FTABA VI. HACOCHO-PYKABHBIE CHCTEMbI

§ 29. Knaccndukanus HacocoB W MX NpUMEHEHHe
B MOXAaPHOM JeJe.

Hacocom nasmiBator rujipaBanueckyio MalmH{ny, Mpea-
Ha3HAYEHHYI0O AN COOOUIEHHS KHIKOCTH  KHHETHYECKO
sHepru. Hacoch npuMeHsOT BO MHOMHX OTpacisx Hapoa-
HOTO X03sIHCTBA: BOJAOCHAOMXKEHHH, OTONJIEHHH, BEHTHJAIHH,
Tpancnopre. [IpakTHyeckre 3ajaum mo nojave BOABI JiJIsi
neseil MOXKapOTYUIEHHsi DPELIAIOTCH C YYETOM COBMECTHOM
paGoTbl BOMONPOBOLHOMN CeTH, HACOCOB H PYKABHLIX CHCTEM.

[Mo npunmuny neficTBHs HAcOCH AeAAT Ha 06 e M-
Huewu AuHaMHyecKkHue, K o6beMHEM OTHOCAT nopuiHe-
BBHIE, IUIYHXEpHBIe, POTOpPHHE, LIecTepeHHble, nuadparmen-
HHE Hacoch. B HHX sHeprus coobiiaercs KHAKOCTH NyTeM
IIePHOHYECKOr0 H3MEHEHHs 3aMKHYyToro o6hema npm mepe-
MEeUIeHHH XHAKOCTH OT BCACHIBAIOLEH K HANIOPHOH TMOJIOCTH
Hacoca. K QHHaMHYeCKHM OTHOCAT HACOCH, B  KOTODHIX
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AHAKOCTh MepeMellaeTcss NOA BO3JeHCTBHEM THAPOAHHA-
MHYECKHX CHJI, TPHYEM XKHIKOCTb, MPOXOAAUIas MO Hacocy,
oGpa3syeT cnJjoumHoil MOTOK OT BXOAa K Buixoay. [umamp-
YECKHMH SBJAIOTCH HAcOCh JjomacTHble (HeHTpPOoOeKHbIe H
OceBbie), 3JeKTPOMAarHHTHbLIC, TPCHHS W HHEpUHH (BHXpeBHE,
IIHEKOBBIE, CTPYHHBIE HAcOCH).

B nporuBolOKapHOM BOJOCHAG)KEHHH NpPEeHMYLLeCTBEH-
HO€ pacnpocTpaHeHHe NOJYYHJIu HeHTPoOexHbie HACOCH, B
KOTOpPbIX Mepeaaud SHEePrHH OCYILEeCTBJASACTCA NyTeM JHHA-
MHYECKOro B3aHMOJEHCTBHA Jomacteii Kojeca ¢ o0Teka-
mieit X KuAKOCTLIO. OCHOBHBIMH AOCTOHHCTBAMH LEHTPO-
OeHBIX HACOCOB fABJAIOTCS NPOCTOTA H KOMIAKTHOCTD KOH-
CTPYKUHH, OTHOCHTEJbHO Helojblnas Mmacca, yao6CTBO HX
COEJIHHECHHA € 3JICKTPOJABHraTeNAMH H JABHraTe/siMH BHYT-
pelHero cropaiusi, cnocoGHOCTL lepexaynBaTh CHJALHO 3a-
IPSA3HEHHBIE KHUJKOCTH, BLICOKAS NPOH3BOAHTEABHOCTL H CIHO-
coGHocTh K «camoperyauposanuio». Ilocneaiee cBoiicTBO
HPOSIBJIACTCSH B TOM, UTO IIPH H3MEHCHHH PacXoia JKHAKOCTH
HJIH TIpeKpalleHHH ee NojauH NeHTpoOexHHH Hacoc npo-
nonxaer paboTaTth B TeHeHHE HEKOTOPOI'O BPEMEHH, He BhI-
X0/l M3 CTPOSH, B TO BpPeMsi KaK NOPIIHEBOi Hacoc NpH 3a-
KPBITOH 3a]BHKKe Ha HamopHOM naTpybke oueHb OLICTPO
NOBpPexIaeTCsI.

Onnaxo nenTpobekHbie HACOCH HMEIOT H CyLIeCTBeHHBIH
HEJIOCTATOK, 3aKJIIOYalOUHHCA B TOM, 4TO OHH He FBJASIOTCS
camoBcachiBaiomumy. ITostomy ans Hx 3anycka HeoOXO/H-
MO NpejjycMaTpHBaTh JONOJHHTENbHBE BaKyyM-HACOCH
(poTopHbIe, cTpyfiHBIE) HJH HCNOJL30BaThL ycTpoiicrBa (Ha-
nopHuie 6aKH), NO3BOJSOLNE 3aNOJHATh BCachiBalole JH-
HHH M KOPNyC Hacoca BOJAOH.

§ 30. Knaccudukauus, ycTpoiCTBO M NPHHUMD JeHCTBHSA
 UEHTPOGEKHBIX HACOCOB

LlentpoGexnbie HacoChl MPHHATO KJAACCH(PHIMPOBATL TO
co3/laBaeMOMYy Hanopy, uhcay pabouHx Kouec, cnocoly
noABoja XHAKOCTH K pabouemy KoJecy, pacloJoXKeHHIO
Bajga Hacoca, kos(duuuenty OHICTPOXOAHOCTH H IPYrHM
IIpH3HAKaM,

Mo nanopy pasnnualOT HACOCH HH3KOHANOpHLE
(mo 20 M), cpeanenanopHuie (or 20 mo 60 M) ¥ BH-
cokoHanopHbe (Gomee 60 m).

Mo uucny paGounx Kojec HacOCH AEIATCH HA O X HO-
cTynmeHuyaThe (c oAKHM paboynm KoJecoM) H MHOT O-
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cTynenwaTble (¢ HeCKOJALRHMH pPabOYMMH KOJeCaMH).
OanocTyneHyaThie HACOCH MOTYT BHUIOJHATHCH C KOHCOJb-
HBIM PAaCHOJIOXKEHHEM Baja (KOBCOJbHBIE HACOCHI).

B MHOroctyneHuaThX Hacocax NPOHCXOJHMT NOCTENeHHOe
yBeJHUYeHHe Hanopa XKHAKOCTH MPH €e NPOXOKAEHHH yepes
nocJe0BaTeNbHO coefiHHeHHble palowye kojeca. 1o, KaK
NPaBHJO, BHICOKOHANOPHHE Hacoch. [TPOM3BOAHTENILHOCTH
MHOrOCTYMEHYaToOro Hacoca paBHa nojawe ojHoro pabode-
ro xoJieca. ‘

[lo cnocoGy mOABOAA KMAKOCTH K pafouemy KoJecy
pasJHYaloT HACOCH ¢ OAHOCTOPOHHHM M JABYCTOPOHHHM NOA-
Bojom. IIpn ONHHAKOBOM Halope Mnojaua HAacoOCOB ¢ JBY-
CTOPOHHHM MOJBOJOM GoJbllie, 4eM y HAacOCOB C  OJIHOCTO-
DOHHHM TOJIBOAOM, TaK KaK JBYCTOPOHHHil BXOA, MO CYy-
LleCTBY, NPEACTABJACT NapajjelbHoe COSAHHEHHE ABYX OX-
HOCTODOHHHX KOJIEC. . _

Io pacnoaoxenwio Baixa pabouero Kojeca Hacocw Obl-
BA1OT FOPH3OHTAJbHHE H BepTHKaJbHBeE, Hacocw ¢ Bep-
THKAJbBHBM BaJgOM HCHOAL3YIOT ofhiyHo aas 3abGopa
BOJAbl M3 TAYOHHHBIX KOJIOAUEB H CKBAaXHH HAa HACOCHBIX
CTAHIHAX NEPBOro NoabeMa.

Mo xoadduunenty GoicTpoxoaHOCTH pabouero KoJeca
HacocH GBIBAIOT THXOXOJHBIC, HOpPMaJbHLe, GHCTPOXOAHLIC.
KoadduauuesT OBICTPOXOJHOCTH 715 XaPaKTCPH3YET KOHCT-
PYKTHBHBIE 0COGEHHOCTH ZAHHOTO THIIA HACOCOB M BLIpaXKa-
eT 4acTOTy BpalleHHg TAKOro 3TajJoHHOro pabouers koJe-
ca, KoTopoe OyAydYH reoMeTPHYECKH NOJ0OHO 3a/aHHOMY,
npu Mmowmuocts N=0,736 kBr, nanope H=1 wu, ob6ecneus-
Baer noxauy Q=0,075 wms/c.

Kosdduunent GLICTPOXOAHOCTH HAXOAST N0 GopMmysie

== 3,85nVW5.

rae Q —nopawa macoca, m%c; H — namop, co3zaBaeMBli 1HacocoM, M;
n—muacrota Bpautenns paGotucro Kouscca,

HOas THXOXORHBLIX HacocoB KO3 HIHENT GHICTPOXOAHOC-
TH coctasasier #,=40—80, nopmaabumx 80—140; Gwicrpo-
xonueix 140—300. U3 panuoit dopmyas caenyer, 4to npH
3aJlaHHOll yacToTe BpalleHns KO3DDHUHEHT GBICTPOXOAHOC-
TH YBEJHYHBACTCA C POCTOM MO/aYH H YMEHbILIEHHEM HAMOPa.
ITostoMy THXOXOZHBIE HACOCH CJAYXKAT M5t CO3AaHHs GOJb-
IIHX HamopoB NpH Majoil nojade, a GHICTPOXOAHBIC NAIOT
GoJIbLIYI0 TONayy NpH CPaBHHTENbHO HH3KHXK Hamopax.
HanGoaee yacTo npHMeHsioT B NOXKapHOH TEeXHHKE THXO-
XOIHbIE H HOPMaJbHBe 1eHTPoGeXHbe HacoChl.
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Puec, 37, Cxema nentpobexsaoro Hacoca
I — paGouee koneco; 2— Jonactw; J§— Kopnye; 4 —pan; 6— BeacHBawuufl
TpyfonpoBoR; 6 — HarHeTaTeasHufl TpyGonposox; T — natpyGok

lpunuunnansuas cxema uenTpoGexxHoro Hacoca noka-

3aHa Ha pHC. 37. OCHOBHBIMH 3JIeMEHTaMH, OOMHMH AJS

BCeX PasHOOOpasHHX KOHCTPYKIHII LEeHTPOOEXHHX HacOCOB,
ABJIAIOTCST paboyee KoJjieco /, onacTH ero — 2, Kopnyc — 3,
BaJ — 4, BcachBaOWui Tpy6ONpoBOA — 5, HarHeTaTelb-
HBEI — 6, naTpybok 7. Pabouee KoJjeco HacaxkeHo Ha BaJ,
KOTOPHIH MPHBOAKTCH BO BpallleHne asurarteneM. OHO COCTOHT
H3 JABYX IHCKOB, MEXJAy KOTOPLIMH DacmOJIOKeHBI H30THY-
Thle Jonactu. Paboyee KoJieco MOMCINEHO B CIHPAJBHYIO
KaMmepy, KOTopas CJOYXHT AJs IJaBHOTO OTBOJAA MKHIKOCTH
K HanopHomy natpyOKy. B o6uuno nmpuMenseMHX Hacocax
KoJieca MMEIOT LIecTh-— BOCEMb JonacTel; B Hacocax, npei-
Has3HaUeHHHIX JJIs [epeKauyHBaHHs 3arpssHeHHBIX MKHJKOC-
Tefl, ycraHaBauBaloT pabouHe KoJeca BCEro ¢ JAByMs —
4eTHIPbM#A JIOMACTSAMH,

IMepen nyckom Hacoc y BcackHBalouuil narpy6ok samod-
HAIOT BOJOH, MocJie 4ero ABHraTe/lp NPHBOJAHT BO BpalleHHe
Koseco Hacoca, [Tox neficTBHeM LEHTPOGEKHBIX CHA HaxXo-
IfIascs B HAcOCe JKHAKOCTh HAaYHHAeT MepeMeuatbcss 1o
KaHaJaM Mexay JomnactsiMi pabouero KoJieca B Hanpasjie-
HHH OT leHTpa K nepHdepun. Benencrsne sToro mpu Bxoje
B pabouee Kosmeco B LeHTpaibHOil 06jacTh nacoca o6pasy-
erca BakyyM. Torna nmoja AeficTBieM nHapysxHoro (armocdep-
HOro) JaBJIeHHs XHAKOCTb H3 pe3epByapa no BcachiBalollle-
My TpyGOmpOBOAY MOCTYNaeT B LEHTPAJNbHYI0 30HY paGoue-
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ro KoJieca. Takum o6pa3oM, Nl MOCTOSHHOM BpallleHuHu pa-
Gouero Kojeca yepes HacoC MONAeTCA HENPEPHIBHHI MOTOK
KHAKOCTH. B nponecce oGrexaufs Jjonacrefi paGouero Ko-
Jieca H HX CHJOBOro BO3,D,eﬁCTBHH Ha MOTOK MeXaHHuecKas
IHEprusi npeobpasyercs B KHHETHURCKYI) SHEPrHIO ABHKe-
HHSl XHAKOCTH, IPHYEM Ha BhIXOJe W3 palouero Koaeca 1o
Mepe paculHpeHHsi CHHPAJbHOA Kamepsl nocaefHsist (Ku-
HETHYeCKasl SHeprHs) Inpeobpasyercs v SHEPrHIO JAaBje-
Hust. Ilpeo6pasopanHe KHHETHYECKOH 3HeprHu 3aBepluiaer-
Cs B HanopHoM natpy6ke, KOTOPHIH OGHLIYHO BEINOJIHSAETCH B
BHJle NpAMOOCHOro Auddysopa.

§ 31. OcHoBHble paGouwe mapameTpnl HACOCOB.

Texnuueckue napamerpn Hacocos. Hacocn xapaxtepu-
3YIOTCS CAEAYIOIHMH OCHOBHBIMH pabOuHMH IapaMeTpaMu:
o0beMom nopjaum xkuaxoctu (pacxomom) @, mamopom H,
MOMHOCTHI0 N, KO3)HIHEHTOM 110/1€3HOr0 ACHCTBHS 1), BH-
coToit BcacHBaHus M.

Mopaued nacoca HaswiBaercss 06beM MKHAKNCTH, NEpeKa-
yHBaeMbl B efHHuNy BpeMmenH. [Togaua Hacoca wamepsiercs
B M3/4, m3/muu, m3/c, a/c.

Hanopom nacoca HasblBalOT Pa3HOCTh MOJHBIX YHENb-
HBEIX 9HEePrHH NOTOKA Y BX0Ja B HACOC M BHIXOAa H3 HEro,
BEID2XEHHYI0 B MeTpax cronba mepeKauHBaeMON KUJIKOCTH.

Has nosicHeHHst CYIIHOCTH HANOpPa, pPasBHBAEMOro Haco-
COM, paccMOTpHM cxeMmy ero paGoThl NpH NepeKadYHBAKHH
JKMJKOCTH H3 OJHOro pesepByapa B aApyroii (puc. 38).

YcTaHOBUM BeJIHUHHY YIE/ABbHOH SHEPrHH XKHAKOCTH £
B ceyenusx [I—II u II]—II] (no Hacoca u mocjie Hero)
OTHOCHTRJILHO IJIOCKOCTH oTcueta [-—I, cOBMelleHHOH co
¢cBOOOAHON IOBEPXHOCTBIO KHJKOCTH B BOJAOEME, H3 KOTO-
poro 3a6HpaeTcs JKHAKOCTh:

Ey = Hye + Paclp 8+ 02./12 83

Ey=Hpe+Ho+pulp g+ vi/128,

rue H..,—-Bucm'a BCACHIBAHHA mAacoca; Ha—pasnoc-rb OTMETOK MeX-
Ay MaHOMeTPOM H BaKyyMMeTpoM; psc H pPm— 26COJMIOTHHE AaBJeHHA
BO BCACHBAIOUIEM H HalOpHOM TPYGOMPOBOAAX; Uge H Un — CPElHHE
CKOPOCTH BO BCACHBAiOlleM H HanopHoM TpyGonpoBoaax.

Yaenwuas sueprusi E; nocne Hacoca Bceraa 6onbiue
yaeapHoil sHeprun E, no Hero. PasnocTh 3THX BeJHYHH OT-
peneasier nanop H, co3paBaeMbiii HacOCOM:

H = Hy 4 (pa— vge) /0 & + (2 —v2.) 2 2. (55)
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3Has NOKa3aHHA MaHo-
MeTpa W BAKYYMMeETpa, MOXK-
HO ONPEACAHTH Py H Pye. Jleft-
CTBHUTENLHO, MaHOMETpP, ycTa-
HaBJeHHLIi  Ha HanmopHOM
TpybOnpoBOJe,  MOKA3bIBAET
H30LITOYHOE JaBJIeHHE B Ce-
uenun [[I—III, ono paBHO:

Py = Py — Pa, OTKYNA Pg = Py+tPa.

BakyyMmmeTp, yCTaHOBJIEH-
et B cevennn //—II, noka-
3bIBA€T PA3HOCTb MEXKAY arT-
MocepHEIM H a06COJIOTHBIM
AaBJEHHAMH BO BCAaCHBalo-
uieM TPyOONpPOBOJAE, T. €.

Ps = Pa — Pre» OTEYNA Ppe=Pa—Pg.

Puc. 38. Cxema macochoii yera- | [loAcTagus B ypaBnenuwe
HOBKH (55) 3Hayeuns py H Pge, NO-
1 — pogoem; 2 — scacupaloumuit TpY- 17 ap) =
GoupoBold; 3 — ManopaKyymmerp; 4 — JY4HM ¢' P\Iy.ﬂ}' AJqsi onpene
Hacoc; 5 — maHoMetp; & -— HanopEmii JIEHHSL Harnopa Hacoca no
Tpybouiposox; 7 pacxotoMeth: = pogazaHHsiM .MaHOMETpa H

HanopHsil peaepsyap .
BaKyYyMMeETpa:

H=Ho+ (ps+P)lp g+ (2 —2)/2¢. (56)

Takum o6Gpasom, moanblit Hanop FH, cosnaBaeMuii Ha-
cocoM, ompejensiercsi ' BHCOTOll crosba nepekaunBaeMof
WKHAKoCTH Hy Mexay MaHOMeTpOM 'H BaKyyYMMETPOM, CYM-
MOIi NOKa3aHHil 9THX NPHOOPOB H Pa3HOCTLIO 3HAYCHHH YA eJb-
HBIX KHHCTHYCCKHX 3HEPTHH XHJIKOCTH 3a HacOCOM y nepen
HuM. Beanuyuna Hy, B 3aBHCHMOCTH OT YCJOBHH MOHTaa
HACOCHOH YCTAHOBKH MOMET NMPHHHMATb pas3JIHYHEIC 3Haye-
HHSI, @ TOM YHCJE W OTPHUATeJbHble, €CAH MaHOMETp pac-
NOJIOKEH HHXKe BaKyyMMeTpa.

B cayuae paBeHCTBa AHAMETpPOB BCAacCHBAIOUIETO M Ha-
noporo Tpy6onpoBomoB (Usc=vy) H3 dopmyan (56)
chaeayer: '

H=Ho+ (ps+pu)/p &. (57)

Ecau nacoc nurtaercsa oT BOAONPOBoja, obecneunBaio-
uero H3OLITOYHLIA Hanop Ha BX0Je, TO BO BCACHIBAaIOLEM
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natpy6ke Hacoca Oyjaer He BAKYyM, a H30nTOYHOEe AaBJae-
HHE Pnx, H 3HAYHT Pac=pa+Pax. Hcnoansys sto Bbipaxe-
HHe M HOJACTABHB B ypaBHenue {55) 3HaueHus pPu M P,
NOAYYHM CJAeAYIOWY0 GopMyay ANsi Ompee/eHHst Hanopa:

H=Hy (Pu—Pux)Ip & + (§— %) 2¢. (58)

Ypasuenus (56), (57) u (58) ucmoabsyior aas onpe-
JeseHnsl Hanopa pabotatloulero Hacoca upH ero HCHLITAHHH.
B npakTHyecKHX pacueTtax HaCOCHO-PYKaBHHX CHCTEM ya-
CTO 3a Hanop, pa3BHBaeMblil HACOCOM, MPHHHMAIOT N0Ka3a-
HHS MAaHOMETpa, BEIPAJKEHHBIE B MeTpax, T. e. H=pu/pg.

Hns onpefeseHHs nanopa mo 3JeMEHTaM HaCOCHOH yc-
TaHOBKK (2-#i crniocol) coctaBuM ypaBuenusa Hepuyiiu nas
ceuennit [—1 u 111, III—11] w IV—IV:

2+ pu/p € +02/28 =22+ Palp &+ V312 8+ hac;

Z+-palp @+ V28 =24+ pulp 8+ 0328 + by

rie fige H /1y — MOTEPH HANMOPa COOTBETCTBEHHO BO BCACHBAaKOLLIEM H Ha-
nopHoM TpyGonpoBojiax.,

Onpenenum 3HAuCHHs BCAWYHH, BXOASUIMX B ypaBHe-
HESI, OTHOCHTEJBHO IJIOCKOCTH otcuera - J—[: z1=0; 2=
=Hye; Za=Hpe+Hy, 2d=Hze-+Ho+Hy, pr=pa; P2=7pPxsc;
Ps=pPu; Pi=po; V1=0; Us=0pc; vs=7y; v;=0.

ITocie moACTAHOBKE 3THX BeJMYHH HalleM pgcfpg R
pulpg:

PoclP & = Palp & — Hypc — 0312 8 — hacs
Pulp &= Polp & — Ha—v%/2 g + hy.

Ilpoussens: 3aTeM saMeny B ypaBHeHHH (55), noayumm
BEIPAXKEHHE:

H=polp g‘"PafP_g‘{‘an + Ho + Hy + hpe + hy. -

Yunresast, uto Hye+Ho+Hy=H; (Hy — reomerpuye-
CKasi BHICOTZ MOALEMa KHAKOCTH), W mnogaras (Po— pa)/
lopg=Hcs (3nech H¢y — cBoGoauuI Hanop), Gopmyay ans
oupejesieHnsi Hanopa Hacoca HO 3JeMeHTaM HacoCHOM yc-

TAHOBKH MOXHO 3amHcaTth B CJEAYIOUeM BHJE:
H=H, “|":hn¢: ‘H.hn + Heg. (59)
9T0 BHpaxKeHHe HCNOJAb3YeTCs Ha NPaKTHKE s omnpe-
JleJieHnsn HeoOXoMHMOro Hanopa NpH Tojade BOAH K
mecty norpebaenus. U3 dopmynm (59) creayer, uro na-
1op, CO3AaBaeMHii HAacOCOM, pacXojyercsi Ha NOABEM
JKHAKOCTH, NpeojoJieHHe CONPOTHBJEHHA BO BCACHBAIOLIEM
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H HanopHom TpyGONpOBOAAX H HA CcO3AaHHe CBOGOAHOrO
Hamopa B KOHLle BOAONPOBOLHOMN JIHHHH.

Momuocts sacoca — 5T0 oObem paGOTH, BHIOJHSEMEI
UM B eausuuny BpeMens. MommocTy onpenensiercss caeay-
omuy o6pasoM: HacoC NePeKauuBaeT B eJHHHLY BpeMeHH
Maccy KHAKocTH pgQ H mofHHMaer ee Ha Beicoty H. Cie-
noBatennto, pgQH npeacraBasier coboli cekymnauyio pabo-
Ty HWAH MoWHOcTe. B JaHHOM cJydae 3aTpaunBaeMmas
MOIIHOCTb pPaCXOAYeTcs TOJAbKO Ha TnoJessylo pabory,
CBA3aHHYI0 ¢ [epeKayHBaHHEM JMXHAKOCTH, TNO3TOMy OHa
HasbiBaeTcst nonesnol  (a¢dexruBHoR) momuocrhio, Bh-
paxasi ee B KHJOBAaTTaX, MOXHO 3aMHCaTh:

Ny =pg Q H/1000.

3arpayupaeMasi HACOCOM MOLIEOCTb MJIH MOLIHOCTb, NMOJ-
BOJHMas K BaJly Hacoca, Gosblle MOJE3HOH MOIIHOCTH, Tak
Kak B Hacoce Hen30eXHB INOTepH SHEepryH.

S¢ddekTHBHOCTL paboTHl Hacoca OLEHHBaeTCy €ro ImoJ-
HBIM K.IL I.—1], KOTOPHIH paBeH OTHOLIEHHIO NOJIe3HO
momHocTH Ny K 3aTpauenHol N:

n = Nu/N.

Moauwiit K.nm.A. HAcOCa 1 YUHTHLIBACT THAPABJIHYECKHE,
o0beMHble H MeXaHHYECKHE MOTEPH, BO3HHKAIOIIHe NPH Te-
penaye sHepPrHH NepeKayHBaeMON JKHAKOCTH, W OIpeaess-
ercsi NPOU3BEeicHHEM Tpex Ko3(h@UIHEHTOB NOJe3HOTo el
CTBHSA

n="1r Mo T

F'ugpaBauuecKHuil K.ILJA 7y YYATHBAET MNOTEPH
SHEPrHH Ha NpcOJOoJeHHe THAPABJIHYECKHX CONPOTHBJIEHHH
TpH ABHIKEHHH XHIKOCTH OT BXOJA B HAcOC JQ BHIXOHA H3
Hero, B coBpemeHHBIX Hacocax OH OOHYHO paBeH M,=
=0,8—0,95.

O6beMHB# K.M.A 1), cocraBasiomnii 0,9—0,98,
YYHTHIBAeT NOTEPH SHEPrHH B pe3yJbTaTe LHPKYJAAUHH XKHJI-
- KOCTH Yepe3 LiueJeBble 3a30pbl MeXJAy pabouHM KOJECOM H
KOPIYCOM Hacoca — H3 HaTHeTaTeJbHO# 4acTH BO BCachiBa-
I0IYIO. ,
MexanuuecKHH K ILA 1y ONPEeNseT NOTEepPH
SHEprHH BCJEJACTBHe TPEHHs B MOJALIMNHHKAX, calbHHKAX, a
TaKXe H3-3a TpeHHd HApPYXHOH NOBePXHOCTH pabodero Ko-
Jieca o XHAKOCTb. MexaHHUYecKHH K.II. . HAXOAHUTCA B Ipe-
nxeaax 0,95—0,98.
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MaxkcumanbEas BeNHuHHa NOAHOTO K. M. J. KPYMHBIX
coBpeMeHHEIX HacocoB jpocturaer 0,9 u Gojee, a Manux Ha-
cocoB — cocraBaser 0,6—0,7.

[Tpn uenocpeACTBeHHOM COCJHHEHHH BaJa Hacoca ¢ Ba-
JIOM 3JIEKTPOABHraTe/Nss MOIHOCThL 3JeKTpoaBHratens Nps
(xBt) onpenenstior no dpopmyae

Npp=kN="FkpgQH/1000 v,

rie k— kospdHuHeHT 3anaca, yUHTHBAOWEHR ciyyafdinHe meperpyskH
neuratens. Ilpn mommuoctu apuratens go 2 kBt pekoMenjiyercs mpH-
HEMate kB=15; or 2 go 5 kBr—k=15—1,25; or 5 j0 50 kBr—
k=1,25—1,15; ot 50 mo 100 gBr— k=1,15—1.05; npm MomuoCTH
Gomee 100 kBr — k=1,05.

Ecau Ban Hacoca coefnHeH ¢ BaJOM [ABHraTesst peiyk-
TOPOM HJH DeMeHHO} nepejaueil, TO MOIMHOCT, ABHTATEJS
onpefensior mo ¢opmyae

Nps = EN/Nap,
Tjie Nnp — K. I, A, NPHBOJAA HAH PEAYKTOpA.

BricoTa BcachiBaHus H sBJeHMe xapHTauuu, HeoGxonu-
MO pa3jnuaTh BaKYyMMeTPHYECKYIO BEICOTY BcachiBaHHS
Hy, XapakTepH3ylONlyl0 CcTelneHb pa3pexeHHs, BOSHHKAI0-
Iero y BXOJa B HAacoC, H reOMeTPHYECKYI0 BHICOTY BCACHI-
saHust Hye, KOTOpAst OnpeessieT BHCOTY YCTAHOBKH OCH Ha-
coca Haji YPOBHEM XHJKOCTH B MCTOYHHKE,

BceacnBanue HHAKOCTH HAaCcOCOM DNPOHCXOJHT 3a CHET
pasHocTH aTMoc(epHOro AasjieHHsi Ha cBoOOJAHON MOBEpX-
HOCTH XXHJAKOCTH B HCTOYHHKE pP,/pg ¥ abcosOTHOrO AaBje-
HHf Yy BXoja B pafouee KOJECO Pgc/pg. ITa PasHOCTb
JaBjleHHil paBHA BeJHYHHE BaKyyMa WJH BaKyyMMeTpHYe-
CKOfi BHICOTe BcachiBaHHs Hy, H3MepsieMoil BaKyyMMeTPOM

Hp=(pa—Prc)/p €.
BagkyyMMeTpuyeckas BHCOTAa BCACHIBAHHA 3aBHCHT OT
arMmocdepEOro AaBJCHHS, TEeMIepaTypH { IVIOTHOCTH INepe-
KayHBaeMoi JKHAKOCTH, YAaCTOTHI Bpam.euun KoJeca, KOHCT-
PYKTHBHEIX OcOOeHHOCTel Hacoca W JAPYTHX MNapaMeTpoB.
Honycrumast Hy, ykasuBaercs B KaTaJjorax HacocoB H OOHI-
YHO He npesHmaer 6—8 wm.

CBf3p MEXJy BaKyyMMETDHYECKOH H TIeOMeTPHYECKOH
BHICOTAMH BCAaChIBAHHA MOXHO YCTaHOBHThH, MNOJB3YsChH
ypasHenueM BepHyJuIH, coctaBieHHbM AJs cedennii /—I u
II—II ornocutesnbHo maockoctu orcuera [—I (pue. 38).

Cuynras, YTO AaBJeHde HAa NMOBEPXHOCTH JXHIAKOCTH paB-
HO aTMocepHOMY H ypOBEHbL BojOeMa He H3MeHseTcH
'(v;=0), moaydnm
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Palp & = Hoc+ Paclp & + 92e/2 € + hae,
OTKyaa
Hye = (Pa— Pac) /0 8 — UEC,!2 g — hge.

Tak xak (Ps— Psc)/pg=Hg, T€OMETPHUECKYI0 BBICOTY
BCAChIBAHMST MOXKHO pacCyHTaTh MO YPaBHEHHIO

Hye = Hy — "icmg'—*hnc-

CaefoBaresbio, reOMeTpHYIECKag BHICOTA BCACH-
BAaHHA MeHblle BAKYYMMEeTPHYECKOH Ha BeJH-
YHHY CKOPOCTHOTO HaNopa H NOTEPprL HANOpa BO
BcacHBalouem Tpy6onposojae. C yBerHueHHeM
noxaun Hacoca Hye Gyner ymenswmarbesd. s yBesnuenus
reOMeTPHYeCKON BHICOTH BCACHLIBAHHA HEOOXOHHMO YMEHb-
IWHTL [OTEPH Halopa BO BcachiBalomlieM TpyGomposome H
CKOPOCTp XKHAKOCTH Ha BXOAe B Hacoc. B cBAsm ¢ 3THM
BCachlBAIONLYI0 JHHHIO Hacoca AENaloT BO3MOXHO KOpoue,
Gospliero auaMeTpa, ¢ MHHHMYMOM MECTHHIX CONpPOTHBJIE-
HHUH,

Ecan aGconiorHoe maBJjieHe BO BcachlBalomleM Hatpyo-
K€ pPpc TOHM3HTCS A0 AaBJeHHs napoobpasoBaHus, TO H3
KHAKOCTH HAYHYT BHJAENATbCH NApHl M HACTYNHT KaBHTa-
uust. TIpn xaBHTALMH XKHAKOCTh HAUHHACT BCKHNATh, Hapy-
1IaeTcs CIJIOUIHOE TEYeHHe MOTOKa, B pesyabrare lipekpa-
maercss nofaua, [Ipu aauTenbHoit paGore Hacoca B yCJO-
BHAX KaBHTAllUH, KOTOpasi Bjaeuer 3a co0olf rHAPaB/IHYeCKHe
yaapsl B TpyGax H compoBoxjaercsi BuGpaiuueil, mpoucxo-
OHT paspyliiende Merajja B Mecrax kaBuTauud. Ocobenno
GblcTpo paspyluaercss 4yryH, GoJiee CTOHKHMH METajjaMH
sBAsAOTC OpoH3a M HepXKasewolias crajib. Heobxoaumo
TakXe HMETb B BHAY clejlylonice IIOJIOXNEHHe: 4yeM BhilIe
TeMneparypa MXHAKOCTH, TeM MeHblIe reoMeTpHYecKas Bhl-
COTa BcacHBaHHsI ¥ NPH GoJee BHICOKOM Pp; HACTYNAET Ka-
putaunsi, Tax npu £=5°C kaBHTauus BO3HHKAaeT MpH
pPee=1 klla, a npu {=90°C — npu pyc=170 xlla. TlIpak-
tHyecku npH 1=70°C 3a6op BOALI CTAHOBUTCS HEBO3MO-
_xken. IMosromy ans obecneueHHss HOPMaJbHOH# paboTH Ha-
coca MHHMMaJbHOe AaBJeHHe Ha BXOIE€ B HAacOC Psc AOJK-
HO BCerja OCTaBaThcs HECKOJBKO OoJjblie, ueM JaBjieHHe
HaCHIIGHHA TNapos, T. €.

Pac“‘:Ps"f‘A Psan»

rfe p,— AapieHne HACHILEHHA 0apOB; ApPsan — 3808C HANOPa HIH Ka-

BHTAUHOHHHA 3amac.
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YcoBus sKCIUIyaTallid Hacoca, B TOM YHCJIE H BhICOTa
BCcachlBaHHsl, AO/IKHBI HCKJIOYATL BO3MOMKHOCTH BO3HHKHO-
BeHHst kaBuTauuu, OOHYHO TeoOMeTpHYECKasi BLICOTA BCAChI-
BaHHsl g LEeHTPOOCKHBIX HACOCOB COCTABJAsfeT He Oojee
5—7 M u JHWB AJ8 HEKOTOPLIX THIOB HACOCOB OHA AOCTH-
raer 7,5—8 M.

§ 32, XapakTepHCTHKH HACOCOB

H3aroroBsenHbie Ha 3aBOJle HACOCH MOJABEPraioT CTeH-
JOBHIM HCOHTAHHSM, lelr KOTOPHX — ONpeleNHTh 3aBH-
CHMOCTb Hanopa, norpe6jsfemoii MOILHOCTH H K.ILA. OT
10jayn Hacoca, DTH 3aBHCHMocTH M306paxaiT rpaduuec-
Kd KpuBeiMH Q — H, Q — N n Q —n (puc. 39), Korophie
ABJIAIOTCS PaGOYHMH  XapaKTEPHCTHKAMH LEHTPoOeXxHOro
Hacoca,

XapakTepHCTHKH CTPOAT cJaexylomum obpasom. Pery-
JIHPY#A CTeNeHb OTKPHITHA 3aJBHKKH Ha HanopHoM natpyo6-
Ke, MOJYYaloT pasiHyHbe nojavd. Jas Kaxaoro 3HAYEHHA
Q nomcuntnBatoT Hanop H, moumnocrs N, ¥ X. 1. A. Hacoca
1. 3ateM Ha och albCUHCC HAHOCAT B NMPHHATOM Maclitabe
3HaYeHHs NOJlayH, a Ha OCh OPJAHHAT — HakiJleHHble paboune
napamerpsl. ITosyyensne TOYKH COCAHHAIOT NJIABHBLIMK JIH-
HUSIMH,

Hcnsitanus BejyTCs NPH TOCTOSIHHOH 4acTtoTe Bpa-
LIEHHS, KOTOPas 3aMepsiercsi TaXOMETpPOM.

Ilo rpagpmky (puc. 39) BuAmo, YTO MaKCHMaJbHOMY
3HAUEHHIO K.II.JI. COOTBeTCTBYeT mogaua Qa -u Hamop Ha.
Touka A na xapakTtepuCTHKe Q — 1; OTBeyaloOUlasi MAaKCH-
MaJIbHOMY 3HaYeHHIO K. II. ., Ha3blBaeTcsi ONTHMaAbHOM
TOYKON W COOTBETCTBYET ONTHMAJBLHOMY peHMY pabo-
TH Hacoca. I'naBras uweab noabGopa HacOCOB — ofecnedeHue
HX SKCIJIyaTalMn NPH ONTHMAaJbHOM pexkume, Ha npaktuke
nonlop M sKcnJyaTalMs HACOCOB JONYCKAeTcs B 30HE OI-
THMaJIbHOH TOUKH, ofecneyuBaiolieii MakCHMaJ bHHH K. I1 1L,
paBusiii npuMepHo =09 Nuaxc.

Xapakrepucrika Q— H wnaswiBaetcs raaBHOM pa-
6ouefi xapaKTepHCTHKOJ Hacoca. Havansnas Tou-
Ka 3TOH XapakTepHCTHKH COOTBETCTBYET HYJeBoil mnojaue,
yTo HaGaioaaercsa npd paboTe ¢ 3aKpHTON 3aABHXKOR Ha
HanopHom TpyGonpoBone. Kax BHAHO ®3 PHCYHKA, HAcoC B
3TOM cJydae pasBHBaeT Hekoropuit manop. Ilorpebasiemas
NIPH 3TOM MOUIHOCTL PACXOAYCTCSi Ha MeXaHHYECKHe TOTepH
H HarpeB BoAH B Hacoce. lautenvHas pabora B TakoM pe-
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Puc. 39. PaGoune xapaktepucTHkH macoca ITH-40

XKHMe HeJONYCTHMA, TaK KaK MOXET IMPHBECTH K NOBpexe-

HHIO Hacoca. :

Ias suibGopa pabouero pexxHMa Hacoca MoJb3yITCsA YHH-
BepcalbHHIMA XaPAKTEPHCTHKAMH, MPEACTaBJASIOMAMY CO-
6ol KpHBble 3aBHCHMOCTH HAMoOpa, MOUHOCTH H K.M.A. OT
nojauM HACOCA NMPH Pa3JMYHBIX YACTOTAX BpauieHus pabo-
uero KoJeca.

BJiHsHHE YacTOTH BpalleHHs Ha mapaMmerpsl paboTH Ha-
coca MpPOSIBASIETCs CJeAyIolHM 06pasoMm.

Tlopaua ueHTpobeXHOro Hacoca H3MeHAETCs MPOomop-
IIHOHAJBHO YacToTe BpalleHus pabouero koJjeca

Q1/Q: = m/na.
Hamop, pasBHBaecMuiii HAcOCOM, H3MEHSIETCs MPONOP-
LLHOHAJAbHO KBajpaTty YACTOTHL Bpﬂmeﬂuﬂ: ’
Hy/Hy = (ny/ns)?.
MomHOCTb, noTpeGaseMasi HaCOCOM, H3MEHSIETCS TPO-
HOP“KOHM}JHO Kyﬁy YacTOThl BpallEHHsA paﬁoqem KoJieca
. N[N = (ni/ns)®.
VeTaHOBJGHHBI 3aKOH MNPONOPUHOHAJNBHOCTH MO3BOJIS-

T 10 OHON ONMHTHO cepuH pa6oduX XapakTepHcTHK Q —H
1 Q—N nocTpoHTh pPAA XapaKTePHCTHK Hacoca B IOHPO-
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Puc. 40. Yuupepcasnuas XxapakTepuctHka macoca ITH-30 K

KOM JHanasoHe H3MEHEHHS 4YacTOTHl BpAalleHH$, K4K BTO
nokasano Ha puc. 40. OrMeyas nHa noJyuennblx Xxapaxre-
puctukax Q—H, Q—H,..Q—H; ToukKR ¢ paBHHIMH 3Ha-
YEHHSIMH K. A. H COGAHHSI1 MX ILIABHBIMH KPHBBIMH, 110-
JAY9aloT TaK HA3HIBAEMYiO YHHBEPCAJBHYIO XaDaKTePHCTHKY.
Ha puc, 40 Bunno, yro HanGoanlnee 3naueHHe K. m. 1. obec-
neqHBaeT JABHraTeJab ¢ yacrortoii Bpaulennsg 3100 wmuu—t.
Taxum 06pasoM XapaKkTePHCTHKM HACOCOB HATASIIHO OTPa-
KAOT 3PPekTHBHOCTL MX PAGOTH HA PASJMYHBIX PeHMAX
H MO3BOJASAKT TOYHO nopobpars naubojee SKOHOMHUHBIN W3
HHX JJ1g 3aJlaHHBIX YCJOBHH,

§ 33. PaGora_ HacocoB Ha ceTh.

B npakTHke mpoekTHpOBaHHS H aHanH3a PEKHMOB pa-
GOTHl HACOCOB IIHPOKO NMPHMEHSETCSI MeTO/ rpadoanainT-
YECKOro pacuera COBMECTHOfI paGoThi CHCTEMBI «HACOCH —
cerb». IIpu coBmecTHO paGoTe Hacoca M CETH YCTaHABAHBA-
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eTcsi PeXKHM, NPH KOTOPOM Pacxoj BOAB H Hanop Gyayr co-
OTBETCTBOBaThH ADYI APYTY, T. €. Hanop, HeOOXOMAHMBIH AJs
nofayd BoAnl no Tpybonposoay, Gyler COOTBETCTBOBAThH Ha-
HOpYy, Pa3BUBAEMOMY HACOCOM. 3TOT PEXHM MOXKHO ompese-
JIHTh, TOCTPOHB COBMCILCHHHIE XapaKTEPHCTHKH Hacoca H
ceTH Ha OIHOM rpadHke.

Ians peuteHHsi NOCTaBJEHHOR 3ajauH, HaJJI@KHT HC-
NoJb30BaTh aHAJHTHYECKOe BhHparKeHHE IVIABHOH paboueit
XapaKTepHCTHKH Hacoca. Ecan kpusylo Q—H cunrars na-
pa6oJioil, 4TO BMOJIHE AONYCTHMO AJS NPAKTHYECKHX pac-
4yeToB, TO TJaBHYl0 pabouylo XapaKTEePHCTHKY MOXHO Bbi-
pPasHThb YpaBHEHHEM,

H=a—bQ, (60
rpe H — panop, passnBacMHi HAcOoCOM, M; 4 — Hamop Hacoca mnpH
HysacBofi mojade, M; b— mepesojHoll Kesddunuenr, yuHTHBa0LUIHHA
KOHCTPYKTHBHHe ocoGeHHOCTH Hacoca; Q — mojaua Hacoca, afe.

3navennus napaMerpoB a H b, BXOAAWAX B XapaKrepHc-
THKHM HEKOTOPHIX THIIOB HacOCOB, YCTAHOBJCHHBIX Ha MoOXKap-
HBIX aBTOMOOHJfX H MOTONOMNaX, NpHBeleHH B Taba. 17.

Ta6Gawuwua 17. 3uavenns, napaMeTpoB g ¥ b XapaKTEPHCTHK
NOMaAPHWIX HACOCOB

Mapka na::oca (moTOTIOM- a b
mu BAM apToMoGRAR)

MII-600 88 0,24
MIT-8006 86 0,04
MII-1600 102 0,015
[MTH-30K 116 0,01
T1H-40Y 115 0,07
1TH-60B 120 0,004
[IHC-110 - 117 0,0014

Hcnonbays 3mauenusi napameTpos @ H (b u 3ajaBasch
3HAYEHHSIMH TOJa4H B cooTBercTBuHH ¢ Gopumynoi (60),
crposT Ha rpadHKe XapakTepHCTHKY Hacoca Q—H, xoto-

. pasi MOKa3LIBAaeT, KAK H3MEHsETCs HANop ¢ H3MEeHeHHEM pac-
xona (pumc. 41). i

Jlas mosnyuenHst GOPMYJIE, onpejensiollei XapakTepHc:

THKY TPyOGONpPOBOAA, HCNOJb3YeM BBIfaXKeHHE (89):

_ H = Hr +{hac + ha + He,

B KOTOPOM CyMMy MNOTEpb HANOPA BO BCACHBAIOILEM H HA-
nopHOM TPYGONPOBOAAX BHPA3UM TAKHM o6pasom:
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h=hy+hy=S8 Q’s Hm
rae S — conporHBienne TpyGo-
NpoBOAOB.

Tak kak nus 3agaHubx yc-
A0BHHA Hy v Hep H3BECTHH, TO 4|~ ~777- , |
CyMMa 3THX BeJHYHH Moxer o[~~~ _=
6biTh 3anMcaHa B BHJE

{
2 = Hr+ Hes. :
|

J‘f’! _______

|
|
I
IMoayuennoe BripaxeHnue !
O3BOJISIET paccyntath Hamop ¢ b 4 4 8%
no dopm
bopuyne Puc. 41. Onpenenenne paGoueii
H=2z+4+S@. TOUKH Hacoca

370 BHpaXeHHe Ha3HIBAETCS XapPAKTePHCTHKo# TPyGo-
npoBoia (cerH).

Ecau xapakrepucTiky u30o6pasuThr Ha OAHOM rpaduxe
BMecTe ¢ paloueli XapakTepHCTHKON Hacoca, TO TOJYdYHM
TOUKY mepecevyeHHs ABYX KPHBHIX (Touka A), KoTopas HasH-
BaeTcss paboyed TOUkO# Hacoca (puc. 41). ITo sroit
TOYKE ONpellesIfiOTes BCe AaHHBIE, XapPaKTepH3YIOUlHe pe-
JKHM pa0oThl Hacoca: Tmojauy, HAmop, MOUIHOCTB, K. IL .
Ecnn pabouas TouKa OTBeYaeT ONTHMAJLHOMY DeXXHBMY pa-
‘60oTH Hacoca, TO OH NOJAOOpPaH IPaBHIABHO,

Yro6B YMCHBIURTE MOJAuy, MOMKHO MePEeKPHITh 3aBHIK-
Ky Ha HanopHom tpyGonposoje HacToabKo, utoOn paboyas
rouka A mepemecTHJach B HOBYIO TOYKY, HampHMep B TOY-
Ky B, coorserctBylomyio nonauve Qu. B 3tom cayuae noss-
Jsiercss [06aBOYHOE CONPOTHBJIEHHE OT 3aJBHIKKH Hj NOAY-
uaemblii pu 9T1oM Hanop Hg ansa nonesnoli paborhl HCMOMb-
ayeTes TOJBKO HaCTHIHO, _ :

YBesuuuth nojavy, Hanpumep jao Besuunnsl Qe, coor-
BercTByIOlel paGoueit Touke C, MOXKHO Jau60 YBEJHYHB
4acToTy BpalleHusi paGouero koseca, A#60 HCNOAB3Ys Hacoc
C APYrod XapakTEePHCTHKOH HJIH MeHbllell noTeped Hamopa
B TpyGOnpoBoOAax.

§ 34. Pacyer HacOCHO-PYKaBHbLIX CHCTEM

Bona k MECTY MOoXKapa nogdercs OT BOHOHCTOYHHKA IO
PYKaBHBIM CHCTeMaM MNepeABHIKHLBIMH TOMKapHBIMH Hacoca-
MH. an JOCTAaTOYHOM JaBJjieHHH B BO,[!OH[]OBOB.HDFI CeTH
BO3MOXKHa €€ mnmojaya HemoCpeACTBEHHO OT MOMXKapHBIX THA-
paros. B NMPpaKTHKe TMOXKapOoTYUIEHHA HCHOOJAL3YIOTCA pas-
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JHYHLIC CXeMBbl HACOCHO-DYKaBHHIX CHCTeM, BHGOpD KOTOPHIX
3aBHCHT OT XapPaKTePHCTHKY BOJZOHCTOYHHKA, YA&JIEHHOCTH
FHAPAHTOB OT OvYara NOXapa, XapakTepa ero pasBHTHI H
apyrux nokasaresefi. ECl st TyleHns noXapa Tpebyercs
He6oJbIoe KOJHYECTBO BOAL, TO NMPOKAAAHBAIOT OJHY JH-
HHIO H3 NOCJEA0BATEJNbHO COeJHHEHHHX DYKaBOB C ycTa-
HOBKOfi ojmoro creosiia. Ilpy  HeoOGXOMMMOCTH  IOAAYH
3HAYATEJLHOIO KOJIHYECTBAa BOXH OT  Hacoca A0  MeCTra
NoXKAapa NPOKJIaAKBAOT MAarHCTPANbHYI0 PYKABHYIO JIHHHIO
GospLIOrO AHaMeTpa H K Heil depes pyKaBHHE pasBeTsJe-
HHSl NPHCOENHHSIOT Napajenbeie paboume junEd. Taxas
cxeMa COeJMHEeHHWS PYKaBHHX JHHHA HashBaercss CMe-
mwanuoif Ilps TYNEHHH KPYNHHX NOXapoB ¢ NojaueH
MONIHHIX CTPYH HCNOMB3YIOT Na(eTHHe CTBOAH, K KOTOPHM
BOJA, KaK NMPaBHJO, TMOJAAaeTcA MO HECKOJIbKHM Napajliefb-
HBIM JHHHSM. IlapaJjuespnasi TPOKJafKa JHHHH MPHMEHS-
ercsi TAKXKe JJs MOJaY# BOJH K Odary moxapa oT Aajiexo
DACIOJIOKEHHOTO BOJOWCTOYHHKA MpH pafore aBTOHACOCOB
o cxeMe — B IepeKauky.

TuppaBauvecKne Pacdersl  HACOCHO-DYKABHBIX CHCTEM
CBOAATCS K DEUEnHio TPeX OCHOBHBIX 3ajau:

onpefeJenHe Hamopay HAacOCa, ecaH 3ana-
HBl pacueTHHi PacXoj BOAH, HANOp mepej  NOKApHHM
CTBOJIOM, CXeMa COeJHHEHHS PYKaBOB C YKa3aHHEM Xapak-
TEPHU3YIOLLHX TIaPaMeTPOB;

pacueT pacxojxa BOJAH H3 CTBOJOB NpH 33
JaHAOM Halope HACOCAa H 32jaHHOfi cxeMe MOAavH;

onpefeNenne NpefenbHON ANHHH pyKan-
HEX JHHHA MO PacueTHOMY pacxXofy BOAH H  Hamopy
nacoca.

PaceMOTpPHM TIOCHEAOBATEAbHO CMOCOGH pemeHds mo-
CTABJEHHHX 3ajadq.

Onpepnenenne Hanopa y Hacoca. [IpH  NPAKTHIECKHX
pacueTaX HACOCHO-DYKaBHHIX CHCTeM OGHYHO ONpPENENAIOT
nanop, (HKCHpyeMBIi MaHOMETPOM, YCTAHOBJEHHHM  Ha
panoptomM natpybke. Beau-
upia sToro Hamopa (puc. 42)
ucroab3yeTca Ha TpeojoJe-
HiHe CONPOTHBJEHHH B PYKaB-
1oit cacreMe i, NOABEM KHJL-
KOCTH Ha BHICOTY 2 H CO31a-

7 | oo

o s, i

fi

Puc. 42. CxeMa noja¥s BOAW OT
apToHAcCOoCa
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A {3,d5,95 & —»

IHHeHHsA Tpy6onpoBofoB w ¥
#196,94

nue cBofoanoro Hamopa y crtBoia H., /s 1MoAaus CTPYH,

T. &
H=he+ch+3. (61)

Beanuuna notepr mamnopa B pyKaBHHX JHHHSIX  33BH-
CHT OT CXeMLlI HX COeNHHCHHS.

Ilpn nocnrenoBaTeNbHOM COCAMHCHUHA PY-
g;;;i (puc. 43) morepu Hanopa 10 OTAENBHHIM YYacTKam

h=~A0nL Qf = Sle;
hy= A3 13 Q% = S, Q3;
ﬂr::AalaQﬁ e SnQ,z; .
IMotepn manopa no Bceft cucteMe hg COCTABASIOT CYM-
My INOTE€pPh IO OTAEJLHEIM YyYacTKaMm :
he =R+ h'+ ... +ha=(Si+ S+ ...+ Sp) Q.
Bripaxenne B cko6kax npepcrasasier coGoil cONpoTHB-

JeHHe Bcell CHCTEMBI MOCHAEAOBATENbHO COEJIHHEHHBIX Py-

KaBoB S, KOTOpPOE PAaBHO CyMMe CONPOTHBJAEHHH  Bcex
Y4acTKOB

Se=8+8+ ... 4+ 5,5

Ecan PyYKasa B JIHHHH OJITHHAKOBbLI€, TO CONPOTHBJ/IEHHE
CHCTEéMBblI COCTaBHT.

Sc L S-nl
rae S — cONpOTHRAEHHe OAHOrO PYKaBa; n — YHC/IO PYKABOB B JIHHHH.
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[Totepu Hanmopa B JHHHH COCTaBAT he=3S,Q2

Ilpu napannenbHom cOefHHEHHH DYKaBHBIX
aunufi (puc. 44) o6muf pacxoX BoJAB, NepeKauyHBaeMuIi
yepes CHCTeMy TNOJayH, pacnpejesnsierTcsi 10 OTBETBJIEHHAM
B 3aBHCHMOCTH OT HX XapaKTePHCTHKH (AJHHM, AHAMETpa,
THAPABJHYECKOTO conpo-manelmn):

Q=00+ Q@+ ...+ Q.

Ho-repn Hanopa BO BCeX mapajyenbHuXx  JHHEAX (hy,
hg, hs,...hn) GyayT paBHB MeXAy coO0ofi, TAK KaK OHH
onpeﬂ,enmo'rca KaK PasHoCTh NbE30OMETPHYECKHX HAamopos
B Havajie M KOHIIe Pa3BeTBJICHHON 30HH, CJEXOBATEJIbHO,
OHH paBHHI NOTepAM Hamopa paccmMarpHBaeMolf  CHCTe-
MBI, T4 €.

hh=h=...= .1=HA—HB="¢- (62)

rac hy — NOTEPH Bo Beeit cycTeMe,

I[J'IH KaXKJIOro H3 MapajiienbHbiX yqacmon CrpaBe/ik-
Ba 3aBHCHMOCTb

hy = SnQ%i hz=SaQ§? hyp = anﬁ )
oTkyaa ¢ ydetoMm Gopmyant (62) noayuum dopmyan pac-
Xo/la BOJH
=Vhe/Sii @=Vhe/Si; Q=VhelS,.

O6mnit pacxoj pacCuHThHIBaeTCA KaK CyMMa pacXoJoB
no JIHHHAM

= (VS + 1V S+ ...+ UV S) V k.

Otciofa notepH Hanopa B CHCTEME COCTABAT:

I
TV s+uV s+ ...+ 4V s)
B srom Bmpaxenun apo6b  npeictapiaser  coboi

COMPOTHBJIEHHE CHCTEMBbI Sc ILjas n napajijiedibHO COCIH-
HEHHBIX YYacCTKOB

1
S = — - —
WY S+ Y SaA e+ 1V S

B pesysabrare Ans OnpejesieHWs NOTeph Hamopa moay-
yaeM ¢opmyay h.=S8:Q% Koropasi 1no CcBOeMy BHAY
asajsoruysa (opmyJe s NOCHeNOBATEbHONO COCAHHEHH,
HO HME€eT OTJIHYHE IPH ONpejleIeHHH CONPOTHBJIEHHUS CH-
CTeMHL.

(63)

94

a=81,i=40

a) d=77,1=360 a=16 8 a-77,1=300 (A

b - b

= 7 b I ———
o=51,7°60

J a=65, t=300 d=22 2-(Q=66,¢=4

y a=75
H d’?? = =
} l_f: =200 \@=51,0-60 -

Puc. 45, Cxema HacOCHO-pYKaBHHX CHCTEM

a — nochefoBaTenbRoe coedlnenHe; 6 — napannenbiioe coelMHEeHNE, 8 — cMemaH-
Hoe coefHHEeHHe ¢ PaRHOUEHHLIMI DPAaGOMHMH AHHUAMH, & — CMeulaHHOe coeauNenne
¢ pa3suuMHBIMH DaGOMHMH AWHHAMM; [ — DPyKana npopeamnerfble; 2 — pyEaBa he-
npopesuiebe

ITpr napaanenbHOM COCAMHEHHH n PaBHOUEHHHIX y¥a-
CTKOB (S;=8s=...=S8,) obluiee CONPOTHB/EHHE CHCTEMBI
cornacio (63) Gymer B m? Meubplle COMPOTHBJCHHSA OJHOrO
yyacrka, T. €.

5 Sli(n’:
rie S; — CONpOTHBJIEHHE OAHONO yuacTKa.

Taxkum o6pasoMm, napajaiefbHOe COeJHHEHHE JIHHHIl
3HAYHTEJbHO CHUXKAeT obuee CONMPOTHBAEHHE MO CpaBHe-
HHIO C CONPOTHBJEHHEM ONHON JHHHH (TpH ABYX OJHHA-
KOBBIX JIHHHSIX — B 4YeTHpe pa3a, NpH Tpex —B  JAeBAThb
WoT. L),

PaccmoTtpuM cMewaunyo cacremy (pmc. 45,2) ¢ Tpems
NOXapHBLIMH CTBOJNIAMH, BOZXAa K  KOTODHM NOjaercid  OT
Hacoca NMO MarHcTPaibHOH JHHHH, COeJHHEHHOW  uepes
pasBeTBJEHHE ¢ Tpems NapaJJiebHBIMH paGOuHMH JIHHHS-
MH. )

ConporuBnenne otpesbHofi  paGoueit auHHE S, ¢
npacoenunemmm CTBOJIOM ONpeAensioT no (opmyse

S =nS -+ Ser,

Tfe n—4HCAO PYKaBoB B paboucit JuHHM, S — CONPOTHBJEHHE ONHOTO
PYKaBa; Ser— CONPOTHBJAEHHE CTBoJA.

Ob6mee conporuBierne pabouHx JHHHI S, ONpeAENAOT
[0 TNpaBHJAy mnapaJjJiejbHBIX COCIHHEHHH:

N 1
L (”Vﬂlsl‘f‘slu‘FUV-ﬂzsz‘}'Sscr"i‘”V "-asa‘f'sac'r}’
(64)

Ecan paboune JIHHHH W CTBOJIBI COBEpIICHHO OAHHAKO-
Bo (puc. 45, 8), TO ofllee CONPOTHBJECHHE YCTAHABJAWBAIOT
no d¢opmyae:

S
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Sp=(n1 81+ S1¢1) /8.

ConpoTuB/JeHHe MarucTpaipHOl JHHHH Sy, cocTasJeH-

HOH H3 OJHMHAKOBHIX pyKapos, Oyaer paBHO
Su=0ny8.

ConpoTHBJienHe Bceli  CHCTEMBl Sp, KOTOPYIO MOXKHO
paccMaTpHBATh KaK MOC/ELOBATE/NbHOE COEJIHHEHHE MarH-
CTPaNbHOMN JIMHHH C NapajyienbHHIMH PaGOYHMH JIHHHSMH,
Gyjger paBHO CyMMe COMPOTHBJCHHN COCTaBJAIOUIHX yda-

CTROB

SC = SH + Sp.
Hanop y Hacoca paccydTHBaeTCss MO (opmyJe
H= SC Q"I_z’

rae Q-—*Dﬁﬂlaﬂ nojava Hacoca; 2-— pasHocTh TEOMETPHUECKHY OTMe-
TOK pacnojioxeHHs CTBOJIOB H aBTOHAcOCa.

Takum -o6pa3oM, NnpH onpejesenun Tpebyemoro Hamopa
y macoca HeOOXOAHMO B  TepBYIO OUepeAb  BHIYHCJHTD
CONMPOTHBAEHHE CHCTEMH INOAaYH BOAH K MeCTy
noxapa.

Onpepenenne pacxoxa BOAW MO 3afaHHOMY  Hamopy.
Pacuer BLITOJHAIOT ¢ YYeTOM XapaKTEPHCTHK Hacoca H
pyKaBHO@ cHcTeMHl. DTa 3ajjaya  MOXeT OHTb  pelieHa
rpaduyeckr H  aHaiauTHYeckH. IIpu rpadHueckKkowMm
PElICHHH 3a/a4H, KaK YKaskBaJOoCh B NpeAbIAyIIeM napar-
pade, CTPOSIT XapaKTePHCTHKH Hacoca W PYKaBHOH  CH-
cTeMbl, TOYKA NepeceyeHHs  ABYX NOJYYEHHBIX  KPHBBIX
COOTBETCTBYET NpeeJbHLIM BO3MOXKHOCTAM Hacoca  mpH
JMaHHBX yclOBHAX. [IpH aHaJlHTHYECKOM cnocobe
COBMECTHO pewaloT ypaBHEHHsS, ONHCHBAlOUIHe XapakTe-
pucTHKY Hacoca (60) m pykaBuo#i cmctemu (61), Hanpu-
Mep, COCTaBJIEHHOM H3  NOCJeNOBATENbHO COEAHHEHHBIX
pykasos (puc. 45,a).

[pupaBHHBas NpaBHE Y4CTH STHX YPAaBHEHHH, NONYYHM

a—bQ =S Q@+ Hea+2,
BHITOJIHHB PSN NPeo6pasoBaHHfl ITOrO ypaBHEHHs, HaHLeM
BEJIHYHHY pacxofa:

Q=V (6—Heo—2)/(Sc+b) .

OueBHANO, 4TO JApyrasi cxema COEAHHEHHs  pPYyKaBOB
nofipasyMeBaeT HCNOJb30BAHHE COOTBETCTBYIOUIETO BHIpPA-
JKeHHSI XapaKTepPHCTHKH pYKaBHOH JIHHHH. X

Onpenenenve nNpefeabHOR JAJAMHB PYKaBHBIX JHHHH.
MakcuManbuylo AJHHY MariCTpajbHBIX JHHHH (paGoune
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JHHHH JJHHHBIMH He YCTPaWBaioT)  ONpeiesior, peuras
COBMECTHO ypaBHEHHs, XapaKTepH3YIOUlHe Hanop Hacoca
H=a-—8Q* u pykaBuofi cucremsl (puc. 45,8)
H=(Su+Sp)iQ*+2, wurax,

a—bQ =(Su+Sp) @ +2.

|BHp33HB CONpPOTHBJIEHHE Mal"HCTpaJIbHOﬁ JIHHHH uepes
CONPOTHBJIEHHE N PYKABOB Sy=nyS, Noayyum

n=(a—bQ— S, Q*—2)/SQ.

Crienyer OTMETHTB, UTO H3-33 HEPOBHOCTEH MECTHOCTH
HeOGXOAMMOCTH OOGXOAHTH Nperpajbl aGCOMIOTHO NpsiMble
PYKaBHBE JIHHHH NPOJIOXKHTH He yaaercs. Ilosromy umcao
PyKaBoB npu AJauHe Kaxaoro no 20 M Ha orpeske [ ompe-
Aensiior ¢ 20%-HbiM 3anacom, T. e, n=1,2 1/20.

§ 35. Pacuer HacOCHO-PYKaBHBIX CHCTEM
C nomompio TabaHy

" Hexotophie wactHble 3ajaunm no pacyery  HacoCHO-
PYKaBHBIX CHCTEM YAOOHO pemarbh ¢ NOMOMBIO  TabJaHL,
COCTaB/ICHHBIX HAa OCHOBAaHHH AHAJHTHYECKOTO  pelleHHs

Pas/MYHLIX NPHMEpPoB. PaccMoTpuM Hcnoab3oBanHe Tal-
JIHI, NpH omnpefeneHHu Tpebyemoro Hamopa y macoca B
33aBHCHMOCTH OT CXeM MpPOKJaAKH pykKasHbix Junuii. [lpn
3TOM CJelyeT PYKOBOJACTBOBaTbCs OGIIHM MPaBHIOM, 4TO
pPazHyC HeHCTBHSI KOMNAKTHBIX CTPYH  PYYHBIX CTBOJIOB,
NpPHMEeHAEeMBIX AN TYIIEHHA HapyXHBIX I110XapoB, paBHA-
ercs B cpeaneM 17 wm. Ilpu npoxmnajke HeCKOJbKHX pabo-
YHX JMHUA Hanop y pasBeTBJCHHA NPHHHMAETCH TIO JHIHH
C MaKCHMaJIbHbIM THApAaBJHYeCKHM conporuBsienuem. [lpu
pa3MEeLIeHHH CTBOJIOB Ha 3Ta)ax 3[aHHs BHCOTA MOABEMA
onpenensiercst u3 pacuera 4 M Ha Kaxawmi srax. HMcxoas
M3 3THX JIaHHHIX, pelluM pPAX NPHMEPOB.

Tpumep 1. Onpenesmts Tpebyemmii namop y macoca npH mnonaue
BOAW NO JjHHHH [=360 ™M M3 upopeanHeHHHx pyKaBos d=77 MM K

CTBOJY ¢ HacajikoM d=16 mM. CTROJ NOAHAT Ha YPOBCHb 4ETBEPTOro
staxa (puc. 45, a). .

Pewenue. OnpesensieM nocieosatensio Hanop y cTeoJa, nNpHcoe-
JAHHCHHOrO K pykaBHOR juuuu Hor=29 m (1aGa. 18); pacxoa us crtBo-
Jia, pasHulit nofade wacoca, Q=300 a/mun (raba. 18), notepy uanopa
B PYKaBHON JHHHH h=6 m (ta6n. 21). Bucora nogwema cTBosa ¢ yue-
TOM PaClOJOXKEHHA Ha veTBepTOoM 3Taxe z=16 M.

HeoGxonuMuifi B JauWBX YCJAOBHAX HAMOD COCTABHT:
H=h+4He+2=64294 16 =51 m.
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TMpumep 2. Onpeje/HTs HATOP Yy Hacoca NpH Mojade BOAH MO CXe-
Me, npuseaennoft Ha puc. 45, 6. Crsoam d=22 MM NOAHATH Ha Ypo-
BeHb IIECTOro sTaxa.

Pemenue. Tlo Ta6a. 18 Hanop y crsona d=22 my cocrasut Her=
=26 M; pacxol H3 OIHOrO CTBOJA Qor=>500 »nfmun; norepu Hamopa
B pykasnoft sunwm h=33 wm (ralur 21), Bmicota moamema CTROAR
z==4.6=24 m. Hanop y macoca Gyner paen H=h-+Hert2=33+
4926424=—83 wm, Ilojaya macoca MO JABYM NAPAMEIBHHM JHHHAM
cocrasutr Q==1000 afmun.

Mpumep 3. Onpeje uTs HAMOP ¥ HacOca NPH NOAave BOALI MO TPCM
PYKABHHM JHHHAM CO CMCIIAHHEIM COeJHHCHHEM (prc. 45, 8) ecan
CTBOAB TOAHATH Ha YPOBCHb HYeTREPTOr0 sTaxa.

Pemenne. Tak KaK YCJIOBHS DOAAUH BOAH 1O BeeM paBounm JH-
HEAM OJHHAKOBHE, BEJWYHHY Hanopa y pasBeTB/JCHHA MOXHO Onpe-
fenuth no moGoft munun Hp=40 M (ra6a. 19); pacxox Boiul M3 Tpex
cTBOJIOB ¢ Hacaakamp d=13 mM, paBunil Nojade HACOCA, COCTABAACT
Q=3-200=600 a/mun (raba. 18). Ilpu sTOM pacxoxe moTepH Hanopa
B MACHCTpajbHOA JHHHH ﬂpaﬁuuammbﬂolspam% hu=22 M (-ralai.n.
21). Becora mojkema crBosoB paBHa 2= 16 m. Hcxoms mu3 stux JAau-
nm}x, HAamop y Hacoca paBeH: H=hy+Hp+2z=22+4404+16=78 m.

TaGanua 18, Onpelenenye HANOPa W PAcXofa H3 cTBOAA NPH Ry =17

NmaMerp nacanka d, MM 13 16 19 22 25
Hanop y cteoaa f, 4 33 29 27 26 25

 Pacxop us croaa Q, a/mun 200 | 300 | 400 | 500 | 650

Ta6Gaunua 19, Onpenenenne Hanopa y paspeTBACHHS AAA
FOPH30HTAJLHO IPOAOKEHHHX JHHHA

JIHEHR H3a Wenpopesn-

HeHHNX PYKABOB NuuuA H#3 NPOpPeIHHEHHLIX PYKaBoB

Hp u =4 =60 Hy m [=40m | =060 60 M
¥ Rt 7 d—51wm|d=5 ss| d=66—

JluaMeTp HacapKa, MM JuameTp Hacapka, MM

13—16 —_— 35 13—16 — 13—25
g 19 13—16 ig :lzg 1 3«15]6 —
60 22 19 —
55 s 22 —

- Tipumep 4. OnpefenHTs HANOP Y HACOCA NPH MOAAYE BOAH MO CXe-
‘Me, npuBefenrofi Ha puc. 45, 2. CTBOJH MOAHATH HAa YPOBEHbL BTOPO-
ro STaxa,

Pemenne. Tlo Taba. 19 onpejenseM HaOmoOp Y passeTBieHua Aid
a6ounx awHARR: Aas ueAtpaabHod Jjmiii Hp=35 M, Ans GOKOBHX
glpa=50 M. Takum o6pa3oM, NpHHHMaeM Hp=§0 M, KoTopHit ofecneynt
nojyyesHe TpelyeMHX KOMNAKTHHX CTPYft OT BCeX CTROJOE. Pacxon
BOAH 1O ABYM paboyHM JHHHAM CO CTBOJ4MH d=13 MM COCTABHT
500 a/mun, a w3 crBoja d=16 Mm Upn Haunope H=50 m pacxon
Qor==350 s/mus (taGn. 20). Iopaua Hacoca pasra Q=850 a/mun

a8

Ta6anma?20. Onpepenenne pacxopa soaw Q, a/mMuu, Ans paGoueh
AHHHH

Anamerp Hacagxa, MM
Hanop y pas-
BETBACHHH
Hpe u 13 | 16 | 19 1 22 25
Pacxop Q, ai/snn
35 200 300 400 500 650
-40 200 300 450 550 700
50 250 350 500 600 800
60 250 400 | 500 650 850

Ta6aunnma 21. Onpepenense motepn Hamopa fi, M, B MarucTpaasHof
JIHEHH

PaiGRoR: it Pykapa d=066 MM, ANHHAA JHHHH, M
Q. afmun
60 | 100 | 160 | 200 | 260 | 300 [ 380 [ 480 [ a0 | 700 | s00

200 1] 2| 3| 4| 5] 6| 7] 9|11 13 15
300 21 4| 6| 8(10| 1316|2024 28 32
400 3| 711 [14]18|22[{29 |38 (45| b3 60
500 5|11 (1722|128 (33|44 (55|71 .
600 8|17 |27 | 34|44 |51 | 65
700 10 | 23 | 37 | 47 | 60
800 14 | 30 | 48 | 60
900 18 | 38 | 61

ITpn Takoft monade MOTEPH HANMOPA B MATHCTPAALHOK JHHNH fx cOcTa-
BAT okosno 34 M (taGa 21). YuuTHBasA NOJABEM CTBOSOB Ha BTOpOR
sraxk (2=8 M), onpemenum TpeGyeMmil wanop Hacoca:

H=hy+Hy+42=234-+4+50-48 =92 u,

Baxuneiimum BOOPOCOM  A1060r0  THAPABAHYECKOrO
pacuera HacOCHO-DYKABHOW CHCTeMBbl siBAsieTcd ofecneve-
HHE HANEKHOCTH MOAAYH BOJAB MO  BHIOPAHHOW  cxeme
COELHHEHHSI H YCAOBHAM  MNPOKJ3JKH PYKaBHHX JHHHIL.
Hast -pewiennst 3T0f 3ajaum HaKO BOCIOJbB30BATECH ypPaB-
HenneM (60), naromum xapakKTepHCTHKY Hacoca, MOACTaBHB
BMecTo Q 3Hauenue BHYHCACHHOW MoOfaud Hacoca. Pemas
ypaBHeHHe, HalileM BeJHUYHHY Hamopa, KOTOPHi  MoXer
co3aath Hacoc npH tpebyemoMm pacxome. Ecanm BesHuHHa
noJydenHoro namopa Gosblle HAH paBHa TpeGyeMoMy —
nojaavya BO3MOXKHA, €CJIH JKe MeHblle — [0ja4ya He peaJsbHa.
B nocneguem ciayuae Heo6XOAMMO ‘HIH HCMOABL30BATH 60-

Jiee MOIIHBIA HaAcoc, HAH  H3MEHHTb CXeMy  [POKJaldKH
PYKaBHHIX JHHHH.
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§ 36. Mepekauka BOALI ABTOHACOCAMH

Ecnn nerouHnkH BojocHAGKeHHS pacnojoXeHs — Ha
3HAYHTEJILHOM PACCTOSHHH OT Mecta  noXapa M OJHH
aBToHacoc He Mmoxer obecneuntb Ttpefyemoro  Hanopa,
BOJY MepeKauHBalOT MO PYKABHLIM JIHHHSM HECKOJbKHMH
NOXKAPHBIMH HAacOCAMH, BKJIOYEHHBIMH TOC/eJ0BATEJBHO.
Ilepekauky MOXKHO BHITIOJHSITh HECKOJbKAMH CriocoGaMu:
yepes NPOMEXYTOYHYIO €MKOCTb, HENOCPeACTBEHHO  H3
Hacoca B Hacoc, yepe3 6aK aBTOILHCTEPHB!, HCIOJb3YyeMbIH
B JaHHOM cJyuae B KayecTBe NMPOMEXYTOYHOH  eMKOCTH.

ITpenmymiectBo nepeoro cnocoba (puc. 46,a) saxnio-
yaercss B BO3MOXKHOCTH NOCTOSHHOrO KOHTPOJS 3a  ypOB-
HEeM BOAbl B MPOMEXKYTOYHOH eMKOCTH H COOTBETCTBYlouleil
peryJHpoOBKH pexkuMa pabGorn Hacoca. Ilpu Bropom cno-
cobe (puc. 46,6) mas obGecneveHust HajexHOH paboThHl
CHCTEMBl B KOHIE CTYNMeHH mepekaukd (y BcacChHBaONIEro
narpy6ka Hacoca) HCOOXOAMMO HMeTh H3OLITOUHEIA Hamop,

pasrmit 10 M. O6GpasoBanne BaKyymMa B JaHHOM  cJaydae
HEJIOMYCTHMO, TaK KaK 3TO MOKeT NMPHBECTH K CIUIIOLIHBA-
HHIO PYKaBOB, YMCHLUIEHHIO H JaXKe MOJHOMY npekpauie-
HHIO MOAaYH BoAwL. IIpH mepekauke mo TpeTbemy crocoly
(puc. 46,8) ansi ysenuwueHHs NMOJAYH BOAY H3 IUHCTEPHLI
3a6upaloT Yepe3 BCACHBAIOWIAI pPyKas, onylleHHHH B ee
TOPJIOBHHY. ;

[Mepexauky oCyLIeCTBJASIOT KaK MO OAHON JIHHHH, TaK
H no AByM u Gojee mapajJielibHBIM JIHHAAM. Pacqaer nepe-
KayKkH He CJEeAyeT MPOH3BOAHTL IO MAaKCHMaJbHOH nojuade
Hacoca (NpH MOJHOCTBIC OTKPHITOM  Jpoccese), Tak Kak
H3-3a KoaeGanuii pexuma pabGoTHl HACOCOB,  HEKOTOPOro
pasJHuUHs HX XapaKTEepPHCTHK (HanpHMep, BCJCACTBHE H3-
HOIIEWHOCTH), ocobenHocrell peabeda  MECTHOCTH H T. J.
ycpemnenniwe paGouue mapamerpsl Kaxjaoro nacoca Gyayr
3HAYHTEABHO OTJHYATBCA = OT MAaKCHMaJbHHIX.

Paccrosine MeXay CMeXHBIMH HacoCaMH Onpeiensior,
_HCITOJIb3YSI BHIpaXKeHue

aH=h,

rne H — MakcHMaJbHHN Hanop, pasBHBacMHil ojmmMm  Hacocom; fi—
MOTepPH HANOPa B PYKABHHX JHHHAX MeXJ/y CMeXHHMH HacocaMmi, o —
kosthdrusent pexuma paboTh Hacoca, XapakTepHaylounit oTKJIOHeHHe
PACHETHOrO peHMa OT perkHMa Ha MAaKCHMAJbHBIX oGoportax. [Tpu6an-
¥eHHo MOMHO NpHuAte a=0,75
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Puc. 46. CxeMu mepekayku BOAN ABTOHACOCAMH

@ — vepes NPOMEKYTOIAYIO eMROCTE; § — W3 HACOCA B HACOC; & — Hepea Gak aBTo-
LHCTEPHE; [ — DPOMEMYTOUHAS EMKOCTh, 2 — GaK aBTolHCTepHH

Tak kak npu nepekauxke no oAHON pPyKaBHOH  JHHHR
norepH nanopa cocraBasiior h=nSQ? To0 '
a(a—bQ*)=nSQ°.
-5

Orciona uKCIO PYKaBOB B OZHON JHHHH MEXKAY CMCXK-
HBIMH 4aBTOHACOCaMH PaBHO

n=a (a—bQ*)/S Q.
ﬂpn nogavye ToOro mxe pacxomga no AByM napaajeJbHbBIM
PYKaBHBIM JHHHSAM TIOTEPH Hanopa yMeHowarcs B 4 pasa

T. €. h=nSQ%/4, Torna ykasauHoe Bhilie ypaBHeH:He NpH-
MeT BHA:

T

a(a—bQ*) =nSQ4,
NO3TOMY pacCTOfiHHE MEXKJIY aBTOHACOCAMH COOTBETCTBCH -
HO MOXHO YBEJHYHTb TaKXKe B 4 pasa 1o CpaBHEHHIO ¢
€ro pasMepoM NpH TepeKauke 1Mo OAHOI PYyKaBHOH JIHHHH

=4a (a—bQ)/SQ,
FAe N — YHCJAQ PYKaBOB B OJHON JAHHHH,

Ilpu pewennn 3ajay no nepekayke wacro Tpebyercs
onpefesHTb HEOGXOAMMOE YHCJO aBTOHACOCOB, €CJIH H3BE-
CTHBl PacCTOSIHHE MEXAY BOMOHCTOUHHKOM H MECTOM
noxapa L, pasHoCTb OTMETOK MEXIY HHMH 2, cXeMa npo-
KJAQJKH DYKaBHBIX JHHHI H NeoGXOAMMBIN pacxol  BOJM
Q (puc. 46). '

CymMapuwiit Hanop, cospaBaeMblil BceMH —Hacocami
nepekauku (Kpome rONOBHOrO), PACXOAYeTcst Ha NPeoio-
JIEHHE CONPOTHBJEHHS N0 BCeH PYKaBHOH JHHHH OT BOJO-
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HCTOMHHMKA M0 rooBHOto sacoca h u na hobém  Bofl
Ha BHICOTY 2. :

310 YCJOBHE IIpH YHCJE HACOCOB NepeKauKkH, paBHOe K,
MOXHO TNpPEeACTABHTL B BHJE

aKH=h-z,
Torma npu mepekauke 1o oAHoil pPYyKaBHOH JHHHH
aK(a—bQ@)=nSQ* + 2.

Uncao aBTOHacocoB (Ges ronosHoro Hacoca) paccyMTa-
eM no QopmyJse

__nS@+z
T a(a—bQ?)

Ilpu mepekauke 1o gByM  napajJeibHbIM  PYKaBHBIM
JHHHIM NMOTEPH Hamopa B cHcteme npu Q=const ymenb-
UIaTCs M0 CPaBHEHHIO C NMEpBHIM BapHaHTOM B 4 pasa, T. e.
h=nSQ?%4, nostomy yMenbuuTcs H HeoOXOAHMOE AJA
NepeKaykH YHCJIO AaBTOHACOCOB: -

_0,25n8Q@*+2

T a(a—b@Q?)
(3nech n—wKCJ0 PYKaBmOB B OANON DYKABHOA JNHHHH MekAy BOROMC-
TOYHHKOM H TOJIOBHHM HacocoM).

CyMMapiioe YHCJIO aBTOHACOCOB, HCOOXOJNHMBIX  JJf
NO/aun BOAB K MECTY Moxapa C y4eTOM TOJOBHOrO Haco-
ca, Gymer pasio K--1.

[Tpu pacuere nepekauku NoO CHALHO TEpeceueHHOoH MecT-
HOCTH yKa3aHHBIMH ¢OpMyJaMH  TOIb30BAThCH HEJb3S,
TaK KaK TNPH YCTAHOBKE - HACOCOB HAa OAHHAKOBOM pac-
CTOSSHHH JAPYr OT JAPyra BO3MOxkHa GoJabmias HepaBHO-
MEpHOCTh B HX Harpyske. B atom cayyae mecra ycTaHOBKH
HACOCOB ONpeAeasiioT NMPH  TOCACAOBATENBHOM  pacuere

paccrommﬁ MCAKLY CMEHMHLIMH HacoCaMH, HaYHHasdg o1
BOJAOHCTOMHHKA.

§ 37. Nlapaaaeabran pabora Hacocos
Ha nadeTHble CTROJB

[Ipu TymieHHH KPYyNHBIX J0)KAPOB HCIOJb3YIOT MOIIHbIE
BOASIHBIE CTPYH OT Jadernnix crBosoB. Ilofava BOAW K
nadeTHRM CTBOJAM 3auacTyl0 MPOH3BOAHTCH HECKONLKHMH
NoXKapHHIMH ABTOHACOCAMH 10 cXeMaM, H300paXKeHHBIM
Ha pre. 47.

PaccmoTpuM OCOGEHHOCTH KaKIof CXeMB. VYCJIOBHMCS,
uto H3 JsaderHoro crBosa Tpebyercsl MOJYYHTh CTPYlD ¢
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Puc. 47. Cxemul nojaun o X jadeTroMy CTBOJY
a—ort DJ’.HOI“O Hacota 1o JABYM JAWHHAM; O — OT ABYX Hacocos NpH NpoKAaaKe

< onHOR JMHHH OT Ka¥Joro; 8 — o7 ABYX HHCOCOB Npy NPoKA3jKe ABYX AHHHA OT

Kaxaoro

pacxonom Qcr. Torpa ceoGoauniii wanop y CTBOAA JAOJKEH
6uith Hoy=50:Q & . IMonaua nacoca (cxema a)  Gyzer
COOTBETCTBOBATh AAacXofy H3 cTBosia Qu=Qcr. Hamop u
nacoca Hu pacxomyercss Ha NpPeOfOJeHHE CONPOTHBJECHWI
B mapajjiesbHbiX JHHHAX, KAXK/Aas8 H3 KOTOPHX Nponyckaer
noJsioBHHY 0T obuiero pacxopa, T. €. 0,6 Qcr, cosnanme
cBoGoanoro namopa y crBoiia Hey B TIOABEM BOAH  Ha
OTMETKy Z2: '

Hy=nSQ |4+ Hey+ 2.

“apeck S — conpoTHRAEHME DHOTO pyKasa aauuoii 20 wm.

IIpu nopaue Boxw mo cxeme 6 KaxAuii Hacoc  Oyuer
nepeKayHBaTh TOJLKO TOJOBHHY OT 00liero pacxoga H3
ctBoa, T. e. Qu=0Qc«/2. Hanop, wneobXoaumuii  jas
MoJla4yu 3TOrO KOJIHYECTBA BOAM, OyJeT Tako# ¥Ke, 94T0 H
NpH nopatde no cxeme a.

Ecan oT KaXA0ro macoca NPOJOXKHTb MO JABE  JIHHHH
(cxema 8), To mnpu mopaue ojgHoro Hacoca Qu=~Qc/2
NoNAYYHM yMmeHbluenue tpefyemoro hanopa, nmepu Hanopa
B PYKAaBHBIX JIHHHAX CHH3A1CH:

Hy=nSQ2./16 4 Hep + 2.

Takum o0Gpasom, ¢  yBeJAHUEHHEM YHCAA HACOCOB M
NPOKJANLIBAEMBIX NAapaNJeNbHbIX PYKABHbIX JMHHHA CHMXKA-
eTCA HArpy3Ka, NPHXOAAUIASCA HA KAMXKAbI H3 HUX.

ITpu nmomaue BoAW K JadeTHHIM CTBOJaM OOLIYHO  He-
06X0OHMO ONpENeNHTh HYXKHOE YHCAO NONKAPHHIX  ABTO-
HAacOCOB B 3aBHCHMOCTH OT BHAA HACOCHO-DYKaBHOW  CH-
crembl. Jlns pacuera sanmmieM pPaBeHCTBO XapaKTEPHCTHK
Hacoca W PYKaBHOH CHCTEMH:

¢—bQ:=S.Q% +2
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OnpenennM CONPOTHBJEHHE pPYKaBHBIX CHCTEM,  pac-
CMaTpHBas BO3MOMHbIE BAPHAHTH HX IPOKJAAKH — OAHOMN
H ABYX .JHHHH OT Ka)JIOro Hacoca.

B nepsom cayuae (puc. 47,6), koraa OT Kaxjaoro
nacoca TNpOK/AaJAbiBaercs ojAHa JHHHSA, CONMPOTHBJEHHE Ha-
XomaT no Qopmyae:

‘ S¢ = nS/K? - Ser,
rae K —wHCNO aBTOHACOCOB, COOTBETCTBYIOLIEE B JaHHOM NpHMEpe dHC-
2y aunuii; Scr— CONPOTHBAEHHe CTBOJA,

Bo Bropom cayuae (puc. 47,a), korga OT Kajaoro Ha-
coca NPOKJAABLIBAIOTCH ABE JHHHH, CONPOTHBJEHHE PaBHO!
S.=nS/4K* + Sers

Pacxon u3 crBOiia npeicTaBHM KAK CYMMY  Pacxojios
BOALI, MoaaBaemMol HacocaMH Qer=KQy. |

[Ipn noactaHCBKe COOTBETCTBYIOLIHX 3Ha4CHHA conpo-
THBJAEHHUTi cucTeM B paBencTso (64), nocsae HecaOKHBIX npe-
ofpasoBaluii, NONYYHM pacyeTHuie (QOpMyJiBnl Aas onpele-
JeHHA NMOAJdYH OAHOro Hacoca M HeoOXOAHMOro YHCJA NO-
JKapHLIX aBTOHACOCOB.

Haiinem ux pas cxems G6:

Qu="V (a—2)/(nS+ Sc; K* +-b) ;
K=Qu )/ (nS+b)/(a—z2—Ser @)
Hans cxeMbl 6:
Q =V (@—2)/(0.2515 + S K* + b)
K= Qer J/ (0,250 S+ b)/(a— 2 — Sex Qo) -

Bo Bcex  dopmyaax o — UHCJIO PYKaBOB B OJIHOIi
PYKaBHOH JIHHHH, S — CONPOTHBJAEHHE OJHOrO pPyKasa.




