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3.1. O606LWeHHas CTPyKTypa aBTOMaTU3NPOBAHHOIO
06beMHOro rmgponpueoaa

Mapo- mMnvM NHEBMOMPUBOA — 3TO COBOKYMHOCTb TEXHUYECKMX
YCTPOWCTB, CBSi3aHHbLIX OMnpeaeneHHbIMU (opMaMin B3anMOAENCTBUS U
B3aMMHOI 3aBMCMMOCTU NOCPEACTBOM XMUAKOCTM WM rasa Ans nosyvyeHust
33[1aHHOrO 3aKOHA [ABMXXEHWUS UCMOMHUTENBHOrO OpraHa MalimHbl [23].

®yHKUMOHaNbHas CxeMa rMaponpvuBoda OnpeaensieT ero OCHOB-
Hble YacTW, Ha3biBaeMble 6/10KaMu, yKasbiBaeT Ha MX Ha3Ha4YeHWe U B3an-
MogelcTeme. OHa co3aeT OCHOBY OISt COCTABNEHUS NMOCNEAYIOLLMX CXEM,
a rnaBHoe, Mcnonb3yeTca Ans oblero o3HakoMieHusl ¢ paspabaTbiBae-
MbIM rMaponpueoaomM [27].
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Puc.3.1. O6oblueHHas CTPyKTypHas cxeMa aBTOMaTU3MPOBaHHOMO MMAponpuBoAaa:
BIM — 610k no3uunoHnpoBaHusi; BYC — 6510k ynpasneHusi CKOpOCTbio

O606LleHHast CTPYKTYpHas CXemMa OObeAUHSIET YaCTHbIE CTPYKTY-
pbl Pa3nMYHbLIX MMAPOMNPUBOAOB MO OCHOBHBLIM MpPU3HaKaM W CBOMCTBAM
(puc.3.1). Ee OCHOBHOW 4YacTblo SIBASIETCS 3HEProcusioBasi YCTaHOBKA
(3CY), dopmMupytoLLas NOToK paboyeit KUAKOCTM C 33aHHbIMU NapaMeT-
pamu (p. — naenenue, T — Temnepatypa, Q. — pacxon). Mmapasnuyeckue
NMHUKM cBsian (M1C) obecrneynBaloT TPAHCNOPTUPOBAHWE SHEPrOHOCUTESS
K ruapoaBuraTesisiM, yCTaHaBNMBas ONpeaefieHHbIe YCIOBUSI B3auMOoeii-
CTBUSI MeXAY OTAesNbHbIMM YacTamu (6nokamn). McnonHutenbHeiM 6n0-
KOM ruaponpusoda senaiotca ruapoasuratenn (M), npeobpasyiowimne



SHEpruto NoToKa >XMAKOCTU B MEXaHWYeCKyl 3Hepruo, nepenasaemyto
nepeaaToyHo-npeobpasyowmnm MexaHnsmom (MMM) OY.

Ba)KHOM YacCTbl0 aBTOMATU3MPOBAHHOMO MMAPOMPUBOAA SIBMSETCS
cuctema ynpasnenus (CY), dopmupytowas MHGOpMauUMio 0 TpaeKkTopum
aswkenns OY. Cucrtema ynpasieHus CpaBHUBAET ee C 3adaHHbIM 3aKo-
HOM noBefeHus U BblpabaTblBAeT COOTBETCTBYIOLME YNPaBASIOLMNE BO3-
AENCTBMS Ha 3M1EMEHTbLI MMAPONPUBOAA AN €F0 BbIMOSTHEHWSI.

MpumMep 0606LLEeHHON (PYHKLMOHANBHON CXEMbl MpeACTaBeH Ha
puc.3.2. Ha cxeme ycTpoiicTBa mM306paxkeHbl B BUAE MPSIMOYTOIbHUKOB C
6yKBEHHbIMM 0603HaYEeHUSAMM rMAPOanMnapaToB, CBA3AHHLIMK MPSMbIMU U
06paTHbIMU CBA3SMM.

Puc.3.2. 0606weHHas hyHKUMOHaNbHas CxeMa aBTOMaTU31pOBaHHOrO MMAponpuBoaa

B3aumopelictBue 6510KOB Mexay COBOM YyCTaHaBIMBAlOT rua-
paBNYECKNE U qDYHKLl,MOHaJ'IbeIe CBA3M, BbINMOJIHEHHbIE Ha CXeMaX JINHU-
AMU N cTpenkamn. OyHKUMOHANbHAs U CTPYKTYpPHAs CXEMbl MO3BOASIOT
COCTaBUTb (PYHKUMOHAJIbHYIO MPUHUMMUANBHYKD CXEMY C MEHbLUMMKU 3a-
TpaTamu BpemeHu [2].



Ob60bLieHHast CTpPyKTypa rMapo- MM MHEBMOMPUBOAA COAEPXUT
cneayolme 3nemMeHTbl:

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

UM — uCTouHMK nuTaHus npeobpasyeT MeXaHU4YecKyro SHepruto
MepBUYHOrO ABUraTensi B 3HEpPruto Notoka pabouyel cpedbl (Hacochl, ak-
KYMYNSTOPbI, MyNbTUNIMKATOPbI, KOMMPECCOopb!).

MM — ucnonHuTenbHble MexaHu3Mbl — rMApo- UMW MHEBMOABUra-
Tenu, Npeobpasyrolme sHePrmio NoToka paboyei cpeabl B MEXaHUYECKYHO
JHEepruo MoCTynaTenbHOro, BpaLlaTeNbHOro, MOBOPOTHO-KAYaTe/bHOro
ABWXEHUS (UMNUHAPLI, TAPOMOTOPbI, MOMEHTHbIE LMAMHAPLI, CUbQOHBI,
mMembpaHHble M).

PYY — perynupytolime n yrnpaensitolime yCTpoucTBa obecneunBa-
10T U3MEHEHVE WM NOoALEPXaHME 33[JaHHOr0 3HAYeHWs AABNEHUS Unu
pacxoaa paboueii cpefbl, MM60 M3MEHSAIOT HanpaB/ieHNE ABUXKEHWUS MOTO-
Ka paboueli cpeabl (pasnnyHble KnanaHbl, APOCCeN, PEryasTopbl NOTOKa,
pacripegenuTenu, rmapo3amku, KnanaHbl BbiAEPXKW BPEMEHWU, COOTHOLLE-
HMS pacxoAa U AaBMeHNs, NIOrMYECKUE SNIEMEHTHI).

BY — 6nok ynpaBneHus peanusyeTcsl YCTPOMCTBaMM 3NEKTPOrna-
pOMHEBMOABTOMATHKKM, 06eCneyYnBatoLIMMIN 3aAaHHbIN 3aKOH YNpaBeHus!
NpUBOAOM MO MNEpPEMELLEHNIO, CKOPOCTWN, HAMpaBiEHUIO ABWXEHWUS, cune,
KpYTSLLEMY MOMEHTY.

M — npubopbl ANs KOHTPONS MapaMeTpoB pabouyelrt XKMAKOCTM
(MaHoMeTpbl,  pacxoAoMepbl,  AaTyYMKWM  [AaBfeHus,  TemnepaTypbl,
YPOBHEMEPbI, MHANKATOPbI CTEMNEHM OYMCTKMU paboueli cpeabl).

® — DUNbTPLI AN OYNUCTKM pabouelt UAKOCTM OT MEXaHUYECKUX
N HEMEXaHWNYECKMX BKITIOYEHWN.

TNO — TennoobMeHHUKN WM KOHAMUMOHEPbl Ans CTabunusauum
TEMNOBOro pexuma rmapocucTeMsl.

PB — pesepsyap.

O6oblueHHas CTpyKTypa MHEBMONpPUBOAA WU CUCTEMbl MHEBMO-
aBTOMATMKKM, KpOME TOro, uMeeT y3en noarotoBku Bo3gyxa (YMB),
obecneunBaoLmii TpebyeMble NAapaMeTpbl U CBOWCTBa NOTOKA ra3a MyTeMm
OTAENEeHus Bnaru, O4YMCTKK, CO3AaHusa U cTabunusaummn aasneHns n pac-
xoaa.

Mo TMNy UCTOYHUKA MUTaHWS Pa3NUYalOT: HACOCHbIE, aKKYMYIsi-
TOpHble, MarncTpasnbHble (HECKONIbKO MPUBOAOB OT OAHOTrO MCTOYHWMKA
nuTaHus) npueoabl [27].



Mo BMAY LUMPKYNSALUMKU MMAPOCUCTEMbI MOTYT BbITb C OTKPLITOM M
3aKpbITON UMpPKYnsiuuein. B nocneaHeit cnvue paboyelt XXMAKOCTU Hanpas-
NAeTCs BO BCacblBaoLLyO MrMAPOSIMHMIO HAacoca.

[eTanbHas knaccudukaums, OCHOBHble TepMUHbI, onpeaeneHus
rMapaBIMUYeCcKUX YCTPOWUCTB M BCMOMOraTeslbHbIX 3IEMEHTOB MMApPOaBTO-
MaTuKku pernameHTMpoBaHbl FOCT 17752-81 [1] . YcnoBHble rpaduyeckue
0603HaYeHNsl YCTPOIMCTB Ha CxeMax MpuUBOASTCS B CcooTBeTCTBUMM C TOCT
2.780-96, NOCT 2.781-96, FOCT 2.782-96 [4-6], a npaBuia BbINOAHEHNS
rMAPaBANYECKMX WU MHEBMATUYECKMX CXEM OMpeaensioTcs rOCT 2.704-
76 [3, 34]. DT HOPMATMBHbIE AOKYMEHTbl SBASIOTCH OMNpeaensiowmmMm
NPy BbINMOSTHEHUM CXEMOTEXHUYECKUX PELLEHNUM.

3.2. O6beMHble rMapoMaLwinHbl. Knaccngpmkayms.
KnHemaTnueckune, CuioBble
U SHEepreTuYecKne XapakTepmucTuku

B KayecTBe WCTOYHWMKOB MUTAHUS B MMAPOMEXAaHUYECKUX CUCTe-
Max TO Hambonee 4acto NPUMEHSIOT HACOCbl. 3TO O6BEMHbLIE MALLWHbI,
KaK MpaBwuio, POTOPHOro Tuna, nNpeobpasytoime MexaHN4YecKylo SHepruo
nepBMYHOro Aguratens (HanpyuMep, a/eKTpoABUraTens) B SHEPruio NoTo-
Ka paboyei XnaKocTy.

Obnapasi MONOXMTENbHLIM CBOMCTBOM 06paTUMOCTV MpoLIeCcca
npeobpasoBaHnsi SHEPruM, O6bEMHbIE MalUMHbLI MPU COOTBETCTBYHOLLEN
fopaboTke KOHCTPYKLUMM MOTYT MUCMOMb30BaThCs U Kak rMapoMOTOpbI.

PaznnyaloT Takxxe Hacochl NOCTOSIHHOM (puc.3.3, 4) U NepeMeH-
Hoi nopaumn (puc.3.3, B), peBepcuBHble (pnc.3.3, 6) U HEPEBEPCUBHELIE,
CaMoBCacblBalOLIME M HECaMOBCaChIBAlOLLME, OAMHAPHBIE W CABOEHHbIE, a
Mo TUMYy BbITECHUTENS pabouyelt XWUAKOCTU — LUeCTEpPEHHbIE, MacTUHYa-
Tble, paananbHO- UM aKCUanbHO-MOPLUHEBbIE, BUHTOBbIE, KOMOBpaTHbLIE,
3KCLEHTPUKOBbIE, ponnKoaonacTHele u ap. [38].
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Puc.3.3. YcnoBHble 0603HaYeHMs pasfivyHbIX TUMOB 06EMHBIX FMAPABANYECKUX MALLMH
[6]: a— Hacoc; 6, B— HacoC peBEPCUBHBIN U PEryNIMPyeMbIi; — MOTOP perynvpyeMmbiii
PEBEPCUBHBLIN; 4 — HAaCOC-MOTOP PErynMpyeMblii peBEPCUBHbIN



0606LeHHas KOHCTPYKTUBHas CXeMa Hacoca COAEPXMT:

— kopnyc (cTaTop) C KaHanamuM W MOMIOCTSMU BCacbiBaHUS W
HarHeTaHwus;

— poTop € pabo4nMmn Kamepamu 1 BbITECHUTENSAMY;

— pasgenuTenb MOTOKOB, @ B CJIOXHBIX Hacocax — pacrnpegenu-
Teslb NOTOKOB BO BCACbIBAIOLWEN W HAarHeTaTeIbHON NINHUSIX.

fmapoMoTopbl — OB6beMHble rMApaBAMyYeckKMe MalluHbl, npeaHa-
3Ha4YeHHble Ans npeobpa3oBaHMsi  FMAPaBMYECKOW 3HEpru MoToKa
XWAKOCTM B MEXaHWYECKYI0 SHEPruio BbIXOAHOMO 3BeHa C TpebyembiMu
KWHEMaTU4eCckMMM napameTpamu. KnaccnduumpyroTcs aHanoruyHo rua-
poHacocaMm: No BO3MOXHOCTU peBepcuMpoBaHus (puc.3.3, r), U3MEeHeHus
Npov3BOANTENBHOCTY U T.A.

M3BecTeH knacc 06bEMHBbIX MalMH, NMPUMEHSIEMbIX KakK B (YyHK-
UMM HacocoB, Tak M ruapomoTopoB (puc.3.3, 4). VX Ha3biBalOT Hacoc-
mMoTopamm [29, 30].

3.2.1. lLlecTepeHHble rmapoMallunHbl

LLlecTepeHHble 06beMHbIE MTMAPOMALLNHBI LUIMPOKO pacnpocTpaHe-
Hbl B COBPEMEHHOIN TexHWke. OCHOBHOE MPEWUMYLLECTBO OHWU MOAYUYUAU 33
CYET NPOCTOTblI KOHCTPYKLMM, KOMMAKTHOCTW, HAAEXHOCTU B paboTte u
CpaBHUTENbHO Bbicokoro KMA. B 3Tux MalmHax OTCYTCTBYIOT pabouue
OpraHbl, NOABEPXXEHHbIE AEMCTBUIO LIEHTPOBEXHON CUSbI, @ TaKxe 3Je-
MEHTbI, ABUXYLUMECS C YCKOPEHWEM, YTO MO3BONSET 3KCMNyaTUpoBaTh UX
npu YacTtoTe BpalleHus Ao 120 muut [7].

B MalwMHOCTPOEHUN LecTepeHHbIE MaLUMHbI NMPUYMEHSIOTCS B CU-
CTemMax C ApOoCCenbHbIM perynvpoBaHMeM CKOPOCTU rMApoABuraTens npu
CpaBHUTENbLHO 6onbLUMX AManasoHax AasneHus (Pmax=10-15 MMa).

KOHCTpYKTVBHasi cxeMa Hacoca C OAHOW Mapoi LecTepeH Moka-
3aHa Ha puc.3.4. lNpu BpalleHun WecTepeH B YKa3aHHOM HanpasieHun B
nonoctn B (nonoctb BcacbiBaHMs) 3ybbs BbIXOAST M3 3aLensieHns, co3aa-
Basl BaKyyM, KOTOPbI 3acacbiBAaET XMAKOCTb B 3Ty NosiocTb u3 6aka. M3
nonocTn B >XWAKOCTb, 3aKA4YeHHas BO BNaauHax, NepeHocuTcs B Mo-
noctb U (nonoctb HarHeTaHus). B nonoctu H 3y6bs, BxoasLwme B 3auen-
NeHne, BbITA/IKMBAIOT XMUAKOCTb U3 BMNAAMH B Marucrparib.
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Puc.3.4. MpyHUMNuanbHas cxeMa paboTbl LWECTEPEHHON rMapOMaLLMHbI:
1 — HarHeTaTenbHas NOMoCTb; 2 — BCACbIBAIOLLAS NOSIOCTb

[aBneHne B nonoctn H onpeaensieTcss Harpy3koi B ruapoaBura-
Tesle U ConpoTUBNEHWEM CUCTEMbI M BCerda 6osblue AaBNeHWsl, Yem B
nonocTn B. Mo3TOMY XMAKOCTb CTPEMUTCS MPOHUKHYTbL M3 NOAoCTM H ye-
pe3 3a30pbl MeXAY LIECTEPHAMM M KOPMYCOM B MOMOCTb B. 310 o6paTHOE
TEYEHME XMUAKOCTM UM BHYTPEHHUE YTEUKM UAYT MO TPeM HanpaBfeHu-
AM: Yyepe3 paaManbHble 3a30pbl MeXAy BepluMHaMu 3ybuaTbix Konec u
BHYTPEHHEN PaCTOYKON Kopnyca, Yyepe3 TopLeBble 3a30Ppbl U MecTa KOH-
TakTa 3ybbeB wecTepeH. ObpaTHOe TeuyeHue >KUAKOCTU YMeHbLuaeT
nojayy Hacoca; BEIMYMHA €ro 3aBUCUT OT KayecTBa WM3rOTOBNEHUSI KOM-
NMEeHCUPYIOLLMX YCTPOMCTB, KOTOPblE CreLMasnibHO BBOASTCA B KOHCTPYK-
LMIO Hacoca Ans NoBblleHUst o6bemMHoro KM Hacoca M coxpaHeHus ero
B TeUEHMe BCEro cpoka ciyxobbl.

LLlecTepeHHbIi HacoC BbLICOKOro AaBfiEHUst C KOMMeHcauuein Top-
LeBbIX 3a30poB (puc.3.5) COCTOUT U3 CUITYMUHOBOIO Kopryca I, B pacToy-
Kax KOTOpPOro MOMeLLEHbI Beaylas 9 u BefoMasi 4 LUECTEPHM, BbINOSIHEH-
Hble 3a04HO C uandamu, onvpakowmMncs Ha 6poH3oBble BTYNKN 2 n 10.
BTynkv cnyxaTt noawuvnHUKaMy Afs WeCTepeH U YNIOTHSAT UX Topue-
Bble NMOBEPXHOCTU. [Nl YMEHbLUEHUS] yTeYeK MeXay TOpLEBbIMU NOBEpPX-
HOCTSIMM LUECTEPEH M BTY/MOK B HAcOCe MpUMEHEHa aBTOMaTMyeckasi KOM-
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NeHcaLmMs TopLEBbIX 3a30p0OB. Paboyasi MAKOCTb U3 KaMepbl HarHeTaHus
MOCTynaeT B MOJIOCTb B Mexay NnasaiowmMiu BTYKAMU M KPbILIKOW 7 1
NOMKMMAET BTY/IKM K TopLaM wwectepeH. Co CTOPOHbI LIECTEPEH Ha BTY/-
KW [aBfieHne XMAKOCTU AENCTBYET Ha HECKONbKO MEHbLUYO Miolwadb, B
pesynbTaTe Yero yaesnbHoe AaB/eHne Ha Tpyllelica nape HeBenuko. [ae-
NEeHVE XWUAKOCTU CO CTOPOHbI LUeCTepeH B TOPLEBOM 3a30pe HepaBHO-
MEpHO.

A.|6 9

7
g il ‘
R Rc = e n e
e
’ 2772281,
4 \\{—ik”%\/ I8

5 2

g

Puc.3.5. LecrepeHHasi o6beMHas ruapomalumHa (Hacoc Tvna HLL)

[ns ncknioyeHus nepekoca BTYSIOK BCeACTBUME HepaBHOMEPHOWM
Harpysku 4acTb MX TOPLEBOW MOBEPXHOCTU CO CTOPOHbI BCAChiBaHUS U30-
NMpoBaHa OT AENCTBUS MOMAKMMAIOLLErO AABMIEHUS PE3VHOBBLIM YMIOTHE-
HMeM 11, UKCMpyeMbIM NAacTUHKON 12, BbiTekaHne paboyeit XunakocTu
u3 nonoctu b npegoTBpawaeTcs YNAOTHUTENbHbIMKA KonbUaMn 3 n 8.
Mpu1BOAHOW KOHEL Beayluei LuecTepHM YMIOTHEH MaHXETON 6, 3akpen-
NEHHOW KOSbLOM 5.

0O6beM ofHol pabouyeit kamepbl, €Ciiv NPUHMMAaTb €r0 PaBHbIM
06beMy BnaauHbl 3ybuaToii peiiku, paBeH:

W ~0,5htb, 3.1)
raoe h — BbicoTa 3y6a, M; t — war 3auennexus, M; b — anuHa 3y6a, M.

Torpa paboumnii 06beM Hacoca, XapakTepusytlowmi CyMMapHoe
n3MeHeHne obbeMa 2Z pabounx kamep 3a oAMH 060pOT LecTepeH (Unu
pacxoa Macsa, nojaBaeMblii HACOCOM 3a OAMH 06OPOT LeCTepeH), paBeH:



q, = htbz, (3.2)

raoe Z — 4mcrio 3ybbeB WecTepHu.

PacueTHas nogada Hacoca

Q,=q,n, =htbzn_, 3.3)

rae Ny — YacToTa BpalleHus MpMBOAHOrO (NMEpPBUYHOMO) ABUraTens, MUH™,

LLlecTepeHHble rMAPOMOTOPbI UMEIOT TaKylo Xe KOHCTPYKTUBHYIO
CXeMy, HO OoT/m4aloTcs 6onee TwaTenbHbIM U3rOTOBIEHWEM: MEHbLUVMMM
3a30paMy B NOALWIMMHWKAX, Halu4MeM pasrpy3ku BanoB OT [JaBleHus
[8, 10]. KpyTswmin MOMEHT Ha BbIXOAHOM Basy rMapoMOTOpa onpeaens-
eTcs Kak

2 2 2
M, = pb(m°z+m* —1")n,.,, (3.4)
roe m, b, | — cooTBeTCTBEHHO MoAaynb, WWpUHaA Konec, AMHa JIMHUN 3a-

uennenus, M: p — aaeneHune (nepenag Aasnexus), Ma; #uex — Me-
xaHuueckuit KNA rmppomoTopa.

3.2.2. MnacTtuHyaTble rmapoMalLmHbI

PasnuualoT nnactMHyatble (MM NonacTHble) HAacoCbl U rMApoOMO-
TOpbl OAHOKPATHOrO M ABOMHOrO AEWCTBMS. B MalmMHax OAHOKPaTHOro
[JeNcTBMS 3a oAMH 06OpOT Bana NPOWMCXOAWUT MOJMHbIA UMK paboThbl,
BK/IOYAOLLMIA  MPOLIECChl BCacbiBaHUs M HarHeTaHusi; fABa npouecca
BCacblBAHUS W ABa MNpoLecca HarHeTaHWs MpoMCXOASaT B MallMHax
ABOViHOro (Mnu aBykpaTtHoro) aeicrtaus [30, 31].

MnactuHyaTble MawuHbl (MM) U3roTaBNMBAKOT HeperynnpyeMbl-
MM, T.€. C MOCTOSIHHOW MoAayen, U perynmpyemMbiMn. B CTaHKOCTPOEHMM
nnacTUHYaTble HacoChbl MPUMEHSIIOTCS MaBHbIM 06pa3oM B rMApONpUBO-
[lax nojay arperaTtHbIX, CBEpPAUNbHO-PACTOUHBIX, OTAEN0YHO-PACTOYHBIX U
[ApYyrux CTaHKOB, @ TakKXe B MexaHu3Max, npefHa3HavyeHHbIX Ans TpaHc-
NOPTUPOBKN, MHAEKCALMM, 3a)KMMa U 3arpy3Ku 3arotoBoK, obpabaTbiBae-
MbIX HQ @BTOMATU3MPOBAHHbLIX CTaHKaX W JINHUSIX.

B nnactMHuYaTbix Hacocax BblITECHUTENEM XUAKOCTU SBASKOTCA
nnactuHbl 3 (puc.3.6, 6). BHyTpeHHsSs MOBEpXHOCTb cTaTtopa 2 Hacoca
MMeeT creumnanbHbliil Npodunb, 06pa3oBaHHbLIN AyraMu OKPYXXHOCTEN,
onucaHHbIX paguMycamMn Ri n Ry u3 ogHoro ueHTpa. [yrn conpsiraroTcs
Mexay coboi oTpeskamu KpuBoW (cnvpanu ApxuMeaa), obecrieunBatoLen
paBHOMEpPHOE HapacTaHWe YCKOPEHUS NpU BbIABUXKEHUN NNACTUH 3.

B kopnyce Hacoca CMMMETPUYHO pPacnosioXeHbl [ABE MONOCTU
BCacbiBaHMS B 1 ABe Monoctu HarHetaHus H, nostomy 3a oanH 060poT



poTopa C nfacTMHamu 3 ABaX[bl MPOMCXOAMUT MPOLIECC BCACbiBAHMA M
HarHeTaHus. bBnarogaps AvaMeTpanbHO MPOTMBOMOMOXKHOMY pasMelle-
HUIO MOJSIOCTEN AABNEHME Ha POTOP YPaBHOBELLMBAETCSA, @ MOALMMHUKM
poTOpa MOJIHOCTbIO PA3rpy>KeHbl OT MMAPaBINYECKMX CUI.

XXugkocTb 13 nonoct H noaeeaeHa noa Topubl MAACTMH, MO3TO-
My pagvanbHOe MepeMelleHre MNNacTMH W MpWKUM UX K CcTaTopy
Npou3BOANTCS HE TONbKO LIEHTPOGEXHON CUOM, HO M rMAPaBINYECKON

(pnc.3.6 6).

v
A

a)

Puc.3.6. MNnactmHyaTas obbeMHas rmapoMalumHa: a@ — hyHKUMOHanbHas cxemMa paboTsl;
6 — KOHCTPYKUMK 1 cnocobbl KpenieHns NaacTvH B poTope MiacTMHYaToOro Hacoca

Mpy BpalleHun potopa I B yKa3aHHOM HarnpaBfeHWMW MACTUHbI,
pacnosioXXeHHble B 30HaxX B (Ha yyacTkax nepexoAHbiX KpWBbIX), OTXOAAT
OT LeHTpa poTopa, B pe3y/bTaTe yero ob6beM mMexay niacTMHaM yBenu-
YMBAETCS — MPOUCXOAUT NpoLecC BcacbiBaHus. O6paTHbIM npouecc —
HarHeTaHue ByAeT MMeTb MeCTo B 30Hax H, rae maacTuHbl 3 OTXXMMatoTCst
NPY>XWHOWM 4 K LUEHTPY poTopa U 06beM MeXAy NMNacTMHAaMM YMeHbLUAET-
cq. [BwkeHue nnacTUH B paavaNibHOM HanpaBfIEHWM OTCYTCTBYET Ha
yyacTkax ctaTopa, 06pa3oBaHHbIX AyraMu PaauycoB i U .

06beM paboyelt XUAKOCTU, NOAABAEMbIA HACOCOM 3a OAWH LIMKI
BCACblBaHUS! W HarHeTaHusi, NpUGAMXKEHHO MPUHMMAIOT PaBHLIM O6bEMY
MacnsiHOrO KoJibLia C paanycamm 1 U Iz U BbICOTOM, PaBHOM LUMPUHE Mna-
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CTUHbI. Tak Kak 3a oAuH 060pOT poTopa Takoi 06beM MOAAETCS ABAXAbI,
TO
L =2x(r} -r’)-b, 3.5)
roe g — obwui o6bem Macna, M3 ri U r; - 60MbLLOK U Manblii paauychl
ctatopa; b — wupnHa nnacTuHel, M.

M3 obuero obbema Macna HeobxoanMOo BblYeCTb 06beM, 3aHUMa-
€Mbli1 NNacTUHaMK.

Ecnu Z — KonnyecTBo NNacTuH, S — UX TOMLWMHA, O — Yrof Hak1o-
Ha nasoB (a0 13°), To UCKOMbIN 06bEM:

_ 2
Pabounin o6beM Hacoca:
6, =0 -1, = 2b[n<rf ) —M} 67)
cosa,
Mopaya Hacoca:
QH=anH=2be[n(n2—r;) (- )} (3.8)
cosa

MnacTuHYaTble rMAPOMOTOPbI ABOMHOrO AENCTBUS OT/INYALOTCS OT
HacoCoB paauanbHbIM pacronoxeHneM nnactuH (o =0) 1 Hanuumem cne-
LMarnbHbIX MPYXWH, MOCTOSIHHO MPWXKUMAIOLLMX MAACTUHBLI K BHYTPEHHEW
MoOBEPXHOCTW cTaTopa. JTO NO3BOSISIET 06eCcneyYnTb repMeTUYHOCTL pabo-
4YMxX Kamep B MOMEHT Mycka ruapomoTopa. Macno, nonagas B Kamepy
Mexay CoCeAHVMMM NacTUHaMK, [aBWUT Ha MX MOBEPXHOCTM. Tak Kak
naowaab NoBEPXHOCTU OAHOM MNACTUHbLI 6onblie ApYroi (OHW BblABUHY-
Tbl Ha pa3Hble paauychbl), TO BO3HWUKAET KPYTSLLMA MOMEHT:

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

Waab NAacTuHbl, M?; h —BbICOTa, Ha KOTOPYIO MAACTUHA BbICTYNaeT
HaZ MNOBEPXHOCTbIO poTopa 2.
KOHCTpyKUMS MNacTMHYaTOrO Hacoca O4HOKPATHOro AEWCTBUS C
perynupoBaHueM nofaun (tuna [12-5) no AaBneHuMio nokasaHa Ha
puc.3.7.
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Puc.3.7. MnacTuHYaTbIli HACOC OAHOKPATHOTO AeicTBMS Tuna M12-5

B »kecTko coeAMHeHHbIX Mexay coboi koprnyce 13 v Kpblwke 9
pacronoxxeH poTop & € nnacTuHamn 25, BHYTpeHHee KonbLo 12 craTopa,
Hapy>XHoe KosbLUo 26 cTaTopa, pacnpegenutenbHble gnuckn 10 wn 3. Potop
C BasIOM YCTaHOB/IEHbI HA ABYX MOAWMMHMKAX CKoAbXeHus I n /. Onop-
Hblli y3en BHYTPEHHEro kosnbula 12 ctaTtopa COCTOUT M3 HEMOABUMXXHOM U
MoABMXHOM onop 23 U 24, cenapatopa C wapukamnm 21 v CoeauHuTENb-
HoW ckobbl 22. Onopa 16 noaaepXXvBaeT BHYTPEHHee KonbLo 1.2 cTaTopa
Nnpu OCTaHOBKE Hacoca.

B kopnyce 13 pacnonoxeH OnopHbIN BUHT 28 orpaHUyeHust MaK-
CMManbHOMN Mofaym, NepeMeLLaloLwmniics B peabboBoi BTyke 27. Mnockuit
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AUCK 10 MeeT CKBO3Hble OKHa 5 BCacbiBaHWS, COEMHAIOWMECS C KaHa-
NoM 6 Kopryca, W rnyxue okHa 11 HarHeTaHus. Mnaealowmin guck 3 nme-
€T OKHa 14 HarHeTaHusl, COEAUHEHHblE C HarHeTaTeslbHbIM KaHanoMm 15,
rNiyxue okHa 4 BcacblBaHWs M Na3, coobLuaoLmiA NOMoCTb 7 C APEeHaXHOM
NnonocTbio 2.

C npoTUBOMO/NOXHOW CTOPOHbI POTOPA PacroNOXeH MeXaHW3M
perynMpoBaHusi Mofayn Hacoca, BKIYaoWmMiA B cebst npy>xuHy 19, nop-
WeHb 18 W perynmMpoBoOYHbIN BUHT 20. MexaHW3M perynMpoBaHus nogaqu
U3MEHSIET 3KCLEHTPUCUTET BHYTPEHHEro kosbua 12 OTHOCUTENBHO OCK
poTtopa 8 obpasys 3a3op B nonoctu 17. MpyxuHa 19, AelcTBysl Ha nop-
WeHb I8, CTPEMUTCS YCTaHOBUTb KOMbLO 12 C MakCUMasbHbIM 3KCLIEHTPH-
CUTETOM U YNOPOM B BUHT 28.

[aBneHne XMAKOCTM, HarHETaeMOM HacocoM, AEWCTBYEeT Ha
BHYTPEHHIO MOBEPXHOCTb BHYTPEHHEro Konbla 2 ctaTtopa CO CTOPOHbI
paboumx Kamep, CTpemscb NepemMecTuTb €ro B HanpaBieHUM MUHUManb-
HOWM nmofauu, bnarogapsi YeMy OCYLLECTBISIETCS aBTOMATMUECKOE perynu-
poBaHuWe rnogayun Hacoca B (PyHKUMU AaBNEHUS.

3.2.3. PagnanbHO-NOpLUHEBbIE MMAPOMALLNHBI

Hanbonee yacto paananbHO-MOPLIHEBbIE MMAPOMALLMHBLI MPUMe-
HAIOTCA B yCnoBusix, rae Tpebyetca obecneunTb 6onbluMe MOMEHTHI Ha
Basly, B pas/iMyHbIX obnactsax TexHuku [30, 31].

MpuHUMNKManbHas cxeMa paavanbHO-MOPLUHEBOW O6bEMHON rua-
poMallMHbl NpeAcTaBieHa Ha puc.3.8. POTOp 6, YCTAHOBNEHHbLIN B KOP-
nyce 3, C paguanbHO pacronoXeHHbIMU MOPLIHSAMK 2 BpallaeTcs BOKPYT
HEMOABWXXHOM MOJIOM OCK, PacroSIoXXEHHOW BHYTpU ctatopa 4 Ocb cTa-
TOpa MOXET CMeLlaTbCsl C NMOMOLLbI BUHTOBOM Mapbl & U 9 OTHOCUTENBHO
OCM pPOTOpa Ha HEKOTOPbIN 3KCLEHTPUCUTET €. PasgenuTenb 5 AenuT npo-
CTPaHCTBO MOS0 OCU Ha MOJIOCTU BCACbIBaHMS U HAarHETaHUS.

Mpw BpaLleHnn poTopa Mo YacoBOW CTPesike pacrnofioXXeHHbIE B
HEM paavanbHO MOPLUHWM B BEPXHEN MOYOKPY>XHOCTU, NepeMellasice 13 A
B B BbigBMraloTcs, 4To yBenuuuMBaeT 06beM LWAWMHAPOB, 3amnoOfHSAEMbIX
pabouei XnaKocTblo M3 6aka. B HMHEN nonyokpyxHoct (M3 B B A)
MOPLUHKM, MepeMeLLasiCb K LEHTPY, BbITECHSIIOT XMAKOCTb C napameTpamu
Py, Qu B HanopHyto nonocTb Hacoca. CMelas cTaTop, U3MEHSIIOT BENTUYK-
Hy 3KCLEHTpUCUTETa e M, KaK CNeacTBue, XoA MopLUHei, 06beM paboumx
Kamep 1 nogady Hacoca. MI3MeHeHueM 3Haka aKCUeHTpucuTeTa € peBep-
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CUPYIOT NMOTOKN pa6oqel7| XNAKOCTU, MEHAA MECTAMU MNMOJTIOCTU BCaCbiBaHUA
N HarHeTaHus.
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Puc.3.8. PagnanbHo-noplHeBas o6beMHas ruapoMalunHa:
& — NpUHUMNManbHas cxeMa; 6— cxemMa KOHTaKTa MopLUHeN

Mpn paboTte cxembl Ha puc.3.8 B pexunme rMapoMoTopa, Aasne-
HWe, NoABOAMMOE NMOA MOPLUHM B BEPXHEW MOMYOKPY>XHOCTM AB, co3paeT
pagvanbHble Cuibl, NPYXXUMAlOWMe UX K MOBEPXHOCTM CcTatopa. 3a cyeT
KacaTenbHbIX CUM, BO3HWKAIOWMX MNPU Pa3fIOKEHUN paauvanbHbIX Cun,
MOPLUHU M POTOP MOBOPAYMBAIOTCS, CO3AaBast KPYTSILUMIA MOMEHT.

B KOHCTPYKLMSIX HAcoCOB, MPUMEHSIEMbIX B rMAPOCUCTEMAX, UC-
NONb3YIOT, MMaBHbIM 06Pa30M, CXEMbl, B KOTOPbIX MOPLUHM ONMUPAIOTCa O
6apabaH cBovMu cdepuyeckumm ronoskamm (cM. puc.3.8, &), coobuias
NMOBOPOTHOE [BUXEHWE, @ TaKkXkKe CXeMbl, B KOTOPbIX MOPLUHWA ONuparoTcs
Ha KONbLO Yepe3 Halumaku.

[ina 3TOro NOBEPXHOCTb CTAaTOPHOMO KOJbLi@, Ha KOTOPYIO onupa-
eTcs cBoel cdepoit MOpLUEHb, BbLIMOHSIIOT MOA4 HEKOTOPLIM YI/IOM O,
paBHbiM 15-20° (puc.3.4, 6), N UMNUHAP pacronaraioT Mo TakUM e
YrIOM K MNOCKOCTU BpaLleHUs LunamHapoBoro 6noka.

Pabouunit 06beM paavanbHO-MOPLUHEBOM MallWHbI ONpPeAenseTcs
BblpaXXeHWEM:

q=md’ez . (3.10)
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eoMeTpuyeckre nogava 1 pacxoa:
2

Q:qn:%ezn, (3.11)

roe d, Z — cOOTBETCTBEHHO AMAMETP M KOMYECTBO MOPLLUHEN, M; € — IKC-
LIEHTPUCUTET B PacnosioXXeHWN ocelt poTopa M ctatopa
'mapomotop Tvna MP koHcTpykumn BHUW «mapornpueog» OTHO-
CUTCA K rpynne paavasibHO-NOpPLUHEBbLIX MalIMH C 30/1I0THUKOBLIM pacrpe-
[leneHuem xuakoctu (puc.3.9).
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Puc.3.9. PagnanbHo-NopLIHeBoii rmapomMoTop Tina MP

MopwHu (unu nayHXxepbl) & COBepLIAOT BO3BPATHO-MOCTYMNa-
TeNbHOE MepeMelleHne B paavanbHOM HarnpasneHun B kopriyce 1. Ycu-
nue, pasBMBaEMoe MJIyHXepaMu, PacrofOXXEHHbIMU B HaMOPHOW 30He
rMapoMoTopa, BOCMPUHUMAETCS Yepe3 Ocu 6 C ponuvkamu 7 AByMs Mpo-
GunbHBIMM Kynakamu 5 un Banom 4. Mpodunb Kynaka obpa3oBaH OKpyX-
HocTsiMu paanycoM Ri v Rz 1 nepexoaHbiMU KpUBbIMMU.

Mpy B3aMMOAENCTBMM POSIMKOB C KyNakaMuM, Ha ydyacTKax pasme-
LLEHNS NepexofHbIX KPUBbIX, BO3HUKAET TaHreHuuanbHas CoCTaBnstoLlas
Cuna, co3aatoliasl MOMEHT Ha BbIXOAHOM Bany rmapoMOTopa, U HOpMasb-
Hasi cuna, KoTopasli BOCMPMHUMAETCS MOAWMMHMKAMKU 3 U KOpPMyCcoM yepes
NPOMEXYTOYHOE KOoMbLOo 2.

PacnpeneneHue >XuAKOCTM B MMAPOMOTOpPE MPOU3BOAUTCS pac-
npeaenuTenibHoM BTYMKOW 10, koTopas Npu noMoLum MydThl 9 coeanHeHa
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C BaJIoM rMApoMOTOpa M MO3TOMY BpALL@ETCsl C YacToTol Bana. Mpu no-
MOLUM paamnanbHbIX OTBEPCTUI a U 6 U NPOAOSBHOMO Nasa, BbINMOMHEHHOMO
BO BpalLAloLencs pacnpeaenvTenbHOM BTyNIKe, MOMEPEMEHHO OAHa W3
30H MMAPOMOTOpa COO6LIAETCA C HamopHOM nonocTbto P (Hacocom), a
Apyrasi — co cnusoM T (6akom).

[na u3MeHeHus HanpaBneHus BpalleHns Bana rumapoMoTopa
HeobxoaMMo nonocTb P nogkntounts K 6aky, a nonoctb T — K Hacocy.

3.2.4. AKCHanbHO-MOpPLUHEBbIE MTMAPOMALLMHbI

AKCManbHO-MOPLUHEBbIE MaLWWHBI BbIBAIOT C HAKIOHHBIM AUCKOM U
C HakJIOHHbIM 6710KOM UMNMHAPOB, 6eckapfaHHble U C KapAaHHOWM nepe-
fayeii, C BpallaloWmMMCa U HEMOABMXKHLIM 6/10KOM LMAMHAPOB. B Heko-
TOPbIX CAy4asix OHX uMetoT MoLHocTn Ao 300 KBT.

AKCMaNbHO-MOPLUHEBbIE HACOChl M MMAPOMOTOPLI HaAeXHbl B pa-
60Te, umetoT Bbicokue KMO — obbeMHubit Ao 0,92-96, obwmin — o 0,9,
KOMMaKTHbI, 06/1a1al0T Manon METaNIOEMKOCTbIO U BbICOKON SHEPrOEMKO-
ctbio [30, 31]. MNoaaya XMAKOCTU PErYNNPYETCS 3@ CYET U3MEHEHNS yrna
Y HaKMoOHa aucka wnn 6noka LMAMHAPOB, MPUYEM MaKCUMasbHbIA Yron
Ymax NPUHUMAIOT Ans Hacocos Ao 25-30°, ana ruapomoTopos — Ao 30-35°.

AKCManbHO-NOPLUHEBbLIE MTMAPOMALUMHBI C BPALLAKOLWMMCS 6710KOM
LUMAMHAPOB MMEIOT, MaBHbIM 06pa3oM, TopueBoe pacrnpeneneHve Xuako-
CTMW, YTO MO3BOJISIET BbINOMHATL BCACbiBalOLLME OKHa H0MbLIMX pa3MepoB,
4YeM y paavanbHO-MOPLUHEBbLIX MALIMH. TakMe MaluuHbl U3roTaBMBaloT Ha
HOMWHanbHoe aaeneHune ao 16-20 MlMa (pexe — go 30 MIMa) n noagaumn o
0,03 m3/c.

PaccMoTpyM cxeMbl M NpuHUMNBI paboTbl OCHOBHBIX aK-
CVanbHO-MOPLUHEBLIX MAWWH. KOHCTPYKTUBHO OHM BLIMOSHSAIOTCS B ABYX
CXeMax: C HakMoHHbIM auckoM (puc.3.10) wMAM HaKNOHHbIM  610KOM
(pnc.3.11).

PaccMOTPUM KOHCTPYKUNIO aKCHa/IbHO-TOPLIHEBOV MMAPOMALLIMHb]
C HaK/IOHHbIM MCKOM Ha npumepe rmapomotopa M-15 (cm. puc.3.10).

OTAnunUTENbHOM 0COBEHHOCTBIO MMAPOMOTOPA C HAK/IOHHLIM AMC-
KOM SIBNSIETCS [ABOWHOW pOTOpP, COCTOSIWMI M3 6noka UMAMHAPOB 2 U
Hanpaensiowein 4 B 610Kke UMAMHAPOB PacrofioXXeHbl NOpLHM 3, a B
HanpaBnsoLWen — TofKaTeNnn 5, HaxoAsMecs B TOUEYHOM KOHTAKTe CO
CrneumasnbHbIM YMOPHBIM LUAPUKOBLIM MOALMIMHMKOM &, 3aKpern/ieHHbIM B
nepefHen Kpbllwke 6. Bpalwatlowmii MOMEHT, 3aTpayunBaeMblil Ha Npeoso-
NeHVe cuN TPeHUs1 B TOPLEBOM pacrnpeaenvTene u Cui UHEpPUMU LUWIWH-
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ApoBoro 6/10ka, nepefdaeTcs C Hamnpasnsioweid Ha 610K LMAUHAPOB Npu
nomowwm wrmdta 10 npy nogaye XnAKOCTU B kaHanbl 1.2.
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Punc.3.10. M'mapaBnmuyeckas o6beMHas MalwnHa C HAKNOHHBIM AWCKOM:
a— KOHCTpyKUMs rmapomoTopa tuna M-15; 6 — ycnoBHoe 0603HaueHne

bnarogapsi aToMy 610K UMAMHAPOB Pa3rpyXeH OT paaunasibHbIX
COCTaBNSAOLMX CUN AABNIEHUS XMAKOCTU CO CTOPOHbI MopLlIHeN. Ha BblI-
XOAHOM Bany 7 610K UMAMHAPOB LIEHTPUPYETCS TOMBbKO Y3KMM MOSICKOM,
UTO NO3BOJISIET EMY CaMOYCTaHABNMBATLCA MO MJIOCKOCTU pacnpeaeneHus.
MepBoHaYanbHbIN NOMKMM 6/I0KA LMIMHAPOB K pacnpefenuTento ocy-
LLLECTBNISIETCS MpY MOMOLUM TPEX NPYXXUH 9, a BO BpeMsi paboTbl — cunamm
[JaBNEHUS1 XMAKOCTU Ha TOpLUEBble MOBEPXHOCTU UMAMHAPOB 6510Ka.
HapyXHble yTeuku M3 kopnyca I OTBOAATCHA 4epe3 [ApeHa)KHOe OTBep-
CTMe. BbIxOHOM Ban YCTAQHOBMEH Ha LIAPUKOMOALUMMHUKAX, 3afHWA U3
KOTOpbIX PacrofioXXeH B KpbillKe 1, BbINOMHAOLWEN poNb pacnpeaenu-
TeNbHOro AMCKa y3na TopueBoro pacnpegeneHns I4. Boblicokoe yaenbHoe
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AaBNEHNE B MeCTe KOHTaKTa cdepuyeckmMx NOBEPXHOCTEN TonkaTenen u
YMOPHOrO LIAPUKOMOALUMIHUKA OrpaHUYMBaET AOMYyCTUMOE HOMUHAabHOe
[aBneHne B Takux ruapoMoTtopax Ao p = 6,3 Mla.

Koraa »uaKocTb Yepe3 OTBEPCTMSI B 3aAHEN Kpbllwke 13w y3en
TOpLEBOro pacrnpefeneHns noABOAUTCA MOA BbICOKMM [AaBfIEHUEM W3
HaMopHOM MMAPOMarucTpanu B paboyne KamMepbl, Ha TosIKaTeNsIX 5 BO3HM-
KaloT pafuanbHble CUSbl, KOTOpble CO3AAlOT Bpallalolwyit MOMEHT Ha
Hanpaensiowwei 4 1 BpaLlatoT BbIXOAHON Ban /.

PaccMoTpuM Tenepb rugpomaiunHy C HAK/IOHHBIM 6/I0KOM Ha
npuvMepe akcuanbHO-NopLHEBOro Hacoca Tuna MNP (puc.3.11).

Perynvpyemblii akcuanbHO-MOPLUHEBOM HAcOC C HaKIOHHbIM 6510-
KOM UWTMHAPOB U ,Cl,BOVIHbIM HeCMnoBbIM KapaaHOM COCTOUT U3 OCHOBHOIO
Hacoca, BCMOMOraTeflbHoro niacTMHYaToro Hacoca noanuTky, GunbTpa,
npeaoxXpaHMTeNbHbIX KlanaHOB OCHOBHOMO W BCMOMOraTeslbHOr0 HacoCoB,
CMOHTUPOBAHHbLIX BHYTpW Kopryca 12 Kopob4yaTon (opMbl. BHYTpeHHsis
MosIOCTb KOpMyca UCNOsb3yeTCs Kak pesepyap paboyeit XXMAKOCTU.
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Puc.3.11. FapaBnmMyeckast 06beMHasi MalLiHa C HAKIOHHBIM GTIOKOM LIMMMHAPOB:
a— KOHCTPYKLNS aKCUanbHO-MOPILHEBOrO Hacoca Tna MP; 6— ycnoBHOe 0603HaueHIe
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B ueHTpanbHOW YacTu Kopryca Ha ABYX OMOPHbLIX MOALMMIHUKAX
13 1 15 ycTaHoBneH NpUBOAHOW Ban 14, nepefarowwimnii BpalleHne Yepes
ABOMHYIO0 KapAaHHyto nepegadvy 10 610Ky UMAMHAPOB I M Yepes LecTep-
HIO 16 — BCMOMoOraTenbHOMY Hacocy. B uMnvHApUYecKkUx OTBEPCTUSX
6510ka pa3melLeHbl 6POH30BbIE MOPLUHM 5, CBSi3aHHble Yepe3 WaTyHbl 6 C
¢naHueM npuBoaHOroO Bana.

BnoK uUMNMHAPOB MOCaXKEH Ha MNOAWWMHWK 2 U CBOMM TOPLIOM
onupaeTcs Ha pacrnpeaenuTesnb 3, KOTOPbIM NpuUeraeT K Kpblke 4
ntonbkn 7. Jlronbka nNoBOpayvMBaeTCcs BOKPYr BEpTMKaNbHOM OCM Ha mnoa-
LWMMNHMKaX 11, KoTopble HacakeHbl Ha nosnble uandbl 9. ConpsKeHHble
NMOBEPXHOCTWN JIONIbKM U Land ynnoTHeHbl Konbuamu 8. Jliofibka MOXeT
MOBOpaYMBaTLCS BOKPYr BEpTMKaNbHOM ocu Ha yron y=+30°. Pabouas
XWMAKOCTb K Y371y TOPLEBOro pacrnpeaeneHvs NoABOAUTCS Yepes ceepie-
Husa B Lande 9 u nionbke /.

Mpv BpaleHnn NpuMBOAHOro Bana JI4 Hacoca Mo HarpasieHWto
YacoBOW CTPEeNKM Yepe3 KapAaHHyr nepefady 0 npuBoaMTCS B ABMXKE-
Hue 6510k UmnnHApoB 1. MNocKosnbKy fiofibka / yCTaHOBNEHA MoA YrioM y
K OCW MpPUBOAHOro Bana, MOpLWHN 5, Bpawascb BMecTe ¢ 610KOM, coBep-
LWAOT BO3BPaTHO-MOCTYNaTenbHble ABMXEHUS OTHOCMTENbHO 6roka.
XKunpkocTb BcacbiBaeTcs B paboune kamepbl Yepes CeproBUAHOE OKHO M
BblAaBNMBAETCA M3 pabounx kamep. B mMomeHT, korga obbem paboumx
KamMep MaKCMMasbHbIi 1 MUHUMASbHBIN, OHW 3anepTbl, Tak Kak UX OceBble
OTBEPCTMSI Ha TOPLEBOM NOBEPXHOCTU 670Ka pacrnonaralTcs Ha nepe-
MblUYKax MeXxay CeproBMAHLIMA OKHaMM.

PaccMOTpUM MeTOAMKY pacyeTa OCHOBHbIX MapaMeTpoB akcuasb-
HbIX MMAPOMALLVH.

MNpy nosopoTe npuBogHOro Bana 14 Ha 180° nopleHb nepeme-
cTuTcst Ha BennunHy h=Dstgy, a pabounii 06beM akcuanbHO-MOPLIHEBOVA
MaLUMHbI

2 2
q0=2""D.tgy=2™ D tgy, (3.12)
4 4
roe Z —uucno umnmuapos; Ds — anameTp 6noka no ocaM UMAMHAPOB, M;
D, - anameTp ynopHoro aucka no ocsiM cchepuyeckmx rosioBok La-
TyHoB, M; d —AMaMeTp nopLuHs, M.

MNMonaya akcnanbHO-MOPLUIHEBOrO HAcOCa aHanorM4yHa nogaye pa-
[ANanbHO-MOPLIHEBOrO Hacoca M MOXeT 6biTb onpefeneHa MNo Bblpaxe-
HUIO:
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nd? D,

Q———mtgstma (3.13)

e ® — YyroBas CKOPOCTb BPAlLEHWUs MPUBOOHOMO Bana, MuH;
D sinq; — cyMMapHbIi yron NoBopoTa MOpLUHEi.

H

M3 NpocTbIX reoMeTpUYECKMX MOCTPOEHWUI AN UYETHOro 4mcna
LMIIMHAPOB B OAHOM psily U TEKYLLEro yrna oj NoBopoTa NePBOro MopLUHS
npu 0<i<2m/zZ onpenensioT

Zsinai _ cos(n/z—-a,)

; 3.14
sin(rnt/ z) (314
D sin20, =0, (3.15)
Ana HE4YETHOro 4Yncia umnmHapoB

Zsm M- (3.16)

2sin(n/2z)
ZS”] 200 M . (317)

2cos(m/ z)

Koad)d)VILI,VIeHT HEPaABHOMEPHOCTM NoAauM Npu YETHOM Ymncne Ln-
NMHAPOB HAXOAAT MO 3aBUCUMOCTY:

o, = Qe Qun 5,2 (3.18)

! max
a Npu HEYETHOM

o, = Yo Crin 9 95/,2, (3.19)
max

roe Qmax, Qmin — MakcMMasibHoE M MUHUMAJIbHOE 3HAYEHWUS FEOMETPU-

yeckou noaaum.

Mockosibky aMnauTyaa konebaHui Noaayn Npu Z YeTHOM 3Hauu-
TenbHO 6onblle, a YacToTa B ABa pa3a MEHbLUE, YEM MpU Z HEYETHOM,
aKcuasibHO-MNOPLUHEBbIE HACOChl CTPOSAT C HEYETHLIM YUCIOM UWIMHAPOB,
KOTOpble NMPUHUMAIOT paBHbIM Z=7, 9, 11.

[na akcManbHO-MOPLIHEBOr0 rMApOMOTOpPa MrHOBEHHOE 3Haye-
HMe MOMEHTa HaxoasaT no dopmyne:

2
M = ﬂAp tgstma (3.20)
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roe Ap — nepenap AaBneHUs B NOABOASILLENA U OTBOASALUEN MAPOMHUSIX
ruapomoTtopa, Na.
MockonbKy BpalLaloUmMii MOMEHT rMApPOMOTOpa COAEPXKUT nepe-

MEHHYIO COCTaB/SIOLLYIO Z:Sin(xi , TaKyl0 Xe, Kak U reometpuyeckas
H
noAada akcuasbHO-NMOPLUHEBOrO0 HACOCa, BCE, YTO XapaKTEpHO Ansi M3Me-
HEHUSI TeOMETPUYECKONM MOoAaYM Hacoca, OTHOCUTCS M K M3MEHEHUIO Bpa-
LLaoLLEero MOMeHTa rmapomoTopa.
MUHMMaNbHbIA  BPALLAOWMIA  MOMEHT, MPUHUMAEMbIN PaBHbIM
NMyCKOBOMY MOMEHTY MMApPOMOTOpa, onpeaenseTcs no gopmyne:
d? D, e
M, =" Ap—Stgyctg| — |. 3.21
min 4 p 4 gy 9(22) ( )
AKCManbHO-NOPLUHEBLIE MMAPOMALLMHBI C HAKJIOHHLIM 6710KOM MO
CPaBHEHWUIO C MAaLWIMHAMWM C HaK/OHHBIM AWCKOM MMeloT 60siee BbICOKUIM
KM/, BcacbiBalowyo CnocobHOCTb, AOMNYCKalOT 60MbLUYID MaKCUMasbHYHO
M MEHbLLYIO MUHMMAJIbHYIO YaCTOTbl BpaLLeHUsl, 0COBEHHO Mpu CTparnea-
HUK 1 paboTe B pexume ruapomotopa [13].
B TO ke BpeMsi OHM YCTYMaloT rMApOMaLUMHAM C HAK/TIOHHbIM ANUC-
KOM B rabapuTHbIX pa3Mepax M Macce, UMeloT 60sbly TPYAOEMKOCTb
NPV M3rOTOBMIEHMN U MEHbILLYIO AOITOBEYHOCTb.

3.2.5. TmapounnuHapel

TMapouMnMHApbLl — 3TO NMPOCTENLLIME MO KOHCTPYKUMU O6BbEMHbIE
rMAPOMAaLUNHBI, NpeAHa3HAYeHHbIE A7 BbIMOMHEHUS NIMHEMHBIX ABUXKE-
HWMA, @ B COYETAHUMN C NPeO6Pa3YOMMM MEXAHUYECKUMU MNepeaadamu
TUNa <LWECTEPHS — pelka» WU «BUHT — ranka» u Ans yrioBbiX nepeMe-
weHuin. Knaccudumkaums KOHCTPYKTUBHBLIX CXEM FMAPOUMIMHAPOB npen-
CTaB/ieHa Ha puc.3.12.

Vi<V,

S> S —p
5| o [ e |
—& A | | | |

Lr\ y ] | |
P T —— S; S,
Vi<V,
a) 6)
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——
F, LC) F,
—s a —>
3|
| [ 2 [
D=(0,5...0,7)d
B) r 4)

2)
Puc.3.12. MopLuHeBblE UCMOMHUTENbHbIE MEXaHM3Mbl: & — OAHOLUTOKOBLIA (HECMMMET-
PUYHbIN) ABYXCTOPOHHEr0 AEWCTBUS; 6 — ABYXIUTOKOBbIM (CMMMETPUYHLINA) ABOMHOIO
[EACTBUA C TOPMOXKEHUEM B KOHLIE XOAa; B — C YTOJILIEHHbIM LUTOKOM; 7 — MJIyHXep-
HbIl; 4 — OAHOCTOPOHHErO AEWCTBUS; € — C 3aKPENIEHHBIM LUTOKOM; JX — MEMOPaHHbIN;
3 — NOBOPOTHbIN (MOMEHTHBIN)

PaznuuatoT UMAMHAPLI  OAHO- W [ABYXCTOPOHHEro AencTBust
(pnc.3.12, gwv 3.12, a COOTBETCTBEHHO).

LnnuHapbl ABYXCTOPOHHEro AEWCTBUSI BbINOMHSOTCS C OAMHap-
HbiIM (oAHOWTOKOBbLIM) (puc.3.12, @), NM60 ABOWMHLIM (ABYXLITOKOBbLIM)
LWTOKOM (pnc.3.12, 6).

B umnuHapax ABYXCTOPOHHEro AeCTBUS paboyast XXMAKOCTb Mo-
nepeMeHHO MOABOAMTLCS B KaXayto M3 nosiocTel, obecneumsasi CKOpoCTb
npsiMoro Vi M obpaTHoro Vp xofda. B umnmHAapax oaHOCTOPOHHEro Aeu-
CTBUSI XXWIAKOCTb MOABOAUTCS B OAHY M3 MosiocTen, obecrieumBast Vi, 06-
paTHoe ABWXEHWE Vo OCYLLECTBNSIET MO3WULMOHHas Harpyska (okaTas
MPYy>XMHa WM BEC MepeMeLLaeMbiXx 06bEKTOB NpW BEPTUKAIbHOM pacrno-
NOXKEHUN LUMMHAPA).

LIMnnHapbl  ABYXCTOPOHHEr0 AENCTBUS MOTYT BbIMOSHATLCA C
YTOMNLWEHHbIM WTOKOM (puc.3.12, B). PaBeHCTBO CKOpPOCTEN MpsIMOro
0obpaTHOro xoaa MoXeT 6biTb obecrneyeHo AMdbepeHUManbHON CXeMoM
NMOAKIIIOYEHNS TUAPOLMIIMHAPAE, 3aKT0YalOLWENCS B TOM, YTO B 3a[laHHbIN
MOMeHT 06e NOMoCTU COeAMHSIIOTCS MeXAay Coboi M C HaMopHOW rMapo-
NMHWEN, a CNMB NEePEKPbIBAETCS.

[ns nony4yeHus paBHOro COOTHOLLEHWSI CKOpOCTEN B 0be cTopo-
Hbl NepeMeLLeHust LWToka npuHMMaoT Dy=0,3D.
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MNpuBeaeHHble Ha puc.3.12, g-r cxeMbl BbINOSIHEHbI C MOABUXKHBIM
LUTOKOM, COEAIMHSIEMbIM C LieNneBbIMK MexaHu3Mamu TO.

YacTo M3 KOHCTPYKTUBHBIX COOBPaXeHUI NOABMXKHBIM 31EMEHTOM
UnnMHApa NpUHMMalOT rMnb3y, a WTOK 3akpennstoT (puc.3.12, e).

[ns nonyyeHus yrnoBbIX NepemMelLeHnin BbIXOAHOrO 3BeHa Mpu-
MEHSIOT MOBOPOTHbIE LMAMHAPLI ABYX WCMOMHEHWW: Ha puc.3.12, r —
NAYHXEPHbIA UWMIWMHAP, COOTBETCTBYIOWMIA JIMHEMHOMY NEpeMELLEHMIO
WTOKa Ha yron moBopoTa ¢ =2m; Ha puc.3.12, 3 — nokasaH LMAMHAP

v [V} v (o]
HEMOJHOMOBOPOTHbIA (MOMEHTHBLIN MAW NONacTHeIM) ¢, =270 . [na

OCYLLECTBNEHUSI ManblX NepeMeLleHnii NpUMEHSIOT MeMOpaHHble rMapo-
unnmHapsl (puc.3.12, x).

KoHCTpyKUMS rmapounnmMHapa 3aBUCUT B OCHOBHOM OT ero
Ha3HayeHus [7]. HeBaxxHO, rae rmapouMnmMHApbl HAXOAST CBOE MpuMeHe-
HMe — B CTaHKax, pa3/IM4YHbIX MeXaHu3Max, rMAPOTEXHWUYECKOM CTpOw-
TENbCTBE C WUCMOMb30BAHWEM CTaslbHbIX KOHCTPYKUMI, B CTanenutenHom
NPOU3BOACTBE WU APYrUX Cydasx — Af1g BceX NoAodbHbIX 3a4ay co3faHbl
NOAXOASLUME KOHCTPYKLIMMK.

TunoBasi KOHCTPYKUMSI TMAPOUMAMHAPA CTbIKOBOTO WCMOSHEHUS
Ans CTaHo4YHOro obopyaoBaHus NpueedeHa Ha puc.3.13.
9

1812170 713

5 6 7 B2
y/

T

177NN\
P i

Puc.3.13. KOHCTpyKUMS ruapoumnmMHapa CTbIKOBOMO MOHTaXa

Kpbllwkn 1 1 2 KBaapaTHOro cedeHus npukpenseHs 6ontamm 3 K
KBafpaTHbIM naHuam 4 u 5, KOTopble yAepXWBalOTCA Ha runb3e nony-
Konbuamu 6. MNopleHb YynaoTHEH YYryHHbIMU MOPLUIHEBLIMM KONbLAMU 7,
a WTOK — MaHxeTol 8 MaHxeTa 9 npeaHasHayeHa ANl OYUCTKM LUTOKa
OT rpsi3v Npu ero BTArMBaHnn B LUMANHAP.

UunuHaop Kpenutca K CUIOBOMY Y31y CHU3Y M COeaMHSAETCHa C
TpybonpoBOAOM CUMOBOrO y3na yepe3 oTBepcTns 10 n 11, ynnoTHEHHble
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KOJSibLi@MU Kpyrnoro ceyenunst 12. CoeaMHEHUS Mb3bl U KPbIWEK LMANH-
Apa YNJIOTHSIIOTCA PE3VHOBLIMU KOMbLAMM KPYTIOr0 ceYeHus 13.

PaccMoTprM Hambonee pacnpoCTpaHeHHbIA FMAPOUMAMHAD BO3-
BPATHO-MOCTYNaTeIbHOrO ABUXKEHWS, ABYXCTOPOHHErO AENCTBUSI C OAHO-
CTOPOHHMM WTOKOM. OCHOBHbIMKM MapaMeTpaMyn MOPLIHEBOrO FMAPOLM-
NVMHAPA ABNSAOTCS AMaMeTpbl nopwHs D u wroka d, paboyee aaeneHve p
1 xof nopluHs S.

PaccMOTpMM MOPLIHEBON MMAPOLMANHAD C OAHOCTOPOHHWUM LUTO-
KoM (puc.3.14). Mo OCHOBHbIM NapamMeTpaM MOXHO ONpeaenvTb cneayto-
LMe 3aBUCUMOCTH.

1) MNnowaab NopwHa Si B NOPLUHEBON NOMOCTU I U B LUTOKOBOM
S2 NonocTM 2 COOTBETCTBEHHO COCTaBNISIOT:

nD?
S, = 7 (3.22)
2 42
Sz :M_ (3.23)

2) Ycunue, pasB1MBaeMOe LITOKOM MAPOLUMIMHAPA NP €ro Bbl-
ABVDKEHUW U BTATMBaHUM COOTBETCTBEHHO:

FB.H] = Slplkrp ! (324)
FBAHZ = SZPZkTp ! (325)
rae kip=0,9-0,98 — k03chhULMEHT, yunTbIBAIOLLMIA MOTEPU Ha TPEHME.
:‘-. 7 | Ta'I o
.S i
d, ‘I‘-‘I‘ v, d,
""-‘.‘ vy -|I|—
a, r "ﬂi L a,
! |
Puc.3.14. PacyeTHas cxema OAHOLUTOKOBOMO rmapounnvHapa
3) CkopoCTb NnepeMeLLeHns NopLUHS:
4Q,
W= (3.26)
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Vv, = % :
(D" —-d*)

Hanbonee yacto TpebyeTcs BbINOHUTL pacyeTbl FMAPOLMAMHAPA
Ha NpoYHOCTb [8]. MPOYHOCTHLIMK pacyeTaMn ONpeaensoT TONWWUHY CTe-
HOK LMNMHAPA, TONWMHY Kpbilek (rofoBOK) LUMAMHAPA, AMaMETp LUTOKA,
AVAMETP WNUeK unm 601TOB AN KPEMMEHUS KPbiLUEK.

B 3aBMCMMOCTM OT COOTHOLIEHWS HapyXHoro Dy M BHYTpeHHero
D avameTpoB uUMAMHAPLI NOAPa3AensioT Ha TOICTOCTEHHbIE U TOHKOCTEH-
Hble. TONCTOCTEHHLIMM Ha3bIBAOT UMAMHAPLI, ¥ KoTopbix Du/D>1,2, a
TOHKOCTEHHBLIMM — LMNHAPSI, Yy KoTopbix D,/D<1,2.

TONWWHY CTEHKM OAHOC/IOMHOMO TOJNICTOCTEHHOrO  LMAMHAPA
onpefensitoT no gopmyne:

(3.27)

_P yd
2[o]’
rae py — ycnoBsHoe aasneHue, pasHoe (1,2-1,3)p, Ma; [c] — Aonyckaemoe
HanpspkeHne Ha pacTsxeHue, MMa.

[Nt TOHKOCTEHHOMO LMIMHAPA TOJILMHA €ro Miib3bl HAXOANTCS
n3 copmynbl:

S

(3.28)

_ Py
2,3[6] -P,
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 KPbILWKW LUMAMHAPA onpeaensioT no opmyne:

Py

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

) (3.29)

8, =0,433d (3.30)

d- |-2F_ (3.31)
"o, ]
d=D |-—, (3.32)

[o.]

roe F — Harpyska Ha wroke, H; [op] 1 [6c] — fonyckaeMble HanpsKeHws
Ha pacTsHKEHWE U OKaTue WToka, H/M2,
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LLTok, annHa kotoporo 6onblue 10 AvamMeTpoB, paboTatowmii Ha
oKaTue, paccuUMTBIBAIOT Ha NMPOAOSbHBIN M3rMb no dhopmyne dinepa:

—<o (3.33)

e
rAe Oxp — KPUTUYECKOE HanpskeHWe Npu NpoAoNbHOM u3rnbe, H/M?;
f — nnowaak nonepeyHoro ceueHns wWToka, M2,
Junametp GONTOB ANs KPEMieHWs KpbllleK LMAWHAPOB onpese-
NS0T U3 BbIPaXeHUS:

d,=D |—Z (3.34)

1.2n[s, ]’
P
rae n —yucno 6onToB.

MpuBeneHHass MeToAMKa pacyeTa NpUMMeHVMMa Ansi OAHOLUTOKO-
BbIX LMAMHAPOB ABYXCTOPOHHErO M OAHOCTOPOHHErO AENCTBYS.

Mpy 60NbLION CKOPOCTU ABWXEHWS LUTOKOB MMAPOLMANHAPOB B
KOHLUEe Xoda MOryT npov3oWTW yaapbl. Ons AemMndupoBaHusl LITOKA
(pnc.3.15) B Kkpblwke 2 ycTaHaBAMBalOT apoccenb 3 U 0bpaTHbIA Kna-
naH 4. [lBurascb crneBa Hanpaso, MOPLUEHb I BXOAUT B KOHLE XOAa Bbl-
cTynoM b ¢ rapaHTMpOBaHHO MasibiM 3a30pOM B LiEHTpasibHOe OTBEpCTUE
KPbILLKK.

1

OOSNNNNNY

)

Puc.3.15. Cxema aemMncurpoBaHus WTOKa rMAPOUMIMHAPA B KOHLE X043

)KMAKOCTb U3 MOMOCTM B MOXET BbIAABMMBATLCA B BLIXOAHOE OT-
BepcTue A TOMbKO uyepes Apoccesib 3, HaCTPOMKOM KOTOPOro yCTaHaBIu-
BalOT 3afaHHble MapaMeTpbl TOpMOXeHMs. pu pesepce XUAKOCTb U3
oTBepcTust A MonaaaeT B MosocTb B uepes obpaTHblil KnanaH 4.
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3.2.6. TnapoakkyMynsTopbl

MMApOoaKKyMynsSiTOpbl — YCTPOWCTBA, OCHOBHOE Ha3HayeHWe KOTo-
pbiX — HakorjeHue (aKKyMynaMpoBaHME) Haxoaslelncs noa AaBleHueM
paboueit XMAKOCTM W mocneayiolasl oTaada ee notpedutenio [7, 31].
MpuMeHeHVe MApPOaKKyMynsaTOPOB Bbi3BaHO HeobxoaMMOCTbio obecne-
YWUTb HOPMasibHOE (PYHKLMOHWPOBAHUE rMAPABIIMYECKUX CUCTEM:

— ANl KOMMeHcauun noTepb paboyeit XXUAKOCTU BCeACTBUE yTe-
yek B rMaponpuBeoae;

— CrNaXvBaHus Nynbcauumii nogayn Hacoca (puc. 3.16);

— obecneyeHunst paboTbl B aBapuiHbIX CUTyaumsx (Hanpumep, npu
BbIXOAE U3 CTPOS HACOCHOW YCTaHOBKM);

— TralleHnst OnacHOro YyBeNu4YeHWs [aBfieHusl, HanpuMep npuv
rMapaBnMYeckoM ygape, T.e. AN TaK Ha3blBaeMoro aAemndupoBaHus
(crnaxkvBaHust) konebaHuin aaBneHns B rMapoCUCTEME.

MApoaKKyMynsTop NpeacTaBnsieT coboii eMKOCTb, B KOTOPOI
NnoA AaBNEHUEM HaXOAMTCS XWMAKOCTb. 3TO AABNEHME MOXET CO34aBaThbCs
pasnnMyHbBIMKM Cnocobamm: C MOMOLLBIO Fpy3a, CKaToN MpYXWHbI, OKaToro
rasa (cM. puc.3.16).

[ py3oBbie rvugpoakkymyigropel (pnc.3.16, ) 0bbl4HO UCMONb3y-
IOTCSl B CTaLMOHaPHbIX YCTaHOBKaxX 60/IbLION MOLLHOCTY, paboTalolmx Ha
BOAE WSIM BOLHBIX 3MYbCUSIX.

A
i ¢

p

'

aV
E % N
6)

2V
a) B) n A)
Pnc.3.16. CxeMbl KOHCTPYKUMIM aKKyMYNSITOPOB: @ — FPY30BON; 6 — NPY>XWHHBIN;
B — M'MAPOMNHEBMATUYECKUI C MOPLUHEM; /— rMAPONHEBMATUYECKNIA
C 3M1aCTUYHBIM 6aNNIOHOM; 4 — FMAPONHEBMATUYECKMIA C MeMEpaHoM

p
o A ©

KOHCTpYKLMS COCTOMT M3 LUMAMHAPA C MOPLIHEM U BO3AEWCTBYHO-
Wwero Ha noplueHb rpysa G. Macca rpysa HemsMeHHa, ¥ MO3TOMy TaKue
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rMAPOaKKyMYynATOPbI obecneunBaloT NOCTOSHCTBO AABNEHMS XUAKOCTU B
Hakonutene (LI,W'IMH,CI,pe), KOTOpOE MOXHO HaliTU U3 3aBUCUMOCTMU:

p= % , (3.35)
roe F — nnowaab nopuuxs, M2,

B cuny KOHCTPYKTUBHbIX OCOBEHHOCTEN Takue rMapoakKyMynsTo-
pbl YCTaHABNMBAIOT TOMbKO BEPTUKANBLHO.

[IpyrkuHHbIE ruapoakkymyssiTopsl (puc.3.16, 6) HaxoasT npume-
HeHne Ans paboTbl NpU CpaBHUTENBHO HEOOMBLIOM pacxode XWAKOCTH,
HEBbICOKOM faBneHnn (Ao 2 MMa) 1 HU3KOM TeMnepaType OKpyXKatolen
cpenbl.

MpY>XUHHBIA FTMAPOAKKYMYNSITOp NpeacTaBnseT cobol nopLieHb,
Harpy>XeHHbIl Npy>XXMHaMW, NO3TOMY AaBfieHNE B MONOCTU LUMNHAPA Me-
HSIeTCS B 3aBUCMMOCTM OT UX AedopMaunm:

p= i = ﬂ , (3.36)
F F
roe Prp=Ch — ycunue paseuBaemoe npy»xwuHol, H; ¢ — )ecTKoCTb Npyxu-
Hbl, H/M?; h — oxaTtue (xoa) Npy>KuHbl, M.

Ecnu HasHayeHbl MUHWUMAbHOE Pmin U MaKCUManbHOE Pmax OaB-
neHve, KOTOpoe [O/MKHA UMETb XMAKOCTb B NMAPOAKKYMynaTope, TO Xa-
PaKTEPUCTUKMN MPY>XUHBI MOXHO paccumTaTb Mo opmyne:

ch =(Pmax—Pmin) F. (3.37)

CoOTBETCTBEHHO, MAKCUMalbHbIN 06bEM XWMAKOCTW, Hakaniuea-

eMbli1 B aKKyMynsaTope, onpeaensieTcsl kak
Vimax=F"h :(FZ/C)(pmax—pmin)F. (3.38)

B HacTosilee BpeMsi NpyXXWHHbIE W IPy30BbLIE MMAPOAKKYMYNSATO-
pbl UCMOMbB3YIOTCA TOMBKO B CneumasrnbHbIX CyYasix ¥ B MPOMBbILLIEHHOCTM
NpaKkTU4YeCKU HEe NMPUMEHSIIOTCS.

MpaponHeBMaTMyeckuii  akkymynsitop (puc.3.16, 5-4) B 0bweMm
cfyyae npeactaBnsieT cobon cocys, HamoMHEHHbIN COKaTblM ra3oM W noa-
COEMIMHEHHbIM K HAMOPHOM NMHUM ruaponpuBoaa. Mo aencrsuem aaene-
HUS B TMAPONMHUM XMAKOCTb YaCTMYHO 3amnosiHsSeT cocyA, nMpu 3TOM 3a-
HMMaeMbl1 ra3oM 06beM YMeHbLUAeTCs, a [aBfeHWe rasa Bo3pacTaerT.
[aBneHve raza byaet Bo3pactaTb A0 TEX MOP, NMOKA OHO HE YpaBHOBECUT-
€S AaBfieHMeM pabouelt XXMAKOCTU B HAMOPHOMN JIMHUMN.

HenocpeacTBeHHbIN KOHTAKT rasa C XXMAKOCTbIO HeXenaTeseH,
MOCKOJIbKY ra3 byaeT pacTBOpSATLCA B XXMAKOCTU M OKUCNSATL ee. Mo3ToMy
MeXAy XXMAKOCTBIO M OKaTbiM Fa30M B MMApOakKyMynsTopax pacrnonaratoT
pasgenuTenb: nopuweHb (puc.3.16, B), anacTu4HbIA 6annoH (puc.3.16, )

28




unu MembpaHy (puc.3.16, 4). B 3aBUCMMOCTM OT KOHCTPYKUWMM pas-
[enuTens akkyMynsaTtopbl W Ha3biBAlOT COOTBETCTBEHHO MOPLUHEBbLIMMU,
6an110HHBIMM MM MeMBPaHHBIMK.

MembpaHHble rmapoakkymynsitopel (puc.3.16, 7, 4) ucnonb3yoT-
C B CUCTEMax C ManblM pacxofoM, HarnpuMep, AN YMeHbLUEHUS YPOBHS
BUGpPALMM U CHWXXEHUS MynbCaumMii B rMApOuHUSX. MpocTpaHCTBEHHOE
nonoXxeHne MeMbpaHHbIX U HANMOHHBIX aKKyMyNsaTOPOB MOXET 6biTb ft0-
6bIM.

MopluHeBOlM MNHEBMOrMapoakkymynsitop Tuna APX coctouT w3
CTanbHON MMNb3bl I, ABYX Kpblwek 2 u nopwHs 3 (puc.3.17). Kpbiwkn u
nopLUeHb YMAOTHEHbI PE3NHOBLIMU 4 U 3aLUMTHBIMU 5 KOMbLAMK, a Takke
NPSAMOYrONbHLIMU YNAOTHUTENSAMU 6. KPbILWKK KPensaTcs K runb3e paspes-
HbIMK KOfbLaMn 71 dnaHuamm 8. [ns HaaeXHoN repMeTmsaumm nopLuHs
Ha ero BHELUHEN MOBEPXHOCTM MpOToYeH ma3 b, KoTopblit npu cbopke
3aroJIHAETCS XUAKOCTbIO.

NN
LAAD

Tan\
NPy

N
N

-

a) 6)
Puc.3.17. NHeBMornapoakkymynstop tmna APX:
a— KOHCTpyKUus; 6 — ycnoBHoe 0b603HaveHne

Monoctb A coeaMHeHa C rMAPOCUCTEMON U SIBNSIETCS HaKonuTe-
neM XuakocTu. Monoctb B 3anonHaeTca (3apshKaeTcs) ra3oM yepes kna-
naH 9 0o AaBneHus 3apsifku, KOTOpPOoe paBHO MWHUMAJSILHOMY AABMEHUIO
XWMAKOCTM, OTAABaEMOWN rMApoakKyMynsTopoM B cucteMy. Hakonnenwe
XWMAKOCTM B MOSIOCTU A MpoOMCXOoAMT B nepuod nay3 noTtpebuteneit. Mpu
3TOM >XMAKOCTb MepemellaeT nopleHb 3 U OKUMaeT ra3 B nonoctu B.
Korga pacxop >MAKOCTM NOTpebuTensamu Bo3pacTaeT U AaBleHne B CU-
cTeMe nafjaeT, XUAKOCTb U3 aKKyMynsTopa nos AasBfeHWeM ras3a BbiTas-
KWBAETCS B CUCTEMY.
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AKKYMYNSTOPbl AAHHOMO TUMNAa paccyMTaHbl HA HOMUHaNbHOE AaB-
nenve 16 unu 32 Mla 1 TemnepaTypy OKpyxatollein cpeapl oT —30 a0
+60 °C.

MpeanouTnTenbHa BepTUMKaabHas YCTaHOBKA aKKyMY/SITOPOB
(NHeBMoOK/anaH cBepxy), B MPOTMBHOM C/lyyae BO3MOXEH MOBbILWEHHbIM
W3HOC.

HepoctaTkaMy  MOPLUHEBbLIX  FMAPOAKKYMYNATOPOB  SABASIOTCH
HanmMumMe cun TPEHUs MeXay MOPLUHEM WM UWIMHAPOM, a TakXe BO3MOX-
HOCTb HapyLLEHNS FrepMETUYHOCTM ra30BOIN KaMepbl.

MopluHeBbIE TMAPOAKKYMYNATOPbl OBbIYHO MPUMEHSAIOT B MalUu-
Hax Cc 6onbluMM pacxoloM paboueit xmakoctm (puc.3.18). MpocTpaH-
CTBEHHOE MOJIOXKEHME aKKYMYNSITOPOB MOXET ObiTb 06bIM, 0AHAKO BEp-
TUKa/IbHasi YCTAHOBKa SBNSIETCA NPeanoYTUTENbHON.

.
X

Pnc.3.18. Cxema 6noka yrnpaBneHust TMapoakKyMyisiTOpoM

la30Bas KaMepa akKyMy/SiTOPOB 3apsKaeTCsl TEXHUYECKUM a30-
ToM (FOCT 9293). MoaktoyeHne XXMOKOCTHOW KaMepbl K ruapocucteme
[OMyCKaeTCs TONMbKO Mocne 3apsakn. HoMuHanbHas TOHKOCTb dunbTpa-
ummn paboyeit xunakoctu He MeHee 40 mMkm (80 mMkM gns AMC-T).
[aBneHwue rasa 1, cnegoBaTesibHO, AAB/IEHUE XUAKOCTM B TMApo-
AKKYMYNSITOPE, U3MEHSIETCS B COOTBETCTBMM C YPaBHEHMEM:
pV"=const, (3.39)
roe p — nasneHue rasa, MMa; V — obbeM rasa, M3 N — nokasaTesnb
agnabarsl.
Mpn MeaneHHOM U3MEeHEeHUW AaBfeHust B rMApPOCUCTEME NpOoLecc
oKaTus rasa 6nmMsok Kk usotepmmuyeckomy (N=1), KOraa ocCylecTBAseTcs
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MOJHbIN TEMM00BMeH C OKpyXatoWel cpeaoi. Koraa nsmMeHeHne obbeMa
rasa NpoucxoauT o4YeHb BbICTpo, 63 TemnnoobMeHa C OKpyXatowei cpe-
[0V, roBopsT 06 aaMabaTMueckoM Mpouecce M3MEHEHWUSI COCTOSIHMS rasa
(n=1,4). Ha npakTtvke paboTa akKyMynsTopa COMpOBOXAAeTCs MNOAUT-
POMHBLIM U3MEHEHNEM COCTOsHMA rasa (1<n<1,4).

O6bI4HO B rnapocucTeMe akKyMynsiTopbl UCMOMb3YIOTCA BMeCTe C
6/710KOM ynpaB/eHns, MOCPeACTBOM KOTOPOro OCYLLECTBASIETCS MOAKIIO-
YeHWe-OTKJIIOYEHNE aKKYMYNSITOpa, HacTpoiKa M BU3yanusauusi BENUYK-
Hbl A@aBNEHUS paboueit XUAKOCTU B HeM (puc.3.19).
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Puc.3.19. inarpamma pabouyero npouecca akkyMmynstopa

PaccMOTpMM paboTy ABYX aKKyMynsiTOPOB C OAMHAKOBOW BMECTU-
MOCTbIO 2,5 N npu pe3koM nageHumn paboyero aaeneHus ot 6,3 oo 3 MMa.
MepBblli M3 HUX MpeABapuTENIbHO 3arofiHEH rasoM Mpu aTMOChepHOM
AaBNEHNM, BTOPOW NpeaBapuTENbHO 3amnofiHEH rasoM Mpu  AaBIEHUM
3 Mra. KpuBble agnabaTnyeckoro npouecca Ans paccMaTpuBaeMblxX Ciy-
Yyaes npvBeaeHbl Ha pnc.3.19 (WTpMXoBbIe JIMHUM — KPUBbIE M30TEpPMUYe-
CKOro npouecca).

Mpu usMeHeHUn pabouero aaeBneHus Ap nsmeHeHue obbema AV,
rasoBol cpefbl Ans NepBOro akkymynsitopa (kpveasi 2 Ha puc.3.19) B
11,2 pasa 6onblue, Yem AV ana sToporo (kpuBas 1 Ha puc.3.19), cne-
[oBaTeNbHO, paboTa akKyMynsTopa C NpeaBapuUTENbHON 3apsiakon oka-
TbiM rasom 6onee sddektneHa [38].
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[ns pacyeTa rMapoakKyMynsaTopoB HeobXxoaMMO 3HaThb Creayto-
e napameTpsbl:

Py — [aBneHne 3apsaaky rMapoakKyMynsiTopa;

D1 —MUHMManbHoe paboyee AaBneHME;

D> —MaKcuMmanbHoe pabodee aaBneHue;

W —3cbdeKTMBHLIN 06beM rasa;

Vi —obbeM rasa npy MMHMManbHOM AAaBEHUN;

V', —obbeM rasa npu MakCMManbHOM AaBneHUH;

D>/Po —MaKCMMasbHO A0OMNYCTMMOE OTHOLIEHWE AABNEHUN;

Vi—ls —nonesHblii 06beM rMAapoaKKyMynsTopa.

PaccunTbiBasi MHEBMOrMAPABMYECKUIA aKKyMynsSTop, Onpeaens-
0T KOHCTPYKTWMBHbIE pa3Mepbl €ro eMKOCTel, AONYCTUMbIA AnanasoH pa-
604ero AaBneHNs, a TakKe HaNPSHXKEHUSI B OMACHbIX CEYEHUSX EMKOCTY.

HakonneHne v BO3BpaT >XWAKOCTU MHEBMOrMAPaBINYECKUM aK-
KyMy/ISTOPOM COMPOBOXAAKTCS M3MEHEHMEM COCTOSIHUS Fa3a, 3aK/loYeH-
HOrO B COOTBETCTBYIOLMX Kamepax. Kak CBMAETENbCTBYET OMbIT, M3 U3-
BECTHbIX MSITU MPOLIECCOB M3MEHEHMSI COCTOSIHUSI Fasa B pacyeTax raso-
rMMAPaBAMYECKNX aKKYMyNSTOPOB MOXHO MPUHMMaTb BO BHUMaHWe M30-
TEpMUYECKUI, aanmabaTMyeckuii UnmM NOMMTPONHBIM, Tak KaK OHW YYWUTbI-
BalOT peanbHble ycrnoBust paboTbl ycTponcTB. OaHaKo M30TEPMUYECKME U
aavabaTuyeckme MpeBpalleHUsl B ra3oBblX KaMepax OTHOCSATCS K npe-
AefbHbIM cyYasM. MpaBuabHO Bbl10 Bbl CYMTaTb 3TU MpeBPaLLEHUS] NO-
NMTPONHbIMK [25].

Kak M3BEeCTHO M3 ra3oanHaMumKK, BHeLWHsIS paboTa, BbINoHSeMas
rasom npv NOAUTPOMHOM MpoLecce, ONpeaensieTCs 3aBUCUMOCTbIO:

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

rae Po — Ha4YanbHoe AaBneHuve, Ma; p1 — KOHeYHOe MaKCMMarbHOe JaBre-
Hue, Ma; Vo — HavanbHbIi 06beM rasa, M3, n — nokasartesb NnosuT-

ponbl.
MakcuMarnbHoe 3HadyeHne paboTa rasa A, 6yaet uMeTb Npu co-
OTHOLUEHNN
p n n/(n-1)
2| e . (3.41)
p, \2n-1

B cBoto ouepeapb, Nokasatesb NOUTPONbI 72 NPOLecca paclumpe-
HUSL UM OKaTMSA rasa, BAUSIOWMIA Ha 3HaYeHWe nonesHol paboTbl akky-
MynSiTOpa, 3aBUCUT OT [SIMTENLHOCTM MpPOLECCOB 3apsaky (paspsaku)
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YCTPOWCTBA XWMAKOCTbIO, TEMMEPATYpbl OKPYXXaloLWeEN cpeabl, OTHOLIEHUS
polp1, a Takke OT APYrvX aKTopoB.

[ns npeaBapuTeNbHbIX PAcYeTOB PEKOMEHAYETCS Ha3HayaTb
n=1,405, ecnu npouecc 3apsakun (paspsaku) akkyMynsTopa npoucxoauT
B TeyeHue t=30-60 c n n=1,3 npu t=60-90 c.

Ha punc.3.20 nokasaHa cxema MpUMEHEHUs aKKymynstopa Ans
yAepXaHusl AaB/IEHUS B 3aMKHYTOM KOHTYPE M B Ka4yecTBe KOMMeHcaTopa
yTeyek. lMpu noaxode WTOKa K yNnopy BO3pacTaeT AaBfieHWe B LUMIMHApe
5, akkyMmynsiTtope 6, Hacoce I, Npu AOCTUXEHWUU OaBNeHUs p, cpaboTaeT
KnanaH 2, nponyckas >»XWAKOCTb OT Hacoca B ¢unbTp 1 6ak. C 3TOro mMo-
MEHTa AaBfieHne B paboyeit NONOCTV LUMMHAPA Yepes pacnpeaenutens 4
noaaepXuBaeTcs akKyMy/lsiTOPOM 6, @ HacoC MOYTU MOJSTHOCTbIO pasrpy-
aeTcs. ObpaTHbIM KnanaH 3 OTKIIOYaeT HacoC OT akKyMynsTopa U Uu-
muHgpa. C nageHveM [aBneHus B akKKyMynsiTope HUXe AaBneHus, Ha Ko-
TOpOe HacTpoeHa NpY>XWHA KnanaHa 2, HacoC aBTOMATUYECKM MOAKIIoYa-
eTcs K paboyeMy KOHTYpY, 3apsKasi akKyMynsTop A0 AABEHUS Dx.

Pnc.3.20. Cxema npumeHeHusi nHeBMO- Puc.3.21. CxeMa NpUMEHEHUs MHEBMO-
rMapOakKyMynsiTopa AN YAEpXaHus 3a-  MAPOaKKyMmynsTopa Ans  obecneveHus
[IaHHOrO AaBfIEHNS NMPU pa3rpy3ke 6bICTPOro NoasoAa rMAaponpuBoAa

Ha puc.3.21 npuBefeHa cucTeMa C aKKyMynsiTOpPOM, KOTOPbIN
NOAKMIOYAETCA K UMAMHAPY TOJNbKO ANS YCKOpeHHoro xoga. Bo Bpems
pabounx nepeMelLeHnii MOPLIHS B LMAMHAPE 5 XWAKOCTb MoaaeTcs K
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LUMAMHAPY Yepes pacnpeaenutenb 6 TOMbKO OT Hacoca 3 MeHblel noaa-
yM, AaBNEHME B KOTOPOM KOHTPOSIMPYETCS KnanaHoM 4. [ns ctabunusa-
UMW OABMEHNUS Ha BXOAE pacnpeaenmTens 6 yCTaHOBJIEH KanaH /.

O6paTHbIi knanaH 9 3aKpbIT M OT Hacoca / yepes obpaTHbIN KnanaH
10 NpoucxoauT 3apsaKka akkymynsitopa 8 A0 BEMUMHBI HACTPOMKM Kia-
MaHa HW3KOro AaeneHus 2. Mpy XOOCTOM XOAE MOPLIHA B UMAMHApPE
XKMAKOCTb MOCTYMNaEeT K LUMAMHAPY OAHOBPEMEHHO OT ABYX HAcocoB (I 1 3)
U akkymynsitopa. Mcnonb3oBaHve o6beMa >XMAKOCTM, 3aK/IOYEHHOrO B
aKKyMynsTope, AaeT BO3MOXHOCTb YCTaHOBWUTb B CWUCTEME HACOChl C
MEHbLLEN CyMMapHON nofayeil.

3.3. YCTpOICTBA peryiMpoBaHuUsi CUJ10BbIX
M KUHEMaTUUYECKMX XapaKTEpPUCTUK rmapaB/inyecKux nepepay

Perynupytowme yctpoiictea (PY) npeaHasHayeHbl Ans MU3MEHEHUS
WM NoaLepXXaHnsa Ha 3aaHHOM YPOBHE AaBfieHusl UK pacxoaa paboyel
cpedbl M, Kak CneacTsue, — pasBMBAEMOM CUSbl U CKOPOCTU ABWKEHWS
WCMOMNHUTENbHBIX MEXaHW3MOB.

OcHoBoM 0606LEeHHOW KOHCTPYKTUBHOM cxeMbl PY u ynpaensito-
wmx ycrporcts (YY) aBnseTcs 3anopHO-perynMpylowmii 31eMeHT, MNpu
nepeMeLLeHn KOTOPOro YacTUYHO WM MOJSTHOCTbIO MepekpbiBaeTcs Mpo-
XOAHOE ceyeHue, Mpornyckarollee NOToK pabouelt cpeabl. Mo KOHCTPYK-
TUBHOMY WCMONHEHUIO 3Toro 3nemeHTa (FTOCT 17752-81) [1] Bce ycTpoii-
CTBa pasfensiloT Ha 30/I0THMKOBbIE, KPAHOBbIE, KanaHHble, HE30/0THU-
KoOBble (COnSI0-3ac/ioHKa, CTpyWHasi Tpybka, CTpyMHbIE 3N1EMEHTDI).

3.3.1. KnanaHbl gaBnenus. Knaccndmkaums,
(pyHKUMOHaNbHbIE BO3MOXHOCTW. YpaBHEHUS HACTPOVKM.
Tunosble NpuMepbl MPpUMEHeHUs

B ycTpoiictBax knanaHHoro tmna (puc.3.22, d) BeNMYMHa OTKPbI-
TUS NPOXOJHOr0 CEYEHUSI U3MEHSIETCS OT BO3AEWCTBUA pabouelt cpeabl,
npoxoasLieln Yepes ycTponcTBO. B ocTanbHbIX yCTpoicTBaxX (HEKManaHHo-
ro TWMa) NPOXOAHbIE CEYEHUS UBMEHAIOTCS NOJ BO3AENCTBUEM BHELIHErO
ycunus (0T KOMupa, NEKTPOMarHuTa, YynpabBrsitolero noTtoka PyKOSITKM
M ap.). YCTPOWCTBO KanaHHOro Tuna, WaM NpocTo knanaH (puc.3.22, 6),
MOXET WMMETb, HanpuMep, 30/0THUKOBLIN 3anOpHO-PEryavpytowmii ane-
MeHT. [JOBOSIbHO YacTo pacnpeaenuTesibHoe YCTPOMCTBO BbINOSHAETCS C
3aMnopHO-PErynnpyoLLmMM 31EMEHTOM KanaHHOro Tuna.

34



&
3
\

Vs

ATTAsees
-

e
| ]
B

-

N
%
|‘?.

W
a) 6) B) n 4) €)

Pnc.3.22. KoHCTpyKumm 0bpaTHbIX KnanaHoB: & — LWapoBOro; 6 — NniocKoro;
B - KOHWYECKOr0; I — MMAPO3aMOK; 4 — BCTPaMBaeMbIi; € — C rMapoynpaBieHnem

YCcTpoiicTBa, YNpaBfsieMble W3MEHSIEMbIM BHELUHWUM  CUMOBbIM
BO3/EVCTBMEM Ha 3arOpPHO-PEryIMPYIOLLMI 3NIEMEHT B LENSIX MOSTyYEHUS
3a[aHHOro 3HayeHus AaBfeHus UM pacxoda paboueli cpeabl, Ha3blBalOT
perynnpyemMbimMu.

Ecnn npoxogHoe ceyeHue U CMIOBOE BO3AEWCTBME HA 3aMOpHO-
PErynMpyoLWmin 31EMEHT MOryT 6bITb U3MEHEHbI M3BHE TOMLKO B Hepabo-
4YeM COCTOSIHUK rMapoannapaTa, YCTPOMCTBO Ha3blBalOT HacTpaMBaEMbIM.

Mpu paspaboTke rMAapaBIMYECKUX YCTPOWCTB LUMPOKO WMCMOSb3Y-
€TCS MO3MIEMEHTHbIV MpUHUMN nocTpoeHus [8, 13], 3aknwovatowmincs B
TOM, uTo 6oniee CroXHble YCTPOWMCTBa CO3AaloT Ha 6ase MpocTenLlumx,
00beanHNAS UX B OAHOM CXEME W KOHCTPYKLUMMK. TaK, MpOCTENLLNIA SNIEMEHT
rmaponpueBoaa — ApOCCeslb MOXET paboTaTb CaMOCTOATENbHO, HO MOXeT
BXOAMTb W KaK 3/IEMEHT B KOHCTPYKUMIO KfanaHa (KiamnaHbl HenpsiMoro
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-
NyCKaHMs1 XXUAKOCTU B OAHOM HarnpasneHun (cMm. puc.3.22). B 3aBucmumo-
CTV OT HOPMbI MU KOHCTPYKLMU 3anupatoLlero snemMeHTa (3aTteopa) kna-
naHbl 6bIBalOT LIAPOBbLlE, TapenbyaTble, C KOHWYECKUM 3aTBOPOM WU C
3aTBOPOM 30/I0THUKOBOrO Tuna [31]. Bo Bcex KOHCTpyKuUMsX, Kpome Kna-
MaHa TapenbyaToro TWMa, 3aTBOP MOMKAT K CeAsly MPY>XMHOW, paccuu-
TAHHOW Ha NPeoJOoSIEHME CUIT TPEHUS U COBCTBEHHOIO BECa 3aTBOpa.

Ecnn HanpaeneHue noToka U3MeHSIETCs, TO, MOMUMO MPYXWHbI, B
KOHCTpyKUMaX (puc.3.22, &) LWapoBbIX KIaMaHOB C KOHUYECKMM 3aTBOPOM
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3aTBOP MJIOTHO MPWXMMAETCA K Ceasly AaBfEeHUEM XWAKOCTW, MNpeaoT-
Bpallasi 0bpaTHbI TOK XWAKOCTWU. Hamnydwyio repMeTUYHOCTb Npu 3a-
KpbITOM 3aTBOpE CO3AAEeT COMpPsHKEHWE KOHYCHOe WU cdepbl U KOoHyca.
BcTpanBaeMblii KnanaH npefHasHadeH Ans yCcTaHOBKM B Tpybonposoa
(puc.3.22, 4). OAns HageXHoW M30NAUMKU KaKoro-nmbo KOHTypa rmapocu-
CTeMbl MPUMEHSIOTCA ABa, @ UHOrAa M TpU NOCIea0BaTeNbHO COeAMHEH-
HbIX 06paTHbLIX KnanaHa.

O6paTHbIli KnamnaH C AUCTaHUMOHHBLIM yrpaBneHnem (puc.3.22, €)
npeaHasHavyeH Ans MpOMyckaHUst XUAKOCTM B MpsSIMOM U 0BpaTHOM
HanpasneHusx. ObpaTHoe TeyeHwe XMAKOCTU BO3MOXHO TOMbKO Mnocne
NPUHYAMTENbHOrO MOAbEMA 3aTBOPa 30M0THWKOM (puc.3.22, €) wuau
nayHxepom (puc.3.22, 4). ITOT KnanaH WMPOKO NMPUMEHSIIOT B rmapasnu-
YeCKMX CUCTeMax CTaHKOB U MPeccoB.

KoHcTpykumna obpaTHOro knanaHa CTbIKOBOro MoHTaxa mod. MKO
npeacraeneHa Ha puc.3.23. B kopnyc 3anpeccoBaHo ceano 5, npyxwuHa 3
NOMKMMAET 3aTBOP 4, 3aKpbIBAETCA KOHCTPYKLUMS npobkoi 1. Mpu nogaye
XWAKOCTU B KaHan A, 3aTBop 4 NOAHUMAETCS BBEPX, NpeofoneBaeT cuny
NPYXWHbI 3 1 OTKPbIBAET MPOX0A XNAKOCTU B KaHan b.

N

6)

Puc.3.23. O6paTHbIi KnamnaH: @ — KOHCTPYKTMBHAs CXeMa; 6 — ycnoBHOe 0603HayeHne

Mmapo3amok, B 0bLeM Kopryce KOTOPOro CMMMETPUYHO pacrona-
ralTca ABa 06paTHbIX K/lanaHa LapoBOro TUMa W MaBaroLmiA 30/I0THUK
C TonKaTensMmm, nokasaH Ha puc.3.24. MNonoctm A n B noakitoyeHbl K
pacnpegenutento, a C u D Kk cunosomy umMnuHapy. Mpu noasoae Xunako-
CTW NojA AasfieHneM K nosioctn B oaHoBpeMeHHO OTKpbiBatoTca oba kna-
naHa: npaBblii AABNIEHNEM XXWIAKOCTU, @ JIEBbIA TOJIKATENIEM 30/I0THUKA.
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LLlapoBble knanaHbl 6y.qu TaKXe OTKPbITbl MPU NoABOAE XXMAKOCTU noAa
JaBrieHneM K noaoctun A .
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Puc.3.24. T'mapo3aMok ABYXCTOPOHHErO AENCTBUS:
a— KOHCTPYKTMBHAs CxeMa; 6 — ycnoBHoe 0603HaueHne
B 3TMx cnyyasix rmapo3aMok He NpensTcTByeT CBOGOAHOM LIMPKY-
NAUMK XKMAKOCTU MeXAy pacnpegenvteneM u unnnHgpom. Ho ecnun pas-
neHune B nonoctax A n B ynaget, TO wapoBble KianaHbl 3aKpblBaloTCs,

OTAENUB NpU 3TOM CUOBOIA UMnnMHAp OT pacnpeaennTens.
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Puc.3.25. Cxema ycTaHOBKM OHOCTOPOHHEr0 rmapo3amka:

a— 6e3 gpoccens; 6 — ¢ gpoccenem 1 obpaTHbIM KlarnaHoM

AN MCKIIOYEHNS MPEpPLIBUCTONO [IBMXXEHWUS paboyero opraHa
nog Harpyskol F 1 nynbcaumu faBneHust p NpUMEHSIOT OAHOCTOPOHHME

rnapo3amku (puc.3.25).
3.3.1.2. KnanaHbl npsMoro aencraus
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XapaKkTepHbIM MpUMEPOM KJflanaHa MpsMOro AeWCTBUS NITyHXep-
HOrO TUMa SIBNSILOTCS YCTPOWCTBA, MpeACTaBieHHble Ha puc.3.26. 310
MHOrO(bYHKLUMOHANbHOE YCTPOMCTBO, MO3BOJISIOWEE NPeAoXpPaHsiTb Cu-
CTeMy OT neperpy3kv, NOAAEPXMBaTb MOCTOSIHHOE, OrpaHW4YeHHoe Mo
MaKCMMasibHOM BeNUUMHe AaBneHune, obecneuymBaTb Tpebyemoe noanop-
HOe JaBfieHve, HanpuMep, MWCKI4YaTb CaMOMPOU3BOJSIbHOE OryCKaHue
NOPLUHS NpX BepTUKaNbHOM pacrnonoXeHuu umnudapa [19].
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Puc.3.26. HanopHbIli 30/10THUK: @ — KOHCTPYKTUBHAS CXEMa;
6 — pacuyeTHasi cxema; B— YCioBHOe 0603HaueHne

KnanaHbl npsimoro gencteust 54-1 (puc.3.26, @ MOXHO UCMOSb-
30BaTb W KaK pacrnipeaenvTenb C YNpaBnsitowmMM BO3AENCTBUEM OT AaBie-
HWS1.

PaboTa HaMOPHOro 30/0THMKA OCHOBaHA Ha MPWMHLUMMNE KOMMEeH-
caunM cun NpeaBapuTeNbHO CKaToM NPYXWUHbI 11 U AaBNEHUS XUAKOCTH,
AENCTBYIOLLErO Ha NAyHxep /.
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B 06LieM cnyyae ypaBHEHME paBHOBECKS MYHXKEpa UMEET BUA:

d2
» “43 —ex+G=+T, (3.42)

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

M3 ypaBHeHus (3.42) BMAHO, 4TO eCnu ycunve, colpaBaemMoe
[A@BNEHVEM p1 MEHbLLE YCUNNSa NpYXuHbl 11, To nayHxep 6yaeT npyxar K
KpbIlKe 6, a nonoctn 1 n 2 pasobuieHsbl. Mpy NoBbIWEHUN AaBNEHNUS p1 B
onpeaeneHHbit MOMEHT MUTyHXep 7/ NepeMeLlaeTcs BBEpX M coobluaeTt
nonoctn I1u 8.

Paboyasi XWMAKOCTb MPOXOAMT 4Yepe3 HamopHbIN 3070THUK, NpU
3TOM B KOHTPOJIMPYEMON MarucTpanv NoaAepXXvBAETCS AaB/ieHWe, COOT-
BETCTBYIOLLEE HACTpoWKe MPYxMHbl 1J. HacTpoiika Mpy>XWHbl OCyLLecTB-
NAETCA perynnmpoBOYHbIM BUHTOM 1.2,
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Puc.3.27. MNpuMepbl MpUMEHEHWs KranaHa MpsIMOro AeWCTBUS B ruaporepesadax:
& — rMapoynpasnsieMblil KnanaH; 6 — KnanaH pasHoCTU AaBneHui (Ap=pi-pz); B — kna-
NaH COOTHOLLEHWSI AABNEHWUI; /— KlanaH nocniefoBaTenbHoCTv (Vi—>Vz); 4 — NoAnop-
HbIM KnanaH (P2=pn); €— KnanaH pasrpy3k1 OT Harpy3ku (Hauyasno)
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P2=pn

p1

p2

| J
A) €)
Puc.3.27. OkoH4yaHue

YTeuka XMAKOCTU Yepe3 OTBEPCTUS U KaHan 9 B BEPXHEW KPblLl-
ke 10 v kopnyce oTBoaMTcsa B 6ak. Ana aemndupoBaHus konebaHuii 30-
NOTHUKa MMEeeTCs 0TBepCTME 3 B KpbILWKe 6 B BUAE AeMndepa.

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

[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 WTyUep
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 peayKUMOHHbINA KnanaHbi
HENpsMOro AeNCTBUSA

Annapar tvrna 52 (puc.3.28) npeaHasHayeH Ans npeaoxpaHe-
HUSI Hacoca OT Neperpy3oK WM pas3rpy3ku Hacoca (Mog pasrpy3Koin MoHW-
MaeTcs aBTOMaTM4YecKoe MepekioveHne nojadu Hacoca B 6ak, rae nas-
neHne noHmxaetcs ao 0,1-0,2 MMMa).

MpenoxpaHeHne Hacoca OT neperpy3ok obecneyvBaeTcs B3auMo-
AENCTBMEM LLIAPMKOBOro KnanaHa 2 ¢ NepefuBHbIM 30/I0THUKOM 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 MONOXEHUe, OTAeNss nonocts A oT
nonoctn b. Ecnu rmapaBnuyeckas cuna, AENCTBYIOWAS Ha LUApUK CO CTO-
POHbI MOMOCTU [, OKAXKETCS BbllLE HAaCTPOMKM NPYXWHbI 1, TO LWAPUKOBbIW
KnanaH oTtkpoetcd. C 3TOro MOMEHTa >XMAKOCTb M3 nonoctn [ yepes
aemndepHoe oTBepcTue B MofocTv [, LapuvKoBbIM KnamaH M kaHan E
noTeyeT Ha CuB.

[Jemndep, BbINOMHSAS poOnb COMPOTUBIEHWUS, CO3AAET nepenaj
faeneHus mexay nonoctsamu I v [, u ruapaBnnyeckoe ypaBHOBELLIMBA-
HWUe 30/10THUKa 5HaDYLIJVITC$|; noa Ll,GVICTBVIGM 6onee BbICOKOIO AaBieHns
CO CTOpOHbI nonocTeid I M B 30/10THMK MepeMecTuTcs BBEpX, CoobLuast
nonoctn A un b.
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Puc.3.28. MpenoxpaHuTenbHbliA kKnanaH 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>KWMHbI LIAPUKOBOMO KnanaHa. C yMeHbLIEHWEM AaBNeHNs B
HacoCe HWXe HaCTPOMKM MPYXMHbl  LWAPWKOBLIN KanaH 3aKpbiBaeTcs;
fJasnenune B nonoctax I, [, u B ypaBHMBaeTcs (Tak Kak MOTOK 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, cpabaTblBaeT 3nM304MYECKM, TOSIbKO B MOMEHTHI Mne-
perpy3oK Hacoca.

Ecnm nonocte [ (II ucnonHeHne) coeamHutb € HakoMm 4vepes oT-
BEPCTME, 3arfyLleHHoe NpobKoi 3, TO rMapaBnMYeckoe paBHOBECUE re-
penvBHOrO 30/10THMKA HapyLwaeTcs; OH MOAHMMAETCs BBEpX, COeAWHSIS
nonoctm A u b, a Hacoc, NOAKMIOYEHHBIN K MOMOCTM A, NepeBoaMTCs Ha
pa3rpy304HbIM PeXUM, T.e. Ha paboTy C MOHWXXEHHLIM AaBneHveM. [laB-
NEeHne B Hacoce B 3TOM Cy4dae coctasnseT npumepHo 0,1-0,15 MMMa.

PegykuymorHsi kniarnaH (pyuc.3.29) B OTIMUME OT MpeaoXpaHu-
TENbHOro pearnpyeT M Ha NOBbILLEHWE, N HA YMEHbLUEHWE AaBNeHus, CTa-
61nu3npys ero Ha BbIXOAE, Koraa OT OAHOr0 Hacoca NMUTaeTCsl HECKOJIbKO
rmapoasuratenein (notpebuteneit), paboTa KOTOPbLIX MPOUCXOAUT MNpu
pasnuyHOM AasBneHnu. Hepeako B UMAMHApPAX, MNpefHa3HayeHHbIX ANs
onepaumi 3axxuMa, hUKcauMu U ynpaBneHus, AaBfeHWEe AOMKHO 6blTb
MEHbLLE, YEM B LUMNMHAPE MEXaHM3Ma nojau.

Bce getanu pegyKUMOHHOro KnanaHa, KpoMme koprnyca Z u 30/0T-
HWKa 1, yHMdUUMpOBaHbl C AeTansaMu knanaHa 52, XKnakocTb oT Hacoca
noABOAMTCA B NOMOCTb A U fanee yepes3 KoMbUeBYO Wenb XK, YyacTUyHO
nepeKkpbITylo pabouyeil KPOMKOM 30/10THMKA 1, NpoXoAuT B MonocTb b,
KOoTOpas MOAK/MIOYEHA K MOoTpebutento, rae HeobxoaMMo MoAAepPXKMBaTb
NoHMxXeHHoe (peayuupoBaHHoe) aasneHue. lNonocte B uyepes cucremy
OTBEPCTMI B KOPMNyce M 30/I0THMKE COeaMHsieTcs ¢ nonoctsmu B, T n [.
M3 nonoctn [ XXnakocTb Yepes 06paTHbIi KnarnaH HanpaensieTcs B 6ak.

Mpu paboTte knanaHa XuakocTb B konuyectse Ao 0,8 n/MmH nocro-
SIHHO OTBOAMTCS M3 nosnoctn b Ha ciuB yepe3 Manoe oTeepcTue (aemn-
dep) B WTyuepe 5, nonoctb [ M WAPOBOK KianaH, NpUMYeM AaBfieHue B
nonoct 1 n3-3a notepb B Aemndepe OyaeT MeHbLIe AaBneHus B MOso-
ctax b, BuT.
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Puc. 3.29. PeayKUMOHHBIN KnanaH M57-1: @ — KOHCTPYKTUBHaAsI CXeMa;
6 — ycnoBHble 0603HaYeHns

Co3paeTtcst rmapaBnnyeckasl HeypaBHOBELLIEHHOCTb 30/10THMKA 1,
30/10THUK MPUMNOAHMMAETCS, CKUMasi NPYXUHY 4 U pabodeil KPOMKOW ne-
PEKPbIBAET MOTOK XXWAKOCTW, MOCTynalowWwmin 13 nosoctu A B nonoctb b.
3a cyeT 3TOro AaBfieHMe B MOMOCTM B MoHMXaeTcs U yCTaHaBAMBaEeTCS
paBHbIM HaCTPOMKe MPY>XMHbI LIAPWMKOBOrO KnanaHa 3. CryyaliHble name-
HEeHUA peayuupoBaHHOIo AaBfiEHUA BbI3biBAalOT OCEBOE CMELLEHUE 30/10T-
HWMKa I, HanpaBNeHHOE Ha YMEHbLUEHNE OLUMGKM.

Mpu yBenuueHun peayuMpoBaHHOrO AaBfiEHUS BO3pacTaeT pac-
XO[ XXMAKOCTM Yepe3 aemndep B WwTyLuepe 51, COOTBETCTBEHHO, Nepenaa
JaBneHuss B aemndepe; 30M0THUK [ CMeWaeTcs BBEpX, YMEHbLUAeTcs
niowaab wenun XX, 4To NPUBOAUT K YMEHbLUEHUIO AaBneHns B rnosoctu b
[0 33[aHHOW BennuMHbl. C YMEHbLUEHWEM peayLMpPOBaHHOrO AaBieHuUs!
30/I0THUK OMYCKAeTCsl, YBEINYMBAETCA ceyeHue wwenm X, a 3agaHHoe
JaBneHue B Nonoctu b BocctaHaBnnBaeTcs.

Takum 06pas3oM, KnanaH aBTOMaTMYeCKU NoAAEPXKMBAET peayum-
poBaHHOE AaB/eHne NnpakTnyeckn noCTtosaHHbIM HE3aBUCHUMO OT TOro, €CTb
pacxo, XWAKOCTM WM ero HeT. PelyKUMOHHbIA KranaH paboTtaeT 6e3
lymMa M He Bo36yaaeT BMObpaumit 6narogaps CONpOTUBIIEHUIO, KOTOPOE
okasbiBaeT aemndep. MNpu HacTpoiKke KnanaHa Ha peayLuupoBaHHOe AaB-
NeHVe MaHOMETp crieayeT noakyaTh K nonoctu I,
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3.3.1.4. PazpenuTenbHble naHenm

[ns pa3geneHus NOTOKOB XXWMAKOCTW, MOCTyMNalowWmx B CUCTEMY OT
[ABYX HacoCOB pa3HOW MPOM3BOAMTENILHOCTM, M MPefOXpPaHEHUs] CUCTEMBI
OT neperpysoK B rmaponpuBOAOCTPOEHNN NPUMEHSIIOTCS pa3genuTenbHble
nadenu [16, 29, 38].
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Puc.3.30. PasgenuTenbHas naHenb Tvna M53:
a — KOHCTPYKTUBHas cxeMa; 6 — ycnoBHoe 0603HaveHne

B obwem kopnyce pasMellaroTcs Tpu annaparta: npeaoxpaHu-
TeNbHbLIN KManaH C NepennBHLIM 30/I0THUKOM 6 (Tvna [52), HamopHbIi
30/10THMK 4, paboTaloWwmii No NpuHUMNY KnanaHa 54 [29], n obpaTHblii
KnanaH 5 30n0THuMKkoBoro tmna (puc.3.30).

Hacoc Bbicokoro gaenenus (HB[) nogkntoyaeTcss K nonoctn A,
a Hacoc Hmskoro gasnenus (HHA) — k nonoctn K. PasgeneHvne noTtokoB
XXUAKOCTU B NaHenm NpomcxoauT aBTOMATUYECKM MPU NMOBbIWEHWUWN AaBrie-
HMS B CUCTEME BblLLE TOrO, Ha KOTOPOE HaCTpOeHa MpyxuHa 3 knanaHa 4.
Ecnu paBneHuWe B CUCTEME CTaHET MeHbLUEe HaCcTPOMKM MPYXWHbl 3, TO
o6paTHbIA KnanaH 5 nog AeWCTBMEM AAaBNEHWUS XMAKOCTU CO CTOPOHbI
nonoctn K nogHMMeTCs U CoOeauHUT NonocTb 3 yepe3 nonoctn XK un E ¢
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nonocteto b. Mpu 3T0M 06a Hacoca NOAKOYAKOTCA B CUCTEMY U CyMMap-
HOW MX MoAayen onpeaensieTcs CKOpoCTb UCTIOHUTENbHOrO MexaHW3Ma.

C yBennueHneM Harpysku BO3pacTaeT AaBneHue B nonoctsx A, I,
E » Koraa OHO AOCTUIHET HAacTPOMKWM NPYXWMHbl 3 0OpaTHbIN KnamaH 5
OMyCKaeTCsl BHU3 (0 ynopa), a 30/10THUK 4 noa AeNCTBUEM AaBNEHUS CO
CTOpOHbI Monioctu E nmpunogHuMaeTcs BBepx, coeavHsss HHA ¢ 6akom.
C 3TOro MOMeHTa B CUCTEMY MOCTyNaeT XWAKoCTb oT HB/ u aasneHune B
CUCTEME KOHTPONMPYETCS MNpYXMHOW 2 knanaHa 1. Mpu neperpyske nepe-
NIMBHOM 30/10THUK 6 NpUNoAHMMaeTcs, nonoctm A n b coeanHsiloTcs, a
HB noakmtovaetcd k 6aky (onucaHve paboTbl KiamaHa 52 cwm.
noan.3.3.1.3).

Ecnrv nonocte B noagkntounTe K Gaky (Hanpumep, 4epes
KpaH MM 30/10THMK ynpaeneHust), To 0ba Hacoca Ha4yHyT pasrpyxatbCs
B 6ak: HBA no marucrtpanu b—A-6ak; HHA no marucrtpanu 3—>K-[O-b-
6ak. MNpu 3TOM AaBneHne B Hacoce He npesbiwaeT 0,15-0,2 MMa.

[ns HopManbHOM paboTbl pa3aenvTenbHOW NaHenn pasHoCTb Bbl-
COKOr0O U HM3KOrO AaB/ieHusl He A0/MKHaA bbb MeHee 1 MlMa.

3.3.2. YnpaBneHue CKOpOCTbio ABMKEHUS MEXaHN3MOB
aBTOMaTU3MPOBAHHOIO TEXHONOMMYECKOro obopyaoBaHms

3.3.2.1. poccenu

[Apoccenb — 3TO rMapaBMYeckoe COMpPOTUBNIEHWNE, YCTaHaBIUBa-
€Moe Ha 3aaHHOM y4acCTKe MMAPO- WM MHEBMONMHUU ANS YMEHbLIEHUS
MOLLHOCTM MoTOKa paboueli cpeabl (CHVKaeTCs AaBfeHve 3a ApPOCCeneM)
WU ANs U3MeHeHWst pacxoda paboyeit cpeabl B LiENSX perynnpoBaHus
CKOPOCTM UCMOSTHUTENBHOTO MexaHW3Ma.

MpoXoAHOE CeYeHne ApOCCeNs CYLLECTBEHHO MEHbLLE XXMBOTO Ce-
YEHWUsI TMAPONMHWK. ECM OHO He M3MEeHsIeTCs, ApoCceNb HasbiBalOT Mo-
CTOSIHHBIM UM HEPErYNIMPYEMbIM, €CNIU Takasi BO3MOXHOCTb €CTb — ApOC-
cenb perynupyembiii. Mo KOHCTPYKUMM pasnuyaloT: ApOCCenbHble Laiibbl
unu BTYnkn (puc.3.31, g, 6), apoccenu (puc.3.31, B-e).

Ans apoccenbHbIX Waib rnybuHa oTBepCTUS U AMAMETP BbINos-
HSItOTCS Npu Ux cooTHoweHun I<d, ans BTynok I>(5-10)d. Pexxum agu-
KEHWUSI XWMAKOCTU B TaKWUX APOCCENsX Yallue BCEro JlaMMHapHbi [17]
(Re<Reyp) 1 pacxop onpeaensioT ypaBHeHueM [Myasens:
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2
Q= md*(p,—P,) ) (3.43)
128pvl
roe pi, P2 — AaBMeHVe Ha Bxoae M Bbixoae, Ma; p — MIOTHOCTb, Kr/m3;
vV — KO3DPULUMEHT KMHEMATUUYECKON BAKOCTM paboyeit XXnaKocTH,
m?/c.

Ons co3pgaHus nepenagoB AaeneHus Ap=pi—p2>0,3-0,4 MMa
MCMONb3YIOT MaKeTbl APOCCENbHbIX Waib (puc.3.31, 6). B atom cnyyae
obwuin Ap onpepensieTcss CyMMUPOBAHWEM MOTEPb AABMEHWI Ha KaXKAOM
wavibe.

Ha puc.3.31, B-e npeactaBneHa MNpOTOYHAs 4YacTb Pa3NYHbIX
APOCCeNnbHbIX YCTPOWCTB, rAe AaBneHne paboueit cpeabl 4O Wenn Apoc-
cens Pi, @ Ha BbIXOAE U3 Hee Pa.

[poccenbHble Waibbl 1 BTY/IKW HEPErynnpyemble, Tak Kak MMetoT
NOCTOSIHHOE MPOXOAHOe ceuyeHue. B waiibax I<d (oTBepctne B TOHKOM
CTeHKe), BO BTynKax I1>d.

[Opoccenn Ha puc.3.31, B-e — perynupyemble. Pacxoa Mmacna B
KOHCTPYKUMAX Ha puc.3.31, B-4 perynmpyetcs 0CeBbiM CMeLleHneM npob-
KM gpoccens, a Ha puc.3.31, e — ee NOBOPOTOM. B pe3ynbTate naMeHsieT-
CSl NPOXoAHOe ceyveHune. B Takux Apoccensx, Kak npasunio, NOTok Typby-
nenTHbI (Re>Re).

Pacxon yepes KBaapaTUUHbIA Apoccenb OnpeaensitoT no opMy-

ne bepHynnu:
2 29
Q, =HS EAp =uS, [—Ap, (3.44)
Y

roe | — koadUUMEHT pacxoda MPOXOAHOrO CeYeHUs ApOoCcens
(0,6-0,72); S — nnowaab NPOXOAHOrO ceueHus, M?%; Ap=pi—Pz —
nepenag Aaenenus, Ma; p — NNOTHOCTb paboyelt XMUAKOCTH, Kr/M3,
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Puc.3.31. MNpoxoaHble ceyeHus apocceneit: @ — ApoccenbHas LWwalba;

6 — NaKeT APOCCENbHbIX LWAlb; B— UronbyaThii APOCCENb; 7~— LIENEBO APOCCENb;
4 — BUHTOBOMN ApoCcesb; € — KOMBUHUPOBaHHbIN Apoccenb

MoTepn AaBneHus B JIMHEWHbIX Apoccensix 06yCnoBNeHbl BSA3-
KOCTHbIM TPeHWeM Mo ASMHE Apoccenupyowero kaHana [8, 25]. MNpu us3-
MEHEHUW TeMmrepaTypbl paboyeit XMAKOCTM U ee BA3KOCTU pacxod 4Yepes
Aapoccenb HecTabuneH. MosToMy NMHeNHbIE APOCCenv NMPUMEHSIIOT B Crie-
UManbHbIX YCTPOMCTBAX MMAPOaBTOMATMKM, HanNpuUMep OnepaunoHHbIX
ycunuTensix. B kayecTBe NMHEHOro Apoccensi MPUMEHSIIOT M Kanunnsip-
HbI€ LLEMN C OTHOLUEHUEM [/IMHbI KaHana K amametpy 1/d>20.

47



MoTepn paBneHns B KBaApaTU4HbIX Apoccensx 06ycnoBneHsbl
BHe3anHbIM OKaTWMEM M paclUIMPEHVEM MOTOKAa Ha MPOXOAHOM CevYeHuU
[25]. MpvMepoM KBaapaTUYHOMO APOCCENS SABNSIETCA OTBEPCTUE B TOHKOM
cTeHke. B 06beMHOM rmaponpusoae MPUMEHSIOT, Kak MpaBwuiio, Ksagpa-
TUYHbIE APOCCENN.

MpocTelwmnm HeperympyemsiM gpocceiem (aemndepom) sBns-
eTcs apoccenbHas wanba (puc.3.31, a), umetowas oteepctve d MeHblue
AMMETPa MMAPONHUN Ory:

2
L = d—2 <01,
pr dTp

roe f, - nnowaps oteepcus, M%;  f_ - nnowapb ceuenus Tpybonpo-

BOAa, M2,

MoTepn Ha BA3KOE TpeHWE YMEHbLUAKT, BbIMNOMHAS NPOXOAHOE
ceyeHve apoccens B Buae avadparMbl (ASMHA LMAMHAPUYECKON YacTu
OTBEPCTUSI B TOHKOM CTeHKe MuHMManbHasa 1=0,2-0,3 mMM). Ho yuuTbiBas
obnutepaumio (3apalimBaHne Manoro MpPOXOAHOrO CeYeHus) MM BO3-
MOXXHOCTb 3aCOpPEHUSI TaKoro OTBEpCTUSl, ero AMaMeTp He [O/KEH 6biTb
mMeHbue 0,4 MM,

Ha puc.3.31, B npeacraBneH pery/mpyembiv 4pocce/ib Uronbya-
TOro Tuna. M3MeHeHne MpOXOAHOrO CeYeHust AOCTUraeTcs OCeBbIM CMe-
LLEHNEM WUTTIb.

Ha pwuc.3.31, e nokasaH KOMOUHUPOBaHHBIM APOCCce/ib, NMPOXOa-
Hoe ceyeHne KoToporo 06pa3oBaHO KMHOBUAHBIMU Ma3aMy 30/I0THMKA U
BHYTPEHHEN MOBEPXHOCTbIO APOCCENbHON BTYSKM (ANMHa KaHana). Takoe
UCMOJSIHEHME MO3BONSET paboTaTb C ManbiMM MPOXOAHBIMU CEYEHUSMM,
obecneunBaeT BbICOKYID TOYHOCTb perynvMpoBaHus pacxoaa 6e3 onacHo-
CTW 3aCOpeHUst APOCCENUPYIOLLEro OTBEPCTUS.

[Opoccenb Ha puc.3.31, 6 BLINONHEH B BUAE /1GKETa Apocceimpy-
fouymnx waub. Ero HacTponKa OCyLLECTBASIETCA M3MEHEHWEM KONMYeCTBa
Waib B NakeTe. XapaKTepHO, YTO APOCCENNPYIOLIME OTBEPCTUS BbINOSHE-
Hbl CO CMeLeHMEM OT OCU LWaitb, YTo yBesMuMBaeT noTepun, obycnoBneH-
Hble MOBOPOTOM MOTOKA Ppaboyeir >XWMAKOCTW. Jlydlme XapaKTepuUCTUKu
TAKOro Apoccens 0becneymBaloTcs, Koraa BHYTPEHHUI AMAMETP KaHana,
B KOTOPOM YCTaHOB/EH MakeT walib, B 5 pa3 u 6onee npe.biwaeT d, a
paccTosiHue Mexay wanbamm lo =1,4d.

Ha puc.3.31, g4 npeactaBneH BUHTOBOM APOCCESb, PETYNINPOBKA
KOTOpPOro OCYLUECTBASETCS U3MEHEHWEM ASIMHbI BUHTOBOrO KaHana, Apoc-
CeNMpYIoLLEero NOTOK. 3TO NIMHENHLIM Apoccenb. Heperynupyembiit apoc-
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cenb WUCMONb3yeTcs, HanpuMep, kak aemndep konebaHWi AaBneHus B
KpaHe NoAKYeHNs MaHOMETpa.

Ha puc.3.32 npeacraBneH gpoccesib € pyHHbIM PErY/IMPOBaHNEM.
B oaHOM Koprnyce € ApoccenieM CKOMMOHOBaH 06paTHbIN KnanaH, WyHTK-
pyroWMiA Apoccenb, MO3BONSIOWMIA yNpaBasTe NMOTOKOM MWL B OAHOM
HanpaeneHun. [ipoccesib coOAepXXUT NOANPY>XXUHEHHBIM 30M10THUK 6, 0bpa-
3yOLWMIA C KOPNYCoM 1 ApOCCEnVpYIoWMiA KaHan. 30/10THMK NepeMeLlaeT-
€S BAO/b CBOEN OCW, MpedoXpaHsieTCs OT NOoBOpoTa LWTMGhTOM B nasy
kopnyca. MNMpu noBopoTe nMMba 4, HUKCMPOBAHHOIO BUHTOM 5, CBA3AHHbIN
C HUM WTUGT B KpbIWKe .3, BXOASALMIA B BUHTOBYK KaHaBKy 30/10THMKa,
obecneunBaeT OCeBOe CMeLleHWe 30/I0THUKA 6 W, CriefoBaTenbHO, usme-
HeHve nnowaan NPoOXOAHOro CeveHusi, APOCCENUPYIOLLEro NoToka u3s nu-
Hun A B nnHuiO B.

YTeuku oTBOASITCS B APEHAXHYO NonocTb U iMHuio L. O6paTHbIi
KnanaH 2 nopkaT K ceany AaBfeHNEM XUAKOCTU U MPYXXUHOMN.

D
NN
NN

L

a)
Punc.3.32. ipoccenb ¢ obpaTHbIM KnanaHoM Tvna [K:
a— KOHCTPYKUMS; 6 — YCNOBHOE U306paxxeHne

Mpu ob6paTHOM HanpaBfieHMM MOTOKA OTKPLIBAETCS 0BpaTHbLIN
knanaH 2 n pabouyas XMAKOCTb MO KaHany knanaHa 2 ceoboaHo nocryna-
€T B KaHan, LWyHTUpys Apoccenb. [poccenn MMeloT pe3bboBoe unu CTbl-
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KOBOE npucoeanHeHune [4]. O6beanHeHneM aByx apoccenen AK B ogHOM
Kopryce WM WUCMOMHEHWEM HA KOpryce ABYX CTbIKOBbLIX M/IOCKOCTEN MOMy-
yatoT gpoccenb AKM ans MoaynbHOro MOHTaxa. MoaynbHbI MOHTaX
6onee nepcnekTuBeH, TaK KakK MO3BOMSET YCTaHaBAMBaTb pa3fvyHble
rmpapoannapartbl OAMH Ha Apyroi 6e3 rMApOMHUM U pe3bboBbIX CoeanHe-
HWI. Takol apoccent MO3BOMSIET OCYLIECTBNSATb ABYXCTOPOHHEE Yynpas-
NeHue ruapoasuraTenem no CKOpoCTy.

Opoccenn Tuna KBMK Ha 6a3e KOHCTpykTUBHOM cxembl K ycTa-
HaBMBAIOTCS HEMOCPeACTBEHHO B Tpybonposoge [31].

MNyteBble apoccenu Tvna MAO, nonyyas BHeLIHee CUIOBOE BO3-
AENCTBME OT MOABMXKHBLIX YNOPOB, UMEIOLMX 3aAaHHbIM npodunb, obec-
neynBaloT 3aMefNeHHOe ABMXEHUE WCMOMHUTENbHbIX MeXaHW3MOoB, Ma-
Nble CKOPOCTU U UX BbICTPbIN BO3BPaT B UCXOAHOE MOJSIOXKEHUE.

AHanu3 gopmynbl (3.44) pacxoaa Yepes Apoccenb MOKasblBaeT,
YTO NpM €ro NOCTOsSIHHOW HacTpoiike (S=const) pacxoa Macna 3aBUCUT OT
Ap. TocKonbKy B 3aBMCMMOCTU OT PacrosioXeHNs Apoccenst OTHOCUTENb-
HO WCMONHWUTENBHOrO MexaHu3Ma [aBfieHue A0 WKW nocsie Apoccens 3a-
BMCWUT OT Harpysku, MeHsIeTCs nepenas AaBfieHns Ha Apoccene U, Kak
CneacTBue, — pacxod U CKOPOCTb ABWXKeHUs pabouyero opraHa. Bo3Huka-
0T 60NblUMe 3aTPyAHEHUS MPWU NOSYYEHUM ManblX PacxoAoB MpU 3HaAYU-
TeNbHbIX U HecTabunbHbIX Nepenagax aaeneHns (Qqpmin= 0,6 N/MUH).

3.3.2.2. Perynsatopsbl NOTOKa

HenocTtaTkuy, npucylumMe ApoccensiM, YCTPaHAIOT PEry/ISTopsl pac-
Xx04a (roToka), KoTopble NpeacTaBAsatoT KOMOMHALIMIO IPOCCENs C peryns-
TOPOM  [aB/ieHuns, NoAAEPXKMBAKOLLNM MOCTOSIHHBIN HEBbICOKUI
(0,2-0,3 MIMa) nepenap AaBNEeHWUS Ha OPOCCENUPYIOLLEM MPOXOAHOM Ce-
YeHuu.

Mpu ykasaHHOM Ha puc.3.33, & HanNpaBEHUN ABUKEHUS KUIKO-
cTM Mexay nonoctamu I v B co3paetcs nepenaa Aasnenus. Ecnu paene-
Hne B nonoctn I U3MEHUTCHA, TO 3TO BbI3OBET MIrHOBEHHOE W3MEHeHue
AaBneHna U B NONOCTU E, BCneacTBne 4yero 30JI0THUK 4 Ha4yHeT nepeme-
LATbCs, MEHSIS CONPOTUBNIEHME WenM B oo Tex nop, noka AaBneHue B
nosnioct b He CTaHeT COOTBETCTBOBAaTb HACTPOEHHOMY MpyXWHol 3. MNo-
BbllLleHNE AaBJieHUA B MONOCTU [" BbI3bIBaeT nepeMelleHne 30/10THUKa 4
BBEPX, YMEHbLLEHNE — BHU3.
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Pwnc.3.33. Perynatop notoka tmna 55-2: @ — KOHCTpyKuus; 6 — yCroBHOe M30bpaxkeHune

B cnyyae uaMeHeHus AasfneHust B NOMAOCTM [ TakKe HapyLumTcs
paBHOBeCME 30/10THMKA 4. ECnn 3TO AaBneHWe MnoBbICUTCS, TO, BO3AEW-
CTBYSl COBMECTHO C MPYXXWHOM Ha BEPXHWIA TOPEL, 30/I0THUKA, BbIHYAUT
€ro NepemMecTuTbCs BHWM3, YTO, B CBOK O4Yepenb, YBEIUUUT AaBfeHue B
nonoctM b 3a cyeT yBENMYEHMS XMBOrO CeYeHUs (YMEHbLUEHUS COMpo-
TUBNEHMA) wWenu B. HeTpyaHO 3aMeTUTb, YTO YMEHbLUEHWE AAB/EHUS B
nonocTtun [l BbI30BET NepeMeLLeHne 30/10THUKa 4 BBEpX.

KonebaTenbHble ABUXEHWUS 30/10THMKA 4 6yayT NpoaosmKaTbCs A0
TEX Mop, Nnoka OH He 3aliMET TaKoe MOJIoOXXEHNe OTHOCUTENBHO Kopnyca 1
YCTPOMCTBA, NMpU KOTOPOM 06eCneumnTCsl MOCTOSIHCTBO MNepenaaa AaBieHni
Ha ppoccene E.

Mpn MeaneHHO NpoTeKaloLeM NpoLecce perynnposaHust ycriosme
paBHOBECUS 30/I0THMKA PEAYKLUMOHHOMO KiarnaHa MoXeT 6biTb 3anncaHo B
cneayroLeM Bnge:

p,=p,F+P

np

(3.45)
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4PHp
Ap=p,—-p,= D’ (3.46)
roe pp, — peayumpoBaHHoe AasneHune (B nonoctv b), Ma; p, — AaBneHve B
kaHane oteoga (B nonoctn ), Ma; F — adpdektnBHas nnowaab
30/10THUKA PefyKUMOHHOro knamaHa, M% Pn, — ycunve npyxu-
Hbl, H.

MockonbKy nepemelleHns 3010THUKA 4 pedyKLMOHHOro KianaHa
B Mpouecce perynupoBaHUs O4eHb Masbl W Bbi3blBAKOT /LWL HE3Ha4u-
TeSlbHble MPUPALLEHUS YCUMUIA MPYXXWHBI, TO MpaByld YacTb PaBEHCTBA
(3.46) B NepBOM NPUBANKEHUN MOXHO MPUHSATH BESIMUMHOWN MOCTOSIHHOM.
CnepoBaTesibHO, B Npeaenax NpUHATLIX AONYLLEHWI Nepenaabl AaBeHUs

Ha apoccene 2w ero pacxos 6yayT NOCTOSIHHbI.

3.3.3. CMHXPOHM3aLMS ABVKEHUS]
KMHEMATUYECKUX pa3BETBEHHbIX LiEnel

B nmpakTuke MalMHOCTPOEHWS UM 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 MPUMEHSAIOTCSH MTMAPOMEXaHNYECKUIA U TMAPaBIMYECKMA CNOCObbl CUH-
XPOHM3aLMMK.

ugpomexanmnyeckmyi crioco6 [11]. B kayecTBe NpUBOAHOMO 3ne-
MEHTa B YCTPOWCTBAX WMCMONb3yeTcs rMApoABUraTesb, @ COrfacoBaHHOE
[BWKEHME UCMOMHUTENbHBIX MEeXaHU3MOB obecrneumBaeTcs pbluaramu,
TAramu, 3ybuyaTbiMK Koflecamu, T.€. XXECTKUMM CBSI3IMM U MNepeaadvamu,
YTO MO3BONAIOT MOMYYMTb GOMbLLYI0 TOYHOCTb B COrMIaCOBAHHOM [BMXeE-
HUM UCMONHUTENbHBIX OPraHoB, OJHAKO MexXaHWM3Mbl TAKOro pofa rpo-
MO3[KM, TPYAOEMKU B U3rOTOBMEHWUM U B psfie CTy4aeB He SKOHOMMWYHBI.

Tugpasmyeckmi criocob. CUHXPOHM3auMsl MpU MOMOLWM TMapo-
ABurateneit nonyynna 6onbluoe pacnpocTpaHeHne, Tak Kak 3HauMTeNbHO
YNpoLLaeT pelleHne 3aa4 CMHXPOHMU3aLUMK, NO3BONSIET HEPEAKO ANS 3TOM
Luenn MCrnonb30oBaTb TOMbKO HOPManM30BaHHYO annapatypy. OpHako
rmapaBnMyeckne yCTpOMCTBa CO3AAOT PasfIMYHYIO CTeneHb TOYHOCTM B
COornacoBaHHOW paboTe HEeCKONbKUX rMapoaBUraTenieil, Mexay KOTOpbIMM
HET XXECTKUX CBSI3EN.

[lns 3TOro NpUMMEHSAOT aBTOMaTUYECKM AEWCTBYIOLIME ApOCCeSb-
Hble ycTpoicTBa [23]. KOHCTPYKTUBHOE MCMOSTHEHME UX MOXET 6biTb pas-
NINYHBIM, HO NPUHUMN AeNCTBUS oaMHakoB. OH COCTOMT B NOAAEPXXaHWUM
Ha perynupylowem gpoccene MOCTOSHHOMO nepenaga AaBfeHusi C MoMOo-
WbIO TMAPABAMYECKN YMPaBisSieMoro KnanaHa. bnarogaps noctosiHHOMYy
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nepenagy AaB/ieHWs] HA OAHOM WM HECKOJIbKUX ApOCCensx crabununsunpy-
€TCS OAMH WIN CUHXPOHW3UPYIOTCS HECKOMbKO MOTOKOB >XMAKOCTY.

bonee TOYHYID CMHXPOHM3ALMIO MOXHO MNOMYYUTb, MPUMEHSS
apoccenb ¢ perynsatopoM Tuna 55 (puc.3.34), KOTopblli MEHEE YYBCTBU-
TeNneH K U3MEHEHMWIO Harpy3kv W pasHuue B Harpyskax. [na nonydeHus
CUMHXPOHHOIO ABWKEHUS1 B 060MX HanpaBneHUsX MOXET OblTb peKOMeH-
[JOBaHa cucTema, npueeaeHHas Ha puc.3.34. UunuHapel 6 n 9 noasepxe-
Hbl pa3nyHbIM HarpyskaM Gi n Gz, @ MX UCMONMHUTESNbHbIE MEXaHM3MbI
NULLEHDBI XXECTKUX CBSI3EN.

£ vf 02

HY L

Puc.3.34. CuHXpoHM3aumMs rMapoUMnvHAPOB Npy NOMOLLUM perynstopos
pacxoga npv napanfienbHOM NOAKIYeHNN

PerynaTtopbl pacxoaa /1 8 (tuna '55) noaknoyeHsl B MOCTOBYHO
cxeMy, obpa3oBaHHyl0 obpaTHbIMK KnanaHamu 2, 3, 4, 5w 10, 11, 12, 13.
Mo3TOMYy, HE3ABUCMMO OT HarpaBfeHWs ABWXXEHUSI MOPLUHEN, >XMAKOCTb
yepes perynsatop Bcerga npoxoauT TOJIbKO B OAHOM HarpasiieHnu.

Mpy noabeme NopLUHEN U3 LUTOKOBBIX MOOCTEN LUMAMHAPOB 61 9
XUAKOCTb BbDKMMaeTcs K pacnpefenutento 1 v fanee B 6ak yepes anna-
patbl 6-2-7-4-1 n 9-13-& 11-1. ToABOA XMAKOCTU NPU NogbEME MPOUCXO-
[UT OT pacnpeaenuTens Yyepes obpaTHbIM KnanaH annapaTta 14
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Mpn nepeknoyeHnn 3010THUKA B pacrpeaenuTene B NonoXxeHne
a nocne pacnpeaenutens XWAKOCTb K UWAWHAPaM NOABOAMTCS MO ABYM
HanpaeneHuaM Yepe3 annapatbl I-3-/-5-6 w 1-12-8-10-9. TpoucxoauT
orycKaHue NnopLuHei.

K HWKHMM MONoCTaM UMAWMHOPOB MOAK/OYEH annapaT 14,
HaMoOPHbIN 30/I0THUK KOTOPOro CO3AAeT NPOTUBOAAB/EHME, HEObXoAMMOe
ANS NpefoTBpalleHnst CKauykoobpasHOro nepemMeLleHus npu onyckaHum
nopLuHei. PacnpeaenuTtenb C 3aKpbITblM LEHTPOM MO3BOASIET OCTaHOBUTb
MOPLUIHM B /IIOOOM MONOXKEHNM.

[envTenem notoka Ha3blBAaeTCA KianaH COOTHOLIEHUS PacxoaoB,
npeAHasHaYeHHblil AN pasaeneHusl OAHOro MoToka paboyei >XUAKOCTU
Ha ABa 1 bonee paBHbIX NMOTOKA HE3aBUCMMO OT BEMUYMHBLI NPOTUBOAAB-
NEHUs B KaXKAOM U3 HUX. [lenutenu notoka NnpuMeHsIioT B ruaponpuBoaax
MallMH, B KOTOPbIX TpebyeTca obecneunTb CUHXPOHWU3ALMIO ABUXEHUS
BbIXOAHbIX 3BEHbEB MapannesibHoO pa60Ta|ou.w|x rm,qpo,qsmraTeneﬁ, npe-
0[0/1EBAIOLLMX HEOANHAKOBYIO Harpy3ky [36].

lﬁ lﬁ

——=
T
B)

Puc.3.35. lenuTens nNoTtoka: @— NpUHUMMNMaNbHas cxeMa; 6 — ycrnoBHOe 0603HadeHue;
B — yCnoBHoe 0603HaveHne cymmaTopa noToka
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Jenutenb notoka (puc.3.35) cocTouT U3 ABYX HeperynupyeMbix
apocceneit 1 v AByX Apoccenei 2, NpoXoAHble CeYEHWsI KOTOPbIX MOryT
aBTOMaTUYECKN U3MEHSTbCA 6rarogaps nepemellenuto nayHxepa 3. Mpu
paBeHcTBe Harpysok (F1=F;) v nnowapeit noplHel rMapoLMINHAPOB
[aBneHve P1=pP2, nepenag Aaenenus Ap=(ps—Ps)=0, nnyrxep 3 nenute-
NSl 3aHUMaeT cpefiHee MONIOXKEHUE, a pacxoabl B 06enx NUHUSX OAMHAKO-
Bble. ECniv Harpy3ka Ha oauH M3 NobbIX rMapoaBuUraTeneil U3MeHUTCsl, To
noa AeCTBMEM BO3HMKLLIEro Mepenaga AaB/eHus y NayHXepa AenvTens
OH HayHeT CMeLlaTbCs U3 CpeaHEro NoMoXeHUs, U3MEHSS OAHOBPEMEHHO
npoxogHble ceyeHust apocceneir 2. MNepemelleHne MpeKkpaTuTCs, Koraa
[aBNeHns P3 U Ps BbIPaBHAIOTCSA. B 3TOM NONoXeHuu niyHxepa pacxogbl
B o0benx BeTBaAx O6yayT oAuHakoBbiMKM. Takum obpasoM, noaaepxaHue
paBeHCTBa pacxofoB B 06enx BETBSAX OCYLLECTBASETCS 3a CYET Apoccenun-
pOBaHWsl MOTOKa B TOWN BETBW, FAe MMAPOABUraTeNb Harpy>XeH MeHbLLE.

OpHa M3 KOHCTPYKUMI AenUTENbHbIX KfanaHoB, MosyYuBLUast
LUMPOKOE MPUMEHEHWEe B MAaLUMHOCTPOEHUM, npuBefeHa Ha puc.3.36.
B knanaHe n3 oTBepcTNs 13 XUAKOCTb MapanfefnbHbIMU MOTOKaMu yepes
KonbueBble Wenn 12 u 14 paBHOrO CeYeHUs HanpaBnseTcs COOTBeT-
CTBEHHO K NonocTtaM 11 n 151 panee yepe3 Apoccenupylowme wenm 5u
8, obpa3oBaHHble KPOMKaMu 30M0THWKA I U OTBEPCTMSIMM BO BTYNKE 3,
cnegyeT K OTBEPCTUSM 6 U 7, KOTopble MOAKIOYEHbI K unnuHapam. MNono-
ctm 2w 10 npu noMowm oTBepcTuii 4 U 9 B 30/1I0THUKE I COEAMHEHbI C
KONbLEBbIMU WensMn 12 un 14. Npyn 0AMHAKOBbLIX Harpy3kax B LMANHAPaX
BO3HWKAIOT paBHble AAaBNEHUs1 B BbIXOAHbIX OTBEPCTUSIX 6 U 7 U B MNOMO-
crax 2 n 10, bnarogaps YeMy 30/0THUK [ yCTaHaBNMBaeTCa B CpeaHee
NnonoxeHue.
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Punc.3.36. KoHCTpykumsa aenutens notoka ¢ 6anaHCcMpoBOYHbIM 30/I0THUKOM
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Ecnu paBneHve B ogHOM M3 MarucTpanei (Hanpumep, coeanHeH-
HOW C OTBEPCTUEM 6) NOBLIWAETCS (M3-3a YBEIMYEHMSI HArpy3ku Ha nop-
LWeHb), TO BO3PACTaeT TaKKe AaBNEHME B KOSbLEBOM LWenu 14 u ogHo-
BPEMEHHO C 3TUM B OTBEPCTUM 9 U NONOCTU 10, 4TO BbI3bIBAET OTXaTune
30/10THUKA 1 BNEBO, YBENNYEHUE NPOXOAHOr0 CeYEHUs LWenn 5 U yMeHb-
LUeHMe ceyeHuns Wenu &, AaBneHne B NonoctTu 15 noHwxaeTcs, a B Nono-
CTU 11 NoBblWAETCq A0 TexX Mop, rnoka nepenag AaBfeHus Mexay noso-
CTaMKN 151 13 He ypaBHOBECUTCS nepenagoM AaBieHus Mexay nonocTs-
MM 11 n 13. PaBeHCTBO nepenajoB AaBfeHUS MexXay BXOAHbIM M BbIXOA-
HbIM OTBEPCTUSAMU MPUBOAMT K pasgeneHuto obliero noToka Ha AiBe pas-
Hble YacTu.

B HeKoTopbIX APYruX WCMOSIHEHUSX AENUTENb MOTOKAa MOXET
Takxke bblTb 1 CyMMaTOpPOM NOTOKAa. B 3TOM ciyyae B NOABOAUMBIX K HEMY
ABYyX TpybonpoBoaax noAAepXMBAETCS MOCTOSIHHBLIN pacxos pabouyeit
XKNAKOCTH.

3.3.4. YcTpolicTBa Anst OpraHM3aumMm U KOHTponst paboyero uuknia
MEXaHU3MOB aBTOMaTM3NPOBAHHOMO TEXHOMOrMYeckoro obopyaoBaHmMs

Perne fas/ieHns NPUMEHSETCS AN NOCNeA0BaTENIbHOrO BKIOYe-
HUS MW BbIKNIOYEHUS OTAENbHbLIX UCMOTHUTESbHBIX OPraHOB MalUMHbI U
ANS AMCTAHUMOHHOro ynpasneHus [21]. Pene gaBneHus MoxeT obecne-
YWTb KOHTPOJb 33 AaBMEHMEM B IMAPOCUCTEME C MOAAYEN SNIEKTPOCUIHA-
na, CBMAETENbCTBYIOLEro, HanpuMep, 0 Neperpyske CUCTEMBI.

B HmxHel yacTtu kopnyca 1 (puc.3.37) npu noMoLum Konbla 6 3a-
KpenneHa membpaHa /. BHyTpu konbUa Ha MeMbpaHe yCTaHOBNEeHa Lwaki-
6a 5, K KOTOPOW C MOMOLLbIO MPY>XUH Yepes3 ceanio 3 npuxkaT pblyar 4.

Ha npaBoM koHLe pblyara MMeeTCs BUHT, YNMPaoLMIACS B KHOM-
Ky nepeknoyatens 9. Macno noasoautca K kamepe 8. Ero pgaeneHue
YpaBHOBELIMBAETCS MPYXWUHOW, perynupyemoit BuHTOM 2. Mpu nosbiwe-
HUM aaBneHns macna membpaHa aedopmupyeTcs v NpUnoaHUMAET Mnpu
NMoMoLLUM Wanbbl 5 pblyar 4, npaBblii KOHELL KOTOPOrO BO3AEMCTBYET Ha
KHOMKY MUKpOnepeksoyvaTens.

C mMoMeHTa Havyana aedopmaumm MeMbpaHbl 7 O MOMeHTa cpa-
6aTbiBaHUS pene, T.e. 4O MOMEHTa BKJIIOYEHUS MUKponepeknoyaTens 9,
NpOV30MAET YBENNYEHNE [AB/EHMSI, KOTOPOE XapaKTEpPU3YeT HEYYBCTBU-
TeNbHOCTb annapara:

AlLc

A : 47
P =5 (3:47)
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roe AL — nepemelueHve pbiyara, HeobxoamMMoe Ans BKIOYEHUS MUKPO-
nepeknoyarens, M; £ —akTMBHas nowaab MeMbpaHbl, M2,

HeuyBCTBUTENLHOCTb pene AaBfeHns pasfiMyHbIX TUMOpPa3MepoB
konebnercs ot 0,3 go 1,0 MlMa. KoHTponupyeMoe faBfeHue HaxoauTcs B
ananasoHe ot 0,5 oo 32 MMa.

uapasmyeckoe pese BpemeHyu (MNN rmapoknianaH BblAEpXKKK
BPEMEHWN) — 3TO HaMpPaBAAOLWMIA rMapoannapat, NpeaHasHaYeHHbIn ans
nycka MM OCTaHOBKM NOTOKa paboyelt XUAKOCTM Yepe3 3adaHHblii npo-
MEXYTOK BPEMEHM Mocne noaayn ynpasnsiolwero curHana. Mvapaenuuye-
ckune pene sBpeMeHu (puc.3.38) npumeHsaoTcs ans obecnedeHus onpeae-
NEHHON BLIAEPXKKM BO BPEMEHW MEXAY Pa3fIMYHbIMU LMKIaMu cpabaTtbl-
BaHWSA UCMONHUTESIbHBIX MEXaHW3MOB MaLUMHbI.

Pabounit UMK rmapoksianaHa BKIYaeT B cebsi 3apsiaky yCTpoun-
CTBa OnpeaeneHHbIM 06bEMOM XUAKOCTU, BbIAEPXKKY BpeMeHU (BbICTOM
WCMOSTHUTENBHOrO rMapoABUraTens) u noaadvy >XUAKOCTU K ABUraTenio.

3apsihkaeTcsl YCTPOMCTBO NMpUCOeAMHEHNEM OTBepCTUS [ K CMBY,
a nonoctn b — K UCTOYHMKY NnUTaHWA. [aBneHneM XuakocTu, nocTynue-
len B nonoctb b, 3010THUK 6 Apoccenst NepeMellaeTcs BnpaBo A0 TeEX
nop, NoKa He COeAMHUT Yepe3 OTBepCTME B 30/10THMKE 3Ty MOSOCTb C No-
noctbio A. MNoa AENCTBUEM AABNEHMUS XMAKOCTU B MOMOCTM A 30/10THUK 3,
OKMMas NpPYXWHY 2, NepeMeLlaeTcs BHU3 40 ynopa B nNpobky & un pa3ob-
LaeT Npu 3TOM NPOTOYKM B KOpnyce I, K KOTOpbIM MpUcoeanHEHbI KaHa-
nbl [ v E. N36bITOK paboyeit >XMAKOCTM YAANSETCS U3 APEHAXXHOro oTBep-
ctua XK.
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Puc.3.37. Pene paBnenus 62-2: a — KOHCTpyKUMs; 6 — ycnoBHoe 0603HaveHne
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Puc.3.38. M'mapoknanaH Bbiaepxkn BpeMenn Tuna PB-100: a — koHCTpyKumst; 6 — NpuH-
uMnuanbHas cxema (W—obbeM nonocTu, R—conpoTueneHune, v—CKOpocTb cpabaTbiBaHNs)

Mo npuHUmMny paboTbl pene BpeMeHW AensdTCs Ha ApOcCenbHble U
obbeMHble. Ha puc.3.38a AgaHa KOHCTPYKTMBHasi Cxema pene BpeMeHu
o6beMHOro TMna, a Ha puc.3.386 — ero NpMHUMNKUanbHas cxema.

Linkn BblAEPXXKU BPEMEHW HAYMHAETCA C MOMEHTa NoABOAA Xua-
KOCTU K 0TBepCTUiO 1, OTKyAa OHa Yepes CUCTeMy OTBEPCTMIA NOCTyNaeT B
nonoctb ' 1 nepeMeLlaeT 30/10THUK 6 ApOCCens BNEBO A0 CONPUKOCHOBe-
HMS € YNOPOM 5. 30M0THUK MpW 3TOM OTKPbIBAET APOCCENUpyowme LWenu
NS 0TBOAQ@ >XMAKOCTM U3 NOMNOCTU Haj 30M0THUMKOM 3 B Monoctb B u aa-
nee Ha cnue. ocne BbITECHEHWUS O06beMa XMAKOCTU Hag 30/10THUKOM 3
coobLaroTcs Mexay coboit MpoToukM B KOpryce, a CleaoBaTenbHo, U
kaHanoel [1 un E. MNMOTOK »XMAKOCTU U3 KaHana E HaumMHaeT noctynatb K no-
Tpebutento. PerynupyeTcs BblAepXXKa BpeMeHW MOBOPOTOM numba 4
DTUM U3MEHSIOTCS MOMOXEHWE YMopa 5 W Mnnowaab XWBbIX CEYEHUM
[ApOCCenVpytoWmMX LWenel, co3haBaeMblX 30M10THUMKOM 6. OuepepHasi 3a-
psiika pernie MOBTOPSIET UMK B TOW e mnociefoBaTesibHocTh. B nepuoa
3apadKky A0 Hadana BblAEPXKW BPEMEHU MOTOK XWUAKOCTM 4epes OTBep-
ctue E, obpaTHbIi knanaH 71 oTBepcTue [l NoCTyrnaeT Ha C/uB.

[aBneHve 3apsgkv MOXeT HbiTb MOCTOSIHHBIM, HO AOMKHO 6biTh
Ha 0,4-0,5 MIMa mMeHblle AaBneHMs UCTOYHMKA NMUTaHKS, NOACOeAMHEHHO-
ro K oreepcrtuio [.

Bpems BblAEPXXKW pene AaBfeHns paccumTbiBaeTcs no opmyne:
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3 U

8uf .G,
roe d, H — COOTBETCTBEHHO AMAMETP M XOA4 MOPLIHA UMAWHAPA, M;
u, fp — KoadduumeHT pacxopa M nnowaab OTKPLITUS Apocce-

ns, M2 Gyp — younue npyxuHsl, H.

YcrposicTBa nyTeBoro yripassieHus. Xapaktep npouecca TopMo-
XeHus apuratens (NOpLUHS CanoBOro UWAMHAPA) aHanornyeH onucaHHo-

My, €CiM MPUMEHUTb 4SS 3TOW Uenu oceBoW ruapoapoccens Tuna [0
(pnc.3.39).

(3.48)

i -

a) 6)

Puc.3.39. OceBoli ruapoapoccens [O: @ — KOHCTPYKUMSI; 6 — YCIIOBHOE M306pakeHune

YnpaBnsetca ruapoapoccesib Kynadkamu, KOTopble KpensT K no-
ABMXXHOMY OCHOBAHUIO CTaHKa, MallWHbl Mpu YCTAHOBKE ruapoapoccens
Ha NOABWXHOM 3/fIeMEHTEe runapoasuratens WM K NOABWIKHBLIM LUTOKaM U
LMNnHApaM nNpu HENOABWMXKHOM Apoccerne.

Pabouas xunakoctb NoABOAMTCS K ApPOCCento yepe3 oTBepctue A 1
oTBOAMNTCA 4depe3 oTeBepcTMe b. Korga Kynayok yripaBfieHUst HaunmHaeT
BO3/ECTBOBATb Ha PONMK 7 pblyara 6, TonkaTeslb 4 nepeMeLlaeT 30/10T-
HMK 2 BMNpaBO W yMeHblUaeT ceyeHue (YBenMuMBaeT COMpOTUBIIEHUE)
ApoccenvpytoLleit Wwenu, 06pasoBaHHON NPOTOYKON B Koprnyce I U NiyH-
XKEpOM 30M0THUKA. lpu OTBOAE Kyfnadka MpyxwuHa 3 BO3BpalaeT 30-
NOTHMK B KpalHee feBoe MOMOXeHUW A0 ynopa 6ypTa TonkaTtens B
KpbILWKY 5. YTeUkn cnmBaroTcsa Yepes oteepctue B.
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3.3.5. YcTpoiicTBa ynpaBneHns HanpaBieHUEM BUKEHMS,
OCTaHOBOM M MOOXEHNEM UCTIONTHUTENbHBIX MEXaHW3MOB

3.3.5.1. Hanpasnsiowme pacnpeaenyreny 3070THUKOBOro Tuna

PacnpegenvTenbHble YCTPOMCTBa NMpeaHasHayeHbl ANns noaBoAaa,
OTBOAA, W3MEHEHMUSI HampaBfeHWsl ABWXXEHWUSI UM MEPEKPbITUS MOTOKa
paboyeit XnaKocTu.

Mo KOHCTPYKTMBHOMY MPU3HaKy pa3finyatoT YCTPOMCTBA 30/10THU-
KOBOr0 M HE30/I0THMKOBOro Tuna. Mepsylo rpynny MOXHO Knaccuduum-
pOBaTb Kak 30/10THUKOBbIE, KPAHOBbIE U KanaHHble pacnpefenuTenu.

K pacnpeaenutensMm He3010THUKOBOMO TUMA OTHOCAT YCTPOMCTBA
CO CTpYW/HOI TPYBKOW M TNA «COMMO — 3aC/IOHKa».

Hanbonbliee npuMeHeHve nonyyYvMny pacnpefenvreny 30/0THU-
koBoro Tuna [19, 28, 36]. PacnpeaenuTeny LWMPOKO MPUMEHSIIOT B Kade-
CTBE YyNpaBnsiowmMX yCTPOWCTB U B CNeasLeM rmaponpuBoae.

KnaccuduumpytoT pacnpegenutenn Takxke no crnocoby ynpaene-
HUSI, MO KOMMYECTBY NO3WUMIA ((bUKCMPOBAHHBIX MOSIOXEHWUI pacnpeaenu-
TENbHOMO 3MEeMEeHTa) U KOMWUYECTBY MMAPaBAMYECKMX NIMHUA CBA3WU (NK-
HEWHOCTb).

B 30M10THMKOBbLIX pacrpefenuTensx YnpaBnsiloWwmnii SNeMeHT —
nayHxep 6 umeeT B kopnyce 3 okHa I, 4, 8 Ans noasoja W OTBOAA XuUA-
koctu (puc.3.40), KoTopble coeanHeHbl KaHanamu 2, 5u /.

B kpaHoBbIX pacnipegenutensix (CM. puc.3.42) XuakocTb pacrpe-
JensieTca nyTeM nNoBopoTa Npobku kpaHa 2. Yncno no3uumnin pacnpeaenu-
Tens — 3TO KOMMYECTBO (PUKCUPOBAHHBIX MOSIOXEHWUIM 30M10THUKa (ABYX-
TPEeX, MHOOMO3ULIMOHHbIE pacrpeaenuTeni).

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

PacnpesenvTenn MoryT 6biTb MPSAMOro M HENpPSIMOro AENCTBUS.
B pacnpeaenutensix NpsMoro AeNCTBUS YNPaBSItOWMIA BHELWHWI CUrHan
AeNCTBYET HEMocpefACTBEHHO Ha pacrnpeaenuTesibHbIA 31EMEHT, B pac-
npeaenuTensx HenpsiMoro AeWcCTBMS (ABYXKACKagHbIX) BHELHWA CUrHan
[eNCTBYeT Ha pacnpefenvTeNbHbll 3NeMeHT Yepe3 AOMOSHUTENbHOE
crneumanbHoe YCTPOCTBO (CEPBOYCTPOICTBO).
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Puc.3.40. 3010THUKOBbIA pacnpeaenuTesb C PyYHbIM yrpaBieHUeM:
& — nNpuHUMnNuanbHas cxema; 6 —ycnosHoe obo3HaveHne

B pacnpepenutensix ¢ ruapaBnuyeckum ynpaeneHuem (puc.3.41)
B KpbILUKaX, 3aKpblBaKOLWMX KOPNYC pacnpegenuTens I ¢ TOpUOB, BbINOS-
HeHbl Apoccenu 3, 4, WyHTMPOBaHHble 0bpaTHbIMK KnanaHamu 5, 6. MNpu
nojaye ynpaBnsOWEro cUrHana noa feBbli TOpeL, pacrnpeaenuTenst pa-
604ast XXMAKOCTb U3 yrNpaB/sitoWeNn MarucTpanum yepes obpaTHbI KianaH
5 nocTynaet B NeBYO MOMOCTb 30/10THUKA 2, NepeMeLlasl ero B npaeoe
nonoxXeHue. Bpemsa nepeksitoueHnst onpeaensieTcss HacTPOMKOM Apoccens
4, yepe3 KOTOPbIN XWAKOCTb CIMBAETCS U3-MOA MpaBoro Topua. 3To UC-
K/l04aeT BO3MOXHOCTb BO3HUKHOBEHUSI rMAPaBINYECKOro yaapa B cucTe-
Me Npu NepekioyeHnn U yaapbl NiayHKepa O KpbILWKW Kopryca.

Beibop Tuna pacnpenenutenst onpeaensieTcs CpefHuM Mnonoxe-
HWEM M/yHXepa OTHOCUTENbHO paboyunx OKOH. B ¢BA3M € 3TMM pacnpeae-
nuTenu MoryT 6biTh:

@) 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 pacripefenuTensx MNPUMEHSIOTCS Takxe
CXeMbl, B KOTOpPbIX C/IMBHOW KaHa/i WCMOSb3yeTCs KakK APEHaXXHbIA Ans
OTBOAA YTeYeK NMpu CpegHeM MOJSIOKEHUN MITyHXKepa.
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Puc.3.41. 30M10THUKOBLIN pacnpeaenuTenb C rmapoynpaBneHneM:
a — npuHUMnNuanbHas cxema; 6 — ycrnoBHoe obo3HaueHue; A — oTBog;
B — noagoa, paboyeit XnaKOCTY; p — NMHWS HarHeTaHus; T1, T2 — IMHUK CviBa

Ha pwc.3.42 npeacTtaBneH KpaHOBbIM pacrnpeaennTenb ABYXMo3u-
LUMOHHbBIN, 4-NMHEVHbIA Tuna [71-2. BHYTpY Kopryca I, MMEIOWEro YeTbl-
pe BbIXOAHbIX OTBEPCTUS C MUHUMAalbHLIM paauasnbHbIM 3a30pOM, pacmno-
noxkeHa npobka kpaHa 2. OHa UMeeT YeTbIpe BbIEMKU U ABa NepreHanKy-
NSIPHLIX CKBO3HbIX KaHafna &, PacrnofiOXXEHHbIX B pPa3sHbIX MIOCKOCTSX.
Kopnyc KpaHa 3aKpblBaeTCs KPbIWKON 5 ¢ ynnoTHeHEM 6. OT Kynaykos,
3aKpensieHHbIX Ha MOABMXHOM YacTu CToMa UK CynnopTa, NPOU3BOANTCS
aBTOMATUYECKUIA NOBOPOT PYKOATKM 3 M Npobku kpaHa 2. MepekntoyeHue
MOXET OCYLLECTBNATLCA M BPY4YHYO pbidaroM 4. [pu nepekmtoYeHnm ms-
MEHSIETCS HamnpaBfeHne NoToka XUAKOCTU Yepes pacrnpeaenvTenb. Kpai-
HME MONOXEHMS KpaHa PUKCUMPYIOTCS LLIAPUKOBBLIM (DMKCAaTOPOM /.
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Puc.3.42. KpaHoBbIlt 30/10THWKOBLIN pacnpeaenvTens:
a — KOHCTPYKTUBHOE MCMOJTHEHWE; 6 —yCnoBHoe 0603HaveHne
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Puc.3.43. YcnoBHoe 0603HayeHWe pacnpeaenuTeneit: @ — TPEXNO3ULMOHHbIA PEBEPCUB-
Hbli 4-NIMHEWHBIM C PY4YHbIM YMNpaBReHWeM; 6 — TPEXMO3WULMOHHBIA PEBEPCUBHbIN
4-NIMHENHbINA C 3NEKTPOMarHUTHLIM yNpaB/ieHUEM; B — ABYXMO3ULMOHHbIV PEBEPCUBHLIV
4-fIMHeNHbIN C rMapaBNMYeckUM yrpaBsneHueM; 1 — pacnpeaenurenb; 2 — pbluar ynpas-
NeHust; 3 — NPYXXWHA; 4 — YNpaBnstoWMIA 3NEKTPOMArHUT; 5 — Apoccenb perynmpyeMbilii;
6 — knanaH obpaTHbIf

Ha puc.3.43 npeacraBneHsbl BapuaHTbl YCIIOBHBIX CUMBOSIMYECKUX
0603HaYEHNI TPEXMO3MLIMOHHOIO 4-NIMHENHOIO PEBEPCUMBHOIO pacrpeae-
MTENs C pasfiMyHbIMKM crnocobamm ynpasfeHust: pydHbiM (puc.3.43, a),
3M1EeKTPOMarHUTHbIM (pnc.3.43, 6) M ABYXMNO3ULMOHHOIO C ruapaBnanye-
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CKMM ynpaBneHuneM (puc.3.43, B) AN peryinpoBaHns BPEMEHN NepeKio-
YEHWsI MOTOKOB pPaboyeit XXUAKOCTK.

3.3.5.2. YcTpoiicTBa HE30/TIOTHUKOBOIO TUMa

MpakTuka NpUMEHeHUs 30M0THWKOBLIX HamnpaBAsoWMX pacnpe-
AenuTenei BblAeNseT XapakTepHble HEAOCTaTKU: HeobXoAMMOCTb UCMOoS-
HEeHWUs1 6ECKOHTAKTHBIX LIENeBbIX YNIOTHEHUI MOABMXKHBIX COMPSXKEHUN C
MWHUManbHbIMK 3a30pamMu 4-8 MKM, MOABEPXXEHHOCTb 30/I0THUKOBBIX Map
ABNEHUAM 3aLleMneHns u obnutTepaummn, OCIOXHSIOWMX UX YrpaBneHue.
Bonee Toro, Ans ynpaenexHus 60nbWLIMMK pacxofaMu BO3pacTaloLmne reo-
METPUYECKME pa3Mepbl 30/I0THUKOBOWM Napbl 3aTPYAHSIIOT NpsiMOe ynpaBs-
NeHve 30M10THUMKOBBLIM pacnpegenutenem [19, 37]. B 3Tux ycnosusix
NpeanoYTUTENbHbI  pacnpeaenuTenbHble  YCTPOMCTBA HE30/10THUKOBOMO
TUMA «COMJI0 — 3aC/IOHKa» WK «CTpyWHasi Tpybka».

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

YCTPOWCTBO «COMMIO — 3ac/iOHKa» (CM. puc.3.44) ynpaBnsieT asu-
YKEHMEM N NONOXEHUEM LMMHAPA 4 OAHOCTOPOHHErO AEWCTBUS. YpaBHe-
Hue banaHca pacxoda AN YCTPOMCTBa OMUCHIBAETCS Cheaylowmm obpa-
30M:

Q.l :Q1 _Qz =

rae Q, — pacxon pabouein XuakocTv ruapounnuuapa, m’/c; Q — pac-

2 2
B(F’o—p])—ucndy E(pl_pz)l (3.49)

X0A, NOCTyMatoLLWii B LUITOKOBYIO NONOCTb, M3/c; Q, — pacxop, Bbi-
TECHSIEMbI/ U3 LITOKOBOW MONOCTH, M3/C; W, — KOIPULMEHT pac-
xoda; S, — nnowaab CeYeHWs MOPLUIHEBOM MONOCTU, M% p —
MIOTHOCTb paboyeit X1AKocTH, Kr/M3; p, — HavanbHoe faBneHne
conna — 3acnoHku, Ma; P, — AaBneHWe B HarHeTaTesbHOM Moso-
cTv ruapounnuHapa, Ma; p, — Ko3hdUUMEHT pacxoaa aneMeHTa
«COMMO — 3aC/I0HKa»; dy — AMaMeTp YCI0BHOIO Npoxoja 3/eMeH-
Ta «COMIO — 3aC/IOHKa»; [, — AaB/ieHNe B CAIMBHOM NOMOCTW rnAa-
pounnuHapa, Ma.

_ & S

“Ts S

)i I

2
_(p1 - pz) ’ (350)
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rae V, — CKOpOCTb FMAPOLMAMHAPA, M/C; Qy — pacxon Yepes ynpasns-
IOLLMIA 3NIEMEHT «COMMIO — 3aCNOHKa»; S, — MNowaab rmapoum-
nvHApa, M2,

\#] vy,
— X -

],
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Puc.3.44. NpuHUMNUanbHas cxema yCTPOMCTBA TUMA «COMJIO — 3ac/IOHKa»:
1— conno; 2— 3acNoHKa; 3 — ApoccenbHast Wwaiiba; 4 — ruapounnmMHap, 5— npyxuHa
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Puc.3.45. NpuHUMNManbHas cxema yCTPOWCTBA TUMA «CTPyiiHas Tpybka»:
1 — cTpy¥iHas Tpybka; 2— eMKOCTb; 3 — NnnTa; 4— rugpounnvuap; A, B — kaHanbl
YHpaBneHme nepeMeLlleHnEM 3acIOHKHn :l:xy N3MEHAET Qu N Kak
CneacreBue, — Harnpae/IEHNME U CKOPOCTb ABWMXXEHUA ruapounnnHapa. Ons
cnyyast xy=yo, Q1=Qcx, Q1=0 1 v=0.
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HanpaBneHvwe [ABWXEHUS MOPLUHS OMpPeAensieTcs YpaBHEHWEM
6anaHca cun:

F. - an -F +F =0, (3.51)

roe F, — cuna passuBaeMas Ha LWITOKe ruapounnuHapa, H; an - npwu-

BeAEHHble Cunbl conpoTuenenns, H; F — cuna cyxoro TpeHus,

AencTeyowWwas Ha ruapouvnuHap, H; F, — cuna, peicrsyrolas co
CTOPOHbI TEXHOMOMMYECKON Harpysku, H.

pS, =c(ly+L)—F, —ma, (3.52)

rae ¢ — Ko3(MUUMEHT XECTKOCTU MeXaHM4eckon mnoacuctemsl; L, u

L — HayanbHoe n KoHeYHoe nepeMelleHne rmgpounnnHapa, M.
MNpw BbINOHEHUN YCNOBUS:

F > Z F, rmapoumnuHap ABMXETCS CO CKOPOCTbIO V, ;
npn F = Z F. ckopocTb nepemelueHns ruapounnmHapa pasHa 0;
npn F, < Z F. ruapounnuHap ABUXETCS CO CKOPOCTbIO V, ,

roe z F. — cymmapHble cunbl conpoTUBAEHNS, AENCTBYIOLME Ha rMapo-

umnunuap, H.

BO3MOXHOCTM YCTPOMCTBa TWUMNa «CTpyWHasi Tpybka» packpbiBaeT
cxeMa Ha puc.3.45. B McxooHOM (HeWTpanbHOM) MONOXEHUU CTPYWHOI
Tpy6km 1 Ap=0 (xy=0) noTok paboyen >XWAKOCTU pasfensieTcs Ha ABa
paBHbIX MOTOKa, 0becrneurBaloLLMX PaBeHCTBO P1=P2, Npu 3ToM V=0.

B panbHeMweM ABMXKEHME MOPLUHS UMIMHAPa peryupyercs Be-
JIMYMHON W HanpaBneHWeM £xy U ypaBHEHMEeM 6anaHca pacxodoB, nosic-
HSiIeMO€e pacyeTHoM cxemon (puc.3.46):

Qv = Ql _Q22 :VSHI (353)
Ql = Qm - Qcm ’ (3.54)
Q,=Q, Q.. (3.55)

roe Q, — pacxod, waywmii Ha MepeMelleHne MOPLIHA TMAPOLMINHA-
pa, M/c; Q.,, Q,, — pacxoa U3 CTpyWHOW TPybKWU, MAyWwMiA Ha
HarHeTaHue 1S SIeBOM 1 MPaBoW MOJSOCTeN COOTBETCTBEHHO, M3/C;
Q...» Q., — pacxoa u3 CTpyiHON TpybKu, MAyWMIA Ha CAMB Ans
NEBON 1 NPABOW MOJIOCTEN COOTBETCTBEHHO, M3/C.
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Puc.3.46. PacueTHas cxema rugponpueoga

BO3MOXHOCTM ynpaBfieHUs HarpaB/ieHUEM ABUXKEHMS, MOJoXe-
HMEM W CKOPOCTbK IMAPOABMUraTesns MO3BOMSOT KnaccuduumpoBaTb UX
Kak apoccenupytowme pacnpegenuteny [20]. Hanuume npoussoauTenb-
HOMO pacxofa XXMAKOCTU B 3TUX YCTPOMCTBAX OrpaHWYMBAET MX MPSIMOE
yrnpaBneHue notokamn. Hanbonee 3dbeKTMBHBI OHW B MEPBOM Kackaje
HEeNpSMOro ynpaeneHus pacnpegenutensamu. Ha puc. 3.47 nokasaH npwu-
MEp TAKOro pelleHus.

®OyHKUMOHMPOBAHME ABYXKACKAAHOrO YCUNUTENs TuMa «Comnio —
3aC/IOHKa» B 3aBMCMMOCTU OT YNpaBsitOLMX BO3AENCTBUIA €ro YyBCTBM-
TEe/bHbIX 3/IEMEHTOB OMUCLIBAETCS BbIPaXKEHNSAMM:

a) BapuaHT: xy,=1,=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-
UMMHAP NepeMeLlaeTcs Bnpaso);

B) BapuaHT: Yy>0; hi<hy; Qcxi<Qcn2; Q1>Q2 p1>p2; V (rwapoum-
NMHAP NepeMeLLaeTcs BNEBO).

PacnpepenuTtenb HENPSAMOro yrnpaBneHns unnamHapom Il coctomt
U3 ABYX Kackafos: kackaa I peanusyetca auddepeHumnanbHbIM 3neMeH-
TOM «conio — 3acioHka» (C-31, C-32), KOTOpbIA B COMETAHUM C Apocce-
namu Opl 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 YNPaBstoWMMM BO3AENCTBUSIMU
Xy, yy NepepacrnpeaensioT paccTosHUE Mexay COMIOM U 3aC/IOHKON B CO-
oTHowweHum hi/hy, KOTOpoe HapyluaeT paBHOBECHE MOACUCTEMbI, CO3AaBast
nepenaj AaBneHus AP=p1—P2 1 cMellas 30M0THUK P. MocneaHuii — us-
MEHSIET CKOPOCTb MMAPOLMAMHAPA V1, Vo.

3.4. BcnoMmoraTtenbHble 3/1eMEeHTbI rMaponpusoaa

Ans addekTBHOrO hyHKUMOHMPOBAHWUS MMAPOCUCTEM, MOMUMO
OCHOBHOM — HACOCHOW, HanpaBnsOLWEN W perynupytoweid rmapoannapa-
Typbl — Heo6X0AMMO NpUMEHSITb BCTOMOraTeNibHble YCTPOMCTBA, OCy-
LLECTBNISIOLWME XpaHEHWE, MOATrOTOBKY, KOHTPOSb U AanbHEMLee Conpo-
BOXZAEHWe paboyeit XnaKocTu B xofe paboTbl rMaponpueoaa.

YCTPOWCTBa, OCYLLECTBASOWME AaHHble YHKLUMM W MPUCYTCTBY-
lowme B 06O r’MAPOCUCTEME, Cieaytowme:

— unbTpyloLas annapaTypa;
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— TennoobMeHHas annapaTypa;
— KOHTpOnupYytoWwas rmapoannapaTtypa;
— eMKOCTM ANst XpaHeHWs paboyeit KMAKOCTY.

3.4.1. TnapoannapaTypa OYUCTKKU paboueit XnaKocTu

Bbicokue TpeboBaHUs, NpeabsaBseMble K YMCTOTE paboyelt xua-
koctv [12, 14] rmapocucteM 06yCnoBIeHbl CEPbE3HbIM BUSIHMEM 3arpss-
HUTENel, KoTopble HapyLIAOT NepBOHaYasibHbIE XapaKTEPUCTUKN MMapaB-
NMYecKMX annapaToB U arperaTos.

B knanaHHOW M 30/I0THWKOBOM rMApoannapaType 3arpsisHeHus
BbI3bIBAKOT 3aK/IMHUBAHUE MCMOSHUTENbHBLIX 3N1EMEHTOB, NOXHOe cpaba-
TbIBAHWE U M3HOC MECT COMPSKEHWS, YBENNYEHWE YCUNUS CTparmBaHus,
3pO3MI0 OCTPbIX KPOMOK.

B rmapoasuratensix — WHTEHCUMBHbLIN M3HOC pabounx OpraHos,
BHYTPEHHEN NOBEPXHOCTW KOPMYCOB M YNNOTHUTENbHBIX 3/IEMEHTOB.

lMoBbilleHWEe TOHKOCTU pUNbTpaUmM paboyeit XXUAKoCTU B rMapo-
cucTteme ¢ 25 oo 5 MkM yBenuumBaeT pecypc HacocoB B 10 pa3 u rugpo-
annapaTtypsbl B 5-7 pa3 [15].

Mpu cobnoaeHn HeobxoamMbIx TPEOOBaHUI K YNCTOTE FMAPO-
CUCTEMBbl YAAeTCs MOBbICUTb HAAEXHOCTb MMAPOMNPUBOAOB M YMEHbLUWNTH
3KCNyaTaumMoHHbIE pacxoabl B cpeaHeM Ha 50%.

OpHako dunbTpaumst obecneumBaeT Hanbonblumii 3chdekT Nnwb
npy KOMMMEKCHOM cobntogeHMn TpeboBaHWI MO TWMaM MPUMEHSIEMbIX
Macen, npaBuiaM MX XpaHeHUst U TPaHCMOPTUPOBAHUS, KaueCTBY OUMCTKU
W repMeTM3aummn rmapocmcTeM, pernaMmeHTam mMx sKcnayartauum.

YcTpoiicTtBaMu, obecneunBaoLMMmM OUYUCTKY paboyeit dUAKOCTH,
SBNAIOTCA pa3HOro pofa unbTpbl, YCTaHaBIMBaeMble B OnpeaeneHHbIX
MecTax, B 3aBWCMMOCTM OT TuWMa rmapoCUCTEMbI U ee (YHKLMOHabHBIX
0CObeHHOCTel.

Mo ToHkoCTWM unbTpaumMn GunbTpbl, NPUMEHSEMbIE B MMAPOCK-
cTemax, AensdTcs Ha Tpu rpynmnbi:

— rpyboi oumctkm (ceTyaTtble) — pa3Mep YNaB/IMBAEMbIX YacTul
csbiwe 0,1 mMm;

— HopMasnbHOW (MnacTuH4yaTble, cetyathie) ot 0,1 go 0,05 MM;

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

Ha puc.3.48, @ nokasaHa KoHCTpykums cdunbtpa ©10, KoTopbIii
UMeeT CMeHHble pUNbLTpo3neMeHTbl 2 U3 roprpoBaHHOIO KapToHa, pac-
MOSIOXXEHHbIE B CTakaHe I, KOTOpPbI BBEPHYT B rof0OBKY 4. lNocneaHss
umeeT noasogHoe I u oTBoaHOe II O0TBEepCTMS, BTYNKY 3, NOAMPY>XUHEH-
HbI NMepenycKHOM KranaH 7/ U UHAMKATOpPHOEe YCTPOMCTBO, COAepXallee
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NMH3Y 5 1 3KpaH 6. Mo Mepe 3arpsa3HeHns hUnbTposNeEMEHTa BO3pacTaeT
nepenag AaBfeHUii Mexay BXOAHOMN M BbIXOAHOW MOSIOCTSIMM, B pe3ysbTa-
Te Yero nepenyckHoN KranaH 7 BMecTe C 3KpaHOM 6 NoAHMMAETCs BBEpX,
Ha Hapy>XHOM TopLe NNH3bl 5 NOSBNSIETCS KpacHbI Kpyr (CMrHan o 3aco-
peHVM) 1 YacTb Macna UAET MUMO (PUNBTPYIOLLErO 3MeMEHTa.

CenapaTopsl MarHuUTHblEe OYUCTUTENbHbIE  TUMA oMM
(pnc.3.48, 6) npegHasHayeHbl AN OYUCTKM MUHEPASbHbLIX Macen U cMma-
304HO-OX/TKAAOLLMX KMUAKOCTEW OT MarHWUTHBIX YacTUL OT CMECU C He-
MarHUTHbLIMMU.
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Puc.3.48. KOHCTPYKUMK OUUCTUTENBHBIX DUbTPOB: & — HaMopHbIM hunbTp Tvna ®10;
6 — cnuBHOW unbTp TMNa ®MM; B — ycnoBHoe 0603HayveHne

CenapaTtop COCTOUT M3 Kopryca I, KpbIWKK 8, NpY>XuHbl 9, dunb-
TPYIOLLEro MakeTa M3 MarHUTOB 5 M CTafbHbIX lWailb 4, obevaikn 3,
KPbILKW /7 U NPYXXUHHbIX 371EMEHTOB 0, YCTAHOBMEHHbIX MEXAY YNOpOM 6
W CTakaHOM 2. 3arpsi3HeHHasi XXUAKOCTb U3 oTBepcTus I yepes kaHanbl B
yrnope 6 NoCTynaeT B NOMOCTb MeXAy PUALTPYIOLLMM MaKETOM U MPY>XUH-
HbIMK 31eMEeHTaMWU. MarHuTHbIE YacTULbl OCaXAaaloTcs Ha obevalike 3 un
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NPYXWHHbIX 3M1eMeHTax 10, a OuYMLIEeHHas >XWAKOCTb OTBOAUTCS Yepes
oTtBepcTtume II.

MecTto ycTaHoBku dunbTpa unm dUNbTPOB B CUCTEME 3aBUCUT OT
MHOMMX (PakTopoB, HO B OCHOBHOM OT [JaBfEHUS U pacxoda XWAKOCTU
[38].

[lpn NoCIen0BaTEIbHOM BK/IIOYEHMM @U/IbTPA B HANOPHYIO WU
C/IMBHYIO Maructpanb MpPOMycKHasi CMOCOOHOCTb ero A0/MKHa COOTBET-
CTBOBaTb Mojade Hacoca unm HanbonblueMy pacxoay XWAKOCTU B CUCTe-
Me.

®unbTp 6 (pnc.3.49, &), NocneaoBaTeNbHO NOAKIIOUYEHHbIA B CU-
cTeMy, obecneuvBaeT 3alMTy ruapoarperaTtoB OT MeXaHU4eckuX 4acTu
N HaxoauTCs MoA MaKCUMManbHbIM AasnieHneM. CTeneHb ero 3arpsi3HeHus
KOHTPONMpyeTcs MaHoOMeTpaMu 3 1 5 (unvn audmMaHoOMeTpoM 4), Npu 3TOM
NpUeMHbIA GUALTP 1 C NPOMYCKHON CNOCOBHOCTLIO 6OsbLLEN, YeM Y Haco-
Ca, 3alWmueH knanaHoMm 2 Ans npefoxXpaHeHust cucTeMbl U unbTpa oT
neperpy3ok. YpaBHeHWE HaCTPOMKWU MpPY>XWHbI NPeaoXpPaHUTENbHOTO Kia-
naHa nosiCHSIET BblpaXkeHune:

P, =Ap, +Ap, +Ap, +(0,2-0,3), (3.56)

roe pp — pabouyee paeneHve B rugpounnuHape, MMa; Ap. — nepenaa
[@BNEHNs MEXAY HAacoCcoM U rmapoumnuHapom, Mra; Apg — note-
pv B GunbTpe (ONpeaensoTcs TEXHUYECKUMU XapaKTepucTMKaMu
dunbTpa), MMa.

Pnc.3.49. Cxembl noakntoueHns GunbTPOB B MMAPOCMCTEME HA HarHeTaHuu: a — nocne
npefoxpaHWUTENbHOro KianaHa; 6 — C NepenyckHbIM KnanaHoM; B — C ABYMS npefoxpa-
HUTENbHLIMW KNanaHamu; ~— nepes npeaoxXpaHvuTeNbHbIM KiarnaHoM

B cnyyasx, Koraa rmpekpalieHue noaBoAa XMAKOCTM B CUCTEMY
OT Hacoca HeaomycTUMO, HO BO3MOXHA KpaTKoBpeMeHHast paborta 6e3
dunbTpauum, cnesyet BbibMpaTb GUALTP C NEpenyckHbIM KanaHoM 1
(pnc.3.49, 6), NpyXXMHA KOTOPOro A0/HKHA HAacTpamMBaTbCA Ha MaKCUMasb-
HO AOMYCTUMBIV Nepenaa AaBneHus B uibTpe.
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Bonee HageXxHbli BapvaHT — YCTaHOBKA [IBYX MapannesbHbIX
npefoxpaHnTeNbHbIX KnanaHoB I n 2. KnanaH 2 HacTpamBaeTcs Ha Aas-
neHve p2 Heckonbko bonble p1 (puc.3.49, B).

Ecnn nageHve paeneHus B cucTeMe HeaonyctuMmo, To unbTp
YCTaHaB/IMBAETCA HA HarMopHOW MarucTpanyM HenocpeACTBEHHO 3@ Haco-
COM, nepea npefoxpaHnUTesNbHbIM KamnaHoM, (pyc.3.49, ) 4TO UCKIOYaeT
B/IMSIHME Ha CTabUIbHOCTb PaboTbl CUCTEMBI 3aCopsItoLLErocs puabTpa.

YcraHoBKka @uibTpa Ha CIMBHBIX MarucTpasisx CBs3aHa C TeM,
4yTo UILTP He noaBepXXeH 60MbLMM AaBNEHNSAM M 3aAepXXUBAET Mpo-
AOYKTbl M3HOCa, obpasyowmecs npu paboTe Bcex arperatos cucTembl. Oa-
Hako nogobHas ycTaHOBKa (puibTpa HeaonyCTUMa, Koraa HexenaTeneH
NoANop AaBneHusl, BEMUYMHA KOTOPOro U3MeHseTCs.

a) 6) B) n 4)

Pnc.3.50. Cxembl nogkntoyeHusi uabTPoOB B rMAPOCUMCTEME Ha C/IMBE U MapannenbHo:
@ — napannenbHO NepernyckHOMy KnamaHy; 6 — C ApOCCEeNeM W MMApPOYNpaBnsieMbiM
KnanaHoMm; 8 — C ABYMS NpeAoXpaHWTeNbHbIMW KiarnaHamu; / — napannenbHoO npeao-
XPaHUTENbHOMY KianaHy C perynmpyembiM ApocceneMm; 4 — napanienbHo npeaoxpaHu-
TeNbHOMY KnanaHy

Ons npegoxpaHeHus unbTpa 1 n orpaHUyeHns BENNYUHBI MPo-
TUBOAAB/IEHMS] MapannensHo UAbLTPY YCTaHaBMMBAETCS NepenyCKHOM
knanaH 2 (puc.3.50, &), HacTpolika KOTOpOro MpOW3BOAUTCS C YYETOM
MaKCUMasibHO JOMYCTUMON BENMYMHDLI Nepenaaa AaBneHus B punbTpe.

Ecnn ot rugpoasuratens Heobxoaumo oTtBecT 6onbluoe Konu-
YeCTBO >KMAKOCTW, TO Mapas/iefibHO ApOoccento cneayeT noAakIoyaTb
HaMOpPHbIM 30/10THUK C ANCTaHLMOHHBLIM ynpasneHnem (pwvc.3.50, 6).

Ha cnuBHOM Maructpanu K uvnuHapy 2 NoakaoyeH dunbtp 4
(pnc.3.50, B). Yepes 3TOT GPUALTP XMAKOCTb OTBOAMTCA OT NpeaoXpaHu-
TeNbHOro KnarnaHa I, 4to MO3BOMSIET MOCNE 3aMeHbl XWMAKOCTU B bHake
NpOn3BECTN NMpeaBapuTeNbHYI0 GUIbTPaUMIO ee Yepes KnanaH I u 3Ha-
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UYNTENIbHO YMEHBLUMTL BEPOSITHOCTb MOMaAaHUs 3arpsi3HEHWUI B CUCTEMY.
MepenyckHON KnanaH 3 OTKpbIBaeTCs MpU YBENMYEHUM Mepenaga Aasre-
HUS Ha dunbTpe. PacxogHas xapakTepuctuka GunbTpa 4 AomkHa ObiTb
60bLIe nogaym Hacoca.

[1apasnnesibHoe MogKIoYERNE Pu/IbTPa B CUCTEMY NPUMEHSETCS,
Kora pacxofiHasl XxapakTepucTuka gunbTpa MeHblle obbemMa UMpKynmpy-
tOLLEN XXMAKOCTU B HAMOPHOM M CIMBHOM MarucTpansx, a Takoke Ans TOH-
KON OYMCTKM XKMAKOCTM, TaK Kak 3T (UNbTpbl U3roTaBAMBaloTCs A4S
CPaBHUTENBLHO MasbIX PacxoAoB.

®uUNbTp TOHKOM ouncTkn 4 (puc.3.50, r), YCTaHOBMEHHbIN Napan-
nenbHO KanaHy 3 nocne Apoccens Z, NporyckaeT TONbKO YacTb LMPKY-
NUPYIOLLEN XUAKOCTU B CUCTEME M HE 3alUMLLAET OT NMPOHUKHOBEHUSI Ma-
nbiX Yactvy. OAHaKo HerpepbiBHash OYUCTKA 4acTW MOTOKa YMeHbluaeT
06LLYyI0 3arpsi3HEHHOCTb.

B cxemax, nokasaHHbIX Ha puc.3.50, 71 4, COOTBETCTBEHHO Kna-
naHbl 3 1 2 BbINONHAOT PYHKLUMIO NEepPenycKHOro yCTPOWCTBa, a kKnanaH !
CNYXWUT ANa NoAAEpXXaHUS MOCTOSIHHOrO [aBfieHuUs U npefoxXpaHeHust
CUCTEMbBI OT Neperpysku.

3.4.2. TennoobMeHHble annapaThbl

Haunbonee pagvkanbHbIM cnocoboM npeaynpexaeHusl pasorpesa
paboyei XNAKOCTU SIBNISIETC UCKIIIOYEHNE APOCCENbHbIX MNOTEPL MOLLHO-
CTU B rvaponpueoAe, OAHAKO NPaKTUYEeCKM MNOMHOCTbIO 3TOro caenaTb
HUKOr4a He yAaeTcs, M UCKYCCTBO pa3paboTumka 3aKo4aeTcs B MX MU-
HUMM3aUMK. ToCKONbKy AOMyCTUMas TemrnepaTtypa Macna OorpaHuynBaeT-
cs1 06bIYHO 3HayeHneM 55 °C, BO3HWMKAET 33/1a4a OXJIaXKAEHUs paboyel
YKNAKOCTH.

Mpy OrpaHUYEHHOM TENNOBLIAENEHNM HOPMasbHbIA TEMOBOM
peXxuM MOXeT 6biTb obecrneyeH 3a cyeT Bbibopa HeobxoanMon BMECTUMO-
CcTn 6aka, 04HAKO C POCTOM ApPOCCEeNbHbIX NOTEPb MOLLHOCTU Tpebyemas
BMECTMMOCTb 6aka pe3ko Bo3pacTtaeT (HanpuMmep, Npu NoTepsiX MOLLHOCTH
2 kBT — He MeHee 400 n), noaToMy LuLenecoobpasHO MCMONbL30BaThb
YCTPOWCTBA MCKYCCTBEHHOMO OXNaXAEHWs — TEMSI00OMEHHMKY.

B CTaHKOCTPOEHWMM MONYYUNIN PacnpOCTPaHEHWE BO3AYLUHbIE U
BOASIHbIE TEMJI00OMEHHUKN, peXe — X/Taf0HOBbIE XONOAWU/IbHbIE MALLMHBI
[28, 32]. 2ddekTnBHOCTL paboTbl TensoobMeHHUKOB BO3pacTaeT npwu
YBENMYEHUM Pa3HOCTM TEMMNEPATYP MeXAY Mac/ioM U OXaXzatoLen cpe-
[0/, MO3TOMY OrNpeieNIEHHbIN NEPErPEB Maciia HEU3BEXKEH.
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BozayuHbie TerioobmeHHuku (puc.3.51) 6onee wMpoko npume-
HAIOTCS, NOCKOSIbKY UMEKOT HaMMEHbLUYI0 CTOMMOCTb, NPOCTbl U YA06HbLI B
aKCMyaTaumn, a Takke 6esonacHbl Ans rugpocuctembl. OgHako u3-3a
60MblUMX pa3MepPOB M BAUSIHUS TEMMepaTypbl OKpyXXatowen cpeabl Ha
TennopaccenBaHve He Bceraa 3hdeKTUBHbI.
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a) B)
Puc.3.51. Bo3ayLuHbIi TeNI006MeHHbIN annapaTt Tuna M44-2:
a — KOHCTpYKUWMS; 6, B — YCNOBHOE 130b6paxeHne

Bo3aywHble TennoobMeHHUKK Tuna M44-2 no CoCTOAT U3 O4HOMo
WM HECKOMbKNX MAC/sHbIX PaanaTopoB 1, NpefoXpaHUTENIbHOMO KnanaHa
2, anekTpoaguratenst 3 u BeHTUnsTopa 4, cobpaHHbIX B METaNIM4YeCcKoM
kapkace. lpefoxpaHUTENbHLIA KanaH 3alMllaeT paguMaTop OT nepe-
rpy3ku, nepenyckas 4actb Macna B 06xoa pagvatopa npuv nepenaje Aas-
neHnsa 6onee 0,2 MMa, HO Npu NynbCUPYOLLEM MOTOKE Macna Tennoob-
MEHHUKM MMEIOT MOHMXKEHHYIO HAZeXHOCTb. HanpaBneHne noToka BO3AY-
Xa NnoKasaHo cTpenkamu [4].

BogsHeie terioobmeHHnky (pyuc.3.52) nmeloT 6onbluyto pacceu-
BAILLYI0 CMOCOBHOCTbL, 0AHAKO MpU UX UCNONb30BaHUKU TpebyeTcs noasoa
M 0TBOA BoAbl K 6aKy, npoucxoauT 6oMbLION pacxod BOAbl U HE UCKIIoYe-
Ha OMacHOCTb NonagaHns BoAbl B MAC/IO.
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Puc.3.52. BoasiHoi TennoobMeHHbIM annapat Tuna MO

Macnooxnagutenn BoasHble TMnNa MO cocToaT M3 kopnyca Z,
Kpblek I n 7, neperopofok 4 n pebpuctbix Tpyd 9, KOTOpble YNnoTHS-
I0TCA KOMbUaMK &, pacnonoXeHHbIMU Mexay anckamu 5 un 6. Oxnaxaaro-
LLast XXMAKOCTb (BOAA) MOABOAMTCS K OAHOMY M3 OTBEPCTUI AMaMeTpom d,
npoxoamt no pebpuctbiM Tpybam 9, genas 4eTblpe xoda 6narogaps
onpeaeneHHon GopMe MOMOCTEN M MEPEropoAoK B KpbIWKax, U yepes
Apyroe oteepctie avametpoM d oTBOAWUTCS B KaHanusauumto. Oxnaxaae-
Masi XKMUAKOCTb (Mac/o) NoABOAUTCA B OAHO U3 OTBEPCTUIA AvaMeTpoM d,
NPOXOAUT Yepe3 MeXTPybHoe MNpOCTPaHCTBO, Takxe Aenasi HeCcKONbKo
X0[0B B COOTBETCTBUM C NpoduieM neperopoaok 4, U O0TBOAUTCS 4vepes
apyroe oteepctvie anametpoM d. [1ns cinBa XMAKOCTY M BbiMycka BO3ay-
Xa npeaycMOTpeHbl MPobKu 3, Ans 3akpensieHusl Macnooxnagurens — na-
nol 10.

XNlafjoHOBbIE  XO/I0AN/IbHBIE MALLMHBI  (X1aA0KOMMpPEeCccopHble
YCTaHOBKW) CMOCOBHbI NOAAEPXMBATL 3aAiaHHYO TeMnepaTypy C BbICOKOM
TOYHOCTbIO, OAHAKO MMEIOT OrpaHWYeHHoe TennopaccemBaHve u Tpyao-
€MKW B TEXHUYECKOM 06CY>XUBAHNW.

YCTaHOBMBLLAACA B rMApPOCUCTEME B MpoLiecce aKcnnyaTauum pa-
6ouyas TemnepaTypa MOXeT ObiTb C/MLLKOM BbICOKOM. MOCTOSIHCTBO TEM-
nepaTypbl NOAAEPXMBAETCA B pe3ynbTaTe TenjopaccenBaHUs CTEHKaMu
6aka, TpybonpoBoAaMu M MOBEPXHOCTSMU MallUWHbI, T.€. MOBEPXHOCTU
MalUMHbl TakKe BbINOMHAIOT Pofib Macnooxnaautens. MOLWHOCTb, Bblae-
nsiemasi npu paboTte rMaponpuBoAa, MOXET bbiTb HalgeHa no gopmyne:

Np =Fo(7,-T,), (3.57)
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roe N, — paccenBaeMasi MOLWHOCTb, KBT; T1 — AelcTBUTENbHas TeMnepa-
Typa Macna, K; T, — Tpebyemasi TemnepaTypa Macna, K; o — Ko-
acduumneHT Tennonepeaayn (MPonopunoHanbHocT), KBT/(M%K);

F — nnowaap Tennounsnydatoleit NoBepxXHOCTH, M2,

Toraa noTepio MOLLHOCTU MOXHO BbIYMCANUTbL, 3Hasi NOBbILUEHME
TeMnepaTypbl 3a OnpeAeneHHbli MHTEPBAN BPEMEHU B COOTBETCTBUM C
BblpaXKeHWEeM:

_ Atpc
" 1-3600°
roe Nn — noTepy MoLHOCTM 6€e3 yyeTa TensopaccenBaHus CTeHKaMu Ha-

Ka, kBT; p — nnoTHoCTb Macna, Kr/mM3%; C — yaenbHas TeNI0eMKOCTb

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

K; t — BpeMsi paboThl, u.

Kak npaBuno, Bcsa BCNoOMoraTenbHas ruapoannapatypa BCTpOeHa
B HACOCHO-3HEPreTMYECKYl0 CTaHUMIO M MNPeacTaBnseT cobon eauHbii
mMoaynb [32]. HacocHble yCTaHOBKM — 3TO COBOKYMHOCTb M3 OAHOMO WK
HECKONbKUX HACOCHbIX arperatoB W ruapobaka, KOHCTPYKTMBHO OdopM-
NEHHbIX Kak oagHo uenoe [19, 29].

Kpome TOro, HacocHasi CTaHums, BblAeneHHasi B CaMOCTosTeNb-
Hbl1 y3en, YMeHbLUAeT BAMSIHWE BbIHY)XXAEHHbIX KonebaHuii Hacoca W
HaMopHOro 30/10THMKa (BO36y>kaatoLlero konebaHus B cuctemMe B MOMEH-
Tbl cpabaTbiBaHWs1) Ha YaCTOTHbIE XapaKTEPUCTUKN UCTMONHUTENbHBIX Me-
XaHW3MOB.

MpuMeHuTENbHO K cTaHkaM B DHUMC pa3paboTaHbl HacoCHble
ycTaHoBku: M48-2 ¢ ogHuMM HacocoM, 48-3 ¢ aByms Hacocamu, M48-1 ¢
[BYMS HACOCaMM U C HE3aBUCUMbIM MOTOKOM XXMAKOCTU. Ha 3TMX ycTaHoB-
Kax MpefyCcMOTpeHbl HOpManbHasi TOHKas unbTpaumsl XMUAKOCTU U CTa-
6r1nusaumsa TemnepaTypbl C MOMOLLBIO BO3AYLIHOrO OXMaXAeHus B paava-
Topax.

(3.58)
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4, CUCTEMbI YNPABJIEHNA CKOPOCTbIO
N CTABUWIN3ALUUUN ABUXXEHUA TMAPONPUBOAA

KnHeMaTnyeckme XapakTepUCTMKWU WCTIONHUTENbHBIX ABUXEHWUN
F®TO — nepemelleHne, CKOPOCTb, MOJIOXKEHWE, HarpaBneHne — obecne-
YMBalOT 06BbEMHbIE rMApOoMalLMHbI (cM. n.3.1) unKu cneumnansHble YCTPOW-
CTBa MMAPOaBTOMaTMKM (ApOCCeny, HampaBasiowme M ApoccenupyloLme
pacripefenuTenu, perynstopbl NOTOKa, MOPUMOHEpbl, AenuTenu, cyMmma-
TOpbl NMoToka M ap). O6si3aTenbHbIM YCIIOBUEM SIBASIETCA PEryMpoBaHue
obbeMa paboyeit XMAKOCTU B peanbHOM BpeMeHU. 3Ty 3afady peLuatoT,
npuMeHsas MalmnHHoe (06beMHoe), ApoccenbHOe, CTyneH4YaToe peryampo-
BaHWe pacxoaa pabouelt XMAKOCTU U KaK CNesCcTBME — YNpaBsioT CKOPO-
ctoto V. WNHorpa npeanaraloT KOMOMHMPOBaHHbIE Cnocobbl perynvposa-
HMS (MaLWMHHO-APOCCENbHOE, CTYNeHYaTo-4poccensHoe 1 ap.)

4.1. fipoccenbHOE perynmpoBaHue
M cTabunusaumna CKOpocTy rmaponpusoga

OCHOBOM [ApOCCENbHOMO PerynvpoBaHns SIBASIETCS NPUMEHEHME
crneumasnbHbIX YCTPOWCTB — perynnpyembiXx ApOCCenei, yCTaHaBNMBaeMbIxX
Ha pa3fiMyHbIX y4acTKax Maructpanei ruaponpusoaa [16].

PasnuualoT yeTbipe BapuaHTa CXeM ApOCCESIbHOrO YnpaBrieHus
CKOpPOCTbI0:

— 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 OHM OT/INYAIOTCS NINLLb MECTOM YCTaHOBKM ApOCCensi
3 OTHOCUTENBHO rMapouMIMHApPa 5. OfHako YHKLUMOHMPOBAHME KaXkaom
U3 HUX UMEET CBOU 0COBEHHOCTU:

— B cxeMax 4.1, g, 6, r— 06beMHble NOTEPU B MMAPOCUCTEME He
B/IMSIIOT Ha CKOPOCTb, TaK KaK MMeeTCsl U36bITOUHbIA pacxod Quss KOMMEH-
CUPYIOLLMIA YTEUKM;

— B cxeMe 4.1, B Takoe BNnsiHUE eCTb;

— cxema 4.1, 6 obecneumBaeTr 6onee paBHOMeEpHOE ABWXXEHUE
rmapoasuratensi, ocobeHHo Mpu Manbix ckopoctsix V<1 m/MuH. Ho npwm
3TOM 3aMeTHO cHwxaeTcsa KM ruapocncremsi;

— cxeMbl 4.1, g, 6, r paboTaloT C MaKCUManbHOM NoTpebnsaeMon
HaCOCOM MOLLHOCTbIO, TaK KaK HE3aBUCMMO OT CWJbl TEXHONOrMYECKOM
Harpy3ku Fy , Pu=pxn 1 €cTb Quss;
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Pxau

Puc.4.1. ipoccenbHoe perynvpoBaHye CKOPOCTU: @ — Ha BXOAE; 6 — Ha BbIXOAE;
B— B nNapannens; r— auddepeHumnanbHas cxema; 4 — C perynstopoM pacxoaa;
€— ycnosHoe 0603HayeHne perynstopa pacxoaa
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- B cxeMe 4.1, B notpebnsemMas MOLHOCTb OMpeaenseTcs

F +F,
Harpy3kon Fu , Tak Kak p, = py =———=, rae p, — NaBNeHue B HarHe-

1

TaTeNbHON NonoCTv ruapounnuHapa, Ma; F, — cuna Tpexuns, H.

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

PacueT CKOpOCTM ABWXEHUS TMAPOUMIMHAPA OCYyLeCTBAsSeTcs
ncxoas ns 6anaHca pacxogos [24]. [Ana cxeM COOTBETCTBEHHO:

4.1, a
Qp l"’sp 2 Q‘P
v =—=2 - ® (= — ; v, =—2 4.1
1 Sl Sl p(pH pl) 2 Sz ( )
4.1, 6
Qu _MSy |2
v=—2_"2 Z(p—p);
1 SZ 82 p(pZ pcn)
Qp KBS, |2
2 Sl Sl p(pl pcn) ( )
4.1, B
Q. _HSy |2
VvV, =—2___ = |— — ; 4.3
2 32 32 p(pH pcn) ( )
41, r
S}Jp:O; Vl_ ﬂ = ﬂP \/7( pl (44)
Sp=S; V= =0; (PS5, =P,S,) 5 (4-3)
Qi-Qp _Q K, |2
Sp=Smi V= —T=_I2 Z(p _p), (46
Jp max 2 SZ SZ 82 p (pu pcn) ( )
rae Q;[p — pacxoa >XWAKOCTH, npoxo,qmu,eﬁ Yepe3 JApoccesb, M3/C;

p — koadduUMeHT pacxoaa Apoccensi; S, — naowadb CeveHus
MOPLUHEBOW MOMOCTW, M?; S, — NOLaAb CEYEHMs LITOKOBOW MOsIo-
cm, Mm% S, — Mnowaab MpoXOAHOTO CeveHus Apoccens, M?;
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p, — HhaBneHue, co3jaBaeMOe HAaCOCOM B HAamMOPHOW rMAponu-
Hun, Ma; p_ . — [aBneHWe B CAIMBHOW rMaponuHum, Ma; p - nnoT-
HOCTb paboueil XnaKocTyn, kr/M3; S; — nnowaab NPOXOAHOro ceve-

HWS 3aKpbITOro Apoccens, M% S — Molaab NpoXoAHOro ceve-

max

HUA OTKPbLITOro Apoccens, MZ; V, — CKOpPOCTb BbIABMXEHWA LUTOKA

rMApOUMINHAPA (ABWXEHWE BMpaBo), M/C; V, — CKOPOCTb BTArMBa-

HUS rmapoumnuHapa (ABUXEHWE BNeBo), M/C.

Takum obpasoM, B cxeme 4.1, r apoccenb 3 BbIMOSHSAET U YHK-
umio pacnpeaenutensi. AHanus BblpaXKEHUIA ANt pacyeTa CKOpOCTeN CBU-
AETENbCTBYET O CYLIECTBEHHOM BAMSIHUM Harpy3ku F, Ha CKOpoCTb,
HanpumMep ans cxembl 4.1, a:

us,, |2 F,+F
v, =—=" [=| p, ———=~

Dy
S \p S,
YBenmueHne Harpysku Fu NpuBOANT K CHDKEHMIO CKOPOCTW Vi

F..+F
BNOTb A0 OCTaHoBa uUuMHapa p, =p=—"2—= (F - Makcn-

Sl

MasnbHas Harpyska Ha LUTOKe rmapoumnuHapa). Takoe noBefeHne Apoc-
CefbHbIX CXeM (CM. puc.4.1) HasblBalOT «CTPYKTYPHON HEPABHOMEPHOCTbLIO
ckopocTu». Ee yMeHbLIalOT nocneaoBaTesibHbiM MOAKIIOYEHNEM K ApOC-
cento peayKkumoHHoro knanaHa & (puc.4.1, 4) v npuMeHeHueMm peryns-
TOpoB notoka (puc.4.1, €). KnanaHbl gaBneHus, sBNssiCb HOPMasnbHO OT-
KPbITbIMK, CaMOYCTaHaB/IMBAsCb, NOA AENCTBMEM U3MEHSIIOWLErocs AaBe-
HUsI, NMOAAEPXKMBAIOT Ha APOCCENSX NOCTOSIHHLIN Nepenag AaBeHusl, cTa-
6uUnmM3npys pacxoa U, Kak CrieAcTBue, — CKOPOCTb ABWXKEHWUS rmapoaBura-
Tens.

4.7)

4.2, MalwMHHOE peryimpoBaHue CKOpPOCTH
WUCNONHUTENbHbIX ABMKEHUA rmaponpuBoaa

OCHOBHbIM HEAOCTAaTKOM [POCCESIbHOMO YMNpPaBieHWUsS CKOPOCTbIO
[ABWXEHUS ruapoasuraTens SBASETCS 3HAYMTeslbHas MOTEPst MOLLHOCTU
noToka paboyeit XMAKOCTM Ha [APOCCEIMPOBAaHWE B MPOTOYHOW 4YacTu
apoccens. KMNA takmx cxeM 1n<0,6-0,67. Takoi cnocob npuMeHsIIoT valle
BCcero npu MolHocTy npueoda N<2-5 kBT, ogHako NpocToTa peanusaumm
NO3BONISIET UCNONb30BaTb APOCCENbHOE HOMbLIMX MOLLHOCTSIX.

CyLuecTBEHHO fyylle 3HepreTvka ruapoMexaHUyecknx CUCTeM C
MalMHHLIM  (06BbEMHBIM) yrNpaBieHUEM CKOPOCTbIO ABUMXKEHWUSI UCMOMHU-
TenbHoro MexaHmsma [19]. O6o6weHHasi CTpyKTypa Takoro peLleHus
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npeacraeneHa Ha pvc.4.2. OcHoBoW crnocoba sIBNSETCS NpUMEHeHUe 06b-
€MHbIX MalUWH perynMpyemMoi Npou3BoanTeNbHOCTU:

— Q=Var — I BapuaHT;

— Qu=Var — II BapuaHT;

- Qn=Var, Qs=Var - III BapuaHT.

5(1) 3
L =

Ny
Mpy
Ny

A
12) 40Q)

ST G

Puc.4.2. MawmnHHoe (06beMHOE) perynnpoBaHue CKopocTu
BpaLLATeNbHOrO NPUBOAA C 3aKPbITOW LMPKYNsLMEN

3ajaya NuUTaHusl PeLlaeTcsl U3MEHEHWEM PacXOAHOM XapaKTepwu-
CTUKM O6BLEMHOIN MallMHbI, perynuMpoBaHueM pabouyero obbema (=Var.
Bblpa)keHWe HacTPOMKM CKOPOCTU rMApPOMOTOpa MOMYYMM U3 YpaBHEHUS
6anaHca pacxoaos:

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

rae Q, — mopaya Hacoca, M3/c; Q. — pacxop XWAKOCTU, NoTpebnsieMoil

™

rMapoMoTopoM, M3/c; Q, — Pacxoa, naywMi Ha yTeuku, m3/c.

n
anH = nqurM +Zr| pH 4 (49)

i=1
rae N — vyactoTa BpalleHust Hacoca, c'; @, — pabounii o6bem Haco-
ca, M}, n_ - vacToTa BpalleHus ruapomotopa, ct; ., — pabounii

o6beM ruapomoTopa, M3 P, — AaBneHue Hacoca, Ma.

r.
o &P
O O

(4.10)



BblpaxkeHne ansi Ny, onpeaensieT Hactpoiky I, II, III BapuaHTOB
CTPYKTYP.

B nocnegHee BpeMs Mnosy4yaeT LMPOKOE pacrnpocTpaHeHue n IV
BApUaHT CTPYKTYPbl MALUMHHOIO YMpaBfieHUs1 CKOPOCTbIO ABWXKeHus. OH
OCHOBaH Ha MCNonb30BaHWM B KayecTBe NPUBOAHONO ABUraTens Hacoca —
YacTOTHO-pEryIMpyemMoro  aCMHXPOHHOrO  3MEeKTPOABUraTens, Koraa
Ny=n,;=Var, gs=const, g.x=Const. YcnewHoctb peanusaummn IV BapuaHTa
(cM. puc.4.2) cBsizaHa C aganTaumelt HacoCcoB MOCTOSIHHOM Nojauu K ava-
Ma3oHy M3MEHEHWI CKOPOCTEl anekTpoaBuraTens. HesaBMcuMMO OT npu-
HuMaeMoro BapuaHTa I-IV cTpykTypbl cnocoba B Cxeme MnpucyTCTByeT
YCTPOWCTBO MOANWUTKM 3aMKHYTOro KoHTypa 1(2), 3, 5(1), 5(2) u nyckoBoi
pacnpegenuTenb 3, knanaHbl 3aWwuThl OT neperpyskn 4(1) n 4(2).

3aMKHyTas UMpKynaums, oTCyTCTBME M3BbITOYHOrO pacxofa mnos-
BONSAIOT CYLLEeCTBEHHO YNYyYlIWTb SHEpPreTuky npuvBoAa B CPaBHEHUU C
ApocCcCeNibHbIM, OAHAKO CneayeT y4dnTbiBaTb, YTO CTOMMOCTb perynupye-
MbIX 06 bEMHBIX MalUMH CyLECTBEHHO Bblle HEperynMpyeMmbIXx.

0} {o} F,
X -/ . H
\ v, P v
'3
P ] l

Puc.4.3. CxeMa 06bEMHOE perynmpoBaHve CKOpOCTM NIMHEMHOrO rMaponpuBoaa

Ha puc.4.3 npvBeaeH npuMep NMHENHOro npvBofa ctona 5 ot
rugpoumnuHapa & no II BapuaHTy cxeMbl O6BbEMHOrO peryampoBaHus
CKOpPOCTU C MOMOLLbLIO perynuMpyemMoro Hacoca 2. PesepcupoBaHue ocy-
LeCTBAsIETCS pacnpeaenvTeneM 7, knanaHbl 4,6 — NpegoxpaHsaoT cucTe-
My OT MOBbILEHUS AABNEHUS, CMBast XXNAKOCTb B 6ak 1.

4.3. CTyneH4yaToe peryimpoBaHue CKOpOCTU ruaponpmsoaa

WcnonHuTenbHble aBmxeHnss TO OCyLeCTBASIOTCS MO 3aMKHYTbIM
pabounM umnknaM, opMmpyemble TpaekTopusaMm BbICTpbIX U paboumx Xo-
[0B, 3aflep>XKaMW BKJILOYEHMI Mpu 3arpy3ke M pasrpyske obpabaTbiBae-
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MOV AeTanu u ap. [25]. B 3ToM criyyae npu XeCcTKUX LMKIax UCrosb30Ba-
HWe OAHOro Hacoca MOCTOSIHHOWM MoAayYn He MO3BONSIET 0becneunTb Tpe-
6yeMblil 3HepreTuyeckuin pexxuM. Moabupas Hacoc MO MaKCUManbHOMY
JaBneHunio (Ha paboumx xofax) u pacxoay (Ha 6bICTpbIX XoAax), He yaa-
€TCA pauMOHanbHO MCMONb30BaTb €ro MOLIHOCTb. [pyM TakMX XECTKMX
paboumx LMKnax 4acto UCNonb3yloT AUCKPEeTHOe (CTyrneH4YaToe) ynpasne-
HMe CKOPOCTbIO.

Cnoco6 OCHOBaH Ha MCMOMb30BaHWM CEKLUMOHHOW paboTbl ABYX
un 6onbluero KoIM4YecTBa HeperyiMpyeMbiX HacoCOB B PEXMME COB-
MeCTHo (napannesnbHon unu NocneaoBaTeNbHOM) UK pasaenbHoi pabo-
Tbl. BO BTOPOM Cflyyae 0avH UM rpynna HacoCOB pa3rpy>KaloTcs Ha CuB
Npy MWHWUMaNbHOM AAB/IEHWW, YMEHbLUAs MOTEPU MOLUHOCTU Ha paboumx
X0/lax WK B nepuoabl nay3 B paboTte npuBoaa.

y v
‘SI 5 F1

Puc.4.4. CtyneHyaToe perynvpoBaHue CKopocTu

Ha puc.4.4 npuBeseHa TunoBas cxemMa Takoro crnocoba ans asyx
HacocoB. Hacoc 1 MMeeT HeBbLICOKOE [aBrieHne, HO 6onblIoi pacxos;
Hacoc 2 — pa3BMBaET BbICOKOE AaB/ieHWe npu ManoM pacxoge. Ha ydyact-
Kax ObICTPOro MoABoAa CO CKOPOCThbIO Vo, [AaBleHue B uunuHape &8

83



F
Dy =S—° (rme F, - warpy3ka Ha ruapouunnuHape; S, — nnowass nopuu-
1
HS TMAPOLUMNMHAPA) HEBENMKO, HACcoChl paboTaloT COBMECTHO M napan-
NenbHo:
H1— KO6 — A(Qui+ Qu2) — P7 |1|| -1 U8/MN U8 —P7— b

H2—[P5
Torga ckopocTb BbICTPOro NoaBoaa:
+
Vg, _QutQu (4.11)

: s,
5 5.1
Nt A
| |
= '
| . 5.2 |

b - L
| !_ | : | |
I W | |
| I | j
'53 ! |
I PO S

1

T

I

_ |

4 16 |

Puc.4.5. PazgenvrtenbHas naHesnb

B MOMEHT NpUNoXeHUst TexHoNnornyeckon Harpysku Fy (Havyano

F+F,

06paboTkn Aetanu) AaBneHve B UMIMHApE p, = YBESIMUYNBAET-

ca. MnapoynpaBnseMblit kKnanaH 4 OTKPbIBAETCSA, AaBfieHWe yrnpaBneHus
Py, Pa3rpyxaeT HacoC BbICOKOWM nogaun I Ha cnve. Pabounii xon obecne-

YMBAET HACOC BbICOKOTO AAB/MEHUS 2 CO CKOPOCTbIO V, = %, perynu-
1

pyeMblil apoccenem 5. Hacocbl paboTatoT pasaenbHo Yepes pacnpenesnu-

Tenb 7. Mpu ob6patHom xoae Fy=0 Hacocbl paboTaloT COBMECTHO Mapan-

NenbHo. CKOpOCTb 6bICTp0F0 0TBOAa HaxoAUTCA MO Bblpa>eHUIO.
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— QHI + QHZ

.0 Sz

PaccMOTpeHHbI Ha puc.4.4 NpUMep MOXHO PeLlnTb, MCMOoSb3ys
pa3genuTenbHyo naHenb 5 Ha puc.4.5, COCTOsILWYI0 U3 KlanaHoB Aasre-
HMUa 4, 6 1 0bpaTHOro KianaHa 5. B nonoxeHun «Cron» naHenb obecne-
UMBaET pasrpy3Ky HaCOCOB BbICOKOrO W HU3KOro AaeneHus I, 2 npwu fas-
NeHun Pu=Pcs. BrNtoueHnem pacnpepenutens 3 OTKPbIBAIOT KnanaH Bbl-
COKOro fiaBneHus 6, obecneunsas cépoc Q1 u Q2 Ha cnmB B 6ak. B Takmx
CNyYasx yaaeTcs yBenuuuTb cpefHeumknosoi KM npuBoga v onTuMu-
31MpoBaTb dHepro3aTparsl.

Vs (4.12)

4.4, Ctabunmsaums CKOpOCTH UCNOJIHUTENbHbIX ABMKEHMUIA
rmapohLMpPOBaHHOIr0 AaBTOMaTU3MPOBAHHOIO
TEXHOJI0rM4YecKkoro o6opynosaHus

Mpn uMcnonb3oBaHMM O6BLEMHBIX TMAPOMPUBOLOB C  Hepery-
JIMPYEMbIMA TMAPOMALUMHAMM BO3HMKAET Heo6X0AMMOCTb MoaAepXXaHus
MOCTOSIHHON CKOPOCTW FMAPOABUraTeNs Mpu MEepeMEHHON Harpyske Wu
obecneyeHnst oAMHaKOBOW CKOPOCTU ABWXKEHMUSI HECKOSbKUX rMApoABUra-
Tenen [11, 13].

PaccMoTpuM ApoccenbHO-KanaHHbIe perynnpytolime ycTponcTea
Ha KOHKpeTHbIX npumMepax [23]. HasHaueHWe perynsitopa NoToKa XWAKO-
ctn (puc. 4.6), noctynatolien ot Hacoca H — cTabunusmpoBaTb CKOPOCTb
oT rugpomotopa M npu pasnMyHOM BHELWHEN Harpyske Ha Hero. OT-
[enbHO B3sThI Apoccenb [P He obecneynBaeT MOCTOSIHCTBO CKOPOCTY
rmapomoTopa M npu nepeMeHHoN Harpyske.

Ons ctabunmsaumm noToKa >XMAKOCTU B rMaponpueoge C Apoc-
CeNbHbIM PErysMpoBaHMEM CKOPOCTU HeobxoAMMO [AOMOSHUTENbHOE aB-
TOMATUYECKM AENCTBYIOLLEE YCTPOMUCTBO, HanpumMep knanaH KA.

MonoxeHne KnanaHa perynmpyeTcsi, C OAHOW CTOPOHbI, NPYXWU-
HOW, @ C ApYrov — AaBNEHWEM XWAKOCTU: A0 APOCCENs py W MOC/IE Hero
prv- KnanaH apoccenmpyeT 4acTb MOTOKA >XWAKOCTW, MOCTyMaroLwero w3
HarnopHon NMHMKM B 6ak Bb. Bnarogaps TakoMy YCTPOWCTBY U AENCTBUIO
KnanaH noaaep)KMBAET MOCTOSHHLIA Nepenaj AaBfeHUs >XUAKOCTU Ha
apoccene. MNepenaa AaBNeHUs 3aBUCUT OT HacTpoWkK (mogxaTtusl) npy-
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XWHbI KnanaHa. O6blyHO nepenag coctasnseT 0,1-0,3 MMa. [JaBneHue pry
KMAKOCTU 3a apoccenem [IP B kamepe rvapoaBuratens U3MeHseTcs B
3aBMCMMOCTY OT BHELLHEN Harpy3ku Ha rmapoasuraTtene.

1 Ve ap
V777
Ry |
Al
H %ﬁél
oh g W I
, ,
G By
Ko z o
q, | i
L |6 5

Puc.4.6. Cxema ruaponpveoaa C perynstopoM MOTOoKa XMAKOCTU

[aBneHune py XNAKOCTU B HaMOpHOW NMHUKM Ao apoccenst AP pe-
rynMpyeTcs KnanaHoM paBneHusi K[ Tak, 4Tobbl pa3HuuUa [aBNeHui
Pu—Prw OCTaBanacb NoCcTosiHHOM. CriefoBaTenbHO, U Pacxos Qmw XXUAKOCTU
yepes Apoccenb B rugpoasuratens 6yaeT nocTosHHbIM.

Mpu pu-prv=cONSst BennunHa Qu=const. OgHako cneayet MMeTb B
BUAYy, YTO nepenaz AaeneHuss Ap=p.—pmn Ha apoccene AP knanaH KA
NoAAEP)XMBAET C HEKOTOPOM MOrpelHoCTbio. ANs aHanmsa MpuuMH Mno-
rPewHoCTM PacCMOTPUMM  YpaBHEHME paBHOBECMSI CMT Ha 3anopHO-
perynupyoLLEM 3f1eMeHTe KanaHa AaBneHns:

F(pﬂ_prm)zc(lo+|)+PTl (4.13)
roe F — addektnBHas nnowaab B Kamepax rMAapaBInMYeckoro ynpas-
NEHVsI KNanaHoM, M?%; ¢ — XECTKOCTb MPYXWHbl KianaHa, H/m;
lo — npeaBapuTenbHOE ©KaTME MPYXWHbI KanaHa npu HacTpow-
ke, M; | — oTKIOHEHME 3aMOPHO-pPEryNUPYIOLLErO 3NIEMEHTA OT UC-
XOAHOro MONoXeHus1 Npy paboTe knanaHa, M; Py — cuna KOHTaKTHO-

ro TPEHWUS Ha 3aMNopHO-perynnpytoLemM snemMeHTa, H.

OTHOCMTENbHAA NOrpPewHOCTb perynMpoBaHusl nepenaga Adasne-
HWS Ha gpoccene:

n'ﬂ:M:l_ki, (414)
Ap, 1, cly
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roe Ap, — waeanbHbll perynmpyeMmbiii  nepenaj AaBneHUst KWMAKOCTY
Bo3MoxxeH npu | =0 u P, =0, Ma; Ap— aencTBuTenbHbIN Nepenas

JaBneHuss Ha apoccene [P, perynvMpyemblid KianaHoOM [JaBrie-
Hus, MNa.
OTHOCMTENbHAs  MOrpewHocTb cTabunmsaumm notoka (pac-

X0Aa) XNAKOCTH:
so'n=w:4ﬁ+sm -1, (4.15)

roe Q. — AeiCTBATENbHbIA PACXOA XKMAKOCTW C YYETOM MOrpewHoCcTy
perynnposaHus nepenaja AasneHuid, m/c; Q. — waeanbHbIi

pacxoj, obecrneunBaeMbiil peryisTopom notoka, m3/c.
Cuna P,l_ KOHTAKTHOro TpeHUA MOXET WUMETb I'IOJ'IO)KVITEJ'IbeIl‘;I

WK OTpULIATENbHbIN 3HAK B 3aBUCMMOCTM OT HarpaBfieHUs nepeMeLLeHms
3aropHO-peryIMpYyIoLLEro a/eMeHTa kKflanaHa AaBfEeHUst 30/10THUKOBOMO
T1na. COOTBETCTBEHHO, PasfiMyHbIA 3HaK MOXET UMETb U OTHOCUTENbHas
MOrpelHocTb €, CTabunusaunm pacxoaa XuakocT. OCHOBHbIE CrOCcobbI

I

CHM)KEHUA BEJINYUHBLI € — rmapocratmyeckasd un rmapoanHaMmyeckas

0.1
pasrpyska 3anopHO-peryvpyowero s/ieMeHTa 1 yBeIMYeHne B3auMoCBsi-
3aHHbIX napameTpos F, ¢ 1 lp knanawa.

Perynsitopbl MOTOKA >XMAKOCTU MOMYT WUMETb pas/iINYHbIe KOH-
CTPYKTVBHble MoAMdUKaLMKU: C NPeAoXpaHUTENbHLIM KlanaHoM, peayk-
LIMOHHBIM, 06paTHbIM M BKJIIOYAIOTCS B rMAPOCUCTEMY MpPUBOAA Pa3UYHO.
PaccMOTpeHHbIN perynsTop NoToka, kak Hanbosiee SKOHOMUYHBIN, NpUMe-
HAIETCSl MPEUMYLLIECTBEHHO B ruapocuctemax TO.
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