Beenenune

HpeI[H_IGCTBeHHI/IKI/I COBPCMCHHBIX TUAPABJIMYCCKUX MAIIUH ITOSABUJINCH B FJIy60KOI71 APCBHOCTH.
OcBoenne 10 AOPOJHBIX 3€EMEJIb, YPOBCHB KOTOPBIX BEIIIE YPOBHA BOAbI OIYDKaNIIIX
BOJOCMOB, a TAKXC HCO6XOI[I/IMOCTB BOI[OO6€CH€‘-I€HI/I$I IMOCEJICHUM HOTpe6OBaJI CO3aaHus
Pa3IUuYHBIX BOAOIIOABEMHEBIX CPEACTB.

JpeBHeluii U3BECTHBIM HAM MEXaHU3M - BOJIONOIbEMHOE KOJIECO - TOJAHUMAT § M BOJBI B Yac
Ha BbicoTy 3 Metpa. B 1700 r. mo H.3. B Kaupe mis moabema BoAbl U3 Kooa riyounon 90 m
MCIIOJIH30BAJIM TaK Ha3bIBAEMbIN LIEMTHON HACOC (LIETIh C MPUKPEIJICHHBIMU KOBILIAMH ).
ApXHUMeNOB BUHT CTAIM MPUMEHATH )1 opomieHus nojei 3a 1000 ser 1o H.3. HakinoHHO
pacroI0XKEeHHBIN Bajl ¢ BUHTOBOM Hape3KOM BpalllayiCs B ITOJIyOTKPBITOM JIOTKE U 00ecieunBa
MOJABEM BOJIbI Ha BBICOTY 110 5 M.

[TepBbriM Hacocom ObLT OpITHEBOM. 300peTaTeneM ero cunTaroT APEeBHETPEYECKOr0 MEXaHUKa
Kreszebus (II - I B. 1o H.3.). Hacoc Obut onucan ['epoHom Anekcanapuiickum B [ B. 10 H.9. B
tpyne "lIneBmaruka".

[TocTenenHo B mpouecce TPyA0BOM 1€ATEIbHOCTH JIFOAU HAKAIJIMBAIIA 3HAHUS O
3aKOHOMEPHOCTAX ABUKEHUS KUIKOCTH M Ta30B. DTO HAIIUIO OTPAKEHHUE B TPYAaxX
npeBHerpeueckoro ¢unocoda Apuctorens. Hekoropbie 3aKOHBI THIPABIMKHN ObLIN
chopmynupoBaHbl BeIMYalliuM MexaHnukoM JIpeBuelt ['periun Apxumenaom.

OTcyTcTBHE IPUBOJHOTO JBUTATENS TOPMO3HIIO PAa3BUTHE THAPABINYECKUX MalIH. TOIbKO
Oyaromaps pas3zelieHUIo Tpyaa u pa3Buthio Manypaktypsl B X VI - XVII BB. ObutH CO31aHBI
YCIIOBUS AJIS1 IIMPOKOTO UCTIOIB30BAHMSI BOJSTHOTO KOJIEca, a 3aTEM MapOBOM MaIlTHbBI B
Ka4yeCTBE JIBUTATEIICH.

Bnepssle niero npruMeHeHus B MalllnHax ’MApoIpuBoa Beickaszan B KoHue X VII Beka bres
[Tackanb, KOTOPBI yKa3bIBall HA BO3MOXHOCTb CO3/1aHUS IMIPaBIMUYECKOTO Ipecca. JTa Haes
[Tackans Obuia peanuzoBaHa B 1859-1861 rr. XaiizBenaom nmpu pa3paboTke KOHCTPYKIIUU
NIEPBOTO I'MIPaBIMYECKOT0 IITAMIIOBOYHOIO Npecca. B nanbHenemM rugponpuBo 10JIroe
BpEMsI IPUMEHSIICS JIUIIb NPU CO3/IaHUU KY3HEYHO-TIPECCOBOI0 000PYAOBAHMUS.

[TosiBnenue napossix MarmuH B X VIII B. 66110 00yCIIOBIIEHO, PEXKE BCETO, HEOOXOIUMOCTHIO
IPHBO/Ia HACOCOB JJISl OTKAYKH BOABI U3 maxT. HermyGokue BEIpabOTKH K 3TOMY BPEMEHHU yikKe
UCTOLIMJINCH, @ OCHOBHOU ITPp0o0sIeMOi ObUIO yAaleHue TPYHTOBBIX BOJI U3 INIYOOKHX IIAXT,
KOTOpbIE HE TO3BOJISITN BECTH J10OBIYY MOJIE3HBIX HCKOMAEMBIX.

C pa3BuTHEM NapOBBIX MAIIWH U OOIIMM TEXHOJIOTHYECKUM MIPOrPECCOM B MAITMHOCTPOCHUHU
TECHO CBSI3aHO COBEPLICHCTBOBAHNUE KOHCTPYKIUN ITOPIIHEBBIX HACOCOB, MTOSBICHUE U
COBEPILECHCTBOBAHUE THIPABINYECKUX JABUTaTeNel. [lanee mupokoe NpruMEeHEHUE IBUTaTenen
BHYTPEHHETO CrOpaHus U IEKTpoIpuBoja B KoHle XIX - Hagane XX BB. IIOCITYKUIIO
CUJIbHEHIINM TOJYKOM B Pa3BUTHM T'MIPaBINYECKUX IIPUBOJIOB.

B Hacrosiiiee BpeMsi BO BCeM MUpPE MPAKTUYECKH HEBO3MOXKHO Ha3BaTh TaKyl OTPACIb
MPOMBIIIJICHHOCTH WJIN CEITLCKOTO X03SHCTBA, B KOTOPBIX HE MPUMEHSIICS ObI THAPOTIPUBO. A
BO3POCIIIKE B MMOCJIEIHUE TO/IbI TEMITBI CO3aHUs U OCBOESHHUS CEPUITHOTO MPOU3BOICTBA HOBBIX
MAIllUH ¢ THIPABIUYECCKUM MPUBOJIOM SIBJISIFOTCS HATJISITHBIM TIOJTBEPKICHUEM HAYIHO-
TEXHHYECKOT0 Mporpecca.



Hcnonb30BaHue THAPOIIPUBOIOB B CTPOUTENBHBIX U TOPOXKHBIX MALIHMHAX CIIOCOOCTBYET
3HAYUTEIBHOMY MOBBILICHUIO YPOBHS MEXaHU3ALUH B 9TUX OTpacisix. ['uapapanueckue
YCTPOMCTBA yCTaHABIMBAIOTCS B CUCTEMAX YIIPABIEHMS HA 3KCKaBaTopax, Oysbao3epax,
HOJbEMHUKAX, IOIPY34HKaxX, KpaHaxX, a TAK)KE B KAUECTBE CUJIOBBIX Iepe/iay Ha JABMKUTEIb 3TUX
MaIlIHH.

B pe3synbrare BHeIpeHUsI COBPEMEHHBIX TEXHOJIOTUUECKHUX MPOIIECCOB U COBEPIIICHCTBOBAHUS
TUIPABINYECKOro 000pyI0BaHUS U MAIlIMH C 00bEMHBIM THAPONPUBOIOM 3a MOCIIEIHHIE J1BA
JECATUIICTUS 3HAUUTEIBHO YIYUIIUIOCh KAYECTBO UX U3TOTOBJICHHUS, TIOBBICUIIUCH
MPOJOHKUTEILHOCTh 0€30TKa3HOM pabOThl U TEXHUYECKUH pecypc.

[lepcrieKTUBHBIM SIBIISICTCS HCTIOIB30BaHUE THAPABINYECKUX U THEBMATUYECKUX Mepeaay B
COUCTAaHUU C SJICKTPUYCCKUMHU IAJId aBTOMATU3allUU TCXHOJIOTHYCCKUX MPOUCCCOB BO MHOI'UX
OTpacJIIX HAPOJAHOIO XO341CTBA C 1IeJIbIO MOBBIIIEHUS TPOU3BOAUTEILHOCTU U YITYUILICHUS
YCJIOBUU TpyAa.



O01mas xapakTepucTHKa NPUBOJAA

1.1. CTpykTypHasi cxeMa ruiponpuBoaa

T'uoponpusodom Ha3bIBAETCS COBOKYITHOCTh YCTPOICTB, MPeIHa3HAUCHHBIX JJIsl IPUBEICHUS B
JBUKCHUEC MEXaHU3MOB M MAIITUH MOCPEICTBOM pabOUeH KUAKOCTH, HAXOSIIEHCS IO
JaBJICHUEM, C OJJHOBPEMEHHBIM BHIIOJHEHHEM (PYHKLIUN PETyIUPOBAHUS U PEBEPCUPOBAHUS
CKOPOCTH JIBU>KEHHS BBIXOJHOTO 3B€HA TUAPOIBUTATEIIS.

['uaponpuBOIBI MOTYT OBITH ABYX THIIOB: 2UOpOOUHAMUYecKue U oovemHovle. B
TUAPOIMHAMUYECKUX MTPUBOJAX UCIOIB3YETCSI B OCHOBHOM KHHETUYECKAsl YJHEPTHSI TOTOKA
KHUJIKOCTH. B 00BEMHBIX THAPOIIPUBOAAX HCIIOIB3YETCs MOTCHIIUAIBHASI DHEPTUS IaBJICHUS
paboueit KUIKOCTH.

OOBEMHBIN TUIPOTIPUBO] COCTOUT U3 THAPOIIEPENAUN, YCTPOMCTB YIIPABJICHHUS,
BCIIOMOTaTeNbHBIX YCTPOUCTB U TUApoanHMi (puc.1.1).
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Puc.1.1. Cxema 06beMHOTO TUIPOTIPUBO/IA

L fdponpesipastlfoment

Oo6vemnasn cudponepedaua, sBISIOMIASCS CHIIOBON YaCThIO THAPOIIPUBO/IA, COCTOUT U3
00vemHo20 Hacoca (TpeoOpa3oBaTesss MEXaHUYECKON IHEPTUN TTPUBOJISIIETO IBUTATENS B
9HEPrUIo MOTOKa pabouel )KUIKOCTH) U 06beMHo20 eudpoosucamers (mpeoOpa3oBaTeis
SHEPruH OTOKa pabouei JKUAKOCTH B MEXaHUIECKYIO SHEPTHIO BHIXOJIHOTO 3BEHA).

B cocTtaB HEKOTOPBIX 0OBEMHBIX THIPOIIEPEIad BXOAUT 2UOPOAKKYMYAsimop (THAPOSMKOCTH,
npeIHa3HauYeHHbIC ATl aKKYMYIMPOBAHUSI SHEPTUU pabouelt )KUIKOCTH, HaXOJISIIEeCs O
JTABJICHUEM, C LIEJTBIO ITOCIIEAYIONIETO €€ NCTIOIh30BAHNS ISl IIPUBEICHUS B paboTy
ruapoaBuratens). Kpome Toro, B coctaB rujipornepeiad MOryT BXOJIUTh TaKxKe
eudponpeobpazosament - 00bEMHBIC THIPOMAIITUHBI IS IPEOOPa30BaHMS YHEPTUU TIOTOKA
paboueii KUAKOCTH C OJJHUMH 3HaUCHUSMU AaBiieHus P u pacxona Q B 9HEPTHUIO APYroro moToka
¢ npyrumu 3HaueHussMu P u Q.

Yempoiicmea ynpaenenus npeHasHaueHsl U1 yIPaBIEHUS TOTOKOM WU IPYTUMHU
ycTpoiicTtBamu ruaponpusoaa. IIpu sTom nox ynpasineHHMEM IOTOKOM TOHUMAETCSI U3MEHEHUE
WIN TIOJ|Iep’KaHNE Ha ONPEEIICHHOM YPOBHE JaBJICHUS M pacXxo/a B THAPOCUCTEME, a TAKKE



M3MEHEHHE HalpaBJIeHUs IBM)KEHUS TIOTOKA padoueil xunkoctu. K ycTpoiictBaM ynpaBieHus
OTHOCSITCS:

euopopacnpeoenument, CIry’aliie AJsl 13MEHEHUS HallpaBJICHUs ABUKECHUS I10TOKa pabodeit
XKHUJIKOCTH, o0ecriedeHus TpeOyeMoi OCIe0BaTeIbHOCTH BKIFOUEHUS B padoTy
TUAPOJBUTATENICH, PEBEPCUPOBAHUS ABUKECHUS UX BBIXOJHBIX 3BEHBEB U T.1I.;

pezynsamopul 0agnenus (IPeIOXPAHUTENbHBIN, peIyKIIMOHHBIHN, IEPETUBHON U JPyrUe KJIalaHbl),
[IpeHa3HauYEHHbIE AJIs PETyJIUPOBaHuUs AaBJIeHUs paOouel KUIKOCTU B THIPOCUCTEME;
pezynamopul pacxooa (AETUTEIN U CyMMaTOPbI TIOTOKOB, IPOCCEH U PETYIISTOPHI IOTOKA,
HaMpaBJIAIONIUE KJIANIAHbI), C TOMOIIBIO KOTOPBIX YIPABIISIIOT TOTOKOM padoyeil *KUIKOCTH;
euopasnuieckue ycuaumenu, He00XoaAuMbIe 1J1s yIpaBieHUs paboToH HAcOCOB,
THJIPOABHUraTeNeH UM JPYTUX YCTPOHCTB yIPaBICHUS OCPEICTBOM pabodeit )KUIKOCTH C
OJIHOBPEMEHHBIM YCHWJICHHEM MOIIHOCTH CUTHAJIA YIIPABJICHUS.

Bcnomozamensnsie ycmpoiicmea 00ectieunBarOT HaJCKHYIO pabOTy BCEX 3JIEMEHTOB
ruaponpuBoaa. K HUM oTHOCSTCS: KoHOuyuonepvl pabouetl sxcuoxkocmu (GUIBTPHI,
TETIOOOMEHHBIC alIaparthl U Ap.); YAIOMHUmMenu, 00eCIeYMBAIONINE TePMETH3AIHIO
TUAPOCUCTEMBI; cuopasiuyeckue peie 0agienus; cuopoemxocmu (THAPOOAKU U
THJIPOAKKYMYJISITOPBI pabouei KUAKOCTH) U JIp.

CocraB BCIOMOTaTeIbHBIX YCTPONCTB yCTaHABIMBAIOT MCXO/s U3 Ha3HAUYEHUS THAPOIIPUBOJA U
YCIJIOBHM, B KOTOPBIX OH 3KCILIyaTHUPYETCS.

T'uoponunuu (TpyObl, pyKaBa BHICOKOI'O JIaBJICHHUs, KaHAJIbl U COCIMHEHMS) TPEIHA3HAYCHBI JUIs
POXOXKJICHHUS PadoUei KHUIKOCTH IO HUM B ITporiecce paboThl 00bEMHOT0 THAPONprUBoa. B
3aBUCUMOCTH OT CBOET0 HA3HAYEHUS TUAPOIMHUH, BXOASALINE B OOILYIO THAPOCUCTEMY,
IIO/IPAa3IEIIAI0TCS Ha BCAChIBAIOIME, HAIIOPHBIE, CIIMBHBIC, JPEHAKHBIC U THIPOJINHAN
YIIPABJICHHUS.

1.2. Knaccnpukanusa 1 npuHIUn padorsl rHAPONPHUBOAOB

B 3aBucumMocTH ot KOHCTPYKIHU U TUIIA BXOAANIUX B COCTAB r'MAPOICpeaadn 3JICMCHTOB
00BEMHEIS TUAPONIPHUBOABI MOKHO KJ'IaCCI/I(l)I/HII/IpOBaTB 10 HCCKOJIBKUM IIpHU3HAaKaM.

1. Ilo xapaxmepy 0susicenus 6b1xX00H020 36€HA 2UOPOOBU2AMENA:

2UOponpusoo epawjamenvHozo osudxcenusi (puc.1.2, a), Koraa B KaueCTBE TUIPOIBUTATENS
OpUMEHSIETCS THIPOMOTOP, Y KOTOPOT'O BE0MOE 3BE€HO (BaJl MJIM KOPITYC) COBEPIIAET
HEOTpaHMYEHHOE BPAIIaTEIIbHOE IBIKEHHE;,

2UOponpusood nocmynamenvHo2o ogudxcerus (puc.1.2, 6, B), y KOTOporo B KauecTBe
THJIPOABHUTATENS IPUMEHSETCS TUAPOLMIMHIP - IBUTATENb C BO3BPATHO-TIOCTYATEIHHBIM
JBUKEHHEM BEIOMOT0 3BeHa (IIITOKA MOPIITHS, IITYyHXKEpa WK KOPIyca);

2UOPONPU0O NOBOPOMHO20 08udicerus (puc.l.2, ), Kora B Ka4eCTBE TUIPOIBUTATEIIS
IPUMEHEH MOBOPOTHBIN THAPOLMIUHAP, Y KOTOPOTO BEIOMOE 3BEHO (BaJl MIIM KOPITYC)
COBEPILIAET BO3BPATHO-IIOBOPOTHOE ABUKEHUE HA YroJl, MeHbIui 360 .

2. I1o 603modrtcnocmu pezynuposanusn:

pezynupyemvlii 2u0ponpuso0, B KOTOPOM B IPOLIECCE €TI0 IKCIUTYyaTallMi CKOPOCTh BBIXOIHOTO
3BeHA THJIPOJIBUTATEIISI MOYKHO U3MEHSATH TI0 TpeOyeMoMy 3aKoHy. B cBoro ouepen
pErylIupoBaHUe MOXKET OBITh ApoccenbHbIM (puc.1.2, 0, T), 00beMHbIM (puc.1.2, a), 06 beMHO-
JIPOCCEITBHBIM HITH U3MEHEHUEM CKOPOCTH JIBUTATEIIS, IPUBOJISAIIETO B padOTy HACOC.
PerynupoBanue MOXKeT ObITh pyYHBIM UJIH aBTOMAaTHYECKUM. B 3aBuCcHMOCTH OT 3a/1a4
PEryJIMPOBAHUS THAPOIIPHUBOI MOXKET OBITh CTAOMITM3UPOBAHHBIM, TPOTPAMMHBIM HITH
cnensaM. PerynmupoBanuio ruiponpruBoaa OyIeT MOCBAIIEHA OTACTbHAS JICKITHS;



Hepe2yiupyemblii 2UOponpusoo, y KOTOPOTO HENb3sI U3MEHSITh CKOPOCTh ABMKCHUS BHIXOIHOTO
3BEHa FMAPOIepeay B MPOIECCe IKCILTyaTaIiH.

3. Ilo cxeme yupkynayuu padoueil HcuoKocmu:

2UOPONPUBOO € 3aMKHYmMOou cxemou yupkyaayuu (puc.1.2, a), B KOTOpoM padbodasi )KUJKOCTh OT
TUAPOJIBUTATENIs BO3BPAIIAETCS BO BCACHIBAIOLIYIO THAPOIMHUIO Hacoca. ['uaponpusos ¢
3aMKHYTOM LIMPKYJIAIMend paboueil KUIKOCTH KOMIIAKTEH, UMEET HEOOJIBIIYIO Maccy U
JOITyCKaeT OOJBIIYIO YacTOTY BpallleHUs] pOTOpa Hacoca 0e3 OMacHOCTH BO3HUKHOBEHUS
KaBUTAIIMH, TIOCKOJIbKY B TAKOM CHCTEME BO BCACHIBAIONICH JIMHUY JIaBJICHUE BCET/1a IPEBbIIIACT
atMocepHoe. K HegocTaTkaM ciieryeT OTHECTH IUIOXHE YCIOBUS AJIsl OXJIaXKICHHs paboyeit
XKHUJIKOCTH, a TAKXKe HEOOXOAMMOCTb CITYCKaTh U3 THAPOCUCTEMBI Pa00UyI0 KHUAKOCTH MPH
3aMeHe WM PEMOHTE TUIpoannapaTypsl;

2UOPONPUBOO € pa30MKHYymou cucmemou yupkyasyuu (puc.1.2, 6, B, T), B KOTOpOM pabouas
KUAKOCTD MTOCTOSIHHO COO0MIAaeTcs ¢ TUaApodakoM uiu atMochepoid. JlocTonHcTBa TaKkoi cXeMbl
- XOPOIIHE YCIOBUS ISl OXJIQKICHHUS U OYMCTKU paboueit sxuakoct. OTHaKO TaKkue
TUAPOTIPUBO/IBI TPOMO3JIKU U UMEIOT OOJBIIYIO Maccy, a YacTOTa BpalleHHs pOTOpa Hacoca
OTPaHUYMBACTCS TOMTyCKaeMbIMH (U3 YCIOBUI OE€CKaBUTALIMOHHOM paboThI HACOCa) CKOPOCTSIMHU
JBUKEHHS paboyeil >KUKOCTH BO BCACHIBAOILIEM TPYOOIIPOBOJE.

4. ITo ucmounuky nooauu padoueil HcudKOCmMuU: HACOCHble 2UOPONPUBOObL, B KOTOPBIX paboyas
JKUJKOCTB TTOIAETCS B TUIPOJIBUTATEIIM HACOCAMH, BXOJSIIITUX B COCTAB 3TUX THAPOIPUBOJIOB;
AKKYMYIAMOPHbIE 2UOPONPUBOObL, B KOTOPBIX padoyas ®HUAKOCTh MOIAETCs B TUAPOABUTATEIH
U3 TUPOAKKYMYJISTOPOB, MPEIBAPUTEIHHO 3aPsHDKEHHBIX OT BHEIIHUX UCTOYHUKOB, HE
BXOJIAIINX B COCTAB JaHHBIX TUAPOIPUBOJIOB;

Mazucmpanvhsie 2uOpOnpUoOsl, B KOTOPBIX padboydast )KUAKOCTb [1OAAETCS K THAPOJIBUTATENM
OT CIIEUANBHON MarucTpaiu, He BXOJAIICH B COCTaB 3TUX MPUBO/IOB.

5. Ilo muny npueoosawezo osuzamensn 2uOponpueoObl MoZym 0btms ¢ I1eKMPONPUBOOOM,
npugooom om /[BC, mypoun u m.o.

[Tpuntmn paboTel 00EEMHOTO THAPONPUBOIA OCHOBAH Ha 3akoHe [lackais, mo KOTopoMy BCAKOE
W3MEHEHUE JaBJICHUS B KAKOW-TMOO0 TOYKE MOKOSIIEHCS KUIAKOCTH, HE HAPYIIAOIIIEE €€
paBHOBECHSI, TIEPEIaeTCs B OCTAIbHbBIE €€ TOUKH 0e3 n3MeHenus (puc.1.2).

HacocoMm 1 pabGouast >KuAKOCTb 10/1a€TCs B HAIOPHYIO THAPOIMHUIO 3 U Jajiee yepes
pacnpenenurens S5 K ruapoasuratento 2. Ilpu oqHOM MonoKeHun ruipopacipeesInTels
coBepIaeTcs pabouuii X0 TUAPOIBUTATENS, a IPHU JPYTrOM MOJIOKEHUHU - X0JI0cTo!. M3
TUIPOJIBUTATENIS KUAKOCTh Yepe3 paclpeAeIuTeNb IOCTYNAeT B CIMBHYIO THIPOIMHUIO U Jaliee
WIN B TUAPOOaK 9, Wiim BO BCACHIBAIOIIYIO THIAPOJIMHHUIO Hacoca (B TMAPONPUBOAAX C 3aMKHYTOM
CXEeMOH IUPKYISIIUK pabodeil )KUAKOCTH, cM. puc.l.2, a). B pezepByape KUIKOCTh OXJIaXkAaeTCs
Y CHOBA ITOCTYyMaeT B ruapocucreMy. Hanexxnas paboTta rujponpuBo/ia BO3MOXKHA TOJIBKO MPU
COOTBETCTBYIOIIEH 04HCTKE pabodel )KUIKOCTH GHIbTpaMu 8.

PerynupoBanue cKOpoCTH JBM)KEHUS BBIXOJHOTO 3B€HA THPOABUTATENsI MOXKET OBITh
JPOCCENIbHBIM MM 00BeMHBIM. [Ipu ApoccensHOM perynupoBaHUM B THAPOCUCTEME
YCTaHABIIMBAIOTCS HEPETYIUPYEMBIE HACOCHI,  U3MEHEHHE CKOPOCTH JIBUKEHHUS BBIXOAHOIO
3BEHa JJOCTUTAETCs U3MEHEHHEM pacxojia pabouel )KUIKOCTH uepe3 apoccenb 6. [Ipu o0bremHOM
PEryJINPOBAaHUU CKOPOCTH JABM)KEHHUS BBIXOJAHOIO 3B€HA T'MIPOJBUTATENS U3MEHAETCS IoJaden
pEeryanpyeMoro Hacoca JIN00 3a cueT IPUMEHEHUS PeryJIupyeMoro ruipoMoTopa.

3aHH/ITa TUAPOCUCTEMBI OT YPE3MEPHOI'O IMOBLIICHUS TaBJICHUA o0OecreunBaeTcs
MpEaAOXPaHUTCIIbHBIM 4a unn NIEPCIIMBHBIM 46 KjlaltTaHaMH, KOTOPbIC HACTPAUBAIOTCA Ha



MaKCUMaJIbHO JIOMyCTUMOE JaBjeHue. Eciii Harpy3ka Ha TMIPOABUTATENb BO3PACTAET CBEPX
YCTaHOBJICHHOM, TO BECh MOTOK pabouei )KUAKOCTH OyIeT UATH Yepe3 MpeIoXpaHUTENbHbIN UITH
MepEeJIMBHON Ki1amaHbl, MUHYS THApoABUTaTeNb. KOHTPOIIb 3a 1aBlieHHEeM Ha OTACIIbHBIX
y4acTKax TUIPOCUCTEMBI OCYILIECTBISAETCS 10 MaHoMeTpam 11.

PaboTa ruzmpoarperaToB CONpoBOXKIACTCS yTEUKaMU pabodeid ®UIKOCTH. B ruapocucremax ¢
3aMKHYTOH MUPKYISIHEH YTEUKA KOMIIEHCUPYIOTCS CIICIIHAILHBIM MTOAMUTHIBAIOIIIM HACOCOM
la (puc.1.2, a).
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Pu.1.2. BapranTsl IpUHIMIIHATIBHBIX CXEM THIPONPUBOJIOB:
a - ¢ 00bEeMHBIM PETYIUPOBAHUEM; O - C APOCCETHHBIM PETYJTUPOBAHUEM;
B - HEPETYIMPYEMBIH; T - C IPOCCENBHBIM PETyIUPOBaHUEM Pa0OUEro U X0JIOCTOr0 XOI0B
1.3. IlpenmyiecTBa U HEAOCTATKH IMAPONPUBOAA

[upokoe pacrpocTpaHeHHE THAPONPUBOIA OOBACHAETCS TEM, UTO 3TOT MPUBOJ 00saaeT
PAIOM MPEUMYIIECTB Mepesl JPYTUMU BUJaMU MIPUBOAOB MaliiH. BOT OCHOBHBIE U3 HUX.

1. Beccmynenuamoe pezynupoéanue CKOPOCTH IBWKEHHSI BEIXOHOTO 3B€HA THAPOTIEpEaadn U
o0ecrieyeHrne MallbIX YCTOHUYMBBIX CKOpocTel. MUHMMAalbHAs yIiIoBasi CKOPOCTh BpallleHHs Bajia
TUIPOMOTOPA MOKET COCTABIATH 2...3 00/MUH.



2. Hebonvuue cabapumsl u macca. Bpems pasrona, 6aronapsi MEHbIIIEMY MOMEHTY HHEPIIUU
BPAIIIAIOIINXCS YaCTeH HE MPEBBIIIACT J0JICH CEKYH/IbI B OTIIMYHE OT JICKTPOABUTATEIICH, Y
KOTOPBIX BPeMsl Pa3rOHa MOXET COCTAaBJIATh HECKOJIBKO CEKYH/I.

3. Yacmoe pesepcuposanue 08udicenus 8bIX00H020 36eHa 2uoponepedayu. Hampumep, yactora
peBepCUpOBaHUS Bajla THIPOMOTOpa MOKET ObITh goBeaeHa 10 500, a mToKa MOpUIHS
ruapounausapa aaxe 10 1000 pesepcoB B MUHYTY. B 3TOM OTHOIIEHMM TMIPONIPUBOJL YCTYIIAET
JIMILIb THEBMAaTHYECKUM MHCTPYMEHTaM, Y KOTOPBIX YUCIIO PEBEPCOB MOXkeT focturath 1500 B

MUHYTY.

4. Bonvuwoe bvicmpooeticmaue u HaubOIbUAS MEXAHUYECKASL U CKOPOCIMHASL HCECMKOCHIb.
Mexanudeckas ’KeCTKOCTb - BEJIMYMHA OTHOCUTEIBHOIO MO3ULUOHHOTO U3MEHEHHUS IT0JI0KEHHUS
BBIXOJIHOTO 3BEHA 101 BO3/IEUCTBUEM U3MEHSIIOIIEHCS BHEIIHEH HAarpy3ku. CKopocTHAas
JKECTKOCTb - OTHOCUTEJIbHOE U3MEHEHHE CKOPOCTH BBIXOJHOT'O 3BEHA IPU U3MEHEHUU
MIPUJIOKEHHOM K HEMY Harpy3KH.

5. Asmomamuueckas 3auwuma TAAPOCUCTEM OT BPETHOTO BO3IECHCTBUS MEPErpy30K Onarogaps
HaJIUYHIO TPEIOXPAHUTEIBHBIX KJIAMaHoB.

6. Xopowue ycnosus cmazku Tpymuxcs 1eTajael U 3JIEMEHTOB THAPOANIIAPATOB, YTO
o0ecrieunBaeT UX HAZEKHOCTh U JJOITOBEYHOCTh. Tak, HarpuMep, Mpy NpaBHIbLHOM
HKCIITyaTallii HACOCOB U THIPOMOTOPOB CPOK HX CIIy’KOBI JOBE/IEH B HACTOSIIIEE BPEMsI 10
5...10 ThIC. 4 pabOTHI MOA Harpy3Kkoi. [‘mapoanmaparypa MoeT He PEMOHTHPOBATHCS B TEUCHUE
noaroro Bpemenu (a0 10...15 ner).

1. [Ipocmoma npeobpazosanus 6pauamenbHO20 0BUINCEHUS 8 B036PAMHO-NOCIMYNAMENbHOe U
6038pAMHO-N080POMHbIe 6€3 MPUMEHEHUS KaKUX-IM00 MEXaHUUECKUX Mepeaay, MOABEP>KEHHBIX
U3HOCY.

["oBops 0 mpeumyIecTBax rMAPONPUBOJIA, CIETYET OTMETUTh IPOCTOTY aBTOMATU3aLUU pabOThI
TUAPOPUIIMPOBAHHBIX MEXaHU3MOB, BO3MOYKHOCTh aBTOMAaTUYECKOT0 U3MEHEHHS UX PEKUMOB
paboThI 10 3a/JaHHOM MporpamMmme.

['uaponpuBoay NpUCYIIU U HEAOCTATKH, KOTOPbIE OTPAaHUYMBAIOT €ro NpuMeHeHue. OCHOBHBIE
U3 HUX CIIEAYIOLIHE.

1. Usmenenue sa3xocmu npumensemvix HUOKoCmeti om memnepamypbl, YTo MPUBOJIUT K
M3MEHEHHUI0 pabounX XapaKTEepPUCTUK THAPOIPUBOJIA U CO3/Ia€T TOMOIHUTENbHBIE TPYTHOCTH
MIPH DKCIUTyaTalluy TUIPOIIPUBOIOB (OCOOCHHO TP OTPHUIIATEIBHBIX TEMITEpATypax).

2. Ymeuku srcuokocmu uz cuopocucmem, kotopsle cauxarot KI1J[ npuBosa, BbI3bIBAIOT
HEPAaBHOMEPHOCTH JIBH)KEHHUS BHIXOAHOT03BEHA THApONepeaayu, 3aTPyAHSIIOT TOCTHKEHUE
YCTOMUYUBON CKOPOCTHU JABMKEHHSI pabOUyero opraHa mpu MajlbIX CKOPOCTSIX.

3. Heobxooumocms u320moe6ieHust MHO2UX 2JIeMEeHMO8 eudponpueoaa no 8bICOKOMY Killaccy
mo4dHocmu AJid JOCTUKCHHA MAJIBIX 3a30pOB MEXKAY MOABUKHBIMU U HETIOABUXKHBIMU ACTAIAMU,

YTO YCJIOXHACT KOHCTPYKIHUIO U TTOBBLIIACT CTOUMOCTD UX U3TOTOBJICHUS.

4, BS’pbl@O' U ocHeonacHocmbs NPUMCHACMBIX MUHEPATIbHBIX pa6oqnx )KI/IJIKOCTeﬁ.



5. Hegozmoorcnocms nepedauu snepeuu Ha 6o1vbuiue paccmosanus n3-3a 60JIbIINX TOTeph Ha
MPEOA0JICHUE THAPABINYECKUX CONPOTUBIICHUHN U pe3koe cHukeHue npu 3tom KITJ]
TUAPOCUCTEMBI.

Co MHOTUMHU M3 3THX HEIOCTATKOB MOKHO OOpoThCs. Hanmpumep, cTaOMIbHOCTD BA3KOCTH IIPU
U3MEHEHHUU TEMIIEPATyphl JOCTUraeTCs NPUMEHEHUEM CUHTETUUECKUX Pab0UYMX JKUIAKOCTEH.
OxoHuaTeNbHBIN BBIOOP TUIIA IPUBOA YCTAHABINBACTCS MIPHU MPOSKTUPOBAHUN MAILIUH I10
pe3yibTaTaM TEXHUKO-?KOHOMHUYECKHX PAacyeTOB € YYETOM YCJIOBHM pabOThI 3TUX MAallUH.
I'mpponpuBox, TEM HE MEHEE, UMEET MPEUMYIIECTBA 10 CPABHEHUIO C APYTMMU TUIIAMU
IPUBOIOB TaM, Iie TpeOyeTCs CO3AaHNe 3HAUNTEIbHOW MOLIHOCTH, OBICTPOACHCTBHE,
MIO3ULIMOHHAs TOYHOCTb UCIIOJIHUTENIBHBIX MEXAHU3MOB, KOMIIAKTHOCTb, Majlasi Macca, BBICOKAs
HaJIeKHOCTb pabOThI U Pa3BETBICHHOCTH IPUBO/A.



Paboune xuaxocTy 1Jis1 ruapocuctem. I'napaBianyeckne THHAH

B runponpuBoae pabodast KHUIKOCTh SABISETCS YHEPTOHOCUTETIEM, OJ1aroiapst KOTOpOMy
YCTaHaBJIMBAETCS CBA3b MEXJly HACOCOM U ruapoasurareneM. Kpome toro, pabouast »KUAKOCTb
o0OecnieunBaeT CMa3Ky MOJBMIKHBIX YacTel 3JIEMEHTOB ruaponpruBoaa. Puznyeckue cBolcTBa
YKUJKOCTEH OAPOOHO ObLITH M3NI0KEHBI B [9, cTp.10...15].

2.1. XapakTepucTnka pado4mnx ;KuaKocTei

B kauectBe paboumXx )KUIKOCTEH B THAPABINYECKOM MPUBO/JIE MPUMEHSAIOT MHHEPAJIbHBIC Maca,
BOJIOMACJISIHBIE SMYJIBCUM, CMECH M CUHTETUYECKHE )KUIKOCTU. BpIOOp THna 1 Mapku paboueit
JKUJKOCTHU OIPEIEISAETCS HA3HAYEHUEM, CTEIICHbIO HAJC)KHOCTU U YCIOBUAMMU 3KCIUTyaTalluH
TUAPOIPUBOAOB MAILIKH.

MunepanbHvle Macia OTY4arOT B pe3ysbTare nepepaboTKy BHICOKOKAYECTBEHHBIX COPTOB
He()TH C BBEJICHUEM B HUX IMPHUCAJIOK, YITYUIIAOIMNX X GU3ndecKkue cpoiictsa. [Ipucaaku
no6asmstoT B komuuecTse 0,05...10%. [Ipucagku MoryT ObITh MHOTO(GYHKIIMOHABHBIMH, T.€.
BIIUATH Ha HECKOJIbKO (PM3MYECKUX CBOMCTB cpa3y. PasnuuaroT npucaaku aHTHOKUCIUTEIbHBIE,
BA3KOCTHBIE, IPOTUBOM3HOCHBIE, CHIDKAIOIIUE TEMIIEPATYPy 3aCThIBAHUS KUIKOCTH,
aHTUIICHHBIE U T.[I.

Booomacnanvie smynscuu IpeACTaBISIIOT cO00M cMecH BOJIbl U MUHEPAJILHOI'O Macja B
cootHoweHusx 100:1, 50:1 u T.1. MuHepanpHbIe Maciia B AMYJIbCUSAX CITYKaT JJIsl yMEHbIIECHUS
KOPPO3HOHHOI'0 BO3JIeHCTBUSA paboye ®HUIAKOCTH U YBEIMYEHHS CMa3bIBAIOLIEH CIOCOOHOCTH.
OMyIbCHH TPUMEHSIOT B THAPOCUCTEMAX MAIIKH, pabOTAIONINX B TIOKAPOOTIACHBIX YCIOBHUSIX U
B MalllHaXx, rae TpedyeTcs 60JbIlIoe KOIUYeCTBO pabouel )KUIKOCTH (HampuMmep, B
TUIpaBIMYECcKUX Mpeccax). [[puMenenne orpannyeHo oTpuiaTeabHbIMU U BbIcOKUMH (10 60 C)
TeMIepaTypamMu.

Cmecu pa3aMUHBIX COPTOB MUHEPAIBHBIX Macel MeXly cO00H, C KEpOCUHOM, TIIMIIEPUHOM U
T.J. IPUMEHSIIOT B TUAPOCUCTEMAX BBICOKOM TOUHOCTH, a TaKXkKe B THIPOCUCTEMAX, paOOTAOIIUX
B YCJIOBUSX HU3KHUX TEMIIEPaTyp.

Cunmemuyeckue #cuOKoCmuy Ha OCHOBE CHIIMKOHOB, XJIOP- ¥ (PTOPYTIEPOJUCTBIX COSANHEHUSIX,
10JIM(EHOJIOBBIX IPUPOB U T.J. HETOPIOYH, CTOMKHU K BO3JIEHCTBUIO XUMUYECKUX JIEMEHTOB,
001a1at0T CTaOUIBHOCTHIO BI3KOCTHBIX XapaKTEPUCTHK B IIUPOKOM JHara3oHe Temmeparyp. B
NocJieIHee BpeMsi, HECMOTPS Ha BBICOKYIO CTOUMOCTh CHHTETUYECKHUX KHUAKOCTEH, OHU HAXOJAT
Bce OoJibIliee MPUMEHEHHUE B THAPONPUBOAAX MALIMH OOIIEro Ha3HAUCHHS.

2.2. BpiOop n 3KcIuIyaTanusi padoumnx KUAKOCTeH

Br160op pabounx xuakocTei A THIPOCUCTEMbI MAIIMHBI OIIPeIeseTCs:

- IMara3oHoM pabouux TeMIeparyp;

- TaBJICHWEM B TUJPOCHUCTEME;

- CKOPOCTSIMU JBUYKEHUS UCIIOITHUTEIIBHBIX MEXAHU3MOB;

- KOHCTPYKIIMOHHBIMU MaTE€pUaJIaMH M MaTeprajJaMy YIUIOTHEHUH;

- 0COOEHHOCTSIMH JKCIUTyaTalliy MAIIMHBI (HA OTKPHITOM BO3/1yX€ MJIM B IOMEILICHHUH,
YCIIOBUSIMU XpaHEHUS MAIlIMHbI, BO3MOKHOCTSIMU 3aCOPEHUS U T.11.).



Jlnama3oH peKOMEHIYeMbIX padOYuX TEMIEPATyp HAXOAT IO BA3KOCTHBIM XapaKTePUCTUKAM
pabouunx XuaKocTe. BepxHuii TeMiiepaTypHbIi ipeies A1 BRIOpaHHOUW paboyeit )KHIKOCTH
OTIpEe/ICIIETCS IOMYCTUMBIM YBEIMYCHUEM yTeUueK U cHIkeHueM oobemuoro KI1/I, a Taxke
MPOYHOCTHIO TJICHKU paboyeil >KUIKOCTH.

Huxuuii TeMnepatypHblil mpezen onpeaensercs paboTocnocoOHOCThIO Hacoca,
XapaKTEePU3YIOLIEHCs MOJTHBIM 3all0JIHEHUEM €ro padourXx KaMmep Wi MpeeioM
MIPOKAYMBAEMOCTH KUAKOCTU HacocoM. [Ipu Oe3rapa>kHOM XpaHEHUU MalIMH B 3UMHEE BPEMsI
BSI3KOCTD JKUJKOCTEH CTAHOBUTCS HACTOJIBKO BBICOKOMW, YTO B IMEPUOBI ITyCKA U Pa30orpeBa
TUIPOCUCTEMBI HACOC HEKOTOPOE BpeMs He MPOKayMBaeT pabouyro KUAKOCTh. B pe3ynbpraTe
BO3HHKAET "'cyxoe" TpeHHUe MOIBIXKHBIX YacTel Hacoca, KABUTAIIMS, HHTEHCUBHBIN U3HOC U
BBIXOJ] Hacoca U3 cTpos. TakuMm oOpa3om, Mpu NPUMEHEHHH pabOYHX KUJIKOCTEH B YCIOBUAX
OTPUIATENIBHBIX TEMIIEPATyp MYCKY THIPOIPUBO/IA B PA0OTY JIOJKEH HEMPEMEHHO
MpeIIecCTBOBAThH MOIOTPEB paboueit )KUIKOCTH.

MakcumanbHble 1 MUHIMAJIBHBIC 3HAYEHUS BI3KOCTH Pad0YNX KUIKOCTEH B 3aBUCUMOCTH OT
THUIIAa HAacoca NpUBeeHbI B Ta01.2.1.

Ta6muma 2.1
3HaveHMs BA3KOCTH MPU KPAMHUX TEMIIEPATypPHBIX Mpeenax
JHAYEHHE BASKOCTH (COT) OpH TEMIERATVRHEO M Ip eI ele
HHEHEM EEpXHEM
IO YCIOBHIO
Tun Hacoca 0 YCIOEHED obecIedeHRA
0 YCIOBHED IOMH O CMasEIE AOLE
[P oKad HEAE MOCTH SATOMHEHHA [LIEHKH H
paboun Kamep sHagennio K1
=080 085
IMecTepenumi 4500, 5000 13801250 16, 18
IInacTumgarei 4000 4500 GH0. 620 .12
AxcHaeHo- 1800... 1600 570...530 6.3
MOPIIHEE OH

Pabouee naBieHne B THAPOCUCTEME U CKOPOCTH IBUIKEHUS UCTIOIHUTENILHOIO MEXaHU3Ma TakxkKe
SBJISIIOTCS BAKHBIMH ITOKA3aTeNIMU, ONPEAEISAIOINMEI BBIOOP paboueil )KUAKOCTH. Y TeUKH
YKUJKOCTH MOBBIIIAIOTCS MPU YBEITMYEHUU JaBJICHUS, CI€I0BATENIbHO, ObLIIO OB JTydIlle
IPUMEHSATH pabouyto KHUJIKOCTh C OBBIIIEHHOH BA3KOCThI0. Ho mpu 3TOM OyayT yBEITHMUMUBATHCS
rupaBiInueckue norepu, u cumxarbest KILJ[ runponpuBoia. AHamornyHoe BiAMSIHUE OKa3bIBaeT
Ha pabouyro KUAKOCTh CKOPOCTh JIBMIKEHUS HCIIOIHUTEIbHBIX MEXaHU3MOB. B HacTosee
BpeMs HET Hay4YHO 0OOCHOBaHHBIX pEKOMEHAIN 110 BBIOOPY paboumx KHIKOCTEN B
3aBUCUMOCTH OT JABJIEHUS U CKOPOCTH JBUKEHMSI HCIIOJIHUTENBHOIO Mexann3ma. OHako
OTMEYAETCs CTpEMIIEHNE TIPU OOJIBIIMX JABJICHUSAX PUMEHATH pabOUyI0 KUIKOCTD
MOBBILIEHHOH, a IPY HU3KUX JABICHUAX - IOHWKEHHON BA3KOCTH.

[Tpu sKcITyaTanuy THIAPOCUCTEM HEOOXOAUMO CO3/1aBaTh TaKWE YCIOBHSI, TPU KOTOPHIX
pabouast KUIKOCTH IO BO3MOXKHOCTH JIOJIbIIIE COXpaHsia Obl CBOM TIEpBOHAYATILHBIC CBOMCTBA.
Jlyist 5TOr0 HEOOXOIMMO: HE CMEIINBATh B OJHON Tape CBEXKYIO U OBIBIIYIO B dKCILTyaTalluu
paboune KUJAKOCTH; TI0JIb30BATHCS YUCTHIM 3alIPABOYHBIM HHBEHTAPEM; HE JOIMYCKATh
CMeIMUBaHUs pabodeid )KUIKOCTH C BOJIOH; HE JOMyCKATh MOMAgaHus B )KUIKOCTh MBUTH, TIECKA,
CTPYXXKH H IPYTUX MEXaHHUYECKUX JacTull. [Ipu 3ToM HeoOXxoaumMo: PUIbTPOBATh KUIKOCTh
nepe]] ee 3aIMBKOI; TepPMETUYHO 3aKphIBaTh Pe3ePBYaphl, COEPKAIINE PAOOUYIO KUIKOCTD.



[Tpu paboTe ruAponpHBOAa B IIUPOKOM JTMAa30HE TEMIIEPATyp PEKOMEHAYETCS TPUMEHSTh
JIETHUE U 3UMHUE copTa pabouunx xkuakocted. HeoOxoaumo Taxxe mocie nepBoro nepuojaa
pabotsl ruapornpuBoaa B TeueHue 50...100 1 3aMeHATh pabouyro KUAKOCTH 171 €€ PHIbTPALuU
U OYMCTKHU OT IMPOAYKTOB U3HOCA B HAYAJIbHBIN MIEPUO/] SKCILIyaTalluH.

Haunboiee pacipocTpaHeHHBIMU SBIISIOTCS JIBa cOpTa padounx xuakocteit - BMI'3 u MI'-30.
Onu 1103BOJIAIOT 3aMeHUTH Oosiee 30 COPTOB crieHUaIbHBIX MACEN - HHIYCTPHAJIbHBIX,
TypOMHHBIX, TPAHCPOPMATOPHBIX, TU3ETBHBIX, MOTOPHBIX, LIMJIMHIPOBBIX, BEPETCHHBIX U T.JI.

2.3. 'mapaBiauyecKkue JUHUH

B ruapocucreMax MamivH OTIeIbHBIC 3JIEMEHTHI HAXOATCS HA PACCTOSIHUM JIPYT OT JIpyra u
COCTMHSIOTCS MEXKTYy COOOM THApOIUHUAMH. [ MAPOIMHUK TOJKHBI 001a1aTh: - TOCTATOYHON
MIPOYHOCTHIO;

- MUHUMAaJIbHBIMH ITIOTEPSAMU JaBJICHUS HA IIPEOJIOJICHUE THAPABIMYCSCKUX CONPOTHUBIICHHIA,

- OTCYTCTBHEM yTEUEK JKUJIKOCTH;

- OTCYTCTBHUEM B TpyOax BO3AYIIHBIX MTy3bIPEHi.

TPY6OHpOBO,I[LI B 3aBUCHMOCTH OT CBOEH KOHCTPYKIHUU ACIIATCA Ha KECTKUC U ruoKue.

Kecmxue mpy6onpo6o0s N3roTaBINBAIOT U3 CTAIN, MEJIU, ATFOMUHHUS U €TI0 CILIaBOB.
CranbpHble IPUMEHSIOT P BBICOKUX JaBieHMsX (10 320 at). TpyObl U3 CIUIaBOB aTFOMUHUS
OPUMEHSIOT NPpH JaBiieHusX 10 150 at u riaBHbIM 00pa30M B THAPOCHUCTEMAX MALIMH C
OrpaHUYEHHON Maccoil (aBuanms). MeaHble TpPyOOIPOBOIBI ITPU MEHBIIUX AaBICHHUX (10 50
aT), Tam, rae Tpedyercst u3rud TpyO moa OOJIBIIMMHU YTIaMH, YTO 00eCIeYrBaeT KOMIIAKTHOCTh
THJIPOCUCTEMBI, ¥ IPUMEHSIOTCS JIJIsl TPEHAKHBIX JINHUH.

T'ubkue mpybonpoeoowi (pykasa) ObIBAIOT IBYX BUIOB: PE3MHOBBIE U MeTayuIMueckue. Jlis
U3TOTOBJICHUS] Ppe3UHOBbIX PYKA606 TPUMEHSIOT HATypalIbHYyI0 U CUHTETHUECKYIO pe3uHy. PykaB
COCTOUT M3 3JIACTUYHOI BHYTpEHHEN pe3MHOBON TPYOKH, YIPOUHEHHON HApYKHOH OILUIETKOM
WIM BHYTPEHHUM TEKCTHIIbHBIM KapkacoM (puc.2.1). Ux npuMeHsIoT Toraa, Korjaa coeJuHseMble
TPyOOIPOBOJIOM THPOArperaThl JOHKHBI IEPEMEIaThCsl OTHOCUTEIBHO ApYT Apyra. [Ipu sTom
Oyraroapsi CBoel ynpyrocTd pe3MHOBBIA pyKaBa YMEHBIIAIOT MYJIbCAIMIO JaBICHUS B
ruapocucreMe. OHM UMEIOT CIIENYIOIINE HEJOCTATKH: TOABHKHOCTD IIPY U3MEHEHUU J1aBIICHUS;
CHIDKEHHUE 0011el KECTKOCTH THUIPOCUCTEMBI;, MaJiasi JoJroBe4HocTh (1,5...3 rona). [lostomy
IIPY IPOEKTUPOBAHUM THAPOCUCTEM MAIIMH PE3UHOBBIX PYKaBOB CIEAYET 110 BO3MOXHOCTH
n30erars.

— =
Puc.2.1. CxeMbl KOHCTPYKIIMU PYKABOB C OIJIETKOM:
1 - BHyTpeHHUI pe3WHOBBIH CIIOH; 2 - MeTaJuIMYecKast OTUIeTKa;
3 - MPOMEKYTOUYHBIN PE3NHOBHIN CIIOH; 4 - HAPYKHBIH PE3MHOBBIN CIIOH

Memannuueckue pyxasa UMEIOT TOQPUPOBAHHYIO BHYTPEHHIOIO TPYOY, BHIMOIHEHHYIO U3
OpOH30BOI WM CTAILHOM JIGHTHI, U HAPY>KHYIO ITPOBOJIOYHYIO OIIETKY. MeX 1y BUTKAMH JICHTHI



HaxXo4UTCA YIJIOTHUTCIIb. PyKaBa C XHOanT06yMa)KHLIM YINIOTHCHUEM NIPCAHA3ZHAYCHDBI IJIs
paboTsl ¢ Temneparypoit padoueit xuakoctu 10 110 C, a ¢ acbecToBbIM yruioTHeHHEM - 710 300
C. Merannnueckue pykaBa IpUMEHSIOT B CIICIU(PUUECKUX YCIOBUAX IKCIUTyaTalluu
THJIPOCUCTEM, B KOHTAKTE C arpeCCUBHBIMU PAOOYUMU JKUIKOCTSIMH.

Henoanennes P Henonueaae P2
I

Puc.2.2. Meramnndeckue pykasa:
1 - npodunupoBaHHas JeHTa; 2 - YINIOTHUTENb; 3 - MPOBOJIOYHAS OIJIETKA
2.4. CoennneHust

CoelMHEHUSIMH OTICIBHBIC TPYOBI M THAPOATrPETAThl MOHTHPYIOTCS B €IUHYIO THAPOCUCTEMY.
Kpome Toro, coequHeHns: IPUMEHSIFOT U TOT1a, KOTJIa B THAPOCUCTEME HEOOXO0IUMO
MPEyCMOTPETh TEXHOJIOTHYECKHEe pa3beMbl. COCTMHEHUS MOTYT OBITh HEPA30OPHBIMU U
pa300pHBIMH.

Hepa3zbopnvie coeOunenus TPUMEHSIOT B HEIIEMOHTHPYEMBIX THApOcUcTeMax. [ coenmHeHus
TpyO NPUMEHSIOT CBAPKY U MaiKy BCTHIK WJIM UCTIOJIB3YIOT MY(THI (IEPEXOJHBIE BTYJIKH) C
IPSIMBIMU C CKOLIEHHBIMU 101 yriioM 30 xoHamu. [Ipu npumeHeHnn Hepa3OOpHBIX
COEMHEHUH Macca TMIPOIMHUN MOXKET ObITh yMeHblIeHa Ha 25...30% 1o cpaBHEHHIO ¢
PUMEHEHHEM Pa300PHBIX COEAUHEHUH.

Paszbopnuvie coedunenus (HENOJBUKHBIE U MOABHKHBIE) - 3TO COCIUHEHUS IIPU TTOMOIIU
¢raHeB, MTYLEPOB, HUMIEIEH U APYTUX COSAUHUTEIbHBIX SJIEMEHTOB.

Henoosuoicnoe pazboproe coeounenue MOXET ObITh BBITIOJIHEHO IO HAPYKHOMY U BHYTPEHHEMY
KOHYCY, C BPE3arOIIMCs KOJIBIIOM U (pI1aHIIeBOE.

Coenunnenue 1o HapyscHomy koHycy (puc.2.3) cocTouT u3 TpydomnpoBoa 1 ¢ pa3BaibllOBaHHBIM
Ha KOHYC KOHIIOM, HUMIEJA 2, IITyHepa 3 1 HaKUIHOU raiiku 4. [ epMeTHYHOCTh COeAMHEHUS
o0ecreynBaeTcs INIOTHBIM MPUJIETaHHEM Pa3BaJIbIIOBAHHOTO KOHIIA TPYOBI K HApY>KHOM
MTOBEPXHOCTHU HITYyLIEpa U COOTBETCTBYIOIIEH 3aTsSKKOM HaKMIHOM raiiku. Hegocratkamu Takoro
COCIMHEHUS SIBJIAIOTCS: YMEHbIIIEHUE TPOYHOCTU TPYOBI B MecTe p?cTpy0a; BO3SMOKHOCTD
00pa3oBaHUs HE3AMETHBIX JUIS IJ1a3a KOJIbLIEBBIX TPELIUH; CPABHUTEIBHO OOJIBIION MOMEHT
3aTSHKKU HAKUJTHOW Taifku; HeOOJIbIIoe KOJIMYECTBO Nepe0OpOK; MPUMEHEHHE
CIIEMAIM3UPOBAHHOIO HHCTPYMEHTA JUISl Pa3BaJIbLIOBKH.
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Puc.2.3. Coenunenue no HapyKHOMY KOHYCY

Henonsmxnoe pa3dopHoe COeMHEHNUE 110 BHYTPEHHEMY KOHYCY (pHc.2.4) COCTOUT U3 HUIIIIEIS
4, MpUBApEHHOTO WM MIPUIASHHOTO K TpyOe 5, mTynepa 2 1 HakuaHo# raiiku 1. ['epMeTnaHOCTh
COEMHEHUs 00eCTIeYnBACTCS IJIOTHBIM IPUJIETAHUEM HAPYKHOM MOBEPXHOCTH HUITIIEINS K
BHYTPEHHEHN MOBEPXHOCTH IITYIIEPA U 3aTSKHON HaKUHOM raiiku. CoeJuHEeHHE 110
BHYTPEHHEMY KOHYCY JAOIMYyCKaeT 0O0JIbIIOE KOJIMYECTBO MEPEOOPOK, a IPU €ro MOHTAXKE HE
MIPOUCXOUT HeXeNaTeNbHbIX NedopMalnii B TpyOax U B COeAMHUTEIBHON apMaType. biaronaps
cepruvecKoil MOBEPXHOCTH HUMIIEIS JIOIyCKaeTCss HeOObIION mepekoc Tpyo.

o
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Puc.2.4. CoenvHeHue 1o BHyTpEHHEMY KOHYCY

Coenunenue ¢ gpesarowumcs korvyom (puc.2.5) cOCTOUT U3 mrynepa 1 ¢ BHyTpeHHen
KOHUYECKOW MOBEPXHOCTHIO 2, HAKUIHOM raiiku 5 u Bpe3atoiierocs koinplia 3. Koibiio
U3TOTOBJIEHO U3 CTAJIM C IIEMEHTHPOBAHHOM MOBEPXHOCTHIO, a €r0 KOHELl, 00pallieHHbIH K
HWITYLIEPY, UMEET PEXKYILYIO KPOMKY. [IpH 3aTsKKe COeqMHEHHS TalKOW pexylias KpoMKa
Bpe3aercs B TpyOy 4, IpoMCXOIUT JedopMalus Kojblla, KOTOpoe mnoyydaet Gopmy,
COOTBETCTBYIOIYI0 KOHUYECKON OBEPXHOCTH IITyllepa. B pe3ynbTare obecreunBaroTcs
TpeGyeMble IPOYHOCTh U TePMETUYHOCTh COEIUHEHMS.
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Puc.2.5. CoenquHeHue ¢ Bpe3arommMcs KOJIbLOM

K HenoaBM>XHBIM pa300pHBIM COETUHEHUSM OTHOCUTCS U ¢hiaHyegoe coedunerue (puc.2.6),
KOTOpOE MPUMEHSIOT MPU MOHTaXe TUAPOCUCTEM C TPyOaMu, UMEIOIINMHE TUAMETP YCIOBHOTO
mpoxoa 6osiee 32 MM npu padbouux nasieHusx 10 32 MIla. 'epmeTnaHOCTh 0OECTIEeUMBaETCS
YCTaHOBKOW MEXy (priaHIIaMU YIIOTHUTEIBHBIX KOJEIl.
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Puc.2.6. ®naniieBoe cOeTHHEHNE

Tloosudicnoe pazdboproe coeduHernue TPAMEHSIETCS B THAPOCUCTEMAX 36MIIEPONUHBIX,
CTPOUTEIBHBIX, JIECHBIX U APYTUX MAUIUH. 3/1€Ch HEPEAKO MPUMEHSIOT THAPOIIMINHAPHI,
KOTOpPBIE JJOJKHBI TIOBOPAYUBATHCS HAa HEOOIBIION YroJl OTHOCUTENIBHO OCH, POXOASIIEH uepe3
TOYKY KPETUIeHHs TUipouryinHapa. [Ipu MoOHTaxe TaKuX TUIPOCUCTEM MPUMEHSIOT TTOIBH)KHBIC
COeIMHEHUS, UMEIOIINE OJIHY, JBE U OoJiee cTenenei cBobosl. Ha puc.2.7, a mpuBeneHo
MOBOPOTHOE COCTMHEHUE C OJTHOM CTEMEHbIO CBOOOIbI, KOTOPOE COCTOUT M3 mITyHepa 1 u
3aKpEIUIEHHOr0 Ha HEM MOBOPOTHOIO YrojbHUKA 2. OT 0CEBOro NepeMeIleHNs YTOJIbHUK
CTOTMIOPHUTCSA Iai00i 3 1 KOJIbIIOM 4. ['epMETHUYHOCTDh COCTMHEHUS 00ECIIEYNBACTCS PE3UHOBBIMU
KOJIBLIAMH 5 C 3alUTHBIMU 11aii0amMu 6.

JlpyruM npuMepoM MOBMKHOTO COSTMHEHHUSI SIBJISAETCS CBEPHYTHIN B CIIUPaJb TPYOOIIPOBOT
(puc.2.7, 6). B aTom cinyyae cimpanb HEOOXOAUMO 3aKpENHTh B ABYX Toukax (Touku 1 u 2). Bo
BpeMsl MIOBOPOTA TUAPOLIMIIMHIIPA CIIUPATb MOXKET pacTAruBaThcs. Takoil criocod coeAnHeHUs
MOET 00ecrieuuBaTh HECKOJIbKO CTEIIEHEH CBOOOIBI.
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Puc.2.7. llogsukHOE pa3dbOpHOE COSTUHEHNUE:
a - mapHupHOoe; O - B BUE TpyObl, CBEPHYTOI B CIIUPAIIb

Crioco6 3aenku B KOHIIaX THOKUX TPYOOIIPOBOIOB COETMHHUTEIBHOM apMaTyphl ONpeeNsaeTcs
JIaBJIEHUEM U KOHCTpYKIMel rudkoro Tpyoonpososa. [Ipu nasnenun no 0,5 Mlla (puc.2.8, a)
KOHEI[ pyKaBa HaBUHYMBAIOT HA HAKOHEYHUK WJIM Ha HUIMIENb | ¢ TpebeHYaTol MOBEPXHOCTHIO U
3aKkperuisaoT XxoMyToM 2. [Tpu naBnenusx no 10 MIla coennHenne KoHIa pykaBa IPOMCXOAUT B
pe3ynbTare 3a)XaTHs €ro MeXAy HUIIENIeM U 3aXUMHON MydToit (06oiimoil). [Tpu Takom
crnioco0e (puc.2.8, 6) pykaB | BBUHUMBAIOT B 32KHUMHYIO MY(DTY 2, HIMEIOILYIO pe3b0y C
OonbpmmM marom. [lanee B MygpTy BBUHUMBAIOT HUMNIEND 3, KOTOPBIM CBOEH KOHYCHOM
MIOBEPXHOCTHIO BIIABIMBACT KOHEIl pyKaBa B pe3b0y My(ThI U 3a)kuMaeT ero. [ napneHuit



6onee 10 MIla mydry 2 0065)kMMalOT B CHIEIIMAIIEHOM IIAHTOBOM TprcocoOnennn. HakumHoii
raiko 4 mpou3BOAT COEAMHEHUE PYKaBa C TUAPOOOOPYAOBAHUEM.

Puc.2.8. 3agenka KOHIIOB pyKaBOB:
a - nmpu pasieHuu o0 0,5 Mlla; 6 - npu naBnenuu ceoime 10 Mlla
2.5. Pacuer ruapoJuHuii

Lenbto pacuera ruipoIMHUN SBISETCS ONPEEICHNE BHYTPEHHETO IMaMeTpa TpyOOoIpoBOIOB,
HOTEepb JaBJICHHs Ha MPEOJJ0JICHNE THAPABIMYECKUX COIPOTUBIICHUH U TOJILIMHBI CTEHOK TPYO.

Buympennuii ouamemp (ycnosHulii npoxod) mpyoonpogooda d onpenenstoT no hopmye

d= |2

mo

d:4,6\{§,
1

rae Q - pacxox xuakoctu, M3/c st (2.1) u n/muH st (2.2);
V- CKOPOCTb JBMKEHUS KUIAKOCTH, M/C;
d - BHyTpeHHHii 1uamerp TpyoonpoBoaa, M s (2.1) u mm st (2.2).

El

nJIn

CKopoCTh TEUEHHUS KUAKOCTH B TPYOOIIPOBOIaX 3aBUCUT B OCHOBHOM OT JIaBJICHUS B
ruapocucreMe (Tabdin.2.2).

Tabnuma 2.2
PexoMeH1yeMble 3HaUeHUs CKOPOCTH paboyeil JKUIKOCTH
Tpy&oop oeogel
Bracreamuxe | CIHEHER Harxe ta TeEH Be
Fg, MIla — — 2543 [ 1a | 32 | 63 | 100
Upw; MIC 1,2 2 3035 4 5 163 | 10

Ilomeps oasnenus Ha IPEOAOJIEHUE THAPABINYECKUX COMPOTUBICHUHN MO AJIMHE KaX/10T0
y4yacTka TpyOoonpoBoa onpezaesnsercs no popmyse

El

2 Uy
AR =ph— =2
an = F 7 5

/i€ p- IUIOTHOCTh paboyde ®KUAKOCTH, KI/M3;
A- KOO GUIMEHT TUAPABINYECKOTO TPEHUS;
| - nmuHa TpyOOnpoBOAa, M.



Ecnu Ha myTH nBrkeHus paboueil )KUIKOCTH BCTPEUYAIOTCS MECTHBIE COITPOTUBIICHHUS, TO MOTEPS
JTaBJICHUSI B MECTHBIX CONPOTUBIIEHUSAX ompenensercs no hopmyne BeiicOaxa

U.EPJE{
AF L= DC.T,

riae (- ko3 (HUIUEHT MECTHBIX COMPOTHBIICHUH.

3naueHus Kod3QpuireHToB st Hanboee pacIpOCTPAHEHHBIX BUIOB MECTHBIX
COMPOTHUBIICHUH MPUHUMAIOT CJICTYIOIIUMU: IS IITYIEPOB U NMEPEXOTHUKOB st TpyO { =
0,1...0,15; ns yroJIbHUKOB ¢ TOBOpOTOM 1ot yriom 90° { = 1,5...2,0; nast mpsSsMOYToJIbHBIX
TPOWHUKOB IS pa3zesieHus: U 00bequHeHus moTokoB { = 0,9...2,5; 11 mIaBHBIX U3THOO0B TPYO
Ha yrou 90° ¢ paauycom usruda, paBabM (3+5)d (= 0,12...0,15; s Bxona B TpyOy £ = 0,5; mist
BBIX0J1a M3 TPYOBI B Oak miu B uuHap = 1.

[Tpu namuHapHoM pesxxume T.M. bamra [3, ¢.29] ans onpeneneHust Ko3ppuImeHTa
THIPABINYECKOTO TPEHUs A pekoMeHayeT rmpu Re<2300 npumensats Gopmyny

N

;II“__:
Ee

a pu TypOYJIEHTHOM peXUMe TeUEHUS KUIKOCTH B tuana3zone Re =2 300...100 000
KOX((UITUEHT A OTIpeIesAeTCs 110 oMy MITUpHIecKoi popmyne brasuyca

05164
Ar= S
Ecmu
Ee = lﬂi,

E

rae As - SKBUBAJIEHTHAs IIEPOXOBATOCTh TPYO (/1711 HOBBIX OECIIOBHBIX CTAIBHBIX TPYO A =
0,05 MM, ams matyHHBIX - Ay = 0,02 MM, ams measbix - 0,01, ans TpyO U3 CIijIaBoOB U3 aTFOMUHUS
- 0,06, nyist pe3anHOBBIX 1IIAaHTOB - 0,03), To KO3 HULHEHT THAPABINYECKOTO TPEHUS
omnpenensercs no popmyne A.Jl. AnpTuryss
0,25
Fl.:lij,ll-(E &—3] :
Fe 4

[Torepu naBnenus B rugpoanmnaparype AP., IpUHUMAIOT MO ee TEXHUYECKOH XapaKTepUCTHKE
nocie BbiOopa rupoanmnapaTypsl. [locie 3Toro cyMMupyroT NoTepu JaBieHUs

AP=AP,+AP,+AP

[Tpu BBINOJIHEHUH THAPABIMYECKOTO pacyeTa npouszeo0sam nposepKy 6eckagumayuonHou
pabomsi Hacoca. BakyyM y BXojla B HACOC OIIPENENSIOT o (hopmyie

CLUE
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rae hs - paccrostHue oT ocu Hacoca 10 ypoBHs pabodeil xkuakocTn B 6ake; N, - moTepu Hamopa
Ha MMPEO0JICHNE BCEX THAPABINICCKUX CONPOTUBICHUN BO BCACHIBAIONICH THIPOJINHUHM, U -
CKOPOCTbH JIBFDKEHUS )KHUJIKOCTH BO BCACBIBAIONICH TMAPOIUHUY; o - KodduimeHT Kopuomnuca.

PexomMeHnyeMelii (¢ 3armacom Ha OecKaBUTAIIMOHHYIO pa0OTy Hacoca) BakyyM P, y Bxoza B Hacoc
noipkeH ObiTh He 6osiee 0,04 MIla. Eciiu P, > 0,04 MIIa, To Hy)KHO YBEJIUYUTh TUAMETP
BCACBIBAIOIIETO TPYOOIPOBO/IA MITM PACIIONIOKHUTH OaK BhIIIe ocH Hacoca. [Ipu aTom cunraercs,
4yTO pabouas )KUJIKOCTh HaXoIuTcs B 0ake ¢ armocdepHbM gaBieHuem P, = 0,1 MIla. Takum
o0pa3om, pa3HOCTh aBjieHul B 06ake Ps (c arMmochepHbIM Wi n30BITOYHBIM JIaBJICHUEM) U Ha
BXoJe B Hacoc P, He gomkHa ObITE MeHbIe 0,06 MIIa.

OmnpeenieHre TONIIMHBI CTEHOK SBJISCTCS MPOBEPOYHBIM PACUCTOM Ha MPOYHOCTH JKECTKUX
TpyO, mogoopanubix o 'OCTy. TonmuHy CTeHKH TPYOBI OMPEACIISIOT 10 popMyIie

L
20,

rae P - makcumanibHOE CTaTUYECKOE TaBJICHHE;

O, - IOMYCKaeMO€e HaIpsKeHHE Ha pa3pbIB MaTepuana Tpy0, npuaumaemoe paBHbM 30...35% ot
BPEMEHHOT'0 CONIPOTUBIICHHUS;

N - ko duuuent 3amaca, N = 3...6, A7 THYTBIX TPYO MPUHUMAETCS paBHBIM Ha 25 % HUXKe.

C y4eToM BO3MOXHBIX MEXaHUICCKUX MOBPEIKICHHUN TOJIIIMHA CTEHOK CTAIBHBIX TPYO JOKHA
ObBITE He MeHee 0,5 MM, a 11 MeaHbIX - He MeHee 0,8...1,0 mm.



Hacocbl 1 ruipoMoTOpbI

3.1. HexkoTopble TEPMUHBI U ONpeeIeHUst

Hacoc - rupaBiaryeckasl MalllMHa, B KOTOPOW MEXaHUYECKasi SHEPrus, IPUIIOKEHHAs K
BBIXOJTHOMY Bajly, MpeoOpaszyeTcs B THAPABIMYECKYIO SHEPTUIO MTOTOKA pabovei )KUIKOCTH.

T'uopoosucamens - MaliiHa, B KOTOPOIl 3HEPrus MoToka padouei KUIKOCTH Mpeodpasyercs B
SHEPTHUI0 JABUKEHUS BBIXOJHOTO 3BeHa. Eciu BIXOHOE 3BEHO MOJIy4aeT BpalllaTeabHOE
JBUKEHHE, TO TAKON TUIPOABUTATEb Ha3bIBAIOT 2UOPOMOMOPOM, €CIIH MOCTYNATEeIbHOE, TO
CUTIOBBIM YUTUHOPOM.

['unpomariHa, KOTOpasi MOXKET padoTaTh B PeKUME HACOCA WITU THIPOMOTOPA, HA3bIBACTCS
00paTUMOi.

Pabouuii 06vem cudpomawunbl B HacOCe - 3T0 00bEM KHUIKOCTH BHITECHSEMBIN B CUCTEMY 3a
0JIMH 00OPOT Bajia HAaCcCOCa; B TUAPOMOTOPE - 00BEM KUIKOCTH, HEOOXOAUMBIN ISl TOTyYEHUS
OJIHOTO 000pOTa Bajia rUAPOMOTOpa. [ 'MapOMaIIMHBI H3TOTABIUBAIOTCS C IOCTOSHHBIM U
NEpPEMEHHBIM pabouuM 00beMOM. B COOTBETCTBHH € 3TUM C MTOCTOSIHHBIM Pab0ouuM 00beMOM
HA3BIBAIOTCS Hepezyaupyemble, a C IEPEMEHHBIM - pe2yiupyemble.

Tuoponunus (macucmpans) - Kak yxe roBOPUIOCH B JIEKIIUH 2, 3TO TPYOONIPOBO/, 10 KOTOPOMY
TpaHCHOPTHPYETCs paboyast )KUIKOCTh. Pa3inyaroT MarucTpaiu BCachIBAIOIIME, HAIOPHBIC,
CJIMBHBIC U IPCHAKHBIC.

[Tpon3BoMTENFHOCT HacOca (110/1a4a) - 3TO OTHOIICHHE 00bhEeMa T0JaBAEMOM KUIKOCTH KO
BpPEMEHH.

Teopemuueckas npouzgooumenvHocms Hacoca Qr - TO pacueTHbIN 00bEM )KUIKOCTH,
BBITECHSIEMBIN B €JUHUILY BPEMEHH U3 €0 MOJIOCTH HarHETaHUs.

HeticmeumenvHas npouzeooumenvHocms nacoca Q yMeHbIaeTcs Ha Bennuuny QH u3-3a
00paTHOrO T€UYEHHUs KHUJAKOCTH B HACOCE U3 MOJIOCTH HAarHETAaHUs B MIOJIOCTh BCAChIBAaHUS U U3-3a
YTEUKH KUAKOCTH BO BHEIIHIOW cpeny. [loaTomy

Qn=0Qr- Qnu,
a OTHOIIIEHHE

Cr A0y
=1 =gy,
Or r floe

T€ Nos.n. - 00beMuBIN KIIJ[ Hacoca.

Obvemnvle nomepu u oowvemuwiil KI1/] cuopomomopa. Ilpu pabote MalivHbI B pEKAME
THAPOMOTOPA B IPUEMHYIO €T0 MOJIOCTh MOCTYIAET KHUIAKOCTh O] IaBIIEHUEM OT Hacoca.
OOBeMHBIC IOTEPH B THIPOMOTOPE CBOJISATCS B OCHOBHOM K YTEUKaM JKUIKOCTH Yepe3 3a30Pbl
MEXy COMPSITaeMbIMH JIEMEHTaMU. JTO MPUBOAUT K TOMY, YTO MOJABOUMBINA 00BEM KUIKOCTH
Qy peBbITIIaeT TeopeTrdeckoe 3HaueHue Qr. [Toaromy
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rae AQjy, - BeMMYMHA yTEUYCK B THAPOMOTOpE (00BEMHBIEC TIOTEPH ).

Mownocms u kpymawuu momenm na 8any 2uopomomopa. GakTuueckas MOIIHOCTh
pa3BHUBaeMas I'MIPOMOTOPOM IIPU JaHHOM Iepenajie AaBieHUun

Nas gaxm = APQMNMIIM

rae (, - pabounii 00beM r'uIPOMOTOPA;
N, - 9acTOTa BPAlICHHS TUAPOMOTOPA;
N - o0mwmit KIT/] ruapomoropa.

Bolpa3uB kpyTAuii MOMEHT 4epe3 TeopeTHuuecKyto MoIHOCTh N7 = APQN 1 yrioByto cKopocTh
®= 27N, TOJAYYUM TEOPETUUECKYIO BEIMUUHY KPYTALIEr0O MOMEHTA JUIs T'HIPOMAILUHbIL:

MNe Ny OFAF
MT == — =
W 2w 27w
3.2. 'uapaBianyecKkue MAaIIMHbBI IIECTEPEHHOT0 THIIA

[IlecTepeHHble MaITMHBI B COBPEMEHHOM TEXHUKE HAIILIM MIMPOKOE MpUMeHeHue. 1IX 0CHOBHBIM
[IPEUMYIIECTBOM SIBJISIETCSI KOHCTPYKIIMOHHAS IIPOCTOTA, KOMIIAKTHOCTh, HaJIS)KHOCTh B paboTe
u cpaBHUTENbHO Bbicokmid KIIJ[. B 3THX MammHax oTCyTCTBYIOT paboyue OpraHsl,
[I0JIBEP’KEHHBIE IEHCTBUIO LEHTPOOEIKHOM CUJIBL, UTO MO3BOJISET SKCILUIYaTUPOBATh UX MPU
qacrore Bpamenus 10 20 ¢'. B MalIMHOCTPOCHHH IIECTEPEHHBIC THAPOMAIITHHBI IPHMEHSTCS B
CUCTEMAX C JIPOCCEIbHBIM PETYINPOBAHUEM.

Llecmepennvie nacocvl. OCHOBHAs TPYIIA HIECTEPEHHBIX HACOCOB COCTOUT M3 JIBYX
npsAMO3yOBIX IIECTEpPEH BHEIIHero 3anenienus (puc.3.1, a). [Ipumenstorcs Takxke u Ipyrue
KOHCTPYKTUBHBIE CXEMBI, HAIIPUMEP, HACOCHI C BHYTPEHHUM 3anereHuem (puc.3.1, 0), Tpex- u
Oonee mectepHbie Hacockl (puc.3.1, B).

Puc.3.1. Cxembl iecTepeHHbIX HACOCOB:
a - C BHEIIIHUM 3alleTjieHueM; 0 - ¢ BHYTPEHHUM 3alleTUICHHEM; B - TPEXIIIECTEPEHHBIN

[IlecTepeHHbIi HacoC ¢ BHEUTHUM 3a1ieruieHueM (puc.3.1, a) coctouT u3 Beayuieit 1 1 Bexomoii 2
HIeCTepeH, pa3MELEHHbIX ¢ HEOOBIINM 3a30poM B Kopryce 3. IIpu BpalieHuu mectepeH
YKUJIKOCTh, 3alOJTHUBIIAS pabodre KaMephl (MEeK3yOOBbIE MPOCTPAHCTBA), IIEPEHOCUTCS U3
II0JIOCTH BCachlBaHMs 4 B NIOJIOCTh HarHeTaHus 5. M3 oI0CTH HarHETaH!sl KUAKOCTh
BBITECHSETCS B HAIIOPHBINA TPYOOIIPOBO/I.



B o0mmem cityuae mojgaya mecTepHOro Hacoca onpesensercs 1mo gopmyse
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rae K - ko3 duIenT, a1t HeKOPPUTUPOBAHHBIX 3yObeB K = 7, IIsi KOPPUTHPOBAHHBIX 3yObeB K
=9,4; D - nauaMeTp HavaIbHOM OKPY)KHOCTH IIECTEPHH; Z - YUCII0 3yObeB; b - mupuna
IIECTEPEH; N - YacToTa 000POTOB BEIYIIETO Bajia HACOCA; Mys - 00beMHBIN KIT/I.

[lTectepenHbIit HACOC B pa300paHHOM COCTOSTHUH TIpeAcTaBieH Ha puc.3.2. [llectepeHHsbIi Hacoc
COCTOUT U3 KOpITyca 8, BHIMOJIHEHHOTO U3 aTFOMUHUEBOTO CILJIaBa, BHYTPU KOTOPOTO
YCTaHOBJICHBI MTOAIIUITHUKOBBIN OJI0K 2 ¢ Beayiei 1 1 BemomMoit 3 mecTepHsIMu 1
VILUTOTHSIFOIIHMA OJIOK 5, MPEICTaBISIONINI cOO0H APYTyIO TOJOBUHY MO IIAITHAKA. [{ist
paZuaIbHOrO YINIOTHEHUS IECTEPEH B LIEHTPAIbHON YaCTH YIUIOTHSIONIEr0 OJIOKa UMEIOTCS JIBE
CETMEHTHBIC IOBEPXHOCTH, OXBATHIBAIOIINE C YCTAHOBJICHHBIM 3a30pOM 3yObs mecTepeH. J{ist
TOPLIEBOTO YIJIOTHEHUS IIECTEPEH CIYXKaT JIBE MOIKUMHBIE IJIACTUHBI 7, yCTaHABIMBAEMbIE B
CICIMANIbHBIC Ma3bl YITIOTHSIOIIETO 0JIOKa C 00CHX CTOPOH IIecTepeH. B moKuMHBIX
IUTACTHHAX U B JICBOM YaCTH YILTOTHSIOMIETO OJIOKa €CTh PUTYypHBIE YIIyOJIeHUS MO pe3UHOBBIE
npokiaaku 6. JlaBjaeHueM KUJAKOCTH U3 MOJIOCTH HAarHETaHUS TUTACTUHBI 7 MPUKUMAIOTCS K
TOpLIaM IIecTepeH, 6arogapst 4eMy aBTOMaTHYECKH KOMIIEHCUPYETCS 3a30p, & YTEUKH OCTAIOTCS
MPAKTUYECKH OJMHAKOBBIMU TIPH JIFOOOM paboueM JaBlieHUU Hacoca. Bexyiias u Begomas
[IECTEPHH BBITIOJIIHEHBI 3a0JHO C Harndamu, OMUPAIOIUMUCS Ha MOIIUITHUKYA CKOIbKEHUS
MOAITUITHUKOBOTO U YIIOTHSOIIETo 0JIokoB. OiHa U3 1and BeAYIICH MECTEPHU UMEET MUTHAIIBI
JUTSL COEIMHEHUS C BAJIOM IPUBOJsIIero asurarens. Hacoc 3akpeiBaeTcs KpbIKon 4 ¢
YIUIOTHUTEIBHBIM PE3UHOBBIM KOJIbIIOM 9. [IprBOIHOM Ball Hacoca YIJIOTHEH PE3MHOBOM
MaH)XETOMH, 3aKpPETNIEHHOM CIIEeIUATbHBIMU KOJIbLIAMHU B KOPITyCE Hacoca.
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Puc.3.2. lllecrepennsiit Hacoc HIII-K u ero coctaBHbIE 3JIEMEHTBI

[IlecTepeHHbIe HACOCHI C BHYTPEHHHUM 3alleIUIEHUEM CI0XKHBI B U3TOTOBJICHUH, HO JAlOT OoJiee
PaBHOMEPHYIO MOJauy U UMEIOT MEeHbIINE pa3Mephl. BHyTpennss mecrepus 1 (cm. puc.3.1, 6)
UMeeT Ha JIBa-TpH 3y0a MEHbIIIe, YeM BHEIIHAA [ecTepHs 2. Mex 1y BHyTpEeHHEH 1 BHEIIHEH
HIECTEPHIMH UMEETCsl ceprooOpa3Hasi nepeMbluka 3, OTAENA0as TI0J0CTh BCAChIBAHUS OT



HaropHoii nmonoctu. [Ipu BpameH BHYTpEHHEH MIECTEPHU KHUIKOCTb, 3aNIOJIHIIOMAs paboune
KaMepbl, IICPEHOCUTCS B HAITOPHYIO MOJIOCTh U BBITECHSAETCS Ye€pe3 OKHA B KPBIIIKaxX Kopmyca 4 B
HaIOPHBIA TPyOOIPOBO/I.

Ha puc.3.1, B npuBeaeHa cxema TpexIiiecTepeHHoro nacoca. B atom nacoce mecrepss 1
Be/IyIasi, a NIECTEPHU 2 U 3 - BEJIOMBIE, ITOJIOCTH 4 - BCACHIBAIOIIUE, a TIOJIOCTH 5 - HAIIOPHEIE.
Takue HacoCH BBII'OJJHO MPHUMCHATH B TMAPOIIPUBOAAX, B KOTOPBIX HCO6XOIII/IMO HUMETH ABC
HE3aBUCHMBIC HATIOPHBIE THAPOJIHHUY.

PaBHOMEPHOCTH 110/1a41 KUJKOCTHU IIECTEPHBIM HACOCOM 3aBUCHUT OT YHCJIA 3yObEB IIECTEPHU U
yria 3aneruieHus. Yem Oounblie 3yObeB, TEM MEHbIIIE HEPAaBHOMEPHOCTh II0JJa4H, OHAKO MPU
9TOM YMEHbILAETCS IPOU3BOAUTENIBHOCTD Hacoca. Jliisl ycTpaHeHus 3allleMIIeHUs )KUIKOCTH B
30HE KOHTaKTa 3yObeB IIecTepeH B OOKOBBIX CTEHKAaX KOPITyca HACOCA BHIMOJIHEHBI
pasrpy30uHble KaHABKHU, Y€Pe3 KOTOPbIE JKUAKOCTh OTBOJUTCS B OJIHY U3 IOJIOCTEH Hacoca.

Lllecmepennvle cuopomomopwi. Pabota necrepeHHbIX THAPOMOTOPOB OCYIIECTBISAETCS
cnenyromumM odpazom. XKuakocts u3 rugpomaructpanu (cm. puc.3.1, a) moctynaeT B mojocts 4
TUPOJIBUTATENIS U, BO3AEUCTBYS Ha 3yObs IIECTEPEH, CO3AAET KPYTALIMIA MOMEHT, paBHbII

Db

rae n, - mexannueckuit KIIJ[ ruapomoTtopa.

KOHCTPYKTI/IBHO MECTCPHBIC TUAPOMOTOPBI OTIIMYAIOTCA OT HACOCOB MCHBIIIMMH 3a30paMu B
MNOAIIHITHUKAX, MCHBIIIUMHU YCUJIUSAMHU TTIOAKAaTUs BTYJIOK K TOpIaM MIECTEPCH, pa3rpy31<0171
MOAIIHUITHUKOB OT HCYPAaBHOBCIICHHBIX paJUaAJIbHBIX yCHJIPIfI. HyCK THApOMOTOPOB
PCKOMEHAYCTCA TPOU3BOJAUTH 0e3 HarpyskHu.

[IlecTepeHHble MAIIMHBI ABISAIOTCS OOPATUMBIMH, T.€. MOTYT OBITh MCIIOJIB30BaHbI M KaK
TUAPOMOTOPBI M KaK HACOCHI.

3.3. IlilacTuHYaTBIC HACOCHI H THAPOMOTOPBI

IInacTuHYaTHIE HACOCKHI U THUAPOMOTOPHI TaK K€, KaK U HICCTCPCHHBIC, IIPOCTHI 110 KOHCTPYKIIUU,
KOMITAKTHBI, HAJICKHBI B OKCILTyaTallui U CPABHUTCIIBHO JOJITOBECYHEI. B takux mammHax
pa6OLII/IC KaMCpPhI 06pa3OBaHI>I MOBEPXHOCTAMU CTATOPA, pOTOPA, TOPUECBLIX PACTIPCACIUTCIbHBIX
JAUCKOB U IBYMA COCCAHUMM BBITCCHUTCIIAMU-IIJIATUHAMUA. OTH IUIACTUHBI TAK)KE HA3BIBAIOT
JJonmacCTsaMHu, JOIIaTKaMu, H_II/I6epaMI/I.

Inacmunyamele nacocnt MOT'yT OBITE OAHO-, ABYX- U MHOT'OKPAaTHOT'O ,ZICI\/'ICTBI/IH. B Hacocax
OIHOKPATHOI'O ﬂeﬁCTBHﬂ OOJHOMY 060pOTy BaJia COOTBETCTBYCT OJHO BCACBIBAHUC U OJJTHO
Haru€TaHrue, B HaCcoCax ABYKpPAaTHOI'O HeﬁCTBHH - JIBa BCaCbIBaHUs U IBAa HArHCTaHHUA.

Cxema Hacoca OJHOKpPATHOTO A€MCTBUS npuBeneHa Ha puc.3.3. Hacoc coctout u3 potopa 1,
YCTaHOBJIEHHOI'O Ha MPUBOAHOM Bally 2, OIIOPbI KOTOPOTO pa3MeELIEHbI B KOpIlyce Hacoca. B
pPOTOpE UMEIOTCS paualbHbIE HIIM PACIIONOKEHHBIE MO0 YTJIOM K paJuycy Mas3bl, B KOTOpbIE
BCTaBJIEHbI IUIaCTUHBI 3. CTaTop 4 MO OTHOIIEHHUIO K POTOPY PACIOJIOKEH C IKCLIEHTPUCUTETOM
e. K Ttopuiam craropa u potopa ¢ mansiM 3a3opom (0,02...0,03 Mmm) nmpuseraroT TopieBbie
pacnpenenuTeNnbHble TUCKU 5 ¢ ceprnoBUIHBIME OKHaMU. OKHO 6 KaHallaMH B KOpITyce Hacoca
COEIMHEHO ¢ TMAPOJIMHUEN BCachIBaHUs 7, @ OKHO 8 - ¢ HAIOPHOW TMAPONMHKEN 9. Mexny
OKHAMH{ UMEIOTCS YIUIOTHUTEbHbIE epeMbluku 10, oOecrieunBaromye repMeTH3aIiio 30H



BCachIBaHMs U HarHeTaHus. LleHTpanbHbIi yron , 00pa3oBaHHBINA ATUMU IEPEMbIUKaMU, OOJIbIIIE
yrila MeXay ABYMs COCEJHUMU IJIaCTUHAMMU.

[Tpu BpamieHuu poTopa IUIaCTUHBI MO JEHCTBIE M EHTPOOEKHOM CUJIBL, IPY>KUH UITU O]
JIABJICHUEM KUKOCTH, TIOJIBOJUMOM TOJ1 X TOPIIbI, BEIABUTAIOTCS U3 Ma30B U MPKUMAIOTCS K
BHYTpPEHHEH MOBEPXHOCTH cTaTopa. biaronaps sKCIEHTPUCUTETY 00beM pabodynx Kamep
BHayaJle yBEJIMYUBAETCS - IPOUCXOUT BCACHIBAHUE, & 3aTEM YMEHBIIAETCSI - IPOUCXOJUT
HarHeranue. JKuJIKOCTh U3 JINHUU BCAaChIBAHUA Yepe3 OKHA paclpeIeTUTeNbHbIX JUCKOB BHaUase
MOCTYIAET B paboumre KaMephl, a 3aTeM Yepe3 APyrue OKHA BHITECHACTCS U3 HUX B HAIIOPHYIO
JUHHUIO.

[Tpu U3MeHeHnH HKCLUEHTPUCUTETA € U3MEeHsieTcs roaavya Hacoca. Ecnu e = 0 (potop u cratop
PacIoyIoKeHbI COOCHO), TUTATHHBI HE OYAYT COBEpIIATh BO3BPATHO-MIOCTYIATEIBHBIX IBUKCHUH,
00BbeM pabouux kamep He Oy/eT U3MEHATHCS, U, CIEI0BaTENbHO, 0Jja4ya Hacoca OyIeT paBHa
Hy;r0. [Ipu nmepemeHe SKCIEHTPUCHTETA C +e Ha -e H3MEHSETCS HallpaBJICHHE NOTOKa paboueit
KUAKOCTU (JIMHUS 7 CTAHOBHUTCS HarHeTaTeIbHOMU, a TUHUS 9 - BcachiBatolei). Takum oOpa3om,
IUTACTUHYAThIE HACOCHI OTHOKPATHOIO JEMCTBUSI B IPUHIIUIIE PETYJIUPYEMBIE U PEBEPCUPYEMBIE.

&

Puc.3.3. Cxema miacTHHYATOro Hacoca OJIHOKPaTHOIO AEHCTBUS:
1 - potop; 2 - npuBOAHOI Bai; 3 - IUIACTHHBI; 4 - CTATOP;
S - pacupeneauTeNbHBIA TUCK; 6, 8 - OKHA; 7 - TUIPOIUHUS BCACBIBAHUS; 9 - THAPOIMHUS
HarHeTaHus

Honaqy IJIaCTUHYATOI'0 HaCcoCa OAHOKPATHOI'O JEHCTBUSA OIIPCACIIAOT 110 (bopMyne
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rae b - mupuHa IacTuH; e - SKCIeHTpucuteT; D - nnameTp craTopa; Z - 4nuciio riatuH; t -
TOJILIMHA IJIATHH; N - YacTOTa BPALIEHUS pOTOpA.

Yuciio macTuH Z MOXKeT ObITh OT 2 10 12. C yBenu4eHreM unciia IUIacTHH 1Mojjaya Hacoca
YMEHBIIAETCS, HO MPU 3TOM YBEJIMYUBAETCS €€ PABHOMEPHOCTb.

B nacocax aBoitnoro aeictus (puc.3.4) porop 1 u 2 cratop COOCHBI. DTH HACOCHI UMEIOT 11O
JIB€ CHMMETPHYHO PACIIOJIOKEHHBIE IOJIOCTH BCACHIBAHMSI U TIOJIOCTH HarHeTanwus. Takoe
pacTooKeHUE 30H YPABHOBEIIUBACT CHUJIIBI, ACHCTBYIONINE CO CTOPOHBI pab0oYeH KUIKOCTH, U
pasrpyXaeTt IpUBOIHOM Bal 2, KOTOPBIH OyJIeT Harpy»XeH TOJIBKO KPYTAIIMM MOMEHTOM. J[j1st
0oJbIIIel YPaBHOBEIICHHOCTH YMCIIO TUTACTHH 3 B HACOCAX IBOMHOTO JIEHCTBUS MPUHUMACTCS
4yeTHBIM. TOpIIeBbIC paclpeeITENIbHBIC JUCKH 5 UMEIOT YeThIpe OKHA. J/[Ba OKHA 6 KaHaiaMu B
KOpITyce Hacoca COCTUHSIOTCS C TUAPOIUHUEH BCAaChIBAaHMS 7, IPyrue Ba 8 - ¢ HAOPHOM
runponuHueit 9. Tak ke Kak U B Hacocax OJHOKPATHOTO JACUCTBUS, MEXKIy OKHAMH UMEIOTCSI
VIUTOTHUTEIbHBIC TIepeMbIuku 10. st repMeTr3anuu 30H BCAChIBaHUS U HATHETAHUS JTOJDKHO
OBITH COOJTIOZICHO YCIOBHE, IPU KOTOPOM € < 3.

[Ipoduie BHyTpEeHHEHN MOBEPXHOCTH CTATOpa BBIIIOJIHEH U3 AYyT paanycamu Ri u R ¢ neHTpom B
touke O. I1a3bl U1 IIACTUH B pOTOPE MOT'YT UMETh PaIMajIbHOE PACIIOIOKEHHE M0 YTIIOM
7...15 x paguycy, 4TO yMEHbUIAET TPEHUE U MCKIIIOYAET 3aKJIMHUBaHue 11acTuH. Hacocsl ¢
palualIbHBIM PACHOJIOXKEHUEM IIACTUH MOT'YT OBITh PEBEPCUBHBIMHU.

1, 7 - pacnpenenurtenabHble AUCKY; 3 - cTaTop; 4 - pOTOpP; 5 - IIACTUHBI,
6, 8 - okHa HamopHoi1 monocTy; 2, 12 - OKHA BCACBHIBAIOIIEH MOJIOCTH; 9 - IITUT;
10 - BHyTpeHHsIsI MOBEPXHOCTH cTaropa; 11 - orBepcThe
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1 - xpeimika; 2, 8 - NOAMUIHUKY; 3, 7 - TUCKHU; 4 - OKHO; 5 - cTaTOop;
6 - potop; 9 - pnanern; 10 - manxersr; 11 - Ban npuBoaHOM; 12 - npyKuHa;
13 - xamepa ox naBieHueM; 14 - okHO BecackiBaHus; 15 - koprmyc; 16 - TIacTHHEL;
17 - otBepctue; 18 - mtudT; 19 - okHO

Puc.3.5. Pabouuii KOMIUIEKT (a) U KOHCTPYKIHS (0) IIIaCTUHYATOTO HAacOca ABOWHOTO IeHCTBUS
ri2-2Mm

Paccmotpum ere pa3 ycTpoicTBO M MPUHIIUI PAOOTHI TUIACTUHYATOTO HACOCA JIBOWHOTO
JeicTBus Ha npumepe Hacoca ['12-2M. OcHOBHBIMY JETANSIMU HAcoca SBISIETCS. KOPITYC C
KPBILLIKOM, IPUBOIHON BaJl C MOJIIUITHUKAMH U pabounii KOMIUIEKT (puc.3.5, a), cocTosImui u3
pacnpenenuTeNbHbIX TUCKOB | 1 7, ctatopa 3, poropa 4 u ninactuH 5. /lucku u crarop,
3a()MKCHPOBAHHBIE B YTJIOBOM IOJIO)KEHUH OTHOCUTENIBHO KOopITyca ITU(PTOM 9, mprKuMaroTcs
JPYT K ApYry NpyKUHAMH (He IOKa3aHbl), a TAK)KE IaBJICHUEM Macia B HanopHol nuHud. [lpu
BpallleHuu poTopa 4, CBS3aHHOTO Yepe3 IIIUIEBOE COEIMHEHUE C IPUBOIHBIM BaJlOM, B
HalpaBJICeHUH, YKa3aHHOM CTPENIKOM, IUIaCTHUHBI 5 IEHTPOOEKHON CUIION U JaBIIEHUEM Maciia,
MOJIBEIEHHOTO B 0TBepcTus 11, mprkumaroTcst K BHyTpeHHel noepxHoctu 10 cratopa 3,
umeroIei popmy oBaina, u, CI€J0BaTEIbHO, COBEPILAIOT BO3BPATHO-TIOCTYNATEIbHOE IBUKEHHE
B [1a3ax poTopa.

Bo Bpemst 1BHKEHUS MIIACTUH OT TOYKU A 10 TOUKH B 1 ot Touku C 10 Touku D 06bembl kamep,
00pa30BaHHBIX JIByMsl COCEHUMU IJIACTUHAMH, BHYTPEHHEH MOBEPXHOCTBIO CTaTOPa, HApy>KHOU
MOBEPXHOCTHIO POTOPA U TOPIIEBBIMU MTOBEPXHOCTAMHU JUCKOB 1 U 7, yBeTUUMBAIOTCS, U MACJIO
3anoiHsAeT paboune kamepsl uepes3 okHa 2 1 12 aucka 1, cBS3aHHBIE CO BCACHIBAIOILEH TUHHUEH.
[Tpu nBrxkeHuu B npeaenax ydactkoB BC u DA 06beMbl KaMep YMEHbBINAIOTCS, U Maciio
BBITECHSAETCSI B HAIIOPHYIO JIMHUIO THIPOCUCTEMBI Yepe3 okHa 6 u 8 qucka 7. IlockonbKy 30HbI
HarHetanus (BC u DA) u BcacsiBanus (4B n CD) pacmoniosxeHsl AuaMeTpatbHO OTHOCHTEIHHO
poTOpa, Ha HETO HE AEUCTBYIOT paJualIbHbIE YCUIIMSL, YTO MOJIOKUTEIBHO CKA3bIBAETCS HA
JOJITOBEYHOCTH TOJIIIUITHUKOB ITPUBOJIHOTO BaJia.

KoncTpykius Hacoca moka3ana Ha puc.3.5, 6. B pactoukax xoprmyca 15 u kpsimiku 1
YCTaHOBJICH pabounii KOMIUIEKT (IMCKH 3 1 7, ctaTtop S, potop 6, rmactuHbl 16). Potop uepes



LJIMLEBOE COEAMHEHNE CBSA3aH C IPUBOJHBIM BajioM 11, onuparommmcest Ha
MIApUKONOAIMIHUKY 2 U 8. Hapy)KHble yTeUKH WM MOACOC BO3AYyXa IO Baly UCKIIIOYAETCS
mamkeTamu 10, ycTaHOBIIEHHBIMH B pacTouke (ranna 9. KoMruiekr cxxumaercs Tpems
npyxuHamu 12 u naBienrem Macia B kamepe 13. OkHa 4 aucka 3 yepes orBepcTus 17 ctaTopa
COGIIMHEHBI C TITYXHMHU OKHAMU BcachiBaHus 14 nucka 7, Giarogaps 4eMy Maciio U3
BCAChIBAIOIIEH JINHUY [TOCTYNAET B POTOP C JIBYX CTOPOH, YTO 00JIEr4aeT yCiIOBUs BCACHIBAHMUS.
B HamnopHyto JIMHKIO Macio BhITECHsIETCA Yepe3 okHa 19 nucka 7. IloBopoT komIuiekTa
npefoTBpamaercs WTuGToM 18 (wim BUHTaMu), IPOXOAALIMMHU Yepe3 OTBEPCTHS B AeTasx 1, 3,
5,7n15.

[Tomavy mIacTHHYATOTO HACOCA ABOWHOTO JCUCTBUS OMPEICIISIOT 110 PopMyie
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rue b - mupunHa poropa; Ry u Ry - paauycs ayr, o0pasyromux npoduib BHyTpEHHEH
IIOBEPXHOCTHU CTATOPA; t - TOJNIIMHA IUIATHH; Z - YUACJIO IJIACTUH; O - YTOJI HAKJIOHA IUIACTHH K
paauycy.

Inacmunuameie 2u0pomMomopsl MOTYT OBITH TAKXKE OJTHO-, IBYX- U MHOTOKPATHOT'O JICHCTBHUS.
[InacTuHYaTHIe THAPOMOTOPHI OT TUIACTUHYATHIX HACOCOB OTINYAIOTCSA TEM, YTO B UX
KOHCTPYKIIMIO BKIIFOUEHBI YCTPOMCTBA, 00€CIeUNBAIOIINE TOCTOSHHBIN MPHKUM TIIACTHUH K
CTaTOPHOMY KOJIBITY.

[Tpu noBoJIe K MalIMHE )KUKOCTH HAa pabOyyr0 MOBEPXHOCTh IUIACTUH JACUCTBYET CUJIa,
CO3/aro1lasl KpyTSIMHA MOMEHT Ha BaJly TUAPOMOTOPA, KOTOPBIN JUIsi THAPOMOTOPOB
OJIHOKPATHOI'O IEHCTBUSI onpeaessieTcs o popmye:

APy AP
*p :Eﬂm = EEEE}[T[D—zﬁ)T]M :

a U1 TUAPOMOTOPOB JBOMHOTO AEUCTBUS

e 800 Ll ) et E

I'mapoMoTOpBI ABOMHOTO JEUCTBUA TAK K€, KAK U HACOCHI JBOMHOIO JICHCTBHS,
HEpEryJIUpyeMBbIE.

HaznexxHOCTh U CPOK CITY>KOBI TUTACTUHYATHIX THAPOMAIITNH 3aBUCAT OT MaTepuana MiIacThH U
CTaTOPHOIO KoJjblla. Bo n36exxanue oTmycka MaTepuana MjIacTUH W3-3a HarpeBa OT peHUs O
CTAaTOPHOE KOJBIIO IJIACTUHBI U3TOTOBIISIIOT U3 CTAJIM C BBICOKOM TEMIIEpaTypoil OTITyCKa.
CraropHO€ KOJIBIO LIEMEHTUPYETCS U 3aKaInBaeTcsa. POTOp U3rOTOBISIOT U3 3aKAJIEHHOM
XPOMUCTOM CTalld, a TOPLIEBBIE pacHpeeTUTeIbHbIC JUCKU U3 OPOH3BL.

3.4. PaguajbHO-NIOPIIHEBbIE HACOCHI M THAPOMOTOPbI

PannanbHO-NIOpIIIHEBBIE THIPOMAILIMHBI MPUMEHSIOT TPU CPABHUTEIIBHO BHICOKUX JABJICHHUSIX
(10 MITa u Beime). [To mpuHIUIY ACHCTBUS paAHaIbHO-TIOPIIHEBBIE THAPOMAIITUHBI JENATCS Ha
OJTHO-, IByX- © MHOTOKPATHOTO JIEUCTBUS. B MammHax oTHOKpAaTHOTO ACHCTBUS 32 OAUH 000POT
pPOTOpA MOPILIHUA COBEPILIAIOT OAHO BO3BPATHO-TIOCTYIIATENBHOE ABUKEHUE.



Cxema paanaibHO-TIOPIIHEBOTO0 HACOCA OJTHOKPATHOTO JEHCTBUS MMPUBEIEHA Ha puc.3.6.
Pabounmu kamepamu B Hacoce SIBIISIOTCA paidaibHO PACIIONOKEHHbIE IIMIIMHIPHI, a
BBITECHUTEIISIMU - TTOpITHA. PoTop (010K unuHApOoB) | Ha CKOJIB3SIICH MTOCAIKEe YCTAHOBJICH Ha
OCh 2, KOTOpasi UMEET JiBa KaHasa 3 U 4 (0A1H COCIMHEH C THAPOJIMHUEH BCAaChIBaHUS, APYTOH -
C HanopHOM ruaponHuen). Kanaibl UMEIOT OKHA 5, KOTOPBIMU OHU MOT'YT COETUHSITHCS C
nunuHApaMu 6. Ctatop 7 0 OTHOIIEHHUIO K POTOPY PAcloJIaraeTcsi ¢ 3KCUEHTPUCUTETOM.
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Puc.3.6. Cxema paanaibHO-TIOPIIHEBOIO HACOCA OJTHOKPATHOIO JICUCTBUSA

Potop Bpamaercs ot npuBoaHOro Bajna yepes mydry 8. I[Ipu BpaeHuu potopa B HalpaBJIeHUH,
yKa3aHHOM Ha puc.3.6. CTpesKoi, MOpUIHK 9 BHaYaje BbIIBUTAIOTCA U3 IMIIMHAPOB (IPOUCXOUT
BCachIBaHME), a 3aTeM BJIBUratoTcs (HarHetanue). CooTBETCTBEHHO paboyast )KUAKOCTh BHAYaJIe
3aMoIHAET HUIMHAPBL, a 3aTEM ITOPIIHSAMU BBITECHAETCS OTTY/la B KaHaj 4 U 1ajee B HAIIOPHYIO
JIMHUIO TUAPOCUCTEMBI. [IOpIIHN BBIIBUTAIOTCS U MPUKUMAIOTCS K CTAaTOPY LIEHTPOOEKHOU
CHJION WM NPUHYIUTEIBHO (MPYKUHOM, JaBlieHueM padoyel )UAKOCTH WA UHBIM ITYTEM).

ITomaua paaruaJIbHO-TTIOPIIHEBOT'O HACOCA

2
= gni,s = TEZHT]-:-E

rje d - tuaMeTp MUIMHIPA; € - SKCHEHTPUCHUTET; Z - YMCIIO0 TOPIIHEH.

B cepuiiHbIX KOHCTPYKIUAX PagUaIbHO-TIOPIIHEBBIX HACOCOB YUCIIO MOPIIHEN IPUHUMAETCS
HEYETHBIM ("arie Bcero Z =7 wiu Z = 9). Yucio psiioB HTUIWHIPOB JIJISl YBEIIMUCHUS TTOJaYH
MO3KET OBITh YBeIH4eHO OT 2 10 6. [Togaua paguaibHO-TIOPIIHEBOTO HACOCa C KPAaTHOCTHIO
JCHCTBUSA | ¥ YMCIIOM PSIJIOB M MOACYUTHIBACTCS 10 hopmyIie

2
mdT,
(= Tﬂzz:mn'r]og

rae h - xon mopurHei.

B cTaHKOCTpOEHNH MPUMEHSIOT PETYINPYEMBbIE PAJUAIbHO-TIOPIIHEBBIE HACOCHI OJJHOKPATHOTO

neiictBust Tuna HII, kKoTopble BHIMTYCKAIOT ¢ MaKCUMalIbHOM nojaueit 10 400 j1/MUH U 1aBICHUEM
no 200 MTITa.



Ha puc.3.7. npeacrasneH paguanbHO-TIOPIIHEBON HACOC OJHOKpAaTHOTrO AekcTBusa tuna HII ¢
YETBIPbMS PAIAMH TUIUHIPOB, KOTOPBINA COCTOUT U3 KOpItyca 1 M KpbIIKHU 25, BHYTPHU KOTOPBIX
pa3MelIeHbl Bce paboune 31eMeHThl Hacoca: CKONb3sui 6110k 10 ¢ kpbimkoit 24, o6oiima 9 ¢
KPBIIIKOH 3 M PEaKTUBHBIM KOJIBLIOM 6, pOTOpP 8 ¢ paiualibHO PACIIOI0KEHHBIMU LUJIMHIPAMU,
HOPUIHM 7, pacupeaennuTenbHas ock 11, Ha KOTOpOH Ha CKOJIB3SIIEH HAacaIKe YCTaHOBJIEHBI
potop, npuBoiHOM Bai 20 u mydra. CKONB3ImINNA 60K MOXKET IIEPEMEIIaThCs 10
HanpaBJIAOmuUM 15, 6maronaps 4emy TOCTUTAIOTCS U3MEHEHHE SKCIIEHTPUCUTETA, a
CJIeI0BATEIIbHO, U M0J1aya Hacoca. BelnunHa SKCLIeHTpUCUTETa OTPaHUYMBaeTCs yKas3aTesnem 19.
OO6oiima Bpaiaercs B IByX NOJAIIUITHUKAX 12, a MpUBOAHON Ball - B MOAIIUITHUKAX 14.
PacnipenenurenbHas 0Cb UMEET KaHaNbI C OTBEPCTUSIMH, YE€PE3 KOTOPBIE TPOUCXOAAT
BcachblBaHHe U HarHeTaHue. Mydra cocTouT u3 ¢guanma 2, ycTaHOBICHHOTO Ha IUIHLIAX
MIPUBOJAHOTO BaJla MPOMEKYTOYHOT'O KOJIBIIA 5 M YETBIPEX POJIMKOB 4, 4yepe3 KOTOPbIE KPYTALIUN
MOMEHT IpesaeTcs oT (iaHua K poropy. s HCKitoueHHs yredek paboueit )KUIKOCTH 110 Bally
CIYKUT yruioTHeHHE 21. YTeuku 1o kaHainy 17 oTBOASTCA B KOPIYC HACOCA, a U3 HETO Yepes
oTBepcTHE 13 B IpeHAXKHYIO TUAPOIUHHUIO.



5 N
22~
2 21
[; -
2 Nig 2 SRR -
Al E g Y 7 S . / ./f://
;r,;f/ Q{ IN\‘ 3 s ? A i'
o/ PN 27
o { - B / | /
f o 2 - T «;'LQ/ / ! /"’/d
7 ] |

A

i i ¥ [}

o2t 13

Puc.3.7. PannansHO-nIOpIIHEBON HACOC OJTHOKpaTHOTrO AevictBus tuna HII

Hacoc pabotaet cnenyromum obpazom. [Ipu BpameHnn poTopa MOPIIHA MO ICHCTBUEM
HEHTPOOEIKHOM CHIIBI BBIIBUTAIOTCS U3 IWIMHPOB U MPHKUMAIOTCS K PEAKTHBHBIM KOJIbIIAM
0060#MEI. [Ipu 3TOM ecin MEeXTy pOTOPOM M 000MMOM €CTh KCIEHTPUCHUTET, TO TIOPIITHU, KPOME
BpalllaTeIbHOT0, OYAYT COBEPIIATh U BO3BPATHO-MIOCTYNATENbHBIC (B PaIUATHBHOM
HaIpaBJICHUH ) IBMKEHUS. MI3MEeHEeHHE SKCIIEHTPUCHUTETA BBI3BIBAET COOTBETCTBYIOIIEE
M3MEHEHUE X0/1a OPUIHEN U Mo1auu Hacoca. BMecTe ¢ poTOpoM BO BpallleHUE BOBJIEKAETCS
0001iMa, BpaIaronascs B CBOUX MOAMMUITHAKAX. Takas KOHCTPYKIIHS TTO3BOJISIET YMEHBIIIUTH
cuiibl TpeHus U moBbicuTh KIIJ[ rumpoManinHs.

Jlist panuanbHO-TIOPUTHEBBIX MAIIMH PA0OTAIOIINX B PEXKUME THAPOMOTOPA KPYTAIINI MOMEHT
MO3KHO OIPENEIUTh 10 popMyie



2

M., = %nm = ﬂP%kzmz‘ﬂm

oom
rae M - YKUCIO PSIO0B HUINHIPOB;
| - KPaTHOCTh XOJ[a IOPIIHEH;
h - BennunHa Xo1a MOPUIHEH.
3.5. AkcuajbHO-TIOpIIHEBbIE HACOCHI H THAPOMOTOPBI

AKCI/IaHBHO-HOpLHHeBBIe THAPOMAIIWHBI HAIUTK HIUPOKOC NPUMCHCHUEC B THAPOIIPUBOAAX, UTO
00BSICHAETCS PAAOM MX MPEUMYILECTB: MEHBIINE PaJHalbHbIe pa3Mepbl, Macca, TabapuT u
MOMEHT MHEPLUH BPALIAIOIINXCS MAcC; BO3MOYKHOCTh PaOOTHI IPH OOJIBIIOM YHCIIe 000POTOB;
yZ100CTBO MOHTaXa U PEMOHTA.

AKCHaNbHO-TIOPUIHEBOI HACOC COCTOUT M3 0JI0Ka IHIMHIPOB 8 (puc.3.8) ¢ mopmHiIMu
(Turym>xepamm) 4, MaTyHOB 7, YIOPHOTO JUCKA 5, paclpeAeIUTeIbHOTO YCTPOHCTBA 2 1
BeylLIero Bana 6.

Puc.3.8. [IpuHOnnranbHbele CXeMbl aKCHAIIBHO-TTOPIIHEBBIX HACOCOB:
1 n 3 - okHa; 2 - pacpeeInTENbHOE YCTPONUCTBO; 4 - MOPILHU;
5 - YIOpHBIN TUCK; 6 - BeAyIIUNA BaJT; 7 - MATYHBI; § - OJOK MUIMHAPOB
a - C UJIOBBIM Kap/aHOM; O - C HECHJIOBBIM KapJaHOM;
B - C TOUEYHBIM KacaHUEM MOPIIHEH; I - OecKaplaHHOTO THIIa

Bo Bpems paboThl Hacoca Mpu BpallleHUH BaJla IPUXOIUT BO BpalleHHue U O0J0K HUIuHAPoB. [lpu
HAKJIOHHOM PacroJIOKEeHUHU YIOPHOTo aucka (cM. puc.3.8, a, B) UiH OJI0Ka [HIUHIPOB (CM.
puc.3.8, 6, r) NopIIHYU, KPOME BpallaTeIbHOTO, COBEPILIAIOT U BO3BPATHO-TIOCTYMATEIbHbIE



aKcuaibHbIC ABMKCHUS (BIOJIH OCH BpalleHus 0JI0Ka MIIMHAPOB). Koraa mopIimHu BEIIBUTAIOTCS
13 WINHIPOB, IPOMCXOJUT BCAChIBAHUE, a KOT/1a BIBUTAOTCS - HarHeTanue. Yepes okHa 1 1 3 B
pacipenenuTeIbHOM YCTPOMCTBE 2 MJIMHPHI TONEPEMEHHO COSAUHSIOTCS TO C BCACHIBAIOIIECH,
TO C HAIIOPHOM TUJIPOJIMHUAMM. [[7151 UCKIIFOUEHNs COEAMHEHUS BCACBIBAIOIIECH JIMHUH C
HATIOPHOM OJIOK MUIMHJIPOB MJIOTHO MPMXKAT K PacpeAeTUTEIIbHOMY YCTPOUCTBY, @ MEXKITY
OKHaMH 3TOT'0 YCTPOMCTBA €CTh YIUIOTHUTEIbHBIC IEPEMbIUKH, IIMPHHA KOTOPBIX D OosbIie
nuameTrpa d, OTBEPCTHS COCTMHUTEIbHBIX KAHAIOB B OJIOKE IMIUHAPOB. J{J1s1 yMEHBIIICHHUS
TUAPABIMYECKOTO yAapa MpHU Mepexoe HUIMHAPAMHU YIUIOTHUTEIbHBIX [IEPEMBIUEK B
MOCJICTHUX CHEJIaHbI IPOCCENIbHbIC KAHABKH B BUJIE HEOOJBIINX YCUKOB, 32 CUET KOTOPBIX
JIABJICHUE KUAKOCTH B HMIMHAPAX MOBBIIAETCS PABHOMEPHO.

PabounMu kamepamu akCHaIbHO-TIOPITHEBBIX HACOCOB SIBJISIFOTCS IIMJIMHAPHI, aKCHATBHO
pacmoI0KEHHBIE OTHOCUTEILHO OCH POTOPA, & BRITECHUTENSIME - TTopiHH. [1o Buy epenauun
JIBU)KCHUS BBITECHUTEISIM aKCHAITbHO-TIOPIITHEBBIC HACOCHI MTOAPA3ICIISIOTCS Ha HACOCHI C
HAKJIOHHBIM OJI0KOM (cM. puc.3.8, 0, T') U ¢ HAKJIOHHBIM JUCKOM (cM. puc.3.8, a, B). VI3BecTHBIE
KOHCTPYKIIMU aKCHAJIbHO-TIOPIITHEBBIX HACOCOB BBITIOJHEHBI [0 YETHIPEM Pa3IHYHBIM
MMPUHIUITHAIIBHBIM CXEMaM.

Hacocwi ¢ cunosvim kapoanom (cm. puc.3.8, a) IPpUBOIHON BaJl COEAMHEH C HAKJIOHHBIM JUCKOM
CUJIOBBIM KapJIJaHOM, BBITIOJTHEHHBIM B BUJI€ YHUBEPCAJIHHOTO MIAPHUPA C IBYMsI CTEIICHSIMU
cBoOoabl. [lopmiHu coequustores ¢ AuckoM maryHamu. [Ipu Takoii cxeme KpyTsIuii MOMEHT OT
MPUBOJISAIIETO IBUTATENS TIepeaaeTcst 00Ky IIMIIMHIPOB Yepe3 KapAaH U HAKJIOHHBIHN JIUCK.
HauanpHoe npmkaTtie 0JI0Ka HUIMHIPOB PaCIpeACTUTEIPHOMY YCTPOMCTBY 00€CIIeUnBaeTCsI
MPYKUHOM, a BO BpeMsl paboThl Hacoca JaBieHueM )uakocTu. [lepenada kpyTaiero MomMmeHTa
0JIOKY LIMJIMHAPOB HEOOXOAUMA IS IPEOJOJICHUS CUJT TPEHUS MEX1y TOPLIOM OJI0Ka
HWIMH]POB U PACIIPECTUTENbHBIM YCTPOMCTBOM.

B nacocax c osouinvim nHecunoswvim kapoarnom (cm. puc.3.8, 6) yribl MEXTy OChIO
IPOMEKYTOYHOTO Bajla U OCSIMH BEIYIIET0 U BEOMOI0 BAaJIOB MPUHUMAIOT OJIMHAKOBBIMH U
paBHbiMu 1 =2 = /2. [Ipu Takoli cxeme BpallleHHe BEAYIEro U BeIOMOro BajioB OyieT
MPAKTUYECKH CHHXPOHHBIM, a KapaH MOJTHOCTHIO Pa3TPYKEHHBIM, TaK KaK KPYTSIIUA MOMEHT
OT IPUBOJIAIIETO JBUTATEIS TIepeIaeTcst OJIOKY HMIMHAPOB Yepe3 AUCK S5, N3TOTaBIMBAEMBIH
3a0JHO C BaJIOM 6.

Hacocwl ¢ moueunvim xacanuem nopuinel HaK1oHHo2o oucka (cM. puc.3.8, B) UMEIOT Haubosee
IIPOCTYIO KOHCTPYKIIMIO, TIOCKOJIBKY 3/I€Ch HET IATYHOB M KapJaHHbIX BajioB. OIHAaKO AJIs TOTO,
4yTOoOBI MalIMHa paboTala B peKUMe Hacoca, HeOOXOJMMO MPUHYAUTENBHO BBIJABIKEHUE
MOPUIHEN U3 LIUIMHAPOB JUISl IPUKATHUSI X K OITOPHOM MOBEPXHOCTH HAKJIIOHHOTO JMCKa
(HampuMep, IpyKUHAMH, TIOMEIIEHHBIMU B IMIMHpax ). [1o Takoii cxeme yarie Bcero
M3TOTOBJISIOT THAPOMOTOPHI THA ['15-2 (prc.3.9). DTu MamMHbI BBITYCKAIOTCS HEOOIBIIOMN
MOIIIHOCTH, T.K. B MECTaX KOHTAKTa MMOPILIHEHN C JTUCKOM CO3JAETCsI BBICOKOE HAIIPSHKEHUE,
KOTOpPO€ OTPaHUYMBAET JAABJICHUE KUIKOCTH.
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Puc.3.9. AkcuanbHO-TIOPIIHEBOM rUApoMOTOp Thna I'15-2:
1 - Ban; 2 - manxeTa; 3 - Kpbitka; 4, 9 - kopiyc; 5, 16 - MOAMIUITHUK;
6 - paguanbHO YHOPHBINA MOAIIUIHUK; 7 - 6apaban; § - moBoxok; 10 - potop;
11 - npyxwunsl; 12 - npeHaxkHoe oTBepceTHe; 13 - pacnpeaennuTenbHOe yCTPOUCTBO;
14 - nonykomnbueBsle nasbl; 15 - oTBepcTre HanopHoe; 17 - mopmny; 18 - mmonka; 19 -
TOJIKATEh

AKCHaTbHO-TIOPIIHEBBIE MAIIMHBI OECKapAaHHOTO THUMa (CM. puc.3.8, r) OJOK HUIUHAPOB
COEJIMHSETCS C BEYILIMM BajJoM 4epes3 a0y u maTyHsl nopiuHei. [1o cpaBHeHuto ¢
TUAPOMAIIMHAME C KapJJaHHOW CBSA3BIO MAIIMHBI O€CKapIaHHOTO THUIIA MTPOIIE B U3TOTOBICHUH,
Ha/Ie)KHEE B OKCIUTyaTalluy, IMEIOT MEHbIIHH rabaput 010ka muiuHApoB. [lo naHHON cxeme
OTEUYECTBEHHON MTPOMBIIIIEHHOCTHIO BBIMTYCKAETCsl OOJIBIIMHCTBO aKCHAIbHO-TIOPIITHEBHIX
maruH cepur 200 u 300 (puc.3.10).

Puc.3.9. AxcnansHo-nopiHeBoi rugpomorop tumna ['15-2:
1 - Bam; 2 - manxeTa; 3 - Kpbimka; 4, 9 - kopiyc; 5, 16 - MOANIUITHAK;
6 - paguaTbHO YIOPHBINA MOAIMUITHIK; 7 - OapadaH; 8 - moBook; 10 - potop;
11 - npyxwunsl; 12 - npeHaxHoe oTBepcTHE; 13 - pacnpenenuTenbHoe YCTPOUCTBO;
14 - nonykomnbueBsie nassl; 15 - oTBepcTre HanopHoe; 17 - mopmny; 18 - mmnoxka; 19 -
TOJIKaTeIb

CrpyKTypa ycIOBHOrO 0003HaYeHHs aKCHAJIbHO-MTOPIIHEBbIX MamuH cepuit 200 u 300
npuBeaeHa Ha puc.3.11.



ITonaya (pacxon) akcuanbHO-NOPIIHEBON IT'MIPOMAIINHBI 3aBUCUT OT X0Ja MOPILHS, KOTOPBIN
OIpeNIeNAeTCs YIJIOM Y HaKJIOHA AMCKA WK OJ10Ka unHAPOB (Y < 25 ). Eciau KoHCTpyKuus
TUAPOMAIIMHBI B IIPOLECCE €€ HKCIUIYyaTalluy TO0IIyCKAaeT U3MEHEHHUE YIUIA Y, TO TAKUE MAIIUHBI
perynaupyemsle. [Ipu n3MeHeHnn yria HakjIoHa Iaiob! UM 0J0Ka HUIMHAPOB ¢ + v 10 -
JIOCTUTaeTCsl pEBEPCUPOBAHUE HAIIPABJICHUS IIOTOKA KUJKOCTH WU BPAILlCHHs pOTOpa
TUAPOMAILVHBI.
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Puc.3.11. CtpykTypa yClIOBHOT0 0003HAYEHUS
aKCUaJbHO-TIOPIIHEBBIX THApoMainH cepuit 200 u 300
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rae d - auametp umnuHapa; D u D - quamerp OKpy»KHOCTH, Ha KOTOPO#H pacIioioKeHbI ICHTPBI
OKPYKHOCTEH LIMIMHIPOB WU 3aKpEIUIeHbI aTyHbl Ha Aucke; D tg y u D' sin y - xo nopuHs
pH MOBOpoTe O0Ka unHApoB Ha 180 ; Z - uucno nopuue# (2 =7, 9, 11).

KpyTsmuit MOMEHT akcuaabHO-TIOPITHEBOTO THAPOMOTOPA ONIPEACIISIOT TI0 PopMmyIie:
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I'mapouuauHapbI

B kauecTBe UCIOTHUTENBHBIX MEXaHU3MOB (TUIPOABUTATENCH) TIPUMEHSIOTCS CUIIOBBIE
HUIMHJIPBI, CITy>Kalle JJIs1 OCYIECTBICHUS BO3BPATHO-TIOCTYATENbHBIX MPSIMOIUHEHHBIX U
MOBOPOTHBIX MEPEMEIICHUN UCTTOJIHUTENbHBIX MEXaHU3MOB. [ HAPOLUIUHIPHI TOAPA3IEIAIOTCS
Ha TMOPIIHEBbIE, TYHKEPHbIE MEMOPaHHbIE U CUIIb(OHHBIE.

4.1. MexaHn3Mbl ¢ THOKHMH pa3ieuTesIMU

K mexaHu3maM ¢ THOKUMU pa3euTeNIIMI OTHOCSATCS MeMOpaHbl, MeMOpaHHbIE
TUAPOIMIUHAPHI U CUITb(OHBI.

Membpanwet (puc.4.1, a) IPUMEHSIOT B OCHOBHOM IPH HEOOJIBIIINX TEPEMEIICHUSIX U HEOOIbITNX
nasieHusx (no 1 Mlla). MemOpaHHBIN HCIIOJHUTENBHBIN MEXaHU3M IIPEJICTaBIsIET cOO0M
3aleMIIeHHOE 10 niepudepuu Kopiryca anactTuyHoe Konbllo 1. [Ipu yBenuuenuu napneHus B
MOJBOJIAIIEH Kamepe 2 3IIaCTUYHOE KOJIBII0 MPHUKUMAETCS K BEpXHEH yacTu Kopiryca 3, M IITOK
4, cBSI3aHHBIN C JTACTUYHBIM KOJILLIOM BbIABUTaeTCA. OOpaTHBIN X0 IITOKA 00eCTIeunBaeT
IIpy’KHHA 5.
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Puc.4.1. Cxemsl MeMOpaH:
a - TUI0CKAs C DIIACTUYHBIM KOJIBIIOM; O - TopHUpOBaHHAS METaUIMYECKast

B runponHeBMOaBTOMAaTHKE paclpoCTpaHeHbl TAK)Ke TOPPUPOBAHHBIE METAIIIMUECKUE
MeMOpansl (puc.4.1, 6). Jlepopmarus Takux MemMOpaH MPOUCXOAUT 3a CUET PA3HOCTHU JaBICHUMN
AP = P4 - P, u BHemHel Harpy3ku R.

Membpannvie cuopoyununopul (puc.4.2) 10MyCKarOT 3HAYNTENIbHBI IEPEMEILEHHs BBIXOAHOTO
3BeHa - mToka. [Ipu nepeMeniennu mopmHs 1 B HanpaBIeHUN ACUCTBUS TABICHUS KUIKOCTH
(puc.4.2, a) memOpana 3 neperudaercsi, NepeKaThIBasACh CO CTEHOK MOPIIHS 1 Ha CTEHKH
MUATUHAPA 2, K KOTOPBIM OHA IUIOTHO MOHKUMAETCS JaBICHUEM XHAKOCTH (puc.4.2, 0).
OOpatHbIi X0J] MOPIIHS IPOUCXOUT 3a CUET MPY>KUHBL.
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Puc.4.2. Cxembl paboThl MEMOPAHHOTO THAPOIMINHAPA



Cwibdonsl (puc.4.3, a) mpeIHa3HAYCHBI TSl padoTHI TPH HEOOIbINX AaBieHusx (1o 3 MIIa).
WX n3rotaBiyBaOT U3 METAJIOB U HEMETAJUTMUECKUX MaTePHAIIOB (PE3UHBI WM TUIACTHKOB).
Mertammdeckue cHib(OHBI OBIBAIOT OJTHO- M MHOTOCTIOWHBIE (110 MATH cioeB). [Ipumenenne
CHJIb()OHOB OIPABJIAHO B YCIOBUAX BBICOKUX U HU3KUX TEMIIEpaTyp, 3HaU€HUE KOTOPBIX
JUMUTUPYETCS MaTepPHaJIOM, U3 KOTOPOTO U3roTOBIIEH CUiIb(POH. CHIIB(OHBI MOTYT OBITH
LIeJIbHBIE WM CBapHbIe. LlenbHble N3roTaBiIMBalOT Pa3BalblOBKOW TOHKOCTEHHON OECIIOBHON
TPYOBI.

Puc.4.3. Cxema MeTaJIIIM4eCKOro CUIIb(OHA
a - cuiib(oH; O - 1esIbHAs CTEHKA; B - CBapHasi CTEHKa
4.2. Knaccupuxauusi ruipounJIMHIPOB

['MapolMINHIPEI SBIISAIOTCS 00bEMHBIMU TMAPOMAIIMHAMY U IPEJHAZHAYCHBI JUIS
npeoOpa30BaHuUs SHEPTUH MTOTOKA pabovel )KUIKOCTH MEXaHUUYECKYIO SHEPTUIO BBIXOIHOTO
3BeHa. ['uapounnuHapel paboTaroT Npu BbICOKUX JNaBieHUsIX (10 32 MIla), uX u3roToBistoT
OJIHOCTOPOHHETO U JABYXCTOPOHHETO JAEHCTBHSL, C OAHOCTOPOHHHUM U JIBYXCTOPOHHHUM IITOKOM U
TEJIECKOIMYECKHE.

Tabmnura 4.1
Knaccudukanus raiponnInHIpoB
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4.3. I'mapounyIMHAPBI NPSMOJIMHEHHOI0 1eiiCTBHA

Jnis npuBosia pabo4yMx OpraHoB MOOMJIBHBIX MAallIMH HanOoJiee UPOKO MPUMEHSIOT MOPIIHEBbIE
TUAPOLMIIUHAPHI IBYXCTOPOHHETO JIEHCTBUS C OJHOCTOPOHHUM LITOKOM (puc.4.4).

OCHOBOI KOHCTPYKIIMU SIBJISETCS THIIb3a 2, IpeJCTaBIstomas coooit TpyOy ¢ TIaTeabHO
00paboTaHHOW BHYTPEHHEH MOBEPXHOCTHI0. BHYTpH T'HIIB3bI ITepeMeIIaeTcst MOPIIeHb 6,
UMEIOIMI pe3NHOBbIE MAaH)KETHBIE YIUIOTHEHUS 5, KOTOpBIE PEAOTBPAIAI0T IepeTeKaHue
KHUJIKOCTH U3 TIOJIOCTEH MMIMHAPA, Pa3/IeJICHHBIX MOPITHEM. Y CHIIHE OT OPIIHS TepeIaeT MTOK
3, UMEIOLIHI MOTUPOBAHHYIO MOBEPXHOCTH. JIJIsl €ro HanpaBJIeHUs CIIyKUT rpyH0ykca 8. C
JIBYX CTOPOH THJIB3bI YKPEIUICHBI KPBIIIKU C OTBEPCTUSMH JIJISI TTO/IBOJA U OTBOJIA paboueit
KHUJIKOCTH. YTIJIOTHEHHE MEKIY IITOKOM M KPBIIIKOM COCTOUT U3 ABYX MaH>KET, OJIHA U3
KOTOPBIX PEOTBPANIAET YTEUKH KHUIKOCTH U3 IHIUHIIPA, & IPYTasi CIY>KUT TPSI3eCHEMHUKOM 1.
[TpoymmHa 7 Ciy>KUT 11 TOJABMXKHOTO 3aKperieHus TuapounuHapa. Ha Hape3annyio yactb
HITOKA KPEMUTCS MPOYIIMHA WU JIeTallb, COSAUHSIONIAS THIPOIMINH/P C TIOBHKHBIM
MEXaHU3MOM.



Puc.4.4. 'mapormnunap:
1 - rpsizecheMHUK; 2 - TUIIB3a; 3 - IITOK; 4 - CTOIIOPHOE KOJIBIIO; 5 - MaH)KETa;
6 - mopuieHs; 7 - mpoymuHa; § - rpyHadykca

Y HOpManu30BaHHBIX LUIMHJIPOB, IPUMEHSIOIINUXCS B CTPOUTEIbHBIX MalllMHAX, JUAMETP
mToka cocrapisieT B cpeaaem 0,5 D, xox mopmras He npeBocxoaut 10D. Tpu Gomnbieit
BEJIMYMHE X0/1a U IaBJICHUX, peBbimaromux 20 MIla, ok cienyet npoBepATh Ha
YCTOWYHBOCTB OT JICUCTBUS IIPOIOJIBHON CHJIBL.

I[J'Ii[ YMCHBIICHUS IOTEPb AABJICHUA JUAMETPBI IPOXOAHBIX OTBCpCTI/Iﬁ B KpbIIIKaX HUAJIMHAPA
JUTS TI0/IBOJIA paboUeii )KUAKOCTH Ha3HAYAIOT M3 pacdeTa, YT00bl CKOPOCTh KUAKOCTH
COCTaBJIsIa B CPETHEM 5 M/C, HO HE BhIIIE 8 M/C.

Xo/1 OpITHS OTPAHUYMBACTCS KPBIIIKaMH IIJIHHAPA. B HEKOoTOpHIX ciy4as oHa gocturaet 0,5
Mm/c. JKecTkuii ynap MOPIIHS O KPBIIIKY B TUAPOIMINHIPAX CTPOUTEIBHBIX MAIIUH
MPEIOTBPAIIAIOT demngepul (mopmosisie ycmpoticmea). [IpuHIun u3 1elcTBUs OOIBITMHCTBA
U3 HUX OCHOBAH Ha 3allMpaHUM HEOOJBIIOro 00beMa KUAKOCTH U TIPe0Opa30BaHUs IHEPTHH
JBIKYIUXCS MACcC B MEXaHUYECKYIO SHEPTHIO KUAKOCTH. V3 3amepToro oobeMa JKUIKOCTh
BBITECHSETCS Yepe3 KaHallbl MaJlOro CEYCHHUS.

Ha puc.4.5. npencrapieHbl TAMUYHBIE CXEMBI IEMIIPEPHBIX YCTPOUCTB. [Ipyorcunnbiii demnghep
(puc.4.5, a) npeacrapnsieT coOOM MPYXUHY |, yCTAHOBICHHYIO HAa BHYTPEHHEH CTOPOHE KPBITIIKU
[WIHH]IPA 2, TOPMO3SIIIYIO TIOPIICHb 3 B KOHIIE XO7a.

Lemngpep ¢ nosrcnvim wmorom (puc.4.5, 6) npeacTaBiIsieT coO00N KOPOTKHUH JIOKHBIN MITOK 1 u
BBITOYKY 2 B KPBIIIKE IIMIHHAPA. JIOKHBINA MITOK MOKET UMETh KOHMUYECKYIO MU
WIHHIPAYECKYIO (opMy. B KOHIIE X0/1a MOPIIHS )KUIKOCTh 3aITUPACTCS JTIOKHBIM IITOKOM B
BBITOYKE KPBIIIKY [IWIMHPA U BRITECHSAETCS OTTY/Ia Yepe3 Y3KYIO KOJbIEBYIO 1ienb. Eciu
JIOXKHBIA MTOK BBITIOJHEH B BUIC KOHYCA, TO ATa MIETh YMEHBIIIACTCS TI0 MEPE TOCTHIKEHUS
MOPIITHEM KOHIIA CBOETOo xo/a. [Ipu 3TOM conpoTuBIeHNE TBUKEHUIO KHUIKOCTH BO3PACTAET, a
WHEPIHS, YCKOPEHUE U CKOPOCTH JBM)KCHUS MTOPIITHS YMEHBIITAFOTCS.

Pezynupyemviii oemngpep ¢ omeepcmuem (puc.4.5, B) Mo NpUHLUUIY ASUCTBUS aHATOTHYECH
nemndepy ¢ J0KHBIM ITOKOM. KOHCTpYKTHBHOE OTJIMYHE 3aKII0YAETCs B TOM, YTO 3alupaemas
B BBITOYKE KPBILIKN LWIMHIPA XKUAKOCTh BBITECHAETCS Yepe3 KaHall 1 Majoro ceuyeHus, B
KOTOPOM YCTaHOBJIEHA UIJIA 2 JIJISl pEeryIMPOBAaHUS POXOAHOIO CEUEHUS OTBEPCTHUS.

T'uopasnuueckuii demnghep (puc.4.5, T) IPUMEHSETCS B TOM CITydae, KOT/Ia KOHCTPYKITUEH
TUAPOIMIUHAPA HE MOXKET OBITh MPETYyCMOTPEHO YCTPOHUCTBO BBITOUKH. B ruapaBnmdeckoM
nemrdepe B KOHIIE X0a MOPITHS CTakaH 1 ynmupaercs B KPBIIMIKY [IJIMHIPA, a )KUIKOCTh



BBITECHSIETCS U3 MOJIOCTH 2 Yepe3 KOJbIEBOH 3a30p Mexay cTakaHoM 1 u nopmiHem 3. [Ipyxkuna
4 BO3BpAILlaCT CTaKaH B HCXOJIHOE MOJIOKEHHUE MTPHU XOJIOCTOM XO/1€ MOPLIHSI.
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Puc.4.5. [IpunnunuansHbeie CXeMbl eMIi(pepos:
a - IpyXUHHBIN Aemidep; 6 - Aemrndep ¢ JI0KHBIM ILITOKOM;

B - ieMIihep peryupyeMblid C OTBEPCTHEM; T - THAPABIMYSCKUAN JeMIIdep
4.4. PacueTr ruipOMJIMHIPOB

NN

-

b

OCHOBHBIMHU TTapaMeTPaMy TOPITHEBOTO THAPOIMIHH/PA SBISIOTCS: AUaMeTpbl mopiiHs D u
mroka d, padouee nasiaenue P, u xox mopirHs S.

PaccMoTpuM mopIiiHeBOM THAPOLUMINHIP C OAHOCTOPOHHUM MITOKOM (puc.4.6). Ilo ocHOBHBIM
napaMerpaM MOXHO ONPEAENUTh CIETYIOIINEe 3aBUCUMOCTH:

IJIONIA/1b MTOPILIHS B MOPIIHEBOM MOJOCTH | U B IITOKOBOM MOJIOCTH 2 COOTBETCTBEHHO

2 2 .2
Ry )

4 4

YCUIIMEC, Pa3BUBACMOC HITOKOM r'MAPOLHUIMHIAPA ITPU €TI0 BBIABUIKCHUW U BTATMBAHUHN
COOTBECTCTBCHHO

Ry=F Hlyy w Ro=F) Bk,
rae Ky, =0,9...0,98 - koaddunueHT, yauThIBarONMiA IOTEPU HA TPEHUE;
CKOpPOCTH TIEPEMEIIICHHS TTOPIITHS

404 4(h



e

Puc.4.6. OcHOBHBIE M pacUETHBIC MapaMeTPhbl THAPOLMINHIPA

Pacuemwi na npounocmo. IIpOUHOCTHBIMU pacyeTaMH OMPEEISIIOT TONIUHY CTEHOK LIUJIMHAPA,
TOJILIMHY KPBILIEK (TOJIOBOK) LUJIMHAPA, IUaMETp ITOKA, TUAMETP IIIMUIIEK WX OOJITOB IS
KpEIUJICHUS KPBIIIICK.

B 3aBucumoctu ot cooTHoleHus HapykHOro Dy u BHyTpenHero D nquameTpoB HMIIMHIPHI
MOAPA3ACIIAIOT Ha TOJICTOCTEHHBIE U TOHKOCTCHHBIE. TOJICTOCTEHHBIMU HA3bIBAIOT LIWJIMHJPEL, Y

koTopbiXx Dy / D > 1,2, a TOHKOCTEHHBIMHE - HWIMHAPBI, Y KOTOpBIX Dy / D =1,2.

TonmuHy CTEHKH OJTHOCIOHHOTO TOJICTOCTEHHOTO IIHJIMH/IPA OTPEACISIIOT 10 (hopMmyIe:

D [ﬂ+%ﬂ—aﬂ_1

2 [V [e]-50+p)

rae P, - ycnosHoe nasinenue, papHoe (1,2...1,3)P ; [c] - nomyckaemoe HanpsikeHue Ha
pactskenue, [Ta (s ayryna 2,5 107, st Beicokonpounoro uyryna 4 107, 1st cTanbHOro MuThs
(8...10) 107, st meruposanHoii cramu (15...18) 10', wrs 6ponssr 4,2 10 7); p - koo durment
nornepeyHoit nepopmannu (kod3pdurment Ilyaccona), paBuslii ans uyrysa 0, ans cranu 0,29;
JU1st amroMuHKEBBIX cruiaBoB 0,26...0,33; ns marynu 0,35.

TOJ'IH_[I/IHy CTCHKHU TOHKOCTCHHOT'O HUJIMH/APA OIIPEACIIAIOT 11O (bOpMy.TICZ

5D

" 230l-F,

K onpenenenHoil no ¢popmysnam TONIIKMHE CTEHKU MUJIMHAPA TpUOaBIseTCs MIPUITYCK Ha
o0pabotky matepuana. J{is D = 30...180 mm npunyck npuaumarot paBHbM 0,5...1 M.

TonmuHy KphIIKA HUIKHAPA ONPEAEISIOT 0 popMyIie:

ki)

&y = 0,433,
[o]
rae d, - AMamMeTp KpPbIIIKH.

I[I/IaMeTp IIITOKa, pa60Ta10mer0 Ha pacCTAKCHHUC U CKATUC COOTBETCTBCHHO

d:J 45 H d:Di
G, ] [c:]




rae [op] u [o c] - monmyckaembl HAPSIKEHUS HA PACTSXKEHHUE U CKATUE IITOKA;

[toku, nmuHa KOTOphIX Oosbire 10 auamerpos (" nauHHBIE" IITOKH), pa0OTAIOIINE HA CIKATHE,
pPaccUMTHIBAIOT HA MPOJOIBHBIN N3rub 1o dpopmyne Diinepa

TAC Oyp - KPUTHYCCKOC HAIIPSHKCHUE IIPU ITPOJOJIBHOM I/I3FI/I66; f- miomanab INOIEPEYHOIro
CCUCHU LITOKA,

Juametp 60NTOB 1Ji KPEIUICHUS KPBIIIEK HUIMHIPOB

dy=D |—2
L2A[ oy ]
IJIe N - 9YUCII0 OOJITOB.
4.5. [ToBOpOTHBIE THAPOIUIHHAPHI
J{ns1 BO3BpaTHO-IIOBOPOTHBIX ABUKEHUI IPUBOJUMBIX Y3JIOB Ha yroJi, MeHbIInii 360 ,

MPUMEHSIOT 1080pomHble 2UOPOoYUIUHOpsl (puc.4.7.), KOTOpBIE MPEACTABISAIOT COO0N 0ObEMHBIIM
THJIPOJBUTaTeIb C BO3BPATHO-IIOBOPOTHBIM JIBHYKCHUEM BBIXOJIHOTO 3BEHA.

boaqse

oo

Puc.4.7. I1oBOpOTHBIN OTHONIOMACTHON THAPOILMIHH]IP:
a - cxema; 0 - oOMii BUJ

IToBOPOTHBIN THAPOLMIIMHJP COCTOUT U3 KopIyca 1, 1 TOBOPOTHOTO pOTOPa, IPEICTABIIAIOLIETO
c000¥ BTYJIKY 2, HECYIIYIO IIACTUHY (JomacTh) 3. KombIlieBas mojaocTh MEXy BHYTpEHHEH
MOBEPXHOCTBIO LMUJIMH/PA U POTOPOM pa3JieieHa YINIOTHUTEIbHON IEPEMBIUKON 4 ¢
MPYKUAHSIIHAM ITOJPKUMOM K POTOPY YIUIOTHUTEIBHOTO 3JIEMEHTA 5.

[Ipu moBoIE KUAKOCTH MO AaBiIeHUEM Pp B BepxHmii kaHan (cM. puc.4.7, a) mactuHa 3 ¢
BTYJIKOM 2 OyJieT MOBOPAaYyMBaThCs MO YACOBOM CTpENIKE. YTO0JI MOBOPOTa BaJla IIMIMH/IPA C OJJHON
paboueii maacTuHOM 00bIMHO He TpeBblmiaet 270...280 .

PacueTrHbIil KpyTsmuii MOMEHT M Ha Bally pacCMaTpUBaeMOro THIPOLMIIMHIPA C OJHON
IUTACTUHOM paBeH MPOU3BEICHUIO CHIIbI R Ha miiedo a npuiioKeHust 3TOH CUilbl (pacCTOSHUE OT
OCH BpalIeHHUs J0 IIEHTpa AaBJIeHUs paboueil MIonau miacTUHbI)



M =Ra

Yeunue R onpenensercs npou3BeACHUEM JEHCTBYIOILETO Ha JIOMACTh MEpEraaa I1aBJIeHUNA Ha
pabouyto riomnab miacTuuel F

R=APF=(P,-P.,)F
N3 puc.4.7, a BugHO, 4TO paboyas MIomab MIaCTHHBI

_D-4
2

F b

rac b- rpHrHAa IMJIaCTUHBI.

IInedo IIPUITOKCHUS CHUJIbI

,_D D-d_D+d
2 4 4

B cooTBeTcTBHM € 3TUM pac4eTHBINA KPYTALIMNA MOMEHT

ﬂf:ﬁéﬁ{ﬂg—d%

Vrnosas CKOpPOCTh (® BpalllICHUS BaJia

B
R
(D —d*b
®daktuyeckne MoMeHT M® u yriioBasi CKOpoCcTh ) OyAyT MEHbIIIE PACYETHBIX B CBSI3U C
HaJU4HeM MOTEPh TPEHUS U YTEUEK KUIKOCTH, XapAKTEPU3yEMbIX MEXAaHUUECKUM M 1
o6bemubIM 00 KIII rugpoumivspa:

M=%cﬂz—d%nm,
a
m:z—Qzﬂaﬁ
(D% —a%w

[IpuMeHsroTCS TaK)Ke ¥ MHOTOIIJIAaCTUHYATHIE TTIOBOPOTHBIE TUAPOUUIUHAPHI (prc.4.8), KoTopbie
MO3BOJISIIOT YBEJIUUYUTh KPYTAIIMA MOMEHT, OJTHAKO YTOJI IOBOPOTA MPU 3TOM YMEHBIIIUTCS.
MOMEHT U yrJIoBasi CKOPOCTh MHOTOIUIACTUHYATOTO THIPOIMIIHH IPA!

M=‘Ef’zr:ﬂ2—cf2)nm,
&
A0 —ahw T

=

TAC Z - YUCJIO IJIaCTUH.



Puc.4.8. [IoBOpOTHBIE THAPOLUIAH/IPHI:
a - IBYXJIOIIACTHOM; O - TpeXJIOmacTHON

Jliist mpeoOpa3oBaHust MPSMOJIUHEHHOTO TBUKCHHSI BBIXOTHOTO 3BE€HA THAPOIMIIMHApPA | B
MOBOPOTHOE MCIOJHUTEILHOTO MEXaHNU3Ma 2 IPUMEHSIOT PEYHO-IIECTEPEHHBIE MEXAHU3MBI
(puc.4.9). bes ydera cul TpeHUS KPYTSIIMNA MOMEHT Ha BaJly UCIIOJTHUTEILHOTO MEXaHU3Ma
paBeH

2

s npm D5
4 2
a yrjioBas CKOpPOCTh BpalllCHUA
%Dy

rae D3 - nuameTp nenuTenbHON OKPY>KHOCTH HIECTEPHH.

t

Puc.4.9. Peuno-mectepeHHbI MEXaHU3M 4.10. YcnoBHOe 0003HaUEHUE
IIOBOPOTHOI'O THAPOLMIINHAPA



I'mapopacnpenenurenu

5.1. O0mme cBegeHus

HpI/I OKCILTyaTalluvu TUAPOCHUCTEM BO3HUKACT HGO6XOHI/IMOCTB HN3MCHCHUS HAIIPAaBJICHUA ITIOTOKA
pa60qel71 KUAKOCTU HA OTACIIBHBIX €€ YUAaCTKaxX € LCJIbI0 U3SMCHCHUS HAIIPABJICHUA ABUKCHUS
HUCIIOJTHUTCIbHBIX MCXaHHU3MOB MalllUHBbI, Tpe6yeTc;I obecreynBaTh HYXHYIO
noCICA0BAaTCIBbHOCTD BKIIIOUCHUS B pa60Ty 9TUX MCXAaHU3MOB, ITPOU3BOAWTL Pa3rpy3Ky HacocCa U
TUAPOCUCTEMEI OT JABJICHHUA U T.II.

OTH U HEKOTOPbIE IpYrue PYHKIMHU MOTYT BBIIOJIHATHCS CHEIUATIbHBIMY THApOAIapaTamMy -
HANpasIAIoWuUMu 2uopopacnpe- 0eaumensimu.

[Ipu U3roToBIIeHUN TUAPOPACTIPEICTUTENCH B KAUECTBE KOHCTPYKTUBHBIX MaTEpUAJIOB
MPUMEHSIOT CTaJIbHOE JIUThE, MOIU(UIIMPOBAHHBII YyT'YH, BHICOKO- U HU3KOYTJIEPOIUCThIC
MapKH cTajiei, Oponsy. Jist 3a1IUTHI OTAEIBHBIX JIEMEHTOB paclpenenuTeNneid oT abpasuBHOTO
M3HOCA, IOBEPXHOCTU CKOJIbKEHUS IEMEHTHPYIOT, a30TUPYIOT U T.II.

Pa3meps! n Macca rupopacipeneuTeneld 3aBUCST OT pacxo/ia XKHUIKOCTH Yyepe3 HUX, C
YBEJIMYCHUEM KOTOPOTO OHU YBEIUYMBAIOTCS.

ITo cnoco6y npucoedunenus K TUIPOCUCTEME THIPOPACIIPE-ACTUTENN BBITYCKAIOT B TPEX
UCTIOJTHEHUSX: pe3b006020, (hianyeso2o U cmulko6020 ipucoequHeHus. Beioop cmocoba
NPUCOCTMHECHHUS 3aBUCUT OT Ha3HAYEHHsI THAPOPACIIPEICTUTENS U pacXxo1a yepe3 Hero padboueit
KHUJIKOCTH.

Ilo KoncmpyKyuu 3anopHo-pecyaupyrouiezo iemenma ruapopacpeeInuTenn
HOJPA3JIENAIOTCS CIEAYIOIIMM 00pa3oM:

3on0muukogule (3aIOPHO-PETYIUPYIOLIUM 3JIEMEHTOM SIBJISIETCS 30JIOTHUK IIMJIMHIAPUYECKON
WM TI0CKON (hOpMBI). B 30710THUKOBBIX THIpOpacTIpeAeTUTENIX U3MEHEHNE HAIPaBICHUS
MOTOKA pabouel KHUAKOCTU OCYILECTBISIETCS IIyTEM OCEBOT0 CMEILEHUS 3all0PHO-
PETYIUPYIOIIETO 3JIEMEHTA.

Kpanoeuie (3an10pHO-pEryIHUPYIOLIMM JIEMEHTOM CIYXHT KpaH). B atux
TUAPOPACIPENEIUTENSIX U3MEHEHNE HallPaBJIeHUs TOTOKa pabouel )KUIKOCTH JIOCTUTaeTCst
IOBOPOTOM NMPOOKHU KpaHa, UMEIOLIEeH TIOCKYO, IIMIIMHAPHUYECKYI0, KOHMUECKYIO WIIH

chepuyeckyto hopmy.

Knanannvle (3an10pHO-pETyIUPYIOLIIM 3JIEMEHTOM SIBJISIETCS KilanaH). B kiamaHHbIX
pacrpeeInTeNsIX U3MEHEHHE HallpaBJIeHNs OToKa paboueil )KUAKOCTH OCYIIECTBISIETCS TyTeM
MOCJIE0BATEIHHOTO OTKPBITHS U 3aKPBITUSL pa0OYUX MPOXOIHBIX CEUEHUN KIanaHaMu
(I1apuKOBBIMH, TapeIbUaThIMU, KOHYCHBIMU U T.J1.) Pa3JIMYHON KOHCTPYKIUH.

Ilo yucny puxcuposannvix noa0HceHUuil 3010MHUKA TUIPOPACTIPECIIUTENN TOAPAZAEISIOTCS:
Ha JABYXIIO3UIIMOHHbIE, TPEXITO3ULIUOHHBIE 1 MHOTOTIO3UI[MOHHBIE.

Ilo ynpaegjienuro TUAPOPACHPCACIIUTCIIN OAPA3ACIAOTCA Ha THAPOANIiapaTbl C pyYHbIM,
SJICKTPOMArHuTHBIM, THAPABINYCCKUM HUJIU SJICKTPOTUAPABINYCCKUM YIIPABIICHUCM. KpaHOBLIe



THAPOPACTIPCACIIUTCIIA UCITOJIB3YHOTCA YalllC BCCI'O B KAUCCTBC BCIIOMOI'aTCJIIbHBIX B
30JIOTHUKOBBIX paCpCACIUTEIIAX C THAPABINYCCKUM YIIPABJICHUCM.

5.2. 30/10THUKOBBIE THAPOPACTIPEIEJTUTEIN

3anopHO-peryIUpyIOLINM 3JIEMEHTOM 30JIOTHUKOBBIX THAPOpACIIpeieTUTeNeH sBIsieTcs
UUAJIUHAPUYECKHUH 30JI0THUK 1, KOTOPBIM B 3aBUCUMOCTH OT YKciia KaHAJIOB (ITOABOJIOB) 3 B
KOpIyce 2 MOKET UMETh OJIMH, JBa U OoJjee mosickoB (puc.5.1, a). Ha cxemax
TUAPOPACTIPEISITUTETN 0003HAYAIOT B BUJIE MMOABMYKHOTO DJIEMEHTA, Ha KOTOPOM YKa3bIBAIOTCS
JIMHUH CBSI3U, IIPOXO/IbI M 3JIEMEHTHI yIpaBiieHus. Pabo4yro Mo3uInio MOABUKHOTO dJIEMEHTa

M300paxaroT KBaapaToM (MIPSAMOYTOIBHIKOM ), YHCIIO MO3UIIUI COOTBETCTBYET YUCITY KBaIPaTOB
(puc.5.1, 6).

NOACKL 3 ROgEOgnl _

. - "‘n ;. / f 3 nozuguA
\\ / I-s nosunus

2-a nosunua
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7 1
Puc.5.1. Cxema (a) u o603HaueHue (0) ruapopacipe1eTuTeNs

PaccmoTpuM nipuHIUI paboTh pactpeneutens (puc.5.2). B nepBoii (MCX0MHOMN) MO3UIIUN BCE
muHuK 4, B, P u T, noaXos1IKe K pacipeesIUTENI0 pa300IleHbl, T.€. ePeKphITHI (puc.5.2, a).
ITpu cMenieHny 30J0THHKA BIEBO PACIPEAEIUTEND IEPEXOJUT BO BTOPYIO MO3UIIMIO, B KOTOPOM
nonapHo coenvHenbl TuHUM P u A, Bu T (puc.5.2, 6). IIpu cmenieHnu 30J10THUKA BIPABO - B
TpeThIO, T1e coequnstoTces TMHuu P u B, A u T (puc.5.2, B). Takoii pacripenenurens 4acTo
Ha3bIBAIOT PEBEPCUBHBIM, TaK KaK OH UCIOJIb3YeTCs sl OCTAHOBKM M U3MEHEHHUS HaIllpaBJICHUS
JBUKEHMSI UCTIOJIHUTENBHBIX OPraHOB.
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Puc.5.2. Cxema paGoThI 30JI0THUKOBOTO FHAPOPACIPEAEIUTENS




B 3aBucuMOCTH OT uKcia MOABOIOB (JTMHUI, XOJI0B) paclpeAeTuTeNn MOTYT ObITh IBYXX0/IOBbIE
(IBYXJIMHEHHBIC); TPEXXOA0BBIC (TPEXJIUHEHUHBIE), YETHIPEX- 1 MHOTOXOJI0BBIC. B cOOTBETCTBUM
C 3TUM B 0003HAYCHHSIX THIPOpaCIpeAeIuTeNel epBast udpa TOBOPUT O YUCIIE TIOIBOIOB.
Hampumep, n3 o603nauenus ruapopacnpeneautens "4/2" MOXHO MOHATh, YTO OH uMeeT 4
MO/IBO/IA, T.€. OH YETBHIPEXXOJ0BOU (YETHIPEXIUHEUHBIN).

Bropas mudpa B 0603HaueHUN TOBOPUT O YKciIe No3UIUi. To ke 0003HaueHHE pacipeaeInTeNs
"4/2" TOBOPUT, YTO y HETO JIBE MO3UIIUH.

[Tpumepsl 0003HAUYCHHS paclIpeeIuTeNIel TPUBEICHbI Ha puc.S.3.

2/2 3/2 4/2 5/2 4/3
IA'l IA'I IA'I IEI AI IB AI IB
L
LN (T A 1HealX
P’ P T P'T RpT p T

Puc.5.3. [Ipumepsl 0603HauEHUS TUIIOB pacrpeaenuTenen

VYnpaBieHue Noj10KeHUeM 30JI0THUKA paclpeieUTeNss MOKET ObITh HECKOJIBKMX THUIIOB.
[Tonpo6ubIe criocoOb! yrpaBiIeHus MpeACcTaBIeHbI B Ta01.5.1.

Tabmuua 5.1
Bunel ynpaBieHust pactpeaeauTeIssMu



WenopHoe obosHaueke (CITTEC ARTEE

FHPAERERNS MY CRYALROE CHROUE

bez WTOTEIRHELT THIIA

|

PYTHOE KHOTECH

% PYHEHOE PEIMATOL

PYTHOE PERIATOR ¢ GEECATEE

PYUHO e TOE 0D OTHOH PyKOTTEOH

e
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TIRARIOE THAD ARIHHE CEO 8 HATOIEGHHET]

IIpANIOE TEIEELIATHHE CROE HAT YV HEHFIE M

TIRARIOE THARD ARTHHE CKOE PasTp e HE R
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YeTpoicTBO pydHOTo THApOpactpeneauTes 4/3 u ero ycaoBHOTO 0003HAUYCHHUSI MPEICTABICHO
Ha puc.5.4. IlepexatoueHre MO3UIUN pacpeaeIuTeNsl OCYIIECTBISAETCS PYKOSATKOM 1, KoTopast
IIPU ITIOMOILM CEPBI'M 2 MAPHUPHO NpucoeauHsaeTcs K 3010THUKY 10. C koprmycom 6 pykosiTka
HIApHUPHO coequHeHa ¢ ymkoM 11. [{ns pukcarum kaxaoro nojaoKeHus 30JJ0THUKA CITYKUT
[IAPUKOBBIN PrKcaTop 9, MOMENICHHBIN B 33HEH KPBIIIKE 8. Y TEUKHU KUIKOCTH I10 30JIOTHHKY
CO CTOPOHBI IEPETHEN KPBIIIKHU 3 UCKIIOYAIOTCSI MAHKETHBIM yIUTIOTHEHHEM. Paboyast >KuKoCTh
MOJIBOAUTCS K OTBEPCTHUIO 5, a OTBOIUTCS uepe3 oTBepcTHe 4. Kanan 7 1peHa)KHBIH, CILY)KUT JUIs
OTBOJIa YTE€YEK.

Ha puc.5.5 uzo0paxkeH ruipopacipeeuTeNb ¢ JIEKTPOTUIPABINYECKUM YIIPABICHUEM U €T0
ynoBHOE 00603HaueHne. OH COCTOUT U3 OCHOBHOTO THIPOPACIPEACTUTENS 2 C THAPABINIECKUM
yIpaBJIE€HUEM U BCIIOMOTATEeIbHOTO TUApOpacpeAenuTelis | ¢ AIeKTpOMarHuTHBIM
ynpasieHueM. OCHOBHOM THJIpOpACHIPEeTUTeNb YIPaBIseT HOTOKOM paboyel KUIKOCTH
TUIPOCUCTEMBI, 2 BCIOMOTaTeIbHBINA PEryIupyeT MOTOK yrpasieHus. Takue
TUAPOPACIPEASIUTEIN IPUMEHSIOT B THIPOIIPUBOJAX C AUCTAHLIIMOHHBIM U aBTOMaTUYECKUM
yIpaBiIeHUEM MPHU OONBIINX PACcXoaX U BEICOKOM JIaBIICHUH B TUPOCUCTEME, KOT1a
IPUMEHEHUE THIpOpaclpeAeIuTeNeN ¢ 3JIeKTPOMAarHUTHBIM YIIPaBI€HUEM HEBO3MOKHO.
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Puc.5.4. I'mppopacnpenenuresns ¢ pydyHbIM yIIPaBIECHUEM
1
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Puc.5.5. I'mapopacnpenenuTens ¢ 3J1€KTPOruApaBINYECKUM YIIPABICHUEM



B 3aBuCHUMOCTH OT 4KcCIia 30JI0THUKOB THIPOPACIIPEICITUTENN TOAPA3ICISIIOT Ha
pacrpenenuTeNy ¢ OJHUM M HECKOJIbKAMU 30JI0THUKaMH. B mociemHem cirydae pacnpeaenuTeru
MOITY 6BITB MOHO6JIO‘1HBIMI/I HNIJIIN CCKIIMOHHBIMU. CGKI_II/II/I pacnupeaCIMTCIId COCAUHAOT MCKIY
coboii 6ontamu. Ha puc.5.6 npeacraBieH MOHOOJIOUHBIN THIPOPACTIPEACITUTEb.

Puc.5.6. O6uwmii Bua (a) 1 poA0apHBIN pa3pe3 (0) MOHOOIOTHOTO
YETHIPEX30JI0THUKOBOT'O THIPOPACTIPEICTUTEIIS

30JI0THUKH THAPOPACIPEICIIUTENS] MOTYT BBIIOIHITHCS B TPEX UCHOMHEHUX (puc.5.7).

3onomuuxu ¢ nonoxcumenbHbiM ocedvim nepekpovimuem (puc.5.7, a) UMEIOT IMUPUHY TOSICKOB b
0oJIblle, YeM MUPUHY MPOTOUYKH C WK JUaMETpP pabounx OKOH B Kopmyce. [Ipu HelitpansHoM
MOJIO’KEHUH 30JIOTHUKA TAKOTO THAPOpAIpe/IeIUTeNs HAlOpHasi TUAPOIMHUS OTIEJIeHa OT
JIMHUAN, COSTUHSIONINX MTOJIOCTH TUAPOIBUTATENS U ciiuBa. Bennuuna nepekpoitust 11 = (b -C) /2
3aBHCHUT OT quamerpa 3oioTHHKa: pu d = 10...12 MM IepeKphITHE IPUHUMAIOT paBHbIM 1...2
mMm; ip d 10 25 mm - 3...5 Mm; ipu d 710 50 MM - 6...8 MM. 30JIOTHHKH C TIOJIOKHUTEITBHBIM
OCEBBIM MEPEKPHITHEM MO3BOJISIIOT (PUKCHPOBATH MOJIOKEHNE UCTIOTHUTEIFHOTO MEXaHU3Ma.
HenocTtaTkom siBiisieTcs HATMYUE y HUX 30HBI HEUYBCTBUTEIBHOCTH, ONIPEESIISIEMOM BEIIMUNHON
OCEBOT'0 NEPEKPBITUS: B IIPEieTax 3TOM 30HbI IPU NEPEMEIICHUH 30JIOTHUKA PACXO]T KUIKOCTH
4yepe3 THAPOPACTIPEICTUTENb PABEH HYIIIO, @ UCTIOTHUTEIBHBIN MEXaHU3M HE JABUKETCS,
HECMOTPsI Ha MOJJaBA€MbIH K 30JIOTHUKY CUTHAJI YIIPABJICHHUS.
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Puc.5.7. KoHCTpYyKTHBHbBIE UCTIOJIHEHHS 30JIOTHUKOB

3onomnuxu c Hynesvim ocesbim nepexkpvimuem (puc.5.7, 6) IMEIOT MIMPHHY MOsACKa b paBHYIO
HIMpUHE MPOTOYKHU C WM AUaMeTpy pabouux OKOH, a oceBoe nepekpoitue /1 = 0. Takue
30JIOTHUKH HE UMEIOT 30HbI HEUYBCTBUTEIBHOCTH U HAMIYYIIUM 00pa3oM yIOBJIETBOPSIIOT
TpeOOBaHUAM CIEAAMUX THApocucTeM. OJHAKO U3TOTOBIIEHUE TAKUX 30JI0THUKOB CBS3aHO CO
3HAYUTENIBHBIMU TEXHOJOTHYECKUMH TPYIHOCTAMH.

3onomuuxu ¢ ompuyamenvuvim ocesvim nepexpvimuem (puc.S.7, B), y KOTOpbIX b < C; mpu
HENTpaTbHOM MOJIOKEHUU UX HAMOpHAsk THIPOJIMHUS COSMHEHA CO CIIMBOM U C 00EUMU



MOJIOCTSIMU ruapoasurarests. [Ipu 3ToM )KUIKOCTh Yepes 3a30pbl HEIPEPBIBHO IMOCTYIACT HA
CJIUB, a B 00€UX MOJIOCTAX I'MIPOABUraTeNsl yCTaHABIMBAETCS OAMHAKOBOE AaBiieHue. B
TUAPOPACIPENETIUTENSAX C TAKUM 30JI0THUKOM 30HA HEUYBCTBUTEIBHOCTH CBOIUTCS K
MHUHUMYMY, HO U3-3a CIMBA paboyel *KHUIAKOCTH 4acTh MOIIHOCTHU TepsieTcs. Kpome atoro,
THJIPOCUCTEMA C TAKUM 30JI0THUKOM OY/IET MIMETh MEHBIIYIO KECTKOCTb, TaK KaK M3-3a
nepeTeKaHus KHUJIKOCTH Yepe3 HadalbHble 3a30pbl B 30JI0THUKE Oy/IE€T epeX0AUTh CMEIIEHUE
WCIIOJIHUTEJIBHOIO MEXaHU3Ma IIPHU U3MEHEHUH IIPE0I0JIEBAEMOM HATPY3KH.

5.3. KpanoBble ruipopacnpeaeuTe/

B KkpaHOBBIX THAPOpACTIPEICTUTENSIX U3MEHEHNE HAIIPABICHHUS [TOTOKA paboyeil )KUIKOCTH
JIOCTHUTAETCsI TOBOPOTOM TPOOKH, UMEIOIIEH TIOCKYO, IIMIHHAPHUECKYIO, CHEPUUCCKYIO HITH
KOHUYECKYIO (hopmy.

Ha puc.5.8 nokazana cxema BKIOYEHHs paCIPOCTPAHEHHOTO KPaHOBOT'O PacIpeeIINTENs B
CUCTEMY YIIpaBJIECHUSI CUIIOBBIM IIMIIMHAPOM. [IpoOka KpaHa UMeeT Ba NEPIIEHIUKYIISAPHBIX, HO
HE nepeceKaromxcs oTBepcTs. OHa MOXKET 3aHMMATh J1Ba U OOJIbIIIE YITIOBBIX ITOJIOKEHHS.
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Puc.5.8. CxeMbl BKIIIOYEHHS B THAPOCUCTEMY MPOOKOBOTO KpaHa

CepuiiHblii ABYXITO3UIIMOHHBINA KPaHOBBIN ruapopactnpe-aenutens '71-3 (puc.5.9) ¢
LWIMHJIPUYECKON MPOoOKOH cOCTOUT U3 Kopryca 3, pianna 5, Kpbliky 1, mpoOku 2, yIJIOTHEHUS
4, ctynuisl 7, pyKOsITKU 8 U IIapuKoBoro ¢ukcatopa 6. B monoxenun npoOku KpaHa,
YKa3aHHOM Ha PUCYHKE, KHUJKOCTb yepe3 oTBepcTue 17 nmoctynaer B kamepy 16; u3 Hee uepes
kaHai 18 B mpoOke KpaHa (IToka3aH MyHKTHUPOM) - B Kamepy 12 u nanee uyepe3 otBepctre 11 B
KOpITyCce K THUIPOJBUTATENIO WIH K IPYroMy ypasisieMoMy o0bekTy. M3 npyroii monoctu
TUAPOJIBUTATENS AKHUAKOCTh IIOCTYNAET B oTBepcTue 9, nanee B kamepy 10 u uepes kanai 13 B
Kamepy, KOTopas OTBEpCTHEM |5 B KopIryce KpaHa coelMHeHa co ciuBoM. [Ipu moBopore
poOKH KpaHa Mo YacoBOW CTpEJIKe Ha yroii 45 MpoucXoauT N3MEHEHNE HAMIPABICHHS TOTOKA
paboueii KUJIKOCTH.
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Puc.5.9. KpaHoBslii ruipopacipeeiuTeb U ero yeaoBHOe 0003HaYCHHE

['epMeTHYHOCTH KPAaHOBOT'O TUAPOPACIIPEICTUTENST 00ECIICUNBACTCS 33 CUET MPUTHPKU MTPOOKHU K
KopITycy KpaHa. JlJi1 KpaHOB ¢ HMJIMHAPUIECKOH MTPOOKOH 3a30p MEKIY MPOOKOH 1 KOPITyCOM
npuauMaroT paBHeiM 0,01...0,02 mm. B 3THX KpaHax BCieaCTBUE H3HOCA TPOOKU U KOpITyca
3a30p MEXJly HUMH, a CJI€J0BATEIbHO, U yTeUKa padoyell )KUJIKOCTH C TEYEHUEM BPEMEHU
YBEJIMYUBAIOTCSA, UTO SIBISIETCS HEJOCTATKOM TaKOro KpaHOBOTO pacmpeaenurens. Takoro
HEIOCTAaTKa HET B KPAHOBBIX THAPOPACIIPEICIUTENSAX ¢ KOHMYECKON MPOOKOIA.

KpaHOBI)Ie TUAPOPACIIPCACIIUTEIIN Yalll€ BCCTO IMPUMCEHAIOT B KAYECTBC BCIIOMOT'aTCIILHBIX B
30JIOTHUKOBBIX THAPOPACIIPE- ACIIUTEIIAX C TUAPABIMYCCKHUM YIIPABJICHUCM.

5.4. Knanannsble ruipopacnpeaenTe/n

B THAPOCUCTEMAX HEKOTOPBIX MAIIWMH MPUMCHATIOT TAKKC KJIAITIAHHBIC paCIpCaACIUTCIN, KOTOPLIC
IMMPOCTHI B U3TOTOBJICHUW U HAJICKHBI B OKCIUTyaTalluU, a TAKKC MOTYT o0ecreynTh BBICOKYHO
TCPMETUYIHOCTD.

3aTBopa KJIaITaHOB NIPUBOJAT B ﬂeﬁCTBHG PYYHBIMH, MCXaHUYCCKUMHU U SJICKTPOTCXHUYCCKUMU
ycTpoicTBamMu. 13 pyuHBIX YCTpOHCTB Hanbosiee pacpoCTpaHEeHbl KJIANaHbl ¢ Ka4atoIUMCs
pbId4arom, CxemMa KOTOporo ajisd NuTaHrusa O)IHOI71 IMOJIOCTH THUAPOJABUTATEIIA ITPUBCICHA HA
puc.5.10, a.
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Puc.5.10. Knananssle pacnipenenurenu:
a, 0 - ¢ KayaroUIMMCsl pbIYaroM; B - C KyJa4KOBBIM IIPUBOJIOM;
T - C 3JIEKTPOMarHUTHBIM IIPUBOJIOM

B xnanannom pacnpenenurene (cM.puc.5.10, a) B HEUTpaIbHOM (CpeIHEM) TIOJI0KEHUN
Kauarorierocs pprdara 1 o0a kianana 2 1 3 HaXoATCS B CBOMX THE3/1aX; B TOM IOJI0KEHUU
KJIalIaHOB KaHall b TUApoIBUTATENsI OTCOEANHEH KaK OT KaHala a, CBI3aHHOTO C HACOCOM, TaK U
OT KaHaJja c, CBsi3aHHOTO ¢ 6akoM. [Ipu moBopoTe prruara 1 BrpaBo ¢ THAPOABUTATEIIEM
COEJIMHSETCS KaHaN a Hacoca, MPU TOBOPOTE BJIEBO - KaHal ¢ Oaka.

Cxema 4eThIpeXX0/I0BOT0 KJIAMaHHOTO pachpeeuTens npeacTasiera Ha puc.5.10, 6. [Tpu
MOBOPOTE PYKOATKH | mepemMentaeTcst Ta WK JIpyras Mapsl KianaHoB 2 Wiy 3, odbecreunBast
1o1Bofl (OTBOJ) KUJKOCTH K COOTBETCTBYIOIIEH MOJIOCTH CUIIOBOTO IMIHHIpA 4.

Pacrnipoctpanens! Taxke KilanaHbl ¢ KyJadKoBbIM MpuBoioM (puc.5.10, B). Ha Banuke 3
HaXOJATCS YeThIpe KyJlauka 2, COOTBETCTBYIOIIUM 00pa3oM OpUEHTHPOBAHHBIE OJIUH
OTHOCHUTEINBHO Jipyroro. [Ipu moBopoTe Bamuka KyJlauykyd BO3JEHCTBYIOT Ha IITOKU
COOTBETCTBYIOIIETO KOHYCHOTO 3aTBOpa 1, obecreunBast moBo1 paboyei ®KHUIKOCTH B TIOJIOCTH
WJIOBOTO IIWIMHJpA 5 U €€ OTBOJ. B rmonoskeHnu, nokasaHHOM Ha pacCMaTPpUBAaEMOM PHUCYHKE,
KUAKOCTh OT KaHaJla, CBSI3aHHOT'O C HACOCOM, ITOCTYIAET Y€pPe3 OTKPHITHIN (YTOIIIEHHBIN) 3aTBOP
4 B JIEBYIO TIOJIOCTh CHJIOBOTO IIMJIMHJPA 5 U yaaiseTcsi B 0ak U3 MPaBOM MOJIOCTH UIUHIPA
yepes kianad. OcrajabHbIE ABa 3aTBOpA HAXOAATCA B cBoUX ceuiax. [Ipu moBopore Basnka
BCTYMAIOT B JIEHCTBUE 3TU 3aTBOPHI, OOECTIEUnBas MOABO/] )KUIKOCTH B MPaABYIO MOJIOCTh
LWIMHJIpA 5 ¥ OTBOJ €€ U3 JIEBOM MOJIOCTH.



Ha puc.5.10, r npeacrasieHa cxeMa TPEeXIO3ULMOHHOTO KJIAIAHHOTO PAaCIPEAEIUTENS PSIMOT0
JIEUCTBUA C IByMs KJlarmaHaMu 1 u 4, yripaBiisieMbIMHU 37ieKTpoMarautamu 2 u 3. [pu
BBIKJIFOYEHHBIX JIEKTpOMarHuTax 00a KijianaHa pukartbl IPyKHHAMU K cBOMM ceuiaMm. [1pu
5TOM MarucTpajib HarHeTaHUs IEPEKPHITA, a MOJIOCTU FMAPOJIBUTATEIISI COETUHEHBI CO CIIUBOM.

[Tpu BKIIIOUEHUH AJIEKTPOMArHUTa 2 KjamnaH 1, cxumasi IpyXHUHY, IEPEMECTUTCS B KpaliHee
JIEBOE IOJIOXKEHUE U IIPUKMETCSI K JIEBOMY ceuly. B 3TOM mosoxeHuu ogHa U3 noiocreit
NOTPEOUTENS COSMHUTCS C HAIIOPHOU MarucTpanbio. [Ipu BKIIOYEHHOM 3JIEKTpOMarHuTe 3 u
BBIKJTFOYCHHOM 3JIEKTPOMAarHuTe 2 cpaboTaeT KianaH 4, COeTUHUB BTOPYIO TIOJIOCTh
MOTPEOUTENIS C MarUCTPaIbl0 HAarHETAHUSI.



Peryaupymomas 1 Hanpap/soas annaparypa

6.1. O0mme cBeeHNs 0 THAPOANINIAPATYpe

T'uopoannapamom Ha3bIBAaETCs YCTPOIMCTBO, IPEeIHA3HAYCHHOE AJI1 U3MEHEHUS WIN
MOIJICPKAHUS 33JJAHHOTO TIOCTOSTHHOTO JTABJICHUS MJTH pacxoja pabodeid )KUAKOCTH, JIUOO JIs
M3MEHEHHUs HalpaBlieHUs IOTOKa pabouel sxuakocTy. ['uapoanmnaparypa noapasaensercs Ha
PErYJIMPYIOILYIO ¥ HAIIPaBJISIOUIYIO.

Pecynupyrowan cuopoannapamypa n3MeHseT 1aBlieHUE, paCXOJ U HaIIpaBlIEHUE MOTOKa paboueit
KUJKOCTH 33 CYET YACTHYHOTO OTKPBITUS Pabovero MpoxoIHOTO CEUSHUSI.

Hanpasnarowas cuopoannapamypa npeqHazHadeHa TOJIbKO JUIsl U3MEHEHHS HAPaBICHUS
MOTOKA pabouei )KHUAKOCTH MYTEM MOJHOTO OTKPBITUS WM 3aKPBITHS pab0vyero mpoxXoaHOTO
CEUEHUS.

Pabouee npoxoHOE ceueHne ruApOaInapaToB U3MEHSIETCS PU U3MEHEHUH TTOJIOKEHUS
3aNOPHO-PeCYIUPYIOUIeco 31emeHma, BXOIALEr0 B UX KOHCTPYKIIMIO.

I1o npuHIMIY JEHCTBHS 3alI0PHO-PETYIUPYIOLIErO AJIEMEHTA!
- TMJIPOKJIaNaHbl;
- TU/IpoanmapaTypa HeKJIalaHHOTO JeHCTBUS (JIpOCCen).

B 3aBHCHMMOCTH OT KOHCTPYKIIMH 3aII0PHO-PETYIMPYIOIIEr0 3JIEMEHTA I'MApoannaparsl
NOAPAa3ACIAIOT Ha:

- 30JIOTHUKOBBIE;

- KPaHOBBIE;

- KJIAIIaHHBIE.

[To BHEMIHEMY BO3/ICMCTBHIO HA 3aITIOPHO-PETYIUPYIOUIUN 3JIEMEHT:
- PETyIUpPYyEMBIE;
- HaCTpauBaeMbIE.

T'uopoxnananom Ha3bIBAaETCs TUAPOAMNIIAPAT, B KOTOPOM BEIMYUHA OTKPBITUS paboydero
MIPOXOJHOTO CEUEHUS U3MEHSETCS OT BO3CHCTBUS MPOXOSIIETO Yepe3 HETO MOTOKa padoUeii
KUJKOCTH.

[To xapakTepy BO3ACHCTBUS HA 3alIOPHO-PETYIUPYIOIIUI 3JIEMEHT TUIPOKIIAaHbl MOTYT ObITh
IPSIMOTO U HEMPSMOTo AeWcTBUA. B eudpoknananax npsamoeo oeticmsus BenuanHa OTKPBITUS
pabouero MPOXoHOr0 CEYEHUS U3MEHSETCS B PE3yJIbTaTe HEMOCPEICTBEHHOTO BO3ICHCTBUS
MOTOKa pabouei KHUIKOCTU Ha 3alIOPHO-PETyIUpYIouil aeMeHT. B eudpoxnananax nenpsamozo
Oeticmeus TIOTOK CHavyaJla BO3/IEHCTBYET Ha BCIIOMOTAaTEIbHBIN 3alI0PHO-PETYIUPYIOMINN
AIIEMEHT, MepeMeIleHe KOTOPOTo BbI3bIBAET H3MEHEHHE MOJI0KEHHS] OCHOBHOI'O 3aIlIOPHO-
PETYJINPYIOLIETrO JIEMEHTA.

T'uopoannapamom nexnanannoz2o Oeticmeus Ha3bIBa€TCS FUAPOAIIAPAT, B KOTOPOM BEJIMYMHA
OTKPBITHS padOYero MPOXOAHOTO CEUEHHUs HE 3aBUCUT OT BO3ACHCTBHSI MOTOKA MPOXOASIIEH
yepe3 Hero pabouelt xkuakoctu. Takue rugpoanmnapaTsl HHa4Y€ HA3bIBAIOT Opoccensamu. C TOUKH
3peHUs IOJIOKEHUH TUPABIUKH JPOCCEIDb MPEICTABISIET COO0H aKTUBHOE THAPABIUIECKOE
COTIPOTHUBIICHUE.



6.2. HanmopHble ruipoK/IanaHbl

Hamnopnsie rugpokiianansl npeiHa3HaueHbl JJIsl OTPAHUYECHUS 1aBJICHUS B MOJIBOJUMBIX K HUM
MOTOKax padoueil xxuakoctu. Ha puc.6.1 npuBeneHbl MpUHIUIKAATIBHBIE CXEMbI HAIIOPHBIX
KJIAITIaHOB MPSMOT0 JEHUCTBUS C IAPUKOBBIM, KOHYCHBIM, TUTYHXEPHBIM U TapeIb4yaThiM
3aMOPHO-PETYIUPYIOIIUMHU 3JI€MEHTaMHU.
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Puc.6.1. HpI/IHHI/IHI/IaJ'IBHHe CXEMbI HAITOPHBIX KJIAIIAHOB C 3aIlIOPHO-PECTYINPYIOIINMHU
QJICMCHTaAMU:
a - C IIAapUKOBBIM; 0-c KOHYCHBIM; B - C 30JIOTHUKOBBIM; I" - C TAPCJIbYaThIM

Knanan cocTouT U3 3anopHo-peryaupyomero siaeMenTa 1 (mapuka, Konyca 1 T.4.), IPYKUHBI 2,
HaTSHKEHHE KOTOPOM MO>KHO U3MEHSATh PEryIMpOoBOYHbIM BUHTOM 3. OTBepcTHe 5 Kopmyca 4
COEJIMHSETCS C IMHUEHN BBICOKOTO JJaBJIEHMS,  OTBEPCTHE 6 - cO CIMBHOM nuHuel. Yactp
KOpITyca, ¢ KOTOPOU 3allOPHO-PETYIUPYIOLIUHI 2JIEMEHT KJIallaHa IPUXOIUT B COIPUKOCHOBEHHUE,
Ha3bIBACTCS CEUIOM (TI0CaA0YHBIM MECTOM).

[Ipu ycTaHOBKe Ki1anaHa B THAPOCUCTEMY MPYKUHA 2 HACTPAUBAETCs TaK, YTOOBI CO3/IaBaeMOe
€10 J1aBJieHre Obl1o 0oJIbIle pabovero, TOra 3anopHO-PEryIUPYIOIINI 3JIEMEHT OyAeT NMpHXaT K
ce/ly, a JIMHUA ciauBa OyeT OTJIeNeHa OT JJMHUM BBICOKO JaBieHus. [Ipy noBbIlIeHNN 1aBlIeHus
B IIOJIBOJJUMOM IOTOKE CBEPX PErIaMEHTHUPOBAHHOTO 3allOPHO-PETYIUPYIOMUI 2JIEMEHT
KJIallaHa MepeMeIaeTcsi BBepX, IpeoaosieBas yCuiIne MpyKUHbI, padbouee MpOXOAHOE CEUeHUE
KJIalaHa OTKPBIBAETCS, U THAPOIMHHUS BEICOKOTO JABJICHHS COSUHSETCS CO CIMBHON. Best
paboyast )KUJKOCTh UJIET Yuepe3 KiamnaH Ha ciuB. Kak ToJabKO 1aBieHne B HATOPHOM THAPOIMHUN
yIajeT, KianaH 3aKpoeTcsl, U €I MPUYUHA, BbI3BaBILAs IMOBBIILICHUE AaBICHUS He OyneT
yCTpaHeHa, MPOoLeCcC TOBTOPUTCS.

Bosnukaer BI/I6paI_[I/I$[ 3alIOPHO-PETYIIMPYIOUICTO 3JIEMCHTA, COITPOBOKAACManA yaapaMu 0 CEAJI0
1 KOJeOaHUIMU JaBJICHHUSA B CUCTEMC. BI/I6paHI/I$I " yAapel MOT'YT CITY>XKUTb HpH‘—IHHOﬁ HU3HOCa "
NMOTCpU repMCTUIHOCTU KJIAIIAHOB.

Jlis yMeHbIIEHUS CUJIBI y1apa U 4acTOThI KosleOaHU KilaraHa O CeUI0 PUMEHSIOT
crienManbHbIe TUIpaBiandeckue aemmdeps (puc.6.1, 6, T). YCTpolcTBO COCTOUT U3 KaMephl 7, B
KOTOpoi nepemenaercs miyHxep 8. Kamepa 3anonnena xuakoctero. C TMHUEN cauBa 3Ta
KaMepa CoeIMHsIeTCS TOHKUM KanuOpoBoYHbIM oTBepcTHeM 9 nuamerpom 0,8...1 mm. [Tpu
OTKPBIBAHMU KJIallaHa IUTYH)KEP BBITECHSET XKHUAKOCTh U3 KaMmepbl nemndepa. CozaBaemMoe npu
3TOM T'HIPaBINYECKOE COMIPOTUBIIEHHE, TPOMOPLHUOHATIEHOE CKOPOCTH JABMKEHUS TUTYHXKeEpa,
YMEHBIIAET YaCTOTy KoJIeOaHUH, CUITY yAapa 3allopHO- PETyIUPYIONIEro 3JeMEeHTa U YaCTUYHO
yCTpaHsieT ero BUOpaluio.



JIoCTOMHCTBO KIIamaHOB MPSIMOTO JEHCTBUS - BRICOKOE ObICTpozeiicTBre. HepocTaTok -
YBEJTUYCHHUE Pa3MEPOB MPH MOBBIIICHHH pad0UYero JaBJIeHUs, a TAK)Ke HECTAOMIHLHOCTh PaOOTHI.

[Tpy KOHCTPYHPOBAaHUM HAMOPHBIX KJIANIAHOB UX Ia0apuT U Maccy MOKHO YMEHbBIIUTb, €CIIU
npUMEHHUTD AudQepeHnranbHble KIananbl WK KIanaHbl HENPsSMOTo AeHCTBUSI.

Juddepennmanbuplii knanan (puc.6.2) COCTOUT U3 IUTYHXepa |, KOTOPbIi UMeeT JBa MosicKa
nuaMmerpamu D u d, Ha KOTOpbIE BO3ICHCTBYET KHUIKOCTD.

Puc.6.2. IlpuniunuaneHas cxema guddepeHnnanb,Horo KianaHa

bnaropapst HaJIM4YUIO NOSICKOB € Pa3HBIMU JUaMETPaMU YMEHbUIAETCS aKTUBHAsS IIJIOIAAb
3alIOPHO-PETYJINPYIOLIETO MIEMEHTA KilaaHa, Ha KOTOPYIO BO3JAEHCTBYET )KUAKOCTb, U OH
OKa3bIBAETCSl YACTUYHO Pa3rPYKEHHBIM. JTO MTO3BOJISIET YMEHBIINUTD Pa3MEPBI NPYKUHBI U BCETO
KJlanaHa B 1ejoM. HauanpHas cuiia HaTsSOKEHUSI IPYKUHBI 2 ONpeeNsieTcs U3 ypaBHEHUS
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C ymeHblIlIeHHEM Pa3HOCTH TUIOMIAJEH MOSCKOB XOTS M YMEHBIIIAETCS YCUITUE MPY>KUHBI, HO
OJIHOBPEMEHHO YMEHBIIAETCS U COOTHOILLIEHUE IEHCTBYIOIINX Ha 3alIOPHO-PETYINPYIOMUN
9JIEMEHT KJIallaHa CHJI IaBJIEHUS JKUJIKOCTH U CUJI TPEHUS 3TOTO 3JIEMEHTA O KOPITYC KJIallaHa.
HpI/I OMPEACIICHHBIX COOTHOMICHUAX D u d ot cuibl MOTYT OKa3aTbCs HCCOU3MECPUMBI MCIKAY
co0oii 1 KJ1anaH nepectaHer padorars. [103TOMy B peanbHbIX KOHCTPYKIUSAX
JuddepeHIMATBHBIX KIalaHOB MPUHUMAIOT CJIEIYIOIIEe COOTHOIIEHHUE:!

n’ md® 1’
4 4 "4 4

Henocratkom nuddepeHiimanbHbIX KIAMaHOB SBISETCS CKAYKO00Opa3HOE N3MEHEHHE JaBJICHUS U
pacxojia yepe3 KiarnaH B MOMEHT €ro oTKpbIThs. [loaToMy BenmnuuHy Xo/4a 3all0pHO-
PEryIHpyIOIIEro IeMeHTa KianaHa OrpaHUYUBalOT BETMYHMHON

x:L(Dz—dE)
160

Eme Gonpiiero yMeHbIIIEHHS pa3MEPOB MPYKUHBI U BCETO KJIarmaH B I[EJIOM MTPU OJTHOBPEMEHHOM
MOBBIIIEHUH €T0 TePMETUYHOCTH MOXKHO JJOCTUTHYTH B KJIallaHaX HEMPSMOTO IeHCTBUS
(puc.6.3).
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Puc.6.3. HaropHblii ki1anaH HENpsIMOTo A€MCTBUSL:
a - IPUHIUIKAIBHAS cXeMa; O - YCIIOBHOE 0003HaUYEHHE

Knanan cocToUT U3 OCHOBHOTO 3aIIOPHO-PETYIHUPYIONIETO AJIEMEHTA - 30JI0THUKA | cTymeH4aTou
(GhopMBI; HEpETryIUPYEeMOU MPY>KUHBI 2 U BCIIOMOTaTeJIbHOTO 3aIIOPHO-PETYIHPYIOLIETO
3JeMeHTa 3 B BUJI€ IIAPUKOBOIO KJanaHa NpsMoro JeMCTBUs. Y CHIIME NIPYKUHBI 4 IAPUKOBOIO
KJIallaHa peryiupyercs BUHTOM 5. Kananamu B KopIryce KiarnaHa mojIoCTH 7 U 8 COeIUHEHBI C
ruaponunueit 10 Beicokoro nasienus. [Tonocts 6 coequHeHa ¢ MOIOCThIO 8 KaUJUIIPHBIM
KaHayioM 9 B 30s0THUKE. [IpyKMHBI IApUKOBOTO KjianaHa 3 HacTpauBaeTcs Ha naBiieHue Py (Ha
10...20% OGomnpliie MAKCUMaTBLHOTO Pab0YEro B TUAPOCUCTEME).

Ecnu npu paboTe MamuHbl JaBieHue B rujpocucteme Py < Py, m1apukoBblif ki1anaH 3akphIT, B
noJjoctsx 6, 7, 8 ycraHaBIMBaeTcs 0JlMHAKOBOE JaBieHue Py, 30m0THHK 1 ox Bo3aelcTBIEM
NPYXHUHBI 2 3aHUMAET KpailHee HUKHEE MOJI0KEHHE, a THIPOIMHUS BBICOKOTO aBieHus 10
oTJeNieHa OT FMIPOIMHUY ciauBa 11 (monokeHue KiianaHa COOTBETCTBYET H300paKeHHOMY Ha
puc.6.3). I3MeHeHue 1aBlieHue B THAPOCHUCTEME BBI3BIBACT U3MEHEHHUS JIABJICHUS B MOJIOCTSIX 0,
7, 8 xnanaHa. B Tor MoMeHT, korja naBinenue P i npeBbicuT P, mapukoBblii kianaH 3
OTKPOETCS U Yepe3 HEro KUAKOCTh B HEOOJIBIIOM KOJIMYECTBE HAYHET MOCTYINaTh Ha ciuB. B
KallWJUIIPHOM KaHaJle 30JI0THUKA CO3/Ia€TCsl TEUEHUE KUJKOCTH € IOTEPEN TaBICHUS HA
IIPEO0JICHIE THAPABINUYECKUX CONIPOTUBIEHUH. BenencTBue 3Toro naBieHue KuAKOCTH B
NoJI0CTH 6 CTaHeT MeHbIlIe 1aBjieHus B osiocTsax 7 u 8. [lox nelictBuem obpa3oBaBIIerocs
nepernaja JaBjieHui 30J0THUK 1 IepeMecTUTCs BBEPX, CKUMAasi IPYKUHY U cOeANHsIs TnHuIo 10
c nuHuei 11. Paboyast xuaKocTh OyJeT NOCTynaTh Ha CIIUB, U NEPErPy3KU THAPOCUCTEMBI HE
npousoiaer. OAHaKo KaK TOJIbKO JIMHUS BHICOKOTO JIaBJICHUS] COEMHUTCS CO CIIMBOM, JaBJICHHE
KHUJIKOCTH B THPOCHCTEME YMEHBIIHUTCSA 10 Py < Pk, IIapuKOBBIN Ki1aniaH 3aKpoeTcsi U TeUeHUe
JKUJKOCTHU IO KalMWJUBIPHOMY KaHaly NpekpaTutcs. JlaBineHue B ojocTsax 6, 7 U 8 BEIPOBHSAETCS
Y TI0J] BO3ACUCTBUEM IIPYKHUHBI 2 30JJOTHUK BO3BPATUTCS B HCXOIHOE MOJIOKEHHUE, CHOBA
OTJIEJIUB JIMHUIO BBICOKOTO JaBJIeHUs OT ciauBa. Eciu npuunHa, BbI3BaBIIas MOBHIIIEHNE
JIaBJIEHUS B THIPOCUCTEME, He Oy/IeT YCTpaHeHa, MPOIecC MOBTOPUTCS U 30JI0THUK B KOHEYHOM
UTOTEe YCTAaHOBUTCS Ha ONpeIeNIEHHON BBICOTE, IPU KOTOPOH JaBJeHHE B rHApocucTeMe Oyaer
MOJIEP/KUBATHCS TOCTOSTHHBIM.

Korna knanan HaxoauTcs B padoTe, 30JI0THUK COBEPINAET KOJieOaTeNbHbIC TBUKEHHUS.
YMeHbIIIeHHIO KOeOaHi 30JI0THUKA CITOCOOCTBYET MOJIOCTh 7, OKAa3bIBAIOIIAs HA HETO
nemMnupyroliee BIUsSHUC.



JList pa3rpy3Ku CUCTEMBI UJTH KAKOTO-JIM00 ee yJaTKa KJIanaHbl HEMPSMOTO IeHCTBUS MOTYT
YOPaBIATHCSA JUCTAHIIMOHHO. JJIs1 3TOro mosiocth 6 mocpeacTBOM KaHana 12 u kpana 13
HEO0OXO0IUMO COCIMHUTE CO CIIMBOM. B pe3yibTare qaBieHHEe B MOJIOCTH 6 PE3KO YIaJeT,
30JI0OTHUK | MOJHUMETCA BBEPX, a JIMHUA BBICOKOTO AaBiieHus 10 coequuutcs co cinuBoM 11.

[To cpaBHEHHIO C KIIalTaHAMH MPSIMOTO JCHCTBHSI KJIATIaHbI HEMIPSIMOTO JICHCTBHS 001aat0T
PAIOM MIPEUMYIIIECTB:

1. [ImaBHOCTH M GECITYMHOCTBH PabOTHI.

2. [oBebIIeHHAS YYBCTBUTEIBHOCTD.

3. JlaBieHue Ha BXOJIC B KJIAllaH MOJICP)KUBACTCSI TOCTOSIHHBIM M HE 3aBHCHUT OT Pacxo/ia
paboueii )XUAKOCTH uepe3 KIlamaH.

6.3. PenyKuMOHHBII KJIanaH

PeIIYKIII/IOHHI)IM HAa3bIBAIOT T'MJAPOKJIAIIaH JaBJICHUA, HpeI[Ha?,Ha‘-ICHHI)Iﬁ I TOAACPKaHUA B
OTBOAMMOM OT HETO ITOTOKE pa60qel71 KHUAKOCTHU 0oJiee HU3KOTO JaBJICHHUA, UYEM J1aBJICHUC B
IoABOAMMOM ITOTOKCE. B TUAPOIIPUBOJAAX HAXOJAT IPUMCHCHHUC B OCHOBHOM /JIBa THUIIA
PCAYKIIMOHHBIX KJIAIIaHOB.

Heprlﬁ mun KJIaIaHOB 00€CIIeYnBaET YCTAaHOBJICHHOC COOTHOIICHHUEC MCKAY AAaBJICHUAMU Ha
BXOAC U BBIXOJC U3 KJIallaHaA.

PenykumonHslii knanas (puc.6.4) COCTOUT U3 3aMIOPHO-PETYIHUPYIOIIETO AIEMEHTA - IITyHXKepa
1, mpuxkaToro K cery mpyKUHOM 2, Cujla HaTSHKEHHUS! KOTOPOU PEeryJIupyeTcss BUHTOM 3.
OtBepctue 4 Kopiryca COeIMHSIETCS C TUIPOJIMHUEN BBICOKOTO JaBJI€HUS, a OTBEPCTUE S C
TUAPOIMHUEH HU3KOTO JaBJICHHs. B MCXOIHOM TOJIOKEHUH KJIanaH MPHKaT K CeITy, a BXOJ
KJIamaHa OT/AelNeH OT Beixoa. [Ipu noBeimennn nasienus P muiyHkep nmogHumaercs u
TUAPOIUHUS BEICOKOTO JABJICHHS COCIUHSIETCS C TUIPOIUHUEH HU3KOTO AaBieHus. Yem Oomblie
naBieHue P, TeM Oobllie OTKphIBaeTCs MPOXOIHOE CEUCHHE KIlallaHa M TeM OOJIbIIe
CTaHOBUTCH HaBieHue P,.

Takum 06pa30M, JaBJICHHUC P2 3aBHUCHUT OT AaBJICHHUA Ha BXOJC KilallaHa, OT HavyalabHOM CHIIBI
HaTsAXKCHUA Pnp N )KCCTKOCTHU IPYXKUHEI C
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Puc.6.4. PenyKuMOHHBIN KIanaH:
a - IpUHIMIIHAIbHAS cXeMa; O - ycJIoBHOE 0003HAUYECHHE



Bmopoti mun penykKiimoHHOTO KJanaHa MoIePKUBACT MOCTOSIHHOE PEAYILIMPOBAHHOE JaBJICHUE
Ha BBIXOJIC HE3aBUCUMO OT KOJICOAHUS JTaBJICHHS B TIOJIBOJJMMOM U OTBOJMMOM ITOTOKaX pabodeid
KUAKOCTU. Takue peayKIMOHHBIC KIIAllaHbl MOTYT OBITH MPSMOTO U HEMPSIMOTO JACHCTBHSL.

PaccMoTpuM paboTy peayKIIMOHHOTO KJamana HenpsiMoro AeictBust (puc.6.5). Kiaman cocrout
U3 OCHOBHOT'O 3a[IOPHO-PETYIHUPYIOIIETO AIEMEHTA - 30JI0THUKA | cTyneH4aToil (popmsl,
Harpy>K€HHOI'0 HEPETYIUPYEMOU NPYKUHOM 2 C MaJIOM KECTKOCTbIO, U BCIIOMOTaTEIbHOTO
3aMOPHO-PETYIUPYIOIIETO 3JIEMEHTa 5 B BUJI€ NIAPUKOBOT0 Kianana. CUily HaTsSHKEHUS
MPY>KUHBI 4 MAPUKOBOTO KJIallaHa MOXKHO U3MEHATh BUHTOM 3. B Kopmyce kianaHa UMErTcs
KaHaJIbl, COCIUHSIONINE MOJIOCTH 7 U 8 C BBIXOJIOM, a B 30JIOTHHUKE | - KanmvUISIpHBIA KaHam 9,
COCIMHSIOLIUHI MOJIOCTH 6 € MOJOCTHIO 8, @ Yepe3 MOCISAHIO U C BBIXOJIOM KJlaraHa.

Ecnu npyxuHa 4 HacTpoeHa Ha JlaBiieHue OoJibliee, yeM JlaBieHue P Ha BXoje KianaHa, To
30JI0THHK | 3aHUMaeT MCXOIHOE TOJIOKEHHE (IMTOKa3aHo Ha puc.6.5). B aTom citydae B mojocTsX
6, 7 1 8 OyJeT oJMHAKOBOE JaBiieHue, paBHOe P1, momocth 10 coennuena ¢ monocteio 11, a
KUAKOCTb CBOOOJTHO MPOTEKAET uepe3 KiamnaH. PeaynnpoBanust JaBjaeHUs IPU 3TOM HE
npoucxoaut. [Ipu HacTpolike npyxuHsl 4 Ha gaBieHue Py < Pp m1apukoBelii KjlanlaH OTKPOETCs U
KUJKOCTb B HEOOJBIIIOM KOJIMYECTBE U3 MOJIOCTU 6 OYyIeT MOoCTynaTh Ha CIuB. B KanuispHoM
KaHasie 9 30JI0THUKA CO3/1a€TCs TEUEHUE KUIKOCTH C MOTEPE B HEM JaBJICHUS HA TIPEOI0JICHHUE
TUIPABIMYECKHUX COMPOTUBIEHUI. B pesynbrare naBieHue B MOJIOCTH 6 ymaieT ¥ 30JI0THUK
MOJHUMETCS] BBEPX, YMEHBIIINB IUIONIA/Ib )KUBOTO CeYeHUs MEX Ty mojoctsimu 10 u 11.

Puc.6.5. PenyKuMOHHBIN KJanaH HENPSIMOTO ACHCTBUSA:
a - IpUHIMIKANbHAs cXeMa; 0 - yCIOBHOE 0003HaUEHHUE

DTO B CBOIO 0YEpe/Ib BHI30BET MOHWKEHUE JaBeHus B nonoctax 11, 8 u 7, onyckanue
30JIOTHUKA W YBEJIMYEHHUE TUIOMIAN KUBOTO cedeHust Mmexay nmojoctsamu 10 u 11. ITpomecc
MOBTOPUTCS] CHOBA, M 30JI0THUK, COBEpIIIas KoJeOaTenbHbIe IBIKEHUS, YCTAHOBUTCS HA
OnpeAeIeHHON BhIcOTE. BCsikoe n3MeHeHne aBIICHUSI Ha BXO/IE€ WJIM BBIXOJIE€ KJIallaHa BBI3bIBAECT
OTBETHOE MEPEMELIEHNE 30JI0THUKA. B KOHEUHOM UTOrE 3a CUET U3MEHEHUS IPOCCETUPOBAHUS
JIaBJICHUE Ha BBIXOJE KJIallaHa MOIePKUBAETCA MOCTOSTHHBIM. B 3TOM KJamaHne mojiocts 7 u
Y3KHI KaHaJl, COSAMHSIIONINI MOJIOCTh C BBIXOJOM KJlalaHa, OKa3bIBaIOT AeMIlpupyroiiee
BIIMSIHME HA 30JI0THUK, YMEHBIIIAs €ro KojaeOaHus.



6.4. O0paTHbBIe rHAPOKJIANIAHBI

Obpammuvim eudpokianarom Ha3bIBa€TCs HAIIPABJIAIOIINN THIpoannapar, IpeJHa3HaueHHbII
JUISL IPOTTYCKaHUsl pabouel )KUIKOCTH TOJIbKO B OAHOM HampaBieHuu. OHU MOTYT UMETh
pa3IUYHBIE 3aII0PHO-PETYIUPYIOLIME FJIEMEHTBI: IIIAPUKOBBINA, KOHYCHBIW, TapEIbYaThIi WU
TTYHKEPHBII.

B cooTBercTBUU CO CBOMM Ha3HauYE€HHWEM OOPATHBIH KianaH JOHKEeH ObITh TEPMETHYHBIM B
3aKpBITOM I10JIOKEHUH, T.€. B UCXOAHOM I0JIOKEHUU 3alIOPHO-PETYIUPYIOIIEro A1eMeHTa. [l
JOCTHXKEHUS a0COJIIOTHON reépMETUYHOCTH B 3aKPHITOM OJIOKEHUU MPUMEHSIOT 00paTHbIE
KJIAIaHbl C IBYMSI WJIK TPEMSI TTOCIIEIOBATEIBHO COSIMHEHHBIMU 3aII0PHO-PETyIUPYIOIIUMHI
3JIeMEHTaMHU.

[IpyxrHa 0OpaTHBIX KIIAIIAHOB HEPETYIUpyeMasi, €€ CHJIa HATSHKSHUs JOJDKHA 00eCrieunBaTh
JMIIB IPEOJOJICHUE CUJI TPEHUS U MHEPLIMIO, a TaKXkKe OBICTPOE BO3BPAILCHHE B UCXOIHOE
MIOJIOKEHHE 3aIIOPHO-PETYIUPYIOIIETO IIEMEHTA.

Puc.6.6. OGpatHbiii kinaman tuma ['51:
a - KOHCTPYKIUS; O - yCIIOBHOE 0003HAYCHHE

OO6partnsliif knanas ['51 (puc.6.6) uMeeT KOHYCHBIN 3alIOpHO-PErynupyrouuii snement 5. [Tpu
1o/BOJIe paboyei )KUIKOCTH K OTBEPCTHIO 1 3aTIOPHO-PEryIUPYIOMINUN SIEMEHT 5 MOITHUMAETCS
HaJ CEUIOM 2, TIPEOI0JIeBas CUITy HaTsSKEHUs NpYyKUHbI 4. JKUIKOCTh CBOOOIHO MPOXOJUT K
otBepctuio 3. Ilpu n3MeHeHnu HarpaBieHHsI TOTOKa paboydel KUIKOCTH 3all0pHO-
PEeryIUPYIOIIHI 2JIEMEHT 5 MPUKaT K CeIUTy U OJIOKHpYeT oTBepcTue 1.

B ruapocucremMax MHOrMX MOOUJIBHBIX MAILIMH OOpaTHBIE KJIallaHbl C IIAPUKOBBIM pabounm
OpPraHoOM MPUMEHSIOT B OJIOKHPOBOYHOM YCTPOMCTBE PE3MHOBBIX LIUIAHTOB (pHC.6.7).

f 23

Puc.6.7. biiokupoBO4YHOE yCTPONUCTBO



brnokupoBouHOE YCTPOICTBO HMEET MOAIPYKMHEHHBIE IApPUKH 1, KOTOpbIEe IPU pa3beAMHEHUN
TpyOOIIPOBOIOB OJOKHUPYIOT NMOTOK. [Ipu coequHennu Tpyd MyTeM HaBUHYMBAHUA TFaliKu 2 Ha
mTynep 4 Toikarenb 3 OT)KUMAET MIAPUKH OT UX CEIe, O3BOJISS KUAKOCTH CBOOOIHO
MIPOXOUTH Yepe3 YCTPOHUCTBO.

B runponpuBosie oOpaTHbIe KilanlaHbl IPUMEHSIOT: KaK ITOANOPHBIE; IS CO3AaHUs
HEperyJInpyeMoro NpoTUBOIABIICHUS B CIMBHOW MarucTpalid TUAPOIBUTATEINS; I OIOKUPOBKU
BEPTUKAJIBHO PACIIOJIOKEHHOT'O TIOPIIHS OT CAaMOIPOU3BOJIBHOIO OITYCKAaHUS IIPHU BBIKJIIOYECHHOM
IPUBO/IC; JAJISl HEYIPABIIEMOTO MPOMyCKa paboyei )KUAKOCTH B OJTHOM HalpaBICHUU U
YIPaBJIIEMOT0 B APYroM (COBMECTHO C JAPOCCENEM); ISl UCKIIIOUEHUS yTeUeK KHUJIKOCTH U3
TUAPOCUCTEMBI NP IEMOHTaXKE U T.J. Kak KOHCTpYKTUBHBIN 371€MEHT 00paTHBIN KilanaH
BKJIIOUEH B KOHCTPYKLUIO PA3ACIUTEIIbHBIX TaHENIEH, HAIIOPHBIX KJIAIIAHOB, JPOCCENIeH U
PEryIATOPOB IIOTOKA, B 30JI0THUKU C THPABIMYECKUM YIIPABICHUEM, B HACOCHI U
TUIPABIMYECKHUE JBUTATEIN, B THAPO3AMKHU U T.[.

6.5. Orpanuvuresn pacxoaa

OepaHuqumeﬂeM pacxoda Ha3bIBACTCA KiallaH, npez[HaaHaquan‘/i JJIA OI'paHUYCHUA pacxoia B
TUAPOCUCTEMEC WJIK Ha KaKoOM-JIH0O0 ee y4acCTKe.

[TpyHuMNIManbHas cXeMa OrpaHUYUTEN pacxoa nIpuBeaeHa Ha puc.6.8, a. OH cocTouT u3
MOJIBUYKHOTO MOPILIHSA 3 U HEPETYIUPYEMON MIPYKUHBI 6, TOMEIIEHHBIX BHYTpU Kopryca 7. B
HOpILHE UMEETCsl KaTMOPOBOUHOE OTBEPCTHE 2 (HEPETyIUPYEMbIil Jpocceb), a KOpITyce - OKHA
4. B coueranuu ¢ nopiHeM 3 okHa 4 IpeiCcTaBIsoT co00M peryinpyeMslil 1poccens. B
HCXOJ/IHOM IOJIOKEHUHU NPY>KUHA CTPEMUTCS [IEPEIBUHYTH ITOPLIEHDb B KpaiiHee JIeBoe
IMMOJIOKCHUEC U OTKPBITH OKHA 4. HpI/I BKJIFOYCHUHW OI'PAHUYHUTCIIA pacxoaa B THAPOCUCTEMY
KHUJIKOCTb [TOCTYIAET B OTBEpCTHE | U Aajnee MPOXOAUT Yepe3 Ipocceib 2 U OKHA 4 K OTBEPCTHUIO
5. Ilpu 1OCTHKEHNUU )KUIKOCTH Yepe3 OTPAHUUIMTENb PACX0Ja y IpOCCcels 2 co3/aeTcs nepenasn
nasieHui. [Ipu yBennuenun pacxoja nepenaj JaBlIeHUN yBEINYUBAETCS U IOPIIEHD
nepeMemacTCs BIIpaBoO, YaCTUIHO WJIM TOJHOCTBIO ICPEKPHIBAA OKHA 4. Korna pacxoa B
TUAPOCUCTEME YMEHBIIUTCS, NIEpena AaBICHNN TaKXKe YMEHBIIUTCS U NOPIIEHb IEPEMECTUTCS
BJICBO, YBCJIMYMB OTKPBITUC OKOH.
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Puc.6.8. Orpannuurens pacxona:
a - MPUHIUIHAIBHAs cxema; 0 - 3aBucuMocTb Q=f(AP); B - ycioBHOE 0003HaUCHUE

[Ipu 3nauenun nepenana nasnenust AP < APy pacxo )KUIKOCTH Yepe3 OTPaHUIUTENb Pacxo/a
Oyner 3aBucetb oT AP. IIpu AP > APy pacxo1 ®KHIKOCTH CTaHET MPEICTbHBIM B paBHBIM Qg
(cm.puc.6.8, 0).

6.6. [leturesiu (CyMMaTOphbl) MOTOKA

I[CJ'II/ITCJ'ICM IMMOTOKA HA3bIBACTCA KJIAIlaH COOTHOLICHUSA PaCX0d0B, Hpe,[[HaBHa‘-IeHHBIﬁ JJIA
pa3acICHUA OAHOTO ITOTOKA pa60qeﬁ KHAKOCTHU Ha JBa U Ooiee PaBHBIX TOTOKAa HE3ABUCUMO OT



BEJIMYMHBI IPOTUBOAABIICHUS B K&KJIOM U3 HUX. J[eIuTenu moToka NpuMeHsoT B
TUAPONPUBOIAX MAIIMH, B KOTOPBIX TpeOyeTcst 00eCcTIeYuTh CHHXPOHU3ALUIO TBUKCHUS
BBIXO/IHBIX 3B€HBEB MapalIeIbHO PAOOTAOIINX THAPOABUTATEICH, TPEOA0TCBAIOIINX
HEOJIMHAKOBYIO HArPY3KYy.
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Puc.6.9. Jlenurens moToka:
a - IpUHIMIHATIbHAS cXeMa; O - yCIOBHOE 0003HAUYCHHUE;
B - YCJIIOBHOE 0003HAUEHUE CyMMaTOopa MOTOKa

Henutens nmotoka (puc.6.9) cocTouT U3 ABYX HEPETYIUPYEMBIX apoccereit 1 u 1Byx npocceneit
2, IPOXOJHBIE CEYEHUS KOTOPHIX MOTYT aBTOMAaTHUECKU U3MEHAThCS Oaroapst nepeMenieHuto
ryrkepa 3. [Ipu paBencTBe Harpy3ok (F1 = F2) u mumonianei nopuHen rTuApOIuINHAPOB
nasiienue Py = P, , nepenan naBnenuii AP = (P3 - P4) = 0, muyHxep 3 AeauTens 3aHUMaeT
CpeHee MOJI0XKEHHE, a PacX0JIbl B 00CHX JIMHUSAX OJMHAKOBBIC. ECITM Harpy3ka Ha OJIMH U3
TOOBIX TUAPOABUTATENICH U3MEHUTCS, TO TIOJT ACMCTBUEM BO3HUKIILIETO TIepenaa JaBJIeHUH y
TUTYH)Kepa JICTTUTEIIST OH HAYHET CMENIAaThCsl U3 CPEHETO MOJIOKECHHSI, U3MEHSIS OJTHOBPEMEHHO
MPOXOAHBIC cedeHus Apocceneit 2. [lepemernienue npexpaTuTcs, Koraa gaBieHus Ps u Py
BBIPOBHSIOTCA. B 9TOM MONIOKEHUH TUTYH)KEpa pacXo/Ibl B 00eUX BETBSIX OyIyT OJMHAKOBBIMHU.
TakuMm o0Opa3om, ToJIJIepKaHUe PaBEHCTBA PACX0JIOB B 00CHX BETBSIX OCYIIECTBIISETCS 3a CUET
JPOCCENMPOBAHUS MTOTOKA B TOM BETBH, IJIe THAPOJIBUTATENb HATPY>KEH MEHBIIIE.

JlenuTenb MOTOKA MOXKET Takke ObITh U CyMMaTOpoM MoToka (puc.6.9, B). B atom ciydae B
MOJIBOAMMBIX K HEMY JIBYX TpyOONpoBOIaX MOAIEPKUBAETCS OCTOSTHHBIN pacxo paboueit
KUJKOCTH.



6.7. lpoccesin 1 peryJasiTopbl pacxoaa

Jpoccenu u perynaropsl pacxoja npeaHazHaueHbl 7 peryJIupoBaHus pacxoa padboueit
YKHUJIKOCTH B THPOCHCTEME MJIH Ha OT/ICIBHBIX €€ YUaCTKaX U CBSI3aHHOTO C ATHM
pEryJIMpOBaHUs CKOPOCTHU JBHYKEHHS BHIXOIHOTO 3BEHA THApOBUTATEN. J{poccenu
BBIMOJIHSIFOTCS TI0 JIBYM NMPHUHIATUAAIEHBIM CXEMaM.
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Puc.6.10. JIuneinslil 1poccesb:
1 - xopmyc; 2 - BUHT

Jlunetinvie Opoccenu, B KOTOPBIX IOTEPH JAaBICHHS MTPOMOPIIMOHATBLHBI PACXOAY KUAKOCTH. B
TaKUX JPOCCENSIX TIOTEPH JIaBJICHHUS ONIPENEISIOTCS IOTEPSIMHU JaBICHHS 110 JyuHE. V3MeHsis
JJIMHY KaHalla, 10 KOTOPOMY ABHIKCTCA KUAKOCTb, MOKHO U3MCHUTH ITOTCPU JABJICHUA U paCXOn
4epes Jipoccelib. [I[puMepoM JIMHEHHOTO APOCCeNis CITY)KUT THAPOANapar ¢ APOCCEIbHBIM
ka"ayioM (puc.6.10).

B 3TOM gpoccene )KUAKOCTh IBUXKETCS 10 BUHTOBOM ITPSMOYT'OJIBHOW KaHAaBKe, UIMHY KOTOPOU
MO>KHO U3MEHATh IOBOPOTOM BHHTA. [l11011a b 5KMBOrO C€UYEHNs U AJIMHY KaHajla
YCTaHaBJIMBAIOT U3 YCJIOBUS MOJIy4EHHs B Jpoccesie TpeOyeMoro nepenajia 1aBIeHui u
UCKJTIOUEHHS 3aCOPSEMOCTH KaHajla MEXaHUYECKHMMHU IPUMECSIMHU, COJIep KalllUMUCS B paboueit
JKUJKOCTU. B Takux apoccensax 3a C4eT yBEeIUYeHUS JUIMHBI KaHAJIa MOKHO YBEIUYMTh IUIONIA/1b
€ro JKUBOT'O CEUEHUS], UCKIIIOUMB TEM CaMbIM 3aCOPEHHUs APOCCEII BO BPEMsI €0 pabOTHI.

Henunetinvle opoccenu XapakTepu3yrTCs TEM, YTO PEKUM JABMKECHUS )KUAKOCTU Yepe3 HUX
TypOyJEHTHBIH, a epenaj AaBIeHUH MPAKTHUECKU MPOIIOPIMOHANIEH KBapaTy pacxoaa
JKUJIKOCTH, TIO3TOMY TaKHe APOCCETHN YacTO Ha3bIBAIOT KBAJIpaTUYHBIMU. B HUX moTepu
JABJICHUSI ONIPENENSIIOTCS nehopMalirel MOTOKa KHUAKOCTH U BUXPEOOPA30BAHUSIMH,
BBI3BaHHBIMH MECTHBIMH COTIPOTHUBIICHUSIMU. VI3MeHeHHEe niepenaia JaBieHus, a,
CJI€I0BATENIbHO, 1 U3MEHEHHE PacX0/1a KUAKOCTH Yepe3 TaKUE APOCCENH JOCTUTAETCS
W3MEHEHUEM WJIH TUIOIAIA MMPOXOJHOTO CEUEHHUS, UITU YHCIIa MECTHBIX COMTPOTUBIICHHM.

B perynupyemsix (puc.6.11, a, 0, B, ) 1 HeperynupyeMsbix (puc.6.11, 1, €) HemuHeHHbIX
JpOCCeNsIX AUHA ITyTH JIBWKEHUS KHUJIKOCTH CBEIEHAa K MUHUMYMY, OJ1arofapsi uemy notepu
JABJICHUSI U PacXO0/l MPAKTUUYECKH HE 3aBUCAT OT BSI3KOCTH JKUJKOCTH U U3MEHSIOTCS TOJIBKO ITPH
U3MEHEHMH TUIOMIAAN pabovyero MpoxXoaHOTo cedeHuss. MakCHUMalbHYIO IJI0IA1b
YCTaHaBJIMBAIOT U3 YCJIOBUS MPOITYyCKa 3aJaHHOTO PacXo/1a )KUAKOCTH Yepe3 MOJHOCTHIO
OTKPBITBIN ApOCCeNb, MUHUMAIBHYIO - U3 YCIOBUS UCKIIIOUSHHS 3aCOPSEMOCTH pabouero okHa.

B miactunuateix apoccensix (puc.6.11, €) conpoTuBieHre 3aBUCUT OT IMaMeTpa OTBEPCTHUS,
KOTOPOE, OJTHAKO, MOKHO YMEHBIIIHUT JIMIIb JI0 OnpeaeieHHoro npeaena (dmin > 0,5 Mmm),
OTPAaHHYMBAEMOTO 3aCOPSEMOCTH BO BpeMs paboThl TaKoro apoccens. s momydeHus
OOJIBIIIOTO COMPOTUBIIEHUS TPUMEHSIOT MMAKETHBIE IPOCCEIH C PSIIOM TTOCIIEI0BATEILHO



COEAMHEHHBIX MmIacTuH (puc.6.11, n). B Takux qpoccensx paccTosiHIE MEXy TUIaCTHHAMU |
JOKHO OBITH He MeHee (3...5) d, a Tommuba mactus S He 6omee (0,4...0,5) d.
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Puc.6.11. IlpuHuunuaibHble CXeMbl HETMHEMHBIX IPOCCEICH:
a - UTOJIbYATOr0; 0 - KOMOMHUPOBAHHOIO; B - MPOOKOBOTO I1IE€JIEBOTO;
T - IPOOKOBOTO IKCIIEHTPUYHOTO; [T - INIACTHHYATOTO MaKETHOTO;
€ - IJTACTUHYATOTO0; K - YCIOBHOE 0003HAUYECHHE PETYITUPYEMOT0 IPOCCETIS;
1 - kopmiyc; 2 - urna; 3 - nuagparma; 4 - npoOka; 5 - mIacTuHa; 6 - BTyJKa

CymMmapHOe CONpOTUBIEHHUE MIIACTHHYATOTO JPOCCEINS PEryIUPyeTcs Mo00pOM IMIACTHH, a
nepernaJ 1aBjieHus onpeaensercs no popmyie
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Tacy - YI[eJ'ILHHﬁ BCC ) KUAKOCTHU, (: - KOB(I)(l)I/ILII/IeHT MECTHOI'O COIIPOTHUBIICHUS OTBEPCTUS, N -
YUCIIO IIaCTHH, U - CPCAHAA CKOPOCTh MMOTOKA JKUAKOCTH B IMPOXOAHOM OTBEPCTUH IIIIACTHUHBI.

K HenmmHEHHBIM pOCCcersiM OTHOCSTCS TaKXKe U KOMOUHUPOBAHHbIEe OPOCCenu, B KOTOPBIX TIOTEPH
JABJICHUS 10 IJTUHE U MECTHBIC TOTEPU COM3MEPUMBI MEXK/1y COOOM M0 BETUYNHE U B PAaBHOU
Mepe OKa3bIBAIOT BIMSHUE HA PACXOJI )KUIKOCTH depe3 apoccenb (puc.6.11, 6). Ha
XapaKTePUCTUKY KOMOMHUPOBAHHBIX APOCCETEH BIUAET BA3KOCTh PAOOUHX KHIKOCTEH.
[TosTOMY Takue Ipocceny 1meaecoo0pa3Ho MPUMEHSTh B THAPOCUCTEMAX, B KOTOPBIX
TeMreparypa padoueit KUIKOCTH U3MEHSETCS B HEOOIBIINX Mpeienax.

Jlist onpeniesieHus pacxo/ia JKUAKOCTH Uepe3 ApocCceb MOIb3yTes (opMyIon

AP
= EET



7€ © - IUIOIIAIb MPOXOJHOTO CeUeHHUs poccenist; AP - mepenaa naBieHuid y 1poccens; | -

K03 PuIMEeHT pacxoaa, 3aBUCAIIUN OT KOHCTPYKIIMH JIpocceis, yucia PeitHombaca, GopMbl 1

pa3mepoB otBepetus [Jledenes, [MIJIIL, ctp.141-142, HaBpoukwuii c.50].

BaxxHO# XapaKTepHCTUKOM Jpocceseil BIseTCs UX paBHOMEpHas U ycTolunBas paboTa npu

MaJIbIX pacxojaax. OJHaKo ycToiunBas paboTa Jpocceisi BO3MOXKHO IPH YMEHBIICHUH TUIOMIAIN
JI0 OIPEICIICHHOTO Mpe/eNia, HIKEe KOTOPOro PacxoJl CTAaHOBUTCS HECTAOMIIbHBIM. JTO
00BSICHICTCS 0OIUmepayuell - 3apaliuBaHUEM ITPOXOJHOTO OTBEPCTHSL.

CYH_IHOCTI) 06J'II/ITCpaI_[I/II/I 3aKJIF0YacTCA B TOM, UYTO B MUKPOHCPOBHOCTAX Y3KHX KaHaJIOB

3a/1ep’)KUBAIOTCSI U OCENIAl0T TBEP/bIE YACTUIIBI, COAEpKaIIuecs B paboueit xuakoctu. Eciu

pa3Mephl YaCTHII, 3arPs3HSIONIUX KHUIKOCTh, COM3MEPUMBI C pa3MepoM pabouero OKHa, TO
MOET IPOU3OUTH MOJTHOE €ro 3apalliBaHue U MPEKPAICHHE PAcX0/ia KHUIKOCTH Yepes3
npoccenb. [Ipu yBenrmueHun miomay padouero OKHa pacxo/1 XKHUJIKOCTH BOCCTAaHABIIUBACTCS.

[MpuunHOil 0OIMTEpany pabovero OKHa MOXKET OBITh HE TOJIBKO HEAOCTATOYHAS] OUYHCTKA
paboueil )KUAKOCTH, HO U aICOPOLUS MOISIPU30BAHHBIX MOJIEKYIN paboyeil )KUAKOCTH Ha CTEHKaX
mienu. AzncopOupyemble MOJIEKYIbl 00pa3yr0T MHOTOPSIIHBIN CIIOM, TOJIIIMHA KOTOPOTO MOXKET

nocturath 10 MKM. DTOT cI0i CIOCOOEH CONPOTUBIIATHCS 3HAUUTEIIBHBIM HOPMAJIbHBIM U
CABUTAOIUM Harpy3kaM. B KOHEUHOM UTOre MPOUCXOIUT MOCTENIEHHOE YMEHbIIECHUE IJIOIAAH
KHUBOI'O CEUCHMsI pabouyero OKHa, a IpU MaJIbIX 3HAUEHUSIX U [TOJIHOE €ro 3apallliBaHue.
CoOOTBETCTBEHHO YMEHBIIAETCA 0 HYJIS U pacXo[l )KUJIKOCTH uepe3 apoccenb. [Ipu crparuBanuu
C MeCTa 3all0pHOTr0 3JIEMEHTa Jpoccest acOpOLMOHHBIN CIION MOJIEKYJ pa3pyliaercs, a

NepBOHAYAJIbHBIN pacXo/ BOCCTaHABIIMBAETCS.

[ToaTomy, 9TOOBI TOOUTHCSI MAJIOTO PacXo/a B OTBETCTBECHHBIX THAPOCUCTEMAX, IPUMEHSIOT
CrelualibHble KOHCTPYKLIMU Jpocceneil. B Takux apoccensax pabouemy oprany (urie, npooke,

nuadparme u T.J1.) COOOIIA0TCSl HEMPEPHIBHBIE BpaIaTeIbHbIC UIN OCIMIITUPYIONINE
nBrKeHus. brarogaps 5TUM IBIKEHUSM Ha paboyeil MOBEPXHOCTH MPOXOTHOTO OKHA APOCCEeNs
He 00pa3yeTcs cos aacOpOMPOBAHHBIX MOJIEKYIN U HE MTPOUCXOIUT 3apaliiBaHue IEITH.
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Puc.6.12. ITponrBouHBIE XapaKTEPUCTUKU
a - apoccenst ['77-11; 6 - perynsaropa pacxoma ['55-21

HenocraTkom nipocceneii siBisieTcs HEPaBHOMEPHOCTh pacXoja, BbI3BaHHAs H3MEHEHUEM
nepenaaa aBjieHnd y npoccens. Ha puc.6.12, a npuBeieHa nponBOYHas XapaKTEPUCTUKA
npoccenst ['77 11 Q = f(AP), u3 koTopoii BUIHO, YTO C K3MCHEHUEM Tepenaia JaBIeHHA
(BBI3BaHHOT'0, HAIIPUMEP, U3MEHEHUEM Harpy3Ku Ha TUIAPOABUTATENb)
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Puc.6.12. ITposuBoYHbBIE XapaKTEPUCTUKHU
a - apoccenst ['77-11; 6 - perynsaropa pacxoma ['55-21

Puc.6.12. [IponuBouHble XapaKTEPUCTHKU
a - npoccens '77-11; 6 - perynstopa pacxoga ['55-21

JIJ1 4acTUYHOTO WJIM MOJHOTO YCTPaHEHUs HEPaBHOMEPHOCTH pacxo/ia MPUMEHSIOT PeryasTopbl
pacxojia, B KOTOPBIX Tepernaj JaBjieHui B apoccene AP Bo Bpemst ero paboThl MOIIePKUBACTCS
IPUMEPHO MOCTOSTHHBIM. KOHCTPYKTHBHO 3TOT amnmapaTt COCTOUT U3 MOCIeI0BaTEIbHO
BKJIIOYEHHBIX PEAYKIIMOHHOTO KJIarnaHa 1 Jpocceis. Pacxos ®HUIKOCTH Yepes3 perynsTop
yCTaHaBIIMBAETCS ApoccerieM 1, a MOCTOSHCTBO Mepenaja JaBjIeHHs Ha Jpocceie -
penyKIIMOHHBIM KianaHoM 2 (puc.6.13). IIpu yBenuyenuun pacxona Q uepes apoccenb
YBEITUYMBAETCS Tiepenas naBieHuit 0P=P; - P,, KOTopkbIil BBI3bIBAET CMEIIEHNE BBEPX 3aIIOPHO-
peryaupyrolero 3JeMenTa kianata. [IpoxonHoe ceueHre yMeHbIIaeTCs, U IPU ATOM pacxo]l Ha
BBIXOJI€ U3 PErynaropa OyJeT yMEHbIIEH.

bnaromaps nocTosSHCTBY Iepemnajia AaBJIeHUul y APOCCeNs PacXo/l KHUAKOCTH Yepe3 PETYIATOp U
CKOPOCTbH JIBFDKEHUS BBIXOHOTO 3B€HA THIPOJIBUTATENSI HE H3MEHSIOTCS TPU U3MEHEHUU
Harpy3ku. Bua nponuBounoit xapakrepuctuku Q = f(AP) perymsaropa pacxoma I'55-21
MpuBeNIeH Ha puc.6.12, 6, a ero KOHCTPYKIHS Ha puc.6.14.



[Tpu paboTe ruaponpUBOAa BCICACTBHE M3MEHEHHU KO PHUIIMEHTa pacxo/a |1, BBI3BAHHOTO
KOJIeOAaHUSMU TEMIIEpPaTpPhl pabovell JKUIKOCTH, PACXO Yepe3 PETYIATOP BCE K€ N3MEHSETCS.
Jl1s cepuiHbIX KOHCTPYKLUN PETYIATOPOB 3TO U3MeHeHue cocrasisieT 10...12%.



BcnoMorarenbHbIe YCTPOCTBA THAPOCHCTEM

BcnomorarenpHble yCTpOICTBA THAPOCUCTEM 00ECIIEUNBAIOT HAIEKHYIO Pa0OTY HACOCOB,
THIPOJIBUTATENCH, THAPOANIIapaTyphl U BCEro UAPONpUBo/a B 11eioM. K BcrmomoraTensHbIM
YCTPOMCTBaM OTHOCSTCS: THAPOOAKH U TEIIIOOOMEHHUKH ISl pabodeid )KUIKOCTH, (PHIIBTPHI,
YIUIOTHUTEIbHBIE YCTPOWCTBA, THAPOAKKYMYJIATOPHI, THAPABINYECKUE 3aMKH, @ TAKXKE
AIIEMEHTBI, KOTOPBIMH 00€CIeUnBaEeTCs M01a4a KOMaH [ Ha BKJIFOYCHUE U BBIKITIOUCHHE
UCTIOJTHUTEIIEHBIX MEXaHU3MOB.

7.1. 'uapodaku v Tenja1000MeHHUKH

T'uopobaxu npeaHa3HAYCHBI UL MMTAHUA THAPONPUBOJIA pabouel sxuakocTeio. Kpome Toro,
yepe3 Tupo0aK OCyIIECTBIIAETCS TEINIO0OMEH MEXTy PaboUel )KUAKOCTHIO U OKPYKAIOIIUM
IIPOCTPAHCTBOM; B HEM IIPOUCXOUT BbIJIETICHHUE U3 pabodell KUAKOCTH BO3/yXa, IEHOTallleHUE
U OCEJJaHNE MEXaHUYECKHUX U IPYIUX IIPUMECEH.
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Puc.7.1. 'mapobax:
1 - yka3zarens Macna; 2- BcacbIBaromas Tpy0a; 3 - Kpbllka; 4 - canyH;
S - rna3ok; 6 - cnuBHadA TpyoOa; 7 - puneTp; 8 - ceryarsiilt puiibTp (sueiiku 0,1 0,1 Mm);
9 - 3anuBHOE oTBepeTue; 10 - MarHuTHAs MPoOKa;
11 - xpeimka ans cnusa PXK; 12 - neperopoaku (YyCIIOKOUTENH)

['unpo6aky M3roTaBIMBAIOT CBAPHBIMU U3 JIUCTOBOW CTAIN TOJIIMHON 1-2 MM WUJIU JIMTHIMU U3
yyryHa. ®@opma rujpo0akoB yarie BCero npsMoyroisHas. BHyTpu rugpobaka uMeroTcs
Meperopoiku 12, KOTOPBIMH BCachIBaromas Tpyoda oTaeneHa ot ciuBHou 6. Kpome Toro,
HEePEropoIKM YUIMHAIOT MyTh HUPKYIALIUN pabouel )KUIKOCTH, O1arofaps yeMy yiaydIialoTcs
YCIIOBUS JJIs IEHOTAIICHUS U OCEeJaHUs Ha THO ruipo0aka MmpuMecei, cojiepkaniuxcs B padoueit
XKHUJIKOCTH. JlyurieMy BBIICTICHUIO BO3AyXa U3 pabodeil :KHUIKOCTH CIIOCOOCTBYET MeJKasl CeTKa,
nocTaBlieHHas B rujpodaxe moj yriom. /st BolpaBHUBAHUS YPOBHS )KUAKOCTH B THApoOaKe
MEPETropOJIKK UMEIOT OTBepcTHs Ha BbIOTE 50...100 MM oT aHa. 3amuBKY paboueil )KHIKOCTH
MIPOU3BOJIAT Uepe3 OTBEPCTHE 9 € ceTHaThIM PMIBTPOM §, UMEIOIIUM SYEHKH pa3MepoM He bosee
0,1 0,1 mm. OTBepcTHE 115 3ATMBKH 3aKpbIBAIOT MPOOKON. J[i1st KOHTpOIIst ypoBHS paboueit
KUAKOCTHU B THIpo0aKe CiIyKaT yKaszareiab | WiIM CMOTPOBOM IJ1a30K 5.



Jnis BBIpaBHMBAHUS AaBJICHUS HAJI MOBEPXHOCTHIO )KUIKOCTU B 6ake ¢ aTMoc(hepHbIM
JIaBJICHHEM CITY)KHT caryH 4. BO3MOXKHBI ciTydan, KOrJja JaBJIeHHE B THAPOOAKE OTINYACTCS OT
aTMocgepHOro (M30BITOYHOE JaBICHUE UITH BaKYyM).

CJMBHYIO ¥ BCACBIBAIOIIYIO TPYOBI yCTaHABIMBAIOT Ha BbicoTe h = (2...3) d ot 1Ha Oaka, a
KOHIIBI TPYO CKaIIMBaroT 1o yriioM 45°. IIpu 3TOM CKOC CIIMBHOM TpyOBI HAIlpaBJIeH K CTEHKE, a
BCAaCBHIBAIOIIEH - OT CTEHKHU. Takoe pacroioKeHHe KOHIIOB TPYO YMEHBIIAET CMEIINBAaHHUE
KUJKOCTU C BO3AYXOM, B3MYUHBAHHE OCAJIKOB U MOMAJaHUE MPUMECEI BO BCACHIBAIOIIYIO
THJIPOJIMHUIO. B BepXHel yacTu CIIMBHOM TPYObl MOXKET OBITh YCTAHOBJIECH (DUIIBTP.

JlHO ruapobaka MMeeT OTBEPCTHE C KPBIIKOM 11 st crycka paboueit sKUIKOCTH,
HEPUOINYECKON OUNCTKU U IPOMBIBKH I'MJIpoeMKOocTH. Ha iHe Takke MOryT ObITh YCTaHOBJICHBI
MarHuTHbIE TpoOKu 10 is 3axepikanus MeTainueckux npuMeceil. Kpeimka 3 ObiBaer
cbeMHOU. C rujpoOakoM OHa COEUHSETCS Yepe3 YINIOTHUTEIb U3 MacIOCTOMKON pe3UHBI.

B npouecce sxcrutyaTaiiuy ruiponpruBoa TeMiieparypa padbouei KHUIKOCTH HE JT0JIKHA
npeBbimath 55...60° C u B otaenbHbix ciydasx 80° C. Ecnu noanep:xanue TeMiepaTypsl B
mpeJienax yCTaHOBJICHHON HE MOXKET OBITh 00ECIICUeHO €CTECTBEHHBIM OXJIAKICHUEM, B
TUAPOCUCTEME YCTAHABIUBAIOT Men1000MeHHUKU.

B TUAPONPUBOAAX IIPUMCHAIOT JIBA THUIIA TEII000OMEHHUKOB: C BOJSAHBIM U BO3AYIIHBIM
OXJTAXKACHHUECM.

TennoobmeHnUKU ¢ BOOSIHBIM OXAAJICOeHUeM UMEIOT HeOObIIHe pa3Mephl. B oTiimuue ot
BO3/YIIHBIX, OHU Oosiee 3 (HEeKTUBHBI, HO TPEOYIOT JOMOTHUTEILHOTO 000PYA0BaHUS IS
M0JIa9YM OXJIAXKTAOIIEH KUIKOCTH. KOHCTPYKTHBHO TEINTIOOOMEHHHK TPECTABIISIET COOO0M
3MEEBHK 2 U3 CTaIbHOU TpyObI (puc.7.2, a), pa3MelIeHHON B Tuapodaxe 1.

TernooOMeHHUKH ¢ BOJSIHBIM OXJIaX/I€HUE 1IeIeCO00pa3HO MPUMEHSTh B THAPONPUBOIAX
CTAllMOHAPHBIX MAIIMH, pa0OTAIOLINX B TSDKEJIBIX YCIOBUSX.
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Puc.7.2. TennooOMeHHUKH:
a - C BOASIHBIM OXJIaKJeHueM; 1 - 6ak; 2 - 3MEeBUK;
0 - C BO3AYIIHBIM OXJIaXAeHHEM; | - paauatop; 2 - BEHTWIATOD; 3 - MAarHUTHBIHN ITyCKaTelNb;
4 - perne; 5 - TEPMOPETYIATOD; 6 - TaTYUK TEMIIEPATyphI

TennoobmeHHUKY ¢ 8030YUIHBIM OXAHCOEHUeM BBITTOIHSAIOT M0 THITY aBTOMOOMIIBHBIX
paauaTopoB WU B BUJIE TPYO, OPEOPEHHBIX JIJIsl YBEIMUEHUS IOBEPXHOCTH Terutonepenadu. Jims
yBenuueHus 23QPEKTUBHOCTH TEIUIONEpeIadr MOBEPXHOCTh TEIMII0O0OMEHHHUKA 00 1yBaeTCsI
BO3JYXOM OT BEHTHJISITOPA.



Jis moaiepskaHust MOCTOSIHHOM TeMIepaTypbl pabouei )KUAKOCTH MOXKET ObITh TPUMEHEH
aBTOMAaTHYECKUM TepMoperynaTop (puc.7.2, 6). [Ipu noBsiieHnn TeMrepaTypbl pabodei
KUAKOCTHU pelie 4 TEpMOpPETryIsaTopa 5 3aMbIKAaeT LEeNb MarHUTHOTO IycKaTes 3
3JIEKTPOJBUTATENISA, HA Baly KOTOPOT'O yCTaHOBJIEH BeHTHWIATOp 2. [ToToK BO3ayxa o0ayBaeT
TeriooOMeHHuK 1. [lpu ymMeHbIIeHHH TeMIepaTypbl HUKE 3aJJaHHOTO YPOBHSI 3JIEKTPOIBUTATEINb
BEHTWJIATOPA OTKJItOYaeTcs. TepMoperynarop paboTaer oT AaT4uKa TeMiepaTypsl 6.

7.2. DUAbTPLI

Durvmpul CITyXaT IJ1s1 OYUCTKH pabodeit )KUIKOCTH OT COJIEPXKAIIUXCS B HEH MpuMecen. DTh
MIPUMECH COCTOAT U3 MOCTOPOHHUX YACTHUII, MOMAJAIOUIUX B THIPOCUCTEMY U3BHE (Uepe3 3a30Pbl
B YIUIOTHEHUSX, P 3aJIMBKE U JI0JIUBKE paboyeil >KUIKOCTH B TUAPOOaK U T.1.), U3 IPOAYKTOB
M3HOCA TUpoarperara 1 mpoayKTOB OKUCICHUS padoyel )KUIKOCTH.

MexaHnueckrue MpUMeCH BbI3bIBAIOT a0pa3uBHBII U3HOC U MPUBOISAT K 3aKJIMHUBAHHUIO
MOJABMKHBIX AP, YXYIIIAIOT CMA3Ky TPYIIUXCS JE€TalIe THIpONPUBO/IA, CHIDKAIOT XUMHYECKYIO
CTOUKOCTB paboueit )KHUIKOCTH, 3aCOPSIOT y3KHE KaHalbl B pEryIupYyIOLIeil ruapoanmnaparype.

[Tpumecu 3anepxxuBaroTcs GunbTpamu (puc.7.3), IpUHIKI paboThl KOTOPHIX OCHOBAH Ha
MPOITYCKE KUIKOCTH Yepe3 PHIIbTPYIONTUE SJIEMEHTHI (IIeIeBbIe, CeTYaThle, TOPUCTHIC) UITU
yepes CUIIOBBIE MO (cenaparopsl). B mepBoMm ciydyae mpuMecu 3a7epKUBAIOTCS Ha
MOBEPXHOCTH WX B TIIyOWHE QUIBTPYIOIIHUX 3JIEMEHTOB, BO BTOPOM pabodast )KUIKOCTh
MIPOXOUT Yepe3 UCKYCCTBEHHO CO3/1aBa€MO€ MarHUTHOE, SJIEKTPHUUECKOE, LIEHTPOOESIKHOE HITN
IPaBUTALMOHHOE T10JIE, TI€ IPOUCXOIUT OCEAaHUE TPUMECEH.
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Puc.7.3. Cxema punpTpanun padoueil >KuaKoCTH

[To TOHKOCTH OYUCTKH, T.€. IO Pa3Mepy 3aAeP>KUBAEMBIX YACTULl (GUIIBTPHI IENATCS Ha (QUIBTPHI
rpy0oi, HOpMaJIbHON ¥ TOHKOM OYHCTKH.

Qunvmpuol 2pydO ouucmKy 33EPKUBAIOT YaCTHIIBI pazMepom 1o 0,1 MM (ceTuarsie,
MUTACTUHYATHIE) U YCTAaHABIUBAIOTCS B OTBEPCTHUSX JUTSI 3JIUBKHU pab0oYeil )KUIKOCTH B
TUAPOOAKH, BO BCACHIBAIOIINX W HATTOPHBIX TUAPOIUHUSAX U CIIY)KAT JIJISl IPEIBAPUTEITLHON
OYHCTKHU.



Dunbmpol HOpManbLHOU ouucmku 3aaepxuBatoT yactuiibl ot 0,1 1o 0,05 MM (ceTyatsie,
IJIaCTUHYAThle, MATHUTHO-CETUAThIe) M YCTAaHABIMBAIOTCS HA HAITOPHBIX U CIIMBHBIX
TUAPOTUHUSX.

Dunbmpvl MOHKOU oYUCmKY 3aCP>KUBAIOT YacTUIlbl pazmMepoM meHee 0,05 MM (KapTOHHEIE,
BOIJIOUHBIE, KEPAMUYECKHUE), pACCUUTaHbl HA HEOOJIBIIION PACXO/1 U yCTaHABIUBAIOTCS B
OTBETBJICHUSX OT FUAPOMAruCTpaeH.

B 3aBucMMOCTH OT MECT YCTAaHOBKHU (PMIIBTPOB B TUAPOCUCTEME PATUYAIOT QUIBTPBI 8bICOKO20
U gunempsl HU3KOro naBieHud. [locneaHre MOXKHO yCTaHaBIMBATh TOJIBKO HA BCACBHIBAIOIINX
WJIU CIIMBHBIX THAPOJIMHUSIX.

Koncmpyxkyuu ghunvmpos.

Cemuampvie ¢hunbmpsl yCTAaHABIMBAIOT HA BCACHIBAIOIINUX M CIMBHBIX TUIPOIMHUSX, & TAKXKE B
3JIMBOYHBIX OTBEPCTHUSX TUIPOOaKOB. DUIBTPYIOMIMM 3JIEMEHTOM SIBIIICTCS JIATYHHAs CETKa,
pa3Mep sueeKk KOTOPOH onpeenseT TOHKOCTh OUMCTKU paboueit sxuakoctu. CeTka
YCTaHABIIMBACTCS B OJIMH M OoJiee ciioeB. J{1sl yMEHBIICHHUS COPOTUBIICHHS (DHIBTPYIONTYIO
MOBEPXHOCTH AENAI0T KaK MOXXHO OOJIbIIIEH.
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Puc.7.4. Cetuatsiii puiabTp
1 - xopmyc; 2 - cetka; 3 - qucku; 4 - neppopupoBaHHas TpyoOKa; S - raiika; 6 - IPOKJIAIKH.

Ha puc.7.4. nzo6paxkeHa KOHCTPYKIUs ceTdaToro GuiabTpa. GuiabTp COCTOUT U3 Kopryca 1 ¢
OTBEPCTHUSIMU JJISl IPOITycKa pabode )KUAKOCTH U OOTSAHYTOTO ABYMS CIOSIMU CETKHU 2.
TopueBblie MOBEepXHOCTH (UIBTPA 3aKPBITHI ABYMS AucKamu 3. Uepes ieHTpabHbIE OTBEPCTHUS
JTUCKOB TIPOXOAMT CTalbHas neppopupoBanHas Tpyda 4, coennHseMas ¢ BCachlBaroIel Tpyooit
HAaCOCHOW YCTaHOBKH.

IIposonounvie ¢hunompur IMEIOT aHATIOTHYHYIO KOHCTPYKIHIO. OHU COCTOSIT U3 TPYOBI €
0O0JIBIINM KOJIMYECTBOM paJMaIbHBIX OTBEPCTUH MIIH M1A30B, HA HAPY>KHOW TOBEPXHOCTH
KOTOPOM HaBUBAETCS KaJTMOPOBOYHAS MPOBOJIOKA KPYTJIOTO WM TPANEUEBUIHOTO CEUEHHUS.
3a30p MeXy psilaMH IPOBOJIOK OIPEEIIieT TOHKOCTh (QHIBTpaliuy padoueil )KUAKOCTH (10
0,05 MmM). HentoctaTtok ceTdaThiX U MPOBOJIOYHBIX GUIBTPOB - TPYAHOCTH OUYUCTKU
(GWIBTPYIOIIKX 3JIE€MEHTOB OT CKONMBIIUXCS HAa UX MMOBEPXHOCTHU 3arpsi3HEHUH.

IInacmunuameie (wenesvie) punrbmpuvl yCTAaHABIUBAIOT HA HATIOPHBIX U CIIMBHBIX TUAPOIMHUAX
runpocucreM. [Inactunuateiit punbTp Tuna ['41 (puc.7.5) cocrout u3 kopiyca 1, KpbIku 2 1
ocH 3, Ha KOTOPOH 3aKpEeTIeH MakeT GUIbTPYIOMUX dJIeMEeHTOB. KphItika, umMeromast OTBEpCTHS
JUIS IOJIBOJIA M OTBOJA KHJIKOCTH, KPEMUTCS K KOPITycy OOJTaMHU, a CTBIK MEX1y HUMHU



YIJIOTHSIETCS PE3MHOBBIM KOJIbLIOM 4. [TakeT puiabTpyronux 31eMeHTOB COCTOUT U3 Habopa
OCHOBHBIX 5 U MPOMEXKYTOUHBIX IIacTUH 6. XKuakocTs moctynaeT B kopnyc GpuiabTpa u yepes
LIEJIM MEX]Ty OCHOBHBIMHU U IIPOMEKYTOUHBIMU IUIACTUHAMMU TIOIAJAET BO BHYTPEHHIOIO M10JIOCTD
¢bunbTpa, 00pa30BaHHYIO BBIPE3aMU B OCHOBHBIX ITacTHHAX. [Ipu mpoTekaHuu >KUAKOCTH Yepes
LIEJIA COACPIKALUECS B HEH MEXaHUYECKHE IIPUMECH 3a1ePKUBAIOTCA. TOHKOCTh OUUCTKH
3aBHCUT OT TOJILIMHBI IPOMEXKYTOUHBIX TUIaCTUH. B mporiecce skcrutyaTanuu GuiibTpa meinu
3acopsitorcs. [ OUMCTKH CiTy)KaT CKpeOKu 7, yKperieHHbIe Ha mmwibke 8. [Ipu moBopote
PYKOATKON ocH 3 cKpeOKU, TOMEUIEHHbIE MEX/Ty OCHOBHBIMHU U MPOMEKYTOYHBIMU TJIACTUHAMU,
OYMIIAIOT CJION 3arpsA3HECHUI Ha BXOJE B Wenu. [Ipu ckanmBaHuu 3arps3HEHU Ha THE KOpIyca
IIPOU3BOJUTCS UX YAAJIICHHE Yepe3 OTBEPCTHE B HMKHEHN YyacTu Kopryca 9. Takoi CpaBHUTENBHO
IPOCTOH CITOCOO OUMCTKH SBIISETCS JOCTOMHCTBOM INIACTUHYATHIX (DHIIBTPOB.

g o

Puc.7.5. Ilnactunuatelii punstp Tuna 1'41:
1 - kopmyc; 2 - KpblKa; 3 - 0Ch; 4 - pe3UHOBOE KOJIbIIO; 5 - OCHOBHBIE IJIACTHUHBI,
6 - MPOMEXXYTOYHBIE TUTACTUHBI; 7 - CKpeOKH; § - mmmibKa; 9 - mpoOka.

[Tnactunvarsie GunbTpel ['41 BeIycKaroT Ha pacxon a0 70 n/mMuH npu nepenajae nasienui 0,1 u
0,2 MIIa. B 3aBucumocTu oT THIOpazMepa GUIbTpoB HAMMEHBIINN pa3Mep 3aJep>KUBAEMBbIX
yactur] coctaBisieT 0,08, 0,12 1 0,2 MM.

CeT‘-IaTLIC, ITPOBOJIOYHBIC U HICJIICBBIC q)HHLTpLI HMEIOT HEOOJIBIIIOE COIIPOTUBJICHUC TTPU
IMPOTCKAHUHN YEPE3 HUX pa60t1e171 KHUAKOCTHU, HO TOHKOCTh MX OYHCTKH HCBCIIMKA.

s ynydieHus: OYUCTKU padoyeil )KUIKOCTH MPUMEHSIOT GHIBTPBI TOHKOW OUMCTKU, KOTOPBIE
UMEIOT 0OJIBIIIOE COMPOTUBIIEHUE U PACCUMTAHBI HA HEOONbIINE pacXobl. VX ycTaHaBIMBaIOT Ha
OTBETBJICHUSAX OT TUApoMaructpaieil. Bo nzbexanue ObicTporo 3acopeHus nepesa GpuiabTpamu
TOHKOH OYMCTKU YCTaHABIUBAIOT (PUIBTPHI IPyOOH OUUCTKH.



B ¢unpTpax TOHKOM OUMCTKHU UCIIONB3YIOT TKAaHEBBIC, KAPTOHHBIC, BOMIOUYHbIE U KEPAMUUECKUE
(GWIBTPYIOIINE 3JIEMEHTHI.

Dunbmpsbl ¢ KAPMOHHLIMU U MKAHEBLIMU dNeMEeHMAMY 3aICPKUBAIOT 32 OJMH POXO]T
3HAUUTENBHYIO (10 75%) 4acTh TBEPBIX BKIIOUYCHHH pazMepoM Oosee 4-5 MkMm. CxeMa Takoro
GWIbTpa ¢ KOMOMHUPOBAHHBIM 3JIEMEHTOM, COCTOSIIIMM U3 DJIEMEHTOB TOHKOW 2 U Tpy0oit 1
OUYMCTKH, TIPEJICTaBICHA Ha pUC.7.6. J10 OTKPBITHS TEPETyCKHOTO KJIanaHa 3 KHUIKOCTh
MIOCJIEIOBATENIBHO MPOXOAMT Yepe3 00a anneMenTa (puc.7.6, a). [Ipu 3acopeHun 1eMeHTa TOHKOH
OUYMCTKH OTKPBIBACTCS MEPENyCKHON KIIamaH 3, ¥ )KUAKOCTh 4epe3 AIEMEHT Ipy0oil 0O4rCTKU
MIOCTYMAET K BBIXOJHOMY IITYIEPY, MUHYS DJIEMEHT TOHKOW OYHCTKH (puc.7.6, 0).
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Puc.7.6. KomOuHUpOBaHHBIN (PUIBTpP U3 3JIEMEHTOB Ipy0Oil U TOHKOW OYHCTKH

ByMa)kHBIl 371eMEHT OOBIYHO BBIMOIHAETCS B BU/IC IIMJIMHAPA, CTEHKH KOTOPOTO ISt
YBEIUYEHUS PIIBTPYIOIIEH ITOBEPXHOCTH COOMPAIOT B CKJIAAKHU TOM Wi HHOU Gopmsl (puc.7.7).

Boiinounvie u memaniokepamudeckue ¢hpunbmpsl OTHOCATCA K GUIBTPAM TOHKOH o4nCTKH. Mx
TaK)Ke HAa3bIBAIOT TITYOWHHBIMH, TIOCKOJIBKY KHJIKOCTh IIPOXOAUT Yepe3 TOJIIILY HOPHCTOrO
MaTepuaia (HanojaHutelss). OHU UMEIOT 0oJiee BBICOKYIO IPSI3€EMKOCTh M CPAaBHUTEIBHO
0O0JIBIION CPOK CITYXKOBI.

Puc.7.8. CtpykTypa punbrpoMaTepuana u3

Puc.7.7. BymaxHbIil pUIBTPOITEMEHT
CIEYECHHBIX IIAPUKOB

[upoko pacrpocTpaHeHb! GUIBTPHI TNTYOMHHOTO THITA C HATIOTHUTENSIMU U3 TTOPUCTBIX
METaJUIOB U KEPAMHKH, TIOJTyIaeMble ITyTeM CIEKaHHS METAUTHYECKUX U HEMETANTMYECKIX
nopoIKoB. Cxema MOPUCTON CTPYKTYPhl METAITIOKEPAMUYECKOTO (PHIIbTpOMaTepHana
npeacTaBiieHa Ha puc.7.8. JKuaKkocTh ounmiaeTcs, npoTeKas 1o JUIMHHBIM U U3BWJINCTBIM
KaHaJlaM MEX]y IIapuKaMH.

Boiinounsie punbTpsl (puc.7.9) cocTodr u3 kopmyca 1, KppIIIKU 2 ¢ OTBEPCTUSAMU AJIs TOJIBOAA
U O0TBOJIa pabouel KUIKOCTH, eppoprupoBaHHON TPYOs! 3 ¢ 3aKpeNICHHBIMHA HA HEH
(GUIBTPYIOMIKUMH AJIEMEHTAMU B BUJIE BOMIOYHBIX KoJiel 4.



Cenapamopbl IMEIOT HEOTPAHUYCHHYIO MTPOITYCKHYIO CIIOCOOHOCTbH ITPH MAJIOM COTIPOTUBJICHUU.
[Tpunumn ux paboThl OCHOBAH Ha MPOMYycKe paboueil KHUAKOCTH Yepe3 CHIIOBBIE MOJIsA, KOTOPhIE
3a/lep>KUBatoT npumecH. B kauecTBe npumMepa Ha puc.7.10 nprBeeHa KOHCTPYKIUS MATHUTHOTO
bunsTpa C43-3, npeaHa3HaueHHOTO IS yIaBIuBaHus GeppOMarHUTHBIX pumeceit. uibTp
COCTOUT M3 KOpIyca 3, KpBIIIKK 8 ¢ BBEpHYTOW B Hee JaTyHHOH TpyOoil 7 1 MarHUTHOTO
YIIOBUTEJNA. YJIOBUTENb BKIIOYAET KPYIIIYIO Iaii0y 4 C MEeCThI0 OTBEPCTUSIMU, B KOTOPHIE
3aMpeccOBaHbI MOCTOSIHHBIE MAarHUTHI 9. OT KPBIIKHA (PUIBTPA MATHUTHI H30JIUPOBAHEI
¢buOpoBoOIi MPOKIAAKON 5. B HIKHEH YacTH TpyObl yKpeIUIeHa JaTyHHas 11aioa 2,
IpeJHa3HaYeHHast ISl 3KpaHUPOBAHKS MarHUTHOT'O MOJIsl, CO3/1aBa€MOr0 MOCTOSIHHBIMU
MarHuTaMu, 1 UCKJIFOUEHUS €ro 3aMbIKaHHs Ha KOpIyc GuiIbTpa.

Coneprxamuecs B )XUAKOCTH (peppOMarHUTHBIC IPUMECH 33ICPKUBAFOTCS HA MIOBEPXHOCTH
MarHuTOB, a [0 Mepe HEOOXOAMMOCTH YAASIOTCS U3 KOPITyca 4epe3 OTBEPCTHE, 3aKPhIBAEMOE
npoOkoii 1.
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Puc.7.10. MaruuTsslil Gpunstp THnA C43-3:
1 - npoOka; 2 - naTyHHas 1maiida;
3 - Kopmyc; 4 - maiiba; 5 - mpokiIaaKa;
6 - ymutoTHeHwue; 7 - naTyHHas TpyOa;
8 - KphIlIKa; 9 - MarHUTHI

Puc.7.9. Boitnounsii punbtp Tna ['43:
1 - xopmyc; 2 - KpbIlIKa;
3 - nepdopupoBanHas TpyoOa;
4 - punpTpyOIME 3JIEMEHTHI

VYcraHoBKa GUIBTPOB B THAPOCUCTEMY.

[Tpu BEIOOpE CXEMbI YCTAaHOBKU HEOOXOMMO y4eCTh MHOTHE (haKTOPHI:
- ICTOYHUK 3arps3HEHUM;

- YyBCTBUTEJIBHOCTb JIEMEHTOB THIPOIIPUBO/IA K 3arPSI3HEHUAM;

- pexuM pabOThI MAIIIUHBL;

- pabouee JaBiieHHE;

- PEryJISIPHOCTD U HEPETYISAPHOCTh OOCTYKUBaHUS;

- TUN pabouell )KUAKOCTH;

- YCIIOBUS SKCIUTyaTalluH.

VYcTaHoBKa BO3MOKHA Ha BCACBIBAIOLIEH, HATIOPHOM M CIIMBHON TuaponuHusX (puc.7.11), a
TaK)X€ B OTBETBJICHUSX.
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Puc.7.11. Cxembl BKITtOUCHUS (PUITBTPOB:
a - Ha BCACBIBAIOIICH I'MIPOIMHUY; O - B HATOPHOH TUAPOIMHUN;
B - B CJIMBHOM THJIPOJIMHUU
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Yemanoska punempos na écacvisaroweti 2uoponunuy 00eCieunBaeT 3aIUTy BCEX AIEMEHTOB
rupocucTeMsl. HemoctaTku: yxyamarcs BcachlBaronas CiocOOHOCTh HACOCOB M BOBMOKHO
NOSIBJICHHE KaBUTAIMU. J[OTIOIHUTENILHO YCTAaHABIMBAIOT HHMKATOP, BBIKIIOYAFOIIUI IPHBO/T
HACcOCa COBMECTHO C OOpaTHBIM KJIAIIAHOM, BKITFOUAIOITUMCS B paOOTy MPU HEJTOIMYCTUMOM
3acopenuu (puc.7.11, a).

Yemanoska gpunompos 6 nanopnoui eudporunuu 00eCTieunBaeT 3allUTy BCEX JJIEMEHTOB, KpOMeE
Hacoca. 3acopeHne MOXKET BhI3BATh pa3pyllieHue GUIbTPYIOIMUX deMeHTOB. JlJist 3Toro
yCTaHABJIMBAIOT NPEAOXpaHUTENbHBIC Kianansl (puc.7.11, 6).

Yemanoska punempos na causnoii cuoponunuu Hanbosee pacupocTpaHeHa, TaK Kak (GUIbTpbI
HE UCIBITHIBAIOT BBICOKOTO JIABJICHMS], HE CO3/Ial0T JIOMOJHUTEIBHOTO COIPOTUBIICHUS HA
BCACBHIBAIOIICH M HATIOPHOU TUIPOJIUHUH U 33JIEP)KUBAIOT BCE MEXaHUUECKHUE MIPUMECH,
coJiepskaiirecst B pabodeil >KuIKOCTH, BO3Bpalarleics B rupodak. Hemoctatok Takoit cxeMsl
3aKJII0YAETCS B CO3/IaHUU TTOATIOPA B CIAMBHOM TUIIPOJIMHUH, YTO HE BCETA SIBISETCS
JKeJNaTeIbHBIM.

Ycemanoexa na omeemenenusx He 00eCieunBaeT MOJHOM 3aIIUThL, HO YMEHBILIAET OOLIYIO
3arpsA3HEHHOCTh pabove ) KUIKOCTH. MOHTHUPYETCs KaK JIOTOJIHUTENIbHAsl OUUCTKA K OCHOBHOM
ounctke. Hanbonee BbIrogHa cxema yCTaHOBKHM (PHIIbTpa TOHKOM OYMCTKH B OTBETBJICHUSX OT
CIIMBHOM TUJPOJIMHUH.

[Ipu ycTaHOBKe (QUIBTPOB TUAPOIUHHUIO C
PEBEpCUBHBIMH NMMOTOKAMU pabovet )KUIKOCTH
oOpaTHbI€ KJIaraHbl 00eCIeunBaoT MPOIYCK
KHUJIKOCTH Yepe3 PUIBTP TOIBKO B OJTHOM
HamnpasieHuu (puc.7.12).
KonTtpons 3a paboToii pUIbTPOB OCYIIECTBIAETCS I
MaHOMETpaM. Y BeJIMYCHUE TIepenajia JaBIeHuN
Puc.7.12. Cxema BKIIrOYEHUS CBHJIETEJICTBYET O 3aCOPEHHOCTH (PUIIBTPA U,
¢bmIbTpa Ha yyacTke ¢ CJIeI0BATENbHO, O HEOOXOAUMOCTH 3aMEHbI WIIN
PEBEPCUBHBIM JIBHIKEHUEM MIPOMBIBKH (PUIIBTPYIOIIMX 3JIEMEHTOB.

i — —
—— =

7.3. YILIOTHUTE/IbHBIE YCTPOICTBA



HazHnauyeHue ymioTHUTENBHBIX YCTPONUCTB - YCTPAHEHHE yTEeUYeK U MepeTedek padoyeil )KuIKoCTH
yepes 3a30pbl MEXY CONPATraeMbIMU JETAISIMHU 3JIEMEHTOB TUAPOIPUBOA, BBI3BAHHBIX
MEepEIaioM J1aBJICHUMN.

K ynnoTHUTENbHBIM YCTPOCTBAM MPEABSIBISIOTCS CIEAYIONIE TPeOOBaHUS: M3HOCOCTOMKOCTH;
COBMECTHMOCTb ¢ KOHCTPYKLIMOHHBIMU MaTepHUaIaMy U pabodel )KUIKOCThIO; yCTOMUUBOCTD K
TEMIIepaTypHBIM KOJIEOaHUAM; yIOOHOCTh MOHTaXKa-/IEMOHTAKa; HEBBICOKAsSI CTOUMOCTb.

VYIIIOTHUTENBHBIE YCTPOMCTBA JENATCS Ha ABE TPYIIIIBL:

VHIOMHEHUS, HeNOOBUICHBIX COeOUHEHUL, KOTOPbIE TOJDKHBI 00ecrieunBaTh aOCOIIOTHYIO
FEPMETUYHOCTD IIPU BCEX pexkUMax padOThl THAPOIPUBO/IA;

VHIOMHEHUSL NOOBUICHBIX COEOUHEeHUll, TOTTYCKAIOIINe BO3MOXHOCTb PErIIaMEHTHPOBAHHBIX
yTEUeK M MepeTeueK padoyei KUIAKOCTH.

VYII0THEHUE CUNTAETCS TEPMETUYHBIM, €CIIU TI0CIIE IIUTEIBHOM BBIICPKKHU IO AABICHUEM
(17151 HETIOABMXKHBIX COEIMHEHUIN) WU TI0CIIE YCTAaHOBJIEHHOTO YUCIIa IEPEMELEHUH (11s
HOJBM)KHBIX COEAMHEHUH) yTeukH paboueil )KUAKOCTH He MPEBBILIAIOT IPEJEIbHO JONYCTHMBIE.

Ynnomuenue nenoosusricnvix coeounenuit.
B HCPA3bEMHBIX COCAMHCHUAX I'CPMETUIHOCTb JOCTUTACTCA MMafKoH 1 CBapKOﬁ ,I[eTa.]'Ieﬁ.

B pa3beMHBIX COeTMHEHHSX YTEUKN YCTPAHSIIOTCS HECKOJIBKIUMHU CIIOCOOaMH: ITyTEM
nedopMaluu yrjIoTHEMbIX TOBEPXHOCTEH BHEIIHEW CUIION; B3aUMHOM MpUpPadOTKOM
YILUIOTHSIEMBIX IOBEPXHOCTEM; 3alI0JJTHEHUEM MUKPOHEPOBHOCTEN HA YINIOTHAEMBIX
MOBEPXHOCTAX Pa3TUYHBIMU 3aMOTHUTENAMHU (TIPOKIIAAKH U3 KapTOHA, KOKU, PE3UHBI U T.1.).
[Ipu 5TOM MpH BCex crocodax Mexay COeTUHAEMBIMH JETATSIMH JOIDKHO OBITH CO3JJaHO
KOHTaKTHOE JaBjieHHe (TyTeM 3aTsHKKU KPETeKHBIMH SJIEMEHTaMU ), PEBBIIIAOIIEE
MakcuMaibHOe pabouee AaBieHne. HekoTopbie criocoObl YIUIOTHEHUS HEOABUKHBIX
COEIMHEHUI MATKUMH MPOKJIAJAKaMU U KOJbLAMHU MTPEACTABIECHBI Ha puc.7.13.

Puc.7.13. I'epmeTn3anus HEMOABUKHBIX COCTUHEHUN
Jl71st M3roTOBICHUS MPOKIAA0K MPUMEHSIOT Pa3TUnIHbIC HEMETAJUTMYECKUE U METAININUECKHE
AIIACTUYHBIE MATEPUAIIBI, CTIOCOOHBIE KOMIIEHCUPOBATH MIPU 3aTHIKKE COSITMHEHUSI HEPOBHOCTU U

Ipyrue neeKThl IOBEPXHOCTEH YINIOTHSIEMON Haphbl.

Ynaomuenue nooeusicnvix coeounenuii.



YII0THEHUE MOXKET OBITh OECKOHTAKTHBIM (ILEIEBBIM) HIIM KOHTAKTHBIM (BBIMIOJIHEHHBIM ITPU
MOMOIIH Pa3JIUYHbIX YIUIOTHUTENEH).

L]enesoe yniomunenue (puc.7.14, a) pacnpocTpaHeHO BO MHOTHX THApoarperarax (Hacochl,
pacrtipeaenutesu u T.1.). CHUKEHUE yTeueK JIOCTUTACTCS 32 CYET YMECHBIICHUS 3a30pa S MEXKTY
HOJIBMYKHBIMH JCTAISIMH. Y TSUKH HEU30EKHBI U 3apaHee ONPEACIISIOTCS IS IIHIHHIPUISCKUX
netanei mo hopmye:

3
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rjae d - IaMeTp yIUIOTHSAEMOIO COSAMHEHHS; S - 3a30p MEKIY JAETaIIMU coeauHeHus; | - nuna
VIUTOTHEHHUS;, V - OTHOCUTENIbHAS CKOPOCTh NIEPEMEIICHHUSI IETaJICH; || - THHAMUYECKHMA
KO3(DPUITUEHT BA3KOCTH KUIKOCTH.
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Puc.7.14. Cxembl yINIOTHEHUN:
a - 1eJIeBOro; 0, B - TAOMPUHTHOTO

J11s1 TOBBILLIEHUS! CONTPOTUBIICHUS 1LIEIH ITPH BBICOKUX Re, cOOTBETCTBYIOMIMX TYpOYIEHTHOMY
pexuMy TedeHus Ha oHOH (puc.7.14, 6) unu obeux (puc.7.14, B) HOBEPXHOCTX, 00pa3yIOMIHX
111€J1b, BBINOJIHAOT JJAOUPUHTHBIE KaHABKU, KOTOPBIE BCIIEACTBUE YEPEIYIOLIEroCcs N3MEHEHUS
CEUEHUS 1IeJIM MOBBIIIAIOT €€ COMPOTUBIICHHUE.

HC]IOCT&TOK IICJICBOr0 YIUIOTHCHHUA - BBICOKAad CTOUMMOCTDb U3TOTOBJICHUSA COMPATACMBIX I[@Taﬂefl
1 BO3MOXXHOCTb O6HI/ITepaLII/II/I ICJIu.

KoHTakTHBIE YIDIOTHEHUSA BBIIOJHATOTCA IIPU IMOMOIIU METANINYCCKUX U PE3NHOBBIX KOJICI],
HaOMBOYHBIX YHJIOTHCHI/Iﬁ U MaHXCT.

Ynaromnenue memannuyeckumu Konvyamu - OTHO U3 CaMbIX TPOCTHIX U TOITOBEYHBIX
YIUIOTHEHUH. MaTepuain KoJell - cepblil UyryH, OpoH3a, TEKCTOJIUT, TpauT u
MmeTanorpaduroas macca. CToiku KoJerl (puc.7.15) MoryT ObITh npsimeiMu (Tipu P=5 MITa),
koceiMu (ipu P=20 MIla) u crynenuatsiMu (npu P>20 MIla). B ctynenuatom 3aMke (cM.
puc.7.15, r) 4acTo OJIHY U3 COMPSHKEHHBIX MTOBEPXHOCTEH BBIMOIHSIIOT IIOCKOM, a BTOPYIO -
HECKOJIbKO BBINYKJIOH, Garoiapsi yeMy MOBBIILIAETCS YEIbHOE 1aBJIEHUE B CTHIKE KOJIEIL,
CIOCOOCTBYIOIIEE MOBBIIIEHUIO TepMEeTHYHOCTH. PDopMa MOMEPEUHOro CEUEHUS MPSMOYTOIbHAs.
Ywcio koer B yIJIOTHEHUH KoyeOaeTcst oT 2 10 9, B 3aBUCUMOCTH OT Teperiajia JaBiIcHH.
PaccrostHre Mex 1y KOJNbIIaMH Ha Ka4€CTBO YINIOTHEHUS HE BIIHSIET.
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Puc.7.15. Tumsl CTHIKOBBIX 3aMKOB METAIUIMYCCKUX KOJICII;
a - MpsAMOK; O - KOCOM; B, T - CTyIIEHYAThIN

K HEAOCTAaTKaM YIUUIOTHCHUA MCTAJUIMYCCKUMHU KOJIbIITaMHU OTHOCHUTCA HGO6XOI[I/IMOCTL TOYHOI'O
HU3TrOTOBJICHUA ,I[eTaJ'Ieﬁ COCAUHCHUA, T.K. KOJIbIITa HC KOMIICHCUPYIOT MUKPOHCPOBHOCTH,
OBAJIbHOCTH, KOHYCHOCTb U T.II. YuiaoTHeHHE U3 KOJIeI Co37aeT JOIMOJIHUTCIIbHYIO CUJTY TPCHUA.
V110THEHHE HE SIBJISIETCS a0COIIOTHO ICPMCTUYHBIM U OIIPCACIIACTCA KaK U ITPH IICJICBOM
YIUIOTHCHHWH.

Ynnomnenue pezunogvimu Konvyamu SBISETCS MPOCTHIM, KOMIIAKTHBIM U JOCTaTOYHO
Ha/IeKHBIM. YIUIOTHEHUE IPUMEHSETCS TPU HeNOABMKHBIX (1ipu P=30 MIIa) 1 moaBHKHBIX
coenuHenusx (nmpu P=20 MIla). luanazon tremmneparyp -50...+100 C. 'epmeTruHOCTb
JIOCTUTAeTCs 32 CYET MOHTAKHOTO C)KATUS PE3UHBI U €€ IUIOTHOTO MPHJIEraHus K IOBEPXHOCTH
netaneit (puc.7.16). Marepuan - Mmacinoctoikasi pesnna. @opmMa MmonepevuHoro ce4eHus Kpyrias
(MpennoYTUTENBHO) WM IPAMOYTOJIbHAs (MOXKET CKpYUMBAThCS U BAABIUBAThCA B 3a30D). [Ipu
YIJIOTHEHUH PE3MHOBBIMHU KOJIBI[AMH YTEUKH MPAKTHYECKH OTCYTCTBYIOT. Ha puc.7.16 moka3ana
cXeMa YIUIOTHEHUI pe3UHOBBIX KOJBIIOM KPYTJIOro ceueHus. Pazmepsl Kojel u KaHaBOK
oI0MPAIOT TAKUM 00pa3oM, YTOOBI ITPH MOHTaXKE KOJbIla B KaHaBKe (MpU HYJIEBOM 00KaTHN)
ObLT coxpaHeH 60koBoi#t 3a30p (a - d) =0,2...0,25 mm (puc.7.16, a). TIpu MOHTaKHOM CIKATHH
KOJIBIIO MOKUMaeTcst Ha BenmnuuHy K = d - b (puc.7.16, 6). Takum npeaBapuTeIbHbIM CKATHEM
KOJIbLIA CO3JJa€TCsl TEPMETUYHOCTD COCIMHEHU NP HYJIEBOM U MaJIOM JIaBJICHUM KHJIKOCTH.
[Tpu Hanm4mu ke JaBIeHHs KOJBIIO IO/ €ro NeHCTBHEM 1e(hOpMUPYSICh Y BHEITHEW CTOPOHBI
KaHaBKH, CO3/1a€T IUIOTHBIM KOHTAKT C YIUIOTHIEMBIMU OBEPXHOCTAMHU (pHc.7.16, B).

NI

Puc.7.16. CxeMbl yIIJIOTHEHUIN PE3UHOBBIM KOJIBIIOM
KpYTJIOrO CEYEHHUS

Habusounvie ynnomnenus (puc.7.17) IpUMEHSIOT B THIPABINYECKUX MTpeccax,
TUAPOIMINHAPAX, HACOCAX U HEKOTOPOH THapoanmaparype. Marepuan - MsIrkue (Xaom4aro-
OyMaxxHbIe, IEHHKOBBIE, aCOECTOBBIC) HAOMBKH MPOMUTAHHBIE KOJUIOMIHBIM rpaduToM,
[IEPE3UHOM, CyCTIeH3MeN (PTOPOIIacTa WK JKUPOM, U TBEp/bIe (METaUTHUECKHE,
rtactMaccoBbie) HaOUBKU. [Ipu cnapnuBanuy HaOWBKYU 1 HAXKUMHOM OyKco# 2 HAaOUBOYHBIH
MaTepuai TeYeT B paJualbHOM HaIllpaBJIeHUU, 00pa3ys MIOTHBIM KOHTAKT MEX]y Kamepoil



CaJIbHUKA ¥ HAOMBKOH C OJTHON CTOPOHBI U MOJABHYKHOM JIETANBIO (IITOKOM HIIH BaJOM) - C
npyroi. [{ns kommeHcanuu u3Hoca HAOUBOYHBIE CATLHUKHU TPEOYIOT IEPUOINUECKON TTOATSIHKKH.

CnaBnuBanue HaOMBKH MPOUCXOAUT MPH IoMolH 601ToB (puc.7.17, a) win npyxunsl (puc.7.17,
0).

N B

Puc.7.17. 'epmern3anus HAOMBKaMU U CIABIMBAaHUE HAOMBKHU:
a - 6onramu; 0 - IPY>KUHOM

HabuBouHbIC YIUIOTHEHHSI HCIIOJIB3YIOT MTPH HEOOIbIUX naBieHusx (mpu P=5 Mlla). Cpok
ciyO0bI MsITkux HabuBok 10 800 vacos.

Mamnocemnoe ynnomuenue npuMmensitor ipu P 1o 50 Mlla, ckopocTsix nepemenenus
yinoTHsIeMbIX jetaneit 10 20 m/c. [luanazon temmnepartyp -50...+100 C. MaHXeTbl UMEIOT
HICBPOHHYIO U V-00pa3Hyto Gopmy. ['epMeTHuHOCTD 0OecrednBaeTcs 3a cueT aeopMaiuu mpu
MOHTaKE M OT JaBlieHus paboueil xuakoctu (puc.7.18). KonnuecTBo MaHkKeT 3aBUCUT OT
JIMaMeTpa  J1aBJICHUS.
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Puc.7.18. Cxema nelicTBUS MaHXETHOTO YIIJIOTHEHUS:
a - MaHXKeTa JI0 MOHTaXa; O - MaHXeTa B CMOHTMPOBAHHOM Buje 0e3
TaBIICHUS )KUIKOCTH; B - MaHKETa IO JaBICHUEM

HaubGonee pactipoctpanensl U oOpaszubie (puc.7.19, a, B) u V o6pa3Hbie (IIIEBPOHHBIE) MaHKETHI
(puc.7.19, r). lns yruioTHeHuUs py JaBiaeHUu padoueit cpeast 10 35 Mlla npumensitor U
oOpa3Hbie MaHXkeThl U pu AaBieHuu 10 50 MIla u Beiiie - meBpoHHbIe. 11 coxpaHeHUs
(OpPMBI MaHXKETY TTOMEMIAIOT ITPH MOHTAXKE YIDIOTHUTEIHHOTO TTaKeTa MeXTy (DacOHHBIMU

OTIOPHBIMU | ¥ PaCTIOPHBIMH 2 KOJIbIIaMHU (MaH>KETOIEPKaTENSIMK) U3 METaJlIa MJIA TEKCTOIIUTA
(puc.7.19, 6).
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Puc.7.19. TunoBsie popMbl MaHKET:
a, B - U-o0pa3Hbie; 6 - MOHTa)K MaHKET; T - IIEBPOHHBIC

VYnoTHeHue (repMeTH3aliys) Bpallalomuxcs BaJIOB OCYIIECTBISETCS MPU TOMOIIU
apMHUPOBAHHBIX MaHxKeT (puc.7.20), COCTOSAMMX U3 METAIIIMYECKOro KapKaca 1, MaHKeThl 2 U
CIIUPATTLHOM MIPYKUHBI 3, 00eCTIeUHBAIOIICH JOIIOJTHUTEIHFHOE IPHKATHE MAHIKETHI K BaTTy.
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Puc.7.20. ManxeTsl U1l yIUIOTHEHHS BPALaOIIMXCS BaJOB:
a - ¢ HapY>KHbIM KapKacoM; O - ¢ BHYTPEHHUM KapKacoM;
1 - Metayuinyeckuii Kapkac; 2 - MaHXeTa; 3 - IpyKuHa

HpI/I BBI60pC THUIIa U MaTCpHralia YHJIOTHCHI/Iﬁ YUYUTBIBAKOT: JaBJICHHUEC B THAPOCUCTEME; TUAIIA30H

paboumx Temneparyp; XapakTep JIBUKEHUS COSIUHIEMbIX JIeTalel; CKOPOCTh ABMXKEHUS; TUIT
paboueil )KUAKOCTH.

7.4. 'mapasiimyeckne aKKyMyJITOPbI

FI/I]lpaBJ'II/I‘IGCKI/IM AKKYMYJIATOPOM HA3bIBACTCA TUAPOCMKOCTD, ITPpCAHA3HAUCHHAA JJIA
AKKYMYJIUPOBAaHUA SHEPTUU pa6oqe171 KHUIOKOCTH, HaXOHﬂmeﬁCH oA AaBJICHUEM, C LICTIBIO
MOCJICAYIOUICTO UCITIOJIb30BaHUA ITOH OHEPTHUU B THAPOIIPHUBO/IC. B 3aBHCMMOCTH OT HOCUTEIIS

MOTEHIIMAIbLHOMN OHCEPTHUU THAPOAKKYMYJIATOPHI MOAPA3ACIIAOT HAa I'PY30BLIC, IIPYKUHHBIC U
ITHEBMATHUYCCKHUC.
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Puc.7.21. I'unpoakkyMynsiTopsI:
a - Tpy30BOM; 0 - MPYXUHHBIN; B - THEBMOTHIPABIMYECKUN C YIIPYTUM pa3/IeIUTeIeM

I'py3oBoii akkymymnsitop (puc.7.21, a) coctouT u3 nmmHapa 1, mrynxepa 2 u rpysa 3 Becom 2G.
[1pu 3apske IyHXep NOJHUMAETCs (IPOUCXOUT YBEIMYCHUE MOTEHIMAILHON SHEPTHH ), TIPH
paspsizke - omyckaercs. JlaBaeHue pa3psaaK MOCTOSIHHO, HO TPOMO3IKOCTh OTPaHUYHUBACT UX
pUMEHEHHE.

[TpyxuHHBIN akkymMynsaTop (puc.7.21, 6) COCTOUT U3 MUIUHAPA 2, TOPIIHS 1, MPYKUHBI 3,
MOMEIICHHOM B Kopiryce 4. 3apsiika U pa3psiika MPOUCXOAUT yepe3 oTBepctre 5. Onu
KOMITAKTHBI, HO €CTh HEOCTATOK - HEPABHOMEPHOCTD JABJIECHUS B HAYaJI€e U B KOHIE [IUKJIA
Pa3psIKu, MAJIBIN TTOJIE3HBIN 00BEM.

[THeBMOrHApaBIMuecKuil akkymysaTop (puc.7.21, B) ¢ ynpyrum pasieuTeseM COCTOUT U3
OayioHa | u amacTuyHOM AMadparmsl 2, 3aKpeIICHHON B BEpXHEH 4acTH aKKyMYJIsTopa.
3apsiKy ra30M MPOU3BOIAT Yepe3 OTBepcTHe 4, a pabodeid KHUIKOCThIO Yepe3 oTBepCTue 3.
BepxHsist yacTh 3amoyiHAETCS Ta30M J0 Ha4yajabHOTO JaBieHUs Py, COOTBETCTBYIOIIETO
MUHHUMaJIbHOMY paboueMy Pmin B Tuapocucteme. Pabouas )KUIKOCTh 3aM0JHSET HIXKHIOKO 4acTh
110 TaBJiEeHUSI Pmax, pABHOTO MaKCUMaJIbHOMY JIaBJIEHUIO B THApocHucTeME. ['a3 cxkrMaeTcs Takxke
10 AaBneHust Prax. Korna naBnenue B rupocuctemMe CTaHeT MEHbIIE Prax, paboyast 5KUIKOCTh
BBITECHSETCS U3 ruApoakKkymyssitopa. Konbio 5 npenoxpanser auadparmy ot npoJaBiiBaHUs
U MoBpexaeHus. JlocronncTsa: He TpeOyeT 4acToi MmoI3apsi ik ra3oM; 6e3bIHEPIIMOHEH;
MIPUTOJIEH K KCIUIyaTalllH MOCie JUIMTEILHOTO NepephiBa B paboTe U YCTaHABIIMBAETCS B
JTF000M T0JIOKEHUH.

I'mapoakkymynsiTOpbl TOAIEPKUBAIOT HA 3aIaHHOM YPOBHE JIaBJIEHHE, KOMIIEHCUPYIOT YTEUKH,
CTJIKMBAIOT MYJIbCAIIMIO TABJICHHUS, CO3/IaBAEMYI0 HACOCAMH, BRITTOJTHSIOT (PYHKIHIO eMiidepa,
MPEIOXPAHSIOT CHCTEMY OT 3a0pOCOB JIaBJICHHSI BHI3BAaHHBIX HA€3/I0M MAIllMH Ha JIOPOKHbBIE
npensTCTBUs. Tak jKe UCTIONB3YIOTCS JJIsl TOCTHIKEHHUS OOJIbIIIEeH CKOPOCTH XOJIOCTOTO X0/1a TIPH
COBMECTHOH paboTe C HaCOCaMH.

B cxeme Ha puc.7.22 THAPOAKKYMYIIATOP 5 BBITOIHAET (PYHKIMIO KOMIIEHCATOpa YTeUeK U
MOJJIEP>KUBAET MOCTOSIHHBIM JIaBJIEHUE B THUAPONPUBO/IE MAILIMHBI TSl yAepxKaHus rpysa. [Ipu



HaJIOXKEHUH I'PY303aXBaTHOTO OpraHa Ha IPy3 HACOC KJIAIlaHOM 2 pasrpyxkeH, a Tpedyemoe
JIaBJIeHNE B pab0oyvel MOJIOCTH THIPOIMIMHAPA 6 TOAIEPKUBACTCA THAPOAKKYMYIIITOPOM.
OOpartHblii kJ1anaH § B 3TOM cxeme OJIOKUPYET aKKyMYJISITOpP OT JIMHUU CITUBA MPH
pasrpykeHHOM Hacoce. Pacnipenenurens 1 ynpaBneHus KianaHoM 2 BKIIIOYACTCS OT perie
JaBIeHus 7, KOTOpPOE HAaCTpauBaroT Ha pabouee naBieHue. Jlpoccens 3 ciay X uT uis
PETYINpPOBaHUS pacxo/ia MpU pa3psaKe akKKyMymsaTopa. 3apsKa akKyMyJIITOpa IPOUCXOUT
yepe3 0OpaTHBIH KilanaH 4 B KOHIIE CXKaTus Tpy3a.
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Puc.7.22. Cxema BKIIOYEHMS THAPOAKKYMYJIATOPA AJI KOMIIEHCALIMM YTEUEK:
1 - pacnpenenurens; 2 - IpeAOXPaHUTENbHBIN KJallaH HENPSIMOTO AeHCTBHUS,
3 - poccenb; 4, 8 - 00paTHBIN KiIanaH; 5 - THAPOAKKYMYJISTOD;

6 - ruapoIMHAp; 7 - pelie NaBIeHus

[To cpaBHEeHUIO ¢ 6€3aKKyMYJISATOPHBIM PACCMOTPEHHBIN THIPOIPUBO]I UMEET MEHBIIINE rabapur,
Maccy U MOXeT ObITh 00Jiee SKOHOMUYHBIM, TaK Kak NoTpedseMas HacOCOM MOIIHOCTh Oy/eT
MEHBIIIE 3a CYET YMEHBIICHNS BpEMEHHU padOoThl Hacoca Mo/ Harpy3KoH.

7.5. I'mapozaMku

T'uoposamxom Ha3bIBACTCS HANPABIISIIOIIUEI TUApoannapaTr, npeIHa3HaueHHbIN JUIs
MPOITyCKaHMs MOTOKa padoyeil )KUIKOCTH B OJHOM HalpaBiIe€HUH MPU OTCYTCTBUU
YIIPaBJIAIOLIETO BO3ICHCTBHUSA, a IPU HAIMYUHU YIIPABISIONIETO BO3AEUCTBHS - B 000UX
HaIpaBJIEHUSX.

[To yucny 3an0pHO-PETYNUPYIOIIKX JIEMEHTOB IMAPO3aMKH MOTYT OBITh OJTHO- U
JBYyXCTOPOHHHUMH.



rd
| =

Puc.7.23. OgHocTopoHHMI THIPO3aMOK
a - mojava padouei KUIKOCTH K MOJIOCTH A; O - TeUEHHE KUIKOCTH U3 MOJIOCTH A B 1oiocTh b;
B - To/1aua paboyeil )KUIKOCTH B TIOJIOCTh b; T - TeueHue )XUAKOCTH U3 TIOJIOCTH b B mosocts A
MIPU HAJIMYWU YIIPABIISIFOIIETO BO3ICHCTBUS; 1 - YCIIOBHOE 0003HaYeHHE OJHOCTOPOHHETO
TUIPO3aMKa

OaHOCTOPOHHUY THIPO3aMOK (pHC.7.23) UMEeT TOJIKATENb 3, 3alOPHO-PETYITUPYIOIMIUMA SJIEMEHT
1 1 HeperynupyeMmyto NpyxHuHy 2, KOTopble 00pa3yroT ojooue oOpaTHOro KiamnaHa. ¥
OJTHOCTOPOHHETO TU/IPO3aMKa BBIIOJIHEHO TPU MOABO/IA, COSAMHEHHBIE C TPEMs OJIOCTAMHU
ruapo3amka A, 5 u V. Ilpu nogade paboueit KUAKOCTH NOJT AaBJIEHUEM B MOJ0CTh A (puc.7.23,
a), OTKPBIBAETCSI 3aIIOPHO-PETYIUPYIOMUI 3JIEMEHT 1, ¥ KHMJIKOCTh HAaUMHAEeT CBOOOTHO
IPOXOJIUTH B MosiocTh b (puc. 7.23, 6). Ynpasasioliee BO31eHCTBUE OTCYTCTBYET, T.€. B MOJIOCTh
V naBnenue xunkoctu He nogaetcs. [Ipu noasoae padoueit xxuakoctu K nonoctu b knanaxn
3aKpbIT (puc.7.23, B). OgHaKko, eciv 0AHOBPEMEHHO C 3TUM MOJIBECTH KMJIKOCTh K MOJI0CTH ¥V
(mozaTh ynpasJsollee BO3IeHCTBHE), TO TOJKATENb 3 IepeMelasich BBEpX OTKPOET 3allOpHO-
peryIupyOIIHil 3JIeMeHT. B 3ToM citydae kuaKocTh OyeT CBOOOHO MPOXOIUTH U3 MOJI0CTH b
B 10J10CTh A4 (puc.7.23, 1), moka OyJeT NpUCYTCTBOBATh YIPaBJIAIOIIEe BO3ICHCTBUE B TOJIOCTH
V.

O}IHOCTOpOHHI/Ie THAPO3aMKH IPUMEHAIOTCA JIA 6J'IOKI/Ip0BKI/I JABHXXCHH A BBIXOIHOI'O 3B€HA
TUAPOABUTATCIIAA B OJHOM HAIIPABJICHHUU. I[J'IH 6J'IOKI/IpOBKI/I BBIXOIHOI'O 3B€HA B IBYX
HaIpaBJICHUAX ITPUMCHAIOTCA ABYXCTOPOHHUE TUAPO3aMKH.

JByxcTopoHHUI TUIpO3aMOK (puc.7.24) UMEET B CBOEM KOPITYCE JIBA 3alIOPHO-PETYIHPYIOITUX
AJIEMEHTA 1, IBE HEpPETyINpYyEMBbIE NIPYKUHBI 2, @ MEX1Y HUMHU IIJIaBAOLIUI TOJIKATENb 3
(puc.7.24, a). Ilpu noaBoae paboyeil )KUAKOCTH MO/ JaBICHUEM K KaHally 4 OTKPbIBAaeTCs
3aMOpPHO-PETYIUPYIOLINH 31eMeHT 1, U )KUJIKOCTh CBOOOIHO TIOCTYIAeT B KaHa!l B U Janee K
TUAPOJIBUTATENO (HAaIpUMeEp B MOPIIHEBYIO MOJIOCTh THAPOUMINHAPa). OJHOBPEMEHHO C 3TUM



TOJIKaTeNb 3 TMIPO3aMKa IIEPEMEIIAETCS BIIPABO U OTKPBIBAET BTOPOM 3alIOPHO-PETYIUPYIOLINI
3JIEMEHT, o0ecneurBast POMyCK KHUIAKOCTH (HapuMep, OT IITOKOBOM MOJIOCTH THAPOLMINH]IPA)
U3 KaHasa /B KaHal b ¥ Jjanee B CIAMBHYIO MarucTpalib. AHaJOIMYHO THAPO3aMOK paboTaeT Mmpu
peBepce IBMXKEHUS BBIXOAHOI'O 3B€HA FMApoABUraTesis. Eciu ®uIKocTh NoJ 1aBICHUEM He
MOJBOJIUTCS. HU K OJJTHOMY M3 KaHaoB (A4 uiu B), To paboyne 31eMeHThl 1 CHOBA 3aHUMAIOT
HOJIOKEHHE, YKa3aHHOe Ha puc.7.24, a. [Tonoctu ruapoasuraresis 6JOKUPYIOTCS OT CIUBA, TEM
caMbIM, OJIOKHPYSI BBIXOJHOE 3B€HO TUAPOJIBUTATEINS OT MEPEMEICHU.

Puc.7.24. JIByXCTOPOHHHUI THIPO3aMOK:
a - HEUTpalbHOE MOJI0XKEHNE; O - T0JI0KEHUE TOJIKATENS IIPU MOABOE
JIaBJICHUA B KaHAI A; B - ITOJIOXKEHHUE TOJIKATENIS NIPU TIOJBOJIE JABJICHUS B KaHal B;
T - yCJIOBHBIE 0003HAUYEHHUS

[Ipu ycTaHoBKe rujpo3aMKOB HEOOXOIMMO YUYUTHIBaTh UX KOHCTPYKTUBHOE UCIIOJHEHUE (TUI),
Croco6 Harpy>XKeHHsI BBIXOJHOTO 3BE€HA TUAPOIBUraTENIs, @ TAK)KE MECTO Pa3MEIICHHsI IPU 3TOM
Jpoccelieil ¢ 00paTHBIMY KJIAITaHAMU - JIO WJTU TTOCJIe THapo3amKa. J[poccenu ¢ oOpaTHBIMU
KJIarlaHaM# CBOOOTHO MPOITYCKAIOT MOTOK pabodelt *KUIKOCTH Ha MOAbeM padouero oprana u
OTPAaHMYMBAIOT PAcXo/1 pabodeil KHUIKOCTH U COOTBETCTBEHHO CKOPOCTh pabodero opraHa mnpu
ero onyckanuu (puc.7.25).
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Puc.7.25. Cxema ycTaHOBKM OJJHOCTOPOHHETO TUIPO3aMKa:
a - 6e3 apoccens ¢ 00paTHBIM KJIAllaHoOM; O - ApoccesieM U 0OpaTHBIM KIIallaHOM

Ecnu B cxeme nmpuBo/ia TUAPOLMIMHIPA TPY30MOIEMHOIO MEXaHU3Ma C THAPO3aMKOM He OyJeT
YCTaHOBJICH JIPOCCEIIb ¢ 0OpaTHBIM KJIaraHoM (puc.7.25, a), To npu rnepeMenieHur 30J10THUKA
TUAPOpACIPEEIUTENS B O3UIHIO "omycKaHue" B TUAPOIMHUN HAcOCa U YIIPaBIICHUS
TUIPO3aMKOM CO3/1a€TCs JIaBJIEHUE, TOCTaTOUYHOE /ISl OTKPBITUS ruapo3amka. [locie ero
OTKPBITHS paboyasi >KUJIKOCTh M3 IITOKOBOM MOJIOCTH TUAPOLMINHAPA TOCTYMAET Ha CIIUB, U
LITOK OIyCKaeTcs Mo AeiicTBreM BHelHe Harpy3ku F. [Ipu aTom ckopocTh nepeMenieHus
HITOKA THAPOLIUINHAPA MOXKET MPEBBICUTH CKOPOCTh, 00YCIOBICHHYIO MoAaueii Hacoca. Toraa
JIaBJICHUE B IPOTHBOIOJIOKHOH (TTOPIITHEBO ) MOJIOCTH THAPOILMIMHAPA U B TUAPOINHIH
yIIpaBJIEHUS] YMEHbIIAETCS, 3aTIOPHBII 3JIEMEHT THIPO3aMKa Mol IeHCTBHEM IPY>KUHBI
3aKpBIBACTCS M JBMKEHHUE MTPEeKpaIiaeTcs. 3aTeM JIaBjeHNEe B HATOPHOU TUAPOJIMHIH U B
THJIPOJIMHUY YIPABJICHUsI CHOBA BO3PACTAET, U THAPO3aMOK OTKpbIBaeTcs. Takum o0paszom,
MPOUCXOAT MPEPHIBUCTOE JBMKEHHE pabovero opraHa U nyibcanus gaBieHusd. s
UCKJTFOUEHHSI 3TOTO SBJICHUS MEXKAY TMAPO3aMKOM U THAPOLIMIMHAPOM PEKOMEHIYeTCs
yCTaHaBIUBATh JIPOCCEIb C 0OpATHBIM KJIanmaHoM (cM. puc.7.25, 6), COMPOTUBIICHHE KOTOPOTO
IIPY ONYCKaHMU IITOKA CO3/AET JIaBJIeHNEe, HEOOXOAMMOE [Tl OTKPBITHS 00OpaTHOIO KjarnaHa
THJIPO3aMKa U TOAJEPKAHUS €T0 B TOM MOJIOKESHHU.

JlaBneHue ynpaBiaeHus s TUAPOo3aMKoB cocTaBiseT oT 0,02 (MuHUMAaNbHOE 1aBleHUE
cpabaTbIBaHMs HEHArpy>KeHHOTo KiamnaHa) 10 32 Mlla.

B ruznpocucremax MOOMIIbHBIX MaIlIMH HauOoJIbIlIee IPUMEHEHNE TIOTYYUIN OJJHOCTOPOHHKE
TUIPO3aMKH ¢ KOHMYECKHUM 3alIOPHBIM 3JIEMEHTOM, UMEIOIINE YCI0BHBIN nTpoxon 16, 20, 25 u 32
MM.

7.6. 'mapaBauyveckue peJsie 1aBJIeHUsS] 1 BpeMeHH

Pene oasnenus MPUMCEHACTCA AJI MOCJIICA0BATCIBHOIO BKIIFOUCHUA WM BBIKITFOUCHUA OTACIBHBIX
HCITIOJIHUTCIIBHBIX OPraHOB MAIIMHBI U JJI0 OCYIIECTBIICHUA JUCTAHIIMOHHOI'O YIIPAaBJICHUA. Pene
JaBJICHHUA MOXCT 00eCcIeunTh KOHTPOJIb 3a JABJICHUEM B THAPOCUCTEMC C HOI[a‘-Ieﬁ
OJICKTpOCUTHAIA, CBUACTCIIBCTBYIOIICTO, HAITPUMEDP, O MEPETPY3KE CUCTCMBI.

Pene naBnenus 1'62-21 (puc.7.26) coctout u3 kopmyca 1, nuadparmsl 2, npyXuHbI 3, pbryara 4 ¢
OCbl0 5, BUHTa 6, MUKponepexitouarens 7. JKuIKOCTh Ha KOHTPOJIUPYEMON BETBU



TUAPOCUCTEMBI TOABOIUTCS K OTBEpCTHIO 9. Eciin moABEIeHHOE 1aBJIEHUE OKAKETCS BBILLE
YCTaHOBJICHHOTO HACTPONKOM MPYKUHBI 3, TO nuadparma 2 nepopMupyercs u nepeaaet
JIaBJIEHHUE Ha pbryar 4, KOTOPBIN IPU TOBOPOTE BOKPYT OCU 5 BUHTOM 6 BO3/EICTBYET Ha
MUKpOIIEpEeKIoYareis 7. PerynupoBka peine 1aBieHus OCyIIECTBIAETCS IPU IOMOIIH
W3MEHEHUS CXKAaTUs IPYKUHBI 3 BUHTOM 8.

C momeHTa Havana geopmannu auadparmsl 2 10 MOMEHTa cpabaThIBaHUs pee, T.€. 10
MOMEHTA BKJIFOYEHUSI MUKPOIIEPEKITIOYATENs 7, IPOU30MIET YBEIHUCHUE TaBICHHS, KOTOPOE
XapaKTepU3yeT HEYYBCTBUTEILHOCTD alllapara,

AP = M
0l

rae AL - myTh nepeMerienus peruara 4, He0OX0IUMBIH JUIsl BKIIFOUSHHUS MUKPOIIEPEKIII0UaTest; C
- )KECTKOCTb MPY>KUHBIL; () - aKTUBHAS TUIOMAAb AadparmMsl.

HeuyBcTBUTENBHOCTD peiie AaBIEHUS PA3IMYHBIX TUIIOpa3MepoB kosebnercs ot 0,3 1o 1,0 MITa.
Koutponupyemoe naBnenue Haxoaures B nuanazone ot 0,5 no 32 Mlla.
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Puc.7.26. Pene nasnenus ['62-2:
a - KOHCTPYKLUS; O - YCIIOBHOE 0003HAaYeHHE peie AaBlIeHMS;
1 - xopnyc; 2 - nuadparma; 3 - npykuHa; 4 - peluar; 5 och pplyara;
6, 8 -BUHTHL; 9 - OTBepcTHE

T'uopasnuyeckoe pene epemenu (UM TUAPOKIIANAH BBIIEPKKH BPEMEHH) 3TO HAIIPABIISIOIINN
rUJipoanmapar npeJHa3HauyeHHbIHN Ui MycKa WK OCTAaHOBKU MOTOKa pabouell )KUAKOCTH uepes
3aJJaHHBIA TPOMEKYTOK BPEMEHH IOCIIE TI0JJauy YIPaBIIsIoLIero curuaia. ['uapasiuueckue pene
BpPEMEHU NPUMEHSIOTCS 17151 00eCTIeueHUs ONPeIeICHHOM BBIACP)KKH BO BPEMEHH MEXTY
Pa3IUYHBIMU [IMKJIAMU CpaOaThIBAHUS UCIIOJIHUTENBHBIX MEXaHU3MOB MAILIUHBI.

Bpems cpabGaTbiBaHUs pesie BpeMEHH ONPEesieTcs BpeMeHEM He00X0IUMBIM ISl BBITECHEHUS
KUAKOCTHU U3 ruipoeMKocTH 1. Ilopiiens 3 npuBoanT B ABMKEHUE NIPYKUHA 4, a pplyarom 5
OCYILECTBIIITCS HAXKaTHE Ha ITU(T MUKpoIepeKtoyarens 6. 3apsaka eMKOCTH pejie BpEMEHU
IPOMCXOIUT yepe3 oOpaTHbIN KianaH 7 (puc.7.27, a).
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Puc.7.27. Pene Bpemenu:
a - IPUHIMIIAATBHAS cXeMa; O - BAPUAHT CXEMbI BKIIFOUCHUS

PaccmoTpuM npumep ycTaHOBKHU pesie BpeMeHU. B naHHO# cxeme MITOK THApOLMINHPA
aBTOMAaTHUYECKHU COBEPLIAET XOJIOCTON U pabo4mii X0/, OCTAaHABIIUBASCh B KOHIE KaXKJJOI0 X0/1a
Ha yCTaHOBJIEHHOE BpeMs (puc.7.27, 6). B nosnoxxenun pacnpenenurens 1 nopiieHsb
THIIPOIMIIMH/IPA IBMYKETCS BIPABO, coBepIas padounii xoa. OTHOBpEMEHHO uepes
THJIPOPACHIPENCTIUTENb 2 TPOUCXOJUT 3apsiika EMKOCTH pese BpeMeHu. K MOMeHTy HaxaTus
yIIOpOM Ha IyTEBOIl IepeKIroyarens 3 eMKOCTb OyIeT yKe 3arojHeHa, a pabouuil Xxox
3aBepiueH. [lyreBoil nepexiroyarens 3 NepeKIFOYUT IHIPOPACHPENSTUTENb 2, U HAUHETCS
UCTEUYECHUE )KUJKOCTHU Yepe3 apoccenb. [locae ycTaHoBIeHHOrO BpeMeHH (BpEMEHU UCTEUEHUS
paboueil )KUAKOCTH U3 EMKOCTH pejie BpEMEHH) 3a CUET BBIKJIIoUaTess 4 mepexIoyaTcs
ruapopacnpenenutend 1 u 2. HauneTcs X0i0cToi X0/ ITOKa, U OJTHOBPEMEHHO OynieT
3apsKaThCsl EMKOCTB PeJie BpeMEHU. B KOHIIE X0JI0CTOro X0/a IyTeBOH NMEPEKII0YATENb 5
NEPEKIIIOYUT paclpeAeanTeNb 2 U eMKOCTh pejie BpEMEHU CHOBA HayHeT paspsikarbcs. [locie ee

pa3psIKU BBIKIIIOYATEND 4 MEPEKITIOYUT paclpeeIuTed B Ha4allbHOE MOJI0KEeHHEe, 00eCIeunB
pabounii xo.

Puc.7.28. Pene BpeMeHM IpOCCENBHOIO THIIA
1, 11 - mpyxuHBI; 2 - 30I0THUK; 3, 4 - TOABOJAIIEE U OTBOASIIEE OTBEPCTHS;
5, 8 - monocty; 6 - xaHam; 7 - gpoccelb; 9 - cnuBHOE oTBepcTHe; 10 - mapuk;
12 - xonmayok; 13 - koHTporaiika



~ 1§

Hi Z e
il
?,‘_“ ,-_j' ’ :I% s ?f/%//;/?,
B s - o o,
; ) B
- .:E‘g-“\*ﬁﬁ N
[ 8 -..,_L ‘ E x:: ‘ i §MIE
N Js NEBRY
7N ?‘rﬂ N %l |\‘\\\\§ 12
i H g
= RN -2
/f. R + L .g_l‘:i. '-:__ o Q'._._,_..jl'
.l\>\ f' ; \.-:"I'. ,\“' ’
o 3/

Puc.7.29. Pene BpemeHn 00BEMHOTO THIIA
1, 4 - otBepctHs; 2, 6, 7 - monocTH; 3, 5 - KaHAIIBI; 8 - TOPIIEHB;
9, 13 - npyxwunsr; 10 - mrok; 11 - ynop; 12 - 30710THUK;
14 - cnuBHOe oTBepcTHE; 15 - BUHT; 16 - pyKosiTka

[To mpuHIIMTTY paOOTHI pesie BpEMEHHU ACTSATCS Ha IPOCCENbHBIC M 00ObEMHBIE.

Ha puc.7.28 nana cxema pese BpeMeHU JAPOCCEIbHOr0 TUIIA, IPEAHA3HAYEHHOT'0 /111 OTCEKaHUs
JIaBJICHUS OT MarucTpajau U BKIIOUEHHUS CIIMBA C HACTPOCHHOU BBIAEPIKKON BPEMEHH.

[IpyxuHa 1 oTBOAUT 30J0THUK 2 B KpailHee IpaBoe MOJI0KEHUE, BCIEACTBUE YEro Maciio U3
OTBEPCTHUS HarHEeTaHUs 3 OTBOAUTCS B oTBepcTHe 4. Eciin perne BKIIIOUEHO, TO Maclio 4epes
HITYLIEp HAIPaBISAETCA B OJIOCTh 5, 3aTeM KaHall 6 U LIENIb MEKIY ApoccesieM 7 U KOPILYyCOM H,
HAKOHEI, B ITOJIOCTh 8 110 TOpell 30J0THUKA 2. [lox naBieHneM Macia 30J0THHK 2 MEIJIEHHO
nepeMenaeTcs BiIeBo, cxkuMas npyxuny 1. Kak Tonbko 30710THUK 2 3aiiMeT KpaliHee JieBoe
II0JIO’KEHUE, OTBEPCTHE 4 COEANHSIETCS CO CIUBHBIM oTBepcTreM 9. IIpu BbIKIIIOUEHUH perne
BPEMEHM Macjo U3 MoJIOCTH § uaeT noj mapuk 10, cxxumas npyxuny 11. 3omoTHHK
BO3BpAIllAETCs B KpailHEe NpaBOE MOJIOKEHNE, HANIPABJIsis Macio B oTBepcTHe 4. Bpems
BBIJIEPKKHU PEJie BPEMEHU PEerysupyeTcs 3a cueT BpallleHus apoccens 7. s atoro Tpedyercs
IpeBapUTEIbHO OTBEPHYTH KOJIMAYoK 12 M 0ciabuTh KOHTpraiky 13.

IIpu ManbIX CKOPOCTAX ABUKEHUS TUAPOABUTATENS, @ TAKKE IIPU 3HAUUTEIIBHOM U3MEHEHUU
TeMITepaTypbl pabodel )KUIKOCTH pejie BPEMEHH JIPOCCEIIBHOTO TUITA HE MOXKET 1aTh TOYHOU
BBIICPKKU BpeMeHU. [109ToMy B TakuX ciydasx MPUMEHSIOT pelie BpeMeH!U 00beMHOTO TUTIA.

Ha puc.7.29 nana KoHCTpYKTHUBHAs cxema pelie BpeMeHH 00BbeMHOTO THIIA.

Bblnepmxa peiie BpEMCHU 00BEMHOTO THIIA 3aBUCHUT OT MMPOAOJIKUTCIIBHOCTHU XOAa IMOPIITHA 8
peryinupyercss BUHTOM 15 npu noMomu pykosTku 16. JKuakocTs U3 rTHIpoCcUCTEMBI IOIBOAUTCS
yepe3 OTBEPCTHE 1 B MOJIOCTh 2 M K KaHAITY 3, 3aTe€M HJIET Yepe3 OTBepcTre 4, MpOoAOIbHbBIN
KaHaj 5 ¥ B 0oJ0CTh 6 u panee B nosnocts 7. IIpu aToM omyckaercs nopuieHs §, cxumast
npyxuny 9, mrok 10 noBopauusaer ynop 11. Ecinu naxke gaBineHue B HOJIOCTH 2 BO3PACTAET, TO
30JI0THUK 12, cxxumMas pykuHy 13, HogHUMAETCs BBEPX, BCIEACTBUE YETO IPOU30MAET



COEIMHEHHE MOJIOCTU 7 CO CIUBHBIM OTBEpcTUEM 14. B cBOIO 0Ouepeab nopiuieHs 8 npyxuHou 9
IOJHUMETCS BEpPX, TaK Kak JaBJICHUE B IMOJIOCTH 2 yNAJET, a 30J0THUK 12 OMyCTUTCS BHU3, U BCS
cucTeMa 3aiiMeT HCXOHOE IIEPBOHAYAIBHOE ITOJI0KEHUE.

7.7. CpeacrBa usmepenust

B nporuecce skcryatanuy ruiponpyUBOI0B IPUMEHSIOT CPEACTBA U3MEPEHUS, UMEIOIIIE
HOPMUPOBAHHBIE METPOJIOTUYECKUE CBOMCTBA U NPEAHA3HAYCHHBIC Ul HAXOKICHHS 3HAYECHUI
(U3NUECKUX BETMYMH, XapaKTePU3YIOIUX padoTy STUX THAPOIPUBOJIOB.

[TpumensiemMble cpeAcTBa U3MEPEHUS XapaKTePU3YIOTCs LIEHOH JeNieHus], a0COM0THOM
MOTPEITHOCTHIO U KJIACCOM TOYHOCTH.

l[eHa OeeHUs: WKAJIbL - Pa3HOCTb 3HAYCHUH BCJIMYMH, COOTBCTCTBYIOIINX ABYM COCCIHUM
OTMCTKaM HIKaJIbl an/I6opa.

Abcontomuas nocpewHocms - pa3HOCTb MEXK/1Y MOKa3aHUEM NMPUOOpa U UCTUHHBIM 3HAYCHHEM
M3MEPSEMON BEJTUYUHBI.

Knacc mounocmu - 060011eHHAs] XapaKTePUCTHKA CPEICTB U3MEPEHUS, ONpeaesieMas
OTHOIIIEHUEM MAKCUMAJIbHO JOMYCTUMOM MOTPEIIHOCTH ? K KOHEYHOMY 3HAUYCHUIO N IIKAJIBI
npubopa, BEIPAXKEHHBIM B MPOIICHTAX, T.€.

o2 100w
»

IIpu sKcrryaTanyy U UCIIBITAHUAX TUAPOIIPUBOIOB U OTAEIBHBIX TUAPOArperaToB U3MEPSIOT
JaBJICHHE, PACXOJl U TEMIIepaTypy padouei KHUIKOCTH, CKOPOCTb JIBUKEHHUSI, YCUITUS, KPYTSAIIHIE
MOMEHTBI, Pa3BUBAEMbIE Ha BBIXOJHBIX 3BEHbAX THIPOJABUTATEIICH.

H3zmepenue oaenenusn. J1jst uamMepeHus W30bITOYHOTO JABJICHUS TPUMEHSIOT MAaHOMETPHI.
MaHoMeTpbl IO CBOEMY Ha3HAYEHUIO MOIPa3ACIIAI0TCA Ha MPUOOPHI 0011ero Ha3HAYeHUS (THIa
M, MT, ObEM) u o6pazuossie (Tuna MO). Pabourie MaHOMETpHI U 00IIETO HA3HAYEHUS UMEIOT
kiacc TouHocTH 1; 1,5; 2,5 u 4. O6pa3iioBsle MAaHOMETPHI UMEIOT 00Jiee BEICOKHE KIIacC
tounoctu (0,15; 0,25; 0,4), uX TpUMEHSIOT sl TOBEPKH MAaHOMETPOB OOIIIETr0 Ha3HAYCHUS U B
HCIBITATCIFHEIX CTCHAAX.

ITo mpuHLMIY TEWCTBUSI MAHOMETPBI IOAPA3AEIAIOTCSA HA )KUJIKOCTHBIE, TPY30IIOPIIHEBLIE,
nehopMaImoOHHBIC U AIEKTPUYECKHUE.

JKuokocmuvle maHomMempsl TPUMEHSIOT TSI U3MEPEHUH HEOOIBIINX JaBICHUH 1 YaIle BCETo
MPEJICTABIISIIOT CO00M CTEKIISTHHYIO TPYOKY, MPUCOSTUHEHHYIO K pe3epByapy (puc.7.30).
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Puc.7.31. Marautnsiif punstp Tuna C43-3:
1 - mpoOxka; 2 - matyHHas maiioa;
3 - xopriyc; 4 - maiiba; 5 - mpokaaka;
6 - yrutotHeHue; 7 - TaTyHHAs TPYOa,
8 - KphIlKa; 9 - MArHUTBI

Puc.7.30. Boinounsrit pribtp trma ['43:
1 - koprryc; 2 - KpBIIIKA;
3 - nepdopupoBanHas Tpyoa;
4 - GUABTPYIOIINE IIEMEHTHI

I'pyzonopunesvie manomempot (puc.7.31), cocrosiue U3 nuauHApa 1 u mopuHs 2,
npeoOpas3yroT HaBieHne pabovel )KUIKOCTH B YCUIINE, Pa3BUBAEMOE TIOPITHEM.

Hepopmayuonnvie manomempul MOTYIUIN B TUAPONPUBO/IE HAHOOJIbIIEE PACTIPOCTPAHEHHE.
[IpuHuMn ux paboTHl OCHOBAaH Ha 3aBUCHMOCTH JIe()OpMAIMK 9yBCTBUTEIBHOTO dJIEMEHTA
(MeMOpaHbl, TpyOUaTON PYKUHBI, CHIH(POHA) OT U3MEPSIEMOTO JTABJICHUSI.
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Puc.7.32. JlepopmaniioHHbIe MAHOMETPHI:
a - MeMOpaHHBIif; 6 - MeMOpaHHBIN C IBOMHOI MeMOpaHOH;
B - C KOHCOJIbHOW OaJIKOM; T - CHIIb()OHHBIIA;
1 - memOpana; 2, 4 - aKTUBHBIM U KOMIIEHCHPYIOILINI TEH30pE3UCTOP; 3 - KOHCOJIbHAS Oanouka

B MeMOpaHHBIIT MAaHOMETpAax JaBlIEHHE CO CTOPOHBI paboUel )KUIKOCTH MepeIaeTcs Ha
MeMOpany (puc.7.32, a, 6, B). Ha MeMOpaHe yCTaHOBIICHBI mMeH30pe3UCmopbl, KOTOPHIE
u3rubasich BMeCcTe ¢ MeMOpaHO U3MEHSIOT CBOE DIIEKTPUIECKOe CONpoTHUBIeHE. VI3MeHeHne
COTPOTUBIIEHUS PETUCTPUPYETCS SNEKTPUUECKUMHU MPUOOpaMH U Mpeodpa3yeTcs B MOKa3aHUs
3HAUEHUsI COOTBETCTBYIOIIETO JAaBIICHUSI.

B cunbdonnbix Manomerpax (puc.7.32, r) gaBneHue pabodei KUJIKOCTH MPUBOIUT K
PacTsLDKEHUIO TOPPUPOBAHHOMN YIIPYTol TPYOKH MPONOPIUOHATIBEHO JaBICHUIO.

MemMmOpaHHBIi U CHITb(OHHBIE MAHOMETPHI MTPETHA3HAUCHBI TSI U3MEPEHUST HEOOIBIINX
JABJICHUN.



[Ipyxunnblii MaHoMeTp (puc.7.33) uMeeT NPYKUHY B BUJE U30THYTOH JIATYHHOU TPpyOKH
(Tpyoka bypmona) 1 syumnTHYecKoro nmornepeyHoro ceueHus. BepxHuii koHen TpyOKH 3arasH, a
HIDKHUH NPHUIASH K IITYLEpY 2, 4epe3 KOTOPBI MAHOMETp NMPUCOEAUHSACTCS B THIPOCUCTEMY.
[Tpu 3anonHenuu TpyOKU paboueit cpeaoi Mo JaBI€HUEM OHA CTPEMUTCS BBIIPSIMUTHCA. Yepe3
PBIYQKHBIA MEXaHHU3M 3, YCUIIMBAIOIIUH 1eopMaIiio TPYOKH, IepeMeleHIe ee CBOOOIHOTO
KOHIIa MIepeaaeTcs Ha CTPENKy 4, paclooKEHHYIO 10 HEHTPY LIKajibl mpuodopa. [IpyxuHubie
MaHOMETPBI IPOCTHI 110 KOHCTPYKIIMH, UMH MOKHO U3MEPATH AABJICHHE B IIUPOKOM JTHAIa30He.
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Puc.7.32. JlepopmanimioHHbIE MAHOMETPBI:
a - MeMOpaHHBI; 0 - MeMOpaHHBIN C TBOMHOW MEMOpaHO;
B - C KOHCOJIbHOM OaJIKoif; T - CHIIb()OHHBIN;
1 - mem0Opana; 2, 4 - akTUBHBIN ¥ KOMIIEHCUPYIOLIUI TEH30pE3UCTOP; 3 - KOHCOJIbHAs Oainouka

[IIkana Bcex MaHOMETPOB TPalyHpyeTCsl B MacKalsiax MK Meranackansx. Ha crapeix oOpasmax
JIaBJIeHUE yKa3bIBaeTcs B Krc/cM2. Ha mikane HaHOCHUTCS 3aBOJICKOE 0003HAaUEHHUE; KJIace
tounoctu; Homep ['OCT; roa BeIlycka; HOMEp MaHOMETpa M Ha3BaHUE paboyelt cpebl
(>KUIKOCTb, Iap, ra3), B KOTOPOH U3MepseTcs AaBJICHUE.

Inexmpuueckue MaHomMempsl IPUMEHSIOT 17151 HEIPEPBIBHOTO U3MEPEHUS MTHOBEHHOTO
3Ha4YeHHUs AaBJIEHHS B KOMILUIEKTE ¢ ocuiorpadamu. YyBCTBUTEIBHBIM 3JIEMEHTOM 3TUX
pruOOpPOB MOKET CIYKUTh TpyOka bypaona (puc.7.34, a) niau TOHKOCTEHHBIH MOJBINA CTaKaH
(puc.7.34, 6) c HaKJI€eHHBIMU Ha UX CTEHKH T€H30/IaTYNKaMHU.

JlaTurky ¢ MaHTaHUHOBOM MPOBOJIOKOM (pHC.7.34, B), SIEKTPUIECKOE COITPOTHBIICHUE KOTOPO
MeEHSIETCS IPU 00BEMHOM CKATUU, TPUMEHSIOTCS JIs 3aMepa AaBJICHUS.

Jnist 3amepa mynbcaluil JaBieHus IPUMEHSIOT be303JIeKTpHUUecKue naTuuku (puc.7.34, r),
PETUCTPUPYIOIINE TOJIBKO JUHAMUYECKYIO COCTABIISIONIYIO 1aBICHUS.



Puc.7.34. DnekTpuyeckre MaHOMETPHI:
a - ¢ Tpyokoii bypmona; 6 - TOHKOCTCHHBIN IMIMHAPUYSCKUN TaTYHK C
HAaKJICEHHBIMU TE€H30JJaTYMKAMHU; B - C MAHTAHWUHOBOM ITPOBOJIOKOIA;
T - MbEe30ANIEKTpHUECKHii; 1 - TpyOka BypaoHa; 2 - TeH301aTUNKH;
3 - TOHKOCTEHHBI! CTaKaH; 4 - MAHTAHUHOBBIN JATYHK; 5 - y3Kas IIEIb;
6 - xoprTyc; 7 - 3aJIMBKA MTOKCUIHON CMOJION;
8 - MbE302NEeKTPUUECKU JaTUuK; 9 - meperopoaka

H3mepenue pacxooa. [1ns onpeneneHus nogadu padoyeil >kuJKOCTH UCIIONb3YIOT
pacxoaomepsl. [To npuHIUITYy IEHCTBUS pa3NndyaroT pacXodoMephl: CYETYUKOBBIC, CTPYITHbIE,

AJIEKTPOMArHUTHEIE, YIbTPa3BYKOBBIC, TAXOMETPUUYECKUE, a TAK)KE OCHOBAHHBIC Ha Mepenase
JABJICHUS U JP.
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Puc.7.35. CxeMsbl pacxoa0MepoB:
a - CTpYUHBIN; O - yIbTPa3BYKOBOM; B - TYpOUHHBIN; T - TEIIJIOBOM;
1 - memOpana; 2 - HEMOABUKHBIHN 3JEKTPOJI; 3 - TpyOOIpOBO/I;
4 - HampaBIAONIAs; S - KOPMyc; 6 - MOIIIUIHUK; 7 - TYypOuHA; 8 - YCIIOKOUTEh;
9 - mpeobpazoBatens currana; 10 - U3nydaTenb CUTHAIA;
11 - mronmoJHUTENBHBIN U3Ty4YaTesb; 12 - IPUEeMHUK;
13 - nomonHUTENBHBIN MPUEMHUK; 14 - TIIacTUHA;
15 - repmomnapa; 16 - renmonzossiust; 17 - HarpeBaresnb



B cmpyiinvix pacxooomepax (puc.7.35, a) Ha mytu pabodeit )XxuIKocTu B TpydorpoBoie 3
pacroJiaraeTcsi HEKOTOpOe MPEMSATCTBUE TUTIA TJIOCKON MeMOpaHbI 1, OTKIIOHEHUE KOTOPOi
sBIsieTCs (PYHKIMEH CKOPOCTH CTPYH, @ PETUCTPUPYIOIIHNA TOK - (yHKIIHMEH B3aUMHOTO
MOJIO’KEHUS MEMOpaHbI 3 ¥ HEMOABMXKHOTO 3JIEKTpoJa 2.

Taxomempuueckue mypounnvie pacxooomepwl (puc.7.35, B) paboTaroT ¢ MajgorabapuTHBIMH
AIIEKTPOHHBIMU NpeoOpa3oBaresiMi. B TakoM pacxomomepe MOTOK paboyei KUAKOCTH
MIPUBOAMT BO BpallleHHWEe TypOUHY, KaXKIbIH TPOXO/1 JIOMACTH KOTOpoi HaBoauT umiryibe 3/1C B
00MOTKE MHAYKIIMOHHOTO Tpeodpa3zoBaTensi. CKOpPOCTh MOTOKA ONMPEAEISIETCS Yepe3 YacTOTy
ANEKTPUYECKUX UMITYJIbCOB Ha BBIXOJIE MpeoOpa3oBaTelis MyTeM KaK HeIlOCPEICTBEHHOTO
U3MEpPEeHUs], TaK U BHIBOJIOM Ha U (poBbIe MprOOPHI WK PeoOpa30BaHHEM B aHAJIOTOBBIH
curHai. TakuMu pacxogaoMepaMu MOKHO U3MEPATh pacxoasl 10 360 j1/MuUH.

Vavmpaseykoswvie pacxodomepul (puc.7.35, 0) paboTalOT Ha OCHOBE YJIbTPa3ByKOBBIX
konebanuii. biraronapst apdexry Hormnepa yacrora u (haza yIbTpa3ByKOBOTO CHTHAIA,
npoxozsuiero ot uznydarens 11 k npuemuuky 13, 6ynet uaMeHATbCs B QYHKIMU CKOPOCTH
poTekaHus pabouei )KUIKOCTH. BBeaeHne nononHuTeabHoM napsl u3iaydarenasb 10 - mpueMHUK
12 obecnieurBaeT KOMIIEHCALIUIO TEMIIEPATypHOU HECTAOUIBHOCTH.

Tennosoti HekOHMAaKMHbBIU PAcXo00oMep TPUMEHSETCS IJIsl ONIPEISIICHUS IT01a4l HACOCOM
paboueii xuakoctu 6e3 pazdopku ruapocucTeMsl (puc.7.35, r). OH UMeeT cTadHIN3UPOBAaHHBIN
uctoyHuk nutanus (CUII), natunk u usmepurensusiii npudop (UII). CUII obecnieunBaet
nuTtanue Harpesarens u UIL, Bkimouaromiuii B ce0st auddepeHnanbHyo TepMonapy, mo3BosseT
OTIPENIEIUTH CKOPOCTH IMOTOKA Padoveid KHUIKOCTH IO PA3HOCTH TEMIIEPATYP BXOISIIETO MTOTOKA
paboueii KUAKOCTH U HarpeBaTels.

Hzmepenue memnepamypeul. Temiiepatypy paboueit KHAKOCTH B TUIPOMPUBOIAX U3MEPSIOT
TEPMOMETPAMHM, KOTOPBIE 110 IPUHIUITY JEHCTBHS IEIATCA HA TEPMOMETPBI PACILIUPEHUS,
COTIPOTUBIICHUS U TeTIodJIeKTpuueckue. [Ipu auarHocTupoBaHUU THAPOIIPUBOIOB HAHOOIbIIIEe
pacrpocTpaHeHHe MOTYYHIIA TEPMOMETPBI PACIIHPEHHS, UMEIOIIIUE TPAHUIIBI H3MEpeHHid OT -60
1o +250 C.

Hawepenue Kpymauie2o momernma Ha BaJlaX THAPOMAIIUH ONIPEACIIAI0OT 6aJIaHCI/IpHBIMI/I
JUHAMOMETpaMHU NI TOPCUOHOMETPAMH, IIEPBLIC N3 KOTOPLIX MOJTYYHIIN HauOoIbIIee
pacinpoCTpaHCHUC. BaHaHCI/IpHBIC AUHAMOMCTPLL OBIBAIOT QJICKTPHUYICCKUC, TOPMO3HEIC,
TUAPABINYCCKUEC 1 MEXAHUYCCKUC.



I'mapaBauveckue ciaeasimme NPUBOAbLI (THAPOYCUINTEIN)

8.1. O01mme cBenenns

T'uopoycunumens - COBOKYIHOCTb THAPOANNApAaTOB U 00bEMHBIX THIPOJBUTATENICH, B KOTOPOil
JIBUKEHHE YIPABIISAIOLIET0 JIEMEHTA peo0pa3yeTcs B JBUKEHHUE YIIPABIAEMOr0 3JIEMEHTA
00JIbI1IeH MOIIIHOCTH, COTJIACOBAHHOE C ABMXKEHUEM YIPABJISIONIET0 3JIEMEHTa 10 CKOPOCTH,
HAIpPAaBJICHUIO U MIEPEMEIICHHUIO.

T'uopoycunumens creoaweco muna NpeACTaBiIsieT COOON CUIIOBOM TUAPONIPUBO/, B KOTOPOM
VCIIOJIHUTEJIbHBIN MEXaHU3M (BBIX0]1) BOCIIPOU3BOJUT (OTCIIEKUBAET) 3aKOH JIBUKCHUS
YIpaBJIAIOLIETO OpraHa (BXoja), JUld 4ero B CUCTEME MPelyCMOTPEHA HeNpepbIBHASI CBA3b
MEK/y BBIXOTHBIM M BXOJHBIM 3JIEMEHTaMH, KOTOPasi Ha3bIBAETCSI 0OPaTHOM CBS3BIO.

HazBanue takoro npuBoja - "ciemsmmii I'mapoycunutens"” uian "ciaeasiimuii rupornpuBos’” -
000CHOBAHBI T€M, YTO BBIXOJI TAKOTO TUIPOYCUIIUTENSI aBTOMATUYECKU YCTPaHIET yepes3
00paTHYIO CBSI3b BOZHUKAIOIIIEE PACCOTIIACOBAHUE MEXIY YIIPABIISIIONIUM BO3/IEHCTBUEM
(BXOJIHBIM CUTHAJIOM) M OTBETHBIM JCHCTBHEM (BBIXOIHBIM CUTHAJIOM).

I'uppaBinyeckue ciaeAsye NPUBOIbI HALLIY HIMPOKOE IPUMEHEHUE B PA3JINYHBIX OTPACIIAX
TEXHUKHU U B OCOOEHHOCTHU B CUCTEMAX YIPaBiIOEHUsI COBPEMEHHBIMU TPAHCIIOPTHHIMU
MallliHaMH, BKJIFOYasi aBTOMAIWHbI, MOPCKUE Cy1a, CAMOJIETHI U IIPOYUE JIETATEIbHbIE
arraparsl.

bnok-cxema cnepgsiero npuBoaa (puc.8.1) COCTOUT U3 CIEAYIOMIUX OCHOBHBIX 3JIEMEHTOB:
3ajaromero ycrpoiicrsa 3Y, KOTOpsIM ((OPMUPYETCSI CUTHAIT YIIPABICHHS, IPOTIOPIIMOHATIBLHBIN
TpeOyeMoMy NepeMeIIeHNI0 CTIOHUTENIEHOTO MEXaHU3Ma (JaTYMKH, pearupyrome Ha
M3MEHEHHE YCIOBUI pabOTHI HITH ITapaMeTPOB TEXHOJIOTHYECKOTO MpoIiecca);
cpaBHuBatolero ycrpoiicrsa CY, uiam 1aTuuka paccoriiacoBaHusl, yCTaHABIMBAOLIETO
COOTBETCTBUE CUTHAJIA BOCTIPOU3BEICHUS, TOCTYIAIONIETO OT UCTIOHUTELHOTO MEXaHU3Ma,
CUTHAIly YIpPaBJICHUS;

yeunutenst Y, KOTOPBIM IPOU3BOIUTCS YCHIICHHE MOIITHOCTH CUTHAJIA YIIPABJICHUS 3a CUET
BHEIIHET0 UCTOYHMKA dHepruu BUO;

UCTIOTHUTENBHOTO Mexanu3Ma MM, koTopeiM niepemeniaeTcss 00BeKT YIpaBICHUS U
BOCIIPOM3BOAMTCS MPOrpaMmMa, orpeiessieMas 3aat0lUM YCTPOHCTBOM;

obpatHas cBsi3b OC, KOTOPOIl UCIIOJHUTETBHBIX MEXaHU3M COEIMHEH CO CPABHUBAIOIINM
YCTPOHCTBOM MU ¢ yeunurenaeM. OOpaTHas CBsI3b SIBISETCS OTJIMUUTEIbHBIM 2JIEMEHTOM
CIEJISIIEro MPUBO/A.
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3Y - sanmowmes yoTpoRcTEO ]
CY - cpanmBaoumes yoTpoicTBo
Y - younurens BAR3
VM - HCMOAHMTENLHBIA MBXaHHIM

OC - ofparHas cease
B3 - BrOwNHA WCTOYHHK SHEDIMH

Puc.8.1. biiok-cxema ciepsiero npuBojia

Benunuuna X = f (t) (mepemerienne win CKOPOCTh), coodIaeMast 3aIal0IUM YCTPOHCTBOM
CPaBHHBAIOIIEMY YCTPONCTBY, Ha3bIiBaeTcs "BxoaoM", a y = ¢ (t)(mepemerieHue uim cCKOpocTh),
BOCITPOM3BE/ICHHAS UCTIOTHUTEIBHBIM MEXaHU3MOM, - "BeixogoM". Pa3HocTh (X - Y) = ¢
HA3bIBACTCS OMIMOKON CIIEKEHUS MIIM PACCOTIACOBAHUS CUCTEMBI.

[Tpunumn paboThl CIEAAIIETO MPUBOIA 3aKIII0UACTCS B cleAyroleM. M3MeHeHne ycinoBuit
paboThl MaITMHBI WJIK TTAPAMETPOB TEXHOJIOTMYECKOTO IIPOLIECCa BHI3BIBAET MEpEMEIICHUE
3a/1al01Eero YCTPOMUCTBA, KOTOPOE CO3/AaeT paccoriacoBanue B cucteme. CUrHai
paccoriiacoBaHus BO3ACHCTBYET Ha YCUIIUTEINb, @ YEPE3 HErO U HA UCIIOJIHUTEIIbHBIA MEXaHU3M.
BrI3BaHHOE 3TUM CUTHAJIOM MepeMeleHNe UCTIOTHUTEIFHOTO MEXaHH3Ma uepe3 00paTHYIo
CBSI3b YCTPAHSIET PACCOTIIACOBAHUE U TMTPUBOAUT BCIO CUCTEMY B UCXOJIHOE TIOJIOKCHHUE.

PaccMmoTpuM paboty crensiiero NpuBoia Ha MpuMepe MPUHIIUITHATEHOM CXEMBbI PYJIEBOTO
yrpaBiieHus: aBTomoouss (puc.8.2).
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Puc.8.2. [IpuHiMnuaneHas cxema Ciaeasero
PYJIEBOT0 NMPUBOJA aBTOMOOMJIS: 1 - Hacoc (BHEIIHUN MCTOUHUK YHEPTUN); 2 - BTYJIKA
YCHITUTEJIS,
3 - oOpaTHas CBs3b; 4 - HCIIOIHUTENbHBI MEXaHU3M;
5 - 30JIOTHUK YCUJIMTENS; 6 - BUHT; 7 - pyJieBO€ KoJieco (3ajaromiee yCTpoilcTBO)

IIpy npsIMOIMHEWHOM JBUKEHUN aBTOMAIIMHBI BCE 3JIEMEHTHI CUCTEMBI PYJIEBOTO YIPABICHUS
HaXOZATCS B UCXOIHOM IOJIOKEHUH. JKuAKoCTh N3 Hacoca | MocTynaeT K THAPOYCHIIUTEIIO



30JIOTHUKOBOTO TUMA. 30JIOTHUK 5 YCHIUTENS 3aHUMAaeT HEUTpaIbHOE MOJIOKEHHE, a B 00enX
HOJIOCTSIX UCTIOJIHUTENIBHOTO MEXaHU3Ma 4 YCTaHOBWJIOCh OJIMHAKOBOE aBjieHue. [Ipu
HE00XO0IMMOCTH U3MEHUTH HAIIPABJICHHUE ABMKEHUS aBTOMOOMIISI BOJUTEIH TIOBOPAUYMBACT
pyneBoe kojeco 7. CBsI3aHHBIN C PYJIEBBIM KOJIECOM BUHT 6 IIepeMelaeT 30JI0THUK YCUIIUTEN
Ha BEJINYUHY X, BBI3bIBAs paccorijacoBaHue B cucteme. [Ipu 3ToM npoxo/iHble ceYeHMs OTHUX
pabouuX OKOH YCHJINTEJIl YMEHBIIAIOTCS, a APYTUX YBEIMUUBAIOTCSA. DTO CO3/aeT Iepenas
JIaBJICHUH y UCIIOJIHUTEIBHOIO MEXaHU3Ma, a €r0 MOPIIEHb IPUXOUT B ABHKEHUE,
nepeMelasich Ha BeJIMYMHY Y U [TOBOpaunBas kojeca aBToMoOmiss. OTHOBPEMEHHO uepes
00paTHYIO CBA3b 3 ABM)KEHUE MOPUIHS IEpEAAETCs Ha BTYJIKY 2 ycunutens. CoBOKyNHOCTb 2 U 3
ABJISICTCS CPAaBHUBAIOLIMM YCTpOiicTBOM. BTylka nepemeriaercs B TOM )K€ HalpaBJIeHUH, YTO U
30JI0THHK 5 J10 T€X IOp, [IOKa paccoriacoBaHUe B THIPOCUCTEME, BEI3BAHHOE IIOBOPOTOM
pyJeBoro kojeca, He OyaeT ycrpaneHo. [Ipu HenpepbIBHOM BpallleHUH BOAUTENIEM PYJIEBOIO
KoOJIeca MOPUIEHb CO IITOKOM OY/IET TaKKe HEMPEPHIBHO IEPEMEIIATHCS, BHI3bIBAS
COOTBETCTBYIOLIUI OBOPOT KoJiec. [Tpu 3ToM HebobIINe YCUITUS BOJUTENS, IPUKIIAIbIBACMbIE
K PYJIEBOMY KOJIECY, TUAPOIIPHUBOIOM IPE0OPa3yIOTCs B 3HAYUTEIIbHBIC YCHIIUS Ha IITOKE
HOPILHS, HEOOXOUMBIE JUIs YIIPAaBICHUsSI aBTOMOOUIIEM.

8.2. Knaccupukanusi ruipoycHInTe e

HpI/IMeHHGMHe B ABTOMATU3UPOBAHHBIX TUAPOHIPHUBOAAX THAPOYCUIIUTCIIN KJ'IaCCI/I(l)I/II_II/IPYI-OT I10
CICAYIOIIUM ITPpU3HAKaM.

[To memody ynpasnenus pa3nu4aroT TUAPOYCUIUTENN O0e3 00paTHOM CBSI3U U ¢ 0OPaTHOMN CBSA3BIO
MEXIY YIPABJISIIOUIAM 3JIEMEHTOM U BEIOMBIM 3B€HOM MCIIOJHUTEIHFHOTO MEXaHU3MA.

[1o koncmpykyuu ynpaenawouje2o snemenma TAAPOYCUIUTENN NOAPA3ACIIAIOT HA YCUIUTEIH C
JPOCCENINPYIOIUMU THIPOPACTIPEACIUTENSIMH 30JJ0THUKOBOIO THUIIA, C COIIJIOM U 3aCIIOHKOH, CO
CTpYIHO! TpYOKOM, KpaHOBBIE, C UTOJIBYATHIM JIPOCCETIEM.

ITo uucny xackados ycunenus TUAPOYCHINTENH MTOAPA3ALISIIOT HA OHO-, IBYX- U
MHOTOKacKaaHble. MHOTOKacKaJHbIE MPUMEHSIOT B TEX CIyYasiX, KOTJa TpeOyeTcs MoIydyuTh Ha
BBIXO0/1€ OOJIBIITYIO MOIIIHOCTh U COXPAHUTH TIPH 3TOM BBICOKYIO YyBCTBUTEIHHOCTh
TUAPOYCUIIUTETIS.

ITo 6udy cuenana ynpaénenus ruApoOyCUINTENN NOAPA3AEIAIOT HA YCHIIUTENN C MEXaHUYECKUM U
AIIEKTPUYECKUM CUTHATAMHU YIIPABICHUS.

BayKHBIMU XapaKTEPUCTUKAMH YCUITUTEINEH SBISIOTCSA KOA(D(UIIMEHTB! YCHIICHHS: TI0 MOIIIHOCTH
kn, 1o pacxomy Ko, o ckopoctu k, 1 mo nasienwuo Kp:
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171€ Ngyix, Ngy - MOIITHOCTH HA BEIOMOM 3BEHE MCIIOTHUTEIHHOTO AIEMEHTA THIPOYCUITUTEINS U
MOIITHOCTD, 3aTpauynuBaeMasi Ha ero yrpasieHue; 0Q, ov, OP - nsmenenue pacxoaa, CKOpOCTH
JBUKEHHS BEJIOMOTO 3BE€HA MCIIOTHUTEIHLHOTO JIEMEHTA U IaBIICHUS )KUIKOCTH Ha BBIXOE MPH
HN3MCHCHHUH ITOJIOKCHHA YIIPABJIAIOIICTO 3JICMEHTA TUAPOYCHIIUTEIA HAa BEJINYHUHY OX.
8.3. 'uapoycuiiuTesib 30JI0THUKOBOI0 THIIA
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['unpoycunuTeny 30J0THUKOBOTO THIIA TTONYYMIIH HaubombIiee pacipoctpanerHne. OHU MPOCTHI
M0 KOHCTPYKIINH, PAa3TPY>KEHBI OT aKCHAIBHBIX CTATHYECKUX CHJT IABJICHUS KHUIKOCTH, JIETKO
ympasnsieMbl, uMetoT Beicokuii KITJ[ u o0ecnieunBaioT qocTH)EHNE 3HAUNTETHHBIX
KO2()PUITMEHTOB YCUIICHHUS 110 MOIITHOCTH.



Cxema CICOAICTO TUAPOYCUIIUTCIIA 30JIOTHUKOBOI'O TUIIA C TUAPOABUTATCIICM HpSIMOJII/IHef/'IHOFO
JIBIDKCHUSI M )KECTKOU PhIUaXHOW 0OpaTHOM CBS3BIO MIPE/ICTaBlICHa Ha puC.8.3.
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Puc.8.3. CxeM ruppoycuiintessi 30JJ0THUKOBOI'O THIA ¢ 00paTHOMN CBA3bIO:
1 - mapHup; 2 - Tra; 3 - 30JOTHUK PaCcHpEeACIUTENs; 4 - TOPLICHB;
5 - KopITyC CHMIIOBOTO IMIIMHAPA; 6 - mapHUp; 7 - mudepeHraIbHbIi peryar

OTOT r’UAPOYCUIIUTEIH COCTOUT B OCHOBHOM M3 TEX 7K€ AJIEMEHTOB UTO U PACCMOTPEHHBIH BBILIE
YCUJIUTENb PYJIEBOro NpuBoAa aBromooumist. [Ipu nepemenienun TAru 2, CBsI3aHHOM ¢ py4KOM
yIpaBJIeHus, iepeMeraercs mwapHup 1 quddepeHnuanbHoro peyara 7 o0paTHo CBs3H, C
KOTOPBIM BSI3aHbI IITOKU CUJIOBOTO IIWJIMHAPA 5 U 30JI0THUKA pacripeaenuTens 3. Tak Kak Cuibl,
IIPOTUBOCHCTBYIOIINE CMELICHHUIO 30JJ0THUKA PACIIPEIEIINTENS], 3HAUUTEIBHO MEHBIIIE
COOTBETCTBYIOILUX CHJI, IEUCTBYIOIIMUX B CUCTEME CHUJIOBOTO MOPIIHA 4, TO IAapHUP 6 MOXKET
paccMaTpUBaThHCS B Hayaje JIBUKEHUS TITU 2 KaK HETOABW)KHBIN, BBUAY YETO JBUKECHHE €r0
BBI30BET Uepe3 phluar 7 cMellleHue TUIyH)Kepa 30J0THHKA pacnpenenurens 3. B pesynabrate npu
CMELICHUU 30JI0THUKA U3 HEUTPAIbHOIO MOJIOKEHHUS, )KUIKOCTb ITIOCTYIIUT B COOTBETCTBYIOLIYIO
MOJIOCTh LIMJIMHJIPA 5, UTO BBHI3OBET MepeMelleHne MOpUIHS 4, a cIe10BaTeNIbHO, U apHupa 0,
CBsA3aHHOTrO ¢ "BbIxoAoM". IIpr 3TOM BBIXOJHOE 3BEHO CMECTHUTCSI IPOIIOPLIMOHAIBHO
MEPEMEIICHUIO TSTH 2.

[Tocne Toro kak ABMKeHUE TATU 2 OyeT NPEKpaLIeHO, TPOAOIKAIOIIUICS BbIIBUTaThCS
HopIeHb 4 COOOIIUT Yepe3 prlyar 7 00paTHOM CBSI3U IUTYHXKEPY 30JI0THUKA pacipenenuTens 3
nepeMenieHe, MPOTUBOIOI0KHOE TOMY, KOTOPOE OH IMOJIY4asl 10 3TOr0 IPU CMEIIEHUH TATH 2
ynpasieHus. Tak Kak IpU 3TOM pacxo/IHble OKHA 30JIOTHHKA OYAYT B pe3yJbTaTe 00paTHOIO
JBUKEHUS TUTYH)KEpa [MOCTETNIEHHO MPUKPHIBATHCS, KOJTMYECTBO JKUKOCTH, TOCTYHAIOIIEH B
WIMHAP 5, YMEHBIIUTCS, BCJIEACTBUE YEro CKOPOCTh €ro MOPIIHS OyleT YMEHbIIATHCS JI0 TeX
1op, MOKa IIYHXep 30JI0THUKA HE TIPUJET B MOJI0KEHHE, B KOTOPOM OKHA MOJHOCTHIO
NEPEKPOIOTCS, IIPU ITOM CKOPOCTh CTAHET PaBHOM HYIIIO.

HpI/I NEPEMECIICHUH TIITYHKEPA 30JI0THUKA B IIPOTHUBOIIOJIOXKHYIO CTPOHY ABHXKCHUC BCCX
9JICMCHTOB PCryJIMPYHOLICTO YCTpOﬁCTBa 6y,Z[CT MMPpOUCXOJUTH B O6paTHOM HaIllpaBJICHUH.

B neiicTBUTENBHOCTH OTAENBHBIX 3TANOB JIBHKEHUS "BXxoAa" U "BhIXxoAa" paccMaTpUBaeMOTo
CJIEJISIET0 MPUBO/IA C )KECTKONH 00paTHOM CBS3bIO HE CYLIECTBYET, M 00a IBHKEHUS IPOTEKAIOT
MPaKTUYECKH OJJHOBPEMEHHO, T.€. UMEET MECTO HE CTylIeHYaToe, a HempepbIBHOE "cliexeHue"
WCTIOJTHUTEJIbHBIM MEXaHU3MOM 3a IepeMeleHreM "Bxoaa".

8.4. 'mapoycuauTenb ¢ CONJIOM U 3aCTOHKOM



['uapoycumuTesnsb ¢ COIIIOM | 3aCIIOHKOM (pHUC.8.4) COCTOUT M3 YIPABIISIONIETO MJIEMEHTA B BUIE
HEpEryJIUpyeMOro apoccens 1, MeXIpoCcCeTbHOM KaMephl 2, PEryJIupyeMoro Ipoccers,
BBITIOJIHEHHOTO B BUJIE COILIA 3, 3aCJIOHKH 4 U 33JIaI0IEro YCTPOUCTBa 6, a TaKkKe U3
HCIIOJTHUTENILHOTO JIEMEHTa 5.

P2
f
I
ﬁﬂﬁ_{. T p,l" -.c*::‘r.'ur
"'?:?]' Ny

S/
[ ==

Puc.8.4. 'mapoycmiinrens ¢ COMIIOM U 3aCIOHKOMN:
1 - HeperynMpyeMmBbIii Ipoccenb; 2 - MeXApOocceIbHas KaMepa; 3 - COIIo;
4 - 3aCJI0OHKa; 5 - HCIIOJIHUTENbHBIN 3JIEMEHT; 6 - 3a/1at011ee YCTPOHCTBO

KuakocTs nogaercs K riAPOYCUIIUTENIO CO CTOPOHBI HEperyaupyemoro apoccens. 13
MEXIPOCCeTbHON KaMephl OJIHA YacTh KUAKOCTH Q2 BBITEKAET Uepes IIellb, 00pa30BaHHYIO
TOPIIOM COTUTA U 3aCJIOHKOH, a Apyrast Q1 HOCTYyMaeT K HCIOTHUTEIBHOMY dJIeMeHTy. [1pu
M3MEHEHUU MOJIOKEHUS 3aCITIOHKU U3MEHSIOTCS IABJIICHHE B MEXJIPOCCEIIBHONW KaMepe U pacxol
yepe3 coruro. OJHOBPEMEHHO N3MEHSIOTCS YCHITHE Ha HCTIOIHUTENBHBIN 3JIeMeHT, pacxon Q1 u
CKOPOCTH L ABMXEHUS BBIXOJHOTO 3BeHa. Heperynupyemslii Ipoccenb MOKeT OBITh BHITIOJIHEH B
BHJIC TIAKETa TOHKHUX MIAH0 C KPYTJIBIMUA OTBEPCTUSIMU.

Conuio THIPOYCUITUTENS BBIIOJIHAETCS B BUAE LUIMHAPUUECKOIO HacalKa Ui B BUIE
KallWIISIPHOTO KaHaa. YBeIMUeHHe JUaMeTpa COILIa IPUBOAUT K YBEIMUEHHIO pacxoja v
OBICTPOJCICTBUS CUCTEMBI. 3aCIIOHKA UMEET IIIOCKYI0 (popMy U nepemeraeTcst OT BO3AEHCTBUS
Ha Hee CUTHaJla yIpaBJICHHUS.

I'mapoycunurtenp THIA COTUI0-3aCI0HKA OTINYAETCS MPOCTOTOM KOHCTPYKIIMH, HAJIE)KHOCTBIO B
pabote u OpicTpoaeiicTBreM. K HeMy MOKHO TTOJIBOJUTH KUIAKOCTH ¢ OOJBIIUM JaBICHUEM
nutanus Py. B ycTpoiicTBe comio-3acioHka OTCYTCTBYIOT TPYIIHECS Mapbl, 9TO 00eCIeurnBaeT
€ro BBICOKYIO UYBCTBUTEIBHOCTh. HEIOCTATKOM SBIISETCS HENMPOU3BOAUTEIBHBINA PACXO/
KUIKOCTH yepe3 coruto, Hu3kuid KITJI  HeBbIcOKHIT KOO HUIIUEHT YCUIISCHUS 110 MOIITHOCTH.

8.5. I'mapoycuanres co cTpyiiHol TpyOKoii
[Muapoycunurens co cTpyHOU TpyOKoOi (pHC.8.5) COCTOUT U3 TPYOKU 5 C KOHUIECKUM

HAacaJKOM Ha KOHIIE, COTUIOBOM TOJIOBKH | C IByMsI HAKJIOHHBIMA KOHHYECKUMH PACX OJSIIHMUCS
KaHaJIaMU U yCTPOMCTBA yrpaBiieHUs. Y CTPOMCTBO yIpaBiIeHUsl CTpyHHOU TpyOKOI COCTOUT U3



3a/1al01LET0 YCTPOMCTBA 4 B BUJIE PETYJIUPYEMON IPYKUHBI, TOJIKATENS 6 U OTpaHUYUTENS 3
X0/1a cTpyiHOU TpyOKku. KaHansl COTIIOBOM TOJIOBKH COSUHEHBI C HCTIOTHUTEIHHBIM YJIEMEHTOM
8 runpoycunutens. XKuakocts ¢ mapamerpamu P 1 Qg momaeTcs kK TpyOKe OT UCTOYHHKA
nutanus. [o TpyOe 2 KUAKOCTb OTBOJIUTCS OT THAPOYCUIIUTEINS Ha CIIUB.

[Tpunumn paboThl THAPOYCUTTUTENS CO CTPYHHOM TpyOKOI OCHOBaH Ha MPeoOpa3oBaHUU
yIEIbHON MOTEHIIUAIbHON SHEPT UM JIABICHUS B YACIbHYIO KHHETHUECKYIO SHEPTHUIO CTPYH,
BBITEKAIONIEH U3 KOHMYECKOTO HACaJIKa, U MOCIEIYI0IIeM peoOdpa3oBaHuU ITON IHEPTHH B
YACIBHYIO IIOTEHIHAIBHYIO SHEPTHIO JABJIICHNS B KAHAJIAX COILIOBOM T'OJIOBKHU.

I'unpoycunurens padoraer cienyroumm oopa3oM. IIpu OTCYTCTBUM CHTHANIA YIIPABICHHS
CTpyitHas TpyOKa 3aHMMAET HEUTPAIBLHOE MOJIOKEHHE M0 OTHOLICHHUIO K OTBEPCTHSIM B COILIOBOI
roJIoBKe. BrITekarolas u3 HacajKa CTpys B OJMHAKOBOW Mepe MepephIBacT 00a OTBEPCTHUS
(puc.8.5, 6), BciencTBUe Yero JaBJICHHsS B KaHAlIaX COIUIOBOM rOJIOBKU OJIMHAKOBBI, 8 BEIXOHOE
3BEHO MCIOJHUTEIHLHOTO 3JIEMEHTA HEMOABWKHO. [Ipu rogade curnana ynpaBieHus Ha
TOJIKATeNb CTPYyiHasa TpyOKa CMeIaeTcsi U3 HeHTPaIbHOTO MOJIOKEHHUS, PABEHCTBO TUIOIIA IS
OTBEPCTHI, NEPEKPBITHIX CTPYEH, U PABEHCTBO JABJICHUI B KaHaJaX COILUIOBOW FOJIOBKH
Hapyaercs. B pe3ynbTaTe BBIXOJHOE 3BE€HO UCIIOJHUTEIBHOIO 3JIEMEHTa HAUMHAET
nepemeniarbes. [Ipu n3Menennn 3Haka CUTHaIa yIpaBiIeHUs! BEIXOHOE 3BEHO OYIET IBUTAThCS
B IPYI'yIO CTOPOHY. BbITecHsIeMas U3 UCIIOTHUTEIBHOTO 3JIEMEHTA KUAKOCTh IONAIAET Yepe3
KaHaJl B COIJIOBOM T'OJIOBKE B MOJIOCTh 7 YCHIJIMTENA U Jajiee Ha ciauB. it Toro yToObl B KaHAIIBI
COILIOBOM T'OJIOBKU BMECTE € *KHAKOCTHIO HE TIOTajl BO3AYX, HACAI0K CTPYHHOM TPYOKHU AENaroT
MOTPY>KEHHBIM B JKUJIKOCTb.
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Puc.8.5. 'mapoycunurens co CTpyHHOM TpyOKoO:
1 - comoBas roJI0BKa; 2 - CIMBHOM TPyOOIIPOBO; 3 - OTPAaHUYUTEIb X0/1a;
4 - 3ajaroniee ycTpoicTBO; 5 - cTpyiiHas TpyOka; 6 - TOJKaTeb;
7 - BHYTPEHHSISI TTOJIOCTh; 8 - HCIIOTHUTEIBHBIH AJIEMEHT
8.6. /IByxKkacka/JHble YCHINTEIH



J171s1 TOBBIILIEHUS! YYBCTBUTEIBHOCTH YCHIIUTENS U 00€CTIeYeHHs] OJJHOBPEMEHHO YBEIUYECHUS
MOIIHOCTH BBIXOJHOT'O CUTHAJIA PUMEHSIOT ABYXKaCKaIHbIe YCTPOMCTBA, IEPBOM CTYIMEHbIO
YCHJICHUSI KOTOPBIX SBJISICTCS OOBIYHO YCHIIMTENh THITA COTUIO- 3aCJIOHKA, @ BTOPOH - 30JI0THUK.
[IpuHIMnIManbHas cxeMa TaKoro yCTpOMCTBa MoKa3zaHa Ha puc.8.6. MexapoccenbHas kamepa a
ITON CXEMBI COEJMHEHA C IIPABOM IOJIOCThIO OCHOBHOI'O PACIIPEIEIUTENBHOIO 30J0THHKA,
IUTYHKep 2 KOTOPOTO HAXOAUTCS B PABHOBECUU O] ACUCTBUEM YCUIIUS TIPY>KUHBI 4 U TaBIICHUS
KUJKOCTU B 9TOU Kamepe. KUIKOCTh MOCTOSTHHO MOABOIUTCS B IITOKOBYIO IMOJOCTh b CUIIOBOTO
HWIMH]IPA, TOPUIEHb KOTOPOTO MPU OJIHOBPEMEHHOI 1Mojjaue KUIKOCTH B IPOTUBOIIOIOKHYIO
II0JIOCTD [IEPEMEILAETCS BCJIEICTBUE PA3HOCTH ILIOLIAAEH MOPIIHS BJIEBO, U IPU COCTUHEHUU
9TOM MOJIOCTH ¢ GAKOM - B TIPAaBYIO CTOPOHY.

P = =

Puc.8.6. JIByxKacKkaHbIH YCHIMTEINb TUIIA COTLIO-3aCIIOHKA:
1 - 3acnonka; 2 - ruiyHxep; 3 - CUJIOBOM LUIMHIP; 4 - IPY>KUHA

Ha puc.8.6. ycunuTens nokasana B HEHTPaIbHOM ITOJIOKEHUH, B KOTOPOM IpaBast MOJIOCTh
muIMHIpa 3 nepekpseita. [Ipu cmenienny 3acaoHku 1 paBHOBeCUE CHJI, IEHCTBYIOIIMX Ha
IITYHXKED 2 30JIOTHHUKA, HAPYIIUTCA, 1 OH, CMCIIAasACh B COOTBETCTBYIOIIYIO CTOPOHY, COCANHUT
MPaBYIO MOJIOCTh CUIIOBOTO MMJIMH/IPA 3 THO0 ¢ MONOCThIO MuTanus (naBneHue P ), mibo ¢
06akoM. braromapst Tomy, 4TO ycuime, co3jaBaeMoe JTaBICHUEM KUIKOCTH Ha TUTyHXKep 2
30JI0THUKA, YPABHOBEIINBACTCS MPYKUHOU 4, IepeMelIeHe pacipeeIuTeIbHOr0 30JI0THUKA
OyJIeT MPOMOPIIMOHAIEHO TIEPEMEIICHHIO 3aCIOHKU (PETYIMPYEMOTO APOCCEINS), B pe3yIbTaTe
Yero JOCTUTAeTCs MPUOIMKEHHAsI MPOMOPIIMOHAIBHOCTh PACX0a KUIKOCTH Yepe3 30J0THUK U
nepemenieHus 3acaoHkn. Cle10BaTeNbHO, B JAHHOM CITydae HMEeT MEeCTO 0OpaTHasi CBSI3b 110
JABJICHUIO.
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Puc.8.7. JIByxcTyneHuartas ciensias cucrema ¢ 00paTHOM CBA3bIO 110 IABJIECHUIO:
1 - npyxuHa; 2 - uiyHxep; 3 - 1poccenb; 4 - Kianas; 5 - 3aCJI0HKa

===

Cxema npuMeHEeHUs 3TOT0 paclpeleIMTEIbHOr0 YCTPOICTBA B CleAsIel CUCTEME ITPUBEICHA
Ha puc.8.7. [ImyHxkep 3070THHKA 2 B 3TOM cXeMe HaXOIUTCS B paBHOBECUH TO/] IeHCTBUEM
YCWIHS TIPYKUHBI | U JaBICHUS )KUAKOCTH B KaMepe a, KOTopasi COeIMHeHA ¢ TUHUEH MTUTaHuSs
yepes Ipocceb 3 U CO CIIMBOM - Yepe3 CBepIieHHe b B mToke miryHxkepa. ConpoTUBICHHE
MOCJIEIHETO KaHalla, a CJIe/I0BaTeNIbHO, U JaBJICHHUE B KAMEPE a MOXKHO U3MEHATh CMEIEHUEM
3aCJIOHKH 5; IPU 3TOM BCIIEJICTBUE HAPYIICHHS PABHOBECHS CUJI HATSHKEHUS IPYKUHBI U
JTABJICHUS] )KUAKOCTH TUTYHKEp 30JI0THUKA OY/ET Ciel0BaTh 3a 3aCIOHKOM. /{1151 moBbIIeHus
YyBCTBUTEIHLHOCTH JaBJIEHHE B KaMepe a OObIYHO MOHUKAETCS ¢ TOMOIIbIO KiIamana 4 uimu

IMMyTEM IMUTAHUA ITOH KaMCpPbI OT OTACIIBHOTO HCTOYHHKA U, B HACTHOCTH, OT CIIMBHOM
MarucTpaliu.



Cucrembl pa3rpy3Ku HaCOCOB M peryJIMpOBaHus THAPOABUraTesei

9.1. Cioco0ObI pa3rpy3Ku HACOCOB OT JaBJIEHUS

B runponpuBoaax, B KOTOPBIX THAPOJBUTATENN pabOTAIOT HEMPOJOHKUTEIHLHO, HEOOXOMMO
yCTpauBaTh CUCTEMBI pa3rpy3KH Hacoca OT JaBjeHus. biaarogaps 3ToMy yMEHbIIAKOTCS
3KCIUTyaTalMOHHBIE pacxobl, yBeauunBaercs K11/l cucremsl 1 noBbIIAETCS TOITOBEYHOCTh
Hacoca.

Pasepysxa uepez pacnpedenumens OCylECTBISIETCS TYTEM COEIUHEHUS HAIOPHOM JTMHUU
Hacoca HEMOCPEICTBEHHO uepe3 pacipenenuTels ¢ 6akoM. Ha puc.9.1, a nokazan MOMEHT
pa3rpy3Ku Hacoca MPH MOMOIIYU TPEXIMO3UIIMOHHOTO PEBEPCUBHOIO PACIIPEICTUTENS C
AJIEKTPOMAarHUTHBIM yIIpaBieHUEM. Pa3rpy3ka ocylecTBIsSETCs IPU CPEIHEM MTOT0KEHUHU
TUTYH)Kepa 3a CUeT KaHaJoB, CACNAaHHBIX B IUIYH)KEPE 30JI0THHKA.

Pa32py37<a Hacoca CydeprCClHl/leM 6 ZMOPOMGZMCWZPCUZM ycmaHosueulecocs oasienust
H€06XOI[I/IM21 AJId TUHAPOCHUCTEM MAlIWH C IIPUXKXUMOM HJIU 3A)KUMOM HCTaﬂeﬁ IIpU Uux 06pa60TKe
(B CTAaHKOCTPOCHHH) WITH B THIPOCUCTEMAX, TJI€ MPOJIODKUTEIILHOE BPEMsI JOJDKHO
MoAACPKUBATHCS BBICOKOC NABJICHUC ITPHU OTCYTCTBUU pacxoaa. B Takux clIydadax MMpuMCEHAIOT
THJIPOAKKYMYJISITOpBI. JlaHHas cucTeMa pa3rpy3Kd Hacoca Oblia y)Ke paccMOTpeHa B 11.7.4 Ha
puc.7.22. PaccMoTpuM elie OJiH BapuaHT pa3rpy3ku. Ha puc.9.1, 6 npencrasieHa ruapocxema,
IJie pa3rpy3ka Hacoca ¢ yJIepKaHUEeM JIaBJICHUS B THIPOMAruCTPalId OCYIIECTBIISCTCS
cnenyromuM odpazom. [Tocie mprkrMa MTOKOM MOPIIHS Ipy3a | K yrnopy HadMHAeTCs 3apsKa
THJIPOAKKyMYyJIsiTopa 2. B 3T0 ke BpeMsi )KUAKOCTh 1O BRICOKUM JIaBJICHUEM I10 JINHUH
yrIpaBieHus 3 MOABOAUTCS K HAIOPHOMY KJIalaHy.

Korna naBienue 10CTUTHET 3HaY€HMsI, HA KOTOPOE HACTPOEH KilanaH 4, OH OTKPOETCs U
COEJMHHUT HAMOPHYIO JMHHUIO ¢ ruapobdakoM. Hacoc pasrpys3urcs ot BBICOKOTO AaBICHUS, IPU
ATOM OOpaTHBIH Ki1anaH 5 GJIOKUPYET MarucTpaib OT CJIMBA, a Hy’KHOE 1aBICHUE
MOAJEPKUBAETCS THAPOAKKYMYJIATOPOM 2. ' HAPOAKKyMYJISTOP IIPH 3TOM KOMIIEHCHPYET
yTeuku pabouei ®KHUAKOCTU B THIPOAIIapaType U NEPEeTEeUKy B THIPOABUTATENE.
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Puc.9.1. IlpuHiunuanbHbeie CXeMbl pa3rpy3Ku Hacoca

Pasrpy3ka Hacoca B moj0okeHuu ""cTon" UCHOTHUTEILHOTO MEXaHU3Ma IPUMEHSIOT B CTAaHKAX,
paboTaronmx no uuKiam: pabouuit xox - "cron" - peBepc - XxonocTor xo. B aTom cinyuae k
THIPOIMIIMHAPY ¥ THAPOMATUCTPAIH HEOOXOAUMO MOAKIIOYUTE 00paTHbIE KianaHsl (puc.9.1, B,
r). [Ipu mocTrKeHUH MOPIIHEM KpaifHero nmpaBoro moxoxeHus (puc.9.1, B) Hacoc pasrpyxaercs
1o TuHUM 1-2-3-4-5-6-7, a ipu JOCTHKESHUH KpalHETo JIeBOTO ToJioxkeHus (puc.9.1, ) - mo
nuHun 1-2-6-8-9-3-7.

9.2. JIpoccesbHOE peryJiupoBaHue

OdeHb 4acTO BO MHOTHX pa6oqnx nponeccax HCO6XOI[I/IMO HU3MCHATH CKOPOCTU IBUKCHU
BBIXOJHBIX 3B€HBCB FI/I}IPO}IBI/IF&TGHGIZ. W3menenue CKOPOCTH MOXKCET OCYIICCTBIIATHCA Pa3HbIMU
criocobamu. OI[HI/IM N3 HUX ABJICTCA APOCCCIIBHOC YIIPABIICHUC.

JlpoccenbHbli criocod peryaupoBaHusi CKOPOCTH THAPONPUBOAA C HEPETYIUPYEMBIM HACOCOM
OCHOBAH Ha TOM, YTO YacCTh KUAKOCTH, I0JaBa€MON HACOCOM, OTBOJMTCS B CIIMBHYIO
TUAPOJIUHUIO U HE COBEPIIIAET MOJIe3HOM padoThL. [IpocTeiuM peryasiTopoM CKOPOCTH
SIBIISIETCS. PETYIUPYEMBIN IPOCCEINb, KOTOPBIN YCTAHABIUBACTCS B CHCTEME JTHO0
MOCJIE0BATENBHO C TUAPOABUTATENEM, JTMO0 B TUIPOINHUM YIPABICHUS MapajieIbHO
TUAPOJBUTATEINIO.

[Ipu napannenvrnom exnrouenuu apoccens (puc.9.2, a) pabovast KHUJIKOCTb, IOJJaBaeMasi HAaCOCOM,
pazzensieTcs Ha JiBa MOTOKa. OIMH MOTOK MPOXOJUT Yepe3 TUAPOABUTATENb, IPYTOi - uepes
peryiaupyeMblii ApOCCeb.

CKOpOCTB MOpIIHA JIA 3TOI CXEMBI OIMPECACIIUTCS BBIPAKCHUCM
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rae S - apdexTrBHas mIomanp nopiHs; Qy - mojxaya Hacoca; Sy, - MIOIIAIb IPOXOAHOTO
CeUeHHs Apoccens; | - KodpUIUeHT pacxoja; Fy - Harpy3ka Ha MITOK MOPIIHS; P - TUIOTHOCTh
KUJIKOCTH.

B Taxkoii cucreme npu nMocToSsHHON BHEIIHEeH Harpy3ke Fy = const, cKOpocTh IBMKEHUs OyneT
U3MEHATBCS OT VU min 4O Umax IIPH UBMEHEHHUH Syp, OT Spp max B0 Sy, = 0. Ilockonbky B
paccMaTpruBacMOM I'HIPOIIPHBO/IC IaBJICHHE Ha BBIXOJIC HACOCa 3aBUCUT OT HArpy3ku Py = Fy /S
U HE SIBJIAETCS NOCTOSIHHOW BEJIMYMHOM, TAKYyI0 CUCTEMY HaA3bIBAIOT CUCEMOT C NePeMEHHbIM
oasnenuem. Knanas, yCcTaHOBIIEHHBIN B CUCTEME, ABJIAETCS IPEJIOXPAHUTEIbHBIM. JTa CUCTEMA
IIO3BOJIIET PErYJIUPOBATH CKOPOCTh TOJIBKO B TOM CIIy4dae, €CJIM HalpaBICHUE NEHCTBUS
Harpy3Ku IPOTHUBOIIOIOKHO HAIIPABJICHUIO JBUKEHUS BBIXOIHOTO 3B€HA TUIPONPUBOIA
(oTpunaTenpHas Harpy3Ka).
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Puc.9.2. Cxembl ruiponprBOIOB C APOCCEIBHBIM YIPABIEHUEM CKOPOCTbIO:
a - C MapaJuledIbHBIM BKIIOUEHHEM JApoccelis; O - ¢ IpocceseM Ha BXOj1e
TUAPOABUTATCIIA; B - C JPOCCEIICM HA BBIXOJAC TUAPOABUTATEIIA,

T - C YETBIPEXJIMHENHBIM JPOCCEIUPYIOLIUM PaCIPENEIUTEIEM

TlocnedosamenvHoe 6KkaOUeHUe TPOCCETS OCYIIECTBISICTCS Ha BXOJIE B THIPOJIBUTATEIb, HA
BBIXO/I€ THAPOJIBUTATEIIS, HA BXOJIC U BBIXOIC rHapoaBHuraTess. [Ipu 3ToM BO BeeX Tpex Ciaydasx
CHCTEMa PETyJIMPOBAaHUS CKOPOCTH CTPOUTCS HA MPHUHIIUIIE MOICPKAHUS TIOCTOSHHOTO
3HavyeHus aaBiacHus PH Ha BbIX0/1e HEperyIMpyeMoro Hacoca 3a CUeT CIIMBa YacTH paboduei
KHUJIKOCTH Yepe3 MepesIMBHON KiamaH. [[oaToMy crcTtemMa qpocceIbHOTO PeryInpoBaHus ¢
MI0CJIeI0BATEIbHBIM BKIIIOUCHHEM JIPOCCEIICH MOTydnia Ha3BaHHE CUCIeMA C NOCIMOSIHHbIM
oaesjieHueMm.

[uaponpuBoa ¢ Apoccenem Ha BXoje (puc.9.2, 6) T0MyCcKaeT peryJIupoOBaHUE CKOPOCTH TOIBKO
MIpH OTpULIATENBHON Harpy3ke. [Ipu moI0KUTENbHON Harpy3Ke, HalPaBJICHHOH 10 IBHKEHUIO
MIOPITHS, MOYKET MTPOU30HTH Pa3phIB CILNIOMTHOCTH MOTOKA padodell KHUIKOCTH, OCOOCHHO MPH
3apBITOM JIpoccesie, KOT/Ia MOPIIeHb MPOI0JDKAST IBHKEHUE MO IEHCTBUEM CHIT MHEPIIUH.

CKOpOCTB ABHUKCHUS NOPIIHSA B TAKOM T'HAPOIIPUBOAC OMPCACIISACTCS BBIPAKCHUCM



['unpornpuBo ¢ 1pocceneM Ha Bbixoae (puc.9.2, B) 10MyCKaeT peryaupoBaHue CKOPOCTH
THJIPOABHUrATENs IPU 3HAKOIIEPEMEHHON Harpy3Ke, TaK Kak MpH JII000M HarpaBlIeHUH JeHCTBUS
cuiibl Fy UI3MEHEHNIO CKOPOCTH MPEMSITCTBYET COMPOTUBIICHUE IPOCCEIS, Yepe3 KOTOPHIi
pabouas KUAKOCTb ITOCTYIAET U3 MOJIOCTH THAPOABUTaTeNsl Ha cinuB. [[jist Takoi cXeMbl
BKJIFOUEHUS APOCCENS] CKOPOCTh JBUKEHHUS BBIXOIHOIO 3B€HA ONPEAEITUTCS

HpI/I YCTaAaHOBKE OPOCCEIIA Ha BBIXOJEC B ClIydasix OOIBIINX MOJIOKUTEIBHBIX Harpy3okK aaBJICHUEC
nepea ApocceiieM MOKET ITPCBLICUTDb I[OHYCTI/IMHﬁ YPOBCHbB. HOSTOMy 1A IIPCAOXPAHCHUA
CHUCTCMBI MAapalJICJIbHO APOCCCIIIO BKIIIOYAIOT HpGHOXpaHHTGHbHLIﬁ KJ1aliaH.

HenocraTkom npoccenbHOro peryiupoBaHust SBISETCS TO, YTO IPU PETYIUPOBAHUU YacTh
SHEPI'UH TPATUTCA HA MIPEOJIOJICHUE CONTPOTUBIIEHUS B APOCCENE U MPEJOXPAHUTEIBHOM
KJIallaHe, BCJIEACTBUE YETO MOBBIIIAETCS TEMIIEpATypa >KUIKOCTH, a TO OTPULIATEIILHO
CKa3bIBaeTcs Ha pabote rugpocuctemsl. [lpu apoccensHoM perynupoBannu cHuxaercs KI1J]
TUAPONPUBO/A, U OTCYTCTBYET MOCTOSHCTBO CKOPOCTH JBUKEHUS BBIXOJIHOTO 3BE€HA
TUAPOJBUTATEINS IPU IEPEMEHHOMN Harpy3Ke.

9.3. O0beMHOe peryJupoBaHue

,Z[J'ISI HU3MCHCHUA CKOPOCTHU pa60‘-II/IX OpraHoOB NPUMCHAIOT CUCTCMBI, Y KOTOPBIX BCA ) KUAKOCTH OT
HACOCOB MOCTYIMAET K THAPOJIBUTATEINI0, & PETYJIMPOBAHUE €T0 CKOPOCTHU JOCTUTAETCS
U3MEeHeHueM pabodero oobeMa Hacoca WM THIPOIBUTATEIS.

Cmynenuamoti pe2ynuposanue, IBISSCh Pa3HOBUIHOCTbIO 0ObEMHOI0, OOBIYHO OCYIIIECTBIISAETCS
WM ITyTEeM MOAKIIIOUEHHUS B CUCTEMY PA3JIMYHBIX 11O POU3BOAUTENFHOCTHA HACOCOB (Pa3TUUHBIX
[0 pacxoay TUAPOABUTATENEH).

HN3meHeHune CKOPOCTH NCPEMCIICHHU A IMOPIIHA TMAPOIUINHAPA (pI/IC93) OCYIICCTBIIACTCA B
PE3YIbTATC COCAUMHCHUA OJJHOI'0 UJIM HECKOJIBKHNX HACOCOB 1 ¢ nuHMEH cIuBa (HpI/I oMo
KpaHOB 2) O6paTHI>Ie KJallaHbl 3 B CHCTEME OTKIIFOYAIOT paBpr)KeHHLIfI HaCoC OT JIMHUH
BBICOKOI'O JJaBJICHHA.
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Puc.9.3. O6bemMHOE CTyleH4YaToe peryaupoBaHue

[TonkiroueHue B THAPOCUCTEMY TPEX HACOCOB Pa3HOM mpou3BoAUTENbHOCTH Q1, Q2 1 Q3
MO3BOJISICT MOJYYaTh JI0 CEMU 3HAYEHUI CKOPOCTEH JIBHIKCHHSI BBIXOITHOTO 3BEHA
TUJIPOJIBUTATEIIS.

[T1aBHOE M3MEHEHHE CKOPOCTH JIBUXKCHHS BBIXOTHOTO 3BEHA TUAPOIIPHBOJIA PEATH3yEeTCs 3a
cYeT u3MeHeHus padbodero odbema MO0 Hacoca, JIMOO IBUTATEIIS, JINOO 32 CUCT U3MCHCHHUS
pabouero oobemMa 00euX MaIllvH.

PeeyﬂupoeaHue nymem UsSMeHeHus pa6oqeeo 0bvema Hacoca MOXKET OBITh HUCIIOJB30BAHO B
TUAPONPHUBOAAX MOCTYIIATCIIBHOTO, TIOBOPOTHOI'O UJIM BPpalIaTCJIbHOI'O I[BH)KGHHﬁ.

Ha puc.9.4, a npuBeseHa npuHIMNKUAIBHAS CX€Ma THIPONPUBO/A MOCTYATEIbHOIO JBUKEHHUS C
3aMKHYTOM LIMPKYISALHUEH, B KOTOPOM PEryJIUPOBAHUE CKOPOCTU JBUYKEHUS IITOKA
TUApOLMINHAPa | OCyIIEeCTBIsAETCS 3a CUET U3MEHEHUs oJ1auu Hacoca 4. BeipakeHue ams
CKOPOCTH JBMXEHHS IToKa npu Fy /S < P, 3anmceiBaercs B BUIe

oo CHIHRH F_.E'
Ry &

r7ie qm - MaKCUMalbHbIM pabounii 06beM Hacoca; Ny - 4acToTa BpalleHus Hacoca; S -
s¢deKTUBHAS MJIOLIAAb MOPIIHS THAPOLUMIMHIPA; I - KO3()PUIMEHT 00BEMHBIX OTEPD
CHCTEMBI, orpeaesieMblii u3MeHeHneM oobemHoro KIIJ1 Hacoca u runpoaBuraTens B pyHKIUU
naBiieHus (Harpysku); Fy - Harpy3ka Ha IITOK nopuiHs; P, - 1aBieHue, Ha KOTOpoe
OTPETYJIMPOBaHbl IPEJOXPAHUTEIbHBIE KIIANIaHbl; € - TApAMETP PETYJINPOBAHUS HACOCA,
paBHBIN OTHOLIEHHIO TEKYIIETo 3HaUeHUs pabouero oobeMa K MakCHUMaJIbHOMY pabouemy
o0Bemy.

W3meHenne HanpaBieHUs ABUKEHUS BBIXOIHOTO 3B€HA THIPONPUBO/IA OCYLIECTBISAETCS
Onarosapsi peBepCUpOBAHMIO MTOTOKA paboyeil )KUAKOCTH, [10JIaBaeMOi HacoCcoM (peBepc Mo1aun
Hacoca). [Ipu 3ToM He06X0MMO BHaYalle yMEHBIIUTh 10Jjauy Hacoca JI0 HyJsl, a 3aTeM
YBEJIMUUTH €€, HO B IPOTUBOIIOJIOKHOM HanpasieHuH. HaropHas 1 cimBHas THIPOIMHUM
MEHAIOTCS MecTaMu. JlJI1 KOMIIEHCAIMU yTeYeK B THIPONPUBOJIE C 3aMKHYTOM HUPKYJIALUEH, a
TaK)Ke JUI UCKIIIOUYEHHS BO3SMOKHOCTH KaBUTALMU HA BXOJIE€ B HACOC UCIIOJIB3YETCs



BCIIOMOTaTENbHBIN HACOC 3, OCYIIECTBIISIOMINN MTo1ady padoueil )KUIKOCTH B CHCTEMY
TUAPONIPUBO/IA Yepe3 0OpaTHbIE KIIamaHbl 5.

IIpu TakoMm crioco0e peryIMpoBaHusi CKOPOCTH YCHIIUE, PA3BUBAEMOE BBIXOAHBIM 3BEHOM
TUAPOINPUBOA, HE 3aBUCUT OT CKOPOCTH JABUKEHUS. B 3TOM cilydae rMana3oH peryjanpoBaHus
onpenensiercs oobemabiM KITJI ruapornpuBosa, a Takke MaKCHUMaIbHOM T0/1aueii Hacoca,
OTIpeIeNIIeMBbIi ero pabounM 0O BLEMOM.

Ha puc.9.4, 6 npencraBieHa 3aBUCHMOCTh CKOPOCTH JIBUKCHHSI I MOIIIHOCTH Ha BBIXOHOM
3BEHE I'MIPONPUBO/IA OT MapaMeTpa peryaupoBaHus IpU MOCTOSHHOM Harpy3ke. Takas cucrema
00BEMHOTO PETYINUPOBAHMS CKOPOCTH MOTY4HsIa HAaUOOJIbIIee PACPOCTPaHEHUE B
TUAPONPUBOIAX JOPOKHO-CTPOUTENBHBIX U MOJbEMHO-TPAHCIOPTHBIX MAILIKH.
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Puc.9.4. 'maponpuBoa ¢ peryIupyeMbIM HACOCOM:
a - MpUHIMIHATIbHAS cXeMa; O - 3aBUCHUMOCTh CKOPOCTH U JIaBIICHUS
OT MapaMeTpa peryiupoBaHus; 1 - THAPOUMIMHID; 2 - IPEIOXPAHUTENBbHBIN KIlanaH;

3 - BCoMorarteIbHbINA HAcOoC; 4 - peryIupyeMblil Hacoc; 5 - 0OpaTHBIM KilanaH
PerynupoBanue mmytem nu3mMeHeHus1 pabodyero oobeMa ruApoABUTATENS IPUMEHSIETCS] TOJIBKO B
TUAPOTPUBOIAX BPALIATENILHOTO JABIKEHUS, TJIe B KAYECTBE THAPOJIBUTATENS UCIIONB3YETCs
perynupyembiid TuapoMoTop (puc.9.5, a). B aToM ciydae perynupoBaHue MpOUCXOIUT MTPU
MOCTOSTHHOM MOIIIHOCTH, TaK KaK YMEHbIIIeHHe pabodero o0bemMa ruJjpoABUTaTeNsl YBEIMUUBAET
CKOPOCTBb BBIXOAHOT'O 3B€HA T'MAPOIIPUBOJa U COOTBETCTBCHHO YMCHBIIACT prTf[IHHfI MOMCECHT,
pa3BHUBaeMbIil Ha BEIXOJHOM 3BeHE. YacToTa BpallleHus Baja ruapomMoTopa Ny, npu P1 < P
OTIPENIeNSIEeTCS COOTHOLICHHEM

e = g gy — i

R b wa

T71€ Us max -~ MAKCUMAIIbHBIM pabounii 00beM THIPOMOTOPA; €y - HApaMeTpP PEryIUPOBaHUS
rusipoMoTropa; P1 - naBieHune B HAaOPHOM TUAPOIUHUH,; I - KOOPPHUIUEHT 0OBEMHBIX MTOTEPh
(yTeudek) B cucteme.

W13 Beipaskenus (9.5) cnenyer, uro npu €y — 0 Ny, BozpactaeT 10 6eckoHeuHocTH. [IpakTruecku
CYIIECTBYET MUHUMAJIbHOE 3HAaYeHHE €'y, IPH KOTOPOM MOMEHT, Pa3BUBAEMBII THAPOMOTOPOM,
CTaHOBUTCS PaBHBIM MOMEHTY BHYTPEHHETO TPEHUS, U THAPOMOTOP TOPMO3HUTCA JaKe IIPU
MOMEHTE Harpysku, paBHom Hy:1r0 (P1 = 0).

Ha puc.9.5, 6 npencrasiieHa 3aBUCUMOCTb YaCTOThI BpAIlIeHUsI U pa3BUBA€MOT0 MOMEHTA Ha
BaJly TUAPOMOTOPA OT IapamMeTpa peryaupoBaHus IPU MOCTOSIHHOM JaBiieHuH Pi.
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Puc.9.5. 'maponpuBoa ¢ peryJupyeMbIM THIPOMOTOPOM:
a - IPUHIUIHAIIbHAS cXeMa; 0 - 3aBUCUMOCTb CKOPOCTH U JIaBJICHUSI
OT MapameTpa peryaupoBaHus

PerynupoBanue nyreMm n3MeHeHus pabounx 00bEMOB HAcOCa U TUAPOBUTATEIIS UCTIONB3YIOT
TOJIBKO B TMJIPOIIPUBO/IaX BPaLaTEIbHOTO IBUKEHUS C PETYJIUPYEMBIM THIPOMOTOPOM.
CKOpPOCTb BBIXOJIHOT'O 3B€HA PALMOHAIBHO PETryIUpOBaTh CIEIYIOLIMM 00pa3oM:

1) 3amyCTHTh IPUBOAHOM ABUTATENH TIpH € = 0;

2) s CTparMBaHMs U pa3roHa BBIXOJHOT'O 3BE€HA MTPUBOAA U3MEHUTH € 0T 0 10 1 ipu €y = 1,

3) nanpHeillee yBeIudeHUEe CKOPOCTH OCYIIECTBIISATH IMMyTEM U3MEHEHHUS €y, OT 1 110 €'y TIpH €y =
1.

YMeHblIeHHe CKOPOCTH MPOUCXOAUT B 00paTHOM mopsiake. Takoi crnocod mo3BoIsieT MOIy4UuTh
0O0JBIION AMANa30H PETYIUPOBAHMUS, OH 00JIaZaeT BCEMU JOCTOMHCTBAMHU M HEJJOCTATKAMHU
BBIIIIE PACCMOTPEHHBIX CXeM 00bEMHOTO YIIPABIICHUS.
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Puc.9.6. 'maponpuBoa ¢ perympyeMbpIM HACOCOM U THAPOMOTOPOM

Ha puc.9.6 npencraBnenbl npuHIUMHAIBHAS cXeMa (a) 1 XxapakTepucTuka (0) TuIponpruBoa ¢
3aMKHYTOM LIUPKYJSALUEH U PETYITUPYEMBIM HACOCOM U THAPOMOTOPOM.

9.4. KoMOMHUpOBaHHOe peryJiipoBaHue

KomOuHMpoBaHHOE PETYINPOBAHNE UIH 00BEMHO-0POCCENbHOe Pe2yIUposanie CKOPOCTH
JBUKEHUSI BBIXOJHOTO 3B€HA TMAPOABUTATEIIS 3aKII0UAETCS B TOM, UTO B CUCTEMY JIPOCCENBHOTO



PETyJINPOBAHUS C IOCTOSIHHBIM JJaBJIEHUEM YCTAHABIMBAETCS PEryJIMPYEMbII HACOC U 1aBJIEHUE
HOJIEP>KUBACTCSI TOCTOSIHHBIM HE 3a CET CJIMBA YaCTHU paboyel KHUIKOCTH Yepe3 MepeTuBHON
KJIaIlaH, a 3a C4eT U3MEHEHHUs [10/1a4 Hacoca. B Takoli cucteme perynpoBaHusi OTCYTCTBYIOT
IIOTEPU B IIEPEIMBHOM KIIAllaHE.

Ha puc.9.7 npescraBiena cxema rHIPOIPHUBO/IA IOCTYATEILHOTO ABMKCHHS ¢ 00BEMHO-
JPOCCEIbHBIM YIIpaBICHUEM CKOpOCThio. [locTosiHHOE naBinenue Py momaepkuBaeTcst myreM
COBMECTHOM pabOTHI peryisropa 1 U akCHaabHO-IIOPIIHEBOIO PEryINPYEMOro Hacoca 2.
W3meHeHue naBiieHus Py IpUBOIUT K U3MEHEHUIO MOJI0KEHUS MOPIIHA peryisaropa 1 u
CBSI3aHHOTO C HUM HAKJIOHHOT'O JTUCKa Hacoca 2. MI3MeHeHne MOI0KEHUS TUCKaA IIPUBOIUT K
M3MCHEHUIO Mofaun Hacoca Q.

Py N | | -

W

1 ]

Puc.9.7. T'uaponpuBos ¢ 00bEMHO-APOCCENBHBIM YIIPABIECHUEM
CKOPOCTBIO BBIXOJTHOT'O 3BE€HA TUIPOIBUTATEIS

L -

[ToaTomy B Takoil cucTeMe mojlaya Hacoca BCeT/ia paBHA pacXoy Yepe3 TUAPOIBUTaATENb U
npoccens ipu Py = const.

9.5. CpaBHeHHe c110CO0OB peryIupoOBaHHA

CpaBHMTENBHYIO OLIEHKY PAa3JIMYHBIX CUCTEM PETYIUPOBAHHS CKOPOCTU THAPOTIPUBOIOB
11e71eco00pa3Ho MPOBOIUTH IO IBYM ITOKA3aTeNsIM: HAarpy304HOM XapaKTepUCTHKE IPUBOIA L =
f(Fn) u KIII cuctemsl perynupoBanus. Ha prc.9.8, a mpuBeeHbl HArpy304HbIe
XapaKTEPUCTUKH, ITIOCTPOEHHBIE IS TUAPOIPUBOJIOB ¢ OJIMHAKOBOM MaKCHUMAJIbHOM Harpy3Kou
(1 - cucTema ¢ mepeMEHHBIM JIaBICHUEM, 2 - CHCTEMa MIOCTOSIHHBIM JIaBIICHUEM, 3 - 00bEMHOE
yIpaBJCHUE).
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Puc.9.8. XapakTepucTuku ruAPONPUBOIOB C Pa3INIHBIMU
Croco0amMu yIpaBJIeHUs! CKOPOCTHIO

Taxk kak JUIsl ynpaBJiieMbIX THAPONPUBOIOB HAaUOOJIbIIUI UHTEPEC MPEACTABISAET HE 3HAUCHUE
KII/] Ha ogHOM U3 pe:xuMoOB paboThl, a xapakrep usmeHenus KI1/[ Bo Bcem auanasone
pEryaupOBaHys IIPU Pa3IMYHBIX HArpy3Kax, TO CPABHEHUE CUCTEM JIYYIIIE BCETO IIPOBOIUTH I10
XapaKTEPUCTUKAM:

n=9{0); n=s1Fy)

I/l - OTHOILIEHUE TEKYLIET0 3HaYEHHsI CKOPOCTHU NPU JAHHOM HAarpy3ke K MaKCHUMaJIbHOMY
3HAUEHUIO0 CKOPOCTH MPU TOM K€ HarpyskKe.

Ha puc.9.8, 6 npusenens! xapaktepuctuku KII/I cuctem perynuposanus (1 - mapaniensHoe
BKJIFOUEHHE JIPOCCEIIs; 2 - MOCIE0BaTEIbHOE BKIIOUCHHUE IPOCCENS IPU ONTUMAIbHON
Harpyske; 3 - 00beMHO-ApOCCeNbHOE YIpaBIeHUE IPU ONTUMAIbHOM Harpy3ke 1 00beMHOE
ynpasiieHue), a Ha puc.9.8, B - 3aBucumoctu KIIJ[ cuctems! peryianpoBaHusi OT Harpy3Ku Ipu
MaKCUMaJIbHON CKOPOCTH JBM)KEHUS BBIXOJAHOTO 3BeHa puBoAa (1 - mapasuienbHOe BKIIOUEHHE
Jpoccens 1 00beMHOE YIpaBiIeHHE; 2 - 00bEMHO-IPOCCENBHOE YIpaBIeHHE; 3 -
II0CJIEI0BATENIbHOE BKIIIOUEHUE IPOCCEIs).

CpaBHeHUE XapaKTEePUCTUK Ha prC.9.8 MOKa3bIBAET, YTO TUAPOIPUBO]] C 0ObEMHBIM
YIIPaBJICHUEM UMEET CaMyI0 CTAOMIIbHYIO XapaKTePUCTHUKY CKOPOCTH BO BCEM JHANa3oHe
M3MEHEHUs Harpy30k U camblii Beicokuid KIIJ[ cuctemsl perynrpoBaHusi BO BCEM IHANAa30HE
PETYIUPOBAHKS CKOPOCTH.

OHAaKO CTOMMOCTH PETyJIUPYEMbBIX THIPOMAIIIUH BBIIIE, YeM HEPETYyIUPYEMBIX, H TIOITOMY
TOJIBKO B THAPOINPUBOAaX 0oubioit MomHOCTH (N > 10 kBT), re BRIUTPHIIT B SHEPTEeTHKE

KOMIIEHCUPYET YBEIMUEHUE CTOUMOCTH, LIEIeCO00Pa3HO UCIIOIb30BATh CUCTEMY 0OBEMHOIO
yrpaBneHus. B mpuBoaax ke HeOOIBIIONH MOITHOCTH PAllMOHAILHO HCIIOJIB30BAaTh CUCTEMBI



JPOCCENILHOTO PEryIupOBaHusi, 00ECIICUUB MIPH 3TOM CTA0MIBHOCTh CKOPOCTHU MPU H3MEHEHHUH
HarpyskH.



CucremMbl THIOBBIX THAPOCUCTEM

['mapocucremMa COCTOUT U3 UCTOUHUKA SHEPTUH, KAKOBBIM OOBIYHO SIBJISIETCS] HACOC,
UCIIOJIHUTEJIBHOTO MeXaHu3Ma (CHJIOBOIO LIMJIMHAPA UM FHIPOMOTOPA), @ TAKXKE aIIapaTypsl
YIIPABJICHUS IOTOKOM KHUJKOCTHU U 3alUTHI CUCTEMBI OT IIEPErpy3o0k. B yacTHOCTH,
00s13aTeNIbHBIM alnapaToM JUlst OOJIBIIMHCTBA THIPOCUCTEM SIBIIETCS paclpeieanTeNlb
KHUJIKOCTH, B (PYHKLIUU KOTOPOTO BXOJHUT 0OECIIEYCHNE HAMPABICHUS IOTOKA )KUJKOCTH K
paboUYuM MOJIOCTSAM HCIIOJIHUTEIILHOIO MEXaHU3Ma.

CucTemsl 11000H CIIOKHOCTH KOMIUIEKTYIOTCSI UX JIEMEHTAPHBIX CUCTEM U MX KOMOMHALIWH.
BBuny npaktuueckoil HEOrpaHHYEHHOCTH BO3MOXKHBIX KOMOMHALIMI TaKUX 3JI€MEHTapHBIX
CHCTEM, U3 KOTOPBIX KOMIUIEKTYIOTCSI O0JIee CIIOKHBIE THPOCUCTEMBI pa3HOOOPA3HBIX MALIUH U
YCTAHOBOK, OIPaHUYUMCS JIUIIb ONMCAaHUEM HauOoJiee TUIIOBBIX JIEMEHTOB CXEM U UX
KOMOMHAINN, KOTOPbIE IPUMEHSIOTCS IPAKTUYECKH BO BCEX MAIIMHAX.

10.1. T'mapocucTeMsl ¢ peryJiMpyeMbIM HACOCOM M JpoccesieM

Ha puc.10.1 uzobpaxena TUIIOBasi CXeMa T'HJIPOCUCTEMBI C PETYJIMPYEMBIM HACOCOM 3,
MPUBOJUMBIM BO BpalllEHUE dTEKTPOABUTATENEM M, C TPEXITO3UIIUOHHBIM YEThIPEXXO0/I0BbIM
pacripenenuTeneM 2 ¢ pydyHbIM YIPaBICHHEM, C TOMOIIBI0 KOTOPOTO OCYIIECTBIISIETCS] pEBEPC
MOPIIHS cUIIOBOTO HMIHHIpa 1. B cpeanem monoxeHun pacipeenuTes 2 Bce ero KaHalbl
COEIMHSIOTCA ¢ OaKOM 5, YTO COOTBETCTBYET X0JIOCTOMY XOAY (pa3rpyske) Hacoca U
"MmiaBaromieMy" COCTOSHUIO mopinHs unuHApa. Hacoc 3 cnabxken ¢puibtpom 4,
YCTaHOBJICHHBIM Ha BCACHIBAIOIIEM TPYOOIPOBO/IE, M MIPEIOXPAHUTEIBHBIM KIIAIIAaHOM O.

Ha puc.10.2 npencrasieHa cxema rUAPOCUCTEMBI C PETYJIIUPYEMBIM IPOCCEIEM, YCTAHOBICHHBIM
B JIMHMH 110/1a4¥ (Ha BXoJe). B cxeme npenycMoTpeHo coeTuHEeHUE MOJI0CTeN IMIUHAPA, [T
o0ecreyeHns 4ero NpUMEeHeH yTalUIMBaeMblii C MOMOIIIBIO YIIOPOB 4 Ha LITOKE IMJIMHApa
YETBIPEXXO0I0BOM MEpEKItoYaTesb 5.

CucreMa BKIIIOYAET HEPETYJINPYEMBI HacoC 9 ¢ MpeaoXpaHUTENbHBIM KJIaaHoM 7,
TPEXITO3ULMOHHBII YETBIPEXXO0I0BOU pacpeAeIuTeNb 6 C pyYHBIM yIIPABICHUEM,
perynupyemblii ipocceib 2 U ABYXIO3UIIMOHHBIN MEPEKIIIouaTeNb 5 ¢ MPUBOJIOM OT yropa 4
JIBYDKYILETOCS IITOKA CHIJIOBOTO IIMJIMH/Ipa 3 U ¢ YCTAaHOBKOM B MCXO/IHOE (BEpXHEE) MMOJIOKEHUE
MO/ ACMCTBUEM MIPYKHUHBI.

B cpennem nonoxenuun pacupeneauTes 6, mpencTtaBieHHoro Ha puc.10.2 Bce ero KaHasbl
COEZIMHEHBI MEXy COOOM U ¢ 6akoM, UTO COOTBETCTBYET pasrpy3ke Hacoca U "miaBaHuio"”
MOPIIHS NHJINHAPA.



Puc.10.1. Cxema Tunosoit Puc.10.2. 'mapocuctema ¢ ApocceabHbIM
THIPOCUCTEMBI C PETYINPYEMbIM HACOCOM yIIpaBJIeHUEM

[Tonoxenue pacnpeaenuTesns B J€BOU €ro NO3ULIUHN (KUAKOCTh OCTYMNAET B II€PEPHIBAIOIINECS
KaHaJbl IPABOIO MOJIS PACTIPEAEIUTEIIS) COOTBETCTBYET JABM)KEHHUIO MOPILHS CUIOBOTO
IWIMHApPa 3 BIpaBo (KUJKOCTh OT HACOCA MOCTYMAET B JIEBYIO MOJIOCTh), IPUYEM B 3TOM
MIOJIO’KEHUU PACIIpeeanTeNs 6 U YyTOIUIEHHOTO IIepeKiItoyaTelis S5 )KUAKOCTh KaK OT Hacoca, TaK
U 13 Hepaboueil (paBoif) MOJIOCTH HMIMHAPA 3 MOCTYHAET B JIEBYIO €r0 IOJIOCTh (B 3TOM Cllyyae
paboyeil mIomaabio HWIMHAPA SBISETCS IIOAAb CEYEHHS ILITOKA), YTO CIIOCOOCTBYET
YCKOPEHHOMY IepeMEeLIeHHIO opIIHA BIpaso. [locie Toro, kak HaxxaTue yrnopa 4 Ha
NEePEeKIIIoYaTeNb 5 MPEeKpaTUTCs, OH MO IEHCTBUEM NPYKUHBI IEPEMECTUTCS BBEPX U OTCEUYET
JIEBYIO TIOJIOCTh IMIMHIpPA 3 OT IPaBO, COEMHUB MOCIEIHIOK Yepe3 paclpeieuTenb ¢ 6akoM
8. B pe3ynbTarte B J€BYIO MOJIOCTh HWIMHIAPA OyIET MOCTYNATh JIMIIb )KUIAKOCTh, IPOXO/ASIIAs
Yyepe3 peryIupyemMsblil Ipoccelib 2, 4TO COOTBETCTBYET PEryIHMPyeMOMY pabodeMy X0y HOPIIHS
nuIuHApa 3.

ITpu ycranoBke pacnpenenutens 6 B IpaBoe MOJ0KEHHUE )KUAKOCTh OT Hacoca 9 mocTymnaer npu
HEYTOIUICHHOM IepeKIIfoyarese 5 B IpaByro MOJIOCTh HMWIMHAPA 3, OCYIIECTBIIss] 0OpaTHBIN X0/
nopmHs. [Ipy 5TOM )KHIKOCTh, BBITECHSIEMAs U3 JIEBOW MOJIOCTH MWIMHIPA 3, TIOCTYIAET Yepe3
npoccenb 2 1 00paTHBIN KianaH 1 B 6ak.

[Ipu Ha>xaTUU B 3TOM cilyyae Ha NepeKiIodaTeab 5 KaHal Hacoca MepeKpoeTes.
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Puc.10.3. 'mapocuctema ¢ HUIMHIPOM OAHOCTOPOHHETO AEHCTBUS

Ha puc.10.3, a npencrasiieHa cxeMa I'HIpOCUCTEMBI C CUJIOBBIM LUIMHAPOM | OHOCTOPOHHETO
JEICTBUS U peryiupyeMbiM HacocoM 4. ['uapocucrema ynpa-BisisieTcsl TPEXXO0/10BbIM JIBYX-
MO3ULMOHHBIM PACIpPEEIIUTEIEM 2 C PyUHBIM IPUBOAOM. /I IpenoXpaHeHus OT EPErpy30K
cucTeMa CHaOKeHa IPeJOXPAHUTENIbHBIM KJIallaHOM 3.

B nonoxenuu pacnpenenurens 2, npeacrasieHHoM Ha puc.10.3, a, )KUJIKOCTh OT Hacoca
nocTynaet B cuiioBo 1unuHap 1. Jluaus 6aka npu 3ToMm nepekpsoita. [Ipu nepemerienuu
pacrpeaenuTelis B IPOTHBOIIOIOKHOE ITOJIOKEHNE BBIXOJHOM KaHaANI Hacoca 4 mepekphIBaeTes, a
mwmHAp 1 coeannseTcs ¢ 6akoM, B pe3ysbTaTe MOpLIeHb HIKHAPA M0/ JeHCTBUEM Beca
IPUBOJMMOTO y3J1a OIycKaeTcst BHU3. CKOPOCTb OIYCKaHHS PEryJIUPYETCsl ¢ TTOMOIIBI0
JPOCCETMPOBAHUS OTBOJUMOMN )KUJKOCTU pacipeaeauTeaem 2.

[Tpu npuMeHEeHUH B MOCIIEAHEN CXeMe TPEXX010BOr0 TPEXIO3ULIMOHHOTO PACIIPEIETUTENs
(puc.10.3, 6) MOKHO 0OECTIEUUTh B CPETHEM €T0 MOJOKEHUN 3alTUPaHUe KHUIKOCTH B CHIIOBOM
muMHape 1 (U1t yaepkaHusl, HapuMep, rpy3a B MOAHITOM IOJI0KEHUH) IPU OJTHOBPEMEHHOM
COEJIMHEHUH Hacoca 4 ¢ 0akoM.

10.2. I'mapocucTeMsl ¢ IBYXCTYNEHYATHIM YCHICHHEM

B aBTOMaTHUeCKHX cUCTEMaxX pacpOCTPAHEHBI IBYXCTYIEHYAThIE PACTPEAETUTENH, B KOTOPBIX
3aJaroliee yCTPOICTBO BO3/IEHCTBYET Ha paclpe/leIUTeNb HE HANPsIMYIO, a yepes
MIPOMEKYTOUHBIM BCTIOMOTATENbHBIN pacipenenuTens (MII0T), 6Iaroaaps 4eMy MOXKHO
CYIIIECTBEHHO CHU3UTh MOIIIHOCTh CUTHAJIA.
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Puc.10.4. 'uapocucrema ¢ AByXCTyIEHYAThIM Puc.10.5. 'mapocuctema ¢ ABYXCTYIIEHYAThIM
(MUIOTHBIM) paciipesieIeHueM (MUIOTHBIM) paclpeelIEeHueM U PYYHOM pasrpy3Kc

Cxema THIpOCHCTEMBI C CHIIOBBIM IMIIMHAPOM |, CHaOKeHHas! TOT00HBIM JIBYXCTYIIEHYAThIM
pacrpenenuTeneM, COCTOSIIMM U3 OCHOBHOTO 2 M BCIOMOTATENFHOTO 3 YETHIPEXX0/J0BBIX
30JI0OTHUKOB, npezcTabieHa Ha puc.10.4. Cuctema cHaGXeHa peryJlInpyeMbIM HACOCOM 6, a
TaKXe MPeIOXPaHUTEIBHBIM 5 1 00paTHBIM 4 KitanaHaMyd. OCHOBHOHM TPEXITO3UIIMOHHBIH
YETBIPEXXO0J0BOM paCIpeleUTeNh 2 ¢ OTPUIATENFHBIM MIEPEKPHITUEM KAHAIIOB (CM. TaKkKe
puc.5.7) B cpeHeM MOJIOKEHUH YIIPABIISETCS JaBJIeHUEM paboueil )KUAKOCTH ¢ TOMOIIBIO
BCIIOMOTaTeNbHOTO TPEXIO3ULIMOHHOTO YETHIPEXXO0JOBOI0 PACTIpEACTUTENS 3 ¢ PYUHBIM WU
WHBIM YIpaBJeHHeM. B cpeHeM Moi0sKkeHIH STOTO BCIIOMOTATeIbHOTO pacpeaeTuTes,
npezcTaBiIeHHOM Ha puc.10.4, paboune MosocTy MUINHIPOB CEPBONPHBOJA OCHOBHOTO
pacripeaenurens 2 COeIMHEHbBI MeX 1y co0oi ¢ 6akom 7. B pesynbTaTe 3TOT pacnpenenuTeinb
yCTaHaBJIMBACTCS MOJ ACUCTBUEM MIPYKHUH B CpeIHEE MOJI0KEHUE, TPH KOTOPOM BCE €r0 KaHaJIbl
COEJIMHSIOTCA ¢ OAKOM, UTO COOTBETCTBYET pas3rpy3Ke (MepeBoly B PEXKUM XO0JIOCTOIO X0/a)
Hacoca.

Cxema aHaJIOTUYHOM cucTeMsbl peacTasieHa Ha puc.10.5. Cucrema cHaOxeHa
HEPETYIUPYEMBIM HACOCOM 6 C pyYHOM pas3rpy3Koi (IIEpEeBOIOM Hacoca Ha XOJIOCTOM XO.),
OCYILECTBIIIEMOM C TIOMOIIBIO IBYXCTYIIEHYATOI'O IBYXXOJIOBOTO paclpeleuTes
(nepexurovarens) 7. PeBepcupoBanue NBUKEHUSI OPIITHS CHIIOBOTO HUIUHApA 1
OCYILIECTBIISICTCS C IOMOIIBIO YIIOPOB, YCTAHOBJICHHBIX HA €r0 IITOKE, BO3ACHCTBYIONUX Ha
YEeTHIPEXXO0J0BOW JBYXIO3UIIMOHHBIN pacnpeenuTenb 5, 00eceunBarouil NepeKIoueHe
(peBepcupoBaHKE) OCHOBHOT'O YETHIPEXXO0I0BOTO IBYXITO3UIIMOHHOTO pacipeaeauTess 3
CKOPOCTh TIEPEKITFOUEHUS pacTIpeIeIUTeNst 3 orpaHryueHa Jpoccersivu 2 U 4.

10.3. I'mapocucreMbl HENPEPHIBHOIO (K0J1€0aTeIbHOI0) IBUAKECHHU S

B psine cyuaeB (B METaJUIOPEXKYIIUX CTaHKAX U IMp.) TpedyeTcs 00ecneuyuTh HelpepbIBHbIE
KoJsie0aTeNIbHbIE MPSMOJIMHENHBIE WIH IOBOPOTHBIE IBUKEHUS UCTIOTHUTEIHLHOTO
THJIPOABHUTATENS.

Cxema Takoi TMIPOCUCTEMBI C THIPOABUTATEIEM IOBOPOTHOTO JEHCTBUS (MOMEHTHBIM
TUAPOLMIUHAPOM) 4 ipuBeaeHa Ha puc.10.6. YpaBieHue cucTeMoil oCyecTBIsieTcs
ABTOMATUYECKU ACUCTBYIOIIUM JIBYXIIO3UIIMOHHBIM PACTIPEAEIUTENIEM 2 U Pa3rpy30UHBIMH



KJIallaHaMH TOCJIEA0BATEIbHOTO BKIIOUEHHUs 6 1 11 ¢ ynmpaBieHuEeM ¢ TOMOILBIO T1aBJICHUS
KHUIKOCTH, TIEPEITYCKaeMOU MPEJOXPaHUTEIHHBIMU KJIaTaHaMH S U 7 B KOHIIE Ka)KJ0TO X0/a
MMOBOPOTHOTO MOPIIHS HUTUHIPA.

b
Puc.10.6. 'mapocucTema, odecnednBaroias MoBOPOTHO-KOJIEOATECIIbHBIC JBUKCHUS

B nonoxxenuu annapaToB CUCTEMBI, NIpe/ICTaBIeHHOM Ha puc.10.6, )KUAKOCTh OT peryIupyemMoro
Hacoca | mocrynaer yepes AByXIO3UIIMOHHBIN TUIPABINYECKU YIIPABISEMbIN pacipeaeaInuTeb 2
Y HAaIIOPHYIO MarucTpaib 3 B MWIMHAP 4 U yAaIseTcs U3 MOCIeTHEero B 0aKk yepe3 MarucTpasb 8.
B koHIIe Ka)k10r0 X0/1a MOPLIHS TOBOPOTHOTO IIMIMH/Ipa 4 KilanaH 7 B pe3yJIbTaTe MOBBIILICHUS
JIaBJICHUSI IIEPEMYCKAeT KUIKOCTh B JIMHUIO 10 ynpaBieHus pacupeaenurenaeM 2 1 kiamnadom 11,
nepemenas ux padbouue snemeHTsl. [Ipu 3Tom kianan 11 coeauHseT TUHUIO yrpaBieHus 9,
CBSI3aHHYIO C BEPXHEH MOJIOCTBIO paclpeeuTeNs 2, ¢ 6akoM, B pe3yJIbTaTe Yero
pacnpenenuTenb 2 NEPEKIIIoYacTCsl, COEINHAS HaCOC ¢ MaruCTpaibio §, BeNyllel B
IIPOTUBOMNOJIOKHYIO MOJIOCTh HHMHAPa 4. [Ipr 3TOM MpoUcXoIuT peBepc MOCIEIHEr0, IPUYEM B
KOHIIE X0/1a [WJIMHJPA BCTYNAIOT B IEUCTBUE B TOM XK€ MOCIEJ0BATEIbHOCTH
MpeOXPaHUTENbHBIN 5 U pa3rpy30uHbIi 6 KilanaHbl, o0ecrieynBaroLIie MOBTOPEHNE peBepca
MOPUIHS LAJIUHAPA.

PaCCMOTpeHHaH CXEeMa MPUMCHHUMA TAKKC U IJI IOBOPOTHBIX KoJIeOaTeIIbHBIX )IBI/I)KGHI/Iﬁ
OUIMHApa pr[MOHI/IHCfIHOFO JBWKCHUA.

10.4. DaeKkTporuapaBInYeCKHe CHCTEMbI C peryJIHpyeMbIM HACOCOM

K ruppocucreMam ¢ IByXCTYIEHUATBIM JIEKTPO-THAPABINYECKUM YIIPABICHUEM OTHOCUTCS
CHUCTEMA C PETYIUPYEMBIM PEBEPCUBHBIM HACOCOM, PEBEPC KOTOPOTO OCYILECTBISETCS
CEpBONPHUBOJIOM, YIIPABISEMBIM 3JIEKTPOTHAPaBINYECKUM pactipenenutenem. [TonoOHas cxema
TUAPOCUCTEMBI C PEBEPCUBHBIM PETYIUPYEMBIM HACOCOM 2 Y THIPABINYECKH YIIPABICHUEM
IIPOU3BOIUTENIBHOCTBIO 10 TOJIOKEHUIO OPUIHSA 9 cepBoNpHUBO/a NpecTaBiieHa Ha puc.10.7.
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Puc.10.7. l'uapocuctema c peryanpyeMbiM pEBEPCUBHBIM HACOCOM

Cucrema cHa0XeHa BCTIOMOTATEILHBIM HACOCOM 5, MUTAIOIINM CUCTEMY PEryJIHpPOBaHUS
(ympaBiieHus1) oja4u OCHOBHOI'O pab0o4ero Hacoca, a TAK)Ke OCYLIECTBISIOLUINM €ro MOAMNUTKY.
Curnan Ha peBepCHpOBaHUE [10/1a4M HACOCa 2 MOCTYIAET OT BCIIOMOraTeIbHOTO
YEThIPEXXO0J0BOI'0 TPEXIIO3ULIMOHHOTO paclpeieNuTeNs 3 ¢ 3IeKTPOMArHUTHBIM YIIPaBJICHUEM,
MOJIYYAIOLIET0 3JIEKTPOCUTHANI OT KOHLEBBIX Nepektoyareneit 10.

HpI/I PEBCPCUPOBAHHNH HACOCA 2 OJHOBPCMCHHO IICPCKIIOYACTCA I[BYXHOSI/H_[I/IOHHHﬁ
lIG!TI:II)GXXO)]OBOI\/JI pacrpeacinTeiib 4c TUApPaBJINYCCKUM YIIPABJICHUCM HA ITUTAHUC
BCIIOMOTAaTEJIbHBIM HACOCOM 5 COOTBeTCTBYIOH_Ieﬁ BC&CLIBaIOH_IeI\/‘I MTOJIOCTH Hacoca 2.

Hacoc 2 cHaGxeH npegoxpaHUTeIbHBIMU KJIallaHaMu 7 U 8, OTpEeryJIMpOBaHHBIMU Ha TpeOyemble
JTABJICHUS IIPH MPSMOM M 00paTHOM XOJax MOPLIHS HuiauHApa 1, a Hacoc 5 -
IPEJOXPAaHUTEIbHBIM KIIAIAHOM 6, OTPEryJIMPOBaHHBIM Ha JAaBJICHUE, HEOOXOJUMOE JIIs
oOecnieueHrs TpeOOBaHUI CUCTEMBbI YIIPABIECHUS U MOJIUTKY.

10.5. 'mapocucTeMsl ¢ AByMs CIAPEHHBIMHM HACOCAMU

B psne MamuH, B 4aCTHOCTH B METAJUIOPEKYIINUX CTAHKAX, PACIIPOCTPAHEHBI CXEMBI C ABYMS
crapeHHbIMH HacocaMH. OJIUH U3 HUX (HEperylIupyeMblii) paboTaeT Ha HU3KOM JaBJICHUHU C
OonpIIeii moxayeit, u odecreurnBaeT TPeOyOIMUNCS YCKOPEHHBINA X0JI0CTOM X0I. A BTOpOH
(perynupyemsblii) paboTaeT Ha BHICOKOM JaBJIEHUU C HEOOJIBILION MMOoAaYeil U CIYXKUT JUIs
BBINOJIHEHHS paboyero xoa.
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Puc.10.9. CxeMbl THAPOCUCTEM C IBYMSI
CHapeHHBIMI/I HacoCaMu U ra30BbIM
THAPOAKKYMYJISITOPOM

Puc.10.8. Cxema cucteMsl ¢ JByMsl CIapEHHBIMU
HacocaMu

VYrpoiienHas cxema Takoi cucteMsl ipuBezeHa Ha puc.10.8. YckopenHoe nepemenieHne
MOPIIHSA 00ECIIEUNBACTCSI CyMMapHOU MoAauel 1ByX HACOCOB BHICOKOTO 2 M HU3KOTO 3
naBieHuil. [Io okoH4aHUU YCKOPEHHOT0 MepeMenieHIsl Hacoc 3 BpYYHYIO WJIM aBTOMATUYECKU
M0 CUTHAITY JIABJICHHSI OTKIIIOYACTCS TP MIOMOIIY OTKPBITHSI IEPEKPBHIBHOTO KpaHa 4, MocIie 4ero
nuTaHue nuianHapa 1 obecnieunBaeTcs OJHUM HACOCOM 2, KOTOPBIN SIBISIETCS PEryIHpPyEeMbIM.

Ha puc.10.9, a nokazana npuHIHMIHAIBHAS CXeMa IMOJ00HON THAPOCUCTEMBI ITUTAHHS
noTpeduTeneil 1ByMs CllapeHHbIMU HacocaMu 5 U 6 ¢ aBTOMaTUYECKUM NiepexiitoueHueM. [{o tex
1op, MOKa JaBJeHHE B JUHUM 3 OTpeOuTeNel He TIOCTUTHET 3aJaHHOT0 3HAYEHUS, Ha KOTOPOe
OTperyJIMpoBaHa BO3BpaTHAsl MPY>KMHA IBYXXOJIOBOTO pacnpeaenuTens (nepexitovarens) 1,
KaHaJbl TOCIEAHET0 OyIyT MEePEKPHITHL, U B JIMHUIO 3 MOCTYMAET KUJIKOCTh OT 000MX HACOCOB.
[Tpu 3a1aHHOM K€ AaBJIEHUH, OIIPENEISIEMOM XapaKTEPUCTUKON MTPYKUHBI IepeKiitouaTens 1,
HACOC HU3KOTO JaBJIeHUs 6 aBTOMAaTUYECKH MEPEKIIOYUTCS Ha OaK, HACOC K€ 5 ¢ TOMOIIBIO
00paTHOTO KJIarmaHa 2 OTCOCAMHUTCS OT Mepekmoyarens 1 u OyaeT mpoaonKaTh MUTaHue
ruapocucteMsl. JlaBieHne, pa3BUBaeMOE B ’TOM CIIy4ae HAaCOCOM 5, OTPaHHUYEHO
[PEIOXPaHUTENbHBIM KJIAIIAHOM 4.

[TpuHnMnuanpHas cxeMa MoJg00HOMH e THAPOCUCTEMBI ITpeacTaBiena Ha puc.10.9, 6. Dra cxema
OTKJIFOYAETCS] OT PACCMOTPEHHOM BBILIE TEM, YTO OTKJIIOYEHUE HAcOCa 6 HU3KOTO JIaBICHHS
OCYILIECTBIISICTCS HIIEKTPOTHIPABINYECKUM pelie JaBJICHUs 7, OJAOIIUM IIPU 331aHHOM
JIaBJICHUW CUTHAII Ha AJICKTPOMArHUTHBIN IepeKIrodaTesb 1.

10.6. IInTanne OJHMM HACOCOM NBYX M HECKOJIBKO FI/II[pO}]BI/II‘aTeJ'Ieﬁ

MHuorue rUaApOCUCTEMEBI UMCIOT HECKOJIBKO FHHpOHBHFaTGHGfI, NUTACMBbIC OT OJJHOT'O Hacoca.
HpI/I TaKOM CXEM€E BO3MOXKHBI ABa BapHaHTa MOAKIIIOYCHUA FH,I[pOI[BHF&TCJICfI.

['unpocucTema ¢ nmapaiienbHbIM BKIIOYEHHEM THIPONPUBOIa moka3zaHa Ha puc.10.10.
['unpocucTema uMeeT OJIHY OOIIYI0 HACOCHYIO CTaHIMIO | U Tpu ruapounnusapa 2, 3 u 4.
Kaxaplii U3 THAPOIMIMHIPOB UMEET COOCTBEHHOE HE3aBHUCUMOE YCTPOMCTBO YIIPABICHUS -
ruapopacnpenenutenu 6, 7 u 8. B Touke 5 ruAPONUHUS UMEET Pa3BEeTBIECHUE, B KOTOPOM 00IIas
rmoJiaya HacoCHOU cTanmmu | genutcs Ha Tpu dactu Qp, Q2 n Q3. Kakapiil M3 THIPONMIMHIPOB
MOJKET BKIFOYAThCs B pabOTy B 1000 MOMEHT BpEMEHH, HE3aBUCUMO OT JPYTHX MOTpeduTese,
Y COBEPIIATh KaK XOJIOCTOM, TaK U pabOunid XO/I.
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Puc.10.10. I'mapocucrema napasuieabHbIM BKJIFOUEHUEM THIPOIPUBOIA

T'uopocucmema c nocnedosamenbHviM 8KIOUEHUEM 2UOponpusoda nipeactasieHa Ha pu.10.11.
['mapocucremMa UMeeT JBa TUAPOLUMIIMHAPA | ¥ 2, KOTOPBIE MUTAIOTCS OT OOLICH HACOCHOU
CTaHIMH 3. B oTMune OT THAPOCHUCTEMBI ¢ TIapaUIeIbHBIM BKIIFOUEHUEM, THAPOIMIIHHID 2
MOYKET OCYIIECTBIIATh PA0OYHIA X0 TOJBKO IPH HEPAOOTAIOIIEM IIEPBOM THIPOIMIIMH/IPE,
MOCKOJIBKY TIPY BKIIFOUECHUH TUAPOIMINHIPA |, HaropHas JIMHUS [IWIHHIPA 2 CTAHOBUTCS
CJIMBHOM, B KOTOPO# NaBiieHUe nagaet. [Ipy 3ToM HIHHAP 2 MOXKET OCYIIECTBISTh TOJIBKO
XOJIOCTOM XOJ.

Tuopocucmemvl ¢ napannenvbHbim 8KII0UEHUEM 2UOPONPUEOOa TIOYUUIH HaubobIee
pactipoctpanenue. OaHako, mokazanHas Ha puc.10.10 rugpocxeMa uMeeT OJIMH CYIIECTBEHHBIN
HE/I0CTaTOK.
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Puc.10.11. FI/II[pOCI/ICTeMa MMoCJICA0BATCIIbHBIM BKIIFOYCHHUEM IT'HAPOIIPUBOAA
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Puc.10.12. I'mapocucrema ¢ AByMsl THAPOLUIUHAPAMH, TUTAEMbIMU
OJTHUM HAa0COM 4epe3 PeIyKIMOHHbIE KJIallaHbl

Jleno B TOM, YTO IpY BKJIFOYEHUH BCEX TPEX THAPOLUIMHIPOB CKOPOCTh NMEPEMEIIEHUS X
BBIXO/IHBIX 3B€HbEB Oy€T MUHUMAaNbHA. EClIM OTKIIIOUNTE OJIMH U3 HUX, HAIIPUMED MEPBBIi (2),
TO CKOPOCTb y BTOPOTO U TPETHETO BO3PACTET, TaK Kak o01as nojaya OyeT JeIUThCs TOJIBKO Ha
Q2 1 Q3. UtoOBI 3TOTO N30€KATh, B THIPOCUCTEMY HEOOXOIMMO BKIIFOYATh PEIIYKIMOHHBIE
KJIaIaHBbl.

Ha puc.10.12 npeacrasieHa cxema ruI[pOCUCTEMBI C OJJHUM HACOCOM 3 U ABYMsI CUJIOBBIMU
IMHApaMy 1 1 6, OJMH U3 KOTOPBIX (LMIMHIP 6) paccyuTaH Ha paboTy MU BHEIIHEH
Harpyske (J1aBji€eHUH), 3HAYUTEIbHO MEHbIIEH Harpy3Ku BTOPOro LuiauHapa 1.

JInst cCHYOKEHUS JaBJICHUS B CUCTEME TTUTAHUS HUIUHAPA 6 10 TpeOyeMoil BeTMYMHBI TPUMEHEH
PEAYKIIMOHHBIN KianaH 4, yCTaHOBJIEHHBIN Ha BXOJE B pacnpenenuTens 5. i uununapa |
TaKKe MPeyCMOTPEH PEAYKIIMOHHBIN KJIallaH 7, OTPETyJIMPOBaHHBIN Ha paboyee 1aBJICHHE B
3TOM IWIMHAPE. PeyKIIMOHHBIN KianaH 7 TakyKe yCTAHABIMBAETCS HA BXOJIE€ B pacIpeelIuTeNb
8, ynpasinsromuii mumHapoM 1. Hacoc 3 cHaGkeH nepennBHBIM KJIalaHOM 2, KOTOPBIN
cOpachIBaeT U3NUIIEK pabouelt )KUIKOCTH B Oak.



MoHTax u IKCILIyaTalnus 00bEeMHBIX ruaponpuBoaoB

12.1. MoHTa:K 00beMHBIX THAPONPUBO/IOB

Tpebosanusn k ycmanogke cudpoazpezamog. Y CTaHOBKa TUpoarperaTtoB J0KHA
OCYILIECTBIISAITHCS 0OecreueHueM y100HOTo JJOCTYTIA K y3J1aM U 3JIEMEHTaM. 3aMeHa arperaTtoB HE
JIOJI’KHA BBI3BIBATH HEOOXOAMMOCTH IEMOHTa)Ka COCEHUX Y3JIOB U 3JIEMEHTOB THAPONPUBOA.

FI/II[pOMaLHI/IHBI HC JOJIKHBI BOCIIPUHHUMATDL HAIrpy30K OT BECa IMIPUCOCANHUTCIIbHBIX
TpyOOIPOBOJIOB WJIM YCHIINI, BOSHUKAIOUIMX BCIEICTBUE YIPYroit aedopmarun
TpyOOTIIPOBOIOB.

Bo BcaceiBaromieli THAPOIUHIN HACOCOB JIOJIKEH 00€CTIEYNBATHCS HEOOXOAMMBIN TIOIITIOP
paboueii xuakoctu. J[nameTp BcachIBaroiero TpyoonpoBoia J0MKEH ObITh HE MEHBIIIE
YCIIOBHOTO IPOX0/1a BCAChIBAIOIIEr0 OTBEpCTUsl Hacoca. CKOPOCTh TeueHus: pabouel )KUIKOCTH
BO BCachIBaloIleM TpyOOIIpoBoe He AOJDKHA MpeBbIIaTh 1,2 M/c. BeackiBaromuii TpyoompoBo
JOJKCH 00J1a71aTh MUHUMAJIBHO BO3MOYKHBIM COITPOTUBJICHHEM. JlOITyCTUMOE pa3pekeHHE BO
BcackiBaromieM Tpyoorpsoae 0,02...0,025 MIla. CauHO#M TpyOOIIPOBO B THAPOIPUBOIAX C
Pa30MKHYTON MUPKIIALMEH pabouei KUAKOCTH, a TAKXKE B HACOCAX MOAMUTKHU JOJIKEH UMETh
pa3Mepbl, o0ecreunBarolue nepeMerieHus padboueii KUAKOCTH B HEM CO CKOPOCTbIO, HE
MIPEBBIIIAIOIICH CKOPOCTH €€ ABMKEHUS BO BCAChIBaIOIeM TpyOompoBojie. B mpoTuBHOM ciiydae
IIpU CIUBE B TUApOoOaKe o0pa3yeTcs MacisiHas dIMYJIbCUs (cMech Macia u Bo3ayxa). ClivBHas
TpyOa I0JDKHA MOTPYKATHCS B MACJIO, IMETh CKOC TI0 YTJIOM 45 ; MUHUMAJIBHOE PACCTOSIHHE OT
nHa 0aka 10 TpyOBbl JOKHO COCTaBIATh 2,5 HAPYKHOTO JUAMETpa CIMBHOUN TPYOBI.

JlpeHa)xHble OTBEPCTHUS HA KOPITycax TUAPOMAIINH JIO0JIKHBI PacloararbCs B BEpXHEM
MOJIO’KEHUU JJIs1 UCKIIIOYEHMsI 00pa30BaHus KaMep, 3al0JHEHHbIX BO31yXoM. [Ipu 3HaunTenpHOM
JUIMHE JIPeHaXKHOTO0 TPYOOIPOBOJIa €ro ceueHNe Heo0OX0AUMO YBEJIMUUBATH BO N30EKaHUE
MOBBILICHUS 1aBJICHUS BHYTPU KOPIyca I'MIPOMAaIINHBI.

CoenmHeHHE THAPOArPEraToOB BHIIOIHIETCS C TOMOIIBIO CTANBHBIX TPYOOIIPOBOIOB UITH
pe3MHOMETAIUTMYECKUX pyKaBoB. OCHOBHbIE TPeOOBaHUS K MOHTAKy TMOKHX PYKaBOB
CJIEAYIOIIME: PYKaB JOJKEH BUCETh HE eperudasich B MeCTe 3aJIeNIK1; Pe3KHe U3THObI U
CKpYYMBaHUE HE JIOMYCKAIOTCS; MPU paboTe HE T0JKHO OBITh TPEHUS PYKaBOB OJHOIO 00
JIpYToH M O AeTaau KOHCTPYKIMH; JUIMHA MIPSIMOTO Y4acTKa pyKaBa OKOJIO IPUCOEANHUTEIbHON
apMaTryphbl - HE MEHee LIECTH HApYKHBIX €ro 1MaMeTpOB.

B camoii BeIcOKOI TOUKe TpyOOIpoOBO/Ia JOKHO HAXOAUTHCS YCTPOUCTBO IS yYAaJIEHUs
BO3/yXa.

Coopka u ycmanoeka zuopoazpezamog. MoHTax 00beMHOTO TUIPONPUBOIA HEOOXOAUMO
HAQYMWHATH C IMPOBCPKU HAITNYHA BCCX KOMINICKTYIOIINX Y3JI0B U )IeTaJ'IefI. Y66JII/IBHII/ICI) B
HCIIPaBHOCTH, IPUCTYIAIOT K MOHTAXy TMAPOArperaToB, F’UIpOMAIINH, THIPOaIaparypsl,
COETMHUTENBHBIX TPYOOIIPOBOJIOB U KOHTPOJIBHO-U3MEPHUTENHHBIX TPUOOPOB. 3aTEM MOHTHPYIOT
CUCTEMBI yIIPaBJICHHS, OXJIXK/ICHUS U T.Il. Bce oTBepCcTHS TSl MOABOJIA M OTBOIa pabouei
KUAKOCTHU JOJDKHBI OBITH 3aKPBITHI COOTBETCTBYIOIIMMH 3arayiikaMu. TpyOonpoBo b
THIATEIFHO OYMILAIOTCS, @ UX BHYTPEHHHE TOBEPXHOCTH MPOTPABIMBAIOTCS. 3aT€M TPYOBI
MIPOMBIBAIOTCS B CIIEIIMATBHBIX TPOMBIBOYHBIX BaHHAX, MPOCYIIUBAIOTCS CKATBIM BO3TyXOM U
3aKyIMOPUBAIOTCS 1O YCTAHOBKHM Ha MamMHy. [lepea MoHTakoM TpyOOIpPOBO/BI T0JKHBI OBITH
UCTIBITaHBI HA JaBJICHUE, MPEBHIIIAOIIEe MAaKCUMAIbHOE pabouee B 2 pasa.



Ocob6oe BHIMaHuE HEOOXOUMO YAETSATh NPAaBHUILHOMY MOHTaXY YIUIOTHHTEIBHBIX YCTPOMCTB.
Ha noBepxHOCTH /ieTaneil, conpsAraeMbIX ¢ yIJIOTHEHUEM HeE JI0MYCKAIOTCsl pUCKU, 3a00UHBI,
CKOJIBI, 3ayCEHIIbI M Ipyrue nedeKTrl. Pa3zMephl U 4uCTOTa CONPSKEHHBIX TTOBEPXHOCTEH
JIOJI’KHBI COOTBETCTBOBATH TPEOOBAHUSM HOPMATHUBHO-TEXHUYECKOM IOKYMEHTALIUU.

Ilepen ycTaHOBKOM YIUIOTHEHHE, & TAK)KE MOBEPXHOCTHU JETANEH, CONPITaEMbIX C YIIJIOTHEHUEM,
IPOTHPAIOT OE€3BOPCOBHIM TAMIIOHOM, CMOYEHHBIM B O€H3HMHE. 3aTeM UX CyIIaT IpU KOMHATHOU
TeMIepaType A0 MOJHOT0 HCTapeHusl OEH3MHA U CMa3bIBAIOT paboyeil JKUIKOCTHIO WU
CMa304YHbIM MaTEPHUAJIOM, HHEPTHBIM K MaTEpHUAIy YIZIOTHECHUH.

He nonyckaercs nepekoc yIIoTHUTENIBHOTO Y3J1a, Ype3MEPHOE PACTSHKEHHUE, CKPYUMBAHUE U
MEXaHUYECKOe MOBPEKICHUE YIUIOTHEHH. B ciiyyae oTcyTcTBUS 3aX0IHBIX (hacoK Ha
YIUIOTHSIEMBIX JI€TAJISIX WIN TP MOHTaXE YINIOTHEHUN Ha JI€TaIl, UMEIOLIE HEPOBHOCTU U
CTyIeHYaryio (opMy, IPUMEHSIOT CIEIHaTbHbIE MOHTAKHBIE OIIPABKH.

MoHTax n ACMOHTAX y3JIOB M 3JICMCHTOB 00BEMHOTO THAPOIIPHUBOIA ITIPOBOJAAT B COOTBECTCTBUU
C PIHCTPYKHHeﬁ I10 €ro dKCITyaTalluu.

3anpaska zudpocucmemot padoueil ry3cuokocmoiro. 110 OKOHYAaHMM MOHTAKHBIX PadOT B
THUIPOCHCTEMY 3TMBAIOT PAb0UYIO KHUIKOCTh TpeOyeMOl MapKu U B HY)KHOM 00beMe.
Copaeprxanue BoJibl B HEHM He gomnyckaerca. OunucTka OT MEXaHUYEeCKUX IPUMECEH POBOAUTCS
Ha CICIMATBHBIX YCTaHOBKaX. Pabouas sxunkocts GuiibTpyercs. TOHKOCTh QUIBTPAIIUU HE
JIOJDKHA OBITH OOJIBIIIE TOM, KOTOpas 00eCIeunBacTCs CaMbIM "TOHKUM'" (DUIILTPOM,
YCTaHOBJICHHBIM B TUJIPOCUCTEME.

HanexxnocTs rufjponpuBoja HalpsIMYIO 3aBUCUT OT YUCTOTHI paboyeil )KUJKOCTH, [TI03TOMY IIPU
3aIpaBKe HEOOXOAUMO MPEJOXPAHATH MACIIO OT 3arpsI3HEHUI Ha pa3IMYHbIX TEXHOJOTHUECKUX
JTanax. 3anpaBKa JOJKHA IPOBOJAUTHCS 3alIPAaBOUYHBIMU CTAHIIUSIMU C PYYHBIM WU
MEXAHU3UPOBAHHBIM TPUBOJAOM. [IpermMyIiecTBOM 3arpaBOUHBIX CTAHIIMH ABIISETCS HATNYHME
pe3epByapa, MpeI0XPAHSIOLIEr0 Macilo OT 3arps3HEHUs B IIPOLIECCE TPAHCIOPTUPOBAHHUS,
XpaHEHMs U 3IMBKH, IPUEMHBIX U HAITOPHBIX (PUIBTPOB TOHKOM OYMCTKHU, 00ECIIEUNBAOLINX
HEO0OXOUMYIO TOHKOCTb (PUIIbTpALUK MIPU 3arpaBKe.

3anpaBka 00bEMHOT0 TUAPONPUBO/A IETUTCS Ha TpU dTarna. Ha mepBoM macio 3anuBaercs B
KOpITYC TUAPOMAIINHBI, @ BO3IYX YJIAIA€TCs APEHAXKHON cucTeMOoi. JlJist 3TOro mpou3BOIUTCS
nojiaya paboyeil KUAKOCTH Yepe3 MOHTAKHBIN TPyOOIPOBO B HIKHIOIO IPEHAKHYIO TOUKY
ruaponpuBoja. Ilo Mepe noctyrienust padodei )KUIKOCTH BO3IyX Ye€pPe3 BEPXHIOIO IPEHAKHYIO
TOUKY BBIT€CHsETCS B THIpoOak. Ha BTOpoM 3Tame ocymiecTBisieTcs 3aluBKa pabodeid sKUAKOCTH
B rupoOak 0 BepxHero ypoBHs. Ha TpeTseM sTane 3anpasinsercs ruapocuctema. [Ipu aTom
MPOBOST MPOOHBIEC MYCKH 00BEMHOTO THIPOIIPUBO/IA HA XOJIOCTHIX PEKUMAX MPU
MUHHUMAJIbHOW 9acTOTE BpaIlleHUs] TPUBOAHOTO Basia. [IpoOHbIE MyCKH MOOMIIBHBIX MAITH
MIPOU3BOJIAT C MepephiBaMU B TeueHuu 15 ¢ mpu nomonu craprepa. KoHTposb 3a HaroaHEeHUEM
TUIPOCUCTEMBI OCYILIECTBIISIETCS MO MOHMKEHUIO YPOBHS Macia B rujipobake. [locne
3al0JIHEHUSI IPUBOHOM JIBUTaTEN b 3aIyCKAETCS Ha XOJIOCThIX PEKUMaX B TEUEHUH 3...5 MUH,
MOCJI€ YETO MPOU3BOIUTCS J03aNPaBKa 10 HYKHOTO YPOBHS paboueit KUIKOCTH IO METKE Ha
yKazarese ruapodaka.

12.2. DkcnnyaTanus 00beMHbBIX THAPONPHBOAOB B YCJIOBHAX HU3KHUX TeMIIepaTyp
Hwmxuaee nonyctumoe 3HaueHUE TeEMIIEpaTypsl Bo3ayxa, perinamentupyemoe I'OCTom nis

TUAPOOOOPYIOBAHMS, IPETHAZHAUEHHOTO JIIsl KCILTyaTalliy B pailoHaX ¢ XOJIOAHBIM KIMMATOM
cocrasirzeT -60 C.



OKcIUTyaTallMOHHAs Ha/Ie)KHOCTh THIPONPUBO/Ia 00ECIIEUUBACTCS 3a CUET:

KOMIUIEKCA TOTIOJIHUTEIBHBIX MEP, KOTOPBIE OCYILECTBISAIOTCA IIPU U3TOTOBICHUH, YCTAHOBKE U
OKCIULyaTalluy Y3J10B U JJIEMEHTOB;

IPUMEHEHHS COOTBETCTBYIOIIMX KOHCTPYKLIMOHHBIX MaTepHUasoB (cTaneil) 1 ux
JIOTIOJTHUTEILHON TEPMOOOPAOOTKHU IS TIOBBIICHUS TPOYHOCTH M U3HOCOCTOMKOCTH JIeTaNICH;
HOBBIIIEHUS YUCTOTHI 0OpPaOOTKU OCHOBHBIX JIeTallel, pallnOHAIBHOIO BBIOOPA JOIYCKa U
[I0CAJI0K, YMEHBIIEHNsI KOHLIEHTPAaLUK HallPSLKEHU;

IIPEIOTBPALICHNS XPYIIKOTO PA3pyILIECHUS CBAPHBIX Y3JI0B U COCINHEHUH ITyTEM
COBEPLIECHCTBOBAHUS METOJI0B MX KOHCTPYMPOBAHUS U TEXHOJOTUU U3TOTOBIICHUS;
VICIIOJIb30BaHUs )1 YILIOTHUTENBHBIX 3JIEMEHTOB COOTBETCTBYIOIUX PE3UH;

NpUMEHEHHS PabOUYMX KUIKOCTEH, COXPAHSIONINX HEOOX0UMbIe paboune CBOMCTBA MPHU HUZKUX
TEMIIEPATYPaX;

CHW)KEHHUS [TOTEPh AaBJIeHUs pabouell )KUIKOCTU B THIPOIMHUSX BCAChIBAHUS, HATHETAHUS U
JpEeHaXa;

MCIIOJIb30BaHUs YCTPONCTB Ui TOATOTOBKU U IIOJOTpeBa padbodeil )KuAKOCTH Nepe] HauaaioM
3aI1yCKa;

BbIOOPA ONTUMAJIBHBIX PEXUMOB 3aIlyCKa I'MIPONPUBO/A.

HeobxonuMo obecrieunBaTh NPUHYAUTEIHHYIO MOAMMTKY HACOCA WIIH YCTAHABIIMBATh €TI0
HEMOCPEICTBEHHO B rupodake. PekoMeHyeTcst TakKe YCTaHaBJIUBATh HACOCHI TaK, YTOOBI
BCAChIBalOIIlEE€ OTBEPCTUE HAacOCa ObUIO PACIONIOKEHO HMXKE HAMMEHBIIETO YPOBHS Maciia B
ruapobake He meHee yeM Ha 500 mm. [Ipu pabote B pesxume camoBcachIiBaHUS paboueit
KUJKOCTH BCACBIBAIOILYIO IMIPOJIMHUIO CIIEYET AeNaTh KaK MOKHO KOpOUe€; 3alpeiaercs
MOMeIaTh B HeW (PUIBTPBI U IPYTHE 3IEMEHTHI, CIIOCOOCTBYIOININE YBETUYCHHUIO COMTPOTUBICHUS
npoxoay padoueii xxuakocti. Heo0X0auMo THIATEIBHO CIETUTh 32 TEPMETUYHOCTHIO
BCACBIBAIOIIETO TPYOONPOBOIA.

Oco60oe BHUMaHUE JTOJKHO YAETAThCS OUUCTKE pabouell )KUAKOCTH OT 3arps3HeHnil. GuibTpbl
pEeKOMEHAyeTCsl yCTaHaBIMBaTh Ha CIIMBHON Maructpaiu. [IponyckHast ciocoOHOCTh UX J0JKHA
ObITH B/IBOE OOJIbILEH, YeM (PMIBTPOB B HOPMAJIBHBIX YCIOBUAX dKCILTyaTauuu. B runpocucreme
HE00XO0IUMO IMpeyCMaTpUBaTh NEPENyCKHbIE KIIallaHbl.

I'mapobaky JOMKHBI UMETh OTCTOMHHUKH JUTsl cOOpa BOJIBI M YCTPOMCTBA AJIs CIIMBA KOHJEHCATa.
Bo u3bexxanue nomnananus KOHAEHCATa B THAPOCUCTEMY THIPONPUBO/I IOJTHOCTHIO 3aIOTHSIETCS
MacJioM, a JUIs KOMIEHCAUN 00bEeMHBIX U3MEHEHHUH )KUIKOCTHU B Ipoliecce padoThl IPUBOA
YCTaHaBIIMBAIOTCA IACTUYHBIE KOMIIEHCATOPbl. B mpoTHBHOM ciiy4ae cooOuieHue ruapodaka ¢
aTMoc(epoil JOIKHO OCYILECTBIIATHCS Yepe3 YCTPOUCTBA, TOJTHOCTHIO UCKIIIOYAIOINe
MOTaJIaHUs BOJIbI B paO0YYI0 KUAKOCTD.

B runponpuBoaax, paboTaroniyx B yCIOBHUIX XOJOIHOTO KIUMaTa, MPU MyCKe U B HAYaJIbHBIH
nepuoJi paboThl 3HAYUTENILHO BO3pACTAIOT MOTEPH JIaBiieHus B TpyoonpoBojax. [lpu -50...-60 C
MOTEpH J1aBleHUs pabouell )KUIKOCTH B TUAPOJIMHUAX MPUBOIa MOTYT Bo3pacTarth B 15...20 pa3
110 CPaBHEHMIO C MOTepsMHU AaBieHus npu +50 C. [{1s1 yMeHblIeHHs] TOTEPh JaBJICHUS B
TpyOOIIPOBOIaX HEOOXOIMMO 00€CTIEYNTh MUHUMAJIBHYIO MPOTSHKEHHOCTH TPYOOIIPOBOJIOB,
COKpATHUTh YHMCIIO U3rHO0B, COEANHEHUH, Tepexoa0B U T.11. JlomycTumas CKopocTh paboueit
’KHJIKOCTH BO BcachIBaroleM Tpyoomnposose - 0,85 m/c, B cmuBHOM - 1,4 M/c, B HarHeTaTeIbHOM
npyu HoMuHaNbHOM Aasnenuu 32 MIla - 5 m/c.

Jlns cokpartiieHusi BpeMEHH BbIXOJ[a Ha YCTaHOBUBIIHMIICS TEMJIOBON PEKUM 1Ie1eCO00pa3HO
npeaycMaTpuBaTh TEIIOM30JIIMIO THIPOOAKOB U TpyOoIpoBo1oB. C 3TOH e 1eIbio B
TUIPOTIPUBOIAX MOYKHO MPUMEHSTh YCTPOMCTBA JUIsl MOAOrpeBa paboueit ®KUAKOCTH B IEPUOJ
nycka. Pekomennyercs ato aenate B Teduenue 20...30 muH. B rugpasnuyeckoii cucteme



MPHUBO/IA TIOJJOTPEB pabOYeH KUIKOCTH B MEPHO]] ITyCKa 00eCIeUNBACTCS MTyTEM MTPOITYCKAHUS
BCEH MoJIaBaeMOi HACOCOM pabouel KUAKOCTH Yepe3 NMPeoXPaHUTEIbHBIA KIIalaH Mpu
HOMHHAJILHOM pabo4eM JIaBJICHHH.

HyCK HACOCOB B YCJIOBHUAX HU3KHUX TCMIICPATYP JOJUKCH IIPOU3BOJUTHC IIPHU IMOCTCIICHHOM
IIOBBIIICHHUU OAaBJICHUSA pa6oqel71 KHUIKOCTH 1O HOMHWHAJIBHOIO C BBII[Cp)KKOfI IIpU JaBJICHUHA 10

MlIla B Treuenue 1...2 muH.

Jnst obserdeHus 3anycKka MpUBOJIHOTO JBUTATENS U BO N30€KAaHUE BBIXO/Ia U3 CTPOS HACOCa €ro
HPUBOJI PEKOMEHAYETCS OCYIIECTBIISATh Yepe3 Pa3beIMHUTEIbHBIC My(ThI (KeIaTeIbHO
¢dpuknronnsie). [Ipu OTCYTCTBIH KOHCTPYKTUBHOW BO3MOKHOCTH TIPUMEHEHHUS
Pa3beIMHUTENBHBIX My()T HEOOXOAUMO OTPaHHYHUTh YaCTOTY BPAILCHHUS Bajla IIPH 3aITyCKe LIS
aKCHAJIbHO- TIOPIITHEBBIX THIpoHacocoB A0 1000 06/mMuH, mectepeHHsIx - 10 1500 06/mMun. B
THAPONPHUBO/IAX C 3aMKHYTOW IIUPKYJSILUEH IPeyCMaTPHUBACTCsl aBTOMATHYECKOE OIPAaHUYCHHE

MOIITHOCTH Hacoca.

12.3. OcHOBHBIE HENOJIAJAKH B THAPOCUCTEMAX U CIIOCOOBI MX YCTPAHEHUS

IIpu skcrmyaranuy ruAponpuBOAa BBUAY CIOKHOCTU KOHCTPYKLIMA MHOTHUX €r0 3JIEMEHTOB,
HEN30€)KHO BO3HUKAIOT PA3IMYHOTO POJIa HEUCIIPABHOCTH, KOTOPHIE HEOOXOIMMO BOBpEMSI
OTIpEeAeIATh U YCTpaHATh. B Tabn.12.1 mpuBOAATCS OCHOBHBIC HEMOMAAKU B THIPOCUCTEMAX
MaIIuH, UX MPUYUH U CIIOCOOBI YCTPAHCHHUS.

No Henonagxu
/11

1 |Hacoc ue momaer
KUJKOCTb B CUCTEMY

2 |Hacoc He co3maeT
TIABJIEHUS B CUCTEME

Bo3moxxHbie IMPHUYKUHBI

HenpasunpHoe HanpaBieHue
BpallleHUs Baja Hacoca
B Gake manio paGodeit sKHUIKOCTH

3acopuIIcsi BCaChIBAIOIIUMA
TpyOOTIpPOBOT

[Toncoc Bo3myxa BO BCachIBAKONIEH
TpyOe

ITonomka Hacoca

Bennka BS3KOCTH KHUIKOCTHU

3acopuics aemMgep nepeauBHOro
KJIaraHa

Hacoc He momaeT >XUIKOCTE B
CUCTEMY

Bonboit u3Hoc Hacoca (BHYTpeHHHE
YTE€UKHU BEJTUKH)

Bouiblivie BHEIIHNE YTEUKH IO BaTy
Yyepes KopIyc Hacoca

bonpuine BHyTpeHHHE yTEUKH B
TUAPOCUCTEME

"3aBuc" 30JJ0THUK

Cnioco0 yctpaHeHus

W3meHuTh BpameHue Bana

JloUTh KUIKOCTH 10 OTMETKHU
MacJIoyKa3aTels
[Ipounctuts TpydOIIPOBOI

[TonrsanyTh coenvHeHNE

YCTpaHI/ITB MOBPCIKACHUA NN 3aMCl
HacoC
3aMEeHUTh KUIKOCTH

[TpoMBITH KJTanaH U MPOYUCTUTH
nemrepHoe oTBepCTHE

Cwm. myHKT 1

[IpoBepuTh IPOU3BOAU-TEIBLHOCTD H
Ha XOJIOCTOM XOAY ¥ IOl Harpy3Koi
oobpemuoM KII/ Hurke nmacopTHOTO
3aMEHHTH HACOC.

3aMeHUTh ymoTHeHus. [IpoBeputs,
PaKOBHH, TpeluH u T.1. [Tpu ux
0oOHapy>KeHHH 3aMEHUTh HACOC
3ameHuTh yroTHeHus. [IpoBeputs
TUAPOCUCTEMBI HA TEPMETUYHOCTD U
OTPEMOHTHPOBATh

Pazo0patb 1 MPOMBITH KJIamaH, MpoE



3 |[lym u BuOpanms B
cucreMe

4 |HepaBHOMEpHOE
JBUKEHHE paboumx
OpraHoB

5 Pe3koe ymensbieHue
CKOpPOCTH JIBUXKEHMS IPU
pOCTE Harpy3Ku

6 |[[loctemeHnoe
YMEHBIIIEHUE CKOPOCTH
JBUKEHHS paboyero
opraHa

NPEIOXPAaHUTEIHHOTO KJIallaHa WK
He "cen" Ha cesio MepeaTuBHON
KJIaIaH

YMeHblIeHHE BA3KOCTH Macia
BCJIEZICTBHE €r0 HarpeBa (0ObIYHO
Boime 50 C)

Bbonbiioe conpoTuBieHne Bo
BCACHIBAIOIIIEM TPYOOIIPOBO/IC
Mauna nporyckHasi criocoOHOCTb
(GUIBbTpa WM OH 3aCOPHIICS
[Toncoc Bo3myxa BO BcachIBaKOIICH
TpyoOe

3acopuiics cammyH B Oake
Bubpauus kianana

Pe3koe n3meHeHue npoxogHoro
CEYeHHUs TPYOOIPOBOJIOB
Hexectkoe kperieHue
TpyOOIpPOBOIOB

Hanuyue Bo3nyxa B ruipocucteme
JlaBneHue HaCTpOUKHU
PEJOXPAaHUTEIBHOTO KJIallaHa
OJIM3KO K JIaBJICHUIO, HEOOXOJUMOMY
JUIs ABMDKEHHS paO0uuX OpraHoB
Man6 npoTUBOJaBIICHUE HA CIMBE U3
LWIMHApA

Mexanuyeckoe 3aejaHue
TIOABUKHBIX gacTel TUAPOIUIIMHAPA
HepaBHomepHas nonaua macia
HacocoM. [Ilym u cTyk B Hacoce
BCIIEJ-CTBUE TIOJIOMKH OJHOM M3
JIOTIATOK WJIM TUTYHXKepa

bonpuive BHyTpEHHHE WU BHEIIHUE
YTEUYKH B DJIEMEHTAX TUIAPOCUCTEMBI
Perynstop ckopocTtu 3aenaet B
OTKPBITOM IOJI0KEHU U

[IpenoxpaHnuTenbHbIC U
MEepPENyCKHbIE KIanaHbl
OTpETyJINPOBAHBI HA HU3KOE
JIaBJICHUE

3arpsi3HeHue paboueit JKUIKOCTH

3acopenue GUIBTPOB, ApOcceneil u
NPYTUX anmnapaToB CHCTEMBI
Oo6nurepanus (3apaliyvBaHue) menei
Jpoccest

cocTosiHue eMidepa, NPy KUHBL, I
ero cexia

yJIy‘-IH_H/ITB YCJIOBUA OXJTAKACHUS Mc

VYBenuuuTh MPOXOAHOE CEYEHUE TPY
3aMeHUTDH (GUIBTP UIIH IPOMBITH €TC
[Tonranyts coennHEHU

[Ipounctuts canyH

Pa3obpath 1 mpoBepuTh eMITPUPYE
KaHaJIbI

YBeIUUUTh U BBIIPABUTH MPOXOIHB]
CEYeHUs1 TpyOOIIpOBOIOB
3aKkpenuTh TPyOOIPOBOIbI

BoinmycTuTh BO3yX U3 CUCTEMBI
HacTtpouTh npeoXpaHuTeIbHBIN KT
nasienue Ha 0,5...1,0 MIIa Oombiie
JIaBJICHHE, HEOOXOUMOE IJIS JBHKE
pabouyux OpraHoB

[ToBBICUTB COTPOTHUBIICHUE HA CITHBC
(perynaupoBKO# ApOCcens WK MO
KJIaIraHa)

OTpeMOHTHPOBATH TUIPOIIUITHH]IP

3aMeEHUTH HAcOC

CM. myHKT 2

Pa3o0paTh perynsarop cKopocTH, Ip
UCTIPABHOCTh NMPYXHUHBI U IIABHOCT!
HiepeMeIeHHs 30JI0THUKA. Y CTpaHW
neQeKThl, MPOMBITH U cOOpaTh
perynstopHacTpouTh mpeaoxpaHuT
U TEPENyCKHbIE KJIalaHbl

3aMEeHUTb KHUJIKOCTb U IIPOMBITh
THUAPOCUCTEMY
[IpombITh anmaparypy

YBennunuTh MUHUMAJIbHOE OTKPBITH
APOCCEIIA NI YCTAHOBUTH JPOCCEIIE
MCHBIIUM MUHHMAJIBHBIM PACXO0M



7 |IloBbIlIEHHOE HABJIEHUE

8

10

11

12

13

B HarHeTaTeJIbLHOMI
JIUHUU TIPH XOJIOCTOM
X0me

[ToBbIlIIEHHBIN HArpeB
MacJia B CUCTEME

OOpaTHbIii KI1anaH
MPOITYCKACT KUIKOCTh
IpU U3MEHEHUU
HaIPaBJICHUS TTOTOKA

[IpenoxpaHuTeabHbIN
KJIallaH HE yIEPKUBAET
JTABJICHUS

[aBrenue 3a
PEAYKIIMOHHBIM
KJIAaHOM OTCYTCTBYET

Uepes npeHaxHbIe
OTBEPCTHUS UIYT
O0JbIIINE YTEUKU

30JI0THUKH C

3JIEKTPOTUIPABINYECKAM

yIpaBJIeHUEM He
NEPEKIIIOYAI0TCS TPU
BKJIIOYEHUU
JJIeKTpOMarHura

N3HOoCHMCh YIITOTHAIOIIME
MMOBCPXHOCTHU T'UAPOArpeCraToB NI
CHU3UJIACh BSI3KOCTh paboueit
YKUJIKOCTH

[ToBeICHIINCH TTOTEPY TABICHUS B
CHCTEME H3-3a HENPaBUIBHOTO
BBIOOpA anmapaTypbl, yMEHbBIIEHHOTO
IPOXOIHOTO CEUYEHUS
TpyOOITPOBO/IOB, a TAKXKE B
pe3yJIbTaTe HEKa4YeCTBEHHOTO
MOHTaXa

3acopuiicsl KaHall yIpaBJeHUs
HEepPETMBHBIM KJIAaIlaHOM
pacnpenenuTens

[ToBBIIIIEHHBIE MEXaHUYECKHE
COIIPOTUBJICHUA ABUKCHUTIO pa60q14x
OpraHoB

[loBbIlIEHHBIE TOTEPU JABJICHUS B
TPyOOIPOBOAX U THAPOAITIapaType.
[I1oxo0i1 oTBOA Terwia OT 0aka u
TPyOOIIPOBOIOB

Hacoc He pa3srpyxaercst BO Bpemst
nays

HeucnpaBaocTh
TEPMOPETYJIPYIOLIEH annaparypsl

Knanan ne npuineraer cemny. [dedekr
pabouMx KpOMOK KJlaliaHa UJTd ceJia.
Crnomanack npyKrHa KIanaHa

3acopuiics aemrndep Win ceajio
kianasa. [Toteps repMeTHYHOCTH B
CHUCTEME JUCTAaHIIMOHHON pa3rpy3Ku
W3HOCuIICs apyK Uiy Cel10
Cnomanace npy>kuHa

3acopuiics aemrndep Wi ceajio
KJIalaHa

N3HOoCHIICA MIapuK WK CeAJI0
Crnomanach npyxuHa

W3HOCHIHCH YIIIIOTHEHUS
N3Hocunucek pabounie MoBepXHOCTH
MOJBM)KHBIX paclpeaeTuTeIbHbIX
YCTPOWCTB

3aeqaHue 30JI0THUKA B KOpITyce
(3aup 30JI0THUKA). 3aKTMHUBAHHE
30JIOTHUKA MIPU TPSI3HOM Macie UiH
OCEBUIEN BO3BPATHOM MpPYKUHE.
['ycroe mMacio 3aTpyaHser
nepeMenieHre 30J0THUKA

SIKOpst DTIEKTPOMAarHUTOB HE
MepeMeatoTcs Ha MOIHYIO

3aMEeHUTh U3HOCUBIINECS TUAPOATrp
WM 3aMEHHUTH Pab0vyIO KHUIKOCTh

3aMEHHTH anmnapaTypy, yCTAaHOBHTb
TPyOOIPOBOBI C OOIBIIUM IPOXO/IF
CeYEeHHEM, UCKIIFOUUTh H3JIHIIHUC I
COCAUHCHUA U T.II.

[IpouncTuTh KaHaIbl pacpeaeInTe:

YeTpaHuTh HEOCTATKU KOHCTPYKIY
OTPEMOHTHUPOBATH LITOKU LIMJIMH]PC

CM. yHKT 7, a Tak)Ke yIy4IIUTh
TEIJIO0TBO/] OT 0aka u TpyO

[IpoBeputh paboTy pa3rpy304HOro
YCTPOMCTBA, YCTPAHUTH JIe(HEKTHI
VYceTpaHuTh HEUCITPAaBHOCTh

Pazo0patb kianaH, IpOBEPUTH COCT
ce/Jia, KOHyca KiaraHa U IpY>KUHBI.
Ycrpauuth Ae(eKThbl, IPOMBITH U CO
KJIamnaH

[Ipounctuts nemmndep, IPOMBITH 110
KUJIKOCTU

3aMEHUTh NIApUK UIIU CEIII0
3aMEHUTh IPYKUHY.

Cwum. myHKT 10

Cwum. myHkT 10
Cwum. yHKT 10

3aMEHUTh YINIOTHEHHUS
[Ipon3BecTn pEMOHT WIIH 3aMEHY

CHSTB 37€TPOMAarHuThl, IPOBEPUTH
BPYUYHYIO NepeMEIeHNE 30I0THUKA,
IPOBEPUTH 3aTSHKKY KPEIUIEHHSI KOP!
30JI0THUKA, IPOMBITh anmnapar, CMeE
MacJo

HpOBCpI/ITB HaIps’KCHUC B 3A’KMUMaAX
OJICKTpOMAarduTa, yCTpaHUTh 3aciaH



14

15

16

17

18

19

DNEeKTPOMAarHUThI TYAST
U TIEPErPEBAIOTCS

OOpBbIB U TPEIIUHBI
MacJIO0IpPOBOJIOB C
HapylIeHHEM
repMeTH3aluu

PenykimonHbIi Kiianax
HE MOHMKAET JaBJICHUS
WJIM TIOHMKACT
HEJOCTATOYHO

CkopocTb nosiauu
CHJIOBOT'O y3J1a Majia U
nasiaeT MpH Harpy3Ke
(perynupoBaHue ¢
HIOMOIIBIO PETYIATOPA
pacxoja)

IToTox Macia He
peBepcupyercs
30JIOTHUKOM HpI/ITOIIHOFO
HUCITOJTHEHUS

Macio u nesa
BbIOpaChIBAIOTCS Yepes
3aJIMBHYIO TOPJIOBUHY
Macyi06aKa Win KpPbILIKY
BCTPOEHHOT'O CIMBHOTO

BEJIMUYMHY X0J1a

Packnenancs KoHel TOJIKaTes
3acopuioch IpeHaKHOE OTBEPCTHE B
30JI0THUKE

Cwm. nyHkT 13

CnumikoM cuiabHbI BO3BpaTHbBIE
IIPYKUHBI

HarmpsixeHue nuTaromero Toka He
COOTBETCTBYET HOMHHAITY
Packnenaics AKopb 2J€KTPOMarHuTa

Henomyctumbie negopmannu ruOKux
PYKaBOB

Crapenue 1 U3HOC THOKHX PYKaBOB
Pe3onancHsie KoeOanus
TpyOONIpOBOIOB

3HayMTeIbHbIC TUKU AABJICHUS B
THIPOCHCTEME

Perynupytomnias npyxuna cxara
IMOYTH 0 INOJHOTO MPUJICTAHUA
BUTKOB. 30JI0THUK KJIallaHa 3ae/1aeT.
3acopuiack TMHHSA OTBOJA Macia
nocie mapuka B 6ak. Ocena
pEryNupyroIas mpyxKuHa.
3acopuioch aeMiepHoe OTBEPCTHE
30JI0THHKA. MeXy IapuKOM U
CeIOM ToTasa rps3b Win
MOBPEX/ICH LIAPUK

3acopuiachk 1menb apoccensiOcnadna
MPY>KWHA BCTPOEHHOTO
PEAYKIIMOHHOTO KJarnaHa WIN
3aCTPAIT 30JI0THUK

IloBbIIIEHNE YTEUKH B HACOCE U
rujjpoarperarax

Bospias BA3koCTh Macia

3aeaHue 30JI0THUKA B KOPITyCe
BCJIEJICTBHE TPS3HOTO Macia,
nepeKuMa KperekHbIX 00JITOB,
HEIUIOCKOCT-HOCTH MOHTaKHOMN
MOBEPXHOCTH, TI0JIOMA BO3BPATHBIX
NPYXKUH, OTCYTCTBHUS JaBICHUS
yIpaBiIeHUS

COwicst TONKaTeb ANEKTPOMarHuTa
30J10THHUKA yrpaBienus. Cropena
KaTyIIKa UM pacKJIeNaJics sIKOpb

M30bITOK Maciia B Oaxe.
[Toycoc BO3MyXa B THAPOCHCTEMY

3acopuiicst GUIBTP WK MOBPEKICHBI
YIJIOTHEHUSI KpBIIKU GuinbTpaHer

SIKOPS TIPU TIEPEMEIICHUHSIX
3aMEHUTH TOJIKATEIb
Pa3obpate, mpoMbITH

Cwm. nyHkT 13
3amMeHuTh Ha OoJiee ciadbie

OTperynupoBaTh HAMPSHKEHUE SJICK

[lepexiienats SKOPbH

J10BECTH KOHCTPYKIUIO MACIIOIPOB(

3aMEHHUTh PYKaB
3akpenuThb TpyObl CKOOaMuU

[TocTaBuTh MEepemyCKHBIE KITATAHHI 1
nemrndepbl. CHU3UTH CKOPOCTh padce
oprana

Pa3o0patp kianaH NpOMBITh U 3aMel
nedeKTHBIC IeTalln

Pa3o6path 1 IpOMBITH ¢ 3aMeHOM
neQeKTHBIX AeTanen

3aMEHUTh U3HOCUBIIIHUECS THIPOAT]X

3aMeHUTh Macio

Pa3ob6pathk 1 TpoMBITH 30J0THHK. O«
KpenexHbie 00nThl. [ToBBIMTH naBie
YIIPABJICHUS

3ameHuTh AehEeKTHBIC AeTaIN



¢unbTpa 3aMEUIMTEIBLHOIO KJIallaHa Ha CIINBE
W3 UUJIMHIpa

Chnucok JimTeparypbl
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