NOAo6Us BbIMOMHSOT-
Csi NpyY COBIOAEHNN FEOMETPUYECKOIO NoA06US.

BcneactBue 3TOro Hacochl 06bIYHO BbIMYCKAKOTCA B BUAE psiaa
C NoaobHbLIMM reoMeTpuyecknMmn pasmepamu. MapameTpbl NOACOHBIX
HaCcOCOB MOXHO MOACYMTaTb MO ypaBHEHMSIM Noaobus:
Q = /131-; i: 222_; i = 152-3&; nm=n,, (11)
QZ Hz N2 e

D21 b21
roe A =—%==—% - OTHOWEHWE COOTBETCTBYIOLINX pPa3MepPoB Mpo-
22 22
o n
TOYHOM MONOCTU;, 7 =-L1 - OTHOLUEHWE 4YaCTOT BpallEHMS;
n
2
Q,H,N,n - COOTBETCTBEHHO Mojadya, Hamop, MowHocTb 1 KA

Hacoca.
YpaBHeHus nopobust cnpaBegnmebl NpU A <2 unt < 2.
B HacocoCcTpoeHWM B KauyecTBe KpuTepusi Mofobusi LUMPOKO
Mcnonb3yeTcst KoahdUUMEHT BbICTPOXOAHOCTU N, ONPEeaensiEMbI Bbl-

paXxeHneM
n
n, = 3,65|_|‘é§ ) (1.2)
rae n - yactorta BpaLueHus (06/MuH); Q - nogava (M%/c); H - Hanop
(M).
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I/IHHOBaI_[PIOHHbIe MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

Knaccudukaums HacocoB no KoadpduumeHTy BbICTPOXOAHOCTH

npveegeHa Ha puc.1.5, [6, 7].

@

~16..14 %5=rz...rr Z .,
H H
N N N
40 < 80 < n, 150 < 350 < 500 <
ns< 80 <150 ns< 350 ns< 600 ns< 3000
Tu- Hop- BbicT- Mony- Oce-
XOXOfHblE Ma/lbHble POXOfHblE OCeBble Bble

Puc.1.5. Knaccudukaums nonacTHelX HAacocos no koadduumeH-
Ty BbICTPOXOAHOCTH

KoachduumeHT ng onpeaensieT ¢opMy NPOTOYHOM YacTU Haco-
ca, opMy XapaKTepuCTUKW, COOTHOLUEHWE FeOMEeTPUYECKMX pa3me-
pOB, KMHEMaTN4YeCKMe COOTHOLLEHUSI MOTOKa B Hacoce. C MOMOLLbIO Ny
MOXHO MpUBAVMXXEHHO onpeaenuTb MNonHbiM KM Hacoca u ero co-
CTaBnsoLme:

L 106802 (L.3)
7706
771 —1+ 8r]220 (1.4)

MpubnuxeHHo ruapasnuyeckmin KM onpeaensercs no gopmy-

ne A.A. JloMakuHa:
n,=1- 042 =, (1.5)
(Ig Dlnp -0,172)

rae D, =+/Ds —dZ, - npuBeneHHbIi AvameTp BXOa B paboueM

Konece, MM; D, - AMaMeTp Bxoaa B paboyeM Korece, MM;
d,, - OMaMEeTp BTYNKM paboyero Koneca, MM.
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MHHOBHL{I/IOHHble MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

MonHbin KM/ Hacoca paBeH NMPOM3BEAEHWUIO MMAPaBANYECKO-
ro, o6beMHOro n Mexanundeckoro Krz.

BcacbiBatollyo cnocobHOCTb HAcoca MOXHO OLEHUTb KaBwTa-
UMOHHBbIM KO3 dmumeHToM  bbicTpoxogHocTn  (koaddumument C.C.

PynHega)
nyQ

rae Ah, - MakCMMasibHOE AMHaMMUECKOe MOHWMXKEHWE AaBIEHMSI.

B 06bluHbIX Hacocax koadduumeHt C = 800-900 (cpeaHue
KaBMTaLUMOHHbIE Ka4yecTBa).

s NoBbILEHNS BCacbiBatOLEN CMOCOBHOCTM Hacoca npuMe-
HAIOT NPeaBK/IOYEHHBIE YCTPOWCTBA B BMAE OCEBOrO Kojeca WM
WHeka. Mo 3Ha4yeHWo AOMYyCKaeMoro KpuUTUYeckoro KoadduumeHTa
6bICTPOXOAHOCTU MOXXHO ONPeAenuTb BEANUYMHY AOMYCKAaeMoWn Baky-
YMMETPUYECKOW BbICOTbI BCACkIBaHWSI

PP, 562n,/Q
pg Cdon .

MnaH ckopocTei Ansi NpoM3BONbLHON TOYKM paboyero koseca
rnokasaH Ha puc.1.6. ABCOMIOTHasi CKOPOCTb XXMAKOCTU © B KaKoWi-
nnbo Touke PK onpepensieTcs Kak reomeTpuyeckas CyMMa OTHOCK-
TenbHoM W 1 NepeHOCHON U CKOPOCTEMN.

don __
H™ =

(1.7)

Puc.1.6. MnaH ckopocTeit ans Npou3Bo/IbHON TOYKM paboyero koneca

TeopeTUYeCKMin Hanop, pa3BMBAEMbI HACOCOM, MOXET 6biTb
onpefeneH U3 ypaBHeHUs

H :§(0u2R20u1R1)7 (1.8)

rae @ — YrNoBasi CKOPOCTb BpalLEHWsi paboyero Koneca; vy, —
17
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MHHOBHL{I/IOHHble MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

OKpYXXHble COCTaBnstoWwMe abCoOMOTHLIX CKOpOCTen pabouyelt
KMOKOCTM Ha BXOAE M Ha Bbixoge M3 paboyero koneca CooT-
BETCTBEHHO; Ry, — paanychbl BX0oAa U BbIXOAA XWUA-
KOCTM 13 paboyero Koneca COOTBETCTBEHHO.
CumTas, YTo 3aKpy4MBaHus NOTOKAa Ha BXoAe B paboune Ko-
neca He npoucxoauT (oceBoi BXxof vy = 0), NoNyYnMm:

@ U,
H = EUUZ: R, = 2T‘)uz , (1.9)
rae u,=w-R,.
v, =U, —0,,Ctgp,, (1.10)

rae vy, — MepuanaHHasl CoCTaBnsoLWAs abCoMOTHOM CKOPOCTU XKMAKO-
CTU Ha BbIxoae M3 paboyero Koneca; f, — yron yCTaHoBKW No-
NacTM MeXAy OTHOCUTENbHOM CKOPOCTbIO KacaTellbHOM K No-
naTKe 1 oTpuUUaTeNbHbIM HanpaB/eHWEM NEPEHOCHOW CKOPOCTM
U, Ha Bbixoze 13 paboyero kosneca.

Mpy pacyeTe MepuaManbHbIX COCTABNSAIOWMX CKOPOCTEN Heob-
XOAMMO YYUTLIBaTb CTECHEHME MOTOKA JSIONACTSIMM 3@ CYET WX TOJLUM-
Hbl.

KoabpULUMEHT CTECHEHMS COOTBETCTBEHHO ANA BXOAA W Bbl-
X0Aa Onpefenserca no BbipaXkKeHUIo

1 1
Ki=——m—rw«——, Kg=——+w——, 1.11
U % R U 7 S
27R, sin S, 27R, sin 3,

rae Z, — 41crno nonacten; & — TOMLWMHA JIonacTy.

Boripocam Teopun 1 pacyeTa LEHTPO6EXHbIX C NOCBALLEHbI
pabothl [8, 9].

Pacxoa »uakoctu yepe3 paboyee KONeco MOXHO OnpeaennTb
13 ypaBHEHUS HEPa3PbIBHOCTH

Q=0vpS,, (1.12)
rae Q — pacxoa Ha Bbixoze U3 paboyero koneca; S; — naowazab X1Bo-
rO CeYeHus NOTOoKa Ha BbIXOAEe M3 paboyero koneca, M°.
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2. OCOBEHHOCTU KOHCTPYKTUBHOIO
N TEXHOJIOT'MYECKOIo MCNoOJIHEHNA
LEHTPOBEXXHbIX HACOCOB TUINA K, KM, 1, B U LIHC

2.1. OnucaHue TUNOB LLeHTPO6e)XKHbIX HAaCoCOB

Hacocbl  obuwlero  HasHayeHMs  paboTaloT B CMCTEMax
BOAOCHabXEHNsI  NepeKkauyvBaloT  HeWTpasibHble  UYWUCTble  XOSoAHblE
XWUAKOCTK. JononHuTenbHble CBEAEHWSI U XapaKTePUCTUKU
HacoCcoB NpuBeAeHbl B kaTtanorax [1, 3, 4].

Hacoc ueHTpob6exHblit TMna K (puc.2.1) npegHasHayeH ans
nepekaymBaHUst YMCTbIX W Cerka  3arpsisHEHHbIX — HEWTpasibHbIX
XMOKOCTEW. IDTO TrOpWU3OHTasbHble, OAHOCTYNEHYaTble, KOHCOJIbHbIE
Hacocbl ¢ paboynM KONecoM OLHOCTOPOHHErO BXOAa.

Kopnyc 2 C 0CeBbiM BXOAHbIM W paauvanbHbIM  HamopHbIM
naTpybkamm — YyryHHbIi. COBMECTHO C KOPMYCOM OT/IUTbI OMOPHbIE Nanbl.
Bo BxogHOM naTpybke MoXeT OblTb YycTaHOBNeHa BTynka C
pasgenuTenbHbIM pebpoM Ans NpefoTBpalLeHMsl 3akpyTKM MOTOKa Ha
BXoge B Hacoc. C Topua KOpnyc 3aKpbiT KPbIWKOW 3, B KOTOPOW
pacnofioXXeHO  CasfibHUKOBOE  YMnoTHeHue. K Kopnycy —Lnuibkamu
KPENWUTCS CbeMHbIN OMOPHBIN KPOHLITEWH 6. [J1s NOBbILIEHNS XECTKOCTU
KOHCTPYKLMM B KPOHLUTENHE NpeaycMoTpeHa CToika 9. B 3aBucuMocTy ot
YacToTbl BpalleHUsi poTopa MOXET MPUMEHSITbCA KaK Xuakas, Tak U
KOHCUCTEHTHasl CMa3ka 4Yepe3 wTyuep 7. B Mectax Bbixoga Bana M3
KPOHLUTEHa YCTaHOBMEHbI MacnocbpacbiBalolwme konbla & Pabouee
Koneco I yCTaHOB/IEHO Ha KOHCOJSIbHOM y4yacTke Bana 4 1 3aMKcMpoBaHo
raikovi-obtekatenem 10.

[ns  pasrpyskM OCEBbIX YCUIUMA MPUMEHEHbI CUMMETPUYHbIE
ynnoTHeHnst no obe cTopoHbl paboyero koneca. B kopnyce Hacoca ans
BbiMycKa BO34yXa M C/iMBa BOAbl MPEAYyCMOTPEHbI OTBEPCTUS, 3aKpbiTble
npobkamu. CoeanHeHMe Hacoca C 3NEKTPoABWUraTesieM OCyLLeCTBNSETCS
yripyrod  My¢TOM C MpocTaBkoh. Hacoc W anekTpoasuraTtesb
yCTaHaBMBAIOTCS Ha 0bLiel hyHAAMEHTHOW nauTe.
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[JaHHas MoauduKaums C OMOPHbIM KPOHLUTEMHOM MosyYnna
pacnpocTpaHeHWe BO MHOIMMX OTPACcNsiX HApOAHOro Xo3siicTea. Hacockl
™na K npuMeHslOTCS B CMCTEMax MUTLEBOrO M XO3SICTBEHHOrO
BOAOCHabXXeHUs, MeNIMOpaTUBHbIX YCTaHOBKax 1 Aap.

YcnoBHoe 0603HayeHMe Hacoca K65-50-160/2 o03Hadaer:
K — KOHCOMbHbIA; 65 — amameTp BXogHoro naTtpybka, 50 — auameTp
BbIXOAHOrO NaTpybka; 160 — HapyXHbl1 AMameTp pabouero koneca, M;
2 — MHAEKC MOAEPHU3aLNN.

KoHCTpykTBHOE UCMOJSIHEHNE LeHTpo6eXHOro Hacoca
orpeaensieTcs Npov3BoAUTENSMU.

Hacoc uUeHTpo6eXHbli KOHCOJIbHO-MOHOG/I0OUHbIA THUNA
KM (pnc.2.2) nMeeT Takoe e HasHadeHue M 0651acTn NpUMEHEHMS], Kak
Hacoc Tuna K.

Hacoc LeHTpo6EXHbI, TOPU3OHTaNIbHbIN, OAHOCTYNEHYaTbIN,
KOHCOMbHbIA. Ba3oBoW fAeTanbld  Hacoca SBNSIETCS  CreUManbHbIi
3MeKTpoABUraTeNlb 8, UMEIOLWMI OMOPHYIO CTOMKY U YAMHEHHbI KOHeL
Bafa. K OMopHOW CTOVMKe WnUIbKaMM KPenuTcs Koprnyc 2 Hacoca €O
cnupanbHbiM - 0TBOAOM. C  KOPMycoM OT/AMT  HamnopHbliA  NaTpybok,
HanpaBneHHbI TaHreHUManbHO BepTMKanbHO BBEpX. Mpu HeobxoanMocTH
HaMopHbIA NMaTpyboK M KOpryc MOryT 6biTb pa3BepHyTbl Ha 90°. Kpbiwka
BXOAHas I C 0CceBbIM BXOAHBLIM MATPYO6KOM 3aKpbiBaeT KOPMyC C Topua.

B KpbllLKe 3anpeccoBaHO YNJIOTHSIIOWeEE KoMbLUo 3 Ans paboyero
koneca (PK). Pabouee koneco 4 yCTaHOBMEHO Ha Ball 6 Ha LUMOHKE U
3aMKCMPOBaHO crieumanbHoi raikol 10. KoHueBoe ynioTHeHWe 5 —
CanbHMKOBOE, NpocTewero Tuna. Onopamun poTopa cnyXaTt NOALMMHUKA
7 anektpoasuratens 8. CMasKa NoALMMHUKOB — KOHCUCTEHTHaS.

OcHOBHble NapaMeTpbl HacocoB Tvna KM n MaTepuanbl OCHOBHBbIX
[eTanen, Takmne xe Kak, kak 1 Hacocos Tuna K.

lFabapuTHble W npucoeauHWTENbHbIE pa3Mepbl bepyTcs U3
katanoros [1, 3].

YcnosHoe o0603HaveHne Hacoca KM 20/30 o3Hauvaer: KM —
KOHCOMbHbII MOHO60uHBIN; 20 — nopava, M*/4; 30 — Hamop, M.
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Hacoc ueHTpo6exxHbii Tuna [ (pvc.2.3) npegHasHaveH ans
nepekaymBaHusi YMCTbIX W Cerka  3arps3HEHHbIX  HeWTpasibHbIX
Xuakoctelh. Hacoc ropusoHTasbHbIN, OAHOCTYMNEHYaTbIl, CrMpasbHOro
TMNa C pabouMM KONMecoM [ABYCTOPOHHEro Bxofa. HekoTopble Tumbl
Hacoca BbIMyCcKaloTcsa € AByMs paboumMm KOHLaMK Bana ans obecneyeHus
BO3MOXHOCTM  WCMONb30BaHUSI B YC/IOBUSIX  3KCMlyaTauuu  pasHOro
HanpaBneHus BpaLLeHWsl ABUraTenei.

Kopnyc 3 Hacoca C ropu3oHTaslbHblM Pa3beMOM B MJIOCKOCTH,
npoxofsiieli Yepes oCb pOTOpa, COCTOUT M3 ABYX YacTed — HUXKHEN
YacTU W KpbIWKKW, KOTOpble COeAMHEHbI Mexay coboi wnunbkamu. Mo
MOCKOCTM pa3beMa NnpeaycMOTpeHa NapoHUTOBasi Npoknaaka. B kopnyce
OT/IMTbl KaHanbl MOMYCNMpanbHOro MoABOA@ M CMpasnibHOro OTBOAA.
BxofHOW M HamopHbIM MaTPyOKM OTAUTbI COBMECTHO C HWMXKHEWN YacTbto
Kopryca W HanpaBs/ieHbl FOPU30HTasIbHO B MPOTMBOMOMOXHbIE CTOPOHDI,
YTO MO3BONSIET NMPOM3BOAUTL OCMOTP BHYTPEHHMX MOOCTeN Hacoca 6e3
oTcoeanHeHust TpybonpoBoaoB. B Kopnyce BbIMOMHEHbI OTBEPCTUS ANst
BbiNycka BO34yxa, CMBa BoAbl M3 Hacoca, oOTbopa BoAbl Ans
rmaposaTBopa CasibHMKa. K KOpbITOOBpasHbIM KpPOHLITENHAM Kopnyca
WNWIbKaMKU  MOACOEAMHAIOTCS pasbeMHble Koprnyca I MOALUMIHUKOB.
Potop 4 Hacoca npepocTaBnsieT Coboii CaMOCTOSTENbHYIO COHOPOYHYHO
€AVHWLY WU COCTOWUT M3 Bana, paboyero koneca, KOMMIEKTa 3alUMTHbIX
BTyNok U1 nonymydTel. Paboyee koneco ABYCTOPOHHEro BXxoAa
yCTaHaB/IMBAETCS Ha Ban Ha LWNOHKE Mo MOABWMXXHOM nocaake. KoHueBble
YNIOTHEHNS 2 Hacoca CanbHMKOBOMO TUMA C MOABOAOM 3anuvpatoLlen
XKMAKOCTW OT HamopHOW MOMOCTH MO creumanbHbIM TpybKkaM C 3anopHbIMM
KpaHamu. Onopamu poTopa CyXaT pasaunasbHble NMOALMMHUKM KavyeHns C
XKMOKOW WM KOHCUCTEHTHOW CMaskoi. B kopnycax nNoALMMNHUMKOB
npeaycMOTpeHbl KaMepbl BOASIHOrO oxfaxaeHus. bnarogaps cummeTtpum
pabouero Koneca OcCeBoe YyCMnMe NpaKTUYeCKW YypaBHOBELIEHO; OCTa-
TOYHOE YyCWAMe BOCTIPUHMMAETCS MOALIMIMHUKOM, O060WMbI  KOTOPOro
3adrKCMpoBaHbl B OCEBOM HarnpaB/ieHUN.

Hacoc ¢ anekTpoaBuUraTeneM coeamHSIETCS ynpyronasnbUeBoin nunm
Aapyroi MycdToi. B 3aBUCMMOCTI OT pa3Mepa HAacoC MOXET MOCTaBASTbCS
C 2NeKTpOABUraTesnieM Ha obLei unn pasgenbHo dyHAaMEHTHBIX paMax.

Hacocbl TMna [1 npuvMEeHAIOTCS B CUCTEMaxX BOAOCHAbXeHMS,
MeNMopaLmMK, B Ka4YeCTBE LIMPKYNALMOHHbBIX U Ap.

YcnoBHoe 0603HauyeHne Hacoca [200-90 o3Ha4aeT: [ — Hacoc
ABYCTOpOHHero Bxoaa; 200 — noaaya, M*/4; 90 — Harop, M.
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Hacoc ueHTpo6exxHbiii TMna B (puc.2.4) npegHa3HaveH ans
rnepekaumBaHusi  UMCTOM  XONMIOAHOM  HeWTpanbHOM  Bogbl.  Hacoc
OZHOCTYMNeHYaTbI, BEPTUKA/bHbIN, KOHCOSbHBbIN.

Kopnyc Hacoca 6 co cnvpanbHbIM OTBOAOM flanaMmn OrnmMpaeTcs Ha
3aKnagHble  3neMeHTbl  dyHAaMeHTa. HamopHbli  naTpybok Hacoca
HanpaBneH ropu3oHTanbHO. K HMXKHEN 4YacTu Koprnyca Hacoca KpenwuTcs
npocTaBka 3, B BEpXHEW 4acTM KOTOPOW WMMEEeTCs MoK ANl 0CcMOoTpa
BHYTPEHHMX MOBEpXHOCTEN U pabouvero koneca Hacoca. B mecte
COMPSKEHUS] MPOCTaBKM 3 C OMOPHbIM KOMbLOM 2 NpeaycMOTPEHO
CaNbHMKOBOE YM/OTHEHME. K OMOpHOMY Konbly 2 NOACOEAMHSIETCS
061MUoBaHHOe KoneHo I noasofa. B BepxHel 4YacTM KOphyc 3akpbiT
KPbIWKON 11, KOTOpasi CNYXWT OMOPHON YacTblo ANs Y3/10B M AeTanen
Hacoca. B KpbllLKe BbIMNOHEHO YETbIPE NtoKa ANS 3aMepa 3a30poB B BEPX-
HEM LLUENeBOM YM/OTHEHMM 7 paboyero Koneca. Ha Kpbllike yCTaHOBMEH
MOALUMMHUK  CKONBbXEHUSI & C  PEe3NHOBbIM  BKIAAbILLEM, KOTOpbIii
OQHOBPEMEHHO CITYXXWUT M KOHLEBbLIM YMiOTHEHWEM Bana. poTekatoLas
yepes NOAWMMHUK (YNIOTHEHWE) >XMAKOCTb COBMPAETCs Ha KpbILKE
Hacoca W cTekaeT Mo Tpybonposogy. Ha Kpblllke Takke pacrionaraercs
Kopnyc 10 paauanbHoro MOALUMIMHUKA CKOJIbXXEHUSI C
CaMOyCTaHaB/MBaOWMMNCA  CEerMeHTaMK,  3anuTbiMM  6abbutom. B
Mac/IsiHyl0 BaHHY Kopryca MOAWMUMHMKA BMOHTMPOBaH TEMI00OMEHHMK, K
KOTOPOMY MOABOAMTCS oxNaxaatowwas Boga. K dpnaHuy 9npusoH-6ontamm
KpenuTca pabodee koneco 5, nepeaHee ynnoTHeHue 4 paboyero koneca
LeNeBOro TMMa CO CMEHHbIM YMIOTHSWMM KonbuoM. OceBoe ycunve
YpaBHOBELIMBAETCSH C MOMOLLBIO Pasrpy304HbIX OTBEPCTUM B BedyLleM
Avcke pabouyero koneca. OCTaTOYHOE OCEBOE YCUME U ycunme OT Macchl
poTopa BOCMPUHMMAKOTCA YMOPHbIM MOALUMMNHUKOM 3N1eKTpOoABUraTensi.
Banbl Hacoca W aneKTpoABUraTeNsl COEAMHSAIIOTCS XKeCTKon MydTon. Ans
06CnyXMBaHWsl Ha KOpryce Hacoca NpeayCMOTPEH CrieumnasbHblii MOMOCT.
[leTanu NpOTOYHOM YacTu Hacoca U3roTOBNSIIOT U3 YIIEPOAUCTON CTanu.

Hacocbl TMna B npuMEHSAIOT B OPOCUTENbHBIX U MENMOPATUBHBIX
CUCTEMaX, YCTAHOBKaX X03ACTBEHHOrO M TEXHUYECKOr0 BOAOCHABXEHUS.

YcnoBHoe o0603HaveHne Hacoca B 1200-6,3/63 o03Ha4aeT:
B - BeptukanbHblli; 1200 — paMamMeTp HanMopHoro naTpybka, MM;
6,3 — nogaya, M/c; 63 — Hanop, M.
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Puc.2.4. Hacoc ueHTpobexHbin Tna B: 1 — koneHo noagoaa; 2 —
OMopHOe KosbLO; 3 — NpocTaBka; 4 — nepegHee ynnoTHeHWe paboyero Ko-
neca LweneBoro Tuna; 5 — pabouee koneco; 6 — kKOpnyc Hacoca; 7 — BepxHee
LeneBoe ynnoTHeHWe paboyero Koneca; 8 — MOALWMMHMK CKONbXEHUS; 9-
naHeu; 10 — Kopnyc paavanbHOro NoALMMHMKa; 11 - Kpblwka
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Hacoc cexkuuoHHbIi MHoOrocryneHuyartbii Tuna LHC
(pnc.2.5) npegHasHayeH AN MepekauvMBaHUS  UMCTbIX M Cflerka
3arpsi3HEHHbIX HEMTPasibHbIX XMUAKOCTEN M NPeACTaBnsieT coboi 06bluHY
KOHCTPYKUMIO C OAHOCTOPOHHUM  pacroniokeHnem paboumx konec.
KpbIWKN BXOAHasi 7 M HarHeTaHus 4, KOMMJIEKT CEKUMIN 5 COEAMHAIOTCS
mMexay coboi CTsKHbIMM Wnuabkamum &, obpasys Kophyc Hacoca.
Hanpasnsiowme annapatbl MOryT 6biTb OTAWUTbI COBMECTHO C CEKLUMSIMU
WM NpeacTaBnaTb CO6OM OTAENbHYI fAeTanb, YCTaHaBMBAEMylO B
CeKUMIO MO HenoaswkHOM nocagke. CTblKM Kopryca YMAOTHSIOTCS
PE3VHOBLIMU  YNIOTHUTENbHBIMU  KOMbLUaMu. COBMECTHO C KpbIIKaMK
OT/MTbl NaTpybkM M OnopHble nanbl. BxoaHoW naTpybok HanpaBneH
rOpU30HTaNIbHO, HaMOpHbLI — BepTUKarbHO BBepX. Pabouve koneca 6
yCTaHOBJ/IEHbI Ha Ban MO MOABWXHOM nocagke. OceBoe ycunave poTopa
BOCMPVHMMAETCS! MMAPaBAMYECKON NsaTon 3. Boaa pasrpysku oTBoauTCS B
KOSbLIeBYIO Kamepy nepBoi cTyneHu. KoHLUeBble yNioTHeHUs 2 poTopa
CanbHMKOBOro Tuna. [ns UCKYeHUs NoAcackiBaHUS BO3AyXa B Kamepy
MEXAY CaNbHUKOM CO CTOPOHbI BCacCblBaHWUS WM [APOCCENbHOW BTYKOW
noasoaMTCs  3anuparollas  Boga.  Onopamm  poTopa  ciyxar
CaMOyCTaHaBNMBaloWMeCs  LIAPUKOMNOAWMMHUKA,  YCTAHOBNEHHbIE B
KPOHLWITEMHaX I, KOTOpbIE LIMWIbKaMU KPEMsTCS K KpbllkaM Kopryca.
CMa3ka noAWMNHMKOB  KOHCUCTEHTHas.  Kopnyca  noawwMnHWKOB
YMNOTHAIOTCA PEe3VHOBLIMWM MaHXeTamu. lepea noAwunHUKaMuU Ha Bany
yCTaHoBneHbl BogochpackiBatoLime KonbLa.

C anekTpoaBuraTeneM HacoCbl COEAMHSIOTCS YnpyronasnbLeBoi
MycdTON. [nNs nepekaymBaHUsi arpeccuBHBIX XXMAKOCTEM HACOChl MOryT
MOCTaBNSATbCS B KOPPO3MOHHO-CTOWKOM WUCMONHEHUW. [abapuTHble W
npucoefnHUTENbHBbIE Pa3Mepbl HACOCOB MPUBEAEHDI B KaTasorax.

Hacocel TuMna LUHC npeuMywecTtBeHHO pacrnpoCcTpaHeHsl B
cucTeMax BOAOCHabXeHus1, WaxTHOM BOAOOT/IUBE U Ap.

Hacocel Tna UHCI npeaHa3HadeHbl Ansg nepekaynBaHvs BOAbl C
Temnepatypoi Ao 393 K (120 °C) ¥ MCnonb3yloTcs B KayecTse
NUTaTeNbHbIX Ha TEMIOBbLIX CTaHumMsIX. B oTnnume ot Hacocos Tuna LIHC B
HUX MPefyCMOTPEHO OXNaXAEHUE YNIOTHEHUI CaNbHUKOBOIO TUNa.

YcnoBHoe o0603HadeHne Hacoca LHC 30-110 o3Hadaer:
LUHC — wueHTpOBeXHbI CeKUMOHHbIN Hacoc; 30 — nopava, M3/u;
110 — Hanop, M.
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2.2. 0co6eHHOCTH TEXHOJIOFMYECKOro UCNoJIHeHus
3/1eMEHTOB KOHCTPYKLMMU LLEHTPO6eXXHbIX HacoCoB

Kak y>xe 0TMEYeHO paHee, OCHOBHbLIMM 3/IEMEHTaMU LiEHTpOobex-
HOro Hacoca SIBNSIOTCS: paboyee Koneco, Ban C AeTansiMM ANs KpenseHus
KONEC U 3aWMTbl OT UCTUPAHUS CaNlbHUKAMK, NMOALWMIHUKK, COeANHUTESb-
Has MydTa, KOpnyc, HanpasnstoWwmMe annapaTbl, CalbHUKK, BCACbIBAOLLMIA
N HamopHbIN NaTPyOKK, CTSHKHbIE U KpenéxHble 60NThbI.

PaccMOTpWM 3TV aneMeHTbl C TOYKM 3peHust Texnpouecca ux us-
rOTOB/IEHUS U COOPKM.

Pabouee koneco. Pabouee koneco npeacrasnseT coboit OTIMB-
Ky He Hwxe II knacca TOYHOCTU, KOTOPYIO YCIIOBHO MOXHO pasfennTb Ha
KOPEHHOW ANCK C BTYNKOW (puc.2.6, no3.1) ans nocagku Ha Bas, NMOKpbIB-
HOW AMCK C MPOTOYKaMK Moa ABYXLIENeBOe YnoTHeHWe (puc.2.6, nos.2),
W NONacTW, pacrosioXXeHHble Mexay Auckamu. Ans dmkcaumm koneca Ha
Basly BO BTYJIKE BbIMOSIHEH LUMOHOYHbIV Nas.

Puc.2.6. 3arotoBku BefyLLero n BeOMOro AnCKoB

ANa UCKNIoYEHUs NEPETOKOB MO Basly LUNOHOYHBIN Na3 BbINOSHEH
He Ha BCIO ANMHY CTynuubl. Topubl CTYNuUbl AOMKHbI 6bITb CTPOro nep-
NEHAMKYNAPHBLI K OCU PacToOYuKM CTynuubl. YMNNOTHAIOWME NOACKUA nepea-
HEro 1 MeXCTYMeH4YaToro ynioTHEHWS AOKHbI 6bITb KOHLUEHTPUYHBI pac-
Toyke cTynuubl. B 6onblumHCTBE HacocoB pabouvee koneco ycTa-
HaBNMBAIOT Ha Basl MO MOABWKHOWM Mocazke.

Pabouve konéca M3roTaBAMBalOT M3 Pa3/IMYHbIX COPTOB YyryHa,
YrnepoancTbiX U NEerMpoBaHHbIX CTasneid, CMiaBoB LBETHLIX METasioB U
KepaMuyecknx matepuanos. [IpUMEHeHWe TOoro WaM WMHOro Martepuana
onpeaensieTcs ycnoBusiMM paboTbl, pasMepaMun M YacTOTONM BPaLLEHUMS, a
TaKXe POAOM NepekaynmBaeMom XKUAKOCTY.

Konéca Manbix HacocoB (puc.2.7, a) ANs 4MCTOM BOAbl U He-
arpeccuBHbIX XXUAKOCTEN HWU3KOW TeMnepaTypbl OT/MBAIOTCS M3 CEporo
KOHCTPYKUMOHHOrO 4yryHa CY15-32. LleHTpobexxHble Hacocbl Ans nura-
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HMS KOT/IOB BbICOKOMO AAaBNEHUSI UMEIOT 3HauuTeNbHbIE pa3Mepbl U BbICO-
Kyl0 4acToTy BpalleHusi. OHM NoaaloT BoAy BbICOKOM TemnepaTypsbl. [o-
3TOMy pabouve Koneca 3TUX HACOCOB WM3rOTOBASIOT M3 JerMpoBaHHbLIX
XPOMOM M HuKenem cratei 1X13, 2X13. OaHako BCNeACTBUE HUBKUX JIU-
TENHbIX KaYecTB 3TWX CTafiei MofyyYeHME CIIOXHBIX TOHKOCTEHHbIX OT/W-
BOK TpebyeT BbICOKOIN KyfbTypbl NINTbs. Koneca 13 HepkaBetowmx CcTanen
(pnc.2.7,6) MOryT M3roTaBiMBaTbCs M CBApHbIMU (M3 MexaHu4ecku obpa-
60TaHHbIX MOKOBOK), HO CneAyeT yuuTbiBaTb Maoxve aHTUGhPUKLMOHHbIE
CBOWCTBa MaTepwana UcrpasnsieMble B psiae C/lydyaeB TepMoobpaboTKoii
(HB 320-350).

Mecma cnRimug

6)

Puc.2.7. Paboune koneca LeHTPOBEXHbIX HACOCOB

Koneca HacocoB Ansi MepeMELLEHUs TPYHTOLIIaKOCMECen M3ro-
TaBNMBAlOT OT/IMBKOM M3 6eforo yyryHa. Hacocbl ansi XMMuM4yeckon npo-
MbILLIEHHOCTN MMEIOT KOMeca, U3roToB/IEHHbIE N3 CneunanbHbIX CrlaBoB,
KepaMMKK MAn nnacrMacc.

Koneca 60nblunx pasMepoB UMEKOT CTyMuLYy 3HaUYUTENbHOW AJSn-
Hbl: 3TO 3aTPYAHSIET TOYHYIO NMOCaAKy MX Ha Ban. [na obneryeHuns nocag-
KU CTynuLy pacTayvBaloT BHYTPU Ha ABa [AMaMeTpa: MOCaAoYHbIM M 06-
nervaoLLmnii nocaaky.

Paboune koneca ABYCTOPOHHEro BxoAa B MpUHUMMNE MpeacTaB-
nsAT coboi MomapHO coeAuHeHHble paboune Kosieca OAHOCTOPOHHErO
BXOAa C oAMHakoBoi dopMoi NpoToyHoi yactu (puc.2.7,8). OHM MoryT
6bITb LEenbHbIMU (MUTbIMK) NM60 COCTOSILLMMMK M3 ABYX NOSOBMH (CBapHO-
NNTbIMK).

Paboune koneca MHOrOCTyneH4aTbiX HAacCOCOB WM3roTaB/MBAlOT C
YAJIMHEHHON CTYnUUeW, YTO AAeT BO3MOXHOCTb U36exaTb NMPUMEHEHWS
AVCTAHUMOHHBIX BTY/IOK B KOHCTPYKUMKM poTopa. CTynuuy MOXHO OTau-
BaTb BMecTe C paboumm konecoMm nmMbo npuBapuBaTb K Kkonecy. [ns
YMEHbLLEHUS MEPETOKOB MepeKayuMBaeMoin XXMAKOCTM MO Bany LUMOHOY-
HbIli Na3 B CTynuue paboyero Kosieca BbIMOHAOT HE Ha BCHO AJIUHY.

[ns yMeHblUeHMs MOTepb Ha AWCKOBOE TPEHWE HapyXHble
NOBEPXHOCTU [AUCKOB paboyero Komeca [AOMKHbl ObiTb  TLATENbHO
obpaboTaHbl. Topubl CTynuubl Takxke TwaTtenbHo obpabaTtbiBaloT Ans
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obecneyeHnss  HaOEXHOro  YNJIOTHEHWS  CTblka.  YNIOTHUTENbHblE
MoBepXHOCTM paboyero Kosneca noaBepratoT NOBEPXHOCTHOMN 3aKaslke.

Paboune koneca 6anaHCUMpPYKOT CTaTUYECKM HA PONMKax Wan
npusMax Mbo B AMHAMMYECKOM peXxuMe Ha 6anaHCMPOBOYHbLIX CTaHKax.
AuncbanaHC YCTpaHSETCS CHSATMEM MeTasfia C HapyXHbIX MOBEPXHOCTEN
anckoB no nepudepumn paboyero koneca (cM. puc.2.7,a). B 3aBucumoctun
OT CBOWCTB MepeKauymBaeMomn XUAKOCTU U OKPYXXHOW CKOPOCTU BpaLleHUs
MaTepuanamm Ans paboumx Konec MOryT CIyXWTb YriepoaucTble Uiu
XPOMMUCTblE CTanu, TUTAHOBbIE CMJiaBbl, MOMMaMuAaHble mMaTepuansl U ap.
Mpu BbiboOpe MaTeprana HeOHX0AMMO YUNTLIBATh Ero XUAKOTEKYYECTb.

Ban. Ban Hacoca sBnsieTCs BeCbMa OTBETCTBEHHOW AeTasblio:
Mpy BbICOKOW 4acToTe BpalleHUs OH MoABepraeTcst AeWCTBUIO 6OMbLIMX
nonepeyHbix cun. Mpu pacyeTe Bana Ha NMPOYHOCTb U XKECTKOCTb YYUTbI-
BalOTCA CriedylolWmMe BHELLHME Harpy3ku: nepedaBaeMblii OT ABuraTtens
KPYTSALWMA MOMEHT, COBCTBEHHbIV BEC Bana M MOCaXEHHbIX Ha HEro aeta-
nei, nonepeyHble cuibl, 0OYCNOBMBAaEMbIE HECMMMETPUYHLIMUA MOABO-
[IOM ¥ OTBOZAOM XXMAKOCTU M HETOYHOCTbLIO 6anaHCMPOBKM Konec.

B kauecTBe 3aroTOBKM BasioB UCMOJb3YIOT XOMOAHO- U ropsiyeka-
TaHblii NPOKAT, MOKOBKW. B TOM M ApyroM criyyasix BbINOMHSIETCS MeXaHu-
yeckas obpaboTka. MaTtepuanoM Ans BasoB CIYXaT Yr/1epoANCTast KOH-
CTPYKUMOHHas U cneuuanbHas erMpoBaHHas cranu.

Hanbonee pacnpocTpaHeHHble MaTepuanbl BanoB: A1 HAaCOCOB
obulero HasHadeHns — ctanb Mapok 40, 45, 40X; ans ropsunx Hacocos —
NernpoBaHHble CTanu, KO3(MMUUMEHT NMHEMHOrO paclUMPEHUsT KOTOPbIX
NMpUMEpHO paBeH KO3MMUUMEHTY JIMHEMHOrO paclMpPeHUst  Apyrux
JeTaneil poTopa; AN XWUMUUECKMX HacocoB, rae pabouelt cpepnoit
ABNSIETCS KOPPOAMPYIOLAs XXMAKOCTb, — XPOMUCTbIE cTanu Tuna 3X13.

Ban ¢ nocaxeHHbIMX Ha Hero AeTansiMM HOCUT Ha3BaHWe poTopa
Hacoca. PoTopbl LLeHTPOBEXHbIX HACOCOB HanaHCMpYIOT, MPUYEM Y MESKMX
HacoCOB MPOM3BOAUTCA CTaTU4eckas, a y KpyrHbIX cTaTudeckast u aunHa-
Muyeckasi 6anaHCMpoBKMY.

1
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Puc.2.8. MpoaonbHbiii pa3pes poTopa TPEXCTYNEHYATOro Hacoca

Ha puc.2.8 nokasaH npoaosbHbIN pa3pes poTopa TPEXCTYreHYa-
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TOr0 Hacoca C ypaBHOBELLVBAHWEM OCEBOW CUJIbI MPW MOMOLLWU pPasrpy304-
HOro aucka (rmapaenuuyeckon nathl). Mocaaka AeTaneil Ha Ban NpoU3Bo-
ANTCS 3A4echk cneaylowmM obpa3oM. Ha pe3bby mpaBoro KoHua Bafa CTa-
BUTCS LUMIMHAPUYECKas BTyfka 1, npeaoxpaHsiowas Baa OT UCTMPaHWS
CallbHMKOBOWM HabuBKkoW. B neBbI KOHel BTy/AKM 1 ynvpaeTcst TopLoBas
MOBEPXHOCTb Pa3rpy304HOro AucKa 2, CTOMOPSILLEroCs OT NOBOpayMBaHus
Ha Ba/ny 3ak/a[IHOMN LUMNOHKOW 3. HenocpeacTBeHHO B NEBbLIN KOHEL| CTy-
NuLUbl 3TOr0 AUCKA YNUPAETCS TOpeL CTYNWLbl TPETbEro pabodero koneca
4. MocneaHee KPenuTCs Ha Bany Npyu NOMOLLM 3aK/IaiHOM LUMOHKK 5, pac-
CYMTAHHOM Ha nepepayy Konecy C Baja MOLHOCTU, paBHOM CyMMe BHYT-
PEHHEN MOLLHOCTM Koneca ¥ MOLHOCTU AMCKOBOIO TPEHWS.

Paboune koneca oTaenstoOTCS OAHO OT APYroro npu noMmowm Au-
CTaHUMOHHBIX BTYNOK 6. K cTynuue nepBoro pabo4ero kosneca npuMbIKaeT
neBasi NpeaoxpaHWUTeNbHas BTyNKa 7, MOTHO 3aTsArvMBalollas Ha Bany
npy NOMOLLM BTYNKM C pe3bboli 1 Bce nocaxxeHHble Ha Hero aeTanu. Co-
6paHHbIN TakMM 06pa3oM, poTop MPU CUSTbHOW 3aTSXKKE BTY/IOK 06pasyeT
Kak 6bl 04HO Lenoe.

O6paboTka TOPLIOBLIX MOBEPXHOCTEN BCEX CaXXaeMbIX Ha Ban Ae-
Tanen aomkHa 6biTb 0c060 TOYHOM. B MPOTMBHOM Ciy4yae NpuW 3aTsHKKE
BTY/IOK 1 U 7 HeM36eXHO BO3HMKAET M3rMb Bana, Bbi3blBalOLWUIN BUeHUE
poTopa M BUbpaLMIO Hacoca Npw 3KCrTyaTaumu.

MopawnnHukN. N5 BOCNPUHATUS paamasbHbIX U OCEBbIX Harpy-
30K, AENCTBYIOWMX Ha POTOP, NPUMEHSIIOTCS MOALWMMHUKM KauyeHus WUnu
CKOMbXXeHMs. BbIbop TOro Mnm MHOro Tuna NoAWMNHMKa 0bycroBneH ps-
[I0M (haKTOPOB, U3 KOTOPbIX BAaXXHENLIMMU SBNSIIOTCSA: OKPY>XHasi CKOPOCTb
LLeKM Bana, Harpy3ka u TpebyeMblii pecypc HenpepbiBHON paboTkl Haco-
ca. CucteMa cMasky M COpT CMa3o4HOro mMacna obycrioB/IMBAKOTCA TUMOM
NOALIMIHMKA.

MOAWMMHUKM LEHTPOBEXKHBIX HAaCOCOB BbIMOSIHAIOTCS Pa3fMYHOM
KOHCTPYKLWMW.

KpyrnHble OTBETCTBEHHbIE U ObICTPOXOAHbIE HACOCHl, KaK NpaBu-
N0, CHabXaloTCca NOALMMHUKAMM CKOMBbXEHWS, Yallle BCero ¢ 6abbuToBoii
3anMBKOW. B psine cnyyaeB B Hacocax, paboTalolmMx Ha XOSofHOM Boje,
NMPUMEHSIIOTCS PE3MHOBbIE, TEKCTONUTOBLIE WM NIMFHOMONEBLIE MOALINIM-
HUKM CKOMBbXXEHMS.

B nocnegHue roapl HAaXoAaT NMPUMEHEHWE MOALLUMIMHMKN CKOJbXe-
HMSI, CMa3Ka KOTOPbIX OCYLLECTBMSIETCA MEpeKaynBaeMon XXWUAKOCTbIO, B
TOM uucne u Boaoi. OAHako obecrieyeHne HaAeXHoW paboThl TakKuUX
NoALVMHUKOB TpebyeT crneumanbHo OTpaboTKM MX KOHCTPYKLMK C yde-
TOM 0COBEHHOCTEW KOHKPETHbIX YCII0BUI paboTbl.

Hacocbl Manoli MOLWWHOCTM, Kak MpaBufio, CHabatoTcs Lwapuko-
BbIMM MOALMMHUKAMM U MOAMNSTHUKAMM HOPMasbHbIX 06pasuoB. CMaska
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MX 06bIYHO KOHCUCTEHTHast UK MacnsHas (B BaHHE Kopnyca MOALIMMHU-
Ka). bonee KpynHble LIEHTPOBEXHbIE HACOChl KOHCTPYMPYHOTCA C npuMe-
HEHWEM POSIUKOBBIX MOALMMHUKOB C LIMIMHAPUYECKUMU U KOHUUYECKMMM
pOSIMKAMMU.

Hacocbl, cHabeHHble YCTPOWCTBOM AJ1S YpaBHOBELIMBaHUS Oce-
BOM CWMbl B BUAE pasrpy304HOro AMCKAa, B YMOPHbLIX MOALIMMHUKAX He
Hy>XzatoTcs. B Hacocax ¢ BepTuKanbHbLIM PacnofoXXeHWEM Bana W pasrpy-
304YHbIM [IMCKOM HEOBXOAUMO MPUMEHEHME OTXKMMHOIO YCTPOMCTBA, WC-
K/TIOYAIOLLEr0 BO3MOXHOCTb META/INIMUECKOr0 KOHTaKTa Mexay pasrpy-
30YHbIM INCKOM W LLIAKBOIN B MOMEHT 3arycKa.

B Hacocax, B KOTOpbIX OCEBOE [aBfieHNE YpaBHOBELUMBAETCS MO
NPUHLUMMY CUMMETPUM, HEOBXOAMMO YCTaHaBNMBaTb YMOPHbIA mnoAwmn-
HMK. OH AOMKEH BOCNPUHUMATL ycunus (AeiCTBYoLmMe B 060MX HanpaBs-
NEHUAX), BbI3BaHHbLIE BO3MOXHbIM aBapUNHbIM M3HOCOM YMOTHEHWIA.

e Y e ¥ i

Punc.2.9. MoAWMNHMK NUTaTENbHOMO Hacoca C aBTOHOMHOM CMCTEMOW CMa3Ku:
1 — MacronogaroLlee KosbLo; 2 — 3MEEBUK MacNooX1aanTens

KpynHble Hacocbl 60/1bLION NoAAYM BbIMOSHAIOTCA C MOALMMHA-
KaMW CKOJIb3SILLEro TPEHUS. B 0fHMX Clydasix NpUMEHSIETCA cMaska C Mo-
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MOLLbIO KOfel, BUCAWMX CBOBOAHO Ha Bany M MOAHUMAKOLWMX Mac/io Ha
Bas M3 BaHHbI B KOPryce MoAWMNHMKA: B APYrMX Cllydasix Macio nofaet-
CS1 B MOAWMMHMKM NPW MOMOLLM Hacoca (puc.2.9).

MydTbl. 15 coeaMHEHUst BalOB HACOCOB U MPUBOAHLIX ABUra-
Tenen Hanbornee yaobHO NpuMeHeHUe 3M1acTUYHbIX MydT [10] pasnnuHbix
KOHCTpyKUMiA (pnc.2.10), npeaynpexaatowmx nepegady éueHuin n subpa-
LMI C Basla Hacoca Ha Ban ABuratenst u o6paTHo.

Puc.2.10. dnactuuHas mydTa (BTyn04HO-NanbLeBas):
1,2 — nonymydThl; 3- naneu; 4 — BTy/Ka ynpyrasi; 5 — waiba ans nanbues;
6 — wWaiiba cTonopHasi C HOCKOM; 7 — raiika

dnacTuyHble MydTbl YCTaHABIMBAKOTCA Ha Basibl Hacoca M ABura-
Tens ¢ Haubonblleh TOYHOCTbIO, 6e3 NEpPETAXEK U NEPEKOCOB. ITO Tpe-
byeTcs MOTOMY, YTO MO HapYyXHbIM 06paboTaHHbLIM MOBEPXHOCTAM MYyTbl
Mpy MOHTaXe MPOU3BOAWTCS BblBEPKA COBMAAEHUSI reOMETPUYECKUX OCE
BasIoB.

YnnotHeHus. B Mectax Bbixofa Bafa M3 Kopryca ycTaHas/u-
BAlOT KOHLEBbIE YM/IOTHEHUS, HA3HAYEeHWEe KOTOPbIX ONpeaensieTcs ycio-
BMSIMM paboTbl Hacoca.

Mpn HanMumMm M36bITOYHOrO AABNEHWS WM BaKyyMa BO BHYTpEH-
HMX MOJIOCTSIX Hacoca B MecTax MpOXOAa Basla 4Yepe3 CTeHKM Kopryca
NPUMEHSIIOTCA 0Cobble YNIOTHUTENbHBIE YCTPOWCTBA, MHOMAA HasblBaeMble
CaNbHWKaMW, UM YMJIOTHEHUSIMUM KOHTAKTHOIO TpeHus. lNpu oTcyTCcTBUM
WM HEWUCMPaBHOCTU CaNbHUKOB MPOMCXOAMT BbIGPOC NepeMeLlaeMoii
HACOCOM >XMAKOCTM HapyXy Ha HaMopHOM CTOPOHE WM MNOACacbiBaHWE
Hapy>XHOro Bo34yxa BHYTPb Hacoca Ha CTOPOHe ee BCaChbiBaHUS.
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Lz =
Puc.2.11. KoHCTpyKUMs canbHUKa C MSIrKOW HabuBKow

MpocTeiwas KOHCTPYKUMS CafibHMKa C MArKOW HabuBKoM AaHa Ha
puc.2.11. NmMelowasnca B MeTanne kopnyca 1 umnmHgpuyeckass BbITOYKa
3aMnoJIHAETCS KOMbLUAMM LWHYpa 2 M3 MAMKOro NMpoMac/ieHHOro mMartepuana
(xnonuaTHuKa, NeHbkK, acbecrta). Brynka 4 canbHMKa NIOTHO 3aroHSETCS
B BbITOYKY HaBMHYMBAHWEM raek 5 u BblAABNMBAET MArKyl0 HabuBKy B
CTOpPOHbI, YNNOTHAS Ban. Bcneacreune TpeHust Bana o Habueky npu pabote
Hacoca BbIENSIETC HEKOTOpOe KONMYeCTBO TennoTel. [ns oTBoAa ee
Heobx0aMMO, YTObbI CanbHMK Mponyckan HeboNbLLoe KOMMYECTBO XWUAKO-
CTW, yAansieMoi B KaHanmsaumio.

doda uz nanopnoo

Puc.2.12. CanbHWK C MSrkoi Habuekom Puc.2.13. CaﬂbHMKOBOE ynnOTHeHme Bana
W BOASHBIM YMIOTHEHMEM Hacoca Anisi ropsiyeii Boabl

Co CTOpPOHbI BCACbiBAHUS YACTO MPUMEHSIIOT CaflbHUKWN C BOASHBIM
ynnoTHeHneM (puc.2.12). B Hacocax, nogatolmx ropsidyo Boay, npume-
HSAIOT YMIOTHEHUS C MHTEHCMBHBIM BOASIHBIM OxnaxaeHueM. Ha puc.2.13
NnoKasaHa KOHCTPYKUMS TaKoro YnsiOTHEHWUS, NPUMEHSEMOro B nuTaTeNb-
HbIX Hacocax. B Kpbillke Hacoca yCTaHaBAMBAETCS TOHKOCTEHHas pebpu-
cTas BTynka 1, ynsoTHsieMasl KOSbLOM M3 TEepMOCTOMKOro nnacTuka.
YnnoTHstowas HabvBka 2 3akiaAblBaeTCs B KOMbLEBYK MOMOCTb, 0bpa-
30BaHHYylO0 BTYyNKOW 1 M 3alMTHOW BTYNKOW 3 M 3aKMMaeTcs CTaKaHOM.
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Boaa npoxoauT K HabuBKe NO KOMbLIEBOW LLENW C paananbHbIM Pa3MepoM
0,3 MM, rae VMHTEHCMBHO OX/AXAAETCsl, COMpUKacasicb C XOJIOAHOW Mo-
BEPXHOCTbIO BTYNkM 1. Takum o6pa3omM, BTy/IKa W Ban NpeaoxpaHeHbl OT
neperpesa.

TopuoBble YNJIOTHEHUS B HACTOSLIMIA MOMEHT HaLWW LIMPO-
KOe MpUMeHeHne B COBPEMEHHOM HACOCOCTpoeHuu. Ha puc.2.14 nokasa-
Hbl OCHOBHbIE TWMbl 3TUX YMNNOTHEHWA. Ha puc.2.14,a nokasaHa cxema
YNIOTHEHUS M3 pe3nHOBbLIX Koneu Aans gasneHns o 10 Mlla. B atom
YNJOTHEHUN Mapa TPEeHUS COCTOUT M3 HEMoABMXXHOMO Pe3NHOBOIO KOJbLa
1 n dacoHHoro Metannnyeckoro konbua 2. Moaaep)xaHne HeobxoanMoro
HaTsdra YniaOTHEHUS AOCTUraeTcsl MPYXWMHOM 3 M OTYaCTU BHYTPEHHUM
31aCTUYHbIM KOJbLOM 4.

Puc.2.14. Tvnbl TOPLOBBIX YMIOTHEHUI

Ha puc.2.14,6 nokasaHo aHanorMyHoe YMJOTHEHME C TOM NULLb
pasHuuen, 4To PpToponIacToBoe KonbLO 1 napbl TPeHUS U BHYTpeHHee
pe3vHOBOE KOSbLO 4 BbIMNOMHEHbI KOHUYECKMMW. YMNOTHEHWUS 3TOMO TUMa
paccunTaHbl Ha gasnerve ao 0,5 MlMa ans BoAbl M arpeccUBHbLIX XUOKO-
cTen.

YNnoTHeHWe C HENOABWMXHbLIM (hTOPOMNACTOBbLIM UK NPOMNUIEHO-
BbIM cuiboHOM (puc.2.14,B) NpUMEHSETCH ANst KUCMOT WU LWenoYel npu
faenenusix go 0,3 Mlla. HaTtar ynnoTHeHUs Co3faeTcs 34ecb OAHOBpe-
MEHHbIM AEACTBMEM CUSIbOHA M BCMIOMOraTesIbHOM MPYXXUHbI.

YNIOoTHEHWE C METaNIMYeCcKMM CuUbPOHOM Ansl AaBneHus Ao
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1 MlMa nokasaHo Ha puc.2.14,r.

TopuoBble YMNIOTHEHWUS 06NaAalT MHOMMMM  MONOXUTENbHBIMU
cBoicTBaMn. OHM paboTaloT NPaKTUYECKM C HYEBOM YyTeukoi: 6yayum
npaBuIbHO MOACBPaHHBIMU U CMOHTUPOBAHHLIMU, OHM He TpebyloT 06-
CNYXWBaHWUS, OTIMYaloTCs 6ONbLIOK M3HOCOCTOMKOCTBIO, ManoyyBCTBU-
TesIbHbI K Nepekocy U bueHuio Bana.

MoTepsi MOLWHOCTM Ha TPEHWE B TOPLOBbLIX YMJIOTHEHUSIX COCTaB-
nsieT He 6onee 50% NOTEPb OT MOLYHOCTU B OBbIYHBIX CaNbHUKaX.

YnnotHeHus paboumnx kosec. O6bI4HO KaXkaash CTyMNeHb Haco-
Ca MMeeT ABa YMNJIOTHEHWS: YNIOTHEHME paboyero koneca U MeXCTyneH-
YyaToe. B KOpnycHbIX AeTansx Hacoca YCTaHaB/IMBAlOT HEMOABWKHbIE
YNIOTHUTENbHbIE KOJbLa.

Mexzay ynnoTHUTENbHbIMM NOosICkaMi paboumnx Konec 1 KonbLamu
obpasyeTcs UMIMHAPUYECKas KosbLeBasi WeSb, B KOTOPOM MOHWMXaeTcs
AaBNIEHNE MPOTEKAIOWEN XMAKOCTU. YNNOTHUTENbHbIE KOMbLA 3amnpecco-
BbIBAIOT MMM KPeNsT BUHTaMM K KOPMYyCHbIM AeTansMm. Bo usbexaHue us-
rmba cnaHua ynioTHAIOWEro KofbLUa Mo ero BHELHEMY AUAMETPY PEKo-
MEHAYETCS BbINOHATb YNOPHbIA BYPT WMPUHON 2-4 MM.

YNNoTHUTENbHbIE KOMbLA MpU  YCTaHOBKE 6e3  KpensjeHus
UMetoT Hebonblon BypTUK. KonbLO YCTaHaBIMBAlOT B KOpMyce no Hero-
ABWXHON nocagke U (pUKCUMPYIOT BUHTAMM OT MPOBOpayuBaHus. AHano-
MYHbIM 06Pa30oM YCTaHABNMBAIOT KOJbLIa MEXCTYNEHYATbIX YNIOTHEHUM.

R
7) 5) 5) -

Puc.2.15. Buabl ynnoTHEHWUI paboumnx Konec

Havnbonee npocTbiM ABASETCA  OAHOLIENEBOE  YNJIOTHEHWE
(puc.2.15,a). B Hacocax BbICOKOrO AaBfieHUs ANs1 YMEeHbLUEHUS1 06 beMHbIX
noTepb MNPUMEHSIIOT YNIOTHEHUS 60MEE CIOXHBIX KOHCTPYKLIMA.

OpHolueneBoe ynioTHEHME C KO3blpbkoM (puc.2.15,6) nosbiwaet
KO3(PMLUMEHT CONPOTMBIEHUS WM U 0becneymBaeT MeHblUee BO3My-
LLleHne OCHOBHOro NMOTOKa Ha Bxoae B pabouee koneco. bonee 6naronpu-
ATHbIE YCNOBUS A1 OCHOBHOrO MNOTOKa oObecneunBaeT YMnoTHEHWE C
HaKJ1I0HHbIM KO3bIpbkoM (puc.2.15,B).

[Byxuienesoe ynnOTHEHME C BHE3anHbIM pacLUMPEHUEM LLEen
(pnc.2.15, r) npuMepHo Ha 20—30% CHMXXAET NPOTEYKM MO CPABHEHUIO C
OZHOLLENEBLIM YMIOTHEHNEM.

Ans 4YyryHHbIX W CTanbHbIX pabounx Konec YNAOTHUTENbHbIE
KOJbLi@ MOXHO M3roToBNATb M3 YyryHa CY 18-36. ns paboumnx konec m3
ctanu 2X13 ynnoTHUTESbHbIE KOMbLa YacTo U3roTOBASIOT M3 Tepmoobpa-
6aTbiBaeMol cTanu 3X13. PasHOCTb TBEpPAOCTEW COMpsiraeMblX AeTanei
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L0/mkHa 6biTb okono HB 50.

YNNoTHUTENbHbIE KOMbLA M3 ctann 1X18HI9T umeloT xopouyto
3PO3UIAHYI0 CTOMKOCTb, HO MJIOXO COMPOTMBASIIOTCS 3aaupaHuio. BpoH3o-
Bble KoJSiblja, HaobopoT, NpU XOPOLLEN COMPOTUBASIEMOCTM 3aaMpaHuto
UMEOT Masylo A0JSIrOBEYHOCTb paboTbl M3-3a 3PO3UMHOMO pasMblBa. XO-
pOLIO CONPOTMBASETCS 3aaupaHnio CTanb XI7H2 npu AOCTaTOYHO BbICO-
KOWM [ONrOBEYHOCTU.

Kopnyc Hacoca. Kopriyc Hacoca BbINONHAETCH B BUAe Tpex oc-
HOBHbIX KOHCTPYKTUBHbIX (hOpPM:

e CEKLMOHHBIN;

e C FOPU30HTaNbHbIM pa3beMOM;

e BYXKOPMYCHOW.

CeKUMOHHbI kopnyc (puc.2.16) npeactaBnseT coboit Habop
CeKUMi 2, MMeloWMX pa3beMbl B MOCKOCTSX, MEPreHAMKYNSPHBIX OCK
Hacoca, KpblWeK BXOAHOW 1 M BbIXOAHOW 3, COEAMHEHHBIX MeXay
cobol CTSHKHbIMM  WNubkamMn 4. [Mpeobnajatollee pacnpocTpaHeHne
TakMe Kopnyca nMofayyYunu B MHOMOCTYMEHYaTblX Hacocax. Kaxayro
CEKUMIO MOXHO paccMaTpuBaTb KaK OTAENbHbIA Hacoc, paboTarolmii
Npwv pa3HOM AaB/IEHWUN XXUAKOCTY.

BxoaHasi M BbIXOAHas KpblIWKK ABNstoTcs 6a30BbIMU AeTansiMu
Hacoca. B KpbllWKax BbINOSIHEHbI COOTBETCTBEHHO BXOAHOW W BLIXOAHOW
naTpybku. COBMECTHO C KpbILKaMU OT/IUTbl OMOPHbIE flamnbl, KOTOPbIMM
Hacoc duKcupyeTcst Ha yHAAMEHTHOM NANTE, U KOPbITOO6PasHbIE KPOH-
WTENHbl ANS NOALMMHMKOB. K KpbIWKaM Ha LWNWIbKaxX NOACOEAMHSIIOTCS
Kopryca KOHUEBbIX YM/OTHEHWI. B BbIXOAHOM KpbILKE YacTo pacrionara-
€TCS pasrpy304HOE YCTPOICTBO.

Kaxxpas cekuusi npeactaBnsieT cobo LUMAMHAPUYECKYHD, NIUTYIO
U3 YyryHa Wan CTaaun TOJICTOCTEHHYIO 060104Ky, BK/IIOYAIOWYIO0 pasaenu-
TenbHylo AuvadparMy, a Takoke NpsiMoi 1 06paTHbLIM HanpaBasowwMe an-
naparbl.

4/-_ - @l‘ -

Pnc.2.16. KoHCTpyKUms KOprnyca CEKLMOHHOro Hacoca
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[leHTp AUCTAHIMOHHOTO 06YYeHHUS U MOBbIILIEHUST KBaJTUPHUKALUU

I/IHHOBHL[I/IOHHL)IG MEeTOJbl IPOEKTHPOBAHUA JIOMACTHBIX THAPOMAIINH

Cekumn mMexxay coboit U C KpbllKaMyU LEHTPUPYIOTCS Ha LMSIUH-
Apvdeckux 3atodkax. CTbIKM MOryT YNIOTHATBCA Nnbo 3a cyeT MeTanu-
YEeCKOro KOHTaKTa YMAOTHSAOWMX NOSICKOB, 160 nNpy NOMOLLUM YNAOTHU-
TeNbHbIX Koney. [ns NOBbIWEHUS HAAEXHOCTU YNAOTHUTENbHbIX CTbIKOB
npeaycMaTpyBaloT KOMOMHMPOBAHHOE YNIOTHEHNE (METanNIMYEeCK