BBeneHHe

Jlucuunauna «Hacocm H HaCOCHbIe CTAHLHUY SBJASETCH OJHOM
13 OCHOBHBIX JHCUHIJIHH CIELHaJbHOCTH «BojpocHabxeHHe H BoO-
noorsejenue». OHa paer CHeNHaNHCTy 3HaHHu#, obecneunBaoUIue
BO3MOKHOCTb CaMOCTOSITeJNbHON HHKeHepHO paﬁoTbl B 3TOH 06-
nactd. Bompoc pannoHaJpHOrO BHIOOpa HACOCHBIX arperaTOB'
uMeeT 60JbIIOE 3HAUEHHE NPH NMPOEKTHPOBAHHH U IKCIJAyaTallUH
CHCTEM BOJOCHabXeHHUsI W BoaooTBeneHHs. OT nNpaBHJBHO NOAO-
OpaHHBIX HACOCHBIX arperaToB, OT. BHIOOpa HX ONTHMAaJbHBEIX pa-
60YHX PEXKHMOB BO MHOTOM 3aBHCHT 3KOHOMHUYHOCTb (QDYHKIHOHH-
POBaHHUS JaHHBIX CHCTEM.

- Jlag nopbopa  HacOCOB, KOTOphie JOJXKHBE paboraTthb C Hau-
60/bIIAM KO3 (DHUHEHTOM HOJE3HOr0 MAEHCTBHS H, CJel0oBa-
TeJIbHO, C MaKCHMaJIbHOH 3KOHOMHEH 3JIeKTPO3Hepruu, tpebyercs
3HAHHE CBOHCTB HACOCOB M YyME€HHe, NOJIb3YACh XapaKTEpHCTH-
KaMH, NpaBHJbHO BHIOHpPATbh. MAPKH HACOCOB. DTHM HEJAM H CJHy-
KHT Hacrosiulee nocobHe, KOTopoe NpefHAa3HAYEHO AJs CTyHEH-
TOB CIELHAJbHOCTH <<BOH.OCH&6)K€HH€ ‘H- BojgoorBeaeHue». OHO
MOXKeT OBITb MOJIE3HO TAaKKe [AJis HHXKEeHEePHO-TEXHHYECKHX pa-
OOTHHKOB, 3aHATHIX B AaHHOH 00JIACTH.

[Tocobue BKJOUAET 3ajayd no noabopy ueHTpo6e}KHb1x Ha-
COCOB II0 MX XapaKTEPHCTHKAM M XapaKTEePUCTHKAM CHCTEMBI TPY-
6bonpoBOaOB, B KoTopod paboTaioT Hacockl. B mocob6uu paccMoT-
peHa MeTOAMKa IOCTPOEHHS XapaKTepPHUCTHK Hacoca, XxapakKTepH-

, CTHK CHCTeMH TPyOONpOBOJAOB, CJAy4YaH NapaJJiesbHOH H nocJje-
NOBaTeJIbHOH paboThl HACOCOB B NPOCTYIO H CJOXKHYIO CHCTEMY
Bononposonoa pa60Ta HeHTPOOEeXKHEIX HACOCOB NPHU IIepEeMEeHHOM
" yucJe 060p0TOB H pasHbié CjyyaH peryJHpOBaHHS paboTH Ha-
cocoB. B "kaxaoM pasnesne TMpUBENEHB KpaTKHe TeopeTHYe-
ckue ‘cBeneHHsi, Heo6xonMMble (POPMYJH, a TaKXKe HaHBl MHpPH-
MepH pelIeHHs 3aJay C MEeTOAHWYEeCKHMH MOSICHeHHSIMH. B mnpH-
JIOXKEHHUSX MOMellleHbl CBOAHbIE TpadHKH XapaKTEePHCTHK HACOCOB
H HEKOTOpHie TaGJHIIB, HCMOJb3yeMble HNPH PEUIeHHH 3ajad.

Flpw HanHcanuu ydyebHoro nocobuss aBTOp PYKOBOIACTBOBAJICSH
METOAHKOH CcOCTaBJeHHS 3ajJauy Nno HacocaM, KOTopasli npencTasB-

neda B pabore M. B. IlozgHeeBa «COOpHHK 3ajat N0 HacocaM»
(JL: JIMK)KT, 1954).
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{ TAPAMETPbl U XAPAKTEPHMCTHKA LLEHTPOBEXHOI'O HACOCA.
XAPAKTEPHCTHKA TPYBONMPOBOJOB. ONPENEJIEHHUE
PE)XHMA PABOThl HACOCHOH YCTAHOBKH

Pa6oTa 1eHTPOGEXKHOro Hacoca xapaKTepH3yeTcs NojayeH Q,
HanopoM H, MowmHOCTbIO N, KO3(QGHUIHEHTOM M0JE3HOrO AeHCT-
BHS 1| H BHICOTOH BcachiBaHHs Haax.

[lomaua Hacoca Q uau ¢ mnpexcrasiser coboil oObeM
JKHUIKOCTH, MOJaBaeMbli B €IHHHILY BpPEMEHH UEpe3 HaMmopPHBIA
natpy6ok. [logauy BeIpaxaioT B J/c, M?/c, M3/y.

"Hanop Hacoca H mnpeacrasisier co0oii pasHOCTb NOJHBIX
yAeJbHBIX 3HEPTHH NMOTOKA XKUAKOCTH B BHIXOJHOM H BO BXOLHOM
narpy6kax Hacoca. Hamop BbipaxaloT B MeTpax BOASAHOIO
cToJba. |

st peficTByIOLIe HAcCOCHOM YCTAHOBKH Harop Hacoca H
ONnpeaensioT no gopmyJe, M: |

H=27- Pu 1 Ps | 'US""“"UQI"
0 g 28

rie Z — pacCTOAHHe MO BepPTHKAJH MeXAy MaHOMETPOM H TOH-
KON MpHCOeAHHEHHS BaKyyMMeTpa, M;
Du, Ps — COOTBETCTBEHHO MOKa3aHHsi MaHOMETPa H BAKYyMMET-
pa, Ila;
0,, U3 — COOTBETCTBEHHO CKODOCTH XHJKOCTH Ha BXOJA€ B HACOC
U Ha BBHIXOJe M3 Hacoca, M/c;
0 — TJIOTHOCTb 3KHJKOCTH, Kr/m3; |
g — ycKopeHHe CBOOOJHOrO majeHHs, m/c2.
Il IpoeKTHpyeMOll HAacCOCHOH YCTaROBKH HAmop H, xotopHIH
NOJI}KEH CO3[aBaTh HACOC, COCTaBJACT:

H"‘"—__‘_' Hr+hBC+hHa

b

rape Hy= (Hras+Hr.4) — reoMerpuueckas BBICOTA NOABEMA KH]-
KOCTH, INpeAcTaBasgiomas coboH pPasHOCTh OTMETOK B
BeDXHEM H HHXXHeM pe3epByapax, M;
hgc — NOTEpH HaNopa BO BCAChIBAIOUIEM TpyOOnpoBOJE, M;
h, — TOTepH Hamopa B HaHOPHOM TPYOONPOBOAE, M;
H., — reoMeTpHUYecKas BBICOTA BCAChHIBAHHS — PacCTOAHHE IO
BepTHKaJH OT yDOBHS BOJbl B HHXHEM pesepByape AO
OCH Hacoca, M; | |
H. . — reoMeTpH4YecKas BbiCOTa HarHeTaHHs — pacCTOAHHE IO
BepPTHKaJH¥ OT OCH Hacoca [0 YPOBHs BOAb B BEPXHCM
pe3epByape, M.
MoOLHOCTh HacocCa mojapasfelsiercs Ha MOJAe3HyI0 MOIN-
noeTb N. H MOIIHOCTb, HOTpeb/sieMylo HacOCOM, N,. Flonesnas



MOIHOCTL N ompenensercs paGoToll Hacoca, COBepIIAeMOl HM
PR HOXbEMe MHAKOCTH B €HHHIy BpeMeHH Ha BuIcOTy H, T. e.
noJie3Has MOUIHOCTb Hacoca omnpepgenserca no dopmyie, KBT:

N —PERH
T 1000
rge P — NJAOTHOCTb XXHRKOCTH, KI/M?3;
- Q — nopnauva, M3/c;
H — mranop, wm.

- MouHocte Ny, motpebisieMasi HacocoM, B JefiCTBHTENbHOCTH
6osbule mOAEe3HOHi MOWHOCTH N, BcJeNCTBHE TOrO, 4YTO 4acCTh
SHEPTHH, KOTOPYK HaCOC MoJiyuaeT OT ABHrarteJs, pacxoAyeTcs
Ha npeojoJieHHe FHAPAaBJHYECKOIO CONPOTHBJIEHHA BHYTPH HAaco-
Ca, TpeHHe B MeXaHH3Max H yTEeUKy XKHIKOCTH B CaMOM Hacoce
Yepe3 3a30pHl H HEMNJIOTHOCTH B KOHCTPYKIIHH.

ITorpeGasiemass HacocoM MOIIHOCTL onpeaedsercss Mo (hop-

My.Je, KBT:
' N No_ p8QH
Ty 10007,
FA€ Ty — KO3 (PHUHEHT NOJIe3HOro JeHCTBUS Hacoca.

"Kosdpdrunenr nonesnoro neficTBUsg Hacocan,
NpeacrasJ/isieT co00OH OTHOLIEHHe MOJEe3HOH MOLLHOCTH Hacoca K
noTpebasieMOH MOLLHOCTH, T. €.

T]H=NH/NH-

CyuiecTByeT HOHATHE KO3 dHUHEHTA NONe3HOr0 JeHCTBHS Ha-
COCHOH YCTaHOBKH

Nyctr = Nnep* Nas* Nu>
FA€ fnep — KOIPPHIUHEHT MOIE3HOrO NEHCTBHSA NepeAayd OT ABH-
" raTejd K Hacocy;
Nas — KO3 (PHUIIHEHT NOJIE3HOT0 AEHCTBUSA ABHraTeJs.

MouiHoCTb, TOTPe6HYIO AJiS1 IPHBEAEHHST HACOCHOH YCTaHOBKH
B JleHCTBHe, ONpenesiioT no gopmyJae, kBT:

_ PEQH
Ny = 10001527

B kauectBe npHBoAa IJA LEHTPOGEXKHBIX HACOCOB HCIOJb3Y-
0T 3JIEKTPOLBHIaTe/JH aCHHXPOHHbIE KOPOTKO3aMKHYThie HJIH CHH-
XpOHHBIE NepeMeHHOro tpexdasHoro toka. [Ipu HemocpeacTBeH-
HOM COEJIHHEHHH 3JIEKTPOABHraTesisi C HaCOCOM MOLIHOCTb JBHra-
TeJId onpeneasior no ¢opmyJae, KkBT:

N PEQH
N = Ks 10000,

'/
N




rae K; — ko3dduuuenT 3amaca MOUIHOCTH JABHIaTE/#; NPHHH-
MaeTcsi B 3aBHCHMOCTH OT MOLIHOCTH Hacoca B CJeAy-
OUHUX npepenax: S o L

Tpu mommuoctd 10 2 kBr.. . . . . . . . 190
To xe, or 2 o 5 kBr. . . . . .1,50...1,25
To xe, or 5 o 50 kBt . . .. . -« hK20:. 1,15
To xe, or 50 no 100 xBr . . . .'1,15...1,08
To Xxe, ceuimie 100 xBr . . . . . 1,05

 Bnicora BCcacemBaHHs Hacoca Hyax onpenesercs
pa3pexeHHeM, KOTopoe o6pa3yeTcsi B €ro KOpmyce. CreneHb pas-
pexKeHHA 3aBHCHT OT [peBBHILIEHHS! BHELIHErO 6apOMeTPHYECKOTO
I aBJEHUSI Ps HaJ BHYTPEHHHM aGCOJIOTHLIM JNaBJeHHEM BCachiBa-
HUS XKHIAKOCTH BO BXOAHO# uacTH pabouero KoJieca H Bbipaxa-
ercs dopMmyJsofi, M: | o | o

b Do (Pact Usc/28)

BesiHuMHa pa3pexkeHHst A0J2KHA OBITb TaKOH, YTOOBI [aBJIeHHE
Psc NIPH BXOZEe XHAKOCTH B pabGouee KoJeCO GBLIO 6oablie AaB-
JIeHUS ee TapOB Pn.x: NPH TAHHOA TeMiepaType !, HHaue MOXeT
BO3HHKHYTH SIBJICHHE, Ha3blBaeMoe KaBHTalHen "~

OCHOBHBIM CPEACTBOM INpEeAYyNpexJeHHs KaBHTALHH, obecile-
yMBAlOIUM HOpPMaJbHYI0 paboTy LEHTPOOEXKHOro Hacoca, sBJf-
eTCsl yCTaHOBKA €ro Ha TaKOH BHICOTE IO OTHOLIEHHIO K YPOBHIO
BOLB B HHXHEM pe3epByape, uToOH JaBJeHHe NP BXOJE B KOJe-
co Beerza GbIJIO GOJbIle LaBJEHHs MapoB IepeKauuBaeMoi XKHA-
KOCTH. o -

 BpicoTy YyCTaHOBKH HAacCOCa Hal MHHHMAaJbHBIM ypOB-
HeM JKHUIKOCTH B HHXKHeM pesepByape ompeiesiior mno ¢op-

MyJie, M. o | “ -
2
T xon . BC'Y . .
HI‘.B == Ilpak =~ (/.23(: { Qg)a o

rie A" _ jomycTHMas BakyyMMeTPHUecKas BbICOTA BCACHIBa-

HUS, M;
h.c — TIOTEPH HAMopa BO BcachlBaiolleM TPYGONPOBOAE, M;
Usc — CKOPOCTb TEUEHHS MKHMIKOCTH BO BCACHIBAIOIIEM IAT-
py6Ke Hacoca, M/C. '
JonyctuMasi BaKyyMMeTpHUyeckas BLICOTA BCACHIBAHHA Fpay
yKa3blBaeTCs B NacnopTe Hacoca H IPHUBOJHUTCS HA €ro pabouen
XxapaKTepPHCTHKE [JIsi HOpMaJbHOro 6apoMeTpHUYECKOro AaBJ/EHHS

0.098 MIIa u TeMmepaTypH .nepekaunBaeMoil xuakoctu 20°C.
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B ,a;pymx ycslnxmx paboTH HaAcoca B nacnopTHble JlaHHbIe HEOO-
xo;mmo BBOﬂ.HTb IIOIIpaBKPI H onpene.nmb H Bak no (popmy.ne M:

.h

y o] pak = 1 BaK nac:n =
T T mnaen, T P_g |

10) (A% ' ,,;’?n-'.mtazo.b),

',r11e P — (paKTﬂqecxoe 6apome'rpnqecxoe nasJsenue, Ia;

ST Ryx — YRPYTOCTb NMapoOB KHAKOCTH INIPH AAHHOH TeMIlepa-
Type, M. Jlas Boabl 3HaueHHSA Ay x B 3aBHCUMOCTH OT
TeMIepaTyphl ! NpUBeJeHH B TabJHle;

Ru. ;g0 — YIPYrocTh napoB XKHAKOCTH npH Temneparype 20 °C, m.
3ﬁaqennﬂ An.x BAS BOIBI B 3aBHCHMOCTH or‘.t °C
°C 0 10 20 40 60 80 100
hy o M | 0067 012 094 0,75 203 | 483 10,33
-

Ha paﬁotmx XapaKTepHCTHKaX COBpEMEHHHX HEHTPOOEeKHBIX

HACOCOB BMECTO BeNUUUHB Hpp YKa3biBaeTcsl BeJIHYMHA J O Y-
CTHMOTO KAaBHTAQUHOHHOTO 3anmaca HAzon M

[lepexon or BesH4YMHBl Afizon K BEJHYHHE JONYCTHMOH BaKyyM-
METPHUYECKOH BBICOTBHI BCACbIBAHUSA HBax MOXKHO OCYILECTBHTb MO
dbopmy.e: ‘

LOm Pa

BaK =

- -v;:-
Pg 'Ahnonhhn.x{'l 2g

[loa6op ueHTpoﬁe}KHblx HACOCOB POH3BOJKTCA NO XapakTe-
PUCTHKAM HacCOCOB.

XapaKTepUCTHKOH ueHTpo"ﬁe}KHoro Hacoca
Ha3EBalOT TrpaduK, BHIpaXKalOUIHUA 3aBHCHMOCTb Hamnopa H, M,
nmpeﬁmemon MoilHOoCTH Ny, kBT, Koa(pqmuneﬂ'ra [10JI€3HOTO
AeACTBHUSA M H JIONyCTHMOH BaKyyMMeTPHYECKOH BBHICOTBHI BCAChI-

BaHHA F155¢ (MM 10MyCTHMOrO KaBHTALMOHHOTO 3anaca Ahgon), M,
OoT nojgayd (Q IpH NMOCTOSAHHOH 4acToTe BpallleHHSA n H ONpejeJieH-
HOH ¢opMe H pa3Mepax NPOTOUHOH YacTH pabodero KoJjeca.

Ha puc. 1,a, 6 npencraB/eHn [Ba BHAa XapaKTEPHUCTHK LEH-
TPpOOeXHBIX HaCOCOB XapakTepHCTHKH, HMeEIOLHEe BOCXOASAILYIO
BeTBb (pHC. 1,6), HasHBawOTCAd BOCXoAAmMMH. Hacochl ¢ Bocxo-
AAMIUMH XaPaKFePUCTHKAMH HMeEIOT 00J1acTh, HEYCTOHYHBOH pa-
6oTHl B mpedesax mogaun or 0 o Q;, Korga npH OJHOM Hamope
Ha. Hacoc MOXeT co3faBaTh:ABe pasjuyHbie. mogaun Qa, H Qa,.
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JTO H MOXKeT BBI3BaTb HEYCTOHUHBYIO pabory Hacoca. U3MeHeHHe
IoAayYu Hacoca HacTynaeT BHE3aIlHO, COMPOBOXKIAETCS CHJAbHBM
IYMOM H TFHAPABJHYECKHMH yAapaMH, CUJa KOTOPBIX 3aBHCHT OT
Jinana3oHa H3MEHEeHHs MoJauv M AJUHBI TpybomnpoBoga. Hajgex-
Hast paboTa Hacoca NpPH BOCXOAfILEH XapaKTepHCTHKe OGyaeTr Ao-
CTHTHYTa INIpH Hamnopax, He IMpeBHILIAIONIMX HaydaJbHOrO Halo-
pa Ho. Ilostomy mapaMerpn,, Ha KoTOphie paccydTaHa pabora

TaKHX HacCoCOB, JiexaT B Ipelejiax HHUCXOASLleH BeTBH KDHBOH
Q—H.

Y

. e ¢
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Puc. 1. Pa6oune xapakTepHCTHKH 1leHTPOGEKHBIX Ha-
COCOB:

a — crabuibHan, 6 — BoCXOAAUIAA



AapaKTEePUCTHKH, He UMEIOIHE BOCXOASIIICH BETBH (puc. 1, a),
Ha3bIBAIOTCS CTaOM/bHBIMH. PexXHM paGoThl HaCOCOB, HMEIOLIHX
CTaOMIbHYI0O XapaKTepUCTHKY Q—H, IPOTEKaeT YyCTOHUYHBO BO
BCCX TOYKAX KPHBOM.

Palbouas xapakTepHeTHKA KAZIIOMO HACOCH naercss  AJs
HOpMAJILHOrO paboyero xoJeca M JJst KoJeca ¢ OGTOYEHHBIMH
Jontarkamu. Ha puc. 2 npexacrasaena XapakKTePHCTHKA LEeHTPO-
Oc:KHOrO Hacoca mapxu J11600-90. Ha XapaKTepPHCTHKE CIIJIOLU-
"DIMH THHUAMH HaHeCeHbl 3aBHCHMOCTH, OTHECEHHbIe K HOPMaJlb-
"HOMY KOJIeCYy, NYHKTHPHBIMH — K OOTOYeHHOMY. BOJHUCTBHIMH JIH-

HIEIMH - Ha  KPUBBIX (Q——f1 yKasaHbl rpaHHI(b PEKOMEH1yeMOoro
HPHMEHEHHST HACOCOB.

r— B R 2 t’/-'
— 50
—— =
——= e QRN 80
A U 70
S SO
?"0'; _.?=540ﬁm 50
D 25/0mm B
802 N“.—?\“;N“ 1490
den P SR P
H gaxs M 4%on N
4 / . ‘aax —e] N,KBT
2 Y — 600
Clame - S e —{ 200
-4 N\ o
0 400 800 1200 1600 2000 Qe

Puc. 2. XapakrepucTHka LeHTPOOeKHOro Hacoca
A 1600-90 ¢ yacroroii spatennss n=1450 muy ~!:

I — paGodee KoO,ieco, nocrasJisieMoe 3aBOAOM-H3TOTOBHTEJIEM
2 — o0TOYeHHOEe KOoJeco

B coBpeMeHHBIX KaTasorax u CIpPaBOYHHKAX [Js1 BHIIyCKae-
MLIX LEHTPOOEXKHBIX HACOCOB Jal0OTCS XapaKTEePUCTHKH KaxKI0H
MApKH HacocoB. Kpome Toro, npHBOASITCS CBOMHBIE rpa¢uku xa-
PAKTCPUCTHK LEHTPOOEKHBIX HacocoB (npuJ. 1, 2). dru rpadHKH
MOTYT OLITh HCIOJIb30BAHBI NPH 110460p€e HACOCOB.

Ilast onpenenenus napamerpos paboTel Hacoca HEOO6XOZHMO
il Cro XapakTEPHCTHKY HAHECTH XapaKTePUCTHKY CHCTEMBI TPy-
HOPOBOLOB, MO KOTOPOIi HACOC NMepeKavyHBaer XKHAKOCTb.

XAapaKTEepPHCTHKOH TPYyOONpPOBOgA HJAH CHCTEMHI
'PYyOOIPOBOJOB HA3BIBAIOT KPHBYIO HJIH YpaBHeHHE, BhIpazkKaiouiee
HABHCIIMOCTD ME@XKAY PacxoaoM, IPOXOASUIHM IO TpyOomnposony,
H HOTPCOHON 1JIS1 3TOr0 BEJHUYHUHBI Hamopa Hacoca.



YpaBHEHHe XapaKTepUCTHKH TPy6onpoBosa (uiju XapakTepu-
CTUKH CHCTE€MBI TPyOOIIPOBOAOB) HMeEeT BUJ: N

HTP“_: HF—I_STPQQa

rae H.— reomerpuueckas BHICOTA NOALEMA KHIKOCTH, M:
SpQ? — norepu Hanopa B TpyGONPOBOAAX, M;
Stp — CONpOTHBJIeHUE TPYOOIIPOBOLOB.

[loTepu Hanopa B Tpy6ONpoOBOAAX CKJAAALIBAIOTCS H3 MOTePh
Ha NpeofoJIeHHE TPEHHUs NPH ABHXKEHHH KHIKOCTH 110 TPyGOIpO-
BOAY H IOTEPb HA MNpeOJOJEeHHe MEeCTHBIX conpoTuBJeHHH. []o-
3TOMY CONPOTHBJIEHHE TPYyOONPOBOAOB S;p HPU NOCTPOEHHH Xa-

PAKTEPUCTHKH YAOOHO OlNpenensATh uepe3 yaesJbHOe COMPOTHBJIE-
HHe A no ¢opmyure:

Sp=1,1Anclse—+ (1,03. .. 1,1) Auly,

rne  1,1; (1,03...1,1) — ko3 dHUHEHTDI, yUHTHIBAIOLIHE NOTCPHU
HAalnopa Ha IIpeojOJieHHe MECTHBIX COINPOTHBJIEHHH:;
MEHbIIIHE 3HAUYeHHs1 3THX KO03()(HIHEHTOB NPHHHMA-
IOTCA I/ AJUHHHBIX TPybonpoBOAOB, OOJbIIHE — I
KOPOTKHX TPyOOIIPOBOJOB,;
Ase, Ay — yleNIbHBIE CONPOTHBJIEHUS BCACHLIBAIOIHX H HANMOPHBIX
TpybONpOBOAOB; NPUHUMAIOTCS MO [4] B 3aBHCHMOCTH
OT JHaMeTpa H MarepHaJia TpyO. 3HayeHHUS YAeJbHBIX
cOnpoTHBJeHHH A paa pacxonoB (), BHIPaXKEHHBIX B
M®/c, HAJISI HOBBIX CTaJIbHBIX H UYT'YHHHIX TPyO IpH
v=1,0 M/c npuBemeHnl B InpuJ. 3; AJa acbecTole-
MEHTHBHIX H 2Kejne300eToHHBIX TPyO npu v=1 Mm/c—
B npuj. 4. Ilpu papyrux 3HaueHHsIX cKOpocTeld BOJbI
BEJINUHHBI YJEJbHBIX CONPOTHUBJEHHH A NPHHHUMAIOT C
MONPaBOYHBIMU KO3(pPuuueHTaMH K, 3HAUeHHSA KOTO-
PbIX NPUBEJECHBI B MPHJ. O]
lse, {4y — NJIMHBL COOTBETCTBEHHO BCACBHIBAIOLIEr0 H HAaMNOPHOIO
TpyOONpPOBOAOB, M.

[Tpu nmoctpoeHHH rpaduyeckoil XapakTEePUCTHKH TPyOOIPOBO-
0B 0o0Jiee CJOXKHOH CHCTEMBl HOCOCbl—B00080061—ceTb YAO6HO
[10JIb30BAThCS YPaBHEHHEM:

H=H+ (STer—SC) Q2
rge S¢ — npuUBeJeHHOe CONMPOTHBJIEHHE CETH,

SC — Zh(‘./ QS,

31ech X he — cyMMapHble IOTePH Halopa B CeTH, M;
| (Qp — pPacUeTHHH pacxoj] BOALI B CETH, IPH KOTOPOM OIpe-
nejeHa X h., m3/c.
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Paboure napamerpn macoca ONPENCJISIOT 110 COBMEIEHHOMY
'PAPUKY XapaKTepUCTHKH Hacoca g XapakKTepUCTUKH CHCTEMB
rpybonposonoB. O6meli Toukol A ABJISIETCS TOYKA TepecevyeHHs
\PUBLIX Q—H 1 Q—H,, (puc. 3). Touka A HasbBaeTCS TOYKOH
PabOTBI Hacoca, a BeJHUHHI, COOTBETCTBYIOLIHE 3TOH TOYKe, I10O-
"1SBIBAIOT, KAKOH pacxox Qa, Hanop H,, MOLIHOCTE Na, KIT1 n,

'l JIONYCTUMYIO BBICOTY BCACLIBAHHUS Hsax, Pa30BLET NPH 3TOM

nacoc. Touka A aBasercs Toi; KpaliHeH TOYKOH, KoTopas onpe-

\CJSICT NIpefesIbHYI0 1ofavy Hacoca, paboraliero B 3alaHHYIO
CHETCMY TIDH [TOJIHOM OTKPBITHH HaloOpHOH 3aABHXKKH H NOCTOSIH-
HOM uHcsIe 000pOTOB pabouero KoJecy.

Hm
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Puc. 3. K onpeneacrnuio Touku paboTnl Hacoca

1.1. Onpenenenne MapamMeTPOB HACOCA U MOCTPOECHHUE
XapaKTepUCTHK HAcoca

Hpumep 1. Bona 3a0HpaeTCsi HACOCOM H3 PEKH H mnopaercs B
itk BOLOHANOPHOH GAallHH B KOJHYECTBE =105 a/c coraacuo
HPHBCJACHHOR Ha pHc. 4 cxeMe. U3 PEKH IO CaMOTEYHOH JIHHHH
"1 CTAIBHBIX TpYO auaMerpoM de=500 MM ¥ HJIHHOH [c=85 M
Hoia noctynaetr B 6eperoBoi BOLO3a0OPHKEIA KOJIOEL, H3 KOTO-
"010 O CTAaNbHON BcachBawlleli TpyGe AHaMeTpoM dyx.=450 MM
I HoI [se=60 M (c mpHeMHOH CeTKOl Ge3 KJalnaHa) noxaBo-
Uriest K Hacocey. Hacocom Boaa no HAaTNOPHOH JIMHHH U3 YyT'YHHBIX
Ipy0 ;=350 MM u [,= 1000 M ofaercsa B 6aK BOJOHAINIODHOMH
Oininir. OTMeTKa rOPH30HTA HH3KUX BOJ B peke Zrup =40 M, oT-

MCTRA BLITHBHOITO OTBEDPCTHSI HAIOPHOI] TpyObl B Gake BOJOHa-
Hopuoit 0awHu Zgg =95 M.

11
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Puc. 4. O611asa cxeMa cHCTEMbl ITOJAa4YHd BOLbI

Tpebyercs onpenesuTh Hanmop M MOILHOCTb Hacoca, a TakKxe
MOLLLHOCTb 3JekTpoaBurares. Ilogo6pats nmo karaJiory Hacoc.
Baa Hacoca coeglHeH C BaJOM JABHUraress ¢ [IOMOUIbIO YNpYroM

MYQTHI.
Pewenue. Hanop H, KoTOpbIf A0MXKEH pa3BHBaTh HACoOC, onpe-
neasiercs no ¢opmyJe:

Hm Hr+hc+hsc+hn,

rue H. — reomerpryeckasi BBICOTa MOAbeMa BOJbI HACOCa;
he, hae, hy — NOTepH Hamopa B CAMOTEYHOH, BcachlBdllled H Ha-
MOPHOH JIMHHSX.

FGOMETqueCKaH BBICOTA MMoAbeEMaA H BOJbl HACOCOM
Hr=ZBB — ZI‘HB =095—40=55 wm.

[Torepss Hanmopa h. B CaMOTe4YHOH JIHHHH dc—-500 MM U [.=
—85 M H3 cTaJbHHIX TPpyO mpu pacxoxe 105 a/c omnpenensiercs

no ¢opmyJie: |
he=1,1AcKl.Q2=1,1-0,04692-1,081-85-0,1052=0,05 u,

rge 1,1 — xoadpdunuenT, yYdTHIBAIOIHUH IOTEPH Hamopa Ha MeCT-

HbI€ COMPOTHUBJICHHS; |

A. — yaesbHOe COTNpPOTHBJEHHE CAMOTEYHOH JIHHHH, MPUHH-
MaeTrcd B -34aBHCHMOCTH OT JAHaMeTpa U MarepHaJia
TPyOBl MO NpHJL. I, A.=0,04692 nns Q B M3/c;

K. — nonpaBqubm KO3 (HHIIHEHT K 3HAYEHHUIO A¢, YUUTHIBA-

| IOLLMUH, 4YTO U.=1, NpHHHMAaercd B 3aBHCHMOCTH OT
v.==0,50 M/c npu pacxoge g=105 a/c u de—-500 MM
no npuJ. 5, K.=1,081;

l. — IAMHA CaMOTEYHOH JHHHH, [(=85 M;

Q — pacxox B M3/c, Q=0,105 M3/c.



- Ilotepss mamopa hsc BO BcacbiBaloilleH JHHHH dpc=450 MM H
lye==60 M H3 cTaJbHBIX TPYO C NpHEMHOH ceTkoii 6e3 KJanaHa
mpH pacxone 105 a/c onpenessiercss no dopmye:

‘02
=== ) 2 1. —E—S - -
kac 1:1AB(‘KBr.chQ + Cnp.(: 28.
0,622
= 1,1-0,08001-1,053:60:0,1052+ 3 —=— = 0,12 M,

2-9,8

rae Kec=1,093 npu v,:=0,62 M/c; npuHuMaeTcs no npu.a. 5:

Cnp.c — KO3 (PUIHEHT THAPABJHYECKOrO CONPOTHBJEHHS MpH-
B €MHOH CeTKH 0e3 KJianaHa; NpUHUMAaeTcs 10 NpHJ. 6.
« IloTeps Hamopa hy B HanopHo#l JuHMH dy=350 MM, [,=
#1000 M U3 yyryHHbIX Tpy6 npu pacxoge 105 a/c

hy=1,004,K:lxQ?=1,05-0,4151-0,998-1000-0,1052 =
| =478 M,

rae K,=0,998 npu v,=1,08 M/c npunumaercs no npuJ. 5.
Hanop Hacoca |

. H=He+hethyethu=5540,05-0,1244,78=59,95 M.
~ MouHocTs Hacoca onpenessieTcsi Mo GopmyJe:

_ pgQ-H 1000-9,8-0,105-59,75
1000 7, 1000-0,75

rae p — njaoTHoctb Boabl, 1000 kr/m3;
(Q — nonauya Hacoca, M3/c;
N« — KI1 Hacoca (npu ompenesieHHH OPHEHTHPOBOYHO MOLIL-
HocTH Hacoca KIIIl npunumaercs n.~0,75).

MoiHocTp ABHraTessi, COeITMHEHHOTO C HACOCOM YIPYroH Myd-
roft (KIIA nepemauu m,=1,0, koadpduumuesT 3amaca MOLIHOCTH
K,=1,12), onpenesasietcs no popmyJe:

Ny, ,, 81,98
i Nm T Ks'-"' 1,0
' 'TIo karajory (mpua. 1) nanGonee MOAXOASAUIMM IJs1 3a4aH-
Helx ¢ u H Gyner wHacoc [1500-65, uHciao 060POTOB KOTOPOTO
pe= 1450 Mun—1. -

3anauva 1. Boga nocrymaer nmo crajbHOH CaAMOTEYHOH JIH-
Huu nuamerpom d.=200 MM H AJHHOH [c=90 M B 6eperoBoii
#0103a60pHBIA KOJIOAEN, H3 KOTOPOTo MO CTaJibHOH BcachiBalolle
AMWHHH JHAMEeTPOM dpc=200 MM H AJHHOH lzc=35 M (co Bcachi-
BRIOILHM KJaMaHOM M CEeTKOH) 3a0Hpaercs HAacoCcOM M MOJAAeTcs
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N, = 81,98 kBT,

- 1,12 = 91,82 kBr.




MO HAaNOPHOH JIHHHH H3 Y4YTYHHHIX Tpy6 dy==150 MM H JJIHHOH
[.=900 M B BOJZOHAmopHyl OaumHi B Kosuuecrse .28 a/c. Or-
MeTKa TFOpHU30HTAa HH3KHX BOJA B peke Zrup =060 M, oTMeTKa BH-
JIMBHOr'O OTBEPCTHS HAMOPHOH TPpyOnl B GaKe BOAOHAIOPHOH Oall-
uu Zgs =103 M. o o

Tpe6yeTcst onpefesuTh HANop H MOIIHOCTb HAcoca, a TaKxXKe
MOILHOCTb 3JekTpoaBHrarteas. Ilogo6paTh 1o KaTaJjory Hacoc.
Basn Hacoca coeiuHEeH C BaJIOM JBHraTess ¢ NOMOINBIO YIPYro#
mMybTh (n«=0,75; n,=1,0) (puc. 4).

Orger: H=669 m; N,=24,5 kBr; N;=29,6 kBr; Hacoc
4K-90/87, n=2900 muu—!. - .

3apaua 2. Boga U3 moja3eMHOTO HCTOYHHKA B KOJHYECTBE
15 1/c Mo cTanbHOM BcachiBawoliei JHHHH 1HAMETPOM dyc= 150 MM
H AJAHHOH lsc=45 M (cO BcachIBAIOIIHM KJalaHOM H CETKOH) 3a-
6upaeTcss LEHTPOOEKHBHIM HAacOCOM H HarHeraercs 110° HallOPHOH
JHUHHUH H3 4YryHHBX TPy6 dw=125 MM H [,=500 M Ha OYHCTHHIe
coopyKeHus. [JHHaMHUYeCKUH TOPH30HT BOABLI B TPyOUaTOM KOJOI-
e Bo BpeMsi paGoTh Hacoca HaxoAHTcs Ha orMerke Z,=30 M,
BHIJIHBHOE OTBEPCTHE HAMOPHOH TPYyObl HAa OYHCTHHX COOPYXKEHUAX
pacho/ioXXeHo Ha oTMeTke Zo.==62 M. CxeMa CHCTEMhl M0JayH
BOAbBl HAaCOCOM Ha. OYHCTHHIE COOPYKEHHS NpHBEAeHA Ha DHC. O.

vZgc

- . M ' -
. . . St R M

Puc. 5. Cxema cdcTeMbl 1104aYH BOAbl 11da OYHCTHHIE
COOpyKelus |

TpebyeTcst onpefe/qHTb HANOP M MOLIHOCTb HAacoca, a TaKke
MOLIHOCTb 3JIEKTPOABHraTe/sl, COEJHHEHHOTO ¢ HacocoM ¢ Io-
MOLbIO yrpyroi MydTe, H nogobpath 1no karaJjory Hacoc. Ilpu
pacuyere npuuAte KIII nacoca ,=0,70 u ko3 PHUHEHT nepe-
naud np=1,0. | -
~ Orser: H=419 m; N,=82 xBr; N;=10,2 xBt; Hacoc
3K-45/54, n=2900 muu—!. | -

.3anaua 3. Iad nocTpOEHHUSI XapaKTEPUCTHKH ¢—H UeHTpo-
6exXKHOrO Hacoca IpOoBeleHbH €ro HCHbITAHHA Ha JabopaTOPHOM
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B¥eHge, B pe3yabTaTe KOTOPLIX MOJIydeHbl MpHBeAEHHble B Tab-

miue uH(pPOBHE NaHHBE, CHSATHE ¢ NPHGOPOB: [oxava g, Jafe, mo-

Ka3aHHs BakyymMMeTrpa Hyax, M, MoKa3aHHuss MaHOMeTPa Huau, M,

J, BEPTHKA/LHOE PACCTOSIHHE MEXAY OCbI0 MaHOMETPa M TOUKON
pHCOe/HHEHHS BAKYYMMETPA @, M.

N o ‘ s a5 |6l 789 ]10]|nlr
Y L E . B ) < ne

yajc | 0 FIO.__ 20 |30 |40 |50 |60 I70 80 [90 | 100 |110
Hanew| 72] 71| 70| 69| 68| 66| 63| 61| 57| 49| 40|29
s M| 24,4255 |26,1 | 26,7 | 26,2 | 26,0 | 25,2 | 23,7 | 23,1 | 21,0 | 20,4 {17,4
WM | 04| 04/ 04 .0,4' 0,4 0,4‘ 04| 041 04| 04| 0,404

_ |
m-":?« | o | . |

Tpebyercsi MOCTPOUTH MO NPHUBEACHHLIM JAaHHBIM XapaKTepH-
CTHKY LLeHTPoOeKHOro Hacoca.

‘Oreer. XapakTepucTHKa Hacoca ¢—H CTPOHTCHS MO AaHHBIM,
IpUBEJEHHBLIM B TaOJHUlLE.

Ne n - - \ .
g | D] 28456 T8 ]9 |w0]n]r

)

g, n/c| 0|10 |20 |30 |40 [50 |60 |70 |80 |90 | 100 110
M. | 32| 33 |355| 34 |334|330(31,9|302|29,2|263}248 207

£t

#

f40
i

3anaua 4. [lonssysace g, ,_ -~ q
L N =2900mu’”]

'KapakrephcTukoil  nelitpo-
JexxHoro ‘Hacoca 4K-90/55, eof L
MpHBeqeHHOH ‘Ha pHc. 6, 1T f 1
‘OApeAeJUTL H [OCTPOHTb SO 7 - '
XAPAKTEPHCTHKY MOLUHOCTH [ [ | ,
g—N, 3Toro Hacoca B KB1. [ T T 36%
Oreer. Xapam;pncmxg o | ' 1221 [ T
MOUIHOCTH =~ ¢—N, ' Hacoca — [Ns@r| [ )
CTPOHMTCS MO AAHHRKIM, NPH- eab"7 & ) i
BeJeHHLIM B Tabauue. ez ll A 30
y 10 ¥+ _ — 0
( E———e — — | I —T11%
‘Puc. 6. Xapakrepucruka uentpo- 2. 5 /0 /5 20 25 0 @k
6exxHoro Hacoca 4K-90/55 L
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~ Nenn 1 2 | 3 | 4 | 5 6 | 7 8
g, njc 25| 5 |10 |15 |2 | 2 |3 | 340
Ny, KBT 102 | 103 | 124 | 145 | 164 | 186 [ 20,7 | 21,2

1.2. TMocTpoeHne XapaKTEPUCTHKH CHCTEMbl TPYOONPOBOJOB

Mpumep 2. Boxa nogaercs mno cucreme TpybHONPOBOHAOB, CO-
CTOSAIIEH H3 CTAJIbHOTO BCACHIBAIOLILETO préonpoaona AHAMETPOM
(ye=250 MM, ANHHOHN [5c=40 M U HANOPHOH JHHHHU U3 YYrYHHBIX
Tpy6 dy —9200 MM W l,=1300 M. Boma noapaerca ¢ OTMETKH
Zrug =30 M Ha oTtMeTKy Zpg =60 M. e

TpeGyercss MOCTPOHTb XapaKTEPHUCTHKY CHCTEMBI TPyGONpOBO-
noB aas pacxogos g=0...50 a/c. |

Pewenue. XapakTepHcTHKa CHCTEMbl TpPyOONpOBOAOB MNpea-
CTaBJASIeTCH YPaBHEHHEM:

HTPZHV—*_I’IABC'KBC' lac‘ Q2+1,O5AH-KH . [H . QQm
=HI‘+ (l.alABC' KBC' ch+1,O5AH?KH . lH)_‘_QQ,

rae  Hi=2Zpg— Zrug=60—30=230 M ——*reome'rpnqecxaﬂ Bhi-
COTa MOJAbeMa BOJHI; *

Age, Ay — YAeJIbHOE CONPOTHBJIEHHUE Bcacmaafomeﬁ M HalOPHOM

JUHHEA, nNpHHHMaercs 0o nOpua.  3; Asc=1,653;
AH:7,399;

[,1; 1,06 — Ko3(ppHLUHEHTb, yUYHTHIBAIOLIHE MECTHhIE NMOTEPH Ha-
[fopa BO BCcachiBarouleH U HANOPHOH JHHHAX;

Ks., Ky — monpaBounhkie KO3(pdHIUHEHTH K 3HAaUYeHHAM Agc H Ay,
YYHTHIBAIOLIHE, YTO UF~], NPHHUMAIOTCS 10 MPHL. O.

" TlocJe MOACTAHOBKH B yPaBHeHHe BMECTO OyKBEHHHX o603Ha-
YEeHHH UX YHCJOBBIX 3HAUEHHH OHO NMPHMET BUL:

Hyp=30-4 (1,1 1,653 - Knc-40-41,05-7,399- K, - 1300) Q2 =
— 304 (72,73 Koc+10099,57 - K.,) Q2.

[MoxcTaHOBKO B YypaBHeHHe pasHbIX 3HaveHHH Q (Q=0,
Q=001 M3/c, @Q=0,02 M3/c W T. A.) HAXOAAT COOTBETCTBYIO-
u.-me UM 3HaueHus H.p. Pe3yabTaThl -BbIYHCICHUH CBELEHbI B Ta0-
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Q, n§3/c  Upe» M/C Kgce | Uy, M;C | . KH ] \\ Hrp' M
0 — — — — 30
0,01 0,20 1,244 0,31 1,307 | 31,33
0,02 0,38 1,123 0,62 1,107 34,50
0,03 0,56 1,078 0,93 1,015 39,30
0,04 0,75 1,029 1,24 0,959 45,62
0,05 0,94 1,007 1,55 0,922 53,46

[To nonyueHHbiM gaHHeiM Q u H;, Ha rpaduke B cHcTeMe
KoopauHat H=[(q) cTpouTcsi KpHBasi XapaKTePHCTHKH CHCTEMBI

Tpy6onposoaoB g—H.p (puc. 7).
Aas storo no ocu abeuucce or-
KJaAbBAIOTCA pacxoAbl ¢, a 1o
OCH  OpAHMHAT — COOTBETCTBYIO-
He pacxogaM norpebOHbIe HAIO-
pbl H p.

Japaua 5. Boaa nopaercsd
HacocoM Mo cucreMe TpyOborpo-
BOJIOB Ha FEOMETPHYECKYIO BBLICO-
Ty H.=32 M. Cucrema Ttpybo-
NPOBOAOB COCTOHT H3 CTaJbHOH
BCACHIBAIOHIEH JIHHHH JHaMerT-
poM dec=250 MM, AJHHOH lpc=
wm=50 M M HanopHo# JNHHHH, CO-
CTOSIULEH M3 UYTYHHBIX TpYO, CO-
@/AMHEeHHBIX
d“‘ = 200 MM,

[, =900 M u
dﬂ. — 150 MM, 132 '

390 M,

nocJefoBaTeJNbHO,

H m
50
0
y N\ g -Hrp
30
£o W ~30m
70 1
[ 1]
c 10 20 30 4o S0 Qs
XapaKTepUCTHKAa CHCTEMBI

Puc. 7.

TpybonpoBo0B

Tpebyercss MOCTPOUTb XapaKTEPHCTUKY CHCTEMBI TPy6OMpPOBO-
A0B A5 pacxonoB g or q=0 no g==>50 J/c.

Orger. XapakTepycTHKa CHCTEMbl TPYGONPOBOJOB CTPOHTCH

O CeAyoUIMM LaHHBIM.

, A/ o |
KN

10 I 2

30

40.

ISQ

H-rp. M

321,9 | 451

40,65

49,95

62,_.36

-

kg
s

) |
77,84

3anaua 6 Bona MOAAETCA HACQOCOM TI0 CHETEME pr60npo—
BOAOB Ha rEOMETRHYECKYIO BHICOTY H;=30 M. Cucrema 1py6o-

2 3ax. 918
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IPOBOAOB COCTOMT M3 CTAJbHOH BCACHIBAIOLIEH JTHHHH THAMETPOM
dec=250 MM, AaHHOH l[zpc=40 M H AByxX paboTaloUHX NapaJ-
JIeIbHO -HANIOPHHIX JHHHH M3 UYyTYHHHX TPy6 AuamerpaMu dy, =
= dy, = 150 MM 1 gauHaMu [y, = [y, = 600 M.

Tpebyercsi MOCTPOUTh XaPAKTEPHCTHKY CHCTEMBI TPYOONpPOBO-
noB AJsi pacxofoB g ot g==0 go ¢=>50 Jfc. Cxema mopauy BOAbI
npHBefeHa Ha puc. 8. s

A 'éac

Puc. 8. CxemMa cHcTeMBl MNOJa4yH BOAbl M3 TpyGua-
TOrO KOJIOALAa B BOAOHANOpHYH OGamHIO ¢ ABYMA °
HAMOPHBIMH JIHHHAMH ) "

Orger. XapaKTepHCTHKA CHCTEMHI TPyOOIpOBOJAOB ‘CTPOHTCH
M0 CJACAYIOIIHM AAHHBIM. | |

g, a/c 0o 10 20 30 l 40 | .. 50 .

Hyp, M 30 3073 | 3248 | 3511 | 3861 | 4282

- 3apaua 7. ITocTpOHTb XapaKTePHCTHKY cHcTeMbl TpYGompo-
BOJ4, TI0 KOTOPO# HACOCOM NOAAEeTCsi BOAA H3 PEKH B BOJOHAIOD-
HYIO GAlIHIO; TOPH3OHT HUSKHX BOJX B Hell HAXOAMTCS Ha OTMeETKe
-Zryp =37 M. BuauBHOE oTBEepCTHE ‘HallopHOH TPyOHR B GaKe BOAO-
HanopHO# GalIHH pacrmosoxeHo Ha; orMerke Zps =70 M. Cxema
CHCTEMHl 10/ a4 BOAbI NpHBeAeHa Ha puc. 9. MsobpaxeHHHE Ha
cxeMe TPYGOIPOBOAH HMEIOT ClENYIOIHE Pa3MepHI: dac=250 MM;
loe=45 M (cTaibHbE TpyOH); dy = 200 MM; [iy= 120 M} dy, =
=150 MM; Ly, = 700 M; dy,= 150 MM; [y,= 700 M; dy, =200 MM;
I, = 200 M (uyryHHble TPYObl). XapaKTEDHUCTHKY CHCTEMBI. MO-
CTPOHTD AJis pacxoloB g of ¢=0 go ¢g=50afc, -...~ -t T .

. o o,
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Puc. 9 CxeMa CUCTEMBEI nonaqn BOJIbI, COCTOfAIIlAA H3 OAUHOUYHHBIX
_, o 3.3 nBouHHx JIHHHﬁ .

Oreger. XapaKTepHCTHKa CHCTebe prﬁonpoaonoa CTpOHTCH
1O CJEAYIOIUM AaHHKIM,

g, ajc 0 0 | 20 30 | 40 50

SEImT= . L e il i v

33 | 3417 | 3699 | 4123 | 4685 | 5369

Hip, M

3anaua 8., Boxa nogaercd HacoCOM H3 HCTOYHHKA B BOJIO-
Hanopuywo OawHo0 Mo cxeMe, npuBeaeHHod Ha puc. 10. I'eomer-
puueckas BoicoTa moaneMa BoAb H.=30 M. CaMoTeuHble JHHHH
YCTPOEHEl B ABE HHTKH M3 CTAJbHBIX TPy AMAMETPOM O, =dc,=
w250 MM ¥ maunHO#M [ = [, = 60 M; BcdcHBaOImHe JHHHH YCT-
POEHB! TakxkKe B JBe HHTKH U3 CTAJbHBIX TPYO AHAMETPOM dyc, =
w dy;, — 250 MM B 1IHHOR s, = lsc, = 90 M. Hanopuui#i BogoBoz

CTaBJIAIOT JBe JIMHHH H3 4YyTYHHHX TPy6 OAMHAKOBOTO AHA-

)le'rpa dy, = dn, =200 MM u paunH [y, = [, = 1800 mm. Ha cepe-

AUHE IJIHHEI HanopHoro BOI[OIIpOBOlIa HMEETCS NepeKJJIOUYEeHHE,
¢ NOMOILbI0 KOTOPOr0O MOXKHO BHIKJIIOUHTL HAa PEMOHT JIOOOH U3
NeTbipex ero y4acTKOB. |

- Tpebyercsi NOCTPOHUTH xapamepncmxy CHCTEMBI TPYOOIPOBO-
ROB 45 pacxoloB ¢ or ¢=0 go ¢==050 j/c Ha cayya# aBapuu
N& HanopHOM BOAOBOJAE, KOUAAa NOBPEXKAEHHHH YYaCTOK BHIKJIIO-
Yaercs M BOJAA IOHAET. HA 3TOH YacTH HAIOPHOro BOAOBOAA IO
OAHOH JIMHHH, a Ha OCTaJbHOH YaCTH BOIlOBOIla-—IIO ABYM
JAHHHAM. -

Oraer. XapaKTepHCTHKa CHCTeMbI prﬁonposonoa CTPOHTCH
lo CAeAYIOLIUM AaHHHIM.

b | 19



q, nfc 0 10 20 30 40 20

Hrp M 30 31,19 34,4 38,85 43,95 50,90

Puc. 10. CxeMa CHCTeMbl MOJAYH BOABl H3 HCTOUHHKA B BOJAOHA-
nopHyio 6auHio |

1.3. OnpeneJenne pexxuma paboTbl HACOCHOH YCTAHOBKH

Mpumep 3. Boaa nogaercss uentpobexkubim Hacocom 4K-90/55
M3 pe3epByapa B BOJOHANOPHYIO OaIUHIO MO cXeMe, IIPHBEJEHHOH
Ha puc. 11. BcaceiBawoiuas JHHHS yCTPOEHA M3 CTaJbHHX TPyl
naaMeTpoM dpc=200 MM u AJHHOH [5c=00 M; HaAmopHas JIHHHA

1

Puc. 11. Cxema cucTeMH NOAauYd BOABI H3 pe3epBya-
~ pa B BOAOHANOpHywoO GawH® -




CMOHTHpOBaHa W3 YYTYHHBIX TpyO dy=150 MM u {,=600 M. Or-
MeTKa BOAbl B pesepByape Zpyg =20 M, OTMETKa BbLIJIHBHOI'O OT-
BepCTHA HamopHo# TPy6W B BojoHaNMopHOH GamuHe Zps =52 M.
XapakTepHcTHKa Hacoca npuBefeHa Ha pHc. 12.

L

’z’fw: '
Hm n-zsqpmm' -+ T—1—1 {60 h
o .4 1. : . !4. . } 30
‘ M| - H
; ) . ‘” , 4#’ ‘-m
__.__+__i._.___..+_..__ 41 1 1470
' N, KBT
o PERREEEEE S S EE.C U
- " | 1
0 5 10 15 20 25 30 35 g Ne
G~ E91fe

Puc. 12. Xapaxﬁepﬂcmxa fueHTpoﬁemHOio Hacoca
- - 4K-90/55

Tpebyercss onpenesutb pexuM paboThl HACOCHOH YCTaHOBKH
R COOTBETCTBYIOIUHE €My Mnonady ¢, Jjfc, Hamop H, M, K0o3dPH-
WHEHT 110/1€3HOI0 AEHCTBHSI HAcOCa 1), AOMYCTHMYIO BHICOTY Bca-
¢MBanus [y, M, H MOIHOCTb Hacoca N, KBT.
" Pewenue. PaGounii pexxuM HaCOCHOH YCTAHOBKH ONpepeasierTcs
Touko#t A — Toukoi mepeceueHHs KpuBoi g—H Hacoca H xapak-
TepHCTHKH cHcTeMbl TpybonpoBonoB g—IHrp. Tak Kak xapakrepH-
@rHka Hacoca jgaercsi B rpadHueckoll GopMe, TO AN HAXOMNK/eE-
WM TOuKH pabothl Hacoca (T. A) Ha rpadHKe XapaKTePHCTHKH
H8COCa CTPOHTCS KPHBAsi XapaKTEePHUCTHKH Tpybomnposona g— M.
[lo Touke A onpenensioTcs: nmoaaua Hacoca g — NPOBEACHUEM HUe-
pe3 Touky A BepTHKAJbHOH JIMHHH A—a 10 NePEecedyeHHs C Dehblo
AGcuucc g; Hanop Hacoca H — npoBeaeHneM yepes TOYKy A ropH-
SONTAJILHOH JIMHHH A—8 110 nepeceuyeHHs ¢ ochlo opaHHAT H; KO-
spdHLUHEHT MosesHOrO AEACTBHSA HAcOCa 1y — IPOBEJEHHEM Bep-
™KAJNbHOH AHHHH A—c vepe3 ToOuKy A 10 nepeceueHHsi ¢ KPHBOH
§—m H H3 TOUYKH IEepeceweHHs] C TOPH30HTAJILHOH JIMHHEeH c—d
AO NepecevyeHHd C OCbIO OPAHHAT 1), MOIIHOCTh Hacoca N, — npo-
BeaeHHEM uepe3 TOUuKy A BepTHKaJbHOH JHHHH A—e 10 TNepece-
MOHHA C KPHBOH ¢—AN H M3 TOUKM e rOpH3OHTAJIbHOH JIHHHH e—f
A0 nepeceyeHns ¢ ocblo OpAHHAT N, a TakXKe JONYyCTHMAas BHICOTA

ﬂ‘
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BCaCbIBaHHH Haax—nposeneﬂuem qepes Tquy A 3epTHKaanoﬂ
JJAHHH A—u no nepeceuerust ¢ KpuBoH ¢ — Fzax M M3 TOUKH U

FOpHSOHTaJIbHOPI JIPIHHPI u—kK J0 nepecequHH C OCbIO OlePIHaT

Aon
BaK °*

XapaKTepPHUCTHKA CHcTthI prﬁonposonos q-—-——HTp PEACTAB-
JAeTCH ypaBHeHﬁeM L h

HTp--:Hr+(1 lABcz,,cK.,c-I-l 054 lHK,,)Q?--—- .
= (52—20)+ (1,1-5,149-50- Kac+1 05-34,09-600- K,).

YpaBHeHHe XapaKTepPHCTHKH CHCTEMBI pr6onpoaonos OKOHYa-
Te/IbHO NPHMET BHA: - | L

Hp=32+ (283, 2K3c+21476 71<H) Q2 -'

[To aTOMy ypaBHEHHIO AJA pasnblx 3Haqum1 Q M3/c, onpeje-
JISAIOTCSA COOTBeTCTBYI‘OHJ,He 3HAYeHHS . H e

q, afc Q, M¥/c | Uge M/C KBC e ‘U-H’ M/’c-“ Ky Hrp, M
0 — — - — — 32
5 0,005 0,16 1,268 0,27 1,356 32,74
10 . 0,010 0,29 1,170 | 055 | 1,138 | 34,48
15 0,015 0,44 1097 | o082 | 1,041 | 3710
2 0,020 0,58 1,061 1,10 | 0988 | 40617
95 0,025 0,73 1,033 1,37 |- 0942 | 44,83
30 0,030 087 - | 1014 | 1,14 | 0‘?,9.13 | 4991 .

Ho H HTp CTPOHTCS xapaKTepncha q———HT,J (cM pHC 12)‘
Touke A — TouKe pabOoTH HACOCHOH YCTAHOBKH, TOYKE Nepeceue-
Husi KpuBex g—H Hacoca H g—H.p cucTeME TPYGONPOBOAQB —
6y/yT COOTBETCTBOBATb ITapaMeTphl Hacoca: nojada ¢=29 Ja/c;
namop. H=45 M; Ko3pduuHeHT nosiesHoro AeHcTBHS Mu=0, 72
MQLIHOCTb NH—-15 KBT.

3agaua 9. Boaa nomaercs. ueHTpoﬁe)KHbIM HACOCOM H3 pe-
3epByapa B BOJOHAMOpHy0 OaluHio. BcachiBaiomas JHHHA: yCT-
pOeHa H3 CTaJbHHX TPyO nHaMeTpoM dsc=150 MM H JAJdHHOHA
lsc=50 M. HanopHasi JHHHSI CMOHTHPOBaHa H3 UYYTyHHHIX TPYyO
dy==150 MM u [,==500 M. OTMeTka BoAH B pe3epByape Zpyp =
—35 M, OTMeTKa BHIJHBHOI'O OTBEPCTUS HANOPHOHX TPYOH B BOJO-
HanmopHo#t 6amHe Zgg =55 M. Cxema cHCTeMbl TOJa4YH BOAH npu-
BefieHa Ha pHc. 11, xapakTepHcTHKa Hacoca -—Ha pHC. 13.

22



. . T . gt . — ” . o !0-0
A et LT T T T 12
\‘,.ﬂ'-" MUIN . - P | . .

f 40—~ 31T vril.z 111 -gg
32 1 A | 1 = 1+ =) J40
28} S R "t 1 1o
24 2140 IR B I O TR
20 i 1
16 /6 20
z . s o 1111 ..'N: 11 4 |

LTI LTI T T PPl

| - I . o
04 8 2 16 20 24 28 32 34 ?,,Jr/c

Puc. '13..- X'apaK'repHcha. ueHprﬁex{HOm Hacoca

TpeGyerca; onpeneants PexuM pPabOTHl HACOCHON YCTAHOBKH
H COOTBETCTBYIOLHE eMy mojauy ¢, Jj/c, Hanop H, m, KI1J] Ha-

coca mx M MOWHOCTh Hacoca Ny, KBr. |
Orger: q=27,8 a/c; H=33,0 M: Ne==0,79; Ny=115 kBr.

Japava 10. LlenTpo6exHuii HacoC nomaer BOAY M3 HUCTOY-
HHKAa BOZOCHaOXeHHS B BONOHANOPHYIO GaLIHIO Ha reoMeTpuye-
€Kyl0 BHCOTY H:=20 M. XapakTepHCTHKA CHCTEMBI TpyOonpoBo-
0B 3allaHa ypaBHeHHeM H.p=H +S8:,Q2. UucaosBoe 3Hayenue
gfp AJifi JAHHOH cHCTeMBL S:p=15000 (.15 pacxoma Q, BhIpa-
Menvoro B M3/c). TpeGyercs onpenenuTh pexum paboThl Hacoc-
HOR YCTaHOBKH H,COOTBETCTBYIOIHE eMy napamerpnl ¢, H, n, u
Nw Hacoca” Xapakrepuctuxa nacoca 4K-90/30 MpUBEJEHA Ha
pe.13. . el
! Oraer: q=29,0 a/c; H=32 ™m; n,=0,79; Ny=12,0 kBr.
,.3anaua 11. Boga nomaercs [IeHTPOOEKHBIM . HACOCOM
ﬁMO-SO H3 KOJIOAL2 B OaK BOJOHAMOPHOH OALIHH N0 cXeMe, MPH-
BeAgHHOH Ha puc. 14. OTMerka ropH3oHTa BOAB. B KOJOQLIE

: 2Z86
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Zryp =28 M. BHJIHBHOE OTBEPCTHE HAOPHOK TPYObt B BOAOHAMOP-
HOH 6alliHe pacroJioXkeHo Ha oTMeTke Zpp==58 M. BcacHhBalomas
JHHHS H3 CTaJbHBIX TPy6 HMeeT AJHHY [sc=40 M H JIHaMeTp
dsc=300 MM. HanopHasi THHUS CMOHTHPOBAHA K3 YYTYHHHX TPYO
nuamerpoM d,=250 MM # aauHOH [,=700 M. XapaKTepHUCTHKA
Hacoca NnpuBegeHa Ha pHc. 195.

n=t450mur’’ . - | e 7%
H,M 7_2 ' ! | ;70.#
50 , 50
to ' 4 | | I~ 4
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_ 40
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Puc. 15. XapaxkTepHCTHKa LeHTPOOeXHOro Hacoca
11320-50

Tpebyercst onpenenuTb peXHM palbOThl HACOCHOH YCTAHOBKH
H COOTBETCTBYIOLIHE €My Mnojauy g, Hanop H, Ko3@HUHEHT Ro-
JJ€3HOr0 AeHCTBHA My H MOLEHOCTb Hacoca N,. |

Orger: ¢q=102 n/c; H=46 M; n,=0,74; N,=62,2 kBr.

3apaua 12. JIna noaayu 304kl U3 TpyObuaToro KoOJIQUa Ha
OYHCTHBIE COOPYXKEHHs HCIOJb3yeTcA LEeHTPOOeXKHBH Hacoc
4K-90/30. BcachiBawmiasi JHHHS YCTPO€HAa H3 CTaJbHHX TPYyO
nuaMeTpoM dec=200 MM H AJHHOH [3c=40 M, HaMOPHHH BOJO-
BOJA CMOHTHPOBaH H3 UYTYHHBIX TpyO anamerpoM d,==150 MM H
pauHoid [,=500 M. T'eoMmerpHueckas BbICOTZ I[OABLEMA BOAHLI
H.=17 M. |

Tpebyerca onpeaenuTb pexHM paboThl HACOCHOH YCTAHOBKH
H COOTBETCTBYWOHIHEe eMy ¢, H, n« u N, Hacoca. CxeMa nopayd
BOJb Ha OYHMCTHBIE COODY>KEHHSl H XapaKTepPHUCTHKA Hacoca IpH-
BeJdeHbl Ha pHc. 16.

Orger: ¢=30,2 a/c; H=30,9 M; n.=0,78; N,=11,8 kBr.

3anaua 13. Llentpobexnniit Hacoc 4K-90/20 nomaer BoAy
H3 TpybuaToro KoJsioflla Ha OYHCTHHIE coopyxkeHHsl. OTMeTKa ro-
PH30HTA BOAW B KoJsoalle Zryp =32 M. BHJ/IHBHOE OTBEpPCTHE Ha-
NOpHOH TPyOW Ha OYHUCTHHIX COOPYXKEHHAX PAcCMOJIOXKeHO Ha OT-
MeTKe Zo,.=—46 M. BcachiBalomasgs JHHHS CMOHTHPOBAaHa M3
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cTaJbHHX TPy6 AuaMeTpoM dsc=200 MM H AJHHOH [3c=38 M,
HaNMOPHHH BOAOBOJ CMOHTHPOBAH H3 UYTYHHHX TPYyO B ABe JIHHHH
OJMHAKOBOTO AHaMeTpa dy = dy,= 120 MM H [JJIHHOH Kaxpjas
l. =Ly, =700 M, oxaHyHBaercs OAHOH TPYy6oH dy,= 150 MM H
aiaHHol [y, = 30 M. I

Tpebyerca ompeneauts pabGoune napamerpsl Hacoca ¢, H,
ns U Ny Cxema nofaud BOAH Ha OYHUCTHHIE COOPYKEHHS H Xapak-
TePHCTHKA Hacoca NpHBeAeHH Ha pHc. 17.

Orger: ¢g=23,4 a/c; H=22,3 M; 1.==0,79; Ny=6,4 KBT.

3apaua 14. LlentpobexHuiii Hacoc 4K-90/30 monaer Bonmy
H3 pe3epByapa 4HCTOH BOABl B BoJOHaNopHyw GawHio. ['eomer-
pHYecKasi BEICOTa MoAbeMa BOAH cocraBiasfer H.=28 M. Bcachl-
BalOL[asl JHHHS YCTPOEHAa M3 CTAJbHHIX TPYyO AHAMETPOM dpc=
=250 MM 4 AJHHOH lzc=3b M. HanopHui# BOLOBOJ CMOHTHPOBAH
H3 YYrYHHHX TPyO B [ABE JIHHHH OJHHAKOBOTO AHAMETPa Gy =
=dy,= 150 MM 1 pauHoit Kaxpas [y = l, =900 M. Cxema mo-
Jaud BOAB B BOJOHANOPHyIo GaliHiO mpuUBeeHa Ha pHe. 18, xa-
paKTepHCTHKA Hacoca — Ha pHc. 16, 0. |

Tpe6yercsa ompeaenuTb paGouHe mapaMeTpsl Hacoca: ¢, H,
nH U NH. o

Orser: g=27,1 njc; H=33,4 M; 1,=0,79; N,=11,4 kBT.

1.4. OnpenedeHne pexXxuma paboTbhl HACOCHON YCTAHOBKH
Nnp4 noaavye BOAb B Pa3BETBJACHHYIO CETh

Mpumep 4. LlenTpobGexuniii Hacoc [1320-50 noxaer BoAy B 1Ba
pe3epByapa, ypoBeHb BOJABl B KOTODBIX PAacMOJIOXKEH Ha pa3JyiHy-
HOH BHicoTe. ['eoMeTpHyecKass BbicOTa NOABbEMA BOJAK B pe3epBy-
ap 1 cocrasjser Hp,=32 M, B pesepByap 2 — Hy,= 27 M. Bca-
ChIBAIOIIAS JHHHS H3 CTajJbHHIX TPYyO HMeeT AHaMEeTp doc=
—950 MM H AJuHY [zc=8 M. HanopHele BOAONPOBOAHbIE JIHHHH
yCTPOEHB! H3 UYTYHHHIX TPYO AHAMETPOM dy, =— 200 MM H JJIHHOH
[ =400 M, dy,=200 MM u [y,=700 m. CxeMa cHcTEMBl H Xa-
paKTEePHCTHKA Hacoca MpUBeAeHbl HA PHUC. 19.

TpebyeTcsi onpeieauTb pabGouuil pexuM Hacoca H COOTBETCT-
sylomue emy ¢, H, mu 1 Ny, 2 TakKXKe KOJHYECTBO BOAH, MnoAa-
paeMoe B KaxkIuili 6ak. ColnpoTHUB/EHHs BO BCachiBalolleH JHHHH
He YUYUTHBATh. o o |

Pewenue. Ias onpeneneHus pabounx napamerpos Hacoca HE-
06x0AMMO Ha rpadHKe XapaKTePHCTHKH Hacoca (pHc. 19,6) 1o-
CTPOHTb XapaKTE€PHCTHKY CHCTEMBI TpyOONpPOBOAOB K KaXIAOMY
6aky B oTaenbHocTH (¢ — Hrp, 1 q — Hxp,), @ 3aTEM CyMMapHYIO
XapaKTEPHCTHKY CHCTEMBl TPyOONpPOBOAOB (29 — Hsp, ). Touka

lepeceueHHs: CyMMapHOH XapaKTePUCTHKH 2 §—{Tmp, , C XapaKTe-
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Puc. 18. CxeMa cucreMbl nmogauyu BOAbI
B BOJOHAINOPHYIO OaIlHIO
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Pue. 19. Cxema cHcTeMbl MOA24YH BOAB B npa Gaka -(a);
XKHpAKTepHCTHKA LeHTpoOexHOoro Hacoca [1320-50 u cucteMH
TpyGonposonos (6)
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Puc. 20. Cxema cHcTeMhbl nojaud BOJBLI B ABe€
BOJAOHANOpHBle OamHU (a); XapaKTepHCTHKA
HeHTpobexHoro Hacoca [320-70 (6)

puctukoi g—H Hacoca (1. A) Oyaer sIBAATbCS TOYKOH paboOThHI
Hacoca, 0 KOTOpPOH Ollpeae/isiioTcsd €ero apaMeTrpni: rnogaua g,
Hanop H, Ko3p(PHLUHEHT NMose3HOro AEHCTBHS Ty U MOUIHOCTb Ny
[IpoBenenneM uepes Touky A rOpHU3OHTAJbHOH JHHHH A0 liepece-
YEeHHS C XapaKTepHUCTHKAaMHU cHcTeMbl TPyOONPOBOAOB K KaxKAOMY
6aky ompenensiloTcsi pacxojbl BoAbl B 6aku gs, U ¢s,. C H3MEHE-
HHeM Hamnopa f1 O6yaAyT COOTBETCTBEHHO H3MEHATbCS pPacxoAbl
gds, M ¢s,. CyMMa 3THX pacxoloB NpH KakoM-To H pmoskHa ObITb
paBHa 1ojaye Hacoca, a nNoTpebHBIA AJs 3TOro Hamop H JonXKeH
ObITbL paBEH HANOpPy, Pa3BUBAEMOMY HACOCOM.

[Ipu cocraBiaeHUH ypaBHEHHH XapaKTEPHCTHKH CHCTEMBI TPY-
GONpPOBOAOB K KaxXAOMYy 06aKy MOXKHO MNpeHeb6peub cONPOTHUBJIE-
HHSIMH BO BcachIBawllel JHHUH U B JUHHH OT TOUKH N 10 Haco-
ca (rouka N HaxoAuTcs B HEMOCPEACTBEHHOH OJH3OCTH OT Haco-
ca) BCJEIACTBHE HX MaJOCTH.

XapakTepHCTHKA CHCTEMBI Tpy6onpoBoAoB K 6aky I — g— Hyp,:

'H'rpx =Hr1+ 1305AH11H1KH1 ¢ — 32 (1,057,39940()[(“1) Qz;
HTPl = 32 + 3107&6KH:Q2‘ .
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XapaxkTepucTHka cHCTeMH Tpy6onpoBoaoB K 6aky 2 — q—Hp,:
H*Pa — Hr, + l’OsAﬁle,Knng =27 + 1,05 7,399 - 7OOKH2Q2;
H-o, = 27 + 5438K,. Q.

~ Peayabrathi pacueroB Hrp, M fp, THPH COOTBETCTBYIOLIHX
(), M*/c, npuBeaeHbl B TabuHIle. |

Q. MY/c Uy M/C K, =K, Hpo M H,. M
0 0 — 32 27
0,02 0,62 1,107 33,38 29,41
0,04 1,24 0,952 36,77 | 3534
0,06 1,86 0,894 42,0 44,5
0,08 248 0,857 49,04 56,82

1o nonyuenusiM 3nauenussm g u Hi,. Hiyp, cTposiTess xapak-
iepueTukn g—/Hp v g — H,p, Ha rpaduke XapaKTePHCTHKH
Hacoca. |

CymmupoBanueMm abcuuce KpuBbiXx ¢ — Hip u g — Hyp, 1pH
PABHBIX HAMOpax CTPOHTCA CyMMapHast XapaKTEPHCTHKA CHCTEMBI
FpyBonpoBonoB X g—/Trp, . |

Touka nepeceuennst cyMmapHoi KpuBodl X g—Fx, € Xapax-
fePHCTHKON Hacoca g—H Oyner Toukoi paboThl Hacoca. Touke
4 evorserctByor: momaua g=11 n/c, Hanop H=42 M, KII1]
w==0,72 u momuocts N,=68 kBT.

Toukn nepeceuenuss A, u A, rOpH3OHTAJbHON JHHHEH, MPOXO-

afiilel uepes touky A, kpuBbix ¢—Hyp, uW g — H.p, DOKAXKYT
kBAHYECTBO BOJABI, nmocTynuBilee B 6ak I u B 6ax 2. dadg storo
yeped Toukd A, U A, NpOBOAATCA BEPTHKAJbHbIE JIHUHHH OO OCH
afcumnce, KoTopbie MOKAa3bIBAIOT, 4TO B 6aK / NOCTYMHT PacXxoj
§s,= 09 n/c, B 6ak 2—gs, = 52 a/cC.

Janaua 15. Ilenrpobexunisi Hacoc J1320-50 mogaer BoAy
B ABA pe3epByapa, ypOBE€Hb BOJABl B KOTODbIX PacHoJIOXKEH Ha
pAsANMHOR BhicoTe. 'eoMerpuueckass BbIcOTA MOABEMA BOAL B
peaepayap ! cocrasasier H.,= 33 M, B pesepyap 2 —H,, =25 M.
€ACHIBAIOILIAS JIMHHS H3 CTaJbHBIX TPYO HMeeT AHAMETD dpc=
=400 MM ¥ pauny l;c=10 M. HanopHble BogoNpOBOAHBIE JIHHUH
€TPOeHbl U3 YYyryHHBIX TPYO AHaMeTpoM dy, = 250 MM H NJIHHOH
w= 1800 M; d,,=200 MM u [, = 1400 M. CxemMa CHCTEMH H Xa-
pakrepHcTHKa Hacoca npuseseHH Ha puc. 19, ConporTusieHus
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BO BCACbIBAIOLIEH JIHHHH M B KOPOTKOH JHHHH OT Hacoca a0 T. N
HE YYHTHIBATh BBHAY HX MaJIOCTH.

Tpe6yercss onpenenuTs paboune napaMeTpm Hacoca q, H, v,
U Ny, a Takxke KOJHYECTBO BOABI, NOAABAaeMO€e B KaXKABIH Gax.

Orger: g=101,3 nfc; H=46,1 m; 1n.=0,74; N,=64 kBr;
noxaercsi: B 6ak I gs, = 47,4 n/c; B 6ak 2 Q6, = 53 9 a/c.

3anava 16. Boma mnomaercs ueHTpo6e>KHbIM HaCoCOM
J1320-70 B nBa pe3epByapa, YPOBEHb BOJALI B KOTOPBIX PacHoJIO-
’)KeH Ha OJAMHAKOBOH oTMeTKe. ['eomerpHueckasi BhHICOTA MOAbEMA
Boabl cocraBasier H. =37 M. CranpHasi BcachBalOllas JHHHS
uMeeT AHaMerp dsc=250 MM H AJHHY [sc=11 M. Hanopuue Bo-
ZIOTIPOBO/IHbIE JIMHMH CMOHTHPOBAHbI U3 UYTYHHBIX Tpy6 AHUaAMeTpOM
dy, = 200 MM, paunoit [, = 2200 M u dy, =200, [, = 2500 M.
Cxema CHCTEMBl H XapaKTepHCTHKA Hacoca IpuBeaeHbl Ha pHC. 20.
ConpoTHBJIEHHS BO BCACHIBAIOLIEH JIHHHH H B JHHHHU OT TOYKH N
JJO Hacoca He YUYHTHIBATh BCJEACTBHE HX MAJIOCTH.

Tpebyercsi onpenenuts pabouue mapamerpel Hacoca ¢, H, v,
Ny H KoaHyecTBO BOAH, nMopaBaeMoe B 6akK I u B 6ak 2.

Orser: q=86,1 n/c; H=68,5 M; n.=0,79; Ny,=72 kBr;
nopaercs: B 6akK I gs, = 44,2 a/c; B 6ak 2 gs, = 41,9 nfc.

3apnpavya 17. Bopa mnopaercsi 1eHTPOOEXKHBIM  HACOCOM
J1320-70 B nBe BojgoHanopHble OalltHW pPA3JHYHOH BHICOTHL. ['€o-
MeTpHYecKas BbICOTa NMoAbeMa BOJAH B 0aK BOJAOHAIOPHOH Oall-
HH | cocraBaser H; =

857 =39 M, B 6aK BOJOHAMOp-

M\ | =1800 M u ady, = 150 MM,
COnpoTHBJIEHHSAMH  BO
JIOCTH.

B Tf:ij. HOM GamHy 2—H,,=34 M
’ JluaMeTphsl H AJIMHB HAMODP-
| HbIX JIMHUH U3 qyryHHbI\

| . | Tpy6: dy, = 200 MM, [,
[, =800 M. Cxema cwucre-
MBI [IpUBEAEHA Ha pHc. 21,
XapaKTEPUCTHKA Hacoca —

Ha puc. 20.

= = BCACHIBAIOIIEH JIHHHH U B
| KOPOTKOH HAMOPHOH JIMHHI
Puc. 21. Cxema cucteMhl Mogayu BOJBI OT TOouku N 10 Hacoca
B JB€ BOJOHAIOpHbIE 5aLIIH‘H npeHeépeqb BBHJLy HX Ma-
TpeOyercss onpenequTh paboyde mapaMeTphl Hacoca q, H, TIH’
Ni H pacxoAH BOJAH, NIoAaBaeMbie HACOCOM B Boaonanopnme Gaw-
HH I u 2. .
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Orner: q=85,4 n/c; H=69,1 M; 1,=0,79; N,=71,5 kBr;
HoARGTCH. B BOJOHANOPHYIO OalIHIO 1 qgﬁl-—-—491 J/c; B BOJOHA-
Hopuylo 6awHwo 2 gz, = 36,3 J/c.

lNpumep 5. Boaa nogaercsa uenTpobexubiM Hacocom J1320-70
H Ahe ROJlOHAMOpHbie OalHH OAMHAKOBOH BBICOTH. ['eomerpuue-
' KAW BLICOTA NOAbeMa BOAMW cocraBiasier H.=36 M. Touka pas-
A@TB/ICHUN HAMODHBIX JIHHHUH PaCIOJOXKeHa Ha 3HAYHTEJbHOM pac-
“TOAHHH OT Hacoca. BcachiBaromiasi JHHHS H3 CTaJdbHBIX TPYO
liMeer AHamMerp dec=250 MM U AauHy lz.=40 M. Hanopuas Jau-
HHM M3 YYTYHHBIX Tpy6 OT Hacoca A0 pa3BeTBJeHHS (1m0 T. N)
iMeet anamerp dy=250 MM u aauny [y=120 M, mocse pasBer-
AAeIHN dy, == 200 MM, [, = 1600 M u d,, = 200 MM, [,, = 2300 M.

''X@MA CHCTEMBl MOZAYH BOABl H XapaKTEPHCTHKA Hacoca MpHBe-
el 1o puc. 22.
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Puc. 22. Cxema CHCTEeMBl NOJAaYd BOJAbL B BOJOHA-

MopHLIe 6anmn C HacocaMH, yZajJeHHBIMH OT pas3-

BeTRJeHHAS (a4); XapakTepHCTHKAa LEeHTpo6eKHOro Ha-
coca J£320:70 . (6) -
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Tpe6yeTcsi ONpeNeHTb pabouue napaMerphl Hacoca ¢, H, ns,
N, a Takxe pacxojibl, MojaBaeMble B BOJOHANOPHHIC 6aiiHH |
H 2.

Pewenue. B ToM ciyyae, KOrjia TOYKa pa3BeTBJCHHIA N yna-
7€Ha oT Hacoca HAcCTOJbKO, YTO CONPOTHBJEHHAMH B 3TOH JIHHHH
npeHe6pedb HeJMb3s, XapAKTEPUCTHKA Hacoca A0JKHA GLITH Mepe-
CTpPOEHA [0 OTHOWIEHHIO K TOUKE pPa3BETBJICHHS N. Kaxaomy pac-
XOAy B 3TOM cJyvae OyldeT oTBedaTr HAMoPp, MEHbUIUH Ha COOT-
BETCTBYIOLLYIO BEJHUYHHY NOTEPH HAMopa BO BcachblBaOLEeH JIHHUH
H B HaNopHOH JIHHHH OT Hacoca [0 TOUYKH pa3seTBjieHHs M.
Jlnss MoJyuyeHHsT XapaKTEPHCTHKH Hacoca, OTHECEHHOH K TOYKe
N (g—Hy), onpeaensoTcs MOTEPU HAnopa BO BCcachiBaKOLIEN JIH-
HUM H B HAlNOPHOH JIMHHH OT Hacoca [0 TOHYKH N no ¢opmyJe:

h= (l,lAaclacKBc+ 1 aOBAHlHKH) QQ.

3aTeM CTPOMTCA KpHBas CONMPOTHBJICHHH g—h (puc. 22, 0)

H OpPAMHATBHl XapaKTePUCTHKH HAcoca g—H yMeHbILAITCs Ha Be-
JHYMHY 3THX [OTepb Harnopa MPH COOTBETCTBYIOILHX pacxojaax.
Jlasee CTPOATCS XapPaKTeDHCTHKH HATOPHBIX TpyOONPOBOOB
— H.p, u q — Hiyp,. Tlocae 3TOrO abcuUcchl 3THX XapaKTepH-
CTHK NDH DaBHbIX Hamopax CKJ/aAbIBalOTCH, o6pa3ysa CyMMapHY

XxapaKTEPUCTHKY cHcTeMbl. Touka rnepeceueHus A kpusbix g—Hy

nXq— My, OyNeT ABJIATHCA Touko#i paboTh Hacoca, MO0 KOTO-

POl ONpeaesiloTCA BCE €ro napaMmeTpel M KOJIHUECTBO BOAbI, TO-
naBaeMoe B KaxKAyl0 BOJOHANOPHYO OaLIHIO.

[IpMMEHHTEJNbHO K NIPHMEPY O 3Ta 3ajada pelIaeTCs cJyeaVIo-
1M oOpas3oM. |

CocraBJ/sieTcsi ypaBHEHHE MMOTepb Hamnopa BO BCaChiBAIOLIEH
JMHHYE U B JHHHUH OT Hacoca A0 TOUKH N:

h= (1,1AsclacKnc+1,05AulsKy) Q*=
-—-—"'-(1,1-1,65_3_-40-Knc+1,05-2,299-120-KH)Q2=_—-
= (72,7TKsc+289,7K4) Q.
OnpepensiioTcsi 3HaueHuss h MpH pacxoaax ¢ oT g=0 zo
g=100 a/c. o o _
[To mosyueHHHIM 3HAYEHHAM ¢ H h CTPOHTCsS KpHBas g—h

Ha rpadHKe XapaKTePHCTHKH Hacoca (pHC. 22,0).

CrpouTcsi NpHBeleHHas K Touke N XapaKTEpHCTHKA HacoCa
g—Hy nyTeM YyMeHbLIEHHS OpPAHHAT XapaKTEpPHCTHKH Hacoca
g—H Ha BeJuMYHHY OpAHHAT (NOTEPH Halnopa) KPHBOH COMPOTHB-
JIeHH#l g—h TpH OJHHAKOBHIX pacxojax.
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§, A ¢

(0
10

)
()
0

Q, M3/c | Uy M/cC Kgc Uy, M/C | K, h, M
— — — — — 0
0,01 0,20 1,244 0,19 1,456 0,05
0,02 0,38 1,123 0,39 1,231 0,18
0,03 0,56 1,065 0,60 1,115 0,36
0,04 0,75 1,029 0,80 1,047 0,60
0,05 0,94 1,007 099 | 1,002 0,91
0,06 1,13 0,991 1,19 0,968 1,27
0,07 1,32 0,977 1,39 0,941 1,68
0,08 1,51 0,968 1,59 0,918 2,15
0,09 1,70 0,961 1,79 0,900 2,68
0,10 1,88 0,955 1,99 0,885 3,17

CoeTapisieTcss XapaKTepPUCTHKA
ioyu N Jlo BogoHanopHol 6auiHu [:

HI‘P1iT Hl‘ + 1305AH1 * le .Kﬂl . Q2 —
- 36+ 1,05-7,399- 1600K,, - Q* = 36 + 12430,2K,, Q.

CocTapasercss XapakTepHCTHKa HAMOPHOro TPyGONpPOBOAA OT
foykH N llo BogoHanopHo# GaiuHH 2:

Hrp, = Hy 41,0044, - Ly, - K, - Q°

HanopHoro TpybonpoBoaga oT

m————
———

== 36 + 1,05-7,399-2300K, Q2 = 36 + 17868,5K, Q2.

Peayavwratol Boiuucaenuit Hyp, u H.p, npeacraBiieHsl B Ta6-

AHNe.

" g/g Q, Ma/c Uy, = Uy, M/ C KH1=_KH2 HTpl, M Hsz, M
0 0 — — 36 36
10 0,01 031 13 37,61 38,32
X) 0,02 0,62 1,107 41,50 43,91
B0 0,03 0,93 1,016 47,37 52,34
40 0,04 1,24 0,959 55,07 63,42
80 0,05 1,55 0,922 64,65 77,18
a0 0,06 | 1,86 0,894 76,00 93,5
70 0,07 2,17 0,873 89,17 —
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* T16 TIONyYeHHBIM § — Hip, v ¢ — Hrp, H rpaduke XapaKkTepH-
CTHKH HacoCa CTPOATCH XapaKTepHCTHKH TPYGOIPOBOAOB. § — H1p,
U g — HTPz' S |

CyMMapHasi XapaKTepPHCTHKA CHCTEMBbI > q — Hyp , CTPOHTCH

1/l  XapaKTEPHCTHKH TPYOONpPOBOLOB g — Hyp, v g — Horp, . CYM-
MHpOBaHHEM PacXoioB NpH paBHAIX Hanopax.

Touka A mepeceueHHs NPHUBeJCHHOH XapaKTEPUCTHKH Hdcoca
g—Hy ® cyMMapHOH XapaKTepHCTHKH cucreMbl S g— frp,,, OYRET
ABASATbCA paboueH TOYKOH Hacoca, IO KOTOpOH ONpeAesAoTCs
ero napametpr: ¢=385 ai/c 1 nx==0,79. A

Hamop Hacoca H omnpejesisieTcs o TOUKeE Ao ¢ yueToM NOTEphb
Hamopa BO BCACHIBAIOILEHA JIMHHH U B JHHAK OT Hacoca A0 TOY-
kg N: H=69 M. Tak Kak Ha rpaduke XapaKTEPHOTHKH HacoCd
He mpHBejeHa kpuBas g—N, TO MOLIHOCTL Hacoca MOXKHO OIIpe-
NeJUTh N0 popmyiie: | .

N _ £EQH _ 1000-9.81-0,086:69 _ 74
"= 10007, 1000-0,79

7 kBr.

[IpoBeseHHeM TOPH3OHTANILHOH JIHHHH A—a uepe3 TOuky A
[0 TepeceyeHns ¢ KPUBBIMH § — Hyp, 0 q — Hrp, MOJMYUHM TOUKH
A, 1 A, IO KOTOPHM ONPEREJAIOTCS PacXo/bl BOAbI, NOAABACNBIL
B BojoHamopHuie GauiHu [ U 2. Pacxof, OJaBaeMbill B BOZOHA-
nopuytlo OawHo I, gps, =47 J/C, B BOZOHATIOPHYIO GalIHI0 2 —
gsg, =39 J/c. L .

3apaua 18. Boaa mnoAaercH eHTpoOeXKHEIM ~ HACcOoCOM
11320-70 B ABEe BOAOHANOPHHIE OallHH, pacroJioxKeHHble Ha pas-
TuHoi BHcoTe. OTMETKA YyPOBHS BOZBI B pojioHaTNIOpHO# 6alrHe /
cocTapisieT Zpp,=04 M, B BOJOHANOPHOH pawHe 2 — ZBp, —
— 60 M. OT™MeTKa ypoBHs BOAH B HeTouHHKe. Zryp =20 M. Becachl-
palolias JHHHA M3 CTAJbHHX TPYO HMEET AHaMETp dsc=200 MM
i aauHy lsc=—35 M. HamopHas JMHHA H3 qyTryHHBIX TPYO OT Ha-
coca 10 passerBiaeHns (a0 T. N) HMeeT AHAMETP dy=200 MM ¥
nauny . ;=280 M, mnocje pa3BETBJCHHA dy, = 200 MM, Ly =
= 1800 M' u -dy,=200 MM, l.,= 2500 M. Cxema CHCTEMDI
mojayd BOAbl NMpHBeLeHa HA puc. 23, XapakTepHCTHKa Hacoca —
Ha puc. 20,6. - - I

‘Tpebyercs onpejenntb paboune napamerphl Hacocd g, H, nu
Ny, 'a TaKxke pacxoAbl BOAH, NM0oJaBaeMhHeE B BOJOHAMOpHBEIE Oall
uu I u 2. D T - o ,-

Orser. PaGoune mapaMerph Hacoca: ¢=17,1 J/c; H=173;5 ™,
n2=0,79; N,=70,3 xBr. [lopaerci: B BOJOHANOPHYIO OaIlHio |/
gss, =39,7, a/c; B BoJlOHATIOPHYIO GalHIo 2 ¢gs, —37.4 a/c.
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Puc. 23. CxeMa cuCTEMBI MOAAYH BOJAB B BOAOHAMOp-
Hple OallHH C HAacOCOM, yJAaJIeHHHM OT pa3BeTBJICHHS

~ Japaua 19. Boma nmnomaerca 1eHTPOGEXKHBIM HAacoCOM
11600-36 B Tpu pesepByapa I, 2 u 3, ypPOBE€Hb BOAB B KOTOPHIX
Paeno‘nox{eu Ha OTMeTKax Zp, =638 M; Z,, =63 M; Z,, = 65 M.
JiMeTka ypoBHsSI BoJbl B HcTOUHHKE Zryg =32 M. BcachuiBawomias
AHHHA W3 cTanbHbIX TPYO MMeeT auaMeTp dpc=250 MM U IJIHHY
ly¢==B2 M. Hamopuasi auHHS W3 WYTyHHHIX TPYy6 OT Hacoca MO
liﬁasé"faﬂeum (o 1. N) umeer puamerp dy=250 MM H JJHHY
=240 M, nocse pasBerBjgeHuss dy = 200 MM, [, = 200 wm;
; k= 160 MM, [, =250 M; d,, =150 MM, [y, = 500 M. Cxema
éMeTeMIl [lofaun BOAB M XapaKTePHCTHKA Hacoca NMpHBeAeHH Ha

pue. 24, )

Tpe6yercs’ onpenenuts paoure mapaMeTpsl Hacoca q,: H, ns

H' Ny & TakKe pacxoisl BOAb, MOJaBaeMble B KaxXAHH pesep-
~ Oraer. PaGoune napamerpsl Hacoca: ¢=121,1 afc; H=

=418 M; 1.=0,8, N.=62,1 xBr. Ilogaerca: B pesepsyap I
p, = 29,7 n/c; B pesepByap 2 ¢,, = 47,1 a/c; B pesepByap 3 ¢p, =

 3apnava 20. Boma nogaerca 1ueHTPOGEXRKHHM HAacocOM
H880-80 B BomoHanopHy0 GAaIUHIO H K THADPOKOJOHKE IO CXEME,
APpHBeAeHHOH Ha pHcC. 25,a. ['eoMerpHueckass BBICOTAa NOABbEMa
HOAM B BOJOHAMOpHYIO OalllHIO cocTaBisieT Hpp==28 M, K rujapo-
KOJORKe — /=22 M. BcacbBalomass JHHHS H3' CTaJbHHX TPYO
HMeeT aHaMeTp dsc=250 MM ¥ nJHHY [;c=48 M. Hanopuasa au-
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Prc. 24. Cxema cucTeMbl N0ja4H ROAK & fjtH pedep
Byapa C HacoCOM, yaaJieHHLIM Of padneiadennd (a)
XaPaKTEPHCTHKA UEHTPOOEXKIIOI0 Hacoea [TROO W (A)

HHA U3 YyryHHBIX TPyO OT Hacoca J0 T0MKNH paneimiciinm (10
T. N) umeer nuamerp d,=250 MM M idiiny l,=-H00 M, nocae
Pa3BeTBJEHHS dy, = 150 MM, [, =240 M t),,__ = 20 mm, [, =
=1000 M. XapakrepHucTHka Hacoca pUBeLeta o pne 20, 6.

Tpebyercs onpeaenuts paboune napaMmerpu navoca ¢, H, ny
H Ny, a TakXKe pacxoisl BOABI, HOAHMHEMIIE | HOTONATTOPHYIO
6allHIO gps H K 'HAPOKOJIOHKE (.

Otger. Pa6oune napameTpsl Hacocy! g=H8Y1 a/c, 11-=48,5 m:

ne==0,77; N,=55 kBt. T[logaercs: n ROAOHANOPIYIO  GallHIo
985 ==37,7 J1/C; K THAPOKOJIOHKe g, ==51,4 J/v

2. NAPAJIJIEJIbHASI PABOTA LEHTPOBEX HMX HACOCOB

Ha HacoCHBIX CTaHUHAX 4aCTO NOSHHKACT NeODKOUIMOCTE B
COBMECTHOH PaboTe HeCKOJBbKHX Hacocon. JLjad yueanmieniy HPo-
M3BOJHTECJIBHOCTH HACOCHOH CTAHLHMH HCHIOJML AVIOT N pajijiedabilyio
paboTty Hacocos, |
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Puc. 25. Cxema cHcrembl nojayd BO/Jbl B BOJO-

HanopHYIO OGallHIO H K THAPOKOJOHKE ¢ HACOCOM,

yAaJeHHbIM OT pasBeTBJcHUAA (a); XapakTepi-
CTHKa ueHTpobe:kHoro Hacoca [1320-50 (6)

[lapannenbHolt paboToil HacOCOB Ha3biBalOT COBMECTHYIO pa-
00Ty HECKOJbKHX HAcCOCOB C Nojayed BOAbl B OOLIHH HaAMOPHBIH
Tpy60NpoOBOA. DTH HACOCH MOT'YT OBITb ¢ OAHHAKOBBIMH H Pa3Hbl-
MH XxapakrtepucTHkamHu. [das onpeneneHus pabouyHx napaMeTpoB
mapaJyeqbHO CO€JHHEHHBIX HacoCOB HEOOXOAHMMO HA OAHOM rpa-
(HMKe COBMECTHTb CYMMapHYIO XapaKTe€DHUCTHKY HAacOCOB H Xapak-
TePUCTUKY cHcTeMbl TpyOonpoBonoB. [locTpoeHne cyMMapHOH xa-
PAKTEPUCTHKH MapaJjljieJbHOH pabOoThl HECKOJIbKHX HAaCOCOB Ocylle-
CTBJISIIOT IYTEM CJIOXKE€HHS MMOAAay 3THX HACOCOB IIPH OJAHHAKOBBIX
Hanopax. Tak, HanpuMep, AJA NOCTPOEHHS CyMMapHOH Xapakre-
PHCTHKH mNapaJJejbHOH paboTbhl [ABYX OJHHAKOBBIX HAaCOCOB
2 Q—H;2 (puc. 26) Heoﬁxonnmo YABOHUTb HX MOAAYU NIPHU OAH-
HaKOBBbIX Hamopax.

Touka pa6orel HacocoB (T. A) ABJSETCH TOUKO nepeceyeHus
HX CYMMapHOH XapaKTepHUCTHKH X Q—Hi;2 ¢ XapaKTepHCTHKOH
cucteMnl Tpy6onpoBoaoB Q—Hi,. [lo Touke A onpepensiiorcs
cyMMapHbie (akKTHUECKHe MOoJadd ABYX HAcocoB (Qi+2 H Hamop
Hi4+o. dnst onpenenenus nogauu, KI1JL u MouiHQCTH KaxKA0ro Ha-
coca NPH HX COBMECTHOH pa6oTe HeoOXOAHMO H3 TOYKH A NpoBe-
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Puc. 26. XapakrepucTHkKa mapaJijie/IbHOM
PabOTH ABYX OJHMHAKOBHX LEHTPOGEXKHBIX
HacoCoB

CTH JIHHHIO, NapaJlieJbHyl0 OCH abcuHuce, - KOTOpaH nepeceyer
XapaKTepHCTHKY KaXJI0ro H3 HacocoB Q—H; , B Touke A, ,.
“KoopaHHaTH 3TOH TOYKHM ONpeAensioT nojauud @, Qe U HAmOPH
Hy=H, xaxporo Hacoca. MoumHocts, KIIJl u monycrumas Ba-
KyyMMeTpHUYeCKasl BbICOTAa BCaCHIBAHHMS KaXXJ0r0 H3 COBMECTHO
pa6oTaloIHX HACOCOB ONpPeeNsIOTCS COOTBETCTBEHHO TOUKAMH I,

2, 3, ABASAIOUIMMHCS TOYKAMH NEPeCeYeHHs KPHBHIX n, N u H gax
NepIIeHAHKY/ISPOM, ONYIIEHHBIM H3 TOYKH Ay, 5.

HapaMeprI Kaxjoro Hacoca Qi, Qs u H{, Hj npn HX paa-
JIMYHOH paloTe, T. €. KOrfa OAHMH H3 HHX BLIKJIOYEH, a BTOPOI
pa6BoTaert, onpeaeasiorcs 0o T. A, ;. Momuocts, KITJI u AONYCTH-
Mas BBICOTA BCACBHIBaHHMsA KaXK/J0ro H3 pasfAenbHO pabGoTarOHIHX
HACOCOB OINPEAEJSAIOTCS COOTBETCTBEHHO Toukamu I7, 2/, 8.

Craenyer 3aMeTHTb, YTO CyMMapHas IojJaiya HacOCOB Q1+2,
paﬁo'raroumx napaJ/ijieJibHO Ha OOMHI TPyOONPOBOA, MEHbILE CYM-
MapHOH INOAAYH 3THX XKe HacocoB Qi + (2, paboTaloliuxX HHIH-
BHAYaJbHO, T. €. Q. << Qi+ Q5. DTo 06bACHAETCA TEM, UTO ‘Ha-
COCH B CJy4ae NapaJliieibHOro BKJIOUEHHs paGoTaior npH GoJee
BLICOKHX Hamopax, uyeM IpH pabore oxHOro Hacoca. Harpyska
3JIeKTPOJABUraTeIel NpU NapadaieJbHOH paboTe HaCoCcOB TaKxke
MeHbllle HX HArPy3KH NPH HHIAUBUAYaAJbHOH pabore, T.e. Ny<<MN,.

[lapannenbHas pabora HacocoB ¢ pa3JHUYHBIMH XapaKTepH-
CTHKaMH BO3MOXKHA TOJIbKO JJif1 TAKHX HACOCOB, y KOTOPHIX pa3-
BHBaeMbie HamNopbl OTJHYAIOTCA APYr OT JApyra He3HaYUTeJbHO
(moxaya 3HaueHHs He HMeeT). OnpenesieHHe MapaMeTPOB mapal-



JeNIbHOH paboTBl HAcOCOB C . PA3JHHMHBIMH XapakTepHCTHKAMH
MPOUJJIIOCTPUPOBAHO pHUC. 27. Cymmapnaﬂ XapaKTepHUCTHKA Haco-
coB X Q—H4+2 CTPOUTCS NyTeM CJOXKEHHUS I0jad KaxXKAOro Ha-
coca NMPH OAMHAKOBHIX Hamnopax. [Togaua Q1+2 U Hanop Hijq 4B-
JNAIOTCA CyMMapHBIMH cpaKTquCKHMH napaMeTpaMH 3THX HAaCOCOB
MPH COBMECTHOH mnapaJ- -
JenbHo# pabote. Ilogaum

Qi, Q. u wamopw Hy, H, | &H
ABAAIOTCA  (PAKTHYECKUMH RUES 205
napameTpaMH Kaxpioro Ha- WL_H N N e
coca TNpPH COBMECTHOH pa- "W EZ-—F—=g == 3
6 I1 ' ’ ML N A [ ]
oTe. ogaun Qi, Q2 #H e e T R T

Hv _Hr Hs ﬂl TP |
Hamopel /11, {13 SIBASIIOTCA o =% T ,
(hakTHUECKMMH MapaMerpa-- [T g5, | 1Ll By T2 2-2

{ ==

MH Kad>xKJA0ro0O Hacoca,--pa60- R-92 =t VN S=F "'}:%L-é%(e'
TAIOUIEr0 HHAHBHAYAIBHO. gl T iz, @]
[To Toukam Iy, 2y u Iy, 2, MiEFAF == Al
OTNpPENEeSIOTC COOTBETCT-  w /B T 1 | |@: ! 2, t
BeHHO KIIJ # MowHOCTh | NIRRT 1
(kpuBble Q— H o Ha rpa- ¢ & 4 &4 Rz G/

(bHK_Q._}je IIOK.E_IS&HH.) RAM= pye. o7, XapaKTepHCTHKA NapaJJesibHOM
AQro HAacoCa IIpH HX COBME-  paGorni nByx pasHbiX LEHTPOOEXKHBIX Ha-
CTHO! mapajenbHoi pabo- } cocos

Te, a 1o ToukaM i, 21 u | i
12, ‘25 — 3TH Ke nmapaMmerpbl NpH paboTe KaxKAOTO Hacoca HHIAH-
Bunyaano '

Ecau npu napa.nJIe.anoﬁ paGOTe B oﬁmnﬁ HanopHBIH Tpybo-
nposoa 11eHTpOOEeKHBIX HACOCOB NOCJAE€AHHE PAacIoJOXKeHbl B He-
MOCPEACTBEHHOH OJH30CTH OJHH OT APYroro, TO CONPOTHBJIEHHS-
MH B ,KOPOTKMX COEJUHUTEJbHBIX  Y4aCTKaxX BBHAY HX MAaJIOCTH
MOX{HO NpeHebpeub. [Ipu 3HaAYHTEJHLHOM PaCCTOSAHHH MeXAy Ha-
cocaMy, paboTaloUHMH B OOLIHA HAMOPHBIK TPYyOONPOBOA, CONPO-
THUBJEHHEM B COeAHHUTEJNLHOM yuacTke npeneﬁpeqb HeJIb3fl U OHO
* ILOJI)KHO OLITH YUTEHO IIDH pacyere. |

“Tlpocrefiuruit npuMep napaJJiejbHOH paGoOTHl HAaCOCOB Mpej-
craBJjeH Ha pHc. 28. Jlast TOro utoGH NPaBHABHO OLEHHTH NapaJ-
JeBHYI0 paboTy HacoCOB B 3TOM cjyyae, HeOOXOAHMO NMPHBECTH
HX XapakKTepHCTHKH K OAHOH Touke (K Touke N Ha pHc. 28).
BBuny - 6JM30CTH pPaclioNoXeHHs Hacoca 2 OT TOYKH ‘N MOXHO
npeHebpeub NOTepSAMH Hamnopa Ha ydacTKe OT Hacoca 2 JO TOY-
KH N, IPEANOJIOKHUB, UTO XapaKTepHCTHKA HACOCa 2 B 3TOH Tque
TO}Kl{eCTBeHHa €ro 3aBOJICKOA XapaKTepHCTHKE.

Jinsi npuBENeHUs XapAaKTEPHCTHKH Hacoca [ K Touke N Heo6-
'xoimMo [I0CTPOHTH €0 XapPAKTEPHCTHKY OTHOCHTENbHO 9TOH TOUKH,
T. €. BblUeCTh H3 OpJAHHAT ' 3aBOACKOH XapaKTepPHCTHKHM Hacoca
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Puc. 28. XapakTtepHCTHKa mnapaJjJenbHOH paboTel  Ha
OAHY CHCTEMY JABYX LEHTPOOEXHBIX HACcoCOB, PiaCIOJI0-
XKEHHBIX Ha 3HAYHTEJbHOM PaCCTOSAHHMH OJLHH OT APYroro

[IOTE€PH Hamnopa Ha ydyacTke OT Hacoca I go Touku N, Jra xapak-
TEPUCTHKA InpeacraBjieHa kpuBoi Q—H,y nHa puc. 28. [Ipu no-
CTPOEHHH CYMMapHOH XapakKTepHCTHKH COBMECTHOHW napaJlielib-
HOH paboThl HacocoB / U 2 HEO6XOAHUMO CyMMHPOBATL 40CLHCCH
KpUBbIX Q—H vy U Q—H2, T. €. CJIOXKHTb XapaKTePHCTHKH HACO-
COB, NPUBeJEHHbIE K OJAHOH TO4YKe M.

To TAKOMY [PHHUUNY MOXKHO TIOCTPOHUTH xapamepucmxn
Tpex U OoJiee HACOCOB, PAaCHOJIOXKEHHBIX HAa 3HA4YHTEAbHBIX pac-

CTOAHHUAX OJAMH OT APYroro H MOJAmUIHX XKHUAKOCTL B OOUWHHA Ha-
MOPHBIH TPYyOONPOBOL.

2.1. Onpepesenue napaMeTpoB napaagenbHoit paborot
HEeHTPOOEeKHbIX HACOCOB C OJHHAKOBbIMH XAPAKTEPHCTHKAMH

[Ipumep 6. [IBa onnHakoBbIX HeHTpoOexHBIX Hacoca [1320-70,
paborasi napaJJje/jbHO, NOAAIOT BOAY M3 UCTOYHHKA B BOAOHAIOP-
Hy OawHoo. Hacochl pacnoJioxXeHol B OAHOH HAaCOCHOH CTaHUHH
H UMEIOT XapaKTEPUCTHKH, NPHBeAeHHble Ha puc. 29. XapaKrepH-
CTHKa CHCTeMbl TPyOGONpOBOAOB BhHIpa)KaeTrcsi ypaBHeHHeM Hyp=
= H:+S1p(?, B KOTOPOM UYHCJOBOE 3HauyeHHEe BeJMYHHbl FHADaB-
JIHYECKOT'0 CONpOTHBJeHUs1 TpybonpoBogoB S.p=1600 ana pac-
xona Q, BeipaxkeHHoro B M3/c. 'eoMerpHyeckas BeicOTa NoAbeMa
BOAbl HacocaMu H =35 M.

Tpebyercsa onpeaenuThb cymmapnbm pacxon, nogaBaeMbli Ha-
cocaMH, QQ;+2 H pa3BHBaeMbli Hanop Hi+s, a Takxe napaMeTpHl
Q, H, nu ¥ Ny 1y KaxKA0ro Hacoca NMpH COBMECTHOH paboTre H
B ciyyae pabGoThl KaXA0r0 H3 HHX OTAEJBHO. -
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Puc. 29. XapakTepHCTHKa NapaJuieJbHOH pa6oTH
JABYX  OJBHAKOBBIX HeHTpoOeKHbBIX ~ HaCcoCOB
J11320-70

Pewenue. Ins onpenenenns paboyux napaMeTpoB niapaij-
neJbHO COeIHHEHHBIX H&COCOB INpEeJBAapUTEJbHO CTPOHTCH LCyM-
MapHasi XapaKTePUCTHKA HAcOCOB 2 Q—Hi+e (cM. puc. 29). Ilo-
CTpOeHHE 3TOH XapaKTEPHCTHKH OCYLIEeCTBJACTCH yaBOeHHEM I1O-
nau (abcuucc) NpH paBHBIX HAMOpaXx (OpAMHATAX).

Ha stoM xe rpaduxe HaxXOQUTCA XapaKTepHCTHKA CHCTEMBbI
TpyGONpPOBOJOB, 3a/laHHasl YPABHEHHUEM:

3uayennusi H.p ONpefesiioTcss AN PacxoioB Q or Q=0 mo

Q==0,1 m3/c: | | o .
Q——=0,04 M3/C HTp=“-35——1600-0,042r——"37,56 M
Q=0,06 M3/c  Hzp=30- 1600-0,062=40,76 ™
Q=0,08 m3/c Hp=35+4 1600-0,082=45,24 M
Q=0,1 M3/c H.=235-+4+1600-0,12=>51,0 M
Q=0,12 M3/c HTp=35—-1600--0,-122--:58,04 M
Q=014 M%/c  Hmp=235+1600-0,14*="66,36 M
Q=0,16 m3/c HTp:35+1'-600-0,1.62=7'5,96 M
Q=0,18 mM?/c HTp=35+1f60’0-0,182=86,'84 M

[lo mosy4eHHHIM 3HaueHHAM Q H H.p CTPOHTCA XapaKTepH-
cTHKAa CHCTeMBl Tpy60npoBojoB Q—Hrp. Touka mepeceyeHHs A
CyMMapHO# XapakKTepHCTHKH HACOCOB 3 Q—Hj42 M XapaKTepH-
CTHKH CHCTeMbl TpybonpoBofos Q—Hrp ABJIAETCS paGoueil TOU-
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Kol HacocoB. Touke A cOOTBETCTBYIOT CyMMapHas nogada Qo=
=150 Js1/c # cyMMapHH# Hanop Hi4o=70 M.

Has omnpenpeneHuss mMojad KaxJAOro Hacoca H HX Haro-
pOB IIPH COBMECTHOH mapaJnenbHoli pabore uepe3 TOUkKy A
MPOBOJAUTCS TOPHU3OHTAJbHAS JIMHHS [0 MEpPeCeYeHHss ¢ Xapak-
TepUCTHKaMH HacocoB Q—Hy, 2. Tlo paGoueii Touke A, o ompene-
as0TCs 3TH napaMerph: Qi=Q:=75a/c; Hi=Hy=H42,=T0 M.
[To Touke I onpeneasercsa KIII xaxporo Hacoca npu HX coBMe-
CTHO#H pabore: My, = 7, = 0,79.

Tak kKak Ha rpadHkKax OTCYTCTBYyeT KpHBasi 3aBHCHMOCTH

w=[(Q), TO MOLIHOCTb KaXJAOI'0 Hacoca onpeneJsiercs no ¢op-
MyJie: - o ~

1000.9,8.0,075-70 — 65 kBT

1000-0,79 | '

[TapaMerpbnl KaxJaoro Hacoca HpH HX pasfiesibHOH pabore
ONpeAeasIoTcsa Mo Touke Aje, T. €. TOUKE IepeceyeHHs KPHBOH
HacocoB (Q—H); 2 ¢ XapaKTepHCTHKOH CHCTE€MbI TPyOONpPOBOAOB
Q—H.p. Touke Aj . coorBercTBylOT: Q1= Q>=100 n/c; H;=
= H,=>50,5 M; Ny, = Nuw,= 0,70 U MOIITHOCTDL

N, — ~ - 1000-9,8-0,1-50,5 20.7 xBr
B = 1000.0,7 7 '

3apaua 21. JIsa oAuMHAKOBHIX IeHTPOOEXKIHLIX Hacoca
4K-90/30, paGorass mapaJjJjesbHO, NMOAAIOT BOJYy H3 OeperoBoro
BOJ03a6OPHOr0 KOJIOAIlAa B BOJLOHANOpHYyIO OamiHIO [0 CHCTEMeE
Tpy6ONpPOBOJOB, XapaKTepUCTHKAa KOTOPOH BhIpa)kaercsi ypaBHe-
HueM Hq p=H;+S:pQ2% UYucjoBoe 3HaueHHE BeJHUYHHbI THAPABJIH-
4ecKoro CONpOTHBJEHHS TPpy6omnpoBoaoB Srp=—5000 aasf pacxona
Q, BuipaxeHHoro B M3/c. 'eomeTpHueckas BHCOTa NOAbeMa BOAHI

nacocaMd H.=20 M. HacocH pacrno/iokeHsl Ha OAHOH HaCOCHOH
CTAaHIHH M UMEIOT XapaKTePHUCTHKH, NpHBeleHHble Ha pHc. 30.

N, = Ny, =
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Tpe6yeTcst ONpeNENUTh CyMMapHbIfi pPacxojl, N0JaBaeMbli Ha-
cocaMH, Q42 U pasBuBaeMblli Hamop Hiyz, a TaKXKe NapaMeTphl
Q, H, nu 1 Ny AN Ka)XJoro Hacoca NPH COBMECTHOH HX paborte
H B caydae paboThl KaXkJ0ro H3 HUX OTAEJBHO.

Orger: Qi15=>53,2 afc; H;1+»=34,2 M. Kaxaulii Hacoc npH
coBMecTHOH pa6ore mmeer napamerps: Qi=Q2:=26,6 a/c; Hi=
—=Hy=H3,=842 M; mMy="n=0,79; Ny= Ny,= 11,3 KBT.
Kaxaslii Hacoc INpH pasjenbHOH paboTe HMeeT IapaMeTpH:
Qi = Q5=235,2 n/c; Hi= H3=262 M; M ="My, = 0,71; Ny =
= Ny, = 12,7 xBT.

3anauva 22. JIBa OOHHAKOBHIX IeHTPOOEXKHBIX HAcocCa
6K-160/30, paGorasi mapaJjjejbHO, OJAIOT BOAY H3 KoJoALa B
pesepByap N0 cHcTeMe TPyGONpOBOAOB, XapaKTEPUCTHKA KOTOPOH
Bhipaxkaercsd ypaBHeHHeM H.p=H:4S:pQ?. HucioBoe 3HaveHHE
BeJHUYAHB THAPABJHYECKOTO CONPOTHBJEHHS TpPyOOIpOBOJOB
S:p=1000 pas pacxoma Q, BelpaxkeHHoro B M3/c. I'eomerpude-
ckasl BHICOTA noabeMa Boaw Hacocamu Hr.=20 M. Hacocu pac-
MOJIOXKEeHb Ha OJHOH HACOCHOM CTaHIHH H HMEIOT XapakKTepH-
CTHKY, IPHBEJEHHYIO Ha pHc. 31. |

17=1450 rrurr =7
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20 4-H | 120
70 ' 70
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Puc. 31. XapakTepucTHKa LEHTpo6GeXHOro Hacoca
- 6K-160/30

. TpebGyercs ompenesuTh CyMMapHBIA pacxoj, NOojaBaeMbli Ha-
cocaMH, Q.+ ¥ pa3BuBaeMbiii Hanop Hitq, a TakxkKe napaMeTpH
Q, H, ny v Ny 1Js KaxKJIOro Hacoca IpH COBMECTHOH HX palbore.

Otger: Qi14+2=103,6 a/c; Hi+2=31,3 M. Kaxast Hacoc npH
cOBMecTHO# pabore umeeT mapamerphl: Q;=Q:==>51,8 a/c; Hi=
:HgmH1+2'—==31,5 M; My, = Tn, = 0,76; NHI'-—_—-” an'—"--" 21,1 kBT,

3apava 23. JIBa O0AMHAKOBHX - LEHTPOOEKHBIX Hacoca
J1200-36, paGoTtas mapaJiiieJibHO, IOZAIOT BOAY H3 BOJ03a00PHOrO
KOJIOJlla B BoJOHanopHyio OaiuHio. BcachBawouias JHHHA yCTpO-



oA H3: CTaJsHHEX TPYO AHaMeTpoM dpc=250 MM U ANMHHON lp=
=0 m. HamopHbii BOJIOBOX H3 YYTyHHBIX TPyO HMeeT AHaMETp
du==250 MM 1 QauHY [,==240 M. OTMeTKa ropHiIONTA HU3KHX BOJ
B KoJiofue Zryp =43 M, BHIJIHBHOE OTBEPCTHC 1HAIIOPHOTO BOIO-
BOJla B OauiHe pacloJ/ioXKeHO Ha oTMeTKe Zpy =-08 M. [Torepamu
HAIlORa: B- OTBETBAEHHSX K HACOCAM BBHAY HX HCIHNUHTENbHOCTH
MOXHO mpeHeGpeyp. CxeMa CHCTEMBI NOAAUYH BOAW M X8PAKTEPH-
CTHKA Hacoca NMpHUBEJNeHLL Ha PHUC. 32.
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Puc. 32. Cxema: cucreMsl' (a); xapakKTepHCTHKA ILE€HTPO-
6exxHoro Hacoca [1200-36 (6)

TpebGyercs onpenenauTsb CyMMapHbIH Pacxof, [IojdaBaeMbld Ha-
cocaM¥, Q142 W pasBuUBaeMb#i Hamop i+, a TakXKe napamerphl
Q;, H, mu 1 Ny nJs KaxkJo0ro Hacoca npu COBMeCTHOH Mx paforte
H: B: cllydyae paboThl KaXKA0Tro H3 HUX OTAEJIbHO.

Oreer: Qi4+2=123,4 a/c: H;+2=34 M. Kaxabii Hacoc mnpH
COBMECTHOH paboTe HMeeT MapaMeTphi: Ql"—'Q2 61,7 n/c; Hy=
=Hy=H110=34 M, My ="M,=0,71; = N,, = 28,9 kBr.
Kaxpuit Hacoc npu paGOTe OT/EJIbHO HMeEeT napame'rpbx Q1=
=Q=719 a/c;; Hi=H;=28,3 M; m =n,=0,66; N =
=. Nﬂa = ’2 ]{BT
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FJagawa 24 [Isa oIHHZKOBLIX UEHTPOGEXKHLIX HAcCoOCa
[1:800-27, paorast napasn/eibHo, OAAI0T BOAY M3 BOL03aGOPHOrO
KOIOIIA Ha CUYHCTHHE COOpYyKeHHA. KaXIhidl HacoC HMeeT OT-
JETbHYIO: BCACHBAWILYO JHHUIO H3 CTavIbHBIX: TpyG AnameTpom
Ane; = Ohpe, =400 MM B AJHHOHK lsc, = lsc,—~40 M. Hanopunii BOMIO-
RO Bt OAHY JHHHUIQ: YCTPOEH M3 UYTYHHHIX TPYO HHaMeTpoM dy==
=450 mm u pauHoil [,=800 M. I'eomerpHueckasi BbICOTa MNOIAD-
eMa BOAn HacocaMu H,.= 17 m. CxeMa cucTeMbl NOAa4Y4d H Xapak-
TEPHCTHKA HACOCA NpPUBEleHbl Ha PHUC. 33.
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Puc. 33. CxeMa cHcTeMbl (a); XapaKTepHCTHKA LeHTPOOeXK-
Horo Hacoca J1800-27 (6) |

TpebyeTcst onmpefesHTh CYMMapHBIH pacxon, MojaBaeMuIi Ha-
cacaMi, Qi1 W pa3BuBaeMblil Hanop Hiie, a TakXe NnapaMeTphl
Q, H, nm« ¥ Ny AN KQXKI0rO Hacoca NpPH COBMECTHOH HX pabaore.

Oreer: Qi12=2386 a/c; Hi+2=29,5 M. KaxablH Hacoc NpH
coOBMECTHOH pabeTe HMeeT apaMeTphl: Qi=Q:=193 n/c; Hi=
mHZmH1+2=29;5 M‘; ‘Y]Hl == ‘qnzm 0386, NH:: NH.Q*:*-:: 64—,9 KB’I‘.
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3apaua 25. Tpu oJHMHAKOBLIX UCHTPOOEIKHBIX Hacoca
11320-50, paboras napaJjiesibHO, IOLAIOT BOJlY B BOAOIPOBOJHYIO
ceTb. XapakTepHCTHKA CHCTeMBl TpyOONpoBOJOB H CEeTH BhIpaxKa-
ercsl ypaBHeHHEM H p=H;+4 (Stp+Sc)Q?% B KOTOPOM YHCJIOBHE
3HaueHHS BEJHUYMH THAPABJHUYECKOrO COIPOTHBJICHHS Tpybonpo-
B0110B S:p=75, NpuBeJeHHOE CONPOTHBJEHHC CeTH S =120 nJs

pacxoja (, BbHIpaXeHHOTO

P y— b, B M3/c. [eomerpuueckas
+——{&0 BBICOTA [10/'b€EMA BOJABI Ha-
H,m 70 cocamMu f1,=30 M. Xapak-
60 60 TEPUCTHKA Hacoca TIpHBe-
50 T ‘:0 NieHa Ha pHC. 34.
fg T T 3‘; Tpebyercs oupenenuTs
20 Q-7 | 20 CyMMapHBIH pacxof, Moja-
10 10 BaeMbll HacocaMH, Q14243
0 M pa3BHBaeMBIH  Hamop

0 20 40 60 80 100 720 Q4 Hit243, @ TakXe mnapamer-

Puc. 34. XapaxkrepHcTHKAa LeHTPOGEKHOro Pl Q’ H, nu u Ny 1as
Hacoca [1320-50 | Ka}KllOI‘QIH-HaCOCH [IpH COB-
| MECTHOH HX paborTe.

Orser: Q1+2+3—2961 afc; Hiyops=47,2 M. Kaxiablii Hacoc
NpH COBMECTHOH paboTe HMeeT mnapamerphl: Qi=Q.:=Q3:=

—-987 JI/C H,= Hz—-Ha-——H1+2+3=472 M nu,“nuz—'ﬂug_"o 75
Ny, = Ny, = Ny, = 60,9 kBr.

2.2. OnpeneneHre napaMeTpoB napaJJiieabHoi paGoTsl
uempoﬁe}xuux HaCOCOB C Pa3JHYHBIMH XapaKTepHCTHKAMH

Mpumep 7. [IBa pas.nnqﬂblx ILeHTp06e}KHbIX nacoca [1320-50, 6
u J1200-36, pabotass mapanjiesnbHO, MOJAAIOT BOAY B BOJOHAIOP-
HYIO Gawmio Mo cxeMe, NMPHBEAEHHON Ha pHuC. 32, a. BcacwhBalo-
l1ast IHHASA YCTPOEHa H3 CTAJbHHX TPYyO JHaMeTPOM dp. =250 MM
H IJHHOH [sc==30 M. HamopHH# BOJOBOA H3 YYryHHBIX TpPYG
uMeer auamerp dy=250 MM u mauny [,=260 M. OTMeTKa ropH-
30HTa HU3KHX BOJ B BOA03a00pPHOM KoJoaue Zrys =38 M, BHIJIHB-
HOe OTBepCTHEe HANOPHOTO BOJAOBOAA B OallHe pacmnoJioKeHO Ha
oTMeTKe Z pg=08 M. [loTepssMH Hamopa B OTBETBJEHHAX K HacCO-
caM BBHJY HMX HE3HAUUTEJbHOCTH MOXHO mNpeHeOpeub. Xapakre-
DHCTHKH HACOCOB NMPUBENEHH Ha pHC. 35.

Tpebyercsa onpenesuTb CYMMapHBIH pacxoj, nNojaBaeMblii Ha-
cocaMH, Q42 U pa3BUBaeMbId Hanop fiig, a TakXKe nmapaMeTpH
Q, H, mu U Ny 021 KaXA0ro Hacoca nmpH CoBMeCTHOH uX pabore
H B cjy4ae pabOThl KaXAOro U3 HHX OTAEJBLHO.

Pewenue. Jlnsa onpeneneHuss paboyux MapaMmMerpoB mnapaJ-
JIeJIbHO COeJHHEHHBIX HACOCOB C Pa3/IHYHBIMH XapaKTepHCTHKAMH
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PEnBapHTENbHO CTPOHTCS CyMMapHast XxapakTepHCTHKa HacoOcoB
> Q—Hi+2 (M. puc: 35). [TocTpoenne 3TOH XapaKTEpHCTHKH OCY-
ecTBJASETCA CYMMHpPOBaHWeM mnogayd (abCcuHcC) 3THX HACOCOB
MpH PaBHBIX Hamopax (OpAHHATAX).
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Puc. 35. K onpeneJseHHI0 na’pame"rpos LeHTPOOGEKHEIX HACOCOB
" J1320-50, 6 u J1200-36 npu mapaJjeénbHoil HX pabote =

Ha sT1or e rpaduk HaHOCUTCA XapaKTE€PUCTHKA CUCTEMBI TPY-
601POBOLOB. ' o R

XapakTepucTukKa cucreMbl Tpy6onpoBoaoB (Q—Hrp NMpeacTas-
JNeTCs YpaBHEHHEM: T | |

' Hap=Hot (1,14sclscKac+1,054,0K0) Q2=

— (58—38) + (1,1+1,653-30- Kac-H1,05-2,209-260-K) Q=
=25+ (54,6K5c+-627K.) Q. -

.")

[To 3TOMYy  ypaBHeHHIO AJis “pa3HBIX 3HaueHuit Q, m3/c, ompe-
NeJSIOTCA COOTBETCTBYIOIHE 3HAUEHHUSA H rp. |

ITo Q u Hyp cTpotiTcss XxapakTepucTHKa X Q—Hito.

Touka. A mepeceueHHsi cyMMapHOH XapakKTePHCTHKH HAacCOCOB
> Q—H, 42 U XapakTepUCTHKH CHCTEMBl TPyOOmpoBOAOB Q—Hrp
apasiercd paboueil ToukoH HacocoB. Touke A COOTBETCTBYIOT:
cymMMapHas nogauda Qi +o=155 wi/c # cymMapHH@t Hanop Hij.=
=34 M. o
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g, e i @, w3/c | Vser M;C"  Kpge Uy M/C Ky | Hrp, M
0 — — _ _ — 25
20 0,02 0,38 1,123 0,39 1,231 20,33
490 | 004 0,75 1,029 0,80 1,047 91,14
60 | 906 1,13 0,991 1,19 0,968 22,38
0 | 008 1,51 0,968 1,59 0018 | 2402

100 0,1 1,88 0,955 1,99 0,885 26,07
120 0,12 296 | 0,945 2,39 0,862 28,52
140 0,14 2,64 0,937 278 0,844 31,56
160 0,16 3,00 0,932 3,13 0,831 34 64
180 0,18 3,37 0,929 3,25 0,822 38,34

Jdns onpeneneHdsa noaauy

KaxJa0oro Hacoca H HX HaAIO-

POB INPH COBMECTHOH MapaJuieqbHOH pabore 4Hepe3 TOUKY A
MPOBOAMTCS TOPH3OHTaJbHasi JIHHHSA A0 [epecedeHHs C Xapak-
TepuCTHKaMH HacocoB Q—H, 1 Q—H,. Ilo pabouum TouKam A,
H A, onpeaensioTcs 3TH napamerphl: Q=94 a/c; Q=061 Jajc;
H=H,=H;.;=34 M. ITo Toukam I u 2 onpepeastorcs KIIJ
KaXkJOro Hacoca NMpH HX coBMecTHO# pa6ote: 1y, = 0,76; mu, =0,7.

MOUIHOCTh KaXKJI0ro Hacoca onpejedsiercs 1no ¢gopmyJse U Co-
CTaBJISIET:

. p-gQ-H, 1000-9,8:0,094-34 . o o
N = 10007, 1000.0,76 T2 BT
 p-gQu-H, 1000-9,8-0,061-34 .
N = 70007, 1000-0,76 29 wBr.

[lapaMeTpsl KaxJoro Hacoca IPH HX pasieabHod pabore
onpejessioTces 1Mo Toukam A[ U Ag, O TOYKaM NepeceyeHHs KpH-
BbIX HacocoB Q—H, 1 Q—H, ¢ XxapakTepHCTHKOU CHCTEMBL TPY-
60NpOBOIOB. | |

Toukam A; H Az COOTBRTCTBYYOT:

Q:=109 ajc; Hi=29 M; vy =0,68;
. Q;=75 njc; Hy=26 M; my = 0,62;
,  pgQi-f; 1000-9,8-0,109-29 :
Nu = 060 00068 — 45,6 xBr;
. pg-Q:-H;  1000-9,8-0,075-26 oo
Nu="Tooom —  1000-062 00 KB



Janaua 26. J[sa pa3auuHbX UEHTPOOEXKHBIX HACOCa
6K-160/30, 6 ¥ 4K-90/20, paGoras mapaaJesbHO, IOAAI0T BOAY H3
BO103aGOPHOro KoJIoAla B BojoHanmopHylo OamHio. Hacoch pac-
MOJIOXKEeHLI Ha OJHOH HACOCHOW CTAHIHH PANOM OJUH C APYTHM.
XapakTepHcTHKa CHCTeMbl TPyOONpPOBOAOB BbipaxKaeTcsi ypaBHE-
HueM H.p=H:+S:pQ2, B KoTOpoM Hr==12 M, uic/IOBOC 3HAUYCHHE
PHAPaBJHYECKOTO CONPOTHBJIEHHsT TPy60onpoBOaAoOB Srp=1130 pas
Q, BupaxenHoro B M?3/c. [loTepsimu Hamopa B OTBETBJIEHHSX
BBHAY MX HE3HAUHTEJbHOCTH MOXKHO npeHeOpeub. XapaKTepH-
CTHKH HAcocCOB IpHBeJeHbl Ha puc. 36.
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Puc. 36. XapakTepHCTHKH HEHTPOGEKHHIX HACOCOB:
1 — 6K-160/30,6; 2 — 4K-90/20

Tpebyercs onpenenuTh CyMMapHbIH pacxojl, MojgaBaeMbld Ha-
cocaMH, Q;+2 W pa3BUBaeMblid Hanop Hiyz, @ TakXKe mapaMeTrphol
Q, H, nu 1 N, 0Jsi KaXkA0ro Hacoca NpH COBMeCTHOH HX paborte
H B ciayuae pabOThl Ka)xXJ0ro H3 HHX OTJEJbLHO.

Otrser: Qi14+2=84,8 a/c; Hi+2=20,1 M. Kaxauid Hacoc ImpH
cCOBMeCcTHOH paboTe MMeeT napaMeTphl:

Q:==>57,9 afc; H1=20,1 m; 1, = 0,66; Ny, =17,3 kBrT;
Q=269 a/c; Hy=20,1 M; 7y, = 0,78; Ny = 6,8 kBT,
[Ipu paGoTe ogHOro Hacoca B Ty XKe CHCTEMY:
nacoc 1 — Qi =63 a/c; Hi= 16,9 M; my,=0,87; Ny,=17,9 kBT,
Hacoc 2 — Qs = 33,5 a/c; Hs= 13,3 M; %5,=0,67; Nu,=6,5 kBT.

" 3apaua 27. [lBa uentpoGexnHnx Hacoca 4K-90/30,6 u
4K-90/20, pacnosioxkeHHble Ha QIHOH HACOCHOH CTaHIHH OAHH

4 3ax. 918 49



OKOJIO Apyroro, -paboramor napaJJejbHO, IOAaBasi BOAY H3 BOJO-
3a00pHOro KkoJiOAlAa B HanopHuii pe3epByap. [eomerpHueckas
BBHICOTA IIOJb€Ma BOJHI cocTaBisieT Hy=15 M. [Inamerp BcachiBa-
IOIeH JIMHHH H3 CTaJbHBIX TPYO dpc=200 MM, auauHa l,:=40 M.
HanopHass nuHus YCTPOGHA H3 UyIyHHBIX pr6 auaMeTpoMm dy=
=200 MM u pauHo#i [,=310 M. [loTepsiMu Hanopa B oTBeTBJe-
HHAX BBHIAY H3 HEe3HAUHTeJbHOCTH MOXKHO mnpeHebOpeun. Cxema
CHCTEMBl NMOAAYH BOALl U XapaKTEePHCTHKH HAaCOCOB HpHBeII,EHbI Ha
puc. 37. |
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Pue. 37. Cxema cHcTeMbl momaud BOABI (a); Xapak-
TEPHCTHKH LIeHTPOOeKHBIX HAacoCoB (0):

1 — 4K-90/30,6; 2 — 4K-90/20

Tpe6ye'rc;1 ONpEeJeHUTD cymmapﬂbm pacxon, nonaBaeMbm Ha-
cocaMH, ;12 U pa3BuBaeMbld Hanop Hiyz, a Takke napaMeTpH
Q, H, nu u Ny 051 KaXKA0Oro Hacoca IIPH UX COBMECTHOH pabore
H B cayuae pabOTHl KaxKAOro U3 HHX OTAEJbHO.

Orser: Qi12==>55,1 a/c; Hip2=22,3 M. Ka}KI[bIﬁ Hacoc npn
COBMECTHOH pabore HMeeT IapaMeTpHI: - |
- Q=321 afe; Hi=22,3 m; 14, =0,71; Nu1=.9,9 kBT;
- Q2=23,0 afc; Hy=22,3 M; nw,= 0,80; Ny,= 6,3 xBr.
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