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Beenenue

Pa3Butne 1enoro psga  oTpaciied  MPOMBIIUICHHOCTH — (XMMHUYECKOM,
YTOJIbHOM, MAaIIMHOCTPOUTEIIBHOM, 3HEPIreTUUYECKOW, KUIMIIHO-KOMMYHAIBHOTO
CTPOUTENBCTBA, CEIBCKOIO XO34iCTBA W [p.) CBSI3aHO C HACOCOCTPOEHUEM,
MPAKTUYECKAM HCIOJIb30BAHUEM JIOMIACTHBIX TUAPOMAIINH U THAPOANHAMUYECKUX
nepeaad.

B nmaHHBIE MOMEHT, TPOMBILJIEHHOCTBIO B CTpaHe Bblyckaercs: okoso 3000
HAaUMEHOBAHUM PA3IMYHBIX TUIIOPA3MEPOB HACOCOB, OTIMYAIOUIUXCS MPUHIIUTIOM
JNEUCTBUS, KOHCTPYKTHMBHBIMM HCIIOJHEHUSIMU, Ha3zHaueHueMm. Haubombinee
pacrpoCTpaHEHUE TOJYYUIIU JIOMACTHBIE (JUHAMHYECKHUE) HACOCHI, KOTOpHIE
MOAPA3AEIAIOTCS Ha LIEHTPOOEKHBIE, JUAarOHAJIbHBIC, OCEBBIE U BUXPEBbIE. M3 HUX
CaMbIM PacCIpOCTPAHEHHBIM SIBIISIOTCS IIEHTPOOEIKHBIE.

B  oHeprernueckux  YCTaHOBKax MW  THAPOCHUCTEMAaX  MalllUH W
TEXHOJIOTUYECKOr0  O0OpYJOBaHUS  IIMPOKO  MPUMEHSIOTCS  JIOMACTHBIC
TUJPOJIBUTATENN — TUAPOTYPOUHBI Pa3IMYHOM MOIIHOCTH.

Hcnonb30oBaHue TUAPOAMHAMUYECKUX MAaIIMH (JIOMACTHBIX HACOCOB W
TUAPOTYpOMH) B KadecTBE MpeoOpas3oBaresield SHEPrud MPHUBENO K CO3JaHUIO
TUAPOJMHAMUYECKUX Tiepeaad (TUApOAMHAMUYECKUX MY(PT U TpaHC(HOPMATOPOB).

B HacTosimiee BpeMs, TUIPOJAUHAMUYECKHE TNE€peAadyd NPUMEHSIOTCS B
MPUBOJIAX TPAHCHOPTHBIX, CTPOUTEIbHBIX, TOPOKHBIX, TOPHBIX U JAPYTHUX MAIIIHH,
KOTOPbIE UCTIBITHIBAIOT MIEPEMEHHBIC HATPY3KH Ha pabOounX MEXaHU3Max.

B cBs3u ¢ 3TUM, QucHUIUIMHA «JIOMAacTHbIE THAPOMAIIMHBI MAIIMHBI H
TUAPOJMHAMUYECKUE TIEpPeIauny, Hapsy C U3YUYEHHUEM OOIIe TEOpUH JIOMaCTHBIX
MalIlliH, MpernoiaraeT nopooHoe U3yYeHUE WX KOHCTPYKIIMM, XapaKTEPUCTUK U
HEKOTOPBIX BOMPOCOB UX IKCILTyaTallNH.

Jns u3ydeHuss TEOPETHUUECKOTO MaTepuana JUCHUIUIMHBI CTYyAEHT IOJKEH
UCIIOJIB30BaTh yueOHyro Jsmtepatypy [1,2], mpakTuueckum JIOMOJHEHHEM K
KOTOPBIM U SIBIISIETCS JJAHHOE TOCOOHeE.

[locoOue HammMcaHo ¢ TIPUMEHSEM DJEMEHTOB MPOTPaAaMMHUPOBAHUS U
MpejnoiiaraeT HMCIOJIb30BaHUE CTYJACHTaMU, TMPHU BBINOJHEHUU TPYIOEMKUX
pacueToB, BRIYUCIUTENBHBIX MakeToB (Mathcad, MatL ab).

B npuiioxenun Kk mocoOUI0 MPUBEICHBI KOHTPOJIbHBIE BOIIPOCHI U TECTOBBIC
3a/1aHusl, TTO3BOJIAIONINE CTYACHTAM CaMOCTOSATENIBHO OLEHUTh CTENIEHb YCBOCHMS
pa3/iesoB 1abopaTOPHOTO MPaKTUKyMa.



JlabopaTtophas paborta 1

W3YUEHUE HA MOJIEJISAX KOHCTPYKIIMMA U PABOYEI'O
INPOLNECCA JIONACTHBIX HACOCOB

1. Heab padoTsbl

1.1 W3yyeHue KOHCTPYKIUH, NpPUHLIMNA JCHCTBUS, (PYHKIIMOHATHHBIX
OCOOEHHOCTEN U TEXHUUYECKON JOKYMEHTALMM 10 HOMEHKJIAType LIEHTPOOEKHBIX
HACOCOB, HCIOJIb3YEMbIX B PA3JIMYHBIX OTPACIISIX HAPOJAHOIO XO3MCTBA.

1.2 IlpuoOpeTeHue MNPaKTUYECKUX HABBIKOB MO pa3paboTke, cOOpke u
ONPEIEICHUIO0 KOHCTPYKTUBHBIX [IapaMETPOB LIEHTPOOEKHBIX HACOCOB.

1.3 3akperuieHHe TEOPETHYECKHMX 3HAHUM 10 pasneny «JlomacTHbie
T'MIPABINYECKHE HACOCHD.

2. O01ue moJIoKeHus

2.1. YcTpoiicTBO M IPUMHIMII IefiCTBUS 1eHTPOOEKHBIX HACOCOB

[leHTpoOeKHBIE HACOCHI SABJSIOTCA HanOoJiee PaclpOCTPAHECHHBIMU CPEIu
JIOMACTHBIX JIMHAMUYECKUX HAcOoCOB. [Ipu OTHOCUTEIBHOM MPOCTOTE YCTPOMCTBA
pabounx OpraHoB M DJJIEMEHTOB KOHCTPYKIIMHM JBHMIKCHHE KHUIKOCTH B HHX
OTJIMYACTCAd  YPE3BBIYAMHOM  CJIOXKHOCTHIO. B JIMHAMHYECKMX  Hacocax
MPEBPAIIEHUE SHEPTUU MPOUCXOIUT 3a CUET JACHUCTBUSA HA KUAKOCTh CHJI UHEPLIWH,
BSI3KOCTHOTO TpeHusi, Kopuosrca u BUXpEBOro OOMEHa, B pe3yjbTare 4Yero
YBEIIMYMBACTCA MOMEHT KOJIMYECTBA MBMKCHUS KUJKOCTA OT BXOJA K BBIXOIY
pabouero koJjeca.

Hacoc, coenvHeHHbId ¢ NPUBOJHBIM JIBUTATEJIEM, CPEACTBA I KOHTPOJIA
paboThl Hacoca W €ro peryaupoBaHuss (MUKPOIPOIECCOpPHAsS TEXHUKA M
KOMITbIOTEPHBIE TEXHOJIOTHH) B COBOKYITHOCTH MPEICTABIISIIOT HACOCHBIN arperar.

Hecmotps Ha Gosnblioe pa3HooOpazne KOHCTPYKLUN, HACOCHI TUHAMUYECKHE
COCTOSIT W3 psAda AaHAJOTUYHBIX JJIEMEHTOB (CTymeHeil), KOTOpble MOXKHO
paccMaTpuBaTh B KQUECTBE JIEMEHTApPHBIX HACOCOB [3].

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

e 1oABOA 1, MpeaHa3HAYEHHBIN A7 MOJayu >KHIKOCTH OT BXOJIHOIO MaT-
pyOka k paboueMy Kosiecy NMEpBOW CTyHEeHH (MM K MOCJIEIyIOIed CTyNneHH) Ha-
coca, obOecneumBarolMii Tpedyemoe pacmpenesieHne CKOpOCTe Ha BXONE B
pabouee Koeco;
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Puc.1.1. IlpuHiunuanbHas cxema IeHTPOOEKHOro Hacoca: 1 — moABO/;
2 — pabouee koJieco; 3 — 0TBOJ; 4 — YINIOTHEHUE; 5 — POTOP Hacoca

e pabouee KoJieCcO 2, B KOTOPOM IPOUCXOJIUT MpeoOpa3oBaHUE MEXaHUYe-
CKOM DHEPTUY MPHUBOJIA B THAPABIMYCCKYIO SHEPTHIO TIEPEKAYNBAEMON KHUIKOCTH;

® OTBOJ 3, KOTOPBIM CIY>KHUT JiJIsi cOOpa >KUJIKOCTU 3a pabOuuM KOJIECOM,
raieHuss MOMEHTa CKOPOCTH M MpeoOpa3oBaHMsl KHUHETUYECKON JHEPruu
KUIKOCTH B SHEPTHIO JABJICHUS, TIOJIBOJIA KUIKOCTH K HAIOPHOMY TaTPYOKy WA
K CJIEIYIOIIEN CTYIIEHU Hacoca.

[[leneBble  YIJIOTHEHWS MEXIYy HEMOJABIKHBIMA U BPAIIAOIIMMUCS
JeTaIsIMU Hacoca npeaHa3HAYCHBI LTSI YMEHBITICHUS MPOTEUYEK
(oObemMHBIX TOTEpb). [l TpemoTBpalieHUs BHENIHUX YTEUYeK B HACOCE
MPUMEHSIOT KOHIIEBOE YIUIOTHEHHE Pa3HBIX THUIIOB (TOPIIOBBIC, OECKOHTAKTHBIC)
[4] (cM. m03.4 Ha puc.l.1). PoTop Hacoca 5 BpaiiaeTcsi B HOAIITUITHUKAX.

[ToaBonbl 1EHTpOOEKHBIX HAacocoB (1o3.1 puc.l.l) BBIMONHSIOT B BHIE
KOH(Y30pHOTrO TaTpyOKa, M30THYTOrO KOJI€HA, KOJBLEBOM KaMmepbl W
MOJIyCIIUPAJIbHON KaMephl, JIsl OCEBBIX HACOCOB — B BHUJI€ IPSIMOOCHOTO MaTpyoOKa
Y U30THYTOT'O KOJICHA.

B nuHamMuueckux Hacocax HCMOJB3YIOTCS paboure Kojieca HEeCKOJIbKHX
tumnoB (puc.1.2). PabGouee komeco 3akppIToro Ttuma (cM. puc.l.2,a) cocTout u3s
KOPEHHOTO 3 W TOKPBIBHOTO | JHMCKOB C PAaCHOIOKEHHBIMA MEXIYy HUMHU JIO-
nactsimu 2. PabGodee koieco moiayoTkpbiToro tuma (puc.l1.2,0) He umeeT mo-
KpPBIBHOTO JIMCKa, a JIONACTH BBIINOJIHEHBI 3a0JJHO C OCHOBHBIM JHCKOM. Pabouee
KoJieco OTKphITOoro tumna (puc.l.2,B) HE MMeeT AUCKOB, a JIOMACTH KpersTcs K
BTYJIKE aHAJOTMYHO paboueMy Kojecy OceBOro Hacoca. Pabouee Kojeco
BUXpEBOTO Hacoca (puc.l.2,r) mpeacTaBiasieT co0OM BTYJIKY C paadabHBIMU
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JomacTsMu (THMa «3Be304Ka»). Pabouee Kojgeco BUXPEBOrO0 HACOCA 3aKPBITOTO
TUIIa UMEET Psii KOPOTKHUX JIONATOK 1O nepudepun aucka.

] & IeeF
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Puc.1.2. Cxemsr pa60‘1HX KOJICC TMHAMHUYCCKUX HACOCOB: d — 3aKPBITOI'O THUIIA:

0 - IMOJYOTKPBITOI'O THUIIA: B - OTKPBLITOI'O THUIIA; I' - BUXPCBOI'O TUIIA, I - OCCBOT'O
THIIA

OtBoabl (1m03.3 puc.l.1) BBIMONHSIOT: 7 IEHTPOOEKHBIX HACOCOB
CIIMPAJIbHBIMU WJIM KOJIBLIEBBIMY, B BUJIE HAIIPABJISAIOIIMX alllapaToB, COCTABHBIMU,
COCTOSILIMMU M3 KOMOMHALIMM HANpaBIIAIONIETO amnmnapara cO CHUPaJIbHBIM HITU
KOJIBLIEBBIM OTBOJOM. /[ OCEBBIX HACOCOB OTBOJAMM CIY’KAT BBINPABIIIOLINE
amnmapartbl, BBIIIOJHEHHBbIE B BHUAC pPsJa HEMOABMKHBIX MPOGUIBHBIX JIOMATOK,
PaBHOMEPHO PACIIOJIOKEHHBIX 110 OKPYKHOCTH.

Jlnsa mpuBeneHus Hacoca B pabodee COCTOsIHME ero pabouas Kamepa U
BCACHIBAIOIIMI MAaTPyOOK TOJKHBI OBITh 3allONMHEHBI KUAKOCTHIO. ITyck meHTpo-
OEKHOIro Hacoca ClIeyeT MPOU3BOAUTH MPU 3aKPHITOM 3aJBU)KKE HArHETAaHUA, a
OCEBOT'0 U BUXPEBOT'O — COOTBETCTBEHHO C OTKPBITOM.

[TpuHIMN [EelCcTBUS LIEHTPOOEKHBIX HACOCOB 3aKJIIOYAETCAd B BO3HUKHOBE-
HUM LIEHTPOOESKHON CUJIbI NPU ABMXKEHHUU YaCTUYEK JKUIKOCTU MO OKPYKHOCTH.
[Tox mercTBUEM DTOM CHIIBI, @ TAKXKE B PE3YJIbTaTe MEXAHUYECKOTO BO3ACHUCTBHUS
jomacteil pabodero koseca Ha JKHJIKOCTh OHA YCTpeMJISIeTCsl Ha mnepudepHuio,
co3gaBasi TaM H30BITOYHOE [aBJIIEHHE, a HA €€ MECTE€ BO3HHMKAeT BaKyyM, B
pe3yapTare AEUCTBHUS KOTOPOTO MPOUCXOINUT BCACBIBAHUE KUJIKOCTH. AHAIIOTUYHO
OCyUIECTBIISIETCS PabOUMil MPOLECC U B APYTUX TUIAX JIONACTHBIX HACOCOB.

[Ipu paboTe Hacoca u3-3a HECMMMETPUU DMIOPHl JaBIEHUNA MO 00e
Hapy>KHbIE CTOPOHBI paboyero Kojieca ACMCTBYET OCEBOE YCUIINE, HATIPABJIEHHOE B
CTOpPOHY BcachiBaHus. lIpu upe3sMEepHOM H3HOCE YIUIOTHEHWUW BEIIMYMHA OCEBOU
CUJIBI MOJKET PE3KO BO3pacTHU. B BBICOKOHAIIOPHBIX MHOT'OCTYIEHYATBhIX HAacOCax
BEJINYMHA OCEBOW CWJIBI JJOCTUTAET HECKOJIBKUX JIECATKOB TOHH.

B Hacocax mpuUMEHSIIOTCS pa3iMyHble CHOCOOBI YpPaBHOBEUIMBAHHUSA OCEBOM
CUJIBL:
® B OJJHOCTYIIEHYATBIX HACOCAX - IPUMEHEHUE paboyux KOJEeC C JABYCTO-

POHHHM BXOJAOM, IIPHUMCHCHHUC CHUMMCTPHYHBIX YHJ'IOTHGHI/Iﬁ 1mo o0e CTOPOHBI
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pabouero Kolieca, yCTaHOBKA paJualbHbIX TOPIIOBBIX JIONACTEM HA BHEUIHEH
CTOpPOHE BEAYLIETO JUCKA;

® B MHOIOCTYNEHYATBIX HACOCAX C OJHOCTOPOHHHUM PAacCIOJIOKECHUEM
paboyux KOJIEC OCEBOE YCHUJIME YPABHOBEIIMBAETCS C IMOMOLIBIO Pa3rpy304HOIO
Oapabana WM TUApaBIUYecKoi NATHL. Ecau pasrpy3ounsiii 6apabaH MOJTHOCTHIO
YPaBHOBEIIMBAET OCEBOE YCHJIME Ha OJHOM pPACYETHOM pPEXHUME, TO
TMApABIMYECKass  IATa  SBISIETCS  CaMOPETYJUPYIOIIMM  pasrpy304HBIM
yCTPOMCTBOM, paboTarolMM aBTOMATUYECKHM HA BCEX pEXHMMax. YpPaBHOBEIIU-
BaHHE OCEBOM CHJIBI B MHOTOCTYIIEHYATBIX HACOCAX TAK)KE JTOCTUIAECTCS NOMAPHBIM
pacrojo)KeHUEM pabdoyux KOJEeC B pa3Hble CTOPOHBI (CUMMETPHUYHOE pac-
MOJIO’KEHHE pabOYuX KOJIEC).

Cnegyer uMeTh B BHUJy, YTO JI000M €rmocoO ypaBHOBEIIMBAHUS OCEBOIO
ycunus cBszal co cHmkenueM KII/I nacoca.

[Ipu paboTe HacoCOB CO COUPAIBHBIM OTBOJAOM Ha HEPACUETHBIX PEKUMAax
(3a mpenenamMu pabodel yacTH XapaKTEPUCTUKU) BO3HUKAIOT JOMOJHUTEIbHBIC
paguanbHbIC CHJIBI, JEWCTBYIOIIME HA POTOP M YXYJAIIAOIIHAE JIWHAMHYECKHUE
XapaKTEpUCTHUKHU HACOCA.

B Hacocax ¢ KOJbLEBBIM OTBOAOM MaKCHMaJIbHOE 3HAYEHHUE pPaguaibHOU
CWJIbl UIMEET MECTO HA ONTUMAJILHOM pexXume. Takue yCUius MOryT BO3SHUKHYTH B
IIEJIEBBIX YIUIOTHEHUSX NPHU 3HAYUTEIBHOM HUX H3HOCE WIM TpPU HATUIUHU
HKCLIEHTPUCUTETA B IIEIIH.

[Ipy MCHOJSB30BaHUM HANPABISIIOLIMX aIIApaTOB JBYX- U TPEX3aXOIHBIX
CHUPAJIBHBIX OTBOJOB, COCTABHBIX OTBOJOB paJvajbHbIE YCUIIUSA HA BCEX PEKUMAX
YPaBHOBEIINBAIOTCH.

2.2. Kitaccudukanusi HacocoB

Knaccudukaiuys T0MacTHBIX HACOCOB OCYIIECTBISCTCS IO OTACIBHBIM
XapaKTepHBIM TIPU3HAKaM: KOHCTPYKIUSA, cdepa HCIOIb30BaHUs, CBONCTBA
MePEKAYNBAECMOM KUJIKOCTH.

Knaccupukanusi mo HazHAYeHUI0 HMEET HauOOJIbllIee 3HAYEHUE IS
AKCILTyaTallMOHHOTO TMEPCOHANa, BaKHA W i1 KOHCTPYKTOPA, KOTOPBIA TOJIKEH
YYUTBIBATh OCOOCHHOCTH PabOTHI HACOCA B OTNPECICHHBIX YCIOBUSIX:

® HacOoChl OOIIEro Ha3HAYCHUS - NpPEeAHA3HAYCHBl JIs TMEepeKauyrBaHUs
XOJIOJHOM, YHCTOM, HEarpecCHMBHON BOJBI WM CXOJHBIX C HelW 1o (u3uKo-
XAMHUYECKUM CBOMCTBAM KUAKOCTEH. Hacocbl NPUMEHSIOTCS B pa3jIMYHbBIX
OTpacisiX HAPOJHOIO XO35MUCTBA;



® HACOCBHI JUIsl TPAHCHOPTUPOBAHMUSA B3BECEW - IPEIHA3HAYEHBI JUIA
NIEPEKAYMBAHNS HEUTPAIBHBIX WM MAJIOATPECCUBHBIX JKMIKOCTEH C TBEPIBIMHU
yactuuaMu. OHU NPUMEHSIOTCS B TOPHOAOOBIBAIOIIEH TPOMBIIIEHHOCTH, CTPOU-
TEJIbCTBE, KOMMYHAJIBbHOM XO035IMCTBE U Ap. K 3TOM rpynmne OTHOCATCS TPYHTOBBIE,
IIJIAKOBbIE, (DeKalIbHbIe, MACCHBIC U IPYTHE HACOCHI,

® SHEPreTHYECKHE HAacoChl - MpPEIHa3HauYeHbl I pabdoThl B CXeMax
TEIUIOBBIX M AaTOMHBIX OJJEKTpocTaHIMWA. K HHMM OTHOCATCS NUTAaTEIbHBIE,
KOH/ICHCATHBIE, CETEBbIE U CIEI[UAIbHBIC HACOCHI;

® XMMUYECKHE HACOCHI - NIPEAHA3HAYECHBI I IEpEKaYnBaHUs YUCTBIX HE3a-
I'PSI3HEHHBIX arpeCCUBHBIX KUIKOCTEW B XUMUYECKOU MPOMBIIIIIEHHOCTH;

e Hacochl s HEPTIHOM U HEYTEXUMHUECKONH MPOMBIIUIEHHOCTH -
npeJHa3HaYeHbl JJI ChIpOd HE(PTH U NPOAYKTOB €€ MepepabOTKH B IIUPOKOM
JUarna3oHe TeMmIeparyp. OTO HAacoChl JUIsl MarucTpajibHbIX HE(TENpOIyKTOB,
3aKOHTYPHOT'O 3aBOJHEHUS HE(TAHBIX IJIACTOB, OEH3MHA, CXKMXKEHHBIX Ta30B U JIp.

Ilo npuHIMIY AelcTBUSA THHAMHYECKHE HACOCHI AENATCA Ha JBE IPYIIIIbL:

e JjonacTHble (LEHTPOOEKHBIE M OCEBBIE), B KOTOPBIX IEpeaya >HEPruu
KHUJKOCTU OCYUIECTBIIIETCS B pE3yJIbTaTe€ B3aMMOJCHCTBHS peUIeTKH pabodero
KOJIECa C IIOTOKOM;

® BUXpEBbIE (OTKPHITOIO M 3aKpPHITOrO THUIIA, CBOOOJHOBUXDPEBBIE), B
KOTOpPBIX Mepefada JHEPrud OCHOBHOMY IIOTOKY OCYIIECTBIISIETCS 3a CYET
BUXPEBOT0 OOMEHA ¢ BTOPUYHBIM TOTOKOM, CO3JJaBa€MbIM PaO0OUYHM KOJIECOM.

IIo poany mepexkayuBaeMoO# KMAKOCTH ITOAPA3ACIAIOTCA HA HACOCHI IS
IIepeKaYMBaHHUs:

® YUCTBIX U CJIETKA 3arpsA3HEHHBIX HEUTPAIBHBIX KUIKOCTEM;

® 3arpSI3HEHHBIX KUIAKOCTEW U B3BECEH;

® JICrKO3ara30BaHHBIX KUIKOCTEH;

® ra30KUIKOCTHBIX CMECEH;

® arpecCHUBHBIX KUJKOCTEM;

® XMAKHNX MCTAJIJIOB.

Br16op MaTepuaioB, KOHCTPYKIIUS ¥ MPUHITUAIT PAOOTHI HACOCOB 3aBUCST OT
(GU3NYECKUX U XUMHYECKUX CBOMCTB MEPEKauYNBAEMBbIX JKUJIKOCTEH.

I1o KOHCTPYKTUBHBIM NPU3HAKAM IEHTPOOEKHbIE HACOCHI MOKHO
KJIacCU(PUUUPOBATH:
® [0 pACHOJIOKEHHWIO OCH BpalleHus potopa (BEPTUKAIBHO,
TOPU30HTAIBHO U T.11.);



® 10 PACIOJIOKEHUIO pabOUNX OPTaHOB (HA Bally, HA KOHCOJIH | T.11.);

® [0 Ccrnoco0y MOABOJAA XUAKOCTH B Hacoc (NMEPHEHAMKYJSIPHO, B
HaIpaBJICHUU K OCU BpAILICHUS U T.1.);

® [I0 WCHOJHEHHIO Kopmyca Hacoca (pa3beM B  IJIOCKOCTH
NEPHeHAUKYISPHON pOTOPY U T.1.).

® 10 BUJy OCHOBHBIX JIEMEHTOB Hacoca (OTBOJIOB, JIOMIACTEH U T.1I.)

2.3. OcHOBBI TECOPETHYECCKOI0 aHA/IN3a KOHCTPYKIIUHA HACOCOB

Hacocel sBisitoTCS MamivHamu, KOTOpbIE MOJYMHSAIOTCS 3aKOHaM THAPO-
JMHAMUYECKOro mojobust mo 3akoHy PeiHonbaca. Tak kak mnpeobianaroiiee
OOJBIIMHCTBO HACOCOB paboOTaeT B KBAJpPaTUYHOW 30HE PEKHUMOB, YCIOBHS
T'UJIPOIMHAMHYECKOTO nooous BBIIOJIHSAIOTCS pu coOII0iCHUN
TEOMETPUYECKOTO MOA00HS.

BcenenctBue 3TOro Hacochl OOBIYHO BBIMYCKAIOTCS B BUAE psAla C Moao0-
HbIMH TE€OMETPUUYECKUMH pa3mepamu. [lapameTpbl MOJOOHBIX HACOCOB MOXKHO
MOJICUUTATh MO0 YPaBHEHUSAM MMOJ00US:

H N
Qe Do Siopia; e, (1.1)

Q2 H 2 N 2 ’
D21 b21 o .
rae A=—2L=—_2. - QTHONICHHE COOTBETCTBYIOIINX Pa3MEPOB MIPOTOUYHOM IOJIOCTH;

22 22
T= & - OTHOIICHHUC YaCTOT BpalllCHUA, Q,H,N,n - COOTBCTCTBCHHO IIOJa4a,
n2

Hanop, MmomHocTh U KII/] Hacoca.

VYpaBHeHus 1oA00us CIIpaBeUTUBLI TPU A <2 1 7< 2.
B HacococTpoeHNM B KadyeCcTBE KPUTEPHUS MOJOOMS IIUPOKO HCIOIB3YETCs
K02 hULIHEHT OBICTPOXOTHOCTH N, ONIPEICTIEMbI BBIPAXKEHUEM

n, :3,65:|£ (1.2)

3/4 1

rjie N - yacrora BpaueHus (06/mun); Q - mogaua (m°/c); H - Harop (m).
Knaccuduxkarus HacocoB mo kKodhPUIMeHTy ObICTPOXOTHOCTH MPUBEICHA HA
puc.1.5, [6, 7].



*Je_U el A
EEEE

500 < ng< 3000

350 < ng< 600

40 <n,< 80 80 < n;< 150 150 < ny< 350
Ocesrle

[Tomyocesbie

Hopmanbhbie beicTpoxoaHbIe

TuxoxonHsie
Puc.1.5. Knaccudukanus J0macTHBIX HACOCOB MO KO3(P(ULUEHTY

OBICTPOXOJIHOCTH

Koadduument ns ompeaensier GopMy MnpoTOUHOM YacTu Hacoca, Ghopmy
XapaKTePUCTUKH, COOTHOIIEHHWE TEOMETPUUECKUX pa3sMEepoB, KHHEMATHYECKUE
COOTHOIIIEHMSI 1MOTOKa B Hacoce. C MOMOIIBI0 Ng MOKHO NPUOTUKEHHO OMpeJie-

auth nosHbl KITJ] Hacoca u ero cocraBismonue

i=1+o,68-n;2’3; (1.3)
7706

1 820

—~ =1 o (1.4)

[Tpubamxenno ruapapmuueckuii KIIJ ompenensiercs mo d¢opmyne A.A

JlomakuHa:
0,42
=1- ! , 1.5
7= lgD,, ~0172)’ (1.5)

rae D, =Dy —d’, - IpUBEeAEHHBIN JUaMETp BX0a B paboueM Kojece, MM
Dy - anametp Bxoza B pabodyem Kojece, MM
dyn - IMAMETp BTYJKH PabOYero Kojeca, MM.

[Tonusiit KITJ] Hacoca paBeH NpoOU3BEACHUIO THAPABINYECKOTO, 00BEMHOTO

u mexanndeckoro KII/I.
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BcacpiBaroniyto CcrmocoOHOCT, HAacoca MOXKHO OIEHWTh KaBHTAIIMOHHBIM
koapurmenTom ObicTpoxogHocTH (K03 puiuent C.C. Pynnena)

C :5,622h_@, (1.6)

riae Ah, - MakcuMabHOE THHAMUYECKOE ITOHKCHUE JTaBIICHUS.

B o0brunbix Hacocax koaddunuent C = 800-900 (cpennrie KaBUTAITMOHHBIC
Ka4yecTBa).

JUIs  TIOBBINICHUS BCACBHIBAIOIICH CIOCOOHOCTH Hacoca MPUMEHSIOT
IPEBKIIIOUEHHBIC YCTPOMCTBA B BUJIE OCEBOTO KoJieca Win IHeka. [1o 3HadeHuto
JIOTMTYCKaeMOT0  KPUTHUYECKOTO  Kod(dduimenta  OBICTPOXOJHOCTH  MOXKHO
OTIPEICTUTh BEIMUNHY JOITyCKaeMON BaKyyMMETPHUICCKON BBICOTHI BCAChIBAHUS

oo = PP _ 5,62n,/Q | 1.7)
m Ct)on

[Inan cxopocrted Juisi MPOU3BOJBLHON TOYKH paboyvero KoJjieca MokKazaH Ha
puc.1.6. AOcoioTHasi CKOPOCTh J>KHUIKOCTH o B Kakoh-mmbo Ttouke PK
oTpeeNsieTCsl KaK TeoOMeTpUIecKass CyMMa OTHOCHUTEIBRHOM W ¥ TIEPEHOCHOH u
CKOpOCTEH.

Puc.1.6. [1nan ckopocTeit 111 MPOU3BOILHON TOYKK pabodero kojeca

Teopernyeckuil HaMop, pa3BUBAEMbId HACOCOM, MOKET OBITH OTIIPENENICH U3
YpaBHEHUS

H = %(UuZRZ_UulRl) , (1.8)

re @ — YIJOBas CKOPOCTh BpAIllCHHUS pabodero Koyeca;, vy, — OKPYXKHbBIC
COCTaBJISIONINE a0COMIOTHBIX CKOpOCTel padouel >KUJIKOCTH Ha BXOJI€ U Ha

11



BBIXO/I€ U3 paboyvero Kojeca COOTBETCTBEHHO; R1, — paguycsl
BXO0/1a U BBIXOJIa )KHIKOCTH U3 pabOYero Kojieca COOTBETCTBEHHO.

CuuTasi, 4TO 3aKpy4YMBaHUA IOTOKA HA BXOJIe B paboyue Koyieca He Mpouc-
xoauT (oceBoit BXoJ vy = 0), moaydum:

w U,
H=—uv,,, R,=—2"v,, 1.9
g 2 2 g 2 ( )
rae U,=w-R,.
Uy, = u2 _Urzctgﬂz y (110)

IJIe 0y, — MEpHJAMaHHAs COCTaBIIAIONIAs a0CONIOTHOM CKOPOCTH >KHIAKOCTH Ha
BBIXOJIC W3 pabouero kojieca, f, — yrojl YCTaHOBKU JIONACTH MEXIY
OTHOCHUTEIIbHOM CKOPOCTBIO KacaTeJIbHOM K JIOMATKE W OTPUIATEIIbHBIM
HaIlpaBJICHHUEM TIEPEHOCHOM CKOPOCTH U, Ha BBIXOJIE U3 pabovero KoJjeca.
[Ipu pacuere MepUAMATBHBIX COCTABJISIONIMX CKOPOCTEH HEOOXO0AUMO

YYUTBIBATh CTECHEHHUE MTOTOKA JIOMACTSAMHU 32 CUET UX TOJIIINHEI.

KoadduimenT cTecHeHUs] COOTBETCTBEHHO JUIsi BXOJla UM BBbIXOJa

ONPEAEIAETCS O BHIPAKECHUIO

1 1
o ze o N Tzs e O
27R, sin 3, 2R, sin 3,

IZ1€ Z, — YMCIIO JIONACTEN; § — TOJIIMHA JIONACTH.

Bomnpocam Teopun U pacuera HEHTPOOEKHBIX CHJI MOCBALIEHBI PadoTHI |8,
9].

Pacxop xunkoctu yepes paboyee Koieco MOKHO ONPEAETUTh U3 YPaBHEHUS
HEpa3pbIBHOCTH

Q = vSy, (1.12)

rae Q — pacxoj Ha BbIXOJie U3 pabouero Kojieca; S; — oMb KHUBOTO CEUCHUS
2
MOTOKA Ha BBIXOJE U3 paboyero kKojeca, M”.

3. MeToauka u NOpsiIOK BbINOJHEHHE PA0OTHI

3.1 Tlpoussectn pazbopky Hacoca. Ha pwuc.l.7 mpuBenena cxema pa3z0oopKu
THUIIOBOTO KOHCOJIBHO-MOHOOJIOUHOTO HAacoca, C IepeYHEM KOHCTPYKTHBHBIX
AJIEMEHTOB.
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3.2 OnpenenuTs THI 3JIEMEHTOB Hacoca (IMoBoaa, paboyero Kojeca, 0TBOIA).
3.3 OmpenenuTs BHUABI TOAIMIMIIHUKOBBIX  OMNOp, VYIUIOTHEHWH, CIIOCOO
ypaBHOBEIIMBAHMS OCEBOM CHJIBI (JIJI1 MHOTOCTYIICHYATOTO Hacoca).

Puc.1.7. TunoBasi KOHCTPYKIHS LeHTPoGexkHOro Hacoca (Tun KM): 1 — kopnyc Hacoca;

2 — KpenexHslii 60nT; 3 — raiika-o0tekarens PK; 4 — npykunnas maiiba; 5 — pabodee Kojeco;

6 — TOp1IOBOE YIUIOTHEHHE; 7 — YINIOTHUTEIHHOE KOJIBIIO; 8 — KPBIIIKA Hacoca; 9 — kapJaHHbIN

mapHup; 10 — kpenexxnas raiika; 0ot kpenexxubiit /1; 12 — mmonka; 13 — ayekTpoABUraTensb;
14 — nana ocHOBaHUS.

3.4 TlpousBecTn mpoMepbl U BHIMOJIHUTH 3cku3 padodero komneca (PK) Hacoca.
Onpenenute Tunn PK B 3aBUCHMOCTH OT yTila YCTaHOBKH JIONIACTW HA BBIXOJAE H
(dhopMy ero MEpuIMaHHOTO CEYEHUS, YUCIIO JonacTel Z. OnpeaenuTh Mo Katajaory
[...] ™apky meHTpoOEKHOrO Hacoca COOTBETCTBYIOIIMX pPa3MEpPOB, €ro
MaKCHUMaJIbHBIN HaMop, MoAavy, 4acTOTy BpallCHHUS.

3.5 OnpenenuTh CTENeHb HW3HOCA OJJIEMEHTOB Hacoca, o0OpaTHB 0co0oe
BHMMaHHE Ha pabouee KO0JIeCco, MOAIIUITHUKOBBIE OMOPHI M yIIOTHEHUA. Caenarhb
3aKJIFOYEHUSI O BO3MOKHBIX PUYUHAX U3HOCA.

3.6 Ilo pe3ymnbTraraM TEXHUYECKOTO aHaIN3a KOHCTPYKIIUN MaKeTa, CeNaTh
BBIBOJ] O JOCTOMHCTBAX M HEAOCTAaTKaX HaCOCOB.

3.7 DneMeHThl TEOPETHUECKOTr0 aHAIN3a KOHCTPYKIIMH HEHTPOOEIKHOTO
Hacoca.

3.7.1 .Onpenenutb K0dPPUIUEHT OBICTPOXOTHOCTH HACOCA, & TAKKE
KOHCTPYKTUBHBIN THT PK (TUXOXO0MHBIN, HOpMaTbHBIN, OBICTPOXOIHBIN) U BUT
XapaKTEPUCTHK HACOCA.

3.7.2 .0Onpeaenutb ruApaBIndECKUi, 00bEeMHBINA, MEXaHUYECKUN U TIOJIHBIN
KIIJI Hacoca u 3aHecTH pe3ynbTaThl B Ta0.1.1.
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Tabnuna 1.1 Pe3ynbTarsl BeIYUCICHUN

Konad. KIIJT KIIJT KIIJT KIIg
OBICTPOXOJ | MEXaHU | TOJIHBIH, 00BEMHBII TUJPABINYE
Twum macoca o -
HOCTH, Ng JEeCKUH, Nron » Mo CKHH, Ny
nMex

3.7.3IIpoussectu 1o 3aBucumoctTsM (1.9-1.13...) BeIUMCIICHUS TApaMETPOB
IIEHTPOOEKHOTO Hacoca: Uy, Sy, Viz, V2, H 1 3aHecTH pesynbTaThl B Ta61.1.2.

Tabmuma 1.2 Pe3ynsTaThl pacueTa XapaKTepUCTHK IEHTPOOEIKHOTO HAcOoCa.

Ne [ Q-10° | o, ¢ | S;=2zRslo-1,5:2, | Vio=QISy, | v, =U,-v,ctgB,| H=w Vg,

3 2
m/n| Mm/c M M/C , M/c M

3.7.4 Vcrionp3ys OCHOBHOE ypaBHEHHE IICHTPOOESKHOTO Hacoca (...), TOCTPOUTH
TEOPETUYECKYIO TIaBHYI0 XapaktepucTuky H=Ff(Q).

3.7.5 ChopmynupoBaTh BHIBOJIBI 110 Pe3yJIbTaTaM MPOBEACHHOM TaOOpaTOpHOM
paboTHI.

4. KoHTpOJIbHBIE BONIPOCHI

4.1 Kakue ruipOMaIinHbl OTHOCSITCS K JIONACTHBIM TUHAMUYECKUM ?
4.2 KakoBa KOHCTPYKIIUS ¥ TIPUHIIMI IEHCTBUS TICHTPOOESKHBIX HACOCOB?
4.3 B kakux ABUKCHUS yYACTBYET U MO KAKUM TPACKTOPHSIM JABUKYTCS YACTHUIIBI
)uakoct B kaHaine PK nmeaTpo6exHoro Hacoca?
4.4 ChopmynupyiiTe ornpeaesieHue Moaady, Harnopa U MOIIHOCTH HEHTPOOEHKHOTO
Hacoca.
4.5 Ha3oBUTE OCHOBHBIEC XapaKTEPUCTUKH IIECHTPOOEIKHOIO Hacoca.
4.6 Kak BiausieT ko3 GULHEHT ObICTPOXOIHOCTH Ng HA TapaMeTphl Hacoca?
4.7 lepeuncnure CEKTOPHI phIHKA U 00JaCTH MPUMEHEHUS LIEHTPOOEIKHBIX
HAaCOCOB.
14



JlabopaTopnas pabota 2

NCCIEAOBAHUE XAPAKTEPUCTHUK HEHTPOBE KHOI'O
HACOCA

1. Ileab padoThI

I/ISY‘{CHI/IG KOHCTPYKIMUHU U IIPUHOUIIA ,ZIGfICTBI/IiI HCHTpO6€)KHOFO HacocCa u
CHATHC CT'O pa6quX XApPaKTCPHUCTHK.

2. KpaTkas Teopust

2.1 OnpenesieHusi 1 OCHOBHbIE TIOHATHS

LlenmpobesicHvlli Hacoc OTHOCUTCS K JIOMACTHBIM THUAPOMAIIMHAM, B
KOTOPBIX JKUJAKAs Cpe/la TepeMelIaeTcs MOJ| CHUJIOBBIM BO3JICHCTBHEM Ha HEE B
KaMepe, MOCTOSTHHO COOOMIAIOMICHCS CO BXOJAOM M BBIXOIOM.

[Ipu paboTe Hacoca OCyMIECTBISETCS MPeoOpa3oBaHUE MEXaHMUYECKOU
HHEPrUM BXOJHOTO 3BEHA B TUJPABIMYECKYIO SHEPTUI0 ABMXKYIIETOCS MOTOKa
xuakoctu. Ilepegaua sHepruum B JIOMACTHOM TMJIPOMAIIMHE MPOUCXOAUT MOC-
KOJIbKY TpU HAaTeKaHWM IIOTOKAa Ha KpbUIOBOM Mpoduib (jJomarka pabodero
KoJIeca) MeX/1y BEpXHEH U HUKHEH MOBEPXHOCTHIO 00pa3yeTcs nepenaj AaBJIeHus
U BO3HHMKAeT MOAbEeMHas cwia. s JomacTHOro Hacoca Mpo(uiab JIOMAaToOK
BBIOMpAETCS TaKuUM, YTOOBI TMpPH 3aJaHHOM pacxoje, 4YUciIo OOOpOTOB U
HamnpaBlieHUE  JBWKCHHUS  JKUAKOCTH, B  MOMEHT  MOABEMHBIX  CHII
IPOTUBOJECHUCTBOBAN BpalleHUIO pabouero kozieca. M3 JIomacTHBIX HacoCOB
HauOoJbllIee PACIpPOCTPAaHEHUE UMEIOT LIEHTPOOEKHbIe Hacochl. KOHCTPYKTHBHO
LHEHTPOOEKHBI HAcOC COCTOMT M3 TpeX (YHKUHMOHAIBHBIX 3JEMEHTOB (puc.
1):mogBox 1, pabouee Koieco 2, KOTOPOE B CBOIO OYepeab COACPKUT BeAOMBIH "a'"
U BeAymui "6" NHUCKHU, MEXIY KOTOPBIMHM PACHOJIOKEHBI JOMATKU O, OTBOJ 3 U
BBIXO/l U3 CIIUPAIBbHOro 0TBOAA 4 (KOH(DY30pHO PACIIUPSIOLIHICS).

ITepen 3amyckoM BcachIBAIOIIMM TPYOONIPOBOI M CaM HACOC JIOJKHBI OBITh
IpeBapUTENbHO 3aM0JHEHA KUAKOCTBIO, T.K. U3-32 MaJON IUIOTHOCTH BO3yXa
HEHTPOOEKHBIN HACOC HE CO3/1aeT TPEOYyEeMOTo pa3psyKEHUsI.

PaboTaeT neHTpoOEKHBIN HACOC cleayrommM oopa3zom. Pabouee koneco
BpalllaeTCs ABUTaTEIEM C YIIIOBOM CKOPOCTHIO!

_7Zﬂ
30

rae N - yactora BpalleHus pabodero koJyieca, 00/MHH.
15
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[Ipu coobmenun pabouemy Kosecy 2 BpalaTENIbHOTO JIBUKEHUS Ha
KHUJIKOCTb, 3aIOJIHSIONIYIO, IPOCTPAHCTBO MEXAY BEIyIIUM O | BEIOMBIM @
JMICKaMHM, a 3HaYUT BPAIIAIOIIYIOCS COBMECTHO C pabO4YUM KOJECOM, IEHCTBYET Ha
JONacTh S IEHTPOOEKHAs CUila, KOTOpas 3aCTaBJsIeT ee IepeMeIaThesi OT HEHTpa
BpallleHus K nepudepun.

Puc.2.1. Cxema 1ieHTpoOEKHOTO Hacoca

B pe3yJbpTare TaKoro IIEPEMEILICHHS Ha nepudepun
pabouero kojieca oOpasyercss U30BITOYHOE JaBJICHUE, MOJ JEUCTBUEM KOTOPOTO
KHUJKOCTh BBIXOJUT M3 HAcoca MO OTBOJMY 3, a B IICHTPE BpAIllCHHs BO3HHUKACT
pa3pspkeHue (JaBiieHuE MEHbIIE aTMOC(HEPHOro), M JKUIKOCTh IO JEeWCTBUEM
aTMOC(epHOro J1aBJIEHUs MEPEMEILAETCs M0 BCAChIBAIOIIEMY TPYOOIIPOBOY uepe3
noaBoJ 1 k rieHTpy padodero Koyeca Hacoca.

2.3 XapaKkTepuCTUKH EHTPOOEKHOT0 HACOCA

PaGorta Hacoca xapakrepusyercsi ero nojadeid Q , Hamopom H, mose3Hoi

MomHOCTBIO Nj, ¥ k03¢ (duIMeHTOM none3Horo aeicteus M (K.I.14.).

[Tomaueii (MPOW3BOAUTENBHOCTHIO) Hacoca (Q Ha3bIBaeTCs KOJUYECTBO
KUJKOCTH, IEPEMENIAEMON HACOCOM 3a €IMHUILY BPEMEHH.

Paznmuuarotcs oObeMHasi, MmaccoBasi, BeCoBasi M T.JI. MOJA4YUd B 3aBUCUMOCTH
OT TOro, KAaKHM IlapaMeTpaM OLIEHUBACTCS KOJMYECTBO IMEPEKAYMBAEMOU
XKUIKOCTU. B ruponpuBo/ie, Kak MpaBUiI0, UCTIOIB3YETC 00beMHAs Mojava.

Hamnop, pa3BuBaeMblii HacOCOM, OMpPEAENSIETCd KaK pa3HOCTh HAMOPOB Ha
BBIXOJIE M BXOJIE HAcoca M XapaKTepu3yeT DHEPruio, COooOIaeMyr0 HacoCoM
€JUHULIC BECA KUIKOCTHU:
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2. \/2
H:AZ+E+PM+VH V<e
yo7 29

’

rae AZ - pazHOCTH TEOMETPHUYECKUX BHICOT BXOJA M BHIX0Jd HACOCA
Pe; Py - BakyymmeTpuueckoe 1 MaHOMETPUYECKOE TaBICHUE
COOTBETCTBEHHO Ha BXOJI€ U BBIXOJE U3 Hacoca

VH,Vg - CpCOAHUC CKOPOCTH B HArHCTATCIIbHOM (BI)IXOI[E?) 141

BCaChIBaromecm (BXOI[G) Han}I6KaX HacocCa, COOTBCTCTBCHHO.

Honesnas momuocTs (N pasBuBaemas Hacocom, MOKeT ObITh

ompezenenHa mo hopmye:

Nn, =y QH = QP,

rac P - AABJICHHUC Ha BBIXOJC U3 HACOCA.

(2.2)

(2.3)

DKOHOMUYHOCTh PCKHUMa pa6OTI>I HacoCa MOXKHO OLCHHUTHL IIOJIHBIM

K02(p(PUIMEHTOM T0JIe3HOrO AeHCcTBHA (1)), KOTOPBIM MOKAa3bIBAET, KaKyl 4acTh

DHEPrUHU, TMOABEACHHOW K BEIyIIEMY Bally, HAacoc MpeodpasyeT B 3JHEPrHUI0

JABMOKYIIETOCA NOTOKA XXKUJIKOCTHU M IOTCPU AaHCPTHUH B HACOCE.

_Nn

=N

rac N - MOIODHOCTD, ITIOABOJNMAA K Bally HACOcCa.

(2.4)

[Torepu sHEpruM B 1IEHTPOOCSIKHOM Hacoce HEOJHOPOAHBI. OHM TaKKe Kak

I THAPOMAIIHNH APYTIHX THUIIOB ACJIATCA HAa MCXAaHUYICCKUC, 00BbEMHEIC H
I'uapaBIMICCKUC.

Mexanuueckue nomepu — NOTEPU 3a CUET TPEHUSI TBEPABIX TOBEPXHOCTEN B

IMOABMIKHBIX COCIMHCHUAX U TPCHUA pa60qeﬁ KHUIKOCTHU O TBCPABIC IIOBECPXHOCTHU

HAcoCa, YYUTHIBAKOTCA MEXAHUUYECKUE K.IL.1I. (nM).

Obvemnble nomepu - NOTEPU 3a CYET YACTUYHOTO BO3BpATA )KUIKOCTH B

TOJIOCTB BcachiBaHUA ( §, cM. puc.2.1), yauTsIBatoTcss 00beMHBIM K.IL1. (1o)-

T'uopasnuueckue nomepu - NOTEPU Ha KUJIKOE TPEHUE B TIOJIBOJIE, pabouem

KOJIece ¥ OTBOZE HAcOCa, OLICHUBAIOTCS TUIPABINYECKUM K.ILA. ().
[TomHBIN K.I1.JI. MOXKET OBITH OTIPENICTICH Y€pPe3 €T0 COCTABIISIOININE:
N=Mu Mo " Mr
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3aBucuMoctu pabouux mnapamerpoB Hacoca H, N, # u T.4. OT ero

pou3BOAUTENbHOCTH Q TIpr N=CONSt  Ha3BIBAIOTCS XapaKTEPUCTHKAMH Hacoca.
OHM 00BIYHO TIPE/ICTABIICHBI B BUC TPAPHUKOB.

KpuBasi, BbeIpaxaromiass 3aBUCUMOCTh  Hamopa Hacoca OT  €ro
npousBogutensHocT H = (Q) , sBIseTcs riaBHOM XapaKTepUCTUKOM Hacoca.

XapaKTepUCTUKH HAcOCa 3aBHCAT KaK OT KOHCTPYKTHBHOTO WCITOJTHCHHS,
TaK ¥ OT YCJIOBHHM OKCIUTyaTallMk. KX TOJyd4alOT ONBITHBIM ITyTEM B XOJE
CTHCIMANFHBIX HCIBITAHUNA HAacoca. XapaKTePUCTUKU TPUBOAATCS B IACIOpPTE
IIEHTPOOEIKHOTO HACOCa, [0 HUM MPOU3BOIUTCS BEIOOP HAcCOCa M pacdeT pabouero
BpPEMEHH.

2.4 Uccaenyemblii HEHTPOOEKHBIN HACOC

B BuptyanbHol nabopaTopHON paboTe BO3ZMOXKHO MCCIEIOBATh HECKOJIBKO
MapoK JIOmacTHhIX HacocoB: Hacoc 2K-6; Hacoc 4KM-8; nacoc 3K-9 u nacoc 3K-6.

Hacocet cepum 2K (K20/30) - ropu3oHTajJbHBIE IIEHTPOOCKHBIC
OJTHOCTYTICHYATBhIC KOHCOJIbHBIC (pHUC.2.2), C OJTHOCTOPOHHUM IIOIBOIOM KHJIKOCTH
K pabouemy KoJiecy JUIsl epeKauruBaHUsl YUCTOU BOABI (KpoMe MOpckoil) ¢ pH=6-
9, m JApyrux >KHAKOCTEHW, CXOJHBIX C BOJOM IO IUIOTHOCTH, BS3KOCTH U
XUMUYECKON aKTUBHOCTH, COAEPKAIIMX TBEPAbIC BKIIOUECHHS pazMepoMm a0 0,2
MM, 00b€MHas KOHIICHTpaIUs KOTOpbIX He mpebimaeT 0,1%.

] g 7 & 10 1 12 14

/ g 3

-9

|--'~ %

S __E- == | ]

16 20
157" 17 18 @’ 2 23 24 25

Puc.2.2 Konctpykuus Hacoca Tuna 2K: 1 - kpelika Hacoca; 2 - IoHKa; 3 - pabouee Kojeco;
4.6 - 6onT; 5 - KOpITyC HAcoca; 7 — KOPITyC MOIIUITHUKOB; § - Taiika; 9 — mmunbka; 10 - 6onT; 11
- MOJIINIHUK; 12 — KpbIllIKa NoAIMIHKKA; 13 - npoknanka; 14 - macnenka; 15 - npoknanka; 16 -

raiika pabouero koseca; 17 - maii6a; 18 - mpodka; 19 - nHabuBka canpHuKOBas; 20 - BTyIKa
3anuTHas; 21 - mpokiaaka; 22— KpbIKa callbHUKa; 23 - OTOOWHUK; 24 - Ba; 25 - IIITOHKA.
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Marepran mpOTOYHOM 4YacTH - 4YyryH. YIUIOTHEHHE Baja - - OJWHAPHOE
canbHUKOBOE (0O0o03HavaeTcs "C" win He 0003HaYaeTcs) Il TeMnepaTypsl 10 85
I'p.C. Hacocsl noctaBinsatoTcst 0e3 7. aBuratesns. ['adapuThl U Macca yKazaHbl 115
Hacoca 0e3 3/nuratens. [latpyOku: -Bxoanoi Jly-50; -Hanmopusrit Jy-40.

Hacocol cepun 4KM-8 (KM 100-65-200) - 1ieHTpoOEKHBIH KOHCOJIbHBIM
MOHOOJIOYHBIN, OJHOCTYNEHUYATBIA C OAHOCTOPOHHHUM IIOABOJIOM JKHUIKOCTH K
pabouemy koiecy (puc.2.3), MpeaHa3HAYCHBI I NIEPEKAUYNBaHUS YHCTON BOJIBI,
MPOU3BOJICTBEHHO-TEXHUYECKOT0 Ha3HaueHus (kKpome Mopckoi) ¢ pH 6...9,
temrepatypoit ot 273 no 358K (ot 0 mo 85 C), u 1pyrux XKuaKOCTEH, CXOAHBIX C
BOJOW IO TUIOTHOCTH, BS3KOCTH M XWMHYECKOW aKTUBHOCTH, COJEPIKAIINX
TBEpJbI€ BKIIOYEHHS pazmepoM 10 0,2 MM, 00beMHasi KOHIIEHTpAIUsl KOTOPhIX HE
npesbimaet 0,1%.

)

[ OEER =

Puc.2.3 Koncrpykuus nacoca tuna 4KM: 1-kopmyc Hacoca ¢ BCachIBaOIIUM U HarHETaTEIbHBIM
naTpyOkamu; 2-KOJbIO YIUIOTHstollee; 3-raiika pabouero Kkojeca; 4-paboudee KoJjeco;
S-KphbIlIKa; 6-BTyJIKa 3alUTHAsl 7-calbHHKOBas HaOWBKa, §-KpbDka calbHUKa, 9-¢oHapp, 10-
KOJIBLIO 0TOOMHOE, 11 —3/1eKTpoABUraTeNb.

VYmnoranenne Banma Hacoca KM100-65-200- ogunapHOE CaabHUKOBOE WIIH
oIMHApHOE TopioBoe. Hambombinee momyckaemMoe HW30BITOYHOE [ABJICHHE Ha
BXOJIE B HACOC, JIJI1 HAaCOCOB ¢ MSTKUM cainbHukoM, 0,35MIla (3,5 krc/cm2), ¢
TopuioBbIM yruioTHeHueM 0,6 MIla (6,0 krc/cm2). Marepuan neraneit mpoTOYHOU
YacTH - CEPbIA YYTYH.
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Hacocer cepun 3K9 (K45/30) m 3K-6 (K45/55) ueHTpoOCKHBIC
KOHCOJIBHBIC HAcoChl (puc.2.4), OMHOCTYIECHYAThIC ¢ OJHOCTOPOHHHUM IOJIBOJIOM
KUIKOCTU K pabouemy kosiecy. Hacocbl mpenHa3HadeHbl AJisi TEpeKauyrMBaHUs
YUCTOW BOJIbI, TPOU3BOACTBEHHO-TEXHUYECKOTO Ha3HAuYe€HUs (KpOME MOPCKOM) ¢
pH 6...9, Temneparypoii ot 273 1o 358K (o1 0 o + 85 C) u ot 273 no 378K (o1 0
10 105 C), u apyrux xKuJKOCTEH, CXOJIHBIX C BOJOW MO IUJIOTHOCTU, BA3KOCTHU U
XUMHUUYECKON aKTUBHOCTH, COAEpKaIIUX TBEpJible BKIIIOYeHUs pazmepoM a0 0,2
MM, 00beMHasi KOHIIEHTpaIs KoTopbix He mpesbimaet 0,1%. YmmoTHenue Bana
Hacoca - OJIMHapHOE, IBOMHOE CaTbHUKOBOE.
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Puc.2.4 Koncrpykmus Hacoca tuma 3K: 1-kpbllika Kopmyca CO BCACHIBAIOUINM MaTpyOKOM;
2-kopryc; 3-KONblLIO VIUIOTHsOee; 4-pabodee koneco; S-raiika pabodero koneca; 6-
CaJIbHUKOBasi HaOMBKa; 7-BTyJKa 3allUTHas; 8-Kpbllka caiabHUKa; 9-Ban; 10-omopHas croiika;
11-nommmmuuk kaueHus; 12-mydra; 13-BTynka canpHUKA.

Haubonbiee nomyckaemoe M30BITOYHOE JABJICHHE Ha BXOJI€ B HACOC, IS
HAacocoB ¢ MarkuMm cambHukoM, 0,35MIla (3,5 xrc/cM2), ¢ TOPIIOBBIM
ymiotHenuem 0,6 MIla (6,0 xrc/cm2). Matepuan aeraneil mMpOTOYHON YacTu -
CEPBIN YyT'yH.

bonee mnoApoOHBIE TEXHUYECKHE XapaKTEPUCTHKH [| BBINICONMMCAHHBIX
HAacoOCOB TMpHUBEACHBI B Tabmuue 1, a UX KOHCTPYKTHUBHBIE HCIIOJHEHUS
IIPEACTaBIIECHbI HAa pUc. 3-5. OTMETUM, 4TO MAapKHU HEKOTOPHIX HACOCOB MIPETEPIIEIN
U3MEHEHHUE, MO3TOMY JUIsi COOTBETCTBHUSI paHEE BBIMYCKAaEeMbIX Mojenel Ooiiee
HOBBIM, CJICJIYET IOJIb30BaThCS CIICIUALHBIMU Ta0Omuamu [].
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Tabnuna 2.1 TexHnuecknue XapakKTepPUCTUKH JIOTIACTHBIX HACOCOB

No | Mapxka | Ilomawa, | Hamop, | MomHoCTb, YacroTa Macca, ["abaputHbie

m. | Hacoca | Q, Mg H, m N, kBT BpauieHus, | M, Kr pasmepsl,
BOJI.CT. n, o0/MuH JxIIXB, m

1 2K-6 30 20 4,5 2900 45 436x300x345

2 4KM-8 100 50 30 2900 63 865x400x405

3 3K-9 50 32 75 3000 120 1035%300x410

4 3K-6 50 50 15 2900 56 1120x485%x430

XapaKTePUCTHK,

3. IKcnepuMeHTAJbHbIE HCCJIeI0BAHUA

JInst uCHbITaHUS TEHTPOOSKHOTO HAcoca W CHATHS €r0  OCHOBHBIX
MOJICTTUPYIOIIas JIa0OPaTOPHYIO
YCTaHOBKY, CXe€Ma KOTOPOi MpHUBEIeHa Ha puc.2.5.

UCTIONB3YETCSl  Tporpamma,

?!lll‘rllll:

5=

Puc.2.5 Cxema »KCnepUMEHTaIbHOW YCTAHOBKM HJISi HCIBITAHUNA IEHTPOOEKHOTO Hacoca:
1-myckartens;
6-BakyymeTp; 7-maHoMeTp; 8-ammepmerp; 9-ombT™meTp; 10-muddepeHuanbHbii MaHOMETP;

11-mmadparma;

12-ipueMHass €MKOCTb;

2-3]IeKTPOABUTATEIb;

3-Hacoc;

15-nmuneiika; 16-kanuOpoBka nudmManomeTpa.
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13-pacxoqHasi €MKOCTb;

4-KHOIIKU BpalllCHUA BCHTUIIA, 5-BCHTI/IJIL;

14-nepenuBHas Tpyoda;



Puc.2.6 TlpuniunuanbHas ruipaBiInyeckas CXemMa UCCIeI0BaTeNIbCKOro CTEH 1A

[IpyHuMnuanpHas TUApPaBIMYEcKass CXeMa YCTAaHOBKHM IIpE/ACTaBlieHa Ha
puc.2.6, 1 COCTOUT U3 LIECHTPOOEKHOTO UCIIBITYeMOro Hacoca H, manomeTpa M st
ONpe/eNieHUs] [JaBJCHHUS B HANOPHOW Marucrpaid, BakyymMmerpa B s
OIpe/eNICHUs] pa3psLKEHUs Ha BXOJE B Hacoc, apoccens /{P; Nis peryiupoBKU
IPOM3BOJIUTENILHOCTH Hacoca, auddepeHuuanbHoro MaHomeTrpa JM s
OIpeIeJIEHUs] TPOU3BOAUTEIBHOCTH HAacoca, MUTAIOIEro 6aka b, U COeAUHSIONUX
ux TpyoomnpoBoaoB 1,2 ¢ 6akom b1 u b2.

4, I/ICXOIIHbIe JAHHbIC

HcxonHbple maHHBIE, TpeOyeMble I pacdeTa XapaKTEPHUCTHK IEHTPOOCKHOTO
Hacoca O pe3yiabTaTaM IMPOBEICHHOTO HSKCIEPUMEHTAIBHOTO HCCIEAOBAHUS
OepyTcs U3 yClIoBU 1abOpaTOpPHOM pabOThI U MPUBEEHBI B Ta0. 1.

Ta6:1.2.2 — cxoaHble TaHHBIC JI PACYETOB

IMapametp 3HaveHune Pa3mepHocTh
KoadduumeHT kuHemaTnyeckoi BSI3KOCTH KUAKOCTH, L BriOupaercs ITa-c
Pabouast )KHJIKOCTh — MJIOTHOCTD, P Bri6upaercs Kr/M°
KTIIJ] a5ekTpoIBUTATEIIS, M,y 0,9 -
Koy puumeHTh MECTHBIX CONPOTHBJICHH
TUTaBHBIA TOBOPOT Ha 90° &n=0,7 -
BHE3AITHOE paclIMpeHue Mexay 1-M u 2-M Ewp= 0,2 -
TpyOOIIPOBOJIOM
Juametpsl TpybonpoBooB di u dy Bribupaercs M
Jlimaa tpyoonpoBoos |y u |, 1,=10;1,=5 M
KoJ/in4ecTBO MJIaBHBIX MOBOPOTOB HA YYaCTKe
OT Hacoca JI0 TOYKH MOAKIIOYEHHUS MaHOMETpa 4 -
Ha y4acTKe ¢ AuameTpom (; 3 -
Ha y4acTKe ¢ AuameTpoM 0 1 -
I'eone3nyueckoe NMpEBBIIEHNE TOUYKH H3MEPEHUS AZ =9 M
naByieHus (Py) OTHOCUTEIHHO TOYKH U3MEPEHUS
naBneHus (Py)
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5. ITopsinok MpoBeieHUA IKCITEPUMEHTAIBHBIX UCCJIET0BAHMI

5.1. Y6enutbcs B MCIPAaBHOCTH 3KCIIEPUMEHTAIBHON YCTaHOBKH.

5.2. 3aKpbITh NOJHOCTBIO IPOCCENH /{p1 U OTKPBITH JPOCCEND JIp;.
OTkirounTh amrepMerp A.

5.3. 3amycTuTh HEeHTpOOEeKHBIA Hacoc H.

5.4. Bxirounth amnepmeTp A.

5.5. OTKpBITH Ipoccensb /{p1, 3adUKCHPOBATH MTOKa3aHUsI MaHOMETpa M,
BakyymMMmeTpa B, nokazanus amnepmerpa A U OnpeneauTs BpeMs t npoxoxaeHus
gepe3 cuetunk Co oObema sxunkoctu W (3amaroTest mpernojaBaresiem).

5.6. Perynupys apocceneM /[p; CONPOTUBIEHUE TOTOKY, HOBTOPUTH OMBIT
1o 1. 5.5-5.6 (mokaszanusi MaHOMETpa ¥ KOJIMYECTBO OTIBITOB 33Iaf0TCS
IPENoIaBaTesieM).

5.7. Pe3ynbTaThl ONBITOB, OJIy4eHHBIE B I1. 5.5 1 5.6 3aHecTu B Tabnuiy 2.3.

5.8. OTKIIOYUTH aMIIEPMETP.

5.9. BBIKIIIOUNTB HACOC LIEHTPOOEKHBIN HACOC.

Ta6:51.2.3 — Pe3ynbTarhl SKCIIEpUMEHTATBHBIX UCCIIET0OBAHUM

No Ilokazanusa Ilokazanusa Ilepenan [lokazanus [lokazanug
n/m | maHomerpa,Py, | Bakyymmerpa, Py, JTaBJIICHUS, aMIIEpMETPA, | BOJBTMETPA,
aTM. IIa | mm.pr.cT. Ia h,, cm J, A I,B

6.00pabdoTKa IKCIEPUMEHTAIbHBIX TAHHBIX

PacueT xapakTepucTuK LEHTPOOEKHOTO HAcoca MPOU3BOJIUTCA IO CIEIyIOUIeH
METO/MKE.

6.1 ITomaua Hacoca onpenensaeTcs Mo BhIPAKCHUIO!
Q=862-10"-h_ (2.7)

rae  h, - mokaszaHus nudmaHOMETpa, CM;

{ - xoHTpONBLHOE BpeMs MPOX0XkKIEHUS 3aJAHHOTO 00BEMA KUIKOCTH.
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6.2 Hamop, pa3BuBaeMblii HACOCOM MPH YCTAHOBUBILIEMCS peKUME paboThI O3
ydeTa MoTepb BO BcachlBarOIIEH TPyOOIIPOBO/IE M PA3HOCTH CKOPOCTHBIX HAMIOPOB,

paBEH:
H=H, +2h (2.8)
e 2h - CyMMapHbI€ TTOTEPH B HarHETATEILHOM TPYyOOIIPOBOIC OT Hacoca
JI0 TOYKH MOJAKIIOYEHUS MaHOMETpa.
H., -  craTh4eckuil Harop, HAXOAUTCS MO BBIPAKECHUIO:
A
H, =az+2P (2.9)
e
AZ - reome3sndecKkoe NPEBBILIEHHE TOYKH U3MEPEHUS TaBICHUS (Py,)

OTHOCHUTEIILHO TOYKU U3MEPEHUS NaBIcHUs (Py), IPUHATH PaBHBIM 5-9M;

Y — YIEIbHBINA Bec pabouei KUJIKOCTH, MPUHATH paBHbIM 9800 H/M;

AP -  abcomoTHas pa3HOCTb NABIEHUH MLy TOUKAMH TIOIKITFOUCHHS

MaHOMETpa U BAKyyMMETpa

Ap =Ap,, + AP, (2.10)

APy, AP; - TOKa3aHHs MaHOMETpa M BaKyyMMETpa COOTBETCTBEHHO, I1a .

n m I V-2
h= I B Bt B
Eh=3 6+ A ) -

i=1  j=l i
rie N - KOJIMYECTBO YYACTKOB TPYOOIPOBOIOB MOCTOSIHHOTO AMAMETPA
70 TOYKM  IOAKIOYEHUS MaHOMETpA:,

m - KOJIMYECTBO MECTHBIX TUJIPABIMYECKUX COMTPOTUBIICHUI;
(d A - wmna, nuametp, ko3 QUIHUEHT IOTeph HA TPEHHE | - O yuacTka
TpyOompoBoaa
Cj - KO3(PUIMEHT MECTHOTO CONPOTHUBIICHHUS.

(2.12)

N O8



e Vj -  CpemHss CKOPOCTb KHAKOCTH Ha | - M yuacTKe TpyOOmpoBoa;
®j -  TUIOIAJb )KMBOTO CEYEHHMS | - TO ydacTKa TpyOGOIpoBoa;
Q - mojadva Hacoca.

Koaddumuent tpenus 7\4 ompenenseTcs mo Gopmynam:

a) JuIs TamuHapHoro peskuMa npu Re < 2320:

64
A=
= (2.13)
0) m1sa TypOynenTHOrO pesxuma npu Re > 2320:
0,3164
A= ReO5 (2.14)
Yucno Peitnonsaca (Re) ms kaxmoro yuactka onpenensercs mo Gpopmyie:
d-v
Re =——
— (2.15)

rae U — KO3QQPUIUCHT KHHEMATHYECKOM BSI3KOCTH paboyeid )KUIKOCTH, IPUHSTh
2

pasubiM 1,006-10° M%/c (mpu Temmeparype 20 °C).

6.3 Ilocine pacyera OCHOBHOW XapaKTEPUCTHKH HACOCA, PACCUUTHIBAIOTCS

3arcumMoctn nonesnoit momuoct ( Ny ) pa3sBuBaeMoit Hacocom ¥ moxBOIMMOE K
Bary Hacoca o popmyinam (2.3) u (2.16)

N, =Noo * 750 (2.16)
rae N 50 - MOIIHOCTb notpeodsieMas snekTpoasurarenem u ero KIT/I.
N,=U-1cos@, cosp=0,7, ,0=08 (2.17)
rie U, | - nmanpsokenue nuraroineii cetu u norpedisieMblii TOK.

6.4 Jlanee o ¢popmyiie (2.4) paccuUThIBACTCS MOJHBIN K.I1.J[. HacOCa.

B cBs3u ¢ Haim4ueMm OOJBIIOTO KOJMYECTBA ONHOTHUITHBIX BBIYHCICHUN B
JAHHOM paboTe ee pacdeT IeJecOo00pa3HO BECTH C  HCIOJIb30BAHUEM
nporpammuoro rnakera MathCad nimn MatLab.
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[To pe3ynbraTam pacdeToB 3anonHseTcs Tabauna 2.4 u ctpostcs rpaduku

xapakrepuctuk Hacoca: H =f1(Q), N, =1,(Q), N=f;(Q) u #n =1,(Q).

Tabi1.2.4 — Pe3ynbrarsl pacueToB

Howmep O6o03Haue Pazmep- Howmep onbiTa
o PacueTrHbie mapameTphl e HOCTL
1 2 3 4 5
[Ipou3BOaUTENBHOCTD 3
1 Hacoca Qu M/e
2 Hotepu naropa >h M. BOJ. CT.
3 [TonHbBIN HaIOp Hacoca H M. BOLL CT.
4 IToJie3Hast MOIHOCTE N, <BT.
MOIIHOCTD, MOABOAMMAS
5 K BaJly Hacoca N kBT.
6 IlonHbIN K.I1.11. n
7. BLIBOABI

7.1. Onucats 1 00BICHUTH XapakTep n3mMeHeHus Hanopa (H) monesHoi

momuoctn (Np) 1 k... (M), pa3BUBacMbIX HACOCOM IIPU U3MEHEHHUEM €TI0

IHoga4u.

7.2. OnpenenuTs HHTEPBAJI HauboJIee 1EJIeCO00Pa3HBIX PEKUMOB
AKCIUTyaTallK IAaHHOTO HACOoca.

8. KoHTpoJibHbIE BONPOCHI

8.1 Kakue ucnpITaHUSI IPOU3BOASTCS C LENBIO TTOCTPOSHUS UX
DHEPreTUYECKON XapaKTEPUCTUKN?

8.1 Ha ocHOBe 4yero npou3BOAUTHECS BHIOOP Hacoca JJis T€X WJIU UHBIX
YCJIIOBUM JKCIUTyaTauu?

8.3 Kakoii pexxuM Hacoca Ha3bIBA€TCS ONTUMAJIbHBIM?

8.4 Jlyig Kakoro pekrma MpOoU3BOJUTHCS pacueT MPOTOYHOM YacTh Hacoca?
8.5 Kakue nurarenu ucnoJib3yroTcCsl B IPUBOJI€ Hacoca?

8.6 Ykaxurte crnocod onpeaesieHus: oTpeOsieMOoil MOIIHOCTH ?

8.7 Ilepeuncnure KakKuX mapaMeTpbl OT KOTOPHIX 3aBUCUT MOIIIHOCTH?
26



NabopatopHana paboTa 3

NUCCJEIOBAHUE OCHOBHBIX IAPAMETPOB U TIPUHLIMIIA
JNEVICTBUSI HACOCHOM YCTAHOBKHA

1. Heanb padoThl

N3yyeHne KOHCTPYKIMU HACOCHOW YCTaHOBKH, IPUOOPETEHUE MPAKTUYECKHUX

HABBIKOB IIO0 IIOATI'OTOBKE €€ K pa60Te M 3KCIIyaTaluH, a TaK K€ M3MCPCHHUIO

MOJIaYM U HATmopa IeHTPOOEKHOTO HAcoca.

2. TunoBasi HacCOCHasi yCTAHOBKA

Hacocnas YCTAaHOBKad, KpOMC CaMOro HacoOCa, BKIKOYAaCT B cebs paxa

QJICMCHTOB O6€CHG‘{I/IBaIOHII/IX pa60Ty Hacoca,

Cro0 IIYCK H OCTAaHOBKY,

perynupoBaHue U KOHTPOJIb mapameTpoB. Ha puc.3.1 mokazana TtumoBasi cxema

HAaCOCHOM ITUTATEIbHOW YCTaHOBKH.

pll )
==t=——=17
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Puc.3.1 Cxema TUTIOBOM HACOCHOM YCTaHOBKH
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K nacocy 7, npuBOAMMOMY B JIBH)KEHHUE AJIEKTPOJBUTATENEM 6, KHJIKOCTb
NOCTyHaeT M3 NMPUEMHOro pe3epByapa 1 mo moaBoasmieMy Tpyoomposoay 12.
Hacoc Harseraer XUAKOCTb B HANOPHBIA pe3epByap 2 1O HAIOPHOMY
TpyOompoBoay 3.

Ha manopunom TpyOompoBo/ie MMEETCsl PeryIupOBOYHAs 3aJBIKKA 8 MpH
IIOMOIIM KOTOPOM W3MEHsAETCA IoAada Hacoca. HMHorma Ha HarmopHOM
TpyOOIIPOBOJIE YCTaHABIIMBAETCS oOpaTHbiii kinaman 10, aBTOMaTUYecKu
MEPEeKPHIBAIONINI  HAMOpPHBIM  TpyOONMpoOBOA TpU  OCTAHOBKE Hacoca U
NPENATCTBYIOIINI BO3HUKHOBEHHIO OOpPaTHOrO TOKa >KMJIKOCTH U3 pe3epByapa.
Ecin naBneHue B NpPUEMHOM pe3epByape OTIMYAETCA OT aTMOCPEPHOTO WM
HAcOC pAaCIIOJOKEH HMKE YPOBHS JKMJIKOCTHM B IIPUEMHOM pe3epByape, TO Ha
TOJIBOSILIEM TpyOOIPOBOJIE yCTAaHABIMBAIOT MOHTAXHYIO 3aJBUKKY 11,
KOTOPYIO 3aKPBIBAIOT PU OCTAHOBKE MJIM PEMOHTE HACOCA.

B Hauvane monBomsfuiero TpyOOMpoBOAA YACTO MPEIyCMaTPHUBAIOT
IIPUEMHYIO CETKY 13, mpeaoXpaHsIoNIyl0 HAcOC OT IOMAJaHWs TBEPABIX TEJ, U
ISATOBOM KianaH 14, narommii BO3MOKHOCTb 3aJIMTh HACOC, a TaK K€ IOABOISIINAN
TPYOOIIPOBO/I )KUJKOCTHIO MEPE] ITyCKOM.

Pabota Hacoca KOHTpoJIMpYyETCs MO pacxoaoMeTpy 4, KOTOPbIA H3MepsieT
oJavyy Hacoca, U 0 MAHOMETPY 5 M BAKyyMMETPY WJIM MaHOMETPY 9, marommm
BO3MO>KHOCTB ONPEJIEIUTh HAIOP HAcoca.

3. U3mepeHue mapamMeTpoB Hacoca

JInsi moCTpOeHUs XapaKTEepPUCTUKH LIEHTPOOEKHOro Hacoca, HeoOXO0IUMO
3HATh HAMop, nogavy, MmomHocTs KIIJ[ mpu pa3nuyHbIX pexxumax ero padoThl.

Ilooaua mHacoca w3MepseTCs pacxoJOMETpaM, YCTaHABIMBAEMbIM Ha
HanopHoMm TpyOompoBone (puc.3.3). Hawboyee YacTo NPUMEHSCTCS MEpHBIC
nuadparmbl, MEpHBIE COIJIa U TPYObl BeHTYpHU. MHOT1a Togauy Hacoca U3MEpSItoT
IIPY TIOMOIIIN BOJIOCIIHBA.

Hanop nacoca paBeH pPa3HOCTM 3HAYEHHWM IOJHOTO HAmopa XUAKOCTH 34
HAcoCoM (CeueHHe H, puc.5.5) U nmepen HUM (CEUCHHE 6):

2 2
H = (2, —2,)+ (2~ Py O "0 (5.1)
P9 pg 29

JlaBnenue py u3mepsiercss manomeTpoM 1. TpyOka, coeuHsIONIas MAaHOMETP
Cc TpyOOINpOBOJIOM, MOCTE €€ MPOJMBKU 3aMOJHAETCA KUAKOCTHIO. [loaTomy
MAaHOMETP HU3MEPSAET NABICHHE, OTIIMYHOE OT JABJICHUA B TOYKE 3amMepa Ha
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BenmunHy hy. BBens 3Ty mompaBKy Ha IMOJIOKEHHE MAaHOMETpa, IOIYYUM
M30BITOYHOE JIaBJICHUE MOCIIE HACOCA:

Py =M+h,p-g (5.2)

rae M — nokazaHusi MAaHOMETpa C BBEJICHHOM MOMPaBKOil Ha
CHUCTEMATHYECKYIO MTOIPENTHOCTD, MOMPaBKa BBOAUTHCS MO TAPUPOBOUYHOMY
rpaduKy MaHOMETpA.

28
ey T—
Zs
|
e
2y 2

Trockocme cpabrenus fnockocme cpabrenusq

a) 0)
Puc.3.5 Cxema uzmepenus nanopa [{H

[Ipyn HanmuumM Ha CTOPOHE BCachiBaHWS Bakyyma (puc.3.2a), AaBieHHE Pg
nepea  HacocoM wu3MepsieTcsi Bakyymmerpom 2. IlompaBka Ha MOJIOXKEHUE
BaKyyMMeTpa HE BBOJMUTHCS, TaK KaK COCJAMHHUTENIbHAs TpyOKa MpU MPOIYBKE
3aMOJTHAETCS BO3MYXOM. YYHUTBIBAas, 4YTO BaKyyM SBISCTCS OTPHUIATCIBHBIM
M30BITOYHBIM JaBJICHUEM, IMOJYUYUM U30BITOYHOE JIABJICHHUE MPE]l HACOCOM:

ps=- B; (5.3)

rie B — nmokazaHusa BakyymMmeTpa C BBEIEHHOW IIONPAaBKOW Ha
CUCTEMATUYECKYIO ITIOTPELTHOCTD.

OTcrofa mpy HATMYUHU BaKyyMa B TIOIBOJIAIIEM TPYOOTPOBOE HAMOP Hacoca

2 2
—zB+M+hH+E+—U” Ys . (5.4)
~9 29

H=z,
O0o3HaunB 3a hg=zy-Zpthy — pasHOCTH YpOBHEH YCTAaHOBKHM MaHOMETpa W

TOYKH BKIIFOUEHUS] BAKYYMMETPA, MOJIyYUM
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2 2
H :%+%+h3+—l)ﬁ2—% : (5.5)
g

Ecin B moBoasIieM TpyOOIIpoBoie He BaKyyM, a H30BITOYHOC JIaBJICHHUC
(puc.3.206), To

Ps=Mz+hzpg; (5.6)

Mjp — moka3zaHuss MAaHOMETpPA, YCTAaHOBJIEHHOTO HAa MOJIBOASILEM
TpyOOIIPOBOJIE HacOCa, C BBEJIEHHOM MOMPABKON HA CUCTEMAaTUYECKYIO
NOTPEUIHOCTb;

hB - IIOIIPpAaBKa Ha ITOJIOKCHUC 3TOI'0 MAHOMCTpPA.

CJ]CI[OB&TGJIBHO, IIpU HAJIMYKWHU Y BXOZd B HACOC U30BITOYHOTO JaBJICHUA,
HaIlOp HacocCa

2
+M+hH_M_hB+M

ot A9 29

H=2z,-12, : (5.7)
O6o3nauuB uepe3 hy=zy-zgthy-hg pasHocTs ypoBHEH ycTaHOBKH

manomeTpoB M u MB, nonxyuum:
M M vy —v; .
H=—-—-h, +%—%; (5.8)

Pa3HOCTh CKOPOCTHBIX HANIOPOB, BXOIAIIAS B IPUBEICHHBIE BBILLIE
ypaBHEHUs OyJeT paBHa:

UHZ;”B = o,0827(i - i) -Q2; (5.9)

rae  Q — mopaua Hacoca B M3/C;
dy — AMaMeTp HaImoOpHOTO TPYOOIPOBOIA, M;
dg — IMamMeTp MOABOASAIIETO TPYOOIIPOBOA B M.

3. JKCepUMEHTAJIbHASL YCTAHOBKA

PaccMoTpum ompeneneHue Hamopa C MOMOUIBIO YCTAaHOBKH B KOTOPOU
BCACHIBAIOIINA W HAMOPHBIM TPyOONPOBOIBI UMEIOT OJWHAKOBHIE TUAMETPHI, a
pacxXoIHbIA pe3epByap paclojiOKEH BBIIIE YPOBHS Hacoca. PacmonoxeHue
PacxoIHOTO pe3epByapa BhIIIE YPOBHS HACOCA CHUYKAET BEPOSITHOCTh KaBUTALIHH,
TaK Kak IepeJl HAaCOCOM B TaKOM cliydyae OyJIeT JaBjeHHUE Bblle, 4eM ObLIO ObI B
clly4ae pacroyioKEHHUs1 Hacoca HaJl paCXOJHBIM PE3EPBYapOM.
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Puc.3.6 Cxema s3kcrieprMEHTaIBHON YCTAHOBKH JIJIsl ONIPEACIICHUS Haropa

B nanHoM mnpumepe B pacxomHOM pe3epByape IEHCTBYET H30BITOYHOE
JABJICHUE, YTO MOXHO HaOmrofaTh mo maHomeTpy. [Ipu 3TuX ycnoBusx mepen
HAacoCcoM JIEHCTBYeT HE pa3pexeHue, a U30bITOYHOE JaBJICHHE, KOTOpOe
u3Mepsiercs: MmaHomerpoM MI1. Jlns m3MepeHuss M30BITOYHOTO JaBICHUS MOCIE
Hacoca MCHOoJb3yeTcss MaHoMeTp M2.

4. OnpeneJieHne HAMOPa B HACOCHOI YCTaHOBKe.

4.1 Vcnonb3yst mporpaMmy Mo MOJACIMPOBAHUIO HACOCHOU YCTaHOBKHU
(puc.3.6), Npou3BECTH pacyeT Hamopa AJid Ciaydas, €M pacXoIHbIN
pe3epByap pacIoyIOKEH 6bluie YPOBHS HACOCA, MO CIAEAYIOUIEH METOAMKE:

4.1.1 OTKpBITh UCTIOTHUTENBHBIN (aiin mporpammsel «JlabopaTopHBIH
npakTukyMm 1o aucuuruinae «IMII JI'M», BeiOpaTh B cicKe
nabopaTopHyo paboty Ne2.

4.1.2 BuumarensHo MMPOYUTATD 3aJIaHHUC U 3aIINUCATh IIOKA3aHUA MAaHOMCTPOB
Ml u M2, PACIIOJIOKCHHBIX Ha CXEME CTCHAA 10 U ITOCJIC JIOIIACTHOI'O HACOCA.
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4.1.3 Mcnonp3ys MOdy4YeHHbIE JaHHBIE U BHIIICONMCAHHYIO METOAUKY, TIO
npuBeAeHHBIM (hopMmyiaM (¢ yueTom nepeBojia equHull B cucteme CH),
ONpEIEIIUTh HATIOpP Hacoca.

4.1.4 Beectu HaliIcHHOE 3HAYCHHE HAOpa B yKa3aHHOE B IIporpamMmme 1oJie, B
clly4ae BEPHOTO HaXOXKJIEHHUS, IpOrpaMMa OTMIOBECTUTH 00 3TOM U OyJeT
JIOCTYITHO PETyJIMPOBaHUE BEHTUJIS TIOCIIE HAcCOca.

4.1.5 IpousBectu emie 3 U3MEPEHUS, HACTPOUB BEHTHIIb TPOU3BOIHHBIM
00pa3oM | pe3yJIbTaThl 3aHECTH B TabauIy 1 (KoJgoHKa 2).

Tabmuma 1. PesynbTaThl H3MepeHUIA

No [Tokazanus [Tokazanus Hamnop [InotHOCTH TI'eomeTpuueck
I/l | MaHOMeETpa, MaHOMETpa, Hacoca, KUIKOCTH, Ui Harop,
2 2
Pu1, Kre/cm Pu2, Kre/cm hy, cM P, Kr/m® Z,M
1 2 1 2 1 2 1 2 1 2
1
2
3
4

4.2 Vcrionb3ysi MporpaMMy MO0 MOJICTUPOBAHUIO HACOCHON YCTAHOBKHU
(puc.3.7), npou3BeCTU pacyeT Haropa JJisl ciiydasi, €ClIU PacXOIHbIN
pe3epByap pacnoiokeH Huoice ypoBHs Hacoca (JlabopaTopHas padota Ne3),
noBTOpuUB nericTBus B M.4.1.1-1m.4.1.5 3anucate B Tabnuiy 1 (kojoHka 2).

5. Onpenesnenue MOAa4YM HACOCHOM YCTAHOBKH.

B mpaBom okHe wu300pakeHa mpocTeilmas TpybomnpoBogHas ceTb. Hacoc
nepeMenaeT >KUAKOCTh IO TPyOOmpoBOAYy W3 PACXOIHOTO pe3epByapa B
npUeMHBIA. {7 M3MepeHust mojayu pacCMOTPUM JIBa CHOcOo0a: MCIOJIb30BaHUE
nudMaHoOMeTpa ¢ MEpHOUM AradparMoi U poTamerpa.

Hudbmanomerp npeactanisieT codoit U-o0pa3Hyro TpyOKy, B KOTOPYIO 3aIHTa
KHUJKOCTh, HE CMEUIMBAIOMIAS’ICS C JKMJKOCTBIO, JBIKYILEHCS B TpyOOmpoBOJE.
[TocpenctBoM nByX TpyOOK nudmaHOMETp MOJKIIOUEH K MEpHOUW amadparme.
Huadparma npencrasiser co00i NeperopojKy ¢ OTBEpCTHEM, BMOHTUPOBAHHYIO B
TpyOonpoBos. (HaBeaute ykazaTenb MbIIM Ha HW300paxkeHwe auadparmei).
[IInanry BcTaBiIeHB B TPyOOIIPOBO mepea u nocie auadparmel. [Ipu nmxeHNn
KUIKOCTU yepe3 auadparmy JAaBjieHHe Toclie auadparMbl OyJeT MEHbIle, YeM
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nepen Hed. [lo TpyOkam naBiieHHMe TiepenaeTcs MaHOMETPUYECKOW JKHUIIKOCTH,
OpUYeM T[IPU MEHBIIEM JIaBIICHUU CTOJIOMK MAaHOMETPUYECKOW IKUIKOCTHU
MOJIHUMAETCs BBIIIE, YEM CTOJIOMK, Ha KOTOpPBIA JAEHCTBYET OOoJbllee J1aBlICHUE.
Uewm Oouibliie moja4ya *KUIKOCTH B TPYyOONpoBOE, TeM OO0JIbIlEe pa3HUIIA J1aBIICHUN
C IBYX CTOpPOH awadparMbl, ¥ TeM OOJIbIIIC pa3HUIA YPOBHEH MaHOMETPUUYECKOU
KHUIKOCTH B TU(PMaHOMETPE.

Mopgava, m3/c
e e
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Puc.3.6 Cxema skcriepruMeHTaTbHON YCTAaHOBKH JJIsI OTIPEIEIICHHUs TIOAaqu Hacoca

Poramerp  mpexacraBmser  coOOM  CTEKISHHYIO  TpyOKy,  cllerka
PaCIIUPSIONIYIOCS K BEPXY, BHYTPH KOTOPOW HaXOIUTCS MOIIaBOK. YeM Ooblie
nojiavya KUAKOCTH, TEM BBIIIE MOJHUMACTCS TOMIaBOK. [[1s1 HaXOXKIeHHs MoAaun
poTaMeTp CHaOXKEeH IIKaJoh W KaauOpoBOouHbIM rpadukom. Bun rpaduka 3aBucur
OT KOHCTPYKIIUUA POTAMETPA U CBONCTB KHUIKOCTH.

5.1 Ucnonb3yst mporpaMmy 1o MOJICIMPOBAHUIO HACOCHOW YCTaHOBKHU
(puc.3.6), ompenenuTs mMoAady Hacoca, ¢ MOMOIIBIO TUPMaHOMETPA U
MepHOM uadparmsl, 1Mo CIETYIONIEH METOIUKE:

5.1.1 OTKpBITH UCHIOTHUTENBHBIN (haiin mporpammsl «JlabopaTopHblit
npakTukyMm 1o aucuuruinae «VIMII JII'M»y, BeiOpath B ciucke
nabopaTopHyto padboTy No2.
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5.1.2 BHuMaTenbHO NPOYUTATh 33JaHHE U 3alKMCaTh MOKa3aHUs
mMaHoMeTpoB M1 u M2, pacniooKeHHBIX Ha CXEME CTEHJa JI0 U IoCiIe
JIOTIaCTHOT'O Hacoca.

5.1.3 Ucnonb3ys noJiydeHHbIEC JAHHBIE U BBIIICOMUCAHHYIO METOIUKY,
0 MPUBEJICHHBIM (opMyaMm (¢ yueToM repeBoja enunuil B cucreme CH),
onpeaeIuTh HArlop Hacoca.

5.1.4 Brectu HalifleHHOE 3HaU€HKE HAMOpa B YKa3aHHOE B IIPOrpaMme
noJie, B CIy4ae BEpHOT0 HaXOXKICHHUs, IPOTpaMMa OTIOBECTUTH 00 3TOM U
OyJeT HOCTYIHO PEryJIMpOBaHKE BEHTHIIS MOCJE Hacoca.

5.1.5 Onpenenuts nogavy mpu MOMOIIIM TPaJyupPOBOYHOTO Tpaduka,
BBIPAKAIOIIETO 3aBUCUMOCTD MTOKa3aHu# Au(pMaHOMETpPA OT MOJIauH,
BBIOpAB 3aTEM MPABUIIBHBIC SIUHUIIEI H3MEPEHUS pacxoa.

5.1.6 IIpousBectu emie 3 uamepenus (B cootBeTcTBuu ¢ m.4.1.1-4.1.3),
HACTPOWB BEHTHJIb MPOU3BOJIBLHBIM 00Pa30M U pe3yiIbTaThl 3aHECTH B
Tabnuiyy 2 (KoJioHKa 1).

5.2 Hcnonb3ys mnporpaMmy IO MOJACIUPOBAHUIO HACOCHON YCTaHOBKHU
(puc.3.6), ompenenuTh MOJa4y Hacoca, C TOMOIIBIO pOTaMeTpa o
CHEYIOIIEN METOIUKE:

5.2.1 Ucnons3yst mporpamMmy o MOJICTUPOBAHUIO HACOCHOW yCTaHOBKH
(puc.3.76), omnpeaenuTh MoJady HAcOcCa, C MOMOIIbIO pOTaMeTpa Mo
cienyroield meroauke (JlabopatopHas padota Neb), moBTOpUB NeHCTBUS B
m.5.1.1-n.5.1.5 3anucats B Tabnuiy 2 (KojJoHKa 2).

[To okoHuaHutO pabOThl, OPOPMUTH MPOTOKOJI 3aMUCAB PE3yJIbTaThl paOOTHI U
cenaTh BBIBOJLI B COOTBETCTBUM C MOCTABJICHHBIMU LEISIMU U 3aJja4aMU.

5. KoHTpoIbHBIE BONIPOCHI

7.11lepeuncnnure OCHOBHBIE 3JIEMEHTHI KOHCTPYKLIMN HACOCHOW YCTaHOBKH.

7.2Ha3oBuTe criocoObl peryanupoBaHus padOThI JOMACTHBIX HACOCOB. Y KAXKUTE
Kakoi croco0d Hanbosiee SKOHOMUYEH ?

7.3 Yto Takoe BaKyyMMETpHUUECKasi BEICOTA BCACHIBAHUS?

[.4]laiiTe ompeneneHue «OTKPBITON» M  «3aKPBITOM» CXEM HACOCHBIX
YCTaHOBOK?

7.5Kakum 06pa3oM MOXHO U3MEPSTH HATIOP HACOCHOUW YCTaHOBKU?

7.6Kakum 00pa3oM MOXKHO U3MEPSATH M0/1a4y HACOCHON YCTaHBOKH?
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NabopatopHasa paboTa 4

W3YYEHUE HA MOJIEJISIX KOHCTPYKIUNA U PABOYETO
MPOLIECCA THAPOANHAMUYECKON MY®ThI

1. Iean u 3axa4u padoThI

1.1 3akperuieHre TEOPETUUECKUX 3HAHUM Mo pa3naeny «I uapoanHaMuyecKue
nepeaaumny.

1.2V3y4yenune npuHIUIA ISUCTBUS, KJIacCU(pUKAITIS, KOHCTPYKITHH,
XapaKTEPUCTHUK U MPAKTUYECKOTO MPUMEHEHUS THIPOIMHAMUYECKUX

MyQT.

1.3 IlpuoOpeTeHne NpakTUYECKUX HABBIKOB pa300pPKU U COOPKH
TUAPOAMHAMUYIECKON My (THI.

1.40npenenenue Hanopa u 00bEMHON ogaun ['JIM.

2. OcHOBHBIE CBeJleHHs] 0 THAPOAMHAMHYECKHUX Nepeaayax.

I'maponunamuyeckue mnepegaun (I'JII1) npumensitorcss ¢ ABUTATENSIMU
BHYTPEHHETO CropaHusl, anekrpoasuraressimu u T.4. B I'II1 orcyrcTByer xecTkas
CBSI3b JIBUTATENIsl C HArpy3KOW, TaK KakK OJHEprus Imepenaércs depe3 MOTOK
*Kuakoctd. B kauectBe paboueit skuakoctd B [JIII Moryr mnpuMeHSThCS:

MAalllMHHBIC MacCJjia 1 BOOHBIC OMYJILCHH.

['IIT cymiecTBEHHO YJIydIAIOT XapaKTEPUCTHKU JIBUTaTelied, obecreynBas
OeccTyleHYaToe pPEeryJMpoOBaHUE CKOPOCTH B IIMPOKOM JHAMa3oHE; IMO3BOJISET
MOJIYYUTh MaJjble («IOJI3yYHe») CKOPOCTU JBUKEHHUS; O0JIEryaeT MycK JABUrarenei
[0/l HArpy3KOW; MOBBIMIAIOT HAAEKHOCTh MAIIWH; MPEIOXPAHSAIOT UX Y3Jbl OT

neperpys3ox.

['mpopaBinueckass mepemada, NEpelarollas MEXAaHUYECKYH) JHEPTUIO C
OJIHOTO Bajla Ha JAPYrod C HCIOJB30BAaHHWEM JIOMACTHBIX, Hacoca U TYpOUHHBI,
Ha3biBaeTcsd ruapoaunHamuyeckor. ['JIII gensitca Ha TrUAPOIMHAMHYECKUE

myd 1ol (I'ZIM) u ruaponunamuueckue Tpanchopmaropsl (I'IT).
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2.2 llpuHuunuaibHas u cTpykrypHasi cxembl I'/IM.

['unpomydToii Ha3BIBAIOT TUAPOIUHAMHYECKYIO Mepeiavy, He
npeoOpa3yrontyro KpyTsmmii MoMeHT (puc.4.1) ['JIM cocTosT u3 ABYX JIOMACTHBIX

KOJIEC, HACOCHOTO U TYPOUHHOTO.

Puc.4.1 - Tlpuanunuansaas cxema ['JIM.

HacocHoe koJjieco CO€IMHEHO C BXOJHBIM BajioM, a TYpOMHHOE — C
BeIxoqHbIM 4. Koneca pacrosiokeHbl B Kopiiyce poTopa 3, COEIMHEHHOM C
HAcOCHbIM KojiecoM (uaHuem. Jlomactu B Kojecax HaxoIATCS MEXIAY JByMs
TOPOBBIMHM TIOBEPXHOCTSIMHU, 00pasyromMMHu padouyro m1ojocTh Tuapomydtel. K
BXogHOMY Baiy [J/IM mpuioxeH KpyTsalqud MOMEHT M; OT naBUrarens, a K
BBIXOJJHOMY — MOMEHT M, CONPOTHUBIIEHUS] NPUBOAMMON MalIuHbL. B Kopiyce 3a
HapY>XHBIM TOPOM TYPOMHBI HAaXOJUTCS KUAKOCTh U BO3HHKAET MOMEHT TPEHUS
M,,, KOTOpBIH, OJHAKO, MEHBIIE IepelaBaeMoro MoMmeHTa. Ecin npeHeOpedb

BEJIMYMHON M, TO MOKHO CUUTATh, YTO B rusipoMmypre M, = M,

P>

Takasg mnepegaya SHEPrUM IMPOUCXOAUT C ONPEACICHHBIMA IOTEPSMH,
BHEIIIHE BBIPAXKAKIIMMHUCA B TOM, YTO BEIOMBIM BaJl HECKOJBKO OTCTAa€T OT
BEAYIIETO, Kak TOBOPAT, mpockaib3biBaeT. Cxembl ['JIM mnpexacrtaBieHsl Ha

pucyHke 4.2.
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Puc.4.2 [lpunuunuansHas cxema ['JIM.

HauOompmmii AUaMCTp pa60qeﬁ ITIOJIOCTH HA3bIBACTCsA aKTHBHBIM

nuametpom (D,), a HaumeHbIM — BTYJIOUHBIM (D).
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Puc.4.3 CtpykTypHas cxema MmoJICUCTEM U 3JIEeMEHTOB ojHocTyreHuarou ['JIM

MunpomyThl MOTYT OBITH KaK ¢ BHYTPEHHUM TOpoM (puc.4.2 6), Tak u 6e3
Hero (puc.4.2 a), paznuuatbes hopmMaMu paboumXx Mojocteit (puc.3.2 B) U UMETh

HECUMMETPHUYHBIC JIONACTHRIC KoJieca (puc.4.2 r).
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2.3.Knaceupuxanus I'IM.

Knaccudukanus rugpoauHaMuyeckux MypT puBeieHa Ha puc.4.4.

[4M
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Mo naswayenuw peEntp
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¢,
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Mo npunyuny Mo ronuyecm-| | Mo konuvecmby
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Kudkocmy nanocmy

Puc.4.4 Knaccudukarus I'’JIM

5. CtpykrypHbie cxembl pabotsl I'/IM B nepenaye.

I'’IM wmoryTt paboTaTh B TATOBOM, TOPMO3HOM M OOpaTHUMOM pEKHUMax.

CrpykrypHble cxembl padoTel I'/IM B nepenaue, nmokasansl Ha puc.4.5.

Treosviii pesicum — PEXUM PabOTHL, IPH KOTOPOM MOIIHOCTh HEpenaeTcs
yepe3 ['J/IM oT BXOJHOro, K BBIXOJHOMY 3BeHy (puc.4.5a). XapakTepHbIMU
TOYKaMU BHeIIHEeH Xapaktepuctuku ['JIM Ha 3ToM pexume sBistoTca Touka 1

(puc.4.8)

TOYKa 2 — ONTUMANBHBIN pexxuM, koraa KIT/l MmakcuManbHbBIN, UIMEET MECTO TpH |
=095 ... 0,98 B 3aBucumoctu ot KoHCTpykuuu ['JIM, Touka 3 - CTOMOBBIN
PEXHUM, KOTa BBIXOAHOE 3BEHO OCTAHOBIJICHO, PEXUM SBIACTCS HAIPSOHKCHHBI B
TEIUIOBOM OTHOIIEHHWM, TaK KaK BCS MOIIHOCTb, MOJABOAMMAS OT JBUIaTessd K

BxoaHoMY 3BeHY I'JIM, npeoOpasyercs B TEILIO.
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Puc.4.5. CtpykrypHble cxembl pabOThl THAPOMY(THI B Iepeaaye.

Topmo3sHoti pescum - peKUM padOTHI, TP KOTOPOM MOITHOCTh MOJIBOJIUTCS
Kk ['JIM kak co CTOpOHBI BXOJHOTO, TaK U CO CTOPOHBI BBIXOJHOTO 3BEHBEB WIIU CO
CTOPOHBI OJIHOTO W3 3BEHBEB IMPHU OCTAHOBICHHOM BTOPOM 3BeHE. BO Bcex 3Tmx
CITy4asx MPOUCXOJIUT 3aMeIieHre (TopMokeHue) padodero oprana PO MalllvHBI.

PaznuuaroT 1Ba BHJAa TOPMO3HBIX PEKHUMOB: OOTOHHBIM W PEKUM
IIPOTHUBOBPALLCHUS.

IIpu ob6eonnom peswcume Ha BbIXOAHOM 3BeHe ['JIM 3HaK KpyTsIEero
MOMEHTAa WU3MEHSAETCS Ha NPOTHUBOIOJIOXKHBIM, a HANPABICHUE €r0 BPALLCHUS
COOTBETCTBYET TATOBOMY pEXHMY pabOThl; YacToTa BpalleHHs TYypOMHHOIO
KoJieca OOJIbIlIe YacTOThI BpallleHHsI HACOCHOTO KoJieca.

Peorcum npomueospauleHusl — TOpMOBHOﬁ PCXKHUM, IIpHU KOTOPOM BXOJHBIC H
BBIXOIHBIC 3BCHBS BPpAIIalOTCA B PA3HBIC CTOPOHLI.

Ha peowcume npomusospawenuss momuocts k I'/IM moaBoauTcs Kak OT
JABUTATENsd, Tak W OT pabouero opraHa. HacocHoe kojeco paboTaeT B
HAaCOCHOM PEXHUME, a TYpOMHHOE — B TOPMO3HOM, IIPH KOTOPOM TMOJBOAMUMAS K
HEMYy OT pabodero opraHa SHEpPTHs 3aTpayuBaeTCs Ha TOPMOXXEHUE IMOTOKa
KUJIKOCTU B pabouyeil MOJOCTH, T. €. Ha peKUME MPOTUBOBpAIEHUs] 00beMHas
nomaya ['JIM Q = Qy — Qr tme Qu, Qr — dyacTu mojaum, MPUXOASITUECS
COOTBETCTBEHHO Ha JIOJII0 HACOCHOTO U TYPOUHHOT'O KOJIeC.

Ha puc. 4.6 npeacTaBneHbl OCHOBHBIE Y3IIbI THAPOMY(THI: HACOCHOE KOJIECO,
TypOMHHOE KOJIECO B COOpe CO CTyMUIIeH, KOPITyC.
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Kopnye Koaeco Crynuua ~ Koaeco
TypOHHHOE" /HACOCHOE

. MopmunHUKH

Puc. 4.6 DneMeHTbI TUIPOIMHAMUYECKONU MY THI

HacocHoe koseco BBIMOIHEHO ¢ paguaibHBIMU JIOMATKAMH C OJHOM CTOPOHBI U
C KyJlakaMH - ¢ JIpyroil ctopoHsl. TypOMHHOE KOJIECO MMEET TakKe pajuaibHbIe
JIOTIATKU ¥ C TIOMOIIBIO CIEIHMANIbHBIX OOJITOB Kpemutcs ma crymnuie. Kopmyc
UMeEeT MIAJIKYI0 BHYTPEHHIOIO MOBEPXHOCTh U HAPYKHYIO C peOpaMu >KeCTKOCTH.
PeOpa mMOBBIIAIOT KECTKOCTh KOPIyCa, YBEIMYUBAIOT IUIOMIATL OXJIAKIaeMOM
TTOBEPXHOCTH, a TaK)Ke MPHU BpaIleHUU PabOTaIOT Kak MEHTPOOCKHBIN BEHTHIISATOD,
OXJIAXIast THAPOMYQTY.

I'mapomydra B cbope mokazana Ha puc. 4.7. HacocHoe koyieco COE€IMHEHO
YKECTKO C KOPITYyCOM, a TaK)Ke KyJlaKaMH 4epe3 yIpyrue BKIAJIBIIIN C TTOJIyMyQTOM
(momyxkectkoe  coenuHenue).  Ilomymydra  MOHTHpyeTcs  Ha  Baly
anekTpoaBuratens. Takum oOpazoM, moiymydTa - HACOCHOE KOJECO - KOPIYC
o0pa3yroT BeAyllyl0 YacTh THAPOMY(QTh.. TypOMHHOE KOJECO €O CTYMHIEH
00pa3yroT BEAOMYIO 9acTh TUAPOMY(DTHI M yCTaHABIMBACTCS Yepe3 MOAIIUITHIKY B
COOTBETCTBYIOIIIKE MTOCATOUYHBIE MECTa B KOPITyCE U HACOCHOM KOJIece.
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Koaeco vypounnoe N podka rennosoii
" 3aMHTBI
Koueco nacocnoe

Ynnoraenns

-

Yopyrui
/ BRJIATBITI

Monymy¢ra

HupkyIsauns
padoueii KNIKOCTH

“\._Kopmye

Konuesas
HEUTPHPYIOMAH LEHRA

Puc.4.7 Pa3pe3 runponuHaMudeckoit MyThbl

BayTpeHHell mocajouHOM MOBEPXHOCTHIO CTYHHIIBI THIPOMY(pTa MOHTUPYETCS
Ha BajJ peayKTopa. B ciydae muiMmeBoro COeAMHEHHS C BaJOM PEIyKTOpa AJis
Jy4IIEero MEHTPUPOBAHUS MO KpasM TMOCAIKHU BBITIOJHEHBI JBE IIEHTPHUPYIOIIHNE
1mieiiki (KOpeHHasi U KOHIIEBas - MO Bajly), B Clly4yae IIMOHOYHOTO — OJHAa LIeHKa
(xonmeBast). HacocHoe u TypOMHHOE Kojeca 00pa3yrT TOpooOpas3Hyr pabodyro
KaMepy, pa3fesieHHYIO JonaTkamu. MexIy JonaTkaMu HacOCHOTO U TYpOWHHOTO
KOoJIeC MMeeTcs 3a30p, Onaromapss 4emy BeloMash 4acTb MOJKET BpallaTbes
OTHOCHUTENIbHO BeIylled yacTh ruapoMy¢Tsl. Paboyas KUAKOCTb 3ajIMBacTCs B
ruapoMyTy depe3 oTBepcTusi B Kopmyce. s npenoTBpalleHust yreuku padbodeit
KUAKOCTH, a TaKKe I 3allUThl  OT BO3ACHCTBHS BHEUIHEH  CpPEIbI
MOIIITUITHUKOBBIE Y3JIbI YIUIOTHEHBI MAHKETAMHU.

2.4 Xapakrepucruxu I'/IM.

Paznuuaror BHemHWME W BHyTpeHHUE Xapaktepuctuku [/IM. Bemnei
XapaKTEePUCTUKON HA3bIBAIOT 3aBUCUMOCTU BHeIHUX napameTpoB (KIIJI, momenTa,
MOIITHOCTH) OT mepeaaToyHoro otHomeHuss ['JIM mpu  TOCTOSHHBIX BSI3KOCTH U
IUIOTHOCTH pabodell >KUAKOCTH, YacTOTe BpalleHUs (WU YTJIOBOM CKOPOCTH)

BXO/IHOTO 3BeHa (puc.4.8).
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Buyrpennen XapaKTEPUCTUKON I'IM HAa3bIBAIOTCS
3aBHUCUMOCTH MEX/1y BHYTPEHHUMHU [TapaMeTpaMu MOTOKa KUAKOCTH B €€ paboyeit
HOJIOCTU K KOTOPBIM OTHOCSTCS: Hamop, 00ObeMHasi Mojayda, CKOpOCTb, JaBJICHHE
IIOTEPH SHEPIHH.

M
; T
p,wy=const
\\ n
\{ 10 i
~ a6 i
| i=i,
\ | i=i,=i
t— 0%
7 2 e
7
0
g9z 0% 46 46 1\5
0 @,
Puc.4.8 Buemnsist xapakrepuctuka ['JIM Puc.4.9 Bxoanas (Harpy3ouHas)

XapaKTepUCTHKA

[Ipu paccmoTpeHnn ocod0eHHOCTE coBMecTHOM paboTsl ['JIM c nBuratenem
BHYTPEHHETO CTOPaHUs U aCUHXPOHHBIM 2JIEKTPOABUTATENIEM CTPOSIT BXOHYIO
(Harpy3ounyr) xapakrepuctuky ['JIM (puc.4.9) — 3aBUCMMOCTh MOMEHTA Ha
BXOJHOM BaJly OT €ro yIriIoBoi ckopoctu mpu i=const, i=0; 0,1; 0,2... u t.a. go i=i*

(i* - onTUMAaTEHBIN PEXKKIM. )
3. BoinosineHue padoThI.

3.1.IIposectu pazdopky I'/JIM.
3.2.0mnpenenuTh OCHOBHBIC d1eMeHTHI I JIM.

3.3.BeimonHuth 3ckn3 KoHCTpyKiuu ['JIM ¢ yka3aHueM nepedHs €€ COCTaBHBIX

qacTeMu.

3.4.IlpoBecTr U3MEpPEHNE OCHOBHBIX KOHCTPYKTUBHBIX Pa3MEpPOB HACOCHOTO U
TypounHoro kosec maketa I'J/IM (puc.4.2.a).
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4. PacyerHast 4acTh

[MpoussecTu pacuet rugpomydrel Tuna ['TI3345Y (puc.4.7) npenHa3Ha4eHHOM
JUTSl IPUBOJIOB CKPEOKOBBIX KOHBEepoB. OCHOBHBIE apaMeTphl 1715l JaJIbHEHUIIIEro
pacdera rupoMydThl MpUBeICHBI B Tabimiie 4.1.

Tanuia 4.1. OcHOBHBIE TapaMeTpbl THIpoauHaMuueckoil My el ['TI2345Y

HaumeHnoBaHme nmapamMeTpoB rufpomMyThl 3HaueHue
AKTHUBHBIN THaMETP, MM 345
HomuHanbHass MOIITHOCTE, KBT 30
CuHXpOHHAs YaCTOTa BpaIlleHUs Baja JBUTATENs, 00/MUH 1500
HoMmuHanbHBINM KPYTAIIUNA MOMEHT BXOJHOTO Basia, Hm 199
OTHO1IEHNE TYCKOBOTO MOMEHTA K HOMUHAJIbHOMY 2...2,9
OTHoOIlIEHHE TUHAMUYECKOTO0 MOMEHTa K HOMUHAJILHOMY TIPU 3,2
TOpMOXeHuH 3a Bpems 0,5 ¢, He 6oiee
HomunansHOE ckolibxeHue, %, He 6osee 3,5
KOJIM4ecTBO 3aTHBaeMOi pabodei SKUIKOCTH, aM° (1) 5,6
Macca 0e3 pabouelt KUIKOCTH, KT 46,5

4.1 OnpenenuTh HAMIOP HACOCHOTO KOJIECca Ha 3aIaHHOM PEXHUME.

KoaddurmenT Ob1CTpOX0HOCTH HACOCHOTO KoJieca: Ngy=50...70 06/MuH.

[Tonb3ysick popmysoit s onpeaeneHus KodpuurenTa ObICTPOXOAHOCTH B BUJIE:

ey Ny (4.1)

n
SH 1 5/4 7
P Hie

¥ 3amaBInch miotHocTh0:p(M)=1000 /v’ .

4.2 OnpenenuTh HAMlOP HACOCHOTO KoJieca Ha PacYETHOM peXuMe 1o popmyie:

2
Ho - 1000-N;p ;| “2)

2
p-n
45 H




[Tpu 3ToM nmapametpsl Nip, Nj, p CUUTAIOT 3aaHHBIMH (MU3BECTHBIMU, HAIIPUMED

13 TEXHUYECKOTO 3aJaHusl).
4.3 OmnpenenuTh 00BEMHYIO TTOAYY.

OObnéMHas Imoaava OoIpcaciACTCA 110 BBIPAXKCHUIO!

0, = Ne_ . (43)
P — 1
p-9-Hyp
3agarot Brynounbiii auametp Do, = 1,5-di, rme di — auameTp BXOaHOTO Basa.

DTa 3aBUCHUMOCTh JKCIEPHUMEHTAJIbHAS M XOPOIIO COTJIACYETCS C OIBITOM IS
I'’IM co cratnueckuM camoonopaxHuBanueMm. s ['/IM ¢ auHaMHYECKUM
camoomnopaxHuBaHueM auametp D, onpenensior ¢ ydetoMm pa3MepoB U oObeMa

COPOCHOM TTOJIOCTH.
5. KoHTpoJIbHBIE BOTIPOCHI

5.1 I[aﬁTe OIIPCACIICHUC THAPOANHAMHNYCCKUM IICpCaadaM. H HA30BUTC OCHOBHELIC

AIIEMEHTHI KOHCTPYKIIUH.

5.2 Tlepeuncnuth ocHOBHBIE ipenmMytecTsa ['JIM, O1aromapst KOTOpbIM

MOBBIIIACTCA ITPOU3BOAUTCIBHOCTL U HaI[é)KHOCTB MallluH.

5.3 HazoBHUTE OCHOBHBIE PEXUMBI PAOOTHI U XapaKTEPUIYIOUIUE UX MapaMeTPhl

I'’/IM B COOTBETCTBUU C THArPAMMOM.

5.4 ITpuseaute npumep cxemsl mpumeHenus ['JIM B TexHuke.
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NabopaTtopHasa paboTta 5

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

1. Ieanb padoTbI
1.1 VI3yuenue KOHCTPYKIUH, IPUHIIUIIA JEHCTBUS U XapaKTEPUCTHK
ruapoauHamudeckoro Tpancdopmaropa (I'IT).

1.2 TIpnoGpeTenne MpakTHIECKUX HaBBIKOB pazoopku u coopku ['IT.

1.3 M3y4yeHue npuHIKIA TEUCTBUS U PEKUMOB pabOThI MEXaHO-
TUIPOAMHAMHUYECKON Mepejauul Tpy30BOr0 aBTOMOOUIIS.

1.4 OcHoBHBIE CBe/IeHHS 0 THAPOAUHAMUYECKHX Nepeaadyax

['mnpaBnuyeckas nepejava, nepefaronas MEXaHUYECKYH0 SHEPTHUIO C OJIHOTO
Bajla Ha JPYroil C MCHOJB30BAHMEM JIOMACTHBIX HACOCAa M TYpOWHBI, Ha3bIBACTCS
ruapoauHamuueckor. ['JIIT mensitcs Ha ruapomunamudeckue myptel (I'IM) u

ruapoanHamudeckue Tpancgopmaropst (I'T).

['uapornpeoOpazoBaresneM KpyTSAIIEro MOMEHTa (TUIPOTpaHCHOPMATOPOM)
HA3bIBACTCSI DJHEpPreTHYeckass MallnHa, OOeCIedHBaromias THOKOE COeTUHEHUE
BaJIOB U Tepefiady MOITHOCTH C BEIYILEro Baja Ha BEAOMBI ¢ mpeoOpa3oBaHuEM
KPYTSIIETO MOMEHTa W M3MEHEHHEM CKOPOCTH BpAIlEHHsS BEIOMOTO Baja II0

CpPaBHCHHIO CO CKOPOCTBHIO BPpallICHUA BCAYIICTO BaJia.

C npumenenuem ['JIT ob6neruaercs Tpya BoauTeNs Oaarogapsi aBTOMaTHYHOCTH

HN3MCHCHUA CKOPOCTHU MCXaHU3MOB.

[IpeumytiecTBa rupPOIMHAMAYECKHUX TIEpPeIad CIIOCOOCTBOBAIN MX MTUPOKOMY

IMPUMCHCHUIO B PA3JINYHBIX 0071aCTIX TEXHUKH.
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B nacrosmee Bpems ['JIT npumeHstorcss B NpUBOJAX TPAHCIOPTHBIX,
CTPOUTEJIbHBIX, MOPOXKHBIX, TOPHBIX W APYTHX MaIlMH, UMCIOLINX MEPEMEHHbIC

Harpy3ku Ha pabodux opraHax.

2.2 YcTpoiicTBO U NPUHIMI AelCTBUS THAPOIMHAMHYECKOT0

TpaHncpopmartopa.

I'IIT (puc.5.1), comepxkamee HacocHoe 2 (H), typounnoe 3 (T) xonéca u
HEMOABWXHBIA  peaktop 6  (P),  HaspiBaeTca  TUAPOAMHAMUYECKUM

tpancpopmaropom (I'IT).

z J

Puc.5.1. Ilpunnunuansuas cxema ['JIT

PeakTop 6 coennHEH ¢ HEMOABUKHBIM KOPITYCOM 5 M Y4acTBYET B JUHAMHYECKOM
B3aMMOJICHCTBUU C IOTOKOM XUIKOCTH, U3MEHsAs ero HampasieHue. llpu srom
B3aMMOJECHCTBUM Ha PEAKTOPE BOZHMKAECT KPYTAIUNA MOMEHT M, mostomy B I'IT

MOMEHT M; Ha BXOJHOM Baly | He paBeH MOMEHTY M, Ha BBIXOTHOM Baiy 4.
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i

Puc.5.2. Cxemsl ognocTynenuarsix 1T

Ha pwuc.5.2. mokazanbl cxembl ojHocTyneHudateix [T ¢ paznuuHbiM
PACIOJIOKEHUEM JIOMIACTHBIX KOJIEC B paboyeil MOJIOCTH.

Puc.5.3. Cxembl MmHOrOCTYneHuatbix ['IT

Tun TypOMHHOTO Kojieca OmpeleNsieTcss Mo NpOoTeKarueMy B HEM MOTOKY
paboueit xuakoctu. [lpu 3TOM HEOOXOAMMO MOMHUTH, YTO paboyas >KUIKOCTb, B
OCHOBHOM, TIEPEMEINAETCS OT LIEHTPOOEKHOIO HACOCHOTO KoJjieca K TYypOMHHOMY U

nanee. Ilostomy, Hampumep, ['JIT nokazanuble HU puc.5.2 a U 2, UMEIOT
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IIEHTPOOEKHOE TypOMHHOE KOJIECO, Ha PUC.5.2 6 U e — 0CEeBOE, a Ha puc.5.2 6, 0 u

JC - UEHTPOCTPEMUTEIBHOE.

HByxctynenvarsie ['ZIT (puc.5.3, a-0) cocTOAT U3 OJHOTO HACOCHOTO
KoJIeca, IBYXCTYIeHYaTOro TypOMHHOTO KoJieca P OJHOM UITH IBYX peaKkTopax.

Tpéxcrynenuarsie I'IT (puc.5.3 e, o) coCTOSAT U3 OJHOTO HACOCHOTO KoJieca,
TPEXCTYMEHYATOr0 TYpOMHHOTO KOJIeca U IBYX-TPEX PEaKkTOPOB.

B kauecTBe mpumepa paccCMOTpUM THAPOJMHAMUYECKYIO IIepeady B IPy30BOM
aBTomoOmite (Puc. 5.4). 'maponuHamuyeckuii TpanchopMaTop SBISCTCS YaCThIO
THIPOMEXAHUYECKOM TPAaHCMHCCHM, KOTOpas Ha COBPEMEHHBIX aBTOMOOMIISIX
UMEET DIIEKTPOHHOE YIpaBJICHUE TUIAPABIMKON M B OOMXOAE HA3bIBAETCS

aBTOMAaTUYECKOMU.

TypbunKoe koneco Peaxrop HacocHoe koneco

Puc.5.4 [lpumenenue ruapotpancopmaropa B aromoomie ¢ AKII

[Ipumenenne I'JIT B aBTOTpaHCcMHCCHSIX OOYCIOBJIEHO CIIOCOOHOCTBIO
HENpPEepPhIBHO U, CaMoO€ TJaBHOE, AaBTOMAaTHYECKHM U3MEHATh Kod(UIMeHT
TpaHcopMalMu B 3aBUCUMOCTH OT CONPOTHUBIIEHUS Ha €ro BeIOMOM Baiy (To-
CYILLIECTBY OT CONPOTUBJICHUS TBUKECHUIO aBTOMOOUJIS).

I'’IT waxomuTcs MEXAy JABUTATEIEM W aBTOMATHYECKOM KOPOOKOMA
nepeMensl niepenad (AKIII), kotopas npuHIMONATBHO OTIWYAETCS YCTPOMCTBOM

OT IMPOCTBIX MCXAHHUYCCKHUX. OH BBITIOJHAET 0€3 BMEIIATENLCTBA BOOUTCIA OBC
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¢bynxun. [lepBas - pyHKUIMA cuerieHus, T. €. o0ecnedeHre nepenadn KpyTAauero
MoMeHTta gBuratenss Ha AKIIIL. Bropyro wMoxHO Ha3BaTh (yHKIHEH
" TOTIOJTHUTENBHOM OeccTyneH4aTol KopoOku nepenay”. 1o 00pa3HOe BhIpaXKEHHE
MO>XHO TMPUMEHUTh, UCXOMS M3 OCOOCHHOCTEH paboThl THUIpoTpaHchopmaTopa,
KOTOPBIM, M3MEHAA MEPENABAEMbld WM  KPYTAIIAM MOMEHT, IIO3BOJISIET
yBennuuBaTh nepegarounsie ynciaa AKIIIL.

'uapoTtpancopmaTrop COCTUHSICTCS C JBUTATE]IEM C ITIOMOIIBIO JTUCKa,
KOTOPBIi B CBOKO O4Yepe/ab KpEmuTcs K (UIaHIly KOJCHYATOro Bajia JIBUTATEIIS
(puc.5.4).

]
. ] e T
Rae A
_ﬁI‘T‘IT/’O Tsom i rls fsx\fmrfo__
F}}LL? _ﬂlﬂ'_frmﬂ 1z m,,_‘t?’\q‘;*r _EE
LT 5| 1 8o EHRERE
p AR il i-ngjl 1
! i

\H

K |

Puc.5.5 [IpunnunuansHas KHHEMaTHYECKasi CXemMa THIPOMEXaHUIECKON

TPAHCMHUCCHUU «KPOCC-IIPANBY»: 1 — nBurareib; 2 — MePBUYHBINA PEAYKTOP; 3 — KOMIUIEKCHBIH
ruapoTpaHchopmaTop; 4 — CyMMHUPYIOIIHE MJIaHETapHBIC PSIIbL; 5 — MIIaHETAPHBIN s
3aMeJICHHOM Tiepeaaun; 6 — miiaHeTapHbId Pl 38 JHEr0 X0/1a; 7 — NOTOJHUTEIbHBIE Iepeadn; 8
— IpOCTOH IMIMHApUYecKuit auddepeniman; 9 — Topmosa moBopora; 10 — 0CTaHOBOUHBIE
TopMo3a; 11 — GopToBble nepeaun.

Jlst tpancmuccuu ¢ AKIIIT He Tpebyercs 0ObIYHOrO MaxOBHUKA, MTOCKOJIbKY
caMm TpaHchopmarop, obiagaeT AOCTaTOYHO OOJbIION Maccoi. Mcmonb3oBaHue
rMOKOTro JUCKa MO3BOJISIET KOMIICHCHPOBATh JHO00H OCEeBOM JIIO(PT, BHI3BAHHBIM
M3HOCOM WJIM TEIJIOBBIM PACIIMPEHNEM METAIUTUYECKHUX JIETAIIEH.

OObIYHO, K BHEUIHEMY JMaMeTpy THOKOro MAHCKa KpEmuTCs Beaomas
niecTepHst craprepa. Ha HEKOTOpBIX MOJENSAX AaBTOMOOWJIEH »3Ta IIecTepHs
IPUBApPUBAETCS HEMOCPEICTBEHHO K KOPIyCy TUapoTpanchopmaropa.
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2.3.Knaccupuxanusa AT

Knaccudukanus rugpogmHaMIdecKux TpaHC(GOpMaToOpoB MPUBEICHA Ha

puc.5.4.

o Bosmomwocmu padorms Ha pEXUMAX
nepetamoyHbIM OMHOWEHUEM, BanbwWUr eGUHULYb!

flo wanpabrewuwr Bpawenus Boixodwoeo 36ewa

76 BoaMomroTy UsmeneRua man-| (Yopedunamuyeckuy
pabnowus Bpawenun Bsixodroco 3bena mpaxc@opramop
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Puc.5.4. Knaccudukarus I'IT
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2.4 Buemnsisa xapakrepuctuxka I'JIT

Buemnenn xapakrtepuctukort ['JIT Ha3piBalOT 3aBUCUMOCTh  BHEIIHHUX
MOKa3aTeyied OT MEPENATOYHOIO OTHOUIEHUS IMpPU ITOCTOSHHBIX BSI3KOCTU U
IJIOTHOCTH paboyeld >KUIKOCTH, YacTOTE BpAICHUS WM KPYTAIIEM MOMEHTE
BXOJIHOTO 3BEHA.

IIpn >tOoM mnosnHoW BHemHeW Xxapakrepuctukor ['JIT HaseBatoT ero
BHEIIHIOKD XapaKTEPUCTHUKY Ha TITOBOM, OOTOHHOM pPEXHMaxX M Ha pEeXUME
IpOTHBOBpaIeHus (puc.5.5).

M;n
A
>

/{/f r \\

N

=

A ANAN -
VAR N
7 4 2 371 4

Puc.5.5 Teopetnueckas BHemHss xapakrepuctuka ['IT npu
MOCTOSIHHBIX 1, p U Q.

Yame BCero BHEMIHIOK  XapaKTEPUCTUKY MPEACTABISIIOT B BHUIAE
3aBUcUMOCTEN M; 1 My, 1 OT { U ®, NPU MOCTOSTHHBIX ®1, P, IJI€ MOMEHTH M; U
M; OTHOCATCS K BXOJAHOMY M BBIXOJHOMY BajaM. Touxka [- peXHM XOJIOCTOIO
X0J1a, B KOTOPOW OTCYTCTBYET Harpyska Ha BbixogHoM Baiy (M,=0 u N,=0): n=0;
Ni=Npor#0.

Touxa 2 - pexum paBeHCTBa MOMeHTOB M,=M., . Touxa 3 — pexum
CUHXPOHHOTO BpAIlleHUsI HACOCHOTO M TYpOMHHOIO KOJéc: ®,= o, , i=1. IToT
pexum umeer mecro st AT c, iy «>1. Pexxum umeer Gosplioe mpakTHUYECKOE
3Ha4YeHUEe Il OJIOKUPOBKM HACOCHOTO W TYpOMHHOTO KOJIEC, TaK Kak IMpH
pPaBEHCTBE HMX CKOPOCTEH obOecrmeunBaeTCsl IJIAaBHOE COCIUHEHHE BXOJHOTO U

BbIxoHOTO BajioB I'JIT (aBurarens u pabouero oprasa).
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Touxa 4 - onTUMANbHBIN PEXUM pabOTHI, XapaKTEPU3yeTCI MAaKCUMAJIbHBIM
KIIA n* Y MAHUMAJIbHBIMHA THAPABINYECKUMU ITOoTepssMU. MHOrIa onTuManbHbIN
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 -

ctomoBbii pexxumM; , =0, =0, M,;#0, N;=0, N, =N ¢y,

MoMeHT Ha Typ6I/IHHOM KOJICCC HAXOOUTHCA COTTIACHO YPABHCHUIO!:

ct ct
MTO:p'Q'|:_a)H'r§2+Q(M'm2_%"}2)} (5-1)
Fiz Fr

MakcuManbHbli MOMEHT pa3BUBAETCSI Ha  TSATOBOM pEXUME pPaOOTHI.
CTOmNOBBIN peXuUM, HaAMPUMEP, COOTBETCTBYET TPOTaHUIO aBTOMOOWIISI C MECTa U

ABJIACTCA HaHpH}KéHHI)IM B TCIIJIOBOM OTHOIIICHMH.

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

ogHoctryneH4dateix I JI'T oTinnyaeTcst oT TeOpEeTUYECKHUX.

3.BbinoJsiHeHune padoThl

3.1. Ilpoussectu pazdopky I'JIT.
3.2. Onpenenuts ocHOBHBIC AnemMeHTHI [ J[T.
3.3. BemonHutk 3cku3 KoHCTpykiuu ['IT ¢ ykazanuem repedHs 3JIeMEHTOB.

3.4.IlpoBecTr U3MEPEHNE OCHOBHBIX KOHCTPYKTUBHBIX Pa3MEPOB HACOCHOTO U

TypOuHHOTO Kojeca makera ['JIM.
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5. KoHTpoO/bHBIE BONIPOCHI

5.1 JlaiiTe onpeneneHue TUIpOIMHAMUYECKOTO TpaHCc(hopMaTopa U HA30BUTE

OCHOBHBIC JJICMCHTHBI €I'0 KOHCTPYKIUH.

5.2 [llepeuncnure ocHoBHble mpeumymiectBa ['JIT, Omaromaps KOTOpBIM

MOBBINIACTCS MPOU3BOIUTEIHHOCTD U HAJEKHOCTh MAIIIHH.
5.3 B uem ux otamuuTenbHble U GyHKIIMOHAIBHBIE oco0enHoctu [T ot I'/IM?
5.4 HazoBute ocHOBHBIE pekuMbI paboTel ['/IT.

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

YCTAHOBKH B IIPUBOJAX MOOMJILHBIX MAaIllH.
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