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Jlekuusi 1. BBenenne

BBEJIEHHUE

Hacoc - »sHepreTtmyeckas MamuHa, chyxamas sl OpeoOpa3oBaHUs
TIOIBOJTMMOM K HEl SHEPTUHU B SHEPTHIO )XUAKOCTH. Hacockl cimyskat 1j1s morpema
U TmepeMenieHus xkuakocreid. [1o pacnmpocTpaHEeHHOCTH B HApOJHOM XO3SHCTBE
OHHU 3aHMUMAIOT BTOPOE MECTO TOCJE JJIEKTpoaBUTaTeneit, morpednss mo 20 %

BCEU JIEKTPOIHEPTHUHU.

B ctpane Beimyckaercst okosio 3000 pa3iauyHbIX TUIOPA3MEPOB HACOCOB,
OTJIMYAIOUIUXCS  MPUHLIUIOM  JEHCTBUSA, KOHCTPYKTHUBHBIM  HCIOJIHEHUEM,
Ha3zHayeHueM. Haunbomnplee pacnpocTpaHeHUe MOTYYUIIU JonacTHbie Hacochl. Mx
OTHOCAT K KJIAcCy AMHAMHYECKUX. JlomacTHbIe HAcOoChl MOAPA3AENAIOTCS Ha
LHEHTPOOEXKHbIE, JUAroHalbHble, OCEBble M BuUXpeBble. M3 HUX camble
pacrnpocTpaHEHHbIE - [IEHTPOOEKHBIE.

JlonmacTHbIE HACOCHI OXBATHIBAIOT HIIMPOKUI Auana3oH Hanopos ot I 1o 5000
M. [ToTpebiisiemasi UMM MOIIHOCTD JIEXKHUT B MpeJieNiax OT HECKOIbKHUX BaTT J10
JECATKOB ThICSY KHJIOBATT, a Pa3MEPBI - OT HACOCA, YMEIIAOUIEr0Cs Ha JIAI0HH,
JI0 CJIOKHBIX MHOTOTOHHBIX KOHCTPYKIUH. [lepeuncianm ocHOBHBIE 00J1aCTH, Te

HCITIOJIB3YIOTCA JIOIIACTHBIC HACOCKI:

L KOMMYHaJIBHOG BOI[OCH36)K6HI/I6 N3 OTKPBITBIX BOAOCMOB U APTC3NAHCKUX

CKBAKHH.
e DHEpPreTHKa: TeIUIOBBIE U ATOMHBIE DIIEKTPOCTAHIINH.
e XuMHUYECKAs MPOMBIIUIEHHOCTD.

e Menuopauus U uppUTaLHs.

e Hedranas npoMBIIIIEHHOCTH: HACOCHI AJIs TEPEKayKu HEPTH 10
MarucTpajbHbIM TPyOOIIPOBOIaM, HACOCHI JUIsl 3aKaUKH BOJIbI B CKBAKHUHBI C
LEJIbI0 YBEIMYEHHUS IJIACTOBOTO JABJICHUSI, HACOCHI JIJIsl MoibeMa HedTH U3

CKBa’KHH.

e ['maporpaHCHOpT, T.€. UCHOJB30BAHUE HACOCOB JJI MEPEMEIICHUS 1O
TpyOOIpOBOAAM yTJisl, MOPOJIBI 5 Jaxe PbIObl B COCTABE THIPOCMECEH.
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e TpaHCIOPTHOE MAIMHOCTPOECHHE, B TOM YHCIIE CYJJOCTPOCHHE,

aBHAaCTPOCHHUEC, PAKCTOCTPOCHHC.

B 3aBucuMocTH OT Ha3Haue€HHS K HAacocaM MPEABABISIIOTCS pa3HbIe
TpeOoBaHusa. TakuMu TpeOOBAaHUSAMHU MOTYT OBITh: BBICOKUN KOd(PhUIIUEHT
MOJIE3HOTO JACHCTBHS, onpeeneHHas ¢opMa HalmOpHON KPUBOW HAcoca, XOpoIias
BCachIBalIasg CHOCOOHOCTh, Oe3omacHass paboTa Ha arpecCUBHBIX U
B3PBIBOOIMACHBIX KHAKOCTSIX, OIPEACIICHHbIE TONepeuHble TabapuThl, (Kak,
HarpuMep, JJIsi CKBOKUHHBIX HACOCOB IS MOJABhEMa apTE3MAHCKOW BOJIBI WIIN
He(TH), HEMOBPEKIAEMOCTh IMEPEKAYMBAEMOTO MPOJYyKTa (IJ1s pHIOOHACOCOB),
MUHHAMAJTbHBI BeC W TabapuThl (IS aBUAIIMOHHBIX M PAKETHBIX HACOCOB),
XOpoIlle BHUOPOAKYCTHUECKHE XapaKTEPUCTHKH, HAJAEKHOCTb W Ap. Pacuer u
IPOCKTHUPOBAHUE HACOCA CBOISTCS K OTHICKAHHUIO OMPECICHHOTO TEXHUYECKOTO
ONTHUMYyMa, OOECHEeUMBAIOUIETO B TMEpPBYI0 Ouepenb TrjaBHOE TpeOoBaHuUe,
MIOCTABJICHHOE B 3aJaHUM, U 1O Mepe BO3MOKHOCTH Bce ocraibHbie. Co3math
HAMCOBEPIIICHHEUIITUN HACOC, OTHOBPEMEHHO yIOBIETBOPSIONINI BCEM TN JTa)Ke
TOJBKO OOJBITUHCTBY W3 TEPEUYUCICHHBIX BHINE TPEeOOBaHMI, HEBO3MOXKHO,
MIOCKOJIBKY YJIyUIIIEHHUE OJHUX IOKa3aTeliel, KaKk MpaBuio, BENET K YXYyIIICHUIO
Apyrux. OTO CIpaBeJIMBO MO OTHOIICHHIO HE TOJBKO K HacOCaM, HO U K JIPYyTUM

MalInHaM.

[Ipu OTHOCHTENBHON MPOCTOTE YCTPOWCTBA PAabOUYMX OPraHOB JOMACTHBIX
HaCcOCOB JIBJKCHHE >KMJKOCTH B HHMX OTJIMYAETCS YPE3BBIYAWHON CIIOKHOCTBIO,
4YTO 3aTpyAHSET CO3/JaHUE CTPOTMX MaTEeMAaTHYEeCKUX Mojenel pabodero
npouecca. [lo3ToMy 10 HACTOSIIEr0 BPEMEHM NPU PacyeTe U MPOECKTUPOBAHUU
MOJIB3YIOTCS  MPUONMKEHHBIMU ~ MOJICISIMU ~ TEUEHHST  KUAKOCTH, BBOJSA

HCO6XOI[I/IMI>IC KOPPCKTUBBI HA OCHOBE 3KCIICPUMCHTAJIbHBIX JTaHHBIX.

B HeJIOM MOXHO CKa3aTb, YTO COBPCMCHHOC COCTOSAHHC 3HaHUM B oOyacTH
HN3YyUYCHHA pa60qer0 nmponecca JOMAaCTHBIX HACOCOB ITIO3BOJIACT PAaCCUMTLIBATL U
IMPOCKTUPOBATb AOCTATOYHO COBCPIICHHBLIC B THAPOJMHAMHUYCCKOM OTHOIICHHUU

MalllMHbI. JTO, OJHAKO, HE O3HAYAET, YTO BCE BOMPOCHI pelleHbl. [lanbHeiee



Pa3BHUTUC TCXHUKW CTABUT HOBBLIC 3dJ1a4M, KOTOPLIC H606XOI[I/IMO peuiaThb cenyac

U IPUAETCS peniaTh B OyAyIIEM.

Pabounii nmpo1iecc 10nacTHRIX HACOCOB OJIM30K K paboyemMy MpoIeccy IApYyrux
HarHETAaTelIbHBIX MAIIMH - [EHTPOOSKHBIX W OCEBBIX KOMIIPECCOPOB W
BEHTHJISTOPOB. [lo3TOMy oOmpeneseHHyI0 IEHHOCTh IPEACTABISIET M  OIIBIT,
HAKOIUICHHBI B OO0JIACTH WCCIEAOBAaHUSA, pacyeTa W MPOCKTHUPOBAHUS ITUX

MalllvH. PaBHI/II_Ia JIUIIb B TOM, YTO IIOCJACAHHUEC pa60Ta10T Ha COKMMaeMOM cpeace.

I. OBIIUE CBEJIEHHUSA O HACOCAX
1.1. OcHOBHBIE MapaMeTPbl HACOCOB

OCHOBHBIMU mapamMeTpaM HACOCOB, HC3aBUCHUMO OT UX IIPpUHIHAIIA I[@ﬁCTBPI?I,

ABIIAIOTCS: nodaua, Hanop, nompeodaaeman mouwgnocmo u KIL/1.

IMomaya - KOJMYECTBO JKHMJIKOCTH, IOJaBaEMOE HACOCOM B CIUHHILY
BpeMeHH. KoJIMYecTBO JKUIKOCTH MOXET H3MEPSThCS B EIUHUIAX 00beMa,
Macchl, Beca. B 3aBHCHMMOCTH OT 3TOTO pa3iU4alOT Mmojaady: o0beMHy© Q - B
M°/c, MAaccoBy0 m- B T/c, BecoBylo G - B Tc/c. Bo Bcex ciydasx BO3MOXHO
U3MEpPEHHUE W B JIPYTHX AHAJOTHYHBIX SAWHHIIAX, MAacCOBas M BECOBas IOJAYU

CBS3aHBI C 00BbEMHOM 4Epe3 IMIIOTHOCTDL JKUAKOCTH P COOTHOIICHUAMU
M=p-Q G=p-9-Q (1.1)

2
rae § = 9,8 M/c” - yCKOpEHUEe CHIIBI TSIKECTH.

Hamnop - 3T0o pa3HOCTh yAEIbHBIX MEXAaHUUYECKUX IHEPTUM KUJIKOCTH Ha
BBIXOJI€ U3 Hacoca M Ha BXoJ€ B Hero. MHaue, Hanmop - 3TO npUpalieHue
yAEIbHON SHEPTrUM KUJIKOCTH, CO3laBaeMoe HacocoM. HamoMHuM, 4TO
yAelibHAsl HEePTHS - 3TO IHEPTHUsA, OTHECEHHAs K €JUHUILIE BECca, MacChl JINOO
o0bema. COOTBETCTBEHHO U HAIOP HA3bIBACTCS BECOBBIM, MACCOBBIM,
00BbEMHBIM, pa3MEPHOCTh UX pa3Hasd. [loHsTHe BecoBOro Hamopa Haubolee
ynoTpeOuTENbHO, CJI0BO "BECOBOU" OOBIYHO OMYCKAETCS, M OH HA3hIBACTCS
npocto "Hamop" u o6o3navaerca H . Pasamepnocts H B cucteme CU u B

TEXHUYECKOU HHHCﬁHaH, T.C. B MCTpax, 4TO JICIKO YACHHUTD, €CJIK IMOACIUTD



pa3sMepHOCTh dHEepTHH B Jxoyisax (H*M) Ha cuty (Bec) B HpIOTOHAX (WITH
KI'C"M'KTC).
Bo3bmeM 351eMEHTapHYI0 CXEMY HACOCHOW YCTAaHOBKU M PACCMOTPUM, OT

yero 3aBucUT Hamop (puc. 1.1).

Ha Brixoze u3 Hacoca B ceuenun H-H, pacnonoxxeHHoM Ha paccTosHUM Zy OT

MPOM3BOJIbHOM TOpU30HTAIBHOM MIOCKOCTH 0-0 (IJIOCKOCTU CpaBHEHUS),

YACIbHAA OHCPIrus

2
v
E, =1, P Ve
P9 29
Ha Bxoz€ B HACOC B CEYEHUH B-B,
<
pPacrnoJIoKEHHOM Ha PaCcCTOSHUU ZB NI
IJIOCKOCTH CPaBHEHUS yJ€lIbHAs SHEPruUs ' ‘
P y P 0. | Pama 0
p 2 — — — —— —
Ey,=7,+—+-= — LU _ = —
P9 29
Puc. 1.1.

Hanop Hacoca paBeH pa3HOCTH 3THX SHEPTUH:

H = % +2, -7, + %

Buipaoicenue (1.4) - smo obwee svipasicenue ons nanopa. B nem Pnu Pe -
abcontomuvle oasnenus, a 'V, u'V, -cpednue ckopocmu 6 coomeemcmayiouux
ceuenusx. Pasnocmo zy — 7, npubaudsicenno 8vipasicaem 6epmuKaibHblil pazmep
Hacoca, Komopwvli Mai no cpagnenuto ¢ geauuunou H. Hesenuka u eenuuuna
PA3HOCMU  CKOPOCMHBIX HANOPO8, 00)CI0BIEHHAS CKOPOCMAMU 8 HANOPHOM U
scacvigarowem nampyoke. Takum obpazom, Hanop 8 OCHOBHOM ONpeodeemcs
PA3HOCMbIO AOCONOMHBIX HANOPA HACOCA 0A8IeHULl HA 8bIX00e U3 HACOCA U HA

8xX00€e 8 He20.

2,2
Pa3zmepHocts MmaccoBoro Hanopa H-m - JIx/kr unu m“/c”. OH B 9,8 paza

00JIbIlIE BECOBOT'O HAIMOPA.

_ 2,2
H :pH ps+g(ZH_28)+VH2V8

M

OOBEMHBIN HAMOp HacOca Ha3bIBACTCS JABJICHUEM, UMEET
COOTBETCTBYIOIIYIO PA3MEPHOCTh U BBIPAXKAETCS] AHAJTIOTUYHO JIByM
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MPEABIAYIIUM:

2 2
p:(pH - p3)+pg(ZH _Zs)+w

Hcnonp30BaHue MOHATUS MacCOBBIM HAMOP 1LIeJIeCO00pa3HO B CiIyyasx,
KOTJla U3MEHSIETCS BEIMUMHA YCKOPEHUSI CUJIbI TSXKECTH, YTO XapaKTEPHO IS
aBUAIIMOHHBIX U KOCMUUYECKHUX amnmnaparoB. O0ObeMHbIN Hanop (AaBiIeHUE)
y100€H NPUMEHUTENBHO K 00BEMHBIM THIPOMAIIUHAM.

[ToTpebisieMast MOIIHOCTB - 3TO MOILIHOCTh, KOTOPYIO 3aTPayMBaET HACOC HA
CO3/IaHME TOJIE3HON MOIIIHOCTHU U MPEOI0JIeHue Bcex norepsb. Mnaue ona
HA3bIBAETCSI MOIIIHOCTHIO Ha Bay Hacoca. O6o3HaunM ee uepe3 N, Kak 3T
MPUHSATO B OOJBITUHCTBE JTUTEPATYPHBIX HCTOUYHHUKOB.

[Tox mosie3HON MOITHOCTHIO UMEETCS B BUY MOIIIHOCTb, COOOIIaeMas
HAacOCOM IOTOKY >KUJKOCTH, BBIXOJISIIEMY U3 HEro. [I0CKOIbKY SHEprust Kaxa0i
€MHUILIBI BEca paBHA HAMIOPY, TO YMHOKHB BECOBOE KOJIUYECTBO JKUIAKOCTU

p-g'Q Ha BenuuuHy Hanopa H, momy4unm mosie3Hyr0 MOIIHOCTS:

N L =P g . Q -H
Koo duiuenT mone3Horo aeicTeus
_ Ny _ pgQH
N N

COOTBETCTBEHHO HOTpC6JIHCMaH MOITHOCTB MOJXXET OBITH BBIpaKCHA 4€PE3

none3nyro u KIII:

N P9QH
n

®opmynst (1.7) u ( 1.9) npencraBners 6€30THOCUTENBHO K €UHUAIIAM
BEJIMYMH, BXOJISIIIIUX B HUX. MOIITHOCTh OOBIYHO MPUHATO BhIPakKaTh B
KIJIOBAaTTaX, mo3Tomy B cucreme CU 3t hopmyiibl OyayT UMETh BUJ

_ PIQH
71000

3.
rae H- Hanop, M; p — IIIOTHOCTB, KI/M”; § — YCKOpEHHE CBOOOIHOTO MaICHUS,

2
Mm/c



1.2. HacocHast ycTaHOBKa

Hacochas ycTtaHoBKa, XpOMe caMOI'o Hacoca, BKJIIOYAEeT B ce0s psify
3JIIEMEHTOB, KOTOpPbIE 00ECIIEUnBalOT pabOTy HACOCa, €ro MyCK U OCTaHOBKY,
peryaupoBaHue U KOHTPOJIb napaMeTpoB. Ha puc. 1.2 nokazaHa OTHOCUTEIBHO
npocTasi, HauboJiee xapakTepHasi CXeMa HaCOCHOM yCTaHOBKH.

K Hacocy 5 npucoeamHeH BcachBaOIIMi TpyOonpoBoa 7 , uepe3 KOTOPbIi
KUJKOCTh 3acachlBaeTcs U3 3a00pHOro peseppyapa 8 , rjae aaBienue PO1 moxer
OBITh paBHO aTMOC(HEPHOMY WJIU OTIMYATHCA OT Hero. Yepes HarHeTaTeIbHBIN
TpyOONpPOBOJ 2. )KMAKOCTH I10JIa€TCS B IPUEMHBIN pe3epByap 1, rae naBieHue
Po2 Takxe moxeT ObITh JIt0OBIM. Ha HarHetatenbsHOM TpyOOnpoBoe 2
YCTAHOBJIEHO 3alIOPHOE YCTPOUCTBO 4. DTO MOKET OBITh BEHTUJIb HJIN
3aJBMKKA. ECM MOCTyIIIEHNE )KUAKOCTH B IPUEMHBIN pE3EPBYap MPOUCXOIUT
1oJi YpOBEHb, KaK MOKa3aHO Ha pUC,l.2, TO ycTaHABIMBAETCS OOpaTHBIN KilanaH
3, mpeAOTBpAILAIONINN TEPETOK U3 MPUEMHOT0 pe3epByapa B 3a00pHbBIN MTPU
OCTaHOBKE Hacoca.

Jlns mycka Hacoca B paboTy HeEOO0XoamMo, dYTOOBI BCACHIBAIOIIUAN
TpyOONpPOBOJl U BHYTPEHHUE MOJIOCTU HAacOca OBbUIM 3aMOJHEHbl KUAKOCTHIO, a
BO3JyX M3 HUX COOTBETCTBEHHO yAAJEH. 3AJIMBKY HAacoca MOYKHO OCYIECTBUTH
yepe3 CHeUualibHOE OTBEPCTHE B KOPIyCE WM 4Yepe3 BCIIOMOTraTeIbHbIN
TpyOONpPOBOJ, TPUCOEAUHEHHBIA K JII0OOW TOYKE OO0 OOpaTHOro kiamaHa 3 .
OOBIYHO TaK MOCTYMNAIOT MPH OTHOCUTENIBHO HEOOJBIINX HACcOCaX, KOraa 00beM
3QJIMBA€MOM JKUJIKOCTM W BpeMs 3aJIMBKM HeBequkd. [(nsg yaepkaHus
3aJIMBa€MOM KUIKOCTH BO BCACBHIBAIOIIEM TPYOOMPOBOJIE B 3TOM CIIy4ae CIIYKHUT
oOpatHbIil kinanad 3 . OH ke yJIepKUBaeT KUJIKOCTb U MPU OTKIIOUYEHUH HAcOCa.
3amuTHas cetka 10 mpegoTBpamiaeT mnomajaHWE B HACOC Mycopa U APYTUX
NOCTOPOHHUX  BKJIIOYEHHUM. bBosblime  HAacoCHbIe  YCTAHOBKM  OOBIUYHO
000pYyAYIOTCA  BCIIOMOTraTelbHbIM  BOJOKOJBLEBBIM BakyyM-HacocoM. OH
UCIMOJIB3YETCS NpPU IYCKE OCHOBHOIO Hacoca JJs OTcOoca BO3AyXa U3
BcachlBawollero TpyoOompoBoaa u kopmyca. llog gelicTBueM Bakyywma,

CO3MaHHOTO  BAaKyyM-HacocoM, JKHJIKOCTh U3  3a00pHOTO  pe3epByapa
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IOJIHUMAETCS M 3all0JIHAET BCachIBAIOUIMI TpyOOIpOBOA M KOpIyC Hacoca.
OOpaTHbIl KJIallaH B NPU 3TOM HE HYKeH. BplcoTa ycTaHOBKM Hacoca OT ero
OCH 10 CBOOOJIHOM MOBEPXHOCTU B 3a00pHOM pe3epByape Ha3bIBaeTCs BHICOTOU
BcackiBaHus M o0o3Hauaerca H . OHa Moj0XKuUTENbHA, €CIM HACOC PACIIONOKEH
BBIILIE CBOOOHOW MOBEPXHOCTH, U OTPULIATENIbHA, €CIH HIXKE.

OTpuiaTenbHast BBICOTa BCAChIBaHUS Ha3bIBaeTCs MOANOpPoM. B mocnennem
cllydyae Ha BCAaChIBAIOIIEM TPYyOONpPOBOJE YCTAaHABIMBACTCS MOHTa)KHAA
3aJBUXKKa 6 , OHA CIYXUT JUIsl OTKJIIOYEHUS 3a00pHOro pesepByapa OT Hacoca
IpH €ro MOHTaX€ M peMOHTe. YKazaHHas Ha puc.l.2 Beicora hH - BbICOTa
HarHeTanus; h W BbIcOTa BcachlBaHHA HBC COCTaBIAIOT T'€OMETPHYECKYIO
BBICOTY MOJbEMA KUJIKOCTU h OT ypoBHS B 3a00pHOM pe3epByape A0 YPOBHS B

IMPUEMHOM.

3o
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Puc 1.2 Cxema HaCOCHOW YCTaHOBKH



JUisg KOHTpoJIs paboThl Hacoca yCTaHOBKA OCHallaercs npudopamu. b camom
npocTeiiieM ciydae - 3TO MaHoMeTp M2 mo KoTopoMy HpUOJIMKEHHO
KOHTPOJIMPYIOT HAamop Hacoca TOJBKO II0 BBIXOAY, TaK Ha3bIBAEMBIN
MaHoOMeTpuuecKuil kanop. OGBIYHO HAIOp U3MEPSETCA C OMOUILI0O MAHOMETpA
M, wu BakyymMeTpa &8 Ha BXOJAE IIPU IOJOXUTEIBHON BBICOTE BCACBIBAHUS.
[Ipy oTpunaTenbHEl BBICOTE BCACHIBAHMS HA BXOJI€ BMECTO BaKyymMmeTrpa 8
yCTaHaBIMBAETCSI MaHOMETp M WM HHOIZIa MaHOBAaKyyMMETp, CIIOCOOHBIN
U3MEpATh KaK HM30BITOYHOE MAaBJICHHE, TaKk W BakyyM. Jlns Oojee TOYHOTO
U3MEpEHUs yKa3aHHbIE npuodopsI PEKOMEHYEeTCs ITOJKJIKOYaTh
HEIMOCPEICTBEHHO MEPE] U 3a HACOCOM Ha MpSMBIX Y4YacTKaxX TpyOOIpOBOJIOB
JUIMHOM He MeHee 1-2 aumamertpos. Ilpu OTCYyTCTBMM Takol BO3MOYKHOCTH OHU
OPUCOEIUHSIOTCA K BXOJHOMY M HamopHoMy narpyOkam Hacoca. Hepenko
npuOOphl YCTAaHABIMBAIOTCA Ha pa3HOM BBICOTE OT oOcu Hacoca. Kak wmbl
yOenumMcs B JanbHEMIIeM, 3T0 He0OXOAMMO YIYUTHIBATh IPU U3MEPEHUM Kamopa.

Ha HEKOTOpBIX HACOCHBIX YCTaHOBKAaX, BBIMOJHSIOINUX OTBETCTBEHHBIE
TEeXHOJIOTHYEeCKHEe (YHKLHS, TOTMOJHUTENbHO YCTAHABJIMBAIOT PAcXOJOMEpHbBIE
YCTpONCTBA A1 U3MEPEHUs MoJauyu. JTO MOKET ObITh pacxogomep Bentypwu,
HOpMaJibHasi ~ Auadparma, MEPHOE COILIO, HWHAYKLUMOHHBIM  pacxoaoMmep,
TypOMHHBIM JAaTYMK pacxoja, poTraMmerp W Japyrue npubopsl. M3mepenue u
KOHTPOJIb 00OPOTOB MPUBOJHOIO ABUTATENs OCYLIECTBIISAETCS TaXOMETpaMU WM
U3MEPUTETSIMH  O0OpPOTOB, TMOTPEONIEMONM MOIIHOCTH -  KHUJIOBAaTTMETPOM.
VYcTaHaBnIuMBalOTCA TaKXKe aMIIEPMETP U BOJBTMETP. YCTAHOBKA MOXET OBIThH
o0opy/noBaHa CHCTEMOM IOAAaYM TOJ JAABJIEHUEM CMa3Kd B OIOPHBIE Y3IIbI,
CUCTEMOM OXJIAXKIAEHUS MOAIINITHUKOB.

Haubonee coBpeMeHHbIE CpeacTBa AJisi KOHTPOJs pabOThl Hacoca M €ro
PEryIMpOBaHus - MUKPOIIPOLIECCOPHAS TEXHUKA U KOMITBIOTEPHBIE TEXHOJIOTHU.

HMmeHHO 1o TakoMy MyTH UAYT MepeaoBbie 3apyOexHbie pupmbl. Pasnuynoro
poZla 4YyBCTBUTEIBHBIC JJIEMEHTBHI, JAaTYUKH, TEPMOIApbl, BCTPOCHHBIE B HACOC,
npruOOpPHOE OCHALIEHHUE JUISl U3MEPEHUS U PETYIMPOBAHUS apaMETPOB MO3BOJISIOT

BECTH ABTOMATHUYECKUW TEKYIIMM KOHTPOJb W AHAJIU3 COCTOSHUSA BaKHEHIIMX
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y3JI0B, OCYIIECTBJISITh YNPABJICHHE U PETYIMPOBAHHUE IO 3apaHEE COCTABJICHHOU
porpaMMme.

B 3aBucuMOCTM OT Ha3HA4Y€HHS HAcoca M KOHKPETHBIX YCIOBHUHM €ro
AKCIUTyaTalldd CXeMa HACOCHOM YCTAaHOBKM U €€ NMPUOOPHOE OCHAIIEHUE MOTYT
OTJINYATbCS OT MpUBENECHHOW Ha puc. 1.2. Hampumep, HacocHas ycTaHOBKa CO
CKBOXHWHHBIM TOTPYXHBIM HE(QTSHBIM WU BOJSHBIM HAacOCOM HE HMEET
BcachIBarolero Tpyoomnporoga. MHas cxemMa M Yy aBHAIlMOHHBIX TOIUIMBHBIX

HaCOCOB.
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Jlekums 2

2. OBIIEE YCTPOVICTBO U INIPUHIIUII JEACTBUSI
JIOITACTHBIX HACOCOB

Kak yxe ynoMuHaaoch, JIONACTHbIE HACOCHI OTHOCST K KJIacCy ITMHAMHYECKHX,
OOIMI NPUHLMIT JEHCTBUS KOTOPHIX OCHOBAaH HAa MCHOJIb30BAHUU CUJI MHEPLMH U
CHII  BS3KOCTH. Pa3nmuyaroT 1EeHTpoOEeXHbIe, LEHTPOOEKHO-OCEBbIC, WU
JMaroHajbHbIe, OCEBBbIE, BUXPEBbIE M CBOOOJAHO-BUXPEBBIC, WM CMEPUYEBHIE,

HACOCHI, a TAKXKE TUCKOBBIE, TAOUPUHTHBIE, yeprakoBbie (Hacoc [1uTo), cTpyiiHble.

2.1 llenTpo0exHbIE HACOCHI

KoHcTpykTUBHAsT cxeMa OJHOrO M3 BHJIOB LIEHTPOOEXKHOrO Hacoca
npejacTaBieHa Ha puc. 1.3. BHyTpeHHUE MOJ0CTH HACOCa, IO KOTOPBIM MPOUCXOIUT
JBWKEHHUE >KUIKOCTH, HA3bIBAKOTCS MPOTOYHOM YacThi0. OCHOBHBIM 3JIEMEHTOM
SBIISIETCS pabodee KoJieco 2 ¢ JIOMacTsIMU y100000TekaemMoit opMbl. Y CIIOBUMCS B
nanpHeneM o0o3Hauath ero B Tekcte cokpaimieHHo FK. PK npennasnaueHo st
nepelayd SHEPTUM OT ABUTATEIS KUJIKOCTH. KUIAKOCTH JIBUXKETCS OT LIEHTpa K
nepudepun. [Ipum BpameHWrn JOMACTHOTO Kojeca HZ2a JIOMACTAX BO3HUKAET
pazHocTh JlaBieHui: Ha BBIMYKJIOW OOJIbIe, HA BOTHYTOM MeHbIe. B pe3ynbrare
NOSIBIIIETCS. MOMEHT, IPOTHUBOACHCTBYIOIIMKM BpameHuto. lIpeonmonesas 3ToT
MPOTUBOJICUCTBYIOIIMI MOMEHT 3a CUeT MOABOJAMMON OT aBuratens aHepruu, PK

nepeaacT SHEPIruro X XKUJAKOCTH.
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Puc.1.3 KoncTpykTuBHas cxema IIeHTpOOEKHOTO Hacoca

WHuaude roBops, MIPUHLKII AEUCTBUS LIEHTPOOEIKHOTO, & PABHO U AMArOHAIBHOIO
HAcoOCa, SBJSIOLIErOCS MO CYTH €ro pa3HOBUIAHOCTHIO, 3AKJIKOYAETCS B CUIOBOM
B3aMMO/ICHCTBUH JIOIIACTHOM CUCTEMBI C )KUIKOCTBIO. [Ipn 3TOM co3maercs BbIHYX-
JIEHHOE BpAIATEJIbHOE U IOCTYNATEIBHOE JIBH)KEHUE KUIKOCTH, YBEIUYUBAIOTCS
JABJIEHUE U CKOPOCTb.

Ha Bxone B PK, O6narogapsi HenmpepbIBHOMY YAQJIEHHUIO KUAKOCTU OT LIEHTPA K
nepudepun, co3naercss aOCOJMIOTHOE [AaBlieHHE, MEHbIee, 4YeM B 3a00pHOM
pe3epByape. EciM XKMOKOCTP NOCTYNAeT M3 pe3epByapa, HAXOIALIErocs IOJ
aTMoc(epHbIM JaBieHueM, To Ha Bxojge B PK um BooOmie Ha BXxoae B Hacoc
a0CoIIIOTHOE JaBlieHUE OYyJeT MEHbIIIE aTMOC(EPHOTro, T.€. BOZHUKAET BakyyM. 13-
3a Pa3HOCTH aOCOJIOTHBIX JABJICHUN Ha MOBEPXHOCTH 3a00pHOro pe3epByapa U Ha
BxojAe B PK mpoucxonuT moCTOSHHOE 3acachlBAHUE WJIM, TOYHEE, '3aTaJIKUBAHHE"
xuakoctu Ha BxoJ B PK. Takum 00pa3om, MOCTYIJIEHUE )KUIKOCTH, B HACOC U3

OTKPBITOTO pe3epByapa OCYIIECTBISIETCS 3a CUET SHEPrHMM aTMOC(HEpPHOro
JABJIEHUS, @ OHA, KaK W3BECTHO, orpaHuyeHa. Ilo 3Toil mpuuuHe orpaHuyYeHa H
BbicoTa BcacbiBanus He  (cm. puc. 1.2). PK HaumHaeT nmepenaBaTh 3HEPrui0 OT
JBUTATEJIS JKUJKOCTU TOJIBKO IIOCJIE TOTO, KOT/1a YaCTULBI KUJIKOCTH MONaAyT Ha
JIOTIACTH.

Bpamenne PK B 00bIuHOI, HE clielMalbHOM, HACOCE BCErJa HalpaBi€HO B
CTOpPOHY BBIITYKJIOCTH JIONACTEH, a BbIXOJ MOTOKA HAIPAaBJIEH BCEr/Ia B CTOPOHY
BpamieHus. bospmas gacte sHeprum, nepenasaemon PK xunkocth, - 310 3HEprus
JABJICHUS, WU TNbE30METPUYECKUNA HANop, B MEHbBINAs YacThb - KHUHETUYECKas
DHEPIHUsl, WA CKOPOCTHOM HAMOP.

K PK XuIKOCTh OJBOAUTCS C NOMOIIBIO MMOABOAA 1 , HA3HaYEeHUE KOTOPOTO
00ecneunTh OCECUMMETPUYHBIN (T.€. CHUMMETPUYHBIA IO OTHOLIEHUIO K
IPOJOJIBHOM OCH), C HAaMMEHbIUMMHU THUIPABIMYECKHUMH [OTEPSIMH, IOABOJ
KUIKOCTH.

OTBOZ KHMIKOCTH OT KoOJIECa MPOM3BOAUTCS OTBOAOM 3. Ero HazHaueHue-

OCECHUMMETPUYHBIA OTBOJ XUAKOCTH OT PK ¢ HamMeHbIIMMHM TUApaBINYECKUMU
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NOTEPSIMH U TIpeoOpa3zoBaHUe CKOPOCTHON SHEPTUH B IaBIICHUE.
[locnennee ocymiecTBIAETCS YacTHUYHO B CHMPAJIbHOW YacTH OTBOJA U B
ocHOBHOM B nuddy3ope 4 . CriupanbHas 4acTh compsraercs ¢ nupdy3zopom depes

SI3BIK 5 .

2.1.1 PaGouue koseca

B nentpobexHbix Hacocax ucnoibiytorcsa PK Heckonbkux tunos. Hanbonee
pacrnpoctpanensl 3akpbiThie PK (puc. 1.4), cocrosiiiue u3 OCHOBHOTO IUCKa 3 ,
jonacTteil 2 u nokpseiBaromiero aucka 1 . Ha puc. 1.3 Takoe koneco n300pakeHo B

IJI1aHC CO CHATBIM IMOKPBLIBAIOIIIUM AUCKOM. Ceuenue PK no paanyCy Ha3bIBACTCA

2

S )

Puc. 1.4. 3akpeiToe PK

MCPUIHAHHBIM. Ecau B 3T0

CCUCHHUC ITOIMIaaacT JOo1IacTh, TO €€
IIPHUHATO HE paCCCKaTb, 4 B

JH000M cITydae TOKa3hIBaTh

BXOJIHYIO KPOMKY B BUJIE

COOTBETCTBYIOILIEH JINHUU.

[TonyotkpbiThiMu Ha3biBatoT PK 6e3 mokpsiBaroniero aucka (puc.l.5,a).

Posb MOKpBIBAIOIIETO JUCKA UTPAET KOPIYC, C KOTOPBHIM TOPIIEBBIE MOBEPX-
HOCTH JiomacTeil oOpa3yroT 3a30p O . Uem MeHbIIE 3TOT 3a30p, TEM MEHBIIE
NEPETeUKH KUJAKOCTH C HAmoOpHOW (BBIMYKJIOM) CTOPOHBI JIOMACTH HA

BCACHIBAIOIIYIO (BOTHYTYIO).

4

e

|

far

F;
(&)

Puc. 1.5. IlonyoTtkpseiToe (a) 1 OTKpbITOE (0) KOJIECO

Otkpeiteie PK (puc. 1,5,0) He IMEIOT HU OKPHIBAIOIIETO, HU OCHOBHOTO
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nvcka. Kpermenue nonacrei npou3BOIUTCS K CTYIHIE, @ POJIb MOKPBIBAIOIIETO U
OCHOBHOT'O JIMCKOB UTPaIOT CTEHKU Koprnyca. Kak Oyzaer nokasaHo fganee, KaxKabli
n3 TunoB PK nmeer cBou 1O0CTOMHCTBA U HEAOCTATKH W IPUMEHSIETCA B TEX

KOHCTPYKIHAX HACOCOB, I'’I€ 9TO HCO6XOI[I/IMO 141 LICJICCOO6p33HO.

2.1.2. TIoaBoawl
K OCHOBHBIM BHaM I10JBOJIOB OTHOCST OCEBbIE, B BUC H30THYTOIO

KOJICHAa, CUMMCTPHUYHBIC KOJIBIICBBIC 1 ITOJYCIINPAJIbHBIC.

OceBble OABOIBI HANOOJIEE MPOCTHIE U COBEPIICHHBIE B THPABINYECKOM
OoTHOUIEHUHU. WX BBIMOJHSAIOT B BHUAE KOH(QY30pHOTro marpybka C YrjioM B
npegenax 10 - 15° unu nunuaapudeckoro narpyoka. IlepBeiii U3 Ha3BaHHBIX
n3obpaxen Ha puc. 1.3. MHorma ucnonb3yioT u auddy3opHbie naTpyOoku ¢
HEOOJBIINM YIJIOM KOHYCHOCTH. B OOJBIIMHCTBE CIy4aeB OCEBbIE MOJBOJIbI

INPUMCHAKOTCA B OAHOCTYIICHYATBIX HACOCAX, T.C. MMCIOIIHUX TOJILKO OJHO PK.

W T

—

U 0 U

Puc.1.6 Cxembl mogBOIOB

[TogBoa B BUJE M30THYTOTO MO OOJBIINM PaJnyCcoM KOJICHA MOKa3aH Ha
puc. 1,6,0 . 'uapaBiuueckue NOTepH B HEM, KaK MpaBuiio, OOJbIIE, YEM B
oceBbIX oaBoaax. Ha puc. 1.6,5 npeacraBieH noaycnupaibHbIA MOIBO/I,
cedyeHus KOToporo oxBaTeiBatOT BxoJ B PK. Takas cxema ucnosnb3zyercs B
Hacocax, KOHCTPYKIMSA KOTOPBIX MO3BOJISAET NOABECTH KUAKOCTH K PK TonbKO

cOoKy: 310 Hacockl ¢ PK aBycTOpOHHEro BcachlBaHUs, MHOTOCTYIIEHYATHIE CO
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CIIMPAJIBHBIM OTBOJOM M HEKOTOpbIE Apyrue, Konplnesble CHMMETPUYHBIE
HOABOJBI MPUMEHSIIOTCS TaKXKeE B CIIydasx, KOTAa )KUAKOCTb IOJABOAUTCA COOKY
(puc. 1.6, ). B oTHOmIEHNY TUIPAaBINYECKUX NOTEPDH MOJIYCIUPAIbHBIN U B
OOJIbILLIEH CTENEHU KOJbLIEBOM MOJBOJIBI YyCTYHAIOT OCEBBIM. Mcnonb3yroTes
OHH Yallle BCEro B KPYIHBIX HACOCAX, a OCEBbIE MIOABOJBI - B CPEIAHUX U

MCJIKHX.

2.1.3. OTBoaBI

[TomaBnstomee  4MCIO  TUIIOPa3MEpPOB  OJHO- W JBYCTYIEHYATHIX
HEHTPOOEKHBIX HACOCOB HMMEIOT B KAaueCTBE OTBOJ@ CIHUpAJbHBIE KaMepbl U
T1u(y30pbl, BBHIIOJHEHHBIE HEMOCPEACTBEHHO B JIMTBIX YacTAX KOpIyca Hacoca
(puc. 37, a).

OTBOABI HACOCOB, NMEPEKAYNBAOIINX JKUJKOCTU C TBEPABIMU BKIKOYECHUSMU,
4acTO M3TOTOBIIAIOT B BUJIE KOJIBLIEBOW KaMephl, mepexoasie B aAuddy30pHbIid
natpyook (puc. 37, 0).

MHoroctyneHuaTsle HEHTPOOEKHBIE HACOCHI UMEIOT OOBIYHO JIONATOYHBIE
OTBO/Ibl — HAIPABIAOIINE annapatsl (puc. 37, B). Y MHOTOCTYIIEHYAThIX HACOCOB
CIUPAJIIBHOTO THUIIA IPOTOYHAS YaCTh OTBOJA BBINOJHEHA HEIIOCPEACTBEHHO B TEJIE
KOpIIyca Hacoca.

JInst KpynHBIX HACOCOB MHOI/IA NPUMEHSIOT COCTaBHBIE OTBObI, COCTOSIIIUE
U3 MOCJIEI0BATENbHO PACIIOI0KEHHBIX HAIMPABISAIONIETO anapaTa u COUPaIbHOTO
WJIU KOJIbLIEBOTO 0TBOJA (puc. 37, r). OTBOMBI OCEBBIX HACOCOB (BBIMPABIISIONINNA
anmapaTr) BBINOJHAIOT B BHUJAE PACHOJOKEHHBIX IO OKPYKHOCTH 3a pabouuM

KOJIECOM HETIOJIBHXKHBIX JomaTok (cMm. puc. 47).

C ruapaBIdyeCcKOM TOUKH 3PEHUS CIIUPAIBbHBIM KaHaiaM Kop—Iryca
MOXKET ObITh IpHUJaHa 0oJiee coBeplleHHas oO0TekaeMas (popma, 0OJHAKO
OHHM MAaJIOJOCTYIIHBI JJII MeXaHu4deckod o0paboTtku; ux dopmMma,
pa3Mephbl U YUCTOTA IMTOBEPXHOCTH 00ECIIEUMBAIOTCS HEIOCPEACTBEHHO B

otTiuBKe. JIomaTo4YHBIN KOPHYC HAacoca, BHINOJHAEMBbIN OOBIYHO B BUJIC
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OTIEIIBHBIX HaITPaBJISIOIINX arrmaparos, UMEET KaHaJIbI
IPSAMOYTOJIb "HOW  (POPMBI, TPHUCIOCOOJCHHBIE I MEXaHHYCCKOM
00pabOTKM, HO  NPUHIUIIHAILHO  MEHee  OJlaronpusTHbIE B
THAPABINYECKOM OTHOINE HHUHM. Tak KaK 4YHCTOTa IIOBEPXHOCTH H
OTKJIOHEHHE OT pacueTHhIX (OpM © pa3MepoOB CYIIECTBEHHO
CKa3bIBAIOTCS Ha THUAPABIMYECCKUX CBOMCTBAX KaHAJIOB IPH MAaJbIX HX
a0COIIOTHBIX pa3Mepax, LEHTPOOEKHbIE MHOTOCTYNEHYAThIE HACOCHI C
MEXaHHYeCKH 00padaThIBACMBIMH HAIIPABIISIONIMMHE aIlllapaTaMi HMEIOT
0o0Jiee BHICOKHM K. II. [I.

B MHOroctymeH4aTOM Hacoce OTBOJ U IMOJBOJ K CICAYIOIICH CTYy-
neHn o0beauHEeHbl. [103TOMY, KpoMe BEBITTOTHEHHS YKa3aHHBIX ()YHKITHMA
OTBOJIa OJHOCTYIIEHYATOI'0 HAacoca, OTBOJ MHOTOCTYIEHYATOro Hacoca

MTOJIBOJIUT KUJIKOCTh K CICIYIOIIEH CTyIICHH.

2)

Puc.1.3. KoHCTpYKTUBHBIE CXEMBI OTBOASIIHUX anapaToB

OTBOJ HEpEeIKO OJHOBPEMEHHO BBIMOJHIET M (PYHKIMH KOpIyca Hacoca,
OpPEJCTaBISIET €AMHOE LEJI0e C JAPYTUMHU 3JIEMEHTaMHU KOHCTPYKIMHM Hacoca,
HaIpUMEP C OCHOBAHUEM ISl KpPEIIEHHUs (J1aramu).

BompocaM ycTpoiicTBa, KOHCTPYMpPOBAHHUS, TEOPUU U PaACUYETy LEHTPOOEIKHBIX

HACOCOB IMMOCBAIICHBI MHOT'OYHCJICHHBIC TPYAbl Pa3JIMYHBIX aBTOPOB.KIIaCCI/IKaMI/I B
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atoit obOactu sBisitores A.LA. Jlomakun /1/, Ildneinepep /2/, A. . Crenanos /3/.
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Jlexkuus 3

2.2 OceBbIe HACOCHI

KoHcTpykTHBHaAs cXxema OCEBOro Hacoca ImpeacTtaBieHa Ha pwuc.l.10.
Hacoc pa3memaercs B kamepe B BHjE M30THYTOro KojieHa 3 . HampaBienue
JNBUKEHUS KUJKOCTU moka3zaHo ctpenkamu. JlomactHoe PK 2 cocrout Ha
HECKOJIbKUX JIOMACTed, 3aKpENJCeHHbIX Ha CTyNulle, U MO0 KOHCTPYKIUU
HarmmOMUHaeT TpeOHOW BWHT. B HeOOmbmMX Hacocax JOMACTH 3aKpEIICHBI
KECTKO M TPEJCTAaBIsAECT €JUHOE Iejioe co cTynuied. B Oonpmux Hacocax
JIOMACTU MOTYT MOBOPAUYMBATHCS BPYUYHYO WIIM CIEIUAIBHBIM MEXaHU3MOM,
Oaromapst 4eMy MEHSIeTCSl UX YroJl YCTaHOBKU. Beimpasnstomuii anmapat 1
COCTOUT W3 HECKOJBKHUX MPO(IIMPOBAHHBIX JOTATOK U CIYKUT JJISI PACKPYTKHU
notoka nociue PK.

[Ipuniun pabGoThl OCEBOr0 Hacoca aHaJOTHMYE€H NPUHIUNY padoThI
IEeHTPOOEKHOTO HAacoca W 3aKJII0YaeTcs B CHJIOBOM B3aWMOJICHCTBUU
gonactHo cucteMbl PK ¢ KUJIKOCThIO, IPU KOTOPOM SKHAKOCTH TEpeaaeTcs,

OHEPIruAa B BUJAC DOHCPIUU AJaBJICHHU.

T T -

o7 N7\ |

Puc.1.10 Cxema oceBoro Hacoca

KoHcTpyKTHBHAs cxeMa 0CeBOro Hacoca MOKET ObITh U MHOUM. Hanpuwmep, B
aBUAIIMOHHBIX LIEHTPOOEKHBIX arperarax oceBoe PK ucnonb3yercs 0e3

BELITIPABJIAIONMICTO aIlmmapara.
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OceBble HAcCOCHl MPUMEHSIOTCS MPU OTHOCHUTENHHO OOJIBIIUX MOJAaYyax H
MajblX  Hamopax, KOrJa  HCIOJb30BAaHME  LEHTPOOEXKHBIX  HACOCOB
KOHOMHUYECKHU HelenecooOpa3Ho. OCHOBHOE UX IPeJHa3HAYEHUE - TOPOJICKOe
U TPOMBIIUIEHHOE BOJOCHA0XEHUE, CHCTEMbl MEJIHMOpalUU M UppUTaluH,
XUMHYECKasi MPOMBIIUIEHHOCTb. Hacochl HMCIONIB3yHOTCS B KAadyeCTBE LIUPKY-
JALYOHHBIX B CUCTEMAX OXJIAXKICHUS HA TEIUIOBBIX CTAHLMAX, IPU OXJIAXKICHUN
MOIIHBIX CYJIOBBIX [IH3€JI€H, B CUCTEMax TOIUIMBOIIUTAHUSA ABHALMOHHBIX M
pakeTHBIX ABUTaTeNel. B mociaeqneM ciayuyae pa3zMepsl UX 04eHb HEOOJNBIINE, C
AAAMETPOM KoJjeca B AeciaTkn MuummMeTrpoB. Kpymnnaeie Hacocsl mmeror PK
auamerpoM 1o 2-2,5 M. M3 HHUX OTEYECTBEHHOM NIPOMBIIUIEHHOCTBIO
BbIITyCKaroTcs Hacockl Mapok n0" u "OIT".

Hanboiee n3BeCTHBRIMHU B 00J1aCTH OCEBBIX HACOCOB SBJISFOTCS pa6OTLI

11,2,4,5/.

2.3 IlnaroHajibHble HACOCHI

B knaccuueckoe cxeMe eHTPOOEKHBIX HACOCOB MOCTYIJIEHUE MTOTOKA B
PK ocymectBisieTcss B 0CEBOM HalpaBJICHUH, a BBIXO - B paguaibHOM. B
OCEBBIX HACOCax BXOJ M BBIXOJ OceBble. [IpoMex)yTOK MEX 1y 4UCTO
nentpoo6exusiMu PK 1 oceBriMu 3anumatot PK ¢ nuaronanbHbIM Hampas-
JeHHeM NoToka. Hacockl Takoro Tuma NpuHATO Ha3bIBaTh AMAaroHaJbHBIMU U
BBIJIEJSATH B 0COOYIO TPYyNIy, XOTS YaCTh HACOCOB C IMArOHAJIbHBIM
HaIlpaBJICHUEM [TOTOKA TEM HE MEHEE OTHOCST K LIEHTPOOEKHBIM, Ha3bIBASI UX
LHEHTPOOEKHBIMHU MOIYOCEBBIMHU.

Ha puc. 1.11a npeacraBieHa cxema NpOTOYHON YaCTH OJHOTO U3 TUIIOB
JNMarOHAJIBHBIX HacocoB. Jlonactu 2 ycraHoBieHbI Ha BTyske PK 3 sxecTko nnmn
C BO3MOXHOCTBIO noBopoTa. IlonBoxa xunkoctu k PK ocymecrsusercs ¢
NOMOIIBIO KOJIEHHOT0 oABoJAa 4 . /{1 0TBOAA KUJIKOCTU OT KOJIECA CITYKHUT

cnupaisb 1.
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a) 0)

Puc. 1.11. CxeMa npoTOYHOM 4acCTH AUATOHAILHOTO TOBOPOTHO-
JIONACTHOTO HAcOca: a) CO CNHPAIbHBIM OTBOJIOM, 0) C JONACTHBIM OTBOJIOM

Ha puc. 1.116 moka3zana cxemMa MpOTOYHOH YacTH JUArOHAIHHOTO HAcOCa,
xuakoctb or PK 1 xotoporo orBoauTcs yepe3 U30ruyroe kojieHo 3 , a 3a PK
YCTAHOBJICH JIOMIATOYHBIA OTBOJ 2 1O THITY BBITIPABIAIONIETO annapara 0CEBOT0O
Hacoca. B MOBOpPOTHO-IOMACTHRIX HAacocax CTENEeHb AUArOHAIBHOCTH Xapak-
TEPU3YIOT YIJIOM Y MeXIy ocbio BpameHus PK u ockio moBopoTa monactu (cM.
puc. 1.11a, 1.116). O6sryH0 y nmpuMuHarT paBHbIM 30; 45 u 60°. IloBopor

JIONTACTEM MO3BOJISIET peryjanpoBaTh noaavdy Hacoca.

[IpuBeneHHble  BBIIE  CXEMbl  MPOTOYHOM  YacTHU  HUCIMOJIb3YIOTCS
MPEUMYIIECTBEHHO B KPYMHBIX HAcOcCax, HalpuMmep, B IUPKYISALMUOHHBIX s
aTOMHBIX CTaHLMS, B CHUCTEMaxX OpOIICHMS, KaHaiauzauuu. JluaroHajibHbIE
TUPOMAIIMHBl MPUMEHSIOTCS B KadyeCcTBE OOpaTUMBIX THUJpOArperatoB Ha
TUIPOAKKYMYJHUPYIOIIUX AIeKTpocTaHIUAX. Korna B aHEprocucTeMe HacTynaer
MUK TOTPEOJCHUSI AIEKTPOIHEPTUU, OHU paboTalOT B TYpOMHHOM pEKUME,
Bpalllas 3JEKTPOrEHETaTOp M BbIpadaThiBas TOK, a KOIJa MPOUCXOIUT CHaj
NOTpeOJICHUST ANEKTPOIHEPTHH, - B HACOCHOM pexume. B 3Tom ciyuae oHu
NOTPEOAIOT DJIEKTPOSHEPTUI0 M3 CETH U NEepeKauyuBalOT BOAY U3 HHKHETO

Obeda B BepxHUId, 3amacas ee.
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B nmaromanpHBIX Hacocax OTHOCUTEIBHO HEOOJBIINX pPa3sMepoB HC-
nonb3ytorcs PK mo tuny 1eHTpoOeKHBIX MOTYyOCEBBIX, O YEM YIOMHUHAIOCH B
Hayaje JaHHOoro myHkTa. C TaKMMH KoJIeCaMU IMPUMEHSET CIUPAbHBIC OTBOJIBI
U MOJIyOCEBBIC JonaTouHbIe (cM. puc. 1.9).

Pacuer k mpoekTUpOBaHWE IHATOHAIBHBIX HACOCOB HMMEIOT HEKOTOPYIO
ciemupuky W paccMoTpeHsl B paborax /2,3,6/. Bompocam Tteopuw,
UCCIICIOBAHMS, pacuera MW  MNPOSKTHPOBAHUSA  KPYNHBIX  0OpaTHMBIX

TUAPOArperaToB MocBsieHa kaura /7/.

2.4 BuxpeBble HACOCHI

NmMeroTcst BUXpEBBIE HAcOChl JBYX OCHOBHBIX THIOB: 3aKpbIThle U
oTkpbIThie. Ha puc. 1.I3 npencraBiieHbl ©X KOHCTPYKTUBHbBIE CXEMBI.

B macoce 3akpsitoro tuna (puc. 1.13,a ) PK k nmpencraBmisier coboii awucK,
o nepudepun KOTOPOTO BBIMOJHEHBI KOPOTKHE paavaibHBIC WU HAKIOHHBIE
nonatku 3. PK 4 Bpamaercs B HWIMHAPUYECKOM KOopryce 1 ¢ MUHUMAaJIbHBIMHU
TOPLOBBIMM 3a30opaMu. KonbneBon kaHan 1 HauyMHAeTCsd y BCACBIBAIOLIETO
OTBEpCTUA S5 M 3aKaHUMBAETCS Yy Har"HerareabHoro 7 . Mexay HUMH
pacnoJiokeHa rnepemMpiuka 6, pa3aensronias BCaCblBaHUE U HarHETaHUE.

B BuxpeBoM Hacoce otkpsiToro tuma (puc. 1.13, 6) PK 16 umeer Gomnee
JUTMHHBIE TI0 CPAaBHEHUIO C MPeAbIAylUM Turom yonatku 12 . XKXunkocts u3
noaBosmiero narpyoka 10 moctymaet B moaBox 9 , M3 KOTOPOrO uepe3
BcachiBaroniee okHo 8 nomnanaet Ha jonatku 12 PK 16 . [Ipoiias yepes koseco,
KUIKOCTh mojaeTcsi B KoJiblieBoul kaHan 13 . Jlamee PK 16 mepememiaer
KUJKOCTh MO KaHaly 13 1mo HamopHOTro oTBepcTusi 14, depe3 KOTOpoe OHa
yXOJHUT B OTBOJ, 15 1 HanmopHsbIil natpyook 11 .

OCHOBHOE OTJIMYHE BUXPEBOrO HAacOoCa OTKPBHITOIO THUIA Or 3aKPBITOrO B
TOM, YTO B IIEPBOM KHUJKOCTh Ha MYTH OT BCACHIBAIOIIEr0 OKHA J0 KOJbIIEBOTO
kaHana npoxoauT uepe3 PK. B Hacoce ke 3akphITOro Tumna >XHUIKOCTh
MOCTYNaeT HeMOCPEJICTBEHHO B KOJIblIIeBOM KaHall. KpoMe Toro, B 3ToM Hacoce

BHYTPEHHUM [HMaMeTp JIONMATOK paBE€H BHYTPEHHEMY AuaMeTpy KaHaia. B
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HaCcoCc IKC OTKPBITOrO THIIA BHYTpeHHI/Iﬁ AUaMCTp JIOIIATOK MCHBIIC

BHYTPCHHCTO JHMAaMCTpa KaHalia.

Puc. 1.13. Cxema BUXpeBOro Hacoca

[To mpuHuUny nOEHCTBUS BHUXPEBbIE HACOCHI OJM3KH K LIEHTPOOEKHBIM.
[lepenaua suepruum ot PK xuakoctu mpoucxoaut 6iaronapsi HAIMYHUIO JOMATOK.
IIpu BpameHuun Koseca )KMAKOCTh IONaJacT B MEKJIONATOYHbIE IPOCTPAHCTBA, B
KOTOPBIX €l COOOIIAeTCsl SHEPTHs, MOCIIE YEr0 OHA BIOPACKIBAETCS B KOJIBLIEBOU
KaHaJl, U3 KOTOPOr0 CHOBA IOCTYNAET HA JIONATKU U IOJIy4aeT HOBBIMA MMITYJIbC.
Takum oOpa3oM, 4acTHIIbI JKUJKOCTH Ha IMYTHU OT BCACBIBAIOIIETO OTBEPCTHUS 10
HarHeTaTeJIbHOTO MOMNAJalT Ha KOJIECO HECKOJBbKO pas, Ojarojaps uyemMy H

MOBBIIIACTCA OHEPTUSA dKUAKOCTH.
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CymiecTByeT HECKOJBKO BHUJOB BHUXPEBBIX HACOCOB, pPa3IWYaBIINXCS
pAacmoJIO)KEHUEM KOJIBLEBOTO KaHalla OTHOCUTEIBbHO HANOPHOro oreepctus. llpu
TOM JIOCTUTAIOTCS pas3Hble BcachlBarolas crnocooHocts U yposeHb KII/I.
Hacockl 3akpsiToro Tuna He 06anarot a3¢pdpexrom BcackiBanus. CaMoBcachiBaHUE
obOecrnieunBaeTCsl YCTAaHOBKOM Ha BBIXOJIE M3 HAMIOPHOIO MaTpyOKa CreruaibHOTO
CeMapupyrouIero KOJITTAKa. Hacocsr OTKPBITOTO THIA o0sagaroT
caMoOBcachlBaHWEM 0€3 JONOJHUTEIbHBIX YCTPOMCTB, €CIM KOJIbLIEBOM KaHal
BBITIOJTHEH TUIyXuUM, JUOO OTKpPHIT K IeHTpy. Ilom camoBcachiBaHuEM
MOJIpa3yMEeBaeTCsl CHOCOOHOCTh HAacoca OTKayaTh BO3JAYyX M3 BCACBHIBAIOLIETO
TpyOOIpoBOAa U 3acocaTh >KUJIKOCTh TOJIBKO 3a CYET TOTO O0BEMa KUIKOCTH,
KOTOpPBIM HAxXOIMUTCA B KOpIIyCce Hacoca. OOpaTHBI KjamaH Ha KOHIIE
BCACBIBAIOIIETO TPYOOMPOBO/IA ITPU ATOM HE TpedyeTcs.

OO6acTh TPUMEHEHHs] BUXPEBBIX HACOCOB - MaJible MOJa4l U CPABHUTEIHLHO
BbICOKME Hanopbl. OHU JOMOJHSIOT IPYNIy HEHTPOOEKHBIX HACOCOB. Buxpenbie
HacoOChbl MCIOJb3YIOT B XMMHUYECKON MPOMBIIIJICHHOCTH, B CHUCTEMaxX MECTHOIO
BOJIOCHA0XCHUSI, B KA4YECTBE MHTATEIHHBIX B HEOONBITUX KOTEIHHBIX, Ha
aBTO3alpaBUIMKaX M CTAalMOHAPHBIX pa3gaTOYHbIX YCTAaHOBKax, B CHCTEMax
TOIUIMBONIMTAHUSL ABUALIMOHHBIX JBUrartened. Hepenko wux MNpUMEHSAIOT B
KaueCcTBE BCTPOEHHOW BUXPEBOM CTYIEHU B LICHTPOOEIKHBIX HACOCaX.

BuxpeBbie Hacochl He MpeaHa3HAYEHBI Il Pa0OThl HA BSI3KUX JKUJIKOCTSIX U
KUAKOCTSIX, COACPKAIINX aOpa3uBHbBIE YACTUIIBI.

OTeuecTBEHHOU MPOMBIIIJIEHHOCTHIO BBIMMYCKAKOTCS BUXPEBbIE HACOCHI THMA
B, BC, BK, BKC, CBH-80 (mn1s mojmaud BOABI M APYTUX HEUTpaIbHBIX
XKUIKOCTEH C BsI3kocThio He Oosiee 36 cct), BKO (oborpeBaempie) -mis mogaun
JIETKO3aCThIBAIOIIMX XKUAKOCTEH (dheHou, nmapadun), a Takxke Hacochl 1B, IIBC,
CILJI-20-24 - uenTpoOexHO-BUXPEBBIE.

Bompocsl  ycTporicTBa, TEOpHM, pacyeTa W Pe3yJbTaThl HCCIEAOBAHUN

BUXPEBBIX HACOCOB M3JI0KEHBI B paboTe /8/.
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2.5 MHoOrocTyneH4aTbie 1 MHOTOMIOTOYHbIE HACOCHI

Hacockl BBINMONHAOTCS MHOTOCTYIIEHYATBIMUA UJIM MHOTOMIOTOYHBIMHU B TE€X
clydasix, Korjaa HacocoMm ¢ oqHUM PK HEBO3MOKHO CO3/1aTh HEOOXOAUMBII
HaIop WY MOJYyYUTh TpeOyeMylo Mojauy, a TakKe Korja 3TO HeleJaecoo0pa3Ho
0 TEXHUKO-IKOHOMHYECKUM COOOPAKEHUSM.

Crynenp Hacoca coctosT u3 PK n orBoma. Cxema MHOrOCTyI€EHYaTOro
Hacoca npexacrasieHa Ha puc. 1.14. Ha oqHoM nany pacnonaraercsi HECKOJIBKO
OJIMHAKOBBIX, 32 UCKIItoUeHneM nepsoro, PK. dKugkocts nmocnenoBarenbHo

MpOoXOoAUT YCPEC3 HUX U HAIIOP YBCINYUBACTCA IMPOINMOPHHUOHAIBHO YHUCITY

CTYIICHEH.
|
{Illlll J
L) N '_—I,_. J TN
T AT
) ml )
WA, |

N

Puc. 1.14. CxeMa MHOTOCTYNEHYATOTO IIEHTPOOEIKHOTO Hacoca:
1 - pabouee koJsieco; 2 - HaPaBJISAIONIMN anmnapart; 3 - TUAPaBIXYECKas MATa.

IlepeBox KHMAKOCTM OT OAHOIO KoOjieca K JPYroMy IIPOU3BOAUTCS C
IIOMOIIBIO OJHOTO M3 BHIOB OTBOJOB, pPAacCMOTPEHHBIX BbIme. Kak yxke
YIOMHHAJIOCh, CIIMPAJIBHBIE OTBOABI UISL 3TOM LEIN HCIOJB3YIOTCA MPU YHUCIIE
ctyneHei He 6oisee 4-5. KonblieBble B MHOTOCTYIEHUYATHIX HacOCaX OOBIYHO HE
npuMeHAoT. Hanbonee mMMpPOKO HCHONB3YIOTCS paguajbHble M IOJIYyOCEBBIE
jJonaTo4yHbie 0TBOJbI. KosmuecTBa cTyneHel B KpynHbBIX Hacocax gocrturaer 15-
20, a B ckBaXMHHBIX He(TsIHBIX Hacocax - 70 300 u 6onee. B MHOrocTymnesn-
4aThIX HACOCAX MCIHOJIb3YIOT IPEUMYIIECTBEHHO LIEHTPOOEKHBIE CTYIIEHHU, PEXKE

BHUXPCBBIC U TOJIBKO MHOTI'Ia OCCBLIC.
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PK nepBoii cTynenu onpeaensieT BCachblBalOLy0 CIOCOOHOCTh HAcoca,
II0ATOMY OHO, KaK IPaBUJI0, HECKOJIbKO oTanvaercs oT PK ocTanbHbIxX
cTtyneHneil. OTnnyaroTCcs TakKe M yCJIOBUS 1MoJBoAa xuakoctu Kk PK nepsoit
CTYIIEHM M OCTaJIbHBIM. BeileIcTBME 3TOr0 HAIop MEpBOM CTYIIEHHU OTJIMYAETCS
OT Haopa ApPYrux CTyHeHel, HO pa3HUIla OOBIYHO HE3HAYUTEIIbHA.

B MHOronoTo4HoM Hacoce Tak e, KaK
Y B MHOTOCTYIIEHYaTOM, Ha OJTHOM Bally
pacrnoJsiaraeTcsi HECKOJIbKO OJIMHAKOBBIX
PK, HO moaBOA KUAKOCTH K KOXKAOMY M3

HHUX OTJIEJIbHBIN, a OTBOJ OOIIUH.

[IpakTHyecKku B peaibHBIX KOHCTPYKITUSIX 1 -
npuMeHseTcs He Ooliee TBYX ]
neHTpoobexubix PK, paboTaromnux Puc. 1.15. PaGouee koneco

JABYCTOPOHHET'O BCAChIBAHUA
napajieabHoO.

Takue PK u coorBeTcTBeHHO Hacochl HasbiBatoTcsi PK u  Hacocamm
JBYCTOPOHHETO BXOJa, WM JIByCTOpOHHEro BcacbiBaHusa (puc. [.I5). Onu

JIOCTATOYHO IIUPOKO UCTOJIb3YIOTCS B HAPOJAHOM X03sicTBe (Hacockl Tumna /Jl).
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Jlekuus 4.

3. OBIIUE CBEJAEHMUA O TIOTEPAX

Bce BHUAbI IIOTCPb B THUAPABIMYCCKHX MallWMHAX [JCIIATCA Ha TpHU

KaTeropuu: ruJipaBJIN4ICCKUC, 00BEMHBIE 1 MEXaHHYECKHE.

3.1 I'mapaBjinyecKue NoTepu

OHeprus, nepeaanHas PK kaxnoil eauHune Beca nepeKayuBaeMou
KUJKOCTH, MPEJCTaBIsAET cO00W TeopeTuueckuit Hamop H, T.e. Hamop 06e3
ydeTra TUJApABIMYECKHX NOTepb. OIHAKO YacTh SHEPrUM 3aTPayMBaETCs B
NPOTOYKOM YacTH Ha CONPOTUBIEHHE TPEHHS M Ha BHUXpeoOpa3oBaHMUE,
MO3TOMY JNEUCTBUTENbHBIM HAoOp /{ MeHblue /1, Ha BEJIMYMUHY 3TUX IOTEPH,
T.€. H=H; -Zh

rae th,, - CyMMapHbIE THAPABINYECKHE TOTEPH.

mp 1
['mapoarnHaMuyeCcKOe COBEPIICHCTBO MPOTOYHOM YaCTH XapaKTEPU3YETCs
rugpasiueckum KITJI:

S _H;-%h, . 3h,
" HT HT HT

OCHOBHOE 3Hau€HUE UMEIOT TuapaBiIndeckue norepu B PK u orBoge. B
II0JIBOJIE OHM, KaK IIPaBUJIO; BECbMa HE3HAUNUTEIbHBI. Y DOBEHB 1) B
COBPEMEHHBIX KPYIHBIX JOMACTHBIX

Hacocax gocturaet 0,95-0,98. 3ameTum,

3a0erasi Bliepe/l, YTO BEJIUYUHA 1), , IPH

NpoYuX paBHBIX YCJIIOBHUAX, 3dBUCUT OT

N

a0COJIIOTHBIX pa3MepOB TPOTOYHOM YACTH. _|

UYem oHu Oosble, TeM OOJbIIE ,_;

runpasiauueckuit KITJ. 9to sBneHue

Ha3bIBAETCS MaCIITaOHBIM d(PPEKTOM. Yreuxn B UESHTTOGERHOM
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3.2 O0beMHBIE NOTEPH

Hanuuuwe panuanbHOro 3a3zopa & Mexay 1oOkoi Bpamaromerocss PK u
KOPIIyCOM NPHUBOJUT K YT€YKAM YacCTH XHUAKOCTU ¢ Bbixona PK Ha ero Bxon
(puc. 1.16). IToaTomy pacxon Q , yxoasmui B HaOpHBIA NaTpyOOK Hacoca,
BCcerjga Mensliie pacxona Q, , mpoxoasmiero uepe3 PK, Ha BenuunHy yTredek
g . Yacte xwuakoctu ¢ Bbixoga PK wmoxer Takxke yXoauTh H 4epes
YILIOTHEHUE Baja, OJHAKO ATH YTEYKH, OTHOCSUIUECSA K BHEIIHUM, KpaiiHe
Majbl, U WX OOBIYHO HE MPUHHUMAIOT BO BHHMMaHue. CkKa3aHHOE OTHOCHUTCS
TOJIBKO K OJHOCTYNEHYAThIM HacocaM. B MHOrocTyneH4aTbIX HacOCax UMEKTCS
JOTIOJIHUTEIIbHBIE BHYTPEHHME YTEUKH B MEKCTYIEHYAaTOM YIUIOTHEHHHM Balia,
OZHAKO OHU MEHEE CYUIECTBEHHBI, YEM B IIEPEIHEM YIJIOTHEHUH, O KOTOPOM
UJIET PEUb.

[ToTtepu sHEPTHHU B pe3ylibTaTe yTeuek orneHuBaroTcs oobeMubM KITJT 1,5 -
Mounocts, otoOpannas otr PK u mepemanHas B BuIe THUIpPaBIHMYECKOU
MOIIIHOCTH TMOTOKYy, npoxoagmemy uyepe3 PK, cormacmo (1.7) Oyaer

CIIEAYIOLIEH:
N, =p-9-Q -H,(1.13)
C NOTOKOM yTeUeK TepseTCsi MOLUIHOCTB:
AN*ry = p-9-Q,-H; (1.14)
OcTtaBuiasics 4acTh FUAPABIMYECKON MOIIHOCTH, KOTOPOH 00JaAaeT NOTOK B
NPOTOYHOU YaCTH:
Ny =Ny —AN“ry = p-g-Q, - H; (1.15)

Tak Kak Qy = Q.-

M3 cka3zaHHOIO CIenyeT, YTO

ITo ananoruu c (1.12) nocnennee BeIpakeHUue NPeACTaBUM B BUJIE:

_ Q-a_, a

QK QK
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YMEHBIIUTD YTCYKHM M COOTBCTCTBCHHO YBCIMWYHUTbL 77,, MOKHO 3a CHUCT

yMEHbIIIEHHS 3a30pa 0. MUHUMYM 3a30pa OTPaHMYMBAETCS TOUHOCTHIO COOPKHU

v mporuboM Bama. HopmasnbHas BenuuwHa 7% [ 1EHTPOOEKHBIX HACOCOB

nexuT B penenax 0,95-0,98.

B oceBbIx Hacocax (cM. puc. 1.10) o0baH0 mpunumarot =1, Hanuuue
panManbHOrO 3a30pa MEXKIYy HapyXKHBIM KpaeM JomacTeii um kameporr PK
CBSI3aHO HE C YyTEYKAMH J>KHJIKOCTH, a C SIBICHHUSMH, OTHOCSIIUMHUCA K
TUPABIMYCCKUM ITOTEPSIM.

B BuxpeBom Hacoce (cMm. puc. [.I3) oObeMHBIC MOTEPH OMPEICISIOTCS
yTedyKaMu #3 00JacTH BBICOKOTO JaBJICHHS B 00JacTh HHU3KOTO depes
pamuanbHBIA 3a30p Mexay PK w mepemblukoil W dyepe3 TOPIOBBIC 3a30pbI

mexay PK u xopmycom.

3.3 MexaHnveckue nmorepu

Nx M0XHO pasaAcIMTb Ha BHCIIHHUC U BHYTPCHHUC. K BHEIIHUM OTHOCSTCS
INOTEPHU B NIOAIIMNITHUKAX, YIINIOTHCHHUHN BaJia. BHYTpeHHI/Ie IIOTCPHU - OTO MMOTCPHU

MOIIITHOCTH Ha TPEHUE HapYKHbIX noBepxHOocTer PK 0 )xuakocth, Ha3piBaeMble

AN
Takke AUCKOBBIMU. O003HAaUUM 00II[Me MEXaHUYECKHE TOTEPH Yepe3 ~ " U

BbIpa3uM noyiHblil Mexanndyeckuid KI1J[ mo ananoruu ¢ Beipaxxenusimu (1.12) n

(1.16):

77,116)( = = :1_ = (1-17)

rae N - morpebnsiemas HACOCOM MOIIHOCTb.
MomuocTe N-AN, €CThb HU YTO MHOE, KaK MOLIHOCTh, HyIlas Ha
co3ganue ruapaBinueckor MomHoctd N,  coriacHo dpopmyne (1.12).
[Tonneni KIIJI Hacoca paBeH NpONU3BEIEHUIO COCTABIIOIINX:
=111 e (1.18)

Takum 06p330M, 9KOHOMHUYHOCTBb HAaCOCa OMMpECACIIACTCA THAPOAN-

HaMHW4YCCKHM COBCPHICHCTBOM €TO HpOTO‘-IHOﬁ qaCTHU, KA4Y€CTBOM CHUCTCMBI

29



BHYTPEHHUX YIJIOTHEHUU M BEJIMYMHOU NOTEPh HA MEXAHUYECKOE TpeHue. B
COBPEMEHHBIX KPYIHBIX LIECHTPOOEKHBIX U OCEBBIX HACOCAX BEJIMYMHA MTOJHOTO

KIIJ] mocturaer 0,75-0,90, B BuxpeBbix Hacocax He Oonee 0,4-0,45.

3.4 U3mepeHne napaMeTpoB Hacoca

JUJ1st MOCTPOEHHUSI SHEPTETUUECKON XapaKTEPUCTUKN Hacoca HEOOXOIMMO
IIPOSIBJIICHUE NTAPAMETPUUYECKUX UCIBITAHUN, T.€. U3MEPEHUE HAnopa M
noTpedIsIEMO MOITHOCTH MIPH PA3IMUYHbIX 3HaYeHUsIX noaauu. Ilockonbky Bee
[1apaMeTphl Ha XapaKTEPUCTUKE JOJKHBI COOTBETCTBOBATH ITIOCTOSHHON 4acTOTE
BpalIEHNUs, PABHOM HOMHHAIbHOM, OTHOBPEMEHHO TPEOYETCS U U3MEPEHUE
4aCTOTHI BpaleHus. PaccMOTpUM KpaTKO 3TU BOIIPOCHI, YAEIUB HECKOJIBKO

OoJpIIle BHUMAHUS H3MEPEHHIO HAIopa.

3.4.1 U3mepeHue nogauu

CyuiecTByIOT pa3jinyHble CIOCOOBI M YCTPOUCTBA JJIsl U3MEPEHUST MOJauu
(pacxona). b nabopaTopHOii, UCCIEIOBATENHCKON U TEXHUUECKOU MPAKTUKE
UCIIOJIb3YIOTCS CIEAYIOIUE YCTPOUCTBA:

1. MepHubiii 6ak U cekyHoMep (3TO 00BEMHBIN crmoco0 - Hauboliee
IPOCTON U TOYHBIN).

2. Caxarougue yCTpOUCTBa, K KOTOPBIM OTHOCSITCS HOpMasibHas
nuadparma, MmepHoe comio, Tpyda Bentypu. Pacxon onpenensiercs
1o mepenaay JaBiIeHus A0 U nocie cyxenus. [lepenan usmepsercs
KUJAKOCTHBIM WJIM MEXaHUYECKUM Au(depeHIIMaIbHBIM MAaHOMETPOM. Y CTpoiicTBa
CTaHJAapPTU30BAHBI, PACCUYUTHIBAIOTCS U U3TOTABINBAIOTCS COTIIACHO
pekoMeHaamusam, cogaepxamumcs B "[IpaBunax 28-64 ..." /9/.

3. PotameTtp, npeacTaBisomui co00il BEpTHKAIbHYIO TPYOKY,
00BIYHO MPO3pPaYHYI0, C HEOOJIBIINM yTJIOM KOHYCHOCTH BHYTPH U MOTLIABKOM.
N3MepeHue 0OCHOBAHO Ha UCIOJb30BAaHUU CBA3U MEXKY PACXOJ0M U BBICOTOU

noJibeMa MoIlIaBKa B TPyOKe.
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4. Typounnsie natunku pacxozga (TIP). OCHOBHBIM 3JIEMEHTOM
npubdopa sABIsieTCss TypOMHKa, BpallaoIasics Mo 1eMCTBUEM MPOTEKAIOLIEr0
noTtoka. JlomacTu TypOMHKH, U3TOTOBJIIEHHBIE U3 TPOBOSILET0 MaTepHaia,
nepecekarT MaruuTHoe noie. Ilocnennee o0pa3oBaHO MOCTOSHHBIM
MarHuTOM, 3allpeCCOBAaHHBIM B KaTYyIIKy U YKPEIUICHHBIM Ha Kopiyce. B
KaTylke nHayuupyercs nyiascupyromas J/]C. Curnan nepenaercs Ha
4acTOTOMED, NOKa3aHUsI KOTOPOTO 3aBUCAT OT YaCTOThI BpallleHUs] TYpOUHKH,
a 4acToTa, B CBOIO O4epe]b, OT pacxoa.

5. UHAyKIMOHHBIE pacX0J0MEpPHI, IPUMEHIEMBIE JI1 U3MEPEHUS pacxoaa
TOJIBKO 3JIEKTPOIPOBOISIIINX KUJKOCTEH, B TOM YHCJIE U BOJBI.

Y cTpoiicTBO M MPUHIUIT JEUCTBUS MTPUOOpa cleayronue. Y 4acTok TpyOs! B
BHUJI€ BCTABKU U3 JUAJICKTPUUECKOTO MaTepHana pasMeIacTcs MexXIy
IIOJIFOCAMHM JIEKTPOMArHuTa, MUTAEMOI0 EPEMEHHBIM TOKOM. B mpoTekaromeit
XKUJIKOCTHU MPU NEPECEUEHUHN €10 MArHUTHOTO MOJIsA, KaK U B OOBIYHOM
npoBogHuke, Hapoautca J/1C, nponopuroHanbsHas pacxony. CbeM cursaia
INPOU3BOJUTCS YEPE3 AIEKTPO/IbI, pa3MEIICHHBIE B AUIJIEKTPUUECKON BCTABKE.
ITocne 06pabOTKK cUTHAN NOCTYNAeT Ha BTOPUYHBIN PETUCTPUPYIOIINN TIPpHUOOp.

[TonpoOHBIE CBEAEHUS O pacX010Mepax pa3HbIX KOHCTPYKUUN U IPUHLIUIIOB

nercTBUs MOxkHO nouepnuyTh B kuure [1.I1. Kpemnesckoro /10/.

3.4.2. U3mepeHne Hamopa ¢ NOMOIIbI0 MAHOMETPA U BAKYyMMeTpa

[Tpu u3mMepennn Harmopa ¢ MOMOIIBIO TPUOOPOB ABJICHUS MOKA3aHUs MPUHSTO
IPUBOAUTH K LIEHTPAM TSIKECTU CEYEHUN BBIXOJAHOTO M BXOJHOI'0 NaTpyOKOB.

Oo6paTtumcst kK 001IeMy BeIpakeHUI0 g Hanopa (1.4). Hamomanwm, 4To B
HeM P, - abConIoTHOE aBlIeHUE B c€UeHUU /1-H Ha BBIXOJ€ U3 HAIIOPHOI'O
natpyoOka, a P, - abCONIOTHOE 1aBJIEHHE B CEYEHUH B-B Ha BXOJIE B HACOC
corjacHo puc. 1.1. DTH xe ceueHust 1 UX KOOPAUHATHI 0003HAUEHBI U HA PUC.
1.2, KOTOPBIM BOCIIOJIB3YyEMCS €LIe YTOOBI pACCMOTPETh, KaK IPUBECTU
MOKa3aHusi MAaHOMETpa M BaKyyMMeTpa K LIEHTPaM TKECTHU YKa3aHHBIX

CEUECHUI.

31



Manomerp M2, ecnu ero ycTaHOBUTH Ha ypoBHe ceuenust H-H , mokaxet
OoJblIIE HA BEIMYMHY, PAaBHYIO JABJIECHUIO CTOJI0a )KUIKOCTH BbICOTON h2 .
[TosToMy npu BbIYKCIIEHUHN naBiaeHus B ceyennu H-H no nokaszanuro
MaHOMETpa, YCTAHOBJIEHHOTI'O BBILIE 3TOI'0 CEUYEHUsI, HEOOXOIUMO BBOJIUTH
nonpasky. C yueToM ckazaHHOro abcoitoTHoe naBineHue B ceueHun H-H (B

MeTpax CTo0a KUIKOCTH)

pH — pMZ +h2+ pamu

/M e (1.19)

Bakyywm - 3T0 pa3HOCTh MeX 1y aTMOC(HEpPHBIM JAaBICHUEM U a0COIIOTHBIM.
Uem BhIIIIE OT OCH PACIIOIOKEH BAKYYMMETP, TEM a0COIOTHOE JTaBJICHUE
XKUIKOCTH, TIOJIBOJIUMOMN K HEMY IO IPUCOCIMHUTEIbHON TpyOKe, MEHBIIIE, a
BaKyyM, CJIeI0BaTeNbHO, Oonbie. OTCIo/1a CaeayeT, YTO MPH MPOBEIACHUN
MOKa3aHWI BaKyyMMeETpa K OCH, SIBJISIOIIEHCS OTHOBPEMEHHO IIEHTPOM TIKECTH
CeYeHHUsl B-B, MONPABKA HA €T0 YCTAHOBKY JIOJDKHA BBIUMTATHCS. Torma
a0COJIFOTHOE JaBJIeHHE (B METpax CTOJI0A JKUIKOCTH) B CECUCHUH B-B HA OCHU

Hacoca OyAeT CIeAYIONTUM:

Po _ Pam _ (Poar _
o e (1.20)
3aMeTI/IM, 4TO IMOCICAHEC CIIPABCAJINBO, KOrAa IMPHUCOCINHUTCIbHAA TPY6Ka
K BaKkyyMMETPY 3alOJIHEHAa JKUAKOCTBIO. ECIM OHAa 3alloJHEHa BO3IYXOM,
nonpaska hl He BBOAUTCS.

[ToncraBnss 3aBucumMoctd (1.19) u (1.20) B Beipakenue (1.4), nonydum:

2 2
H — pM2 + psak +Ah + VH _Ve
P9 29 (1.21)

rae Ah=(z, +h,)—(z, +h).

Takum o0pa3oM, eciM MaHOMETP YCTAaHOBJEH BBIIIE BaKyyMMeETpa,
AhTI0JIOKUTEIIbHA, €CIIM HUKE - OTPULIATEIIbHA, HA OJHOM YPOBHE -PaBHA HYJIIO.

[Ipu oTpHunaTENBbHOM BBICOTE BCACBIBAHUS, KOT/1a HA BXOJE B HACOC UMEETCS
W30BITOYHOE JAaBJICHWE W TaM YCTaHaBIWMBaeTCsa MaHomeTp M1 Hamop

IMOACYUTHIBACTCA 110 3aBUCUMOCTH.
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2 2
- Vi—v
H — pMZ le +Ah+ H 6 (122)
~9 29
Bo n30exanne 9acTo BCTpeYaromencs: oMok, HE0OX0AUMO TOMHUTb, YTO
MIPU TIOJIOKUTEIIFHOM BBICOTE BCACHIBAHUS U TIOATIOPE HAIOP HACOCA 1O

npubopam MOJACYUTHIBAETCS MO Pa3HOMY.

3.4.3. U3mepeHne noTpedisieMoil MOIIHOCTU M YACTOTHI BpallleHUs

HauGoiee TouHbBIN c1OCO0 M3MEpeHUs MOTPeOIsIeMOl MOIITHOCTH
(MOIITHOCTH Ha BaJly) - MEXaHUYECKHUH, C TIOMOIIBI0 OaTaHCUPHOTO MPUBOTHOTO
AJIEKTPOJIBUTATENS, HA3BIBAEMOTO TaKke MOTOp-Becamu. OJIHA U3 CXEM
yCTpoicTBa 0amaHCHPHOTO AJIEKTPOJIBUTATENs IpeacTaBieHa Ha puc. 1.20.

Cratop aBurarens 1, moJBENIEHHBIN HA CTOMKAX 2,

) Lo

Puc. 1.20. Cxema 6anaHCUPHOTO JIEKTPOIBUTATEIIS

B03MOXHOCTh KauaThCs B TMOJIIMIIHUKAX, 3aKpPEIUVIEHHbIX B croukax. K
craTopy npucoeauHeH puiyar 3 . [Ipu BpaiieHuu potopa Ha CTaTOPE BOSHUKAET
PEaKTUBHBIA MOMEHT, pPaBHBII MOMEHTY, pPa3BUBA€MOMY JBHUTaTeleM, U
HaNpaBJI€HHbIA B CTOPOHY, MPOTHUBOIIOJOXKHYIO BpalleHuro. Uepes pbluar 3
yCWwiIMe OT 3TOr0 MOMEHTa Iepenaercsa Ha Becbl 4 . BenuumHa MoMeHTa
OIPEAENACTCA KAaK MPOU3BEACHHE YPABHOBEIIMBAIOIIEH CHIIbL, H3MEPSIEMOUN
BECaMM, Ha JIMHY pbryara 1, Jlud moacdera moTpeOiseMOil MOIIHOCTH
OJIHOBPEMEHHO HEe00X0aAuMO (UKCHUPOBATh 4YacTOTy BpamieHusa. OHa HyKHa
TaKKe JIJIsl MPUBEJCHUSI TTapaMeTPOB Hacoca o ¢hopmysiaMm moaoous (cMm.pas3aen

2) K O,Z[HOﬁ, HOMHHAJIbHON YacCTOTE Bpalll€HHsA, O 4YCM T'OBOPHJIOCH B Hadalc
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JAHHOTO pas3ziena.

Jns  u3MepeHHss 4YacTOThl  BpAlIEHUS  HUCHOJB3YKOTCS  TaXOMETPHI,
MEXaHUYECKHE W dneKkTpuueckue. llocnennue, B oTiiMuMe OT NEPBBIX, AAIOT
BO3MOYKHOCTb HENPEPBIBHOTO KOHTPOJSA YacTOThl BpaumieHus. [IpuHummel
JNEUCTBUS WM KOHCTPYKIIMU PA3JIMYHBIX TaAXOMETPOB OIKCAHBI B CIEIUAIBHOMN
autepatype. OTMETUM JMIIb, YTO W3 3JIEKTPHUYECKUX TAaXOMETPOB OOILIEro
HAa3HAYEHUS B OTEYECTBEHHOM MPAKTUKE JOCTATOYHOE PaCIpOCTPAHEHUE
nonyursin npuboper TCDY (Taxomerp CTEHAOBBIH (PeppOoaNHAMUCECUKHIA
YHUBEPCAIBbHBIN).

Hpyroii criocod uaMepeHust moTpedaseMoll MOIITHOCTH — 3JieKTpuueckuit. C
IIOMOIBI0 KWJIOBAaTTMETPAa WJIM 10 TOKY M HaNpsOHKCHUIO 3aMepseTcs
AJIIEKTPUYECKass MOIIHOCTb, MNOTpediisieMas NPUBOAHBIM AJIEKTPOIABUTATEIIEM
(3TO MOIHOCTH arperara, T.€. Hacoca W JIBUTaTens Bmecte). s uckioueHus
IIOTEPb MOIIHOCTH B CaMOM DJJIEKTPOJBUIATENIE W BBIICICHUS MOLIHOCTH,
noTpedIsieMOl TONBKO OJHUM HAcOCOM, HEOOXOJWMO MMETh XapaKTEPHUCTUKY
AIEKTPOJABUTATENS, T.€. 3aBUCUMOCTb ero KII/[, u apyrux mapaMmeTpoB OT TOKa.

NMeroTcs W WHBIE, MEHEE paCHPOCTPAHEHHBIE CIOCOOBI HM3MEPEHUS
noTpedysieMO  MOLIHOCTH, HAaNpUMEp C TOMOIIbI0 TOPCUOHHBIX WM
NPYKUHHBIX JUHAMOMETPOB, KOTrJa NEpPEIaBaeMbli OT IMPUBOAHOIO JIBUIATEIA
Ha Bajl HAcoca KPYTAIIUMA MOMEHT OIPENENSETCS IO CTENEHU CKPYyYUBAHUS

TOPCHOHHOT'O BAJIMKA UJIX IIPYIKUHBI.

34



35



Jlekuusa 5
4. MOJAEJIUPOBAHHUE B HACOCAX. KOOOPUIINEHT
BBICTPOXOJHOCTHA

B mpakTuke mpoeKTUpOBaHUS THUAPOMAITUHOCTPOEHUS M, B YAaCTHOCTH, B
HACOCOTPOCHHUH IMUPOKO TpUMEHseTCs MojnenupoBanue. [log MoaenupoBaHueM
MOHUMAIOT UCTIOIH30BAHUE YMEHBIIIEHHOM (YBETMUECHHOM ) MOJIEIH IS TTOTYYCHUS
Ha €€ OCHOBE HATypHOro oOpasiia OoJbIuX (MEHBIINX) Pa3sMEPOB C JPYTUMHU
napaMmerpamu. Hwukakoil pacyeT HE [daeT CTONPOLECHTHOW TapaHTHH, YTO
napamMeTphl, MPEAYCMOTPEHHBICE TEXHUYECKMM 3aJaHMeM Ha Hacoc, OyayT
TIOJTHOCTBIO YJIOBJIETBOPEHBI 0€3 BCAKUX KOPPEKTUPOBOK. [loaTomy TpebyeTcst mx
DKCIIEPUMEHTaJbHas TMPOBEPKAa, a HEPEAKO W JIOBOJKA HAcoca C BHECCHHEM
W3MEHEHUH B KOHCTpYKIHi0. Ecim Hacoc 60bmux pa3MepoB, TO BCE TOBOJAOYHBIC
paboThl Tpomie, ObIcTpee s JCmIeBe BBIMOJIHUTH Ha HEOOJBIION MOJETH B
71a00paTOPHBIX YCIOBHSIX, a MOCIE OTPAOOTKH MEPEeCUUTaTh MapaMeTpPbl MOJEIN
Ha HaTypHBIN oOpaszen. Hamo mmeTh B BUIY Tak)Ke, 9TO B HACTOAIIEE BpPEMS
UMeeTCsl OOJIBIIOE KOJIMYECTBO PA3IUYHBIX MO a0COMIOTHBIM pa3MepaM U 4acTOTe
BpAIeHNS] HACOCOB C BBICOKOA((PEKTUBHON MPOTOYHON YACTHIO. DTa MPOTOUYHAS
4acTh MOJKET OBITH MCIIOJIb30BaHA B Ka4eCTBE aHAJIOra BO BHOBb CO3aBaEMBbIX
Hacocax. Bompoc 3akitodaercs B TOM, IpH  KaKHUX YCJIOBHUSX W KaKUM 00pazom
mapaMeTpbl MMEIOMIETOCS MOJCIBHOTO 00pasiia NPOTOYHOM YacTH MOKHO
nepecuuTaTh Ha TapaMeTpbl HaTypHoro. M3 Teopuu momoOus M3BECTHO, YTO
TaKAM YCJIOBHEM SIBJISIETCS T€OMETPUUYECKOE, KHHEMATHYECKOE U TMHAMHUYECKOE

moxooue.

4.1. YcaoBusi, KpuTepuu U popMyJibl Mo 100U

I[Ba SABJICHHUA CUYHTAIOTCA HOI[O6HI)IMI/I, CCJIM IO HU3BCCTHBIM Xapak-
TEPUCTHUKAM OJHOI'O U3 HUX MOXKHO IMOJYYUTb XapPaKTCPUCTHUKHU APYTroro NpoCTbIM
pacucToOM. DTO BO3MOXHO B TOM Cclydac, €CJIH BJIICHHSA OIIMCBIBAIOTCA

ypaBHEHUSMH, KOTOPbIE OYyIyud 3aIMCaHbl B O€3pa3MEpPHOM BUE OJTMHAKOBBI IS

36



MOJIETN U HaTypHOTro oOpasma (manee "Hatypsl"). ONMMHAKOBBIMU JOJKHBI OBITH
rpaHUYHbIE U HavdallbHbIe ycnoBus. Torna koahdUureHTs Npu NOJ00HBIX YJIEHaX
YpaBHEHUI OKaXxyTcs paBHbIMU. be3pa3smepHble BEJIMYMHBI, COCTABJICHHBIE Ha
OCHOBE JaHHBIX KOI(P(UIMEHTOB, HA3BIBAIOTCA KpUTEpUsIMU Tonodus. B
THIpOMEXaHuKe U3BeCTHBI KpuTepun (uucia) Ctpyxans Sh, ®@pyna Ft, Ditnepa
Eu , Peitnonpaca Re . s moOaHOTO MOJEIMPOBAHUS HEOOXOIUMO TIOJTHOE
nojo0ue MpoleccoB Ha MOJIENIM M HaType, T.€. PaBEHCTBO YMCEN MOJa00us.
HamomMHUM (U3NYIECKUI CMBICIT KaXKIOTO M3 Yuceld. Sh  BhIpa)kaeT OTHOIICHHE
JIOKaJIbHOM MHEPUMOHHOW CUJIbl K KOHBEKTUBHOM, FI' - OTHOIIIEHUE CUJIbI HHEPIIUU
K cuie TsxecTh, EU - OTHOIIEHWE CHUJIbl JAaBJIEHUS K cuie uHepuuu, Re-

OTHOIICHUC CHUJIBI MHCPIUHN K CHJIC BA3KOCTH.

PaccMoTpuM  IpUMEHHTENBHO K  JIONACTHBIM  HAcocaM  YCJIOBUS
Tr€OMETPUUYECKOTO0, KHHEMATHYECKOTO M JTWHAMUYECKOTO MOAOOHS U OMpPEIeIINM,
JIOCTATOYHO JIU COOJIIOICHUS ATUX YCIOBHM JIJIsl paBEHCTBA YKCEN MOA00uS.

['eomeTprueckoe mogodHe CBOAUTCA K TOMY, YTO BCE I€OMETPUYECKHUE
pa3Mepsl MPOTOYHOM YAaCTH MOJETH, BKJIIOYAs IIEPOXOBATOCTh OOTEKaeMbIX
IIOBEPXHOCTEN U 3a30pbl, OJOOHBI TAKOBBIM y HaTYpHOM MamuHbl. Psg HacocoB ¢
IE€OMETPUYECKH IOJOOHBIMU IPOTOYHBIMM YacTAMH, OTIMYAIOIIMMUCS TOJIBKO
aOCOJIOTHBIMU pa3MepaMM, Ha3bIBaeTcs MacIITabHOW cepueill. 3a ompeaessromui
reOMETPUUYECKUI pa3Mep OObIYHO MpUHMMAOT HapyxHbldl auamerp PK D, wm
nuameTp Bxoga Dy . CrienoBaTenibHO, BCE CXOJCTBEHHBIE pa3Mmepsl noasoaa, PK,
OTBOJIa y HACOCOB JIaHHOW MAacIITaOHOW CEpUM OTHOCATCS TakK )K€, KaK Hapy’KHbIE
nuameTpbl uin paguychbl PK. YenoBumcs 0003HauaTh Bce pa3Mephl U apaMeTphl,
OTHOCSIILIUECS K MOJIENIU, UHAEKCOM M, @ OTHOCSIIUECS K HaTypHOMY oOpasiy -

DZH / DZ.M

H. Torga, oTHoUIeHHE aactT Ko3()PUIMEHT MOAEIUPOBAHMS, WU

MacCIITaOHBI MHOXKHTENb, A, .

Kunematnueckoe nogooue tpedyer nooousi MOTOKOB B IPOTOYHOM YacTh
MOJIENIM ¥ HATYpBl, B TOM uncie npu Bxoxe B PK, Bxone Ha jonactu, Ha BBIXOJE
n3 PK. OTHOmIEHMS OAHOMMEHHBIX CpPEIHUX CKOPOCTEd M CXOJCTBEHHBIX

TOYKax JOJId 000MX IIOTOKOB JOJIDKHBI OBITh TOCTOSHHBIMH U PaBHbIMHU
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OTHOILIEHHIO IEPEHOCHBIX cKopocTer PK monenu u HaTypsr:

vV, W, u, ’ (21)
rne V, W ,U - cooTBETCTBEHHO aOCOIIOTHAS, OTHOCUTEIIbHAS U IEPEHOCHAs
CKOpOCTH.

OOHOBPEMEHHO 3TO YCIOBHUE O3HAYAET, UTO IIAHBI CKOPOCTEN B
CXOJICTBEHHBIX TOUKAX MOJI0OHBI (O COCTABIIAIONIMX CKOPOCTEHN U IJIaHAX
CKOPOCTEHN CM. HHKE).

Junamuueckoe noaodue TpedyeT paBeHCTBAa OTHOUIEHUN OJJHOMMEHHBIX CHJI,
JICUCTBYIOIIMX HA CXOJICTBEHHBIE 3JIEMEHTBI MOJIENIA U HATYpbl. BriBEEM
HEKOTOPBIE COOTHOILIEHHUS], BBITEKAOIINE U3 TIOHATUH T€OMETPUUYECKOTO,
KMHEMAaTUYECKOT0 U IMHAMHYECKOTO MO100Msl.

Pacxon QK , npoxoasimii uepe3 PK, mponopiimonaneH npou3BeeHUIO
CpPEAHEN CKOPOCTH HA BXOJE B HETO HA IJIOIIAAb 3Toro Bxozaa S . [locnenuss
MIPONOPLUMOHATbHA KBaApaTy AuamMerpa Bxona. Cie1oBaTenbHo,

2
Qm—; — VH SH — VH DH2 — ;{’i, VH (2.2)
QK}W V .S V}M : DJ\l V

M M

M

HNwmesd B BUY, 4TO

Un _ o,R, _ n,D, . n, 2.3)
UM a).M RM n,w D,w - n

M

C yuetom (2.1) monyuum

Quir _ g3, M (2.4)
QKM nM

IJie ®- yrioBasi CKOPOCTb, paj/c;

N- 9acToTa BpalieHus, 00/MUH

Kaxk mb1 y3Haem B ganpHeiieM (cMm. dopmyiy (5.10)), Teopernueckuit Hamop

PK cormacao ocHOBHOMY ypaBHEeHHIO TypOomamuu JI.Dinepa ompenensercs

IMPOU3BCACHHUEM HepeHOCHOI)'I CKOPOCTH Ha BbBIXOAC HA BCIWYMHY I[MPOCKINHU

aOCOJIIOTHOM CKOpPOCTH Ha MEpPEeHOCHYH. JIpyrumu cioBamu, TEOPETHUYECKUUN

Halop IMPONOPLMOHAJIIEH KBaJpaTaM CKOpPOCTEd TEYEHHS] KUJIKOCTH.

COOTBETCTBHH C 3TUM, U C COOTHOIIeHUsIMU (2.1) u (2.3) umeem:
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2
Ao Vi _ g2 (;‘_u)z (2.5)

Bripaxkenue (2.4) cipaBeuinBO U 1715 IoJa4u Hacoca Q , HO TOJIBKO C
TOYHOCTBIO J10 U3MEHEHMSI BEJIMYUHBI 1og, @ BbIpaxkeHue (2.5) s
neicTBUTENbHOro Haropa H ¢ TOUHOCTBIO 10 U3MEHEHUS 1), [IPU NIEPEXOE OT

MOJIeNI K HaType, T.€.

Qu _ N,

o =1, 0 (2.6)
H, PTIALRY!

H, = A ( ) (2.7)

Cuuras nonusiit KIT[ onruHakoBbIM 1711 MO M HATYypallbHOTO 00pasiia,

cornacHo (1.9) ans moTpebasieMoil MOIIHOCTH, TTOJTYUYUM TIPH Py= Py,

NH ALY
AR (2.8)

M

3aBucumocTti (2.6), (2.7), (2.8) HazpIBatOTCS (opMyIamMu mo00ust 1
00€eCIeunBarOT JOCTATOYHYIO TOYHOCTD TSI MPAKTHYECKUX PACYETOB MPHU
nepexoze oT Mojaesu K Hatype. C y4eTOM H3MEHEHHUS Mog, MNrs Nuex XTH 3aBUCHMOCTH

Inpu 0oJiee TOUHOM HaIMCAaHUH UMEIOT BHU

Qu _ 33 N Mo (2.9)
QM Y nM 7706,»1
H, 2 (N2 1.
=A mys . 2.10
m, (nM ) e (2.10)
NH 5 nu 3 n,wexn
=2, ()% e 211
N e, (0 (241)

M M mexm

OOpatum BHUMaHUE, YTO B TIOCJICTHEH 3aBUCUMOCTH HHJICKC M CTOMT B
YUCIUTENE, @ H B 3HAMEHAaTese. DTO HETPYJIHO OOBSICHUTD, €CIIA YUYECTh, YTO B
dopmyre (1.9) monnsiii KI1J[ B 3HAaMeHaTene u mpeacTaBisieT co0oit

npousBeaeHue n,,, n, U n,,. , a IoJada U HAIOp MOTYT OBITh BbIPAKEHBI KaK
Q :QK7705 2t H =Hm772 -

@opMynbl  MOAO00MS  IIUPOKO  HKCHONB3YIOTCSA MNPU  MOJEIHPOBAHUU,
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AKCIUTyaTaIllMOHHBIX pacueTax, mpu 0000IEeHNN Pe3yIbTaTOB IKCIIEPUMEHTATBHBIX
HUCCIIeI0OBaHUMH.
JIJ1st OAHOTO M TOTO e HAacoca MPU PA3IMYHON YacTOTE BpAIIEHUS (DOPMYJIBI

HO,Z[O6I/I}I IMPUHUMAKOT BU:

Q n

_Q2 __n2 (2.12)
H, n.,

H_2 = (—nz) (2.13)
N, Ny

N_z_(_nz) (2.14)

Nunexc "1" oTHOCHTCS K 000poTam Ny , uHAEKC "2" - K 000opoTam N,

Bepuemcsi kK paccMOTpeHHIO KpUTEpUEB, WM uucen, mnojgodus. Kak yxke
TOBOPUJIOCH, NPHU IOJHOM MOJEIUPOBAHUU JOJDKHO 00ECIIEUMBATHCS PaBEHCTBO

ATUX YUCeN JIJIsl MoJieNu U HaTyphl. s Typoomainy yuciio Ctpyxasns uMeeT BUI;

Sh=Vi/n-, (2.15)

rae |- xapakTepHbIi JUHEWHBIA pa3Mep, B Ka4eCTBE KOTOPOTO MPUHUMAIOT
nuameTp Bxoja Do.

JIist HaTypbl ¥ MOJENH JOJDKHO COOJTFOAAThCS: PaBEHCTBO, BBHITEKAIOIIEE U3

2.1)u (2.3):

Yo~ Yu_ _const=sh (2.16)

Bripa3uB ckopocth VH m VM dYepe3 mojady W JuaMeTp BXOAa M CHENaB
NEePEeCTaHOBKY, moiayduMm ¢opmyny (2.4). Takum o0pa3oM, MpH COOMIOAECHUU
T€OMETPUUECKOTO0 U KHHEMAaTHYeCKOro Moa00Ms aBTOMATHUYECKHU COOIOAaeTCs
paBeHcTtBo ShH = ShM. Uucno Crpyxans, Kak 3T0 BUIHO U3 Gopmylsl (2.4),
BBIPQXACT MNPUMEHUTENIbHO K THAPABIMYECKUM MAaIlMHAM YCJIOBHE MOJ00us
PEKHIMOB.

Uucno Ditnepa:
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Eu=—P (2.17)

[Mpunagum unyto GopMy 3TOMY COOTHOILIEHHUIO, CAENIaB IEPECTAHOBKY U 3AMEHUB
HaIop JaBJEHUEM IIPU YCIOBUU, YTO PH= PM= p:

Pu P

2 2"
PVy  PVy

JleBasg W mpaBas 4YacTH IIOJYYEHHOIO PABEHCTBA €CTh HU YTO HMHOE, Kak
BbIpaXEHHE g uuciaa Oinepa, T.e. Emm=Eun. 3amerum, uto colmropenue
nonobus mo uyHuciy Oijepa BO3MOXKHO TOJBKO B Clydae, €CIH B IOTOKE
OTCYTCTBYET KaBUTALUS.

PaBenctBo unicen ®@pynaa 1yt HATYPHl U MOJAETH HEOOXOANUMO Il IOTOKOB CO
CBOOOZHOM MOBEPXHOCTHIO. B ruapaBanyeckux MallvHax MpPU WX HOPMaJIbHOU
paboTe TakMx NOTOKOB HeT. CienoBaTenbHO, HET HYXKIbl MU B COOJIOJCHUU
xkpurepus Opyna.

MonenupoBaHue THIPABIMYECKUX TIOTEPh TpeOyeT paBEeHCTBA YHCEN
Petinonbaca. [{ns TypOomaiivs 4ucio:

_Rio
v (2.18)

rai€ v- KHHEMAaTH4YCCKas BA3KOCTBD,

Re

R,- HapyxHbIi pagnyc PK.

[Ipn nepexone OT HATypsl K MOJENM s paBeHCTBA Re HeoOxoaumo
YBEJIMYUTh YaCTOTY BPAILIEHUS Y MOJEJH J1UO0 YMEHBIIUTh BA3KOCTh. Kak To, Tak
U Ipyroe NpakTUYeCKU He Bceraa Bo3MoxkHO. OaHako coOrofeHne paBeHcTBa Re
Heo0s13aTeIbHO, TaK KaK B aOCOJIOTHOM OOJIBIIMHCTBE CIIy4aeB HATypHbIA U
MOJIeJIBbHBIA 00pasiibl HacOCOB pabOTalOT B aBTOMOJIEIbHOM obnacTu mpu Re >
105. B oroii obOmactu KOI(PGUIIMEHT COMPOTUBIICHHUS 3aBUCUT TOJBKO OT
OTHOCUTEIILHOM IIEPOXOBATOCTH OOTEKAaEMBIX MOBEPXHOCTEH, a HE OT YHCIia
Pelinonbaca. Takum oOpa3om, Aiisi MOJEIMPOBAHHS THAPABIMYECKUX IOTEPh
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cienoBasio Obl cOONMIOATh HU PAaBEHCTBO Re , a paBeHCTBO OTHOCUTENbHBIX
IIEPOXOBATOCTEl MOBEPXHOCTEW HATyphl W MOAETH. OTO MOTpedoBano Obl
BBITIOJTHSATH TTIOBEPXHOCTH MOJIEIIA C MEHbBINEH aOCOIIOTHON MIEPOXOBATOCTHIO, YEM
MIOBEPXHOCTh HATYpPbI, YTO MPAKTUYECKH HEBO3MOXKHO. YMCTOTa MOBEPXHOCTEH, a
CJIEZIOBATENIbHO, U a0CONIOTHAs IIEPOXOBATOCTh, OOYCIOBIIEHBI TEXHOJOTHEU, U
OHU OJTMHAKOBBHI JIUIsI HATYPBI U MOZAEIHU. Pe3yIbTaTOM TaKOTO MOJIOKEHHUS SIBIISIETCSI
BO3HMKHOBEHHE MACIITAOHOTO Y QeKTa, 0 YeM MOUIET peub HIKE.

B 3akirodeHue moguepKHEM, YTO MPU MOJICITHPOBAHUU OCHOBHBIM SIBIISICTCS
COOI0OICHHE TEOMETPUUYECKOTO 1moaoous. [Ipu HopManbHOM MOABO/IE KUIKOCTH K
KOJIECY U OTBOJE OT HEro OJHOBPEMEHHO OOECleyMBAaeTCs W KHMHEMaTHYeCKOe
nojgobue. ['eoMeTpudyeckoe W KHHEMAaTHYECKOE MOA00ME B PEaJbHBIX YCIOBHUSX
IPUBOAUT K COONIONEHHUIO AMHAMUYECKOTo mnonodus mo uuciay Crpyxans u

Ditnepa.

4.2. Macuradubiii 3¢ dexT

Cytp MacmTtabHOTO d(derra 3aKiIodaeTcs B OTHOCUTEIHHOM CHSTUU
THJIPaBIMYECKUX TIOTepPh NpHU Tepexoie OT MoAenu K Harype. B oOmactu
aBTOMOJICIIFHOCTH, Ha3bIBAEMON Tak)K€ 30HOH KBAaJPaTHYHOTO COMPOTHBIICHUS,
ko3 urmeHT conpoTuBieHUs A (HE MyTaTh C MACIITAOHBIM MHOXKHTEIEM AM )
3aBHCHUT TOJBKO OT OTHOCHUTEJIBHOHN mmiepoxoBaroctTu A. UemM MeHbIIe A, TeMm
MeHbIIIe KOA((OULIUEHT CONTPOTUBIICHHUS.

Bae 3aBucuMoctH OT TOro, Kakas TEXHOJOTHS TMPUMEHSETCS TIpH
U3TOTOBJICHHM DJIEMEHTOB TIPOTOYHOM 4YacTH, aOCOJIOTHAs IIePOXOBATOCTh
MOBEPXHOCTEH A 1 HEOOIBIIOW MOJETH W OOJBIIOr0 pa3Mepa HATypPaIbHOTO
Hacoca OyneT TpaKTHYeCKd OJMHAKOBOH. OTHOCHUTENBbHAs IIEPOXOBATOCTD,
€CTECTBEHHO, MEHBIIIE I HaTypHOTO HAacoca, MOCKOJIbKY OHa OMpEeNseTcs Kak
OTHOIIIEHHE aOCOMIOTHOW K KaKOMY-THOO XapakTEepHOMY JHHEHHOMY pasMepy
NPOTOYHOM YaCTH,HAPUMEpP, K aAuaMeTpy Bxona B komeco DO. B pesymbrare

ruapasanyeckuit KIIJ[ mns HaTypanbHOTO Hacoca BbILIE, YEM JUISI MOJEIIH.
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I'uapasnuueckuit KI1J] pacueTHbiM myTeM omnpenesseTcs: npulmmkeHHo. Jis

IEHTPOOESKHBIX HACOCOB HanboJiee n3BecTHa popmyina A.A. Jlomakuna /1/

B 0,42
(IgD,,, —0,172)°

n, =1
(2.19)

rae D,, - mpuBeaeHHbIN guaMmeTp Bxoaa B PK, mwm,

_ [~z _ A2
Dlnp - DO dem (2.20)

1np

d,, - AMaMeTp BTYJKHU Kojeca

Usmenenne - mpu mepexoie OT MOJENIUM K HAType MOMKHO OIIPEIEIIUTh,

noJib3ysick hopmynoit (2.19), ecinu noJICTaBUTh B HEE COOTBETCTBYIOIINE 3HAYEHUS

D -n —
v Tlpupoct Ao =T =Tl 3aBHCHT OT COOTHOLICHHUSA pa3MepoB HaTyphl U
MOJeNU. YTOYHHM, YTO pedyb UAET 00 ONTUMambHOM pexume. [Ipu Oombiioin

pasHHIle B pa3Mepax Arp, IOCTUTAeT JECSATKOB IPOIEHTOB. 3a CYET 3TOTO

nosbiaercs u noauei KIIJ[. Hexotopoe noseimenne KII/ npoucxoaut takxke 3a

cuer 7% Tak Kak OOBIYHO IIPH IEPEXOJE OT MOJAEIH K HAType 3a30p B MEPEIHEM
YIUIOTHEHUHN YBEIINUNBACTCS HE IPONOPLHUOHAIBHO KO3(pPUITUEHTY
MOJICJIMPOBaHUs, a B MeHblled creneHu. Kak Oyzner ycTaHOBIIEHO NO3AHEE,
cnal0yro TeHJEHIMIO K YBEIUYCHHIO C POCTOM a0COJIIOTHBIX pa3MepOB MPOTOYHON
gactu umeeT u Mexanuudeckuii KIIJ[. Bce 310 00ObsICHSIET M3BECTHBIN (PakT, YTO
HYKOHOMUYHOCTh HACOCOB OOJIbIIEH MOIIHOCTM M COOTBETCTBEHHO OOJIBLIMX

pPasMCPOB BbIIIC SKOHOMHUYIHOCTHU aHAJIOTUYIHBIX MCJIKHUX HACOCOB.

4.3. KoapdunueHT OLICTPOXOTHOCTH

[TonsitTue koxd¢unmenTa OBICTPO KOJKOCTH IIMPOKO HCIOJIb3YeTCS B
HacococTpoeHuH. OIHM M Te K€ 3HAa4eHMs NOJa4dM M Hamopa MOTYyT ObITh
IIOJIyYEHbl B HAcocCax C PAa3jIM4YHOM 4YacTOTOM BpameHus. IIpu stom Mensercs
KOHCTPYKTUBHbIM TN PK ¥ BCell MpOTOYHOW YaCTH, 4YTO OTPAXKAETCSI W Ha
KOHCTPYKLMHU Hacoca B 1esoM. KoappuimeHt ObICTpOXOAHOCTH IPUMEHSETCS IS

XapakTepUCTUKH  KOHCTpykTHBHOro tmma PK wm  mHacoca depe3 ero
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HKCIUTyaTallMOHHbIE MapaMeTphl HAa ONTUMAJIBHOM pEXHME, T.€. 4Yepe3 IMojauvy,
HaIop ¥ 4acTOTY BpAILCHHUS.

Bo3bMeM HEKOTOpBIN 3TanOHHBIA Hacoc. Bce mapamerpsl, OTHOcsSmuMecs K
HeMy, oOo3HauuM ¢ wuHIaekcom "s". Tlapamerpsl apyroro, TreOMETPHUYECKU
noJ00HOr0 Hacoca, KOTOPBIM OylneM cpaBHUBAaTh C ATAJIOHHBIM, OCTaBUM 0e€3

nHjaekcoB. Toraa cornacHo (2.6) u (2.7) umeeMm:

Q s M n_s . H

Q_pn H_ady

S

Bripazum u3 nepBoit popmyiibl K03 HUIIMEHT MOAETUPOBAHUAMU A, TOACTA-

H _, Q.2 n_szlz_3 223 N\
e = e

Jlanee Bo3BeZieM JIEBYIO M MPABYIO YAaCTH YPABHEHUS B CTENIEHB 3/4:

BHUM BO BTOPYIO:

Hisa _ Qi N
W),

Otcrona:

N (2.21)

[Tpumem 3a sTanoHHbIN Hacoc ¢ napamerpamu: H, =1Mm, Q.= 0,075 m3/c.

KIIJI cpaBHHBaEMbIX HACOCOB CUMTaeM OJMHAKOBBIMU. Toraa Beipaxkenue (2.21)

IIOJIy4YHM B BUIC:

3/4

n, = 3.65n JQ (2.22)

H
O10 u ectb KO3pPuiMeHT ObicTpoxoaHocTH. OOblYHasg QOopMyITUPOBKA
cienyromas: kKo3(pduuueHToM OBICTPOXOIHOCTH HA3BIBAETCS YHCIO 0OOPOTOB
TAKOrO STAJOHHOTO HACOCa, T€OMETPUYECKH MOJAO0OHOTO JaHHOMY, KOTOPBIA

paszBuBaeT Hamop B I M mpu momave 0,075 m3/c. ['uapaBamdeckuii 1 0OHEMHBINA

KHI[ HaCOCOB IIpU 3TOM CYHHUTAKOTCA OIWHAKOBBIMH. B TOM, 4YTO nZHUMECT

pa3MepHOCTh [/MUH 1 ns = n , HETpyAHO yOenuThes, eciu B (2.22) moactaBuTh Q
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=0,075 md/cu H = 1m.

[IpuBeneM wuHOE BbIpaxkeHue I KoddduimeHta OBICTPOXOAHOCTH,
BCTpEUAloIIeecs] B HEKOTOPBIX JMTepaTypHbiXx uctouHukax /II/. Eciu Bennuuusl,
Bxozsmme B popmyny (2.22), Beipa3zuth B cucteMe CH, a BMECTo BECOBOI0 Harmopa
H ucnonb3oBath MaccoBbii HM TO K03 duLIMEHT OBICTPOXOJHOCTH, HE MEHSSACH

YHICIIEHHO, CTAaHET 0e3pa3MepHBIM B COOTBETCTBUU C (POPMYJION:

n, =1930 H\/a (2.23)

3/4
M

3amMeTUM, YTO BEJMYMHA N HE 3aBHCUT OT YacTOThl BpalleHHs, TaK Kak
OJIHOBPEMEHHO C U3MEHEHHEM N WK ® Npu 3ToM u3mensierca Q u H (mm Hwm)
cormacHo ¢dopmynam momobust (2.12) m (2.13). Jlna PK ¢ nBycTopoHHUM

BcacbiBaHueM (cM. puc. [.15) xoaddummeHT OBICTPOXOIHOCTH OMPEAESIETCS 10

TOJIOBHHHOII 110/jaue HAacoca. B MHOTOCTYIEHYATHIX HACOCAX ' PACCUUTHIBACTCS
Ha OJIHY CTYIICHb.

[Ipu BbIBOAE BBIpaKEeHUS (2.22) MBI HCXOJUIU H3 TEOMETPHUUYECKOTO
1no100Us STAIOHHOTO U CPABHUBAEMOTO C HUM Hacoca. JTO yClIOBUE 00eCIeUnBaeT

paBeHctBo n,. CrnegoBaTtenbHO, KOAPGUIMEHT OBICTPOXOJHOCTH  MOXKHO

S

paccMaTpuBaTh Kak KpUTEPHUM MOA00Ms, BHIPAXKEHHBIA Yepe3 dKCIUTyaTalluOHHbIE

napametpbl. OnHAKO paBEHCTBO N, HEOOXOAWMOE, HO HEJOCTATOYHOE YCIOBHUE

4Js1 TCOMETPUICCKOT'O HOI[O6I/I$I. OI[I/IHaKOBble n, MOryr uMETb W HACOChI, HC

S
oOnanaromme reoMeTpuyeckuM mnojobuemM. B srom HemoctaTtok Ko3(duimeHta

6I>ICTpOXOI[HOCTI/I KaK KpUTCpua HO,IIO6I/IH. TeM He MeHee JJI1 KaXJO0ro 3Ha4CHUA

" IpakTHKOH  yCTAaHOBIEHBI COOTHONIGHHS pa3MEpPOB MPOTOYHON  YACTH,
o0ecreurBaronIe ONTUMANIbHbIE TEXHUKO-DKOHOMHYECKUE nokaszatend. [loatomy
paBeHCTBa 3HAYEHUI N, TOBOPHUT €CIU HE O MOJHOM T'€OMETPUYECKOM MOA00UH,
TO, MO KpaifHel Mepe, O OJM30CTH K reoMeTpruuecKoMy moaoduto. B cuiy atoro
NOSIBJISIETCS.  BO3MOXKHOCTH ~ OOOOIIEHMSI ~ MaTepUalioB  AKCIEPUMEHTAIbHBIX
UCCIICNOBAHUM W  YCTAHOBJICHUS  3aKOHOMEPHOCTEW HM3MEHEHUS  MHOTHX

napaMeTpoB paboThl HACOCA B 3aBUCUMOCTH OT N .
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4.4. Knaccupukanus HACOCOB 10 K03GpuuueHTy ObICTPOXOAHOCTH

W3 ananuza BbIpakeHus 11 Kod(p@uimeHTa ObICTPOXOIHOCTH CIEAYET, YTO

IIPYU TIOCTOSIHHOM YKMCTOTE BPAILLECHUSA BEIMYMHA N ONPENEIAETCS COOTHOLIEHUEM
MOJIayyl ¥ Haropa. ManbsIM n, COOTBETCTBYET Majible MOJa4u M OOJBIINE HATIOPHI,
¥ HAoO0OpOT: OONBIIMM h, COOTBETCTBYIOT OOJbIIME MOAAYM U Majble HAIOPHI.
[Ipu HewmzmeHHOM cooTHomieHMM Q u H n, pacTeT ¢ yBEIMYEHHEM YaCTOTHI

BparieHus. /{711 OCHOBHBIX THUIIOB HACOCOB JMaria3oH JexuT B mpenenax 1- 3000.

OO0bemHbIe HAacoChl mpuUMeHstoTes pu n, = 1 . . . 10, BuxpeBble, YepPENKOBbIE,
nuckoBble ipu n, = 10 . . . 40, neHTpOoOEKHBIE U qUaroHanbHblie pu n, = 40 . . .
600, oceBbie ipu n, = 500 . . . 3000. O6sacTy MCHOIL30BaHUS HACOCOB IO

K03 PUIMEeHTY OBICTPOXOAHOCTH YCIOBHBI M YAaCTUYHO TEPEKPBIBAIOTCS JIPYT
apyroMm. [loayuuTs Hawdydline TEXHUKO-d)KOHOMHYECKHME TIOKazaTrenu MJis

Ka)XJI0T0 M3 TUIIOB HacOCa BO3MOKHO MMEHHO B CBOCH o0macTu.

T T]
Da Bz Bﬂ 1 Dz
D; Z:_,,
3_; =~ 20 Bﬂ-—w...l.é
H H
N N

40 < ng< 80 80 < ny< 150 150 <ng< 350 | 350 <ng<600 | 500 < ng< 3000

TuxoxonHsle Hopmansnsie | beictpoxomnsie | Ilomyocesbie OceBble

Puc.1.5. Knaccudukanms 10macTHeIX HACOCOB MO KOAPPUITUEHTY
OBICTPOXOHOCTH

C yBenuueHHEeM n, KOHCTPYKTUBHBIN BuJ PK nomacTHeIX HacOCOB MeHsETCS
B HAaIPaBJIICHUM yMEHbIIEHUS AuaMerpa D2 v yBenndeHHeM LIMpHHBI Ha BXoje. B

Ta6J'II/II_IC MMpeaACTaBJICHA KJ'IaCCI/I(I)I/IKaHI/I}I HaCoCOB B 3aBUCUMOCTH oT

ko3 duimeHTa ObICTPOXOAHOCTH. TaM ke yKazaHbl IPUMEPHBbIE COOTHOIICHUS
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nuametrpom D2 /DO u moka3aHbl TUNHWYHBIE pabodyMe XapaKTEPUCTUKU IS

KaXJ101r0 AuarasoHa n.. O6paTI/IM BHHUMAaHHEC HaA ITIOBCACHHEC H&HOpHOﬁ KpI/IBOI>'I IIpu
N3MCHCHHHM N, WU HAa TO, YTO HOTpC6J'I}ICMa}I MOIIIHOCTD IIpH Q = 0 u3MeHseTCs OT
MHWHHUMAJIBbHOI'O TP HU3KUX N, 10 MAKCHUMAJIbHOI'O 3HAYCHUSA IIPU OO0JIBIINX ns.

[IpencraBnennsle B Tabnuie Gopmbl MepuavanHbix cedeHuit PK u
COOTHOIIIEHUE JIMaMETPOB THUIHMYHBI JJII SHEPreTUYECKHX U JIPYTHMX HAacOCOB
OOILENPOMBIIIUIEHHOTO TPUMEHEHUs. B aBHAllMOHHBIX LIEHTPOOEKHBIX Hacocax

MepuananHbie cedeHuss PK npu Oonbmiux n, umeror Gopmy, xapakTepHYIO s

HU3KUX M cpenHux KodpduimentoB ObicTpoxonnoctu. PK ¢ HakimoHHOMU
BBIXOIHOM KPOMKOW MPAKTUYECKU HE MPUMEHSAIOTCS. DTH OTJIn4asi 00yCIOBJICHBI B
MIEPBYIO OYEPEAb TEM, YTO B aBUALIMOHHBIX HACOCAX UCIOIb3YIOT UCKIIOUUTEIBHO

JONACTH UMJIMHIPUYECKOH (QOpMBI BHE 3aBHUCHUMOCTH OT n,. BXoaHyio KpoMKy

JomacTed IpU O3TOM HE 3aBOIAT B oceByro 4yacte PK, a pacnosararor B
OONBIIMHCTBE CiTy4aeB Ha auameTpe DO mapanienbHo ocH.
B Hacocax oOIIEIPOMBIIIEHHOTO NMPUMEHEHMSI LUIMHAPUYECKHUE JIONACTU

BBIMOJHAIOT 00bIyHO mpu n, > 90. B PK ¢ HopmanpHOI OBICTPOXOAHOCTHIO

JIOIIACTH Ha BbIXOAC ACIA0T HUJIMHAPUICCKNMU, 4 Had BXOAC — HBOﬁHOﬁ KPHUBHU3HBI.

[Tpu n, >150...200 IBOMHOW KPUBU3HBI BBITIOJHAETCS BCA JIONACTD.

4.5. YaenbHasi 4acTOTa BpallleHUsI.

B Boipaxkenuu (2.22) nist koaduirenta 6bICTPOXOTHOCTH MOSABICHUE
BEJIMYMHBEI 3,65, KaKk BUHO U3 MMPUBEACHHOTO BHIIIE BBIBOJIA, CBSI3aHO C TEM, UTO
moJ1ava ATAIOHHOTO Hacoca QS mpuHMManack paBaou 0, 075 m3/c.

Ecnu B kauecTBe 3TaJJOHHOTO MPUHATH HACOC, pa3BuBatomuii Hamop H =1 m
npu ogade Q = 1 m3/c, To moacTaBUB ATH 3HaUYeHUS B popmyiny (2.21) monyuum

BbIpaXeHHE 0€3 YHCIEHHOW BETUYHUHBI:

JQ (2.24)

n,=n
y H3/4

KOTOPOE€ HAa3bIBAETCS YJIEJIbHOW YaCTOTOM BpalleHUs U KOTopoe B 3,65 pasa
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Menbe s, TIoHATHE yeNbHOM YaCTOTH! BPALIEHHS Yallle YIoTpeOuseTcs B
MHOCTPAaHHOM JIUTEPATypPE U PEXKE BCTPEUAETCS B OTEUECTBEHHOU. PazMepHOCTD

yACIBHOM YacTOTHI BpaleHus — 1/MUH.

4.6. KoappuuuenTsl nogauu, Hanopa u MmouHocTH. IlpuBeneHHbie
YacTOTHI BPallleHUs U 1MoAa4a

Jiis 0000111eHUS ¥ aHaIN3a XapaKTePUCTUK OCEBBIX U IMAarOHaJbHBIX HACOCOB
ucnonp3ytoTcs koagduiuents! nogaun KQ , nanopa KH u momuoctu KN. Onu
BbITEKaIOT U3 hopmyi nmojaoous (2.6), (2.7) u (2.8). [IlpuHumas oTHOIIEHHE
HapyXHbIX quameTpoB PK HaTypsl 1 Moeny B KauecTBE MaCIITAOHOTO

MHOXHTEIA A, , KOKAYI0 U3 3TUX (OPMYJ MOKHO IIPEICTaBUTh B BUJIE,

aHAJIOTUYHOM TIPEACTaBICHHOMY 11 (hopmyiibl (2.6):

Qu __ Qu

—=
n,D; nyDy

=const = KQ

OTOpOCUB MHIEKCHI, TOJYYUM BBIPAXKEHUS AJI1 HA3BaHHBIX KO3(PPUIIUEHTOB:

Q
K. =
° nD*, (2.25)
H
=2 , (2.26)
N
RS (2.27)

rae Q —m3/c;n—-1/c; D—-wm; H—-wm; N - xBrT.

Hawnbonee gacto nonb3yrores koddduimenramu KQ u KH . Koadgdunment
noja4yu 0e3pa3MepHbIi, K03 PUIMEHT Haropa pa3MEepHBIA. XapaKTepuCTHKA,
noctpoenHas B koopauHarax KH - KQ , 6yneT oguHakoBoii 11 BceX HACOCOB
JAHHOW MacIITaOHOW CEPHUU, HO TOJIBKO C TOYHOCTBIO O UBMEHEHUS NI , 100 ,
NMeEX IpH IIEPEX0I€ OT MOJEIU K HATYpE.

B ruapotypOMHOCTpOEHNN XapaKTEPUCTUKH MPUHATO CTPOUTH B

n

KOOPMHATAX: IPUBEJEHHAs YaCTOTa BPALIEHUS 1 - IPUBEIEHHBIM pacXo/l Qi

DTHU e BETUYUHBI UCTIONB3YIOT U MPU MOCTPOCHUH XapaKTEPUCTUK 0OPATUMBIX
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TUIPOMAIIIMH, B TOM YHCJIE MPU pabOTe UX B HACOCHOM PEKUME.

[IpuBeneHHbIe YacTOTa BpallleHUs U pacxo] (Mojavya) yCIOBHO BBIPAKAIOT
YacTOTY BpAIICHUS U PACXO] TAKOW THAPOMAIINHBI, KOTOpask paboTaeT mpu Harope
B | M 1 UMeeT HOMUHAJIBLHBIN HapyxHbIH quametp PK takxke 1 M, T.e. oHa

npuBezeHa K [ M nuamerpa u Hanopa. i npuBeaeHus Moib3yoTes popmynaMu:

. _ D
- H (2.28)
__Q
RO (2.29)

Benuuunsl n; u Q; ABISIIOTCA QYHKIUSAMU KpUTEpUeB noaoous. Jis

TUAPOMAIINH TaHHOW MacIITaOHOW CeprH Ha MOJ00HBIX (M30TOHAIBHBIX )

PEXKUMaX OHH COXPAHAIOT CBOC 3HAYCHHUEC C TOYHOCTBIO 10 MacITabHOTO B(IJCI)GKTa.

49



Jlekuus 6
5. OCHOBBI TEOPUU JIOITACTHBIX HACOCOB

[IpenMeToM TeOopUM JOMACTHBIX HACOCOB SIBISIETCS JIBUXKEHUE KUJIKOCTH K €€
B3aMMOJICUCTBHUE C 3JIEMEHTAMH MPOTOYHOM yacTH. 3ajadya TEOPUU - AaThb METObI
pacuera. [IpoexkTupoBaHHe U pacyeT Hacoca Ha 3aJaHHbIE MMapaMeTpbl CBOIATCA K
OTBHICKAHUIO COOTBETCTBYIOIIEH ONTUMAIbHOM (OPMBI M pa3sMEpPOB KaHAJIOB

nporoyHor yactu PK u xopmyca.

5.1. AGCO/IIOTHOE ¥ OTHOCHUTEJIbHOE IBHKEHHE KUIKOCTH B IPOTOYHOIM
yactu. [ls1aHbl M TPEYroJIbHUKH CKOPOCTEl 1Jisl HeHTPoOexkHoro PK

JIB>KEeHUE KUIKOCTU B MOJBOJE M OTBOJIE JIOMACTHOIO HAcCOCa SBIISETCS
aOCOJIIOTHBIM, ITOCKOJIBKY 3TH 3JIEMEHTHI HenoABUXKHBL. B PK xkuakocTs aABMxkeTCS
M0 MEXJIOMACTHBIM KaHajdaM W OJHOBPEMEHHO BpaIllaeTCsl BMECTE C HUMH.
O0603HaYMM CKOPOCTh OTHOCUTEJIBHO KaHAJIOB KoJyieca yepe3 W 1 OyZieM Ha3bIBaTh
ee oTHocuTelbHOU. [lepeHOCHYI0 (OKpYX HYI0) CKOPOCTh KOJieca Ha JaHHOM
paauyce o6o3raunm U. Torma aGComoTHAST CKOPOCTh XKUAKOCTH W B KaKOW-THOO

Touke PK onpenenurcs kak reoMeTpudecKas CyMMa COCTaBIISIOLIMX:
V=wW+Uu (3.1)

Ha »Toi1 ocHoBe j1st 060 Touku PK MOXXHO MOCTpPOWTH IJIaH CKOpOCTen
(puc. 3.1) Cxkopoctb W HampaBiieHa MO KacaTelIbHOW K IOBEPXHOCTH JIONACTH,
€CJIM TOYKAa HaxoJIuTcsd Ha Hel. Ecnu Touka BHE MOBEPXHOCTH JIOMACTH, TO
HaIlpaBJICHUE OTHOCUTEIBHOM CKOPOCTH OIPEIEIAETCS KacaTelbHOM K JIMHUU
TOKA, IPOXOJISIIEN YEPE3 ITY TOUKY.

[lepeHOCHass CKOpPOCTb, KaK M3BECTHO, HAIPABJIEHA MEPHECHAUKYISAPHO
panuycy TOYKH B CTOPOHY BpallleHUs U=T® . YToa B MeXAy OTHOCUTEIbHOU
CKOpPOCTBbIO U OOpaTHBIM HANpaBJICHHUEM IMEPEHOCHON CKOPOCTH Ha3bIBAETCS

YI'JIOM YCTAHOBKH JIOIIACTH B ,HaHHOﬁ TOYKE.
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Puc. 3.1. IInan ckopocteit 115 mpou3BoabHONM Touku PK

Jlns ananm3a paGoyero mporecca B JOMACTHBIX HACOCax, Ja U BOOOIIE B
TypOOMalnHax, He00X0IMMO 3HATh COCTOSIHHE MOTOKA Ha T'paHHIlaX, T.C. MpHU
BXOJI€ Ha JIOMACTU U MPHU BbIXOJE ¢ HUX. [[03TOMY IJIaHBI CKOPOCTEH CTPOSIT
JJIS BXOJla W BBIXOJIa U BCE COCTABIISIONIUE CKOPOCTEW M YIJbl YCTAaHOBKH
COOTBETCTBEHHO 0003HauarT uHAekcom "I[" u "2", BMecTo minaHoB ckopoctei
4acTO NOJb3YIOTCS TPEYroJbHUKAMHU CKOpocTed. Takue TpeyroJibHUKH s
BXOJla M BbIXOJIa MpejcTaBieHbl Ha puc. 3.2. CocTaBsIoNIMe CKOPOCTEH B HUX
n300paxeHsl HE B MacmTade. B 1eliCTBUTENBHOCTH MEPEHOCHBIE CKOPOCTH ul
U u2 MHOro OoJibllie APYTUX IOCTABISIONIUX W TPEYTrOJbHUKH CKOpPOCTEH
CHJILHO BBITSIHYTBI, 0OCOOCHHO Ha BBIXOJIE.

[IpoekTupys abCONIOTHBIE CKOPOCTU Vi U V, U oTHOcuTenbHbie Wi 1 W,
Ha HaIpaBJieHWE IMEPEHOCHBIX CKOpocTed U; W U, U  Ha HampaBlICHHE,
NEePHEHAUKYIIPHOE UM, T.€. HA PAJANYC, MOJYYUM CIEAYIOIINE COCTABISIONINE:

- Vyi B Vy - OKPYXKHBIE COCTaBIISIONMIME aOCOTIOTHBIX CKOPOCTEH, T.C.
MPOEKIINK a0COJIFOTHBIX CKOPOCTEHM Ha MEPEHOCHBIE CKOPOCTH, HAIIPaBJICHbI BCET A
B CTOPOHY BpAIlICHUS;

- Vm1 ¥ V2 - MEPUIUAHHBIC WU PaJUAJIbHBIE COCTABIISIONINE a0COTIOTHBIX
CKOpPOCTEH, Ha3bIBAIOTCA TaK)XE€ PACXOJHBIMH COCTABJISIONIMMU, TOCKOJBKY
3aBUCAT OT MOoJa4u uim pacxona uyepes PK;

- Wn u Wy, . MepuauaHHble WM paavajbHbIE COCTABJISIONINE

OTHOCHUTEJIBHBIX CKOPOCTEN, PABHBI COOTBETCTBEHHO Vin1 U Vina:
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- Wy u Wy, - OKpyXHBIE COCTABIAIOIINE OTHOCUTEIBHBIX CKOPOCTE, B
HacocHbIX PK ¢ yrimamu yctaHoBku Jionacteit Ha Beixoje 3,<90 HampaBieHbI B
CTOPOHY, IPOTUBOMOJIOKHYIO BPAIIECHHUIO.

OOpaTuM BHMMaHUE, YTO MOTOK, Beixoasmuil u3 PK, Bcerna HampaBiieH B
CTOpPOHY BpallleHus. HanmpapieHue 3TOro moToka onpeaesseTcsl HallpaBlIeHUEM

a0COIOTHON CKOPOCTH V, C YTJIOM 0 . Ha BXome 3To Vi ¢ yriaom oy,

3agaguMcs  BOIIPOCOM: KakOBO JBHXKeHHe kuakoctu B PK,
YCTAaHOBHBILIEECS WM HeycTaHoBuBIUeecs? Eciau cBs3aTh CHCTEMY OTCUETa
KOJIeCOM, T.€. Kak Obl moMecTUTh HabmrogaTens Bo Bpamjatieecs PK, teuenue
B HEeM OyJeT NpeACTaBJISIThCS HEU3MEHHBIM BO BPEMEHHU, YCTAHOBHUBIIMMCS.
Ecnu xe cucreMa oTcyeTa CBsi3aHa C HEMOJBUKHBIM KOPIIYCOM, TO JBUXEHHE
B PK oxaxercs HeycTraHoBuBmMMcs. Ham wu3BeCTHO, 4TO B pe3yJibTaTe
CUJIOBOT'O B3aUMOJEHCTBUS JIONACTEN C KUJKOCThIO Ha BBINYKJIOW UX CTOPOHE
nasnenue P, Oonbie, yem nasinenue Py na Bormyron (cm. puc. 3.1). ITootomy B
HENOJBM)XKHON Touke Ha Kopnyce npu BpameHun PK naBinenue Oygaer
IMUKJINYECKH MEHSTHCS, U, TAKUM 00pa3oM, aOCOJNIIOTHOE NBUIKEHUE B KOJIECE
SABJIAETCS HEYCTaHOBUBIIMMCS. OTHAKO NUKINYECKHE BO3MYILIEHUS JABJIECHUS U
CKopocTH mnoToka mnocie PK Ha HEKOTOpOM pacCTOSHUM BBIPaBHUBAIOTCS, U
JBUKEHHE CTAHOBUTCS OCECMMETPUUYHBIM. Bo3Mmyinaromee Bo3aeiicTBUE
JomacTe Hpu BXOJE NOTOKA TAaKXE paclpoOCTPaHSIETCs Ha OTHOCUTEIbHO
Majio€ paccTosiHue, T.€. OCECUMMETpHUYHas KapTHHA TedyeHus OyaeT W Ha
Bxoge. OceBas cuMMeTpUs TOTOKa Ha BXOJIe MU BBIXOAE obOecrmeynBaeT
yCTaHOBUBIIEECS aOCOJIIOTHOE JABUYKEHHE B MOJABOAE MU OTBOJAE, HO 3TO

OTHOCHUTCS TOJIBKO K pexuMy ontumansHoro KII/I.
5.2. PacnipenesieHue CKOpPOCTeil M TaBJIeHNH B KaHAJIAaX KoJjleca

PaccmoTpum kanansl PK B ero paanansHoit yactu (puc. 3.3).Ha kakom-nmu6o
paamyce I BO3bMEM TOYKY X Ha BBITYKJION (pabodeil) CTopoHe U TOUKY y Ha
BOTHYTOM (Hepaboueit) cTopoHe jionacTtu. M3 kypca ruipoMexaHuKi U3BECTHO,

YTO yAENbHYIO SHEPTUIO KUJKOCTU E
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Puc.3.3. Pacnpenenenue ckopoctei u gapieHuid B kanaiax PK

B sTux Toukax IIpU YCTAHOBUBIICMCA OTHOCHUTCIIBHOM JABUKCHHUUN

MOJHO 3allucaTh B BUJC.

2 2

EX:%+ZX+WX2—QuX (3.2)
W2 2
Ey:%+zy+xz—guy (3.3)

Tak kak BBI6paHHBIe TOYKHU PACIIOJOKCHBI HA OJJHOM paanyce, TO

E, = E,. Ha ToM ¢ OCHOBaHMH paBHBI IEPEHOCHBIE CKOPOCTH U, =U 1

KOOpJIWHATHI TOYEK z, = z,. I3 aTOoro0 cienyer, 4To

P WPy WS

P9 29 P9 29
ITockoabKy p,>p,, TO COIJIACHO TIOCIETHEMY BbIpaXenutro W,>W , T.e.
Pa3HOCTh JIaBJICHUW MO 00€ CTOPOHBI JIOMACTH CO3JIAE€TCA 3a CYET Pa3HOCTH
OTHOCHUTEJIBHBIX CKOPOCTEH. OIMIOpbl CKOPOCTEW W JABJIECHUM B MEXKJIONACTHBIX
kananax PK mpuBenensr Ha puc. 3.3. Takum oOpa3oMm, Ha BBITYKION CTOPOHE
JOTIacTH JAaBjeHue OoJibllle, OTHOCUTENIbHAsI CKOPOCTh MEHbIIIE, a HAa BOTHYTOU
CTOpoHE - HaobopoT. OnHako 53TO JUIIb NPUHIMUNHAIBHAS KapTHUHA.
JleficTBuUTEIbHAS KapTHHA pPAaCHpeaCNICHUs CKOPOCTeH W JaBieHUN OJu3Ka K
ONMCAaHHOW TOJBKO Ha pexume ontumanbHoro KIIZ. Ilpu orcrymnenun ot 3Toro

pexXuMa B Ty WU APYTYIO CTOPOHBI OHA HApPYyIIAETCs.
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5.3. YpaBHeHue Jiljiepa 1Jisl JIONACTHBIX HACOCOB

PesynbTatom CHIOBOrO BO3IEUCTBHS BpAIIA€MOM JBUTATEJIEM JIOMIACTHOM
cuctembl PK ¢ JKHUAKOCTBbIO  SBISCTCS  BO3HMKHOBEHME  MOMEHTA,
MPOTUBOJICUCTBYIOIIEr0  BpameHuto. [IpeomoneBas  mpOTUBOACHCTBYIOIIUHI
MomeHT, PK u nepenaer anepruto xkugkoctu. [Ipu 3TOM AEHCTBYIOT ClEAYIOLINE
CUJIBL: TSDKECTH, IIEHTPOOEKHas, KopuonwcoBa. llocrmemHsis, Kak H3BECTHO U3
MEXAaHUKH, paBHA YJIBOCHHOMY ITPOM3BEICHUSA YTJIOBOM CKOPOCTH BpaICHUS Ha
OTHOCUTETFHYIO CKOPOCTh. Takum oOpaszoM, mJisi €€ OmpeaesieHus HeoOXOAMMO
3HaTh pPacCOpelesiCeHUEe OTHOCUTEIBHBIX CKOPOCTEM, YTO 3apaHee, HE uMes
pacCUMTaHHOrO M cnpoekThupoBaHHOro PK omnpenenuTs HEBO3MOXKHO, T.€. 3ajaya
CTAHOBUTCS Hepaspemmmon. OMHAKO TMPUMEHEHHE B JAHHOM CiIydae 3aKoHa 00
M3MEHEHNH MOMEHTa KOJWYECTBA JBMKEHUS MO3BOJISIET PEIIUTH 3aJ1ady, HE 3Has
napieHuit, npoucxonsmmx BHyTpu PK. HenpemeHHbIM ycliOBUEM MNpH 3TOM
SIBJIIETCS HAJIMYME YCTAHOBUBIIETOCS OTHOCUTENIBHOTO JABWKEHUSA MKUJIKOCTU B
00J1acTH KoJieca.

BrinenuM KOHTPOJBHBIMU CEUEHHMSIMUA S; Ha BXOJI€ M S; HAa BBIXOJIE 00BbEM
KUJKOCTH, 3alloJHSIOMMN TpoTouHyto Yacth (puc. 3.4).Ceuenus S; u S
PacIoIoKEeHbI B HETIOCPEJICTBEHHOM OJIM30CTH OT BXOJHBIX M BBIXOJHBIX KPOMOK

HOHaCTeﬁ, TCUCHUC MCIKIAY HUMHU CHUTACM YCTAHOBUBIIUMCH.

Puc.3.4. K BeiBOAY ypaBHEHUS Diiiepa
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Baytpu xanana PK Bo3sMeM siemeHTapHYIO CTPYHKY ¢ ceueHueMm dS wu
pacxonom (mogayeit) . CorjlacHO yka3aHHOMY BBIIIIE 3aKOHY U3MEHEHUE MOMEHTA
KOJIMYECTBA IBUKEHUS )KUJIKOCTH B DJIEMEHTAPEHON CTPYMKE OTHOCHUTEIIBHO OCU
PaBHO MOMEHTY BCEX BHEIIHUX CHJI, JEHCTBYIOUIMX HA 3Ty cTpyiiky. O003HauUM
AJIIEMEHTAPHBIA MOMEHT uepe3 AM . CKOpPOCTH U YIJIbl, OTHOCSIIMECA K CTPYHKE, a
B JJaJIbHEHIIIEM U K OTOKY 0€3 yueTa CTECHEHUS €ro JIOMacTsIMU, OyaeM
0003HaYaTh MTPUXAMH.

AM ,, =m(v, R, cosa, —V, R cosa,) = pq(Vy, R, cosa —Vv, R cose])  (3.5)

[IpocymmupyeM seMeHTapHbIe MOMEHTBI U U3MEHEHUE MOMEHTOB
KOJIMYECTBA IBUKEHUS 110 BCEM CTPYHMKaM, IEPEUIs K TIOTOKY B MEKIIONACTHBIX

kanajnax. Torma Xq=Q, - nomaua xojueca, XAM, =M, - MOMEHT, epeaaBacMbiii PK
W1 MOMEHT B3auMoaencTBus PK ¢ suIKOCThIO; V), cOsa, =V), UV, COSa, =V, , 4TO
CIEeAYyEeT U3 TPEYTOJIbHUKOB CKOPOCTEN. B pe3ynbprare nomyunm
MKp :PQK(VLIJZRZ_V(JlRl) (36)
371ech V), , v, - CPEIHNE 3HAYEHUS OKPYKHBIX COCTABJISIOMINX JJIs

IOTOKA, B OTJIMYKE OT BbIpaxkeHus (3.5), rIe sITU COCTABIISAIOIIUE B3AThI I
OJTHOW CTPYHKH.
MomHocTe, nepegaBaemast KoJeCoM KUIKOCTH:
N=p-g-Q-H,.
C npyroii croponsl N = oM, . IIpupaBHsIeM 3TU 3aBUCHMOCTH U BBIPa3uM

TEOPETUYECKUI Hanop ¢ yueTom (3.6):

oM, _ PR, (VipR, —VyR)@ _ o(Vy,R, —VyR)
P9Q, P9Q, 9

H, =

Takum 00pa3om, TEOPETHUECKUI HAMOP:

H, = a’(ijzR;_Vile) (3'7)

VYyuthiBas, 4T0 @R, =U, U @R, =U,;, OKOHYATEJILHO MOJYyUYUM:

H, = UpVup = UiV (3.8)
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OTO0 U ecTh ypaBHEHUE Diliiepa B OOLIENPUHATOM HATUCAHUU JJIS1 JIOMACTHBIX
HACOCOB, Ha3bIBAEMOE TAKKE OCHOBHBIM YpaBHEHHUEM [ TypOomainH. OHO
CIIPABEIMBO JIJIS JIOMACTHBIX HACOCOB, JIONACTHBIX KOMIIPECCOPOB, BEHTHIIATOPOB,
a Taxoke U1 TypOuH. B nocnennem cityuae He00X0UMO TOMEHSTh HHIEKCHI

BXO/Ia ¥ BbIXO/Ia, T.€. ISl TYPOUH HUMEEM:

HT — U,Viu _guzvuz (39)

[TpuBeneHHBIN BBIBOJ ypaBHEHUS DUJepa SBISIETCS YIPOILIEHHbIM. bonee

NOAPOOHBIN U CTPOTUI BBIBOJ MOKHO HalTH B paborax /1,2/.

5.4. Ananu3 ypaBHeHus Jiljiepa

VYpaBuenue Ditniepa (3.8) MUPOKO MPUMEHSETCS PU TEOPETUUECKOM aHAIIM3e

¥ B MPAKTHYECKUX pacueTax JIOMacTHBIX HacocoB. Emie pa3 obpatum BHUMaHWHE,
! !

YTO OKPY)KHBIE COCTABIIAIONIAE "2 M '  aGCONFOTHBIX CKOPOCTEH OTHOCSTCS K
cedYeHusIM mociie Beixoaa moToka u3 PK m mo Bxoma Ha momacTu, T.e. 0e3 ydera
CTECHEHHUs MOTOKA JIOMACTAMU. JTO JACHCTBUTEIbHBIC, a HE pAaCUETHbIC 3HAYCHUS

ckopocreii. Ecnu Ha BXxome u Beixoae u3 PK kakum-mub6o mpubopom, Hampumep,

!

TpyOKoit Iluto - [Ipannarins, 3amepuM nelCTBUTEIbHBIC CKOpOCTI/IV"‘Z u Vi, T0 Mo
HUM, MOJIb3YSCh YpaBHEHUEM OMiepa, OnpenessieM TeopeTudeckui Hamop. 1 B
TOM HET HHUKAKOIo NapajgoKca. 3aMEpeHHbIE CKOPOCTH OKa3aJUuCh Obl TEMHU K€
caMbIMHU, €clid Obl KUAKOCTh OblIa uaeanbHON. CKOPOCTH MOTOKA MPHU OJHON U
TOM K€ MPOTOYHOW YacTU M YACTOTE BPALICHUS 3aBUCIT TOJBKO OT OOBEMHOMU
NOJJaYl U HE 3aBUCAT OT TOro, O0JIaaeT XUAKOCTb BA3KOCTBbIO WM HET. YTo
KAcaeTcs TMAPABINYECKUX MOTEPb, 3aBUCAIINX B TOM YUCIIE U OT BA3KOCTH, TO OHU
IIPEOJIOJIEBAIOTCA INPU YCTAHOBUBIIEMCS JBWKECHUM HE 3a CYET CHIKCHUSA
CKOpOCTH, a 32 CUET INOHWKEHUS YIHEPTUU ABJICHUS.

W3 ypaBHeHus (3.8) ¥ IPUBENEHHBIX PACCYXKICHUI BUIHO, YTO TEOPETUUECKUN
HAIlOp HE 3aBUCHUT OT POJA KMJIKOCTH, a 3HAYUT, €€ IUIOTHOCTHU U YZAEJIBHOIO Beca.
Ecnmn pabora Hacoca Ha OJHOM W Jpyrod >XUAKOCTH MPOUCXOAUT B 00JacTu

aBTOMOJIETILHOCTH (CM. mojapaszaen 2.2), To OT pojia KUJIKOCTH He OyJeT 3aBUCETh
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U JCUCTBUTENBHBIA HAIOpP, UM TMOJB3YIOTCS B MPAKTHUYECKOW padboTe, MPOBOIS
UCIIBITaHUS IO CHATHUIO HAIIOPHOM KpHUBOM Ha Bo3ayxe. Hamop n3MepsroT B meTpax
BO3/YIITHO CTOJIOA.

N3 ypaBHeHus Oinepa clenyer, 4To H, 3aBUCUT OT BEJIMYHHBI

nocTasistomer v, Ha Bxoae B PK u ee 3Haka. DTy COCTaBISIONIYIO HPHUHSTO

Ha3bIBATh 3aKPYTKOM MOTOKA. [IpakTHUeCKH 3aKpyTKa CO3aeTCs 34 CUET BHEIIHErO
BO3JIEMCTBHS HA NOTOK, noctynaromuii B PK:  3a cduer ycranoBKkM HanpaBisrommx
pedep Ha BXoJie, BUHTOBOM Hape3KU Ha TpyOONpoBOJI€, TAHTEHIIUAIBHOT'O [I0/IBOA
4acTH KHUJAKOCTU C BbIXOJAa Hacoca Ha ero Bxod. OmpeneneHHas 3akpyTKa
CO3/1aeTCsl 3a CuUeT TpeHMs IOOKM Kojeca M Bpalllalollerocs KOHLA Bajla ¢
oOTekareleM B  OJHOCTYNEHYATBIX HAcocax W  IPOXOJHOTO Baja B
MHOTI'OCTYTIEHYaThIX.

Ecnu v),> 0, To 3akpyTKa nonoxxureiabHas. [IoTok npu BXojie Ha J0MACTH yKe

3aKpy4Y€H B CTOPOHY BpAILIEHUS, U JIOMACTU KaK Obl JJOTOHSIOT €ro. TeopeTuyecKuit
U JICUCTBUTENbHBINA HAIIOP YMEHBILIAIOTCS.

ITpu v/, = 0 nMeeM oceBOM BXOJ OTOKA M YpaBHEHUE Diljiepa NPUHUMAET BUJI:

Hanop B aTOoM cityuae 6ombiiie, yem B nnpeabiayiieM. OObIYHO pacueT u

IMPOCKTUPOBAHUEC HACOCA IIPOU3BOJAT UCXOJ U3 YCIOBHUA OCEBOTO BXO/J4A.

!
Ecim 1< 0, 3aKkpyTka OTpULATENbHAS, T.€. TIPH BXOJIE Ha JIOMACTH MOTOK
3aKpYy4Y€H B CTOPOHY, MPOTUBOIOJIOKHYIO BpaLlIEHUIO, U OH KakK Obl cam HaOeraeT

Ha jonactu. Hamop yBenuuusaercs.

W N\ (U W U=t W, /| |Vm
o ¢;=ar{' oy

Z'"r Zﬁ.’rr

Puc.3.5. Biusnaue 3akpyTku notoka Ha Bxoge PK
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Ha pwuc. 3.5 npencraBieHbl IOTOYHBIE TPEYTrOJIbHUKA CKOPOCTEH JJIA
paccMOTpeHHbIX ciydaeB. CpaBHMM ux. HanmeHbllasg OTHOCHTENbHAs CKOPOCTb
OyAeT mpH MOJOXKUTENIbHON 3aKpyTKe, HauOoJbllas Mpu oTpunarenbHoil. OT
BEJINYMHBI OTHOCUTEIIbHBIX CKOPOCTEW 3aBUCAT NOTEPH IPU BXOJE IMOTOKA Ha
JIONACTH U B CAMOM MEKJIONACTHOM KaHaje. Ciie1oBaTeNbHO, P MOJI0KUTEIBHOM
3aKpyTKe MOKHO oxuaath yBenuueHus KIIJI, a mpu oTpunarenbHOl - HAOOOPOT.
B mpaktuke HacococTpoeHus, Kak yxe ObUIO CKa3aHO, 4Yallle BCEero CTPEeMSTCA
obOecrieunTh OceBOM BxoA. OTpHULIATENbHYIO 3aKpPYTKY HCHOJB3YIOT IS
NOBBILICHHUS HAopa CTYNEHEl HacoCOB C OrPAHUYEHHBIMU PagUaIbHBIMU
pasmepamu. K HUM OTHOCATCS CKBa)XMHHBIE MHOIOCTyIE€HYaThle HE(TAHbIE U
BOJIsSIHBIC HAacoChl. Kak moka3piBaeT ombIT, 0e3 3aMeTHOro cHrokeHus KIIJ[ 3a cuer
OTpULIATENILHON 3aKpyTKU MOKHO YBEJIMUYUTh Hamos Ha 3-8 % /12/. 3akpyTka
CO3JaeTCSl 3a CYET COOTBETCTBYIOIIETO MNPOGUIMPOBAHUS OOpPATHBIX KaHAJIOB

HaIpaBJISIIOLIMX anmnapaToB (cM. puc. 1.8).

5.5. Boipa:keHue Hanopa patouero Kojeca yepe3 HHPKYJISANNI0 CKOPOCTH

TeopeTudeckuit Hanop 1o ypaBHeHUo (3.7) Diisiepa MOKHO MPEICTABUTD B
WHOM BHJI€, BOCTIOJIB30BABIINCH TOHATUEM LIUPKYJISUUU cKopocTh. HanmomHuM,
YTO HUPKYJSIIUS CKOPOCTH MPEACTABISET COO0N KPUBOJIMHEHHBIA HHTETpaJl 1O
3aMKHYTOMY KOHTYPY OT CKaJSIpHOTO ITPOU3BEAECHUS BEKTOPA CKOPOCTH Ha
AJIEMEHT JyTH 3TOr0 KOHTYpA, T.€.

I = {vds. (3.11)

Bo3bMeM BHYTpEeHHUI KOHTYP B HEMIOCPEICTBEHHOM OJIM30CTH OT BXOJ1a Ha
nonactu PK, HapyxHbIil Ha BeIX0/1€ TOTOKA C JionacTtel (puc. 3.6). B
cooTBeTcTBUH C (3.11) BBIpakeHMs ISl HIUPKYJIALUHA CKOPOCTH OyAyT UMETh BH]I

I,=2mw,R, ; I,=2n,R, (3.12)

OTKyJa
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[ToncraBuB 3T BelpaxeHus B (3.7), HOTy4YuM

w
HT_%(FZ_Fl) (313)

HI/IpKYJI}IHI/IH I, OTpaxacT HAJIMYMEC BUXPEBOI0O HCTOYHHKA B IIOCTYIIAIOIEM B

KOJIECO MOTOKE. B KauecTBe Takoro BUXPCUCTOYHHUKA

BBICTYIIAET 3aKpyTKa notoka. Otnuuue I, oT I,

00yCIIOBJICHO T€M, YTO MEX/y HAPY>KHBIM U BHYTPEHHUM

KOHTYPOM TAKKC HaAXOAUTCS BUXPCUCTOUYHHUK. m

SBJSIIOTCS jonacT. O0o3HauuM I°, Kak [, — I, ¥ HA30BEM

e€ uupkynsuuen, coznasaemont PK. [Ipunss
Puc.3.6. K BeipakeHuto
KOJIMYECTBO JIONACTEN Z, , MOYKHO 3aMKUCaTh, YTO HATIOPA Yepe3 LUPKYIIHI0

I, =120, T0e I, -IUpKyJILIus BOKPYT oJiHOM sionactu. Torzaa:

w
H,=—12z1T 3.14
T 27Zg k™ ( )
[IMPKYJIAMOHHOE OOTEKaHHWe JomacTei - 5TO0 oAuH M3  (haKTOPOB,

CHOCO6CTBy}OH_II/IX YMCHBIICHUIO OTHOCHUTCIBbHBIX CKOpOCTeﬁ, Ha BI)IHYKJ]Oﬁ

CTOpPOHE JIONACTH U YBEJIIMYEHUIO Ha BOTHYTOM (cM.puc.3.3).

5.6. OceBoii BUXPb B OTHOCUTEIbLHOM JBHKEHUM

YBENMYEHUIO OTHOCUTEIIBHBIX CKOPOCTEHM HAa BOTHYTOM CTOPOHE JIONACTH U
YMEHBIIEHUIO Ha BBIMYKIOH, KpOME HHUPKYJISLUUOHHOTO IOTOKA, CIIOCOOCTBYET
OCEBOI BHUXPb WJIM, YTO TO K€ CaMOE€, MOTOK BBITECHEHHWS, BO3HUKAIOIIUN IpU
Bpamienun PK ¢ yrmoBoii ckopoctero CO. PaccMOTpUM MEXaHU3M  €ro
BO3HUKHOBEHUS.

Kak 0bu10 moka3ano Beiie (cM. puc. 3.1), CKOpOCTh aOCOFOTHOTO JBHKECHUS
B PK sdBisiercs reoMeTpuyeckoll CyMMOW OTHOCUTEIIBHONM W TMEPEHOCHOU
CKOpPOCTEM:

V=W-+0U.
[Tpumem abCoMOTHOE ABMKEHUE TTOTCHIIMAILHBIM (0€3BUXPEBBIM). J11st 3TOTO

HCO6XO,Z[I/IMO HaJIU4ue:
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- HJeanbHO 00TEeKaeMOoil (POPMBI JOMACTEH MPHU BCEX PEXKUMAaX pabOThI;

663BI/IXpCBOFO IIOTOKa B 6CCHp€II€JIBHOM YAAJICHUHU OT KOJIECa.

OnpenenuM BUXph OTHOCUTEIBHOM CKOPOCTH MPU MPUHATHIX YCIOBUSX:

rotW = rot(V—0) = rotv — rotr (3.15)

Ho IIpHU MOTCHIIMAJIBHOM JIBHUXXCHHU rotv = 0, IMO3TOMY

rotW = —rot( .

N3 r'HAPOMCXaHNKN U3BCCTHO, YTO

rotlr = (—-— OIVX) =20
X dy
rotW =—-2a

(3.16)

(3.17)

(3.18)

910 O3HA4YacT, 4YTO IIpHU 663BI/IXpCBOM a0COJIFOTHOM JABUKCHHHN B OTHO-

CUTCJIIBHOM ABUKCHHUU ITOABIISICTCSA BUXPb, paBHBIﬁ YHBOCHHOﬁ erIOBOﬁ CKOpOCTH

BpAILlCHNs,, HO HAIIPaBJIICHHBIM B IPOTUBOIIOJIOXHYK CTOpOoHY. [losicHum

MOJIYYCHHBIA TEOPETUYECKUU BBIBOJ HA mpuMepe. Bo3bMeM Kpyriiblid 3aKpbIThIN

COCYJl U pacCMOTPHUM €ro ABUKEHHE MO KPyroBoil Tpaektopuu (puc. 3.7).

KunkocTs B cocy/ie CUUTaeM UAeaIbHOM.
Tornga aOCoONMIOTHOE JBMXKEHHE JKHUJIKOCTU
BCJICJICTBUE MHEPLMHU U OTCYTCTBHUSI TPEHHUS O
CTEHKM OylneT HOCUTh MOCTyHaTeIbHBIN
XapakTep, T.e. TMNpU TIOBOPOTE  cocCyla
nojoxkenre crpenkd N win  moruiaBka
coxpanutcsa. Touka xe A , CBsA3aHHas ¢
COCYJIOM, MPUMET MO OTHOUIEHUIO K CTPEJIKE

N gpyroe monoxenue. Habmogatento,

A

Z, L
\
A. D L\
\

QJ'J—/S\V
.

A

HaxXoJsAIEMyCsl B TOYKE A BHYTPH COCY/[a,

OyZeT TPenCTaBIATHCS, YTO IKHUIAKOCTH

Puc. 3.7. Mexanuszm
BO3HUKHOBEHHS OCEBOT'O BUXPS

CMECTHJIACh B OTHOCHTCIBHOM JBHWXXCHHH OT TOYKH A B CTOpPOHY CTpPCJIKU N )

Takum o6pa30M, a0COJIFOTHOE 663BI/IXpCBOC ABHIKCHHUE OKAa3bIBACTCA BUXPCBBLIM

(BpamaTebHbIM) B OTHOCUTEILHOM JIBUKEHUH.
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B wmexnonactHbix kaHamax PK momyduM B OTHOCHTENBRHOM JIBUKECHUU
BpallleHHUE KUJIKOCTH B CTOPOHY, TPOTUBOMOJIOKHYIO BpatmieHuto PK (puc.3.8)

[IpuHIMNIManbHO MOTOK XUAKOCTH B PK MOXHO mpencraButh B BUIE Tpex
cocraBpisironux. IlepBasg COCTaBIISItOAsS-3TO TMOTOK NPOTEKAHUS, OMPEACIAEMbIN
pacxooM uepe3 KoJsieco npu =0, BTopas HUPKYJIALUOHHBIA MOTOK I';, TpeThs-
0CeBOM BUXpb. Ha BOrHYTOM CTOpOHE JOMACTH CKOPOCTH MOTOKOB MPOTEKAaHWS,
IUPKYJSIHIUOHHOTO TMOTOKAa M OCEBOTO BUXPS MPOTHUBOMOJIOPKHBI HAIPABIICHUIO
CKOPOCTH MOTOKA MPOTEKAHUSI U OTHOCHUTENIbHASI CKOPOCTh YMEHbINAeTCs. B urore
MOJIyWIETCS TaKOE€ PACHPENCICHHE OTHOCUTEIBHBIX CKOPOCTEM MO BBIITYKIOW U
BOTHYTOM CTOpPOHAM JIONACTEH, KOTOpOe oOecIeurnBaeT nepenaj JaBJIeHUs Ha HUX
Y TIepeiavdy SHEPTUH OT KOJIECA K XKHUJIKOCTH.

N3 ckazaHHOTO BBIIIE CIEAYET TaKXKe,
YTO €CJIM Ha BBIMYKJIOM CTOPOHE JIOMACTH
CKOPOCTh IHUPKYJSIUOHHOTO OOTEKaHUS U
OCEBOr0 BHUXPSI B CyMM€ IPEBBICAT CKOPOCTh
MIOTOKA MPOTEKAaHUS, MPOU30UJIET OTPBIB MO-

TOKa OT IOBCPXHOCTH JIOIIACTH, YBCIMYATCA

T'UpaBiINuecKue morepu. BeposTHOCTH 3TOrO
Puc.3.8 OceBoii BUXpb B

BO3pacCTacT ¢ YMCHBIICHUCM I1IOAa4YH HACOCA.
MCXKJIOIIACTHOM KaHaJIC
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Jlekuus 7.

5.7 DeMeHTapHasA CTPYHHAs TEOPHUA M cXeMa 0eCKOHEYHOr0 YHMCJIa
Jonacreu

Pacuer 1leHTpOOEKHBIX HACOCOB J0 HACTOSILIEr0 BPEMEHU MPOU3BOJUTCS Ha
OCHOBaHUU 3JIEMEHTapHOU CTpyHHOI Teopuu, co3nannoit JI.Ownepom (1707-1783
rr.). Teuenne B PK mpuOmmikeHHO paccMarpuBaeTcs Kak cTpyihHoe. Ilpu stom
UCIIOJIB3YETCsl cXemMa OECKOHEYHOro 4Yucia Jionacted, corjacHo kotopod PK
NPEJCTaBISIETCSl COCTOSIIIMM U3 OECKOHEYHOTO unciaa OECKOHEYHO TOHKHX
jgomacteir. I[loTok B oOinacTd Kojeca TMpPU JAaHHOM CXEME€ CTaHOBUTCSA
OCECUMMETPHUYHBIM C OJIMHAKOBBIMH OTHOCUTEIBHBIMH CKOPOCTSIMHU 10 CEYEHUSIM
B MEXJONAcTHbIX KaHanax. HampaBneHne TeyeHus CTpyW ONpenensieTcs
HaIlpaBJICHUEM JionacTer. Takas cxema HE COOTBETCTBYET IEMCTBUTEIBHOCTH, HO
OHa MO3BOJISIET CO3/aTh 3JIEMEHTAPHOE MPEJICTABICHUE O KMHEMAaTHKE MOTOKAa B
obnactu PK 1 1octaTouyHO MpoCTO pacyeTHBIM ITyTEM ONPEAECIUTh HAOP KOJIeca.

VYpaBHenue Ditepa s TypOOMAIIUH OCTA€TCs CIIPABEATIUBBIM U JIJIsI CXEMBbI
¢ OECKOHEYHBIM YHUCIIOM JiomacTed (WITpUXH HeoOs3aTeNbHBI, TaK KakK JIOMAcTU

! !

OECKOHEYHO TOHKUE U V,, =V/,, V,, =V,

—u,Vv
g

U200

AY

H,. i (3.19)

Ecnu u3BectHbl reoMerpudeckue pazmepsl PK, yribl ycTaHOBKY J0macTei,

10/1aya u yriaoBasi CKOpOCTb, TO H,, Jierko onpenensiercs no gopmyie (3.19). s
MPUBEJICHUS] B COOTBETCTBUE PACUETHOTO 3HAUYEHUSI H,, C IEMCTBUTEIbHBIM

TCOPCTUICCKUM 3HAYCHHUCM HAllopa Ht BBOIAT ITOIIPABKY Ha KOHCYHOC YUCIIO

JIOMACTEeN | , TOrJa

Hy = pHq, (3.20)
[TonmpaBka Ha KOHEYHOE YMCIIO JIOTACTEH MOXKET UMETh APYTroid Bu /2/:
H
HT — Too
1+P (3.21)

62



OueBUAHO, YTO K = ﬁ OO6bruHO 1 =0.8...0.65, mompaBka P=0,5....0,25.
+

Jlist onipesiesieHns MONpaBKU CYIIECTBYET MHOXKECTBO (hOpMYJ, OCHOBHBIE U3
HUX PaCCMOTPEHBI HUXKE.

[loguepkHeM, 4TO pa3nu4ue B BEJIMYUHE H, U H,, HUKaK HE CBSA3AHO C
NOTEPSIMH, a 00YCJIOBJICHO, KaK 3TO BUTHO U3 U3JI0KEHHOT'O BhIIIIE,
UCKIIFOUUTEIFHO TEM, YTO pacyeTHasi cxemMa 0ECKOHEUHOT 0 YKClia JIOMacTel He
COOTBETCTBYET PEAIBHOM CXEME C KOHEUHBIM YUCJIOM JIONIACTEN ONPEAEICHHOM

TOJIIIHUHBI.

5.8 Koa¢guiueHT cTeCHEHUS MOTOKA JIONACTAMM

[Ipu pacuere COCTaBIAIONIMX CKOPOCTEH MO peajbHOM cxemMe HeoOXOAMMO
YUYUTHIBATh CTECHEHUE IOTOKA JIOMACTSIMHU, IMOCKOJBKY OHU HMEIOT TOJIIIUHY.
KoadduumeHT crecHeHusi XapakTepu3yeTcsi OTHOIIEHHMEM BCEM IUIonaau Ha
JAHHOM paanyce K "ducToi" miomanu, T.e. He 3aHIATON JomacTsMu. O003HAYNM
TaHHBIA KO3 uIMeHT yepe3 K 1 onpenenuM ero Ha paauyce I, ToJb3ysSch PHC.

3.9.

K= 2™ (3.22)
2mrb—z,bS,

rae b - mmpuna PK B MepuananHOM cedeHHMH Ha paguyce I;

Z, - YMCJIIO JIOIACTEM;
S, - TOJILIMHA JIONACTH B IUIIMHAPUYIECKOM CEUCHUM, T.€. M3MEPEHHAS 110 JyTe

paauyca .

U3 tpeyronsauka ABC , mpeneOperasi KpUBU3HOM JIBYX €T0 CTOPOH, BBIPa3uM

S, 4epe3 HOPMAJIbHYIO TONMIMHY O ¥ yroJl YCTAHOBKH JIONACTH f3:

o

s =2 .
“ sing
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Puc. 3.9 K Brruncnenuto koddurpieHTa crecHeHus moToka jJomactsimu B PK

[ToncraBuB 3TO BeIpakeHUE B (3.22), mOIydnM:

1
K = 75 (3.23)

_27zrsin,8

COOTBETCTBEHHO IJI BX04a U BBIXOJA.

1 1
Kl — ~ Zk51 y K2 — ]-_T y (3.24)
27, sin B, 27, sin S,

Uucnennoe 3nauenne K1 nexur B mpegenax 1,1...1,5, K2=1,05...1,2. Uem

mensbiie pasmepbl PK, Tem, kak mpaBuio, Oosbiie KO3((UIHMEHT CTECHEHUS.

Bepxuue npenensl otHOcATCs K PK ¢ Hapy»XHBIM 1HMaMeTpOM D.< 100 mm. IIpu
pacyeTe M MPOEKTUPOBAHUM KOJIECA IKENATEIIbHO CTPEMHUTHCS K IOJIYYCHHIO
HAaUMEHBIINX 3HAueHUN Kod(p(duiMeHTa CTEeCHEHHUs, OJHAKO 3TO HE Bcerja
ynaercs. KonuuecTBo jonactei zk , yribl UX YCTAHOBKU JOJKHBI ObITH BIIOJHE
OmpeNeieHHbIMM, @  HauMEHbIIas  TOJIIMHA  JIOMAcTe  OorpaHuYeHa
TEXHOJOTHUYECKUMU COOOpakeHUsIMU. J[1Is1 CpeqHUX M KPYMHBIX HAcocoB ¢ D,>
200 mm K1=1,1... 1,15, K2=1,03...1,1.

3aMeTuM, 4TO B HEKOTOpPHIX HcTOYHWKax /13,14/ BMecTOo K03(h(dUIIMEHTOB

crecHenus K ucnomnp3yeTcst oOpaTHasi BeIMUMHA.
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5.9 Bxoja noroka B pabouee Koj1eco

KapTtuna teyenus npu Bxoje notoka B PK mpu KoHEYHOM M GECKOHEUHOM
YHClie JIONMacTel OcCTaeTcs MPaKTUYECKH OJMHAKOBOW /2/,IOATOMY HHKAKUX
IIONPABOK HE JIETIACTC.

ITpu Bxoxe noroka B PK HeoOxoaumo paccmaTpuBaTh J1Ba COCTOSIHUA: 10 U
10CJIE MOCTYIUIEHUSI MOTOKA Ha JjionacTh. CKOpOCTH MOTOKA A0 MOCTYIUIEHUS Ha
JIOTIACTH OIIPEAEIISIFOTCS YCTPOUCTBOM IMOJABOJSALIETO TPAKTa M TOPJIIOBUHBI KOJIECA.
[Tocne mocTyruieHuss MMOTOKAa Ha JIOMACTH HaIpaBleHHE ero (Gopmupyercs
JONACTSMM, a BEJIMYMHA CKOPOCTH M3MEHSAETCS U3-3a CTECHEHUs IIOTOKa
aonactaMu. CKOPOCTH 4acTUIl HA TOBEPXHOCTU CaMUX JIONIACTEH HAIPABIJICHBI 110
KacaTenbHbIM K HuUM. [lepexon oT ckopocTer A0 JIONacTed K CKOPOCTSAM IOCIHE
IIOCTYILJICHUSI TOTOKAa Ha HUX IMPOMCXOAUT IIOCTEIIEHHO B IpeAenax HEKOTOpPOU
oOnactu. OHAKO YCIOBHO IPUHUMAETCS, YTO TAKOW MEPEXO] COBEPILAETCS Ha OJ1-
HOM U TOM K€ MOBEPXHOCTH, COOTBETCTBYIOLIEH BXOIHBIM KPOMKAM JIOIIACTEMN, T.€.
CKOPOCTb U3MEHSETCS CKaYKOM.

BxonHble KpoMKH JIOMAcTeil 4acTO pacrosaraloTcss B 00JacTH MOBOPOTa
IIOTOKa M3 OCEBOI0 HAampaBJICHWs B paauanpHoe. I[loaToMy HOpManbHOE K
HAIPAaBJICHUIO MIOTOKA CEYEHHUE MPEJICTABISIET COO0M MOBEPXHOCTh BPAILLEHUS (CM.
puc. 3.9). [IpubnmxeHHO ero 3aMeHSIOT OOKOBOW MOBEPXHOCTHIO YCEUEHHOTO
KOHyca ¢ oOpasyromeit b,. . Benuuuna b, sBasercs mmpunoir PK Ha Bxonme u
paBHa AMAMETPY BIIMCAHHOW OKPYKHOCTH MEXKJIYy BHYTPEHHUMH IOBEPXHOCTSIMH
OCHOBHOTI'O M MOKPBIBAIOIIETO JUCKOB. L[EHTp 3TOM OKPYKHOCTH pacroJiaracrcs Ha

JINHHNUA BXO,Z[HOﬁ KpPOMKH.

Ha puc. 3.10 npexacraBicHbI 4 Yst c
TPEYTOJLHUKH CKOPOCTEH IPH OCEBOM 0
W,
BXOJI€ IIOTOKa B KOJeco, Korma V), =0.
b ul Aﬁ “’: zj; "U’ - y ?f
. B m= Y |Cmy
COCTOSHUIO ~ IIOTOKa 10  JIOIACTel A’ % Vo
[
cootBercTByeT  TpeyrosbHuk — AOB, Yue |E
Yy
Ha3bIBAEMBIA JKUAKOCTHBIM MJIM IOTOY-

Puc. 3.10. TpeyronbHUKH CKOpOCTEN
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HBIM. MepuauaHnHas COCTaBJISIONMas a0COMIOTHOW CKOPOCTH V/, OJIMHAKOBA C

aOCOJIIOTHOM CKOPOCTBIO V;

Vi = 2 (3.25)
27R b
Kak yciioBUnuCh BbILIE, CUMTAEM, YTO NEPE] MOCTYIUIEHHEM >KUJKOCTH Ha
JONAacTd OHA YK€ HMEET NEPEHOCHYI0 CKOpOCTbU,. Torjga OTHOCUTENbHAs
CKOPOCTb W,,  OIpENEeseTCs] KaKk FeOMEeTpUUYEecKas pa3HOCTb MEXAy V; U U, a
yTOJl f3] JAeT HaIPaBJICHUE ITOU CKOPOCTH.
[Ipy nocTymieHHMM Ha JIOMACTH CKOPOCTh IOTOKA YBEJIMYMBAETCS H3-32
CTECHEHHUSI €0 JIONACTIMU:

v =k (3.26)

ml

TpeyronbHuk ACH COOTBETCTBYET COCTOSIHUIO IIOTOKA, KOTJa OH YXKe
MOCTYNUJ HA JIOMACTH U MpeTepIes CTECHEHUE JIOMACTSIMU, HO €Ie HE MPUHSIT UX
HampaBjieHusi. OJTOT TPEYTrOJAbHUK HA3bIBAETCS TPEYrOJbHUKOM Oe3yJapHOro

BX0JIa, yron f,,, - yroa 6esynapHoro Bxoaa. M3 tp-k ACB cienyeT, 4To

V
W, = —m 21
o 321

Yron 663y,[[apHOFO BXOJa onpcAcCIsI€TCA U3 COOTHOIICHUSA

1B, = (3.28)

1

CocTosiHMIO, KOTJla MOTOK YK€ TMPUHSUT HaMpaBlIEHHE JIOMacTed, COOoT-
BETCTBYET TpeyroyibHUK AJIb, Ha3pIBaeMbIil JIOMTACTHBIM. YTOI AR MEX1y yriom

YCTAHOBKM JIONACTEM S, W HANpPaBICHUEM OTHOCUTEIBHOM CKOpocTH W,
Ha3bIBACTCA YIJIOM aTaKH,
AB= 5, - By (329)
Jlst 6e3ymapHOro BXoga AB=0 U S, = f,-

Ecmu g, > B,, TO Yroyl aTakyd IIOJIOKWUTENBbHBIW, NpU S, < B, ITOT Yroi

OTpHHaTeHBHBIﬁ. 3HaKk yrja artaku Jid JOIIACTH HacCcOoCa IMPOTHUBOIIOJIOKCH 3HAKY

A U30JIMPOBAHHOI'O KPBIJIOBOI'O HpO(I)I/IJIH. Hal'[OMHI/IM, YTO YI'oJI aTaKh CHHUTACTCs
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IIOJIOKATENIBHBIM, €CJIIM CKOPOCTh IOTOKAa HAaIlpaBlIeHA B CTOPOHY JEHUCTBUSA

BEKTOpA MObEMHOM cuiibl R (puc.3.11).

LA

Puc. 3.11. K nosicHeHHI0O BO3HUKHOBEHHUS COCTABJISIONIECH y1apa NpU HATUYUU
yria aTaku

ITonpemHass cuia Ha JomacTAX Hacoca MpensaTcTByeT BpaiueHuto PK.
[TosTomy yronm araku OyIeT MOJOXKHUTEIbHBIM, €CJIU MOTOK B OTHOCHUTEIHLHOM
JBW)KEHUU TOJXOAUT CO CTOPOHBI CIMHKM HpO(uUis JomacTd, U, Hao0OpoT,
OTpULATENIbHBIM, €CJIH TOTOK IOAXOUT C BOTHYTON CTOPOHBI.

[Tpu pacuete uentpobexusix PK yron ataku AP 00bIYHO IPUHUMAIOT PaBHBIM
3-8° , B HEKOTOPBIX chydasx a0 15°. OrpunarenbHbie YIibl aTakd, Kak MpaBuilo,
HE NpUMEHSI0TCA. JlaHHbIE PEKOMEHJAMU OCHOBAHBI HA XapaKTepe 3aBHCHUMOCTH
K03 uUIMEeHTa CONPOTUBICHNUS M30JMPOBAHHOTO KpbuUtoBoro mpoduns C, ot
yria aTaku ¥ HNOATBEPKICHBI MIPAKTUKON HAacOCOCTpoeHHUs (cM. Kypce "MexaHuka
JKUJIKOCTH U rasza").

Hanuuue yrna ataku OpuUBOJUT K MOSIBICHHUIO COCTAaBISIOLIECH yaapa Vv,

YHUCJIICHHO PaBHOM OKPYKHOM coctaBisitonieit v, (cm.puc.3.10). moguepkHeM, 4yTo

ATa COCTABJIAIONIAS HE MPUBOJUT K YMEHBIIEHUIO WK yBennueHuto Harnopa PK u
UMEET COBCEM JIPYTYIO MPUPOY, YEM 3aKpyTKa moToka. OOpaTUMCs CHOBA K PHUC.
3.11, rme mnpencraBieH ciiy4all C MOJOXKHUTEJIbHBIM YIJIOM aTaku (a) U ¢
oTpuniatenabubiM  (0). HampapieHnue mnoaxoaa >KUJIKOCTH K JIOMACTSIM B

OTHOCHUTEJILHOM JIBKEHUH B 00OUX CITydasix onpeessiercs BeKTopamu W, .

HanpaBneHHe, KOTOPOC NOJIKHA IMPUHATH KUJAKOCTH ITOCJIC IOCTYIUICHHUA Ha
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JIOTIACTH, XapaKTepu3yeTcss BeKTopamMu W, , TapaJuIeIbHBIME XOp/Ie Ha HaYaJIbHOM
yyacTke Jiomactd. Kak BUAHO W3 pUCYHKa, i1 pa3Bopora Bekropa W,, [0
HampaBJICHUs BeKTOpa W, B IIEPBOM CiIydae HEOOXOIMMO MPHIIOKUTH BEKTOP V,, ,

HaIpaBJIEHHBIM B CTOPOHY BpAILIEHUSI, BO BTOPOM CJIy4ae - B MPOTHUBOMOJIOXKHYIO.

Takum 06pa30M, INOABJICHHUE V=V, CBJA3aHO C BO3MYIIAIOIIUM BOBHCﬁCTBHCM

JJomacTed Ha II0TOK BCJICACTBUC HCCOBIIAJACHHUA HAIIPABJICHHA IIOTOKa B

OTHOCHUTEIBHOM JBHKEHHUH U YIJla YCTAHOBKH JIONIACTEN f3; .

IPaccMoTpuM BHavaze BbixoJ notoka u3 PK npu koHeuHOM yuciie JomnacTen.
Kak u B mpenplaymeM ciydae, pa3iandaroT JBa COCTOSIHMS IOTOKA - B KOJECE H
IIOCJIE KOJIeCa, HO OTHOCAT 3TH COCTOSIHUSA K OJHOM M TOW K€ IOBEPXHOCTH,
CoJIeprKalleil BBIXOJHBIE KPOMKH JIONACTEN. DTO YCIOBHE MO3BOJISIET NIPEHEOPEUb
CUJIaMU TPEHUs, KOTOpbIE OyIyT AEMCTBOBATh HAa MOTOK IIPU MEPEXO0]E U3 OJHOIO
COCTOSIHUSA B APYroe, W CUUTATh, YTO JBUKEHHE IIPOUCXOIUT IO HWHEPLHMU C

!

COXpPAHEHUEM OKPYKHOM COCTaBJIsIOEd a0COMIOTHOM CKOPOCTH, T.€. V,, =V.,.
MepuaunanHas ke cocrtaBisomnias v,,npu Bbixoge u3 PK mpereprneBaeT paspbis
HEMPEPHIBHOCTU H3-3a TOTO, YTO IIEPECTaeT JEHCTBOBAThH CTECHEHUE IOTOKa

JIOMACTAMHU, V,, <V,,.

TpeyroJbHUKN CKOPOCTEN I TAaHHOTO CiIy4asi IpeAcTaBlIeHbl Ha puc. 3.12:
TpeyroiabHuK AJIC ¢ yueTom cTecHeHus: moToka, TpeyronbHuk ABC 6e3 ydera
cTecHeHus MoToka. COOTBETCTBEHHO MEPBBIi U3 HUX OYJET JONacTHBIM, BTOPOH
KUJKOCTHBIM, UJIM TIOTOYHBIM. Y MECTHO €IlI€ Pa3 MOJYEPKHYTh, YTO BCE
COCTABJISIIOIIME CKOPOCTEH B ATUX TPEYTOJIBHUKAX COOTBETCTBYIOT
JICVUCTBUTEIBHOM, & HE PACYUETHOU CXEME.

Ha Beixone u3 PK 6e3 yuera ctecHeHus MepuanaHHasi CKOPOCTh

ro_ Qk
Voo = 2mh, (3.30)

C y4eToM cTeCHEHHS MEpUIHaHHAs CKOPOCTh
Vo, =KV, (3.31)

Yron BBIXOJa IIOTOKA U3 KOJIECA OIPCACTIACTCI U3 COOTHOICHMUA.
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sin 3, = X_ (3.32)

u2

3aMeTuM MOIMYTHO, YTO «}3aBUCHUT OT Kod(duiimeHTa ObICTPOXOJHOCTH Ny,

YBEJIMYHBASICh C €0 POCTOM, U JIEXKUT B Iipenenax ot 2-3 1o 25-30°. 3naueHue

COCTaBJIHIOHICﬁ V;z MOKHO OIIPCACIUTDb AJIA YCJIOBI/Iﬁ OCCBOI'0 BXOAa IIOTOKa U3

ypaBHenus (3.10):

v, =9 (3.33)

Ha Beixoje u3 PK 6e3 yuera ctecHeHUs1 aOCOIIOTHASI CKOPOCTh

Vo = (V)" + (V,)° (3.34)

IleperineM Ternepp K pacCMOTPEHUEO K b
i
TPEYTOJbHUKA CKOPOCTEN Ha BBIXOJAE MpH § W, oo * U
OECKOHEYHOM  4YHCJIE  JoHmacTtel | ’ £ 7
CPaBHEHHUIO €ro C TPEYTrOJbHUKOM IIpH 2 U{ I
uz
KOHEUYHOM uwucie jomnacted (puc. 3.13). A V20

IIpy OGECKOHEYHOM 4YHCIE JIOMACTEH Lz

HaIlpaBJI€HUE OTHOCHUTEIBHON CKOPOCTH
W,, ONpenensieTcss KacaTeabHOM  BBIXOJHOMY 3JEMEHTY JIOMacTH M BCE
COCTAaBJISIIOLIUE CKOPOCTE MOTYT ObITh paccuuTanbl 10 A4AKC. DTOT TpEyroJbHUK
OJIHOBPEMEHHO SIBIIIETCS JIOMACTHBIM U )KUAKOCTHBIM. B peanbHbIX yCIOBUSX MpPU
KOHEYHOM YHCJIE JIONACTEN OTHOCUTEbHASL CKOPOCTh W, HE CJIEAyEeT HApPaBICHUIO
JOTIACTH, a OTKJIOHSETCS OT HEe B CTOPOHY, IPOTHUBOIOJIOXKHYIO BpPALLEHUIO
(AA5C).

B pesynprare  OKpyKHas ~ COCTaBiIsAOmas  aOCOJMIOTHOW  CKOPOCTH

V/,CTAaHOBHUTCSI MEHbIIE TOM K€ COCTaBISIOMIEH V,, pPACCUUTAHHOW  JJIst

OeckoHeuyHoro umcia jornacte. COOTBETCTBEHHO YMCHBIIACTCA TCOpCTI/I‘IGCKI/Iﬁ

Hanop H7y mo cpaBHeHHIO ¢ HJ . OT0 o3Hawaer, uro PK mepemaer xmakocTu
Too

DHEPTrUM MEHBIE, YeM OHO MOTJI0 OBl TEpeaaTh MPU PaACYETHO-TEOPETHUECKOU

cxeme 0ECKOHEYHOT'0 YHCIIa JOIacTeH.
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5.10 IonpaBka HA KOHEYHOE YMCJIO JIomacTei

HonpaBKy Ha KOHEUHOE 4YMCJIO JOIacTeu ONpCACIIOT JIsI paCdCTHOI O

pexuMa U JJis YCIOBHI OCEBOTO BXOJa MOTOKa B koJjieco mpu V), =0. Egunoit

dbopMynbl ans ee HaxoxaeHHs HeT. Mmeercs Gonee IByX AECATKOB (OpMYI,
OCHOBaHHBIX Ha PA3JIMYHBIX THUIIOTE3aX M ympolneHusx. Kazamock Obl, mompaBka
MOJKET OBITh pacCYUTaHa Ha OCHOBE TEOPUU HJICATBHOM >KUAKOCTHU, MOCKOJBKY
CPaBHHMBAIOTCS TEOPETUYECKHE HAMOPHl M BS3KOCTh HE JOJDKHA YUYUTHIBATHCAL.
OnHako BSI3KOCTh NPUBOJUT K JOMOJHUTEIBHBIM HAPYUICHUSIM KUHEMATHKU
MOTOKA.

B peanbHOI )xuaKOCTH TpU 00TeKaHUH MPOGUIsl 00pa3yeTcs MOrpaHuIHBIN
cnoi. bmaromaps muddy3opHOCTH TEYeHHS OH HWMEET CBOWMCTBa Ha0yXarth,
OTPBIBAThCSI OT TIOBEPXHOCTU JIOMIACTH W MEHATh KApTUHY OOTEKaHHs TIO
CPaBHCHHMIO C UJICATbHON JKUAKOCThIO. PeanmpHas KapTuHa OOTEeKaHUA B
3HAYUTENbHON Mepe 3aBUCUT OT OCOOEHHOCTEH (opmbl mpoTouHoil yactu PK,
000011eHHO XapakTepuzyeMon koddduimenToM ObicTpoxoaHocTu. [loaroMy npu
pacuere TOMPaBKU HAa KOHEYHOE YUCIIO JIOMACTEH YYUTHIBACTCS MPAKTHUECKHI
ombIT. B cooTBeTCTBUM C HHM JUIsi OJHOTO THIA MPOTOYHON YaCTH IydIlIHe
pe3yNbTaThl NA0T OJHU (OPMYIIBI, JJIsl IPYTOro TUMA - Apyrue. Y HUBEpPCAIbHOM
¢dbopMy1bl HET U ObITh He MOkeT. OcTaHOBUMCSI Ha HanboJiee pacpoOCTPAHEHHBIX

q)OpMYJIaX, HCIIOJBb3YCMBIX IIPHU pACUCTEC JIOITIACTHBIX HACOCOB.

5.10.1. Honpaska Il¢ueiinepepa

(DOPMYJ'Ia nmojriyu€Ha Ha OCHOBAHHWH THUIIOTE3bl O IIOCTOAHCTBE IICpCIiaaa
JAaBJICHUA (Harpy3KI/I) Ha CAWHHUIY OJIMHBI CpCI[HefI JUHHMHKW JIOIIaCTH B

MCPHUANAHHOM CCUCHHMHU U HCKOTOPLIX APYIUX ,HOHYIHGHHﬁi

_v R
P= 5 (3.35)

T€ y - SMIUPUYECKHUI KO DULIUEHT;

70



S,, - CTaTUYECKUIA MOMEHT CPETHEH JIMHUY JIOTIACTH B MEPUIUAHHOM CEUCHUM.
[Tpu ko3¢ dunrentax 6picTpoxoaHOCTH g <150
w = (0.55...0.65) +0.65in 3, (3.36)

YucneHHple 3HaYCHUS B CKOOKaX 3aBHUCAT OT MEPOxX0OBaTOCTU HOBerHOCTCﬁ PK.
YeM MEHbIIIE mepoxoBaTOCTh, TCM MCHBIIC YHUCJIICHHOC 3HAUYCHUC.

Ecnmu ng> 150, pexomenayetcst onpeaeisitb kodhpuuuent y mno Gopmyre

3ubpexrta /2/

v =17 +13,3(\1Lf3)2)sin B, (3.37)

2 g 2
ITo hopmyine (3.36) w <1,mo (3.37) w> 1.

CraTtnueckuii MOMEHT:
R2
S, = [rdl3, (3.38)
R1

rae I - TeKyuui paauyc;

dl - omement JJIINHBI CpC,ZIHGfI JIMHWH JIOIIACTH B MCPUAMAHHOM CCUCHHU.

[Tpu GonpINX ng, KOTJa BXOAHASI KPOMKA 3aBOJUTCS B oceByI0 yacTh PK u

CpCaHsAa JIMHUA OKa3bIBACTCs HBOFHYTOﬁ, CTaTUYECKUN MOMEHT HaxoaAaAT METOA0M

yuciaeHHoro uarerpupoBanus. s PK ¢ ng <70...80 n3ornyrocteio cpeaHein

JMHUHA MOKHO TpeHeOpeus, npuaumas dl=dr, toraa

2 2
S, :% (3.39)

N3 popmyet (3.35) cnemyeT, 4TO YeM OOJIBIIE YUCIIO JIOTIACTEH z,, TEM
MEHBIIIE MONpaBka, TeM Oonbiie H,. OnHaKko yBenIudeHHe z, HeOOs3aTeNIbHO

IIPUBEZIET K YBEIMYECHUIO IEUCTBUTEILHOrO Hanopa H, Tak kak ¢ pocTom uncia
JIOTIACTEN YBEIMYMBAETCS CTECHEHUE TIOTOKA JIOMIACTAMH, BO3PACTYT

OTHOCHUTCIIBHBIC CKOPOCTH, 4, CJICAOBATCIILHO, X IIOTCPHU.
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5.10.2. lonpaBka CropoJbi-Maiizens /13,15/

OTta IorpaBKa UCXOJUT U3 MPCAIOIOKECHHUA, YTO YMCHBIICHUC Opr}I(HOﬁ

COCTaBIISOLIEH V,, TIO CPAaBHEHHIO C V,, O0YCIOBJIEHO B OCHOBHOM BIIUSTHUEM

OCEBOI'0 BUXPS

=1 (3.40)
Z, 1_ULZCtgﬁ2)

2

5.10.3 Ilonpaska C.C. PygneBa

JlanHasi monpaBka 0a3upyeTcsl Ha TEOPUH IIOCKOM BpallarolIeiicsl pemeTKH.
Meroa omnpeneneHusi €€ OTIMYAETCS CTPOrocThio monaxona. OmHAKO TOYHbBIE
pEIIeHUs] MMEIOTCS TOJBKO JJIS YAaCTHBIX CIIydaeB, HampuMep, IS JIOTacTei,
OYEpPUYEHHBIX IO JOTapu(PMHUUECKON CUpaId, T.€. C IOCTOSHHBIM yriioM 3. Pacuer
MOTpaBKA TpeOyeT MoJb30BaHUs TpadhukaMu M TAOTUYHBIMH 3aBUCHMOCTSIMHU.
Heob6xonumbie cBefieHUs MpUBEACHBI B padoTax /13, 16/.

s PK sHepreTuyeckux HaCOCOB € YMCIIOM Jionacteit 5-8 u yriamu 3 = 20 ...

30° mpu ng 1o 100-120 xopoiryio TOYHOCTH pacyeTa obecrneuuBaeT Gopmyia,

MOJTy4YE€HHasi Ha OCHOBE CTATUCTUUYECKON 00pabOTKU 3KCIIEPUMEHTAIBHBIX TaHHBIX

1171

1,84

o n, - 2041 Alns IZW)
° 1,695,

(3.41)

[Ipeanourenue To WM UHOW (opMylie MOXKET OBITh OTJAHO TOJBKO Ha
OCHOBAaHHMHM CpPABHEHHUSI PACUETHOTO U JEUCTBUTEIBLHOIO 3HAYEHHUS IMOIPABOK,

IMMOJYYCHHEBIX M3 OIbITA JJIA JAHHOT'O W OJIM3KOTO THIIA HpOTO‘IHOﬁ qacTH.
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Jlekumsi 12
6. KABUTALIUSA B JIOITACTHBIX HACOCAX. KABUTAIIMOHHAS

IPO3UA

KaBuranueil Ha3pIBacTCsd HapyLIEHHWE CIUIOIIHOCTH KalleJbHOW JKHUJIKOCTH B
pe3yapTare 00pa3oBaHUs B HEW MApOBbIX U Ta30BbIX MoJIocTel. TeopeTudyecku
KaBUTaIuUs ObUTa MpeICcKa3aHa U3BECTHBIM aHTIIMCKuM gusnkom O.PeliHonbacoM
B 1873 rony. BriepBble MpakTUYECKU CTOJIKHYJIHMCh C 3TUM SIBIICHUEM JIUIIb YEpe3
JBa JECATUJIETUS NPU MCHBITAHUSIX OBICTPOXOAHBIX BOEHHO-MOPCKHX CYJIOB.
KaButanuu  mnojaBepxeHbl  IpeOHbIEe  BUHTBI,  HACOChl,  THJIPOTYpPOUHBI,
TpyOONIPOBOJABl W 3aloOpHas apMmaTypa, OJJEMEHTbl KOHCTPYKIHH CYyIOB H
TUJIPOTEXHUYECKUX COOPYKEHUW W APYTrHe YCTpOMCTBA. BpemHoe BO3mencTBHe
KaBUTALIMM B TUJPABIMYECKUX MAIMHAX MPOSBIISIETCS B OCHOBHOM B BHUJE ABYX
(GaKkTOpOB: CHIKEHUHU MapaMETPOB BIUIOTH JI0 MOJIHOTO CpbiBa pabOThl MAIIMHBI U
pa3pyllEHUH T[OBEPXHOCTEW NPOTOYHOM YACTH - KaBUTAUMOHHOM 3PO3UH.
HecMmoTtpst Ha oOmupHBIE UCClIEOBaHMs, MpoOIeMa KaBUTAIMU 10 CUX TOp HE
HaIllJIa BIIOJIHE YJOBJIETBOPUTEIBHOIO PELICHMs KaK IIPU BBIICHEHWH MEXaHHW3Ma

ATOTO SIBJICHUS, TaK U MPU BhIPAOOTKE paANKaIbHBIX Mep MO0 60opb0e ¢ HUM.

6.1 Onpenesienne u 001ME MOJTOKEHMSI

KaBurarnusi HaunmHaeTcss B TE€X TOYKAX IMOTOKA, T/I€ aOCOJIOTHOE /IaBJICHHE
CHUKAETCS 10 HEKOTOPOTO KPUTUYECKOTO 3HAYEHUS, 332 KOTOPOE B MPAKTUYECKHUX
pacyeTax OOBIYHO MPUHUMAIOT JABJIEHHWE HACBIIIEHHBIX MapOB >KUAKOCTH MPH
naHHou Ttemmepatype. Ilpomecc compoBokgaeTcst 00pa3oBaHUEM OOJBLIOTO
KOJIMYECTBA IMYy3bIPHKOB, HAIMOJHEHHBIX MPEUMYIIECTBEHHO MapaMu XKUAKOCTH, a
TaK)K€ Ta3aMH, BBIJICTUBIIUMUCA W3 Hee. Pa3Mepbl My3bIPHKOB COCTABIISIOT
MUKPOHBI W JOJAM MHKpOHAa. Haxomsch B 00JacTH TMOHWUKEHHOTO JIaBJICHUS,
y3bIPbKU PACTYT W MPEBPAIAOTCS B OOJIbIIKE My3bIpU-KaBEPHBI. 3aTEM MYy3bIpU
YHOCSITCSL IBHDKYITIEHCST )KUIKOCTHIO B 00JIACTh C TOBBIIIEHHBIM JIaBICHUEM, TIIC

CXJIONBIBAKOTCA. B moTOokKe Takum o6pa30M CO3Ja€TCA JOCTAaTOYHO YCTKO
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OTpaHNYCHHAA KaBUTAllMOHHAA 30HA, 3aII0OJIHCHHAA ABHMKYIIMMUCS ITY3bIPpbKAMMH.

KaBuranimonHass 30Ha MOXET pPacIoyiaratbCsi HEMOCPEACTBEHHO  Ha
MOBEPXHOCTH OOTEKaeMoro Teina M BHE ee. B mepBoM ciayyae KaBHUTAaIUIO
Ha3bIBAIOT IMOBEPXHOCTHOW, BO BTOPOM - OTPBIBHOW. [IpuunHON OTpBIBHOM
KaBUTAI[UU SBJISIIOTCS CBOOOJHBIE BUXPH, JUOO BUXPEBbIE LIHYPHI WU CIIOH),
CpbIBaroIuecs: ¢ 00TeKaeMbIX TTOTOKOM MoBepxHocTel. OOpa3oBaHue My3bIPHKOB
IpU KaBUTALUWHU MPUBOJUT K pa3pblBy CIUIOIIHOCTH OJHOPOJHOW KUIKOCTH.
Pa3pbIB ke CBsA3aH C BOSHUKHOBEHHEM PACTATMBAIOIIMX HanpsokeHud. OgHako mo
TEOPETUYECKUM OIIeHKaM (HU3UKOB JJs1 pa3pbiBa CIUIOMIHOCTH KUAKOCTU
HEO0OXOAMMBI PACTATUBAIOIINE HANPSHKEHUs] B HECKOJIBKO Thicssy atMocdep. Eciu
OBl JKUJIKOCTH,C KOTOPBIMH MBI UMEEM Jesl0, 00Jaganu TaKUMH CBOWCTBAMH, TO
SIBJICHHE KaBUTallUU HE ObLIO OBl M3BECTHO BoOOIIe. OHAKO KaBUTALUS CYIIECT-
ByeT. Haubonee npaBaononobHoe 00bsiCHEHHE STOMY IPOTUBOPEUHIO - HATMYHUE B
KHUJKOCTH TpUMeceH, Oocialisonmx ee CTpykrypy. LleHTpamu, unu sapamu,
KaBUTAI[UU SIBIISIOTCS Mejbyaiiiiive ruipooOHbIe (He-CMauMBAIOIIMECS ) YACTHUIIBI,
B TPEIIMHAX KOTOPBIX HAXOIUTCS HEPACTBOPEHHBIN ra3. B 1mojap3y TaKOM TMIIOTE3bI
TOBOPUT JKCIIEPUMEHTANbHBIN (DaKkT: MpU NpeaBapUTENbHON 00pabOTKEe BObI
JIaBJICHHEM TPOYHOCTh €€ MoBbIaercss M oHa 3akunaetr npu 230°C. Iloatomy
KABUTALMI0O MOXHO paccMaTpuBaTh KaK IPOLECC pOCTa IIy3bIPbKOB rasa,
HaxXOJSIIMXCS B LIEHTpaxX KaBUTAUWHU. ['a30Bas KaBUTAIUS - 3TO POCT IIy3bIPHKOB,
HAINOJHEHHBIX Ta30M, B pe3ynbrare Tud(y3un pacTBOPEHHOTO ra3a u3 KUIAKOCTH,
- npouecc MeueHHbIA. [lapoBas KaBuTauus - MIHOBEHHOE PpACIIMPEHUE

ITYy3bIPbKOB, HAITIOJJHCHHBIX IIapOM.

KaBuTtanmoHHass 3po3usi SIBISETCS CIIEJCTBUEM CXJIONBIBAHUS IY3BIPHKOB B
TEYEHHE MWILIM- U MHUKPOCEKYHJ B 00JacTH MOBBIIIEHHOTO JaBieHus. llpu
CXJIONIBIBAHUM BO3HUKAIOT MECTHBIE THJAPABIMYECKHE YIapbl, B pe3yJbTare
KOTOPBIX UMIYJbCHOE JaBJIEHUE NOCTUraer 1o oaHuM aaHHbM 200 - 350 Mlla,
no apyrum 800-1600 MlIla, T.e. B 4-5 pa3 Oonbme. OJHOBPEMEHHO H3-3a
annabaTHYeCcKOro C)KaThs B MECTE CXJIOMbIBAHHS IMOBBIIIAECTCS TeMmIepaTrypa, 1o

HekoTopeIiM JaHHbIM J0 2000-2500°C. SIBneHue KaBUTAIMU COMPOBOXKIACTCS
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TaKXKe 3JeKTpruueckuMu >pdexramu. BozaeilicTBue 3TuX (PakTOpOB Ha MaTepual
MOBEPXHOCTHU U MPUBOJUT K €r0 pazpyuieHno. MexaHusMm pa3pylieHus MaTepuania
Opd  KaBUTAMM  OOBACHAIOT W TO-WHOMY:  KyMYJSATUBHBIM,  T.C.
CKOHILIGHTPUPOBAaHHBIM  BO3JCHCTBUEM  CTpYEK, oOpa3zyronmxcsi  Ipu
HECUMMETPUYHOM CMBIKAaHHUM KaBUTAIIMOHHBIX MY3bIPbKOB. Ilpm cMbIkaHuM
My3bIpbKa OH MPOH3aeTCs "KWHXKaIbHOU" MHUKpocTpyeit co ckopocTthio 200-250
M/C, KOTopasi ¥ paspyliaeT MaTepual, MoJo0HO TOMY, KaK pa3pylaloTcsl TOpHBIE

MOPOJIbI CTpYyel U3 THAPOMOHUTOpA /21/.

Pazpymienne nponcxoauT B HECKOJBKO JTAIlOB: CHAYaJa - IUIACTHYECKAs
nedopManus, 3aT€M KaBUTALlMOHHBIM HAKJIEN, B Pe3yJbTaTe KOTOPOIro MaTepuall
npuoOpeTaeT XpYNKOCTb, W Jalle€ MEXAaHWYECKOE pa3pylIeHHE B BHJE
MUKPOCKOIIMYECKUX TPELIMH M BBIKPAIMBAHUM MEJKHX 4YacTULl MaTepuala.
[ToBepxHOCTh mpHOOpeTaeT rybuaroe crpoeHue. [Ipouecc paspylieHHs MOXKET
ObITh OueHb OBICTpbIM. M3BecTHBI citydan, korna PK neHTpoOekHbIX HacOCOB He
BBIIEPKUBAJIM HKCIUTyaTallUM B TEUEHUE HENEIM, a IPeOHOM BUHT pa3pylliajics 3a

4-7 qacoB.

[IpakTyecku Bce Marepuajbl B TOW WJIM WHOM CTEIEHHU I10JBEPKEHBI
KaBUTALIMOHHOU 3po3uu. HaumeHee cToMKUE - YyI'yH U MaJIOYIJIEPOIUCTHIE CTANIN.
Haubonee ctolikue - nerupoBaHHBIE CTalnH, OPOH3bI, JATYHH, HEKOTOPHIE BUIBI

IjJacrmMacc.

6.2. BbicoTa BcachbIBAHUSA U KABUTALMOHHBIN 3a1ac

6

BrIcoTOM BCcachIBaHMS ch Ha3bIBACTCA BBICOTA

.
YCTaHOBKH Hacoca HaJi CBOOOIHOM MMOBEPXHOCTHIO ’ l

XKUJKOCTH B 3a00pHOM pe3epByape (puc. 4.1). [ns §
TOPU30HTAIBHBIX HACOCOB OHA OTCYUTHIBAETCS OT OCH [

Hacoca, JUIsl BEPTUKAIBHBIX - OT nonepeunon ocu PK

1B o

——

|
|
=1

IIEpBOM CTYIIEHH HACOCA.

W3 npuHNUIia qeicTBUSA JONACTHBIX HACOCOB
pUHIL A Puc 4.1. BricoTa BcacwiBaHUS
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CJIEIYET, UTO KUJIKOCTH SHEPTHSI COO0IIAeTCs JTUIIh mocie noctyruieHus ee B PK.
Takum 00pa3om, I MOJBOIA KUJIKOCTHU K Hacocy U PK HeoOxoaumMo umeThb
BHEIITHUY MCTOYHUK dHEpruu. Mm sBnsieTcs qaBieHne Ha CBOOOAHYIO MTOBEPXHOCTh

B 3a00pHOM pe3epByape, T.€. aBJleHHe P, WJIH, B YaCTHOM cily4ae, P

amm "

Hacoc pnomkeH OBbITh YCTAaHOBJIEH Ha TaKyl BBICOTY OT CBOOOJHOM
MOBEPXHOCTU >KUJKOCTH B 3a00pHOM pe3epByape, 4ToObl IpH €ro padoTe He
BO3HUKAJIO KaBUTalMU. Kak Mbl TOJIBKO YTO BBISICHWJIHM, KaBUTALMS MMPOUCXOJMUT,
eciu aOCOJIOTHOE JAaBJIEHHWE B IKUAKOCTH CTAHOBUTCS PAaBHBIM JIABJICHUIO

HACBIIEHHBIX NTApOB P, IIPU JAaHHOM TEMIIEpPAType WIH, YTO TO K€ CaMO€, PaBHBIM

JABJICHUIO TIApOOOpa30BaHUS WM YINPYrocTu mapoB. OQHAKO €Clid Ha BXOJE B

Hacoc aOCOJIIOTHOE JaBjieHue P, . OylIeT JHIIb HECKOJIbKO Oousblie P,, 3TOro
HepocTaToyHO. Heobxoaum ornpeneneHHbIN 3amac 3HEPTHH KUJIKOCTH, YTOObI HE
IIPOU30IIIJIO KaBUTALMU B IPYTUX MECTAX IPOTOYHON YaCTH.

KaBruTannoHHbIM 3armacoM Ah, Ha3bIBAETCS MPEBBILIEHUE ITOJTHOU YAEIBbHOU

DHEPrUMU KUAKOCTH Ha BXOJE B HACOC HAJl y/IEJIbHOM 3HEPTUEH, COOTBETCTBYIOLLEH

JaBJICHHUIO Hap006pasoBaHH;1:

_ 2
A, = Yo =P | Ve (4.1)
~9 29

2

P Vv
3n1ech ﬂ+2ﬂ = E_ - yAelIbHas SHEPrus )KUIKOCTH Ha BXOJE B HAcOC,
~9 g

OTHCCCHHAsA K €0 OCHU

P
L= En - YACJIbHAad 9HCPrus, COOTBECTCTBYIOIIAsA JaBJICHHUIO

napooOpa3zoBaHUs.

KaBurannonHsiii 3amac Ah, Ha3bIBalOT TaKXe M30BITOUHBIM(UMEETCS B BHUILY

HaJ BEJIMYMHOW E,) HAOPOM BCAChIBaHUA U 00O3HAUYalOT H B nansnenmem

ec.usb *
OyZieM TI0JIb30BaThCS IEPBHIM 0003HAYCHUEM.
Jlnst kakmoro Hacoca W IS KaXIOTO PEXHMMa €ro paboThl CYIIECTBYET

min
MHUHHUMAJIBbHOC 3HAUCHUC Ah k, MunuManbHOE 3HadyeHUE KaBUTAallUOHHOTI'O
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3a11aca, HUKC KOTOPOIr'o IMOABJIACTCA KaBUTAIUA B HpOTO‘-IHOfI qaCTH, Ha3bIBAIOT

o o kpl
KpI/ITI/I‘ICCKI/IM.HCpBBII/I KPUTUYCCKUHU PCKUM II0 KaBUTALlUN Ah™ COOTBCTCTBYCT

CHIWXeHUI0 Hamopa 3% oT Hamopa nepBoi ctyneHu. KaBurtanus B 3TOM ciiydae

o o o kp2
HOCUT MCCTHBIN XapaKTep. BTOpOI/I KpI/ITI/I‘-IeCKI/II/I pe)KI/IM Ah™% COOTBGTCTByeT
HOJ'IHOMy KaBI/ITaHI/IOHHOMy CprBy pa6OTBI HacCcoCa, KOoraga KaBuTanusa 3aXBaTbIBACT

BCIO MPOTOUHYIO YacTh PK.

Ah, Ha BXOJIE B HACOC HEOOXOIUM JUISI KOMIICHCAILIUU

KaBI/ITaIII/IOHHHﬁ 3aliac
TOI'O IMOHMIKCHHUA JABJICHHA, KOTOPOC IMPOUCXOJUT HA IIYyTH OT BXOJa B HACOC OO
BXO/JHBIX KPOMOK nonacteii. Ha stom IMyTHU JAaBJICHUC ITOHMKACTCSA BCICACTBHUC
THAPaBINYCCKUX INOTEPb )41 HBHCHI’Iﬁ, BO3HHUKAIOMINX Inmpu 00TEeKaHUU

3aKPYIIJICHHBIX BXOJHBIX KPOMOK.

O0o3HaUNM MAaKCHUMAJIbHYIO BCJIIMYMHY YKAa3aHHOI'O IMOHMXXCHHSA OaBJICHUA

max
yepe3 ANy OyZeM BbIpaKaTb €€ B METpax CToJI0Aa >KUAKOCTH, Ha3bIBas

MAaKCHUMAJBbHBIM JUWHAMHWYCCKHM IIaJCHHUCM JaBJICHHA. O‘IGBI/I,IIHO, 4qTO €CIHN

Ahmin < Ahmax
k 9 TO KaBUTaIlMsd MOXCT HE€ IIOABUTHBCA Ha BXOAE€ B HACOC, HO OHa

BO3HUKHET IIpYU BXOJE€ HA JIONACTH, YTO OAMHAKOBO HexomyctuMo. [looromy s
IpEeIOTBPALCHUs] KaBUTAlMUM B JIIOOOM MeECTe MPOTOYHOM 4YacTh HEoOXOIuMO,

AR > AR®E > AhT™ .

9TOOBI Ecan AOITyCKAacTCss MCCTHAsl KaBHUTAOUsA, TO 11O

Ahmin ~ Ahmax
KpauHeu mepe, ~ ¢ v .

Haiinem cBA3b MEX1y TEOMETPUYECKON BBICOTOM BCACHIBAHUSA Hee y

KaBUTAIMMOHHBIM 3aIl1aCoM, IJIs1 YC€ro HAIIMIIEM YPABHCHHUC EepHy.]'IJ'H/I JJIAA CCUCHUA

0-0 mo cBo6oAHOM MoBepxHOCTU U ceueHus 0-0 mpu Bxoxe B Hacoc (cM. puc. 4.1):

2

P V2 P v
0 0 — 68X 6X 6C
+-C=H,_ +—+_=the,

2 (4.2)
P9 29 P9 29

I'ne h; - runpaBiIn9ecKue NOTEPH Ha JIMHUK BCaChIBAHMs Hacoca.

N3 (4.1) umeem

2
LA
29 M 29

77



[Ipumem v, ~ 0(u3-3a ee manoctu), a P,=P_ . Torjaa ucnosnb3ys NocjieIHee

BBIpaKEHHE, U3 4.2 MOTy4YuM

Pamw _Pn 6c
H@c: T - Ahk - hmp (4'3)

HOH}ITHO, 4TO MAaKCMMaJIbHOMY 3HAYCHHUIO ch COOTBETCTBYCT MHUHHUMAaJIbHBIN Ahk .

6.3. lonmycTMasi BbICOTa BCaCbIBaHUS

JlomycTiMOit BBICOTOM BeachiBammsi /"« Ha3piBaeTCS Takas MaKCHMAbHAS
BBICOTA YCTAaHOBKH HAacoca HaJ CBOOOJIHOW TOBEPXHOCTHIO KHUIKOCTH, IIPH
KOTOpoii Hacoc pabGoTtaer Oe3 kaButauuu. M3 mpeaplaymiero sCHO, 4YTO MAJis
obecrieyeHUs] HAJEKHOM pabOThl JOMyCTHMash TPH SKCIUTyaTallud BBICOTA
BCAChIBaHUS JIOJDKHA HMMETh HEKOTOPBIA 3amac, KOTOPBIA YYUTHIBACTCS Yepes

KO3 PUIIMEHT KaBUTALIMOHHOTO 3araca o:

P —P ,
H::n — _ amu H _¢Ahk _ h:;cp (4.4)
yos)
rae  Ah, = Ah*%
Kospduuuent ¢ YCTAHABIIMBAETCS TEXHMYECKUMM YCIOBUSAMU Ha

U3TOTOBJICHHE HAcOCa U BHIOUPAETCS B 3aBUCHMOCTH OT THUIIa HAcOCa, YCIOBUN €ro
paboThl, poJa )KUIKOCTH U JEKUT B npeAenax 1-1,6. B cpeaneM npuHumaetcs ¢ =
1,1...1,3/19/.
[Tpoanamusupyem Gopmyny (4.4). lomyctumasi BbICOTa BCACHIBAaHUS 3aBUCHUT:
1. Ot BeuuuHbI aTMOCchepHOro (6apoMeTprUiecKoro aapieHus). Yem Ooblie

BBICOTA PaCIIOJIOXKCHNA HACOCa HaJl YPOBHEM MOPA, TEM MCHBIIIC 6ap0MCTpI/I‘ICCKOG

don
naBjeHue, TeM MeHblie 17« . ]I HacoCOB OOLIENPOMBINUIEHHOTO IPUMEHEHUS
MPAKTUYECKU MHTEpPEC MPEACTABISAET BBICOTA 10 3-4 KM, a JJIsl aBUALIMOHHBIX -
npumepuo a0 30 xkm. Ilo MexayHapoaHoit craHmapTHOM —aTMocdepe

OapomeTpuueckoe AaBieHue A0 11 kM Beraucisercs no popmyne /24/

P, 10123419802,
16850+ z
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z-11000
Jns Beicot ot 11 10 30 kM P, = 22550e &4

I'ZIC Z-BbICOTA HAJl YPOBHEM MOPsI, M.

2. Ot TeMIiepaTyphbl iepekaunBaeMoil xxuikoctu. Yem Ooibliie TeMIiepaTypa,

TeM OoJIbliIe AaBlieHUe mapooOpa3oBanus P,, TeM MeHble H .. Hanpumep, ans

nd

P
BOJIbI 3Ta BEJIMYMHA, T.€. —-, COCTABJISICT MIPU TEMIiepaType Kuakoctu, C
A

20;40; 80; 100 musa ,];g , M cT. ;)kuakoctn 0,24 ;0,75; 4,82 ; 10,33.

3. Ot BeIMUMHBI KaBUTALIMOHHOIO 3anaca. Yem Ooubliie 4acToTa BpalleHHUs,
TeM Oosblie TpedyeMble IS MPeAOTBPAIICHUs KaBUTAllUKA KaBUTALIMOHHBIN 3a1ac

Ah,, TeM MeHbIe H°”"... Uem Oobliie ojjaua mpy OJHOM M TOM e 4acToTe

BPAIICHHS, TEM TaKXKe OoJbIIe TpeOyeMblii Ah, U MeHbIe H " .

4. Ot conpoTHUBIIEHHSI BCachIBarOLIEH JMHUH. Uem OoJbllle CyMMapHbIe

IIOTEPU Ha BCAChIBAHMU h; , TeM MeHbIIe H ", . JIJIsl yilydnieHus BcachlBaromei

CIIOCOOHOCTH 3TU OTEPH CTPEMSITCS YMEHBIINUTD, JJI YETO UAMETP
BCAaCBIBAIOLIET0 TPYOOIPOBO/A /1€/1at0T HECKOJIBKO OOJIbIlIE, UeM HarHETATEIBHOTO.
B mporecce sKcIuTyatanum moTepu MOTYT YBEIIMYUBATHCS, & H ™o
COOTBETCTBEHHO yMeHbInarcs. [IpakTuuecku H”.. HE MpeBbIIIaeT 6-7 M, €CIIH He

HCIIOJIB3YCTCA CIICHIUAJIbHBIC YCTPOﬁCTBa H MCTOABI AJIsA €€ ITIOBBIIIICHMUA.

6.4 BakyymmeTpuyeckasi BbICOTA BCACHIBAHUS

BaKYYMMeTpI/I‘-IeCKaH BBICOTA BCACBIBAHMWA- OTO BCJIIMUMHA BAKyyMa Ha BXOZC

B HACOC, BEIpAXXCHHAA B M. CT. JKUAKOCTHU:

Y CTaHOBUM CBsI3b MEXAY BAKYyMMETPUUYECKOU BBICOTOW BCACHIBAHMS U
reomerpudeckon. Bocnonb3yemes ypaBHeHuEM bepHyIum 11t ceueHui 1o

CBO60,Z[HOI>1 IMOBCPXHOCTHU U IIPU BXOAC B HACOC, IIPUHUMA Po =P HV, = 0

amm
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2
PGL_P‘“: H =H +Vﬁ+ h*

8aK ec

A9 29

JHonyctumonr H*”,. OyJIeT COOTBETCTBOBATH H * vax

2
H 00n6ak :HOzmgC + st + hecmp (45)
29

[Mpunaaum HHON BUI UL H ° s , BOCTIONIB30BABIITUCH POPMYIIOH (4.4):

_ 2
H ()oneak — Panm Pn _(PAhk + Vex (4-6)
9 29

[ToHsiTHEM BaKyyMMETPHUYECKOW BBICOTHI BCACHIBaHUS YAOOHO IMOJIb30BATHCA
IIOCKOJIbKY BEJIMYMHA BaKyyMa Ha BXOJIE MOXET ObITh JIETKO U3MEpPEHA C IOMOIIBIO

BAKyyMMeETpA.

Bennunna H°”.. WHOT/JA yKa3bpIBae€TCS B MACIOPTE HACOCA W HAHOCHUTCS B
BUje 3aBuUcUMOCTH H*"...=f(Q) Ha sHeprermyeckyro xapakTtepuctuky. [lo Heil
Jerko omnpexaensiercs H .. HemocTatok 3akirodaeTcst B TOM, 4TO H . OOBIYHO
npuBoauTca Ajs Boabl npu 20°C. IIpu nepexojie Ha Apyrue >XKUIKOCTH U C IPyTOu
TeMIlepaTypoil HeoOXOAMMO BBOJUTH mMompaBku. [lompaBka Ha pol >KUIKOCTU
3aBUCUT OT COOTHOILIECHHSI IUIOTHOCTH BOJABI W JKUJKOCTH, INIONpPaBKa Ha
TEeMIIepaTypy - OT BEJMYMHBI JaBJICHUS MapooOpa3oBaHUsl MPU TOM M Apyrou

TeMIepaType.

6.5. PaGoTa HAcOCOB C MOJAMOPOM HA BCACHIBAHUHU

Bepnemcs eme pa3 k BbipakeHuro (4.4) mis AOMYCTUMOUM  BBICOTHI
BcachbiBaHMs. M3 TpUBENEHHOTO BbBIIIE aHAIW3a SICHO, YTO TMpPU BBICOKOU
TeMIrepaType MepeKaumBaeMoOu >KHIAKOCTH WM BBICOKOW 4YacTOTE BPAILCHUS 3a

CUeT pocta P, Wiav Ah, BBICOTa BCAaChIBAHUS MOXET CTaTh OoTpuuarenbHou. Kak

YKC OTMCHAJIOCH, OTPULATCIIbHAA BBICOTA BCACBIBAHHWA HA3bIBACTCS ITOATIOPOM.

I[JI}I KI/IHHHICI\/’I KHUAKOCTH OAaBJICHUC Hap006p8,30BaHI/I}I CTAHOBHUTCS PABHBIM

aTMOC(EpPHOMY, U TOT/Ia BeIpakeHHE (4.4) MpUHUMAET BU/T
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H()onec = _(DAhk - h:ziz (4.7)

T.€. JUIS TIEPEKAYKH KUTISAIIEH KUIKOCTH TPeOYyeTCs MOIOp Ha BCACHIBAHHH.
BennunHa s3TOro moamopa ONpenensercss HaBUTaMOHHbIMU KaudecTBamu PK
MIEPBOM CTYIIEHM HACOCa W CONPOTHMBIICHUMEM BCAaChIBAIOLICH Maructpaiu. B
3aKPBITBIX PE3EpByapax C KHUISIIEH KUJKOCThIO JABJIICHUE YCTaHABIUBAETCA
PaBHBIM JIABJICHUIO HACBILICHHBIX MAapoB. JJIsl NEPEKAYKH )KUAKOCTU B 3TOM CITy4dae
Takke TpeOyercs moamop. C moamopoMm pabOTalOT NHUTATENbHBIE HACOCHI,
MOJAIOIIME BOAY B NApOBBIE KOTJIBbI, KOHJACHCATHBIE HACOCHI, MEPEKAYMBAIOLINE
KoHJieHcaT ¢ Ttemnepatypoi no 80-90°C. ITloamop HeoOxoawMm JJjIsi HACOCOB,

paboTaronumx Ha ropsIux HepTENPOAYKTaX.

3aMCTI/IM, 4TO KPUTHYCCKOC 3HAYCHUEC KaBUTAIIMOHHOI'O 3ariaca IJIsd FOpH‘ICﬁ
BOJIbl U JpPYIrux )KHI[KOCTGﬁ MCHBIIC, 4YC€M I XOJIOJHBIX )KHI[I(OCTCIZ Hn3-3a

pasiniuus uX TCpMOANHAMHUYCCKHUX CBOMCTB.

J171s1 BBICOKOOOOPOTHBIX HACOCOB JaXkKe MpH paboTe Ha XOJOIHBIX KUAKOCTIX
MOJIMOp HEOOXOAMM H3-32 BO3pacTaHus TPeOyeMOoro KaBHUTAIMOHHOTO 3araca
Ah,.C moamopoM pabOTalOT MHOTHE CYAOBBIE HACOCHI, a TaK)XE€ aBHAI[MOHHBIE,
NOJaloNIMe TOIUIMBO B aBUajBUratenb. lloamop HeEpenko BBIpaXKalOT B BHJIE

JTaBJICHUS:
APex = pg((oAhk + h“" ) (4'8)

mp

6.6. Biusinne kaBuTaIMU HA padoTy Hacoca

Bo3nukHoBeHue KaBHUTallUd B HACOCC MOXKET OBITH CBSI3aHO CO cIeaAyronmumun

INpUINHaAMMU:

- YMCHBIICHHUEM a0COJIIOTHOTO AAaBJICHUA B 3aKPbITOM 3360pHOM

pe3epByape 1mo Mepe 0TOopa KHUIKOCTH U3 HETO;

- YBCIIMYCHUEM FCOMCTpH‘ICCKOﬁ BBICOTBI BCaChbIBaHUA N3-3a ITIOHMXKXCHU

YPOBHSI JKUJIKOCTH B 3a00pHOM pe3epByape;

- BO3paCTaHHUEM OaBJICHUSA Hap006pasoBaHH;1 H3-3a IIOBBIIICHUA

81



TeMIEepaTyphbl NEPEKAYUBAEMOMN KUJKOCTH;
- BO3PACTaHUEM COIMPOTHUBIICHHS BCACHIBAIOILIEH JTMHUHM HACOCA;

- YMCHBIICHUCM 6ap0MeTqueCK0r0 JaBJICHUA B CBA3U C IIOABEMOM Ha

BBICOTY (/1711 aBHALIMOHHBIX HACOCOB);

- BHAUUTCJIBbHBIM YBCIMYCHHUECM I10Ja4U HACOCA 110 CPaBHCHHUIO C

HOMUHAJILHOM.
s ]

6e3 kagumayuu!
Paznmuuaror TpW cTaguu KaBHTAIIWH. "’*s(ﬂ
HauvanbHasg cragust BHENIHE HHUKAK HE
MPOSIBISICTCS, JTUOO TPOSIBIISICTCS B BHJIC
HEOOJIBIIIOT0 ITyMa W IOTPECKUBAHWHN B

NPOTOYHOW  dYactTh 03  HW3MEHEHHUS

C kadumayuei

napamMeTpoB paboThl. B HEKOTOPBIX Ciydasx
Ha0Omonaercs naxe nossimenne KIIJT na 1-2 Puc. 4.2. BiusHue kaButanuu Ha
%, 4o chIaHO ¢  yMeHbCHHEM HEPIreTHUYECKYIO XapaKTEPUCTHUKY
BUXpEOOpa3oBaHUs 3a CUET BO3HHUKAIOMIMX KAaBUTAIIMOHHBIX IY3BIPHKOB.
YacTtuyHas KaBUTAIMsl COMPOBOXKIACTCS YBEJIMUYEHHBIM IIYMOM U BUOpaluew,
HAYMHAIOT MajaTh napameTpsl. [lomHas, uan pa3BuTasi, KaBUTAIMS OTIUYACTCS
pPE3KO YBEIMYUBUIMMCS TIYyXUM LIYMOM W BHOpalueil, mapameTpbl MHaaaroT
npakTuuecku A0 Hymsd. l[lagenne mapaMeTpoB  OOBSCHSETCS TEM, YTO
HaBUTAIIMOHHBIE KaBEpHbl YMEHBIIAIOT CeueHHE MOTOKAa Ha BXOJE, M3-3a Yero
yMEHBIIAETCS Mojada M yBenuuuBarorcs mnorepu. Ha puc. 4.2 mnokaszaHo
U3MEHEHHE HHEPIreTUYECKOl XapaKTepUCTUKU IIEHTPOOEKHOTO0 Hacoca TOJ
BJIMSIHUEM KaBUTALIUU.

[lepeuncnennple  BbIlIE MPUYMHBI BO3HMKHOBEHHS  KaBUTAallMU B
HOPMAJIbHBIX ~ YCJIOBUSX OKCIUTyaTalldd HEJOMyCTHMMBI. B mpakTuke yarie
INPUXOJIUTCS BCTPEUYaThCsl C KaBUTAIMEW B €€ HadyalbHOM CTaJuH, KOTJa OHA
HOCUT MECTHBIA XapakTep M MO TE€M WIA WHBIM NPUYMHAM HE MOXET OBITh
ycTpaHeHa. HaBUranmoHHOMY pa3pylICHHIO OOBIYHO IOJBEPraloTCsl BXOIHBIC

kpomku jomacteir PK, paGouas m ThulbHas CTOPOHA JIOMMACTEH HA WX BXOJTHOM
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YYaCTKC, BO3MOJKXHBI PAa3pyHICHUA Ha BBIXOJHOM YYACTKC JIOIMACTHU C ThIIbHOM
CTOPOHBI. HHOFI[a CJICABI KaBHTaHHOHHOﬁ 9pO3Un MOIKHO Ha6JIIOI[aTL Ha
BXOJHBIX Y4YaCTKax JIOIIATOK JIOIIATOYHOI'O OTBOJA MW Ha A3BIKC CIHPAJIBHOI'O
OTBOJa IICPBLIX CTYHCHCﬁ. He wuckmoueno KaBUTAlIMOHHOC Ppa3pymicHuE ¢

BCJIEJICTBUE BUOpAIMU JieTajiel Hacoca.

6.7. KapuTanmonHble XapaKTePUCTUKHU

Haubonee mnomHoe u J0CTOBEpHOE TMPEACTABICHHE O BCACHIBAIOIIEH
CIOCOOHOCTH HAcOCa MOYKHO TMOJYYUTh HA OCHOBE MCITBITAHUI Ha CIICIIHAIIBHOM
crenze. KaBuTtalimoHHOM (CpBIBHOM) XapaKTEPUCTUKON Ha3bIBaETCs rpaduueckas

3aBUCHMOCTb OCHOBHBIX IIAPAMETPOB OT KAaBHUTALMOHHOTO 3amaca Ah, Impu

NOCTOSIHHOM 4YacTtoTe BpameHus. Ha puc. 4.3 mnpeacraBieHsl Takue

XapaKTEpPUCTUKU JJIsi Hacoca ¢ HU3KUM (a) U BbIcokuM n,(5). Korma Ah, Benuk,

KaBUTalMA HEC ITPOUCXOAUT U BCC ITapaMETPhbI OCTAIOTCA ITOCTOAHHBIMMU.

H,T Hi
W N
y -
| 0034 | Q03K
) |
|
i N : ] N
: 4
i |
1 |
A

<

b

‘EE___
ey

g ah® 2he

z ;,:9! . A E

Puc.4.3 KaButanmoHHble XapakTEPUCTUKU EHTPOOEHKHBIX HACOCOB

HpI/I CHW)KCHNH KAaBUTALIMOHHOI'O 3aliaca J0 HCKOTOPOro KPpHUTUYCCKOI'O
3HAUYCHHA BO3HHUKACT KaBHUTallWsA, BCJICACTBHC YCTO0 HAUYMHAIOT YMCHBIIATHCA

napameTphbl.

Kak yxe ynomMmHanochp, epBOMY KPUTHUUYECKOMY PEXUMY COOTBETCTBYET

CHM)KCHUC IIapaMCTpPOB Ha 3 %. B HCKOTOPBIX HCTOYHHMKAX B KadCCTBC
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KPUTUYECKOTO MPHUHAT PEKUM, ITPH KOTOPOM MapaMeTpbl yMeHblarores Ha 1 %
i Ha 2 %. Takoe pa3HOUTEHHE CBS3aHO C TPYAHOCTHIO TOYHOI'O ONPEAECICHUS
HayaJla NaJCHUS [apaMeTpOB W Pa3HbIMH YCIOBHUSAMHM KaBUTAaLMOHHBIX
UCIIBITAaHUM, CBSI3aHHBIMH, B YaCTHOCTH, C BO3YyXOCOJIepKaHHEM paboueit
KHUJIKOCTH. BTOpPOH KpUTHUECKUN PEKUM COOTBETCTBYET Ah¥? , IpH KOTOPOM
BCE MapaMeTphbl MaJatoT BILIOTh 10 HYJIS.

KaButanmoHHsle KayecTBa TEM JIydllle, Y€M MEHbIIE Ah¥«IIpU KOTOPOM
HAcoC MOXKeT paboTaTh 0e3 KaBUTalMU. B TeXHUYECKMX yCIOBHUSX Ha HAcCOC
OrOBapuBaeTCd MAaKCHUMAJIbHO JOMYCTHMAasl BEIWYMHA KABUTALMOHHOIO 3araca,
KOTOPYIO HE MUMEET IMpaBa MPEBBICUTh U3rOTOBUTENb. OOBIYHO OHA YKa3bIBaeTCs
JUIE HOMUHAJIBHOTO pexuma. Ha pabouyro XxapaKTepUCTHKY 4acTO HAHOCUTCS B
BU/JIE KPUBOM 3aBUCUMOCTH TPeOyeMOro KaBUTAIIMOHHOTO 3araca OT Mo1auHu.

He cnenyer nmytarh TpeOyeMblii KaBUTAIIMOHHBINA 3arac, 00ecreYrBarOIINi
OeCKaBUTALIMOHHYIO pPAa0OTy TMpH MaKCUMalbHOM BBICOTE€ BCACHIBaHUS, C
daktuueckum. [locneaHuit Bo3pacTaeT, €Clid YMEHBIIUTh BBICOTY BCAChIBAHMUSI.

B Hacocax ¢ HU3KMM ng NaJ€HUE [MapaMeTPOB MPOUCXOAUT PE3KO (CM. pHC.

4.3). norna gaxke He MPEACTABISAECTCS BO3MOKHBIM O 3TOW MPUYUHE BBIICIUTD

nepBblii kputnueckuit pexxum. [lpu Oonbmmx n, Habmomaercs OoJiee MIIaBHOE

CHIDKEHHE TapaMeTpoB (cM. puc.4,3, 6 ). 310 O0OBSACHIETCS TEM, YTO B IIEPBOM
ciayyae kaHaiibl PK OoTHOcCHTENbHO y3KHME€ M CE€UEHHE MOTOKa MpU KaBUTALUMU
MEPEKPHIBACTCS KaBUTAITMOHHBIMUA KaBEpHAMHU TMPAKTUYECKHA cpazy. Bo BTopom
Clly4ae MepeKpbITUE TPOUCXOUT MTOCTENEHHO.

KaBuTarnmonabsie XapaKTEPUCTUKU MOTYT OBITh TIOCTPOEHBI U B 3aBUCHMOCTHU
OT BEJIMYMHBI Bakyyma Ha Bxojae B Hacoc (puc. 4.41). Hauany cHuxeHus

apaMeTpOB COOTBETCTBYET H'¥' MOJHOMY CPBIBY H'¥2.

8ax 8ax

B aBuanuoHHOW mpakTUKEe KaBUTALIMOHHBIE XapaKkTEPUCTHUKUA CTPOAT B
3aBUCHUMOCTH OT JAaBJ€HUA Ha BXOJAE B Hacoc. UYeM OHO MeEHbIIE MpHU
OecKaBUTALIMOHHON paboTe, TeM Jydlle, T.€. TeM OOJIblle MPU MPOYUX PABHBIX

YCIIOBHUAX BBICOTHOCTb CaMOJICTA.
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Jlekums 13

7. PABOTA HACOCA BTUJIPCUCTEME

JIst BBINIOJIHEHUST HACOCOM CBOEW (PYHKIMU - TEpPEeMENICHHS KUAKOCTH -
HeoOxoauma ruapocuctema. PaccMoTpenHast panee HacoCHasi yCTaHOBKaA (CM. puC.
1.2) BMecTe ¢ HacocoM, 3a00PHBIM U MTPUEMHBIM pe3epByapaMu, TpyOOIpOBOAaAMH,
3alOPHBIMH U PETYIHUPYIOIIMMH YCTPOMCTBAMH Ha HUX OOpPa3yrOT T’MAPOCUCTEMY,

Ha3bIBACMYIO TAKIKC CHCTEMOM HACOC - CETh.

7.1. IToTpeOHBIN HATIOP M XaPAKTEPUCTHUKA THAPOCHCTEMbI

[ToTpeOHBIM HaOPOM Ha3bIBAE€TCS SHEPTUS, HEOOX0AUMAsl ISl IEPEMELICHMS
€IMHULBl BECa WM €IMHULBl MAacchl XKUAKOCTH U3 3a00pHOTO pe3epByapa IIo
TpyOOIIPpOBOJaM YCTaHOBKH B TPUEMHBIA pe3epByap MpU JaHHOM pPacXojie
xuakoctu Q. Kak ycnounuch panee, OyZeM M0J1b30BaThCsl BECOBBIM HAIIOPOM.

[lon ruppocucTeMol NOAPA3yMEBAECTCSA BCACBIBAIOIIMKM W HAIOPHBIM TPY-
OOnpoBOA C MPUMBIKAIOMIMMH K HUM 3a00pHBIM U TMPUEMHBIM pe3epByapamu.
XapakTepUCTUKON TMIPOCUCTEMBI HA3bIBAETCS 3aBUCUMOCTh MOTPEOHOTO Hamopa
OT pacxojia XHUAKOCTH, MPOXosmieil mo cucreme. O003HAYUM ATOT MOTPEOHBIN
Hanop cucteMsl uepes H.

W3 onpenenenust noTpeOHOro Haropa sICHO, YTO OH HE0OXOIuM Ui obemMa
KHUIKOCTH Ha BBICOTY N, MPEOAONCHUs Pa3HOCTH aOCONIOTHBIX JaBJICHUH B

IPUEMHOM U 3a00pHOM pe3epByapax AP =P, —P, 1 NpeoJ0iaeHUs THIPABIUYECKUX

NOTeph MPH JBUKCHUH KHJIKOCTH B TPyOOIIPOBOAAX OT 3a00pHOTO 10 IPUEMHOTO
pesepByapa (puc. 6.1 wmm puc. 1.2). Peub wuzmer o mnorepsix TOIBKO B
TpyOOIpoBOJaX, HO HM B KOEM cllydyae O TOTepsx B camoM Hacoce. Ero B

MPUHITUIIE MOKET U He ObITh. TakuM 00pa3zom,

Hc:h+A—P+2hmp (6.1)

A9

[lepBbie ABa ujeHA 3TOTO YPaBHEHUS MPEACTABISIOT COOOM CTATUUYECKYIO YacTh
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NOTPEOHOr0 HANOpa CUCTEMBI

AP
h, =h+— 6.2
0 (6.2)

Ona He 3aBUCUT OT pacxoja. B OOJBIIMHCTBE CIy4yaeB B peajibHOM TeX-
HUYECKOU MpaKTUKE ABMKCHHUE B TPYOONPOBOJAX HACOCHBIX TUIPOCUCTEM HOCUT

TypOYJEHTHBIN XapaKkTep, KOria MoTepu NPONOPIHOHATIBHBI KBaIpaTy CKOPOCTH, a

3HA4YUT, 1 pacxoda.

a P

Puc. 6.1. Pabota Hacoca B ruapocucteMme

[ToaToMy cymmapHbI€ THIPABIMYECKHUE MTOTEPS B OSIIEM BUAE MOKHO

nNpeaACTaBUTh KaK

*h =kQ?

mp
rae K - koauimeHT, Ha3pIBa€MbIi COMPOTUBIIEHHEM TPYOOIIpOBOI0B. B
UTOTE XapaKTEPUCTUKA THAPOCUCTEMBI MIPEICTABISAET KBAPATUIHYIO MTapadouty,
BEpIIMHA KOTOPOH CMEIIeHA 10 OCH OPJMHAT Ha BelnuuHy h..(cMm. puc. 6.1)
H,=h, +kQ’ (6.3)
[Tpu oTCyTCTBMU MOABEMA KUIKOCTH, KOTJIa IEPEMEIICHUE POUCXOIUT IO
TOPU30HTAJIM U KOTJ1a HET NPOTUBOAABIEHUS A P | XapaKTepuCTHKa CUCTEMBI

NPE/CTABISETCS TOJIBKO BTOPHIM WieHOM ypaBHeHus (6.3), T.e. H_ =kQ’.
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7.2. PaGoTa Hacoca B ruipocucreme

Hacoc sBisercs HCTOYHUKOM, KOTOPBIH 0OECIEUMBAET MOCTYIJICHUE
KUAKOCTH B cucteMy. OJHOBPEMEHHO OH COOOIIAeT SHEPrui0 MOCTyHarouiei
KHUJKOCTH, a CHCTEMa MPUHMMAET XUAKOCTb M pPacxoiyeT sHepruto. Pabouee
COCTOSIHUE CHUCTEMbl HAcOC - CETh CYMTAETCs YCTAHOBHUBIIMMCS TOTJa, KOIZa
oOecrieunBaeTCsi MaTepUAIbHBIN M 3HEPreTUYECKUi OaslaHC, T.. MPH PaBEHCTBE
nojnaun Hacoca Q pacxony B cucteme Q¢ M kamopa Hacoca H  morpeOHOMY
HAINopy CHCTEMBbI H. . I'papuueckn ycraHoBuBIIeecs pabouee COCTOSHUE
THUAPOCUCTEMBI ONpEeNsieTcs TOUKOW MepeceyeHus] HAoOpHOM KPUBOM Hacoca ¢
XapaKTEPUCTUKON TMAPOCUCTEMBI, KOTOPasi Ha3bIBaeTCsl pabouel TOUKOM (CM. puc.
6.1). Pabouas Touka 4 omnpeaenseT pexuM padoThl HACOCA HA JAHHYIO CUCTEMY
IPU JTaHHOM €€ COCTOSIHUHU. YBEJIMYEHUE WIM YMEHBLIECHUE CTENEHHM OTKPBITHSA
3allOpPHBIX YCTPOMCTB H3MEHSIET CONPOTUBIEHUE CHUCTEMBI. B coOTBeTCTBUM C

ypaBHeHueM (6.3) menserca kodpduuueHt K u KpyTH3HA KPHUBOU H,, a

CJIeIOBaTENLHO, U TOJIOXKeHne pabodeit Touku A(H,u Touka 4, ). [logaya Hacoca
IIPH DTOM U3MEHSIETCI OT Q, 10 Q, .

PaccmoTrpuM HekoTopble yacTHbIe cityyau. Ha puc. 6.2 nmpeacrasineHa pabota
Hacoca C OTpPULATEIbHBIM T€OMETPUUYECKUM MOABEMOM JKUAKOCTH, KOTrAa

nepeMeIeHre MPOUCXOIUT CBEPXY BHU3 Ha BBICOTY h.

QCAM

_ I -
h EA a

Prvc.6.3. Pafora Hacorae
B TMOEOCECTEME Nf# OT=
__________ | CYTCTFYK NOLBEVA W M[0~=
1 _ TUEOTLA EAEHHA

Puc.6.2. PaboTa Hacoca B ruipocucTeMe IPU OTPULIATEIILHOM T€OMETPUIECKOM
oJIbEME
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XapakTepuCcTUKa TUIAPOCUCTEMBI H,, KaK M B IpPEAbLAYLIEM Clydae, HO
TOJILKO B OTpUIATENIbHYIO CTOpoHy. [lepeceuenne kpuBoit H, c ochio abcuucc

orpenenser pacxoaQ,,, , KOTOpbIH 00eceunBaeTCs CaMOTEKOM, a EPEeCceueHue C

cam !

HarmmopHoil kpuBoil H (pabouass Touka A) - pexxum paboTel Hacoca. Takum
o0pa3oM, BKIIOYEHHE HAcOCa YBEJIWYMBAET PACXOJ B CHUCTEME Ha BEIUYHHY
QA_QCHM

[Ipu orcyTcTBMM NOABEMA M MPOTUBOAABICHHUSA, T.€. MPHU IMEpPEeMEIICHUU

KHUIAKOCTH HACOCOM 110 TOpPHM30OHTAJIM, XapaKTCPUCTHUKA CHCTCMBI Hc B

COOTBETCTBHH ¢ (6.4) MCXOOUT M3 Havana KoopauHar. PabGouas Touka 4
ompenensieT pexuM paboTsl Hacoca (puc. 6.3).

Ha puc. 6.4 mnpencraBineH ciydail, Korja BelMuMHa TpeOyeMoro
T€OMETPUUECKOr0 TOoabeMa OoJibllle, YeM BEIWYMHA MaKCHMaJbHOIO Hamopa

Hacoca, T.e. kpuBsle H u H, He mnepecekatTca. Hacoc mpu 3Ttom Oyaer
paboratrs pu Q = 0 U obecneyuT NojAepKaHue CTOI0a >KUIKOCTH BBICOTOU
H,. Kuakocts B mpueMHBI pe3epByap mnocrynaTh He Oyaet. [lorpebisemas

HaCoOCOM MOIITHOCTD 6y,Z[CT TaKXE COOTBETCTBOBATH Hy.]'ICBOﬁ nmogadyc u HOﬁHGT

Ha HarpeB KUJIAKOCTH.

Puc. 6.4. PaGoTa Hacoca mpu OTCYTCTBUU MEPECEUCHUS HATOPHOMN
KPHUBOM C XapaKTEPUCTUKOU CETH
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7.3. YcroiiunBocTh padoThl Hacoca B cucreMe. [lommax

Y CTOWYHUBOCTHIO HA3bIBAIOT CHOCOOHOCTH CHCTEMBI BO3BpallaThCs B
PAaBHOBECHOE COCTOSIHUE MOCJIE CHSITHUSI BO3MYIIICHUS.

[Tycte Hacoc paboTaeT B THAPOCHCTEME C aKKyMYJHUPYIOMIEH cIo-
COOHOCTBIO, HAPUMEP, B CHCTEME C MapOBBIM KOTJIOM, JABICHHE B KOTOPOM
MOXET MEHAThCSA, MO0 C 0aKOM cO CBOOOJHOW MOBEpXHOCTHIO. CaM Hacoc
IpU ATOM MMEET HAIMOPHYI0 XapaKTePUCTHKY C 3araaaroniell - JeBOW BETBBIO.
TakuMu XapakTepUCTUKAMH O0O0JaJAal0T HEKOTOPhIE HACOCHl C HU3KUM
k03¢ punmeHToM OBICTPOXOTHOCTH.

PaccMmoTpuM BHauane paboTy Hacoca Ha MPaBOW YaCTU XAPAKTEPUCTHUK C
paboueir Toukoi A (puc. 6.5). Ilpeamonmoxum, YTO 3a CYET BHEIIHETO
BO3MYIIICHHUs, HAMpUMEp BHE3AMHOTO YMEHBIICHUS BBICOTHI HAarHeTaHU,
MPOM30IIJIO YBEJIMYCHUE TTOAaYu Ha BenWuuHy + AQ u pabodas Toyka 3aHsia

noJioxkenue A' .

|{x
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Y\

. —— ﬁ\lﬁ.

I

|

|

|

|
- 0 an ap
Puc. 6.5. HeycroituuBas paboTa Hacoca

[Tocne ycTpaHeHUss MCTOYHHMKA BO3MYIICHHSI OOpa3yercs MOJIOKUTEIbHAs
Pa3HOCTb 3HEPIUi: MOTpeOHas PHEpPrusi CUCTEeMbl H°.Oyaer OoJbllie Hamopa
Hacoca H, , T.e. H'.-H, ~ 0 . HemocraTok DHCPTUM NPUBCACT K 3aMCIJICHUIO
CKOPOCTH JIBHM)KCHHS KMIKOCTH B CUCTEME, YTO BBI30BET YMEHBIIICHUE €€ pacxo/ia

Q . PaBHOBECHE BOCCTAHOBUTCS CHOBA B TOUYKE A
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[Ipu ymeHpmieHnu mnoaauu Ha BennuuHy AQ pabouasi Touyka 3aliMeT

nosioxkeHue A" . Ilocne ycTpaHeHUs: UCTOYHHUKA BO3MYIIEHUsI H! —H ,, <0. B aToM

ciyyae M30bITOK Hamopa Hacoca OyeT 3aTpauyuBaTHCS HA YCKOPEHUE KUJIKOCTH
u yBenuueHue pacxoga Q . B pesynpTare onmsTh YCTAaHOBHUTCSI paBHOBECHE.
WNuas kaptuHa HaOmogaeTrcss B Touke B Ha yeBOi yacTu XapaKTepHCTHKA.
31ech MOJIOKHUTEIBHOMY TMpupameHuio +AQ  COOTBETCTBYET OTpHIATEIbHAS
Pa3HOCTh PHEpPrui AH < 0 u nHaoOopot. IloaTOMy mnocie ycTpaHeHUs

HNCTOYHHKA BOSMYIIICHNA PaBHOBCCHC HC BOCCTAHABIINBACTCA.

. o dH
Takum o6pa3om, paboTa Hacoca B CUCTEME OyJET YCTONYMBOM, eCiu o) >0,

o o dH
1 HEYCTOMYHMBOMH, €CJIU E <0

W3 yero cienyer, 4To Ha MpaBOM, HUCIIAAIOIIEN YACTH XapaKTEPUCTUKH,
obecrieunBaeTcs ycToituuBas paboTa, Ha JIEBOM, 3amaarolie, - HeyCTOHYNBasl.
B dyem 3akirouyaercsi MeXaHM3M HEYCTOMYMBOCTH, HArJsAIHEE BCETO
pazo0Oparh Ha mpuMepe padOThl THAPOCUCTEMBI C 0aKOM, MMEIOIINM CBOOO/I-
HYIO TTIOBEPXHOCTH (CM. puc. 6.5). [IycTh B HadaIbHBIE MOMEHT MPUEMHBIN OaK
3aloJHEH 10 ypoBHS a. PexxuM paloThl Hacoca MpHU 3TOM XapaKTepU3yeTCs

paboueii Toukoi a. Ecnu pacxon xuakoctu u3 6aka Q,0yneT MeHblIE MOoAauH
Hacoca Q, , TO ypoBeHb B 0ake HayHET MOBBIIATHCSI. B COOTBETCTBUU C HUM

CMECTUTCA BBEPX XapaKTEpPUCTHKA cucreMbl H; 0 CBOEro KpauHETO
IIOJIOKEHUS, ONPENEISIEMOr0 TOYKOM KacaHusd M ¢ XapakTepHCTHUKOW Hacoca.

[Togaya Hacoca ymenbmutTes cQ, 10 Q,, . Ecnu u B aTom ciyuae pacxon Q, u3

0aka OKa)XKeTCs MEHbIlle moJayu Q,,, TO MPOU3OMAET NajibHEllIee MOBBIIICHUE
ypoBHS B Oake M cmemieHue KpuBod H. BbIlie HamopHOW KpuBOW Hacoca.
[Togaya xuaKOCTH B OaK MPEKPATUTCS, U HACOC MEPEUJIET Ha PEXUM XOJIOCTOTO
xona ¢ Q=0 u H = H, ananornyHo ToMy, 4TO NpeAcTaBiieHO Ha puc. 6.4. Hanop
B Oake mpu sToM Oyner Oonpiie Hamopa Hacoca H, M XKuakocth uepes
paboTauMii Hacoc MpPU OTCYTCTBUU OOPATHOTO KJalaHa MOTeYeT B 0OpaTHOM

HampaBJeHUH B 3a00pHBIA pe3epByap. YpPOBEHb B 0ake HAYHET MOHMKATHCS.
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Kak TONBKO OH IOHU3UTCS 10 BBICOTHI, COOTBETCTBYIOUIEH Hamopy H, ,
XapaKTepUCTUKA TUIPOCUCTEMBI

H. Taxxe omycTuTcs BHU3 U OyJIeT mepecekaTh HaOPHYIO KPUBYIO Hacoca
B Touke D . Hacoc nmpu atom naet nomauy Q, . U3menenue nogauu ot Q = 0 g0
Q =Q,IpOU30iIeT B TEUEHHE KOPOTKOI'O BpEMEHM, CKaukooOpas3Ha. [lanee

ypOBeHb B 0ake CHOBa HaUYHET MOJHUMATHCS U SIBJICHHE TTOBTOPUTCS.

CpbIB MojauM Hacoca U IEPEXOo] €ro Ha pexHUM XOJIOCTOT0 XOJa MOXKET
IPOU30MTH U MPHU MOCTOSTHHON ypOBHE B 0ake, €CiM XapaKTEepPUCTHUKA CHCTEMBI
IepeceKaeT HaoOpHYI0 KPUBYIO Hacoca B JBYX Toukax (Touku A u B Ha puc.
6.5). JloctaTouHO, 4TOOBI MOHU3WJIACH HAIOPHAsl KpUBasi HAcoca, HallpUMep, U3-
3a MaJieHNus HANpsHKEHUs B 3JIEKTPOCETH M CHIKEHMSI TI0 9TOM MPUYMHE YaCTOTHI
Bpamenus. Ilocrnenyromee NOBBIIIEHUE YACTOTHI BpAILIEHUS 10 MPEKHETO
3HAYEHHS HE MPUBOJIUT K YBEIUUYEHUIO MOJA4YU M BOCCTAHOBICHHUIO PabOTHI Ha
IpeXKHEM peXHMe, TaK Kak Harop, co3naBaeMblii HacocoM mpu Q= 0, octaeTcs
MEHbIIIe Harmopa, He0OX0JUMOTO JJIsl MPEOI0JICHUS Harmopa B Oake.

HeycroitumBas  pabora  Hacoca,  CONPOBOXAAMOIIASCS  PE3KUMU
KoJie0aHUSMH Haropa W MOoJla4yy, Ha3bIBaeTcs momMmnaxom. [lomnax nmpuBoAMT K
TUAPABIMYECKUM yJapaM B CHCTEME, IIyMy, COTPSICEHUSM HACOCHOM
YCTAaHOBKHM, YTO HEIONYCTUMO. BO3HHKHOBEHHE IMOMMaxa, aMIUIUTyAa WU
yacToTa KojeOaHWW Hamopa MpH HEM 3aBUCAT OT (POPMBI XapaKTEPUCTUKH
HAacoca M XapaKTepUCTUKU THUJIPOCUCTEMBI, a TaKXKe OT aKKyMYyJIUPYIOIIEH
CIOCOOHOCTH CUCTEMBI. SIBIIeHHE NoMMa)ka HabJyronaercs Takke Mmpu paboTe
KOMIIPECCOPOB U BEHTHJISITOPOB.

Haubonee paaukanbHBIM CPEJICTBOM MPEIOTBPAILICHUS MTOMIIAXa SIBISETCS
UCIIOJIb30BaHME HACOCOB CO CTAOMJIBHOW (POpMOI HAmOpPHOW XapaKTEPUCTUKH,

T.€. 0€3 3amaJaoIero JeBOro y4yacTka, korjga Hamnop npu Q=0 MakcUMaIbHBII.
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Jlekuus 14

8. PET'YJIUPOBAHUE PABOTbBI JIOITACTHBIX HACOCOB

Pabora HAacocoB OTHOCUTENBHO PEIKO MPOUCXOJUT MPU HEU3MEHHBIX
napamerpax. Kak mnpaBuio, mpuXoOuTCs Npuberatb K peryjiupoBaHUIO, T.€.
U3MEHEHUIO I0Jla4yd, a B COOTBETCTBUM C HEH M Jpyrux IOKa3aTeseH.
Hcnonb3yeTcsl Takke NapajuieIbHOE M MOCIEA0BATENIbHOE BKJIIOUEHHUE HACOCOB.
PaccMoTpuM moapoOHee BOMPOCH, CBSI3aHHBIE C 3TUMHU ClIydasMu palOOThI, a
TaK)K€ IEepecueT XapaKTepUCTHK Ha JpPYTryl0 4YacTOTy BpallleHHus M Jpyrou

MacmTad MPOTOYHOM YaCTH.

8.1. PeryiupoBaHue apocceMpoBaHNEM

HpoccennpoBanue - 3TO U3MEHEHHE THUAPABIMYECKOIO COIPOTUBIICHUS
TUAPOCUCTEMBI IIYTEM IPUKPBITUS 3aIIOPHOI0 YCTPOMCTBA - 3aJBW)KKU, BEHTWUJI,
KpaHa, YCTaHOBJIEHHBIX Ha HAamoOpHOM TpyOompoBojge. B  mpunnumne

APOCCCIIMPOBAHUEC MOKHO OCYIICCTBHUTHL U HA BCAChIBABIIEM TPY6OHpOBO,IIC.

OpgHako H3TOro HE JEeNarwT, TaK Kak
YMEHBIIAETCS BHICOTA BCACBIBAHMS Hacoca U
TaKO€ pEryJIMpOBAHUE NPUBATUT K CPBIBY
pabotel. Kak Mbl yx€ yCTaHOBWIM B pas3zelie

(6.2), HOpUKpPBITHE 3alOPHOIO YCTPOWCTBA

YBEIUYHUBAET KOAIDPUIIMEHT COMPOTUBICHUS

TpyOompoBoga K wu xapakrtepucruka

CHUCTEMBI UJET Kpyue. Pabouas Touka A , Puc.7.1 PerynupoBaHue j0nacTHOrO
Hacoca APOCCEeMPOBaHUEM

COOTBETCTBYIOIIASl IOJHOCTBIO OTKPBI-
TOMY 3allOpPHOMY YCTPOWCTBY, MEpeMelIaeTcsi BJIE€BO 10 mnoynoxeHus B . B
pe3ynbTaTe nojava ymeHsiaercs ¢ Q, no Q, (puc. 7.1). IIpu nogaue Q, Hacoc
pa3BuBaetr Hanop H ;. Ecau Obl 3aABMKKY HE MPUKPBIBAIU, TO JUIA MIPOITyCKa Yepes
CHUCTEMY C XapaKTepuCTUKOM H. pacxoma Q, JOCTaTOYHO ObUIO OBl Hamopa
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H,. Ou4eBuaHO, 4YTO PA3HOCTH HAIMOPOB AH, =H{ -H morepsiHa Ha

COIIPOTUBJICHUEC B 3a/IBUKKC ITPHU €C ITPUKPBITUM.

[Ipyn panpHeliieM OPUKPHITUM 33JBMKKKA paboyasi TOUKa CMEIIAeTcs 110
KpuBOMH BIJIOTH O OCH OpJAWMHAT U COOTBETCTBEHHO YMEHBIIAETCS 1O HYJA
nogayva. [lorepu Ha JapoccenvpoBaHUE B 3aJBUKKE Takxke yBenuuuBarorcs. [Ipu
J1000M TOJIOKEHUH pabodeil TOUKK OHM OyAYT ONPEAEAThCS Pa3HOCThIO OPJIMHAT

kpuBoii H m Xapakrepuctuku cucteMsl H.. 3alITpuxoBaHHas 4acTh Ha puc. 7.1 -

10JIE TTOTEPH MPHU APOCCETUPOBAHUH.

[Ipy peryiupoBaHUM JPOCCENIMPOBAHUEM IOJE3HO MCIHOJB3YETCA B
TUJIPOCUCTEME TOJBKO HAarop H.. Ilosromy KIIJ[ HacocHOW yCTaHOBKH
onenuBaercs no KIIJI camoro Hacoca u OTHOIIEHUIO Hanopa H. K Hamopy Hacoca

H:

H

=p—< 7.1
77/-1.}7. 77 P ( )

Koraa 3anopHoe ycTpoilcTBO moaHOCThIO OTKPBITO (T. A), KII/] ycranoBKM

pasHo KII/] nacoca.

PerynupoBanue apoccenupoBaHueM - CIIOCO0 HEAKOHOMUYHBIN. OHAKO U3-3a

HUCKJIIOYUTEIbHOMN IIPOCTOTHI OH MOJYYHII IIHPOKOC paCIIpOCTPaHCHHUC.

8.2. [logorpes KMIAKOCTH NMPH APOCCETUPOBAHNU

[Ipn perynupoBaHuMH IMOJA4YM HAcoca IYTEM JPOCCEIUPOBAHUS MOTEPSHHAS
SHEpPrusi MpeBpailaercss B Temwio. B pe3yiapTrare MOpOUCXOAUT HArpeB
nepeKayuBaeMon KUIKOCTU. JlJisi HAcOCOB OOMIENPOMBIIIIEHHOTO MPUMEHEHUS
’TO HE HKMEEeT NPaKTHUYECKOro 3HayeHus. B  aBHAllMOHHBIX CHCTEMax
CIMHCTBEHHBIM XJIAJIOAaT€HTOM Ha OOPTY SBISETCS TOILIMBO U C €r0 HAarpEBOM MpHU
paboTe LEHTPOOEKHBIX HACOCOB HA HEJOTPY30UHBIX PEXKUMAX MPUXOAUTCS

cuuTaTthCcsa. B 3aBUCHUMOCTH OT peKruMa 10JICTa IoAa4Ya TOIUIMBA B KaMCpy
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CrOpaHusi M3MEHSIETCS] B IIMPOKHUX Tpeerax, B 0OCOOCHHOCTH 3TO OTHOCUTCS K
BOCHHOU aBuarnuu. Tak, momada (OpPCaKHOTO Hacoca Ha OTICIBHBIX PEKHMAX
coctaBisger Bcero 2-3% ot HomuHanbHOM. KIIJ[ mpu sToM cHMkaeTcs A0
MUHHUMAJIbHBIX 3HAYEHWH, COCTABJISIOIINX CIWHUIIBI MPOIEHTOB, B pe3ynbrare
OoJIbIIas YacTh MOIIHOCTH, TOTPEOJIIEMOM HACOCOM, UACT Ha HarpeB TOILIMBA, U
TEMIIepaTypa €ro MOXXET NPEBBICUTH JOMYyCTUMBIE HOPMBI. DTO MPUBOAUT K
CMOJIOBBIICIICHHIO U U3MEHEHUIO (PPAKITMOHHOTO COCTaBa, YTO BPEIHO OTPaXKaeTCs
Ha paboTe TUAPOABTOMATUKH U APYTOro 000pyAOBaHUS, UCTIOJIB3YIOIIETO TOTUITMBO

C BBICOKHNM JAaBJICHHUCM.

Beanuuna moaorpeBa TOIIMBaA OIIPEACIIACTCA 11O 3aBUCUMOCTH

. 1000N(1—
At = d-7) 72)
QC;
rae N - moTpebisiemast HACOCOM MOIIHOCTh, KBT;

3.

p - INIOTHOCTh, KI/M",
3/..

Q, - mopauya, M’/c;

C, -ynenbHas TEIIOEMKOCTh, JIK/(Kr*Tpa).
Hns xepocuna T-1, TC-1 C, = 2200-2400 Ix/(kr.rpam).

Ecnu nns HOMMHANBHOrO pexuMMa MNOAOTpeB cocTaBiisieT 6-10°, To mnpwu
nojavax B 2-3% oT HOMHHaJIbHOM At moBsimaercs 10 150-200°C. s cHrkeHus
At YMEHBINIAIOT YacTOTy BpaieHud. [logorpeB mnpomopioHaieH KBaapary
000pOTOB. DTO HETPYAHO YCTaHOBUTH U3 Gopmyinsl (7.1), moactaBusis BMecTo N
ee BBIpAXKEHUE 4Yepe3 MapaMeTphl Hacoca M YYUTHIBAas, YTO HAMOp 3aBUCHUT OT
KBaJlpaTa 4yacToThl BpauleHusi corjacHo ¢opmyne (2.13). ns ymenbiuenust S
IPUMEHSIOT PETYIUPYEMYIO THAPOMY(PTYy JTUOO IPYrHe CHOCOOBI HCIONB3YIOT
TaK)Ke CIEeHAIbHbIE KOHCTPYKIIMM HACOCOB, HAIPUMEP HACOC C MApOBBIM SIPOM.

CHMXeHHe MoA0rpeBa MOXKHO TaK)Ke 00€CIIeUUTh IyTaM MPOEKTUPOBAHUS TOTLIIUB-
HOTO Hacoca B ompeneieHHOM auama3one Ng. Kak BuaHo u3 Tabn., BeTu4MHA

HOTpC6JIHCMOﬁ MOITHOCTH IIpu MaJIbIX mogadax y HaCcoCOB pa3H0171
6BICTpOXOI[HOCTI/I pasiimdHa, 94TO BJMUACT HAa BCIIMYUHY ITIOA0IPCBA.
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8.3. PeryanpoBaHue n3MeHeHHEM YacTOThI BpallleHUsl

[Tpu n3MeHEeHUH YacTOThl BpaAlIeHUs TapaMeTphbl HACOCa U3MEHSIOTCS
cornacHo Gopmynam mogobus (2.12), (2.13) u (2.14). Hamopras xpuBas

nepemMeyvaeTcs napauiesbHo camoit cede. [Ipu HeM3MeHHON XapaKTepuCTUKe
THIpOCUCTEMBI H . yBenmueHne 9acToThl BpallleHUsS PUBOANT K CMEIIICHUIO
paboueil TOUKHM BIPaBo, MoJava yBEIMUUBAETCS C Q, 10 Q,, , TP YMEHBIICHUH

H9aCTOThI TOYKA CMCIIACTCA BJICBO,

H

’ m<nN<n,

nojava yMeHsIaercs 10 Q,, (puc. 7.2).

Ha Bcex PCKHUMax HAIlOp HacocCa

COOTBCTCTBYCT COIIPOTHUBJICHUIO K

CUCTCMEI, ITIOTOMY

HCTIPOU3BOJUTCIIbHBIX ITOTEPb HET U

SR, N
L D H A
an aAz QA aAy an {2

TaKo# croco0 peryaupoBaHUs

OTJIMYAETCS BBICOKON HIKOHOMUYHOCTBIO,
Puc.7.1 PerynupoBanue Hacoca

OOJIBIIIEN, YEM B IIPEIBI €M CJIy4ae.
’ PCABINYIL y YMEHBIIICHUEM YaCTOThI BPAILICHUS

HCKOTOpBIe HC3HAYUTCIILHBIC ITOTCPHU BOSHUKAIOT TOJILKO M3-3a OTKIIOHCHHA

pexuma paboThl OT ONTUMaNBHOTO. [TosicHuM 3TOT MOMeEHT. [lycTh mogaua Q,
cootsercTByeT Makcumymy KITJI. Ipu yBenuuenuu yactotsl o 1y unm

ymenbinenuu 10 1y makcumym KITJ] nepemectutes cornacHo gopmyie (2.12) na

n n

_ 1 _ 2

noaavuun in = QA n Hu an _QA n
I[CﬁCTBI/ITCHLHBIC pC}KI/IMBI pa6OTBI IIpu 3TUX YaCTOTax CMCIIAKOTCA 110 KpHu-

Boii H. u yxe ne Oynyr coorBercTBOBaTH Makcumymy KITJI, Tak kakQ, # Q. u

QAZ # Qn2 .

PerynupoBanue U3MEHEHUEM YacCTOTHI BPAILLEHUs Yallle BCEro MPOU3BOAUTCS
B CTOPOHY €€ YMEHbLICHHUs. B mpoTHBHOM ciyyae Hal0 MMETh OOJBIIOW 3amac
MOIIHOCTH MPUBOJIHOTO JIBUraTelIs [0 CPAaBHEHUIO ¢ HOMHUHaJIbHOW. HeoOxoaumo

HMCTb TAKKC B BUAY, UYTO C YMCHBIICHUCM HaCTOTHI BPAIICHNA YMCHbIIACTCA KHI[
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IPUBOJAA, T.€. 3KOHOMHYHOCTh IPU PETYIUPOBAHHM CIIEAYET OLEHUBATH IO
arperary B 11e710M. HecMOTpsi Ha HEKOTOpBIE TOTEPH, PETYITUPOBAHNE N3MEHEHUEM
Y4acTOTHI BpalleHUs 00JIee BBITOIHO, YEM IPOCCETUPOBAHUEM.

PaccmarpuBaemblii  coco0  peryaupoBaHUsl MPUMEHSETCS pexe, ueM
pEryJIMpOBaHUE JpOocCENrpoBaHUEM. Yamie BCEro NpHBOJAOM HACOCOB CIIyXkKaT
ACHHXPOHHBIE JJIEKTPOJBUTATENIM C KOPOTKO3AaMKHYTBIM POTOPOM, OOOpPOTHI
KOTOPBIX SIBJISIFOTCS BIIOJIHE ONPENEICHHBIMU U 3aBUCAT OT YKCJIA AP MOJIOCOB.

Haunyummm 00pa3omM mpuCIIOCOOTEHBI K M3MEHEHHIO YacTOThI BpAILICHUS
napoTypOMHHBIN M Ta30TypOMHHBINA MPUBOJ, IBUTATEIM BHYTPEHHEIO CrOpaHMUA,

QJICKTPOABUTATCIIN ITOCTOSHHOI'O TOKA, FI/I,ZIpOMY(I)TBI.

8.4 IlapasieibHas paboTa HACOCOB

[TapannensHas paboTa HACOCOB MIPUMEHSETCS AJIs YBEIWUYCHUS MOAA9U U
OTHOCHUTEIHLHO YaCTO BCTPEUACTCS B TEXHUYECKOM mpakTuke. OOBIYHO KaXIbIN U3
HACOCOB UMEET CBOIO BCACKHIBAIONIYIO JIMHHIO, HATIOPHBIN TPyOOTIPOBOT OOIITHIA.
Paccmotpum cimydaii, Korzia HaCOCHl OIMHAKOBBIE, UMEIOT CTAOUIHLHYIO HATTOPHYIO
XapaKTePUCTUKY U YCTAHOBJICHBI OJIM3KO APYT OT Apyra. [Ipumem, drto
BCACBIBAIONINE JTMHUH TAK)Ke OJIMHAKOBEI, & PACCTOSHUS OT HATIOPHBIX MaTPyOKOB
HacocoB 110 y3s10Boi Touku 0 paBHbl (puc. 7.6). Torna npu A0CTaTOYHO JJIMHHOM

HaIlIOpHOM TPY6OHp0BOI[C THAPaBIMYCCKUM COIMPOTUBJICHUEM N0 TOYKHU 0 MOXHO

npeHeOpeyn.
H
He
J/laBneHre B y370BOM TOYKE SBJISAETCS
Ha
0OIIMM 17151 BCEX HACOCOB WJIM, MHA4Y€ TOBOPS, Hy

) Hree

pa3BHBAaEMbI MMU Harop oauHakoB. [logaum

T Bl
| I N2
K€ HAaCOCOB CKJIAJbIBAIOTCA, TaK KaK BCE OHU | wH L Hiz
paboTarOT HA OJUH HAMOPHBIA TPyOOIPOBO/L. 7 J| | l{
|
[ycte  H,,Hanopnas xpuBas Kaaoro us b
. I -
=T— 1= aﬂ Q, aﬁz g

nByX HacocoB. Ilpu m3onmupoBanHOU pabote
Puc.7.6. IlapannenbHas pabora

HaCcoCOB
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Ha THIPOCHCTEMY C xapakTepuctukoil H . pexum paboTel omHOro Hacoca
onpenenserca padoueil Toukoi A, ¢ momaweir Q;, mamopom H,, 51

norpebnsemoii  mMomuocteio N, . Jlns onpenenenuss pabouell TOUKM IpH

napajuieTbHOM paboTe HEOOXOAUMO MOCTPOUTH CYMMAapHYIO HAlOPHYIO KPUBYIO

ABYX HACOCOB. I[J'IH 9TOro, yduTbiBasd CKAa3aHHOC BBIIIC, CICAYCT IMPOBCCTHU P

NPAMBIX, TapauIelbHBIX OCH abCIMCC U MepeceKaroIux Kpusyo 1, . Ilomauwm,

COOTBETCTBYIOIME TOYKAM IEPECEUEHHs MNPAMBIX ¢  KpuBoM  [1,,, HyxkHO

CIIOKUTh. B Hamem ClIydac, ITOCKOJIbKY HACOCbl OAMHAKOBBIC, IIO0Ja4YM CICAYCT

yaABOUTH. 10 MONy4eHHBIM TOYKAM HYKHO MOCTPOUTh CYMMAapHYIO HalOpHYIO

kpuByio 1,,,. Ilepeceuenue sroii kpusoii ¢ H . naer paGouyro Touky A, KoTopas
onpezenser cymmapuyio nogauy Q,.,  u mamop kaxaoro macoca /,. Touka

nepeceuenus juHuu H , — A C KpHBOM H,, onpenenser nomauy Q |,
pa3BUBAaEMyIO KaXIbIM HACOCOM TMpH MapajuiesibHON padote. OHa paBHA B JAHHOM
ciayuae nonosune Q,,,. CyMmapHas mojada npy IapauielbHoi paboTe HACOCOB
BCET[a MEHBIIIE CYMMBI MOJIa4 MIPU UX M30JMPOBAHHON paboTe HA Ty KE CETh, T.C.

Qu, <Q +Q,. OObscHseTca 5TO TeM, YTO KaXIbli M3 HACOCOB IPH
napasiensHoil paboTe pasBuBaeT Harmop [ ,, paBHBII Hamopy B y3/10BOil ToUke

O, u manop H, > H,. CpaBuute nojoxenue Todek A, ¥ A; U COOTBETCT-
ByIOIIME UM MoAaud. Yem Oosibllie HACOCOB BKIIIOYAETCS B Mapajijiellb, TEM
MEHBIIIE IPUPOCT MOJAYU C MPUCOECIUHEHUEM Kaxxaoro nocieayroomero. [lo ston
IPUYMHE OTPAHUYMBAIOT YUCIO MApaUIeIbHO padOTaIOIUX HACOCOB (MaKCUMyM
12, game 4-6-8). I'padmueckmii anHanm3 paboThl Tpex u 0OoJee HACcOCOB

IMPUHOUIINAJIBHO HUYEM HC OTJIMYACTCA OT aHaJInM3a pa6OTbI ABYX HAaCOCOB.

[IpupocT noxauu npy BKIOYEHUH B ITapaJlIeb HACOCOB 3aBUCUT OT KPYTU3HBI
HAIIOPHBIX KPUBBIX U KPYTU3HBI XapaAKTEPUCTUKU CUCTEMBI. UeM OHM MOJIOXKE, TEM
00JIbILIE IPUPOCT NOJIAYH.

B napaJuiCiIbHYyIO pa60Ty MOJXHO YCTaHABJIMBATL KaK OAMHAKOBBIC HACOCHKI,
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TaK U HACOCHI C Pa3HbIMU SHEPTETUUECKUMU XapPAKTEPUCTUKAMU, B TOM YUCTIE U
MOPIITHEBBIE HACOCHI C IIEHTPOOESKHBIMU. [Ipr 3TOM MOTYT OBITH pa3IUYHbIC
BApUAHTHI B3aUMHOT'O PACIIOJIOKEHHSI HATOPHBIX KPUBBIX U XaPaKTEPUCTUKH
rupocucTeMbl. Ho moixo/1 K aHamu3y COBMECTHOM pabOThl OCTAETCS MPEKHUM.
Nmeercs ob1mpHas auTeparypa, B TOM Yuciie yueOHas, T/I€ 3T BOIPOCHI

noJIpoOHO PacCMOTPEHHI (CM. HampuMmep, padboTsl /33,34/).

Omnpenenum cpenuuii cymmapubiii KITJ[ yctaHoBku i oOmiero ciyyas, T.€.
JUI. TPYIIBI HAaCOCOB, HAlpUMEpP TPEX, C pa3HbIMU XapakTepuctukamu. llpum
OTOBOPEHHBIX BBIIIE YCIOBHSX, Ja U B PEAIbHOM TEXHUYECKOW MPAKTUKE HAIIOPBI

napajjielbHO palbOTarOIIMX HACOCOB OJWUHAKOBbBI, T.€.H,, =H,, =H,,=H,=H

(puc 7.6). Ilonaum xe, Kak Mbl YCTAaHOBWJIM, CKJIaibIBatoTCs. [loaTomy

n = N na. _ pg(an + an +Q3n)H — an +Q217 + QSH (715)
* >N pg(QmH N Q. H + anH) Qun N Qun + Qi
m 7, 3 i 7, 73

rae XN, - cymMMapHas mojie3Hasi MOITHOCTh MpY apajuiebHoi paboTe

8.5. locsenoBaTenbHas padoTa HACOCOB

[TocnenoBarenbHast paboTa HACOCOB MPUMEHSETCS Uil YBEIMUEHUS HAIlopa B
TeX CIIy4asix, KOTJla OJIMH HACOC HE MOKET CO3/1aTh TpeOyeMOoro Haropa M Koraa
M3-32 yCIIOBUN BCAChIBaHUSI 00JIe€ BBITOAHBIM OKAa3bIBACTCS MCIOJIB30BAHHE JBYX
HAacCOCOB BMECTO OJHOro (Hampumep, B yciuoBusax TOIl mnpumenenue
KOHJIEHCATHOTO WJIM OYCTEpHOTO HAacoca B KauyeCTBE MPEABKIIOYECHHOTO ISt
MUTATEILHOIO HACOCA).

Ha puc. 7.7 npuBeneH rpadgudeckuii aHaau3 mocienoBaTeibHeNH paboThl IBYX

HAacOCOB C HAIlOPHOM KpHUBOU H U H, TNPU XapaKTEPUCTUKE TUIPOCUCTEMBI H ..

[TockonpKy 00a Hacoca pabOTAarOT MPU OJHOW M TOW K€ MOjade, JJIs MOTyYeHUs
CYMMapHO# HamoOpHON KPUBOW HEOOXOJUMO CIIOKUTh HAIOPbl HACOCOB IMPH

(pukcHpOBaHHBIX 3HAYCHUSIX TOJIa4YH, OJYYNM KpuBYyIo H, , Ilepecedenne 3toi

KPUBOH C XAapaKTEPUCTUKOW TMAPOCUCTEMBI JAET padOuyr0 TOUKY A, KOTOpas U
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ompezenseT pexxuM paboTel o0oux HacocoB. Ilpu oamHOUHON paboTe mMeEpBBIN
Hacoc obecrniednBaer nogady Q,, Bropoit Q,. Ilomaua Q, mpu mocienoBaTeabHON
pabore Oojplle, 4YeM MoJadya KaXJ0ro Hacoca B oTaenpHocTU. [IpupoctQ

3aBUCHUT OT KPYTU3HBI XapaKTEPUCTUKU THIPOCUCTEMBI H, 4YEM OHA Kpyde, TEM

MEHBIIIE IPUPOCT.
Tax kak nogauu npu NOcaeA0BaTEIbLHON pabOTE HACOCOB OJIMHAKOBBHI, TO
cpeanuui KII/I ycranoBKM, HAapUMeEpP, W3 TPEX HACOCOB C PA3ITMYHBIMU

XapaKTCPUCTUKAMHN UMCECT BU/]

H,+H,,+H,,
Hy, +H2n +H317
m 7, 13

Mo = (7.16)

HaHOpLI C MHIACKCOM N- 3TO HANOpBI IIPHU BKIOYCHHUU HACOCOB B IIOCIIC-

JOBaTENbHYI0 PaboTy, T.e. OpPAMHATHI TOYeK mnepecedeHust quauu A - Q¢

HAIMOPHBIMU KPUBBIMU H 1H H 2 Ha puc. 7.7 (u1sl IByX HAaCOCOB).

Hacockl MOTryT OBITH PacloJiOKeHbl KaK HEMOCPEJICTBEHHO JAPYT 3a IPYroM,
TaK ¥ Ha pacCTOSHMM. B IepBOM ciryyae KOpITyC BTOPOIO Hacoca HaXOIWUTCS IOJ
COOCTBEHHBIM [IaBJICHUEM M JIaBJIEHMEM IEepBOro Hacoca. [lo MOBBIIEHHBIM
JaBJIeHUEM OyJeT HAXOIUThCS W TPIICTAIONMNA KO BTOPOMY HACOCY Yy4YacTOK
HarmopHoro TpyoOomnpoBoaa. OHU ODKHBEI OBITH TPOBEPEHBI IO YCIOBHUSIM
npoyHoCTH. [lo TeXHUYEeCKON MOKyMEHTAIlMu Ha HACOC JOJIKHO ObITh MPOBEPEHO
TaKke, BbIIEPKUBAIOT JIM YIUIOTHEHUS Bajla BTOPOTrO HACOCA MOBBIIICHHOE
naBiieHWe. Ecnum Hacochl pacnosioKE€Hbl Ha PAcCTOSHUM JPYyr OT Apyra, SATH
BOIIPOCHl  CHUMAIOTCH. MakcuMallbHOE  PacCTOSTHUE  MEXIy HacoCamu
ONPENEISIETC B 3aBUCHMOCTM OT Hamopa NEPBOTO HAcOCa M BCACBIBAIOLIEH

CIIOCOOHOCTH BTOPOTIO.
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JIEKIIWA 15
9. QHEPTETUYECKHUE XAPAKTEPUCTHUKMU JIOITACTHBIX
I'mMaAPOMAILIINH

9.1. [lepecueT IHepPreTHYECKUX XaPAKTEPUCTHK JIONMACTHBIX HACOCOB HA
APYTYIO 4YACTOTY BpallleHHsI

n H n N n
dopmyasl  10a00Ms Q_n , —L=-(2)?, ‘L= ITO3BOJISIOT
QZ n2 HZ nZ N 2 n2

NNECPECUYNUTHLIBATD pa60‘{I/IC XapaKTCPUCTUKHU C O,Z[HOﬁ JaCTOTbl BpalllCHUS Ha
APYIy1o. HpaKTI/I‘ICCKI/I TaKas HCO6XO,Z[I/IMOCTB BO3HHKACT, €CJIM HMMCCTCA

XapakTepuCTHKa Hacoca IIpM 4acToTe n,, a y IPUBOJHOIO IBUTATENSA Jpyras
4acTOTa BpalleHH.

3aaBIIKCh HA KpUBOW H (n,) MpHU 4acTOTE BpalleHus n, Toukoil 1 (puc.7.3) u
MOJICTaBUB 3HAauUeHUe ee KoopauHaT Q u H, B dopmynsl (2.12) u (2.13), u3 Hux
NOJIyYMM KOOpAMHATBI Q, U H, TOYKM 2 Ha KpuBOW H(n,), COOTBETCTBYIOLLEH

gacroren,, T.e.

Qz :Ql_; H, :Hl(_)2 (73)

Puc.7.3 IlepecueT 3HEpreTHUECKUX XapaKTEPUCTUK Ha APYTYIO YaCTOTY Bpalll€HUs

TouyHO TakuM ke 00pa3oM NEPECUNTHIBAIOTCS KOOPIAUHATHI AJIs JTFOOBIX
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JOPYTUX TOYEK HAa KpUBOM H (n,) Ha HOBYIO 4acCTOTY BpamieHus. Hanocs
nepecunTanHble 3HaueHusa Q u H Ha rpaduk, TOUKM COeANHSIOT MJIaBHOM KpUBOM

Y TI0JIy4aroT 3aBUCUMOCTE H(n,).

Panee roBopuiock 0 ToMm, 4TO (HOPMYJIBI TOAOOUS HCXOAST U3 PABEHCTBA
KII[, nostomy 3Hauenuss KIIJI nma ogHOW W AOpyrol 4acTOThl OCTAKOTCS
NPaKTUYECKU  OJWHAKOBBIMH, T.6. 7, ~7n,. HebOoaplioe  pacxoxaeHue
0OHapy)XMBAETCS JUIIHL B TOM CIly4ae, €CId N, U N, OTIMYAIOTCS B JIBA-TPU U
OoJiee pasza.

KpuBas momHOCTH N(n;) EpECYNTHIBAETCS HA APYTYIO YAaCTOTY BPAILICHUS
1o BeIpakeHuto (2.14):
n2

),
n

1

Nz = Nl(

JpyToi ciocob mepecyeTa - Mo 3HAUCHUsIM Q,, H,, 77, s HoBoii wactotsi N, TIO
dbopmyiie s ToTpedIIsieMOit MOIITHOCTH:

N2 — ngZHZ .
7,

1.2. KpuBble m0100HBIX PEe:KUMOB

Ha puc. 7.4 npexncraBiieH psi HAOPHBIX KPUBBIX IIPH Pa3HBIX 4aCTOTaX

BpanieHusi. BozbMeM Ha KpuBO#l H(n,) Kakyro-J1n0o TOUKy, Hampumep 1, u

3a/1aMCsl TIeTTbI0 HAWTH Ha JPYTHX KPUBBIX TOYKHU, PEKUMBI B KOTOPBIX TIOTOOHBI

pexxuMy paboTHI B TOUKE 1. H
DTO MOXHO CAENATh M0 aHAJIOTHH C

MPEABIAYIAM ITyHKTOM TI0 3aBUCUMOCTSIM

(4.3). B pe3ynbTare nepecuera Ha IpyTyIo

4acTOTY BpallleHUs TapaMeTPOB TOUKH |

MOJIYYHMM PsAJT HOBBIX TOYEK: 2, 3, 4,

COCJIMHUB KOTOPBIE TIJIABHOW KPUBOU,

Puc.7.4 KpuBbie mogoOHbIX
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OyaeM HMETh KPUBYIO IIOJOOHBIX PEXUMOB K . DTa KpHBas NPEICTaBIsLET COO0K

KBaJIpaTUUHYIO Mapadoiy ¢ BEPIIMHON B Hayaie KOOpAUHAT. Y 0eIuMCs B 3TOM.

3aMeHUB OTHOIIIEHNE YaCTOT BPAIIEHUSI B CKOOKAaX OTHOIIEHUEM TT0/1a4
(2.12), umeem

H, & )
1, - Q)

Takue ke COOTHOIIEHUS MOMYyYUM JIJIsl TOUKH 1 U Touek 3, 4, U3 KOTOPBIX
CJIEIYET, YTO

i _H, _H, =i—const

~N2 T N2 ~2 2
Q Q Q Q
Takum 006pa3om, KpuBasi, Ha KOTOPO JiexkaT Touku 1,2,3,4, ABISIOTCS
KBaJpaTUIHOMN mapaboJioif

H = constQ? (7.4)

[Tapabombl MOAOOHBIX PEXKUMOB MOTYT OBITh MOJTYYEHBI JIs1 TFOOBIX TOYEK,

JeXKAIUX HA HAOPHOUM KpuBoi H(n,) . OHU OYIyT OTAMYATHCS TOIBKO
3HauEHUAMMU NTOCTOSTHHOM CONst (kpuBkie k!, k).

Jliia mogoOHBIX pexuMoB ruapasnudeckuii u oobemublii KI1/1 ¢ nocrarounoit
CTEIEHBIO TOYHOCTH MOXKHO CYUTAThb OJWHAKOBBIMHU, €CIIH PEXKHM TEUCHUS B
OPOTOYHOM 4YacTHM TMpPH BCEX YacTOTaxX BpallleHUs oOcTaeTcs B o0jacTu
aBTOMOJIEJIbHOCTH, a BJIMSIHUEM H3MEHEHUs TedeHus W yucia Re B mepenHem
mieneBoM ymiotHeHnn PK  mnpeneOpeus. Mexanuueckuit KIIJI He ocTaetcs
IIOCTOSIHHBIM, ITIOCKOJIBKY ITIOTEPU HAa AUCKOBOE TPEHUE U MOTEPU B YILUIOTHEHHSX
Bajla W IOAIIMIIHAKAX M3MEHSAIOTCS I0-pa3HOMy. JIMCKOBBIE INOTEPH pPACTYT
NPOTIOPIIMOHAILHO n°, a TOTEepH B YIUIOTHCHUSAX Bajda M MOIIAITHUKAX
YBEIIMUYMBAIOTCS 3HAYUTENBHO MeUIeHHee. B pesynprare mpu pocTe 4ac TOTBI
BpalleHUs J0Js MOTEPh HA TPEHUE B YIUIOTHEHMSX Baja M IOAIIMIIHUKAX B

OajlaHce SHEpPrHM MaJaeT, YTO MPUBOAUTH K YBEIMYEHUIO MEXaHWYECKOIo, a

3HA4MT, B obmero KIT/I.
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1.3 IlepecyeT IHepPreTHYECKUX XapaAKTEPUCTHK ¢ MOJEJH HA HATYPY

[lepecuer ¢ MoAeNN Ha HATypy NPOU3BOAAT AHAJOTUYHO MEPECUETY
XapaKTEPUCTHUK C OJJHOM YacTOThI Ha Apyryto. [Ipumem st mpocTOThI

paccMoTpenus n, =7,, . Toraa, cuutas n, =n,, , u3 (2.6),(2.7) u (2.8) umeem

COOTHOIIICHMUA.
8—; _ %, (7.5)
E _2 (7.6)
I’j—: - (7.7)

HaroMHnM, 91O M - KO3 (UIIMEHT MOAETUPOBAHUS, WM MAaCIITaOHBIN
MHOXHTEJIb, CYUTAEM €ro M3BECTHBIM. OHEpreTHyYecKas XapaKTepHCTHKA

MOJICJIBHOM NPOTOYHOM YaCTH TAKKE HM3BECTHA M IIOJy4Y€HAa B pE3yJbTare

ACIIBEITAaHWIH.
H
N 13
Mg p—f— = = T M
e !
~ l
= el
ol T~ |
S
L o N
Mg — = I;NHAT\
- qu e ‘.f_""‘-\___ . A
h . N _._A!, \
MK // 7 .'\? Hy
L VR -
B, a4 a

Puc.7.3 IlepecueT 3HEpreTHUECKUX XapaKTEPUCTUK C MOJIENIN HA HATYpy

3agaeMcs Ha KpUBOM H,, (puc.7.5) TOUKOHN 1 MOJCTaBUB 3HAYCHUE €€ KOOPIUHAT
M
Qu:» Hy, B Gopmyns (7.5) u (7.6), BBIMUCIUM COOTBETCTBYIOIINE KOOPIUHATHI

HATYyPBI:

103



QHl:QMl/’i’iA v Hy= HMlﬂ“lz\/I (78)
[TonoGHBIE BBIYUCICHUS IPOU3BOIUM JIJISl APYTUX TOUEK KPUBOM H,,, B TOM yuCIe
pu Q,, =0. 1o nonydyeHHbIM TOYKaM CTPOUM HAIIOPHYIO KPUBYIO [ HATYPBI
H, . U3 ycnoBus uto 3nauenus KIIJ[ onunakoBsl, T.€. 7, =1,,,, TO K€ U JIJs
OpyTHX To4YeK. KpHBYIO MOIITHOCTH MOYKHO MTEPECUUTATh 110 COOTHOCHHIO (7.7):
Ny, =N Mlﬂ’?\ll )
an6o 1o 3HaYeHusIM Q,,, H,,, n,, Mo hopmysie Ay noTpedsieMOi MOIIIHOCTH,
TMI0JIb3YSACh KPUBOW H, U KPUBOU 7, :
N, P9QuHy
n

B neicTBUTENBHOCTH, KaK MBI 3HA€M W3 IPEABIAYIIEro, ' M [Ipu

Hepexojie OT MOJENN K HAaType 7# yBeIMYMBAeTCsA M3-3a YBEIMUYCHHS '173a cUeT

MacimTabHoro 3¢d¢ekxra, HEKOTOPOTO TOBBIMICHUS 77,, U 77,.. . [lo3TOMY TIpHm Goste

TOYHOM IIEPECYETE CICAYCT II0JIB30BATHCA 3aBUCUMOCTAMMU.

N

Qx =2 Mo6. (7.9) EH =2 Mr.u (7.10) Ho_ g8 M iex.t (7.11)

QM 7706.411 M UI".M M n/wex.M
PaCXO}KI[CHI/IC C IHIEpeCUCTOM, IIO0 CPABHCHHIO C IICPBLIM CIIydacM, TEM

omrytumee, yeM Oousblie Ko3(h(UIMEHT MOAENUupoBaHus A, . i yTOYHEHHOro
nepecueTa XapakTepUCTUKA HEOOXOIMMO 3HATh 3aBUCUMOCTH 77, = f(Q), n,, = f(Q),
N...=f(Q) mia HaTtypel U momenu. OHHM, OJHAKO, HE MOTYT OBITh TOJyYEHBI
pacueToM U TpeOyIOT MPOBEACHUS CIEIUATBHBIX OaIaHCOBBIX HCIIBITAHUM.

[TpuOIMKEHHO MOYKHO YYeCTh BJIMSHHE U3MEHEHHUS ''r', BBIYMCIHMB €0 I
HATyphl U MoJienu no Gopmyne (2.19), cnpaBeaIMBON TOJBKO JJIs1 ONTUMAIBHOTO
pexknma. J[omycTuMo Takke C ONpeaesieHHON 0Je MPUOIMKEHUS UCTIONh30BaTh

JUIl APYTUX PEKUMOB OTHOLIEHWE 7, , /7,, BBIYACICHHOE I ONTUMAIBHOIO

pexuma.

YyeT u3aMeHeHus Nos HCO6XO,Z[I/IM, KOorJa I1ipu nepexoac OT MOJCJINU K HATypE
3a30p B YIINIOTHCHHUHU PK YBCIMYNBACTCA HC B ZM pas3, a BHAYUTCIbHO MCHBIIIC. I[J'I}I

CTyIeHel 0e3 MpOoX0oJHOTO Bajia (KOHCOJIbHbBIE HACOCHI) HA ONITUMATILHOM PEKUME
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o6bemubiit KITJ] mpubamxeHHO MOYKHO BBIYUCITUTH IO (hopmyiie:

1

= _ 7.12
Mo = 14 4705 "o 77 (7.12)
rie O - OTHOCHUTEIIbHBIN 3a30D
JI71s1 MOAENIBHOTO ¥ HATyPAJIBHOTO HAacoca
o = O
= Oy ==,
RVM RYH
rae 8,,, 5, - AOCOIIOTHBIE 3a30PkI JIJIST MOJICIH U HATYPHI,
Ryy» Ryy - pammnychl yruiotHenu PK monenu u Hatypel.
JIns cTynenen ¢ mpoXOIHbIM BAJIOM:
1
Mos (7.13)

147305 "°n, 2"

®opmyast (7.12), (7.13) nomyuensl Ha ocHOBe hopMyiibl A.A.JlomakuHa 1
pe3yJIbTaTOB 00paOOTKM CTATUYECKUX U IKCIIEPUMEHTAIbHBIX TAHHBIX.

OnpenenuB COOTHOWEHUE 7, , /7,; ,, 111 ONTUMAIBHOTO PEXUMA, ET0 MOKHO

UCITIOJIB30BATh I PACUETOB U APYTUX PEKUMOB.

N3menenne wmexanndyeckoro KIIJ[ 00yciioBIeHO TOJIBKO HM3MEHEHUEM
NOTEPHB YIUIOTHEHUSAX Bajla ¥ NoAMMNHUKaX. OHO HE3HAUUTENBHO U UM MOKHO B
NEPBOM MPUOIMKEHNN NpeHeOpeydb. JIMCKOBBIE ke MOTEPH, SBISIOIINECS TJIABHOM
COCTaBHOM YacTbI0 MEXAaHWYECKUX MOTEPb, C OMNPEICIECHHONM TOYHOCTBIO
MOJISIIUPYIOTCS, T.€. HM3MEHSIOTCS TNpornopuuoHanbHo A, . O6mwuit KIIJ| mpwu
YTOYHEHHOM II€PECUYETE XapaKTEPUCTHUKU JUI1 KaXIAOW U3 TOYEK C YYETOM

CKa3aHHOI'O BBIIIC BBIYHCIIICTCA 110 BRIPAXKCHUIO. .

77].1 — 77M UF.H X 7706.]1 . n.th.H (714)

Mroe Moot Mex.m
Ha npakTuke mepecder ¢ MOJENH Ha HATYPY 9aCcTO OCYIIECTBIISETCS C
OJTHOBPEMEHHBIM TIEPEXO0M Ha JPYrOod MACIITa0d MPOTOYHON YaCTH U HA JPYTYIO
4acTOTY BpalieHus. B TakoM cirydae TOMOJHATETEHO UCTIOIb3YIOTCS 3aBUCHMOCTH
(2.9), (2.10), (2.11). Hepenko npuxoauThecsl peliaTh 3aa4dy 1Mo OMpeaeIeHUI0
kod(hpurreHTa MOICTMPOBAHMUS TT0 U3BECTHBIM THAPABINYECKUM IMapaMeTpam

MOJCJIHU M 3aJaHHBIM IMapaMCTpaM HATYPEI.
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JIEKTINAA 16.

10. OHEHKA CTOUMOCTHU HACOCA HA ITPOTAKEHUHAN
BCEI'O CPOKA OKCIUVIYATALLUU

[Tporecc BbIOOpa Hacoca JOMHKEH BKIIOYATh B C€0s1 OIIEHKY CTOMMOCTH BCETO
CpoOKa CcITy’»KObI Hacoca, BKIIIOUYAsi BCE PacX0bl HA MPUOOPETEHHE, IKCILTYyaTalluI0 U
oOcIy>)kMBaHUE HACOCHOM CTaHIIMU 3a BECh MpeEAroJiaraeMbiii iepuo. BaxkHOCTh
OIICHKA CTOMMOCTH CpOKa CIy>KObI M CpPaBHUTEIBHBIX pPacu€TOB pacTeéT ¢
YBEJIMYEHUEM  MOIHOCTH HACOCHOW craHuuu. Hampumep, 3aTpaTel Ha
AIIEKTPOIHEPTUIO U1 KaHAIM3AaIMOHHOTO Hacoca cpenaHero pasmepa (30 kBr) 3a

TPpH roJa 3KCIryataliu paBHbI q)aKTI/ILIGCKI/IM 3aKYIIOYHBIM 3aTpaTaM.

10.1 O0mme mo10:KeHUA

CToMMOCTh CpOKa CIy:KObI Hacoca HEOOXOAMMAa JIJIsi OLICHKH IPOCKTHOTO
(UHAHCUPOBAHUS W TEXHHKO-d)KOHOMHYECKOTO oOocHOBaHHWS. Hampumep, B
IPOIECCe PEKOHCTPYKIIMA HACOCHOW CTaHIIMM, HAa KOTOPOH CTapble HACOCHI
3aMEHSIOTCS HOBBIMH, KPHTEPHUEM OIICHKH OOIIUX 3aTpaTr SBJSCTCS CTOMMOCTD
OKCIUTyaTalld Ha TPOTSHKCHWH BCETO JKU3HEHHOrOo IMKiIa. I[IpaBHIIbHBIC
JOJTOCPOYHBIC PAcyeThl JOJDKHBI OBITh TNPUHATHI BO BHUMAaHHE C YYCTOM
BO3MOXKHBIX M3MEHEHHH 3aTpaT Ha 3JCKTPOIHEPTHIO, MHOISAIUU U MPOIECHTHOU
CTaBKH B JIOTIOJIHEHUE K CTOMMOCTH 3KCIUTyaTallMd HacOCa B TCUCHHE YKU3HECHHOTO
UKJIa. DTH pacyeThl TPEOYIOT HABBIKOB B 00JaCTH AKOHOMHUKH U YIIPaBJICHHUS
IPOEKTaMHU Hapsy ¢ TPOYHBIMU 3HAHUSIMHU HACOCHOUM TEXHHKH.

PacyeThl cTOMMOCTH CpoKa CITy»KObI OOBIYHO HCIIOJIB3YIOTCS JIJISi CPaBHEHUS
HACOCOB BO BpeMs IpHoOpeTeHus. BBIOOP MOXKET OCYIIECTBIATHCS KaK MEKIY
Pa3IUYHBIMH TIPOU3BOIUTEIIIMA, TaK M MEXKIY PAa3IMYHBIMA MOJCIISIMH OJTHOTO
IIPOU3BOIUTEIIS.

TpynHo mpeaBUAETh BO3MOXKHBIC W3MEHEHHUS CTOMMOCTH JSHEPTUU W

CEPBHCHBIE 3aTPaThl, IOATOMY pazyMHee OyJIeT CPaBHUThH PacXObl, BKIIOYAIOIINE
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CTOMUMOCTh CpOKa CIYXOBl COTJIaCHO CETOJHSIIHEMY YpPOBHIO IIeH, 0e3
¢bunaHcoBoro ananuza. CrenoBaTelnbHO, aHAIU3 MOXKET OCHOBBIBATHCS HA JABYX
Pa3JIMYHBIX NOJIXO0AaX:

* CTOMMOCTb CpOKa CIIy>KObI HacOCa BBIYMCIISACTCS JIJIs1 PA3IMYHBIX BAPUAHTOB
COTJIACHO CETO/HSIIHEMY YPOBHIO 1I€H, 3aTEM UAET CPABHEHHUE.

 (CpaBHEHHME, OCHOBAHHOE€ Ha CaMblX DSKOHOMHUYHBIX BapHUaHTaX, TJIE
pacCUMTHIBAIOTCS TMEPUOJIbI  OKYIAaeMOCTH NpU HAMMEHBIIMX 3aTparax Ha

9KCILTyaTalluio U O6CJ'Iy>I(I/IBaHI/Ie .

3aTpatbl Ha oGcnyXueaHue — 2-5%

3artpartbl Ha

aneKTpoaHepruo — 90%
MHBECTULLMOHHBIE

3atpatbl — 5-8%

Puc.5.1 JInarpamMmma CTOMMOCTH KM3HEHHOTO IIMKJIa Hacoca

Heo0xoauMo OTMETHTb, UYTO O3TH METOJbl HMMEIOT JOBOJBHO OoJblINe
MOTPEIIHOCTH Ha HHEPreTHUECKHE W AKCIUTyaTal[MOHHBIE PacXOJbl, TaK KaK OHHU
OCHOBaHbl Ha TMPEANOJIOKEHHUSIX, TaKuX Kak Oyayluid OTKauyeHHbI 00BEM U
OlLIEHKa MHTEHCUBHOCTH M3HALINBAHMUS.

OKoHYATETbHOE PEIICHUE TaKkKe MOXKET 0a3upoBaThCs HAa MPUHIUIHAAIBHBIX
WIM KOMMEPUYECKHX NOKa3aTeNsiX. JDKOJIOTMUYECKUM aclieKT MOXKET OTOABUHYTH Ha
BTOPOH IUIaH 3HEPronoTpeleHne U CTOUMOCTb. Eciau Hacochl SIBIIAIOTCS 4acThbIO
[EJIOr0 MPOEKTa W 3aKyMalTCsA MOAPSAYUKOM, TO LI€HA 3aKYNKH MOXET OBITh

peIIaroIIEH.
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10.2 PacueTHbIii mepuo.

Pecypc COBpeMEHHBIX KaHAIM3AIMOHHBIX HACOCOB OKOJIO 25  JerT.
HeoO6xoammocTh OOHOBJICHHMSI HACOCHOM CTAaHIIMM MOYKET BO3HUKHYTH TOpPa3iio
pasbiie. Hampumep, u3MeHEHUS B OKpYyXKarolied OOCTaHOBKE TIPUBEIN K
YBEIMYEHUI0 OOBEMOB IEPEKAYMBACMON Cpeibl WJIM TMEpeIulaHupPOBKAa paiioHa
TpeOyeT 3aKPBITHS WU MEepPEeHOCa HACOCHOW cTaHIMU. HemocTymHOCTh 3amacHbIX
4acTEM MOXKET TAKKE BbI3BATh IPEKICBPEMEHHBIM M3HOC Hacoca. lloaxonsimmin
nepuoj il SKOHOMHUYECKHX BbIUMCIEHHM 3TO0 8§ - 10 JeT ¢ MOMEHTa Haudala

9KCILTyaTallnuu.

10.3 YpaBHeHHS CTOUMOCTH KU3HEHHOTO MKJIA

B »TOM pasmene Mbl 0OpaTuM BHUMAaHHE Ha DJIEMEHTBHI, OIPENEISIOLINE
crouMocTh >ku3HeHHoro Imkia HacocoB (LCC). Pacckaxem, kakue (HakToOpbl
HEOOXOJMMO YUUTHIBATh MPHU pacyeTe CTOMMOCTHU KM3HEHHOIO LUKJIA, U OMUIIEM
METOJUKY pacyeTa. B 3akiaroueHHe MpOAEMOHCTPUPYEM Ha MPUMEPE ClaraeMble
CTOMMOCTH KU3HEHHOTOLIMKJIA.
Cmoumocmp HCU3HEHHO20 WUKAA HACOCA — STO BBIPAKEHHE, OINPEACISAIOLIEE
0O0IIyI0 CTOMMOCTh HAacoca Ha MPOTSHKEHUH €ro CpoKa CIYXKObI: CKOJIBKO CTOUT
MOKYTIKa, YCTaHOBKa, paboTa, 00cny>KuBaHue, yTUIU3aUs U T. 1.

Nuctutyt ['mapaBnuku «Europump» m MunucrepcrBo OHeprerukun CIIA
paspaboTaiii CIpaBOYHOE PYKOBOJCTBO MoJ Ha3BaHueM «Ilocobue mo ananmsy
CTOMMOCTH YW3HEHHOIO LIHMKJIA HACOCHBIX CHCTEM»
(LCC), cMm. puc. 5.1.1. DTOT cripaBOYHUK BBIMYIIEH C
LEJIbI0 TIOMOYb KOMIAHUsIM MUHUMHU3HPOBATh 3aTPaThl
U yBeIU4YUTh A((PEKTUBHOCTH HSHEPronoTpedIeHus
pa3NMYHBIX CHCTEM, BKIIOYash W HacocHble. Pacuer
KU3HEHHOI'O IMKJIA — 3TO PYKOBOJICTBO IO INPHUHSATHIO

pelieHuid mpu  pa3padOTKEe HOBBIX YCTAHOBOK WJIH

MOJIEPHU3ALMHU YK€ CYLIECTBYIOIIUX.

Puc. 5.1.1. Tlocobue mo aHaan3y CTOMMOCTH KU3HEHHOTO IIUKJIAa HACOCHBIX CUCTEM
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Croumocts xu3HenHoro mukia (LCC) paccuutbiBaeTcsi mo cleayrouien

bopmyie:
LCC = Cn + CM + Can + CT + C3KO + CTO + Cnp + CyTI/IJ'I

10.3.1 MuBecTHIIMOHHBIE 3aTPATHI (3aTPATHI HA MOKYNKY) (CH)

3aKymnoyHble IIEHBI HAa HACOChI MOYHO TIOJYYHTh Y TPOU3ZBOIUTENS TI0
3ampocy WM TMyTeM meperoBopoB. OKOHUATENbHAS CTOMMOCTH MOMXKET TaK JKe
BKJTFOYATh JIPYTMe KOMMEPUYECKUE WU 3aKYIIOYHBIC 3aTPAThI, TAKKE KaK TIEPEBO3KA.
Takke HEOOXOAUMO YYECTh, YTO pa3IMyHAs KOMIUICKTAIMS HACOCOB BIIUSET Ha
NepPBOHAYAIBHYIO CTOMMOCTh. Hampumep, ais GOJBIIOrO ABUTATENs] HEOOXOAUM
YaCTOTHBIM MpeoOpa3oBaTeNlb WM MPEAOXPAHUTENIb CETH, MPUBOMISIIINE K
YBEJIMYCHUIO KAlTUTATOBIOKEHUH.

Ha pucynke 97 mpuBeneHa TpONOPIMOHANbHAS 3aBUCUMOCTH CTOUMOCTH

Hacoca OT ero pasMepa npu yactote Bpamenus 1500 00./MuH.

Liexa,/PM
(%)

200 -+

100

2 10 50 100 500
PN (kBT)

Puc. 97 Bnustnue pasmepa Hacoca Ha ero ctouMocTh (1ieHa/PN) mpu HoMuHaNBHON
gactote BpamieHus 1500 06./MUH. OTHOCUTENBHO Hacoca MOMHOCTRIO 10 k BT.

Hacoc ¢ wmenblieli HOMHHANBHOM YacTOTOM BpalleHus, OObIYHO ObIBaET

AOpPOKE HaACOCa TaAKOIro KE YpPOBHsA, HO C Oosice BBICOKOM I'Ia,CTOTOI\/’I, n3-3a
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OombIiero pazmepa. PucyHok mokasbpiBaet, 4To Jyisi HEOOIBIIMX HacOCOB, MeHee 10
Bt, 3akynounHas 1meHa OyneT pemiaromied I OmpenesieHHs CTOUMOCTH CpOKa

CITYXOBI.

[aHenb
yrnpaeneHua

Hacoc

MHBECTULMOHHLIE

2dTpdTbl

-

MNpeobpazoea-
TeNb UaCTOThI

Natumk

Puc. 5.1.3. OGopynoBanue, CTOUMOCTb KOTOPOTO BXOJUT B HHBECTUITMOHHBIC
3aTpaThl

Yacto Oomee moporoe o00OpymOBaHHME HMEET OoJiee ITUTEIBHBIA CPOK
CIIy’)KObl W sBJIsiCTCs 00Jiee SKOHOMHUYHBIM. [IprMep KOMILICKTAallUd TaKOTro
00OpyI0BaHUs ISl HACOCa C YACTHO-PETYJIMPYEMbIM MPUBOJOM TIPEICTABICH Ha

puc. 5.1.3.

10.3.2 3aTpaThl HA MOHTAXK U MMyCKOHAIa049HbIe PadoThI (C,(y)

CTouMOCTh MOHTaka M BBOJIa B 3KCILTyaTallMIO BKJIFOYAET B C€0s1 CTOUMOCTD
CJIEAYIOIIHNX PadoT:

* MOHTaX HACOCOB;

* YCTpOUCTBO PyHIAMEHTA;

» CoeiuHEHNE JIEKTPONPOBOJKH U MOJIKIIOYEHUE 3IEKTPOAIapaTyphl;

* YcTaHOBKA TaTYMKOB U YACTOTHBIX MPEOOpa30oBaTEIICH;

* [lonkmtroueHre K CUCTEME YIIPaBJICHUS 3/TaHUEM;

* Hactpoiika o6opynoBanus;
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Puc. 5.1.4. luBecTULIMOHHBIE 3aTPaThl HA CUCTEMY: a) C HEPETYJIUPYEMBIM
HacocoM (cuctema 1); 0) ¢ perynupyemMbIM HacOCOM (cuctema 2)

Kak u B ciiy4yae ¢ ”HBECTULIMOHHBIMU 3aTPAaTaMM, OYEHb BaXKHO y4€CTh BCE
albTEPHATUBHBIE BAPUAHTHI. B HEKOTOPBIX Cllydasx peryJaupyeMble HACOCHI
OCHAIEHbI BCTPOCHHBIMU YCTPOUCTBAMHU YIIPABIICHUS U PETYIMPOBAHUS, I0ITOMY
IIPYU BBICOKMX MHBECTULMOHHBIX 3aTpaTax, 3aTPaThl HA MOHTAX U HAJAAKY OyIyT

HCBCIIMKU.

10.3.3. 3aTpaTtsl Ha 3Jj1ekTpodHepruio (Cari)

B abGconroTHOM OONBIIMHCTBE CIIy4aeB IHEPTONOTPEOICHHUE SIBISICTCS
OCHOBHOW COCTABJISIFOIIEH CTOMMOCTH KU3HEHHOTO IIMKJIa HACOCHOHN CHCTEMBI,
ecii Hacoc padotaet 6onee ueM 2000 gacoB B roa. @aktuyecku okono 20% ot
MHUPOBOTO NOTPEOICHUS 3JIEKTPOIHEPTHUH UCIIONIb3YETCSl B HACOCHBIX CUCTEMAX,
cM. puc. 5.1.5.

Jlanee MbI TIpeICTaBIIsIeM HEKOTOPBIC (DAKTOPHI, BIUSIONTIE HA
HHEProNnOTPEOICHNE HACOCHBIX CUCTEM:
* JlnarpamMmma Harpysku;

« KIIJI macoca (pacuer paboueit Touku), cMm. puc. 5.1.6;
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* KITJ snexrpoasurarens (K1 anexTpoasuratens Npu YaCTUYHOW Harpy3Ke
MO>KET 3HAUUTEJIbHO OTINYAThCS JJIsl CTAaHAPTHBIX AJIEKTPOABUTATENCH U
nBurateneit 1-ro kiacca a3HeprodpHEeKTUBHOCTH);

* MouHocTh Hacoca (MHOTAa U3JIUIIHUK 3a1ac U OKPYTJIEHUS IPUBOIAT K
OIIMOOYHOMY BBIOOPY IEpepa3MEPEHHOT0 Hacoca);

* Jlpyrue KOMIIOHEHTHI CUCTEMBI, TAKHE KaK TPyOOIPOBO/I U KJIalaHbl;

* Mcnonp3oBaHue peryaupyeMbix HacocoB. [Ipu ucnonap3oBaHuu

PEryIMpyeMbIX HACOCOB 3KOHOMMSI SHEPTUU MOKET cOCTaBUTh A0 50%.

MNpoune obnactu
80%

HacocHwie
CHCTEMEI
20%

Puc. 5.1.5. MupoBoe notpebiaeHne 3JeKTPOIHEPTHH

OHepreTuveckre 3arpaThl BBIUMCISIIOTCS, HCXOAs U3 KOd(pQuimeHra
IIOJIE3HOM JEeATENBbHOCTH (T)g) Hacoca, TaKk KaKk OH CONIACHO CTaHaapTam
VCIIBITAHUM SBJISIETCA NPEAMETOM TapaHTUHA NPOU3BOJAUTENSA, B OTIWYUE OT
MOIIHOCTH.

Heobxoaumo, YTOOBI HCIIOJIb3y€EMBbIE CTaHJAPTHI VCIIBITAHUU
COTJIACOBBIBAIMCH, TAK KAK PA3JIMYHbIE CTAHAAPTHI UMEIOT Pa3JIMYHbIE TOITYCKHU Ha
3HaueHus KIIJ[ Hacoca, KOTOpbIE MOTYT IOBIMATH Ha JIAHHBIEC, NPEACTaBICHHBIC
npousBoauTeneM. [loxamyiicra, oOpaTuTech K paszeny Karajora mpOu3BOJUTENs
HAaCOCHOTO O00OpYyAOBaHMsSI IO MCHBITAHUSIM  HAcoCOB, [UIsl  IOJPOOHOMU

uH(popmaruu.
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Puc. 5.1.6. CpaBuenue KIIJ] HOBOro u ctaporo Hacocos

N3menenne KIIJ. 3a wuckmodyeHueMm BUXpeBbIX  HacocoB,  KII/]
KaHAJIM3AIIMOHHBIX HACOCOB CO BPEMEHEM YMEHBINACTCS, TaK KaK 3a30p MEXIY
paboynM KOJIECOM M KOPITYyCOM Hacoca YBEJIWYMBACTCS H3-3a H3HOCA. OTH
W3MEHEHUS JOJDKHBI OBITh NMPUHSITHI BO BHUMaHWE MPU TMOJATOTOBKE JaHHBIX 00
sHepreTudeckux  3aTparax. (OCHOBaHHBIE HAa  HUCHBITAHWSIX W OIBITE,
HIDKenpuBeaeHHbIE dhakTopbl yMeHbleHuss KIIJl MoryT ObITh MCIIONB30BaHBI MPU
MIPOBEICHUH PACUYCTOB:

* 3akpbITOE pabouee KOJIeco ¢ PeryInpoBKoi 3a3opa: - 1,5% (3HaueHue 1)

* [TomyoTkpeITOE pabouee KOIeco ¢ perylIupoBKoi 3a3opa: - 3% (1gr)

* 3akpbIToe pabouee Kojeco 6e3 peryIupoBKH 3a30pa: - 3% (1g)

* [TomyoTkpeITOE pabouee KOJIeco ¢ perylInupoBKoi 3a3opa: - 5% (1gr)

Kpome mnepeuncieHHBIX (DAKTOPOB, CHIKAIOUIMX TMPOU3BOAUTEIHHOCTD,
MOKHO J0OaBHUTb, YTO Ha MPAKTUKE CTOYHBIC BOJABI MEPEKAYMBAIOTCS HACOCAMH,
KII/l KOTOpBIX 3HAYUTEIBHO HUXKE, YEM Y HOBBIX. BBICOKHE 3HAUEHUS 711 HACOCOB
0e3 mpucnocoOJieHn Il peryJMpoBKH 3a30opa paboyero Kojeca OCHOBaHBI Ha
TOM, YTO O3TH Hacochl paboTaloT OoJjiee JUIMTEIbHOE BpeMs  MEXKIY
BOCCTAHOBJICHUSIMM 3a30pa, TaK KakK 3aMe€Ha 4YacTed JOJDKHA IMPOM3BOAUTHCS B
YCIIOBUSAX MACTEPCKOU.

Cumxenne KIIJ[ Gonee 3aMeTHO y HACOCOB C IMOJYOTKPBITHIMU PabOYMMHU
KOJieCaMH, TaK KaK ATH HAcOChl HM3HAIUBaIOTCs OwicTpee (cM. Pazmen 2.2.1
KpbuibuaTkn).
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10.3.4 Ouenka 3HepronoTpedIeHust

Pacuer sHepromorpebiieHus MOXET OBITh MPOBENEH ABYMS DPA3IUYHBIMU
METOJIaMU:

* IlyréMm oOIEHKM TepeKayeHHOro o0bEMa KHUIKOCTH 3a TOJ: BHayale
HOJICUMTHIBAIOT YJCIBbHYIO SHEPTHIO, UCIOJIB3Ys CIEIyIOIIee YpaBHEHNUE:

= __il;tL.- B 1
Esp Mg, - 3600 (xBr/)

rie  H = Hanop Hacoca B paboyeit Touke [M],
g = 9.8 yckopeHue cBOGOIHOTO mageHust [m/c7],
Ngr = noaubii KITJ[ (Hacoc + nBurareins) B pabodei TOUKe,

g — IJIOTHOCTH kuaAKocTy paBHa 1000 KT/M .

[ToTpeOnenue >HEPruM BHIYHUCIAETCS HAa OCHOBAHUU YACIBHOW SHEPTUU U
€KEr0JIHO MepeKauYnBaeMOM 00BEME JKUTKOCTH.
* OrmeHka, OCHOBaHHasi Ha paboOyMX wYacax, CHayaja IOJICUUTHIBACTCS

MOIIHOCTH MpH rapantupoBanHoM KIIJI, ucnone3ys ciemyroliee ypaBHEHUE:

P = 9.QH (kBT)
ar ﬂgr-lDDD

raie Q= pacxoj Hacoca B paboueii Touke [ j1/c]
H = namop nacoca B paboueii Touke [M],
g =9.81 [m/c2],
Ng—= nonssiii KIIJI (Hacoc + nBuraTens) B paboueil TOUKe,

p — IJIOTHOCTH KuaKocTu paBHa 1000 kr/m3.

[Togcuer aHEpromoTpeONieHUsT TMPOBOAUTCA, UCIOJB3YS  IMOTYYECHHYIO
MOIIIHOCTh U KOJIMYECTBO paboumx yacoB B roa. Ecmu kpuBas Q/H nHacoca
MPOXOJUT BbILIE 33JJaHHON padoyeil TOUKH, TPOU3BOAUTEIILHOCTh OYJET BhIIIE, U
COOTBETCTBEHHO, pPa00OYMX dYacOB MEHbBIIE. DTO JOHKHO YUUTHIBATHCS TPHU
UCII0JIb30BAaHUHU METO/1a, OCHOBAaHHOTO HAa pabOUyuX yacax.

MeToapl OIEHKH YHEPTrOMOTPEOICHHSI YIPOIIAIOTCS, €CIU Hacoc paboTaeT B

OIHOM paboueil TOuke. DTa CHUTyalus YCIOXKHAETCSA, €CIU OJHOBPEMEHHO
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paboTaroT JBa Hacoca, U, €ClIM UCHOJb3YeTCsl YaCTOTHBIN IpeoOpazoBarensb. [Ipu
napajuleJbHOM paboTe, MOACYEThl JODKHBI OBITh BBINOJIHEHBI OTAEIBHO IS
pa3iaMuYHBIX pabOYMX TOYEK, a 3aTeM MyTEM AamnmpoKCHMAlluU IepeKadyeHHbIX
00BEMOB MJIM pabOUYUX YaCOB MPOCYMMHUPOBAHBI.

C 4JacToTHBIM NpeoOpa3oBaTEIEM y HAcOCa MUMEETCS MHOXKECTBO pabOuux
Touek. B sToM cimywae s mojcuera J0OKHA ObITh BhIOpaHa pabodasl TOUKa,
SBIIIOLIASCA CpPeAHMM 3HaueHueM. J[pyroil HeomnpeneneHHbll ¢akrtop npu
II0JICUETE SHEPronoTpedICHUs U1l HACOCOB C YaCTOTHBIM MPeo0pa30BaTesIeM - 3TO
ToT (akt, yto monubii KIIJ[ cucremsr TpyaHo omnpenenuts TouHO. Jlns
CPAaBHMTENBHBIX IIOJCUYETOB JOJDKEeH ObITh wucnosb3oBaH KIIJ[ Hacoca 0e3

qaCTOTHOI'O Hp606paBOBaTeJ'I$I.

10.3.5 IkcrmryaTanuonnbie 3aTpaThl (C,ien)

OKCIUTyaTallMOHHBIE 3aTPaThl OTHOCSTCS HEMOCPEICTBEHHO K 00ECIEeYeHHIO
paboOThl HACOCHOW CHCTEMBI, BKJIOYAIOT B ce0s 3aTpaTbl Ha padouyro CHITy
(Tpymo3atpatbl). B HEKOTOpBIX cioy4yasx CTOMMOCTh paboyell cumibl AJis
00CITyKMBaHUS HACOCOB SIBJISIETCS HE3HAYUTENBHOM.

OOblYHO, I TOTPYKHBIX  HAacOCOB  PEKOMEHAYETCS  MPOBOIUTH
npoduiIakTuKky exeronHo. llpodunakThka BKIIOYAET KOHTPOJb TOPLIEBOTO
YIUIOTHEHUs, IIPOBEPKY M30JSLUU JABUTaTellsd, C 3aMEpOM COIPOTHUBIICHUS,
IPOBEPKY 3a30pa paboyero Kojieca W €ro peryiupoBKa, €Clii HEe0OXOIuMo, U
oOumit  ocMotp. bBONBIIMHCTBO NPOM3BOAUTENEH PEKOMEHAYIOT IMOXO0XKHE
onepanny. PasHuna Mexay HacocaMU pPasHbIX IMPOW3BOAUTENIEH SCHO BHJIHA B
BO3MOKHOCTH MOAAepkuBaTh M BoccraHaBimBaTh KIIJ[ Hacoca. Ecimm Hacoc
000py/IOBaH MEXAaHU3MOM JUIsl PETYJIHMPOBKM pabodyero Kojeca, CTOMMOCTb
nonnepxkuBanus ero KIIJ[ He yBemuuurtes, Tak Kak peryjaMpoBKa MOXKET OBITh
IpoBeJeHa BO BpEMs 3aIUITAHUPOBAHHBIX MPO(PUIAKTUYECKUX paldOT MpsSAMO Ha
mecte. Ecu BocctanoBnenue KIIJI Hacoca TpeOyrOT 3amacHbIX 4acTed WIJIM HAcOC
OPUXOJIUTCS OTHPABISATH B MACTEPCKYIO0, CTOMMOCTh ATHX 3aTpaT OyJeT BKIIOYEHA

IIPY TMOJICYETE CTOMMOCTH CPOKA CITY>KOBI.
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B HaCTOAICC BPCM: PA3JIMIHBIC TUIIbBI aBTOMATUYCCKUX CUCTEM YIIPABJICHUA
IMO3BOJIAIOT MIOACOCAUHATH HACOCHBIC CUCTEMBI K KOMHBI-OTCpHOﬁ CCTH, IIpU 3TOM

CHIKasl TPY103aTpaThl.

10.3.6. Okomoruueckue 3aTpathbl (C, ;)

DKOJIOTUYECKHUE 3aTpaThl BKIIOYAIOT B CEOS OTYUCIICHHS 3a 3arps3HEHUE
OKpYXKAalIIEH  CpeApl  NEPEeKAaYnBAEMOW  JKUAKOCThIO. B coBpeMeHHOHU
MIPOMBITIUICHHOCTH  YIENbHBIM BEC JTOro (akropa B TOJHOW CTOMMOCTH

ZKHU3HCHHOI'O IMKJIa HACOCHOM CHUCTEMbI HE3HAUUTEJICH.

10.3.7. 3aTpaTbl Ha peMOHT U TexHn4Yeckoe oocayxknBanHue (Cgc,)

3aTpaThl Ha PEMOHT W TEXHUYECKOE OOCTY)KHBAHHE BKIIFOYAIOT B CeOS BCE
3aTparhbl, OTHOCSAIIMECS K PEMOHTY M TEXHHYECKOMY OOCITY)KMBAaHUIO HACOCHOU
CHUCTEMBI, Hampumep, 3apadoTHas IUIaTa pabodero TmepcoHaga, CTOMMOCTH
3aMacHBIX YacTeH, TPAHCIIOPTUPOBKU U TIPOMBIBKH.

Jlist yBenmu4aeHus: CpoKa dKCIUTyaTalud 000pyI0BaHUS U TIPEAOTBPAICHUS
HEe3aIIaHUPOBAHHBIX MTPOCTOEB HEOOXOAUMO IMPOBOJIMUTH INTAHOBOEC TEXHUYECKOE

00CITyKBaHUE.

R
"

; < Puc. 5.1.7. Pe3epBHBIi HacocC
rapaHTUPYET NMPOJAOHKEHHE

IMPOU3BOJACTBCHHOI'O ITPOTCCCa B CJIydac

Q II0JIOMKH OCHOBHOI'O HACOCa
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B3aumopgeiicTBue ¢ MOCTABHIMKAMHU HACOCOB. OlIEHKA CTOMMOCTH CpPOKa
CIy>KObl Hacoca M aHaJIM3 XapaKTePUCTUK HEPEJKO OBIBAIOT MPEyBEINYCHBI,
MOATOMY CTOUT MPOBOAUTH BCE PACUETHI OTKPHITO C MOCTABIIUKOM, MO KpalHen
Mepe, MpY MPUOOPETEHNH Hacoca UMEHHO Yy 3TOTO Mpou3BoauTes. B aTom ciyuae
MOXHO U30€XaTh BO3MOXHBIX HEIOpPa3yMEHUM U TPUHATH BO BHHUMAaHUE
MIPEIIOKECHHS] M PEKOMEH/IAINU TTOCTABIIMKA B IIEJISX HAMIIYYIIIETO BHIOOPA.

IIyOoamkanusi cBeIeHU 0 CTOMMOCTH CPOKA CJaYKO0bI Hacoca. Acconuanus
npousBoaurtesied HacocoB Europump u I'mapaBnuueckuit uHctutryT (CHIA)
COBMECTHO ONMYyOJUKOBAIM PYKOBOACTBO JUIsl ONPENETICHUS CTOUMOCTH CpOKa
cayk0b1  Hacoca(LLC): "CTOMMOCTL CPOKA CJIYXBbl HACOCA.
PYKOBOJICTBO JJI51 AHAJIM3A" (ISBN 1-880952-58-0)

B pykoBojicTBe paccMaTpuBaeTCsl IMOJIHAs HACOCHAs CHCTEMa, HayWHasl CO
CTaIuU TPOCKTUPOBAHUS, CYIIECTBYIOIIUE CHUCTEMbl M TIPUMEPBI CJEIaHHBIX

PEKOHCTPYKLUH.

10.3.8. 3arparbl Ha neMoHTax U yTuauzanuio (Co)

B 3aBucMMOCTH OT TNPOW3BOAWUTENSI HAcOca, 3aTpaThl HAa JEMOHTaX W
YTUIIU3ALAI0 HACOCHOW CHUCTEMBI Majo BIUSIOT Ha TOJHYIO CTOMMOCTh. [loaTomy
3TOT (aKTOp PEeIKO MPUHUMAETCSI BO BHUMAHHUE.

Pacyer crtoumocT ku3HEHHOro IWKiIa. CTOMMOCTH >KM3HEHHOTO ITUKJIA
HAaCOCHOM CHCTEMbI MPOU3BOJIUTCS IYTEM CYMMUPOBAHHS YHNOMSHYTBHIX BBIILIE
COCTaBJISIOIIUX, PACCYUTAHHBIX 32 BECh CPOK CITY>KOBI.

OObIuHBIA CpOK CHykObl cucteM — oT 10 mo 20 ner. [ns HacocoB u
HACOCHBIX CHCTEM CTOMMOCTH >KH3HEHHOTO ILHKJIA OOBIYHO PACCUUTHIBACTCS IIO

OoJiee pocToit hopmyJie, BKIIOUYAIOINICH B ce0s TPH COCTaBIISAIOIIHUE:
LCC=C,+C_+C_
10.4 Tlpumep pacueTa CTOMMOCTH KU3HEHHOTO IMKJIA
PaccmoTpum  Temeph mpuMep UCIHOJIB30BaHUS YIPOIIEHHOW (POPMYIIHI,

YIOMSIHYTOM paHee: TpeOyeTcss HOBBIM HACOC i MOJA4yd BOJbI, U TMPHU ITOM

paccMaTpHBarOTCS J1Ba BApUAHTA:
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* Heperynupyemblit MHOTOCTYTIEHUATBIA EHTPOOEKHBIN HACOC;
* MHoroctyneH4aThlil IEHTPOOEIKHBIN HACOC C PEryJIUpyeMO CKOPOCTHIO.

Ta6muna CpaBHEHHUE MTapaMeTpOB HACOCOB

Heperynu-

Tunbl HACOCOB RO

pyembIi

eMbIi

CpegaHAR noTpednAeman KBT 18.76 11.31
MOLLHOCTb

KonuuecTteo Yacos paboTsl Uac 12 »

B AEHb

Konuuectso pabounx aHeM A 550 550
B rogdy

PacueTHbIM Nepuos roae! 10 10
OkoHuarensHan KBT 495264 | 298 584
noTtpednAeman MOLWHOCTb

CTOMMOCTb 3MeKTposHeprin | EBpo/kBT 0,07 0,07
CroumocTe oBcnyKMBaHWA EBpo 1417 1447
CTOMMOCTb 3NEKTPOSHEPTUK EBpo 33 284 20 066
OKoHuaTenkeHaA CTOMMOCTE Eepo 38 303 28 688

PacueTsl moka3pIBalOT, YTO IO CPABHEHHUIO C HEPErYJIUPYEMbIM HACOCOM
perynupyeMbiii notpebisier snekrpodHepruu Ha 40% wmenbiie. Ho HavanbHas
cTouMocTb Takoro Hacoca (Cy) B ABa pa3a BbIIIE, YEM HEPETyJIUPYEMOTO.

PacueTsl CTOMMOCTH KU3HEHHOTO IMKJa MOMOTYT OIMpPEAEIUTh, KaKOM Xe
HACOC YCTAaHOBUTh B cucTeMy. lcmonp3oBaHHME Hacoca HMMEET CIEAyIoIne
XapaKTEePUCTHUKU:

* 12 yacoB paboTHI B JIcHb
* 220 4acoB paboOTHI B rOJ

* CpoK ci1yk0bl — 10 J1eT (pacueTHbIN MePUO.)

Hcxons 3 3TUX TaHHBIX, MOYKHO MTPOCUYUTATh CTOUMOCTD JKU3HEHHOTO ITHUKJIA
KQKJIOTO U3 3TUX BapUaHTOB, cM. puc. 5.1.8. Jlaxke npu ycioBUM, YTO HayajgbHas
[EHa peryJupyeMoro Hacoca B JBa pa3a OoJbllie, YeM HEperyJIupyeMoro,
OKOHYATEJIbHAs CTOMMOCTbH KU3HEHHOTO IMKJIa peryjaupyeMoro Hacoca mnocie 10-

JIETHETO CpoKa ciIy>kO0bl Ha 25% MeHbllle, Y4eM HEPEryJIupyeMoro.
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Eepo

Heperynupyemblii Perynupyemblid Hacoc
Hacoc

Puc. 5.1.8. CTouMOCTb )KM3HEHHOT'O LIUKJIA PETYIUPYEMOTO U HEPETYIUPYEMOTO
HACOCOB

Kpome Toro, peryianpyemslii HacOC UMEET, Kak OBUIO paCCMOTPEHO B Ti1aBe 4,
PSI IPEUMYIIECTB, TAKUX, HAPUMEP, Kak 00eCTIeYeHHe MMOCTOSTHHOTO JIABJICHUS B

CHUCTCEMC.

45000
40 000

35000
30000 |
25000 =
20 000
15000
10000
5000

Eepo

Puc. 5.1.9. Cpok okynaeMocTu peryJupyeMoro U HeperyJimpyeMoro HacocoB

Cpox OKynaeMOCTH PeryJupyeMoro Hacoca HEMHOTO OOJIbITE, TaK KaK
HayaJIbHasA €r0 CTOUMOCTb 3HAYUTENIBHO BblilIe. Kak MOXkHO BUAETH U3 puc. 5.1.9,

CPOK OKYIaeMOCTH TaKOTO HAacoca COCTaBISIET MPUMEPHO 2,5 roja.
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Jlekums 17
10. THAPABJIMYECKHUE TYPBUHBI

10.1. OcHoBHbBIE BUABI TYPOUH

['uapoTypOHHBI TPUMEHSIOT B OCHOBHOM Ha THAPOAIEKTPOCTAHUHUIX MJIs
BpaLIEHUs] POTOPOB IEKTPOr€HEPATOPOB.

[unpoTypOuHBI pa3fensitoT Ha PEaKTUBHBIE W aKTUBHBIE. B peakTUBHBIX
TUAPOTYpOMHAX M3MEHSETCSl KaK KHMHETHYecKas, TaKk M MOTCHIMAJIbHAsI dHEPTus
KUIKOCTH, W JIaBJIEHWE B KUJAKOCTH HAa BXOje Ooyblle, 4YeM Ha BbIXoae. B
aKTUBHBIX  THAPOTYpOMHAX  mpeoOpa3yercss B MEXAHUYECKYI0  TOJIBKO
KHHETHYECKash SHEPTHSI )KUIKOCTH, a JTABJICHHE Ha BXOJE W BBIXOJE OJIMHAKOBOE
U paBHO aTMOC(hEepHOMY.

K peakTuBHBIM TypOMHAM OTHOCSTCS: paguaibHO-OceBble (CcM. puc. 1.2),
KOTOPBIE HCIIONB3YIOTCS Ha THAPOCTAHIUSAX TpH Hamopax 10 500 M, u oceBbIe
(puc. 3.1), KOTOpBIE OTIMYAIOTCA OT PaaUATIBLHO-OCEBBIX, B OCHOBHOM, THUIIOM
TypOMHHOTO KoJieca. B paaruagIbHO-0CEBBIX TypOHuHaxX KOJIeCO
IeHTpocTpeMuTeabHOE ( ), B 0ceBhIX — oceBoe ( ). OceBbie TypOMHBI TPUMEHSIOT
npu Mabix Hamopax (10 80 M). X MOXHO BBINOJIHU C MOBOPOTHBIMU JIONACTIMU
(moBOpoTHO-JONAacTHRIE TypOwHBI). KpoMe momacTHOro Kojeca OCHOBHBIMHU
AJIIEMEHTAMH SIBJISIOTCS HAMpaBISIONIMNA ammapaT 2 U oTcachiBaromias Tpyoa 4.
Hanpapnsromuii anmapaT 2 OpeAcTaBISIET CUCTEMY JIONACTEW, YCTaHOBJICHHBIX
noj onpeaesieHHbM yriaoM. CoOBMECTHO ¢ TypOMHHON Kamepod 1 oH cooOmraer
BOJIE OKPYKHYIO COCTABIISIIOIIYIO CKOpOCcTU. Kpome Toro, Hanpapisomuii anmapar
CIYXUT Il PEryJUpPOBAHUS MOIIHOCTH THUAPOTYpOMHBI IIyTEM IOBOPOTA
JIOTIacTeN BOKPYT CBOMX ocell. [Ipu moBopoTe jionacTer u3MEHsIETCS HApaBJICHUE
MOTOKA M, CIE0BATEILHO, MEPUINOHAIIBHAS CKOPOCTh, PACXO]T BOJBI M MOIITHOCTb
TypOuHBL. [Ipy 3aKphITHN HAMPABISIONIETO amnmapara pacxo/1 BOJIbI IPEKpaIiaeTcs,

U TUJIPOTYpPOMHA OCTAaHABIIMBAETCS.
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Puc. 3.1. OceBas ruapoTypOrHa

Ot pabouero koseca 3 BoJa OTBOAMTCA IO OTcachiBarouieii Tpyde 4,
umeromer  muddyzopayro  dopmy. OtcacweiBaromias TpyOa CIYXKHT s
UCTIOJIB30BaHUSI YaCTH KUHETWYECKOW SHEPTHH BOJBI, BBIXOASIIEH W3 pabodero
KoJIeca, U HCIOJB30BaHMS HAIoOpa, paBHOTO BBICOTE OTCACHIBAIOUICH TpyObI OT
YpOBHS HIDKHETO Obeda.

Hcnonp3oBaHue Hamopa W KMHETHYECKOM PHEPTUU BOJBI Ha BBIXOZAE M3
KoJIeca MPOUCXOAMT 32 CUET BaKyyMa, BO3HUKAIOIIETO 33 JIONACTHBIM KOJIECOM.

AxTHUBHEe TypOUHBI BBITIOJIHSIIOT B OCHOBHOM KOBIIOBBIMU (puC. 3.2), KOJECO

1 mpeacTaBisieT co00M IUCK, HA OKPY>KHOCTH KOTOPOT'O 3aKPETIEHbl KOBIIU.

Puc. 3.2. AkTuBHas KOBIIOBas THAPOTYpOMHA
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Bonma moaBomuTcs 1o HamopHOMy TpyOompoBoay 3 K comty 2,
MPEACTABIISIONIEMY COOOM CXOASIIMICS HAcCaJ0K, U BBIXOJUT W3 HETO C OOJBIION
CKOpOCTBIO B BHjie cTpyu. CTpys HaTeKaeT Ha KOBIIM KOJieca U MPUBOIAUT €ro BO
BpanieHue. MOIIHOCTh TYpOUHBI peryaupyercss urioil 4, nepemMemaromencs
BHYTpPHM COIUIa B OCEBOM HampaBiieHuH. [Ipu mepeMeneHun Wriibl U3MEHSeTCs
pacxon Bojabl. Kak mpaBmiio, KOBII COCTOMT M3 NBYX 4aml (a u 0), pa3aeleHHbIX
CPEIIHUM 3a0CTPEHHBIM PeOpPOM B, HA KOTOPOE U MOCTYyMaeT cTpys. PacTekasch mno
yamaM, CTpys HoBopauuBaeT mouyTu Ha 180°, M cuiia ee B3aMMOJACUCTBUS C

KOBIIOM MakcuMajbHas. KoBIIoBbIe Typ6I/IHBI IIPUMCHAIOT IIpU HAIopax [Jd0

1700m.

10.2. OcHoBHBIE NapaMeTpbl TYpOUH. Buabl noreps.

OcHoBHBIE MTapaMeTphbl TypOuH Kak Hanop H, pacxon Q, pacnonaraemas uiau
3aTpaynBaeMas MOIMHOCTh motoka N o » Hone3Has MommHocTs N u KIIJ n.

[ToTepu MomtHOCTH B TYpOWHE AENATCS HA TUAPABIMYECKHE, OOBEMHBIE W
MEXaHHYECKHE.

['wapaBnuyeckue MOTEPU, T. €. NOTEPU DHEPrUM HA NPEOJOJIECHUE
TUAPABINYECKOTO COMPOTUBJICHUS BHYTPEHHUX KaHAJIOB TYypOWHBI, OIICHUBAIOT

rugpainyeckuM  KII/I:

H H

nr = Hn :F (31)

rae H,=H,=H -Z%h (3.2)

nom

- TIOJIE3HBIN HATIOp TYPOWHBI UJTH YaCTh PACIIOIAraeMOTO HAropa KUIKOCTH,
OTJaBaeMasi JIOaCTHOMY KOJIECY.

OOBEMHBIMU TIOTEPSIMU HA3bIBAIOT IOTEP  SHEPrUUM C TIOTOKOM BOJIBI,
MPOXOSIIIIUM MHUMO JIOMACTHOT'O KOJieca uyepe3 YIUIOTHeHUs TypOuHbl. OObeMHbIE

noTepu oneHuBaT 00beMHbIM KII/] - 7, .
Pacxof *HUIKOCTH depe3 TypOounHOoe koneco Q, MeHbIne pacxoma TypOHMHBI

Q Ha BenmmuuHy yTeuek O, u (, .
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Q=Q-¢ -0, (3.3)
Kaxknas eIuMHMIIA Beca TepelaeT JONACTHOMY KONeCy DHEPTHIO, PAaBHYIO
nonesdomy Hamopy H,(H;). CnenosarenbHo, moje3HAas MOLIHOCTh IOTOKA,

UCTIOJNIb3yeMasi B TYpOUHHOM KOJIeCe:

Nn=,cg(Q—q1—q2)Hn (34)
a o0peMubI KII/I;
Q-9,-9q, Q
— 1~ M2 _ Xk 3.5
n, Q Q (3.9)

MexaHnueckue NOTEPU- HSTO TMOTEPU HA TPEHHE B MOAIIMIIHUKAX, B
VIUIOTHEHUAX Ha Baly M HapyXHOM MOBEPXHOCTU KoJjieca O BOIY(IMCKOBBIC

notepu). OnienuBatot ux Mmexannueckum KITJ]

My =N/N, (3.6)
KIIJI TypOuHBI:

nm=n.1,n 3.7)

mex

10.3. OcHOBHBIE pacyeTHbIE 3aBUCMMOCTH /1Jisl TYPOUH

OCHOBHBIM JJ1s1 TYpOUH SIBIISIETCSl ypaBHEHUE:
Hy = (Cyrilr; —CyroUr,)/ 9
JlelicTBUTENBHBIN HAIIOP:!
Ht

H=—t= CuraUrs ~ Cyralrs (38)
Mr 971

Opnako pexuMm padoThl TUAPOTYPOUHBI OMNPENESETCS €€ pacxolioM U
HAropoM, a 4YacToTa BpaIlEHUs N SBISETCA BEJIWYMHOW 3aBUCMMOM. lloaTomy
OpUHATO (HOPMYJIBI MOAOOMS MPEACTABUTH Kak 3aBUCUMOCTH n, Q u N oT Hamopa

H.

n(H) _ R(M) H

Nw R

) (3.9)

(H) H(M)

N w

ITocne moacTaHoOBKU B YPAaBHCHHUC IIOJTY4YHM:

(M)
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Qu _ Ry Hy (3.10)

2
Qum R H )

Ny Rz(H)H(H)\/H(H)p(H) (3.11)

Y
Nay  REnH iy Howy Py

IIpu paboTe Ha BOAE HATYPBI U MOJEIH Py = Oy, Y PABHEHHUE 3.9 MOXKHO

3aIlIucaTb MHA4cC:

NwRey — RN

\/H(H) ) \/H(M)

nR
CrnenmoBaTesbHO ISl BCEX MOA0OHBIX THAPOTYPOUH BEIMYMHA ——

vH
onuHakoBa. [[puHATO B KauecTBe XapaKTepHOTO JIMHEHMHOTro pa3Mepa R BbIOMpaTh

D, - HanOoNbIINI TUaMeTp BXOJHON KPOMKH JionacTu. BBegem o6o3HaueHue

n, =nD,/+H (3.12)
AHAJIOrM4YHO

, Q
= 3.13
Q (D))2H (3.13)

N

N/ =——— 3.14
' (D) HVH 514

Benuuunel n;, Q/, N, Ha3bIBatOTCs MPHBEACHHBIMH YaCTOTOW BPAIICHHUS, PACXOIOM H
MomHocThI0. Ecu Typ6una momo6na nanuoii, umeer D=1 M, pabortaet npu H=Im, TO

I —

n, =n, N1’=N, T.€. TIPUBEJICHHBIC BEIWMYMHBI €CTh YAaCTOTa BpAIEHUS, PACXOJ W MOIIHOCTH
TypOuHbBI, MONOOHOW jgaHHOM, umerommii amamerp D/;= 1 M u pabotaromieil npu
Hanope H,= 1 ™. UckmouunB D, wu3 ¢GopMysl TMOIYyYUM BBIpaXEHUE IS

K03 urmeHTa ObICTPOXOTHOCTH:
(3.15)

1 ’
Ng=n N1:

rae  N- B 00/mMuH, N- B KBT.

Tak JKC, KaK B HacoCax, PABCHCTBO ng ABJIEICTCA HCO6XO,Z[I/IMI>IM )41

JIOCTATOUHBIM IIPH3HAKOM TeOMeTpHueckoro momobus. Ilo kos(pdurmenty s
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TUAPOTYPOUHBI  pa3AeisioT Ha KoBIOBbIe(Ng=4...50), paauambHO-OCEBbIE:

tuxoxonueie (Ns=40...150, D,/D,= 1,65...1,1), HopmambHbie (n,=150...250,
D,/D,= 1,1...0,9), OsicTpoxoansle (n,=250...400, D,/D,= 0,9...0,65),
ocesbie( n, =400...1100).

10.4. XapakTepucTuka TypoOuH

XapakTepuCTUKU TYpOUH MOJIY4arOT B OCHOBHOM OMBITHBIM IMyTeM. Bmecto
HaTypbl, Kak T[paBWIO, MWCIBITHIBAIOT MOJEIBHYI0 TypOWMHY, TO3TOMY
XapaKTEepUCTUKUA CTPOST IJIsl NPHUBEACHHBIX BEJIMYHMH. 3aBUCUMOCTh N, OT Q ¢

muHusAMU paBHBIX KIIJ[ ¥ paBHBIX OTKPBITMM HAaNpaBiAIOLIErO amnmnapara q,

Ha3bIBAIOT YHUBEPCATBHON XapaKTEpUCTUKOW THIPOTYpOHHBI (puc. 3.3).

OTKppITHE HANPABISIIOLIErO ammapara «, — MIMPUHA M[POXOJa MEXAY

COCCIHMMH JIOIIACTAMM Ha BbIXOAC. Jlmans 5 %-Horo 3amaca MOIIDHOCTH
COOTBCTCTBYCT TAKUM OTKPBITHAM HAIIPABJLOMICTIO allllapaTrad, IIPU KOTOPLIX

MOIIIHOCTh Ha 5 % MeHbllle MakcuManbHOW. IIpu yBenuueHuun a, 3a npenenamu

yKa3aHHOW JWHWUW (BOpaBO OT HeEE) TMaJCHWE MOIHOCTH CTaHOBUTCS
3HAYUTENIBHBIM HW3-32 YBEIWYCHUS THAPABIMYECKHX IOTepb. Pabodas Touka
TypOUWHBI T0JDKHA JIeXKaTh BIEBO OT JIUHUM 5 %-HOTO 3amaca MOUTHOCTH.

Ha yHuBepcanpHOI XapaKTepUCTUKE HAHECEHBI TAKXKE INTPUXOBBIC JIMHUH
paBHBIX Ko3(pdunmreHToB kaButanuu (o=const). B ruapoTrypOMHE TOYKH
MUHHAMAJILHOTO JAaBJICHUS HaXOSATCS HA ThUILHOW CTOPOHE JIOMACTH TPU BBIXOJIC.

AOCONIOTHOE NaBlieHUE p,, B HHUX HWXKE aTMOC(EpPHOro AaBIEHUS HA CyMMY
BEJIMYMHBI pgH,, CKOPOCTHOH SHEPTUU pv;/2W THIPABIMYECKHX IOTEPh B
oTcachIBalolel Tpyoe pghy mim

2
Pu_Pa g Vo py_Pa o (3.16)
A A9 29 ~
rae o - KoapUIUEHT KaBUTAIH, KOTOPBIM BBIpa)KaeT 00 CKOPOCTHOTO Haropa

Ha BBIXOJIE U3 KOJIeca U MOoTeph B TpyOe OT Hamopa TypOuHsl H.
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Puc.3.3 YuuBepcanbHast XxapakTepUCTHKA PaIuaIbHO-0CEBON THAPOTYPOUHBI

Kosdpounuent o oaMHAKOB [UIsi TEOMETPUYECKH TMOAOOHBIX TypOuH,

pa60TaI-OHII/IX Ha HOI[O6HLIX pPEeXKHUMax.

C YBCIIMYCHUCM BBICOTBI OTCAChIBAHW A H s MHUHHMAJIBHOC AABJICHUC IIaJaCT U
AOCTUTracT [JaBJICHHA HACBIIICHHBIX IIapOB pH.n' 9TO COOTBCTCTBYCT Ha4ally

kaButamuu. Beicora Hg, npum xortopoii HacTymaer kaBuTanms, — Ha3bIBaeTCS

KPUTHUYECKOM:

JomycTumyto BeicoTy Hg, Ha KOTOpOIt MOKHO ycTaHAaBIMBAaTH TypOMHY Hagl

YpOBHEM HIKHETO Obeda, BHIOMPAIOT HUKE KPUTHUECKOM:

Hé)on — m— (10511)GH
9

3naueHue o it pabodeil TOUKH MOXKHO B3SITh C YHUBEPCAIbHOU XapaKTEPUCTHUKH.
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Jleknus 18.
11.TUAPOINHAMMUNYECKMUE IIEPEJAYUA

11.1 I'mapoaunamuveckure mydro (I'1M)

11.1.1 O6mme cBegennsi o I'IM

I'maponunamuueckue mnepemaun (IAI) nmpuMeHsitoTcss ¢ ABUTATEISIMH
BHYTPEHHETO Cropanus, anekrpoasuraremsiMu u T.4. B I'JII1 orcyTecrByeT xecTkas
CBSI3b JBUTATENsl C HArpy3KOM, TaKk Kak DJHEPTUs Mepenaércs 4epe3 IMOTOK
Kuakoctu. B kauectBe paboueit skuakoctd B [JIII Moryr mnpuMeHSThCS:
MAaIllMHHBIE MAcJla U BOJHBIC DMYJIbCUH.

['ITT cymiecTBEHHO YJy4IIAIOT XapaKTEPUCTUKHU JBUTATEeH, oOecrieunBas
OecCTyIlleHYaTOe pPEryJIMpOBaHUE CKOPOCTH B HIMPOKOM JIMAMA30HE; IO3BOJISET
MOJIYYUTh MaJjible («IOJI3y4re») CKOPOCTHU JIBHXKEHUSI; 00JIeryaeT MmyCcK ABUTraTeNen
IO/, HArpy3KOW; MOBBIMIAIOT HAAEKHOCTh MAIIHMH; MPEJOXPAHAKOT HMX Y3Jbl OT
IIEpErpy3oK.

['mapaBnuyeckas mepenada, IEPENAOIIas MEXAHUYECKYIO SHEPIHUIO C
OJTHOTO BaJla Ha JPYrol € HMCHOJB30BAHWEM JIONMACTHBIX, HACOCA U TYPOMWHBI,
HaspiBaeTcs ruapoauHamudeckon. I'III nmemarca Ha TruapoauHAMHUYECKUE

mydTel (I'’ZIM) 1 ruapoaunamuyeckue Tpanchopmaropsl (I'IT).

11.1.2.1lpuHIMIUAJIbHAS U CTPYKTYpHAas cxembl ['JIM.

['unpomydToii  Ha3bIBAIOT  TUAPOJMHAMUYECKYIO  IepeAady,  He
npeoOpaszyromtyro kpyTsaamidi MmomeHT (puc.l) I'JIM cocTtoaT u3 AByX JIOMACTHBIX
KOJIEC, HACOCHOTO U TYpOMHHOTO.

HacocHoe kollecO COEIMHEHO € BXOJHBIM BajioM, a TypOMHHOE — C
BbIxo1HbIM 4. Koneca pacrnonoxeHsl B KoOpmyce poTopa 3, COEIHMHEHHOM C
HACOCHBIM KojiecoM (uianueM. Jlomactu B Kojecax HaXOIATCS MEXIY ABYMs
TOPOBBIMH TIOBEPXHOCTSIMHU, OOpPa3yIOIIMMH pab04yr0 MOJOCTh THApOMy(PThl. K
BXonHOMY Baiy ['JIM Tmipaiio)keH KpyTAIIMM MOMEHT M; OT nABUrarensa, a K

BBIXOJJHOMY — MOMEHT M, CONIPOTUBIIEHUS IPUBOANMON MAIIVHBI.
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Puc.3.1 - Ilpunuunuansuas cxema I'JIM.

B xkopmyce 3a Hapy>XHBIM TOPOM TYpOWHBI HAXOIUTCS JKHIKOCTH U
BO3HUKAET MOMEHT TpeHust M., KOTOpBIH, OJHAKO, MEHBIIE IIEPENaBaeMOro

MoMmeHTa. Ecnmm npeneOpeus BenuyuHOM M., TO MOXKHO CYHUTaTh, 4TO B

rugpomydre M, = M,

Takasg mnepegaya SHEPrUM MPOUCXOAUT C ONPEAECICHHBIMU ITOTEPSIMHU,
BHEIIHE BBIPAKAIONIMMUCS B TOM, UTO BEJOMBIA Bajl HECKOJBKO OTCTAET OT

BEIYLIEro, Kak TroBOpAT, npockanb3biBaeT. Cxembl ['JIM mnpencraBieHsl Ha

pUCYHKE 2.
= HINT
H T P r —_—
T 8)
= “ ety \Uz

Puc.3.2 [lpunuunuansuas cxema I'JIM.

-
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HaunGonpmmii quamerp paboueli moJIOCTH HA3hIBAETCS aKTUBHBIM

nuametrpom (D,), a HaumeHbIM — BTYJI04HBIM (D).

TAM

o
L—

Kosqeca
20 Koreca

/ Onapreiti ysen e
— Kopnycwou y3en 1
Ynnomuenun

\ Yaen numanug
|/ :

\. Y3en wacocKozo
\ Ysen mypdunne-

gyed RoAGCmy

(o]

Aoduiunsin

Typduwnoe woneco
Kopnye, xpsiwra

Hacocnoe xoneco
Ban mypduwmozo xoneca /

Kaownans: Rodfodo v ombo-

da padoved wugrocmy
Hacoc numanue ¢ npuBedom

Ban wacocwoes xoneco

Kowyebrie ynnommewun Sonob;

Pasepysounce ycmpoocmbo

Ynnomuenun pa

Puc.3.3 CtpykTypHas cxema noACUCTEM U 3JIEMEHTOB ojHocTyneH4yaron [I'/JIM

['uapoMydThl MOTYT OBITH KaK C BHYTPEHHUM TOpoM (puc.3.2 6), Tak u 6e3
Hero (puc.3.2 a), paznuuatbes hopmMaMu paboumx Mojocteu (puc.3.2 B) U UMETh

HECUMMETPUYHBIE JIONIACTHBIE KoJieca (puc.3.2 r).
11.1.3.Knaccupuxamusa I'’JIM.
Kinaccuduxkanus ruipoauHaMuueckux MyQT npuBe/ieHa Ha puc.2.4.

I'’IM moryr paGoTarb B TATOBOM, TOPMO3HOM U OOpaTUMOM peXUMaXx.

CrpykrypHble cxembl paboTel I'/IM B nepenaue, moka3ansl Ha puc.3.5.
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flo cnocody flo cnocody coedunenug nonocmey
peaynupobarug ]
L L | |
Peaynupyemasn Peeynupyemasn
usMeneruem %fggﬁﬁﬁjggg usmenenuem | |llapannenswo- | |lacnedobamensio]
cbouemb vanonwesus | |@opH! padoved| | Gbyxnonocmnas | | dbyxnonocmuag
Kudkocmy nonotmu

Tazo6vitl pescum — pexuM padOTHI, TP KOTOPOM MOIIHOCTH MepeaacTcs

Puc.3.4 Knaccuduxanus I'JIM

BXx0HOMY 3BeHy ['/IM, mpeoOpa3zyercs B TETIO.
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11.1.4 CrpykrypHble cxembl padorsl I'/IM B nmepenaye.

yepe3 ['JIM oT BXOOHOro, K BBIXOJHOMY 3BeHY (puc.3.5a). XapakTepHbIMU
TOUYKaMu BHEIIHEW Xxapakrtepuctuku ['JIM Ha 3TOM pexumMe ABIAKOTCA TOYKA
1(puc.3.8) — pekuM XOJOCTOrO XOJia, KOTJa BHEIIHSS HAarpy3ka OTCYTCTBYET,
TOYKa 2 — ONTUMaJIbHBIA peskuM, Korna KI1/] MakcuMaabHBINA, UMEET MECTO TIPH |
=095 ... 0,98 B 3aBucumoctu ot KoHCTpyKuuu ['JIM, Touka 3 - CTOMOBBIN
pPEXKUM, KOT/a BBIXOJHOE 3BEHO OCTAHOBJIEHO, PEKHUM SBJISETCS HAIPSKEHHBI B

TCIINIOBOM OTHOIICHHWHM, TaK KaK BCA MOIIHOCTH, IIOABOAMMAA OT ABHUIATCIA K
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Puc.3.5. CtpykrypHble cXxembl paboThl THAPOMYQTHI B Iepeaade.

Topmosnoti pexcum - pexxuM pabOThl, TP KOTOPOM MOIIHOCTH MOJIBOJUTCS
Kk I'JIM kak co CTOpOHBI BXOJIHOTO, TaK U CO CTOPOHBI BBIXOJIHOTO 3BE€HBEB MIIUA CO
CTOPOHBI OJIHOTO M3 3BE€HBEB MPHU OCTAHOBJIEHHOM BTOPOM 3BeHE. Bo Bcex 3Tux

ClIy4asix MPOUCXOIUT 3aMeIJIeHue (TopMokeHne) padboyero opraHa PO MallivHbl.

Pasnuyaror 1Ba BuAa TOPMO3HBIX PEXKUMOB: OOTOHHBIH U PEXKUM

IMPOTUBOBpPAIIICHUA.

[Ipu o062connom pescume Ha BbIxoAHOM 3BeHe ['JIM 3Hak KpyTsmero
MOMEHTA W3MEHSETCS Ha NPOTHBONOJIOKHBIM, a HANpPaBJIECHUE €ro BpallCHUS
COOTBETCTBYET TAITOBOMY pEXKHUMY pabOThl; YacTOTa BpAIICHUS TYypOUHHOTO

KoJieca OOJIBIIIE YaCTOTHI BpaliCHHA HACOCHOI'O KOJIECaA.

Peowcum npomusospawjenusi — TOPMO3HON PEXHUM, IIPH KOTOPOM BXOJHBIE U

BBIXOJHBIC 3BCHbBA BpalllatOTCs B pa3HbIC CTOPOHEI.

Ha peotwcume npomusospawenus momuocts Kk I'/IM moaBOAUTCS Kak OT
JIBUTATENsI, Tak M OT pabouero opraHa. HacocHoe koneco paboraeT B
HAaCOCHOM PEXHME, a TYpOMHHOE — B TOPMO3HOM, IIPH KOTOPOM IOJBOIUMAS K
HEMy OT pabodero opraHa SHEpPTHs 3aTpayuMBaeTCs Ha TOPMOXKEHHE IOTOKa

KUAKOCTH B paboueil mojgocTu, T. €. Ha pexUMe MPOTUBOBpAIICHUS OOBEMHAs
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momaya ['JIM Q = Qy — Q7 rae Qu, Qr — wactu momaum, MPUXOIAIIUECS

COOTBETCTBEHHO Ha JIOJII0 HACOCHOTO U TypOMHHOTO KOJIEC.
Ha puc. 3.6 npeacraBneHbl OCHOBHBIE Y3JIbI THAPOMY(THI: HACOCHOE KOJIECO,

TypOMHHOE KOJIECO B COOpE CO CTYMUIICH, KOPITYC.

Kopnye Koneco Crynuua ~ Koneco
TypOHHHOE" HACOCHOE

. IoAmHNHUKY

Puc. 3.6 DneMeHThI THAPOIUHAMUYECKON MYy (PTHI

HacocHoe komeco BEITIOTHEHO ¢ paauaibHBIMK JIOTIATKAMU C OJTHOW CTOPOHBI U
C KyJlakaMH - ¢ JIpyroil cropoHsl. TypOMHHOE KOJIECO MMEET TakKe paguaibHbIe
JIOTIATKKM ¥ C TIOMOUIBIO CIEMANIBHBIX OOJNTOB KpenuTcs ma crynuue. Kopmyc
UMEET TIAJIKYI0 BHYTPEHHIOIO TMOBEPXHOCTh M HAPYKHYIO C peOpaMu KEeCTKOCTH.
PeOpa mMOBBIIAIOT KECTKOCTh KOPITyCa, YBEIMYMBAIOT IUIOUIAAb OXJIAXKAAEMOU
MTOBEPXHOCTH, a TAK)KE MPHU BpaIIeHUH PabOTaIOT KaK IEHTPOOEIKHBIN BEHTHIISTOD,
OXJIAXKAast TUAPOMYQTY.

I'mapomydra B cOope mokazana Ha puc. 3.7. HacocHoe Kojieco cOoeauHEHO
KECTKO C KOPITYyCOM, a TaK)Ke KyJlaKaMH 4epe3 yIpyTrue BKIAJBIINN C TTOTyMyPTOi
(moJryKecTKoe COCMHEHUE). [TonymydTa  MOHTHpyeTCS  Ha  Bally
anekTpoaBuratens. TakuM oOpa3om, Mmoiymy(dra - HaCOCHOE KOJIECO - KOpITyC

o0pasyroT BeAylryr0 4acTh ruapoMydThl. TypOMHHOE KOJECO €O CTymuien
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00pasyroT BEOMYIO 4acTh TUAPOMY(THI U YCTAHABIMBACTCS Yepe3 MOAIIUITHUKN B

COOTBCTCTBYIOIMEC ITOCAA0YHEIC MECTA B KOPITYCE U HACOCHOM KOJIECE.

Koaeco rypiunnoe N podka re1oBoi

L
Ynaoraennd : ~ 3AMHTBI
fy: AN ; Koueco nacocuoe

Yopyrui
-' BRJIAJBIII

IMoxymydra

Hupkyasuna
patodell RHIAKOCTH

Crynuna ;-':
“._Kopnye

£

Hoam amENKH |/ | Konuegast

HENTPHPYIO WA WEHKA

Puc.3.7 Pa3zpes ruapoaunamudeckoi MypThl

BayTpenHnei mocagoqHON MOBEPXHOCTHIO CTYMHIIBI THAPOMY(PTa MOHTHPYETCS
Ha BaJl peAykTopa. B cilydae IUIMIIEBOrO0 COEIMHEHHUS C BajOM PEIyKTOpa st
JY4IlIeT0 IEHTPUPOBAHUA IO KpasiM IMOCAJKH BBINOJHEHbI JBE LIEHTPHUPYIOIIHE
nieiiku (KOpeHHasi U KOHIIeBas - MO Bajly), B Clly4yae IIMOHOYHOTO — OJHA IIeiKa
(xonrmeBas). HacocHoe u TypObuHHOE Kojeca o0pa3yroT TOpooOpasHyo pabodyro
KaMepy, pa3AesieHHYI0 JIonaTkaMu. Mexy JonaTkaMu HacOCHOTO U TypOMHHOIO
KOJIeC HMeeTcs 3a30p, Onarojaps 4YeMmy BeAoMash 4YacTh MOXET BpallaThCs
OTHOCUTENFHO BeayIliedl yactu ruapomydTel. Pabodas >KUIKOCTh 3aquBaeTcs B
ruApoMy(pTy Yepe3 oTBepCTusi B Kopiyce. Jis npenoTBpalieHust yTeuku padouei
KUIKOCTH, a TakkKe JUId 3allUThl  OT BO3JACUCTBUS BHEUIHEH Cpelbl

MMOAUIUITHUKOBBIC Y3JIbl YIINIOTHCHBI MAHKCTaMU.

133



11.1.5 Xapakrepucruxu I'IM.

Pasnnuaror BHEmHME M BHYTpeHHHE Xapakrepuctuku [ JIM. Bemnen
XapaKTEepUCTUKOMN Ha3bIBAIOT 3aBUCUMOCTH BHEIIHUX napametpoB (KII/I, momenTa,
MOIIIHOCTH) OT nepenaToyHoro otHoumeHus ['JIM mpu  HOCTOSHHBIX BSI3KOCTU U
IUIOTHOCTH pabodell >KUAKOCTH, YacTOTe BpalleHUs (WU YTIJIOBOM CKOPOCTH)
BXOJIHOTO 3BeHa (puc.3.8).

Buyrpennen XapaKTEPUCTUKON I'IM Ha3bIBaIOTCSA
3aBHCHUMOCTH MEXAy BHYTPEHHUMU IapaMeTpaMHM IMOTOKA KUIKOCTH B ee paboueit
HOJIOCTU K KOTOPBIM OTHOCSITCS: Hamop, 0ObeMHasl ojada, CKOPOCTb, JABJICHHE

IMOTCPU SHCPIUU.

M
! |
p,wr=const
'\\ n
\{ 170 i=io
o a6 _
| i=i,
\ | ==
0%
1 2 s
7
0
T TR T R
0 ®,
Puc.3.8 Buemnsisa xapakrepuctuka I'JIM Puc.3.9 Bxoanas (Harpy3ouHas)

XapaKTEpUCTHKA

[Ipu paccmoTpenun ocobeHHOCTe coBMecTHOM paboThl I'JIM ¢ nBurareisem
BHYTPEHHETO CTOPAHUS ¥ ACHHXPOHHBIM 3JIEKTPOJIBUTATENIEM CTPOSIT BXOAHYIO
(Harpy3ounyto) xapaktepuctuky I'JIM (puc.3.9) — 3aBUCUMOCTH, MOMEHTA Ha
BXOJJHOM BaJly OT €ro YIJIOBoW ckopoctH mpu i=const, i1=0; 0,1; 0,2... u T.1. g0 i=I*

(I* - onTHUMANBHBII PEXKKM.)
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11.1.5 OcHoBHBbIe pacueTHbIe 3aBucuMocTu I'/IM

B kauectBe mpumepa paccMotrpuM pacyet ruapomyd el Tumna ['T19345Y
(puc.3.7) npenHa3HAYeHHON TS PUBOJIOB CKPEOKOBBIX KOHBEHEpOB. OCHOBHBIC

napameTpbl Ui JaldbHEHero pacuera ruipoMmyGrel npuBeAeHsb! B Tadauie 3.1.

Tanuna 3.1. OcHOBHBIE TapaMeTphl ruipoaAuHaMuueckoit My el ' TID3345Y

HanmMeHnoBaHMe mapaMeTpoB THAPOMY(DTHI 3HaycHue
AKTHUBHBIM THUAMETP, MM 345
HomuHanbpHas MOIIHOCTE, KBT 30
CuHXpOHHAs YaCcTOTa BpallleHus Baja JBUTATENs1, 00/MUH 1500
HomuHanbHbIN KpyTSIIU MOMEHT BXOJHOTO Bana, Hm 199
OTHoOIIEHNE TYCKOBOTO MOMEHTAa K HOMUHAJIbHOMY 2...2.9
OTHoOIIIEHHE TUHAMUYECKOTO MOMEHTa K HOMUHAJILHOMY TIPH 3,2
TopMOXkeHuH 3a Bpems 0,5 ¢, He OoJee
HomuHanbHOE CKOJIbkeHue, %, He 0ojee 3,5
KonnuecTBo 3anuBaeMoit pabodeit )KUIKOCTH, e (1) 5,6
Macca 6e3 paboueii )KUJIKOCTH, KT 46,5

4.1 OHpCI[CJII/ITL HaItop HaAaCOCHOTI'O KOJIECAa Ha 3aJaHHOM PCKUMCE.

KoaddunmeHT 6pIcTpOX0IHOCTH HACOCHOTO Kosieca: Nsy=50...70 06/MuH.

[Tonw3ysack popmyioit s onpeneneHus KodduimentTa ObICTPOXOIHOCTH B BUJIE:

p(M) Ny (31)

p HI

Ngy, =Ny

Y 3a1aBIIUCH IOTHOCTHIO: p(M)=1000 Kr/M°

4.2 Onpeaenutb HaoOp HACOCHOTO KOJIEca Ha pacy€THOM pexuMe 1o popMmyiie:

1000-N. -n2 "
HHP: 2iP 1 (3.2)
P-Ns 4
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[Tpu 3ToM napametpsl Nip, Ni, p CUUTAIOT 3aJaHHBIMU (M3BECTHBIMH, HAIIPUMEDP

13 TEXHUYECKOTO 3aJaHus).
4.3 Onpenenutb 00BEMHYIO MOJAYY.

OO0BEMHas o1aua OnpeAeIsieTCs M0 BEIPaKEHUIO:

Q, -—Ne_ (33)
P - H
p-9-Hyp
3anaror BrynouHslid quametp D, = 1,5-di, rme di — nuamerp BXOmHOrO Baa.

DTa 3aBUCHMOCThH 3KCIEPUMEHTaIbHAsA W XOPOIIO COTJIACYETCS C OMBITOM ISt
I'’IM co cratuueckum camoonopaxHuBanuem. g I'/IM ¢ auHaMu4eCKuUM
CaMOOTIOpaKHUBAaHUEM AuaMeTp D, onpenenstoT ¢ ydeToM pa3MepoB U o0bema

cOpPOCHOM MOJIOCTH.

11.2I'mapoaunamuyeckue Tpancpopmartopsi (I'IM)

11.2.1 OcHoBHbIe cBeaeHusi o I'/IM

[MunpaBnuyeckas mepenava, mepearonias MEXaHHYECKYI0 SHEPTHIO C OJHOTO
Bajia Ha JPYro ¢ MCIHOJIb30BaHUEM JIOMACTHBIX HAcoca W TYpOWHBI, Ha3bIBAETCS
rugpoaunamudeckon. ['IIT genstca Ha ruppoauHamuueckue Mydtol (I'JIM) wu
ruapoauHamuueckue Tpancpopmatopsl (IAT).

['uapornpeobpazoBaresieM KpyTAILIEro MOMEHTa (THApOTpaHCc(HOPMATOpPOM)
HA3bIBACTCSI DHEpPreTHYecKash MaIllnHa, oOecredyuBaromas THOKOE COCIUHECHUE
BaJIOB U Mepeady MOIIHOCTH C BEYIIEro Bajia Ha BEJOMBINA C TIpeoOpa3oBaHUEM
KpPYTSIIEr0 MOMEHTAa W U3MEHEHHUEM CKOPOCTH BpallleHHs BEJAOMOI0 Baja IO
CpPaBHEHUIO CO CKOPOCTHIO BPAIICHUSI BEAYIIIETO Baja.

C npumenenuem I'JIT obneruaercst Tpya BoauTens 0jaroiaps aBTOMaTHYHOCTH

N3MCHCHUA CKOPOCTHU MCXAaHU3MOB.
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[IpenmyniecTBa rUAPOAUMHAMUYECKUX TEepeay CIIOCOOCTBOBAIM UX IIUPOKOMY
IPUMEHEHHUIO B Pa3IMUHBIX 001aCTAX TEXHUKH.

B nacrosmee Bpems ['JIT npumeHAroTcs B IPUBOJAX TPAHCIOPTHBIX,
CTPOUTEIIBHBIX, JTOPOXKHBIX, TOPHBIX M APYIMX MAallWH, UMEKOIIMX IEPEMEHHBIC

Harpy3Kku Ha pabo4Mx opraHax.

11.2.2 YcrpoiicTBo u npuHumn aeicteus I'/IM

I'IIT (puc.4.1), coaepxkaimiee HacocHoe 2 (H), typounnoe 3 (T) xonéca u
HEMOJBWKHBIM  PEAKTOP 6 (P), HA3bIBACTCA  TUAPOJIMHAMHYECKUM

tpancopmaropom (I'AT).

Puc.4.1. ITpunuunuansuas cxema ['JIT

Peaktop 6 coenMHEH C HENOABM)XHBIM KOPIYyCOM S5 M Y4YacTBYET B
JVHAMUYECKOM  B3aUMOJEHCTBUU C IIOTOKOM  KUIKOCTH, U3MEHAL €ro

HanpasjieHue. [Ipy 3TOM B3aMMOJEHCTBUM HA PEAKTOPE BO3HUKAET KPYTALIUU
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MoMeHT M, nostomy B I'’/IT MomenT M; Ha BXOAHOM Bainy | HE paBEH MOMEHTY

M, Ha BBIXOJIHOM Baiy 4.

ELTPE]

a)

R

d) e) X)

Puc.4.2. Cxembl ogHoctymnenuarsix I'J(T

Ha puc.4.2. nokazansl cxembl ojHoctyneH4ateix [T ¢ pa3nudHbiM
PacCIIOJI0KEHUEM JIOMACTHBIX KOJIEC B paboyel MOIOCTH.

Puc.4.3. Cxembl MHOroctynenyatbix ['IT
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Tun TypOMHHOTO KoJieca OmpeneNsieTcs Mo MPOTEKAIoEMy B HEM MOTOKY
paboueit xuakoctu. [lpu 3TOM HEOOXOAMMO MOMHHTH, UTO padoyasi >KUIKOCTb, B
OCHOBHOM, MEpEMEIIAETC OT HEHTPOOEKHOTO HACOCHOTO KoJjieca K TYpOUHHOMY U
nanee. Ilostomy, nHanpumep, ['IT nokazanneie Hu puc4.2 a U 2, UMEKOT
IEHTPOOEXKHOE TYypOMHHOE KoJieco, Ha puc.4.2 6 U e — oceBoe, a Ha puc.4.2 6, 0 U
JC - UEHTPOCTPEMUTEIBHOE.

HByxctynenuateie I'JIT (puc.4.3, a-0) cOCTOST U3 OJHOTO HACOCHOIO

KOJIECa, IBYXCTYIICHYATOI' O Typ6I/IHHOF0 KOJI€Ca IIpru OJHOM HJIM JIBYX PCaKTOpax.

Tpéxcrynenuarsie I'/IT (puc.4.3 e, oic) COCTOST U3 OJHOTO HACOCHOIO KoJieca,

TPEXCTYMEHYATOr0 TYPOMHHOIO KOJIeca U IBYX-TPEX PEaKTOPOB.

B kagectBe mnpumepa pacCMOTPUM THUAPOJMHAMHYECKYIO Iepeady B
rpy3oBom aBTomobOuiie (Puc. 4.4). l'maponnnamMuyeckuit Tpanchopmarop siBisieTcs
YacThl0 THUAPOMEXAaHMYECKOW TPAaHCMHCCUH, KOTOpas Ha  COBPEMEHHBIX
aBTOMOOWJIIX MMEET »JJIEKTPOHHOE YIpaBiICHHE TUIPABIUKOW M B OO0MXO0HE

Ha3bIBAETCA aBTOMATUYECKOMU.

TuaparparcdopuaTop

MpwBonHas evyncs
Komaupan Jawranens

K TpaHCM HOTHH

€

Tl gwce

Bogyun nan AKX TypbuHHoe koneco PeaxTop HacocHoe Koneco

Puc.4.4 [Ipumenenue ruapotpanchopmaropa B aromoouie ¢ AKII

[Ipumenenue I'JIT B aBTOTpaHcMucCHSIX OOYCIOBJICHO CIOCOOHOCTHIO

HEMPEPBIBHO M, CamMoe€ TJIaBHOE, AaBTOMATHYECKH HU3MEHATh KOI(P(UIIMEHT
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TpaHChOpMAIK B 3aBUCUMOCTH OT COTPOTHUBIICHUS HA €ro BeIOMOM Baiy (IIo-

CYIIIECTBY OT COMPOTHUBJICHUSI IBFXKCHUIO aBTOMOOWIIS ).

I'’IT nHaxomuTcs MEXAy JBUTATENIEM W aBTOMATHYECKOW KOpPOOKOMU
nepemensl nepeaad (AKIIII), koTopas NpUHIMIIAATIBHO OTIMYAETCS YCTPOHCTBOM
OT MPOCTBIX MexaHndeckux. OH BBINOJIHSIET 0€3 BMELIATEIbCTBA BOJUTENS JIBE
¢dbynkuuu. [lepBas - pyHKIUA ClETIEHUs, T. €. 0OecrieueHre nepeayn KpyTsIero

momenta apurarenss Ha AKIIIl. Btopyio MoxHO Ha3BaTh (PyHKIHEH

" TOTIOJTHUTENBHOM OeccTyneHYaToi KopoOku nepenay”. 3To oOpa3sHOE BhIpAKEHUE
MO>XHO TMPUMEHHUTh, UCXOMASI M3 OCOOCHHOCTEW paboThl THApOTpaHcopmaTopa,
KOTOpPBIA, M3MEHSS NEPEeJaBacMbld UM  KPYTSIIIMKA MOMEHT, IIO3BOJISIET
yBeJIM4uBaTh nepenarounsie unciaa AKIIILL

['unpoTtpancopmaTop COENUHSIETCS C JABUTATENIEM C TOMOIIBIO JIMCKA,
KOTOPBIM B CBOIO OuYepellb Kpemurcs K (PJIaHily KOJEHYaTOro Baja JBUTaTelis

(puc.4.4).

TT
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Fo FHee) | AT ST
=y =

)

~h,
I
o;i Il
b

[=.)

x|
1

——

J__"'-

-

e

Puc.4.5 [IpuHuunuanpHas KHUHEMAaTHYECKask CXEMa THIPOMEXaHUYECKOM
TPAHCMHUCCHUU «KPOCC-APANB»: 1 — nBuraresp; 2 — NEPBUYHBINA PEAYKTOP; 3 — KOMILICKCHBIN
THAPOTpaHCHOPMATOP; 4 — CYMMHUPYIOIINE TUTAHETAPHBIE PAIBI; 5 — MIIaHETapHBIA PSIT
3aMeJICHHON niepeaun; 6 — IulaHeTapHbIN pAJl 3aJHETO X0/1a; 7 — JONOJHUTENIbHBIE Iepeaauu; 8
— pocTol muMHApUYecknit tuddepermnuar;, 9 — ropmosa noBopota; 10 — ocTaHOBOYHBIS
TopMO3a; 11 — 6opTOBBIE IIEpenaun.
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s tpancmuccun ¢ AKIIIT ve TpeOyercst 0ObIMHOTO MaxOBHKa, MTOCKOJIBKY
caM TpaHcpopMaTop, 00JaaeT AOCTaTOYHO OoJbIIoN Maccoi. Mcmonb3oBaHue
rHOKOro JMCKa IMO3BOJISIET KOMIEHCHPOBATh JIIO00M OCeBOM JO(T, BBI3BAHHBIN
W3HOCOM WJIH TEIJIOBBIM PACIIMPEHUEM METAINYECKUX JIEeTaJIEH.

OObIYHO, K BHEUIHEMY JHMaMETpy THMOKOTO JUCKa KpENUTCs BeaoMas
miecTepHsi craprepa. Ha HEKOTOphIX MOJENsIX aBTOMOOWJIEH 3Ta IIeCTepHs

MIPUBAPUBACTCS HEMTOCPEICTBEHHO K KOPITYCY THAPOTpaHchopMaropa.

11.2.3.Knaccupuxamusa I'IT

Knaccudukanus ruapoimHaMU4ecKiX TpaHC(hopMaTopoB MpUBeAeHa Ha puc.4.

/o Bosmorwocmu padoms: Ha pexumax ¢
nepefamoyHbIM OMHOWEHUEM, BanbwWUr eGUHULYb!
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11.2.4 Bauemnss xapakrepucruka LT

Buemnenn xapakrepuctukor ['JIT Ha3piBaroT 3aBUCMMOCTh  BHEIIHHMX
MOKa3aTejaed OT IMEpPEeIaTOYHOr0 OTHOUIEHHS IIPU IOCTOSIHHBIX BSI3KOCTH H
IJIOTHOCTU paboyeil >KUAKOCTH, 4YacTOTe BpalleHHUs] WIM KPYTAIIEM MOMEHTE
BXOJHOTO 3BEHA.

I[Ipu »TOoM mOMHOM BHEmHeW xapakrepuctukon ['JIT Ha3pBarOT ero
BHCIITHIOK XapaKTEePUCTHUKY Ha TITOBOM, OOTOHHOM pEeXHUMax W Ha PEKUME

npoTUBOBpalieHus (puc.4.5).

ot

Puc.4.5 Teopernueckas BHemHss xapaktepuctuka ['J[T npu
MTOCTOSIHHBIX ®1, p U Q.

Yame Bcero BHEIIHIOK XapaKTEPUCTUKY IPEACTABISIIOT B BUJAC
3aBucuUMocTeil M3 u My, 1 OT 1 ¥ ®, IPU NMOCTOSIHHBIX ®1, P, TJI€ MOMEHTHI M; U
M, OTHOCATCS K BXOZHOMY M BBIXOJZHOMY BaJlaM. Touka [- pEXHM XOJOCTOIO
X0J1a, B KOTOPOW OTCYTCTBYET Harpy3ka Ha BbIXogHOM Baity (M, =0 u N,=0): n=0;
N;=N;0:#0.

Touka 2 - pexum paBeHCTBa MOMEHTOB M =M, . Touka 3 — pexum
CUHXPOHHOT'O BpAIEHHMs] HACOCHOTO M TYpOMHHOIO KOJécC: o= ®, , i=1. OTOT
pexum umeer mecro st AT c, iy «>1. Pexxum umeer Gosplioe mpakTUYECKOE

3HAYCHHUC JIA 6J'IOKI/Ip0BKI/I HAaCOCHOI'0O H Typ6I/IHHOFO KOJIéC, TaK KaK IIpHu
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pPaBEHCTBE HMX CKOPOCTEH oOOecrneunBaeTCs IJIaBHOE COCAMHEHHE BXOJHOTO U

BbIxogHOTO BajioB ['JIT (nBuraresns u pabodero opraHa).

Touxa 4 - onTUMANBHBIN PEXUM pabOThI, XapaKTePU3yeTCI MaKCUMAIbHBIM
KII/ n* Y MUHUMQIbHBIMU THIPABIIMYECKUMHU TTOTEPSIMHU. THOT 1A ONITUMAJIBHBIN
PEXUM COBMAAAET C PEKUMOM Oe3y1apHOro BX0/1a B BEHEI] JIONACTEe OTHOTO U3
KOJIEC, KOTJa YTOJ1 aTaKy MPY BXOJE MOTOKA HA KOJIECO PaBEH HYII0. Touka 5 -

cTonoBslil pexxkum; , =0, N=0, M;#0, N,=0, N;=Ncp.

MowmeHT Ha TYpOMHHOM KOJIec€ HaXOAUTHCS COTIACHO YPaBHEHHUIO:

ctgf ctgf
— 2 H2 T2 .
Mro_p'Q'|:_a)H'rH2+Q(F—'rH2_ E o) | (4-1)
H2 T2
MakcuMalbHBIE MOMEHT Pa3BUBACTCA Ha TATOBOM PCIKUMC pa6OTBI.
CTOMOBBII peXuM, HANpPUMEP, COOTBETCTBYET TPOTAHUIO aBTOMOOWIIS C MECTa U

SABIACTCA HaprDKéHHbIM B TCIIJIOBOM OTHOIIICHHH.

[Tonnyro BHemHIOO Xapakrepuctuky I'JIT, npencraBieHHy0 Ha pUCYHKE S,
MOXHO CUHTaTh TEOPETHUYECKOM, TaK KaK OHa IIOCTPOCHA MpPU JIOIYIIECHHUU
Q=const. Ha npaktuke 3aBucumocth Q=f({) ompenensieTcss HE TOIBKO PEKUMOM
padotsl ['JIT, HO M ero TUMOM (KOHCTPYKLIMEW JOMACTHBIX KOJIEC), U peasibHbIC
IIOJIHBIE BHEIIHUE XapaKTEPUCTHKU JUId HauOoyiee 4YacTo MPUMEHSIOLINXCSA

oanocrynenyarsix I JIT oTiuyaeTcs OT TEOpETUUECKUX.
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Jleknusa 19

12. ”THHOBALMOHHBIE METO/bI IPOEKTUPOBAHUA
JJOHACTHBIX TNIPOMAIIINH

C BOCBMHJECATBHIX TOAOB TMPONUIOTO BEKa HAa BBICOKOTEXHOJIOTUYHBIX
NPEANPUSTHSIX, BBITYCKAIOUINX CIOKHYI0 HAYKOEMKYIO MPOAYKLHUIO (B TOM YHCIIE
THJIPOMAIIIMHBI), THTCHCHBHO BHEIPSETCS MH(POPMAIMOHHAS TIOAIEPKKA U3ICITUil
Ha Bcex artamax jxu3HeHHoro mukima: CALS — Continuous Acquisition and Life-
cycle Support. JKusnennwiii yuxn uszdenuss — IMEPEUYCHb ITAINOB, Yepe3 KOTOPHIC
IPOXOJHUT HM3AENIHE 3a BEChb NEpHOJ] cBoero cyuiectBoBaHusa. Tepmun CALS
OpearnoiaraeT  OpraHU3alfi0  €JUHOTO  HWH(GOPMAIMOHHOTO  MPOCTPAHCTBA,
OOBEIMHSAIONIETO  aBTOMATU3MPOBAHHBIE  CHCTEMBl. B mHTerpupoBaHHOI
UHOPMAIlMOHHOM  cpele, B  KOTOPOM  ocymiecTBiserca  0e30yMakHOe
UHPOPMALIMOHHOE B3aWMOJICHCTBHE MEXAY BCEMU YYaCTHHUKAMH >KU3HEHHOTO
UKJIa W3ACHs, NSHCTBYIOT CTAaHIApTHBIC IIpaBHJIA XpaHEHHS, OOHOBIICHUS,

MOKCKa U TiepeIadn nH(OopMaIuu.

12.1 CoBpemennbie kommiekcbl CAITP
Ognum  u3  HauOoyiee  BaXXHBIX  SIBJISIETCS  3Tall  MPOEKTHUPOBAHUA,
ocymiecTBisieMoro pa3nuuubiMu cpeactBamu CAIIP. [IpuHATO BBIAECHATH CUCTEMBI
byuknuronansHoro mpoektupoBanuss — CAE (Computer Aided Engineering),
koHcTpykTOpckoro — CAD (Computer Aided Design) v TEXHOJIOTMYECKOTO —

CAM (Computer Aided Manu-facturing).

C moOMOIIBI0O MHTETPUPOBAHHON COBOKYITHOCTH WHHOBAIMOHHBIX CPEICTB
CAE/CAD/CAM co3pmatoTcs  MallMHBI M amnmaparthl, COOTBETCTBYIOIIWE

COBPEMEHHOMY YPOBHIO, IPY 3TOM PELIAETCS Psi/i B3AUMOCBA3aHHBIX 3a]1ay:

" pacyeT CHCTCMBI THAPOIIPHUBOAA MAIIMHBI U OIIPCACIICHUC ITapaMETPOB
HOBOT'O allliapara,

"  pacder pa3MepoB JeTaiell HOBOTO almapara;
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"  aHaIW3 JTUHAMUYECKHX XapaKTEPUCTHK ammapara, IpoBepKa ero paboThI B
TUAPONPUBOJIC MALTMHBI U B CITy4yae HEOOXOAMMOCTH KOPPEKTUPOBKA
pa3MepoB JIeTaNEH;

" pa3paboTKa KOHCTPYKTOPCKOW JOKYMEHTAIINH;

= paspaboTtka TexHojoruyeckoro mnpoiecca (TII) uzroropnenus neranei
arrapara u nporpamm st ctaikos ¢ UITY.

C uenpl0  NEpPEHECEHHs  OKCIEPUMEHTAIbHBIX  HCCIEJAOBaHMM  Ha
UMUTAIMOHHOE MOJICITMPOBAHNE BUPTYAJIbHBIX aHAJIOTOB CO3J[aHbl U Pa3BUBAIOTCS
MOIIIHBIE HUH(POPMAIMOHHBIE KOMIUICKCHI JJIS TMPOSKTUPOBAHUS  W3JCIIUN
MAaIIMHOCTPOUTENBHOW  THAPABIMKH, BKIIOYAIONIME:  PACYETHBIM  MOIYJb,
MPOCKTHBIA MOYJTb, MOIYJh MOJITOTOBKHU TIPOM3BOJICTBA.

B cocraB koMmIuiekca BXOAST TakM€ WHHOBAIMOHHBIE MPOTpaMMHBIE
IMPOJIYKTHI KaK:

» CpeactBa paspabotku 3D wmogmeneii Inventor 5.3 rus, Mechanical
Desktop 6, CADMech Desktop, Unigraphics, SolidWorks 2013;

= (CpenctBa pazpabotku 2D ueptexeit AutoCAD 2002 rus, CADMech;
CpeACTBa TEXHOJIOTHYECKOM MOAroToBkr TmpousBojcTtBa TechCard,
EdgeCAM; Kommac 3d,;

= CpeacTBo aHaiaM3a TUApOMEeXaHWYeckux mporeccoB  Flow-3D;
CPEICTBO KHHEMAaTHYCCKOTO W  HaNpPsHKCHHO-ACPOPMHUPOBAHHOTO
ananuza visuaINASTRAN 4D; Ansys 13 CFX;

» [Iporpammbl aJis NMHAMHYECKOTO aHaIW3a; MPOrpPaMMHBIE CpPEICTBA

coOCTBeHHOM pa3paboTku (peanu3oBannbiec B Matchcad, Matlab u T.1.)

CranpapTHass METOAOJIOTUSI TMPOECKTUPOBAHMS, CBOAMTHCS K TOMY, UTO Ha
NPEeANpUATUH  pa3padaThbiBA€TCS MPOTPaAaMMHBIA  KOMIUIEKC, COCTOSIIMNA U3
HECKOJBKMX B3aUMOCBSI3aHHBIX 4YacTeil, KaXJas M3 KOTOPBIX peaJu30BaHa
MOCPEJICTBOM CHENUATUZUPOBAHHOTO MPOrPAMMHOI0 00ECTICUEeHHUS.

Pacuemnbviti  xomnnexc ~MOXHO  ONpPENENUTh Kak HMH(POPMAIMOHHYIO

KOMITBIOTEPHYIO CpEely, OpPraHM30BaHHYID B COOTBETCTBHM C COOCTBEHHOU
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KOHLIEMILIUEH U COCTOALLYK0 M3 KOMMEpPYECKHX KOMIBIOTEpHBIX 3-D mporpamm,
MOJENEN, BBINOJHEHHBIX C MCIOJIB30BAHUEM HTUX MPOTPaMM, OPUTHMHAIBHBIX
ONHOKOOPJIVMHATHBIX ~ MMHUTAallMOHHBIX  MoJened U Meroguk. Kowmrueke
NpEeJHA3HAYeH KaK i1 BBINOJHEHHUS NPOECKTUPOBAHUS MAIIMHOCTPOUTEIbHON
TUAPABIUKH, TAK U B LIEJIOM ISl MOAEJIBHOTO COIIPOBOKICHUS ITANIOB KU3HEHHOTO
LAKJIa U3JETHS.

C y4yeToMm AaHHOTO OmpeieseHUsl 00IIHe TOJI0KEHHUST KOHLICTIIIMK PACUETHOTO
KOMIUIEKCa (POPMYITUPYIOTCS CIETYIOMUM 00pa3oMm:

1) Ilpu pa3paboTke pacyeTHOro KOMIUIEKCA MPEANpUITHE, MPOSKTUPYIOIIee
MalIMHOCTPOUTENbHYIO THAPABIUKY, pPacCMATPUBAETCS Kak HMH(POpPMaIMOHHAs
CHUCTEMa, a PACUETHBIM KOMIUJIEKC KakK 3JIEMEHT HMH()OPMAIMOHHOM Cpelbl 3TOH
CHCTEMBI, IOCTPOCHHOM Ha 0a3e COBPEMEHHON KOMITbIOTEPHON TEXHOJIOTHH.

2) PacueTHbIif KOMIUIEKC pa3pabaThIBA€TCs B YACTHOCTH B PYCJI€ TEXHOJIOTHH,
CyTb KOTOpPBIX B CO3JAaHMU M CYIIECTBOBAHUM IAPAIUIEIBHO C BBIIIYCKAeMOU
NPOAYKIMEN €€ BHPTYaJIbHOTO aHajiora B BHJAE KOMIUIEKCA KOMIIBIOTEPHBIX
B3aMMOCBSI3aHHBIX MOJIEIIEN.

3) CtpykTypa pacueTHOro KOMILIeKca (OpMHUpPYETCsl MO OOIMM MpaBUIaM
dbopMHpOBaHUS ~ KOMIOBIOTEPHONM  WHMOPMAIMOHHOW  Cpebl M BKIIOYAET
B3aMMOCBSI3aHHBIC 3JIEMEHTHI:

- KomIiekc koMMepUYecKux nporpamm,

- Kommnekc Mmopenen,

- Kommnekc paCcYCTHBIX MCTOHK.

* Komruiekc mMojienieil 1 KOMITJIEKC PacueTHBIX METOIUK aKKyMYJIHUPYETCs B
OMOJIMOTEKY.
4) KOHKpEeTHBIH COCTaB pPAaCYETHOTO KOMIUIEKCA OIPEACISIeTCS KPYroM

KOHKPCTHBIX 3aJa4, pCHIaCMbIX CPCACTBAMHA 3TOI'O KOMIIJICKCA.

Ecnm 06001MTh TEMAaTUKY PACCMOTPEHHBIX BBIIIE padOT, TO MOKHO CHENIaTh
CIeNyIOlMe  BBIBOJBI O  COACPKAaHUU  MPOEKTHUPOBOYHOTO  KOMILJIEKCA

MaIHHHOCTpOI/ITCJIBHOﬁ TUAPABIUKUA:
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CocraBnsmoleld Takoro KoMIuIeKca sBJsoTcs 3D-mporpammel 1 aHanu3a
CTaTUKH, KUHEMATUKU U JUHAMUKH TUAPABIMYECKUX MEXAHU3MOB.

Jlpyroii cocTaBifOmIed TaKOro KOMIUIEKCAa JOJDKHA OBITh METOAMKA
SHEPreTUYECKOro aHaJIM3a - FMAPABINYECKHE MAlIWHBI, [Iepeadu, IPUBOBI
SBJIAFOTCS] DHEPTOCWIIOBBIMU YCTAHOBKAMH.

[IpouHocTHOM aHanmM3, aHANU3 HANPSLKEHHO-Ie()OPMUPOBAHHOTO COCTOSTHUS
ABIISIIOTCA TaKXKe OOs3aTENIbHBIMM COCTABHBIMU YacCTSAMHU IMPOECKTUPOBAHUS
MalIMHOCTPOUTENBHOW THUJPABIMKH, M COOTBETCTBYIOIIHME IPOrpPamMMBbI
BXOJSAT B PACUETHBIN KOMILJIEKC. DTO CBSA3aHO C TEM, YTO THJIPOMAILIHHBI - 3TO
BBICOKOHArpyKCHHBIE YCTPOMCTBA.

PaGouuMm Tenom rumgponpuBoja SABISETCS KUIKOCTh. Ee  cBoiicTBa
ONpEAEAIOT U KOHCTPYKTUBHBIE (DOPMBI MPHUBOJA, U €r0 XapaKTEPUCTHUKHU.
[IoaTOMy B Kpyr pacyeTHBIX METOIMK BXOJAT METONHWKU THUIPABIUKHA U
TUAPOMEXAHUKHU.

['moponipuBO  SBISIETCS  CIIOKHOM JIMHaAMU4YecKor cuctemou. I[loatomy
MOCTPOCHHE OOO0OIIEHHON HMHUTAIIMOHHOW MOJENU TpeOyeT BKIIIOUEHHUS B

KOMIUIEKC YHUBEPCAIBHOW MOJEIIMPYIOLIEH MPOTPAMMBI.

MpoyHocTHaA
MOOenks

3D
Moaenb

—'
-
=
z 8
o 3
h o
m-l
o%
ra
(]
Z

fippoMexaHWvecKan
Moaens

WMmuTauvoHHan
Modens

Puc. 7.2 CtpykTypa pac4yeTHOro KOMIUIEKCa
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OObenuHEHNsI OpPTaHWYHBIM 00pa30M pPA3NIUYHBIX METOAOB M METOIUK
MAIIMHOCTPOUTEIbHON TUIAPABIMKKA B €IWHBIH PACUYETHBIM KOMIUIEKC IpU
pasyMHOH  aBTOMAaTH3allMd TpOILECca pacyeTra pealn3yercssi CTPYKTypoOi

MpEJICTaBICHHON Ha puc.7.2

12.3 MeToauka NpoeKTHPOBAHUS U MOJeJTHPOBAHMSA JIONACTHBIX
ruapomamuH B nporpamme Mathcad
Kak Opmio paccMoTpeHo panee (CM.JeK.2), KOHCTPYKTHBHas cxema

JomacTHOro Hacoca (puc.l.3) MoxeT ObITh MPEACTABICHA B BHUAC YHPOIICHHOM

BHUJ€C C MCHBIINUM KOJIHMYECTBOM 3JICMCHTOB.

Pucynok 1 - KoHCTpyKTHBHAs cXeMa IIEHTPOOESIKHOTO Hacoca: 1 — moaBo;
2 — pabodee KoJieco; 3 — CIUpabHbIN 0TBOJ; 4 — YIUIOTHEHHUE; 5 — BaJl MPUBOHOM;

B sTOM ciiydae pacueT HEHTpPOOEKHOIO Hacoca, CBOAUTHCS K ONPEIEIICHUIO
KOHCTPYKTUBHBIX (T€OMETPHUUECKHX) MapaMeTPOB €ro padoyero Kojec U OTBOJA.

Tunosast KOHCTPYKIHA KOHCOJbHOI'O HACOCa IMPHUBCACHA Ha pHUC. 1.

JIns  BBIMOJIHEHUs pacueTroB ucnosb3dyercss mnporpamma CAIIP  I[H
peasmzoBana B cpexe Mathcad v.13 w mpenHasHaueHa JuIsl pacdera raMMBI
HEHTPOOEKHBIX  HACOCOB  Majoll M  HOPMaJbHOM  OBICTPOXOAHOCTH  C

ko3¢ puimeHToOM ObICTpOXOgHOCTH Ng<140.
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Ampo0arus mporpaMMbl YCHEIIHO MPOIUIA TPU MOJIEIUPOBAHUS B KYPCOBOM

IMPOCKTUPOBAHUHU

110

JAUCHUITIINHC: «JlomacTtHbie

TUAPOMCXAHUYCCKUC IICPCAAUND).

TrmaApOMallINHbI

H

Crpyktypa mporpammsbl [3] mpuBeneHa Ha pUC.2 M UMEET OJOKH ISl PEIICHUS

psaa 3a1a4 KOHCTPYKTOPCKOI'O U UCCIICAOBATCIILCKOTO XapaKTepa.

VicxoOHele OAaHHBEIE, CXema,
OCHOBHHE I[apaMeTpE

A 4

\ 4

PacueT ¥ NPOEKTMPOBAHME DBJIEMEHTOB KOHCTPYKLMM

HaCoOCa Ha 3alaHHBIe IlapaMeTpPERI

Pucynoxk 2 - Ctpykrypnas cxema CAIIP nenTpo6exxHoro Hacoca

KOHCTPYKTOPCKUM
Kanamn JlonacTb CnmpaJib Hell CucreMa
pabouero > pabouero > OTBOL YPaBHOBEUMBAaH
KOJIeca B KoJieca 1S OCeBoOu
MEePUOMaHHOM | f

T s T :
! AHaM3 napaMeTPOB KOHCTPYKTMBHHX B3JIEMEHTOB < |
| Hacoca !
| =
i | UCCllenoBaTellbCKIM !
|
! |
! |
! |
! I
|

— _ |
| ©;=f (AB) Z=£ (0B) o=F(Vo) o,=F(2) !
|
! |
! I

Texnunueckoe 3amanne Ha npoexktupoanue I[H cormacoseiBaeTcs ¢

3aKa34yukoM. B COOTBETCTBUHM C paCCMOTpCHHOﬁ paHEC MCTOHHKOﬁ

OCHOBHBIMH TPeOyEeMbIMH MAPAMETPAMH SIBIISIOTCS

3
= Q- momava Hacoca, M/,

H - manop Hacoca, M;

. 3.
p — IJIOTHOCTH paboveil )KUAKOCTH, KI/M";

71-KOHHHCCTBOCTYHCHCﬁ;

K - KOJIMYECTBO MOTOKOB.
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Tabmuma 1 - Ucxonnsle qanubie 1is moaenupoBanus [{TH

No IapameTrpbl 3navennst | Ne IlapameTpsbi 3Havenust
/T /T
1 | Yucno norokos (1-2) k=2 5 |Yacrota BpamieHus pabo4ero n=1450
KoJieca, 00/MUH
2 | KonmuecTBo cTymeHei, =1 6 |Tommuua jonact, M 4yryH (3-4), s=4
1-n craib (3-5)
3 | TMomaua macoca, M /g Q,=430 7 |MnotHocTs BOMEL, KI/M p=1000

4 | Hamop Hacoca, M H =35 8 |Ywucmo yuyacTKOB M3MEHEHHMS j=8

WHTEPBaJIOB Belmu4uuH: I, W, VM

PCBYJIBTaTaMI/I pacdeTa ABJIAIOTCA CICAYIOMINE IapaMETpPhI:

e I'mapasiaunyeckue nmapamerpst I{H:

H.,, — nomaua crymnenu;
Q. — HATIOP CTYTIEHH;
Q. — pacxoJ yepe3 KoJIeco;

e DHepreruuyeckue napamerpsni IHH:

No» N 1, - KIIJ] 0OBeMHBIHN, THAPABINYECKHII U MOJHBIM COOTBETCTBEHHO;
N, Nimax - MOIIIHOCTB MOTpeOIIsieMast U pa3BUBaeMasi HaCOCOM

COOTBCTCTBCHHO,

e KoncrpykruBHbie napamerpsl PK:

d, — nnamerp Baa,

dg, — IMamMeTp BTYIIKH,

Do — nmametp Bxonaa B PK,

I, — paJnyc cpeaHe KpOMKH JIOTIACTH,
b; — mmpuHa pabouero kosreca,

Z — KOJIMYECTBO JIONACTEN;

e CkopoctHbie napamerpsl PK:

U — OKpy>KHasi CKOPOCTb,

Vi — MepuInaHHas CKOPOCTb,
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[ — yrou aTakw,
Ns — KO3 PUITUEHT OBICTPOXOIHOCTH.
[To pe3ynbpraram pacuera MpOU3BOAUTCS MPOUIUPOBAaHUE, COCTOsIIEEe U3 3
ITAIoB:
= [IpodunupoBanue kanana PK,
» [IpodummmpoBanue KOHTypa JIOMACTH,

* [IpodunrpoBaHue cnupajibHOrO OTBOA.

IIpoduinpoBanue kaHajga paGouero koJjeca. [l npoduarpoBaHUs
KaHaja paboudero koJieca 3a1aéMcs JIMHEHHBIM 3aKOHOM U3MEHEHUs] MEpUIUaHHOM

CKOpPOCTH BJIOJIb paauyca V, = f(r) o Vi 10 Vi, & Tak ke JIMHEHHBIM 3aKOHOM

U3MEHEeHUs1 oTHocutenbHOUW ckopoctu ot W; no W,, uHTepBasioM paanycos

pabouero koJieca OT Iy JI0 I, C YUCIIOM YYACTKOB |.

10 005
045
0.04
: d 0.0351
b g
a i
wi — o0
V. al 002
M s o e
e o 001 S
+ 1 Sa0 Y i ‘ ‘
il . e ] e o i, ! ,
B i i = (e [ = Wm_?l)ﬁ l].lIH.l I).Il.ﬂl 008s 0057 008 012 0032 0143 0155 llllli? IlllTs n1e
ios oot o1 o2 014 0.16 ol ~00F
r,[n r "
Pucynok 3. I'paduxu 3aBucumoctn ckopoctu: Wi Pucynok 4. [Ipodwis kanana pabodero koieca
(---)oTHOCHTENBHOI U MepuanaHHOH Vi, (- - ) OT
paauyca r

WuTepBan  wm3MeHeHuss paguyca  pabodero  koieca Ar  wu
COOTBETCTBYIOIIMX  3HAYEHUW  M3MEHeHUW  wmepuauaHHod AV, wu

oTHOcuTenbHO AW ckopocTel paBHBIL:

L-n

Ar=— (1)
Vm _Vm .

AV === )

aw =W Ws 3)

J
['padukun 3aBUCUMOCTH OTHOCHUTEIBLHOM W MEPHIMAHHON CKOpPOCTEH B (PYHKIIMH

paanyca NpuBEJIEHbI HA puC. 3.
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3HauyeHus mUpUHBI KaHasa (bj) pabouero koseca it K&KIOTO y4acTKa PaBHBI:

Q

Yoo I ~ij @
[To 3aBucumoctu b=f(r) m mony4eHHBIM HaHHBIM MpoeKTUpyeTcss KaHan PK.

MepI/mHaHHoe CCUCHHC KaHalla pa6oqer0 KOJICCA II0KAa3aHO Ha pI/IC4

IIpodnauposanue nomactu. Ilpodunupoanue omacTd OCYIIECTBISETCS IpU
YCIIOBUU O€30TPBIBHOTO OOTEKAaHUs KOHTypa JIONACTH MOTOKOM, YTO COOTBETCTBYET
MUHUMYMY THIpaBindeckux mnorepb. C 3TOM 1Lenbl0 NpUHHUMAS IUJIaBHBIM, Oe3

MUHHMYMOB U MaKCMMYMOB, 3aKOH M3MeHeHus ckopocteit V. = f(r) m W = f(r), cm.

puc.3.

Yron YCTAaHOBKH JIOMIACTH PACCHUTBHIBACTCA 110 BBIPAKCHHULO!

V. .
iy L) )

i 27z-r‘j

B; =arcsin

Juddepennmansaoe ypaBHEHHE CPEAHEN IMHUN KOHTYpa JIONACTH UMEET BH/I;
dr
d, = ; (6)
r-tgp

[Monaras ¢,=0 npu ry=r, Mocjie HHTETPUPOBAHUS MOTYIAEM:
CFodr o (j-1)-Ar

0= - ; (7)
N r'tgﬂj I 198

Pe3ysbTaThl pacyeTa 3aBUCUMOCTH ¢ = f(r) SBJIIOTCA KOOpAMHATAMH TOYEK
CpeIlHEel JIMHUH JIOTIACTH TOJIIIMHON S.

[IpopunupoBanue KOHTypa JOMacTH pabodero Kojeca IOKa3aHO Ha pHC.S.
CormacHo YuCy JomacTted Z, HaXOMSTCS IIAard pachoyioKeHwsi Jjomacte t u 1,
COOTBETCTBEHHO IO OKPYKHOCTSIM pannycoB R; u R,,. B cBs3u ¢ Tem, uto 3HaueHus Vpy;,
Wi, fi B yHkumm oT r 3amaroTcs B BUAC TaONWIBI, 3HAYCHHWE (DYHKIHMH TIOCIE
WHTETPUPOBAHKE B YUCICHHON opMe I KaKI0ro J-ro y4acTka paBHO:

C - 1
i
) rj .tg :Bj (8)

. 1
[Tpunrmaem o6o3HaUeHHE MOABIHTErpaibHOM PyHKIMK Kak C(r) = t—ﬂ’ TOrja:
r-tg
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_GiatCy
2
rae A - IPUPALICHHE LEHTPAIBHOrO YIia; C, , - 3HAYCHHUE II0/bIHTer PaIbHOI

Ag; Ar, (9)

(GyHKOMY B Hauane yJacTka; C; - 3Ha4€HHE NOABIHTETPAIbHON QYHKIUHK B

KOHIIE y4acTKa; Ar - IpUpalleHue paanyca.

S il A 7
1003 s;o;m,q.m;l-lo.lsn.un.l,‘[x)_.lgss ™

7 34

330

Pucynoxk 5 - I[Ipoduns nonactu Pucynox 6 - Ilpoduns ciupansHoro orsoaa LITH
PK

IIpopuimposanue cnUpaabLHOIO 0TBOJAA ¢ KPYroBbIM ceyeHueM. Popma kaHaia
CHMPAIBHOIO OTBOJIA MI'PAET CYIIECTBEHHYIO POJb U JIOJKHA BBIIOJIHATHCA MOJOOHO
KOHCTPYKIIMSIM HAacocoB, ToKa3aBmux Bbeicokue 3HaueHus KIIJ[. Koaddumment
OBICTPOXOJHOCTH Ng MPOEKTUPYEMOI0 HACOCA HE JIOJKEH 3HAYUTENIBHO OTIMYATHCS OT
IIPOTOTHIIA.

[lonepeynoe cedyeHue CHOUPAIBHOIO OTBOAA IPUHUMAEM KpyrosbIM. Pamgumyc

KpPYroBOI'O CEYEHHMsI CIUPATIBLHON KaMepsl o, PACIOJ0KEHHOTO MO/ YIJIOM ¢, OT Havaja

CIIUpPAJIU, PABEH:

2-¢,-1, (10)



k:m—”'g.ﬂ.geoo, (11)

w n

rae k— ko3 punment; Hy, - Teoperndeckuii Harop;
Qn — IeficTBUTENbHAA MT0/1a4ya KOoJieca, U pacXo] B YCThE CIIMPAIIH;
=27 — yrIoBasi CKOPOCTh BPAIICHHUS; ¢ - TEKYIIUH yrod;
I'; — paguyc Hayanaa KpyroBOro ce4eHus NpUHUMAeTCs B MHTepBasie 3-
5% OT I'; ¥ paBeH:

r,=1,04r,; (12)

HIupuna Bxona (b3) B 0TBOI HAXOAUTHCS 1O BRIPAKCHHUIO:
b,=b, +0,05-2-1,; (13)
[Ipoduib KOHTYpa CIMPATILHOTO OTBOJIA MTOKa3aH Ha puc.6.

Pesynbratel pacuera mapamerpoB L[H mpuBenenst B TaGn.2 W MO3BOJSIOT
nepeTn K npoUIMPOBAHUIO KaHaja, JOMAacTH paboyero Kojeca H  €ro

CIUPAJILHOTO0 OTBOAA B CHUCTEME TBEpAOTelbHOro MoneaupoBanus SolidWorks

(umu apyroit maker CAD).
Tabnuna 2. Jlanusie 1t 3D moxenuposanus ITH B SolidWoks
No HanmMmeHnoBanue 3HaueHHe
/11
1 d,— auamerp Baia 0,04 m
2 D, — nmametp Bxozaa B PK 0,168 m
3 | r — pamuyc cpenHel KpOMKH JIOTTACTH 0,076 m
4 It — MHA BTYIIKH 0,67 m
5 | Z— KOIHU4YecTBO JomacTeu 6
6 I, — paguyc PK Ha BeIxoje 0,173 M
7 b — mmpuaa PK Ha BeIXOMIE 0,233 M
8 |3 — pamuyc KpyroBoro C€4eHus CIup. OTBOIA 0,18 m
9 | by — mmpuHa cimpanbHOTO OTBOJA 0,041
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TBepaoreabHoe monenupoBanue. /s 3D monenuposanuss IIH B mporpamme
SolidWorks, monydenHble ¥CXoaHbIe JaHHBIC (Ta0/1.2) IPYNIUPYIOTCS B HEOOXOAUMYIO
dopmy, a manee ¢ moMoIbio GYHKIKUK dKcrmopTa JaHHbIX B mporpamme MahtCad (Insert
—Data —File Output—nanee pacmmpenune *xIs (mis Excel) m myrs pasmemnieHus)
opopmisroTcs B TabnumuHoM Bujie (puc.7). bonee nmoapoOHas meroauky nocrpoenus PK

10 33J]aBa€MbIM YPaBHEHHSIM €r0 apaMeTPOB paccMaTpUBaeT B yueOHOM mocooun [1].

[LS0lidWorks  osn Mpaea Bu Brasa Wcpems Oco  Crpasxa d-%-
Onewentst | 3ckna | Awannawposars | Dimipert | Mpogyerel Office | QAENAE I 6
SRS > ®aitn KpHso
? .
b5 and Set 27| Pabordid cTomigerokor | bt
$ deramt (Mo prondaac<oy e |1 | " [
Towa ] ¥ i !
2 Raramn 1 Z6m O e ConparnTe
calf 7] 2%3m  1om -
\!@:}Hmwmwmsw 3| 2700w 315w o |Coxpane R
! Cnepean 4| 77Sm 38w Ot
& Coepry S| 27.0Im  418m - BeraeKa
&) Cnosea 6| 2B2lm 444 -
L Woxoanan Toura 7| B4Im 485w Orae E]
— meen iow ow s

PucyHnok 7 - DkcnioptupoBanHbie B cucteMy npoekTrpoanus SOlidWorks nannsie
JUISL MOJICTIMPOBAHKS KaHaia pabouero KoJeca

Lis0lidWorks  oain Npaxa B Borasa Mecpert O Crpama Y | i@
3neuernb|| 3cKn3 ]ﬂuanusnpnsm | Dim¥pert I MpoykTel Offlce| & =1 %0 @ j &
(o]
BITIR S » ®aiin kpuso#
T 5y
i - ts and Settingsiuser\Paboumn cranigerotor] bxt 06200,
% Aetamel (Mo ymomiasmo< <oy
2] Aarann Toa :-:l Yl Z‘ 2 E
1 26m Dret O CoxpamTy
D (] e 2| 23w 194m Onm
$Z Marepnan <re yrasan> 3| 27.02m 315w Dh M
& Crepean 4| 2756m  38Im Do
&) Ceepxy 5| 2793 418w Ov Beraska
&) Cnpasa 6| 282m  444m O
L, Viooanan Towa 7| 43w 465w Oee E
¢ \ L] 28.63mm 4.83m D
q 28.83mm 5.0%m TR

PucyHok 8 - DkcrioptrpoBanHbie B cuctemy npoekrtupoBanus SolidWorks
JIAHHBIC JUJISI MOJICTUPOBAHUS MTPOQUIIS JIOTIACTH
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HNmnoptupyemas nz Mathcad kpuBasi, mpeoOpa3oBbIBaeTCS B IMHUIO 00BOIA
(npeoOpazoBanue 00BEKTA). 3aTeMm, Ui TMOCTPOCHUS KOH(DUTYypalluu KaHala
pabouero KoJjeca, BHIITIOTHAETCS ONEpalfio BpallleHus! KOHTypa (puc.7) ¢ 3a1laHHOM
TOJIIIIMHON CTECHKHU.

Just  npodunupoBaHusi KOHTypa JIONMACTH, HCIOJIB3YEeTCsl  Omepalus
BHITSTHBAHUSA Ha HEOOXOAMMYIO BenuduHy (puc.8), a 3areM IyOnmupyercs 1o

KacaTelabHOM (puc.9) K JOuUaMeTpy OKPYKHOCTH BTYJIkH (I,,), pacuyeTHOE

KOJIMYECTBO (Z) JonacTei.

T T N [ ——

e

— | = ol T r——
Pucynok 9 - Pabouee koseco 3D monens Pucynok 10 - Tsepnorensnas 3D monens
MIOCTPOCHHAS PACYETHBIM JaHHBIM 1eHTpoOekHOro Hacoca B cucteme SolidWorks

3areM, TIOJy4Y€HHBIE JETalu OO0BEIUHAIOTCA B COOpKy, co3aaercs
HEMOCPEACTBEHHO MOJENb MPOTOYHOM yacTH 1eHTpoOexHoro Hacoca (Puc.10).
JlampHENIIWii  aHAIM3  TOJYYCHHOM  KOHCTPYKIMA M  pEUIeHuE  psaa
UCCIIEIOBATENbCKUX 3a/lad, BO3MOKHO BBIIOJHUTH HKCIOPTUPYS IOITYYEHHYIO

CAD wmognens B cuctemy Ansys 13 CFX ¢ uccinenoBanuem Te4eHUs KUIKUX CPE.

PaccmarpuBaemast mpoeKTUPOBOYHASA METOJMKA MO3BOJISET peUIaTh B paMKax
€MHOW MHHOBAIIMOHHOW KOHLETIWHA U HA CHCTEMHOW OCHOBE CIICIYIOIIUX 3a/1a4:

a) BBINIOJIHEHUSI BCEX OCHOBHBIX TUIIOB PACUYETOB;

0) pa3pabOTKH HOBBIX METOJIUK PACUYETOB MO MEPE MOTPEOHOCTH;

B) BBIIIOJIHCHWA HCCTAHAAPTHBIX, HCTUIIOBLIX PACYCTOB.
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Hcnonb3oBaHue KOMIUICKCA, KaK IMOKa3aJjia ITpaKTHKa, 00ecreyYnBaeT:

X Ol'[epaTI/IBHOC BBITIOJIHCHHUC OCHOBHBIX THUIIOB PACUCTOB YCTPOﬁCTB H CUCTCEM

M&IHHHOCTpOPITCJILHOfI I'napaBJINKHA,

>

D)

L)

» IloBhllIeHUE KauecTBa paCdYCTHBIX METOAHK, UX HEly‘-IHOﬁ 06OCHOBaHHOCTI/I,

KOPPEKTHOCTHU U TOYHOCTHU PACUYCTOB,

>

D)

» AKKyMYJIHPOBAHHUE OIBITA PACUETOB U MPOESKTUPOBAHMUS, €r0 00001IEeHUS;

L)

% OO0o0mIeHne onmyOIMKOBAaHHBIX PE3YIbTATOB HCCICIOBAHUN IPYTHX
TPOEKTHBIX OPTaHU3AIMHI C LENBIO TOCIIEAYIONIETO UCTIONb30BaHHS B
COOCTBEHHOM MPaKTUKE;

% VYjenieBneHue mnporecca npoeKTHPOBAHUS;

¢ 3ameHy OOJIBIIIMHCTBA HATYPHBIX SKCIIEPUMEHTOB HA MOJICIbHBIC;

+ Hcnoap3oBanue AJI1 COIMPOBOXKIACHUA BCCTO KU3HCHHOT'O IUKJIA U3ICIINA.

12.4 TlepcnexTuBHbIe HanipaBJenus co3ganusa CAIIP ruapomamun

B Hacrosmee BpeMs, IIMPOKOE pPaCHPOCTPAaHEHUE IIOJYYAHOT CHUCTEMBI
UHTETpUpylomKe (YyHKUMM  BBIIEHA3BAHHBIX MAKETOB  MporpamMm. Tak
paspaborannas aBtopamu B FOPITY (HIIN) (Kpyruxos B.C., Jluxomen K.A.,
Komuma B.B) cucrema emunoii CAIIP, cocTosmield W3 MNOICHCTEM pELIECHUS
OTJICNbHBIX BBIIIETIEPEUUCICHHBIX 3adad. B paspabateiBaemoit CAIIP Bce
BOIIPOCHI pELIATCs IPOrPAMMHO C MUHUMYMOM JIHAJIOrOBBIX PEKUMOB padOThI, 3a
UCKIIFOUEHHEM TEX CIIy4aeB, KOrJa IMPOrPaMMHOE PEUIEHUE 3aTPYyAHUTENBHO WA

HEJIOCTATOYHO UH(pOPMAITUH.

| campra |
+ ¥ ¥ ¥ ¥

CATIP PII CATIP I CAIIP PA CATIF EIT | [ CATIP TII
o
- PSS S dingap. pas rasga.pas ) E

. Isp

3 /_.-—V‘L
rarab. dat . J ‘l ==t [1porpanmE:
Tpadems parga_d.dat . .daf . dwg CTAHEOE
parga dat ... f.dat

c UITW

Puc.12 CrpykrypHas cxema CAIIP rugpaBirueckoro anmnapara
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Bce nmoncucremsr CAIIP BriIrouaroT HE0OXO UMbIE OaHKH JAHHBIX M 3HAHUH,
odopMIICHHBIE B BUJIE MOJNPOTrpaMM, 0OMeH MHGOpMaLe Mex Iy MoJCuCTeMaMu
OCYIIECTBIISIETCS aBTOMATHIECKH.

B sToM 3akiroyaeTcs MpUHIUNHAIBHOE OTIIMYHE MPEeIaraeéMoro mojaxoaa ot
uneonorun CAIIP, coznaBaembix B «Kommacy» u Solid Works, B OCHOBY KOTOPBIX
MOJIOKEH TIPUHIMI JAAJIOTOBOTO pEeXHMa paldOThl, HE TO3BOJSIONUNA B
JaJbHEUIIEeM  TEePeXOJUTh  OT  aBTOMATHU3MPOBAHHOTO K  IOJHOCTHIO
aBTOMATHYECKOMY MTPOCKTUPOBAHUIO.

B oOmem cinyuae pazpabateiBaemasi CAIIP ['A uMeeT CTpyKTypHYIO cXemy
(puc.1), cocrosmryro U3 MIATH TOACUCTEM: pacueTa THAPONPHUBOJA U BhIOOpa
ruapoobopynoBanus — PII, runponpuBona — /I, pacuera pasmepos neraneit — PA,
aBTOMATU3UPOBAHHOTO TMOJYYCHHUS KOHCTPYKTOPCKOM pgokymeHTamuu — K]/,

aBTOMATU3UPOBAHHOIO MPOEKTUPOBAHUS TEXHOIOTHUECKOro mporecca — TIL
[IpeumyiectBa Takux MHOropyHkunoHanbHbix CAIIP 3akitouaercs B:

* (OO0ecrnieueHNH KOMIUIEKCHOTO PELIEHUs BCEX 3a/1a4 CO3/IaHus THIPOMAIINH;

= CokpallleHHH BPEMEHH pa3padOTKH 3a CYET MapaijIeIbHOTO BBITOJIHEHHUS
pabot no cozmanuto noacuctem PA, KJI u TII;

* MakcuManabHO BO3MOXKHOM IE€PEX0/I€ OT aBTOMATU3UPOBAHHOTO
MPOCKTUPOBAHUS K aBTOMATHUYECKOMY (O€3JTH0THBIM TEXHOIOTHSIM);

» Peanu3zanuu U1€0JI0rUH MOJHOCTHIO 0€30yMaXHOTO IPOEKTUPOBAHUSA: KOT/1A
BCS UH(QOpMALIMA HAXOAUTCS HA AJIEKTPOHHBIX HOCUTENSX U MepeaacTcs
aBTOMatn4decku (aitnmamu B moacucremsl CAITP

*  MuHUMHU3UPYET BO3MOKHOCTH OIIMOOK, CBSI3aHHBIX C YEJIOBEYECKUM

bakTopoM.

OnHako, JaHHbBIE CUCTEMBI TPEOYIOT BBICOKUX BBIYUCIUTEIBHBIX MOIIHOCTEH
Ha TPEINPUATUAX BBHINOJHSIOMUX pa3pabOTKy M MPOEKTUPOBAHUE THUJIPOMAILINH,
YTO HE BCErJa BO3MOXKHO, OCOOCHHO B YCIOBUSIX MaslbIX opraHuzauuil. [loatomy
HauOosee  pacHpoCTPAaHEHHBIM  SIBJIIETCS  HAa  JIA@HHBIW ~ MOMEHT LMK

MPOEKTUPOBAHMS paCCMOTPEeHHBbIN B 1m.1.7.1.
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