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OCHOBHbIE TEXHOJIOTMYECKUE NMPUHLUUMMDI
CUCTEM XOJIOOOCHABXEHUA, CUCTEM
OXJTAXKAOEHNA U KOHOUMLUMOHUPOBAHUA

Mopaya >XMAKOCTEN B CUCTeMax X0N10A0CHabXXeHNs, oxNaXkKaeHUs N KOHAULMOHUPOBAHUS MMeeT BonbLuyto
ponb B paboTe MHXXEHEepPHbIX CUCTEM 34aHWIA. Halle BCEro Hacocamm B CUCTEMAX XON0L40CHABXKEHNS, OXNTaXK-
OEeHUst U KOHOMUMOHMPOBaHWS 3AaHMIA NepeKayYnBaeTCsl BOAA UM BOAOMIMKONMEBbIE CMeCcU. B cuctemax
oxnaxaeHns 060poTHas Bofa MOXKeT nofasaThes ¢ NOAroToBKoM (ouncTkoi) unu 6e3 Hee. ns obecneyeHns
HOpPMarsibHOM paboTbl yKa3aHHbIX CUCTEM UCMONb3YHOTCS UMPKYALUMOHHbBIE HACOChl M CUCTEMbI YNPaBNeHns umMun,
KOTOpble NepekavnBas XXnokue cpebl, COOTBETCTBYHOT XUMUYECKUM, PU3UYECKUM, MEXAHUYECKUM U 3IKOHOMU-

YeCKUM Tp86OBaHMFIM.

DNaHHoe crpaso4Hoe nocobue (ganee nocobue)
npefHasHavyeHo Ans NpodunbHbIX CNeLmManmucToB
(MPOEKTUPOBLLMKOB) UHKEHEPHbIX CUCTEM XOMOA0-
CHab>XeHWUsl, OXNaXKOEHNS Y KOHOULMOHMPOBAHKS. B Hem
yUTeHbl BCe acnekTbl B3aMMo4encTBns 060opyaoBaHus ¢
OKpY>KatoLLen cpefon, Hanpumep, BO34encTBme WyMoB.
B nocobuun maTepman U3no>keH NPoCTo U [OCTYMHO,
UNACTPALMKU U NPUMEpbI [at0T OCHOBY 151 Aanb-
HeWLero NpakTUYeCcKoro ero npuMeHeHus. bnarogaps
3TOMY MpaBuSIbHbIN MOA60pP ¥ paLuMoHarbHOe NpUMe-
HeHWe HacoCcHOro 060pyA0BaHMs, MPUHARNEXHOCTEN U
LuKahoB ynpaBrieHns B CMCTEMaX X004 0CHa6XeHUs,
OXJTAXKAEHNS Y KOHAWLMOHMPOBAHUS CTAHOBATCS
06bI4HBbIMK 1 BecnpobneMHbIMU.

OBSA3ATEJIbHO B cBoel paboTe Heobxognmo cobnogatb
1 BbINONHATL TpeboBaHua gercteytowmx FOCT, CHUM,
HOPM W npasun B PO. MOCTOAHHO CneguTh 3a UX UsMeHe-
HUSIMU 1 UCNONb30BaTh LOMNONHUTESbHbIE aKTYyallbHble
NCTOYHUKMN MHEGOPMALMM MO COBPEMEHHBIM TEXHOIOTUSIM.

B maHHOM Nocobum yuTeHbl COBpeMeHHble OelCTBYOLLME
EBponeiickie HOPMbI M NpeanucaHns.

MonyyeHHble U3 OAHHOTO MOCO6US 3HAHMSI, MOXKHO pery-
NSPHO PACLUMPSATb 3HAKOMSICh C HaLLlel [OoKyMeHTaumen
M MHOPMALMOHHBIMY MaTepranamu, U3noXKeHHbIMU B
NPUNO>XKeHUW faHHoro nocobus. OHu copep>kat 6asy Ans
CaMoCTOSTeNbHOM NOATOTOBKM 1 MPOrpaMmy CEMUHApPOB,
OpPMEHTUPOBaHHbIX Ha NpakTUYeckoe obyyeHue.
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XapakTepucTuku
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COKPALLEHUE
Ha Hanop, Tpebyemblin Ons paboTbl CUCTEMbI
Hy noTepu gasneHuns B Tpybonposoaax
Hya noTepu 0aBfeHns B apmaType
Hies reomeTpuyeckasi pasHoCTb BbICOT
(npeononesaemasi reomeTpuueckas BbicoTa)
Hees MOJHbIN Hanop

XAPAKTEPUCTUKA CETU TPYBOMNMPOBOAOB
CTaTuyeckre KOMMOHEHTbI CeTU COCTOAT U3: reo-
MeTpM4eckoro Hanopa Hge,, KOTOPbIN He 3aBUCUT
0T NOAayn 1 Pa3HOCTM HaMopPOB BO BXOAHOM U
BbIXOLHOM CeYeHun TpybonpoBOAOB CUCTEMBI
P.-P.
p-g
B cnyyae MCnonb30BaHUS OTKPbITbIX pe3epByapoB
nocnefHUn KOMMOHEHT OTCYTCTBYeT.

[HaMnyeckme KOMMNOHEHbI CETU COCTOST U3:
rnoTepu AasneHus HV uMetoLLLe KBagpaTUUHYHO
3aBMCUMMOCTb OT NMOAAYM U PAa3HOCTU CKOPOCTHbBIX
HanopoB BO BXOOHOM W BbIXOLHOM CEYEHUM TPy -
60MpoBOOOB CUCTEMDBI

XAPAKTEPUCTUKA CUCTEMbI

XapakTepucTUKy cMcTemMbl onpenenseT NoMHbIN
Hanop H,, Heobxogumbit ons ee paboThbl.

Ha cocTouT 13: cTaTUYyeckon cocTasnstoLlen Hreo
(reomeTpuUeCKmit HaMop), KOTOPbI He MeHsIeTCs
OT BEMMYMHbI MO4a4M Hacoca 1 AUHAMUYECKOM
cocTasnatoLlen: notepb H, 1 Hy,, KoTOpas nmeet
KBaJpaTUYHYHO 3aBUCMMOCTb OT nopaun. Obme
noTepwu 3aBUCAT OT pazMepa TPYOHON cUCTeMbI
(maTepuan, avameTp, ANMHA, NOBOPOTbI), HANUUMS
3anopHOM 1 perynupytoLLen apMaTypsbl, a Takxe
OT BA3KOCTM Nepekavmsaemon cpeapl (ee Temne-
paTypbil).
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Hanop, Tpe6yeMbiit Ans paboTbl CUCTEMBI

COKPALLEHUE

Vv, CKOpOCTb Ha Bbixode

Ve CKOPOCTb Ha BXofe

Pa LaBMeHue Ha Bbixode

Pe [aBneHve Ha BXxofde

p NnoTHOCTb paboyer cpefbl

g yckopeHue cBobofHOro nageHuns

Hy noTepu AaBrneHns B ceTu Tpybonposonos



XAPAKTEPUCTUKA HACOCA

Ka>kablil Hacoc nmeeT pabouyto xapakTepucTrKy, 060-
3HaUYEHHYI KPMBOW Ha rpaduke 3aBUCMMOCTM Noaa-
umn-Hanopa Q (m3/u)-H(m). 3Ta xapakTepucTmka umeeT
KPUBOMMHENHYO hOPMY M 3aBUCUT OT KOHCTPYKLIUK M-
ApaBNMYeCcKoit YacTu Hacoca. Ha xapakTepucTuke Bua -
HO, YTO C yBeNMYeHMeM Nofaqmn Hanop ymeHbluaercs. B
XapaKTepuCTUKe eCTb NeBasi 30Ha (paboTa Ha 3aKpbITyO
3a[BVXKKY), F1€ Hanop Hacoca MakCMMarnbHbIi, a nogava
MUHMManbHas. Ml npaBas 30Ha xapakTepuUCTVKY, rae no-
[a4a Hacoca MakCuMarnbHas, a Hanop MUHUManbHbI.

Mopaya v Hanop Hacoca 3aBUCAT OT XapaKTePUCTUKN
ceTu, Ha KoTopyto paboTaeT Hacoc. Toyka nepeceyve-
HWS CETU 1 XapaKTEPUCTUKM Hacoca sBnsieTcsa paboyen
TOYKOMN.

PABOYAS TOYKA

Pabouasi Touka - TouKa NepeceyeHuns XapakTepUCTUKM
CeTM 1 XapaKTePUCTUKM Hacoca. Y HacoCoB ¢
(hMKCMPOBaHHO YacTOTOM BpaLleHus poTopa, pabouyas
TOYKA YCTaHaBNMBAETCS aBTOMATUUYECKMU.

Ecnv Hacoc KavaeT XKMAKOCTb U3 pe3epsyapa, B KOTOPOM
BO Bpems paboThl MeHSIeTCS ee YpoBeHb, TO MeHseTCs
pabouas Touka (mogava v Hanop Hacoca), Kak MoKa3aHo
Ha pUCyHKe.

Kpome 3Toro paboyyto TOUKY MOXKHO MEHSITb
OpOCCenvpoBaHNEM HAaMOPHOW 3adBMXKKON NN
notpebutenem.

Ha npakTuke B cucTeMax ¢ pabounmMm XKnoKocTamu
VIMEIOLLMX HOPMarbHYH0 BA3KOCTb (6e3 TBepablx
npuMeceit), 3MeHeHWe XapakTepuCTUKM CEeTH
BO3HWKAET NPY U3MEHEHUN ee CONPOTUBIIEHUS
(oTKpbIBaHMM, 3aKPbIBaHUM APOCCENUPYHOLLUX
YCTPOWCTB, U3MeHeHUN ArameTpa TpybonpoBoLoB B
Xofe peKOHCTPYKLMW, MOABAEHNN OTIOXKEHWIA 1 T.4).

XapakTepucTUKKM Hacoca

Kpusaﬂ XapakmepucmuKku Hacoca

Hanop, H [m]

Touka
¥ nepeceyeHus =

pabouas moyka
Kpusasi

Xapakmepucmuku
cucmembl

Mopaua Q [m3/u]

Hanop Hacoca Bceeda paseH 2udpoouHa-
MUYeckoMy conpomuBJ/ieHuUro B cucmeme
mpy6onpoBodoB.

M3meHeHMWe YpOBHS BoAbl B pe3epByape

=
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8 KpuBas xapakTepucTUkm T a—
1 Hacoca cucTembi 2
KpuBas xapakTepucTuku
cucTembl 1
B
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geo geo
Makc. yposeHb | MuH. ypoBeHb

Y
Mopaua Q [m3/u]

A, B = paboume TouKkun

Y

YacToTa BpalieHus U pabouas Touka

KpuBas xapaKTepucTuku
cuctembl H,

Hanop, H [m]

QH kpuBas

B = pabouas Touka
N = 4acToTa BpalleHus

Mopaya Q [m3/u]
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ns UeHTPOBEXKHBIX HACOCOB U3MEHUTb pabouyto XxapakTepucTuky (pabouyto TOUKY) MOXKHO MyTem u3me-
HEHMS 4acTOTbl BpalLeHNs poTopa Hacoca N UK 3MeHeHeM auameTpa pabodero koneca D (nogpeska

pabouero Koneca).

UsmeHeHune pacxona

LeNncTBue KNnanaHos

/
3apBuXKKa B pexxume

npoccenupoBatms |

XapakTepucTukn
cuctembl H,

Hanop, H [m]

3apBuXKa OTKpbITa

QH kpusas
B=pa6ouas Touka
Mopgaua Q [m3/u]
U3meHeHMe 4YacTOTbI BpalleHUs
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M3meHeHue anameTpa paboyero koneca

Hanop, H [m]

Mopaua Q [m3/u]
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XAPAKTEPUCTUKA C JEMCTBUEM KJTAMAHOB

[nsa paboyen xapakTepUCTUKM Ba>KHOE 3HaYeHue
MMeeT BeMYMHa NageHns AaBneHuns Ha KnanaHe
(MpW NONHOCTBIO OTKPLITOM KfanaHe) no oTHoLLe-
HMIO K CYMMapHOMY [aBJTIEHUIO B PETYNTMPYEMOM
TpybonpoBofe. 3TO COOTHOLLIEHME HA3bIBAIOT
"BNUAHWEM KnanaHa p,":

_ AplelJ _ ApleCl _ Apvl[)o

P=Bp,.. T Bpq+dp, T Ap,

COKPALLEHUE

Po Makc. faBneHue, co34aBaeMoe HacoCoM

Ap, noTepwn OaBneHns B Hacoce

Ap, nafeHve 0aBneHns Ha KnanaHe

Ap, nageHne OaBneHns B OCTanbHOM YacTu
CUCTEMbI

Po 6a30Boe OaBneHne B CUCTEME

Ap, noTepw OaBNEHNSA B CETH

\% pacxon

V100 pacxopn rnpuv NOSTHOCTbIO OTKPbLITOM
KnanaHe

Py B/INAHME KJlanaHa

MocneoHee NoHATUE MeeT 0COOeHHOe NpakTu-
YecKoe 3HaYeHNe C TOUKM 3PEHNS U3MepPeHUI, Tak
KakK OHO M03BOJIeT PacCUUTLIBATL BIUSHUE Ka-
raHa Ha OCHOBE NafeHuWst 4aBfieHUst HA OTKPbITOM
Ap.100) ¥ 3aKpbITOM KnanaHe (Apy,).



Pe>xnm BcacbiBaHUS LLeHTpO6e>KHOI'O HAaCOCa

OBLUME CBEAEHUA

OcHoBoOW BcacbIBatoLLe CNocoOOHOCTM HACOCOB SBNSETCS
OaBneHne, OeNCTBYIOLLEe Ha MOBEPXHOCTM XXMOKOCTU B
NCTOYHMKe. Eciv Hacoc KayaeT U3 OTKPbITOro MCTOYHU-
Ka, To 3T0 aTMocdepHOoe faBneHne, CpeHee 3Ha4YeHne
KOTOPOrO Ha ypoBHe Mops cocTaBnsieT p, = 101320H/m2=
=1,01326ap=10,33™m. BOA. CT.

Takrm 06pa3om TeopeTMyecKas BbiCOTa BCACbIBAHUS
Hacoca MoxeT 6bITb 10 M, HO MpakTU4YecKas BbICOTa BCa-
CbIBaHMS HAMHOTO MeHbLLUE MO CreayLWUM NPUYMHaM:

— MNpW CHUXXEHUM OaBeHns Ha Bcace Hacoca 0
BEJTMUYMHBI HACBILLLEHHbIX NMAPOB XXNAKOCTU NP OaHHOWN
TemnepaType NPOM30oMAaeT KaBUTauums.

~ BO BCacblBatoLLleM TpybonpoBoAe BO3HMKAIOT NoTepu
Hanopa H,, (M), 06yCnIOBREHHOr0 CKOPOCTHBIM HaNoOpPOM
Vs2/2g v TpeHreMm >KNOKOCTW B ceveHnmn Tpybonposofa.
JononHnTenbHble MOTEPU HAaNopa BO3HWUKAIOT B rapas-
IMYECKOM YacTu Hacoca. No3ToMy ANns UCKOYEHUS Ka-
BMTaLMM B HACOCE CYMMaPpHbIA Hamop Ha BXoA.e OOJKeH
6bITb BblLLIE [ABIEHNS HACLILLEHHbIX NAapOB XXUAKOCTY
npuv AaHHOM TemnepaType Ha ONpefAeneHHY0 BENUYMHY.

JTa KaBMTaUMOHHaN XapaKTepucTunka 0603HavaeTcs aHr/.

cokpatueHviem NPSH(m) (oT “net positive suction head”) -
[OMNYCTUMBbIN KaBUTaLMOHHbIN 3anac.

ECAM HAacoC HaxOAUTLCA BbILLIE YPOBHA CTOYUHMKA BCa-
CbIBaEMOW XKMKOCTH, TO BbICOTA BCAChIBAHUS He [0SXKHa
npeBsbILIaTh:

Py Py
g-p g-p

H

- Hy- NPSH [m]

Sgeo_

foe

g — yckopeHue csoboaHoro nageHus = 9,81m/c2

p - NIOTHOCTb XKMOKOCTW NpU OaHHON TemMnepaType
(kr/m2)

ECNY MCTOYHMK XKMKOCTU 3aKPbIT M B HEM eCTb faBfe-
HVe, TO BMECTO 3HadeHus py/g - p 6epeTcs abconoTHoe
nasnexve B pesepsyape (p, + py)/g - p, rae p, U36bIToU-
Hoe AaBneHuve B pesepsyape. Ecnv pasnexve bepetcs
B 6apax, MNOTHOCTb XXMAKOCTM B KI/M3, a ycKopeHue CB.
nageHus = 9,81 m/c2, hopmyna nprobpeTaeT Bua:

_10.2- (p,+p, - Py)

s 5 - Hy~ NPSH [m]

Mpu Hannunmn paspe>keHns B pesepyape p,6epétcs
CO 3HAaKOM MUHYC.

TPEBYEMbIA NPSH (NPSHR)

MuHuManbHoe 3HaveHne NPSH, npn KoTopoMm Hacoc
MOXKET AnuTenbHoe Bpems pabotaTb 6e3 KaBMTauum
npu 3aaaHHbix paboumnx ycnosuax (nogava, Hamop,
yacToTa BpalyeHns, pabouas cpena), MoOXXHO B3ATb 13
COOTBETCTBYHOLLMX rPadMKOB KaTanoros UM Npo-
rpammbl WiloSelect. Tpebyembii NPSH, 0603HavaeTcst
Kak NPSHR, He sBnsieTcs NOCTOSHHOM BEMUYUHON U
CUNbHO M3MeHseTcs (yBenuumBaeTcs) npy ysenuye-
HMM nofdaym Hacoca. [Ans LeHTPobeXXHbIX HAacoCoB C
Pa3NIMYHOM YaCcTOTON BPALLEHUS BUAHO, YTO C YBENN-
YeHMeM YacToTbl BpalleHns 3HaveHne NPSH ysennum-
BaeTcs. [03TOMy BbICOKOCKOPOCTHbIE HACOChl UMeT
MEHbLLYO BbICOTY BCaCbIiBaHUS. MOXKHO BENNYUHY
NPSH Hacoca yMeHbLUNTb, YMEHbLLMB 4acToTy 060po-
TOB pOTOpA HAcoca, HO MPU 3TOM U3MeHSATCS NoJaya u
Hanop Hacoca.

MMEIOLLMNCS NPSH (NPSHA)

TNMiobas cuctema (cylecTByroLLas unm NpoekTUpy -
emas) naeT OaBneHre Ha BXofde B Hacoc, KOTOpoe
ob6o3HauvaeTca kak NPSHA — KaBUTaLMOHHbIV 3anac
CUCTEMbI, KOTOPbIA MOXKHO OMNpenennTb:

10.2 - (p,+p, - P,)

NPSHA = = Hys= Hq oo [M]

EC/IM HacoC HaxoaMTbCA MO 3aNMBOM (HU>Ke YPOBHS!
XKUOKOCTU B pe3epByape), TO yHI/ITbIBaeTCﬂ BbICOTa
ctonba XnakocTu H, 4,1 hopmyna nmeet BuA:

10.2 - (p,+p, - P,)
NPSHA = i i

- HVS+ HSgeo [M]

- [py NpOeKTMPOBAHUN HACOCHOWM CUCTEMbI HEOBXO-
avmo npu Bbibope Hacoca K 3HadeHnto NPSHR Hacoca
nob6asnatb oT 0,6 0,0 1M KaBUTALMOHHbIN 3anac.
~ [ns paboTatoLlei cnctembl 3HaveHne NPSHA
MO>KHO OMpefennTb NyTemM U3MepeHus OaBreHns Ha
BCace Hacoca 1 pacyeTa no cnegytolen opmyne
(NNOTHOCTL 3HaeM Mo TemnepaType XUOKOCTK):
— 10.2 - (p,+p, - P,) S
P 2-g
Mpw pa3pskeHun p, bepeTcs co 3HaKOM MUHYC.
V; — CPefHss CKOPOCTb MOTOKA BO BXOJHOM CeYeHUN

(m3/c)

- HS geo [M]
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BIIMAHUE ATMOC®EPHOIO AABJIEHUSA

BenununHa aTMOC(bepHOI'O [0aBNneHnsa OKa3blBaeT 3Ha4YNTeNbHOE BNUAHNE Ha BCACbIBalOLLYHO cnocobHoCTh Hacoca.
He roBops y>xe o KonebaHusIX, CBS3aHHbIX C MOrO4HbIMMU ycnopuamMmm (i 5% ot XapakKTepHoro onsa OaHHOM MeCTHO-
CTn cpenHero 3HaHEHM9I), fOaBneHne Bo3fyxa ymeHbLllaeTcd no Mepe yBennieHns BblCOTbl:

BbicoTa Hap ypoBHEM mMops 0 500 1000 2000 3000m

CpenHee gaBneHve Bo3gyxa py 1,013 0,955 0,899 0,794 0,700 6ap

BITUAHUE TEMNEPATYPbI CPEQbI

Mpy nogaye HACOCOM ropsiye XXMAKOCTY BaXKHOe 3HaYeHMe MeeT OaBfieHWe HacbILWeHHOro napa npu gaHHom
TemnepaType XXUOKOCTU. ECY XKUQKOCTb KUNUT (KaBUTauus), T.e. p + Py = Po, TO BENUYMHA H, 4o CTAHOBUTLCSA OTPU-
uaTenbHas. OTcroga crnegyeT, 4Tobbl He 6bIN10 KaBUTaLMKM HY>KHO obecrneunTb Heo6xoauMoe AaBneHve Ha BXOOE B
Hacoc Hz geo. Otctoga NPSHA M0o>XXHO onpepnenuTb:

NPSHA =H,,, - H,, [M]

Z geo
Ja>ke ecnu TemnepaTtypa >XNMOKOCTU HU>XKe TOUKM KUNEHUS NPU 0AHHOM [aBJIeHUK, BbICOTA BCACbIBAHUA HAacoca
YMeHbLUAeTCs.

HonycTtum, 4to npu TemnepaType xkuakoctv 20°C Hacoc oMKeH Noaath BOAY C BbICOTbI H geo = 6M.

C yBenunueHviem Temnepartypbl XXMOKOCTU 3Ha4YeHne H, g, yMeHbluaeTcs. Tak npu t=87°C, BbicOTa BCacbiBaHUA H, 4,
He MoXKeT ObITb 60nbLue 4 M, Npy 6onbluem 3HaYeHUn OyaeT KaBuTaLms.

Hdeo

4
/| -2
v
g / 3
T
/// -
/ _5
/
A —T | -6
20 30 (] 50 60 70 80 90 100

T, °C



KM Hacoca

KM/ Hacoca — 3TO OTHOLLEHWE MOLLHOCTU, OTaBaeMom
HacoCoM XunaKocTu (mogaya u Hanop), K MOLLIHOCTK,
notpebnsaemoit Hacocom (MoLHocTb Nnpusopaa). KMA
HaCcoCa UMeeT CBOK XapaKTepUCTUKY, 3aBUCUMYIO OT
XapaKTepuCTMKN Hacoca.
KNZA Hacoca onpepenseTtcs no opmyne:
no 2Hpeg

P

P

Yawe npu pacyete Kl Hacoca, ncnonb3ytoT
BUO,0M3MEHEHHYo hopmyny:

Q-H

367-P

N

Tak kak KN4 v notpebnsgemas HACOCOM MOLLHOCTb
HaxoOsTCsa B MPSIMOM 3aBUCMMOCTU, TO Npu nogbope
Hacoca BbIbMpatoT Hacoc ¢ MakcumanbHbiM KM/ Hacoca B
paboyen Touke.

Kak npasuno, obnactb ontumanesHoro KN4 Hacoca
HaxXOOMUTCS B CpefHen TpeTn XapakTepUCTUKM Hacoca.
30Hbl paboTbl Hacoca OTHOCALLMECS K NepBoii (nesoii)
unn nocnegHei (MpaBoit) TpeTu xapakTePUCTUKM
Hacoca, Bcerga o3Havatot paboTy ¢ 6onee Huskmm Kz,
noatomy ux cnegyet nsberatb npy nogbope Hacoca.

Y 3MeKTpUYeCcKMX Np1MBoaoBs (MOTOpoB) HAacocos,
Hauny4wwuin KrNJ npu nosHom Harpyske, To ecTb
MaKCMMasbHOM nogaye. YUmTbiBas 3Tv ob6CcToNTENbCTBA
cnepyeT BbIbUpaTh Hacoc, ¢ MakcumanbHbim KM

B pabouei TouKe, HAXOOSLLENCS CnpaBa OT LeHTpa
XapaKTepmUCcTUKM Hacoca.

Y HAacoCOB C MOKPbIM POTOPOM, U3 3@ UX KOHCTPYKLUMU
(oTnMuMe 0T HacoCoB € CyXMM POTOPOM), yKa3zblBaeTCs
obwmi KMA Hacoca.

11

XapakTepucTuka Hacoca v Kpusas KNz

Hanop, H [m]

Mopaua Q [m3/u]

Xapakmepucmuka Hacoca u kpusas KN4 Ha
epagpuke Q-H

COKPALLEHUE

Ne

@ W o I O

367

KM Hacoca

nopava, m3/c

Hanop, M

nnoTHocTb paboyelt cpedbl g (m/c?), kr/m3
MOLLHOCTb MOTOpa (MOLLHOCTb Ha Bany), BT
nokanbHoe yckopeHue cBo60OHOro nageHus, mM/c?

Ko3(pumLUmeHT NnepeBoaa
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B Hacocax € CyXvM poTOPOM B Ka4decTBe NPUBO[I0B UCMOMb3YyTCA pa3Hoo6pasHblie MOTOpbI (CTaHOapTHbIe,
cneumanbHble v T.4.) € CaMbIM pasnuuHbiM KM, noatomy obwmn KMNJ kaxxgoro Hacoca Heobxoaumo onpepge-
NSTb UHAMBUAYANbHO. B Hacocax ¢ MOKpPbIM POTOPOM UCMOMb3YOTCS CRelunanbHble MOTOPbI, aaanTUPOBaHHbIe
K KOHKpeTHOMY Hacocy. MoTop 1 Hacoc B JaHHOM ciyvae 06pa3ytoT eAunHbIn y3en. Mo3ToMy KaXkabli Tvn
Hacoca C MOKPbIM POTOPOM UMeET CBOW hnKcmMpoBaHHbIi K.

M3 3a paznnumsa B KOHCTPYKLMM HACOCOB C CYXUM Y MOKPbIM POTOPOM HEBO3MOXXHO cpaBHeHue KM nx moto-
poB. Huskoe KIM/[ MOTOpPOB HacOCOB C MOKPbIM POTOPOM 13 3a paboTbl POTOPa B XKUAKOCTU.

KMNA ctaH@apTHbIX HACOCOB C MOKPbIM POTOPOM (OpUeHTMPOBOUHbIE 3HaUeHMs)

Hacocbl ¢ MowHO-

CTblo MoTOpa P2 Nu Nuacoca™ Noswas™ *

0o 100 Bt npum. 15 - npum. 45 % npum. 40 - npum. 65 % npum. 5 - npum. 25 %
ot 100 no 500 BT npum. 45 - npum. 65 % npum. 40 - npum. 70 % npum. 20 - npum. 40 %
o7 500 go 2500 BT npum. 60 - npum. 70 % npum. 30 - npum. 75 % npum. 30 - npum. 50 %

KIMA cTaHpapTHBIX HACOCOB C CYXMM POTOPOM (OpMEeHTMPOBOUHbIE 3HaUYeHus)

Hacocbi ¢ MOLWHO-

CTbio MoTopa P2 Mu Muacoca™ Nosuwan™*

0o 1,5 kBt npum. 75 % npum. 40 - npum. 85 % npum. 30 - npum. 65 %
ot 1,5 00 7,5 kBT npum. 85 % npum. 40 - npum. 85 % npum. 35 - npum. 75 %
oT 7,5 0o 45,0 kBT npum. 90 % npum. 40 - npum. 85 % npum. 40 - npum. 80 %

06wmn 0630p KM Hacocos cofep>XnTcs B NpMBeOeHHO Bbille Tabnuue. M3 Hee BUOHO, YTO NO Mepe
yBeNM4eHns MoLLHOCTM Hacoca KM yny4diuaeTcs, Tak Kak NOTepy BHYTPU HAacoca 0CTatoTcs NpakTUYecKuM Ha
MOCTOSSHHOM YPOBHE, MO3TOMY B CPAaBHEHWM C YBENMYMBAIOLLIEMACS MOLLHOCTbIO HACOCa UX [0S CTAaHOBUTCS
BCe MeHbLLIe.

* KonebaHus 3aBucsim B mom 4ucsie om KOHCmMpyKyuu, HOMUHanbHo2o ouamempa u m.0. bosee Hu3koe 3Ha4eHue delicmBumesibHo
06bI4HO O/151 HACOCOB C 04eHb HU3KUM 06 beMHbIM pacxo0om U omHocumesnbHo 6071bWUM HANOPOM.
** [lpedenibHble 3HA4eHUS Nosuas UNU Nyacoca HE OONIHCHBI COBNAOAMb.



MoTpebnsiemass MOLLLHOCTb HAacoca

[lnsg TouHoro pacyeTa napaMeTpoB NpMBOAA HACcoCa, onpe-
LLeNeHust IKCNIyaTaumMOHHbIX PACXOL0B Y SKOHOMUYHOCTH
HeobX0AMMO 3HaTb MOLLIHOCTb, KOTOpas TpebyeTcs B COOTBET-
cTBYytoLLen paboyeit Touke Hacoca. MoaTomy noTpebnsemas
3/1eKTPUYECKas MOLLHOCTb Hacoca Tak>ke NpefcTaBrieHa B Buae
rpacuka no aHanorum ¢ rMOpaBANYecKo MOLLHOCTBIO Hacoca.
Ha rpacdvke B1aHa YeTkasi 3aBUCMMOCTb MOLLHOCTM NPUBOAA
Hacoca oT nogauun. Mpu MakcMmaneHom nogave notpebnsemas
HacoOCOM MOLLHOCTb Tak>Xe [OCTUraeT CBOero Makcumyma. Ecnm
Hacoc paboTaeT No BCel ONVHe XapaKTePUCTUKK, NapameTpbl
NPVBOAA HACOCa PACCUMTBIBAOTCS UCXOAS U3 ITON TOUKMU.
Hacocbl ¢ MOKpbIM POTOPOM BCerga 0CHaLLatoTCca MOTOPaMu,
[onycKaroLmMmu paboTy no BCer AfviHe XapakKTepUCTUKNU. ITO
Mo3BOJISIET COKPATUTb KONMYECTBO BO3MOXKHbIX TUMOB MOTOPOB
1 yNpPOCTUTb NPOLIECC XPAaHEHMS 3anacHbIX YacTew Ha CKNage.
Ecnu paccumTaHHas paboyasl Touka Hacoca (B MCNonHeHUm ¢
CYXVMM POTOPOM) HaXO[MTCA, HanpUMep, B NepefHein YacTu
XapaKTepUCTUKN, UCXOAS U3 COOTBETCTBYIOLLEro NoTpe-
611eHNsA MOLLHOCTU, MOXXHO MCMOMb30BaTh MEHEE MOLLHbIN
MoTOp Anst npuBoga. OQHAKo B 3TOM Cryyae cyLiecTByeT
OMacHOCTb Meperpyskn MoTopa, ecnun akTnuyeckas paboyas
Touka bymeT HaxoouUTbCsi B 06nacTu 6onee BbICOKOM Nogaun
MO CPaBHEHUIO C pacyeTHO (xapakTepucTika ceT Tpybo-
NpPOBOLOB M0CKas).

F'mopasnuyeckas MOLLLHOCTb Hacoca

Hacoc

Hanop, H [m]

Mopaua Q [M’/H]=

CKOpoCTb NOTOKa vV

Tpe6yemas mowHocTs P [BT]

Kpusas
Xapakmepucmuku
cucmembi

Mopaya Q [m3/]
Tak Kak Ha NpaKTMKe BCerAa CyLlecTByeT BEpPOSTHOCTb CMe-
LeHns paboye TOYKK, cnegyeT yCTaHABNMBATb MOLLHOCTb
MOTOPa Hacoca C CyxMM pOTOPOM NMpuM. Ha 5-20 % Bblile
npegnonaraemoro noTpebneHus.
Mpv onpepeneHnn 3KCNIyaTaUMoHHbIX Pacxo[oB cneqyet
0653aTeNbHO NPOBOANTbL Pa3nuyne Mmexxay notTpebnsemon

13

MOLLIHOCTbtO Hacoca P,, KoTopas 4acTo paBHa yCTaHOBMNEHHOM
MOLLHOCTN MOTOPa, 1 NoTpebnsgeMon MOLLHOCTbIO MOTOpPA
npusofa P,. ViMeHHO nocnegHaa aBnNseTCs OCHOBOWM ANs onpe-
OeNneHns 3KCcnayaTauMoHHbIX pacxofoB. Ecnm ykasaHa Tonbko
notpebnsemas MOLWHOCTb P,, ee TakXKe MO>XKHO MCMOMNb30BaTh,
OLHAKO Mpu 3TOM HY>XHO OHOBpeMeHHO yunTbiBaTb KM
moTopa (cM. dhopMyny Huxe).

MoTpebnsemas anekTpMyeckas MOLLHOCTb P; yKa3biBaeTcs

B creunduKkaymm, ecnv Hacoc 1 MoTop 06pasytoT eanHbIiA
3aKPbITbIN y3en, Takon, KakK y Tak Ha3blBaeMblX HACOCOB C MO-
KpbIM pOTOPOM. B 3TOM cryyae gaxke NpMHATO YKa3blBaTb Ha
tprpmeHHom Tabnuyke oba 3HaveHus P, 1 P,

PFLZ

Nu
COKPALLEHUE
Py noTpebnsemas MOLWHOCTb MOTOPA NMPUBOLAA
P, noTpebnsemas MOLHOCTb Ha Bay Hacoca
Nu KN4 motopa

[nsa arperaTtos, y KOTOPbIX HACOC M MOTOP COEQAUHAIOTCS
APYr C APYroM € NOMOLLbIO MY Tbl MW XKECTKOro Bana,
yKa3sbiBaeTcs Tpebyemas MOLHOCTb Ha Bany P,. 3To coBep-
LLeHHO HeobX0AMMO A9 HACOCOB TaKOM KOHCTPYKLUMHK, TaK
KaK 3TN HAacoCbl MOTYT 6bITb OCHALLEHbI CAMbIMUN PA3fNYHbI-
MU TUNamMn MOTOPOB — HAa4YMHas CO CTaHAAPTHbIX MOTOPOB
cornacHo Hopmam |EC 1 3akaHumMBast cneumanbHbIMU MOTO-
paMu — ¢ pa3nu4yHom noTpebnsemon mowHocTbio 1 KA.

B cchepe XXnAnLLHOro CTpOUTENbCTBA YKa3aHHas B LOKYMEH-
Taumu npomnsBoauTene HacocoB noTpebnsemas MOLHOCTb
AeNCcTBMTEeNbHa, eCny B KayecTse paboyew cpefbl MCMONb3Y-
eTCs BOAA CO CriedyoWwmmMmn XapakTepucTUKamu:

MnoTHocTb p= 1000 kr/m?
KuHemaTuuyeckas BI3KOCTb V = 1 Mm%/c

MpY U3MeHEeHUM NAIOTHOCTY NPOMOPLMOHANBHO N3MeEHSeTCs
Tak>Ke noTpebnsemas MOLHOCTb.

bonee HM3Kasa NNOTHOCTb — HM3Kasd NoTpebnsemas
MOLLUHOCTb P;. boniee BbICOKast NNOTHOCTb — BblCOKas
notpebnsemas MoLWHOCTb P;.

Ha npakTuke 3To 03Ha4aeT, 4To AN HacocoB, paboTaroLunx
Mpu BbICOKOW TeMnepaType 1, TemM caMbiM, bonee HU3KOM
NNoTHoCTK pabouelt cpedbl, 06bIYHO TpebyeTcs MeHbLLas
MOLLIHOCTb MOTOpa. O4HAKO B XXMUMULLHOM CTPOUTENbCTBE
Takas KOppeKTUPOBKa TeMnepaTypbl ¥ MOLLHOCTM Hacoca He
npon3soauTca. B pesynbTaTe Ha CTOPOHe NPMBOAA OCTaeTCS
onpefenieHHbIN 3anac MOLWHOCTH.

Mpy N3MEHEHNM KUHEMaTUYECKOM BA3KOCTHM (Npy noameLun-
BaHMM OpYrux BellecTB K paboyen cpefe MMeeT 3HayYeHue
TOMbKO YBEIMYEHNE BA3KOCTH) TaK>Ke MPOUCXOANT U3MeHe-
Hue noTpebnsemon MoLHOCTU. bonee BbicOKasi BA3KOCTb —
BblCcOKas notpebnsgemMas MOLWHOCTb. ITO U3MEHEHME Henn-
HenHoe 1 O0JKHO PacCUUTbIBATLCS CreumanbHbiM obpa3om.
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INnHamMunka gaBrneHuns

Ipacmk pacnpeneneHus fasneHus

APLS ' Apv . ApLé IPo'APp‘ Apu COKPALHEHME
T T T T E reHepartop
Vv notpebutenb
N Po MaKc. AaBneHve, CO30aBaeMoe HaCOCOM
4
[y App noTepu [aBreHns B Hacoce
i E ¥ Ap Ap, najeHve 0aBfeHVs Ha KnanaHe
L2 o
“ Ap, najeHve 0aBeHns B OCTanbHOM 4acTu
L X CUCTEMBI
. Pb 6a30Boe OaBneHune B cUCTEME
1
A noTepuv OaBMeHUs B CETH
ApL3 ; pL p B

PACMPEAENEHUE OABNEHUSA B TPYBOMPO-
BOAAX U APMATYPE

MoTepst 4aBNeHNs — 3TO CHUXKeHWE OaBNeHns
Me>Kay BXOOO0M W BbIXOLOM 3/1eMeHTa KOHCT-
pykumun. K nogo6HbIM 3f1eMeHTaM OTHOCATCS
Tpybonposoabl M apmaTypa. MoTepun BO3HMKA-
tOT MO NPUYUHE 3aBUXPEHUI U TPEHNS. KaxK-
OblnTpybonpoBog v apMaTypa B 3aBUCUMOCTH
OT MaTepwana 1 CTeNeHu LLIepoXoBaTOCTM No-
BEPXHOCTU UMeeT COBCTBEHHbIN KOIDDULUEHT
noTepb. 3a COOTBETCTBYOLLEN MHOPMaLM-
en obpalwanTech kK npomnssoguTento. 063op
CTaHAAPTHbIX 3HAYEHWU MOTEPb AaBNEHNS B
Hacocax Wilo cm. B MpunoxxeHuu.

f
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|

|

|
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|

pa | 7}
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|
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rMAPABIIMYECKUN YOAP

Ecnv pe3ko nepekpbITb TPy60ONpoBOA € ABUXKYLLENCS XXUOKOCTbIO, TO 3-3a [EeACTBYIOLLMX B HEM CUT MHEpPLMM Macca
XKMOKOCTU NPUOET B COCTOSIHME MNOKOSA C HEKOTOPOW 3af,ep>KKow. B pe3ynbTate Takoro "oTpuLaTenibHOro" yCKopeHus mac-
Cbl XKMAKOCTU BO3HUKAET U36bITOUHOE CUII0BOE Bo3aencTBMe (F = m - a) Ha CTeHKM Tpy6ONpoBOAa 1 3aMopHYo apMaTypy.
Takoro pofa rugpasnvyeckune yaapbl AoMKHbl 0093aTeNIbHO y4MTbIBAaTbCA B KA4eCTBE MaKCMManbHOM Harpy3Ku npu pac-
yeTe NMapameTpoB CUCTEMbI TPYBONpoBoAoB (MarncTpanbHbie Tpy6OMNPOBOAbI, KOHTYPbI OXNaXXAatoLen Boabl 1 T.4). Ana
AemMndrpoBaHNS TMAPaBIMYECcKUX YOaPOB MCMOb3YOTCS BO3AYLLUHbIE KNanaHbl.

Yale Bcero nogo6bHble sBrneHns HabnoparoTCs B CUCTEMAX, B KOTOPbIX TPYOOMNpPOBOAbl He HA BCEM MX MPOTSXKEHUMN NPO-
NO>KeHbI KaK HUCXoAsLWMe nnm Bocxogsiume. Tak Kak B 6onee BbICOKUX CEYEHNSX BO3MOXKHO 0Opa3oBaHve BakyymMa nnm
BO3HVKHOBEHWE MOBbILLEHHOTO OaB/IeHNS NPW HANIO>KEHWW BOJTH AaBNEHWNS, CYLLeCTBYeT BEPOSTHOCTb pa3pbiBa Tpybonpo-
BO[,0B. YBeNMYeHMe [aBMeHNs NPU Pe3KOM 3aKpbIBaHUM NMPOTOYHOM apMaTypbl MOXKHO YMPOLLEHHO NPeACTaBnUTb B BUAE
cdopmynbl: Ap=p-V-v

COKPALLEHME

a ycKopeHue, m/c?

v ckopocTb (ckopocTb M/c, 3ByKa B Boge ~ 1400 m/c)
p MAOTHOCTb, Kr/M3

m macca, Kr

F cuna, H

\

06 beMHbI pacxod, M3/4



MepekaunBaHue Baskux (Taryumx) cpen

Tak >ke, Kak NMpu pacyeTe XxapakTepUCTUKM CUCTEMBI,
npepacTaBneHHble Ha rpacmke Q-H gaHHble MOLLHOCTK
Hacoca AeicTBUTEeNbHbI B OCHOBHOM, CINN B KayecTBe
pabouen cpefbl MCMOMb3yeTCs BOAA C KNHEMATUYECKON
BSIZKOCTbIO V = 1 MM2/C.

Mcnonb3oBaHne pabounx cpeq ¢ Apyron KUHemaTuye-
CKOW BA3KOCTbIO BrieYveT 3a CO60M n3MeHeHne napa-
MeTPOB Hacoca. B XXMNULLHOM CTPOMTENLCTBE KOPPeK-
TUPOBKa NapameTpoB, Tpebyemas npu nepekavmBaHnm
ropsiyei Bogbl, MOXKET He NPOM3BOANTLCS. TONbKO Npu
3HauMTenbHbIX usmeHeHusx (10 % u Gonee ot 06bema)
pa6ouyei cpenbl, K NpUMepy, NPU UCMOJNIb30BaHUMU TaKUX
no6aBoK, KaK FMUKOINb U T.A., CNeAyeT BbINONHATb
nposepky. MNpn 3ToM cnegyeT UMeTb B BUAY, YTO NpoLecc
NPOEeKTMPOBAHWUS HACOCHbIX CUCTEM M pacyeTa napame-
TpoB Hacoca Q, H, P ong TpaHCcmopTUPOBKN XXMOKOCTEN
BbICOKOW BA3KOCTW pa3fensercsd Ha ABa Tana.

U3MEHEHUE XAPAKTEPUCTUKU CUCTEMDI
KoppeKkTupoBKa xapakTepucTuki/napameTpoB yxe
CYLLECTBYHOLLMX CUCTEM, PACCUUTAHHbIX HAa TPaHCMOpP-
TUPOBKY BOAbI, C LieNIblo 06ecrneyeHnst BOSMOXHOCTU UX
3KCMJIyaTalmm € XXMAKOCTSAMM APYroi BI3KOCTU JOJIXKHA
OCYLLLECTBSATHCS C YYETOM MOCTOSHHO M3MEHSIIOLLIMXCS
rMOPOAVHAMUYECKMX XapaKTEPUCTUK. ITU KOPPEKTUPO-
BOYHble 3HaYeHUs He 3a[aHbl MPOU3BOAMTENIEM Hacoca.
[ns pacyeTa HOBOM XapaKTEPUCTUKM CUCTEMbI MOXKHO
MCMONb30BaTh COOTBETCTBYIOLLYHO NMUTEpaTypy Mo rm-
LpaBfvKe 1 faHHble MPOU3BOAMTeNel apMaTypbl.

U3MEHEHUE XAPAKTEPUCTUKU HACOCA

TaK >Ke, KaKk 1 B CUCTEME, B HAacOCe NOf AeNCTBUEM U3Me-
HUBLUMXCS CBOVCTB paboueil cpefbl HAUMHAKOT U3MEHSTb-
€ MOMEHTbI TPEHUS M BHYTPEHHUE TMAPOANHAMUYECKME
YCII0BUSI, UTO B KOHEUHOM CUeTe BeeT K U3MEHEHUIO
XapaKTepMUCTUKM HAacoca. ITO BAMSET TakXKe Ha noTpe-
61eHMe MOLLHOCTM HACOCHBIM arperaTom. Tak Kak € TOUKM
3peHNA 3aTpaT NPOU3BECTM OTLESbHbIE U3MEPEHNS Ha
BCEX MOZENAX HACOCOB C MHOXECTBOM PasfinuHbIX pabo-
uMx cpefd He NPeQCTaBAETCS BOSMOXKHbIM, OblNn paspa-
60TaHbl cneynanbHble MeTOAUKM nepecyeTta (MHCTUTyToM
rugpasnuku (CLUA), nponsBoanUTENsaMU HAaCOCOB U T.4.).
OQHaKo 3TM METOLAMKM UMEIOT ONpefeNieHHble orpaHuye-
HUS 1 4aCTO He [aKT TOUHbIX Pe3ybTaToB.

MpumeyaHue

OnvcaHHas MeToAMKa [O0CTaTOYHO TOYHA ANs onpedene-
HUS Npon3BOAMTENBHOCTU Hacocos Wilo ¢ dnaHueBbIMU U
pe3b60BbIMU COEAUHEHUAMM NPY cOBNIOAEHUN Cefyto-
LLIMX OCHOBHbIX YCNOBUIA:

- 3JTa MeTOAMKA MPUMEHMMA TONbKO B OTHOLLEHUN
FOMOTEHHbIX HBFOTOHOBCKMX XXMAKOCTEN. [Nt MyTHbIX,
CTYAEHUCTbIX, COOEP>XKaLLMX BOMOKHUCTbIE BELLECTBA U
NMPOYMX HETOMOTEHHbIX XKMAKOCTEN NOSyYaeTcs CIULLKOM
6onbLuoN pa3bpoc pe3ynbTaToB. 3Ta MeTOAMKA NpUMe-
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HMMa TOMNbKO MPU 4OCTaTOYHOM [OMYCKaeMOM KaBMUTaLMOH-
HoMm 3anace cuctembl (NPSHA).

[ns BbINONHEHWS pacyeToB HY>XKHO 3a4aTb cliegytolme

3Ha4eHus:

1. Pabouas TemnepaTypat °C cpegpl B Hacoce

2. KuHemaTtuueckas Ba3kocTb v (cCT unm mm2/c) cpeabl npu
MUHUManbHOWM yKa3aHHoM paboyen TemnepaTtype.
3.Tpebyembiit 06BbeMHbIN pacxod cpeabl Qs (M2/M).

4, TpebyeMbliii Hanop cpedbl Hy (M).

O6paseL XxapaKTepPUCTUKMU AN BO3SMOXKHbIX U3MEHEHUN
B LMPKYNALUOHHOM Hacoce

U3meHeHue
npou3so-
oumernb-
Hocmu npu
noBbIWeHuU
Bsi3kocmu
paboyeli
cpeokbl

U3meHeHue
Krdnpu
noBblWweHuU
Bsi3kocmu
paboyeli
cpedbl

M3meHeHue
mouwHocmu
momopa npu
noBbiWeHuU
BA3KOCMU
paboyeli
cpeobl

Hanop, H [m]

—
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@
o
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YKA3AHUA NO NPEABAPUTEJIbHOMY BblBOPY HACOCA HA OCHOBE 3AJAHHOIO HAMOPA, CKOPOCTH
NOTOKA U BA3KOCTU PABOYEMN CPEQDI

Ecnu n3BecTeH TpebyeMblt HANOP U CKOPOCTb MOTOKA, @ TAKXKE BA3KOCTb M OTHOCUTENbHAsS NIOTHOCTL paboyeit
Cpemdbl Npy onpefesieHHOM TeMnepaType Hacoca, TO 418 OLeHKM NpUBIM3UTENbHOW 3KBMBASIEHTHOM NPOM3BOaMU-
TeNbHOCTM MO BOAE M ONPefeNeHns MOLLHOCTU MPMBOLA HACOCA A5 BA3KMX XKMOKOCTeN MOXHO UCMOMb30BaThb
crnepytollyto hopmyny. VimeinTe B BUAY, TO pe3ynbTaTsl ByayT MeHee TOUHbIMU, eCNV NpY onpedeneHnn Tpebyemol
MpPOU3BOAMTENBHOCTU MO BOAE Bbl HAYHETE HE C U3BECTHOM NMPOU3BOAMTENBHOCTU MO BOAE, @ C aHHbIX BA3KOCTH,

KpOMe Cny4aes, KOrfa peyb UOeT 0 MNoBTOPHbIX pacyeTax.

LWar 1

PaccuntanTe napameTp B c npeaBapuTensHO 3afaH-
HBIMU METPUYECKUMM eanHMLamMm Qyi (M3/4), Hyi (M) 1
V,is (cCT) ¢ nomolLLblo crnemytoLien dhopmyIibi:

Ecnn 1,0<B<40, nepexoguTe K wary 2.

Ecnn B<1,0, BBegute CH= 1,01 CQ = 1,0, a 3aTem
nepexoauTe NPAMO K Lwary 4.

)0.50

(Vvis

B = 280 : (QViS)O.ZS . (HVis)O.IZS

LWar 2

PaccumTanTe nonpaBoyHble KO3 PULMEHTLI Ans
nomaum (CQ) n Hanopa (CH). Mpwu 3agaHHOM cKopo-
CTW NOTOKA 3TX ABa NOMNPaBOYHbIX KO3 PpurLUmneHTa
LOJIKHbI 6bITb MPUMEPHO 0OMHAKOBbLIMU, CIIN OHU
BbIBE[,EeHbl M3 ONTUMANIbHOW C TOYKM 3pEHMS IHEPro-
noTpebnenns paboyeit TOUYKM NoOJa4M No Boae.
OnopHas popmyna Qgep-w

ComC, = (2.71)70365 (o9 B
War 3

PaccuntanTe cKOpoCTb MOTOKA W Hanop BoAbI AN
NpUMepHOI MPOU3BOAUTENBHOCTA MO BOAE:

Qvis

Q

4
w CH

Q.=

(@l

vis

LWar 4
BbibepuTe Hacoc ¢ Mpon3BOANTENBHOCTbLIO MO BoAe Qy u
Hw.

LWar 5

PaccuuTanTe nonpasouHbii KoadduumeHT ans KNa (C,)
M COOTBETCTBYHOLEero 3HaveHus KN4 Hacoca no BA3KUM
»nakoctam (n.). Popmyna:

Ina 1,0<B<40:C, = B-(0,0547 - B0,69)

r]vis = Cr] N r]W

Lar 6

PaccunTanTe NpuMepHYHo BXOLHYH MOLLHOCTb Ha Bany
Hacoca npu UCMoNb30BaHNU BA3KMX XKUOKoCcTeln. cnonb-
3yiTe AN CKOPOCTY NOTOKa B M3/M, CyMMapHOro Hanopa
B M M BXOLHOW MOLLHOCTWM Ha Bany B KBT criegytoLuyto
dopmyny:

_ Qvis -H vis-tot * S

Pu="367n,
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TPEBYEMbIN NPSHR,;,

BsaizkocTb paboyer cpedbl MMeeT 4BOMHOE BMUS-

Hune Ha 3Ha4veHne NPSHR. MNpun yBenuveHnn Ba3KocTun
yCununBaeTCs TpeHue, YTO B CBOKO o4epeb BefeT K
yBenuyeHunto NPSHR. B T0 ke Bpem$ BblCOKas BA3KOCTb
BbI3bIBaeT ocnlabneHune ouddysnm YyactTul Bosayxa u
napa B >KMOKOCTb. B pe3synbTaTe 3amepnseTtcs npouecc
06pa3oBaHus Ny3blpbKOB 1, KPOME 3TOr0, BO3HUKAeT
TepMoaMHaMuyeckuii 3 ek, KOTOPbIV BedeT K He-
60MbLLIOMY YMeHbLLeHUIo 3HadeHns NPSHR.

BnusaHune Ba3koCTu Ha 3HaveHne NPSHR sBnsieTcs B
CyLHOCTM yHKUMe yncna PeHonbaca. Bnpoyem,
3TO BNMSIHNE HE MOXKET ObITb BbIPAaXKEHO C MOMOLLLbIO
OLHOr0 eANHCTBEHHOrO OTHOLLEHNSI ONS BCeEX Mode-
Nei N KOHCTPYKTUBHbIX BApMaHTOB HacocoB. OCHOBHOE
npaewno: Hacocel, nmetoLme 6onbLUMe pa3Mepbl U
POBHbIe, LULMPOKME BMYCKHblE OTBEPCTUS paboyero Ko-
feca, MeHee YyBCTBUTENbHbI K U3MEHEHUSIM BA3KOCTU
paboyen cpenbl.

a3, paCcTBOPEHHbIN B XKMOKOCTU, U ras, yBieYeHHbIN
pabouelt cpefnon B BUAeE AUCNEPrMPOBaHHbIX My3blpb-
KOB, OTpMLaTenbHO BAUsieT Ha 3Ha4YeHne NPSHR, xoT4
1 no-gpyromy, yem 6osbLuve Ny3bipbku rasa. Ecnm
CKOPOCTb MOTOKA BO BMYCKHOM OTBEPCTMM Hacoca
A0CTaTOYHO BbICOKA, HebonbLne 06beMbl YBIEYEHHOTO
rasa He OTHenNATCA W, KaK NpaBusio, He 0KasblBaloT
BITMSIHNS UMM OKa3bIBalOT HE3HaYMTe bHOE BIINSHME Ha
3Ha4veHune NPSHR. OgHako npu 60MbLLOM CKOMAeHnn
rasa oH MOXeT UMeTb Cepbe3HOe BINSHNE Ha MOLL-
HOCTb BCacblBaHMS Hacoca. B aTom cnyyae xapakTe-
puctrkn NPSHR cyMMapHOro Harnopa M3MeHsIoT CBOO
¢opmy c yeTKo onpepeneHHo "KoneHa" Ha CTyneH4YaTo
HUCXOOALLYIO MO JuaroHanu Kpusyto. B pesynbrtate
yBENMUMBaOTCS noTepu Harnopa (3 %). Opyrumu cno-
BaMu: YBenuunsaetcs 3HaveHne NPSHR.

[aHHble hopMybl TpefHa3HayveHbl AN pacyeTa nonpa-
BOYHOTI0 KO3 pULMEHTa, MCNOMNb3YeMOro Npu KOppeKkTn-
poske 3HayeHns NPSHR ons npov3soauTenbHOCTH Hacoca
no BofAe, Ha OCHOBE CTaHAAPTHOro NageHns Hanopa 3 %
0,0 3HaveHns NPSHRvis npy ncnonb3oBaHUM XXMAKOCTH C
COOTBETCTBYHOLLLEN BA3KOCTbIO:

NPSHR.w

1
CNP5H=1+ A- ——l) <274 000 - m3

Cy

A = 0,5 npn 60koBOM BcacbiBatoLLeM naTpybke
A =0,1npu oceBom Brnycke

MEPECHET NMAPAMETPOB C MOMOLLbIO
KOMMbIOTEPHOW NPOrPAMMBI

[ns nepecyeta napamMeTpoB Hacoca rnpu nepexope ¢ BoAbl
Ha >KMAKOCTb C APYroi BA3KOCTbIO HACTOATENBHO peko-
MeHayeM ncnofb3osaTb nporpammy Wilo-Select. 3anoxwms
B NamMsATb KOMMbtOTEPA onpefeneHHble AaHHble, Bbl no-
JNly4YnTe OTHOCUTENBHO TOYHBIN pe3ynbTaT. TeM He MeHee,
crnenyeT UMeTb B BUAY, YTO BCe U3BECTHble METOAUKMN
pacyeTa B COOTBETCTBUM CO CTaHAAPTOM ISO/TR 17766,
cTaHgapTamMu IHCTUTYTa rMapaBnuvku (CLWIA) n T.4. uMetoT
OOMYyCKMU.

TouHble AaHHble MOXHO MOMYYUTb TOSTbKO NyTeM NpoBep-
KW OTAefbHbIX HACOCOB C KOHKPETHOW paboyeii cpenoi
MpY KOHKPETHbIX YCNOBWSX IKCNyaTaumm. [lns atoro
creqyeT HanpasuTb CreLuanbHyto 3asiBKy NpovM3BoauTe-
o Hacoca.
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LLUYMbI — LUYM, MEPEOABAEMbIN MO
BO3QYXY — KOPMYCHOU LWLYM

Y106bl NCKNHOUUTL N CHU3UTb BO3MOXKHbIE WyMOBbI€ MOMEXWU, cnegyer C 0coboi TWaTenbHOCTbIO MOAX0AUTb K
Bbl60py HAaCOCOB O KOMMYHanbHbIX CUCTEM XKUJTbIX 3[aHUN, a TakxKe MPOEKTUPOBAHNUIKO U MOHTAXy CUCTEM.

B BMAY BbICOKMX TpeboBaHUI K KOM(OPTY NpobieMa CHUXKEHMS YPOBHS LLYMa, B 0OCO6EHHOCTM B HOUHbIE Yacbl,
MMEET Ba>KHOE 3Ha4YeHWE UMEHHO MpY CTPOUTENBCTBE XKWUMbIX 34aHWIA. Mpy onpefeneHnn [onycTUMOro ypoBHs
LUyMa B 6bITOBbIX NMOMELLEHUSX CledyeT y4YnTbIBaTb, CPpeau NpoYero, credytoline HOpMaTuBbI:

- DIN 4109, 38yKoun30n5UMs B HAA3EMHbIX COOPY>KEHUsX
- VDI 2062, Bubpounsonsauns

- VDI 2715, cHU>KeHWe ypOBHS LLYyMa B CUCTeMax BOASHOIO OTOMIeHUS

- VDI 3733, wymsl B Tpybax
-~ VDI 3743, wwyMoBble XapaKTepUCTUKN HACOCOB

Hacocbl Kak UCTOYHUK Lyma

To, 4TO Hacochl Npon3BOOAT LWYM, HeunzbexxHo. Kak npons-
BoauTenb HacocoB Wilo genaeT Bce BO3MOXKHOE, YTOObI OHU
pa60TanM KakK MO>XHO TuLle. B KOMMYHaJIbHbIX CUCTEMaX
XKUNbIX 30aHUN MCNoNb3yoTCA NPENMYLLLECTBEHHO LIeH-
TpO6e>KHbIe HaCoChbl. npOM3BO.D,MMbIe MU LLYMbl MOXXHO
pa3fnennTb Ha cnefyrolime OCHOBHbIE Tpynnbl:

rmapPoOAMHAMUYECKUE LY MbI

TMOopoAMHaMMYeckue LWyMbl UMeoT PasfiMiyHOe NPOUCXOXK-
feHue. B pesynbTaTe Typbynusaunm n TpeHUS YacTUL, XXna-
KOCTV 0 MOBEPXHOCTb 0OTeKaeMblX 31eMEHTOB BO3HMKaeT
LyM ¢ 60/1bLIMM AMANA30HOM HacTOT, KOTOPbIA BOCMPUHM-
MaeTcs Ha ClyX Kak >XypyaHue.

Kpome 3T0ro, npouecchl TpeHWs Bbi3blBatOT B MOrpaHUYHOM
cfoe HepaBHOMepHOe pacnpeneneHne CKOpocTu, cnep-
CTBMEM KOTOPOTrO MOXKET CTaTb CPbIB MOTOKA C MTHOBEHHbIM
3aBUXpEHMEM. ITOT NEPUOANYECKUIA BUXPEBOW CPbIB CMO-
co6CTBYeT BO3HMKHOBEHMIO Boree nnm MeHee Bblpa>keHHO -
ro OTAEeNIbHOro TOHa.

CkopocTb NOTOKA Tak>Ke Konebnercs npu ero Bbixoge v3
pabouero koneca. Takasi HepaBHOMEPHOCTb BefeT K BO3-
HUKHOBEHMIO LLIYMOB B MOA,COeANHEHHbIX TPybonpoBoaax.
Tak Kak 4acToTa 3TWX LLYMOB 3aBUCUT OT YacTOTbl BpaLle-
HMS Hacoca 1 nonacTen, FOBOPSAT O YacTOTe TIOMACTHOro
LLYMa Hacoca.

LUYMbl, CBSI3AHHBIE C KABUTALIMEN
Lymbl, CBSA3aHHbIE C KaBUTaLIMEN, BO3HUKAOT B HAacoce B

pe3ynbTarte O6pa3OBaHVIFI M PE3KOro CXJionbiBaHUA na-
PO-BO3OYLUHbIX MY3bIPpbKOB B MNOTOKE XXNOKOCTU.

LYMbl, CBA3AHHbIE C MACCOBbIMU CUINTAMU

MpuumHomn KonebaHUNi, BO3HMKAIOLLMX B pe3ynbTaTe gen-
CTBMWSI MacCoOBbIX CUM M BeOYLLMX K 06pa3oBaHuIO LLYMOB,
aBnseTcs aucbanaHc BpaLlatoLLmMxca anemMeHToB (paboyero
Koneca, Bana, MydTbl 1 T.0.). HecMOTps Ha UCNonb3oBa-
HWe caMOol COBPEMEHHOM 6anaHCMPOBOYHOM TEXHUKM,
3TOT gucbanaHc Bce paBHO Hensber>keH M3-3a MOCTOSHHO
N3MEHSOLLNXCS YCUNUIA Ha MOALUMMHMKAX, MOrPeLUHOCTeN
NPOV3BOACTBA, @ TAKXKE M3HOCA MaTepmasnos 1 NOSBIEHNS
0TNOXXeHUW. YacToTa KkonebaHn Bcerga paBHa YactoTe
BPALLLEHNS BPALLAIOLLMXCS INIEMEHTOB.

LYMbl, CBA3AHHBIE C TPEHUEM B NOALLUUMNMHUKAX U B
MECTAX YNINOTHEHUA

Kone6aHusi, BO3HMKAIOLLME B pe3ynbTaTe TPEHUs B MO4-
LUMMHMKAX U B MeCTax ynnoTHEHWs, BedyLumne K 06pa3oBa-
HUIO LLYMOB, Npu 6e3ynpeyHo paboTatoLem Hacoce UMeoT
BTOPOCTEMEHHOE 3HaYeHUe.

LY MbI B 3JIEKTPOMOTOPE

Kak npaBuno, Nnp“BOA HaCOCOB, UCMOJb3YEMbIX

B KOMMYHaIbHbIX CUCTEMAX XKUIbIX 30aHUNA,
OCYLLeCTBNSAETCS OT 3/1IeKTPOMOTOPOB. LLym, ncxogsawmi
OT 3/1eKTPOMOTOPA, CYUTAETCS LUYMOM Hacoca TOMbKO,
€CNM HacoC M 31eKTPOMOTOP BbINOMHEHbI B BUae 6r1oKa.
LLlyMbl BO3HMKAIOT B 3N1IEKTPOMOTOpPE NnofJ AelcTBMEM
3NEKTPOMArH1UTHbIX NPOLECCOB C YABOEHHOM 4acTon ceTu
(100 I'y) ¥ NpenMyLLECTBEHHO UMEIOT YacToTy oT 600 10
1200 'y B 3aBUCMMOCTM OT KONMYECTBa MOJTHOCOB.
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Tak e, Kak 1 B Clly4dae C HACOCOM, BEHTUNATOP MOTOP4A
npon3BoauvT WyM C 60nbLINMM OMAMNA30HOM YacToT, Ha
KOTOprIZ B BMUOE OTOENbHOIO TOHA HaKJladblBA€TCA YaCTOTa
J1ONacTHOro WwymMa BEHTUNIATOPA.

NPOYUE WYMbI

Kpome 3Toro, Mo>KeT BO3HUKATb LUYM KaYeHWUs B NOALLMNM-
HMKax KaveHus, a Tak>Ke CBUCT paboTatoLmx 6e3 cmasku
CaNbHUKOB N CKOJb3SLWMX TOPLEBbIX YNIOTHEHUIA.

LYM, NEPEAABAEMbIV NO BO3QYXY

Mpon3BOAUMBIV HEMOCPeOCTBEHHO HACOCOM LUYM, Nepe-
[aBaeMblii Mo BO34YXY, C/IbILLEH B HACOCHOM MOMELLLeHUN.
OpHako y>ke B cOCeJHUX MOMELLEHUAX OH NPaKTUYeCKN He
OLLyLLIaeTCsl, eCNN NOTOSIKN U CTeHbl pabo4mx noMeLLeHni
BbIMOJIHEHbI B COOTBETCTBUM CO cTaHZapTomM DIN 4109. Mpwu
06bI4HOM YPOBHE 3ByKOM3014LMM ON1F OLEHKN [OoNyCTU-
MOTO YPOBHS LUYMa, NepeaaBaeMoro no Bo3ayXxy, MOXXHO
Mcnosib30BaTh NPUBEAEHHbIN CNPaBa rpaduk.

Ecnv oKTaBHbIM CNekTp LMPKYNSLMOHHOIO Hacoca He npe-
BbILLIAeT yCTaHOBIIEHHbIE FPaHKLbl HWA Ha OfHOM M3 4acToT,
TO ¥ ypOBeHb NepeaaBaeMoro no Bo3Ayxy LWyMa B >KUIbIX
MoMeLLeHMsX 0CTaeTcs HUKe 3HaveHus 30 ob.

JnHuns FpaHULbl OKTAaBHOIO CreKTpa
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KopnycHowm wym u wym, nepegaBaemMblii Mo BOAE

CoBepLUeHHO Apyrue ycnosus MOryT UMeTb MeCTo Npu nepe-
[aye KOPMyCHOro LLyMma 1 LLyma, NepegasaemMoro no soge. Ecnu
LLIYM Hacoca ClibILLeH 3a Npefenamm nomeLleHuns, B KOTOPOM OH
YCTaHOBJEH, TO MPUYMHA 3TOTO C 6OMbLLON [0Mei BEpOSATHOCTH
3aKJTH043ETCA B PaCNpOCTPaHEH NN KOPMYCHOTO LWyma/iyma, ne-
pefaBaeMoro rno Bofe, Yepes TpybonpoBop, no Koprycy 30aHus.
LLlym, nepenaBaeMblii No BoAeE, pacnpoCcTpaHaeTcs B CETU TPy -
60npoBOAOB Yepe3 BOASHOM CTON6, a KOPMYCHOM LLYM — Yepes
CTeHKM TpybonpoBopa. MpakTuka NokasblBaeT, YTo B 60MbLUMH-
CTBE CIy4aeB NMPOMCXOANT 1 TO 1 ApYyroe.

KopnycHo# wym 1 wym, nepefaBaemMbliii Mo BOAeE, HAaMpsMyto
HepasnuynMm ONs YenoBeveckoro yxa. ToNbKo, eCnu LWym,
nepegaBaeMblil NO BOAe, Bbi3blBaeT BUOPALMIO CTEHOK TPy -
6onpoBoaa, a Te B CBOO o4epenb — konebaHue okpy>KatoLLe-
ro BO3[yXa, BO3HMKAET CIbILLUMbIN LUYM, NepefaBaeMbivi Mo
BO3OYXY.

370, OLleHNBaeMOe Kak MOMOXXUTENbHOe, CBOMCTBO — ObITb
HepasnMYMMbIM 415 YeNnoBeYeCKoro yxa, CrofHa KOMMeHcn-
pyeTcst TaKUM OTpULaTeNbHbIM CBOMCTBOM, Kak CMoCcobHOCTb
pPacnpocTpaHATLCS MO cMCTeMe TpybONpoBOJOB NpakTUye-
ckun 6e3 noTepb. bnarogaps ceoew ynpyroctu Tpybonposofbl
MpeKpacHo NoAxoAaT ANS pacnpocTpaHeHns konebaHui un,
TeM CaMbIM, CTAHOBSATCS MAeanbHOM CMCTeMOW AN nepefaymn
LUYMOB. B cny4ae BO3HMKHOBEHWS pe30HaHCa LUYM He TOMbKO
nepefaeTcs, HO faxke ycunumsaeTcs. Kak 1 Bce ynpyrue Tena,
TpybonpoBoabl Tak>Ke MMEIOT TaK Ha3blBaeMble COOCTBEHHbIE
4acTOTbl, KOTOPbIE 3aBUCAT OT Pa3nnyHbIX hakTopos. Ecnu
0[Ha 13 3TNX cobCTBEHHbIX YacToT Tpybonposoda cnyva-

HO COBMafaeT C YacTOTOM BO36Y>KOEHMS, NCXOOsLLEN OT
LMPKYNSILMOHHOTO HAacoCa, BO3HNKAeT pe3oHaHc. Mpu 3ToM
A0CTaTOYHO MUHMMAIbHOW 3Hepruv Bo3by>xaeHus, 4Tobbl
TpybonpoBog Hayan MHTEHCUBHO BUOPMpPOBaTb. A 3TO B
CBOO 0Yepeb BeeT K BO3SHUKHOBEHMWIO CUITbHOTO LLYMa.
WNccneposanuns Bubpaummn nokasanu, 4To cobCTBeHHble Ya-
CTOTbI MOTYT B 60/1bLLIOM 06 bEMe BO3HMKATb B CUCTEMAX,
CNPOEeKTMPOBaHHbIX B AnanasoHe yactot ot 50 go 1000
u. Mpw 3TOM BCerga cyLecTByeT BEPOSTHOCTb BO3SHUKHO-
BEHWS pe30HaHca. /13-3a CNIOXKHbIX B3aUMOCBSA3el npeq,-
BapuTenbHbIA pacyeT coBCTBEHHbIX YacToT TpybonposoAa
HeBO3MOXKeH. B cnyyae co3gaHumsa B >xunon 3oHe Hebna-
ronpusiTHo aTMocdepsbl, BbI3BaHHON LLyMoM paboTa-
FOLLIMX KOMMYHaIbHbIX CUCTEM, OCHOBHOWM npobnemon
SBNSAETCSA PACNpPOCTPaHEHNE KOPMYCHOTO LLyMa 1 LIyMma,
nepegasaemoro Bofow, no cetn Tpybonposonos. Mosatomy
BO n3be>kaHne 6ecnpensTCTBEHHOrO PacNpoCTPaHEHNS
LLYMOB [JOMKHbI ObITh MPUHSATHI COOTBETCTBYIOLLME MEPbI.
Ba)kHble yKa3aHuMs Ha 3TOT cHeT coeprKaTcs B AUPeKTMBe
VDI 2715.

MNEPEOAYA KOPMYCHOrO LLYMA YEPE3 KOPMYC
30AHUA

Ecnun Hacoc HenocpeOCTBEHHO COefUHEH C KOpMyCcoMm
30aHuS, TO BUOpaUMs MOXKeT NepefaBaTbCs OT HEero Ha
Kopnyc. Kpome 3T0ro, Yepes kpenneHus Tpyb Bmbpaums
MO>KET pacnpocT paHATbCSA HAa CTEHbI U NMOTOMKMW.



Mepbl N0 NpenoTBPALLEHMIO LLYMOB

BaxkHbIM ycnoBreM Ans 3P eKTUBHOM 1 paLMoHanbHON
3aLUMTBI XKMMbIX MOMELLEHWI OT LWYMOB, MPOU3BOLUMbIX
HacoCamm KOMMYHanNbHbIX CUCTEM, SIBASIETCS B3auModen-
CTBUWE BCEX YHACTHUKOB NPOEKTMPOBAHUS U BO3BEOEHMS
30aHus. OT apXUTEKTOPOB U UHXKEHEPOB-MPOeKTUPOBLLM-
KOB TpebyeTcsa COCTaBNATL NaHbl 3TaXen Takum 0bpasom,
4yT06bI OHM 0BecneunBany 6naronpUATHYIO akyCcTUKY. To
€CTb Te MOMELLLeHNS U y3/Ibl, B KOTOPbIX HaX0[MTCs 06opy-
A0BaHKe, aBAAIOLLEeeCcs MOCTOAHHBIM UCTOYHUKOM LLYMa,
TaKve Kak KOMMYHalbHble CUCTeMbI, [OMKHbI pa3MeLlaTb-
€S KaK MO>XXHO danblue OT XKMon 30Hbl. Paboune xapakTe-
PUCTUKM HAacoCa HAXOAATCA NOL NOCTOSHHbBIM BAUSIHUEM
NOACOeAMHEHHbIX K HeMY Tpy6onpoBoJ0B U OPYTNX KOM-
MOHEHTOB CUCTEMbI, YTO B CBOKO OYepenb OTpakaeTcs Ha
LLYMOBOW 3MUCCUW. ITA B3aMMOCBS3b CTOMb MHOT006pasHa,
YTO NPOCTO HEBO3MOXKHO C03aTb HABOP NPOCTbIX MpaBu,
KOTOpble NO03BONUAN Obl C YBEPEHHOCTHIO UCKITHOYUUTD LLYM.
Tem He MeHee, Npu Bbibope Hacoca crneayeT obg3aTenbHO
YUUTbIBATb CNiedyHoLWMe MOMEHTbI:

- Hacocbl [onHbl paboTaTb N0 BO3MOXHOCTM B TOYUKE C
CcaMbIM onTuManbHbimM KA.

- 370 TpeboBaHWe nerye BCEro BbIMOMHUTL, €CAIN NpU
pacyeTe NoTepb OaBNEHUS He OenaTb U3NULIHUX NONPaBOK
Ha HagE>XHOCTb.

ACMEKTbI OLLIEHKM U BbIBOPA HACOCOB

Hacocbl pomkHbl paboTaTb B TOUKe C CaMbIM ONTUMAbHbIM
KMNA, Tak Kak 3T0 N03BOAUT LOOUTHCS MOMUMO BblCOYAN-
e peHTabenbHOCTM TakxKe 61aronpmMATHbIX LLYMOBbIX
XapakTepucTrK. B 3ToM cnyyvae MoxxHo ByeT oTka3aTb-
€S OT Lenoro psga gononHUTENbHbIX MEPOMPUSTUIA NO
CHUXKEHMIO YPOBHS LyMa. YacTo npu pacyeTe napameTpoB
HacoCOB /15 KOMMYHasbHbIX CUCTEM OeNnatoTcs CrmnLl-
KOM 60nblUME C TOYKN 3PEHUS COMPOTUBIEHUS CUCTEMbI
NMonpaBKu Ha HAAEXXHOCTb. ITO BeAeT K TOMY, YTO Bblbupa-
eTcsa cnULKoM 60MbLIOM Hacoc, KOTOpbIN NoToM paboTaeT
B TOYKe He C cambiM onTuManbHbIM KIM[. Kak noka3sbiBaeT
OMbIT, B OCHOBE 3HAUYNTEBHOM YacTH XKanob Ha CUITbHBIN
LUIYM NEeXMT MMeHHO 3Ta owwmnbka. Mpu Bbibope nogxoas-
LLIero Hacoca Ba>kHO 3HATb, YTO HACOChI C HU3KOM YacTOTOM
BpaLLleHns 06bI4HO MetoT 6onee 6naronpuraTHbIE LLYMO-
Bble XapaKTepUCTUKMN.

r=2,5-(d-2s)
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NPEAOTBPALUEHUME rMAPOANHAMMUYECKUX LWUYMOB 3A
CYET NMPABWUJIbHOW NPOKJIAZIKU TPYBOMNPOBO/10B

B pasBUTMM rMOpOAMHAMUYECKMX LYMOB B CUCTEMAX,
COCTOALLMX U3 HAacoca M Tpy6oMnpoBoay, 3HaUNTENbHYHO
pofib UrpaeT CXema NpoKnagku TpybonpoBoaa U CKopocTb
noToKa.

CKOPOCTb MOTOKA

CnepyeT MMeTb B BUAY, YTO YCNOBHbIV Npoxod Tpybo-
NpoBoOfAa, Kak Npasuo, 6onblue UNn paBeH yCI0BHOMY
npoxofy coequMHUTENbHOro NaTpybka Hacoca.

B cnyyae He06XO0OUMOCTM U3MEHEHME CEYEHUIA LOJIKHO
NPOV3BOAUTBLCS LLleHTPanM30BaHHO B COOTBETCTBUM C M-
OPOANHAMNYECKUMW XapaKTepUCTUKAMMU CUCTEMbI.
MpuBeneHHas HUXKe Tabnmua COQep>XXnT peKkoMeHa0-
BaHHble 3HaYEHNS CKOPOCTUN NOTOKA B COEAMHUTENBHOM
naTpybke Hacoca B 3aBUCMMOCTYM OT YCNOBHOTO MPOXOAa,
KOTOpble He credyeT NpeBbllaTh BO M36e>kaHne BO3HUK-
HOBEHWS LLIYMOB.

B uensax obecneveHns 6naronpusTHbIX rTMAPaBIMYeCcKnxX
ycnosuii Ha Bxoge B paboyee koneco Tpybonposog Ha
CTOpOHE BXOAa HAacoca [OMKEeH UMeTb MPSIMOM y4acToK
ONIVHOM He MeHee 5 - d.

YcnosHbIii npoxop coe- CKopoCTb NoToKa

AUHUTEeNbHOro narpy6ka, v, M/c

@ mm

B 3p0aHumsx

o 11/4vnun DN 32 nol,2
Consowonse . j:\b 15 ......

DN 65 1 DN 800 £o1,8

DN 100 n 6onee 0o 2,0

2,5 - makc. oo 3,5

MaructpanbHble
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Mpy n3meHeHnn cedeHmns Tpyb cnepgyet nsberaTb peskmx MEPONMPUATUA NO NPEOOTBPALLEHUIO PACINPOCTPA-
nepexofoB. 3TO BO3MOXKHO 651arofapsi UCMosb30BaHMIO HEHWUA KOPMYCHOIO WYMA U WWYMA, NEPEAABAE-
KOHMYeCKNX NepexofHNKOB. Ecnu cyLLecTByeT BEPOSITHOCTb MOro no BOAE, NO TPYBONPOBOAAM

BO3HWKHOBEHWNS BO3AYLLUHbIX MPOOOK, Nyylle NpeanovecTb PacnpocTpaHeHue KopnycHOro Luyma 1 Lyma, nepena-
3KCLIeHTPUYeCKME NepexoaHUKM Baemoro o Bofe, no Tpy6onpoBofaM Mo>KHO orpaHu-

YNTb MyTEM NPOBeAeHNS CNeLnanbHbIX MeponpUATUIA

Mo LUIYMOM30MSLMMU HACOCa. YUMTbIBas 0ObIYHYIO AN KOM-
MYHaJIbHbIX CUCTEM OJIMHY BOJIH LLYMa, MepefaBaemMoro
no Bofe, 1 pa3mepbl TPy60NPoOBOAOB, BPSIA, I MOXKHO
0>KMOaTb 3HAYMTENbHOTo 3P heKTa 3BYKOOTPA>KEHNS Mpu
NPOCTOM M3MeHEHWUW HanpaBfieHNns NpoknagKku Tpy6o-
NpoBOA0B.

Onopa mpy6bi.
Heobxodumo usbezamp
Bo30elicmsus cun

€O CMOpPOHBI
mpy6onpoBoda Ha Bxode

SKcyeHmpukoBbILi
KOHUYeckuLli nepexod

Mpu NnpoBefeHM MEPONPUSTUIA MO LLYMOU30MALUN He
crnefyeT [OMNYyCKaTb CHUXKEHUS 3KCMyaTauMoHHoN 6e3-
OMAaCHOCTM HAcoCa, TO eCTb HY>XKHO BblbMpaTb abCONOTHO
HafeXHble ¢ QYHKLUOHANbHOM TOYKM 3PEHUS LLYMOU30-
NVPYIOLLME 3MTEMEHTI.

Tak, B Ka4ecTBe LLYMOW30NMPYHOLLMX 3N1EMEHTOB MOXXHO
MCMNOMb30BaTb CefytoLe KOMNeHcaTopbl:

ApmaTypa He [oMKHa YCTaHaBnMBaTbesa B Tpybonposope
HernocpenCcTBEHHO 3a NaTpybKkoM Hacoca, B 0cobeHHOCTH
Ha CTOpOHe BXxona. B JaHHOM cryyvae € TOYKM 3peHUst Ly -
M006pa30BaHMA TaKkxKe XKenaTenbHO, UTOObl MUHUMAnbHOE
paccTosiHue cocTtasnano 5 - d.

- KOMMEHCATOPbI C OrpaHUUMTeNem ANuHbI 6e3 ynpyrux
anemeHToB (60KOBOI KOMNEHcaTop)

- KOMMEHCATOPbI C OFrpaHNUNTENEM ANUHbI C YIPYTMK
3MeMeHTamMK, a TakXKe pe3nHOMETanNMYecKnmm
¢hnaHuamm

- KOMMeHcaTopbl 6€3 orpaHMUMTens ANUHbI

Mpy Ncnosib30BaHMM KOMMEHCATOPOB C OrpaHnyYnTeNnemM

ONuHbI 6€3 ynpyrux 31eMeHTOB MCKITIOHYAeTCS Harpy3-

Ka cO CTOpOHbI Tpy6onpoBoAa Ha CoefUHUTESbHbIE

naTpybku Hacoca, 0AHAKO 3TM KoMMeHcaTopbl obecne-
3adsudcka YMBAKOT OTHOCUTENbBHO cnabyto Wymomnsonauuto. Ans
KoMMeHcaTopoB 6e3 orpaHMynTenen OnnHbl XapakTepHa
MaKCVMarnbHas LWyMOU30NsaLmns, 04Hako, BMecTe C TeM U
Harpyska oT Tpy6onpoBofoM MakCMManbHas. Y Hacoca ¢
yCNOBHbIM NpoxofoM 100 1 HOMUHANbHbBIM OaBneHnemM
10 ycunus ot TpybonpoBoO0OB TEOPETUYECKN MOTYT A0~
cturatb 16 000 H. OgHako Ha NpakTuKe, U3-3a OrpaHn-
YEHHOM YNPYrocT! KOMMeHCaToOpPoB peanbHO AenCcTBYO-
LLMe CUNbl He NMPEeBbLILIAOT NMOJIOBMHbBI OT 3TOF0 3HAYEHUS.
B OTHOLLEeHUN TOro, BO3AeNCTBME KaKUX CUI HA coean-
;l i HUTenbHble NAaTPYbKM ABASeTCA [OMNYCTUMbIM, B AaHHbIN
o\ MOMEHT HEBO3MO>KHO CKa3aTb O4HO3HA4HO.
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Bo MHOrmnx CUTYaUMAaX pasyMHbIM KOMINPOMUCCOM MexXXay LLIyMOVIBOJ'IFILI,VIeVI NYyCcnnmamMmm Ha COeaMHNUTENbHbIX 3/1e-
MEHTaX MO>XET CTaTb KOMMeHCATop C yNnpyrumMmun orpaHUYnTeNIaMm onnHbl. anI MCNoJIb30BaHUU LLYMOU3OJTNPYHOLWNX
3JIEMEHTOB CiefyeT y4nTbliBaTb UX OFpaHI/I‘—IEHHbII7I CpoOK CJ'Iy)K6bI N 4YYBCTBUTEJIbHOCTb K FOpFI‘—IeVI BoLeE.

KomneHcamop 6e3 ozpaHu4umerns 0/1UHbI

OepaHudumenu OnuHbI

KomneHcamop ¢ oepaHudumerem OnuHbl 6e3 ynpy-

2ux 3nemeHmoB (60koBoU koMneHcamop)

KomneHcamop c oepaHu4qumersnem OsUHbI
ynpyaumu 351eMeHmamu

3 heKTMBHOCTb MEPOMNPUATUIA MO LLYMON30NALNN
MoKasaHa Ha pUCyHKax Ha C. 24, Ha KoTopbix n306paxke-
Hbl OCLMANOrPaMMbl U3MEPEHUS KOPMYCHOTO LyMa Ha
TpybonpoBoae, HaxogsLwemMcs B COCTOSHUN BUbpaumm,
B036Yy>KOaeMOW UMPKYNSALUMOHHBIM HACOCOM CUCTEMBI
oTonneHus. Ha ocumnnorpaMmmax npegncraBeHbl TpU
Pa3nNUYHbIX Cy4as KOPMYCHbIX LLYMOB, @ UMEHHO —
HedMNbTPOBAHHbBIV M3MEPEHHbIA CUrHan 1 oTuNbTpo-
BaHHble HM3KME N BbICOKME YAaCTOTbl, TO €CTb SIONACTHas
yacToTa 150 'y (4-nontocHbIl 3nekTpomoTop, paboyee
KOJIECO C LUECTbIO NONAaCcTSIMU) MU 3NEKTPOMarHUTHas
yactoTa 600 I'u.

B nepBOM BapvaHTe MOKa3aHO COCTOSIHUE MPU XKeCTKOM
coeanHeHumn TpybonpoBofda ¢ HacocoM. Bo BTopom Ba-

pVaHTe NOKa3aHo COCTOSIHME NOCIIe MOHTaXa Pe3nHo-
MeTannnyecknx Tpy6OHbIX COeQUHUTENBbHBIX 3IEMEHTOB
Ha CTOpOHe BXxofda U Bbixoda. Kak MOXKHO BUAETb, Npu
3TOM [,0/15 BbICOKMX YacTOT 3aMETHO YMEHbLLAEeTCS.
MpY MOHTaXke PE3MHOBbIX KOMIMEHCaTopoB (TpeTuit
Cnyyait) KPOMe BbICOKMX YaCTOT TaKXKe CUMbHO YMEHb-
LIaeTCs 4O HU3KMX 4acToT.

To, Kakue MeponpusaTHs Mo LLYyMOU30SLMK, NoKa-
3aHHble B BapMaHTax 2 1 3, DOMKHbI MPOBOAUTHCS

B KaXKO,0M OTOEMbHOM CJly4ae, 3aBUCUT OT HacTOTbI
LOMWHUPYHOLLLETO B CUCTEME LUYMA.

OnvcaHHble Ha NpyUMepe Hacocos B Inline-McnonHeHUu
MeponpusTUS Mo LLYMOU3ONALMM MOXKHO TaKXKe peKo-
MeH[,0BaTb B OTHOLLEHWMW HaMOJIbHbIX HACOCOB.
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KomneHcaTopbl

BAPUAHT 1
JKecTkoe coefuHEHNe, LLIYMOM3OMSALNS OTCYTCTBYeT

Touka usmMepeHus
KopIr1yCHoz20 wyMa

BAPUAHT 2

Brarogaps pesMHoMeTannmueckum Tpy6HbIM
COEAMHNTENbHBIM 3IeMEHTaM YMeHbLLaeTCs TONbKO
Lons Bblcokmx YacToT (600 ).

r& Toyka usmepeHusi

KOpIycHO20 wyma

BAPUAHT 3

Bbnarofaps pe3snHoBbIM KOMMeHcaTopam
yMeHbLUaeTcs [ons Kak Bbicokux (600 'u), Tak v
HU3KMX YacToT (150 I'w).

ﬁ\ Touka usmepeHusi

KopycHo20 wyma

OnopHasi KOHCMpPyKYUsi
€ pe3uHoMemarnuyecKum
aremMeHmMom

==
—|(




MEPOMPUATUA NO NPEAOTBPALLEHUIO
PACMPOCTPAHEHUSA KOPMYCHOrO WWYMA HA KOPNyC
30AHUA

Mpv MOHTaXKe Hacoca Ha nony, B Lensx npeoTspaLleHuns
pacnpoCcTpaHeHUst KOPMyCHOro LLYMa YacTo BO3HMKaeT
Heobx0AMMOCTb MCMONb30BaTh B AOMNOMHEHNE K BUBpoun-
30n9uuy TpybonpoBoA0B CNeLmnanbHyo onopy ¢ ynpyru-
MW 3nemMeHTamMu, pacnonaraemMbIMn MeXXay OCHOBaHWEM
1 Nofiom. ITO NO3BONSET NPefoTBpaTUTL Nepepaydy
BMbpaLmM Ha Kopnyc 30aHus. MNpy pasMeLLeHnn Hacoca B
MeXX[y3TaXHbIX MePeKPbITUAX NCMONb30BaHMeE YNpyron
onopbl siBNsieTcs ob6s3atenbHbIM. OC060ro BHUMaHMS
TpebytoT HaCOCbl C U3MEHAEMOW HYaCTOTOM BPaLLEHNS.

Ynpyruve anemMeHTbl BbI6UPatoTCs B COOTBETCTBUM C
CaMOM HWU3KOI1 YacTOTON BO36Y>KAeHUs (B 6ONbLUNHCTBE
CMly4aes 3TO 4acToTa BpaleHus). XKeCTKOCTb YNpyrux
3M1EMEHTOB JOJIXKHA YMEHbLLATHLCS MO0 Mepe CHUXEHUS
YacToTbl BpalleHns. OBbIYHO NpM YacToTe BpaLLeHus
3000 06/MVH U BbiLwe peKoMeHayeTcs UCNoMb30BaThb
NANTbI U3 HaTypanbHOM NpobKKM, NpU YacToTe Bpalle-
HMst 0T 1000 go 3000 06/MuH pe3vHoMeTannmnyeckme
3NEeMEeHTbI, @ MPY YacToTe BpaLleHus Huxe 1000 06/
MWH — cnupanbHble NPY>XuHbl. [py pasmeLleHnn Hacoca
Ha nony nofsana B Ka4ecTBe YyNpyro onopbl NpekpacHo
NogoMAayT HECKONIbKO NAUT U3 HaTypanbHOM Npobkw,
MUWUHepanbHOM BaTbl UM PE3UHbI.
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M3 pucyHKa BUOHO, KakK [OJIKHO OCYLLECTBNSTHCS LeMM-
thrpoBaHue BMbpaumu HacocHoro arperata. I eKTnB-
HOCTb LLYMOU30MSALUN 3aBUCUT OT COBCTBEHHOM YaCTOThI
YCTaHOBJIEHHOTO Ha YMpPYroi onope HaCoOCHOro arperara.
YnpoLleHHo cobcTBeHHas 4acToTa onpegensercs Ha
OCHOBE MacChl HACOCHOTO arperaTa M XKecTKOCTU YNpyrmx
3/1EMEHTOB.

Touka ¢pukcayuu mpy6onpoBoda

bemoHHbiIl pyHOameHm,
kak cmabunusupyrowas macca

Touka ¢pukcayuu
mpy6onposoda

TIpyHUHHbIe 351emeHmbI € 30Kp€nfléHHblMlJ
usiu HakJieeHHbIMuU Wwmbipsamu

Co6cTBeHHas vacToTa f, cucTembl NokasaHa Ha NMpUBeA.eHHOM HUXKe rpacuke.

YT06b1 O6UTLCS XOpOLLEro adeKkTa LLYyMOU30aLum,

cobCTBEHHAs YacToTa CUCTEMbI fOD,OJ'I)KHa ObITb 3HAYUTENBHO

HUXKe YacToTbl BO36Y>KaeHus f,,, Mcxogsiuen oT Hacoca.
Y HacoCOB C HeypPaBHOBELLEHHbIMU MacCamy MOXKHO
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Mpu N3roToBNEHWW YNPYrOM ONOpbI He cregyeT [ony-
ckaTb 06pa30BaHMs "3ByKOBbIX MOCTUKOB". Takxxe cregy-
eT nsberaTb NEPEKPbIBAHNS 3M1ACTUYHOWN OMOPbI LUTYKa-
TYpPKOM nnv 06nmuoBoYHoOM NAMTKON. JTioboe HapyLleHne
MOABM>KHOCTM HACOCHOrO arperata MOXKeT BbI3BaTb
paspyLUeHne Unu no KpamHemn mepe CUIbHOE CHXKeHMe
ahdheKTa LLYMOU30NALNN.

Mpv npoknagake Tpybonposonos cnenyet nsberatb ecT-
KWX, CTaLMOHapPHbIX COEAUHEHWIA C KOPNYCOM 3AaHuS.
KpenneHus Tpyb Tak>ke OOMKHbI obecneynsBaTtb M30-
NALMIO OT KOPMYCHOTO WyMma. 3TO ciedyeT YYnTbIBaTh,
npe>kae BCero, Npu npoknagke Tpy6onpoBofos Nofg LWTy-
KaTypkoM. Mogxoasiwme 3neMeHTbl KpenneHns Mo>KHO
nprobpecTu B CNeuman3MpoBaHHbIX MarasmHax.

Ocoboe BHUMaHWe creqyeT yaenuTb npoknagke Tpy6o-
MPOBOLOB Yepes CTEHbI Y NePeKpbITUS. Ha 3TOT cryyait
B CMEeUManm3mMpoBaHHbIX MarasmHax Takxke UMerTCs
MaH>XeTbl, 0TBEYAOLLME BCEM TPeBOBAHMSAM K XOpPOLLei
M30MALMK OT KOPMYCHOTO LUYMa.

LLlymounsonauns Tpy6onpoBooB OT KOpnyca 34aHus
[OIKHA O6bITh BbIMOMHEHA ¢ 0c060M TLATENbHOCTbIO,
TakK Kak nobas Hebpe>XHOCTb, 4OoMNyLLeHHas AaXxe B
O0[HOM e[JMHCTBEHHOM MECTE, MOXKET CBECTU K HYJH0 BCe
3aTparbl.

Tpy6Hble nopBechl

&

‘

S = 2aweHue subpayuu

Mpoknaaka Tpy6onpoBoAos ¢ u3onsuuen ot
KOPMYCHOro LyMma




AABJIEHUE BO BCACBIBAIOLLEM MNMATPYBKE HACOCA

JOoCTaTOYHbIN YPOBEHb 4aBIIEHNS BO BCACbIBAIOLLEM
naTpybke Hacoca nomoraeT n3be>xaTb KaBUTaLMM B
pabouem konece. TepMrMHOM "KaBuTaumsa" 0o603Haua-
eTcsi npouecc 06pa3oBaHuUs U Pe3Koro CxJ10MbIBaHUS
napo-BO3AYLUHbIX Ny3blpbKOB. MNy3bIpbkK 06pa3ytoTcs B
Tex MecTax, rae AaBneHune TeKyLen XXnaKocTn nagaeT
HACTOMbKO, YTO [OCTUTAET 3HAaYEHNS AaBNeHUs Napa,
KOTOpOEe XXMAOKOCTb UMeeT Npu npeobnagatoLlen Temne-
patype. lNy3bIpbKK1 yBeKaTCSA MOTOKOM U pa3pyLuatoTcs
(cxnonbiBatoTCs), €CNK B AaNbHENMLWEM AaBleHVe CHOBa
yBeNIM4MBAETCA BbllLe YPOBHSA AaBfieHNs napa.

KaBuTauum cnegyet nsberathb, Tak Kak OHa OTPULATENbHO
BIMSIET Ha NMPOU3BOANUTENIbHOCTb, MIaBHOCTb XO4a U Ly~
MOBble XapaKTEPUCTMKM HACoCa U [AXKe MOXKET BbI3BaTb
paspylueHne maTepuana.

YT06bl TAaKOro poaa HapyLUEHUS He BO3HMKAW B NPO-
Lecce aKcnayaTaunmn, peKoMeHaoyeTcs nognepXXusaTb
"MWHMManbHbIN Heob6X0OMMbIN YMCTbIN Hanop" NPSH 3a-
BMCUT y Ntoboro Hacoca oT nogaun. Kaxxabii Tunopasmep
Hacoca MmeeT Npv 3a0aHHOM YacTOoTe BPaLLLEHNS CBOKO
cobcTBeHHyto xapakTepuctuky NPSH, koTopas 6bina pac-
CYMTaHa MPOU3BOJMUTENIEM HACOCA HA OCHOBE M3MEePEHWU.
MH>KeHep-NpoeKTUPOBLUMK OOSKeH NpeayCMOTPeTh B
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cucteme "cuctemHyto NPSH", koTopas 6yaoeT paBHa unu
6onbLue 3HaveHns NPSH Hacoca B camowt Hebnaronpum-
ATHOM paboyeit Touke. Mpadmk NOKa3bIBAET 3HAYeHMe
136bITOYHOrO AaBMIEHUS MO CPABHEHMIO C aTMOC(EPHbBIM
OaBfieHneM, KOTopoe 0653aTenbHO A0/KHO MPUCYTCTBO-
BaTb Ha CTOPOHE BCACbIBAHMS HACOCA, B CPABHEHMM CO
3HaveHnem NPSH Hacoca.

Ha rpaduke ykasaHo MUHVMManbHoe Heobxogvmoe
136bITOYHOE [aBNEHNe MO CPaBHEHMIO C aTMOChepHbIM
AaBfeHneM, KOTOpoe JOSKHO NPUCYTCTBOBAaTb BO BCa-
cbiBatoLem natpybke Hacoca. KpmBble OeiCcTBUTENbHbI
015 MaKCMMarnbHOW CKOPOCTU NOTOKaA 2 M/C 1 BbICOTSI
nonio>kenns 100 M Hag ypoBHEM Mops.

Mpu BbicOTe NnonoxkeHus 6onee 100 3HaveHwue PE,
3aBucsLLee oT 3Ha4eHnsa NPSH Hacoca 1 TemnepaTypbl
>KMOKOCTU, NOANEXNT KOPPEKTUPOBKE.
HencTemTenbHaa cnegytowas opmyna:

P* =P+ X-0.0001
Mpu 3TOM 3HauveHme X — 3To pakTuUeckas BbicoTa (B M)

MecTa MoJI0XKEHMS HACOCa, U3MepEeHHast Haf YPOBHEM
Mops.

TpebGyemoe naBneHue Ha BXofe B 3aBUCUMOCTM OT TeMmepaTypbl
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noABO4 XXUOAKOCTU K

HACOCY

BooocbopHbi Konogew Hacoca

Mpv HepaBHOMEPHOM MOABOAE M OTKa4MBaHUM paboyen cpedbl HE06X04MMO MCMOJb30BaTh BOAOCOOPHBIN KoMoged,.
Pasmepbl KOMOALA 3aBMCAT OT MOAAUM HAcOCa M [OMYCTUMOM YaCTOTbl BKIHOYEHWS 3M1eKTpoMoTopa. MonesHbin 06bem

KONOALA paccyMTbIBAETCS MO CledytoLein popmyne

Q. 2t

i 2

Q.- Q,

V=Qu* —o7
COKPALLEHUE
z MaKc. JOMyCTUMOE KONMMYeCTBO BKITHOYEHWI
B Yac
Q.. NPUTOK B M3/
Q. nopayva B MOMEHT BKIHOUEHMS B M3/
Q. nogava B MOMEHT BbIK/TIOUEeHUS B M3/4
Vi nonesHbii 06beM KonopLa B M3

Mpyn HEOHXOAUMOCTH K 3ITOMY HY>XXHO NprbaBUTbL
BO3MOXXHbI 06beM 06paTHOro noToka. B cnyyae mnc-
MoNb30BaHWS 3arps3HEHHbIX XKMOKOCTEN He crefyeT
L0MYyCKaTb OTNOXXEHNS TBEPObIX YaCTUL Ha AHE KO-
nogua. 3To MOXKHO NPefoTBPAaTUTb 3a CHET YCTAaHOB-
KM CTEHOK nof yrnom 45°, a ewe ny4ywe 60°.

Bo nsbexxaHune 3aBUXpeHUs U BOSHUKHOBEHWUS CUN
CABWra n3-3a HepaBHOMEPHOrO NMOABOAA XXMAKOCTH
pPeKOMeHAyeTCs OCHAaCTUTb KOMOAeL, OTPaXkatoLLen
neperopoaKom.

MpuémMHbIN pe3epByap

BcacbiBatoLmm
Tpybonposon

45to 60°

Bonoc60opHbIi konofeL, Hacoca ¢ OTpaXkaloLLen
neperopoakomn

Ompaxcarowas
nepezopodka
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30 MoaBof XMOKOCTU K Hacocy

BcacbiBatowme TpybonpoBOabl M pacXxogHbIA pe3epByap

YT06bI M36€>KaTh NONagaHMsa BO34yxa NN BUXpeW BO
BCACbIBalOLLMIA Tpy6ONPOBOA, PacCTOSHUE MeXKAY BCAChl-
BatOLLMM M NOABOAALLMM TPyOONPOBOAOM AOSIKHO ObITh
A0CTaTO4HO 60MbLUMM.

Kpome 370ro, 4oMmKHbI O6bITb MPefyCcMOTPeHbl OTpaXkato-
Wue neperopogku. NMogsoaawmin Tpybonposod A0OJIKeH
0653aTenbHO BXOAUTL B pe3epByap HuxKe cBobogHoOM
NMOBEPXHOCTU XXMAKOCTHU.

Kpome 3toro, cnepgyeT obecneunTb JOCTAaTOYHOE Ne-
peKkpbiBaHVe BCacbiBatoLLero oTeepctums. Mpy HegocTa-
TOYHOM MepeKpbIBaHUU MOXKET O3HUKHYTb 3aBUXPEHHUE,
COMpoBOXXAatoLLeecs BcacbiBaHMeM Bo3ayxa. HaunHas ¢
BOPOHKOObOpasHoro yrnybneHuns, Ha cBO604HOM NOBEPXHO-
CTV >XKMAKOCTU 0Opa3yeTcs BO3OYLUHbIN pPyKas A0 Heno-
CpeACTBEHHO BCacbiBatoLLero Tpybonposoda. Cnegcremem
3TOro CTAaHOBUTCS HEMMaBHbIA XO4 U NafeHne MOLLHOCTH
Hacoca. [1ns BbINOTHEHWNS TOUYHbIX PaCYeTOB Ha OCHOBE
OaHHbIX IHCTUTYTa rmapasiunkm (CLUA) MO>KHO ucnonb3o-
BaTb clefytoLyto hopmyny:

d.

Spn=0dg+ 2.3 v+

COKPALLUEHUE

Simin  MMHVMManbHOE MepeKpbiBaHWE B M

Vs CKOpOCTb MoToka = Q/900 dg2 B M/c pekoMeHa0BaHO
1-2 m/c, Ho He > 3 M/c

Q nopgauva B M3/4

g YyckopeHue cBobogHoro nagexms 9,81 m/c?

de rpyow BXOAHOM AMAaMETP BCACbIBAIOLLETO UMW BMYCKHOTO
natpybka B m

Ecnn obecneunts Tpebyemoe MUHUManbHoe nepe-
KpblBaHWe HEBO3MOXHO, BO M36exaHue 3aBUXpeHus v
BCACbIBaHWS BO34yXa MOXKHO MCMOMNb30BaTH MOMMaBKM
WU NpMOATh HANPaBSOLLMM NMOBEPXHOCTAM (hOpMY,
NpensTCcTBYOLLY 06pa30BaHMIO 3aBUXPEHUSI.

PacxopHbli pe3epByap U NonnaBoK

lMonnaBok

E — [MpuémHbili pe3epByap

MpuémMHbIN pe3epByap c oTpaXkaloLei neperopoakon
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MuHuManbHoe paccTosiHMe OT BCacCbliBaloLWero
Tpy6onpoBona A0 CTeHOK

MuHMManbHoe nepeKpbiBaHue S, NPU peKoMeHayeMoii
ckopocTu notoka 0,5-3 m/c:

DN 25 32 40 50 65 80 100 150 200

Bemm 40 40 65 65 80 80 100 100 150

DN 25 32 40 50 65 80 100 150 200

Smnm 0.25 0.35 0.65 0.650.70 0.75 0.80 0.90 1.25



BcacbiBaHue

CtaHpapTHble LeHTpobe>kHble HAacoChl He ABNSATCS
CaMOBCaCbIBAKOLWMMUK,. DTO 03HAYAET, YUTO A1 TOro, YTOo6bI
HacoC MOr MepeKkaynBaTb XXMAKOCTb, M3 BCACbIBAKOLLETO
TpybonpoBofa 1 Kopnyca Hacoca Ha CTOPOHE BCacbiBa-
HWSa gonkeH 6bITb yaaneH Bo3ayx. Ecnun paboyee koneco
Hacoca pacrnonoXXeHo Bbille YPOBHS XXMAKOCTH, cegyeT
3aMoMHUTb Hacoc M BcacbiBatowmin Tpybonposog pabo-
Yyel cpefom. dTo obpeMeHNTeNbHOM NpoLenypbl MOXHO
n3bexatb, ecnv 060py[o0BaTh BXO BCacbiBatoLLen TpyObl
npuemMHbim (06paTHbIM) KNanaHoMm. B 3ToM criyyae yaane-
HWe BO34YyXa BbIMOMHAETCS TOJIbKO NPV NepBOM BBOLE B
3KCNyaTaLuUIo NN NPU HETEPMETUYHOCTM apMaTypbl.

MpueMHbIN KNanaH

BCACbIBAHUE

Ha npakTuke n3-3a noTepb B HACOCE, COEAMHUTENbHbIX
Tpybonposogax 1 apmaType MakcuManbHas BbicOTa BCa-
CbIBaHWS COCTaBMSIET NPUMEPHO 7-8 M. Pa3HOCTb BbICOT
M3MepsieTcs OT MOBEPXHOCTM XKMAKOCTU [0 BCAChIBAtOLLLE-
ro natpybka Hacoca.

Mpoknapka BcacbiBalowwero Tpy6onpoeona

BcacbiBatowme Tpy6onpoBoabl JOMKHbI UMETb, MO Kpari-
Hel Mepe, TaKoW e YCNOBHbIA Npoxof, Y4To 1 naTpybok
Hacoca, a N0 BO3MOXXHOCTU daxke 6onbLue. Cy>xeHuns
cnepyet nsberatb, B 0COBEHHOCTH, eCnn PUINbTPbI TOHKOW
OYMCTKM YCTAHABNMBAOTCS KaK MOXKHO Aanblle OT CTO-
pOHbI BCacbiBaHus. Bcacbiatowmin Tpybonposog fon- z
>KeH ObITb MPOIOXKEH K HACOCy NOf, BCe BO3pacTaloLWmnm

YrNIOM 1 OCHALLeH MPUEMHbBIM KNanaHoM, MO3BONSIOLLNM

npefoTBPaTUTb NMOJTHOE ONOPOXKHEHMe Tpybonposoda.

BcacbiBatowmii TpybonpoBod AomKeH ObITb MO BO3MOX-

HOCTM KOPOTKMM. B onunHHbIX TpybonpoBogax BO3HUKaET

MOBbILLEHHOE COMPOTUBEHNE TPEHMIO, KOTOPOE CUITbHO

YMEHbLLUAET BbICOTY BCACbIBAHMS.

CnepyeT nsberatb 06pa3oBaHMs BO3AOYLLUHbIX MOQYLLIEK

(M3-3a HErepMeTUUYHOCTK), TaK KakK OHW MOTYT BbI3BaTb

HapyLUeHne PyHKLMOHMPOBAHWS U MOBPEXXAEeHNe Hacoca.

MpaBunbHO HenpasuibHO

B kauecTBe LJTaHronpoBoaoB cnegyeT ncnosb3oBaTb
yCTOVI‘-IVIBbIe K BCACbIBAHNKO N HarHETaHWO CnupalibHble
wnaHrum.
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PEryJiIMnPOBAHUE MOLLHOCTU HACOCA

0O6bem nogaBaemMon LUUPKYJNAUUMOHHbIM HAaCOCOM XXUOKOCTU onpenensaeTcsa YypoBHEM I'IOTPeﬁ.ﬂeHVISI TennoBou
MOLI.IHOCTM/MOI.I.I.HOCTM oxna>kaeHua B COOTBETCTByIOI.I.I.eﬁ cucteme. 10 YPOBeHb MOXXeT USMEHATbCA B 3aBUCUMOCTU

oT cnepytowmx pakTopoBs:

< KNUMar;

- BMeLUaTesibCTBO NMoJsib3oBaTens;

- BO3genCcTBue NOCTOPOHHUX UCTOYHUKOB Tenna;
-~ TuApaBnuyeckoe perynupoBaHue u T.4.

MapameTpbl pacCUUTaHHOTO HA MAaKCMManbHYIO Harpy3Ky LIUPKYSLMOHHOIO Hacoca NOCTOSIHHO U3MEHSIOTCS B 3aBU-
CUMOCTH OT haKTUYECKOro pa6oyero COCTOAHNS CUCTEMbI MYyTEM CPaBHEHUS 3aAaHHOTO U (haKTUYeCKOro 3Ha4eHUM.
Bnaronaps TakoMy aBTOMaTM4eCcKoMy perynupoBaHu1IO MOLLHOCTb HAacoca U, TeM CaMbIM, MOTpe6rieHne 3NMeKTpo3Hep-
MK, HAXOAMUTCS B MOCTOSSHHOM COOTBETCTBUM € (haKTUUeCKM NoTpebnsemoit

Cnocob perynupoBaHus Ap-c

Mpn cnocobe perynnposaHns Ap-C 3N1eKTPOHHas cn-
cTeMa nofnep>xvBaeT CO34aBaeMbll HACOCOM Nepenag,
[aBNeHNs Ha YPOBHe 3aaHHOro 3HaveHns HS no scemy
A0MyCTUMOMY AManasoHy nogadu.

370 03Ha4aeT, YTo NpY yMeHbLLeHun nodaun (Q) nytem
[pOCCENMPOBaHNS TYAPaBIMYECKUMU PeryinpyoLmn-
MW yCTPOMCTBaMM MOLLIHOCTb HacoCa NPUBOANTCA B
COOTBETCTBYME C MOLLHOCTbIO, PakTUYeCKy noTpebnse-
MOV CUCTEMOM (33 CHET CHUXKEHUS YaCTOTbI BPALLLEHMS).
OHOBPEMEHHO C U3MEHEHMEM YaCTOTbI BPALLEHMS!
NPOMCXOANT CHUXKEHWE NOTPebAeMoi MOLLHOCTY [0
50 % OT HOMMHANbHOTO 3HAYEHUSI.

YcoBreM NpYMeHeHns faHHoro cnocoba perynvposa-
HUS IBNISIETCS NepeMeHHas nogaya. B pexxMme nukoBbIx
Harpy3oK, HarnpumMep, NPy UCMOJIb30BaHUM CMAPEHHOTO
Hacoca, ynpasneHue OCyLLEeCTBSIeTCS aBBTOMAaTNYECKU B
3aBUCUMMOCTM OT Harpysku. Korga oCHOBHOM perynupye-
MbIVi HACOC He CMPaBNsSeTCs C Harpy3Kow, MOAKMoYaeTCs
BTOPOM HACcOC, MpefHa3HauYeHHbIN s 3KCnayaTaumm
MPW MUKOBBIX Harpyskax. [Mpy 3TOM MOLLHOCTb perynm-
pYeMoro Hacoca NocTeneHHO CHUXKAETCS U MPUBOAUTCS
B COOTBETCTBME C 3a4aHHbIM 3Ha4YeHMeM nepenaga
LLaBlIeHNS.

B Lenom pekomeHgyeTcs NoJAepP>KMBaTb MOCTOAHHBIN
nepenapg gaBreHns B cMcTeMe. B KayecTBe anbTepHa-
TVBbI NpefaraeTca OCHalleHe CUCTEMbI JAaTYMKOM,
YCTAHOBIEHHbIM B MaAK Ha3bIBaeMom “y3kom mecme”
cucmemsl (pacwuperue obacmu pezynupoBaHus).
Skcnayamayus ¢ OUCMAHYUOHHbIM 0am4YuKoM omyacmu
no3sosisem cyuecmBeHHO CHU3UMb Yacmomy spauje-
HUS1 U, meM CambIM, MOWHOCMb HAcoca.

MpepnonaraeTcs, YTO yC10BUS B BbIOPAaHHOM "y3KOM
MecTe" CUCTeMbl ABNAIOTCS ONpenensaoLwmMmn Onisa Bcex
OCTalIbHbIX YHaCTKOB CUCTEMBI.

Tak Kak "y3koe MecTo" MOXKeT U3MEHATb CBOE NOJSo-
>KeHWe B CUCTeMe, BO3MOXKHO MCMOMb30BaHWe [0MNon-
HUTenbHbIX 6n1okoB 06paboTky curHanos Wilo DDG.
Bnok 06paboTku cMrHanoB Mo>keT OAHOBPEMEHHO
CpaBHMBAaTb CUrHanbl OT 2-4 gatymkos. OQHaKo B
KayecTBe OCHOBbI 418 CPaBHeHWs 3a4aHHOTO U hakTu-
Yeckoro 3HaveHui 6510k 06paboTKM cMrHanoB Bcerga
NCMNOoMb3yeT MUHUMAIbHbIE N3MEPEHHbIE 3HAYEHUS.

PerynuposaHue Ap-c

Hanop, H [m]

H Setpoint

H

S etpoint-min

Mopgaua Q [m3/u]

PerynupoBou4Hasi XxapaKTepucTmKa npu
AUCTaHLUUOHHOM CUTHASILHOM AaTuuKe

Kpusas HacocHbIx
Xxapakmepucmuk

To4ka nepeceyeHus =
paboyas mouka

Hanop, H [m]

Kpusas cucmembi 05151
MoYKU U3MepeHus

Mopaua [m3/u]
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Cnocob perynupoBaHus Ap-v

Mpv MopepHM3aumm obopynoBaHMs He BCerga Bo3-
MO>XHO MCMOMb30BaHME peryimpoBaHmns no "y3skomy
MecTy". Ecnv cTponTenbCTBO Ob1N10 3aKOHYEHO HECKOMb-
KO neT Hasaf, MOryT BO3HUKHYTb NPobieMbl C LLYMOM
B KOMHATHbIX perynsaropax. "Y3koe MecTo" cMCTeMbI
HEM3BECTHO UMM HaXOAUTCH TaM, Kyda HeBO3MOXKHO
MPOJSIOXKUTb CUTHaNbHble Kabenu, HeobxoanMble Ans
(DYHKLMOHMPOBAHNS UCTaHLUMOHHBIX CUTHAMbHbIX
[aTumkoB. TeM He MeHee, pacLUMpUTbL 06nacTb perynu-
poBaTb MOXHO 3a CHET MCMNOMb30BaHMS cnocoba pery-
nuposaHus Ap-v (pekoMeHZyeTcs 4Nst OLHOHACOCHbIX
cucTem).

Mpu cnocobe perynnpoBaHns Ap-v 3NEKTPOHHAs CU-
CTemMa NIMHEeNHO N3MeHSeT Noaaep>X1MBaeMoe HacoCoOM
33afjaHHOe 3HaYeHMe nepenana AaBreHns B AnanasoHe
Mexay Hs u 1/2 Hs. 3agaHHoe 3HayeHWe nepenaga gasne-
H1s H yBenuumnBaeTcs MM yMeHblUIaeTcs OGHOBPEMEHHO
cnogaven Q.

PerynuposaHue Ap-v

Hanop, H [m]

n regel Hsetpoint

Y2H
Ap-c

Setpoint

H

Setpoint-min

Mopaua Q [m3/u]

I'Iepena,u, OaBleHnNa — B 3aBUCUMOCTU OT rnoga4u Ap-q

YT100bI M36€XKaTb 3aTpaT, CBA3aHHbIX C PEryIMpoOBaHNEM
no "y3koMy mecTy" (ycunuternb, npoknaaka kabens u
T.0.), 3Ha4YeHWe nepenana AaBeHns 3a0aeTcs Hemo-
CpPenCcTBEHHO CUTHANOM, NMPOMOPLIMOHANbHbIM Noaave.
370 NO3BONSAET pacmpuUTb 06nacTb perynmpoBaHus
MMEHHO B CMCTEMax C HECKOJIbKMMW HAacocamm He3a-
BMCMMO OT LeHTParnbHOro MyHKTa n3MepeHun (Latumk
nepenapa [asneHus Ha Hacoce). Kpome gatymka nepe-
nafa [aBneHuns, pasMeLLaemMoro HenocpenCcTBeHHo Ha
HaCOCHOW CTaHUMW, Ha BbIXOAE U3 KOHTYPa OXNaXKAeHNs
UNu Ha Bxofe noTpebuTens, B MecTe MOHTa>ka Ha Bxoge
B CUCTeMY OOJIKeH ObITb YCTaHOBNEH 06 BEMHbIV pacxo-
nomep (0/4—20 mA).

Mcnonb3oBaHue cnocoba perynvpoBaHns Ap-q peko-
MEHOYeTCs B CUCTEMAX C HEU3BECTHbIM "Y3KMM MecToM"
UNW XapakTepucTmkamm nnbo B cucTemMax, roe HeBo3-
MO>XHO NMPOSIOXKUTb NPOTS>XKEHHbIE CUTHAMbHbIE TUHUN,
HO rge npuv 3ToM MMeeTcs 06 beMHbIN pacxofoMep.

Mepenan paBneHus — B 3aBUCMMOCTH OT
nopauu Ap-q

Hanop H [%]

»— Ap= nocTosHHbIA
— Ap= B 3aBMCAMOCTY OT
nogain

N \\\\\\\\\

ST
AN g\\\\\\\\\\\\\
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2
2
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Q,-50% 0,=100%
Mopaua Q [%]
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Mpw cnocobe perynupoBanns Ap-T (MporpamMmMpoBaHme BO3MOXKHO TOMbKO Yepe3 MK-MnopT) 3neKTpoHHas CUCTeMa U3MEHseT
noaOep>XKMBaeMoe HaCOCOM 3aflaHHOe 3HaYeHWe Nepenana 0aBfeHus B 3aBUCMMOCTY OT U3MEPEHHOW TeMMNepaTypbl XXna-
KOCTU. Takol cnocob perynnpoBaHns nepenana 4aBfieHUs B 3aBUCUMOCTM OT TeMMNEPaTypbl UCNOMb3YEeTCs B CUCTEMAX KakK C
nocTosHHOM (K NpMepy, 0AHOTPY6Has cMcTeMa), Tak M ¢ MepeMeHHO noaaveit ¢ NNaBHO N3MEHAoLWENCs TeMnepaTypoii Ha
Bxofe.B cnyyae c oTonuTenbHbIMK cMCTeMaMm cnocob perynupoBaHns Ap-T nponsBoauT obpaTHbIN 3G eKT NpuU ycrosuu,

YTO HAaCcoOC yCTaHOBNEH B 06paTHOM pr60r|p030ne CUCTEMDI.

Perynuposanue Ap-T

Hanop, H [m]

max pos. operation

neg. operation

med

min

Qs

Pe>xum DDC

B pe>xxume DDC pe3ynbTaTtbl Heobxoaumoro ons perynm-
POBaHUS CPaBHEHWS 3a4aHHbIX U (DAaKTUYECKMX 3HAYEHWIA
3aMMCTBYIOTCS Y BHELLHEro perynvpyoLero yCcTponcTaa.

Hacocbl Wilo co BCTpOEHHOM 3/1eKTPOHHOM CXeMOoW nonyya-
}OT OT BHELLHErO perynmpytoLLLero yCTporncTBa aHanorosbin

curHan (0-10 B), KOTOPbIN UCMOMb3YETCS UMM B Ka4eCTBe
perynupytollero napameTpa. ®akTuyeckas yactora Bpa-
LeHns oTobpakaeTcs Ha Aucnnee, cMcTema ynpasneHuns
HernocpeACTBEHHO Ha Hacoce 3a6MoKMpoBaHa.

Pe>xum DDC ¢ Hacocom co
BCTPOEHHOW 3NIeKTPOHHOWM CXeMoM

Mopava Q [m3/u]

Pe>xum DDC npepnonaraet, 4to Hacocbkl Wilo 06513a-
TeNIbHO [OJIKHbI MOJTyYaTh CUrHAM OT BbILLECTOSILLENO
perynupytoLiero npubopa. Takxe, B 3aBUCUMOCTH OT
MCMOJb3yeMOro HacoCa B MECTE MOHTaXKa L0JIKHbI
6bITb NpedycMoTpeHbl HecnoTeHUManbHble KOHTAKTbI
L1151 BKNIOYEHUS U BbIKIOYeHUs. KpoMe 3Toro, B Lensx
KOHTPOJIA 1 BEA,eHUSI NPOTOKOJI0B MOTYT UCMOJIb30BaTh-
cst 6becnoTeHumManbHble coobLieHns nnm curHansl 0-10 B
(0/4-20 mA), nepenasaemble Ha Hacocbl Wilo. Mogpo6-
HYH MH(OPMALIMIO MOXKHO HaiTU B COOTBETCTBYHOLLMX
KaTanorax npogyKumu.

Pe>xum DDC ¢ Hacocom co
BCTPOEHHOW 3/IEKTPOHHOMN CXeMOM
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Mpu 3KcnayaTaumm ¢ cuctemoln perynvposanus Wilo

Bxop curHana

3a[,aHHOE 3HaYeHMe 3aBUCUT OT UCMOJIb3YEMOTOo OaTUmMKa.
Tak, npu ncnonb3oBaHUNM gaTyumnka curHanos DDG 40 3a-
OaHHoe 3HaveHue Hanopa npu 0 % pasHo O MeTpoB, a Npu
100 % — 40 meTpam. ITOT >Ke MPUHLUMM AEeNCTBYeT 1 ANns
BCEX OCTallbHbIX OMaMNa30HOB U3MEPEeHUS.






KOHTYPbl TEHEPATOPA B
YACTU KOHOEHCATOPA

Ha cTopoHe reHepaTopa pasnuyatoT KOHTYpbl OXNaXKAeHusl, BbINMOMHEHHbIE B BUAE OTKPbITbIX M 3aKPbITbIX CUCTEM. Takum
06pa3om, Ans NepBUYHOTO KOHTYPa MOXKHO MCMOMb30BaTh FPYHTOBbIE UMW PeYHbIe BOAbI, 3ab1paemble U3 nornoLatoLe-
ro UM CTOMHOro Konofua. MoXHO 0xnaxaaTh HarpeTyto CTOPOHY reHepaTopa C MoMOLLbIo Bo3Ayxa. bnarogaps pekyne-
paumu Tensia BO3MOXHO 0ffHOBpeMeHHO 060rpeBaTh pasfnyHble HacTu 30aHus.

CuCcTeMbl OXNnaxkaeHus 060poTHOM Bofbl/
CUCTEMbI aBapUMNHOTO OXN1aXKO,EeHMs

Morpy>kHble HacoCbl MOJAKT BOAY M3 KONOALA Henocpea-
CTBEHHO K KOHO,EHCAaTopy, MpUYeM HacoC MOXeT BbITb
Tak>Ke YCTaHOBMEH B peke U B npyay. Morpy><Hbie Hacochbl
[O0JKHbI 06/1a4aTb 4OCTaTOYHOM YCTOMUYUBOCTbBIO K KOPPO-
31IOHHOMY BO3[,eNCTBUIO BOAbI. Hanop HAacocoB paccunTbli-
BAETCS C YH4E€TOM COBOKYMHbIX MOTEPb 4aBMEHUs B KOHType
KOHOEHCATOPa U reOMEeTPUYECKON Pa3HOCTM BbICOT MeXXAy
[HOM KONoAJLa 1 Camon BbICOKOM TOYKOM UCnapuTens.

Morpy>kHble HacoCbl NOJAKT BOAY M3 KOJSI0ALA Henocpen-
CTBEHHO K MMacTMHYaTOMy TennoobMeHHUKY, Npuyem
Hacoc MoXXeT 6bITb TaK>XKe YyCTaHOBIEH B PeKe UK B Npyay.
Vicnonb3oBaHue Hep KaBetoLLel cTanu u/unm nnacTuka s
KayecTBe MaTepuana AN nepBUYHON CTOPOHbI Tennoob-
MeHHMKa No3BonseT n3be>kaTb NOBPEXKAEHNI, BbI3BAHHBIX
KOppo3vew. XonoAnabHas MallvHa MoxeT ObITb N3roToB-
neHa 13 06bI4HbIX MaTepranos. Hamop HacocoB paccUnTbI-
BAETCH C Y4ETOM COBOKYMHbIX MOTEPb AABMEHUS B KOHType
KOHAEeHcaTopa 1 reoMeTpNYeCcKom pasHOCTU BbICOT MeXAY
YPOBHEM BOAbI B KOJTOALIE M CAMOW BbICOKOW TOYKOW Tenio-
0O6MEeHHMKa.

BalleHHbI oxnaguTens (rpaanpHs) ¢ NpYemMHbIM pe3epsy-
apoM, Kak MpaBuo, pasMellaeMblii Ha Kpbile 34aHns, ocy -
LWecTBNseT 0TBOA Tenna 13 KoHaeHcaTopa. M3-3a nocTosH-
HOTO NPUTOKA KUC/IOPOAa CliedyeT UCMOSb30BaThb HACOCHI,
BbINOMHEHHbIE M3 6POH3bI MNK NnacTuka. Ecnv Bogonoa-
FOTOBKA BbIMOMHAETCS HEMPEpbIBHO, MOXHO UCMOMb30BaTh
Tak>Ke 06bIUHble YYTYHHbIE BapUaHTbI.

Hanop HacocoB pacc4MTLIBAETCS C YH4ETOM COBOKYMHbIX
noTepb AaBMeHNS B KOHTYpe KOHAeHcaTopa U reoMeTpu-
YeCKOW pa3sHOCTM BbICOT MeXXAY UCMApUTENeM U CaMOW
BbICOKOW TOUKOW hOpCyHOK BallleHHOro oxnapuTens.

Tak Kak Mcnonb3yeTcs 3aKpbIThbI KOHTYpP, 060pyaoBaHne
MO>KET ObITb BbINOMHEHO U3 0ObIYHbIX MaTepunanos. Bo 13-
6e>xaHne 0b6pa3oBaHNs OTNIOXKEHWU 1 KOPPO3MM NEPBUYHOE
3anonHeHne BOJ0M [OMKHO ObITb BbIMOMHEHO B COOTBET-
cteum ¢ VDI 2035.
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FpyHTOBasi BoAa Ans npsiMoro UCnosnb30BaHuUs B
KOHAeHcaTope

KoHoerHcamop Ucnapumens

|
|
|
.

F'pyHTOBas BoAa Ans HEMpPsAIMOro MCMNosnb30BaHUA B
KoHOeHcaTope

KoHdeHcamop  Ucnapumerns

OTKprTaﬂ GalweHHas cMcTema oxnakaeHus

@ 28°C

KoHdercamop  Mcnapumersns

3akpbiTas 6aLleHHas CMCTeMa OXNTaXKAeHUsl B
KOHType KoHpeHcaropa

KoHoeHcamop  Uicnapumerns
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Pekynepauusa Tenna

Henpﬂmoe oToNnJIeHne C NOMOLLbIO OXJaXKAaloLen Boabl

% % &_ HarpeBaemasi B KOHOeHcaToOpe X0N04UMbHOM
l

& : YCTaHOBKM OXxNaXkAaroLlas BOAa UCNOSb3yeTcs
a2 & 019 oTonneHus (Yepes Tennoo6MeHHMK). B cBs3u
I ' C ranbBaHNYeCcKUM pa3feneHmnemM yCTaHOBMeH-
ﬁ : : HbI B KOHTYpE KOHAeHCAaTOpa HAacoC A0JIKeH
| [ 6bITb paccyUMTaH TOMbKO Ha 3TU NOTepu Aasne-
Y : HMA. Tak Kak UCMNOJIb3yeTCs 3aKPbITbI KOHTYP,
: . MO>KHO BbI6bpaTb 060pynoBaHune 13 ntoboro
I mMaTepwuana. B cnyvae yCTaHOBKM B KOHTYpP Hacoca
%’? aBapuitHOro oxnagutens cnegyert BbibypaThb Ha-
COC B COOTBETCTBUM C €r0 MapameTpamu, a TakxKe
NMPOU3BECTM COTNacoBaHne rmapaBan4ecKmnx
é @ napameTpoB TennoobMeHHMKa 1 aBapuUINHOTO
oxnaputens. Bo nsbexxanne Kopposnm peko-
e Kondericamop - Mcniapumente MeHOYeTCS BbIMOMHUTbL CUCTEMY aBapPUIMHOTO
O6uwas mennomsopHas é oxna>kgeHmd B suae 33Kpb|TOI7I CNCTEMbI OXNNa>K-

€nocoGHocms — komén LeHus 060poTHOM BOAbI.
Ha 2a3oBoM monJsiuse

I—— | —

Henpﬂmoe OTOMJIeHUe C MOMOLLbIO OXMa)kaatoLein Bogbl

| @g@' —@—@— Harpesaemas B KOHOEHCaTOpe XONOANITbHON

2 &_ YCTAHOBKUK OoxXJlaXKgaroLasa Boaa NCNnonb3yeTcs

I

: Ans otonneHus (HenocpeacTeeHHo). bnarogaps

| HernocpeACTBEHHOMY COefUHEHMIO BCTPOEHHbIN B

' KOHTYp KOHOeHcaTopa Hacoc JofkeH 6bITb paccum-

: TaH TO/IbKO Ha NOTepu OaBfieHNs B KOHAeHcaTope

[ 1 Tpy6onpoBofe Ha yuacTke 0o pacnpegenurtens/

[ N Konnektopa. Boibop maTepuana onpegensercs

: TUMOM KOHTypa oTonfeHus. B cnyyae BcTpanBaHus

T B KOHTYP Hacoca aBapunHOro oxnagurens cnegyet

j@? : BbI6MpaTb HAaCOC B COOTBETCTBMM C €r0 NapameTpa-
Lo @—TE— MW, @ TaK>Ke NPOM3BECTUN COrnacoBaHue rmopasnm-

YecKuMx NapaMmeTpoB TennoobMeHHUKA 1 aBapuii-
HOro oxnaguTens. Jly4lle BCero, eCnv aBapunHbli

@ KoHdeHcamop  Ucnapumernb

B é oxnagutenb 6yoeT UMeTb COBCTBEHHbI KOHTYP
O6was mennomsopHas

cnocobHocmb — Komén Hacoca. Bo nsbexkaHue KOPpPO31KN MOXXHO BblNon-
HE'EA30BoM Mmonftuse HUTb CUCTEMY aBapUINHOTO OXMNaXKOeHWs B BUae

3aKpbITOM CMCTEMbl OXNaXKaeHns 060pOTHOW BOAbI.



39

FeOTepmaanaﬂ JHEepPrnd B KOHType KOHOEeHCATOopd

MpY MOHTa>XXe B 3aKPbITOM KOHTYpe MeXXdy KOHOeHcaTo-
POM ¥ 3aKOMaHHbIM B 3eMJ1t0 3MEEBUKOM TeNnoobmeH-
HMKa HAacoC [oJKeH 6bITb paccUMTaH TOMbKO Ha Npeodo-
NeHne CONpPOTMBIIEHUS HA 3TOM y4acTKe. B uensx 3awwmTbl
0T 3aMep3aHM1si MOXKHO PEKOMEHO,0BaTb MCMOMb30BaTh B
KavecTBe paboyeit cpenbl BOQHO-TNNKOMNEBYO CMECH.
CBoWicTBa MaTepuana, 3 KoToporo BbinosiHeHo 06opyno-
BaHMWe, LOMKHbI COOTBETCTBOBATb 3TUM TpeboBaHUsM.

MpY MOHTAXKeE B 3aKPbITOM KOHTYpe MeXay KoHOeHca-
TOPOM M 333eMJISIOLLMM CTEPXKHEM HAcoC JOMKeH ObiTh
paccumTaH TOMIbKO Ha 3TO COMPOTUBIEHME. B Lensx 3aLm-
Tbl OT 3aMep3aHMs MOXKHO PEKOMEH/0BaTb MCMOMb30BaTh
B KayecTBe pabouen cpenbl BOGHO-TIMKOMNEBYHO CMECh.
CBOMCTBa MaTepmana, U3 KOToporo BbiNofHeHo 060pyno-
BaHWe, OOMXKHbl COOTBETCTBOBATb 3TUM TpeBoBaHMsM.

Ucnonb3oBaHue 3eMnsiHbIX KosnnekTopoB ana
oXna>kgeHuUa n akKymynupoeaHus Tenna

g

KondeHcamop  Ucnapumers

Ucnonb3oBaHue 3a3eMNAIOLWMX CTep)KHeﬁ ans
oxna>kgeHus U aKkKymynupoBaHus Tensa

i

o

KoHdeHcamop  Ucriapumers
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KOHTYPbl TEHEPATOPA B
YACTU UCINNAPUTENA

HezaBucmmo ot 6a30B0OW KOHLeNUMK, fexkallein B 0CHOBe rMapaBnn4eckon cuctemsl, K 60NbLLUMHCTBY CUCTEM XON0A0CHab-
XKeHus npegbasnseTca TpeboBaHvie, B COOTBETCTBUU C KOTOPbIM 06 beMHbI pacxof, BoAbl, NPOXOAsALLEN Yepe3 ncnaputens,
He JO/MKeH 0TNMYaTbCa OT HOMUHanNbHOro o6bemHoro pacxofa 6onee, yem Ha 10%. B npoTUBHOM Cryyae MOryT BO3HUK-
HYTb TPYAHOCTYU C perynupoBaHnem XoNOAUMbHbBIX MALLUH.

KpoMme Bcero npoyero, npu CAnLLKOM HU3KOM PacXofe CyLLeCTBYET ONacHOCTb 3aMep3aHus TennoHocutens. Takum obpa-
30M, NP BCEX U3MEHEHMAX B UCMApUTeSie, CBA3aHHbIX C PEryniMpoBaHuem, TpeboBaHme B OTHOLLEHUM MOCTOSIHHOTO NOTOKa
BOLbl YEPE3 UCMAPUTENb LOMKHO ObITh BbIMONHEHO. HECMOTPS HA 3TO XKECTKOe TpeboBaHMe B OTHOLIEHUM MOCTOSIHHOTO
06BEMHOro pacxofa BoAbl B MCMapUTene, B HeQABHEM MPOLLIOM eLLe MPOU3BOAMINCH XOOAMbHbIE MALLUHbI, KOTOPbIE
LLOMYCKanu nepeMeHHbli 06 beMHbIN pacxod. bnarofaps 3ToMy B NepBUYHOM KOHTYPE MOXKHO UCMOSb30BaTh TAKXKE IHEP—
roc6eperatoLLe HacOChl C peryiupyeMon 4acToToi BpaleHus. YTobbl o6ecneuunts 6ecrnepeboiiHoe GyHKLMOHNPOBaHME
CVCTEM XONOLHOI0 BOLOCHABXKEHUS C HECKOMIbKMMU reHepaTopaMu v noTpebuTensmu, cneqyeT pasgenvTs CUCTEMY Ha
MEepBUYHbIN U BTOPUYHbIA KOHTYPbI.

MOCTOSAHHbIN 06 BEMHbBIN PacXxon B KOHTYpe ncnapuTens

Mepenyck Bogbl U3 npsmoro B 0bpaTHbI Tpybonposog
pacnpegenuTenbHOM cxeMbl obecneynBaeT nogaep>xKa-

KOHTYp MCnapuTens ¢ NOCTOSAHHbIM 06 beMHbIM PAaCXO[OM
(pacnpepenuTennHas cxema)

HMe 06 BEMHOro pacxoAa Ha MOCTOSSHHOM YPOBHeE 1 npe-
[0TBpaLLaeT OWMOKN NP PEryIMPOBAHNM MOLLLHOCTH
ncnaputens. Hacoc gosmkeH 6bITb paccyMTaH Ha NoTepu
AaBfieHns B CaMOM He6naronpmaTHO pacnosioKeH-

HOM C rMAPaBANYECKOM TOUKN 3peHunst noTpebuTtene. @

Mpv 3ToM 06beM BOLbl, MOAABaEMON NOTPebUTENAM,

pacrnonoeHHbIM nepef, HaCOCOM, OSIXKEH COOTBET- %’1

CTBOBaTb HOMUHANbHOMY 3HaueHuo. O6BEMHBIN pacxon é

Ang notpebuTtenei AofkeH 6biTb rapaHTUpOBaH. Mpu
HeobxoAMMOCTY crieqyeT yCTaHOBUTbL bonee BbICOKYHO

KondeHcamop  Ucnapumeris

nofavy Hacoca B Uendx obecnevyeHns MUHUMANbHOIO

KOHTYp ncnapuTens ¢ NOCTOSHHbIM 06 beMHbIM PacXofoM
06BEMHOro pacxofa KoOHTypa ucnaputens.

(ruppaBnuyeckuii pasbeauHUTENDb)

Mepenyck BoAbl U3 NMpsiMoro B 06paTHbIv Tpy6onposog,
CXeMbl pa3beguHMTens obecneynBaeT nogaepixaHme - 5
06EMHOro pacxofa Ha MOCTOSIHHOM YPOBHe 1 npe-
LOTBpaLLaeT OWNOKN Npy perynmnpoBaHum MOLLHOCTM
ncnaputens. Hacoc gomkeH 6bITb paccynTaH Ha NoTepu

LLaBMeHUs B UCMApUTENE U COMPOTHBIEHWE B pa3bean- %“{
HuTene. O6beMHbIV pacxof ucnaputens — 3To Tpebye- @

Mas nogaya Hacoca.
KoHOeHcamop  Ucnapumerb
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MepeMeHHbI 06 bEMHBIN pacxon B KOHTYpe ucnapuTtens

KOoHTYp ucnapuTens ¢ nepeMeHHbIM 06beMHbIM pacxonom
(ruppaBnuyeckuii pasbeauHUTENDb)
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KoHdeHcamop  Ucniapumerns

KOoHTYp UcnapuTens ¢ nepeMeHHbIM 06beMHbIM pacXoaoM
(pacnpepenuTensHas cxema)

—k—

é —(;:[/}—

KoroeHcamop  Ucnapumers

KOHTYp UcnapuTens ¢ nepeMeHHbIM 06beMHbIM pacXoaoM
(pacnpepenuTensHas cxema)

&

®
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&

KorndeHcamop  Mcnapumenb

MepeTekaHue BoAObl U3 NpsAMOro B 06patHbIN Tpybonpo-
BO[ KOHTYpa pa3beanHutens obecneynsaet nogaep-
>KaHne 06beMHOro pacxofa Ha MOCTOSIHHOM YPOBHE U
npenoTBpaLLaeT OLNOKN NPY PerynnpoBaHnm MOLL-
HOCTW ncnapuTens. Hacoc gonkeH 6bITb paccumTaH Ha
noTepu OaBNeHNS B UCNapuUTesie U CONPOTUBIEHNE B
pasbeamHuTene. O6beMHbIN pacxod Ucnaputens — 3To
Tpebyemas nofdava Hacoca. [Ansg obecneveHns cooTBeT-
CTBYIOLLEN MOLLHOCTM NoTpebutenen Tpybonposog,
ncnonb3yembli Ans COeQUHEHUS C pa3beguHUTENEM,
OOJDKEH MMeTb 6onbLINM guameTp, Yem 3Toro Tpebyer
MOLLHOCTb MCNapuTens. B coBpeMeHHbIX X0NOANbHbIX
MaLLMHaX MOLLHOCTb HAacOCa MOXKET PerynmpoBaThCs
nyTeMm peryaMpoBaHUs TeMnepaTypbl B COOTBETCTBUM

¢ TpeboBaHuamu notpebutenen. MMHUManbHbIA 06b-
eMHbIN pacxof ncnapuTens obecneynsaeTcs 3a cyet
OrpaHuMYyeHns 4acToTbl BpalleHWs NpuBoAa Hacoca.

B HeKOTOpbIX COBPEMEHHbIX XONIOAMUIbHBIX MaLLIW-

HaX MOLLHOCTb HacOCa MOXKET PerynmpoBaThbes NyTem
perynvupoBaHus nepenapa faBfieHNs B COOTBETCTBUM C
TpeboBaHusiMM noTpebutenen. MUHMManbHbI 06beM-
HbII pacxod McnapuTens u/mnu Hacoca obecreunsaeTcs
3a cyeT nepeTtekatoLler cpedbl. O6bem nepeTekaHus
OO0MKeH BbITb TakMM, YTOObI MAYLWNIA K NOTpebuTento
Tpybonposo ocTaBancs xonogHbIM. [Npun 3ToM crnegyeT
Y4YUTbIBAaTb NMOJHbIV 06 bEMHBIN pacxof noTpebuTenei

n o6bem nepeTekaHus, Heobxoanmbln ons obecneve-
HMS MOLLIHOCTW Hacoca. Tpexxo[0Bble KNanaHbl nepep,
NoTPebUTENIMM HY>KHbI TOMBKO MPU MCMOMb30BAHUN
6onee ONUMHHOrO coefuHUTENbHOro Tpybonposoaa.
Ecnu >xe coegunHeHWe BbIMoNHeHO 61M3KO K pacnpepe-
nuTenbHoMmy Tpybonposofy, TO, Kak MpaBusio, Bpems,
HeobxoAnmoe N5 NoAayn XoNo4HOM cpedbl, HaAX0[/mMTCS
B npegenax gonycTumoro.

B HacTosLLEee BpeMS CyLLLeCTBYeT OrpaHUYeHHOe Konunye-
CTBO CUTYaLUiA, NPY KOTOPbIX BO3MOXXHO PErynmpoBaHue
MOLLIHOCTM Hacoca MeXxay Hy/1eBOW N HOMUHANbHOWN
nogavei. C OOHOWM CTOPOHbI, FeHepaTopbl X0104a MOTYT
He NOAXOAMTb ANF 3TOM Lienn, ¢ ApYron CTOPOHbI LIMPKY -
NAUMOHHbIE HAcoCbl TPeBYOT MUHUMaNbHOro 06 bEMHOTO
pacxona Ang camooxnaxxaeHus n cmasbiBaHus. Moopob-
HYO MH(OPMALMIO MOXHO HalTN B COOTBETCTBYHOLLMX
KaTanorax.



MoTpebuTtenu XxonogHoOM BoAbl

B crcTeMax KOHOMLUMOHUPOBAHMS CyLLeCTBYeT ABa OC-
HOBHbIX CNocoba n3MeHeHNs TemnepaTypbl MOMELLLEHUS.
Bo-nepBbiX, MOXKHO U3MEHSTb TeMNepaTypy Bo3Ayxa
(KOHBEKLMSI), KOTOPbIN MOAAETCS B NOMeLLeHue. Bo-BTO-
PbIX, MOXHO pPerynmpoBaTtb TeMrnepaTypy NoMeLLeHus ¢
MOMOLLIbIO PaAMALIMOHHBIX TennooOMeHHUKOB, TaKUX Kak
oxnaxkgatoLLue noToNKM, UK C MOMOLLbIO U3MEHEHUS
TemnepaTypbl KOHCTPYKTUBHbIX 3/1EMeHTOB. Fmapasnuye-
CKune cxeMbl 06enx cmcTem MoryT ObITb ABYX-, TPeX- UK
YeTbIpexTpyOHbIMU.

[ng TPaHCMOPTMPOBKM XONO[HOM BOAbI BCerga Ucnonb-
3ytoTcsa aBe Tpy6bl. TpeTbsi M YeTBepTas TPy6bl OTHOCAT-
€Sl K OTOMUTENBHOM YacTu M Cy>KaT AN nogaep>KaHus
TemnepaTypbl B MOMELLEHUN MPU HU3KOW TemnepaType
Hapy>kHoro Bo3gyxa. Mpu TpexTpybHOM CXxeme cUCTeMbI
OTOMMIeHNS 1 OXNAXKAEeHUS MMetoT 06LLYyto 06paTHYto
Tpy6y. Hannume YeTbipex Tpy6 03HAYaeT, YTO CUCTEMDI
OTOMMEHNS U OXJ1aXKAEHUS pa3feneHbl [o CaMoro Tenso-
obMeHHMKa. Mofaya Boabl B MOMELLLEHUS MOXKET OCYLLLeCT-
BNsATbCS NMnbo no obuen Tpybe, nnbo no asym Tpybam
OTAeNbHO AN CUCTEMbI OTOMJIEHUS U OXNAXKOEHWS.

Ha cnepytowimx cxemax npefcTasieHa TOMbKo cucTema
OXNTa>KAEHMS C NPSMbIM 1 BO3BpPaTHbIM TpybonpoBogamu.

PErYJIMPOBAHUE OBBEMHOIO PACXOJA

Tak Kak Tennosas Harpy3ka nomeLLeHns NoJBep>KeHa
NOCTOSHHBIM U3MEHEHMSIM (11 TO >Ke camoe NPOVCXOANT C
NPUTOYHBIM BO3[YXOM), MOLLHOCTb OXNaXXAeHus pery-
nvpyeTcs NyTeM U3MEHEHUS pacxoda. ITY CXEMY MOXKHO
pekoMeHO0BaTb, eCNN pacnpenenuTenbHbIn Tpybonposog
Pacrnono>eH Ha 4oCTaTOYHO 6IM3KOM paccTosHUM OT
notpebutens. OgHako, Kak NpaBuno, He Bce NOTpebu-
Tenu MoryT ObITb 06beAnHEHbI Takum o6pa3om. He Bce
XONOAWIbHbIE MALLMHbI U LMPKYNSLMOHHbIE HACOChI MOTYT
paboTatb 6e3 nogayn. Bo n3bexxaHve BO3HMKHOBEHUS
NMoBpe>KaeHn B pe3ynbTaTe 3amMep3aHns Uam "cyxoro”
xofa cnepyeT BbibpaTb 06BOAHYO MNKW pacnpegenuTenb-
HYO CXEMY MMM 06eCcnedYnTb KOHTPONMMPYEMbBIV MePenycK B
KOHLIe cMcTeMbl. KOHTPONMpoBaTh MepenyckaeMbli 06bem
MO>XHO C MOMOLLLbIO MOCTOSIHHO APOCCeNMpoBaHHoro bar-
naca unu 6anmnacHoro perynuposanus. bainacHoe pery-
NIMPOBaHUE SBMSETCS ONTUMAbHbIM BapUAHTOM B CIyyae,
€C/IM MONOXKEHWNE BCEX PErYNIMPYIOLLMX KN1anaHOB KOH-
TPONIMPYETCSA 1 NPU BbIXOAE 33 HUXKHIOK rpaHuLy obbema
NPOM3BOOUTCH KOMMEHCALMS.

PerynuposaHne MOLLHOCTM B 3aBUCMMOCTM OT Harpysku
NMOMeLLeHMS BbINOMHAETCA MyTeM M3MeHeHNs pacxona B
notpebutene. Ytobbl B 6ainac nepeTekano poBHO CTOMbKO
>KMAKOCTHW, CKOJTIbKO Heobxoanmo A nognep>kaHms
TemnepaTypbl U Tpebyemoro MMHMManbHoro obbema
A0S XONOAMNBHOM MallWHbI M/MnK Hacoca, credyeT
yCTaHOBWTb B Harinac perynupyroLmin knanaH ¢ gyHKLunen
KOMMeHcauuu.
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PerynupoBaHue nofayu c NoMoLLblo NPOXOAHOI0
K/lanaHa npu nocTosiHHOM TeMneparype B
npsimom Tpy6onposope

PerynupoBaHue nofa4u ¢ NoMoLLbio
pacnpenenuTenbHOro KnamnaHa npu nocTosiHHON
TeMnepatype B npsiMoM Tpy6onpoeope

>







PErYJINPOBAHUE TEMIMEPATYPbI

PerynupoBaHue pacxona He Bcerga MMeeT MoJIoXKUTENbHbI
pe3ynbTat. B Lensix KOHTPONMPYEMOro yaaneHus Bnaru

¥ NPeLoTBpaLLeHNs NageHus TEMNepaTtypbl HUXKe

TOUKM POCbI MOXKHO MCMOMb30BaTh Tak Ha3blBaEMYHO

cxemy nogmetuvarus. OHa No3BONSET perynMpoBaTth
TemnepaTypy Ha BXOLE B 3aBUCMMOCTU OT Harpy3Ku
MOMELLEHNS U MOALEP>XKMBATb €€ B AOMYCTMMbIX Npeaenax
nyTem M3MepeHust hakTUUYeCcKoro 3HaYeHUs B KpUTUYECKON
TouKe cucTembl. OB bEMHbIN pacxof B KOHTYpe noTpebutens
0CTaeTCs MOCTOSHHBIM.

PerynupoBaHue Temnepatypbl C TOMOLLbIO
CMecUTeNbHOro KnanaHa
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Hacoc gomnxeH ObITb paccumTaH Ha MOLLLHOCTb M Npe-
o[ofleHne CONPOTUBIIEHNS B KOHTYpe noTpebutens.
Mepenan OaBMeHUs Ha BXOAE PerynmpytoLLero KoHTypa
OomKeH 6bITb HyneBbiM. OQHAKO Ha NMPaKTUKe 3TOro
He BCerga yaaeTcs [OCTUYb JaxXke NPy UCcnofb3oBa-
HWUW perynupyembix MOAKaYMBaOLLMX HAacoCoB. o
3TOV MpUYMHe cnedyeT yCTaHOBUTbL B COEANHUTENb-
HbI TPy6OMpPOBOA KOHTYpa NoTpebutens perynatop
nepenapfa nasnexHus 6e3 3aTpat BCNMoOMOraTesibHON
3Heprum. Ytobbl COXPaHUTb BbICOKYHO CMOCOOHOCTb
KOHTypa noTpebuTens K perynnMpoBaHu1Io 1 Npeaoxpa-
HWUTb HAacoC OT BPEAHOr0 BO34EeNCTBUS AMHAMUYECKNX
cun, HeobxooMMO NOAAEeP>KMBATL Nepenag AaBneHns
Ha ypoBHe < 0,3 6apa.

PacnpemenuTenbHbI KNanaH, yCTaHOBMEHHbIN B
obpaTHOM TpybonpoBofae, BbIMOMHSAET Ty XKe perynmn-
pytoLLYtO PYHKLMIO, YTO U CMECUTENbHbBIN KNanaH B
npsmom Tpybonposope. Perynatop nepenapa fas-
NneHus 0omkeH 6bITb BCEraa yCTaHOBIEH B TOM XKe
TpybonpoBoge. 3TO 03HAYaeT, YTO B NpsIMOM Tpybo-
MpOBOfE CO CMECUTESIbHbIM K/1anaHOM OH [OIKeH
6bITb yCTaHOBIIEH Nepef KnanaHom, a B 06paTHOM
TpybonposoAe ¢ pacnpefenuTenbHbIM KNanaHoMm — 3a
KnanaHom. MpuymnHa 3akntoyaeTcs B HeobxoanmMocTu
nopAdep>kaHns OaBfieHnst B KOHType noTpebutens, a
0[JHOBPEMEHHO 3aKpbITble KnanaHbl B MPsIMOM 1 06—
paTHom TpybonpoBogax npensaTcTBytoT 3TOoMy. Korga
KnanaH B KOHType noTpebutens HaxoaMTCs B Mono-
>KEHWUW HYNIEBON MOLLHOCTU OXNaXKAEHUS, MPONCXOAUT
YMEHbLUEHWE UMW yBENUUeHne AaBneHns (B 3aBMcMMo-
CTW OT U3MEHeHNs TemnepaTypbl Cpedbl Nog Bo3aen-
CTBMEM BHELLHUX (haKTOpOB). B pe3ynbTaTe KaXkablii
LMPKYNSLMOHHBIA HACOC OTAAeT CBOKO IHEPruio cpene
W yBenu4yeHve 0aBNeHVs B KOHType notpebutens
MPUBOAUT K BOSHMKHOBEHWMIO 3aKPbITOTO COEAUHEHNS C
pacnpefenuTenbHbIM KOHTYPOM, B KOTOPOM Haxo[unT-
€5 knanaH cbpoca AasnexHus.
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COBJIIOOEHUE NMPABUI SKCIJTYATALUU
HACOCOB U XOJN10aUJ1bHbIX MALLUH

ITto6as TexHrKa MMeeT npenenbl GU3nYecknx BO3SMOXKHOCTEN. XONoAnbHas MallnHa OMKHa NponyckaTth vepes cebs
ornpepfeneHHbln 06BEM XKUAKOCTK, N03BoNOLWLMA n36exaTb 0bneneHeHus. B pesynbTate oTCcyTCTBUS TOro ob6bema
XKWUOKOCTH, KOTOPbIA HEO6XOAMM A5 CAMOI HA3KOW CTYMEHU PerynnpoBaHns UCNapuTens, MOryT BOSHUKHYTb MeXaHu-
4ecKue NOBPEXKAEHNs!, He CONPOBOXKAAOLLMECS aBaAPUIMHBIM OTKIHOYeHUeM. MHUManbHoe Bpemst paboTbl reHepaTopoB
xonopa u pexkum 6ydepHoro akkymynstopa

Hape>xHas akcnnyaraums ¢ NOCTOAHHbIM MOTOKOM XKUOKO-
CTW B HaCTU ncnaputTend BO3MOXKHa, eCnn LMKNbl BKAO4Ye-
HUA N BbIKNTIOYEHUA CMEHAIOT OPYr OpYyra Kak MOXXHO pexxe.

rMpopaBnuueckas cxema pasbefuUHUTENs B Ka4ecTBe
6y epHOro akkymynsitopa

3T0 03HaYaeT, YTO C TOUKM 3PEHUS EMKOCTU aKKyMyJisiTopa

06beM LMPKY ALY JOMKeH 6biTb JOCTaTOUYHbIM AN %@ o
NpeBblILLEeHNS MUHUMAnbHOro BpeMeHn paboTbl reHepaTo- < @ e pl
pa xonopfa. OnbIT nokasbiBaeT, 4To 90 % BCex cMCTeM He ]
yOO0BMEeTBOPSIOT 3TOMY yC/10BMiO 6e3 npoBedeHns 4oMnos- I
HUTENbHbIX MEPONPUATUN. é w =
BY®EPHbIA AKKYMYNIATOP Koroercamop  Wcnapumers

Llenbto sBnsieTcs obecneyeHme BbICOKOM 3IKOHOMUYHOCTU U

3KCNNyaTaUMOHHOWN HAJEeXXHOCTU, AOCTVMIKEHNS ANUTeNb- MWUHUMATbHbIV OB bEM XXUOKOCTW, COOEP>KALIENCS
HbIX LIMKITOB BKTHOYEHWS U BbIKIIOYEHWS 1, KaK CNIedCcTBue, B CUCTEME (SI) 3ABUCUT OT

LNUTENbHOro BpeMeHu paboTbl/MpocTos reHepaTopa

XOMOLHOW BOAbI U TMAPABINYECKOrO Pa3beANHEHNS re- kw HOMMHANbHasA MOLLHOCTb oxnaxkaeHns (KBT)
HepaTopa 1 cucTeMbl NoTpebuTenen xonogHom Bogbl. 3TO Ftl K03 ULMEHT YaCTUUYHON Harpy3Ku npu
BO3MO>XHO 6narogaps ruopasnnyeckomy pasbeauHUTENIO. MCMOMb30BaHMN MHOTOCTYMEHYaTbIX

Ero ahheKTUBHOCTb MOBbILLAETCS NPYU UCMNOSIb30BAHUM B reHepaTopoB x0/0/a

aKKymynsaTope TpyboK € cOnaaMm 1 HanpaBnstoLLMX nna- min MUHUManbHoe Bpems paboTbl

CTUH. Pazmep rmapaBnn4eckoro pasbeanHuUTeNs, ncnonb- Atw pa3HOCTb TemrnepaTyp

3yemoro B kKayecTse 6yepHOro akkyMynstopa, onpege- Cpw yAenbHas TensioeMKocTb

NSeTCa No cnegytoLlen cxeme:

kW -F,-14.34 - min
| =
Atw

OMPEAENEHUE YAENbHOIO KO3®®ULIMEHTA 14,34

KJ S
Qu[kW] - 3600 — -

h
iy =
Coylt.2 J K [Atw]
wit2 o KlAtw
J-kg-K-3600 k
L ad =857?g==860
S 42K -h-K
L 860 kg ' kg L
FaeRer'| n |~ I enmn Y i

B cnyyae n3meHeHVs yoenbHOM TENNOEMKOCTU YAEMNbHbIN
Ko3(hrLMeHT onpeaensieTcs 3aHOBO.
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MHTerpaums nbAoakKyMynsTOpoB B rMApaBNUYecKyto CUCTEMY

Knanax 2 &
'

Jlbdoakky- JIbOoakky-
mynsmop 1 mynsmop 2

[ KnanaH 3 % M

KnanaH 4

KnanaH 1

j Hacoc nbdoakkymynsimopos

@%{ @é{ Knana+ 5

Hacoc ucnapumens

KoHOeHcamop  Wcnapumernb

Tabnuua pyHKUMOHUPOBaHUSA NbAOAKKYMYNsATOpPa

Pexxum Xono- Hacoc uc- Hacoc Knanan KnanaH Knanad Knanan Knanaw 4 Knanan 4 Knanau5
AunbHas napuTens nbAoakky 1 2 3 L 3atBopl 3arsop2 3arBop 3
MalunHa mynsTopa

Paspsanka nboo- Bbikn. Bbikn. Bkn. 3akp. OTKp. Otkp.  Perynup. Perynup. Perynup. 3akp.

aKKymynsaTopa

XonogmnbHas Bk Bkn. BbIkS. 3akp.  OTkp.  Otkp. / / / 3akp.

MaluunHa B CeTn

Paspsanka nboo- Bkn. Bkn. Bkn. OTKp. 3akp. Otkp.  Perynup. Perynup. Perynup. 3akp.

aKKymynaTopa

XonoaunbHas

MaLUMHa B CeTH

3apagka nboo-  BbIkS. Bkn. Bbikn. OTkp. 3akp. 3akp.  3akp. OTKp. OTkp. OTKp.

aKKymynsaropa

JIbAOAKKYMY NATOPDI

Y>Ke B TeYeHMe HECKOMbKMX NET MPON3BOAATCS CUCTEMbI
KOHOMLUMOHMPOBAHMS CO BCTPOEHHBIMU CUCTEMAMM aKKy -
MYJMPOBaHNS Nbaa, He TPebyoLWMMU TEXHUYECKOro 06—
CNy>XVBaHUS. X0NoAnbHas MallvHa 1 eé nogknoyaemas
MOLLHOCTb, BK/tOHAsi MOLLLHOCTb OX1a>KAeHns 060poTHOM
BO/Abl, PaCcCUMTaHbl TOMbKO Ha OCHOBHYHO Harpysky. Ha-
rpy3ku, coctasnstowme 6onee 50 % oT NMKOBOW Harpysku,
MOKPbIBAtOTCA 3a CYET NbA0aKKyMynaTopa. B kayecTse Te-
NAOHOCUTENS CNY>XXUT CONSIHOM pacTBop. MogknoyeHne K
KOMMYHanbHOWM cMcTemMe BOA0CHab>KeHMS OCyLLeCcTBASETCS
npu HeobxoamMMocTy MMbO Yepe3 rMapaBINYeCKUii pasbe-
OVMHUTENb, NMBO0 Yepes CUCTEMHbIN pasaenuTens (Tennoo-
BMEHHVK) B 3aBUCUMOCTU OT KOHCTPYKLMM CUCTEMBI.

MpvBeneHHas Bbille TabnyvLa NokKasbiBaeT COCTOSIHUS
KI1anaHoB [/151 COOTBETCTBYHOLLMX YPOBHEN HArpy3Kku. B
MpoLecce perynmpoBaHyisi BO3HWKAeT pa3fiMyHoe rmnapo-
LMHAaMMUYECKOe COMPOTUBIIEHNE, KOTOPOE BNMSET Ha (hyHK-
LIMOHMPOBAHME LMPKYSLMOHHBIX HacOCOB. Mpy paspsake

NbO0AKKYMYNSTOpa Hacocy NbO0akKyMynsiTopa NpUXo4unTcs
npeonosieBaTb CONPOTUBIIEHNE KMaNaHOB 3 1 & aKKyMynisi-
Topa. B pexxMme NmnKoBbIX Harpy3oK pyroe CONpoTUBIeHMe
Hacoca NbJoakKymynsitopa TpebyeTcs TONbKO NpW 3HaYM-
TenbHOM 06bEMOM pacxofe, Tak Kak KOHTYp Ucnaputens
WHULMMPYET JOMNOMHUTENbHbIN PAaCXOM B 3aBUCMMOCTM OT
NoONoXKeHusa KnarnaHa 1.

[ns Hacoca ucnapvTens NpenycMoTpeHbl TPY pasnny-

HbIX YPOBHS Harpy3ku. Ecnv xonogunbHas mallmMHa ogHa

B CETW, MMeeT MEeCTO TOJIbKO COMPOTMBIIEHME KnanaHa 2.
Ecnu TpebyeTcs pe>XMM NUKOBbIX HAarpy3okK, UMeeT MecTo
CONpoTUBEHMe KnanaHoB 1, 3 n &4, a Tak>Ke conpoTusne-
HWe NbooakkymynaTopa. Mpv 3apsake NbaoakkyMynsaTopa
Hacocy ucnapuTens NpMXo4MUTCS NpeoaosieBaTb NOTepyU
LaBneHust Ha knanaHax 1 1 5, a Tak)Ke Ha NbO0aKKyMynaTo-
pe.Mcxoas n3 3TUX yCrnoBui, peKoMeHAYeTCs perynnmpoBaTthb
Hacoc ncnapuTens Ha ocHoBe o6bemMa NNy TemnepaTypbl Ha
BbIXOAe ncnapurens.
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3awmnTa XonogannbHON MaLlnHbI B KOHTYpe ncnapurtend

KoHTyp ncnaputens HaxoguTcs nog, BNnsH1nem cobCTBEHHO-
ro UMpKynsaLMOHHOro Hacoca. Ecriv MOLLHOCTb Hacoca cnunl-
KOM HW3Kas, AaTUMK 3alUMTbl OT 3aMep3aHuns n/Mnm gatumk
KOHTPOSA NOTOKA MNepeKntoyaeT X0NoAnbHYHO MaLUnHy B
peXxxvm "HencnpaBHOCTL", TO €CTb NPOCTO OTKItOYaeT. e~
pep BKIOYeHVeM KOMMpeccopa Hacoc UCNapuUTens OOMKeH
BKJTHOUUTHCS M 0TpaboTaTb HEKOTOPOE BpeMms.
LUnpKynsiuMoHHbIM Hacocam TpebyeTcs Ans [OCTUXEHNS
HOMMWHANbHON MOLLHOCTM OT 2 CeKyH 40 OOHOW MUHYTbI B
3aBUCUMOCTM OT NYCKOBOW CXEMblI.

B cnyyae oTknto4eHUs cTaHOAPTHbIN LLEHTPOOEXXHbI Hacoc
OCTaHaBNMBAETCH MeHee, YeM Yepes 2 cekyHAbl. Ecnu B
pexxnmMe Tpexda3Horo Toka oTCyTCTByeT a3a uim umeet
MECTO MOHWXXEHHOE Hanps>KeHWe, MPUBOL, MOXeT pabo-
TaTb c nepe6osiMu. MoLLHOCTb LMPKYNSLMOHHOMO Haco-

Ca napaeT HU>XKe HOMUHANMbHOIO 3HAYeHMS, OOHAKO pene
3aWwMTbl MOTOPa He cpabaTbiBaeT. Micxoas 13 aToro, a Takxe
M3 TOTO, YTO B CBA3MN C 0COOEHHOCTSIMM CUCTEMbI Moa4a
MO>XET yMeHbLLIaTbCA (IpoccenupoBaHme) Um MOLHOCTb
KOMMpeccopa MOXET HemnpaBUIbHOIO perynmpoBaTthcs,
crnepyeT yCTaHOBUTb B KOHTYP MCMapUTens aTumK 3almThbl
OT 3aMep3aHuns U OaTUYNK KOHTpons pacxofa. [ng KoHTpons
pacxoda MOXKeT UCMONb30BaTbCS NOMACTHOM OaTUMK, gaT-
YMK Nepenaga AaBneHns v gaTymk o6beMHOro pacxoga.
Kpome 3Toro, crieyeT 3alUMTUTL KOHTYP UCMapUTens oT

HapyLUeHMs CTaTUYeCKOro ¥ AUHaMMUYeCKOoro AaBneHus ¢
NMOMOLLbIO CUCTEMbI NMOALEP>KAHWS OaBfeHUs U Npefoxpa-
HUTEeNbHOro KnanaHa. Ytobbl rapaHTMpOBaTb onpeneneH-
HbI1 06 BEMHBIN pacxof, Npu napansesibHoM BKIHOYEHUN
HeCKOJbKMX UcnapuTenen ¢ CobCTBEHHbIMU LMPKYNALU-
OHHbIMM HaCOCaMK, PEKOMEHYEeTCS UCMOMb30BaTh CXeMY
coefuHeHus Tpyb TuxenbMaHa Unu rmgpaBnuyeckune
pasbeauHUTEeNw.

Tpe6oBaHusa 6e30MacHOCTU NpU IKCNNyaTaumum
reHepaTtopos xonopa

3awuma om nepezpesa
ﬁ Pezynsimop
=~ BbICOKOZ20 OaBIIeHUs!
Jam4uk zopsidezo zaza
B/ Pezynsmop

KoHOeHcamop — HU3K020 OaBrieHuUst
npum. 15 6ap/45°C

Pezynupyroujuti BeHmusb
5

oy

v |

Menapumens | famyuk sawumei
om mopo3a

Pezynsmop nomoka

[

1

Pene nocriedosa-
menbHocmu ¢ha3s

3awmTa Xo04MbHOM MAaLLUHbI B KOHTYpe KOHAeHcaTopa

CHW>KeHWe TemrepaTypbl KOHOEHcaTopa UMeeT PYHKLM-
oHanbHble npegenst. Ang GyHKLUMOHMPOBaHMS XONo4UIb-
HOW MaLLUVHbI, B OCOBEHHOCTH, pacLlUMpUTENbHbIX Knana-
HOB, JOJIXXHbI NOOAEPXXMBATLCS MUHUMANbHbIE 3HAYEH U,
KOTOpbIe YKa3aHbl B LOKYMEHTaUUN NpoU3BOAUTENS.
TemnepaTypa KoOHOeHcaTopa 3aBUCUT OT KOMMpeccopa U
TemnepaTypbl Ha BXOLe U Bbixofe. TemnepaTypa ox-
Na>koatoLLen >XKMOKOCTU Ha BbIXO4e 3aBUCUT OT obbe-

Ma UMPKYNSUUKU U TeMnepaTypbl Ha Bxoae. B 06bI4HbIX
cnyyasx ons 3amnTbl XON04UIbHOM MALLMHbI [OCTaTOYHO
KOHTPONMpOBaTb TeMMNepaTypy Ha BbIXxoAe KOHAEeHcaTopa.

OpHako npw onpepeneHHbix 06CTOATENbCTBAX AN 3aLUN-
Tbl CUCTEMbI OXN1aXkaeHns 06opoTHOM Boabl TpebyeTtcs
npoBefeHvie OONOMHUTENbHbIX MEPONPUATUIA. Tak, BO U3-
6e>kaHve NoBpeXXOoeHu TeMnepaTypa Ha BXoe CTOYHOro
KONoALua Uv HanonbHOM CUCTEMbl OTOMMEHMUS HE JOMKHA
npeBsbillaTb MaKCMManbHO OoMycTMMOoe 3HaveHue. Mpu
HEeob6Xx0OAMMOCTM MOXKHO MCMOMb30BaTh ObICTPOOENCTBY -
toLLIMe KNanaHbl, KOTOPble aBTOMaTUY€eCKUN 3aKPbIBAOTCS
npv NpepbiBaHNM TOKa.

3awuma om nepezpesa

KOHTYp KOHfeHcaTopa ¢ MUHUManbHOM 3aLUTOMN

)

Ucnapumerb

KoHOeHcamop

Kpome 3Toro, cnegyeT 3alUMTUTL KOHTYP KOHAeHcaTopa
OT HapYLLUeHUS CTaTUYeCKOro 1 AMHaMUYecKoro aaene-
HUS C MOMOLLIbIO CUCTEMbI MOAAEeP>KaHWS OaBeHns U
npeaoXpaHNTeNbHOro KnanaHa. Ytobbl rapaHTMpoBsaTthb
onpefeneHHbi 06 beMHbIV pacxod Npv napannesbHoM
BK/TIOYEHNWN HECKOSTbKMX MCNapuTenen ¢ COBCTBEHHbIMU
LMPKYNSLMOHHBIMW HAaCOCaMU, PeKOMeHAYeTCs MCMOosb-
30BaTb CXeMy coefuHeHus Tpy6 TuxenbmaHa unu ruapas-
NMYecKne pasbeanHUTENN.
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3awmTa LUMPKYNALNOHHbLIX HACOCOB

Mpu HecobNOAEHMM FPaHNYHbBIX YCIOBUI 3KCMNyaTa-
LMW B CrlyYae HapyLUleHus gaeneHns, paboyen cpeasl,
YyCWUIIWIA, TEMMEepaTypbl, CXeM NepekntoveHuns, Bubpauun
1 cnoco60B ynpaBneHus/perynnposanms cyllecteyeT
BEPOSTHOCTb MOBPEXOEHNS U OaXKe pa3pyLUeHNs LMpKy-
NAUMOHHBIX HACOCOB.

DABNEHUE PABOYEN CPE[bI

MpY CAWLLKOM HU3KOM CTaTUYeCKOM AaBfeHUN Ha CTO-
POHe BCacblBaHWS LMPKYNSLUMOHHOMO Hacoca CyLecTByeT
BEPOSITHOCTb NMOBPEXAEHUS U [aXKe paspyLUeHns Kop-
nyca u paboyero Kofieca B pesynbTaTe KaButauuu. Ecnu
K TOMY >Ke U3-3a ra3006pa30BaHNs UM BCACbIBAaHWS BO3-
LyXa BO BCAcbIBatOLLEM TPy6OMNpPOBOLAE BO3HUKHYT KO-
nebaHusl, 3TO BbI3OBET pa3pyLUeHME BCACbIBAOLLETO Ma-
Tpy6Ka. Mpy 3TOM pa3pyLLEHNst MOTYT HE HOCUTb SIBHbIN
XapaKTep, a MPOsIBUTLCS NMPUY onpeneneHHbIX YCToBUSX
TOJIbKO Yepe3 HEKOTOPOe BPeMsl. Y HaCOCOB C MOKPbIM
POTOPOM BO3MOXKEH OTKa3 CUCTEMbI CMa3blBaHUS Mo~
LUMMHMKOB, @ Y HACOCOB C CYXMM POTOPOM — OTCYTCTBUE
OXJlaXKAatoLLei NNeHKM Ha NOBEPXHOCTU CKOMb3SLLEro
TOPLIEBOro YNIOTHEHUS. 3TOr0 MOXKHO M3beXaTb nyTeM
KOHTPONS AaBNeHns Noanopa ¢ NoMoLLbio MaHoMeTpa/
BakyyMMeTpa.

CIMLIKOM BbICOKOE CTaTUYeCKOe AaBNeHNE MOXKET
pasopBaTh KOPMyC UMW CAeNaThb yNnoTHATENN Hed-
hekTmBHbIMU. CITIMLLIKOM BbICOKOE OABNEHME NMPUXKUMA

B CKOJIb3ALLMX TOPLEBbIX YMNIIOTHEHUSIX MOXKET BbI3BaTb
MOBbILLEHME TEMMEPATYPbI U NPEXXOEBPEMEHHbIN M3HOC
ynnoTHeHUs. B Lensix 6e30MacHOCTM MOXKHO NpenyCcMoT-
peTb OTKIIOYEHME HAacoCa C MOMOLLbIO pefe KOHTPOos
MaKCUManbHOT0 [ABMIEHWS UMW YCTAHOBWTbL Nepes Haco-
COM penyKLMOHHbIN KanaH.

Cnuwkom 60nbLuas pa3HOCTb JaBEHUS MeXXAy CTOpOo-
HaMW BCACbIBAHWS M HarHeTaHMS Hacoca BedeT K 3Haun-
TeNlbHOMY MOBbILLIEHNIO TeMnepaTypbl B paboyelt kamepe
nop AencTBUEM 3Heprmm NpMBoaa 1, TEM CaMbiM, K
npe>kgesBpemMeHHOMY M3HOCY NOALLMIHUKOB U YNIIOTHN-
Tenew. TpebyeMmbiln ypoBeHb 3KOHOMUYHOCTM He AOCTU-
raeTcs, Tak Kak B 3TON cUTyaummn apeKTUBHbIN KO3 -
(DULMEHT NONE3HOro AeCTBNS 0Ka3blBaeTCs CNLLKOM
HW3KUM. C 3TUM MOXXHO CMPaBUTLCSA NyTeM KOHTPONS
nepenaga [aBfeHns, nepenycKHOro perynmpoBaHmns unm
MCNonb3oBaHWS NepenycKHbIX KNamnaHos.

Pa3HoCTb gaBneHns Mexxay CTOPOHaMM BCACbIBAHUS 1
HarHeTaHWs Hacoca, pacnosio>XXeHHOro Crpasa 3a npefe-
NamMu 3a0,0KYMEHTUPOBAHHOM rpaduyeckom xapakTe-
PUCTWKN NPOV3BOAUTENS, BEAET K NEeperpy3ke npnsoaa
M HEOO0MYCTMMOW CUTOBOW Harpy3ke Ha MOALLMMHUKN.
CMaso4Has nneHka Ha BpaLLatoLLMXCcs aneMeHTax, Haxo-
OSLLUMXCS B KOHTaKTe ¢ paboyen cpedow, paspyLuaeTcs.

3TOro MoOXKHO n3bexkaTb NyTeM KOHTPONS nepenaga gaB-
JIEHMSI UMW OCHALLIEHMS HAcoCa PerynaTopom pacxopa.

Ecnu, Hanpumep, HacocC ycTaHOBEH 3a rMAPaBANYeCKUM
pasbefuHUTENEM B KaYeCTBE NUTaTeNs Ans NoaKo-
YeHHbIX noTpebutenen, cnegyet y6eauTbes, 4TO Npu
YaCTUYHOW Harpyske oCTaTOYHbIV Nepenag faBfieHuns
3TOr0 HacoCa He OKaXXeTCs CANLWKOM 6onbwyM. B 3ToM
cny4vae Hacocbl noTpebutener bynyT hopcupoBaTthbes,
YTO CTaHeT NPUUYNHON CANLLKOM 60MbLIOro 06 beMHO-

ro pacxopa. Mlcxogst M3 BO3MOXKHOCTU BO3HWKHOBEHUS
TakKoW cUTyauuu, crefyeT yCTaHOBUTb Nepe BTOPUYHBIM
HaCcoCoM perynsTop nepenaga gaBreHus.

PABOYAS CPEOA

Ecnu npy NpoeKkTUpOBaHMUM CUCTEMbI B Ka4ecTBe Te-
nnoHocutens 6bina BbibpaHa BOAa, a B fanbHelnLwem —
HeBaXkHO, Mo Kakow NpuynHe — B cucTemy 6bi1 3anuT
consiHom pacteop, paboune napameTpbl Hacoca TpebyoT
KOPPEeKTMPOBKW. Bce Npon3BoANTeNN YKasblBaloT B
CBOVIX KaTasiorax NpoOn3BOAUTENbHOCTb HACOCOB UMEHHO
A9 BOAbl. 32 OCHOBY MPUHMMAETCS NNOTHOCTb M BA3-
KocTb 1. [ltoboe OTKNOHEHME OT 3TOr0 0O3HaYaeT U3IMeHe-
HWe NPON3BOANTENbHOCTMU.

Hannume abpasusHbix BellecTs B paboyeit cpefe BedeT K
npe>xgespeMeHHOMY BbIXOOy HAaCOCOB U3 CTPOS, MO3TO-
My crieflyeT UCMoNb30BaTb N0 BOAY, NOArOTOBMEHHYO
B cooTBeTcTBMYM VDI 2035, nubo cpeny, paspeLleHHyo
ctanaapTom VDTUV. Moapo6Hyto MHpOpMaLMIO MOXKHO
HaMTW B KaTanorax 1 KOMMep4eCcKunx npenrioXxeHunsax no
COOTBETCTBYHOLMM TUMAM HaCOCOB.

Ecnu, Hanpumep, B cucTeme Bbino co3[aHo AaBneHune
BO[bl, @ 3aTeM cucTema 6binia onmopoXKHeHa U1 Yepes
LIeCTb Heflefb 3anpasieHa 06blYHbIM CONSHLIM PaCcTBO-
poM, cofep Kallmecs B COMSIHOM pacTBOpe MHIMBUTO-
pbl PacTBOPST P>KaBUMHY B TPyOONPOBOAAX M BbI3OBYT
npe>kAeBpeMeHHbIN M3HOC BpaLLaloLWnXcs geTanei
Hacoca. B oTKpbITbIX cMCTeMax criefyeT NOCTOSIHHO NMoA-
Bepratb pabouyto cpey KOHTponvpyemMol 06paboTke, a
Tak>Ke yaensTb 0coboe BHYMaHWe BbI6OPY MaTepuanos.

IMpy1 UCnob30BaHUM BOAHbIX CMECei 3anpaBKa CUCTEMbI
L,0MKHA OCYLLLEeCTBAATLCSA U3 bakacMecuTens ¢ cobnto-
LLeHVEM MPaBUIIbHOTO COOTHOLLEHUSI KOMMOHEHTOB CMe-
cv. Mocnepytollee [o6aBneHMe BELLECTB MOXKET CTaTb
NPUYMHOW HapyLLEeHUs KOHLEHTpaLUmMu Ha No6oM yyacTke
U, Kak CiefCTBUE, HEPaBHOMEPHOM Nepeaayn 3Hepruu.
Kpome 3Toro, Kak NpaBusio, CyLLLECTBYET NOBbILLEHHASs
0MacHOCTb KOPPO3UM.
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Hacocbl BcTpavBatoTcs B cucTeMbl Tpy60NpoBO[oB, KOTO-
pble B pe3ynbTaTe TePMUYECKOro pacLlumMpeHns nnm snbpa-
LMV BbI3bIBAOT CUMbl, BO3AENCTBYIOLLME Yepes MOTOK XN -
KOCTW HEMOCPEeACTBEHHO Ha COeANHUTENbHbIe NaTpybku. B
Lensx 6e30nacHOCT NpW BCTPaMBaHUM HAaCOCOB B CUCTEMY
TpybonpoBofos cnepyet n3beraTb nepegayn MexaHmye-
CKMX HaMpsH>KeHWIN 1 Harpy30K Ha coefuHUTeNbHble NaTpyb-
Ku. ToukM KpenneHns TpybonpoBoaoB OnpedensoTcs B
COOTBETCTBUU C AENCTBYOLWMMMN TEXHUYECKMMU HOPMAaMMU.

Mpoxons yepes KoJieHa, PacoHHbIe 3NIeMEHTbI U apmaTypy,
MOTOK >XXMOKOCTN U3MEHSIET HanpaBfieHne U NopoxaaeT
LOVHaMUYecKune cuibl. B CBA3M € 3TUM HACOChI LOMKHbI
yCTaHaBNMBaTbCS — 0COH6eHHO Mpy 60MbLLIOW CKOPOCTH
MOTOKA — Ha YCMOKOUTENbHbIX y4acTKax, B AUdy30opax nnm
BbINPSMUTESIX HA CTOPOHE BCACbIBAHWS U CTOPOHE HarHe-
TaHus.

TEMMNEPATYPA

B cnyyae oTkasa perynupytowimx npubopos napaMmeTpbl pa-
604en cpefbl MOTYT OTKIIOHATHCSA OT PACYeTHbIX 3HA4EHWN.
B pesynbTaTte npu CAMLLKOM BblCOKOM TemnepaTtype pabo-
Yel cpefbl MOXKET MMeTb MeCTO KaBMTaUMs UK yBeNnnyeHue
ob6bemHoro pacxoga. lMpy CNULWKOM HU3KOW TemnepaType
pabouelt cpefbl NPOMCXOAUT YMeHbLUeHne 06 beMHOro
pacxopa. B obounx cnyvasx BO3MO>XXHA Neperpyska npvBoaa
1 OTKIIOYEHMe Hacoca B Liensx 6e30nacHoCTM cMcTemMom
3aWmMTbl MOTOPa. [INg COKpaLLleHVs pacxo[0B COBPEMEHHbIe
CUCTeMbl 4acTo 3KcnnyaTmpytoTcs 6e3 noctosHHoro obcny-
>KMBatoLLEro nepcoHana. lNosaTomy pekomeHayeTcs NOCTOAH-
HO KOHTPONMPOBaTb TeMMepPaTypy € NOMOLLbIO CreLnanbHom
CUCTEMbI CUTHANM3aUnm.

TemnepaTypa oKpy»>KatoLLel cpebl BO34ENCTBYET HEMO-
CPenCTBEHHO Ha MPUBOL W KOPMyC HAacocoB. Kak npasuno,
yBenuyeHne UNu ymeHbLLeHVe TeMMepaTypbl He OKa3biBaeT
oTpuLaTeNbHOro BO3AeNCTBUS Ha KOPMYCa, eC/ TOMIbKO OHO
He HOCMT BHe3arHbI xapakTep. DN1eKTPOnpuBOg He MOXKeT
yHKLMOHMpPOBATL Npu TemnepaTtype Huxe 0°C unu BbiLLe
40°C 6e3 npegBapuTenbHOM aganTaumu. o 3ToM NpuymHe
NoMeLLEeHMs, B KOTOPbIX HAXOAATCS MaLUUHBI, LOMXKHbI ObITb
OCHaLLleHbl HAL,EXKHOM CUCTEMOW BEHTUMSLUN NN OXNaXK—
peHuns. Takke cnepgyeT nsberatb NpsMoro BO34encTBus Ha
3M1EKTPOMOTOPbI TENMOBOTO U3NTyHEHWS.

CXEMbI NEPEKJTIOYEHUA

MOTOpbI C MYCKOBOW CXeMOl "3Be33/TpeyronbHuK" He
LOJIKHbI NOCTOSIHHO paboTaThb B KOHUrypauum "3se3na”.
MpuBonbl, paccunTaHHble Ha 230 B, He MOTYT 3KCMyaTUpo
BaTbCsA Npu Hanps>keHnmn 400 B. CNULLIKOM HM3KOe Hanpske-
HUWE Tak>Xe MOXKET BbI3BaTb NoBpexxaeHne motopa. OcobeH-
HOCTW NPVBOA JOMKHbI YYUTbIBATLCA NPU MOAKITOYEHUN
06opynoBaHNs K ceTu (cM. kaTanoru).

Hacocbl npy nepekaynsaHmm paboyei cpedbl NpuaatoT

el KUHeTUYECKYHO IHEPTUI0. ITa KMHETUYeCKas IHeprus
npeobpasyeTcs B TEMNJ0 N0 3aKOHY COXPAHEHUS SHEPTUN
(3Heprus He ucuesaeT). Moka Noaaep>XMBaeTCs NOTOK pabo-
Yeit cpefbl, Tenno nepefaetcs oT Hacoca. [pu 3akpbiBaHUK
NMPOXOAHBIX MNU MOAMELLNBAIOLLMX KNanaHoB NoTpebuTenei
nepefaya Tenna npekpaiiaercs. Tennonsonsaums u n3ons-
Ly, Ucnonb3yemast CorflacHo nNpeanmncaHusm 06 3KoHOMUM
3Hepruu, co3naet 3heKT TEpMOCa U HACOCHas Kamepa
HarpesaeTcs.
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Kak nokasbiBaeT MpaKTUKa, B 30He OXNaXKOEeHNs cMcTema
nognep>kaHvsa OaBfeHns He paccynTaHa Ha Temnepa-
Typy Bbiwe 110 °C. OgHako npu OTCYTCTBUM O BUXKEHNS
pabouelt cpefbl TemmnepaTypa Hacoca MoOXKeT ObITb gaxe
6onbLue. Peliernem npobnembl MOryT CTaTb MEPENyCKHble
KnanaHbl, No3sonatoLwmne oxnaxaaTs pabouyto cpeqy.
OgHako 6onee LienecoobpasHo BbIKMHOYATL HACOCHI,
MCXOAS U3 pe3yNbTaToB KOHTPO/IA 3aKPbITOro MOMOXKEHUS
BCEX PerynmpyroLLmx KnanaHos. BbikntoveHne BO3SMOXHO
6narogaps CMrHanbHOMy AaTUMKY KOHTPONS noToka. Mpwu
3TOM HACoC MOXXHO NepuoanYeckn 3anyckatb B pexxmme
NPUHYANTENBHOrO 3aMycKa C Lefbio OTCEXUBAHNS OT-
KPbITOrO NMOMTOXKEHNS PerynvpyoLwwmnx KnanaHos.
MapannenbHas paboTa HAaCOCOB B pamKax rmgpasnuye-
CKOW CUCTEMbI BO3MOXKHA TOMbKO MPU UX O0MHAKOBOM
MOLLHOCTW. VICKtoYeHneM SBNSeTCs BapuaHT, Mpu Ko-
TOPOM CMCTeMa KOHTPOSIA Nepenaga gaBneHns npose-
pseT pabouyto TOYKY 1 OAET CUTHAM K BKITHOYEHWNIO MeHee
MOLLIHOTO Hacoca TOMbKO Npu AOCTUXKeHUM Tpebyemoro
OaBfieHuns.

MocnepoBaTtenbHas paboTa HACOCOB B paMKax rMapasin-
YeCKOM CUCTeMbl BO3MOXHA TOJbKO MpU UX OANHAKOBOW
MOLLIHOCTW. ICKNtoYeHeM SBNAEeTCSA BapuaHT, NPU KOTO-
poM cMcTeMa KoHTpons obbema npoBepsieT pabouyto ToU-
Ky 1 [aeT CMrHan K BKNOYEHMIO MEHEe MOLLIHOTO Hacoca
TOJIbKO MpUY JOCTMXKeHUN Tpebyemoro obbema.

B 3aKpbITOM CMCTeMe HAacoC MOXKET Npeobpa3oBbIBaThL
BeCb HaMop B MOLLHOCTb BCacbiBaHMA. [lo3ToMy cnctema
nogaep>kaHus AasfieHns scerga 0osKHa 6biTb pacno-
JI0>KeHa Ha CTOPOHe BCaCbIBaHUS HAacoca UK B KOHTYpe
Hacoca He [OMKHO BbITb PErynunpyoLLMX YCTPONCTB,
KOTOpble orpaHn4mBan 6bl MOTOK U, TEM CaMbIM, CHUXKa-
v JaBneHve HarHeTaHus. Ecnu aTo He npepcTasnseTtcs
BO3MOXXHbIM B CBSA3M C YCNOBUSAMM MOHTaXa, cliegyeT
YBEeNUYUTb PpacyeTHOE [JaBfeHne B CMCTEMe NoJaep Ka-
HWS OaBfEHNS Ha 3HaYeHNe MakCMManbHOro Hanopa npu
HyneBOM pacxofe Yepes Hacoc.

SNEKTPOCHAB>XEHUE

CHab>keHne 3NeKTpo3Heprnen oT obLLen aNeKTpoceTn
MMeeT onpepeneHHble OrpaHnyeHus, KoTopble cegy-
€T YUMTbIBAaTb MPY pacyeTe NapaMeTpoB NPUBOLOB U
perynupytoLmx npubopos. Mpu UCNoNb30BaHUN CIULLKOM
DOJIMHHBIX UMW CIIULLKOM TOHKMX Kabenen nponcxogut
nafeHne Hanps>KeHMsl, KOTOPOEe MOXKET BbI3BaTb YMeHb-
LLIEHVEe MOLLHOCTY 1 neperpes. M13-3a BOSMOXHOCTU
MHOYKLUMOHHbIX HAaBOAOK Kabenun cUcTeMbl yrpaBneHus
LOMKHbI 6bITh MPONOXeHbl 0TAENbHO OT CUJTOBbIX Ka-
6enent. Cuctembl JOMKHbI 6bIThb 3aLLMLLEHbI OT MepeHa-
npsXxeHus (Hanpumep, B cnyyae yoapa MOfHUM) U UMEeTb
(PYHKUMIO OTKNHOYEHWNS NMPY MOHMXKEHHOM HaMpsiXKEHNN.
Camoe onTvManbHoOe — UCNOJIb30BaTb Pa3psSAHUKIM ONS
3aLMThI OT MepeHanps>KeHUs 1 pene KOHTPOIs CEeTEBOrO
Hanpsi>KeHWs ¢ pa3fgeneHnem BCex NOJIOCOB Lienu 3neKk-
TpoCHab>xeHus.

Ecnu nnaHupyeTcs UCnonb3oBaHye CUCTEM C aBBTOHOMHbIM
NCTOYHUKOM MUTAHWS, pe3epBHOM 3M1eKTPOCEeTH UK
npeobpa3oBaTens 4acToTbl, HEO6XOOMMO YUMTbIBATH
cnepgytoLee:

- Bce Hacocbl Wilo paccunTaHbl Ha eBponenckoe Ha-
nps>keHune 230/400 B (+10 %) cornacHo DIN IEC 60038.C
1.1.1995 Bce Hacocbl Wilo nmetoT 3Hak CE cornacHo Aun-
peKTMBaM 0 MexaHnyeckoM obopynoBaHumn EBponerickoro
Coto3a. Npy 3amMeHe HacOCOB B CMCTEMax C TeMmnepaTypow
pabouer cpenbi Bbiwe 90 °C cnefyeT UCNOMNb30BaTb COOT-
BETCTBYOLLME TEPMOCTONKME COEAMHUTENbHbIE Kabenw.
Mpu 3kcnnyaTtaumm Hacocos Wilo ¢ 6r1okom ynpaBneHus
unv Mogynem cnegyet cobnofate NpaBuna sKkcnnyaTa-
uun cornacHo VDE 0160. MNpu 3kcnnyaTaumMm HacocoB ¢
MOKPbIM ¥ CyX1M POTOPOM B COYeTaHuu c 060pynoBaHMEM
npyrux npoussoguTeneit (He Wilo), BkrouaroLnm npeob-
pa3oBaTenu 4acToTbl, ClieQyeT UCMOIb30BaTh BbIXOAHbIE
nnbTPbI ANS YMEHbLLEHWS YPOBHS LLYMa B MOTOPE U npe-
L0TBPALLEHMS CKAaYKOB HaMps>XKeHMS, a Takxxe cobnogatb
cnepytoLime npefenbHble 3HaYeHUs:

= HacoCbl C MOKPbIM POTOPOM C P, 1 Hacochl € CyX1m po-
TopoM € P, = 1,1 KBT — cKOpOCTb YBENMYEHUS HAMPSXKEHUS
du/dt < 500 B/Mc, ckauku HanpsixeHus ( < 650 B;

= Y HAacoCOB C MOKPbIM POTOPOM peKOMEHAYEeTCsS BMECTO
cbunbTtpa du/dt (punbTp RC) cnonb3oBaTh CUHYC-DUALTP
(dbunbTp LC);

— Hacocbl € Cyxum potopom ¢ P, > 1,1 KBT — ckopocTb
yBenuueHus Hanps>kenns du/dt < 500 B/Mc, ckauku
HanpsikeHus 0 < 850 B.

Mcnonb3oBaHue kabenen 6onbLion gnvnel (I > 10 m) ons
coenHeHns Nnpeobpa3oBaTens YacTOTbl U MOTOPA MOXKET
BbI3BaTb yBeNMUeHue nokasarteneit du/dt (pesoHaHc). To
>Ke camoe MOXKeT npon3onTu npu paboTe 6onee 4-x arpe-
raToB OT O4HOr0 UCTOYHUKA NUTaHUS. PacyeT napameTpos
BbIXOAHbIX (DUIbTPOB OCYLLLECTBNAETCA MPOU3BOAUTENEM
npeobpasoBaTens 4acToOTbl UM MOCTABLUMKOM UMbTPA.
Ecnu npeobpasosaTenb YacTOTbl BbI3bIBAET NOTEPH MOLLL-
HOCTW MOTOPA, Hacoc cleayeT Ucnonb3osaTthb He bonee,
yem Ha 95 % OT HOMMHANbHOW YacTOTbI BpaleHus. Ecnu
HacoCbl C MOKPbIM POTOPOM MOAKITHOYEHbI K O[HOMY NMpe-
obpasoBaTento 4acToThl, cnegyeT n3beratb NpeBbILLEHNS
cnegyroLnx npenenbHbIX 3Ha4YeHW Ha COeqMHUTENMbHbIX
knemmax Hacoca: U,,,, = 150 B, f,,,, = 30 Ty

OrpomHoe 3Ha4eHue AN cpoka cny>kbbl 1 akcnnyaTa-
LIMOHHOW HaAeXXHOCTUN LMPKYISLMOHHOIO Hacoca Takxke
MMeeT BbIOOP MPaBMUIIbHOM 3aLWMUTbI MOTOPA. Y HAacOCoB

C NepeKto4aeMon YacToTON BPaLLEHUS BbIK/OYaTe b
3aLWnTbl MOTOpa BonblUe He UCMOMb3yeTcs, Tak Kak Takne
MOTOPbI UMEOT Pa3IMYHYIO HOMUHABHYIO CUY TOKa Ans
Pa3MYHbIX CKOPOCTEN, 018 KaXKO0M U3 KOTOPbIX TpebyeT-
€ OTAenbHas 3awmTa.

Bce LMpKynALMOHHbIE HACOCbI C MOKPbIM POTOPOM:

~ YCTOMYMBbI K TOKaM 610KMPOBKM, UK

= WMelT BHYTPEHHIOI 3aLMTy OT He40MYCTUMO BbICOKOM
TemnepaTypbl 06MOTKM, Unn



- MMEIOT NOMHYIO 3aLLMUTY MOTOPA B BU[E 3aLLUNTHbBIX KOH-
TakTOB 06MOTKM (WSK) 1 oTAenbHoro npubopa 3almuTHOro
OTKIOYEHUS, AN

= MMEIOT MOMHYIO 3aLMTY MOTOPA M BCTPOEHHbIN Mexa-
HU3M OTKIOUEHMs (Cepuio CM. B KaTasnorax), uam

- HMKaKas QOMOMHUTENbHas 3allMTa MOTOpa No MecTy
3KCnnyaTaunm He TpebyeTcs, 3a UCKITIUYEHEM CUTyaLuil,
KOrfa MeCTHbIM MPeanpuUATAEM N0 3HEPTrOCHABXEHMIo
TpebyeTcs MCNONb30BaHMe 3aLLWTbI 7151 MOTOPOB YCTOM-
YMBbIX K TOKaM BMI0KMPOBKM, U MOTOPOB C BHYTPEHHEN
3aLUMTON OT HE[LONYCTUMO BbICOKOM TeMMepaTypbl
06MOTKMN.

CTaHOapTHble HACOChI C CYXMM POTOPOM [OJIXKHbI ObITh
3alUMLLEHbI MO MECTY 3KCMJTyaTalmm BbIKOUYaTeNsIMU
3aLLUMTbl MOTOPA, YCTAHOBMEHHBIMM HAa HOMUHAJIBHYO CUY
Toka. O HaKo MoJiHas 3almMTa MOTOpa AOCTUTraeTCs TONbKO
B C/lyYae, eCnvi AOMNOMHUTENbHO OCYLLECTBNSETCS KOH-
TPOJb 3aLLUMUTHOTO KOHTaKTa 06MOTKM UM AaTymKa-Tep-
Mope3ucTopa.

Ecnm Hacoc ¢ cyxvm poTOPOM OCHALLeH CUCTEMOW pery-
NMPOBAHMS, YCTaHOBNEHHON Ha KOpNyce MOTOpPa, TO OH
OCHaLLleH MOMHOM 3aLNTON MOTOpa NPOM3BOAUTENEM.
[ns cuctem perynuposaHus c npeobpasoBaTenemM va-
CTOTbI M MOAKIIHOYEHMEM K Tpex(a3zHOMY TOKY B KayecTBe
CpencTBa 3aWnTbl UCMOMb3YeTCS 3aLLUMTHOE 3a3emrie-
Hue. Micnonb3oBaHue NpubopoB 3aLMTbl OT TOKA YTeUKM
cornacHo DIN VDE 0664 He ponyckaeTcs. icknoveHue:
BbI6OPOYHbIE 3aLMTHbIe BbikntodaTenu Fl, yyBcTBUTENb-
Hble K To6oMy TOKY (peKoOMeHOYyeMbIl HOMUHAbHbIA TOK
yTeuku A = 300 MA).

BxopHble NpefoxpaHnTeny QoMKHbl 6bITb paccyUmTaHsbl

Ha MaKCMMarbHY CUNy TOKa B COOTBETCTBMMU CO CXEMOMN
3M1eKTPOMOHTa>Ka 1 KOJIMYEeCTBOM BCTPOEHHbIX MpnbopoB B
MecTe 3KCnyaTaumm cornacHo DIN/VDE. MakcumarnbHo fo-
nycTUMOe ceveHue Kabeneii/5un ykasaHo B COOTBETCTBY -
toLlem KaTanore. Mpwu Boibope kabenew cnegyeT yunTbiBaTh
YCI0BUSt OKPY>KatoLLieW Cpedbl BO BpeMs aKcnnyaTaumu. B
HEKOTOPbIX Cy4asix MOXKET BO3HWKHYTb HEOOXO4MMOCTb B
CO3[4aHWM CNeunanbHbIX YCNOBUM, TaKUX Kak BOOOHENPOHM-
LLaeMOCTb NOf HaMnoOpPOM, 3KPaHUPOBaHMeE 1 T.4.

BUBPALINSA

Jtobas cuctema, paboTaroLas no NPUHLMMY LMPKYNaLMK,
1 Ntobast TekyLLas XXMAKOCTb reHepupytoT Bubpauuto. Bee
Hacocbl Wilo nmetoT HU3KMI ypoBeHb BUbpaummn. OfHaKo B
CBSI3M C 0COBEHHOCTAMM CUCTEMbI MOXKET BO3HWUKATb pe-
30HaHC, B pe3ynbTaTte Yero Bmbpauuns byoeT ycunmeaTbes.
MosTtomy Heobxogumo cobntogath cnegytoulee:

Mpu MoHTaXke Tpy6ONpoOBOAOB v Hacoca credyeT usberatob
CO3[aHus MEXaHUYECKOTO HanpsixkeHus. Tpy6onpoBoab!
LOJSIKHbI ObITb 3aKpenneHbl TakMM 06pa3oMm, UTo6bI BeC
Tpy60MnpoBOAa He BO34MCTBOBAN Ha Hacoc. Hacocbl B
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Inline-ncnonHeHMn NpegHa3HaveHbl AN FTOPU3OHTANBHOIO 1
BEPTMKAIbHOITO MOHTa>Ka HeNnocpeaCcTBeHHO B TpybonpoBo-
ne. Ecny mowHocTb MoTOpa npesbiwaeT 18,5 KBT, MOHTaxX,
Npuv KOTOPOM Basl HACoOCa HAXOAUTCS B TOPU3OHTASIbHOM
Nnono>XeHnu, He gonyckaetcs. [py BepTUKANbHOM MOHTaxke
Hacoca TpybonpoBof He JOJKEH UCMbITbIBAaTb MEXaHWYe-
CKOTO Hanpsi>XeHwus, a CaM HacoC A0JI>KeH ObITb YCTaHOBMEH
Ha onopax. YTobbl 36exxatb ycuneHns snbpaunm, peKomeH-
AyeTcs yCTaHaBMMBaTb HACOC Ha pyHAameHTe. BroyHble 1
CTaHOaPTHbIE HACOChI JOJIKHbI YCTAHABMBATLCSA HA MPOYHbIX
byHAaMEHTax UNKPOHLUTERHAX.

MpaBunbHbIN BbIOOP hyHAAMEHTA AN HACOCA aKXKe MMeeT
pellatoLlee 3HaveHne onga 6ecwymHon paboTel. [Ans yse-
NMYEHNSt Maccbl, CNOCOOHOM K MOrMoLLLeHNIO BUbpaumu, 1
KOMMEHCALUN HEYPaBHOBELLEHHbIX CU MHEPLUN PEKOMEH-
AyeTcsa MCNosib30BaTb HEMOCPEACTBEHHOE, XXKeCTKOe coefm-
HEeHWe HacoCHOro arperarta n yHpameHTHoro 6noka. OgHako
B TO >Ke BpeMs, 4Tobbl cucTema bblna XopoLLo N30NnMpoBaHa
oT BMbpauuu, TpebyeTca oToeneHne camoro yHO4aAMeHTHOro
6110Ka OT Kopryca 3[4aHns C MOMOLLbIO 3M1aCTUYHOW pa3fe-
NINTENbHON BKNAAKM.

Bbibop TvNa 1 maTepuana pa3gennTenbHOM BKNagKu 3aBn-
cuT oT uenoro pana hakTopos (1 cep 0TBETCTBEHHOCTH), B
TOM YMCIIE OT YaCTOTbl BPaLLEHNs, MacCbl M PacronoXXeHus
LeHTpa TAXKeCTM arperaTa, KOHCTPYKLMY 3aaHus (apxum-
TEKTOP), @ TaKXKe PacnpoCTpaHeHns Opyrvx BO3OeNCTBuiA,
BbI3BaHHOro Tpy60MpoBoAamm 1 T.4. (MpoeKTUpoBLLMK/MOH-
TaXkHast prpma).

B cnyyae HeobxooMMoCTM pekoMeHOyeTCs MpuBeYb K pac-
YeTy MapaMeTpoB 1 MPOEKTUPOBAHMIO C yHEeTOM BCEX BaXKHbIX
C TOYKM 3PEHUS CTPOUTENBLCTBA U aKyCTUKN KpUTEPUEB KBa-
NMULMPOBAHHOIO CreumanmncTa no akyCcTuke 3gaHuin.
BHelwHwe pa3mepbl hyHaaMmeHTHoro 6noka (nvHa v wmpu-
Ha) OOMKHbI B6bITb NpUM. Ha 15-20 cMm 6onbLue, Yem rabapu-
Tbl HACOCHOTO arperaTa.

Mpu n3rotoBneHnMn yHoameHTHoro 6noka cnegyer Us-
6eratb 06pa3oBaHNs "3BYKOBbIX MOCTMKOB" B LUTYKaTypKe,
NANTKE UV BCMOMOTaTeNbHbIX KOHCTPYKLUMAX, TaK Kak 37O
MO>KET CUMbHO YXYALNTb CBOMCTBA M304LUMN UNK caenaTb
ee CoBepLUeHHO He3(EeKTMUBHOMN.

MpOeKTUPOBLMK/MOHTaXKHast (hMpMa [OMXKHA CNeanTb 3a
TeMm, YTobbl coeauHeHUs TpybonpoBOAOB C HACOCOM He
UCMbITbIBANM MEXAHUYECKOTO HaMpsS>KeHWs U He cnocobcTBo-
Banu nepenaye MHePLMOHHbIX UM My BUBpaumin Ha Kopryc
Hacoca.

Touku KpenneHus Tpy6onpoBOAOB HAa CTOPOHAX BCAChIBAHMS
M HarHeTaHWs Hacoca [OMKHbI HAXOO4MTbCS 3a Npegenamu
¢yHOameHTHOro 6roka.
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MECTO PA3SMELLUEHUSA

CTaHOapTHblE HAaCOChI AOMKHbI Pa3MELLATbCS B 3alLm-
LLeHHOM OT aTMOC(epPHbIX BO3LENCTBUIA, MOPO3a U MbifK,
B3pbIBO6E30MACHOM, CYXOM, XOPOLLO NPOBETPMBAEMOM
mecTe. Mpy MOHTaXKe BHE NoMeLLeHUs He06X0[MMO
MCMOb30BaTh CreLyanbHble MOTOPbI U CNeluanbHble
CpencTBa 3aluThl OT KOPPO3UN.

MoHTaX, Mpu KOTOPOM MOTOP U KneMMHasi Kopobka
obpalleHbl BHM3, He gonyckaeTcs. CnegyeT npegycmoT-
peTb cBo60HOE MPOCTPaHCTBO (He MeHee 1,2 M 6e3 ydeTa
MeCTa [4/19 MaTepranos ¢ 06enx CTOPOH) ANs LeMOHTaxa
MoTOpa, hoHaps 1 paboyero koneca. Ecnu HoMmHanbHas
MOLLIHOCTb MOTOpa cocTaenseT bonee 4 kBT, npu BbiInon-
HeHUn paboT Mo MOHTAXKY U TEXHMYECKOMY 06Cny>KMBa-
HUIO pEKOMEHAYeTCS UCNOb30BaTh MOAXOASALLYIO OMOpY
A5 MOHTaXKa 1 06cny>knBaHus. Mpu MOHTaXke HaCOCOB Ha
pacctosiHum 6onee 1,8 M oT nona cnedyeT npegycMoTpeTb
B MeCTe MOHTaxxa paboyve nnaTdopmbl, KOTOPblE MOTYT
6bITb CTALMOHAPHBIMU UMW NepenBUXKHbIMU.

[1Ns CKBaXKMHHBIX M MOTPY>KHbIX HACOCOB AOMKHO 6bITh
obecneyeHo NOCTOSIHHOE MUHUManbHOE U MaKCMMasibHoe
MOKpbITME BOLOM B COOTBETCTBUN C UX CreundrKaumeil.
CnepyeT npegyCcMoTpeTb [OCTaTO4HOE NMPOCTPAHCTBO A5
OMyCKaHWs U U3BJTIEYEHUSI HACOCOB U CUCTeMbI TPY6. Mpu
MOHTa>Ke B LUAxXTe crefyeT B COOTBETCTBUM C 4eNCTBYHO-
UMMM NpaBMIaMmn TexHKM 6esonacHocTv obopynosaThb
MPOMe>XXyTOUHble MNaTdOopPMbl 118 BbINOMHEHWS paboT Mo
MOHTaXy M TEXHUYECKOMY 06CIy>)KMBaAHUIO.

Mpy MOHTaxke B TpybonpoBofe B Lensix NpoBepKy MoLL, -
HOCTM Hacoca crefyeT npedycMOTPeTb YHaCTKV BXoAa 1
BbIXO[a nepep 1 3a HACOCOM.

MuHumanbHoe paccTosHue A0 ToYeK usmepeHus
Ana NnpoBepkKu faByieHnsa Hacoca

MuHMManbHble pasMepbl TOYKK U3MepeHunst Ay u A, paBHbl
nBoHOMy amameTpy Tpy6bl ans U, 5+Ng/53 n ons Ud .
PekomeHayeTcs MCMONb30BaTb MAHOMETPbI C KOHTPOSbHbLIM
KpaHoM.

Bce ykasaHHble AN HACOCOB PacyeTHble 3HA4YEHNS MOLLL-
HOCTU 1 paboune napameTpbl 3MEKTPUHECKMX MPUBOAOB
OenCcTBUTEeNbHbI MpY pacyeTHoM YactoTe 50 'y 1 pacyeT-
HOM Hanps>eHun 230/400 B 0o 3 kBT 1 400/690 B c 4 kBT,
MaKCMManbHOM TeMMepaType OXNaxKaaroLen XXUAKOCTU —
KT (temnepaTypa Bo3ayxa) 40 °C 1 BbicOTE MOHTaXa [0
1000 mm Hap ypoBHeM Mops. B cnyvasx, KoTopble BbIXOOAT
33 paMKM 3TUX 3HAYEHWUIA, crieqyeT YMEHbLUNTb PacyeTHYHO
MOLLHOCTb MM BblIOpaTh 6onee MOLHBIV TUMN MOTOPaA UMK
6onee BbICOKWI KNacc Tennon3onsaumn.

CNoCOoB YMPABJIEHUS/PETY IMPOBAHUSA

Hacocbl, npegHa3sHaveHHble 019 CO34aHNS OaBNeHNs

Ha BXO[le, CriefyeT BK/IH0UaTh/BbIK/HOUYaTh TONbKO, €C/N
yMeHblUeHVe 06 beMa Nofd BO3L,eNCTBUEM BTOPUYHOTO
KOHTYpa Hacoca HaxoJunTCs Ha ypoBHe TpebyeMoro MMHU-
ManbHoro/MakcrmanbHoro o6beMHoro pacxoga. Mpv napan-
nenbHoM paboTe HeECKOMbKUX TaKMX HACOCOB JOJIKHA bbITb
npenycMoTpeHa yHKLMS aBTOMaTUYeCcKOoro BKNoveHns,/
BbIK/TIIOYEHWS OTEeNbHbIX HACOCOB B NpeAenax gonycTUmbIx
pabounx ouanasoHoB.

YCTaHOBMEHHbIe BO BTOPUYHbIX KOHTYpPax LMPKYSALMOHHbIE
Hacocbl cnegyeT BKNOYaTh TOMbKO, eCNIN MEPBUYHbIA KOH-
Typ obecneynBaeT HeOOXOAUMbIN MUHUMAnNbHbIN 06beM-
HbI pacxof. BbiknmtouaTb XKe Ux cnegyeT, ecniv HarHeTaemoe
HacocoM [aBreHune BbI3bIBAET C/IULLKOM CUbHOE YBenuye-
Hue 06 beMHOro pacxofa.

Ecnv B MecTe akcnnyaTaumm npeaycMoTpeHa BOSMOXKHOCTb
NaBHOro perynMpoBaHns YacToTbl BpaLLleHus, cnegyeT
OrPaHMYNTb MUHUMAIbHYO N MaKCUMarbHYHO 4YacToTy Bpa-
LLIeHMS C LeNblo NpenoTBpaLleHus neperpysku n obecneve-
HUS camooXxnaXxaeHns moTopa. [lpoccensHoe 1 6arnacHoe
perynmpoBaHue B KOHTYpe Hacoca SOMXHO OCYLLeCTBASTLCS
Takum obpasom, 4Tobbl Bcerga 6bin rapaHTUPOBaH Makcu-
ManbHO N MUHUMAIbHO A0MYCTUMbIA 0O bEMHbIN PACXOA.
LlenecoobpasHo KOHTpONMPOBaTb TemnepaTypy pabouyei
cpenbl 1 B clyvae OOCTUXKEHWUS MPedenbHOro 3HaYeHns
OTKJIHO4aTb Hacoc.

MapannenbHas paboTa HaCOCOB M OQHOBPEMEHHOE MJ1aB-
HOe perynmpoBaHne 04HOro, HeCKOMbKUX UMM BCeX HAco-
COB BO3MO>XHO TOJIbKO MPU aBTOMATU4ECKOM BKITIOHYEHUM,
MOAKIOYEHNM U BbIKITIOYEHWUW B 3aBUCMMOCTM OT Harpy3sku
B Mpenenax gonycTuMbIX 3HayeHu obbema 1 Hanopa oT-
OenbHbIX arperaTos.

YT106bI M36€>KaTh cO0EB 1 MOBPEXXAEHUN, ClefyeT TakxKe
KOHTPOMMpPOBaTb AaBfIEHNE HA BXOAE UM CUCTEMY MOA-
Oep>KaHus AaBneHns. B cBI3m ¢ NOCTOAHHBIM U3MEHEHNEM
OABNEHUS B PETYNMPYEMbIX KOHTYpax HacocoB B 10601
MOMEHT BO3MO>KEH HOBbIV MPUTOK.









NMPUMEPDI BblIbOPA
HACOCA AJid KOHTYPA
KOHAOEHCATOPA

Konopge3Hasa cucrema

[ns oTBofa Tenna u3 KoHaeHcaTopa 6bina BbibpaHa
KonogesHas cucteMa. ConsiHom pacTBop A4 Norno-
LLAtoLLLero KonoAaua HaxoauTcs Ha rnybuHe npum. 10 m
HV>Ke YPOBHS MoMa NOMELLEHUS, B KOTOPOM HAaXOAMUT -
CS XONMOAWIbHAsA MalUMHa. MI3-3a reomeTpuyeckom
Pa3HOCTM BbICOT UCMOMb3YeTCs NOrPY>KHOM Hacoc.
InvHa TpybonpoBoaa Mexxay norpy>HbiM HaCOCOM U
coefVHUTENbHbIM NaTPYOKOM XONOANIBHON MaLLUHBI
coctasnsget 30 m. CTopoHa BbIxofa KOHAeHcaTopa
HaxoguTcs Ha rNybrHe 2 M HMXKe Camol BbICOKOMN
TOYKM TpybonpoBoaa, NOYLLEro K CTO4HOMY KonopaLy,
1 ocHaleHa Tpybon obLen onuHom 45 m.

TennoBasa MmolHocTb cocTaBnsgeT 200 kBT. Tenno
OTBOOMUTCS B KOMOQE3HY CUCTEMY C Pa3HOCTbIO
TemnepaTyp 6 K. O6bem Lmpkyngumm onpepensercs
cnegytowwmm obpasom:

®opmyna ans pacyeta o6bLemHoro pacxona vV

. Q

Vo = —————— m3fu
1.16-AS

Mpumep pacueTa

. 200

Voy=s—" M3/“'
1.16-6

V,, = 28.74 M3/4

3apdaHHbIN Hanop Hacoca ornpefenseTca napameTpamu
Tpybonposoaa. O6Las pasHOCTb BbICOT COCTaBAsET
12 m. Tpybonposog BbinosiHeH u3 Tpy6 MBX ¢ ycnos-
HbIM npoxofom 100. 3HaueHue R cocTasnset 100 Ma/m
MpY CKOPOCTU TedeHus npum. 1 m/c. C yueTom umero-
LLierca apMaTypbl U KOMEH, a TaK>Ke COMPOTUBMIEHNS B
KOHOeHcaTope B cyMMe 8 KOIeH, BCacCblBatoLLMIA Kna-
naH 1 2 3aMopHbIX KNanaHa gatoT 3HadeHne ¢ 114,13,

®opmyna ans pacverta aasnexus/ Hanopa H

H,., = H

ges Geo

+H, H, =H, +H,

Mpumep pacueTa

ngs = HGeo+ HA HA = HVL+ HVA
ngs = HGeo + HVL + HVA
H, =R-I H, =72
p-w?
H,, =100-75 Z=%C 2 Pa
999.6 - 12
H,, =7 500 Pa Z=11413. I Pa
Z=57127Pa
Pesynbrar
HGes = HGeo & HVL o+ HVA
H,., = 120 000 Pa + 7 500 Pa +57 127 Pa
H,., = 184 627 Pa
COKPALLEHUE
1,16 yAenbHas TennoemMKkocTb [BT*u/kr*K]
Av pacyeTHas pa3HOCTb TemnepaTyp
[K] 10-20 K gnst cTaH@apTHBIX CUCTEM
Qu Tennosas Harpy3ka [KBT]
Ha noTepu gasneHuns B cucteme B la
Heeo reoMeTpuyeckas pasHocTb Hanopa B [Ma
(1 m BogsHoro ctonba 10 000 Ma)
Hees nosHbIN Hamop B IMa
Hy, notepwu nasnexHus B Tpybonposoge B Ma
Hya noTepu AasneHns B apmaType B [1a
R noTepw nasneHus B Tpy6onposoae B Ma/m
L OnvHa Tpybonposoga
¢ conpoTuBneHue B Ma
p MNOTHOCTbL paboyeit cpedbl B Kr/m3
w? CKOPOCTb TeUeHus B M/c?
Z noTeps AaeneHuns B acoHHbIX 3neMeHTax B Ma

3 CymMMa notepb
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58 MpuMepbl BbIBOpa Hacoca AN KOHTYpa KoHAeHcaTopa

PekomeHpyeTcs MCMONb30BaTb MOFPY>XXHOWM HAcOC C NPO-
M3BOOUTENbHOCTLIO Q = 28,74 M3/‘—I MH=18,5m.

B naHHoMm npumepe BblbpaH Hacoc Wilo-Sub TWU
6-2403 c oxnaxkgaroLLen pybaLLKon.

40

35

Hanop [m]

30

25 \\ [
B

20

15 =

10

0 5 10 15 20 25 30 35 40
Mopaua Q [m3M]

|
|
'

3apaHHble paboyue napameTpbl

Momayva 28,74 M3/
Hanop 18,5m
Pabouyas cpepga  BoAa

Temnepatypa paboyen

cpenbl 10°C
MnoTHOCTb 0,9996 kr/om3
KnHemaTtumyeckas

BSI3KOCTb 1,31 mm%/c
HaeneHune napa 0,1 6apa

rmppaenuueckue napameTpbi (pabouas Touka)
Mopava 31,3 M3/
Hanop 20,3 m



OTKpblTaﬂ cnctema balleHHoro
oxnagutend

KoHTYp KOHOeHcaTopa oxJ1aXK4aeTcs C MOMOLLLbO
OTKpbITOro 6atieHHoro oxnagutens. MNMpv ognHakoBom
mMowHocTn 200 KBT n pa3HocTun TemnepaTyp 5 K nonyuva-
eTcsl credyoLwmnin 06 beMHbIN Pacxof:

®opmyna pns pacyeta o6beMHoro pacxoaa Vg,

, Q
VPU = M3/“|
1.16-AS
200
=——— MM
1.16-5

Vo, = 34.48 m3/4

MoTepw OaBNeHNs pacCcUMUTbIBAOTCS C y4eTOM OJIMHbI
TpybonpoBona 88 m, 14 koneH, 4 3anopHbIx KnanaHoB u
reoMeTpuyeckom pa3HOCTM BbICOT 2,2 M MeXXAY MUHN-
ManbHbIM YPOBHEM BOAbl U popcyHKamu. Tpybonposon
BbiMonHeH 13 Tpy6 MNBX ¢ ycnoBHbIM npoxogom 80. U3
3TOro BblTEKaeT KO3 uuUmMeHT conpoTmsnerus = 59,7.
PesynbTtar:
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®opmyna ans pacuerta gasnenusi/ Hanopa H

Hye. = Heeot Ha H,=H,+H,

Geo

Mpumep pacueTa

ngs = HGeo + HVL + HVA
Hy =R~ Hy, = Z
p - w2
H,, = 400 - 88 2 =5 Pa
999.6:+ 1.92
H,, = 25 200 Pa 2=59.7: —5——
Z =107 230Pa

Pesynbrar

HGes = HGeo
H,. =22 000 Pa + 35 200 Pa + 107 230 Pa
H,., = 164 430 Pa

+H, +H,

PexkomeHpyeTca ncnonb3osaTb 6/104YHBIM HACOC C MPOU3BO-

OUTEeNbHOCTbIO Q = 34,48 M3/M M H = 16,5 Mm.

COKPALLEHUE

1,16 yaenbHas TennoemKkocTb [BT*u/kr*K]

Av pacyeTHas pa3HOCTb TemnepaTtyp

[K] 10-20 K gns cTaHOapTHbIX CUCTEM

Qu Tennosas Harpy3ska [kBT]

Ha noTepw gasneHns B cucteme B la

Hageo reoMeTpuyeckas pasHoCcTb Harnopa B Ma
(1 m BogsiHoro cton6a 10 000 Ma)

Hees nonHbIN Harmop B MMa

Hy. notepu gasneHus B Tpybonposope B Ma

Hya noTepw gasneHns B apmatype B [a

noTepu faenexns B Tpy6onposoge B Ma/m

L OnvHa Tpybonposoaa

¢ conpoTuBneHue B Ma

p NNOTHOCTb pabouelt cpedbl B Kr/m3

w? CKOpOCTb TeUeHns B M/c?

Z noTeps AaBfieHns B haCcoHHbIX 3neMeHTax B Ma

z CymMMa rnoTepb



60 Mpumepbl BbibOpa Hacoca A KOHTypa KOHpeHcaTopa

B maHHOM npvmepe Bbi6paH Hacoc Wilo-Crono-Bloc-BL 40/130-3/2 ¢ pabouunM Konecom 13 6poH3sbI.
KaBMTaLMIO MOXKHO He YyYMTbIBATb, TaK Kak YpOBeHb BOAbl B HalleHHOM ox/1laguTesie HAXOAUTCS Ha BbICOTE NPUM.
12 m Hag BNYCKHbIM OTBepCTMeM Hacoca. OgHako n3-3a Nnpobnem c Koppo3uveit n nerMoHennon paboyas cpena
LOMXHa NOCTOSIHHO BbICANIMBATLCS U CNelmanbHbiM 06pa3omM o6pabaTbiBaThbs.

= 26 ; 3AAAHHbIE PABOYUE MAPAMETPbI
x 24 | ¥ Mogaua 34,48 M3/4
E- —~
2 2(2) ™ w4 Hanop 16,5 m
= 18 _/ Pabouas cpepna Boda
16 / ke TemnepaTtypa paboyen
Vi D .
14 \¢176 cpenbl 32°C
12 p - MNoTHOCTb 0,9951 kr/om?
12 1 KuHemaTtumyeckas
i BSI3KOCTb 0,7605 Mm2/c
2 JasneHue napa 0,1 6ap
0 4 8 121620 2428 32 36 40 44 48 52 56 60 64 68
Mopaua, Q [m3/u]
— 10
'% 8 T r’MOPABJIMYECKUE NMAPAMETPbI (PABOYAS TOYKA)
g L Mopayva 37,3 M3M
2 Hanop 19m
0 4 8 121620 24 28 32 36 40 44 48 52 56 60 64 68 MoLLHoeTs:Ha Bany B2 2 51 KBT
Mopaua, Q [m3/u] y L
T YacTorta BpalleHus 2000 06/MuH
Tg ig JonycTumbin
% 40 - — $126 KaBUTALMOHHbIN
=
E Lo 3anac (NPSH) 3,43 M
[
§ 0" 4 8 1216 20 24 28 32 36 40 44 48 52 56 60 64 68 Anametp paboyero 125 mm
° Mopaua, Q [m3/u] Koneca
8
a3
§ 5 - | L — 9126
[ p—
s 1
§ 0 4 8 121620 24 28 32 36 40 44 48 52 56 60 64 68
5- Mopaua, Q [m3/u]
(=]
=




BaKpblTaﬂ cnctema balleHHoro
oxnagutend

B cBSA3M c 0060 3MMOCTOMKOCTbIO 060POTHOE OX-
naxpexue mowHocTn 200 KBT ocyLecTnseTcs yepes
3aKpbITbil 6alleHHbI oxnaguTens. B kavyecTse cpeAcTsa
3aLUMTbI OT 3aMep3aHus ncnonblyetcs Antifrogen L B
cooTHoweHun 40 % Ha 60 % Boabl.

dopmyna ans pacyeta 06beMHoro pacxoaa Vi,

. Q
Viw = — M?’/l‘I
1.04-AS

Mpumep pacuyeTa

, 200
VPU [ Mz/"'
1.04-5

V,, = 38.46 M3/4

MoTepu QaBNeHNs pacCUUTLIBAKOTCS C YHETOM ONMHbI
TpybonpoBona 88 m, 14 KoneH 1 4 3anopHbIX KNanaHos.
Tpyb6onposop BbinonHeH 13 Tpy6 MNBX ¢ ycnoBHbIM Npo-
xopom 80. M3 3Toro BbiTekaeT KO3PPpULUMEHT CONPOTUB-
nenns { = 59,7. PesynbTar:
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®opmyna ans pacyerta aasnexus/ Hanopa H

HGes = (ngo+ HA) : fp HA = HVL+ HVA
Mpumep pacueTa
ngs = HGeo + HVL + H&
Hy =R-1 Hy = Z
p-w?
H, =400 - 88 Z=3¢ 5 Pa
1034-1.92
H,, = 35 200 Pa 2=59.7- — 5 Pa
Z=111422Pa
Pesynbrar
ngs = (ngo + HVL + HVA) ' fp

H,.. = (0 + 35200 Pa + 111 422 Pa) - 1.36
H,., = 199 406 Pa

|/|CI'IOJ'Ib3yETC$I 67104HbIV Hacoc ¢ npon3BoOOUTENIbHOCTbIO
Q=38,46 M3/uH=199m.

COKPALLEHUE
1,16 yOenbHas TennoemkocTb [BT*u/kr*K]
Av pacyeTHasi pa3HOCTb TemnepaTyp
[K] 10-20 K gns cTaHOapTHbIX CUCTEM
Qi Tennosas Harpyska [KBT]
Ha noTepw gasneHns B cucteme B la
Heeo reoMeTpuyeckas pasHocTb Hanopa B [a
(1 m BogsHoro cton6a 10 000 Ma)
Hees NonHbIV Harop B Ma
Hy, notepwv gasnexus B Tpybonposofe B Ma
Hya noTepu gasneHuns B apmatype B [1a
R noTepwv gasneHus B Tpy6onposoge B Ma/m
L nnuHa Tpybonposopga
¢ conpoTuBreHue B Ma
p MAOTHOCTb pabouell cpedbl B Kr/m3
w? CKOPOCTb TeYeHns B M/c?
74 noteps faefieHNs B hacoHHbIX 3emeHTax B [1a

z CymMMa noTepb



62 Mpumepbl BbibOpa Hacoca A KOHTypa KOHpeHcaTopa

B maHHoM npumMepe Bbi6paH Hacoc Wilo-Crono-Bloc-BL 40/140-4/2.
KaBMTaLMIO MOXKHO UCKITIOUYNTD, TaK Kak UMEET MeCTO 3aKpbITbl KOHTYP. MeM6paHHbI pacLuMpUTeNbHbIN 6ak gon-
>KeH ObITb paccunTaH Ha 06 beMHoe paclumperve oT 2 o 5 %.

= n /
T 8f-r-— 4
g. 6 T~~~ /
E 4
[}
T 2
0 Al Tl
8 =
16
4 ¢138
2 4
0
8 1
6
4
2
0 4 8 1216202428 32 3640 44 48 52 56 60 64 68
Mopaua, Q [m3/u]
T o0
z 3 .
z 6 @ %
4 | ¢ 138
2
0 4 8 121620 2428 32 36 40 44 48 52 56 60 64 68

Mopava, Q [m3/u]

_——T | 9138

O NWE®EWU

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Mopaua, Q [m3/u]

MouwHocTb Ha Bany P,[kBT]  3ddektusHocTb[%]
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2
B
']
£
o
o
z
=

3AAAHHbIE PABOYUE NAPAMETPbI

Mopava

Hanop

Pabouas cpepna
TemnepaTtypa paboyen
cpefb

[MNoTHOCTb
KnHemaTtumyeckas
BSI3KOCTb

[aBneHue napa

38,46 M3/
19.9m
Antifrogen L (40 %)

27 °C
1,039 kr/om3

5,963 MM%/c
0,1 6ap

rMOPABITMYECKUE NMAPAMETPbI (PABOYAS TOYKA)

Mopava

Hanop

MoLHocTb Ha Bany P2
YacToTa BpalleHus
JonycTuMbIN
KaBUTALMOHHbIN
3anac (NPSH)
IOnameTp pabouero
Koneca

41,3 M3/4
23,1m

2,57 kBT
2000 06/MuH

3,67 m
138 mm



Pekynepaunsa Tenna 4yepes cuctemy
OTOMMNEeHNa 30aHNA U CUCTEMY NOJ0-
rpeea Bofbl

B cBs131 c 0060 3MMOCTOMKOCTbIO 060POTHOE OX-
naxpeHue mowHocTn 200 KBT ocyLlecTBnseTcs yepes
3aKpbITbi BalLeHHbIN 0xNaguTenb. B kayecTse cpencTsa
3aLMThl OT 3aMep3aHns ucnonb3lyetcs Antifrogen L B
cooTHoweHun 40 % Ha 60 % Boabl.

®opmyna ans pacyeta o6bemHoro pacxofa Vg

, Q

VPU - M3/“|
1.16-AS

Mpumep pacueta

. 200

V=" MM
1.16- 20

V,, = 8.62 M3/

MoTepun QaBneHMs pacCHMTbIBAOTCS C y4eTOM ONVHbI
Tpybonposofa 88 m, 14 KoneH 1 4 3anopHbIX KNanaHoB.
Tpy6onposop, BbinonHeH 13 Tpy6 MNBX ¢ ycnoBHbIM Npo-
xoA0om 80. 13 aToro BbiTekaeT KO3 PULMEHT CONPOTUB-
nenuns ¢ =59,7. PesynbTat:
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®opmyna ans pacyeta nasnexus/ Hanopa H

Hees = ngo+ H, H, =H,+H,
Mpumep pacueTa
Hyee = Hgeo + Hy + Hg
Hy, =R-I H,=12
p-w?
H, =160 36 Z=3( 7 Pa
977.7 - 0.982
H, =5760Pa Z=749 5 Pa
Z=35165Pa

Pesynbrar
ngs = ngo + HVL i HVA

He.. = (0 + 35200 Pa + 111 422 Pa) - 1.36
He., = 40 925 Pa

Ges

B Lenax MMHMMM3aunmM pacxo[oB Ha TeXHUYeckoe 06CJ'Iy—

XK1BaHMeE NCNosib3yeTcsda HAaCcoC C MOKPbIM POTOPOM C Mpons-

BOOUTENbHOCTHIO Q = 8,62 M3/M M H = 4,09 m.

COKPALLEHUE
1,16 yaenbHas TennoemkocTb [BT*u/kr*K]
Av pacyeTHas pasHoOCTb TemnepaTyp
[K] 10-20 K gns cTaHAapTHbIX CUCTEM
Qx Tennosas Harpyska [KBT]
Ha noTepu fasrieHnd B cucteme B Na
Hgeo reomeTpuyeckas pasHocTb Hanopa B l1a
(1 m BogsiHoro cron6a 10 000 Ma)
Hges nofiHbIV Hamop B Ma
Hu noTepu gasneHuns 8 Tpybonposopfe B a
Hya noTtepu aasneHuns B apmatype B [1a
R noTepu gasnexus B Tpyb6onposoae B Ma/m
L AOnvHa Tpybonposoaa
4 conpoTusneHue B la
p NAOTHOCTb paboueil cpeabl B Kr/m3
w2 CKOPOCTb TeYEHUS B m/c2
Z noTeps AasneHns B acoHHbIX 3nemMeHTax B a

D CymMMa rnoTtepb



64 MpuMepbl BbIBOpa Hacoca AN KOHTYpa KoHAeHcaTopa

B maHHOM npumMepe BbibpaH Hacoc Wilo-TOP-S 50/4 3-PN 6/10.
KaBMTaLMio MOXKHO MCKIIOUYUTb, TaK Kak MMEeeT MecTO 3aKpbITblil KOHTYP. B Liensx 6€30MacHOCTM KOHTYpP KOHAEHCaTo-
pa [osKeH 6bITh OCHALLEH COBCTBEHHbBIM NPeAOXPaHNTEMbHBIM KNanaHOM 1 MeMBPaHHbIM pacLUMpUTeNbHbIM 6akoM,

paccyMTaHHbIM Ha 06 beMHOe paclumpenune oT 2 0o 5 %.

5,0 [

4,5 B

4,0

3,5 \[ \
3,0 / N N

s TA AN
/

Hanop, H [m]

2,0
15 N
1,0 2
0,5 /
0 5 10 15 20 25 30
Mopaua, Q [m3/u]

BHUMAHMUE!

Mpu pa6oTaloLei XxoNoAUNbLHOW MallMHe HAacoC AONXKeH
NOCTOSIHHO NepeKaynBaTb Tpebyemoe KONUYECTBO XU~
KOCTU. 3TO MOXKHO 06ecneyunTb 3a cHeT rMapaBAM4ecKoro
paspenuTens, Tennoo6MeHHUKA, MepenyCcKHbIX KNanaHoB
wunu 6Gannacos.

MapameTpbl cMcTeM oxnaXkaeHns 06o0poTHoM Boab! (c
CO6CTBEHHbIM HACOCOM) PacCHUTBLIBAIOTCS MO NPUBEAEH-
HOU Bbiwwe cxeme. Mpy no6aBneHnn cpeAcTB 3aLWUThbI

OT 3aMep3aHns PeKOMEHAYEeTCsl pa3fenuTb CUCTEMBI C
NOMOLLbIO TeNnoo6MeHHUKa.

3A0AHHbIE PABOYUE MAPAMETPbI

[Mopgava

Hanop

Pabouas cpepa
TemnepaTtypa paboyen
cpenbl

MnoTHOCTb
KnHemaTtnueckas
BSA3KOCTb

[asnexue napa

8,62 M3/4
4,09 m
Boaa

70°C
0,9777 kr/om3
0,4084 mm%/c

0,3121 6ap

rMAOPABNUYECKUE MAPAMETPbI (PABOYAS TOYKA)

Mopauva

Hanop
MoTpebnsemas
MOLLHOCTb P1
YacToTa BpalleHus

8,88 M3/4
4,3 m

0,295 kBT
2600 06/MuH




CucTtema c 3eMnsgHbIM KOJINMEKTOPOM

B Lensax 3awmnTbl OT 3amMep3aHuns cMcTema 3anosHeHa
BOLOHO-TNMKONeBoM cMeckto (40 % Antifrogen N v 60 %
Boabl). O6bEM LMPKYNALMM ONpenenaeTcs Creayowmm
obpasom:

®opmyna ansa pacyeta o6beMHoro pacxona V3y,

, Q

Vey = e M3/"l
0.97 - AS

Mpumep pacueta

. 200

Voy=————— MM
0.97-6

Vo = 34.29 M3/4

3a[aHHbIN HAanNop Hacoca onpegenseTca napameTpamm
Tpyb6onposoga. Tpybonposop BbinosiHeH u3 Tpy6 MBX

C ycnoBHbIM NpoxofoMm 125. 3HayeHue R cocTasnseT

50 Ma/m npu ckopocTu Tedennsa npum. 0,8 m/c. C yueTom
MMEOLLLENCA apMaTypbl U KOJeH, @ Tak>Ke COMpoTuB-
NeHnst B KOHOeHcaTope B CyMMe 8 KOMeH M 2 3aMopHbIX
KnanaHa gatoT 3HaveHve € 109,63. K aTomy cnegyeT
npnbaBnTb Takke 20 kla Ha KONMMEKTOP M y4ecTb Av-
HyTpybonposoga 75 m.
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®opmyna ans pacverta aasnexus/ Hanopa H

He.e = (H

Ges + HA) : fp HA = HVL+ HVA

geo

Mpumep pacueTa

ngs = (HGeo + HVL + HVA) : fp

H, =R-I H,, = Z + collector resistance
p-w?
H, =50-75 Z=7%¢ 5 Pa
1070-0.82
H,, =3750Pa Z=109.63- B E—
Z=37537Pa
Pesynbrar

= (Hye, + Hy + Hy) - f,

ngs
H,. = (0 +3750Pa+ 57 537 Pa) - 1.47
H,. = 90 092 Pa

Pa

PekomeHOyeTca ncnonb3oBaTh HAacoc ¢ npon3BoOOUTENIbHO-

cTbio Q = 34,29 M3/MuH = 9,0 m.

COKPALLEHUE

1,16 yOenbHas TennoemMkocTs [BT*u/kr*K]

Av pacuyeTHas pasHOCTb TemnepaTyp

[K] 10-20 K gns cTaHAapTHbIX CUCTEM

Qn Tennosas Harpyska [KBT]

Ha noTepw gasneHns B cucteme B la

Hageo reoMeTpuyeckas pasHocTb Hanopa B Ma
(1 m BogsHoro ctonba 10 000 Ma)

Hees NosHbIN Hanop B lNa

Hu noTepw oasneHus B Tpy6onposope B Ma

Hya noTepwn gasneHuns B apmatype B [1a

noTepu paenexus B Tpy6onposoge B Ma/m

L AnviHa Tpybonposofda

¢ conpoTusrnexuve B la

p NNOTHOCTbL paboueli cpeabl B Kr/m3

w? CKOPOCTb TeYeHMs B M/c?

z noTeps AaBfieHNs B hacoHHbIX 3iemeHTax B la

2 CymMMa noTepb



66 Mpumepbl BbibOpa Hacoca A KOHTypa KOHpeHcaTopa

B maHHOM npumepe Bbi6paH Hacoc Wilo-Crono-Line-IL 65/170-1,5/4.

KaBMTaLmMio MOXKHO MCKITIOUMTh, TaK Kak UMEET MeCTO 3aKpbITbill KOHTYP. B Lensx 6e30MacHOCTH KOHTYP KOHGeHcaTo-
pa BOJKeH 6bITb OCHaLLEH COBCTBEHHbIM MPEAOXPaHNTENbHBIM KNanaHoM U MeMBPaHHbIM PacLUMpUTENbHBIM 6aKOM,
paccynTaHHbIM Ha 06 beMHoe paclumnpermne oT 5 0o 7 %.

E 12 4 3AAAHHbIE PABOYUE NMAPAMETPbDI
Fy i;——-—\\ \ V4 Mogaua 34,29 M3/
5 ~./ Hanop 9m
E 7 = Pa6ouasi cpena Antifrogen N (40 %)
7 RNy TemnepaTypa paboueit
6 Fi 9173 cpenbl 10°C
. MNoTHOCTb 1,073 kr/om3
& KnHemaTtnyeckas
2 B BSI3KOCTb 4,507 mm2/c
| [asneHune napa 0,1 6ap
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Mopaua, Q [m3/u]
r'MAPABJIMMECKUE MAPAMETPbI (PABOYAS TOYKA)

Mopaya 34,7 M3/4
Hanop 9,22 m
MoLyHocTb Ha Bany P2 1,31 kBt
YacToTa BpalieHus 1450 06/MuH

Honyctumblii

KaBUTaLMOHHbIN

3anac (NPSH) 2,39m
IOnameTp paboyero 173 mm
Koneca




Cncrema c 3a3emMnaioLWUM CTEPIXKHEM

PacyeTHble MOTEPW Hanopa B 3aKPbITOM KOHTYpe cucte-
Mbl Ha OCHOBE 333eMJISHOLLMX CTEPXKHEN COCTABNSIOT

3,1 m. K 3Tomy cnepyeT npubaBuTb Tak>Ke Hamop Ha
KoHgeHcaTop (2 m). Hacoc gonykeH obecrneunBaTb MUHN-
MasbHbI Hanop 5,1 m.

B Lensax 3awmnTbl OT 3amMep3aHns cMcTema 3arnosnHeHa
BOLHO-TNMKoNeBon cMeckto (40% Tyfocor L 60 %
Boabl). O6bEM LMPKYNALMM ONpenenaeTcs CrleayoLwmm
obpazom:

®opmyna ansa pacyeta o6beMHoro pacxona V3y,

. Q

VPU - Ms/"‘
1.01-A8

Mpumep pacueta

. 200

Vo= MM
101-4

Ve, = 49.32 M3/4

PekoMeHAyeTCcs UCNOMb30BaTh HACOC C MPOM3BOAMUTENb-
HOCTbIO Q = 49,32 M3/ H=5,1m.

COKPALLEHUE

0,97 yOenbHas TennoemMkocTsb [BT*u/kr*K]
AS pacyeTHas pa3sHOCTb TemnepaTtyp

K] 2-6 K ans cTaHgapTHbIX CUCTEM

Qu Tennosas Harpy3ska [kBT]
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B naHHoM npumepe BbibpaH Hacoc Wilo-Crono-Bloc- BL
80/150-1,5/4.

KaBnTaLMIO MOXKHO MCKMIOUYNTb, TaK Kak MMeeT MecTO 3aKpbl-
ThbI KOHTYp. B Lensx 6e30nacHOCTM KOHTYp KOHAEeHcaTopa
OosKeH 6bITb OCHaLLeH COBCTBEHHbIM NMPeAoXPaHNTENbHbIM
KnanaHom 1 MeMbpaHHbIM paclunpuTenbHbiM 6akom, paccum-
TaHHbIM Ha 06beMHoe paclumnpenune oT 500 7 %.

Hanop, H [m]
(=)}
A Y
Ay
A}
7L

s /1

1 v

=1
0 10 20 30 40 50 60 70 80 90 100110 120 130

Mopaua, Q [m3/u]

3AAAHHbIE PABOYUE NMAPAMETPbDI
Mogava 49,32 M3/

Harnop 51m

Pabouas cpega  Tyfocor L (40 %)
TemnepaTypa pabouyen

cpenbl 10°C
MnoTHOCTL 1,045 kr/om3
KnHemaTunyeckas

BSI3KOCTb 6,604 MM2/s

HasneHune napa 0,1 6ap

rMAPABITMYECKME MAPAMETPbI (PABOYAS TOYKA)

Mopaua 52,6 M3/4
Hanop 5,78 m
MowHocTb Ha Bany P2 1,41 kBT
YacToTa BpaLleHus! 1450 06/MuH

JonycTuMbIN

KaBUTALMOHHbIN

3anac (NPSH) 2,54 M
OunameTp pabouero 144 mm
Koneca
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NMPUMEPbI BbIBOPA HACOCA 19
KOHTYPA XOJIOOAHOU BObl

PerynmpOBaHme nogayuy C NOMOLLBbHO NMPOXOOHbIX K1dNMnaHOB

PerynupoBaHue nofa4un ¢ NOMOLLbIO NPOXOAHbIX
KNanaHoB U U3MEHEHUSI MOLLLHOCTU Hacoca

N
= 65kW
6'C
37kW
O {
125 kW
Ly |
FLE

O61bem onpepenseTcs cregyoLwmnm o6pasom:

®opmyna ans pacyeta o6bLemHoro pacxona Vpy

Vo = L Ma/“'

1.16 - AS
COKPALLUEHUE
1,16 yOenbHas TennoemkocTb [BT*u/kr*K]
AS pacyeTHas pasHOCTb TemnepaTyp
[K] 10-20 K gns cTaHOapTHbIX CUCTEM
Qi Tennosas Harpyska [kBT]

Mpumep pacueTa

, 227
Voy=—""—" MM
1.16-6

V,, = 32.61 M3/

MoTepu nasneHns B cucteme (4,65 M) B KavecTse

MaKCMMarnbHoro Hanopa Hacoca 6epyTcs U3 pacyeTos
ons cetv Tpy6onpoBonos. C y4eTOM OCHOBHbIX MOTEPb

0aBneHns 3 M B OTAENbHOM KOHTYpEe I'IOTpeﬁMTe.FIﬂ

pekoMeHOyeTCcda NCnonb3oBaTb HACOC C ¢)YHKLI,VIEVI no-

CTOSIHHOTO PEerynmnpoBaHus OaBrneHus.
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3ANAHHbIE PABOYUE NAPAMETPbDI

Mogpaua 32,61 M3/
Hanop 4,65 m
Pabouas cpena Boda
Temnepatypa paboyen

cpenbl 6°C
MnoTHoCTb 0,9999 kr/om?
KnHemaTtunyeckas

BSI3KOCTb 1,474 mm2/c
HasneHue napa 0,1 6ap

rMAPABNUYECKUE NAPAMETPbI (PABOYAS TOYKA)

Momayva 32,6 M3/
Hanop 4,65 m
MoTpebnsemas 0,699 kBT

MOLLHOCTb P1



B maHHOM npumepe BbibpaH Hacoc Wilo-Stratos 65/1-12
PN 6/10. 3TOT Hacoc NpakTuYecku He TpebyeT TexHW-
4yeckoro o6cny>KMBaHMs U OTNINYAETCA HU3KUM dHEp-
ronoTpebneHnem. B Lensax 3anTbl 0T KOPPO3UK NOA,
BO3/[eNCTBMEM KOHAEeHCaTa HacoC OCHALLEeH CMCTemMom
Wilo-ClimaForm.

[na npenoTBpaLleHns "cyxoro” xofa cuctema nocTosH-
HO KOHTPONMUPYET, OTKPbITbI X perynupyoLune Knana-
Hbl, M, eCNN KNanaHbl 3aKpbITbl, OTKOYaeT Hacoc. Ecnu
3TO HEBO3MOXKHO, K MPUMEpY, MPU CANLLKOM 60MbLLOM
paccTosHWMM 0,0 pacnpefenuTensHoro Tpybonposoaa,

; ?(JJL Oon
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/0503
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cnepyeT obecrneynTb Ha KOHLAX pacnpedennTenbHoro
Tpy6onposoaa nepenyck 10 % (cM. KOpOTKUI OTpe3oK
Ha 6rIoK-cxeme).

BHUMaHMe: 1N 3TOro Hacoc JomkeH uMeTb 60nbLUytO
MOLLIHOCTb!

KaBuTaumio MOXKHO UCKNOYNTb, TaK Kak MMeeT Me-
CTO 3aKpbITbI KOHTYP. B Lensax 6e30nacHoCTY KOHTYp
ncnapuTens gomkeH 6biTb OCHaLLeH CO6CTBEHHbIM
npefoXpaHNTeNbHbIM KNanaHoM 1 MeMbpaHHbIM pac-
LWMpUTENbHBLIM 6AKOM, pacCUMTaHHbIM Ha 06beMHOE
pacwmpenve ot 5 0o 7 %.



70 MpuMepbl BbIBOpPa Hacoca AN KOHTYpa XONOAHOW BOAbI

PerynMpOBaHme nonayn C NOMOLbKO paCnpenennTenibHOro KrdriaHd

PerynupoBaHue nofauu ¢ NoMoLLbio pacnpeaenuTesnbHbIX

KranaHoB U UBMEeHEeHUA MOLWHOCTU HacocCa

—

> 55 kW
18°C
45kW
O {

125 kW

L Ly |

23°C

Onsg nopgpep>kaHus TeMnepaTypbl Ha perynupye-
MOM y4acTKe noTpebuTenen ncnonb3yeTcs cxema
perynvpoBaHus Nobavun ¢ NOMOLLbIO pacnpegenu-
TenNbHbIX KNnanaHos. Mpy MUHUMarbHONM Harpy3ke
Hacocy TpebyeTtca nogayva 10 % B paboyet Touke,
KoTopas obecneynBaeTcs 3a CHeT APOCCENbHbIX
KNanaHoB UMW perynaTopa pacxoaa, yCTaHOBMEeH-
HOro B NnogmelunsatoLlem Tpybonposoge.

O6bem onpepenseTtca cnegytownum obpasom:

®opmyna ans pacyeta o6bemHoro pacxona Vpy

Q

Vo = ———— M3/

1.16 - AS
COKPALUEHUE
1,16 yOenbHas TennoemkocTb [BT*u/kr*K]
AS pacuyeTHas pasHoCTb TemMnepaTyp
[K] 10-20 K ons cTaH@apTHbIX CUCTEM
Qx Tennosas Harpy3ka [KBT]

Mpumep pacuyeTa

, 227
Voy=————— MM
1.16-5

V,, = 38.79 M3/4

Tak Kak Ha NyTu K noTpebutensm paboyen cpene
NPUXOANTCSA MpeofoneBaTh AMMHHBINA y4acToK Tpy6o-
NpoBO/Aa, MO>KHO MCMOMb30BaTb HACOC CO cnocobom
perynupoBaHus Ap-v. OT obLero Hanopa Hacoca 8,2 M
B KOHTYpe NoTpebuTens Ncnonb3yeTcs BCero 4 m.
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3AAAHHbBIE PABOYUE MAPAMETPDI

Momaya 38,79 M3/u
Hanop 8,2m
Pabouas cpena Boda
TemnepaTypa 18°C
paboueli cpenbl

MAoTHOCTb 0,9966 kr/om3
KvHeMaTuyeckas 1,053 mm?/c
BSI3KOCTb

[asneHue napa 0,1 6ap

rMAPABMUYECKUE NAPAMETPbI (PABOYAS TOUYKA)

Momaya 38,8 M3/4
Harnop 8,2m
MoTpebnsemas 1,34 kBT

MoLLHOCTb P1
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C y4eTOM HM3KMX PaCXOA0B Ha 3KCMNyaTaLMIO M TeXHUYeCcKoe 06CNy>KMBaHWe CaMbiM OMTHMManbHbIM BapuaHTom bynet
Wilo-Stratos 80/1-12. KpuBas 3agaHHbIX 3HaUYeHWIA, yCTaHaBAMBaeEMas B pexKiMe perynnpoBaHus, NpoXoauT mexay 8,6 m
(Makc. yactoTa BpaleHus) u 4,3 M (MUH. perynupyemas 4acToTa BpalleHus). braronaps 3ToMy Npyi NPaBUIbHO YCTaHOB-
JIeHHbIX NapamMmeTpax nepenycka B pacnpenenvTenbHbll KOHTYP B Liensix NoAaep>KaHns TemnepaTypbl rapaHTUPOBaHHO
nonaget makcumym 10 % oT pacyeTHoro obbema.

KaBnTaumIo MOXKHO UCKMIOUNTb, Tak Kak MMeeT MecTO 3aKpbITbI KOHTYP. B Lensx 6e3onacHoCTV KOHTYp ucnapuTtens Aon-
>KeH ObITb OCHaLLeH COBCTBEHHBIM NPefOXPAHNTENbHBIM KNanaHoM Y MeMOPaHHbIM pacLUMpUTenbHbIM 6aKOM, paccunTaH-
HbIM Ha 06beMHOe paclmnpermne oT 5 o 7 %.



72 MpuMepbl BbIBOpPa Hacoca AN KOHTYpa XONOAHOW BOAbI

Cxema nogmelumBaHmnsa gns perynmpoBaHnda TemMrnepaTtypbl

Cxema nogMeLIMBaHUSA C MOMOLLbIO TpexxoaoBbix
KnanaHoB U UBMeHEeHUA MOLWHOCTU HacocCa

=

()
> 250 kW
18°C ()
75kW
M— ' (@)
450 kW
22°C

o
[ng nopgaoep>xaHns TemnepaTypbl Ha perynvpye-
MOM y4acTKe noTpebuTenen NCNonb3yeTcs cxema
perynmpoBaHus Nogayv ¢ NoMoLLbto pacnpenenm-
TeNbHbIX KNanaHoB. MNpy MUHUManbHOM Harpyske
Hacocy TpebyeTtca nogayva 10 % B paboyeit Touke,
KoTopas obecneunBaeTcs 3a CHET APOCCENbHbIX
KnanaHoB UMM perynaTopa pacxona, yCTaHOBMEeH-
Horo B nogmeLumBatoLLem Tpybonposoge.
O6bem onpepenseTcsa cnegyowmnm obpasom::

®dopmyna anga pacyeta o6bemHoro pacxopa Vpy

Vo = o M3/

1.03- A9
COKPALUEHUE
1,03 yOenbHas TennoemkocTb [BT*u/kr*K]
AS pacueTHas pasHoCTb TemnepaTyp
[K] 10-20 K ons cTaHOapTHBIX CUCTEM
Qx Tennosas Harpy3ka [KBT]

Mpumep pacuyeTa

. 775
Voy=———— MM
1.03- 4

V,, = 188.11 m3/u

Hanop Hacoca (16,5 M) 6epeTcs U3 pacyeToB ANs ceTu
Tpy6onpoBoa0B.B Lensx 3aLmTbl OT 3aMmep3aHus
cucTema paboTaeT Ha cmeck Boabl u Tyfocor (40 %

Ha 60%). Ans obecrneyeHns cTabunbHOro OencTeus

KnanaHoB Ha perynatopbl notTpebutenei TpebyeTcs
MOCTOSHHBIN Nepenag OaBneHns B Hacoce. Bmecto
nepenyckHOro KnanaHa unu perynstopa nepenaga
nasneHus 6e3 BCnomMoraTenlbHOWM 3HEprum Npu pacyeTe
6naronpusTHbIX C TOYKMN 3peHns sHepronoTpebneHus
pabounx napameTpoB BO BHUMAHME MPUHUMAETCS
TOMbKO perynvMpyembiii Hacoc.
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3AAAHHbIE PABOYUE MAPAMETPDI

Mogaya 188,1 M3/u
Hanop 16,5m
Pabouas cpena Tyfocor (40 %)
TemnepaTtypa 18°C

pabouen cpefpbl

MnoTHOCTb 1,061 kr/om3
KnHemaTuyeckas BS3KOCTb 4,14 MM2/c
[asneHune napa 1 6ap
r'MAPABJTMYECKUE NMAPAMETPbI (PABOYAS TOYKA)
Mopaya 188 mM3/u
Hanop 16,5m
MoTpebnsemas 13,1 kBt
MOLLHOCTb P1

JonycTuMbIn 6,58 M
KaBUTALMOHHbIN 3anac

(NPSH)

OunameTp paboyero koneca 0 mm
MuHMManbHbIM 06beMHbIN pacxog 20 M3/u npum
Ap=16,5m
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[ns ucnonssyemont mogenu Wilo-CronoLine-IL-E 100/8-33 BF R1 TpebyeTcst MUHUManbHas umpkynsumsa 20 M3/,
KoTopas obecneynBaeTcs 3a cHeT nepenyckHbIx y4acTkos.Ecnv 6onee 90 % perynatopos noTpebuTenen oTKpbITbI U
yCTaHOBJIEeHbI B MONOXXeHMe MOAMELUVBAHMS, 31eKTPOMOTOP OTKPbIBAET MepenyCckHble KanaHbl € Liefbto 3anTbl Hacoca.
KaBMTaLMIO MOXKHO UCKIIOUYNTD, Tak Kak MMEET MeCTO 3aKpbITbl KOHTYP. B Lensax 6e3onacHoCcT KOHTYp ucnaputens
OomKeH 6bITb OCHaLLeH COBCTBEHHbIM NMPeAOXPaHNTENbHbIM KanaHoM U MeMbpaHHbIM paclUuMpUTenbHbIM 6akom,
paccynTaHHbIM Ha 06beMHoe paclumpeHmne oT 5 8o 7 %.



74

NMPUMEPDBI BbIBOPA HACOCA
ANd KOHTYPA UCNAPUTENA

KoHTyp ncnaputens ¢ NOCTOSHHbIM 06 bEMHbIM Pacxo4oMm

PacueTHble MoTepu Hanopa B KOHTYpe UcrnapuTens
coctasnstoT 13,1 M. K aToMy criegyeT npmbaBnTb Takxke

Hanop Ha ucnapuTens (5 m). Hacoc monxxeH obecrne4ynsath

MWHMManbHbI Hanop 18,1 m.

PacnpepenuTtenbHas cxema B KOHType ucnapurens
nepen norpebutensmm

hot

KondeHcamop  Wcnapumens

06bem LUMpKyN[LuUy onpenenseTcs ciefyoLwmm
obpazom:

®opmyna ans pacyeta o6bemHoro pacxoaa Vpy

Veoy = L Ms/“'

1.16 - AS
COKPALLEHUE
1,16 yaenbHas TennoemkocTb [BT*u/kr*K]
AY pacueTHas pasHOCTb TemnepaTyp
K] 10-20 K gis cTaHOapTHbIX CUCTEM
Qu Tennosas Harpyska [KBT]

Mpumep pacueTa
200

V=" MM
1.16-6

Vo, = 28.74 M3 /4

PekoMeHAYyeTCs MCMOMb30BaTh HACOC C MPOM3BOOM-
TenbHOCTb0 Q = 28,74 M3/M M H = 18,1 m.

B paHHOM npumepe BbibpaH Hacoc Wilo-Crono-Line- IL
50/260-3/4.

KaB1TaLMIO MOXKHO UCKITHOYNTD, TaK Kak UMeeT Me-
CTO 3aKpbITbIN KOHTYP. B Lensx 6e30nacHOCTU KOHTYpP
ncnapuTens [onmkeH 6biTb OCHALLEH COOCTBEHHbIM
npenoxpaHUTenNbHbIM KNanaHoM 1 MeMbpaHHbIM pac-
LIMPUTENbHbIM 6aKOM, paccyMTaHHbIM Ha 06 bemMHOe
pacwupeHue ot 5 go 7%.

= 30
=
& 25
20
15 74
/ \¢255
10 7

e

0 5 10 15 20 25 30 35 40 45
Mopaua, Q [m3/u]

3AAHHbIE PABOYUE NMAPAMETPbI

Mopgaua 28,74 M3/M
Harop 18,1m
Pabouas cpena Bofda
TemnepaTypa 16°C
paboyen cpenbl

MAoTHOCTb 0,9989 kr/om3
KuHemaTuyeckas 1,11 mm2/c
BSA3KOCTb

[asneHune napa 0,1 6ap

rMAPABNUYECKUE MAPAMETPbI (PABOYAS TOYKA)

Mopaya 29 M3/
Harnop 18,4 m
MowHocTb Ha Bany P2 2,66 kBT
YacToTa BpaLleHus 1450 06/MuH
JonycTuMbIn 2,56 m
KaBMTaLMOHHbIN 3anac

(NPSH)

OunameTp paboyero koneca 255 mm



MopaBnuyeckuii pasbeguHUTENb B
KOHTYype ncnapurens

PacueTHble MOTepu Hanopa B KOHTYpe 1cna putens
BK/IOYasA ’MAPaBANYECKMI pa3bednHNTeNb COCTaBAAIOT
5,85 M. Hacoc gomkeH obecrneunsaTb MUHUMAIbHbIN
Harnop 5,85 M. 06beM LMpKynaumm onpegensercs cne-

. Q

Voy = — M3/“|
1.16 - AS

, 223

Voy=——— Ms/"'
1.16-6

V,, = 48.1 M3/4

gyowmm obpasom:

®opmyna ans pacyeta o6bemHoro pacxona Vpy
Mpumep pacueta

PekomeHayeTcs MCNOMb30BaTb Hacoc ¢
Npov3BOAUTENbHOCTLIO Q = 43,1 M3/4 M H=5,85m.

COKPALLEHUE

0,97 yOenbHas TennoemMkocTs [BT*u/kr*K]
AS pacyeTHas pasHoCTb TeMnepaTyp

[K] 2-6 K ans cTaHOapTHbIX CUCTEM

Qu Tennosas Harpy3ska [kBT]

75

TMpopaBnuueckui pasbeAuHUTENb B KOHTYpe
ucnapuTens

KoHoeHcamop  Uicnapumerns

B Lensax MMHMMM3auUMmM PaCXOF0B Ha IKCNyaTaLumio 1
TexHu4eckoe 06Cny>KMBaHUe NCMOMNb3YeTCs HAacocC €
MOKpbiM poTopoM Wilo-Stratos 80/1-12. MpenmyLiecTso
COCTOWT B TOM, YTO B 3TOM C/ly4ae KOHTYp Hacoca He
OOJKeH 6bITb OCHALLLEH perynupyoLmMmM KnanaHom s
TOYHOM YCTaHOBKM pabouen Toukun. Paboyas Touka ycta-
HaBMMBAETCSA C MOMOLLbIO 3aaTHMKa 3Ha4eHNI Hacoca.
KaBUTaLmMIO MOXKHO MCKMIOUYNTD, TaK Kak UMeeT Me-

CTO 3aKPbITbIN KOHTYP. B Lilensix 6e30nacHOCTN KOHTYP
ncnapuTens AoS>KeH 6biTb OCHALLLeH COOCTBEHHbIM
NpeaoXpaHnUTebHbIM KnanaHom 1 MeMbpaHHbIM pac-
LIMPUTENbHBIM 6aKOM, paccyMTaHHbIM Ha 06 beMHOe
pacwmpeHue ot 5 go 7 %.
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3AAHHbIE PABOYUE NAPAMETPbI

Mogaua 48,1 M3/
Hanop 5,85m
Pabouas cpepa BOMa
Temnepatypa paboyen cpeabl 16°C
MAoTHOCTb 0,9989 kr/om3
KnHemaTunuyeckast BA3KOCTb 1,11 mm%/c
HasneHue napa 0,1 6ap

rMAPABNUYECKUE MAPAMETPbI (PABOYAS TOYKA)

Mopaua 48,1 M3/
Hanop 5,85m
MoTpebnsemas mowHocTb P1 1,37 kBT



76 Mpumepbl BbibOpa Hacoca Ans KOHTypa ucnaputens

CxemMa nogMeLlnBaHUS 05 perynpoBaHms TemnepaTtypbl

Onsa obecneveHuns hyHKUMOHUPOBAHMS CUCTEMBI Ka-
YyecTBe paboyen cpedbl MCNOMb3YETCA CMECh BOAbI U

Antifrogen L (40 % Ha 60 %). O6beMHbINA pacxop, onpe-

pendgetcd cnegyowmm o6pa30M:

dopmyna ans pacyeta o6beMHoro pacxopa Vpy

Voy=—————— MM
1.02- 19

Mpumep pacueTa
. 100
VPU s — Ma/“I

1.02-3

V,, = 32.68 M3/

COKPALLEHUE

1,16 yOenbHas TennoemkocTb [BT*u/kr*K]
AY pacuyeTHas pasHOCTb TemnepaTyp

[K] 10-20 K gns cTaH@apTHbIX CUCTEM
Qn Tennosas Harpyska [KBT]

MoTepu Hanopa B cucTeme (9 M) BepyTcs U3 Npumepa pac-
ueToB. MpeaBapuTenbHbIe TEXHNYECKME XapaKTepUCTUKM
HaCcoCa MOXKHO PaccumMTaTh C MOMOLLbIO CMEAYHOLLMX LUAroB.

War 1:

(15.41)*°
B =2.80- (32.68)°" - (o)™ 3.49
LWar 2:

CQ - CH - (2.71)—0.165-“09 3.u9)3-:; 0.98

War 3:
32.68
Q, = ——— =33.48 M3/
0.976
9
Hy= ——— =9.22M3M
0.98

Pe>Xum aKKyMynmpoBaHUs nbaa ¢ MowHocTbio 100 KBT u Temnepartypoi paboyen cpeabl —4° C
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LWar 4:

Wilo-Stratos 80/1-12 B pe>kume aKKyMynupoBaHUsi
nbAa ¢ MowHocTbio 100 KBT
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Mopaua, Q [m3/u]

3AOAHHbIE PABOYUE MAPAMETPDI

Mopaya 33,48 M3/u
Hanop 9,22 m
Pabouas cpena BoAa
TemnepaTtypa pabouyelt cpefpbl 20°C
MAoTHOCTb 0,9982 kr/om?
KnHemaTunyeckas BI3KOCTb 1,001 mm%/c
[asneHune napa 0,1 6ap

rMAPABNUYECKUE MAPAMETPbI (PABOYAS TOUYKA)

Mopaua 33,5 M3/
Harop 9,22 m
MoTpebnsemas mowwHocTb P1 1,34 kBT
[asneHune napa 0,1 6ap

OAHHbIE MOTOPA

HomMunHanbHas MoLHOCTb P2 1,3 kBT
MoTpebnsemas mowHocTb P1 1,57 kBT
HomunHanbHasa yacToTa BpaweHus 3300 06/MUH
HomunHanbHoe Hanpsi>keHue 11,34 kBT~230B, 50 'y
Makc. noTpebnsiembit Tok 6,8 A

CTeneHb 3aLLNThI IP 44

77

Lar 5:

C =3 49—(040510%34490'59) - 0.85
n : '

n=0.85-0.66=0.56

Llar 6:

33.48-9.22-1.053
Pvis = =] 158 kW
367-0.56

Paboune napameTpbl ncnonbzyemon mogenm Wilo-
Stratos 80/1-12 paccyYnTaHbl HAa OCHOBE ee NpefenbHON
NPON3BOACTBEHHOM MOLLHOCTU. YMeHbLUeHMe paboyel
TemnepaTypbl 00 -4°C HeBO3MOXXHO. ONTUManbHbIM
ABNAETCA pexkKnm aKcnnyataumm npu -3 °C npu npoumx
PaBHbIX MCXOAHbIX OaHHbIX.

KaBnTaLmMIo MOXKHO UCKITOUNTD, TaK Kak UMeeT Me-
CTO 3aKpbITbIA KOHTYP. B uensax 6e3onacHoCTV KOHTYpP
ncnapuTens fonkeH 6biTb OCHALLEH COOCTBEHHbIM
npenoxpaHnTenbHbIM KnanaHoM 1 MmeMbpaHHbIM pac-
LUMPUTENbHBIM 6aKOM, pacCiMTaHHbIM Ha 06 beMHOE
pacwwupenuve ot 5 go 7 %.
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KOHTYp McnapuTens ¢ nepeMeHHbIM 06 EMHbIM PacxonoMm

rMapaBnuYeckui pasbeAuHUTENDb B KOHTYpe
McnapuTens ¢ peryfimupoBaHMeM TeMneparypbi
LIMPKYNSAILMOHHOTO Hacoca

PacuyeTHble noTepu Hamopa B KOHType ncnaputens
BKJItOYas rMOpaBnyecknin pasbequUHUTENb COCTaB-
natoT 5,85 M. Hacoc gonxxeH obecneymBaTb MUHU-
ManbHbIN Harnop 5,85 M. 3a cyeT cTyneHyaToro pery-
JIMPOBAHUNS MOLLHOCTM UCMAPUTENS ero NponyckHas
CNnocobHOCTb MOXKET U3MEHATbCS B Anana3oHe oT 30 %
00 100%.

rmpapaBnuyeckuit pasbeAMHUTENDb B KOHTYpe
ucnapuTens c peryfiMpoBaHMeM TemMnepaTypbl

LIMPKYNSILMOHHOTO HAacoca

o
KondeHcamop Mcnapumens

O6bem LUMpKyNSUMM onpenenseTcs cenyoLlmm
obpazom:

®opmyna ans pacyeta o6bemHoro pacxona Vpy

, Q

VPU = : Ms/“'
1.16-AS

Mpumep pacueTa

. 200

V=" MM
1.16-4

V,, = 43.1 M3/

COKPALLEHUE

1,16 yOenbHas TennoemkocTb [BT*u/kr*K]
AS pacueTHas pasHOCTb TemnepaTyp

[K] 10-20 K gns cTaHOapTHbIX CUCTEM
Qu Tennosas Harpyska [KBT]

PekoMeHayeTCcs MCNOMb30BaTh HACOC C MPOU3BOAMUTENb-
HOoCTbO Q = 43,1 M3/ H = 5,85 m.
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Mogaua, Q [m3/u]

3ANAHHbIE PABOYUE MAPAMETPbI

Mogava 43,1 M3/4
Hanop 5,85m
Pabouas cpena BOMOa
TemnepaTtypa paboyei cpefbl 16 °C
MnoTHOCTb 0,9989 kr/om3
KnHemaTumyeckas BI3KOCTb 1,11 MMZ/C
[asneHune napa 0,1 6ap

r'MOPABJIMYECKUE MAPAMETPbI (PABOYAS TOYKA)

Mopava 48,1 M3/4
Hanop 5,85m
MoTpebnsemas MowHocTb P1 1,37 kBT

B Lensax MMHMMM3aumMm pacxofdoB Ha 3KCMyaTaumio n
TexHU4eckoe 06Cny>XKMBaHMe UCMOMb3yeTCs HAacocC C
MOKpbIM poTopoM Wilo-Stratos 80/1-12 ¢ mogynem
LON. MpenMyLLLecTBO COCTOUT B TOM, YTO B 3TOM CJly-
Yyae KOHTYp Hacoca He A0JIKeH ObiTb OCHALLLeH perynun-
PYIOLLMM KnanaHoM O TOYHOW yCTaHOBKK paboyen
ToYkK. Paboyas Touka yCTaHaBNUBAETCS C MOMOLLbIO
perynsTopa MalnHbl, Tpebyemoe 3HayeHne Ans Hacoca
33[aeTCs B COOTBETCTBUM C MOLLHOCTBIO OX1aXKAEHUS

1 TemnepaTtypon paboueit cpenbl. Kpome 3T0ro, Hacoc
MOXKeT paboTaTb B pexxume perynstopa. 3anaB TOUHYHO
4YacTOTY BpaLLEHMs, MOXKHO YCTaHOBUTb Ntobyto nogayy
B AManasoHe oT 20 M3/4 fo 48,1 M3/u. KaBUTaLMIO MOXKHO
NCKITIOYUTD, TaK KaK MMeeT MeCTO 3aKpbITbI KOHTYP. B
uensx 6e30MacHOCTN KOHTYP UCNapuTens QoMmKeH ObITb
OCHalLeH cobCTBEHHbIM NPefoXPaHNTENbHbBIM K1anaHoM
1 MeMOpaHHbIM pacLIMpUTeNbHbIM 6aKoM, paccymMTaH-
HbIM Ha 06 beMHoe paclumpeHune oT 5 0o 7 %.



PacnpemenuTenbHas cxema v nepemMeHHbIn 06 bem-
HbI pacxof B KOHTYpe ncnaputens. B obuiem KoH-
Type ucnaputens n notpebutenen nogaya MoxxeT
PerynvMpoBaTbCs B 3aBUCMMOCTHM OT CYLLLECTBYHOLLUX
TpeboBaHuit. MicnapuTenb MoXeT (PYHKLMOHMPOBA-
HUs Npu nogade ot 17,5 m3/M go 43,1 m3u. Conpo-
TUBIEHWe B pacnpedennTensHom Tpybonposofe
[,0 NMepBOro 0TBOAA BOCXOAsLLEN BeTBY (BK/touast
ucnaputens) coctasnsiet 9,0 M. Mpu NOAHOM MOLLL-
HOCTW N5 NOACOeANHEHNS BOCXOAALLMX BETBEN
(Bkntouas ncnaputens) Tpebyetca 3,0 M. B cBA3M €
pacTyLMM pacxofoM AaBMeHUS B YacTW reHepaTopa
TpebyeTtcs Hamop 4,48 M npn 06beMHOM pacxofne
17,3 M3/,

B naHHoM npumepe BbI6paH Hacoc Wilo-VeroLine-
IP-E 80/115-2,2/2. C NOMOLLbIO CUCTEMbI Perynm-
poBaHus, 060py00BaHHOM MO MeCTY 3KCnayaTaumm,
MO>XHO 3afaTb TpebyemMoe 3Ha4eHne Ons Hacoca,
afanTMpoBaHHOE K 3KCMyaTaUnoHHbIM TpeboBa-
HMAM. B KauyecTBe anbTepHaTUBbl MOXKHO OCHACTUTb
BOCXOAALLYIO BETBb — C MakCMManbHbIM PacxoA0oM
[aBNeHns B 4acTu reHepaTopa 1 ero NUTatoLLLero
Tpybonposoaa — AaTynKom nepenaga gasfexHus.
PerynnpoBo4Has xapakTepucTuka npefcrasneHa Ha
cocefiHeM pucyHke (KkpacHas).

Tpebyembit MMHUManbHbIN pacxof, 17,5 M3/4 obe-
cneymnBaeTCs 3a cHeT NpefBapuUTeNbHON YCTaHOBKM
3HaYeHUn obbeMa ons CxeM pacnpepeneHuns n
6arnacupoBaHms.

KaBMTaLMIO MOXKHO UCKIOUYNTB, Tak Kak MmeeT
MECTO 3aKPbITbIA KOHTYP. B Lensix 6e3onacHocTy
KOHTYp ncnaputens gofxeH 6biTb OCHaLLeH co6-
CTBEHHbIM MPefoXPaHUTENbHbBIM KNanaHoM 1 MemM-
6paHHbIM pacwnMpuTenbHbiM 6aKOM, paccUMTaHHbIM
Ha o6beMHoe pacwmperve oT 5 go 7 %.
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PacnpepenutenbHasi cxeMa v nepeMeHHbIn 06beMHbIN

pacxon B KOHType ucnapurtens

—ki—

L0

Ko+oeHcamop WUcnapumerns

3AAAHHbBIE PABOYUE MAPAMETPbI

[Mopava

Hanop

Pabouas cpena

TemnepaTtypa paboyew cpefbl
MnoTHOCTb

KnHemaTtunyeckas BS3KoCTb
[asneHue napa

43,1 M3/4
12m

BoOa

16 °C

0,9989 kr/om?
1,11 mm?/c
0,1 6ap

—

—

rMOPABNUYECKUE MAPAMETPbI (PABOYAS TOYKA)

Momava

Hanop

MolLLHOCTb Ha Bany P2
YacToTa BpaLyeHus
JonyCcTUMbIN KaBUTALMOHHbIN
3anac (NPSH)

OunameTp paboyero koneca

43,1 M3y
12m

KBT

2880 06/MuUH
1,99 m

115 mm

—
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PErYJIMPOBAHUE NMNOOA4YU B KOHTYPE UCINAPUTESISA
McnapuTenu, rmapaBnmyeckas cMcTema KoTopbix Kiova-
eT pacnpenefIMTeNbHbIM HACOC M HACOChl CMECUTENBHOTO
KOHTYPa, MOTYT MMeTb pasfvyHble MOKasaTenn pacxoaa.
YT06bl COXPAHUTb BbICOKYIO CMOCOBHOCTbL KOHTYpa K
perynmpoBaHuio, Npu onpegeneHHbIX yCNoBUSIX Tpe-
ByeTcs NOCTOsIHHBIVM 06BEMHbIV pacxof. bnarogaps
M3MepuUTenbHOM auadparMe v 0aTUMKY OaBleHUs HAacoC
MOXKeT NMOAAEep>KMBATh PAacXop Ha NOCTOSIHHOM YPOBHE B
npegenax CBOEro nofis xapakTepucTuk.

Mpn yMeHbLLIEHUN MOLLHOCTU OXNTaXKOeHUs (350 kBT)
TpebyeTcs 06bemHbIt pacxod 50 mM3/u. Ecniv Bce BTOpUY-
Hble KOHTYpPbl 3aKpbITbl, 3TOT 06EM TEYET Mo "KOpoT-
KO3aMKHYTOMY KOHTYpY". ECniv BCe BTOPUYHbIE KOHTYpbI
O0TBOOSAT XXNOKOCTb U3 MEPBUYHOTO KOHTYpPa, BO3HMKaeT
AOMONHUTENbHbIN Nepenag gaBfeHns 3 M. 3TO O3Hadvaer,
YTO HAaCcoCy MepBUYHOrO KOHTYPa Y>Ke He HY>KHO co3fa-
BaTb nepenapg gaenexusa 5,8 M, a Bcero 2,8 m.
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Mogaua, Q [m3/u]

3AAAHHbIE PABOYUE MAPAMETPDI

Mopgava 50 M3/4
Hanop 58m
Pabouas cpena BoAa
TemnepaTtypa paboyenn cpenbl 6°C
MAoTHOCTb 0,9989 kr/om3
KnHemaTmnyeckas BA3KOCTb 1,474 mm2/c
[aBneHune napa 0,1 6ap

rMOPABITUYECKUE MAPAMETPbI (PABOYAS TOUYKA)

Momava 50 M3/
Hanop 58m
MoTpebnsemas mowHocTb P1 1,45 kBt

KOHTYp ucnaputens c usmepurenbHoi amadgparmoi

BTOpUUHbIN KOHTYP

16°C

18°C

6°C

Wcnapumerb

|
__________ 1

MepBUYHBIA KOHTYP

12°C
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Mcnonbayemas mogens Wilo-Stratos 100/1-12 B cove- NPoOnNCXOAUT YyMeHblLeHWe [aBfeHns, a B BO3BPaTHOM
TaHum ¢ cuctemoint Wilo-CRn nopgaep>knBaet 06 beMHbIN TpybonpoBofe — yBenuyeHue. B pesynbTaTte 3T0ro
pacxop Ha MNOCTOSIHHOM ypoBHe (B pamkax perynmpy- obbem paboueit cpedbl, npoxofsLlen Yepes bannac-
emoit pasHocTu MUO-perynatopa). Mepenan nasne- HbI KNanaH, nagaeTt 0O Hyns.

HWS MOOAep>KMBAETCS HAa MOCTOSIHHOM YPOBHE 33 CHeT KaBuTaLMIO MOXKHO UCKIHOYNTD, TaK Kak UMeeT MecTo
N3MepuUTenbHON Anadparmbl; MOCTOSHHbIA 06 bEMHbIN 3aKPbITbIA KOHTYP. B Lensx 6e30macHOCTN KOHTYP
pacxopf ycTaHaBnvBaeTcs aBToMaTuyecku. banacHbi ncnapuTens Aof>KeH 6biTb OCHALLLeH COOCTBEHHbIM
KnanaH Aos>keH 6bITb OTperynnpoBaH Takum o6pasom, NpeAoXpaHUTENbHbIM KanaHom 1 MeMbpaHHbIM pac-
4TO6bI NPY NOMHOW YACTOTe BPaLLEeHNs Yepes Hero Npo- LIMPUTENbHBIM 6aKOM, pacciMTaHHbIM Ha 06 beMHOe
X0[MNO ToNbKo 50 M3/4. B onanasoHe perynnpoBaHms pacwupeHue ot 5 go 7 %.

Cnafa BO BTOPUYHbIX KOHTYpax B NPpAMOM pr6onp030,u,e
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SKOHOMUYECKASA COCTABIJIAIOLLASA
BbIbOPA APMATYPbI

Cnctema BogocHab>keHMs Bcerga CoCTOUT U3 PasfnNYHbIX

Yy3M0B, KOTOpble — Ka>XXAbl MO OTAENbHOCTU, B 0COBEeHHOCTH

B paMKax KoMMnJiekca CMCTeM — OOJIKHbI MPOEKTUPOBATbCA
KOHKPETHbIM paC4eTOM Ha BbIMOJIHEHNE NOCTABJ/IEHHbIX 3a-

C

a4 no oxJjiaXxaeHno N KOHONLUMOHNUPOBAHUIO. Kpome JToro,

NHXXEHEeP-NPOEKTUPOBLUMK O0J1>KeH CBOEBPEMEHHO YUUnN -

TbIBaTb 06LLME 3IKOHOMUYECKME ycnosus: C ofHOM CTOPOHbI

3TO MHBECTULIMOHHbIE PAacXofdbl, a C ApPYyron — ganbHenwmne
pacxofbl Ha 3KCMNIyaTaLMIo U Mepbl MO UX COKPALLEHNIO.
Mpwn aTom pewatoLlyto posib urpatoT KM cooTBeTcTBYO-
LLMX Y310B U CUCTEMbBI B LLIeNTIOM: Tak Kak B 3aBUCMMOCTU OT
YPOBHS Harpy3ku (MonHas Harpy3ka/dacTuiHas Harpyska) H
cuctemy KN MOXXeT U3MEHATLCS, YTO HEraTUBHO BINSAET H
3HepronoTpebnieHne 1 3KCNyaTaUMOHHbIe pacxoabl.

Kakune BO3MOXKHOCTW CYLLLeCTBYIOT A1 onNTUMMU3aumm? Kak
MO>KHO B35Tb MOA, KOHTPO/b U PeLLUTb 3TV NpobnemMbl Kak
B MpoLecce NpoeKTUpoBaHNS, Tak 1 B npoLiecce 3Kcnya-
Taunn? PaccMoTpuM B KaYeCTBe MpUMepa KOHTYp Mexxay
BOJ0OXNafMTeNnemM 1 notTpebutensmu. TpaHCcNopTUPOBKa
oxnaxkgarolLien BoAbl OT BOL0OXNAAUTENA K "Nonb3oBaTe-
nam”, Takum Kak npubopbl RLT, d3HKOMMbI, BEHTUNATOPDI
OXNa>XkAEeHUs U T.4., OCYLLIeCTBIISETCS 3@ CHET LMPKynaum-
OHHbIX HAaCOCOB.

Mpu 3TOM Ba>kHO, 4TOObI pacnpeaeneHve XonogHOM BOAbI
6b1710 0CHOBAHO Ha MPUHLMMNE 3KOHOMUYECKOM 3PheKTUB-
HOCTM C y4eTOM napameTpoB TpybonpoBonos (ceyeHue) n
perynupytoLLux KianaHoB. B npoLecce NnpoeKTUpoBaHus
0653aTeNbHO paccynThIBAOTCS MUHUMATbHBIE U MaKCU-
MaJsibHble 3Ha4€eHWs NapaMeTpoB, KOTOPble 3aBUCST OT
MHBECTULIMOHHbIX M 3KCMIyaTaUMOHHbIX pacxofoBs. Hu3kue

MepBUYHbIA KOHTYP
(4acTb reHepatopa)

a
d

MHBECTULMOHHbIE PACXObl 03HAYAIOT, KaK Mpaswuslo,
ucrnosb3oBaHue TpybonpoBoOoB M apMaTypbl MEHbLLETO
CeYeHUs C OTHOCUTENbHO HEBOSbLIVM COEQUHUTENbHbBIM
naTpybkom Hacoca. OQHAKO TaKoe peLLleHre MOXKET CTaTb
MPUYMHOW YBENUYEHNS NOTEPb 0ABNIEHWS B BOLOMPOBO-
LHOM CeTU U, Kak CIeACTBME, MOBbILLEHWS 3KCMyaTaum-
OHHbIX PacxonoB. HanpoTuB, BbICOKME UHBECTULMOHHbIE
pacxofbl caMu no cebe He ABASAIOTCS rapaHTUEN HU3KUX
3KCMNIyaTaLuMOHHbIX pacxonos!

Ha npumepe cneumanbHbix TpeboBaHMI TUNOBOW CUCTE-
Mbl MOKA3bIBAETCS, YTO Ha NPaKTUKe Npu NPOEKTUPO-
BAHWW r’MOPaBIMYECcKON CeTU B HEE YacTO BKITHOYAKTCS
KOMMOHEHTbI, B KOTOPbIX HET 60/1bLLION HE06X0OMMOCTH.

JTO MPOUCXOAMNT B OCHOBHOM OT HE3HAHWUS U HEMPaBUIb-
HbIX NpeacTaBneHnin o 6esonacHocTn. Kpome 3Toro, aTo
4acTo BneyeT 3a cobor 3HaUNTeNbHbIE U "HensbexxHble"
3KCnnyaTauMoHHble pacxoabl. Hala ocHoBHas 3agaya —
paccMoTpeTb BCe y3/bl B OTHOLUEHUN UX NOBEAEHUS B
06bl4HOM paboyewt cMTyaUmUn 1 CBS3aHHbIE C 3TUM Pacxo-
Abl. 70 Tem Honee BaXXHO, YTO TAaKOro pofa pacxodbl ge-
natoT FepmaHu1to 04eHb JOPOroM CTPaHOM C TOYKU 3peHus
BefeHnst busHeca. [laHHbIV NPUMEP MOXXHO MPUMEHUTb

K Nto60oM Npon3BOACTBEHHOW, aOMUHUCTPATUBHOM NN
>KUnuiHom ccpepe 6narogaps MOEHTUYHbIM PU3NYECKUM
N 3KOHOMUYEeCKUM ycroBusamM. Mbl npefctasnsem 6aso-
BYIO CXEMY A1 MPOEKTUPOBAHUS CUCTEM pacrnpeneneHns
oxnakgarolLen BoAbl, KoTopas B byayLiem no3sonmt Bam
€034aTb QYHKUMOHANbHYO, HAAEXKHYHO Y IKOHOMUYHYHO
cucTemy.

BTOpPUYHBIN KOHTYP
(yacTb Harpysku)

XonogunbHas
MaluuHa ® X
6°C
&) . © -
~/
L 12°C

Nn=nocT.

KoHdeHcamop  Mcnapumerb



84 JKOHOMMYECKas COCTaBnstoLas Bbibopa apMaTypbl

o 3KOHOMUYECKUM MPUYMHAM CUCTEMA OXNAXKOEHNS Ma-
LUMHbI ¥ CUCTEMA KOHAULMOHNPOBAHWS NOMeLLeHMs Obinn
pasgeneHsbl. B cucteme oxnaxxpgeHus MalmMHbl BOGHO-TNN-
KOneBas CMeCb NepekavmBaeTcs LMPKYNSLMOHHBIM Haco-
COM C npousBoanTenbHOCTbIO 20 200 kr/4. TemnepaTypa
perynvpyeTcsi C NOMOLLbIO MOOMELLIMBAIOLLLEro KfanaHa B
3aBMCUMOCTM OT Harpysku. Mcxoas n3 o6beMHOro pacxo-
Aa, 4OCTAaTOYHO MCNOJIb30BaTh HACOC C COEANHUTESIbHBIM
natpybkom DN 50. TpybonpoBoa MMeeT YCNOBHbIN NPOXOL,
DN 100. B uensx CHM>KeHWS KanuTarnbHbIX 3aTpaT 3anop-
Hble KnanaHbl, ycTaHaBNMBaeMble nepep 1 3a HACOCOM U
MCrnonb3yemble B MpoLecce TEXHNYECKOro 06cny>xmsa-
HUS, MOTYT UMETb ycnoBHbIM npoxog DN 50. 3HaueHue ky
40 perynupytolLiero KnanaHa npuHMMaeTcs 3a [ecTBre
KnanaHa npum. 70 %, KoTopoe No3BonseT NPakTU4eckn
VCKITIOYUNTDb OWNOKN NpW perynupoBaHnu. [Insg aToro Hacoc
OoJKeH umeTb Hanop 91 klMa. B pesynbTaTe npm akcnny-
atauum npum. 3800 yacoB B rof 1 CTOMMOCTU KMUTOBaTTa
anekTpo3Heprum € 0,15 exxkerofHble aKCNNyaTauMOHHbIe
pacxopdbl cocTasaAT € 604,00.

B kayecTBe anbTepHaTUBbI MOXXHO UCMOMNb30BaTh 3aMop-
Hyto apmaTtypy DN 100 B coueTaHnu ¢ perynmpyroLmnm
KnanaHom co 3HaveHuem ky 50 1 gencTeBmMem KnanaHa
npum. 44 %. MNpw BbIGOpe repMeTUYHO 3aKpbIBatOLLLErocs
KranaHa MO>KHO B MPUHLMIME 0TKa3aTbCs OT 3aMOpHOW
apmMaTypbl.OgHaKo Hacoc Ao/mKeH meTb Hanop 71 kla.
E>xerogHble 3KCnyaTauMoHHbIE PaCXOAbl COCTABSAT B 3TOM
cnyyae € 457,00. V13 pacyeTa Ha 12 neT MO>KHO C3KOHO-
MuTb € 1764,00, npy TOM YTO pacxofbl HAa 3M1eKTPO3HEp-
TNI0 OCTAHYTCS NPeXXHUMK. Takum 06pa3om, yBenMymB
MHBECTULMOHHbIe pacxofdbl Bcero Ha €300,00, koTopble
BEPHYTbCSA K Bam MeHee, YeM 3a 2 rofa, B BUAE CIKOHOM-
JIeHHbIX IKCNNyaTauMOHHbIX PacxooB, Bbl B AanbHen-
wem bygeTe exxerogHo BbivrpbiBath € 147,00. B 3TOM e
acnekTe MOXKHO pacCMaTpuBaThb U Apyrue rugpasnunye-
CKMe KOHTYpbl. Kak npaBuno, Bbibrpas 6onee Bbicokne
3HauveHus KV ons perynupyoLmx KnanaHoB v 3anopHown
apMaTypbl, MOXKHO He TONbKO 0becneunTb OTINYHOE
Ka4yeCTBO PerynMpoBaHuns, HO 1 MOMTYYNTb 3HAUNTENbHbIE
NpPenMyLLLecTBa B BUAE COKPALLEHNS IKCMYaTauMOHHbIX
pacxofoB M aMOpTU3aLMKM B TeYeHNe MeHee 2 NeT.

O6paTHbIN KNanaH ycTaHaBnuBaeTCs BO U3bexaHne Ha-
pyLLeHns UmMpKynauuu. Mpm Mcnonb30BaHUM repMeTU4HO
3aKPbIBAOLLMXCS PEryNNPYOLLMX KTanaHOB OT Hero MoXk-
HO 0TKa3aTbcs. YToObl NPe0TBPaTUTL HEXKeNaTenbHyo
LMPKyNSLMo BHYTpU TpybObl Moa AeACTBUEM CUIT TXKECTH,
cnepgyeT yaenunTtb ocoboe BH/MaHWe pacyeTam napame-
TpoB Tpy6bl.

§
APMATYPA YCITOBHbIW NMPOXO0 3HAYEHME K,
3anopHbIN KanaH 50 80
Tpexxon0Bow KnanaH 50 40
O6paTHbIN KnanaH 50 45
—kH
y
S %{ S
APMATYPA YCIOBHbIW NPOXOA 3HAYEHUE Ky
3anopHbIN KnanaH 100 800
TpexxomoBow knanaH 100 50

O6paTHbIN knanaH
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CraHpapTHble 06paTHble KnanaHbl JOMKHbI paboTaTh € nepenagom aasneHuns 6onee 10 klMa. Ecnv nepenag gasnexHuns
MeHbLLEe, 3TO 03HaYaeT, YTO KnanaHbl paboTatoT B HecTabunbHoOM paboyert TOUKe, YTO MOXKET CTaTb MPUYMHON BOSHUKHO-
BEHMS LUYMOB 1 HEYCTONYMBBIX paboymx cOCTOSHUI. B oBYXTPYOHbIX cucTeMax c nepeMeHHbIM 06 bEMHbIM Pacxodom ANs
cTabunbHoM paboTbl TpebyeTcsa MUHMMAnbHbIN pacxof. [Mpu Takom pacxofe pacieTHOe CONPOTUBIIEHME KNAaNaHOB JOMK-
Ho cocTaBnATb 6onee 10 klMa. B 3TomM cnyyae npu NnonHom Harpy 3ke nepenafbl Aasnexnns 6onee 50 kMa gomkHbI 6yayT
NpeononeBaTbCsl TOIbKO 06PaTHbLIM KNanaHoM LMPKYNSLMOHHOIO Hacoca. Bo3HMKatoT AONOMHMTENbHbIE 3KCMyaTaum-
OHHble pacxofbl, KOTOPble MPU NPOU3BOANTENLHOCTM 1-70 M3/4 MoryT cocTasnaTth npum. 130,00- 3643,00 Espo B ron B
3aBmcumocTm oT KM Hacoca. B gaHHOM npumepe anst nepekpbiBaHns o6omx ceTeBblX HACOCOB HAa CTOPOHE OXMaXKAatoLLen
BOLbl CUCTEMbI KOHAVLMOHMPOBAHNS PEKOMEHAYEeTCH MCMOMb30BaTh 3aNOPHbIN KNanaH Ux LWapoBOW KPaH C CepBONpU-
BOL,OM, KOTOPbIN ByAeT aBTOMaTUYeCKM MepeKkpbiBaTb He3a[,eNCTBOBAHHYIO BETBb. DTO MO3BOMIMT COKPATUTb 3KCMyaTa-
LIMOHHbIe pacxofdbl NpuM. Ha 656,00 B rof.

§ 5
) 100 % == MouwjHocmb Hacoca npu Ucnosib30BaHUU Hepe-
—- ] 5
W ed g 2ynupyemoeo Hacoca u 06BOOHOU cxembl
4 ’ o
= of © _———
o MoTeHuManbHast akoHomust ,+” T
s MOLLHOCTM Hacoca /,' E Tpebyemas MOWHOCMb HACOCA NPU UCNOSTb-
’
s P % 30BaHUU pe2ynupyemoco Hacoca u CXembl
(]
o 4l 2 OpoccenupoBaHus
v =
//’ *B coomBemcmsuu co cmaHoapmamu 0715
T 2. dcceH (CeBepHblii PeliH-Becmanus)
0 %
+10 +35

BHewHsis Temnepatypa [°C]
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NMPUNTO>XKEHUE
CTARHOAPTDI

CTAHOAPT DIN EN 1151-1, 2006-11

Hacocbkl — LleHTpobe>kHble Hacocbl — LIMpKynsuMOHHbIe
HaCOCbI C 3NeKTpMYecKon noTpebnsaemMom MOLHOCTbIO 40
200 BT gns cucTem OTOMMEHUS Y CUCTEM Harpesa TeXHU-
YeckoW BOAbl A4S KOMMYHabHOrO X03aMncTBa — Yactb 1:
HeaBTOMaTn4YecKne UMPKYNALUMOHHbIE Hacockl, TpeboBa-
HUSl, NpoBepKa, 0603HaveHne; Hemeukas Bepcus EN 1151-
1:2006

CTAHOAPT DIN EN 1151-2, 2006-11

Hacocbl — LleHTpobexkHble Hacocbl — LIMpKynauMoHHble
HacoChbl C 3MeKTPUYECKOM MOTPe6NSeMOM MOLLHOCTBIO [0
200 BT ong cucTem OTOMMEHUS Y CUCTEM Harpesa Tex-
HU4YecKom BoAbl AN KOMMYHanbHOro Xo3ancTea — Yactb
2: IHCTPYKLUMK N0 NPOBepKM LyMHOCTY (Bubpaums un
aKyCTVKa) NS U3MepeHNs YPOBHS KOPMYCHbIX U TMAPOAn-
Hamu4eckux Wwymos; Hemewkaa sepcms EN 1151-2:2006

MOMNPABKA 1 K CTAHAOAPTY DIN I1SO 9905 1, 2006-11
LleHTpobe>kHble Hacocbl — TexHnYeckume TpeboBaHus —
Knacc | (ISO 9905:1994), nonpaeku k ctaHgapTy DIN ISO
9905:1997-03; HemeLkas sepcust EN 1SO 9905:1997/
AC:2006

MPOEKT CTAHAOAPTA DIN ISO 10816-7, 2007-03
MexaHunyeckas Bubpauns — OueHka ypoBHS BUbpauun
MexaHuyeckoro o6opynoBaHusa NyTeM U3MEPEHUS Ha
HeBpaLLatLLmxcs YacTax — YacTb 7: LleHTpobexkHble Ha-
COCbI NMPOMBILLINIEHHOTO Ha3HauYeHNs (BKTHoUas smepeHue
BOMHOBbIX KonebaHuit); 1ISO/DIS 10816-7:2006

MPUNO>KEHME 1 K NMPEABAPUTEJNIbHOMY CTAHAAPTY
DINV 4701-10, 2007-02

OueHka aHepronoTpebneHns cMCTem OTOMIIEHNS Y KOHAW-
LunoHmpoBaHusa — Yactb 10: Cuctema otonneHuns, cuctema
ropsvero BoOoCHab>XeHus, cuctema

BEeHTUNAUMK; MpunoskeHve 1: Mpumepbl cUCTeEM
NPEABAPUTESNbHBIVN CTAHAAPT DIN V 4701-10/A1,
2006-12

OueHka 3HepronoTpebneHns cMcTeM OTOMIEHUS U KOHON -
LunoHmpoBaHusa — Yactb 10: Cuctema oTonneHuns, cuctema
rops4ero BOOOCHabXXeHwWs, CMcTema BEHTUIALNK;

NPOEKT CTAHOAPTA DIN EN 13831, 2007-02
PacwmpuTtenbHble 6aku co BCTpoeHHOM MeMbpaHou ans
MOHTa»<a B cMCTeMax BofoCcHabxkeHus; HemeLkas Bepcus
prEN 13831:2007

ISO/TR17766

TexHNUYeCcKUn oTyeT

LleHTpobe>xHble HAacoCbl AN BA3KUX XXugkocten — Uc-
npaBfieHHble MOLLHOCTHbIE XapaKTEPUCTUKN

DIN EN 809

Hacocbl 1 HacocHble arperatbl 4N8 TMOpPaBANYecKmX
cuctem — Obwme TpeboBaHUS TEXHMKM 6e30MacHOCTY;
Hemeukas sepcus EN 809:1998

ENISO 5198

MpaBuna n3MepeHus rmapaBnmyeckux paboumx xapak-
TepucTmk — Knacc TouHoctu (ISO 5198:1987); Hemeukas
Bepcmns EN 5198:1998

EN ISO 9906

LieHTpo6e>kHble Hacocbl. TnMapaBnnyeckmne NCnbiTaHUs
npu npuemke — Knaccol 1 v 2; (ISO 9906:1999); HemeLkast
Bepcms EN 1SO 9906:1999

r’MAPABJTMMECKUE HACOCDI

ObLLMe MOHATMSA HACOCOB M HACOCHbIX CUCTEM, onpegene-
HWS, pa3mepbl, POPMYIibl ¥ eOUHULbI M3MepeHns; Hemel-
Kas Bepcust EN 12723:2000

DIN 24901: l'pachuyeckme CUMBOSIbI ANSI TEXHUYECKUX
yepTexxen — N'mapasnnyeckmne Hacochl

DINEN 22858: LleHTpob6e>kHble HaCcOoCbl C 0CeBbIM BXOOO0M
DINEN 12262: LleHTpo6e>kHble Hacocbl — TexHM4ecKas
AOKyMeHTaums — MNMoHaTus, 06 bemM NOCTaBKW, UCMOSTHEHME;
Hemeukas sepcus EN 12262:1998

DIN 24250: LleHTpob6exHble Hacocbl — Ha3BaHus 1 und-
poBble 0603HaveHMsa oTAeNbHbIX feTanen — CBogHas
Tabnvua KOMMYHanbHOM TexHMKM cTaHgapTa DIN



KAPMAHHBIE PYKOBO/ICTBA

2007, KapmaHHoe pykosopctso DIN 35 3Bykousons-

ums — TpeboBaHus, CBUOETENbCTBA, METOAMKA pacyeTa u
aKyCTUYeCKMe UCMbITaHWUSA B CTPOUTENbCTBE

2007, KapmaHHoe pykosofcteo DIN 85 Cuctembl BeHTU-
nsiumm VOB/STLB — CtpouTtenbcteo — VOB, yacTb B: DIN
1961, VOB, yacTb C: ATV DIN 18299, ATV DIN 18379

2007, KapmaHHoe pykosogcTteo DIN 171 Tpy6sl, petanu
Tpybonposono., TpybHbie coeANHEHUS U3 (POPMOBOUHBIX
MaTepranoB Ha OCHOBE peakTMBHbIX MOJIMMePOB

2007, KapmaHHoe pykosogcteo DIN 386 PedppuxkepaTtop-
Hble cucTeMbl 1 — be30nacHOCTb U OXpaHa OKpPY>KatoLLen
cpenbl — PedppurkepaTopHble CUCTEMbI

2007, KapmaHHoe pykosogcteo DIN 387 Pedppuxepa-
TOpHble cucTeMbl 2 — PedpurkepatopHoe obopynoBaHue,
aBTOMOOWMbHbIE CUCTEMbI OXNaXKAEHNS

2007, KapmaHHoe pykoBogcteo DIN 388 PedppurxkepaTtop-
Hble cMcTeMmbl 3 — Y3nbl, paboyne 1 BCmoMoraTesbHble
MaTtepuanbl KapmaHHoe pykosofnctso VDI no cuctemam
KoHOMUMOHMpOoBaHua KapmaHHoe pykosoacTso VDI no
TENnoBbIM cMCTEMaM/CMCTEMaM OTOMNEeHNS

CTAHAOAPTbI COHO3A HEMELIKMX MALUMHOCTPOMUTE-
NEW VDMA

24186-3 2002-09

MporpamMmma TexHMYecKoro 06cny>KMBaHMUs KOMMYHanbHbIX
cuctem n obopynoBaHus — YacTb 3: PedppurkepaTopHoe
obopyAoBaHue ANg CUCTEM OXNAXKOEHUS U OTOMMNEHUs

24186-52002-09

MporpamMmma TexHMYecKoro 06cny>KMBaHMUs KOMMYHanbHbIX
cuctem 1 obopyAoBaHUs — YacTb 5: IneKTpoTexHnyeckoe
obopynoBaHue

1988-10

®ann cTaHpapTHbIX anemeHToB CAD; TpeboBaHus reome-
Tpuu v NpusHakam; O603Ha4eHNs Ha YepTexkax, rmgpas-
NMYeCcKme HacoCbl, KOMMPECCOopbl, BEHTUAATOPbI, BAKYYyM-
Hble HacoChbl

24222 1998-05 N'mpapasnnyeckre HacoCbl — Hacocbl A4ng
CUCTEM OTOMMNEHNSI — OaHHble A9 CUCTEM MOMEBbLIX LUMH

24252 1991-04

LieHTpo6e>kHble Hacocbl C paboTaroLLMMM Ha M3HOC
cTeHkamu PN 10 (Hacocbl ans NPOMbIBOYHOMN BOAbI) C
NoaLLMNHMKOBOWM onopoi; O603HaveHMs, HOMUHaNbHas
MOLLHOCTb, OCHOBHbIe pa3mepbl
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242531971-02

LleHTpobexxHble HacoChl C MAaHUMPHOM 3aLLMTON Kopnyca
(naHUMpHBbIe HAacOCbI); OAHOMOTOUHbIE, OAHOCTYNEHYa-
Tble, C OCEBbIM BXOL,0M; MOLLHOCTb, OCHOBHbIe pa3mepbl

24261-11976-01
Hacocbl; HazBaHmsa No npuHUmMNY AencTBUS U KOHCTPYK-
TUBHbIM Npu3HakaMm; LleHTpobe>kHble Hacochbl

24261-31975-07
Hacocbl; HazBaHmsa No npuHUMNY 0eicTBUS U KOHCTPYK-
TMBHbIM NpU3HakaM; POTOpHbIe NOPLUHEBbIe HACOChI

24277 2003-07
Mmopasnuyeckue Hacocbl — MoHTax — lMNogcoennHeHne
TpybonpoBoAa C HU3KMM MeXaHNYEeCKUM HaMps>KeHEM

24278 2002-07

B kauyecTBe 3aMeHbl Bbinycka 2000-04 LieHTpobe>kHble
Hacocbl — [porpamma Bbibopa Tunopasmepa EDV — Tex-
HUYECKME YCI0BKA (C COOTBETCTBYIOLLEN 3MEKTPOHHOM

Bepcuer Tabnuubl B.1 "Onpepnenenns nonen” u3 Mpuno-
>KeHns B 1 pesakTopoM Ans obnerdeHns ynpasneHus)

242791993-04

LleHTpobe>xHble Hacocbl; TexHnyeckne TpebosaHus; Ha-
COCbI C 3/1eKTPOMArHUTHON My TOM M HAacoChbl C pasfae-
NINTENbHbIM CTaKaHOM

242801980-11
MopLiHeBble Hacocbl; MoHATUSA, 0603HaYeHNS, Y3 bl

24284 1973-10
MpoBepka NopLUHeBbIX HacocoB; O6LLMe NpaBuna Npo-
BEpPKM

24292 1991-08

TmapaBnnyeckme Hacocbl; PyKoBOACTBA MO aKcnyaTa-
LM HAaCOCOB M HACOCHBbIX arperatoB; CTPYKTYypa, KOH-
TPObHbIN NIUCT, TEKCTbI MO TEXHMKE 6€30MacHOCTH

24901-51988-10

Ipachuueckme cMMBONbI AN TEXHUYECKUX YepTerxKen;
'mapasnuyeckune Hacockl; MI306pa>keHne Ha TeXHOMOTN-
YeCKMX Cxemax
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Tabnuubl n OPNEHTUPOBOYHbIE 3HAYEHUA

KO3®®ULIMEHT NMOTEPb

a 15° 30° 45° 60° 90°

lMoBepxHOCTb MoBepxHOCTb lMoBepxHOCTb [MoBepxHOCTb [MoBepxHOCTb
rnagkas LlepllaBas rnafgkas Liepliasast rnagkas LiepliaBas rfajkas LiepliaBas rnafgkas LiepLiasas
§J:u19|R=0 007 o010 o1s 020 o025 o035 oso o070 115 130
" § ﬂm R=d —— 003 s b OO T 014 - 034 — 019 - 046 n— 021 _— 051 A
¢anaR=2d 0,03 - 0,06 - 0,09 0,19 0,12 0,26 0,14 0,30
: cﬂm RzSd 003 o 006 o 008 . 016 — 010 020 010 i 020
KonuuecTBo KonbueBbIX LUBOB
- - - - 2 - 3 - 3 -
v §m ; B — e T S o - T .

CBGpeHHbIe Yacmu
KoJsieHa

M3oaHymoe KOJ1IeHO

Q./Q= 0.2 0.4 0.6 0.8 1

G =-0.4 0.08 0.47 0.72 0.91

G———0 :
4=-0.17 0.30 0.41 0.51

Q Q Z,= 0.88 0.89 0.95 1.10 1.28
%’7

Q C4=-0.88 -0.05 0.07 0.21 -
Q Q ¢.=-0.38 0 0.22 0.37 0.37

45%/
Q ¢= 0.17 0.19 0.09 -0.17 -

¢s=-0.06 -0.04 0.07 0.20 &

Q———= % ¢, = 0.68 0.50 0.38 0.35 0.48
—\.45
Q

YT06bI paccumMTaTh 3HaUYEHME NOTEPb HAa COCTABHOM KOJMeHe, CriefyeT YMHOXMTb 3HaveHne { npocToro konexHa 90°,
MCNONb3yemMoro Ans CO3[4aHus COCTaBHOIo KomneHa (CM. pUCYHOK HUXKe) He Ha [Ba, a Ha COOTBETCTBYIOLNM KO3DDULIMEHT.
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BXOAHAA KPOMKA
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3Ha4veHue notepb ¢ npu DN

Apmarypa [DN] 10 15 20 25 32 40 50 65 80 100 125 150 200 250 300 350 400

Mnockue 30N10THUKK 0.65 0.6 0.55 0.5 0.5 0.45 0.4 035 03 03 03 03 03 03 03 03 03
KpaHbl [d:=DN] 0.15
oo 0 s o6 02 02 oa os os
. Knanch nnOCKMMceHHOM T T 60 e
. Knanchyrnosblmcep,nom o
I'ngMOTqubMKnanaH A S e e 16 A S S S
Mpvewsiiknanan 19 9.6 43 49 36 52 58 42 44 45 45 33 71 62 63 63 66
YrnoBow knanaH 31 31 31 31 34 38 41 44 47 50 53 57 60 62 63 63 6.6

' NpooBpaskasi rakas Tpy6a 08

O6paTHble KnanaHbl

KnanaH

. J'lMpoo6pa3Ha9| Commaras pr6a e e
Jlnpoo6pasHas roppuposaHHas Tpy6a 4.0

CunbOHHbBIN KOMNEHCATOP € HanpasnstoLen Tpybon 0.3

OnpepeneHune BA3KOCTH

Mnowapb | Cuna

TonwmHa cnost PasHoCTb CKOpPOCTU

_ Force F [7N]
= Area T A Lm?
_ Speed difference dv

Layer thickness - dy [s”]
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STUNEHTNIMKONEBAS CMECb (40 %)

ANTIFROGEN N TYFOCOR

Temneparypa [lnotHocTe  KuHema- YpnenbHas OTHOCUTENb- MnoTtHocTb Kunema- YnenbHas OTHoCUTeNb-
cpenb! THYeckan Tennoem- Hble noTepu TM4eckas  Tennoem- Hble noTepu
BA3KOCTb KOCTb nAasnexHus BA3KOCTb  KOCTb nasneHus

[°cl p [kr/b?] v [mmz/c] ¢ [kAx/krK] fo p [kr/m?] v [mm2/c] ¢ [kOx/krK] f,
-30 = = = = - = = -
=25 1080 26.73 3.43 2.313 1099 21.9 3.29 2.012
-20 1079 18.59 3.44 2.147 1077 17.1 3.33 1,913
-15 1078 13.63 3.45 1.999 1075 13.4 3.36 1.799
-10 1077 10.38 3.46 1.868 1073 10.6 3.40 1.689
-5 1076 8.14 3.47 1.751 1071 8.49 3.43 1.588

1074 6.52 3.48 1.646 1068 6.85 3.46 1.500
1072 5.33 3.49 1.553 1066 5.57 3.49 1.438

10 1070 4.42 3.5 1.470 1064 4.58 3.52 1.975
15 1068 3.72 3.51 1.396 1061 3.81 3.55 1313
20 1066 3.16 3.53 1.330 1059 3.19 3.57 1.263
25 1064 2.72 3.54 1.271 1056 2.70 3.60 1.225
30 1062 2.36 3.55 1.219 1054 2.31 3.62 1.175
35 1059 2.07 3.56 1.172 1051 1099 3.64 1.138
40 1057 1.82 3.57 1.129 1049 1.73 3.66 1.100
45 1054 1.62 3.59 1.091 1046 1.52 3.68 1.075
50 1051 1.45 3.6 1.057 1043 1.34 3.70 1.050
55 1048 131 3.61 1.026 1040 1.20 3:.72 1.025
60 1045 1.19 3.63 0.998 1037 1.08 373 0.998
65 1042 1.09 3.64 0.972 1034 0.99 3.75 0.975
70 1039 1.00 3.66 0.949 1031 0.91 3.76 0.950
75 1036 0.93 3.67 0.927 1028 0.85 3.77 0.925
80 1032 0.86 3.68 0.907 1025 0.79 3.78 0.963
85 1029 0.86 3.7 0.887 1022 0.75 3.79 0.888
90 1025 0.76 371 0.869 1019 0.72 3.79 0.875
95 1022 0.71 3.73 0.851 1016 0.69 3.80 0.850

100 1018 0.68 3.74 0.834 1013 0.67 3.80 0.838
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3TUNEHTNTIMKOJNEBAS CMECh (50 %)

ANTIFROGEN N TYFOCOR

Temneparypa [notHocTb  KuHema- YnenbHas OTHOCUTENb- MnoTHoCTh Kunema- YnenbHas OTHOCUTENb-
cpenbl TUyeckas Tennoem- Hble noTepu TUYecKas  Tennoem- Hble noTepu
BSI3KOCTb KOCTb AasneHus BA3KOCTb  KOCTb AaBnexus

°c p [kr/m3] v [Mm2/c] ¢ [kx/krK] f, p [kr/b3] v [mm2/c] ¢, [kAx/krK] fo
-30 1101 71.54 3.17 2.886 1099 54.20 2.95 2.463
-25 1100 43.62 3.18 2.654 1096 37.00 2.99 2.250
-20 1099 29.13 3.20 2.45 1094 26.20 3.03 2.063
-15 1097 20.66 3.21 2.27 1091 19.20 3.07 1.938
-10 1095 15.32 3.23 2.110 1088 14.40 311 1.802
-5 1093 11.73 3.24 1.969 1086 11.20 3.14 1.738

1091 923 3.26 1.844 1083 8.84 3:18 1.601
1089 7.42 3.27 1.733 1081 713 3.21 1.550

10 1087 6.07 3.29 1.634 1078 5.85 3.25 1.463
15 1085 5.05 3.31 1.547 1075 4.88 3.28 1.412
20 1082 4.25 3.32 1.469 1072 4.11 3.31 1.350
25 1079 3.62 3.34 1.399 1070 351 3.34 1.300
30 1077 3.12 3.36 1.338 1067 3.02 3.37 1.250
35 1074 2.71 3.37 1.282 1064 2.63 3.40 1.213
40 1071 2.38 3.39 1.233 1061 2.30 3.42 1.175
45 1068 2.10 3.41 1.188 1058 2.03 3.45 1.150
50 1065 1.88 3.42 1.149 1055 1.81 3.47 1.100
55 1062 1.68 3.44 1.112 1052 1.62 3.50 1.750
60 1059 1.52 3.46 1.080 1048 1.45 3.52 1.500
65 1056 1.38 3.47 1.050 1045 1.32 3.54 1.020
70 1052 .27 3.49 1.023 1042 1.20 3.56 1.000
75 1049 117 3.51 0.997 1038 1.10 3.58 0.975
80 1046 1.08 3.53 0.973 1035 1.01 3.59 0.963
85 1042 1.00 3.54 0.951 1031 0.93 3.61 0.938
90 1038 0.94 3.56 0.930 1027 0.87 3.62 0.913
95 1035 0.88 3.58 0.910 1024 0.81 3.63 0.888

100 1031 0.83 3.60 0.890 1020 0.76 3.65 0.875
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NMPOMNWUNEHTNIMKOJIEBAS CMECH (40 %)

ANTIFROGEN L TYFOCOR L

Temneparypa [notHocTb  KuHema- YnenbHas OTHOoCuTENb- MnoTHocTb Kunema- YnenbHas OTHOCHTENb-
cpenbl TU4eckas Tennoem- Hble noTepu TUYeCcKas  Tennoem- Hble noTepu
BA3KOCTb KOCTb nAaBneHus BSA3KOCTb KOCTb n[aBneHus

r°’cl p [kr/6?] v [mm2/c] ¢ [kAx/kr-K] f. p [kr/m?] v [mm2/c] ¢ [kOx/krK] fe
-30 - 4 & - - & = =
=25 = = - = = - = =
-20 1056 L44.42 3.62 2.660 1059 44.7 3,53 2.405
-15 1055 31.09 3.64 2.385 1057 30.4 3.55 2,233
-10 1053 22.25 3.65 2.163 1055 21.4 3.57 2.033
-5 1051 16.34 3.66 1.983 1052 15.4 3.59 2.170

1049 12.32 3.68 1.837 1050 11.4 3.61 1.805
1047 9.53 3.69 1.716 1048 8.62 3.63 1.717

10 1044 7.53 3.70 1.615 1045 6.69 3.64 1.600
15 1042 6.06 3.71 1.529 1042 5.30 3.66 1.467
20 1039 4.94 3.73 1.454 1040 4.28 3.68 1.350
25 1036 4.08 3.74 1.386 1037 3.53 3.70 1.300
30 1033 3.39 3.75 1324 1037 2.96 3.72 1.233
35 1030 2.86 377 1.266 1031 2.52 3.74 1.183
40 1027 2.43 3.78 1.211 1028 2.18 3.76 1.150
45 1024 2.10 3.79 1.159 1025 1.90 3.78 1.100
50 1020 1.84 3.81 1.109 1022 1.69 3.79 1.067
55 1017 1.63 3.82 1.061 1019 1.51 3.81 1.033
60 1013 1.45 3.84 1.01.7 1015 1.36 3.83 1.017
65 1010 1.31 3.85 0.977 1012 1.24 3.85 0.983
70 1006 1.17 3.87 0.941 1008 1.14 3.87 0.950
75 1002 1.05 3.88 0.910 1005 1.04 3.89 0.933
80 998 0.95 3.89 0.885 1001 0.96 3.91 0.917
85 994 0.85 3.91 0.865 997 0.89 3.92 0.900
90 991 0.77 3.92 0.849 994 0.82 3.94 0.883
95 987 0.72 3.94 0.838 990 0.72 3.96 0.867

100 983 0.68 8.95 0.829 986 0.70 3.98 0.833
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MPOMUNEHTNIUKONEBAS CMECH (50 %)

ANTIFROGEN L TYFOCORL

Temneparypa MnotHocte  KuHema- YnenbHasa OTHOCUTENb- MnoTHocTh Kunema- YnenbHas OTHOCHUTENb-
cpenbl TUYeckas Tennoem- Hble notepu TUYeckas  Tennoem- Hble noTepu
BA3KOCTb KOCTb NaBneHus BA3KOCTb KOCTb NaBnexus

[°c p [kr/m?] v [mm2/c] ¢ [kOx/kr-K] f. p [kr/b?] v [mm2/c] ¢ [kAx/krK] f.
-30 1072 202.20 3.37 3.958 1076 241 3.27 3.800
-25 1070 128.58 3.39 3.473 1074 128 3.29 3.200
-20 1070 128.58 3.39 3.473 1071 80.2 3.31 2.800
-15 1067 54.94 3.43 2.748 1068 52.3 3.33 2.533
-10 1065 37.78 3.44 2.480 1066 35.2 3.35 2317
-5 1062 26.94 3.46 2.261 1063 24.5 3.37 2.100
0 1060 19.89 3.48 2.081 1060 17.6 3.39 1.933

1057 15.13 3.50 1.932 1057 13.0 3.41 1.800

10 1054 11.80 3.52 1.807 1054 9.83 3.43 1.700
15 1051 9.37 3.53 1.70 1051 7.64 3.46 1.600
20 1048 7.55 3.55 1.608 1048 6.08 3.48 1.500
25 1045 6.13 3.57 1.526 1045 4.94 3.50 1.417
30 1042 5.01 3.59 1.451 1042 4.10 3.52 1.350
35 1038 4.12 3.60 1.383 1038 3.46 3.54 1.283
40 1035 3.43 3.62 1.319 1035 2.96 3.56 1.233
45 1031 2.88 3.64 1.258 1032 2.58 3.58 1.183
50 1027 2.45 3.66 1.201 1028 2.27 3.60 1.150
55 1024 2.12 3.67 1.147 1025 2.02 3.62 1.117
60 1020 1.84 3.69 1.098 1021 181 3.64 1.067
65 1016 1.62 3.71 1.52 1018 l.64 3.66 1.033
70 1012 1.42 3.73 1.011 1014 1.49 3.69 1.017
75 1008 1.25 3.75 0.975 1010 1.36 3.71 0.983
80 1004 1.10 3.76 0.944 1006 1.24 3.73 0.967
85 1000 0.98 3.78 0.919 1003 1.14 3.75 0.950
90 996 0.87 3.80 0.90 999 1.04 377 0.917
95 992 0.80 3.82 0.884 995 0.94 3.79 0.900

100 988 0.75 3.85 0.872 991 0.85 3.81 0.883
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DABJEHME MAPA U NIOTHOCTb BOAbI MPU PA3/IMYHON TEMMEPATYPE

[aHHas Tabnuua nokasbiBaeT aasneHue napa p [6ap] u nnoTHocTb p [kr/mM3] BoAwkl Npu paznuuHoi Temnepatype t [°Cl.
Kpome 3Toro, Tabnuia cogep >xuT 3HaueHus abcontoTHo Temnepatypsl T [K].

t[’cl Tkl pleap]l plkr/m] tlcl TIKI pl6ap] pler/m] tlcl TIKI pl6ap] plkr/m]

0 273.15 0.00611 999.8 138 411.15 3.414 927.6
""" 1 27415 000657  999.9 61 33415 02086 9826 140 41315 3614 9258
..... T O A O T B
""" 3 27615 000758 9999 63 33615 02286 9816 150 42315 4760 9168
..... e S e
""" 5 27815 000872  1000.0 65 33815 02501 9805 155 42815 5433 9121
""" 6 27915 000935 10000 66 33915 02615 9799 160 43315 6181  907.3
""" 7 28015 001001 999.9 67 34015 02733 9793 165 43815 7008 9024
""" 8 28115 001072 999.9 68 34115 0285 9788 170 44315 7.920 8973
""" 9 28215 001147 9998 69 34215 0298 9782 175 44815 8924 8921
..... o S s o G e S e e s e S s e

21 294.15 0.02485 998.1 81 354.15 0.4931 971.0 230 503.15 27976 8273
..... A I s O e e
..... R
""" 24 29715 002982 9974 84 35715 05557 9691 245 51815 36523 8065
""" 25 29815 003166 9971 85 35815 05780 9684 250 52315 39776 7992
""" 26 29915 003360 9968 86  359.15 06011 9678 255 52815 43746 7916
..... s T s
""" 28 30115 003778 9963 88 36115 06495 9665 260  533.15 46.943 7839
""" 29 30215 004004 9960 89 36215 06749 9658 265 53815 50.877 7759
""" 30 30315 004241 9957 90 36315 07011 9652 270  543.15 55058 767.8
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tf’c] Tkl pleap] plxr/m] tlcl TIKl pl6ap] plkr/m] tlcl TIK] pl6ap] plkr/m]

31 304.15 0.04491 995.4 91 364.15 0.7281 964.4 280 553.15 64.202 750.5
T s ewws st e s o e
33 306.15 0.05029 994.7 93 366.15 0.7849 963.0 285 558.15 69.186 7415
______ 3% 30715 005318 9944 94  367.15 08146  962.4 290  563.15 74461 7321
35 30815 005622 9940 95 36815 0.8453 961.6 295 56815 80.037 7223
""" 36 30915 005940 9937 96 36915 08769 9610 300 57315 85927 7122
""" 37 31015 006274 9933 97 37015 0.09% 9602 305 57815 92144 70L7
""" 38 31115 0.06624 9330 98 37115 0.9430  959.6 310  583.15 98700 690.6
_____
""" 40 31315 007375 9923 100 37315 10133 9581 315  588.15 10561 679.1
""" 41 31415 007777 9919 102 37515 10878 9567 320 59315 112.89 666.9
""" 42 31515 009198 9915 104 37715 11668 9552 325 59815 12056 6461
Ui hmeas oo sewn s weis isw sy mo emis ume ees
..... 4 31715 009100 9907 108 38115 1339 9522 340 61315 14605 6102
..... 45 31815 009582 9902 | 110 38315 14327 9507
_____ 4 31915 010086 9898 350 62315 16535 5743
_____ 4732015 010612 9894 112 38515 15316 9491 360 63315 18675 5275
48 321.15 0.11162 988.9 114 387.15 1.6362 947.6
""" 49 32215 011736  988.4 116 389.15 17465 9460 370  643.15 210.54 4518
""" 50 32315 012335 9880 118 39115 1.8628 9445 47415 64730 2212 3154
s sas owsomn e s s ows iy oo mause
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
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