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BBenenne

Pa3BuTue 1enoro psna orpacieil MPOMBINUIEHHOCTH (XMMHUYECKOH,
YTOJIBHOW, MAIIMHOCTPOUTEIBHON, YHEPreTUYECKOW, KUINIIHO-KOMMYHAIBHOTO
CTPOUTENBCTBA, CEIBCKOIO XO34iCTBA W [p.) CBSI3aHO C HACOCOCTPOEHUEM,
IPaKTUYECKUM HUCIIOIb30BAHUEM JIOMACTHBIX THIAPOMAIINH U THAPOIUHAMUYECKUX
nepeaay.

B nmaHHBIE MOMEHT, TPOMBIIJIEHHOCTBIO B CTpaHe Bblyckaercs: okoso 3000
HAaMEHOBAHUW PA3JIMYHBIX TUIIOPA3MEPOB HACOCOB, OTIIMYAIOLIUXCS MPUHIIUIIOM
NEUCTBUSI, KOHCTPYKTUBHBIMM HCIOJHEHUSMH, Ha3zHadeHHueM. Haubomnbiee
pacnpoCTpaHEHUE TMOJIYYWIM JIOMACTHbIE (AMHAMHYECKUE) HACOChI, KOTOPHIE
MOJIPA3IEISAIOTCS Ha [IEHTPOOEXKHbIE, TUaroHaJbHbIE, OCEBbIE U BUXPEBBIE. 3 HUX
CaMbIM paclpOCTPAHEHHBIM SIBIISIOTCS LICHTPOOEKHBIE.

B  »Heprermueckux = yYCTaHOBKax MW  THUAPOCUCTEMax  MallUH U
TE€XHOJIOTMYECKOrO0  OOOpyIOBaHUS  IIUPOKO  MPUMEHSIIOTCS  JIOMACTHBIE
TUAPOJIBUTATENN — TUAPOTYPOUHBI Pa3IMYHON MOIITHOCTH.

Hcnonb30BaHnue TUIPOJAMHAMUYECKUMX MAIIMH (JIONACTHBIX HACOCOB H
TUIpOTypOMH) B KayecTBE INpeoOpa3oBareieil SHEpPruu MNPUBEIO K CO3AAHUIO
TUAPOJMHAMUYECKUX Tiepeaad (TUApOAMHAMUYECKUX MY(PT U TpaHC(HOPMATOPOB).

B Hacrosimiee Bpems, TUAPOJUHAMUYECKHUE IME€pEeAaud NPUMEHSIOTCS B
MPUBOJIaX TPAHCHIOPTHBIX, CTPOUTEIBHBIX, TOPOKHBIX, TOPHBIX U JAPYTUX MAIIIWH,
KOTOPbIE UCTIBITHIBAIOT MIEPEMEHHBIC HATPY3KH Ha pabOounX MEXaHU3Max.

B cBs3u ¢ 3TUM, QucHUIUIMHA «JIOMAacTHbIE THAPOMAIIMHBI MAIIMHBI H
T'UJIPOIMHAMHUYECKHE MTepeiauny, Hapsly ¢ U3ydeHUEM O0IIel TEOpUH JIONaCTHBIX
MalIMH, IpeanoiaraeT noApoOHOE U3YUEHHE UX KOHCTPYKIIMM, XapaKTepUCTHK U
HEKOTOPBIX BOIPOCOB MX IKCILTyaTal1H.

Jns M3ydeHus: TEOPETUYECKOro Marepuana AUCIUIUIMHBL CTYAEHT IOJIKEH
UCIIOJB30BaTh y4eOHyr Jsmteparypy [1,2], mpakTuueckuM JTOMOJHEHUEM K
KOTOPBIM U SIBJISIETCS TaHHOE MOCOOHeE.

[Tocobue HamucaHo ¢ MPUMEHSIEM 3JEMEHTOB MPOrPaMMUPOBAHUS U
MpEANoJaraeT HCIOJIb30BaHUE CTYJICHTaMHU, MPHU BBINOJHEHUU TPYJIOEMKUX
pacueToB, BRIYMCIUTEIbHBIX TakeToB (Mathcad, MatLab).

B npusoxkeHuu K mocoOuio MpHUBEACHbBI KOHTPOJIbHBIE BOMPOCHl U TECTOBBIE
3aJlaHus, MO3BOJISIONIME CTY/IEHTaM CaMOCTOSITEIbHO OIIEHUTh CTENEHb YCBOCHHUS
pazzenoB J1adopaTOPHOTO MPAKTHUKYMA.



JlabopaTtophas paborta 1

W3YUEHUE HA MOJIEJISAX KOHCTPYKIIMMA U PABOYEI'O
INPOLNECCA JIONACTHBIX HACOCOB

1. Heanb paGoThI

1.1 MH3yueHue KOHCTPYKUUH, MNpUHIMNA JACUCTBUS, (PYHKIMOHAIBHBIX
0COOEHHOCTEH U TEXHUYECKOH TOKYMEHTAIIMK MO0 HOMEHKJIAType IEHTPOOEKHBIX
HACOCOB, HCITIOJIBb3YEMbIX B PA3TUYHBIX OTPACIISIX HAPOJAHOTO XO3SHMCTRA.

1.2 TlpuoOpeTreHre MPaKTUYECKUX HABBIKOB IO pa3paboTKe, cOOpKe W
OTIPEIETICHUIO KOHCTPYKTUBHBIX TAPaMETPOB IIEHTPOOEIKHBIX HACOCOB.

1.3 3akpermsieHne TEOPETUUYECKUX 3HaHUM 1o pasneny «JlomacTHble
TUJIPaBIMYECKUE HACOCHI».

2. O01ue moJIoKeHus

2.1. YceTpoiicTBO U NPUHIMI AeHCTBUS LEHTPOOEKHBIX HACOCOB

[leHTpoOeKHBIE HACOCHI SABJSIOTCA HanOoJiee PaclpOCTPAHECHHBIMU CPEIu
JIONIACTHBIX JTMHAMHYECKUX HACOCOB. [Ipy OTHOCHUTENBHOM MPOCTOTE YCTPOMCTBA
pabounx OpraHoB M DJIEMEHTOB KOHCTPYKIUHU JBUIXKCHHUE KUJIKOCTH B HHUX
OTJIMYACTCAd  YPE3BBIYAMHOM  CJOXKHOCTHIO. B JIMHAMHYECKMX  Hacocax
MpeBpaIleHUE IHEPTUU MTPOUCXOIUT 3a CUET JACHCTBUA Ha KUAKOCTh CUJI MHEPIIUH,
BSI3KOCTHOTO TpeHusi, Kopuosnnca u BUXpEBOro OOMEHa, B pe3yjbTare 4Yero
YBEIIMYMBACTCA MOMEHT KOJIMYECTBA MBMKCHUS KUJKOCTA OT BXOJA K BBIXOIY
pabouero KoJjeca.

Hacoc, coequHeHHbIN C MPUBOAHBIM JIBUTATENIeM, CPEIACTBA JJIi KOHTPOJIS
paboThl Hacoca H €ro peryiupoBaHus (MUKPONPOIIECCOPHAsT TEXHUKA U
KOMITBIOTEPHBIC TEXHOJIOTUH) B COBOKYITHOCTH MPEACTABISIOT HACOCHBIM arperar.

Hecmotps Ha Oombiioe pazHooOpa3ue KOHCTPYKIIMM, HACOCHI TUHAMUYECKUE
COCTOSAAT W3 pAJa aHAJOTMYHBIX OJJIEMEHTOB (CTyNEHEH), KOTOpPbIE MOKHO
paccMaTpuBaTh B KQUECTBE DJIEMEHTApPHBIX HACOCOB [3].

[enTpoOexusbiit Hacoc (puc.l.1) (Wu cTyneHb MHOTOCTYIIEHYaTOrO0 Hacoca)
BKJIIOYAET:

e 1oABOA 1, MpeaHa3HAYEHHBIN A7 MOJa4yu >KHIKOCTH OT BXOJHOIO MaT-
pyOka k paboueMy Kosiecy NMEpBOW CTyMEeHH (MM K MOCJIEIyIOIed CTyNneHH) Ha-
coca, obecneuuBarolMid TpeOyemoe pachpeiesieHue CKOpOCTel Ha BXOJA€ B
pabouee Koeco;
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Puc.1.1. IlpuHiunuanbHas cxema IeHTPOOEKHOro Hacoca: 1 — moABO/;
2 — pabouee KoJieco; 3 — 0TBOJ; 4 — YIUIOTHEHUE; 5 — POTOP Hacoca

e pabouee KoJieCcO 2, B KOTOPOM IPOUCXOJIUT MpeoOpa3oBaHUE MEXaHUYe-
CKOM 9HEPTruu MPUBOA B THAPABINIECKYIO SHEPTHUIO TIEPEKAUMBACMON KHUJIKOCTH;

® OTBOJ 3, KOTOPBIA CIYXHT Uil cOOpa JKUIKOCTH 3a pabOYuM KOJIECOM,
ralmeHussT MOMEHTa CKOPOCTH U TpeoOpa3oBaHUs KWHETHYECKOW DHEPIUu
YKUJKOCTH B SHEPTUIO JABJICHUs, MOJIBOJIA KUJIKOCTH K HAIIOPHOMY MaTPYyOKy WU
K CJIEAYIOLIEH CTYIIEHU HACOCa.

[IleneBble YIJIOTHEHUS MEXKAY HEMOABIKHBIMA W BPAIIarOIMMHUCS
JeTaIsIMU Hacoca npeaHa3HAYCHBI IS YMEHBIIICHUS MPOTEUYEK
(oObemMHBIX TOTEpb). [ mpemoTBpalieHUs BHEUIHMX YTEUYeK B HAcoce
NPUMEHSIOT KOHIIEBOE YIUIOTHEHHE DPAa3HBIX TUIOB (TOPIIOBBIE, OECKOHTAKTHEHIC)
[4] (cm. mo3.4 Ha puc.1.1). Potop Hacoca 5 BpaiaeTcsi B MOIITUITHUKAX.

[ToaBonbl 1HEHTPOOEKHBIX HAacocoB (1o3.1 puc.l.l) BBIMONHSIOT B BHIE
KOH(QY30pHOTO MaTpyOKa, HW30THYTOrO KOJIEHA, KOJIbLIEBOM KaMmepel U
MOJIyCITUPAIBHON KaMephl, ISl OCEBBIX HACOCOB — B BHJI€ TIPSIMOOCHOTO MaTpyOKa
Y U30THYTOT'O KOJICHA.

B nuHaMuueckux Hacocax HCHOJB3YIOTCS paboure Kojieca HECKOJIbKHX
tumnoB (puc.1.2). PabGouee komeco 3akppIToro Ttuma (cM. puc.l.2,a) cocTout u3s
KOPEHHOTO 3 ¥ TOKPBIBHOTO | JHMCKOB C PAaCMONIOKEHHBIMA MEXIYy HUMH JIO-
nactssmu 2. PabGodee kozneco momyoTkpeiToro tuma (puc.l.2,0) He mmMeer Tmo-
KPBIBHOTO JIMCKA, & JIOMACTH BBITIOJHEHBI 320/IHO C OCHOBHBIM JHMCKOM. PabGouee
KOJiecO OTKphITOro tumna (puc.l.2,B) HE MMeeT AUCKOB, a JIOMACTH KpersTcs K
BTYJIKE aHAJOTMYHO pabdoueMy Kojecy OceBOro Hacoca. Pabouee Kojeco
BUXpeBOro Hacoca (puc.l.2,r) mpeactaBisieT coOOM BTYJIKY € paauaibHbIMU
JonacTsMH (TUNa «3Be3104yka»). Pabouee kojieco BUXPEBOTO HAacoOca 3aKPBITOTO
TUTIA UIMEET PsiI KOPOTKHX JIONATOK 10 meprudepun T1uckKa.
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Puc.1.2. Cxemsl pa60‘1HX KOJICC IMHAMHUYCCKUX HACOCOB: d — 3aKPBITOI'O THUIIA:

0 - IMOJIYOTKPBITOI'O THUIIA: B - OTKPBLITOI'O THIIA; I' - BUXPCBOI'O THUIIA; I - OCEBOI'O
THUIIA

OtBoabl (103.3 puc.l.1) BBIMONHSIOT: [Ji1 IEHTPOOEKHBIX HACOCOB
CHUPAIBHBIMU WM KOJIBLIEBBIMH, B BUJI€ HAMPABISAIOIIMNX allllapaToB, COCTABHBIMU,
COCTOSIIIMMU M3 KOMOMHAIIMKM HAIpPAaBIISIOIIETO armapara co CIHUPaJbHBIM WU
KOJIBLIEBBIM OTBOAOM. [l OCEBBIX HAaCOCOB OTBOJAMHM CIIYXaT BBIIPABISAIOIINE
anmnaparbl, BBIIOJIHEHHbIE B BUAE pPsAAa HEMOABMKHBIX MNPOQUIBHBIX JIONATOK,
PABHOMEPHO PACIIOJIOKEHHBIX IO OKPY>KHOCTH.

Jlns mpuBeneHuss Hacoca B pabodee COCTOsIHME ero pabouas KaMmepa U
BCACHIBAIOIIMI MAaTPpyOOK TOJKHBI OBITh 3allONMHEHBI KUAKOCTHIO. ITyck meHTpo-
OEKHOIro Hacoca CJIeAyeT MPOU3BOAUTH MPU 3aKPHITON 3aBUKKE HAarHETaHUA, a
OCEBOr'0 M BUXPEBOI'O — COOTBETCTBEHHO C OTKPBITOM.

[TpuHIMN AEHCTBUS LEHTPOOEKHBIX HACOCOB 3aKIIOYAETCS B BO3HUKHOBE-
HUU LEHTPOOESKHOW CUJIbI IPHU JBUKEHUU YACTHUYEK JKUJIKOCTU IO OKPY>KHOCTH.
[lon nericTBHEM 3TOM CHIIBL, 4 TAKKE B PE3YyJIbTATE MEXAHMYECKOTO BO3JIECHCTBUSA
jomnacteil pabodero koseca Ha JKHJIKOCTh OHA YCTpeMJIsieTcsi Ha mnepudepHuio,
co3faBasi TaM H30BITOYHOE [1aBJIIEHHE, a HA €€ MECTE€ BO3HHMKAaeT BaKyyM, B
pe3ynbTare AEUCTBUS KOTOPOro MPOUCXOIUT BCACBIBAHUE KUAKOCTH. AHATOTUYHO
OCYILECTBISIETCS pabOuuil MpoIlecC U B APYTUX TUIAX JIONACTHBIX HACOCOB.

[Ipu paboTe Hacoca u3-3a HECHMMETPUHU OMIOPHI JaBIEHUNA 1O 00e
Hapy>KHbIE€ CTOPOHBI paboyYero Kojieca AEUCTBYET OCEBOE YCUIINE, HAIIPABJIEHHOE B
CTOPOHY BcachiBaHus. [Ipu upesMEepHOM H3HOCE YIUIOTHEHHWW BEIIMYMHA OCEBOU
CHJIBI MOKET PE3KO BO3pacTU. B BBICOKOHANOPHBIX MHOI'OCTYIIEHYATBhIX HACOCAX
BEJIMYMHA OCEBOM CHJIBI JJOCTUTAET HECKOIBKHUX JAECATKOB TOHH.

B Hacocax mpUMEHSIOTCS pa3iMyHble CHOCOOBI YpPaBHOBEUIMBAHHUSA OCEBOM
CHJIBIL:

® B OJJHOCTYIIEHYATBIX HACOCAX - IPUMEHEHUE paboyux KOJecC C JIBYCTO-
POHHUM BXOJOM, MPUMEHEHHE CHUMMETPUYHBIX YIJIOTHEHUH MO 00€ CTOPOHBI
pabouero KoJieca, yCTaHOBKAa paJMaIbHBIX TOPLOBBIX JIOMACTel Ha BHEIIHEH
CTOpPOHE BEAYLIETO JUCKA;

® B MHOTIOCTYNEHYATBIX HACOCAX C OJHOCTOPOHHUM PacHOJIOKEHUEM
pabounx KoJec OCeBOE YCHJIME YPaBHOBEIIMBAETCS C MOMOIIBI0 Pa3rpy304HOTO
OapabaHa WM TUIpaBIMYecKO naTel. Ecnm pasrpy3ounslii 6apabaH MOJTHOCTHIO
YPaBHOBEIIMBAET OCEBOE YCHUJIME Ha OJHOM pPACUYETHOM pPEXHUME, TO
rUApaBiIMyecKas  MATa  SBISETCS ~ CaAMOPETYJUPYIOIIMM  pa3rpy304HbIM
YCTPOMCTBOM, pabOTalOIIMM aBTOMAaTHYECKH Ha BCEX peXUMax. YpaBHOBEUIU-
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BaHME OCEBOW CHUJIBI B MHOTOCTYIIEHYATHIX HACOCAX TAK)KE JIOCTUTACTCS TIOTIAPHBIM
pacroyio’)KeHueM pabouuX KOJeC B pa3HbIe CTOPOHBI (CHMMETPHUYHOE pac-
MOJIO’KEHHE pab0YuX KOJIEC).

Cnengyer uMeTh B BUJy, YTO JI00OH €rmocoO ypaBHOBEHIMBAHUS OCEBOTO
ycmnus cBsizal co cHmkenueMm KIIJI Hacoca.

[Tpu paboTe HACOCOB CO CIUPATBLHBIM OTBOJOM Ha HEPACUCTHBIX PEXKHMax
(3a mpenenamu pabodeld YacTH XapaKTEPUCTHUKH) BO3HUKAIOT JOMOJHHUTEIHHBIC
pagviaJIbHbIE CHUJIBI, JEHCTBYIONIME HAa POTOP W YXYIIIAIOUUE JUHAMUYECKUE
XapaKTepUCTHKHU HAacoca.

B Hacocax ¢ KOJBIIEBEIM OTBOJOM MaKCHMaJIbHOE 3HAYCHHUE paauabHOU
CHJIBI IMEET MECTO Ha ONTUMAJILHOM pPeXHUME. Takue yCUIUsS MOTYT BO3HUKHYTH B
MICJICBBIX YIUIOTHCHUSX TIPU 3HAYUTEIHPHOM WX HW3HOCE WIM TP HATUIUH
OKCIICHTPUCUTETA B IIICIIH.

[Ipy ucnosb30BaHUM HANPABIISIIONIMX aIapaToB JABYX- U TPEX3aXOHBIX
CIIUPAJIBHBIX OTBOJIOB, COCTABHBIX OTBOJIOB paJiMaibHbIC YCUIIUSI Ha BCEX PEKUMaX
YpaBHOBEIIUBAIOTCA.

2.2. Knaccudukanus HacocoB

Knaccudukaiuys 0mMacTHBIX HACOCOB OCYIIECTBISIETCS MO OTACIbHBIM
XapakTepHbIM TPU3HAKaM: KOHCTPYKIUsA, cdepa UCIOIb30BaHUs, CBONCTBA
MEPEKaYNBAEMON )KUIKOCTH.

Kaaccupukanmss mo Ha3zHaA4YeHMI0 HMMEET HauOoJiblliee 3HAYEHUE s
DKCIUTYaTallMOHHOTO IEpPCOHaa, BaXXHA M JJISI KOHCTPYKTOPA, KOTOPBIM JOJDKEH
YUHUTBIBATH OCOOCHHOCTU PabOThI HACOCA B ONPEEICHHBIX YCIOBUAX:

® HAacOChl OOIIEr0 Ha3HAYCHWsI - TPEIHA3HAYCHBI [JIS TepPEKauyMBaHUS
XOJIOJHOM, YHCTOM, HEarpecCHMBHON BOJBI WJIM CXOJHBIX ¢ Hel 1o (hHU3HKO-
XAMHUYECKUM CBOMCTBAM KUAKOCTEH. Hacochl NPUMEHSIOTCS B pa3jIMYHbBIX
OTpAacCisAX HAPOAHOIO XO35AKUCTBA;

® HACOCBHI JUIsl TPAHCHOPTHUPOBAHUS B3BECEM - TMPEIHA3HAYEHBI IS
MEPEKAYNBAHNSI HEUTPaAIbHBIX WM MAJIOArPECCUBHBIX JKUAKOCTEN C TBEPIbIMU
yactunaMu. OHU TPUMEHSIOTCS B TOPHOA0OBIBAIOIIEH MPOMBIILIIEHHOCTH, CTPOU-
TEJIbCTBE, KOMMYHAJIbHOM XO35IMCTBE U Ap. K 3TOM rpynmne oTHOCATCS TPYHTOBBIE,
IJIaKOBBIC, (DeKaTbHBIC, MACCHBIC U IPYTHE HACOCHI;

® DHEPreTHYECKHE HACOChl - TPEIHA3HAYCHbl I pabOThl B CXeMax
TEIUIOBBIX M AaTOMHBIX JJEKTPOCTaHIMK. K HHM OTHOCATCS NMUTATENbHBIE,
KOHJICHCATHBIE, CETEBBIE U CIICIUAJIbHBIE HACOCHI;

® XMMHMYECKHE HACOCHI - NTPEAHA3HAUYECHBI JJI1 IEPEKAYNBAHNS YUCTHIX HE3a-
I'PSA3HEHHBIX arpECCUBHBIX KUJKOCTEW B XUMUUYECKOW MPOMBIIUIEHHOCTH;

® HacOChl MJii HePTIHOM U HEPTEXUMHUYECKOW MPOMBINIJIECHHOCTH -
MpeIHAa3HAYCHBI TSI ChIpO He(PTH W TPOIYKTOB €€ MepepabOTKH B IIUPOKOM
Uana3oHe TeMIepaTryp. OTO HACOCHl Il MarucTpajbHBIX HE(TENPOIYKTOB,
3aKOHTYPHOTO 3aBOJHEHUS HE(DTAHBIX IJIACTOB, OCH3WHA, COKIDKEHHBIX Ta30B | JIp.
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ITo npuHIMNY JeiicTBUA TMHAMUYECKHE HACOCHI AEISATCS Ha JIBE TPYIIIIbL:

e JonacTHble (LIEHTPOOEKHBIE U OCEBBIE), B KOTOPBIX IepeAaya >HEPIUU
KHUJIKOCTH OCYUIECTBIIIETCS B pE3yJIbTaTe€ B3aMMOJCHCTBHS pEUIETKH pabodero
KoJIeca C TIOTOKOM,;

® BUXpEBbIE (OTKPBITOIO M 3aKPBITOrO THUIA, CBOOOJHOBUXPEBBIE), B
KOTOpBIX II€pefaya HHEPrud OCHOBHOMY IIOTOKY OCYILECTBIISETCS 3a CUYeT
BHUXPEBOTr0 0OMEHA C BTOPHUUYHBIM ITOTOKOM, CO3/1aBa€MbIM padOYUM KOJIECOM.

ITo poay mepexkauynMBaeMOH KHUAKOCTH IOIPA3JEIAIOTCS Ha HACOCHI IS
NIEPEKAYNBaHUSA:
® YYCTBIX U CJIETKA 3arPA3HEHHBIX HEUTPAIBHBIX JKUJKOCTEH;
3arpsA3HEHHBIX )KUIKOCTEN U B3BECEM;
JIErKO3ara30BaHHbIX JKUIKOCTEH;
ra30KUIKOCTHBIX CMECEH;
arpeCCUBHBIX )KUIKOCTEM;
KUJKUX METAJIOB.

Bb160op MaTepuaioB, KOHCTPYKIUS U MPUHUHUIT PaOOThl HACOCOB 3aBUCAT OT
(U3UYECKUX U XUMUYECKUX CBOMCTB NEPEKAYNBAEMBIX JKUIKOCTEH.

I10 KOHCTPYKTUBHBIM NPU3HAKAM HEHTPOOEKHbIE HACOCHI MOKHO
KjIaccupuuupoBaTh:

® 110 pACIOJIOKEHUIO OCH BpamleHUs poTopa (BEPTHKAIBHO,
TOPU30HTAIBHO U T.11.);

® 10 PACIOJIOKEHUIO pabOUnX OPraHoOB (HA Bally, HA KOHCOJIH | T.11.);

e 10 croco0y TOJBOAA XHUAKOCTH B HAacoc (MEPHEHIUKYISIPHO, B
HAIPaBJICHUU K OCH BpAIICHUS U T.JI.);

® 10 WCIOJHCHHWIO Kopmyca Hacoca (pa3beM B IUIOCKOCTH
NEPHEHAUKYIISIPHON POTOPY U T.1.).

® 110 BHJIy OCHOBHBIX 3JICMCHTOB Hacoca (OTBOIOB, JIOMACTEH H T.JI.)

2.3. OCHOBBI TEOPETHYECKOT0 AHAJIN32 KOHCTPYKIHH HACOCOB

Hacocel sBisitorcsi MammHaM#, KOTOPbIE TOAYMHSAIOTCS 3aKOHAM THUAPO-
JUHAMUYECKOTO Toao0ust 1o 3akoHy PeiHompaca. Tak kak mpeoOuanaroriee
OONBIIMHCTBO HACOCOB paboTaeT B KBAJAPATUYHOM 30HE PEKUMOB, YCIOBHS
TUIPOAMHAMUYECKOTO moxo00ust BBIITOJTHAIOTCSA npu cOOII0IeHUN
Tr€OMETPUYECKOT0 MO00US.

BcnenctBue 3TOoro Hacochl OOBIYHO BBIMYCKAIOTCS B BHJE psiia C MOI00-
HBIMH T€OMETPUYECKUMHU pa3zMepaMu. [lapameTpbl MOJAOOHBIX HACOCOB MOKHO
MOACYUTATh M0 YPaBHEHUSIM TO100HS:



H N
Qe Pl g Lo St R, (1.1)
Q. H, N, 2
D b o
rac A =—21 _ 21 - OTHOUICHHE COOTBCTCTBYIOIIUX PA3MCPOB IMPOTOYHOU ITOJIOCTH,

2

z-:i - OTHOIICHHUC YaCTOT BpalllCHUA, Q,H,N,n - COOTBCTCTBCHHO IIOJa4a,

r12
Hanop, momHocTh U KII/] Hacoca.

N

22

VYpaBHeHus 1oA00us CIIpaBeUIUBLI TPU A <2 U 7< 2.
B HacococTpoeHnu B KauecTBE KPUTEpHUs MOJOOUS IIMPOKO HCHOIB3YETCS
KO3 PUIIEHT OBICTPOXOTHOCTH Ns, OTPEEISIEMBIN BHIPAKECHUEM

3/4 1

n, = 365MQ (1.2)
H
rae N - yactora Bpamenus (06/Mun); Q - momaua (M%/c); H - Hamop (M).

Knaccuduxanus HacocoB mo ko3 PUIMeHTy ObICTPOXOIHOCTU MPUBEACHA
Ha puc.l.5, [6, 7].

40<ns< 80 80 <n;< 150 150 <ns< 350 | 350 <ns< 600 | 500 <ns< 3000

TuxoxonHsie Hopmansusie | beictpoxozmneie | Ilomyocesbie Ocesbie

Puc.1.5. Knaccuduxkanus J0macTHbIX HACOCOB MO KO3PULIUEHTY
OBICTPOXOHOCTH

Koaddumment ns ompenensier dhopmy NpoTOYHOM dHacTH Hacoca, (GopMmy
XapaKTEPUCTHKH, COOTHOIICHUE TCOMETPUYECKHX pPa3MEepoOB, KHHEMATHUCCKHE
COOTHOIIICHHsI MOTOKa B Hacoce. C MOMOIIBI0 Ng MOKHO TPHUOTUKEHHO OTpEIie-
nuth nosHbl KIIJ] Hacoca u ero coctaBiisitonye:



L _1v068-n2"; (1.3)

7705
1,80 (1.4)
7 n?

[Tpubmmkenno rtunpaBaumueckuit KIIJ ompenmensercs mo ¢opmyne A.A.
JlomakuHa:
0,42
(gD, -0172)?"

n, =1 (1.5)

rae D, =+/D; —d’, - IpUBEICHHBIA THAMETpP BX0Ja B paboueM KoJece, MM;

Do - nmametp Bxoja B paboyeM KoJjiece, MM;
dem - TMAMETP BTYJKH PabOYEro Kojeca, MM.

[Tonusiit KIIJ] Hacoca paBeH MpOU3BEAEHUIO THAPABINYECKOTO, 0OBEMHOTO
1 mexannuyeckoro KII/I.

BcachiBatoniyto CmocoOHOCTP HAcoca MOXKHO OILIGHHUTh KaBUTAIIMOHHBIM
koadurenTom ObicTpoxoHoCcTH (K03 puiuent C.C. Pynnena)

C =5,622h—‘/g, (1.6)

riae Ah, - MakCUMalIbHOE TMHAMUYECKOE TTOHMKEHUE TaBJICHUS.

B o0brunbix Hacocax koadunuent C = 800-900 (cpenanrie kKaBUTAIMOHHBIC
Ka4yecTBa).

Jlnsi  TOBBINIEHWS  BCAaChIBAIOMIEH CIHOCOOHOCTH HAcoca MPUMEHSIOT
MPEABKIIOYEHHBIE YCTPOWCTBA B BUJIE OCEBOr0O KoJjeca wiH mHeka. [lo 3nauenuto
JIOTTYCKaeMOTO  KPUTHUYECKOTO  Kod(dduimenta  OBICTPOXOJHOCTH  MOXKHO
OTIPEIICTNTh BEIMUNHY JIOITyCKaeMON BaKyyMMETPHUUICCKON BBICOTHI BCAChIBAHUS

Hoor = PoPa 5,62n,/Q | 1.7)
m C()on

[lnan ckopocTeil nJisi MPOU3BOJILHOM TOUKM pabouero Kojeca IMoka3aH Ha
puc.1.6. AOCOdIOTHasE CKOPOCTh JKUJIKOCTH o B Kakoh-mmbo Touke PK
OMpeNeNIIeTCs] KaK FeOMETPUYECKasi CyMMa OTHOCUTEIBbHOW W U TMEPEHOCHOH u
CKOPOCTEH.
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Puc.1.6. ITnan ckopocTeit A1 MPOU3BOIBHOM TOUKM pabovero Koyeca

Teopernyeckuil HaNop, pa3BUBAEMbIA HACOCOM, MOKET OBITh OIIPENEIIEH U3
YPaBHEHHUS

@
H =—(v,,R-04R)) (1.8)
g
TI€ @ — YIJIoBas CKOPOCTh BpAaIIEHHUs pabouyero Kojieca; vy2 — OKPY>KHBIC
COCTABJISIIOLIME A0COJIOTHBIX CKOPOCTEW paboueil KUJIKOCTH HAa BXOJE U Ha
BBIXO/I€ U3 pabOyYero Kojeca COOTBETCTBEHHO; R12 — paauycsl

BXOJIa M BBIXO/Ia )KUJIKOCTH M3 paboUyero Kojeca COOTBETCTBEHHO.
CuuTas, 9To 3aKpyIMBaHUS ITIOTOKA Ha BXOJIe B pabodue Koyeca He TTPOUC-
XouT (oceBoi BXoJ vy = 0), moayqum:

0] U,
H =—Uu ; R =_2 Uu y 1'9
g 2 2 g 2 ( )

rae Ux=w-Ry.
Uy, =U, —U,Cl9A5, (1.10)

re Uy — MEpUIUaHHas COCTABIAIOIMIAs aOCONIOTHONW CKOPOCTH >KMIKOCTH Ha
BBIXOJIE W3 pabouero Kkojieca, f» — Yrojl YCTAaHOBKU JIOMACTH MEXIY
OTHOCUTEJIBHOM CKOPOCTBIO KacaTeIbHOW K JIOMaTKe W OTPUIIATEIbHBIM
HaIpaBJIeHUEM MIEPEHOCHOM CKOPOCTH Uy Ha BBIXOJIE U3 paboyero kKojieca.
IIpu pacdere MepuUIUATBHBIX COCTABJISIONIAX CKOPOCTEH HEOOXOIUMO
YYHUTHIBATh CTECHEHHE MTOTOKA JIOMACTSMH 32 CUET UX TOJIIUHEI.
Kosddurmment crecHeHHss COOTBETCTBEHHO JUIsi BXOJa W BBIXOJA
OTIPEJIEIISIETCS TI0 BHIPAKCHHIO

1 1
27R, sin B, 27R, sin S,

rae Z, —4ucio HOHaCTeﬁ; 6 — TOJIIWHA JIOMACTHU.

Bompocam Teopun u pacuera IEHTPOOESKHBIX CHJI TOCBSIICHBI PaOOTHI [8,
9].
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Pacxopn sxuakocT yepe3 pabodee KOJIeco MOKHO ONPEACITUTh U3 YPaBHEHHUSI
HEPa3pbIBHOCTH:

Q=S (1.12)

rae Q — pacxos Ha BHIXOZIE U3 pabodero kojeca; S — MIOMIAAb KMBOTO CEYEHUs
II0TOKA HA BBIXOZE U3 pabouero Koueca, M2,

3. MeToz[mca U MOPANOK BbINOJHCHHE paﬁoTbI

3.1 Tlpoussectn pazbopky Hacoca. Ha puc.l.7 mpuBenena cxema paz0oopku
THTIOBOTO KOHCOJBHO-MOHOOJIOYHOTO HACcOCa, C TMEePeYHEM KOHCTPYKTHBHBIX
AJIEMEHTOB.

3.2 OnpenenuTs TUIT AJIEMEHTOB Hacoca (1o/1Bojia, pabouero Koyeca, 0TBOAA).

3.3 OnpenenuTs BUABI TOAIMIUITHUKOBBIX  OMOp, YIUIOTHEHHWH, CHOCO0

YPaBHOBCIIMBAHNA OCEBOM CHJIBI (I[J'I?I MHOTI'OCTYIICHYATOI'O HEICOC&).

13

3

9 10 1
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Puc.1.7. TunoBasi KOHCTPYKIHS HeHTPoGexkHOro Hacoca (Tun KM): 1 — kopnyc Hacoca;

2 — KpernexHsbIid 001T; 3 — raitka-ootekarenb PK; 4 — npyxunHas mraiiba; 5 — pabodee Kojeco;

6 — Top1I0BOE YIJIOTHEHHE; 7 — YIUIOTHUTEJIBHOE KOJIBLIO; 8 — KpBIIIKa Hacoca; 9 — KapaHHbIH

mapaup; 10 — kpenesxHas raiika; 6ot kpenexssiit 9/1; 12 — mmonka; 13 — 35eKTpoABUraTeb;
14 — nama ocHOBaHwUSI.
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3.4 TlpousBecTn mpoMepbl U BBIMOJIHUTH 3cKku3 padouero komneca (PK) Hacoca.
Onpenenute Tun PK B 3aBHCHMOCTH OT yria yYCTaHOBKH JIOMACTH HA BBIXOJE H
dbopMy ero MEpUIMAHHOTO CEUEHHUs, YUCIIO JionacTed Z. OnpenenuTs Mo Karauory
[...] Mapky meHTpoOexHOro Hacoca COOTBETCTBYIONIUX pa3MEpOB, €ro
MaKCHUMaJIbHBIW HAIlop, M0/1avy, YaCTOTY BpalleHUS.

3.5 OmnpenenuTh CTeNeHb HW3HOCA DJIIEMEHTOB Hacoca, o0paTHB o0coboe
BHHMaHME Ha pabouee K0JIeco, MOANMUITHUKOBBIE OTOPHI M yIuIoTHeHUA. Caenarh
3aKJIIOYEHUSI O BO3MOKHBIX MPUYUHAX U3HOCA.

3.6 Ilo pe3ynbpTraraM TEXHUYECKOTO aHaIN3a KOHCTPYKIIMN MaKeTa, CeNaTh
BBIBOJ] O JOCTOMHCTBAX M HEJAOCTAaTKaX HaCOCOB.

3.7 DneMeHThl TEOPETUUYECKOTO aHaMu3a KOHCTPYKIIUU [IEHTPOOEHKHOTO
Hacoca.

3.7.1 .Onpeaenutb K0dPPUIUEHT OBICTPOXOTHOCTH HACOCA, & TAKXKE
KOHCTPYKTUBHBIN TN PK (TUX0XO0IHBIN, HOpMaIbHBINA, OBICTPOXOAHBIN) U BUJT
XapaKTepUCTHK Hacoca.

3.7.2 .0npenenuTh THAPABIMYCCKUN, 00BEMHBIN, MEXaHUYSCKUH U TTOJTHBIN

KITJl Hacoca u 3aHecTH pe3yibTaThl B Ta0JI. 1.

Tabnuna 1.
Pe3ynbpTarsl BEIUMCIEHUN
Koad. KII1 KIIT KIIT KT/
6LICTpOXOI[ MECXaHH HOHHLIﬁ, 00BEMHBIH TUApaBINYC
Tum nacoca HOCTH, Ns | 4ECKHii, Nuox » Mo CKH, Nr
TNmex

3.7.3 IIpousBectu 1o 3aBucuMocTsM (1.9-1.13...) BIYUCIICHHUS TapaMeTPOB

HEHTPOOEKHOTO Hacoca: Uy, Sy, Vo, V2, H 1 3anecTH pe3ynbraTsl B Ta01.2.
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Ta0muna 2.
Pe3ynbpTaThl pacueTa XapaKTepUCTHK IEHTPOOEIKHOTO Hacoca.

No Q'IO:J’, , C'1 82:2ﬂR2|2-|QSQZ, Vr2=Q/82, Uu2=U2—Ur2Ctgﬂ2 H:COVuzlg,
m/n | mc M2 m/c /e M

3.7.4 Vcnonb3ysi OCHOBHOE ypaBHEHHE IIEHTPOOEKHOT0 Hacoca (...), MOCTPOUTD
TEOPETHUYECKYIO TNIaBHYI0 xapakrepuctuky H=f(Q).
3.7.5 ChopmynupoBaTh BHIBOJIBI 110 Pe3yJibTaTaM MPOBEACHHOM TaOOpaTOpHOM

paboTHI.

4. KoHTpOJILHBIE BONPOCHI

4.1 Kakue ruipOMaIinHbl OTHOCSITCS K JIONACTHBIM TUHAMUYECKUM ?

4.2 B ueM 3aKiIr04aeTCsl IPUHIIUI ISUCTBUS IICHTPOOESKHBIX HACOCOB?

4.3 Kakue 31neMeHTbl KOHCTPYKIIMHU BKJIFOUAET MPOTOYHAS YACTh LIEHTPOOEIKHOTO
Hacoca?

4.4 B xakux ABMKEHUS y4aCTBYET U MO KAKUM TPACKTOPHSIM JABMKYTCS YACTHUIBI
*)uakoct B kaHaie PK nenTpo6exHoro Hacoca?

4.5 Kak uaMmeHsiercs okpyxHas (IIepeHOCHAas) 1 OTHOCUTEIIbHASI CKOPOCTH
JBUKEHUS YaCTHUII )KMJIKOCTH BJIOJIb KaHana?

4.6 O6psacuuTe npuunHy npuMmenenus PK ¢ nonatkamu 3arHyTeiMu Hazan?

4.7 Chopmynupyiite onpeeseHne nojaun, Harnopa 1 MOIIHOCTH LIEHTPOOEKHOTO
Hacoca.

4.8 HazoBuTe XapakTepuCTUKH IIEHTPOOEIKHOTO HACOCA.

14



4.9 Kak n3mensierca konctpykuus PK Hacoca, npu yBennuenuu kodpdunueHTa
OBICTPOXOTHOCTH Ng ?

4.10 [IpuBeauTe OCHOBHOE YpaBHEHHE [IEHTPOOESIKHOTO HacOca B CITydae OCEBOTO
BXO0/Ia TIOTOKA.

4.111TepeuncnuTe CEKTOPHI PhIHKA U 00JIACTH MPUMEHEHHUSI [ICHTPOOSIKHBIX

HaCoOCOB.
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JlabopaTopnas pabota 2

NCCJIEJOBAHUE XAPAKTEPUCTHUK IEHTPOBE)KHOTO
HACOCA [10]

1. Ileab padoThI

N3yyeHne KOHCTPYKIMU U NPUHLINIA JEHCTBUS LIEHTPOOEKHOIO Hacoca U
CHSITUE €ro paboYnX XapaKTEPUCTHK.

2. KpaTrkas Teopusi

2.1 OnpenesieHusi 1 OCHOBHbIE IIOHATHS

Llenmpobedsicnvlii Hacoc OTHOCUTCS K JIOMACTHBIM THIPOMAIIMHAM, B
KOTOPBIX JKUJAKas cpela IepeMeliacTcs I0J] CHJIOBBIM BO3JICHCTBHEM Ha HEe B
KaMepe, MMOCTOSTHHO COOOIIAIOIICHCS CO BXOJAOM M BBIXOJIOM.

[Ipu pabore Hacoca OCYIIECTBIISIETCS MPEOOpPa3OBaHHE MEXaHUIECKOH
DHEPTUHM BXOJHOTO 3BCHA B THUIPABIMYECCKYIO DHEPTHUIO JBIDKYIIETOCS TOTOKA
YKHUJIKOCTH.

[lepenaya sHepruu B JIONACTHOM THAPOMAIIIMHE TPOUCXOJAUT MOCKOJIBKY MTPU
HAaTEKaHWHM TOTOKA Ha KPBUIOBOHM mpoduib (Jonartka padodero Kojeca) MExIy
BEPXHEH M HIKHEW MOBEPXHOCTHIO 0Opaszyercs Mepernaj NaBJICHUs U BO3HUKAET
noabeMHas cuiia. J[Jis jonactHOro Hacoca Mpoguib JJOMATOK BRIOUPAETCS TaKUM,
9TOOBI TIPH 3aJJaHHOM pPacxXxojie, YUCJIO OOOPOTOB M HAIpaBICHUE IBHIKEHUS
KUJKOCTH, B MOMEHT MOABEMHBIX CHJI TTPOTUBOJICHCTBOBAJ BPAICHUIO pabodero
KoJeca.

W3 nomacTHbIX HAcoCOB HauOOJbIIEe PACIPOCTPAHEHUE HUMEIOT LIEHT-
poOexHble Hacochbl. KOHCTPYKTHBHO ILIEHTPOOEKHBI HAcCOC COCTOUT W3 TpeX
(GYHKIIMOHATBHBIX AJIeMeHTOB (puc. 1):moaBoj 1, pabodee kojeco 2, KOTOpOE B
CBOIO OYepe/b COACPKHUT BelOMbIN "a" 1 Beayumil "6" AUCKU, MEeXAYy KOTOPBIMU
pacCIOJIOKEHbl JIOMaTKU D, OTBOA 3 W BBIXOA W3 CHUpaIbHOTO OTBOAa 4
(k0H(Y30pHO PACILIUPSAIOIINNACS).

[Tepen 3amyckoM BcachIBAOMINNA TPYOOTIPOBO M CaM HACOC JOJIKHBI OBITH
MIPEIBAPUTEIHHO 3aMI0JTHEHA KUKOCTHIO, T.K. W3-3a MaJIOW IJIOTHOCTH BO3TyXa
HEHTPOOCKHBIM HACOC HE CO3/AET TPEOYEMOro pa3psiKEHUs.
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PaboTaeT neHTpoOEKHBIN HACOC CIeAyrommM o0pa3om. Pabouee komeco
BpAaIIaeTCs IBUTATENEM C YIIIOBOW CKOPOCTHIO

m

0=——
30

(2.1)

rae N - gacToTta BpamieHus pabodero kKoneca, 00/MuH.

[Ipu coobmenun paboyemy Kojecy 2 BpalllaTeIbHOTO JABW)KCHUS Ha
KUIKOCTh, 3aMOJHSIIONTYI0, TPOCTPAHCTBO MEXY BEAYIIMM 6O U BEIOMBIM a
JMCKAMHM, a 3HAYUT BPALIAIOIIYIOCS COBMECTHO C pabOUUM KOJIECOM, JIEHCTBYET Ha
JIOTacTh 5 EHTPOOEKHAsl Chjla, KOTOPAasl 3aCTaBISIET €€ MepPeMeIIaThesi OT IIEHTpa
BpalieHus K rnepudepuu.

Puc.2.1. Cxema neHTpOoOEKHOTO Hacoca

B pe3yJbpTare TaKoro MEpEMEILICHHS Ha nepudepun
pabouero koijieca oOpaszyercsi M30BITOYHOE JaBJICHHE, MOJ JCHUCTBUEM KOTOPOTO
XKHUJKOCTh BBIXOJUT M3 HAcoca MO OTBOAY 3, a B IICHTPE BpAIllCHHs BO3HHUKACT
paspsbkeHue (JaBjleHHE MEHbIIE aTMOC(epHOro), M >KMJIKOCTh MOJ AeHCTBHEM
aTMOC(hepHOro J1aBJIEHUs MEPEMEILAETCs M0 BCAChIBAIOIIEMY TPYOOIIPOBOY uepe3
nonBoA 1 x ieHTpy pabodero Kojeca Hacoca.

2.3 XapaKTepHCTHKH LEHTPOOEKHOI0 HAcoca

PabGora Hacoca xapakrepusyetcsi ero nojgaudeir Q , HamopoMm H, momne3Hoi

MOIIHOCTBIO Np, ¥ K03 (UIMEHTOM MoNIe3HOro AeicTBus 1 (K.I.1.).

[Tomaueid (MPOM3BOAUTENBHOCTHIO) Hacoca (Q Ha3bIBaeTCsd KOJUYECTBO
KHUJIKOCTH, TIepeMeIaeMoi HAaCOCOM 3a €IMHUILY BPEMEHHU.
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Pa3nuuarorcs o0beMHasi, MaccoBasi, BECOBasi M T.J. MMOJAA4YU B 3aBUCUMOCTH
OT TOro, KakuM [apaMeTpaM OLIEHUBAETCS KOJMYECTBO IIEPEKAUYNBAEMOIl
XKUIKOCTU. B ruiponpuBojie, Kak MpaBUiIO, HCIIOIb3YETCA 00bEMHAs MoJaya.

Hamop, pa3BuBaeMbIii Hacocom, OmpeAeisieTcss KaKk pa3HOCTh HAIlOPOB Ha
BBIXOJIE M BXOJI€ Hacoca W XapaKTepU3yeT HHEPruio, COOOIIaeMyl HacoCoM
CIANHUIIC BECA X KUIKOCTH:

Pe Pum V?u—-VZ3
H=AZ+—+ +
vy 29

; (2.2)

rac AZ - Pa3HOCTb T'COMCTPHUUCCKHX BBICOT BXOJAd U BbIXOJAa HACOCA

Ps; Pu - BakyymmeTpudeckoe 1 MaHOMETPUYECKOE TaBICHUE

COOTBCTCTBCHHO HAa BXOAC U BBIXOAC M3 HACOCA

VH,Vg - CpeJIHUE CKOPOCTH B HarHETATEILHOM (BBIXOJIC) U

BCACHIBAIOIIEM (BX0JI€) MaTpyOKax HAacoca, COOTBETCTBEHHO.

onesnas momrocts (Nn) pasBuBaemas Hacocom, MokeT GBITH

ompeneieHa mo Gopmye:
Nh =7y QH = QP, (2.3)
rae p - TaBJICHHUE Ha BBIXOJIE U3 HACOCA.

DKOHOMUYHOCTh PCXKHUMa pa6OTI>I HacoCa MOXKHO OLCHUTHb ITIOJTHBIM

K02(p(PUIMEHTOM TOJIe3HOro AeUCTBUA (1)), KOTOPBIM MOKAa3bIBAET, KaKyl 4acTh
DHEpPruM, TMOABEICHHON K BEAyIIeMy Bajly, HAacoc MpeoOpa3yeT B IHEPTHIO
JBIKYIIETOCS TTOTOKA KUJKOCTH U TIOTEPU aHEPTUHU B HACOCE:!

_Nn

TN

(2.4)

rac N - MOIIHOCTB, IOABOJMMAs K BaJly HACOCaA.

ITorepu sHEprUM B IIEHTPOOCSIKHOM Hacoce HEOJHOPOAHBI. OHHM TaKKe Kak
JUISl TUAPOMAIIIUH JIPYTUX TUIIOB JIENIATCS HA MEXaHWYeCKue, OObEMHbBIC U
TUAPABINYCCKUE.

MexaHnuyeckre noTepyu — NOTEPH 3a CUET TPEHUSI TBEP/IBIX TOBEPXHOCTEMN B
MOJABWKHBIX COCTMHEHUSAX U TPEHUS paboyue )KUAKOCTH O TBEP/AbIC TOBEPXHOCTH

HAcoCa, YYUTHIBAKOTCA MEXAHUUYECKUE K.IL.1I. (T]M).
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OOBeMHBIE IMOTCPHU - IOTCPHU 3a CUCT YACTUIHOI'O BO3BpaTa )KUAKOCTU B

TOJIOCTB BcachIBaHUA ( §, cM. puc.2.1), yauTsIBatoTcst 00beMHBIM K.IL1. (To).

FI/II[paBJ]I/I‘IGCKI/Ie IMIOTCPHU - IOTCPH HA KHUJIKOC TPCHUC B IIOABOIC, pa60qu

KOJICCC U OTBOAC HACOCA, OICHHUBAIOTCA T'HAPABJINYCCKUM K.II. 1. (T]r)

[TonHBIH K.I1.J1. MOXKET OBITH OMPEEIICH YePe3 €ro COCTaBIISIIONINE:

N=MNmu " "To " MNr (2.5)
3aBHCUMOCTH pabo4dnx napaMerpos Hacoca /1, N, § u T.4. OT ero

IPOU3BOAUTENBHOCTH Q Ipu N=CONSt Ha3bIBAIOTCA XapaKTEPUCTHUKAaMH HAacoca.
OnHM 0OBIYHO TIPEICTABICHBI B BUIE TPAPHUKOB.

KpwuBasi, Beipaxarorias 3aBUCIMOCTh Hariopa Hacoca OT €To
npousBoguTenbHocTn H = (Q) , sBIseTcs riaBHOM XapaKTepUCTUKOM Hacoca.

XapaKTepI/ICTI/IKI/I HaCocCa 3aBUCAT KaK OT KOHCTPYKTHBHOI'O HUCIIOJIHCHU,
TaK U OT YCJIOBI/Iﬁ OKCILTyaTalluu. Hx IIOJIY4alOT OIIBITHBIM ITYTEM B XOIC
CIICOUaJIbHBIX HCITBITAHUIN Hacoca.

XapakTepUCTUKU MIPUBOJATCS B ACIOPTE HEHTPOOEIKHOrO Hacoca, 0 HUM
IIPOU3BOAMTCS BBIOOP HAacoca U pacyeT pabovyero BpeMeHHU.

2.4 UccaexyemMblil HEHTPOOEKHBII HACOC

B  nmaGopatopHoif paboTe  HUCHOJB3YETCS  DJIGKTPOHACOC  OBITOBOM
ueHtpooexuelii tuna HBI[ 1,5/20 «Kama-5». OH npennazHaueH ans
NEpEKaYMBaHNsl TNPECHOM HE NMUTHEBOW BOABI M3 KOJIOALEB, PE3EPBYapoB M
OTKPBITBIX BOAOEMOB. TEXHUYECKHE XapaKTEePUCTUKHU NPUBEACHBI B TA0IM. 1.

Tabnuna 1. Texunueckue xapakTepucTUKU Hacoca «Kama-5»

HaumeHnoBaHHue XapaKTePUCTHUKH 3HayeHue
Hamnop 20 m
[Tomaua 1,5 M/a
Yacrora 50 I'n
HanpsoxeHue nuraromei cetu 220 B
[ToTpebasiemass MOIIHOCTD 350 Bt
Macca 6,5 Kr

KoHCTpyKIMsi HacOCHOro arperata COCTOUT M3 JIByX OCHOBHBIX YacTeu:
AIIEKTPOABUTATENS U IIEHTPOOEIKHOTO HAcoca.
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Onexmpoosuzamens 1 (puc.2.2) 0JTHO(a3HBIN ACUHXPOHHBIN
(KOJIEKTOpHBIN) SIBISICTCS MPUBOIOM Hacoca. [loAIIMITHMKOBBIE HIMTBI 3 U 6
COEAMHEHBI CO CTaTOpoM 4 ABYMsl CTSDKHBIMH Oontamu. Slkoph 5 Bpamaercs B
HIAPUKOTIOAUIUITHUKAX.

Llenmpobesicnvii Hacoc 00ecTIeYuBaeT MOJady BOJbI 3a CUET BpAIICHUS
pabouero KoJjieca 8, HAXOASIIErOCs Ha BaJly 3JIEKTPOJBUTATENSI M 3aKPEIIEHHOTO
raiikon 11. B xkpeimke 9 Hacoca 3amnpecCoOBaH PE3UMHOBBIM CalbHUK 7,
VIUIOTHSIIOIIMIA Bajl W pacrosioxeH Oont 14 s yaalieHus M3 HAaCOCHOM 4acTu
HaKOMMBIIErocsi Bo3ayxa. PazpeM Mexay KpblKol 9 u xopmycoMm O yIaoTHEH
pe3uHoBoi mpoknaakoi 13. [ToacraBka 12 ciy’>KUT OCHOBaHHUEM 3JIEKTPOHACOCA.

Knanan  mnpuemHbIM,  yIEepKHMBalOIMA  BOJY BO  BCACHIBAIOIIEM
TpyOONpPOBOE, COCTOUT U3 KopItyca 17, nHa 15 u pe3uHoBoro kiamnasa 16, mioTHo
INPUKATOTO K KOPITYCY IAi00.

3. IKCIepUMEHTAJIbHbIE HCCJIeI0BAHUSA
Jlns  uchbITaHUS [EHTPOOEKHOTO HAcoca M CHITHS €r0  OCHOBHBIX

XapaKTEPUCTHK, MCHOJb3yeTcs JabopaTopHas yCTaHOBKAa MNPUHUMIIKAAIbHAS
rUJIpaBIMYEeCcKas CXeMa KOTOpOil mpuBeeHa Ha puc.2.3.
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ﬂl’]
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1 2
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¥ #
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I!'.I"F'I"J'P'l"l.'l" ,-’_'[p:
Puc.2.2 OOuruit Bu ucciaeayeMoro Hacoca Puc.2.3 IlpuHIMnuanbHas THAPaBINIeCKast

cX€Ma UCCIICA0OBATCILCKOro CTCHAA

JlaGopaTtopHass yCTaHOBKa COCTOMT M3 IIEHTPOOECKHOTO HCIBITYEeMOTO
Hacoca f, manomerpa M nmis onpeneseHUs: NAaBJICHUsS B HAIIOPHOW MarucTpaliu,

BaKyyMMeETpa B 171 onpeAeseHus pa3psoKeHUsT Ha BXOJIE B HAcocC, apocceis /Py
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JUISL PETYJIMPOBKU MPOU3BOAUTEIHLHOCTH HAacoca, cueTunka oobeMa xunkoctu CO

ML OIIPCACIICHUA IMPOU3BOAUTCIIBHOCTH HACOCA, ITHUTAOHICTO Oaka E, APOCCCIIA
,ZZPZ, KOTOpBIﬁ oOecrnieunBaeT IMOAKIIIOYCHHC CUCTUYHMKA oorema Co u ero

COEIMHEHMS eTo ¢ 6akoM b, Mocie0BaTeIbHO COETMHEHHBIX TPyOOIpoBoI0B 1,2.

4, I/ICXOIIHBIC JAHHbIC

HCXOI[HBIG JaHHBIC, Tp€6y€MBIC L pacdCTa XapaKTCPUCTUK H€HTpO6C)KHOFO
HaCoCa II0 pe3yiibTaTaM IIPOBCACHHOI'O JSKCIICPUMCHTAJIBHOIO HCCICAOBAHUA

IpUBEICHBI B Ta0I. 1.

Tabmn.1 — UcxoaHbie naHHbBIE

IMapamerp 3HaveHune Pa3mepHocTh
Pabouas ®KUJIKOCTH - BOJIA, YACIbHBIN BEC vY=98 xkH/Mm3
KoadduimenT kuneMaTnyeckoi BA3KOCTH V=1 cCr
Hanpspxenue nuTaronieit cetu U = 220 B
KII/JI smextpoaBurarens MNox = 0,93 -
Ko3¢puuueHTsI MECTHBIX CONPOTUBJICHUM
IUIaBHBIA TOBOPOT Ha 90° En=0,7 -
BHE3aIHOE paclIMpeHre Mexay 1-m u 2-m ng _ 02 -
TpyOOIPOBOAOM
JluameTpbl TpyOoIpoBo1oB d; u d; d; =3/4"; d,; = 1" TFOHM
Jinua tpyoompoBozos |y u I, ,=10:1,=0,5 M
Koun4yecTBO NJIABHBIX MOBOPOTOB HA
yuyacTke
OT Hacoca JI0 TOYKU NOAKIIFOUEHUS 4 -
MaHOMETpa
Ha yJ4acTKe ¢ quamMeTpom d; 3 -
Ha yJ4acTKe ¢ quamMeTpom d; 1 -
['eone3nveckoe MpeBHIIICHUE TOYKH AZ =0,8 M

WU3MEpEHUs JaBJIeHUS (Py) OTHOCUTEIBHO
TOUYKH M3MEPEHUs AaBJICHUS (Pg)
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5. [Mopsinok MpoBeeHUs IKCIEPUMEHTAIBHBIX UCCIeT0BAHMI
5.1. YOenutbes B UCTIPABHOCTHU KCIIEPUMEHTATIBLHOM YCTAaHOBKH.

5.2. 3aKpbITh MOJHOCTBIO IPOCCENH /[p1 U OTKPHITH IPOCCEND /Ip;.
OTki1r0unTh aMnepmeTp A.

5.3. 3anmycTuTh HEeHTpOoOEeKHBINH Hacoc H.
5.4. Bxirounth amnepmeTp A.

5.5. OTKpBITH apoccens /Ip1, 3adUKCUpOBaTh MMOKa3aHUs MaHOMeTpa M,
BaKyymMMeTpa B, mokasanus amrepMeTpa A U ONPeaeIuTh BpeMs t IpOX 0k IeHHs
yepes cueTunk Co oobema skumakoctrn W (3a1aroTcst mperoaBaresiem).

5.6. Perynmupys npoccenem /{pi CONPOTUBICHHUE MOTOKY, IOBTOPUTD OIBIT
1o 11l. 5.5-5.6 (1moka3aHus MaHOMETpa U KOJUYECTBO ONBITOB 3aIa0TCs
npernojgaBaTesieM).

5.7. Pe3ynbTaThl ONBITOB, OJYYEHHBIE B I1. 5.5 1 5.6 3aHecT B TabnuIyy 1.
5.8. OTKIIOYUTH aMIIEPMETP.
5.9. BBIKIIIOUNTB HACOC IEHTPOOEKHBIN HACOC.

Tabn.2 — Pe3ynbTaThl SKCIIEPUMEHTAIIBHBIX UCCIIEOBAaHUIN

Howmep | Tloka3zanusa | Ilokazanus N3mepsiemoe 3agaHHbIN ITokazanus
I/ | MAHOMETPA, | BAKYyMMETpA, BpeMs, o0beM aMIIEpMETpa,
5 KUJKOCTH,
Py, kre/em? | Py, KI/cM t,c J, A
W, m®

1
2
3
4
6
7
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6.00pabdoTKa IKCIIEPUMEHTAJLHBIX TAHHBIX

PacyeT xapakTepucTuK LEHTPOOEKHOTO Hacoca MPOU3BOJIUTCA IO CIEIYIONIEH
METO/IUKE.

6.1 [Tomaya Hacoca onpeaesieTcs:
w
Q= T (2.7)

rac W - BaHaHHBIﬁ 00BeM KHUIKOCTHU

{ - xoHTpONBLHOE BpeMs MPOX0XkKIEHUS 3aJAHHOTO 00BEMA KUIKOCTH.

6.2 Hamop, pa3BuBaeMblii HACOCOM TIPH YCTAHOBUBILIEMCS peKUME paboThI 63
yudeTa oTepb BO BCACHIBAIOIIEH TPyOOIIPOBOJIE U Pa3HOCTU CKOPOCTHBIX HAMIOPOB,

paBeH
H =H. + =h (2.8)
rae 2h - CyMMapHbI€ TOTEPH B HArHETATEJILHOM TPYOOIPOBO/Ie OT HAacoca
JI0 TOYKH MOJKJIIOYEHUS MAaHOMETpA.
He: - crartuueckuit Hamop
Ap
He =AZ + 22 (29)
J
AZ -  reome3sndecKOe NPEBBILECHNE TOUKU U3MEPEHHS IABIICHUS (Ppw)

OTHOCHTEJIBHO TOYKH U3MEPEHUsI NaBlieHUs (Ps);

Ap - a0cooTHas Pa3HOCTh JABICHUN MEXTy TOUKAMU TTOAKIIOUCHUS

MaHOMETpa U BaKyyMMeETpa
AP = Apw + APs (2.10)
APm, APz - nokaszaHus MAaHOMETpPA M BaKyyMMETpa.

n m Ii \LZ
Zh :Z(Zgij +/1i d_u) 29

i=1  j=1 (2.11)
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rac n - KOJINYE€CTBO YUAaCTKOB TPY6OHpOBOI[OB INOCTOAHHOI'O AUaMeTpa

J0 TOYKH IMOAKIIIOYCHUA MaHOMCETpPA:,

m - KOJIMYECTBO MECTHBIX TUIPABINYECCKUX COITPOTHUBIICHHN;
(d,A - wmnHa, tnamerp, ko> PHULHEHT TOTEPb HA TPEHHE | - O yYacTKa
TpyOOIpoBOIa
(G -  xod>dpdUIMEHT MECTHOTO CONPOTHBIICHHUS.
@,
D._ 6 (2.12)
rme Vi - cpemHsas CKOPOCTb KUIKOCTU Ha | - M yuacTke TpyOOmpoBoa;
(Vi -  TIOWAAb KUBOTO CEYEHHMs | - TO yuacTKa TPyOOIpOBO/IA;
Q - TI0Jja4a Hacoca.
Koadduruent tpenus A ompenensieTcs o Gopmyam:
a) 1 namMuHapHOro pexkuma npu Re < 2320:
P 64
T Re (2.13)
0) n1sa TypOynenTHOrO pesxuma npu Re > 2320:
1= 0,3164
| = Re0% (2.14)
Yucno Peiinonsaca (Re) nna xaxmoro yuactka onpenensercs no Gpopmyie:
d-v
Re=— (2.15)
)

6.3 TIlocne pacyera OCHOBHOW XapaKTEPUCTUKH HACOCA, PACCUUTHIBAIOTCS

3apucumocty nonesnoit momnoctr ( N ) pasBuBaemoit Hacocom u mogBomEMOE K
Basty Hacoca 1o popmyiam (2.3) u (2.16)

N, = Nao - Ns0 (2.16)
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rae Noo - mommocTs notpednsiemas anekrpoasurarenem u ero KII/I.

N, =U-1"cos @, cos =0,7, (2.17)
N>0=0,8
rae U, | - manpsokenue nuraromieii ceTu 1 moTpebaseMblii TOK.

6.4 Jlanee mo gopmyne (2.4) paccuuThIBaeTCS MOTHBIN K.I1.J. HAacoca.

B cBsi3u ¢ Hanuuriem 00JIBIIOr0 KOJTUYECTBA OJTHOTUITHBIX BEIYUCICHUN B
JTAHHOM paboTe ee pacyuer 1es1ecoo0pa3Ho BECTH C UCTIOIb30BaHUEM
MHUKPOKAJIBKYJISTOpPAa WIK EPCOHAIBHON DBM.

1
HAYANO
2

WL, w, En, €1, 1, f2,
da, T, ces P Moz, AV

h=0,3164 [ (Re)n2
| |

H=aZ+ 22 +hig

18 ¥ 1":‘2
| I, ST | A=64Ee

al
i

19
|N=UIcos P Mg

12
— HET {: na
23 =,/

i=£+1
r

-~

21 b 13

hi=[3 ZrH(1-df 7 32 £10dy] V3AZE)

15 1

hz = (A B2/ d2) V27 (2g)

24 16 l

KOHEL, hip =1ty +ha

Puc.2.3 brok-cxema pacuera xapaKTepUCTHK Hacoca

Biok-cxema mporpaMMbl pacueTa XapaKTepUCTHK Hacoca MpuUBeacHa Ha puc.2.3. u
MOJKET OBITh peann30BaHa MMpH MoMoIiu nakeTa nporpamm Mathcad wun MatLab.
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Tab6.3 — Pe3ynbTarhl pacyeToB

Homep 0603- Pasmep- Howmep omnbiTa
Pacuernblie mapameTpsl
o/ HaYEHUE HOCTBH
2 |3 |4 |5
IIpou3BOAUTEIILHOCTD
1 P A Q. M3/c
Hacoca
IloTepu Hamopa
2 p p >h M. BOJI. CT.
IlomHbBIM HamOD H
3 01 alop Hacoca H M. BOJI. CT.
Ilosie3Hass MOIITHOCTH
4 m Nh KBT.
MOoOIIHOCTD, TTOABOIH
5 OLIHOCTb, IOJBOJUMAS | N <BT.
K BaJly Hacoca
6 [lomHbBIN K.I1.11. n

[To pe3ynbraTam pacyeToB 3amoNHIETCS TaOIuIa 3 U CTPOSATCS TpaduKu
xapakrepuctuk Hacoca: H =11 (Q), Nn=12(Q), N=f(Q) u« N =1(Q).
7. BLIBOABI

7.1. Onucath 1 00BSACHUTH XapakTep n3mMeHeHus Hanopa (H) noneznoi
momtHoctH (Np) 1 k... (M), pa3BUBAaEMBIX HACOCOM IIPU U3MEHEHUEM €TO

Imogaydu.

7.2. OnpenenuTs MHTEpBAJI HanboJIee EIecCO00pa3HbIX PEKUMOB
HKCIUTyaTallul JaHHOTO Hacoca.

8.KoHTpoO/ILHBIE BONPOCHI

8.1 Kakue ucbITaHUs POU3BOISATCS C TIETBIO TTOCTPOSHUS UX
ASHEPreTUUYECKON XapaKTepUCTUKN?

8.1 Ha ocHOBE 4yero npou3BOAUTHLCS BHIOOP Hacoca JJis T€X WU UHBIX
YCIIOBHM 3KCIUTyaTauuu?

8.3 Kakoii pexxuM Hacoca Ha3bIBae€TCsl ONTUMAJIbHBIM?

8.4 Jlyig Kakoro pekuma IpOU3BOIUTHCS PACUET MPOTOYHOM YacTH Hacoca?
8.5 Kakue nurarenu ucnoJib3yroTcsl B IPUBOJI€ Hacoca?

8.6 YkaxuTe crocob onpeneneHus noTpeoasieMoil MOIITHOCTH ?

8.7 Ilepeuncnure KakKuX mapaMeTpbl OT KOTOPHIX 3aBUCUT MOIITHOCTh?
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NabopaTtopHana paboTa 3

N3YUEHUE KOHCTPYKIIMU U TPUHLIMIIA JENCTBUSA
HACOCHOM YCTAHOBKHA

1. Heanb padoThl

N3yueHne KOHCTPYKIIMH HACOCHOW YCTaHOBKH, MPHOOPETEHHUE MPAKTHYECKUX
HaBBIKOB I10 TIOJTOTOBKE €€ K padoTe W HIKCIUTyaTallld, a TaK *Ke HU3MEPEHUIO
MOJIaYM U HATmopa IeHTPOOEKHOTO HAcoca.

2. TunoBasi HacCOCHasi yCTAHOBKA

Hacocnas YCTAaHOBKa, KpOMC CaMOI'0O HACOCa, BKIKOYACT B cels paxa
QJICMCHTOB O6GCHG‘{I/IBaIOHII/IX pa60Ty Hacoca,

€ro IyCK MU OCTaHOBKY,
perynupoBaHue U KOHTPOJIb mapameTpoB. Ha puc.3.1 mokazana TtumoBasi cxema
HAaCOCHOM ITUTATEIbHOW YCTaHOBKH.

|

pll
- o = s e g "
=1 8
J
4 5
[
9 8 (& =
" 3
6
= AR
a)
K Baxyym-
wacocy M
8
< 7
o' M
1 _titl
o b
1 %4 13

Puc.3.1 Cxema TUTIOBOM HACOCHOM YCTaHOBKHU

0)
Puc.3.2 Cxewmsl 3anuBku 1H
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K nacocy 7, npuBOAMMOMY B JIBH)KEHHUE AJIEKTPOJBUTATENEM 6, KHJIKOCTb
NOCTyHaeT M3 NMPUEMHOro pe3epByapa 1 mo moaBoasmeMy TpybompoBoay 12.
Hacoc Harseraer »XUAKOCTb B HAaNOpPHBIA pe3epByap 2 1O HANOPHOMY
TpyOompoBoay 3.

Ha manopuHom TpyOompoBo/ie MMEETCsl peryIupoBOYHAs 3aJBIKKA 8 MpH
IIOMOIIM KOTOPOM W3MEHsAETCA IoAada Hacoca. HMHorma Ha HarmopHOM
TpyOOIIPOBOJIE YCTaHABIIMBAETCS oOpatHblii kiaman 10, aBTOMaTHYECKU
MEPEeKPHIBAIONINI  HAMOpPHBIM  TpyOONMpoOBOA TpU  OCTAHOBKE Hacoca U
NPENATCTBYIOIINI BO3HUKHOBEHHIO OOpPaTHOTO TOKA >KMJIKOCTH W3 pe3epByapa.
Ecin naBneHue B NpPUEMHOM pe3epByape OTIMYAETCA OT aTMOCPEPHOTO WM
HACOC PpACIIOJIOKEH HWKE YPOBHS >KMIKOCTH B IIPUEMHOM pe3€pByape, TO Ha
TOJIBOSILIEM TpyOOIPOBOJIE yCTAaHABIMBAIOT MOHTAXHYIO 3aJBUKKY 11,
KOTOPYIO 3aKPBIBAIOT IPU OCTAHOBKE MJIM PEMOHTE HACOCA.

B Hauvane monBomsfuiero TpyOOMpoBOAA YACTO MPEIyCMaTPHUBAIOT
IIPUEMHYIO CETKY 13, mpeaoXpaHsIoNlyl0 HACOC OT IONMAJAaHUS TBEPIBIX TEN, W
ISATOBOM KianaH 14, narommii BO3MOKHOCTb 3aJIMTh HACOC, a TaK K€ IOABOISIINAN
TPYOOIIPOBOJI )KUKOCTBIO TIEPE]] ITyCKOM.

Pabota Hacoca KOHTpoJIMpYyETCs MO pacxoaoMeTpy 4, KOTOPbIA H3MepsieT
oJavyy Hacoca, W M0 MAHOMETPY 5 UM BaKyyMMETPY WJIM MaHOMETPY 9, narommm
BO3MO>KHOCTB ONPEJIEIUTh HAIOP HAcoca.

3. IpaBuia IKCILUIyaTAIIMA HACOCHBIX YCTAHOBOK € JIONMACTHBIM
HACOCOM

JInst 3amycka HAacCOCHOM YCTAHOBKH, IIEHTPOOEKHBIM HACOC U TOABOASIININ
TpyOOTIIPOBOJ, JOJKHBI OBITh 3alOJHEHBI JKUIKOCTHIO. Ecin naBrneHue pP° Ha
IIPUEMHOM YPOBHE JIOCTATOYHO BEJIMKO, TO JKUAKOCTb CaMOTEKOM 3allOJIHSET
MOIBOIAIIMN TPyOOIIpoBOI U Hacoc. J[Jist aToro ciemyeT B BEpXHEHW TOYKE Hacoca
YCTAaHOBUThH BO3AYIIHBIM KpaH, OTKPBIBAIOLIUNCA B arMocdepy, depe3 KOTOphIi
BbITycKaeTcs Bo3Ayx. CrnoxkHee 00ecreunuTh 3aMOJIHEHHE  MOJBOJSIIETO
TpyOOIpOBOa U HACOCA KUIKOCTBIO, €CIIU AABJICHHUE P° MaJio U MPU aTMOCHEPHOM
JIABJICHUM B HACOCE KUAKOCTh HE TOJHUMAETCS 10 MOABOJSIIEMY TPYyOOIPOBOIY
JI0 YpOBHS Hacoca. B aToM cirydae Hacoc Mpu IycKe nepekaunBaeT Bo3ayx. Hanop
JIOTIACTHOTO Hacoca, pabOTaIoMIEro Ha BO3/IyXe MPUOIU3UTEIHLHO TAKOW K€ KakK U
pu paboTe Ha KUIKOCTH, €CIU MOJa4l OJMHAKOBBI U HANIOP BBIPAXKATh B METPax
cTojiba TmepemeniaeMon >kuakoctu. [lycTh MakcHMalbHBIN Hamop Hacoca OyaeT
paBeH H M. Ilpu paGore Ha BO3Ayxe MOJ ACHCTBHEM ATOTO HAMoOpa XUIKOCTh
MOXET MOJHATHCS B MOJBOJIAIIEM TPYOONPOBOJIE Ha BBICOTY, HE MPEBBIIIAIOITYIO
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H:Prosy/Pruz. CrI€IOBATENBHO, B PACCMATPUBAEMOM CITydae HACOC CaMOCTOSTEIBHO
3ac0CaTh )KUIKOCTh HE MOXKET.

[lepen myckoM Hacoc M MOJBOJSIIHMA TPYyOONPOBOJ 3aMOJTHSIOT KUAKOCTHIO,
MOABOAMMON B Hacoc mo TpybompoBoay 2 (puc.3.2a) wim (B MaJIbIX Hacocax)
qyepes CIeUaTbHyI0 BOPOHKY, YCTAaHOBJIICHHYIO Ha Hacoce. MHorma, muist 3aiMBKU
MOJKHO HCIIOJIB30BaTh XKHUJAKOCTh, OCTABIIYIOCS B HAIIOPHOM TPyOOTIPOBOJIE TMOCIE
IpeIbIIyIIel OCTAaHOBKH HACOCA.

Uro Obl 3ayMBaeMas >KHJIKOCTb HE MOIJa BbIT€Yb W3 HAcoca depes
HOJBOASIINN TPyOONpPOBOJ, K HUKHEMY KOHIy IOCIEAHETO NPUCOEIUHSAETCS
nsaToBor kimamaH 3. Bo Bpems pa0oThl Hacoca KiamaH MOJHUMAETCS O]
JEHUCTBUEM IOTOKA, BXOJSILEr0 B MOABOJALIMN TpyOompoBoa. Ilpu octaHoBKe
Hacoca, KJIanaH 1oJj IeHCTBUEM COOCTBEHHOIO BECA, a TaK XK€ JABJICHUS KUIKOCTU
3aKpBIBACTCs, INPENATCTBYS  BBITEKAaHUIO KUIAKOCTH  4Yepe3  MOABOIALIUN
TpyOoIpoBo mpH 3anuBke. [l ypaneHus BO3AyXa IpU 3allOJHEHUM Hacoca
KUJKOCTBIO B BEPXHEH TOYKE HAcOCa YCTAaHABIMBAETCS BO3AYIUHBIM KpaH 1,
OTKpbIBarouuiics B atmocdepy. Hemocratkamu Takoro crnocoba SIBISIFOTCS:
BBICOKO€ CONPOTHUBJICHUE IATOBOM KJIANAH - JOIOJHUTEIBHBIE THAPABIMYECKUE
IIOTEPU M . HEHAJECKHOCTh B CIIy4ac HaJW4us TBEPABIX YACTHUIl 3arpsSI3HUTENS B
KUJKOCTH.

bonee coBepLIEHHBIM  SIBISIETCS 3al0JJHEHUE  Hacoca  KUIKOCTHIO
OTCAaChIBAaHMEM BO3JyXa W3 Hacoca MpH TOMOIIM BakKyyM-Hacoca (pwuc.3.20)
TpyOOINpPOBO/, MO KOTOPOMY OTCACBIBACTCS BO3YX, JOJDKEH OBITh MPUCOETUHEH K
BepxHeil Touke Hacoca. [log nmelicTBueM 00pa3oBaBIIErOCS BaKyyMa KHUIKOCTh
MOJIHUMAETCSl TI0 TOJBOSAIIEMY TpyOOIpoBOy M 3amojHseT Hacoc. Hekoropoe
pacrpoCTpaHEHUE MOJYYHIN CAMOBCACHIBAIOIINE JIOMACTHBIE HACOCHI, KOTOPBIE HE
TpeOYIOT 3aM0JHEHUS TOABOASILIET0 TPYyOOIPOBO/Ia KUAKOCTHIO MEPE MMYCKOM.

VY oceBoro Hacoca MOIIHOCTb, NPU HYJIEBOW MOJIaye 3HAYUTEIHHO (4acTo B 2
pa3a u 0osee) MpeBHIIIAEeT MOIIHOCTh MPU ONTUMaILHOW Tonaye. [loaTomy myck
OCEBBIX HACOCOB CJIEAYET OCYIIECTBIISITh MPU OTKPHITOW 3aJBUKKE HAa HAIOPHOM
TpyOonpoBoze. LleHTpoOexHbie HACOChl, KaK MPaBUIIO, 3aIMYCKAIOTCS C 3aKPbITOU
3aBUKKOU. [leHTpoOekHbIe HACOCHl MaJIOW MOIIHOCTHA MOKHO 3aIlyCKaTh KakK MpH
OTKPBITOM, TAK U MPHU 3aKPBITON 3aJIBUKKE.

IIpu nmycke HeHTPOOEKHOT0 HACOCA HEOOXOAUMO:

¢ IIPOBCPUTH YPOBHU MacCjia B ITOJIIHUITHUKAX
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OTKPBITh MOHTQKHYIO 3a/IBUJKKY Ha IOJBOJALLIEM TPyOONpoBoae (ecnu
3aJIBUKKA UMEETCH);

BBIKIIIOUNTh BakyymmeTp B u manomerp M (puc.3.1) npu nomoum
TPEXXOJOBBIX MPOJMBOYHBIX KPAHOB, UTO OBl HE MCIOPTUTH MPHUOOPHI
IIPU 3aJIMBKE HACOCa;

OpU IMYCKE OCEBOrO0 HAacoca OTKPBITh 3aJBMXKKY HAa HAlOPHOM
TpyOOIpPOBO/IE;

3aMO0JHUTh HACOC U MOJBOASILIUN TPyOOIIPOBO/ AKUAKOCTHIO;

BKJIFOUUTH JIBUTATEIb;

OTKpPBITh  3aJBJKKY Ha HAllOpPHOM TpyOOIpOBOJE, €Ciau OHa Oblia
nepes MyCcKOM 3aKpbITa;

BKJIFOUUThH BAKYYMMETP U MaHOMETP;

Bo u30exxanue HarpeBa »XKUAKOCTH paboTa Hacoca MpH 3aKPbITOW 3aJIBUKKE
HE JIOJKHA TPEBbIIIATh 5 MUH.

IIpu pa6oTe Hacoca HeOOXOANUMO:

Hab6mronats 3a paboToil noammnHuKoB. Temneparypa NOAIIUITHUKOB HE
nomxua npesbimats 70° C. IMocae 800-1000 4. paGoTBI MACIIO CIEHYET
MeHATh. [Ipy  KonbIleBOW CMa3ke TMOIIMIHUKOB  HEO0OXOIUMO
HaOJIIOaTh 32 TEM, YTO Obl CMa304YHBIE KOJIbIIa CBOOO/IHO BpAIAJIUCh C
BaJIOM.

Cneauth 3a paboOTOM CaJbHUKOBBIX YIUIOTHEHWH, HE AOMYCKaTh HX
neperpeBa. JKUAKOCTb M3 CaIbHUKOB JOJDKHA BBIXOAUTH OTAEIIbHBIMU
KaIUIAMH WM HeOombIol cTpyikoi. IlpocaunBasice uepe3 HaOUBKY
CaJIbHUKA, )KMJIKOCTh OXJIAKIAET €€.

[Ipy yacTUYHOM HM3HOCE CAJIBLHUKOBOTO YIUIOTHEHMS, TaliKu CaJlbHUKA
HEOOXOJMMO TMEPUOJUYECKH TOATATMBaTh. HaOuBka paboTaeT 10
3amenbl 500-3000 4. B 3aBUCUMOCTH OT BHJIa U TEMIIEPATYPHI JKUIKOCTH,
KauyecTBa IIOBEPXHOCTH Baja. s paBHOMEpPHOIO TMOJXKATUA IO
OKPYXHOCTH, CallbHUKOBas HaOWBKa BKJIAJIBIBACTCS B YIUIOTHEHUE B
BHUJIC OT/ICIBHBIX KOJICII.

IHoc/ienoBaTeIbHOCTH OCTAHOBKH HACOCHOM YCTAHOBKHU:

¢ BLIKJIIOYUTb MAaHOMCTP U BAKYYMMCTD,

® BLIKIIIOYUTD OJICKTPOABUTATCIIb.
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4. UcnbITaTebHBIN CTEH/I C HACOCHON YCTAHOBKOI

Cren conepKUT: PHEPrOCUIIOBYIO YCTAHOBKY Ha 0a3e HCHBITAaTEIbHOTO
creaga KU-4815 w HacocHbIi arperaT ¢ HeHTpoOekHbIM Hacocom K45/55 wu
IpUBOJOM OT THapoMoTopa ['15-23. [lpuHnunmanbHass W MOHTaKHAS CXEMBI
CTeH/Ia TMoKa3aHkl Ha puc.3.3 u puc.3.4.
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Puc.3.3 [IpunnunuansHas cxema HaCOCHON yCTaHOBKHU

YCTaHOBKM MJIsI UCHBITAHUW  JIOMACTHBIX HACOCOB BBIMOJHSAIOT B JBYX
pAa3IMYHbIX BApUAHTAX:

o omxpuimuimu — Korga 1{H 3a0upaer Bomy U3 HamopHOro pesepByapa
0 MOABOJAIIEMY TpyOONpoBOAY M IIOJAET €€ IO HalopHOMY
TpyOONPOBOY B TOT K€ pe3epByap.

o 3akpvimuimu — koraa IIH moakmrodeH x repMeTHuHOMYy Oaky, a Ha
HaIoOpHOM TPYOONPOBOJE YCTAHOBJIEHA PETYIUPOBOYHAS 3aBUKKA.

B naGopatopHoii paboTe HCMOJB3YeTCS YCTAaHOBKAa OTKPBITOTO THIIA.
Hcnbityemsiii ieHTpoOekubiii Hacoc H1, uepes tpybomnpoBon 1 u apoccens J[P1
BcachiBaeT Boay u3 O6aka b2. Bo BcaceiBaromem marpyOke Hacoca H1 ycranosien
BakyymMmeTp BM. Boja Bo3Bpaimaercst B 6ak b2 no Hanopuomy TpyOompoBoy 2 B
KOTOpPOM yCTaHOBJEH japoccenb JIP2 u cyeTdyuk XKUAKOCTH (pacxomomep 1).
JlaBnenue B BbIXOHOM maTpyoOke Hacoca H1 u3mepsiercst manomerpom MH1.
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B AT

Puc.3.4 CxeMa UCIBITAaTENLHOTO CTEH A MOHTaXXHAS. 1- BOOSIHOM 0ak; 2 — BCACBIBAIOIINH
TpyOoIpoB; 3 — BeHTW1b 1; 4 — eHTpOoOeKHBIN Hacoc KoHcobHOTrO THa K-45/65; 5 —
HarHeTaTeNbHbIN TpyOOnpoBoa; 6 — pacxooMep; 7- BEHTWIb 2; 8 — BaKyyMMeETp; 9 — MaHOMETD;
10 — BenTwiib 3; 11 — anekTpoHHOE TabI0 Taxoreneparopa; 12 — macnensrii 6ak; 13 —
akcHaJIbHO-TUTYyH)KepHBI Hacoc AP631200YXA4; 14 — manometp; 15 — Bentuns 4; 16 — knanan
naBiieHus; 17 — akcuanbHO-TUTYH)XEpHBIH ruapomoTtop ['15-23; 18 — raxomerp.

B kauectBe npuBoaa Hacoca H1 ucnonszyercs ruaponpuBo. ['uaponpuBo
BKJIIOYAET B ce0s: mepenavy peryaupyemsiii rugponacoc HP — runpomorop I'M,
CKOPOCTh BpAIllEHUs] KOTOPOTo perynupyercs no cpeactsom HP u J[P4. PaGouas
KUIAKOCTh TUIAPONpHUBOAA coiepxkutca B Oake 3. g u3MmepeHus padboyero
napienuss nepen I'™M  ycraHoBien Manomerp MH2. 3ammura cuctemsl OT
MEPErpy3KN OCYIIECTBIISIETCS NpeaoxXpaHuTenbHbiM KinananoM KlI, a qis ouncTku
paboueit )KuIKocTH cykuT GuiabTp @ ycTaHOBIEGHHBIN B mapauiens Hacocy HP B
TUAPOJIVHHH 5.

5. U3mepeHue napamMeTpoB Hacoca

Jlis moCTpoeHUs XapaKTepUCTUKU IEHTPOOEKHOTo Hacoca, HEOOXOIUMO
3HATh HAMop, nogavy, MmomHocTs KIIJ] mpu pa3nuyHbIX pexxumax ero padboThl.

Ilooaua Hacoca w3MepseTcs pPacxoJOMeTpaM, YCTaHABIMBAEMBIM Ha
HarmopHoM TpyOompoBoae (puc.3.3). Hambosee YacTo NpUMEHSCTCS MEpPHBIC
nuadparmbl, MEpHBIE COIIa U TPYObl BeHTYpH. MHOT/1a To1ady Hacoca U3MEpstoT
TP TIOMOIITM BOJIOC/THBA.
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Hanop nacoca paBeH pa3HOCTH 3HAYEHHUI MOJHOTO HAMopa >KUIKOCTH 3a
HAcCoCOM (CeUYCHHeE H, PUC.5.5) U nepe HUM (CeUeHUe o).

2 2
H=(z, —z,)+ (P Psy Un"Us. (5.1)
P9 P9 29

JaBnenne py uzMepsiercss ManometpoM 1. TpyOka, coequHsonas MaHOMETP
C TpyOOmpoBOAOM, TOCIE €€ MPOJIUBKU 3alOJIHAETCA >KUAKOCTHIO. [losTomy
MaHOMETp HU3MEpsieT JAaBJCHUE, OTIMYHOE OT JaBJIECHUS B TOYKE 3amepa Ha
BeMunHy Ny, BBems 3Ty mompaBKy Ha IOJOXKCHHE MaHOMETpA, IOJyYUM
U30BITOYHOE JIaBJICHHUE MOCIIE HACOCa:

Py =M+h,p-g (52)

rae M — nokazanust MaHOMETpa ¢ BBEJIEHHOM MOMpPaBKOW Ha
CUCTEMATUYECKYIO IO PEIIHOCTD, IONPABKA BBOAUTHCA I10 TAPUPOBOYHOMY
rpauKy MaHOMETpA.
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Puc.3.5Cxema uzmepenuns Hanopa [[H

[Ipyn Hanmuum Ha CTOPOHE BCachiBaHWS Bakyyma (puc.3.2a), AaBieHHE Pp
nepes; HacocoM wu3MmepsieTcs BakyymMmerpoM 2. IlompaBka Ha mMOJIOXKEHUE
BaKyyMMeETpa HE BBOJHTHCS, TaK KaK COCIUHUTENbHAs TPYyOKa MPHU MPOIYBKE
3aMOJIHSIETCS. BO3AYXOM. YUHUTBHIBAs, 4YTO BAaKyyM SBJISIETCA OTPHULATEIbHBIM
M30BITOYHBIM JTABJICHUEM, MTOTYYUM U30BITOYHOE JIaBJICHUE TIPET HACOCOM:

Ps=- B; (5.3)
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rie B — nmokazaHusa BakyymMMmeTpa C BBEIEHHOW IIONPaBKOW Ha
CUCTEMATUYECKYIO ITOTPEITHOCTD.

OTcrofia mpy HAJIMYUU BaKyyMma B TIOJIBOJIAIIEM TPYOOIpPOBOE HANlOp Hacoca

M B v} -uv
H=z,-2,+—+h, + —+-L £ (5.4)
A9 29
O6o3naumB 3a hg=zy-Zp+hy — pasHOCTH YpOBHEW yCTAaHOBKM MaHOMETpa M
TOYKH BKIIFOUCHUS BAKYYMMETpPa, OJTYIUM

2
H:M+£+h3+—0”_03; (5.9)
P9 A9 29

Eciu B moBoasieM TpyOOIIpoBoie He BaKyyM, a H30BITOYHOC JIaBJICHHUC
(puc.3.26), To

pPs=Ms+hzpQ; (5.6)

Mjp — noka3zaHus MaHOMETpPA, YCTAHOBJIEHHOTO HA MOABOISILEM
TpyOOIIPOBOJIE HAcOCA, C BBEIEHHOW MONPABKON HA CUCTEMAaTUYECKYIO
IIOTPEUIHOCTb;

hB - IIOIIPpAaBKa Ha IIOJIOKCHUC 3TOI'0 MAHOMCTpPA.

CremoBaTelbHO, MPU HATMYMH Y BXOJa B HACOC M30BITOYHOTO JIABJICHMUS,
HaTop Hacoca

2 2
+M+hH—M—hB Y~

A9 A9 29

H=2z,-12, : (5.7)

O6o3naunB yepe3 hy=zy-zpthy-hg pasHocTs ypoBHEH  ycTaHOBKH
manomeTpoB M u MB, nonxyuum:

H=-"-_h,+22 " (5.8)

Pa3HOCTh CKOPOCTHBIX HANIOPOB, BXOAIIASl B IPUBEICHHBIE BBILLE
ypaBHEHUs OyJIeT paBHa:

2 2
”HZ;”B = 0,0827(i - ij .Q%; (5.9)

roe  Q — nmomava Hacoca B M°/c;
dy — IMaMeTp HAOPHOro TPYOOIPOBOA, M;
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ds — MTMaMeTp MOIBOASIIETO TPYOOIIPOBOA B M.

6. [lopsiiok nmpoBeaeHust padoThI

6.1 Tlpou3BecTH BHEIIHUI OCMOTP KOHCTPYKIIMU SKCIIEPUMEHTAILHOTO
CTEH/Ia ¥ O3HAKOMHTHCSI C €F0 OCOOCHHOCTSIMH, MPBECTH XapaKTCPUCTHKH
neHTpooexxHoro Hacoca KA-45/65

6.2 IlpousBecTu MmycK HEHTPOOEKHOTO HACOCA COMIACHO PEKOMEHAAINSAM
pasnena 3. B cmydae HeBbIXO/1a Hacoca Ha paboOUYnil PeKUM, YCTAHOBUTH
NPUYKHY (HEIOCTAaTOYHAs TE€PMETUUYHOCTh CATbHUKOBOTO YIUIOTHEHUS WU
1p.) ¥ ycTpaHuTh ee. [loBTOpHO npou3BecTH 3amyck.

6.3 CHaTh U3MepeHus MoKa3aHUN KOHTPOJIbHO-U3MEPUTEIBHBIX
npuOOpoB (BaKyyMMETpa, MAHOMETPA, PACX0OJA0OMEPa, TAXOMETPA).
Pe3ynbTaThl HI3MEPEHHIT 3aHECTH B TPOTOKOL.

6.4 PaccunMTaTh OCHOBHBIC ITapaMeTphl Hacoca (Io1ava, Harmop, 4acToTa
BpAaIICHUs ), PE3yIbTaThl 3aHECTH B MPOTOKOIL.

6.5 CdopmynupoBath BHIBOJIBI 10 pe3yJbTaTaM MPOBEACHHON
nabopaToOpHOM pabOTHI.

/. KOHTpOJIbHbIE BONIPOCHI

7.11lepeuncnure OCHOBHBIE 3JIEMEHThHI KOHCTPYKIIMU HACOCHOW YCTAaHOBKH.

7.2KakoBbl 0COOCHHOCTH JKCILTyaTalliy JIONACTHBIX HACOCOB?

7.3Kak cnemyert 3amyckarh lEHTPOOEKHBIN U OCEBON HACOCHI?

7.4Ha3oBuTe criocoObl peryaupoBaHus padOThI JOMACTHBIX HACOCOB. Y KaKUTE
Kakoi crocod Hanbosee SKOHOMUYEH ?

7.5 YTo Takoe BaKyyMMETPUUECKasi BEICOTA BCACHIBAHMS?

7.6/laiiTe ompeneneHUe «OTKPBITON» M  «3aKPBITOM» CXEM HACOCHBIX
YCTaHOBOK?

/.7Kakue wucnpITaHUs BO3MOXXHO NPOBOJUTH Ha H3y4yaeMOM HACOCHOMU

YCTaHOBKE?
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NabopatopHana paboTa 4

KABUTAIIMOHHBIE UCIIBITAHUA HEHTPOBE KHOI'O HACOCA

1. Hean padoTsl

1.1 3yuuTh sIBJ€HUE KAaBUTALMK B JIONACTHBIX HACOCAX.
1.2 Tlony4uuTh KaBUTAIIMOHHYIO XapaKTEPUCTHUKY.
1.3 BoiaBUTH c110COOBI GOPHOBI C KaBUTAIHEH.

KaBuTanueit Ha3pIBa€TCsl HAPYIICHUE OTUIOIIHOCTH MTOTOKA KUIKOCTH,
00yCJIOBJICHHOE TIOSIBICHUEM B HEH My3bIPHKOB MJIM TOJIOCTEH, 3aITOTHEHHBIX
MapoM WJIM Ta30M, C IMOCJICAYIONUM UX YHUYTOKECHHUEM.

KaBuTanysi BO3HUKAET NPU MOHUKECHUU JABJICHUS /10 YPOBHS JIaBICHUS
HACBIIIEHHBIX MapOB, B PE€3yJIbTATE YETO KUJKOCTh 3aKUIAET, KPOME TOTO U3 HEe
BBIJICJISICTCS PACTBOPEHHBIN ra3. B moToke ®KUJIKOCTH TaKOE MaJeHUE JaBJICHUS
MPOUCXOIUT, 0OBIYHO, B 00JIACTH MOBBIIICHHBIX CKOpOcTel. B OoIbIInHCTBE
CJIy4acB BBIJICJICHUE ra3a U3 pacTBOPA HE CYIIECTBEHHO, TAKYIO0 KaBUTAIIUIO
Ha3bIBAIOT MMapOBOI

[TapoByrO KaBUTALMIO COMPOBOKIAOT CIECAYIOLIME OCHOBHBIE SIBICHUS:

o KonjeHcalus my3bIpbKOB MMapa, KOTOPbIN yBIIEKaeTCsl TOTOKOM B 00J1aCTh
MOBBIIIEHHOTO JIABJICHMUS;

e Dpo3us MaTepUaIoOB CTEHOK KaHalla, SIBJISIONIAsCs HauboJiee OracHbIM
CJICICTBUEM KaBUTAIlUH;

e 3BYKOBBIC sABJICHUS (IITyM, TPECK yAapbl) U BUOpaIUs YCTAHOBKH,
SIBJISTFOIIMECS CJIEICTBUEM KOJIEOAHUM KUIKOCTH, KOTOPhIE BHI3BAHBI
3aMbIKaHHEM TOJIOCTEN 3aMOJTHEHHBIX MapoM;

e [lapenue nomaum Hamopa, MomHocTH U KIIJI tonacTHBIX HacOCOB.

B nonacTHOM Hacoce napoBasi KaBUTallMsg BO3HUKAET Ha JIOMATKe paboyero
KoJieca OOBIYHO BOJIM3M €€ BXOJIHOM KpoMKU. JlaBieHue 371eCh 3HaYUTEIbHO HUXKE,
YeM JaBJICHHE BO BXOJHOM MaTpyOKe Hacoca M3-3a MECTHOTO BO3pACTaHUS
CKOPOCTH IIPY HATEKaHUU Ha JIOMATKY U U3-3a TUAPABIMYECKUX MTOTEPH B MOJABOJE.
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Hamnumewm ypaBaenwue J[. bepuynu my1st cBOOOHOM MOBEPXHOCTH KHUIKOCTH B
MUTAIOIIEM pE3epByape U BXOAHOTO MaTpyOka Hacoca 3a IMIOCKOCTh CPAaBHEHHUS
MPUHUMAEM CBOOOIHYIO TOBEPXHOCTD KHUIAKOCTH B MUTAIOIIEM pe3epByape:

v
Pan g Doy Dox iy (4.1)
P9 P29
rac H; - PaCCTOAHUC OT IIUTAOIICTIO YPOBHA 10 OCH HACOCa (BLICOTa

BCACBIBaHUA);
Psx - @0COJIIOTHOE JaBJIE€HKE BO BXOJHOM MaTpyOKe Hacoca.
Ugx - CKOPOCTB JKUJKOCTH BO BXOJTHOM TMAaTpyOKe Hacoca;
Nee - THAPABIMYECKUE MTOTEPH B MOABOIAIIEM TPYOOIIPOBO/IC;
Par - aTMOC(EpHOE J1aBICHUE

Otcrona = il L9 (4.2)

Takum 00pa3om daBi€HHWE y BXOJIa a HAcCOC U. CIIEIOBATE]IbHO, B pabodem
KOJIece Hacoca TeM MEHbIIe, YeM OOJIblle BRICOTa BCAChIBAHUS U THAPABINYECKOE
COMPOTUBJICHUE TMOJBOJSIIETO TPYyOONpPOBOJa M 4YEM MEHbIIEC JaBJICHUE B
nuTaromeM pesepByape. [lpu nmoctatouyHo OOJBIION BBICOTE BCACBHIBAHHS U
COMPOTHUBJICHUU TOABOMSINIETO TPyOONpPOBOAA, WA TPU CIUIIKOM MaJoM
JABJICHUW B THTAIOIIEM pe3epByape, NaBlieHWE y BXOJa Ha JIOMATKH paboyero
KOJieCa CTAHOBUTCS HACTOJBKO MajbiM, YTO BO3HUKAET KaBUTauus. Takum
o0pa3oM, KaBUTAIlHs OTPAHUYUBAET BHICOTY BCAChIBAHUS HACOCA.

[IpeBbIlIeHne MOTHOTO HAMOPa KUJIKOCTA BO BXOJIHOM MaTpyOKe Hacoca Hajl
YIOPYTOCTHIO €€ HACKIIICHHBIX MApOB HA3bIBACTCSI KABUTAIMOHHBIM 3a1acoM.

Ah — pex + Uex pam

- 4.3
P9 29 P9 43)

rae Pun - yIIPYTOCTB HACBILIEHHBIX TTAPOB KUIKOCTH
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Jns u3ydeHuss KaBUTAMOHHBIX Ka4eCTB HACOCA MPOU3BOIAT €r0 UCIIBITAHUS, B
pe3ysbTaTeé KOTOpBIX I KaXIOro pexuma pabdoThl Hacoca IOJIy4aroT
KaBUTALMOHHYIO XapakTepucTtuky. OHa npeacTaBisieT coOOOH 3aBUCMMOCTD HAIopa
Y MOLIHOCTH OT KaBUTALIMOHHOI'O 3alaca IpHU IOCTOSHHBIX YacTOTE BpaLICHUS U
nojave.

Pexxnm, npu KOTOPOM HAYMHAETCS MAJCHHE HANOpa U MOIIMHOCTH, HA3bIBAIOT -
IIEPBBIM KPUTHYECKAM PEKUMOM. EMy COOTBETCTBYET NEPBBIA KPUTHUECKUN
KaBUTAIIMOHHBIN 3amac Ah,. B HawansHO# cragum mpouecca, korga Ahg: >Ah >
Ahy? - 30Ha pacmpocTpaHEHHs] KaBUTAIMOHHBIX SIBICHHN HEBENWKa (MECTHas
kaButauus). [loaTomy kaBUTalus NMpU STOM Majo CKa3blBaeTCs Ha HANope U
MomHOocTU. [lo Mepe yMeHbIIEHMS KAaBUTAlMOHHOIO 3alaca KaBUTAIlMOHHAs
0o0JacTh  MEIJIEHHO  YBEJIMYMBAETCS, YTO  CONPOBOXKIAETCS  MEJICHHBIM
W3MEHEHHEM HAIopa U MOLIHOCTH. /[OCTMKEHNE BTOPOro KaBUTAIIMOHHOTO 3aIaca
Ahg2 BemeT K pe3KoMy YBEIMUCHHIO KOHICHTpPALMM Tapa B Mapora3oBOi
OMYJIbCUU. DTO BBI3BIBAET PE3KOE YMEHBIICHHE HAIOpPa M MOIIHOCTH, a 3aTEM U
IOJIHBIN CPBIB pabOTHI Hacoca.

Kputrnyeckne kaBUTallMOHHBIE 3aI1aChl 3aBUCST TOJIBKO OT KWHEMATHKY ITOTOKA,
OIpeesieMO KOHCTPYKIMEH Hacoca U peXUMOM €ro pabOThl OHU HE 3aBUCAT HU
0T 0apOMETPUYECKOr0 JABJICHHS, HU OT POJa U TeMIEepaTyphl >KHIKOCTH, €CIU
ITIOTOKM B HACOCE aBTOMOJENBbHBIE WM KPUTEPUU PEHHOIBICA TOTOKOB HE CHIIBHO
OTJINYAFOTCH.

Y MHOTrHMX THXOXOJIHBIX HACOCOB IIEPBBIM KPUTHYECKUM PEXUM Ha
KaBUTALMOHHOW XapaKTEPUCTUKE HE OOHapyXHuBaeTcs. 3AecChb MNPUXOAUTCA
OTPAaHUYUTHCS TOJBKO BTOPBIM KPUTHUECKUM PEKUMOM.

Jlnst Toro, ytoObl Hacoc He paboTal B PEKUME HEIOMYyCTHUMO CUIIbHOMN
KaBUTALlMKM H3-32 HETOYHOro yyeTa BceX (DaKTOpPOB Ha3HAuaroT HEOOJbLIOE
MPEBBILICHUE JOMYCTUMOr0 KaBUTALMOHHOTO 3amaca Haja KpuTH4ecKuM. OOBIYHO
3T0 mpeBbimenne npuHuMarT paBHbM (0,1 - 0,3) Ah,,. MeHbpmyro BeaHynHy
BBIOMPAIOT, €CJIM PacyeT BENETCS MO MEPBOMY KPUTHUYECKOMY KaBUTAMOHHOMY
3amacy W KPUTHYECKMM KaBUTALMOHHBIA 3amac Benuk. (CienoBaTenbHO,
JIOITYCTUMBIN KaBUTAIMOHHBIN 3aI1ac

Ahon =(1,1-1,3)-Ahg, (4.4)

3Hasi KpUTHUECKUH -WIIH JOMYCTUMBIN KaBUTALMOHHBIN 3a11ac, MOXKHO HalTH
JUTSl TAaHHOM HACOCHOW YCTAHOBKH KPUTHYECKYIO UJIU JOIYCTUMYIO BBICOTY
BcachiBaHud. 13 ypaBHennii (1) u (2) BbicOTa BcachIBaHUS paBHA:
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Pun P Us
H — am _ Fex _ “ex __ h _ Ah
006 pg pg 29 6c (45)

UYT0oOB!I KOHTPOJIMPOBATH KABUTALIMOHHBIE YCIOBUS pabOThHI HACOCA MPU €TO
AKCILTYaTAlMK C IIOMOIIbI0 BAKYyMMETPa YCTAaHOBJIEHHOT'O HA BXOJIHOM NaTpyOKe
HEOOXOIMMO 3HATh KPUTHUECKYIO WIIH JIOMYCTUMYIO BETMYMHY BaKyyMma Ha BXOJIe
B HAcOC. DTOT BaKyyM, BBIDQXKEHHBII B METpaxX CTOJ0a MoAaBaeMOM XKUIKOCTH,
HAa3bIBAIOT BAKYYMMETPUUECKON BBICOTOM BCACHIBAHMS.

13 ypaBHeHus (3) BakyyMMeTpHU€ecKasi BBICOTA BCACHIBAaHUS paBHA

_ _ 2
H — pam pz;x — pam p(;x + ﬁ _Ah , (4_6)
~9 ~9 29

W3 ananusa ypaBHeHus (6) ciae1yeT YTO. B OTIMYUB OT KPUTUYECKOTO
KAaBUTALMOHHOI'O 3amaca, KpUTHYECKask WK JIOIyCTUMasi BAKyyMMeETpUIecKas
BBICOTA BCACBIBAHUS 3aBHCUT HE TOJIBKO OT KOHCTPYKIIMU HAcoca U peXuMa ero
paboThl, HO ¥ OT POJia U TEMIIEPATYPHI )KUIKOCTH (OT yIPYrOCTH NApPOB KUJIKOCTH)
u OapomeTrpuueckoro nasienus. [Ipu 3Tom BenuyuHa:

nJ/Q
“=7An (4.7)

(7@7)3/4

10

- OJMHAKOBa JUIS BCEX TEOMETPUYECKH MOJOOHBIX HACOCOB, MPH MX padboTe Ha
MOMOOHBIX  peXUMax. OJTa  BEIMYMHA  HA3BIBACTCI  KaBUTAI[MOHHBIM
kodhdurmeHToMm  OBICTpOXOAHOCTU.  YpaBHeHue (7) OBUIO  TOJYy4EHO
C.C.PynneBbiM mpu paboTe B ONTUMAJIBLHOM pPEXKHUME B HACOCE IUIOXUX B
KaBUTAI[MOHHOM OTHOIIIEHWW, HAmpUMep, y HACOCOB JUIsl 3arpsA3HEHHBIX
KUJKOCTEH KaBUTAIMOHHBIM KOA(MOUIIMEHT OBICTPOXOAHOCTU Jisi TIEPBOTO
Kputuyeckoro pexuma ci= 600+700 m wmeHblne, sl OOBIYHBIX HACOCOB
¢1=800-+1000. TS HAacCOCOB C MMOBBIIIIEHHBEIMU KaBUTAIIUOHHBLIMU
coiictBaMmu C; = 1300 u Oomdbme. OTH KOIPPUUUEHTHI OINPEIEICHbl MPHU
noacranoBke B Gopmyiy (7) momaun Q (M%/c), uactors Bpammenus N (06/mun), hy,
(m).

VYpaBHenne (7) mAaeT BO3MOXHOCTb OMPENEISATh KPUTHUECKYIO BBICOTY
BCACHIBAHUS WM TIPU W3BECTHOM BHICOTE BCACHIBAHUS, MAKCUMAIBHYIO YaCTOTY
BpAaIllEHUs, €CJIM U3BECTEH KOA(PPHUIIUEHT Cy.
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2. CxeMa yCTaAaHOBKH

[IpuHIMNIMaNbHAS TUAPABINYECKAS CXEMA CTEHAA JJIs1 IPOBEACHUS
KaBUTAIlMOHHBIX UCIILITAHUN TIpecTaBiIeHa Ha puc.4.1

Puc.4.1 Cxema cTeHa 11 npoBEACHNS KaBUTAMOHHBIX UCTIBITAHUN

Ucnbrtyembliii ieHTpoOexHbIi Hacoc H uepes TpyborpoBoa 3 u ipoccens 4
BcachIBaeT BoAy u3 Oaka 2. Bo BcackiBaromiem narpyOke Hacoca H yctaHoBieHn
BakyymMeTp 5 Boga Bo3Bpamaercs B 0ak 2 o HarnmopHoMy TpyOOmnpoBOy B, B
KOTOPOM yCTAHOBIICH JPOCCENb 7 U CYETUHK KUIKOCTH §. TaBJICHHUE B BBIXOJHOM
natpyOke Hacoca H uzmepsercs manomerpom 9.

B kauectBe mnpuBoma Hacoca H wucnonp3yercsa TruapaBiIdydeCKUl ITPUBOI,
BKJIIOUAOIIUI B ce0s ruapoHacoc 11 u ruapomotop 12 MOCTOSHHBIX O00BEMOB
CKOpOCTh  BpallleHHs TuApomMoTopa 12 perymupyercss  mapauledbHbIM
JPOCCEIMPOBAHUEM TOTOKA >KUJKOCTH TOCPEACTBOM Jpoccens 14. pabouas
XKUIAKOCTh THAPONpPUBOJA coaepxkutTcs B Oake 13. Jlns u3mepeHus pabouero
JIaBJICHHS TIepe] THAPOMOTOPOM YCTAHOBIIEH MaHOMETp 15 3ammTa ruipocCucTeMBI
OT TEPErpy3KHh OCYUIECTBISIETCS MPEIOXPAHUTEIbHBIM KilanaHoM 17. a s
OUYUCTKH paboueit KuakocTu caykut ¢GunsTp 16. YHactoTa BparieHus Bajga Hacoca
KOHTPOJIMPYETCS C IMIOMOIIBIO 3JIEKTPOHHOT'O YaCTOTOMEPA.

3. Iopsinok npoBeaeHus1 padoThI

[Tpu npoBeIeHUN KAaBUTAIIMOHHBIX UCIIBITAHUH CIIEAYET UMETh B BUY, UTO
kaBuTarronHbie xapakrepuctuku H = f(Ah) u N = f(Ah) onpenenstores npu
MOCTOSIHHOM MTPOU3BOAUTENBHOCTH Hacoca Q = const/
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PaboTa BbIMOIHSIETCA B CEIYIOIIEM MOPSIIKE:

1) 3anmycTuTh CTEH;

2) Ipoccenem 14 ycTaHOBHTB Y4acTOTy BpaieHus Hacoca H (3amaercs
IperoaBaTesieM);

3) OTKpHITH JIpoccenb 3.

4)3anaTh HacoCy TpeOyeMyIo ITPOU3BOIUTEIILHOCT (3a1aETCs
IPEnoIaBaTesieM), HaCTPOMKa MPOU3BOIUTCS APOCCENEM 7 UCIOJIb3YSI
CUETUYUK 8 U CEKyHAOMED.

5) B Tabauiy 1 3aHecTH moka3aHus MAaHOMETPOB 5 U 15 BakyymmeTpa 5
CUETUYMKa JKUJKOCTHU 8. CEKYyHJIOMEpa 1 YacCTOTOMepa 3aMepUTh
TEMIIepaTypy BOJIbI M pe3yJbTaT 3anucarh B Ta0aumy 1.

6) [IpukpeITh Opoccens 4/

7) [IpoKOHTPOIUPOBATH PACXO]] M IPH HEOOXOAMMOCTH CKOPPEKTHPOBATH €T0 C
MOMOILBIO IPOCCEJIA.

8) UsmepuTh mokazaHus MpHOOPOB U 3aHECTH B Ta0mIly 1.

9) B xo/1e 9KCIIeprMEeHTa KOHTPOJIUPYETCS 0apOMETPHUECKOE JaBIICHUE.

4. O0paboTKa IKCIMEPUMEHTATBHBIX JAHHBIX

Pe3ynbTaThl SKCIIEPUMEHTOB 00pa0daTHIBAIOTCS B CIEIYIOIIEM MOPSJIKE:

4.11Ipon3BoAUTETHLHOCTH HACOCA

W,
Q:Ti (8)

4.2Hanop Hacoca pacCYUTBHIBACTCS B COOTBETCTBHUH C (POPMYIION:

2 2
H =&+ pﬂae + UHGZ U(;c + he ’ (9)
A A9 29
Iae h, - pa3HOCTh ypOBHEH YCTaHOBKH MaHOMETpPA U BaKYyMMETpa;

Vg , Vge - CKOPOCTH JKUIKOCTH B HATHETATEIILHOM U BCACHIBAIOIIIEM
narpyokax Hacoca COOTBETCTBEHHO.

4.3 Mo1HOCTh Hacoca paBHa:
N,=7,-Q-H (10)

4.4 KaBuTtarnimoHHEII 3a0ac
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2 2
%

Ah :&_'_ pnaz + Unaz 8c +hg (11)
A A9 29

4.5 KaButanmmoHHbIN KO3 PUITUEHT OBICTPOXOHOCTH:

”@3 y,-QH . (12)
hkp 4 ’
%)

4.6 JlomycTUMBII KaBUTAIIMOHHBIN 3ariac:

CcC=

Ah=(11-13)-Ah,; (13)

4.7 MomHOCTh THAPOMOTOPA PACCUUTHIBAET MO (popmyIie:

N,w = p,w 'QM = pM ‘n- qM; (14)

rae O - pabounii 06bEM THIPOMOTOPA, CM°

4.8 KII/] nacoca paccuuthIBaeTcs o Gopmyie:

N
=—"—; 15
"N, 1)
rae Nu - Mexanndeckui KII/[ rugpomoropa.

Pe3ynbTaThl, Momy4deHHbIE B X0O€ pacyeToB 1o 1.11. 4.1-4.8 3anectu B Tabnuiy 1.

Tabnuna 1. PesynabTaThl pacueToB

Ne onbiTa
[Tapamerp 1 2 3 4 5 6 7

Temneparypa BoJpl, {, °c

UacTora Bparnienus, N; 06/MuH

bapomerpuueckoe nasienue, Par; MIla

JlaBiieHne HarHeTaHus BOJbI, Pu; MIla
JlaBneHune HarHeTaHust Macia, Pu; Mlla
Bakyymmerprueckoe qaBiaeHUE, Ps;
MM.PT.CT.

O6wem xuakocti, W; M

Bpewms, t; ¢

Pacxoy Bozbl, Q; M°/c

Hamop nacoca, H,m

[Tone3nas MmourHOCTh Hacoca, Ny; kBT

KaBuTanmoHHusiit k03¢.
OBICTPOXOTHOCTH, C
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KaBuranmuonusii 3amac, Ah; m

MomrocTh MOTOpa, Ny; KBT

O6mmit KI1J] nacoca, n

5. UcxoaHble 1aHHBIE IJIS1 pacyeTa

Ta6muma 2. icxoaHble JaHHBIC 1)1 POBEICHUS PacueTOB

Ne, t; Pxn P, Ne, t; Pxn 1}
n/n °C Ia Kr/m® n/n °C Ia Kr/m®
1 10 1208 1 000 10 34 5320 994
2 15 1694 999 11 36 5950 994
3 20 2 337 998 12 36 6 630 993
4 22 2 643 998 13 40 7375 992
5 24 2983 997 14 42 8210 992
6 26 3 360 997 15 44 9100 991
7 28 3780 996 16 46 10 080 990
8 30 4241 996 17 48 11 160 939
9 32 4760 995 18 50 12 335 088
PaGounii 066eM rugpomoropa: =40 cm3/06;
KIIJI mexannueckuii ruapomoTopa: nyu=0,95;
BuyTtpennuii auametp Tpyobonposoaa: dg=dy=50 mm.
6. BoiBoabI
ITo KaBUTAIlMOHHOMI XapaKTEPUCTHKE OIIPEICIIUTh KPUTHYECKHE

KaBUTAllMOHHBIC 3amachl i TMEPBOTO MW BTOPOTO pexuMoB. Ecau Ha
KaBUTAllHOHHOW XapaKTEPUCTUKE, MPU IEPBOM KPUTHUYECKOM PEKHUME PE3KOTO
M3JI0Ma KPUBOM HET, TO 32 MEPBBIA KPUTUYECKUH PEXKUM NPUHHUMAIOT YCIOBHO
TaKOU peKuM, MPU KOTOPOM HAIoOp Hacoca yMEHbIIaeTcs Ha 2% MO CPAaBHEHUIO C
HAIMOPOM Hacoca B 001acTH 0€CKaBUTAIIMOHHOUW paOOTHI.

Ecnmu pabora Hacoca B 00JacTH MEXAY TMEPBHIM M BTOPHIM KPUTHYECKUMU
peXMMaMu JIONYCTMMa, TO JONMYCTUMBIM KaBUTAIMOHHBIM 3amac HaxoAsaT IO
BTOPOMY KPUTHUECKOMY KaBUTAIIHOHHOMY 3amacy.

7. KoHTpO/IbHBIE BONIPOCHI

1. Yto sBisieTCsl IPUYMHON KaBUTALIMK?
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2. Kak onpeniensitoT KaBUTalMOHHBIN 3anac?
3. Kakyro xapaKkTepuCTHKYy Hacoca Ha3blBalOT KABUTALIMOHHOW?
4. Kakue pexuMbl KABUTALIUU Bbl 3HAETE U YEM OHH OTJIMYAIOTCS?

5. Yto HCO6XOI[I/IMO YUYUTBIBATD IIPU YCTAHOBKC HACOCA IJIA UCKIIOYCHUA
BO3HHMKHOBCHU KaBI/ITaI_[I/II/I?

6. OOBACHUTH HA3HAYCHHE IIEMEHTOB KCIIEPUMEHTAIBHON YCTaHOBKH.
7. Kak onpenensiroT HacTyIIeHHe TIEPBOr0 KPUTHUECKOTO KaBUTAITMOHHOTO
peXHrMa MpH OTCYTCTBUHU U3JIOMa HA KPUBOW HAmopa KaBUTAIMOHHOMN

XapaKTEePUCTUKU?

8. Kakoe HeraTuBHoOE BIIMSHUE OKA3bIBACT KaBHUTallWA HA pa60Ty Hacoca?
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NabopatopHana paboTa 3

U3YUYEHUE HA MOJEJIAX KOHCTPYKIIUA U PABOYET O
MPOILECCA TUJIPOJJUHAMUYECKOMN MY®ThI

1. Iean u 3axa4yu padoThI

1.1 3akpemniieHre TEOPETUUECKUX 3HAHUM 10 pazaeny «I uapoJIuHaMuIecKue
nepeaaun.

1.2V3yuenune npuHIUIIA ASUCTBUA, KIaCCUPUKAINS, KOHCTPYKIUH,
XapaKTEPUCTHUK U MPAKTUYECKOTO TPUMEHEHUS THAPOAMHAMUYECKUX

MyQT.
1.3 IlpuoOpeTeHne NpakTHUYECKUX HABBIKOB pa300pPKU U COOPKH
TUAPOIMHAMUYECKON My(THI.

1.40npenenenue Hanopa u 00bEMHOM ogaun ['JIM.

2. OcHOBHBIE CBeJeHHS 0 THIAPOAMHAMHYECKHUX Tepeaayax.

Iupponunamuueckue mnepenaun (IAI) npumensitorcss ¢ ABUrarensiMu
BHYTPEHHETO CropaHusl, anekrpoasuraressimu u T.4. B I'/II1 orcyrcTByer xxecTkas
CBSI3b JBUTATENsl C HArPy3KOWM, TaK Kak OJHEpPrus mnepenaércss 4Yepe3 MOTOK
)uakoctd. B kadectBe pabGoueit skuakoctd B [JIII Moryr mnpuMeHSThCS:

MAalllMHHBIC MacCJjia 1 BOOHBIC OMYJIbCHH.

['IIT cymiecTBEHHO YJIydIAOT XapaKTEPUCTHKW JIBUTarelnied, obecreunBas
OeccTyleHYaToe pPEeryJMpoOBaHUE CKOPOCTH B IIMPOKOM JIMANa30HE; MO3BOJSET
MOJIYYHUTh MaJible («IOJI3yure») CKOPOCTHU JIBIKECHHUSI; 00JierdaeT MmyCcK JBUTaTeNen
MOJI HArpy3KOW; MOBBIMIAIOT HAAEKHOCTh MAlIWH, MPEIOXPAHSIOT MX Y3Jbl OT

NIeperpy3oK.

['uppaBnuyeckass mepenaya, Mepelarolias MEXaHUYECKYH SHEPTHUIO C

OJIHOTO BaJla Ha JAPYrod ¢ HCIOJb30BAHUEM JIOMACTHBIX, Hacoca U TypOUHBI,
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Ha3bIBaeTCs rujapoaunHamuueckou. ['JIII nmenstcs HA ruapoAMHAMHYECKHE

MydTe (I'’IM) u runpoaunamudeckue Tpancpopmaropsl (I'IT).

2.2 IlpuHnunuaibHas u cTpykrypHasi cxembl I'/JIM.

['unpomydToii Ha3BIBAIOT THAPOIUHAMHUYECKYIO Mepeiavy, He
npeodpasyrolyro KpyTamuii MomeHT (puc.1) I'ZIM cocTosT u3 ABYX JIOMACTHBIX

KOJIEC, HACOCHOTO U TYpOMHHOTO.

Puc.3.1 - llpunnunuansuas cxema ['JIM.

HacocHoe koljieco CO€AMHEHO € BXOJHBIM BaJIOM, a TYpOMHHOE — C
BbixoAaHbIM 4. Koiieca pacmosiokeHbl B KoOpiyce poropa 3, COCAMHEHHOM C
HACOCHBIM KojiecoM ¢raHieM. Jlomactu B KoJjiecaX HaxoAsTCA MEXAY ABYMs
TOPOBBIMH TIOBEPXHOCTSIMH, O0OpasyromuMMHu padodyro MNojocTh Tuapomydtel. K
BXogHOMY Baity ['J/IM mpuioxeH KpyTsamud MOMEHT M; OT nABUrarens, a K
BBIXOJIHOMY — MOMEHT M> CONPOTUBJIEHHS ITPUBOAMMOMN MalIMHbBL. B kopmyce 3a
Hapy>KHbIM TOPOM TYpOWHBI HaXOAMUTCS >KUJIKOCTh M BO3HUKAET MOMEHT TpPEHUS
M,p, KOTOpBIHA, OJHAKO, MEHbIIE NepeaBaeMoro MoMmeHTa. Eciau mnpeHeOpeub

BEJIMYNHOU Myp, TO MOKHO CUUTATh, YTO B TuApoMypte M. = Mo,
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Takasg mnepegaya SHEPrUM MPOUCXOAUT C ONPEACIEHHBIMH IOTEPSMH,
BHEIIHE BBIPAXKAIONIMMHUCSA B TOM, YTO BEJOMBIA Bajl HECKOJBKO OTCTAa€T OT

BCAYHICTO, KaK TOBOPAT, IIPOCKAJIB3bIBACT. Cxembl FI[M IIpCaACTAaBJICHbBI Ha

PUCYHKE 2.
S H D Q T
Q]Tx\(u; \@2 \@r \w; 7
/o I Ay ;7 X
-

2)
Puc.3.2 [Ipunnunuanshas cxema ['J[M.

HauOompmmii AUaMCTp pa60qeﬁ ITIOJIOCTH HA3BIBACTCA aKTHMBHBIM

nuamerpoM (D,), a HauMeHbIUM — BTYJIOUHBIM (D).

T4
[ | |
Q |

& S =

S x °~ G
N 3 3 g 3§
gg %g Q 3, N x
S8 SN § S 3 2
*3 E< S $ N g
g < S8 S S 2118
] ™ = S Q =

x > S <
. T S8
S S S "§ < 38
S ¥ SEI]S & <S8
SIISIIE]IE] s8] & 3 38
S S ;
2 o S S ES x Ry N 39
ol e sll1s| [83I[Y)]|§]]E& S| (23
o oy T Q* x L) = ES
Q ) < N 9 S
o [| § s 1] Rl 2]]S S| IS8
SIISIIELIS)] RIS ]]8 S
vt et QU S x > =
SIS IESIS]ISIE] | 2 (g3
S S 9 Q Y 3 QU < %
x S S WS T S ] S RS
<Q Q9 o .S ¥} :", S
Q xS 8 S GRS
S 2

Puc.3.3 CtpykTypHas cxema MoACHCTEM H 3JIEMEHTOB ofHOCTyneHnuatoit I'/JIM
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['uapoMyd Tl MOTYT OBITH KaK C BHYTPEHHUM TOpoM (puc.3.2 6), Tak u 6e3
Hero (puc.3.2 a), paznuuatbest popmamu padbouux mojocte (puc.3.2 B) U UMETh

HECHMMETPUYHBIC JIOMMACTHBIE Kojieca (puc.3.2 T).
2.3.Knaccupuxamusa I'’JIM.

Knaccudukanuys ruipoamHaMuyecKux My(pT IpuBe/ieHa Ha puc.2.4.

[AM
ﬂoﬁﬁosmyéﬁacmu
ebepcupobanus
Mo waswavenuw i i
| B Mo yupkyngyuy wuoxocmu
Mo Bosmoxwacmu wecm-
Depanuyubaromas | | Peeynupyemas Y87 EEAIHERAT NRTEE
Mo npunyuny Mo ronuyecm-| | flo xonuvecmby
Jeucmbug By nopocme onop
L T 1 [ ] 1 1
&
g Y &
4 & 8 &
g N 5 T o Q
R 3 NINERIHEIHIIRINIE
el ]s R NI R IR
3 y N -] N Tl |a NIRRT
s | |g N SMIRIRNERIEEIIEIIR
N RERERE NI N R g
R NER SHISISIIsI8])8]].
) q X Q X k Q Q| @
Q N D, Q ) T N 9 Q RS
MERIER SUIS] 1RSI (SIS
S N S EN S R
flo cnocody flo cnocody coedunewua nonocmey
peeynupobanug ]
[ ] | ]
Peeynupyerras Peeynupyeman
u3Menenuen ie;gggggjggﬁ usmenenuen | | flapannensno- | |/locredobamensno
cboucmb vanonwesua | |@0RHb! padoved| | Géyxnonocmnas | | dbyxnonocmuas
Kudrocmy noaocmu
Puc.3.4 Knmaccudukanus I'/JIM

5 CTpykrypHble cxembl padotsl I'/IM B nepeaaue.

I'’IM moryTt paboTaTh B TATOBOM, TOPMO3HOM M OOpaTUMOM peXKUMAax.
CrpykTypHblie cxembl paboTsl ['/JIM B mepenade, nmokasansl Ha puc.3.5.

Ts208bi1i pesxcum — pexkuM pabOThI, TPU KOTOPOM MOIIHOCTH MepeaaeTcs
yepes ['J/IM oT BXOJHOro, K BBIXOJHOMY 3BeHYy (puc.3.5a). XapakTepHbIMU
TOYKaMH BHEIIHEN xapakTepucThku ['JIM Ha 3TOM pexume SBISIOTCS TOYKA
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1(pnc.3.8) — pexUM XOJIOCTOTO XO0Ja, KOTJa BHEIIHSS Harpy3ka OTCYTCTBYET,
TOUYKa 2 — ONTUMaJIbHBIA peskuM, Koraa KI1/] MmakcuMasbHbINA, KMEET MECTO IMpPH |
= 0,95 ... 0,98 B 3aBucumoctu ot KoHcTpykuuu I'JIM, Touka 3 - CTOINOBBIN
pEeXHM, KOT/a BBIXOJIHOE 3BEHO OCTAHOBIICHO, PEKHUM SIBJISIETCS HAIPSKECHHBI B
TEIUIOBOM OTHOIIIEHWH, TaK KakK BCS MOIIHOCTb, MOJABOAMMAS OT JBUTATENS K
BxoaHoMy 3BeHY I'JIM, npeoOpasyercs B TEILIO.

ad | 7 M HE
l .

0/ v/ [IM = PO

l ",

b/ v/ [IM<— PO

j/ /VHHN

Puc.3.5. CrpykrypHble cxembl pabOThl THAPOMY(THI B Iepeaaye.

Topmo3snoti pesicum - pexuM pabOThI, TP KOTOPOM MOIIHOCTH TOJIBOJUTCS
K ['/IM kak co CTOpOHBI BXOJAHOTO, TaK U CO CTOPOHBI BBIXOJHOTO 3BEHBEB WU CO
CTOPOHBI OJIHOTO M3 3BEHBEB NMPU OCTAHOBJIEHHOM BTOPOM 3BeHE. Bo Bcex aTmx
CIIydasix MPOUCXOIUT 3aMeJJIeHHe (TOpMOKeHne) padodero oprana PO MaiivHBbI.

Pa3nuuaroT 1Ba BHMJAa TOPMO3HBIX PEXKUMOB: OOTOHHBIA U  PEXKUM

ITPOTHUBOBPALLCHUS.

IIpu o0b62connom peoswcume Ha BbIXOAHOM 3BeHe ['JIM 3HaK KpyTSIIETro
MOMEHTa M3MEHSIETCd Ha NPOTUBOIOJIOKHBIA, a HAMpPaBICHUE €ro BpalllCHUs
COOTBETCTBYET TATOBOMY pEXKHUMY pabOThI, YacToTa BpalleHUus TypOUHHOTO
KoJieca OOJIbIIIe YacTOTHI BpaIlleHHs HACOCHOTO KoJjeca.

Peoicum npomueospauieHusd — TOpMOSHOfI PCKUM, IIpU KOTOPOM BXOIAHBLIC H
BBIXOAHBIC 3BCHBS BPpAIllalOTCA B PA3HBIC CTOPOHBI.

Ha peoswcume npomusospawenus momuocth K ['JIM moaBoauTcs Kak oOT
NBUTATENsI, Tak M OT pabouero oprana. HacocHoe koseco paboraer B
HACOCHOM peXuMe, a TypOMHHOE€ — B TOPMO3HOM, MPH KOTOPOM TOJABOJAMMAs K
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HEMy OT pabodero opraHa SHEPrus 3aTPadyrBaeTCs HA TOPMOKEHHUE IOTOKA
KUJIKOCTU B paboyeil MOJOCTH, T. €. Ha PEeKUME MPOTHBOBpAIICHUS 00HEMHas
momaua ['JIM Q = Qu — Qr tme Qn, Qr — wyacTu mojmayum, TPUXOAAIIUECS
COOTBETCTBEHHO Ha JIOJIF0 HACOCHOTO M TYPOMHHOTO KOJIEC.

Ha puc. 3.6 npencrasieHbl OCHOBHBIE Y3JIbI TUAPOMY(THI: HACOCHOE KOJIECO,
TypOMHHOE KOJIECO B COOpe CO CTyMHIleH, KOPITyC.

Kopnye Koaeco Crynuua ~ Koaeco
TypOHHHOE" /HACOCHOE

- MopmunHUKH

Puc. 3.6 DneMeHTbI TUPOIMHAMUYECKON MY THI

HacocHoe Koeco BBITIOJHEHO C paaualbHBIMU JOMATKaMH C OJTHOW CTOPOHBI U
C KyJakamH - ¢ Jpyroi ctoponsl. TypOMHHOE KOJECO MMEET TakKe pajuaibHbIe
JIOTIATKH ¥ C TIOMONIBIO CIIEIMABHBIX OOJNTOB KpemuTcs ma crymuie. Kopmyc
UMeEeT TIAJIKYI0 BHYTPEHHIOIO ITOBEPXHOCTh M HAPYXHYIO C peOpaMu KEeCTKOCTH.
PeOpa mMOBBIIAIOT KECTKOCTh KOPITYCa, YBETUYMBAIOT IUIOMIAAL OXJIAXKIAEMOM
MTOBEPXHOCTH, a TAK)Ke MPHU BpaIleHUU pabOTaIOT KakK IEHTPOOESKHBINH BEHTUIISATOD,
OXJIAXKAast TUAPOMYQTY.

['mnpomydra B cOope mokazana Ha puc. 3.7. HacocHoe Kojieco COEaUHEHO
KECTKO C KOPITyCOM, a Tak)Ke KyJaKkaMu 4epe3 YIpyrue BKIAIBIIIHN C TTOTyMy(dTOM
(mosryKecTKoe COCIMHEHUE). [TonymydpTa  MOHTHpyeTCSI  Ha  Bajy
anekTpoaBuratens. TakuM oOpa3om, momymydra - HACOCHOE KOJECO - KOPITyC
0o0pa3yroT BeAyIlyl0 YacTh TuApoMy(dThl. TypOMHHOE KOJECO CO CTymulen
00pa3yroT BEIOMYIO 4acTh TUAPOMY(DTHI M YCTAHABINBASTCS YePe3 MOAMIUITHUKY B
COOTBETCTBYIOIIIKE MTOCAJOUHbIE MECTA B KOPITYCE U HACOCHOM KOJIECE.
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Koaeco rypbunnoe Npotka rewnosoii

Ynnoracans .~ SaMHTHI
b " o Koaeco nacocuoe

Yopyrui
’ BRJIATBII

Monymydra

¥ Ay : . HapkyJsuns

Cryuuma ;| :‘ a0 padoucii KUIKOCTH
! T s

|

[

HoamunauKy

“\._ Kopmye

\ Konuesas
HEUTPHPYIOWAYH WEHRA

Puc.3.7 Pa3pe3 runpoanHamMudeckoil My ol

BryTpenHel mocaouHoOi MOBEPXHOCTHIO CTYIHIIBI THAPOMY()Ta MOHTHPYETCS
Ha BajJ peAyKTropa. B ciydae mumieBoro COeAMHEHUs C BaJIOM peayKTopa AJis
JYYIIEro IEHTPUPOBAHUSA IO KpasiM TOCAJKH BBIMOJIHEHBI JIBE LEHTPUPYIOIINE
meiiki (KOpeHHasi U KOHIIeBas - MO Bajly), B Cliy4ae IIMOHOYHOTO — OJ{HA IIeiKa
(xonmesas). HacocHoe u TypOuHHOE Kojeca o0pa3yroT TOpooOpasHyr pabodyro
KaMepy, pa3AelieHHYIO JIomaTkaMu. MexXIay JomnaTkaMu HaCOCHOTO U TypOMHHOTO
KOJIeC HMMEeTCs 3a30p, Omaromaps dYemy BeIoMmash 4acTh MOJXKET BpallaTbes
OTHOCHUTEIILHO BeyIled 4YacTH THApOoMy(Thl. Pabouas XKUAKOCTH 3ajIMBacTCs B
ruapoMy Ty depe3 oTBepcTusi B Kopmyce. /s mpempoTBpaiieHus yreuku padbodeit
KUIKOCTH, a TakKe JUIA 3alldThl OT BO3JACHCTBUS BHENIHEH CpEIbI
MO/IIIUITHUKOBBIC Y3JIbI YIUIOTHEHBI MaHKETaMHU.
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2.4 Xapaxrepuctuku I'JIM.

Pazmuuaror BHemHHME W BHYTpeHHUE xapakrtepuctuku [JIM. Bemnen
XapaKTepUCTUKON Ha3bIBAIOT 3aBUCUMOCTH BHelHUX napamerpoB (KII, momenTa,
MOIIIHOCTH) OT mepenaroyHoro oTHomieHus ['JIM mpu  MOCTOSIHHBIX BA3KOCTH U
IUIOTHOCTA paboyeil KUAKOCTH, YacCTOTe BparieHus (WIA YIJIOBOW CKOPOCTH)
BXOJTHOTO 3BeHa (puc.3.8).

Bnyrpennen XapaKTEPUCTUKON I'IM Ha3bIBAIOTCS
3aBHCHUMOCTH MEXIy BHYTPEHHUMU apaMeTpaMH IOTOKa KUIKOCTH B €€ paboueit
HOJIOCTH K KOTOPBIM OTHOCSITCA: Hamop, 0ObeMHas I10]1a4ya, CKOPOCTb, JaBJIECHUE
MIOTEPH SHEPTHH.

M
s l
p,wy=const
\\ n
A L0
N 08 N
| i=i,
\ | =iy
o K
7 2 e
7
0
g9z 0% 46 46 75
0 @,
Puc.3.8 Buemnsist xapakrepuctuka I'JIM Puc.3.9 Bxognas (Harpy3ouHas)

XapaKTePUCTHKA

[Ipu paccmoTpeHnn ocod0eHHOCTEN coBMeCTHOM padboTel I'JIM ¢ nBuratenem
BHYTPCHHETO CTOPaHUs M ACHHXPOHHBIM 3JICKTPOABUIaTeJIEM CTPOST BXOIHYIO
(Harpy3ounyto) xapaktepuctuky I'JIM (puc.3.9) — 3aBUCMMOCTh MOMEHTA Ha
BXOJJHOM BaJly OT €ro YIJIoBoW ckopoctu mpu i=const, i=0; 0,1; 0,2... u t.4. g0 i=1*

(i* - onTUMATEHBIN PEIKUM.)
3. BoinosiHeHue padoThI.

3.1.IIpoBectu pazdopky I'JIM.
3.2.0mnpenenuTh OCHOBHBIC 31eMeHTHI I JIM.

52



3.3.Bemonuutk 3cku3 koHcTpykuuu ['J/IM ¢ yka3anuem nepedHs ee COCTaBHBIX
YaCTeH.

3.4.IlpoBecTH U3MEPEHNE OCHOBHBIX KOHCTPYKTUBHBIX Pa3MepOB HACOCHOTO U
TypOuHHOTO Kostec MakeTa ['J/IM (puc.3.2.a).

4. PacyerHast 4acTh

[MpoussecTu pacuet rugpomydrel Tuna ['TID345Y (puc.3.7) npenHa3HaYeHHON
JUTSl IPUBOJIOB CKPEOKOBBIX KOHBEepoB. OCHOBHBIE TapaMeTphl 1715l JaIbHEHUIIIEro
pacdeta rupoMydThl MpUBeICHBI B Tabimiie 3.1.

Tanuua 3.1. OcHOBHBIE TapaMeTpbl THIpoAuHaMuueckol Myl ['TID345Y

HanmenoBanue mapaMmeTpoB ruipoMydThl 3HaueHue
AKTUBHBII THAMETP, MM 345
HomuHanbHast MOIIHOCTE, KBT 30
CuHXpOHHAs YaCTOTa BpallleHUs Baja JBUTATENs, 00/MUH 1500
HoMHUHaIIBHBIN KPYTSIINI MOMEHT BXOAHOTO Basia, HMm 199
OTHOLIEHNE TyCKOBOTO MOMEHTAa K HOMUHAJIBHOMY 2...2,9
OTHoOIIIEHHE TUHAMUYECKOTO MOMEHTa K HOMUHAJILHOMY TIPU 3,2
TopMokeHHuH 3a Bpems 0,5 ¢, He Ooiee
HomunansHOe ckonbxeHue, %, He 6omee 3,5
KonuuecTBo 3anuBaeMoii paboueii sxuaxoctu, am° (1) 5,6
Macca 0e3 pabouelt KUIKOCTH, KT 46,5

4.1 Onpenenuth HAOP HACOCHOTO KOJieca Ha 3aJITaHHOM PEKUME.

KoaddummenT Ob1cTpoxogHOCTH HACOCHOTO Kojeca: Nsy=50...70 06/MuH.

[Tonp3ysick hopmysoit s onpeeseHus ko3P GuIneHTa OLICTPOXOAHOCTU B BHUJIE:

ey Ny (3.1)

nSH 1 H5/4 !
H.P

o,

¥ 3aJaBIIKCh IIOTHOCTEIO:p(M)=1000 kr/m® .
53



4.2 OnpeiennuTh HAIOP HACOCHOTO KoJieca Ha pacy€THOM pexXHUMe 1o popmyie:

, 0.4

HH = 1000- NiP Ny (3.2)

2
p‘ns.H

[Tpu 3ToM nmapametpsl Nip, Ni, p CYUTAIOT 3aaHHBIMH (MU3BECTHBIMU, HAIIPUMED

U3 TEXHUYECKOTO 3aJaHusl).
4.3 Onpenenutb 00bEMHYIO MTOAYY.

OO0BéMHas o1a4a ONpeaesieTCs M0 BBIPAKEHUIO:

Q, = Nip . (3.3)
P - ]
p-9-Hyp
3amaror BrysouHbli guametp Do = 1,5-di, rne di — amamerp BXOAHOTO Baia.

DTa 3aBUCUMOCTb SKCIIEPUMEHTAJIbHAS M XOPOIIO COINIACYyeTCA C OIMBITOM JIs
I'’IM co cratnueckuM camoonopaxnuanuem. s ['/IM ¢ auHaMHYECKUM
camoornopaxHuBanueM auametp D, onpeaensior ¢ ydetoMm pa3MepoB U oObeMa

COpPOCHOM MOJIOCTH.
5. KoHTpobHbIE BONPOCHI

5.1 JlaitTe onpeneneHne ruipoJMHAMAYECKUM TIepe/ladaM. U Ha30BUTE OCHOBHBIC

AJIEMEHTHI KOHCTPYKLIHH.

5.2 Tlepeuncnuth ocHOBHBIE IpenmytnecTsa ['JIM, 61aromapst KOTOpbIM

MOBBIIIACTCA IIPOU3BOJUTCIBHOCTD U Hallé)KHOCTB MallluH.

5.3 HazoBUTE OCHOBHBIE PEKUMBI PAOOTHI M XapaKTEPU3YIOLIUE UX MMapaMETPhI

I'’/IM B COOTBETCTBUU C TUATPAMMOMN.

5.4 IIpuBenute npumep cxemsbl npumeHeHus ['JIM B TexHUKe.
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NabopatopHana paboTa 4

U3YUYEHUE HA MOJEJIAX KOHCTPYKIIUA U PABOYET O
HPOLHECCA TNAPOJUHAMHNYECKOI'O TPAHC®OPMATOPA

1. Ieanb padoTbI
1.1 V3y4yeHune KOHCTPYKIIMH, IPUHITUTIA JCHCTBUS U XapaKTEPUCTUK
ruApoauHamMudeckoro Tpancopmaropa (I'JIT).

1.2 ITpuoOpeTeHne npakTUUYECKUX HaBBIKOB pa3dopku u coopku I'JIT.

1.3 M3y4yeHue npuHIMIA JEUCTBUS U PEKUMOB pabOThl MEXaHO-
TUAPOIMHAMHUYECKON Mepejauu Tpy30BOr0 aBTOMOOUIIS.

1.4 OcHoBHBIE CBe/IeHHS 0 THAPOAUHAMUYECKHX Nepeaadyax

['uapaBnaudeckas nepeaayva, nepeaaronias MEXaHUYECKYI0 YHEPTUIO C OJHOTO
BaJla Ha JAPYTOoM ¢ MCIIOJB30BaHUWEM JIOMIACTHBIX HAacoca W TypOWHBI, Ha3bIBACTCS
ruapoauHamudeckor. ['JIIT pensitcs Ha rugponunamudeckue myptol (I'JIM) u

ruapoanHamudeckue Tpancpopmaropst (I'IT).

['uapornpeoOpazoBaresneM KpyTSAIIEro MOMEHTa (TUIPOTpaHCHOPMATOPOM)
HA3bIBACTCSI DJHEpPreTHYeckass MallnHa, OOeCIedHBaromias THOKOE COeTUHEHUE
BaJIOB U Tepefiady MOITHOCTH C BEIYIIEro Baja Ha BEAOMBIN ¢ peoOpa3oBaHuEM
KPYTSIIETO MOMEHTa W M3MEHEHHEM CKOPOCTH BpAIlEHHsS BEIOMOTO Baja II0

CPaBHEHHIO CO CKOPOCTHIO BPAIIICHUS BEAYILETO BaJia.

C npumenenuem ['JIT ob6neruaercs Tpya BoauTeNs Oaarogapsi aBTOMaTHYHOCTH

HN3MCHCHUA CKOPOCTH MCXaHU3MOB.

[IpeumytecTBa rUAPOIUHAMAYECKUX TIEPEaad CIOCOOCTBOBAIN MX HTUPOKOMY

IMPUMCHCHHIO B PA3JIMYHBIX 00J1aCTIX TEXHHUKH.
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B mnacrosmee Bpems ['JIT npumeHstorcss B NpUBOJAX TPAHCIOPTHBIX,
CTPOUTEIIbHBIX, JOPOXKHBIX, TOPHBIX U JAPYTrHX MAIWH, UMCIOIUX MEPECMCHHBIC

Harpy3Ku Ha pabo4yux opraHax.

2.2 YcTpoiicTBO U NPUHIMI AeHCTBUS THAPOAMHAMMYECKOT0

TpaHcpopmarTopa.

I'IIT (puc.4.1), comepxkamee HacocHoe 2 (H), typounnoe 3 (T) xonéca u
HEMOABWXHBIA  peaktop 6  (P),  HaspiBaeTca  TUAPOAMHAMUYECKUM

tpanchopmaropom (I'JIT).

Z J

Puc.4.1. IlpunnunuansHas cxema AT

PeakTop 6 coennHEH ¢ HEMOABUKHBIM KOPITYCOM 5 M Y4acTBYET B JUHAMHYECKOM
B3aMMOJICHCTBUU C IOTOKOM XUIKOCTH, U3MEHsAs ero HampasieHue. llpu srom
B3aMMOJICHCTBUYU HA PEAKTOPE BO3ZHUKACT KPYTAILUM MOMEHT M, nostomy B I' JIT

MOMEHT M1 Ha BXOJHOM Baily 1 He paBeH MOMEHTY M Ha BBIXOJAHOM Bally 4.
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el

Puc.2. Cxemsl ognoctynenyatsix ['IT

)

Ha puc.4.2. mokazanbl cxembl ojHocTyneHudateix [T ¢ paznuuHbiM
PacnoJIOKEHUEM JIONACTHBIX KOJIEC B paboyeid MONIOCTH.

Puc.3. Cxembl MHOTOCTYnIEHUaThIX [T

Tun TypOMHHOTrO Kojeca OnmpenensieTcs Mo MPOTEKAKIIEMy B HEM MOTOKY
paboueit xuakoctu. [lpu 3TOM HEOOXOAUMO MOMHHUTH, YTO pabouas >KUIKOCTb, B
OCHOBHOM, TIEPEMEIAETCS OT LIEHTPOOEKHOIO HACOCHOTO KoJieca K TYypOMHHOMY U

nanee. Ilostomy, Hampumep, ['JIT nokazanueie HU puc.d.2 a u 2, UMEIOT

57



HEHTPOOEKHOE TYpOUHHOE Kojeco, Ha puc.4.2 6 u e — oceBoe, a Ha puc.4.2 6, 0 u

IHC - HCHTPOCTPCMHUTCIIBHOC.

HByxctynenvarsie ['IT (puc.4.3, a-0) cocTOAT U3 OJHOTO HACOCHOTO
KoJIeca, IBYXCTYIIEHYAaTOr0 TYpOUHHOTO KoJieca MPY OJTHOM WJIU JIBYX PEaKkTopax.

Tpéxcrynenuarsie I'IT (puc.4.3 e, o) cOCTOSAT U3 OJHOTO HACOCHOTO KoJieca,
TPEXCTYNEHYATOr0 TypOMHHOIO KOJIECa U IBYX-TPEX PEaKTOPOB.

B kauecTBe mpuMmepa pacCMOTPUM THAPOJMHAMHUYECKYIO IIepeaady B Ipy30BOM
apromoOune (Puc. 4.4). l'mapoauHamudeckuii TpaHcHOPMATOP SIBISIETCS YACTHIO
THIPOMEXAHUYECKON TPAaHCMHCCHM, KOTOpas Ha COBPEMEHHBIX aBTOMOOMIISX
UMEET DIIEKTPOHHOE YIpaBJICHUE TUIAPABIMKON M B OOMXOAE HA3bIBAETCS

aBTOMATHUYECKOMH.

TypbunKoe koneco Peaxrop HacocHoe koneco

Puc.4.4 [Ipumenenue ruapotpancopmaropa B atromoomine ¢ AKII

[Tpumenenne ['JIT B aBTOTpaHCMHCCHSIX OOYCIOBJICHO CIIOCOOHOCTBHIO
HENpPEephIBHO U, CaMO€ TJIaBHOE, AaBTOMAaTHYECKH HU3MEHATh Ko3(PuIMeHt
TpaHcopMalMi B 3aBUCUMOCTH OT CONPOTHUBIIEHUS Ha €ro BeIOMOM Baiy (To-
CYILIECTBY OT COMPOTUBIICHHUSI IBU’KEHUIO aBTOMOOMIIS).

I'’IT waxomuTcs MEXAy JABUTATEIEM MW aBTOMATHYECKOM KOPOOKOM
nepeMensl niepenad (AKIIII), kotopas NpUHIMIUATBEHO OTINYAETCS YCTPOMCTBOM

OT IMPOCTBIX MCXAHHUYCCKHUX. OH BBITIOJHAET 0€3 BMEIIATENLCTBA BOOUTCIA OBC
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¢bynxun. [lepBas - pyHKUIMA cuerieHus, T. €. o0ecnedeHre nepenadn KpyTAauero
MoMeHTa jBuratenss Ha AKIIIL. Bropyro wMoxkHO Ha3BaTh (yHKIHEH
" TOTIOJTHUTENBHOM OeccTyneH4aTol KopoOkH nepenay”. 1o 00pa3HOe BbIpaKEHHE
MO>XHO TMPUMEHUTh, UCXOMS M3 OCOOCHHOCTEH paboThl THUIpoTpaHchopmaTopa,
KOTOPBIM, M3MEHAA MEPENABAEMbld WM  KPYTAIIAM MOMEHT, IIO3BOJISIET
yBenmuuBarth nepenarounsie uncina AKIIIIL

I'uaporpanchopMaTop COCTUHSETCS C JBUTATEIeM C IOMOIIBIO JIHCKa,
KOTOpPBI B CBOIO OYepelb KPEMHUTCS K (IaHIly KOJCHYATOrO Bajia JIBUTATEIs
(puc.4.4).

m’o

=N
Jg
=

| ‘NT
qé /

ra
- -
Y

-

I
=7

y
111

Puc.4.5 IlpuHuunuanbHas KHHEMaTUYECKasi CXeMa T'HIpOMEXaHUYeCKOM

TPAHCMHUCCHUU «KPOCC-IIPANBY»: 1 — nBurarenb; 2 — MEePBUYHBINA PEAYKTOP; 3 — KOMIUIEKCHBIH
ruapoTpaHchopmaTop; 4 — CyMMHUPYIOIINE MJIaHETAPHBIE PSI/IbL; 5 — MIIaHETapHBIN psf
3aMeUICHHOH nepeaun; 6 — IulaHeTapHbIN pAJl 3aJHETO X0/1a; 7 — AONOJIHUTENbHBIE Iepeaaun; 8
— IPOCTOM IWIMHApUYECKU auddepennuan; 9 — ropmo3a noBopora; 10 — ocTaHOBOUHBIE
TopMO3a; 11 — 6GopTOBBIE MEpeauH.

s tpancmuccun ¢ AKIIIT He TpeOyercs 0ObIYHOTO MaxOBHKA, MTOCKOJIBKY
caMm TpaHchopMarop, obJagaeT JAOCTaTOYHO OOJBIION Maccoi. Mcmonab3oBaHue
THOKOTO JTHCKAa TO3BOJIIET KOMIICHCHPOBATH JIFOOOW OCEBOM JHO(T, BHI3BAHHBIN
M3HOCOM WJIHM TEIUIOBBIM PACIIMPEHUEM METAJUIMUYECKUX JeTajeH.



OObIYHO, K BHEUIHEMY JMaMEeTpy THOKOro MAHCKa KpEmuTCs Beaomas

niecTepHst craprepa. Ha HEKOTOpPBIX MOJENSAX aBTOMOOWIEH 3Ta IIecTepHs
MPUBAPUBAETCS HEMTOCPEICTBEHHO K KOPIYCY THAPOTpaHchopmaTopa.

2.3.Knaccupurkanusa I'IT

Knaccudukanus ruipoquHaMUYecKuX TpaHC(POPMATOPOB MPHUBEICHAa Ha puc.4.

o Bosmomwocmu padorms Ha pEXUMAX
nepetamoyHbIM OMHOWEHUEM, BanbwWUr eGUHULYb!

flo wanpabrewuwr Bpawenus Boixodwoeo 36ewa

lo B03MOXMHOCTIU U3IMEHEHUA HAI-
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Puc.4. Knaccudpukarus I'IT
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2.4 Buemnsis xapakrepuctuxka I'IT

Buemnenn xapakrtepuctukort ['JIT Ha3piBalOT 3aBUCUMOCTh  BHEIIHHUX
MOKa3aTeyied OT MEPENATOYHOIO OTHOIIEHUS IPU IOCTOSHHBIX BSI3KOCTU U
IJIOTHOCTH paboyel >KUJIKOCTH, YacCTOTE BpAICHUS WM KPYTAIIEM MOMEHTE
BXOJHOTO 3BEHA.

IIpn >tOoM mnosnHoW BHemHeW Xxapakrepuctukor ['JIT HaseBatoT ero
BHEIIHIOKD XapaKTEPUCTHUKY Ha TITOBOM, OOTOHHOM pPEXHMaxX M Ha pEeXUME
npoTuBoBpaiieHus (puc.4.5).

M;n
A
>

/{/f r \\

N

=

A ANAN -
VAR N
7 4 2 371 4

Puc.4.5 Teopetuueckas BHemHss Xxapaktepuctuka [T npu
MOCTOSIHHBIX 1, p U Q.

Yame Bcero BHEWIHIOK  XapaKTEPUCTUKY IPEACTABISAIOT B BUIE
3aBucUMoOcTel M1 1 My, 1 OT 1 ¥ 2 NIPU MTOCTOSIHHBIX ®1, P, TJI€ MOMEHTBI M1 H
M; OTHOCATCS K BXOJAHOMY M BBIXOJHOMY BajaM. 7ouxa [- peXHM XOJIOCTOTrO
X0J1a, B KOTOPOW OTCYTCTBYET Harpy3ka Ha BbixogHoM Baity (M=0 u N,=0): n=0;
Nu=Npor0.

Touxa 2 - pexum paBeHCTBAa MOMEHTOB M;=M; . Touxa 3 — pexum
CUHXPOHHOT'O BpAILEHUsI HACOCHOTO W TYpOMHHOrO KOJEC: O~ ®y , i=1. DTOT
pexum umeet mecto g I'IT c, iy, x>1. Pexxum umeer Oosblloe MpakTHYECKOE
3HaueHue ISl OJNIOKMPOBKM HACOCHOTO M TYPOMHHOTO KOJIEC, Tak Kak IMpH
paBeHCTBE MX CKOpocTed oOecredyrBaeTcsl MJIABHOE COEIUHEHHE BXOIHOIO U

BbIx0HOTO BajioB I'JIT (aBurarens u pabouero oprasa).
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Touxa 4 - onTUMANbHBIN PEXUM pabOTHI, XapaKTEPU3yeTCI MAKCUMAJIbHBIM
KIIJ] n" ¥ MEHUMaILHBIMA TUIPABINYECKMMH MOTEPAMH. VIHOTIa ONITHMANIbHBIA
PEXHUM COBIAAAET C PEKUMOM O€3y1apHOTO BX0/1a B BEHEL] JIONACTEW OJTHOTO U3
KOJIEC, KOrJa yroJl aTaky IIpY BXOJ€ ITOTOKA Ha KOJIECO PABEH HYIIO. Touka 5 -

cronoBslil pexxuM; , =0, =0, M;#0, N;=0, Nyx=Nren.

MoMmeHT Ha TYpOMHHOM KOJIECE HAXOJUTHCS COTJIACHO YPaBHEHUIO:

t t
MTO:p'Q'|:_a)H'r§2+Q(Cg—ﬂH2'er_C§]—ﬂT2'rTz)} (4-1)
Faz Fr,

MakcuManbHbli MOMEHT pa3BUBAETCSI Ha  TSATOBOM pEXUME pPaOOTHI.
CTOmnoBBIN pexuM, HaAIPUMEP, COOTBETCTBYET TPOTAHHIO aBTOMOOWJIA C MECTa U

ABJIACTCA HaHpH)KéHHBIM B TCIIJIOBOM OTHOIIICHMUM.

[Tonuyro BHewmHIOWO xapakrepuctuky ['JIT, npeacraBieHHyr0 Ha pUCYHKE S,
MOXHO CYUTaTh TEOPETHUYECKOM, TaK KakK OHa IIOCTpOCHA MpHU JOMYIICHUU
Q=const. Ha npakrtuke 3aBucuMocth Q=f({) ompenensercs HE TOJBKO PEKUMOM
pabotel I'/IT, HO U ero TUMOM (KOHCTPYKIIMEH JIOMACTHBIX KOJEC), U peajbHbIC
MOJIHBIC BHEIIHUE XapaKTePUCTUKU JUIsl Haubojee YacTo MNPUMEHSIOUIUXCS

onHocryrneH4darsix ['/[T oTiimyaercst OT TEOPETUYECKUX.

3.BbinoJsiHeHune padoThl

3.1. ITpoussectu pazdopky I'/IT.
3.2. Onpenenuth ocHOBHBIC deMeHThI ['J[T.
3.3. BomonuuTk 3cku3 koHCTpyKuuu ['JIT ¢ ykazaHuem nepeyHs 3JIeMEHTOB.

3.4.IlpoBecTr U3MEPEHNE OCHOBHBIX KOHCTPYKTUBHBIX Pa3MEPOB HACOCHOTO U

TypOuHHOrO Koseca Makera ['JIM.
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5. KoHTpoabHBIE BONPOCHI

5.1 JlaiiTe onpeneneHue TUIPOIMHAMHYECKOTO TpaHc(hopMaTopa U HA30BUTE

OCHOBHBIC 3JICMCHTBI CI'O KOHCTPYKIIHH.

5.2 [llepeuncnure ocHoBHble mpeumymiectBa ['JIT, Omaromaps KOTOpBIM

HOBBIIIAETCS TPOU3BOAUTEIBHOCTD U HAAEKHOCTD MAIIIKH.
5.3 B ueM ux otnmunrensHbie U pyHKIMoHansHbie ocooennoctu I'AT ot I'/ZAIM?
5.4 HazoBure ocHOBHBbIE pexuMbl padotel ['/IT.

5.5 Ykaxute obnactu npuMmeHeHus ['/[T B TeXHUKE U TPUBEAUTE CXEMY €O

YCTAHOBKH B IIPUBOJAX MOOMJILHBIX MAaIllH.
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IIpuioxkenne A. TecToBble 3a1aHus pasaena «JIomacTable ruapaBInyecKue

MalIuHbBD)
3ananus OTKPBITOI PopMBI

1. FI/II[pOMaH_IHHBI, B KOTOPBIX MCXaHHNYCCKas SHCPIUA, ITIOABCACHHAA K
JIOITACTHOMY KOJICCY, Hpeo6pa3yeTc;1 B SHCPTUIO ITIOTOKA KUJAKOCTH,

YBCIIMYHMBas €€, Ha3bIBAIOT

2. FI/II[pOMaH_IHHBI, B KOTOPBIX JKUAKOCTHb OTAACT 9HCPTUIO JIOIIACTHOMY
KOJICCY U SHCPI'UsA IOTOKA IEPEXOJUT B MEXAHUYCCKYIO DHCPTHUIO Ha Bally,

Ha3bIBAIOT

3. JlomactHoM I'mApOABUIATCIIb HA3BIBAIOT

4. Hacoc, B KOTOpOM JKHJIKas Cpejia IIepeMeIaeTcs yepe3 padodee Koeco

LEHTpa K NepU(PpEpHH, Ha3bIBAIOT

5. Hacoc, B KOTOpOM XKuJKasl cpejia epeMenaercs oT nepudepun

pa60qer0 KOJIECa B TAHI'CHIIMAJIbHOM HAIIPAaBJICHUH, HA3bIBAIOT

6. Hacoc, B koTOpoM kuiKas cpejia mepeMeniaeTcs yepes padodee Kojaeco B

HarpaBJICHUH €0 OCHU, HA3bIBAIOT

7. Hacoc, B KOTOpOM XHJIKas cpe/ia MepeMeIaeTcsl BHEIIHUM [TOTOKOM
YKUJKOU Cpelibl,

Ha3bIBAIOT

8. HpOTO‘IHa}I YacCThb JIOIMACTHOI'O HaCOCa COCTOUT U3 TPCX OCHOBHLIX .

QJICMCHTOB
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9. DueprernyeckuMu (pabOYUMH) XapaKTEPUCTUKAMU HACOCA, HA3bIBAIOT

3aBUCHUMOCTHU

10. Mapxka 1eHTpoOEKHOTO Hacoca BKJIIOYACT 3arJIaBHYIO OYKBY,

O3Hayarouyro ero tui: K- , KM-

I[_

11. '3aBucumocth nmotpedHOro Hanopa ot pacxona (Huorp. = f(Q)), Ha3pBatoT

12. HapymeHI/Ie CINIOIIHOCTH ITOTOKA KUAKOCTH BCJICACTBHUC BbIACIICHUA EN
HCC IIapOB U pACTBOPCHHBIX I'a30B, ITPU ITOHMKCHUHN JaBJICHHA 10 JaBJICHUA

HACbIIMCHHLIX IIaPpOB, HA3BIBAIOT

13. OCHOBHBIMH [mapamMeTpaMu HACOCOB HC3aBHCHMMO OT €TI0 THIIA

ABJIAFOTCA

P

A3HOCTH YACJBbHBIX MCXaAHHNYCCKHX, OHCPIMHU KUAKOCTHU Ha BBIXOAC HACOCa U

Ha BXOA€ B HCT'O, HA3bIBAIOT

14. Pa3mepHOCTH BECOBOTO Haropa

15. O6beMHBI Hamop Hacoca, Ha3bIBAETCS , €ro pa3MepHOCTb

16. [lotepy B TUAPABIMYECKUX MAaIllMHAX JIETSATCSA HA TPU KATETOPHH:

17. JIns XapakTEpUCTUKU KOHCTPYKTHUBHOTO THIA pabovero Kojeca u Hacoca
yepe3 €ro SKCIUTyaTal[MOHHBbIE MapaMeTpbl Ha ONTUMAIBHOM pPEXHUME, T.C.

yepe3  Mojady, Hamop M 4YacTOTy  BpALEHUS  HCIOJIB3YIOT
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18. OTpunarenpHas BEICOTa BCACHIBAHMUSI, HA3BIBACTCS

19. C yBenuuenueM kod(dduimenta ObICTPOXOAHOCTH KOHCTPYKTUBHBIN Buj PK

HU3MCHACTCA B HaAIIPABJICHUMW YMCHBIICHHWA n

YBEIIMYCHUS

20. AGcomotHast ckopocTh kuakocth U B kakon- mmbo Touke PK

OIIpCACIIACTCA KakK IreoMCTpHUICCKaA CyMMa COCTaBJIAOIINX

21. Yron Mexay OTHOCUTENBHON CKOPOCTHIO M OOpAaTHBIM HAIIPABICHUEM

NIEPEHOCHOW CKOPOCTH, Ha3bIBACTCS YTIIOM

22. HpI/IHHHHI/IaJ'II)HO IIOTOK KNJIKOCTHU B PK Mo3xHO IMpCaACTAaBUTb B BUJC TPCX

COCTAaBJLAIOIIUX: IICPBAA- 3TO BTOpasd - )

TPETHA -

3ananust 3aKpbITOi (hopMbI

23. Yem 00ycnoBI€HBI HEOOXOAMMOCTD MOCJIEI0BATEILHOTO BKIFOYEHHH HACOCOB?
1. Jlns yBenuueHus moJavu Hacoca.
2. Jlna yBenu4eHus Harmopa Hacoca.

3. ns ymeHblieHus OTpebIsieMOi MOIITHOCTH.

24.Yewm o0yciioBiieHa HEOOXOAMMOCTD MAPAUICTLHOTO BKIFOUEHU HACOCORB?

1. I[J'If{ YBCIIMYCHUS HAIlOpa HACOoCa.
2. I[JIH YBCIIMYCHUS I1IOJa9YH HACOCA.

3. [ns ymeHblieHus noTpediisieMoi MOIIHOCTH.

25.B yem cMbICIT 00TOUKH paboUurX KOJIeC IEHTPOOESKHBIX HACOCOB

ONpe/IeICHHOW MapKu?
1. CHmxeHue Beca Hacoca
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2. Pacmmpenue 06acTu UCIOIb30BAHUS

26. PaI[I/IKaJII)HBIM CpCACTBOM IIPCOOTBPALICHUS ITOMITIAXKA ABJIACTCA

HCIIOJIB30BAHUC HACOCOB, XaAPAKTCPUCTUKN KOTOPBIX UMCIOT:

1. MakcuManbHbli Hanop - Hy ipu momaue Hacoca Q,=0;
2. MakcumanbHbli Haiop — Hy ipu monaye Hacoca Q, > 0;

3. MakcumanbHbiit Haiop — Hy ipu monaye Hacoca Q, < 0.

27. YKaXUTe HAa3HAYEHHUE HACOCA.

1. IIpeobpa3zoBaHue SHEPTUH MOTOKA KUJKOCTH B MEXaHUYECKYIO IHEPTHUIO
2. TlpeobpazoBaHue NMOJIBOJUMOI SHEPTUHU B SHEPTHUIO MOTOKA.

28. Kakoii crmocob peryaupoBaHus Moaqi Hacoca 0oiee SKOHOMHUYCH?
1. I3MeHeHueM JacTOThl BpalllCHHs BaJia HAacoCa;

2. JlpoccennpoBaHUEM C IMOMOIIbIO HATOPHOM 3a]IBUKKH;

3. Pa3uuus! Her.

29. Kakoe conmpoTuBIIEHHE JOJKHA UMETh CETh IIPH MapajuieIbHON padoTe

HAacoOCOB?

1. Manoe conmpoTtuBiieHHE (T10JIOTasi XapaKTePUCTUKA CETH);
2. bosbioe conpoTuBIiieHHE (KPyTasi XapaKTEPUCTUKA CETH);

3. CpenHee CONPOTUBIICHUE.

30. Kakoe compoTuBieHHE IOHKHA HWMETh CETh NMPU COBMECTHOH pabore
MOCJIEIOBATEIBHO COEAMHEHHBIX HACOCOB?

1. Manoe conpoTuBiieHHE (IOJI0rasi XapaKTEPUCTUKA CETH).
2. bonbiioe conpoTuBiieHHE (KPyTasi XapaKTEPUCTUKA CETH).

3. CpenHee cOnmpOTUBIICHHUE.
31. Kak cienyer 3amyckaTh HEHTPOOEKHBIN U 0CEBON HACOCHI?

1. [{eHTpOOEKHBIN C 3aKPBITON, OCEBOM - C OTKPBITON 3a/IBUKKOM.
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2. LleHTpOoOEKHBII - C OTKPBITOI, OCEBOM - C 3aKPBITOM 3aIBUKKOM.

3. LleHTpoOEKHBIN U OCEBOM C MOTYOTKPHITON 33 IBUKKOM.

32. YkaxxuTe n3MEHEHHE Haropa U MPOU3BOJUTEILHOCTH HAcoca B Cllyyae

YMCHBIICHUA COIIPOTUBICHUC cetn?

1. Hammop Hacoca yBeMunBaeTCsl, MPONU3BOIUTEIIHPHOCTh YMEHBIIACTCSI.
2. Harmop yMeHbI1aeTcs, Mpou3BOAUTEIIBHOCTh HACOCa YBEITNINBACTCHI.
3. He usmensercs.
33. Kakoe compoTuBieHHE IOJDKHA HMETh CETh IIPH COBMECTHOH pabote

IMOCJICAOBATCIbHO COCAMHCHHBIX HacoCOB?

1. Manoe conpoTuBiieHuE (MOJI0rasi XapaKTEPUCTUKA CETH).
2. boubIioe conpoTuBiicHHE (KPyTasi XapaKTePUCTUKA CETH).

3. CpenHee COMpOTUBIICHHE.
34. Kak cienyeT 3amycKkaTh EHTPOOEKHBIM U 0CEBON HACOCHI?

1. IlenTpoOEKHBIN ¢ 3aKPHITOM, OCEBOM - C OTKPBITOMN 33 IBUKKOM.
2. LIeHTpOOEKHBIH - C OTKPBITOM, OCEBOM - C 3aKPBITOM 3a/IBIIKKOH.

3. LleHTpoOEKHBIIM U OCEBOM C MOTYOTKPBITON 33 IBUKKOM.

35. YkaknTe n3MEHEHHE Haropa v MPOU3BOIUTEILHOCTH HAcOCa B CIy4ae

YMEHBILIEHUS CONTPOTUBJIEHUE CETU?

1. Hammop Hacoca yBenMunuBaeTcsl, MPOM3BOUTENBHOCTh YMEHBIIAETCS.
2. Hanop ymeHbIaeTcsi, MPOU3BOIUTENBHOCTh HACOCA YBEITMUHUBACTCS.

3. He usmensercs.
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Hpuaoxenue b. TecTtoBbie 3ananns paznena « ' napoauHaMUYECKUE epeaadn

3amaHusA OTKPBITON U OTKPHITOH (popm

1. FI/II[pOI[I/IHaMI/ILICCKI/IG nepcaadu B KOTOPBIX HC IIPOUCXOIUT

mpeo0pa3oBaHus KPYTSIIETO MOMEHTA HA3bIBAIOTCS

2. T'maponnHaMuyecKue nepeaadr B KOTOPBIX MPOUCXOAUT IPE0Opa3OBaHUS

KPyTAIIEeTO0 MOMCHTA HA3bIBAIOTCA

3. XapakTepHbIMH peKUMaMU MIPU pabOTe TUAPOJUHAMUYECKUX MYPT

ABJIAIOTCA:

4. Pexum IIpU KOTOPOM BXOOHOC U BBIXOJHOC 3BCHO FI/II[pOI[I/IHaMI/I“ICCI(Oﬁ

My(Thl BpaIlalOTCs B pa3HbIe CTOPOHBI

5. K BHEIIHUM XapakTEPUCTUKAM I'MAPOAMHAMUYECKUX MY(DT OTHOCSTCS

6. OCHOBHBIMH 3JIEMEHTAMH THAPOAMHAMUYIECKOTO TpaHCchopMaTopa

SABJIAIOTCA:

7. K BHEIIHUM XapaKTEePUCTHUKAM TUAPOAMHAMUYECKUX TpaHC(HopMaTOpoB

OTHOCATCA

8. HazoBure pexumbl pabOThI THIPOIMHAMUYECKOTO

TpaHncpopmaropa

9. OTnUUUTEeNHEHON 0COOCHHOCTHIO THIPOIMHAMUYECKOTO TpaHchopmaTopa oT

MY THI

ABJIACTCS

10.PexxuM paBeHCTBa MOMEHTOB HACOCHOTO U TYpOMHHOTO KOJIeca 3TO

11.T'unporpanchopmaTopsl paboTaIOT MPU JABICHUSIX

12.TTpu MOBBIIIEHHBIX JABICHUSIX MPU BXOJI€ B HACOCHOE KOJIECO BO3ZHUKAET

BCJIEZICTBUU BBICOKOM TeMIiepaTypbl paboydeil *KUIKOCTH.
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13.TIpenmyiecTBa KOMIUIEKCHOW Mepeavn rnepes] TuapoTpaHchopMaTopom

3aknrovaercs B 6osnee BeicokoM KITI mpu

14. TIpo3payHasi mpuUBEJCHHAs XapaKTEepPUCTUKA BKIIIOUAET B

ceOls:

15.B xakom ciyuae ruapornepeiada 0ynetr paboTaTh B peKUME THAPOMYPTHI:
a) MPH BpalIaroieMcs peaKkTope;
0) pU HEMOJABUKHOM PEAKTOPE;
B) TP BpalaromeMcsi TYypOMHHOM KOJIece;

T) IPY HEMOJABMKHOM TYpOMHHOM KOJIECe.

16. YHuBepcanpHas XapaKTepUCTHUKA BKIIOYAET B CEOS:

17. B ypaBHEHUM MOMEHTOB THJIPOAMHAMUYECKON NIepeaaun aliredopandeckas

CyMMa KpyTAIIuX MOMCHTOB paBHA

18. Hanop TypOMHHOTO KOJIeca MEHbIIIE Hallopa HACOCHOTO KoJjieca B ruipoMydre

Ha BCIIMYUHY

19. OTHo1IEHHE PA3HOCTH YaCTOT BPAIICHHS BAJIOB TUAPOMY(DTHI K 4aCTOTE

BpallcH1s BEAYHICTO Bajla HA3bIBACTCS

20. MyQTbI TOCTOSTHHOTO HATIOJHEHUS PETYIUPYIOTCS:

21. IIpn nomouy 0T60pa KUAKOCTH U YepHaTesIbHbIX TPYOOK UM HACOCOB

IPOU3BOMUTCS PETYIUPOBKA MyPT

72



Conep:xkanue

BBEIEHUE. . . oot e 3

JlaGopaTopnas padora 1. 3yuenue Ha MOAEIAX KOHCTPYKIHA U paboydero

MMPpOHCCCa JIOIMACTHBIX HACOCOB. . ...i it ittt ittt ieanneaeaannas 4

JlaGopaTopnas padora 2. VMccnenoBanue XapakTepUCTUK IIEHTPOOESIKHOTO

2 - 100 Yo F U 15

JlaGopaTopnas padora 3. VccnenoBanrue KOHCTPYKIIMU U IPUHITATA TEHCTBUS

HACOCHOM YCTAHOBKH . .. tvtteneteeennttenteeennaeeenneeanneeeaneeeaneeeannneeananess 27

JlaGopaTopHnasi padora 4. 3ydueHue Ha MOJIETIIX KOHCTPYKIIMI U paboyero

poLecca TUAPOAUHAMUYECKON MYPTBI. .. ..eenetetteneeie et eiieeaeanaenns. 35

JlabopaTtopHnasi pa6ora 5. 3ydenne Ha MOJENSIX KOHCTPYKITUN U pabovero

npoIiecca TUAPOTUHAMUYECKOTO TPAHCPOPMATOPA. .. vrereeenrreennreeennneennnss 46
PeKOMEHTYeMAS JIUTEPATYPA. ..ot entteeteeeeeeeneeaneeeannneennnns 95

Hpuaoxenue A. TecToBble 3a1aHus K Kypcy «JlomacTHeie

THIPOMATIIIITHBD . « .. e ette et eate et et et e e e et et et e et e et e eae e e eaennne S7

Ipuaoxenue b. TecTtoBble 3anauus K Kypcy «l HapoauHamMuyecKue

1005 0101 € 1 1% 0 PR 62

73



