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Mpepucnosue

[JanbHellwee pa3BWTME OTEYECTBEHHOTO  MALUMHOCTPOEHMS,
OCHaLLEHME OTpacnei NMpOoMbILNEHHOCTU BbICOKOMPOU3BOANTENbHOW TEX-
HUKOWN TpebyloT rnyboKOro M3y4YeHMst KOHCTPYKLMM, OCHOBHBIX Y310B W
CUCTEM TEXHOMIOMMYECKOro 060pyaoBaHuns, OBMIAJEHUS HaBblkaMn HbICTpO-
ro U Ka4eCTBEHHOro aHanu3a KMHEMaTWKM COBPEMEHHbIX CTAHKOB, peanu-
3yeMON MexaHW3MaMW C 3MEeKTPUYECKUMU, MEXAHUYECKUMU, FMapaBmye-
CKMMM CUOBLIMU W YNPaBASIOWMMMN CBA3SAMMU.

MmaponHeBMONpMBOAbI W CpeacTBa  MAPONHEBMOABTOMATUKM
LUIMPOKO MPUMEHSIIOTCA B TEXHOMOrMYeckoM 0bopyaoBaHWM M COBpeMeH-
HOM aBTOMaTU3MPOBAHHOM NMPOU3BOACTBE.

Obnapas TakMMu npeuMyLlecTBaMM, Kak NpocToTa criocoba ne-
pedayv 3Hepruv, XopolumMe KOMMNOHOBOYHbIE M MaccorabapuTHble xapak-
TEPUCTMKK, BbICOKAsh IHEProeMKOCTb, BbICOKME AMHAMUYECKME Ka4ecTBa,
HaZleXkHOCTb, MOXapo- M B3pblIBOHE30MAaCHOCTb, OHW MO3BOMSOT MPOCThI-
MW CpeAcTBaMM pellaTb 3aflayM KOMIMJIEKCHON aBTOMAaTU3aLMM, OXBaTbl-
BaloLlen obopynoBaHUE, MPOLECChbl, OCHACTKY, TPAHCMOPTUPYIoLLME U 3a-
rPy304Hble YCTPOCTBa.

MocTosiHHOe obHOBNEHWME napka rmapodULMPOBAHHOIO TEXHOMO-
rmyeckoro 060pyaoBaHusi, U3yyaeMbiX CTyAE€HTaMU MaLIMHOCTPOUTENbHBIX
CrneumanbHOCTEN, BbI3bIBAaET HEOOXOAMMOCTL M3aaHNs y4ebHOro nocobus,
BK/IOYAIOLLEr0 WAMIOCTPALMM TUMOBbLIX KMHEMATUYECKUX W rmapasnnye-
CKMX CXeM, UX (PYHKLUMOHA/IbHOE OMMCaHue, METOAUKWA U anropuTMbl KX
pacyerta.

[ns M3ydyeHus U aHanm3a CXEMOTEXHUYECKUX PELLEHWI TEXHONO-
rmyeckoro obopyaoBaHusi HeobXoAMMO BHayane O3HAKOMUTLCS C MPUH-
LMNOM [AEWCTBUS OTAENbHbIX 3/1IEMEHTOB MAPaBIMYECKOro NpuBoAa: UC-
TOYHWKOB MUTaHWS, TMAPOABUraTENen, Perynmpyrowmx 1 yrnpasnsowmx
pacnpeaenuTenbHbIX YCTPONCTB, BCMOMOraTenbHbIX YCTPOMCTB.

Ba)xHO BbIAENNTb U OCMBIC/IUTL OCHOBHbIE MPUHLMMBI MOCTPOEHUS
3/1EMEHTOB MMAPONPUBOAA, UX (DYHKUMOHANIbHOE Ha3HaYyeHne, CUMBOJNKY
YCNOBHbIX M306paXxeHuniA, NpaBuna NocTPOEHNUs MPUHLMNMUANBHBIX CXEM.

MaTepuanbl, NpMBEAEHHbIE B MOCO6MM, UMEIOT LUIMPOKUIA CMEKTP
MPUMEHEHMSI: BO3MOXHOCTb MCMOMb30BaTb MPW YTEHWUWM NEKLMI, CaMOCTO-
ATEeNbHOW paboTbl CTYAEHTOB M MOArOTOBKE K 3k3aMeHaM. [lpu 3ToM
HanuuMe MNACTPaUMIA, CXeM, CrPYNMMPOBaHHbLIX MO TeMaM, obneryaer
u3ydyeHne maTepuana, NpoBeAeHME KOHTPOSS €ro YCBOEHMS, OLIEHKY Te-
KyLLEN YCNEBAEMOCTU W, B KOHEYHOM cYeTe, coaencTByeT Gonee rny6o-
KOMY MOHUMAHWUIO AUCLIMMIIMHBI, PA3BUTUIO CXEMHOMO MbILLSIEHWS, MOBbI-
LUEHMWIO YCNeBaEeMOCTM U KavecTBa y4ebHoro npouecca.
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1. PAUNOHANBbHBIE OBJIACTU NPUMEHEHUA
rmaponPuBoA B ABTOMATUSUPOBAHHOM
TEXHOJIOTMYECKOM OBOPYAQOBAHUU

TexHonornyeckoe obopyaosaHue (TO), SBNSSICb OCHOBOW Maluu-
HOCTPOUTENBHOrO NPON3BOACTBA, BO MHOrOM onpeaenseT 3hdeKTUBHOCTb
M KayeCTBO CO37aBaeMbIX MalMH M MEXAHWU3MOB.

Mpoueccbl MexaHuWyecko W (PU3MKO-TEXHUYECKON 06paboTku
BbINOJHSAIOT:

— METaJIopeXxyLUme CTaHKy;

— KY3HEYHO-NPEeCCoBble MaLUWHbI;

— NIMTbEBblE MALUMHbI;

— CBapo4HOe 060pyaoBaHue;

— 0bopyaoBaHue Ans TepMUYECKON 06paboTku;

— 0bopyaoBaHue ANs ranbBaHOMOKPbITUI;

— obopyaoBaHue Ansi OKpacku;

— obopyaoBaHune ans BblCOKO3(hEKTUBHBIX MeTOA0B 06paboTKu.

ObecrneunBas (opMoobpasoBaHWe MOBEPXHOCTEW AeTanei, OHu
ABNSAOTCA OCHOBHbLIM TO.

AHanu3 oTe4yecTBEHHOro U 3apybexHoro MetannoobpabatbiBato-
wero obopyaoBaHus [29, 37] N0 Ha3HA4YEHMIO, COCTABY W XapaKTepucTu-
KaM MCMONHUTENbHbIX ABwkeHWu (M) no3BoAMA OTMETUTb YCTOWUMBYLO
TEHAEHUMIO MOBbIEHUS! HACbILEHHOCTM MEepPCNeKTUBHOIO 060pyaoBaHuS
rnaponHeBMonpuesogamm. Hanbonee 4yeTko OHa MPOSIBNSIETCS B CTAHOY-
HbIX CMCTEMaX, MpeACTaBNSoLLMX COBOKYMHOCTb CTAHKOB, OCHACTKW, Npw-
CNOCO6MEHNI, TPaHCMNOPTUPYIOLMX, OPUEHTUPYIOWMX U APYrMX MeXaHW3-
MOB.

OTO 06BbACHSETCA WM3BECTHBIMW MpeuMyLlecTBaMM ruapasnmye-
CKUX MPUBOAOB M CUCTEM, MO3BONSIOWMX pellaTb 3ajavyM aBTOMaTU3aumm
Hanbonee NpocTbiMK CpeacTBaMn, fobunBaTbcs TpebyeMoro kayectsa 06-
paboTKu Npy MakcMManbHOW 3DEKTUBHOCTY.

PauvoHanbHble 06nacTv NpMMeHeHWs NMPUBOAOB B MeTannoobpa-
60Tke noscHsAT puc.1.1-1.5, rae npeactaBneHo xapakTepHoe aBToMaTwu-
3MpoBaHHOe MeTannoobpabaTeiBatolee obopyaoBaHMe.

ABTOMaTU3NPOBaAHHbIE KOMMJIEKCHI KY3HEYHO-MPeccoBoro obopy-
foBaHua ¢ YIMY NOnHOCTbIO rMapodULIMPOBaHbI, XapaKTepU3YyTCs BbICO-
KM BbICTPOAENCTBMEM OCHOBHOrO 060pyaoBaHus. pon3BoAUTENBHOCTb
KOMMJieKca OrpaHWYMBAETCsl GbICTPOAENCTBMEM M TOYHOCTLIO BCrOMOra-
TE/IbHOro 060pyA0BaHMS OKOJIONPECCOBOM MexaHu3auun. Tak, B KOM-
nnekce Ans pesku, NpobuBKM M MapKUPOBKW OTBEPCTMIA B COPTOBOM MpO-
KaTe MpPOM3BOANTENIbHOCTL OMNpeaensieTcs ObICTpoAenCcTBMEM NpUBOAA
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nopatowein kapetbl 7 (puc.1.1). BbinonHeHWe ASIMHHOXOAOBLIX KOOpAMW-
HaTHbIX nepemewleHnii (Ao 15 M) npu 60MbLIMX NepeMeLlaeMbiX Maccax
(8o 2000 Kr) 1 TOYHOCTM NO3MLMOHNpOBaHKa 0,5 MM NpMBOAMT K HEOHXO-
AMMOCTM  MOBbILEHUST  BbICTPOAENCTBUS M TOYHOCTM MMAPONPUBOAA.
3TM TpeboBaHWSIM A0BOMBHO MOIHO OTBEYAET MO3WLMOHHLIA rMaponpu-
Boa [8, 9].
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Puc.1.1. ABTOMaTVU3MPOBAHHbIA KOMMMIEKC ANS PE3KM COPTOBOro Mmpokarta: I — npecc;
2 — peXylMin WHCTPYMEHT; 3 — mnofalowmii CTon; 4 — ponbraHr; 5 — 3aroToBKa;
6 — MaHUNyNATOp-CXBaT; /— nojatollas kapeTa; & — 6apabaH; 9 — ruapoynpaBnsieMbiii
TOpMO3; 10— cyeTumk 060poToB; 11 — rMAPOMEXaHUYECKOE YNPaBNSIoLLEE YCTPOMCTBO;
12— yCTpoWCTBO HaTsXkeHus Tpoca; AN — AaTUmMK NOSIOXKEHMS

MoBOPOT PeBOSIbLBEPHON rONOBKU B 3aAaHHy0 no3uumto obecne-
UYMBAET PA3OMKHYTbIA 3NEKTPOrnMAPaBIMYECKUIA MPOrpaMMHbIA  MPUBOA
[12]. MporpamMMuMpoBaHMe W WCMOMHEHME YIIOBOrO MO3ULMOHMPOBAHMS
OCYLLECTBNSIIOTCS CUCTEMOM YMNOPOB, 3/1EMEHTaMM 3N1EKTPOABTOMATUKM,
nporpamMmmpyembiM KOHTponepoM MNK-128 u YIy craHka [29].



Beibop TvMna u CTPyKTypbl NpUBOAA BMOSIHE ONpaBAaHbl, TaK Kak
npu 3TOM nonyyaeTcs Havbonee NpocToe U 3KOHOMUYHOE pelleHve Ans
CflyyaeB, Korga KOMMYeCTBO TOYEK KOOPAMHWPOBAHUS OrpaHUYeHO
[23, 27]. OgHako, Kak M B arperatHOM CTaHke, BbICTpoaencTBue M ToY-
HOCTb MeXaHu3Ma OrpaHW4YMBaOTCS CUCTEMOW 3NEKTPOMEXaHOrMapaBIu-
YeCKOro ynpasfieHUsl ABUXEHUEM.

B nuTteiHoi MawwmHe Ha puc.1.2 rmapoduLMpoBaHbl BCe ABMXKE-
HMS. OHW OCYLLEeCTBASOT 3aMblkaHue ¢opM 4, nogady Matepuana 2 B
¢opMy BcnomoratenbHbiMK ABwxeHnamun Bl, M1. 3gecb BpeMa u Tou-
HoCTb W/l onpenensitoTcs TEXHOMOMMYECKMM MpoLeccoM MnoAadv U Bbl-
[epXXKWU MaTepuana ans nonyyeHuns TpebyeMoro kavectsa usgenus.
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Puc.1.2. JInTeliHas MalmHa: I — 3arpy304Hblii KOHYC; 2 — MaTepuan; 3 — ob6orpeBaTens;
4 — npecc-hopma; 5— MexaHu3M CMbIKaHWS

B poTaunoHHOM rmb6o4YHOM KoMMnekce Ha puc.1.3 sce U Bbinon-
HAIOT rugponpusodbl: Bl — BpalweHve nogawowmx Bankos 2, 3, N1 — 3a-
MblKaHVE MoAaloWwmx ponmkoB 5, 6, M2, M3 — nogaya 6OKOBLIX POSIMKOB
n3rnbaHus obevaiikn 7, CMOHTUPOBAHHbIE Ha CTaHWHe 1.
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Puc.1.3. PoTaumoHHasi ruboyHas MalimHa: @ — rMApOKMHEMATMYEeCKas CxeMa;
6 — cxeMa npwknMa KaTkoB npy paboyem npouecce

MpvBoa ans Bl npeononeBaeT 3HaUUTENbHYIO TEXHOMOMMYECKYIO
HarpysKy, BO3HMKaloLlylo npu AedopMaumsax COpTOB Npokata. Xapakrep-
HbIM ANA MalUMHbl SBMSETCS A0BOSIbHO XKECTKOE TPebOBaHWE TOYHOCTM
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no3numoHnpoBaHus (£ 0,2 MM) 3aroTOBKM NPY U3MEHSIKOLLMXCS TEXHOMO-
rMYecKMX Harpyskax, obecneunBaemoe AaTUMKOM 4.

AHanornyHole TpeboBaHUs NpPeabsBASIOTCA K NO3ULUMOHHBIM rUa-
poripuBogaM poboToTexHuueckux yctpoincTs [20, 26] (puc.1.4), cBapou-
Horo obopyaoBaHus [37] (puc.1.5).
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Puc.1.4. TMpoMblWweHHbId poboT: 1 — rMapoMoTop; 2 — peaykTop; 3 — LeCTepHs-pelka;
4, 5— noptan; 6 — rvapomoTop; 7 — peaykTtop; & — BuHT; 9 — raika; 10 — nnedo [P;
11— nepepava BUHT—Talika; 12— ruapomoTtop; 13— TopMos; 14— peaykTop; 15, 17— uenHble
nepenauv; 16— nokotb MP; 18— ruapoumnvHap cxBata; 19— ruapoMexaHUyeckoe YCTPOMCTBO
noBopoTa cxeata; 20-22— cxsar P

TpeboBaHus 6bICTPON NepeHanaXxwBaeMocTy, rmbkocTu o6opyao-
BaHWS, aBTOMaTUYECKOro ynpasfieHUs ABUMXEHWUSMM, BK/ItOYasi Mporpam-



MUpOBaHWe pPaboumx LMKIOB M KOHTPOSb MX WCMOSIHEHMS], BbINOSHSETCS
NPUMEHEHWEM Pa3/IMYHOIO ABTOMATM3MPOBAHHOIO BCMOMOraTe/IbHOro
obopyaoBaHus:

— pO6OTOTEXHUYECKMNX YCTPOWCTB;

— MEXaHW3MOB 3arpy3Kku-pasrpy3ku AeTanen;

— YCTPOICTB CMEHbl MHCTPYMEHTa;

— OCHaCTKW W NpUCNOCOBNEHWI;

— CWUCTEMbl CKNAAMPOBaHWSI AeTaneil, WHCTPYMEHTA, 3aroTOBOK,
OCHaCTKM;

— TPaHCMOPTHO-HAKOMUTE/bHbIX MEXAaHN3MOB,

— KOHTPO/1bHO-U3MEPUTESIbHbIX yCTpOVICTB;

— MeXaHW3MOB AN YAaneHus 0TX0A0B npolecca 06paboTku.
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Puc.1.5. CBapouHblii aBToMaT: I — U3roTOBISIEMOE M3Aenne; 2 — NPUXNUM; 3 — 3NEKTPO-
Abl; 4 — WTaMnbl; 5 — CBapOYHbIE MUCTONETbI; 6 — OTKUMHbIE 6anku; 7 — NOAXUMHbIE
6anku; 8w 11— pblyaru; 9un 10— rmapounnnmHapsl

Takne MexaHu3Mbl U YCTpOMCTBa 06eCneymBaloT:

— B3aMMHOE PacroIOXKEHNE NHCTPYMEHTA U 3aroTOBKU;

— 6a3npoBaHme 1 rKcaUuo AeTanun B NpUCnocobieHnu;

— NnepeMeLleHne UHCTPYMEHTA M 3aroTOBKM B 3aflaHHble Koopau-
HaTbl;

— YCTaHOBKY, CMeHY U (hMKCaLMIO MHCTPYMEHTa;

— nepeopvieHTaLUuio 06pabaTbiBAaeMon AeTanu;

— corflacoBaHue pasnnyHbix U/ B paboyeM umkie cTaHka.



ABTOMaTM3NpOBaHHOe ruapoduLMpoBaHHoe obopyaoBaHue ume-
€T CBOM OCOBEHHOCTW, ODOYC/IOBNEHHbIE HAMYMEM B KMHEMATUYECKOW
CTPYKTYPE BHELUHMX W BHYTPEHHMX MEXaHUYeCKWX, FMAPaBINYECKUX W
3MEKTPUYECKMX CBSI3EW, MOAYMHSIEMbIX YCNOBUSIM KMHEMaTuuyeckoro 6a-
naHca [18, 22]. YpaBHeHusi KnHeMaTudeckoro 6anaHca, HacTtpoiku WA,
KpOMe MexXaHW4eCcKux, BKNIOYAKT pacxoaHO-NepenajHble XapaKTepucTuku
rMAPaBNMYECKNX CUMOBLIX M YNPaBASIOWMX YCTPOUCTB M 06bEANHSAIOLLMX
WX MMAPABANYECKUX NIMHUIA CBA3U. ITO 06CTOATENLCTBO TPEDyeT eanHOro
noaxoda K aHanmay MpoLeccoB, peanM3yeMbiX pasfvyHbIMU noacucTeMa-
Mun MeTannoobpabatbiBatowero obopyaosaHus [19, 27, 371].

PaccMoTpeB TUMOBbLIE KOMMOHOBKM MeTannoobpabaTbiBatoWEro
obopypoBaHusa (cM. puc.1.1-1.5), MOXHO BblAeNUTb TakK Ha3blBaeMyto pa-
604yl0 30HY, XapaKTepHylo ANns NObIX TEXHOMOMMYECKUX MalmMH 1 060-
pynoBaHusi. OHa obpasyeTcs 3aroToBKOM MM obpabaTbiBaeMbiM MaTepu-
anom (NpoaykTom), npucrnocobneHnem ans ux 6asmpoBaHUs 1 3akpenne-
HUS1 U UIHCTPYMEHTOM A5 ux 06paboTku nnn nepepaboTku.

Tpebyemasi ¢dopma 3aroTOBKM MM MaTepuana nosydaeTcs 3a
CYeT B3aMMHbIX NEPEMELLEHNIN COCTaBNSOWMX paboyeli 30Hbl B peasibHOM
npocTtpaHcTBe. COCTaB M XapakTePUCTUKM 3TUX NepPeMELLEHNI Ha3bIBaloT-
ca U » onpepensoTcs peanvM3yeMbiMK Ha paccMaTpuBaemMoM 06opyao-
BaHMKM MeToAOM 06paboTkun. OH u onpefensieT 0CHOBbl KMHEMATUKMN aHa-
nuaupyemoro TO, npeanaraeMoro B creaytoLei rnase nocobus.
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2. OCHOBbI AHAJIN3A KNHEMATUKHN
rmaPoO®LUNPOBAHHOIO TEXHOJIOTMYECKOIO
OBOPY[NOBAHUA

2.1. Cnoco6bl hopMoo6pa3oBaHMA NOBEPXHOCTEN
o6pabarTbiBaemoro matepmana [18]

MoBepxHOCTV 0bpabaTbiBaeMbIX AeTaneil MOXHO paccMaTpuBaTb
KaK HemnpepbiBHOE MHOXECTBO MOC/ieA0BaTeNbHbIX reOMETPUYECKMX MO-
NoXeHun  (cnefoB) ABMXKYLLENCS MpOM3BOASLUEN NMHWUM, Ha3blBAaeMoW
obpasytoLlei, No Apyron NpousBoAsLIEN IMHUM, Ha3biBAEMOW Hanpasns-
towein. Hanpumep, ans nonyyeHust NI0CKOCTM HEO6X0AMMO 06pasyioLLyto
npsiMytlo IMHUIO I nepeMelyaTb MO HanpaBnsiowein npsMon nuvHun 2
(pnc.2.1, &). UnnmHapuyeckas NOBEPXHOCTb MOXET 6blTb MosydeHa npu
nepemeLleHnn obpasytollen NpPAMon MHUK 1 Mo HanpaBAsOWEN NIMHUN-
OKpY>XHOCTK (pnc.2.1, 6) nnmn obpasytollen OKpPY>XHOCTM 1 BAOMb Hamnpas-
nswowei npsmoi imHumn 2 (puc.2.1, B). Pabouyio noBepxHOCTb 3yba Lu-
NIMHAPUYECKOTO KoJleca MOXKHO MONYYWTb, €Cniv 06pasytollyto JIMHWI0 —
3BOSIbBEHTY 1 nepefBuraTb BAONb HanpaBnsitowen 2 (puc.2.1, r) wnm,
HaobopoT, 0bpasylollyto NpsMylo 1 Mo HanpaBnsloWwen — 3BonbBeHTe 2
(puc.2.1, A).

PaccMoTpeHHble NMOBEPXHOCTU Ha3blBAlOT 06paTUMbIMKU, TaK Kak
ux opMa He MU3MEHSIETCS, eCliv NMOMEHATb MecTaMu 0bpasytolume MHUK
C HanpasnsLWMMK. B NpOTMBOMNONOXHOCTL MM 3TOMO HENb3s caenaTb Npu
06pa3oBaHMM HeobpaTUMbIX MOBEpXHOCTeN. Hampumep, ecnv neBbli
KOHel, obpasytolein nNpsMon NuMHWMKM 1 nepeMellatb MO HanpaBAstoLlei
OKPYXXHOCTM 2, TO TMOMyYMM KPYrOBYK) KOHWYECKYID MOBEPXHOCTb
(puc.2.1, e). Ho ecnu okpyxHocTb 2 caenatb obpasylollein U nepeme-
CTUTb BAO/Mb HaMpaBNStOWEN NPSMOM, TO KOHYC He nonyuutcs. B aTom
cny4ae HeobxoanMo, YTOOLI MO Mepe NepeMeELLEHNS OKPYXKHOCTU K TOYKe
O ee anameTp M3MEHSANCS, AOCTUras B BepluMHe Hyns. Takve noBepxHo-
CTW Ha3blBalOT TakKXe MOBEPXHOCTSIMU C U3MEHSIIOLUMMUCS NMPOU3BOASILLM-
MW NIMHUAMKU, B MPOTUBONMOSIOXKHOCTb MOBEPXHOCTSM, Y KOTOPbIX MPOU3-
BOASILLME NIMHUM NOCTOSIHHBI (puc.2.1, a-4). BonbWMHCTBO noBepxHOCTEN
AeTanein MawuH MOXeT 6biTb 06pa3oBaHO MpW WUCMOMb30BaHUM B Kaue-
CTBE MPOU3BOAALMX SIMHWIN NPSIMOMA JIMHUM, OKPYXXHOCTM, 3BOSIbBEHTHI,
BMHTOBOW M psila APYruX NIMHWI. B peanbHbIX ycrnoBusix 06paboTkn npo-
M3BOZASILLME JIMHWUM He cywlecTBytoT. OHM BOCNPOMU3BOASTCA KOMBUHaUMeN
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COrNacoBaHHbIX Mexay Co60oM BpallaTeNbHbIX M MPAMOSIMHENHBLIX nepe-
MELLEHWNIN MHCTPYMEHTA U 3aroTOBKM.

[BUxeHWs, HeobXxoaMMble ANs 06pPasoBaHMA MPOU3BOAALLMX SIN-
HWIA, Ha3biBaloT pabounmMm HopMooBpasyoLLMMKU ABMKEHUAMU. OHU MOryT
6bITb MPOCTLIMK, COCTOSILUMMMU U3 OAHOTO ABWXKEHWS, U CIIOXHBIMU, CO-
CTOSILUMMM U3 HECKOJbKUX MPOCTLIX ABWXEHMI. CyLLeCTBYET YeTbipe Me-
Toda 06pa3oBaHusi MPOM3BOAALLUMX JIMHWI: METOA KOMMPOBaHMUs, obKaTa,
cnefa u KacaHwsl.

Puc.2.1. CxeMbl 06pa3oBaHWs y NOBEPXHOCTEN AeTanei: a— NiaockocT;
6, B— UM/IMHAPUYECKOIN NOBEPXHOCTU; 1, 4 — BONIbBEHTHOW; € - KOHUYECKO

MeToa KONMUPOBaHMSI OCHOBaH Ha TOM, YTO peXyllasi KPOMKa WH-
CTpyMeHTa no ¢opMe coBMafaeT C Mpou3BOAsLIEN nuHMeN. Hanpumep,
Npu NOMYYEHNUN LMIIMHAPUYECKON noBepXHOCTH (puc.2.2, &) obpasytoLlas
NUHKS 1 BOCNPOU3BOAUTCS KOMUPOBAHWMEM MNPSIMOSIMHENHON KPOMKWU WH-
CTPYMEHTa, @ Hanpaensiiowas NMHUa 2 — BpalleHWeM 3aroTOBKMW. 34ecb
HeobxoauMo 0aHO opmoobpasylollee ABWXKEHUE — BpalleHne 3aroToB-
Kn. Ons cHATMS npunycka M NOSyYeHus AeTanu 3afaHHOro pasmepa
HeobxoAMMO  MomnepeyYHoe MnepeMelleHVe pesua, HO 3TO  [ABMXXEHWUE
(ycTaHoBoOu4HOE) He aBnsieTca dopmoobpasyowmM. Ha puc.2.2, 6 noka-
3aH npuMep 06paboTku 3ybbeB LMIMHAPUYECKOro Koneca. KOHTyp pexy-
e KpoMku (pesbl coBnagaeT C Npoduiem BnaguH M BOCTPOM3BOAUT
06pasyoLLyto MHUIo.

Hanpaensiowwas IMHUSA NonyYaeTcsl NPSAMOSIMHENHBIM ABUXKEHNEM
3aroToBKW BAONb CBOEN OCK. 3aecb HeobxoaMMbl ABa GOpPMOOBPasyHOLWMX
ABWKEHWS: BpalleHue dpesbl U NPSIMOSIMHENHOE NepeMELLEHNE 3aroToB-
kn. Kpome 3Toro, ans o6paboTku nocneayolwmx BhaauMH 3aroToBKa
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AOOJ/XKHa nepnoandvyeckn noBopaynBaTbCA Ha Yyron, COOTBeTCTBYIOLLI,Ml‘/JI
wary 3auensieHunsd, Takoe ABMXKEHNE Ha3biBalOT AENNTENIbHbIM.

d) e)
Puc.2.2. MeToabl BOCNPOM3BOACTBA 06pasyoLLmX JIMHUIA:
a, 6, B— MeToa obkaTa; r;, 4— cneaa; € — KacaHust

MeTtoa obkata (ormbaHusi) ocHOBaH Ha TOM, 4TO obpasytoLlas
NUHWS  BO3HWKAET B GopMe ornbatolein psina MoSIOXKEHUN pexyLuen
KPOMKM MHCTPYMEHTa, B pe3yfibTaTe ero ABWXXEHWA OTHOCMTENbHO 3aro-
ToBKM. DopMa pexyllein KpoMKM oTanyaeTcss oT ¢hopMbl 06pasytoLuel
NMHUM U NPU Pa3NINYHBIX MONOXKEHMSIX WHCTPYMEHTA SIBNISIETCS KacaTenb-
HON K HeW. Ha puc.2.2, B nokasaHbl cxeMbl 06paboTku 3y6beB LWINH-
[pVYeckoro Kosneca no Metoay obkarta. Pexyluasi KpoMKa MHCTpyMeHTa
nMeet ¢opMy 3yba 3ybuaton penku. Ecim coobmTh BpallleHWe 3aroToB-
Ke M COrflacoBaHHOE C HUM MPSIMOSIMHENHOE MEpPEMELLEHME PEKK BAOSb
€e 0Cu, Kak B peeyHou nepeaade, TO B CBOEM ABMXXEHUM OTHOCUTENBHO
3aroTOBKM PEXYLUMI KOHTYP WMHCTPYMEHTa 3aliMET MHOXECTBO MOOXe-
HUI. Ux orubatowlen siBnsieTcs obpasyrowas MHus B ¢dopMe BraauHb
Koneca. HanpaBnsiowas nvHUS No cnedy obpasyeTcs NpsiMOSIMHENHbIM
nepeMeLleHneM MHCTPyMEHTa WM 3aroTOBKM BAOSb OCU Koneca. [ns
paccMaTpuBaeMoro ciyyast Tpebyetca Tpu dopmMoobpasylowmx aBuxe-
HWS: BpalLEHWEe 3aroTOBKM, MEPEMELUEHWE WHCTPYMEHTa BAOSIb CBOEW
OCv, MepeMeLleHMe WHCTPYMEHTa WM 3aroTOBKM BAOSb OCU 3ybyaToro
Koreca.
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MeToa cnepa COCTOUT B TOM, YTO obpasytolas IMHUS nonyyaeT-
CA Kak cnef [OBWKEHUS TOYKU—BEPLUMHBI PEXYLLero WHCTPYMEHTa.
Hanpumep, npu ToueHun obpasytowas I (puc.2.2, r) BO3HUKAET Kak cneq
TOYKM A — BepLUMHbI pe3ua, a Npu ceepneHuun (puc.2.2, 4) — ceepna. Un-
CTPYMEHT M 3aroToOBKa MNepeMeLlaloTcs OTHOCUTENBbHO ApYr Apyra Takum
obpa3oM, UTO BepluMHa A pexyLllero MHCTPYMEHTa BCe BPeMsl KacaeTcs
obpasylolert MMHMM 1. HanpaBnstowas SIMHUS MosTyYyaeTcs BpalLEHUEM
3aroToBKku (puc.2.2, r), cBepna unm 3arotoBku (puc.2.2, 4). B obounx cny-
yasix TpebyeTca aBa GopMo0obpasyoLLMX ABUKEHMS.

MeToA4 KacaHUsi OCHOBaH Ha TOM, 4TO obpasytowas NuHUSA 1 98-
NSETC  KacaTe/lbHOM K psify FeOMETPUYECKMX BCMOMOraTesbHbIX JIMHWUIA
2, 0bpa3oBaHHbIX peasibHOM TOYKOM ABMKYLLENCS PexXyLleh KPOMKWU WH-
cTpymMeHTa (puc.2.2, €). UTak, 06pasoBaHMe pasfivyHbIX MOBEPXHOCTEN
CBOAMTCS K YCTaHOBNEHWIO Takux (POpMO0OBpasytolmx ABMXKEHWI 3aro-
TOBKW M MHCTPYMEHTA, KOTOpPble BOCMpOM3BOAAT 0bpasytoLime u Hanpas-
nsowme NNHUK.

3BeHbs, Hecylume 3aroToBKy WU MHCTPYMEHT, Ha3blBaloT pabounmm
WM  UCnonHuUTeNnbHbIMK. B npouecce 06paboTkn oHM coBeplualoT corna-
COBaHHbIE [ABVKEHWS!, Ha3blBaeMble Takke paboynMMn unm UCMoNHUTENb-
HbiMK. o cBoeMy LEeneBOMy HasHayeHuio U aenst Ha dopmoobpasyto-
LiMe, YCTaHOBOUHbIE W AenuTesbHble. YCTaHOBOUHbIE ABWKEHUS HEeobxo-
AMMbI 4719 TOro, YTo6bl NMPUBECTU MHCTPYMEHT M 3arOTOBKY B MOJIOXEHUE,
KoTopoe obecneunsio bbl CHATME NpuUMycKa U MosyvYeHne 3aaHHoOro pas-
Mepa. YCTaHOBOYHOE ABMXEHWE, MpU KOTOPOM MNPOMCXOAMT pe3aHue,
Ha3blBalOT ABUMXXEHMEM Bpe3aHus (CM., HanpuMmep, puc.2.2, &). YcTtaHo-
BOYHOE ABWXEHWE, MpPU KOTOPOM pe3aHusi He MNPOUCXOAMT, Ha3biBalT
HanafaoYHbIM ABMKEHNEM.

MpMMepoM Hanafo4HOro ABMXKEHWUS MOXET CNYXWTb ABWXKEHWUE
CTONa KOOPAMHATHO-CBEP/IMILHOMO CTaHKa C 3aroTOBKOM MpW Nepemelle-
HUKM ero nocne obpaboTkM OQHOro OTBEPCTMS B HOBOE MOJIOXEHMe (Ha
HOBYIO KOOpAMHATYy) ANS CBEPfIEHWsS NMOCNEeAYHOWMX OTBEPCTUMI B 3TOW
3aroTOBKe.

[envTenbHoe [ABMXXEHME OCYLLECTBMSIETCS A1s MOBOpPOTa YyCTa-
HOBJIEHHOM Ha CTaHKe 3aroTOBKWM Ha 3afaHHbliA yron. MNpeaHasHayeHHble
AN HEro MexaHW3Mbl NPeACTaBnsloT coboi NMB0 OTAENbHYIO AenUTENb-
HYI0 FONOBKY, NM60 YacTb KOHCTPYKLUMWM CTaHKa unu npucnocobneHus.
[eneHve MOXeT 6biTb NPepbIBHLIM M HEMpepbiBHbIM. B nepeoM criyyae
(cMm. puc.2.2, 6) OABMXKEHME COBEpPLUAETCS MEepMoAMYecKu. 3aroToBKa Mo-
BOpa4YMBaETCS BOKPYr CBOEM OCM NOCNE OKOHYaHWs 06paboTkn o4vepes-
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HOW BnaauHbl. Bo BTOpOM criyyae AenuTenbHOE ABWXKEHWE MPOUCXOAUT
HenpepbIBHO U NPOAO/KAETCS B TEUYEHNE BPEMEHM, KOTOpOe HeobxoamMMo
NS NepeMeLleHnsl MHCTPYMEHTa Mo 3aroToBke (CM. puc.2.2, B). JaHHbIN
MeToA MPUMEHSIOT Npu 06paboTke 3ybbeB 3y64aTbiX KOMeC, LIMUEBbIX
BasioB M ApYyrnx nogobHbIx Aetanei. MeToa obecrieunBaeT BbICOKYHO TOY-
HOCTb, @ HenpepbIBHOCTb MpoLecca — BbICOKYIO MPOU3BOAUTENBHOCTD.
[BWXEHUS1 MHCTPYMEHTa W 3aroTOBKM B MpOLECcCe pe3aHust MpUHATO Je-
NUTb Ha rNaBHOE ABWKEHWNE U ABUXKEHUE NoAauu.

[MaBHbIM Ha3bIBAlOT TaKoe ABWXEHWE, KOTopoe obecrneumBaeT
OTAENEHME CTPYXXKM OT 3ar0TOBKM C OMpefeneHHOW CKOPOCTbIO pe3aHusl.
[BwXeHneM nogauM HasbiBalOT TaKoe ABWXKEHWE, KOTOpoe MO3BONseT
noABeCT! Noa KPOMKY MHCTPYMEHTA HOBbIE Y4YacTKWU 3aroTOBKM U TeM ca-
MbIM 06EeCMeYnNTb CHATUE CTPYXXKM CO BCel 0bpabaTbiBaeMON MOBEPXHO-
CTW. [NaBHOE ABWXEHWE U ABWXEHWE NOoAaYu MOryT 6biTb BpallaTesbHbl-
MU M NPSAMONMHENHBLIMW; OHM MOMYT COBEPLUATLCS KaK 3ar0TOBKOW, TaK U
WHCTPYMEHTOM. HanpuMep, B TOKapHbIX CTaHKax rMaBHOE [BUXEHWe
(BpawlaTenbHOe) coBeplUaeT 3aroTOBKa, ABWMXeHWe nogavn (npsimonu-
HelHOe) — UHCTPYMeHT (pe3eL).

Bo pesepHbix CTaHkax, HaobopoT, rnaBHOe BpallaTenbHoe
ABVXEHWE MONyYaeT MHCTPYMeHT (cbpesa), a NpsIMONUHENHOe ABUXKEHWE
nofauum — 3arotoska (cTon).

[MaBHOE ABWMXXEHME U [ABMXXEHWE mnofayn sBnsoTcs dpopmoobpa-
3ylowmmn - asuxeHusamn. Ecnn ana dopmoobpaszosaHuns Tpebyetcs ogHo
[BWKeHWe, TO OHO OyaeT rnaBHbIM ABWXEHWEM (HanpuMmep, BpalleHue
3aroToBKM Ha puc.2, &). Mpu Heobxoammoctn aByx cdhopMoobpasyowmx
OBWKEHWI — oaHO 6yAeT rnaBHbIM, @ Apyroe — ABWXKEHWEM rnogaun (CMm.
puc.2, 6, r-é). Ecnu cdopmoobpasytolmx ABMXEHWIA Bosblie ABYX, TO OA-
HO M3 HUX ByAeT rMaBHbIM, @ OCTanbHbIE — ABVXEHUSAMM NOAAYMN.

Kpome paboumnx aBMKeHW, ans 06paboTku AeTanen Ha CTaHKax
HeobxoAMMbI BCrioMoraTesibHble ABUXEHWS, KOTOPbIE B NpoLEeCce pe3aHus
He yyacTBytoT. K unciy BCrioMoraTesibHbIX ABUXXEHMIN OTHOCAT ABMKEHUS,
CBSI3aHHblE C YCTAHOBKOM M 3aKpenjeHWeM 3aroToBKW, MOABOAOM M OT-
BOAOM WHCTPYMEHTA, BK/IIOYEHMEM U BbIKNIOYEHMEM MPUBOAOB. K HUM
OTHOCSATCS TaKXe [BWXKEHMS, OCYLUECTBASIOWMNE aBTOMATUYECKYIO YCTa-
HOBKY W CHATUE WHCTPYMEHTa, ero rnpaeKy, TPaHCNOPTUpPOBaHWE 3aroTo-
BOK, aKTMBHbI/i KOHTPO/lb PAa3MepOoB, PeBepCcUpOBaHME 1 ap.

Onpepenus cocTaB UCMONHUTENBHBIX ABWMXEHWUI TO, dopMupytoT
WX KMHEMaTU4yecKkue, CUIOBble, SHepreTUYeckne XapaKTepUCTUKKM, KOMW-
YeCTBEHHbIE OLIEHKM KOTOPbIX MOJTyYaloT PacyeTOM KMHEMaTUYeCKux Le-
neun.
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2.2. KnHeMaTnueckme CBAI3u 1 nepepauv NnpMBoaoB
aBTOMATU3NPOBAHHOI0 TEXHOIONMUYECKOro
o6opynoBaHusa [22]

B meTtannoobpabatbiBatowieM 060pyAOBaHUM CBSI3b ABMXKYLLMXCS
3/1EMEHTOB Mepefay U MeEXaHW3MOB BblBaeT AOBOSIbHO CIIOXHOW, MO3TOMY
BOMPOC O KMHEMATMYECKUX CBA3AX MMEET CyLlecTBEHHOe 3HayeHue. Tep-
MWHOM «KMHeMaTu4yecKasi CBsi3b» OMpeaensieTcs CBsi3b ABWKYLUMXCS dMe-
MEHTOB CTaHKa Mexay coboi. A Tak KakK ABMXKYLUMECS 3/1EMEHTbI CTaHKa
BXOAST B COCTaB MpuUBOAA TOMO MM MHOMO paboyero ABWKEHUSs, TO Ku-
HeMaTu4yeckasi CBA3b 03HAYaEeT CTPYKTYpy nNpvBoaa.

Mpn M3yYeHnn MeTanIopexylumx CTaHKOB Mpexpae Bcero Heob-
XOAMMO  YSICHUTb CTPYKTYpPY NPUBOAOB paboumx ABWIKEHMIA, @ OTCloAa M
UX KUHEeMaTudeckue cBa3n. KuHemaTuueckue CBS3N B CTaHKax YCI0BHO
n306paxkaloT CxemaMu, KOTOpble Ha3blBalOTCS CTPYKTypHbIMU. Kaxaas
KMHEMaTu4yeckasl CBSi3b COCTOWUT M3 OAHOM WM HECKOMbKUX MexaHuye-
CKMX, SNEKTPUYECKMX, TMAPABINYECKUX U APYTUX KUHEMAaTUYECKUX Lienei,
Yyepes KoTopble ocywectBnstoTca Tpebyemble UA. YTobbl obecneunTts B
CTaHKe BrosiHe onpeneneHHoe W, Hanpumep, ABMXXEHME pexyLlero uH-
CTpyMEHT@  OTHOCMTENIbHO 3aroTOBKM, HeobxoauMMa KMHeMaTuyeckas
CBSI3b MEXAY WCMOSMHUTENbHLIMW 3BEHBbSIMU CTAHKA WM KMHEMaTuyeckas
CBSI3b 3TUX 3BEHbEB C WCTOYHMKOM ABWXEHUS. KMHeMaTuyeckue CBSi3M
UCMOSTHUTENbHBIX 3BEHBEB Mexay coboi 6yaeM HasbiBaTb BHYTPEHHUMMU
KMHEMaTNYECKUMN CBSA3SIMU.

Ecom U sBnsetcs npocTbiM (puc.2.3, &), Hanpumep Bpalua-
TeSIbHbIM, TO BHYTPEHHSISI KMHEMaTMYeCcKas CBSA3b OCYLLECTBSIETCS OAHOWM
KMHEMATMYECKOlM BpallaTeNbHON Mapon Mexay WCMOMHUTENbHbIM 3BEHOM
(B HaweM npuMepe WNuHAeNb 1), y4acTBYIOLWMM B AaHHOM ABVXKEHUU, U
NCMNONHUTENBHBLIM 3BEHOM (6abka 2), HE yyacCTBYlOLWMM B paccMaTpuBae-
MOM OTHOCUTESIbHOM [IBMXKEHWMU.

!
o

a}

Puc.2.3. KuHematnueckasi CBsi3b Mpu NPOCTbIX NCMONHUTENDBHbIX ABMXKXEHNAX:
d — BHYTPEHHASA, 6- BHELWHAA; B— BHYTPEHHAA C NPOMEXYTOYHbIMM 3BEHBbAMU
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BHYTpeHHss KnHeMaTuuyeckas CBs3b onpefensieT xapaktep WA.
CkopocTb W[ BHYTpeHHEN KMHEMATMYECKOI CBSI3bIO HE OnpeaenseTcs.

BHelwHAs KMHeMaTuyeckas cBsidb (puc.2.3, 6) — 3TO CBA3b MeXAy
MOABWXXHBIM WCMOJSTHUTENBbHBIM 3BEHOM (WnuHAeneM 1) U WCTOYHWMKOM
ABwKeHus (anekTpoasuratenem 3). BHewHsig KuHemaTuyeckasl CBS3b
OCYLUECTBNSETCA  HECKOSIbKUMW 3BEeHbsSIMW, W MpW MOMOLLM OpraHa
HACTPOWKM iy MPOM3BOAMUTCS KMHEMATMYeckas HacTpoMKa Ha 3aAaHHyto
ckopocTb M npu HEM3MEHHOWM CKOpPOCTW 3fekTpoasuratens. OpraHamu
HaCTPOMKM MOTyT BblTb CMEHHble 3ybuaTble Koneca (MexaHu3M rutapsl),
CMEHHbIE LUKMBbI, KOPOBKM CKOPOCTEN M Mofay. B CTPyKTYpHbIX KMHEMa-
TUYECKMX CXEMAX CTAHKOB MPOMEXYTOUHbIE 3BE€HbS KMHEMATUYECKUX CBS-
3eil 6yaeM YyCNOBHO W306paxaTb LWTPUXOBOM  JIMHWEN, @ oOpraHbl
HacTpoiikn — poMboM, Kak 3TO cAenaHo Ha puc.2.3 B.

[lononHUTeNsHOE ABWMXXEHME MO BMHTOBOW JIMHMK, COCTOSILLEE U3
ABYX MPOCTbIX ABWXXEHWN — BpallaTenbHoro (WnuHAeNs) V 1 npsiMonu-
HelHoro (cynnopTa) S, — OCYLUEeCTBASETCS ABYMSI KMHEMATUYECKUMU CBS-
35MW, KOTOpbIE HAaCTPaMBaOTC OPraHOM HACTPOMKM is.

Ha puc.2.4 nokasaHa KMHeMaTuyeckast CBs3b Ans co3fdaHus 60-
nee COXHbIX MUCMONMHUTENbHBIX (hOpMOOBpa3yoLMX ABUMXKEHWIA, COCTOSI-
WMX U3 TPeX MpOCTbIX ABWMXEHWUI. Kak BUAHO M3 pUCYHKa, pe3bba Ha Ko-
Hyce Hape3aeTcs O4HWMM C/TOXHbIM (HOpPMOO6PasyIoLWMM ABVMXXEHMEM, CO-
CTaB/IeHHbIM M3 OAHOrO BpallaTenbHoro (WnuHaens) — V u AByx nNpsiMo-
NMHENHBIX ABWXXEHWI (cynnopTa) — S U Sp.

'-—-b\tq*"@)@ﬂ@‘r
A

a) 8) 8

Puc.2.4. KuHematnueckune cBsi3v Npu CIIOKHbIX UCMOMHUTENbHBIX ABVKEHUSAX:
a— Npv BpalLaTenbHOM ABMXXEHUW; 6 — NPOAOSIbHO-MONEPEYHOM; B - AENUTENbHOM
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B naHHOM cnyyae BHYTPEHHSIS KWHEMaTUYeckas CBSI3b COCTOUT U3
ABYX BHYTPEHHMX KUHEMaTM4eckux Lenei. Hampumep, ans nonyyeHus
pe3bbbl 3a4aHHOro wara t Cny>XuT BHYTPEHHSII KMHEMaTuyeckas Lenb,
CBsi3blBaloLlas MpPOCTble [ABWXXEHMS — BpawlatenbHoe (WnuMHAEens) v U
nocTynarenbHoe (CynnopTa B NPOAO/IbHOM Hampas/ieHun) S, HacTpauBsa-
€Masi OpraHoM HacTpoMKM is. [Na NonydYeHWUst 3aAaHHOW KOHYCHOCTU Ku-
HemMaTuyeckas Lenb CBs3biBaeT NpOAOSbHOE M MOMepeyHoe nepemelle-
HMS CynnopTa WM HACTPauBaeTCs OpraHoM HACTPOMKM i, BHyTpeHHss
CBSI3b, COCTOSAILLAS M3 [ABYX BHYTPEHHMX KMHEMATUYECKMX LEeneK, coeamu-
HEeHa C UCTOYHMKOM [ABMXXEHMUSI OHOW BHELUHEN KMHEMATUYECKON CBA3bIO,
HaCTpaMBaeMoii OpraHoOM HAcCTPOMKM i,. O6e K1MHeMaTUyeckue CBA3U Co-
CTaBNSAOT OAHY KMHEeMaTuyeckyto rpynny. KonmyecTBO KMHEMaTU4ecKmx
rpynn, U3 KOTOpbIX CllaraeTcs KMHeMaTuyeckasl CTPYKTypa CTaHKa, CooT-
BETCTBYET KOMIMYECTBY OTHOCMTENbHBIX ABWXKEHMIA MEXAY 3aroTOBKON U
PeXyLMM MHCTPYMEHTOM, OCYLLUECTBASIOWMX Npyu 0bpaboTke nmpoueccol
Bpe3aHus, popMoobpazoBaHnsa U aeneHus. [na AenMTENbHOro ABMKXEHUS
B KMHEMAaTMYeCcKyto rpynny BBOAST OTCYETHOE YCTPOMCTBO (3BEHO), KOTO-
poe N COEAMHSIIOT KMHEMATMUECKOM CBSI3bl0 C KOHEYHbIM 3BEHOM AeNn-
TesbHOM rpynnbl. Ha puc.2.5 nokasaHa CTPYKTypHas cxeMa rpynnbl aene-
HUS,, FTOe B KayecTBe OTCYETHOrO YCTPOWCTBA MPWMEHEH AENUTENbHbIV
AncK 1 ¢ pukcaTtopom 2.

KnHeMaTuuyeckasi rpynna Bpe3aHusi CTPYKTYPHO HUYEM He OTAu-
YyaeTcs oT rpynnbl  opMoobpazoBaHus. [ns ocywecTBneHus paboumx
ABVKEHUI METaNNIopeXyLWMiA CTaHOK [AO/MKEH UMETb  WUCMOMHUTENbHbIE
3BeHbsi (LWNWHAENb, CTOM, CYMMOPT M T.M.) U KMHEMATUYECKME CBSI3U WX
Kak Mexay cobol, Tak U C UICTOYHUKOM ABWXEHUS (3NeKTpoABUraTenem).

Puc.2.5. CTpykTypHas cxema aeneHus
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Puc.2.6. dnektpuueckas (&) n ruapaenuyeckas (6) ceasu

B cxemax, pacCMOTPEHHbIX paHee, UCMOSIHUTESNbHbIE CBA3U OCY-
LLECTBASAIMCb MEXAHWYECKUMMN CPEACTBAMM C MOMOLLBIO Pa3fnyHbIX nepe-
fay. B npakTuKe CTaHKOCTPOEHUSI MUCMOMb3YHTCA U Apyrve Cpeacrsa,
Hanpumep, ruapasnnyeckune, anekTpuyeckme, nHeemaTnyeckue U T.4. Ha
puc.2.6 npuBefeHbl NPUMEPBI MPUMEHEHNS 3MEKTPUYECKUX U rMapaBnu-
YecKkux cpeacts cBsizn. Ha puc.2.6, @ nokasaHa afnekTpuyeckasl CBsidb 2,
COEAMHSIIOWAs 3NIEKTPOKOMNMPOBASIbHYIO TONOBKY 1 C 3neKTpoaBuratenem
M2, KOTOpOMYy nepeaaloTCs 3NeKTpoCUrHanbl ANs  nepeMeLleHns nore-
peyHoro cynnopTta 3, a Ha puc.2.6, 6 — rnapaBnn4yeckas CBsi3b B COCTaBe
cneaswero rMaponpueoda, nepeaatollas cMrHan K rMapoKonupoBasibHOwM
rofoBke I Yepes APOCCENUPYIOWNIA pac/peaenvTenb 3, NepeMeLlatoLLmii-
cs1 oT konupa 2 (cm. n.5.4).

2.3. YpaBHEHMA KMHeMaTuyeckoro 6anaHca,
6anaHca pacxonoB paboueii XxngkocTu,
HaCTPOMKN KMHEMATUYECKUX Lieneun
aBTOMAaTU3NPOBAHHOI0 TEXHOJIOrMUYECKOro 06opyaoBaHUsA

KuHemaTuueckune ceasn B TO peanusyloTcsl COOTBETCTBYHOLLMMM
KMHEMaTMYecKUMKU Lensmu [18], yCTaHaBNMBAEMbIMU pacyeTHbIM COOT-
HOLUEHMEM MeXAy ABWKEHWEM WX HaualbHbIX M KOHEYHbIX 3BEHLEB M
onpeaensieMble ypaBHEHUAMM:

— KMHeMaTuyeckoro 6anaHca — Ans uenen u3 MexaHM4yeckux ne-
penad;
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— 6anaHca pacxogoBs paboyero Tena — AN rMAPABANYECKUX U
NHeBMaTUYECKMX Nepesavy;

— nepeaaBaeMbIX CUIT UK KPYTSLLMX MOMEHTOB B Mepefavdax Ku-
HEMATMYECKUX LIENEN;

— MOTOKOB 3HEpruit, nepeaaBaeMbiX OT NEPBUYHOIO ABUraTeENs K
WCMONHUTENbHOMY.

YpaBHeHuWe KnHeMaTuyeckoro banaHca nosicHM Ha npumepe ue-
N1 U3 MexaHn4ecknx nepegad (puc.2.7).

I
x

A
.y

L

YacToTa BpaLleHns LWNUHAENS ONpeaensaeTcs No BbIPaXEHUIO:

n=n, g 44 52

d, bz, |z/z

rae N,, — KOIMYECTBO 060OpPOTOB 3MeKTpoasuratens, MuH; di — seayimii
LIKWB peMeHHOMN nepeaaun; dz — BEAOMbBIN LKMB pEMEHHOW nepe-

pawn; m,. — Knij pemMeHHOM mepefaun; a/b — rutapa CMeHHbIX

Puc.2.7. KuHeMaTHueckasi cxeMa MexaHM4Yeckol nepeaaym

, (2.1)

KONec; Z1-Z¢ — WWECTEPHU 3YGL|aTOI‘;| nepenayu;
d
_ 1

nr_un - na;( d_Cn
2

roe C, — nocTosHHas uenu; |

a .
B'lmc’
— nepeaaToyHoe OTHOLUEHWE KOPObKM

(2.2)
CKOpoCTen.

C—n d z

1
_"r] —_—
i a1 p.
d2 Z2

; (2.3)

20



YpaBHeHVE HacTpolku (2.3) NO3BOSISIET OMNPEeAeUTb 3BEHbS
HaCTpPOMKM:

a. n
i, =—"=. (2.4)
b n,C
Mpn 3agaHHOM Ny (MO HOPMAaTMBaM PEXMMOB pe3aHus ope3)
ypaBHeHue:
1000v,,,a
Ny =" (2.5)
nd,

CxeMa npuHUMNUanbHas, peryimpyeMoro ruapornpusoaa oTpa-
Xarowas paboTy rmapodMUMPOBAHHOIO BapWaHTa KOPOOKW CKOpOCTel
npvBeaeHa Ha puc.2.8.

Puc.2.8. MNMpuHUMnuanbHas cxema perynmpyeMoro ruaponpueoaa: H — Hacoc; TM —
rmppomoTop; HIM — Hacoc noanutku; KP — knanaH peayKuMoHHbIn; OK1,2 — knanaHbl
obpatHble; KIM — knanaH NpeaoXpaHnUTeNbHbIN.

YpaBHeHWe 6anaHca pacxofa ANS PeryMpyemMoro ruaponpuso-
aa:
QH :QFM +QE + xa ! (2'6)
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rae Q. — pacxon uepe3 M, M¥/c; Q, — pacxon, 3aTpauvBaeMblii Ha
oOkuMaeMocTb, M3/c; Q. — pacxoa paboueil XUAKOCTM uepes

NpeaoXpaHUTeNbHBIN KnanaH, M3/c.
YacToTa BpaLLeHUs 31IeKTPOABUIaTENS:

0,uG = MOy + 25y (2.7)

rae ¢, — pabounit o6beM Hacoca, cM?; @, — pabounii o6beM ruapomo-
Topa, cM%; p1 U P2 — AaBNEHWe HarHeTaTelbHOW W CIIMBHON rva-
ponuHuy, MNa; Zri — CyMMa Ko3((PUUMEHTOB YTEUKN N NepeTey-

KW.
YactoTa BpalleHUA WnNnHAENA:
I
My =1, DAL} ; (2.8)
qrM qrM

YpaBHEHME KPYTALWMX MOMEHTOB A4S CXEMbl, NMPUBEAEHHON Ha
puc.2.7:

M 3,
an:Maad—ﬂ; (210)
L
—n.l
d2 nr K.
roe iK_Ll — rnepeaaToyHoOe OTHOLUEHNE KUHEMATUYECKOW LIEMN:
. d, a .
L=—"n_,—L.; (2.11)
oy M. b *
N'j
= z, (2.12)
2n,,
rae N, — MowHocTb anekTpoasuratens, Br:
N,, =3lUcosgo, (2.13)

roe COS¢g — cpefHee 3HayeHWe HOMMHAbHOro Koa(duUMeHTa MOLLHO-

CTW aBurarens.
YpaBHEHME KPYTSALMX MOMEHTOB Afisl CXEMbl, MPUBEAEHHON Ha
puc.2.8:
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M = MrM = iqrM(pl - pz)nm 4 (214)
i 2Tc

roe m,, — KMa ruagpomoTopa.
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2.4. MeToao0N0rusl aHasin3a KNHEMaTUKH
rmapoMexaHM4YecKux cCucteM ruapoduuMpoBaHHOIO
TEXHOJIOrMUYEeCcKoro o6opynoBaHus

3agada aHanusa BO3HWKAET NPU M3YYEHUW KMHEMATWKUM rmapo-
(numMpoBaHHOro TexHonormyeckoro obopyaoBaHust (FOTO), mMeToaAMKM
pacyeTa, HAaCTPOMKU U HanafkM UX KMHEMaTMYeCKMX Lenen Ans opraHu-
3aUMK AenCTBYOWMX Paboumx LMKIIOB, @ TakxKe Npu nacriopTuauuy aen-
creyowero NOTO npu OTCYTCTBMM KOPPEKTHOrO OMWCaHUA WK MNpoBe-
AEHHON paHee MoAepHM3aLmK.

MpuobpeTaeMble HaBbIKM aHanu3a He3aMeHWMbl Npy NpoBeaeHUU
npoueayp AVArHOCTUKU COCTOSIHUS  YCTaHOBMEHUS NPUYMH OTKa3oB B
pabote MTO [38].

BblaenmMm oCHOBHbIe 3Tanbl MeToao0rMn aHanusa FeTO.

Sran 1. OnucaHne cnyxebHOro HasHayeHus, aHanu3 TeEXHONOru-
YeCKMX BO3MOXHOCTEN rmapocuLMpOBaHHOrO 06beKTa, UCMoNb3lyeMas B
obbekTe TexHonorus 0bpaboTkn unu nepepaboTkn mMatepuana, ero Tex-
HUYECKMX XapaKTEPUCTWK M NapamMeTpoB, NPOCTPAHCTBEHHOM KOMMNOHOBKM
W coCTaBa Y3/10B, arperaTtoB U LEeneBbIX MEXaHWU3MOB.

Sran 2. NMpepacTaBneHne cxeMbl paboyeit 30Hbl 06bekTa aHanusa
(OA), onpepeneHne cocTaBa M xapakTepuctuk u WA, knaccudmkaums u
KOppekTHoe onucaHue W[ no3sonstoT BblAENUTb OCO6EHHOCTM rmaponpu-
BOAOB, hopMUpytoWmMX KuHeMaTuyeckme uenu OA. 3To BO MHOrom obner-
YyaeT ux nocneayoLlee onvcaHue.

SJran 3. Pa3generune rugpokvHemaTuyecknx cxem OA Ha oTaenb-
Hble KMHeMaTu4yeckue uenu, obecneumnBatrowme kaxapie UA(no atany 2).
MpuHMMaeTCcs nocne A0Ka3aTeNbHOCTU aHanmaa.

371ar1 4. BbINONHWUTL aHanNM3 KMHEMATUYecKuX Lenei, cobnoaas
nocneaoBaTenbHOCTb:

a) rnasHoe T/[;

6) ABMXXEHWE noaaun (MPOAOSIbHOM, MOMepeYHon, KpyroBOW, Fo-
PV30HTaNbHOW, BEPTUKANbHON U ap.);

B) AeNUTENIbHOE ABUXEHUE;

) YCTaHOBOYHbIE, HANa0OYHblE [IBUXEHUS;

[) Apyrue BcroMoraTesibHble (3aXMMHbIe, TPaHCMOpTHbIE U Ap.)
[ABVDKEHMS.

Jran 4.1. OnpenensitoT HavanbHbIE M KOHEYHbIe 3BEHbSI aHanu-
3UpyeMoi kuHemaTnyeckon Lenu. CocTaBnstoT (YHKUMOHANbHYIO CXeMy
MOTOKOB 3HEProHOCUTENSI (MEXaHMYECKOrO ABWMXKEHUS, paboyei XnakocTu
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unn okatoro Bosgyxa (cM. nmoan. 6.1). 3pgecb e cnegyeT COCTaBUTb
(DYHKUMOHANbHYIO CXeMy MPOXOXAEHUS YNPaBASIOWMX BO3LENCTBUN B
NoACUCTEME YNpaBNeHus.

Mepen cocTaBneHneM YHKUMOHAMBbHON CXeMbl HEO6X0AMMO
MPOBECTM TECTUPOBAHNE aHaNM3MPYEMOW LIEMNM MO CleayoLWMM BONpocaM:

a) cnocobbl 1 YCTPOCTBa 3aZlaHNs 3/IEMEHTOB paboyero Lukna;

6) cnocobbl U3MeHeHWs HanpaBneHWs ABMXKEHWS, OCTaHOBa pa-
6ouero oprara (PO) B TOM uncne ¢ NO3NLMOHNPOBAHMEM;

B) CMoCObbl  MONyYEHWUs YCKOPEHHbIX MepeMelleHuii obbekTa
ynpasnenus (QY);

) crnocobbl nony4YeHusi ckopocteln pabounx xonos OY;

L) C€nocobbl KOHTPONS MpPaBUNbHOCTM U MOCNEA0BaTENbHOCTU
BbINOSTHSIEMBIX 3/1EMEHTOB paboyero Luukna aHanuaupyemoro UA.

KonmyectBo NepeksitoveHnin yrnpaBieHnst ABUMXXEHWSI onpeaensi-
€TCS 3CKM30M BbINOMHsAeMoro paboyero uukna (cMm. puc.6.3, &). Ha rua-
poKMHeMaTuyecknx cxemax [PTO, kak npasBuno, MNPUBOAATCS NULLb
YCTPOICTBa ANl 3af@aH1si SN1EMEHTOB paboyero umkna (yrnopbl, BbIKIOYa-
Tenn koHeuHble (BK), MexaHu3Mbl MO3ULMOHMPOBAHUS, pene AaBneHus,
3M1eKTPOMarHuTbl U Ap.). VX CBSA3M C NoACMCTEMON yrnpaBieHus npeacTas-
NSOTCS 3NEKTPUYECKOM CXEMOW ynpaBneHns (Mpy aHanuse oTCyTCTBYET).

Jran 4.2. CoCTaBnaloT ypaBHEHME KMHEMaTM4Yeckoro 6anaHca.
Ansa ueneit U3 rnapaBnnYeckux nepeaay — ypaBHeHue 6anaHca pacxoaos.

Jran 4.3. BolgensioT NOCTOsIHHbIE Mepefayn M 3BeHbst (YCTpOK-
CTBA) HaCTPOMKM aHaNM3npyeMoi Lenw.

Mo ypaBHeHUsM 3Tana 4.2 NosyyalT YpaBHEHWUS HACTPOWKU Lie-
nW, pelas ux, NosyyatoT NapaMeTpbl HAaCTPOKKN 3aaaBaemoro M.

Sran 5. CocTaBnalTCs AMarpamMMbl NepeMeLLleHunid, CKopocTeit u
ynpasneHuit (cM. puc.6.3, 6), a N0 HUM — LMKNOrpaMMa obecneyeHus
Tpebyemoro pabouero umkna.

Sran 6. Tpn HanMumm umnknorpammel pabotbl FOTO onpenenstoT-
CS CBA3M aHanu3upyemoro U/ ¢ apyrMMmn ABWXKEHUSIMU, U B COOTBETCTBUM
C anropuTMoM 06paboTKn NPOBOAUTCS aHaNM3 KaXkaoro M3 HUX Mo 3TanaM
1-5.

B 3aBMCMMOCTM OT MOCTaB/IEHHOM 3afayv B Hayase uenu B pe-
3ynbTaTe BbINONHEHHOMO aHanu3a NpuMobpeTaloTC 3HaHWS O KUHEMaTuKe
[®TO, HaBbIKM MpOBeAEHMST aHanM3a HOBbIX OOBLEKTOB, KOPPEKTUPYETCS
WM YTOUHSIETCS TeXHUYECKas AOKYMEHTauusl, onpeaensoTcs napaMeTphbl
HaCTPOMKM KMHEMaTUYecKMX Lenen u paboumx uMkioB Anst 06paboTku
KOHKPETHbIX AeTanell Ha aBTOMaTU3MPOBAHHOM TEXHOMOrMYEeCcKoMM 060-
pyaoBaHun (ATO). Kpome Toro, obcykaeHne pesynbTaToB aHanv3a nos-
BO/ISIET 060CHOBaTb HEOHXOAMMOCTb M MYyTU MOAEPHM3ALMN AENCTBYIOLLE-
ro ATO.
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3. 3JIEMEHTbI TMAPOMEXAHN4YECKUX MEPEAAY
MNCNOJIHUTENbHBLIX ABUXXEHUN ABTOMATU3UPOBAHHOIO
TEXHOJIOT'MYECKOIo OsOPY[1IOBAHUA

3.1. 0606ueHHas CTPYKTypa aBTOMaTU3MPOBAHHOIO
06beMHOro rmgponpueoaa

Mapo- vnvM NHEBMOMPUBOA — 3TO COBOKYMHOCTb TEXHUYECKMX
YCTPOWCTB, CBSi3aHHbLIX OMnpeaeneHHbIMU (opMaMin B3anMOAENCTBUS U
B3aMMHO 3aBMCMMOCTWN NOCPEACTBOM XMAKOCTM UMM rasa Ans nosyvyeHust
33[1aHHOr0 3aKOHA [ABMXXEHWUS UCMOMHUTENBHOrO OpraHa MalmHbl [23].

®yHKUMOHaNbHass CxeMa rmaponpueoaa OnpefensieT ero OCHOB-
Hble YacTW, Ha3biBaeMble 6/10KaMK, yKasbiBaeT Ha MX Ha3HayeHue 1 B3an-
MoaeicTeme. OHa CO34aeT OCHOBY AJiS COCTaBMIEHUS! MOCIEAYIOLMX CXEM,
a rnaBHOe, MCNonb3yeTca Ans obLero o3HakoMeHus ¢ paspabaTbiBae-
MbIM rMaponpuBoaoM [27].

7 1M 0y

Fv

17 B9C 7

—[ —Al—mn v=var

/4

JeH

P.8.0 1TV

Puc.3.1. O6o6LieHHas CTPyKTypHas cxeMa aBTOMaTU3MpOBaHHOIrO rMaponpuBoAa:
BIM — 610k no3uunoHnMpoBaHusi; BYC — 6110k ynpaBneHusi CKOpOCTbIo

O606LleHHast CTPYKTYpHas CXeMa OObEeAUHSIET YaCTHbIE CTPYKTY-
pbl PasnMYHbLIX MMAPOMNPUBOAOB MO OCHOBHLIM MpU3HaKaM W CBOMCTBAM
(pnc.3.1). Ee OCHOBHOW 4YacTblo SIBASIETCS 3HEProcusioBasi YCTaHOBKA
(3CY), dbopmupytoLlasi NOTok paboyeit XMAKOCTU C 3aAaHHbIMK MapaMeT-
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pamu (p. — naenenue, T — Temnepatypa, Qu — pacxon). MmapasBnuyeckue
nuHUKM cBsazu (M1C) obecneunBaloT TPAHCNOPTUPOBaHWE SHEPrOHOCUTENS
K rmapoasuraTensM, ycTaHaBInBasi OnpeaesieHHble YCIoBUS B3aMMoaen-
CTBMSI MeXAy OTAeNbHbIMK 4YacTamu (6nokamum). McnonHutenbHbiM 6510-
KOM ruaponpusoga sensiotca rugpoasuratenn (M), npeobpasyiowme
SHEpruto NoToKa >XMAKOCTU B MEXaHWYeCKyl 3Hepruo, nepenasaemyto
nepeaaToyHo-npeobpasyowmnm MexaHnamom (MMM) OY.

Ba)KHOM 4acCTbl0 aBTOMaTU3MPOBAHHOMO MMAPOMPUBOAA SIBMSETCS
cuctema ynpasnenus (CY), dopmupytowas MHGOpMauUMio 0 TpaekTopum
aswmxernsa OY. Cuctema ynpaBneHusl CpaBHMBaeT ee C 3aAaHHbIM 3aKo-
HOM MnoBefeHus U BbipabaTblBaeT COOTBETCTBYIOLME YNPaBASIOWMNE BO3-
[ENCTBMS Ha 3NEMEHTbLI MMAPONPUBOAA 4SS €F0 BbIMOSTHEHWSI.

MpuMep 0606LUEHHON (PYHKLMOHANLHOW CXeMbl MpeacTaB/eH Ha
puc.3.2. Ha cxeMe ycTpoicTBa M306paxkeHbl B BUAE MPSMOYrOSIbHUKOB C
6yKBEHHbIMM 0603HaYeHUsAMM rMAPOaNMNapaToB, CBA3AHHLIMW MPSMbIMU U
06paTHbLIMKU CBA3AMM.

Puc.3.2. O606uieHHas dyHKUMOHaNbHas CxeMa aBTOMaTU3MpPOBaHHOMO rMAPONpUBoAa
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B3anmogelicTBue 610KOB Mexay Coboi ycTaHaBnAMBalOT ruA-
paBnuyeckne n yHKLMOHaNbHbIE CBA3M, BbINO/IHEHHBLIE HA CXEMax SINHU-
AMU U cTpenkamMu. QyHKUMOHANbHas U CTPYKTypHAsi CXeMbl NO3BONSIOT
COCTaBUTb (PYHKUMOHAJIbHYIO NPUHUUMUAMNBHYIO CXEMY C MEHbLUMMKU 3a-
TpaTamMu BpemMeHu [2].

Ob60bLieHHast CTpPyKTypa rMapo- MM MHEBMOMPUBOAA COAEPXUT
cnenyowme 3nemMeHTbI:

PC — pabouas cpepa (MvHepanbHble U CUMHTETMYECKME Macna,
BOJA@ M BOAHble 3MY/NbCUK, XUAKME MeTaisbl) obecneunBaeT nepedady
3Heprnm, cMasKy MOABWKHbLIX COMPSHPKEHWI 3NEMEHTOB, MHTEHCUBHDIN OT-
BOA Tenna.

MM — MCTOYHMK NUTaHUS npeobpasyeT MeXaHWYECKYl 3HEpruto
MepBUYHOrO ABUraTenst B SHEpruto Notoka pabouelt cpeabl (Hacochl, ak-
KYMYNSTOPbI, MyIbTUNIMKATOPbI, KOMMPECCOopb!).

MM — ucnonHuTenbHble MexaHu3Mbl — rMApPO- MU MHEBMOABUra-
Tenn, Npeobpasytolme SHEpPro NOToka paboyei cpeabl B MEXaHUYECKYIO
3HEprui NOCTynaTesibHoro, BpallaTeslbHOro, MOBOPOTHO-KavaTenbHOro
ABWXXEHUS (UMNUHAPLI, TAPOMOTOPbI, MOMEHTHbIE LMAMHAPLI, CUbQOHBI,
mMembpaHHble IM).

PYY — perynupytoluime n yrnpaensitolime yCTpoUcTBa obecneunBa-
10T U3MEHEHVE WM NOALEPXaHME 33aHHOrO 3HAYeHWs AABMEHUS UK
pacxofa paboyeit cpeabl, M60 U3MEHSIIOT HanpaBieHUe ABWXXEHWUS MOTO-
ka paboueli cpeabl (pasfnMyHble KnaraHbl, APOCCeNn, PErynsTopbl NoToKa,
pacripegenuTenu, rmapo3amMKkuy, KnanaHbl BbIAEPXKKU BpEMEHU, COOTHOLLE-
HMS pacxofa U AaBMeHNs, NIOTMUYECKUE NIEMEHTHI).

BY — 6nok ynpaBneHusi peanusyeTcsl YCTPOMCTBaMM 3NeKTPOrna-
pOMHEBMOABTOMATHKKM, 06eCneyYmBatoLIMMIN 3aAaHHBIN 3aKOH YNpaBeHus!
NpUBOAOM MO MNEpPEMELLEHNIO, CKOPOCTWN, HAMpaBiEeHUIO ABWXEHWUS, cune,
KpYTSLLEMY MOMEHTY.

M — npubopbl ANs KOHTPONS MapaMeTpoB pabouyelrt XXMAKOCTM
(MaHoMeTpbl,  pacxoAoMepbl,  AaTyYMKWM  [AaBfeHus,  TemnepaTypbl,
YPOBHEMEPbI, UHANKATOPbI CTEMNEHM OUMCTKM paboueli cpeabl).

® — DUNbTPBI AN OYUCTKM pabouelt KXUAKOCTM OT MEXaHUYECKUX
N HEMEXaHWNYECKMX BKITIOYEHUN.

TNO — TennoobMeHHUKN WM KOHAMUMOHEPbl Ans CTabunmsauun
TEMNO0BOro pexuma rmapocucTeMsl.

PB — pe3epsyap.

O6oblueHHast CTpyKTypa MHEBMONpPUBOAA WU CUCTEMbl MHEBMO-
aBTOMATMKKM, KpOME TOro, uMeeT y3en noarotoBku Bosgyxa (YMB),
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obecneumnBatoLmit TpebyeMble NapaMeTphbl U CBOWCTBA NOTOKA rasa nytem
OTAENEeHUs BRaru, O4YMCTKM, CO3AaHMsa U CTabunusaummn aasneHus n pac-
xoaa.

Mo TMNYy UCTOYHUKA MUTaHWS Pa3NUYaloT: HACOCHbIE, aKKYMYIsi-
TOPHble, MarucTpasbHble (HECKOSNbKO MPUBOAOB OT OAHOrO MCTOYHWUKA
nNUTaHus) NpuBoabI [27].

Mo BMAY LMPKYNSALUMKU MMAPOCUCTEMbI MOTYT BbITb C OTKPLITOW M
3aKpbITOM UMpKynsiumein. B nocneaHeit cnve paboyelt XXMAKOCTU Hanpas-
NSIeTC BO BCaChbIBAKOLLYO MMAPONNHUIO Hacoca.

[etanbHas knaccudukaumsl, OCHOBHbIE TEPMUHbBI, OnpeaeneHus
rMapaBIMUYECKMX YCTPOWUCTB M BCMOMOraTesbHbIX 3IEMEHTOB MMApPOaBTO-
MaTuKu pernameHTMpoBaHbl FOCT 17752-81 [1] . YcnoBHble rpaduyeckue
0603HayeHnsl YCTPOICTB Ha CxeMax MpuBOASTCS B cooTBeTCcTBUMM C TOCT
2.780-96, NOCT 2.781-96, NOCT 2.782-96 [4-6], a npaBuia BbINOAHEHNS
rMAPABANYECKUX U MHEBMATUYECKUX CXEM ONpeaensoTcs rOoCT 2.704-
76 [3, 34]. DT HOPMATMBHbIE AOKYMEHTbI SBASIOTCS OMNpeaensiowmmMm
MpY BbINMOMHEHNUM CXEMOTEXHUYECKUX PELLEHWUN.

3.2. O6beMHbIe rmapomalumHbl. Knaccudukauus.
KuHemaTuueckme, cunoeblie
U dHepreTuyeckKme XxapakTepmucTukm

B KauyecTBe WCTOYHWMKOB MUTAHUS B MMAPOMEXAaHUYECKUX CUCTe-
mMax TO Hambonee 4acTO MPUMEHSIIOT HACOCbl. OTO O6bEMHbIE MaLLWHBI,
KaK MpaBwuio, POTOPHOro Tuna, Npeobpasytolune MexaHNYecKylo SHepruo
nepBUYHOro Asuratens (HanpvuMmep, 3neKTpoaBuUraTesns) B SHEPruo noTo-
Ka paboyei XUaKocTu.

Obnapasi MONOXMTENbHLIM CBOMCTBOM 06paTUMOCTV MpoLIeCcca
npeobpasoBaHnst 3HEPrMn, OBbEMHblE MalLUMHBI MpU COOTBETCTBYHOLLEN
fopaboTke KOHCTPYKLUMM MOTYT MUCMOMb30BaThCs U Kak rMapoMOTOpbI.

PaznnyaloT Takxe Hacockbl NOCTOsSIHHOM (puc.3.3, &) U nepeMeH-
Hoi nopaumn (puc.3.3, B), peBepcuBHble (pnc.3.3, 6) U HEPEBEPCUBHELIE,
CaMOBCacblBaloLIME U HECaMOBCaChIBAlOLLME, OAMHAPHbIE W CABOEHHbIE, a
Mo TUMYy BbITECHUTENS pabouyelt XWUAKOCTU — LUeCTEpPEHHbIe, MacTUHYa-
Tbl€, paguanbHO- UM aKCManbHO-MOPLIHEBbIE, BUHTOBbLIE, KOMOBPATHbIE,
3KCLEHTPUKOBbIE, ponunkononacTHele n ap. [38].
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Puc.3.3. YcioBHblE 0603HAYEHMS PA3IMUHBIX TUMOB 06bEMHbIX MMAPABINYECKUX MaLLMH
[6]: @— Hacoc; 6, B— HAacoC PEBEPCUBHBIN U PerynnMpyeMblii; ©— MOTOP perynpyembii
PEBEPCUBHBIN; 4 — HAacOC-MOTOP PerynpyeMblii peBepCHBHbIN

0O606L1eHHast KOHCTPYKTMBHAs CXeMa Hacoca COAEPXMUT:

— kopnyc (cTaTtop) C KaHanamm M MOMOCTSMW BCacbiBaHUS W
HarHeTaHus;

— poTop € pabounMMm KamMepaMn 1 BbITECHUTENSAMU;

— pasgenuTenb MOTOKOB, @ B CJIOXHBIX Hacocax — pacrnpenenu-
Teslb NOTOKOB BO BCACbIBAIOLIEN W HarHeTaTeNbHOMN NNHUSX.

fmapoMoTopbl — OB6beMHble rMApaBAMYecKMe MalluHbI, NpeaHa-
3HauyeHHble Ans Npeobpa3oBaHMst  MMAPaB/IMYECKOM 3HEPrMM MNOoTOoKa
XWMAKOCTM B MEXaHWYEeCKYI0 SHEpPruio BbIXOAHOIO 3BeHa C TpebyembiMu
KMHEMaTMYeCcKUMN napameTpamun. KnaccubuumpyloTcs aHanorMyHo rua-
poHacocaM: Mo BO3MOXHOCTU peBepcupoBaHus (puc.3.3, r), U3MEHeHUS
NpoON3BOANTENBHOCTM U T.4.

M3BecTeH knacc 06bEMHbIX MaLUMH, MPUMEHSIEMbIX KaK B (YHK-
UMM HacocoB, Tak M rmapomoTopoB (puc.3.3, 4). VX Ha3biBalOT Hacoc-
mMoTopamm [29, 30].

3.2.1. lLlecTepeHHble ruapoMalunHbl

LLlecTepeHHble 06bEMHbIE TMAPOMALLUHBI LUIMPOKO pacnpocTpaHe-
Hbl B COBPEMEHHOMN TexHWKke. OCHOBHOE MPEWMYLLECTBO OHWU MOAYUYUAU 33
CYET NPOCTOTbl KOHCTPYKUMM, KOMMAKTHOCTW, HaAEXHOCTU B paboTe u
CpaBHUTENbHO Bbicokoro K. B 3TMx MawmHax OTCYTCTBYIOT paboune
OpraHbl, NOABEPXXEHHbIE AEMCTBMIO LIEHTPOBEXHON CUSbI, @ TaKxe 3Je-
MEHTbI, ABWXYLUMECS C YCKOPEHWEM, UTO MO3BOMSET IKCMIyaTUpOBaTh UX
npwv YactoTe BpaLlleHus ao 120 muu? [7].

B MalMHOCTpOEHUN LecTepeHHbIe MallMHbl NPUMEHSIOTCS B CU-
CTeMax C ApOoCCenbHbIM peryMpoBaHMeM CKOPOCTU rMApOoABUraTens npu
CpaBHUTENbHO 60MbLUNX AnanasoHax AasneHns (Pmax=10-15 MMa).
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KOHCTpYKTVBHasi CxeMa Hacoca C OAHOW Mapol LecTepeH Moka-
3aHa Ha puc.3.4. MNpu BpalleHUM LeCTepeH B yYKasaHHOM HanpaBieHun B
nonoctu B (NonocTb BcacbiBaHMsA) 3y6bs BbIXOAAT M3 3aLENNeHNs], co3aa-
Bas BaKyyM, KOTOPbI/ 3acacbiBaeT >WMAKOCTb B 3Ty NonocTb 13 6aka. U3
nofocTu B XWMAKOCTb, 3aKMOYEHHas BO BraguHax, NepeHocuTcs B Mo-
nocTtb M (nonocTb HarHetaHnus). B nonoct H 3y6bs, BXoasuimMe B 3auen-
NeHue, BbITaNKMBAIOT XWUAKOCTb U3 BNaAWH B MarucTpars.
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Puc.3.4. MpuHUMNManbHas cxema paboTbl LECTEPEHHOW M’MAPOMALLMHDI:
1 — HarHeTaTenbHas NOAOCTb; 2 — BCacbiBatoLLAs MOMNOCTb

[aBneHune B nonoct H onpenensieTcs Harpyskon B rMapoaBura-
Tene u ConpoTUBNEHMEM CUCTEMbI M Bceraa 6onblue AaBfeHusl, Yem B
nosnoctu B. M03TOMY XWAKOCTb CTPEMUTCA NMPOHUKHYTb U3 nosoctn H ve-
pe3 3a30pbl Mexay LUeCTEPHIMU 1 KOPNYycoM B NonocTb B. 3To obpaTtHoe
TeYeHNe XUAKOCTU WU BHYTPEHHUE YTEeYKM MAYT MO TPEM HarnpasfieHu-
SM: Uepe3 paavanbHble 3a30pbl Mexay BepliMHaMu 3ybuaTbiXx KOMec u
BHYTPEHHEl pPacTOYKOM KOpryca, Yepe3 TOpLEBbIE 3a30pbl MU MeCTa KOH-
TakTa 3ybbeB lWecTepeH. O6paTHoe TeuyeHue >KUAKOCTU YMeHbluaeT
nofayy Hacoca; Benu4yMHa ero 3aBUCUT OT KayecTBa M3roTOBJSIEHUS KOM-
MEHCUPYIOLMX YCTPOMCTB, KOTOpble CrieumanbHO BBOASITCS B KOHCTPYK-
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UM Hacoca Ang nosbiweHus o6bemHoro K/ Hacoca U coxpaHeHus ero
B TEYEHUE BCEro cpoka Cnyxobl.

LLlecTepeHHbI HAacOC BbICOKOrO AaBNEHMSI C KOMMEeHcauuen Top-
LeBbIX 3a30poB (puc.3.5) COCTOUT U3 CUITYMUMHOBOIO Kopryca I, B pacTo4-
Kax KOTOpOro nomelleHsbl Beaywas 9 v seaoMas 4 LeCTEPHU, BbIMOSHEH-
Hble 3a04HO C uandamn, onuparLwmMMmcs Ha 6poH30Bble BTyNku 2 n 10.
BTynku cnyxaT noAawunHUKaMy Ans LWeCcTepeH M ynaoTHAIT UX Topue-
Bble MOBEPXHOCTU. [IN8 yMEHbLUEHNS yTeueK Mexay TopueBbiMU MoBepX-
HOCTSIMW LIeCTepeH W BTY/IOK B HAcoCe MpUMEHEHa aBTOMaTU4eckast KoM-
neHcaumst TopueBsblX 3a30poB. Paboyas XnaKoCTb U3 KaMepbl HarHeTaHus
nocTynaeT B NonocTb b mMexay nnaBalowyMm BTYNKaMU U KPbILKON 7 1
NOMAXKMMAET BTY/IKM K TopuaMm LecTepeH. CO CTOPOHbI LWeCTepeH Ha BTy-
KW OaBNEHUE XUAKOCTU AEMCTBYET Ha HECKOJSIbKO MeHbLUYO Moladb, B
pesynbTaTe Yero yaenbHoe AaBfieHVe Ha TpyLLEencsl nape HeBenuko. [as-
NEeHUe >XUOKOCTU CO CTOPOHbI LIecTepeH B TOPLEBOM 3a30pe HepaBHO-
MEpHO.

A.|6 9
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Puc.3.5. LectepeHHasi o6beMHas ruapoMalumHa (Hacoc Tvna HLL)
Onsa ncknoyeHns NEepEKOoCa BTYJIOK BCNEACTBUE HepaBHOMepHOP’I
Harpysku 4acTb UX TOPLEBON MOBEPXHOCTU CO CTOPOHbI BCAChIBAHUS U30-

NMpoBaHa OT AeNCTBUA MOMAKMMAIOLLErO AABSIEHUS PE3VHOBBLIM YMIOTHE-
HueM 11, hUKCUpYeMbIM MNacTUHKOW 12. BbiTekaHue paboyei XuakocTu
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M3 nonoct b npeaoTBpaLlaeTcs YMNIOTHUTENbHBIMKA KOofbLaMn 3 U 8.
Mpu1BOAHOW KOHEL Beayluei LUecTepHW YNIOTHEH MaHXETON 6, 3akpen-
NEHHON KONbLOM 5.
0O6beM ofHoi pabouyeit Kamepbl, €civ NPUHMMATb €ro paBHbIM
06beMy BnaauHbl 3y6UaToi peiiki, paBeH:
W ~0,5htb, (3.1)
roe h — BbicoTa 3y6a, M; t — war 3auennenus, M; b — anuHa 3y6a, M.
Torpga pabounit 06bEM Hacoca, XapaKTeEpU3YIOLWMA CyMMapHoe
M3MeHeHWe obbeMa 2Z pabounx kamep 3a oaMH 060pOT LecTepeH (Mnu
pacxoa Macsa, NoAaBaeMblii HACOCOM 3a OAMH 0BOPOT LIECTEPEH), paBeH:
q, = htbz, (3.2)

rae Z — 4ncno 3ybbes wecTepHu.

PacyeTHas nogaya Hacoca

Q, =q,n, =htbzn,_, (3.3)

roe Ny — YacToTa BpalleHus NpMBoAHOro (MepBUYHOMO) ABUraTenNs, MUH™,

LLlecTepeHHble rMAPOMOTOPbI MMEIOT TaKylo Xe KOHCTPYKTUBHYHO
CXeMy, HO OTnmyaloTcs bonee TwaTesbHbIM U3roTOBEHNEM: MEHbLLUMMM
3a30paMu B MOALWIMMHMKAX, HalMyMeM pasrpy3ku BasoB OT AaB/ieHMsI
[8, 10]. KpyTsilLimii MOMEHT Ha BbIXOAHOM Bany rMapoMoTopa onpeaens-
€TCs Kak

2 2 2
M, = pb(m’*z+m*—1")n_, (3.4
rope m, b, I — COOTBETCTBEHHO MOAY/1b, WWPUHA KONec, AIMHa JIMHUN 3a-

uennenus, M: P — aasneHune (nepenaf Aasnexus), Ma; #uex — Me-
xaHuueckuit KN4 ruapomoTopa.

3.2.2. MnactnHyaTble rMapoMalLunHBbI

PasnunualoT nnacTMHYatble (Mn NonacTHble) HAacoCbl U rMAPOMO-
TOpbl O[IHOKPATHOIrO M [ABOMHOrO AEWCTBUS. B MalumHax OAHOKPaTHOro
[NENCTBMS 32 OfIMH 06OpOT Bana NPOUCXOAWUT MOJHbIA UMKN paboThl,
BK/IOYAIOLLMIA  MPOLIECChl BCAacbiBaHUS M HarHeTaHusi; fABa npouecca
BCacblBAHMSI W [ABa MNPOLIECCA HarHeTaHWs MpPOMCXOAST B MallMHaXx
ABonHoro (unu aBykpaTtHoro) aencrsus [30, 31].

MnactuH4yaTble MawuHbl (MM) U3roTaBNMBAOT HEPErynnpyeMbi-
MM, T.€. C MOCTOSIHHOW Mojayen, U perynmpyeMbiMi. B cTaHKOCTpOEeHUM
NAacTUHYaTble HacoChbl MPUMEHSIIOTCS TNlaBHbIM 06pa3oM B MMAPONpPUBO-
Jlax nojay arperaTHbIX, CBEP/INbHO-PACTOUHBIX, OTAEN0YHO-PACTOUHBIX U
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[ApYruxX CT@HKOB, @ TakXe B MexaHu3Max, npefHa3HauyeHHbIX ANs TpaHc-
NOPTUPOBKK, MHAEKCALIMK, 3aKUMA M 3arpy3Ku 3aroToBoK, obpabaTbiBae-
MbIX HQ @BTOMaTU3MPOBAHHbLIX CTaHKaX U JINHUSIX.

B nnacTvH4YaTbiX Hacocax BbITECHUTENEM >XMAKOCTU SBASIOTCS
nnactuHbl 3 (puc.3.6, 6). BHYTpeHHS MOBEpPXHOCTb CTaTopa 2 Hacoca
MMeeT creumnanbHbliil Npodunb, 06pa3oBaHHbIN AyraMu OKPYXXHOCTEN,
onucaHHbIx pagnycaMn Ri um Ry u3 ogHoro ueHTtpa. [yrv conpsiratoTcs
mMexay coboil oTpeskamu KpuBoW (cnvpanu ApxuMeaa), obecreunBatoLlen
paBHOMEpPHOE HapacTaHMe YCKOPEHUS MPU BbIABVMXEHUW MIACTUH 3.

B Kopnyce Hacoca CMMMETPUYHO PacnosioXeHbl ABE MOMAOCTU
BCacbiBaHMS B 1 ABe nonoctu HarHetaHus H, nostomy 3a oanH o6opoT
poTopa C nmnactuHamy 3 ABaXkAabl MPOMCXOAMT MPOLECC BCacblBaHWS U
HarHeTaHus. bnaropgaps AnameTpanbHO MPOTMBOMOSIOXKHOMY pa3Melle-
HUIO MOJNOCTEN AaBfiEHME Ha POTOP YPaBHOBELUMBAETCS, @ MOALMMHUKM
poTOpa NOMHOCTbIO PasrpyXeHbl OT rMApaBINYECKUX CUN.

)KVI,EIKOCTb 13 nonoctn H noaseAeHa noa Topubl MNacTtuH, NO3TO-
My paauvanbHoe nepeMelleHVe NAacTMH M MpWKMM UX K CTatopy
NMPOU3BOANTCS HE TONbKO LEHTPOBEXHON CUMOM, HO U rMApaBIMYECKOM

(pnc.3.6 6).

a)

Puc.3.6. MnactmHyaTas obbeMHasi rmapoMalumHa: @ — hyHKUMOHanbHas cxemMa paboTbl;
6 — KOHCTPYKUMM 1 Crocobbl KpeneHns NAacTvH B poTope MiacTMHYaToOro Hacoca
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Mpu BpaweHun potopa I B yKa3aHHOM HanpaBieHUM MAacTUHBbI,
pacnonoXeHHble B 30Hax B (Ha yyacTkax nepexofHblX KpWBbIX), OTXOAST
OT LeHTpa poTopa, B pe3ynbTaTe 4yero obbeM Mexay nnacTuHaMm yBenu-
UMBAETCS — MPOMCXOAMT MpoLecc BcacbiBaHWs. O6paTHbI mpouecc —
HarHeTaHune 6yaeT UMeTb MECTO B 30HaX H, rae nnacTuHbl 3 0TXKUMaloTCS
NPY>XWHOW 4 K LEHTPY poTopa U 06beM MeXay NNacTMHaMM yMeHbLUaeT-
cs. [ABMXXEHMe NNacTVH B pafAuasnibHOM HarpaBfeHWM OTCYyTCTBYET Ha
yyacTKax ctaTopa, 06pa3oBaHHbIX AyraMn paanycoB 1 U ro.

0O6beM paboyeit XMAKOCTM, NoAaBaeMblii HACOCOM 3a OAWH LMK
BCACblBaHUSI M HarHeTaHusi, NpUBNMXXEHHO MPUHUMAKOT paBHbIM 06beMy
Mac/siHOrO KoNblLia C paauycamm 1 1 F2 1 BbICOTO, paBHOWM LIMPUHE nia-
CTUHbI. TaK KaK 3a oauH 06opoT poTopa Takol 06beM MofaeTcs ABaXAb,
TO

=2z(r; —r’)-b, (3.5)
roe g — obwmi o6bem Macna, M3 ri U rp - 60/bLLOK U Manbli paauychl
cratopa; b — wupuHa nnactuHel, M.

M3 obuiero obbema Macna HeobxoanMo BblHeCTb 06beM, 3aHWMa-
€MblIiA MacTUHaMMm.

Ecnu Z — KonnMyecTBo NnacTuH, S — UX TOMLWMHA, 0. — Yros HakJ1o-
Ha nasoB (10 13°), TO UCKOMBbI 06BLEM:

_ 2
2:2bS(r2 r) z (3.6)
coso
Pabounin o6beM Hacoca:
qHqu_q2zzbl:n(rlz_r:)_zs(rz_rl)} (37)
cosa,
lMopgaya Hacoca:
Q, =q,n, = 2bb, [n(rf - B )} (3.8)
cosa

MnacTMHYyaTble rMAPOMOTOPbI ABOMHOMO AENCTBUS OT/IMYAOTCS OT
HacoCOB paauasibHbIM pacrnonoxeHveM nnactuH (o =0) 1 HanmumeM cne-
LMasnbHbIX MPYXXWH, MOCTOSIHHO MPWOXKUMAIOLLMX MAACTUHBLI K BHYTPEHHEN
NMOBEPXHOCTWN CTaTopa. ITO NO3BONSET obecneunTb repMeTMHHOCTb pabo-
UMX Kamep B MOMEHT Mycka rmapoMoTopa. Macno, nonagasi B kamepy
MeXay COCeAHWMM MacTMHaMW, AaBMT Ha WX MOBEPXHOCTU. TaK Kak
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nnowaab NoBepXHOCTU OAHOMN NNAcTUHbI Gonblue ApYroi (OHW BbIABUHY-
Thl Ha pasHble PaaMyChbl), TO BO3HWUKAET KPYTALLMIA MOMEHT:

M, =2pfrn,., (3.9
roe p — nogsoaumoe fasnenve, Ma; f =bh=Db(r,—r) pabouas nno-

Waab NnacTuHbl, M?; h —BbICOTa, HAa KOTOPYO MNACTUHA BbICTYMNaeT

Haa NOBEPXHOCTLIO poTopa 2.
KOHCTpYKUMA NAacTMHYaTOro Hacoca OAHOKPATHOMO AeWCTBUS C
perynvpoBaHueM nogauv (Tuna [12-5) no pgaBneHMIO MokaszaHa Ha

puc.3.7.
A
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Puc.3.7. MnacTuHYaTbIi HACOC OAHOKPATHOro AencTBUS Tuna M12-5
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B »eCcTko coefvHeHHbIX Mexay cobol koprnyce 13 u Kpblwke 9
pacrnonoxeH potop & € nnacTMHamMn 25, BHYTpeHHee KonbLlo 12 cTatopa,
Hapy>XHOe KosbUo 26 cTaTopa, pacnpeaenutensHble anuckn 10 wn 3. Potop
C BaJiOM YCTaHOBMEHbl Ha ABYX MOALMMHUKAX CKOSbXeHus I n 7. Onop-
HbI1 y3en BHYTPEHHero kosbua 2 cTtatopa COCTOMT M3 HEMOABWXXHON U
noaBwxHol onop 23 u 24, cenapaTopa C wapukamMn 21 n coeauHUTENb-
HoW ckobbl 22. Onopa 16 NoAAepXXMBAET BHYTPEHHEE KOMbLIO 1.2 cTatopa
npy OCTaHOBKe Hacoca.

B kopnyce 13 pacnonoxeH OnopHbI BUHT 28 orpaHUYeHUst MaK-
CYMasibHON nodaun, nepemMellaoLwmincst B peabboBoit BTynke 27. Mnockuii
ANcK 10 NMeeT CKBO3HbIE OKHAa 5 BcacbiBaHMs, COEAMHSIIOLLUMECS C KaHa-
NOM 6 Kopnyca, U rNyxve okHa 11 HarHeTaHus. Mnasalowmin auck 3 ume-
€T OKHa 14 HarHeTaHusi, COEAVHEHHble C HarHeTaTeNbHbIM KaHanoMm 15,
rNyxue okHa 4 BcacblBaHWs M Nas, coobLuaoLmid NoocTb 7 C APEeHaXXHOM
NosnocTbio 2.

C NpoTMBOMOSIOXXHOW CTOPOHbI POTOpa PacrofOXeEH MeXaHWU3M
perynMpoBaHusi Mofayn Hacoca, BKIKYaoWMiA B cebsi npy>xuHy 19, nop-
WeHb 18 W perynMpoBoYHbIN BUHT 20. MexaHW3M perynvpoBaHus noaaqu
U3MEHSIET 3KCLEHTPUCUTET BHYTPEHHEro konbua 12 OTHOCUTENBHO OCK
poTopa & 0b6pasyst 3a30p B nonoct 17. MpyxuHa 19, aencteys Ha nop-
WeHb I8, CTPEMUTCS YCTaHOBUTb KOMbLO 12 C MakCMMasbHbIM 3KCLIEHTPH-
CUTETOM M YNOPOM B BUHT 28.

[aBneHne >MAKOCTM, HarHETaeMOM HacocoM, AEWCTBYEeT Ha
BHYTPEHHIOI MOBEPXHOCTb BHYTPEHHEro Kosbua 12 cTtaTtopa CO CTOPOHbI
paboumx Kamep, CTpeMscb NepemMecTuTb €ro B HanpaBieHUM MUHUManb-
HOW nopauu, bnarogapsi YeMy OCYLLECTBNSIETCS aBTOMaTUYeCKOe perysu-
poBaHWe nofjayun Hacoca B (PyHKUMU AaBNEHUS.

3.2.3. PagnanbHO-NopLUHEBbIE MMAPOMALLNHbI

Hanbonee yacto paguanbHO-NOPLUHEBbIE MMAPOMALLMHBLI MpPUMe-
HAIOTCS B YCroBusiX, rae Tpebyetca obecneunTb 6onbliMe MOMEHTHI Ha
BaNy, B pasnmyHbIx obnactsax TexHuku [30, 31].

MpUHUMNManbHas cxeMa paauanbHO-MOPLUHEBON 06bEMHON rva-
poMallUMHbl MpeAcTaBneHa Ha puc.3.8. POTOp 6, YCTAHOBMIEHHbIN B KOp-
nyce 3, C paguanbHO pacronoXeHHbIMU MOPLIHSAMK 2 BPaLlaeTcs BOKPYT
HEMOABWXXHOWM MO0 OCK, PacrioNioXXeHHoW BHYTpu ctatopa 4. Ocb cTa-
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TOpa MOXET CMeLIaTbCs C NMOMOLLbIO BUHTOBOM Mapbl 8 U 9 OTHOCUTENBHO
0CY pOTOpa Ha HEKOTOPbIN KCLIEHTPUCUTET €. Pasgenutens 5 aenut npo-
CTPaHCTBO NOJION OCK Ha MOMOCTM BCACbIBAHWS U HAarHETaHWSI.
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Puc.3.8. PagnanbHo-nopHeBas 06beMHas ruapoMalunHa:
& — NPUHUMNManbHas cxeMa; 6— CxemMa KOHTaKTa MopLUHel

Mpy BpaLleHun poTopa  NO YacoBOW CTpesike PacnosioXeHHbIE B
HEM paavanbHO MOPLUHW B BEPXHEN MOSTYOKPY>XHOCTK, NepeMellasice 13 A
B B BbigBMraloTcs, 4to yBenuuMBaeT 06beM LMAMHAPOB, 3amnoHSAEMbIX
paboyei XMAKOCTblo U3 6aka. B HuKHEN nonyokpyxHoctu (U3 B B A)
MOPLUHM, NMepeMeLLasicb K LUEHTPY, BbITECHSIOT XUAKOCTb C MapaMeTpamu
Py, Qu B HanopHyto nonocTb Hacoca. CMellas cTaTop, U3MEHSIIOT BE/TUUU-
Hy 3KCLEHTpUCUTETa e M, KaK CNeacTBue, Xoa MopLUHei, 06beM paboumx
Kamep 1 nogady Hacoca. MI3MeHeHMeM 3Haka 3KCLeHTpUcuMTeTa € peBep-
CUPYIOT NOTOKM paboyelt XXMAKOCTU, MEHsISi MECTaMK NOOCTY BCacbiBaHUS
W HarHeTaHwus.

Mpn paboTte cxembl Ha puc.3.8 B pexume rmapoMoTopa, Aasne-
HWe, NoABOAMMOE MOA MOPLUHM B BEPXHEW MOSYOKPYXXHOCTM AB, cospaet
pagvanbHble CUibl, NpYXUMAIOLWME UX K MOBEPXHOCTM CTatopa. 3a cyeT
KacaTenbHbIX CW/l, BO3HWMKAIOWMX MPU Pa3fIOKEHUN pafnanbHbIX Cus,
MOPLUHM M POTOP NOBOPAYMBAIOTCS, CO3AaBast KPYTALWMI MOMEHT.

38



B KOHCTpyKUMSX HacOCOB, MPUMEHSIEMBIX B MMAPOCUCTEMAX, WUC-
Nosib3ytloT, FMaBHbIM 06pPa3oM, CXeMbl, B KOTOPbIX MOPLUHW ONMUPaloTCs O
6apabaH cBovMMu cdepuyeckumm ronoskamm (cM. puc.3.8, &), coobuias
MOBOPOTHOE ABWXEHWE, @ TakkKe CXeMbl, B KOTOPbIX MOPLUHW OMNMpaoTcs
Ha KOJbLO Yepe3 HallMaky.

[insi 3TOro NOBEPXHOCTb CTaTOPHOro KOJbLA, Ha KOTOPYHO onupa-
eTca cBoel cepolt MopLUeHb, BbLIMOHSIIOT MOA4 HEKOTOPLIM YI/IOM O,
paBHbIM 15-20° (puc.3.4, 6), v UMNNHAP PacrofiaraloT Mo TakUM Xe
YI/IOM K MI0CKOCTM BPaLLEeHWs LMIMHAPOBOro 6oka.

Pabounit 06beM paavanbHO-MOPLIHEBON MalUMHbI OMNpPeAEnsieTCs
BblpaXKEHWNEM:

q=md’ez . (3.10)
leomeTpuyeckne nojada U pacxoa:
d 2

Q:qn:7t ezn, (3.11)

roe d, Z — COOTBETCTBEHHO AMAMETP M KOJIMYECTBO MOPLLUHEN, M; € — 3KC-
LIEHTpUCUTET B pacnonoXeHWn ocen poTopa v ctatopa
'mapomoTtop T™MNa MP koHcTpykumn BHUW «I'maponpusoa» OTHO-

CUTCS K rpynne pagvanbHO-NOPLUHEBLIX MalWMH C 30/1I0THUKOBLIM pacnpe-

aenenuem xuakoctun (puc.3.9).
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Puc.3.9. PagnanbHo-NopLIHeBoii rmapomMoTop Tuna MP
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MopwHu (unun nayHXxepbl) & coBeplUaloT BO3BPaTHO-MOCTYNa-
TenbHOEe MepemelleHne B paavalibHOM HampasneHun B kopriyce 1. Ycu-
nue, pa3BMBaEMoE MJIyHXepamMu, PacrofiOXXEHHbIMU B HaMOPHOW 30He
rMapoMoTopa, BOCMPUHUMAETCS Yepe3 OCu 6 C ponuvkamu 7 AByMs Mpo-
punbHBIMM Kynakamu 5 un Banom 4. Mpodunb Kynaka obpa3oBaH OKpyX-
HocTsiMu paanycoM Ri v Rz 1 nepexoaHbiMU KpUBbLIMM.

Mpy B3aMMOAENCTBMM POSIMKOB C KyNakaMu, Ha ydacTKax pasme-
LLEHNS NEPEXOAHbIX KPUBbIX, BO3HWKAET TaHreHUManbHas CoCcTaBnsowas
cuna, co3garollas MOMEHT Ha BbIXOAHOM Basny rMapoMoTopa, U HOpMasb-
Has cuna, KoTopas BOCMPUHUMAETCS MOAWMMHMKAMK 3 1 KOPMNyCcOM Yyepes
NPOMEXYTOUYHOE KOMbLO 2.

PacnpeneneHve >XnaKoCTM B rMAPOMOTOpPE MPOU3BOAUTCSA pac-
npeaenuTenbHOM BTYNKOW 10, koTopasi Mpyu nomowm MycdThl 9 coeanHeHa
C BasiOM MMapoMoTopa M MO3TOMY BpallaeTcsl C YactoTou Bana. Mpu no-
MOLUM paamnasbHbIX OTBEPCTUI a U 6 U NPOAOSLHOMO Nasa, BbINMOMHEHHOMO
BO BpalLaloLeics pacnpeaenvTenbHON BTyNIKe, MOMEpPeMEHHO OAHa W3
30H rMApPOMOTOpa COOBLIAeTCs C HamopHoi nosnoctbto P (Hacocom), a
Apyrasi — co cnusoM T (6akom).

[Ona wn3MeHeHVs HanpaBneHus BpaleHus Bana ruapoMoTopa
HeobxoauMo nonocTb P noakniounTs K 6aky, a nonoctb T — K Hacocy.

3.2.4. AKcnanbHO-MOpPLUHEBbIE MTMAPOMALLMUHBI

AKCManbHO-NOPLUHEBbIE MALLWHBI ObIBAIOT C HAKMOHHBIM AMCKOM U
C HakJIOHHbIM B710KOM UMAMHAPOB, 6eckapfaHHble U C KapAaHHOWN nepe-
Jayeii, C BpallalWMMCS U HEMOABMXKHLIM 6/10KOM LMAMHAPOB. B Heko-
TOPbIX Cy4asix OHN uMetoT MoLHocTn Ao 300 KBT.

AKCManbHO-NOPLUHEBbIE HACOChl U MMAPOMOTOPbLI HAAEXHbI B pa-
60oTe, umetoT Bbicokne KM — obbeMHbit ao 0,92-96, obwwuit — go 0,9,
KOMMaKTHbI, 06/1a1al0T Manon METaINIOEMKOCTbIO U BbICOKON SHEPrOEMKO-
ctbto [30, 31]. Mogaya >XMAKOCTU perynnpyeTcs 3a CYET U3MEeHeHUs yrna
Y HaK/IOHa Aucka unu 61oka UMAMHAPOB, MPUYEM MaKCUMasbHbIA Yron
Ymax NPUHUMAIOT Ans Hacocos Ao 25-30°, ana rugpomoTopos — Ao 30-35°.

AKCManbHO-NOPLUHEBbLIE MTMAPOMALLMHBI C BPALLAKOLWMMCS 6710KOM
UMIVHAPOB MMEIOT, MaBHbIM 06pa3oM, TopLEeBoe pacrpeaeneHne Xuako-
CTW, YTO MO3BOJISIET BbIMOJHATL BCAChIBAOLLME OKHA 60MbLUMX pa3Mepos,
YeM y paavanbHO-MOPLIHEBLIX MALWMH. TakMe MaluvHbl U3roTaBMBaloT Ha
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HOMWHanbHoe aaeneHune ao 16-20 MMa (pexe — go 30 MMa) n nogauun o
0,03 M3/c.

PaccMOTpuM CxeMbl M MpUHUMMBLI paboTbl OCHOBHBLIX aKCUMasibHO-
MOPLUHEBLIX MaWMWH. KOHCTPYKTMBHO OHM BbIMOJTHSIIOTCS B ABYX CXeMax: C
HaKJ1I0HHbIM AnckoM (prc.3.10) nnmn HakNoHHbIM 6nokom (puc.3.11).
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Puc.3.10. MapaBnnyeckasi 06beMHas MalLHa C HAKIOHHBIM AMCKOM:
a— KOHCTPYKLMSI TMipoMoTopa Tuna M-15; 6— ycnoBHoe 0603HaueH e

PaccMOTpUM KOHCTPYKUNIO aKCHa/IbHO-TOPLIHEBOM MMAPOMALLMHb]
C HaK/IOHHbIM MCKOM Ha npumepe rmapomotopa M-15 (cm. puc.3.10).

OTAnMuMTENbHON OCOBEHHOCTLIO MMAPOMOTOPA C HaKIOHHLIM AUC-
KOM SIBNSIETCS ABOWHOW pOTOP, COCTOSIWMI M3 6noka UMAMHAPOB 2 U
Hanpaensiowein 4 B 610Kke UMAMHAPOB PacrofioXXeHbl NOpLHM 3, a B
HanpaBnsowWein — TonkaTenn 5, HaxoaswWwMecs B TOYEYHOM KOHTAKTE CO
creumasnbHbIM YNOPHbIM LIAPUKOBbLIM MOAWMWIHUKOM &, 3aKpenieHHbIM B
nepefHen Kpbllwke 6. Bpalwatowmii MOMEHT, 3aTpayunBaeMblil Ha Npeoso-
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NeHue cun TpeHus B TOPLIEBOM pacnpeaenuTene u Cui MHEpLUMU UWUANH-
ApoBoro 6/10ka, nepedaeTcs C Hamnpasnsioweid Ha 610K LUMAMHAPOB Npu
nomowm wrmdta 10 npy nogaye XnAKOCTU B kKaHanbl 1.2.

Brnarogapsi aToMy 6510K UMANHAPOB pa3rpyXeH OT pafuasbHbIX
COCTaBNSAWMX CUN AABMEHUS XKMAKOCTU CO CTOPOHbI MOpLHei. Ha Bbi-
XOAHOM Bany 7 610K UMAMHAPOB LEHTPUPYETCH TOMBbKO Y3KUM MOSICKOM,
YTO MO3BONSET EMY CaMOYCTaHaBNMBATLCA MO NJIOCKOCTU pacrnpeaeneHus.
MepBOHayasbHbI MOMKMM 61I0Ka LMAMHAPOB K pacnpeaenMTento ocy-
LLEeCTB/SIETCA NPU NOMOLLUM TPEX NPYXWH 9, @ BO BpeMs paboTbl — cunamm
[aBNEHNs XWAKOCTU Ha TopueBble MOBEPXHOCTU UMnuHApoB 6r10Ka.
HapyxHble yTeuku u3 kopnyca 1 OTBOASTCHA yepe3 [ApeHaXHoe OoTBep-
cTMe. BbixogHOWM Ban YCTAHOBMEH Ha LUAPUKOMOALUMMHMKAX, 3afHUA U3
KOTOpPbIX PacrofioXXeH B KpblKe 1, BLIMOSHSIOWEN poSib pacnpesenu-
TeNbHOro AMcKa y3na TopueBoro pacnpeaeneHus 14. Bbicokoe yaenbHoe
[aBNeHne B MeCTe KOHTaKTa cdepuyeckmx NOoBEpPXHOCTEN TonkaTenen u
YMOPHOro LWAPUKOMNOALUMIHUKA OrpaHUYMBaET AOMYCTUMOE HOMUHAbHOe
[laBfieHne B Takux rmapomMoTopax Ao p = 6,3 Mla.

Korpa »uakocTb Yepe3 OTBEpPCTMSI B 3aAHeN Kpbiwke 13 v y3en
TOPLEBOro pacrpefeneHnss NoABOAUTCA MOA BbICOKMM AaBNEHUEM W3
HaMopHOM MMAPOMarucTpanu B paboune KamMepbl, Ha TosKaTeNsix 5 BO3HM-
KaloT paananbHble CUbl, KOTOpble CO3AaloT Bpallalolwyil MOMEHT Ha
Hanpaensiowwei 41 BpallatoT BbIXOAHON Ban /.

PaccMOTpuM Tenepb rugpoMalumHy ¢ HaK/IOHHLIM 6/10KOM Ha
npuMepe akcuanbHO-NOPLIHEBOrO Hacoca Tuna MNP (puc.3.11).

PerynupyeMsblil akcuanbHO-NMOPLUHEBOM HACOC C HAK/IOHHbIM 6510-
KOM UMMHAPOB M ABOWMHLIM HECM/IOBLIM KapAaHOM COCTOMUT M3 OCHOBHOMO
Hacoca, BCMOMOraTeflbHoOro niacTMHYaToro Hacoca NOANWUTKM, UNbTPa,
npefoxXpaHUTeNbHbIX KlanaHOB OCHOBHOMO W BCMOMOraTeslbHOr0 HacocoB,
CMOHTMPOBAHHBIX BHYTpU Kopriyca 12 kopobuyaToi popMbl. BHyTpeHHss
MosioCcTb Kopryca UCNONb3yeTcs Kak pe3epsyap paboyeit XunakocTu.

B UeHTpanbHOM YacTu Kopriyca Ha ABYX OMOPHbIX MOALIMMNHMKaX
13 w1 15 ycTaHoBneH NpUBOAHOW Ban 14, nepefarolwimnii BpalleHne Yepes
ABOMHYIO0 KapAaHHyto nepegadvy 10 610Ky UMAMHAPOB I M Yepes LecTep-
HIO 16 — BCMOMOraTenbHOMY Hacocy. B UMAMHAPUYECKUX OTBEPCTUSX
6n0ka pa3mMeLleHbl 6POH30BbIE MOPLUHN 5, CBSI3aHHbIE Yepe3 LWaTyHbl 6 C
¢naHuemM npuBoAHOroO Bana.
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Puc.3.11. N'mppaBnmyeckas ob6beMHast MallinHa C HaKIOHHbIM 6/TOKOM LMSIMHAPOB:
a— KOHCTPYKUMS akcuasibHO-MopLIHeBOro Hacoca Tuna MP; 6 — ycnoBHoe 0603HaueHne

Bnok UMNMHAPOB NOCaXeH Ha MOoALMMHWK 2 U CBOMM TOPLIOM
OMMPAETCs Ha pacrnpegenuTenb 3, KOTOpbIM MpuieraeT K Kpblke 4
nonbkn 7. Jlronbka NoBOpaYMBaETCS BOKPYr BepTMKalbHOM OCKM Ha mnoa-
WMnHUKax 11, KOTopble HacaXkeHbl Ha nonble uandgbl 9. ConpsikeHHble
MOBEPXHOCTU JONbKM M Uand ynnoTHeHbl KonbuaMu 8. Jliofnbka MOXET
MoBOPaYMBaTLCS BOKPYr BepTMKanbHOW Ocu Ha yron y=+30°. Pabouas
XXMAKOCTb K Y31y TOPLEBOro pacrnpeaeneHvst NoABOAUTCS Yepes3 ceeprie-
Hus B Lande 9w nonbke /.

Mpu BpalleHuy NpuMBOAHOrO Bana JI4 Hacoca MO HanpaBneHWto
YacoBOW CTPEesnKu Yepe3 KapAaHHyro nepefady 0 npuBoOAMTCS B ABMXKE-
Hue 610k unnmMHapoB 1. MocKoMbKy ftonbKa 7 yCTaHOBNEHA NOA Yr/IOM Y
K OCV MPUBOAHOMO Bana, NMopLHM 5, Bpalascb BMecTe ¢ 6510KOM, coBep-
AT BO3BPATHO-MOCTYMNaTENbHbIE [ABMXXEHUSI OTHOCUTENBLHO 6rioKa.
Xuakoctb BcacbiBaeTcs B pabouve Kamepbl Yepes CeprioBUAHOE OKHO M
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BblAABNMBAETCA M3 pabounx kamep. B mMomeHT, korga obbem paboumx
KamMep MaKCMMasbHbIi 1 MUHUMASIbHBIN, OHW 3anepTbl, Tak Kak UX OCeBble
OTBEPCTUS Ha TOPLIEBOM MOBEPXHOCTM 6/ioKka pacrnonaraloTcst Ha nepe-
MbIYKax MeXAay CeproBUMAHBIMU OKHaMM.

PaccMOTpUMM MeTOAMKY pacyeTa OCHOBHbIX MAapaMeTpoB aKcuasb-
HbIX MMAPOMALLVH.

Mpy nosopoTe npuBogHoro Bana 14 Ha 180° nopleHb nepeme-
cTuTCs Ha BenuuuHy h=Dstgy, a pabounit 06beM aKcManbHO-NOPLLIHEBOIA

MallWUHbI
2 2

q:znjDGtgy:znj D, tgy, (3.12)

rae Z —uvcno umnuHapos; Ds — avameTp 610ka No ocsaM UMAUHAPOB, M;
D, - anameTp ynopHoro aucka no ocsiM cchepuyeckmx rosloBoK Lia-
TyHoB, M; d —AMaMeTp nopLuHs, M.

Mopaya akcvanbHO-MOPLIHEBOro Hacoca aHanorMyHa nogave pa-

AManbHO-MOPLUHEBOrO Hacoca M MOXeT OblTb onpeaeneHa no Bblpaxe-

HUIO:

d? D, .
Q =L—6mtgstm a (3.13)
4 2 -
rpé ® — yrnoBasa CKOpOCTb BpalleHna NpuBOAHOro Basa, MMH'I;

ZSin o, — CYMMapHblii yron nosopoTa MopLUHEN.

H

n3 NPOCTbIX MEOMETPUHECKUNX I'IOCTpoeHVIl‘/lI aong 4YeTHOro 4ucna
LMAMHAPOB B OAHOM psiAly U TEKYLLEro yrna o NoBopoTa NepBOro NopluHs
npu 0<0;i<2m/zZ onpepensioT

ZSin(xi =M; (3.14)
" sin(nt/ )
D sin20, =0, (3.15)
LISt HEYETHOrO YMcna UMMHAPOB
Zsinai :M; (3.16)
" 2sin(n/ 2z)

44



. sin(2a, —m/z
> sin2q, =¥. (3.17)
" 2cos(n/ z)
KoapdbumumeHT HepaBHOMEPHOCTM NOAAYM NPU YETHOM YKUCNe Limn-
JIMHAPOB HaxoaAaT No 3aBUCMMOCTU:

5, = S Cnin 572, (3.18)
max
a Npn HEYETHOM
o, = Qe Cnin 1 95/,2, (3.19)
Qma)(

roe Qmax, Qmin — MakcMMasbHoe U MUHMMANbHOE 3HaYeHWsl FeoMeTpu-

Yyeckon noaauu.

Mockonbky aMnnuMTyda konebaHui nogaym npu Z YETHOM 3Hauu-
TenbHO 6onblle, a YacToTa B ABa pa3a MeHbLe, YeM Mpu Z HEeYETHOM,
aKcuanbHO-NOPLUHEBbIE HACOChl CTPOSIT C HEYETHLIM YUCIOM UWMIMHAPOB,
KOTOpble NMPUHUMAIOT paBHbIM Z=7, 9, 11.

[na akcManbHO-NOPLIHEBOrO0 rMAPOMOTOPa MrHOBEHHOE 3Haye-
HVYe MOMEeHTa HaxoaaT no dopMyne:

2
D .
M :TﬂApftgyZSIn o, (3.20)

rae Ap — nepenag AaBneHUs B NMoABOASILLENA U OTBOASALLEN MAPONMHUSIX
rmgpomoTopa, Ma.
MocKoNbKy BpaLlaloWmMit MOMEHT rMAPOMOTOpPa COAEPXKUT nepe-

MEHHYIO COCTaB/ISIIOLLYHO Zsinai , TAKyl0 Xe, KaK W reoMmeTpuyeckas
H
nofaya akcuanbHO-MOPLIHEBOr0 Hacoca, BCe, YTO XapaKTepHO Ans M3Me-
HEHWUS reOMETPUYECKON MoAAYM Hacoca, OTHOCUTCS M K U3MEHEHUIO Bpa-
LakoLLero MOMeHTa rmapomMoTopa.
MWHMManbHbIA  BpaLlaloWMiA  MOMEHT, MNPUHWMAEMbIN  PaBHbIM
MycKOBOMY MOMEHTY FrMAPOMOTOpa, onpeaensieTcs no gopmyne:
2
nd D 1
M. =——Ap—>tgyctg| — |. (3.21)
me 4 4 212

AKCManbHO-NOPLUHEBLIE MMAPOMALLMHBLI C HAaKIOHHbIM 6710KOM MO
CPaBHEHWIO C MalUMHAMWU C HaK/IOHHbIM AWCKOM MMeloT 60siee BbICOKUI
KMNJ, BcacbiBaloLyto cnocobHOCTb, AonyckaoT 60sbLUy0 MaKCMManbHYHO
W MEHbLLYI0O MUHUMASbHYIO YaCcTOTbl BpalleHusi, 0cObeHHO Mpu CTparnea-
HuM 1 paboTe B pexxume rugpomoTopa [13].
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B TO e BpeMsi OHU YCTYMaloT r’MAPOMALLMHAM C HaK/TOHHbIM AUC-
KOM B rabapuTHbIX pasMepax M Macce, MMeloT 60sbllyio TPYAOEMKOCTb
Npv U3rOTOB/IEHUM M MEHBLLYIO AO/ITOBEYHOCTb.

3.2.5. 'magpoumnuHapol

MApOLMNMHADPLI — 3TO NPOCTENLLNE MO KOHCTPYKLMM O6bEMHbIE
rMAPOMAaLUNHBI, MpeAHa3HAYeHHbIe A1 BbIMOSHEHUS JIMHEMHBIX ABUXKE-
HWI, @ B COYETAHUU C MNPeobpasyoIMMU MEXAHUUYECKUMU MNepeaayamu
TUMNQA «LLUECTEPHS — pelriKa» WU «BUHT — ranka» v Ans yrioBbiX nepeme-
weHmin. Knaccudmkaums KOHCTPYKTUBHBLIX CXEM FMAPOUMIIMHAPOB npen-
CTaB/feHa Ha puc.3.12.

Vi<V,
Sz SI A —

& | - == |
| - L M ]
v | |

‘d—b S] Sz
Vi<V,
a) 6)
B
i a
=3
[ [ p1|
D=(0,5...0,7)d
5) n P

pi

e) ) 3)
Puc.3.12. MopLUHEBbIE UCMOMHUTENbHBIE MEXAHM3Mbl: @ — OAHOLUTOKOBLIA (HECUMMET-
PUYHBIA) ABYXCTOPOHHErO AEUCTBUS; 6 — ABYXLUTOKOBbIA (CUMMETPUYHbIN) ABOMHOrO
[eiCTBUS C TOPMOXEHUEM B KOHLE X0Aa; B — C YTOJLIEHHbIM LUTOKOM; I — MIyHXep-
HbIN; 4 — OAHOCTOPOHHErO AEWCTBUS; € — C 3aKPEMEHHbIM LUTOKOM; JX — MEMOPaHHbIN;
3 — NOBOPOTHbIN (MOMEHTHBII)
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PaznuyaloT UMAMHAPLI OAHO- W [ABYXCTOPOHHEro AencTBust
(pnc.3.12, gv 3.12, a COOTBETCTBEHHO).

LIMnmHapbl ABYXCTOPOHHEro AEWCTBUS BbIMOSHSOTCA C oAMHap-
HbIM (oAHOWTOKOBbLIM) (puc.3.12, &), NM60 ABOWMHLIM (ABYXLWTOKOBbLIM)
wrokom (puc.3.12, 6).

B umnuHapax ABYXCTOPOHHEro AeWCTBMS paboyasl XMAKOCTb No-
NMepemMeHHO NOABOAWTLCS B KaXKAYIO M3 MonocTell, obecneunBasi CKOpOCTb
npsiMoro Vi M obpaTHoro V, xogda. B umnmMHapax ogHOCTOPOHHEro Aeu-
CTBMSI XXMAKOCTb MOABOAMTCS B OAHY M3 nosocTei, obecrneuvsast Vi, 06-
paTHOe ABWXEeHWe V, OCYLeCTBAsSeT MNO3MUMOHHAs Harpy3ka (okaras
npy>XvHa unu BecC nepemellaemMbix 06BEKTOB MpU BepTMKaNbHOM pacno-
NOXXEHUN LUMNIMHAPA).

LIMnnHapbl  ABYXCTOPOHHEr0 AENCTBUS MOTYT BbIMOSHATLCA C
YTOSILIEHHbIM WTOKOM (puc.3.12, B). PaBeHCTBO CKOPOCTEW NPSIMOro WU
0bpaTHOro xoaa MoXeT 6biTb obecrneyeHo AMdbepeHUManbHON CXeMOM
NOAK/IIOYEHUST TMAPOLMAMHAPA, 3aK/T0YatoLWeics B TOM, YTO B 3afaHHbIi
MOMeHT 06e NOMoCTU COeAMHSIIOTC MeXxay Coboi M C HaMopHOW rMapo-
NMHWEN, a CINB NepeKpbIBaeTCs.

[nsi nony4yeHus paBHOro COOTHOLLEHWS CKOPOCTEN B 0be CcTopo-
Hbl NepemeLlleHuns WwToka npuHuMaoT D,,,=0,3D.

MpuBeaeHHble Ha puc.3.12, a-r cxembl BbIMOSIHEHbI C MOABVKHBIM
LUTOKOM, COEAMHSIEMbIM C LieNeBbIMK MexaHu3Mamu TO.

YacTo M3 KOHCTPYKTMBHBIX COOBPaXXEHMIN NMOABMXKHBIM 3IEMEHTOM
UMIMHAPa NPYHUMAKOT MUb3y, a WTOK 3akpennsoT (puc.3.12, e).

[ns nonyyeHus yrnoBbIX NMepemMeLLeHnin BbIXOAHOrO 3BeHa Mpu-
MEHSIOT MOBOPOTHbIE LMAMHAPLI ABYX WCMOMAHEHW: Ha puc.3.12, r —
MAYHXXEPHbIN UWAWHAP, COOTBETCTBYIOWMIA JIMHEMNHOMY MNEPEMELLEHNIO
WTOKA Ha yron moBopoTa ¢ =21 ; Ha puc.3.12, 3 — nokasaH UMAMHAP

v [V} v (o]
HEroTHOMOBOPOTHLIN (MOMEHTHBIM MM nonactHein) ¢, =270 . [ns

OCYLLECTBNEHUS ManblX MEpPEMELLEHNIN MPUMEHSIIOT MeMBpaHHble rMapo-
unnuHapb! (puc.3.12, x).

KoHCTpyKkUMs rmapounnuMHapa 3aBUCUT B OCHOBHOM OT ero
Ha3HayeHus [7]. HeBaxxHO, rae rmapouMIMHAPbl HAXOAST CBOE MpUMeHe-
HMe — B CTaHKax, Pas3/IMYHbIX MeXaHu3Max, MAPOTEXHUYECKOM CTpOou-
TENbCTBE C WCMOSIb30BAaHWEM CTaslbHbIX KOHCTPYKUMIA, B CTanenmnTeriHoM
NPON3BOACTBE WKW APYrUX Cryyasix — Ans BceX nofobHbIX 3a4ay Co3aaHbl
NOAXOAsILLUME KOHCTPYKLMK.
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TunoBass KOHCTPYKUMS rMAPOUMIUHAPA CTbIKOBOrO WCMOMHEHUS
[ns CTaHo4HOro obopyaoBaHMs NpuseaeHa Ha puc.3.13.

9 18171 B 64 3 5 6 7 BN 2
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Puc.3.13. KoHCTpyKUMS ruapoumnnMHapa CTbIKOBOro MOHTaxa

KpbIlwky 1 1 2 KBagpaTHOrO cedeHus npukpenseHsl 6ontamm 3 K
KBaZpaTHbIM naHuam 4 u 5, KOTOpble yAepXXMBAlOTCA Ha runb3e nony-
Konbuamu 6. MoplueHb YNIOoTHEH YyryHHbIMU MOPLUHEBLIMM KOSbLAMU 7,
a WTOK — MaHxeTol 8 MarxeTa 9 npefHasHayeHa ANs OYMCTKM LUTOKA
OT rpsA3u NPU €ro BTArMBAHUN B UMAUHAP.

UnnuHap KpenuTcs K CUNOBOMY Y37y CHU3Y U COEAMHSIETCS C
TpybonpoBOAOM CUMOBOrO y3na yepes3 oTBepcTns 10 n 11, ynnoTHEHHble
KonbLuaMmu Kpyrnoro cedeHuns 12. CoeavHeHUs Mb3bl U KPbIWEK UMANH-
[ipa YNAoTHSATCSA PE3UHOBLIMU KOMTbLEAMWU KPYrnoro cevenHuns 13.

PaccMoTprM Haumbonee pacnpoCTpaHeHHbI FMAPOUMAMHADP BO3-
BPaTHO-MOCTYMNaTENNbHOMO ABWMXKEHUS, ABYXCTOPOHHErO AEUCTBUSI C OfHO-
CTOPOHHMM LUTOKOM. OCHOBHbIMM MapamMeTpaMyn MOPLUHEBOr0 rMApoOLUU-
NMHApa SBNSAOTCA AvaMeTpbl nopwHst D v wroka d, pabodee aaBnexve p
1 xoZ MnoplLuHs S.

PaccMOTpMM MOPLUHEBON MMAPOLMANHAP C OAHOCTOPOHHWUM LUTO-
kKoM (puc.3.14). Mo OCHOBHbIM NapamMeTpaM MOXHO ONpeaenvTb creayto-
LMe 3aBUCUMOCTH.

1) Mnowaab NopwHs Si B NMOPLUHEBOW NOMOCTU I U B LUTOKOBOW
S2 NoMoCTM 2 COOTBETCTBEHHO COCTaB/ISIOT:

nD?
S, = 7 (3.22)
242
S2 :M_ (3.23)

48



2) Ycunue, pasB1MBaEeMOE LITOKOM MMAPOLMIMHAPA NP €ro Bbl-
ABVDKEHUW U BTATVBaHUM COOTBETCTBEHHO:

FB.H] = Slplkrp 4 (324)
FB.H2 = SZPZkTp 4 (325)
roe Kep=0,9-0,98 — k03chULMEHT, YUUTLIBAIOLLMIA MOTEPU Ha TPEHUE.
P S S P
\ A.' ."‘.‘.“ /," | - ' Fﬁﬁz
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! |
Puc.3.14. PacueTHas cxema OfHOLUTOKOBOIO rMapoLnIMHapa
3) CKopoCTb NepeMelLeHns NOPLLHS:
4Q,
v, = D (3.26)
4Q
V2 = % . (327)
n(D°—-d*)

Han6onee yacto TpebyeTcs BbINOHUTL pacyeTbl FMAPOLMAMHAPA
Ha NpoYHOCTb [8]. MPOYHOCTHLIMM pacyeTaMu onpeaensoT TONLWMHY CTe-
HOK LMNMHAPA, TOMWMHY Kpbilek (rofloBOK) LUMAMHAPA, AMAMETpP LUTOKA,
AVAMETP WNUEK unn 601TOB ANS KPEMIEHUS KPbiLLEK.

B 3aBMCMMOCTM OT COOTHOLUEHWS HapyXHoro Dy M BHYTpeHHero
D avameTpoB UMAMHAPLI NOAPa3AENsItoT Ha TOCTOCTEHHbIE U TOHKOCTEH-
Hble. TONCTOCTEHHLIMM Ha3bIBAOT UMAMHAPLI, Yy KoTopbix D./D>1,2, a
TOHKOCTEHHBIMM — LMNHAPSI, Y KoTopbix D,/D<1,2.

TONWWHY CTEHKM OAHOC/IOMHOINO TOJICTOCTEHHOrO  LMAMHAPA
onpeaensoT no dopmysne:

5 (3.28)
2[o]
rae py — ycnoBsHoe aasneHue, pasHoe (1,2-1,3)p, Ma; [o] — Aonyckaemoe
HarpsKeHne Ha pactshkeHue, la.
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[Nt TOHKOCTEHHOMO LMIMHAPA TOJILLMHA €ro riib3bl HAXOANTCS
n3 copmynbl:
— py
2, 3[6] — Py
K onpeaeneHHoi no ¢opMynam TosLWMHE CTEHKU LUMAnHAPa Npu-
6aBnsieTcs NpUNyck Ha obpaboTky MaTepuana. Ansa D=30-180 MM npu-

NycK NpUHMMaIOT paBHbIM 0,5-1 MMm.
TONWMHY KPbILWKK LMAMHAPA onpeaensioT no dopmyne:

Py

T 17
[o]
roe dq — AvamMeTp KpbILLKK.
[JuameTp WToKa, paboTalolero Ha PacTsHKeHUe U OKaTue, Haxo-
QMM COOTBETCTBEHHO:

) (3.29)

8, =0,433d (3.30)

d= |——= (3.31)

d-D |, (3.32)

[o.]
roe F — Harpyska Ha wToke, H; [op] 1 [0c] — AonyckaeMble HanpshxkeHWs
Ha pacTsKeHWE M OkaTue LWToka, H/M2,
LUTok, AnvHa KoToporo 6osblue 10 AnamMeTpoB, paboTalowmii Ha
oOKaTue, PaccUUTLIBAOT Ha NPOAOSbHLIV U3rMb no dopMyne iinepa:

— <o (3.33)

f oo
rfe Gip — KPUTUYECKOE HaMpshKeHUe Npv NpoAonbHOM usrnbe, H/M?;
f— nnowazb nonepevyHoro ce4eHns WTokKa, MZ.
[vameTtp 601TOB ANS KPenneHus Kpbllek UWIWHAPOB onpeae-
NAOT U3 BblpaXXeHUA:

d,=D [—2 (3.34)

I
12n[o, |
rae N — yucno 6onTos.
I'IpMBe,quHaﬂ METoAMKa pacyeTa npuMeHuMa AN OAHOLUTOKO-
BbIX LIMJIMHAPOB ABYXCTOPOHHErO Y OAHOCTOPOHHErO AENCTBUS.
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Mpy 60NbLIOIN CKOPOCTU ABWMXXEHWS LUTOKOB MMAPOLMINHAPOB B
KOHUE Xoda MOryT npov3oWTW yaapbl. Ons AeMndupoBaHWsl LUTOKA
(pnc.3.15) B Kpbilke 2 ycTaHaBAMBAOT Apoccenb 3 U obpaTHbIi Kia-
naH 4. [lpurasacb crieBa Hanpaso, MoplleHb I BXOAMT B KOHUE XoAa Bbl-
cTynoM b ¢ rapaHTMpoBaHHO MasibiM 3a30pOM B LEHTpasibHOe OTBEpPCTUE
KPBbILLKMK.

/ 7
G\\\\T‘\\j[\ ;

OONNNNNNNNRN

& 4
Puc.3.15. Cxema aemMndurpoBaHus WTOKa rMapoLMIMHAPA B KOHLE XoAa

)KVILI,KOCI'b 13 nonoctn B moxert BblAaB/IMBATbCA B BbIXOAHOE OT-
BepCTME A TONIbKO Yepe3 Apoccesib 3, HAaCTPOMKON KOTOPOro yCTaHaBIU-
BalOT 33flaHHble MapaMeTpbl TOPMOXeHWs. [pu peBepce XUIOKOCTb U3
oTBepcTMs A nonaaaet B nosocTb B uepes o6paTHbIi KnanaH 4

3.2.6. T'mapoakkyMynsaTopsl

MapoakKyMynsaTopbl — YCTPOMCTBA, OCHOBHOE Ha3HaueHue KOTo-
pbiX — HakonjeHve (aKKyMynMpoBaHME) Haxoaseincs noa AaBneHueM
paboyeil XMOKOCTU W nocneaytollas otaada ee notpebuteno [7, 31].
MpuMeHeHVe MAPOaKKyMyNnSaTOPOB Bbi3BaHO HeobxoaAMMOCTbiO obecne-
YNTb HOpMasibHOE (PYHKLMOHMPOBAHME MMAPaBINYECKUX CUCTEM:

— ANS KOMMEHcauMmn notepb paboyei XXMAKOCTU BCIEACTBUE yTe-
YeK B rMaponpuBoae;

— CrnaXuBaHus Nynbcauuii noaayn Hacoca (puc. 3.16);

— obecneyeHnns paboTbl B aBapUiiHbIX CMTyaUmMsx (HanpuMmep, npu
BbIXOAE U3 CTPOSi HACOCHOW YCTaHOBKM);

— TaleHWs OMacHOro yBenWYeHWs AaB/IeHUsl, Hanpumep npu
rmapaBnMyeckoM yaape, T.e. AN TakK Ha3blBaeMOro AemndupoBaHus
(crnaxkvBaHus) konebaHuil aBneHns B rMapoCucTeMe.
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MApoaKKyMynsTop NpeacTaBnsieT coboii eMKOCTb, B KOTOPOW
NnoA AaBNEHUEM HaxXoAMTCS XWUAKOCTb. 3TO AABNEHME MOXET CO3[aBaTbCs
pasfIMYHbIMK cnocobaMm: € MOMOLLBIO MPy3a, OKaTOM MPYXXMHbI, ©KaToro
rasa (cM. puc.3.16).

Ipy3oBbie rugpoakkymysaTops! (pyuc.3.16, @) obblYHO MCMONb3y-
I0TCS B CTaLMOHAPHbIX YCTaHOBKaxX 60/bLIOM MOLHOCTM, paboTatowmx Ha
BOAE WM BOAHbIX IMYNbCUSIX.

p p|\ pl
2 2V o aV o 2V
I X
‘ % : @ ‘
a) 6) B) r 4)

Puc.3.16. CxeMbl KOHCTPYKLMI aKKyMyNSITOPOB: @ — IPY30BOM; 6 — NPYXXUHHBIN;
B — T'MAPOMNHEBMATUYECKMIA C MOPLUHEM; /— MMAPONHEBMATUYECKUN
C 3M1aCTUYHBIM 6aNNIOHOM; 4 — FMAPONHEBMATUYECKMIA C MeMEpaHOM

KOHCTPYKLMS COCTOMT M3 LUMAMHAPA C MOPLWHEM U BO3AEWCTBYHO-
Wwero Ha nopiueHb rpysa G. Macca rpysa HeMsMeHHa, ¥ MO3TOMy TaKue
rMAPOaKKyMyNSiITOpbl 06€CrNeYnBatoT NOCTOSHCTBO AaB/IEHUS XXMAKOCTU B
HakonuTene (UWAMHAPE), KOTOPOE MOXXHO HaWTW U3 3aBUCUMOCTU:

G
- 3.35
4 = (3.35)

rae F — nnowaab nopuuHs, M2,

B cuny KOHCTPYKTMBHBIX 0CO6EHHOCTEN Takne rmapoaKKyMyIsaTo-
pbl YCTaHaBNMBAIOT TOJIbKO BEPTUKASIBHO.

TIpysxuHHbIE rUAPOaKKyMynaTopsl (pyc.3.16, 6) HaxoasaT npuMe-
HeHne ans paboTbl NMPU CPABHUTESBHO HEGOJBbLLIOM pacxoAe >XUAKOCTH,
HEBbICOKOM AaBnieHun (Ao 2 MIMa) 1 HU3KOI TeMnepaType OKpyKatoLel
cpedbl.
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MpY>XMHHBIA rMAPOaKKYMynSTOp NpeACTaBAsieT coboii NopLUEHb,
Harpy>XeHHbIl Npy>XXWHaMW, NO3TOMY AaBfieHNE B MONOCTU LUMNHAPA Me-
HSIETCS B 3aBUCMMOCTU OT UX AedopMaumm:

p= i = ﬂ , (3.36)
F F
roe Pu,=Ch — ycunue passuBaeMoe NpyxwuHoii, H; ¢ — XeCTKOCTb Npyxu-
Hbl, H/M?; h — oxaTue (xoa) Npy>KuHbI, M.

Ecnv HasHayeHbl MUHMMANbHOE Pmin U MaKCUManbHOE Pmax AAB-
NeHve, KOTOpoe AO/MKHA UMETb XXMAKOCTb B MMAPOAKKYMynATope, TO Xa-
PaKTEPUCTUKUN MPY>XUHbI MOXXHO paccumTaTb Mo dopmyne:

ch =(pPmax—Pmin) F. (3.37)

CoOTBETCTBEHHO, MaKCUMasibHbIN 06BEM XMAKOCTM, Hakanuea-

€Mbli1 B aKKyMynsaTope, onpeaensieTcs Kak
Vimax=F"h :(FZ/C)(pmax—pmin)F. (3.38)

B HacTosilee BpeMsi MpPY>XMHHbIE U FPY30Bble MMAPOAKKYMYNATO-
pbl MCMOMb3YIOTCA TOMNBbKO B CreUManbHbIX ClyYasix U B MPOMBbILLIEHHOCTH
NpaKkTU4YeCKN He NMPUMEHSIIOTCS.

MaponHeBMaTMUeckuii  akkymynsitop (puc.3.16, B8-4) B 0bweM
Cnyyae npeacTtaensieT coboi cocya, HaMOMHEHHBIN OKaTbiM rasoM U noa-
COEMIMHEHHbIM K HAMOPHOM NMHUM ruaponpuBoaa. Mo aencrsuem aaene-
HWUS B TMAPOSIMHUM XUAKOCTb YaCTUYHO 3arnosiHSET COCYA, Mpu 3TOM 3a-
HUMaeMbl1 ra3oM 06beM YMeHbLUAETCs, a [aBfeHWe rasa Bo3pacTaerT.
[JaBneHwve rasa 6yaneT Bo3pactaTtb A0 TeX Nop, Noka OHO He ypaBHOBECUT-
€S AaBfieHMeM pabouelt XXMAKOCTU B HAMOPHON JIMHUMN.

HenocpeAcTBEHHbIN KOHTaKT Fasa C >XUAKOCTbIO HEeXenaTesneH,
MOCKOJIbKY ra3 byaeT pacTBOpSATLCA B XXMAKOCTU U OKUCNATL ee. Mo3ToMy
MeXay XXMAKOCTbIO M OKaTbiM ra3oM B MMAPOaKKyMynsTopax pacronaratoT
pasgenuTenb: nopuieHb (puc.3.16, B), anacTu4HbIA 6annoH (puc.3.16, )
unu membpaHy (puc.3.16, 4). B 3aBUCMMOCTM OT KOHCTPyKUMM pas-
JenuTens akkKyMynsaTtopbl M Ha3biBAlOT COOTBETCTBEHHO MOPLUHEBLIMMU,
6annoHHbIMU AN MeMBpaHHbLIMU.

MembpaHHble rmapoakkymynstopsl (puc.3.16, 7, 4) UCnonb3yoT-
C B CUCTEMAxX C MasblM PacxofAoM, HanpuMep, ANS YMEHbLUEHUS YPOBHS
BMOPaLMM N CHMXKEHWUS NyNbCauMi B MMAPOSIMHMSIX. MMpOCTpaHCTBEHHOE
nonoXxeHne MeMbpaHHbIX U 6ANTOHHBIX aKKyMyNSTOPOB MOXET 6biTb ft0-
6bIM.

MoplHeBOM MHEBMOrMapoakkymynsTop Tuna APX cocTouT w3
CTanbHOM Mnb3bl 1, ABYX Kpbiwek 2 v nopwHs 3 (prc.3.17). Kpbiwky u
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MopLUEHb YNJIOTHEHbl PE3UHOBLIMU 4 U 3aLUMTHBIMK 5 KOSbLI@MK, a Takke
NPSIMOYTO/bHBIMU YMAOTHATENSIMU 6. KPbILWKX KPENSATCS K Mib3e paspes-
HbIMK KOfibLaMKn 7 1 dnaHuamm 8. [ns HaaeXHoN repMeTmsaumm nopLuHs
Ha ero BHELLHe MOBEPXHOCTM MpoTodeH na3 b, KoTopbili npu cbopke
3aMOJHSETCS XKMUAKOCTbIO.

12 .’7 456
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Puc.3.17. NHeBMornapoakkymynstop tmna APX:
& — KOHCTpYKUMSI; 6 — ycnoBHoe obo3HayeHve

Monoctb A coeaMHeHa C rMAPOCUCTEMON U SIBNSIETCS HaKonuTe-
nem xwuakoctu. Monoctb B 3anonHsieTca (3apshkaeTcs) ra3om yepes kna-
naH 9 A0 AaBfeHus 3apsiaku, KOTOpoe paBHO MMHMMANbHOMY AABAEHMIO
XWAKOCTM, OTAABaeMOM rMapoakKyMynsTopoM B cucTeMy. HakonneHue
XWMAKOCTM B MOSIOCTM A MpOMCXOAMT B nepuoa nay3 noTtpebuteneit. Mpu
3TOM XMAKOCTb MepeMellaeT MopllieHb 3 U OKUMMAeT ra3 B nosnoctu B.
Korga pacxop »XMAKOCTM NOoTpebuTensmMm Bo3pacTaeT M AaB/eHne B CU-
CcTeMe nafdaeT, XMUAKOCTb U3 aKkKyMynsiTopa noa AaBfeHWEM rasa BbiTas-
KMBAETCS B CUCTEMY.

AKKYMYNSITOpbl AQHHOrO TWUMa paccyMTaHbl Ha HOMUHANbHOE AaB-
neHve 16 unu 32 MMa n TeMnepaTypy OKpyxatollen cpeabl oT —30 Ao
+60 °C.

MpeanouTuTenbHa BepTUKanbHas YCTaHOBKA aKKyMynsiTOpPOB
(MHeBMoOK/1anaH cBepxy), B MPOTMBHOM C/lyyae BO3MOXEH MOBbILWEHHbIM
U3HOC.

HepoctaTkamMmM  MOPLIHEBLIX  MMAPOAKKYMYSITOPOB  SIBISIKOTCS
HanuumMe CuN TpeHust Mexay MOPLUIHEM W LMAMHAPOM, @ TakXe BO3MOX-
HOCTb HapyLLEHWUS FEPMETUYHOCTM ra30BOIN KaMepbl.
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MoplHEBbIE FMAPOAKKYMYNATOPbl OBbIYHO MPUMEHSAIOT B MalUu-
Hax C 6onbluMM pacxoloM pabouent xuakoctn (puc.3.18). MpocTpaH-
CTBEHHOE MOMNOXEHME aKKYMYNSITOPOB MOXET ObiTb Nt06bIM, OAHAKO BEp-
TUKa/IbHasi YCTAHOBKa SBNSIETCA NPeanoYTUTENbHON.

.
X

Pnc.3.18. Cxema 6noka ynpaBneHust rmapoakKyMyisiTOpoM

la30Bas KaMepa akKyMy/siTOPOB 3apsKaeTCsl TEXHUYECKUM a30-
ToM (FOCT 9293). MoakstoyeHne XMOKOCTHOW KaMepbl K ruapocucteme
[OMNYCKaeTcsl TOSIbkO Moc/ne 3apsiakv. HoMuHanbHasi TOHKOCTb unbTpa-
Lnm paboyen xumakoct He MeHee 40 MkMm (80 Mkm ans AMI-T).

[aBneHue rasa v, cnegoBaTesnbHO, AaBEHNE XMUAKOCTU B MMapo-
AKKYMYNSITOPE, U3MEHSIETCS B COOTBETCTBUM C YpaBHEHMEM:

pV"=const, (3.39)
roe p — 4aBnedve rasa, MMa; V — obbeM rasa, M3 N — nokasaTesb
apmabatsbl.

Mpn MeaneHHOM U3MeHEeHUW AaBfeHust B rMApOCUCTEME NpoLecc
oKaTus rasa 6nmsok K usotepmmuyeckomy (N=1), KOraa ocCyLecTBaseTcs
MOJIHLIN TENNOOBMEH C OKpyXatowen cpefon. Koraa nsmeHeHne obbema
rasa NpouCXoAauT OYeHb 6bICTPO, 6€3 TenI00bMeHa C OKpYXKaloLen cpe-
A0N, roBopaT 06 aaMabaTMyYeckoM MpoLecce M3MEHEHWsI COCTOSIHMS rasa
(n=1,4). Ha npakTvke paboTa akKyMynsTopa COMpPOBOXAAETCS MNOANT-
POMHBbIM U3MEHEHNEM COCTOsHMA ra3a (1<n<1,4).

O6bIUHO B rmapocucTeMe akKyMymnsiTOpbl UCMOJb3YIOTCS BMeCTE C
6/10kOM ynpaBfieHns, NOCPEACTBOM KOTOPOro OCYLLECTBASIETCS MOAKIIO-
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YeHMe-OTKIIIOUYEHNE aKKYMYNSITOpPa, HacTpoiKa M BU3yanusauus Bennyu-
Hbl AaBNEHUS paboueit XUAKOCTU B HeM (purc.3.19).
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Pnc.3.19. varpamma pabouyero npouecca akkymynstopa

PaccMoTpuM paboTy ABYX aKKyMynsiTOpPOB C OAMHAKOBOW BMECTU-
MOCTbIO 2,5 N npu pe3koM nageHumn paboyero aaeneHus ot 6,3 oo 3 MMa.
MepBblii M3 HWX MNpeABapUTESIbHO 3aMOfIHEH Fas3oM Mpu aTMoChepHOM
AaBNEHNM, BTOPOW NpeaBapuTENbHO 3amnofiHEH rasoM Mpu  AaBIEHUM
3 MMMa. KpuBble agnabatnyeckoro npouecca afns paccMaTpuBaeMbIX Cry-
YyaeB npuBeaeHbl Ha prnc.3.19 (WTpMXOoBbIE IMHUM — KPUBbIE M30TEpMUYe-
CKOro npouecca).

Mpu n3meHeHUn paboyero AasneHus Ap nsmeHeHve obbema AV>
rasoBoW cpeabl Ans NepBoro akkymynstopa (kpusasi 2 Ha puc.3.19) B
11,2 pasa 6onblie, yem AVi ana BToporo (kpueasi 1 Ha pwc.3.19), cne-
AoBaTeNbHO, paboTa akkyMynsTopa C npeaBapuUTeNbHOW 3apsaKon Oka-
TbiM rasom 6onee sdpdektnsHa [38].

[nsa pacyeta rmapoaKkKyMynsiTOpoB HeobXoAMMO 3HaTb Creayto-
LMe napameTpbl:

Py — faBneHve 3apsaku rmapoakKyMynsTopa;

p1 —MUHUManbHoe pabouee aaBneHue;

P, —MakcmanbHoe paboyee faBneHuve;

Vo —ahchekTMBHBIN 06beM rasa;
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Vi —o0bbeM rasa npu MUHUMaNbHOM AaBNeHUN;

V, —0bbeM rasa npu MakcMMasnbHOM AaBfieHuu;

P>/Po —MaKCMMasbHO AOMNYCTMMOE OTHOLWEHWE AABNIEHUN;

Vi—l5 —nonesHblli 06beM rMapoakKyMynsTopa.

PaccunTbiBasi MHEBMOrMAPaBAMYECKNA aKKyMynsSTop, onpeaens-
0T KOHCTPYKTUBHbIE pa3Mepbl €ro eMKOCTeM, AONYCTUMbIN AManasoH pa-
604ero aaBneHus, a Takxke Hanps>KEHMS B OMACHBIX CEUYEHUSIX EMKOCTMU.

HakonneHve v BO3BpaT XWAKOCTU MHEBMOrMAPaBINYECKUM aK-
KYMYNSITOPOM COMPOBOXAAIOTCA U3MEHEHNEM COCTOSIHUS rasa, 3aK/oyeH-
HOro B COOTBETCTBYIOWMX Kamepax. Kak cBuaeTenbCTByeT OnbIT, U3 U3-
BECTHbIX MSATU MPOLIECCOB M3MEHEHWSI COCTOSIHWS rasa B pacyeTax raso-
rMAPaBANYECKMX aKKYMYNSTOPOB MOXHO MPUHUMATbL BO BHWMaHue WU30-
TEPMUYECKUI, aanabaTUyecknii UM MOMUTPONHLIA, TaK KaK OHW YUUTbl-
BalOT peasibHble yCnoBus paboTbl ycTpoicTB. OfHAKO M30TepMUYECcKUE U
afmabaTnyeckne npespalleHnsl B ra3oBbiX Kamepax OTHOCATCS K npe-
[enbHbIM cny4vasMm. MNpaBunbHO 6bino 6bl cUMTaTh 3TU NpeBpaLleHns no-
NIMTPONHbIMK [25].

Kak 13BeCTHO 13 rasoaMHamMuKK, BHeLWHAS paboTa, BbinonHsemas
rasoM npu MOANTPOMHOM MpoLecce, onpeaenseTcs 3aBUCUMOCTbIO:

V (n-1)/n
A =PoYoly [P , (3.40)
n-1 Py

roe Po — HavanbHoe AaeneHue, Ma; p1 — KOHEYHOE MaKCUMarbHOe faBre-
Hue, Ma; Vo — HavanbHbIi 06beM rasa, M3, n — nokasaTtesb MnosuT-

ponbl.
MakcuManbHoe 3HadeHue pa60Ta rasa An 6YLI,ET WUMETb NpU COo-
OTHOLUIEHNN
p n n/(n-1)
N : (3.41)
p, \2n-1

B cBOIO o4yepeapb, nokasaTtenb NOAUTPOMNbI 77 Mpouecca paclumpe-
HUSI MW OKaTUA rasa, BAMSIOWMI Ha 3HaUYeHMe None3HoM paboTbl akky-
MynSiTOpa, 3aBUCUT OT [WUTENbHOCTM MPOLIECCOB 3apsiaku (paspsiaku)
YCTPOWCTBA XWMAKOCTHIO, TEMMEpaTypbl OKPY>XaloLWeN cpeabl, OTHOLIEHUS
polp1, a Takxke oT Apyrux ¢hakTopos.

[Ona npeaBapuTenbHbIX pPacyeToOB PeKOMEHAYEeTCS Ha3HadaTb
n=1,405, ecnu npouecc 3apsaku (paspsaku) akkyMynsTopa npoucxoauT
B TeyeHue t=30-60 c u n=1,3 npu t=60-90 c.
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Ha puc.3.20 nokasaHa cxema MpUMEHEHUs akKymynstopa Ans
yAepXaHusl AaBNeHns B 3aMKHYTOM KOHTYpE M B KayecTBe KOMMeHcaTopa
yTeuek. [Mpu noaxoae LITOKa K ynopy BO3pacTaeT AaBfeHne B UMnvHape
5, akkyMynsTope 6, Hacoce I, Mpu JOCTVXXEHUWN [aBNeHus p cpaboTaeT
KnanaH 2, nponyckas >»XWAKOCTb OT Hacoca B ¢unbTp u 6ak. C 3TOro Mo-
MEHTa AaBfieHne B paboyei NoAoCTV UMMHAPA Yepes pacnpeaenutens 4
NoAAEPXKNBAETCSH akKyMYnsSITOPOM 6, @ HAacOC NOYTU MOMHOCTbIO pasrpy-
aeTtcs. O6paTHbIM KnanaH 3 OTKIOYAeT HacoC OT aKKyMynsTopa M Lu-
nuHapa. C nageHvneM JaBneHns B akKyMynsiTOpe HuXe AaBfieHus], Ha KO-
TOpOEe HacTpoeHa MpyXwHa knanaHa 2, HacoC aBTOMaTUYeCKW NoAKIoYa-
eTcs K paboyeMy KOHTYpY, 3apsKasi akKyMynsTop A0 AABMEHUS Dx.

Pnc.3.20. Cxema npumeHeHuss nHeBMO- Puc.3.21. Cxema nNpuMeHEeHWs MHEBMO-
rMApPOaKKyMynsTopa ANs yAEpXaHus 3a-  rmapoakkymynstopa Ans  obecneyeHus
[aHHOro AaBNEeHUs Npu pasrpyske 6bICTPOro NoasoAa rMAponpuMBoAa

Ha pwuc.3.21 npuBefgeHa cucteMa C aKKyMynsiTOPOM, KOTOPbIN
NOAKMIOYAETCA K UMAMHAPY TOJNIbKO AN YCKOpeHHoro xoga. Bo Bpems
pabounx nepeMelleHnit MOPLUHS B UMAMHAPE 5 XMAKOCTb MOAAeTcs K
LUWMHAPY Yepe3 pacnpeaennTenb 6 TONbKO OT Hacoca 3 MeHbLUeW noaa-
UM, OaBMIEHME B KOTOPOM KOHTPONMpPYeTCs knanaHoMm 4. [Ans crabunmsa-
Unn AaBneHus Ha BXOAe pacrnpeaenvtens 6 YCTaHOBMEeH KianaH /.
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O6paTHbIi KnanaH 9 3aKpbIT M OT Hacoca I Yyepe3 obpaTHbIV KnanaH
10 npovcxoauT 3apsiaka akKyMynsitopa 8 A0 BENMUMHBI HAaCTPOMKM Kna-
MaHa HW3KOro AaeneHus 2. Mpy XONIOCTOM XOAE MOPLIHA B UMAMHApPE
YKMIKOCTb MOCTYNaeT K LMAMHAPY OAHOBPEMEHHO OT ABYX HAacocoB (I 1 3)
U akkymynsitopa. Mcnonb3oBaHve o6beMa XMAKOCTM, 3aK/IOYEHHOrO B
aKKyMynisiTOpe, [AaeT BO3MOXHOCTb YCTaHOBWUTb B CUCTEME HacoChbl C
MEHbLLEN CyMMapHON nofadyeit.

3.3. YCTpOMCTBA peryiMpoBaHusi CUJ10BbIX
M KNHEMaTUYECKNX XapaKTEepPUCTUK rMapaB/IMYeckux nepeaay

Perynupytowme yctpoiictea (PY) npeaHasHayeHbl A4S MU3MEHEHUS
WK noaaepXXaHus Ha 3ajaHHOM YPOBHE AaBfieHns Unn pacxoaa pabouyeit
cpedbl M, Kak CneacTsue, — pasBMBAEMOM CUSbl U CKOPOCTU ABWMKEHWS
NCMOMHUTENbHBIX MEXaHW3MOB.

OcHoBoM 0606LWEeHHOM KOHCTPYKTUBHOM cxeMbl PY u ynpaensito-
wmx yctporcts (YY) aBnsieTcs 3anopHO-peryvpytowmin 3feMeHT, npu
nepeMeLLeHn KOTOPOro YacTUYHO WM MOJSTHOCTbIO MepekpbiBaeTcs Mpo-
XO[HOE CeYeHue, npornyckatollee MoTok paboyelt cpeabl. Mo KOHCTPYK-
TMBHOMY WCMONHEHWIO 3Toro anemeHTa (FTOCT 17752-81) [1] Bce ycTpoit-
CTBa pasfensiloT Ha 30/I0THMKOBbIE, KPAHOBbIE, KanaHHble, HE300THU-
KoBble (COnNo-3acsioHKa, CTpyiHast Tpybka, CTpYMHbIE SNEMEHTHI).

3.3.1. KnanaHbl gasnenus. Knaccudmkaums,
YHKUMOHaNbHbIE BO3MOXHOCTU. YpaBHEHMS HACTPOWKM.
TunoBble NpUMEpPbI MPUMEHEHMS

B ycTpoiictBax knanaHHoro tmna (puc.3.22, d) BeNMYMHa OTKPbI-
TUS NPOXOAHOr0 CEYEHWUS! UBMEHSIETCS OT BO3AEUCTBUS pabouelt cpefbl,
npoxoasLiel Yepes ycTpoicTBo. B ocTanbHbIX yCTpoicTBaxX (HEKManaHHo-
ro TMna) NPOXoAHbIE CEUYEHUSI UBMEHSIIOTCS MOA BO3AENCTBMEM BHELUHErO
ycunus (0T KOMupa, NEeKTPOMarHuTa, ynpasBrsitoero NnoTtoka PYKOSITKM
W Ap.). YCTPOMCTBO KanaHHOro Tvna, Uam NpocTto knanaH (puc.3.22, 6),
MOXET WMMETb, HanpuMep, 30/0THUKOBLIN 3anOpHO-PEryanpytoWwmii ane-
MeHT. [JOBOSIbHO 4acToO pacnpefenutesibHoe YCTPOMCTBO BbINOSHAETCS C
3aMOpHO-PEryMpyoLWmM 3/1EMEHTOM KflanaHHOro Tmna.
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Punc.3.22. KoHCTpykummn obpaTHbIX KnanaHoB: @ — WapoBOro; 6 — niocKoro;
B - KOHWYECKOrO; /— MMApo3aMokK; 4 — BCTpauBaeMbli; € — C rvapoynpaB/ieHneM

YcTpoiicTBa, YNpaBfsieMble W3MEHSIEMbIM  BHELUHWUM  CUOBbIM
BO3/EVCTBMEM Ha 3arOpPHO-PEryIMPYIOLWMI 3NIEMEHT B LENSIX MOSTyYEHUS
3aAaHHOro 3HayeHus AaBfeHUs UM pacxoda paboueli cpeabl, Ha3blBalOT
perynmpyeMbiMu.

Ecnn npoxogHoe ceyeHue U CMIOBOE BO3AEWCTBME HA 3aMOpHO-
pErynMpyowWwmin 31EMEHT MOryT 6bITb U3MEHEHbI M3BHE TOMLKO B Hepabo-
4YeM COCTOSIHUM MMapoannapaTa, YCTPOMCTBO Ha3blBalOT HacTpanBaEMbIM.

Mpu paspaboTke rMAapaBIMYECKUX YCTPOWCTB LUMPOKO WMCMOSb3Y-
€TCS MO3MIEMEHTHBIV MpUHUMN nocTpoeHus [8, 13], 3aknovarowmincs B
TOM, uTo 6osiee CroXHble YCTPOWCTBa CO3AaloT Ha 6ase MpoCTeuLlmX,
00beanHNAS UX B OAHOM CXEME W KOHCTPYKLUMK. TaK, MpOCTENLLNIA SNIEMEHT
rmaponpueBoaa — ApOCCeslb MOXET paboTaTb CaMOCTOATENbHO, HO MOXeT
BXOAMTb M KaK 3M1EMEHT B KOHCTPYKUMIO KnanaHa (KiamnaHbl HenpsmMoro
JENCTBUS) WNM pacnpedenutens (HanpaensloOWMIA pacnpeaenvTenb C
ruapoynpaeneHnem). KnanaH MOXeT BXOAWUTb B KOHCTPYKUMIO perynsitopa
noTtoka, pacnpeagenutens [10, 29].

3.3.1.1. KnanaHbl obpaTHble

ObpaTHble KnanaHbl — YCTPOWCTBA, NpeAHasHayeHHble Ans npo-
MyCKaHWs1 XXNAKOCTU B OAHOM HarnpasneHun (cMm. puc.3.22). B 3aBucmumo-
CT OT (hOPMbI MM KOHCTPYKLIMKU 3anupatollero anemMeHTa (3aTeopa) kna-
NaHbl 6bIBalOT LIAPOBLIE, TapenbyaTble, C KOHWYECKUM 3aTBOPOM MMM C
3aTBOPOM 30/10THMKOBOrO Tuna [31]. Bo Bcex KOHCTpyKuMsiX, Kpome Kna-
MaHa TapenbyaToro TWMa, 3aTBOP MOMKAT K CeAny MPY>XMHOW, paccuu-
TaHHOW Ha NPEeoAOosIEHNE CUN TPEHUS M COBCTBEHHOMO Beca 3aTBopa.
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Ecnun HanpaeneHve noToka M3MEHSIETCS, TO, MOMUMO MPYXMWHbI, B
KOHCTpYKUMaX (puc.3.22, @) LWapoBbIX KIAMaHOB C KOHWYECKMM 3aTBOPOM
3aTBOP MJIOTHO MPWXMMAETCA K Ceasly AaBfEeHUMEM XWAKOCTW, NpeaoT-
BpalLasi obpaTHbI TOK XWMAKOCTWU. Hamnydwyo repMeTUYHOCTb Npu 3a-
KpbITOM 3aTBOpE CO3AAEeT COMpPsHKEHWE KOHYCHOe WU cdepbl U KOoHyca.
BcTpanBaeMblii KflanaH npefdHasHadeH Ans yCTaHOBKM B Tpy6onpoBoa
(pnc.3.22, 4). Ang HapgeXxHoW M30MsIUMK Kakoro-nmbo KOHTypa ruapocu-
CTeMbl MPUMEHSIOTCA ABa, @ UHOrAa M TpWU NOCNeaoBaTe/lbHO COeANHEH-
HbIX 06pPaTHbLIX KnanaHa.

Ob6paTHbIli KnamnaH C AMCTAHUMOHHBLIM yrnpaBneHnem (puc.3.22, €)
npeaHasHavyeH Ans MponycKaHUs >XMAKOCTU B MpsSIMOM UM obpaTHOM
HanpaeneHusix. ObpaTHoe TeyeHwe XMAKOCTU BO3MOXHO TOMbKO Mocne
NPUHYAUTENBHOMO MOAbeMa 3aTBopa 30/I0THMKOM (puc.3.22, €) wau
nayHxepom (puc.3.22, 4). ITOT KnanaH WMPOKO MPUMEHSIIOT B rmapasnu-
YeCKMX CUCTEMAxX CTaHKOB U MPeccoB.

KoHCTpyKuusi 06paTHOro KianaHa CTbIKOBOro MOHTaxa moa. MKO
npeacraeneHa Ha puc.3.23. B kopnyc 3anpeccoBaHo ceano 5, npyxwuHa 3
MoKMMaeT 3aTBOP 4, 3aKpbIBAETCS KOHCTPYKUMS npobkoi 1. Mpu nogauye
XWAKOCTU B KaHan A, 3aTBOp 4 MOAHUMAETCS BBEPX, MPeoAoNEBaeT cuny
NPY>XWHbI 3 U OTKPbIBAET MPOXO0A XUAKOCTU B KaHan b.

6)

Puc.3.23. ObpaTHbIi KnamnaH: @ — KOHCTPYKTMBHAs CXeMa; 6 — ycnoBHoe 0603HaveHne

Mppo3amok, B obLuem Koprnyce KOTOpOro CMMMETPUYHO pacrona-
ratoTcs ABa 0bpaTHbIX KanaHa WapoBOro TMMa W NiaBatoLMi 30/10THUK
C Tofnkartenamu, nokasaH Ha puc.3.24. Monoctu A 1 B nogknoyeHbl K
pacnpegenutento, a C n D k cunosomy uunuHapy. Mpu noasoae Xuako-
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CTU NojA AaBfieHMeM K nosioctn B oaHoBpeMeHHO OTKpbiBatoTca oba kna-
MaHa: npaBblil ABIEHNEM XXWIAKOCTWU, A NEBbIN TONKATENEM 30/I0THUKA.
LLlapoBble knanaHbl 6yayT TakXke OTKPbITbl NPV NOABOAE XWAKOCTU MOA
[aBfieHMeM K nosoctn A .

& T

7 \./'
I 4) 0
Na gC=1=00
A b e
a) 6)

Puc.3.24. T'mapo3aMok ABYXCTOPOHHErO AENCTBUS:
& — KOHCTPYKTUBHas cxeMa; 6 — ycnosHoe 0603HaveHne

B 3TMx cnyyasix ruapo3amMok He NpensTcTByeT CBOGOAHOM LIMPKY-
NSAUMK XKMAKOCTU MEXAY pacrnpeaenuteneM um umamHapoM. Ho ecnu pas-
neHve B nonoctax A U B ynageT, TO LWapoBble KaanaHbl 3aKpbiBaloTCs,
OTAENVB NpY 3TOM CUNOBOW LMIMHAP OT pacnpeaenunTens.
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Pnc.3.25. Cxema ycTaHOBKM OJHOCTOPOHHEr0 rmapo3amka:
a— 6e3 gpoccens; 6 — c gpocceneM un 06paTHbLIM KnanaHoM
Ona  mncknoyeHns NPEPLIBUCTOr0 ABUXEHUA pa60qero OopraHa
noa Harpyskov F u nynbcaumv faBneHust p NpUMEHsIOT OAHOCTOPOHHUE
rnapo3amku (puc.3.25).
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3.3.1.2. KnanaHbl npsiMoro gencraus

XapaKkTepHbIM NMpUMEPOM KfianaHa MpsMOro AeWCTBUS NITyHXep-
HOrO TUMa SIBNSIOTCS YCTPOWCTBA, MpEeACTaBfeHHble Ha puc.3.26. 370
MHOrO(bYHKLUMOHANbHOE YCTPOMCTBO, MO3BOJISIOWEE MPeAoXpPaHsiTb Cu-
CTeMy OT neperpy3kv, MNOAAEPXMBaTb MOCTOSIHHOE, OrpaHWYeHHoe Mo
MaKCMMasibHOM BENWUMHe AaBneHune, obecneuymBaTb Tpebyemoe noanop-
HOe JaBfieHve, HanpuMep, MWCKI4YaTb CAMOMPOU3BOJIbHOE OryCKaHue
NOPLLUHS NpY BepTUKaNbHOM pacnonoXeHuu umnudapa [19].
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Pu1c.3.26. HanopHbIl 30/10THUK: @ — KOHCTPYKTUBHAs CXEMQ;
6 — pacuyeTHasi cxema; B— YCioBHOe 0603HaueHne

KnanaHbl npsimoro gencteust 54-1 (puc.3.26, @) MOXHO WUCMOSb-
30BaTb W KaK pacripeaenvTenb C YNpaensitowmMM BO3AeNCTBMEM OT AaBie-
HWS1.

PaboTta HamOPHOro 30/0THMKA OCHOBaHA Ha MPWHLUMMNE KOMMEH-
cauny cun NpeaBapuTeNbHO CKaToM NPYXWUHLI 11 U AaBNEHUS XUAKOCTH,
AENCTBYIOLLErO Ha NAyHxep /.
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B oblLeM cryyae ypaBHEHWE paBHOBECKS! MNyHXXepa UMeeT BUA:
nd?

)2 =cx+G=xT, (3.42)

rae p1 —NoABOAMMOE K 30/M10THUKY AaBneHue, Ma; ds — avameTp nnyHxe-
pa, M; X — NpeaBapuTeNbHOE OkKaTue NpyXuHbl, M; G — BeC NayH-
xepa, H; T — cuna TpeHus npy nepemelLeHnn 3010THUKa, H.

M3 ypaBHeHus (3.42) BWAHO, 4TO eCcnu ycunve, colgaBaemMoe
[A@BNEHNEM p1 MEHbLLE YCUNNS NpYXuHbl 11, To nayHxep 6yaeT npuxar K
KpbIlKe 6, a nonoctn 1 n 2 pasobuieHsbl. Mpy NoBbIWEHUN AaBNEHNS p1 B
onpeaAeneHHbIi MOMEHT MAyHxXep 7 NepeMellaeTcs BBepX M coobliaeT
nonoctn I1u 8.

Paboyasi XWAKOCTb MPOXOAMT 4Yepe3 HamopHbIN 30M0THUK, NpU
3TOM B KOHTPOJIMPYEMON MarucTpanv NoaAepXXVBAETCS AaB/ieHWe, COOT-
BETCTBYIOLLEE HACTpoMKe MpYxMHbl 1J. HacTpoiika Npy>XWHbl OCyLLecTB-
NAETCA perynnmpoBOYHbIM BUHTOM 1.2,

P1 p1
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Puc.3.27. TpuMepbl MpUMEHEHWs KramaHa MpsIMOro AeWCTBMS B ruaporepefadax:
& — rMapoynpasnsieMblid KnanaH; 6 — KnanaH pasHoCTU AaBneHui (Ap=pi-pz); B — kna-
NaH COOTHOLUEHWSI AABNEHWUI; r— KianaH nocniefoBaTenbHoCTV (Vi—>Vz); 4 — NOAnop-
HbIM KnanaH (P2=pn); €— KnanaH pasrpy3k1 OT Harpy3ku (Hauyano)
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P2=pn

p1

| J
A) €)
Puc.3.27. OkoHuyaHue

YTeuka XMAKOCTU Yepe3 OTBEPCTUS U KaHan 9 B BEPXHEW KpblLL-
ke 10 v kopnyce oTBoaMTcsa B 6ak. Ana aemndupoBaHus konebaHuii 30-
NOTHUKa MMEETCs O0TBEpCTME 3 B KpbILWKE 6 B BUAE Aemndepa.

HepoctaTok CXeMbl — 3HauuTenbHble rabapuTbl YCTpOMCTBa M
0COBEHHO MPYXWHbI MPU PerynnpoBaHnu BbICOKOro AasneHus. [osTomy
HaropHble 30/10THUKK TUNa '54-1 NnpuMeHsoT AN AasneHus p=2-3 Mla.

[na AMCTAHUMOHHOIO ynpaBfieHUsl HanopHbIMU 30/10THUKAMK Ka-
Hanbl, coobluatoLme nonocTn 2, 4, pasbeMHAIOTCS MOBOPOTOM KPbILWKN 6
Ha 90° n B ee oTBepcTMe 5 BMecTo Npobkn K 1/8" BBMHUMBAETCS WITyUep
Ans noasoda ynpasnsiowero aasnenvs (puc.3.26, &). Apyrue npumMepsbl
NPUMEHEHMS KanaHa NpsiMoro AeNCTBUS NMokasaHbl Ha puc.3.27, a-e.

3.3.1.3. MNpeaoxpaHnTeNbHbI U peayKUMOHHbIN KnanaHbi
HENpsMOro AeNCTBUSA

Annapar tmria 52 (puc.3.28) npegHasHayeH Ansi npeaoxpaHe-
HUSI Hacoca OT NeperpysoK WM pas3rpy3ku Hacoca (Moa pas3rpy3Koi MOoHW-
MaeTcs aBTOMaTM4YecKoe MepekioyveHne nojadu Hacoca B 6ak, rae nas-
neHne noHmxaetcs ao 0,1-0,2 MMMa).

MpenoxpaHeHne Hacoca OT neperpy3ok obecneynBaeTcs B3auMo-
AENCTBMEM LLIAPUKOBOro KnanaHa 2 ¢ NepenuBHbIM 30/10THUKOM 5. XKua-
KOCTb M3 NOMOCTM A, NOAKIIOYEHHOM K HACOCy, Yepe3 OTBEPCTME B KOPMY-
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ce 7/ NocTynaeT B nonocTtb [, a panee yepe3 pfemndepHoe OTBEpPCTUE B
WwTyuepe 6 1 LeHTpasbHOe OTBEPCTUE B 30/I0THUKE 5.

Mpy 3aKPbLITOM LIAPMKOBOM KflanaHe 2 nepesnimBHOW 30/10THUK 5
rMApPaBAMYECKN YpaBHOBELLEH, a NPYXWHOW 4 (paccuMTaHHON Ha npeoao-
NEeHue CUn TPeHUS) OTXKaT B HUXKHEE MONOXKEHUe, OTAeNss nonocts A oT
nonoctn b. Ecnu rmapaBnnyeckas cuna, AENCTBYIOWAs Ha LUApUK CO CTO-
POHbI MONMOCTU [, OKAXKETCS BbllLE HAaCTPOMKM NPYXMWHbI 1, TO LWAPUKOBbIW
KnanaH otkpoetcd. C 3TOro MOMEHTa >XMAKOCTb M3 nonoctn [ yepes
aemndepHoe oTBepcTue B MofocTv [, LapvKoBbIM KnamaH M kaHan E
noTeyeT Ha CuB.

[emndep, BbINOMHSAS poONnb COMPOTUBIIEHUS], CO3AAET nepenag
faeneHus mexay nonoctsamu I v [, u ruapaBnnyeckoe ypaBHOBELLIMBA-
HWUe 30/10THUKa 5HaDYLIJVITCﬂ; noa ﬂeVICTBmeM 6onee BbICOKOrO AaBJieHnsA
CO CTOpOHbI nonocTeit I M B 30/10THMK MepeMecTuTcs BBEpX, CoobLuast
nonoctu A n b.
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Puc.3.28. MpeaoxpaHuTenbHbI KnanaH M52:
a— KOHCTPYKTMBHAs CxeMa; 6 — ycnoBHoe 0603HaveHne
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Korga »uakocTtb TeveT n3 nonoctu [l B nonocte b, B nonoctn A,
a CflefoBaTesnbHO, U B HAcOCe, COXPaHSETCa AaBfieHne, COOTBETCTBYIOLLEe
HACTpOMKe NPY>WHbI LIAPUKOBOMO KnamnaHa. C yMEHbLIEHWEM AaBeHUs B
HacoCe HWXe HaCTPOMKM MPYXMWHbI  LWAPWKOBBIN KianaH 3aKpbiBaeTcs;
fJasnenune B nonoctax I, [, u B ypaBHMBaeTcs (Tak Kak NOTOK XXWAKOCTU
yepes nemndep npekpallaeTcs), a NepenvMBHON 30M0THUK 5 noa aen-
CTBMEM MPYXMWHbl 4 ONYCKAeTCs, OTAeNss npu 3TOM MOMOCTb noasofa A
OT CNuBa.

Takunm obpa3omM, annapat 52, BbINOHAS (PyHKUMIO NpeaoXpaHu-
TeNbHOro KnarnaHa, cpabaTbliBaeT 3nM304MYECKM, TOSIbKO B MOMEHTHI Me-
perpy3oK Hacoca.

Ecnu nonocte [ (II ucnonHeHne) coeamHuTb C HakoMm 4yepes oT-
BEPCTME, 3arfyLleHHoe NpobKoit 3, TO rMapaBfMYeckoe paBHOBECUE re-
penvBHOrO 30/10THUKA HapyLlaeTcs; OH MOAHMMAETCs BBEpX, COeAUHSIS
nonoctm A u b, a Hacoc, NOAKMOYEHHBIN K MOMOCTM A, NepeBoaMTCs Ha
pa3rpy304HbIN PeXMM, T.e. Ha paboTy C MOHWXXEHHLIM AaBneHveM. [laB-
NeHne B Hacoce B 3TOM Ciy4dae coctasnseT npuMepHo 0,1-0,15 MlMa.

PegykuymorHsi knianaH (pyuc.3.29) B OTIMUME OT NpeaoXpaHu-
TENbHOro pearnpyeT U Ha NOBbILIEHWE, N Ha YMEHbLUEHWE AaBNeHus, CTa-
61nu3npys ero Ha BbIXOAE, Koraa OT OAHOr0 Hacoca NMUTaeTCsl HECKOSIbKO
rmapoasuratenen (notpebuteneit), paboTa KOTOPLIX MPOMCXOAMT NpU
pasnuyHOM AasBneHnu. Hepeako B UMAMHAPAX, MNpefHa3HayeHHbIX ANs
onepauui 3axxuma, huKcauMn U ynpaeneHusi, AaBfeHWE AOMKHO 6blTb
MEHbLLE, YEM B UMNMHAPE MEXaHMW3Ma nojau.

Bce petanu peayKuUmMOHHOMO KamnaHa, KpoMe koprnyca 2 u 30510T-
HWKa 1, yHMdUUMpoBaHbl C AeTansaMu knanaHa M52, XKnakocTb oT Hacoca
noABOAMTCA B NOMOCTb A U fanee yepes3 KoMbUeBYO Wenb XK, YacTUyYHO
nepeKkpbITylo pabouyeil KPOMKOM 30/10THMKA 1, NpoXoAuT B MonocTb b,
KOoTOpas MOAK/MIOYEHA K MOoTpebutento, rae HeobxoaMMo MoAAep>KMBaTb
NoHmxeHHoe (peayumpoBaHHOe) aasneHue. Monocte b uepes cucremy
OTBEPCTMI B KOPMNyce M 30/I0THMKE COeaMHsieTcs ¢ nonoctsmu B, T n [.
M3 nonoctn [ XnaKocTb Yepes 06paTHbIi KnarnaH HanpasnsieTcs B 6ak.

Mpu paboTte knanaHa XuakocTb B konuyectse Ao 0,8 n/MuH nocro-
SIHHO OTBOAMTCS M3 nosnoctn b Ha ciuB yepe3 Manoe oTeepcTue (aemn-
dep) B WTyuepe 5, nonoctb [ M WAPOBOKM KianaH, NpUMYeM AaBfieHue B
nonoctn 1 ns-3a notepb B Aemndepe OyaeT MeHbLIe AaBneHns B Moso-
ctax b, BuT.
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Puc. 3.29. PeayKUMOHHIN KnanaH M57-1: @ — KOHCTPYKTMBHAsH CXeMa;
6 — ycnoBHble 0603HaYeHUs

Co3paeTcst rmapaBnnyeckasl HeypaBHOBELEHHOCTb 30/10THUKA J,
30/10THUK MPUMNOAHMMAETCS, CKMMas NpYXUHY 4 U paboyeil KPOMKOM ne-
PEKpbIBAET MOTOK >XMAKOCTWU, MOCTYnatoLwwmii U3 nosoctn A B nonoctb b.
3a cyeT 3TOro AaBfeHWe B NOMOCTM B moHWxaeTcs M ycTaHaBnMBaeTCs
paBHbIM HACTPOWiKe MPY>XWHbI LWAPMKOBOro KranaHa 3. CnyvaiiHble u3me-
HEHUs1 peAyLMpPOBaHHOIO AABNEHUS Bbi3blBAlOT OCEBOE CMELLEHWUE 30/10T-
HMKa I, HanpaBieHHOE Ha YMEHbLLEHME OLUMOKM.

Mpu yBENMYEHUU peayLMpOBaHHOTO AaBfIEHWsI BO3PACTaeT pac-
XO[, XXMAKOCTU Yepe3 AeMndep B WTyLepe 51, COOTBETCTBEHHO, Nepenaj
[aBneHus B paemndepe; 30/0THUK I CMellaeTcs BBepX, YMeHbluaeTcst
nnowaap wenn X, 4To NpUBOAUT K YMEHbLLEHWIO AaB/ieHus B nonoctn b
[0 33faHHOW BennuMHbl. C YMeHbLUEHWEM peayLMpOBaHHOrO AaBieHus!
30/10THMK OMYCKaeTCs, YBEIMYMBAETCA cevyeHue wenn XK, a 3agaHHoe
AaBneHve B nonoctn b BocctaHaBnnBaeTcs.

TaknuM obpa3oMm, KnanaH aBTOMaTUYeCKU MOAAEPXKMBAET peayun-
pOBaHHOE AaBfieHMe NPaKTUYECKWU NOCTOSIHHLIM HE3aBUCKMMO OT TOr0, eCTb
pacxod KWAKOCTM WM €ro HeT. PeAyKUMOHHbIA KnanaH paboTtaeT 6e3
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lWyMa M He BO36Y>XAaeT BUGpaumin Gnarogapsi CONpOTMBIIEHMIO, KOTOPOE
oka3biBaeT Aemndep. Mpy HacTpolike knanaHa Ha peayuMpoBaHHOE AaB-
NeHne MaHOMETP CleayeT NoakaYaTh K nonoctu I

3.3.1.4. Pa3penuTtenbHble naHenm

[ns paspeneHns MOTOKOB >XMAKOCTM, MOCTYMalWMX B CUCTEMY OT
ABYX HaCOCOB pa3HOi MPOM3BOAMTENbHOCTM, U MPeAOXpPaHEHNUs CUCTEMbI
OT NeperpysoK B rMaponpuMBOAOCTPOEHNN NPUMEHSIIOTCS pa3aenuTeNbHbIE
naHenu [16, 29, 38].

— )

8 cucmemy

1
: S ar x _
— | N
N ' P N /
NENNGRA -
Fos e q#—_?_;; —
Vil i
! \ i T 1
4 s 5 " 4
K Hacocy BbICOKOro K Hacocy Huskoro
Aasneuns Aasneuns HBAL HHa 1274
a) 6)

Puc.3.30. PasgenuTenbHasa naHenb Tvna M53:
a — KOHCTPYKTUBHas cxeMa; 6 — ycnoBHoe 0603HaveHne

B obwem kopnyce pasmellaioTca Tpu annaparta: npeaoxpaHu-
TeSIbHbI K/anaH C NepenuBHbIM 30/10THUKOM 6 (Tuna 52), HamopHbIi
30/10THMK 4, paboTalowmin No NpuHLUMNY KnanaHa M54 [29], n 0bpaTHbIii
KnanaH 5 3onoTHunkosoro tvna (puc.3.30).

Hacoc Bbicokoro fgaenenus (HB[) noakntoyaeTcs K nonaoctu A,
a Hacoc Huzkoro gasnenus (HHA) — k nonoctn K. PasgeneHve noTokos
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XKMAKOCTU B MaHenu npoucxoauT aBTOMaTUYeCcKun rnpu noBsbllLeHUW AaBne-
HWSl B CMCTEME BblILLE TOro, HAa KOTOPOE HACTpOeHa npyxuHa 3 knarnaHa 4.
Ecnu paBneHuWe B CUCTEME CTaHET MeHbLUE HAaCTPOMKM MPYXWHbl 3, TO
obpaTHbI KnanaH 5 noa AENCTBUMEM [ABMIEHUSI XXMAKOCTM CO CTOPOHbI
nonoctn K nogHMMeTCs U CoeauHUT NonocTb 3 Yepe3 nonoctn XK un E ¢
nonocteto b. Mpu 3T0M 06a Hacoca NOAKOYAKOTCA B CUCTEMY U CyMMap-
HOW MX MoAayen onpeaensieTcs CKOpoCTb UCTIOHUTENbHOrO MexaHW3Ma.

C yBenuueHneM Harpysku Bo3pacTaeT JaBfieHue B nonoctsax A, T,
E » Korga OHO AOCTUIHET HAacTPOMKWM NPYXWMHbl 3 06paTHbIN KnamaH 5
OMyCKaeTCsl BHM3 (0 ynopa), a 30/10THUK 4 noa AeNCTBUEM AaBfEHUS CO
CTOpOHbI nosfiocT E npunogHumaeTcs BeepX, coeauHsas HHI ¢ 6akom.
C 3TOro MOMeHTa B CUCTEMY MOCTynaeT Xuakocte oT HBJ n paBneHue B
CUCTEME KOHTPOSIMPYETCS NpYXXMHOM 2 knanaHa 1. MNpu neperpyske nepe-
NMBHOM 30/M10THUK 6 NMpUNoAHUMaeTcs, nonoctu A n b coeamHsiloTcs, a
HBJ noaknoyaetcas kK 6Haky (onucaHve paboTbl knanaHa 52 cm.
noan.3.3.1.3).

Ecov nonocte B nogknmiounTb K 6aky (Hanpumep, uJepes
KpaH MM 30M10THUK ynpaeneHust), To 0ba Hacoca Ha4yHyT pasrpyxatbCs
B 6ak: HBA no marucrtpanu b—A-6ak; HHA no marucrtpanu 3—>K-[O-b-
6ak. MNpu 3TOM AaBneHue B Hacoce He npesbiwaeT 0,15-0,2 MMa.

[ins HopManbHOM paboTbl pa3aenvTeNnbHOW NaHenn pasHoCTb Bbl-
COKOrO M HU3KOro AaBfieHns He AomkHa 6biTb MeHee 1 MlMa.

3.3.2. YnpaBneHue CKOpOCTbio ABMXKEHUS MEXaHNU3MOB
aBTOMATU3MPOBAHHOIO TEXHONOMMYECKOro obopyaoBaHus

3.3.2.1. poccenu

[poccenb — 3TO rMApPaBIMYECKOE COMPOTUBIIEHNE, YCTaHaBMBa-
€MO€ Ha 3a[laHHOM Yy4acTKe rmapo- uian NHEBMOIMHUU ANA YMEHbLUEHUA
MOLLHOCTM MOTOKa pabouyeit cpeabl (CHUXAETCS AaBlEHNE 3a APOCCENEM)
WKW ONsi M3MEHeHMst pacxofa pabouelt cpefbl B LENsX peryinpoBaHus
CKOPOCTW UCMOMHUTENBHOrO MEXaHM3Ma.

MpoxoaHoe ceyeHue Apoccens CyLEeCTBEHHO MEHbLLE XMBOMO ce-
YeHNs TMAPONNHUKN. ECIM OHO He M3MEHSIETCS, APOCCENb Ha3biBalOT Mo-
CTOSIHHbIM WU HEperyMpyemblM, eC/i Takas BO3MOXXHOCTb €CTb — ApOC-
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cenb perynupyembiin. Mo KOHCTPYKLUMW paznuyatoT: ApOCCeribHble Waibbl
unu BTYnkM (puc.3.31, g, 6), apoccenu (puc.3.31, B-e).

[Ons apoccenbHbIX Wainb rnybuHa OTBEPCTUS U AMAMETP BbINOS-
HSIOTCS NpW Ux cooTHoweHumn I<d, ans BTynok I>(5-10)d. Pexxum aBu-
XKEHUSI XKMAKOCTM B TaKWX [POCCENsX Yalle BCEro aMuHapHbin [17]
(Re<Rep,) v pacxop onpeaensiioT ypaBHeHueM [Myasens:

Q= ndz(pl_pz)

128pvl
roe pi, P2 — AaBneHve Ha Bxoae v Bbixoae, Ma; p — MNOTHOCTb, Kr/m3;
vV — KO3hPULMEHT KMHEMATMUECKONM BSA3KOCTM paboueil XMaKoCTH,

m?/c.

Ons cospanus nepenafoB AaeneHust Ap=pi—Pp»>0,3-0,4 MMa
MCMosb3yloT MaKeTbl ApoccenbHbiX Wwanb (puc.3.31, 6). B atoM cnydyae
o6wmit Ap onpenensieTcs CyMMUMpPOBaHWEM MOTEPb AABMIEHWUI HA KaXKAOW
Laiibe.

, (3.43)

Ha puc.3.31, B-e npeactaBneHa NpOTOYHAs YacTb Pas3fINYHbIX
[pOCCesibHbIX YCTPOMCTB, rAe AaBneHne pabodei cpedbl A0 LWENN Apoc-
censi P1, @ Ha BbIxoae M3 Hee Pa.

[poccenbHble Wwaibbl U BTYIKU HEPErYNMpYeMble, TakK Kak UMEoT
MOCTOSIHHOE NpoxoAHoe ceveHue. B wanbax I<d (oTBepctne B TOHKOM
CTeHke), BO BTy/Kax I>d.

Opoccenn Ha puc.3.31, B-e — perynupyemble. Pacxoa macna B
KOHCTPYKUMSAX Ha puc.3.31, B-4 perynmpyeTcs 0CeBbIM CMeLleHneM nNpo6-
Ku gpoccensi, a Ha puc.3.31, e — ee NOBOPOTOM. B pe3ynbTaTte U3MeHsieT-
CS1 NPOX0OAHOE ceveHue. B Takux Apoccensx, kak npasuio, noTtok Typby-
nenHTHbIl (Re>Re).

Pacxon yepes KBaapaTUUHbIA Apoccenb OnpeaensitoT no opMy-

ne bepHynnu:
2 29
Qle =uS BAp =uS, |—Ap, (3.44)
Y

roe | — Ko3(pUUMEHT pacxofa MNPOXOAHOrO CeYeHust Apoccenst
(0,6-0,72); S — nnowaab NPOXoAHOro ceuyeHus, M?; Ap=pi—Pz —
nepenaa AaeneHus, Ma; p — NNOTHOCTL paboyelt XMAKOCTU, Kr/m3,
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Puc.3.31. MNpoxoaHble ceyeHus apocceneit: @ — ApoccenbHas LWwalba;
6— NaKeT APOCCENbHbIX LWAIG; B— UronbuaThil APOCCeNb; /— WENEeBOo ApOCCeb;
1 — BUHTOBOW ApOCCENb; €— KOMBUHMPOBaHHbINA ApOCCesb

MoTepn AaBneHus B JIMHEWHbIX Apoccensix 06yCNoBMeHbl BS3-
KOCTHbIM TPeHWeM Mo ANMHe Apoccenupytowero kaHana [8, 25]. MNpu us3-
MEHEHUW TeMmrepaTypbl paboyeit XMAKOCTM U ee BA3KOCTU pacxod 4Yepes
Aapoccenb HecTabuneH. Mo3ToMy NMHeNHbIE APOCCenn NMPUMEHSIIOT B Crie-
UManbHbIX YCTPOMCTBAX MMAPOaBTOMATMKM, HanNpuUMep OnepaunoHHbIX
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ycunuTensix. B kavecTse IMHEMHOMO ApPOCCENst NMPUMEHSAIOT U Kanunnap-
Hble e C OTHOLLEHNEM ANNHbI KaHana K avamertpy |1/d>20.

MoTepn [haBneHUs B KBaApaTUUHbLIX APOCCENsX OBYCMOBMEHbI
BHE3AMHbIM OKAaTWEM W PaCIUMPEHMEM MOTOKA Ha MPOXOAHOM CEYEHMM
[25]. MpuMepoM KBaapaTMUYHOrO APOCCENs ABNSETCA OTBEPCTUE B TOHKOM
CTeHKe. B 06bEMHOM rMAPOMNPUBOAE MPUMEHSIOT, Kak MpPaBW/IO, KBaapa-
TUYHbIE APOCCENM.

MpocTeilumnm Heperympyembim gpoccesem (Aemndepom) siBnsi-
eTcsa apoccenbHasa wanba (puc.3.31, a), uMetowas oreepctne d MeHblue
AUMETPa rUAPONMHUN Oy

f d?
L= —<0,1,
pr dTp
rpe f, - nnowapp oteepcws, M%;  f - nnowapb ceuenus Tpybonpo-

BOJa, M2

MoTepn Ha BsA3KOE TpeHME YMEHbLUAKT, BbIMOMHAS NPOXOAHOE
ceyeHue gpoccens B Buae avadparMbl (ASMHA UMAMHAPUYECKON YacTu
OTBEPCTUSA B TOHKOW CTeHKe MuHuManbHaa 1=0,2-0,3 MM). Ho yunTbiBas
obnutepaumnio (3apalimBaHue Manoro MpOXOAHOrO CeYEeHWUs) WU BO3-
MOXXHOCTb 3aCOpPEHUSI TAaKOro OTBEpCTUSl, ero AMaMeTp He [O/MKEH 6biTb
MeHbLe 0,4 MM,

Ha pwc.3.31, B npeactaBneH perysmpyembii 4pocce/ib Uronbya-
TOro Tuna. M3MeHeHne NpoXOAHOr0 CeYeHus AOCTUraeTcs OCeBbIM CMe-
LLEHNEM Wb,

Ha puc.3.31, e nokasaH KOMOUHMPOBAaHHBIM 4pPOCCe/ib, NMPOXoa-
HOe ceyeHne KOToporo 06pa3oBaHO KIMHOBMAHBIMU Ma3aMy 30/I0THMKA M
BHYTPEHHEN NOBEPXHOCTbIO APOCCENbHON BTYNKU (ANMHA KaHana). Takoe
UCMoSIHEHWe MOo3BONseT paboTaTb C ManbiMU NPOXOAHBIMU CEYEHWUSAMMU,
obecneunBaeT BbICOKYID TOYHOCTb pPErynMpoBaHus pacxoaa 6e3 onacHo-
CTW 3aCOpeHUst APOCCENUPYIOLLErO OTBEPCTUS.

[poccenb Ha puc.3.31, 6 BLINOSIHEH B BUAE 1aKETA [POCCETUPY-
roumx waub. Ero HacTpoiika OCyLLeCTBNSIETCS M3MEHEHWEM KONMYECTBa
Walb B nakeTe. XapaKTepHO, YTO APOCCENMPYIOLLME OTBEPCTMS BbIMOJIHE-
Hbl CO CMELLEHMEM OT OCM Lalb, YTO YBENIMUMBAET MOTEpPU, 0BYCNOBNEH-
Hble MOBOPOTOM MOTOKa paboyelt >XMAKOCTWU. Jlydlwme XapaKTepUCTUKM
Takoro apoccensi 06ecneymBatoTCsl, KOraa BHYTPEHHWUI AMAMETp KaHana,
B KOTOPOM YCTAQHOB/IEH MAaKeT wWwaib, B 5 pa3 u 6onee npesbiwaeT d, a
paccTosiHne Mexay wanbamm lo =1,4d.
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Ha puc.3.31, 4 npeacraBneH BUHTOBOM fpOCcesib, PErynMpoBKa
KOTOPOro OCYLLECTBSIETCS M3MEHEHNEM AJIMHbI BUHTOBOrO KaHana, Apoc-
CenMpyloLero noTok. 3TO NIMHENHbIN apoccenb. Heperynupyemblit apoc-
cenb WUCMONb3yeTcs, Hanpumep, kak aemndep konebaHWi aaBneHus B
KpaHe MOoAK/IIoYEHUs MaHOMeTpa.

Ha puc.3.32 npeacraBneH gpoccesib € pyHHbIM PEry/IMPOBaHNEM.
B oaHOM Koprnyce € ApoccenieM CKOMMOHOBaH 06paTHbIN KnanaH, WyHTK-
pyroWwmiA Apoccenb, MO3BONSOWMIA yNpaBasTe NMOTOKOM MWL B OAHOM
HanpaeneHun. [ipoccesib CoOAEPXKUT NOANPY>XXUHEHHBIM 30/10THUK 6, 0bpa-
3yOLWMIA C KOPNYCcoM 1 ApOCCEnVpYIoWMiA KaHan. 30/10THWK NepeMeLlaeT-
€S BAO/b CBOEN OCW, MpedoXpaHsieTCs OT NoBOpoTa LWTMGhTOM B nasy
kopnyca. MNMpu noBopoTe MMba 4, UKCMPOBAHHOTO BUHTOM 5, CBA3AHHLI
C HUM WTUGT B KpbIWKe .3, BXOASALMIA B BUHTOBYK KaHaBKy 30/10THMKaA,
obecneunBaeT OCeBOe CMeLleHWe 30/I0THUKA 6 W, CriefoBaTenbHO, usme-
HeHWe MNIoLWaan NPOXOAHOro CeYeHusl, APOCCENMPYIOLLEro NoToka U3 Nn-
Hun A B nnHuIO B.

YTeuku 0TBOASITCS B APEHAXHYO NonocTb U iMHuio L. O6paTHbIi
KnanaH 2 nopkaT K ceany AaBfEeHNEM XUAKOCTU U MPYXXUHOMN.

D
NN
NN

L
a) 6)

Punc.3.32. ipoccenb ¢ obpaTHbIM KnanaHoM Tvna [K:
a— KOHCTpYKUMSi; 6 — YCNIOBHOE M306paxkeHne
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Mpy 06paTHOM HaMpaBfEHWM MOTOKA OTKPbIBAETCS 06pPaTHbIN
knanaH 2 n paboyas XMAKOCTb MO KaHany kKnanaHa 2 ceoboaHo nocryna-
€T B KaHan, WyHTUpys apoccenb. [lpocceny umeloT pe3bboBoe mnu CTbl-
KOBOe npucoeanHeHune [4]. O6beanHeHneM aByx apocceneit K B ogHOM
KOpryce WM WUCMOMHEHWEM HA KOpryce ABYX CTbIKOBbLIX M/IOCKOCTEN MOMy-
yatloT apoccenb AKM ans Moay/nbHOro MoHTaa. MogyfbHbI MOHTax
6onee nepcnekTuBeH, TaK KakK MO3BOMSET YCTaHaBAMBaTb pas3fnyHble
rmpapoannapartbl OAMH Ha Apyroi 6e3 rMApOVHUM U pe3bboBbIX CoeanHe-
HMI. Takol Apoccenb MO3BOSSET OCYLLECTBSTb ABYXCTOPOHHEE YrpaBs-
neHne ruapoasuraTeneM no CKOpoCTy.

Opoccenn Tuna KBMK Ha 6a3e KOHCTpykTuBHOM cxeMbl K ycTa-
HaBMBaKOTCA HenocpeacTBeHHO B Tpybonposoae [31].

MyteBble apoccenu Tuna MAO, nony4yas BHELIHee CUNOBOE BO3-
[ENCTBME OT MOABWXKHBLIX YNOPOB, MMEKLWWMX 3afaHHbIM npodunb, obec-
neynBaloT 3aMeaneHHOe ABMXEHUE MCMOMHUTENbHBIX MEXaHW3MOoB, Ma-
Nble CKOPOCTU U UX BbICTPbIN BO3BPaT B UCXOAHOE MOJSIOXKEHUE.

AHanu3 gopmynbl (3.44) pacxoaa Yepes Apoccenb MOKa3blBaeT,
YTO NpM €ro NOCTOsSIHHOW HacTpoiike (S=const) pacxoa Macna 3aBUCUT OT
Ap. TMocKonbKy B 3aBMCMMOCTU OT PacnosioXeHNs ApoCccenst OTHOCUTENb-
HO WCMONHWUTENbHOrO MexaHu3Ma [aBfieHue A0 WKW nocsie Apoccens 3a-
BUCWUT OT Harpysku, MeHsIeTCs nepenaj AaBfieHus Ha apoccene U, Kak
CneacTBue, — pacxod U CKOPOCTb ABWXKeHUst pabouero opraHa. BosHuka-
0T 60NblUMe 3aTPyAHEHUS MPWU NOSYYEHUM ManblX PacxoAoB MpU 3HaAYU-
TeNbHbIX U HecTabunbHbIX Nepenagax aaeneHns (Qpmin= 0,6 N/MUH).

3.3.2.2. Perynsatopsbl NOTOKa

HepocraTku, npucywme ApoccensM, yCTpaHsIloT pery/isaTops! pac-
X043 (foToKa), KOTopble NPeACTaBNAoT KOMOBMHaLMIO Apoccens € peryns-
TOPOM  [AaBfieHusl,  MOAAEPXMBAIOLWMM  MOCTOSIHHBIA  HEBbLICOKUI
(0,2-0,3 MIa) nepenap AaBNEHWUS Ha OPOCCENUPYIOLLEM MPOXOAHOM Ce-
YeHUN.

MNpy ykasaHHOM Ha pwuc.3.33, & Hanpas/ieHUU ABVKEHUS XXUAKO-
CTn Mexay nonoctamu I 1 B co3naeTtca nepenaa aAasneHuns. Ecnn pasne-
HMe B Nonoctv I U3MEHWUTCS, TO 3TO BbI3OBET MIHOBEHHOE W3MEHEeHMWe
[aBneHnst U B nonoctn b, BcneacTBne yero 30M10THUK 4 HAYHET nepeme-
LATbCs, MEHSS CONpOTMBNEHME Wwenu B oo Tex nop, noka AaeneHue B
nosiocTn b He CTaHET COOTBETCTBOBAaTb HAaCTPOEHHOMY MpYxuHOW 3. Mo-
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BbllleHVe AaBfieHnst B NoaocTu [ BbI3bIBAET nepemelleHne 30/0THUKa 4
BBEPX, YMEHbLUEHNE — BHU3.

N NN
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Puc.3.33. Perynsatop notoka tuna '55-2: @ — KOHCTpyKumsi; 6 — yCnoBHOe M306paxkeHve

B cnyyae u3MeHeHUst AaBneHMsl B NOMOCTM [l TakKe HapylumTcs
paBHOBECME 30/10THMKA 4. ECnn 3TO aaBneHWe NoBbICUTCS, TO, BO3Aen-
CTBYSl COBMECTHO C MPYXXWHOM Ha BEPXHWIA TOPEL, 30/I0THUKA, BbIHYAUT
€ro NnepemMecTuTbCs BHM3, YTO, B CBOIO O4Yepelb, YBENUUUT AaBfeHNe B
nonoctn b 3a cyeT yBENMYEHMS XKMBOTO CeyeHUs (YMEHbLLEHUS COMpo-
TUBNEHUs) wenu B. HeTpyaHO 3aMeTuTb, UTO YMEHbILEHWE AaB/EHVS B
nosoctu [l BbI3OBET NepeMeLLIeHNE 30/I0THUKA 4 BBEPX.

KonebaTenbHble ABUXEHUS 30/I0THUKA 4 ByayT NPOAO/KATLCS 10
TeX Mop, Nnoka OH He 3aliMEeT TaKoe MOJSIOKEHNE OTHOCUTENBHO Kopnyca 1

YCTPOIACTBa, NPU KOTOPOM 06eCcneynTCsl NOCTOSIHCTBO Mepenaza AaBfeHuni
Ha apoccerne E.
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Mpy MeaneHHO NPOTEKAIOWEM MPOLIECCE PeryIMpoBaHNs YCIoBne
paBHOBECKS 30/I0THUKA PEAYKLMOHHOMO KJlaraHa MOXeT 6biTb 3anMcaHo B
CneayoLeM Bue:

p,=p,F+PF,, (3.45)
4P
Ap=p,— P, = D%’ (3.46)

roe pp — peayumpoBaHHoe AasneHune (B nonoctv b), Ma; p, — AaBneHve B
kaHane oteoga (B nonoctn A), Ma; F — acpdektnBHas nnouwanb
30/10THUKA PefyKUMOHHOro KnamaHa, M%; Pn, — ycunve npyxu-
Hbl, H.

MockonbKy nepemeLLeHns 30M10THUKA 4 peayKLMOHHOro KianaHa

B npouecce perynMpoBaHMs OYeHb Masjbl M Bbi3blBAOT SIULb HE3HAYU-

TeNbHbIE MPUPALLEHNS YCUAUA MPY>XWUHbI, TO NPaBYK 4acTb PaBEHCTBa

(3.46) B NepBOM NPUBANKEHUN MOXHO MPUHSATH BENIMUMHOWN MOCTOSIHHOM.

CnepoBaTesfibHO, B Npeaenax NpUHATLIX AONYLEHWI Nepenaibl AaBEHUS

Ha apoccene 2w ero pacxos 6yayT NOCTOSIHHbI.

3.3.3. CMHXPOHM3aLMS ABVKEHUS]
KMHEMATUYECKUX pa3BETBEHHbIX LiEnel

B nmpakTuke MalMHOCTPOEHWS U CTAHKOCTPOEHWUS! HepeaKo BO3-
HMKaeT HeoBX0ANMOCTb B CUHXPOHHOW paboTe HECKONbKUX UCMOMHUTENb-
HbIX MEXaHW3MOB.

B 3aBMCMMOCTM OT Ha3HayeHus MalluHbl UKW OTAENbHbIX Opra-
HOB, OT KOMMOHOBKM MEXaHW3MOB M AOMyCTUMOWN CTEMEHM paccoriiacoBa-
HUSI MPUMEHSAIOTCS MMAPOMEXaHUYECKUIA U TMAPaBIMYECKMA CNOCobbl CUH-
XpOHM3auum.

Tugpomexanmnyeckmyi criocob [11]. B kayecTBe NpUBOAHOMO 3ne-
MEHTa B YCTPOWCTBAX WMCMONb3yeTcs rMApoABUraTesb, @ COrfacoBaHHOE
[BWKEHME UCMOMHUTENbHBIX MEeXaHU3MOB obecrneumBaeTcs pbluaramu,
TAramu, 3ybuyaTbiMK Koflecamu, T.€. XXECTKUMM CBSI3IMM U Nepeaadvamu,
4YTO MO3BONSIOT NONYYUTb BOMbLLYIO TOYHOCTb B COrNacoBaHHOM ABWXe-
HUM MCMOMHUTENbHBIX OPraHoB, OHAKO MeXaHWM3Mbl TAKOro pofa rpo-
MO3/1KW, TPYAOEMKU B U3rOTOB/IEHNM U B psfie Clly4aeB HE SKOHOMUYHDI.

Tugpasmyeckmi crocob. CUHXPOHM3auMsl MpU MOMOLWM FMapo-
ABuraTenei nonyymna 60nblLIOe pacnpocTpaHeHMe, Tak Kak 3HauMTeNIbHO
YNpoLLA@eT pelleHne 3aa4 CMHXPOHMU3aLMK, NO3BONSIET HEPEAKO ANS 3TOM
LuenM MCrnonb3oBaTb TOMbKO HOPManM30BaHHYO annapatypy. OpHako
rmapaBnMyeckne yCTpoMCTBa CO3AAOT PasfIMYHYlO CTeneHb TOYHOCTM B
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COrNacoBaHHONM paboTe HECKONbKUX rMapoaBUraTeneil, Mexay KoTopbiMu
HET XXECTKUX CBS3EN.

[lns 3TOro NpUMMEHSIOT aBTOMaTUYECKM AEWCTBYIOLLME ApOCCeSb-
Hble ycTpoicTBa [23]. KOHCTPYKTMBHOE MCMOMIHEHME UX MOXET 6bITh pas-
NIMYHBIM, HO NPUHUMMN AEUCTBUS oaMHakoB. OH COCTOMT B NOAAEPXXaHUM
Ha perynupyloweM apoccene MOCTOSHHOMO nepenaga AaBfeHusi C MoMOo-
Wb MMApaBAMYeckn yrnpasBnsieMoro knanaHa. bnarogapsi nocTosiHHOMY
nepenagy AaBneHUs Ha OAHOM WM HECKONbKUX ApOCCensix crabunusnpy-
€TCS OAMH WIN CUHXPOHW3UPYIOTCS HECKOMbKO MOTOKOB >XMAKOCTY.

bonee TOYHYID CMHXPOHM3ALMIO MOXHO MNOMYYUTb, MNPUMEHSS
Apoccenb ¢ perynsatopoM Tuna 55 (puc.3.34), KOTOpbI MEHee YyBCTBU-
TeNeH K U3MEHEHWIO Harpy3ku W pasHuue B Harpyskax. [Jns nonydeHus
CUMHXPOHHOIO ABWKEHUS1 B 0O60MX HanpaBieHWsX MOXET OblTb pEeKOMeH-
[JOBaHa cucTema, npueeaeHHas Ha puc.3.34. UunuHapel 6 n 9 noasepxe-
Hbl pas3nnyHbIM Harpy3kam Gi n Gz, @ UX UCMOMHUTENbHbIE MEXaHWU3MbI

JIMLLEHBI XXECTKUX CBA3EM.
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Puc.3.34. CHXpOHM3aLUMs M’MAPOLMIIMHAPOB NMPY MOMOLUM PErynsiTOpoB
pacxoaa npuv napannenbHOM NOAKIUEHUN
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PerynaTtopbl pacxoaa /1 8 (tuna '55) noaknoyeHsl B MOCTOBYHO
cxemy, obpa3oBaHHYl0 06paTHbIMK KnanaHamn 2, 3, 4, 5w 10, 11, 12, 13.
Mo3TOMy, HE3aBMCMMO OT HampaBfieHUs ABWXKEHUSI MOPLUHEN, XXMAKOCTb
yepes perynaTop BCeraa NpoxoauT TOSbKO B OAHOM HarpaBneHuu.

Mpv noabeme NOpLUHEN U3 LUTOKOBBIX MOOCTEN LUMAMHAPOB 61 9
XWAKOCTb BbDKMMaeTcs K pacnpefenutento I v fanee B 6ak yepes anna-
patbl 6-2-7-4-1n 9-13-8 11-1. lNoaBoOA XUAKOCTM NpU NOAbLEME NMPOUCXO-
AT OT pacrnpeaenuTens Yyepes obpaTHbIli KanaH annapata 4.

Mpn nepekloyeHUn 30M10THUKA B pacrpegenuTene B NonoXeHne
a nocne pacnpegenuTens XWAKOCTb K UMAMHApaM NoaBoAUMTCS MO ABYM
HanpaeneHusaM Yepe3 annapatbl I-3-7-5-6 w 1-12-8-10-9. TNpoucxoauT
OrycKaHue NopLuHen.

K HWKHMM nOMOCTAM UMAMHAPOB MOAK/IIOYEH annapaT 14
HaMOPHbIM 30/I0THMK KOTOPOro CO3AAaeT NPOTUBOAAB/IEHUE, HeobxoanuMoe
ANS NpefoTBpalleHnst CKauykoobpasHOro nepemMeLleHus npu onyckaHum
nopLHen. Pacnpeaenutent C 3aKpbITbIM LIEHTPOM MO3BOJISIET OCTAHOBUTb
NOpLHKW B /IIO60M MOSOXKEHUN.

[enuTenem noToka Ha3blBaeTCA KnanaH COOTHOLIEHUSI pacxodos,
npeaHasHayeHHbI ANs pa3feneHysi 0AHOro MoTOoKa paboyen XMAKOCTM
Ha ABa u 6onee paBHbIX NMOTOKA HE3AaBMCMMO OT BENUYMHBI NMPOTUBOAAB-
NEHNS B KaXXAOM 13 HUX. [lenuteny noToka NpuMeHsIoT B raponpuBoaax
MalluH, B KOTOPbIX TpebyeTcsa obecneunTb CUHXPOHWU3ALMIO ABUMXEHUS
BbIXOAHbIX 3BEHbEB MapannefibHo paboTalolmx ruapoasuraTenei, npe-
0[0/1EBAIOLLNX HEOANHAKOBYIO Harpy3ky [36].

Jenutenb notoka (puc.3.35) cocTouT U3 ABYX HeperynmpyeMbix
apocceneit 1 v AByx Apoccenei 2, NpoXOAHblE CeYEHWsl KOTOPbIX MOryT
aBTOMaTUYeCKN M3MeHNATbC bnarogaps nepemelleHuto nayHxepa 3. MNpu
paBeHcTBe Harpysok (F1=F;) v nnowapei noplHel rMapoLMINHAPOB
AaBfeHne P1=pz, nepenan Aasnenns Ap=(ps—ps)=0, nnyrxep 3 nenure-
NS 3aHMMaeT cpefiHee MOoJSIOKEHUE, a pacxodbl B 06enx NNMHUSX OAMHaKo-
Bble. ECniv Harpyska Ha oauH M3 NobbIX rmapoaBuUraTesneid U3MeHUTCsl, To
nos AEWCTBMEM BO3HMKLUErO Nepenaja AaBfeHusl y NnyHxepa Aenutens
OH HAYyHEeT CMeLaTbCa U3 CPeaHero NOMNOXEHUS, U3MEHSS OAHOBPEMEHHO
npoxogHble ceyeHnst apocceneir 2. MNepemelleHne MpeKkpaTUTCs, Koraa
[aBNieHns P3 U Ps BbIPABHAIOTCA. B 3TOM NONoXeHnu niyHxepa pacxoabl
B 0benx BeTBax OyayT oavHakoBbiMM. Takum 06pa3oM, noaaepxaHue
paBEHCTBa pacxofoB B 06enx BETBSIX OCYLLECTBASETCS 3a CYET APOCCenu-
pOBaHWsl MOTOKa B TON BETBU, FAe MMAPOABUIaTeNb Harpy>XeH MeHbLLE.
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Puc.3.35. lenutenb noToka: @ — npyHUMNunanbHas cxema; 6 — ycrioBHOe 0603HaueHue;
B — ycnoBHoe 0603Ha4eHne cymMmaTopa noToka

OaHa M3 KOHCTPYKUMI AenuTeNbHbIX KfanaHoB, MoJyYuBLUas
LUIMPOKOE MPUMEHEHME B MALUMHOCTPOEHWUU, MpuBeaeHa Ha pwuc.3.36.
B knanaHe n3 oTBepcTNs 13 XUAKOCTb NapanfefibHbIMU MOTOKaMu yepes
KonbueBble wWenn 12 n 14 paBHOrO CeYeHWUs HanpaBnsieTcs CoOTBEeT-
CTBEHHO K MonocTaMm 11 wn 15 v ganee yepes Apoccenupytowme wenv 5um
8, 0bpa3oBaHHble KPOMKaMu 30/10THMKA 1 U OTBEPCTMSIMM BO BTYSIKE 3,
cnegyeTt K OTBEPCTUSIM 6 M 7/, KOTOPble MOAK/OYEHbI K umMnnHapam. Mono-
ctm 2w 10 npu noMowm oTBepcTUii 4 U 9 B 30/1I0THMKE I COEAMHEHbI C
KoMbUEBbIMU WensMu 12w 14. Npn OAMHAKOBbIX Harpy3kax B UuAvHApax
BO3HMKAIOT paBHble AABMIEHUS B BbIXOAHbLIX OTBEPCTUAX 6 U 7 N B NOSO-
ctax 2 n 10, 6narogapst YeMy 30/10THUK [ yCTaHAB/MBAETCS B CpeaHee
NOJIOXKEHWE.
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Punc.3.36. KoHCTpykumsa aenvtens notoka ¢ 6anaHCcMpoBOYHbIM 30/T0THUKOM

Ecnv paBneHve B oaHON M3 MarucTpanei (Hanpumep, coeanHeH-
HOW C OTBEPCTMEM 6) NOBLIWAETCS (M3-3a YBEIMYEHMSI HArpy3ku Ha nop-
LeHb), TO BO3pacTaeT TakXkKe AaBneHWe B KOMbLUEBOW wwenu I4 u opHo-
BpeMEHHO C 3TUM B OTBEpPCTUM 9 1 NonocTn 10, 4TO BbI3bIBAET OTXaTne
30/10THUKa 1 BNEBO, YBENNYEHUE NPOXOAHOr0o CeYeHUs LWenn 5 U yMeHb-
LIeHWe ceveHns Wenu 8, AaBneHue B NonocTu 15 NoHWxXaeTcs, a B nono-
CTW 11 noBbIWAETCA A0 Tex nop, noka nepenaj AaBfeHus mexay nono-
CTaMn 151 13 He ypaBHOBECUTCS nepenagoM AaBneHus Mexay nonocTs-
My 11 v 13. PaBeHCTBO NepenajoB AaBfeHUs Mexay BXOAHbIM M BbiXOA-
HbIM OTBEPCTUAMU MPUBOAMT K pasgeneHuio obliero notoka Ha e pas-
Hble YacTu.

B HeKoTopbIX APYruX WCMOSHEHUSAX AenuTenb MOTOKa MOXET
Takxke 6blITb 1 CyMMaTOpPOM NOTOKa. B 3TOM ciyyae B NOABOAUMBIX K HEMY
ABYyX TpybonpoBoaax noaAepXMBaeTCs MOCTOSIHHLIN pacxos pabouyeit
YKNOKOCTW.

3.3.4. YcTpoicTBa ANs OpraHu3aLUmmn 1 KOHTpons paboyero umksa
MEXaHW3MOB aBTOMAaTV31POBAHHOMO TEXHONMOrMYECKOro 060py10BaHms

Pesie faBsieHns NPUMEHSIETCS ANs NOCNeA0BaTENIbHOrO BKOYe-
HUSI UMW BbIKJTIOYEHUS OTAESNbHBLIX WUCMOMHUTENbHBIX OPraHOB MalUMHbI U
ANs ANCTaHUMOHHOro ynpasneHus [21]. Pene paeneHus MoxeT obecre-
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YNTb KOHTPOSIb 3a [aBfIEHWEM B I'MAPOCUCTEME C Mofayelt 3M1eKTpoCcUrHa-
na, CBMAETENbCTBYIOLLEro, HanpuMep, 0 Neperpyske CUCTEMbI.

B HmxHel yacTu kopnyca I (puc.3.37) npu noMoLum konbua 6 3a-
KpenneHa membpaHa /. BHyTpu konbUa Ha MeMbpaHe yCTaHOBNeHa Luai-
6a 5, K KOTOPOW C MOMOLLbIO MPY>XWH Yepes ceanio 3 npuxaT pbluar 4.

Ha npaBoM KOHLEe pblyara MMEETCsl BUHT, YNMPAIOLWMIACS B KHOM-
Ky nepeknoyatens 9. Macno noasoautca K kamepe 8. Ero pasneHue
YpaBHOBELIMBAETCS MPYXWUHOW, perynupyemoit BuHTOM 2. Tpu nosbiwe-
HWW JaBneHus macna MembpaHa AedopMMpyeTcs U MpUNoAHUMaeT Npu
NMoMoLLUM Waknbbl 5 pblyar 4, npaBblii KOHELL KOTOPOro BO3AEMCTBYET Ha
KHOMKY MUKponepeksovaTens.

C mMomeHTa Havana aedopmaumm MembpaHbl 7 4O MOMeHTa cpa-
6aTbiBaHUS pene, T.e. 4O MOMEHTa BKJIIOYEHUS MUKponepeknoyaTens 9,
NPOU30MAET yBENMYEHME AaBNEHUS,, KOTOPOE XapakTepusyeT HevyBCTBU-
TeNbHOCTb annapara:

AlLc
Ap=——y, (3.47)
Q
roe AL — nepeMelueHve pbiyara, HeobxoamMMoe Ans BKIOYEHUS MUKPO-
nepeknoyatens, M; £ —akTMBHas njowaab MeMbpaHbl, M2,

HeuyBCTBUTENbHOCTL pene AaBneHUs pasnnyHbIX TUNopa3Mepos
konebnetca ot 0,3 go 1,0 Mla. KoHTponmpyeMoe AaBneHue HaxoauTcs B
anana3soHe ot 0,5 no 32 MMa.

uapas/myeckoe pesie BpemeHyu (MNN ruapokianaH BblAEPXKKM
BPEMEHM) — 3TO HaMpaBslOWMIA rmapoannapaT, npeaHasHayYeHHbIn ans
Mycka WM OCTaHOBKM MOTOKa paboyein XMAKOCTU Yepes3 3afiaHHbIA Npo-
MEXYTOK BPEMEeHM Mocne nojayn ynpasnsiowero curHana. Mvapasnuye-
ckune pene sBpemenn (puc.3.38) npumeHsaloTcs ans obecnedeHusl onpeae-
NEHHOW BLIAEPXXKN BO BPEMEHW MEXAY Pa3fIMYHbIMKU UMKIaMu cpabaTbl-
BaHUS UCMONHUTENbHBIX MEXaHU3MOB MalUWHBI.

Pabounii UMKN ruapokianaHa BKYaeT B cebsi 3apsaKy YCTpoi-
CTBa OnpeaeneHHbIM 06bEMOM XUAKOCTU, BbIAEPXKKY BpeMeHu (BbICTOM
WCMOJTHUTENIbHOrO rMAPOABUraTeNs) u Noaayvy >XUAKOCTM K ABUraTesio.

3apsHKaeTcsl YCTPOMUCTBO NPUCOEAMHEHWEM OTBEPCTUS [] K CnuBy,
a nonoctn b — K UCTOYHWUKY nNuTaHus. [aBneHueM Xuakoctn, nocTynue-
Wweln B Nonoctb b, 30M10THUK 6 Apoccens nepeMellaeTcs BrpaBo A0 Tex
nop, NoKa He COeAVHUT Yepe3 OTBEPCTME B 30/I0THMKE 3Ty MOJIOCTb C Mo-
noctbto A. MNoa AeWCTBMEM AABNEHUS XKMAKOCTU B MOMOCTU A 30/10THUK 3,
OKMMas NpPYXuHy 2, nepeMelLaeTcs BHU3 A0 yrnopa B Npobky & u pa3ob-
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LWaeT npu 3TOM NPOTOYKKN B Kopryce I, K KOTOPbIM NpUcoeanHeHbl KaHa-
nbl A v E. U36bITOK paboyelt XXUAKOCTY YAaNsaeTcs U3 APeHaXHOro oTeep-
ctmns XK.
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Puc.3.37. Pene paBnenuns 62-2: a — KOHCTPYKUMSi; 6 — ycrnoBHOe 0603HaueHve
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Pnc.3.38. M'mapoknanaH BbiaepXxkn BpemMeHn Tvna PB-100: a — kOHCTpyKums; 6 — npuH-
umMnuanbHas cxeMa (W—o6beM nonoctn, R—conpoTmBieHne, V—CKOPOCTb cpabaTbiBaHUs)

Mo npuHuUmMny paboTbl pene BpeMeHu AensdTCs Ha ApOccesbHble U
obbeMHble. Ha puc.3.38a paHa KOHCTPYKTMBHasi CxeMa pernie BpeMeHM
06beMHOro TMna, a Ha puc.3.386 — ero NpuHUMNManbHas cxema.
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Linkn BblAEPXXKN BPEMEHW HAYMHAETCS C MOMeHTa NoABOAA Xua-
KOCTM K OTBEpCTMIO [1, OTKyAa OHa Yepes cMcTeMy OTBEPCTMI MOCTYMNaeT B
nonoctb " 1 nepeMeLlaeT 30/10THUK 6 APOCCeNs BNEBO A0 CONPUKOCHOBe-
HWS C YNOPOM 5. 30/10THMK MPWU 3TOM OTKPbIBAET APOCCENMPYIOLLME LWenur
ANS 0TBOAA XWMAKOCTU M3 MOMNOCTU Haj 30/10THUMKOM 3 B nonoctb B n aa-
nee Ha cnmB. [Mocne BbITECHEHWUS 06bEMa XWMAKOCTWU Hag 30/I0THUKOM 3
coobLyatoTcs Mexay coboit MpPOTOUKM B KOpMyce, a CNeaoBaTenbHoO, U
kaHanol [1 n E. TOTOK XMAKOCTM M3 kaHana E HaunHaeT noctynatb K no-
Tpebutento. PerynupyeTtcs BblAepXKKa BpPEMEHW MOBOPOTOM SiMMba 4
STUM M3MEHSAIOTCA MOJIOXKEHME Yropa 5 W NNOW@Mb >XUBbIX CEYEHWIA
[APOCCENVpYIOLLMX LIeNel, co34aBaeMblX 30M0THUMKOM 6. OuepepHasi 3a-
psfika pene NOBTOPSIET LMK B TOW XXe MocneaoBaTesibHOCTU. B nepvop
3apsAakM OO Hadana BblAEPXKW BpeMeHW MOTOK XXMAKOCTUM Yepe3 OTBep-
ctue E, obpaTHbIlt knanaH /v oTBepcTMe [] NoCTynaeT Ha CuB.

[aBneHve 3apsakn MoXeT 6bITb MOCTOSIHHBIM, HO AO/MKHO 6bITb
Ha 0,4-0,5 MIlMa MeHblUe AaBneHMs UCTOYHMKA NMUTaHKS, NOACOEANHEHHO-
ro K otesepctuio .

BpeMsi BbIAEPXXKM pene aaBneHus paccyMTbiBaeTCs no gopmyne:

_ nmd *H
3 I

8uf,.G,,
roe d, H - COOTBETCTBEHHO AMaAMETP U XO4 MNOpLWHA UunuHapa, M,
u, fip — KOadMUMEHT pacxoga v nnowaab OTKPLITUS Apocce-

ns, M%; Gyp — younue npyxuHsl, H.

YerpovictBa nyreBoro yripassieHns. Xapaktep npoLlecca TOpMO-
XEeHUd ABuUratensd (I'IOpLIJHFI canoBoro LI,VU'IVIH,U,pa) aHanornyeH onncaHHo-

My, eCu MpUMeHUTb Afs 3TOW Uenu oceBoi ruapoapoccens Tuna [0
(pnc.3.39).

(3.48)
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Puc.3.39. Ocesoit ruapoapoccens A0: a— KOHCTPYKUMS; 6 — YCOBHOE M306paXeHune

YnpaenseTca rmapoapoccesib Kynaydkamm, KoTopble KpensT K no-
ABMXXHOMY OCHOBAHWIO CTaHKa, MallWHbl MpW YCTAHOBKE ruMApoapoccens
Ha NOABWXXHOM 3fIeMEHTE rnapoaBuraTens WM K NOABWIKHBLIM LUTOKaM U
UnAMHApaM npu HEMOABUXKHOM Apoccerie.

Pabouas xunakocTb NOABOAWUTCS K APOCCENO yepe3 oTBepcTue A u
oTBOAMTCA yepe3 oTBepcTve b. Korga Kynayok ynpasBnieHus HaduvHaeT
BO3/EVCTBOBATb Ha PONMK 7 pblyara 6, TonkaTesb 4 nepeMeLlaeT 30/10T-
HVK 2 BMNpaBO M yMeHbLaeT ceyeHue (YBenuMuuMBaeT COMpOTUBIEHUE)
ApoccenvpyoLeit Wwenu, o6pasoBaHHON NPOTOYKOM B Kopnyce I U NyH-
XKEPOM 30M0THUKA. lpu OTBOAE Kynadka MpyxwuHa 3 BO3BpallaeT 30-
NOTHMK B KpalHee NeBOe MOMOXeHuW A0 ynopa 6ypTa TonkaTtens B
KpbIWKY 5. YTeUKn cnmBaroTca Yepes oteepctue B.

3.3.5. YcTpoiicTBa ynpaBneHus HanpaBieHUeM ABVKEHNS,
OCTaHOBOM M MOJOXEHNEM UCTIONHUTENbHBIX MEXaHW3MOB

3.3.5.1. Hanpasnsiowme pacnpegenyreny 30/10THUKOBOro Tuna
PacnpegenvTenbHble YCTPOMCTBa NpeaHasHadeHbl ANns noaBoAaa,

0TBOAQ, WM3MEHEHUA HamnpaBlEeHUA ABMXXEHUA WNN NEPEKPLITUA MOTOKa
paboueit KNAKOCTU.
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Mo KOHCTPYKTUBHOMY MPU3HaKy pas3finyatoT YCTPOMCTBA 30/10THU-
KOBOr0 U HE30/I0THUMKOBOro Tuna. Mepsylo rpynny MOXHO Knaccuduum-
pOBaTb Kak 30/10THUKOBbIE, KPAHOBbIE U KianaHHble pacnpefenuTenu.

K pacnpeaenutensMm He30M10THMKOBOMO TUMA OTHOCAT YCTPOMCTBA
CO CTpYW/HOI TPYBKOW M TNa «COMO — 3aC/IOHKa».

Hanbonbluee npuMeHeHWe MoAyyYnnu pacnpefenuTeny 3010THU-
koBoro Tuna [19, 28, 36]. PacnpeaenuTeny LWMPOKO MPUMEHSIIOT B Kade-
CTBE YNpaBnsoWmX YCTPOMCTB U B CleasieM rmaponpuBoe.

KnaccuduvumpytoT pacnpegenutenn Takxke no cnocoby ynpaene-
HUS, MO KOMMYECTBY No3nLmiA ((PMKCMPOBaHHLIX MOMOXEHWIA pacnpeaenu-
TENbHOMO 3MeMEeHTa) U KOMWUYECTBY rMAPaBAMYECKUX NIMHUA CBA3WU (NK-
HEWHOCTb).

B 30M10THMKOBbLIX pacrpefenuTensx YnpaBnsiloWmnii SNeMeHT —
nayHxep 6 uMeeT B kopriyce 3 okHa 1, 4, 8 ang noasoaa v oTeBoAa Xua-
koctu (puc.3.40), KoTopble COeAMHEHbI KaHanamu 2, 5u /.

B kpaHoBbIX pacnipegenutensix (CM. puc.3.42) XuakocTb pacrpe-
AenseTcs nyTeM NoBopoTa NPobku kpaHa 2. Yncno no3uumii pacnpeaenu-
Tens — 3TO KOSMYECTBO (PUKCUPOBAHHBIX MOSIOXEHWUI 30M10THUKA (ABYX-
TpeXx, MHOroMO3MLMOHHBIE pacripeaenuTeni).

YMCNo SIMHWMIN — 3TO KONMYECTBO MOABOASILLUMX M OTBOASLIMX Ka-
HanoB B Kopryce pacrnpegenutens (AByXIMHeNHble [74-3, 4yeTblpexnu-
HeliHble [72-4).

PacnpesenvTenn MoryT 6biTb MPSAMOro M HENpPSIMOro AENCTBUS.
B pacnpeaenvTtensx NpsMOro AEWCTBUS YNPaBASIOWMIA BHELLHWUM CUrHan
[ENCTBYET HEMOCPEACTBEHHO Ha pacnpeAenuTENbHbI 3N1eMeHT, B pac-
npeaenuTensx HempsaMoro AeWCTBUS (ABYXKACKaZHbIX) BHELUHWA CUrHan
[OENCTBYET Ha pacnpeaenuTesibHbI 3/IEMEHT 4epe3 AOMONHUTENbHOE
crneumanbHoe YCTPOCTBO (CEPBOYCTPOICTBO).

T
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Puc.3.40. 30M10THUKOBBIN pacnpeaenuTeNb C PyYHbIM yrpaBieHUeM:
a— NpYHUMNuanbHas cxema; 6 —ycnosHoe 0603HayeHne

B pacnpepenuTtensix ¢ ruapaBnuyeckum ynpaeneHuem (puc.3.41)
B KpbILIKAX, 3aKpblBAKOLWMX KOPNyC pacnpegenuTens I ¢ TOpUOB, BbINOS-
HeHbl Apoccenu 3, 4, WyHTMPOBaHHble 0bpaTHbIMK KnanaHamu 5, 6. MNpu
nojaye ynpaBnsOWEro cUrHana noa feBbli TOpeL, pacnpeaenuTenst pa-
604ast XXMAKOCTb U3 yNpaB/siloWeNn MarucTpanu yepes obpaTHbI KianaH
5 nocTynaet B NeBYKO MOMOCTb 30/10THUKA 2, Nepemellasl ero B npasoe
nosioxxeHne. Bpems nepekntoyeHus onpeaensieTcss HacTPOMKON Apoccens
4, yepe3 KOTOPbIN XWAKOCTb CIMBAETCS U3-MOA MpaBoro Topua. 3To UC-
KJl04aeT BO3MOXHOCTb BO3HUKHOBEHUSI rMAPaBINYECKOro yaapa B cucTe-
Me Npu NepekioyeHnn U yaapbl NiayHXepa O KpbIWKW Kopryca.

Beibop Tuna pacnpenenutenst onpeaensieTcs CpefHWM Mnonoxe-
HWEM MJIyHXXepa OTHOCUTENbHO paboyunx OKOH. B €BA3M € 3TMM pacnpeae-
nuTenu MoryT 6blTh:

@) C OTKPbITbIM LIEHTPOM U CIINBOM;

6) C 3aKpbITbIM LIEHTPOM U CNINBOM;

B) C 3aKPbITbIM LLEHTPOM U OTKPbITbIM C/IMBOM;

) C OTKPbITbIM LLEHTPOM U OTKPbITbIM C/IMBOM.

B TpexnosuumoHHbIX pacrnpefenuTensx MNPUMEHSIOTCS Takxe
CXeMbl, B KOTOpPbIX C/IMBHOW KaHan WCMOSb3yeTCs KakK APEHaXHbIA Ans
OTBOAA YTeYeK Npu CpegHeM MOSIOKEHUN NyHXKepa.
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Puc.3.41. 30M10THUKOBLIN pacrnpeaenuTenb C rMapoynpaBieHNeM:
a — npuHUMnuanbHas cxema; 6 — ycrnoBHoe obo3HaueHue; A — oTBog;
B — noagoa, paboyeit XWAKOCTY; p — NIMHWS HarHeTaHus; Ti, T2 — IMHUKM CviBa

Ha pwc.3.42 npeacTtaBneH KpaHOBbINM pacrnpeaennTenb ABYXMNo3u-
LUMOHHbIN, 4-NMHEVHbIV Tuna [71-2. BHyTpY Kopryca I, MMEIOWEro YeTbl-
pe BbIXOAHbIX OTBEPCTUS C MUHUMAlbHLIM paanasnbHbIM 3a30pOM, pacmno-
noxkeHa npobka kpaHa 2. OHa UMeeT YeTblpe BbIEMKU U ABa NepreHanKy-
NSIPHLIX CKBO3HbIX KaHafNa &, PacrnoiOXEeHHbIX B PasHblX MIOCKOCTSX.
Kopnyc KpaHa 3aKpblBaeTCs KpbIWKON 5 ¢ ynnoTHeHEM 6. OT Kynaykos,
3aKpensieHHbIX Ha MOABMXHOWM YacTu CToMa UM CynnopTa, NPOM3BOANTCS
aBTOMATUYECKUIA NOBOPOT PYKOATKM 3 M Npobku kpaHa 2. MepekntoyeHune
MOXET OCYLUECTBNATLCSA M BPY4YHYO pbidaroM 4. Mpu NepekItoYeHnn us-
MEHSIETCS HamnpaBfeHne NoToKa XWAKOCTU Yepes pacrnpeaenvTenb. Kpai-
HMe MONOXeHMsI KpaHa (PUKCUMPYHOTCS LLIAPUKOBBLIM (DMKCAaTOPOM /.

5
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a) 6)
Puc.3.42. KpaHoBbIli 30/T0THVUKOBbIN pacnpeaenvTenb:
a — KOHCTPYKTMBHOE WCMOSIHEHME; 6 — YCNOBHOE 0603HayeHne

2 3 1 34 —<—>——<—>—4
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Puc.3.43. YcnoBHoe 0603HayeHWe pacnpeaenuTeneit: @ — TPEXNO3ULMOHHDIA PeBEPCUB-
Hbli 4-NIMHENHBIM C PY4YHbIM YMpaBneHWeM; 6 — TPEXMO3WULMOHHBIA PEBEPCUBHbIN
4-fIMHENHBIN C 3N1EKTPOMArHUTHBIM YrpaBieHUeM; B8 — ABYXMO3WULIMOHHbIN peBEPCUBHbIN
4-fIMHeNHbIN C rMapaBnUYeckuM ynpasneHueM; 1 — pacnpeaenuTenb; 2 — pblyar ynpas-
NeHust; 3 — NPYXXWHa; 4 — YNpaBnsoWMIA SNEKTPOMArHUT; 5 — Apoccenb perynmpyeMbilii;
6 — KnanaH obpaTHbIN

Ha puc.3.43 npeacraBneHbl BapuaHTbl YCIIOBHBIX CUMBOIMYECKMX
0603Ha4YeHNI TPEXMO3MLIMOHHOIO 4-JIMHENHOIO PEBEPCUMBHOIO pacrpeae-
nmTens € pasnuuHbiMM cnocobamm ynpaeneHus: pydHbiM (puc.3.43, a),
3M1EKTPOMarHUTHbIM (pnc.3.43, 6) U ABYXMNO3WUMOHHOINO C ruapasnunye-
CKUM ynpasneHueMm (puc.3.43, B) ans perynmpoBaHns BPeEMEHWU nepeksiio-
YeHUsi NOTOKOB paboyei XUAKOCTU.

3.3.5.2. YcTpoicTBa HE30I0THMKOBOIO TUMA

MpaKkThKa MpUMEHEHMSI 30/10THUKOBLIX HarpasnsoWmMX pacnpe-
AENUTENEN BbIAENSET XapaKTePHble HEAOCTaTKU: HEOBXOAMMOCTb UCMON-
HEHUS! 6ECKOHTAKTHBIX LUENEBbIX YMIOTHEHUI MOABVXHbBIX COMPSXKEHUN C
MWUHUMasbHLIMK 3a30paMmn 4-8 MKM, NOABEPXXEHHOCTb 30/I0THUKOBLIX Map
ABNEHMSIM 3alLeMNIEHNs M 06IMTEpaLIMm, OCTIOXKHSIIOWMX UX YrpaBieHue.
bonee Toro, Ans ynpaeneHus 60MblUKMMM pacxofamMn Bo3pacTatolme reo-
METPUYECKME pa3Mepbl 30/I0THUKOBOW Napbl 3aTPyAHSIOT NPsSIMOE yrpaB-
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NneHue 30M10THUKOBBLIM pacnpefenuteneM [19, 37]. B 3TuUX YyCnoBusix
NpeanoYTUTENbHbI  pacnpeaenuTeNbHbIE  YCTPOMCTBA HE30/10THUKOBOMO
TUMa «COMJIO — 3aC/IOHKa» USIN «CTPYMHas Tpyoka».

BO3MOXHOCTM YCTPOWCTBa «COMO — 3aC/IOHKa» MOKa3aHbl Ha
puc.3.44.

YCTPOWCTBO «COMSIO — 3ac/iOHKa» (CM. puc.3.44) ynpaBnsieT asu-
YKEHWEM U MOSIOKEHMEM LMNMHAPA 4 OAHOCTOPOHHErO AENCTBUS. YpaBHe-
HWe GanaHca pacxoda AN YCTPOMCTBa OMMCHIBAETCS Cheaylowmm obpa-
30M:

Qu=Q1_

roe Q, — pacxoa paboueit XuakocT ruapounnuuapa, m3/c; Q — pac-

2 2
E(po_ pl)_“cndy E(p1_ pz)r (3.49)

X0A, NOCTYNatoLLWii B LUITOKOBYIO NONOCTb, M3/c; Q, — pacxop, Bbi-
TECHSIEMbI/ 13 LUTOKOBOM MONIOCTH, M3/C; W, — KOI(PPULMEHT pac-
xoAa; S, — Nnowadb CeyeHWs MOPLUHEBOW MONOCTU, M?% p —
MIOTHOCTb paboyeit XnaKocTH, Kr/M3; p, — HavanbHoe faBneHne
conna — 3acnoHky, Ma; P, — AaBneHWe B HarHeTaTeNbHOW Moso-
CTv ruapounnuHapa, Ma; p, — Ko3hdUUMEHT pacxoaa aneMeHTa
«COMJI0 — 3aC/IOHKa»; dy — AVAMETP YCII0BHOMO NPOXoJa 3/eMeH-
Ta «COMMO — 3aC/oHKa»; P, — AaB/IEHNE B C/IMBHON MOMOCTU MnA-
pounnuHapa, Ma.

Qy S, |2 “cndy

V =——=——= |— — —
iy S S p(pO pl) S

o o o

2
_(pl - pz) ’ (3-50)
p

rae V, — CKOpOCTb MMAPOUMAMHAPA, M/C; Qy — pacxop Yepes ynpasns-
IOLLMIA 3MEMEHT «COMMIO — 3ac/oHKa»; S
nuHApa, M2,

— nnowaab ruapouun-

1
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Puc.3.44. NpuHUMNManbHas cxema yCTPOMCTBA TUMA «COMJIO — 3ac/IOHKa»:
1 - conno; 2- 3acNoHKa; 3 — apoccenbHast Wariba; 4 — rmapoumnnHap, 5 — npyxuHa

Ay 8y

s

2 Vi V2 P2
-— —

Puc.3.45. NpuHUMNUAIbHAs CXeMa YCTPOWMCTBA TUMA «CTPyiiHas Tpybka»:
1 — cTpy¥iHas Tpybka; 2 — eMKOCTb; 3 — NnnTa; 4— rugpounnvuap; A, B — kaHanbl
YnpaBneHue nepeMeLleHeM 3acioHku +xy u3MeHsieT Q, M kak
CneacTBue, — HarnpasieHNe U CKOPOCTb ABWXEHUS rmapounnuHapa. Ans

cnyyas xy=yo, Q1=Qcs, Q1=0 n v=0.
HanpaBneHue ABMXEHUS MOPLUHS OMpPeaensieTcs ypaBHEHWEM

6anaHca cun:
Fu—an—FTiFH =0, (3.51)
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rae F, — cuna passuMBaeMasi Ha WITOKe ruapounnuHapa, H; an - npwu-

BefleHHble Cuibl conpoTuenenns, H; F, — cuna cyxoro TpeHus,

AencTeyowas Ha ruapounnuHap, H; F, — cuna, pencrsyrowas co
CTOPOHbI TEXHOSIOFMYECKOW Harpysku, H.

pS =c(ly+L)—F —ma, (3.52)

rae ¢ — KO3(MMUUMEHT XECTKOCTU MexaHW4yeckoi nopacucTemsl; L, u

L — HayanbHoe M KOHEYHOE NepeMeLleHne rMapoLMInHApPa, M.
Mpw BbINOSIHEHUM YCNOBUS:

F > Z F. rmapounnuHap ABMXETCS CO CKOPOCTbIO V, ;
npn F = Z F. ckopocTb nepemelleHns ruapoumnuHapa paeHa 0;
npn F, < Z F. ruapounnuHap ABMXKETCS CO CKOPOCTbIO V, ,

rae Z Fc — CyMMapHbI€ CUJIbl COMPOTUBJIEHUA, I£l,€l‘/‘ICTBy}OL1J,l/Ie Ha rnapo-

unnuuap, H.

BO3MOXHOCTM YCTpOMCTBA TUNa «CTpyiiHas Tpybka» packpbiBaeT
cxeMa Ha puvc.3.45. B ncxogHoM (HenTpasbHOM) MONMOXEHWUU CTPYNHOM
Tpy6kn 1 Ap=0 (xy=0) noTok paboyein >XWAKOCTU pasaensieTcs Ha ABa
paBHbIX NOTOKa, 0becreYnBaloLLMX paBeHCTBO P1=P2, Npu 3Tom V=0.

B panbHenweM ABMXKEHWE MOPLUHS UMAMHAPa perynvpyercs Be-
NMYMHON W HanpasneHuweM +x, U ypaBHeHneM 6anaHca pacxopos, Mosic-
HsieMoe pacyeTHol cxemoi (puc.3.46):

Q =Q-Q; =S, (3.53)
Q=Q, Qs (3.54)
Q,=Q, Q.. (3.55)

rae Q, — pacxod, MAyWMA Ha nepemelleHne MOPLUHA TUAPOLMANHA-
pa, M/c; Q , Q,, — pacxoa U3 CTpyWHOW TpybKM, MAyWMIA Ha
HarHeTaHue Ans IEBON ¥ NPaBOW NOMOCTEN COOTBETCTBEHHO, M3/C;
Q...» Q., — pacxoa u3 CTpyiHON TpybKu, MAyWMIA Ha CIMB ANs
NeBOW U NPaBoVi NOJIOCTEN COOTBETCTBEHHO, M3/C.
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Puc.3.46. PacueTHas cxema rugponpueoga

BO3MOXXHOCTM ynpaBneHusl HarpaBiieHWeM ABWXKEHMWS, Mosoxe-
HVMEM U CKOPOCTbIO IMApOABMraTens No3BoNsioT KiaccuduumpoBaTb MX
Kak apoccenupytowme pacnpegenuteny [20]. Hanuume npoussoguTenb-
HOMO pacxofa XXMAKOCTU B 3TUX YCTPOMCTBAX OrpaHWYMBAET MX MPSIMOE
yrnpaBneHue notokamu. Hanbonee 3dbeKTMBHBI OHW B MEPBOM Kackaae
HenpsiMOro ynpaeneHus pacnpeaenvtensmu. Ha puc. 3.47 nokasaH npwu-
Mep TaKoro peLueHus.

®OYHKUMOHMPOBAHME ABYXKACKAAHOrO yCUNUTENs TuMa «Comnio —
3aC/IOHKa» B 3aBMCMMOCTM OT YNpaBsitoOLMX BO3AEMCTBUIA €ro YyBCTBM-
TeNbHbIX 31EMEHTOB OMNUCHIBAETCS BbIPAXXEHUSMU:

a) BapuaHT: x,=y,=0; h1=hy; Q1=Q2; p1=p2; v=0 (rmapounnmHap
HEMnoABWXEH);

6) BapuaHT: x,>0; h1>h2; Qci>Qen2; Q1<Q2 p1<pz; V (rmapo-
LUMAMHAP NepeMeLlaeTcs Bnpaso);

B) BapuaHT: Yy>0; hi<hz; Qcu1<Qen2; Q1>Q2 p1>p2; V (rwapoun-
NMHAP NepeMeLlaeTcs BNeBO).

Pacnpepenuten HenpsaMoro yrnpasneHns uunmHapom Il coctont
U3 ABYX Kackafos: kackaa I peanusyetca auddepeHumnanbHbIM 3neMeH-
TOM «conio — 3acnoHka» (C-31, C-32), KOTOpbIA B COMETAHUM C Apocce-
namu Apl n [Ap2 obpa3yeT MOCTOBYIO CXEMY MMApPaB/IMYECKOrO ynpasrie-
HMa kackagoMm II, peanusyeMbiM ApOCCENMUPYIOLMM 30/10THUKOBBLIM pac-
npegenutenem P.
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Puc.3.47. CxeMa AByXKacKagHOro YCUIMTENS TUMNa «COmMso — 3ac/IOHKa»

VI3MEHeHMe NONOXKEHNUs! 3aCTIOHKW YNPaBstoWMMK BO3AENCTBUSIMU
Xy, yy NepepacrnpeaensioT paccTosHUE Mexay COMIOM U 3aC/IOHKON B CO-
oTHowweHum hi/hy, KOTOpoe HapyluaeT paBHOBECHE MOACUCTEMbI, CO3AaBast
nepenaz AaeneHus AP=p1—P2 1 cMellas 30M0THUK P. MocneaHuii — u3-
MEHSIET CKOPOCTb MMAPOLMAMHAPA V1, Vo.

3.4. BcnoMmoraTtenbHble 3/1eMEeHTbI rMaponpusoaa

Ons addekTBHOrO hyHKUMOHMPOBAHWUS MMAPOCUCTEM, MOMUMO
OCHOBHOM — HACOCHOW, HanpaBnsOLWEN W perynupytoweid rmapoannapa-
Typbl — Heo6X0AMMO NpWUMEHSITb BCrOMOraTesibHble YCTpOMCTBa, OCy-
LLECTBNISAIOLWME XpaHEHWE, MOATrOTOBKY, KOHTPOSb U AanbHEMLee Conpo-
BOXZAEHWe paboyeit XnaKocTu B xofe paboTbl rMaponpueoaa.

YCTpOWCTBa, OCYLLECTBASOWME AaHHble YHKLUMM U MPUCYTCTBY-
lowme B N106OW r’MAPOCUCTEME, Cieaytowme:
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— dunbTpylowas annapaTypa;

— TennoobMeHHas annapaTypa;

— KOHTpOnUpytoLas rmapoannapaTypa;

— eMKOCTM ANs XpaHeHWs paboyein XXMaKocTy.

3.4.1. TnapoannapaTypa OYNCTKM paboueit XnaKocTu

Bbicokue TpeboBaHWs, NpeabsBsSeEMble K YNCTOTe pabouelt xua-
koctu [12, 14] rmuapocucteM 06ycnoBneHbl Cepbe3HbIM BAUSIHUEM 3arpsi3-
HUTEnNeN, KoTopble HapyLIAOT NepBOHaYasibHbIE XapaKTEPUCTUKN MMapaB-
NMYeCcKMX annapaToB U arperaTos.

B knanaHHOW M 30M0THMKOBOM rMApoannapaType 3arpsisHeHus
BbI3bIBAKOT 3aK/IMHUBAHNE MWCMOSHUTENIbHBLIX 3/1EMEHTOB, NOXHOe cpaba-
TbiBaHVWE M W3HOC MECT COMPSDKEHUS, YBENNYEHUE YCUNS CTparvBaHus,
3p03MI0 OCTPbIX KPOMOK.

B ruppoaBuratensix — WHTEHCMBHBIA M3HOC paboyMx OpraHoB,
BHYTPEHHEIN NMOBEPXHOCTU KOPMYCOB U YMIOTHUTENbHBLIX 3/1EMEHTOB.

MoBbILEHWE TOHKOCTU MAbTPaLmmn pabodelt XUakocTu B rmapo-
cncteme ¢ 25 fo 5 MKM yBenuumBaeT pecypc Hacocos B 10 pa3 1 rmapo-
annapaTtypsbl B 5-7 pa3 [15].

Mpu cobnoaeHnn HeobxoamMbIX TPeboBaHWI K YMCTOTE rMapo-
CUCTEMbI YAAETCS MOBbLICUTb HAAEXHOCTb MMAPOMNPUBOLOB U YMEHbLUMTH
3KCMNyaTauMoHHbIe pacxoabl B cpeaHeM Ha 50%.

OpaHako dunbTpaumst obecneumBaeT Hanbonblumii 3ddekT NuLlb
Mpu KOMMMEKCHOM CObnofeHnn TpeboBaHW NO TUMaM MPUMEHSIEMbIX
Macen, npasunaM MX XpaHeHUst U TPaHCMOPTUPOBAHUS, KaueCTBY OUMCTKU
W repMeTM3aunm ruapocucTeM, pernaMmeHTam ux aKCrsyaTaumu.

YcTpoiicTBaMu, obecneunBaoMMmM OUYUCTKY paboyeit dUAKOCTH,
ABNSAIOTCA pa3HoOro poaa wnbTpbl, YCTaHaBNMBaeMble B OMNpeaeneHHbIX
MecTax, B 3aBMCMMOCTM OT TuMa rMAPOCUCTEMbI U €€ (DYHKLIMOHANbHbIX
0COBEHHOCTEM.

Mo ToHKOCTW unbTpaumm UNBbTPbI, NPUMEHSIEMbIE B MMAPOCK-
CTeMax, AenaTcs Ha Tpu rpynnbl:

— rpyboi ouncTku (ceTyaTble) — pasMep YMaBIMBAEMbIX YacTuL
cbiwe 0,1 mMM;

— HopMarsbHOW (NnacTMHYaTble, cetyaTbie) oT 0,1 g0 0,05 MMm;

— TOHKOW OYMCTKM (BOMSIOYHbIE, (DETPOBbLIE, KAPTOHHbIE) A0
0,005 mMM.

Ha puc.3.48, @ nokasaHa KOHCTpyKumusi dmnbTpa ®10, KOTOpbI
UMEeEeT CMeHHble pubTpo3neMeHTbl 2 U3 roprpoBaHHOIO KapToHa, pac-
MOJSIOXKEHHbIE B CTakaHe I, KOTOpbIM BBEPHYT B ronoBky 4 MocneaHsis
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umeeT noasogHoe I u oTBoaHOoe II O0TBepCTMsl, BTYNKY 3, NOAMNPYXWUHEH-
HbIli MepenyckHoN KranaH 7 U MHAMKATOpHOE YCTPOMCTBO, coaepxkallee
NUH3Y 51 3KkpaH 6. Mo Mepe 3arps3HeHns hUnbTposaNeMeHTa Bo3pacTaeT
nepenag AaBfeHui i Mexay BXOAHOMN M BbIXOAHOW MOSIOCTSIMM, B pe3ysbTa-
Te Yero nepenyckHol KranaH 7 BMecTe C 3KpaHOM 6 NoAHMMAETCs BBEpX,
Ha Hapy>XHOM TopLe NNH3bl 5 NOSBNSIETCS KpacHbI Kpyr (CMrHan o 3aco-
peHun) 1 YacTb Macna naeT MMMo UILTPYIOLLErO dM1EMEHTa.

CenapaTopsl MarHuUTHblEe OYUCTUTENbHbIE  TUMA oMM
(pnc.3.48, 6) npegHa3sHa4yeHbl AN OYUCTKM MUHEPASbHbLIX Macen U cMma-
304HO-OX/TAKAAOLLMX KUAKOCTEW OT MarHWTHBIX YacTUL OT CMECU C He-
MarHUTHbIMMU.
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Puc.3.48. KOHCTPYKUMK OUUCTUTENBHBIX (PUILTPOB: a— Hanoprlﬁ) $unbTp TMNA P10;
6 — cnuBHOW unbTp TMNa ®MM; B — ycnoBHoe 0603HayveHne
CenapaTtop COCTOUT M3 Kopryca I, KpbIWKK &, NpY>XuHbl 9, dunb-
TPYIOLLEr0 MaKeTa M3 MarHWUTOB 5 W CTafbHbIX Wb 4, obevaiku 3,
KPbIWKN 7 1 NPY>XUHHbIX 3/1EMEHTOB 10, yCTAaHOB/MEHHbIX MEXAy YNOopoM 6
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W CTakaHoM 2. 3arpsi3HeHHasi XXMAKOCTb U3 oTBepcTus I yepe3 kaHanbl B
ynope 6 NocTynaeT B NOMOCTb MeXAy DUIBTPYIOWMM MAKETOM U MPYXWUH-
HbIMK 3/1EMEHTaMWU. MarHWTHbIE YacTuUbl OCaXAaloTca Ha obedaitke 3 u
MPY>XWHHBIX 3neMeHTax 10, a OuMLeHHas XXMAKOCTb OTBOAUTCS 4epe3
oTtBepctue II.

MecTo ycTaHoBku punbTpa nnm GUIbLTPOB B CUCTEME 3aBUCUT OT
MHOTMX (PaKTOpoB, HO B OCHOBHOM OT [aBfleHVs U pacxoda XXMAKOCTU
[38].

[lpn MOC/IE40BATE/IBHOM BK/TIOYEHMN @M/IbTPE B HAMOPHYIO MU
C/IMBHYIO Maructpanb MpornycKHash CrocobHOCTb ero AO0/MKHa CooTBeT-
CTBOBaTb MoAave Hacoca UM HanbonblueMy pacxoady >XUAKOCTU B CUCTe-
Me.

®dunbTp 6 (pnc.3.49, §), NocnefoBaTENbHO NOAKIOYEHHLIA B CU-
cremy, obecneumBaeT 3alMTy rmapoarperaTtoB OT MeXaHWYeckux Yactuu
W HaxoamuTCs MOA MaKCMManbHbIM AaeneHneM. CTeneHb ero 3arpsisHeHus
KOHTPONMpyeTcs MaHoOMeTpaMu 3 1 5 (unv audmMaHoOMeTpoM 4), Npu 3TOM
NpUeMHbIA GUALTP 1 C NPOMYCKHON CNOCOBHOCTLIO 6OsbLUEN, YeM Y Haco-
Ca, 3almuleH knanaHoMm 2 Ans npefoxpaHeHust cuctemMbl U unbTpa oT
neperpy3ok. YpaBHEHWE HAcCTPOVKMU MPY>XXMHbI NPeAOXPaHUTENBHOIO Kia-
NaHa MOSICHSIET BblpaXXeHNE:

p. =Ap, +Ap, +Ap, +(0,2-0,3), (3.56)

roe pp — pabouee paeneHve B rugpounnuHape, MMa; Ap, — nepenaa
AABNEHNS MEXAY HAacocoM W rmapoumnuHapom, Mra; Apg — note-
py B dunbTpe (ONpeaensioTcs TEXHUYECKMMU XapaKTepucTukKamm
¢unbTpa), MMa.

Pnc.3.49. CxeMbl noakntoueHns GunbTPOB B MMAPOCMCTEME HA HarHeTaHuu: a — nocne
npeaoxXpaHnUTeNbHOro KnanaHa; 6 — ¢ NepenyckHbIM KanaHoM; 8 — C ABYMS npeaoxpa-
HUTENbHBIMW KNanaHamu; 7~ — nepes npeaoxXpaHvuTeNbHbIM KiarnaHoM

B cnyuasix, Korga npekpalleHue MoaBOAa XMAKOCTM B CUCTEMY
OT Hacoca HeaomycTUMO, HO BO3MOXHA KpaTKoBpeMeHHast paborta 6e3

97



dunbTpauum, cnemyet BbibMpaTb GUALTP C NEpenyckHbIM KanaHoM 1
(pnc.3.49, 6), NpyXMHA KOTOPOro A0/KHA HAaCTpaMBaTbCA Ha MaKcUMarb-

HO Ll,OI'IYCTVIMbIﬁ nepenaa aAaBliEHNA B q)vmpre.

bonee HafeXHbli BapMaHT — YCTaHOBKa ABYX MapasfienbHbIX
npeaoxpaHUTENbHbIX KnanaHoB I u 2. KnanaH 2 HacTpauBaeTcsl Ha AaB-

NeHve p» Heckosnbko bonble p; (puc.3.49, B).

Ecnn napeHne paBneHus B cuCTeMe HefomnyCcTUMO, TO (PUAbTP
YCTaHaB/IMBAETCA HA HaropHOW MarucTpasny HenocpeACTBEHHO 3a Haco-
COM, nepen npefoxpaHnUTesibHbIM KianaHoM, (puc.3.49, ) 4To nckovaeT
B/IMSIHWE Ha CTabunbHOCTb paboTbl CUCTEMBI 3acopsitowlerocs hunbTpa.

YcraHoBKka @uiibTpa Ha C/MBHBIX MAarvucTpasasx CBsidaHa C TeM,
yTo UNILTP He noaBepXXeH 6OMbLIMM AaBNEHUAM M 3aAepPXXUBAET Mpo-
LYKTbl M3HOCa, obpasyrowmecs npu paboTe Bcex arperaTtoB cucteMbl. Of-
Hako nopobHas ycTaHoBKa (punbTpa HeAonyCcTMMA, KOrga HexenaTened

noanop AaBNEHUA, BEMNYMHA KOTOPOIro U3MEHAETCA.

a) 6) B) )

A

Pnc.3.50. Cxembl nogknioyeHnsi punbTpoB B r’MAPOCUMCTEME Ha C/IMBE W MapanienbHo:
a — napannenbHo NepenyckHOMY KknamaHy; 6 — C ApocceneM W ruapoynpaBisieMbiM
KfnanaHoM; B — C ABYMSI NPeAOXPaHWUTENbHBIMKU KnanaHaMmu; 7 — napannienbHo npego-
XpaHWUTENbHOMY KianaHy C perynnpyembiM ApocceneMm; 4 — napannesbHo npefoxpaHu-

TENbHOMY KnanaHy

[ns npegoxpaHeHus unbTpa I 1 OrpaHUYeHns BENNYMHBI MPO-
TUBOAABMEHUS MapannefibHo UNbTPY YCTaHaBAMBAETCA NepenycKHOM
knanaH 2 (puc.3.50, &), HacTpoilka KOTOpPOro NpOM3BOAUTCA C YYETOM
MaKCUMasibHO JOMYCTUMON BENMYMHDLI Nepenaaa AaBneHus B punbTpe.
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Ecnn ot rugpoasuratens Heobxoaumo oTtBecT 6onbluoe Konu-
YeCTBO >XMAKOCTM, TO NapannenbHO Apoccento cneayeT MoAaKNoYaTh
HaMOPHbINA 3010THWK C AUCTAHLMOHHLIM yrpaBneHneM (puc.3.50, 6).

Ha cnvBHOM Maructpanu K umauHapy 2 nogkntoueH unbtp 4
(pnc.3.50, B). Yepes 3TOT PUALTP XKNAKOCTb OTBOAUTCSA OT NpeaoxpaHu-
TENbHOro KnarnaHa I, 4to MO3BOMSIET MOCNE 3aMeHbl XXMAKOCTU B bHake
NpON3BECTU NpeaBapuTeNbHY0 GUIbTPaUMIO ee vepes knanaH I 1 3Ha-
YUTENbHO YMEHBLUMTL BEPOSITHOCTb MOMaAaHUs 3arpsi3HEHWI B CUCTEMY.
MepenyckHON knanaH 3 OTKpblBaeTCs MpW yBENMYEHUU Nnepenaga Aasre-
HMS Ha dunbTpe. PacxoaHas xapaktepuctuka dunbTpa 4 A0/MKHa bbiTh
6onbLIe nogaym Hacoca.

[lapaniesnibHoe MogKIoHERNE PuIbTPa B CUCTEMY NPUMEHSIETCS,
KOraa pacxofHasi XapakTepucTuka duibTpa MeHblie obbeMa LUMpKynpy-
tOLLEN XXMAKOCTU B HAMOPHOM M CIMBHOM MarucTpansx, a Takke Ans TOH-
KOM OYUCTKM >XUAKOCTM, TaK Kak 3TW (GuUnbTpbl M3roTaBnMBaloOTCA AnS
CPaBHUTENBHO MasbIX PacxX0Ao0B.

®dUNbTp TOHKOM ouncTkn 4 (puc.3.50, r), yCTaHOBMEHHLIN napan-
nenbHO KnanaHy 3 nocne apoccenst Z, NporyckaeT TONbKO YacTb LIMPKY-
NVPYIOLLEN XXMAKOCTU B CUCTEME M HE 3aLUMLLAET OT NMPOHMKHOBEHUS Ma-
nbiX Yactuy. OAHAKo HenpepbiBHash OYMCTKA 4YacTu MOTOKA YMeHbLuaeT
06Lyt0 3arpsi3HEHHOCTb.

B cxemax, nokasaHHbiX Ha puc.3.50, ¥ 4, COOTBETCTBEHHO Kna-
MaHbl 3 1 2 BLINOMHAOT (HYHKUMIO NEpenyckHOro YCTPOMCTBa, a knanaH
CNYXWUT ANa MOAAEPXAHUS MOCTOSIHHOTO [aBfieHWs UM NpefoXpaHeHus
CUCTEMBI OT NeperpysKku.

3.4.2. TennoobMeHHbIe annapaTsl

Haunbonee paavkanbHbIM cnocoboM npeaynpexaeHus pasorpesa
paboyei XUAKOCTU SBNSIETCH UCKSIHOYEHWE APOCCESIbHbIX NOTEPb MOLLHO-
CTWU B rvaponpueoAe, OAHAKO MNPaKTUYECKM MOMHOCTbIO 3TOr0 caenaTb
HWKOrAa He yAaeTcs, U UCKYCCTBO pa3paboTumka 3aK/Io4vaeTcs B UX MU-
HUMM3auun. ocKosbKy aonycTuMas TemnepaTtypa Macia orpaHudvBaeT-
€51 06bl4HO 3HayeHMeM 55 °C, BO3HWMKAET 3adaya oxnaxaeHus pabouyeit
YKNAKOCTH.

Mpu OrpaHNYEeHHOM TENSIOBLIAENEHNM HOPManbHbLIA TENIOBOM
pexum MoxeT 6bITb obecrneyeH 3a cyeT Bbibopa He0bXoAMMON BMECTUMO-
cTn 6aka, 04HaKO C pPOCTOM ApOCCeNbHbIX NOTEPb MOLIHOCTU Tpebyemas
BMeCTMMOCTb 6aka pe3ko Bo3pacTtaeT (HanpuMmep, Npu NoTepsix MOLLHOCTH
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2 KBT — He MeHee 400 n), no3ToMy uenecoobpasHO MCMONb30BaTb
YCTPOWCTBA MCKYCCTBEHHOMO OXNaXAEHNs — TEMI00BMEHHMKM.

B CTaHKOCTpOEHUM MONyYMnM pacrnpocTpaHeHUE BO3AYLUHbIE W
BOASIHblE TEMNJI00BMEHHUKM, peXxe — X1afOHOBbIE XONOAWbHbIE MALUMHBbI
[28, 32]. 2ddekTnBHOCTL paboTbl TEMI00OMEHHMKOB BO3pacTaeT Mpu
YBENMYEHUM Pa3HOCTM TEMMNEPATYP MEXAY Mac/ioM U OXMaXaatoLen cpe-
[01, MO3TOMY OrnpeaeneHHbIli Neperpes Macia HeM36exXeH.

BozgyuwHsie terioobmeHHuky (puc.3.51) bonee wmMpoko npume-
HSIOTCS, MOCKOJIbKY UMEIOT HaMEHbLLYIO CTOMMOCTb, MPOCTbI U YAOGHbI B
IKCNlyataummn, a TaKxe 6e30nacHbl ana rmapocuCTeMbl. OLI,HaKO n3-3a
60/bLUMX pa3MeEPOB M BIMSIHUS TEMMEpPATypbl OKpYXXalowen cpeabl Ha
TennopaccensaHune He Bceraa 3P deKTUBHDI.

i 7
e -
7 ' +"’
—f : ¥
i :
=
o
1
e
<
o
280 224
H

a)
Puc.3.51. Bo3ayLHbIi TENM006MEHHbIV annapaT Tuna M44-2:
a — KOHCTpyKUmSi; 6, B — YC/TOBHOE M306paxeHue

Bo3aywwHble TennoobMeHHUKM Tuna M44-2 no COCTOAT U3 OAHOro
W HECKOJTbKUX MaC/ISHbIX PaavaTopoB 1, NpeaoxXpaHUTESIbHOro KiarnaHa
2, anekTpoaguratenst 3 u BeHTUnsTopa 4, cobpaHHbIX B METaNIMYecKoM
kapkace. peaoxpaHUTeNbHbIM KnamaH 3allMaeT paauaTop OT nepe-
rpy3Kku, nepenyckasi 4yacTb Macna B 06xoa paavatopa npv nepenage Aas-
neHus 6onee 0,2 MlMa, HO Mpu NyNbCUPYIOLLEM MOTOKE Macna Tennoob-
MEHHWKM UMEIOT MOHVKEHHYIO HaAeXHOCTb. HanpasneHue noToka Bo3Ay-
Xa NnoKasaHo cTpenkamu [4].
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BoasHbie terioobmeHHnky (pyuc.3.52) nmetoT 6onbluyto paccen-
BAIOLLYIO CMOCOBHOCTb, OAHAKO MpU UX UCMONb30BaHUKM TpebyeTcs noasoa
1 0TBOJ, BOAbl K 63Ky, NpoucxoauT 60MbLLION pacxof BOAbl U HE UCKITHOYe-
Ha OMacHOCTb NonagaHns Boabl B Mac/o.

A
z‘}m 2z 8 ¥ 50
% f [/ ™ 7}
17 / ¥ = 13
tL S r_ !
< = ¥ x 1
AL 9
T 1 ’U\
z -
)2
A

Puc.3.52. BoasiHoii Tennoo6bMeHHbIM annapat Tuna MO

Macnooxnagutenn BoasHble TMnNa MO cocToaT M3 kopnyca 2,
Kpblek I n 7, neperopofok 4 n pebpuctbix Tpyd 9, KOTOpble YNnoTHS-
IOTCS KOMbLUAMKN 8, pacrofioKeHHbIMU MexXay Auckamn 5 u 6. Oxnaxpaato-
LSt XXUAKOCTb (BOAA) MOABOAMTCS K OAHOMY M3 OTBEpCTUI AameTpom d,
npoxoaut no pebpucteiMm Tpybam 9, aenas 4deTblpe xoga 6narogaps
ornpeaeneHHon ¢hopMe MOMOCTeEN U MEPEropofiok B KpbllLKax, M 4epes
apyroe oreepctie avametpoM d oTBOAWTCS B KaHanusaumto. Oxnaxaae-
Mas XMAKOCTb (Macso) MOABOAMTCS B OAHO M3 OTBEPCTMIA AvameTpoM d,
NPOXOAUT Yepe3 MeXTPybHOoe MNpOCTPaHCTBO, Takxe Aenasi HeCcKONbKo
X00B B COOTBETCTBMM C NMpoduneM neperopoaock 4, U 0TBOAUTCS uvepes
apyroe oteepctvie anametpoM d. [1ns cinBa XMAKOCTY M BbiMycKa BO3ay-
Xa npeaycMOTpeHbl MPObKu 3, Ans 3akpensieHusl MacnooxnaguTens — na-
nbl 10.

XNiafjoHOBbIE  XO/I0AN/IbHBIE  MALLMHBI  (X1aA0KOMMpPEeCcCopHble
YCTaHOBKW) CMOCOBHbI NOAAEPXMBATL 3aAaHHYO TeMNepaTypy C BbICOKOM
TOYHOCTbIO, OHAKO MMEIOT OrpaHUYeHHoe TennopaccevBaHue U Tpyao-
€MKW B TEXHUYECKOM 06CY)XUBAHNW.

YCTaHOBMBLUASACA B rMApPOCUCTEME B MpoLecce aKchnyaTauun pa-
6ouasi TeMnepaTypa MOXET 6biTb CIMLIKOM BbICOKOW. MOCTOSIHCTBO TeM-
nepaTypbl MNOAAEPXMBAETCA B pe3ynbTaTe TenjopaccenBaHUs CTEHKaMu
6aka, TpybonposoAaMu M MOBEPXHOCTSMU MallUWHbI, T.€. MOBEPXHOCTU
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MallUMHbl TakXXe BbIMOHAIOT pofib MacnooxiaauTens. MoLWHOCTb, Bbiae-
nsemas npu paboTte rMaponpueoaa, MOXeT 6biTb HaliaeHa no dopmyne:

N, =Fa(T,~T,), (3.57)

roe N, — paccenBaemasi MOLWHOCTb, KBT; T1 — AelcTBUTENbHas TeMmnepa-
Typa Macna, K; T. — Tpebyemas TemnepaTypa Macna, K; o — ko-
acbduuneHT Tennonepeaayn (NponopunoHanbHocT), KBT/(M%K);

F — nnowaap TennonsnyyaoLlen NoBepxHOCTH, M2,

Torga noTepio MOLHOCTW MOXHO BbIYMCIINTb, 3Has MOBbILEHWE
TeMnepaTypbl 3a OMNpeAeneHHbli MHTEPBAN BPEMEHU B COOTBETCTBUM C
BblpaXKEHWNEM:

_ Atpc
" 1-3600°
rae N, — noTtepy MowHOCTM 6e3 y4yeTa TensopaccenBaHus CTeHKamu 6a-

Ka, KBT; p — NNoTHOCTb Macna, Kr/m3; C — yaenbHas TENI0EMKOCTb

pabouei xuakoctv, kx/(kr-K); At — yBenuueHue TemnepaTypsl,

K; t — BpeMsi paboThl, u.

Kak npaBuio, BCS BCoMoraTtenbHas rymapoannapaTypa BCTpoeHa
B HACOCHO-3HEPreTMYECKYlD CTaHUMIO M MNPeacTaBnsieT cobon eauHbin
mMoaynb [32]. HacocHble YCTaHOBKM — 3TO COBOKYMHOCTb M3 OAHOrO WMn
HECKONbKNX HACOCHbIX arperatoB W ruapobaka, KOHCTPYKTMBHO OdopM-
NEHHbIX Kak oaHO uenoe [19, 29].

Kpome TOro, HacocHasi CTaHuusi, BblAeneHHasi B CaMOCTOsITeNb-
Hbli y3€s, YMEHbLUAeT B/IMSIHWE BbIHY>AEHHbIX KonebaHWM Hacoca U
HanopHoOro 30M0THUKa (BO36yXaatowlero KonebaHms B CUCTEME B MOMEH-
Tbl cpabaTbiBaHWs1) Ha YaCTOTHbIE XapaKTEPUCTUKN UCTMONHUTENbHBIX Me-
XaHU3MOB.

MNpuMeHuTeNbHO K cTaHkaM B DHUMC pa3paboTaHbl HacoCHble
ycTaHoBku: [48-2 ¢ ogHUM HacocoM, 48-3 ¢ aByMsi Hacocamun, M48-1 ¢
[ABYMSI HACOCaMM U C HE3aBUCUMbIM MOTOKOM XXMAKOCTU. Ha 3TMX ycTaHOB-
Kax nNpefycMOTpeHbl HOpMasbHasi TOHKas UbTPaUMst XUAKOCTU U CTa-
6unmsaumsa TemMnepaTypbl C NOMOLLbIO BO3A4YLUHOMO OX/aXXAeHWsl B paana-
TOpax.

(3.58)
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4, CUCTEMbI YNPABJIEHNA CKOPOCTbIO
N CTABUWIN3ALUUN ABUXXEHUA TMAPONPUBOAA

KnHeMaTuueckme XapakTepUCTUKWU WCTOMHUTENbHBIX ABUXEHWNA
F®TO — nepemelleHne, CKOPOCTb, MOJIOXKEHWE, HarpaBneHne — obecne-
YMBalOT 06BbEMHbIE rMApOoMalLMHbI (cM. n.3.1) unK cneumnansHble YCTPOW-
CTBa rMApOaBTOMaTMKM (ApOCCeny, Hampasasiowme M ApoccenupyloLme
pacripefenuTenu, perynstopbl NOTOKa, MOPUMOHEpbl, AenuTenu, cymma-
TOpbl NoToka M ap). Obsi3aTenbHbIM YCIIOBUEM SIBNSIETCA PEryMpoBaHue
obbeMa paboyeit XMAKOCTU B peanbHOM BpeMeHUW. 3Ty 3afady peLlatoT,
npuMeHsas MalmnHHoe (06beMHOE), ApOCCeNbHOE, CTyneH4YaToe peryampo-
BaHWe pacxoaa pabouelt XMAKOCTM U KaK CNeACcTBME — YNPaBstoT CKOPO-
ctbto . WHoraa npeanaratloT KOMOGMHMPOBaHHbIE CNocobbl perynvposa-
HMS (MaLWWMHHO-APOCCENbHOE, CTYNeHYaTo-4poccensHoe v ap.)

4.1. fipoccenibHOE perynMpoBaHue
M cTabunusaumna CKOpocTuM rmaponpusoga

OCHOBOI ApOCCENbHOrO0 PErynMpoBaHusl SABASIETCS MNMPUMEHEHME
CrneumasnbHbIX YCTPOWCTB — peryimpyembiX Apoccenei, YCTaHaBIMBaeMbIX
Ha pa3fiMyHbIX y4acTKax Maructpanei ruaponpusoaa [16].

Pa3znnyaloT 4YeTblpe BapuaHTa CXEM APOCCENbHOMO YMNpaBieHus!
CKOPOCTbIO:

— Ha Bxoae B rugpoasuratens (puc.4.1, a);

— Ha BbIxoae u3 rmgpoasuratens (puc.4.1, 6, 4, e);

— B napannenb Hacocy (puc.4.1, B);

— anddepeHumansHaa cxema (puc.4.1, ).

CTPYKTYPHO OHWM OTANYAIOTCS NULLb MECTOM YCTaHOBKM Apoccens
3 oTHOCUTENbHO ruapouMnuHapa 5. OaHako dYHKLUMOHMPOBAHUE KaXKaoW
M3 HUX UMEET CBON 0COBEHHOCTW:

— B cxeMax 4.1, g, 6, r— obbeMHble NOTepu B rMapocucTeMe He
B/IMSIIOT Ha CKOPOCTb, TaK KaK MMeeTCsl U36bITOUHbIA pacxod Quss KOMMeH-
CUPYIOLLMIA YTEUKM;

— B cxeMe 4.1, B Takoe BnsiHUE eCTb;

— cxeMa 4.1, 6 obecneunBaeTr 6onee paBHOMEPHOE ABUXEHME
rmapoasuratensi, ocobeHHo Mpy Manbix ckopoctsix V<1 M/MuH. Ho npwm
3TOM 3aMeTHO cHmxaeTcsa KM ruapocncremsl;

— cxeMbl 4.1, g, 6, r paboTaloT C MaKCUManbHOM NoTpebnsaeMon
HaCOCOM MOLLIHOCTbIO, TaK KakK HE3aBMCMMO OT CWJ/lbl TEXHOIOTMYECKOM
Harpy3ku Fy , Pu=pxn 1 €cTb Quss;
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Puc.4.1. ipoccenbHoe perynvpoBaHye CKOPOCTU: @ — Ha BXOAE; 6 — Ha BbIXOAE;
B— B nNapannens; r— auddepeHumnanbHas cxema; 4 — C perynstopoM pacxoaa;
€ — ycnoBHoe 0603HaYeHne perynstopa pacxoga
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- B cxeMe 4.1, B notpebnsemMas MOLHOCTb OMpeaensieTcs

. F +F

Harpyskoit Fy , Tak Kak p, = p, = TS L, rae p, — DaBlieHNe B HarHe-
1

TaTeNbHON NonoCTv rnapounnnHapa, Ma; F, — cuna Tpexus, H.

— cxeMa 4.1, r XxapakTepusyeTcsi paBHOMEPHOCTbIO M YCTOMUMBO-
CTblO, TaK Kak 0be MoNoCTV UMIMHAPA HaxoasaTCs NoA AaBneHveM Pi u P2
(roe p2 — faBneHWe B CAIMBHOW MOMOCTH), KPOMe TOro, pabounii LMk Bbl-
nonHsietca 6e3 pacnpeaenvtens 4.

PacueT cKOpoCTM ABWXEHUS TMAPOUMIMHAPA OCyLeCTBAsSeTcs
ncxoas ns 6anaHca pacxogos [24]. [Ans cxeM COOTBETCTBEHHO:

4.1, a
Qp l“lsp 2 Qp
v,=—2=—""2 [=(p. —p); V,=—; 4.1
1 s, s, p(pa pl) 2 s, (4.1)
41,6
Q, MSP\F
v, =—r=—" = (P~ P) i
' S, S, \p ?
Q, HS, |2
V,=—2=—2—(p,—P..); 4.2
2 Sl Sl p(pl pcn) ( )
4.1, B
Q, M5, |2
V=2 S (p —p Y 4.3
275, s, p(pH Per) (4.3)
4,1, r
Qe MS, |2
S,=0; v=—"=—21—(p,—p); 4.4
ap 1 Sl Sl p(pH pl) ( )
Sup = SO ’ V=V, = O; (p1S1 = p2S2) 7 (4.5)
Q.-Q, Q, S, |2
S =S V, =—2 ™ _~m W = _ , 4.6
ap max 2 SZ SZ Sz p (pn pcn) ( )
roe Qﬂp — pacxod >XWAKOCTM, Mpoxoaslleit yepes Apoccenb, M3/c;

pu — koadduUMeHT pacxoaa Apoccens; S, — naowadb CeveHus
MOPLUHEBOW MOMOCTW, M?; S, — NOLaAb CEYEHMs LITOKOBOW MOso-
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ctn, ™% S,, — MnowWwaaL NpOXOAHOrO CEYEeHUs ApOCCens, M?;

p, — HhaBneHue, co3jaBaeMOe HAaCOCOM B HAamMoOpHOW rMApOnu-
Hun, Ma; p. — [aBNEHWE B CAMBHOW rMAponuHuM, Ma; p - nioT-
HOCTb paboueil XnakocTyn, kr/M3 S; — nnowaab NPOXOAHOro ceve-
HWS 3aKpbITOro Apoccens, Mm% S . — MnolaAb NPOXOAHOrO ceve-
HWS| OTKPBITOrO APOCCENs, M2 V, — CKOPOCTb BbIABWKEHUS LUTOKA
rMapounnuHapa (ABMXEHWE BNpaBso), M/C; V, — CKOPOCTb BTAMMBa-

HUS rnapounnuHapa (ABv>KeHue BneBo), M/C.
TakuMm obpasoMm, B cxeme 4.1, r apoccenb 3 BbIMOMHSAET U YHK-
umio pacnpeaenutens. AHanu3 BblpaXXeHU ANst pacyeTa CKOpoCcTei CBu-

AETENbCTBYET O CYLIECTBEHHOM BAMSIHUM Harpy3ku F, Ha CKOpoOCTb,
HanpumMep ans cxembl 4.1, a:

v =w 2(  F+FR

1 pH
S \p Sy
YBenunuenume Harpysku FH NMPUBOANUT K CHMIXKEHMIO CKOPOCTU Vi

S F (F, . — Makcn-

1
MafbHas Harpy3ka Ha LUTOKe ruapounnuHapa). Takoe noBeAeHWe Apoc-
CeNbHbIX CXeM (CM. p1C.4.1) Ha3bIBaOT «CTPYKTYPHON HEPABHOMEPHOCTbIO
CKOpOCTU». E€ yMEeHbLIAIOT MOCief0BaTeNbHLIM NOAK/IOYEHNEM K [POC-
Cento peayKUMOHHOro knanaHa & (puc.4.1, 4) nnn NpuMeHeHneM peryns-
TOpoB noToka (puc.4.1, €). KnanaHbl AaBneHus), sIBSsSiCb HOPMasbHO OT-
KPbITbIMX, CAMOYCTaHaB/INBasCb, MO/, AEHCTBMEM U3MEHSIOLIErocs AaBne-
HWS, NOAAEPXVBAIOT Ha APOCCENAX MOCTOSHHBIN Nepenaz AaBneHus), cTa-
61nn3npys pacxop 1, Kak CNeacTBUe, — CKOPOCTb [IBWKEHWUS MAPOABUra-
Tens.

(4.7)

H max

BMA10Tb A0 OCTaHOBa UWAWHAPa p, =p =

4.2. MalwuMHHOE peryimposaHme CKOpoCTHu
MUCNONHUTENbHbIX ABMKEHUA rmaponpueoaa

OCHOBHbIM HefoCTaTKOM APOCCENIbHOrO yrpasieHUs CKOPOCTbIO
OBWXEHUS rMapoABUraTens sIBNSeTCs 3HauuTesbHas noTeps MOLWHOCTU
MoToka paboyei XMAKOCTU Ha APOCCENMPOBAHME B MPOTOYHON YacTu
apoccensi. KNA takux cxem 1<0,6-0,67. Takoi cnocob npuMeHsIloT valle
BCero npu mMouiHoctu npueoaa N<2-5 kBT, oiHaKO NpOCTOTa peanunsaLum
NO3BONSIET UCMOJIb30BaTh APOCCENbHOE HONbLUMX MOLLHOCTSIX.

106



CylLecTBEHHO Nydlle 3HepreTvka rmapoMexaHn4yecknx CUCTeM C
MaWWHHBIM  (0B6bEMHBIM) YNPABEHNEM CKOPOCTbIO ABMXKEHWUSI UCTIONHU-
TenbHoro MexaHmsma [19]. O6o06LeHHass CTpyKTypa Takoro pelueHus
npeactaBneHa Ha puc.4.2. OcHoBoW criocoba sABNseTCs NpUMEHEHME 06b-
€MHbIX MalUMH perynmpyemMoin npon3BoanTeNbHOCTY:

— Qm=Var — I BapuaHT;

— Qu=Var - II BapuaHT;

- Qm=Var, Q.=Var - III BapuaHT.

Ny

My
My

AN

Puc.4.2. MawmHHoe (06beMHOE) peryimpoBaHue CKOpocTu
BpalLaTeNbHOro NpUBOAA C 3aKPbITOW LMPKYNSLMEN

3afaya NWUTaHUS peLlaeTcsl M3MEHEHMEM PacxXOoHOW XapaKTepu-
CTMKM O6BEMHON MallWHbI, perynupoBaHueM pabouero obbema (=Var.
BblpakeHWe HacTPOMKM CKOPOCTU MMAPOMOTOPa MOMYYMM U3 YpaBHEHUS
6anaHca pacxofos.:

Q. =Q.,+>.Q,, (4.8)

rae Q, — mopaya Hacoca, M/c; Q. — pacxop XWAKOCTU, NoTpebnsieMoil

™

rMapoMoTopoM, M/c; Q, — pacxoa, NAyLMIA Ha yTeuku, M°/c.

anH = nqurM +Zr; pH ! (4'9)
i=1

rae N, — vactoTa BpalleHus Hacoca, €'; (, — paboumin obbem Haco-
ca, M}, n_ - vacToTa BpalleHus ruapomotopa, ct; ., — pabounii
obbeM rugpomoTopa, M%; P, — AaBneHue Hacoca, Ma.

107



DR,

R (4.10)
qrM qFM
BblpaxkeHue ans Ny, onpeaensier Hactpouky I, II, III BapuaHToB

CTPYKTYP.

B nocnegHee BpeMs Mnosy4vaeT LWMPOKOE pacrnpocTpaHeHune u IV
BApUaHT CTPYKTYPbl MALUMHHOIO YMpaBfieHUs1 CKOPOCTbIO ABWXKeHus. OH
OCHOBAH Ha WCMOJMIb30BaHUW B KAYecTBe NPUBOAHOMO ABUraTensi Hacoca —
YaCTOTHO-pPEryIMpyeMoro  aCMHXpPOHHOrO  3/IeKTpoABuraTens,  Korga
Ny=N,;=Var, gs=const, q.y=const. YcnewHoctb peanusauumn IV BapuaHTa
(cM. puc.4.2) cBs3aHa C aganTaumell HacoCoB MOCTOSIHHOM Mojauyu K ava-
Ma3oHy M3MEHEHMWI CKOPOCTEel anekTpoaBuraTens. HesaBucuMoO OT npu-
HMMaeMoro BapuaHTa I-IV cTpykTypbl crnocoba B cxeme NpuCyTCTBYyeT
YCTPOMCTBO NOANWUTKM 3aMKHYTOro KoHTypa 1(2), 3, 5(1), 5(2) u nyckoBoi
pacnpegenutens 3, KnanaHbl 3awmThbl OT neperpy3kn 4(1) n 4(2).

3aMKHYyTas UMPKYNsums, OTCYTCTBME M36bITOYHOrO pacxoaa nos-
BOJISIIOT CYLLECTBEHHO YNyYlUWTb SHEPreTUKy MnpuBoda B CPaBHEHWM C
[poccenbHbIM, OAHAKO CreayeT yuuTbiBaTb, YTO CTOMMOCTb perynvpye-
MbIX 06 bEMHBIX MalUMH CyLLECTBEHHO Bbile HEPErynMpyeMmbIX.

- \0} \CJ Fy
\ Y P v,
— [ e—
5 // 7 l
P1 T

Puc.4.3. CxeMa 06bEMHOE pErynMpoBaHUE CKOPOCTU SIMHENHOMO r’MApPONprUBoAa

Ha puc.4.3 npvBeaeH npuMep NMHENHOro npvBofa ctona 5 ot
rmapoumnuHgpa & no II BapuaHTy CcXeMbl O6bLEMHOrO PperyiMpoBaHusi
CKOPOCTM C MOMOLLbI peryimpyemMoro Hacoca 2. PeBepcvpoBaHune ocy-
LeCTBNSETCA pacnpeaenvteneM 7, knanadbl 4,6 — npefoxpaHsaoT cucTe-
My OT MOBbILIEHNS AABIEHUS, CIMBAsS XNAKOCTb B 6ak 1.
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4.3. CTyneHuyaToe peryimpoBaHMe CKOpPOCTU rmaponpueoaa

WcnonHutenbHble aBvxeHns TO OCYLIECTBASIOTCA MO 3aMKHYTbIM
pabounm LmnknaM, opMmpyemble TPAEKTOPUSAMM BbICTPbIX U paboyumx Xo-
[0B, 3aAep>XKaMn BKJIOYEHWI MpU 3arpy3ke W pasrpyske obpabaTbiBae-
Mol aetanu u ap. [25]. B 3TOM ciyyae npm XeCTKUX LMKNax UCnonb3oBa-
HWe OAHOro Hacoca MOCTOSIHHOWM MoAayYun He MO3BONSIET 0becneunTb Tpe-
6yeMblil 3HepreTuyeckuin pexxuM. lNoabupas Hacoc MO MaKCMManbHOMY
JaBneHunto (Ha paboumx xogax) u pacxoay (Ha GbICTpbIX Xo4ax), He yaa-
€TCS pauMOHaNbHO MCMOMb30BaTh €ro0 MOLWHOCTb. [1pU TakuMxX >KeCTKMX
paboumx LMKnax 4acto UCNonb3yloT AUCKPETHOe (CTyrneH4YaToe) ynpasne-
HMe CKOPOCTbIO.

Cnoco6 oCHOBaH Ha MCMOMb30BaHWM CEKLUMOHHOW paboTbl ABYX
unu 6onbluero KOIMYecTBa HeperynmpyemMblX HacOCOB B peXxuMme COB-
MeCTHOW (napannenbHoi UK NocneaoBaTeNbHON) UK pasaenbHoi pabo-
Tbl. BO BTOPOM Ciyyae oavH UM rpynna HacoCoB pPa3rpy’kaloTcs Ha CMB
Npy¥ MUHUMANbHOM AABMEHUW, yMEeHbLUash NoTepu MOLLHOCTM Ha paboumx
xofax unv B nepuoabl nay3 B pabote npmsoaa.

y
S; ¥

Puw Pu

Puc.4.4. CtyneHyaToe perynnpoBaHue CKOpoCTH
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Ha puc.4.4 npuBeaeHa TunoBasi cxema Takoro crnocoba ans aAByx
HacocoB. Hacoc 1 MMeeT HeBbLICOKOE [aBreHune, HO 6onblUoi pacxos;
Hacoc Z — pa3BMBaEeT BbICOKOE JaBfieHne npu ManoM pacxoge. Ha yyact-
Kax ObICTpOro noaBoAa CO CKOPOCTbIO Ven AABIEHME B LMIMHApe &

F
Dy =S—° (rme F, - warpy3ka Ha ruapounnuHape; S, — nnowaab nopu-
1
HS MMAPOLUMNMHAPA) HEBENWKO, HACcoChl paboTaloT COBMECTHO M napan-
NenbHo:
H1— KO6 — A(Qui+ Qu2) — P7 |1|| -1 U8/MN U8 —P7— b

H2—/1P5
Toraa ckopocTb BbICTPOro NoABoAa:
+
Vg, _QutQu (4.11)
: s,
5 5.1
A 7
| & i
=-Too '
| | ! 52|
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Puc.4.5. PazgenutenbHas naHenb

B MOMEHT MpUNOXEHUSI TEXHOMOrMYECKon Harpysku Fy (Hauano

F+F,
06paboTku AeTanu) AABNEHWE B UMMHAPE p, =———" YBEINYMNBAET-

cs. MmapoynpaBnsieMblit KnanaH 4 OTKPLIBAETCS, [AAB/IEHUE YNpPaBeHUs
Py, Pa3rpyxaeT HacoC BbICOKOWM nogaun I Ha cnve. Pabounii xon obecne-
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YMBAET HACOC BbICOKOrO AAB/EHNS 2 CO CKOPOCTbIO V, = SL"S , perynu-
1

pyeMblii apocceneM 5. Hacocbl paboTaloT pasaenbHO yepes pacnpenenu-

Tenb 7. Mpu obpatHom xoae F+=0 Hacocbl paboTatoT COBMECTHO maparn-

nenbHo. CKOpOCTb BLICTPOro 0TBOAA HAaXOAMTCS MO BblpaXXEHMUIO:

v _ QHI + QH2
6.0 S .
2

PaccMOTpeHHbI Ha puc.4.4 NpUMep MOXHO peLlnTb, MCMOoSb3ys
pasgenuTenbHylo NaHenb 5 Ha puc.4.5, cocTosilwyo M3 KnanaHoB Aasie-
HUs 4, 6 n obpaTHoro knanaHa 5. B nonoxeHun «Cton» naHenb obecne-
UMBAET pasrpy3Ky HACOCOB BbICOKOMO W HU3KOro AasneHus I, 2 npu aas-
NeHun Py=Pcs. BrNtoueHnem pacnpepenutens 3 OTKPbLIBAIOT KnanaH Bbl-
COKOro AaBneHust 6, obecneunsas cépoc Q1 n Q2 Ha cnme B 6ak. B Takux
CNyyasix yaaeTcsl yBenuuuTb cpeaHeumknosoit KM npueoaa v ONTUMK-
31MpOoBaTb 3HeprosarpaTbl.

(4.12)

4.4. Ctrabunusauus CKOpoOCTU UCNOJTHUTENbHbIX ABMXEHUN
rmapocdhnunMpoBaHHOro aBTOMaTU3MPOBAHHOIO
TEXHOJI0OrM4YecKoro o6opyaosaHus

Mpn ucnonb3oBaHMM O6BEMHBIX TMAPOMPUBOLOB C Hepery-
NNPYEMbIMUA TMAPOMALIMHAMU BO3HUKAET HeobXoAMMOCTb MoAAEpXKaHUs
MOCTOSIHHOM CKOPOCTW TMAPOABUraTENsl Npu MepeMEeHHON Harpyske wnu
obecneyeHnsi OAMHAKOBOM CKOPOCTU ABMXKEHMSI HECKOSIbKMX FMApOABUra-
Tenen [11, 13].

PaccMOTpMM ApoccesibHO-KnanaHHble perynnpytowme ycTpoicTaa
Ha KOHKpeTHbIX npumMepax [23]. HasHaueHWe perynsitopa NoToOKa XWAKO-
ctn (puc. 4.6), nocTynatowen ot Hacoca H — ctabunmsnpoBaTb CKOPOCTb
oT rmgpomotopa MM npu pasnMyHOM BHELWHeN Harpyske Ha Hero. OT-
AenbHO B3aTbi Apoccenb [P He obecrieumBaeT MOCTOSIHCTBO CKOPOCTM
rmapomotopa M npu nepeMeHHol Harpyske.

Ons ctabunmnzaumm NoToKa >XMAKOCTW B rvaponpueoge C ApocC-
CeflbHbIM PEerynpoBaHMEM CKOPOCTM HeODXOAUMO [AOMOSHUTENBHOE aB-
TOMaTMYECKN AEWCTBYIOLLEE YCTPOMCTBO, HanpmMep KianaH KA.
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MonoXeHwne KnanaHa perynnpyeTcs, C OJHON CTOPOHbI, MpPYXWu-
HOW, a C ApYrov — AaBNEHWEM XWAKOCTU: A0 APOCCENs py W MOC/IE HEero
P KnanaH gpoccenvpyeT YacTb MOTOKa XXMAKOCTW, MOCTYMalowero u3
HanopHol NMHUKM B 6ak B. Bnarogaps TakoMy YCTPOMCTBY M AEWCTBUIO
KnanaH NOAMEPXMBAET MOCTOSHHBIN Mepenaj AaBneHust XWAKOCTM Ha
apoccene. lMNepenaa AaBNeHUs 3aBUCUT OT HacTpoWku (mogaxaTtusi) npy-
XWHbI KnanaHa. O6blyHO nepenag coctasnset 0,1-0,3 MMa. [JaBneHue pry
XNAKOCTM 3a apocceneM [P B KaMepe rmMapoaBUraTesnsi U3MEHSIETCS B
3aBMCMMOCTY OT BHELLHEN Harpy3ku Ha rmapoasuraTtene.

1 Ve ap
V777
Ry |
Al
H %ﬁé
q > 7
o lZ "
, ,
8w By
Ko z o
q, | '
L |6 5

Puc.4.6. Cxema rmaponpusoga C perynsTopoM noToKa XUAaKoCTu

[aBneHune py, XWAKOCTU B HaMOpHOW NMHUKM Ao apoccenst AP pe-
rynupyeTcs knanaHoMm paaeneHuss KA Tak, 4Tobbl pasHMua AaBfeHUM
Pu—Prw OCTaBanacb NOCTOSIHHOM. CriefoBaTeNbHO, U Pacxos Qmw XUAKOCTU
yepes apoccenb B ruapoasuraTtens 6yaeT nocTosiHHbIM.

Mpu pu-prv=cONSst BennunHa Qu=const. OgHako cneayet MMeTb B
BUAYy, YTO nepenaz AaeneHus Ap=p.—pr Ha apoccene AP knanaH KA
NOAAEP)XMBAET C HEKOTOPOM MOrpeliHOCTbio. ANg aHanmsa MpuuMH Mno-
rPEWHOCTM pPacCMOTPUM  YpaBHEHWE paBHOBECUS CWJ1 Ha 3arnopHo-
perynvpyioLeM 3n1eMeHTe KanaHa AaBneHuns:

F(pﬂ_prm)zc(lo+|)+PTl (4.13)
roe F — addekTMBHas nnollaab B Kamepax rupaBiMyeckoro yrpas-

NEeHUst KnamnaHoM, M?; € — XXECTKOCTb MpPYXWHbl knanaHa, H/w;
lo — npeaBapuTenbHOE COKaTME MPYXWHbI KManaHa npu HacTpow-
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ke, M; | — OTKNOHEHMe 3anopHO-peryMpyIOLWEero 3neMeHTa oT Uc-
XOAHOro noJioXXeHusa npu pa6OTe KnanaHa, M; P; — cuna KoHTaKTHO-
ro TPEHUS Ha 3arnopHO-peryInpYIoLLEM 3neMeHTa, H.
OTHOCUTENbHas MOrpewwHoCcTb peryinpoBaHns nepenaja fasne-
HUA Ha Apoccene:
o _feae, TR (4.14)
Ap, l, cl,

rae Ap, — waeanbHblii perynupyemblii  nepenaj AaBneHWUs >KMAKOCTU

Bo3MoxxeH npu | =0 u P, =0, Ma; Ap— aencTBuTenbHbIN Nnepenas
faBneHnss Ha apoccene [P, perynvpyeMmbiil KnarnaHoM fasie-

Hus, Ma.
OTHOCMTENbHAs  MOrpewHoCcTb CcTabunm3aumm notoka (pac-
X0Aa) XKNAKOCTH:
Q,-Q..)
g = ———=.1+¢ -1, (4.15)
Q.

rae Q, — AEMCTBUTENbHbIA Pacxof >KMAKOCTU C YYETOM MOrpeLIHOCTY
perynuposaHus nepenaja Aasnenuid, m/c; Q. — waeanbHbIi

pacxof, obecneynBaeMmblii peryiiTopoM noToka, M3/c.
Cuna PT KOHTaKTHOIro TpeHUA MOXET WUMETb MONIOXUTENbHbBIN

WM OTPULATENbHBIN 3HaK B 3aBUCMMOCTU OT HANpPaB/EHUs NepeMelLeHns
3aMNopHO-PEryNIMPYIOLLIEr0 3/IEMEHTA KanaHa [AaBNEHUS 30/I0THUKOBOIO
Tuna. COOTBETCTBEHHO, Pa3/IuHbIii 3HAK MOXET UMETb U OTHOCUTESIbHas!
MOrpelHocTb €, CTabunusaunm pacxoa XuakocT. OCHOBHbIE CNOCobbI

1

CHWXKEHUA BENUYUHbI € =~ — TMAPOCTATUYECKaa M rMApOoANHaMUYECKas

pasrpyska 3anopHO-perynvMpyowero afieMeHTa 1 yBeIMYeHne B3auMoCBsi-
3aHHbIX napameTpos F, ¢ 1 lp knanawa.

PerynsaTopbl MOTOKA >XWAKOCTU MOTYT MMETb PasfiuHble KOH-
CTPYKTVBHble MoAMdUKALMKU: C NPeAoXpaHUTENbHLIM KanaHoM, peayk-
LIMOHHbIM, 06paTHbLIM M BK/OYAOTCS B MMAPOCUCTEMY MPUBOAA PasSivyHO.
PaccMOTpeHHbIN perynsTop NoToka, Kak Hanbosiee SKOHOMUYHBII, NpUMe-
HSETCS NPeUMYLLECTBEHHO B rmapocucteMax TO.
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5. TMAPONPUBOAbI UCMOJIHUTESIbHbIX ABMXEHWUIA
ABTOMATU3UPOBAHHOIO TEXHOJIOTMYECKOIO
OBOPY[NOBAHUA

PaunoHanbHble paboune UMKbl TMAPOMEXAHUYECKMX CUCTEM,
obecneunBaloTcsl, Kak MpaBWIO, MHOroOABUraTeNlbHbIMKM CMCTEMaMK Mpu-
BogoB [35].

Mpy MX NOCTPOEHUM YUUTHLIBAETCA C/IOXHOCTb TpaekTopuin WA,
Heobxoaumbix ans ¢dopMoobpa3oBaHMs MOBEPXHOCTM AeTann (Konude-
CTBO MEPEXOAOB, CMEHblI MHCTPYMEHTA U T.4.), U BUA Npou3BoAcTBa (MH-
AVBMAYyanbHOe, MeNKocepuitHoe, MaccoBoe). [ns 6oMblmx 06beMOB Npo-
W3BOACTBA W HECNOXHbIX AeTaneil NpUMEHSIOT LMKIOBbIE NMpUBOAbLI Npo-
rpaMMHOro perynmpoBaHusi. OHM MPOCTbl, 3KOHOMWYHbI, HO MPU CMEHe
obpabaTbiBaeMoi aeTanu TpebyeTcst nepeHanaka CUCTEMbl YrpaB/ieHusI.
Mpn He3HAUUTENBHOW MaApPTUM AETaneil CHUXKAETCa NPOU3BOAUTENBHOCTb
obopyaoBaHus. B atux ycnosusix npeanoytutesibHo ATO — nporpaMMHble
NO3MLMOHHbIE MPUBOALI, B KOTOPbIX NepeHanagka paboyero umkia ocy-
LLLECTB/ISIETCS aBTOMATUYECKM.

[ns dopMoobpas3oBaHns COXHBLIX MOBEPXHOCTEN WCMOSb3YIOT
KOMMPOBAJIbHbIE CUCTEMbI, OBCITY)XXMBaeMble CNeasiluMMM rMaponpuBoAa-
MMU.

'mapomexaHnyeckue cucrtemol npueofos ATO peanusytotcs Tpe-
MSl MOACUCTEMaMM: 3SHEPrOCU/IOBOW TMAPAB/IMYECKON, MEXaHUYECKOW WU
yrpaBneHums.

OcobeHHocTbO0 ruaponpueoaa ATO sIBNSETCS HanuMume Mnoacu-
CTeMbl M KOHTypa ynpaeneHus [37], obecrneumBalowlero opraHu3auuio,
WCMOJIHEHNE U KOHTPOJIb MPaBU/IbHOCTU BbIMOSHAEMOr0 rMApPONpPUBOAOM
paboyero uMkia B aBTOMaTUYECKOM PEXMME, COrnacoBaHHOM C paboumm
npoueccoM ATO B peanbHOM MPOCTPAHCTBE U BPEMEHM.

Moacuctema  ynpaBneHns  ¢opMMpyeT  NOCNefoBaTeNbHOCTb
yNpaBnsioWMX BO3AENCTBUIA Ha perynupyowme yCTpoMCcTBa rMaponpuBo-
Ja, obecneumBalolMe ynpaBiseMoe npeobpa3oBaHNE 3HEPruM MNOTOKa
paboyei XnaKocTu, noctynawollen B ruapoasurateny. Mpu 3ToM peanu-
3yl0TCsl TpebyeMble MO3ULMOHHbIE MEpPEMELLEHUS), CKOPOCTU, CUMbI, KpY-
TALWME MOMEHTbl HA BbIXOAHOM 3BEHE TMMAPOABUraTENEN U CBSA3AHHBIX C
HUMU MEXaHWYECKMX MOACUCTEM LIENEBLIX MEXAHNM3MOB CTAHKOB.

B cnyyae, korga ruaponpuBod obecneymBaeT ABUMXKEHME He-
CKOMbKUX LieNneBblX MEXaHW3MOB, 3afada YCOXHsSeTcs. Takue rugpome-
XaHWYECKME CUCTEMbI Ha3blBAlOT MHOMOABUIaTE/IbHbIMW. 3afady peLuatoT,
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NPUMEHSS aBTOHOMHbIE WM rPynnoBble (MarucTpanbHble) rMaponpuBo-
Abl. MepBble UMEIOT OTAENbHbIA UCTOYHUK MUTAHUS, BTOPblE — CTPYKTYpPY
OAHOMO WCTOYHMKA MWUTaHWSI C Pa3BETBNEHHLIMU MMAPOMArncTpansaMM no
KOJIMYECTBY MMAPOABUIaTENEN.

5.1. Lluknosble rmgponpmeoabl

LUnknosble rugponpueoabl (LIMT) Ha3biBalOT 4acTo NporpaMMHbI-
MW, TaK KaK 3aKOH HeobXxoauMbIX Ans opraHusauuu pabodero uUMKna
yNpaBAstoWMX BO3AENCTBUI 3apaHee M3BECTEH B peasibHOM NpoCTpaH-
cTBe 1 BpeMeHu [23].
XapakTepHbiM npumepoM siBnsieTcsa LT arperatHoit cBepnusib-
How ronosku (ACI), cxeMa KOTOPOro NpeAcTaBneHa Ha puc.5.1, a.
TunoBoln 3ckm3 BbinosiHsieMoro ACIT pabouyero uUMkna NpUBEAEH
Ha puc.5.1, 6, BpeMeHHas uMknorpamma asuxkexus — B Tabn.5.1.
Tabnuua 5.1
BkntoueHme ynpaBnsowmx yCTPOUCTB LIMKIOBOrO MAPONpUBoAa

OnemMeHThI A | Ynopbl | Bbikiova- neKTpoMarHuThI Pene
umkna Tenu pacnpegenuTenen BpeMeHu
KOHeyHble
M1 | Y1 | Y2 | BK1|BK2 |[YA1 [YA2 |YA3 |YA4 PB

0: «Cron», 3arpy3ka x | + + +
0-1: BbiCTpbIii NOABOA Ve.n - + +
1-2: Pabodast noga4a Vp.n - + +
2-3: Bblgepxka Ha ynope X + + + +
3-4: BbiCTpbIii 0TBOA V5.0 « + +

lpumeqarme. «+» - cpabaTtbiBaH1e 3N1eMeHTa.

PaunoHanbHble obnactu npuMmeHeHus LTI — 3To xecTkue wnm
peako nepeHanaxusaemble paboume LMKbl LeneBbiXx MexaHu3moB ATO,
YTO XapaKTepHO A1 CEPUMHOIO M MaccoBOrO NMPOW3BOACTBA. Yallle Bcero
OHM 0OCNY>XMBAIOTCA arperaTHbIMK CTaHKaMu, MosyaBTOMaTaMu, aBTOMa-
TUYECKMMU IMHUSIMX U CTAHOYHBIMU CUCTEMaMW.

PaboTy cxeMbl MOSICHSIOT uUMKAorpamMma paboTbl rmaponpueoaa
(pnc.5.1, 6) n dyHKUMOHaNbHas cxemMa NoTokoBs (puc.5.1, B).

DneMeHTbl paboyero LMKIa 3a4alTcs KOOPAMHATHON YCTaHOBKOW
yrnopoB Y1, Y2 ans oceBoro nunota P3, KOHeYHbIX Bbiko4vatenen BK1,
BK2, noakntodeHHbIX K pene sBpemeHnu PB. Tak, B LTI ocywecTtBnsercs
HacTpoiika ynpaBnsioLLen NOACUCTEMbI Ha 3a/laBaeMbIit pabounin LMK,
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YnpaBneHne HanpaBieHWeM ABUXEHUS OCYLLEeCTBASET ABYXMO3U-
LIMOHHBIV YeTbIpEXNINHENHBIN pacnpeaenuTenb Pl ¢ 3n1eKTpoMarHUTHbLIM
ynpaeneHnem (3MY) (YA2, YA3). OcTaHOB ruaponpuBoAa BbIMOSHSET
pacnpegenutens P2 ¢ MY (YA1), ynpaBnsiowmin npeaoxpaHUTeNbHbIM
knanaHom KI, pasrpyxaloowmm rugpocucTemMy OT MOTOKa, hOpMMpyeMOro

HacocoM H.

g | tmon
V
"1 01| Vs,
an
Vi 12|V
Z;zn z 2-3 | Budepxka wa ynopd
4 Vao RN E¥ 0 17
lgs Y ER ]—UUK
6) B)

Puc.5.1. Liuknosoli (NporpaMMHbIi) FMAPONPUBOA CUIOBOM arperaTHOW rofoBKu:
a— 3CKkn3 paboyero umkna; 6 — BpeMeHHas LMKIorpamMma;
B — NpUHUMNWanbHas ruapasnnyeckas cxema
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Ckopoctn pabounx nopay V,n obecneumsaiotrcs apoccenem [P
«Ha BbIXOfle», a YCKOpPEHUE MNepeMeLleHns: Ve — LWYHTUPOBAHWEM ApOC-
censa [P ocesbiM nunotoM P3 1 ruapoakkyMynatopoM A, Vs, — WYHTU-
poBaHueM [P obpaTHbiM knanaHoM KO2, BbI6GOpOM AvaMeTpa WToKa rma-
poumnuHapa L n nogkniodeHneM A, Boigepxka ACI Ha BK2 B koHuUe xo-
na L., obecneunsaet pene BpemeHu PB.

KoHTponb MpaBunbHOCTM U MOCNefoBaTeNbHOCTU BbINOMHEHUS
pabouyero LMKIa OCYLLECTBASIOT 3MeMeHTbl aBToMaTuku (cM. Tabn.5.1)
«Mo NyTu».

5.2. Mo31MuMOHHbIE rMAPONPUBOADI

Mpu yBennueHun ToMeK KOOpAMHUPOBAHUS LieNIeBbIX MEXaHWU3MOB
B paboyeM UMKIe BO3HWMKAKOT TPYAHOCTU HAaCTPOMKM paboumx LMKIOB.
OHu CBSi3aHbl C yBEIMYEHMEM KONMMYEeCTBa AWCKPETHbIX AAaTYMKOB nepe-
MeLleHns, HeobXoAMMOCTbIO MX MO3MLMOHMPOBaHWUS Npu Hanagke. Yee-
NNYMBAETCS BPEMSI HacTPOWKM NPMBOAA, OFPaHUYMBAETCS TOYHOCTb MO-
3MLUMOHMPOBaHWsl. BBeaeHneM B NOACUCTEMY YMpaBNeHUs HenpepbiBHbIX
[aTYMKOB MNepeMeLleHUs BbINOHSATCA MporpaMMMpyeMble  MHOroro3su-
LUMOHHbIE nepeMeLleHns. Takve NpuBOoAbl Ha3biBalOT MO3MLMOHHBIMU Tna-
ponipusogamu (MIM). OgHako npu 3TOM nosiBAsSeTCs HeobxoaMMoCTb B
pasnMYHbIX 3afaTymKax nepemelleHun [271].

MpuBoabl pa3pabaTbiBalOT, MCMOMb3Ys MHOMOOTCHYETHbLIE KOOPAU-
HaTHbIE CUCTEMBI ANS1 3aZiaHusl U OTCYEeTa NepeMeLLeHNs UCMONTHUTENbHBIX
MeXaHM3MOB. Yalle NpUMEHSsIIT ABYXOTCcYeTHble cucteMbl [33]. Xapak-
TepHbIM npumepoM siBnsieTcs MMM ¢ gaTyunkamMu nepemelleHusi, BbinoJ-
HEHHbIMW B BUAE BpalLAloMXCs pacnpeaenutenein (puc.5.2), KuHeMaTu-
YeCKM CBSI3aHHbIX C MepeMeLleHNEM UCMONMHUTENBHOM0  MexaHu3Ma
(pnc.5.3).

Cucrema rpyboro orcyeTa repemeLreHmns HGUKCMPYET KOMYECTBO
[UCKpET, COOTBETCTBYIOLUMX KOMMYECTBY OBOPOTOB BTY/IKM KPaHOBOrO
pacnpeaenuTensl, UMeKoLLEN KMHEMATUYECKYHO CBS3b C FrMAPOMOTOPOM.

cucrema TOYHOIO OTCYETA repemeleHnss cpabaTbiBaeT, Koraa
COoBMeLLatloTcs paboune okHa MOBOPOTHONM BTYSkM BP, oHO npoucxoauT B
npeaenax 3a/laHHoN YriioBoM ANCKPETI.
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Puc.5.2. Bpawatowmiica  pacnpeaenutens  (ynpasnsiowee  ycTpoictso  MIM):
1, 8 — KpblwkKW; 2, 6 — yCTAHOBOYHbIE BTYNKW; 3 — Kopnyc; 4, 9 — ynnoTHeHus;
5 — noBopoTHas BTynka; /— dnaHey Bana; 10, 11 — npoknagku; 12— KOMNeHcaTop;
13, 14— HanopHbIN 1 CNBHOI KaHasbl

Bpalatowmiica pacnpeaenuTens (cM. puc.5.2) coaepXxuT mnoBo-
POTHYIO 5 1 YCTAHOBOYHbIE 2, 6 BTYNKWN C paAvanbHbIMU pabounMmn OKHa-
MW, MPU COBMELLEHUM KOTOPbIX Ha BbIxoAe (OpPMUPYETCS YrpaBnsitoLLmii
curHan Py, BospeincTeytowmin Ha rmaposamok 3 (puc.5.3). MoBopoTHas
BTyJIKa KMHEMATMUeCKM CBs3aHa vepe3 MydTy M2 ¢ BanoM ruapomMoTopa
™ ¥ nnaHwabon. YcTaHoBOYHasi BTySIKa KUHEMATUYECKM CBSi3aHa C aB-
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TOHOMHBLIM 33AaTuMKoM nepemelleHnin A3, NoBOpauMBalOWMM YCTaHO-
BOYHYIO BTY/IKY B Yr/IOBOE MOJIOXKEHWNE, COOTBETCTBYIOLLEE NepeMelLeHuIo.
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Puc.5.3. MO3ULMOHHbIN MMAPONpPUBOZ NOBOPOTHO-KOOPAMHATHOIO CTOsMa
C IBYXOTCHYETHOMN CUCTEMON MepeMeLLeHus

MexaHnuyeckas noacucTemMa NpuBoAa COAEpPXUT Basnbl, MydTsl M1
u M2, yepBsiyHyto nepegady Ur ¢ nepeaaToyHbIM OTHOLLEHWEM ip, MnaH-
Lanby noBopoTHOro koopamHaTtHoro crona MKC.

MmapaBnuyeckass NOACUCTEMA BKJIOYAET: DHEpProcusioByto ycTa-
HoBKy (9CH) c napameTpamu noToka pabouelt XuaKocTn Py, Qu, rMapo-
moTop M, ynpaBnsiemMblit ABYXCTOPOHHUM MMapo3aMKoM 3 u perynsatop
noTtoka P, cTabununsmpytoLmin CKopocTb MnaHLLan6bI.

YnpaBnsiowyo noacucTeMy npuBofa 06pasyloT: pacnpeaenu-
Tenb rpyboro otcyeta PrO, obecneunBatowmii NoaBOA CUrHana ynpasne-
HWs Py K Bpallalowemycs pacnpegenutento BP npu cpabatbiBaHun pat-
ymnka rpyboro otcyeta Aro.

CvrHan oT gaTtumka MoCTynaeT B CUCTEMY yrpaBieHus, KoTopas
opMupyeT ynpasnsiollee Bo3AeNCTBUE Ha 3nekTpoMarHuT YA3 v ganee,
npu coemelleHnn paboumx okoH BP, ynpaensiowiee gasneHue py. ABTO-
HOMHbI/ 3aAaTuuK MepeMELLEHNS — YCTPOMCTBO, YNpPaBnsioLee NOBOPOT-
HoW BTYynKoi BP M 3agalollee MOMEHT COBMELLUEHUSI ero paboumx OKOH B
KoopAMHaTe Nno3vLMOHUPOBaHUS.
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5.3. LLlaroBbiii NO3MLNOHHbDIN 3/1IeKTporuaponpuseoa

DneKkTporvapasnmyeckue wwarosble npusoasl (ALLUM) peanusytotcs
ruapasnndecknMm yeunutenammn (IY) KpyTawero MoOMeHTa C LIaroBbiM
auratenem. Laroebit apuratens (LUJ) Manoi MOLHOCTU sBNsieTca 3a-
AATUMKOM W MOBOPAYMBAET BXOAHOW Basl MMAPABAMYECKOro YCUIUTENS Ha
3aAaHHy0 AUCKPETY, @ BbIXOAHOM Bas, KMHEMATUYECKU CBSI3aHHbIN C rng-
pPOMOTOPOM, C HE3HAUYUTENIbHOW OWMBKON OTpabaTbiBaeT BCE ABMKEHUSI
BXOAHOrO Basfia, pasBuBasi KPYTSALMIA MOMEHT, AOCTATOYHbLIN ANs nepe-
MelleHMs LeneBblX MexaHu3MoB [29]. YcuneHue KpyTawero MOMeHTa
obecneunBaeTCcs 3a CYET YNpaB/eHUsl SHEPruel NoToka Macna, NoABoAU-
MOro K rmapoMOTOPY MasioOMOLLHbIM CMIHaNoM Ha Bxoge Y.

CxeMa npocterwero LM npeactaeneHa Ha puc.5.4. Ban rmapo-
MOTOpa 5 uepe3 nepeaaToyHo-Npeobpasyowmii MEXaHU3M COeAMHEH C
WCMOMHUTENbHBIM MEXaHWM3MOM. YNpaBAsioOWMM YCTPOWCTBOM MpuBOAa
SIBNISIETCS KPaHOBLIV ApOCCEnuUpyoWwmMin pacnpeaenuTens 15. Ero BTynka 2
C NapHbIMM paauanbHbIMK KaHalaMu CBsi3aHa CO BCrOMOraTesibHblM Ba-
oM 3 rmapoMoTopa 4 MexaHuJeckol ceasbto 14. Mpobka pacnpeaenunte-
ns 1 cBs3aHa C 3afaTYMKOM MNEPEMELLEHNS MSIM CKOPOCTM (HECMIIOBOM
LUAroBbIi 3NEKTPOABUraTeNb, ABUraTeslb NOCTOSIHHOrO TOKa — Ha puc.5.4
He rnokasaH). B ncxogHoMm nonoxkeHun npueoaa «cron» npobka I nosep-
HyTa MpOTMB YACOBOM CTPENKM Ha yron O. Tak Kak pacnpeaenuTeNb Bbi-
NOJIHEH C NOJIOXMTENbHBIM NEepeKpbITUEM, NapHble KaHanbl nogsoaa 6, 10
W cnvBa rmapoMoTopa 8, 12 nepekpbiThl.
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Puc.5.4. LLlaroBblii poTauMoHHbIM ruaponpueoa (Tun Mri8-1)
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Mpu 3agaHun npobke 2 yrna unuM CKOpOCTM MOBOPOTa B COOTBET-
CTBYIOLLEM HanpaBneHWn obpasyeTcs paccorfiacoBaHue & 30/10THUKOBOW
napbl, 4TO NPUBOAUT K 06Pa30BaHMI0 NPOXOAHbIX CEYEHUI B KaHanax 6-7,
10-9, 11-12, 7-8. Ban ruppomoTtopa 5 BpallaeTcs u yepe3 obpaTHyo me-
XaHu4eckyto cBa3b 14 ybupaeT paccornacosaHue. lNpu octaHoBe Npobku
1 BeNuUMHa nepemMeLLeHns onpeaensieTcs KONMYeCcTBOM Laros (ANCKPET)
LIAroBOro ABuUraTessi, a CKOpoCTb — YaCcTOTOM UX CNeaoBaHus.

B anekTpormapaBanyeckmnx LWaroBbiX npueogax Tvna 332I18-2
(pnc.5.5) B kayecTBe yrnpaBnstoLIEro YCTPOMCTBA UCMOSb3YETCS YETbIPEX-
KPOMOYHbIN 30/10THUKOBLIN pacnpeaenuTenb 5, KOTOPLIN CBS3aH C BasioM,
WMEIOLLUMM C OAHOM CTOPOHbI LWIMLEBYIO BTYSIKY 6, B3aMMOAEMCTBYIOLLYIO
CO LWIMLEBbIM KOHLIOM Bana rugpoMotopa /Tuna M5-2.

AN 5 4 3 2 1

By QH. l l Prn G

8
Puc.5.5. LLlaroBbiit poTauMoHHbIN ruaponpueoa (Tun 332M18-2)

[pyroi KoHel CBsi3aH C MPELE3NOHHBIM BUHTOM 4, B3aumopen-
CTBYIOLLMM C raikol 3. Maiika ycTaHoB/eHA B MOALIMMHUKAX, UCKITHOYato-
LUMX BO3MOXHOCTb €€ OCEBOIO MepeMeLleHus, u Yepe3 MydTy 2 cBsisaHa C
BaJIOM LIaroBoro asuratens 1.

Mpyv nosopoTe Bana WAaroBoro Asuratens 30n0THMK (APP)
CMELLAETC B OCEBOM HarMpaB/ieHWW, COeAVHSS OAHY U3 KaMep rMapoMo-
Topa (I unu II) ¢ HanopHOW IMHWEN U OAHOBPEMEHHO APYryl0 — CO C/IMB-
HoW. Ban rmgpoMoTopa NOBOpPaYMBaeTCs B Ty XKe CTOPOHY, YTO M Ban Wa-
roBOro Apuratesnsi, U 4epe3 LWIMLEBOE COEAMHEHME W BUHTOBYHD nNapy
BO3BpalLUaeT 30/I0THUK B CpeAHee MOJIOXKEHWE, MAPOMOTOP OCTaHaBW-
BaeTCs. Mpy1 NOCTOSAHHOM YacTOTE BpaLLEHUS U MPU PaBEHCTBE CKO-
poCTel Mexay BafiaMu LLaroBoro ABMraTens U ruapoMoTopa COXpaHsIeTCs
yron oTcTaBaHust dor.

121



SILLUMN BBINOAHAIOTCA B BUAE KOMMIEKTHbIX NpuBoaoB [26]. Co-
eAVHEeHMEeM Bana rmMapoMoTopa C MeXaHMYecKoW NOoAcUCTEMO o6bekTa
NO3ULIMOHMPOBAHUS PaLMOHANBHO pellaeTcs 3ajava NoCTPOeHUs rmapo-
MEXaHNYeCKOMN Mo3MUMOHHON cucTeMbl ans ATO (puc.5.6).
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Puc.5.6. LM cunoBoro nogatolero crona dhpesepHoro craHka: Myx — KpyTawmi
MOMEHT Ha BXofe Apoccenupytowero pacnpeaenutens; |y — nepemeweque
MCMOSTHUTENBHOrO MeXaHM3Ma

Ha puc.5.6 npmBegeHa rmapokmHemMaTudeckas cxema LM tu-
na 332I18-2, npuMeHsieMoro Ans TOYHOro MO3ULMOHMPOBAHUS MOBOPOT-
HOro KOOPAMHATHOrO CToNa.

5.4. 'mapaBnuyeckuii cnegawmii npueoa

B ruapaBnuueckux cnepswmx npusogax (FCIM) ynpaensiowee
BO3AEWCTBME Xy Ha [BWXEHWE BbIXOAHOrO 3BeHa ruapoasuratens [
dopmMupyeTca B pe3ynbTaTe paccoriiacoBaHus € 3ajaHHOMo X U hakTuye-
CKOrO Xy €ro nepemeilexuns, Gopmupyemoro obpartHon cesaseto OC [20].
Tpebyemasi TpaekTopusl ABWXKEHWS, 3aJaBaeMas 3afaTyMKOM nepemelle-
Hus 31, BOCNPOM3BOAUTCSA BbIXOAHLIM 3BEHOM rMApoABUraTens — ucrosn-
HUTENbHbIM MexaHn3MoM. CTpykTypa npocteiiwero 'ClM npeacTasneHa Ha
puc.5.7.
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Puc.5.7. CTpyKTypHasi cxema ruapaeinyeckoro creasiiero npueoaa:
JY — 3HepreTMyeckas ycTaHoBKa

Mo Tvny ynpaBnstowero ycTponcTea YY, B KayecTBe KOTOPOro,
Kak npasBufio, MCMONb3YIOTCA ApPOCCeNnUpytowme pacnpeaenuTeny 3010T-
HMKOBOMO TWna, pasnuyatoT CMN C oAHOM, ABYMS MM YeTbIpbMS OTCE-
XXVBAKOLMMN KPOMKAMM.

Ha puc.5.8 npeacraBneHa KOHCTPYKTMBHAasi CxeMa OAHOKOOpAW-
HaTHoro CM C OAHOKPOMOYHBIM ApPOCCENVPYIOWMM pacrnpeaenvTenem
B KOMWPOBanbHOM CynnopTe TOKapHOro nosnyasToMarta. Ob6pabatbiBa-
emas feTanb YCTaHOBMEHA B LIEHTpax M MofyyaeT BpallaTenbHoe ABuKe-
Hue B1.

KonmpoBasnbHbI CynnopT YCTaHOBMEH Ha CymnnopTe MPOAOSbLHOM
nofjaun Vy, MHCTpyMeHTa. OH OCYLeCTBASET MOMEPeYHyIo noaayy WH-
CTPYMEHTA Vion MOA YIIOM 0, K OCM LeHTpoB cTaHka. OT ['CM MexaHuue-
CKWI NpUBOJ CO 3BEHOM HaCTPOMKKM — KOpobkol nopad — obecrieuvBaeTt
NpOAOSbHYIO nofayvy Vip. lNpu onpeaeneHHOM COOTHOLIEHWUU Vip M Vion
BEPLUMHA pe3La NepeMeLLaeTcs no pesynbTupytolel nogade Vp, 4To nos-
BONSiET obpabaTbiBaTh TOPLEBLIE NMOBEPXHOCTW BasIOB.

MonepeyHas NoAayva Vmon OCYLIECTBASETCS OT 3aAaTyMka Konupa.
B pesynbTaTe Ha NOBEPXHOCTM 0b6pabaTbiBaeMOM AeTann BOCMPOU3BOAMT-
€51 (hacoHHas MOBEPXHOCTb, MAEHTUYHAs 3a4aBaeMoi KornmpoM. Mpu 3Tom
I'CMN paboTaer cneayiowmM 06pasoM: ynpasnsiowme Bo3gencTems £h Ha
OZHOKPOMOYHbI ApPOCCENUPYIOLMIA pacnpeaenuTenb NepeaatoTcs oT LWy-
na &, CKOMb3SLLEro fno noBepxHocTH konupa. Ha yuyactke «a—b» Ah=0 u
oceBoe OTKpbITME pacnpeaensetcs h=h.
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Puc.5.8. MiapaBnnyeckuin cneasiumin NpuMBoA KOMMpoBasbHOro cynmnopTa:
a— NONYKOHCTPYKTUBHAs CXeMa; 6 — NpuHLMNManbHasa cxema

XXunakocTb nogaeTcs HacocoM 1 yepes hunbTp 2 B LITOKOBYIO MO-
NOCTb ruapouMnuHapa 3, NpeaoXpaHsieMoro OT MOBbIWEHMS AaBNeHus
KnanaHoMm 4. [anee, yepe3 ApOCCENbHYIO BTYNKY 5 B nopliHe rmapoum-
NMHApPA, B €ro NnopLlHEBYIO MOMIOCTb, KOTOpasi UMEET BbIXOA K APOCCENnU-
pytloweMy pacnpeaenuTento /— B 3TOM C/lydae peanusyetcs anddeper-
umnanbHas cxema noakayeHusl rnapounnMHapa.
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Ovametp nopwHa D u 3akpenneHHoro wtoka Dy, nopobpaH

Tak, uto npu h-hg BeINONHAETCA ycnoBue:
nD’ n(D*-D?)
P 1 P 4 . (5.1)

[BMXEHWE MNb3bl FMAPOUMIMHAPA, BLINOAHEHHOW COBMECTHO C
pesueaepxaresieM, B 3TOM C/lyyae OTCYTCTBYET, T.€. Vion=0. Mpn V70
pesel nepeMeLlaeTcs BAOSb OCU LEHTPOB M 0bpabaTbiBaeT LUMAMHApUYe-
ckue ydyactku getanm @', b’, e’ u f'. Ha yyactkax konupa «d—C» wyn, ne-
peMellasch BBepx Ha +Ah, NpMOTKpbLIBAET 30M10THMK pacnpeaenuTens Ha
BenmunHy (h+Ah).

YBennunBaeTcs CMB pabouyert XMAKOCTU M3 HMDKHEN MOoSoCTu
rMApOLUMNNHAPA, AaBeHNe Pz YMEeHbLUAeTCs:

nD’ n(D*-D?))
P <P .
4 4

Mnb3a MAPOLMAMHAPA M XKECTKO CBSI3aHHbIN C Hel Kopnyc pac-
npenenvTens nepeMeLLaeTcs BBEPX CO CKOPOCTbIO Vion. [BWXEHWME Mpo-
nomkaerca ao MoMmerTa koraa Ah=0, h=ho. Mpu 3TOM Ha aeTanu Bocnpo-
M3BOAWTCSA KOHMYecKasi noeepxHocTb bc’ B Touke € konmnpa Ah=0, no-
3TOMY Aanee 06pabaThiBaeTcsa LUAMHAPUYECKMIA yYacTok «C =d %.

Ha yyactke «d—€» nepemelleHve Liyna BHM3 MPUKPbLIBAET pac-
npeaenutens Ha BennumHy h=ho—Ah. Cnue yMeHbluaeTcs 1 noBbiWaeTcs

AaBneHne P2 Npu ycrioBun:

(5.2)

nD? n(D*-D2)
P, 2 .
4 4

B cooTBeTcTBUM C BblpaxkeHueM (5.3) BbINOMHSETCS ABUXEHME
pe3ua BHM3 CO CKOPOCTbIO Vinon M 06paboTka aeTtanu obpaTHOro KOHyca
«d“e%. B coOTBETCTBMU CO CTPYKTypHOM cxemoin ICM (cM. puc.5.7),
Ah=¢ 1 aBnseTca paccornacoBaHUEM MOJSIOKEHUS KECTKO COEAMHEHHBIX
rMb3bl U KOpryca pacnpeaenuTens U 30/10THUKA. YKeCcTKUM CoeanHEHNEM
rMnb3bl MMAPOUMIMHAPA W KOprnyca pacnpegenvTens obecneuvsaeTcs

eaVHUYHas MexaHu4yeckasi obpaTHas CBs3b.

(5.3)
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Puc.5.9. M'vapaBnmyeckmii cneasiumii NpuBog € 4-KpOMOYHbLIM 30/I0THUKOBbLIM
pacnpefenuTenem: a@— NoNyKOHCTPYKTUBHAs CXeMa; 6 — NpuHUMnuanbHas cxema

Ha puc.5.9 npeacrasneH MCI ¢ 4-KpOMOYHbBIM ApOCCENMPYIOLWLNM
pacnpegenuTeneM I C NPYy>XMHHbIM BO3BPaTOM, OCYLUECTBNSAIOWMIA ABYX-
CTOPOHHEE YMpaBfieHMe TFUAPOUMSIMHAPOM 5, 06bEAMHEHHBLIN B OAHOM
Kopnyce 4.

OfHOBpeMeHHOe ynpaBfieHe HarmopoM U ClIMBOM  CYLUECTBEHHO
NOBbILLIAET TOYHOCTb 06paboTkn aeTanu 6 OT Konvpa 2 U ynydwaeTt au-
Hamunyeckue kadvectsa Crl.
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6. AHAJIN3 KNHEMATUYECKUX TMAPOMEXAHUYECKUX
CUCTEM TUNOBOI0 METAJIJTOOBPABATbIBAIOLLIEIO
OBOPY[NOBAHMA

6.1. ArperaTtHble CTaHKK

ArperaTHble CTaHKM B COOTBETCTBMM C 3BOJMIOLMEN pa3BUTUSI Me-
TannoobpaboTkn NOSBUNUCL Ha 3Tarne, Koraa crieumanbHble 1 crneuuanu-
3MPOBaHHblE CTaHKM He ctanu obecneumsaTtb 3ddekTnBHYIO 06paboTky
[eTaneii B YCNOBUSX BO3pacTalollei HOMEHKIaTypbl obpabaTbiBaeMbix
aetaneii [28]. 3ToMy cnocobCcTBOBaNO paclMpeHUe KomvyecTBa Moaenei
M TUMOPa3MepoB MalwH M 06opyAoBaHWs. YBENMYMBaANoOCh KONMYECTBO
mMoaudUKaumii cneunanmM3npoBaHHbIX CTAHKOB, CHWKaNCS Ko3dhdUUMEHT
WX 3arpysKku, yBenMumBanucCb 3aHMMaeMble MW NPOU3BOACTBEHHbIE MJ10-
Laan 1 NpOM3BOACTBEHHbIE 3aTpaThl.

B 3TUX ycnoBusix 6bl1 NPUMEHEH arperaTHbI NPUHLMN NOCTPOEHMS!
CTaHO4HbIX cucTeM [36], Koraa y3nbl pasNYHbIX CTAaHKOB Oblnn TMNM3N-
pOBaHbl MO FPyMMoBON TEXHOMNOMMM B BUAE COBOKYMHOCTU OTAENbHbIX ar-
peraToB: CUSIOBblE W PEBOMbBEPHbIE MOIOBKW, KOOPAMHATHbIE M NOAAto-
Wme CTosbl, CMCTEMbI MPUBOAOB, 3aXKMMHble U Hasupylowme Npucnocob-
NeHusi, YCTPOICTBa aBTOMATMYECKOW 3arpy3ku M pasrpysku Aetaneit cta-
HWHbI, CTOMKMW, TPaBepChbl U Ap.

CraHpapTusaumsa 1 yHudukaums arperatos, ObICTpas CMeHa KOM-
MOHOBKM CTaHKa Ha MpuHUMNax yHWBepcanbHO-cHOpHOro obbekTa no3so-
NN MOBBLICUTb MPOU3BOAMTENIBHOCTb CTaHOYHbIX cucTeM. [pu 3TOM
Ha TOW >Xe€ MPOW3BOACTBEHHOM MOLWAAM M3MEHMUCHL BUAbl 06paboTkuy,
KOMMOHOBKa CTaHKa, YPOBEHb aBTOMAaTM3auMu Texnpouecca obpaboTku.
B pe3ynbTaTte CywecTBEHHO CHU3MAMUCL 3aTpaTbhl HA OpraHM3aumio Npous-
BOACTBA, BO3pOC/a NpOM3BOAUTENBHOCTL 060pYAOBaHUS.

Hanbonee u4acto nNpuUMEHSIIOT arperaTHO-CBEP/NIbHbIE CTaHKW,
obecneunBatolime 06paboTky oTBEpCTUS (CBEpNEHUE, pacCBEP/IMBaHME,
3eHKepoBaHue, pa3BepTbiBaHNe, Hape3aHue pe3bbbl). KopnycHble getanm,
ABNISISICb OCHOBOW /1060ro MexaHu3Ma, UMetoT 60MblIoe KOMMYECTBO OT-
BEPCTMI. OfHM U3 HUX SBASKOTCS HANPaBASIOWMMM AJ1s NOABUXKHBIX CO-
npskeHuin, apyrve (OCHOBHas rpynna) — KpenexHbiMu. MocneaHne pac-
ronaratoT rpynnamMum u obpabaTbiBalOT MHOMOMHCTPYMEHTasIbHOM Hanaa-
KON CBEpS, pacrofioXEHHbIX B MHOrOLIMMHAENBLHONM FOfIoBKE MO KOOPAW-
HaTam obpabaTbiBaeMbIx OTBEPCTMIA. ANFOPUTM paboumx LMKSIOB arperaT-
HO-CBEP/INSIbHbIX CTaHKOB XapakKTepeH W Ans APYrux TUMOB CTaHKOB, Mo-
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3TOMY B KayecTBe TMMOBOIro rnpuMepa Ans aHanmsa KMHeMaTuKu arperat-
HbIX CT@HKOB MPWHAT arperaTHo-CBEpNWbHLIA  KoMrnekc (ACK) Ha
puc.6.1.

2
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Punc.6.1. KoMnoHoBKa arperaTtHO-CBEpUIbLHOrO KOMMeKkca

Sran 1. ACK (cM. puc.6.1) npegHasHayeH Ansl aBTOMaTM3NPOBaAH-
HoW 0bpaboTku oTBEpCTUi. MpU rOpPU30OHTaNbHOM KOMMOHOBKE COAEPXKUT
CWOBYIO CBEPJIMIIbHYIO FOMOBKY 1, 2 MOBOPOTHLIN KOOPAWMHATHLIN CTON 4,
npucnocobneHne Ans 3akpenseHus geTanu 3, 3aroToBky 5, ynopbl Y1-Y4
W BbIKtOYaTENN KOHeYHble BK ansa 3agaHus paboyero uukna.

B nosuummn I nponcxoauT 3arpyska-pasrpyska CTaHka;

B nosuumu I — ceepneHne oTBepcTuii AMameTpom di;

B nosuumu III — paccBep/nBaHue oTBepCTUs Ao AnameTpa da;

B nosuuwmmn IV — Hape3aHue pe3bbbl.

ObpaboTka 0TBEpCTUIN 06eCNeUnBaETCS ABMIKEHUSIMU: BPaLLEHWE
WHCTpyMeHTa B1l, nepuoanyeckmini NoBopoT KOOpAMHATHOrO ctona B2 ans
CcMeHbl 06pabaTbiBAEMON 3aroTOBKWU 4, MpOAO/bHas Mnojaya arperaTtHou
ronoskn — M1, aBmxeHue dumkcaumm getanu B npucnocobneHumn 3 — M2
[18]. Bce awkeHusi, KpoMe rnasHoro Bl, BbIMOMHSAKOT ruapoMexaHude-
CKMe YCTpOCTBa. YnpaBreHue ABMXEHWEM MPOAONLHON Nojayu arperat-
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HOW roNoBKM 1 OCYLLECTBAET CTapTCTOMHas NO3MLMOHHas CUCTEMa, pea-
nu3yemMas nNporpaMMHO-BbICTaBNsSEMbIMU yrnopaMn Y1-Y3 n KOHeYHbIMU
BblkNtovaTensammu BK1, BK2. AHanorMyHo peanusyeTcs ynpasrieHne noBo-
POTHO-AENUTENbHbLIM ABMXEHWEM cToNna 2.

Sran 2. B kaxaon no3uuum pabouyto 30Hy 06pasytoT MHCTPYMEHT
W, 3arotoBka 3, npucnocobnexue M (puc.6.2).
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Lpyatly

Puc.6.2. CxeMa pabouelt 30Hbl arperaTHO-CBEP/INILHOMO KOMMJ/IeKCa

O6pabaTbiBaeTcss CTyneH4yatoe oreepctve auameTpom d, dz u
wmpuHol L1 1 L. Ans hopMMpoBaHUS NMOBEPXHOCTEN OTBEPCTUI UCMONb-
3yeTcd MeToA Cfefa, peanvsyemblit BpalwatenbHbiM Bl v noctynatens-
HbIM [12 ABMXeHneM MHCTpyMeHTa W. 3arotoBka 3 HenoasukHa npu o6-
paboTke.

B1 — BpawarenbHoe ABuxeHue, pabodee rnasHoe, Tak Kak 6e3
Hero HeEBO3MOXEH MpoLecc pe3aHus:

1000vpe3

CB Tcd

CB

n ' (6.1)
roe Vpes — CKOPOCTb pe3aHus Mpu CBEPSIEHWW, OnpeaensieTcs HopMamu
pesanus [19]; do, — AvameTp cBepneHus (cBepna), 3afjaH KOH-
CTPYKLMEN 3aroTOBKM.
M2 — nocTynatenbHoe ABUXEHME Nogayn MHCTPYMEHTa.
M2, — ycTaHOBOYHOE ABWXEHME MHCTPYMEHTA.
V6. — CKOPOCTb BbICTPOro noasoAa B 30Hy 06paboTku L .
V6.0 — CKOPOCTb 6bICTPOro oTBOAa nocsie 06paboTtku Lg.o.
[varpaMma [ABWMXXEHWUS CBEPJSIMIIbHON TONTOBKWM MpeACTaB/eHa Ha
pnc.6.3
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Puc.6.3. lnarpamma paboyero npoLecca CBEPMIbHON FOSTIOBKU:
a — BpeMeHHas UMKJIorpamMma; 6 —ackus paboyero umkna

Jran 3. TwapokuHemaTuudeckyto cxemy ACK (He npusoauTtcs)
pa3genyM Ha OTAeNbHble uenu. BblaenuM ruapoMexaHuyeckyto noacu-
cTeMy aBwXeHust M2 cunoBoi arperaTHOM rofioBkM B nosvumm 111
(puc.6.4).

JIHeliHoe nepeMelleHne CUNOBOW FOSIOBKM OCYLUECTBNSIET rUa-
poumnmHap 23 C 3aKpensieHHbIM LITOKOM. DTO KOHEYHOE 3BEHO Lenu.
HavanbHbIM 3BEHOM Lenn SIBNSEeTCS HacocHas ycTaHoBKa 1.
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Puc.6.4. ArperatHasi ronoska cepuu 3Y

MpeaBapuTeNbHbIM aHanus FMC cBepnIbHOM FrONOBKM.

1) DnemeHTbl 3aaaHMsa paboyero uMkIa — ynopsbl, BbiCTaBisieMble
Ha MOABWXKHOW YacTW roSIoBKW, BO3AEMCTBYIOLIME Ha MSTUNO3MLMOHHBIM
ocesoi nunot 10.

2) HanpaBneHWeM ABMXXEHMSI M OCTAHOBOM CBEP/W/BbHOMN ronoB-
KM ynpaBnsieT 5-MO3MUMOHHBIA 30/I0THUKOBLIN pacrnpeaenuTeNb C 3neK-
TpoMexaHornapasnuyeckum ynpasneHuem 1/. MNosmumnsa P10 onpepenset-
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cs nonoxeHuneM ukcaTopa 9 B COOTBETCTBYHOLLEN npope3n (CBepxy —
BHU3 I-V).
[1]-YA19—H20—H17—peitka—wecTepHsi—peitka—P10|—I nos;

[11, III, IV] — oT NOABWXXHbIX YNOPOB;
[V]I-YA15—P16-P17—pelika—LuecTepHsa—peika—P101— B V noa.

3) boicTpble nepeMelleHunst Vs, Ve.o 06ECNEUNBaIOTCS:

— COBMECTHOW napannensHoi paboToi Hacocos 1.1, 1.2;

— WYHTUPOBaHWEM Zpocceneit 6, 7 rmaposiMHuen;

— anddepeHumanbHeiM noakntoveHnem MU23 npu 6eicTpom noa-
BoAE V..

4) Ckopoctu pabounx nogay Vpui, Vp.n2 06ecneumsatotcs gpocce-
NMpOBaHMEM MOTOKa «Ha Bxoae» (apoccenun 6, 7). HepaBHOMepHOCTb Mno-
Aaun, obycnoBneHHass M3MeHeHMeM Harpysku Fpe;, yMeHbluaeTcs ycTa-
HOBKOM napannenbHo Apoccener 6, 7 W KnanaHa pa3HOCTU AaBfeHus,
NoAAep)XUBAIOLLEr0 Ha MPOXOAHOM CEYEHUWN Apoccenein 6, 7 NOCTOSAHHbIN
nepenag AaBfieHns u ctabunbHble pacxodbl.

5) KoHTponb NpaBunbHOCTU M NOCNe[0BaTENIbHOCTM BbINOMHEHMS
371eMeHTOB paboyero uMkia oCyLecTBASeTCS ynopaMm 1 BbiKoYaTeNnsaMm
KOHe4yHbIMK (BK) «no nyTtu» u gaenexuto (pene aasnexHvs I14).

3ran 4. OyHKUMOHaNbHbIE CXeMbl MOTOKOB KaXAoro u3 paboumx
LMKII0B rMaponpuBoAa.

1) MonoxeHune «Cromn»

Ynpaensitowmit KoHTyp (YK):
[ ¥ P10 — IV nos.
CunoBoit koHTyp (CK):
H1.1 - M4 — 10c —10°
[5) H1.2 — [J126 — KA21 —10B — 10a — 10a — 10c — 10c’ b
2) «BbICTpbIV NOABOA»
Ynpaensitowmin KOHTyp:
| cucrema ynpasnenus ACK — YA19 — YA20 — H17 — P10} — I nos.
CWnoBOW KOHTYp:

C KM25(2) > b
Al.1 — 114 — 10c —10°
Hl.2 — 1126 — KO21 10a —10c —18 — m.m. M23

CKM25(1) > b
m.n. T23 — KO12 — 10c
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CnunBHas rMApoONHNA:
[ n.n. MU23 - KO12 — 10c — 10a —10c —18 — n.n. ML23 |

CkopoCTb BbICTPOro NoABOAA OMNpeaenseTcs no hopmyne:

Q. +Q, +Q
— <11 1.2 0
Vo ,=———————, (6.2)
Sl
roe Q11 — pacxon pabouen XUAKOCTU, CO34aBaeMbIi HacocoMm H1.1, M3/c;
Q12 — pacxos paboyeit XMAKOCTM, CO3AABAEMbI  HAcOCOM

H1.2, M}/c; S1 — nnowaab NOPLUHEBOW MONOCTU TUAPOLMAUHA-
pa, M?; Sg — NnoLab NPOXOAHOro ceueHns apoccens P6, M2,
3) Mepeas paboyas nogava Vp.ui
YnpaBnsitowmin KOHTyp:
[ Y - 8 - P10 — II nos. (kak Ha puc.6.4)

CunoBon KOHTYp:
HanopHasi ruaponuHus:
cKAS 4
H1.1 - ®2 — 1P6 — 10B — 10a — [J118 — n.n.23

B H1.2 - [J126 — K21 — X
L KN25(2) — b

CnusHas rMApONNHNA:
[ Th23 - KO12 - 10c - 10c’ —> b |

CkopocTb nepBoi pabouelt nogaun onpegensietcs no dopmyne:

S ’2
VpAnl :ues_le E(pl.l - pul) ! (63)

roe us — koacduumeHT pacxoga apoccens [P6; Si1 — nnowaab nopLuHe-
BOWM MOMIOCTM MMApOUMAMHAPE, M%; S¢ — MoWaab NPOXOAHOMo ce-
yeHus gpoccens [OP6, M% p — NNOTHOCTL paboyei >kuaKoc-
TW, Kr/mM3 P11 — AaBNEHMe pa3BMBAaEMOE HAcocoM H1.1, MMa;
Pui — AaBNeHVe B NOPLUHEBOW NoNoCTv ruapounnnHapa, MMa.
4) Btopas paboyas nogaya Vp.n2

Ynpasnstowmin koHTyp (YK):
[ Y > 8> P10 — III noa.
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Cunosoli koHTyp (CK):
HanopHasi ruaponuHus:
r — KAS - 4
H1.1 - ®2 — P6 — IP7 — 10a — /118 — n.n.l'23
b H1.2 — 126 — K21 — 10B— X
L KM25(1) — b

CkopocTb BTOpoW paboyelt nogayun onpeaensietcs no dopmyne:

S, |2
v, = 1/—(p” —P) (6.4)
S \p

roe Wy — koadduumeHT pacxoga apoccens AP7; S1 — nnowaab nopLiHe-
BOM MOJSIOCTM MMAPOLUMNUHAPA, M?; Sg — NNoWaAb NPOXOAHOro ce-
YyeHusa apoccens AP7, mM?;
5) BbICTpbIV OTBOA Vs.0

Ynpaensitowmin KoHTyp (YK):
| Y — P13 —» P14 — YA15 — P16 —P17 — p-w-p — P10 — V nos.

CunoBol KOHTYp:

HanopHas ruaponuHus:

H1.1 —» 14 — 10c — KO11 — n.n.l'4y23
b H1.2 — 126 — KA21 — 108 — 10c -

6) B KoHue 6bicTporo otBoAa Vs.o

YNpaBnsitoLWmiA KOHTYP:
[ ¥ - P10} — IV nos.

CunnoBoi KOHTYp:

H1.1 — 14 — 10c —10°

b H1.2 — 126 — K21 —10B — 10a — 10a — 10c — 10c’ B
Pabouunit unkn ACI 3aBeplueH. Janee cucrtema ynpaeneHus ACI

nogaeTt KoMaH4y Ha nosopoT ctona. B nosuumio III nogaetcs HoBas 3aro-

TOBKa ¥ paboumnii UMK NOBTOPSIETCS.

6.2. TokapHble rMApPOKONUPOBaJibHbIE CTAHKU

MpoBeaeM Mo3TanHbIi KMHEMATUYECKUIA aHanu3 TOKapHbIX rua-
POKOMMPOBAJIbHBIX CTAHKOB.

Sranr 1. CTaHKu 3TOW Fpynnbl NpeAHa3HayeHbl Ans aBTOMaTU3u-
poBaHHOW TOKapHOW 06paboTku AeTanelt TMna Ten BpalleHus (BanoB)
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CNoXHoro npocuns. Bce OCHOBHblE MPU3HAKM TOKapHbIX CTAHKOB Xapak-
TEpHbl U KOMUPOBAJIbHLIM CTaHKaM, CaMbiM pacnpoCTpaHeHHbIM B MeTan-
noobpabatbiBatoLLeM NPOM3BOACTBE.

KOMMOHOBKa M CXeMHble peLleHNst OCHOBHbIX MEXaHW3MOB CTaHKa
npeacTtaBneHbl Ha puc.6.5. OHM pacnonoXeHbl Ha CTaHWHE KopobyaToi
(bopMbl, 3aroToBKa YCTaHaBNMBAETCS B LIEHTPaX, 3aKpersieHHbIX B LUMWH-
pene v 3agHen nuHone. CrneBa pacrosfioXeHa LWNUHAeNbHas kopobka ¢
3/1EeKTPOMEXaHUYECKUM MPUBOAOM BPaLLEHMS WNUHAENS. B npoaonbHbIX
HanNpPaBNSIOLMX CTaHWHbI NEPEeMELLAETCs KONMPOBasbHbIM CynnopT, obec-
I'IeLWIBa}OLLl,VIﬁ nepeMeLleHne peBoanepHoﬁ FONOBKU C YCTAHOBJIEHHbIMU
B HEWN peXyLUMMN NHCTPYMEHTAMMU.

115 1/7/37
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Puc.6.5. CxeMa paboyeit 30Hbl TOKapHOro rMAPOKONMPOBANLHOrO CTaHKa

B nonepeyHbIX HanpaBAsoLWMX YCTaHOBMAEHbI CYnnopTbl Ans no-
nepeyHoro ToueHus (06paboTka TopLOB, 6YPTUKOB M KaHABOK).

MpeacraBneHHble Ha cxeMe (puc.6.6) MexaHu3M Konupa, SIBNso-
LMICS 3aAaTUYMKOM reoMeTpun, MPUBOAHLIE ABUraTeNIM U MexaHuyeckue
nepefayu CraHka no3BONSAIOT yxe Ha I sTane onpepenuTb COCTaB U
Ha3sHayeHue W/, nx KOHeYHble 3BEHbS.

Jran 2. Ans onpeneneHust CoctaBa M XapakKTEPUCTUK ABMXXEHWUN,
HeobXxoamMbIx ans popMoobpasoBaHUst MOBEPXHOCTEN AeTanel Tuna Ten
BpaLLeHus], nokaxxeM pabouyto 30Hy 1 onpeaenuM MeTos 0bpaboTku.

TokapHasi obpaboTka BefeTcs MeToaoM cnepa (cM. noan.2.1).
3aroTtoBka 3 6asnpyeTtca B LeHTpax — aBwkeHue 5. BpalweHue Bl 3aro-
TOBKM 3 nepefaeT Kkynauykosblid naTpoH (MP1), npoponbHas Sy, (M2) u
nonepeyHasa Syon (M3) nogaun MHCTpyMeHTa W obecneumBaloTca [BuxKe-
Husimm M2 n N3.
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MNpoeeaem aHanns UA:

B1 — BpalleHue 3arotoBku (c!), ABMXKeHMe pabouee, rNaBHOE,
peanusyeT 06pasytoLLyo NNHUIO:

. 1000v,,,
nd,
rAe Vpes — CKOPOCTb pe3aHus, onpeaensieMasl no HopMaM pexuMoB pesa-
Hug, [22]; d, — avamerp 06pabaTbiBAEMON 3aroToBKM, M;

M2 — paboumne ABUXEHWSI NPOAOIbHOM Nojaun Sy, MM/06;

M3 — paboune ABUXKEHUS MOMEPEYHON NOAAUN Syon, MM/06;

M4 — BcnoMoraTenbHOEe ABMXXEHWE 3aaHero UeHTpa ans 6asmposa-
HUS AeTanu;

M5 — BcnomoraTeNnbHOe ABMXXEHWE ANS 3aXWMa 3aroToBKU B Na-
TpoHe (MP1) wnuHaens.

[na nonepeyHoro TodeHus (npopeska kaHaBku, obpaboTka Top-
LiOB) MCMOMb3YIOT ABa MornepeyHbix cynnopTa. Vix npomonbHble nepeme-
weHus — paboune, Hanagka obecrneymBaeTCsl BMHTOBOW Nepedaqeit, a
nonepeyHasl nogayva — KynaykoBbIM MeXaHW3MOM C MPUBOAOM OT rmapo-
unnnHapa.

Jran 3. TonHas rMapoKMHeMaTuyeckasl cxema CTaHka AO0BOJIbHO
obbemMHa n cnoxHa [18]. MoaToMy NpoBeaeM aHanu3 Ans ee OCHOBHbIX
ABWKEHWUI NPOAOSbHON M NOMepeYHon nogayum MHCTpyMeHTa (puc.6.6).

[nsa aHanu3a KMHeEMaTWKW CTaHKa BblAEMM OCHOBHbIE ABVKEHUS
B1, M2, N3 — ¢opmMoobpazoBaHmsl.

B1 — BpalleHne 3aroTOBKM OCYLLECTBSIETCS 3N1EKTPOMEXaHNYECKUM
NpMBOAOM LINWMHAENBbHON 6abkn. HavanbHoe 3BEHO — 3neKTpoasuraTesib
M, KOHeYHoe — WNUHAEeNb.

CocTaBuM ypaBHEHME KMHeMaTM4eckoro 6anaHca:

non b, 8az |5z
3 M p.n
d, blz,z, || z5 z,

’ (6.5)

/ (6.6)

rae N, — yacrtoTa BpalleHWs 3aroToBKkW, C'; N, — YacToTa BpaLleHUs
motopa, c; d;, d, — avameTpbl 3ybuaTbix KOnec nepeaauu, M;

o z YA

N, — KM peMeHHol nepepaun; —, ..., —-— NepeAaToyHoe OT-
' z z
2 8

HoLLeHne 3ybuaTbix Konec.
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YpaBHEHWSI HAaCTPOVKK Lieneit:

n,= N . (6.7)
CViV
al z, z Z. Z
, == o S I | -t & . (6.8)
blz,z, | z z,
iV = iriKcl (69)

roe C, — KOBCI)CI)VILI,VIEHT KMHEMATUYECKOM uenwum; iv_ nepeaaTtovyHoe oT-

HoLleHne (KVIHEMaTMLIECKaﬂ CB$|3b) OopraHa HaCTpOﬁKM uenun rnas-
HOro ABMXXEHUSA; i - nepeaaToyHoe oTHoWeEHnE (KVIHEMaTVILIECKaFI

T

CBSI3b) rMTapbl CMEHHbIX KOMec; i . — nepeaaToqHoe OTHOLLEHMe
(KMHeMaTu4yecKasi CBsi3b) KOPOOKN CKOPOCTEN.

v a
3BeHbSI HaCTPOMKW: rMTapa CMEHHbIX Komnec b Kopobka ckopo-

CTen.

M2, N3 — npogonbHas v nonepeyHas nojaya UHCTPyMEHTa U Ko-
NMpoBasibHOro CynnopTa OCYLECTBNSAETCA OT rMAponpuBoaa, CXeMa KOTo-
poro npeactasneHa Ha puc.6.7. HWxHAS yacTb KOMMPOBANIbHOro Cynnop-
Ta nepeMeLaeTcs B NpoAobHbIX HAMPaBAAIOWMX CTaHUHbI MMAPOLMANH-
ApoM 4.

BepxHss 4acTb KONUPOBASIbHOrO CynnopTa MepeMellaeTcs BepTu-
KanbHO B MOMepeYHbIX Hanpasnaowmx oT ruapoumnuHapa 3. BekTopHas
AviarpamMMa CKOpOCTe#l NpoAonbHOM M nonepeyvHor nogaun (Vup M Vion)
npeacraeneHa Ha puc.6.7, a. O4eBMAHO, YTO MpU OCYLLUECTB/IEHUN KUHE-
MaTUYECKON CBS3WM MeXAY HWUMM, CKOPOCTb ABWXXEHMS BEPLUMHbI pesua f
U3MEHSIETCS MO BEMYMHE U HaMpaBieHMI0. DTO 0BCTOSTENBCTBO BAMSIET
Ha npouecc dopMoobpaszoBaHmsl. OfHUM U3 HampaBiEHUI peLleHns 3Toi
3ajaun siBNsieTcs pa3paboTka ABYyXABUraTENbHOM FMAPOMEXaHUYECKOM
cUcTeMbl C 3aBUCMMOM nopadven (puc.6.7). CocTouT Takasi cuctema w3
HaCOCHOWN yCTaHOBKW 10, 11 w ABYyX APOCCESbHLIX NMHENHBLIX NPUBOAOB,
CKOPOCTU [ABMXXEHUS KOTOPbLIX MPUBOASATCS B COrflacoBaHMe perynsaro-
poM 6, NpeACTaBNAOWMM MrMAPOYNPABISEMbIA KnarnaH AaBneHusl.
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a)
Puc.6.7. OAHOKOOPAMHATHbIA KOMMPOBAsbHbIN CynmnopT
C 3aBMCMMOI MPOAO/BLHON Mofaveil: @ — BEKTOPHas AMarpamMMa CKOpOCTel nojauu;
6 — yHKUMOHaNbHas cxema npueoaa

Mpn 0gHOBPEMEHHOM MX AEMCTBUM BEPLUMHA pe3la nepeMelLaeT-
CS1 MO pe3y/bTUPYIOLWEMY BEKTOPY V'ion. [PU U3MEHEHMMU CKOPOCTM Momne-
PeYHON Mofaun Vien, 06ECneynmBaemMon cneaswmMm npuBoOAOM ANs COXpa-
HEHWUS HanpaBfeHUsl Pe3yNbTUPYIOLEro ABWXEHUS V'ion, AO/MKHA CWH-
XPOHHO M3MEHSATBLCS M CKOPOCTb MPOAONLHONM nojaun V'y,. Mpu 3TOM Co-
XPaHSIIOTCS TOYHOCTb M KayecTBO (popMoobpasyeMoii NoBepXHOCTU. 3aja-
Ya peLaeTcs NpUMeHEHWEM OAHOKOOPAMHATHOMO CleAsiero rmaponpu-
BOAA C 3aBMCUMOI NPOAOALHOM Noaayei.

M — nonepeyHast Nofaya Ve, OCYLLECTBASETCS NO (hyHKLUMOHAsb-
HOW CXeMe MOTOKOB:

b — H10 — P9 [= =] — L3 — PU1
LkNil —>b

3a/1aTUMKOM TPaeKTopuM NnomnepeyHon nogaum saensercs konup K,
K MOBEPXHOCTW KOTOPOro MPWXXMMAETCA Lyn 5, BO3AENCTBYIOLIMIA Ha 30-
NOTHUK 12 pgpoccenupytowero pacnpeaenurens 2, Kopnyc KoToporo mme-
€T XECTKYI0 MEXAHUYECKYIO CBSI3b CO LUTOKOM rmapoumnuHapa 'l 3. Mak-
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CUManbHasi CKOPOCTb V'non OMPEAENseTCs HAacTpolikoi apoccens AP 8 npu
NpOAOSIbHOM OTK/IOHEHUWN MEepeMeLLeHUs] KONMMpoBasibHOro CynmnopTta Bre-
BO.

MeToamka pacyeTa HaCTPOMKM M HanafKu Takoro NpuBoAa NoBo-
pOTa NOBTOPSIET PACCMOTPEHHYIO paHee Ans APOCCeNIbHOro rmaponpueoaa
(cMm. noan. 2.4).

Lyn 5 ckonb3uT no noeepxHoCTu konupa K, npeobpasys usme-
HeHune ero (opMbl B BepTVKalbHOE MepeMeLleHne 30/10THMKa 1.2 apocce-
nvpylowero pacnpegenutens 2. B pesynbtate NpoucxofsT WM3MeHeHWs
MPOTOYHOM YacTU Ha KaXXAOM M3 YETbIpEX OTCNEXMBAOLMX KPOMOK 30-
notHuka 12 pacnpegenutens 2, ¢opmmpoBaHue pacxogos Qi1 u Qo
obecneynBatoLLMX ABWXKEHWE TMAPOUMAMHAPA 3 MONEpeYHon noaaun.
Cnus u3 'L, 3, yepe3 pacnpegenutens 2 U gpoccenb & HanpaenseTcs B
6aK. 3a cyeT XEeCTKON MeXaHMYecKoW CBA3M Kopryca pacnpeaenutens 2
co wrtokoM 'Ll 3 nepemelieHne 30n0THUKa 12 Bocnpoussoautcs L 3,
KOTOpble B COYETaHWM C MPOAOSIbHBIM MEepeMeLLEeHNEM KOMUPOBAIbHOTO
cynnopta oT 'Ll 4 peanu3yloT BEKTOPHYIO AMarpamMMy Ha puc.6.7, a.

Mpy n3MeHeHUM HacTpoiku apoccenst AP 8, Hanpumep, yMeHb-
LUEHMN MPOTOYHOM YacTW, YMEHbLUAETCS MOMepeyHast nogada CynnopTa,
fJaBneHne p; nepen gpoccenem AP & yBenuuusaeTcs. o kaHany rua-
paB/IMYeCKON CBS3M P3=Py XUAKOCTb NOCTYNAET B PerynsTop AaBneHus 6.
Ero 30n0THMK 9, cMelasiCb BHU3, yMeHbLIAET AaB/iEHUE KnanaHoM 6 Ao
Apoccenst NpoAoNLHON nojaun 7/ v BENUUMHY Vi, TaK, YTO COXPaHseTcs
HanpaBneHue pe3yNbTUPYIOLLEN CKOPOCTU BEPLUMHBbI pe3ua V'kon. TaKUM
06pa3oM, peanusyeTcsl OAHOKOOPAMHATHLIN rMAPaBAMYECKUI Cneaswmin
NpWBOA C 3aBMCMMOW NPOAOSIbHON noaaqei.

6.3. 3y6oo6pabaTbiBalowime CTaHKU-NoJIyaBTOMaTbl

3yboobpabaTbiBatowme CTaHkn obecneumsatoT 06paboTky 3ybua-
TbIX KOSeC MeToAOM KonupoBaHus wnm obkaTta (cMm. rn.2). Ha pwuc.6.8
npeacras/ieHa rmapokKMHeMaTn4eckas cxema craHka moaenu E3-40.

Jran 1. HazHayeHne 1 KOMMOHOBKA cTaHKa. CTaHOK OCyLUecTBAs-
€T YepHOBYI0 06paboTKy MPsSIMO3yObIX KOHMYECKUX KOnec METOAOM KOmu-
poBaHus. BepTukanbHas KOMMOHOBKA CTaHKa peann3yeTcsl OCHOBHbIMU
y3namu u uenesbiMM MexaHusmamu (puc.6.8). CtaHnHa 1 obbveanHseT Bce
MEXaHW3Mbl B €AUHYIO0 MEXaHUYECKYIO CUCTEMY.
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Puc.6.8. 3y6ocpesepHblii CTaHOK-NoNyaBTOMaT

Sran 2. B Hanpasnsowmx BepTUKabHOW CTOMKM nepeMeLlaloTcs
(dpe3epHas 6abka 2 C NpMBOAOM rNABHOrO ABMXXEHUS Tpex AMCKOBbIX
(hpes 5, yctaHOBNEHHBbIX Ha 90 rpagycoB. Ha ropusoHTanbHoM nnatdop-
M€ CTaHWHbl YCTAHOBJIEHbI NPOAOSIbHBIA M MOBOPOTHLIN CTOMbI 3, 4 C MHO-
rOMeCTHbIM NpUCNocobneHmemM 7 aAns NpoCTPaAHCTBEHHOMO MepeMeLleHns,
6a3mpoBaHns 1 rKcaummn 3aroToBKU 6 B 30HE pe3aHusl.

Sran 3. MNpuMeHsieMblli MeTo 06paboTKM B paccMaTpyBaeMoM
obbekTe MO3BONSET oONMcaTb pabouyio 30HY, NPeACTaBNEHHYD Ha
puc.6.9.

[BmXKeHUs B paboyeil 30He CTaHKa MOXHO KSlaccMMUMpoBaTh
cneayowmM obpasom:

— B1 — BpaluaTenbHoe, rnaBHOE ABMKXEHNE pe3aHus;

— Vpes — CKOPOCTb pe3aHust (NpMHMMaeTcs No HopMaTueam [18]).
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YacToTa BpalleHus Npy FaBHOM [ABUXXEHUW OMNpeaensieTcs Kak
1000v.,,,
nCB =~ ;
an)
— N2 — BepTuKanbHOE NOCTynaTenbHOe ABWXXEHWNE MHCTPYMEHTa
(NpMHMMaeTcs No HopMaTuBaMm);
— M3 — paauanbHoe ABUXEHWE UHCTPYMEHTA.

(6.10)

1 S gl

Pnc.6.9. Pabouas 30Ha 3ybodpesepHoro ctaHka-rnosiyasTomMara:
3 — 3aroToBka; W — nHcTpymeHT; M — npucnocobneHve

B 3yboobpabaTbiBatowleM nosyasToMaTe ruapoduumnpoBaHbl NTb
ABWKEHWUI M3 wect (cM. puc.6.8). MaBHoe AwKeHue Bl BbinonHseT
3M1eKTPOMEXaHNYECKOE YCTPOMCTBO, BepTUKanbHyto nogady M1 dpesep-
HOro cynnopTta Z, npodonbHoe ABWxeHue [12 cTona C 3aroToBkamu 6,
nepuoaMyeckoe MOBOPOTHOE ABMXeHue B2, aswxkeHwe paenexHus B3 u
dukcaumm M3 BLINOAHAKOT ruaponpueoabl (ynpasnseMble ynopamn u Ko-
HeuyHbIMK BbiktovaTensmmn BK1, BK2, BK3 n BK4), KOHCTPYKUMS KOTOPbIX
obecneunBaeT TOYHOCTb, BbICTPOAENCTBUE, BbICTPYIO NepeHanaaky rnosu-
LMOHHBIX LMKJIOB NPWU MHOrOHOMEHKIATYpHON 06paboTke 3ybuaTbix KO-
nec.

Jran 4. TvuapoknHeMaTnyeckasl Cxema CTaHka npeacraBfieHa Ha
pnc.6.10. AHanu3 cxeMbl HAYHEM C pa3fenieHns ee Ha OTAeNbHbIE TMapPo-
KMHeMaTudeckune uenu, pasgenas UA.

Bl - HauanbHoe 3BeHO — 3nekTpoasuratens M1 (nos. 5),
N=6,5 KBT, Nyon=1450 MUH!, KOHEYHOE — LINWHAENb C hpe3amMu.
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Pnc.6.10. M'mapokmMHeMaTuyeckas cxemMa 3ybodpesepHoro craHka E3-40: a — uenb npu-
BOAA; 6 — MexaHusM paenenvs; I, 2 — KIMHOpPeMeHHas nepepada; 3, 4 — yepBsyHas
nepegada; 5 — anekTpoaBuratens NpuBOAQ; 6 — 3NeKTpoaBUraTenb [AeneHus;
7-10 - 3ybuaTble koneca; 11-17— 3ybuatble nepegaun; 18 - CABOEHHbIV NIACTUHYATLIN
Hacoc (1-BbICOKOro, 2-HWU3KOro AaBneHuns); 19— pasgenutenbHas naHenb; 20 — punbtp
nnacTvHyaTbI; 21 — pacnpegenutesib NoBopoTa ctona; 22, 28, 29 — pacnpenenvTenb
peBepcuBHbIN; 23 — rMapoUMAMHAP MpUBOAA MepeMelleHust ctona; 24, 25 — ynopsl;
26, 27 — mmapouvnuHApbl NpueBoga noBopoTa crona; 30 — perynatop pacxoga;
31 — HanopHbIV 30/0THUK; 32 — rMAPOUMAMHAP CynnopTa; 35-41 — 3NeKTPOMAarHuTbI;
33, 34, 42, 44— KOHeYHbIA BbIKNtOYaTENb
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KvHeMaTuueckas uenb npeacTaBnseT coboi:
- M1(5) — PI1 (125/270) — al/bl (ruTapa cMeHHbIX Konec);

— BI 3-4 (6/24) — wnuHaenb Ng.
YpaBHeHWe KnHeMaTuyeckoro banaHca:

noonp 20a6 6.11
=970 b, 24 (6.11)

a
rae b—l — nepeaaTtoyHoe OTHOLLEeHWE rmTapbl CMEHHbIX Konec; N — 4va-
1

CTOTa BpalleHust NpuBoaHoro asuratens, N, =1450 muH™,
YpaBHEHWe HacTPOWKN Lienu rnaBHOro ABUKEHMS:

n
&_ o . (6.12)
bl anCv
a = % . E , (6.13)
b, 270 24
rae c, —12_53 — MOCTOSIHHBIA KO3(PDULMEHT KMHEMATUKM LiENU
Y270 24 '

[AewxeHune M2, ABToMaTuyeckas BepTvKanbHas nogada @pes Vpn
B paboyem uukne:

— «Cron» — 6bICTpbIN NOABOA Vs.n — pabodas nogaya Vpn —
6bICTPLIN OTBOA Voo

HauanbHoe 3BEHO — HACOCHas YCTaHOBKA CO CABOEHHbIMU Haco-
camn 18 (1), 18 (2) NOCTOSIHHOM nogayu, KOHEYHOE — CUMMETPUYHBINA
(ABYXILTOKOBbIN) rMapouMnuHap 32 C 3aKpeneHHbIM LITOKOM. Mnb3a
LUMTMHAPA XECTKO COEANHEHA C KOpMycoM (pesepHoi 6abku.

MmapokMHeMaTnyeckas Lenb M2 onucbiBaeTcs cneaytowen hyHK-
LIMOHAbHOWN CXEMOMW MOTOKOB:

r | H18(1) - Qu 1

B PNH 19 — ®20 — P28 — X

L 1 h18(2) = Q. d L B (Qi+Q2)
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«Paboyast nogada» co CKOPOCTbIO Vg 2
HI8(1) > Qi | 7

PMH 19 — ®20 — P28(YA35) — BN rU32/
3 /HM TLU32(S2) — P28(YA35) — PM30 — KN — B
]

H18(2) — Q;
HpnSpn /2
Vv = = A ! ’ 6.14
p.n2 SZ p( pAp) ( )

rae w,, — KoachduLmeHT pacxoaa perynsatopa noTtoka Pr6; S, — mno-

Wajb LUTOKOBOW MOMOCTM ruapouMnuHapa, M% S — nnowadb

p.n
NMPOXOAHOIro CeEYEHUA peEryndatopa noToka, MZ; P — MJIOTHOCTb pa-

6oueit naKocTu, Kr/m3; Ap,, — nepenaj AaBneHUs Ha Apoccenn-
pytoLleM afnemMeHTe (Apﬂp =0,3-0,35 kfla).
Cuna pesaHuns, BO3HMKAIOWAs Ha WMHCTpyMeHTe npu obpaboTke
[eTanu, onpeaenseTcs no opmyne:
Feo=(P,—p,)S, (takkak S; =S, =3). (6.15)
3BEHO HacTpoWku — perynsitop notoka PM30 HacTpauBaetcs
YCTaHOBKOM Npobku apoccenst no numMby (ans 6onee TOUHOW HACTPOMNKK
YUMTBHIBAIOTCS CyMMapHble o6beMHble notepu Y Qy). Perynstop noToka
crabunusmpyet Apy, Npy U3MeHeHnn Fe;. [ipoccenmpoBaHme NoToka Ha
Bbixoae L32 obecneunBaeT paBHOMEpPHOE ABWXKeHUe ¢pe3epHoi 6abku
3a CYeT co3/aBaeMoro NpPoTUBOAABNAEHUS Po.
B KoHUe xoaa nofayun crtona ynop Y25 skntodaeT BK43, nogasas
CUrHan B cuctemy ynpasneHus. lNpu 3ToM oTkoyaetca YA35 u Bkioya-
etca YA36 pacnpegenutens P28 n oH nepeksoyaeTcs B npasylo No3u-
uuo, obecrieunBasl peBEPCUPOBAHME [BMXXEHUSA LWNUdOBanbHON 6abku U
6bICTPbI OTBOA BBEPX M3 30HbI 06paboTkn. OAHOBPEMEHHO OTKJIHOHaETCs
YA37 pacnpepenutens P29, oH nepexoauT B HavasibHYIO HWXXHIOKO MO3u-
LMo, XKnakocTb NOCTynaeT B 3aknanaHHyto nonoctb KA31. OTKpbiBasich,
KnanaH 31 WyHTUMpyeT perynatop notoka PM30 un oTkpbiBaeT cBO60AHbIN
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cwmB m3 MTU32 M ocylwecTBNSIET «6bICTPbIA OTBOA» COrMacHo (yHKUMO-
HanbHON cxeMe:

r H18(1) — Qu 1
PMH 19(Q:+Q) — ®20 — P28(YA35) — BN 32/
3 JHIN TL23 — P28(YA35) — KA31 — KMA — B
L H18(2) — Q; ]

YpaBHeHWe b6anaHca pacxoioB:
Q1+Q2=Q23+3Qy, (6.16)
roe Y Qy — cymMmapHble yTeukn paboueii xugkoctn, M3/c; Qo3 — cymmap-
Hasi nofia4ya HAcoCOB BbICOKOIO M HM3KOro AaBneHusi, M3/c:
Q23=V6,OS. (6.17)
YpaBHEHME HaCTPOMKM CKOPOCTM «BbICTPOro 0TBOAA»
V. = n, (9, —d,)n, +Zrp,

6.0
827

roe n — 4Yacrota BpalleHus NpuBOAHOrO ABUraTtensd HacocHoW YCTaHOB-

) (6.18)

kn, c*; @,,0, — pabounit 06beM Hacoca BbICOKOrO U HWU3KOrO faB-
NEHNs COOTBETCTBEHHO, M%; 1), — 06beMHbIi KM/l HacocHoi ycTa-

HOBKW; S,, — M/OWaAb CeYeHWs ruApoUMIMHApPa NpuBOAa
crona, M2,
B KoHLe x0oaa BBEpX YrNop BO3AEMCTBYET Ha KOHEYHbIW BbIK/OYa-
Tenb BK33, npu aTOM OTKMOYaeTcs anekTpoMarHuT YA36, pacnpepenu-
Tenb 26 yCTaHaBNMBAETCSA B CPEAHION MO3MLMI0, OCTaHaBIMBas MMapoLu-
NUHAP BepTUKanbHON nogaun 32. OQHOBPEMEHHO MOAAETCS KOMaHAa Ha
BK/IOYEHNE ABWKEHUS AENEHUS.

ac
M2 — 3 (7/8) — BM (9/10) — oaHoobopoTHast MydTa — EE

(ruTapa CMeHHbIX Konec) — YepBsiuHas nepegava (13/14).
YpaBHeHue KuHeMaTuyeckoro 6anaHca:

1 n .
— ==, (6.19)
ZH ncl)

roeZ, — Y4CIO HapesaeMmblx 3ybbeB koneca; i, — NepeaaToyHoe OTHO-

n2
LIEHNE MeEXAY 4YUC/IoM 3Y6bEB Koneca u q)pe3bl; N — Y4acTtoTa

K

BpalleHns Koneca, C!; N, — JyacToTa BpalleHus cdpesbl, c.

)
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YpaBHeHue HaCTpOVIKM uenun aenexHna:

ac 1
—_ 6.20
bd zgc, (6:20)

271
3aroToBKM MOBOPAUMBAIOTCA Ha Yron AeneHns — . 3ateM noaa-
z

H

€TCA KOMaHAa Ha BK/OYeHMe BepTUKanbHOM nogauu M2, npopesaeTcs
cneayowas BrnaauHa v T.4. Mocne obpaboTku nocneaHelr BnaauHbl CYeT-
UMK LMKIIOB AENEeHWI NofjaeT KOMaHAy Ha OTBOA CTo/a M3 paboyeit 30HbI.
BkntouaeTcs anekTpomarHuT YA38 pacnpegenutens Z22. Cuctema ynpas-
NeHnsa oTKoYaeT anekTpoMarHut YA35 pacnpepenutens P28, nepesoas
€ro B LeHTpasibHOe MOSIoXKEHNe C 3aKpbITbiM LIEHTPOM, BrtoyaeTcs YA37
pacnpegenutens P29, knanaH K31 — 3akpbiBaeTcs.

B KoHLUe 6bicTporo noaeoaa CTona BnNpaso ynop 25 Bo3aeicreyet
Ha BK43. OtkntouaeTtca YA38, pacnpegenutens 22 otkntodaeT 'LU23, cton
ocTtaHaBnueaeTcd. OAHOBpPEMEHHO NOAAETCH KOMaHAa Ha BKIIOYEHWE
npuBoAa nNoBopoTa cTona. nektpomarHnT YA40 nepekovaeT pacrpe-
penutens 22 B KpalHIO MpaBylo MO3ULMIO.

r H18(1) — Q14 r nn FU26/nn ri264
b PAN19(Q:+Q2) — ®20 — P21(YA40) Ww-p — cTon
L H18(2) — Q.- L nn rU27/nn ry27-4

YacToTa BpalleHus NoBOpOTa CTOMa OnpeaensieTcs B COOTBET-
CTBUM C hopMysioN:

_ Qusy + Qusea)
(Sy + Sy )nmz

rae Qs Qugz) — MOAAYA HACOCA BBICOKOTO W HW3KOTO AABNEHMSI COOT-

(6.21)

CcT

BETCTBEHHO, M*/C; S,,S,, — MIOWaAb LTOKOBOW MOMOCTU COOT-

BETCTBYIOLUMX MMAPOLMUIMHAPOB NpMBOAA CTona, M% M — Moayfnb
3ybuaTtoi nepefayn; Z — 4ncno 3ybbes.

MNpy 3TOM ABWXEHWUM CTOJ, NoBOopaumBasch Ha 180°, yaanset us
paboueii 30HbI 06paboTaHHYl0 3aroToBKY WM BBOAUT HOBYIO, He 06pabo-
TaHHYIO paHee, YCTaHOB/IEHHYIO B TPEXMECTHOE NMPUCNocobneHme.

B koHue nosopoTa ctona BK44 otkntovaeT YA40 n P21 oTkntoda-
et 'l 26, 27. OgHOBpeMeHHO MOJAETCA KOMaHAa Ha MoABOA CToNa B pa-
604yto 30Hy. BK44 — P22 (YA39);

147




r H18(1) — Qi 4 r nn ru23/nn ru234

B PON19(Q:+Q2) — 20 — P22(YA39) P22(YA39)— B

L H18(2) » Q.-

«BbICTPbIN NOABOA» CO CKOPOCTHIO Ve ni:
_ QlB(l) + Q18(2)

SZSUJT
roe S,,,. — NIoWaab LWTOKOBOW MOMOCTU MMAPOLMANHAPA, M,

B KkoHLEe 6biCTpOro nojaBoja CTona, ynop 24 BO3AENCTBYET Ha
BK42, otkntovaeTca YA38 n nogaeTcsd KOMaHAa Ha BKJOYEHMEe BepTu-
KanbHoW nogaun M2 MHCTpyMeHTa. Paboumnii UMK Hape3aHus 3y6beB Ha
HOBbIX 3arO0TOBKax NMOBTOPSIETCS.

Onepatop cHuMaeT obpaboTaHHbIe 3ar0TOBKM U yCTaHaBNMBaeT
HOBble. [py 3TOM BpeMsl 3arpy3ku NepekpbiBaeTCs MaLUMHHLIM BpEMEHEM,
YTO NOBBILLAET NPOU3BOANTENBHOCTb CTaHKa.

, (6.22)

6.11

6.4. lnndoBanbHbIe CTAHKKU

CTaHKu 3TOW rpynnbl 06ecrneynBatoT, Kak npaBuio, OKOHYaTeNb-
Hyt0  (DUHULIHYIO) 06paboTKy MOBEPXHOCTEN MOABUXHBLIX M HEMOABUX-
HbIX CONPS>XEHUI.

LnmcosaHne hopmMoobpasytolyx NOBEPXHOCTEN OCYLLECTBASIOT
rocsie YepHOBOW W NocneaytoLwel TepMUMYeckor 06paboTku.

B 3aBMCMMOCTM OT Ha3HaYeHUs Pa3nnyaloT KpyraownugoBasib-
Hble (UeHTpoBble M HecUeHTPOBbIe), BHYTPULWIMGDOBAbHbBIE U MIOCKO-
wnuncdoBasbHble CTaHKW. TPUMEHSIIOT U CreumnasbHble WAngoBabHbIE
CTaHkn ansa 06paboTtku pe3bbbl, 3ybbeB Konec, wnnues. [as noBbileHns
KayecTBa 06paboTkM, MOMYYEHUs 3epKasibHOM MOBEPXHOCTU MPUMEHSIIOT
WncoBanbHO-0TAENOYHbIE U LWNM(OBaNbHO-NPUTUPOYHBIE CTAHKM.

MoaToMy Ans AOCTMIXKEHWUSI BLICOKOMO KadecTBa 06paboTkm K mx
HecyLlel CUCTEME M OCHOBHBLIM y3/1aM W arperataM NpeabsiBASIOT MOBbl-
LeHHble TPeboBaHMSI K XXECTKOCTM, BUBPOYCTOMYMBOCTU, U3HOCOCTOMKO-
CTUW, TEN0BbIM AeopMaLmnsM.

CyLLeCTBYIOT pasniMyHble CXeMbl KPYrioro M MaocKkoro wivdosa-
Husi [22]. Bbibop Kaxaol u3 HUX onpeaensieTcs BuaoM obpabatbiBaeMoi
MOBEPXHOCTU M PacKpbIBAETCS MpW UCMOSHEHUM paboyelt 30HbI CTaHKa.
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Hanbonbliee npumeHeHne nonyuunu KpyrnownundosanbHble
CTaHkn. OHM No3BONSAOT 0bpabaTbiBaTh KaK Hapy>XXHble WK BHYTPEHHUE
UMIUHAPUYECKME N KOHUMYECKME, TaK UM TOpLEBble NOBEPXHOCTH, 0bpasy-
loLMe MHOrOYMCIIEHHblE AeTanu Tvuna Ten BpalweHus. Hambonee xapak-
TepHbIM NpeacTaBUTENIEM 3TOr0 Klacca CTaHKOB SIBMSIETCS CTaHOK MoAenu
3A150. OH MMeeT KMHEMATWKy, peannsyemylo 3/eKTporvapoMexaHuye-
CKOW CUCTEMOM.

Jran 1. CnyxebHoe HasHayeHuWe CTaHka — 4uctoBasi obpaboTka
NOBEPXHOCTW [AEeTanu Tuna Ten BpalleHus, avametpoM d<100 MM 1 anun-
Ho L<180 MM. CTaHOK WMEET KNacCMYecKylo rOpU30HTasbHYIO KOMMO-
HOBKY (puc.6.11).

0 g 8 7 -6 5 4

Puc.6.11. KomnoHoBka kpyrnowwnmdoBanbHoro craHka 3A150

Jran 2. Hecywein cucteMoi CTaHKa SIBNSIETCA CTaHWHa I Kopob-
YaTol (OpPMbl, Ha MNPOAOSIbHLIX HAMNPABNSIOWMX KOTOPOW YCTaHOBNEH
cTon 2 c nepeaHeii 6abkoii 10 npuBoaa BpaLEHUS 3arOTOBKW W 3afiHEN 3,
nepemMellaemMoin B T-06pa3HbiX Masax CTona WM 3aKpenssieMon B HYXXHOM
MOSIOXXEHUM B 3aBUCMMOCTM OT A/IMHLI 06pabaTbiBaeMol AeTanu.

[Jetanb 5 6asunpyeTca B LeHTpax 9w 4 nepepHeit n 3agHein 6ab-
KM COOTBETCTBEHHO W MpPWMBOAMTCA BO BpalleHMe MOBOAKOBbIM MaTpo-
HOM 8 B nonepeyHbix HanpaBASIOWMX CTaHWHbLI yCTaHOBMEHa LWMdo-
BasibHasi 6abka 6. B Hell pa3MelleH 3N1eKTpoMeXaHUYECKUI NPUBOA LUK-
boBanbHOrO Kpyra 7 W ruapaBfIMUYeCcKUiA NPVBOJ MOMEPEYHON Mnoaaum
WHCTpYMEHTa.

Sran 3. YTO4HMM pabouyto 30HY CTaHKa, 3CKM3 KOTOpPOW MpuBe-
[eH Ha puc.6.12.
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Puc.6.12. 3ckm3 paboyel 30HbI KpyrnownndoBanbHOro ctaHka:
3 — 3aroToBka; W — nHcTpymeHT; MP — npucnocobnexve

Onpepgensiem coctas 1 xapakTepuctuku UA.
B1 — BpalwlaTtenbHoe ABMXeHWe WndoBanbHOro Kpyra, paboyee,
rnaeBHoe. YactoTa BpalleHus Kpyra BbluMcnseTcs no gopmyne:
.= 10:§vm (6.23)
Kp

I

roe v, — CKOpOCTb pe3aHust Npu WindosaHum, onpeaensemas no Hop-
MaM pexuMoB pesaHus, ¢! [22]; DKp — avameTp WnndoBanbHOro
Kpyra, M.

B2 — BpalaTenbHoe ABWXXEHWE 3aroToBkW, pabouee, Kpyrosas
nogaya Vip, MUH;
M3 — npoaosnbHOE [ABMXXEHWE CTOMa C 3aroTOBKOM, pabouvee,

ABVXEHWNE MOAAYN Vip, M/MUH;
M4 — nuHeltHoe aBwXeHue wnndoBanbHol 6abku, pabodee, no-

nepeyHas nogava WnMgoBanbHOro Kpyra, MM/MmH.
BennuunHbl pabouvx ABMXKEHWIA MPUHUMAKOT MO HOpMaTMBaM pe-

XXUMOB pe3aHus [22].

Mpw wnndosaHnm BpesaHMeM NpoaosbHas nogada Vip=0 U Vion —
MM/MWH, NP NPOAOABLHOM LWANGDOBAHUMN Vion — MM/ABOMHOI X0A.
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Puc.6.13. KpyrnownudoBanbHbit cTaHok 3A150: 7 — 6ak; 2 — CABOEHHbI NNacTUHYaThIN
Hacoc; 3 — dunbTp; 4 — pacnpefenuTent YNpaBneHus; 5 — Apoccenb perynvpyeMbii;
6 — rugponaHens; 6.1, 6.2 — ynpasnsowwme 30N0THUKY; /7, 11, 37, 41-44 — BblkovaTenb
KOHEYHbIN; & — pyKosTb ynpaBneHus; 9 — poldar; 10, 12,22, 38 — ynopbl; 13, 14, 16,
17— peMeHHas nepepava; 15— npuBoaHOW ABUraTenb; 18— ruapouMMHAP NpYBOAa CTONa;
23, 35— ruppounnuHap; 24, 27, 30, 33, 34 — pacnpegenutens; 25, 26 — ppoccens; 28, 29,
47 — pacnpegenuTenb C aneKTpoynpasnexneM; 31, 32— posatopbl; 36 — npubop akTUBHOIO
KOHTpons; 39 — rpy3; 40 — pblyar noasoaa 6abku; 45 — ruapoumnuHap NpuBoAa LWAMGo-
Ba/IbHOW 6abku; 46 — rMAPOLMAMHAD KyNaykoB nopauun; 48-50— knanaH obpaTHbIi

Jran 4. OnuweM KMHeMaTuKy paccMaTpyMBaeMoro obbekTa rma-
pocdmKaLlmm Nno cxeme, NPMBEAEHHONM Ha puc.6.13.

Bl — rnaBHoe pABWXeHWe, BpalleHue LWndoBanbHOro Kpyra,
OCYLLEeCTBNSAETCA OT 3nekTpoasuratens M uepe3 ABYXCTyreH4aTylo pe-
MEHHYI0 nepegady.
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B2 — cornacosaHue c B1, kpyrosas nogaya 3arotosku N, obec-
neynBaeTcs 3M1EeKTPOMEXaHUYECKUM MPUBOAOM.

dl d3
n=n, d_d_ , (6.24)
2 Yy
roe di, da, ds, ... di — AMaMeTpbl COOTBETCTBYIOLIMX LIKWMBOB KIMHOpPE-

MeHHOW nepefauu, M; N, — yYacToTa BpalleHUs NPUBOAHOMO ABM-
ratens M2, MuH,
B2 — kpyrosas nojaua 3aroTtoBku N, obecrneuvMBaemasl 3NeKTpo-
MEXaHNYECKUM MPUBOAOM.

M2—>ﬁ—>@; (6.25)
di4 div
n3 :nMZ 50 : 50 ; (6-26)
100 100
n
n, =% 6.27
T (6.27)

n,, =(360—-3600) muu.

M3 — npoaonbHas nojada cTona € 3aroTOBKOM Vip, OCYLLECTBAS-
emast T’1ApaBINYECKUM LIMKIIOBLIM MPUBOLIOM.

SneMeHTbl 3aaHuns UMKNa: HacTpauBaeMble ynopbl Y 10, 22, Me-
XaHUYECKWA nepeknioyaTent 9, ynpaenseMblii OCEBbIM 30/10THUKOBbIM
MWIOTOM 6.1, YNPaBNSAIOWMM PEBEPCUBHBIM 30/I0THUKOM 6.2 C rMapo-
ynpasneHneM. CKopoCTb NPOAOSIbHON NOAAYM HacTpamBaeTCa ApocceneM
5, yCTaHOBNAEHHbLIM Ha BbIXoAe ruapounnmHapa 18 ¢ NPOXOAHbIM LUTOKOM,

®yHKLMOHaNbHAs CXxeMa MOTOKOB.

ﬂﬂﬂ XoAa BJIEBO MHCTPYMEHTA:
[ B—H21— ©3.1 - P4 —P6.2 [1|]— n.n.TUI8/N.NTLUL8 — P6.2 [1]-AP5 — b

CKOpOCTb MPOAO/ILHONM NMOJAAUYMN B KOHLIE XOAa B/IEBO HAXOAUTCS
no cdopmyne:

S. 2
np1=%=—”5 2 [=(P, = Pay) s (6.28)
818 S18

rae Q, — pacxoA XWAKOCTM Yepe3 rnapoynpaB/isieMblil 30/10THUKOBBIN
pacnpegenuten 6, M3/c; S,; — MnoWaab LUTOKOBOW MOMOCTM
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ruis, m% p, — koacduumeHt pacxoaa apoccens AP5; S, — nno-
Waab NpPOXOAHOro ceveHus apoccens APS, M%; p — NIOTHOCTb pa-
Goueln xuakoctu, kr/M3; p, — AaBneHWe, pa3BMBaEMOE HaCOCOM
H2.1, MMa; p_, — AaBneHue B CIMBHOWM raponnHum, MMa.

[lns xo4a BNpaBo MHCTPYMEeHTa:

Y10 — P6.1 [X] — P6.2 [X]— OP5 — B

b H2.1 - ®3.1 — P4 —P6.2 [X]— AP5 — b

CKopOCTb MPOAOSIbHOM MOAAYM B KOHLE XOAa BMpaBO HAaXOAMTCS
no cdopmyne:

Q S. (2
Vo =5 _Fs% 12h py, (6.29)
Sie S \p
rae Q, — pacxop XunakocTv vepes apoccens PS5, m3/c.

M4 — nonepeyHasi nogaya WNgoBanbHON 6abkn MOXET ocy-
LLEeCTBNATLCS:

— AMCKPETHO B KOHLIE KaXXAoro ABOMHOMO XoAa CTona C 3aroToB-
KOW, MM/OB.X0f;

— HEenpepbIBHO — Npu WANQOBaHUM Bpe3aHneMm, MM/MUH.

MexaHW3M HemnpepbIBHOW MOMepeYHOl Noaaum COCTOUT U3 Kynauy-
KOBO-KY/ICHOrO MeXaHu3Ma C MpWBOAHLIM MOBOPOTHBIM TUAPOUMIVHA-
poM 46, KynaukoBol nepepaun 41, 42 n kynucel 44. NMocneaHas coeanHs-
€TCS C KOprycoM wwmdoBanbHOM 6abku A nepegayeit BUHT — raiika B.

BbicTpbiit noaBoa 6abku A B pabouyto 30HY CTaHKa OCYLUECTBIS-
eTcs rugpoumnuHapoM 45, a pabouas nogada — rmaApoOUMNIMHAPOM 46 ue-
pe3 pOSIKO-KYSIMCHBIN MEXaHU3M.

ABTOMaTM3aums paboyero LMKna NONepeyYHon Nojayum OCyLLecTB-
NSIETCS MU NOMOLLUM KOHEYHBIX BbIKNtOUaTenei 43, 44, KoTopble orpaHu-
UMBAIOT KOHEYHOEe MosioKeHue Kynucbl 40. KnHemaTnyecku cBsidaHHble C
ABV)XEHMEM PONMKA MOMepPeYHo Noaaynm KoHUMYeckon 3ybuyaToit nepena-
yei, OHM POPMUPYIOT YNPaBNSIOWME BO3AENCTBUS NPU ee BpaLLeHWM.

Mopaya ocyuwiecTensieTcss NMbo A0 XecTkoro ynopa 38 nnbo no
KOMaHAe u3MepuTenbHbIX Npubopos 36, 37, nepemeLlaeMoro B 30HY W3-
MepeHusi 0bpabaTbiBaeMOro AMaMeTpa rmapounIMHapom 35.
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MonepeuHas nogaya wWMdoBanbHOW 6abkn A ocyllecTBAseTcs
Mo KMHEMaTMYeCKoW Lienm.

B — H2.2 — P47 [X] — n.n.TU45/n.n. TU45 — P47 [X] — B
L 40(pbiyar) — A

B KOHUE Vg.u POSIMK KyNUCbl 45 NPUXMMAETCA K MOBEPXHOCTU Ky-
nadyka nogauv, BK43 nopaerT koMaHAy Ha BK/IOYEHME 3M1eKTPOMarHuTa
pacnpegenutens 4/.

M4 — nonepeyHas nogaya LWwndoBanbHOW 6abkn MoOXeT ocy-
LLEeCTBNATLCA HenpepbiBHO (Mpu WM@OBaHUM BPaLLeHNEM) UK AUCKpeT-
HO Ha Kaxablii ABOMHOW XOA4 CTONa MPOAOSbHOM Mofaun (npv nNpoaosib-
HOM WNnoBaHUN).

LLnngpoBaHne Bpe3aHNeM [0 XECTKOro yropa.

«BbICTpbIN NoABOA» Ve i

vy, = 2o (6.30)
SmT45
rae Q, — nojava Hacoca H2.2, M°/c; m, - obbeMHbit KM/ Hacoca
H2.2; S, .5 nnowaab LWTOKOBOW MOMOCTU  FMAPOLMINHADPA
ru4s, m2,

KoHTyp ynpasneHus:
PykosiTka ynpaBneHus 8 — BK7 — P47 [X]

CUNoBOWA KOHTYp:

B — H2.2 —» ®3(2) — KO1 — P47 [X] — n.n.r'u45/n.n. ru45 — P47 [X] - b

[nqa ynpaBneHna B Havane npu ckopoctu Ve, BK44 — BrntouaeT-
€ KpyroBasi nogaya 3aroTOBKM W Mojaya oxazarowel >XUAKocTU B
KOHUe 6bIcTporo noasoaa.

YepHoBasi HenpepbiBHas nojava:
BK44 — P29[X] — n.n.rU46/n.n. ru46 — P28 [X]— P27 [X] —
— P24[1] > AIP26 > b
Ot I'U45 yepes nepepady «luectepHs (Ha wTtoke ML) — pelika» u
KOHMYeCKYI0 nepegady npoAo/mKaloT BpalleHue Kynadku nogad. B koHue
YepHOBOW Mopaun cpabaTbiBaeT BK42 (0T Kynayka YepHOBOM rofaum).
OH BKtOYaAET 3nekTpoMarHuUT pacnpeaenutens P28[X], HaunHaeTcs un-
CTOBas nogaya.
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Uncrosas HenpepbiBHas nogavya:

[ n.n.ru46 — P28 [X]— P27 [11] — AP25 — b

B koHUe 06paboTkn kynuca 43 ynupaetcs B ynop 38 u 6abka
OCTaHaBnMBaeTcs. Kynauku nogad npoaosmkaloT BpalleHue Ao cpabatbl-
BaHUa BK1, KOTOpbIN OTK/IHOYAET 3MEKTPOMArHUT pacnpeaenutens P47.
Mox pevictBueM MLU45 u rpysa 39 wnudoBanbHas 6abka oTBOAWUTCS U3
paboyei 30Hbl. B KOHLE XoAa pbluar 40 Bo3AeNCTBYET Ha BK43, KoTopbli
OTKJIIOYaeT KPYroBylo Noaayy 3aroTOBKM M Mofady oxXfaxaatowen >xua-
KocTu. Linkn 06paboTkun 3akaHYMBAETCS.

ObpaboTka MOXET OCyWeCTBAATLCA C  NPUMEHEHWEM Mpu-
60pa aKTMBHOro KOHTPONS 36, BBOAMMOrO B 30HYy 06paboTku ruapoum-
NMHAPOM 35.

lpogornsHoe Lwm@oBaHne 40 XECTKOro yropa.

B aTOM criyyae nonepeyHas nogada wnmdosanbHoi 6abku ocy-
LLECTBNSIETCA NEPUOANYECKM MOC/E KaXaoro ABOWHOMO xofa CTtona npo-
[ONbHOW nogauu.

MNepeknoyeHne oceBoro nunota 6.1 Kayalwumcs pblyaroMm 9
obecneunBaeTr cpabaTbiBaHMe  pacnpegenuTens 6.2  BO3BPATHO-
MocTynaTeNbHOro ABWMXKEHUSI CTOMA C 3aroTOBKOW M pacnpeaenuTens 33,
ynpaBsitoLLEero NOToKaMn paboyein XuaKocTu.

Mpn xope crona Bnpaso pacnpefenutens 33 NepekoyeH B no-
3uumio [1T1].

r n.n.ru23 — xXeM
b — H6.1 + H6.2 — P34[11T\] — P33[1T]
L P30[11T1] — n.n.MU31, 32

Mpy 3aMKHYTOM XpanoBoM MexaHusMe (XPM) nepuoanyeckas
nornepeyHas nofada OCyLllecTBAsieTcs oT ruapounnuHapa L46, koraa
C/IMB U3 €ro fIeBO MNONOCTU OCYLLECTBSETCS AUCKPETHBIMM MOPUMSAMU MO
cxeme:

r n.n.r'u31-yepHosas nopaya

Jl.n. TU46 — P28[] — P27[\' '/] — P30[1TT1]

L n.n.ry32 — uncrosast nogava
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Mpn xope cTtona BNeBO nepektoveHneM pacnpegenutens P33
[T \] ero ynpasnstowas nMHUS coegnHeHa co C/IMBOM.

Mpu pacdukcaumm XPM nepuoauueckas nonepeyHas nogava
wnndoBanbHol 6abku OCyLECTBASETCS OAHOCTOPOHHUM  TMAPOLNINH-
ApoM 23, cpabaTblBaloWMM MpU KaXXAoM [ABOWHOM XOAe NpOAOSIbHOro
cTona. /[lBuxeHue ero LITOKa NepefaeTcs XparnoBWUKY, NMPOBOpaynBalo-
LLIEMY XparoBOe KOJIECO W Aanee nepefadeit BUHT — raiika K Wwindosarnb-
Hoi1 6abke.

Kak cnegyeT M3 aHanusa KMHEMATMYecKoW Lenu nogauu, ux
HacTpolika [10BOJ/IbHO CIOXHA W TpebyeT npeaBapUTeSibHbIX pacyeToB Mo
0606LLIeHHOl MeToANKE aHanusa.

MpvBeAeHHbIE NPUMEPBI aHaNM3a BbINO/IHEHBI AOBO/ILHO NOAPO6-
HO Ansi NPUOBPETEHNS YCTOMUMBBLIX HABbIKOB aHaNIM3a KMHEMATUKK aBTo-
MaTU3MPOBaHHOIO rMAPOMULMPOBAHHOMO TeXHosornyeckoro obopyaosa-
HUS. BaXkHbIM creaylowmMM WaroM SBASIETCS 3aKpensieHne npuobpeTter-
HbIX 3HAHWI CXEMOTEXHUYECKMX BapnaHToB ATO C Lenblo caMoCTosTeNb-
HOro pelleHust 3a1a4 UX CUHTE3a M aHanusa. [ns pelleHns 3Toi 3aaaum
B NPUIOXEHUAX MpeacTaBfieHbl TUMOBbIE MPUMEPbLl CXEMOTEXHUYECKUX
peweHnit FTOTO, MX LEeneBbIX MEXaHM3MOB M arperatoB. MHOrne M3 HUX
npeanaratoTcs B KaYecTBe TECTOBLIX M UCMbITATENbHbIX 3aAaHUM.

156



MPUJTOXXEHUE
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