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Mpeancnosue

YBakaemble NapTHEPDI,

JaHHas 6polopa npegHa3HauyeHa ans yrnybneHns 3HaHUN o
pacuéTe napameTpoB LieHTPobeXHbIX HacocoB. Heobxoanmo
OTMETUTb, UTO NPU pacyéTe NapameTpPoB CleayeT yUUTbiBaTb
HaUVOHasbHbIE U MEXAYHapOAHble CTaHAAPTbI. [JoNoMHUTENbHYIO
nHdopmaumio 06 sKcnNyaTaLMOHHbIX XapaKTePUCTMKAX MPOOYKTOB
Bbl HanpeTe B KaTanorax KSB.
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04 BYKBEHHbIE‘ 0603HayeHwus, eANHNLbl N3MePEHNA N HaMEHOBaHUA

BYKBEHHbIe 0603Ha‘-IEHI/IFI, eANHNLIbI N3MepPpeHNnAaA N
HanMeHOBaHNA

0603HavYeHnn EanHuua nsmepedna HanmeHoBaHve

A m? rornepeyHoe ceyeHne

A M paccToaHme Mexay TOUKON 3amepa 1 GpnaHuem Hacoca

a M, MM LWIMPUHA KaHasla NPAMOYroJIbHOro KoneHa

B M, MM paccTosiHye OT fiHa [0 BCacbiBalowwen Tpyobl

< k03¢ PMLMEHT CONPOTUBNEHNSA LWapa B NOTOKe BOAb!

< % KOHLeHTpauua TBEpAbIX B3BeCeN B nojave

D M, MM Hapy»KHbli ArameTp, HanboNbLWNA ArameTp

DN HOMMWHaSbHbIN BHYTPEHHUI AnameTp

d M, MM BHYTPEHHWIA AYaMeTP, HaVIMEHbLUWIA ArameTp

dg M, MM IMameTp YacTuL, TBEPAbIX BellecTs

d,, M, MM cpenHvin AnameTp YacTul TBEPAbIX BELLeCTB

F H cina

f Ko3$pPMLMEHT peayLMpOBaHUA [POCCENbHON Wwaiibbl

f, K03 duruUmeHT nepecyéta Hanopa (cuctema KSB)

fy K03 dunumeHT nepecyéta nogaum (cucrema KSB)

fn KoadpouumeHT nepecuéta KMJ (cuctema KSB)

g m/c? ycKopeHue cBo6oAHOro nageHus = 9,81 m/c?

H M Hanop

H.. M reofesnyeckunin Hanop

Hg M BblCOTa BCaCbIBaHUA

Hs oo M reofie3nyeckas BblCOTa BCacblBaHWA

H, o M reofie3nyeckas BblcoTa noanopa

H, M noTepm Hamopa

H0 oTceyHom Hanop (npu Q =0)

| Cusa 3N1eKTPMNYECKOro ToKa

K TUNOBOW NOKa3aTeslb (6bICTPOXOLHOCTb)

k MM, MKM cpefHAnA abconioTHaA LWepoxoBaToCTb

k koadpduumeHTbl nepecuérak, k,, kn (meTog HI)

k, M3/y Ko3$pPMLMEHT CONPOTUBNIEHNA apMaTypbl

L M LnviHa TpyObl

Ly M pa3BEpHyTas AnviHa TPyObl C BO3AYXOM

M H-m MOMEHT

NPSH (NPSHM_) M 3HayeHue KaBNTaLMOHHOrO 3amnaca Hacoca (AonyCcTUMbINA)
NPSH (N PSHpacn_) M 3HayeHVe KaBUTaLMOHHOrO 3anaca yCTaHOBKM (pacrnonaraembii)
Ng 6bicTpoxoaHOCTb (B CLUA)

n 06/MnH, 06/C YyacToTa BpalleHua

n, 06/MVH ObICTPOXOAHOCTb (TaKXKe Kak TUMOBOW MoKa3aTesb paboyero Kosneca)
P KBT, BT MOLLHOCTb, MOTpebisiemMas MOLHOCTb

[ H/m? 136bITOYHOE JaBsieHMe BO BCACbIBAIOLLEM U MPUTOYHOM pe3epByape
PN 6ap HOMMWHaNbHOE JaBneHne

Ap 6ap, Ma anddepeHumanbHoe faBneHuve, nepenag aasnexuns (Ma = H/m?)
p 6ap, Ma NasneHue (Ma = H/m?>= 10" 6ap)

P, mbap, MNa aTMocdepHoe faBneHne

o 6ap, Ma [laB/eHVe HacbILWEHHOTO Mapa nepeKayrnBaeMoi XUaKocTu

Py 6ap, Ma noTeps AaBneHus




0603HavYeHns EanHuua nsmepedna HanmeHoBaHve
Q m3/c, M3/ rnopgava (Takxe v B n/c)
Q, M3/ noAava npv AaBneHnn OTKMOYEHNA
Q, M3/y nopava nNpv AaBneHnn BKIOYEHNUA
q, % cofepKaHve BO3yxa Uiy rasa B nepekaurBaeMoi XnaKkoctu
R M, MM paamnyc
Re uncno PeriHonbaca
S M 3arny6neHue, rnyorHa norpyxeHus
S MM TOJILMHA CTEHKMN
s’ M Pa3HOCTb B BbICOTE MEXAY LIEHTPOM BXOAa B pabouee Koneco 1 LIeHTPOM BcacblBatoLLero natpybka Hacoca
T H-m BpaLlaloLWmnii MOMEHT
t °C Temnepartypa
U M [/IHa HEBO3MYLLEHHOTO NOTOKa
U M CMOUYEHHBI NepUMeTp NOMEePeYHOro CeYeHNs, Yepes KOTOPoe NPOXOAUT MOTOK KUAKOCTH
Vg m3 06bEM BCacbIBalOLLErO pe3epByapa
Vy m3 nonesHbiii 06bEM 3ymnda Hacoca
v m/c CKOPOCTb NMOTOKa
w m/c CKOPOCTb OCefjaHNA TBEPAbIX B3BeCeN
y MM XO[ OTKPbITUSA Wnbepa, PacCTOAHME OT CTEHbI
Z BKJ./Y 4NCNO NepeKItYeHNI (YacToTa BKOYEHNI)
z YMCIIO CTyneHen
Z 4 M nepenag BbICOT MEXAY HanmoOpPHbIM 1 BCacbiBaOWMM NaTpybKamuy Hacoca
a ° Yros MOBOPOTa, Yron OTKPbITHA
9] ° Yron HakJloHa
C KO3pMLMNEHT CONPOTUBNEHUNA
n Ma-c NVHaMUYeCcKas BA3KOCTb
A K03bPULMEHT TpeHns TPyObI
\% m?/c KUHeMaTnyecKasn BA3KOCTb
p Kr/m? NIOTHOCTb
T H/m? Hanpsa)eHue caBura
T, H/m? HanpsXeHWe caBura y npeaena Tekyyectu
(p TemnepaTypHbli KO3GPULMEHT, yron OTKPbITUA 3aTBOPA, Kak KO3OPMLINMEHT MOLHOCTY aCUHXPOHHBbIX
ABuraTenein cos @
Y k03P PMLMNEHT faBneHns (6e3pasmepHblii Hanop paboyero Koneca)
UHpeKkcbl NHpeKkcbl
A OTHOCAWMECA K yCTaHOBKe opt OnTUMasibHOE 3HauYeHwe, B Touke nyywero Krj
a B BbIXOAHOM CEYEeHVMN YCTaHOBKMW, OTBETBAIAOLMIACA P OTHOCALUMIACA K Hacocy
BI OTHOCALLMIACA K OTBEPCTUIO B APOCCENbHON Walbe 9] OTHOCALMIACA K AaBNIEHNIO
d C HaMOPHOW CTOPOHbI, B HANOPHOM NaTpy6Ke, MpoTeKaloLWuii r peAyLMpOBaHHbIN, NPy NepepasmepeHHOM paboyem Konece
dyn CKOPOCTHaA (AnHaMnyecKkas) cocTaBnatoLwan s CTOPOHbI BCacbiBaHA, Ha BcacbiBatoLLeM naTpyobke
E B CAMOM Y3KOM CeYeHMN apMaTypbl S OTHOCALMINCA K TBEPAON dase
E Ha BXOfe BcacblBaloLLel Tpy6bl UM BCacblBaloLLero KOIoKosa stat CTaTnyecKas cocTaBnaoLlas
e BO BXOAHOM CE€UYEHMWU YCTaHOBKY, Hanprmep, BO t OTHOCALUMICA K paboseMy Konecy
BCACbIBAIOLLEM WU MPUTOYHOM pe3epByape
f OTHOCUTCA K XMAKOCTU-HOCHTENIO \" BEPTUKaJbHBbIiA
H rOpu30HTasbHbIN v OTHOCALYNINCA K NOTEPSAM
K OTHOCALYMICA K NaTpyoOKy w OTHOCALLMINCA K BOAe
m cpefHee 3HayeHne z OTHOCALLMIACA K BA3KOW KNAKOCTN
Makc. MaKcMManbHoe 3HaueHne 0 NCXOQHOE MONOXEHWNE, OTHOCALUMINCA K OANHAPHOMY Luapy
MWH. MWHMMasIbHOE 3HayeHune 1,2,3 ymcna, no3munmn
N HOMWHaNbHOE 3HaYeHne 1,1 KOMNYECTBO paboTaloLmx HacoCoB
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WcnonHeHmA HacocoB

NcnonHeHuA HACOCOB

OTnnunTeNbHblE 0COBEHHOCTY LLEHTPOOEXKHBIX HACOCOB OCHOBAHbI
Ha pacuYéTHbIX AaHHbIX (Nogayva Q, Hanop H, yacToTa BpaleHusi n 1
KaBuMTaunoHHbIM 3anac NPSH), ceoicTBax nepekaunBaemonm
XKNOKOCTU, TEXHUYECKNX TPeboBaHUAX Ha MeCTe MPUMEHEHUNA 1
JeCTBYIOLWUNX NPABOBbIX MM TEXHUYECKUX HOpMax. Takoe
pa3Hoobpa3ue npeanonaraeT MHOXeCTBO KOHCTPYKTUBHbIX
NCMOJSTHEHWNIA HACOCHOTO 060PYAOBaHNA B pamKax

NpPOV3BOACTEHHOM NporpaMmbl KoHuepHa KSB.

OTnnunTENbHBIE KOHCTPYKTBHbBIE 0CO6EHHOCTM 6a30BbIX
WCNONTHEHNI cnegytoLyme:
4MCno cTyneHen (0QHO- / MHOTOCTyMNeHyYaTble)
pacnonoxeHue Bana (roprM3oHTanbHoe / BepTuKanbHoe)
@ Kopnyc (pagnanbHbIf, HaNmpUMep, CNUpasbHbIN Kopnyc /
0CeBoOl = Tpy6UaTbin KOpMyc)
4ncno NOToKoB Yepes pabouee Koneco (ogHoNoTouHoeE /
[BYXMOTOYHOE)
CMauuBaHue aBuratens (ABUraTesib «Cyxon yCTaHoBKU» /
MOrpy»HOW ABUraTeNib = BHYTPU Cyxow / ABuratenb C
repmMeTMYHbIM POTOPOM = C XUAKOCTbIO BHYTPU, HaNnpumep,

3KpPaHMPOBaHHbIN ABUraTesb, MOrPy>KHOW 3NeKTpoaBUraTesb)

Hwuxe nprBeaeHoO HECKONBbKO NPYMEPOB TaKNX KOHCTPYKTUBHbBIX
0COBEHHOCTEN, KOTOpble 06bIYHO OMNpPelenstoT BHELHWE NPU3HAKN

Tunopsaa (Tabnuuya 1 m Puc. 1 - 16).

Kpome Toro, LeHTpo6eXHbIl Hacoc obnagaeT u gpyrumu
ocobeHHoCTAMYN
2 TWN YCTaHOBKM (CM. HauMHasA co cTp. 63)
HOMUHasbHbBIN AUamMeTp (anA TMnopasmepa, B 3aBMCUMOCTM OT
nopaun)
HOMUWHasIbHOE JaBneHue (AN TONWMHbI CTEHKM KOPMYCOB U
¢dnaHues)
Temnepartypa (Hanpumep, ANA OXNaXxAeHWaA YrNoTHEHUI Bana)
nepekauvBaemas cpefa (abpasnBHble, arpecCcuBHble, TOKCUYHbIE
MKUIOKOCTK)
ucnonHeHne pabouero Koneca (paguanbHoe / oceBoe B
3aBMCUMOCTM OT ObICTPOXO[HOCTH
4 CNoCcoBHOCTb K CAMOBCACbIBAHMIO
pa3bem Kopryca, MoNoXKeHue NaTpy6KoB, FOPLIKOOOPA3HbIN

Kopnyc n 1.4a.

Yucno ctyneHen

OAHOCTyNeH4aTbIN

MHOrOCTyﬂeH‘IaTbIﬁ

PacnonoeHune Bana rOpPWn30OHTaJIbHOE

BepTUKalbHOE rOpU3OHTaNIbHOE BepTUKalnbHOEe

McnonHeHue kopnyca paguanbHbIn oceBon pagunanbHbIn oceBon Kopnyc CTyneHu
KonuuecTtso NOTOKOB Yepes 1 5 1 1 5 1 1 ]
pabouee Koneco

UcnonHeHune aBurarensa Puc. N2

(CranpapTHbI) fBUraTenb 1 5 3 4 5 6 7 3

«CYXOW» YyCTaHOBKM

(CTaHpapTHbIN) aBUraTensb, C
MarHUTHoOW MydpTON, 9
«CYXOW» yCTaHOBKM

Tabnuua 1: ba3oBble UCMOSTHEHUA LEHTPOBEXHbIX HACOCOB



(CranpapTHbIN) ABUraTenb «CyXon» YCTaHOBKMN

Prc. 1: ogHOCTyneHYaTbll, FOPU30HTaNbHbIV Ban, Puc. 2: ogHOCTYneHuYaTbI, FOPU3OHTaNbHbBIN Barl, Puc. 3: ogHOCTyneHuYaTbli, FOPN3OHTaNbHbIN Ban,
pafnanbHblil KOPNYC, OAHOMOTOUHOE paavanbHbIii KOPNyC, ABYXNOTOYHOE 0CeBOW KOPMyC, OAHONOTOYHOE
pabouee koneco pabouee Koneco pabouee koneco

=
)
Puc. 4: ogHOCTyneHYaTbIn, BepTUKanbHbIN Bas, Puc. 5: ogHOCTYneHYaTbIv, BepTUKanbHbI Ban, Puc. 6: ogHOCTYneHyYaTbIv, BepTUKanbHbI Ban,
paavanbHbI KOpyc, OHONOTOYHOE pagavanbHbIi KOPNyc, ABYXMNOTOYHOE 0CeBOW KOPMYC, OAHONOTOYHOE

pabouee Koneco pabouee koneco pabouee Koneco

Prc. 7: MHOrocTyneHuatbii, rOpU30OHTaNbHbIN Ban, Punc. 8: mHOroctyneHuatbii, BepTUKaJbHbIN Ban,
KOpMyC CTyNneHun, of4HOMNOTOYHOEe KOPMyC CTYyNeHu, O4HOMOTOYHOE
pabouee Koneco pabouee Koneco

CraHpapTHbIN) ABUraTenb CyXonl YCTaHOBKM, C MarHUTHOM my¢ton

Prc. 9: ogHOCTyneHuaTbll, FOPU30HTaIbHbIN Ban,
pagnanbHbIN KOpyc, O4HONOTOYHOE
pabouee Koneco

07



08

KOHCprKTI/IBH blé NCMOJIHEHNA HaCOCOB

Morpy»xHom aneKTpoaBUraTenb

Puc. 10: ogHOCTyneHuYaTbIf, rOPU30OHTasIbHbIN Ban Puc. 11: ogHOCTyneHuaTbIf, BepPTUKanbHbIV Ban,
0CEeBOI KOpMyc, OHOMOTOUYHOE pagmnanbHbiil KOpNyc, OLHOMOTOUYHOE
pabouee Koneco paboyee koneco

Puc. 13: MHoroctyneHyaTblii, BepTUKanbHbIN Bas,
KOpMNycC CTyneHu, OAHOMOTOYHOE
pabouyee Koneco

ABuratenb c repMeTUYHbIM POTOPOM

Puc. 12: ogHoCTyneHuaTbl, BEPTVKasbHbIN Bar,
0CeBO KOPMYC, OAHOMOTOYHOE
pabouee Koneco

Puc. 14: ogHOCTyneHuYaTbI, FOPU3OHTasbHbIN Bar, Pnc. 15: MHOroctyneHuaTblli, FOPU3OHTasIbHbIN Bar,
paAvanbHblii KOpMyc, OfHOMOTOYHOE KOPMyC CTyneHn, ofHOMOTOYHOe
pabouee Koneco pabouee Koneco

Puc. 16: mHOroctyneHuaTbl, BepTUKaNbHbIN Bar,
KOPMyC CTyNeHun, Of4HOMOTOYHOe
pabouee Koneco




Pacuér napameTpoB ANnA nepeKayrBaHA BOLbI

PacuéTr napameTpoB gnsA nepekaymnBaHNA Boabl

JaHHble Hacoca

Mopgaua Hacoca Q

Mopaua Hacoca Q — 3To NofiaBaeMblil B EANHULLY BPEMEHN
nonesHblli 06bEM XKUAKOCTY, N3MepAeMblil B M*/C (MpUMeHsAIOTCA
Tak e 51/c 1 M3/4). OHa U3MeHAEeTCA MPOMOPLIMOHANBHO YacToTe

BpaLieHus Hacoca! Bopocbpoc 1 yTeUKn He OTHOCATCA K nogade.

Hanop H n gauddpepeHynanbHoe gaBneHne Ap Hacoca

Hanop Hacoca H - HK 4TO nHOE Kak coOobLEHHAnA nepeKaunBaemon
YKNAKOCTUN None3Hasa MexaHnyeckasa paboTa, B H-m, OTHeCEHHas K
cune TAXKeCTU noaBaeMon XKMAKOCTK, B H, BbipaxeHHasa B H-M/H =
M (paHee TakXe Ha3blBaemas CTONOOM XXMAKOCTY U BblpaXKeHHas B
meTpax). OHa nponopuroHanbHa KBagpaTy 4acToTbl BpaLleHuA
pabouero Koneca v He 3aBUCKT OT MJIOTHOCTM P NepeKayBaeMon
YKNAKOCTU, T.€. ONpeaesneHHblN LEHTPOOEXKHbIN HacoC
nepeKaunBaeT PasHble XXMAKOCTM (C OfMHAKOBOW KMHEMATUYECKOM
BA3KOCTbIO N) HE3ABUCKMO OT MX MAIOTHOCTU P C OLHMM U TEM XKe Mo
BeNnYMHe Hanopom H. [laHHOe yTBepXaeHne OTHOCUTCA KO BCEM

LieHTPOOGEXHbIM Hacocam.

Hanop Hacoca H BbipaXkaeTcA B COOTBETCTBUN C ypaBHEHNEM

BepHynnu (cm. cTp. 15).
rMApPOCTaTMYeCckom Hanope H mponopLmoHanbHo pasHocTn
CTaTMYeCKUX AaBneHNIN Mexay HanopPHbIM 1 BCACbIBaIOLWM
naTpybkamm Hacoca, B reofie3nyeckom BblCoTe Zsd (pnc. 23 n
puc. 24), KoTopas npeacTaBseT coboli nepenag BbiCOT Mexay
HaMnopHbIM 1 BCacbIBaloLWMM NaTpybkamm Hacoca

B PA3HOCTU CKOPOCTHBIX HANopoB (v, >V %)/2g B HANOPHOM 1
BCacblBaloLLeM NaTpybKax Hacoca

= AnAa puddepeHuymanpHoro Aasneqva DB Hacoce (obpatute
BHUMaHMe Ha NONoXeHne Touek 3amepa aasneHua! Cm. ctp. 71)
TO/IbKO 3HaueHue Hanopa H_ BmecTe ¢ MNOTHOCTbIO P
nepekaynBaeMon XNLKOCTU ABNAETCA onpefensaowym B

COOTBETCTBMN C YypaBHEHUNEM

2

Ap = v 'V52

p—P‘g‘(H'ZsTd 5 g ) Mopmyna (1)

YcnoBHble 0603HauYeHuA:

p  =NNOTHOCTb NepeKaynMBaemMon XNAKoCTH [Kr/m®]

g = ycKopeHue cBobofHOro nageHus = 9,81 m/c?

H  =Hanop Hacoca B ™

z , =TNepenag BbiCOT BbICOT MEXAY HAaMOPHBIM 1 BCACbIBAIOWMM NaTpy6Kamm
Hacoca B M (cMm. 23 1 puc. 24)

V, =CKOpOCTb MOTOKa B HAaNMOpPHOM naTpy6bke = “¥rd;g [M/c]

V.  =CKOpOCTb MOTOKa BO BCacblBaloLlem naTpybke = “rd: g [m/c]

Q =nopava Hacoca B COOTBETCTBYlOLEM NaTpybKe B [m?/c]

d = BHYTPEHHW JuameTp COOTBETCTBYIOLLEro naTpybka Hacoca B [m]

Ap = puddepeHumanbHoe aasneHmne B [H/m?]
(Ons nepecyéta B 6ap: 1 6ap = 100 000 H/m?)

CnepoBaTtenbHo, yBennyeHre nNIoTHOCTY NOBbILLaeT
anddepeHumnanbHoe gaBneHne u, TeM caMbiM, KOHEYHOE [aBrieHne
Hacoca. KoHeuHoe fiaBeHve ABAAETCA CYMMOW
anddepeHumnanbHOro JaBneHna U JaBneHna Ha BXoJe U1
OrpaHUYEHO NPOYHOCTbIO Kopnyca. Takke He06X0AVMO YUnTbIBaTb
orpaHuyeHne NPOYHOCTY Kopryca BCieACTBMe TeMnepaTypHbIX
BO34ENCTBUN.

KNA v notpe6naeman mowHocTb P Ha Bany Hacoca
MNoTpebnseman MOLWHOCTb P Hacoca — 3To MexaHn4yeckas MOLHOCTb,
BOCMpPVHUMaemas BasioM Hacoca nnm mydTom, BbipaxkeHHas B KBT
unu BT; oHa nponopumroHanbHa TpeTbel CTeneHn YacToTbl

BPALLEHVIA N ONPESENAeTCA Mo OJHOW 13 cieayoLwyx Gopmyn:

.g-0Q-H
P =4p gl‘]Q B [BT] ®opmyna (2)
=M B [KBT] QOopmyna (3)
1000 - n
:M B [KBT] Dopmyna (4)
367N

YcnoBHble 0603HaYeHnA:
= MIIOTHOCTb B [Kr/M?]

nopaua B [M*/c]
ycKkopeHue ceobogHoro nageHna = 9,81 m/c?

Hanop B [m]
KN4 ot 0 go <1 (He B %)

S TWQ@ O ©
Il

KN Hacoca n ykasaH B xapaKkTepucTmKax Hacoca (cm. 6polutopy,
HauuHas co cTp. 13). MoTpebnaemasn MowHOCTb P Hacoca ana
nnotHoctn p = 1000 Kr/m® TakxKe MOXeT ObITb JOCTaTOYHO TOUHO
CYMTaHa HeMmoCpeACTBEHHO U3 Paboumx XxapakTepUCTUK Hacoca (CM.
6poLutopy, HaumHasa co cTp. 13). Mpwn gpyroi NAOTHOCTW P
HeobXxo4MM NPOMOPLMOHASbHBIV NePecY&T CYMTaHHON

notpebnsemon mowHocTn P.

Mpu nepekaunBaHnn XNKocTen ¢ 6onee BbICOKON BA3KOCTbIO, YUeM
BA3KOCTb BOAbI (CM. «OCOBEHHOCTY NepeKauBaHUs BA3KMX
XnpkocTen» Ha cTp. 47), unn 6onee BbICOKNM COiepaHem
TBEpAoi dpasbl (cM. «OCOBEHHOCTU NepeKaUnBaHNA XKNAKOCTEN C
copepxaHem TBEpaoi ¢asbl» Ha CTp. 58) Heobxoanma 6onee
BbICOKasA noTpebnAaeman MOLWHOCTb (K STOMY TakMe OTHOCUTCA
nepekayrBaHvie CTOYHbIX BOA, CM. pa3fen «BnuaHue 3arpasHaAoWmx

npumMecemn» Ha cTp. 46).

MNoTHOCTb P NMHENHO BXOAUT B NOTpebnsemMyio MOLWHOCTb P
Hacoca. [To3ToMy Npy OYeHb BbICOKOW NIOTHOCTY crieayeT
cobntogatb AONYCTMblE MaKCUMaslbHble 3HAaUYeHWA Harpy3Ku
asuvratens («Bolbop anekTpoaBuUratenia — HOMUHaNbHas MOLHOCTb
ABuratens» Ha cTp. 29) 1 BpallaoLero MomMmeHTa (Bcnegcteme

Harpysku Ha Myd)Ty, Ban 1 npusmMmatnyeckme LUNOHKM)!
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Pacuér napameTpoB AnAa nepexkavynBaHnA BOAbI

Pabouee Koneco Pabouee koneco Pabouee Koneco

BbICOKOIO AaB/ieHnA cpepHero faBneHus HW3KOro AaBneHus

n, Ao 25 06/M1H n, Ao 40 06/MVH n, Ao 70 06/MWH

[naroHanbHoe pabouee OceBow nponennep

Koneco n, ot 140 o 400 06/mMuH

n, Ao 160 06/MUH

Pvc. 17: BnuaHmne 6bICTPOXOAHOCTI NQ Ha KOHCTPYKTUBHbIE NCMONHEHNA
pabounx Konéc LeHTpobexHbIx HacocoB. O603HaueHbl HanpasnAoLwme
annapartbl (Kopnyca) OAHOCTYNEeHYaTbIX HACOCOB.

YacroTa BpaweHma n

Mpu nprBoaax ¢ anekTpoaBuraTenamm TpéxdasHoro nepemeHHoro
TOKa (aCUHXPOHHbIE SNeKTPOoABUraTENN C KOPOTKO3aMKHYTbIMM
poTtopamu no ctaHaapTy IEC) ycTaHOBAEHbI clegyiowme 4acToTbl

BpaleHnA HaCoCOB:

Yucno noniocos 2 4 6 8 10 12 14

Yactotanpu50y 2900 1450 960 725 580 480 415

Yacrotanpu60lny 3500 1750 1160 875 700 580 500

Tabnuua 2: bazoBas YacToTa BpalleHus, ykazaHHasA B JOKYMeHTaLuumm ¢
xapaktepucTukamu, [06/mMmuH]

Ha npakTuke anekTpoasurateny TpéxdasHoro Toka (B 3aBUCUMOCTY
OT MoLHOCTU P 1 n3rotoBurTens) B xe paboTaloT ¢
He3HauYNTeNIbHO OT/INYaloLLENCs, B 6ONbLUMHCTBE ClyYyaeB
yBeNUYEeHHOW, YacTOTON BpalyeHua [1], KoTopasa moxeT
YUUTBIBATHCA M3rOTOBMTENEM HACOCOB MPU COrMacoBaHum C
3aKa3uMKoOM Npuv NPoBefeHUN pacyéta NnapameTpoB; AencTByeT
3aKkoH nopobus (cm. dopmyny (23) Ha cTp. 35).

XapaKTepuCTUKN NOFPYXKHbIX 1 CKBaXMHHbIX 3/1IEKTPOHACOCOB yXe
paccumnTaHbl Ha 3G PeKTMBHYIO YacTOTy BpalleHus npusogda. MNpu
perynnpyemon yactoTe BpallieHuA (Hanprmep, C MOMOLLbio
ba3oBoro ynpasneHunsa Ansa MOLHOCTM A0 HECKONbKUX KBT, a valye
BCEro ¢ NpeobpasoBaTesieM YacToTbl), IPU NPUMEHEHNUN
peayKToOpoOB MY PeMEHHOI Nepefayy, a Takxe npu
MCMONb30BaHUN TYPOUH UK ABUraTenein BHyTPeHHEero cropaHus
BO3MO>KHa 1 Apyras YacToTa BpalleHuWs Hacoca.
BbICTPOXOAHOCTb Nq M KOHCTPYKTUBHbIE NCNOIHEHUA
pabouero Koneca

BbICTPOXOAHOCTL N — 3TO CPAaBHNTENbHbIN NOKa3aTesb, B3ATbIN 13
Teopun Noao6usi, KOTOPbI MO3BOMAET COMOCTaBMATb Pa3fINUHbIe

3KcnnyaTayMOHHbIE XapaKTePUCTUKN (no,uaqy Q Hanop Hm_| n

ont T

YyacToTy BpalleHmMs n paboyero Koneca Hacoca B TOUKe HaunyyLlero
KNA n,,) pabounx konéc pasHbix TUMNOPa3mMepos 1 1x
ONTUMaNbHOE KOHCTPYKTMBHOE NCNOHeHne (cM. puc. 17), a Takxe
KnaccnouumposaTb GopMy COOTBETCTBYOLLEH paboyei
XapaKTepucTukn Hacoca (cm. puc. 20).

n, — BOOOpaxaeman 4acToTa BPaLeHNA reoMeTpruIecku
aHaNorMyHo MoanMeuLNPOBaHHOIo paboyero Koneca c nogaven

1 M3/c n Hanopom 1 m B Touke HaunyuLwero KM c Takom xe
efMHNLE U3MepeHMs, Kak y 4acToTbl BpalyeHus. E€ Takke MOXKHO
n306pa3nTb 6e3pasmepHO B COOTBETCTBUM C NPaBOIA YacTbio

cneayoLwWwmx ypaBHEHUI Kak TMMOBOW NokasaTenb [2]:

VQonr VQ,.

n,=n Hm% =333:n- T ®opmyna (5)
YcnoBHble 0603HaYeHNA:

n, = 6e3pa3mepHbIN TUMOBOW NMoKasaTtenb

n = yacToTa BpalleHus Hacoca B [06/c]

Q.. =nojayanpun B [m*/c]

H,.. =Hanop npun 8 [m]

g = ycKopeHune cBoO60AHOro nageHus = 9,81 m/c?



Bo MHorocTyneHuaTbix Hacocax ana H_—cneagyet ucnonb3osatb
HauyyLWmn Hanop OAHON CTYNeHW, a NPV NPUMEHEHNN
ABYXMOTOUHbIX Pabounx KONEC anA Q — NONOBUHY Havayywen

nogayn pa6oqero Koneca.

Mo mepe yBennueHus 6bICTPOXOAHOCTY NQ NOTOK Yepe3 paboure
Konéca npoxoauT B 6onee NonyoceBOM HamnpasfieHN
(«araroHanbHOM») N 0CeBOM (CM. puc. 17); HanpaBnAiowwme
ycTponcTBa (0TBOAbI) B pagmanbHbiX Koprnycax (Hanpumep,
cnupanbHble Kopryca) TakxKe CTaHOBATCA BCE 6onee 06bEMUCTBIMY,
noka obecneyrBaeTCs OTBEAEHNE NOTOKA B PafnaibHOM
HarnpasieHUN. B KOHEYHOM MTOre NOTOK MOXET OTBOANTLCA TONbKO

B OCEBOM HarpaBneHun (Hanprmep, B TpybuaTbix Kopnycax).

Mpu6nusntenbHbie

OpPUMEHTMPOBOYHbIE 3HAaYeHNSA: N, PaGouee koneco

PagnanbHoe pa6oqee Koneco

npu6n. po 25 (BbICOKOrO AaBNEHNSA)
PapgunanbHoe pabouee Koneco

npu6n. 1o 40 (cpepHero faBneHus)

P61, 10 70 PagunanbHoe pabouee Koneco

(HM3KOro gaBneHus)

MonyoceBoe paboyee Koneco

npv6n. Ao 160 (BMHTOBOE, AMaroHasnbHoe)

OceBoe pabouee koneco

ot 140 po 400
(nponennepHoe)

Tabnuua 3: BbICTPOXOAHOCTL N 11 HaNPaB/eHe NpoToKa

Mpoure KOHCTPYKTUBHbIE UCTMONHEHNA paboyero Kosieca nokasaHbl

Ha puc. 18

s 3Be3goobpasHble pabouvie Konéca NPUMEHAIOTCS B
CaMOBCaCbIBaOLMX BUXPEBbIX HACOCax.

MepudepniiHbie paboumne Konéca pacwmpsAoT AnanasoH
6bICTPOXOAHOCTM NPUOGH. A0 Ng =5 (BO3MOXKHbI UCMONHEHMS OT
OfHOW [0 TPEX CTyneHen).

s [Npu ewwé meHbLel 6bICTPOXOAHOCTY NPENOYTUTENbHbI
06bEMHbIe BpallatoLmeca (Hanpumep, BUHTOBbIE
SKCLIEHTPUKOBbIE C Ng =0T 0,1 g0 3) unr Bo3BpaTHO-
noctynaTesibHble (MOPLUHEBbLIE) HACOCHI.

KoaddunumeHT BbicTpOXOAHOCTY TakKe TpebyeTca npu Bbibope

$aKTOPOB, BINAOLWMNX HA NEPeCcUET XxapaKTepUCTMK Hacoca npu

nepeKkaunBaHN BA3KUX XKULKOCTEN W >KUAKOCTEN C

copepxaHem TBépaoi ¢asbl (cm. «<OcobeHHOCTU Npun

nepeKaunBaHNy BA3KUX XKUOKOCTEN» Ha CTpP. 47 n «OcobeHHoCTH
npu nepekaunBaHn XNAKOCTEN ¢ coflepKaHremM TBEPAO Gpa3zbi»

Ha cTp. 58).

B aHrnocakcoHCKux cTpaHax 6bICTPOXOAHOCTb 0603HavaeTca

«TMNOBbIM Nokasartenem K», B CLUA - N

Dopmyna (6)

K=nq152,9 unn Ns=nq/51,6

Puc. 19 nosicHseT rpaduuyeckoe onpegeneHe gaHHbIX.

PapnanbHoe
pabouee

Koneco*)

3akpbiToe
finaroHanbHoe

paboyee Koneco *)

OTKpbITOE
fnaroHanbHoe

paboyee Koneco

OceBoe paboyee Koneco

[IByxnotouHoe
pafguanbHoe

paboyee Koneco *)

3Be3poobpasHoe pabouee
KOMeco BMXPeBOro Hacoca
C 60KOBbIM KaHaiom

(camoBcacbliBatoLLnif)

MNepudepniiHoe BrxpeBoe
pabouee koneco Ana
MUH/ManbHON

6bICTpOXO£lHOCTVI

(nq:0T5qo1O)

*) Bup B nnaHe 6e3 NOKPbIBHOrO ANCKA

Puic. 18: KOHCTpYyKTMBHbIE MCNONHeHMA paboyero Koneca AnsA YMCTbIX XUAKOCTEN
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Pacuér napameTpoB AnAa nepexkavynsaHnA BOAbI
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ont.

Mpumep: Q, =66 M*/u =183 n/c;n = 1450 23 06/muH; H = 17,5 m => HaiigeHo: n = 23 06/muH

.

o o
o

o

o o

o

o

BbICTPOXOAHOCTb Nq [06/MUH]

Puic. 19: Tpaduueckoe onpepenenme 6bICTPOXOAHOCTM N




Pa6oume xapaKTepunCcTMKMN Hacoca

B oTnnume ot 06bEMHOro Hacoca (Hanpumep, NOPLLIHEBOrO HACOCA)

I

LeHTpobexHbI Hacoc obecneyrBaeT nepemeHHbIn pacxod Q

ont

(yBENMumMBalowWMiAca ¢ ymeHblueHnem Hanopa H) npu noctoaHHOMN
yacToTe BpaLieHua. Takum 06pa3om, OH MOXeT afanTpoBaTbCa K
N3MeHeHMAM pabouel xapaKTepUCTKIN YCTaHOBKM (CM. pa3aen

«XapaKTepUCTVKN YCTaHOBKM» Ha CTP. 26).

Ot nogauu Q 3aBKcAT NoTpebnsiemas MOLWHOCTb P i,

cnepgoBatenbHo, KMNJ 1N, a@ TaKXKe 3Ha4YeHne KaBUTaLMOHHOIO 3anaca

NPSHR (NPSH, | ) (cm. pasaen «3HaueHwve AomycTMmoro Nomr
KaBuUTaLMOHHOrO 3anaca Hacoca NPSHR (NPSH_ | )» Ha cTp. 44).
XapaKTep 1 B3aMMOCBA3b MeXAy 3TVMU Benn4mHamm rpaduueckm
roka3saHbl Ha XapakTepuUCTUKax, Ha KOTOpble OKasblBaeT BAMAHNE
6bICTPOXOAHOCTD n, v KOTOpbIe, Taknum obpasom, naeHTMduumnpyoT
pabourie xapaKTepUCTUKN LLEHTPOBEXHOro Hacoca (CpaBHeHMe

pabounx xapakTepuCTrK cM. puc. 20, npumepsbl cM. puc. 21).

P
2 Por
Q Q
Qorr Q,,
NPSHR (NPSHon)
NPSHR (NPSHzon, onr) B ONTUMYMe
Q Q
Qo Qrr
1 JKCryaTaUMOHHbIV Npefen Npu Manoi MOLHOCTY NprBOAa
2 KCnyaTaLVOHHbIV Npefen npu 60bLWON MOLWHOCTN
npusoaa
— n =300
q
n =150
q
—— n =70
q
n =40
q

Puc.

20: TeHaeHUMSA BAVAHUA BbICTPOXOAHOCTY Nq Ha XapaKTePUCTUKM
LieHTpobeXHbIX HacocoB (6e3 cobnogeHns macTabal)

a): c pagnanbHbIM b): c anaroHanbHbIM pabounm

pa6ouum Konecom n, =20 Konecom n_= 80

n = 2900 06/MuH

¢€): c oceBbIM pabounm

Konecomn_ = 200

n = 1450 06/MyH n =980 06/MuUH

90 24 20
™S N —
80 — N
T~ 20 N 16 N SKCMNyaTaUMOHHbI |
—70 — ~ .
2 "~ =16 T T2 N\ npepen
j— N = N —
I 60 N\ T N—
N 12 N\ * N
50 AN ~N 8 NN
N 8 AN N
40 b 4 X
80 T 20 P N
7~ ) e AN % TN\
60 // 70 / N / N
5 / 5 / g7 — \
f= o f=
40 // 50 / )4
/ 50 /
- / 30 / /
s s 30
—:10 :515 515
= 210 e Tt
£ 7 g I N\
2 — z 5 = - T
< < 0 zZ 20
I I
w 0 g, 100
Z 30 =z AL \\
— L = [N — w60 ~
2 ] @ L~ o0 —
E 20 /, 2 15 X \\
— ™~
X = o
“ ol 13 N 20
0 20 40 60 80 100 120 140 160 0 100 200 300 400 500 0 500 1.000 1500 2.000 2.500
Q[m3/u] Q [m3/u] Q [m3/u]

Puvic. 21: Tpu nprmepa XxapakTepuCTrik HACOCOB Pa3NNUYHO BbICTPOXOAHOCTN
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14 Pacuér napameTpoB AnAa nepexkayvyrnBaHnA BOAbI

/ Pabouas xapakTepucTuKa Hacoca Takxe Ha3blBaeTcs Kpueoi H(Q).
B npuHuune, kpreasa H(Q) moxeT 6bITb nonioro unu KpyToi. Mpwn
KpyTow KprBow nofaya Q nsmeHAeTCcA MeHbLUe, YeM Npu Noaoromn
KPWBOW, MPY aHanornyHom pasHoctn Hanopa AH (puc. 22). 310

MOXeET ABNATbCA NPenMyLLeCTBOM NPU perynmpoeBaHnUn nogadu.

= - — *
o
e H
5 BepwwHa Xapaktepuctuku H(Q) 06bI4HO CTabWbHbIE, TO eCTb Hanop
\ ) 5 yMeHbluaeTca ¢ ysenmyeHnem nogaun Q. MNpu Hu3Kom
kpyras
HectabunbHas 6bICTPOXOAHOCTN MOXKET MPOM30ITY, YTO B AManasoHe MasbixX
30Ha nopau (T.e. Npy KparHe YacTWYHOW Harpyske) Hanop H cHuxaeTcsa ¢
« Q...+ yMeHbLUeHVeM nofdaun Q, T.e. ABNAETCA HECTabUNbHbBIM
> (0603HauYeHO NYHKTUPHON NHMEN Ha puc. 22). Takoro Tina
Mopaua Q
XapaKTepuCTUKn ciepyet nsberatb TONbKO B TOM Cllyyae, ecsin
s KpyTast cTabunibHast paboyast xapakTepucTyika CYLLECTBYET BEPOATHOCTb €€ nepeceyeHns ¢ pabouen

== lonoran crabunbHan paGouan xapakTepncrika XapaKTepPUCTUKON YCTAHOBKM B [IBYX TOUKaX, B OCOBEHHOCTH, ecni

— = HecTabunbHasA 30Ha

npennonaraeTcAa napannenbHaa pa60Ta HaCoCOoB nNpu YacTUYHON

Puc. 22: KpyTasa ctabunbHas, nonorasa ctabunbHas 1 HecTabunbHan paboune Harpyske (cm. pasgen «I'Iapanneanaﬂ pa60Ta LleHTp06e>KHbIX
XapakKTepncTnKM Hacoca
HaCOCOB» Ha CTP. 36), TMOO eCNN B HECTAOUTbHOM [ana3oHe Hacoc
fonxeH paboTaTb Ha HaNoOpHbIN pe3epByap (= € ra3oBoN UnNn
napoBOW NMOAYLLKON), akKyMyMPYIOLLMIA SHEPTIIO; BO BCEX
OCTasbHbIX C/TyYasax OHa SKBMBANEHTHa CTabUNbHOM
XapaKTepucTuke. Ecnn He YKa3aHO NHOE, XapaKTEPUCTUKN
OTHOCATCA K NIOTHOCTW P U KNHEMATUYECKOW BA3KOCTA V

XOJIOQHOW Aera3npoBaHHON BOAbI.



ﬂ'aHHbIE YCTaHOBKN

[ aHHble YCTaHOBKMU

MonHbin Hanop H, yctaHoBKK

YpaBHeHue bepHynnn

YpaBHeHue bepHynnn ucxoauT U3 TOro, YTO SKBUBANIEHTHOCTb popm

SHEPrum C reofiesnyecknm, CTaTMYeCKM 1 CKOPOCTHbIM Hanopom H,
YCTaHOBKM CKNafblBaeTCA fanee 13 TPEX cefyowmx CoCTaBNAOLWMX
BMeCTe B OfUH YCNTOBHO MAeasnbHbIl (6e3 TpeHus) NoToK

(cm. pnc. 8 n 9):

= H

re

, (reofiesnyecknin Hanop) — 370 Nepenag BbiCOT MeXay
YPOBHAMM XNOKOCTW Ha BCaCblBalOLLEN U HAMOPHOM CTOPOHAX.
Ecnn HanopHbIi Tpy6onpoBog BbIXOAUT Bblille YPOBHSA BOAbI,
OTCYET NPOV3BOANTCA MO OCK BbIXoAa Tpybonposoaa (cM. puc.
23B un puc. 24B).

B (%)npe,qcmanﬂﬂ o601 pa3HOCTb HaMOPOB Haf YPOBHAMM
XKNAKOCTY B 3aKpbITbiX pe3epsyapax B, C nnn E BcacbiBatowen n
HanopHowm cTopoH (cm. puc. 23B, C, E u puc. 24B, C, E).

a Ve

(vi-vd)
B ( 2-g Pa3HOCTb CKOPOCTHbIX HAaNopoB Te4eHUA B pe3epByapax.

B peanbHOM NOTOKe Cpean COCTAaBAAIOLWMX CiefyeT yumTbiBaTb
noTepu Ha TpeHwue (= NoTepu Hamnopa):

YHv npepncTaBnaeT cobon cymmy Bcex notepb Hanopa
(conpoTumBReHnA NOTOKY B TPy6OMNpoBOAax, CONpPOTUBAEHUA
apmMaTypbl U GacoHHbIX AeTanen 1 T.4. BO BCaCbIBalOLWEM U
HanopHOM TPy6onpoBoAaX, a TaKXKe NOoTePU Ha BXOAE U BbIXoae
(cm. «MoTepun Hanopa Hv B npaAMmbIx Tpyb6onposBofax» Ha cTp. 16),
KOTopble Ha NpaKTrke 0603HavaT NoTepAMM JaBNeHUA B

YyCTaHOBKe.

Hanop HA YCTaHOBKWM CKNaAbliBaeTCA U3 BCEX lJETpréX

COCTaBNALLMNX:
der Anlage:
- (P~ Po) (v -ve)
HA - Hreo + (P-9) + 2.9 +3Hv ®opmyna (7)

npu pasnuyHbix Hanopax H B M, pasHbix fgaesneHusx p B Ma (1 6ap =
100 000 Ma), pa3nnuHbIX CKOPOCTAX V B M/C, MIOTHOCTY P B KI/M?,

yCKOpeHUn cBO6OAHOrO nageHns g = 9,81 m/c?

Ha npakTrike MOXHO NpeHebpeub Pa3HOCTbIO CKOPOCTHbIX HAMOPOB.
Torga dopmyna (7) ynpoLiaeTcs Ans MUH. OAHOTO 3aKPbITOro

pesepsyapa B, C unn E go cneayowero smaa:

P. - Pe
HA = Hreo + ((P' g))+ YHv Dopmyna (8)
a AnA oTKpbITbIX pe3epByapos A n D:
HA = Hre°+ SHv ®opmyna (9)

A = OTKPbITbI HAMOPHbI pe3epByap C BXOAHON YacTbio TPyOb,

paCI'IOJ'IO)KEHHOI;I HIXKe YPOBHA BOLbI

B = 3aKPbITbIl HAMOPHbIN pe3epByap CO CBOOOAHBIM N3/IMBOM 13
TpyO6bI
C = 3aKPbITbI HAMOPHBIV pe3epByap C BXOAHOWN YacTbio TPYObI,

pPacnonoXXeHHOW HUXKe YPOBHA BOAbI
D = OTKPbITbI BCACbIBAIOLWMIA UV MPUTOYHbBIN pe3epByap
E = 3aKpPbITbI BCACbIBAKOLLMI AN MPUTOUHBIN pe3epByap
Vv, V, = (B 60NbWUHCTBE Clyyaes NpeHebpexMMo Masble) CKOpoCTy
notoka B pesepsyapax A n C B Toukax a unu B pesepsyapax D n E
B TOUKax €; B C/lyyae npumMeHeHus pesepByapa B ckopocTb va He

ABNACTCA NPEHEbPEXNMON CKOPOCTbIO U3MIMBa U3 KOHLA TPYObI a.

Puc. 23: YcTaHOBKYM € LEHTPOBEKHBIM HACOCOM, PaBOTaOLWVIM Ha BCACbiBaHUE 13
pe3epByapoB PasNMUHON KOHCTPYKLN

YcnoBHble 0603HaYeHNA Kak Ha puc. 23

Puc. 24: YcTaHOBKY C LLIeHTPOOEXHbIM HaCOCOM, paboTatoL M C NOANOPOM Ha
BXOZI€ 3 Pe3epBYapOB Pa3IMYHON KOHCTPYKLMM




16

[aHHble YCTaHOBKHU

I10'rep|/| AaBJieHnA pv Baneacrsne
COMpoOTUBIIEHNA NOTOKY

MoTepA AaBNEHNA p, — 3TO BO3HMKAIOWAA B pe3ynbTaTe TPEHUA O
CTeHKM B TpyOONpOBOAax U BHYTPEHHEro TPEHUSA B apMaType,
duTMHrax u ap. pasHuua gasneHuin. OHa paccunTbiBaeTCs U3

He3aBMCVMOIA OT MNOTHOCTW P MoTepy Hanopa H no dpopmyne

pv=p-g'Hv ®opmyna (10)
YcnoBHble 0603HaYeHNA:

P =nNNOTHOCTb B [Kr/Mm?]

g = ycKopeHue cBo6ofHOro nageHus = 9,81 m/c?

H, =noteps Hanopa B [M]

p, =noteps aasnexus g [Ma] (1 6ap =100 000 Ma)

MoTtepu Hanopa H,
B NpAMbIX Tpy6onpoBoaax

Cnegytouiee, B Le/IOM, OTHOCUTCS K MOTEPSIM Hanopa B NpsMoMm

pr6onposone C KpyrnbiM nonepeyvHbiMm cevyeHnem

HV=A~%~2Y; ®opmyna (11)
YcnoBHble 0603HauYeHNA:

A =koadpduumeHT TpeHua Tpy6bl no dopmynam (12) - (14)

L =pnuHa Tpy6bI B [M]

d = BHyTpeHHWI guametp Tpy6bl B [M]

vV  =CKOpOCTb NoToKa B [m/c] (=4Q /md? c Q [m*/c])

g = ycKopeHue cBoboaHoro nageHus 9,81 m/c?

[Lins Tpy6 HeKpPYrnoro NonepeyHoro ceuyeHns NprUMeHseTcs

cnepytowas dopmyna:

d= 4A ®opmyna (12)
U

YcnoBHble 0603HaveHUA:

A =ceueHue NOTOKa B M?

U =CMOYEeHHbIV nepumeTp ceyeHuna notoka A, [M], npy 3TOM B OTKPbITbIX

KaHanax ceobopaHas NOBEPXHOCTb HE PACCMATPUBAETCA KaK NepumeTp.

PeKOMeHAyeMbIe CKOPOCTN NMOTOKa

ONA XONnogHom .
nA ropsayen Bogbl

BOAbI
Bcacbisatowmin 0,7 -1,5m/c 0,5-1,0m/c
Tpy6onposoa
HanopHbin 1,0-2,0 m/c 1,5-3,5m/c
Tpy6onposos

KoadbduumeHT TpeHus Tpybbl A 6bin onpegenéH sKkcnepumeHTanbHO

W NoKasaH Ha puc. 25. OH 3aBUCUT TONIbKO OT COCTOSHUA TEYEHUA
cpefbl N OTHOCUTeNbHOW WepoxoBaTocT d/k ombiBaemoro

Tpybonposoga.

CocTosAHMe TeueHna cpelbl onpepenaeTca umcnom PenHonbaca Re

(3akoHbI MOAENUPOBaHKA).

npl/l HEKPYMbIX Cce4eHNAX:

Re=v- 9 ®opmyna (13)
v

YcnoBHble 0603Ha4YeHNA:

\% = CKOpOCTb noToka B [M/c] (= 4Q/nd? ¢ Q B [M*/c])
d = BHyTpeHHWI AnameTp TpyObl B [M]
n = KMHemaTuyecKas BA3KOCTb B [M%/c]

(ana Boabl npm 20 °C cooTBeTcTByeT 1,00 - 10-6 M?/C)

InAa Tpy6 c HEKPYrNbIMM NonepeyYHbIMK ceveHuammn dopmyna (12)

CHOBa NpuMmeHAeTCA AnAa onpeaeneHna 3HavyeHnA d.

[Ina rnagkmx Tpy6 (KaTaHbIX METaNIMUeCKux Tpy6 Unm niaacTUKOBbIX
Tpy6, Hanpumep, U3 nonnatuneHa unu MNBX) unn Npu nammHapHoOM

TeuyeHun \ MoxeT onpeaenAaTbcAa pvaéTHbIM I'IyTéMZ

B obnactu nammHapHoro TeueHus B Tpy6e ¢ Re < 2320

KO3¢¢VIL|,I/I€HT TPEHNA He 3aBUCUT OT LEepPOXOoBaTOCTU:

A=54

= Re ®opmyna (14)

B obnactu TypbyneHTHOro noToka B Tpybe (Re > 2320)
3aBMCUMOCTM B MagKux Tpyb6ax MoryT 6biTb M306pakeHbl Npu
nomolu ypaBHeHus KA (B obnactu ao Re < 10° norpewwHocT He

npesbiwatoT 1%):

__0309

Qopmyna (15)
Re )
(log &)

Kak noka3saHo Ha puc. 25 koadduumeHT TpeHus Tpybbl A TakKe
3aBUCUT OT Apyroro 6e3pasmepHOro napameTpa, OTHOCUTENBHOWA
LLIEePOXOBATOCTY BHYTPEHHeN cTeHKun Tpybbl d/k; roe k — cpenHsasn
abCcontoTHaA WepoxXoBaTOCTb (3ePHUCTOCTb) BHYTPEHHEN CTEHKN
TPy6bl, CNPaBOYHbIe 3HAUEHUA NPUBEAEHbI B Tabnuue 4. Obpatute
BHUMaHue, uyTo d 1 k cnegyeT ykasbiBaTb B OGHON PasMepHOCTH,
Hanpumep, mm!

Kak noka3aHo Ha puc. 25 k03$pduULMeHT A Bbille NpeaenbHON
KPWBOW 3aBUCUT TOJIbKO OT OTHOCUTESIbHO LLIEPOXOBATOCTW TPYObI

d/k. CornacHo amnupuyeckomy ypasHenuto MOW nonyyaetca:

0,15

3[d
T

A =0,0055 + ®opmyna (16)
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0,1 \ \
0,09
0,08 \ N d_
-y L = 20
0,07 T
’ 7
W
2% N
0,06 \w - \\ rugpasnumuecku wepoxosataa (k > 0)
T——
0,05 \
™~
\ ~ N npepfenbHas Kpusasa
N
N ~ N
o 004 N - ™ | 100
b4 N\ -
E' \\\ N T~ [
= ——
@ N = . 200
= 0,03
B RO N
v N ~ i
Q. — N
:: R I —— N 500
|
g | NaMuMHapHbI TYpOYNeHTHbIN \\:\ h N8 [T 1]
s —
3 002 N S ~ 1.000
£0° SN — ]
<
_2_ 0,018 =~ — < 2.000
S 0016 SNO 3 [T 1]
4 g L 1
0,014 N ~—— N 5.000
N SN
0,012 N | T 10.000
’ T T
Re ~ 20,000
kpur N— ™~ -
N~
0,010 ~ —~——_ 50.000
~ ~ T
0,009 < 100.000
T~
0,008 rugpasnuuecku rmagkas (k = 0) |
0,007
56 810 2 456 810* 2 3 4 56 810° 2 3 456 810° 2 3 456 810
Yncno PeiiHonbpca Re
Prc.25: KoaddpurumeHT TpeHus Tpybbl A Kak dyHKLMA yncna PeiiHonbaca Re n oTHocuTenbHow wepoxosatoctu d/k
k
Matepunan Tpy6bl  COCTOAHME BHYTPEHHEI CTEHKN k[mkm] 1 5 10 50 100 500 1.00 5.000 104
npoKaTHas oKanuHa #
6ecLwoBHas npoTpas/eHa ]
OLMHKOBaHa
NpoKaTHas oKannHa :
HoBas
cnpoponbHbIM  BUTYMMPOBaHHas -
Wweom ranbBaHU3upPoOBaHHas ]
Cranb
3aLieMeHTMpOBaHHas
KnénaHas —
yMepeHHO pxasast
cnerka noKpbiTa KOPKOM
crapas —
CUNBHO MOKPbITa KOPKOI
nocne O4YUCTKN -
AcbecToLemeHT HoBas ]
MuHa (apeHax) HOBas m
5 HeobpaboTaHHas ‘ ‘ ‘ ‘ ‘ [
€TOH HoBas
C 3aTUPKOI #
LieHTpo6exHbii HeobpaboTaHHan e
HoBas
6eToH C 3aTUpKOM |
»KenezobeToH HoBas C 3aTUpPKOM ||
Bce Bugbl 6eToHa cTapas C 3aTUpPKOM .
MeTannuueckne
KaTaHble
T L
CTeKno, NnacTmk ]
Pe3vHOBbIV WNAHT  HOBasA HepacTpecKaHHbIN [ |
[NpeBecnHa —
nocne AnNUTeNbHOrO KOHTaKTa C BOAOU ‘-‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
KnpnuuHas knagka ‘ T
k[mm] 0,001 0,005 0,010 0,050 0,1 0,5 1,0 5,0 10

Tabnuua 4: CpepHan wepoxoBaTocTb k (abcontoTHas WwepoxoBaTocTb) TPY6 (rpybas oueHKa)
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Mopaua Q
Puc. 26: MoTteps Hanopa H, Ansa HoBbIX Heo6paboTaHHbIX cTanbHbIX TPY6 (k = 0,05 mm)
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Puc. 27: Motepsa Hanopa Hv ansa rmppasnuyecku rnapgknx Tpy6 (k = 0) (ana nnactukosbix Tpy6 npu t = 10 °C 3HaueHne HeEOOXOANMO YMHOXUTD Ha TeMNepaTypPHbIii
KoabduumeHT @




[nAa npakTnyeckoro pacyérta BefIMYNHbI Ha pUC. 26 YKasaHbl oTepu
Hanopa H, Ha kaxgple 100 M npAmMoro ctanbHoro Tpybonposopa B
3aBMCUMOCTU OT pacxoda Q 1 BHyTpeHHero agnametpa d. 3HaueHuA
[eNnCcTBMTENbHbI TONbKO ANA YNCTOM XONOAHOM BOAbI NN
KNAKOCTEN C aHaNOrMUYHOM KMHEMATUYECKON BA3KOCTbIO NPU
MONHOCTbIO 3aMoNIHEHHOM TpybonpoBoae 1 Ans abConoTHON
LLIepPOX0OBaTOCTU BHYTPEHHeN cTeHKM Tpyobl k = 0,05 MM, Hanpumep,
[NA HOBbIX 6ECLIOBHbBIX CTaNbHbIX TPY6 MK CTanbHbIX TPY6 C

NPOJONbHBIM WWBOM (BHYTPEHHWIA fiMamMeTp cornacHo Tabnuue 5).

BnvsHWe NOBbIWEHHO LWEPOXOBAaTOCTY CTEHKM K JOMKHO ObITh
0603HaueHo fanee AsiA YacTo NPMMeHseMon 0bnacTu Ha purc. 26
(HOMWHaNbHbIN BHYTPeHHMI grnameTp oT 50 go 300, ckopocTb
notoka ot 0,8 fo 3,0 M/c): Takoe 3HauUTeNIbHO PacTPUPOBaHHOE
nose Ha puc. 26 COOTBETCTBYET BblAe/IEHHOMY Ha puUC. 25 Nono co
cpeaHeln abcontoTHoW WepoxoBaTocTbio k = 0,05 mm. B ciyuae
6-KpaTHOTO yBeNMYeHNA LLepoXoBaToCTX (CTapas cnerka nokpbitas
KopKoW cTanbHadA Tpyba ¢ k = 0,30 Mm) Ko3pduLmMeHTbl TpeHNA
Tpy6bl A Ha puc. 25 (M NponopuroHanbHble NoTepy Harnopa Hv) B

cnabo BblAeNeHHOM MoJsie HaxoA4ATCA BCEro Ha 25 - 60% BbllLe, Yem

B cnyuae c KaHanu3ayMoHHbIMU TPy6amy HEOBXOAMMO yumnTbIBaTh
BO3HVKLLYIO BC/IEACTBME 3arpA3HEHUA MOBbILLEHHYIO
LLIEepPOX0OBATOCTb BHYTPEHHEN CTEHKN TPYObI (CM. «BnnsaHne
3arpAsHALLWNX NprMeceii» Ha cTp. 46). B cnyuyae ¢ Tpy6amu co
3HauUTeNIbHO HapOCLUeN KOPKoW GpaKTUUecKylo noTepio Harnopa
MOXHO ornpefennTb TONbKO ONbITHbIM MNyTéM. OTKNOHEeHNA OT
HOMWHANbHOrO AMaMeTpa Tak»Ke 3HaUYNTENbHO N3MEHAIOT NOTepto
Hanopa, NOCKOMbKY BHYTPEHHUIA fnaMeTp TPyObl NpYMeHsAeTcA B
dopmyne (11) B naTon ctenexun! (Hanprmep, yMeHbLUEeHHbIN Ha 5%
BHYTPEHHMWI AMaMeTp NOBbILAeT NoTepto Hanopa Ha 30%). Mo aton
npuynHe B pacyéTtax HefoMyCTVMO NPOCTO 3aMeHATb BHYTPEHHUI
AnameTp HoMVHanbHbIM! MoTepu Hanopa HV B nnacTukoBbix TpyHax
(Hanpumep, nonmaTUneHoBbIX Unu u3 MNMBX) nnn KaTaHbix
MeTanmyeckmx Tpybax oueHb HU3KMeE BCECTBUE MafKow
NMoBepPXHOCTU TPYObI, MOTEPU Hanopa oTobpaxkeHbl Ha puc. 27.
OnpepenéHHble Takum 06pa3om notepu Hanopa AeCTBUTENbHbI
Ana sopbl ¢ Temnepatypon 10 °C. Mpw gpyron TemnepaType BOAbI
3HayeHMe NoTepb Hanopa NNacTUKOBbIX TPY6 CrefyeT YMHOXNTD Ha
TemnepaTtypHbIi K03GdULMEHT, yKazaHHbIN Ha pyc. 27, B CBA3M C

yBEJIMYEHHbIM TEMTOBbIM paclUnpeHnem. [nAa cTouHbIX BOQ 1N

npexHue. HeobpaboTaHHOW BOAbI HEOOXOAMMO NPUMEHATL NpPUbaBKM OT 20
10 30% 13-3a BO3MOXHbIX OTNIOXeHUI (cM. «BnnsHne
3arpAsHALWNX NpUMecen» Ha CTp. 46).
HapyxHbiii BbecwoBHas Tpy6a CBapHas Tpy6a BecwoeHan Tpy6a [Kr/m] CBapHasn Tpy6a
AnameTtp [Mm] [Mmm] Macca [kr/m]

DN D s* d St d Tpy6a Bopa Tpy6a Bopa
15 21,3 2,0 17,3 1,8 17,7 0,952 0,235 0,866 0,246
20 26,9 2,0 22,9 1,8 233 1,23 0,412 1M 0,426
25 33,7 2,3 29,1 2,0 29,7 1,78 0,665 1,56 0,692
32 42,4 2,6 37,2 2,3 37,8 2,55 1,09 2,27 1,12
40 48,3 2,6 43,1 23 43,7 2,93 1,46 2,61 1,50
50 60,3 29 54,5 2,3 55,7 4,11 2,33 3,29 2,44
65 76,1 29 70,3 2,6 70,9 4,71 3,88 5,24 3,95
80 88,9 3,2 82,5 Z9 83,1 6,76 5,34 6,15 5,42
100 114,3 3,6 107,1 3,2 107,9 9,83 9,00 8,77 9,14
125 139,7 4,0 131,7 3,6 132,5 134 13,6 12,1 13,8
150 168,3 4,5 159,3 4,0 160,3 18,2 19,9 16,2 20,2
200 219,1 6,3 206,5 4,5 210,1 33,1 33,5 23,8 34,7
250 273,0 6,3 2604 5,0 263,0 41,4 53,2 33,0 54,3
300 323,9 71 309,7 5,6 312,7 55,5 75,3 44,0 76,8
350 355,6 8,0 339,6 5,6 344,4 68,6 90,5 48,3 93,1
400 406,4 8,8 388,8 6,3 393,8 86,3 118,7 62,2 121,7
500 508,0 11,0 486,0 6,3 495,4 135,0 1854 77,9 192,7
600 610,0 12,5 585,0 6,3 597,4 184,0 268,6 93,8 280,2

*HaumHaa ¢ DN 32 ngeHtuyHo ¢ DIN 2448

**HaumHaa ¢ DN 25 ngeHTtnyHo ¢ DIN 2458

Tabnuua 5: BHyTpeHHWIA AnameTp d, TONWMHA CTEHKU S 1 Macca CTaHAAPTHbIX CTasbHbIX TPY6 1 3anonHeHre Bogor no ENV 10 220 (paHee DIN ISO 4200)
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==

13 14 15 16

17 18 19

Puc. 28: CxemaTyHOE 1306paxeHne KOHCTPYKTVUBHDBIX UCMOMHEHWI apMaTypbl B
COOTBETCTBUN C Tabnuuen 6

Motepu Hanopa H, B apmaType u puTnHrax

Ana notepb Hanopa H, B apmaTtype 1 GUTMHrax AeiCTBUTENBHO

aepywoulee:
Ho=¢ =% ) 17
v 2.9 opmyna (17)
YcnoBHble 0603HauYeHuA:
4 = Ko3¢PMLMEHT conpoTHBIEHNA
vV =CKOpOCTb TEUEHVA B XapaKTePHO AnA NoTepb Hamopa naowaam A

nornepeyHoro ceyeHus (Hanpumep, B naTpyoke) B M/c
g  =YycKopeHue cBoboaHOro nageHmsa 9,81 m/c?

B Tabnumuax 6-8 1 Ha pucyHkax 28-30 npriBefieHbl HeKoTopble
K03 durLmeHTbl conpoTmBneHna { B apmatype 1 GuUTrHrax npu

paboTe ¢ Xx0N0[HON BOAON.

YKasaHHble B Tabnuile 6 MUHUManbHble 1 MakCMasbHble 3HaYeHNs
BKJ/IOYAIOT TaKXKe YMCIOBble 3HaYeHNA 13 Hanbosnee BaXKHON
OTpacyieBON NUTEPATYpPbl U AeNCTBUTESNbHbI AN1A PaBHOMEPHOTO
NPOTOKa NOMTHOCTbIO OTKPbITOM apMaTypbl. Bo3HuKalowme Ha
BbIXOZEe U3 apMaTypbl Ha AfiHe TpybonpoBoaa, paBHOW NPYMEPHO
12 x DN, noTtepw, cBA3aHHble C HOpManun3aymnen HapyLeHHOro
TeyeHus B TPyOe, yKe yuTeHbl B TaONIMYHbIX 3HAUEHMSAX B
cooTBeTCTBUM € gupekTnsoin VDI/VDE 2173. 3HayeHuns Tabnunubl
MOTYT TaK »Ke UHOrAa 3HaYNTENIbHO OTKNIOHATLCA B 3aBUCUMOCTU OT
YCNOBWI BXOAA M BbIXOAa, OT BAPUAHTOB UCMONHEHNA U OT
KOHCTPYKTUBHbIX Lienie apmaTypbl (HM3K1e no CTOMMOCTU Uiun

3Heproc6epera|ou4v|e KnanaHbi).

MpumeyaHre 1: B TpoHMKax no Tabnuue 9 1 nepexoaHnKax no
Tabnuvue 8 Heo6x0AMMO pa3nuyaTb HeobpaTUMble MOTEPYU
JaBneHua (= cHMxeHnem aasneHus), cm. Qopmyny (18), c ogHoM
CTOPOHbI, 1 06paTUMble N3MEHEHWs JaBNeHUA YCIIOBHO
naeanbHoro (6e3 TpeHuA) NOToKa B COOTBETCTBUM C ypaBHEHNEM
BepHynnu, cm. dopmyny (19), c Apyroi CTopoHbI (M. pasgen
«MonHbin Hanop HA ycTaHOBKU» Ha cTp. 15).

Mpu yckopeHuAX NOTOKa, HanpuUmep, NpU Cy>keHnax Tpy6, pa3HOCTb
(p, - p,) ABNAETCA OTpMLATENbHOM, @ NPY 3aMe[IIEHHOM TeUYeHNN
(pacwmpeHnnax) — nonoxmnTtenbHon. Ecnn oblyee n3meHeHne
AaBfieHnA onpefenaeTcsa Kak apudmeTmyeckas cymma us p, u
(p, - p,) onpeaenéHHbie Npn nomowm ko3$drLUMEHTOB NoTepb {
notepwu aasneHus no ¢opmyne (18) Heobxogumo Bcerga

NPUMEHATb C OTPpULUAaTENIbHbIM 3HAaKOM

CHoCKM K Tabnuue 6

1) Ecnu camblin y3Ki1i AnameTp 3anopHoil apmaTypbl d; MeHblIe HOMUHANBHOTO AnameTpa
nopcoeguHenna DN, koapduLmeHTbl conpoTtmsneHua { cnegyet yBennuntb Ha (DN/d[) XX, roe
x=5-6

2) Mpwy YaCTUYHOM OTKPLITUN (T.e. MPU HU3KOI CKOPOCTH NOTOKa) KOIGPULIMEHTbI CONPOTUBNEHUA
YBENNUMBAIOTCA [0 «<MAKC.» 3HaUYeHWI. [pun yBeNnUeHUr CKopoCTy NOTOKa V KOIGdULMEHTbI
COMPOTKBIEHVA YMEHbLLIAIOTCA COTNMAaCcHO COOTHOWEHUIO § = 3/v. KOHCTPYKTUBHbIE NCMONHEHNA
M. puc. 28.
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22 LlaHHbIe YCTaHOBKU

a 15° 30° 45° 60° 90°

MoBepxHOCTb

rmagkaa WepoxoBaTtasd rafkas LepoxoBaTas rinagkas wepoxoBaTasn rafkas WepoxoBaTaa rnafkaa wwepoxoBaTtas

ConaR=0 0,07 0,10 0,14 0,20 0,25 0,35 0,50 0,70 1,15 1,30
KoneHo
ConaR=d 0,03 = 0,07 - 0,14 0,34 0,19 0,46 0,21 0,51
CpnaR=2d 0,03 = 0,06 - 0,09 0,19 0,12 0,26 0,14 0,30
CpnaR=5d 0,03 = 0,06 - 0,08 0,16 0,10 0,20 0,10 0,20
OtBopb! Konnuectso
CeKTopHble CeKTOPHbIX - - - - 2 = 3 - 3 -
CBapHble LIBOB
- [4 = = - - 0,15 = 0,20 - 0,25 =

Tabnuua 7: KoadodnumeHTbl conpoTrBneHns { B KoneHax n otBogax

®opma g 05 06 07 08 09
=T
| 1, d D 0,56 0,41 0,26 0,13 0,04
T L
Ifana g =g 0,07 0,05 0,03 0,02 0,01
a=15° , 0,15 0,11 0,07 0,03 0,01
a=20° '—¢— X T | 0,23 0,17 0,11 0,05 0,02
Yol d D 7=
L1 ']
i TVW |$ d+
" D [ 4,80 2,01 0,88 0,34 0,11
L
1

Inin

|
Vs 20°<a<40° —» D| « d 0,21 0,10 0,05 0,02 0,01

ENIE S oy

Tabnuua 8: KoadpouumeHTbl conpoTrBneHuns { B nepexogHnKax



v1
pv=c~p-7 ®opmyna (18)
2 2

_ (Va=Va)
(Py-P)=P" P ®opmyna (19)
YcnoBHble 0603HaueHNA:
p, =noteps aasneHus [Ma]
C = KO3¢PMLMEHT COnpoTUBAEHNA
p  =NNOTHOCTb [Kr/M]
\Y = CKOpPOCTb NoTOKa [M/c]

Mpumeyarune 2: KoadpduuneHTsl conpotusnenus { ana
OTBETB/IEHHOrO NOTOKa Qa, COOTBETCTBEHHO, Qd — ana
npoTekatouwwero fanee notoka Q, = Q - Q,, cooTseTCTBYIOT
CKOPOCTAM B NaTpybKax obuiero notoka Q.

M3-3a 3TOro onpegeneHnsa BO3MOXHbI OTPMLATeNIbHble BENYMHbI
AnA C v §; OHY 03HAYAIOT yBeMYeHMe BMECTO NoTepu
JaBneHus. He nyTaiTe nx ¢ 06paTMMbIMU U3MEHEHUAMY JaBIEHUA
no ypaBHeHuto bepHynu, cMm. npumeyaHue 1.

3avacTylo Ana pacyéTta noTepb AaBneHNA B apMmaTtype npu
nepekaynBaH1n Bogbl BMeCTO Ko3dduumeHTa conpotusneHuns ¢

MPUMEeHAETCA 3HaueHne k — NPonycKkHas CMoco6HOCTD:

2

_Q [

= . 20
P, (k) 1000 ®opmyna (20)
YcnoBHbie 0603HaueHNA:
p, = noteps AasneHuns [6ap]
Q = 06bEMHDIN pacxof [m3/u]
p = NNOTHOCTb BOAbI [Kr/M*]

BxogHble 3n1eMeHTbI:

CocTaBHble 0TBOAbI (KONeHa):

Mpy coefHEHNN HECKOMNbBKMX KOJEH C yrnom 90° 3HaueHue { oTaeNibHoro
KOMNeHa He yABanBaeTCA, a INLLIb YMHOXKAETCA Ha YKa3aHHbIN GakTop, 4Tobbl
nosyunTb KO3GPULIMEHT CONPOTUBNEHUA COOPKN.

:@%

= 14 16 18

KomneHcaTopbl TEMNEPATYPHOro yannHeHuA:

CnnbdOHHBIV KOMMeHcaTop

; , (=03
C HanpaBnAtoLen Tpy6oi t=20
TnapKkoTpy6HbIN e
NpoobpaszHbI KOMMeHcaTop (=06-08
comencarop P <1316
TobprpoBaHHbI {=32-4

NMpPoo6pasHbIN KOMMeHcaTop

Tabnuua 9: KoabduumeHTbl conpoTreneHns { B GUTMHrax

BxoaHas KpoMKa, * *
ocTpasn ¢= 05 .
BxopHaa KpomKa,
= 0,2
3aKpyrnéHHan ¢ 0,25 0,55 0 0,05
l¢]

Onad= 60 YT
BxopHan Kpomka,
3aKpyrnéHHasn (= 0,6 07 08

BbixogHble 31eMeHTbI:

nocne AoCTaToO4YHO AJIMHHOIO NPAMOro y4yacTka pr6bl

(=1 npv NPUMEPHO PaBHOMEPHOW CKOPOCTM B BbIXOJHOM
nonepevyHoM ceyeHnn

7=2 npv HepaBHOMEPHOI CKOPOCTU, HaNpumMep,
HernocpefCcTBeHHO Noc/e KONIeH, apMaTypbl 1 T.1.

Pacxopomepbi:

KopoTkas Tpy6ka BeHTypu a = 30° CraHpapTHasa gnadparma

TTNATT

—~ 1 D d a

o~y

{ cOOTBETCTBYET CKOPOCTM V Npu AnameTpe D.

e —
—
fa—

d/D= 0,30 0,40 0,50 0,60 0,70 0,80
m = (d/D)? = 0,09 0,16 0,25 0,36 0,49 0,64
KopoTkas Tpybka

BenTtypn { = 21 6 2 0,7 0,3 0,2
CraHpapTHas

’g'i'ad)pa rva 300 85 30 12 45 2

Cuétuyuk Bogbl (Bontomometp) { =10
[lna 6bITOBbIX CYETUMKOB BOAbI MPW HOMMHANbHOW Harpy3ke onpefeneHa

noTepsA Hanopa, paBHasA 1 6ap, 3Ta B€JIYMNHa NPaKTUYECKN HE YMEHbLLaeTCA.

OTBeTBNEHUA: (OTBETBNEHNME C OANHAKOBLIMWN HOMUHANBHLIMW AnameTpamm) (cM. MpumeyaHve 2)

Q,/Q= 02 04 06 08 1
Q“_|_[—~Q ¢~ -04 008 047 072 091
0 ¢= 017 030 041 051 -
Q Q
| ‘g~ 08 08 09 110 1,28
Q ¢~ -008 -005 007 021 -
Q,=———=0
‘g 4= 038 0 022 037 037
o = 017 019 009 017 -
= Y ¢~ 068 050 038 035 048
o = 006 004 007 020 -

23
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1,2
—Q
N
[
s
I
2
o 08
S
=
)
o
6
3 N\
=
i N
S
Es
; 0,4 \\\r\ 5
g
o
o
=
{ J
0
0 0,4 0,8 1,2

Papnyc koneHa R
LinpvHa kaHana a”

—O— 3apyrneHve cHapyxu ——= |a” /R

k

—O— 3aKkpyrneHue BHYTPU — —» ‘aﬂ

_J

. o ~,
@  CJIONacTHOW PeléTkomn ///,//

Puc. 29: BnnsHue 3aKpyrneHus BOrHYTOW 1 BbiMyKNON CTOPOHbI Ha KO3dduLmneHT
conpoTnBieHuns { KoNeH ¢ KBaAPaTHbIMU NOMepeyHbIMY CEYEHUAMM

3HaueHre NPonycKHo cnocobHocTn k (B M?/u) — 3T0 06bEMHDII

pacxof, KOTopbii BO3HWKAET NPU NMPOXOXAEHNM XONIOAHON BOAbI

uepes 3aMopHYIo MY PEryNIMPYIOLLYIO apMaTypy € noTepen

nasneHna p =1 =1 6ap; Takum 06pa3om, NoKasaHa B3aMMOCBA3b

mex[y noTepei nasneHna p, B 6ap 1 06bEMHBIM pacxofom Q B

M*/u. B dopme k  3TO AeiACTBUTENBHO ANA NONHOCTBIO OTKPbITOrO

KnanaHa.

MNepepacyéTt gna xonogHoOm Boabl:

4
{=16-&

YcnoBHble 0603HaueHnA:
d  =6a30Bblil (HOMUHaNbHbBIN) AUAMETP apMaTypbl [CM]

Qopmyna (21)



KoadduumeHT conpotuBneHms g

0,5

0,2

0,1

KoaddumumeHT conpotuBneHums g

0,5

0,2

0,1

N

/'
M’M,,n/
/

%
/
Z

0 0,5 1,0
(%P)
OTHOCKTENbHBIN Yron OTKPbITUA (T)
3
Y,
e, ——
\ T e
\~.
~—
X,
Tun 6 cm. puc. 28

RN \

N

\\

\
\o\
\l
\ ~d
\ Tvn 10 cm. punc. 28
N
N\ Il
N — v JJ )
—_—— — ] a0
— y *
*
0 0,5 1,0

CreneHb OTKpbITUA % WNN OTHOCUTENbHBIN XOf, %

Puc. 30: KoadpduumeHTbl conpoTtrneHuns { perynvpyoLlei apmaTtypbl, KanaHoB 1 WGepoB B 3aBUCMMOCTI OT Yrila OTKPbITUA UIN CTENEHN OTKPbITUA
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[aHHble YCTaHOBKU

Hanop H, ycraHoBKku

Mopaua Q Q

3apaH

Pabouas XapaKTepucTnKka yCTaHOBKU H
A

—— Cratnueckan coctasnaowan — 4 PB-P
p-g
VZ . 2
———- CKOpOCTHas cocTaBAsAoWan - 4 4 vave
3 29

Pnic. 31: Pabouan xapakTepucTika ycTaHOBKM H,Co cTaTuyeckoi n CKOpoCTHOM
cocTaBnaioLlen

XapaKTepwcleM YCTaHOBKMN

Pabouas xapaKTepuncTuKa yCTaHOBKM — 3TO rpaduyeckoe
npefcTaBieHne Tpebyemoro B ycTaHoBKe Hanopa H, B
3aBUcMMOCTH OT pacxoaa Q. Hanop cknagbiBaeTcs U3 CTaTUUYecKmx
N CKOPOCTHbIX coCTaBnaAlLWmx (puc. 31).

CraTnyeckne cocTaBnaoLme CKIagbiBaloTCA U3 reofae3nyeckon,
(R)
p-9
Haj YPOBHAMMN XXNAKOCTN BO BXOAHOM 1 BbIXOAHOM pe3epByapax

He3aBuCALel OT noAaun YacTu H _, 1 pasHnLbl AaBneHui

YCTaHOBKW. 1111 OTKPBITbIX pe3epByapoB 3Ta COCTaBHasA YacTb

oTnagaer.

CKOpOCTHble coCTaBAAOLMe CKNaAbIBalOTCA U3 BMeCTe C noaaven
KBagpaTu4HO Bo3pacTalollern notepun Hanopa H,, (cm. pasgen

«I'IOTele OaBneHna p BaieacTsne ConpoTnuBneHNA I'IOTOKy») nun3

sa e

29

2V2

Pa3HOCTN CKOPOCTHbIX HAaMopoB XKNOKOCTU BXOAHOIO M

BbIXOAHOIO ce4YeHMA yCTaHOBKU.

[na pacyéTta 3o napabosbl OCTaTOYHO OfHON TOUKM NP Q =0 1

opaHom Toukn npm Q > 0.

Mpu coeguHeHn TPy6ONPOBOAOB APYT 3a APYroM
(nocnepoBaTenbHOe COeVUHEHNE) NHANBUAYaNbHO pacCUUTaHHble

XapaKTepuUCTVKM yyacTkoB H,,, H,, 1 T. . HaHOCATCA Ha rpaduK B

Al
3aBMCMMOCTM OT 3HayYeHUn Q,  COOTBETCTBYIOLLME HaNopPbI
YUYaCTKOB CYMMUPYIOTCA B 00LLYI0 pabouyto XapaKTepucTuky
ycraHoeku H, =f(Q).

Mpu passeTBNeHHbIX TPy6oNpoBoaax xapaktepuctmkm H, , H,
T.0. OTAESNIbHbIX YYaCcTKOB TPY60NpoBoAa OT TOUKU pa3BeTBIEHUS
(MAn o TOYKM pa3BeTBNEHMNA) PaCCUMTbIBAIOTCA NHANBUAYANbHO

M HAHOCATCA Ha rpaduK B 3aBMCUMOCTU OT 3HaueHui Q; oT Bcex
napasnniefibHO NAYLWNX Y4aCTKOB AN1A KaxAoro 3HaueHns NosiHoro
Hanopa ycTaHoBKu H, cooTBeTCTBYIOWME pacxoabl Q,, Q, n T. A.
CYyMMUPYIOTCA B 06LLYI0 pabouyio XapaKTepUCTMKY YCTaHOBKM

H, =f(Q). 3atem Heobx0AVMO 0ObEANHUTL [iBa yUacTKa A0 U Nocne

TOYKWN Pa3BeTBMIEHUA, KaK Npu nocsiegoBaTtesibHOM coeuHEHNN.



Moa6op Hacoca
MmppaBnanyecknin pacyé€T napameTpos

Heobxoavmble ana nopgbopa Hacoca AaHHble pacxoaa Q n Hanopa H
ana TpebyemMoin paboyei TOUKM yKasaHbl Ha paboyen
XapakTepuctumke yctaHoBkM H (Q), Takke 3afilaHa YacToTa ceTu.

Taknm 06pa3om, B COOTBETCTBYIOLLEM MONE XapaKTePUCTUIK,
yKa3aHHbIX B 6poLutope (Takxke HasblBaeMol nona paboumnx
XapaKTepUCTUK, CM. puc. 33 unu puc. 34) MOXHO HalTK AaHHbIe O
TUNopa3smepe, 4acToTe BpalleHra Hacoca 1, Npy HeobXoAUMOCTH,
yncne ctyneHen z. [lpyrve napameTpbl onpeeneHHoro Hacoca,
Takue Kak KM/ Hacoca n, noTpebnsaemas MOWHOCTb P, fonycTumblii

KaBuTaumoHHbiit 3anac NPSHR (NPSH__ ) n anameTp o6Touku D,

fon.

MoryT 6bITb onpepaeneHbl No COOTBeTCTByIOLI.lEIh I/IH}J.I/IBVI,ElyaJ'IbHOVI

KOMMJIEKTHOWN XapaKTepuctuke (npumep cm. puc. 32).

Ecnu BbIGOp Nogo6paHHOro Hacoca onTUMarneH, paboyas Touka
AOMKHa ObITb yCTaHOBMIEHa OkoNlo Q_ (= nofaya B ToUke yuliero

Kna). NpegensiQ,, 1 Q (Hanpumep, BCeacTeme BMOpaLmu,

makc. *
LUYMOB, a TakKXe paananbHbIX WK OCeBbIX CVIJ'I) YKa3blBalOTCA B
TEXHUYECKNX ONNCaHNAX NN NpefoCcTaBaATCA MO 3anpocy [1]

B 3aknioueHne HeO6XOﬂVIMO NPOBEPUTb YCNOBUNA KaBUTAaUMOHHOIO

3anaca NPSH (cm. «<YcnoBus BcacbiBaHMA 1 nognopa» Ha cTp. 41).

Pacuét napameTpoB MHOIOCTYNeHYaTOro Hacoca BbIMOJIHAETCA
aHarnornyHbIM 06pasom; Hapagy C TuNopasmepamu, nons
XapaKTepUCTUK TaKKe CoAepKaT TaKyo JOMOMHUTENIbHYIO

MHPOpPMaLMIO, KaK YMCNO CTyrneHeln (puc. 34).

Mpw nocnepoBaTeNnbHOM COEAUHEHUM HACOCOB APYT 3a fPYrOM
(nocneposatenbHas paboTa) Hanopbl H,, H, v T. 1. iHaMBUAYanbHbix
Pabounx xapakTepUCTUK HACOCOB (Npr HEOBXOANMOCTH, Nocsie
BblueTa NoTepb B TPyOONPOBOAAX MEXAY HAMW) CKNaAbIBalOTCA B

o6buyio xapaktepuctnky H = f(Q).

Mpw napannenbHol paboTe HACOCOB, HAaMOPbI UX MHAVNBUAYANbHbIX
xapaktepuctuk H,, H, n 7. a. = f(Q) cHauana cokpawatoTcs Ha notepu
Harnopa Ao y3noBom TouKkM (Konnektopa) H ,
B pasgene «loTepu Hanopa H » Ha cTp. 20) 1 HAHOCATCA B GYHKUMN
nogauun Q; 3aTemM 3HauyeHuA pacxopa Q Npum paBHbIX HAaNopax
COKpaLLEHHBIX XapaKTEPUCTUK CyMMMPYIOTCA B 06LLYI0
XapaKTEPUCTUKY «BUPTYaSIbHOrO» Hacoca. TOT «BUPTYasbHbIA»
Hacoc 3aTeM paboTaeT B Y3/10BOW TOUKE Ha OCTaBLLYIOCA YacTb

(nocne KONNEKTOPA) XapakTePUCTUKKN H, yCTaHOBKN.

H,nT. 4. (pacyétH cm.

70 [T 11
60 |65 7‘7 I
T 75
/ / ~80
60 / / 82,5
[ Y
™~ 0
n%
TS
T+
50 ™ / ]
T || 77,5 ||
= [ N }Si
8 NIRRT SR AN
S ——0 1\ T~ X! V219 |
T 4 ™~ X |
N 208
NG|
199
A 20
30 [nametp pabouero X !
Koneca [Mm] 80
26 o i
0 50 100 150 200 250 290
Q [m3/u]
T T T T T T
0 20 40 60 80
Q[n/c]
¢ [T
180 - 219
S
4
6
-
a —
—_— "
Z
T
625
= 0 50 100 150 200 250 290
Q [m3/u]
T T T T T T
0 20 40 60 80
Q[n/c]
46 ‘ ‘
—
/,4/ 219 |
= 40 ol
@ /
z St
S / A
/
°© 30 ~ 199
= . ~ L]
® 7 T
g P / 190
] A AT
S d AT |~ —
g P
. -
5 20 > > //'
= - o 1
A -
/4///
‘,
Cd
10
0 50 100 150 200 250 290
Q [m?/u]
T T T T T T
0 20 40 60 80
Q[n/c]

Puc. 32: KomnneKkTHasa xapakTepncTmKa LLeHTpobeXXHOro Hacoca
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120
100 I
T~
32-250.1 32-250 40-250 50-250 > 65-250 80-250
ya 100-250
—A— N&\\\é‘_\\[\\ j
N~
— 65-200 Iz
50
32-200.1 N | 32-200 40-200 '\ 50-200 / (80200 \
40 \k~\\¢ \~—/ 100-200 125-200 ]
— ~ ~ | T
~- o~ A A /
32-160. 1 RN \\ / N
— 30
= / S 32-160 so-160 | /| 65160 N
g_ —_— —L k 80-160
£ ~ T ~~ ~ 100-160
L} N N ™~
: 20 N \[ ™ ™~ /
s ) ) N,
32-125.1 / /| a5 |/ | s0-125 [ es-125 ) |
RN / /N
\ N N N /
20
v N
8
3 4 5 10 20 30 40 50 100 200 300 400 500 800
Q[m3/u]
T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 10 20 30 40 50 100 Qn/d
Puc. 33: Mona pabourx xapakTepnCcTUK HACOCOB CO CNMpanbHbIM Kopnycom npw n = 2900 06/M1H
(1-e UMCNO = HOMMHANbHBIN AAMETP HAMOPHOrO NaTPy6Ka, 2-e YMCI0 = HOMVHaNbHBIN AriameTp pabouero Koneca)
100
10
L9 —
8\ \\\ m — |
7 \ \\\ T~ > — 7
N
o 6 \\\V\ 8 \\ I 6
N
ls \\ 7 \\ ) N B 5 \
\
40 \\\\ 6 \\ \
: NN : i
I
" — \‘ \\\\ 3
2 ~ . \\\ N
N — G
a9 20 N\ :
e 2
= 2
\ N -
\ <
o AN \
AL
Tunopasmep 1 \\ Tunopasmep 2 Tunopasmep3 —
6
1 2 3 4 5 10 20 20
Q[m3/u]
T T T T T T T T T
03 04 05 1 2 3 4 > Qin/c]

Puc. 34: Mons pabounx XxapaKTepuUCTK MHOTOCTYNeHYaTbiX HacocoB npu n = 2900 06/M1H




OnpepeneHne MexaHNYeCcKNX NnapameTpoB

Mpu pacuéte napameTpOB Hacoca HeOOXOANMO yunTbIBaTb He

TOMbKO FMAPaBANYECKMe, HO U MeXaHuyeckmne acnekTbl. OHY

KacaloTcs, Hanpumep:

2 BANAHUA MaKCMManbHOrO AaBNeHNA HarHeTaHUA Hacoca u
TemnepaTtypbl NepekaunBaemol cpefibl Ha onpeaeneHHble
rpaHuubl paboyero gnanasoHa

= Bbl6Opa Hambonee NOAXOAALLEro YNIOTHEHNA Bana C y4ETOM
NoTpebHOCTY B OXNaXKAeHUN

7 MPOBEPKU BO3MOXHbIX BUOPaLMI 1 yPOBHA LyMa

= BblOOpa MaTepranos C y4ETOM KOPPO3NOHHOW CTONKOCTMN 1
N3HOCOCTOMKOCTU C YUYETOM TPeboBaHMIA K MPOYHOCTM 1

npenenbHbIX TemnepaTyp.

Takune 1 aHaNoOrMyHble 3anpPochl, B OCHOBHOM, 06YCOBIIEHDI
06nacTblo NpUMeHeHNA 60 UHANBUAYANbHBIMY TPe6OBaHUAMMN
3aKa3umka. COOTBETCTBEHHO, A1 X 06PabOTKN HEOBXOANMO
npuYMeHeHVe JoKyMeHTauun no npoaykumm «[1] JokymeHTauus no
npogykuun (6pouwiopbl KSB)» unm npmsneyeHme TeXHNYECKNX

cneunanncToB No CJIOXKHOMY NHXEeHEPHOMY o6opynosaH|/no.

Mop6op anekrpoaBuraTens -

onpepeneHne MOoWHOCTN ABuUrartena

Mpw 3KcnyaTaumm YCTaHOBKM C LLEHTPOOEXHbIM HACOCOM
Heob6X0MMO YUNTbIBaTb OTKJIOHEHNA OT HOMUHANbHOW YacTOTbl
BpalleHus 1 konebaHna o6 bEMHON nojaun v, cnefoBaTenbHo,
TakxXe cMeleHna pabouen Touku (cm. pasgen «Pabouas Touka» Ha
cTp. 34), KOTOpblE, B CBOI ouepelib, TPebyoT Npu KPyTbIX
XapaKkTeprcTuKax MowHocTn (cm. puc. 20 n puc. 21c) npu
onpefenéHHbIx 06CTOATENbCTBAX YBENMUEHUA NOTpebnsemon
MOLLHOCTY P No cpaBHEHMIO C MCXOAHBIMY AaHHbIMU. [T03TOMY Ha
npakTuKe Npu pacyérte TMNnopasmepa ABuratena NpuMeHaTcA
npr6aBky AnA 6e30MacHOCTU, KOTOPblE [OMKHbI YKa3blBaTbCA,
Hanpumep, 3aka3uyrkoM Unm NpeanncbiBaTbCA TEXHNYECKMMN
pernameHTamu, cM. puc. 35. MprbaBKK, NpeanncaHHble
HEKOTOPbIMW 06beANHEHMAMU, OTPaXKeHbl B COOTBETCTBYIOLLNX

TEXHUYECKMX onucaHmax [1] mnm CI'IeU,I/Id)I/IKaU,I/IﬂX 3aKa34uKa.

Mpw 3HeprocbeperaioLnx NpoLeccax perynupoBaHna (Hanpumep,
PerynmpoBaHuy 4acToTbl) HEOBGXOAUMO YUMTbIBATb MAaKCMMaNbHYO
MOLLHOCTb. ECIM Hacoc NnpeaHa3HayeH s nepekayrnBaemoi
KNAKOCTU, NNOTHOCTb KOTOPOW HUXKE MAIOTHOCTM BOAbI, MAIOTHOCTb
BOfbl, MPU HEOBXOAMMOCTU, NPUHUMAIOT 33 OCHOBY NpWU
onpegeneHnn MOLWHOCTU (HanpuUMep, BO Bpems NpoBeaeHns

MNCNbITaHUIA Un I'IpI/IéMKVI Ha UCNbITaTeNIbHOM CTEHZE).
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Puc. 35: MowHOCTb NPUBOAHOIO ABUraTeNA B 3aBUCUMOCTI OT PacYETHON
MOLLHOCTU Hacoca B paboyel Touke.
Mpumep cornacHo ISO 9905, 5199 1 9908 (Knacc I, 1l v 1)
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Puc. 36: TunuuHble 3HaueHua KMNA n n kospdurumeHTa MOLHOCTA COS P von
cTaHAapTHbIx Auratenen IP 54 npu 50 Iy B 3aBUCMMOCTY OT
HOMUWHaJIbHOM MOLWHOCTK ABuraTens P
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apurateneit IP 54 oT oTHOCKTeNbHOW Harpy3ku Asuratens P/P
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CTreneHn 3aWwmThbl BHEKTPOHBMraTEHQI‘I'I OT KaCaHNA, NPOHNKHOBEHVA NOCTOPOHHUX NpeaMeTOoB 1 BOADbI

Kog IP

CreneHb 3aluTbl KOpryca 0603HavaeTcsa Kogom IP cnegytowmm obpasom:
Bykebl Kofa (MexagyHapogHas 3almuTa) IP
Mepsasa undpa koaa (ot 0 fo 6 unu X — TpeboBaHUA He onpeaeneHbl) X
BTtopas undpa koga (o1 0 go 6 unm X — TpeboBaHNA He onpegeneHbl) X

Bbi6opouHble byksbl A, B, C, D n H, M, S, W Tonbko ans cneyuanbHbix Lenen.

3HauyeHue anA 3awuTbl o6opyaoBaHNsA OT 3HauyeHue gnA 3aWumTbl noaein ot

3HaueHne undp: NPOHNKHOBEHUA TBEPADBIX NOCTOPOHHUX NPeAMEeTOB AOCTyMNa K OnacHbIM YacTAM C

0 (He 3aWuLéH) (He 3awuLLEeHO)

1 avametp > 50 Mm TblIbHaA CTOPOHA KUCTU PYKK

2 anameTp > 12,5 mm naney
MepBas undpa 3 anametp > 2,5 mm VIHCTPYMEHT

4 anametp > 1,0 mm TOHKasA NPOBOJIOKa

5 nbine3alnEHHbIN TOHKaA NPOBOJIOKa

6 NblIeHENPOHNLIAEMbIN TOHKasA NPOBO/OKa

3alMTa OT NPOHUKHOBEHWA BOAbI, OKa3blBaloLleil HeraTMBHOe Bo3felicTBIe

Bropas undpa 0 (He 3awWmén)
1 BepTMKaNibHOe KannenageHve
2 KannenageHue (HakoH 15°)
3 6pbI3ru Boabl (HaKMoH 60°)
4 6pbI3ru Boabl (N060ro HanpasneHns)
5 CTpyA BOAbI
6 BOJIHbI U CTPYM BOAbl
7 KpaTKOBPEMEHHOE NOrpyeHne
8 LnvTenbHOEe NorpyxeHve

Tabnuua 10: CreneHu 3awwmnTbl anekTpoasuratenei B cootsetctum ¢ EN 60 529 1 DIN/VDE 0530 Y.5 ans 3awmTbl OT KacaHWsA, NPOHWKHOBEHNA NOCTOPOHHMX
npeameToB.

OpUEeHTUPOBOYHbIE 3HaYEHUA ANA MaKCMaNbHO AONYCTUMOrO Yncia nepexknioueHnii Z gnsa snekrpoasurarenei

YcraHoBKa pBuratens «cyXaa» «MOKpaa» (ﬂOrpy)KHble BneKTPOABVII'aTeJWI)

[onycTtumble nyckun Z B Yac AN sneKTpoasuratenen

[suratenu go 4 KBt 15 30
[Buratenun go 7,5 KBt 15 30
[euratenn go 11 KBt 12 10
[euratenn go 30 kBt 12 10
[Buratenu cBbilue 30 kBt <10 10

Tabnuua 11: flonyctumble Nycku Z B Yac AN SNeKTpoABuraTenen



Tunununblie KMNA N 1 K03POULNEHTbI MOLHOCTM COS @ CTaHAAPTHbIX
asuratenen IP 54 npu 50 'y nprBeeHbl Ha puc. 36, 3aBUCUMOCTb
KN n un koadduumeHTa MOLIHOCTM COS @ OT OTHOCMTENbHOW
P/PN - Ha

B Ta6n|/|ue 10 nepeyvyncieHbl CTeneHn 3awnTbl 3J'IEKTpO,D,BI/IFaTEJ'IeVI

Harpysku asurartens puc. 37.
ONA 3aWnTbl OT KaCaHUA, NPUKOCHOBEHMWA NOCTOPOHHNX NPeaMEeTOB

1 BOAbI.

Ocobblii HarpeB anekTpofBuraTene 1 ynpyrux my$et npm nycke, a
TaKke MpexAeBPeMeHHbIl U3HOC KOHTAaKTOPOB OrpaHM4YMBaloT
yacToTy BKJIIOUEHMI. OpurEeHTPOBOYHbIE 3Ha4yeHuA
MaKCMManibHO AOMYCTMMOrO Yucna BKAlOYeHuin Z cm. Tabnuuy

10, ecnui He yKa3aHo MHoe.

Morpy»Hble anekTpoHacocsl (puc. 10 - 13) npeacTaBnaioT coboi
arperatbl B cObope, AnsA ABUraTesei KOTopbix He TpebyeTcA
OTAENbHbIN PacyéT NapameTpos [7]. dnekTpuyeckne
XapaKTepuUCTMKM ABUraTenet MOXHO HalTN B TEXHNYECKOM
onncaHuun. BHyTpeHHAA yacTb ABUratens 3anosiHeHa BO3AYXOM U
MO>eT paboTaTb B MOrPy>KEHHOM COCTOSIHUW, B OCHOBHOM,
6narogapa ABOMHOMY YNNOTHEHMIO Bana € 3aTBOPOM napadUHOBbLIM

Macnom.

Morpy»Hble anekTpoHacocbl (U-Hacocbl, npefHa3HauYeHHble, B
OCHOBHOM, A1l BOAOCHAGXXEHUA 13 CKBaXKUH) TakxKe NpeacTaBsioT
coboli arperatbl B cbope, ABUraTeNIn KOTOPbIX He TPebytoT
cneumanbHoOro pacyérta napameTpos (puc. 16). B Takmnx Hacocax
poTOp 1 06MOTKa CMauMBalOTCA BOAoW [7]. dnekTpuueckne
XapaKTepPUCTUKN 1 JONYCTUManA YacToTa BKIIOYEHUI yKa3aHbl B

TeXHNUYECKOM onucanum [1].

31

Mop6op anekTpoasuraTens -

ABuUratenu gnAa repmMmeTuYHbiX HacocoB

[na nepekaurBaHNA arpeccrBHbIX, TOKCUYHbIX, TErKO
NCNapAOLWMNXCA U LEHHbIX XUAKOCTEN, MpeXxae BCero, B
XVIMUYECKON N HEDTEXMMUYECKON NMPOMBILLIEHHOCTH MPUMEHSIOTCA
repMeTMYHble HacoCbl, T.e. C MarHUTHON MydTON (prc. 9) n

3KpaHMPOBaHHbIE NEKTPOHACOCHI (prc. 14 n puc. 15).

Hacoc ¢ MmarHutHol mybTon npnBoanTCA B AeicTBUE NepBMYHBIM
MarHUTHbIM MONIeM, KOTOPOe BpallaeTcA 3a npefenamm
repmMeTMYHOro Kopnyca 1 CUHXPOHHO BpaLlaeT BTOPUYHbIE
MarHuTbl poTopa BHYTpU Kopnyca [12]. 3BeH0 ¢ nepBUYHbIMUA
MarHuTamu coegmHaeTca My¢$Ton co CTaHAAPTHLIM HEMOTPYMXHbIM

[BUraTenem.

Paboune Konéca sKkpaHNPOBaHHbIX 311EKTPOHACOCOB
yCTaHaBNMBAKTCA C APYron CTOPOHbI, HENOCPEACTBEHHO Ha Bany
[ABUraTesnsa Taknum obpasom, UTo obecneyrBaeTca BpalleHne potopa
B XMAKOCTU, OT KOTOPOI 0OMOTKa CTaTopa oTAeNneHa rmnb3on-
3KpaHoM [7]. Takmne repmeTUYHbIE HACOCHbIE arperaTtbl 06bIYHO
pa3pabaTbiBalOTCA C NoMoLLbio nporpamm 0/, npuuem
Heob6XxoAMMO YUMTbIBaTb CliefyloLye acneKTbl:

1 PoTop BpallaeTca B nepeKkaumBaemMon XUgKocTu,
KMHeMaTnyecKas BA3KOCTb V KOTOPOU JOMXKHa ObiTb M3BECTHa,
MOCKO/bKY OHa BAIMAET Ha MOTepu TPEHUA 1, CnefoBaTesibHO, Ha
MOLLHOCTb ABuratens (cm. «<KprBas noToka» Ha cTp. 47).

1 MeTannnueckue Lwenesble CTakaHbl MW FMb3bl CTaTopa
(BbINONHEHHbIE, HanpuMep, 13 2.4610) BbI3bIBAlOT MOTEPU Ha
BMXPEBbIE TOKM, KOTOPbIE YBENIMUMBAIOT MOLLHOCTb [ABUraTens; a
HemeTannnyeckre LeneBble CTakaHbl B HACOCax C MarHUTHOMN
MydTOI He NOBbILWAKT MOLHOCTb ABUraTeNA.

7 [laBneHue HacbILWEeHHOro Napa nepeKkaumBaemMon XUgKoCTu
[IO/KHO ObITb M3BECTHO BO U3beXKaHne NoBpeXaeHNs
NOALIMNHNKOB BCeACTBME CYXOro XoAa B CBA3N C
napoob6pa3soBaHuem. PekomeHayeTca npumeHeHne npubopos
KOHTpONA, NpeaynpexaatoLwmnx o Cyxom xoge.

1 Ocobble CBOMNCTBA XNAKOCTY, TaKNE KaK cofepKaHne TBEPAbIX
B3BeCeW, CKNOHHOCTb K 3aTBEPAEBaHUNIO UKW NOAMMepr3aLm
Unu o6pasoBaHNe KOPOK 1 HANETOB OMXKHbI ObITb U3BECTHBI NP

pacuéTte napameTpoB.
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Puc. 38: KpnBas pa3roHa (Harpy3ouHas guarpamma Toka | n BpawatoLyero
MomeHTa T) iBUraTena c KOPOTKO3aMKHYTbIM POTOPOM AJ1A COeMHEeHNA
«3Be3a-TpeyrofibHuK» (Y = coeguHeHve 3se3aom; A = coeanHeHne
TpeyronbHMKoM; P = Hacoc)

Bbi6op aneKTpoaBuUratens — xapakrep nycka

Bpawatowuin momeHT T, Hacoca, nepefaBaembiit MydTOl Bana,
HanpAMYyo CBA3aH C MOLWHOCTbIO P 1 yactoToi BpaweHus n. Mpu
nycke LeHTPob6eXHOro Hacoca BblCTpanBaeTCA NPaKTUYeCKM
napabonnyeckas KpriBasa BpaLaoLLEro MOMEHTa OTHOCUTENBHO

yacToTbl BpaweHus [10], Kak noka3aHo Ha puc. 38.

C Opyro CTOPOHbI, BPALLAOLWMIA MOMEHT aCMHXPOHHOTO [iBUraTens,
HanNpPOTMB, AONIXKEH OblTb 6osbLUe ANs AOCTUXKEHUS POTOPOM paboyei
YacToThbl BpaLleHWs. DTOT BpaLLaloLWmin MOMEHT ABUraTens Hapagy C
Hanps»KeHNeM OKa3blBaeT BVAHNE HEMOCPEACTBEHHO Ha TOK,
noTpebnsemblii 4BUraTeNneMm, a OH, B CBOIO oUepefib, Ha Harpes
0OMOTKM [iBUraTens; COOTBETCTBEHHO, HEOOXOANMO U3beraTb
HeZloNyCTUMOrO HarpeBa ABUraTens nyTem orpaHUYeHnA BPeEMeHM

nycka u/vnu cunbl Toka [2] (cm. Takxke Tabnuuy 12):

Mpy NpAMOM BKJlOYEHUN (HENOCPEACTBEHHO CPa3y BO3HUKaET
NOJIHOE CEeTEBOE HaMPAXXEHVe Ha ABUraTene, KOTOPbI elle He Hayan
BpaLLaTbCA), NyCKOBOW MOMEHT JOCTYMNEH C CAMOro Havana, u arperat
pocturaeT paboyei 4acToTbl BPaLLEHUA B TeYeHNe 04YeHb KOPOTKOro
BpemeHu. Takol nyck Hanbonee GnaronpusATeH Ans ABUraTens, HO
NyCKOBOW TOK, KOTOPbI B 4-8 pa3 npeBblliaeT HOMVHANbHbIN TOK,
Co3AaéT Harpy3Ky Ha ceTb, 0CO6eHHO MPU NPUMEHEHNW MOLLHbIX
ABUraTenen, u MOXeT Bbl3BaTb Pe3KOe NafeHne HanpsaXeHus B
pacnonoxeHHbIx B6n13n yctponcteax. CnegosatenbHo, Npu
npYMeHeHnn 06LLeCcTBEHHbIX HU3KOBONBTHbIX ceTelr (380 B)
Heob6xoMMOo coboAaTb NONOXKEHUA NEKTPOCHAGKAIOLLMX
opraHusauui (EVU) o npAMom nycke, HaumMHas € MOLWHOCTA 5,5 KBT.
Ecnu ceTb He noaxoanT ANA NPAMOro Nycka, ABMraTesib MOXHO
3anyCTUTb C MOHVXXEHHbIM HanpPsAXeHNeM C MPUMEHEHNEM
cnegyowmx cnocobos:

s [lyck no cxeme «3Be3fa-TPeyrosibHUK» — 3T0 Hamboree
ynoTpebumblii BCeAcTBUE €ro SKOHOMUYHOCTM Crocob
NMOHWKEHUA NMYCKOBOr0 TOKa. [1nsi 3Toro He06XxoanmMOo, UTo6bI
asuratenb 6bin NpefHa3HayveH AsiA NoAKMoYeHNA Npu
3KCNNyaTaLmm No CXeme «TpeyrofibHUK», 4ToObl 06MOTKM
asuratens 6biy NOAKIIOYEHBI K COOTBETCTBYIOLLEMY CETEBOMY
HanpsxeHuto (Hanpumep, 400 B). OgHako Npu nycke 06MOTKM
NOAKIOYAOTCA MO CXEME «3Be3[a», YTO 03HAYAET, UTO HaMpAXKeHne
Ha 0OMOTKaX CHIXKaeTca ¢ KoappuumeHTom 0,58 No cpaBHEHMIO C
HanpsAXeHnem ceTh. 3TO yMeHbLUAEeT NMyCKOBOW TOK 1 BpaLlatoLLunii
MOMEHT [10 TPETU 3HAUYEHUI NPAMOTO NyCKa, B pe3ynbTaTe Yero
npouecc nycka Anutca gonblue. Tenepb ABuratens paboTtaeT no
CXeMme «3Be3la» 3HaUUTENbHO Aasblie PeXrMa MakCManbHOro
BpaLLatoLero MOMeHTa C MaKCMMaJibHO BO3MOKHOW YacTOTOM
BpaLleHuna B Touke B' Ha pucyHKe 23. 3aTem nponcxognt
nepekKYeHEe Ha CXEMY «TPEYTONIbHVK», U ABUraTeNb YCKOpPAeTCA
[10 HOMVHaNbHOW YacToTbl BpalleHus. B TeueHre BpemeHu
nepeknoyeHns npuon. 0,1 c ABMraTenb ocTaeTcs 06eCTOYEHHBIM, a

4YacCTOTa BpaleHNA CHUXaeTCA.



Y arperatoB C HU3K/M MOMEHTOM MHepLMK (3KpaHMPOBaHHbIE 1
NOrpy>KHble ABUraTeNM) CHUXEHME YaCTOTbl BPaLLEHMA MOXET
6bITb HACTONBbKO HOMbLUIVM, UTO MOC/IE NEePEKIIUEHMA Ha CXeMy
«TPeYrofibHUK» MOMAET NOYTN HECHMKEHHDbIV NMYCKOBOW TOK,

NpaKTNyecKkn COOTBeTCTByIOIJ.l,I/IVI TOKY Npn NpAMOM BKIOYEHNN.

MpumeHeHWe NycKkoBOro TpaHchopMaTopa TakKe CHUXKAeT
HanpseHre Ha 0OMOTKax ABUraTesis, HO CTENEeHb CHUXKEHUS, B
OT/INYME OT COEAUHEHUA MO CXEME «3BE3[a-TPEYTONbHIIKY,
onuuoHasnbHa. Hanprmep, nyckoBo MOMEHT 1 CETEBOI TOK
cHu3ATCA Npu 70%-Hom oT6ope TpaHchopmaTopa Ao 49% ot
3HAUeHW NPV NPSMOM BK/OUEHUN. [LONONHUTENbHbBIM
NPerMyLLECTBOM SBAETCA TOT GaKT, UTo Npur NEPEKOUEHNN He

BO3HKaeT 06eCToUeHHON dasbl.

B yCTpOVICTBe NaBHOro Nycka HanpsAkeHne Ha 06MOTKax

Asuratena niaBHO 31EKTPOHHO N3MEHAETCA B COOTBETCTBUN C

MPVIHLMMOM PEerynsaTopa OCBELLEHHOCTU. DTO O3HAYaEeT, UTo

BO3MOXHa afjanTaunAa BpemMeHN pa3roHa 1 NyCKOBOIro Toka B

COOTBETCTBMN C AONYCTUMbIMIN pa60LII/IMI/I npenenamun agpuratens

(TennonoTtepu n3-3a ckonbxxeHuaA!). Kpome Toro, 3aecb JOMKHbI

cobntofaTbCA cneymnanbHble npenenbl Yncna BK/tOYEHUI (B

oTnyme ot Tabnuubl 11) [1].

' Mpwu npymeHeHKn NpeobpasoBaTenein YacToTbl (Kak Npasuo,

[NA YCTAaHOBOYHOTO PeXrMa Un pexxuma perynnpoBaHus)

BO3MOXHa peann3auuna naaBHOro nycka 6e3 AOMOJIHUTENbHbIX

nsgepxekK. [1nA 3Toro 4acToTa 1 HanpsXKeHKe Ha Bbixofe

npeobpasosatens yactoTbl (cM. «PerynuposaHune nogaum

M3MeHEHNeM YacTOTbl BPALLEHUA» Ha CTP. 35) HenpepbIBHO

noBbIWaTCA OT MUHMANbHOIo Ao Tpe6yeM0ro 3HayeHwuA.

HomurHanbHbIN TOK ABUraTens Npn 3TOM He npeBbllWaeTcA.

PekomeHpyemble
Motpe6bneHve Harpes KOHCTPYKTUBHbIE
Mpouecc KoHcTpyKTBHOE TOKa (Harpy3ka  Bpems Asuvratens Mex. mppasn.  CoOTHOWEHNE  WCNONHEHUA
pasroHa MCnosiHeHne cetn) pasroHa npw nycke Harpyska Harpyska  3aTpart fAsuratenen MpumeyaHna
CO CTOPOHbI
31EKTPOCHAGXKAKOLLMX
. KoHTakTop oKoJo . oueHb oyeHb N
Mpamoi nyck . 4-8-1 BbICOKMI 1 niobble opraHvzauumn,
(MexaHnyecknin) 05-5c¢ BblCOKas BbICOKas
B OCHOBHOM,
orpaHuuvBaeTca go 4 KBt
niobble;
npv NpUMeHeHnn
3KPaHNPOBAHHbIX niobble;
N NOTPY>KHbIX 1A ABUraTenemn
Myck no Py N .
KombuHauua 1/3 3HaueHuA Asuratenen npu MOLLHOCTbIO >
cxeme oKono . oueHb oueHb
KOHTaKTOpOB AnA NpAMoro BbICOKMN 1,5-3 nepekxsoyeHnn 4 KBT 06bIYHO
«3Be3fa- 3-10c BblCOKas BblCOKasn
TOEYTONBHIK (MexaHnyeckasn) nycka HabniogaeTtca TpebyeTca Tpebyetca
»
pey! 6onbluee 3N1eKTPOCHAGXKaoWMmn
CHUKeHne opraHv3auuamm
4acToTbl
BpaLieHua
N Mpwn nepeknoueHnmn
MyckoBow p P!
Myck npwn TpaHcpopmaTo orcyrcrame
¢ p P P P 0,49 3HaueHuA OKONo . . . obecToueHHoW
YaCTUYHOM c oT6opom BbICOKMI BbICOKMI BbICOKMI 5-15 ntobble
NPAMOro nycKa 3-10c dasbl (MprmeHeHne
HanpAXeHUn  NpenMyLiecTBEHHO
PEBEPCMBHOrO MN1aBHOrO
B pa3mepe 70%
nycka)
Pa3roH n TopmoxeHue
MOXXHO MN1aBHO
YcTponctso oTperynmpoBath npu
. P cBo60AHO VLD i o
MnasHbIN nnaBHoro N oKono . NomoLUW Harpy3o4Homn
perynupyemblii; BbICOKMI Hu3Kan HU3Kan 5-15 nobble
nyck nycka (cunosas 10-20c Avarpammbl B
06b1uHO: 3 - |
3NeKTPOHVIKa) 3aBUCUMOCTU OT
Harpysku:
OTCYTCTBUE rMAPOYAapOB
Cnnwkom
[OPOroCTOALLMNIA
YacTOTHBII Mpeo6pasosatenb Cnocob Ansa pasroHa
pasroH yacToTbl (cunosas 11y 0-60c HU3Kan HU3Kas HU3Kan okos10 30 nio6ble 1 TOPMOXKEHUSA.
3/1eKTPOHMKa) Bonblue nogxoaut ana

YCTaHOBOYHOIO peXuma 1
pexvma perynvpoBaHus

Tabnuua 12: Cnocobbl NycKa aCMHXPOHHbIX ABUraTeNei
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JKcnnyaTauMOHHbIE XapaKTepUCTUKM n
perynupoBaHune

Pa6ouas Touka

Mpw 3KcnyaTaumm YCTaHOBKM C LLIEHTPOHeXHbIM HacoCoM paboyas
TOUKa onpepaenaeTca nepeceyeHnem paboyen xapakTepucTKkm
Hacoca (cm. B pa3sgene «XapaKTepuCTKM Hacocay Ha cTp. 13) ¢
paboyel xapaKTeprCTUKON YCTaHOBKM (CM. pa3gen
«XapaKTepmnCTUKN YCTAaHOBKU» Ha CTP. 26). OTO onpefensaeTt nogavy
Q v Hanop H. i3meHeHwue 3ToN pabouer ToUKn TpebyeT n3meHeHNs
B0 XapaKTEePUCTUKN YCTAHOBKY, TMOO XapaKTepPUCTUKM HAcoca.

Paboune XapaKTeEPUCTUKN YCTaHOBKK NpU NepekavynBaHn BOAbI

MOTYT USMEHNTbCA

© U3-32 UBMEHEHUA rMapaBINYeckuX CONpoTUBIIEHUNI (Hanprmep,
3a CUET pedyLMpyioLLEero opraHa, yCTaHOBKM BPOCCeNbHON
Wanbbl nny 6ainacHon NMHNK, NepeobopyROBaHUA UK
3apacTaHusa TpybonpoBoaoB) Unn

@ 113-32 M3MEHEHWSA CTaTUYECKMX COCTaBAAILWMX Hanopa
(Hanpumep, BbICOTbI YPOBHA BOAbI UIN AaBIEHUA B

pe3epByapax).

BO3MOXHO M3MeHeHVe XapaKTepUCTMKIM Hacoca

7 MOCPeACTBOM PerynmpoBaHuA YacToTbl BpaLleHna (cMm.
«PerynnpoBaHuve nogauum n3mMeHeHNeM YacTOTbl BpaLLeHNsA» Ha
cTp. 35)

7 NyTEM NOAKMIOYEHMUA UM BbIKITIOYEHWA HAacoca Npu
napannienbHon unu nocnegoBaTesibHon paboTe (cm. Pasgen
«MapannenbHas paboTa LEeHTPOOEXHbIX HACOCOB» Ha CTP. 36 UK
«PaboTa B nocnejoBaTeNbHOM pexxume (nocnegoBatesibHoe
BKJIlOUEHWE)» Ha cTp. 37).

@ AJIA HACOCOB C pagunanbHbIMU pabounmMn Konécamm nyTem
N3MEHeHUA Hapy»XHOro anameTpa (cM. pasgen «» Ha cTp. 37)

% [J1A HACOCOB C ANaroHanbHbIMK pabourmm Konécamu (BUHTOBbIE
Konéca) nyTem npeaBKIIOYEHNA UM HACTPOWKK perynatopa
LMpKynauuy Ha Bxoge (cMm. «PerynmpoBaHue nogauv npu
NOMOLLM LMPKYNALUN Ha BXode» Ha cTp. 39)

AN1A NponensiepHbIX HACOCOB 3a CYET PerynmpoBKM yria
YCTaHOBKM nomnacTei nponennepa (cm. pasgen «PerynmposaHue/
N3MeHeHMe Nogaym N3MeHeHNEeM yria YCTaHOBKM JlonacTen» Ha
cTp. 40)

YKazaHue:

BANSIHNE 3TUX MeP Ha U3MEHeHNe paboueil XapaKTePUCTUKN
Hacoca MOXHO CMPOrHO3MPOBaTb TONbKO ANIA SKCMyaTaumm 6e3
KaBuTaumm (cM. pasgen «YcnoBumA BcacbiBaHUA 1 nognopa» Ha CTp.
417).

PerynupoBaHue pacxopa pegyuupoBaHuem

N3meHeHune nogaum Q peayKLMOHHOM apMaTypoOn — 3TO CaMbli
npocToi cnocob Kak Ansa efUHNYHON PerympoBKy, Tak 1 Ana
NOCTOAHHOW afanTaLmnn, MOCKONbKY OH TPEOYET HaVMEHbLLNX
3aTparT, HO B TO Xe BpeMms ABJIAeTCA Hanbomnee sHeprosaTpaTHbIM,
NMOCKOJIbKY OH MpeobpasyeT SHepruo NoToka 6€3803BPaTHO B
Tennosyto sHepruto. Puc. 39 HarnsagHo oTobparkaeT 3TOT NpoLiecc:
nyTem LenieHanpaBneHHOro yBeimyeHsa ConpoTuBeHnsA
YCTaHOBKM (Hanpumep, peayurpoBaHMeM apMaTypoi Ha CTOPOHe
HarHeTaHWA Hacoca) NoNyYeHHas N3MEHEHHaA XapaKTepuCcTuKa
ycTaHoBKMU H,, cTaHoBUTCA 60nee KpyTo n nepexoaunt B8 H,,. Mpu
MOCTOAHHOW YaCcTOTe BPaLyeHUA Hacoca paboyas Touka B, Ha
paboueil xapakTepucTMke Hacoca CMeLaeTca B B, ¢ meHbuwei
nogayvein. Hacoc co3gaét 6onbLwmnin Hamnop, yem TpebyeTtca Ans
YCTaHOBKU; 3TOT M30bITOUHbBIV Hanop cpabaTbiBaeTcs B
peayKUMOHHON apMaType, 3a CYET Yero rugpasnmnyeckas SHeprus
HeobpaTMo NpeobpasyeTca B TENIOBYIO M OTBOAUTCA
nepekaunBaemoi cpefoi. 3T NoTepy NpUemseMbl, e AnanasoH
perynupoBaHuA He3HaUUTENIEH UMW PerynnpoBaHne TpebyeTcs B
NCKNIOYNTENbHbIX cnyyasx. [lonyyeHHas SKOHOMMUA MOLLHOCTH
NoKasaHa B HVXKHEI YacTy PUCYHKa W ABMIAETCA OTHOCUTENIbHO
He60MbLUON MO CPAaBHEHWIO CO 3HAUUTENbHBIM U3ObITOUHBIM
Harmopom.

B npuHUMne, TO ke camoe OTHOCUTCA U K yCTaHOBKE B HaMoOPHbIi
Tpy6onpoBog APOCCENbHON Wabbl C OCTPOI KPOMKOW, UTO
LenecoobpasHo Npu HEO6ONbLLIOK MPOV3BOAUTENBHOCTU UK
KpaTKOBpeMeHHO sKkcnnyaTauun. ina pacuéta pebyemoro
AvameTpa oTBepcTua d,, ApOCcenbHON Waibbl perynmpyemoe

CHMXeHne Hanopa AH paccunTtbiBatoT no dopmyne

[ @
R K

YcnoBHble 0603HaueHnsA:

Qopmyna (22)

d,, = pAwnameTp oTBEPCTVA B APOCCENbHOIA Waiibe [Mm]

f = KO3 PULMEHT peayLMpoBaHMA B COOTBETCTBIN C puc. 40
Q =nopauaB Mm/y

g = ycKopeHue csoboaHoro nageHus 9,81 m/c?

AH = perynupyemoe cHukeHune Hanopa H [m]

MockonbKy oTHocuTenbHOe oTBepcTue (d,/d)* Heobxoanmo
onpefenunTb 3apaHee, NPV TaKOM MeTOAe pacyéta TpebyeTca
utepaums (pekomeHayeTcs rpadpuyeckm oTobpasmnTb PaccUTaHHbIe
3HAYEHWNs1 OTHOCUTESIbHO OPUEHTMPOBOYHbIX 3HAYEHUI AMamMeTpa
oTeepcTuA d, ANA BbINOHEHNA TOYHOWN MHTEPNOAALMM NOC/e ABYX

utepauui, cm. «Mprmep pacuérta 7: lpoccenbHas wariba).



PerynupoBaHue nogayuv usmeHeHMeM 4YacToTbl BpalleHus
Mpu pasnnyHON YacToTe BpaLleHWsA N OAVH U TOT Xe
LIeHTPO6EXHbIN HACOC MMEET Pa3Hble XapaKTePUCTUKN, KOTOpble

CBA3aHbl 3aKOHOM NoJo6MA (3aKOH CPOACTBA).

Ecnun nssectHbl xapaktepuctnkn H u P oTHocutenbHo Q npu

4acToTeE BpalleHNA N, BCE TOYKN XapaKTEPUCTUK NpK N,

BbIYNCAAIOTCA MO Cleayowmum popmMynam:

_ n,
Q2 = Q1 5 E ®opmyna (23)
2
— N,
|_|2 = |-|1 . (n_1) Qopmyna (24)
3
P=P. (ﬁ ®opmyna (25)
2 1 n,

®opmyna (25) npumeHuma Tonbko Ao Tex nop, noka KM n He
CHU3UTCA C YyMEHbLUEHMEeM YacTOTbl BpaLyeHusa n. Mpu n3meHeHum
YacToTbl BpalLeHUa cMellaeTca U paboyas Touka (cm. pasgen
«Pabouas Touka» Ha cTp. 34). Ha puc. 41 nokasaHbl XxapakTepUCTUKN
H(Q) ona pa3nuyHoO YacToTbl BpaLLeHNA, KaXkaasa U3 KOTOPbIX
nepeceKkaeTca ¢ paboyei XapakTepUCTUKO YCTaHOBKM H,,,.
Pabouas Touka B nepemeLaeTcs no 3ToN XxapakTepucTnke
YCTaHOBKM K MEHbLUUM pacxofaMm, ecsiv YacToTa BpalleHus,

COOTBETCTBEHHO, CHUMAETCA.

McxonHO xapakTepucTuka yCTaHOBKM ABNAETCA Napabonoi, Kak B
npumepe H,, e, Hanop H B cooteeTcTBUM C dopMmynol (24) nagaeT
[10 YeTBEPTU NPU YMEHbLUEHNW YaCTOTbl BpalleHNa BABOE, a
MOLLHOCTb nprBoaa P B cooTBeTCTBIM € popMmynoi (25) cHuxKaeTcs
10 OQHOM BOCbMOW OT NePBOHAYabHbIX 3HAYEHWI. B HUXKHEN
yacTty puc. 41 nokasaHa cteneHb SkoHOMUM AP1 No cpaBHeHWMIO C

peayLupoBaHmeM.
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Pabouas xapakTepncTika Hacoca
Pabouasn xapakTepucTiKa yctaHoBkn H,,

— — Pab6ouan xapakTepucTika yctaHoskume H,,

Puc. 39: M3ameHeHne pabouel TOUKM 1 SKOHOMMA MOLLHOCTM Npu
peayurpoBaHNIN HACOCOB C PacTyLLe XapaKTepMCTMKon noTpebnaemon
MOLLHOCTU

20 [
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¥

N\
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2
d
OTHocuTenbHoe oTBepcTne (f)

Puc. 40: [ipoccenbHas waiiba n eé koadpduumneHTs peayLposaHma f
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Hanop H [%]

MouwHocTb P [%]
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Paboyuas xapaKTepncTrika Hacoca

Paboyas xapaKTepucTriKa yCTaHOBKM

Puc. 41: SkcnnyaTayma Hacoca C perynvMpyemoi 4acToTon BpalLeHus npu

PasnuyHbIX XapakTepucTuKax ycraHoskn H, v H,, (3koHomus
mowHocT AP1 1 AP2 npu Harpy3ke 50% no cpaBHeHWIO C
peayunpoBaHnem)

Ecnu, c opyroi cTopoHbl, XapakTeprCTMKa YCTaHOBKM Ha Npumepe
H,, npeactaenseT coboii napabosny ¢ 60MbLION CTATUYECKOI

cocTasnatoLwein H cnegyeT 06paTUTb BHYMaHWE Ha TO, YTO Npwu

A2 crar.
onpeaenéHHblX 06CTOATENIbCTBAX OHA MOXKET He nepeceybcs C
XapaKTepPUCTUKOI Hacoca NPU NMOHMKEHUN YacTOTbl BPALLEHUS, T. €.
6onblue He HaxoaUTCA B paboyem Anana3oHe; B TaKOM cJlyyae
oTnajaeT HeO6XOAMOCTb B HUXHUX [iMana3oHax perynmpoBaHus
4acToThl BpaLeHA. BO3MOXHasA SKOHOMUA MOWHOCTU H, B 5TOM
Clyyae Huke Npu Tex xe nogayvax Q, yem nNpuv xapakTepucTrke

ycTaHoBK/ H KaK MOKa3aHO B HUXXHEN YyacTu gnarpammel [4].

A pun.!
JKOHOMUA MOLLHOCTW NO CpaBHEHUIO C peayumnpoBaHnem tTem

MeHblle, yem 6osblle CTaTMyecKas cocrtasnaowas H

).

(T.e. uem

A cTat.

MeHblle CKOPOCTHaA cocTaBnstowan H, -
M3meHeHWe YacToTbl BpallueHnsa 06blYHO O3HaYaeT USMEHEHMNE
YacToTbl, KOTOPOE HEOBXOAMMO YUMTbIBATL NPU BblibOpe
NPVBOAHbIX ABUraTenei. /i3gepkKu npy 3Tom He Masble, HO BCKOpe
OKYMalTCA Ha HacoCax, KOTOpble YacTO HAXOAATCA B SKCMTyaTaLmum
1 MHOFOKPAaTHO PerynnpyoTcsa Ha YaCTUYHYIO HAarpy3Kky npu
HU3KOM 3HauYeHNN Hacar. [8]. 9TO 0CO6EHHO aKTyaNbHO A/l HACOCOB
CUCTEM OTOMMEHNA.

MapannenbHas pa6oTa LeHTPOGEKHbIX HACOCOB

B cnyuae, korpa Tpebyemas nopaya Q B paboueit Touke He MOXeT
6bITb [OCTWTHYTa OfHMM HAaCOCOM, BO3MOXHa Nofaya
nepeKaynBaemom XX1LKocTn B o6wmin Tpybonposog napannesnbHo
cunamu ayx uny 6onee HacoCoB, KaXablll Co cBoOen obpaTHOM
apmatypoi (puc. 42). SKkcnnyaTtaums napannenbHo paboTarLmx
HACOCOB YNPOLAecs, eCn UX OTCeUHblEe HANOPbl Hj He oTnnyaroTcs,
yTo obecneyrBaeTca oAMHAKOBLIMU Hacocamu. Ecnn, ¢ gpyroi
CTOPOHbI, OTCEYHbIE HAaMoPbl H He OANHAKOBbI, MEHBLUVI OTCEYHON
Hanop Ha COBMECTHOW paboueit XxapakTepncTuke Hacocos H(Q)
BCEra yKa3blBaeT MUHVMA/IbHYI0 YCTONUMBYIO noaady Q  , npu
YMEHbLUIEHMN [0 KOTOPOI NapannenbHas paboTa byaet
HEBO3MO>KHa, MOCKOJIbKY B 3TOM paboyem ananasoHe obpaTHas
apmaTtypa Hacoca C MeHbLIMM OTCeUYHbIM Hanopom H, nnoTHo
3aKpblTa OT 6onbluero Hanopa fpyroro Hacoca. OfgHaKo Npu Takom
napasnefibHol paboTe cneflyeT yunTbiBaTb, YTO NOC/E OTKIIOUYEHNA
OfHOrO 13 ABYX UAEHTUYHBIX LIEHTPOGEXHbIX HAacoCoB (purc. 42)

nogayva Q ’ pa60Ta|ou4ero HacCoCa He BEPHETCA 40 NONOBUHbDI

vHAnBMA.

oT Qnapam, a NpeBbICUT 3HayYeHne 50%. 3aTem 3TOT HacocC

He3ameanTeNlbHO NepexoaunT Npu onpeaenéHHbIX
06CTOATENBCTBAX B AMANa3oH NeperpysKkn B paboyen Touke S —
4TO HEOOXOANMMO YumnTbIBaTb NPU NpoBepke 3HaueHnin NPSH (cm. B
pasgene «YcnoBus BCacbiBaHWA U Nognopa» Ha cTp. 41) n
notpebnaemont mowHocTtn (cm. «KMNI n notpebnaeman mowHocTs P
Ha Bany Hacoca» Ha cTp. 9). [puumrHa Takoro pexrima paboTbl —
napabonuyeckas paboyas xapakTepucTika yctaHosku H,. Mo Toi
e NpuymnHe npu o6paTHOM NpoLecce NOAKMYEHNA BTOPOro
LieHTPO6eXHOro Hacoca Takoro Thnopasmepa, CyMmMapHas nogava

YBE/MYMBAETCA MO CpaBHEHWIO ¢ Q ofHoro pabotatowiero

nHAMBNA,



HacCoCa 4YyTb MeHee, Yem BABOE, COOTBETCTBEHHO:!

Q <2-Q

napann.

. Qopmyna (26)
3TOT 3G dEeKT NPY OTKNIOUYEHUN UNN NOLKIIOUEHNN TEM CUTTbHEE,
yem 6onee KpyTas XxapakTepuCTMKa yCTaHOBKM Unn 6onee ninockas
XapaKTepucTuka Hacoca. MNpu akcnnyaTaumm obonx Hacocos | u i
obwwmin pacxop Q
42), Te.

BCerga ABNAETCA CyMMOM QI " Q|| (cm. puc.

napann.

Qnapann' = QI + Q" DQopmyna (27)
[Ona pacuéTta xapakTepuCTVK NpU NapannenbHon paboTe cm.
«Mopbop aneKkTpofBUraTens — onpepeseHne MOWHOCTY ABUraTenNs»
Ha cTp. 29. [NoaknioyeHre 1 OTKIUYEHNE OTAENbHbIX HACOCOB,
paboTatowux napannenbHo, obecneyrBaeT sHeprocbeperatowmi
pexum paboTbl, HO ilenaeT BO3MOXKHbIM TONbKO CTyneH4YaToe
perynupoBaHue nogauu. [1ns niaBHOro perynmpoBaHns, Hanprumep,
Nno MeHbLUen Mepe, OAMNH U3 3aAeNCTBOBAHHbBIX HACOCOB [OMKEH
6bITb OCHALUEH CUCTEMOI PerynnpoBaHna YacToTbl BpaLLeHNs, Unn
o6LwWuiA HanNopHbIV TPY6ONPOBOA [OMKEH ObITb C perynmpytoLlei
(pepyuunpytowein) apmatypoii [4]. Ecnn ueHTpobexHble Hacocbl C
bUKCMPOBaHHOI YacTOTON BpaLLEHNA 1 HECTaObWIbHBIMK pabourmn
XapakTepucTukamu (prc. 22) JOMKHbI paboTaTb B Napasie/ibHOM
pexunme, Npu NOAKIYEHMNN BTOPOro TaKoro Hacoca MoryT
BO3HUKHYTb Npo6aembl, eciim pabouni Hanop H, paboTatowero
Hacoca 6onblue, yem oTceyHoil Hanop H, (T.e. Hanop npu Q = 0)
NOAKMYaEMOro HacoCa; TOrga BTOPO HACOC He CMOXeT
npeofoneTb NPOTMBOAABNEHNE HAa 0OPATHOM 3aTBOpE

(puc. 43, xapakTepucTuka yctaHoBkm H, ). Hacocbl ¢ HecTabunbHbiMu
XapaKTepUCTUKaMK He NMOAXOAAT ANA TaKOW SKCnyaTaumm ¢
YyacTMuHOM Harpyskon. (OfHaKo Npu HXKenexallen paboyein
XapaKTepuCcTuKe YCTaHOBKK H,, noakoyeHme 6b110 6bl
6e3ynpeyHbiM, NOCKOMbKY pabounin Hanop H, paboTatoulero Hacoca
Tenepb HYXKe, Yem OTCeYHO Hanop H  nogknouaeMoro Hacoca).
Pa6oTta B nocnegoBaTenbHOM pexume

(nocnepoBaTenbHoe BKAlOYEHNE)

Mpu paboTe B nocnefoBaTenbHOM pexxume (NocneqoBaTesibHoe
BK/IOYEHME) HAaCcOCbl MOAKITIOYAOTCA NOC/IeJ0BaTENbHO, TaKNM
06pa3om, Hanopbl paboTaroLmMx HACOCOB CYMMUPYIOTCA NPK
oauHakoBol nopaye. OgHako criegyeT OTMETUTb, UTO KOHeUYHoe
JaBleHVe NepBoro Hacoca OfHOBPEMEHHO ABNAETCA AaBleHneM
Ha BXofle CyieflytolLero Hacoca, YTo He06XOAMMO YUUTbIBaTb NPK
onpepeneHnn pa3mMepoB YNIOTHEHNA Bana 1 NPOYHOCTY Koprnyca
Hacoca. [TosTomy Takasa noTpebHOCTb 06bIYHO NOKpbIBaeTCA (He
npu rugpoTpaHcnopTe TBEPAbIX BelecTs, cM. «<OcobeHHOCTU
nepeKauynBaHNA XNOKOCTEN C coaepKaHnem TBEpAoN dasbl» Ha
CTp. 58) MHOrOCTyNneH4YaTbiIMM HacOCaMm, B KOTOPbIX He BO3HMKaeT

BblLUEOOO3HAUYEHHOW I'Ip06ﬂeMbI C ynnoTHeEHMEM Bana.

o XapaKktepuctuka
Pa6ouas Hacoc | + Hacoc Il
XapaKTepucTnka
Hacoca | n Hacoca ll
H |l — — I
napann.
o
§ Pabouas xapakTepuctuka

yCTaHOBKU H, |

< ;|
<t I

VHANBIA,

»

| 'l

napann,

A

»

I
Q=Q=Q,,,/2 Quoponn

Mopgaua Q

I
:Q\+QH

»

Puc. 42: Pa6oTa B mapannenbHOM pexunme 2 OfUHAKOBbIX LIEHTPOGEXHBIX
HacocoB co CcTabunbHol paboueli xapakTepUCTUKON

2 Hacoca

Hanop H

Mopaua Q

\

Puc. 43: PaboTa B napannenbHOM pexnme 2 OANHAKOBbIX LIEHTPOOEXKHBIX
HACOCOB C HeCTabubHOM paboyeit XapakTepUCTIKOn

37



38 [laHHble yCTaHOBKM

O6TouKa pabounx Konéc

Ecnn npon3BoANTENbHOCTb PaananbHOIo Un AnaroHajibHOro

LIEHTPOOEXKHOrO Hacoca C MOCTOAHHON YacTOTOW BpalleHus
HeobX0AMMO CHU3UTb Ha NPOACIKUTENbHBINA CPOK, CnepyeT
YMEHbLINTb BHELWHNI AuameTp pabouero Koneca D; npu sTom
MaKCUMasnbHOe YMEHbLUEHNE AnamMeTpa JOMKHO ObITb OrpaHUYEHO
Takum o6pa3om, YTob6bl IoNacTu NPU pPagnanbHOM HamnpasieHN
NpocMOTpa NepeKpbIiBaan ApYyr Apyra B NPOTVBOMNONOMHbIX
HanpaBfieHWsIX.

B KOMMNeKTHbIX XapaKkTepucTrkax (puc. 32) o6bI4HO yKasbiBaloTCA

XapaKTepUCTUKIN Hacoca ANA HeCKONbKNX anameTpos D [mm]

06ToueHHOro pabouero Kosneca.

Pabounie kKonéca, U3roToBfieHHbIE 13 TBEPAbIX MaTEPUASIOB,

KOTOpbI€ NCNOoNb3YyOTCA ANA rugpoTpaHCcnopTa TBépﬂ,le BewecTs,
WA 13 INCTOBOWN Hep)KaBEIOLLleﬁ CTalin, a TakXXe oAHOoJ1oMacCTHble

(pwnc. 57), 3Be3noobpasHble 1 neprdepuitHble BUXpPEBbIE paboune

konéca (puc. 18) He MOryT nogBepratbca 06TouKe (To ke camoe

Puc. 44: KoHTyp 06TouKM paboyero Koneca C AnaroHasibHbIM BbIXOLOM OTHOCMTCA K 3aTblJIOBKE, CM. B pa3gene «3aTblfloBKa JIonaTok

pabouero koneca» Ha cTp. 39).

B MHOroctyneHuaTbix Hacocax o6blYHO 06TauMBaOT TONBKO
nonaTtku, a He 6OKOBbIE CTEHKM paboumx KONEC; B 3TOM cllyyae
roBOPAT O PACTOUKe, a He 06 0b6TouKe. MNpu HeobxoaANMOCTY B

/ MHOFOCTYNEHYaTOM Hacoce BMECTO PacTouKku paboyee Koneco n
HanpasnALLWNIA annapaTt O4HOW U3 CTYMNeHen MOXHO

AEMOHTMPOBATb X 3aMeHNTb Ha Tak Ha3blBaeMyo ryxyto CTyneHb

(nBe KOHUEeHTpu4yeckne umnnHagpunyeckmne BTynKn ona HanpaeieHna

noToka).Paboune konéca c HeLMNNHAPUYECKM BbIXOLOM

0o6TaunBalOTCs UK pacTauymBaloTCA B COOTBETCTBUN C AAHHbBIMU,

no popmyne (28) YKa3aHHbIMM B MONAX XapaKTepuCTUK (HanpumMep, Kak Ha puc. 44).
Ecnn TpebyeTca nulub HEMHOTO YMEHbBLINTbL MAMETP, Er0 MOXHO

paccumTatb no smnupuyeckoi opmyne. OfHaKo HEBO3MOXKHO

Hanop H

BbIMOSIHUTb TOYHbIN pacuér, MNOCKOJIbKY He npeacTaBnAeTcAa
BO3MOKHbIM 06ecneynTb reomMeTpumnyeckoe CxoacTeo B OTHOLWEHUN

yrfa nonacten 1 WIPWHBbI Bbixofa npu 06Touke paboumx Konéc.

\

Monaua Q Ona ceasum mexgy Q, H n (npn Heo6XoANMOCTN YCpeaHEHHDbIM)

ANaMeTPOM pa6oqero koneca D npuMeHAeTCA cnegyowan

amMnupmryeckas ¢opmyna
Puc. 45: PaboTa B napannenbHOM pexrme ABYX OAMHAKOBbIX LIEHTPOOEKHbIX

HacOCOB C HeCTabWIbHON XapaKTePUCTUKOM

2
D(> Q. _H
(Br ~ a = ®opmyna (28)

YcnoBHble 0603HaYeHNA:
MNHpaeKkct = cocToAHMe 10 YMeHbLUEeHNA BHELWHEro AnameTpa pa6ouero Koneca
WHAaeKkc r = cocTofHMe Noc/ie yMeHbLUEHW,

Ha OCHOBaHWM KOTOPOro onpegenaeTca (yCpeAHEHHbIN) AnameTp

06TouKN

Dr . Dt' \/%71: Dt. \/::: Qopmyna (29)



[aHHble ana HasHayeHNA anameTpa 06TOUKM MOTYT BbiTb
onpegeneHbl B COOTBETCTBUM C PUC. 45 NyTeM NPOBeAEHMA NPAMON
JIMHUK Yepes3 Hayano KoopamnHat Ha rpaduke H(Q) (c nuHenHomn
wkanoi!) uepes Tpebyemyto HOBYIo pabouyto Touky B, (obpaTute
BHMMaHMeE Ha XapaKTepUCTUKM C HayasioM KoopanHaT BHe nona!),
KoTopas nepeceKkaeT CyLecTBYIOLLY0 pabouyto XapakTepucTuKy
Hacoca AnA nonHoro AvameTpa pabouero Koneca D, B Touke B, .
Mpwn 3TOM cKnagbiBatoTcA napbl 3HavyeHUn ana Q n H ¢ nHgekcamn t
1 1, KOTOpble C NpuMeHeHreM Gopmynbl (29) faOT NPUMepPHbI
Tpebyemblii AnameTp 06TOUKM D.. Metopa B cootetcTBUm € ISO 9906
6onee TOUHbIN, HO 1 Bonee TPYAOEMKIIA, MOCKONbKY OH yunTbiBaeT
(ycpeaHEHHbIi) anameTp D, BXOAHOI KpomKM pabouero Koneca
(MHAeKC 1), BENCTBUTENBbHO ANA Na< 79 U 0 YMeHbLUeHnA
AnameTpa B pa3mepe < 5% [0 Tex Nnop, NokKa yron nonactv u
LIMPVIHA BbiXOAa pabouero Koneca oCTaloTCs MOCTOSHHbIMM
BeSIMUNHAMU. 3aTEM NPUMeHSeTCA (C 0603HaYeHNsMUN B

COOTBETCTBUN C pUc. 44 1 45) cnepyioluee:

®opmyna (30)

PeleHue 3aecb BO3MOXHO TO/bKO B TOM Clyyae, ecnivi u3gecteH D,
1 ecnu yepes pabouyto TouKy Br o6ToueHHoro paboyero Koneca (c
H, n Q) npoxoaut He NpsAmas, Kak Ha puc. 45, a napabona H (~Q,),
KoTopas nepecekaeT pabouyio xapakTepUCTUKY Hacoca,
npumeHumyio K D, B apyroi Touke B (c gpyrumm H 1 Q).

3aTbuU10BKa nonaTtok pa6oqero KoJieca

He3HaunTenbHoOe NOCTOAIHHOE yBENMYEHNe Harnopa Hacoca B
ONTUMaNbHOW TOUKe (8O 4 - 6 %) MOXKeT JOCTUraTbCA Npun
NPVYIMEHeHUN paauanbHbIX pabourx KONEC 3aTblIOBKOW 3arHyTbIX
Ha3apj fionacTei, T.e. NPY MOMOLLM 3aTOUYKMN BbIXOHbIX KPOMOK
nonacrtei Ha BOrHYTOWN CTOpOHe (puc. 46); Hanop npn Q=0
OCTaeTCA HEM3MEHHbIM. OTOT METOA NOAXOAMT AnA GUHaNbHOro

yCTpaHeHWs Hernonagok.

Perymnposamne nogayn nsmeHeHnem LnpkKynaunum Ha exone

B Hacocax ¢ Tpy6uaTbiM KOPMYCOM ¥ fuaroHanbHbIMU pabounmm
Konécamu (monyocesble KoNéca) Ha pabouyto XapaKTeprUCTUKy
MO>HO OKa3blBaTb BVSHUE YNpaBAAeMon UMpKynauuei (Buxpem)
Ha BXofe B paboyee Koneco. Takve perynatopbl LUPKYALMY Ha
BXOZ€ YacTO UCMONb3YIOTCA B KaUecTBe KOMMOHEHTOB ANA
ynpaefieHns nogayei. 3aTem pasinyHble XapakTepPUCTUKN BHOCAT B
NossA XapaKTeprUCTUK C yKasaHMeM MHPOPMALIMK O MONOKEHUN

perynartopa (pwuc. 47).

Puc. 46: 3aTblioBaHHble nonaTky paguanbHoOro paboyero koneca
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OTHOCUTeNnbHas nopava Q/Qom

Puc. 47: Tlone oTHOCUTENbHBIX PabouMX XapaKTePUCTUK LIEHTPOOEKHOrO Hacoca
C perynmpoBKOV LMPKYIALUN Ha BXOAE, n,= 160
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Puc. 48: Tone oTHOCUTENbHbIX pa6oq|/|x XapakKTepUCTUK 0CEBOro HacocCa C

perynupoBkoli nonacteii pabayero koneca, n,= 200

Hanop H [%]

MowHocTtb P [%]

1

1

1

Pabouas
XapaKTepucTika
ycTaHOBKM 6e3 baiinaca

Pabouas xapakTepucTmka
Hacoca

Pabouas
XapaKTepucTrka

¢ bannacHbiin pacxop

[lonesHana nofgaya
00 =

YCTaHOBKM ¢ 6ainacom

7A
80
/ MN36bITOUHBIN

60 / / Hanop

40 /

20 yZ 4 ATpe6yerv\bu7| ans
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I I T I |
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Mopayva Q [%]

204

00

80

60 | :
|

40 :
1

20+ :
|

0 f
0 20 40 60 80 100 120

Mopayva Q [%]

Puc. 49: Xapaktepuctukun n paboume TOUKM Hacoca € HUCXopaALLen

XapaKTePUCTVKON NOTPe6AsSeMON MOLHOCTY NPV PEryiMpoBaHnm
nopauu 6ainacom (y Hacoca c paavanbHbIM pabounm Konecom
XapaKTepUCTMKa NoTpebsemMoi MOLHOCTI BOCXOAALLASA 1 TaKOW TN
€ro perynupoBaHus cnocobcTBoBan Obl yBENMYEHMNIO MOLLHOCTH, CM.
puc. 20 unu 57?)

PerynupoBaHne/usmeHeHue nogauyv usMeHeHUeEM yrna
YCTaHOBKM nonacrem

Paboune xapakTepncTUKy NPonesiepHbIX HACOCOB MOXHO
N3MeHATb NepecTaHOBKO NlonacTeii nponennepa. MonoxexHve
NonacTi MOXXHO GpUKCUMPOBaTb 6oNITamMu, MO0 N3MEHATb NPK
3KCMyaTaummn perynnpoBOYHbIM MEXaHU3MOM. YCTaHOBOUYHbIE YTiibl
ON19 Pa3NUYHbIX Paboumx XapaKTepUCTUK yKasaHbl B MONAX

XapakTepucTuk (puc. 48).

PerynupoBaHue nogaum 6aiinacom

3a CYéT NprMeHeHUa peagyumpyoLLeln apmaTtypbl paboyas
XapaKTepuUCTUKa YCTaHOBKMN MOXeET 6bITb 6osiee KpyTON, HO MOXeT
6bITb 1 6oNee Nonorol Npu OTKPbITUK Galnaca Ha HaNmoOpPHOM
Tpybopnosoge, cm. puc. 49. B atom cnyuae paboyasn Touka
cmewaetca ¢ B Kk 6onbluen nogaye B, ; perynmpyembiii pacxog,
XKNAKOCTU yepe3 6aiinacHyo IMHWIO MOXET OTBOAUTLCA 06PaTHO BO

BCACbIBAOLWMI pe3epByap, U, TakuM 06pa3om, He NCMOoNb3yeTcH.

C 5HepreTMYecKomn TOUKN 3pEHMs, STOT TUM PErYINPOBaHMA NoJaun
LenecoobpaseH ToNbKo B TOM CJlyyae, eciiv XapakTepucTmKka
noTpe6seMoli MOLLHOCTM NOHUXAETCA C YBENMYEHVEM NOAAYN,
YTO XapaKTEPHO Npu 60NbLION BLICTPOXOAHOCTY (MPU NPUMEHEHN
AMaroHanbHbIX KOJIEC UK oceBbIX Nponennepos) (P1 > P2). Yto
KacaeTcA perynvMpoBaHUA LUPKYNALMN Ha BXOAE UK yria
YCTaHOBKM JIONACTENA, B 3TOM 06/1aCTu perynnpoBaHmns CyLLeCcTBYIOT
elye 6onee 3KOHOMUYHbIE BO3MOXHOCTU. M3aep»kKmn Ha 6annac n

perynupytoLLyto apmaTtypy Hemanble [4].

DTOT MeToA TaKKe NOAXOAUT AJiA 3aLMTbl HACOCOB OT PaboTbl B
HeAoMyCTUMbIX fiMana3oHax YacTUUYHON Harpysku (cm.
MwuHManbHasa ycrornumeasa nogava Ha puc. 20 n puc. 21-c), a Takxke

Ha puc. 47 v puc. 48).



YcnoBua BcacbiBaHNA 1 nognopa
3HavyeHMe pacnosiaraeMmoro KaBUTaLlMOHHOro 3anaca
ycraHoBKku NPSHA (NPSHPa )

cn.

(NPSH = «3¢peKTMBHbBI NONOXNTENbHbIN HAaNop Ha
BCaCbIBaHUM» (KaBUTALMOHHbIN 3anac))

3HayeHue pacrnonaraemoro KaButaumoHHoro 3anaca NPSHA
(NPSHpam_) — 3TO CyLlecTBYIOLWAA Pa3HOCTb Mexay abCoMoTHbIM

[aBJIEHNEM B LIeHTpe BXOAHOrO NaTpybKa Hacoca 1 JaBleHnem
HacblWweHHOro napa pD (Takke Ha3blBaeMbIM AaBneHNEM
HacbIWeHNA), N3MepPeHHanA Kak Pa3HOCTb NOJHbIX Hanopos [m]. B
onpegeneHHon cteneHn NPSH — KpyTepui BO3HUKaOLLEro pucka
MNCNapeHmna XMAKOCTX B 3TOM MeCTe, OH onpefenaeTca TONbKo
AaHHbIMM YCTAaHOBKM 1 NepeKaymBaeMon XnaKoctu. [laBneHne
HacblLLEHHbIX MAPOB BOAbI 1 APYTUX XKMUAKOCTEN NOKa3aHo B
Tabnuue 14 1 Ha puc. 50 Kak GyHKLUA TemnepaTypbl.

NPSHA (NPSH

pacn.

B pexnme BCaCbiBaHUA (pVIC. 23) Hacoc YCTaHaB/INBAETCA Bblle

) B pexxume BcacbiBaHUA

YPOBHSA XNAKOCTUN CTOPOHbI BCacbiBaHWA. 3HaueHne NPSHA
(NPSHpa ) MOXKHO paccymTaTb Ha OCHOBE JaHHbIX O COCTOAHUN

cn.

BCacblBaloLLlero pesepyapa (MHAEKC e) cnepytoLmnm obpasom (cm.

puc. 51):
PP, | Ve '

NPSHyct= —p_gD+2.g- o He o S ®opmyna (31)

YcnoBHble 0603HaueHmA:

P. = 136bITOYHOE AaBneHne BO BcacbiBaloliem pesepByape B H/m?

P, = aTMocdepHoe aasneHue [H/m?] (Tabnuua 13: yuutbiBaitTe BnvaHue
BbICOTbI!)

Po = AaBNeHNe HacblweHHOro napa B [H/m?](B Tabnuue 14 abcontotHoe
nasrneHue!)

p = NNOTHOCTb [Kr/M’]

g = ycKopeHue cBoboaHoro nagexunsa 9,81 m/c?

v, = CKOPOCTb MNOTOKa B pe3epByape Ha BcacbiBaHuM [M/c]

H,, =noTeps Hamnopa BO BcacbiBaloLem Tpy6onposoae [m]

H, ., =Pa3HOCTb reoAe3nyeckix BbICOT MEXAY YPOBHEM XKIAKOCTI B pesepByape
Ha BCacbiBaHUM 1 LLIEHTPOM BCacbiBatoLLero natpybka Hacoca [m]

s = nepenag BbICOT MeX/y LIEHTPOM BcacblBaloLLero natpybka Hacoca u

LieHTpOM Bxofa B paboyee Koneco [M]

[ina xonogHoW BOAbI 1 OTKPbLITOro pesepByapa (puc. 51, cnesa) Ha
ypoBHe MopsA 3Ta popmyna (C yKaszaHHbIMM BbiLle eUHMLLaMM

|/|3mepeH|/|ﬂ) ANA NPaKTU4eCKOro NpMMeHeHNA ynpoLlaeTca Ao:

NPSHpa =10-H, -H _ *s

s, reo —

- ®opmyna (32)
KoppeKkTupoBkKa ¢ nomouubto s' Heobxofma TobKO B TOM Clyyae,
ecnn LeHTp BXoAa B paboyee Koneco (KOTopbIi MMeeT peluatoLlee
3HayeHwue AnA ONacHOCTY BO3HUKHOBEHMA KaBUTaLmm) He
HaXOAUTCA C LLEeHTPOM BcacbiBatoLero natpybka (= 6asosas

NAIOCKOCTb) Ha OAHOM YpPOBHe.
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Puc. 50: [laBneHune HacbiWweHHbIX MapOoB P, Pa3NNYHbIX XKUAKOCTEN Kak GyHKUNA
TemnepaTtypbl t

BbicoTa Hap ATmocdepHoe Temnepatypa
ypoBHeM mops [m] AaBneHue pb [m6ap] Kunenwms [°C]

0 1013 100

200 989 29

500 955 98

1.000 899 97

2.000 795 93

4.000 616 87

Tabnuua 13: BnuaHme Tonorpaduyeckon BbICOTbl Haf yPOBHEM MOPA Ha
CpeaHerofjoBble 3HaueHnA aTMOCHEPHOro fjaBNeHna 1 Ha
COOTBETCTBYIOLLYIO TemnepaTypy Kunenus (1 mbap = 100 Ma)
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42 HaHHble YCTaHOBKU

t[°C] p, [6ap] p [kr/m3] v [mm?/c] t[°C] p, [6ap] p [kr/m3] v [Mm?/c]
0 0,00611 999,8 1,792 51 0,12960 987,7
1 0,00656 999,9 52 0,13613 987,2
2 0,00705 999,9 53 0,14293 986,7
3 0,00757 1.000,0 54 0,15002 986,2
4 0,00812 1.000,0 55 0,15741 985,7
5 0,00872 1.000,0 56 0,16509 985,2
6 0,00935 999,9 57 0,17312 984,7
7 0,01001 999,9 58 0,18146 984,3
8 0,01072 999,8 59 0,19015 983,7
9 0,01146 999,7 60 0,19920 983,2 0,474
10 0,01227 999,6 1,307
61 0,2086 982,6
1 0,01311 999,5 62 0,2184 982,1
12 0,01401 999,4 63 0,2285 981,6
13 0,01496 999,3 64 0,2391 981,1
14 0,01597 999,2 65 0,2501 980,5
15 0,01703 999,0 66 0,2614 980,0
16 0,01816 998,8 67 0,2733 979,4
17 0,01936 998,7 68 0,2856 978,8
18 0,02062 998,5 69 0,2983 978,3
19 0,02196 998,4 70 0,3116 977,7 0,413
20 0,02337 998,2 1,004
71 0,3253 9771
21 0,02485 997,9 72 0,3396 976,6
22 0,02642 997,7 73 0,3543 976,0
23 0,02808 997,5 74 0,3696 975,4
24 0,02982 997,2 75 0,3855 974,8
25 0,03167 997,0 76 0,4019 974,3
26 0,03360 996,7 77 0,4189 973,7
27 0,03564 996,4 78 0,4365 973,0
28 0,03779 996,1 79 0,4547 972,5
29 0,04004 995,8 80 0,4736 971,8 0,365
30 0,04241 995,6 0,801
81 0,4931 971,3
31 0,04491 995,2 82 0,5133 970,6
32 0,04753 994,9 83 0,5342 969,9
33 0,05029 994,6 84 0,5557 969,4
34 0,05318 994,2 85 0,5780 968,7
35 0,05622 993,9 86 0,6010 968,1
36 0,05940 993,5 87 0,6249 9674
37 0,06274 993,2 88 0,6495 966,7
38 0,06624 992,9 89 0,6749 966,0
39 0,06991 992,6 90 0,7011 965,3 0,326
40 0,07375 992,2 0,658
91 0,7281 964,7
41 0,07777 991,8 92 0,7561 964,0
42 0,08198 991,4 93 0,7849 963,3
43 0,08639 991,0 94 0,8146 962,6
44 0,09100 990,6 95 0,8452 961,9
45 0,09582 990,2 96 0,8769 961,2
46 0,10085 989,8 97 0,9095 960,4
47 0,10612 989,3 98 0,9430 959,8
48 0,11162 988,9 99 0,9776 959,0
49 0,11736 988,5 100 1,0132 958,3 0,295
50 0,12335 988,0 0,553

Ta6r||/|u,a 14: ﬂ,aBJ’IeHI/Ie HacCbIWEHHDIX NAPOB P, MIOTHOCTb P U KNHEMATUYECKAA BA3KOCTb V BOAbI MPW HACbILWEHNN KaK (i)yHKLI,VIﬂ TemnepaTtypbl t



t[°C] p, [6ap] p [kr/m3] v [Mm?/c] t[°C] p, [6ap] p [kr/m3] v [Mmm?%/c]

102 1,0878 956,8

104 1,1668 955,5 255 43,247 791,8
106 1,2504 954,0 260 46,944 784,0 0,1339
108 1,3390 952,6
110 1,4327 951,0 265 50,877 7759
270 55,055 767,9
112 1,5316 949,6
114 1,6361 948,0 275 59,487 7594
116 1,7465 946,4 280 64,194 750,7 0,1279
118 1,8628 944,8
120 1,9854 943,1 0,2460 285 69,176 741,6
290 74,452 7323
122 2,1144 941,5
124 2,2503 939,8 295 80,022 722,7
126 2,3932 938,2 300 85,916 712,5 0,1249
128 2,5434 936,5
130 2,7011 934,8 305 92,133 701,8
310 98,694 690,6
132 2,8668 933,2
134 3,0410 931,4 315 105,61 679,3
136 3,2224 929,6 320 112,90 667,1 0,1236
138 3,4137 927,9
140 3,614 926,1 0,2160 325 120,57 654,0
330 128,64 640,2
145 4,155 921,7
150 4,760 916,9 340 146,08 609,4 0,1245
350 165,37 572,4
155 5433 912,2 360 186,74 524,4 0,1260
160 6,180 907,4 0,1890 370 210,53 448,4
374,2 225,60 326,0 0,1490
165 7,008 902,4
170 7y 897.3 MnoTHOCTb MopcKoi Boabl P = 1030 + 1040 Kr/m?
175 8,925 892,1
180 10,027 886,9 0,1697
185 11,234 881,4
190 12,553 876,0
195 13,989 870,3
200 15,550 864,7 0,1579
205 17,245 858,7
210 19,080 852,8
215 21,062 846,6
220 23,202 840,3 0,1488
225 25,504 834,0
230 27,979 827,3
235 30,635 820,6
240 33,480 813,6 0,1420
245 36,524 806,5

250 39,776 799,2
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[aHHble YCTaHOBKHU

Ba3oBasnnockocTb is’

OTKpbITbIN pe3epByap 3aKpbITbiii
Pb pesepsyap
Pe = Pp + Pe

Pnc. 51: Onpepenenne NPSHA (NPSHW”) B peXume BCacbiBaHMA AN1A HACOCOB
rOpV30HTaNbHOrO WM BEPTMKANbHOrO MOHTaXa

3aKpbITbI
pesepByap
Pp + Pe

OTKpbITbIV pe3epByap

+—> Po. L. P, Ve

basoBaannockoctb

Puc. 52: OnpepeneHne NPSHA (NPSHDM) npwv noanope Ha BXoAe HacocoB
rOPU3OHTAsIbHOTO WJIN BEPTUKANIbHOO MOHTaXa

H 6eckas

MepBuyHOE NosBneHve
KaBUTALMOHHbBIX My3blPbKOB

3% 13

Q = KOHCT.
N = KOHCT.

\/

NPSH (NPSH, )

n.

NPSH

Puc. 53: dkcnepumeHTanbHoe onpepeneHne NPSH (NPSHW) no KpuTepuio
TPEXNPOLIEHTHOrO CHUXKeHWA nonHoro Hanopa NPSH3 (AH = 0,03 Heeckas)

Ha puc. 51 H__ HeobxoanMMO «NpofainTb» Ha s’ AnA Hacoca cnesa
(T.e. 0OAMHaKOBbIN NOKa3aTesb H, oo ¥ s'h).
Ecnu s' Hem3BecTHO, B 6OMbLIVHCTBE CNlyYaeB, ero onpeaensioT Ha

OCHOBe Fa6apI/ITHOI'O yepTexKa Hacoca.

NPSHA (NPSH

pacn.

)npu noagnope Ha BXofe Hacoca
Mpu paboTe Hacoca c noanopom Ha Bxoge (puc. 52), B oTanume ot

pe*nma BCaCbiBaHUA, HACOC YCTaHaABINBAETCA HMXKE YPOBHA

XKNAKOCTU.
®opmynbl (31) 1 (32) 3aTem nsmeHatoTca Ha +H___ BmecTo -H
sreo sreo
_(P4PyR) Ve ‘
NPSHpam— g + > g-HV’s + Hsreo ts ®opmyna (33)
YcnoBHble 0603HaueHus:
H, ., = Pa3sHOCTb BbICOT MEXAY YPOBHEM XKMAKOCTM B MPUTOYHOM pe3epByape 1

LIeHTPOM BcacblBatoLLero natpybka Hacoca [m]

[lnAa xonopHOM BOAbI M OTKPbITOro pesepByapa (puc. 52, cnesa) Ha
ypOBHe Mops 3Ta GopMyna C yKa3aHHbIMY Bbille eMHULAMM
n3mepeHua ynpoLyaeTtca (C OCTaTOUMHOM TOYHOCTbIO AnA

npakTnyeckoro I'IpVIMeHeHVIﬂ) Ao:

NPSH

pacri.

=10-H, +H,  +s

sreo —

Qopmyna (34)

3pech TakKe [eCTBUTENbHO cnefyollee: KoppeKkTupoBKa Ha
BE/IMUYMHY S' HeobXoAMMa TONbKO B TOM Cllyyae, ec/in LIeHTP BXOAa B
pabouee Koneco (KOTopbii MMeeT peLlatoLee 3HaYeHne gns
OMacHOCTN BO3HNKHOBEHMS KaBUTALUN) HE HAXOAWTCS C LEHTPOM
BcacblBatoLlero natpybka (= 6a3oBas NIOCKOCTb) Ha OAHOM YPOBHE.
Ha pnc. 52 H_

(T.e. 0OAMHaKOBbIN NOKa3aTeb H,,

o Heo6xoaMmo «NPOANNTb» Ha s' ANA Hacoca cneBsa

@

.o 1 s'Y). Ecnu s' HensBecTHO, B

6OoNbLINHCTBE cny4yaeB AOCTAaTOYHO ero onpeaennTtb Ha OCHoOBe

I'a6apVITHOFO yepTeKa Hacoca.

HAonycTumblit KaBNTaUNOHHbIN 3anac Hacoca NPSHR (NPSH, )
Mpwy cCHWXeHUN AaBNieHVA NepBble KaBUTaLNOHHbIE My3blPbKU
obpasytoTca B Hacoce 3a0ro A0 NPOABIEHUA UX BANAHNA Ha

rmgpasnmnyeckne napameTpbl.

Mo3ToMy NO 3KOHOMUYECKUM NPUYMHAM NOsBAEHNe HeGOoNbLUNX
KaBUTaLMOHHbIX MYy3blPbKOB, B 6ONbLUMHCTBE CNyYaeB, fOMKHO
6bITb NpreMIEMbIM Ha NpakTuke. JonycTUMyto CTeneHb KaBuTauum
MOXHO YCTaHOBUTb NP MOMOLLM ONpefeNiéHHbIX KpuTepues.
3avacTylo AonycKkaeTcA NOHMXeHWe Hanopa Hacoca Ha 3% B
pe3ynbTate KaBuTaumu. Ha pmuc. 53 nokasaH nopAagok AencTBuin gna
onpegeneHna KaBuTauum: Npu NOCTOAHHOW Nogaye 1 NOCTOAHHON

YyacToTe BpalLeHUA pacrnonaraemMblin KaBUTaLMOHHBIN 3anac NPSHA
(NPSH

pacn.

) 3KcnepmmeHTaan0|7| YCTAaHOBKWU CHMXKaeTCA A0 TEX NMOop,
NOKa Hanop HacocCa He CHU3UTCA Ha 3%. Ho Takxe MOXXHO npunwme-

HUTb CBA3AHHOE C KaBUTaunen yBennyeHne ypoBHa Wyma nnn



CTeneHb 3po3nn MaTepuana, im Hekotopoe cHukeHue K
Hacoca Ana onpepaeneHns orpaHnyeHna Kasmtauun. Ecnm
HeAoMyCTUMO MPEBbILIEHKE 3TOO COCTOAHUSA, TpebyeTcs
onpegeneHne MUHMUManbHoro 3HauyeHusa NPSH, koTopoe ykasbl-
BaeTcA B BUAE KaBUTaLUMOHHbIX xapakTepuctnk NPSHR (NPS-

Hnon.) noA pabounmm xapakTepuctukamm Hacoca H(Q), B meTpax
(cm. puc. 32). Mpruém 6a30B0OI MAOCKOCTHIO ABNAETCA LIEHTP BXoAa
B paboyee Koneco (puc. 54), KOTOPbIV AN BEPTHKaNbHbIX HACOCOB
MOXET OT/INYATbCA Ha BENIMUMHY S' OT 6a30BOM MIOCKOCTH
yCTaHOBKM (cM. puc. 51 1 puc. 52). Ytobbl, Takum obpasom, He
NPeBbICUTb YCTAaHOBNEHHbIV Npefen AoMYCTUMON KaBuTauuu,
JOJMKHO BbINOMHATLCA Cneaytollee ycnoBue:

NPSHpam >NPSH, ®opmyna (35)

n.
Ha puc. 55 rpaduryeckn nsobpaxeHa cntyaums B Touke
nepeceyeHnsa NPSHA (NPSH pacn,) n NPSHR (NPSHAOH_). Ecnun a0
YC/IOBME UTHOPUPYETCSA, Harnop CrpaBa OT TOUKK NepeceyeHmns
6bICTPO CHMXKaeTca (MpKY yBenmMyeHumn nogayun) n o6pasytoTcs «30HbI
cpbiBa». innTenbHas aKcniyaTauma B TaKOM COCTOAHNM NpuBefeT K

noBpeXxaeHn Hacoca.

BO3MO>XHOCT KOPPEKTUPOBKU

YuncneHHble 3HaueHnss NPSHA (NPSHpam) n NPSHR (NPSHAOHA)
OCHOBaHbI Ha KOHCTPYKTVBHO ONpeaenéHHbIX Hen3MeHAEMbIX
pa3mepax yCTaHOBKYM 1 Hacoca U AaHHbIX pabouelt Touku. U3 atoro
cnefyert, 4To nocnieayollee ynyylleHue yciosua NPSHpm >
NPSHW. B JEMICTBYIOLLEN YCTaHOBKE C LEHTPOOEXKHBIMM HacoCaMu
BO3MO>KHO TONbKO MPW 3HaUMTENIbHbIX KOHCTPYKTUBHbIX 3aTpaTax 1
bUHaAHCOBbIX BNIMBAHUAX B YCTAHOBKY MJIM HACOC. 3TO OTHOCUTCA,
Hanpumep, K ysenndeHuio H__ unu ymeHblienmnio H_ (33 cuér
nogbéma pesepByapa UM ONyCckaHWA HACOCa) MW K YMEHbLUEHUIO
noTepb jaBfieHNA Ha CTOPOHe BCacbiBaHWA H, 1 3ameHe Hacoca.
B nocnegHem ciiyyae npMmeHeHve cneymanbHOro BcacbiBaloLwwero
paboyero koneca nnu NPeaBKIYEHHOTO WHEKA
(MpenBKAOYEHHDBIN Nponensiep) NO3BONUT NoaaepxaTb 3aTpaTbl Ha
ynyulieHne B onpefenéHHbix npeaenax (Ho nepeobopynosaHme
Hacoca HenzbexxHo). OfHaKo cnefyeT OTMETUTb, UTO YMEHbLUEHUE
3HayeHuns NPSHROH_ 3a CYET NPeaBKIIOYEHHOIO LWHEKa
pacnpocTpaHAeTCcA He Ha BeCb Anana3oH Nogay paccmMaTprBaeMoro
Hacoca, a TOJIbKO Ha YaCTUYHbIV AranasoH (cMm. puc. 56). CTonkocTb
K KaBUTaLVIOHHOMY M3HOCY MOXXHO MOBbICUTb, 0COGEHHO Ans
HacoCoB C 6ONbLIMMIN HOMUHANTbHLIMU AAMETPaMK, NOCPEACTBOM
Bbl6Opa noaxoaAwmx (T.e. Takxe bonee JOPOrocToALMX)

maTepuanos pabouero Koneca.

Puc. 54: MonoxeHune 6a30Boi Toukn P Ana pasHbix paboumx Konéc

A XapakTtepuctuka H(Q) Hacoca

e

NPSH

pacn. (2)

NPSH

pacn. (1)

Hanop H / kaBuTaynoHHbIiii 3anac NPSH

NPSH
o

n.

Mopaua Q

Puc. 55: «3oHbl cpbiBa» A, 1 A, paboyeii xapaktepuctrki H(Q)
Hacoca npu HegoctatoyHoM NPSH_ : HepocTtaTtouHbii NPSH B 30He

pacn.
cnabon WTPKXoBKM (criyyan 1) v [BOWMHON LWTPUXOBKY (ciyyai 2).
Mocne yBennuexusa ¢ NPSHWH‘H) no NPSHWH(z) NCNONb3yemMblii

Avnana3oH paboTbl Hacoca yenuumsaetcs ¢ Q, no Q,, 1 focTuraetca
paboyan Touka B.

Pabouas xapaKkTepucTiKa Hacoca

T

NPSH (NPSH__ )

pon.” 6e3 npensKniouéHHoro wheka

Hanop H / KaBuTaunoHHbiii 3anac NPSH

NPSH (NPSH 161.) c mpegsiniosersun uneron

Q.. Mopgaua Q

Puc. 56: BnuaHune npeaBKNOYEHHOTO WHeKa (MpeaBKNOYEHHOMO Koneca)
Ha NPSH

non.

45
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[laHHble ycTaHOBKM

Bua 6e3 NoKpbIBHOMO AnCKa

Puc. 57: 3aKpbiToe 0gHOMONACcTHOE paboyee KONeco Ans CTOUYHbIX BOZ C
TBEPAIMI WIN ANIMHHOBOIOKHUCTBIMU MPUMECAMM

Bua 6e3 nokpblBHOro gncka

Puic. 58: 3akpbiToe KaHanbHoe pabouee KONeco A XUAKOCTeW C CoaepKaHnem
TBEPAOW dasbl UK WNamom, Ho 6e3 rasa unm AIMHHOBONOKHUCTBIX
npumecen

Punc. 59: CBo6oaHOBKXpeBOe paboyee KONECo ANA XXNAKOCTEN C KPYMHbIMU NN
ONMHHOBOMOKHMCTBIMU TBEPABIMUA 1 Fa30BbIMY BKIIOUEHUAMN

Punc. 60: LLIHekoBOe pabouee Koneco AnA CTOYHbIX BOA C KPYMHbIMU, TBEPALIMM
VNW AAVIHHOBOMOKHUCTBIMY BKIIOYEHUAMU UK ANA LWNAMOB C
copepxaHnem cyxoro octatka 5-8%

A ©

Puc. 61: D-koneco (guaroHanbHOE OJHOMOMACTHOE pabouee Koneco) ans

BnunaHne 3arpAsHALWnx npmmeceﬁl

Ecnu Bopa (Hanprmep, 6bITOBbIE CTOYHbIE BOABI, AOXAEBAs BOAA
VAW CMeLlaHHaA BOAA) COAEPXKUT NMNLLIb HeE3HAYUTENbHbIE NPUMeCH,
006bIYHO NPUMEHSIOTCA CreLnanbHble KOHCTPYKTUBHbIE
MCMONHEHUs paboumx KONEC U HaCoCoB (Hanpumep, € NoYKamu ans
OCMOTpPa U MPOYNCTKI, CNeLlnanbHbIMM YNAoTHeHnAMN Bana) [11.

Ha puc. 57-61 nokasaHbl Hanbosee pacnpoCcTpaHEHHble
KOHCTPYKTUBHbIE UCMOMHEHNA pabounx KONEC ANA TakMX CTOYHbBIX
Bop. [Npu TpaHCNOPTUPOBKe LWama KaHanbHble paboune Konéca
MoryT 0bpaboTaTtb 1o 3%, ogHONONACTHbIE — [0 5%, BUXPEBbIE — JO
7% v WwWHeKoBble paboumne Konéca 6onee BbICOKOE cofepKaHme

CyXOro octaTtka.

MockonbKy ofHoMonacTHble paboure Konéca Ans nepeKaymBaHus
CTOUHbIX BOA HeNb3a 06TOUUTL ANs aganTauum K pabouei Touke
(cm. pasgen «O6ToUKa paboumx Konéc» Ha cTp. 38), 3TU HacoChbl
YacTo NPVBOAATCA B AENCTBME Yepes KIIMHOPEMEHHYI0 nepeaauy.
MprbaBKM K MOLLHOCTY MPUBOAA YKa3aHbl B JOKYMEHTaLMM K
onpenéHHoMy n3genuto [1], TOCKONbKY OHY 3aBUCAT HE TONIbKO OT
MOLLHOCTV NPUBOAA, HO 1 OT TUMa paboyero Koneca n
6bIcTpOXOAHOCTU. TakuM 06pa3oM, Hanprmep, AN OQHONOMACTHbIX
KONEC Npw nepeKauymBaHnm GbITOBbIX CTOUHBIX BOA U GpeKanuii

pPeKOMeHAYITCA cnefgyoume pesepsbl MOLWLHOCTUL

MowHocTb ABUraTens npusoaa Pe3epB mowHOCTN

no 7,5 kBt okono 30 % (= 1 kBT)
ot 11 -22 KBt okono 20 %
o130 - 55 KBt okono 15 %

6onee 55 KBT okosno 10 %

Tabnuua 15: PekomeHayemble pe3epBbl MOLHOCTH

Mpu onpegeneHnn notepb Harnopa B Tpybonposogax (cm. Pasgen
«[loTepu naBneHua p, BCneaCTBME MPaBINYECKNX

CONPOTMBAEHUI» Ha CTP. 16) TpebytoTca cneumanbHble NPrMbaBKu

[1].

YT106bI CHN3UTB PUCK 3aCOpPeHNA TPYOONPOBOAOB Npu paboTe ¢
CUMBHO 3arpA3HEHHBIMW CTOYHBIMU BOAAMY, MUHUMAJIbHAA
CKOPOCTb B FOPU30OHTabHbIX TPy6ax fomkHa ObiTb 6onee 1,2 M/c, a
B BepPTUKabHbIX TPY6ax — 2 M/C (TOUHbIE 3HaYeHNA MOTYT ObiTb
noslyyeHbl SKCNeprMeHTaNbHbIM My Tém!); 3To HeobXxo[UMO

YUNTbIBaTb MPU PEryanpoBaHnM YacToTbl BpatieHus [1].

CTOYHbIX BOA C TBépﬂblMI/l N OAVNHHOBONIOKHUCTBbIMU, KPYMHBbIMUN BKNOYEHUAMU



BAaskue KNakoctun

Oco6eHHOCTN NPpU NepeKaunBaHNN BA3KNX XNgKocten

KpuBasa notoka

TaryyecTb (BA3KOCTb) XNAKOCTU — €€ CNOCOBHOCTb NepeaaBaTh

HanpAaxeHuna casura.

Puc. 62 nnnoctprpyet 3TOT NpoLecc: rnagkasa nnacTnHa co
CMOYEHHO MOBEPXHOCTHIO A 1 CKOPOCTbBIO V, MepeMeLiaeTcs B
KUAKOCTN NapanfenbHoO rMajKon CTEeHKe Ha PAaCCTOAHUN Y.
Heobxogumo npeoponetb cuny TpeHus F, KOTOpYo MOXHO
npeobpa3oBaTb B HanpsxeHune casura T = F/A. Ecnn namensetca
paccTosiHKe Y, OT CTEHKM UK CKOPOCTb V,, MAY TUMN pasgensiolen
KMAKOCTU, 3TO BIMAET Ha HAaNpPsXXeHne cABura T,
NPOMOPLMOHabHOE CKOPOCTH V, nAn 06paTHo
NPONOPLUMOHANIbHOE PACCTOAHMIO OT CTEHKN Y. [lBa Nerko
y3HaBaeMbIx NapameTpa v, 1 Yo 06 beUHAIOTCA B TEPMUHE

TPAAVEHT caBura v /y,.

rlOCKOJ'Ibe BA3KOCTb XNAKOCTA nepe,qaéT HanpAa)xeHwe capura 1 He

TOMbKO Ha CTEHKMU, HO U Ha fipyriie PacCTOAHWS OT CTEHKU, T.e.
MeXAY YacTULaMM XNAKOCTW, 0606LLEHHO FpagneHT caBUra
onpepensaeTcsa Kak ov/dy (rpagneHT CKOPOCTY NPY KaXKaoMm
N3MEHEHWUN PacCTOSAIHNA OT CTEHKM); KaK 1 Hanps>KeHve caBura T,
OH He ABNAETCA OAVHAKOBbLIM [/1A BCEX PACCTOAHMWMN OT CTEHKN Y,
npwv pAge N3MEHEHWI CyLLeCTBYIOT Napbl 3HAaYEHNI T 1 Ov/dy,
KOTOpble MOTyT 6bITb 0TOOpaXKeHbl Kak GyHKUMA Ha Tak
Ha3blBaeMoW KpMBOW NoToKa (puc. 63).

Ecnu 3Ta KprBas NoToka — NpsAMas, MPOXoAsLLan Yepes Hayano
KoopanHat

T™=n- g_;’ ®opmyna (36)

YcnoBHble 0603HaYeHNA:
T = HanpsKeHue cagura
n = AVHaMMYecKas BA3KOCTb, MOCTOSAHHBIN Ko3dGdurumeHT [Ma - c]

0O603HauYeHHas TaknM 06pPa3oM XKMAKOCTb (HanpyuMep, Boaa unu
BCe MUHepasbHble Macna) NpefcTaBnsaeT co6oi HOPMaNbHOBA3KYIO
WM HBIOTOHOBCKY!O XKMAKOCTb, K KOTOPOI 6e3 orpaHnyeHmnin
NPVIMEHATCA 3aKOHbI FTMAPOAVHAMUKN. ECin, ¢ ApYroi CTOPOHDI,
KpuvBas NMoToKa — 3TO He NpAmas, NPoxoasALlasn Yyepes Havyano
KOOPAWHAT, a KpMBas, NPOXoAALas B NI0OOM HanpasieHnK, To 3To
HEeHbITOHOBCKaA XMNAKOCTb, K KOTOPOIA 3aKOHbI FTMAPOANHAMUKN
NPUMEHVMbI LWL C OrpaHMUYeHNAMM. TakKuM 06pa3om, Mexay
3TUMU [BYMA BapUaHTaMn HEOOXOANMO NPOBOANTb CYLLECTBEHHOE

pasnnyue.

MnactuHa

CreHa \\

Puc. 62: Mpodunb ckopocTei Mexay rnafkon CTEHON 1 FagKon NInToim,
GyKCpyemoii NnapannenbHo CTeHe.

a b
D
c N
s
[}
=
v
g ="
s
x
o
[~
[}
I
0 0
FpapuneHT caBura ov/dy FpapueHT caBura ov/oy

—_— D= AnnaTtaHTHaA XNAKOCTb

N = HbIOTOHOBCKaA XMAKOCTb =1 Ov/dy
------ B = 6rHramoBcKas xnaKoctb  t, =t +n ov/dy

—_— S= CTYKTYPHO-BA3KaA XXNAKOCTb

Puc. 63: 0630p xapaKTepUCTUK TeUeHUs BA3KMX KUAKOCTEN a - 6e3 npefena
TekyuecTy, b - c npefenom TekyuecTn T,
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BAaskue KNakoctu
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Puc. 64: Mpeobpa3oBaHvie pasnnUHbIX eAVHNL, KNHEMATUYECKO BA3KOCTN V B
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Temnepartypa t [°C]

o YpoBeHb TpeboBaHuit cornacHo DIN 51 507 (TpaHchopmaTopHbie
macna), DIN 51 603 (koTenbHoe Tonnueo), DIN 51 601 (ausenbHoe
TOMANBO)

® Knaccndukaumsa saskoctn ISO B cootsetctBum ¢ DIN 51519

Puc. 65: KuHemaTnyeckan BA3KOCTb V Pa3NNYHbIX MUHEpPanbHbIX Macen B
3aBMCMMOCTM OT TemnepaTtypbl t

nOCKOﬂbe COOTHOLUEHME ANHAMNYECKOW BA3KOCTN N W NIOTHOCTN
P NPUCYTCTBYET BO MHOXeCTBe Bblpa)KeHI/II7I, €ro onpeaendarT Kak

KNHEMaTU4YeCKylo BA3KOCTb

v%

YcnoBHble 0603HauYeHuA:

®opmyna (37)

v = KMHeMaTnyecKas BA3KOCTb [M%/c]
n = AUHamuyeckas BA3KocTb [Ma-c] unm [kr/cm]
p = NIOTHOCTb [Kr/M’]

Ons Bogbl npn 20 °Cv = 1,00 - 10° m?/c. [lononHUTeNbHbIE

4YncnoBble 3Ha4YeHNA CM. B Ta6J1I/ILI,e 14.

PaHee ncnonb3oBaBLIMeca eanHNLbl: CAHTUCTOKC = MM?/C,
rpagycbl dHrnepa °E, cekyHapbl CenbonTa S"(CLUA) unu cekyHabl
Peasyna R" (AHMMA) yke HeRONMYCTMbI U MOTYT ObITb

npeo6pa3oBaHbl B M*/C NOCPeACcTBOM puC. 64.

BA3KOCTb 3aBUCUT OT TemnepaTypbl (HECMOTPA Ha BbllLeyKa3aHHY0
MHdOopMaLWIo): C yBennyeHrem TemrnepaTypbl NPaKTUYECKN BCe
MKMAKOCTU CTAHOBATCA KUAKOTEKYUMMM, @ UX BA3KOCTb
yMeHbluaeTca (puc. 65 u puc. 66). AnHammnueckyo BA3KOCTb N
MKMAKOCTU MOXHO M3MEPUTb C MOMOLLbIO POTALMOHHOMO
BMCKO3MMETPa, YToObl onrcaTb KpUBYIO MOTOKA: LUANHAP
BpaLlaeTca C NPOn3BOIbHON YaCTOTOM BpaLLleHNsA B
LUIVHAPUYECKON EMKOCTH, 3aMOJTHEHHOM NCMbITYEMON XNAKOCTbIO.
MpuBogHO MOMeHT, NeprdepuinHas CKOPOCTb, Pasmep CMOYEHHOM
NOBEPXHOCTU LUVHAPA U PACCTOAHME OT CTEHKU B EMKOCTU

MN3MEPSAIOTCA C Pa3INYHOM YacTOTON BpaLleHuA.

HblOTOHOBCKME XKNAKOCTN —

BNINAHNE Ha XapaKTepUCTNKN Hacoca

Xapaktepuctukn LeHTpobexHbix Hacocos (H, KMNA () n P ot Q)
06HapyXMBaloT 3aMeTHOE B/INSAHUE, TONIbKO HaunHas C
KUHEMaTUYecKon BA3KoCTM v > 20 - 10 m?/c, n moryT 6biTb
nepecyrTaHbl TONbKO OT 3TOro Npegena npu NOMOLLM SMANPUYECKN

onpeaenéHHbiX Ko3pdrLNEHTOB.

[1Ba cambIX N3BECTHbIX METOJa COOTBETCTBYIOT CTaHAAPTaM
WMHcTtutyTa ruapasnukm (HI) u Hopmam KSB. B 060vx meTogax
NpUMeHSATCA rpadrKn AnsA NpeacTaBneHns KoabouuneHToB
nepecyéra, KoTopble 06pabaTbiBalOTCA MO CXOAHON CXemMe, HO
oTnnyalTCA Tem, uto B metoge KSB, nomumo napameTpoB BAnAHMA
Q, H n v, 3HaunTenbHoe BNUAHVE OKa3biBaeT ObICTPOXOAHOCTb n,
(cM. «BBICTPOXOAHOCTL N 1 KOHCTPYKTUBHbIE UCTIONHEHUA PaBOUMX
Konéc» Ha cTp. 10). MiamepeHuna no metoay HI (puc. 67)
MPOBOAUNNCD TONBKO NpU N, = OT 15 po 20, n B 3TOM y3KOM



AMnana3oHe NpuMeHeHNa 06HapYKMBaIOTCA pe3ynbTaThl,
conocTaBuMble ¢ pe3ynbtatamu metofa KSB (puc. 68), koTopbiii
NPUMEHSETCA B finanasoHe ng ot 6,5 4o 45 1 npu BA3KOCTY A0 V, =
4000 - 10 m*/c. cnonb3oBaHme o6oux rpadrkos noscHsaeTcA
yKasaHHbIMV npumepamu [9].

Mopaua Q, Hanop H 1 KMNA (n) ogHOCTYyneHYaToro LeHTpobexxHoro
Hacoca, KoTopble N3BECTHbI ANA NepekaymBaHnA Bogbl (MHAEKC W),
Tenepb MOXHO NepecunTaTb ANA NepekaymBaHNA BA3KOW XNAKOCTA

(MHpeKc z) cnepyoWwm obpasom:

Q,= fQ -Q,, ®opmyna (38)
H,= fH “H, ®opmyna (39)
n,= fn- n, D®opmyna (40)

MakTopbl f B MeToge HI 0603HavatoTca k; oba rpaduueckn
n306pakeHbl Ha prC. 67 1 68; Ha puC. 68 TaKKe [ONXKHbI ObITb
WN3BECTHbI 4aCTOTa BPALLEHNA HAcOoCa N 1 BbICTPOXOAHOCTL N,
pabouero Koneca Hacoca, Hanpvmep, B COOTBETCTBUM C pyC. 19 nnu

dopmynoti (5).
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Temnepatypa t [°C]

KuHematnueckasn
MKugkoctb Temneparypa [°C] BA3KOCTb [MMm?/c]

KuHemaTunueckas BA3KOCTb vV [Mm?/c]
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®eHon 50

3,32
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Puc. 66: TnoTHoCTb P 1 KNHEMaTN4YeCKaa BA3KOCTb V Pa3IMyHbIX )KI/IJJ,KOCTeI7I B

3aBMNCMMOCTMN OT TemnepaTypbi t
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BAaskue KNoKocCcTun
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Puc. 67: Onpegenexue ko3GduLneHToB nepecuéra k cornacHo ctaHaaptam IHCTUTYTa rMapaBnvku.
OTtmeyeHHbIN nprmep ana Q = 200 m*/4, H=57,5m, v =500 - 10° m?/c




51

=
=
— 2
I
=
— & / .
LR NSNS
N N EANA NN N
bl T NN NS 27T /
- EEEEANNS N ////// \\\ Y27/ /4 \\\\\\\ /
o oo oo w RN NN N S S
2333838 | g N N NN h/ N / \\\ “\\\\ /, \\“\\w /
4 SENNNNNRKNENRNNN T 0
| - L - NN NN Y7/ IS8
2 i P 2 B OOANNNNENN NN \\\\\\\ 7/
SRVADASREN EERNNNNNNNNN\\NYY 7/ /4
\ o \ \w w ‘ @ N//”NH/M//”/”//”// N \\\ \\\\\\“\\\ V&\\\
¢ o N 3 N
17/ /s NN NN RANNNIN ¢ 47/
0 " g 4 DA R A NA AN W AR Y, 8,775°8; 77
; ///% g 4 | N SEANANAN R N N ¥4 VIS4V 4
- - 5 N NN\ SRR )
/ STy : / — S D NONANRNT REILHAL Pk
77/ 1]/ r | NN BNMNNRN LA QN
OSUSOSUNORN 7 TRA A% NN
/ - RN 5 A SN
1/ / — NN\ 3 NN -
< NS SIK 0% RN 0006 ]
1 il | /M//////MV_ RN N |
T A NN 55 %ﬁﬂﬂﬂ////ﬁém_ |
/- Ay i COIANNNGY %72 00 0 SN
\ | \\ | " A VA V10N /7, NG WY ]
| | 52 X LA N NN RN Y009 1|
o 28 @ / LKA/ 7 AN AN 0os [ |
v v N & s NN
m m 8 & v/ ar 4 7 7% NN x NNORSONRON0SE
P AN SN ONNNONNONeE
8" & o YIS/ I/ /1A 94 RN RN N
| , | ® /14 \\\\\ AN A NN
S35555323385855335° AN
< « \\waw\\\\m\ M//Nﬁﬂ/ //NM% H
:IQ " / / / o€
: \\ \\w\\\\ \\\\\&&\\ /// /r////y/////////ﬁ oz ||
S S AN OO NSO Yt
YA/ 9//44 11// 444 NN N
= VIS G/ /IS I/ 14 NN N
E L 0 /) N\ NN
: AN /e NN
Sl -]l s|w|wn|l<]|o]|- \\\k\\\\\\\\&\\\\\ N ///1/¢ ||
g VIS 127/ 194/ 71/ /1/8 4474 ////// e |
g / I // NN
£ LSS0 7 100007 /S s N |
Z22BERERRRRnEwe A0 N
=z
Fleleln|g|8|R|R|2|® P N T I O A B
HW
Q
)
=
©
I

10000

5000

1000 2000

500

300

200

100

30 40 50
@nogaqa Q) our [m3/u]

20

10

|

200

Lol \\\\\\H\\Hl |

l

1000 2000

500

100

30 40 50
[n/c]

20

10

0,5

0,3

Mopaua Q

W, ont

Puc. 68: OnpepeneHune paktopos nepecuéta f no metopy KSB.

q

57,5M, Vv =500:-10° m*/c, n = 2900 06/MuH, n_= 32,8

200 M3/u, H =

OTmeyeHHbIN npyumep ana Q



52

BAskume xupgKkoctn

OnpepeneHune pa6oueli TOUKU

NsBecTHO:

Mopaua Q, M3/y
Hanop H, M
YacTtoTa BpaLyeHua n 06/MUH
KnHemaTnueckas BA3KOCTb v, m?/c
MnotHocTb P, Kr/m?

YckopeHue cBo6oaHOrO

g 9,81 m/c?
nageHus
AnropuTtm BbluMCNEHUIA:
QQ,,= 0 08 1,0 1,2 -
Q, 0 M3/y
Ha OCHOBe rnonen
XapaKTePUCTMK
H p P M
w no 4 Toukam
XapaKTEPUCTUKN
Ny 0 -
Ha ocHoBe

«GbICTPOXOAHOCTU N
U KOHCTPYKTHBHDBIX

n . - - - 06/MWH
aw VCNONHEHUN

pabouero Koneca» Ha

ctp. 10
fow Ha OCHOBe puc. 68 - -
fH,w - -
f _ _
nw
Q,=Q,-f,, 0 M3/y
H,= H, H,-f,, 103" Rl et H, .. M
n,=n,f. 0 -

2)

_ P-9-H-Q

27 N, - 1000- 3600 KBT

y Ecnn sHaveHne H npesbiwaet 3HaveHve H , Heobxoaumo yctaHosutb H =H
2 ITUMU 3HaYEHUAMN GUKCMPYIOTCA 4 TOUKM xapakTepuctuk QH - 1 Qn, 1 3 Toukmn xapaktepnctukin QP - oTHocuTenbHO Q

Puc. 69: Tabnuua Ansa nepecuéra xapakTepucTMK Hacoca Npw nepekadrBaHny BA3KOM )Xnakoctv no metoay KSB.




C NPUMEHEHNEM DTUX d)aKTOpOB MOXHO nepecynTaTb ANA BASKUX
KnakocTen SKCnyaTalyMOHHbIE XapaKTePUCTUKN, N3BECTHbIE OANA

paboTbl C BOAOW; NepecyéT AecTBYeT B fMarna3oHe Harpy3okK

0,8- Qm_IT <Q<1,2- Qm_IT ®opmyna (41)
YNpPOLWEHHAA, COOTBETCTBEHHO, ANA TPEX 3HAUYEHUI nogayumn
08n10mnt2- Qon'r C €ANHCTBEHHbIM NCKTOYEHNEM:

NMpnQ=08Q, H =1,03-f -H (HoH HukorgaHe >H ).

Mpu Q = 0 npocto yctaHosute H =H unn =7n, =0.

PacuéTHaa cxema B COOTBETCTBUM C PUC. 69 yrpoLlaeT nepecyér.

Mocne BbINOMHEHUA pacyéTa MOLLHOCTY NpU TPEX nogavax (B

Zvana3oHe Harpysok no popmyne (41)) cornacHo

P9 HQ
PZ = W Dopmyna (42)
YcnoBHble 0603HaueHnsA:
p, =MIOTHOCTb [Kr/Mm’]
Q, =nopaya [m*/u]

g = ycKopeHune cBo6oAHOro nageHus = 9,81 m/c?
H, =mHanop [v]

n, = Kngotr0po 1

P = MOLLHOCTb [KBT]

z

MOXHO NOCTPOUTb BCE XapPaKTEPUCTUKN Ha OCHOBE 4vnmn3

PaCcUYETHbIX TOYeK OTHOCUTENbHO Q, cm. puc. 70.

Ecnun npu o6paTHOl NOCTaHOBKE 3ajaum YKa3aHbl XapaKTepUCTUKN
He AnA BOAbI, @ AaHHble AnA PaboTbl C BA3KOW XUAKOCTbIO
(HanpyMep, NpY NorcKe NOAXoAALLEero Hacoca ansa Tpebyemoii
pabouel TOUKM), XapaKTePUCTVKA A5 BOAbl CHayasa OLeHBaeTCs,
a 3aTem annpokcummpyeTcsa pakTopamm nepecuéta f, f, n fn C
nocneayownuMy NpUGNMKEHUAMI Ha BTOPOM (1Unn, Npur

HeOoBXOAVMMOCTY, Ha TPETbeM) 3Tare 3aBepLIaeTCA.

E ‘
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MowHocTb P [KBT]

|
T T T T
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Mopaua Q [m3/u]

\/

Mpu 3Ha4YeHNAX 6bICTPOXOAHOCTH, NPEBbILLAILYNX n = 20,
oNTUMasnbHO aAanTNpPoBaHHbI MeToA BbluuncneHun KSB
npuBOAUT K 6onlee noaxoAALL el HU3KOI MOLWHOCTU NpuBoAa,
3Ha4YeHMne HNXKe 3Toro npepena (no pacuéry cornacHo Hl)

OKa3blBaeTcA cnnwkom mano [9]!

Puc. 70: MepecyéT xapakTePUCTIK C BOAbI Ha BA3KYIO KMUAKOCTb
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BA3kue xnpgkoctun
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Puc. 71: Onpepenerue KosdpduumeHTa TpeHna TpyObl A, ANs BAKMX KNAKOCTEN.
Mpumep: Q = 200 M*/y; d =210 Mm; v, =5 - 10 - 4 m?/c

HblOTOHOBCKME XUAKOCTU —

BJIUAAHUE Ha XapakTepUCTUKN YCTAaHOBKHU

MockonbKy BCe rMAPOANHAMMYECK/e 3aKOHbI eCTBUTENbHbI ANA
HbIOTOHOBCKIX XNAKOCTe 6€3 orpaHNuYeHnid, TakxKe NprMeHsATCA
dopmynbl 1 rpadukn ana pacuéta koapdMLNEHTOB TpeHUA TPyObI 1
K03 MLNEHTOB CONPOTMBAEHNUA apMaTypbl. TONbKO Npwu
BbluMcnieHnn yncna PeliHonbaca Re =v - d/v BMmecTo
KMHEMATUYECKO BA3KOCTU V. BOAbI CIeAyeT MPUMEHATD V,
COOTBETCTBYIOLLEN BA3KOW XMUAKOCTU. Takum obpa3om, nonyyaeTca
MeHbLuee yncno Re 1 B COOTBETCTBUM C pUC. 25 6OMNbLINIA
KO3GGULMEHT TpeHuA B Tpybe A, (Mpryem BAVAHVE LWepOXOBaTOCTH
CTEHK/ MOXKHO He yUnTbIBaTb BCleAcTBUe 6onee NnoTHbIX

NOrpaHNYHbIX CIIOEB B MOTOKE).

Mpy COOTHOWEHNM K 3HaYeHUI0 AnA BoAbl A /A  BCe noTepu
ZaBneHus B TpybonpoBogax 1 apMaType, pacCUMTaHHble Ans
TPaHCMOPTMPOBKMN BOAbI, HEOOXOANMO SKCTPanonnpoBaTh B
COOTBETCTBUM C pasfenom «[oTepu AaBneHnA p, BCreacTane

rnapaBnnyecknx CONnpoTUBNEHN» Ha CTP. 16.

[na npakTMYecKoro NprYMeHeHUA TakxKe NOAXOANT puc. 71: B
3aBMCUMOCTU OT pacxoda Q, BHyTpeHHero guametpa Tpyobi d n
KMHeMAaTUNYeCKOW BA3KOCTM v, KMOXHO 6bICTPO onpeaennTb
KO3hdNUMEHT TpeHUA TPYGbI A, TOrAa Kak KO3GOULIMEHT A Ha 3TUX
rpadurKax AefCTBUTENEH TONbKO ANA MMAPABINYECKU FaiKnX Tpy6
(He ona wepoxosatbix TPY6)! Mpy COOTBETCTBYIOLIEM 3HAUEHUM A |

MOHO BbIUUCNTb A /A, .

MocKoNbKy BA3KOCTb He BANAET Ha CTAaTUYECKYIO0 COCTABASAIOLLYIO
XapaKTepucTukmn H, yctaHoBKK (prc. 31), CKOPOCTHYO
(AMHaMuuecKyto) coctaBnaoLlyto pabouen xapakTepucTukm
YCTaHOBKM, U3BECTHYIO A5l BOAbI, COOTBETCTBEHHO, MOXHO

nepecTpouTtb B 60nee KpyTyto napabony Ans BA3KON XKMAKOCTY.



HbloTOHOBCKME XUAKOCTU —
BIIUAHUE Ha XapaKTepMUCTUKU Hacoca

M3-3a Hen3BeCTHON NIoKanu3auumn rpagneHTa casura B
rMApPaBANYECKNX KOMMOHEHTaX HAaCOCOB HEBO3MOXHO paccumTaTb
BAUAHME BA3KOCTU Ha XapaKTEPUCTUKU Hacoca Ans
HEHbIOTOHOBCKUX »KUAKocTel. Tonbko AnAa cneumdunyeckmnx
KNAKOCTEN, TaKMX KaK, Hanpumep, BONOKHUCTaA Nynbna,
CYLLECTBYIOT laHHble, KOTOPble NMO3BOJIAT AenaTb NPOrHo3bl Ha
OCHOBe MHOFOJIeTHero onbiTa SKCMyaTaunm o60pyaoBaHNA € 3TO
nepekayvnsaemon cpegoi. [losToMy pacuét napameTpoB HacOCOB
JOJMKHbI BbINOJHATb 3KCMEPTbl CNeunan3npoBaHHOro

noapasaeneHus.

HeHbLIOTOHOBCKME XKUAKOCTU —

BJIIUAAHUE Ha XapaKTepUCTUKN YCTAaHOBKU

MockonbKy KpuBble MOTOKa He ABAAIOTCA NPAMbIMU C MOCTOAHHOM
BA3KOCTbIO, MOXHO Pa3fennTb NX Ha KOPOTKME YYacTKu napabosnbl
1 ANA KaX4Ooro yyacTka (LenecoobpasHo B Bufe norapupmmyeckoro
no ABym ocAM rpaduka) rpaduueckn onpepenmtb napametp (=
KO3PPULIMEHT XeCTKOCTN) U NMOoKa3aTeslb CTENEHM N (= CTPYKTYpHOe

uncno) napabon.

Ha cneunanbHom rpaduke (aHanormyHom rpadurky Ha puc. 25), Ha
KOTOPOM KO3GOULMEHT TpeHUA TPY6bl A, 0603HaYeH B 3aBUCMMOCTM
OT 06061eHHOro uncna PeitHonbaca Re, anA HeCKONbKUX
rnoKasaresieil N, MOXKHO HANTX 3HaueHne A ANA onpeaenéHHoN
nopaum Q v paccuunTaTb XapakTepuUCTHKY yCTaHoBKN H,. Mockonbky
3TOT MeTOZ BC/IefiCTBME MHOXECTBa UTepaLnil O4eHb TPYAOEMKNIA,

€ro Henb3Aa pekomeHaoBaTb AnAa o6u4ero NPUMEHEHUA.

B 5ToM cniyyae, Kak 1 B CJlyyae € XapakTepmncTMKamm Hacoca, MOXHO
NpuberHyTb K CneyranbHOMy OMbITY SKCNyaTaLum o60pyaoBaHus ¢
onpeaenéHHbIMY XXUAKOCTAMU 1 YCTaHOBKTb NOTepto Hanopa Hv Ha
rpaduKax c y3kum grvianasoHom npumeHeHus. C ysenuyeHnem
OTKJIOHEHWIN OT 3TVX YCII0BUIA NOTEPU Hanopa CTaHOBATCA BCE
6onee HeonpefenéHHbIMM, MO3TOMY B TaKuX Cllyyasx cinegyet

06paTUTLCA K SKCMEPTaM CMeuranm3npoBaHHOro NogpasaeneHus.
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[a3ocopeprkaLLyme XnaKocTu

Oco6eHHOCTN NpU NepeKaunBaHNN

rasocogepxalwmx XngKkocren

B oTnnume ot pacTBOPEHHDIX ra30B, KONNYECTBO HEPACTBOPEHHbIX
B XMAKOCTU ra3oB (B 0ObEMHbIX NMPOLIEHTAX) MOXET OKa3aTb
CyLeCTBEHHOE BIVAHME Ha PAaCcYET NapaMeTPOB, XapaKTePUCTUKN U
pexum paboTbl LEHTPOOEXKHBIX HACOCOB, Kak NMOKa3aHo Ha
npriMepe Hacoca C KaHanbHbIM pabounm Konecom Ha puc. 72. Takoe
cofepaHue rasa MoxeT 6bITb 06yCNOBNIEHO NMPON3BOACTBEHHbBIM
npoLeccoM, a TakxKe HerepMeTUUYHbIMK GnaHLaMun nnm
YMIOTHEHUAMM LUITOKA Ha apMaType BO BCacblBaloLieM
TpybonpoBoge Unun BUXPEBbIMM BOPOHKaMU, 3aCacbiBaloL MM
BO3[YX B OTKPbITbIX BXOAHbIX KaMepax Npu CINLLKOM HMU3KOM
YpPOBHe BOfbl, CM. pa3fen «KOHCTPYKTMBHOE MCMOMNHeHre

BCACbIBbIAOLLEN IMHUM HAacoCa» Ha CTp. 64.

B ueHTpobexxHOM none pabouero Koneca Ny3blpbKy ra3a UMetoT
TEHAEHLMIO CKanInBaThCA B ONpefenéHHbIX TOYKax Hacoca 1 B 3TUX
MecTax NPenATCTBOBaTb HOPMaJIbHOMY NPOTEKAHUIO NOTOKa.
Takomy 3¢ deKTy cnocobCTByIOT CriefyloLime ycnoBus:

@ OnuUTenbHas paboTa Hacoca B 30HE YaCTUYHOWM HarpysKu, T.K.
3[eCb BCefcTBMe 6onee HU3KUX CKOPOCTEN NOTOKa oclabeBaeTt
€ro TPaHCMoPTUPOBOYHAsA CNOCOBHOCTD

“  yeM MeHblue MameTp BXxoAa pabouero Koneca, Tem
OTHOCUTENbHO CUJIbHEE pefyurpoBaHme 13-3a CTECHEHNA
06bEMOM rasa

7 HU3Kan 6bICTPOXOAHOCTb NG paboyero Koneca Hacoca

“  HU3KaA YaCToTa BpalleHnA Hacoca.

HeBO3MOXHO BbINMOMHUTDL PACcYET 3TOro ABneHuA. Ecnn
npennonaraetca 6onbluee cofepaHve rasa B nepekayvisaemon
XMAKOCTW, MOTYT ObITb LieniecoobpasHbl ciefyoLye mepbi:

s YCrMOKOUTeSNbHbIV pe3epByap BO BcacbiBatolleM TpybonpoBoae ¢
[OCTaTOYHbIMY rabapmTamu obecneunBaeT gerasaumio XngKkoctu
1N MOXET YMEHbLUNTb BO3MYyLLaloLLee BANAHMNE HEPACTBOPEHHbIX
ny3blpbKOB rasa.

s TpybonpoBOAbl, KOTOPblE CRY»KaT LA 3aNOfHEeHNA OTKPLITOro
pe3sepByapa Ha BCacblBaHWM, AOMKHbI 3aKaHUMBATbCA HUXKeE
YPOBHSA XKUAKOCTU, YTOObI, HANPUMEp, My3blPbKX BO3AYyXa He
BOpacbIBaNnCh B pe3epByap CBOGOAHLIM MOTOKOM BOAbI; KpOMe
Toro, fedneKTopHan neperopofKka AomKHa NPenATCTBOBaTb
NPOHMKHOBEHMIO BUXPEiA BO BCacbiBalOWuMiA Tpybonposog (cMm.
pwc. 83).

L pa6OTbI HacCoCa B pexunme YacTU4HON Harpy3skm MOXHO

n36exaTb, YCTAaHOBUB CreLuasibHbl HACOC YaCTUUYHOMN HarpysKuy;
€C/N 3TO BPEMEHHasA Mepa, TO HAaCoC NPeANoYTUTENbHO
camoBcacbIBatoLWuii (c 6onee HU3Kum KIm).

[NA ra3o0TBOAHOIO KaHana nepej ctynuuen pabouero Koneca
TpebyeTcsa oTcacbiBalolLlee YCTPONCTBO, obnapaiollee
OrpaHMYEHHOW NPON3BOANTENBHOCTBIO TONTbKO NPU HaNNYmMm
3HauUTesIbHON ra30BO $asbl U NPENATCTBYOLLee
TPaHCMOPTUPOBKE Cpefbl B HOPMANbHOM peXxume paboTbl.

ONA Hacoca NPeNoYTUTENIbHO MPUMEHEHWE OTKPbITbIX Pabounx
Konéc (cm. prc. 18) ¢ MUHMMaJIbHbIM KONIMYECTBOM JionacTen,
QHANOMMYHO MPUMEHEHMIO NPEABKIIOYEHHOTO LWHeKa (purc. 73).
be3 cneymanbHbIX MepPONPUATUI KaHanbHble paboure Konéca
(punc. 58) MOryT nepekaunBaTb KNLKOCTU C OObEMHbBIM
cofepkaHuem rasa go 3%, a ceoboHOBMXpPEBbIE paboune
Konéca - ot 6 go 7%.

npu NaHOMEPHO 3HaYNTEeNIbHOM COfepPXKaHUN ra3oBon dasbl
paboTaloT BUXpeBble CaMOBCacbIBaloLMe HacoChl (6onee HU3Kne
KMnJ, 6onee cunbHble WyMbl, OrpaHMyYeHHasa nogaya) unm
BOJOKOSbLIEBbIE HACOCHI (N0 06BLEMHOMY NpUHUKMNY) — 6onee

HaZEXHble.
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Puc. 72: BnvsHne HepaCTBOPEHHDBIX My3blpPbKOB BO3AyXa Ha paboune
XapaKTePUCTUKI Hacoca C KaHanbHbIM pabourm Konecom (OTKpbIToe
TpéxKaHanbHoe KoNeco) ANiA nepekaymBaHna npeiBaputenbHoO
OUMLLEHHbIX CTOYHbIX BOA.

MpeABKNOYEHHDIN

LLIHEK

H L

Puc. 73: Pa3pes Hacoca ¢ NpeaBK/OUEHHbBIM LUHEKOM (hparmeHT)
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MKupkoctn ¢ copepkaHnem TBEpAo dasbl

Oco6eHHOCTU NpY NepeKaunBaHNN XNJKOCTen C
copgepxaHuem TBépaomn ¢pasbl

CkopocTb ceaAMMeHTauumn
104 Py } \2 } \2 } TpaHcnopTrpoBka TBEpAON pa3bl (TAxenee BoAbl) OCYLECTBNAETCA
4\® | © ©
,7\\\/ \’\\\‘) \’\\\‘} TeM 3pdeKTUBHEE, YEM HIXKE CKOPOCTb NX CEAUMEHTALMM N YeM
o, O, o,
\ 7 \ i OJiblle CKOPOCTb NOTOKa. VAHaKO BCNneaACcTBMe MHOXeCTBa
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5 05 \ L% W =——"— —-r ®opmyna (43)
o 7, N s0 o
PARRNENY 7 J 26 e
S 03 \ /’///Aéy A \ YcnosHble 0603HaueHns:
! \ /7//;V //' \k p,=3.000 3.500 4.000 W,, = CKOPOCTb ceaMeHTaLAn [M/c]
S‘ ;/// A >< \ g = ycKopeHune cBo60AHOro nageHus = 9,81 m/c?
0,2 A /
7 /;/ / \\ \\ d. = pnametp cdepsi [m]
5@@ / \ | \ ¢, =Ko3dduuneHT conpoTreieHna cdepbl B 3aBMCMMOCTY OT Re,
/ / 5,< /ps:‘ ‘1"5(“'0‘ ‘ ‘\2'000 ‘ 2"500‘ \ p, = MNNOTHOCTb TBEPAON YacTULbl [Kr/m*]
01 o AN L AR T 1 P, = MAOTHOCTb XMAKOCTY [Kr/M*]
0,1 0,2 0406 1,0 10 100
Anametp cdepbi d_ [mm]
d
Puc. 74: CKopOCTb ceUMEHTaLMM Wso OTAESbHBIX ChepryecKmnx YacTuyek Res =W, Sf ®opmyra (44)

(anameTp cdepbi d ) B cToAYeN BOAE
YcnoBHble 0603HaueHNA:

Vv, = KMHEMaTMYeCKasa BA3KOCTb xugkoctu [Ma-c]

CkopocTb ceanmeHTaumm w_ rpadmyeckn nsobpaxeHa Ha puc. 74.

KOHU,eHTpaLI,VIFl TBép,D,bIX 4acTul OKa3blBae€T 3HaUYUTEIbHOE

BNnAHMe:
C 9 o (45)
= — opmyna
T(Q+Q) y
Maccosas pons [%] YcnoBHbie 0603HaueHUA:
100 [ = KOHLIeHTpaLmsa pacxoAoB (KOHLEHTpaLUA rMapOTPaHCNOPTUPOBKN)
90 Q, = nofauya TBEPAbIX YacTuy [m*/c]
— 3
804 Q, = nofaua xugkoctu [m*/c]
704
60
/ 50 BmecTe ¢ orpaHmnymearOLnM BNNAHNEM CTEHKN pr6onposop,a TN
) KOHLIEHTPALIMM 3HAUMTESIbHO CHKAIOT CKOPOCTb CEAUMEHTaLIMM 3a
30 CYET 3P PeKTa NPMHLMNA B3aUMHOIO BbITECHEHUS, HaNpUMep, B
20 COOTBETCTBUU C HaIﬁ,D,EHHbIM IMNNPpUYECKUM I'IyTéM COOTHOLWeHuneMm:
10
T T T Y T T s
0,001 0,01 0,1 1 1 10 W =w, - (1 - CT) ®opmyna (46)
dSO
d5 [Mm]

Puc. 75: Mprimep rpaHynoMeTpuyecKoro coctaBa



HeBO3MOXXHO OLEHUTb BAHNE TBépﬂ,bIX TEN Hel'lpaBI/lJ'IbHOIz

(bOprI, KOTOpPaA MOXET 3HaYUTEJIbHO OT/INYATbCA OT C(I)epI/IHeCKOIZ

dopmbl.

BnuaHme rpaHynomeTpuyeckoro coctaBa Tak»e C/I0XKHO OLeHUTb:
Ha pUc. 75 ¢ NCnonb3oBaHNEM NlorapuPpmmnyeckoro Mmaclutaba
NoKasaH AnameTp HYacTuy d, C Toi MacCcoBOW Aonei, KoTopan
npoxoauT Yepes GUNbTP C COOTBETCTBYIOLLMM Pa3MePOM AYEeK.
MoToKK ¢ TBEPAbIMY B3BECAMU NPAKTNYECKU BCErfAa COCTOAT U3
4acTuUL, pa3HOro AviameTpa, NO3TOMY FpaHyNoMeTPUYeCKnin COCTaB
oTobpa<aeT 6osee NI MeHee Bblpa)KeHHOE NMUKOBOE 3HayeHue.
MokHO 0603HaunTbL AUAMeTp, KOTOPbI COOTBETCTBYET MacCOBOM

none 50% 3HaueHuem d.  , TUNUYHbIM OS5 TAKOW cMecu. ITo

50 ’
Hanbonee BaxHas npnynHa BO3HNKHOBEHUA npo6neM Ha 3Tane

NPOEKTUPOBAHNUA.

OueBUAHO, YTO NOCNEe BCEX MPEAMONIOMKEHMNN U rPy6bIX YNPOLLEHWI
HEBO3MOXHO CMPOrHO3MPOBaTh BAVAHME TBEPABIX YaCTULL HA
noBefeHve NOTOKa, XapaKTepUCTUKM YCTaHOBKYM, Hanop v KMJ
HacocoB 1 T. . CnepoBaTenbHO, PacyéT NapameTPOB HAaCOCOB AJlA
rmapoTpaHcnopTa TBEpAOoN da3bl JOMKEH OCYLLECTBAATHCA
3KCnepTamu, obnagaoLwyMm JOCTaTOUHbIM OMbITOM NPU
BO3HUKHOBEHWMW @aHANIOTMYHbIX CJTy4aeB. B COMHMTENBHDBIX Cllyyasnx
peKomMeHayeTcA NpoBefeHre SKCNepUMEHTOB. B uenom,

CyWwecTBYyOT NNWb HECKOJIbKO TEeHOEHUUN.

BrnuaHue Ha xapakTepuCcTUKM Hacoca

B npoTouHo YacT paboyero Koneca TBEPAbIE YacTULbI BegyT
cebA nHayve, YeM XKNAKOCTb-HoCUTesb, B GONbLUNHCTBE CIyYaes,
BoAa. OHW NepeceKaloT IMHUM NOTOKa BOfbI, CTANIKMBAIOTCA U
NCTUPAIOTCA O CTEHKM MPOTOUHbIX KaHaNIoB. 9TO YMeHbLUIaeT Hanop
H, cospaBaembiil B pabouem Konece, Ha BennumHy AH. Kpome Toro,
CYLLeCTBYIOT SKCNEePUMEHTaJIbHbIE laHHble, KOTOPble OTPaXKatoT
BAMAHME AMameTpa YacTuy d,, KOHUeHTPaLUm ¢ 1 NIOTHOCTY
TBEPABIX YaCTUL, P, A Takxke BbICTPOXOAHOCTU N . B cooTBeTCTBIM C
3TUM OTHOCUTEIbHOE CHMXeHMne Hanopa AH/H moxHo

npubnM3nTeNIbHO OLEHUTL MO ciepytoLen dopmyne

c 3
%=¢T' Re,- (”ﬁ? : (pfF’_j]) ®opwyna (47)

YcnoBHble 0603HaYeHNA:

C, = KOHLEHTpauua ruapoTPaHCNopTMPOBKN Mo popmyrie (45)

Y =kK03pdULMEHT Hamopa Hacoca, 3aech Npuoa. = 1

Re, =umcno PeiiHonbaca noToka TBEPABIX YacTuy no dopmyne (44)

n, = 6bICTPOXOAHOCTb Hacoca no dopmyne (5)

p, =NIOTHOCTb TBEPAOrO BewecTsa [Kr/m’]

P; = MIOTHOCTb XUAKOCTM [Kr/M’]

Mpw rnapoTpaHcnopTe TBEPABIX YaCTUL CneayeT NPeacTaBaTb
XapaKTePUCTUKM He Kak Hanop H, a kak guddepeHymanbHoe
JasneHne Ap B 3aBUCMMOCTU OT nofaum Q, MOCKONbKY
ycpefHEHHaA NNOTHOCTb P cMecK TBEPAbIX YacTuL, 1 Bofb (B
OT/INYME OT NepeKaunBaHnsa BOAbI) He ABAETCA NOCTOAHHON. A
ynpoLyeHs npeHebperaem reoAe3n4eckM nepenagom BbicoT Z,
MeX[y BCacblBaloLVM 1 HaropHbIM NaTpybKamu 1 pasHOCTbIO
CKOPOCTHbIX HanoposB (c,” - ¢ *)/2 g, COOTBETCTBEHHO,

yCTaHaBNMBaeTCcA cyieyowmin Hanop gasneHusa Hp = H:

Ap= Pn:9- (H-AR) ®opmyna (48)

YcnoBHbie 0603HaueHnA:

P, = CpeaHAs NNOTHOCTb B3BeCK TBEPAON dasbl 1 BoAbl No dopmyse (49) [Kr/m’]
g = ycKopeHue cBobopaHoro nagexna 9,81 m/c?

H =HanopsMm

AH = ymeHblueHune Hanopa no ¢opmyne (47) [m]

Ap = paBneHue [H/m?] (ana npeobpaszosaHua B 6ap: 1 6ap = 100 000 H/m?)

CpepfHaAs NAOTHOCTb CMECK PacCUUTLIBAETCA MO popmyre:

Pn=C.p, +(1-¢c.) P, ®opmyna (49)

YcnoBHble 0603HaYeHNA:
P, = CPeaHaA MaoTHOCTb [Kr/m’]
= MNOTHOCTb BOAbI [Kr/m?]

Py
p, = MNAOTHOCTb TBEPAOrO BewecTBa [Kr/m’]
d

. = KOHLUEHTpaLVA rMapoTPaHCNopTUPOBKM no dopmyrne (45)

Mockonbky anddepeHUmnanbHoe faBneHne Hacoca — 3TO NPOAYKT
BO3JEeNCTBUA NMIIOTHOCTY U (CHMXKatoLWeroca Npu ruapoTpaHcnopTe)
Hanopa, Npu nepecuyéte no dopmyne (48) BoBneyeHbl ABa
He3aBNCKMMbIX PpaKTopa:

YBennumBLIAnAcA 13-3a copepkaHuna TBEpAoi Gpasbl cpefHAs
NIIOTHOCTb U NOHWMXeHHBIN Hanop (H - AH). O6e cocTtaBnatowme
06YC/IOBNEHbI KOHLEHTPaLMen, HO C MPOTUBOMOJIOXKHOW
TeHAeHUMen, T.K. NNOTHOCTb NOBbILIAET JaBNEHUNE, @ YMEHbLUEHUe
Haropa cHuXaeT ero. [103ToMy HEBO3MOXHO B LIeNIOM
CNPOrHO31poBaTh, OyAeT N XapaKTePMCTMKA Hacoca npu
rmapoTpaHcnopTe C yBeNMYeHNneM KOHLEHTPaLMMN NPOXOANTb Bbllle
WIIN HUXKE, YeM NpuY NepekaymBaHm BoAbl. TAXEnble
MeJIKO3epHUCTbIE TBEPAbIE YacTULbl (Hanpymep, pyaa)
CNocobCTBYIOT NOBBILIEHWIO AaBMIEHMS, @ KPYMNHble Nérkue TBEpAble
yacTuubl (Hanpumep, yronb) U Hebonbluasa ObICTPOXOAHOCTb —

MOHWXEeHNIO.
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KuakocTn ¢ cofepaHnem TBEpaoi dpasbl

C,=30%
C,,=20%
C,=10%

C,=0%
(4mcTan XnaKkocTb)

C,=0%

(4ncTan XnakocTb)
C,=10%
C,=20%

AuddepenunanbHoe pasneHue Ap,
Hacoca MoTepsa paBnenna Ap, ycTaHOBKM

\/

Mopaua Q
—— MUHMMasbHaA yCTonuMBan nogaya Ap, (C)
[ J Heu3MeHHble paboyrie TOUKM —Ap, (C,,)

Puc. 76: QuddepeHumnanbHoe fasneHne Hacoca Ap, 1 notepw faBneHns B
ycTaHoBke Ap, NpU PasfiMyHOM cofiepXaHnm TBEPAON dasbl
(KkoHueHTpauwuu ¢, ¢..) nopaun Q.

InddepeHunanbHoe fasneHune Hacoca Ap, = f(cT) TaKXe MoxeT
MOBbILIATLCA C YBENIMHYEHVEM KOHLIEHTPALMK C;, TBEPABIX YacTnLy
BbICOKOW MAIOTHOCTU (Ha PUCYHKe NOKa3aHo yMeHblueHve Ha 10 1 20%)

Puvic. 77: TunoBoi LeHTPOOEXKHBI HACOC AN TMAPOTPAHCNOPTa TBEPAbIX YacTULL

BnusiHmeHa xapakTepuUCTUKM YCTaHOBKU

C ymeHbLUeHMEM CKOPOCTY MOTOKa byaeT nponcxoanTb
3HAUMTENIbHOE OCaXKAEeHMEe TBEPAbIX YaCTUL, B TOPU30HTaNbHbIX
Tpy6onpoBoaax v CKOMAEHWs Ha HUXKHEN CTeHKe Tpy6bl. B
pesynbTaTe, C OfHOW CTOPOHbI, CONPOTUBNEHNE TPEHNA
YBENUUMBAETCSA, a C APYroii CTOPOHDI, eLé cBo6oAHOE NonepeyHoe
CeuyeHMe yMeHbLLAeTCA, TaKMM 06pa3om, HeCMOTPA Ha
MOHMXKALWMINCA Pacxof, MOBbIWAETCA CONPOTUBEHNE NOTOKY. B
pe3ynbTaTte nosiyyaetcs HeobbluHas ¢opma pabouen
XapaKTePUCTVKM YCTaHOBKM, KaK NMoKa3aHo Ha puc. 76. T.K.
MUHUMYM 3TUX XapaKTEPUCTUK, 3adUKCMPOBAHHBIX AJ1A Pa3fINUHbIX
KOHLIEHTPALWiA, ABNAETCA XapaKTePVHbIM MPU3HAKOM
HauVHaloLWWeNnca ceJUMEHTaLMM 1 BEPOSTHOTO 3aCOpPeHNs
Tpy6onpoBoaa, ero 06bIYHO PACCMATPUBAIOT KaK HVKHI
3KCMNyaTaUMOHHbIN Npefen. bonee TouHble BbIBOAbI MOXHO
cAenatb TOJIbKO NPV HaNMuMmn OCTaTOYHOIO ONbiTa NGO Ha

3KCI'IepI/IMeHTaJ'IbHOIh OCHOBE.

Pexxum skcnnyataymm

Ha puc. 76 nokasaH TUMWYHbIN PEXUM SKCrTyaTaLmm
LieHTPo6eXHOro Hacoca Npw rMapoTpaHcnopTe TBEPAON Ppasbl No
ropu3oHTanbHOMy TpybonpoBoay: NO Mepe yBenmyeHns
KOHLIeHTpaLuUm ToUKa nepeceyeHmns paboyeil XxapakTepucTuky
YCTaHOBKM C paboueil xapakTeprCTUKON Hacoca BCE bonblue
CMeLLaeTCA K MeHbLUMM Nojayam, COOTBETCTBEHHO, paboyan Touka
B TOre 6yleT pacnonaratbCA HYXe SKCMyaTaLMOHHOro npeaena.
YT06bI 3TOrO N36EXKaTb, ClefyeT Ha3aMeAUTENIbHO BbINOSIHNTD
perynupoBKy. Ho T.K. pefyKLOHHaA apmaTypa 6yaeT nogsepratbea
CUJIbHOMY U3HOCY, ANA PerynupoBaHna nogayv npu
rmapoTpaHcrnopTe TBEPAbIX YaCTUL, MPaKTUYECKN NCKIOUNTENBHO
NPVMeHAeTCA TONbKO N3MEHEHMe YacTOTbl BPaLLeHuA.
CylecTBeHHOE NperMyLLeCcTBO: ec/iv paboyee Koneco Hacoca npu
YBENNYEHNN 3PO3NOHHOIO N3HALLINBAHWA TOMIbKO MOHMXKaeT
anddepeHLmanbHoe faBneHre, 3To MOXHO JIerko KOMNeHCMpoBaTb

noBbllEHMEM YaCTOTbl BpalleHnA.

B BepTuKanbHbIX TpybOnpoBoaax ceanMeHTaumsa TBEpaon dasbl
npeacTaBnaeT 60MbLLYI0 0NMACHOCTb, MOTOMY YTO BO3MOXHO
CamMomnpou3BOJIbHOE 3acopeHmne Tpy6onpoBoAOB, ecnn nopaya

ynagéTt H1XKe MUHMMAaNbHOM (TakXe Npu BbIKNIOYEHMM Hacoca).

KOHCTPYKTVBHOE UCMOMIHEHME STUX HACOCOB OT/IMYAETCS BbICOKOM
N3HOCOCTOMKOCTbBIO MPU NepeKaunBaHnm 3epHUCTBIX TBEPAbIX
MaTepuanoB. Ha puc. 77 cxemaTyHo n3obpakeHa npoyHas
KOHCTPYKLMA Hacoca. Pe3ynbTaToM Takoro M3HOCa MOXET CTaTb

orpaHmnvyeHue gonyctmmoro pa6oqero AvanasoHa B6nusn Qom.



Bornee BbiCOKME KOHLEHTPALMN TBEPAbIX YaCTHL, OrPaHNYMBaIOT
NnprIMeHeHMne LeHTPOGEXKHBIX HACOCOB; NPeaesibHble 3HaUYeHUs
MOTYT 6bITb MOyYeHbl TONIbKO OMbITHbIM NyTemM. O60CHOBaHHble
[OBOAbI, NPefCTaB/IEHHbIe B JaHHOW Bpowope, npu3BaHbl yoeanTb
yuTaTensa B TOM, YTO OCTaTOUHO PUCKOBAHHO MPOU3BOAUTb PACUET
NnapamMeTPOB HACOCOB AJ1A MMAPOTPAHCNOpTa TBEPAON asbl, He
o6nafas 3HauNTENbHBIM OMbITOM, CleA0BaTENBHO, HEOOXOAVMO

06palLaTbcs K skcnepTam!

ONNHHOBONOKHUCTbIE TBEPAble Npumecu

Ecnu noTok TpaHCnopTypyeMoro matepuasna CoaepXut
AJIVHHOBOJIOKHUCTbIE TBEPABIE NMPUMECH, 3TO MOXET NPUBECTU K
BbIXOAY M3 CTPOA, B 0OCOGEHHOCTU, MPOMENNEPHbIX HACOCOB, ECN
3TV YacTULbl (HaNpUMep, PacTUTENbHbIE BOIOKHA, CUHTETUYECKME
NAeHKN, KOMKM) 6yZlyT HaKanImBaTbCs Ha BXOAHOW KPOMKe lonacTu

nponennepa n CKOHLEHTPUPYIOTCA B STOMN 30He.

Cﬂep,CTBVIeM ABNAETCA NOCTOAHHO BO3pacTalolWwad noTepAa Hanopa n
OofHOBpPeMeHHOe yBennyeHme mowHOCT OO0 TeX Nop, Noka He
n0Tpe6yeTcs| OTK/IIOYEHME NpUBOAHOIO ABuUraTena scnencrtemne

neperpysku.

Mpobnemy MOXXHO peLunTb 3a CYET HAKNTOHa Ha3af nepefHUX
KPOMOK nonacteli nponenaepa nyTem cmelleHna npodunen
NJIOCKOCTE B KOHCTPYKLUM JIOMACTU, MOLOOHOIO HaK/oHY
CTpenoBuAHbIX KpbibeB. B npouecce akcnnyaTaLmm BOOKHa MOTyT
CKONb3UTb MO NepefHen KPOMKe JIoNacTh 0 pacceyeHns B 3a30pe
Ha BHELUHEM JMameTpe npornesepa 1 CMbiBaHusA. Takue
camoouuwaowmecs nonactu HasbieatoT ECB-nonactamum (= Bceraa

yucTas nonactb) [5].

HeounweHHble MyHULMNanbHblE CTOKM YacTo cofepat
TEKCTWIIbHbIE MaTepuarbl, KOTOpble, MPY NPUMEHEHNIN PaBoumxX
KONEC C HECKOMBbKUMU KaHasiamMmmy UK aHanorMuHbIMy
pasgenuTensiMmn NOTOKa, MOTYT Bbi3blBaTb HanMMnaHue 1 NPMBECTU K
3acopeHunto paboumx konéc. OfHoNoNacTHble KONéca, YepBAYHbIe
Konéca unu cBo6oAHOBMXPEBbIE KONECa (CM. puc. 57, prc. 59 u puc.

60) MmeHee nNoaBep»KeHbl PUCKY 3aCOPEHMA.
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62 Mepudepuns
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Puc. 78: Mpumepbl TUNOB YyCTaHOBKN



Mepudepus

MoOHTa)Hble NCMOSIHEHNA HAaCOCOB

MoHTa)KHble UCMONTHEHNA — 3TO KOHCTPYKT/BHbIE 0CO6EeHHOCTH, MO
KOTOPbIM pa3nnyatoTca MOAI/I(I)I/IKaLII/II/I HaCOCOB B npepaenax ogHoro

KOHCTPYKTUBHOIO NCNOJIHEHNA (OAHOFO TI/II'IOpﬂ,EI,a).

Ha cnegytowmx prcyHkax 78 a-o nokasaHbl npumepbl Hanbonee
pacnpocTpaHeHHbIX MOHTaMXHbIX UCMOMTHEHWI FTOPU3OHTaNIbHbIX U

BEPTMKANIbHbIX LIeHTPOOEXHbIX Hacocos [1].

BaXHble napameTpbl A1 MOHTaXHbIX UCMOMIHEHUIA Hacoca:

2 TOPU3OHTaNbHOE WiV BepTHKabHOE pacronoxKeHve Bana (puc. a
ub,incunmhnf)

#  PacnosioXKeHMe ONoP HAacoCa — HUXKHEE UK Ha YPOBHe ocu (puc.
due)
yCTaHOBKa arperata Ha ¢yHAameHTe v cBobofHas yCTaHOBKa
(puc. b n f)

@ PacnosnoXeHwue NprBOLHOrO ABUraTeNa Ha COOCTBEHHOW NN
obuen pyHAAMEHTHON NAWTe UK NpUKpernyieHre GnaHuem K
Hacocy (puc. g, a, hni)

©  paspgeneHre Macchbl Hacoca 1 NprBoaa
pacrnonoXxeHune HanopHoro naTpy6ka B Hacocax ¢ TpybyaTbim
kopnycom (puc. k, |, m nn)

2 KOPMYC Hacoca CHapy»u Cyxon nnm MoKpbii (puc. b n o).
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Mepudepuns
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BcacbiBatowian

\ Tpyba
—-

ot 45 pgo 60° d *
/ 0,5 E

Pvc. 79: HaknoHHble cTeHKM 3ymnda Hacoca — NpefoTBpaLleHne OTNOXKEHWI 1
cKonneHna TBEPAbIX YacTULL

e

Puc. 80: HecoocHbIl nepexofHNK-KoHPY30p (cneBa) 1 Kocol TPOMHUK (cnpaBa)
ANnA npeAoTBpalleHna obpa3oBaHMA BO3AYLIHbIX KAPMaHOB
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Puc. 81: KoHdysopHoe KoneHo nepep HaCOCOM C BEPTUKaNbHbIM CMUPabHbIM
KOpnycom 1 60MbLLIOW 6bICTPOXOAHOCTN

KOHCprKTI/IBHoe ncnonHeHne BcacbiBaloLen
JINHNN HacocCa

3ymnd Hacoca

3ymnd Hacoca Ha CTOPOHEe BCacbiBaHWA HAacOCa UCMONb3yeTcs Ans
AKKYMYNMPOBaHNA 1 AUCKPETHOM OTKAUKM NepekaynBaemom
KUAKOCTU NPY NPEBbILIEHNN NOJayumn Hacoca Hall CpeaHUM
NPUTOKOM XMNAKOCTW. Ero pa3mep 3aBucuT oT nogaum Hacoca Q un
[ONYCTYMON YaCTOTbl BK/OYEHWUI Z 3n1eKTpoABUraTenei, cm.
pa3zgen «Bblbop aneKkTpoaBuratena — onpepesieHne MOoLWHOCTH
aneKkTpoaBuraTensa» Ha cTp. 29.

MonesHbiit 06b€M V| des 3ymnda Hacoca paccunTbIBaeTCA No

dopmyne:
Q-Q Q.+Q
vV,.=Q - =—* ¢ == ®opmyna (50)
N Zu Q,-Z Q m 2 pMmy:
YcnoBHbie 0603HaueHnsA:
V., =none3Hblii 06EM 3ymnda Hacoca, BKNOUaA BO3MOXHbI 06bEM 06paTHOro

N
noanopa [wm?]

= NpuTOK B 3ymnd [m3/u]

= cpepHAa nogava [m3/y]

= nofava B TOUKe BKIIlOUeHNsA [M>/u]

= nofjayva B TOUKe OTKoUeHUs [m3/u]

= JOMYCTMMasA YacToTa BKIOYEHWUI SneKTpoaBuraTenei [BK./u]

MakcumanbHas yacToTa BKOYEHUA NONyYaeTCs, eC/iv 3HayeHme
cpeaHei nogaun Q_ BABOE NPEBbIWAET 3HAYEHME NPUTOKA

xugkoctn Q, .

Qm
Z = ®opmyna (51)
MaKc. 4 - VN
YcnoBHble 0603HaueHNA:
Z .. =MaKCcMManbHasA 4yacToTa BKYeHUN [BK./4]
Q,, =ycpeaHéHHas nofgaya [m*/u]
V, =none3Hblit 06bEM 3ymnda HacoCa, BKIIOUAA BO3MOXKHbI 06bEM 06paTHOro

N
nognopa [m3]

Mpu nepekaunBaHNM 3arpA3HEHHDIX XUAKOCTEN cnepyeT nsberatb
cefVIMEHTaL N U CKONNeHWA TBEPAbIX YacTyL, B 3aCTOWHbIX 30HaX 1
B NMPUAOHHbIX 06nacTaAx. B gaHHOM cnyyae LenecoobpasHo
NPYMeHEHNE KOCbIX CTEHOK HaKJIOHOM He MeHee 45°,

npegnouTuTenbHee — 60°, KaK NOKasaHo Ha puc. 79.

BcacbiBalowui Tpy6onpoBoa

BcacbiBatowmin TpybonpoBog AoMmKeH OblTb MakCManbHO
KOPOTKMM 1 NOABOANTLCA C NErKUM NOABEMOM K Hacocy; Npu
Heo6XOAMMOCTY JOMXKHbI 6bITb NPEAYCMOTPEHbBI HECOOCHbIE
BCacbiBawLme TpyObl, Kak NoKa3aHo Ha puc. 80 (c npAMbIM
[JOCTaTOYHO NPOTAXKEHHBIM YYacTKOM Tpy6bl Nepef Hacocom L = d),
uTo6bI NPEROTBPATUTL 06Pa30BaHNeE BO3AYLWHbIX KapMaHOB. Ecnn
KOHCTPYKTVMBHO HEBO3MOXHO I/I36e)KaTb NPUMEHEHNA KOJIEHa B
HenocpeacTBEHHOM 6NN30CTM OT BXOMA B HACOC,
NPeAnoYTUTENbHBIM ABAAETCA NPUMEHeHMe KOHY30PHOro KoneHa
(puc. 81) ans BbipaBHMBAHKA NOTOKA; Nepef Hacocamu C

ABYXMNOTOYHbIMU U NMONTyOCEBbIMU (oceBbIMK)



pabounmun Konécamu no aHanoruu Tpebyertca ycTaHOBKa
HanpasnAwLLen PeWwéTKY B KonieHe (cM. puc. 82), ecnv 31o
ZOMNyCTVMO ANA NepeKaunBaemom XngKkoctu (6e3 AnuHHo-
BOJIOKHUCTbIX NpUMeceid, cM. pasgen «JnMHHOBONIOKHUCTbIe
npumecmu» Ha cTp. 61).

PaccTosiHre mexay BCacbiBAOLWMM Y MPUTOUYHBIM
TpybonpoBogamu Bo BcacbiBatoLemM pesepByape unm symnde
Hacoca [O/MKHO ObITb AOCTaTOYHBIM AN MPeAOTBPaLLeHNs
NPOHVKHOBEHUS BO3[YXa UM BUXPEBbLIX BOPOHOK BO
BCacblBaOLWMN TpybONpoBoA; Npu HEO6X0ANMOCTU ceflyeT
npepycmoTpeTb AedpnekTopHble neperopofku (puc. 83).
MprTOUHbIN TPYOONPOBOA BCErAa AOMKEH 3aKaHUMBATLCA HUXKE
YPOBHSA XUAKOCTA, CM. puc. 83.

Mpwn HegocTaTouHOM 3arnybneHunn BcacbiBatolero TpybonpoBoaa
BO BCaCbIBalOLLEM pe3epByape unm 3ymnde Hacoca npu
BpaLLEeHMN NepeKaunBaeMol cpefbl MOryT BO3HUKaTb BUXPEBbIE
BOPOHKW, 3acacbiBatoLLme C MOBEPXHOCTY BO3AyX (Mosible BUXPH).
HaurHas ¢ BOpOHKOO6PA3HOro yrnybneHna ypoBHA XKNAKOCTY, 3a
KOpPOTKOE BpeMsi OT MOBEPXHOCTY [0 BCACbIBAOLLEro
TpybonpoBoga obpasyeTcA BO3AYLUHbIA PyKaB, UTO MOXeT
NPMBECTN K 3HAUNTENIbHOWN HEPAaBHOMEPHOCTU XOAa U CHUXKEHMIO
npon3BoANTENbHOCTU Hacoca. Heobxoaumble MUHMMASbHbIE
3arny6neHuna (= MUHMManbHas rnybuHa norpyxeHnsa) NnprBeaeHbl
Ha puC. 85, MMHUManbHble PacCTOAHUA BCaCbIBAOLLNX
Tpy6onpoBOAOB OT CTEHOK M iHa pe3epByapa — Ha puc. 84. (Ona
HaCcoCOB C TPybBUaTbIM KOPMYCOM [eiCTBYOT 0cobble yKasaHus,
cM. «KOHCTPYKTVBHOE NCMONHEHMe BCaCbiBalOLLEN IMHUN HaCOCOB
C Tpy6uaTbiM KOpMycom» Ha CTp. 68).

MuHumanbHoe 3arnybneHne S = MOXHO ONpeAenuTb Ha OCHOBE
puc. 85 Kak yHKUMIO BXOAHOrO AnameTpa d_ (Npy nprmeHeHnn
TPY6 C TYyMbIM KOHLIOM 3TO BHYTPEHHWIA AMamMeTp TpyObl unu, npu
Hanuunm, guameTp pactpyba BxogHoro conna) v nogaum Q, unm
no AaHHbIM MIHCTUTYTa rMApPaBnKN €ro MOXXHO paccunTaTb

cnegyowmm obpasom:

S =d:+23-v - \/%t ®opmyna (52)
ve 4
s 900-T-d?
YcnoBHble 0603Ha4YeHNA:
S, = MUHUManNbHOe 3arny6nexue [v]
d. =BxopHoI ArameTp BcacblBatoweil Tpy6Obl W BXOJHOTO conna [M]
V, = CKOPOCTb MOTOKa; PeKoMeHAyeTca oT 1 40 2 M/c, Ho He 6onee 3 m/c
g = ycKopeHue cBobofHoro nageHus 9,81 m/c?
Q =nopgaua [m*/u]

3HauyeHNa MUHMMANbHOTO 3arny6/eHus], yKa3aHHble B MONOXeHUN
VdS o npenoTBpaLleHnn NOBPEXAEHUI, MPY CKOPOCTM NOTOKa 1

m/c [13] coBnagaloT € BblleyKa3aHHbIMW AaHHbIMMN.

Puc. 82: BxofHOe KoneHo ¢ HanpasaAlowen peléTkon nepes ropu3oHTasIbHbIM
HacoOCOM C iBYXMOTOYHbIM Paboynm KOecoM 1 CrvpasibHbIM KOPMycom
(BMA cBEPXY)

BcacbiBatowmii Tpybonposop

HenpaBuibHO \

MpwuToYHbIN

Tpy6onposog,

J¢

V

Pesepsyap
Ha

BCacCblBaHNN

[ednekTopHasn
neperopoaka A

- L1\

Puc. 83: PacnonoxeHvie Tpy6onpoBoJoB B pe3epByape Ha BCacblBaHWM AN1s
npepoTBpaLleHnsa nonajaHua Bosayxa B Hacoc
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Puc. 85: MuHumanbHas rnybrHa norpyxeHusa S

MUH,

rOPU30HTasbHbIX 1 BEPTUKANbHbIX BCAcbiBalOLMX TPY6 (C BXOAHbBIM coniom 1 6e3 Hero) B pe3epByapax Ha
BCaCbIBaHWM AN1A NPeAoTBpaLleHns o6pa3oBaHyia NOsbIX BUXPEN (MO AaHHbIM VIHCTUTYTa rMapaBinkm)




Ecnun ykazaHHoe MuHMManbHoe 3arnybneHrie He Bceraa BO3MOXHO
nnbo Henb3A obecneunTb, CieayeT NPefycMOTPETb MepbI,
yKa3aHHble Ha puc. 86, N0 NpefoTBPALLEHNI0 BO3SHUKHOBEHUA
BMXPEBbIX BOPOHOK, 3aCacblBaloLMX BO3AYX, MO0 YCTaHOBUTbL
3aKpPbITYI0 BXOAHYIO Kamepy. He3aBnCcMMO OT BblLLEYNOMAHYTbIX
acnekToB He0OXOAUMO NPOBEPUTL, COOTBETCTBYET NN ry6uUHa

norpyxeHua Tpe6oaHnam pacuéta NPSHA ( NPSHp ). icnonHAaTb

acn.

«3HayeHne JoNyCTUMOro KaBUTaLUMOHHOro 3anaca Hacoca NPSHR
(NPSH

Aon.

)» Ha CcTp. 44.

3auacTyto HaxoAAT NPUMEHeHMWe Kpyriible pe3epByapbl C
TaHreHUManbHO PacnonoXeHHbIM MPUTOUHbBIM TPY6ONPOBOAOM,
BbITEKAIOLLAA CTPYA KOTOPbIX MPUBOAUT BO BPALLEHME COAEPKUMOE
pe3epByapa; B JaHHOM Clyyae ciefyeT npeaycMoTpeTb

HarnpasnAwLmMe yCTPONCTBa, 306pakéHHbIE Ha puc. 87.

YA v
PagnanbHan
OceBas KpecToobpasHas
KpecToobpasHas HanpasfAowasn
HanpasnsoLwasn
- n

OceBas KpecTo-|
obpasHas
—|Hanpasnatowas

pdydylolylyl

BcacbiBatowan
Tpyba +

S

BcacbiBatowan

Tpy6a

- —

Puc. 86: YcTaHOBKa HanpasnatoLWmMx NOBEPXHOCTEN, MPEAOTBPALLAOLLMNX
3aBUXPEHUA 1 NOABMIEHNE BUXPEBbIX BOPOHOK, 3aCacblBaloLLVX BO3AYX

—~ — |
Nlv4 / \ Vv 4
\\ /// \\ ///
PapgunanbHas — K Hacocy
( ) KpecTto- —
x =~ 0bpasHan
HanpasnsatwoLwas
‘ Hanpasnsowasn
K Hacocy neperopofka
— —
— K Hacocy

TaHreHumanbHbI NPUTOK TaHreHuUmanbHbI NPUTOK

Puc. 85: MuHManbHasa rnybuHa norpy>keHnsa SMUH. FOPU30HTaNIbHbIX 1
BEPTMKaNbHbIX BCACbIBAOLUX TPY6 (C BXOAHBIM COMnom 1 6e3 Hero) B
pe3epByapax Ha BcacblBaHUM AN1A NpeAoTBpaLleHnsa obpa3oBaHus
nosnbix BUXpew (Mo AaHHbIM MIHCTUTYTa rupaBnmnkm)
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Puc. 88: PacnonoxeHue BcacbiBaloLmnx TPy6 BO BXOAHbIX Kamepax HacoCOB C

Tpy6UaTbIM KOPMycoMm. S

MUH.

B cooTBeTCTBUM C puc. 89, d, = (1,5-1,65) d

o

ANA ABYX NapannenbHO PacrnonoX)XeHHbIX BCacbiBaoLWMX Tpy6 TpebyeTca

paccTosaHue >3 d..

.|

MuHmanbHoe 3arnybneHue S

1,5
T 2634
|1 v,=025wm/c 25 i
2 v,=0,50m/c 4
[~ A
1043 Vv=075m/c 23 7.
! 4 v,=1,00m/c e 7
08l 5 v,=1,50 m/c 21 s ~
” 20 | /| //
0,7 g L “
18 L Z
0,6 % i
7 ~ ~
0,5 16 7> sl
' 15 /
—a— 7
14
04 1371 P< -
[ 112 L~
11 ~ —
03 \Si/ ~ | =
N >
> /4/10
<G A9 11 Q=50 W/ 19 Q=500m/4 |
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0,2 o 12Q=60M/4 20 Q=600 M4 |
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A - 7+ 6 Q=10Mm/u 14 Q=100 M*/y 22 Q=1000 M*/y
0.15 7 Q=15m/u 15 Q=150mM4 23 Q=1500m*u |
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0,1 L S e o
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JAnameTtp BXOAHOro conna dE [m]

Puc. 89: MnHumanbHas rnybriHa norpyxeHus S
Tpy64aTbiM KOPMyCcOM BO M136exxaHvie 06pa3oBaHuA NOsbIX BUXPEN

MUH.

BCacCbiBaoWmnx pr6 HacocoB C

KoHcTpyKumus BcacbiBarollen IMHUM HacoCcoB C
Tpyb64aTbIMKOpPNycom

[nAa HacocoB ¢ TpybuaTbiM Kopnycom [1] MMHManbHoe
3arnybneHue noa ypoBeHb BOAbl U KOHCTPYKLMA BXOJHOW KaMepbl
npepcTasnAT 0cobylo BaKHOCTb, T.K. paboune Konéca 6onbLuoin
6bICTPOXOAHOCTY OYEHb BOCMPMMUMBBI K HEPaBHOMEPHOMY
NOABOAY KUAKOCTW 1 BUXPEBLIM BOPOHKaM, 3aCacblBaloLLMm
BO3AYX.

Ha puc. 88 nokasaHo pacrnonoxeHune BcacblBatoLWmx Tpy6 Bo
BXOAHbIX KaMepax HacoCcoB € TPybUaTbiM KOPMNYCcoM. [1N1A OTKPbITbIX,
6e3 GyTepoBKM BXOAHBIX Kamep C BXOAHbIM KOHYCOM 1 6e3 Hero
MVHMManbHoe 3arnybneHre MOXHO onpeAennTb No pUc. 72 nnm

paccuuTaTtb no cnegytouen dopmyne:

SMMH. = 0’8 : dE + 1’38 . Vs : @ Qopmyna (53)

- Q . 32
V.=g00 T de

YcnoBHble 0603HaueHNA:
= MUHUManbHoe 3arnybneHve [m]

H

= BXOAHOW AMaMeTp BcacbiBatoLero Konokona [m]
= CKOPOCTb NoToKa [m/c]

SMM
dE

VS

g = ycKopeHue ceBoboaHoro nageHus 9,81 m/c?
Q

= nopgaya [m*/u]

O6nuuoBaHHbIE UK 3aKpbITble BXOAHbIE KaMepbl Uin
KOH(I)y30pHO€ KoneHo KannaHa aBnAoTtca 6onee AoporocroAawnmu,

HO AOMNYCKaloT MeHbllee MUHUManbHoe 3arnybnenue [1].

He3aBMcKMO OT BbILIEYNOMAHYTbIX aCNEKTOB, HEO6XOAUMO
NpOBEPUTb, COOTBETCTBYET NN rybrHa Norpy»keHus TpeboBaHmAM
pacuéta NPSHA (NPSHpam_

KaBMTaLMOHHOro 3anaca Hacoca NPSHR (NPSHAOH')» Ha CTp. 44.

yno paspeny «3HauyeHune ponyctmmoro



BcnomoratenbHble cpefcTBa Ha BcacbiBaHUN
BonbLUMHCTBO LLEHTPOGEXKHBIX HACOCOB HE SABMSIHOTCS
caMoBcCacbIBalLLMMK; 3TO 03Ha4YaeT, YTO 13 BCacbIBaOLLErO
TpybonpoBoaa 1 kopryca Hacoca Ha CTOPOHe BCacbiBaHWSA
Heob6xoaMMo yaanuTb BO34yXx Nepea BBOAOM B SKCMNyTaLuo
ansa obecneveHns 6ecnepeborHon paboTbl Hacoca, ecnm
pabouee Koneco pacnosioXeHo BhILLE YPOBHS XMAKOCTU. Takom
3a4acTyto 3aTpaTHOM Npoueaypbl MOXHO n3bexaTtb, yCTaHOBUB
NPUEMHBI KnanaH Ha BcacblBaHUM (C yHKUMe obpaTHoW
apmaTypsbl) (puc. 90). B aTom cnyyae yaaneHue Bosgyxa
Heo6Xxo4MMO TOMbKO NP NEPBOM BBOAE B 3KCMIyTaLMIO U

nocne gnnTeribHOro npocToA.

Prc. 90: MpuréMmHbIii KnanaH (TapenbyaTbii KnanaH) ¢ GunbTPoMm Ha BcacbiBaHWW/
BCaCblBalOLLIM pe3epByapom

BcacbliBatowuin pesepByap (BcacbiBatoLLmii 6ak, BakyyMHbIN pe3epByap) BbIMOSHAET aHarnoruyHyto sagady, B 0CO6eHHOCTM, Npu

nepekavynBaHumn 3arpsi3HEHHBIX XUAKOCTEN (HO Takke yBenuymMBaeT rugpasnuyeckne notepu u, Takmum obpasom, cHmkaet NPSHA

(NPSHpacn.)): nepea BcacbiBatoLMM NaTpybKOM Hacoca yCcTaHaBMMBAETCA BaKyyMMIOTHbINA pe3epByap (puc. 91), koTopbin nepen

NeppbiM BBOOOM B 3KCryaTauunto HeobxoaMMo 3anosHUTL nepekavnBaemomn Xungkoctbto. MNMpu NyCKe HacoC KavaeT XNUOKOCTb U3

P€3€ppyapa, B pesynbTaTe Yero 0GbEM BO3yxa NOCTyNaeT U3 NNHUU BCackIBaHWS, BLINMONIHEHHOW B BUAE CUGOHHOIO

pr6onposona> Yyepes BepLInHy B pe3epByap 00 06pa3OBaHVIF| NoTOKa XMOKOCTU B NIMHWUM BcacbiBaHUs. OBTOpHOE 3anonHeHne

BCacCblBakOLEero pe3epByapa MOXeT OCYLLEeCTBNATbCA U3 HAaNOPHOro pr60I'IDOBO,D,a BPYYHYIO 1NN aBTOMaTU4YE€CKN Nocrie oCTtaHoBa

Hacoca; 3aTeM OCTaBLUMICA 00bEM BO3ayXa 3 BCAcbIBaOLLErO pe3epByapa NocTynaeT B IMHWIO BCACkIBAHUS.

YpOBEHb XMAKOCTK
nepepn BBOAOM B
aKkcnnyaTaumio

BcacbiBatowymn
pesepByap

HanonHsiowmi d,
Tpybonposog

g

YcnoBHble 0603HauYeHUs:
H, ., =reogesuyeckas BbictoTa [M]

= BHYTPEHHUI anameTtp Tpybonposoaa,
3anonHeHHOro BO3AyXoM [M]

T~ BeHTUnaumoHHoe
oTBEpcTUe

lypOBeHb XKUAKOCTH
npwv aKcnyaTaumum

|
H, o | Av4

}

I
|I'IepcbopMpOBaHHbu7|
| nmer

3anopHast apmatypa

O6paTHasi apmatypa

—a H MoacoeanHuTb @__jl
3aTBOPHYIO m E
KUAKOCTB! [ Lo
—> d [e— i i_] %
IR I3 ’_T?H(_ ==
E oo - 1 - ——
o U: [ o - S
;s —— — T 1§
LLInbepHasi 3aaBmkKa Ha L , : i
v \v4 BCacbIBatoLLEN NMUHUN C o
— rMapaBnuyeckum m
/ \ 3aTBOpPOM ILI:[J}

Puc. 91: PacnonoxeHue BcacbiBatoLlero pesepsyapa
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[Mm3/u]

BHyTpeHHU 06bEM BcacbiBatoLLero pesepyapa
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Puc. 92: Tpadukn ansa onpepeneHms o6bEma BcacbiBatoLLero pesepsyapa. MocneaosaTenbHOCTb AeNCTBUIN 0603HaYeHa HOMepamm no3uumii oT 1 o 4. PesynbTat
onpepeneHns No rpaduky yxe COfepKUT yBennueHne ¢ y4étom KoaddurumenTa 3anaca 3,0. (MoxHo npeHebpeub noTepaAmM Hanopa H, _ Bo BcacbiBaioliem

Tpy6onposoze)




O6bém V, BcacblBaloLero pesepsyapa 3aBUCKT TONIbKO OT 06béMa

BCacCbiBatoLwero pr6OI'IpOBO,E|,a 1 BblCOTbl BCaCbiIBaHUA HacoCa:

2 T Py,
V=d. .- .L.——m— Qopmyna (54,
B s 4 S p,- P Q- H, pmyna (54)
YcnoBHble 0603HaueHNA:
V, =06béMm BcacbiBatowiero pesepsyapa [m’]
d. = BHYTpeHHNi1 ArameTp TPy60NpPOBOAa, 3aNONIHEHHOrO BO3AyXOM [M]
L, =pa3BépHyTas AnuHa Tpy6bl C BO3AYXOM [M]

p, =armocdepHoe aaenetve [Ma] (1 6ap ~ 100 000 Ma)
= MJIOTHOCTb NepeKaunBaemMon XnaKocTu [Kr/m?]

P
g = ycKopeHue cBobogHoro nageHna 9,81 m/c?
H, =BblcoTa BcacbiBaHWA Hacoca

roe Hs =H +H ®opmyna (55)

s, reo V.S

YcnoBHble 0603HauYeHun:

H,  =BbicoTa BcacbiBaHUA Hacoca
H, ., =reoaesnyeckas BbiCOTa BCacbiBaHUA [M], cm. puc. 51
H = roTepy Hanopa Bo BcacbiBatowiem Tpy6onposoge [m]

Vs

Puc. 93: PacnonoeHne Touek 3amepa AaBneHna nepes n 3a HaCoOCom

MockonbKy B 6ONbILMHCTBE Cllyyaes 3HaueHne H _6ynet

3HAUMTENbHO MeHbLuUe 3HadeHnA H_ _, dopmyny (55) MOXHO RSB RERRE Sl 'Prémounbie
' UcTouHuk nsmepeHus nsmepenus ISO
ynpoctutb o H =H,_ VdS 2092-S 9906
PacctosHume oT A/D 0,5 2,0

B sToMm cniyuae puc. 92 npegnaraet 6onee onepaTuBHoe $naHyaHacoca A /D 1,0 2,0
rpaduueckoe pelueHmne ana onpegeneHnsa o6béma pesepsyapa. B Henckaxénras  U/D 25 (5+n )/53

s q
uensx 6e3onacHoCTM 06bEM BCacbiBaloLEro pe3epeyapa ciegyer AnvHa Tpy6bl U./D 25 _

y ;

yBenmuuTb B 2-2,5 pa3a, B HebonbLMx cnctemax — Ao 3 pas.
Tabnuua 16: MUHMManbHble 3HAYEHVA HENCKAXEHHOW ANUHBI TPYObI B TOUKaX
[laBneHune Bo Bcex 6€3 UCKNIOYEHNA TOUKaX YCTAHOBKM [OJIKHO 3amepa, KpaTHble AuameTpy Tpy6bl D

ObITb Bbile AOaBfieHNA HacCblWeHHbIX NapOB XNAKOCTU.

PacnonoxeHunerouyek samepa

[lna cobniogeHns onpepeneHHon TOYHOCTY NPU 3MEPEHN
JaBneHnA U CKOPOCTY NOTOKa criedyeT ynopaaounTb NoTokK B
TOYKax 3amepa. [InA JOCTMXKeHWA 3TOro COCTOAHUA nepea 1 3a
TOUKOI 3aMepa Af1A NOTOKa HEOOXOANMbI HENCKaXKEHHbIE YYaCTKn
TpYO6bl, KOTOPbIE NMOKa3aHbl Ha pUc. 76 1 NepeumncneHsl B Tabnuue
14. Bce TpybonpoBoAbl, KOTOPblE MOTYT MOBNUATb Ha NPAMOE,
napannenbHoe 1 6e3BNXpeBOe TeUeHNEe NOTOKA, CUMTAOTCA
nomexamu. NMonoxeHne VdS o npegoTepaLleHnn NoBpexaeHnin
onpefensaeT PaccToAHNA ANA BbIMONHEHNA 3aMepPOB B
3KCMyaTauun, KpaTHble guameTpy Tpy6bl, B ISO 9906 onpeneneHsbl
paccToAHMA ANnA NPUEMOYHbIX n3MepeHunin. O6a MCTOYHMKA yKa3aHbl
B Tabnuue 14. Ecnn 3Tn paccToAaHWA HUKe MUHUMATbHOTO
3HaUEHUs, TOYHOCTb U3MEPEHUIA CHMPKaeTcs. /13-3a 3Toro ¢pnaHubl
Hacoca He NOAXOAAT B KauecTBe TOUEK 3aMepa Af1A BblleyKa3aHHbIX
3afay. Toukm 3amepa faBneHns JOMKHbI COCTOATb U3 OTBEPCTUA
arameTpom 6 MM 1 NpuBapHo MydTbl AnA yCTaHOBKM MaHOMETpa.
MpeanouTNTENbHO NPMMEHEHME KOMbLEBbIX M3MEPUTESIbHBIX KaMmep
C YeTblpbMA OTBEPCTUAMU, PAaBHOMEPHO pacnpenenieHHbIMK No

OKPY>XHOCTW.
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Mepudepuns

Puc. 94: Ynpyras (cnesa) mydTa 1 BbicOKoanacTuyHaa mydra

Puc. 95: Hacoc ¢ My$Toii ¢ npocTaBKOM B CpaBHEHMM CO CTaHAapPTHON MypToN

Mydc Tl Bana

B TexHVKe LeHTPOBEXHbIX HACOCOB NCMOMb3YHOTCA XKECTKME U
ynpyrue (3nactuyHble) MydpTbl Bana.

KécTkne MydTbl NpefHa3HauYeHbl MPEeNMYLLECTBEHHO A
CoeAviHeHUA abCONMIOTHO COOCHbIX BasOB, T.K. Maneiilune CMeLeHrs
(OTKNOHEHUA OT OCK) MPUBOAAT K 3HAUNTENIBHOMY YBENNYEHNIO
[OMOJSTHATENbHBIX HAarPy30oK Ha MybTy 1 PacroNOXKeHHbIe B

HenocpenCcTBEHHON 6NN30CTY yYacTKX Bana.

Ynpyraa mydta no ctaHgapTy DIN 740 - 370 anacTUuHbIi,
cBA3bIBAKOWMI 6€3 MPOOYKCOBKMN 3NIEMEHT MEXAY MPUBOAHBIM
ABuUraTenem 1 HaCoCoM, KOTOPbIVI KOMMEHCUPYET OCeBble,

paAnanbHble N yrnoBble NOrpewHOCTN LEHTPOBKU N CMArvYaeT

yAapebil.

Ynpyroctb focTuraeTca npv nomowy gedopmaumm NpyxmH
3N1aCTUYHBIX Pe3MHOBbIX 3IEMEHTOB, flONITOBEYHOCTb KOTOPbIX
LeNIMKOM 1 MOMHOCTbIO 3aBUCUT OT BESIMYMHBI NOrpeLIHOCTeN
LeHTpoBKKU. Ha pucyHke 94 noka3saHbl Hanbonee
pacnpocCTpaHEHHbIE KOHCTPYKTUBHbIE UCTIONHEHUA YNPYrux MybT
Bana. Ha pucyHke 95 Ha npumepe HaCOCHOro arperaTa co
CnMpanbHbIM KOPMycom n3obpaxeHa mydTa € NPOCTaBKOM,
KoTopas obecneymBaeT BO3MOXKHOCTb IEMOHTaa Basia Hacoca 6e3
OTCOefMHEHMA BCACbIBAIOLLEro WM NPUTOYHOrO 1 HaMOPHOrO
Tpy6onpoBOAOB 1 AeMOHTaXa ABuraTens (Tak HasbiBaemoe

npoueccHoe ncnon HeHue).



Harpyska Ha naTpy6ku Hacoca

LleHTpo6exHble HacocCbl, 3aKpenéHHble Ha pyHAAMeHTe, He
[OJIXKHbI MPUMEHATLCA B KauecTBe GUKCMPOBAHHbIX OMOPHbIX TOUeK fy
ana Tpy6onposoaos. [laxe eciv npy MOHTaxe Tpy6onpoBoab
6bIIV MpUCOefMHeHbI K NaTpybKkamM Hacoca 6e3 HaTaKeHWi, B
YCIIOBUAX SKCNyaTaLun (JaBneHve 1 TemnepaTtypa), a TakxKe macca
3aMoSIHEHHOTO XMAKOCTbIO TPY6ONPOBOAA, BO3HUKAIOT CUIbI 1
MOMEHTbI, KOTOPbIE ONPEeAENATCA Kak Harpyska Ha naTpy6ku. OHu

npmMBOAAT K HaNPAXKEHNAM ,El,ed)OpMaLl,VlﬂM B KOpnycax Hacoca u,

npexape Bcero, K USMeHEHUIO LLEHTPOBKN My(I)TbI, UYTO MOXeET
HEraTMBHO CKa3aTbCA Ha MJIaBHOCTU XO4a HacoCa 1 CpokKke Cﬂy)K6bI

ynpyrnx asnemeHToB Myd)TbI Bana, a TakXe noawnnHnkax n

TOpLIOBbIX yMoTHeHMAX. COOTBETCTBEHHO, AOMYCTVMbIE HAarpy3Ku 1200 | 600
M
Ha naTpy6Ku orpaHuyeHbl [1]. ’ /
/ FH, MaKe. =
1000 500 T
MocKonbKy fnana3oH Harpy3oK A KaxKAoro natpybka Hacoca . -
=
. . Vv, :
CKNnaablBaeTCA U3 TPEX KOMMOHEHTOB CUJIbl U TPEX KOMMOHEHTOB _ e E
F S
KpYTALLEero MOMeHTa, HEBO3MOXHO YKa3aTb TeopeTmnyeckune S 800 e |00 B
1%
npegenbHble 3HaYEHWs Harpy3KM Ha NaTPyoKM AN BCex s // g
. £ ]
BO3MOXHbIX KOMOUHaUWIA. Mo3ToMy 60 NoCpeacTBOM o / 4 5
N 5 / @
KOHTPOMNBHOTO pacyéTa OCyL|eCcTBNAETCA NPOBepKa A0NYCTUMOCTM £ 600 / w7 300 ¢
et makc, s
3a/laHHbIX CUCTEMOW Harpy3oK Ha naTpy6Ku, Nnbo ncrnonb3yloTca 3 , / z
= F I
[0CTAaTOYHO 3HAUNTENIbHO YMEHbLUEHHbIE KOMMJIEKCHbIE £ N Z Hrwarc g
S 400 / 200 S
npepesibHble 3HaUYeHNsA, KaK OHM 0603HaAYalOTCA B Pa3INYHBIX S / z
7 3
TEXHUYECKMX pernameHTax [14]. g /, 2
=
/ Ve 9
200 = 100
s =
A
-~
-~
0 0
0 0 20 30 40 50 60 70 80

AVaMeTp HanopHOro naTpy6ka [kr]

Macca Hacoca - HapyHbI AvameTp paboyero Koneca

Puc. 96: [onycTtmble MOMeHTbI M B NOCKOCTH dnaHua n gonycTumble cusbl
M,... (B nockoctn x, z), v FH”‘_M (B HaMpaBneHW y) B COOTBETCTBUM C
ISO 5199 ana ofHOCTYNeHYaTbIX HACOCOB CO CMVpPasibHbIM KOPMYCOM 13
$eppUTHOro CTaNIbHOTO INTbA WAW YyTyHa C LWAPOBUAHBIM rpaduTom
npv KOMHaTHOI TemnepaTtype. bonee HM3KKe YMCNEHHble 3HaYeHNA
NPVIMEeHNMbI K dlaHLam 113 ayCTEHUTHOMO CTAIbHOTO INTbA WIIN YyryHa C
NNacTUHYaTbIM rpapuTOM 1K K 6osee BbICOKMM TeMnepaTypam.

Ha puc. 96 nokasaH npumep AOMYyCTUMbIX NPUCOeANHUTENbHbIX
Harpy3okK Ha naTpybKu ofHOCTyMNeHYaTbiX HACOCOB CO CMMPasbHbIM
Kopnycom B cootBeTcTBUM € ISO 5199 (cnnoLlwHbie AHUW ANA HAaCOCOB
Ha 3anuToi 6eToHOM GyHAAMEHTHON pame, MyHKTVPHbIE MMHUW — AJ1A
HaCcoCOB Ha He3anuTon GyHAaMeHTHO pame)
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Mpumepbl pacyéTa

NMpumepbl pacuéra

Mpumep pacuéra 1: AndpPpepeHunanbHoe
AaBneHune

U3BecTHO:

= Hacoc co cnmpanbHbiM Koprycom Etanorm 80-200,
XapaKTePUCTUKN CM. pUC. 32, YacToTa BpaLleHus
n = 2900 06/MuH,

= [inametp pabouero koneca D2 =219 mm,

s OnTMManbHadA paboyas Touka:
Q=200 m3/u,H=57,5m,n=283,5%,

= Temnepatypa Bogbl t = 20 °C,

s TnoTHoCTb p = 998,2 Kr/M>.

@ HomuHanbHble anameTpbl natpy6kos DN, = 80; DN, = 100;
BHYTPeHHWi1 gruameTp natpybka d, = 80 mm, d_= 100 mm [1].

s [epenag BbICOT MeX[y BCACbIBalOLMM U HAaNOPHbIM NaTpyo6Kamu

d =250 mm, cm. puc. 23.

Haintn:
OnddepeHuranbHoe gaBneHme Ap mexxgy nokasaHuamm

MaHOMETPOB HanOpHOVI 1 BCacbiBatoLLen CTOPOH.

(MprimeHeHve z_ = 250 MM NpefNoaraer, 4to fjga yCTpoMCTBa
N3MepeHVA JaBNeHNA PacrosoXeHbl TOYHO Ha BblCOTe
COOTBETCTBYIOLLMX NATPYOKOB, T. €. OHN PACMONOXKEHbI C
QHasNorMyHbIM Nepenagom BbiCOT; eC/IM HAaNPOTUB OHW HAaXOAATCA
Ha OAMHAKOBOW BbICOTE, TO Z_, = 0 ; O METPOJIOMNYECKIN KOPPEKTHOM
pacrnonoxeHnm Touek 3amepa cM. pasgen «PacnonoxeHue Touek
3amepa» Ha cTp. 71 1 ISO DIS 9906).

Pacuér:

CKOpOCTM NOTOKa
v,=4Q/md?>=4-(200/3600) /1 0,08>= 11,1 m/c
v,=4Q/p ds2 =4.(200/3600) / 1 0,10°>=7,08 m/c

Mo ¢popmyne (1):Ap=p-g-(H-z,
Ap =998,2-9,81-(57,5-0,250- (11,12 -7,082)/(2 - 9,81))
=524 576 Na =5,25 6ap

- (v,2-v.?) / 2g) nonyuaetca

Mpumep pacuéra 2:
MoTpe6bnaeman MOWHOCTb

N3BecTHO:

[aHHble n3 npumepa pacuéta 1.

Hantm:

MoTpebnaemasn MoLHOCTb P

Pacuér:

Mo ¢opmyne (2):P=p-g-Q-H/n nonyyaerca

P =998,2-.9,81-(200/3600)-57,5/0,835
=37462W = 37,5 kBt

Mpumep pacuéTa:
bbicTpoxopaHOCTb

N3BecTHO:

[aHHble n3 npumepa pacyéTa 1.

HanTtm:

bbicTpoxogHOCTb n,

Pacuér:
Mo popmyne (5): n,= \/QTm/H 34 nonyuvaeTcs:
n, =2900-v200/3600/ 57,5
=2900-0,236/20,88
=32,8 06/MuH



Mpumep pacuéra 4:
MonHbin Hanop H, ycTaHoBKNK

N3BecTHO:
YcTaHOBKa C LIeHTPOOEXKHBIM HACOCOM MO pUC. 23 C
pe3sepsyapamu Bn D,
PaccunTaHa Ha nopauy Q = 200 m3/u ona nepekaunBaHnaA BOAbI
npwn 20 °C.
HanopHbilh pe3epByap HaxoANUTCA NOA U36bITOYHBIM AaBJIEHNEM
p, = 4,2 6ap, BcacbiBalowwii pesepsyap D seHTUnupyetca
aTMocdepHbIM Bo3ayxom, v, =0 und p_=0.
leope3nueckun nepenag Bbicot 11,00 m.

s CBapHOW HanopHbI Tpy6onposog DN 200
(d=210,1 Mmm B COOTBETCTBUM C Tabnuuen 5).
MoTepwn Hanopa yCcTaHOBKM COCTaBAAT 3,48 m.

s Mo Tabnuue 14 nnoTtHocTb Boapl npu 20 °C p = 998,2 Kr/m°.

Hantm:

MonHbIn Hanop H, ycTaHOBKK

Pacuér:
Mo popmyne (8)
Hy=H_ +(P,-p)/(p-9)+(v>-v?)/2-g+ZH,
nonyyaetcav, =4-Q/ (3600 -m-d?)
H,=11,00 + (420000/998,2 - 9,81) + (1,602 - 0)/2:9,81 + 3,48
=11,00+4298+0,13 + 3,48
=5750m
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Mpumep pacuéra 5:
MoTtepun Hanopa H B Tpy6onposoaax

N3BecTHO:

2 [laHHble 13 Nnpumepa pacuyéTa 1

» BcacbiBatowmin natpy6ok DN 200 (d = 210,17 mm no Tabnuue 5)
@ 1nuHa 6,00 m

CpepHsan abcontotHas wepoxoaTtocTb k = 0,050 mm

HaiTu:
MoTeps Hanopa H |

Pacuét n/unu rpadunyeckoe onpegeneHue:
Mo popmyne (11) H = A-L/d - v*/2 - g nnan no puc. 26 nonyyaetcs:
H,=1,00-6,00/100 = 0,060 m

Tpy#OEMKMM, HO HEN3GEXHBIM NPY LPYTMX LEPOXOBATOCTAX, ObINO
6bl onpenenexHne no puc. 25:
OT HocuTenbHas wepoxosatoctb d / k=210,1/0,050 = 4202 Gj
Mo dopmyne (13) uncno PeiHonbacaRe=v-d/v
v=1,00-10-6 m*c=4m%c,
v =Q/A=(Q/3600)-4/(m-d?

=(200/3600) -4/ (m-0,21012)

=1,60 m/c,
Re=v-d/n=1,60-0,2101/10°=3,37-10°
M3 puc. 25 nonyuaetca npu d / k = 4202, Torga A = 0,016.

MopcTaBumB 3HaueHnsa B popmyny (11), nonyumm

H, =A-(L/d)-v*/2g

=0,016-(6,00/0,2101)-1,602 /2 - 9,81

=0,060 m
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Mpumepbl pacuéta

Mpumepbl pacuéTa 6:
MoTteps Hanopa H B apmaTtype n puTnHrax

NsBecTHO:

BcacbiBatowmin TpybonpoBof cornacHo npumepy pacuyéta 5
copepXnT

= LnbepHyto 3aaBmxky DN 200,

7 KoneHo 90°c rnagkoi nosepxHocTbio M R=5d,

= MNpunémHbi knanad DN 200,

= CyxeHue Tpyb6onposoga DN 200/DN 100 cornacHo Tabnuue 8

Tmna IV c yrnom packpbitna a = 30°.

Haintu:
MNoTeps Hanopa H,

OnpepeneHne N pacyéT:

s CornacHo Tabnuue 6 cpeaHuin KoapOULMEHT CONPOTUBNEHNSA
lwnbepHon 3aaBuxKkn § = 0,20,

= CornacHo Tabnuue 7 Ko3pGULUMEHT CONPOTHUBREHNSA KONIEHa
£€=0,10

s CornacHo Tabnuue 6 cpeaHuii Ko3pOULMEHT CONPOTUBNEHMSA
npuémHoro knanaHa § = 2,0

s CornacHo Tabnuue 8 k03pdULMEHT CONPOTMBIIEHNA CYXKeHNA
§=0,21.

= Cymma KoaddurumeHToB conpotusneHna { coctaBnaet X§ = 2,51

o W3 dopmynbl (17) ana nckomon notepy Hanopa H nonydaetca:
H,=3§-v¥/2-9=251-1,60%2-9,81=0,328 m
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PucyHok 97: Tpaduik ans 6onee 6bicTporo peleruns MNprmep pacuérta 7

Mpumep pacuéTa 7:
ApoccenbHan wanba

UsBecTHO:

Hacoc B cooTBeTCTBMM C NpUMepomM pacyéTa 1 co cBapHbIM
HanopHbimM Tpy6onposogom DN 80 ¢ BHYTpeHHVM AvameTpom d =
83,1 MM. Hanop goneH NoCToOAHHO ApOCccenmpoBaTbca Ha AH =
5,00 m.

HaiTu:
BHyTpeHHui1 anameTp d, ApoccenbHol Wwaiibbl

Pacuért u ntepayms:

Q
(0] 22)d, =f-
opmyna (22) dy = -

onpepgendaetca us puc. 40.

» KoaddnumeHT pegyumpoBaHus f

CHauana oueHuaeTca d,, paccumuTbiBaeTca , (d,/d)? c 3Tum
OLIEHOYHbIM 3HaueHveM 1 onpegenseTcs f no puc. 40. C 3Tmu
3HaueHMAMM pesynbTaT d, onpeaensetca no ¢opmyne (22). Ecan
BbIUMC/IEHHOE 3HaueHne d, OTNNYAETCA OT OLIEHOYHOTO 3HaueHNA,
nTepauus nosTopsetcs. [na 6onee 6GbICTPOro BblYUCIEHNS
peKkomeHayeTcA 0To6pasnTb pesynbraThl Ha rpaduke B
3aBUCMMOCTU OT COOTBETCTBYIOLLETO OLLEHOYHOTO 3HAYEHNA C
Lenbto GOPMUPOBAHMA OKOHUATENBHOTO TPETHETO 3HAYEHNA NYTEM

nepeceyeHns COeagUHNTENbHOW NMNHNK C AMaroHasnblo, CM. puc. 97.

Q 200
1 = =534
Vg AH V9,81- 5,0 M

1-A ouUeHKa:
d, =70 Mm — (ds|/d)2 =(70/83,1)2=10,709 > f=12,2
d, =f-534=651mm

2-A OueHKa:
dBI =68 MM —> (dBl/d)2 = (68/83,1)2=0,670 > f=12,9
d, =f-534=689 mm

3-A oUeHKa:
d, = 68,4 mm — (d,/d)* = (68,4/83,1)> = 0,679 — f=12,8
d, =f-534=684mMm



Mpumep pacuéTa 8:
QZ, H2 n P2 nocne N3MeHeHNA 4YacToTbl
BpaljeHuA

N3BecTHO:

YacToTy BpaLleHna Hacoca U3 npumepa pacyéTta 1
(3KcnnyaTauMOHHble XapaKTepuUCTUKK C MHAeKcom 1) cnepyeT
yMeHbWWTb ¢ N, = 2900 06/MUH Ao n, = 1450 06/MVH.
Mpeanonaraetca ofuHakoBbln KM ans o6enx 4acToT BpalyeHus.

Haintm:
[aHHble ans nogaun Q,, Hanopa H, n notpebnaemoin MOLWHOCTN P,

nocne NnsMeHeHnA.

Pacuér:
Mo popmyne (23): Q,=Q, - (n,/n,) nonyyaeTcs:
Q, =200 (1450/2900) = 100 m*/4

Mo popmyne (24):H, =H, - (n/n,)> nonyuaetca:
H,=57,5-(1450/2900)*=14,4m

Mo popmyne (25): P, =P, - (n./n,)’ nonyyaetca:
P,=37,5-(1450/2900)° = 4,69 kBT

Mpumep pacuéra 9:
D: n Hr nocne o6Toukn pabouero Koneca

N3BecTHO:

OntumanbHas nogaya Q, = 200 M*/u Hacoca 13 Npumepa pacyéTa 1
JOJXHa 6bITb yMeHbLUEHa 3a CYET 06TOUKM AnameTpa pabouero
koneca D, =219 mm nog nogauy Q, = 135 m*/u.

Hantnu:
HnameTp o6Toukm Dr 1 onTumanbHbii Hanop H, nocne 06Toukn
(H,=57,5m)

PacuérT:

N3 popmynbl (29): D, =D, - 1[ 8 ana onpepeneHns (ycpeaHEHHOro)
t
AnameTpa o6TOUKM Nocsie NOACTaHOBKM AaHHbIX NOslyYaem:
= 135 =
D, =219 200 180Mmm
Q,

N3 popmynbl (28):H ~H, - o Tormacnepyet

H,=57,5-135/200 =38,8 m

Mpumep pacuéra 10:
NPSHA (NPSHPam) B peXKume BcacbiBaHUA

N3BecTHO:

Cuctema C LeHTPOBEXHBIM HACOCOM B COOTBETCTBUM C MPUMEPOM
pacuéTa 4 ONONHAETCA CNeayLUMI JaHHbIMU:

1 Tun yctaHoBKM 500 M Hag YpOBHeM MOPS;

= H, . =039 m (13 npumepos pacyéTa 5 un 6);

v,
H =3,00m;v_=0.
s, reo e
1 Hacoc B cooTBeTCTBUM C NprMepoMm pacyéTa 1 ycTaHaBnnBaeTcA
rOpPM30HTaNIbHO KaK Ha puC. 51 C OTKPbITbIM BCaCbiBalOLLMM
pesepByapoMm.

W3 puc. 32 npm Q = 200 m*/4 NPSHR (NPSH__ )= 5,50 m.

HainTu:

Asnsaetca nn 3HayeHne NPSHR (NPSHM‘) [OCTaTOYHbIM?

Pacuér:

B dopmyne (31):

NPSH .. =(p,+pP,—P)(p-9)+Vv2/2g-H, -H  +¢

NPYMEHAIOTCA crefyloLne 3HaYeHnn:

= M36bITouHOE AaBneHue B pesepsyape p, =0,

7 ATmocepHoe aasneHue p, = 955 mb6ap = 95 500 a
cornacHo Tabnuue 13,

= [laBneHue HacblWeHHbIX NapoB p, = 0,02337 6ap = 2337 la
Ma cornacHo Tabnuue 14,

# [noTHocTb p = 998,2 Kr/m® cornacHo Tabnuue 14

v, =0=v?/2g

s §'=0, T.K. ULeHTp BXxofa B pabouee KONeco n LieHTp
BCacblBaoLlero natpybKa pacrnosiokeHbl Ha OANUHAKOBOM

BbICOTHOW OTMEeTKe

NPSH__ =(0+ 95500 -2337)/(998,2-9,81) + 0-0,39 - 3,00

pacn.

=6,12m

Mpun NPSHR (N)PSHM.) =5,50 M B flaHHOM cniyyae
> NPSHAO .

ABNAETCA AOCTAaTOYHbIM 3HaYeHne NPSH

pacn.

77
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Mpumep pacuéra 11:
NPSHA (NPSHpam) npu nognope Ha Bxoae
Hacoca

UN3BecTHO:

B KauecTBe anbTepHaTVBbI NpUMepPy pacyéTa 10 ycTaHOBKa Tenepb
[onxHa paboTaTb C MOAMOPOM Ha BXOZE C 3aKpbITbIM pe3epByapom,
Kak Noka3aHo Ha puc. 52. [laHHble yCTaHOBKM:

©  MecTo pa3melieHma 500 m Hag ypoBHEM MOpA

@ H, =039 m (u3 nprmepos pacuéra 5 v 6);
HZ’ o = 200 M; v, = 0.

¢ Hacoc B COOTBETCTBUN C NPMMepPOM pacyéTa 1 ycTaHaBnmBaeTca
rOPU30HTaNbHO Kak Ha pyC. 52 € 3aKpbiTbiM BCaCbIBAOLWMM
pe3sepByapom.

@ p,=-040 6ap (oTpuruaTenbHoOe AaBneHue).

s W3 puc. 32 npn Q =200 m*/y
NPSHR (NPSH_ ) = 5,50 m.

Hartu:

Asnaetca nu 3HayeHne NPSHR (NPSH‘Jo ) 4OCTATOUYHbIM?

n.

PacuéT:
B dopmyne (33):
NPSHpam =(p,+P,- P P-9)+Vv2/29-H +H,  *5

NPUMEHSAIOTCA Crieflytolme 3HauYeHnA:

@ M36biITouHoe aasneHue B pesepsyape p, = -0,40 6ap = -40000
Ma,

o ATmocdepHoe aasneHve p, = 955 mbap = 95500 lMa
cornacHo Tabnuue 13,

¢ [laBneHvie HacbiLeHHbIX NapoB p, = 0,02337 6ap = 2337 la
cornacHo Tabnuue 14,

s MnoTHoCTb p = 998,2 Kr/M® cornacHo Tabnuue 14,

@ §'=0, T.K. LeHTp Bxofa B pabouee KONeco 1 LeHTp
BCacblBaloLLlero naTpybKa pacrnonioxeHbl Ha OANHAKOBOM

BbICOTHOW OTMeETKe.

NPSHpam. = (-40000 + 95500 - 2337) / (998,2 - 9,81)
-0,39+200=7,04m

=5,50 M B flaHHOM cnly4yae ABnaeTca
>NPSH__ .

Mpn NPSHPM

AOCTAaTOUYHbIM 3HaueHue NPSH

pacn.

Mpumep pacuéra 12:
XapaKTepucTukm Hacoca npu
nepeKkaunBaHNU BASKMNX XKupKocren

N3BecTHO:

LleHTpo6eXHbIn HaCcOC B COOTBETCTBUM C NPYMepPOoM pacyéta 1 1
XapaKTepUcTUKamu No puc. 34 fomKeH nepekaunBaTtb
MUHEpPaIbHOe Maco MIOTHOCTbIO P, = 0,897 Kr/mM* n

K/MHeMaTUYeCKol BA3KOCTbio v, = 500 - 10° m?/c.

Haintn:

XapakTtepuctmkm paboumre H(Q), KMNA n notpebnaemon MOWHOCTH
npu nepeKkaunBaHny 3TON BA3KOWM XUAKOCTU C MCNONb30BaHNEM
Tabnuubl pacyéTOB B COOTBETCTBUM C puC. 69.

Pacuér:

[na HaxoxAaeHnA Ko3ddULMeHTOB Nepecyéta CHavana
noTpebyloTca AaHHbIe TPAHCMOPTUPOBKM BOAbI (MHAEKC W):

OntumanbHas nogava Q, =200 m*/y,

o OnTumanbHbI Hanop H, = 57,5 m,
= OnTumanbHbin KMNQ Ny, onr. = 0,835,
Motpebnaemas MowHocTb P = 37,5 kBT

YacToTa BpalyeHua n = 2900 o6/mMnH

7 BblcTpoxogHOCTb (M3 npuMepa pacuéTa 3) n,= 32,8,
KuHemaTunueckas Baskoctb v, =500 - 10 m2/c,
MnoTHoCTb MUHEpanbHoro macna p, = 897 Kr/m>.

M3 puc. 69 nonyuatoTca 3 koapdurumeHTa nepecuéta
fQ =0,84,f, =0,88, f,1 =0,62.

JanbHenwwnii pacyéT NpoBOAAT B BUAE Tabnuubl:

Q/Q,, 0 08 1,0 1,2
Q, [m/u]* 0 160 200 240
H, [m]* 66,5 62,0 57,5 51,0
n,* 0 0,81 0,835 0,805
Q,=Q,-f,[m*/u] 0 1344 168 201,6
H. mi =H, =103-H,-f, =H,-f, =H,-f,
: 66,5 56,2 50,6 44,9
n,=n,-f, 0 0,502 0,518 0,499
po PHQ
£oNg 367 0 36,8 40,1 443
[kBT]
Ha puc. 32

PaccumtaHHble Takum 06pa3oM TOUKM XapaKTePUCTUKN
COMOCTaBNAT C XapaKTepucTmkamm puc. 32 (AeNcTBuTenbHbl 4na
pabouero koneca grametpom 219 MM Npu NepeKaunBaHnUmn BoAbl)

Ha puc. 70.



Mpumep pacuéra 13:
YMeHblLUeHVEe Hanopa Npu rmapoTpaHcnopTe

N3BecTHO:

3afaya no nepeKkaurBaHuo LEHTPOOEXHBIM HACOCOM MENKOro
rpaBumA NIOTHOCTbIO P_ = 2700 Kr/M* 1 CpeHNM AVaMETPOM HacTuL
ds =5 MM C KOHUeHTpauuen ¢, = 15 % B xonoaHom Bope
(kmHemaTnyeckas BA3KOCTb V, = 1,00 - 10°® M%/c) (rmapaenmnyeckmne
JaHHble Mo Npumepy pacyéta 1, 6bICTPOXOAHOCTb n,= 33,

KoadduumeHT gaBneHmna P = 1,0).

Haintn:

CHrxeHune Hanopa AH/H npu H=57,5m.

Pacuér:
W3 puc. 55 cKopocTb ceMMeHTaLnm W, ) OTAbHON cdepbl npu
BblLLIeYKa3aHHbIX yCnoBuaAx coctansaeT 0,5 m/c.

Torga uncno PenHonbaca
Re,=w, ;- d /v,=05-0,005/1,0-10°=2500

CHWXKeHMe Hanopa paccumnTbiBaeTca no dopmyne (47):
AHMH  =c, /¢ yRe,-(11,83/n ) (p/p,~ 1)
=(0,15/1,0)- V2500 - (11,83 /33)3-(2700/ 1000
-1)=0,15-13,6-0,0461-1,70=0,16

AH=0,16-575=9,2m

Hanop Hacoca ¢ HW’ . = 57,7 ymeHblUMTCA Ha 16% npwu

o

BbllleyKa3aHHbIX ycnoBuAX Ao 57,5 - 9,2 = 48,3 m.
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Mpumep pacuéra 14:
CpeAHAA NNOTHOCTb p_

N3BecTHO:

[vapoTpaHCcnopT B COOTBETCTBUM C MpUMepoMm pacyéta 13

Hantm:
KakoBa cpefHAs NAOTHOCTb P 1 KakMM 06Pa3oM OHa BAMAET Ha
anddepeHumanbHoe AaBneHre Hacoca, OHO YBENMYMBAETCA UK

yMeHbluaeTca?

Pacuér:

Mo dopmyre (49) p_ =c_-ps+ (1 -c))-pf cpeaHas nnoTHoCTb Npu
p; =p,= 9982 kr/m* ana sogpbl npu 20 °C.

p, =0,15-2700+0,85-998,2 = 1253 kr/m’

OuddepeHumanbHoe gasneHve no dopmyne (48)
Ap =p,-g-(H-AH)
=1253-9,81:(57,5-9,2) =593700 Pa = 5,94 6ap

MonyuyaeTca 3HayYeHVe, NpeBbiLatoLlee HEOOXOANMOEe 3HaueHne
anddepeHuranbHOro aaBneHnsa Npy TPaHCNOPTUPOBKE BOAbI
cornacHo npumepy pacuéta 1 ¢ Ap = 5,25 6ap. Xapakrepucrumka
Ap =f (Q) yBennumnacb Ha 13% nop BAMSHUEM rMAPOTPaHCNopTa

TBEPAbIX YaCTWL.
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Mpumepbl pacuéta

Mpumep pacuérta 15:
3ymn¢ Hacoca

N3BecTHO:

3ymnd Hacoca no npumepy pacyéta 1 co cneayowmmmn AaHHbIMA
o Mputok B 3ymnd Q, = 120 m*/y,

¢« [opgava npw BKyeHUn Q_ = 220 m3/u,

¢ Mopaua npw BbiKlOYeHUN Q_ = 150 M*/u.

MakcnmanbHoe Aonyctmmoe 4ymcno BKJIIOYEHNIA arperata cornacHo

Tabnuue 11 coctaBnAeT o Z = 10 BK./u

Haintn:

MonesHblit 06bEM V| 3ymnda Hacoca

Pacuér:
Mo popmyne (50) (Bce noaaun B M’/u) nonesHbli 06bEM V, symnda
Hacoca:V, =Q_-(Q -Q,)/Q, -Z

Q,=(Q,+Q)/2=(220+150)/2 =185 m*/u

M3 sToro cnepyer:
V,=120-(185-120)/185-10=4,22 M*/u

Mpumep pacuéra 16:
MuHumanbHoe 3arnyb6neHue

N3BecTHO:

BepTrKanbHbIN BCacbiBawLWmMii Toy6ONpPOBOA C TYMbIM KOHLIOM B
COOTBETCTBMM C MPUMEPOM pacyéTta 5 1 no puc. 23, ¢ BHyTPEHHUM
AnameTpom Tpy6bl

d= dE =210,1 mm =0,2101 m npun nogaue

Q=200 m3*/u=0,0556 m*/c.

Hantm:
MurHUManbHas rny6rHa norpy»eHus (= MUHUMasnbHoe

3arny6neHV|e) SM ... B OTKPbITbIX BCaCblBalOWMX pe3epByapax.

Pacuér:
CkopocTb NoTOKa v, Ha BXofie BO BCacbiBaloLiem Tpy6onposose
onpepenaeTca no dopmyne (52):v.=Q/A=Q/(900-m-d.?)

v, =200/(900-m-0,2101%) = 1,60 m/c

S =de + 2,3-vs-1/dE/g
=0,2101+2,3-1,60-+0,2101/ 9,81

=0,75m

AHanorunuHblii pesynbTaT MOXeT ObicTpee nonyumTbca n3 puc. 85.
Ha puc. 84 nokasaHo Heob6xoAMMOe pacCcToAHME OT CTEHKU > 0,21Mm,

LWMpVHa KaHana > 1,26 m 1 pacctosaHue ot gHa 0,150 m.



Mpumep pacuéra 17:
O61bEém BcacbiBaloLero pesepByapa

N3BecTHO:
CuncTema C LeHTPOHEXHBIM HACOCOM C JAHHBIMY B COOTBETCTBUN C
npumepamu pacyéta 1 1 5 n ¢ pacnonoxeHnem BcacblBaloOLLEro
pe3epByapa B COOTBETCTBTUM C puc. 91.
BcacbiBatowmin Tpyb6onpoBog, 3anofiHEHHbIA BO3AYXOM
DN 200 (BHyTpeHHUI gnameTp dS =210,1 MM cornacHo
Tabnuue 5)
@ Pa3gépHyTas gnuHa L = 3,00 m
Mpwu reogesnyeckon BbICOTe BCacbiBaHUA Hs, o = 2,60 m.
AtmocdepHoe gasnenue p, = 989 mbap = 98 900 [la,
MnotHocTb Boabl Npu 20 °C p = 998,2 Kr/m>,

HaBneHve HacblleHHbIX Napos p, = 2337 [Ma.

Hantm:

06bém V, BcacbiBalowero pesepeyapa

Pacuér:
Mo dopmyne (54) 06bEM BcacbiBatoLLero pesepsyapa
Vo=d2-n/4-L -p,/(p,-p-g-H) v sbicoTa BcacbiBaHma Hs no
popmyne (55):H, =H_ +H,
Hv, s cnepyet onpenenatb Ha OCHOBE NOTepb Haropa B
TpybonpoBoge, apmatype 1 GUTTMHrax aHanornyHo npumepy
pacuéra 5.
Motepw Hanopa H, _, Tpybonposoaa
H,,,=AL/d-v?/2g
=0,016-2,60/0,2101-1,602/2-9,81
=0,026 m

MpyMeHsoTcA 3HaYeHna A = 0,016 016 13 NprMepa pacyéTa 5,
L=H

d,=02101m,

v, = 1,60 M 3 nprmepa pacyéra 5.

=2,6 m (M (He 3,0 M, T.K. ANIMHa KoneHa yuTeHa B H

v,s2/

Motepn paenexna H, , B apmatype n duTMHrax H, .,

cknaabiBatoTcsa 13 180° koneHa (2 x 90°) u BXogHOro conna.
KoaddunumeHT conpotmeneHmsa € 180° koneHa (baktop 1,4) =
1,4-0,10 = 0,14. KoadpdunumeHT conpoTmBneHuns § BXogHOro
conna (3akpyrnéHHas BxofgHaa Kpomka) = 0,20.
H,,,=X&v?/29=(0,14+0,20)-1,60*/2-9,81=0,044 m
B pesynbraterH =H, . +H, ,=0026+0,044=0,070mu,

cooTeeTcTBeHHO, H =H_ _ + Hv,s =2,60+0,07=2,67m

s, reo
Mpumep nokasbiBaeT, uto noTepsamMu Hanopa H, (= 0,070 m) MOXHO
npeHebpeuyb AnA KOPOTKMX BCacbiBaloLWmX Tpy6onpoBogoB No
CPaBHEHMIO CO 3HAUMTENbHO HOJbLLEN reofe3nYeCcKOo BbICOTOM

BcacbiBaHuA H, (= 2,60 M), YTO 3HAUNTENbHO YNPOLIAET PAcUéT.

Tenepb 06bEM BcacbiBatolLero pesepsyapa V, MOXHO paccunTaTh
no dopmyne (54):
Vo=d2-n/4-L-p,/(p,-P-9g-H)
=0,21012-1/4- 3,0 - 98900 / (98900 — 998,2 - 9,81 - 2,67)
=0,141 m3

Ecnu npeHebpeyb notepsAmmn Hanopa H__To 1V, Takke MOXHO
v,s B

ornpeaennTb No puc. 92.

BbibpaH pe3epsyap o6bémom 0,40 m* koaddurLmeHT 3anaca 2,8

(cpaBHWTE NpUMep Ha puc. 92).

[AnAa KoHTpona:
HaumeHbwee pasneHne =p, - p-g-H =72828a.
[JaBneHue HacblWeHHbIX NapoB cocTaBnsAeT 0,02337 6ap = 2337 MNa

N He CHUXaeTCA npn yaaneHnn Bosayxa.
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CraHpapTHble eANHMLbI, NOAGOPKa ANA LLeHTPOO6EeXKHbIX

HacoCoB

CTaHAapTHble eANHULbI

Mpoune
CoKpalleHHble CTaHpapTHble Heponyctumbie
®usnueckas 0603HaueHns B €ANHULbI Gonee eguHMLbI PeKkomeHa.
BennuMHa dopmyne EauHuubl cuctembl CU- (He nonHocTbI0) n3mepeHna eauHnubl  Mpumeyanus
OnviHa | M MeTp KM, M, CM, MM, MKM M BasoBas eguHuua namepexms
O6bEM Vv ™3 B G I, Ky6.Mm, Ky6.am w3
auTp (1n =1 amd) YoM, YDA
I'Io;:\?qa, Q m3/c M3/y, n/c n/c, M*/c
06bEMHas noaaya v
Bpems t C ceKkyHaa €/ MG, MKC, HC, C basoBas eguHMLIa U3MepeHus
P YHA MVH, Yac, ieHb AvHAY P
YacrtoTa BpaLyeHus n 1/c 06/MUH 06/MUH
T, MI, MKT, Bba3oBas eguHmMua n3mepeHms
Macca M Kr Kunorpamm  ToHHa (1 7= 1000 Kr) ®YHT, LeHTHep Kr Maccy ToBapa o603HauaioT
Kak Bec.
O603HaueHne «yaenbHbIn
3
MnoTtHocTb P Kr/m? Kr/pm? K/ 5 BEC» HE AOTHO
Kr/am NPVUMEHATBLCA, MOCKOJIbKY OHO
HeoaHo3HauHo (cm. DIN 1305).
MOMEHT uepLiy J Kr M2 Kr M2 MomeHT nHepuun 2-i1 ctenexn
Maccbl
MaccoBasa nogava M Kr/c T/C, T/4, Kr/y Kr/cnt/c
1 knnonoHg = 9,81 N. Bec -
Cuna B H Hoioton > KH, MmH, mkH KunonoHa, Meranong H 3TO MPOMIBEAEHNE Macchl
(= Kr-m/c?) M U IOKaSIbHOrO YCKOPEHWA
cBOGOAHOrO NageHus g.
1atm. =0,981 6ap
Mackane- KUNOMOHA/CM?, aTM., M =9,81-10*Ma
[LasneHue p Ma ceKkyHaa 6ap (1 6ap = 10°Ma) e 6ap !
(=H-c/v?) BOA. CT., TOPP 1 MM pT. cT. = 1,333 Mbap
1 Mmm Bog. cT. = 0,098 mbap
MexaHunueckoe Mackan (=
HanpsxeHve o1 Ma H/w?) - H/m?, H/cm? KunonoHa/cm? H/mm? 1 kunonoHa/mm? = 9,81 H/mm?
(npoyHOoCTDb)
3rnbatowmin
MOMEHT, M, = .
BpaLaloLMi T H:m KWUNonoHA-meTp H-m 1 knnonoHgsmeTtp = 9,81 H'm
MOMEHT
DHeprus,
[xoynb
paboTa, BT, J (= Hm KX, BT-C, KBT-u KunonoHa-meTp, Kkan, TR 1 kunonoHgsmeTp = 9,81 [Ix
KONMYecTBo Q : Br-Q) (1 KBT-u = 3600 K[>x) Kan, eanHuua Tenna 1 Kkan = 4,1868 kx
TennoTbl -
Hanop - 370 nepegaHHan
eAnHULEe Macchl
nepekayvBaemon cpenbl
Hanop H M MeTp M CTONGa XNAKOCTN M paboTa B [ = Hm,
OTHeCEéHHas K Becy 3Ton
eanHULbl Maccbl B H.
Batt
MolwHocTb P BT (= Dx/c MBT, KBT KWJIOMOHA-MeTp/C, N.C. KBT 1 kunonoua - w/c = 9,81 B
1PS=736Bt
=H-m/c)
Temnepartypa,
pa3HoCTb T K KenbBuH °C °K, rpagyc K basosas egnHunLa n3mepeHna
Temneparyp
— -4 \p2
KnuHematnyeckas v m/c T (Croka), °E M/ 1Cr=10*m /Zc
BA3KOCTb 1cCr=1mm%/c
LOnHamnyeckasn Mackans-
n Mac ceKyHpaa M (nyas) Mac 1M=0,1MNac
BA3KOCTb
(=H-c/m?)
n= 333-n-VQ, /9-H)"
BbicTpoxopHoCTb n 1 1 B eviHMUax cuctembl CA

(Munc)
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