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Bsenenne

Hacrosimee ydeOHoe mnocobue (B nmanpHeidimeMm YII) pacmpoctpansiercs Ha
KypCOBOM (AUIUIOMHBIN) MPOEKT (paboTy), BBIMOJIHIEMbIE CTYICHTAMH CIICIIMAIbHOCTH
150802 kak Bum y4ueOHOW pabOTHI MO AUCIMIUIMHE «JIOmacTHBIE THAPOMAIIMHBI U
ruapoanHamudeckue nepegaun» (JITMII), u ycranaBnuBaeT eAauHble TPEOOBaHUS K
coJiepKaHuio, 0(hOPMIICHUIO, BBIMOJHEHUIO PACUETOB U MPOIIECCY MPOSKTUPOBAHUSI.
PaboTa nmo pacuery U NpOEKTHPOBAHUIO OCYILIECTBISETCA B IOJIHOM COOTBETCTBHH C
OCHOBHOM 00pa3oBaTelIbHOM MpOrpaMMOil MOJATOTOBKM OakaaaBpOB, MarucTpoB U
JTUTUIOMUPOBAHHBIX CIENUAIACTOB MO crnenuaibHOCTH 150802 «['mapomamingbl,
TUAPONPHUBOJBI W THAPONHEBMOABTOMATHKa», pa3padOTaHHOW Ha  OCHOBE
['ocynapcrBennoro o0pazoBatenbHoro crangapra (I'OC).

VII yuutbiBaeT TpeOoBaHus yudeOHOTro mnocodus «KypcoBoe M AMILNIOMHOE
MPOCKTHUPOBAHUE TUAPOPHUIIMPOBAHHON TEXHUKU» [2].

JIUTIIOMHBIN POEKT MOKET OBITh PACCMOTPEH KaK KOHEYHOE 3BEHO M3yUCHUS
JUCHUTUIAHBI.

OO0wmue 1MOJIOKEHU

1.1 KypcoBoii npoekT (padbota) no AuCHUIUIMHE «JIomacTHbIE MalllUHBI U
TUAPOJMHAMUYECKUE TEPEeNIaun» BBINOJIHAETCS CTyleHTaMu Ha 4 Kypce B 7-OM
CeMeCTpe — JHEeBHOUW O04HOM (Gopmbl (Cpok 0OydeHHs 5 jeT) u Ha 3 Kypce B 5-oM
CEMECTpE - JHEBHOM COKpaIlleHHON (GopMbI (Cpok 00ydeHus 3 rona).

1.2 Ilenmpt0  KypcOBOTO  MPOEKTUPOBAHUS  SIBISIETCA  3aKpEIICHUE
TEOPETUYECKOr0 MaTepHalia Mo Kypcy, NOJy4eHHUE OCHOBHBIX HABBIKOB pacuera H
MPOEKTUPOBAHMUSI OCHOBHBIX JJIEMEHTOB IIEHTPOOEKHOIO Hacoca, a TaKke
MPAKTUYECKUX HABBIKOB COCTABJICHUS MPOrpaMM KOMIIBIOTEPHBIX PACUETOB JIs
3aJlay MCCIIEI0BATEIbCKOIO XapaKTePa, CBSI3aHHbBIX C BHIIIOJHEHUEM 3aaHusl.

1.3 Kax Il CTyICHT, BBITIONHSAS KypCOBOU MPOEKT (paboTy), /Il YCBOSHUS
METOJMKK pacueTa MeHTpobexxnoro Hacoca (I[H) mpoBoaut pyuHoit pacyeTr B
nporpamme Mathcad v.13 oHOTO WM HECKOJIBKUX MIAroB MPUOIMKCHHM, a 3aTeM 110

BBI6paHHI)IM B Py4YHOM pacdCeTC HMCXOIHBIM JJIdHHBIM, IIPOU3BOJIUT OKOHYATEIbHBIN
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pacuer IIH Ha 3BM c ncnonp3oBanuemM nporpammHoro odecreuenus TurboPascal
7.0. Pe3ynbpTaThl 000MX pacyeTOB OIICHUBATHCS MEXKAY COOOM IMyTeM CpaBHEHUSI.
1.4 Pe3ynpTaThl pacueTa SBISIOTCS OCHOBOH JIsi KOHCTPYKTOPCKOMH
pa3paboTKu paboyero Koyeca Hacoca, ero Bajia, CIUPaIbHOrO OTBOJA M TUAPOTISTHI.
1.5 O6mwmii BUA LEHTPOOEKHOTO HACOCa CTYACHT NMPUHUMAET TOTOBBIM,
UCIOJB3Ys KaTanoru, cnpaBounuku [8,9,10,11] u opueHTHPYSACH HA CYLIECCTBYIOIINM

BBIOpAaHHBIN IPOTOTHI HACOCA.

1. OcHOBHBIE CBeeHHUsI 0 IEHTPOOEKHBIX Hacocax [14]

1.1. YcTpoiicTBO M MPUHIUIT AEHCTBUS HACOCOB

Hecmotpss Ha Oosbiioe pa3HooOpa3ue KOHCTPYKIMM, HAacOChl JTUHAMUYECKUE
COCTOSIT W3 psAfa aHaJOTUYHBIX OJJIEMEHTOB (CTyNEHEH), KOTOpbIe MOXKHO
paccMaTpuBaTh B KAUECTBE 3JIEMEHTAPHBIX HACOCOB.

[entpoOexupiii Hacoc (puc. 1.1) mnm cTynmeHb MHOTOCTYIIEHYaTOro Hacoca
COCTOMT M3:

e mozBoja |, mperHa3HaYECHHOTO JUISI TOAAYH KHIKOCTH OT BXOJHOTO MaTpyOKH K
pabouemy KoJiecy MepBOMl CTyNeHH (MU K MOCJEAYIONIe CTYNEeHH) Hacoca ¢
MUHUMAJBHBIMU  TOTEpsiMH, oOecreunBas Tpebyemoe  pacmpeaeneHue

CKOpPOCTEH HU BXOJIe B pabouee KOJIeco:
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Puc.1.1. [lpunnunuanbHas cxema LEeHTPOOEKHOIo Hacoca
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e pabouero kojeca 2 B KOTOPOM IPOUCXOAUT IPEeoOpa3oBaHUE MEXAHUYECKOU
SHEPIUHU MPUBOJAA B THIPABIMYECKYIO SHEPTUIO IEPEKAUYNBAEMON KUIKOCTH;

e 0TBOAA 3, KOTOPBIA CIYyXHT JJIsi cOOpa JKUIKOCTH 3a PabOUYMM KOJIECOM,
raleHuss MOMEHTa CKOPOCTM M TpeoOpa3oBaHUsl KUHETHUYECKON SHEpruu
KUJAKOCTU B DHEPTUIO JABJIEHUS MOJABOJA KUAKOCTH K HAIOPHOMY MATPyOKy
WIH K CIEAYIOUIEN CTylIeHH Hacoca.

KoHcTpykTuBHas kinaccuPUKaUsi OCHOBHBIX AJIEMEHTOB LIEHTPOOEKHBIX HAaCOCOB

MIPUBEJEHA HIXKE.

[lonBoapl  LEHTPOOEKHBIX HacocoB  (puc.l.2), BBINONHAIOT B  BUJE
KoH(py3opHOTO TaTpyOKa (puc.l.2,a), m3orHyToro konena (puc.l.2, 6), KodbleBOU
Kamepsl (puc.l.2,B) u momycnupanpbHoro tumna (puc.l.2,r) myis oceBbIX HACOCOB B

BHAC IIPAMOOCHOTI'O Han}I6Ka, HN30THYTOI'O KOJICHA 1 KaMCPHOI'O THIIA.

a — KOH(y30pHBIi MaTpyOoK; O — N30THYTOE KOJICHO; B — KOJIbIIEBAsI KaMepa;

I' — [IOJyCIUPATBHBIN MOIBOJ

Puc. 1.2. CxeMbl TOIBOIOB IIECHTPOOEIKHBIX HACOCOB

PabGoune koisieca BBIMONHSIOT paauanbHoro (puc. 1.3,a), AMAroHaabHOrO M
ocesoro (puc. 1.3,0) TumoB. Pabouee kojeco 3aKpBITOrO THUIIA COCTOUT U3 KOPEHHOTO
3 ¥ MOKPBIBHOTO 1 AMCKOB C pacCMOIOKEHHBIMU MEXAY HUMU jonacTsmu 2. Pabouee
KOJIECO MONyOTKpbIToro THna (puc.1.3,0) He MMEeT MOKPHIBHOTO IUCKA, a JIOMACTH
BBITIOJTHEHBl 3a0JIHO C OCHOBHBIM JHCKOM. Pabouee KojiecO OTKpBITOTO THIIA

(puc.1.3,B) He UMeeT AWCKOB, a JIOMACTH KPEMUTCS K BTYJIKE, aHAIOTUYHO paboyemy
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KOJIECY O0ceBoro Hacoca. Pabouee koyeco BuxpeBoro Hacoca (puc.l.3,r) npeacraBiser
co00¥ BTYJIKY C paJaIbHBIMU JIOMIACTSAMH (THTIA «3BE30UKAY).
PabGouee koneco BUXpPEBOro Hacoca 3aKPBITOTO THUIA HMMEET P KOPOTKUX

JIOTIATOK TO Tiepudepuu AucKa.

%)

9 J)
a — 3aKpBITOI'O THUIIA: 0 - IMOJYOTKPBITOI'O THUIIA: B - OTKPBITOI'O TUIIA, I' - BUXPCBOI'O

Hacoca, I - OCEBOI0 HaCcOCa

Pucynok 1.3. Cxembl pabo4nx KoJieC TMHAMUYECKUX HACOCOB

OTBOABI BBHITIOJNHSIOT: JIJISi IIEHTPOOEKHBIX HACOCOB crupaibHbiMH (puc.l.4,a)
ui  KonblieBbiMU (puc.1.4,0), B Buae Hampamistomux annaparoB (puc.l.4,B),
cocTaBHbIMU (puc. 1.4,r). cOCTOAIMMHU U3 KOMOMHAIIMK HAMPABISAIONIEro anmapara co
CHOUPAJIbHBIM WM KOJBLEBBIM OTBOJOM. JIJii OCEBBIX HAaCOCOB OTBOJAMHM CITyKaT
BBITPABIISIONINE aMapaThl, BEITIOJTHEHHBIC B BHJIC Psa HEMOABIKHBIX MPOQHUIBHBIX

JIONATOK, PABHOMEPHO PACIIOJI0KEHHBIX MO OKPY>KHOCTH.

Jlns mpuBeneHuss Hacoca B pabouee COCTOSIHME €ro pabouas Kamepa H
BCACHIBAIONINNA MAaTPyOOK JODKHBI OBITh 3amOJHEHBI KHAKOCThIO. Ilyck 1eHtpo-
OeXHOTO Hacoca CIeAyeT MPOU3BOIAUTH TPHU 3aKPHITOM 3aJBUKKE HArHeTaHWs, a

OCEBOI'0 U BUXPEBOI'0 — COOTBETCTBEHHO C OTKPBITOM.
-6-



[TpuHIMn JAEHCTBUS LEHTPOOEKHBIX HACOCOB 3aKIIIOYAETCS B BO3HUKHOBEHHUU
IIEHTPOOEIKHOM CHIIBI TIPU ABMIKEHUH YaCTHUYEK KUJIKOCTH 10 OKPYKHOCTH.

[Tox nericTBHEM 3TOM CHUIIbI, @ TAKXKE B PE3YJbTATE MEXAHUYECKOTO BO3/ICHUCTBUS
jJomacteld pabodero koJjieca Ha JKHUJIKOCTh, OHA YyCTpeMysieTcss Ha mnepudeputo,
co3JlaBasi TaM U30BITOYHOE JaBJICHHE, a HA €€ MECTE€ BO3ZHUKAET BaKyyM, B pe3yJibTaTe
JNEUCTBUSL  KOTOPOTO  MPOMCXOJIUT  BCACBIBAHUE  KUAKOCTU.  AHAJIOTHUYHO

OCYHMCCTBIIACTCA pa60q1/11?1 MponecCcC U B APYIux THUIIAX JIOIIACTHBIX HACOCOB.
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a - CIUpaJbHBINA;, O - KOJIBIIEBOM; B - HAIIPABJISIONIMN arapar; T - COCTaBHOM OTBOJI

Puc.1.4. CxeMbl OTBOAOB IIEHTPOOEIKHBIX HACOCOB.

Kunkocte yepe3 MNOABOJ TMOCTYNAaeT Ha BpalaolIMecs JIomacTH pabdoyero
Kosieca. B pe3ynbpTaTe B3aMMOJIEHUCTBHS MOTOKA C PEIIETKOW JOMACTed MPOUCXOIUT
BO3pacTaHME€ MOMEHTa CKOPOCTH 3a pabodMM KOJIECOM, CII€OBATENbHO, U yAEIbHOU
sHeprud. B mud@y3opHbIX KaHaax OTBOJA MPOUCXOAMUT MPeoOpa3OBaHHE YACTH

KUHETUYECKOMN OHCPIUU B OHCPIUIO JaBJICHUA.

MC)K}Iy HCTIOABHKHBIMKW M BpallalOMHUMHCA ACTAIIMH HACOCa BBIIIOJIHAIOT

IEJIEBbIC YIJIOTHEHHS] JJIS YMEHBIICHHUS TpoTedeK (0O0beMHBIX ToTephb). s
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MPEIOTBPALICHUS] BHEIIHUX YTEYEK B HACOCE MPHUMEHSIIOT KOHIEBOE YIIOTHEHHUE
pasHbix THnoB 1, 2 (cm. mo3. 4 nHa puc.l.l). Porop Hacoca 5 Bpamaercsi B
HOIINTTHUKAX.

[Ipu pabote Hacoca pabouee KoJeco M3-3a HECUMMETPHUHU 3IIOPHI JaBICHUN IO
0o0e ero Hapy>KHbIe CTOPOHBI, JEHCTBYET OCEBOE YCHJIUE, HANPABICHHOE B CTOPOHY
BcacbiBaHUs. [Ipu ype3sMepHOM H3HOCE YIUIOTHEHUH BEIMYMHA OCEBOUM CHIIBI MOXKET
PE3KO BO3pacTU. B BRICOKOHAMOPHBIX MHOTOCTYIIEHYATHIX HACOCAX BEIIMYMHA OCEBOMU

CHJIBI JOCTHUI'aCT HCCKOJIBKHUX ACCATKOB TOHH.

B Hacocax npuMEeHSIIOTCSI pa3IudHbIe CIOCOOBI YPaBHOBEIITUBAHUS OCEBOM CHIIBI:
® B OJIHOCTYNEHYATHIX HACOCAX - NMPUMEHEHHE PabOUYUX KOJIEC C JABYCTO-
POHHUM BXOJIOM, TMPHUMEHECHHEC CHMMETPUYHBIX YIUIOTHCHHH 10 00€
CTOPOHBI paboYero KoJyieca, yCTAaHOBKA PaJIMaIbHBIX TOPLOBBIX JOMACTEH
Ha BHEIIHEH CTOPOHE BEIYIIETO JANCKA,;
® B MHOIOCTYNEHYATHIX HACOCAX C OJHOCTOPOHHUM PaCIHOJIOKEHHEM
pabounx KOJIeC OCEBOE€ YCWIME YpPaBHOBEIIMBAETCS C IOMOIIBIO
pasrpy304Horo OapabaHa WM rUapaBIdyecKoi nsaThl. Eciau pasrpy304Hblii
O0apabaH TOJHOCTHIO YPaBHOBEIIMBAET OCEBOE YCWIME Ha OJHOM
pacyeTHOM  pEXHME, TO THIpaBINYECKas nsTa  SBJISETCSA
CaAaMOPETYJIHUPYIOMIUM  Pa3rpy30YHBIM  YCTPOHCTBOM,  pPabOTArOIIUM
aBTOMATHYECKM Ha BCEX PEXKUMax. YPaBHOBEIIMBAHWE OCEBOW CHJIIbI B
MHOTOCTYINEHYAThIX  HAacocax  TaKKe  JIOCTUTAETCS  TOMapHbIM
pacmoyoKeHueM pabouux KOoJeC B pa3HbIe CTOPOHBI (CHMMETPHUYHOE pac-

MOJIOKEHUE pabOUnX KOJIEC).

CrnemyeT uMeTh B BUJY, 4TO JIFOOON CIOCOO ypaBHOBEUIMBAHUSI OCEBOTO YCUJIIUS
cBs3aH co cHmkenueM KIIJ[ Hacoca.
[Ipu paboTe HACOCOB CO CIUPAILHBIM OTBOJOM Ha HEpPAcCUYETHBIX pexumax (3a

npeaenaMu  paboyel 4YacTH  XapaKTEPUCTUKH) BO3HUKAIOT  JIOMOJIHUTEIHLHBIE



pagvaibHbIE CHJIbI, JEWCTBYIOIIME HA POTOP M YXYALIAIONIME JUHAMUYECKHE
XapaKTEPUCTHKHU HACOCA.

B Hacocax ¢ KOJbLEBBIM OTBOJOM MaKCHUMallbHOE 3HAUYEHUE PaJHaIbHOU CHIIBI
MMEET MECTO Ha ONTUMAIILHOM PEKHUME.

[Ipy wWCHONB30BaHMK HANPABIAIOIIMX aNNapaTtoB, JBYX U TPEX3aXOJHBIX
CHUPAJIbHBIX OTBOJOB, COCTABHBIX OTBOJIOB paJUalIbHbIE YCHJIMS HAa BCEX PEKUMAax
YPaBHOBEIINBAKOTCS.

PaguanbHple ycwins MOTYT BO3HHMKHYTh B ILIEJEBBIX YIJIOTHEHUSAX IPH

S3HAYUTCIBbHOM HUX M3HOCC WM HAJINYNH SKCOCHTPUCHUTCTA B IICIIN.

1.2. Kimaccupukanust HacocoB

BBuay Oosblioro paznooOpasusi KOHCTPYKLHMM, cep HCIOIb30BaHUS, CBOICTB
MEePEKaYuBAEMON >KUJIKOCTH KJIACCHU(PUKALUS JIOMACTHBIX HACOCOB OCYIIECTBIISIETCS

I10 OTACJIbHBIM XapPaKTCPHBIM ITPU3HAKAM.

Kaaccupukanuss no Ha3HAYeHUI0 HMMeeT HauOoubllliee 3HAYEHUE IS
HKCIUTYyaTallMOHHOTO nepcoHana. OHAKO OHA BaKHA U Ul KOHCTPYKTOpa, KOTOPBIN

JOJIDKCH YUHUTBLIBATb OCOOCHHOCTH pa6OTLI HacCocCa B OIIPCACIICHHBIX YCIIOBUAX,

® Hacochl OOIlEr0 Ha3HA4YEHUsl - MpeTHAa3HAYEHBI ISl TIEpeKauyuBaHUs XOJO/I-
HOM, YHCTOM, HEarpeCCHBHOM BOABI WIJIM CXOJHBIX C HEW 1o (U3HKO-
XMMHUYECKUM CBOMCTBaM KHUJAKOCTeW. Hacockl MpUMEHSIOTCS B Pa3IMYHBIX
OTpaciIsIX HAPOJIHOTO XO35UCTBA;

® HACOCHI ISl TPAHCIOPTUPOBAHUS B3BECEH - MpeIHA3HAYEHBI IS MEepeKaydn-
BAHUS HEUTPAIBHBIX WJIM MAJIOArPECCUBHBIX JKUAKOCTEH C TBEPABIMU YACTH-
namu. OHU TPUMEHSIOTCS B TOPHOJOOBIBAIOIICH IPOMBIIIJICHHOCTH, CTPOH-
TEJIbCTBE, KOMMYHAJIbHOM X034iCTBE U np. K 3TOM rpynne oTHOCITCA TPyH-

TOBBIC, IIJTAKOBEIC, @CK&HBHBIC, MaCCHBIC U APYTHU€ HACOCKHI;



® DJHEPreTUYECKUE HACOCHI - MPeAHAa3HAUYEHbI 1J1s1 pabOThl B CXE€Max TEIJIOBBIX U
ATOMHBIX JEKTpocTaHUUd. K HUM OTHOCSATCS MHUTATENbHbIE, KOHIAEHCATHBIE,
CETEBBIE U CHELMAIBHBIEC HACOCHI;

® XHMMHYECKHE HACOCHl - MpEeAHA3HAYEHbl ISl MEpEeKauMBaHUS YHCTBIX HE3a-
I'PSI3HEHHBIX arpeCCUBHBIX KUAKOCTEN B XUMHUYECKOW MPOMBILIUIEHHOCTH;

e Hacochl 11 HEPTAHOM M HEPTEXUMHUUYECKOW MPOMBIIUIEHHOCTH - MpEeAHAa3Ha-
YeHbI JJI CIPOl HEPTHU U NMPOJYKTOB €€ MepepabOTKH B IMIMPOKOM JTMANIa30HE
TEMIIEpaTyp. DTO HACOCHI JUIsl MATUCTPAIBbHBIX HEPTENPOAYKTOB, 3aKOHTYP-

HOI'O 3aBOJHCHMUA HC(bTﬁIHI)IX I1J1aCTOB, 6GH31/IHa, C)KMIKCHHBIX I'a30B U IP.

ITo NMPUHIAITY I[eﬁCTBHﬂ AUHAMHWYCCKNEC HACOChI ACIIATCA HAa ABC I'PYIIIIbI:

e JIoNacTHhIe (HEHTPOOEKHBIE U OCEBBIE), B KOTOPBIX Mepeaada SHEPIUH KU/I-
KOCTH OCYILECTBIISIETCS B pe3yJIbTaTe B3aUMOACHCTBHS PELIETKH pabOvyero
KOJIECA C TIOTOKOM,;

® BHUXPEBBIE (OTKPBITOTO U 3aKPBITOTO THIA, CBOOOIHO-BUXPEBBIE), B KOTOPBIX
nepenaya SHEPTUA OCHOBHOMY IOTOKY OCYLIECTBIISIETCS 3a CUET BUXPEBOIO

oOMeHa ¢ BTOPUYHBIM ITOTOKOM, CO3/1aBaACMbIM pa60‘H/IM KOJICCOM.

ITopoany mnepexkaunMBaeMOM KUAKOCTH HACOCHl  MOJAPA3JICISAIOTCS A

IMEPCKaYNBaHHA:

® UNCTHIX U CJIETKA 3arpSI3HEHHBIX HEUTPAJIbHBIX )KUIKOCTEH;
® 3arps3HEHHBIX JKUJKOCTEU U B3BECEH;

® JICTKO 3ara30BaHHBIX XKUJIKOCTEH;

® Ta30)XUJAKOCTHBIX CMECEH;

® ArpeCCHUBHBIX JKUIKOCTEM;

® JXMIAKHMX MCTaJJIOB.
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Br160op MatepuanoB, KOHCTPYKIMS U TPUHIIMI paOOTHl HACOCOB 3aBUCAT OT

(1)I/IBI/I‘-I€CKI/IX U XMMHUYECKHUX CBOMCTB MEPpCKaYBaACMBbIX )KHI[KOCTCﬁ.

ITo KOHCTPYKTHMBHBIM NPU3HAKAM, HaUOOJIee XapaKTEPHbIEC U3 KOTOPBIX JJIS

AVMHAMHWYCCKHUX HACOCOB IMPCACTABJICHLI B Ta6J'II/H_[C 1.

Tabmuma 1
Tun Hacoca KoHCTpyKTHBHBIN PU3HAK [IpumeHsieMoCcTh HACOCOB
[IEHTPOO| OCEBBIX | BHUX-
©KHBIX PEBBIX
1 2 3 4 5
["opu3oHTaIBHBII HAcOC Ocb BpallleHHs poTopa pacmoyioxkena| (+) + (+)
TOPU30HTAIBHO
BeprtukanbHblilt Hacoc Ocb BpallleHHsI pacIoyio’KeHa BEPTH- + (+) +
KaJIbHO
Hacoc ¢ HakiioHHO pac- — — + —
IIOJIOKEHHOM OCBIO
KoHcobHBIIH Hacoc Paboune opranbl pacroioKeHbI Ha + (+) (+)
KOHCOJIbHOM 4acCTH Bajla
MoHO0O0I09HBII HacoC Paboune opransl pacnooKeHbl Ha + — +
BaJIy JIBUTaTeJIsl
Hacoc ¢ BeIHOCHBIME Ormnopsl poTopa U30JIMPOBAHKI OT Tie- | (+) + (+)
ornopamMu peKavYnBaEMOM JKUIKOCTH
Hacoc ¢ BHyTpeHHUMH Ormopsl poTOpa CONPHUKACAIOTCS C Iie- + —
oropamu peKaYMBaEMOH JKHJIKOCTBIO
Hacoc ¢ 6okoBbiM BxooM [Kuakocte K Hacocy mnoaBoautcs| (+) (+) (+)
NEePICHANKYISIPHO K OCH BpaIICHUS
ab04YMX OpraHoB
Hacoc ¢ oceBbiM BXoioM | KHAKOCTB K HACOCY TIOABOAUTCS B + + —
HAINpPaBJICHUU OCH PabOYMX OPTaHOB
Hacoc nBycTopoHHero XKunkocts moxBoIUTCS K pabounm — +
BXOj1a OpraHam ¢ JByX IPOTHBOIOJIOKHBIX
CTOpPOH
OpHoctynenyatslii Hacoc  [Hacoc ¢ omHUM KOMIUIEKTOM pabo-|  + (+) (+)
YUX OPraHOB
JlByxcTynendartsiii Hacoc  |Hacoc ¢ aBymst mocienoBaTenbHO + — +
pacnosoKeHHBIMH KOMIUIEKTAMH pa-
00YMX OpPraHoB
Muorocrynen4arsiii Hacoc |[Hacoc ¢ Tpemst u Oonee komruiek- (+) — +
TaMH TOCJIEAOBATEIbHO  Pacojo-
PKEHHBIX pab0YMX OpraHoB
OaHOMOTOYHBIN HACOC Hacoc ¢ monayeii xxuakoctu yepes (+) (+) (+)
OJIMH OTBOJT
JIByXTIOTOYHBII HAacOC [Mogaya KUIKOCTH MIPOUCXOAUT Ue- + — —
pe3 JBa MoBoa
Hacoc ¢ TopiioBeiM Kopmyc Hacoca cocrout u3 neranei (+) + (+)
pa3beMoM (CEKIIMOHHBIN C pa3beMaMH B IUIOCKOCTSIX, IIEPIICH-
Hacoc) JMKYISIPHBIX OCH BpaIICHUs pOTOpa

-11 -



Tabmuma 1 (mpomomkeHue)

1 2 3 4 5
Hacoc ¢ oceBbiM pazsemom |Kopityc Hacoca umeet pazbeM B io-|  (+) + —
CKOCTH OCH BpPAaLIEHUs pOTOpa
JIByXKOpITYCHBII HAcOC Hacoc ¢ gononHuTenbHbIM BHEIIHUM | + — —
KOPITyCOM JUIst 0OecrieueHus repme-
TUYHOCTHU
Hacoc ¢ 3amuTHbIM Hacoc nmeer BHyTpeHHUI ChEMHBII + — +
KOpILyCOM KOpILyC, CTOMKHI K BO3JICHCTBHIO 1€~
peKayrMBaeMoOn KHUAKOCTH
ITorpy>xHol Hacoc Hacoc pacnonaraercst nogypoBHeM + + —
KHUJKOCTU B pe3epByape
Hacoc ¢ TpancMuccuonnsiM | Hacoc (00bIYHO MOTpYyKHOM) U JBU- + + —
BaJiOM rateib COeJUHEHBI TPOMEKYTOUHBIM
BaJIOM
Hacoc ¢ npenskitoueHHbiM | [IpenBKIIIOUEHHOE KOJIECO CITYKUT + — —
KOJIECOM JUIsl yIIy4IlIEHUs] BCAChIBAIOIIEH CIIO-
COOHOCTH Hacoca
I'epmeTnuHBbIi HacocC [ToHOCTBIO UCKIIFOUEH KOHTAKT I1e- + + +
peKayrMBaeMon KHUAKOCTHU C OKPY-
JKarouien cpenom
Ob6orpeBaemslii (oxJ1a- [Iporounas yacte ob6orpeBaercs + — +
JKJAaeMblil) HacoC (oxyaxkaaercs) OT HOCTOPOHHETO UC-
TOYHUKA
CranuoHapHbIi HACOC Hacoc, pabotatonuii Ha pynaamente| (+) (+) (+)
Hacoc co criupanbHbIM
OTBOJIOM:
0JTHO3aBHTKOBBIM; — (+) — —
JIBYX-, TPE€X3aBUTKOBBIM — + — —
Hacoc ¢ xoablieBbIM — + — —
OTBOJIOM
Hacoc ¢ manpapnsiromum | — (+) (+) —
anmnapaTrom
Hacoc ¢ cocraBHbBIM — + — —
OTBOJOM
Hacoc ¢ HenoaBMKHBIMU — + + +
JIONACTSAMHU PabOUYHX KOJIEC
Hacoc ¢ moBopoTHBIMH — — (+) -
JIONACTSAMHU PabOUYHX KOJIEC
Perynupyemslii Hacoc B cocraBe Hacoca nmeercs ycTpou- + + -

CTBO JUISI U3MEHEHHSI pEXKUMa
paboThl

*TIpumeuanne. [IpunaTe 0003HaueHUs: (1) - HaubOJIee YaCTO MPUMEHSIOTCS;

- HHOr'la IIPUMCHAIOTCS, — - HC IIPUMCHAIOTCA.
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1.3. OCHOBBI TEOPETUIECKOTO aHATM3a KOHCTPYKIIMH HACOCOB

Hacocel sBISIFOTCS MamMHaM#, KOTOpPHIE TMOMAYMHSIOTCS 3aKOHAM THIPO-
JTUHAMUYECKOTO T0JI00Ms 1Mo 3akoHy Pelinompinca. Tak kak mnpeoOiagaromiee
OOJIBIITMHCTBO HACOCOB paboOTaeT B KBAJAPAaTUYHOM 30HE PEKUMOB, YCIIOBHS
TUAPOMHAMUYECKOTO T10I00MS BBITIOJHSIOTCS TIPH COOJTFOICHHH ITe€OMETPHIECKOTO
Io100usI.

BcenenctBue 3Toro Hacocsl OOBIYHO BBIITYCKAKOTCA B BHJIE Pajia C MOJOOHBIMU
r€OMETPUYECKUMH pa3mepamu. [lapameTpbl MoAOOHBIX HACOCOB MOYHO IOJICYUTATh
110 YpaBHEHUAM MOJ00HUS:

I)I

Q_ Pr =27; N =222, TR, (1.1)
Q ’ N

_D, b,

roe =S = - OTHOLICHNUE COOTBETCTBYIOIIMX Pa3MEPOB IPOTOYKH MOJOCTH;
D, B ’

n
_
T =~= - OTHOIIEHHE YaCTOT BPAIICHNUS,
2
VYpaBHeHus Mogo0us CripaBeUIUBLI MPU A <2 U T < 2.
B HacococTpoeHnn B KadecTBEe KpHUTEpUs MOJOOUS ILIMPOKO MCIONb3yeTCs
KO3 DUITHEHTHI OBICTPOXOHOCTH Ns, ONIPEIEIIIEMbIN BBIPAKEHUEM:

Qr%gl_{/g (1.2)

rae N - yactoTa BpaiieHus (006/MuH);
Q - mogaua (M%/c);
H - manop (m).

Koadduument ns ompenenser ¢opMmy NTPOTOYHOM YacT Hacoca, (Gopmy
XapaKTepUCTHKH, COOTHOIIEHHE TE€OMETPUYECKUX pPa3MEpPOB, KHHEMATHYECKHE
COOTHOIICHHS TTOTOKa B Hacoce. C MOMOIIBI0 Ng MOKHO MPUOMKEHHO OMPEaeInuTh
nonasii KITJ] Hacoca (puc. 1.5) u ero cocrapnstoniue:

A = (1.3)
77
1 82
=1+
Zon 1T (1.4)
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[Mpubmmxenno ruapasnuyeckuii KIIJ ompenensercs mno dopmyne A.A.
Jlomakuna:

73@__&2__ (1.5)
R I= =25

rae: QP_V @ Ei; - IPUBEICHHBIN quameTp Bxoaa B PK, mwm;

Do - nmametp Bxonaa B PK, mm;
der - auamerp BTyaku PK, M.

T T N7
D, ‘ D, Do Dz D: : Dz ’ Do Dz

I; . Z: s D: _,, I;

—,;: ~ 2,0 Dﬂ ’.8---/.4 Do-’.ZNo’,’ Do z,
H H \(H\ H
N N T N

40<ns< 80 80 <ns< 150 150 < ns< 350 350 <ns<600 | 500 < ns< 3000
TuxoxonHsle Hopmasibnbie beicTpOXO/IHBIE [Tonyocesbie OceBble

Puc.1.5 3aBUCMMOCTh IPOTOYHON YACTH, OTHOCUTENIbHBIX XapaKTEPUCTUK U MOJHOTO
KIIJI monmacTHBIX HACOCOB OT N.

[Tonusiit KITJI Hacoca paBeH MpOU3BENECHUIO THAPABINYECKOTO, 00BEMHOTO U
Mmexannueckoro KIIJI.

BcacpiBaroniyto crnocoOHOCTh Hacoca MOKHO OIIEHUTh KaBUTAlMOHHBIM
ko3 dunrenToM ObicTpoxogHOCTH (Kodddumment C.C. PyaHesa)

cons

(1.6)
rac Ahﬂ - MAKCUMAJIbBHOC TUHAMHNYCCKOC ITIOHNXKCHUEC 1AaBJICHUA.

B o6brunbix Hacocax kodpdunueHt C = 800...900 (cpeanue KaBUTAITMOHHBIC
KauecTBa).
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JIisi TOBBITIIEHUST BCACHIBAOIICH CIIOCOOHOCTH HAcoca MPUMEHSIOT TMPe-
BKJIFOUEHHBIE YCTPOICTBA B BHJE OCEBOro Kosieca wuiu ImHeka. [lo 3HaueHuro
JIOMYCKaeMOT0  KPUTHUYECKOTo  Kod(dduimeHta  OBICTPOXOAHOTO  MOXKHO
ONPENIECIIUTh BEIUUYUHY JIOITYCKAEMON BaKyyMMETPUUYECKON BBICOTHI BCACHIBAHUSI.

oy R S 7)

Puc. 1.6 JIBmxeHue )KuaKkocTH B paboueM KoJiece

Teopernyecku U HAMOpP, pa3BUBAEMbBIH HACOCOM, MOXET OBITH OIpE/IENICH U3

YPaBHEHUS:

Hé‘éﬂ%@ (1.8)

re: @ - YTJIOBasi CKOPOCTh BpallleHHs paboyuero KoJeca;
Vyl,2 - OKPY>KHBIE COCTABJISIONINE a0COMIOTHBIX CKOPOCTEH paboueit
KUJIKOCTH Ha BXOJIE M HAa BBIXOJI€ U3 pabOUvero Kojieca COOTBETCTBEHHO;
Ri12 - pagmychl BXo1a ¥ BBIXOJa )KUJIKOCTH U3 paboyero Kojaeco, COOT-

BCTCTBCHHO.

CuuTasi, 4TO 3aKpyYMBaHUA MOTOKA HA BXOJIE€ B paboyee Koyieca He MPOUCXOIUT

(oceBoit Bxoa vy = 0), moay4um:
ce>
HETR2 7, (1.9)
9 9
rae: U=m-R>.
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W3 TpeyronpHIKa cKOpocTei (puc.2.6) onpenenum:

2=l X-UE (1.10)

re: Ur2 - MEpUJIMAHHAs COCTABJISIIOIIASL CKOPOCTH JKMJIKOCTH HA BBIXOJE U3
paboyero koJjeca;
B2 — yrosa ycTaHOBKH JIOIIACTU HA MEX/Ty OTHOCUTEIBHON CKOPOCTHIO
KacaTeJIbHOM K JIOMATKE U OTPULATEIbHBIM HAIIPABICHUEM IEPEHOCHON
ckopoctu U2 Ha BeIxoze U3 pabodero KoJeca.

Pacxoz: KUIKOCTU 4YCPC3 pa60qee KOJICCO MOJKHO OIIPpCACINTL U3 YPABHCHHA
HCPA3PBIBHOCTH:

Q = Drz-Sz (111)

rue: Q - pacxoj Ha BBIXO/E U3 paboOvero KoJeca;
S, - mIomaak )KUBOTO CEUYEHHUS TIOTOKA HA BBIXOJE U3 pabouero Kojueca, M:
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2. Oco0eHHOCTH KOHCTPYKTHUBHOTO M TEXHOJIOTHYECKOT0 UCTIOTHEHUSI
neHTpobe:xubix HacocoB Tuna K, KM, /I, B u ITHC.

2.1. Onucanue THIOB HEHTPOOEKHBIX HACOCOB.

Hacocet oOmiero Ha3HaueHus pabOTalOT B CUCTEMax BOJOCHAOKEHUS
MEPEKAYMBAIOT HEUTPAJIbHBIE YHCTBIE XOJOJHBIE KUAKOCTH. JlOMOTHUTENIbHbBIE
CBEJICHUS M XapaKTEPUCTHUKU HACOCOB NpUBE/ICHBI B Katasore [10].

Hacoc nenrpobexknbiii Tuna K (puc.2.1) npennaszHaueH sl MepeKadyuBaHUS
YUCTBIX M CJIETKa 3arps3HEHHBIX HEUTPAIbHBIX JKUIKOCTEH. DTO TOPHU30HTAIBHBIE,
OJIHOCTYII€HYAThI€, KOHCOJIbHBIE HACOCHI C pAOOYMM KOJIECOM OJAHOCTOPOHHETO BXO/1a.

Kopmyc 2 ¢ oceBbIM BXOAHBIM U paAHaTbHBIM HATOPHBIM MaTpyOKaMu —
qyryHHbId. COBMECTHO C KOPIYCOM OTJIMTHI OMOpPHBIE Jlanbl. Bo BX0o1HOM matpyOke
YCTAHOBJIEHA BTYJKA C pa3felMTENIbHBIM PEeOpOM JUIsl MPEJOTBPAIICHUS 3aKPYTKH
MOTOKa Ha BxoAe€ B Hacoc. C Topma KOPIyC 3aKpBIT KpPBIIKOW 3, B KOTOPOM
PAacIoJIOKEHO CAJIBHUKOBOE YIUIOTHEHHE. K Kopmycy MINMIbKaMH 3aKpeluTCs
ChEMHBIM ONOPHBIA KPOHIUTEHH 6. [[1s MOBBIIEHUS KECTKOCTHM KOHCTPYKLUHH B
KpOHIIITEHHE MpeaycCMOTpeHa cToiika 9. B 3aBHCHMOCTH OT K 4YacTOTBHI BpaIlcHUS
pOTOpa MOKET MPUMEHATHCA KaK KUAKasl, TAK U KOHCUCTEHTHAsI CMa3Ka 4yepes3 ITyLep
7. B Mecrtax BbIXOJa Bajia M3 KPOHINTEWHA YCTAHOBJIEHBI MAacCIOCOpPACHIBAIOIINE
konbpla 8. Pabouee kojeco 1 yCTaHOBIEHO Ha KOHCOJBHOM YYacTke Baia 4 u
3auKkcHpoBaHO raiikoi-oorekarenem 10.

JInst pa3rpy3Ku OCEBBIX YCHJIMH IPUMEHEHBl CUMMETPUYHBIE YIJIOTHEHMS I1O
o0e cTopoHbl pabouero kojieca. B kopmyce Hacoca i BbIyCKa BO3AyXa U CIIHMBa
BOJBI MPENYyCMOTPEHbl OTBEPCTHA, 3aKpbiThle NpoOkamu. CoeauHEHHE Hacoca ¢
AJIIEKTPOJBUTATENEM OCYLIECTBISIETCA YHpyroil mMydtoil ¢ mnpocraBkod. Hacoc u
AJIEKTPOJBUTATENh YCTAHABIMBAIOTCS HA 0O1IeH (GyHIaMEHTHOMN IIJTUTE.

JHannast MoauduKaus, ¢ OMOPHBIM KPOHIITEHHOM, MOJIydnsia pacipoCTpaHEHHUE
BO MHOTMX OTpacisix HapojaHoro xosasiictBa. Hacocel Tuma K mnpumensitorcs B
CUCTEeMaX MHUTBEBOTO M  XO3AWCTBEHHOTO BOJOCHAOXKEHHS, MEJIMOPATUBHBIX

YCTaHOBKax U Ap.
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VYcnoBHoe o6o3naueHue Hacoca K65-50-160/2 o3mauaer: K — KOHCOJIBHBIN;
65 — aumamerp BxogHOro marpyOka, 50 — muameTp BBIXOAHOTO marpyoOka; 160 —

HapYXHBII auameTp pabouero Kojeca, M; 2 — HHJIEKC MOJIEPHUBALINH.

Hacoc mMono0mounblii Tuma KM (puc.2.2) mMeeT Takoe ¢ Ha3Ha4YCHHE U
o0JacTu NpUMeHeHUs, Kak Hacoc Tuna K.

Hacoc 1eHTpoOeXHbIM, TOPU3OHTAIBHBIM, OJHOCTYIEHYATHIA, KOHCOJIbHBIN.
ba3zoBoii neranpro Hacoca SABISETCA CHENUATIbHBIA AIEKTPOABUTATENb 8 WMEIOLIUN
ONOPHYI0 CTOMKY M YIUIMHEHHBIM KOHel Bajia. K OMNOpHOW CTOMKE MINMUIbKaMU
KpPENUTCsl KOPIYC 2 Hacoca CO CIUPAIbHBIM OTBOJIOM. C KOPITyCOM OTJIUT HaIlOPHBIHI
naTpyOOK, HalpaBJIEHHBIN TaHTEHIIMATBLHO BEPTUKAIBLHO BBepX. [Ipu HeobxoaumocTu
HaIMOPHBIN MAaTPYyOOK M KOPIYC MOTYT OBbITh pa3BepHyThl Ha 90°. Kppiiika BxoaHas 1 ¢
OCEBBIM BXOJIHBIM MaTPyOKOM 3aKphIBAET KOPITYC C TOPIIA.

B kpbllike 3amnpeccoBaHO YIUIOTHAMOIIEE KOJbIO 3, s pabodero KoJjeca.
Pabouee koneco 4 ycTaHOBIIEHO Ha Baj 6 Ha IIMOHKE U 3a)UKCUPOBAHO CTICIIMATBEHON
raiikoii. KoHlleBoe yIuioTHeHHE S5 — CallbHUKOBOE, MpocTeimero tuma. Omnopamu
poTopa CiyXaT TMOJIIIWIHUKA [/ J3jekTpoaBuratens. (Cmaska MNOAIIUITHUKOB —
KOHCHCTEHTHA.

OcHoBHbIe mapameTpbl HacocoB Tuna KM u Marepuanbl OCHOBHBIX JETaJEH,
TaKHe K€ KakK, Kak 1 HacocoB tuna K.

["abGapuTHBIC M IPUCOCTUHUTEIBHBIC pa3Mepbl OepyTces u3 kataiora [10].

VYcnoBHoe oOo3znauenue Hacoca KM 20/30 o3navaer: KM — KOHCOJBHBIM

MOHOOM0uHEIH; 20 — nmogaya B M°/4; 30 — Hanop B M.

Hacoc uentpo6exuniii [l (puc.2.3) npenHaszHayeH s NepeKauuBaHUS YUCTHIX
W CIIeTKa 3arpsA3HEHHBIX HEUTPaJbHBIX KUIAKOCTEW. Hacoc ropus3oHTaIbHBIN,
OJIHOCTYTICHYAThIN, CIUPATLHOTO THIIA ¢ padOYMM KOJIECOM JBYCTOPOHHETO BXOJA.

HeKOTOpBIe THUIIBI HACOCA BLIITYCKAIOTCA C IBYMSI pa6OIH/IMI/I KOHIIaMH BaJia AJIsA
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oOecrieyeHrss BO3MOXXHOCTH HCIIOJIb30BAaHUSI B YCJIOBHMSX SKCIUIyaTalud pPa3HOIro
HAIIPaBJICHUS BPAILCHUsI IBUTaTENEH.

Kopnyc 3 Hacoca ¢ ropu30HTaJIbHBIM PAa3beMOM B IUIOCKOCTH, MPOXOISAILEH
yepes3 0Cb POTOpa, COCTOMT U3 JABYX YACTEW — HWIKHEM YaCTH U KPBIIIKU, KOTOPHIE
COEIMHEHBl MeXay coboi mmwibkamu. [lo miockocTu pazbema NpeaycMOTpEHa
ApOHUTOBAs NPOKJIAAKA. B KopIyce OTIMTBI KaHajbl MOJYyCHUPAIBHOIO MOJABOJA U
CIOUPAJIBHOIO OTBOJA. BXOAHOW M HAaOPHBIN MAaTpyOKH OTIMTHI COBMECTHO C HUYKHEU
4acThIO KOpITyCa ¥ HaIPaBJICHbI TOPU30HTAIBHO B IIPOTHBOIIOJIOKHBIE CTOPOHBI, YTO
MO3BOJISIET MPOU3BOAUTH OCMOTP BHYTPEHHHUX IOJIOCTEH Hacoca 0€3 OTCOEeIMHEHHUS
TpyOOnpoBoAOB. B KOpmyce BBINIOJIHEHBI OTBEPCTUS JUIsl BBITYCKa BO31yXa, CIIMBa
BOJBI M3 Hacoca, 0TOOpa BOABI JUIs T'MApo3aTBopa cailbHUKa. K KOpeITOOOpa3sHBIM
KpOHIITEMHaM KopIyca IINWIbKaMH TOJACOEAUHSIOTCS pa3zbeMHble Kopnyca 1
noamunHUKoB. PoTop 4 Hacoca mpenocTaBiisieT co00il caMOCTOSTENbHYIO COOPOUHYIO
€IMHULY U COCTOMT M3 Baya, pabodero KoJjieca, KOMIUIEKTAa 3aIIMTHBIX BTYJIOK u
noiyMyTel. Pabouee Koneco JBYCTOPOHHErO BXOJa YCTAaHABIMBAETCS Ha Baj Ha
IIMOHKE M0 MOJABMXHOW mocanke. KoHleBble yNMIOTHEHHS 2 Hacoca CajJbHUKOBOTO
TUIA C MOJABOJIOM 3alMPAOLIEN KUIKOCTH OT HAIOPHOW MOJIOCTH MO CIENUATbHBIM
TpyOKaM cC 3amopHbIMH KpaHamu. OmnopaMu poTopa CciykaT paJuajibHble MOJ-
IIAMHAKA KAayeHUs C JKUJIKOM WM KOHCHUCTEHTHOM CMa3kou. B kopmycax moj-
LIMITHUKOB MPETYCMOTPEHBI KaMepbl BOJASHOIO OXJIaXKIEHHUs. biiarogaps cummerpun
paboyero Kojeca OCEBOE YCHUJIME MPAKTUYECKH YPABHOBELIEHO; OCTATOYHOE YCHIIHE
BOCIIPUHUMAETCS MOJAIIUIIHUKOM, OOOMMBI KOTOPOTo 3a(UKCHpPOBaHBI B OCEBOM
HaIlpaBJICHUH.

Hacoc ¢ anexrpoaBurareneM COEOUHSAETCS yHPYro-NajdbLEBOW WM IPYrou
mydpToil. B 3aBucMMOCTM OT pa3mMepa HAcoC MOXKET T[OCTaBIATHCS €
AIIEKTPOJIBUraTEJIeM Ha OOIIeH WM pa3JesIbHON (PyHIaMEHTHBIX pamax.

Hacocel tuma JI mpuMmeHsitoTcs B CHUCTeMaX BOJOCHAOXKEHUS, MEIUOpaluu, B
KaueCcTBE UUPKYISAUUOHHBIX U JIP.

YcnoBuoe o6o3nauenue Hacoca J1200-90 o3nauaet: J| — Hacoc ABYCTOPOHHETO

Bx07a; 200 — nozaua B M%/4; 90 — Hanop B M.
- 21 -
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Hacoc uentpobexnsniii Tuna B (puc.2.4) mpenHaszHaueH ISl NepeKadHMBAHUS
YUCTOM' XOJIOAHOW HEWTpanbHOW BoAbl. Hacoc omHOCTyneHYaThlid, BEpTUKAJIbHBIN,
KOHCOJIbHBIH.

Kopmyc Hacoca 6 co cnupaibHBIM OTBOJOM JallaMH ONMHUPAETCS Ha 3aKJIaJHbIC
aneMeHThl PpyHnamenTa. HamopHslii matpyOOK Hacoca HampaBiieH ropu3oHTanbHO. K
HUKHEH YacTh KopIlyca Hacoca KpemuTcsl MpOocTaBKa 3, B BEpXHEH YacTH KOTOPOM
MMEETCs JIIOK JJIsi OCMOTpa BHYTPEHHUX MOBEPXHOCTEH U pabodero kozieca Hacoca. B
MECTE COMPSKEHUS MPOCTABKU 3 C ONMIOPHBIM KOJIBLIOM 2 MPETyCMOTPEHO CAITbHUKOBOE
yioTHeHre. K OomopHOMy KOJIbLy 2 MOJCOEAMHSETCS OOJMIIOBAHHOE KOJIEHO 1
noaBo/a. B BepxHel 4acTH KOPITyC 3aKpbIT KpbIKoi 11, koTopas ciayKUT ONOpHOMN
4acThIO JUISl Y3JIOB M JAETalled Hacoca. B KpBIIIKE BBINOJIHEHO YETBIPE JIFOKA JUIS
3aMepa 3a30pOB B BEPXHEM IIEJIEBOM YIUIOTHEHUH 7 pabouero kosieca. Ha kpsimike
YCTAHOBJICH TOJIIMIHUK CKOJBbXKEHUS 8 ¢ PE3HMHOBBIM BKJIAJBIIIEM, KOTOPBII
OJIHOBPEMEHHO CIIY>)KUT M KOHLIEBBIM yIUIOTHEHHMEM Bana. IIporekaromias depes
MOAIMUIHUK (YIUIOTHEHUE) JKUAKOCTh COOUpAETCs] Ha KPBIIIKE HAcoca U CTEKAET IO
TpyOorpoBogy. Ha kpbllike Takxke pacmojlaraercs KOpPIyC 10 pagualibHOTO TMOJ-
IIMITHUKA CKOJBXEHUS C CaMOYCTaHaBJIMBAIOIIMMUCS CETMEHTaMHU, 3aJUThIMU
6a60uToM. B MacnsiHyto BaHHY KOpITyca MOJIITUITHUKA BMOHTHPOBAH TEIJIO00OMEHHUK,
K KOTOPOMY TIOJIBOJIUTCS oxJaxaaromias Boaa. K ¢umaniy 9 npuzon-6onramMmu kpenurcs
pabouee koisieco 5. Ilepennee ymnoTHeHue 4 pabouero koseca IIEJIEBOr0 THMA CO
CMEHHBIM YIUIOTHSIOIUM KOJbLOM. OCEBOE YCHUINE YPAaBHOBEIINBAECTCS C MOMOULIBIO
pa3rpy304HbIX OTBEPCTHM B BEAyIIEM JUCKEe padouero kojeca. OCTaTOYHOE OCEBOE
YCWJIME WU YCWJIHE OT MAacChl pOTOpa BOCHPUHUMAIOTCS YIOPHBIM MOJIIUITHUKOM
aNeKTpoaBUraTens. Banmel Hacoca M 3JIEKTPOABUIATENS COEAUHSIOTCS KECTKOM
mydToil. g oOcimyKuBaHUS Ha KOpIyCe Hacoca NPEeIyCMOTPEH CHEelUaIbHbIN
IOMOCT. JleTanu mpoOTOYHOM YaCTH HACOCA U3TOTOBJISIFOT U3 YIJIEPOAUCTON CTANIH.

Hacocbl Tuma B mpuMeHSIOT B OPOCUTEIBHBIX M MEJIUOPATUBHBIX CHUCTEMAX,
YCTAaHOBKAX XO3SIICTBEHHOTO ¥ TEXHUYECKOT'O BOJOCHAOKEHUS.

YcnoHoe obo3Hauenue Hacoca B 1200-6,3/63 o3nauaer: B — BepTHKaIbHBIN;

1200 —auamMeTp HamopHOro natpybka B MM; 6,3 — mozmada B M%/c; 63 - Hamop B M.
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1 — xoneHo nMo/iBo1a; 2 — OMOPHOE KOJBII0; 3 — MPOCTaBKa; 4 — MepeiHee
ymiotHeHue PK meneBoro tuma; 5 — pabouee kosieco; 6 — KOpIyc Hacoca;

7 — BepxHee meneBoe ymotHeHue PK; 8 — mogmmnuuk ckoibxenus; 9- duaner.
Puc.2.4. Hacoc nuenTpo0exxkublii Tuna B
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Hacoc cexumonnbiii MHorocrynenuatsiii Tuna HIHC (puc.2.5) npeanasnauen
JUISl TIEPEKAYMBAHUS YHCTBIX M CJErKa 3arpA3HECHHBIX HEWTPAJIbHBIX KUAKOCTEU WU
IpeCTaBiIsieT cOO0M OOBIUHYIO KOHCTPYKIUIO C OJHOCTOPOHHUM pACIIOJIOKEHUEM
pabounx koznec. Kpwimku BxomHas 7 W HarHeTaHus 4, KOMIUIEKT CEKIUHA 5
COEUHSAIOTCA MEXIYy COOOM CTSHKHBIMU IINWIbKaMU 8, 00pa3ys KOpIyc Hacoca.
Hanpasnsromue anmapaTsl MOTYT OBITh OTJIUTBI COBMECTHO C CEKUMSIMHM WIH
MPEACTABIATh COOOM OTHENBbHYIO JI€Tajb, YCTAHABJIMBAEMYI0 B CEKIHUIO IIO
HENOJABW)XKHOM  mocaake.  CTeIkM  KopIyca  YIUIOTHSIIOTCS — PE3UMHOBBIMHU
VIUIOTHUTENbHBIMU KOJbI[aMU. COBMECTHO C KpBIIIKAMU OTIUTH MATPyOKH U
OmnopHbIe Jamnbl. BXogHoW marpyOOK HampaBieH TOPU30HTAIbHO, HAMOPHBIA —
BEpPTUKaJIbHO BBepX. Paboune kojeca 6 ycTaHOBIIEHBI HA BaJl 110 TOJBUKHOW MOCAJIKE.
OceBoe ycuime poTopa BOCIIPHHUMAETCS THIPaBIMUEcKol msaToi 3. Boma pasrpysku
OTBOJUTCS B KOJBIEBYIO Kamepy nepBoil cryneHu. KoHIeBble yIJIOTHEHUsT 2 poTOpa
CaJbHUKOBOTO THma. JlJIs HMCKIIOYEHMs IIOACACBIBAHMS BO3JyXa B Kamepy MExIy
CaJbHUKOM CO CTOPOHBI BCAaCblBaHHMSI M JIPOCCEIBHOM BTYJIKOHM NOJABOJMUTCS
3anuparomas  Bojga. OmopamMum  poTopa  CiIyKaT  CaMOYCTaHAaBJIMBAIOIIHMECS
IAPUKOTOIIUITHUKYA, YCTaHOBJIEHHbIE B KpOHIITEMHaX 1, KOTOpble MIMUIBKAMU
KpersiTcs K KpbllkaM Kopryca. CMaska NOJIIMIHUKOB KOHCUCTeHTHas. Kopmyca
NOAIIMITHUKOB YIUIOTHSIOTCS PE3MHOBBIMU MamkeTramu. [lepen noammnHukamu Ha
BaJly YCTaHOBJIEHBI BOAOCOPACHIBAIOIIUE KOJIbIIA.

C sneKTpoaBUraTeIeM HACOChl COSAMHSIIOTCS YIIPYTro-NaiblieBoi MypTOH.

JIns mepekaymBaHUS arpeCCUBHBIX KUAKOCTEW HACOCHI MOTYT NOCTAaBJIATHCSA B
KOPPO3HMOHHO-CTOMKOM HUCIOJHEHHH. ["abapuTHBIE W MPUCOEAMHUTEIbHBIE pa3MEpPbI
HAaCcOCOB IIPUBEICHBI B KaTAJIOraxX.

Hacocel tunma IMHC npenmyiiecTBEHHO pacnpoOCTpaHEHbl B CUCTEMAX BOJO-
cHa0KeHUs, IIaXTHOM BOJIOOTJIMBE U Jp.

Hacocel Tuna [ITHCI npenna3zHaueHsl 15 epeKauyrMBaHus BOJbI C TEMIIEPATYpPOi
10 393 K (120 °C) 1 ucnosib3yroTcsl B KaueCTBE MUTATENbHBIX. B 0T/IMune 0T HacCOCOB

tuna [{THC B HUX npenycMOTpPEHO OXJIaXAECHUE CaTbHUKOB.
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YcnoBuoe ob6oznauenne Hacoca LTHC 30-110 osznauaer: IIHC — wneHTpoOexHBI

CEKIMOHHBIN Hacoc; 30 — nogada B M%/4; 110 — Hamop B M.

2.2. OCo0eHHOCTH TeXHOJIOTH4eCKOr0 MCIIOJHEHUS HEHTPOOEeKHBIX HACOCOB

Kak yxe ObUIO Cka3zaHO paHee, OCHOBHBIMH JJIEMEHTAMH IIEHTPOOEKHOI0 Hacoca
SBJISTIOTCSI: pabodee KOJeco, Bal ¢ ACTAISAMH ISl KPEIUICHUS KOJEC W 3alIUThI OT
UCTUpPAHMS  CaJbHUKAMM, TMOJIIUIHUKYA, COEIUWHUTENbHAs My(dta, KOpmyc,
HaIlpaBJIIONIME allllapaThl, CaJbHUKH, BCACHIBAIOIIMH U HAIMOPHBIM NaTPyOKH,
CTSDKHBIC U KPETIEXKHBIE OOTHI.

PaccMOTpUM 3TH 3J1€MEHTHI C TOUKU 3PEHUS TEXITPOIIECcCa X U3TOTOBIICHUS U
cOopKH.

PabGouee koseco. PabGouee koisieco mpeacTaBisier coboil oTMBKY He Huxke Il
KJIacCa TOYHOCTH, KOTOPYIO YCIIOBHO MOKHO Pa3/CIMTh HA KOPEHHOM TUCK C BTYJIKOM
(puc.2.5. mo3.1) g mocanku Ha Baj, MOKPBIBHOM MHUCK C MPOTOYKAMU IO
JBYXIIEJIEBOE YIUIOTHEHUE (puc.2.6. 1mM03.2) W JIONACTH, PACIOJIOKCHHBIC MEXKITY

JUCKaMH. ]_—[HH @HKC&HHH KOJICCAa Ha BaJly BO BTYJIKC BbIIIOJIHCH IIITOHOYHBIN 1a3.

A-4

Puc.2.6. 3arotoBku BeayIIero U BEIOMOTro TUCKOB
JIns MCKITIOYEHUs] TIEPETOKOB MO Bajly IIMOHOYHBIN IMa3 BBINOJHEH HE Ha BCIO
JUTMHY CTYMIHIBI. TOPIBI CTYMHIBI JTOJDKHBI OBITH CTPOTO MEPHEHAMKYJSIPHBI K OCHU
pPacTOYKHU CTYNHUIIBL. YTIUIOTHSIOIIME TIOSCKM TEPEAHET0 W MEXKCTYIEHYaTOro
VIUIOTHEHUS JIOJDKHBI OBITh KOHIIGHTPUYHBI PACTOUYKE CTynuIlbl. B OoNbIIMHCTBE

HAcOCOB pabouee KOJeco yCTaHABIMBAIOT HA BaJl MO MOJBUXKHOM MOCAJIKE.
-27-



PaGoune  kom€éca  W3rOTOBIAIOT W3  Pa3IMYHBIX  COPTOB  YYTyHA,
VIJIEPOMUCTBIX W JICTUPOBAHHBIX CTaJE, CIJIABOB I[BETHBIX METAUIOB U
KepaMUYeCKUX MarepuaioB. [I[puMeHeHre Toro Wiv MHOrO MaTepualia ompenessercs
ycinoBusiMU  paboTa, pasMepaMH H YacTOTOM BpamieHWs, a TaKkKe POAOM
nepeKayuBaeMom KHUIKOCTH.

Konéca manbix HacocoB (puc.2.7, a) IjIsi YHCTOM BOJBI M HEarpecCHUBHBIX
KUIKOCTEH HU3KOM TeMIIepaTyphl OTIUBAIOTCS U3 CEPOT0 KOHCTPYKIIMOHHOTO YyTYHA'
CU15-32. [lentpoOekHbIE HACOCHI JIsi MUTAHUS KOTJIOB BBICOKOTO JABJICHUS UMEIOT
3HAYUTEIBHBIC Pa3Mephbl U BBHICOKYIO 4acTOTy BparieHus. OHM MOAAI0T BOY BBICOKOU
temriepaTypbl. [loaTomMy paboume Kojeca OTUX HACOCOB W3TOTOBISIOT U3
JIETUPOBAHHBIX XpOoMOM U HUKeseM cratei: 1X13, 2X13. OaHako, BCI€ACTBUE HU3KUX
JUTEHHBIX KAadeCTB JTUX CTajied, IMOJyYeHHWE CIIOKHBIX TOHKOCTCHHBIX OTIUBOK
TpeOyeT BBICOKON KyJIbTyphl JuThs. Koneca u3 HepkaBerommx craneit (puc.2.7, 0)
MOTYT M3TOTaBIMBATLCSA U CBAPHBIMU (M3 MEXaHUYECKH 00pabOTaHHBIX MAKOBOK), HO
CIIEyeT YYUTHIBAThH IJIOXHE aHTU(OPUKIIMOHHBIE CBOMCTBA MaTepHaia MCIPABIICMbIC

B psizie caydaeB TepMooopadoTkoit (HB 320-350).

Merma ChRinUR
wedGAaHCe

AN

Mecma npulapry

)

Puc.2.7. PaGouune komeca 1IeHTpOOESKHBIX HACOCOB
Koneca HacocoB nnsi mepeMemieHUs] TPYHTOIUIAKOCMECEH  HM3TOTOBIISIFOT

OTJIUBKOM u3 Oenoro yyryHa. Hacocwl aisi XUMHUYECKOW MPOMBINUIEHHOCTH HUMEIOT

KOJIECa, N3rOoTOBJICHHBIC U3 CIICHUAJIBHBIX CIIJIABOB, KEPAMHUKH WJIH IJIaCTMACC.
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Koneca Oonbmux pa3MepoB HWMEIOT CTYNHIY 3HAYUTEIBHOW IJIUHBI: OTO
3aTpyAHSIET TOUYHYIO TOCaAKy WX Ha Bal. s oOJerdyeHus MOCaaKh CTYIUIY
pacTaurBalOT BHYTPH Ha JiBa IMaMETpa: MOCAJA0YHBIN U 00JIETYaroNINi MOCaIKYy.

Paboune xoseca AByCTOPOHHETO BXO/1a B IPUHITUIIC TIPEACTABIISIOT COO0H TTOTIapHO
COCIMHEHHbIE pabouue Kojeca OJHOCTOPOHHEro BXoJa C OJMHAKOBOM (opmoi
nporouyHoit yactu (puc.2.7, B). OHM MOTryT OBITH NEIBHBIMU (JIUTBIMH), JHOO
COCTOSIIIIUMU U3 IBYX MOJOBUH (CBAPHOIUTHIMHU).

Paboune kojieca MHOTOCTYNIEHYAThIX HACOCOB U3TOTABIMBAIOT C YIJIMHEHHON
CTYTIHIICH, YTO Ta€T BO3MOXXHOCTh M30€KaTh MPUMEHECHHS TUCTAHIIMOHHBIX BTYJIOK B
KOHCTPYKITUH poTopa. CTyIHUIly MOYKHO OTIIMBATh BMECTE C pab0UnM KOJIECOM JINOO
pUBapuBaTh K KoJiecy. [IJisi yMeHbIIIeHUsI IEPETOKOB MEPEeKavYuBaeMOM KHUIKOCTH 110
BaJTy IITTOHOYHBIHN T1a3 B CTYMHIIE pab0vero Koyieca BBITOHSIIOT HE Ha BCIO JJIMHY.

JI71st yMeHbIIIeHUsI TIOTePh Ha JTUCKOBOE TPEHUE HAPYKHBIE MMOBEPXHOCTHU JIUCKOB
pabouero Kosieca JOHKHBI OBITh TIIATEIHLHO 00paboTaHbl. TOPIBI CTYMHUIIBI TaKXKe
TIIATEIbHO O00padaThIBAIOT I OOECIEUECHUs HAJACKHOTO YIUIOTHEHUSI CThIKA.
YInoTHUTENbHBIE TIOBEPXHOCTH pPabo4ero Kojeca TOoJBEpraloT IMOBEPXHOCTHOM
3aKaJKe.

Paboune koneca OamaHCHUPYIOT CTaTHUYECKH HA POJUKAX WM MPU3Max JUOO B
JTUHAMUYECKOM pEXHMMe Ha OalaHCHPOBOYHBIX cTaHKax. JucOamaHC ycTpaHseTcs
CHATHEM METallla C HapyKHBIX IMOBEPXHOCTEH AWCKOB MO Tepudepuu padboyero
kKojieca (puc.2.7/, a). B 3aBUCMMOCTH OT CBOWMCTB IEpEeKauynBacMOMN >KUIAKOCTH U
OKPYXHOM CKOPOCTH BpallleHUs MaTepHalaMH JJIsi pab04YuX KOJIEC MOTYT CIYKHTh
YTAEPOINUCTHIE WJIM XPOMHCTBIE CTaJM, THUTAHOBBIC CIUIABBI, ITOJIMAMHIHBIE
Marepuanpl u Ap. llpu BeIOOpe Marepuansa HEOOXOAMMO YUYUTHIBATH €TO

KUAKOTCKYYCCTD.

Baj. Baa Hacoca sBiseTCs BeCbMa OTBETCTBEHHOW JI€TAbiO: MPU BBICOKOMU
YacTOTE BpAILlCHHS OH IMOJBEpraercs ACHCTBHUIO OOJBIIMX MONMEpedHbIX cwil. [lpu
pacuere Bajla Ha MPOYHOCTb MU JKECTKOCTh YUYHUTBIBAKOTCS CIIECAYIOIIME BHEUIHUE

Harpy3KH: MepegaBaeMblil OT JBUTATENS KPYTSAIIMI MOMEHT, COOCTBEHHBIN Bec Bajia U
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MOCAKEHHBIX ~HA  HEro Jerajeil, TMomepeyHble CHibl, OOYyCIOBIMBAEMbIE
HECUMMETPUYHBIMH MOJBOJOM M OTBOJIOM HUIKOCTH U HETOYHOCTHIO OAJIAaHCHUPOBKH
KOJIEC.

B kauecTBe 3aroTOBKH BaJIOB MCHOJIB3YIOT XOJOJHO- U TOpAYEKaTaHbIM IPOKAT,
NOKOBKM. B TOM M JpyroM ciyyasx BBINOJHSETCS MeXaHU4Yeckass oOpaboTka.
MarepuanioM Juisi BajoOB CIIy’KaT YIJIEPOAUCTas KOHCTPYKLMOHHAs W CIIEHHaJIbHAs
JIETUPOBAHHAs CTAJIH.

Haubonee pacmnpocTpaHeHHblE MaTepuanbl BajloB: Ul HAcOCOB OOLIETO
Ha3zHayeHuss — crtaiab Mapok 40, 45, 40X; mis ropsaux HacCOCOB — JIETUPOBAHHBIC
CTald, KO3(P(QUUMUEHT JIMHEWHOIO pacCUIMPEHHs KOTOPBIX MPUMEPHO paBEH
KO3 (UIUEHTY JIMHEHHOTO PACIIUPEHUs APYTUX AETajell poTopa; I XUMHUYECKHX
HACOCOB, I'Jle pabouell cpeoi SABISETCS KOPPOAUPYIOIIAs KUIKOCTh — XPOMHUCTHIE
ctayi tumna 3X13.

Ban ¢ mocaxxeHHbBIMM Ha HEro JACTAJSIMM HOCUT Ha 3BaHHE POTOpAa Hacoca.
PoTopbl 1IEHTPOOEKHBIX HACOCOB OalaHCUPYIOT, MPUYEM Y MEJIKUX HACOCOB

IMPOU3BOAUTCA CTATHUYCCKAA, a Yy KPYIHBIX CTAaTHYCCKad W AJWHAMHYCCKAasA

OaJIaHCUPOBKH.
4 % 4 2
{ . o
TN e N
g -
7

Puc.2.8. IlpononpHbIN pa3pe3 poTopa TPEXCTYIIEHYATOro Hacoca
Ha puc. 2.8 nokazan npofoJyibHbIA pa3pe3 poTopa TPEXCTYNEHYaTOro Hacoca ¢
YpaBHOBEIIMBAHUEM  OCEBOW  CHJbI TPU  TOMOIIM  Pa3rpy304HOro  JUCKa
(runpaBmuueckoit msAThl). [locaaka neraneil Ha BaJl MPOU3BOAUTCS 3/1€CHh CIIEIYIOIIUM
obpasom. Ha pe3n0y mpaBoro KOHIIa Bajla CTaBUTCS UWJWHIpUYECKas BTyJKa 1,
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MIPEAOXPAHSIONIAs Bajl OT HCTUPAaHUS CAIbBHUKOBOW HAOMBKOM. B J€BbIil KOHEN BTYJIKH
| ymupaercss TOpLOBas MNOBEPXHOCTh Pa3rPy304YHOrO JUCKAa 2,CTONOPSIIErocs OT
NIOBOPAaYMBaHUs Ha BaJly 3aKJIaJHOM INOHKOM 3. HemocpencTBEeHHO B JIEBBIN KOHEL
CTYNHIIBI 3TOr0 AMCKA YIHUPAETCS TOpEL CTYNHULBl TpeThero pabouero koieca 4.
IlocnenHee kpenuTces Ha Bajly IPU IOMOIIM 3aKJIAHOM IIIIOHKH 5, paCCYUTAHHOM Ha
nepenady KoJjecy C Bajla MOIIHOCTH, PABHOW CyMM€E BHYTPEHHEN MOLIHOCTH KoJieca U
MOIIIHOCTU JUCKOBOTO TPEHHS.

Pabouune koseca OTHENSIOTCS OJHO OT APYroro HpU MOMOIIM JUCTaHIUOHHBIX
BTyJok 6. K crynuume mnepBoro paboyero Koieca IPUMBIKAET  JieBas
MpPEeIOXPAHUTENbHAS BTYJKA 7. IUIOTHO, 3aTATUBAIONIAS HA Baldy IPHU IMOMOIIM BTYJIKU
c pe3pboii 1 Bce mocakeHHble Ha Hero Aetanu. CoOpaHHBIM TakuM 0Opa3oM, poTOp
MIPU CUJIBHOM 3aTSIKKE BTYJIOK 00pa3yeT Kak Obl OJTHO 1IEJI0€.

O0paboTka TOPLOBBIX MOBEPXHOCTEM BCEX Ca)kaeMbIX Ha Ball JETajeil JOJKHA
ObITh 0CO00 TOUYHOM. B mpoTHBHOM cilydae mpu 3aTsKKe BTYJIOK 1 U 7 HEM30€xKHO
BO3HHMKAET M3ru0 Basia, BBI3BIBAIONIMI OWMEHHME pOTOpa W BHOpAIMI0 Hacoca Mpu
JKCIUTyaTal|H.

Hopmmunuauku. [{1s BOCOPHUHATHS  paJuaibHBIX W OCEBBIX HAarpys3oK,
NEUCTBYIOUIMX HA POTOP, NPUMEHSIOTCA MOMIIMIHUKA KayeHUs WM CKOJIbKEHUS.
Br160p TOTO MM HHOTO THIIA MOIIMITHIUKA 00YCIIOBIIEH PSAIOM (PaKTOPOB, U3 KOTOPBIX
BXHEHUIIMMU SIBIISIIOTCS: OKPYXHasi CKOPOCTh IIEHWKH Basla, Harpy3ka v TpeOyembli
pecypc HemnpepbiBHOM paboThl Hacoca. CUCTeMa CMa3Kud UM COPT CMa304HOI0 Maclia
00yCJIOBJIMBAIOTCS TUIIOM MOIIUITHUKA.

[ToAmMIMHUKY HEHTPOOEKHBIX HACOCOB BBITOIHAIOTCS PA3IMYHON KOHCTPYKIUU.

KpymnHbie 0TBETCTBEHHBIE M OBICTPOXOJIHBIE HACOCHI, KaK MPaBHUIIO, CHA0XKAIOTCS
NOAIIMITHUKAMU CKOJIBKEHHUS, Yalle Bcero ¢ 6ab0uToBoM 3anuBKoil. B psiie ciydaeB B
Hacocax, paboTaoIuX HAa XOJIOAHON BOJIE, TPUMEHSIIOTCS] PE3UHOBBIE, TEKCTOJIUTOBBIC
WM TUTHO(OJIEBbIE MOAIUITHUKN CKOJIbKEHUSI.

B mnocnegnue roapl HaxoIAT MPUMEHEHUE MOMAMIMIIHUKU CKOJBXKEHHS, cMa3Ka

KOTOPBIX OCYHICCTBIIACTCA HepeKa‘—II/IBaCMOﬁ KNIKOCThIO, B TOM 4YHCIIC H BOI[OP'I.
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Opnako obecrieueHne HaJeKHON pabOThl TAKUX MOAIIMITHUKOB TPeOyeT CrelralbHOMI
0TpabOTKU UX KOHCTPYKILIUHU C YIETOM OCOOCHHOCTEW KOHKPETHBIX YCIOBUIA PabOTHI.
Hacocel Manoii MOIIHOCTH, KakK TPaBWIO, CHAa0XXalOTCS IIAPUKOBBIMH
MNONIIMIHUKAMU ¥ TOAMSITHUKAMH HOPMaJIbHBIX 00pa3noB. (CMa3ka uX OOBIYHO
KOHCHUCTEHTHAsl U peXe JKUIKUM MacliOM M3 BaHHBI B KOpIIyce MOIIIMIHHUKA. bornee
KpPYIHBIE LEHTPOOEKHbIE HACOChl KOHCTPYHPYIOTCA C HPUMEHEHHEM PpOJUKOBBIX

IMOAMIMUITHUKOB C MUJIMHAPUICCKUMHU U KOHUYCCKUMU POJINKAMMU.

T N e L

1— MacCJIonmoaaromee KOJIbIO, 2 — 3MEEBUK MacCJIOOXJIaIUuTCIIA

Puc.2.9. [ToamunHuk NUTATEILHOIO HACOCA ¢ ABTOHOMHOM CHCTEMON CMa3KHu

Hacocsl, cHaOxeHHbIe yCTPONCTBOM JjIsl YPABHOBEIIMBAHUS OCEBOM CHUJIBI B BUJE
pa3rpy304HOrO JAMCKA, B YNOPHBIX NOAIIMIIHMKAX HE HYyXkaatorcs. B Hacocax ¢
BEPTUKAJIBHBIM PACIOJIOKCHHEM Bajla W Pa3rPy304YHBIM JIUCKOM HEOOXOJIUMO
MIPUMEHEHHE OTKUMHOTO YCTPOMCTBA, VCKJIFOYAIOIIETO BO3MOKHOCTb
METAJTMYECKOr0 KOHTAKTa MEXIYy pa3rpy304HbIM JTUCKOM U IIail00OH B MOMEHT
3amycka.

B Hacocax, B KOTOpBIX OCEBOE MJABJIICHUE YPABHOBEIIUBACTCS 110 MPUHIUITY

CUMMCTPHH, HGO6XOI[I/IMO YCTaHABJIMNBATb yr[OpHBIfI ITOAIINITHUK. On JOJDKCH
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BOCIIPUHUMATh yCUJIUS (IEUCTBYyIOIMMUE B OOOWMX HAIMPABICHUSAX), BHI3BAaHHBIC
BO3MO>KHBIM aBApUKWHBIM H3HOCOM YIUIOTHEHUM.

Kpymaple Hacockl OOJBIION MMOJAa4Yu  BBIMOJHSIOTCS C  MOJAIIUITHUKAMH
CKOJIB3SIIIETO0 TpeHHs. B ONHMX cilydasX NPUMEHSETCS CMas3Ka C IMOMOIIBI KOJIEll,
BUCSIIMX CBOOOJTHO Ha BaJly M MOJHUMAIOIIMX Macjo Ha BajJ M3 BaHHBI B KOpITyce
MOJIIUITHUKA: B APYTUX CIOydasx Macjio IMOJAeTCs B MOAIIUMIIHUKM MHPU MOMOIIU
Hacoca (puc.2.9).

Myddtsl. [l coenvHEHUs BajlOB HACOCOB W JBUTaTeed HamOosiee ya00HO
NPUMEHEHHE  AJIACTHYHBIX ~ My()T  pas3iuyHbIX  KOHCTpykmwmid  (puc.2.10),

MpeaynpexIaonmx nepeaady OueHuil u BuOpaiuii ¢ Bajia Hacoca Ha BaJl IBUTaTelis U

o0OpatHo.
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1,2 — monymydTsl, 3- masnen, 4 — BTynKa ynpyras, 5 — maitda ass naibues, 6 —
maiba CTOmopHasi C HOCKOM, 7 — raiika, 8 — KOJIbII0 IIPY>KHUHHOE.

Puc.2.10. Dnactuunas mydra (BTYI0YHO-TTAIBIICBAs )

OnactuyHas My(ra JOJDKHA CaXkaThCs Ha BaJlbl HAacoca M JIBUraTens C
HanOOJbIIEH TOYHOCTHIO, 0€3 MepeTsHEK U MEPEKOCOB. DTO TpedyeTcsl MOTOMY, YTO
10 HAPYXXKHBIM 00paOOTaHHBIM MOBEPXHOCTSIM MY(THI TIPU MOHTAXKE MTPOU3BOIUTCS
BBIBEpKa COBIAJICHHSI TEOMETPUIECKIX OCEH BaJOB.

Ymiornenuss. B mecrax BbIXo/a Bajla U3 KOpITyca YCTaHAaBJIMBAIOT KOHIEBBIC

YIUIOTHCHUS, HABHAYCHNUEC KOTOPBIX ONIPCACIIACTCA YCJIOBUAMU pa6OTBI HacocCa.
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[Ipn HAMMYMU W3OBITOYHOTO JABJICHUS WJIM BaKyyMa BO BHYTPEHHHMX TOJIOCTSX
HAacoca B MeCTax MpoOXoJa Baja dYepe3 CTEHKHM KOpIyca MPUMEHSIOTCS 0COObIe
YIUIOTHUTEIbHBIE YCTPOUCTBA, MHOT/IA HA3bIBAEMbIC CAIbHUKAMU WM YIJIOTHEHUSIMU
KOHTAKTHOTO TpeHus. [Ipu OTCYyTCTBUM WM HEUCIPABHOCTH CAIbHUKOB MPOUCXOIUT
BBIOpOC TepeMeIaeMoil HacOCOM JKHUJIKOCTH Hapy>Ky Ha HAlOpPHOW CTOpPOHE WU

IMOACACBIBAHUC HAPYKHOI'O BO31yXd BHYTPb HACOCAa HAa CTOPOHEC €€ BCACBIBAHHA.
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Puc.2.11. KoHCTpyKIIMs CaJIbHUKA C MSTKON HAOUBKOM

[Ipocreiimass KOHCTPYKIMS CadbHUKA C MSTKOW HaOWBKOW maHa Ha puc. 2.11.
Nmeromascs B Metaiie kopiyca 1 MuinHAprudecKasi BHITOUKA 3aMOTHAETCS KOJbIIaMU
IHypa 2 U3 MATKOTO MPOMACJICHHOTO MaTepuala (XJIOMYaTHUKA, TIeHbKU, acOecTa).
Haxxatuewm raek, HaBepThIBAEMbIX Ha OOJITHI 5. BTyJKa 4 cajlbHUKA IUIOTHO 3arOHAETCS
B BBITOUKY W pa3jaBasi MITKYI0 HaOWBKY B CTOPOHBI, YIUIOTHAET Baj. BcrenctBue
TPeHHUs] Bajla O HAOWMBKY MHpHU pabOTe HACOCAa BBIACIACTCA HEKOTOPOE KOJIUYECTBO
TeIIoThl. /[ oTBoma ee HeoOXOAMMO, 4TO Obl CAJIbHUK MPOMyCKadl HEOOJIbIIoe

KOJIMYCCTBO KHNIAKOCTH, YI[HJIHCMOﬁ B KaHaJIM3allHIO.
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Puc.2.12. CanpHuk ¢ msrkoit HabuBkoit  Puc.2.13. CanpbHUKOBOE YIUTIOTHEHUE Baja

" BOASAHBIM YIINIOTHCHUCM Hacoca IJI1d FOqueﬁ BOJbI

Co cTOpOHBI BCaChIBaHUA YaCTO MPUMEHSIOT CAIbHUKU C BOJSHBIM YILIOTHEHUEM
(puc. 2.12). B Hacocax, MOJAlONIMX TOPSYYI0 BOAY, NPHMCHSIOT YILUIOTHCHHUS C
WHTEHCUBHBIM BOJSIHBIM oxJaxjaeHueM. Ha puc. 2.13 nokazaHa KOHCTPYKIIUSI TAKOTO
VIUIOTHEHUSI, TPUMEHSIEMOr0 B MHUTATEJIbHBIX Hacocax. B kpellike Hacoca
yCTaHaBIMBAETCA TOHKOCTEHHas pedpucras BTyJdka 1, ymioTHseMas KOJIBIIOM U3
TEPMOCTOMKOIO TUIACTHKA. YTUIOTHAIOIIAs HAOMBKa 2 3aKJIaJbIBACTCS B KOJBIEBYIO
M0JI0CTh, 00OpPa30BaHHYIO BTYJIKON 1 M 3alUTHON BTYJIKON 3 U 3aKUMAETCSl CTAKaHOM
4. Bosa mpoxoIUT K HAOMBKE MO KOJIBIIEBOU IIETU C paguaibHbIM pazMepom 0.3 MM,
IJI€ MHTEHCUBHO OXJIAKIAETCA. COMPUKACAACH C XOJIOJHOW MOBEPXHOCTHIO BTYJIKHU 1.
Takum 006pa3om, BTyJIKa U Bajl MPEIOXPaHEHBI OT NIEperpena.

TopuosBblie YIUIOTHEHHUS B HACTOSIIIMKA MOMEHT HAIIUIA [IUPOKOE MPUMEHEHUE B
COBpeMeHHOM HacococTtpoeHuu. Ha puc.2.14 mnokazaHbl OCHOBHBIC THIIBI ATUX
yIIoTHeHUH. Purypa a) 3TOro pHCyHKa JaeT MpeAcTaBiIeHHe 00 YIUIOTHCHHH W3
pE3MHOBBIX KoJiell Ha jgasieHus g0 10 MIla. B stom yminoTHeHMM mnapa TpeHUsd
COCTOUT W3 HEMOJBH)XHOTO PE3WHOBOTIO KoJiblla 1 U (haCOHHOTO METATUYECKOTrO
konbiia 2. [lonnepskanre HEOOXOAMMOTO HATATA YIUIOTHEHUS JTOCTUTACTCS MPYKHUHOU

3 ¥ 0TYACTH BHYTPEHHUM DJIACTUYHBIM KOJIBIIOM 4.
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Puc.2.14. Tunsl TOPIOBBIX YIUIOTHEHHA

Ha ¢urype 06) mokazaHo aHaJOTMYHOE YIUIOTHEHHE C TOW JIUIIb Pa3HULIEH, YTO
¢TopomsiactoBoe Koibllo 1 mapbl TpeHUs W BHYTPEHHEE PE3HMHOBOE KOJIbLO 4
BBITIOJTHEHBI KOHUYECKUMU. YTUIOTHEHHS! 3TOr0 TUIIA MPUMEHSIOTCS HAa JABJICHUS JI0
0,5 MIIa nms BOABI U arp€CCUBHBIX KUAKOCTEM.

durypa B) NpeACTaBIsSeT COOOH YINIOTHEHUE C HEMOBMKHBIM (PTOPOILIACTOBBIM
WIM TPONUJICHOBBIM CUJIBL()OHOM NPUMEHSIOIUMCA ISl KUCIOT W WIeNoYeil mnpu
napieHusax o 0.3 Mlla. Hatar ynnoTHeHHMst cO3[1aeTcs 31€Ch OJHOBPEMEHHBIM
JeNCTBUEM CUITh(OHA U BCIIOMOTATEIBHOM MPY>KUHBI.

Ha ¢urype r) nano ymioTHeHHe ¢ METAJUTMYECKUM CHIIL(OHOM Ha JIaBjieHus 10 1
MIIa.

TopuoBble yMmIOTHEHUS 00J1aJal0T MHOTMMHU TMOJIOKUTEIbHBIMU CBOMCTBAMH.
OnHu paboTalOT NPAKTUYECKU C HYJIEBOM yTEUKOW: Oy yur MPaBUILHO MOJI00PAHHBIMU
U CMOHTHPOBAHHBIMH, OHM HE TpeOyIOT OOCIYXHBaHUS, OTIMYAIOTCS OOJIBLION

PISHOCOCTOﬁKOCTBIO, MaJIOUyBCTBUTCIIBHLBIC IICPEKOCY U OMEHHIO Baa.
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[ToTepss MOIITHOCTH Ha TPEHHE B TOPIOBBIX YIJIOTHEHUSAX COCTaBIIsIET HE Oosee
50% moTeph OT MOIITHOCTH B OOBIYHBIX CATbHUKAX.

YniaorHenuss padoumx koJiec. OObIYHO, Kaxk[ash CTYIEHb Hacoca HMMEET JiBa
VIUIOTHEHHUA: YIUIOTHEHHE padodero Kojeca M MeEXCTyleHyaTtoe. B KOpmyCHBIX
JeTaJsIX HacOCa yCTaHABIIMBAIOT HEMOIBM)KHBIE YINIOTHUTEIbHBIE KOJIBLIA.

Mexay ymIOTHUTEIBHBIMH TMOSACKaMU pabOYMX KOJEC M KOJbLAMU 00paxyeTcs
HUJIUHAPUYECKAsT KOJIbLIEBAs 1IETb, B KOTOPOW MOHMKAETCS JIaBJICHUE MPOTEKAOIIEH
KUJKOCTH. YIUIOTHUTENIbHBIE KOJIbIA 3alPECCOBBIBAIOT WJIM KpEMSAT BHHTAMU K
KOpPIYCHBIM JeTaisiM. Bo u3zbexanue m3ruba ¢paaHua yioTHSIOWEro KOJIbLA MO €ro
BHEILIHEMY JMAMETPY PEKOMEHAYETCS BBITOJIHITH YIOPHBIMA OYpPT IIHUPUHON 2—4 MM.

[Ilenn  yIUIOTHHUTEIBHBIE KOJIblIa ~ YyCTaHaBIMBalOT  0e3 KpEIUICHUS
BUHTAaMH, TO BMeCTO (uiaHIa BBIMOJHSIOT HeOonbpmon Oyptuk. Kombio
YCTaHaBIMBAIOT B KOpPHyce IO HEMNOJABIXKHOM Tmocagke U (UKCUPYIOT
BUHTAaMH  OT  NpPOBOpauyMBaHMs. AHAJIOTHYHBIM  00pa3oM  YCTaHaBJIMBAIOT

KOJIbIIa MEKCTYIICHYATBIX YHJIOTHCHI/Iﬁ.

ZR)) @&)) e

a) d) 8)

2)

Puc.2.15. Buas! ymimoTHeHU pabodnx KoJiec

Haubonee npocteiM sBisieTcs: ofHoIeneBoe yriotnenue (puc.2.15, a). B macocax
BBICOKOTO JIaBJICHUSI JJIsi YMEHBIICHUS OOBEMHBIX TOTEPh MPUMEHSIOT YIUIOTHEHUS
00J1e€ CIOKHBIX KOHCTPYKIIHIA.

OpHoleneBoe  yIUIOTHEHWE € KO3bIppKOM  (puc.2.15,0)  moBblIIaeT
KO3 (DUIIMEHT CONPOTUBICHUS IIEIW U O0ECHeYMBAET MEHbIIEE BO3MYLIECHUE
OCHOBHOTO MOTOKa Ha BX0J€ B pabodee kojeco. bosee GnaronpusiTHble yCIOBUS IS

OCHOBHOTI'0 NMOTOKa 00€CIEeYNBAET YIUIOTHEHHE C HAKIIOHHBIM KO3bIPbKOM (puc.2.15,B).
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JIByx1ieneBoe YIUIOTHEHHWE C BHE3allHbIM pacmmpeHuem menn (puc.2.15, 1)
npuMmepHo Ha 20—30% cCHuXkaeT MNPOTEYKH MO CPABHEHUIO C OJHONIEICBHIM
YIUIOTHEHUEM.

JIis 9yryHHBIX U CTalbHBIX pPa0OYUX KOJIEC YIUIOTHUTENBHBIE KOJBIA MOYKHO
u3rotoBisATh w3 uyryHa CY 18-36. Jlna paboumx koiec w3 cranmm 2X13
YIUIOTHUTEIBHBIE KOJIbIIA YaCTO U3TOTOBIIAIOT U3 TepMOOoOpabaTeiBaeMoit cTamu 3X13.
Pa3HocTh TBEpIOCTEN compsraeMbIX AeTanen 1oJkHa ObITh okosio HB 50.

YmnotHuteneHble Konbua u3 cranu 1 X18H9T umeror Xopolryro 3po3uitHYyrO
CTOMKOCTb, HO IIJIOXO CONPOTHUBIISIIOTCA 3aJHpaHuio. BpoH30BbIE KOJbLA, HA00OPOT,
IIPU XOPOIIEH CONPOTUBIIIEMOCTH 33UPAHUIO UMEIOT MAIYIO JOJTOBEYHOCTh pabOThI
U3-32 9PO3UHHOTO pa3MbIBa. XOPOIIO CONMPOTUBIIsETCA 3aaupanuto ctanb XI17H2 npu

JOCTAaTOYHO BBICOKOM JOJITOBCYHOCTH.

Kopnyc nHacoca. Kopnyc Hacoca BBINOJHIETCS B BUAEC TPEX OCHOBHBIX
KOHCTPYKTUBHBIX (hOpM:
® CEKIUOHHBII;
® C rOPM30HTAJILHBIM Pa3beMOM;

¢ JBYXKOPIIYCHOH.

CexkuuoHnblii  kopmyc (cM. puc. 2.16) mpencraBiser coboit  Habop
CeKIIMA 2, WMEIONMX pa3beMbl B  INIOCKOCTAX, TEPICHIUKYIIPHBIX  OCH
Hacoca, KpbIMIeK BXOAHOW 1 W  BBIXOAHOW 3, COCOUHEHHBIX  MEXIY
coboit  crsokHbiMH  mmibkamu - 4. [IpeoGnagaromiee  pacrnpocTpaHEHHUE
TakKkWe  KopIyca  TMOJYyYWIM B MHOTOCTYNEHUYAThIX  HacocaX.  Kaxmayro
CEeKIIMI0 MOXHO  paccMaTpuBaTh KaK  OTAENBHBIM  HAcoc, pabdoTaroniuit
P Pa3HOM JIaBJICHUHW KUIKOCTH.

BxogHas wm  BBIXOgHAS ~ KPBIMIKK  SBJISAFOTCS  Oa30BBIMH  JCTAISIMHU
Hacoca. B Kpblllikax BBITIOJIHEHBI COOTBETCTBEHHO BXOJHOW W BBIXOJHOW MaTpyOKH.
COBMECTHO C KPBIIIKaMH OTJIUTHI OMOPHBIC Jalbl, KOTOPBIMH HAacOC (DUKCUPYETCS Ha

byHIaMEHTHOW TUIMTE, W KOPBITOOOpa3HbIE KPOHIITCHHBI [JIs MOMIMUIHUKOB. K
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KpBIIIKAaM Ha HINWIbKAX MOACOCAUHSIOTCS KOpIyca KOHIIEBBIX YIUIOTHEHUH. B
BBIXOJTHOM KPBILIKE YACTO PACIIOIAraeTCs pa3rpy304HOe YCTPOUCTBO.

Kaxnasa cexuus npeacrapisieT coO0W MUIMHAPUYECKYIO, JUTYIO U3 Yyr'yHa WU
CTaJId TOJICTOCTEHHYIO OO0OJIOYKY, BKJIIOYAIOIIYIO pa3AeNuTeNbHyI0 auadparmy, a

TaK)Ke MPSMOM M OOpaTHBIN HAIIPABJISAIONIME anllapaThl.

,N‘\\\

Puc.2.16. KoHCTpyKIHs KOpITyca CEKIIMOHHOTO Hacoca

Cekiuun Mexay coOOM M C KpBIIIKAMH IEHTPUPYIOTCS Ha IHJIMHIPUYECKUX
3aroukax. CTBIKM MOTYT YIUIOTHATBCS JMOO 3a CYET METAUIMYECKOro KOHTAaKTa
VIUIOTHSIFOIIMX TOSICKOB, JMOO TPU TOMOINM YIJIOTHUTENbHBIX KoJjel. Jlns
MTOBBILIECHUS HaJIEXKHOCTHU YIUIOTHUTENBHBIX CTBIKOB peaycMaTpUBaIOT
KOMOMHUPOBAHHOE YIUIOTHEHUH (METATTMYECKUM KOHTAKT TUIFOC PE3UHOBOE KOJIBIIO).

KoHCTpyKIus: CThIKa CEKIMI TOJDKHA MPEaynpekaaTh BO3MOKHOCTb PACKPBITHS
€ro Ipu JEWCTBUM BHYTPEHHETO JaBiieHUsA. {7 yMEHBLICHUSI PACLEHTPOBKUA CEKIUU
npu cOopke U pa3dopKe Hacoca UX COCIUHSIOT OOBIYHO MO HAINpsHKEHHOM mocajke. C
ATOM K€ IeJbI0 HA3HAYalOT TaKKe MKECTKUE JOMYCKM Ha KOHIIEHTPUYHOCTD
MOCaJOYHBIX 3aToueK. [IpH YMJIOTHEHHWH CTHIKOB CEKIMI 3a CYET METAJUIMYECKOTO
KOHTAaKTa  YIUIOTHSIOIIME  TIOSICKM  JIOJDKHBI ~ OBbITh ~ 00paboTaHbl  CTPOrO

MEePIEHANKYJISIPHO K OCH HAaCOCa U UMETh BBICOKYIO YHCTOTY nmoBepxHocTH 0,63—0,32.
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HeoOxoaumoe yIUIOTHAIOIIEE YCHUJIIME CO3HAETCS CTSDKHBIMA IINWIbKaMu. B
rOpSTYEBOAHBIX HACOCAX CTSLKHBIE IIIMUIIBKU JIOJKHBI TAK)XKE BOCIPUHUMATh YCHIIUAS OT
TeMIlepaTypHbIX Aedopmaiuii Kopiyca.

N3rotaBnuBarOT X 00bIYHO, U3 Npokara ctanu 40 wim 45. CuabHO HAarpyKE€HHbIE
MINUIBKY MOHO M3roTaBiauBarh u3 cranu 40X wiM Ipyrux JErupoBaHHBIX CTaJIEH
30XMA. KoaduimeHT IMHEHHOTO paclIupeHus MaTepuaia MIMUIbKA JOJIKEH ObITh
MPUMEPHO paBeH KOI(PPHUIIMEHTY JIMHEHHOTO pacHIMpPEHHs] MaTepuaia Kopiyca.

KpbIikun Hacoca M3rOTOBISIOT JUOO JUTHIMH, JIMOO CBAapHO-TUTHIMH. Matepuan
KpBIIEK BBIOMPAIOT B 3aBHCHMOCTH OT AapjieHus. g masnenmit mo 100 krc/cm?
KPBIIIKM HAJ0 OTIMBAaTh U3 CEPOro 4yryHa, sl Oosee BBICOKUX [aBICHUA — U3
YIIEPOAUCTON WM MAJIOJIETUPOBAHHOM cTanu. B MecTax yIUIOTHEHUH ¢ CEKIMSIMHU Ha
KPBIIIKaX MOXXHO MpeaycMaTpUBaTh HAIUIABKy HEP)KABEIOUIUMHU BJIEKTPOJAMH IS
OPEAYNPEXKICHU KOPPO3UOHHOIO IMOBPEXKICHHS C TEYEHUEM BPEMEHU WIH
SPO3UMOHHOI0 Pa3MbIBAHMSI IPU BOSHUKHOBEHUH HEIJIOTHOCTHU B CTHIKE.

CexkuM M3rOTOBIISIIOT  JIMTBIMA ~ WJIM  KOBaHbIMH. Marepuan CeKuud —
YyryH WIM  yrjiepoaucras cTajdb. B 0co00  OTBETCTBEHHBIX  HAacocax
CEeKIIMM  M3rOTaBJIMBAIOT M3 TOKOBOK  HepKaBerolled cranu. M3BecTHbI
HAcCOChl, CEKLIHH KOTOPBIX BBINOJIHEHBl H3 IUIacTMacc. Ilo TeXHOJIOrM4ecKuM
COO0OpaXeHUsIM, BCE CEKIIMU BBIMOJIHSIOT C OJMHAKOBON TOJIIMHON CTEHOK.

WNHorna nnsi BHICOKOHAMOPHBIX HACOCOB MPUMEHSIIOT OaHAaKMPOBAHHME CEKLHUU.
CoOCTBEHHO CEKLHUIO H3rOTABIMBAIOT M3 BBICOKOKAYECTBEHHOI'O MarepHuaia C
OTHOCHUTEJILHO HEOOJIbIIONW TOMIIMHON cTeHKHU. [IoBepX CEeKIMM Haca)KMBAIOT OaHIax
U3 YIJIEPOJINUCTON CTAIIN.

Jliist o6neryeHust cOOpKH U pa300PKU HACOCA U CHUIKEHUS OMACHOCTH TMOBPEXKIACHUS
Bajia Ha KaXKJIOM CEKIIMM PEKOMEHyEeTCs BBIIIOJHATEH OMOpPHbIE Jlanbl. BHYTpu cexuuu
10 HAIpsHPKEHHOW WIIM TUIOTHOM IOCAaJKE YCTaHABIMBAIOT HAIPABJISIOLIME aNIaparthl,
KOTOpBI€ (PUKCUPYIOT OT MPOBOpAYMBAHUS IITU(TAMU HIIM BUHTaAMH.

BcacpiBatonuii 1 HamopHbIi NaTpyOKHM COCTaBISAIOT OOBIYHO OJHO LEJI0E C
HIDKHEH II0JIOBHUHOW KOpIlyca Hacoca WM ero cexkuusamu. OHM IMOYTH BO BCEX

KOHCTPYKIIUSIX BBITIOJIHEHBI CJIeTKa Ha KOHYC (C yriioMm a0 12°).
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bonpmiMM  JOCTOMHCTBOM — CEKLMOHHOW KOHCTPYKLHMH KOpIIyca  SIBJIIETCS
BO3MO>KHOCTb CO3JJaHUs U3 OJMHAKOBBIX CEKLMHA HACOCOB Pa3JIMYHBIX JHaBieHuM. [Ipu
ATOM M3MEHSAIOTCS TOJIBLKO pa3Mephl Basia, CTSYKHBIX OOJITOB U TUIUTHI.

HenocrarkaMy CEKIIMOHHONW KOHCTPYKLUMH KOpIyca SIBISIIOTCA  CIOXKHOCTH
MOHTa)Ka U MaJlasi JOCTYITHOCTh pabouux KoJjec Jjst ocMoTpa. it ocMoTpa U peMOHTa
KOJEC CEKIIMOHHOIO Hacoca HEOOXOAMMO yNaluTh CTSDKHBbIE IIMWIBKKH U
MOCIIEZIOBATEIBHO CHAThH BCE CEKIIUH MPU OJJHOBPEMEHHOM pa3z0opke poTopa.

Kopnyc ¢ ropu3oHTaIbHBIM pazbeMoM (puc.2.17) cOCTOMT M3 JBYX
LEJIbHOJIUTBIX TIOJIOBUH W3 4YyryHa MWW CTald, U3 KOTOPBIX HUKHAS HECET
BCaChIBAIOIINM U HanmopHbIN natpyoku. [locnenuee, Bpouem, He 0053aTEIBHO, XOTS U
co3zaer 060JbII0e YA0OCTBO NP pa300OpKe U PEMOHTE HAacoca.

[TonoBHHBI KOpIyca Y MHOTOCTYIIEHYAaThIX HACOCOB HECYT B ceOe nuadparmel U

JIOIIACTH IIPSAMBIX U O6paTHI>IX HaIIPpaBJIAIOIIUX aIlllapaTOB U YINIOTHUTCIIBHBIX KOJICII.

Puc.2.17. Kopmyc Hacoca ¢ pa3beMOM B TOPU30HTAIBHON MIIOCKOCTH

I/IHOFI[a BCTPCYAIOTCA MHOI'OCTYIICHYATBIC HACOCHI C KOPITYCOM, COCTOAIIUM M3
ABYX IIOJIOBHH, C 0e3J10IMacTHEIMHU HaIpaBJIAIOIMHUMHA allllapaTaMu. B Takux cly4daiax
HCJIBbHOJMUTHIC ITOJIOBUHBI KOPITYCOB BBIIOJHAROTCA CO CIIMPAJIbHBIMHA HAIIPABJIAOIIUMUA

kaHasamMu. O0e MoJOBUHBI Kopiyca UMeroT (iiaHubl. [IpuMbikaromye oaHa K Apyrou
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IJIOCKOCTH (hJIaHIIEB MPOCTPOTaHbl M Xopouio npouutudoBanbl. KpenexHbie OONTHI
CTSTUBAIOT ()JIAHIIBI C TOMEUICHHONW MEXI1y HUMHU TOHKOW MPOKJIAJKOM HIIM MAaCTUKOM.
Bbonbiioe yno6cTBO Takol KOHCTPYKIIUM KOPIyCa COCTOUT B TOM, YTO CHSIB BEPXHIOIO
yacTh Kopmyca (KpBIIIKY), HE Hapyllas COCIUHEHHs Hacoca ¢ TpyOOmpoBOJaMH,
MOKHO OCMOTpPETh BCe pabouue Kojieca poTopa U U3bATh MOCIECIHUN U3 KopIryca JIs
pEMOHTA.

Kopryc Hacoca ¢ ropu3OHTalIbHBIM pPa3bEMOM M CHATOM BEPXHEM KPBILIKOW
nokas3aH Ha puc. 2.17.

B Hacocax co cnupanbHBIM OTBOJOM ITOTOKA OT KOJIECA KAHAJIBI MPOTOYHOU YaCTH
4acCTO BBIITOJHSIOTCS HEMOCPEACTBEHHO B OTJIMBKE KOPIYyca. DTO MO3BOJLSIET NPUAATh
uM  ¢opMmy, Haubosee OJaronpuATHYI0 B THUAPOJAUHAMUYECKOM OTHOILEHUHU.
OOHOBpPEMEHHO MAaKCHUMAJIbHO YIPOLIAETCS MeXaHudeckas o0paboTka Kopiryca.
Opnako TpeOOBaHUS K TOYHOCTH Pa3MEPOB OTIMBKH M K KayecTBY (ILIEPOXOBATOCTH)
HOBEPXHOCTU KaHAJIOB IPOTOYHOM YaCTH JIOJIKHBI OBITH BBICOKH.

Kpome paccMOTpeHHBIX JBYX OCHOBHBIX KOPIyCOB, B  DJHEPIETHKE,
HedTenepepadaThIBalOIe U XUMUYECKONH OTPACISIX MPOMBIIIJIEHHOCTH MPUMEHSIOT

ABYXKOPIIYCHbIE HACOCHI.

I T
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Puc.2.18. KoHCTpyK1Ms IBYXKOPIIYCHOT'O Hacoca
Takue Hacocel TMpPeACTaBISIOT COOOM CEKIMOHHYIO KOHCTPYKIMIO MU
KOHCTPYKIIMIO C pPazbeMOM B MEPUAMOHAIBHOM IUIOCKOCTH, 3aKJIIOYEHHYI0 B

TOJICTOCTEHHYI0, KOBAHHYIO U3 CTaJIU 000JIOUKY.
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B Hacocax ¢ [BoifHBIM KkopmycoMm (puc.2.18) BHYTpEHHsE IIOTHOCTH
o0OecreunBaeTcsl THIPABIMYECKUM JIaBJICHUEM HArHETaHWs, Pa3BUBAEMOI0 HACOCOM,
KOTOPOE C)KUMAET IUIOCKOCTH CTHIKOB BHYTPEHHEIO KopIlyca (HE3aBUCUMO OT THUIa
KOHCTpYKUuM). biaromaps 3ToMy KpemeX BHYTPEHHErO KOPITyCa BBINOJHSET
TOJIBKO CcOOpouHble (PyHKIMU. [IIOTHOCTH HAPYKHOTO CTBHIKA MEXKIY BHEIIHUM
KOPIIyCOM M HAIlOPHOM KpPBILIKOM 00ECIeYMBAETCsl CO3/1aHUEM YIEJIBHOTO J1aBJICHUS
Ha YIUIOTHSEMOW TOBEPXHOCTH, MPEBBIIIAIONIETO B 2,5—3 pa3a Haubosblnee padbouee
JaBJIEHNE, Pa3BUBAEMOE HACOCOM.

[IpuMeHeHrne Takux KOHCTPYKLUMH OOYCJIOBIEHO OCOOBIMU TpeOOBaHUAMH B
OTHOLIEHUU HAJCKHOCTU U 0€30MacCHOCTH IKCILTyaTal|uu.

Hanpasasiromme anmapatbl. Hampapmisirommii anmapar CiayXUT B KadecTBe
0TBOZIa B Hacocax CEKIMOHHOro Tuna. OH npeacrasiseT co00il eqUHYIO 1eTajb, B KO-
TOPOM BBINIOJIHEHBI CIHpalbHbIE KaHaibl, AU(GPYy30psl, NEPEeBOAHBIE U OOpaTHBIE

ITOABOJHBIC KaHaJIbI (Z)J'IGMGHT HOI[BOIIa).

Puc.2.19. Buapl HanpapsiomuXx ammapaToB

Haubonee pacnpocTpaHeHbl HampapisIONIME anmapatbl YeThIPEX OCHOBHBIX
tinoB. K T1epBOMYy THIy OTHOCATCS HANpPaBSAIONIME AaIaparbl, y KOTOPBIX
mubdy30pHbIE  OTBOJSLIME KaHAJIbl COEIMHEHbl MEPEBOJAHBIMU KaHajlaMu C

oOpaTHBIMH MOJABOASAIIMME KaHajtamu (puc.2.19, a).
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Hampasnstomuii anmapaT BTOPOTO THIIA TIPEACTABISIET COOOM eTaib, B KOTOPOM
oOpaTHbIE MOJBOJAIIME KaHAIbl Pa3beIUHEHBI C KaHajJaMH OTBOJAA O€3JI0MaTOYHBIM
KOJIBLIEBBIM MIPOCTpaHCTBOM (puc.2.19, 6).

K Tperbemy THITy OTHOCATCSI HANpPABJISIONIME anlaparhl, MPEACTABISIONINE COO0N
JieTallb, B KOTOPON BBIMOJHEHBI TOJBKO KaHaibl AU(PGY30pHBIX O0TBOAOB. OOpaTHbBIE
MOABOIAIIME KaHAJIBI PACIIOJIOKEHBI B IPYroi compsiraeMoit aetanu (puc.2.19, B).

B HEKOTOpBIX KOHCTPYKIIHSX, Yallle BCETro MPH HEpa30OpHOM POTOpE, MPUXOIUTCS
OPUMEHSTh pa3beMHbIe Hampasistone anmnapartsl (puc.2.19, r). O6e noNoBUHKYU MpU
cOOpKE COEANHSIOT IIMWIbKAMU MU OONTaMH.

B BBICOKOHANOPHBIX HAcocaXx HU3KOM OBICTPOXOJHOCTH TMOTEPU B OTBOJAX
nocturatoT 30% o0mux mnoTepp B CTymeHW. Jlisg CHMXKEHUS HMX HEO0OXOIHUMO
00eCrevnTh BBHICOKYIO YUCTOTY TTOBEPXHOCTH M TOYHOCTH F€OMETPHUECKHUX Pa3MEpPOB
1 y30pHBIX KaHAJIOB.

Marepuan  HampapisIONUMX ~ alllapaToB  BbIOMpalOT U3 cOoOpakeHUi
IPOYHOCTH, JIMTEWHBIX KayeCTB, KOPPO3WOHHOW M JPO3UMHOM CcTOMKOCTH. [liid
XOJIOJTHOW HEUTPAIBHOM OBl IPU CPEIHUX CKOPOCTAX MOTOKA MPUMEHSIOT YYTYHHOE
WIH CTAIbHOE JINTHE, JIJISl TOPSYEH BOJBI WIIM MIPH BBICOKMX CKOPOCTSIX MOTOKa OTBOJI
OTJIMBAIOT W3 Hepxaperoen ctanu 2X13. /I HEKOTOPBhIX HACOCOB HAMPABJISIOIINE
anmnapatsl MPECCYIOTCA U3 MIacTMacc.

B HEKOTOpHIX KOHCTPYKIMSAX MOTOK MEPEeXOIUT M3 CTYNEHU WIH OAHOW TPYIIIHI
CTyIEeHel B JApYyryld He IO KaHajaM B KOpIyce Hacoca, a IO CIEHUaIbHbIM
MepeBOAHBIM TPyOaM, pacrojlaraeMbIM BHE KOpITyca Hacoca.

IuapaBanyeckas msra. ['maponsita (puc.2.20) Hanbonee 4acto MPUMEHSETCS
JUIS ypaBHOBEIIMBAHUS OCEBOTO YCHIIMSI B CUCTEME MHOTOCTYIIEHUAThIX HACOCOB.

Mexay BpalJaloOIMMHUCSA Pa3rpy30YHbIM JUCKOM 3 W HEMOABWIKHOM IMOITYIIKON
nATel 2 mpu paboTe Hacoca oOpa3yercss TOPIOBOM 3a30p, B KOTOPOM MPOMCXOAUT
ApOCCENMPOBaHUE KXUAKOCTU. YacTh MOJIHOrO Hamopa cpadaThiBaeTcsi B KOJIbLIEBOM
[WIMHIPUYECKOMN IIeIH, KOTopas o0pa3yeTcsi MeXIy ABYMS BTYJIKaMU THAPOTIISTHI:
HEIMOABWKHOW 5 M Bpamarwomeics 6. Pasrpy304Hblii IHCK M Bpallaromascs BTYJIKa

¢ukcupyeTcs Ha Baiy oOuied mmnoHkoi. Kpyrioil raiikoil yepes BTyNKy canbHUKa 4
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IUCK W BpallAKoLIascs BTYJKAa IMPUWKUMAKOTCSI K YCTYyIy Baja. Mexay Topuamu
CTymuIlbl pabodero Kojieca TOCIAEIHEW CTYNEHH U BpAIAIOUICHCS BTYJIKHU
OPEAYCMOTPEH 3a30p Il KOMIIEHCAlMM TEMIIEPATYPHBIX pPACUIMPEHUN JeTaleu
poropa. s nOpenoTBpalleHUs MPOTEKAaHUA SKUAKOCTH 1O Bally HMEETCH

ABYCTOPOHHCC YVINNIOTHCHHUC PC3MHOBBIMH KOJbIIAMHU 7.
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Puc. 2.20. I'mapaBnmuueckast msita

HenonBmwxHast BTynka 10 MUWIMHAPUYECKOM pPACTOUKE YCTAHABIMBAECTCS B
BBIXOJHOM KphbIlIKE U (UKcHUpyeTcss HakuIHbIM (ianiem 1. IlepeTok KUAKOCTU MO
MOCAJOYHOM MOBEPXHOCTH MPEAYINPEHKIACTCA PE3UHOBBIM YIITIOTHUTEIBHBIM KOJIBLIOM.
[Toxymika naTel 2 HEHTPUPYETCS HA KPBITIKE U (PUKCUPYETCS MIMUIHKAMHU.

Bo u3bexanue mepekoca MOAYIIKA OMUPAETCS HA KPBIIIKY JABYMS KOJIbIIEBBIMU
OypTUKaMH, BBHITTOJIHEHHBIMU TI0 BHEIITHEMY U BHYTPEHHEMY JIHaMETPaM.

JHeranu y3JIOB TUIPABINYECKOM pasrpy3Ku V3TOTABIIMBAIOT u3
BBICOKOKaYECTBEHHBIX MaTepHasioB, 00JadarolIMX BBICOKON 3PO3UHHON CTOMKOCTHIO.
Xopomio  3apeKOMEHJIOBalu  ce0s  XPOMHUCThIE  TEpPMOOOpaOOTaHHBIE  CTaJIH:
pa3rpy30uHbIil AUCK K3 ctanu 2X13, mogymka nsatel — u3 ctanu 3X13. TBepaoctsb
STHUX JEeTajIel JOJDKHA OTINYaThesa He MeHee yeM Ha HB 50.

I'mapaBnaudeckass msATa  SBJISETCS  ABTOMATHMYECKUM  YPaBHOBEIIMBAIOIIUM
YCTPOUCTBOM, KOTOPOE OJHOBPEMEHHO BBINOJIHSET POJIb YIJIOTHEHHUS.

dyHaaMeHTHble MAMTHL. DyHIaMEHTHbIE [UIMTHl MPEJHA3HAYEHBI IS

YCTAaHOBKHM M KPCIJICHHA K HUM HaCOCa M JABUIaTClIisl, a B HCKOTOPLIX ClIydasaX TOJIBKO
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Ui KperuieHus: Hacoca. I[lnura mpeacraBisier coboi OTIMBKY KOpoOuaToit (hopmbl
(puc.2.21) u3 ceporo uyryHa. HuxHsis 4acTh IJIMTHI 3aJIMBAeTCd OETOHOM Ha MECTE
MOHTa)ka HAaCOCHOTO arperaTa. Ha BepxHeil CTEHKE IUIMTHI BBIIOJHEHBI IUIOIMIAAKH C
pPE3b0OBBIMU  OTBEPCTUSMHU JIJIS1 KpEIUICHHS O00OpynoBaHUS. B cTeHKe BBIMOJIHEHBI
OBaJIbHBIE OTBEPCTHUS Ui 3ayIMBKH OeToHa. [1o KpasiM IIMThI BHITIOJTHEHA KaHaBKa JUIs
cObopa yreuek M3 Hacoca. B mumrTe mmeercs 4eThipe MPHIMBA C OTBEPCTHSIMH TOA

(dyHIaMeHTHBIE OONTHI.

20 570 J55 500

VI A-A
20 100 170 510 &, 20
250 éi/

)
< Q\

AT S B

SER, A

15

20
?

B

5.

U]
20
100
N

RIO RID
1465 * 30

4amb. © 27
Rz40,
} 8omb. M20 N/

200

=~

= = —)
e X _)I __; R_JS

, i} 1215 200

Puc. 2.21. [lnuta HacocHOTO arperara

[Tpu MenkocepuitHOM NMPOU3BOACTBE (HYHIAMEHTHBIE ITUTHI MOTYT OBITh
CBapHBIMH U3 THYTHIX ITpoduuieii. [Ipumenenue GpyHaaMEHTHBIX TUIMT CO3/1a€T
Oonbime yno0cTBa IpU MOHTaXKE M BBIBEpKE HACOCOB U JiBUrateneid. OnHako B
KPYIHBIX Hacocax obmmue GpyHAaMEeHTHBIE ITUTHI IOl HACOC U IBUTaTellb

HHOoraa HE CTaBAT.
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3. Texnuyeckoe 3aJjaHue HA KypcOBO# MpoekT (padory)

3.1 Texawmueckoe 3amanme (T3) sBIAETCS OCHOBAHHMEM IS BBITOJTHCHUS
KYpPCOBOI'O MPOEKTA.
3.2 IlpaBuna odopmieHuss T3 Ha KypcoBOM MpoekT (paboTy) TOJKHBI
COOTBETCTBOBATh yueOHOMY mocoouro [2] pasnen 5 u TpeboBanusaM Hactosiero YII.
3.3 Ilpu pazpabdotke T3 no pacuery U NPOEKTUPOBAHUIO IIEHTPOOEIKHOIO Hacoca
(IIH) npennararoTcst NsiTh BAPUAHTOB:
- [IH xoHcoapHOTO THIA «K»;
- IIH xoHCcOoIpHO-MOHOOI0UHOTO THIIA «KM)»;
- [IH onHOCTYynEeHYaThIN ¢ IBYXCTOPOHHUM ITOJBOJIOM KUAKOCTH TUIA «[[»;
- I1H BepTukanpHbii THIIA «BY;
- IIH cekimonHsblil MHOTOCTYIIeHUaThii TUIa « [{HC».

3.4 T3 pa0omKHO coaepkKaTh WCXOAHBIC MaHHBIE JUISI TIPOCKTHUPOBAHUS W
uccinenoBanus 1{H B coorBercTBum ¢ Tabmumnamu Al, A2, A3, A4, A5 u pucyHkaMu
A1-AS npunoxxenus A.

3.5 Pacuer I1H npuBeneH B n.5 Hactosimero YII.

3.6 Jlns OleHKM BIWSHUS TIapaMeTpoB pabouyero KoJjieca Hacoca Ha €ro

KOHCTPYKIIIO, CTYJICHTaM TpeylararoTest HCCIIeI0BATENIBCKUE 3a/1a4u (pruiokerue )

- BIIUSIHMS YIJIa aTaku Ha ¢opMy sionactu padbodero koneca [IH @x=f(AB);

- BJIUSIHMS YTJIa aTaku Ha YUCIIo JonacTeit padodero xoneca [IH z=f(AB);

- BIIMSIHUSI BEJTMYMHBI OCEBOM CKOPOCTH Ha Bxojie B pabouee kojeco [{H Ha yron

oxBara jionactu ¢=f(Vo);

- BJIUSIHMS YKcIia Jionacted Ha popmy jonactu dy=f(z).

3agaHus  HMCCNENOBATENIbCKOTO  XapakTepa  MOTYT  KOPPEKTUPOBATHCS
MpenojaBaTesieM.

3.7 DBpllloaHEHHWE 3aJlaHusl  MCCIIENOBATEILCKOIO XapakTepa BKIIOYAET

npoBefeHue 4-8 BapuUaHTOB PAcCyeTOB, [JIs1 BBINOJHEHUS KOTOPBIX CTYIEHTY

HEOOXO0IMMO COCTAaBUTh CBOIO Iiporpammy B cpeae Mathcad wm Pascal.
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3.8 B T3 cnenyeT npuBecTH coaepkaHue MOSCHUTEIBHON 3aITUCKU M YKa3aTh

nepeyeHb rpaduueckoro MaTepuana

4. Conep:kaHue MOSICHUTEIbHOM 3aNIMCKH
4.1 TlosicHuTenbHAs 3amUcKa KypcoOBOTO MpoekTa (paboThl) J0JDKHA OBITH
oopmileHa B COOTBETCTBHH C yueOHBIM IocoOmem [2] u C yderom TpeOOBaHUI K
coaepkaHuo Hactosiiero YII.
4.2 TlosicHuTenbHAas 3anucka J0DKHA COAEPKaTh CIASAYIOIINE Pa3IeIbl:
- BBEJICHUE,
- Ha3HAYeHHE, 00JaCTh NMPUMEHEHHS W BBIOOP MPOTOTHIA MPOCKTUPYEMOTO
HACoCa,
- pacyeTHas 9acTh:
a) py4yHOH pacyeT mapameTpoB KaHalsa, mpogus JIonacTy paboyero Kosieca u
CIUPAIILHOTO OTBOJIA;
0) pacueT CHCTeMBbl YPaBHOBEIIUBAHUS OCEBOW CHJIBI PA3TPy30YHBIM JTHUCKOM
(B ciiyqae mHOTOCTyTieHuaToro [[H);
B) 3aJlaHHC Ha MIPOBEICHNUE UCCIIEAOBAHMS, PE3YIbTAThl U UX aHAJIN3;
I) ONMHCaHWE KOHCTPYKI[MM Hacoca ¢ OOOCHOBaHHEM BbIOOpa MaTepHAIOB
OCHOBHBIX JICTaJICH;
1) pacdyeT OETOHHOT'O0 OCHOBaHMS U criocoba kperienus [1H;
- 3aKJTIIOYEHUE;
- CIIUCOK HMCTIOJIb30BAHHBIX UICTOYHUKOB;
- BEZJOMOCTh KypCOBOT'O MpOeKTa (paboThl);

- IPUJIOXKEHUS.

4.3. I'pacduueckas 4acTb KypcoBOT0 MpoeKTa (paboTh)
['paduueckas gacth mpoekta (pabotThl) comepxkut 3 nucta Gopmara Al 1o
I'OCT 2.301 u Bkirouaer:
- yeptex obuiero Buga (BO) (pa3pes) Hacoca ¢ pa3MmelieHuEeM M CIocoOOM

KpEIJICHUSI HACOCHOTO arperara — 2 aucta ¢. Al;
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- pabouwne yeprexu padouero koseca [[H — 1 muct ¢. A2 (KII, KP) u Bama [1H
i TuaporsTel — 1 et ¢. A2 (KII).
TpebGoBanus k oQopMICHUIO IpaPUUECKUX TOKYMEHTOB IIPUBEACHBI B pasjene 9

yaeOHoro rmocodus [2].

4. PacyeT ¥ MpPOEKTHPOBaHUE MEHTPOOEKHOTO HACOCA

[lenTpoOeKHBIE HACOCHI SBJSAIOTCS HanOoyiee pPACIPOCTPAHEHHBIMU CpPEIu
JIONACTHBIX JUHAMHYECKUX HACOCOB. [Ipy OTHOCHTENBHOM MPOCTOTE YCTPOWCTBA
pabouyux OpraHoB U 3JIEMEHTOB KOHCTPYKLUMM JBUKCHHE JKUIKOCTH B HHX
OTJINYAETCS YPE3BBIYAWHON CIIOKHOCTBIO. B TMHAMHUECKMX HAcOCaxX MPEBPALLICHUE
SHEPIUU MPOUCXOIUT 3a CUET ACHCTBUS HA JKUIKOCTh CHJI HHEPLUH, BI3KOCTHOTO
Tpenus, Kopuommca u BuXpeBOro oOMeHa, B pe3yJbTaTe YEro MNPOUCXOIUT
YBEJIMYEHUE MOMEHTA KOJMYECTBA JIBMXKEHMSI >KHIKOCTH OT BXOJAa K BBIXOIY
pabouero KoJjeca.

Hacoc, coenuHeHHBI ¢ NPUBOJHBIM JBUTATEIEM, CPEICTBA ISl KOHTPOJS
paboThl Hacoca H €ro peryiupoBaHus (MUKpPOMPOILIECCOpPHAS TEXHHUKA U

KOMIIBIOTCPHLBIC TCXHOHOFI/II/I) B COBOKYITHOCTH IMPCACTABJIAIOT HACOCHBIN arperar.

4.1. Crpykrypa CAIIP uentpobexnoro Hacoca

C npenbr0 pemeHuss KOHCTPYKTOPCKMX W MCCIIEOBAaTENbCKHUX — 3a7ad
npoektupoBanust [IH u moblieHus: 3¢pHexkTUBHOCTH 3THX paboT, pa3paboTaHa
ydeOHas cucTeMa aBTOMAaTHU3UPOBaHHOTO pacueTa u npoektupoanusi (CAIIP) I1H,
B OCHOBE KOTOPOW HCIIOJIb30BaHa MeToAuKa pacyera [7,8]. [Iporpamma CAIIP I[TH
peanusoBana B cpeae Mathcad v.13 u mpemnasHaueHa JUis pacdyera TaMMbI
IEHTPOOSKHBIX ~ HACOCOB  MaJlol W HOPMaJIbHOM  OBICTPOXOJHOCTH  C
ko3 uimenTom OpicTpoxoaHoctu Ns<140. CtpykTypa mporpamMmbl UMeeT OJIOKU
JUISL PELICHUs pAlla 3a7ad KOHCTPYKTOPCKOTO M HCCIEAO0BATENICKOrO XapakTepa.

CrpykrypHas cxema CAIIP [1H npencrasnena Ha pucysnke 4.1.

- 49 -



Hcxonnele JaHHBIE, CXEMa,
OCHOBHBIE ITapaMeTphl Hacoca

A

\ 4

Pacuer 1 npoexkTrpoBaHME IEMEHTOB KOHCTPYKIMI Hacoca Ha

3aJaHHBIC I1apaMCTPhI

v

Kanan pabouero Jlonacth CnupanbHbIi Cucrema
KoJieca B > pabouero —> OTBOJI YpaBHOBEIINBAHUS
MEpHUINaHHOM Komeca OCEBOM CHJIBI

CEYECHHUU ¥
f"""_""""""_"""""_""""_""""_""""____"""""""""""“:
|
: AHanu3 napaMeTpoB KOHCTPYKTHUBHBIX 3JIEMEHTOB Hacoca < |
| |
|
| | |
| |
| |
| |
| |
| |
|
! O=f(AP) Z=1f(AB) ¢=f(Vo) DO=f(2) i
| |
| |

Puc.4.1. CrpykrypHas cxema CAIIP uentpoOexHoro Hacoca
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Tabmuna 4.1. Criucok naeHTU(HUKATOPOB

Oo6o3nauenue | HWnentuduxartop dusnueckas BeJIMYMHA U 0003HAUEHHE €€
€IMHHULIBI
1 2 3

p RO I110THOCTB NIEpEKaUNBAEMON KUJKOCTH,
Kr/M>

Ny EK Mexannueckui KIIJ] nacoca

Qy QN ITonaua Hacoca, M°/u

Hy HN Hamnop Hacoca, M

® SV CkopocThb Bpatienus, 1/c

Q Q [Togaua crynenu, m3/c

H H Hamnop ctynenun, m

Kn KP Yucno noToKoB

i IS Uucno cryneHei

dy DVAL Juamerp Baja Hacoca, MM

dpr DVT JaMeTp BTYJIKU, MM

N N IToTpebisiemass HACOCOM MOIIHOCTh, KBT

N NS KoadduimeHT ObICTPOXOTHOCTH KOJIEca
Hacoca

Qx QK Pacxo1 ;KUIKOCTH dyepes KoJIeco, Mo/c

S S TonmuHa J011acTe, MM

[r] TAU JonycTuMoe HalpsKeHHe KpyuyeHHe Baja,
MIla

Ny GK I'unpasnuyeckuii KITJ[ koneca

Mo OK O6wemnsii KITJI xoneca

AB DELTA Yron ataku, paj.

K11 K11 OpueHTHpOBOYHOE 3HAYECHHE
Kod(uIeHTa CTECHEHHS Ha BXOJIE

Koq K21 OpueHTHpOBOYHOE 3HAYEHHE
Ko3(puIeHTa CTECHEHHS Ha BBIXOJIE

Ky K1 Koaddumuent k;=0,06 — 0,08

Ko K2 Koadduruent k,=0,8 — 1,0

k3 K3 Koaddurument kz=1,0 — 1,4

kg K4 Kosddumuent ks=0,55 — 0,65

Do DO JlnaMmeTp BXoJa B KOJIECO, MM

Vo VO OceBasi CKOPOCTb Ha BXOJIE, M/C

] R1 Paanyc Bxona B koneco, M
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Oxkonuanue tadin.4.1

3

by Bl [upuna paboyero kosneca Ha BXOAE, MM

Up Ul Oxkpy>kHasi CKOPOCTb Ha BXOJI€ B KOJIECO, M/C

H; HT TeopeTnuecknii HaoOp, M

V42 VU2 Koaduiment ckopoctu 3aKkpydrBaHUs

U5 u21 Oxkpy>XHasi CKOPOCTb Ha BBIXOJIE U3 KOJieca B
MIEPBOM MPUOIMKEHNU, M/C

o R21 Pannyc Beixoaa B IepBOM NMPUOIHMKEHUN, MM

Uy u22 Okpy»Hasi CKOPOCTh Ha BBIXOJIE U3 KOJeca,
M/C

B1o BET10 VYron mexay ckopoctsamu Wi u Ui, pan

B1 BET1 YTros yCTaHOBKHM HaKJIOHA JIONACTH HAa BXOJE,
paa

B2o BET20 Yron mexay ckopoctsiMu W u Uz, pan

Vi VM1 MepuaranHas CKOPOCTb Ha BXOJIE B KOJIECO,
m/c

V2 VM21 MepuananHas CKOPOCTb 3a KOJIECOM, M/C

Z Z Yucno nonacren

o R2 Panunyc Bbixoma u3 Kojieca, MM

P P [TonpaBka Ha KOHEYHOE YUCIIO JONACTEN

H oo HTB TeopeTnueckuii Hanop KoJieca Mnpu
OECKOHEYHOM YHCJIC JIOIACTEeH, M

Ky K12 Koa¢¢puumeHT crecHeHns: BXOJHOTO CEYEHMUSI

Koo K22 Koa¢¢punneHT crecHeHns: BBIXOAHOTO
CedeHus

W, wi OtHocHTeNnbHas CKOPOCTh Ha BXOJIE, M/C

W, W2 OtHocHTeNnbHas CKOPOCTh Ha BBIXOJIE, M/C

B BET VYT0J1 HaKJIOHA JIOMACTH, Paj

B B2 [[lupuHa Koyeca Ha BBIXOJIE, MM

ri R(QJ) 3HaueHUE paJryca Ha j — Ol TOYKH TPOQHIIs
JIOTIACTH, MM

bj B(@J) [upuHa Kojeca Ha j — i TOYKe, MM

?j F1(J) LleHTpanpHBINA yToJ j — i TOUKH MPODUIST

JIONIAaCTH, paj
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4.2. PacueT OCHOBHBIX IAPAMETPOB LIEHTPOOEKHOI0 Hacoca

HuKe npuseaeH npeaBapuUTENbHbIN pacyeT KOHCTPYKUMN LeHTpobeXXHOro Hacoca ¢
ABYXCTOPOHHMM noaBoaom pabouen ¥Kmakoctm B nporpammHon cpege Mathcad v.13,

I'IO3BOI'IFII-OIJ.I,MVI OCBOUTb

NPOEKTNPOBaAHUA.

MEeTOAUNKY

NONYy4YUTb

MCXoaHble

AaHHble

4.2.1. Bbibop cxembl 1 onpeaeneHme napameTpoB paboyero Kosieca Hacoca m

npoduna nonacrtu.

4.2.1.1.NMponsBeaém BbIGOP CXeMbl

Hacoca,

OPUEHTUPYACb Ha CyLLecTByoLMe

OTpa6OTaHHbIe KOHCTPYKUHNU LI,eHTpO6E‘)-KHbIX HacocoB. [nAa npoeKTUpyemoro Hacoca

BblOMpaem cxemy, T. €. yCTaHaBAMBaeM 4Mcno NoTokoB K,=2 u uyucno cryneHen i=1

(Tabn. 4.2).
Tabnuua 4.2. icxogHble aaHHble
MapameTpbl 3Ha4yeHus KoadhpmumeHTbl
Yumcno notokos (1-2) kn=2 HanmeHoBaHue PexkomeHa | Bbibpa
yeMbIn HHbIN

KonuyectBo cTyneHen, 1-n =1 K3 1-1,4 1,1
Mopava Hacoca, M3/y Q=450 K2 0,8-1 0,8
Hanop Hacoca, m Hx=35 K1 0,06-0,08 0,06
YacTtoTta BpaLlieHunsa padboyero n=1450 K4 0,55-0,65 0,55
koneca, 06/MuH
YckopeHne cBob6oaHOro 0=9,8 KoadhdomumneHT 1,1...1,5 1,1
nageHus, m/c? CTECHEHMs Ha

Bxoae ki1
TonwwuHa nonacTtn, m KoadhdpmumneHT 0,5 0,5
4yryH (3-4), ctans (3-5) s=4 CKOPOCTU

3aKkpy4mBaHus Vu2
MnoTHoCTb BoAbI, Kr/m3 KoadhdomumneHT 1,05...1,2 1,1

p=1000 CTeCHeHus Ha

BbIxoae ko1
Yuncno y4acTkoB U3MEHEHUS j=8 MexaHn4yeckunm 0,96 0,96
MHTepBasnos BenndunH r, W, Vu KrQd, nu
(8-10)

PacueT ueHTpobexHoro Hacoca BeeTcsl No 3aaHHbIM 3HayYeHus nogayn Q, Hanopa H u
yncna obopoToB N HA OCHOBAHUWN MPUHATON CXEMbI.

4.2.1.2 PaccuntbiBaeM nogady CTyrneHn Hacoca

Q

rae  Qn—nopava Hacoca, M3/c;
kn —uMCcNO NOTOKOB.

Qu

" K. -3600'

Q=0,063 m/c3.
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4.2.1.3.PaccunTbiBaem Hamnop CTyneHu:

H=—", (4.2)

roe Hn — Hanop Koneca, m;
i —4YMCNO CTyNeHeN.

H=35Mm.

4.2.1.4.Paccuntaem yrnoByt CKOPOCTb BpaLlleHus paboyero koneca:

n
T (4.3)

roe n=3,14;
N — yacToTa BpalleHua pabouero Koseca Hacoca, ¢! (06/MuH).

0=151,844 c1,

4.2.1.5.PaccuntbiBaem KoadpduUNEHT BLICTPOXOLHOCTU NPOEKTUPYEMOrO Koneca:

0,5
n, =3,65-n I-?— (4.4)

0,75 7
Tak kak ns = 91,95 < 140, npoagomxkaem pacyeT ganee. Ecriv ns > 140,
NpPon3BOAUM KOPPEKTUPOBKY 3adaHus no napametpam H n Q.
4.2.1.6.PaccuntbiBaem 06bEMHbIN KI[ koneca:
L (4.5)
1+0,68-n, "%

Mo

No = 0.968.

4.2.1.7.PaccuntbiBaem rugpasnudeckun Krai koneca:

_ 0,42 (4.6)
779 =1- 2
(log( D) —0172)
roe D1pr — NpyBeaeHHbI guametp PK

(4.7)

D, = 45003@ ,

D1p=157.779 Mm,
Nn¢=0,898.
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4.2.1.8.PaccuntbiBaem obwmn K koneca:

. (4.8)
N =Mo - Mg - Nm,
rae Nm = 0,96 — NPMHATOE OPMEHTUPOBAHHOE 3HAaYeHMe mexaHnyeckoro KA.
n=0,834.
4.2.1.9.PaccuntbiBaeM pacxop, XnaKkocTu Yepes Koreco:
Q 4.9
Qk =" ( )
n,
Q«=0,065 m3/c
4.2.1.10.PaccuntbiBaemM MOLLHOCTb, NOTPebAsiemMyo HACOCOM:
H (4.10)
N=p-g-Q ————
P 9"Cn 15003600
roe p = 1000 Kr/m3 — nNOTHOCTb BOAbI;

g = 9,81 m/c? — yckopeHune cBob6oaHOro NageHus.

N= 51,47 xBT.

4.2.1.11.PaccuntbiBaemM MakCMMarnbHYyH MOLLHOCTbL, NOTpebnaemMyo HaCOCOM:
N, =11-N, (4.11)
N, . =956,617xBm .

4.2.1.12.PaccuntbiBaemM KpyTaLWmMM MOMEHT Ha Bany Hacoca:
M, = —me = (4.12)

M, =372,864H .

4.2.1.13.PaccuutbiBaem guameTp Bana:

q :S/Mm 1000 (4.13)
Y 02-7 '

roe t = 15-30 MlNa — gonyctnmoe HanpsikeHne Ha KpydeHue, npuHumaem t = 30 Mla.

dv=39,61 mm.

Okpyrnsiem NonyyYeHHyo BENUYNHY AnamMeTpa Bana go bnuxkanwero, KpatHoro
5, n npuHmaem: dy =0,040 m.
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4.2.1.14.lJnameTpa BTYIIKM paccyMTbiBaeM Mo HWxKe npuBenEHHON bopmyne:

dv = 1 ,2'dv y
‘ (4.14)

dvi=0.048 m.

OkpyrnsieM nosydeHHy BENUYMHY AMaMeTpa BTYIKM 0O Gnvkanwero Lenoro
3HavyeHus: dvt=0.048 m, Toraa:

. d_vt (4.15)
vt 2 ’
nt:= 0.024 m.

4.2.1.15.0npegensiem pasmep Bxoaa B paboyee koneco. B nepsom npnbnmkeHmm
OCEeBYH CKOpOCTb onpegensdem no ¢gopmyne C.C. PyaHesa:

Vo =k, -3Q-n* (4.16)

V01=3,05 m/c.

4.2.1.16. PaccumMtaem gmameTp Bxoga B paboyee Koneco:

(4.17)
D, = | 4(\3 +d2
7T Vo

D0=0,168 m™,

MpuHumaem gnameTp Bxoda B paboyee koneco Do=0,168 m. Torpa:

4.18
rL=D0,-05, (4.18)

r0=0,84 m.

[Ana NpyHATBLIX 3HAYEeHUI AMaMeTPOB BXOAa U BTYIKM paboyero koneca yTouHaeM
BENNYNHY OCEBOWN CKOPOCTU Ha BXOoAe B paboyee Koneco no cnegyowen gopmyne:

4Q
V,=———=% 4.19
° x(DZ-d2)" (#19)

V0=3,17 m/c
4.2.1.17. Paccuntaem paguyc cpegHeun BXOOHOW KPOMKM onacTu:

ri=Do-0,5, (4.20)

r1=0,076 m.

OKpyrnue Nony4yeHHy BENMYMHY OO0 LIENOoro Yncna, NpuHMMaem KOHeYHoe
3Ha4veHue r1 =0,076 m.
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LnpuHy BTYNKN pekomeHayeTca HaxoanTb n3 cootHoweHus w=(0.8-1)-ro

NMPUHNMaeEM.
14=(0.8-1)-ro, (4.21)

It =0,067 m.

4.2.1.18. Paccuntaem wimpumHy paboyero koneca Ha Bxoae:

Qc

h = m, (4.22)

rae V'm1=Vo - MepuamaHHas CKOPOCTb NOTOKA Ha BXoAe B KoJsieco 6e3 yyéTa
CTECHEHMA XXUAKOCTM IONATKOM Koneca.
b, = 0,043m.

4.2.1.19. PaccuntaemM OKpY>KHYH CKOPOCTb Ha BXoae:

n
Uy =71 oo (4.23)

u, =11,479m/ c.

4.2.1.20. Paccuntaem MepuanaHHyo CKOPOCTb NOTOKa Ha BXOOHbLIX KpOMKaXx rionacTei:

V=V - Kisgs (4.24)
roe ki1 =1,15 — OpneHTUPOBOYHOE 3HaYEeHME KOIPDULMEHTA CTECHEHNA.
V' ,=349m/c.
4.2.1.21.PaccuuTtaem yron 6esygapHoro Bxoaa:
P, = arctg - (\L—TJ . 2—6; , (4.25)

Bio=16,911°

[Ons ymeHbLeHNs rmapaBANYeCcKMX NOTEPb U YYULLIEHMA KaBUTALLMOHHbIX CBOMCTB Koneca npu
pacyeTe LLeHTPObEeXKHbIX HACOCOB NPUHUMAEM yroa atakn Af = (3” —8”). HasHauyaem yrosa aTaku

AS=7,089 rpag,., TOrga yron HakAoOHa I0NacTU Ha BXoAe B KOJieco.

Bi = PBio+AP.
(4.26)
B1 = 240,
4.2.1.22. Paccuntaem TeopeTU4ECKMn Hanop Koreca:
H
Hi=—,
My (4.27)

roe  H—Hanop ctynenu;
Ng — rmapasnuyeckun Kra koneca.

Ht = 38.989 m
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4.2.1.23. PaccumtaeM OKpYXHYI CKOPOCTb Ha BbIXOAE M3 Kosieca B NepPBOM NPUONMKEHNN:

_ |9-H, (4.28)
Uy = V.
u2
roe Vw2 =0,5 — KO3pOULMEHT CKOPOCTM 3aKPYyUMBAHMA.

u,, =27,657m/c.
4.2.1.24. Paccuntaem paguyc Bblxoda u3 koneca:

r =2 (4.29)
(0]

r,=0,182 m.
roe W - YrN0Baa CKOPOCTb Bpal,eHnA paboyero Koneca.
4.2.1.25. Paccuntaem MepuanaHHyto CKOPOCTb Ha BbIXOAe 13 Kosieca 6e3 yyéta

KO9(hpuLmMeHTa CTECHEHUS.

I'Ip|/| pacyeTe |_||H pekomeHayeTcd NpMHMMaTb OTHOWEHNE OTHOCUTESTbHbIX CKOpOCTeVIZ

Wy (4.30)
WZ
Vm2 = k2 'le’
(4.31)
e k2=0.8-1.0 1 ka=1.0-1.4,

V., =2538u/c.

3agaBLUnCh, OPUEHTNPOBOYHO, KOG(*)(*)I/ILI,I/IGHTOM CTeCHEeHnA BbIXOOHOIo ce4yeHnd
koneca ka1 onpeaendem yron yCtaHoBku fionacTtu [32 Ha BbIXoae n3 pa6oqero Kosneca.:

] 2
sin -— |=0,407, 4.32
(ﬂl %Oj (4:32)
(. 21 K, ) 360 (4.33)
=arcsin| sin |k, ok, R
% ( (ﬂl 360) 2 kMJ 27
B, = 20,973,

[MpnHMUMaem yron yctaHoBKM fionactu Ha Bbixode n3 PK B2:=21

4.2.1.26. Paccuntaem ymcno nonacrten paboyero koneca:

2+ -Sin( B1 + P2 ZTE) (4.34)

Z =65 .
r2 —ri 2 360°

2=6,014.

MpuHuMaem yncno nonacrten z=6.
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Harngem nonpaBo4HbIN KO3MULMEHT P 1 €ro BNMsHME Ha KOHEYHOE YMCro nonacrten paboyero
Koneca z:=6, no coopmyne:

v 1
- ? 2! (4.35)
1—| L
I
roe v =k, +0,6sin (,Bz %) - AONOMNHUTENbHBIN kKO3 dULneHT, (4.36)
y= 0,765
P =0,308

4.2.1.27. PaccuntaeM TeopeTMyeckuin Hanop npm 6€CKOHeYHOM Yncne nonacTeil:
Heo = (1 + P)-Hy, (4.37)

Hte = 50.997 M.

4.2.1.28. Paccuntaem MepuanaHHyro CKOPOCTb Ha BbIXOAE U3 Kofleca C Y4ETOM
Koa(ppuumMeHTa CTeCHEHUS:
Y2

=Viz - Ka, (4.38)

m2

V' ,=2,7192m/c.

4.2.1.29. PaccunTaem OKpY>KHY0 CKOPOCTb Ha BbIXOAE M3 Korieca BO BTOPOM NPUOIVKEHUN

ncnonb3ysa ypasHeHue J1.Onnepa:

H OO:Ll].uz.v ZwZLUZJ,[UZ_VmZ j (4.39)
g ’ g tg/3,

Haxoaum OKPYXHYIO CKOPOCTb Ha BbIXo4e M3 Korieca:

2
uz = Vim2 j + [ Vim2 )j +g - Htoo (4.40)

2n 2n
2tan - 2tan -
(B * " 360 (B * " 360

uz2 =26,303 m/c.

4.2.1.30. Paccumtaem pagmyc paboyero koneca Ha BbIXOAe:

= “2 (4.41)
®
r2 =0,173 m.

4.2.1.31. Paccuntaem wmnpuHy paboyero Koneca Ha BbIXoae:

b, =% (4.42)
27, -V,
b2 =0,02338 m
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3agagmmcs TonwmHon nonactn S (Manble Koneca n3 vyyryHa S=3-4 MM, ctanbHble
koneca S=4-6 mm, rn.6) n onpegensiem aHadeHnsa KOIPPULNEHTOB CTECHEHNS.

MpuHaB S=4 MM, UMeeM:

1
(- - _ (4.43)
1= 2
. T
27, - Sin e
sin( 5, 27|
ki2=1,142.
1
Kez = Z-S '
- 27ar, -sin| S 2 (444
2 ? 360
k22 = 1,066.
[ﬁ —1} 100 = 3.224% < 5%. (4.45)
k22
(h —1J 100 = 4.241% < 5% . (4.46)
u2
(1_ ﬁ] -100 = 3.664% < 5%. (4.47)
12

Ecnu Bo BTOpoM npubnvmxennn Uz, Kiz, k22 0TniMyaoTca OT paHee NPUHATLIX 3HaYeHUN
bonee 4yem Ha 5%, To genaeTcs TpeTbe U nocneaywwee npubnuxkeHue. Nocne aToro
OKOHYaTeNbHO NpPUHMMaeM 3Ha4veHus ri, Uzz, 12, Kiz, k22 1 z.

4.2.1.32. Paccuntaem OTHOCUTENBHYIO CKOPOCTb Ha BXO4E B KOMECOo:

k
W, =V, - W' (4.48)
' 360
W, =8,890m/c.

4.2.1.33. Paccuntaem OTHOCUTENBbHYIO CKOPOCTb Ha BXOAE B KOSECO:

k22

W, =V, - ainf Zi ' (4.49)
? 360
W, =7.557m/c,
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4.2.2. PacuyeT KaHana pabo4ero Koneca B MepManaHHOM Ce4YeHUU

Ana npocdunupoBaHus kaHana paboyero korieca 3adaémcsi 3aKOHOM W3MEHEeHUs

MepuaNaHHOW CKOPOCTU BAOMb paauyca Vm = f(r). M3BecTHa mepuanaHHasi CKOpoCTb Ha
BXOJe B KOrieco le M Ha BblXxoge W3 Koreca sz. MpuHUMaeM NUHEWHLIA 3aKOHOM
N3MEHEHUs MepManNaHHOM CKOPOCTM OT le Jo sz. [na pacyeta npodunsa nonacTtu

HeoBXoaMMO 3HaTb BenuumHy otHocutensHoit ckopoct W =T(r). 3apaemcs Tarke

NINHENHBIM 3aKOHOM W3MEHEHMs1 OTHocUTeNbHOM ckopoctu oT Wi go W, WHTepBan
paguycoB paboyero koneca oT r1 4o rz . PasbuBaem Ha j=8 paBHbIX YacTen n Ons Kaxgoro
paguyca onpegensieMm 3HavyeHne MepuauvaHHOM M OTHOCUTENbHOM cKopocTen. [padumkn

3aBMCMMOCTN OTHOCUTESBHOM N MepUanNaHHOM CKOPOCTEN AaHbl Ha puc. 4.2.

Ar = E—}rl, Ar =0012 (4.51)
AV = Y =Vimo AV=0,079 m (4.52)

J
Mo =1 I, =0,076m. Vo =V V.o =3173m/c.
n,=Ar+r, r,=0,088u. V., =V, —AV, Vo =3094m/ c.
r,=Ar+r,, r,=0%Lu V., =V — AV, Vi = 3014m/ c.
r,=Ar+r, h;=0112mn V.=V ., —AV, Vs = 2,935m/ c.
r, =Ar+r,, r, =0124m. V.=V . —AV, V4 =2,856m/ c.
hs=Ar+r, r,=0137. Vigs =Vppy —AV, Vs = 2776uTc

V16 = 2,697/ c.

rle = Ar + r6’ rlG == 0,149M Vm16 = Vs — AV,

V_.=2618m/c.
r17 = Ar + r7’ |17 = 01161M le7 :lee - AV’ mi7 MIc
g = Ar +1, e =0173m. V e =V . —AV, V15 = 2,538m/c.

[anee onpeaensiemM OTHOCUTENbHYH CKOPOCTb:

]
Oﬂpeﬂ,eﬂMM 3Ha4YeHnA WNPUMHbI KaHana pa6oqero Koneca:

Q (4.54)

b2mer
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272- rlo .leo blO = 0,04171/1
b Q
L ' _
NV b,; = 0,037 m.
b, = —Q
2o r,V. ., ' b, =0,033m.
Q
b y =
135 Vo b,, = 0,03
Q
b , =0,028.m.
toor M -Vina P = 0,028
b= bys = 0,026,
27 15 Vs
Q
b, = , b,. =0,025m.
© 2 N *Vinie 10 "
b Q
Yooor [V ’ b, =0,024.m.
Q
bg=—"—"7""7", b,, =0,023m.
2 Mg *Vins ' "

Paccuntae 3aBucumocTtb b=f(r), no nonyyYyeHHbIM OaHHbLIM CNPOEKTUPYEM

W, =W, — AW;

W

12 =

W, —AW;

Wi =W, —AW;

Wy, =W, —AW;

WlS :\N14 —AW;

VV16 :\le_AW;

W, =W, — AW,

Wi =W,; —AW;

W,, =889/ c.

W,, = 8,738/ c.

W, =857m/c.

W,, =8,401x/c.

W,, =8,232/c.

W, =8,063xm/cC.

W,, =7,895/c.

W,, =7,726m/c.

W, =7,557xm/c.

kaHan PK. MepMD,I/IaHHOG cevyeHune KaHana pa6oqero Korfeca rnokasaHo Ha puc.4.2.

10

3

0.12 0.14 0.16

f, M

0.18

Puc.4.2. N'padmkn 3aBUCMMOCTM OTHOCUTENBHOM ckopocTu Wi (---) n

MepuaMaHHon ckopoctn Vm (- - -) OT paguyca r
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Puc.4.3. MNMpodunuposaHue kaHana paboyero kosneca

4.2.3. PacyeT nonactu paboyero Koneca

MpodmnupoBaHMe nonactM [OSMKHO ObiTb OCYLWECTBMAEHO Tak, 4YTobbl co3gathb,
BO3MOXHO, 6onee GnaronpusaTHble ycroBus Anst 6€30TpbIBHOrO 06TEKaHNA KOHTypa fionacTu

NOTOKOM, 4YTO COOTBETCTBYET MUHUMYMY TOpaBISIN4ECKUX NOTEPb. C aton uensto NPUHUMaAIOT

nnaeHbli, 6€3 MUHMMYMOB M MakCUMyMOB, 3aKOH M3MeHeHusi ckopoctert V. =f(r) "

W = f(r), npuBeaeHHbIe Ha pUCyHKe 4.2

4.2.3.1. OnpegensieM yron HakrnoHa nonacTu:

V_. .
:Bj = arcsin ﬂ+£ , (4.55)
W, 2-7z-r
By, = arcsin Vimo | _S-2 -360,
W, 27-1,) 2

Py = 24,044°,

. (V .
By, =arcsin| - 4 >z | 360,
W, 2z-r,) 27
B, = 23,338".
. [V .
By, =arcsin| —M2 4 52 -360,
W, 27-r,) 2n

By, = 23338".
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By, =arcsin [me L 32 j 360

W, 2z-r,) 27’
By = 22,287°.
B, =arcsin Vg | S-2 -360,
W, 2z-r,) 2r
B, = 21,838,
B, = arcsin Vs 872 | 360
W, 27-1rg) 27
B = 21,42°,
. (V .
B =arcsin| ™+ 52 -360,
W, 27-1g) 27
B = 21,023°.
. [V .
B, =arcsin| -~ + 52 -360,
W, 2z-r,) 2x
B, = 20,639°.
B = arcsin (leg L3 ]-360,
W, 27-1,) 2r
B = 20,264°.

4.2.3.2. Onpegenum yron KOHTypa cpegHen nuHumn nonactu. AnddepeHumansHoe ypaBHEHNE
cpegHen NMMHUK KOHTYpa fnonacTu B NiiaHe UMeeT BUA:

dr
- (4.56)

do =

Monaras @1=0 npwu ri=r, nocre MHTerpupoBaHNA Nonyyaem:

_]2 dr  (j-1-Ar (4.57)
L T-t9B8,  rtgB;
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o

8

o

Pis

Py =

Pis

e

7

s

_(1-1)-Ar
o - 198110 ’

_(2-1)-Ar
-9, ,

_(B-1)-Ar
I, -t9p, ,

_(4-1)-Ar
s 1905 ’

(5-1)-Ar
M4 'tgﬁm ,

_(6-1)-Ar
s 'tgﬂw ’

_(7=-1)-Ar
I - 1986 ’

_(8-1)-Ar
I, -t9py, ’

_(9-D-Ar
PR ’

@10= 00,

¢11=18,4570.

(12=33,2980.

p13=45,620,

¢14=56,095°.

¢15=65,230.

P16=73,3490,

@17= 80,6990.

p18= 87,4620

Mo pes3ynbTaTam pacyeTa 3aBUCUMOCTM (p:f(l‘) CTPOMM CpeaHIoto

JIMHMIO nonactn no Todkam. OTKnaabiBaem B Ka)K,D,OVI TO4YKe Cpeﬂ,HeVI NNHUN

TONLWMHY nonacTtu S.
MpodunnposaHme KOHTypa fnonactm paboyero Koneca NpuBELEHO Ha

puc.4.4. B cOOTBETCTBMU C YNCZIOM IONACTEN Z, HAXOAATCA LIATM NO OKPYKHOCTH

paanycos Rin Rz, t1 u ta.
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0105 100 95 90 85 gp 75 .

0

115 65
60
55
50
45
40
35
30
25
160 20
165 15
170 10
175 5
rm
e66e 180 0
185 2.1710. 355
190 350
195 345
200 340
205 335
210 330
215 325
220 320
225 315
230 310
235 305
240245 C 295300
250 90

2
255260 265 270 275 280 28

¢, rpaa

Puc.4.4. NpodunuposaHme nonactu paboyero koneca

B cBA3M ¢ Tem, 4TO 3HaUYeHUA Vi, W, B B PYHKUMM OT r 3a4a10TCA B BUAE Tabanubl,
WHTErpupoBaHMe NPOBOAMM B YNC/IEHHON dopMme.

1
C=———
i ! (4.58)

i 195,

= L C 0,03

. o 'tgﬂllo ’ o

_ 1
11 ., t9f, ) C,, =0,026.
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Ch-—t C,, =0,024.

- P 'tgﬂlz ,

Coe Lt C,, =0,022.
s -190:,
Cy = 1 C,, =0,02.
M4 'tgﬁu
1

Cpo=———, C,; =0,019.

s 'tgﬁls
Cm—t C,. =0,017.

Ie 'tgﬂw
C,-——t C,, =0,016.

r7 'tgﬁu

1
18 = ’ C18 = 0,015
Mg 'tgﬂls

o 1
MpuMnm 0603HaYeHMe NoAbIHTErpaibHOM GyHKUUKM Kak C(r) = .
.

roe A(p - NpupaLLeHmne LeHTparnbHoro yrna;

C j—l - 3Ha4yeHne I'IO}J,bIHTeI'paJ'IbHOIZ (byHKU,MI/I B Ha4dane y4yacTtkKa,

Cj - 3Ha4YeHWe NoabIHTErpanbHOM PYHKLMM B KOHLIE Yy4acTKa;

AT - npupauenve paguyca.
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Ap, = S0t Cu pp Ag,, =3,262x10™.
2
Ap,, =St Cu A Ap,, =3064x10™
Ap, =2t Cu ap Agy, =2,78x10™
2
Ay, =St G o Ay, =3,262x107.
14 2 1
A, = Cu+Cy Ar A, =2,262x107",
15 2 ’
Apy, =S5t Cu pp Ay, =2,205x10™,
2
Agy, =S8t C Ap Agy, =2,073x10™
2
-4
Ay = STRASTINN | Ap,, =1,96x107*,
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4.2.4. Pacuet cnupanbHOro oreBoaa C KpyroebiMm ce4eHuem

dopma KaHana cnuparnbHOro oTBoAa UrpaeT CyLLLeCTBEHHYO POSb U JOIMKHA BbINONHATLCA
NogobHO KOHCTPYKLMSIM HAcCOCOB, Noka3aBLUMX Bbicokme 3HadeHns KA. KoadpdomumneHt
ObICTPOXOOHOCTM MPOEKTUPYEMOrO HacoCa He AOSMKEH 3HAYUTENBHO OTNMYaTLCA OT NPOTOTUNA.

[ns pacyeTta pasmepoB cnmMparnbHOro 0TBo4a B NEpBOM NpUBIIMKEHUM CMpanbHOro oTeoga

yD,O6HO NPUMEHATL €ro C KpyribiM Ce4eHNEeM. Pap,wyc Kpyrnoro ce4eHund cnmpaanoﬁ KaMepbl pS )

PaCMoMnOXeHHOro NoA yriom (D¢ OT Hayana cnmpan (A3blka), paBeH:
r3:=1.04"1,, (4.60)

r3=0.18 M.
4.2.4.1. Paccuntaem paguyc Kpyrnoro ceveHusi cnmpanbHOM Kamepbl cneayowmm obpasom:
3HaueHns paanyca HaxoauM ANs HECKOMNbKMX 3HaYeHWi yrna (g, Yepes kaxable 30°.

2.0, -7 :
p=Pey |20 (4.61)
k k
.r-0 H
k = 720-7-g H, 3600 (4.62)
w n
k = 4.002 x 10°
roe K — KoathpuumeHT; Qn — AENCTBUTENBHAA Nofgayva Kofneca Um pacxop B

yCcTbe cnupanu;
®=271N — yrrnosas CKOPOCTb BpaLLEHWs;
- TEKYLLWA yron;

Hn - TeopeTnyeckmin Hanop.

% 2- QT =0.
Psi1 = kzl"']/_ —El 2, Psia
_Pn, [2:0pn T Py, =0,017m.
Psiz = " + —k ,

2. 0. _ .

Pus = Pos Pa3- T3 ’ Psiz =0,0241
k k

Pura = % + IiA 3 Ps1a = 0,03
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D5 ’2-(0254’3
:—+ —_—,
pSl5 k k

Do ’2-(0264‘3
=—+ _—
Psis K K
&Y ’2-(0274‘3
=—+ _,
Psi7 K K

Do f2'¢’28 I3
= —+4 _—
Psisg K K

Drg f2'§029'r3
:—+ _—,
pSlg k k
P30 /2'§03o'r3
:—+ —_—,

D31 /2'(031'r3
:—+ _—
ple k k

D3r 2:¢3 1
= —+ _—
Ps22 K \/ K
D3y f2'¢’32 I
= —+ _
Ps32 K K

Pss = 0,035m.
Pse = 0,04m.
Pa7 =0,044m.
Pss = 0,048m.
Psio = 0,052
Pszo = 0,055m.
P = 0,059
Pszy = 0,062
Psrz = 0,056

Bbibepem rypr B UHTEPBANe 3-5% OT r, 4NA NOCTPOEHMA CNUPAJSIBHOTO

0TBOAA Ipr= 3.

bs=b,+ 0,052y,

bs = 0,041 m. (4.63)

Mo pe3ynbTaTam Bbl4MCAEHWNI NPOU3BOAUM NOCTPOEHMNE KOHTYpPA

cnupanbHoro oteoaa (puc. 6.5).
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270

Puc. 4.5. lNocTpoeHne cnnpanbHOro oTBo4a

Pe3ynbTaTbl pacyeTa, NpMBEeAEHHbIE B Tab/1.2, NO3BONAIOT NEPENTH K

npoduaMpoBaHKMIO KaHana, lonactn paboyero Koaeca 1 ero CNMPaabHOIO OTBOAA

(tabn.4.3).
Tabnunua 4.3
Pe3yanaTb| pacdyeTa OCHOBHbIX NMapaMeTpPOB Z1I0MNACTHOIo Hacoca
Ne HanmeHoBaHue 3HayeHue Ne HanmeHoBaHue 3HayeHue
n/n n/n
dv— anameTp Bana 0,04 m 6 r — paguyc PK Ha Bbixoae 0,173 m
Do — anameTp Bxoga B PK 0,168 m 7 b — wunpunHa PK Ha Bbixoge 0,233 m
ri— paguyc cpeaHemn 0,076 m 8 r3 — pagmyc Kpyrosoro 0,18 m
KPOMKKU nonactu ceyeHuma cnmp. 0TBoAa
4 lvt — AANHA BTYIKK 0,67 m 9 b3 — wWKWpuHa cnnpanbHoro 0,041
oTBOAA
5 Z — KOINYECTBO JionacTen 6 10
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4.3. PacuyeT cuctembl YypaBHOBELUMBAHUA OCEBOM CU/Ibl PA3rpy304HbIM

Auckom [5].
Tabnnua 4.4

NcxoaHble AaHHble

Ne HanmeHoBaHUe XapaKTepPUCTUKHU 0603HaueHne | PasmepHOCTb
n/n
1 | NnoTHocTb paboyeit *KMaKoCTH p = 1000 Kr/m3
2 | YckopeHue cBo60AHOro NnageHun g=9,8 m/c?
3 | KonnyecTtBo cTyneHem i=2
4 | KoadppumumeHT conpoTmsaeHna A=0,05
5 | Pagnyc ypaBHoBewWwMBaemMoro AncCKa R¢=0,079 M
6 | OTHOCUTeNbHaA CKOPOCTb Ha BXxoae W1=7,925 m/c
7 | OTHOCUTEeNbHAA CKOPOCTb Ha BbIXoae W2=7,3914 m/c
8 | OKpyKHaA CKOPOCTb Ha BXoAe u1=24,027 m/c
9 | OKpyKHaA CKOPOCTb Ha BbIXoae u»=10,629 m/c
10 | Pagnyc BTYAKHK rv=0,015 M
11 | JaBneHue Ha Bxoae B paboyee Koneco P1=70000 MNa
12 | AnameTp BX0oAa B paboyee Koneco Do=0,08 M
13 | Pacxopg ®unaKkocTn yepes paboyee Q«=0,01 m3/c
Koneco
14 | Hanop Hacoca H.=55 M
15 | Paguyc Bbixoga n3 paboyero Koneca r.=0,079 M
16 | OceBan cKOpOCTb Ha BXxoAe B paboyee Vo=2,862 m/c
Koneco
17 | CkopocTb BpaleHUa paboyero Koneca w=304 1/c
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Ha paGoyee koneco LeHTpobexHOoro Hacoca AenCcTBYIOT ABE OCEeBbIe
CUMbI:

- oceBas cuna, Bbl3BaHHAs Pa3HOCTbIO AABMEHWUN, OEWCTBYIOLIMX HA HaPYXHYHO
MOBEPXHOCTb KOreca CO CTOPOHbI BCACLIBAHMA M CO CTOPOHbI KOPEHHOro AucKa,
HanpasreHHasi B CTOPOHY BCaCbIBaHUS;

- oceBas cwrna, Bbl3BaHHas MOBOPOTOM MOTOKA OT OCEBOro [0 PaamanbHoOro
HanpasreHuin, HanpasBneHHas B CTOPOHY KOPEHHOro aAncKa.

Pe3yan|/|pyrou.|,a;| cuina paBHa BeKTOpHOVI CyMMe 3TUX AByX CUIT U HanpaslieHa B
CTOPOHY BCaCblBaHUA.

4.3.1. OnpeneneHune BefIMYUHbLI OCEBOW CUIbl MO bopmyne

U2 R +,
F=p-g-7-(R2—r2)-[H 1- on
k P g ( y bm) [ p 8 g ( r_z

- Q- oV, (4.64)

rae Ry, =0,525-Dq - pagunyc ynnoTHeHMs Ha BXoae, M;
Ry =0,042 wm.

4.3.2. CTtaTn4yeckuit Hanop Koreca paccy1TbiBaeM no doopmyne

Uz2 _U12 sz _W12

H, = + , .
p 2.9 2.9 (4.65)
Ho=24.081 m.
U2 R +12

Fk:p'g'ﬂ-'(Rj_rbzm)'[Hp_8.zg'(1_ )] Qk IOVO’

2

F«=1.058-10° m

YpaBHOBELLMBaAHNE OCEBOM  CWMbl  CheumanbHbIM  pPasrpy30YHbIM  AMCKOM
(rmaponsAToNn) LWMPOKO NPUMEHSIETCS Y MHOTOCTYNEHYATbIX CEKLMOHHbIX LEHTPOBEXKHbIX
HacocoB. Pasrpy3ouHbii Anck obecrnieynBaeT NonHoe paBHOBECUE poTopa Hacoca Ha
BCEX pexunmax paboThbl.

PacuyeT cuctembl ypaBHOBELUMBAHWUS OCEBOW CUIbl Pa3rpy30YHbIM [AMCKOM,
cxema KOTOpoW MpeacTaBneHa Ha puc.6.6, 3aknioyaeTcss B Bblbope pa3mepoB AucKa,
orpefeneHnn nepenapa AaBNeHUs Ha AUCKe, pacyeTe pacxoAa XUAKOCT Qp yepes

CUCTEMY pPasrpy3km U HaxoXxOeHuu pasmepon by n Iy YNSIOTHAKOWEN Wenn BO BTYIKe
aucka.
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Ana HagexHon paboTbl canbHUKOBOrO YNMOTHEHWS AaBreHve Psg 3a OUCKOM He

AOmMKHO  npesblwate  0,5-0,8 Mlla  (puc.4.6). PaccuntbiBas  cuctemy
ypaBHOBELLMBaHWS, Mbl AOIDKHbI Tak COrMacoBbIBaTh pasmepbl by, Iy, b u Rg, 4ToGbI

BeNnuuYMHa fasneHus 3a rugponaton Pg, onpegensemMoro  TOXAECTBEHHbIM
ypaBHeHvem Pg = Py -(P2 - P3) -(P3 - P4) -(P4 - Ps), He npesblliana
peKoMeHayeMbIX 3HaYEeHWI.

(_"__('_] T T T T T T T T o
' 'W o '
; s AL
' | T ll I bf.T m:
- J || /] B |
-_,.““""J S oo Aﬁ
% N m—
{ = A
/y o

fW

Puc.4.6. Cuctema ypaBHOBELUMBAHUA OCEBOW CUNbI

4.3.3. OnpegeneHue cunbl 4EACTBYOLWEN Ha OMCK NO hopmyne:
Fo=w -z (R 1) (R, — 1), (4.66)

rae  Rg < r2- paguyc aucka, 3a4aeTcs KOHCTPYKTUBHO;

” - 1-9)- @+ /R)+(1+2-9)-(r, /R,)*=3-(r,, /R)? (4.67)
3-(L-1,, IR,)’ ’

roe ¢=0,18-0,25; re =0,625 - Rg - 3ag4aeTcs KOHCTPYKTUBHO.
r,=0,625-R,
r. = 0,049

w = 0,654
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4.3.4. OnpegeneHve nepenaga gaBneHnsa Ha gucke no opmyne
APy =P, —F;;

i-F, (4.68)

AP, =
* l//ﬂ-(Rs _rbmz)

AP,. =1,713x10°I1a.

3a0aBlWNCb KOHCTPYKTMBHO  LLUMPUHOWN b=(0,0010-0,0012)-Rg , onpegenmu
pacxo[ XUOKOCTU Yyepes pasrpysky rno crnegyrowien dgopmyne:

P,—-P
Qp =u- f. 4 5 (4.69)
roe f= 2 “1r-re -b - NNowaakb wenu Mexay AMCKOM U KOPNycoMm, M?;
b=0,0012-R,
b=9,48x10" .
3 1
004+006)-(R, —r)-r, r? '
\/( ) ( g E) e+r92+0’5
2-b-R, R,
1 =0,323.

0, = -1, [2P=P)
p y 0 D !

Q, =1756x10"x’/c.
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4.3.5. OnpegeneHve gaBneHue 3a nocrnegHnM KorecomMm Hacoca
P,=R +p-[H,-(i-1)/i+H] (4.70)

roe P1 =50000-98100 Na - gaBneHne nepeq NepBbIM KOSIECOM.
P, =5,76 x10° I1a.

4.3.6. OnpegeneHuve nepenag gaBneHns OT BbiXxoda M3 Koreca nocnegHemn CTyneHu
00 BTYIIKK:

AP, =0125-p- & - (r} — 1) (4.71)

AP,, = 6,95x10"* ITa.

NogcTtaBnsaem nostydeHHble 3aBUCUMOCTU B TOXOECTBEHHOE YpaBHEHNE N
onpeagendem nepenag gasneHuna B yrnJjioTHEHUN BTYJTIKUA OUCKA!

H (l—l) j 2 2 2 i'F
AP, =P+p. | —H >4+ H |-0125-p - - (1, -1 )— k -P
u=—NhTp ( i 0 P (=) [f'”'(Rg_rbé)J 5

AP,, = —2,313x10° I7a.

CrienoBaternbHo, Yepes KOMbLEBYIO Lelb YNNOTHEHWS! BTYIKW LUMPUHOW Dy, v
AnvHou |y, npu nepenapge AasneHus P3-P4 [OMKHO npoTekaTb  KONMMYECTBO

KNMOKOCTU:
2(P,—P,)
Q, =, - /#
Yo,
1
e Uy, =" ] —K03(UITMEHT pacxoia yIJIOTHEHUS,
Y +15
2-b,p
#4,=0,04-0,06.
Mpunumaem: b, := 0.0015-D, fo=2m-r\t by, Torma
b, =1,2x10" n, fo =1131x107° .

-76 -



MpuHAB BENUYUHY by:0,0015D0, Haxo4MM HeobXxoauMMy0 OfVHY YNIIOTHEHUS Iy.

[OrnvHa Tpy6GonpoBoaa, COEANHSIIOLLErO pasrpy304HOe YCTPOMCTBO CO BXOOOM Hacoca,
onpeaenseTcsa rabaputaMmu Hacoca.

y

_2, (EJ.[M
2 |Q p

ly = 0,016 m.

E

xmngkoctn Qp npu nepenage aasnexHms AP51 no copmyne:

APsl = Ps - Pl’

AP,, =6,3x10° I1a.

d =2,621x107° M, npyHumaem d=3 mm

(4.72)

HvameTp TpybonpoBoaa, Npu N3BECTHOW ANMHE €ro CEYEHMs1, HAXOAUTCS MO pacxony

(4.73)

Ha ocHOBaHMK BbINOMHEHHOIO BhILLE pacyeTa, NPOEKTUPOBaHUE rMapPONsAThI
NPOU3BOANTCS NO NapameTpam, NpMBeAeHHbIM B Tabn.3.

Tabnuuya 4.5

Pe3yJ'IbTaTbI pacyeTa ypaBHOBELLNBaAHUA OCEeBOM CUbI

Ne HanmeHoBaHune 3HauyeHune Ne HanmeHoBaHue 3HauyeHue
1 | Fk — oceBas cuna 1,058 x 103 6 | f— nnowagb wenm 2,941 x 10°
H MeXay ANCKOM U M2
KOpMycom
2 | Ry — pagwnyc 0,042 m 7 | Qp — pacxon 1,756 x 104
YNNOTHEHUS Ha BXoAe XWAKOCTM Angd
ypaBHOBELLMBaHUSA
CUCTEMbBI pasrpy3ku
3 | Fg—cuna 1,018 x 103 8 | by — wmpuHa kaHana 0,0012 m
AencTByoLlan Ha guck H
4 | w - KO3d). CTECHEHMUS 0,654 9 | ly — anvHa kaHana 0,016 m
5 | re — paguyc kamepsbl 0,049 m 1 | d - gnameTp cevyeHus 0,261 m
0 | TpybonpoBoaa
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4.4. NMpoeKkTupoBaHMe LLeHTPOOEXHOro Hacoca

4.4.1 MNpoeKkTupoBaHMe KaHana un pabouero koneca B MEpPUANAHHOM CEYEHUMU

Mpn npoekTMpoBaHWKM, MNOMYyYEeHHble B peayrnbTaTe pacyeTa [OaHHble, MOryT
KOpPEeKTMpPOBaTbCA B COOTBETCTBUM C BbIOPaHHbIM MPOTOTUMNOM LEHTPOBEXHOro
Hacoca, umetoLlero aHanornyHble napameTpbl (Qn,Hn,Ns,N).

Mo KOHCTPYKTMBHBLIM COODpaXeHWsiM HasHavaeTcs Mnpodunb KOPEHHOro
avncka. [na konec manon 6bICTPOXOAHOCTU OObLIMHO MPOMWUIbL KOPEHHOro AWCKa
COCTOWUT M3 MMOCKOro AmMcka, cornpsraemoro no paguycy co BTynkou (puc.4.7). Ha
KaXxaoM paguyce rj onucbiBaeTCs OKPY>XHOCTb AMaMeTPOM, paBHbIM TaK, YTOObI OHa

Oblna kacaTenbHOW K Npousito KOPEHHOro AncKa.

[paguk usmexerus
N V=2 0O paguycy

\ Viz
\

\
\

12

Fo# e

o

[en
Sy}

/</-;

Puc.4.7. MNMpodunuposaHmne kaHana u paboyero koneca B MepuanaHHOM
ceyeHumn (Kn=1).

Mpodunb nNOKpbLIBHOrO Oucka norsiydaemM rMpoOBOASA KacaTernbHyl KO BCEM
OKpY>XHOCTSIM. [1OKpbIBHOW AUCK conpsraetca ¢ agnameTpom Bxoga Do paguycy. CeyeHune
Koneca C ABYXCTOPOHHUM MOABOAOM >XMAOKOCTU MONydaeTCca 3a CYeT CUMMMETPUYHOro

pacnonoXeHusi Takoro Xe KaHana ¢ gpyrov CTopoHbl kopeHHoro ancka (Puc.4.8).
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Puc.4.8. NMpodunmposaHme kaHana n PK B MepmnanaHHom cedenunn (Kn=2).

Hanee npoektupoBaHne PK npou3BoanTbCS C y4ETOM pacyeTHbIX 3HAYEeHUN
TOMWMH CTEHOK, AnameTpa Bana (dB), ANMHLI BTYNKN (IBT), N KOHCTPYKUUWN 3agHEro v

nepegHero ynnotHexnun (Puc. 7.2).

4.4.2 NMpodmnupoBaHme nonactu n pabo4ero Kkoneca

"padhmnyeckoe npounupoBaHMe KOHTypa fonacTu NPOU3BOAMTLCS MO  HWXKe
npuBegeHHon metoamke. CHavana BblMEpYMBAETCA B MacwTabe nonepeyHoe ceveHune
kKoHTypa PK. [lenntbca npoMeXXyTOK Mexay BXOAHbIM 1 U BbIXOAHBIM 2 paguycamMmum Ha |
yactel N NPOBOAUTLCS OKPYXHOCTb paguycamu ri+l=ri+Ar. Ha KOHTyp nonepe4yHoro
CeyeHus Koreca HaHOCAT paguanbHble nydn nog yrnamum i, onpegenswowme
npupaweHne Adi ueHTpanbHoro yrna. [llpu 3ToMm, Kaxgbl nyd npoBoAAT O
nepecevyeHns C COOTBETCTBYIOLLEN €MY OKPY>XHOCTbIO (CM. PUCYHOK 7.3).

B pesynbtate nonyyarT «OCHOBY» NPOdUAs fonactu, ero CPenHio SINHUI.
[anee, M3 TOYeK Ha CpedHen JIMHUMW, KaK M3 LEHTPOB, MPOBOAST OKPYXHOCTU
AnameTpoM,  paBHbIM TOMWMHEe Si fonactm Ha pAaHHom paguyce. Orubatowas
OKpY)XHOCTEN K OyoeT KOHTYpOM nonactu B nnaHe. [lane Ha OKPYXXHOCTAX 1 U I2
cornacHo u4ucny nonacten PK z, oTknagbiBalTCs LWarn, COOTBETCTBEHHO t1 U t2, Ha
KaXXQOM W3 KOTOpPbIX Bbl4epymBaeTcs fonactb (NpodunvpoBaHMe KOHTypa Jionactu

npuBegeHo Ha puc. 4.9).
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Pacuert waros t1 1 t2 ocywecTsnaem rno gopmyne:
()

I =2r sin <
2

_ 360°
- yron mexay AByMsi COCEHMMU fonacTaMu;

a: =
roe b4
i=1,2 - [Ons OKPY>XKHOCTEWN I1 W 2 COOTBETCTBEHHO;
Z - 4ucno nonacTtemn.
0 3 [ )
~

S=bmm )

Puc.4.9. MNMpodunmposaHme koHTypa ronactu n PK

Paboune koneca c koapduunmeHToM ObICTPOXOoAHOCTM Ns>100 BbLINOMAHAT C
nonacTaMn OBOWHOW KPMBWU3HbI. [pn 3TOM BXOAHYH KPOMKY fOMacTen Takux Korec
pacrnonaratT B 06r1acTu noBopoTa NoToka U3 OCEBOro HanpaBneHus B pagmanbHoe.
B npaktnke HaAcCOCOCTPOEHMS LUMPOKO MNPUMEHSIETCA YMNPOLWEHHbIN MeToq

KPUBWU3HbI, OCHOBAHHbLI Ha MPeAnosIoXKEeHUN O

pacyeTa nonacten [OBOWHOWU
paBHOMEPHOM pacrnpeneneHnm CKOPoOCTU B XKMUBbIX CEYEHUSIX NOTOKA.

MeToauka npounmpoBaHus nonactern OBOMHOW KPWBU3HbI MNPUBOOATCA B

Hay4HO-TeXHU4eckon n yuebHon nutepartype [1, 3, 5].
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4.4.3. NpoekTupoBaHMe cnupanbLHOro otsoaa

KaHanbl pgns oTBoga nOTOKa  AOMMKHbI,  BO-NepBbiX, obecneymBaTb
OCECUMUTPUYHBINA NOTOK XUOKOCTU NpU BbIxode u3 pabo4yero korneca U TeM cambiM
cosgaBaTb YCMNoBus Ang ctabunmsaumm OTHOCUTENBHOIO ABMXEHUS B 06nacTu Koneca
N, BO-BTOPbIX, NpeobpasoBbiBaTb KMHETUYECKYKD IHEPrMi0 MOTOKAa, BbIXOASLWEro u3
Koneca, B NOTeHUManbHy C MUHUManbHbIMU NOTEPAMMN.

OTBogAWME KaHanbl BbIMNOMHAKT B BMAE ChMpanbHbIX MAM NIONaTOYHbIX OTBOAOB.
MpuMHUMNMANbHOTO pasnuuusa B OYHKUMAX 3TMX AOBYX OTBOAOB HeT. Pasnuune
3aKn4aeTcs B KOHCTPYKTUBHOM U TEXHONOMMYECKOM UCMOSTHEHUN.

CnupanbHbIn OTBOA WMEET COBEPLUEHHYID C TOYKM 3PEHUsa rMapaBrvKu
obTekaemyto OpM, OOHAKO €ro KaHanbl 3aTpygHUTENbHbl ANA  MeXaHW4ecKou
06paboTKn, 1, Kak NpaBuno, KOHUrypauus, pasmepbl 1 LLIEPOXOBaTOCTb BHYTPEHHEN
noBepXHOCTN obecnevmBaloTCs HENOCPEACTBEHHO B OT/IMBKE.

CnupanbHbI 0TBOL COCTOUT M3 CNuparnbHOro kaHana - 2 n gudpdgysopa - 3
(pnc.7.4). CnupanbHbli KaHan cobupaeT XWOKOCTb, BbIXOAsLWY Wu3 pabodvero
Koneca, u nogsoaut ee K auddysopy. [lpn atom obecnedmBaetcsa ocesasd
CUMMETPUSA NOToKa 3a paboynM KOfecom Hacoca.

[Monepe4vHoe ceyeHune - 1 cnvpanbHOro oTBoAda - 2, MOXET UMETb PasfnUYHYHO
dopmy. OHO MOXeT ObITb KpPYrfblM, O4EpYEHHbIM NO Ayre Kpyra U ABYM MpPsiMbIM,
KacaTenbHbiM K Oyre 1 obpasywlim B nepecedeHumn yron a=35...45° n B Buge
ceKkTopa C 3aKpyrfieHHbIMU yriamu.

lMocTpoeHne cnupanbHOro 0TBO4Aa Ha4YMHaeTCs C Bbibopa KonnyecTsa cevyeHumn
N CnupanbHOMW Kamepbl, TO €CTb OKPYXHOCTb HAaCOCHOro Kosfieca AeNUTbCS Ha n
yacTen. Yron mexay fnydamu BbIXOOAWUMN U3 LieHTpa Koneca paBeH ¢o=3600/n (Ha
puc. 7.4 ux 12 n yron =300 B COOTBETCTBUMN C AAHHBLIMU B PACHYETHOM YacTH).

Mocne pacdeTa pagnycoB KPYroBblX CEYEHUM CnupanbHOWM Kamepbl PSi,
OoTKNagblBaemM Ha Jiydax cedeHun Toukm 1,2,3... N NpoBOAMM 4Yepes3 HUX KPUBYIO,
obpasyrLyo — KOHTYp cnnpanbHoro oteoga (puc.4.10).

CnupanbHbil OTBOA 3akaHumMBaeTca AMddy30poM, KOTOpbIN COeAnHSAET
cnvpanbHbIi KaHan ¢ oTBOAAWMM TpybonpoBOAOM UMM NEepPeBOAHbIM KaHarom
Hacoca. B anddysope CKOPOCTb XMAKOCTU YMEHbLUAeTCs OT BenunyuHbl Ve
nocregHero CevYeHuss CnupanbHOro KaHana O 3HayeHus CKOpoCTU B
TpybonpoBoae nnu nepeBogHOM KaHane.

UToObl MCKMOUYMTL OTPLIB MOTOKA OT CTEHOK Andpdy3opa, yron KOHYCHOCTH
ero npuvHumatroT B npegenax 8... 10°. Ecnu ceuyeHve avdpdysopa OTMYHO OT
Kpyrroro, T0 U3MeHeHue nnowaan nonepeyHoro ceYyeHus no AfMHe NpUHUMaoT
TakuMM Xe, Kak onsa anddysopa Kpyrnoro ceveHusi ¢ NPSIMOSTIMHENHOW OCbIO.
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5. PacyeT 6€eTOHHOro OCHOBaHUS HACOCHOIO arperarta

KoHCTpyKuusa HacocHoro arperaTta npeactaBnseT cobon COBOKYNHOCTb 3f1IEMEHTOB:
- LEeHTPOOEXHbIN Hacoc;

- anekTpoasuraTens;

- 3aLLUMTHbIN KOXYX (B Cy4ae KOHCOMNbHOro Hacoca);

- PyHOAaMeHTHasa nnuTa;

- beToHHOEe ocHOoBaHue.

HacocHbln arperat, CMOHTUPOBaHHbIN Ha yHOaMeHTHou nnute - ana UH
KOHCOmMbHOro Tuna, nnbo 6e3 Hee B cnydaeT - LIH KOHCONbHO-MOHOOMNO4YHOrO TUNA
yCTaHaBnmBaeTcs Ha GeTOHHOe OCHOBaHMe (pUC.5) M KpenuTcs cneuuanbHbIMU pPbiM —
bontamn. Pac4ét maccbl U pasmepoB OETOHHOroO OCHOBAHWSA MPOU3BOAUTCA MO HUXEe
npueegeHHOM MeToANKe.

Pacyetr maccbl ©OeTOHHOrO OCHOBaHWA  OCYLLUECTBMSIETCA B Criegylowen

nocrnenoBaTesibHOCTU:

G¢ = (3_5) ) Gu.a. ' (51)

roe Gcb - Macca oyHOaMeHTa, Kr;

G h.a. - Macca HacocHoro arperata (Kr), NPUHAMAETCS paBHOI Macce
npuHATOoro npototuna [10] unu paccymTbiBaeTCS NPUBIMKEHHO CaMOCTOSATENBHO.
B3aMmMocBsi3b ~ MaccOBO-reOMETPUYECKMX  NapamMeTpoB M MEXaHUYeCKuX

XapaKkTepuctuk OEeTOHHOro OCHOBaHUS onpependaeTca BbipaXXeHnem:

W’ (5.2)

roe Gq) — Macca oyHOaMeHTa, Kr;

7 =25-10° H/»® - yoernbHbii Bec 6eToHa;

W — 06bem 6eTOHHOro oyHAaMEHTa;

a, b — cooTBeTCTBEHHO ANWHA, WKpuHa (BbibnpaeTca Ha 50-100 mm GonbLue
pa3MepoB NMANTbl HACOCHOW YCTaHOBKM), @ BbicoTa DyHOAMEHTA - C pacCYnTbiBaeTCs No
dopmyne:

G

“aby 63
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6. BapnanThl 3a1aHuii U MCXOAHBIE JaHHbIE /1JIsl MPOEKTUPOBAHUS
LHEHTPOOEKHOT0 HACOCA.

Ta0mnuma 6.1.
Hacocsl koHCcOnbHBIE THITA K

OCHOBHBIE TEXHUYECKHUE JAHHBIE
=2 [T H Uacrora | P Howmep
&5 JaJa, amop, acToTa (il .
z 5 M3y M BpallleHUs, | IepeKavYuBacMON HCCIICAOBATCILCKOU
T 8 CT.KHUI | 00/MUH JKUJIKOCTH afatn
1 8 19 1
2 8 15 2
3 8 12 3
4 20 18 4
5 20 10 5
6 45 19,5 1
7 45 30 2
8 45 40 3
9 45 55 2900 4
10 90 14 5
11 90 20 Boxa u gipyrue 1
12 90 27 XAMHAYECKHA 2
13 90 35 HEWUTpaJIbHbIE 3
14 90 43 KHIKOCTH 4
15 90 55 mo 105° C 5
16 90 75 1
17 90 85 2
18 160 14,5 3
19 160 20 4
20 160 27 5
21 160 30 1
22 190 14 1450 2
23 190 18 3
24 290 24 4
25 290 30 5
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Tabmnura 6.2

Hacocbl koHCOIbHO-MOHO0I04YHEIe THITA KM

OCHOBHBIE TEXHUYECKHE JTaHHBIE
= Howmep
& = ITonaua, Hamop, | Yacrtota Pon .
S & y . | MccaemoBaTenbCKOM
5 = My M BpalllCHHUs, | TepeKaYMBacMON
T S 3aaun
CTOKHI | 00/MHH JKAIKOCTHA

26 8 15 1

27 8 12 2

28 20 14 3

29 20 10 4

30 20 o5 Bopna u npyrue 5

31 20 19 2900 XEMITHCCKH 1

32 45 19,5 Hf{‘(“;pig‘clee 2

33 45 40 ﬂOI{ 050 ¢ 3

34 90 14 4

35 90 27 5

36 90 43 1

37 160 145 1450 2

Tabmauma 6.3
Hacocsl ogHOCTyIIEHYAThIC ¢ ABYCTOPOHHHUM ITOIBOJIOM YKUIKOCTH THIA /]
= OCHOBHBIE TEXHUYECKHE JTaHHBIE Home

53 = | Ilomaua | Hanop, YacroTta Pon p o
Z - HCCIEO0BAaTECIILCKON
o |, M CT.KWJ | BpallleHHs, | epeKaunBacMOM A
=8 My 00/MUH JKUIKOCTH

38 500 36 960 3

39 90 22 q 4

40 126 26 “CTla(;‘Oﬁoé‘a 7o 5

41 200 36 1

42 216 33 2

43 300 50 1450 ArpeccuBHbIE 3

44 360 54 KUJIKOCTH 4

45 630 90 BA3KOCTEIO J10 30 5

cCt
46 400 46 Yucrasa Boaa 10 1
47 450 35 100° C 2
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Tabania 6.4

Hacockl nientpo6esxnasie Tuma B

OCHOBHBIE TEXHUYECKHUE JAHHBIE
o 3 ITo H Yacrora Po Homep
&5 naya, arop, )i .
2 & | Ml M BpAIlICHHS, | TEPEKaYNBACMOMN HECHICAOBATEILERON
T & CTOKHI | 00/MHH JKUIKOCTH afatn
48 5,76*10° 100 750 Bona u npyrue 3
49 9*10° 100 600 XAMUYECKU 4
50 14.4*10° 100 500 HEHTpaJIbHBIC 5
51 22,7*%10° 100 375 KUIKOCTH 1
Tabmuna 6.5
Hacocel MHOTOCTYIIEHUATBIE
m OCHOBHBIE TEXHUYECKHE JAHHBIE Homep
& B ITonaua, Hamop, | Yacrtota Pon .
z 5 My M BpaIlCHUS, | TIepEeKaunBacMOM HECTICHOBATEILCKOU
T 8 CT.OKHI | 00/MHH JKUIKOCTH aatu
52 150 240 2970 o 2
53 150 315 2960 E;f;O*T'HO(;z e 3
54 150 390 2960 H.SO 4
55 180 170 1475 2 5
Tabnuma 6.6
PekoMeH10BaHHbIC 3HAYCHHUS YMCIIA JIONATOK pabovero Kojeca
Nsk 50...60 60...180 180...350 350...600
Z 9...8 8...6 6 6...5
Tabmuna 6.7
PexoMeHT0BaHHBIC 3HAYCHHS TOJIIUH JIOMATOK IS pa00YHX KOJIEC M3 CTaJIH
D2, MM 01, MM 02, MM Omax, MM
100 1,0...1,5 3,0 4,0
200 1,0...1,5 3,5...4,0 4,0...5,0
300 1,5...2,5 4,0...50 6,0...7,0
500 3,0...4,0 50...6,0 7,0...8,0
800 4,0...50 8,0...10,0 10,0...14,0
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Tabmumna 6.8

PGKOMCHI[OBaHHIﬂe 3HAYCHHUA YIJIOB HAKJIOHA JIOIIATOK Ha BBIXOIC pa6oqero KOJICCa

Nsk BJIZ
50...100 350...250
100...200 27°...230
250...400 220...18°
Taomuma 6.9
PexomenioBanHbIe 3HaueHUs K03 duimenta 3anaca K
N,xkBTt o 1,0 1...2 2...5 5...50 bonee 50
K 1,30...1,40 | 1,40...1,20 | 1,20...1,15 | 1,15...1,10 | 1,10...1,05

TunoBble 3aJaHUs HCCJIET0BATEIbLCKOIO XapakKrTepa

HcxonHble TaHHbBIE 715 3a/1a4 UCCIIEIOBATENILCKOTO XapaKTepa COOTBETCTBYIOT
napaMeTpam MpoeKTUPYEMOTro Hacoca.

Nel
Hccnenoanue BnusiHUS yria ataku (AP) Ha ¢popmy JomacTu:
©, = 1(A5),
rae  AP=3....15°, mar Ap=3".
No2

HccnenoBanue BIMSHUS BEIMUUHBI OCEBOM CKOPOCTH (v, ) Ha BX0oJie B pabouee
koneco(PK) nacoca Ha yron oxsata nonactu ():
o= 1(v),
rae v, =0,5...2 M/c, mar v,=0,5 m/c;
Vy,=3......8 M/c, miar v, =1m/c.
Ne3
HccnenoBanue BausiHus yria ataku (AP) Ha yucio jgonactei (Z) pabouero koJjeca:
z=f(Ap),
rae AB=3....18°, mar Ap=3".
N4
HccnenoBanue BIMSHUS YKCIIa JionacTei (Z) Ha (hopMy JIOmacTew:
@, =1(2),
rae z=3...15, mar z=4.
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