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Hsnoxen KOMIIEeKC BONPOCOB 10 I'MAPABIHYECKHM NPHBOXAM,
DpHMeHAEMHM B MamwnHocrpoeHuH. IToapo6HO paccMoTpena (yHK-
HMOHA/MbHAR anmapaTypa YIPaBJIeHHS, PeTyJHDPOBAaHHS H pacmpe-
Je/leHusl, THAPABJAHUECKHe MalIHHK (HACOCH H THAPOMOTODH) H
CHJIOBHE HMJHHADH. [IpHBefeHH pacyeTHHe 3aBHCHMOCTH M 060-
CHOBaHHS, HeOGXONHMBble AJS ONpPeleNcHHs NaPaMEeTPOB THAPAaB-
JHYeCKOH CHCTEMBl H ee 3JIEMEHTOB H OO0JbHIOE KOJHYECTBO 3.e-
MEHTOB CXeM H NPUHIURHAJbHHX CXeM AAs YCTPOHCTB ¥ MAIIHH,
paboTaOWHX N[O NOJYABTOMATHUECKOMY M aBTOMATHUECKOMY I(HMK-
aaM. OTpakeHE OCHOBHBEIE YCJIOBHH HajexHOCTH pabOTH THApaB-
NAYECKHX CHCTEM, |

Jag CTYNeHTOB MAlUHHOCTPOMTENBHHX CHeELHaAbHOCTEH BY-
308

Ta6a. 19. Un. 118. Crnucok aut.: 42 Hass.

PenensenTH: 3acn fearenas Hayku u Texunka BCCP, akage-
mux AH BCCP, pokr. Texn. nayk npod. Il. M. Suiepumus u KaH-
Aupath Texn Hayx B. @. Topouwko, A. @. Jompaues

Penakuns JHTEPaTYPH IO MAIMHOCTPOEHHIO H IpHOOpOCTPO-
€HHIO.
3as. pexaxuueit 0. A Ho6pososbekuil
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NPERMCNOBHE

Koymyuucruueckass naprus Coserckoro Cowo3a, npriaBasg IepBo+
CTeNeHHOe 3HAaueHHe PAa3BHTHIO MANIHHOCTPOEHHS — OCHOBBI TeXHH-
YeCKOTO NepeBOOpYXKeHHS BceX oTpaclell BapOAZHOro xo03sicTBa, —
MOCTAaBU/IA Iepel OTPACABI0 OTBETCTBEHHBIE 334aYH: <«3HAYHTEJNHHO
VJAYUIIATD KayecTBO BHIIYCKaeMBIX MALIHH, oGopyloBanus H HpubO-
POB, MOBBICHTH HX TEXHHYECKHHA yDOBeHb, IDOH3BOAHTEIHHOCTb, Ha-
JexHOCTh H Oe3pnacHocTb B akcmayarauud. [Ipozonxurs paborh no
CO3/IaHHI0 3AKOHUEHHBIX CHCTEM MaIIHH H NPHOOPOB, NO3BOJASIOIAX
KOMILIEKCHO MEeXaHH3UPOBATb W aBTOMATH3HPOBATH BeCh TEXHOJOTH~
YecKHH 1HKJI — OT IOCTYNJIeHHs CHIpbs JI0 OTPY3KH TOTOBOH MHpPOAYK-
unE».! B pelleHHH 3THX 3aJay BaXKHOe MECTO NpHHAIJEXHT paspa-
foTKe H KOMILIEKCHOMY HCHOJBb30BaHHIO THIAPABJIHYECKHX MAallHH H
CHCTEM. )

Heyxionnoe pacluupenne o0sacTd NpHMeHeHHS THADaBJIHYECKOTo
TIPHBOJA, HENPEepPHIBHLIA POCT H COBEpLICEHCTBOBAHHE INPOH3BOACTBA
THApaBJIHYECKUX MalI¥H, allapaToB M BCIOMOTaTeJpHOro obopynaoBa-
HHA TPeGYyIOT OT COBPEMEHHOrO HHIKeHepa-MaUIHHOCTPOHTEeNns Teope-
THYECKHX 3HAHHA B NPaKTHYECKHX HaBHIKOB, HYXHHX JAJf PAUHOHANb-
HOT'0 MCIIOJTb30BAHHS FUAPABIUUECKOH 9HEPTHH.

JLOCTOHHCTBAMH THAPOUPHBOLA SIBJIAIOTCH BO3MOXKHOCTh HJAaBHOTO
H3MEHEHHA CKOPOCTH B IIMPOKHX npefesnaX, cHocOOHOCTh B TeYyeHHe
JJIHTeNBHOrO BpeMeHH pa3BHBAaTh OOAbLIHE CTATHYECKHE YCHJHSA, A0-
X04sdlllHe HEePeIKO Ao AECATKOB ThiCAY TOHH, HaJleXkHoe obecleyeHue
CMAa3KOH TPYIIHXCA TNOBEPXHOCTEH, Majas HHEPUHOHHOCTb, MPOCTOH
CIocof NpefoxpaHeHust BCeH CHCTeMBI OT Ieperpysox 3a cyeT OrpaHu-
YeHUS JIABJEHHS, BO3MOMKHOCThE HpeoOpa30BaHH THAPABJIHYECKOH
SHepr¥H B JI000H BHA JBHIKEHHS. BHCOKOOGOPOTHHIE H BHICOKOMO-
MEeHTHBle THAPOMOTOPH, NOJNYYHBLIKE IPHMeHeHRe JJId BpamaTeJbpHOro
JBHIKEHHS!, TO3BOJAIOT HCKIIOYHTD HJH 3HAYHTEJbHO YIIPOCTHTH MeXa-
HHYeCKHe [lepesayH.

3a nocrenHue JECSTHAETHS OTEYECTBEHHAs INPOMBILIJIEHHOCTh 000-
raTujaach GOJBHIMM KOJHYECTBOM <CNelHaJH3NPOBAHHHEIX 3aBOJOB MO
TIPOU3BOJACTBY I'HAPABAMUECKHX arperatoB., YcoBeplleHCTROBAHA TeX~
HOJIOTHST HX H3TOTOBJEHHS, H HO3TOMY CTOHMOCTh COBPEMEHHOrs ruipo-
000pYAOBaHHS 3HAUHTEJBHO CHH3WJIACh, YTO B HeMaJof Mepe cCIio-
co6CTBYeT BHEAPEHHIO IHAPONPHBOJAA B MALIKHOCTPOEHHE.

! Martepnanul XXV cwpesna KIICC. M., Nonntrzaar, 1976: c. 183.
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Bomnpochl perysnHpOBaHHS CKOPOCTH, BHOOD JAaBJEHHS, MPOEKTHPO-
BaHHe 3JEMEHTOB CXeM H CHCTeM, a TaKXe OTHEJNbHBIX arperatos H3-
JIOKeHH B (hOpMe MakKCHMAaJbHO JOCTYOHOH CTYJEHTY, H3YUHBLIEMY
Kypchi JieTaJiell MalllHH, TEXHOJOTHH MAaUIHHOCTDOEHHS, THADABJIHKH U
OCHOB B3aHMo3aMeHseMOcTH, OCHOBHOe BHHMAaHHE VIENEHO (YHK-
IMOHANBHOHR anmapartype, THAPOMAIUMHAM, CHJOBHIM LHJAMHAPAM, BO-
mpocaM HaAEKHOCTH M IPOeKTHPOBAHHIO FHAPABJIHYECKHX CHCTEM.
Hcnonr3oBal MHOTOMETHHI ONBIT PalOTH MAaIlHHOCTPOHTENbHBIX 3aBO-
JI0B, CIENHAJH3HPYIOUIMXcA B 0OJacTH H3rOTOBJEHHs HAPOGHIHPO-
BaHHOTO OOOPYAOBAHHA, ONBIT HPOEKTHHIX OpPraHH3alHH, Pe3yJbTaThl
HCCJeloBaHAR H pa3palboToK, OCBEMIEHHHIX B ONyO/JIHKOBAHHHIX MaTe-
pHanax.

FuppaBnuyeckue TPHBOAB COBPEMEHHBIX MAIIHH, KakK npammo,
COCTABJIAITCA U3 HOPMAJH30BAHHLIX ANNlapaTOB B arperator, cepHiHO
H3I'OTOBJISIEMBIX CIIELHAJH3HPOBAHHLIMH 3aBOJAMH. ITO MO3BOJHIO
YOPOCTHTb NPOUECC NPOCKTHPOBAHHS, MOHTAM THAPAB/IHYECKHX CHCTEM
K HX 3KCIIyaranuio. IlpuMeHeHHe ODHTMHAJIBHBIX YCTPOACTB, OT/IHY-
HBIX OT HOPMA/JH30BAaHHBIX, OTPAHHYHBAETCH H3 SKOHOMHYECKHX H
3KCIVIyaTalMOHHBIX Co00paxKeHHH, TaK KaK BBeJeHHE HX V/JIHHIET
CPOKH NPOEKTHPOBAHHA MAIIMHEL H H3TOTOBJIEHHS W HePeIKO Tpebyer
THIATEIbHBIX HCCJIeJOBAHHA M 3KCHEPHMEHTAaJbHBIX IIPOBEPOK paspa-
60TaHHBIX YCTPOHCTB. .

Onuako HM3-332 3TOro He CJefyeT OTKA3HBATLCHS OT HCMOJAb30BaHHS
ODHIMHANBHBEIX aNapaToOB H Y3JI0B, NPHMEHEHHEe KOTOPHX BHI3BAHO
HeOOXOQMMOCTIO H MOXKET 0Ka3aThcs IejecoobpasHbiM IPH CEPHHHOM
H3TOTOBJICHHH MALIHHHL.

W3 Hopmanu3oBauHbiXx anmapaTtoB (HAW QYHKIHOHAJBHHX Y3JIOB)
€O37al0Tcsi pasHoo6pasHbele «CHCTeMb, o0ecleynBammue paboTy no
CJIOXKHBIM IHKJIaM C IIHPOKHM DEryJHPOBAHHEM CKOPOCTH H YCHJIHS,
C aBTOMATHUYECKHM IlepeKJIOUeHHeM CKOpOocTell AJs IOCJeL0BaTeNbHO-
IO BRJIOUYEHHA B paboTy HECKOJbKHX YCTPOHCTB, CHHXPOHMH3ALHH H Jp.

Ilpn w3noxeHHH KypcoB 10 MerasnnoobpabarteiBaioliemMy o6opyao-
BAaHHUIO, IPY30NOABEMHHM YCTPORCTBAM, 3eMJIEpPOHHHIM MaIUlHHaM, Ma-
IIMHAM XHMHYECKOTO, NOJHTpa(pHYecKoro, celbCKOXO3AHCTBEHHOIO Ma-
LIHHOCTPOEHHS! B NOJHTEXHHYECKHX H MAIIMHOCTPOHTENbHBIX HHCTHTY-
Tax 6oJbllIOe BHHMAHHE JOJXKHO OHITh YIe/leHO U3YUEHHIO NPHHIHIIOB
KOHCTPYHDOBAaHHA H PaboTBl THAPABIHYeCKHX cHcTeM. CoOBpeMeHHO#
TeMOH JHMILIOMHOTO IPOEKTa Bce gallle CTAHOBHTCS pa3paboTka aBTo-
MaTHUECKH IeACTBYIOUINX MAllHH C THAPABAHYECKHM YIIPaBJIeHHEM.

B yue6HoM noco®uu aBTOp NpHAeP:KHBAJNCS MeTOAHKH, HCKJIIOUa-
olllell o6HIHEe TEOPETHYECKUX BHKIAL0K.

Kypc «I'mapaBiHuecKrne OPHBOJEI®, YHTAeMBIHl CTYAEHTAM MallH-
HOCTPOHTEJNBHEIX CcHeluafbHOCTell, — NUCUMIVIMHA NpPHKJIAZHAas#, UOo-
3TOMY HeoOXOAMMO HaydHTh OyAVIIEro WHXKEeHepa YHUTATh I'MipaBiude-
CKHE CXEMH H KOHCTPYHPOBATh CHCTEMH, MEePEXOJA OT HPOCTHIX KO Ble
GoJiee CIOXKHEM, PaIlHOHAJABHO HCOOJb3YS IIPH 3TOM Aallaparypy,
THIpaB/IHIeCKHe MAIIMHE H BCIOMOraTelbHEIE YCTPOHCTBA. Tem ca-
MBIM MOJIOZOH clienuanuct Oyier NOATOTOBJEH K BCTpede C mnpocbw
IHPOBAHHBIM O6OPYNOBAaHHEM B YCJIOBHAX IPOH3BOACTBA.



FnaBal

FTUAPABNUUYECKAS ATNNAPATYPA YNPABAEHUS
M PACNPEQEJNEHNA

1. OGparHbie KnanaHbl

O6patHble Kianausl NpefHAa3HAYEHH JUIS NPONYCKAHHS KHAKOCTH
B OJHOM HampaBsieHuu (puc. 1, a—03). B 3aBUCHMOCTH OT GOPMHI HIIH
KOHCTPYKIIHH 3aNHpalOIHeT0 3JleMeHTa (3aTBopa) KJalaHH GHBaIOT
uiaposble, TapeabyaThle, ¢ KOHHUYECKHM 3aTBOPOM HJIH C 3aTBOPOM 30-
JIOTHHKOBOTO THIa. Bo Bcex KOHCTDYKLUHAX, KPOME KJalaHa Tapejbia-
TOTO THIIA, 3aTBOP NMOJAXKAT K CelJIy NIPYKHHOH, pacCUNTaHHONH B OCHOB-
HOM Ha IIpeoflojJieHHe CHJI TPeHUs W COGCTBeHHOro Beca 3ateopa. Ecuw
HalpaBJieHHe NOTOKAa H3MeHsSeTCs, TO, IIOMHMO HPYXKHHH B KOHCTDYK-
nusix (puc. 1, @) wWapoBHIX KJIAMaHOB ¢ KOHHYECKUM 3aTBOPOM, 3aTBOD
IJIOTHO TNPHXKHMAeTCd K CeANy RaBJeHHeM KHAKOCTH, NpeJoTBpallad
o6paTHLIM TOK XKHAKOCTH. Bce o6paTHHe KjalaHh MOXKHO MOHTHPO-
BaTh Ha MArucTPa/six W B arperatax B JIO60OM NOJOXEHHH, KpOME Ta-
peapyatoro, pabora KOTOPOro BO3MOXKHA, €CJH OH PAaclojI0KeH TOJb-
KO IOPH30HTaJbHO M 3aTBOPOM BHH3. Hamnyumnyio repMeTHYHOCTb IIpH
3aKPHITOM 3aTBOpPe CO3JaeT COIpsKEeHHe KOHYCHOe HJH C(epH H KO-
Hyca. :

Hlaposoit ka1anaH (puc. 1, a), B KOTOPOM IIAPHK He LEHTPHPOBAH H
VAepXKHUBAeTCAd TOJBKO IPYXKHHOH, siBAsieTcs] HauboJee NPOCTHM B
HauMeHee HajexHbHIM. Bo BpeMsa Hpomycka XXHAKOCTH uepe3 KJamnan
WIapHK NIPH NyJbCHPYIOMIEM [aBJjeHHd BHOPHPYET H NPOBOpadHBACT-
CsA, BHI3bHIBAs M3MEHEHHe NePBOHAaYaJbHOH (JOPMBI CONpSKEHHs, BHIKPa-
LIIMBaHHe cejJla K/aalaHa H yMeHbluleHue repmeruyHoctd. lllapoBme
KianaHpl NPHMEHSIOT OPH He6OJbIIMX RABJIEHUSIX M MaJjblX pacxojax.
OHM BCTpPOEHH B KpHIIKax pacnpefenuTesell ¢ THAPaBIHYECKHM YII-
paB/eHHeM H NpejHa3HaueHH AJs CBOOOAHOro NOJBOJA KHAKOCTH HOL
TOPUHEI 30JI0THHKA. )

TapespuaTble KialaHel, Kak IPaBHJO, YCTaHABAHBAKT Ha BCACH-
BAIOIIHUX MAarucTPajsix HACOCOB, TJAe CONPOTHBJEHHE NOTOKY XKHAKOCTH
JOJ2KHO OHITh CBEJeHO K MMHHMaJbHOH BeJHUYHHe.

OO6paTHBIfl KJamaH ¢ KOHYCHBIM 3aTBOPOM NOJY%U1 HaunboJbliee
pacnpocTpaHeHHe, TaK Kak ofeclneyHBaeT NOJHYIO repMEeTHYHOCTh (NIPH
N06POKAYECTBEHHOM M3TOTOBJIEHHH) H OKa3blBaeT MeHbllee CONPOTHB-
JieHHe HOTOKY JKHMIKOCTH, YeM KJiallaH 30J0THHKOBbIH. Hopmasnnsosan-
Hble 06paTHBIE KJanaHue THNa 51 H3roTOBJISIO#C KOHYCHEIM 3aTBOPOM.

O6paTHble KNamaHbl 30JI0OTHHKOBOIO THIA B BHJE OTAEJAbHOrO
YCTPOHCTBA He H3rOTOBJSIOT, TAK Kak OHH He 00ecneyHBalOT IIOJIHOH
repmeTHyHOCTH. OHH TPHUMEHSIIOTCS B JBYXXOJOBOM 30JI0THHKe € 00-
PaTHHIM KjanmaHoM THna [74-3 u B pas3jenuTenvHoOl NaHenn Tuna I'd3.
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Knanau, npennasHaueHHsf A Bcrpoi!’mn B TpyGONpOBOA, MOKAa3aH
Ha puc, 1, 0. "

Jlnsi HameKHOM HSOJSLMH KaKOTO-THOO KOHTYpA THADOCHCTEMBI
ApHMeHAIOTCA JBd, 4 HHOrAa H TPH NOC/AeN0BavTeNbHO COEAHHEHHBIX
o6paTHHX KJlanaHa.

O6paThuifi kN1allae ¢ JOHCTALHOHHHIM yipasienueM (pHc. , e, 0)
nperHa3HaUeH JJg INPONYCKAHHS XKMAKOCTH B NPAMOM H 06paTHOM
HanpagJeHHAX. O6paTHoe TeueHHe KHAKOCTH BO3MOXKHO TOJIBKO IOC]Te
NpHHYAKTENILHOTO NOJLeMa 3aTBopa [ 3omoTHikoM 2 (pHc. 1, ) MJIH
nayuxepom 2 (puc. 1, o). SToT KAanaH MHPOKO NPHMEHEH B THADAB-
JIHYeCKHX CHCTéMaX CTaHKOB H IPeccoB.

O6paTHbff KiaanaH ABOHHOrO JeHCTBHS  30JOTHHKOBOTO THIA
(pHC. 1, 2) HIH ¢ KOHHYECKHM 3aTBOPOM HCHOJBL3YIOT TaM, Ile HeoBxo-
IMMO COeNHHHTb MarucTtpasb / uan 3 ¢ BHIXOAHBIM OTBepctHeM 2.
B gacrHocTH, TaKylo GOYHKUHIO KJIanaH BeIOJHAET B peobpa3oBarele
HETIPEPHBHOTO JeficTBHA (pHc. 94).

CaBoeHHHT* obpaTHbIf k1anad (pHC. 1, #) COCTOHT H3 CTEPXKHA 3,
KOHYCHBIX 34TBOPOB § H 2 W pachojiaraercss B PacTOYKe MOPLIHA C KO-
HYCHHIMH cefnaMH. Ecnn nonocts cnpasa oT HopmHsa 4 HaXONHTCS NOJ,
JaBJIeHHEM, TO» 3aTBOP 5 MPHKAT AaBJACHHEM XKHIKOCTH K Celjy, H30-
JHPYs 3Ty nodocTs C NOIAXoA0OM IOPIIHS K JIEBOH KpHIIKe HHIHHIPA
3aTBOp 2, yIHpasAch B KPHIHUIKY, CMellaeTc BIPABO OTHOCHTEJBHO IOP-
IIHSA, a 3aTBOP & OTXOJMT OT cela. C IOMONIbIO NLIHIEB Ha 3aTBOpax
IPOTHBONOJIOKHEIE TNMOJOCTH UMJHHAPA COCAHHSIOTCS MexX1y COOOH.
Ilpu 3TOM NPOMCXOAHT YMEHBblEHHe YCHJIHS, Pa3BHBAEMOro IOpIIHEM
¢ MOAXOJOM NOPLIHA B KpaliHHe IOJOXKeHHs H IVIaBHbIH OCTAaHOB IOPIL-
Ha Jas HopManbHON paboThl CABOEHHOTO KJalaHa Heo6X0oAHNMO, HTOGH
3amBop 2 cBoell paGouel YacThbiO He IpHJAera’d K CeJly NpH NOAXOAe
Topua mopimHa / K KpbIlIKe HUJHHAPA. Ecau xHIKOCcTh GyjeT nojse-
JleHa oA JaBJeHHeM B JIeRYIO IIOJIOCTh UMJIHHIAPA, TO KJIANlaH CMECTHT-
Csl BIPABO H H30JHpPYET JIEBYIO TIOJOCTb UHJIHHAPA OT HpaBoH.

Funposamok, B ofllleM Koplyce KOTOPOrO CHMMETPHYHO pacmoJjia-
raloTcsa ABa OGPATHHIX KJallaHa WIapOBOro THNA H ILTABAIOLHA 3010T-
HHK C TOJIKaTeJsIMH, MoKa3aH Ha puc. 1, A. ITosoctn A u B noxkiio-
YeHH K pacmpepeantenato, a C u D x cunosomy umaunjapy. Ilpu nozso-
Jle XKHJIKOCTH TOJ AaBJE€HHEeM K NOJOCTH B OXHOBPEMEHHO OTKPHIBAIOT-
¢ ofa xkJanaHa: MpaBHi [aBjeHHEM KHAKOCTH, a JIEBHH ToJKaTeseM
3on0THHKa. IllapoBnle kmanaHbl OyAyT TakKe OTKPHITH NIPH NOABOAE
JKHIKOCTH TIOA LaBJE€HHEM K NOJocTH A B 2THX ciyuasx rugpo3aMoK
He TpensTCTBYeT cBOOOAHON LHPKYJAIMH KMAKOCTH MeXJAYy pacrpefe-
auteneM ¥ nuaugapoM. Ho, ecnu nasienue B nogtoctax A u B ymager,
TO BIapOBHle KJAaNaHH 3aKPLIBAIOTCH, OTHAE/]HB NIPH 3TOM CHJIOBOH LH-
JHHAP OT pacnpegennrens. Ha puc. 1, o, 3, 4, ¥ MOKa3aHH ‘yCIOBHEE
00603HAYeHHs COOTBETCTBYIOIHX OOpaTHBHIX KJalaHOB.

YnpapaseMble o0paTHBE KJanaHb NOJYYHJIH PacHpOCTPaHEHHE B
mpeccax M HCNOJb3YIOTCS A [OPONyCKaHHA Ooabliyx 06beMOB

* Ilat. 1297236 (Amraus). Fluid by pass valve / Sifri Elie C, Shibahara Mat-
thew — Ony6a 221172
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Puc. 2. VnpasngeMbli 06paTHLIH KialaH

JKUJKOCTH BO BpeMs XOJIOCTBIX HEPEeMeEIleHHH OCHOBHOTO HOPILUHY HJIH
miyHkepa. Kak npaBujio, IPUMEHSIIOTCS O6paTHHE KJalaHel ¢ KOHHYe-
CKHM 3aTBOPOM, AJIS yNPaBJieHHS KOTOPHIM HMEeTCS HECKOJbKO KOHCT-
PYKTHBHBIX pelLIeHHI.

PaccmoTpuM KOHCTPYKLHMIO YNpaBJiseMOro oOpaTHOTO KJalaHa c
yhnpaBJeHHEM OT OCHOBHOI'O MOTOKA H HEKOTOPHE BONPOCH TE€XHOJOTH-
YeCKOro Xapakrepa, HCHOJb3ys JJs 3TOH lleJH ammapar*, u3o06paxeH-
HBElE Ha pHC. 2. B cTyneHuathii k/ianad 6 nox yriaom 45° BCTpPoeH JIBY-
CTOPOHHH# INAapHKOBBIH KJanaH 3, KOTOPHH B 3aBHCHMOCTH OT Ha-
NPaBJEeHHS OCHOBHOTO MOTOKA XKHAKOCTH COeAHHSET HaJKJIalaHHYIO
HoJIoCTh 6 ¢ KaHaJaMmu I u 4. K noJocTH 6 NOAK/IIYEH ABYXNO3HIHOH-
HBI pacHpefesHTe]b C 3JeKTPHUECKHM ynpasienueMm 7. Korma 3ouor-
HHK B pacrnpele/iuTesie 7 3aHHMAeT NOJOXKEHHE g, TO MOJIOCTh 6 3aMK-
HyTa, IPH 3TOM KJalaH 5 NMPUXKAT K cefay BTYJAKH 9. Ecau 30/10THHK B
pacopefenuTese 3afMeT MOJOXKeHHe 6, TO TOJOCTb 6 COETHHSETCS C
0aKoM, a KJanaH & OTOHJZET OT cejja, NMPONYCKas OCHOBHOH IOTOK
JKHJIKOCTH B HeOOXOAMMOM HanpaBJeHHH, IPHYEM HE3aBHCHMO OT TOTO,
rjie HaxXOAMTCS XKHAKOCTb IOJ JAaBseHHeM. [lJisi cria:kKMBaHHA Pe3KOro
flajeHHs JaBJIeHHs B KaHajax / H 4 npu cpabaTblBaHWUHM paclpejenu-
Tesst 7 ¥ AJisl CO3/laHHs Nepenaja AaBJeHHs MeXAY HHMH H IOJIOCTHIO 6
oTBepcTHe 8 clesaHO MaJIOro JHAMETPA, KOTOPOe BHIIOJHSET (PYHKIHIO
JeMidepa.

Haes;, BonjolleHHass B KOHCTPYKUHIO almapara Ho pHC. 2, g, mpa-
BHJbHAs, ONHAKO pAacloJjioKeHHe IUapHKOBOTrO KJaamaHa & NOA YIJioM
BBI3BIBAET TEXHOJIOTHUECKHEe Heyno0CTBa HpH H3roToBjeHHH. QUYeBHIHO
JUisl BHICBEPJIMBAHHSI OTBEPCTHS M Hape3aHHs pe3pbpl mojJ ityunep 2
norpebyercs JOIOJHUTEIbHOEe INpHcHocobieHue. CBepJenie ke Bcex
OTBEPCTHH B CTYNEHYUAaTOM KJiallaHe Ja)Ke IPH HaJUYUH NpHCIocoG.e-
HUS NPOHCXOAHMT B HeOJArONPHATHHIX YCHOBHAX, TaK KaK BO3MOXKHA
TIOJIOMKa CBepJia IIPH BHIXOJIE€ €ro U3 MeTaJlia.

B Bapuanre, mokasaHHOM Ha pHC. 2, 6, U3TOTOBJIEHHE BCEX OTBEp-
CTHH, PaclNONOKEeHHbIX NOJA NPAMBIM YIVIOM K COOTBETCTBYIOIIHM IIO-

* Tlat. 2218540 (®PI'). Stumpmeier Fritz. — Ony6a. 24.10.74.



BepXHOCTSIM, He HYXJaeTcs B JONOJHHTEJbHOM npmcnocoGJrel-mn Ta-
Koe KOHCTPYKTHBHOE pelleHHe HeCOMHEHHO TeXHOJOTHUHeH, OJHakKo
[OSIBUIACh HeOOXOAUMOCTD B JONOJHHTENbHOH AeTanu 10.

BeezeHHe KoJblUeBO# npoTouku 11 (puc. 2, g) eiue B 6ojpmier cre-
HeHy YIPOCTHJIO TEXHOJIOTHIO H3TOTOBJEHHS BHYTPEHHHX KOMMYHHMKa-
LHUH B KJalaxe,

2. HanopHbi/ 30Nn0THKK THna ['54-2 u Br54-2

Jlsiss mpefoXpaHeHHsi THAPABJIHYECKOH CHCTEMbI OT Ieperpysoxk,
MOAACPIKAHHsI HNOCTOSIHHOTO JaBJIEHHUS, VIIPaBJEeHHsI NOTOKOM KHAKOC-
TH U OJIOKHPOBOK HCHOJIb3YIOT HAaNOPHHE 30JOTHHK (pHC. 3).

[Ipunnun neficTBusl HaNOPHOTO 30JIOTHHKA OCHOBAH Ha ypaBHOBe-
UIMBAHAM THADPABJIHYECKOH CHJIB, KOTOpasfs BOCHDHHHMAaETCS TOPHOM
30JI0THHKA 2 W yCHJIHEM IPYKHHH 4, paclojioKeHHOH HaJX 30JIOTHH-
koM (pHc. 3, 6).

Pa6owas JKHAKOCTb MMOIBOJUTCSL OT KOHTPOJHPYeMO# Marnc"rpa.nn K
HoJ0CTH A ¥ OJHOBpEeMeHHO -yepe3 orBepcTus 9, 10 w 11 nox HHXKHHI
TOpel 30JI0OTHHKA B HoJocTh 6. Eciu ruapaBiuyeckass CHiIa, pPaBHas
0,785 pd? (rme p — naBie-
HHEe B [OJOCTH IOJIBOJAA, g
d — nnaMeTp 30JIOTHHKA),
okaxercs GOJblIE YCHJIHS,
pa3BHBAeMOro NpyKuHOH 4, |
TO 30JIOTHHK CMECTHTCA B 11
CTOPDOHY MPYXKHHBL H COEJH- §—
nut nosoctd A u B. B pe- . Oonolroe | et
3yJbTaTe B MOJIOCTH IOBO- %

-t

il

Ja, a cJeIoBaTeJlbHO, B.  “ 3 ‘#—}

L—II —
—

KOHTPOJIHpYE€MOH Marucrpa- ]
JIM, yCTaHaBJuBaeTcs JAaB- '
JIeHUe,  COOTBETCTBYIOIIEE 7 l H 1l uernomense i ycropenze

HaCcTpPOHKe NPYKHHBHI.

a
Ecan naBnenue B cucre-

Me OKaxeTcs: MeHblle [1aB- 6

JIEHHsl HACTPOHKH MPYKHUHHI, 5 Sy -

TO KJamaH OTXHMaercs 7

NPYKHHOA B MCXOAHOE IIO- N

JIOKEHHe. Obog i S8
Jlis HaCcTPOHKH NpyKH- . ¢

HBI B KoJIake 8 NpefyCMOT- o —

PeH pPeryJupOBOYHBIH BHHT  /iibed i | 0

5 ¢ KOHTpra#koH. |
Bo3aMoxHBIe yTeUKH H3 2 4

MOJIOCTH, TAEe HAaXOIUTCA !
OPY3KHHA, OTBOASITCS 4epes 5 ; y
OTBEPCTHE MAaJoro JHaMerT-

pa 7 B kopnyce ! KiaamaHa Puc. 3. Hanopuwit 3on0tTHBK THna I'54:

— 0 6 ; 6 — TPYKTHBHAS®
OCHOBHOIO KCIIOJIHEHHSI. t‘z:xem ycnoBHEe 0603HaYCHHSA KOHCTPYKTHB!
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Puc. 4. Hamopuuifi 3010THHK THnAa BI'54

fabnerue

CumBosHUECKOE H306pa-
#KeHHe HAaOPHOTrO 30JI0THH-
Ka BO BCeX HCHOJHEHHAX
floKa3aHo Ha pHc. 3, a. B oc-
HOBHOM HCTOJIHEHHHM anma-
paT MpUMeHsieTcsl AJIS Ipe-
JloXpaHeHHus CHCTEMH OT me-
pPerpy3oK H NOJAJepKaHUS
NOCTOSIHHOTO faBJeHusl. An-
IapaT B HCHOJIHEHHH | mpe-
HasHa4YeH [Js TPONycKa
XKHIKOCTH B 3aJJaHHHH MO-
MeHT; KOMaHJM Ha MOXAbeM
UJH ONMyCKaHHE 30JIOTHHKA
NOCTYNIalOT OT APYroro am-
naparta (Hanpumep, 30JIOT-
HUKa yopasJeHusi). s
nepeo6OpPYAOBAHUS, HAIOP-
HOI'O 30JIOTHHKA H3 OCHOB-
HOr'o HCHoJHeHus B [ HeoO-
XOJHMO INepeKphHTh OTBep-
ctie /0 M MOIKIIQUHUTH K
HOJIOCTH B HONOJIHHTENbHBIH
Tpy6omnposej. cmonuenue
1] ornuuaercs OT HCHOJHe-
HUsl [ TeM, YTO YTEUKH H3
amapaTta OTBOpsATCA B 0ak
0 JAONOJHHUTEJBbHOH Maru-
cTpanu, JJs 4ero Heob6xo-
JUMO 3arJyIIHTh OTBEPCTHE
8 u BMecto Hpo6GKMu 6 NpH-
COeIMHHUTD LITYLEp ¢ Tpy6o-
nposogoM. B III ucnoJse-
HHH HAaIOPHHH 30JIOTHHK
IpUMeHsieTcs] B KayecTBe
6JIOKMPYIOILEro yCTPOHCTBA
C ynpaBJeHHeM IO JaBlie-

HHIO; XKHAKOCTb MPOHeT Yepe3 annapart, HanpHMep K LHJIHHAPY, TOJbKO
B TOM CJyyae, KOTJa JaBJeHHE NepeJ] annapaToM JOCTHTHET BeJHYHHbI
HACTPOUKH NPYXHUHH. B 3TOM HCHONHEHHH OTBOJ yTeUeK NPOH3BOJLHUTCS

‘PaszenbHO.

Hamnopuuifi sonotuuk tuna I'B4 wmsroroBnasercs B TpyOHOM H HpH-
THIYHOM HCIOJIHEHHH M DAcCYHTaH 1Js jAasjienuit or 0,3 no 2 MIla.

Hanopuuift  3on0THEk THma BI'B4 (puc. 4) — 3710 Momudukaus
30J10THHKA ['54 W OTIHUAETCSA OT HEro IVIYHXepoM I, pacnosoXKeHHBIM
MEXIY N0J0CThI0O B 1 30J0THHKOM 2. JlHaMeTp NJIyHXKepa MeHblIe AHa-
MeTpa 30JOTHHKA, MOJTOMY IIPH TAaKOH Xe NpPyXHHe, KaK B KJamaHe
I'54, xnanan BI'54 MoxeT OriTh HACTPOEH Ha jaBiaeHue no 6,4 Mila,
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3. HanopHbli 30N0THMK ¢ O6paTHLIM KNanaHoMm Tina F66-2

Kananan T'66-2 npeanasHayed AJsA DPONycKa XKHAKOCTH B OJHOM
HANIPaBJIEHHH ¢ 33JaHHHIM JaBJEHHEM, a B IPYFOM — C MHHHMAaJbHEM
JaBJIeHHEM, ONpelessieMbM »KeCTKOCTbIO NPYXHHH oO6paTHoro Kia-
nana 2 {(puc 5). Annapar I'66 cOCTOHT H3 HalOPHOTO 30JOTHHKA H 00-
paTHoro KJjamaHa 2, CMOHTHPOBAHHHIX B o6IiemM Kopmyce [

Jlsi:xenne KEAKOCTH C 3aJaHHBIM JaBJeHHeM H3 nojoctd A B
noJiocTh 6 NPOU3OHIET TOrZa, KOrJa AaBJeHHe B NOJOCTH A CTaHeT He-
CKOJIbKO Gosiblle HACTPOHKU NpyxuHbl & I[Ipu 3THX YC/NOBMAX THAPAB-
JHUecKas] CHsia, AeHCTBYIOIIAsi HA TOPEL, 30JOTHHKA 4 cO CTOPOHH IO-
JIOCTH B, CMECTHT 30JIOTHHK B CTOPOHY NPYIXMHH H yepe3 o6pa3oBaB-
IWYIOCA KOJABIEBYIO HIeJb MEXKAY 30JO0THHKOM H KOpIIyCOM KHIAKOCTh B
VKA3aHHOM HANPABJIEHHM HAYHET NepeMellaThCs M3 IOJOCTH A B no-
JoCTh B .

O6paTHOe TeueHHE KHIKOCTH H3 nojocrd 5 B mosoctb A npoucxo-
IUT yepe3 o0paTHHH KJamaH 2, KOTOPHH nox JeficTBHeM He(OJbIIOr0o
JaBJieHHs] OTKHMaeTcsd B CTOPOHY cialof HNpYKHHHEL

OTBepcTHs, 3arJyliteHHble KOHHYECKHMH NpOGKaMH 6 H 7, MOTYT
OLITE HCHOOJB30BAHBL  JJIs
HOJIKAIOUEHHS MaHOMeTpa,

YTO HEOPXOJHMO TIPH HACT-

»

pofike HPYKHHE HaNopHO- ==,
rO 30JOTHHKA Ha 33aJaHHOe =
JaBJIeHHE.

Annapar I'66-2 narorap- [ unamee
JHBAIOT B BYX HCMNOJHEHH- _ yé'..l;
sx (puc 5, a). B I ucmoa- 1 - 5
HEHHH €ero HCIONB3YIOT IJIst
MOCJE0OBATENBHOTO  IIOA- LA sommny
KJIIOueHHsl B paGOTy THAPO- 4ummene! " wpatmems
JBHraTesiel WJIH XKe M)A '
NpeAOTBPallleHHs CaMOnpo- 4 '
H3BOJIBHOTO ONyCKaHus
NOPUIAS B CHJIOBOM UHMHA-
pe MpH €ro BepTHKAiLHOM
paciogoxedun Bo II wuc-
monHeHun kaanman [66-2 ] R
npejHa3HAUEH 1ad mpomyc- 4 7

Ka JKHIKOCTH H3 NOJOCTH A 31 =
B nosiocTh 5 TOABKO B 3a-
JAHHBIE MOMEHTH, KOTOpHE J
OTpefeasOTCS LHKJIOM pa- 2 7
OOTH yCTpPOHCTBA HJH Xe

JPYTHM annapatoM (Hanpu- )
Mep, 30JO0THHKOM yIpasJie- g
Hua) Jng nepeoGOPYAOBA-  pyc 5 Hanopmiht 3070THEK ¢ OGPATHHM Kiana-
HUs anmapata H3 [ HCHOJ-  wow tuma [66-2

HeHusi BO [ HeOOXOZMMO 4 ycnosmoe o6osrauenne, 6 — KOHCTDYKTHBRAS CXeMa
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orBepcTHe I MepeKpHThL, a K OZHOMY H3 OTBEPCTHHA, 3aQAVIIEHHBIX
npobkaMH 6 M 7, NOAKIIOUHTb MarucTpaljb OT YIPaBJAAIOILIErO YCTPOH-
ctBa. g

4. Knanan npefoxpaHMTenbHLIH ¢ NePenMBHLEIM 30MIOTHHKOM
™na 52

JAnnapar tuna I'52 (puc. 6) B I ucnosHeHHH IpenHasHayeH AJIsd
IIpeloXPaHeHHs Hacoca OT Meperpysok, a Bo [/ — aja npeloxpaHeHHs
M Pasrpysku Hacoca (moA pasrpyakofl IIOHHMaercs aBTOMAaTHUYECKOe
nepekmoYeHHe Hacoca B 6ak, rjae JaBjaenme IoHuxaercs no 0,1—
0,2 MITa).

ITpemoxpaHeHHe Hacoca OT Ieperpy3ok obecmeynBaercsi B3amMMO-
JIEHCTBHEM IIAPHKOBOI'O KJanaHa 2 ¢ INEPeJHBHEIM 30JOTHHKOM §
JKuzkocTh 13 mojoctTH A, MOAKIIOUEHHOH K HACOCY, 4epe3 OTBEPCTHE B
Kopmyce 7 mocrynaet B moJoctb I', a paJsee yepes JgeMmndepHOe OTBEp-

CTHe B IITylepe 6 H ILeHTpa-
JIbHOE OTBEPCTHE B 30JIOTHH-

CﬂD xe 5 J1.
" Tlpyu 3aKpEHITOM 1IaPHKOBOM
KjanaHe 2 mepeJHBHOIN 20J10T-
| uCTgRE HUK 5 rHApPAaBJIHYECKH YPaBHO-
BelleH, a OpyxuHo# 4 (pac-
Kaomwsy CUHTAHHOH Ha IpeofoJieHHe
YWORR.  cygr TpeHHUs) OTHKAT B HHKHEE
(puc. 6, 6) nosoxeHHe, OTIe-
7/3 | | Jassi monocts A ot moJoct b.
i ucroAreHe Ecam ruapaBianyeckasi cuia,
= , a neficTBylolIass Ha IIapEK CO
N [ CTOPOHHI noJocTH J], oKaxeTcs
|3 BHIIIe HACTPOAKH NPYXKHUHH I,
ﬂf—ff‘“ B TO HIAPDHKOBHH KJalaH oOT-

7
-

4 kpoerca. C sTOoro MomeHTa
FKHAKOCTD H3 moJjocTi I’ yepes
fobrewe  JeMIepHOE OTBEpPCTHE B IIO-
JocTti /I, 1apuKoBbIH KiamaH
. -~ 4 H karaZ E noTeuer Ha CHAHB.
By - | % Jemndep, BEIMOMHAS POJb CO-
- NPOTHBJIEHHS!, CO3AeT nepenan
KT JaBJeHUSI MeXIy IOJOCTSIMH
7 A5 I' m JI, v runpaBiuyeckoe ypa-
BHOBEIINBAHHE 30JOTHHKA &5
HapyIIHTCsA; NOA JACHCTBHEM
60Jiee BHICOKOTO JaBJEHMS CO
| cropoHsl noJsocteit I' u B 30-
J JOTHHK IIepeMecTHTCS BBEPX,

Puc. 6 IlpemoxpanuTenpHHH KaanmaH ¢ mepe- cooluias mnogaoctd A u b.
JHBHBIM 30J0THHKOM THma I'52, Korma >XHAKOCTH TEYeT H3

tcxxe—MaycnmaHoe oGosnayenue; 6 — KOHCTDYKTHBHas HOJIocTH A B IOJIOCTH E, B TO-
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Joctd A, a clefoBaTesNIbHO H B Hacoce, COXpaHseTcs AaBJeHHe, COOTBET-
CTBYIOIEE HACTPOHKe NMPYIKHHBI IHaPHKOBOTO KJanasa. C yMeHbIIeHHEM
[aBJeHHs B HacoCe HHXKe HACTPOHKH IpPYXKHHH! | INApHKOBBIl KJa-
naH 3aKphiBaeTcs; AaBjeHHe B mojoctax I, [ u B ypaBHHBaercs (Tak
KaK TOK JXHIKOCTH depe3 JeMndep npekpalnaercs), a IepeIHBHOH 30-
JIOTHAK 5 TOX NeHCTBHEM HPYXKHHBI 4 OIyCKAeTCd, OTHe/Ad IPH 5TOM
H0JI0CTh TOABOJA A OT CJIHBA.

Takum obpasom, annapar I'52, BHNOJHAS (YHKIMIO IPeLOXpaHH-
TEJBLHOTO KJallaHa, cpabaThiBaeT 5MH30JHYECKH, TOJBKO B MOMEHTH
Ieperpy3oK Hacoca.

Ecan mosmocts [ (II ucmonHeHHEe) COEZMHHTHL ¢ 0aKOM depes OT-
BepCTHE, 3arJylieHHoe NpoOKofi &, To THAPABJIHUECKOe paBHOBeCHe IIe-
PETHBHOIO 30JI0THHKA HAPYLIAETCS; OH MIOJHHMAETCH BBEPX, COeJHHSA
nonoctd A u b, a Hacoc, NOAKMIOYEHHHE K ToJI0CTH A, TepeBOANTCA Ha
pasrpy3ounbli peXXHM, T. e. Ha paboTy ¢ NOHHIKEHHHM JaBJeHHEM.

JlaBnenne B Hacoce B 3TOM CJjydae cocTapiaser npuMepHo 0,1—
0,15 MIla.

5. PaszgenmtenbHas nadenb tMna 53

[lanmenh B OCHOBHOM I[pelHasHAaueHA MM pPAasfeleHus NOTOKOB
JKHIKOCTH, NOCTYNAKIIMX B CHCTEMY OT ABYX HACOCOB PasHOH NPOHU3-
BOJMTEbHOCTH, H NPEJOXPAHEHHS CHCTEMBl OT Neperpysok (pHc. 7).

B ofuleM kopmyce pasMelllaeTcss TPH alllapara: NpeJOXpaHHTE/]b-
HBIH K/Ialad C IepejHBHEIM 30J0THHKOM § (THma I'52), HamopHEHIH 30-
JOTHHK 4, paGoTaloimuil Mo NMpuHUHNY KaanaHa I'b4, u o6paTHBi Kia-
naH 5 30J0THHKOBOTO THIA.

Hacoc Bricokoro jnasienns (HB/]) noaxiaiouaercs K I0JOCTH A,
a mpacoc uasgoro jnapnenus (HHJ) — x nosoctu K.

Pasfenenne MOTOKOB XKHAKOCTH B HAHEJH IPOHCXOAHT ABTOMATH-
9eCKH IIPH NOBHHICHHHM JaBJeHHS B CHCTEME BEIHIE TOTO, HAa KOTOpOE
HacTpoeHa npy:uHa 3 KnamaHa 4. Ecim jJaBieHue B CHCTEMe CTaHeT
MeHbIle HacTPOHKH IPYXKHHE J, To oOpaTHHi KJanaH 5 mojn AeHCTBH-
€M JaBJeHHS XHIKOCTH €O CTOPOHEI NoJoCTH K NoIHHMeTCS H COoelH-
HUT nHoJoctbs 3 yepe3 mojoctd JK u E c momocteio 5. Ilpu atom o6a
Hacoca NOJAKIIOYAIOTCS B CHCTEMY H CyMMapHOH HX TNpPOHU3BOIHTEJNb-
HOCTBIO ONpeJe/sieTCsl CKOPOCTh HCIOJHHTEJbHOro Mexanusma. C yBe-
JUYeHHEeM Harpy3kd BoapacraeT naBjieHne B mojoctax A, I, En
KOrja OHO JMOCTHI'HET HACTPOHKHM IpPYXHHBI 3, OOpAaTHBIH KJjaalaH &
ONycKaeTcd BHH3 (J0 ymopa), a 30JO0THHK 4 HOJ AEHCTBHEM NaBJICHUS
CO CTOPOHH NoJocTH E mpumogHumaercsi BBepX, coemunsis HHZO ¢ ba-
koM. C 3TOro MOMEHTA B CHCTEMY IOCTYMAaeT XHAKOCTE oT HB/ u
HaBJeHHe B CHCTeMe KOHTDOJHpyeTcs NpyxKuHOH 2 Kaanara I Ilpum
fieperpyske mnepesHBHOH 30JI0THUK 6 TpHNOAHHUMAeTcs, nojoctd A u b
coepunsores, a HBJl noakiiouaerca K 6aky (cM. omucaHue paGOTHI
KjaanaHa I'52).

Ecin nodocts B momknaiounTh K 6aky (HampuMep, uepes KpaH
HJH 30JIOTHHK YHpaBJeHHS), To 00a Hacoca HauyHyT pas3rpyXkaTbes

. 13
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B 6ak: HBJ no marucrpann 5—A — 6ax; HH/ no marncrpany 3—
JK — I—B — 6ak. IIpn 3ToM AaBJeHHe B Hacoce He npesnimaer 0,15—
0,2 MIla.
st HopMmaJbHOH pabOTH pasfesNHTeNbHOH IaHeNH pa3HOCTb BHI-
COKOTO H HH3KOrO [AaBJjeHHH He mouxkHa OuiTh Memee 1 MIla,
YcnoBHoe CcHMBOJHYeCKoe 00G03HAYeHHe pPAa3Je/uTeIbHOH INaHeqH
NoKa3aHo Ha puc. 7, 6.

6. Knanan pelyKuMOHHbLIN ¢ perynaropom tvna I'57

PenyKuuOHHBIH KJanag NpelHasHadeH AJIS CHHXKEHHS JaBJeHHS H
NPHMEHSIETCA B I'APaBJIHUECKHX CHCTeMAaX, KOrZa OT OJHOrO Hacoca
NHTaeTcs HECKOJbKO THApoABHrarteseii (jorpebureneir), pabora xoTo-
PHIX IIPOHCXOAMT NpH PasjifdAHX FaBjeHHAX (puc. 8). Hepexxo B nm-
JUHAPAX, MpeJHA3HAYEHHHIX AJIS olepauufi 3axKuMma, (hHKCAlMH H yi-
paBJIeHns], AaBJAEHHe AGYUKHO OLITb MeHblle, YeM B ULHJIHHADE Mexa-
HH3Ma nojaay.

Bce peranu peAyKUHOHHOrO KJaallasa, KpoMe kophoyca 2 H 30J0T-

HHMKa /, yHHOHIUMPOBAHH C Je-
TadsaMH KiaamaHoMm I'52. JKu-
JKOCTb OT HACOCa MOABOMHTCS I 4 i
B nosocth A W Jajnee uepes y [T —T
KOJIbUEBYIO lieab M, YaCTHU- L \ —
HO IEepeKprITYI0 pabouelr Kpo- S— | w -
MKOH 30JIOTHUK2 I, TIPOXOJHUT e
B IOJOCTb 5, KOTOpas MOAKJIIO- N
yeHa K norpebutenio, rile He- J\ a
0bxoguMO mOJAJepKUBATL MO- %_E{L\_
HHKEHHOE (pelylHpPOBaHHOE) ,—_ k]
nasaenue. Ilosocte b wepes |, |

e
—

CHCTEMY OTBEPCTHH B Kopryce 4| K
M SONOTHHKE COGAMHSETCH C
noaoctaMu B, I' u JI. U3 no- ° 3 Nk

Jgocti JI XKugkocTk yepes o6-

i Ombod
gaﬁ'r:;m KJlanaH HanpapJsiercs -
. * L
Ilpu paGore KiamaHa KH- &

JAKOCTh B  KOJHYECTBE [0,

0,8 J1/MHH [IOCTOSIHHO OTBOLUT-
cg H3 nojoctd 5 nHa caus ye- < é

pe3 Majoe oTBepcrHe (IeMi- i
tdep) B mrynepe 5, monoers H e
H IIapoOBOH KJamlaH, NpHYEM %
AapiaeHue B mojoctH /] u3-3a i r
norepp B Jgemndepe Oyner Ty ]

MeHbIIe JaBJEHHS B IOJOCTAX

B,Burl.Cosnaercs THJpaBJIH- Puc. 8. KnanaH peAyKUVOHHHI ¢ perysisto-
ueckas HeypaBHOBEIIeHHOCTL POM THma I57:

—_ , 6 — oe 0GO3Has
30JI0THHKA I; 30JIOTHHK NPHNIO-  gepme o oron CXEWA, O yeloptoe @
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IHHMAaeTCd, CxkuMas npyxuHy 4 u pabouell KpOMKOH NepeKpHBaeT NHo-
TOK XHJIKOCTH, IIOCTYNAIOUINI H3 nojoeTH A B nojaoctb b, 3a cuer aro-
rO HaBJjieHHe B IOJOCTH 5 NOHHKaeTCA M yCTAHABJIHBAETCS PaBHHIM
HacTpoiike NPYKHHBI IIAPHKOBOro kJjanana 3. ChlyyaiHble H3MEHeHHH
peAyUHpPOBAHHOIO JABJIEHHS BBI3BIBAIOT 0CEBOE CMellleHHe 30J0THHKA I,
HampaBJEHHOE HA YMEHbIICHHE ONIHOKH.

Ilpu yBesHuenyMH peAyLUpPOBAHHOTO HAABJEHHS BO3pacTdeT PacXof,
KHUIKOCTH Uepe3 JAeMIipep B MITyLepe & H COOTBETCTBEHHO Iepenazy
JaBjieHds B AeMIdepe; 30J0THHK | CMeliaeTcsl BBepX, yMeHblIaercst
TLTOIIaIb UIeH JK, 4TO NPHBOJHUT K YMEHBLIEHHK AABJIEHHA B HOJOCTH
b 5o 3azanHO# BeauuuHH. C yMeHBbIIEHHEM DeAYIMPOBAHHOIO IaBJe-
HHSI 30JIOTHHK OIyCKaeTcs, YBeJHUHMBaeTCA ceyeHHe menan JK, a 3a-
JlaHHasl BeJHUYMHA [aBJIeHHs B IIOJOCTH b BoCCTaHaB/IHBAaeTCH.

Taxkum ofpasoM, KlanaH aBTOMaTHYECKH HOJIEPKHBAELT BeIHUHHY
PeAyHHPOBAHHOIO AABJIEHHs HPaKTHYECKH IIOCTOSHHOH He3aBHCHMO OT
TOrO, eCTb PAacXo[ JKHIKOCTH HJIH ero HeT.

Penykuuonsuuifi Kaanae pab6oraer 06e3 myMa M He Bo3OyxAa-
er BuOpanui Onarofaps CONPOTHBJEHHIO, KOTOPOE OKashiBaeT AEMI-
dep.

[Ipun HacTpolike KianaHa Ha peIyUHPOBAaHHOe JaBJeHHEe CJELyeT
MaHOMETD NOJAKIIYaTh K noJaocTd 1.

CuMBoJHueckoe 0003HAUEGHHEe pEIYKUHOHHOIO KJlallaHa ¢ pery.s-
TOPOM IIOK23aHO Ha PHC. 8, 6.

7. Pene paBneHus tvna Nré2-11

Pene paBinenus npefHasEaueHo I KOHTPOJS AAaBJEHHS B THIPO-
cucreMe 1 pafoTaer ciaelylomMUAM 00pa3oM.

H3 ruppocHcTeMBl XKHAKOCTb IIOABOIHTCA B IOJIOCThE B mog Topel
sosoTHHKA . (puc. 9). CBepxy 30/JOTHHK HAarpyKeH NpYXHHOH 3,
JKeCTKOCTb KOTOPOH ,MOMHO H3MEHSTH IIPH IOMOIIH PeryJHPOBOYHOTO
BHHTA 4.

C noewillleHHeM [aBJeHHSI B THMAPOCHCTEME IO BEJHUHHH HaCTpOH-
KH NPYXHHB 3 30JO0THHK / NepeMellaeTcst BBEPX H NOBOPAYHBAET PhLI-
jyar 6 HO 4aCOBOH CTPeJKe 10 TeX iop, IIOKa OH He OTOHJer OT MHK-
pomepekatouateas 5. IIpm 3ToM MuKponepekaouaTedb cpabaTHBaer
H IlepejaeT 3/ACKTPHUCCKHH CHIHAJ HA BKJOYEHHE KaKOro-auGo amma-
para, HamnpHMep, 3JEKTPOMArHHTa HJH, peqe BpemeHd. Huas npemo-
XpaHeHHs phluara 6 oT NOJOMKH Ha 30JI0THHKE HpeAycMOTpeH OYPTHK,
OrpaHHYMBAMINUHE CMeIIeHHe 30JI0THHKZ BBepX. Korga jasjaenHe cra-
HET MEHbIIe [9BJEHHs HACTPOMKH NPYKHHH 3, TO 30JOTHHK I H pHi-
yar 6 moj JeHcTBHeM NDYXHHH 7 BO3BPATATCA B HCXOAHOE IIOJO-
KeHHe, ’

[IpompllIaeHHOCTL BBIMYCKAeT pesie /ST KOHTPOJS LaBJIEHHS B Ipe-
Aenax 0,6—5; 0,8—10; 1—20 MITa. HeuyBcTBHTENBHOCTL PH paboTe
C Pe3SHHOBHIM VIUIOTHEHHEM Ha 30JI0THHKe cocTaBasier 0,5—1,0 MIla.
Jns moBHIIEHHe YYBCTBHTEJILHOCTH aNliapaTa JONYCKAaercs AeMOHTax
PEe3MHOBOrO KOJIbIA 2, OZHAKO IPH 5TOM BO3MOXKHBI YT€YKH B IOJIOCTh
PACNONOXKEeHHs NPYIKUHH 3.
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Jng oTBoa yTeuexk B KOpHyce IpeAyCMOTpPEHa KOJbIEBas NpOTOU-
Ka /[, or KOTOpOIl uepe3 OTBEPCTHE B KOPNYCe OTBOAUTCS KHMIKOCTb B
JpEeHaXkKHYI0 CHCTEMY.

8. ipoccens ¢ perynaropom tvna I55-2

Anmapar I'55-2 npenHasHaueH AJsi pery/MpPOBaHHsS CKOPOCTH JBH-
JKeHHSI HCIOJHHTENbHBHIX MEXaHH3MOB HyTeM IUIABHOI'®O H3MEHEHHS
pacxofa XKHAKOCTH. B oTinune OT Apyrux APOCCENHPYIOUHUX YCT-
POHCTB, IpocCeNlb C Pery/ifATopoM MOAJNepPKHBAET MOCTOAHCTBO PaCXo-
Ja JKHIKOCTH Ip¥ IepeMEeHHHX HATPY3Kax B HCIOJHHUTENbHOM MexXa-
HH3Me. OnpenenﬁmmnMn JeraJsMK B 3TOM annapare SBJAFIOTCA PeLyK-
IMOHBIE KaamaH 4 u apocceb 2 HIeJeBOTO THIA, PasMelleHHBIe B 06-
mem xopmyce ! (puc. 10, a). Pacxol ®HIKOCTH Pery#pyercs apocce-
JieM, a NOCTOSHCTBO PAacxojia B e/:mHuuy BpeMeHH obecreunBaeTcs pe-
JYKIMOHHBIM KJalnaHoM 4 BO B3aHMOJEeHCTBHH C IPYKHHOH 3.

Jocturaercs s10 caexnyomum obpaszoM. OT muaHHApPA MeXaHH3Ma
NOoJaY KUAKOCTH MOCTYNaeT B NoJocTh A H yepe3 KoJbLeBYIo menadb
HANpaBJseTcs B NMOJOCTh 5, a Jajiee yepes meab £ B Apoccene B IO-
JIoCTh 0TBOJA B.
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Ilpn yKasaHHOM HamNpaB/ICHHH MXHMIKOCTH PelyKUMOHHLIH KjaanaH 4
HAaXoAHTCA NOJ AeHCTBHEM ABYX CHJI: FHAPaBAHYECKOH, KOTOpas co3ia-
ercs JaBJleHHeM XKHJAKOCTH €O CTODOHB IOJOCTH 5 M HampaBJieH3
BBEPX, ¥ YCHJEHHeM NPYXKHHH 3, pacCuHTamHOH Ha aaBieHne 0,2 —
0,3 Mlla. Iﬁemny nosocTAMH A M b5 co3jaercd nHepenajy JaBAeHHS,
O3TOMY JlaBJlieHHe B IOJOCTH b Bcerja wMeHbplle NaBJIEHHS B IO-
jgoctd A. C yBejlnyeHHeM JaBJeHHs B HOJ0cTH A MIHOBEHHO BO3pa-
CTAIOT AaBJIeHHE B NOJOCTH 5 M ruipaB/HuYecKas cHJAa, AeHcTBylomas
Ha kiaanad 4. IIpy 5TOM NIPOHUCXOOHT NepeMellleHHE KJanaHa BBepx,
YMeHblleHHe IPOXOAHOH menan /] W majeHue HaBJieHHsT B IoJOCTH b.
Kak Tosbko naBienne B NOJAOCTH b CTaHeT MEHbIle HACTPOHKH NPYXH-
HE 3, KialaH IojJ HeficTBHeM HNpPYXKHHB HAaUHET MepeMelaThCs BHHS,
VBeIHUHBAs WieJab, YMeHbliasi OJHOBPeMEHHO C 3THM Nepenazd mas-
JIeHHS] MeX Iy monocTaMH A u 5. Jlaierus B nmosoctu 5 (mepen Jgpoc-
cenem) Gyuer yBe/lHuHBAThCs AO TeX HOp, NOKA BO3POCUIAS THApABJIH-
yecKas CHJa HA K/aallaH 4 He cTaHeT CHOBa IlepeMeNaTh KJalaH B
cTopoHy npyxuHb. Takum o6pasoM, pelyKUHOHHBIH Kaanad 4 ycra-
HaBJHBAeTCS aABTOMATHYECKH, VIepIlKHBasl HPaKTHUECKH HOCTOSHHOE
AaBJieHHe B TOJIOCTH 5 He3aBHCHMO OT BEJMYHHH AaBJEHHS B MOJOCTH
noasozaa A.

ITockoanKy AaBJeHHe NOCJE ApOCcesas H HalL KJIaNaHOM, B IOJOCTH
pacHo/IOKeHHs NPYXKHHE, Takxke IOCTOSHHO, TO B Jpocceie 2 mepenaj
[dABJIEHHS HE 3aBHCHT OT HArpy3KH (BeJHUYHHH HaBJEHHS B MOJOCTH A)
H COXpaHsgeTCss HeH3MEeHHHBIM HPH TOKe XKHAKOCTH Yepes Apoccesb ¢ pe-
TYJIATOPOM.

Tak kak

Grp=1(Apz, Fx),

PI€ gup — PACXOJ XHIAKOCTH Uepes Ipoccelb;

Apy — Tlepenaj naBJeHHs B Jpoccede;

Fy— njomanp wean ILpocceis, TO AJs NAHHOH HAacTpOHKH Jpoc-
cend grp (IPH onpejeeHHOH BejHYuHe Fn) OyAeT BeIHYHHOH HOCTO-
SIHHOM.

Hccnenopanue AHHAMHYECKHX XapaKTEPHCTHK IPOCCEJs C peryss-
TopoM Mofenn I'55-2, nauGojee pacnpocTpaHEeHHOH B IPOMBIUJIEHHO-
CTH, IIOKAa3aJ/H, 4TO MEPHOAHYeCKOe H3MEHeHHe HaTpy3KH, HalpHMep,
npH o6royke geTanu ¢ 60JbIINM GHeHHEM HJIH NPH (PE3epOBAHHH, BhI-
3BIBAET HEPABHOMEPHOCTE ABHIKEHHS CTOJA, OCOOEHHO NPH MAJBIX CKO-
pocrsix [25].

HekoTopoe H3MeHeHHe CKOPOCTH OOBsicHSIeTCI B OCHOBHOM HHEp-
LHOHHOCTBIO PeNYKIUHOHHOTO KJIallaHa H IOTOKa IKHIKOCTH 4epes
Jpoccesb, a TAKXKe HaJHYHeM CHJBL TPEHHS MeXJy KJamaHOM, KOTO-
pas 3HaYHTEJBHO yMeHbildeT COGCTBEHHYIO YacTOTy peryJsaropa ¥ Ha-
pydIaeT TOYHOCTh CTAOM/JIH3AIWH Hepenaja JNaBJjeHHd, a CJeL0BaTe/b-
HO, H Pacxo/Ja XKHAKOCTH 4epe3 Jpocceb.

Vismenenne temMnepaTyphl Macja B CHCTEME BJHSET Ha PACXOAHYIO
XapakTePHCTHKY ApOCCe)is ¢ PeryjaTopoM ocoOeHHO IpH MaJjbX pac-
X0Zax.

»
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9. Jlpoccens ¢ PErynsropom M NPeAoXpPaHMTenbHbIM KnanaHom
™na F55-1 !

Annapar I55-1 (puc 11, @) npepnasHaued IJf peryNHpOBaHUA
CKOPOCTH HCTIOJHHTEJABHOro MexaHusma. CoBMeCTHOE AeHCTBHE ZpOC-
cedst H peryisTopa obecneynBaeT PABHOMEPHYIO CKOPOCTh, KOTOpas HE
3aBHCHT OT H3MeHeHHA Harpysku. [IpejoxpaHMTeNbHBIH KJjanaH Ipe-
HOXpaHseT CHCTEMY OT Heperpysku. B anmapare mpeRycMOTpeHO AM-
CTAHLHOHHOE YIPAaBJieHHE DEry/asaTopoM, HeoOXonumoe AJisi pasTPysKu
Hacoca oT JaBJeHus,

OT HeperyJMpyeMoro Hacoca MHAKOCTb NOABOJHTCH K HHJIHHADY
yepes mosoctb A u jgpoccens /. O6HYHO IPOH3BONHTENBHOCTh HAcoca
Gosibllle PACXOJA KHAKOCTH B CHCTEME, II0ITOMY B HOJOCTH A TOABJA-
eTc H3GBITOK JKHJKOCTH, KOTOpPas OTBOAMTCS B MojocTb M yepes Kosb-
uenyw mens K.

[TonocTh @ uepes OTBEPCTHA MAJOrO Da3Mepa COCNHHSRTCH C MO-
noctamu B u 3, a nosocth JK uepes aemndepHoe oTBepcTHe £ — C 1M0-
nocteio I, TJosToMy Kianan 4 gaxoAMTCS TON JAeHCTBHEM TIMJpPaBJIH-
YeCcKHX CHJ M YCHJIHS NPYXKHHH 2.

VpaBnenusi paBHOBECHs CHJI, AeiCTBYIOMHAX Ha KJIaNaH 4,

a2 nD? F
pH 4 - pI) 4 + ’ N
4F ¢ 3
Apa=pa—Po =5~ =
=const, (1) ' »
roe Ap, — mnepenajp jaBie- -
HHUS B ApOCCEIE; ! E == = L8
Pu — HZaBJjleHHe, CO3/1a- £ ; . |15
BaeMoe HacocoM (RamJ/ieHHe = m |4
B osiocTu A); ~[3 ] L3600
pp — paouce mamre- EfS A
HHE B IHJANHADE; e n : I
F — ycujne npyxHHEL ‘{
W3 ypapuenus (1) cie- % N B
IyeT, 4TO NPH BCeX H3MeHe- 3 :

HHUSX NaBJeHHs pp, CBA3aH-
HBIX C H3MeHeHHEM Harpy-
3KH B HCHOJHHTEJLHOM Me-
xXaHuaMe, Apy ocraerca Be-
JAuuuHolil mocrosinnoi. Obe-
CIEeYHBaeTCs 2TO KJaNaHOM
4, KOTOpHIH aBTOMaTHUEC-
KH H3MeHsieT IABJEHHE Pg
3a CueT JpOoCCeNHpOBaHHSA

M 3GHTOYHOrO KOJHYECTBA Puc 11. Hpoccenp ¢ perysaTopoM H Ipejo-
XKHIKOCTH B 0ak uepes XpaHHTENBHEM KJallaHOM THOa I'55-1:
eab K a4 — KOHCTPYKTHBRas cXeMa, 6 — YciopHoe 060~

aHaveHue
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JeficTBHTeNIBHO, ¢ BO3PACTAHHEM JAaBJEHMS pp DaBHOBECHE CHJI,
JeACTBYIOMINX Ha KJaalaH 4, HapywaeTcss (KJianaH ONYCKAaeTcs BHHS,
yMeHbIIas KoJpHeBYIO menb K). B pesy/bTare Bo3pacTalOT CONPOTHB-
Jlegue B NpoTouke K M pasienue Pn B POTOUKE A. Bro Gyner npouc-
XOAUTb /IO TeX NMOp, NOKa CHMBL, AeHCTBYIOLIHE HA KJIanay 4, He ypas-

HOBeCSITCA.

ITockonpKy HepeMelieHHsl KiaanaHa 4, CBA3aHHEIE c KoJIe6aHHsIMH
pabouero naBJieHHS pp, OYeHb MaJH, TO H3MeHeHHs ycunua F (xecrt-
KOCTH HpPYZHHB), Hepenafa AABJEHHUA Apy W pacxofa KHAKOCTH Oy-
OyT IPaKTHUECKH He3HAYHTE/bHH.

Ecau naBneHue pp BO3pacTeT H cTaHeT GOJblle HACTPOHKK MPYXKH-
HBl 3 (IIapHKOBOTO KJAaNaHa), TO IMapHK IOAHUMAaeTcs, a KHIKOCTb
us nojsoctu I' uepes kaHaa /] Hauxer oTBOAMTbCS B Gak. Baaropaps
Zemnoepy E naBieHHe B MoJjocTdH I W3-3a TeueHHS XKHIKOCTH H3 IIO-
Jgoctd K ynajer # cTaHeT MeHblIe pp. PapHoBecne cui, AeficTByOIIUX
Ha kjaanaH 4, HapyIHTCA: Kjaanad 4, NepeMeCTHBIIHCH BBepX, yBeJH-
yuT meab K, a B3 NoJocTH A B MOJOCTh H XHAKOCTh GYAET OTBONUTHCS
NPH AaBJAeHHH, COOTBETCTBYIOIEM IPHMEPHO HACTPOHKE NMPYKHUHH 3.

IpeumymecTBoM perynsTopa CKOPOCTH ¢ IPEAOXPAHHTEIBHBIM KJila-
nadom THNa [55-1 sBaderca asToMaTHuecKoe unpucHocobaeHHe K pe-
JXUMy paboTH JaBJeHHs B Hacoce.

W3z ypapmenus (1) Bugmo, uTo Hacoc pafoTaer HOX LaBICHHEM P,
npeamma;omnm JaBJjieHne pp B pabouell MOJOCTH UMJIHHAPA Ha BeJH-

4

HMHY 5~ , KOTOpas B YKasaHHHIX peryasropax cocrapaser 0,1256—
0,2 MIla. IostoMy THApOCHCTEMA C peryaatopoM Tuna I55-1 Gonee
3KOHOMMYHA, UeM CHCTEMA ¢ PeryaaropoM Tuna ['55-2,

Ecau moaocts I” yepes orBepcTHe B coemuUThH ¢ 6akoMm (Hanpu-
Mep, Ipy MOMOIIH 30J0THHKA YIPaBJeHHA), TO NPH NMaJCHHH JaBJCHUS
B moaoctd I' mpousofiier MOAbeM KJjanaHa 4, 3HayHTeNbHOE YBeJHye-
gHe mead K ¥ nodTH cBOOGOIHEE OTBOX XKHAKOCTH H3 MOJOCTH A B Bax,
T. €. IPOUBOHALT PaA3rpysKa Hacoca.

Tlo anasoruyHO# cxeMe CO3AaH APOCCENb € PEryAITOPOM H IIpeio-
XpaHHTEJTbHLIM KJaNaHOM B CTHIKOBOM HCHOJIHeHHH Thma [55-4.

Ha puc. 11, 6 nokasano yc/iaoBHoe o6osHayenme ammapata I'55-1'B
ABYX MO;{HQ)HKauHﬁx- B OObIYHOM HCHOJIHEHHH H IPHCHOCO0/IeHHOM s
JHCTAHUHOHHOTO YIDaBJICHUS.

Hpoccenn ¢ peryasitopoM THna I'55-2 M Ipoccens ¢ pPEryiIsTOpOM
¥ NpeJOXPaHHTEAbHHIM KAalagoM THIA '55-1 BHINyCKaiOTCs B CTHIKO-
BOM HCHOJHEHHH, HMeloT OoJee pallioHaJBHYIO ¢opMy, 4eM Ha puc. 10
u 1, ofHAKO WAeH, 3aJOXKEHHEE B anNaparhl, OCTAJHChH NOYTH HEus-
MEeHHBIMH.

10. Pacnpepenwreny tTuna P102

PacnpenenuTesH TIpelHA3HAUeHBl [JIsI H3MEHEHAS HANpPABJICHHS
IOTOKa JXKHAKOCTH. B 32aBHCHMOCTH OT CXeMBI HCIOJHEHUS OHH TIpHMeE-
HRIOTCS [/l peBepca, OCTAHOBKM HCIOJHHTETLHOr0 MEXdHH3MA, AJfA
TIepeKJIoYeHNsT HaCcoCa Ha PA3rPy30uHHH pexkuM paloTHl H IAp.
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B OCHOBHOM pacmpejenuTe/]b COCTOMT H3 KOPIyca [ ¢ OATHIO BHYT-
PEHHHMH [POTOYKAMH H 30J0THHKA 2 c TpeMsa OYPTHKAMH, KOTOPHIH
nox AeHCTBHEM OLHHAKOBHIX HPYXHH 8 YCTAaHAB/IHBAEICS B CPefHee
TMOJIOXKEHRE, €CAH HET BHELIHeH HArpy3KH Ha TOPUM 30J0THHKA..IIpu
JTOM OYPTHKH 30/I0THHKA pPacHOIAraiorcsi OTHOCHTEJNBHO HPOTOUEK
B KOpNyce TaK, 4to Hacoc (P), obe mojocts ruapoasuratens (A u B)
1 6ax (T) mexny coboft coefutensl. B JaHHOM cayyae HAacoC H CHCTeE-
Ma pasrpyxeHbl OT AaBienus. IIpu cMmeleHWH 30J0THHKA B KpafiHee
JIeBOC IIQVIOKEHHE HAaCOC JIOAKANYAeTCH K NOJCCTH B, a mogaocts A —
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Prc 12 Pacupenenurenn tana P102:

4 — KOHCTPYKTHBHas

cxeMa
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NATHXGAOBOTO pacnpefennrTens, 8 — CXeMEl HCIOMHEHHS
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K 6aky. MaMeHeHHe HanpaB/eHHS NOTOKA JKHAKOCTH NPOH3OHIET TpH
CMeLeHHH 30/I0THHKA B KpaliHee IIpaBoe MOJIOKEHHUE.

IlaTHXonoBOH TpeXmo3MIMOHHBIA pacnpenesutens (puc. 12, 6) or-
JIHYAeTCST OT YeTHIPEXXOHOBOTO PpaCHpPENeJHUTENsT TOJNBKO TEM, YTO
JKHJIKOCTb B 6aK HOABORMTCS 1O ABYM KaHaJaM,.

JJis cMellleHHs 30JI0THHKa B OCeBOM HaNpaBJeHHH NPHMEHseTcs
HECKOJIbKO CIIOCOO0B:

1. Jaex1pomacturHolil, Korka Ha TOPUBL 30JI0THHKA BO3AEHCTBYIOT
CepAeUHHKH 3JIeKTPOMArHHTa ToOJKaluero tuna. [Ipy obecToueHHBIX
3JIEKTPOMArHUTAX 30JIOTHHK HOJ JEHCTBHEM MNPYXKHH YCTAHABAHBAETCH
B cpefHee nojioxkenune, Ecan, momycTum,- nog TokoM O6yIeT TOJBKO Jie-
BHIfl 9JIeKTPOMATHHT, TO 30JI0THHK CMECTHTCsf BIPaBo.

2. SaekTpoeudpasauveckul, KOT4a Ha TOpel 30/I0THHKA BO3AeH-
CTByeT THJpaBJAHYeCKas cCHIa (CXeMa yNpABJIeHHS ' paclpeejHTe/eM
YCJ/IOXKHACTCS BBEJCHHEM TPEXNO3HIMOHHONO 30JIOTHHKA C BJIEKTPH-
YeCKHUM YNpaBJIeHHEM, KOTOPHIH MOAKJ/JIIOYaeTC K TOPLOBHIM NOJI0ETAM
OCHOBHOI'O pacnpeje/HTeNs).

3. C pyuHbIM yNpaBJieHHEM OT PYKOSITKM MJH KHOTKH.

4. C nHeBMAaTHYECKUM yIpaBJCHUEM.

5. MexaHHYeCKHM yIpaBJ/eHHeM (OT POJIHKA). ,

CumBonnueckue yClOBHble 0603HAYeHHs] paclpe/leHTes el pasiny-
HbIX HCIIOJMIHEHHH TokasaHul Ha puc. 12, 8. Cxemor 14 u 15 siBasiioTcst
YCJOBHHIMH OGO3HAUeHHSIMH paclpelenureiell, KOTOpble H306paKeHb!
COOTBETCTBEHHC Ha pHC. 12, @ u 12, 6. DT pacnpedenuresd HasblBa-
IOTCS pacHpeie/uTe MU C OTKPHITHIM HEHTPOM, TaK Kak IpH CpelHeM
(HysIeBOM) paclOJIOKEHHH 30JIOTHHKA BCe NPOTOYKH, BHINOJNHEHHbIE B
KOpNyce 30JI0THHKA, M Maructpaau P, A, B u T, mojBeneHHbEe K KOP-
Hycy pacnpefe/uTeisi, COeJHHEHB MeXy co60H.

B pacnpezenurensix, BBIIOJTHEHHBIX N0 cxeMaMm 24 u 25, npu cpen-
HeM IOJIOXEHHH 30/0THHKa ofecliedHBaeTcsl TaK HaspiBaemoe Aupde-
peHIHaJbHOe TOJKJIOueHHe ruapoasurarens (raasa I1I, 5). Pacmpe-
JIeJIMTENIH, U3TOTOBJIeHHBIe 110 cxeMam 34 H 35, NpuUMeHAIOTCS, KOria
HeoOX0AMMO OTKJIIOUHTBb HACOC OT THAPOJBHTAaTend U obe ero moJOCTH
NOIXJ/IIOUATL K 6aky. Pacnpenenuntent, cooTBeTCTByOUMe cxeMaM 44 #
45, Ha3LIBAIOTCH pPACIpelesUTeIIMI ¢ 3aKPHITHIM LEHTPOM, TaK Kak
IPH CpefiHeM INOJOXKEeHHH 30J0THHKA ofe NOJOCTH THAPOABHraTe/]st OT-
JleJieHBl OT Hacoca u 6aka H, Kpome TOro, 6aK OTKJIIOYeH OT Hacoca.

HasHaueHne uyeTHpeXXOAOBHIX pacHpefenuresiefl, BHIIOJHEHHBX MO

cxeMmaM 54, 64, 74, 84, u naTuxomoBux (55, 65, 75 u 85) MoxHO ysc-
HHTb U3 HX CHMBoJIMYecKHX o603HaueHu# (puc. 12, 8).
« JByxmosuuuouHsie pacupepneaurenu (cxemn 574, 574A, b, B u T,
a takxe 575, 575A, b, B u I') npuMeHSIOTCS /I H3MEHEHHs HalpaBJie-
HHS KHJIKOCTH H HCIIOJb3YIOTCS HEpeIKO B KOHTypax ynpasJeHus. [IyH-
KTUPHBIMH JIMHHSIMH Ha CHMBOJIHYECKHX H300pa’KeHHsX MOKa3aHHl cXe-
Mbl coenunenusi marucrpajeit P, T, A u B npu nepeKJiOYeHUH 30J0THH-
Ka M3 HYJIEBOTO MOJIOXKEHHS B MO3HIHIO A.

Hludp pacnpenenurenelf, HeoOGXOAHMBle HOsICHEHHS H TOPSIOK
odopMyIeHHsT 3aKa3a NpuseldeHsl Ha puc. 13. Hanpuwmep, odopmienne
3aKasa THApOpAacIpefesNHTeNs] C 3JeKTPOMATHHTHRIM YIDaBJICHHEM,.
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Puc. 13. lludp pacnpenenutens H NpuMep ODOPMIEHHst 3aKa3a Ha paclpeleiHTeNb

¢ TNPYXKWHHBIM LEHTPHPOBAHHEM 30JI0THHKa, CO CXeMOH pacupenese-
HHs NOTOKa — 44; ¢ npuCOeIHHEHHEM Yepe3 ILIUTY AJs O0TBOJAa TPy6 B
CTOPOHY, C HampsKeHHeM nepeMennoro toka 220 B u wacroroit 50 I'u:
P102—AJ144—T—A22050.

Ulpn npoeKTHpPOBaHHH PeaNbHBHIX MAlIMH C THIAPABJIHYECKHM NPHBO-
JIOM Heo0XOAMMO HOJb30BATBCS NMPOCHEKTOM Ha pachpefesHTe]H H all-
napaTypy ynpaBJeHHs, KOTOphie BHIIYCKAIOTCH 3aBOJAMH-H3TOTOBHTE-
JsMH. B mpocliekrax npHBeleHb OCHOBHEIE TeXHHYECKHE IapaMeTphI,
ofuKe BHAB annapaToB, HNPHCOeJHHHTENbHBIE pasMepH, PpeKOMeHja-
LMY 110 MOHTAXY, YXO4Y H Jp.

11. MuHMaTIOpHas ruapaBnNMYecKas annaparypa

Jasi rHAPOCHCTEM ¢ HeGOJBIINM DpAacXOAOM XKUAKOCTH (X0 5—
6 Ji/MEH) ([IOYYHJIH DPHUMEHEHHe T'HJpoalnapaTsl 3HAUYHTEJIbHO MeHb-
W¥X pasMepoB MO CPaBHEHHIO C TPAZHUHOHHBIMH amlapaTaMi, Ha-
3BaHHBIMH MHUHHATIOpDHEIMH. IIpHHUMD [DeACTBHS 3THX anmaparos He
OTJINYaercss OoT OGHYHBIX, OAHAKO B KOHCTPYKIHIO HX BHECEHH CY-
IIecTBeHHble U3MEHEHHS.

Bo BHUHT'uaponpusoge (XappkoB) paspaboTaH KOMIJEKT MH-
HHATIOPHBIX aNnapaToB,* pacCYHTaHHHIHA Ha paboTy HpPH MaKCUMAaJb-
Helx aaBiaeHdd 20 MIla u pacxone xuzkoctd 6,3 j1/mus. B aTor KOoMI-
JIEKT BXOASAT: OOpaTHEIE K/IANaHH, THAPO3aMOK, NpeJOoXpaHHTEJLHbIE
KJIalaHBl, KJanaHel JaBJEeHHS H PELYKIHOHHBIH, JPOCCEH, JIPOCCENH C
oOpaTHHIM KJallaHOM, HHIHKATOp (HJAH pelie) JaBJEHHS, pPacIpenes-
TeJH TPEXNMO3HIMOHHEBIE H [BYXIO3HIHOHHBIE C PA3/JHYHBIMH CXeMaMH
HCIOJHEHUdA ' W ynpaBJieHus, Jpyroe BCIOMoOrarenbHoe 06OpyaoBaHHe,
HeoOX0AHMOe IS MOHTaXa 3TOH annapaTypHl.

A

* BHUUTuaponpuson. MunuaTiopHas rmapoanmaparypa (xatasor). M. Haya-
HO-HCCTIeJOBATEIbCKHA HHCTHTYT HHGOpPMAlUHH MO MalUMHOCTpoeHHio, 1972, 67 c.

23



(317) 1odogoen u
(17} wmomxdag y vradd0dY
HIDONOOLH HOHXHH 10 BYOL

&PHRIRLY

-ou muHaYwoxodn ndu gu | 24— ¥ L ___ d oJoHHOMTHAYad  dgideney A
V XBUHHL BH JWoHHed0dHId0 € OHHIELOIMAWHOAH BOLIKH _
-00dY M WoHenEIY WAHLEd | gl || -ownd[y euni otormdsiro on L I_
-Q0 2 qr3ddody HITHHA0€ Yy —_— 17 || -arendon suHorgaey Heuer)] —_——— 1163
-
v 1 d g v I d
— — mapraedul | TT L T T
; WOHHOHIIHRLOUY HdU BOLOi
_ -BHOREA]] “euul (1Z19M)
' _ | 0loiMdil0  OHArEWAOH _

GHIO BH HLOOMYHK L H ([119)) odoimdyee oH 13190
endfuadoll 1amd ee areddody _—— — ] DIOI -qrendol suHergeY Hemewy | L — — 1119
€ BHHOUGRY Yeuadou HMHHE
-01o01 raeaudoYTOn ZH(H

‘ar9000dY & BHHOUHERY Yel L
-odoll HIHHBOLOOU 19BEHK Voo d -8 v d
-dorrou )M waraooodr r~ - ﬁ . ;ﬁ_
O HMHHBISROD € BOLIKHOW ; *
-Hd[] euHL (Z)()) oJormds _
-ee oHarewdoH u (MY) _ _ _
oJordiulo  oHarewdon _[ BHELOHAY oJowsdu Hen
BHHOUGRY H1doHeed HeUERLY - e DIOL B HI9HArsLHHRdXOTd] | J I
SMHIHIBOIT 3UHIhBHEOQO OHAOLD 4 .Mwwmwa_ SHHINIBOL| SUHIKBHE0QO J0HEOID 4 aw_m__‘m,m_

I vhnvgo g

24



WKHYOXOH OLBHHAI
q11Q L3KOW BMHHLOLOE SHH
-9 OIOIl 0QUI[[ HIALULAY
-oduoed SMHHOMTAEOUXALY!

$9 H $S ¥ V¢

‘p7 BHHOHI'OIDH WOXJ qLEIl
ome onadrowdfwad]] oi0g
-09 AYKOW MHIIMQO0d MIBH
-B3 904 BMHMHIOIOE MHHIWOL
-oul woHTado ud[] draluIrey
-adnoed yaHHOMIHEOUXAd ],

MOI ¥ )] HAeHBURIY

O BHHIHOWHAL BUT — HYT H
(eY) I ¥ d xeredidunien g
gunegoduriiod oJoHaravreed
BI'Y HOhRHERHYSd|] *L M 4
XBHHHI BH WoMHeaodurrad
-00dY 9 19900dY HMHHIOHUD)

6€¥¢sd
sevisd

1ev1d

I
e

gu

¥ HURHEN BOLOIBIEE WER
-gado WIawaAduenHOdXHHD I
HWETosL) ‘(U J OU HIH)
[ urH g ArgHed ol BOL3
-BIELIOMAD0 T AWOHIIDL
-HIrOY AHBUERIN M YOEYO[]

awaromoodrul () Hur
-pdronien HowaAdurodinox
§ BHHOL'GRY HHRHIEH O BY
-BHIHD OJONMISEHALIOIE HAEBY
-oll BI'Y HoheHERHTdN /1]
eunl BuHOUdeY JOLBMHYH]]

BHE10HAY OJOH
-qIra1BEOYALI01 HRURYY HBY
OHHO9109MAWHAAN KOLIKH
-onud]] BHHAIERY HEURIY]

T
~
a

™

hig|

1289

SHHIHIBOL]

QMHAhBHEOQO JOHAQUD A

BHeUers
ddumt

SHHIHIEO[[

IHHILBHEOQO JOHEOUIAL

BHRUEIN
dou

| roel auHIWrovodyy




SHHIKOL'O JOHYOX

-0H 9 exHHIOro€ Woledacod
WHHHEXAdH O (BMOl OJOH
-HOWadall HI'H OJOHHEOLOOL)
WOLHHIBWOALYNOE WHHYO 2
nrraLurareduoed MHHOUNIHE
-ouXA9Y SMHYOHHIXIAMIS]

__.qm,

—_—

Tt |
=N

|
J
i

11;

ﬁ@a
-

€e€yead

€evisd

olralL

-gravaduded ¥ — ouHxdog
‘AdUHHIHTI M EOLOIBHHY?
-00HdlI  H Y MIEHBY SUH
-WHH @] BUHL dymeeodrHl g

goredelue xul

-AdY 10 HLdoMYHXK exoAuodu
BUY HWBI'BHERYM 1BWALD MHH
-HIf 908 ¢OY M ZO) XeHRU
-BIry € B ‘g M Y ‘] HHHHL
~Q)] 2HeuELY WOHLBAQO &

| |
TTFA:
it
)

cl

€0

o)’}

10)

OHHIHIKO[]

JHHIKhBHEOQO 3JOQHEOLIA

BHBLEBLA
ddup

QHHIHOBO]]

9HHIWBHEDQO J0HAOYI R

BHBHELN
dduII

1 rgeirosnHawrorody]

26



¥3S B $16 ‘69 ‘€9
‘ep ‘eC ‘¢ ‘C] 'BHHOHIOIOH MMWAX) 908 MHAd1owdA¥ad]]

panhoasnd 2
anxalgodufi
S04I3hNHDXIN

nannoasng 3
anwaygoduh
aoHhhy

anwaugodufi
SONIINTHDXI

anuaygodufi
S0HROUOHY

£dd

_ 1

k %
£6d

— l d = l d ™m 1,4
4 14 v |4

L d
sid

YWd

Q.

|

£7d £8d £2d

HOH
-YOXOH BOLOBIEE D KHIHEOU
xBraluraraduded XxHIE g

—

*OHHIKOLON JOHTLX

-04 € BYMHIOIOE Woleddasoa
WEHEERAJD O HIALHISY

-aduoed SMHHOHNHEOIXAL]]

WMHYO0XOH

olsHEdl 9LKQ IIWKOW BYHH
-LOIFOE SHHIKOLOU 0QOIfP
HEALKIrAYadIT

-oed SMHHOMTHEOUXALYS

¥9 H 8 ‘b

‘bg 'pg BHHOHILOLOH WIXO
qiy1 oM MHIJLOWdATad}]
BOLOIBM

-Q00d g M Y ‘f ‘d KHIreHeA
11¥1d g SMHIKOLOU 091
-AH @ BMHHLOIOE HOMEOHEBL
-0A MOHHHXKAdU O qUOLHESY
-oduoed ymHHOMMHEOUXSd]

N

eJvead

g€Ivicd

11¥1d

Wd B dd ‘d euul wankaraeduk WHNDIhHHEIIW M
KEAHRAd 3 MraLuravaduded aMEHOMMHEOUXAEY

SHHIHIBOL]

QUHIhPHEOQO JIOHAOUD A

B U3LHUY
-aduoed
doug

¢ phnvoo]

27



HIndp knanana, ycinoBuple 0603HayeHHS HA CXeMaX HCIOJTHEHHS:
THADABJHYECKOH annapaTypbl B HEKOTOpbIe ICSCHEHHS IIPHBENEHH B
taba. 1 u 2. ‘

Oco6eHHOCTIO 3THX aNNapaTtos ABJASETCS TO, UTO CTHIKOBHIE TIOC-.
KOCTH M pasMephl NPHCOEAHHHTENLHBX OTBEPCTHI Y BCex MHHHATIOp-
HEIX allllapaToB OZHHAKOBHE, MO3TOMY IONYCTHM MOAYJIbHBIH IIPHHIIHIE
MoHTaxa. CyTb 3TOTO NMPHHIHIA COCTOHT B TOM, UTO aNlapaTtl ¢ pas-
JHYHBIMH (YHKIHOHAJIbHBIMH HA3HAYEHHSIMH IIPHCOEIHHSIOTCA JPYT
K JIpPYTy B oNpefie/ieHHOR HOC/HeA0BATEeJbHOCTH, 00pasysl BepTHKAJb-
HH# O610K. Kaxjapl#l u3 3THX annmapatoe (MOAyJeHd) HMeeT [Be CTHI-
KOBBle IIOCKOCTH, OJHHAKOBHIE II0 pa3MepaM, KOJHUYECTBY H PacCIoJo-
JKEHHIO OTBEPCTHH A MPOXOJa YKHMAKOCTH H YCTAHOBKH KpeEIekKHBIX,
JAerajef.

Pacnpenesutesnb NpH MOAY/JIbHOM MOHTaXKe YCTAHABJIHBAETCS HAL
BCEMM aNnapaMH, 3aMblKas BEPTHKAJbHBEIN OJI0K. 3aMblKaTeNeM Bep-
THKAJbHOr0 pAfa MoxKer OHITh TakkKe kJjanad AasiaeHusi. Hekoropble
KaHaJbl B KOpIlyce ammnapara clelaHbl CKBO3HBIMH K CJIyXAaT AJAS Hpo-
Xo/a XHAKOCTH, MHIYSl JaHHBI MOIYJIb.

MopnynbHEI IPHHUMN MOHTaXKa THAPABJIHYECKOH annmaparypsl 3Ha-
YHTEJhHO yMeHbHIaeT raGapHThl BCero YCTPOHCTBA, COKpallaer KOJIH-
4ecTBO TPyOOIPOBOJOB U COEAMHEHHH W YMeHbIIAeT BpeMs, HeoGXOMH~
Moe AJIs1 c6OPKH THAPOCHCTEMBI

HomycTuM H ApYrofi NPUHLAN MOHTa)Ka MHHHATIOPHOH ammapary-
PH. Ha IaHeJHX MJIH e IPH TOMOIIH TPy®.

4

Frnasa ll .
HACOCHI U TMAPOMOTOPBI

1. Hekoropble TepMHHLI ¥ onpeaeneHns

Hacoc — rugpaBiuueckas MauiMHa, B KOTOPOH MeXaHHYeCKas 3Hep-
rus, HPHJIOKeHHAS! K BBHIXOJHOMY Baay, mpeobpasyeTcs B THApPABJIH-
YeCKyH SHEPruio nNoToka pabouell cpelsl.

T'uopodsuzaress — wmalluHa, B KOTOPOH 3HEPrHA NOTOKa paboueir
cpelnl npeobpasyeTcs B JHEPrHIO JBHKeHWS BEIXOJHOro 3BeHa Ecau
BBHIXOJHO® 3BEHO B THIPOJBHMraTeje B pe3yJbT4aTe YKa3aHHOLO IIpeol-
Pa3soBaHus HCPryUH NOJYyYaeT BpallaTeJbHOE€ NBHKEHHE, TO TAKYIO Ma-
IMHY HAa3BBAIOT THIPOMOTOPOM, €CJIH IOCTyNalbHOE, TO CHIOBHIM
IHJAHHAPOM (HJH THAPOMOTOPOM NOCTyNaTedbHOTO ABH&KeHHs). [Ipume-
HSJOTCS THAPOJABHraTeaH KOMOHHHDOBaHHBIE, KOHCTPYKTHBHHE OCOGeH-
HOCTH KOTOPHIX NO3BOJAIT Ipeobpa3oBHBATh BpallaTelbHOE JBHXKe-
HHe B TIOCTyNaTeJbHOE INlepeMellleHHe BBHIXOJAHOI'O 3BeHA WJIH 1Ke Haobo-
POT — NOCTYIAaTeNbHOE BO BpalllaTe/ibHoe

Tudpomawuna, koropas moxer paboTaTbh B PeHMe HACOCA HIIH
THAPOMOTOPA, Ha3bIBAETCSI OOpaTHMOk

ITon paGoueii cpegolt B TrHAPOMAlIHHAX IOHHMaeTcs pabouas
XKHAKOCTh (MHHEpaJIbHEIE Macja, CMecH, BoLa).

Pabouuii o6sem eudpomauiunsl B Hacoce — 3T0 0GBEM KHAKOCTH,
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BHITECHSIEMBIH B CHCTEMY 34 OAHH 060pOT Bajid HAacoca; B THAPOMOTO-
pe — 00beM KHAKOCTH, HeoOXOAHUMBIH AJ5 NOJy4YeHHsi 0JHOro o60poTa
Bana ruapoMoropa. MaroroBisiorcss THAPOMAIIHHBE ¢ UOCTOSHHBIM H
nepeMeHHbIM pabouum o00beMOM, B COOTBETCTBHH € 3THM MAUIRHH
C TOCTOSIHHBIM paGounM o6beMOM Ha3BIBAIOTCS HEPEryJHPYEMBIMH, a C
nepeMeHHBIM — DeryJaHPYeMBIMH,

Maeuctpasv (ruaAponHHSI) — 3TO prﬁonposozr,, 1o KOTOpOMY
TpaHcnopTHpPYercs pabouas KUAKOCTb PasnuyaloT MarucTpaju BCacH:-
BalOlilHe, HANOPHbIE, HaTHeTATENbHEIE) M cJAHBHbE. Ilo BcachBawued
MarucTpaju padouas XKHAKOCTb ABHIKETCs K Hacocy M3 6aka MM OT
BCIIOMOI'aTeIbHOTO Hacoca (Hacoca HOANHTKH); MO HaHOPHOH — QT Ha-
coca (HampHMep, K pachnpefelHTeN0, HANOPHOMY 30JOTHHKY HJH Ke
HeOCPEACTBEHHO K THAPOABHTaTe]I0), IO CAUBHOH — OTBOJ KHAKOCTH
Iocjie HCAOAB30BAHHS ee 5HeprHu (Hanpumep, B 0ak).

2. OcHOBHblE NapameTpbl rMAPOMALUMHBI

ITpoussodureavHocTs Hacoca — 3To OTHOIleHHe o6beMa IojaBae-
MOH XHAKOCTH KO BpemeHu®*. [lo NpHHATOR TEPMHMHOJOIHH MOJ MpPOM3-
BOJAHTEJBHOCTBIO Hacoca NMOHHMaeTcst o0beMHas Iojaya Hacoca

Teoperuueckas npoussoduresvrocre Hacoca (Qr) — 3TO pacuer-
HBH 00beM XKHAKOCTH, BHITECHAEMEIH B €IHHHIly BDEMEHH H3 €ro Io-
JIOCTH HAarHETAHHS.

JeficTBUTeabHAs HPOH3BOJHTENBHOCTh Hacoca (Qyn) YyMeHbIIaeTcs
Ha BejHunHy AQy H3-3a 06PATHOTO TeUEHHs KHJIKOCTH B Hacoce H3 IO-
JIOCTH ¢ GOJbIIMM JIaBJeHHeM (B OCHOBHOM H3 IOJIOCTH HarHeTaHHs)
B TOJIOCTb BCACHBAHHS H M3-332 YTEUKH XHAKOCTH BO BHEIIHIOW Cpeny.
ITostomy

Qx = Q: — AQu,

a OTHOIUEHHE

Qx AQx

Q'l' = 1 - Q’l‘ = TIOG Hy (2)

[/IE No6 » — OOBEMHBIR K. II 1. Hacoca.

Teopernueckasi NPOH3BOLHTENLHOCTh HAcOoca MNPAMO MPOMOPIUHO-
HaJlbHA YaCTOTE €ro BpallleHHS, a BeJHYHHH OOPATHOrO TEYEHHS KH-
JIKOCTH H yTeYeK 3aBHCAT OT mepenaja AasieHHs (Ap) MeXay noJocTs-
MH HaTHETaHHS W BCACHIBAHHSA H YBEJHYHBAIOTCS C YBelHuenHeM Ap.

O6mwi ¥k m 1. Hacoca -

Nu == Tjo6 ulrlm,

TJIe Nx — MEXaHHYECKHH K. I. [ ;
Tr — THAPABAHUECKHH K. II. A. (onopelensiercd, Kak IIpaBUJO, Ha
HCHBITATeNbHBEIX CTEHAAX).

* B TeXHHYeCKHX XapaKTePHCTHKAX, KOTOpble NPHBEXEHEl B TAcHOPTaX K Haco?
caM OTEeYeCTBEHHOTO NPOH3BOACTBA H B MaTepHalax IO HACOCaM, HDHMeHeH TepMHH
<IIPOH3BOJMTENBHOCTbY HACOCA, 4 HE «Tojaua»,

. 29



O6semnsie norepu u o6vemneil k. n. 4. eudpomoropa. 1lpu pabore
MalllHHEl B peXHMe I'MJpPOMOTOPa B IPHEMHYIO €ro IOJOCTb IIOCTYHAEeT
KHAKOCTb IOJ| JaBjeHueM oT Hacoca. O6beMHbIe NOTEPH B THAPOMO-
TOpe CBOIATCS B OCHOBHOM K YT€UKAaM XHAKOCTH Uepe3 3a30DHl MeXAY
COIpAraeMbBIMH JIeMeHTaMH. JTO NPUBOAHUT K TOMY, UTO NOABOLHMAIH
00beM XKHAKOCTH Qn IpEeBHIIAeT FeOMETPHYECKHH, T. €. ero TeopeTHUe-
CKOe 3HaueHHe Qr. B coOTBETCTBHHM C 3THM O§beMHbIE HOTEPH B FHAPO-
MOTOPEe YMEHBbUIAIOT YacTOTY BpallleHHsi BHIXOAHOTO Bajia, HOITOMY

Qr

No6. m == ) »]
I
rie Qr = Qu— AQu,- AQyw — 06beMHBle INOTeps B THIPOMOTOPE,
Tor/a
AQ,

MNo6. m = I-—-"-’Q‘:—.;

YunrtpBag, uT0 Q= Qr4+AQy HaxoZHM

AQ
Mos. u = 1‘——(3':57‘5;-: (3)

Mowrocre u kpyTawuli moment Ha saay audpomoropa. Teoperu-
YeCcKasi MOIIHOCTb THAPOMAIUHHE N, MO KOTOPOH ITOHHMAETCH MOLI-
HOCThb, SKBHBaJ/ICHTHAsi OPH JAHHOM Niepenaje NaBJeHHs Ap TeopeTHye-
CKOMl TNPOH3BOAHTENBHOCTH -(H/IH TEOPETHYECKOMY pacXoly) MallHHEl
Qr=gn, onpepeasercs mo opmyae

Ny = Q:Ap = Apgn, (4)

rae ¢ — pabounii o6beM XHUAKOCTH, BHITECHSEMBIE HJIH IOTJIOIEAeME
MalllMHOH 3a oAMH oboparT);
fi — 4acTOTa BPaUIeHUs MALIMHH,
®akTHUeCKasd MOWIHOCTh Ng g 3J€KTPOABHraTess, OT KOTOPOro Npu-
BOAMTCA BO BpallleHHe HACOC, C YUETOM 1)z OIpefessercsl M0 BHpaKe-
HHIO
A Nu
N, o= _p?f____._, (5)
Ne
rie ga — pabouuii o6peM Hacoca;
" mg— 4aCTOTa BpallleHHs Hacoca.
JelicTBuTe/bHas MOIHOCTh, pPasBHBaeMas HAPOMOTOPOM,

No.r = Apguntatim, (6)

rie gy — pabouuii 06bEM r'HAPOMOTOPA;
Ny — 49aCToTa BpalleHus MHAPOMOTOPa;
Mm — OOLIHH K. II. . THAPOMOTODA.
Bripasus KpyTAmHHA MOMEHT Yepe3 TeOPETHUYECKYI0 MOLLHOCTh
Nr=Apqn u yrioByl0 CKOPOCTb »==2mn, TOJYYHM TEOPETHYECKYIO
BEJHYHHY KDPYTALIETr0 MOMEHTA JJ THAPOMAIHHEI:
N
MT — Nr — T — QTAP

10} 2nn 2nn

J (7)
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B exununax CHU
Q:Ap Ne

N = —oss—Br) a My =—",] (8)

rie w — yIJIOBas CKOPOCTh, paz/c;

Qr — nmoznaua (pacxop), M3/c.

BesnynHa KPyTAHIEr0 MOMEHTA IPH HOMHHAJBHOM [aBJIEHHH, KOTO-
pas CYMTAETCS OCHOBHBIM IapAMETPOM THAPOMOTOPA, H OOGDBEMHLIH
K. I A. IPHBOASATCS B TEXHHYECKOH XapaKTepPHCTHKE.

3. TuppaenMueCKMe MaLUMHLI WEeCTePEHHOTO THNa

lecrepenHsle MallHHBL B COBPEMEHHOH TEXHHKe HAUIMH HIHPOKOE
npuMeHenne. VIX OCHOBHBIM NpeHMYIIECTBOM SIBISETCH KOHCTPYKIMOH-
Hasi HPOCTOTA, KOMHAKTHOCTb, HaJeXHOCTh B paboTe H CPaBHHTENLHO
BBHICOKHH K. II. . B 3THX MallHHax OTCYTCTBYIOT pafoyHe OpraHhl, MoA-
BEp:KEHHLIE JNEeHCTBHIO LIEHTPOOEXKHOH CHJIBL, a TaKXKe 3/JeMEeHTH, JBH-
XKYUIHecss C YCKODeHHeM, YTO II03BOJIeT 3KCIVIyaTHPOBAThb HX UPH
yacroTe Bpamenns 1o 20 ¢l

B MaIIHHOCTPOEHHH LiecTePeHHbie MalIMHE NDHMEHSIOTCS B CHCTe-
Max ¢ JpOCCeJbHEIM DETYJIHPOBAHHEM CKODOCTH THAPOJBHraTens NpH
CPaBHHTENBHO GOMBIIHX AHAaNa30HaX TaBJAeHHS.

Hlecrepennoie Hacocol. OCHOBHYI0 TPYNIY IIECTEPEHHHX HACOCOB
COCTaBJ/SAIOT HACOCHI, COCTOAIIHE H3 ABYX NPSIMO3YOBIX ILIECTepeH BHell-
HEro 3aLeTJIEHAs] C OJHHAKOBBIM YHCJIOM 3y6beB 3BOJILBEHTHOTO NpPO-
dunsa. [IpEMeHSIOTCS W JApPYrHe KOHCTPYKTHBHBIE CXeMBl, HalpHMep,
HACOCH € BHYTPEHHHMM 3allellVIeHHEM, CO CIHPaJbHBIMH HJIH LIEBPOH-
HBIMH 3y6UaTBIMH KOJeCaMH, ABYX- HJIH TPeXpsAHBIe HACOCHI, @ TaKxe
BHHTOBHE HAcCOCHL. YCJOBHa# KJIacCH(PUKALHi KOHCTPYKTHBHBIX OCO-
GeHHoOCTel 9TOro THNA HACOCOB NPHBE/CHA B paGOTax [26, 38].

KoneTpykriBHag cxeMa Hacoca ¢ OAHOR Mapoi llecTepeH NOKasaHa
Ha puc. 14, a. I[Ipu BpalieHHH wiecTepen B YKa3aHHOM HANpPAaBIeHHH B
nojocTh B (nmonocTs Bcacmsa}mx) 3y0Obsl BHIXOAAT H3 3aLelJICHHd, CO-
3/laBasi BaKyyM, KOTOpbIll 3aCacHBaeT XHJAKOCTb B 3Ty MOJOCTh M3 Ba-
Ka. M3 moI0CTH B XKUAKOCTh, 3aKAI0YEHHAst BO BIAIKHAX, ePEHOCHTCH
B nonocts H (monocts HarHeranusi). B nosocta H 3y0psA, Bxonsmge
B 3allelVieHHe, BHITA/JKHBAIOT KHAKOCTh M3 BNIaJHH B MaruHcTpalb.

IlaBaenne B nojoctH H ompejensieTcst HarpysKoH B THAPOJBHraTe-
Jle ¥ CONPOTHBJIEHHEeM CHCTeMBI H Bcerja OoJbllle AaBJ/ieHHS, 4eM B MO-
Jgoctr B. ITosToMy XKHAKOCTH CTPEMHTCS NPOHHKHYTB H3 moJocTH H
yepe3 3a30pH MeXAY IIECTEPHSMH H KOPNycoM B MoJocTe B. 1o 06-
paTHOe TeyeHMe KMAKOCTH MJH BHYTDPEHHHE YTE€UKH HAYT IO TPeM Ha-
npaBJIeHHsAM: Yepe3 pajHasbHbBe 3a30PH MeXAY BepIIHHAMH 3y6d4aThiX
KoJlec H BHYTPeHHeH pAacTOuKo# KopIryca, yepe3 TOPIOBHE 3a30DH H
MecTa KOHTakKTa 3y6beB miectepeH. OOpaTHOe TeyeHHe IKHAKOCTH
yMeHbIIaeT NPOM3BOAHTENbHOCTh HACOCA; BENHYHHA €r0 3aBHCHT OT
Ka9ecTBa H3rOTOBJEHHS KOMIIEHCHDYIOIIMX YCTPOACTB, KOTOpHeE che-
IHaJbHO BBOJSITCH B KOHCTPYKLHIO Hacoca JJsl NOBHINEHHS 00BeMHO-
ro K. 1. 1. Hacoca H COXPaHEHHS ero B TEUEHHE BCEro CPOKa CIyKOHI.
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ludpabmueckan  nazpysa O nepupe N
PULHOM  3030p8

]

1
Lo
\
]
/
//

Prc 14 MamuHa 1ecTepeHHOro THIA:
a -~ KOHCTPYKTHBHAfA cxema, § — cxeMa 3y6uaTorc samenyieHus

H3BecTHHE TEOPETHYeCKHE H AMIHPHUECKHe (DOPMYJH IPOH3BOAHTENb-
HOCTH IIeCTepEHHBIX HaCOCOB M HX aHA/IHM3 NpHBeJeHH B pabore [38].

Ha npakTuke AJs ompezeseHHss IPOH3BOAUTENbHOCTH IECTEPEHHBIX
HAcocoB OOBIYHO TOJb3YIOTCS NPHOAHKEHHOH SMMUpHYECKOR Gopmy-
" JIo¥, TOJYYEeHHOH MPH YCJIOBHH JONYIIEHHS, YTO HACOC 3a KaxJH# 060-
POT MePEeHOCHT H3 HOJOCTH B B MON0cTh A KOMHYECTBO XKHIKOCTH, PaB-
Hoe cyMMe O6beMOB BIAAMH MeXAy 3yObfMH, H 4TO 00beM BHaZHHBI
pased o6beMy 3y6a.

ITpu TakoM nonymenuu pabounit 06beM Hacoca

= 4nrmb,
mz
5~ — PalHyC HayaJbHOK OKPYKHOCTH;
2 — YHCJI0 3y6beB 1IeCTepHH;
m — MOJYJIb 3alelJIeHH;
b — mupHHA IIECTEPHH.
Teopernueckas npoH3BOAHTENBHOCTD HACOCA B MHHYTY

Q; = 2am?2zbn, (9)

raer =

I/ie A - 9acTOTa BpallleHHus,
W3 cdopmyasr (9) BHAHO, 4TO Ienecoo0pa3HO HMeThb ILECTEPHF
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¢
¢ 6o/bIIEM MOAYJIEM, TaK KaK HDOM3BOJAHTENBHOCT Hacoca NpPONOp-
UMOHAJIbHA KBaApaTy MOLYJIS,

Bosee Tounas ¢GopMysna OPOH3BOLHTENBHOCTH HAcoca, BHBeAEHHas
Ha OCHOBaHHH TeOPHH 3y06uaToro 3alel/ieHHs, HMeeT TaKoH BHI:

Qr = 2abn (R%2—r? —u?), (10)
rae R, — paauyc oKpy*HOCTH BHICTYIIOB;
4 — MOJIOBHHA JAJNHHBl JHHHH 3allenyeHus (puc. 14, 6).

Pasuuna MexXAy TeOpPeTHUYeCKOH NPOH3BOJHTENbHOCTHIO ILIECTepPeH-
HOTrO Hacoca, ompeleseHHOH Io ¢popmyiie (9), H IPOH3IBOAUTENLHOCTHIO,
noacuntagHoil nmo ¢opmyne (10), cocTaBiser HECKOJbKO IPONEHTOB,
T. €. IPAKTHYECKH HEOIlyTHMA.

ITockoabky sHauenHe & usMmenserca or 0 go 0,5/ (! — nanna aunun
3alenJesns) TO, HOACTABMB BMECTO X COOTBETCTBYIOLIHE BeJHUHHE,
NOJTYYHM:

Q‘l‘ max — Qﬂbn(Rf— r2)

12
\ Qe mn = 2nbn (R2 — 12 —— )

T. e, MoJlaua XHAKOCTH B NoJiocth H Gyzer He paBHOMepHOf, a OyJb-
cHpylomel, 1 6yJdeT NMPOHCXOJMTh INPH NMOBOPOTE LIECTEPEH Ha YroJ,
COOTBETCTBYIOIIHHA OJHOMY ILIArYy,

PaBHOMEPHOCTh IONAYH KHIKOCTH IIECTEPEHHBIM HACOCOM 3aBHCHT
OT YHcJa 3y0beB IIECTEPHH H yria 3anemyenusi. Uem Gonbuie 3y0bes y
eCTepHH, TeM MeHble HepaBHOMEPHOCTb HOJauH XKHAKOCTH HacOCOM,
OJHAKO MPH TOM YMEHbIIAeTCs MPOH3BOJAHTENBHOCTb HAcCOCA IpPH Tex
e rabapurax. .

Cuaepyer OTMETHTb, YTO HEPAaBHOMEDHOCTbh MNOAAYH H, KaK CJel-
CTBHE, HEDaBHOMEPHOCTb ZaBJIEHHSA B HarHETATeNbHOH IMOJIOCTH Hacoca
craaxuBaercs 6jarofaps CKHMaeMOCTH KHIKOCTH B cHCTeMe, 00BbeM
KOTOpO#l HecpaBHeHHO OOJBIIHHA, YeM MTHOBEHHAs NONAada HAacoca,

OGbeMHBIH K. H. . LIECTEPEHHOTO HACOCA 1)o5 3ABHCHT OT BEJHYHHH
TOPLOBHIX H DaljHaNbHHX 3a30poB. [Has macocos Tuma III mpousso-
JHTENbHOCTEIO 5—125 a/MuE 1M06=0,8--0,94. daa nacocoB THHIA
HIN 1]06:0,9.

Ecte eme u pgpyrue oOCTOSITENLCTBA, YMeHbHIAIOMINE OGBEMHEIH
K. I. A, Bacoca. IIpn GoOJbIIEX CKOPOCTAX [ABHXEHHS XHAKOCTH H
60ABIUHX CONMPOTHBJEHHAX BO BCaCHIBAIOLIEH MOJIOCTH HACOCa MOMKET
BO3HHKHYTb TYPOYyJeHTHOe JIBHKEHHE, a CJIeJ0BaTe/bHO, H BePOSITHOCTD
paspeiBa cT0s10a XKUAKOCTH, [l0o3TOMYy He06XOAHMMO HOPMHPOBATbH CKO-
POCTb XKHAKOCTH BO BCACHIBAIOIEM TPYGONPOBOAE. DTa CKOPOCTh AOJIK-
Ha HaXOAHThCS B mpegenax 3,5—5 m/c.

I'uapaBiHyeckue MOTEPH, BOSHUKAIOHIME NpPH ABHKEHHH XHIKOCTH
IO BHYTPeHHHM KaHajaM Hacoca, YUYUTHBAIOTCH TI'HIPaBAHYECKHM
K. L. A np=0,97-+0,98.

Mexanpueckufi K. m. A, HAcoca ty 33aBHCHT OT KOHCTPYKLHH OILOpP,
KayecTBa U3TOTOBJIEHHS, a TaKXKe OT BeJIHUYHHBE Nepenafa XHaBJAeHHS
. MEXJY DOJIOCTSMH Hnu B.
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Hanbosnee HarpyXeHHEIMH 3JeMeHTAMH IUECTEPEHHOTO Hacoca 4B~
JIAIOTCA €ro ONOPHl, BOCHPHHHMAIOMIHE YCHJIHS OT AABJEHHA XKUAKOCTH
Ha mecm};ﬁa H peaklMH Bpamiawmerc momeHnta. CHaj [IaBJeHHS OT
nonocty H fo mosocTH B NIPOHCXOAHT NocTemeHHo (puc. 14, a), a za-
KOH pacnpejeseHHs RaBJeHHH Mo MepudpepHH HIECTEPEH, KaK MOKA3a/IH
HCCJIeJOBaHHs, HMeeT napabo/HuecKuli Xxapakrep.

Beauunny u Hampas/eHHe Pe3yJbTHPYIOMIMX CHJI, NEHCTBYIOLIHX Ha
IIECTEPHH HACOCA, MOXKHO ONPEJeTHTh TEOPETHUECKH II0 METOIHKe,
npepsiokennofi E. A, Pubkuasiv 1 A, A. Vcosnm [38]. Oxnako ans
NPAKTHYECKHX PAaCUYeTOB Pe3yJbTHPYIOUIHE CHJILl C JOCTATOUHOH TOY-
HOCTBIO MOTYT GBITh HOJYYEHH 1o (opMynaMm:

I BeIyllefi MIeCTEPHH N

Ppes==(0,75=-0,8) pbR,;
AJ15 BEJIOMOR IIECTEPHH
Ppes=(0,8--0,9) pbR..

Kpyrsmuii MOMEHT, BOBHHKAIOIHH OT JaBJIEHHS XHJIKOCTH B IIO-
Joctd 1, BrI3HIBaeT peakliHH, KOTOPHE A7 BeLOMOHl IleCTepHH yBeJH-
YHBAIOT CYMMAapHYIO, OZHOCTOPOHHE AeHCTBYIOILYIO, HarpysSKy Ha OIo-
PH M VI BeAyllleH LIecTepHH YMEHbLIAIOT ee Ha TY JKe BeJHYHHY.

Jsi CHHXKeHHsl YCHJHH OT IHADABJHYECKOro AaBJieHHs (Co CTOpo-
HH 30HBl HalHeTaHHs] M HArpy30K B nepudepHAHOM 3asope) Cyluect-
ByeT HecKOJbKOo peltleHHil. B Hacocax OZHOCTOPOHHEro BpalleHHst IO~
JIOCTb HarHETaHHSl BHINOJHSIOT B BHJE Y3KOH IIEJH, a IOJOCTH BCACH-
BAaHMs DPaCIUIMPAIOT JO HEHTPa IIeCTEPHH H Ja)e Bbiue, ¥ HAaCOCOB,
NpeAHa3HAYEHHBIX 1751 paboTH INPH BBHICOKOM JNaBJIEHHH, YacCTHYHAas
pasTpyska onop oOHYHO JOCTHraeTCs 32 CUeT THApaBJH4ecKoH Oaxan-
cupoBku (puc. 14, a). JlzaMeTpajpHO HOpPOTHBONOJIOXKHBIE Kamepu [
H 2, coeflHHEHHEe NPH HOMOUIM OOBOJHBIX KaHAJOB COOTBETCTBEHHO ¢
nonoctaMu A u B, 3HayuTeNbHO YMEHBIIAIOT BEJHUHHY pe3yJbTHPYIO-
LIHX CHJL.

ITomumo AByX cua, AEHCTBYIOLUIMX Ha OINOPH IIECTEPEH, BO3MOKHO
NOsiBJIEHHE THAPABJHYeCKOH CHJB B 30HE KOHTAaKTa mpH Ge33a3opHOM
3allelJIeHHH WJH e, KOrZa INECTePHH H3TOTOBJEHH ¢ KO3(PuiueH-
TOM nepekpelTHA €>>1. B TakoM ciayuae B 30He KOHTaKTa 0Gpasy-
eTcd 3aMKHYThili 00beM, H3 KOTOPOTO KHIKOCTh IOJX OOJBLINM JaBJe-
HHEM BHIIaBJHBaeTCs 4epes 3a30pbl. BO3HHKalOmasi NPH 3TOM pACIH-
pamomas cujaa JAOCTHIaeT 3HAYMTENbHBIX PasMepOB, BOCHPHHHMAETCS
olnopaMH H 3yObfAMH ILeCTePeH H ABJAeTCS NPHUYMHOH HX HpexJeBpe-
MEHHOrO H3HOCA, YBEJIHUEHMs NOTePh MOUIHOCTH H YXyRIUIeHHS K. 1. .
Hacoca.

Hna ycrpaHeHHsI YKAa3aHHBIX SABJIEHHA NPHMEHSIOTCS Pa3IHYHLIE
KOHCTPYKTHBHBIE NPHEMBI, CMBICA KOTOPHIX CBOXUTCA JUGO K COeRHHe-
HHIO 3aMKHYTOTro o0beMa C IOJIOCTSIMH HAarHeTAHHS HJH BCACHIBAHMS.
JHOO0 K YMeHbiIeHHI0 KO9((dHUIYEHTa NEpeKpPHITHA A0 3HAYeHHH, GJIH3-
Kux k eguHuue. HanGonee pacmpocrpaHen MeToj OTBOAA XKHAKOCTH Ye-
pes pasrpysouHble KaHABKU J, BHIIOJNHEHHBle B GOKOBHIX CTEHKAax KOp-
nyca Hacoca.
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Tudpomawiure. uiecTepeHnoao THNA SABIASIOTCA OOpATHMBIMH M MO-
IyT BHIIOJHATH (YHRUHIO rHApoMoTopoB. Daaromaps HeOodpmoi
CTOHMOCTH H KOMIIZKTHOCTH IUecTepeHHble M'HIPOMOTOPH 3aBOEBaNH 110-
OyJSPHOCTh U NPHMEHSIIOTCS B PasAHYHEIX OTPACAAX MAaLIHHOCTPOEHHS
RS TepeJayd CPaBHHTEJIbHO HeOOJBINHX KpYTAIHX MoMmeHToB. Cie-
LyeT VYHTHIBATh, UTO PaBHOMEPHOEe BpallleHHe BaJa LIECTePEHHOr0
rMApOMOTOPA OTPaHHUMBAETCH MHHHMMAaJbHOR 4acCTOTOH Bpamenus (A0
I c¢!). Omopsl MOJKHEI BHIIOJHITBCS B BHAE NONINHIHHKOB KadeHHd,
TaK KakK TpeHHe NOJIHIHAKOB CKOJbXEHH IPH HH3KHX CKODOCTSIX
BEJINKO. 3a30pH, HeoOXOAHMBE sl paGOTH LIecTepeHHOro THAPOMO-
TOpa, H HeypaBHOBelleHHEle I'HADAaBJIMYEeCKHEe HATPy3KH BHYTPH THAPO-
MOTOPA CHHKAIOT €ro K. I. J. .

Hns BeBoAa GopMynbl KPyTANIero MOMEHTa, Pa3BHBAeMOro luecTe-
PEHHEIM THAPOMOTOPOM, 3aMEHHM CJIOKHEIH KOHTYD B 30HE [ NPAMBIM
A0y, O\B, A;,0, u 0,5 (puc. 14, a). Touxka P (puc. 14, 6) €oOTBeTCT-
BYeT TOUKe KOHTAKTa ABYX COIPSIKEHHHIX HIECTEPEHD.

FuppaBangeckas cuia, peficrByiomias Ha mieue A0, (puc. 14, a),
paBHa pReb.

OtHocHuTeEHO TOUKH O] OHA CO3/LaeT MOMEHT

R
Ml,l =p '““_2—‘ b.

Mowmenrt, aeficteyromuii na naeue 0,5,
112
1
5 b.
KpyTamu#i MoMeHT, co3faBaeMblll THAPaB/IHYeCKHMH CHJIAaMH Ha
kouType 4,05,

pb
My=M; — M, =— (Rﬁ —-021)

Mia=p

MowenT Ha roHTYpe A20.5

b
Ma=5{ R2— i)

KpyTsimuii MOMEHT Ha BHIXOZHOM Baly

MR=M1-|-M2=-p§—*[2P§——(a§’+a§)] (11)

PasHocTb paccTOSHAH @) H @2 MOXHO 3aMEHHTH NapaMerpamu 3y0-
yaThX Kosec. [IJis 3TOFO paccMOTPHM CXeMy 3auelieHus (puc. 14, 6).
¥V napannenorpamma O0.50,C, kak H3BecTHO, CyMMa KBaApaToB AHA-
roHaxefi paBHa ¢yMMe KBaJpaToB BCeX CTOPOH:

(2r)? 4 (2u)2=2a% + 2a2 ,
HITH
a’ 4 a%=2(r* 4 u?).
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Hoacrasus 370 3HauyeHue B ypaBHeHHe (11), noayunm
b
Me=—5 (R2 —2r —212) = pp(R2—r2—w2).  (12)

B npaBoft wactu ¢opmynn (12) nmepemeHHOH BeNHIHHON HBJIHeTCi
u=0,5 [ (nonoBUHA AJIMHH JHHHY 34LENVIEHHS, KOTOpasi NPH Bpaile-
HHH IIecTepeH AJMs KaXAoH nape 3yObeB H3MeHseTcs B Npeleaax oﬁ
0,5 ! no nyas). CiaeAcrBHeM 5TOrC ABJISETCH HEPEMEHHOCTb KPYTALIEro)
MOMeHTa, IPHYEM NyJbCallds €ro OKA3HIBAETCH OHIYTHMOH IPH MaJbIX
obopoTax.

4, MnacTMHYaTbie HACOCH! M TMAPOMOTOPbI

PasznuuaroT NiacTHHYaThe (HJIH JIONACTHHIE) HACOCH * H THAPOMO-
TOPH OXHOKPAaTHOro H ABOHHOro AeHCTBHS. B MallHHax OJXHOKPAaTHOTO
JeHCcTBHSA 32 OAuH OOOpOT BaJsa IPOHCXOZHMT HOJHHIEH HHKI paboTh,
BKJIIOYAlOWIMH IpoHecchl BCAachiBaHHS H HACHETAHHA, JiBa IIpOLeCCa
BCACHBAHHSA M JBa IpoLecca HarHeTaHHs NPOHCXOZAT B MalWHaXx
IBOHHOrO (MJM ABYKpaTHoro) ReficTBHsa. IlnacTHHYaTHIE MalUHHH H3-
TOTOBJIAIOTCA HEPEryJHPYeMEBIMH, T. €, C IOCTOSHHOH HPOH3BO/HTENb-
HOCTBIO (mOAadyeH) M peryiupyeMelMH. B cTaHKOCTpOeHHH NJIacTHHYa-
THI€ HACOCHl NPHMEHSIOTCA TJIABHBIM 06pasoM B THIPONDHBOAAX NOAay
arperaTHHX, CBepJIRJbLHO-PACTOYHHX, OTAEJAOYHO-DACTOUHHX H JOPYTHX
CTaHKOB, a TAK¥XKe B MeXaHH3MaX, NpeiHa3HaYeHHHX AJs TPaHCIOPTH-
POBKH, HHIEKCALHH, 3aXKHMa H 3arpy3KH 3aroTOBOK, 00pabaThiBaeMbIX
Ha aBTOMAaTH3HWPOBAHHHX CTaHKaX W JHHHAX. Hamin oHM npumeHeHne
H B IPYIHX OTPACIiX MANTHHOCTPOCHHS.

J—— ‘ Ilpa BriGOope HACOCOB H THAPO-

P 7 MOTOpOB [J1sl THApOLIEpeJayH Y4H-

THIBAIOTCSI OCOOEFHOCTH KOHCTPYK-

8 HHH, BJHSIOIIHE HA PaBHOMEPHOCTb

nojJayu H pacxoia, CPOK CHYyXOH H

TeXHOJIOTHYeCKHe (PAaKTOpHl, KOTO-

PEIMH OIpeleseTcss HX CTOHMOCTb.

InactunuaThle MalKHBL ABJASIOTCH

HauboJiee COBEPILIEHHHMH H Aelle-

BHIMH. JIlydiume o6pasisl 3THX Ma-

5}\ IIME pAacCUuTaHB Ha paboTy npH
Eapyenun no 12,5—14 Alla.

Hacocet odnoxparnoeo delicTeus.

hy P 2 | b, TIpuununuanpras cxeMma IIACTHH-

- PSR YaToro Hacoca OJHOKPaTHOro Jef-

CTBUS mMOKaszaHa Ha puc. 15. Ilpu

Puc. 15. CxeMma miacrumgaToro macoca BPAUIEHHH pOTOpa 2 palnajibHO pac-
OAHOKPATHOrO AeficTBHA HOJIOKCHHEBIE ITJACTUHBI 3 nmopg Aeii-

NN

]

* Hauunas ¢ 1935 r. HacocH H THAPOMOTOPH MOZOGHOrO THHAa H3BECTHH KaK
aonactrue {17].
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CTBHEM IEHTPOGEeXKHOA CHJIBI MPHKHMAIOTCH K BHYTpeHHeH moBepxHOC-
TH cratopa I. Tak kak uentp craropa O cMelleH OTHOCHTENbHO IIEHTPA
poropa O; Ha BeJHUYHHY €, TO IPH BpalleHHH POTOPA H3IMEHSIIOTCS
o6beMbl kKamMep A u B. YeenuueHnue oObeMa KkaMmepst A BHI3HIBaer pas-
pexeHHe, MOITOMy KaMmepa A 3anonHsercss XHAKOCThIO M3 6aka mox
HefiCTBHEM aTMOC(EpHOro AAaBJIEHHs; B 5TOH 30HE NMPOHCXOLHT BCACH-
BaHHe. YMmenbiweHue obbeMa KaMepsl B cONpOBOXAAETCSA BHTAJIKHBA-
HHeM HMJH HarHeTaHHEM JKHIKOCTH B HaNOPHYIO Marucrpalb Hacoca.
Uro6bl OTZeJHTb 30HY HarHeTaHHs OT 30HBI BCAcChIBaHMS, NPEAYCMOT-
PeHBl YIVIOTHHTEJIbHBIE IepeMbIYKH 4 H 5, pacrnojioXeHHble BHYTPH
yria g, BeJIHIHHA KOTOPOTO

e =B, (13)
2n
rie p = —, T YroJ MeX[Y MIACTHHAMH,

Z — YHCJO IIACTHH.
W3 puc. 15 MOKHO 3anACaTh C/AeLyIoliHe 3aBHCHMOCTH:

h1 =R—r+e;
h2=R—r-—~e,

rae R — pazguyc cratopa;
r — pajguyc potopa.
XOoR MIacTHHE B pagua/JbHOM HalpaBJaeHHH

hl — hg = Ze.
Teope’rnqecxylo NPOU3BOAUTEJABHOCT HACOCA OHHOKPAaTHOTO Jed-
CTBHA MOXKHO OIpEneJIHTh CJACAYIOUIHM OﬁpaSOM. Ecan n — yacrorta

BpalLleHHsl pOTOpa B MHHYTY, p — TeKYHIHH paJuyc-BEKTOP OT LieHTpa
JAaBJeHHs pabouell MJIOIaAH NMJIACTHHH, a w — YIJ0Basg CKOPOCTb, TO
OKPY2KHAasl CKOPOCTb IIGHTPA AABJIEHHS NJIACTHHH

v = op = 2nnp

DJeMeHTAPHEIH TeopeTHUeCKMH o06beM IKHAKOCTH, NOJaBaeMbIl
I/1aCTHHOH,

dQm = 2nnbpdp,

rae b — mupHUHA ITACTHHBL
MuHyTHBI] pacxon

Q= 2nbnfgjeepdp = nbn[(R + )2 — (R — e)?] = 4nb Ren. (14)
Eciu R, e u b BHIpaxKeHnsl B ¢M, TO
Qr = 0,01256 Rebn n/mun. (15)

¥V W. 3. 3aituenko u JI. M. Muimiesckoro [17] B dopmyay Teope-
THYECKOR IPOH3BOJHTENBHOCTH BBeJeH Ko3((uHHEHT £, YYHTHIBAIO-
HIKi YUCII0 TWIACTHH 2, KOTOPHIK CTPEMHUTCS! K eAHBHLe NpH 2>>10 (mpu
z2=3 k=0,827; npu 2=10 £=0,984).
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Ecnu B KOHCTPYKIHHM HACOW™
ca He [IpeIyCcMOTPEHA BO3MOX 4
HOCTh H3MEHEHHs BQIHYHHH &y
TO TaKHe HaCOCHl NPH MOCTOSH=
HOH 9acToTe BpAalIeHHs POTO-#
pa HMeKT CTabHABHYIO NPOH3-1
BOIHTENALHOCTE HACOCH, ¥ KO-«
TOPHIX CTA4TOP CMeIlaeTcst OT=
HOCHTeJIbHO I[eHTPa poTopa H&j
BEJIHUHHY &, SBJAIOTCS Pery-:
JHDPYEMBIMH H PEBePCHBHBIMH.

IIpu nuaMerpanbHOM pac-.
MOJNIOXKEHHH 30H BCACHIBAHHUA;
H HarHeTaHHs POTOpP MOABEp-:

Puc. 16 IlpuHuamnaspHEas cxeMa Hacoca raercs GO/IbUIOH HArpyske CO.
JIONACTHOrO JBOHHOrO AeHCTBES THma I'12 CTOPOHBL HOJIOCTH HATHETAHHHA.
ITosToMy B Hacoce BO3HHKAET:

ONTHOCTOPOHHe jeficTByomas cuia P=2Rbp (rie p — pasieHne B HO- -
JIOCTH HarTHeTaHMA), KOTOpas BOCHPHHHMAeTCsi ONopaMH poropa Mak-
CHMaJIbHO JONYCTHMOE AaBJEeHHE B MOJOCTH HaTHETAHHS ONpPelesercs
napaMeTpaMi H Harpy3odHoOH CHOCOOHOCTBIO NMOIUIHNHHKOB. Tak Kak
npH 6oJbIIHX AABJEHHAX TPeGVIOTCS IPOMO3JKHE NONIHNHHKM, TO B
H3BEeCTHHIX KOHCTPYKUMHX MaUMH OXHOKPATHOrO AeHCTBHS NAACTHHYA-
TOTO THIIA JaBJeHHe, DAa3BHBaeMoe HMH, He mpesumaer 7,0 MIla

I aacrunuaree nacocwr tuna I'12. OHn ABASIOTCS HACOCAMH ABOH-
HOTO AeHCTBHA, JHLICHH HEKOTOPHIX HENOCTATKOB HACOCOB OJHOKpAaT-
HOro AeHCTBUS U Mo3TOMY O0Jiee pacnpoCTpaHeHH,

O61afal0T' OHM TAKHMH  KOHCTPYKTHBHBIMH  OCOGEHHOCTAMH
(puc. 16):

1 Tlentp poTopa I coBmajaer ¢ UEHTPOM CTATOpa 2, MOITOMY MPH
HNOCTOSHHOH YacToTe BpANIEHRS POTOPA INPOH3BOJMHTEALHOCTL HACOCA
HeH3MeHHa

2. B xopmyce pHacoca CHMMETPHYHO PAaCHOJIOKEHBl ABE IOJOCTH
BcachiBanusi B u JBe mojoctd HarHetanus H, nosroMmy 3a ofuH 060poT
poTopa C IVIACTHHaMH 3 JBaXKAb TNPOHCXOAHT TPOLECC BCACHIBAHHS
u HarHeraHusd. M3-3a guamerpaibHO NPOTHBONOJIOXKHOIO pPa3MelleHHs
noJocTed AaBJeHHe Ha DOTOP YPABHOBEUIHBAETCH, a MOAUMHHHKU PO-
TOpa NOJIHOCTRIO PasrPYHKEEH OT MHAPaBAHYECKHX CHII,

3 Buyrpennuit npoduab cratopa o6paloBaH ABYMs AyraMu pa-
nuycos R; H R, oHHCAaHHBIMH H3 OJHOrO LeHTpa (B Npefenax yrjaa
f~45° ecaum B HaAcoce BOCEMb IJACTHH) M TNEPEXOAHBIMH KDWBLIMH,
CONPSIraloUIHMH yKa3aHHBle JiyrH. ITpoduis nepexolHEIX KpHBHIX obec-
meyuBaeT IOCTOAHHOE YCKODeHHe ILIACTHHE OTHOCHTENIBHO pOTOpa, a
Cle[0BATENILHO, PaBHOMEDHOe HapacTanHe o6beMa KHAKOCTH B IIO-
JIOCTH B 1 Takoe Xe paBHOMepHOe BHITECHEHHE KHIKOCTH H3 IOJIOC-
TH H

4 )Kuakocth u3 moaocTu H moiasemeHa oA TOPL  IMJIACTHH, [O-
9TOMYy paluajbHoe IepeMellfeHye NJIACTHH U NPUKHM HX K CTaTOPY
NPOU3BOJHTCA HE TOJNbKO LEHTPOGeKHON CHJIOH, HO M CHJIOH rHApaBJIH-
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yeckoil, paBHO# pbt (rde p — LaBJeHHe B NOJOCTH HarHeTaHus, b —
WHPHHA TVIAaCTHHALL B § — TOJIIHHA TIACTHHEL).

5 B peaJbHbIX KOHCTPYKIHSAX HACOCOB NJIACTHHH 1O OTHOUIEHHIO
K pajHycy poTopa pacnoJgaralorcsi noj yraom B 8—13° (60abiune 3Ha-
YeHHs yrja COOTBETCTBYIOT GOJbIIHM pasMepaM Hacoca), 4TO HeoG-
XOJHMO JIJisi YCTPAHEHHS 3aK/IHHHBAHHS IVIACTHH B 30He I HPH CKOJIb-
MEHUM X 0O NepPeXoAHBIM KPHBBIM NPOGMRIA CTAaTOpPA.

Ilpu BpallleHHH pOTOpa B YKa3aHHOM HaNpPaBJEHHH IJIACTHHBHI,
pacnoJiokeHHHle B 30HaX B (Ha yyacTKax mepexoJHBIX KPHBHIX), OTXO-
IAT OT LIEHTPA pOTOPa, B peaysbTaTe 4ero o6beM MeXAY HIacTHHAMH
yBeJHYHBAETCS — NPOHCXOAHT Ipoliecc BcachBanus OO6paTHhil npo-
lLecc — HarHeraHne OyAeT HMeTh MeCTO B 30Hax [, rie NMAaCTHHH
OTXKHUMAIOTCS K UEHTPY poTopa M 006beM MeXAYy INIaCTHHAM# yMEHb-
waerca. JgukeHHe IJIACTHH B pajHajbHOM HaTpaBJieHHH OTCYTCT-
BYeT Ha yyacTKax cTatopa, o6pasoBaHHEIX JyraMu paanycoB R; u Rs.

ITnacTuHEl NpH CBoeM KPYrOBOM MepeMEIleHHH N0 KOHLEHTPHYeC-
KHM YYaCTKaM, ONHCAHHBIM paiuycoM R, TepeHoCcAT 00beM KHIKOCTH,
paBHBHIE TNPOH3BEeJEHHIO CKODOCTH ILEHTpa ABHIKEHHA MKHHKOCTH U Ha
TJI0IAAb NJACTHHH f:

Q; = 20f = 2ub(R; — R,). (16)
{IoxcTaBsuBs snavyenne
Ri+ Ry
U= wp = 2nn —

B (hopmyay (16), nonyunm
Qi = 2mnb(R2— R%)

C yuetom oObeMa, 3aHHMaeMOro IJIACTUHAMH, 3Ta NPOH3BOANTENb=
HOCTh JOJI’KHA OHITh yMeHblIeHa Ha BeanuuHy ¢=2(R,—R;) btzn.

TaxuM o006pa3oM, TPOH3BOAUTENbHOCTh HAcOCa, JfMHH, ABOHHOrO
JeACTBHUS

Qr=Q1 — ¢=0,002 (R; — Ry) [n(R1+R:) — 2], (17)

rie Ry, Ry, b — B caHTUMeTpaXx

O6beMuBI# KIJ Tos NJAACTHHYATHX HACOCOB JABOMHOro AeHCTBHSA
YKa3HBaeTCs 3aBOAOM-H3TOTOBHTEIEM B TEXHHYECKOH XapaKTepHCTHKE.
B 3aBHCHMOCTH OT NPOU3BOIMTENBHOCTH H JaBJeHHS To5==0,85-0,95.

Eneuxusi 3aBon «I'maponpysoi» BHIIycKaeT O6oJiblIoe KOJHYECCTBO
THIIOPA3MEPOB H3COCOB NPOH3BOAMTENbHOCTEIO OT & no 200 n/MuH Ans
paGoTH mpH MakcUMaJabHOM JaBieHnn 6,4 — 12,5 MIla u Heckoab-
KO THIOPa3MEepoB IJIACTHHYATHIX THAPOMOTOPOB JABOHHOrO Jef-
CTBHSA

Maactunuarete eudpomorops. Eciu B KOHCTPYKUHHM NpefayCMOTPeH
NPHHYJUTENbHE NPUXKUM IJIACTHH K CTATOPY, TO INIACTHHUATHIE HACO~
cel MOryT GbiThb OOGpaTuMbiMu IliacTuHbl B THAPOMOTOpAX pacloJara-
oTed panmanbHo Hepegko B Kopmyce THAIpPOMOTOpPa paaMeliaercs
pacnpejesnnTesb, HeOOXOAUMHIH AJs peBePCHPOBAHMA ITY (QYHKIHIO
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MOXKET BBHIMOJNHATH TAaKKe pacH
npe/lenuTeN b, YCTAaHOBJGHHHH B
FHAPOCHCTEME MeXAY HAcOCOM H
THIPOMOTOPOM.

[IpunnunuajasHas cxema, Ho-
SCHSIONIAA BO3HHKHOBEHHE KpPY-
TAIEro MOMEHTAa B ILIacTHHYA-
TOM FHAPOMOTOPE OZHOKDATHOTO
neficTBHS, NOKa3aHa Ha pHC. 17,
KpyTsimu#i MoOMeHT, pa3BHBae-
MEIi MJIaCTHHOH I,

Puc 17 IIpumunnuanbHasg cxema mJjac- —
THHYATOIO HAcOca GAHOKpPAaTHOro mefict- Mi=pb (o, —r) \r+
BHSA

or—r pb
4+ -2 5 )__ 5 (02 — r?).
Kpyramufi MOMeHT Ha nyiacTrue 2

P s 2
My = — (p] —1r%).
Kpyrsamunit MoMeHT, pa3BHBaeMblil THADOMOTOPOM,
pb
M=M1——M2=T(Pf—93 ’ (18)

rie p — jAaBJieHHe KULAKOCTH.

BrlpasHB pajuMycel p; U pg B IMOJSPHBIX KOOPAHHATAaX NOC]e psfa
npeoGpasoBaHuii, MOJYYHM NI THAPOMOTOpA (NPH P=m) C YETHHIM
grcaoM mIactuH [17]

M = 2pbRe cos ¢ (19)

M3 ypaBHenua (19) BHAHO, 4TO BeMMYHHA KPyTAllerd MOMEHTa,
passuBaeMas THAPOMOTOPOM, M3MEHHETCH IO 3aKOHY KOCHMHyCa NpH
F1s

n 14 g
H3MEHEeHHH yr/ia ¢ OT — T oo + T , Korjna -—-Z——- — >
MakcumansHoe 3HaYeHHUE KPYTALIero MOMEHTa
Mmax = 2pbRe (20)
n

MunuMaJpHOE 3HAUYEHHe KPyT4Illerc MOMEHTa NPH @ — > B

Mumin = 2pbRe cos:—~ | (21)

Jist THAPOMOTOPA C HCUETHHIM YHCJIOM ITACTHH BeJIUYHHE KDPYTHA-
Hero MOMeEHTa

M = pbRe[cos ¢ — cos (¢ + ¥)], (22)
rie p=mn— %— ApH U3MEHEeHHH ¢ OT —:— no 0,

P %
p=mn-} —~ DpH H3MEHEHHH @ OT 0 mo — -
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Crenenb HepaBHOMEDPHOCTH KpYTSAINET0 MOMeHTa IJst THAPOMOTO-
POB C UeTHBIM UHCJIOM I1acTHH [17]

500
Su=——— % (23)
& I THAPOMOTOPOB € HEeYeTHBIM YHCJIOM IINIaCTHH
, 125 94
M = 22 % - ( )

U3 ypaBuenus (23) u (24) BHAHO, YTO CTelleHb HEDaBHOMEDPHOCTH
AJfl THADOMOTOPOB C HEUETHBIM YHCJIOM IIACTHH 3HAYHTETBHO MEHb-
lie, yeM JJisi F'HAPOMOTOPOB ¢ Y€THBIM YHCJIOM MJIACTHH.

KoHCTPYKTHBHAsT cxeMa ILIACTHHYATOrO FHADOMOTOPA JBOHHOrO
JeliCTBHSl aHAJOTHUHA CXeMe Hacoca ABOMHOTO AEHCTBHHA, OJHAKO HMe-
wTcs ornuunst. [InacTuHbl B rEAPOMOTOPE pacno/araloTcs pajpnaibHO
H KaxjJas IJIaCTHHA IPH TOMOIIM KOPOMEICJI00GPa3HONR NPYXKHHE IPH-
x)uMmaetcs ¢ cratopy. [osToMy Hacocs gBoiiHoro geictsus (I'12, BI'12)
He 00paTHMBL. .

TeopeTHueckasi BeJHYHHA KPYTSANIEro MOMEHTa pPaBHAa YIABOEHHOMY
MOMEHTY OT [AaBJIeHHSl XKHJIKOCTH Ha JIBE IJIAaCTHHbI, PACHOJIOXKEeHHHEE B
OJHOH IJIOCKOCTH M KOHTAKTHPYIOIIHE €O CTAaTOpPOM, Ha pajuyce R
(puc. 16)

M. = 2pfp,
rae f=b(R,—R,) — miouab IIACTHHH, CM2;
Ry —R
p = 1—22—— paNuyc N0 IeHTPa AaBJeHHs IJIACTHHEL, CM

HOI[CTaBI/IB 3HAYECHHA f H O, NOJYYHM
My = 0,1 pb(R>— R?). (25)

KoHCTPYKLHSA NJIaCTHHYATOH MAIIHEEL B OCHOBHOM OIpelefsercs
¢dopMoii maacTHHE U CcnocoGoM ee MOJKHMa K craropy. Ilmacruna
ABJsieTCsl Hanbosee ysA3BUMOI JeTalblo, TaK KaK OHa NOABepraercs
CJIOXKHEIM H NOIIeDEMEHHBIM CHJIOBHM BO3AEHCTBHAM, O0AbIIHM KOHTAKT-
HEIM Harpy3kaM H u3Hocy. [TosToMy paccMOTpeHHe KOHCTPYKTHBHHX
oco6eHHOCTER IJIACTHH, NOJYYHBIIHX HauGoJblee paclpoCTpaHEeHHE,
npeiacTaBJisieT HRTepec.

Ha puc 18 (cxemu /—8) moxa3aHB KOHCTPYKIHH ILIACTHH, CIIOCO-
6B X BCTPOHKH B DOTOP H METOAH NPHHYIHTENBHOrC NPHIKHMMA IJjac-
THH K CTaTODY.

B nacocax tuna I'l2, BI'l2, B rugpoMoropax tuna MI'16, B Haco«
cax aBTo3aBofla HM. JImxauema, ¢pupM «Vickers» H «Racine» (CIIIA)
H JIPYrUX NPHMEHAIOTCS IJAacTHHB (HMJH 3aMBKaTeNH) MaJblX pasMe-
pos (tonmuHa f==2,25--3 mM; BhcoTa h=12--30 MM; mHpHHa b=
=20--30 mm). Jag HageXHOrO pasfesieHHs MOJoCTedl BCAaCHIBAHHSA OT
noJiocTel HarHeTAHUA OJHOH LIEHTPOOEKHOH CHJIbl B 3TOM CJyuae He-
HOCTATOUHO, MOITOMY NpHXKUM naactuH (puc. 18, cxemu 1, 2, 4, 5 u
6) NPOH3BOJMTCS TaK¥Ke rHApaBIHYecKoil cumofl, *
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Puc. 18. KOHCTpYKUMS ONACTHA H CT0COG BCTPOMKM HX B POTOP MAINHHBL IJIACTHHYA,
TOrO THIA

BennyuHa jaBieHus, pa3sBHBA€MOr0 HacCOCOM IBONHOIO AelicTBHS G
naactuHaMy (puc. 18, cxemu I u 2), o6nuyHO He mpeBmimaer 7 MIla|
Ilpu Gonee BHICOKAX AABJCHHAX B 30HEe BCACHIBAHHSA NJIACTHHH MPHKH
MapTcs ¢ GOJBLIIHM YCHJIHEM K CTATOPY, UTO NOBHIIAET H3HOC nnacrmﬁ
H cratopa. Jlisi yBesiMYeHNs NOJArOBEYHOCTH HAacoca NPHMEHAIOTCA pas<
JIHUHBIE cOcOGHl PA3rpy3KH HJIACTHH.

B cxeme 5 mnactuEa ¥ ma3 B POTOpPe BHUIOJHEHH CTYIEHYATHIMH,]
TpKHYeM TOJNUIMHA BHYTPeHHefi YacTH IJIACTHHBI paBHa NPHMEPHO %3 eé
‘HapyXKHOH yacTH. K TOpPHYy TMJacTHHH 110 KaHaly @ HaNpaBAfeTCH
XKHJKOCTL IOJ[ MAJBIM RAaBJeHHeM B 30He BCACHIBAHMA H GOJBUIHM —
‘B 30H€ HarHeraHusi. KoJbLeBrle nase 8, PacNOJIOKEHHHE B pacmpene-
JIMTeNbHHX JAHMCKAaX, COeIHMHEHB C IOJOCThI0 HATHETaHHd, MO3TOMY:
MJIACTHHBE NIPH JBHXEHHH B 30H€ HarHeTaHHH NPHXKHMAIOTCA K CTATO-
Py UeHTPoOEeXHOH CHJIOH HJIH JaBJeHHeM XKHIKOCTH, KOTOpPOe pachpo-
CTpaHseTcs HA BCIO IUIOMANb NIACTHHH. B 3ome BcacHBaHUS THAPAB-
JIMYECKas CHJIa BOCIHPHHHMAETCH IJACTHHOH TOJBKO CO CTOPOHBI KaMe-
PH 6, B pe3yJbTaTe Uero CyMMapHas CH/ia CyIIeCTBEHHO YMEHBbIIAETCS
B CPaBHEHHH ¢ KOHCTPYKIUSIMH, paboraomumu mno cxemam I u 2
(puc. 18).

B cxeme 6 (puc 18) nmokasan tak HasmBaeMBldl aAuddepeHnUaNb-
HBIE cnocof MOAXKHMAa IJaCTHH K craTopy. B miacTtuHy BCTpoeHO Hec-
KOJIbKO IHIMHIPHYECKHX CTepXKHelH, yINpAIHuXCs B JHO a3a poTopa.
ITox Topen nAacTUHB MO OTBEPCTHIO @ MOJABOAMTCH KHAKOCTH IOM Ma-
JIHM JaBJeHHeM B 30HE BCacHBaHHd ¥ OOJbIIAM — B 30He HarHera-
HHsI, 2 Yepe3 MOoNepevHoe OTBePCTHe O B MJIAaCTHHE HA CTEPIKHH BCErja
JefiCTByeT NOCTOSHHOE HaBJeHHe U3 NPOTOUKH 8, NOJKJIOUEHHOH K IIo-
JOCTH HarneTaHHs. TakuM o6pa3oM IVIACTHHA NPHIKUMAETCH YCHIHEM,:
BeJIHYHHA KOTOPQro ONpejesercs JaBIeHHEM JKHAKOCTH H INJOIALbIO
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TioTiepeyHOro ceweHHs cTepxkusa. CyllecTByeT ellle HECKOJbKO crocoboB
pasrpysku miacrtus [17].

Jnst yBeauuerns UeHTPOGEXKHOH CH/IHI NVIACTHRB JEN2I0T MAacCHB-
ueiMH (puc. 18, cxema 3), a Aas Jyquwedl BEX paAHa/jbHOHR HATPY3KH B
MOMEHTH! [Iepexoja H3 MOJOCTH BCACHIBAHHS B IOJOCTh HAFHETAHHA H
YaCTHYHONH PasrpysKu IPeLyCMOTPEHEl CKBO3HBIE OTBEPETHS B IJIaCTH-
He ¥ GOKOBble KaHABKH, COEAWHSIOUIHE IIPOCTPAHCTBO  MOJ MJAACTH-
HaMH ¢ KaMepoii a. HenocrtaTkoM HacoCOB, BHIIOJHEHHHIX 1O cxeme 3,
SIBJSIETCA BO3MOMKHOCTb IIOJIOMKH IPYKHH, pabOoTaOUNX B YCIOBHAX
4acTHX jethopMauui.

B cxeMe 7 NOCTOAHCTBO MOAXKHMa INIagGHH K CTaTopy,“dTO HeOO-
XOJMMO B 'HIPOMOTOPAX, OCYIIECTBJSETCS KOPONHICH000pa3HEIMU TIPY-
JKHHAMH, KOTOPHE B OTIHYHE OT CHOHDPAJbHHX NPYXKHH HMEIOT I0CTO-
SIHHBIH, 3apaHee YCTAHOBJIEHHHH, HEH3MEHAIONIHICH HATAr 1 He MOBEp-
rajoTCs ¥acThM Ne(popManusM.

®upma «Oswald Forst» (®PI') Beinmyckaer peryiupyeMmbie HacoCH
«Enor», y KOTODHIX TJIACTHHH HepeMellaloTcsi B PafHaJibHOM HAImpaB-
JeHHH NPHHYIHTeNbHO (cXeMa 8) C HOMOMILIO cyxapeﬁ CROIIL3AIIHX
B KOJBLEBHX 123aX GOKOBHIX JHCKOB.

B rujpoMaminHax poAuUKOS020 THIA HCIOJB30BAH NPHHIHE pabo-
TH IIJIaCTHHYATBIX HeperyJIHpyeMeXx MamuH. HMarorosiswres oHu ¢up-
mofi «Habowon Eatons (Aurnus), siBasioTcs oOpaTHMBHIMM H IpHMe-
HAOTCA B FHAPOYCHIUTENAX PY/CBOTO YNpaBJeHust rpyaosmx aBTOMO-
Grietl.

Ha puc. 19, @ nokasaHa KOHCTPYKTHBHas cxeMa Hacoca. Porop 3
COe[iMHEH IPH TOMOLIH INNMOHKH C BHIXOZHHIM BasoMm I. BHyTpennsas
pacToyka craTopa 2 BHINOJHEHA MO CJIOXKHOMY Ipoduiio QupMOd
«Habowon Eatony, Ho B nmpuHLUIIE MOXET HITOTOBJATLCI B BHIE
OKPYXHOCTH AJISi HACOCOB, KOTOpHIe NepeKayHBAlOT XHAKOCTh NOJ He-
GospiinM fAaBiaendeM [5]. UlecTs mycToTenbix poOJHKOB 4, yCTAaHOB-
JeHHHX B Ma3ax pOTOpa, NOJ JeHCTBHEM IEHTPOOEKHOH CHIBI IIPH-
XHMAaIOTCsl K BHYTpeHHeMy mpoduiio craropa. Ilockoasky porop pac-
HOJIOKEH 9SKCUEHTPHUYHO OTHOCHTEJNBHO CTaTopa, TO TIPH YKAa3aHHOM
HanpaB/eHUH BpalleHMs NPOKCXOAUT BCacHBaHHe yeped okwa A u b,
a HarHeraHHe uepe3 okHa B u [

®upma «Habowon Eaton» naroToBiser TpH THIOpasMepa HacOCOB
(Mogenu 35, 36 u 37, ¥ KOTOPHX COOTBETCTBEHHO JJHHa poauka 12,7;
17,8 u 22,9 mM; HapyXHBEIHA IuaMeTp posuka paseH 10,3 MM, BHyTpEH~
Huit — §, 33 MM) Hacoc ob6nanaer BHCOKHM Oﬁ’bEMHbIM K. I. A. 7 pabo-
Taer 6ecmyMHo

Hacoc, Bunyckaemuiit gupmoii «Mechanism Cos (p'nc 19, 6), or»
JpYaercs OT PACCMOTPEHHOH MalUMHEL POJHKOBOTO ‘THIA TeM, UTO BMe-
CTO POJIMKOB B Ilasax poropa 2 ycTaHOBJAEHH AoifaTKH 3 ¢ NepeMeHHEM
(6ouko06pa3HEIM) CeueHHeM IO BHCOTe. 3a30p A MeXIY CTAaTOPOM
H pPOTOpPOM IpefoTBpaliaeT NOBHIIEHMEe NaBJeHHS B 3aAMKHYTOM KOH~
Type MeXJAy COCeJHHMHM JonaTkamH. KoHTakr JsonatoX ¢ poTopoM H
CTATOPOM NPOHCXOAUT COOTBETCTBEHHO HO qHHusM B m C M'moBepxHoc:
t# D. laxke npw HEKOTOPOM H3HOCE MECT conpﬂmemrﬂ oﬁecneqHBaeTcx
HaJleXXHOe YIIOTHeHHe.
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Puc. 19. Tuppomaurasin, paGoTaioulde 0O NPHHUHLY JONACTHHX MAUIAH:
8 — POJHKOBOTO THH&, § — ¢ GOYKOOGDASHHIMH JIOTIaTKaMH.

Cpok cilyx0pl JIONACTHBIX MAIIHH 3aBHCHT OT MHOTHX (DaxTOpOB,
HO B OCHOBHOM OT B@JHYHHEI JeHCTBYIOLIErO KOHTAKTHOIO HAaIlpsiXKe-
HHSL.

YMeHbIeHHe 3TOH BEJIMYHHBI MOXKeT OHTb IOCTHTHYTO OrpaHHue-
HHeM paboyero AaB/eHHS H YBeJHUeHHEM PafHyca CKPYIJIEHHsS KPOMOK
JIONATOK, NPHJAEralIlHX K CTaTopy. B 3TOM OTHOIUEHHHM MAIUHHBL PO-
-JIMKOBOTC THNA M C JONMATKaMK B BHIe Gouer 06,aRaloT CyILleCTBEHHHI-
MU [DeMMYIIeCTBAMH B CPAaBHEHHH C JIOMACTHHIMH MAaUIHHAMH, ¥ KO-
TOPHIX pajfHyC CKPYIVIEHHS BepxHeH KPOMKH JIONATKH 3HAYHTENBHO
"MEHbLIE U cOCTaBisieT B Hacocax Tuna I'12 0,2—1 MM, a Hacocax ¢up-
_Mnbt «Vickers» — 1,75 v+,

3. PonMko-nonactHbie ruapomoTopbl moaenu TM

Koncrpyktussas cxema rujppomotropa I'M [28] nokasama Ha
puc. 20. B ocHOBHOM OH COCTOMT M3 poTopa I, YeThpex POJIHKOB-3aMH-
Kareneit 10, aybuatoro MexaHH3Ma 5, KOTOPHIM 00eCHEYHBAETCS CHH-
XpoHHOe BpaileHHe 3aMblKaTeJsell, kopnyca 7, mepeiHeil 4 u 3agHed 9
KpHIIEK W NPOMENKYTOUHOH IAHTH 6. POTOD BHINOJAHEH KaK OLHO LEhoe
¢ BajoM 3 ¥ uMeeT uiecTh 3yObeB (Jonacreit) I3, paBHOMepHO pacmo-
JIOKEHHHX N0 OKPYXKHOCTH. BpamaioTcs porop M 3aMHKaTeaH Ha HOA-
myoHAKax KagyeHud 2 u 8. Bripessl /1 B posHKax-3aMBKaTeNax Heo6-
XONMMB! JUI NMPONYCKaHHA JOHacTell pPOTOpa NpH BpalueHHH. Ponuxu
THAPOCTATHYECKH pPa3rpy:KeHsl B paiuasJbHOM HANpaBJeHHA IPH Io-
MOIUE JAONOJHHTENBHBIX MoJiocTel 12, COefIHHEHHHEIM COOTBETCTBEHHO ¢
nonoctaMu nogsofa II u cnmmBa C. Biaronaps cuMMeTpHYHOMY pac-
TIOJIOXKEHHI0 ABYX ToJjocTell [I M IByX nonoctel C THAPaBIMYECKH
pasrpyKeHHbIM fABASETCS TAKXe W porop. Bpalienue poropa IpOTHB
4acoBOM CTPENKH NPOH3OHAET IIpH NOABOAE MHAKOCTH IOA JaBjedHeM
B nojocti IT u paGoune KaMephl [4, KOTOpHle OrpaHudentbl JNOTMACTIAMH
poTopa ¥ poiHKaMmu-3amukarensaMmu. Cuaa, cozllaBaeMas AaBJIEHHEM
KHAKOCTH HA JIOMACTH B KaxKAOH pabouell kaMepe, ompejenser KpyTs-

44



5

%

/7
A
b
Puc. 20. Poauko-ynonacTias MamuHa Mozend I'M

iyl MOMEHT Ha BaNy THAPOMOTOPA, BEHYHHA KOTOPOTO
M= p(r3—r2)b, (26)

rie p — mepenaj AaBJeHHS MeXIy nojoctamu {1 K C;
ry, ro — BHYTPEHHHH H HADYXKHHH pajuycH pOTOpa;
b — mMpHHA poropa. -
Pabounii o06beM TCHAPOMOTOPA, C YUETOM TOrO HTO THAPOMOTOP
ABOHHOrO AEHCTBHSA, ONPENENIAeTCs 3aBHCHMOCTDIO
rz+n

q-—~2-2n(r2-—-r;)-—2—-b=25t(r§-—-rf)b. (27)

Ponuxo-ionacTHbll THAPOMOTOD PeBEPCHBHBIA H /s MOJYyYEHHH
Bpallesnss B o0paTHYIO CTOPOHY HeoOXOOHMO H3MEHHTbL HaNpaBJIeHHe
TEUEHHS XKHIKOCTH.

Jns  sTOro rHAPOMOTOpa XapaKTepHa MaJjas BeJHUHHA MOMEHTa
CYXOTO TPEHHSI; TPOraHHe ¢ MecTa IPOHCXONHT IPH JdaBJeHHAX, Omaus-
KHX K Hyao (puc. 21, xpuBasa /). C yBenn- i
YeHHEM YaCTOTH BpallieHHs poTopa mepenan /W ia

JaBJeHHst Mexny nojoctssMu IT u C Bospa- ; mf / / )

CTaeT M3-3a POCTA NOTEPb BSI3KOTO TPEHHS 20 v dlinl 4

H MeCTHHIX conpoTupienui. [lus ruapomo- .

TOpa AaKCHaJbHO-NOPIIHEBOTO C TOPLOBHM 2 !
pacnpenenenyeM B 067acTH HH3KHX 060pO- 10 "

TOB XapaKTepHa MNajalolasi XapaKTePHCTH- A

Ka MOMeHTa TpeHHsa (puc, 21, KkpuBas 2). 00 ’\afczg fon
Ilepenan naBjieHHA NPU TPOTAHHH C MeCTa ¢ & T

cocrasaser npuMepHo 2,5 MIla. Ilpu ysenu- .
YEHHH YacTOTHl BpaleHHsA 3aBHCHMOCTL Puc. 21 Crarnueckas xapak-
p=f(n) mns o6OHX THIOB I'HAPOMOTOpOB  TCPHCTHKA IHIDOMOTOPOE:

—_ -JionacTHoro, 2 — rup-
c6uxaeTca. DKCIEPHMEHTANbHBIE HCCACHO-  homorons sodona T18 -
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BAHHS NOKA3a/H, 9TO NP HCHOJNL3OBAHHH POJHKO-JIONACTHOTO THEDO-
MOTODa TIpH IPOCCENHHOM CIOCOOE PEryIHPOBAHHA CKOPOCTH obecneys-
BaeTca paBHOMEpHOe BpallleHHe BHXOJHOrO Baja THAPOMOTOPA [28] non
Harpyskod ¢ mMaJofi uactord#i BpaleHus (mopaaka 0,002 c),

6. MalwmHLl aKCHaNBHO-NOPIUHEBbIe

T'udpomorop tuna I'15-2 (koucrpykuus IDHHMC). T'uapomotop
(puc. 22) B OCHOBHOM COCTOHT H3 CACAYIOMHKX neTaseli: poropa 2 ¢
noputHAME 3, Gapabana 4 ¢ ToakaTedAMH 5, BaJda 7, ¥opmyca nepej-
HEro 6, B PacTOuKe KOTOPOro MO yriom B 22°307 PasMellleH YIOpHO-
panHa/bHBI NOAWMOHEK 8, Kophyca cpefnero I/ u ONOpPHO-pacnpese-
JHTENLHOTO JHCKA I ¢ OTBepCTHAMH 12, NpeNHasHAYeHHLIMH IS o1~
BOLa H OTBOJA XHIKOCTH. B GapabGane pacmonoxkens HpYXKHHH 9,
IPHKHMAIOIHE POTOP K PACHOpEeNeNHTENbHOMY NHCKY, B KOTOPOM HMe-,
IOTCA NOTYKOJIbUEBbIE LIA3EI C OKHAMH I3, pasjle/leHHbe IBYMs nepero-
poakamu /4 Ilo oAHOMY masy KHAKOCTb NOABOAHMTCS K poTOpY OT Ha-
coca, a OT APYyroro — OTBOJAHTCS B 6aK.

§ 1
N
5
i
: y
o
_g Z
7 §
{4
13 ——
12 < 1
= am
n7zal:

i 1
Puc 22 Koscrpykuns ruapoMoropa THia I'15-2
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Tuzpomotep paboraer caedylomum ofpasoM. JKuaxocTs, mocryna-
10llasi Yepe3 COOTBETCTBYIONMEA MOJYKOJbLEBOH NIa3 OT HAacoca K OK-
HaMm 13, BHIOJIHEHHHIM Ha TOpLE pPOTOpa, BO3JEHCTBYeT Ha NMOPIUHH,
pacnojoxeHHEe B GTBOpE C THM 0asoM, 06sarogapsi 4emy MNODIIHH
BMeCTe ¢ TOJKaTeJsIMH BBHLABHTAIOTCA K NOAIIHNMHUKY. BosHuKalouue
NPH 3TOM TaHreHIHaJbHEE CHJIH MPOBOPAYHBAIOT TOJKATEJNM BMeECTe C
GapaGauom 4 M BaJIoM, COeNMHEHHEIM c Oapa0aHOM IINIOHKOH, a Takxe
porop 2, KOTOpHH yBJekaerca OapaGaHoM I@pPH NOMOLIH MOBOX-
Ka 10.

THAPOMOTOp 5TOTO THIA OTHOCHTCA K HEPery/JHpyeMbiM MailHHAM,
TaK KaK YJeJNbHEI pacXoA XHIKOCTH B HeM IocTosHeH. HacroTa Bpa-
IEHHs: BaJjia OIpefenseTcs PacXOZOM XKHJKOCTH, PHYEM JOHMyCKaeTcs
KaK ADOCCEJbHHIH, TaK H OObeMHBIH cIOCOD pery/JIMpoBaHus CKOPOCTH.
[lpr n3MeHeHHH HaANpPAaBJEHHS MKHUIKOCTH NPOHCXOIMT PeBepPCHPO-
BaHHe.

Heranu rufpoMoTopa, HaXojsilHecs B Kopmyce, paGoraoT B 6aa-
TONPHSTHHX YCAOBHIX H3-32 oOHJbHOH CMa3KH BCeX TPYLIHXCH NOBEpX-
HOCTeH,

CrBO3HO¥ BaJ c HEHTpUPYIOWIEH JLICKOH I03BOJSET INpPHCOEIH-
HHTb K THADOMOTOPY TaKHe BCIOMOTraTe/JbHHE YCTPOHCTBA, KAK HACOC
HJIK JATYMK CKOPOCTH.

Tunpomoropw tuma I'15-2 mpesnasmageHsl A7s IPHBOJLOB Bpalia-
TEJIbHOrO ABHXKEHHS B FHApocHcTeMax c OeccTyNeHYaThIM PperyJaHpo-
BaHKEM YacTOTH BpalleHHs, B cHCTeMaXx, Ie TpeOyercs peBepcHpoBa-
HHe, YacTHe BK/IIOYEHHS, aBTOMaTHYeCKoe H AHCTAHLHOHHOE yNpabJe-
Hue. OHYU TakXe SBJSIOTCA COCTABHOH YAaCThI0 THAPOYCHJIHTENs THIIA
2TI'18-2, pHImONIHSS B HEM pPOJbL HCIOJHHTEIBHOIO MeXaHH3Ma.

Munyrckuit 3aBoa «[HaponpuBoj» H3rOTORJAAET NATH THIOpPasMe-
poB ruapomoropoB I'15-2 ¢ makcuma/ibHeIM xaBaeHnem 5 MIla [9].

T'udpomorop modeau 210 (puc. 23) sABAgerca AKCHAAbHO-MOPLIHE-
BOH MAaIUHHOH ¢ HOCTOSIHHHIM pabounM ofbemMoM xuAxocTH. Hacrora
BpallleHus BHIXOJHOTO Baja THIPOMOTOpA peryJHpyercs o0meMoM Io-
TOKa XHAKOCTH, KOTOPHIH NMOCTYIaeT K paclpelefHTes]io HIAPOMOTOpa
OT peryJHpyemMoro Hacoca.

B xopnyce ruzpomoropa 8 Ha JBYX WIapHKOBHX NOAWHIHHKAX 5
U 4 (cABOEGHHHHA pajAHaNbHO-YIOPHEIH) YCTaHOBJEH BHIXOJHOH Ban 6.
Ilpapnifi KoHell Basa BHITOJHEH B BHJE IHCK4, HA TOPIEe KOTOPOro paB-
HOMEpHO II0 OKPYXKHOCTH pPa3MeIlleHO ceMb C(epHIeCKHX rHesi, HeoO-
XOJAHMHX JJsI KOHTAKTa ¢ INapooOpa3HBIMH I'OJOBKAaMH LIATYHOB 2
K nenTpanbHOMy cepuuecKOMy TrHe3ly INpHMHEKAeT wapoobpasHas
roJiopKka muna 10, KOTOphIH BHIIOJNHSET (QYHKHUHIO OCH IJs 6JI0Ka 1H-
JUHAPOB I, PACIOJOXKEHHOr0 IO OTHOIIGHHIO K BAJY HOx yriom 25°.
B 6710k BCTpOeHO ceMb mopuiHei ¢ maryHamu. IIpu momomm Tapesb-
YaTHX NPYXuH 8 GJ0K IUJHHAPOB NpHKHMAaercsi K chepuyeckor Io-
BEPXHOCTH pacnpeznenurens 11.

IlogBoA KEAKOCTH XK LHIMHIPAM MOA MAaBJEHHEM OT HAcoca H
OTBOJ XHIKOCTH H3 IHJIHHAPOB HPOH3BOJHTCH d¥epe3 AYIOBHIE Ma3bl

pacmpefeaurtens (He INOKasaHHbHIE HAa YepTeXe) W [IBa OTBEPCTHs B
Xpeimke 12,
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Puc. 23. KoseTpykuusi rHAPOMOTOpA THIA 210

Fuppasnnueckas CHJIa, KOTOpas BOSHHKAET B IIMJIHHADAX, PacCIoJo-
KeHHBIX B 30HE IMOJBOJA XKHAKOCTH, Uepe3 NOPIIHH, WATYHH H LIApO-
BHle COeNMHEHHH Tepejaercs AHCKY BaJga. Tak kak GnOK LHIHHIPOB
[0 OTHOIIEHHIO K OCH BaJa pasMelleH IOJ YIVIOM, TO B MecTe KOHTAKTa
HIATYHOB C AMCKOM 3Ta CHJa PacKJajbiBaeTcs Ha JBe COCTABJ/IAIONIHE:
OCEBYI0 H TAHTEHUHAJBHYIO, H3 KOTODHIX TaHIeHIHANbHas CO3/1aeT Kpy-
TAMUA MOMEHT OTHOCHTEJBHO 'OCH BaJa H NMPHUBOAMT €ro BO BpaleHHe,
a oceBas BOCIDHHHMAaeTcs PajuasbHO-YIOPHBIMH NMOJXLIHIHHKaMH.

[Ipn momomn npuxuMHOK wafbe 7, oGecneyuBalomiedl IOCTOSH-
HBIH KOHTAKT WMapoBHIX TOJOBOK INAaTYHOB ¢ AMCKOM BaJjia, WATYHH
¢ MNOPIIHAMH COBeplUaioT BO3BPATHO-NIOCTyHATeNbHOE ARMKEHHE H IIPOo-
BOPauyHBAT GJIOK LHJIHHAPOB C YIJIOBOH CKOPOCTBIO, PaBHOH YIJIOBOMH
CKOPOCTH BaJsia. DJIOK, Bpamasch OTHOCHTENbHO HENONBHXKHOTO pac-
npefeHTeNs, NMONEpPeMeHHO COeJHHSIET IMJIMHADH C 30HOM I aBJIEHHA
WJIH cJIUBa.

Bce Tpymmecs gacTH MalEHHB XODOLIO OMHIBAIOTCA MacaoM. Has
OTBOJAa yTeueK H NpPHCOCJAMHEHHS ApeHaXXHoTo TPyGOmpOBOAa INpeny-
CMOTPEHO B KOPIyCe OTBEPCTHE a.

Iuppomamnna Mozenn 210 obpatuma, T. e. MOXKeT GHTb HCIIOJB30-
BaHa AJA paGOTH B HaCOCHOM pexnme. OIHAKO, KaK YKa3aHO B nac-
HOpTe 3aBOJA-H3rOTOBHTE]S 3TOH MaNIMHEL, <IPHMEHEHHE THAPOMOTO-
pa Ajast paboTsl B HAcOCHOM peXmMe TpebyeT MONOJHHTEABHOTO CO-
TJI3COBAHHUSS.

I'napomanmusr 210.25 u 210.32 (nuamerprs nopiusei 25 u 32 mm)
usrotoBaser 3aBof «Crpofiruapasiuka» (Omecca); OHH HCHOJB3YIOTCS
B THAPOCHCTeMaX, paboTaillux OpH AasjieHHAX Ao 16 Mlla. PaGouni
o6bem Mamues 210.25 cocrapaser 0,107 a1, a Mmamnas  210.32 —
0,225 n; MakcHMaJbHass YacTOTA BpalleHHI COOTBETCTBEHHO 25 H
16 ¢
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7. Mawmnpl pa.quanbuo-népmnesble

Boicokomomentrnole 2udpomMoTOps. — 3TO MAallMHE, pa3BHBAIOIIHE
kpyTsmui Moment or 200 go 3000 H-m u Gosee u paGoraoluue ¢ gac-
Tok Bpawenus npumepHo ot 0,016 xo 1,6 ¢~I. HexoTophie TUIIH MailHH
pa6otaloT H npu GoableM uucae o60poToB. JLOCTOMHCTBOM TAaKHX Ma-
W{H BJSAETCS BO3MOXKHOCTh HX HENOCPECTBEHHUI'O COeAMHEHHS C pa-
60oyuM OpraHoM MAIIHHH (KoJecoM, JaebelKOH, XONOBHIM BHHTOM H
ap.) Ge3-NpHMeHEHHS PEAYKTOPOB UJIH KOPOOOK CKODOCTEH.

Bricokoe 3HaueHHE KPYTAMKHX MOMEHTOB NOCTHTAETCSt IYTEeM IIpH-
MeHEHHs] KOHCTPYKIHH THAPOMOTOPOB MHOFOKPATHOrO [eHCTBHS, B KO-
TOPHIX 32 OAHH OGOpPOT BaJa IPOHUCXOAHT HECKOJbKO IHKJIOB PaboTH.

TagpoMoropur Tuna MP-®, MP-II-®@ (JlioguHOBCKHE arperaTHHIH
3aBOJl) OTHOCSATCH K MalIHHAM C PaJHaJbHBEIM pPAaclojOXKeHHeM NOopII-
Hell W 30JOTHHKOBHIM CIOCOGOM™ pacupefeleHus XKuAKOCTH. OHu mpen-
HasHayeHH Jns  pabGoThl IIpH HOMMHAJBLHOM Hepenaje AaBJeHHS B
25 MIla. M3 geThipex BHIIYCKAE€MBIX MAallWH MeHbIIAsg MallHHA IIpH
YKa3aHHOM JaBJeHHH H pabouem oObeme ¢=0,1 J pa3BHBaeT KpyTs-
WHid  MoMeHT Myp=370 H - M; Goabwasa ¢=0,4 7, co3zaeT MOMeHT
M}(p= 1500 H'M.

TugpomMorop MP-® (puc. 24) cocToHT H3 Koplyca 6, B KOTOPOM
pasMmelnaeTcssi B JBa PAfa LHWIHHAPO-HOpIIHeBHIe rpynnbl 4 (B Kax-
oM psny no.7 nopumHek). IlopuieM warysaMs 8 oNHpalOTCs Ha Ha-
pPYXKHBIE KOJbLa NOFUIUNHHKOB KaueHHs J, PACHOTOKEHHBIX HA 3KC-
LeHTPHKax Baja I, Ban ycraHOBJeH Ha J[BYX KOCOPOJIHKOBBIX MHOA-
mHNHUKax I4, 3 KOTOpHX OJHH CMOHTHPOBAH B KOpIlyce, a BTOPOH
(HapyxHbIi) — B KpHIIKe 2, DamMakm WAaTyHOB B KaXIOM pAAY
OoxBaueHH! AByMA Koabuamu /2 m I3, KOTOpHE CO3/la10T NMOCTOSHHBIH
KOHTAKT HX ¢ NMOAUIMIHMKAMH 5, HE3aBHCHMO OT /'30HHl PaCHOJIOXKeHHS
nopurreft, [Ipn MoMollH mIapOBOro COeJHHEHHS WATYH OPHKDemJeH K
nopuiHio. PacnmpejeneHne XHIKOCTH HPOH3BOAHTCH 30JOTHHKAMH 8,
pasMelleHHBIMH B OJHOHl INIOCKOCTH NapaJielbHO HHJAHHApaM. Kouau-
YeCTBO 30JIOTHHKOB PaBHO KOJHUECTBY LUMIHHAPOB. 30JOTHHKH NOJY-
YalOT pajHalNbHOE IIepeMelleHHe OT KyaaukoB 9 u 10, 3aKpelsieHHHX
Ha SKCUEHTPHKOBOM Bajy /. HamopHEI! # CJIHBHOH KOJIJIEKTODH! BHI-
IOJHEHH B BHIE KOHIEHTPHUYHO DACHOJOXKERHBIX KaHaaoB A u b.

Trapomorop paboraer ciaenyioniuMm obpasom. Pabouas XHAKOCTB
o JaBJeHAeM MOCTYNAaeT OT HAcoca B OJHH H3 KOJJCKTOPOB (Ipea-
TMOJNIOXKHM B KossieKTop A) M yepes 30J0THHKOBYIO rpynny 8 Ho KaHa-
JaM 7 uian 11 HampapJisiercs K U#JHHApAaM, DOPHIHK KOTODHX B JaH-
HBlf MOMeHT ABHXYTCH OT BepXxHe#l mMepTBo#i ToukH. [lopluHH, Bo3Jeii-
CTBYS B 30He IIOABOJA ;KHIKOCTH Yepe3 LIaTyHbl HA NOALIANHHKH 5, €O-
3MaI0T KPYTSAMIMA MOMeHT. Bropas rpynna nopiliee#f B 5TO BpeMsl JBH-
JKeTCq OT HHXKHed MepTBOH TOUKH, BHITECHSIS KHIKOCTh H3 LUIHHIPOB
HO aHAJNOTHYHHM KaHajaMm 7 # 11 B xo/ieKTop 5, NOAKIIOUEHHHH K
CTHBHOH MarucrpaJi. .

I'napomorop MP-II-® ochamesd AONOJHHTENBHEIM PEAYKTOPOM HAJS
TAXOMEeTPa, KOTOPHH NpPHUCOeJHHAETCS K 9SKCUECHTPHKOBOMY BaJy €O
CTOPOHH! PACIOJIOXKEHHUS KYJIauKoB.

N
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MunumansHoe ynciio 060- 0
POTOB BaJja THIPOMOTOpA
HaXOAHTCA B  IIpefeaax
0,05—0,08 ¢~ JluamasoH
peryaupoBasns o~ 150,
K 1. 1 (c yaserom oGbeMHBIX,
THAPABIHUECKHX U MeXaHH-
YeCKHX IIOTepb) COCTaBJIs-
er 0,9 Homycrumas 4acro- _
Ta peBepca B MuHyty 8—10 | } ; i

T'udpomorop ssicoxomo- -
MEHTHObLL paduaibHO-ROPUL- .
nesoi Tuna MP (3aBox-us-,
rotoruTesib «CTpoHTHApaB-
auxa», v. Opecca), [unpo- |
Morop tuna MP umeer 3Be3- \r\
Joo6pasHyl0 KOMIIOHOBKY.
IlaTp nOpIHEBHIX TPy

‘k»q-l.\r.n:}. \10::%55
7

{puc. 25) pacnoaarawnoTcs AR
PamHanbHO  OTHOCHTEJBHO
nentpa BaJsa. Ha Baay 1 ¢ SN

]

B CTBOpe C IOpIIHEBLHIMH
ITpynnaMu pa3MelleH 3Kc-
UeHTPHE 2 cO chepHIECKON pyc 95 Tuppomorop BHCOKOMOMeHTHHE paji-
noBepXHOCTEI0. C 3KCHEHT-  anbao nopiuHesoit Tana MP
PHKOM B IIOCTOSHHOM KOH-
TaKTe HaXOHATCH mnoJikie mnoplHu § [TopuwieHbh Te/eCKONHYEeCKH coe-
JMHeH ¢ UMIMHApOM 4, ymHpalomuMosi B cdepHyecKyio NOBEPXHOCTb
cerMenTa 9, KoTopsifi BcTpoeH B KpHIMKY & Kopnyca 8 Llentp coepnt
CerMeHTa paclioJoKeH Ha reoOMeTpHUECKOH OCH IMJHHADA H COBIAfaeT
¢ menrpoM Bana O, Hanpasasiromas 6 oGecneyHBaeT CTporoe LEHTPH-
poBaHue NOPIIHS OTHOCHTENbHO WHMJAHHApPA I[loABOX M OTBOL KHAKOC-
TH K UMJIHHIPO-TIOPUIHEBHIM TIDYHANAM IIPOM3BOJAUTCH 4epe3 OTBep-
ctie 10, xoTopoe IPH MOMOIIH KAaHAJOB B KPHIIKe U KOPIYyce COéIVHe-
HO C pasieJIHTeNbHOH cHCcTeMOH

Tlox meficTBHeM HpPYXKHMHEI 7 MOPIUEHb HPHXKAT K c{epHUeCKOH no-
BEPXHOCTH SKCLUEHTPHKA, a HHJRHIP — K cerMeHTy B 30He moxBoJa
pabouefl XHAKOCTH MOPHIeHb H LUMJIMHAP INPHIKHMAIOTCA K chepuyec-
KHM IOBEPXHOCTAM ellle ¥ THAPABJINWUECKON CHJON, KOTOpas mepefaer-
cfl B OCHOBHOM pabowell >XKHAKOCTBIO HA cepH, UTO 3HAUHTEIBHO CHH-
JKaeT KOHTaKTHHle HallpAXKeHHS B MeCTaX KOHTaKTa IOPIIHS ¢ HKC-
LEHTPUKOM K LHJAHHAPA C CErMEHTOM

ITon peficTBHeM pe3yALTHPYIOINEH CHJBI Ha MJEUe & Ha 3KCIEHTpHU-
KOBOM BaJjie cO3AaeTcsi KPyTAIIHM MOMEHT, BEJHUWHA KOTOPOrQ OIpe-
Jenserca dopmyaoir (8). DeccryneHyatoe Ha3MeHeHHe uHcia 060pOTOB
THAPOMOTOpa IIPOH3BOJHICH DErYJHPOBAHHEM IPOHIBONHTENBLHOCTH
Hacoca [onyckaercs Kak 1paBoe, TaK d JI€BOE BpallleHHe

KoMnaxTHOCT, B HaJEeXHOCTh B paboTe ABJASIOTCH JOCTOMHCTBOM
Mamwgee THna MP  Mcnmoapsylotess oHM s BpalleHHs MEeXaHH3MOB

/ NN
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Pa3nUUHBIX Mal{H — CTPOHTEJBHBIX, JOPOXKHBEIX, IPY30MOLbeMHEX H
APYTHX

3ason «CrpoliruipaBiauKkas HM3TOTOBJSET CEMb THIOPA3MEPOB Ma-
wHH ¢ pabounm o6vemoMm ot 045 g0 7,0 1 (MP-450, MP-700,
MP-1100, MP-1800, MP-2800, MP-4500 1 MP- 7000) MaumHL Tpea-
HA3HayeHEl s paGOTbI OpH HOMHHAJBHOM gaBiennu 21 MIla u mak-
cuMaabHoM B 25 MIla.” [lonycTHMBl KpaTKoBpeMeHHbe (IHKOBHE) HaB-
aenus B 35 MIla.

MunuManbHasg 44acTOTA BPALUEHHs] Baja rUAPOMOTOpPA HAXORHTCH
B npegenax 0,016—0,026 c!; nomunaabHas — 2,16 ¢! pasg MalIHRb
MP-450 u 0,6 ¢! gt maweasl MP-7000.

r udpomorop runa MP xoucrpykunn BHHHMI'maponpusos oTHOCHT-
¢l K Ipynne pajuMaJbHO-NOPIUHEBHIX MAIUPH C 30JI0THHKOBLIM paclpe-
nenenveM XuikoctH (puc. 26) IlopwHu (unum nayHxeps) 8 cosep-
WAalT BO3BPATHO-NOCTYNATEJbHOE INepeMelleHHe B  paJHaJbHOM
HampaBJeHHH B Kopnyce /. Ycuiaue, pasBHBaeMOe IIYHXEPaMH, pacio-
JOXKEHHbBIMH B HANOPHOH 30He T'HIPOMOTODA, BOCIPHHHMAeTCH depe3
ocH 6 ¢ posEKaMu 7 AByMs NpPOQUILHBIMH KyJakaMH 5 H BaJoM 4.
Ipoduar Ky/naka o6pa3oBaH OKPYXKHOCTAMH pajHycoM R; B Rp H Ile-
PEXOIHBIMH KpUBBIMH. IIpu B3auMOAeHCTBHH POJIMKOB C KyJaKaMH, Ha
yYacTKax pasMellleHHs NePeXOJHHIX KDHBHIX, BO3HHKaeT TaHreHIHalb-
Hasi COCTaBJISIIOHIAs CHJIA, CO3Jalolllasi MOMEHT Ha BBIXOAHOM BaJjy
rHAPOMOTOPA, H HOPMAaJbHas CHMIA, KOTOPAd BOCHPHHHMAGTCS MOJILIHII-
HAKaMH 3 H KOPHyCOM Yepes IPOMeXyTOUHOe KOJablo 2

PacnpesesieHre XHIKOCTH B T'HAPOMOTOpDE HPOH3BOJHUTCA pacipe-
nenuTenbHofl BTysnKko#t /0, KoTopas npu nomoumu MydTh 9 coegunena c
BaJIOM THAPOMOTOPA H NO3TOMY Bpamjaercs ¢ yacroro# Bana. [Ipu mo-
MONIH pajHalbHBIX OTBEPCTHA @ H 6 M NPOAOJBHOFO Ma3a, BHINOJHEH-
HOTO BO BpAaUIAlMEeHcs pachpelelHTEJbHOH BTYJKe, IONepeMeHHO
OfIHA W3 30H THAPOMOTOpA COOOILIAETCH C HANMOPHOH IojocTeio P (Ha-
cocoM), a xpyras — co causoM 1 (6arom).

Iy M3MeHeHHsl HapaBJIeHHsi BpallleHHs] Baja IHAPOMOTOpa Heol-
XOJUMO MoJIOoCTh P MOAKMIOUUTh K 6aKy, a mojocte T — K Hacocy.

PaGounit o6bem ruapomotopa THna MP onpenensiercs saBHCH-
MOCTBIO

gy = 0,785 kzhd?,

rle k — KpaTHOCTb AeficTBHS THAPOMOTOPA,
2 — YHCJIO ITYHXKEpOB,
h=R;—R,; — BennunHa pajauajJbHOTO INlepeMellleHHs ILIYHXKepa, CM,
d — nuaMeTp IJIyHKepa, CM.
Tak xak £=3, a z=8, 10
guez18,8-10-3d2 (Ri—Rs). (28)

HomuHaspHBIH KPYTSAIIMI MOMEHT Ha BaJy THAPOMOTOPa IIOACYH-
THIBAIOT MO YpaBHEHHUIG (8)

Tumopasmepunlfi pax ruapomoropo MP cocrour u3 wernpex Mo-
peneit ¢ paboynm obnemom B 0,16, 0,32, 0,80 u 0,125 71, pasBuBalOMuX
KPYTSILIHA MOMEHT C y4eTOM K. II. X. MPH HOMHHAJbHOM JaBJIEHHH
10 MIla cootBeTcTBeHHO 22; 44; 115; 179 H- M.
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Puc. 27, Tugpomorop Acra Drive dupmu «Cincinattis

THApPOMOTOPH 3TOTO THIA MOIYT OHTh HCHOJb30BAHL B UIHPOKOM
IHana’3oHe M3MEHeHHs YacTOT BpalleHHS BHIXOLHOI'O Bajia, IpHYEM B
NPUBOJAX, CO3MAHHBIX 10 OOGBLIYHBIM CXeMaM C JAPOCCEJIbHHIM HJIH
06beMHEIM peryaupoBaHieM. OHH OTJHYAIOTCS KOMIAKTHOCTHIO, BEICO-
KHMH 5HEePreTHUECKHMH MOKa3aTeJqsMH H YCTOHYHBO paboTalT B 30HE
HH3KHX YacToT Bpamesus (nopgiaxa 0,016—0,066 c—1).

Jonyckaercs ycTaHOBKAa THAPOMOTOpPa B JiOGOM IOJIOXKEHHH IpH
YCJIOBHH, UTO COEJHHEHHE BaJa HCHOJHHTEJIbHOTO MEXaHH3Ma ¢ BaJOM
THAPOMOTOpA OCYIIEeCTBAARTCS dyepe3 MydTy, He Hepelalollylo ocesVyio
WM PajyasbHYIO HATPY3Ky Ha BaJ FHAPOMOTOPA.

Hpunyunuasrvhas cxema naywogeprozo eudpomoropa Acra Drive
(bupma Cincinatti, CHIA) noxasana na puc. 27. BoceMp niynxkepos,
PasMeleHHEIX B HENOABHIXKHOM OJloKe CHMMETPHYHO, HAXOZATCA B IO-
CTORHHOM KOHTAKTE C KyJauKOM OBaJbHOro HPOGHJISA, KOTOPHH 3a-
KpelJeH Ha BaJy ruapomoropa. CucTeMa pacHpefiesIeHHsT KHIKOCTH
ofecneynpaer OJHOBPeMEHHBIH MOMKHM K KYJauKy TOJBKO ABYX IJIYH-
x)epoB (Ha cxeme [ maphl). BosHuKaioliHe NPH 3TOM TaHreHNHaJbHBIE
CHJIBL CO3MAIOT BpallleHHe KyJauKa W KPYTAWHA MOMEHT Ha Bajly THA-
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pomoropa. OXHOBPEMEHHO € STHM B pPajJHaJbHOM HATIPABJIEHHH TMEpe-
MellaloTcs BCe IIYHIKEPHI, CO371aBasi IOCAeJOBaTe/IbHOe MOAKJIUEHHE
K HarHeTaTeApHoMy Tpybonposoxy [I, III u IV nap nayuxepos. Ta-
KuM 06pasoM, Ha [ mapy BO3ZEHCTBYeT AaBJeHHe XHIKOCTH, //] mapa
noxxJmueHa K cauBy, a Il n IV napH HaxXoAsATCS B HEATPaJbHOM IO~
JOXEHVH. B pacnpeleNeHHH XUAKOCTH B THAPDOMOTOPE Y4aCTBYIOT He-
[OCPEACTBEHHO IMIYHKePH. BHTOUKH Ha MJyHXKepax H KaHajbl B HEHO-
JBHXKHOM 6JIOKE MO3BOJISIIOT NOC/EI0BATENBHO YepeoBaTh HarHeTaHue,
CJIUB H HeHTPAJbHOE TOJNOKEHHE.

IpukuM NJYHXKEPOB K KYJauKy IOPH OTCYTCTBHE JaBJEHHs OCY-
IECTRJSIETCS [IBOSIKO: IPYKHHAMH HJH THADABJIHYECKHM MHOAKHMOM
(moamOpoM), UTO HECKOJbKO YCJAOMKHSET CHCTeMy YNpaBJEHHs THIAPO-
MOTOPOB, TaK KaK BO3HHKaeT HeoOXOAHMOCThE B JBYX [aBJIeHHSX (Bbl-
COKOrO — JJIs CO3LAaHHsl KDPYTAILero MOMeHTa M HH3KOro — JJs HoA-
JKHMA IUIYHKEPOB IIpH [OAKJIIOUEHHH HMX K CJAHBY H Ilepexoje yepes
HeHTPaJbHOE MOJ0KEHHE) .

TuapoMOTOPH € JIBYMsl TPyIHaMH IVIYHXepOB (ABYXpsiHbe), BHI-
nyckaembie B CUIA, Moryr 6bTh BKJIIOUEHH NapajJieJbHO HIH IocJe-
JLOBATENBHO, AJIS Yero mpelycMaTpHBAeTCst CHeluaJbHHH pacnpelenn-
Teab. Ecaiu 06e Irpynmnsl NAYHKEPOB NOIK/IIOUEHH! apaJelbHo, TO NPH
MOJBOJE JKHAKOCTH, COOTBETCTBYIOIIeH paboueMy oObeMy THAPOMOTO-
POB, €r0 BaJ COBEPUIHT OAMH OOOPOT; IPH IOCHENOBATEJBHOM HOAKJIO-
YeHHH H NMOABOJE TOTO ke o0beMa XKHAKOCTH BaJ THAPOMOTOpa clesaa-
er 1Ba obopora.

XapakrepucTHKA ruapomMoropa: paGouee namienue — 3,5 MIIa; pa-
6ounit o6bem — 0,36 n; paspuBaemuil Kpyrsimuii MomeHnr 110 H-wm;
MHHHMaJIbHas gactora Bpamenus — 0,001 c¢—!; puanason peryJjuposa-
#ust ckopoctH ~ 10000; Bpems, sarpauuBaemoe ua pesepe, 0,0015 c;
macca — 62 kr.

CiefyeT OTMETHTh, YTO ONHCAHHKEIMH KOHCTPYKLHSIMH HaCOCOB H
THEPOMOTODOB He OTPAHMYMBAETCS NepeuyeHb MAIIHH, H3TOTOBJSIEMEBIX
KaK OTeUeCTBEHHHIMH 3aBOJlaMH, TaK K 3apybexubiMH ¢dupmamu. Cy-
LIECTBYET ellle MHOrO KOHCTPYKTHBHMX DPasHOBH/JHOCTEH HACOCOB M THJ-
POMOTOPOB, B KOTOPHIX B KauecTBe BHITECHHTeNEHl KUAKOCTH HCIOJIb3Y-
I0TCH NMOPIIHH, IVTYHXKEPH, 3y0uaThle KoJleca, INaphl U 3aMBIKATEeNH HJIH
BHITECHHTENH APYroi KOH%HF’YP&HHH [5]. .

Hanpumep, dupma «Deri» (AHrang) crnenuajJu3upyercs Ha H3ro-
TOBJIEHHH THIPOMOTOPOB C OBaJbHHIM poropoM [5]. ®upmm «Char —
Lynn» (CIIA) u «Danfos» (Jamus) Benyckaoor ruapoMmoropsnl «Or-
bit Motor», B KOTODHIX HCIOJB3yeTCs NPHHIHUI IJIAHETADHOI'O JBHXKe-
uus 3y6uaroro poropa [5]. TIpeacTaBasioT uHTEpeC BHICOKOMOMEHTHEIE
ruzipoMoTops «Staffa», uarorosnsemeie dbupmoit  «Chamberlain Indus-
tries» (AHruus), u gp.

C mesbio yBeJIHUGHHS KPYTALIEro MOMeHTa, Pa3BHBAaeMOTo THAPO-
MOTOPOM, NPHMEHSIOTCSI THAPOMOTOPEI MHOTOKPAaTHOro AeHCTBHS C pa-
JHAJbHBIM PAaCHONOXKEHHEM IVIYHXKEPOB H NPOQHJBLHEIM CTATOPHBIM
KOJIBLIOM, ¢ KOTOPHM B3aHMOJIEHCTBYIOT IIYH¥KepH. B 3aBucuMocTH OT
KOHOHTYPAalHH CTaTOPHOTO KOJIbIlA INIYHXKEPH 3a OAHH 060pOT pPOTO-
Pa COBepIIAIOT HECKOJMBKO paGouux XoxoB [5].
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Fnasa il
PEFYRHPOBAHHME CKOPOCTH

CKOPOCTb NOPIUHA H CBA3aHHOIO ¢ HHM YCTPOHCTBA 3aBHCHT OT
Pacxofa XUAKOCTH B CUJIOBOM LHJIHHIPE B €UHHIY BPEMEHH K OT -
(heKTHBHOH IJIOIAAH HUIHHADA

0= (29)
rie @ — pacxox XKHAKOCTH,
F — s>¢ddekTuBHan maowans MUIHHAPA

JLJ1s H3MeHeHHs] CKOPOCTH MPH IOCTYNaTelbHOM [IBHIKEHHH CYIIeCT-
BYeT HeCKOJbKO CI10co60B, U3 KOTOPHIX HaunboJjee pacupocTpanens 06b-
eMHBIH H JPOCCeIbHBIH.

Ilpnr o6bemMHOM cnoco0e PEryJHPOBAHHS CKOPOCTH PAcXOf XKHIKOC-
TH B CHJOBOM HHJHHJpPE YCTAaHABJHBAETCS HACOCOM NEpPeMeHHOH mpo-
H3BOZMTEJbHOCTH. B cHcTeMax, OCHAleHHBIX HACOCOM TMOCTOSHHOM mpo-
HW3BOJMTENBHOCTH, pacxoj IXHUAKOCTH B UMWJIHHApDE Ompefeasercs
HAaCTPOUKOH JpOCCEeIUPYIOLIEro YCTPOHCTRA.

BriGop cnocoba peryJiHpOBaHHA CKOPOCTH 3aBHCHT OT MHOTHX (hak-
TOPOB, B YaCTHOCTH OT XapakKrepa H3MeHeHHs HArpy3KH, CKOPOCTH HC-
NONHATENLHOTO MEXaHH3Ma, HeOOXOJHMOr0 JaBJEeHHsS, MOIIHOCTH M AD.

1. O6LeMmHbIiH cnocob perynMpoBaHms CKOPOCTH

B rumpasiudeckoi cxeme (puc. 28) OT peryJHpyeMoro HepeBep-
CHBHOTO Hacoca  XHUIKOCTb HaNpaBjiseTCsi K pacHpeleJHTeN o 3, a OT
Hero, B 3aBHCHMOCTH OT PACHOJIOXKEHHS 30JO0THHKA B pacnpegendree,
K JIEBOH WJIH npaBofl moxoctaMm UmuaHHApa 4. IlpepoxpaneHHe CHCTeMbl
OT IeperpyskH BREINOJHSETCS KjamaHoMm 2, a HeGOJBHIOH IOANOp Ha
CJAMBHOH MAarucTpa/jii YCTaHABJHBAETCs NOANODHBIM KJanaHoMm 6.

B namnoM cayuae jnepasi NOJOCTh UMAHHADA depe3 pacnpefeluTens
NOAKJAIOUEHa K Hacocy, a mepsasg — K 6aky. PeryaupoBaHue cCKOPOCTH
NPOH3BOAUTCS HACOCOM, 3a CYET H3MEHEHHS BeJHUHHB IKCUCHTPHCH-
Tera, HAH HAaKJOHOM waibu (B HAacocax aKCHAJIbHO-IJIYHKEDHBIX).

B ruIpasiMuecKuX arperaTax CHCTEMHl AaiKe IPH TLIATENbHON HOA-
TOHKE NOABHXHHX COEJIMHEHHI BO3MOXHO 00paTHOe TedeHHEe KHIKOC-
TH (BHYTpeHHHe yTeUkH). Tar, B CHJIO0BOM UHJHHADE NPOUCXOJHT YTeU-
Ka MeXJy NOpUIHeM H LMJIHAPOM, PaBHAA gy, B PachopeleHTeNle MEX-
Iy TOJOCTSAMH, HaXOAAIHMHCS N0/ Pa3HHMH AABJAEHHAMH, — gp, B Ha-
€OCe M3 MOJIOCTH HATHETAHHS B MOJOCTH BCACHBAHUSA — gn (pHC. 28).

YTeukH, rJaBHHIM 0Gpa30M B peryHpyeMoM Hacoce (TaK KakK B HeM
HE3aBHCHMO OT KOHCTPYKTHBHHEIX ocoOeHHOCTeli umeercd 60Jbloe KO
JIHYEeCTBO TIOABHKHHIX COEJHHEHHH), YMEHbIIAIOT KOJHYECTBO MKHAKOC-
TH, KOTOPOE AOJXKHO Gnijsio GBI NOCTYNHTh OT Hacoca K muauazapy. Ilo-
3TOMY IPH onpefejeHHOH HACTpofike Hacoca ReHCTBUTE/BHHIA PacxoX
KUIKOCTH

Q=0Q:r—y¢y, (30)
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rae . — TeopeTHUeCKas MPOH3-

4 5
BOIHTENBHOCTb HACOCH;

9y—9n-+gp+gs — yreurn B / i
arperartax CHCTeMbI /

Kak u3BecTHO, HHTEHCHBHOCTD / ﬂ
06paTHOrO TEYEeHHS >KHJAKOCTH 1 TP
3aBHCHT OT HepenHaja JaBJieHHs T T
Ap (Mexpy pabounMu u Hepabo- e
YHMH [OJIOCTSIMH B arperaTtax). o Py
dta 3aBHCHMOCTbL HMEET JIHHEel-

HHIfl XapakTep INpH 3a30pax B Ny s
MecTax CONpSIKEHHMs IOpsAAKa T Y] .
0,02—0,04 MM u Ap He GoJiee

6,0 MIla. z

IaBaenue py B IITOKOBOM mo- | | =

JIOCTH LHJHHIPA BO BPEMS XO- —
JIOCTOTO X0Jla OIpelensierTcs CH- LT ]
AaMH TPeHHd B IWJIHHAPO-HOPII- / ‘
HEBOH TIpylNe M B HaNpaBJsio- 2 ) 6
LIHX HCHOJHATEABHOTO MEXaHH3- W
Ma 5, a TaKKe CHJI0H, BOSHHKAIO-
uie oT HMPOTHBOLABJICHUS /
KUAKOCTH B LITOKOBOH mojoctd | |
UHJIHHADPA,
42T Prc. 28 IlpunuunuanpHan cxeMa oO0beM-
Pz = D2 (31) HOro crocoba pery#poBaHHd CKOPOCTH

rae 2T — cyMMa CHJI OT TPEeHHS H NPOTHBOJ2BJEHHS;
D -— punamerp muamHApa.

Bo BpeMs paGoyero xofa noMuMO cuabl X7 IBHKEHHIO NOPIIHS
HPOTHBOAEHCTBYeT I0Je3Hass HArpyska P, no3ToMy HaBjeHHEe B HOpIU-
HeBOH IIOJIOCTH YBeJHUYHTCS H COCTABHT

4(2T + P) 9
Po =" (32)

yBeﬂquHHe JaBJeHHUS B CHCTEMe BhI3bIBaAeT 60Jlee HHTEHCHBHOE 06'
paTHOe TEYeHHe JKHAKOCTH, [TIO3TOMY paﬁollaﬂ CKOPOCTb OKaxXercs MeHb-
1€ CKODOCTH XOJIOCTOTO XoAa:
4(Qr — gy) v 4qy

nD? nD? ?

Up = (33)

rxe vy — CKOPOCTb XOJIOCTOr0 XOJa.

I[JIH BRISICHEHHSI TapaMeTpPOB, OT KOTOPBIX 32aBHUCHT BEJHUYHHA CKO-
POCTH TIOpLIHSI, BBEJEM IIOHsITHE OTHOCHUTEJNbHOIO HM3MEHEHHSA CKOPOCTH
6 npu yBesqnueHuu Harpy3ku ot T po T + P:

U —Up

b =—". (34)

Up
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C HEKOTOPHIM NPHOIHKEHHEM MOMKHO CUHTATD, YTO
gy=KAp, (35)
rie K — yjeabHBle yTedkn (yTeYKH BO BCel THAPOCHCTeMe, paBHHE

M,
yTeYKaM NpH nepenaje pasjeHus Ap = 0,1MIla), le 3
4P MIla

Ap = pp — px = —.ps — Depenan nasienns, MIla.

HoxcraBup 3HaueHHs BCeX BeJHUHH B GopMyJay (34), morydum

5 16KP 36
= @D, -! (36)

Ilpumep. Hafizem oTHOCHTE/NBbHOe H3MEHEHHE CKODOCTH & B THApPO-
CHCTEMax C lapaMeTpaMu:

— 0,66~ — 0,66. 10-5 :
K=o, MIla ~ ,66- 10 MIla (sT0 npuMepHO paBHO 4 cM® B

MHHYTY NpH Nepenafe Jdasjenus B 0,1 MIla); D = 0,1 m;
Ap=>5 MIla ansa pabounx ckopocreit v;=0,0001 u v,=0,02 m/c.
OtHOocHuTeIbHOe H3MeHeHHE CKOpocTH npu v; = 0,0001 m/c

70,12-5

16.0,66-10-¢
o =

7170, 1+-0,0001 ~ 42,

Ilpn ©vy;=0,02 M/c oOTHOCHTEJLHOE H3MEHEHHe CKOPOCTH J,=
= 0,021,

V3 paccMoTpenHOTO NpHMepa cleflyeT, 4TO /s NMOJNy4YeHHs MaJjoH
ckopoctH, pasHoli 0,0001 m/c (s9To mpumepro 0,6 cM/Mun), HeoGxOnH-
MO HACOC OTPEeryJHpOBaThb IPH XOJOCTOM IePEeMEIeHHH HCIOJHHTENb-
HOrO MeXaHH3Ma Ha BeJIHUHHY

s = 8101 4 v +4,2-0,0001 4 0,0001 = 0,00052 wm/c.

Has ckopocreit 6oasimnx 0,02 M/c BaHsHHE yTedek Ha H3MeHeHHe
CKODOCTH MOPIIHS MeHee OLyTHMO.

Hs ananusa paGoTel ruApaBJHYecKOH CHCTEMHl ¢ OO'beMHBIM CIO-
co60M peryJHpoBaHus CKOPOCTH, aHagu3a ¢opMyas (36) ¥ mpuse-
JEeHHOTO NIpHMepa cJelyeT, 4TO NpPH MaJblX CKOPOCTAX H NepeMEeHHHX
Harpy3kax nepeMellieHHe MOPIIHJ HepaBHOMEPHO H3-3a ydyereK (oco-
GeHHO B peryJupyeMoM Hacoce).

JJ1s1 yMeHbIlIeHHs] OTHOCHTEJIbHOTO H3MEHEHHs CKOpPOCTH § ciaenyer
HATH HO IyTH YCTPaHEHHs OOPATHOrO TeYeHHsl KHAKOCTH 3a CyeT
YMEHbIIEHHs 3230POB B CONMpPSIraeMbIX Iapax HJIH BBELEHHS HaJeXHHX
VIJIOTHUTEJLHLIX YCTPOHCTB B NOABHIKHBIX cOelHHeHHsX. Daarompuar-
HO CKa3biBAeTCs yBeJH4YeHHe AHaMeTpa UMJHMHADA, OAHAKO TaKoe pe-
IIEHHE MOJKET OKa3aThCsl HenpHeMJeMHIM, TaK KaK NpUBeJeT K yBeJH-
YeHUI0 raGapUTOB M Beca BCEro MeXaHH3Ma.

CaefyeT OTMETHTb, 4TO THAPOCHCTEMa C PETyJAHPYEeMBIM HACOCOM
JaeT BO3MOXKHOCTb 6€CCTyNeH4YaTO H3MEeHSTb CKOPOCTb (B JHANa3oHe,
KOTOpPBIHl OrOBOPEH B TEXHHYECKOIl XapaKTepHCTHKe 3THX HacocoB) 6e3
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noTeph SHEPrHH, CBA3AHHEIX ¢ OTBOLOM H30LITKA JKHAKOCTH MOA AaB-
JeHHueM depe3 MpeloXPAHHTEIbHbIA KIanaH.

O6beMHEBH cnoco6 peryanpOBaHHA CKOPOCTH NPHMEHSeTCs B Ipo-
TSIKHBIX, OTPE3HBIX, MPOJOJIBHO-CTPOraibHBIX, MJIHPOBANBHHIX CTaH-
Kax NOPTaJtbHOTO THIA, NpeiHAa3HAUeHHEIX AJf WJIH(OBAHHS CTAHHH H
rPOMO3/JKHX KOPHYCHBIX AeTaJjed, B TepMOIJIacTaBTOMarax, peccax H
Apyrux MallHHaX. DTOT BHJA PeryJHpOBAHHS IIHPOKQ NPHMEHEH i
BpalllaTeJbHOrC ABHKEHHS. '

2. PBpoccenbHoe perynMpoBaHie CKOPOCTH

B cucTeMax ¢ APOCCENBHEIM CIOCOOOM PeTyJAHPOBAHHS NPOH3BOAH-
TeIbHOCTh HACOCA, 4 CJAEOBATENBHO, H MOIIHOCTh, MOTpebJsieMas MM,
MOCTOSHHL. XapaKTepHHM JJg 3TOro cnocoba siBJIsSIETCss HEPABEHCTBO

Qs > Fup, (37)

rae Qs — IPOU3BOAHTENBHOCTL HACOCA;
F — sdderTHBHAA NIOIKANLD;
Up =— CKOPOCTH HCIOJIHHTEJNbHOTO MEXaHU3Ma.

[Ipu TaKoM YCJIOBHH M3GBITOUHAs YACTh XKHIKOCTH OT HAcCOCa OTBO-
JHTCS Yepes HANOPHHIH 30JI0THHK B 6aK, He BHINOJHHB HUKAKOH moJes-
HOH pa6oTh. Pacxof XUAKOCTH B IHJIHHAPe ONpelessercs HacTpo#-
KOH apoccesis, KOTODHA MoXKeT OHTb yCTaHOBJEH («Ha BXoJe» B IH-
JIHHAp, «Ha BEIXOAE» H3 HErO U IapajjledbHo eMy {puc. 29).

B ruapochcreMe MexAy HacocoM / H pacHpefenuTeseMm 3 ycraHoB-
JieH Apoccedib 5§, OT HACTPOHKH KOTOPOrO 3aBHCHT CKODOCTb TMOPIUHSA B
wuanaape 4 (puc. 29, a). Ecau coxpaneno ycmosue (37), To H3GHITOK
KHAKOCTH OTBOAMTCS 4Yepes3 HANOPHEIH 30JI0THHK 2, 2 IpH 5TOM B Ha-

\

[ o
ﬂ peT 11 | pr l p+T
LT T L
L ' - ol B %= ol B
e Fa Z’rnp 4] -”:0 Inp 4/ [ Dy

P

[}

.
Puc. 29. TIpHHUMTIHANBLHASL CXEMA ¢ APOCCEsbHEM CIOCOO0OM PEryiHpOBaHHA CKOPOCTH:

a — Apoccenh MOAKJAIOUEH «Ha BXoae», 6 — [poCCenh NMOAKMIONEH «HAa BHIXOAE»; 6 -—— Apeccelb
PACHONOKEH MapaiylesILHO CHJIOBOMY UMJHBADY
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" CTOSIHHO® JaBJIeHHe, COOTBETCTBylolllee HacTpofike knanana 2. Ila
cTaGHAH3aNHH CHJI TPEHHS Ha CJHHBHOH MarucTpa/Ii yCTaHOBJCH: IOLY
NOpHBIH Kianman 6 (uay AeMndep), cO3ZAOMHAL NPOTHBOAAB/CHHE Py
B HepaGouell MOJIOCTH UHJAHHAPA. HasJjeHue MOANOpa He JLOMIKHO GHITh
6oupinie ,2—0,3 MIla.

Paccmorpum paboTy 3TOH CHCTEMBl M BHIICHHM, Kak BJHSET Ha
CKOPOCTh NMOPIIHSA M3MEHeHHe NOJEe3HOH Harpy3KH NPH HeH3MeHHOH Ha-
CTpOHKe Jpocceds.

JlaBfenne nepexn npocceseM 5 ONpEReJseTCs HaCTpoﬁKoﬁ HaINOpHO-
ro 30JI0THHKA 2 U PABHO pyx. [laBileHHe XKHIKOCTH B JIEBOH NOJIOCTH LH-
AUHIpA p, DPONOPIHMOHAILHO NOJe3HOH Harpyske P. Eciu marpyskd
HU3MeHSETCsl, TO H3MeHseTcs W BeJHYHHa pabodero JaBJjeHHs B LH-
JIHHIpE.

C HeKOTOpHM NpHOJHIKEHREM, ecJH He YUHTHIBATH NMOTEPh B MArH-
CTpad¥ MeXJIy JpoccesieM H LH/IHHADOM, MOXKHO CYHTATb, 9TO LaBJie-
HHe 1ocJie Jpoccesisi PaBHO pp, a Nepenajn AasjeHHs B Apoccese Apy =
== Py — Pp B LAHHOM C/lydae He ABJSEPCH BeTHYHHOH cTAOHJABHOH, TaK
KaK B NPaBO#d 4acTH 3TOTO PaBeHCTBA NPH NOCTOSHHOHN BeJHYHMHE Py
JaBJeHHe pp NepeMeHHO. M3 ycTaHOBJIEHHOro BHIXOJHT, 9YTO C H3MeHe-
HHeM IO0JIe3HOH HArpyskKH H3MeHSETCA nepenaj AaBJeHHs Aps B ApoOC-
cejie, a cIef0BaTE/bHO, H PACXOA KHAKOCTH Uepe3 Apoccelib NpPH LaH-
HOi1 ero HacTpoiike.

B razpapauueckofi cucreMe (pHc. 29, 6) ,apocce.nb 5 mozpkmoueH Ha
cAUBHOH MarucTpaay nocie pacnpesenutenas 3. CKOpPoOCTh nopumHs of-
pesensieTcss 00bEMOM KHAKOCTH, KOTOPHIfl BHITECHSETCA H3 LITOKOBOH
MOJOCTH HUAHHApa [ Yepes fpoccedib B GaK.

IlpoanannaupyeM paGoTy 3TO CHCTEMHI M YCTAHOBHM, KaK BJHAET
H3MeHeHHe Harpy3KH Ha CKOPOCTb NOPIIHS.

H3 yci0BHS paBHOBecHS NMOPIIHS CHJIOBOrO UHJIHHADA 4

: 0,785ppD? = 0,785 pup(D*— d2) + P + T, (38)

OTKYZAa NPOTHBOJABJEHHE B IUTOKOBOH MOJOCTH LUJIHHADA
0,785p,D% — P —T
Pmp = """g7s5(D*— &%) :

Ecan coxpaHnsiercst ycJ0oBHE, IIDH KOTODOM IIPOH3BOJHTENBHOCTE Qn
Hacoca Goablue pacxoja @Qp *KHIKOCTH B CHCTEME, TO JaBJeHHEe pp B
nponecce paGOTH He H3MEHSIETCH W COOTBETCTBYeT HACTpOfike HANOP-
HOTO 30JI0THHKA px. Cuubl TpeHus T A/ JaHHOrO MeXaHHM3Ma IOYTH He-
H3MeHHH. Tak Kak no ycjoBHIo P BelHuHHa nepeMeHHas, TO H3 ypas-
Henus (39) ciaenyer, YTO DPOTHBONLABJICHHE Pmp = [(P), T. €. U3MeHd-
ercsi IpH KojeGanusax HarpyskKH.

Ilpu HexoTOpOM IONYINEHHH JABJIEHHE Iepel ApoccesneM MOXKeT
GLITH PABHO Ppp, @ MOCJE ApOCCE]IS — PABHO MOYTH aTMOC(HEDPHOMY po.
ITostomy nepenan paenenns B apoccesie Aps == Prp — Po TPH NOAKIIO-
YEeHHH APOCCEIA «HA BBIXOIE» SIBJSETCS BeJHIMHOH nepemenHoil. Cire-
JOBaTeNbHO, NEpEeMeHHEIM OyIeT pacXo]l KHUAKOCTH Hepe3 Apoccedb H
CKOPOCTDb MOPIIHSA.
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B cxemax (puc. 29, @ u 6) Hacoc paboraer IpH NOCTOSTHHOM LaBJjie-
HHH HEe3aBHCHMO OT XapakTepa ABHIKEHHS H HATPY3KH, MOITOMY K. II. A.
CHCTEMBI M3MeHsieTcs, HO BCerja MeHbINe, yeM NpM ofGbeMHOM clocole
peryauposanusl. Tak Kak NPOM3BOAMTEJIHHOCTh HACOCA BHINIE PacXofia
JKHIKOCTH B CHCTEMe, TO YTEUKH MaJO BJIHFIOT Ha KHHEMaTHYECKYIO
XKECTKOCTb CHCTeMB! (H2 CKOpOCTb NMOPIIHSA ),

Ha puc. 29, & nokazaH Tperdil BO3MOXKHHE cnoco6 NOXKIIOYEHHS
apocceds B cucremy. [loTox xuzkocru, uaymuii or Hacoca I, pasnens-
eTcsl N0 JBYM HanpPaBJeHHAM: K OUIMHIPY 4 Yepe3 pacnpeleliuTenb 3
H Apoccedib 6, KOTOPHIH YCTAHOBJEH B OTBETBJIEHHM 11D aJjlIeIbHG CHIO-
BoMy UuAMHADY. CKOPOCTh NOPINHA, KaK H B CHCTEMaX, NOKa3aHHHIX
Ha pHc. 29, a ¥ 6, onpexpensieTcs HacTpoiikoil npoccens 6. lpu 3akpu-
TOM Apoccelie CKOPOCTh NOPHIHA MAaKCHMaJspHa, IO Mepe OTKPHITHA ILie-
JIM B ApoOccesie 4acTh XKHUJAKOCTH HAUHHAET NOCTYNaTh B 6aK, a CKOPOCTh
MOPIIHS COOTBETCTBEHHO YMeHbIaercs. EcaM NpH NOJHOM OTKPEITHH
Ipoccensi CONOPOTHBJEHHE, OKa3blBaeMoe KM M MAarkCTPaJbio NOcCie
Ipocces, MeHblle, YeM B LHJIHHAPO-NOPIUHEBOH Ipynne H KjamaHe 5,
TO BCSL XKHAKOCTh OT Hacoca OyZeT OTBOAMThCH Yepes Jpoccesb B 6ak
H MOpLIeHb OCTAHOBHUTCH.

[Ipu yKa3aHHOM DAcHOJIOXEHHH 30}0THHKA B pacmpefenutene 3 K
HACOCY NMOJKJI0UEHAa NOPIUHEBAs NOJOCTh LHINKAPA, HABJEHHE B KOTO-
poit onpenenserca Harpyskoi P -4 T. Ecau Harpyska B npouecce pa-
60TH H3MeHsleTcs, TO Mepenajg [daBJeHHA B JApoccelie Aps == pp— fo
Oyner 3aBHceTb OT HappyskH. CieoBaTesbHO, PACXOX XHUIKOCTH ye-
pes Apoccesib ¥ CKOPOCTh MOPIUHA H3MEHSIOTC.

Knanan 2 B cucreme (puc. 29, B) Bxaoyaerca B paboTy 3MH30AH-
YeCKH, B MOMEHTHl Neperpy3oK, BHIIOJHSA, TAKHM OGPa3oM, TOAbKO
$VHKIHIO TPelOXPARATENBHOrO yCTpoHCTRA.

MolnHocTs, noTpebasieMast HACOCOM, W JaBJieHHe B MOJOCTH HarHe-
TaHHsI NPONOPIHOHAJBHEI IIOJIE3HOH Harpyske, IO3TOMY THADOCHCTeMA
¢ JpoccesieM, YCTAHOBJEHHBIM MapansesbH0 CHAOBOMY UHAMHADPY, 3KO-
HOMHYHeHR CHCTEM ¢ JpoccesleM «HA BXOJe» H «Ha BHIXOJe», TAK KakK
K. I. . ee BHIIUE.

W3 ananuza paGoTh IHAPABIHYECKHX CHCTEM C JAPOCCEJbHHIM CIO-
co60M peryJiHpOBaHHsI CKOPOCTH cJiefyeT, UTO, He32aBHCHMO OT MecTa
pAacloJIoKeHHsT Apoccens, He o6GecreudBaeTCsi IIOCTOSHCTBO CKOPOCTH
NOPIIHA NPH HEH3MeHHOH HacTpofiKe Apoccessi, ec/H Harpyska B Ipo-
Iecce pabotsi uaMensercs, OObsicHgeTcs 3TO HecTaGHJIBHEIM Inepemna-
JOM IaBJIEHUS B Jpoccede.

W3 Tpex paccMOTpeHHBIX THAPABJHUECKHX CHCTEM B CTAaHKAaX B OC-
HOBHOM NPHMEHSIOTCS CXeMHl C JpPOCCeseM «Ha BXOAE» H «HA BHIXOJE>.

AHanuTHUEeCKHEe MHCCJEJOBAaHHsi ¥ 3KCHEPHMEHTH, IpPOBeleHHEHEe
A. Oceurum [34] nss cpaBHEHHS CXeM C ApOCCeJeM «Ha BXOAE» H «Ha
BHIXO/le», IIOKA3aJH, YTO 3TH CXE€MH PaBHO3HAUHH. PaBHOMEpHOCTH XKe
CKOPOCTH B CHCTEMe ¢ JpoccelieM B OTBETBJEHHH 3aBHCHT He TOJNBKO OT
II0JIe3HOH HarpPy3KH, HO U OT CKODOCTH JBHKEHHS MOPIUHS.

s crabuinsaluH CKOPOCTH NOPIUHA B MeXaHH3MaxX NOAAdYH Me-
TAJJIOPEXKYUIHX CTAHKOB M JPYTHX MAIIMH, TAe HA NMOpINEHh ReHCTBY-
10T MepeMeHHble HarPy3KH, NPHMEHAETCS LPOCCENb C PErylaTopoM, KO-
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TOPHIA NOANEPKHBACT Nepenaj AaBJeHHsS B APOCCENe Ha HOCTOSHHOM,
YpOBHE. '

K. M. Bennkanor u H. B. Pemeruxun [13], ananusupys saBHCH-
MOCTb 3KOHOMHYeCKOH 2 (PeKTHBHOCTH 00BEeMHOr0 H APOCCENLHOTO 1 -
PONpPHBOJA B MeTaJJIOPeXKYIIHX CTAHKAX OT MOMIHOCTH, NPHUINIA K BH-
BOZAM, UTO, HECMOTPSI HAa MaJsble KamHTAJOBJIOXKEHHS HPH CO3JaHHH
CHCTEMEl ¢ ApPOCCEJBHBIM DeryJHPOBaHHEM, Le/ecoo6pasHO HX IIpHMe-
HATH AJS MaJOd MoIIHOCTH B mpenenax mo 2000—3000 Br, npu Momi-
HOoCTH npHBoJa no 5000 BT nmaponHoxossiicTBeHHEIE pacxojbl, 0GyCI0B-
JICHHHI® UCHOJB30BAHMEM T'HAPONPHBOLA C OOBLEMHBIM H APOCCEJILHHIM
PeryJiHpOBaHHEM CKOPOCTH B CTAHKaX, CYIUECTBEHHO He OTJIHYaIoTCH
0 BeJHUHMHE; NMpH GoJblUeH MOIIHOCTH IPHBOAA Pa3HHIA B pacxojxax
32 TOJL CYNIECTBEHHO YMEHbIIAeTCs st IHAPONPHBOAA C 06'beMHBIM
PEryNHPOBAHUEM.

B nocnemHee BpeMs, B CBS3M C HEOGXONHMOCTHIO YMEHbUICHHsS Ha-
rpeBa pabodell KHAKOCTH B THIPOCHCTEMAX ArperaTHHX MOJyaBTOMA-
TOB, THAPOCHCTeMAX MTH(DOBAJBHBIX M INPENH3MOHHHX CTAHKOB, CJe-
AyeT CUHUTATDH NIPOrPECCUBHEIM IPHMeHeHHe PelyJHpYeMBX HACOCOB MPH
MaJgofi moumHOocTH A0 3000 BT ¢ aBTOMAaTHYECKHM DEeryJHpPOBaHHEM HX
NPOU3BOAHTENLHOCTH [17]. T'HAEpPOCHCTEME ¢ APOCCENBLHBIM PeryJnpo-
BaHHeM B NOAOOHBIX CJAy4asX, KAaK NPaBHJIO, OCHAINAIOTCH JOMOJHH-
TeJbHBIMH YCTAHOBKAMH JJd CTa0UIHM3alMH TeMHepaTypun pabouelt
JKHIKOCTH.

IIpn npoeKTHPOBAHKY THAPABINIECKHX CHCTEM C LpOCCe/bHLM CHO-
cOBOM peryJHpOBaHHS CKOPOCTH CelyeT HMeTb B BIAy, 9TO TpH Ma-
JBIX pacxojax KUAKOCTH Zepe3 Apoccenab (50—80' cMm3/MHH) npomucxo-
JHUT CHHIKEHME er0 IPONYCKHOH CIOCOOHOCTH H3-32 3aCOPEeHHs NDPOXOX-
HOro cedeHHs. DTO NPHBOJUT K YMEHbINEHHIO CKOPOCTH pabouero opra-
Ha, CHIDKEHHWIO NPOU3BOJHTENBHOCTH H H3MEHEHHIO 1ePOXOBATOCTH MO-
BEPXHOCTH NIpH 06padoTKe feTaNell HA CTaHKAX.

Has ycTpanenus sacopeHns Heo6XOAMMO, ¢ OJHOH CTOPOHH, Peay-
CMOTpETb B THAPOCHCTEME TIHATEJBHYI0 QHabTpallnio Macia. C mpyroft
CTOPOHEI, KaK IIOKa3BBAIOT 5KCIIePHMEHTAJNbHEE HaHHEIE, a TAKkKe 3KC-
nJiyaTanus IMAPODUUHPOBAHHBIX MalluH, OOJbIIOe 3HAUeHHe HMeeT
KOHCTPYKIHS Apocceds, ¢popMa HPOXOJHOrO CEUEHHS KOTOPOro AOJK-
Ha ofecmeyHTh MUHHMAJBHYIO €ro 3acopsemMocts. Haubonee GaaronpH-
ATHEIM IpodHIeM HPOXOAHOrO ceueHHs B ApOCCeNe SIBJAsSeTcS KPyr HJIH
KBaJparT, a MeHee GJIarONpHSATHEIM — YeThIPEXYTOJbHHK ¢ GOJIBIIHM OT-
HOLIEHHEM CTOPOH HJAN KOJBLO,

He menee BaxKHEIM TpeGOBaHNEM K APOCCEIUPYIOHIUM YCTPOHACTBAM
sBaserca obeclledeHde MHHUMANLHEIX KoJeOaHRE pacxola ¢ HM3MeHe-
HHEM TeMIlepaTyphl pabodell KHIKOCTH, 0COGEHHO HPH MAaJIEIX MPOXOA-
HEIX ceyeHHsIX B apoccele. TeopeTHuecKH, YeM Xopoue B jpoccene IJH-
Ha JApoCCeHPYIOLIero KaHasa MO CPaBHEHHIO C ero CeyeHHeM, T. €. UeM
Gonblue npocceNs MPHOGJAHIKAETCA MO CBOEMY THNY K auadparMme, TeMm
MeHblIe CKa3bIBAaeTCH H3MEHeHHe TeMIIeparyph Ha ero pacXOofHOH Xa-
PaKTepHCTHKE.

OO6BsicHsIETCS 3TO TeM, YTO B Apoccese JHA(DparMeHHOro THIA HJIH B
apoccesisnik, OJAUSKHX TO CBOMM KOHCTPYKTHBHBHIM OCOGEHHOCTSM K JAHa-
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¢parmamM, 3HaUHTENbHAS] YaCTb SHEPTHH PACXOAyeTcss Ha COOGIUeHHEe
YacTHIIAM JKHAKOCTH CKOPOCTH H JHUIbL B HE3HAUHTEJNbHOH CTEHEeHH Ha
Mpeono/IeHHe CHJI BSI3KOCTH. B Hpoccensix TaKOro THOA UyTh, HA KOTO-
pPOM TIPOMCXOJHT TpPEeHHe YacTHI| XKHMIKOCTH, COKpalleH 10 MHHUMyMa,
a N0TOMY BJMSIHHE M3MEHeHHs TeMIEePaTyphl XKHIKOCTH Ha PacXOAHYIO
XapaKTePHCTHKY MHHHMaJbHO. DTH NMOJOMKEHHS XOPOINO COIVIACYIOTCS
¢ 9KCIepHMeHTaMH, KoToprie Onuiy npoBeiers B DHUMCe WM. 3. 3aii-
yenko H H. B. BacuneesiMm [19] u B CKB-1 JI. C. Bponom [11].

B Apoccensx HrospuaToro,THNA ¢ SKCHEHTPHYHOH BHITOYKOM H ApPY-
rdX KOHCTPYKUMSX ¢ GOJBLIOH JJIMAON IPOCCENMPYIOIIEro KaHaJja H3-
MeHeHHe TeMHepaTyphl MacJja BJHSET 'Ha PAaCXOIHYIO XapaKTePUCTHKY.

Hna no6oro Tuma apoccesst pacXoX ¥ KHAKOCTH 4epe3 Jpoccedlb-
HBI€ 30JIOTHHKH ONPeZle/isieTcs N0 popMyJie

Q = wispr]/ -, (40)

riae p — Ko3bhHUHEHT pacxona;
f — nmowmane orBepcrus;
Ap = p,— ps — mnepenaj AaBjeHds (p;, Pz-— LAaBJEHHe COOTBETCT-
BEHHO 0 APOCCENS 1 MOCJE Hero);
m — IOKa3aTeJib CTeNeHH;
g — YCKOpEHHEe CHJIBL THKECTH;
Yy — YAeJbHHIH BecC XKHJKOCTH.

Ecnn apoccenupywIHM yCTPOHCTBOM HBASETCH OTBEPCTHe MAaJIOR
JUIHHEL, TO KO3(¢@HUUEHT pacxoja u 3aBHCHT OT CXKATHUS & CTPYH Ha
BXOfe M HepaBHOMEPHOCTH pacnpeieseHHs CKOPOCTH B CXKAaToM cede-
HUH CTPYH, XapaKTepH3yeMhM K03 DUIHEHTOM CKOPOCTH @.

B Monorpadusx u copaBOYHHX NOCOGHSX MO THAPONPHBOAY, B ua-
crHocTH y mpod. E. M. Xakimosuua [42] u P. 1. Aspyruna [2], yka-
3BIBAETCH, YTO NPU HCTEYEHHH XKHAKOCTH Yepe3 OTBEPCTHS ¢ OTHOLIe-

uueM —— << 0,5(/ — nnuHa oTBepeTHS BAOAL IOTOKA, d —— JHAMeTP

d

OTBEPCTHA), a TaKxe AJg HeGONbIINX KBaApaTHLIX, MPAMOYTOJLHLIX H
MHOTOYTOJIbHHIX OTBepcTH ¢ = 0,97; & = 64, oTKyaa 3HaueHHue KO3(-
¢un¥enrta pacxoaa p = ¢g = 0,62.

Teoperuueckoe ompefejesve KoaQQUUHEHTOB & H ¢, a CAelOBa-
TeJILHO, U ft, MPEACTaBsAeT u3BecTHbie TpyaHocTH. Koaddunuenr pac-
XOAa AJs KPYIJIOTO OTBEPCTHS C OCTPHIMH KDOMKAaMH Ha BXOJe 3aBH-
CHT OT yHcaa PefiHoJIbACa H 5Ta 3aBHCHMOCTH OCOGEHHO HPOSBJSETCH
OpH Malux BejuuyusHax Re. B typOyneHTHOM [IBMKEHHH BJAHSHHE UHC-
Ja Re Ha Te xe KO(pGHUHEHTH CTAHOBHTCS He3HAYHTEJbHBIM, OCOBEH-
HO npu Re > 10000. Tak xaxk yucno Re 3aBHCHT OT pacxoja, AMaMeT-
pa NPOXONHOTrO ceueHUs (WM BeJIHUMHE CMOYEHHOTO MHEepHMeTpa), a
TaKXKe OT KHHEMAaTHUYeCKOH BA3KOCTH KHJAKOCTH, TO 3Ta BEeJHUHMHA Ma-

Jia nJjis1 MaJlplX pacxoa0B. .

* Ilns onpelelieHHs PacXofa XHAKOCTH Yepe3 JPOCCEJbHHE SOJOTHHKH CHEAY-
JOLIEro NPUBOZA MOXNKHO PeKOMeHAOBaTh dopMyny B. A. Jlemenko [27].
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Ilpu paspaboTKe HOBHIX KOHCTPYKUHA Apoccenelt Monenes ['77-31
I'77-31B, I'77-13A, I'77-31, I'77-11 (9QHHUMC) xoabhbuinHeHT pacxox
JUIST KaXKJIOT0 APOccediss, HECMOTPS Ha TO YTO XapakTep MPOXOJHOrO OT:
BEPCTHSI BO BCeX CJayyYasaxX OblI HIAGHTHUEH, ONpeNessiics :—)Kcnepnmen
TasabHo u coorsercrBoBas 0,86; 0,77; 0,78; 0,68 u 0,77.

CoBMeCTHHIE ONHTH aBTOPa H HHXK. 1. A. Tonuuckoro mo onpeze:
JICHHIO PacXOJHBIX XdPaKTePHCTHK Jpoccesell, GJH3KUX K Auadparmen:
HOMY THIY ¢ NPOXOJHLIM CedeHHEM B BHJE PaBHOGEAPEHHOrO TPEYroJb:
HMKa, NOKa3aJiy, 4TO JaHHble 3KCOepHMeHTa OTJHYAIOTCSi OT JAaHHBIX
KoTophle nosayganoTt no gopmyae (40) mpu kosb¢uunuenre p==0,62.

OueBHaHO, KO3 OHIHEHT pacxofa p AJdd Jpoccetedl ¢ npoduiem
OTBEPCTHS, OTVIMIHBIM OT KJacCHIECKOH AuadparMbl ¢ KPyribHM OTBep-
CTHEM, HeO6X0/ MO ONPEAEJISiTh SKCIEPUMEHTaNbHO.

Pacxon XHAKOCTH depe3 Apoccesb, KaK BHAHO u3 dopMyis (40),
3aBHCHUT TaKXe OT Ap™, Tle m— N0Ka3aTeJb CTENEHH, 3aBHCALIHHA OT
KOHCTpyKuuHY ppocceas; m=0,5-1,0.

Fuppocucrema, nMeomas Zpoccesb ¢ XapaKTePHCTHKOR

Q = wi(p—pa) |- (81)

AaeT MaxKCHMaJIbHO BO3MOKHbIE H3MCHEHHSA CKOPOCTH II€DeMEUICHHS
MOpHIHA ¢ U3MEHEHV®M HArpyskH, a THAPOCUCTEMA, HMewasa Apocceanb

€ XapaKTepHCTHKOH
Pi—p
Q = nif) 2522, (42)

— MUHHMaJbHbE. [103TOMY NpH MPOEKTHPOBAHUH APOCCEIHPYIOLUIHX yCT-
PONCTB B MEXaHH3Max MaJhX mojaad, rae TpeGyeTcss K TOMY Ke PaBHO-
MepHas nojgada, caeJyeT OpPHEHTHDOBAaThbCA Ha Jpoccesb, GJIH3KHH K
puadparMeHHOMY THIY, ¥ KoToporo mez(,5.

Tloxkazatenp cTeneHu m onpejensieTcss JorapuMupoBaHHEM YpaB-
Henust (40), OTHECEHHOro X /IByM 3HAU€HHSIM pacXoja H K COOTBETCT-
BYIOILLEM 3THM pacXojaM IepenajaM Aasieruit Ap [19]:

1gQz —1g Q
lgAp—IlgAp’

rie Q; — pacxon mpH nepenage Apy;
Q: ~— pacxon npu nepenafe Aps.

JleficTBuTeNIbHAsT BeJMHYHHA Nepenaja [JdaBJeHHs, Kak NMOKA3aHO B
onurax B. H. CroBa [39], 3aBHCHT OT NPOTSAKEHHOCTH IPOCEEIHDPYIO-
{1lero OTBEPCTHUS.

Ilpu ucTeueHuH XKHIKOCTH Hepe3 KpPYyrJoe ceueHHe TOHKOH mafibu
(puc. 30, a) nabaopaercs cxarue crpyu. Cunraior, yTo Haubosee cxa-
TOe (HauMeHblIee) ceyeHHe OTCTOUT mpHMepHO Ha 0,5 d H okasmBaercs
OKPYKEHHEIM CO BCEX CTOPOH CPeJloil ¢ NPOTHBOAABJIECHUEM.

Ecan xujaxocTs TeyeT depes HHJIHHADHUECKOe OTBEpCTHE GOJIBHIOH
HPOTSXKEHHOCTH, TO TaKxKe HaOJIONAeTCA CyXKeHHe CTPYH Ha KaKOM-TO
PAacCTOSIHHH OT BX0/Ia, 4 3aTeM IIPOHCXOJHT ee paciunpenue (puc. 30, 6).
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- Puc 30 Mcreuenre KHAKOCTH Yepes3 KPYIJoe ceueH¥e:

o — 4yepes AuadparMmy, 6 — uepes OTBEpPCTHe GOALIION IRUHBI

Takum 06pasoM, CTPysi CO CTEHKaMH OTBEpPCTHS 00pasyioT KOJbUEBYIO
110JOCTb ¢, H30JUPOBAHHYIO OT IPOTHBOLABJIECHHS Pg.

Teopernuecku u 3kcnepumenransho B. H. Cyos nokaszan cyulect-
BOBAHHE IOJIOCTH ¢ NPH UCTEUEHHH KHAKOCTH Uepe3 HacalKu ¢ OTBep-

l
cTHeM GoJsIION NPOTsKEeHHOCTH (B skcmepumenTe B, H. Cuosa =

=4), a TaKXKe ¢ NPOTHBOLABJIEHHEM P, KOTOPOE MEHBIIE Ps, A MOITOMY
pacxon yepes OTBepCcTHe [is cJydasl, NoxkasanHoro Ha puc. 30, 6,
onpeessercs 3aBHCHMOCTBIO

Q= /L2 (44)

3. PerynmpoBanme CKOPOCTH FHAPOMOTOPORB

I'mgpasaudeckas mepejada BPallaTeNbHOTO JBHKEHHs COCTOUT H3
1eHepaTopa sHeprHH (Hacoca) H morpeburess 3Tofi HHepruu (rHApPoO-
MOTOpDa) HepeIKO TOl XKe KOHCTPYKLUMH ¥ TOH JKe BeJHUYHHH. B Hacoce
MexaHHYecKasl 3Heprus mpeobpasyeTcsi B 3HePruio motoxa paboueit
AHIKOCTM H HANpaBJseTcs K THIPOMOTOPY, Tjie mpeobpasyercs B Me-
XaHHuecKyw sHepruio. Ilocsie oTAaun 5Hepruu XKHUAKOCTH BO3BpAaIlaeT-
cs1 B 6ak. Ilepenava, paboramomas Ha 3TOH OCHOBe, Ha3bBaeTcs OT-
KpuiTod. B QraNYHe OT Hee CYHIECTBYIOT NepeladH 3amMKMYyTbie, B KOTO-
pPBIX ONpeleneHHOE KOJHYECTBO JKHAKOCTH TOCTOSHHO IHDKYJIHPYeT
MeXIy HacoCOM H HIPOMOTOPOM. YTEUKH B 3TOM CJydae KOMIEHCHPY-
IOTCSL WJIM M3 JOIOJHHTENbHOro 6aka HeboJbilOf eMKOCTH, HJH OT Ha-
coca HeOOJIbILIOH TPOH3BOAUTENBHOCTH.

B cucremy npHBOJa B 3@BHCHMOCTH OT Ha3HaUeHHs AJs BpAIlEHHS
NOMHMO Hacoca H THAPOMOTOpA BXOAAT PasJiHUHEIE BCIIOMOTAaTeNbHbIe
ycTpoficTBa, HANDUMED, NpeAoXPaHUTe bHbe KIafnadu, QHILTPL, pac-
npejenuTesn, o6paTHHE KJNanaHsl U Ap.

Perynuposanue uucia o60pOTOB BHIXOAHOrO Baja THAPOMOTOpA
/POH3BOJUTCSE Ualle BCEro H3MeHeHHeM O00BbeMa KHIKOCTH, NOCTyna-
oued ot Hacoca. B obmeM caywuae TeopeTHdeckKas IPOH3BOLHTE/]b-

10CTh Hacoca
Qr = gyl (45)
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4 pacxoj 2KHIKOCTH B I‘PII[pOMOTOpe
Qr = grnges, (46)

rlie gr U g — COOTBETCTBEHHO yAeJbHasi NMPOH3BOAUTEIHHOCTh Hacoca
U DPacXoj XKHAKOCTH B THAPOMOTOPE IPH MaKCHMaJb-
HO! BeJIMYHHe PEryJHpOBaHHUs;
Ny U Ny — YHCJI0 060pOTOB HAcOCa ¥ THAPOMOTOPA;
ey U er — TapaMeTpHl PeryJHpOBaHHs Hacoca W THAPOMOTOpA.
BesqnuuHb ¢ M e 1J Hacoca H THAPOMOTOPA 3aBHCAT OT KOHCTPYK-
THUBHBIX oco6eHHocTefl yerpoiicTB. Ecain Hacoc ¥ THAPOMOTOp JIONACTHO--
0 HJIH Paj{aJibHO-MOPIIHEBQrO THNA, TO YJEeJbHBI PAacXOf 3aBHCUT
OT BEJHUHHBI 3KCLEHTDHCHTETA, T. €. OTHOCHTEJLHOTO PacIOJOXKEHHS'
OCH POTOpa IO OTHOIIEHHIO K OcH cTaropa. [{is HacocoB W THAPOMOTO-
POB C OCeBHIM pacloJoXeHHEeM MOpliHe#l yAeJbHas HPOH3BOAHTEJNb-
HOCTb, HJIH YAeJbHBIH pacxoj sBJAIOTCA (QYHKIHeH yraa HaKJoHa mali-
Obl (IMCKa) OTHOCHTEJNBbHO OCH BHIXOJHOro BaJja [5].
Ilpennmonaras, 4ro npHBOA HAeatdbHHH (Qu=Q:), MOXKHO 3a-
NHCATh!

N grér

nr gunér ’

I =

(47)

T. €. NepeZaTOYHOe OTHOLIeHHe NPHBOJAA 3aBHCHT OT IapaMeTpoB pe-
T'yJHPOBaHHS HAcoca H IHAPOMOTOpa M OT OTHOLIEHMS YAEJbHBIX Xa-
pPaKTepHCTHK.

H3zmenenne yucia o60pOTOB THAPOMOTOPA AOCTHraercsi 6o u3Me-
HEHHEM IapaMeTPOB PEryJHPOBAaHHS TOJLKO HACOCA MJH TOJBKO THA-
pomoTopa, Ju6O peryaupoBaHHeM OO6OHX YcTpoiicTB. B nocaennem
clyyae HMEIOTCS JBe BO3MOXKHOCTH: IepBasi, KOrja mnapaMeTpe 060-
HX YCTPOHCTB H3MEHSIOTCS B ONpeJeIeHHOH IOCJaeJ0BaTeJbHOCTH, H
BTOpasi, KOrga napaMeTps H3MEHSIIOTCS OJHOBPEMEHHO AJia 00OHX yc-
TPOHCTB.

UneanpHas XxapaKTepHCTHKA B cJjydae DeryJHPOBAHHs Mepelaun
3a cyeT M3MEHEHHs] MapaMeTPOB Hacoca MoKasaHa Ha pHc. 31, a. Ilpu
MOCTOSIHHOM YucJie 060pOTOB Hacoca M3MeHeHHe peryJupOBOYHOTO na-
paMerpa B HeM OyJeT BH3BIBATh JHHeHHOe H3MeHEHHe IPOH3BOJUTEND-
HOCTH, a CJeJ0BaTe]bHO, YHcJaa O60POTOB THAPOMOTOPA H MOLIHOCTH
nepexayvy.

Kpyrsaumwmit Moment My Ha Basy THAPOMOTOpA 3aBHCHT OT BHeNIHei
'Harpy3KH, OAHAKO IPH MOCTOSHHOM YIEJbHOM pacXofe XKHIKOCTH B
rugpoMorope OyleT HeH3MEHHHIM Ha BCEM AHanasoHe PeryJHpOBaHHsA
Hacoca. DTO XapakTepHO AJs JaHHOro crnocoba peryJupoBaHHs, HO-
9TOMY HPHBOJBI C PEryJHPyeMbIM HacOCOM Ha3HIBAIOTCA NepejavyaMH C
pezyauposaruem npu NOCTOSHHOM MOMEHTE.

Ecin B nepenaue pery/upyeMbIM sIBJS€TCSI THAPOMOTOP, a Hacoc
obJajfaeT NOCTOSTHHOH NPOHU3BOJUTENBHOCTDIO, TO MPH HEH3MEHHOM YHC-
Je 060pOTOB Hacoca MOMEHT Ha BaJy THIPOMOTOpa H3MeHseTCs JIH-
HellHo (puc. 31, 6), a Baa rugpoMoropa Gyler BpamaThcs 1o runep6o-
JIHYECKOMY 3aKOHY. MOINHOCTb, pasBHBaeMas THAPOMOTOPOM B 3TOM
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Puc. 31. MieansHEe XapaKTepHCTHKH FHAPABJIHIECKHX mepefad, pe-
TYJHDPYEMBIX TIPH H3MEeHEHHH NapaMeTPOB MamiHH:

* @ — Hacoca; 6 — THLDOMOTOpR; & — Hacoca H THAPOMOTOPa (HesaBHCEMOe);
2 — Hacoca M THIPOMOTOpP2 (DAHOBPEMEHHO)

cayydae, 6yner mOCTOSHHON Ha BceM AyanasoHe peryauposaHnus. Ilepe-
Ja9H TAaKOro pofa HOCST BasBaHKe Nepefiay ¢ peeyAuposanuem npu no-
CTOARHOU MOULHOCTU.

Crnenyer uMeTh B BHAY, YTO THApONepenada ¢ NOCTOSTHHON MOIIHOC-
TbIO He MOXKeT ObITh OCyLIecTBJeHA Ha BCeM JHallasoHe peryJupoBa-
HUSI OT —e J0 -}-e H3-32 BO3HHKHOBEHHS GOJIBUINX CONPOTUBJIECHHA NpPH
peBepPCHPOBAHHH.

C yMeHbHIGHHEM 3KCUEHTPHCHTeTa (HAH LPYroro napaMeTpa pery-
JIMpOBAHHMA, HAIPUMep yIvia IOBOpOTa maHbe B THAPOMOTOPAxX ¢ Oce-
BBHIM PacnojoXKeHHeM IOpIIHefi) B THAPOMOTOpe YHCJIO OGOPOTOB BHI-
XOJHOTO Bajla TeOpeTHYeCKH pacTeT A0 GeCKOHEUHOCTH, NPAKTHYCCKH
Xe N0 ompeleleHHOH BEJIHUHHE, KOTODAs OrpaHHYHBAETCS MOMEHTOM,
HeOGXOIUMBIM A/ IPEOJIONeHUs B OCHOBHOM ME@XaHHIECKHX ¢ONpOTHE-
JIeHHH B THAPOMOTOpE.

[epenaua c peryaupoBaHHeM NPH NOCTOSIHHOH MOIIHOCTH NPHMEHE-
a A/S 1MaNa3oHa PeryJAHpOBaHHA OT €p=emin A0 &= 1. [IpakTHUecKH
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Puc. 32. [IpEHUMnHAIBLHEE CXeME NOJKJIOYe-
HHS B CHCTEMY THOPOMOTOPOB (OTKPHITHE Ie-
penaun}

AHANas0oH peryauposal
HHS JJIS TIOCTOSHHOA MOLE
HOCTH OBBEI9HO HE IPEBhILIAY
er 1—2,5. \ !

Ha puc. 31, s nokasa
Ha HJeaJbHas xapamepnci
THKA Tlepeflaul ¢ PeryJaupy+
€MbIM HaCOCOM H THAPOMO-
TOpOM, TipHYeM 06a arpera-
Ta MMEIOT He3aBHCHMOe pe-t
ryJHpOBaHHE. YBeJHYeHHe
ypcaa 060pQTOB BaJja THI-
poMoTOopa OGHYHO HPOH3BO-
OWTCSE BHAUaje 3a CUeT
H3MEHEHHs TapaMeTpoB Ha-
coca JA0 MAaKCHMAJIbHOH
BEJMYMHE, a 3aTeM 32
cuér peryaupoBaHHs mapa-
METPOB B  THAPOMOTOpE.:
Kax supuo u3 puc. 31, s,
ujeanbHas XapakTePUCTHKa
nepefayH BO3HHKJAZ B pe-
3yJbTATE COYETAHHS Xapak-
TEPHCTHK Tlepefiad {puc. 31,
aub).

BosMoxHa Takxe nepe-
Jlada, B KOTOPOH mapamer-
pHl PEryJaHpOBaHHA Hacoca
H THAPOMOTOPA H3MEHATCS
OIHOBPEMEHHO TPH IIOMO-
I MEeXaHHUYEeCKHX CBA3EH.

Cxema u XapaKTepHCTH-
Ka TaKoro NpHBOJA IpHBE-
aeHsl Ha puc. 31, e. Ecan
nmapamMeTp pPeryJHpOBaHHS
Hacoca pacrer, TO OfHOBpe-
MEHHO C 3THM YMEHbIIaeTcs
mapaMerp peryJHPOBaHHs
B THAPOMOTGPE.

IlepenatouHoe oOTHOHIE-
HHe TakOH HIeasNbHOH repe-
Ja4d H3MeHSeTcs OT HyJd
o GeckoneurocTH. IIpH no-

CTOSTHHOM YHCJe 06OpPOTOB HACOCa 4aCTOTZ BpPalleHHs BBIXOZHOrO BaJja
THAPOMOTOPAa DacTeT OT Hyas NPH ex=0 u 10 GeCKOHEYHOCTH NpH

ex=1. Ecau eg=eér, TO Ny==1y.

B 3aBHCHMOCTH OT pexHMa paGoTH HCIOJHHTENbHOTO MEeXaHH3Ma B
NPAKTHKE MAIIHHEOCTPOEHHS IOJYYH/IH NPHMEHEHHE Da3IHYHBHIE CXeMHl

NOAKJAYEHHT THAPOMOTOpA B CHCTEMY.
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TlpuMepHl OTKPHTHX Ilepefay ¢ HAcoCOM TMOCTOSHHONR IPOH3BOAH-
TeJbHOCTH NPHBEIEHH! Ha pHC. 32.

Hacoc [/ HenocpeacTBeHHO TOAKJIOYeH K THIApPoMoTOpy 3 (pHC.
32, a). Knanau 2 npejoxpaHsieT CHCTEMY OT meperpysKH, Kianax 4 BHl-
nosHgeT (GYHKIHIO MORMOPHOTO 30J0THHKA. Ero npyXuHa HacTpaHBa-
eTcsl Ha HeGoJbllioe [aBJjeHHe, HANPHMMED, AJs THAPOMOTOPOB THHA
MT-15— no 0,2 MIla. I'uapomoTop Bpalaercs ¢ NOCTOSHHOH CKOpOC-
ThIO TOJBKO B OJHOM HanpaBJjeHHH.

JJas monyyennsi pasHOCTOPOHHErO BpallleHUs BHIXOZHOTO BaJa THA-
pOMOTOpPA B cXeMe MexXIy HacocoM / M HAPOMOTOPOM 4 YCTaHOBJIEH
pacnpelenutens 3 (puc. 32, 6). IloAnopHOe JaBieHHe B THAPOMOTOpE
{€3aBUCHMO OT HampaBJeHHsi BpallleHHs €ro Baja cosfaeTcs KJiana-
Hom 5. OcraHoOBKa THAPOMOTOPA ¢ OJHOBPEMEHHBIM IepeKJi0ueHHeM
Hacoca B 6ak NPoOU30fJeT NMpH yCTaHOBKE 30JIOTHUKA paclpefiesiuTe-
Jaa 3 B cpeliHee MOJOXKeHHe (Kak MokasaHo Ha cxeMe). OT meperpysku
CHCTEMY TpefOXpaHseT KJaanaH 2.

B cxeMe, nokasasHoil Ha puc. 32, 8, BaJx ruAapoMoropa 2 Bpaulaer-
csl TOrAa, KOra 30JOTHHK pacupefesauTesiss 4 HAXOAMTCS B NOJOXKE-
HuH a. [lpu HemocpeACcTBeHHOM NOABOJAE KHAKOCTH K FHAPOMOTOPY OT
Hacoca ! JaBJieHHe B CHCTeMe OIDaHHYHBAeTCs KJallaHOM 5, KOTOPHI
gepe3 pacupefedHTeab 4 TMOAKIOUEH K Hacocy. OTBOA XMAKOCTH OT
THAPOMOTOPA B 6aK NPOHCXOAHT Uepes NMOANOPHHH KaanaH 3 U pacnpe-
nenuteab. OcTaHoBKa THIPOMOTOPA ¢ OAHOBDEMEHHLIM JIePeKTIOTeHN!-
€M Hacoca Ha pasTPY30UHBIl pe:XHM IPOH3OHJET NPU NEePeK/IOYeHHH
30JI0THHKA B pacupejiesiuTese B IIOJOKEHHE 6.

B cxeme (puc. 33) mpenoxpaHeHHe THAPOMOTOpA H NOANOPHOE IAB-
JleHHe Ha CJAHBHOH MAarucTpajH OT THAPOMOTOpPA CO3JaeTCSl COOTBET-
cTBeHHO KianaHamu 2 u 4 tuna ['52 (Bo BropoM ucmogHenuH). ITpu-
MeHeHHE TDPeXIIO3HUIHOHHOIO pacmpefiesuTeNss & ¢ MHHHMAJbHOH pac-
XOIHOR XapaKTepHCTHKOH nosBoJser paborarp 6e3 mojanopa, Koria
KJanaH 4 nepeBefleH Ha pa3TPYy304HBIA PeXHUM. DTO NPOMCXOAHUT, KOrAa
30JI0THHK B paclpefeNnTesie HaxOMMTCH B MOJIOXKEHHMH @, H ¢ TOPMO-
JXeHHeM B MOMEHT OCTaHOBKH THApoMoOTOpa J, Korja Hacoc /| nepexyo-
yaercs B Gak IpH nmepeBo/ie 300THHKA B pacmpejesurese 5 B moJo-
xenne 6. [lpu cpegHeli yCTaHOBKE 30JI0THHKA B pachpejlennTtese
KJanae 2 v 4 nepeBOAAT-

ca Ha paboTy B pexHMe N

pasrpysks, IHpH KOTOpOM 4
JKHAKOCTB OT Hacoca OT- T
BOANTCA B 6aK uepes Kia- 1 o 5 uld N

2 9
naH 2, a THAPOMOTOP pas- N X
rpyKaercs 1IOYTH  [OJ- W | %k
HOCTBIO OT NPOTHBOJABJe- e lol & ‘-hi
HA. B  ruapasiaHueckHx If Z 1
[IPUBOZAX TPAHCHOPTHHIX H ‘Z’“./_[LJX}@
rPY30MOXBEMHBIX  MAIIHH . ) }
NOJYYHJIH TPUMEHEHHE CH- U -
CTCMH C 3aKPHITOH IHUPKY- Puc. 33. Orsphitas nepefava, ynpabjiseMmas
JAIHEH KUIKOCTH. pacIpefeInTeneM
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A PeryaupoBanue 4aCTOTH|
1 235 4 & BpallieHus Baja HAPOMOTOpA’

\ 1}
H peBepCHPOBaHHe B NpHBE-’
=1, JEeHHBIX cucremax (puc. 34, a
r H 6) NPOU3BOASTCS HAaCOCOM.
)
a
&

Ipenoxpanenne CHCTEMBL
(puc. 34, a) ocyuiecTBisercs
KJaamaHoM 3, B3amMojJeHCTBY-
IOIIKM, ¢ OGPaTHEIMH KJallaHa-
MH 4 B 6 He3aBHCHMO OT Ha-
NpaBJeHHs MOTOKA XKHAKOCTH
B 3aMKHYTOM KOHTYpe MEXAY
HacocoM / ¥ THIPOMOTOPOM 5.
B MOMEHT meperpysku Xu-
JNKOCTb LHDKYJHPYET IO KOH-

JL
Typy I—4—3—8—1, ecin nox
JaBlleHMeM HaXOJHTCS Maru-

cTpaib b, H o KOHTYpy [—
6—3—2—1, ecau moj JHaBlie-
HueM Oyner Marucrpa’ib 0.
Vv ] BoccTanosaense ~06beMa K-

St

s 7 e IKOCTH B 3aMKHYTOH CHCTeMe
Puc. 34. TlpunnunuanpHble CXeMbl 3aMKHYTHX  (IOANHTKA) IPOU3BOJHTCS
fepeRas BCIIOMOTATe/bHBIM HacocoM 9

’

yepe3 oOpaTHBe KJamaHe 2
uin 8. HanopHlil 30J0THHK 7 npH Hacoce 9 OGBIYHO HACTpAaHBaeTcs Ha
nasJaenue 0,3—0,5 MI]a.

B nmepenaue (puc. 34, 6) cucrema npefOXpaHAETCs KJamaHOM 2,
KOTAa NOJA AaBJeHHeM HaXOXHTCS MarucTpasb 8, W KjamnaHoM 3 mpd
HaBJeHHH B Marucrpanau d. as NOANUTHIBAHHS NPeLyCMOTPEHHl 00-
paTHHE KJanaHel § U 6, KOTOPHE COOTBETCTBEHHO MOAKJIOUEHBI K Ma-
THCTpaJsIM 6 W 0, COeIUHSIOIWHe Hacoc [ ¢ THApPOMOTOpOM 7, H K Oa-
Ky 4 Manofl eMKocTH. Tak Kak yTeUKH OT TrHAPOMOTOPa OTBONMTICS b
62K 4, TO NONOJHATD €ro XKUAKOCTbIO NPUXOAUTCS CPAaBHHTE ThH( PEAKN.

JJsi peBepcHpoOBaHHSI BaJjla THAPOMOTOPa HpPHMEHSIOTCS TaKxkKe
pacnpegenurenu. Ilponecc peBepcHpoBaHMs Bajsa THAPOMOTOpa pac-
npejieuTedeM OPOHCXOAHT NPH NMOCTOSHHOM JAaBJIEHHH H OBICTpee, ueM
NpH peBepCHPOBAHHH cTaTopa Hacoca. IIpH peBepcHpPOBaHHH CTaTOPOM
laBJleHHe B CHCTeMe HEeNPEPRIBHO U3MEHSeTCs.

4. MonyuyeHHe ManbiX PacxofoB HAKOCTH

B crankax, npeiHa3HauYeHHBIX JAJs OKOHYaTesbHOH 06pabGOTKH mO-
BEPXHOCTeH, HampHMep, B LIIHGOBAJBbHHEIX, OTAENOYHO-PACTOUHHIX, XO-
HUHTOBAJIbHBIX, TJle IlepeMelleHHe CToJIa HJH HHCTPYMeHTa OcCyILecT-
BJISIETCS THAPABJHYECKHMMH YCTPOHCTBAMM, HEpEINKO BO3HHKaeT HeoOl-
XOJMMOCTb B MOJIyYeHHH MaJIbIX H PaBHOMeDHBIX mojay. [IpuMeHseMese
Ui 3TOH LeJH Apoccesu ¢ peryasitopom tuna I'55-2 (uwnu I'553-3) na-
JeXHO 00eCneYHBAIOT PACXOJ XKUAKOCTH Ge3 «3apalllBaHHS» MPOXOA-
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HOH meJqu B gpoccese npu pacxonax 100—120 cm®/mun, Ilpn mesbmux
pacxonax HapyllaeTcs HOCTOSIHCTBO HOJayd (MOCTOSIHCTBO pacxona)
BILJIOTH JIO NIOJIHOTO ee JIpEeKpalieHus.

[Tosyyenre mOCTOSTHHOA H MaJioil mojfayn (mopsaxka 4—6 mMM/MuH)
CTAHOBUTCA 3ajauefi TPpyAHOH *. B 3TOoM cayvae, ocoGeHHO TNpH He-
GOJIBILIOM JHAMeTpe HUJIHHADPA, MJOIAJAb NPOXOJHOIO CEYEeHHs B APOC-
ceJle HAaCTOJbKO MaJia, YTO PaBHOMEPHOCTb ABHKEHHsi He obecrmeuHBa-
€TCs, ecJiM He OyAyT HPHHATH ClelMaJbHble MEPHL.

PaccmoTpuM 3TOT BONpOC HECKOJIBLKO MOAPOOHEH.

Teopernueckuii pacxos XKHUJKOCTH Uepe3 e Apoccels

¢ Qr=1f,

a CKODOCTh NPOTEKaHHA XKHAKOCTH ﬁepes 1eJb

2gAp
Y ”

VU =

rie [ — IJIOWAazb IMeJH B Apoccelie, MM2;
Ap — nepenaj pasjenud B gpoccesne, MIla;
Y — YAeJbHHH Bec XKHAKOCTH, H/M3;
g — YCKOpEHHE CHJIH TAXKECTH, M/c2.
ITpu Ap = 0,2 MIIa y = 900-10— 5 H/m3

-V 2-981-2-10* 208
v = 900 ~ 20,8 m/c.

[Npoxoanoe ceueHne B Apoccesie, CAEJAHHOE B BHIE Y3KOH e,
obecrneunBaeT, KaK MOKa3aJ OnuT, GoJiee YyBCTBHTEJIbHOE PeryJHpOBa-
HHE pacxoja XHAKOCTH. [IIupuHy IenH ¢ Heblo YMEHbIIEHHs 3acopse-
MOCTH PEKOMEeHAyeTcsi M3roToBJATb He MeHee 0,2 MM. B ycranosJen-
HOM (OOHIUHO mepen jApoccesieM) (QHAbTPe NJACTHHYATOIO THHA 3a30D
Mexay naacruHkamu cocraBasier 0,1 Mm. Ilostomy dwacThum rpsss,
HPOXOAMMEE Yepe3 GHILTP, Ge3yCJOBHO NpOHAyT depe3 ApPOCCE]b, He
BEI3HIBAsl IIPH TOM HapyLIeHU# PaBHOMEPHOCTH CKApocTH nojauu. [To
ITUM K€ NPUYHHAM JJIHHA LieJH B Apoccese He JOJxKHa ObITb MeHbIIE
0,2 MM.

Takum o6pasoM, MHHMMajbHas IJIOUaAb IPOXOJHOTO CEUYEHHsi B
IpocceJe

f=bl =0,2-0,2 = 0,04 MM

Orcrofa nosiyyaeM TeopeTHYeCKHH pacxoj Macja uepes HieJb Apoc-
cens

20,8 N
Qr = -—10—6—-0,04- 100 22 0,8 cm3/c (50 cm3/MuH).
Ha puc. 35 nokasan rpauk 3aBUCHMOCTH CKOPOCTH NOJA4H OT AHa-
MeTpa WUJHHAPA IJIf, APOCCEs C NPOXORHLIM cevenreM f=0,04 mm2.

* MMy wm B. 9. Masnue nepeMemteHHa B cTaHkax. M, Mawras, 1961, 123 c.
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S m/mn HOasi monyuenHss MaJblx nogay (mopsixa
4 MM/MHH) HeoOGXOJHMO HMETh WHAHHAP ¢ D=
=125-+-130 MM, YTO B psile CAaAyYaeB HENPHEM-

20 JIeMO.
\ Hus  moiyuednss  Manelx  mojay  (MeHee
1o | 10 MM/MHuH), OIPH CPaBHHTEJNbHO HEDOJBLIMX pa3-
\ Mepax UMJHHAPA, B CTaHKaX OTAEJNOYHO-Pacroy-
S HBIX [PHMEHSIOTCS YCTPOHCTBA C NOJBHKHBIM
8 ynopoM [10], B cTankax arperaTHbIX HCHOJb3YeET-
A csi AemyJsabTHnankartop [11]. Hekortopsie 3apy-
N GexHble QUPMBL A1 3TOH LENH NPUMEHSIOT Bpa-
\\4 [ luaiolecs apoccenn [4, 10]. HpumeHeHne zo-
r——=] MOJHHTEJbHbLIX H OPHrHHAJLHBIX YCTPOHCTB CY-
S 7% M0 125 DMV uieCTBEHHO YCJAOXKHSET MEXaHH3M NOjad.
Prc. 35. 3aBUCHMOCTS Ha puc. 36 noxasan 3aeMeHT CXeMBbl, COCTOSI-
ckopocti mopumms or ULMH M3 HODMaJIH30BAHHBIX anNapaTos, KOTOPHIMH
JAHaMeTpa HHAMHADA obecrneuynBaloTCs MaJjble pacxoasl ¥ TOHKOE pery-
OpH  pacxoie KMIKO- JIHPOBAHHE PACX0Aa XKHAKOCTH.

12

v/é

CTH yepe3 Jpoccelp: Kak #n3BecTHO, pacxoj XHAKOCTH Q yepes

I — 50 cM¥MuH; 2 — -

30 ondhann 3 255 JApOCCENb C YYETOM IIOTEDb Ha TPEHHE H H3MeHe

cM®/Mux HHS HalpaBJ/IeHHs] NOTOKa ONpeJeNsieTCs 3aBHCH-
MOCTbBIO m__

Q = kfYAp, (48)

rie Ap — mnepenaj gaBJieHHUs B IPOCCENE;
f — mnJomans ey B poccede;
m — mokasarejb cremnenn; m==05-=-0,6;
k — xo3ddunueHT, 3aBUCALINN OT CBOKCTB paboyeil XHAKOCTH U
nepenasa AaBJeHHA.

-
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Puc. 36. DiieMenTEl cxeM, KOTOPHIMH O0ecneYHBaeTcsi TOHKOE PEryJHpOBaHHe PAcXOxa
KUAKOCTH B NpeJenaX MaJlblX BEAHUHH
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OnbiT 3KCIJIyaTallHy Apoccesel ¢ peryisitopoM THna I'55 nmokasad,
4T0 OHH 06J1afa10T MaJOH UyBCTBHTENBHOCTBIO B 30He MHHHMAaJbHHIX
pacxXo/oB; HEe3HAUHTEeNbHOE YIJOBOEe CMeLleHHe PYKOSTKH JApocces
NPUBOANT K GOJbUIHM H3MEHEHHSIM IJIOIMAAH Ilesu [ B HeM, a CJIeNo-
BATEJILHO H PACXO/La *KHIKOCTH.

W3 dopmyssl (48) cienyer, YTo pery/supoBaTh pacxoa JKUIKOCTH
MOXHO TaKXKe 32 cueT H3MeHeHusi Ap (puc. 36, a). B anmapare 6 yna-
JleHa Hepery/jupyeMas NpyKHHA, PacHoJioXeHHas B HOJOCTH @ HaJ, 30-
JIOTHHKOM peryJ/isiTopa, NEePeKpPHITO OTBEPCTHE, COeAuHAIOllee 3Ty IO-
JIOCTH CO CJIHBOM H K HOJIOCTH @ NMOJBEJAEHAa MAarucrpalb OT PelyKIHOH-
Horo knanana 4 tuna I'67.

Penykuvonune knanads | ¥ 4 NOAKIOUeHH I1apajeNbHO K Maru-
cTpasH, HAYILeH OT Hacoca. BrixonHast MarucTpajb OT KJjanasa / noj-
BelleHa K TPyGONIpoOBONY, PACHOJOKEHHOMY MeXAy ApOccesleM PeryJis-
TOpa 6 u ApocceseM 7.

Ecnu knanan 4 HacTpoeH Ha JaBneHue p; GoJjibliiee, 4eM p, (BeJsH-
YiHa HacTPOHKY KJyanaHa ), TO pasHOCTb p1—pe==Ap co3faer Hnepe-
naj AaBJeHHS B Jpoccese peryJjaaropa 6. DTa BeJHUYHHA MOXKET H3Me-
HATLCS 34 CYeT DEryJMPOBAHUS KECTKOCTH TPy KHHH OJIHOTO M3 pe-
JYKUMOHHBIX KJIATIaHOB.

Jsis HacTpofiku peIyVKIHOHHHX KJaNaHOB B CHCTeMe HeoOXOoauMo
fipeAycMOTpeTh 0OpPasUOBHA MaHOMETp 3 M 30JOTHHK MOAKJIIOYEHHS
Manomerpa 2.

Bo BpeMsl HCHBITaHHS 3TOH CHCTeMH Ha CTeHJe (B J1aGOpaTOpHM
rugponpuBoga OITH), a Takxke B OT[eJIOUHO-PACTOYHOM CTaHKe APOC-
ceJib B peryasTope HacTtpauBaJcsi Ha pacxof Q=100—120 cm3/Mun
npu nepenafe AasjeHus Ap = 0,2 MIla, npuuem p;=1 Mlla, a p;, =
= 0,8 MIla. B naspHnelimem u3MeHeHHe Ap OPOU3BOAUJIOCH PETYJAHPOB-
KOH TOJIBKO OJHOTO peLyKIHOHHOTO KJanaHa.

Ilpu nepenaze maBneHuss B apoccese Ap = 0,075 MIla nonyqena
crabuibHaA CKOPOCTh HOPIIHS B LMJHHIpe auamerpoMm 11 cM, paBHas
4 MM,

Ha puc. 36, 6 nokasaHa HEeCKOJBKO YHDOIIEHHas cXeMa, KoTopas
TaKKe MOXeT OBITb HCIOJb30BaHa I TOHKOTO DEryJUPOBAaHUS CKO-
pPOCTH B mpelejaXx MaJbX BeJHYMH. B ciuBHYIO 'Maructpads nocie
Jpoccess C peryJasTopoM 2 NOJK/IIOYeH HAHOPHHIN 30JOTHUK 3 THHA
I'54. Tlpu mocTOAHHON HAacTPOHKe NPY>KHHBI HAMOPHOTO 30J0THHKA HA
JaBJeHHe p, Tepenaj NaBJeHHS PEryJHPYIOT TOJbKO PeAyKIHOHHKIM
KaanaHom 1.

5. Asromarnueckmue cnocobbl NepeKnioYeHHs CKOpoCTeH

O6wnit uuka paboTH BCeX MEXaHH3MOB aBTOMAaTHYeCKH paboTalo-
IHX MAIHH, KaK HPaBHJIO, COCTOHT H3 YACTHHX LMKJIOB PaGOTH OT-
JeJIbHEIX YCTPOMACTB IIeJIeBOrO Ha3HaueHHs. B CBOW0 ouepelp YacTHHe
LHKJbl CK/AAJBBAIOTCS H3 OTAEJNbHBIX 3JEMEHTOB ILHKJa, KOTOPHE COC-
TOAT, HanpuMep: u3 GuicTporo nopsona (511), 6ectporo orsoza (50),
pasrona (P), topmoxenus (T), MeineHHoro nepemewenus (MIT),
caenywomero Hepeako 3a BII, paGoueit nogauu (PIT), pabouelr nmoza-
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un J (PIII), pa6oueli nopmaum II (PIIII), OCTaHOBKH C BHIAEPKKOI
(OB), peBepca (Ps) u pp.

B crankax, HanpHMep OTHEJOYHO-DPACTOUYHBIX, CTOJ C 3aroTOBKO
OPH OLHOCTODOHHEM DAcHOJIOXKeHHH PAacTOYHHX TOJIOBOK IepeMeliaeT-
ca mo uukay: BLII—PIII—Ps—FEO—Cron wiu BII—IIP]—PIIII—
Ps—Cron npu ycJOBHH, KOrja OTBEPCTHE MOC/IENOBATENbHO 06pada-
THIBAETCS JBYMs De3llaMH, H3 KOTODBIX NepBHIE NPOU3BOAHT rpybyio, a
BTOPOH OKOHYATEe/IbHYI0 pacToudky. IIpu AByCTOpOHHEM pPacCIOJIOXKEHHH
TOJIOBOK CTOJI nepeMentaeTcss no 6osiee CIOXKHOMY IMKJIY: U3 CPEAHEro
ucxonHoro moJoxenuss (HII) ocymectsasiercss 511 (npeamosoxum,
BJIeBO), MoTtoM PII—Ps—b5QO (npH KOTOPOM CTOJT NPOXOZHMT dYepe3
HII), a nanee PII—Ps—BO—HII.

[Tono6ubie u GoJee CIOXKHBIE IHKJBI CPABHUTEJLHO JIeTKO obecre-
YHBAIOTCA CHJIOBBIMH UMJIHHIPAMH H HOPMAaJIH30BAHHOH ammaparypow,
KOTOpast KOMyCKaeT H3MeHEeHHe CKOPOCTH BO BpeMs paboueill momauu U
aBTOMaTHYeCKOe IMepeKJII0UeHHe CKOPOCTeH IpH JABHXKEHHH HCIIOJIHH-
TEJbHOrO MeXaHH3Ma.

IIpuBeseM NPHHUHNHAJbLHBIE THAPABJIHYECKHE CXEMbI, HECKOJIbKO
OTJIHYaloIHecs OT CXeM, KOTOpHe pa3pabaThBalOTCA B KOHCTPYKTOP-
CcKOM 010pO 1/ peaNbHHX MalIHH. B cxeMax B OCHOBHOM OTpaxkKeHa
KHHeMaTHUYeCKasi CTOPOHA YCTPOMCTBA, YTO HepelKO SIBJSETCS TJIaBHOU
3ajayell NpH NPOEKTHPOBAHMHM THApOcHCTeMbl. OJHAKO OHH JIMILEHH
60JIbILIOrD KOJIMYeCTBa IOAPOOHOCTEH, YHYIIEHE HEKOTOpHE IapaMer-
PH U MOKa3aHBl TOJNbLKO THNH aNllapaToB, HO He THHOpasMepwl. Jlas He-
KOTOPHIX HaunboJiee XapaKTepHBIX LHKJIOB ABIMKEHHA HCHOJHHTEIbHBIX
MEeXaHH3MOB NPHUBEJEHO HECKOJBKO IPHEMJIEMEIX pellleHH .

Ha puc. 37, @ nokasaHa 4acTb NPHHUHUNHAJBLHOR THAPAaBIHIECKON
CHCTEMHI YCTpPOHACTBa OJHOUeNeBOro HasHaueHus. Ilyrsh, coBepmiaemuiit
MOpIUHEM, Ha sTanax Iukaa LI u MIT moxer U3MeHATHESI WJIH OCTa-
BaTbCsl HEM3MEHHBIM TOJBKO Ha Y4acTKe, oTBedeHHOM ags PII. BII npo-
HCXOIUT IIPU OTBOJE XKHAKOCTH M3 MNOPIIHEBOH MOJOCTH LHJIHHIApA Ye-
pe3 30J0THHK annapara 2 (tuma [74-3), a MII — npu oTBOJE XKH-
JKOCTH uepe3 Jgpoccedb 6, 06paTHHI KaanaH 7 ¥ pacnpenenurens I, 30-
JIOTHHK KOTOPOI'O HaXOAMTCS B NOJIOXKEHKH Q.

ABTOMaTHUeCKOE nepekjawueHHe Ha PII Hacrynaer mocie mepeKph-
THS NMOPIIHEM NPOTOYKH 8. C 3TOr0 MOMEHTa CKOPOCTb NMOPIIHS OIpe-
IesisieTcsl HacTpoiKo# npoccenss 5. Bo Bpems PII oTBoj XHAKOCTH H3
MOPUIHEBOH IOJIOCTH IMJIMHAPA NPOUCXOAUT Yepe3 anmapartsl 4—5i—6—
7—1. IpocceneM 6 mpou3BOAAT HACTPOHKy ckopocta npu MII. C mo-
MOIIbIO JBYXXOAOBOrO S30JIOTHHKA ¢ OOpDaTHBIM KJanaHoM 2, 30JI0THHK
KOTOPOrO OTXKHMAa€ETCH IEepPeIBHIKHOA NPOUIbHON JHHEHKOH, H3MeHs-
ercsl BeJIMUHHA Xoxa nopiuHs 1 51T n MII

Pesepc u 50 mpoH30fAyT NOCJe BO3AECHCTBHS TOPLA JHHEHKH Ha
BK, or KOTOpPOro noJjy4aloT KOMaHAB Ha MepeK/ioueHHe 3JeKTpoMmar-
HETH 31 n 92 pacupepenntens I. ITocsae pesepca XKHAKOCTb K MOpUI-
HeBOJ IIOJIOCTH LMJHHAPA HOABOAHUTCS OT pacmpejienureis ! gepes 00-
pPaTHHIH KJamaH anpapara 2.

Taxkum o6GpasoM, HpU IBHKEHHH NMOPIIHS CO LITOKOM H HCHOJHH-
TeJLHHIM MeXaHH3MOM BIPaBO JABaxKJHl IPOHCXOJHT aBTOMAaTHYECKOe
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nepekJovenue ckopoctu: ¢ BT na MII u ¢ MIT ua PII. BpeMms, uaymee
Ha 3TH NIepPEKJIOYEHHS, 3aBHCHT COOTBETCTBEHHO OT YKJOHA IJIOCKOCTH
Ha NPOUJIbHON JHHelKe, B3aHMOAEHCTBYIOMEH C 30J0THHKOM amnapa-
Ta 2, IIHPHHHI MPOTOYKH 8 H MPE/AUIECTBYIOEH CKOPOCTH.

OcranoBka NOPHIHS NPOM3BOJAHUTCS [IPH HEPEBOJAe 30JOTHHKA B Pac-
npenesuresie /| B HyJeBOe NOJIOXKEHHE MJM XKe NPH NOAXOAE HMCIOJHH-
TEJLHOTO MeXaHH3Ma K YIOopy.

O6parHniil kK1anad 7 npeAoTBpaliaeT o6PaTHLIA TOK XKHAKOCTH Ue-
pes ¢uantp 4, 6jaroxaps 4eMy He BHIMEIBAIOTCS 3ajepxKaHHbBE YacTH-
IIbl CHOBA B CHCTEMY.

Pacnonoxenne rpoMosaxoro annapara [74-3 BOJiH3H DOJBHXKHBIX
YacTeH MCIOJHHTENbHOTQ MeXaHH3Ma YCJIOXKHAET KOMMYHHKALHH —
3T0, BO-NIEPBBHIX, H, BO-BTOPHIX, TpeOyeT MeXaHMYECKHX YCTPOHCTB AJs
NepeKJNIoYeHHs 30J0THHKA,

. B cxeme, npuBenennoii Ha puc. 37, 6, obecneynuBaercsi aBTOMATH-
JeCKOe MepeKJloueHHe CKOPOCTH, MPHYeM ABAXKIBl NPH ABHKEHHH TOp-
HIHs BnpaBo. LIHKJ IBHKeHHsS NOPIUHS IOYTH TAKOH e, KaK H B IIpe-
Aplpylieli cxeMe, OJHAKO B pe3y/bTaTe INPHMEHEHHs JHCTAHIHOHHO
yipasiaseMoro Kjianana 2 (tuna I'66) ¢ 3os0oTHHKOM yrpasJenus: I v 30-
JIOTHHKA yHNpaBJieHUs 7, KOTOPHIA NMONepeMeHHO NMOAKJII0YAeT K pacipe-
Jeauremo 8 gpoccean 5 W 6, cucrema npuoGperna GOJbIIyI0 YHHBEp-
CallbHOCTb, YNPOCTHAHCh XKOMMYHHKaHVWH W KOHCTPYKUMS UHJIMHApA.

_ ITomumo 3TOrO CT2/M0 BO3MOKHBIM PA3MECTHTh BCIO allapaTypy Ha OT-

JeAbHOH MaHeJ .

DTanu LIHKJIA U COOTBETCTBYIOLIEe MM IOJOXKEHHE 30JI0THHKA B pac-
npefenuressx I, 7 u 8, a TakXKe HOPAAOK BKJIOUEHHUS 3JEKTPOMAaruu-
TOB IIOKa3aHHl B TabJr. 3. .

Tabauya 3
Pacnpeseanrens Pa6ora 371eKTPOMAarHHTOB
Aran
uHK I 7 8 ar 22 | a3 o1
Hir a a 0 -— — — —
BIT a a a — + —_ -
PIII (1 a a — -+ -— +
PIIII 6 6 a - + + +
Pes, 5O a a 6 -+ _ — —
Cron a a 0 — — — —
Hpumewanus:
+ 3JEeKTPOMATHHT NOAKJIOYEH K JIEKTPOCETH (BKIIOUEH);
~— 3JIEKTPOMarHHT OTKJIOYEH OT 3JEKTPOCeTH (OTKJIOYeH).

Annaparypa ynpasJseHus, HeoOXoAHMas AJs aBTOMAaTHYECKOro Iie-
PeKJIOUeHHs CKOpOCTel, a TaK¥Xe DeryJdaToOpe CKOPOCTH B CHCTEMe
(puc. 37, 8) B OCHOBHOM INOJKJIOYEHH K CJHBHOH MAarHcTpajd mocje
pacnpegenurenas 4. Ilpu 51 mMoABOA XHAKOCTH K UHJIHHAPY MNPOHCXO-
JUT IO MarucTpajd B, a OTBOA H3 HUJAHHJPa — Yepe3 HAIOPHHIA 30-
JIOTHHK 5, ynpaBJasieMuifi pacnpeneanteneM 6. ITocae nepesoaa 3007-
HHKa B pacnpejennrese 6 B NOJOXEeHHe 6 TOPUOBas IOJOCTh HAMOP-
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HOTO 30JIOTHHKA & coeauHsiercs ¢ 6akoM. [lox JeficTBHeM NPYXKHHH B
annapare 30JI0THHK J IepeMeillaeTcsi BHU3 M OTCEKaeT IPH 3TOM CJHB-
pyio nojocts nuinHApa A or 6axa. [locsie 3TOro OTBOJ XKHAKOCTH M3
IHJHHADA BO3MOXKEH uepe3 ApOCCeNb C peryJstopom '/ uau 3, mocJje-
JIOBATeIbHOCTh KOTOPBLIX OCYIUIECTBJISIETCS 30JOTHAKOM YNPaBJEHHs 2.
KoHeuyHBle 3J/IEKTPHYECKHE BBHIKJIOUATENH, KHONKA <«NMyCK THAPOUPHBO-
Aa» (He MOKa3aHHBIE Ha CX€Me) H 3JeKTpHYecKas CuUcTeMa MpPHBQAA

JOJKHB 06ecneuuTh ONpeReNeHHbH MOPAAOK BKJIOYEHUS 3JIEKTPOMAr-
HuTOB (Taba. 4). -

Tabaruya 4

[loxokenne 30J0THHKA B Pa6oTa 5AeKTPOMATHHTOB
dTan pacnpeneauTese
yuKia

2 4 6 a1 | s | sz | o¢
ui a 0 a — —_ —_ —_
BI1 a a a — -+ — —
pIII a a 6 — + — ~+
PIIF 6 a 6 — + -+ +

Ps, 5O a 6 a + — — —

Cron a 0 a —_ — — —_

Iono6GHpI# NPUHIHKI NEPeKTI0YeHHsT CKOPOCTell IPHMEHSIeTC B THA-
PaBJIHYECKHX CHCTEMAaX OTAEJOYHO-PACTOYHLIX CTAHKOB, KOHCTDYKIHH
CreunanbHOro KOHCTPYKTOPCKOro O0pPO a/Ma3HO-PacTOYHLIX CTAHKOB
(CKBAPC, Onecca).

Opxna U3 BO3MOXKHBIX CXeM * IJI MOJNydeHHsS] pAaclpOCTPaHEHHOTO
nukaa: AI1—BI—PI—Ps—50—Cron (puc. 37, ) B JaHHOM Cay-
yae 0OecHeYHBAeTCSI ABYMsl ABYXNO3HUMOHHBIMH 30JIOTHHKAMH YUpPaB-
JIeHHSl HJH pacnpefenutensMu 3, 5 u gpoccenem 2. Ilpu HII snexktpo-
marduTel 31 1 J2Z obecTOdeHbl; 30J0THHKH B pacinpelejuTeNs X 3aHH-
MaloT MOJIOXKeHHe @, a Hacoc uepe3 06a paclpele/HTeNs pasrpyxaercs
B 6ak. LIMTHHAD MOJHOCTLIO OTKJIOYWEH OT Hacoca. Hus nosaydenns BI7
30JIOTHHKH pacnpeje/uresefi npu BrIoyeHHH I B J2 nepeBofsATcsa B
MoJIOXeHHe 6; IPH 5TOM HAacoC COEJHHSIETCS! CO IITOKOBOH , MMOJIOCTHIO
IUJIHHAPA, a €r0 MOpPUIHeBas HOJIOCTh Yepe3 pacupepenure]u § H § —
¢ 6akoM. P[] npowusolizer nocJji&é mepeBofa 30JI0THHKA TOJBKO B pac-
npefeJuTeJe 3 CHOBA B IOJOXKEeHHe a, IPH KOTOPOM K IHJIHHADPY HOA-
xmoyaercs Apoccenb 2. Pesepc u 50 HauHYTCs mocJie MepeKJIOYeHHS
30JIOTHHKOB B pacnpejelnTesie 3 B NOJOXKeHHe 6, a B pacHpeleuTe-
Je 5 — B NOJIOXKEHHE 4.

Bce paccmoTpennble Ha puC. 37 CXE€ME XapaKTepHH TeM, YTO aBTO-
MaTHYeCKoe IepeKJIIoueHHe CKOPOCTH NPOHCXOAUT NPH JABHIKEHHH HC-
HOJMHHTEJLHOrO MeXaHH3Ma <«Io IyTH» OJiarojaps B3aHMOAEHCTBHIO
KOMHPHBLIX JIHHeeK, KOHEYHBIX 3JEeKTPHUECKHX BHIKJOUaTe]ell ¢ 30J0T-
HHKaMH HJIH 3/IeKTPOMarHuTaMy pacnpejenurenefi.

* Ha cxeMe nokasaHbl TOJIBKO Te anmapaTthl, KOTODHIMH ONpejesdercs yKasaHHBIH
LHKJ PaGOThHL
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4 Pre. 38. Ilepexmiouenne ckopocTefi ¢ HCNOAB30BAHAEM
e L] AHdhepernanpioro cnocofa NOAKNIOYEHHA HUJIHHAPA

Ha puc. 38, a, 6 ¥ 8 npuBelleHH CXeMH, B KOTOPHX JUIS IEpeKJIioue-
HH% CKOPOCTH KCHOJb30BaK JU(Qepennnanbuuii cnocot NOAKTOTEHNs
nuiuHaApa, B sToM cayyae o6e mONOCTH LMJHHADA C ONHOCTOPOHHHM
LITOKOM COEAUHAIOTCS C HACOCOM, A mepeMellleHHe NMOPIUHA NOM AEHUCT-
BueM ycuiuss Pp=p(F,—F,) (rae p — aasnenue, F; u Fy — naomans
AOPIMHEBOA H HITOKOBOH MOJIOCTefi) NPOHCXOAHT B CTOPOHY 1wToKa. Jlis
Juddeperunaspioro cnocoba NOAKAIOYCHHS NPHMEHSIOT pacnpeneny-
TeJM YeTHpexXoJoBbie (cxeMa 24) WM HATHXOAOBHE (cxemMa 25), Xo-
TS BO3MOXKHO TpHMEHeHHe pacmpejesuTeTed H C APYTMMH CXeMaMH
pacnpefneseHHs NOTOKA.

Tlpr cpeaneM mNOJNOXEHHH 30JIOTHHKA B pacnpefenureie [ (pHc.
38, @) H3 INTOKOBOH MOJOCTH UIHJAXHJAPA 3 BHTECHSETes OOBEM

HKHAKOCTH

Q1 = UgFs, ‘ (49)

TA€ Uy — CKOPOCTh HOpPWHA npH [addepeHIHATbHOM IOAKIIOYEHHH
HUIHHADA.
M3 wToKoBOHE MOJNOCTH HUJIHHAPA B HOPIIHEBYIO MOJOCTh KHIKOCTh
TIOA2eTCsl HACOCOM, CJIEL0BATEIBHO

Qs + Q1 = vsFy, (50)
riae Qm — IIPOH3BOAHMTENBHOCTH HACOCA,
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IMoacrasas 3nduenne @ B popmyay (50), mojyuum
Qu+ vaFs = vaF1.
CkopocTb NMOpWHA NpH AH(QQEpPEHIHAJPHOM NOAKJIOUEHHH LHAHHApPA

Qn Qn Qn
PR = L2 (51)

2
4

U ==

L]
riie d — gHAMeTp IUTOKA.

C nepeknoyeHHeM 30JIOTHHKAa B pacnpejenutesne I B NOJOXKeHHE
@ K TIOPIIHEBOH MOJOCTH LHJIAHHIPA HOJKJIOUAETCH TOJLKO HACOC; CKO-
POCTb NOPIIHS YMeHbINAETCs.

01=—-=—n——-=1,27'——,‘ (E%Q)

rae D — guaMeTp HMJKHIDA.

8
EcnuD = 1l em,d = 4 eM, a Qg = —— J/c,

60
TO
8- 108
Uy == 1,27m"*“ = 0,106 M/c,
8-10? *
a U = 1,27m0,014 M/c.

Ilpu auddepeHnalbHOM MOAKIIOYEHHH IMJIHHAPA CKOPOCTL IOPII-
Hs 3HAUHTENLHO YBeJHYHBAeTcs. DTOT CHOCO0 IIHPOKO HCHOJb3YeTCH
B TeX CJyHuasix, KOrja IPH MaJjoil mpOH3BOLUTEILHOCTH Hacoca Heo6Xo-
JUMBI GoJibliiie CKOPOCTH, HampHMep BO BpeMs XOJOCTOro Xoja.

CilenyeT OTMETHTh, YTO NPH YCJIOBMH, Koraa Fi==2F, umu xe D?=
=2d?, CKOpPOCTh HPSAMOro Xofa (B AAHHOM cjyvae BIPaBo) Npu Aud-
depeHIHANBHOM IOJK/IOYEHHAN Uy PaBHA CKOPOCTH OOPaTHOTO X0Ja Us.

Komanaa na aBToMaTuuecKoe IlepekdioueHHe CKOPOCTH ¢ Uy Ha ¥
(puc. 38, a) mocTymaer OT peJde HaBJAeHHA 2, APYXKHHA KOTOPOrQ HacT-
poeHa Ha paloue¢ AaBJeHHe, BOSHHKAIOLlee B NOPIIHEBOH IOJOCTH IIH-
JUHApA ¢ MmosiBJeHHeM noJse3Hol HarpyskH. Ot BK monaercss KoMaHAa
K 3JeKTPOMAarHuTaM pacmnpenenuntens I Ha peBepc.

B naHHO# cXeMe ynpapieHHe CMelaHHOE: OT peJie JaBJEHHS NPH
MIEPEKJIIOYeHHH CKOPOCTH C Uy Ha ¥; — <HO JaBJleHHio» u ot BK — «mo
NyTH>.

VicnonpsoBanye pacupefenuTesis, COEUHAOMEro B CPEIHEM MOJIO-
3KEHUH 30J0THHKA 00e NOJIOCTH HMIHKHIPA C HCTOYHHMKOM JaBleHHd, HC-
KJII0YaeT OCTAHOBKY IOPINHSA B JIOGOM COCTOSTHHH.

Ecinu B KOHIe [IBHXKEHHA HJIH B JIO60M NIPOMEXYTOYHOM HOJOXKe-
HHH HODPIIHS He0OXO0JUMO NPOHU3BECTH OCTAHOBKY HCHOJNHHTEJLHOTO Me-
XaHH3Ma, a Hacoc NepeKJIoUNTh B 6ak, COXPAHHB HA HEKOTOPOe BPeMs
B LHJIHHApe AaBJaeHue, To AuddepennualbHoe NOJKIIOYEHHE HUIHHADa
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MOMXKHO OCYIIeCTBHTb, HCHOJb3YS JJsd ITOH HEJH® pacrpene/uTeb,
BBHINOJHeHHHH 1o cxeme 64 wuam 65, Hanpumep PI102-AJI64 wuam
P102-AJI65.

CxeMma, yJoBJeTBOpAIONIas 3THM TpeGOBAHHSM, NPHBEAEHA Ha
puc. 38,6 Korjga 30/I0THHK B pacupejesnTene 2 HAXORHTCA B NOJOKEHHH
a, 70 o6e TOJNOCTH UUIHHAPa 4 nofgkmoyalores K Hacocy. lUltoxosas
[oJIoCTh UHJAHHApPa dYepe3 o6patHeil kaanaw ! u pacmnpepenurens 2
COEIHHSETCA C NOPIIHEBOH NI0JOCTbIO; NOPHICHD IIPH 3TOM NEPEeMennaercs
BJaeBo. C mepeBOJOM 30JIOTHHKA B PaclpeleiHTeNe B ON0KEHHe 6 mpo-
HCXOMHT o6paTHbl X0 nopimHs. YKHAKOCTb OT HAacoca X MITOKOBOf To-
JIOCTH IHJIHHJAPA NOABOAHTCH depe3 obpaTHblli k1anad J. [lpu nynesom
NOJIOKEHHH 30JI0THUKA B DacHpelenuTes]e HUIHHAD oTceKaercs or Oa-
Ka H Hacoca, a NopIleHb OCTaHaBJHBAETCS. ‘

CxeMma, ofecneurnBaoilas aBTOMATHIECKOE NEPEK0YeHHE CKOPOCTH |
¢ ynpaBJeHHeM «IO AAaBJEHHIO», OKa3zaHa Ha pHC. 38, 6. Makcumalb-
Hasd CKOpPOCTh MOPIUHS IPOHCXOAWT mMpH AubdepeHnHaJLHOM NOLKMNO-
YeHHH DHJIHHApa 4, KOTAa 30J0THHK B pacnpeieurese 6 HAXOOHTCH B
TIOJIOXKEHHUH 6, a XKHUJAKOCTb OT HACOCa ¥ M3 IITOKOBOH IOJIOCTH LUIMHI-
pa 4Yepe3 oOGpaTHHIH KJaamaH ! HampaBJseTcs B €ro HOPUIHEBYIO IO-
Jgoctb. [lepexitouensie Ha pabouyid CKODOGTh NPOHM30HIET ¢ NOsABJE-
HHEM HarpyskH, KOrja JAaBJeHHEe BO3DacTeT M CTaHeT PaBHBIM AaBJe-
HHUK), Ha KOTOPOE HACTPOeH AHCTAHNMOHHO yIpasiseMuil knanas 2 (TH-
na I'b4). Knanan 2 oTKpHBaeTCcs A OTBOZ KHAKOCTH B GakK H3 LITOKO-
BOH IOJIOCTH Tenepb NPOHCXOJHT depe3 Apocceisb 3, HACTPOHKO KOTO-
pOro H onpeneseTcs BeJHYHHA CKOPOCTH TEYEHHS KHEKOCTH.

Ilocne mepexJIOWeHHS 30JOTHHKA B pachpelesuTtene B HNOMOKEHUE
@ XKHAKOCThL OT Hacoca HalpaBJaseTcss yepe3 oOpaTHHE KiamaH 5§ B
IITOKOBYIO TOJOCTL LMAHHAPA;, NPOUCXOAHT S0 mOpPMIHA B HCXORHOE
TIOJIOKEHHE.

[TprMenenye TPeXNO3HINOHHOrO PaCHpele/uTe/Is ¢ OTKPHTHIM ILeH-
TpoM (cxeMma /4) mo3BoJsieT BO BpeMs I1ay3 B paboTe NHAHHApA Hepe-
BOJUTbL HAcOC HAa TAaK Ha3HBaeMbifi pasTpPy30uHHI pexum (CM. raa-
By 1IV).

B cxeMe mOAKAI0YEHHS IHUITEHApA [0 nmbq)epeﬂunanbﬂomy CIOCOo-
6y * HCHOJIb30BAH HATHXOAOBHIH pacupelesHUTeNb C 3aKPHITHIM 1EHT-
POM IIPH HYJEROM IOJIOXKEHHH 30JOTHHKA { Pas/le/eHHHIMH CAWBHBIMH
KaHaJsamu tuna 45I'74 (puc. 38, 2). BxonHas Marucrpajn 4 noaxaoue-
Ha X npaBoi cAuBHOH Mmarucrpanu 3. [Ipu nmeperoje 30J0THHKA B pac-
npejenuresne ! B nojsoxeHue 6 obe NOJOCTH UHIHHApA 2 NOAKAOYAIOT-
cs K Hacocy, a JeBbi CAHBHOH KaHaJ B 3TO BPeMs B pacnpepesurene
3aKkpHT. Lnaunap nojkiiouer mo aud@epeHnHa bHOR cXxeMe; IOPHIEHD
OBICTPO mepeMeniaercs BIPABO.

Ilpn mepekyioueHHH 30J0THHKA B PAacHpeleluTele B NOJOKEHHe a
OpIUHeBasl NOJOCTp UHMJHHAPA cOefHHsieTcd ¢ GakoMm, a HITOKOBasg ¢
marucTpaapio 4. TIpoHcXomuT pesepc, a BeJel 3a HHM OTBOJ NOPIIHS
BJIEEO,

*A ¢ M 281978 (CCCP). HubpoepeHunanbHoe MHOAKIIONCHHE nmmﬂ,upa/
A E Komunnckuit — Ony6a 17 1072,
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Puc 39 AsromarHueckoe mepexmiioueHHe cKopocTelt npH AAddepeHBNaNbHOM NORKIII0-
YeHHH IHJIHHAPA:

@ — HeoGXOZMMO NPUMEHEHHEe DacHPefeNHTe]si C 3aKPbiThIM LEHTPOM, & -~ HeaGXOAHMO INIpH
ABHMKEHUH [OPIIHY H3MEHAThH AaBnaeHHe B UMJIHHIDE

JJaa mocsaeoBaTeNbHOIO BKJAIOYEHHS] B paboTy HECKOJBKHX CHJIO-
BHIX HHJIHHAPOB, KOTZA B CHCTEMe OIMH HAacoc, HepeAKO NPHUMeHAITCH
pacnpeeIuTeN Iy ¢ 3aKPHITHIM LieHTpoM (cxema 44). Ecau pabora og-
HOrO M3 HHJIMHAPOB NPOHCXOAMT 1o nukiy BII—PII—Ps—b50—Cron,
npyudeM CKOPOCTH Ha 3Tane 5/ 3HaunTenbHO GOJblie CKOPOCTH TIPH
PII, a npoH3BOLUTESLHOCTh Hacoca MaJsa, TO HMUJIRHAD llejecoobpasHo
MOAKJIOUHTD 10 AHGGbepeHIHANBHON cXeMe.

OnHO M3 BO3MOXKHBIX pelleHuii NoJOOHOH 3ajauyd NOKAa3aHO Ha
puc 39, a. Hununzap 5 noaxioyen no audoepeHnuaJpHol cxeMe, KOr-
1a 30J0THHK B pacmperenurtene / HaXOAHUTCA B NOJOXKeHHH 0. B aToM
clAy4yae LITOKOBAS TOJOCTh LUMJHHAPA ¢ MOPIIHEBOH coefHHseTCS Yepes
pacupefenautens 4 1 06paTHEIN KaanaH 6.

INopsiaoK BKIIOUEHHS 34EKTPOMATHHTOB [JIS BCEX 5TANOB WHKJA
npuBexeH B TabJ. 5.

Bumecto npoccessit 8 (tuma I'77) u obparHoro kaamaHa 2 (Tuna
I'51) moxer ObIThb MPHMEHEH OJMH anmapat, COCTOSIWME M3 ApOCCens
H 00paTHOro KJjalnaHa, HIH ApOCCce]b C PeryasTopoM H O6PaTHBIM KJa-
naHoM, ecad Bo BpeMs PIT neobxonnuma manas u paBHOMepHas ofaya,
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Tabauya 5 a

Iloaoxenne 3000THHKZ

Sran B pacfipereanTeasx PafoTa 9aeKTPOMarHHTOB
I 4 al f 32 l 33
HIT 0 a —_ — —
BT 6 a - + —
PII 6 6 —_ -+ +
Ps, 5O a 6 + — +
Cron 0 a — —_ —

Punpapinyeckass annapaTtypa, pacno/oxeHHas MeXAy HacocoM [
¥ UWIHHIPOM 5 B yCTPOHCTBE, KOTOPOE IPEIHA3HAYEHO IJIs NPEeccoBa-
HHS H3JlenHi, oGecneunBraer pabory no nukay HII—BII—MI[—OB—
Ps—Bb0O—Cron 1 aBTOMaTHYeCKH H3MeHseT CKODOCTb NOPIIHA W [AaB-
JeHnue B Huannipe (puc. 39, 6)

Brictpoe mepemenieHre MOPIIHA, HEOOXOAUMOe AJif NPEIBAPUTEIb-

HOTO CXaTHA (HJH NPEeccOBAHHSI) MarepHasa H3JeNHs, OPOHCXOLUT
npu AuddepeHnyaJbHOM NOAKIIOUEHHH HHIMHApA 5, KOTAa 30JOTHHK
B pacnpeflennrese 3 HaXxoZuTcss B monoxenun a IlIToKoBas mosmoCThb
OUJIMHIPA MOAKJOUEHA K NOPINHEBOH Yepe3 pacmpejeJurens S, Kilana-
HE 6 u 4. [Ipouecc npeccoBaHysd B 3TOT MOMEHT IIPOM3BOAUTCA ¢ GOJIb-
IIOH CKOPOCTBIO U IPH HENMPEPHBHO HapacTawollem JABJICHHH. Korza
IlaBJieHHe B LHMJIHHADEe JOCTHTHET BEJHUYHMHEL, PaBHOH p;, Ha KOTOPYIO
HACTPOEH JIMCTAHIMOHHO YyhpaBJisieMblli kKaanan 6 (tuma I'54 mam
BI'54), mrrokoBast mMoJIOCTh LMJIMHAPA &BTOMATHYECKH NOAKIIOUAETCS
K 6aky uepes anmaparte J—6—9 (30JOTHHK B amnapare § mog JelcT-
BHUEM [(aBJIEHHSI, KOTOPOe HECKOJBbKO NDEeBHINIAET p;, CMECTHBIINCH B
CTOPOHY HPYXKHHBI, COEJHHHT Marucrpanu g u 0), Besen 3a 3TuM 1po-
H30MIeT CHHXKEeHHe CKODOCTH H JaJibHelilllee HapacTaHHe NaBJeHHS A0
+BEJHYMHEl g — HACTPOHKH pese AaBjenust 2 (P/) u npeloXxpaHHTeNb-
HOro KJanaHa ¢ 30JIOTHHKOM ymnpaBieHHs 8. OT MMKDOBHIKIIOUATENS
PJI Bxiogaercs: peje BpeMeHH 7, a OT HEro yepes { CeKyHA IOCJE BHI-
CTauBaH#A NOJaeTcs KOMAHAA K 3JeKTPOMATHHTY pacHpefenuTels Ha
PeBepC ¥ OTBOJ, IIOPIUHSA B HCXOJHOE NOJOXKeHHe. .

B mepuopx BhiCTaMBaHHA NOPIIHA B HHJHHAPE COXPAHSAETCS MAKCH-
MaJibHOe JaBJIeHHe Po, COOTBETCTBYIOIlee HACTPOHKe NpeJOXpPaHHTeNb-
HOT'O KJiallaHa, depe3 KOTOPEHIl B TeWeHHe { CeKyHJ OT HAcoca KHAKOCTb
OTBOAHMTCS NOJ JaBJeHHEM B 6aK.

B xonue o6parHoro xofia MOpLIHA YIOPOM BKIioudercs BK, oT xo-
TOPOro HOCTYIIaeT KOMaHAa Ha OTKJAO4eHHe 52 (30JI0THHKa yIpaBJe-
HUsl NpH NPenoxXpaHHTENbHOM KiaamaHe Tuna I'52). C aToro MoMeHTa
XHAKOCTh OT Hacoca OTBOAMTCS B OAK NIPH MHHHMaJILHOM JaBJICHHH
(npumepHo 0,15—0,2 MIIa). .

PaGora ompepe/siommux MeXaHH3MOB, HalpuMep CHeUHAaJbHHX M
CIelHaJH3HPOBAaHHHIX CTAHKOB (PAaCTOYHHIX, CBEPJHJBHEX, (Qpe3epHBIX
H Ip.) NpoeKTHpPyeTcsi no takomy uukay. HII—BIN—T—PII—0OB—
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Puc. 40 AproMaTnueckoe NepekJ/iOueHHe CKOPOCTH € TOPMOXKe-
nueM npu nepexosie ¢ BI1 ma PII u octanoBKo#l nopumHs Ha ¢ ¢
Tlepesl PeBepcoM

Pe—BO~—Cron OaHO H3 BO3MOMKHEIX CXeMHBIX pellleHHH JIOKa3aHo Ha
puc. 40.

Bo spems 5IT oTBOA XHMAKOCTH U3 IPABOI MOJIOCTH LHAKHAPa B 6aK
NPOHCXOIMT OT KOJBIEBOl MPOTOYKH 8, Yepes pacnpejesurelb ! H NOA-
nopHHE kiaanadH 4. Ilo manmaMm, pacnofoOKeHHEIM Y IIpaBoro Topua
HOPIIHSA, NPH ABMKEHHH INOPINHS BIPABO IPOH3BOLHTCH MNOCTENEHHOE
NePEeKPHITHE TPOTOYKH 6, YTO INPHBOJUT K YMEHBUIEHHIO CKOPOCTH
nopiiHa. IIpoHcxomuTr TOpMOXKeHHMe Ha INyTH, KOTODHIH paBeH IIH-
pHHe NpPOTOYKH H [JHEe 'CXOAAINHX Ha HeT LIJHIEB HA HOpIIHe.
ITocne mosHOrO NEPEeKPHITHS NPOTOYKH 8 H3 IITOKOBOH IOJOCTH JKH-
JIKOCTb HAUHHaeT BBKHMAaTbCs depe3 (HABLTP, APOCCEIb C PEryJsTo-
poM, o6paTHH KJaanaH H Jajee pachpeneiuTesb I ¥ NOANOPHHEA Kaa-
naH 4.

Takum 006pasoM, aBTOMaTtHuecKoe nepekiiouenne ¢ 5IT ma Pl
nocJe NPeABAPHUTENBHOr0 TOPMOXKEHHS HPOH3BOAHTCA «[O NyTH» He-
IOCPEeACTBEHHO NOPIIHEM. ‘
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Ocranoska ¢ Boiepkkod (OB) nocae PII u nepekodyeHue Ha Pg -
N0 HCTeUeHHH { ¢ obecleynBaeTcss B3aUMOJEHCTBHEM pedie 3 RaBJIEHHUS
(P) u pene 2 BpeMenu (PB) B TaKoi mocjefoBaTteasbHOCTH, [IpoTHEO-
AaBJieHHe B TOPIIHEBOH HOJOCTH NHJIHHADA NOCKe HOAXOLA CTONA K
YIOPY CHH2KAETCs A0 HyJsd, a ¢ najenHem Aasjenus cpabarwieaer P/,
HpyKHHA KOTOPOro HacTpoeHa Ha MHHHMAaJbHOoe paBjeHne, OT MHKpO-
BoIKAouareas P/l nepegaercs KoMaHaa K PB, a o1 Hero mo HCTEUEeHHH
! ¢ — K 3JeKTpoMarHuTaM pacmpegeautens /. Ilpoucxoaut pesepe, a
BCJIel 34 HAM OLICTPHIE OTBOA MexaHuama B HI1.

Eciu nmepHox BHICTAVBaHHA MexaHusma B HIJ cocrapasier 1,5—
2 muH # OoJiee, TO B 5TOM cJydYae HelecO00pa3HO 3JEeKTPOABHraTellb
Hacoca H 3JeKTPOMArHHTHl pachpelesHTesas OTK/IIYaTb OT 3JeKTPOo-
ceru. OcTaHOBKA MeXaHH3Ma MOJKET ObITh IpOH3BeleHa NpPH padoTai-.
meM Hacoce, AJf Hero cjelyeT 30JOTHHK B pacnpegenutene I mepe-
BeCTH B HyJiepoe nojoxenue, [Ipu sroM MOLIHOCTD, 3aTpaunBaeMas Ha
BpallleHHe Hacoca, 3HAUHTEIbHO CHHK AT .

Haa 6esotkasnoli paborel PJZ] Npy:xKHHY pelie CAeLyeT HACTPauBaTh
Ha JlaBJICHHE pg—pl—l—(() 2--0,3) Mlla, ruoe p; — naBjaeHue, HA KOTOPOe
HACTPOEH NOANOPHEIN KjamaH 4.

s nonyuenuss HECKONBKUX CKOPOCTEH HCTOMHATRILHOTO MeXaHHUS-
Ma B IIPSMOM ¥ OGPATHOM HANPABJEHHSIX MOZKHO PEKOMEHAOBATb FHA-
pocHcTeMbl, IpHBeleHHBe Ha pHe. 41, a, 6. Pacnpegenntean 2 u 3
{puc. 41, a) ¢ aNeKTpOMarHUTHEIM yNpaBJeHHeM, BHIIOJTHEHE COOTBET-
CTBEHHO 1o cxeMaM 24 ¥ 64 npH DasiHYHBIX BKJIIOYEHHAX 3JEKTpOMAr-
HHTOB OT KOHEYHHIX BHIKJOuaTesefl (He MOKa3aHHHIX Ha CXeMe) W IBa

* Jipoccens 4, 5 obecneunBaioT YeThIpe CKOPOCTH NDH ABHKEHWH TOpHI-
Hsl B UHJHHADe ] BIpaBO U TPH — HPH €ro 00paTHOM XOje.

IIpu HyJNeBOM NOJOXKEHHH 30JIOTHHKOB B pacupeie]ure]sx 2 u 3
LHJIHHAD MOAKJIOWeH NO AH(depeHUHAJBHOH CXeMe H B 3TOM cJaydae
NopUIeHh NePeMellaeTcs ¢ MAKCHMAaJ/JAbHOH CKOpOCThIO v;. [loJioKeHHe
30JIOTHHKOB B PACHPENETHTENSX H paboTa 5HeKTPOMArHHTOB AJs HOJY-
YCHUS CEMH CKOpoCTeil oTpaxeHs B Tabuar. 6.

TaGauya 6

[ToroxeHHe 30NOTHH-

PaGoTa 5JeKTPOMArHUTOB
kKa B pacnpejeanTene

CropocTh

N

3

®
N\

a2 |

W
o
@
-

Uy
Ug
U3

Pﬂ) Us
]

coonts o
oscoRr oo
P4+
+1+1 0
f+11+11
+Hl0 1

B ruapocucreme (puc. 41, 6) HeCKOJBKO NEPeKJIOYeHHH CKOpocTeH
B IpsAMOM H 06paTHOM HanpaBJeHHAX HoJydaercs TOJbKO 3a cUeT MpH-
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Prc. 41. TlonyueHue HeCKOJbKHX CKOPOCTell B NPSMOM H OGDATHOM HaNpaBIEHHAX
npH puddepeluHasbHOM IOAKMOUEHHH UNW/IHBAPOB

MEHEHHMS OJHOTO pachpelenuTens 5 ¢ 5JeKTPOMArHHTHHIM YINpaBJeHH-
€M M 30JIOTHHKA VIIPaBJeHHA 9, HeOOXOAHMOro AJs yOpaBJ/eHHs anma-
parom 8 (tuna I'54). MaxcuManpHas CKOpOCTb U; Oyaer mpu JAH(de-
PeHIHMaALHOM NOAKJIOYEHHH IHIAMHAPA 6, KOrjAa KHAKOCTL OT Hacoca [
HATPABASETCH K IUWJIMHADPY M0 OGBOAHOA MarucTpaJu Yepe3 ammapaThl
8 u 7, munys ¢uabTp 8 H npoccenb 4. Beandnna cKOpOCTH Uy MPOmop-
HHOHA/JAbHA MPOH3BOAMTEBHOCTH HACOCA W NAOILAJH UHJIHHADA, a CKO-
pOCTH U3 ¥ U4 32BHCAT OT HACTPOHKH Apoccens 4.

Hemndep 7 npelycMOTpeH JJISl NpeAOTBpAIleHHd FHAPABAHIECKOro
yaapa, BO3HHKHOBEHHE KOTOPOTO BO3MOMKHO IPH OLICTPOM OTKPBITHH
30J10THHKA B Kaanade 8. IIpu ocTaHOBKAX HCHOJNHHTEIBHOTO MEXaHH3-
Ma Ha yiope Hacoc 4epe3 NpeJoXPaHHuTeJbHH ) Klanad 2 nepekaoyaer-
ca B 6ak.

Pa6ora 3/eKTpOMarHuToB pacupejenuteneii (puc. 41, 6) orpaxke-
Ha B TabJ. 7.

B cTaHKax XOHHHTOBAJIbHOH TPYNNH C BEPTHKAJbHOH KOMIIOHOBKOH
UHJIHHAPA MOPUIHIO COOBIIAIOTCS PaBHEE CKOPOCTH B mpsiMoMm H obpar-
HOM HAIpPaBJeHHAX, HO3TOMY COOTHOIIeHHe 3(Q(EKTUBHLIX MJOLIa/iel B
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Tabauya 7

[Tonoxenue sonoranka B Pa6oTa 51eKTPOMArHUTOB
pacnpegesuTee
Cxopoctb
5 9 31 32 33
(44} 0 a - —_— -}
Ug a a + — +
Us 0 6 - — —_—
Uy a 6 + — -
U 6 a — + +
Pg' Ug 6 6 -— + —_

nuanHape BeiGHpaercs paBHeM 2:1 (cM. ¢. 79), a OHJMHAD B CHCTEMY
noiKJIodaeTcs no AubbhepeHnHaNbRO# cXeMe NpH JIBHXKEHHE IOPIUHA
BHH3 (puc. 42, a, 6).

Korna 30JI0THHK B ABYXMO3HUHOHHOM pacupelesnuTe/e 3aHHMaeT
noJioKeHue g, 06e MONOCTH NHJIHHAPA NOAKMIOUEHH K HAcOCY; NOPIIEHb

3
© ©
5

a J & 1
Y A
2 J —
| / [} J_ :#
1 / -
— J 4 7

Puc. 42. NuddepennuaisHoe MOAKIIOUEHHE CHICBOrG UHJIHHAPA, PACHOJIOKEHHOTO B
MallljEe BepTHKAaJbHO
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nepemeniaercs BEH3 (puc. 42, a). Has ABMKeHUs NODIIHA BBEPX 30-
JIOTHHK B pacnpefenurelie YCTAHABIHBACTCS B IOJOXKEHHE 6. '

IIpuMeneHHe MOANOPHOro KiaanmaHa I, KOTOPHIM YCTPaHSETCS CaMO-
NIPOH3BOJIbHOE ONYCKAHHE HOPIUHS NPH OTKJIIYEHHOM HAcoCe, BBHI3BAJIO
HeoGX0AHMMOCTL B OOBOJHOH MarucTpasu ¢ OOpaTHHM KJjaanmaHoM 2
(puc. 42, 6). Llpnunap noakaoyeH no nuddepeHuunalbHoil cCXeme, Kor-
Jla 30JI0OTHHK B pacnpefenutese 3 HaXOAUTCA B MOJOXEeHHH 4. TIpyxu-
Ha KJanaHa ] JosxHa OhiTh HACTPOEHA Ha JAaBJEHHE, JOCTATOYHOE AJA
yAep K aHHA MOPUIHA CO IITOKOM, TOJIOBKH H HHCTPYMEHTA.

Pacnpeneauteds 7 (puc. 42, 8) ocyuectager auddepennuaisHoe
4 npAMoOe NOAKJIIOUeHHe LHMJAHHApPa 5; kaamaH 6 (tena I'66) npenor-
BpalllaeT CaMONPOH3BOJbHOE ONYCKaHHe IOPIUHS, HPONYCKAET HH-
JIKOCTb Yepe3 HallOPHHIH 30JI0THHK NPH ABHKeHUH NOPIIHS BHH3 M Uepes
o0paTHBEI KJIallaH 3TOTO aniiapaTa IPH JBHKEHHH NOPIIHs BBepX. Kira-
naH 4, ynpasJisieMblii 30JOTHAKOM 3 ynpaBJleHUs, OTKPLIBAETCS BO Bpe-
Mg MIT u BO u saxkpusaerca npu HII, BII, PIT u Cron. {poccens ¢
peryaaropoM 8 peryaupyer CKOpOCTh NOPLIHs BO BpeMst PII. Knanau 10
(rafra I'52) mpemoxpakser cucTeMy OT neperpyskH, a 8 H /I npu momo-
IIH 30JIOTHHKa 9 ynpaBiieHHs Hacoc [ NMepeKJIOUaeTcss Ha pasrpysou-
HBIH pexHM.

Pa6ora »4eKTpOMArHATOB H TOJIOXKEHHE 30J0THHKOB B pacupese-
JIHTEJIAX JJS BCeX 3TaNoB LKKJIA NpUBedeHa B TabJl. 8.

Tabauya 8
floaoxenue 3040TRUKE Pa6oTa SAEKTPOMATHKTOB
B pacnpeneau‘rene ¢
ITAN UNKAZ

3 ' 7 { 9 31 l 32 ! 33 1 M4
7/ s 1o | a — — — -
BIr 7] 0 6 — — — +4-
MM 6 a 6 -+ — - -+
P a a 6 + — -+ ~+
Ps, 5O (/] 0 6 — + —_ +
Cron, HIT 6 0 a —_ —_ —_ —

B ruapaBiHuecKOjl cHcTeMe C OJHHM HUJHHADPOM, B KOTOPOM IIOp-
IEHb COBepIIaeT ABHXKeHHe mno uukny HII—B[I—PIlI[—Ps—b0—
PII Il, nepexmovenne cKopocTeli IPOM3BOJUTCS TOJNBKO THApaBJIHYEC-
KHMH ycrpodicteaMu (puc. 43). Korma 3onoTHEK B pacnpejenurene [
3aHUMaeT NOJI0XKEeHHEe @ U XKHUAKOCTb OT Hacoca cBOOOXHO IIOABOLUTCS K
UKWJIHHAPY 7, OTBOA €€ H3 INTOKOBOH HOJIOCTH BHAYaJje NMPOUCXOTHT K
HHJAHHADY-A03aTOPy 6, MIaBaioIHil NOPIUEHb KOTOPOro CBOGOAHO OT-
JKHMaeTcst BHH3 K peryaupyeMoMy ymopy 3. W3 posaropa XHAKOCTb
HanpapJisieTcd K pacmpejenurenio u janee B 6ak. Ilpomcxopur BII
Tlocne moaxoma miaBalomIero NOPINHS K yNOPYy AaBJjeHHE B CHCTeMe
BO3pacTaer M, KOrja OHO LOCTHTHET BeJHYMHBHI HACTPOMKH NPYXKHHH
HAIIOPHOI'0 30JIOTHHKA 4, XKUIKOCTb W3 LITOKOBOH NOJOCTH IMJIHHADA
Ha4YHeT BBUIKHMAThCA uepe3s KJanaH 4 u gpoccens 2. C 3TOro MOMeHTA
Hacrynaet PIIl. Pesepc, a Benen 3a mum 50, npousoiiger nocae
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npefenurene I B moJioxe-
HHe O, IpH KOTOPOM BHaua-
I J | Je KHAKOCTH OT Hacoca
| ' TOABOAUTCS K J03aTOPY H
3 OT 03aTOpa K UHIHHAIDY, &
3aTeM uyepe3 HaHOPHBIH 30-
JOTHHK 9 H jgpoccenb §.

K ac-
7\]_| . [ — nepesosia 30J0THHKA B P
# ﬁ\

' 1 ,__{_, PeryaunpyeMeiM ynopom
b= +-9 3 ycTaHaB/AHMBaeTCs BEJIHYH-
5 \WI\\N\A\ Ha xozna npu BI1.

T 4L P ’ OTCyTCTBHE 3JIEKTPHYEC-
S Ly KHX aNnmnapaToB B CXeMe Y-

d | paBJIeHHs] YBEJIHYHBAET Ha-
i% o JIeXKHOCTb CHCTEMBl H CO3-

2 l Laer OJaromnpHaTHEE YCJI0-

- . BHA JJs  HCINOJb30BaHHSA

3 P a ’ TaKoro croco6a nepex.moue-
HHs CKOPOCTEH B yCTPOMHCT-

//i'>< — Bax, paboTa KOTOPHIX Npo-

MCXOJHT BO B3PLIBOOIACHOM

obcTaHOBKe,

A TuppaBiuyeckue  ycr-

Puc. 43. ABTOMATHYECKOE IEDPEKOUEHHE CKO- pofictea (puc. 44, a u 6)
pocTelt IPH NOMOIIM IHMJAHHAPE-I03aTOpA MOryT GBITh HCIIOJB30BaHBI
\ B IOABEMHHKAX C BHJOY-"

HBIM MM JPYTHM 3aXBAaTOM. YCHJHE, Da3BHBAEMOE IIYHIKEpPOM
(puc. 44, @) uam e TNOpIIHEM CO WITOKOM (pHC. 44, 6), u CKOpOCTH
MOABbEMa 3aBUCAT OT Harpy3kd. OGe cucrembl ofecneyHBaroT GHICTPHI
NOABOJ 3aXBaTa NOJ AHHIIE NOAACHA C IPY30M H aBTOMATHUECKHIl niepe-
XOJ Ha Me[JIeHHEIH OJbeM rpysa. IIpoucxour sTo caepyomum o6pasom.

IIpu noaBoxe KHAKOCTH B MOJOCTb 6 oT Hacoca H (puc. 44, a) ue-
pes pacmpefenutens /0 u jppoccenb 9 MPOHCXOAUT OLICTPHIA IOXbEM
niyHxepa. OJIHOBpeMEHHO XKHIKOCTb H3 6aka uepes oGpaTHBIH Kija-
NaH 2 BCAaCHBAETCs B MOJOCTb 4 CABOEHHOTO WHMHHADA 5. Y CHIHE, cO3-
AaBaeMmoe ITyHXKepoM, Oyner p==0,785 (D? —d?), rae p — naBieHHe
AUAKOCTH B IIOJIOCTH 6, BEJMYHHA KOTOPOrO OnpeaesseTcs MacCoi
IIyHXKepa H 3axBaTta. [IpH nojgxBaTe rpysa jaBJeHHe B MOJOCTH 6
pacTeT; OTKPHIBAETCH HANOPHBIA 30/I0THHK 8, Yepe3 KOTOPBIif XKHAKOCTb.
NOJA [aBJieHHEM, PaBHBIM MJIH OOJIblIE Pk, TOCTYNAET B MOJOCTH 4,
BO3/IEHCTBYS Ha BCIO NJOWanb. C 3TOr0 MOMEHTA CKOPOCTb IJIYHIKepa
yMmeHbiaercs. OnyckaHHe MuyHXKepa HpdH30HIeT NOx AeiicTBHEM CO6-
CTBEHHOrO Beca NOCJE NEPeKIOeH s 30/I0THHKA B pacnpesenutene 10
B MOJIOKEHHE @; KHIKOCTb H3 IIOJOCTH 4 depe3 ofpaTH KiamaH 3 H
UeHTPaJbHO® OTBEPCTHE B LITOKE HANPaBJAETCS B IOJOCTh 6, a OTTya
1epes apoccessb, pacnpele/]HTe b ¥ NOANOPHEH KJaanaH / B Gak.

Haa pewenns aHanorHYHOH 3ajaun B cxeme (pHc. 44,6) IpHMeHeH
KOMOHHUPOBAHHEIN LHIMHAD ABYCTOPOHHErO CHIOBOrO AeHCTBHS. 31€Ch,
KaK ¥ B Tpelbliylued cxeMe, OBICTPHI MOAbEM 3aXBATa NPOHCXOLHT
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Puc 44. Ilombemynie YCTPOHCTBA, B KOTOPHX YCHANE U CKOPOCTb, pa3sHBaeMas UH-
JHHAPOM, 3aBHCAT OT BEJHYMHS! NOJE3HOH HATPY3KH

IPH BO3LEHCTBHH TMAPABJIMYECKOH CHJBI TOJbKO Ha KOJbUEBYIO IJO-
Wajb NOPUHA B npjaocTd 3. lluauuapo-nopuHeBas rpynna pasBUBaer
MakKCHMaJIbHOE yCHJIMe, KOrja XXHUAKOCTb NOJ AdBJeHHeM NPOHHKAeT B
noJocts 2 yepe3 Kjanad 5. Eci npH noibeMe o0beM BRIKUMaeMoi
JKHAKOCTH ¥3 10JocTH 4 6odiple 06’bema JKHUJKOCTH, BEHICBOOOKIAEMO-
ro mJayHxepoM I, To H3GLITOK ee OTBOAMTCS Yepe3 HalOPHBIA 30J0T-
HUK 6 B 6ak. EciiM e BbIXKHMMaeMblii 00beM XKHAKOCTH H3 NOJOCTH 4
paBeH HJIH MeHbLIE BBICBOGOKIAeMOro ILIYHKepoM H3 fionoctd 2, TO
B 3Ty NOJIOCTH INOCTynaeT JONOJHHTENbHbIH 00beM XKHAKOCTH H3 Gaka
yepe3 o6paTHEI KJaanaH 7. -

B ruppaBiauyeckoft cicteMe (puc. 44, 8) ABHiKeHHe TOPUIHA CO LITO-
KaMH ofecrmeyHBaeTcsi N0 TAKOMY UHKJIY: YCKOpPEeHHOe IlepeMelleHHe
BHHM3 — pabouas mojada M nocse peBepca — OBICTPHI OTBOJ B HCXOJ-
Hoe moJoxkeHHe, [Ipu NoABOLe XKUAKOCTH TOJBKO B MOJOCTh § MPOHCXO-
JHT YCKOPEHHOe nepeMelieHHe nopuids 2 BHH3. M3 noaoctu [/ XKHI-
KOCTh OTBOAMTCSI Yepe3 pacupesenuTes]b 9 H o6paTHHI KnanaH 8 B I10-
Joctb 4. Ecnu d; << d, To HA6BITOK >KHJAKOCTH H3 MOJOCTH /| OTBOAHTCA
B 0aK Yepe3 HaNOPHLIA 30M0THHK [(). YMeHbIlIeHHe CKOPOCTH MPOH30M-
IeT B MOMEHT INOSIBJEHHs Ha LITOKe Harpy3KH, Ha KOTOPYI0 HACTPOeH
HanopHbi 30J10THEK §. C 3TOr0 MOMEHTA H3 N0J0CTH / XKHAKOCTb OTBO-
JIUTCS TOJBKO depe3 HanopHHit 3o0yoTHHK 0. Ilpn noabeme nopiuHs
OTBOJ XHJIKOCTH U3 MOJOCTH 3 B 6aK OCyIlecTBJsAeTCS Yepe3 oOpaTHRE
KJIanak 7, pacnpefiesurens 9 H HaMmQpPHEH 30J0THUK 0.

B rumpapanueckofi cucTeMe OTAENOYHO-DACTOYHOrO CTaHKa HJs Ie-
PeMellleHHs CTOJ1a C H3AeJHeM MO CJA0XKHOMY LHKAY NPHMeHeH IMHIHHAD
¢ TaKHM COOTHOIIEHHeM NOJe3HbX MJaomafeii: 0,785D2=2.0,78b6d2
(puc. 45). Kax usBecrHo, npu puddepeHnnalpsHOM NOLKIIOYeHHH LH-
JIHHApA ¢ YKa3aHHBIMHM NapaMerpaMM CKOPOCTH MPSIMOTO M 0OpaTHOro
XOJI0B paBHHL.
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Prc. 45. DreMenT cXeMH OTAENOYHO-PACTOUHOrO CTaHKa C ZndepeHHHaNBHEM
Croco60M NOKKMAIOUEHHR LHAKHAPA

v

[rapocucreMa nOMEMO GHICTPHX HepeMelleHuil cTofda obecHeuHBa-
er eme nse paGounwe nofaun PIII u PIII] kak BieBo, Tak H BIpaBo,
NIpHYEM NpH NBHIKEHHH BJIEBO APOCCENDb C PETYJIATOPOM 7 M ‘Apocceb
8 MOAXJ/MIOUEHH «HA BXOJe», a NPU JBHIKEHHH BIPABO — «HA BHIXOLE».

Hexoropbie 0COGEHHOCTH CHCTEMBI:

1. JIncraHUMOHHO ynpaBisieMulli knanad 3 (tuna I'54) sKaiouaercs
B pa6oTy TOJBKO BO BpeMs GHICTPHIX MepeMelleH i H ylipageJjsieTcs ar-
naparom 2. ’

2. 3on0THHK 4 ynpaBJeHHS] NPH PacCHpelelHTeNe 5 HCHOJB3YETcs
,aIJm ‘ONHOBPEMEHHBIX NMEePEeKJIOYeHHH 30JI0THHKOB B paclpedeNuTensx

ub.

3. HesnauutenbHble H3MEHEHHs B annapare 7 (apoccese ¢ peryJs-
TOpoM THHA ['55) NOSBOMHIH HCHOJb30OBATh DEryJIsTOp TaKke MIA
Zpocces 8.

PaGora snexrpomMarHuToB M pacnosioeHHe 30JOTHHKOB sl BCEX
3TaNoB IHKJa OTPaxeHH B Tab, 9. ‘
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Tabauya 9

0J0KeHHe -
I'!Im Bx;)acnp:;ez%z?;e Pagora sxexrpomaruuta Hanpasaenue
Srtan UMKaa NBHKEeHHS OPIIHE|

sli|s]2lofar | a2 15 [ ¢ |+ |
HI, Cron 0({o0|0|6|6]| — — — —
BT alalalal6]| + —_ — -+ Baeso
prr alalal6|6) +{ — — — »
PIIT alalalb6lal + — —_ + Breso
Ps, BO 6l6j6|aj6] — -+ — + Bopaso
PIII 66666 — -+ —_ —_ »
PITII 6|6|6|6la| — + — + »
Pe, BIT alalalalel + —_ — + Baeso
¥, Cron oclojo|e6|6| — | — —

st ycBoeHusi paGOTHI CHCTEMBbI IPOCJCAHM HampaBJeHHe TeYeHHs
JKHAKOCTH TOJbKO BO BpeMmsi PIII w PIII] npu ABMKEeHHH TOPLIHS BJe-
BO, KOrja UHJHHADP HOAKMIOUEH 1m0 AHbdepeHHalbHOMy criocoly.

Bo Bpems PJI] TOK XUJKOCTH NPOHCXOAUT OT HAcOCa Yepe3 amma-
pate I, kpecropuHy I/ m mo marHcrpanu 5—7-—10—9—8—5 B nop-
LIHeBYI0 [NOJOCTb UHJAHHApPA 6. M3 1ITOKOBOH MOJOCTH UHJAHHApA
HKHAKOCTb OTBOIHTCH K pacnpejenurenaio ! W no oO6BojHO# Marucrpa-
JH /2 K KpecToBuHe 11, T. €. CyMMHpPyeTCsl ¢ IOTOKOM, KOTOPHIf IIOCTY-
naer or Hacoca. CKOpOCTh OnpefeJsieTcsi HacTPOHKOH apoccens 8.

Bo Bpems PIII] teueHne XKUJKOCTH H3MEHSETCS TOJILKO Ha ydacTKe
P3CIOJIOXEHHs! IPOCCeNd ¢ PEryasTopoM 7 H apoccessi 8 U MPOHCXOAUT
gepes anmapaThl 7 ¥ 8, MHHys 30JIOTHHK YNpaBJeHHA 9, OoTceKaoUlui
8 3TOT MOMEHT 06BOIHYIO MarucTpads 10.

Ilogo6Hasi cucTeMa yipaBJieHHs Hallla NpPHMeHEHHE TAKXe IPH
BEPTHKAJbHOH KOMIIOHOBKe HHJHHApPA, KOTLa I'0JOBKa, K KOTOPOH NpH-
COeHHEH WITOK LHUIHHAPA, YPABHOBEIUEHA KOHTPIPY3OM.,

fnagalVv
PA3IPY3KA HACOCA M CHMCTEMbI OT [IABREHMS

B cradkax, rpy2onoAbeMHBIX YCTPOHCTBaX, B TNpeccax W JPYyrux
MallHHAX THAPaBJIHYECKHe CHCTEMBI OYeHb HacTO OCHAINAITCA Haco-
coM (HJH HACOCAME) C IPHBOJOM OT WHIHBHAYAJBHOTO 5JIEKTPOABHra-
Tens. [Ipu takoMm KOHCprK‘f‘HBHOM pelleHnH Hacoc KHHeMAaTHYeCKH He
CBSI3aH C JAPYI'MMH MeXaH#3MaMH{ B MAaIlHHe, a O3TOMY TPEACTABJNET-
<51 BO3MOKHEIM 3JIEKTPOJBHraTe/N b ¢ HJCOCOM, IpPeJOXPaHHTE/BHYIO all-
napaTtypy, GHJILTp, HEpeKO pacupelesHTeNb ¢ aNNapaTypol ynpaaJe-
HMS MOHTHPOBATb Ha 6ake HJH JXe Ha maHeau 6axa, T. e. co31aBaTh
ABTOHOMHYIO CTAHIMIO H YCTaHABJHBATbL ee TaM, I'e 3TO yA06GHO, y4H-
TEIBAsA 0OIIYI0 KOMIOHOBKY MallHHHI,

Kpome KOHCTPYKTHBHBIX, 3KCHJIYATALHOHHEIX H KHHEMATHYECKHX
yAOOCTB HEe3aBHCHMHIH HPHBOA IO3BOJSET CPAaBHHTEALHO NIPOCTO OT-
KJIOYaTb THAPOCHCTEMY, KOTJIa 3TO BHI3BAHO HHUKJIOM paboTH MAallIHWHBL.
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OTK04ente 3/AeKTPOABHraTeNs Hacoca TPH KOPOTKHX naysax B
pa6oTe Ha OJHy-IBe MHHYTHI B MAUIMHaX aBTOMATHYeCKOTO AeHCTBHS
5KOHOMMYECKH HEBBIIOJHO, TaK KaK YacThle OCTAHOBKH U IIYCKU 3JEK-
TPOJBHraTe/sl NPHBOAST K HHTEHCHBHOMY H3HOCY Bpallaloliuxcs gac-
Tell Hacoca W SAEKTPOABHIATEJs], a4 YacThle €ro BKJIIYEHHS CONPOBOXK-
JAITCA «NHKOBBIMH» Harpy3KaMH, YTO NPHBOAUT K IEepPerpeBy H OHICT-
POMY BEIXOAY H3 CTpOA 3/JEKTPHYECKOH dYacTH ABHrareas. lloaromy
Jydlue, He OTKJOUas 3JeKTPOABHraTelb OT CETH, NepekanyaTh Hacoc
BO BpeMs KOPOTKHX Iay3 Ha PEXHM, IPH KOTOPOM KHAKOCTb LHPKY-
JIHpyeT 0e3 AaBJIeHHs, T. €. NePeBOJUTh HAacOC Ha TaK Ha3bBaeMHIl
PasTpy30UHBIH PeXKHM.

Ilpr peskoM CHHXKeHHH HArDysKH, HampHMep BO BpPeMs XOJOCTHIX
JBHIKEHHH HCIHOJHHTEIbHOTO MeXaHH3Ma HJIH JKe NPH BbICTAUBAHHH ero
Ha yhoope, B THAPOCHCTEMAaX ¢ HACOCOM IOCTOSHHOH IIPOH3BOLHTEN]b-
HOCTH H JpOCcelbHBIM PEryJHpOBaHHEM CKOPOCTH [Jf MOBBINEHHS
K. II. [. CHCTEME!, YBeJHYCHHA AOJNTOBEYHOCTH BpaUlAIOUIKXCA Reralneh
Hacoca, 3JIeKTPOABUraTe/Isl H YMEHbIIeHHs] HHTEHCHBHOCTH Harpesa pa-
fouel XKUAKOCTH LeaecOOOPa3Ho HACcOC MepeBOJUTh Ha paboTy ¢ MEHb-
IIMM [ aBJICHHEM, T. €. pasrpyxaTb YaCTHYHO. ’

Caenyer ydecTb, YTO IJIf1 IEpeKJIOYeHHS Hacoca Ha HOJHYIO HIH
YaCTHYHYIO PasrpysKy cHCTeMa [OJIKHA GBITH OCHAUEHA AOMOJHHTEN b~
HOH ammapaTypoOH HJIH YCTPOHCTBaMH, OZHaK0 HEKOTOpPOe YCJAOMKHEHHe
CpaBHHUTEIBHO OEICTPO OKyNAaeTCs.

B mnpakTHke cO3faHHS THAPABJHYECKHX CHCTEM MOJYYHJH NpHMe-
HeHHe pasJjHYHble CNOCOOH A/ NOJAHOH M YacTHYHOH pasrpysKH Haco-
COB, BEIOOpP KOTODHIX 3aBHCHT OT KOHKPeTHBIX YCJOBHH: LHKJIa pabo-
TH HCIIOJIHHTEJbHBIX MEXaHH3MOB, KOJHYeCTBa HAacOCOB, BHIOpaHHOH
annaparypsl 4 Ap. .

1. MonuHas pasrpyaka Hacoca

Ilpumenenue pacnpedesureasn ¢ oTkpoiToin yewTpom. Ecaun B cucre-
Me SONYCTHMO NpUMeHeHHe paclpelNesuTesi ¢ OTKPHITHIM IIEHTPOM, TO
Hacoc MoxeT ObIThL HepeBeleH Ha PeXHM Da3rpy3Kd He3aBHCHMO OT
TNOJIOXKEHHA TOPIIHA B UnanHApe (puc. 46). Ilponcxoamr sro npu
cpelHell yCTAHOBKe 30JI0THHKA B paclpejesurenae, Koraa oba SJIEKTPO-
MarauTa o6ecToueHHl.

B sTom caydae or Hacoca yepe3 paclpejefiHTeNb KHAKOCTb OTBO-
auTca B 6ax, a JaBjeHHe B HarkLeraTe/bHOH moJiocTH Hacoca 6yjher
ONpene/isiTbCs CONMPOTHRJAEHHEM MAarHCTPaJH, N0 KOTOPOH LHDKYAHDPYET
JKHIKOCTb.

IIpn cMeleHun 30JI0THHKA B pacnpefienurene (moJoxKeHHe a WM 0)
B Hacoce cO3laeTcd AaBJeHHe, COOTBETCTBYIOLlee HAUPY3Ke HJR Ha-
CTPOMKE HANIOPHOTC 30JI0THHKA, IPH YCJAOBHH, YTO B FHIPOCHCTEME NIPH-
MEHEH JPOCCEeJIbHbH cMocol peryJHpoBaHHSA CKOPOCTH H ApPOCCeJb TOA-
KJ/HOUEH «Ha BXOJEe» HJIH «Ha BHIXOAEY.

Pasepyska wnacoca uepes xaanaw tuna I'52. TlpemnoxpauuteabHb
KJIANaH ¢ HePeTHBHEIM 30JO0THHKOM THHNa [52 (Bo BTOpOM HCIOJHEHHH)
NOMHMO cBOeH OCHOBHOH (GYHKLUHH NpeAOXpaHeHus CHCTeMBI OT Hepe-
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PPY3KH MOXKeT OBITb HCHOJIb-
30BaH JJIg YaCTHYHOH UM mOJI- | il
HOH pa3TpysKu Hacoca (pHC. i i
47).

B cxeme (puc. 47, a) npu-
BeJleH IIPHMepP HCHOJb3OBaHHS s (ol 5 e ol &
kaanana I'52 pis nosmoi pas- I—T
TPY3KH HAacoca B HEPHO] Bhi- .
CTaHBaHHS HCHOJHATEIbHOIO —

R

MEXaHH3Ma B UCXOJHOM II0JIO- 1 \
xeHnd. K ynpasasiomesr mo- a
JIOCTH ¢ KJanaHa ] nogkmwouen Puc. 46 Pasrpyska Hacoca ¢ ucronbsoBannem

30JIOTHHK ymnpaBiaenus 2. Bo PAaclpeAeIHrenci:
@ — BHUIOJHEHHaA Mo cXeMe 14, 6 — BHOONHEHHAR
BpeMsi paboOTbl MCHONHHTENb- 1o cxeme 64
HOFO MEXaHH3MAa 3JIeKTpoMar-
HHT 30JIOTHHKA YNPaBJAeHHsl 2 BK/IIOUEH U OTKJIOURETCS OT INEKTPOCETH

B MOMEHTHI [1ay3. 30/I0THHK 2 annapaTta IPH OTKIIIOUEeHHOM 3JIeKTPOMar-
4
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Puc. 47. Pasrpy3ska Hacoca ¢ ¥Mcnosib3oBaHHeM Kiaanaua tuna I'52 so II ucnonHenmu:

a — TMoaHas pasrpysKa; 6 — YacCTHYHAst Pa3rpyska NpH HOAXOAe LITOKA XK YIOPY; 8 — cXeMa
ofecmeyHBaeT HECKOJLKO NaBNCHHH B CHCTeMe
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HHTE YCTAHABJHBAeTCH B IIOJIOKEHHe 6, IPH KOTOPOM INOJIOCTh € KJja<
naHa I noaxaoyaercs K 6aky. Kak ussectHo (puc. 6), yKasaHHoe IO~
KJ104eHHe BH3BIBACT N0beM rpHb006pa3HOro KJIalaHa H IePeKIoueHne
Hacoca B 6ak. B aToM ciyyae OTBOJ KHJAKOCTH OT Hacoca B 0ax IPOHC-
XOAHT NpH AaBjeHuH npuMepHo B 0,1—0,15 MITa

Bxmodenne uJaHu OTKJAIOYEHHE 3JeKTPOMAarHuTa 30J0THHKA ynpasJe-
HHSL MOXKeT OCyLIEeCTBJATLCS OT KHOMOUHOH CTAHIHH, a TaKiKe aBTOMa- .
THYECKM IIpH OJIOKHPOBKE NYTEBOI'O BEIKJIOYATEJs] ¢ KHOMKOH «CTOI», .
KOrza, HanpuMep, HUKJ PabOTH HCIOJHHTEJBHOrO MeXaHH3Ma 3aBep-
maercss OCTaHOBKOH B HCXOJHOM IOJIOXKEHHH Ha 1—2 MuH

Korza 30JI0THHK B pacnpejenurese 7 3aHUMaeT IOJ0XKeHHe ¢ ,nop-
IeHb UMJAMHADA 4 coBepwaer paGouee NepemellleHHe BIPaBo (pHC.
47, 6). HaBnerne B Hacoce I mpH 8TOM ONpeAeNsieTcss NMOJE3HOH Ha-
IPY3KOH, CHJIaMH TPeHHS U INPOTHBOJABJEHHEM, CO3JaBAEMHM B OC-
HOBHOM JpoccesieM 6 B HanmopHHM 3oJoTHHKOM 8 IlpenenpHoe nasje-
HHE¢ B HaCOCe OTPAHHYHBAETCS KJAAamaHOM 2, NPyXKHHA KOTOPOro HAacT-
poeHa Ha naBJjeHue p;. IIpu ABMKeHMH NOpIUHS BNPABO JaBJeHHE B
Hacoce, B IITOKOBOH IOJIOCTH LM/IMHAPA H B MOJOCTH ¢ KJamaHa 2 npH-
MepHO paBHH I103TOMY HAanOPHHIA 30JIOTHHK 3, PaCHOJIOKEHHBIH MEX-
Jly HOJIOCTBIO ¢ ¥ INTOKOBOH NMOJIOCTHIO LHAHHAPA, 3aKPHIT.

C mepeBoJOM 30JI0THHKA B pacupeieluTese B NOJd0KeHue 6 Hauu-
HAaeTCsl XOJIOCTOE NepeMelleHHe NOPLIHS BJEBO; MOABOJA KHIKOCTH K
LHJIHHAPY OT Hacoca NPOHCXOAMT depe3 obpaTHbil kaanau 5. IlosTomy
MOZKHO CYHTATD, YTO JaBJieHHe B LMJIKHApPE H HAcOCE NIPHMEPHO PABHHI.
Tak kak moJesHass Harpy3ka B 3TOM CJydae OTCYTCTBYET, TO YCHJIHe,
pasBHBaeMoe NopliHeM, 6yZeT NPONOPIHOHANBLHO NMPOTHBOLABJIECHHIO H
CHJIe TPeHHSA

Py=p,0,785 (D>—d?) +-T=py0,785D?, (53)

rie p, -— NPOTHBOJA@BJEHHE B IITOKOBOH IOJOCTH HHJHHApA, PaBHOE
(npuMepHO) HacTpoiike Kpanana §,
Pr — JLaBJIeHHE B Hacoce;
T — cuaa Tpeuus.
Ecnun nmpenebpeun cuiaMH TpeHHs, TO JaBjeHHe py OyAeT MeHbule
pa, T. €

d2
v2pa(1- ).

Korza cuiiel TpeHus BeJMKH, TO ZaBJEHHE Py MOXKET OKA34aThCsl He-
JOCTATOYHBIM JJIfI ll€peMelleBHs IOPIIHA BO BpeMs XOJOCTOro XoJa.
INosToMy a5 yBeaAudeHus py HeoGXOAMMO NPYKHHY HANODHOTO 30JI0T-
HHKa J HACTPOHTD Ha JaBJieHHe p; HECKOJBKO Gonblliee po

Ecsn HCHONHUTENBHBIE MEXAHH3M HaXOAMTCHA Ha yIope, TO IPOTH-
BOJaBJICHHE B LITOKOBOMH NOJIOCTH LHJHHAPA HE CHHXKAETCS H OCTaercd
PaBHBIM IIPHUMEPHO pp, TaK KaK H3 HOJOCTH ¢ KjamaHa 2 He6GOJbLIOH
HOTOK XUAKOCTH (okoso 1—1.,5 n/MHH) oTBOAHTCs B Gak uepes KJaa-
naH J,'LITOKOBYIO NOJOCTh UWUJAHHApA 4, pacnpefefuTeb 7 H HANop-
HBI 30J0THUK 8.
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Ycuane, pasBuBaeMoe MOPIIHEM BO BpeMsi BHICTAHBAHHSI HCIOJHH-
TEJBLHOrO MeXaHU3Ma Ha yiope,

Py = 0,785[psD? — py(D? — d2)].

Cxema Ha puc 47, 6 COOTBETCTBYET MOMEHTY, IPH KOTOPOM ULITOK
HaXoJuTCs Ha ynope, a Hacoc npH HeGoabluoM JaeieHun (Ha 0,1—
0,15 MIIa Gouruie p3) pasrpyxaercs B 6ak yepes KjaanaH 2

Paznvunble yCHAHS TIPHKATHH IUTOKA K YIOOPY MOXKHO IOJYUHTH
peryJTHPOBaHHEM p3

B ruzpassuueckoi cucreme (puc 47, 8) mpelelpHOe [aBjeHHe B
Hacoce OrpaHHUHBaercs KJamanoMm O (THma I'52), mpyxuHa KoToporo
HacTpOeHa Ha JaBJjenune p; buaromaps pacnpelennteinio 4 H 30JOTHH-
Ky ynpaBJeHHS 3 K IOJIOCTH ¢ KJanaHa § MOXKeT ObiTh IOXKJKOUYEH Ha-
NOpHHIA 30J0THHK | uau 2 Ham 6ak Ecau py>py>p; TO 370 03Ha-
qaeT, 9YTO B CHCTeMe MOXKeT OHITh TPH LaBJEHHA® pP; — MHHHMAJbLHOE,
p2 — cpelHee H p; — MakcuMaJbroe IIpH MOIK/IIOYEHHH NOJOCTH C
K 6aKy Hacoc NepPeBOAHTCS Ha pasrpy30UHbIH pexuM paboThl .

B rugpocucreme (puc 48) Hacoc I B OCHOBHOM NpeiHa3HAUEH IJiA
nuTaRHg KoHTypa [/ H Hacoca 9 Hacoc I moxgkiiouaercst uepes o6part-
HHH KJanad J K XOHTypy // ToAbKO TOrna, KOria AaBJieHue B HEM CTa-
HoBHTCHA MeHbIle p; Hacoc 9, nmpucoenuHenHB# K Hacocy I mocaeno-
BaTeJbHO, IPEAHA3HAUeH AJS NMHTAaHHS TOJBKO KOHTypa [I, nmaBieHue
B 3TOM Hacoce KOHTpoJupyercss kKaamaHom 5 (tuma ['52). Camoctos-
TeJibHHHA Hacoc 7 mHTaeT Koutyp 11,

C ymeanueHHeM JaBJeHHS B KOHType [ BHIe p; cpabaThBaeT Kjia-
naH 2, a npyu 3TOM Hacoc | NepekaYaeTcs YacTH4HO B 6aK, coxpaHas
laBjieEHe py B KOHType [ M BO BcachBawuieil moJocTd Hacoca 9.

' Kaanau 5, BO-IepBHX, NPeLOXpaHseT HacocH 9 ¥ 7 H, BO-BTOPHIX,
MPH OTKJIOUEHHH 3JIEKTPOMArHHTa 30JI0THHKA YHDPaBJ/eHHs 6 InepeBo-
IuT Bce Hacochl (I, 9, U 7) HA peXHM INOUTH NOJHOH pasrpysku. OT

2 3 4 5 6
f i 1Y

\
-
/ ;: D

A g 877 71

Puc 48 Pasrpyska Tpex HacocoB uepes KjanaH TtHuna 52

[
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Hacoca ! B mepHOI Pasrpy3KH KHIKOCTH OTBOAUTCH B Gak uepes anna-
patH 2, 8, 4 u 5, or Hacoca 9 — uepes/K/nanaHsl 4 ¥ 5 U OT Kacoca 7 —-
Yyepes KJAanaHu 8 # 5.

PacxonHasd xapakTepHCTHKa KJamaHa & J0JIXKHa COOTBETCTBOBATh
CYMMapHOH IPOU3BOJHTENLHOCTH BCeX HACOCOB

2. Pa3rpy3Ka Hacoca € yiep)KaHMeM 3aJaHHOro JaBneH1s
e paBouem uMnuHppe

CoxpaHeHHe 3aJaHHOrO AaBJjeHHs B paGodeM KOHTYype THAPOCHCTE-
Mbl JIJTHTEJNBHOE BpeMs OPH MaJiblX Pacxojax JKHIKOCTH, 4TO HeobXxo-
JHMO JIJIST KOMIEHCAIIWH TOJbKO BO3MOXKHEIX yTedek, Tpefyercs B NpPH-
crocobJieHHsX U HaNakaxX, peJHa3HauYeHHbIX MU 3aXKHMa H3JeJusd, B
npeccax, rje H3fenqde B TeYeHHe HeKOTOPOrO BpeMEHH BLIIEPKHBAETCS
moa JaBJNeHHEM, B HATSXKHBIX MeXaHH3MaX, B NPOKATHHIX CTaHax, B
HO'beMHBIX H APYTHX YCTPOHCTBAX.

B Takux cuTyaunusix AJs NOBHIIEHHS K I J CHCTeMH Llejgecoobpas-
HO NPUMEHSTh aKKYMYJsSTOP, KOTOPHIH MOXKET HeKOTOpoe BpeMs ylep-
JKHBATh 3aJaHHOE JaBJeHHe B 3aMKHYTOM KOHType (puc 49).

B cxeme (puc 49, a) or Hacoca [ uepe3 oOpaTHHIH KJaamaH J, pac-
npejennTens 4 XHIKOCTb HanpaBifercss K pabouell mOAOCTH LUHJHHA-
pa & M OLHOBPEMEHHO K IHEBMOTHADABJHYECKOMY aKKYMYJATOpYy 6, a
Takke [OJ HHXHHA TOpel 30J0THHKA KjanaHa 2 (ruma BI'54) [lpu
MoJXOJe INTOKA K YIOPY BO3pacTaer AaBJeHHe B LHJHHIpPe, aKKyMYyJs-
TOpe, HAcOce, H, KOT/la OHO JOCTHTHET JlaBJeHHs Py, 30J0THHK B KJjama-
He 2 NpHXMETCS K IPYyXKHHe, NMPONMycKas XHAKOCTL OT Hacoca uepes
Kjanad 2 ¥ puasTp B 6aK.
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Puc 49 T'uppocucTeMsl, ofeceuHsaloUIHe PasrPysKy Hacoca ¢ yAepKaHUEM 3aAaHHO-
10 JaBJEeHHA B HHJIHHApPE
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C sTOrO0 MOMeHTa JaBjieHHe B pabovuefl MOJNOCTH UHJIHHApA YOX-
AePKHUBACTCH AKKYMYJIATOPOM, a HAacoc HOYTH MOJHOCTBIO Pasrpyzxa-
ercs. O6patupifi Ki1anald 3 OTKJIOYAaeT HAcoc OT aKKyMyJsTopa M Id-
aunppa. C majienueM JaBjeHHs B aKKyMYJ/sTOpe HHKe AaBJIeHHs, Ha KO-
TOpPOE HACTPOEHa NpPYKHHA KJallaHa 2, Hacoc aBTOMATHYECKH IOJKJIO-
yaercs K paboueMy KOHTYPY, 3apsKas AKKYMYJ/ISTOpP 10 NABJEHHS Dx.
TaxuM 06pasoM, HacoC HAXOAHTCA IOJ MaKCHMAJbHHIM [aBJICHHEM Px
TOJBKO B MOMEHTHI, HeoOXoJuMble IJIs 3apsfAKH akkymyaaropa. IIuk-
JIHYHOCTb NOJKJIOYEHHS HACOCa K AKKyMyJSTOPY 3aBHCHT OT COOTHO-
UIeHHS TPONMYCKHOM XapAKTepHCTHKY KJanaHa 2 H IPOH3BOAHTEILHOCTH
Hacoca. FcnpiTaHusi aHaJOrMYHOM CXeMB C HAacocoM IPOH3BOAHU-
TEJBHOCTLIO 12 J/MuH' B HamopHbIM 3onoTHHKOM BI'54-14 (¢ MakcH-
MaJbHEIM pacxogom 70 J/MHH) LaJH XOPOILIHe Pe3yJbTaTH.

TIpu mocTH:KeHHM AaBJleHUs B CHCTEMe, Ha KOTOPOe HACTPOEHO pelie
nasJienus: 4, Hacoc mepekswovaefcs B 6ak (puc. 49, 6). OT MHKDOBH-
KJII0UaTeNs pesie mocse AOCTHKEHHs AABJEHMS pp MNOCTyNaeT KOMaHIa
Ha OTKJIOUEHHE 3JEKTPOMAarHuTa 30JOTHHKA ynpaBJjeHus | mpu kia-
nane 2 (tunma I'52). B aToM ciydae npu yCTaHOBKE 30J0THHKA B KJa-
nase | B mMoJIOXKeHHe @ HAcoC uepe3 KjaanaH 2 mepeBOJHTCA Ha Pasrpy-
30YHBIA peXHM. B KOHTYpe LHJIMHAPA HAa HEKOTOPOE BPeMsl aKKyMyJsi-
TOpoM 3 NOJAAepIKUBACTCS AaBJIEHHE, DABHO Pp.

C najeHneM JaBJeHES B IUJIHHADe BTOPHYHO cpabaThiBaeT peje
IaBJIEHHsS; BKJIOYAeTCsl 3JeKTPOMArHuT ammapara I, 30JOTHHK KOTO-
poro mepeBojHTCA B noJsioxkenue 6. Ilpu stom ammapar 2 orcekaer OT
6aka Hacoc, KOTOPHIH aBTOMAaTHYECKH NOJAKJIIOYAeTCs K LHIHHAPY.

Knanau 5 Beimosnsier QYHKIHIO BTOPOro IPefOXPAHHTENLHOTO YCT-
poiicTa. IIpyxkHHA ero, a TakKe OPYKHHA KJanaHa 2 HacTPaHBAlOTCH
Ha pasaenue pp + (0,3 —0,5) MITa.

3. Pa3rpy3ka Hacoca 6onbueli NPoM3BOAMTENLHOCTH

B rugpocucreme (puc. 50, a) o6a Hacoca MOJKMIOYAIOTCS B CHCTe-
My BO BpeMs XOJOCTHIX TepeMellleHHH HCIOJHUTEIbHOrO MeXaHH3Ma.
IIpu pabounx ABM:KeHMAX, KOrka Harpyska B HMJHHADEe BO3pacTaeT, a
IaBJIeHHe CTAHOBHTCS BHILE JABJICHHS p; HACTPOMKH KiamaHa 3, Ha-
coc 2 aBTOMATHYECKN NEPeKJIOYaeTcs Ha pasrpysounuili pexum. CH-
cTeMa THTaeTcd OT Hacoca I, BeJHYHHA JaBJeHHS B KOTOPOM KOHTPO-
Jaupyerca KaamaHoM 5. OGparHeil Knanaun 4 NpensTCTBYeT NPOHHKHO-
BEHHIO XHJKOCTH B KOHTYpD Hacoca 2 BO BPeMs €ro pasrpysKu.

Jlasa pelleHHs aHAJOTHYHON 3ajaud MOXKeT OBITH MCIIOJNB30BaHA
pasflenuTenbHad NaHenb tTuma I153. Korma pasienne (3ananHoe) B
pa6oueM KOHTYpe CHCTEMHl COCTaBJsferT BelwumHy nopsifka 20 MIla,
IS pasrpy3kH Hacoca Oogbluefi IPOH3BOJHTENbHOCTH IIpu paboTe
TOJIbKO MEHBIIEro HACOCAa MOXHO PEKOMEHAOBAaTb CHCTEMY, IPHBEIEH-
HYIO Ha pHuc. 50, 6.

30JI0THHK CAHBHOH C 3JEKTPOTHAPABJHYECKHM YIpaBJeHHEM S
tuna I'63-4 mo KoManze OT peie HaBaeHus 5, OpyXHHA KOTPPOro Ha-
CTpOeHa Ha MaJjoe JaBJieHHe, NepEeBOAUTCS B Nojoxkenue g. IIpy sToM
Hacoc 2 GoJiblileH NMPOM3BOAHTEJBHOCTH Nepeknaiodaercs B Gak. B cu-
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Puc. 50. Pasrpyska Hacoca Goilblief NPOH3BOJHTEJBHOCTH BO BReMst padouero xopa:

@ — uepes MHCTAHUHOHHO YOpPaBAREMEt Kinamad THma I54; 6 — uepe3 SOAOTHHK CAMBHOR; & —
gepes pacHpefeiHTe]b ¢ SAEKTPHISCKHM YIpaBjeHHeM

CTeMy NOCTYNaeT XHIKOCTh TOJNBKO OT MeHbmlero Hacoca I, a faeie-
HEE B HeM H B CHCTEME KOHTPOJHPYETCHd KiallaHOM 6. C majgenuem
JaBJieHHs B cHcTeMe '(HalnpHMep, BO BPeMs XOJOCTOIO XOJa HCHOAHH-
TeJbHOrO MEXaHH3Ma) OT MMKDOBHIKNIOUATe]s peje [aBjJeHHs MOCTY-
flaeT BTOpPHYHAS KOMaH[a Ha OTKIIOYeHHe SJIEKTPOMArHuTa 3 300T-
HHKa yropasieHHs B amnaparte 3. OCHOBHOM 30JIOTHHK ammapara 3 ne-
PEBOJUTCS B NOJIOKEHHE g, Hacoc 2 orcekaercs oT 6aKa, a B CHCTEMY
HampaBJseTCss CYMMapHHH NMOTOK JKHAKOCTH OT ABYX HacOCOB.

Takuym o6pasom, B cxeme (pHc. 50, 6) Hacoc GoJsbliedi NPOH3BOIH-
TENBHOCTH Pa3rpyXaeTcs TOJNLKO BO BpeMsi paGouux INepeMelieHui
HCIIOJHHTEJbHOTO MeXaHH3Ma.
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B rappocucreMe ¢ AByMsi Haco- : 4 BKI
camy 1 u 2 obecneunBaercs pasrpys- Bk2
Ka Hacoca GoJblleH NPOU3BOJUTE- s
JIBHOCTH BO BpeMs pabouux mepe-
MelleHHH MOpIHA B LHJAMHAPE 5 B IR .- ﬁﬁ 32
IIOYTH MOJHAA Pasrpy3ka ABYX Ha- 6
COCOB NPH OCTaHOBKE MCIIONHHTENb- ) X
HOrO MeXaHH3Ma B HCXOJHOM NOJO- .l b
xeHHu (puc. 50, 8). 3

IlepekmioyeHne pacnpejenuTe-
Jeft 4 4 6 H 30JI0THHKA yIpaBJieHHS . 2 ! ,
3 IJd KaXX[A0To NOJIOXKeHHS UHKAA
oTpaxkeHo B TabJa. 10. Puc. 51.6(I)'az(pocm:'reua, B Koroepfﬁ pe-

= 1

B ruzpassigyeckol CHCTEME MOA- ’;‘;‘;‘ccgﬁeMTgl{oﬁ;‘;ﬁ‘;B onpefenserca

Kaouenue HacocoB I u 2 (puc. 51)

K HHJHHAPY HAH NEPEKIIOUEHHS X

B 6aK (peXHM PasTPY3KH) oNpefensieTcs NONOXKeHHeM Apoccens 4 H
KOIMMHPOM 5, KOTOPHI#I CMOHTHPOBAaHE Ha PYKOsTKe Apoccens. Komup pac-
TioJiaraeTcsl Tak, YTO TPH 32KPHITOM JApOccese OH He BO3JeHCTBYer Ha
KoHeuHHe nepexaiouarenn BKI u BK2, a snexrpomaraure 31 u 32 30-
JIOTHHKOB ynpasJenus 3 1 4 B -9T0 BpeMs oTKiIOueHH. IIpu sTtoM, Kak
u3BecTHO (pHc. 47, a), 06a Hacoca pasrpyxawrcs B 6aK.

Tabauya 10
Toroxenne 30n0THNKE Pa6oTa 5ACKTPOMATRHTOR
B pacfipejeruTese
DTan unrxaa X

4&5!73L31|92|33|34
BII a 6 6 + - + +
PI7 ! a a 6 + — —_ +
Ps, BO o 6 6 —_ + + -
Cron ¢ pa3srpys-
Koft ABYX HacocoB 0 a a —_ — —_ -

C OoTKpHTHEM Apoccelisi 10 CONPHKOCHOBEHHS KOMHPA C KOHEUHHIM
BhiKIOuarenieM BK2 o6a 32/eKTpOMarHHTa SO0JOTHHKOB YNpDaBJeHHS
BKJIIOYAIOTCSA; HAcoCH yepes ofpaTHule KNamaHH H APOCCeNb MOAKIIO-
YAIOTCH B CHCTEMY, a CKOPOCTb NOPIIHS B UHJIKHHAPE HCHOJHHTENBHOTO
MeXaHH3Ma @PH 3TOM MaKCHMaJbHa H OIpelesasercsi CyMMapHOH
NPOH3BOAUTENLHOCTBIO HacocoB. IIpH .4acTHYHOM 3aKPHITHH ApOCCens,
T. €. IPH YMeHbIIEHHH cKOpocTH, BK2 oTKiI0uaeTcs H OT HEro mocTy-
naeT KOMaHZa Ha OTKJIOYeHHe 3JIEKTPOMAarHHTa 30J0THHKA YIpaBJe-
HHs 3 uan 6. OIMH M3 HacocOB TNepeBOAMTCH HA PEXKHM DasTPYsKH.

IMopo6Has cHcTeMa YHOpaBJEHHS HAcOCAaMH NO3BOJSET MOJIYYUTH
IPH COOTBETCTBYIOWieH KOH(GHIypamHH KONMHPa CTyneHYaTo-GeccTymeH-
4aToe PeryJHpOBaHHE CKOPOCTH.
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4. AsTomaTHuecKas pa3rpy3Ka Hacoca B MONOMEHMM «CTONH

Mamnes aBTOMATHYECKOTO H IOJYaBTOMATHYEeCKOTO AeHCTBHS He-
pelko paGoTaloT IO LHK/JIaM, NPH KOTOPHIX NepeMeHleHHe HCIIOJHH-
TeJbHBX OPraHoB NPOHCXOLHT C PAa3IMYHOH CKOPOCTBIO, H YepelyIoTCs
OCTAaHOBKaMM B HPOMeXKYTKax BpeMeHH, NIPH KOTOPHIX LenecoolpasHo
pasrpyxath Hacoc.

Jsisi 370l meaH HCHOMB3YIOTCS pPa3JHUHEHIE CXEMHHE H KOHCTPYK-
THBHbIe pelleHHs. B wacTHocTH, NpuMeHeHHe oOOpaTHOro KJjanaHa
(puc. 52, a), HOZKJIOYEHHOTO B ONpeJeJeHHOM MecTe HeNOCPEACTBEHHO
K HHAHEAPY, o0ecHeyHBaeT OAHOBPeMeHHO OCTaHOBKY NODUIHS H lepe-
BOJ Hacoca Ha pasrpysounsifi pexum. IIpH ABHMKeHHH HOPIUHA BJIEBO,
¢ OTKPLITHEM OTBepCTHA (MJH NpoToykH) I MpaBoll KPOMKOH MOpILHS,
JaBJeHHe B OGEHX IOJMOCTAX LMJHHAPA YPaBHHBAeTCs H CHHXKaercs
JO MHHHMaJIbHOH BEeJIHUHHBI, TAK KaK HAcOC pasrpyxaercd B 6ak uepes
Marucrpanb J, MTOKOBYIO MOJIOCTb IHJHHADA, OOpaTHHHA KiaaHaH, Ma-
THCTpaJb 2 H pacnpefieJuTe b,

Pasrpyska nacoca uepes oGpaTHHIH K7anaH ¢ OJHOBpPEeMeHHOH ocTa-
HOBKOH HCIIO/IHHTEJIBHOTO MeXaHH3Ma MOXKET NPHMEHATHCS B MAIH-
HaX TIPH JII000OM PaCHOOMEHHH IHJHHAPA IBYCTOPOHHEro CH/IOBOTO
JelcTBHS.

Jns ynpolueHHs MOHTaXka, YMeHbLIEHUS COeJHHEHHH pPeKoMeHIyer-
ci o6paTHHIH KaamaH (HanmpuMep, INAPHKOBOIO THHA) BCTPAHBATH
HENOCPeACTBEHHO B LHJHMHADE, €CJIH LIHJIHHAD BHINOJHEH JIHTHIM.

Ecan obmas BeMHUHHA X0Ja NOPLIHA PaBHA ero BHICOTE, TO MOXKHO
OCYIECTBUTb PA3TPY3Ky HACOCA H CHCTEMH ¢ OJHOBPEMEHHOH OCTAHOB-
Kol nopwHsa. Ha puc. 52, 6 npencrasieHa TFHApPABIAHYECKas CHCTEMA
arperaTHOr0 CTAHKA € BEePTHKAJBHBIM DAacHoioXKeHHeM CBEePJIHJIbHOMN
FOJIOBKH.

HesaBucumo or HampaBjeHHs HIBHXKeHHS TOJOBKH OCTaHOBKa ee
IPOHCXOJHT NMPH OTKPHITHH KPOMKOH IODIIHS OTBEpCTHA 3, pacmnono-
JKeHHOr® B cpeiHeii wacTH uuaueiapa. Korma orBepcTHe 3 OTKpPHTO
BepXHell KDOMKOHM IOpPIUHS, TO LHPKYJSUHS JKHIKOCTH OT HAcoca B

L 6ak TPOHCXOIUT Uepe3 JApOC-
celb 6, pacnpenennTeab I,
LITOKOBYIO NIOJIOCTb IIMJIHHApA
H Mardctpaasb 2, [Ipu BepxHeM
PacIo/IOKeHHH INOPIUHSA, KOr-
Ja OTBepCTHE 8 OTKPHTO HHXK-
Hell KpOMKOH mOpiHs, Hacoc
coenunsietcss ¢ OaKoM uepes
NOPUIHEBYIO HOAOCTb LHJIHHA-
pa u Marucrpajis 2. B Huxnei
HOJIOCTH IHJAUHADA YCTAaHABJH-
BAETCS JaBJIeHHe

G[‘—'Gz

p=—r, (54)
1
Puc. 52, ApToMaTHuecKas OCTAHOBKA IOPHIHSA .
C OIHOBPEMEHHOH pasrpyskofi Hacoca rie F; — mJaomalb MOPILIHA;
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G,, G2 — COOTBETCTBEHHO BeC OJIOBKH KOHTPIpy3a.

Tak kKax Bec roJloBku o6uuHO OoJbllle Beca KOHTPrpysa, TO MpH
BEePXHEM paclOJOKeHUH IOJOBKH HACOC HaXOAUTCA TOJX HEKOTOPHIM
JaBJIeHHeM, T. €. HOJHOCTbIO He pasrpyKaercs.

Ilpn pacnosioxeHHH 30J0THHKA B pacnpelenntene 5 B NOSHIHH Q
roJIOBKa IlepeMellaercs BHH3, NPHIEM ee CKOPOCTb PperyJaHpyercs
Epoccenem. ITocse peBepca U3 MTOKOBOH NMOJIOCTH HWJIHHAPA XKHAKOCTb
BEHIKHMaeTcd B 6ak yepe3 paclpeiejuTenb 5 H Marucrpanb 1.

Tak kKag JaBleHHe B Hacoce BO BpeMs PasrpPy3KH Majo H MOXKeT
0Ka3aThCcH HENOCTATOUHHIM [JI8 NMepeKJIOUeHHs1 30JOTHHKA B paclpe-
IeJHTeNe, TO HA MAarucTpaju MeXJAy HacoCOM H pacHpelel]HTe]eM
yCTaHOBJIEHO COIIPOTHBJIeHHe 6, MOAOOpaHHOEe TaK, 4TOGH B Hacoce BO
BpeMS DasrpysKH BO3HHKJO JaBJeHHe, AOCTAaTOYHOe AJIA YNPABJEHHS
pacnpeneanTeseM 5.

B umuammapo-mopinHeBolt rpynne B cHcTeMax a u 6 (puc. 52) jmas
YIJIOTHEHHS NOPUIHA He CJefyeT [IPHMeHATb MATKHe YIJIOTHHTEJbHHIEe
KOJIbIIA H/JIH MAaHXKeTHl, TaK KaK H3-3a OTBEPCTHS HJIH NPOTOYKH B IH-
JIHHApPe OHH OHCTPO BHIXOJSIT H3 CTPOR. -

B craHKax oOT[HenQYHO-pacTOYHHIX U INIH(OBAJbHHX CTOJM IPH
OCTAHOBKE Ha XKeCTKOM ymnope (Hampumep, npH o6pabGoTke Topua)
NpHIKHMAaeTca K YIOpYy ¢ ycHaeHHeMm npHmeprno B 10000 — 12 000" H,
€CJIH JlaBJeHHe B cHcTeMe cocTasiser 1,0—1,5 MITa.

YcraHoBKa ynopa B CTBOpe C OChbI0 CHJAOBOTO LHJHHApDA CTOJA B
GONbUIMHCTBE CJAYyYaeB INPAKTHYECKH HEBO3MOXKHa. Halle BCero ymnop
pasMeniaeTcsi BHIILE HAH cOOKYy OT IMJHHADA, NO3TOMY KOrja CToJa
IpHXaT K yInopy, BO3HHKaeT Iapa CHJ, KOTOpas CO3jlaeT HalpskKeH-
HOE COCTOSIHHE, BEISHIBAf NOJPHB HJH HNepeKoc CTola H3-3a JedopMa-
UHH Hekoropelx ferasefl. [Togo6Hoe cocTosiHMe oTpaxkaercs Ha TOU-
HOCTH PAcCIOJIOXKEHHS CONpSKEeHHBIX 3JIEMeHTOB B craHke. Korza Ra
yIope NpPOH3BOJHTCA NOApe3Ka TOpLAa, 9YTO HMeeT MeCTO B CTaHKax
OTIEJIOYHO-PACTOYHHX, H/JIH NPOHCXOJHT «BHIXa)KHEaHHe» MOBepXHOC-
TH, HAllPHMEp B CTaHKax UIIHGOBaJBHHX, TO, KaK NOKa3aJ ONHT, Ha-
pyllaercsl B3aHMHOe pacloJoXxeHHe ocefl paoyHX OPFr4HOB, €CJH CTOJ
uin windoBanbHas Gafka OpuKaTH K ynopy c 6esbwod cuiaofl. 3a
CUeT BBEJEHHS B CHCTEMY CPaBHHTEJNBHO IPOCTHIX YCTPOHCTB YyCHJIHe
NpHXHMa K YHIOPY MOMeT OHTh 3HAYHTeNbHO CHHXEHO.

OpHo w#3 BO3MOXKHBIX pellleHHH 1oKa3aHO Ha puc. 53, a. Ila-
pajieIbHO CHJAOBOMY UHAHHAPY 3 NOJKJIOUEH IpefoXpaHHTENbHBIH
KJIallaH ¢ NepelIMBHBIM 30J0THHKOM I. K mosocTH ¢ nmoukaoueH 30-
JOTHHK yNpaBJeHHS §, a INOCAe 30JIOTHHKAa — pPeryJHpyeMHH JApoc-
ceqab 7.

Jo nolixoza crona K ynopy KyJaaukoMm 4 BK/IIOUaeTesl MyTEROH mepe-
Kaouatens BK, or xoroporo oTKaAuaercs 3J€KTPOMArHHT 30J0THHKA
yupasJenus 5. IIpy 3ToM moJsocTb ¢ KialaHa | gepe3 30J0THHK yIpaB-
JIEHHd 5 u fpoccens 7 coefuHsAeTcs ¢ OakoM, a rprboobOpasubfl 30J07-
HHK B KJjanaHe J, CMeCTHBIIHCH BBepX (IO YepTeXY), COEAHHHT Ma-
rucTpainn 2 B 6. B mTOKOBOA MOJOCTH UMJAHHEPaA ycTaHaBIHBaeTCs
llaBJ71€HHe P2, BEJIHYHHA KOTOPOrO ONpeleJseTcd HACTPORKOH Apocce-
as 7.
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Puc 53 Yacrrumast pasipy3ka Hacoca NPH OCTAHOBKE CTOJA Ha KECTKOM yROpe:

4 ~ ¢ ACHOJAb3OBaHWEM Kiaanaua THna 52, 6 — C HCNONL3OBaHHEM pEAYKIHOHHOIrO KaalaHa
57

B ornesoyHO-paCTOUHBIX CTAHKAX HepPeAKO BcJel 3a PpAacTouKoi
OTBEPCTHS. NPOM3BOJHTCS NOJpPE3Ka Toplua Jerann Ha ynope. s
COXpaHeHHs CTPOTOH NepNeHIHKYJSPHOCTH TOPIOBOH NOBEPXHOCTH K
OCH OTBepCTHS B LHJIMHApPE NPONONLHBIX NOAAY BO BpeMA NOADPEBKH
TOpLA JaBJeHHE AOJKHO OnTh cHHXKeHO oT 1—1,2 no 0,4—0,5 MIla.

Jlns aBTOMATHYECKOro YMeHBHIEHHS JaBJeHHS C NOJAXOAOM CToJIa
K ylopy B FMAPOCHCTEME CTaHKa (paspaborannoit CKBAPC) npume-
HACTCH PeAVKUHMOHHBIA Kiamad THma ['57, X IIaDHKOBOMY K/allaHy
KOTOPOro NMOAKAIOUEH 30JI0THHK ynpasienust 4 (puc. 53, 6).

Ilpu npeao/bHBIX NepeMellleHHAX CToJIa 371€eKTPOMArHHT 30JOTHH-
Ka ynpasiesns 4 orkiiouer. [Ipu stom or TpyGonmpoBosa 3 uepes am-
napat 4 B 110JIOCTb PACHOJIOXKEHHS NPYKUHH INAPHKOBOTO KJamaHa 5
nojBefeHo pabouee AaBjeHHe. B 5TOT MOMEHT LIapHK NPHXHMaercd
K CelJy THAPAaBJIHYECKOH CHJIOH, NponoplHOoHaJAbHOH pabpueMy NaB-
gennio (1—1,2 MIla), u npyXKuHOH, HAaCTPOEHHOH Ha [aBJIEHHE IDH-
mepuo B 0,4 MIla. Or pacupenenureds I, xoraza 30M0THHK €0 HaxXo-
JHTCA B DOJIONKEHHH @, KHIKOCTb cso6o;mo NPOXOAUT Yepe3 KJanas o
(6e3 peAyKIHOHHOTO J[aBJeHHS) B IOPLIHEBYIO IIOJNOCTb LUHIHHIPA.
C nozxxonom mITOKAa (CTos1a) K YHOPY OT KOHEYHOro BHKMouatens BK
BKJIIOYAETCS 2JeKTPOMATHUT 30JIOTHHKA YIpaBJIeHHS 4 H NMOJOCTb Hak
WAPHKOM B Kianane 5 coepuHsercs ¢ 6axom. C 3TOro MOMeHTa KJja-
nHaH § BHIOJHNET (QYHKUHIO pEIYKUHOHHOrO YCTPOHCTBA, MORNEPKH-
Bas B IMOPIIHEBOH IOJOCTH LHIHHADPA IOCTOSHHOE [aBJEeHHE, COOT-
BeTCTBYIOHlee HACTPOHKe NPYKHHB! HIAPHKOBOrO KJamaHa.

‘B ruapodMUHpPOBAHHBIX MALIAHAX C BEPTHKAJIBHOH KOMIIOHOBKOMH
HMJIHHAPO-THOPIIHEBOA IPYNIBl [/ NOXHATHA NOPIIHA M YAEPKAHHA
€ro B BepxHeM IOJIOKEHHH I aBJeHHe B HHXKHeH IOJOCTH IHJHHIpA
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AOMXKHO OHTb JOCTAaTOYHEIM
TOJIBKO /IS YPABHOBELIHBAHHSA
HOABHAKHBIX dacTeH (IOpHIHS,
LITOKa, IO0J3yHa, TOJOBKH C
HHCTPYMEHTOM HJIH JPYTHMH
ycTpolcrBaMu) . 3To LaBJeHHe
00bIYHO MeHblile pabouero, He-
O00XOAHMOrC TpH JBHXKEHHH
HOPHIHS BHH3

Ecnu BpeMsi BBICTaHBaHHs
NOPIIHS B BEPXHEM IOJOXKeE-
HUH cocTaBasier 1—1,5 MuH,
TO HeJecoo6pasHO HEMHOro
YCJIOXKHHTD FHIPOCHCTEMY,

ofecreyuB NnpH 5TOM YaCTHY-L
HYIO Pa3rpysKy Hacoca B NepH-
OBl XOJOCTHX ABHKEHHH 10p-
IIHS U 1ay3.

B ruppaBanueckoi cucreme
(puc. 54, a) kaanaw ! (THna
BI'54 uau I'62) npenoxpanser
CHCTEMY OT NePerpy3KH H noj-
JepKHBAET IOCTOSHHOE JaB-
JIeHHe p) NPH ABHXKEHHH NOpUl-
Hsl BHH3 (B NMepHOAB pabounx
nepememennit), Ecau sonor-
HUK B pacnpejenureie 2 me-
peBeeH B NOJIOXKEHHE a, TO OT-
BOX XHAKQCTH H3 HHXKHeH no-
JOCTH IHJMHApPa B Gak mpo-
HCXOJLHT uepe3 jnpoccenb 4 H
pacnpepeauTens 2.

Jlasnenre B HHKHeOHR nono-
CTH LHJHHAPa BO BpeMs NOIb-
eMa nopuwHsg (nociae mnepe-
BOJa 30JIOTHHKA B pacmpeie-
JuTelNle B IOJIOXKeHHe §) CoOT-
BETCTBYET CHJIaM TPEHUs H Be-
CYy mMOABHKHHX yactell. Hanop-
HBIH 30JI0THHK 5, NMOJKJIOUEH-
HEI K HHXHeH NOJOCTH UH-

Prnc. 54 TI'mapaBanveckne cHcreMul, obecre-
YHBAKOUHE YaCTHYHYIO PAsrpysKy Hacoca:

@ — NPH BEPTHKAJNbHOM paclOMOMEHHM IMJAHHEDPA,
6 — npu noaxope MopmEA-peidkn K ynopy

JUHApA dYepe3 oOpaTHBHIA KJanaH 3, B MOMEHTH MOJjbéMa NOPIIHSA U BH-
CTAUBAaHHA €r0 Ha ymope MOJAJEp:XKHBAECT B HeH JaBjeHHe py, KOTOpoe

MeHbIIIE pP;.

Ilpu BHICTaHBAHHM NOPIUIHSA BBEPXy Ha YMOpe XHAKOCTb OT Ha-
coca uyepe3 paclpefesHTe/b H HANOPHBIH 30JOTHHK & OTBONMTCA B

6ax.

Takum 06pa3oM, Npu NMOABEME NOPUIHA H BHCTAHBAHHH €ro Ha
yIope Hacoc pasrpyKaercs YacTHYHO.
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Ha cmenuanpHOM DPOXOJBHO-ILIH(OBANEHOM CTaHKE MOJENIH
MC-309 ans mosopora wM(OBAJBHOH TOJOBKH NpPeAyCMOTPEH LiH-
JHHIP C ABYCTODPOHHHM NOPUIHEM H pecuHol mepejauei (puc. 54, 6).
IMockonbKy Macca TOJOBKH BeJHKa, TO, HE3ABHCHMO OT HAaNPaBJEHHS
IOBOPOTA €€ B MOMEHTH TPOTaHHS, HeOOXOAUMO C€034aTh OGONBLIIOH
KPYTSIIMA MOMEHT Ha NPHBOJHOM Bajy 6, a ClEJOBATENBHO, H G0Jb-
Ioe jAaBJjeHue B IuauHipe 4. B panpreiinieM IpH yCTaHOBHBILEMCH
IBHIKEHHH BeJUYHHA KPYTHILETO MOMEHTa, a CJAefOBAaTEeNbHO [aBJje-
HHe B UMJUHJApe, AaBTOMATHYECKH yMeHbluarorcd. Korza rojoska Roii-
IeT 70 ymopa, To AJIS YMeHBIIEHHs HANpsIKeHHOTO COCTOSIHHS B iiepe-
JaoUIHX 3BeHbAX M BO3MOXKHHX Jedopmanufi B HUX HeoOXOJHMO B
LHJIHHAPE COXPAHHTh JAaBJEHHe, JOCTATOYHOE MJs HPOTHBOJEHCTBHA
TOJIKO CHJIAM Pe3aHHS.

B npuseleHHOH CHCTEMe 3TO JOCTHraercs CJAeAyIOUIAM o06pasoM.
TIpn nBuKeHuH NMOPIIHS-pefiKH 5 BIpaBo (IO YepTEXKY) JKHAKOCTb OT
Hacoca, KOrfa 30J0THHK B pacilpefiesuTese YCTAHOBJIEH B IOJIOKEHHE
@, MocTynaer K nojoctd 3 nuiauHApa 4. I'mapasnudeckas cujia, pasBH-
BaeMas HUJHHAPOM B MOMEHTH TDOTaHHA TOJOBKH, Oonpefensercs B
OCHOBHOM CHJIAMH MHEPIMH HOJBHKHHIX macc. Ha 3To ycuane joJKeH
6biTh paccyHTaH M HAacTpoeH Kjaman 15, C OTKpHITHEM TPOTOYKH 2
JaBJieHHe B MOJOCTH 3 GYAET COOTBETCTBOBATH HACTpoiike Kinamana I,
T. €. pe=<<p; [loatoMy poxarHe TONOBKH [0 YIOpa H YIePKHBaHHE
ee Ha YIOpe NPOHCXOJUT IPH JABJEHHH p;. B 3TOT MOMEHT »KHAKOCTb
OT Hacoca HampaBJasiercss B 6ak uepe3 ¢QuabTp, pacnupegenurenb I,
uuauHAp 4, obpaTHuil Kjnamad 7, HAamopHHIA 30J0THHK IO, oOpaTHHI
kaanag 11, pacnpeneaurens v Apoccens 14,

TIpn ofpaTHOM ABHXKEHHH NOPIUHA JKHAKOCTb INOABOJHTCA X IH-
MHHADPY cO cTopoHbl nojoctH 2. C OTKpHTHEM NpoTOYKH I3 Hacoc
coepnHsAeTcst ¢ 6akoM yepes anmapathl [—4—7—10—9—1—14

Taxum oOpasom, aBTOMAaTHUYECKOe IepeK/aoueHHe Hacoca Ha pabo-
Ty C MEHBUIMM JaBJieHHeM (YaCcTHUYHYIO Pasrpysky) IPOHCXOAMT B MO-
MeHTH OTKPLITHA NMOPIIHEM NpoToueK 2 U 13.

Crpenxodl or annapaTa 5 HOKa3aHO MECTO TNOAKJOUEHHS TpyOo-
1poBOAa, HAYLIEro oT MaHOMerpa (WJIH KpaHa MaHoMeTpa) (puc. b4,
a). Vlnorga takum o6pa3oM YKasHIBaeTcsi MeCTO, KyAa AOJIKeH OHTb
TOIKJIIOUEH MAaHOMETP TOJBLKO BO BpeMs HACTPOHKH anmapara Ha 3a-
nanHoe paBjende. [Togo6Hoe o6o3HaueHne IPHHSITO BO MHOTEX IIPOEKT-
HHX OI0pO (B KHHTE IOKa3aHO Ha pHC. 58, 69, 756 u xp).

Fmasa V
NOCNEQOBATENLHOE BKNIOYEHME B PAEOTY TMAPORBUTIATENEMH

Jisl mocsenoBatTebHOTO BKNIOUEHHS B PalOTy HECKOJBKHX HCIOJ-
HHTEJIbHBIX MEXaHM3MOB HCIIOJb3YIOTCH pas3JHYHBIE CHCTeMbl yIpaBJe-
HHS. B wactHoCTM, B MalluHaX aBTOMAaTHUECKOTO HeHCTBHS IPHUMeHS-
I0TCS paclpefiesiHTeqbHBE BaJdbl ¢ HalOpOM KYJadKoB, OT KOTOPHIX B
ollpele/IeHHOH NocaenoBaTenbHocTH HENOCPeACTBEHHO HIH IKe uepes
NPOMEXYTOUHblE 3JIeMEHTH IIOCTYNAaloT KOMAaHAB K HCIIOJHHTENbHBIM
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MexarusmaM. aa asroit menn
IPHMEHSIOTCS TaKxKe KOMaHI0- -
anmapaTsl, COCTOSILIHE U3 pac-
npeJenHTeNbHEX GapabaHos, 4~
YIOPOB, KOHEYHHIX BHIKJIIOUA-
Tedek u gp. Takue peuenus
He Bcerja npHEMJeMB, Tak J Li
KaK  2JEeKTPOMEXaHHYECKHe K W
CBS3H TPOMOBJKH, MOXBEpra- ,
I0TCS HHTEHCHBHOMY H3HOCY.
Kak npaBuio, MexaHH3MEl Ta- . \
KOTO POjia HYKAAIOTCA B CTPO- | \
ro# KOOpJAMHALHH YIPaBJLIO-
HIAX 3]€MEHTOB. | \ \
B ruapo@unnpOBAKERIX CH- ¥ popesemimens 7 g
CTE€MaX, COCTOSIMIHX H3 HECKO- .

JIBKHX UHJHHAPOB HJIH THIPO~ :

[
s e BN

MOTOPOB, HOCJEROBATENbHOE
BKJIOYeHHe HX B pabory B 3a-
AAHHOM TOPSAAKE JNOCTHraercs
CPaBHHTEJbHO NMPOCTO HNPH HC-
[IOJIb3OBAHMH JJIsT 3TOH Liesn
HOPMaJIH30BAHHOK  amnapa- -
TYPHL.

Crporast moc/iefoBaTeb- f—_| %’L
HOCTh BKJIO4eHHA B paboty \

- T r—
LHJIMHAPOB 5 u 7 B yKa3aHHOM 1N
nopsiike (Ha 3TOM U MOCJENy- ‘ _J ‘ B
IOIUX PHCYHKaX HalpaBJieHHe — .

= )

-

2]

T OIT
I
u

I )

IBUKEHUS NOPINHA B LMJIHHI- L
pe 1NOKasaHO  CTpPeNKaMH, | /
OPHIEM [OC/IENOBATELHOCT: K pacnpedeniment 4
BKJIIOUEHHS] OTMEYEHA PHMCKH- 7

mu nutpamu I, 11, 111, ..., n) Puc. 55. DaeMenTn cxeM nOCAEIOBATEIHROTO
OdecneqﬂBaeTCﬂ J_IBYMS[ Oﬁpa'l‘- NOJAKNIOUYERHd B paﬁo'ry CHJIOBHIX UHJAHHNIPOB
HEIMH KJaaHaMu 2 " 3 H Ha- AAd pasyMgHEX l'lOpﬂllKOB BKJIIOYEHHSA
NOPHEIM 30JIOTHHKOM 4 (puc.

55, a).

OnnoBpeMeHHOMY BKJIOUEHHIO B DaGOTy LHAMHIPOB TpPEeNATCTBYeT-
HaNOPHBIA 30JI0THHK 4, KOTOPHA NPONYCTHT XHAKOCTb K HHJIHHADY 7
nocse MOAXOAA IUTOKA HHUAKHApa § K ymopy, C HaMeHeHHeM Hanpas-
JIeHHsi TOKa JXHAKOCTH B MardcTpansix [ W 6 BHauane cpaGaThHBaer
UHJIHHAD 7, a4 3aTeM HUIHHIP 5.

Pelenne ananornyHo# 3afayd NOKa3aHo Ha puc. b5, §, riae mocie-
JOBATEJIbHOCTh BK/IOYEH¥s B paboTy ABYX Hmauuapos 3 u 4 olecne-
YHBAETCs B3AHMOACHCTBHEM HANOPHBLIX 30JIOTHHKOB ¢ OOpDAaTHHIMH KJa-
nanamua [ u 2.

Tlopo6nblii NpHHUKT yNpaB/IeHHs! NPHUMEHSETCH B CTAHKAX, TAe OJHH
H3 UHJAHADOB BHIMOJHAET 3aXKHM H Pa3KHM 3aroTOBKH, a BTOPO#

105



/

CHYXKHT AJIS MOJAYH CTOJIA HIIH

cynnopra. B paccMoOTpeHHHX

CXeMax HCHOJIb30BAH MPUHIIMII

yOpasJeHHSd <O KaBJEHHIO».

B rmzpocucreme npu Bep-

1 THKAJBLHOM PaCHOJOXKEHHH IH-
=

~ W

JHHAPOB I ¥ 2 cTporas mocne-
JOBaTEJAbHOCTh BKJIOUEHHS HX
I 8 paboTy rapaHTHPOBaHa TOJb-
[_ __1 KO gy I u IT mopaikoB BKMO-
—#— ] yenusi (puc. 56). Bxiouenust
I-—ib'm III u IV nopsjxos, KaK MOKa-

/

38HO Ha cxeMe, OyILyT coxpa-
HATBCS B TOM CJyuae, KOrAa
j sl moAbeMa NOpIUES B HH-
I nuuppe I morpebyercs aasie-

HHe OoJipllee, 4eM HJis OllycKa-
HHS [NOPLWIHA B HHJHHApe 2,
YKasaHHB} TOPANOK BKJIIO-
YeHHA B paboTy ABYX IMIHHA-
POB CO3JaeTcs KJamaHoM o

r-.? - tuna I'66. Knanax 4, ycranos-

R

P

|

R N S

o

5

JICHHHIH Ha MArucTpaji cJIHBa,
'r— YCTpaHsieT CaMOIPOH3BOJILHOE

~—{-—_, ONyCKaHHe NOpLIHA B LHIHHA-
pe 1 nox meiicTBHeM cOGCTBEH-
HOrO Beca,

B ruxpodunupoBaHHOM NHE-
BMOKOJIECHOM KpaHe (IIPOH3BOJX
¢rBo Ofecckoro 3asoja Tsxe-
JIOr0 KPaHOCTpOeHUs uM. JIH-

Puc. 56. Ilpunuunuanbuas cxeMa, ofecheYH- pBapCKOro BOCCTAHHA) IO Ipef-
‘Ba{OIBAA CTPOCYIO {I0C/EIOBATENLHOCTE TOJb- JIOJKEHHIO aBTOpé 65”13. BHEI-
ﬁgﬂfl{gﬂ nepsoro ¥ BTOPOI0 NOPAAKOB BKJIO- pEHa - ¢ P‘t‘CTeMa yIpaBJenHs

BHIHOCHOH ONOPHL KpaHa (PHC.
! 57), cocroswelr u3 6aaku c

NPHBOJAHBIM HMJIKHHAPOM 2, Ha KOHCOJNH KOTOPOH PacmosIoXeH IHJIHHIP-
noMkpar 4.

VkasaHHasi nOCAeA0BATENbHOCTh BKJIOUEHHS LHJIHHIAPOB obecneyn-
Baercs KpaHoM ynpasiedusi I Tuna I'71 m HamopHBIM 30JOTHHKOM C
o6paTHEM Kinanauom 6 tuna I'66. [Tocie noBopoTa 30/0THEKA B KpaHe [
B nojioxenue ¢ Gajika BMecTe ¢ JOMKPaTOM HayHeT BHJABHraThcsl BHpa-
BO (mo ueprexy). Koraa nopiuenp nnanHapa Gaiky NOAORAET K (QJiaHIy
NAAMHJPE ¥ OJHOBPEMEHHO C 3THM NPOTOYKA 3 Ha MOPUIHE OKaXKerTcs B
CTBOpE C BLIXOAHBIM OTBEPCTHEM 5, HAYHET BBHIABHraTbCs MOPIIEHbH JOM-~
Kpara 4. :

OTBox mOpIIHEH B HCXOJHOE IOJOXKeHHe BO BTOPOH IIOJOBHHE
nuKjia npousolfifer B of6paTHON TMOCIeZOBATENbHOCTH IOCHE IOBOpOTa
30JI0THHKA KpaHa ynpasjieHus B mosuuuio 6. OaHospeMeHHO# paGore

[
[

J{ - ]
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Puc. 57. DneMenT cXeMnl NOCJAENOBATENLHOrO BKIMIOYCHHS B pafoTy mu-
JHEIPOB BEIHOCHOH OHNOPH NHEBMOKOJECHOI'O KpaHa

UHJIHHAPOB B 3TOT NEPHOJ NpENATCTBYeT Kjaanal 6, NpyXHHa KOTOPOro
HacTpoeHa Ha - gaBaeHue p—py+(0,3—0,5) Mlla, rae p; — nanne-
HHe, HeoOXoAuMOe [/ NoABeMa H (PHKCAUMH MNOPIIHS JOMKpaTta B
BepXHeM MOJIOXKEeHHUH.

B npuHIMIHAJbHOH THAPABJMYECKOH cXeMe Npecca NMPUMEHeH Tak
HasEIBaeMbIl CYMMHDYIOIIMHA LHJIMHAD /S aBTOMAaTHYECKOro H3MeHe-
HHUS CKOPOCTH M ycuausa (puc. 58). bricTpoe nmepemelnenue miayHxepa
IIPOHCXOAMT TPH HOABOJE XKHAKOCTH B mojocTek 2. Ecin Takoe Xe Ko-
JIHYECTBO JKHAKOCPH OYAET MOJAaHO IIPH TOM e JaBJEeHHH B TQJOCTDH
2 u 4, TO 3BAYHTEJBHO YMEHBIIATCS, CKOPOCTh NyHKepa I H yBeJsH-
YHTCH YCHJIHE, Da3BHBaeMOe HM. o

ABTOMaTHYeCKOe H3MEHEHHe CKOpPOCTH MJAyHXepa H NOC/TeA0Ba-
TellbHOe TOJKJIOueHHe K Hacocy HoJjocTedl 2 1 4 HpOHCXOAMT TaKHM
o6pasom. Buauane, korga 30/0THHK B pacnpepennrene [0 saHuMmaer
MOJIOXKEHHE @, XHKIKOCTh OT Hacoca MOXBOAHTCA B IOJOCTL 2, a U3 MO-
JoCTH 3 oTBOAHTCS B Gak uepes annapatu 9—f0—11. U3 6axa 5 uepes
ynpaBiseMu o6paTHEIH K/aalaH 6 OPOHCXOAWT 3ailofHeHHe XKHJIKOC-
TBIO BepXHe#d nosocTH Iuauexpa 4. Jasaenwe, HeoOxonmMmoe Iis
ynpasJeniis KiamaHom & B MarucTpaJHu 8, cosjaercd HaNOPHHIM 30-
JOTHHKOM I1, KOTOPHIE K TOMY JXe NPeJOTBpaIiaeT caMOlNPOH3BOJLHOE
onyckanne muyHxepa I moj jefictBueM coGCcTBeHHOrO Beta,'

B mpolecce NPECCOBAHHS YCHJIHE HA WIYHXKepe H AdBIeHHe B N0-
JocTH 2 BO3pacTaeT M, KOr4a OHO JOCTHIHET BeJIHYHHH HacTPOHKH
KjanaHa 7, KJallaH OTKPOETCH H KHIKOCTh OT HAcOCa HAYHET IOCTY-
nate B monocTk 4. OQHOBpEMEHHO ¢ 3THM YynpasJjdeMbli oGpaTHHH
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k1aman 6 sakpoercst. C aroro
MOMeHTa HauHHAaeTCsi OKOHYa-
1 TeJbHOe (QOpMooGpasoBanue
> ——6 u3meNus.

g [Togwem miyHXKepa NpoH-
- 30iier nocJe nepesoja 30J0T-
_%_1 * HHKa B paclpefenutene 10 B

noJIoXKeHwe 6, NMpH KOTOPOM
4~ —tt | ——7 OTBOJ XHAKOCTH H3 MOJIOCTH
| 2 B 6aK IPOHCXOJHUT 4epe3 OT-
BEpCTHE B NJAYHXKepe, pacmpe-
4 penureab 10 W HanopHHE 30-
Jgotuuk I1, a 3 nosocTH 4—

SN
N

[
~ / — yepes ypapJsieMblil 06paTHBL
o KJaamad 6, OTKPHITHIR B 3TOT
2“\&9 188 g{_l _——38  MOMEeHT JaBJleHueM KHIKOCHH,
1 WA e ’ [ocTynamome H3 MarucTpanu
7 I “-L—-____g 8. Tak kKak GaK 5 pacrHoJioxKeH
L_ _’ BBIIIE HACOCA, TO B €r0 BCACH-
Balell MOJOCTH BO3HHKAeT

al 7 MOANOpP, uYTO GJAaronpHATHO

a
-
! >< cKaspiBaeTcss Ha paboTte Ha-
o coca.

Ha npunnunualbHoii THA-
4 paBAHYECKOH CcXeMe Tpecca

\1/ ——t (puc. 59), Y KOTOPOro CyMMH-
I _’] pyloIH# LHJAMHAP Pacmoo-
\‘}1\ N 2KEeH rOpH30HTAaJibHO, NOCJAEN0-

P ——

e el
e BATEJBHOCTb INOJAKJ/IOUEHHA K

Hacocy ero pabouux moJocred
*Puc. 58 [IMpuununuanbuas cxema nociezosa- H aBTOMAaTHYECKOe NepeKJiloue-
TEJbHOr0 MOAKJHOYEHHA K Hacocy noJIoCTeH B HHUe CKOpOCTeﬁ MOXKHO yﬂCH}[Th
CYMMHpYyIOUieM UWIHH/pE npecca H3 Taﬁ-ﬂ. 11'

Ha cxeme He moKazaHHl KO-

HEUHLIE MNepPeK/HOYaTeJIH, OT KOTOPHX NOAY4al0T COOTBETCTBYIOLNHE
KOMaHIH 3JeKTPOMArHATH pacOpeeuTe/ell  30JOTHHKOB YINpasie-
HHA.

Vnpapasemblit oGpaTHHE KiamaH 7 OTKpHBaeTcs HpH OHICTPOM
NoABOAe IVIyHKepa HUAHHIpPA 4, KOrja JAaBjeHHe K KianaHy 7 IOCTy-
naer yepes oOpaTHHIA KianaH 6 4 IpH GHICTPOM OTBOJE, KOTAa MOABOL
HKHIKOCTH TOJK KAaBJeHHEM K KJallaHy 7 NPOHCXOMHT 4epes obpaTHHI
gnamnas 9.

Bo Bpems GHICTpHIX IlepeMellleHHi¥ IUVIyHKepa XaBJcHHe ‘B CHCTeMe
KOHTpoJupyeTcs: KjganaHoM 10, mpyXuHa KOTOPOrO HAacTPOeHa Ha JaB-
JeHHe pp, BO BpeMsi paGoueli mojauM - KnanaHoM I. B HcxoaHoM
NOJOXKEHHH (MJIH IPH OCTAaHOBKE IVIYHXKepa IOcC/e 3aBEpIICHHA JIHK-
Jia), Korja 3JAeKTPOMATHHTHL BCeX pacupelesiHTe/ied OTKJIIYEHH OT
SJEKTPOCETH, HACOC uepe3 pacmpelenuresb 2 U GHIALTDP pasrpyxaercs
B 6ak.
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Puc 59 T[IpuuuunmajbHas cxeMa NOC/TEAOBATENBHOFO MORK/IIOYEHHS
K Hacocy IOJIOCTeH CYMMHPYIOUIEro NMIMHApA npecca

Tabaruya 11
Tonoskenne Sonorhka ® pac- Pa6oTa 8/4eKTPOMATHHTOB
D740 UUKAA npeaeauTene
'NERE 9 o1 | 92 | 53 | 24 |
50 a 0 6 a + — - + +
PIT a 6 6 6 + + - b +
Ps, 5O 6 a 6 a - T T T n
Cron 6 0 a p _ - + + +

[TocnenoBatenbrOCTh BKIIOYEHHA B paboTy UMJAHHEApOB 3 M 4 3a-
BHCHT TOJIKO OT HACcTPOHKH HaHNOPHHX 30JOTHHKOB I M 6 (pHc. 60, a).
Ecau p;<p;, TO coxpaHsieTCsl YKa3aHHBH B TaGA. 12 nopazok HBH-
JKeHHsa mopmiHe#t B nmuausipax 3 H 4. Koraa pi<ps; To H3MeHseTcs
NOPAAOK BKJAIOYeHHs B pabOTy LHIHHAPOB.

ITopsaok BKMoueHHs B paboty Tpex UHIHBAPOB 4, 5 u 6 (puc. 60, 6)
BEIAECPKHBAETCH NpH YCJIOBHH, KOrla HamopHHeE 30JI0THHKH I, 2 m 3

109



i I v 1l

—— —— ——— —a—

1
1
e
T
N
N
A
N
t
b= L) ts
|
1
T
|3

-
.JL;,:.
|
i

A L i} a 5
o a _
v
I P, 6 £ 1 L_n'_, P
;—¢ ' .- N
3 ] 0
th U Om acoca B | e —
T 1 [
a K pacnpedesumento 0
Puc 60 DneMeHTH cxeM, ofecnedHBaKOIIHe MOGOR MOPALOK NMOAKJIIOUEHHA HUJIHHEPOB
B pabory :
g — B JBYX IHJHEApax, § — B TPeX UHMHHAPAX
i
Tabauya 12
IMono xenue sox0THHKA B
Tocaenosaresib- pacnpeneantene Hanpasaenue
HOCTh cpabarbiza- ABUKERHS
HAA UHAHHADPOB
.2 | 5
*
3 ) 6 I
4 6 6 i
3 a a i/}
4 a a v

HaCTPOGHH TakK, 4TQ p1<ps; p2=>p ¥ ps Ha 0,3—0,5 MIla Goabiue
JaBJIEHHSI, KOTOpoe Heo6X0LHMO AJis paboTsl nuaunapa & (pHc. 60, 6).

B npuHumunuanbHON rujpaBiandYecKoll cucreMe craHka (puc. 61),
ApeAHa3HAaYeHHOrO I/ OTPe3KH npubmiel (Monemu Ml'[-22£ » IOMH-
MO CTPOroH MOCJeAOBATENbHOCTH BKIIOUEHHS B pafoTy CHJOBHX IH-
JMHAPOB K HeoOXoxHMOCTH OJOKHDOBKH, BHIGDaHHOH ammapatypoi
ofeciteynBaercss AHpdepeHnHANbHOE NOAKIIOYEHHEe WHAHHApA 7, OT
KOTOPOro OcyulecTBJASETCA MOAaya TOJOBKH ¢ AHCKOBo# mujod. Ilu-
JHHAPH & U 6 mpeqHa3HaueHH [Js 3aXKHMa H Pa3KHMa 3aroTOBKH.

Pa6ora cranka HayHHaeTcs ¢ BKJAKOYEHHd 3I7eKTpoMarHutoB 31 u
32, cooTBeTcTBeHHO pacnpenenntenedl 4 u 71, y XKOTOPHX 30JOTHHKH
IpH 3TOM 3alMyT DOJNOXKeHRHe @¢. B aToT MOMeHT K HacocaMm I m 2 mox-
KJIIOYAIOTCA TOJIbKO LHJAHHADPH 3aKuma 5 u 6. Ilpu saxkarnu 3arotos-
KH [aBjieHHe B IIMIHHAPax 5 M 6 BO3pacraeT H, KOIAa OHO JOCTHTHET
BeJIMYHHE HACTPOHKHM NpPYXKHHBI OJOKHPYIOIIEre M JHCTAHIHOHHO
yIpaB/isieMOr0 HADOPHOrO 30JOTHMKaA I3, Hacoc | MOARIIOYAETCA K
npaBoil MOJOCTH LMJKHApPa 7 depe3 pacnpenenutens [! # aByxxono-
BHH 30JI0THHK ¢ oOpaTHHM xJananomi9 (ruma I'74-3), a vacoc 2 me-
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Pue. 6!, TIpHHNMNHanbHA® THAPABAHYECKAS CHCTEMa CTaHKa MM
OTpeakH npubHael (Mozenu MII-224)

pek/aoyaercd B 6aK uepe3 HaNOPHHH 30JOTHHK 3| yAepKHBAsi B KOH-
Type LMJHHApA 3aXKHMa [aBJeHHe, Ha KOTOPOe HaCTPoeH KjaamaH 3.

TakuM 06pazoM, Hocje BK/IIOUeHHS OJOKHPYIOIIEro 30JOTHHKA I3
UUIHHIDP NOAAYH 5 aBTOMATHYECKH NOAKTIOUaeTCs B CHCTEMY IO AH-
thepeHnnanbHOA cxeMe. BHavase nopmieHb DHJAHHAPA 7 YCKOPEHHO
nepemelniaercs BaeBo (no ueprexy). Ilociie OTXKHMA 30J0THHKA B
annapate 9 auHefikofi 8 IPOUCXOOHT NepeKNIoueHHe Ha pafouyio I0-
a9y, TAK KaK XKHJIKOCTb B IOPINHEBYIO MOJIOCTh IMJAHHAPA 7 Temepb
Oyzer mocTynarth uepes Apoccens 10.

Pa6oyas moxaya 3aBepmiaeTcs ¢ BkJIWYeHHeM BK2, or kotoporo
[HOCTYIIA€T KOMAaHJAa Ha OTKJKUeHHe 3JIeKTPpoMarHHTa 32 M BKAIOYEeHHE
33, B pesyapTaTe yero 30JOTHHK B paclpefdenHrene I 3afimer moJo-
XeH#e 0, a MOpIIHeBas MOJOCTh LWIHHApPA 7 GyAeT NOAKIIOUeHa K
6aKy.

[Tockoabky wWITOKOBas MOJOCTh LHIHHApPA 7 HO-IpeXHeMy HaxXo-
LHTCS TMON JAaBJjieHHEM, TO TpoH30iifeT oO6paTHHA XOA C OCTaHOBKOA
IIpH MOAXOJe JHHEeHRKH 8 K KOHEUHOMY BHKIouaTeaio BKI, or xotopo-
TO NOCTYIHT KOMaHAa Ha OTK/IOUEHHEe 3JeKTpoMarHuToB 31 u 33. 3o0-
JOTHHK B pacnpefenutene 4 3afiMer NoJoxkeHHe 6; IITOKH B UH/IHH[-

7
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Puc 62 [loBopoTHO-tHKcHpYIOmee YCTPORCTBO®
@ — PeBONbBEPHOW TOJNOBKH, 6 — MHOrONO3HUHOHHOTO CTOJA

pax 5 u 6 oTOHAYT OT 3aroToBKH. C OTKPLITHEM OTBepcTHS 8 (B LH-
JuHApe 6) oba Hacoca aBTOMATHUYECKH TePeBOJAATCS HA PEXHM paboTH
¢ yacTHYHOH Harpyskoii. /laBiieHHs B HarHeTaTeJbHHIX HOJIOCTSX Ha-
COCOB TeNlepb OYAYyT OINpefessiTbCs CONPOTHBJIEHUSAMH, KOTOpPHE OKa-
3HBAIOT NIPH TOKe KHAKOCTH QHJIbTP, O6paTHBIl KjalaH, pacnpene-
Jauresqb 4 M TpyGONPOBOAH, pacHONOKeHHBle MeXIY HacocaMH H
MarucTpaiblo, NOAKIIOUEeHHOH K OTBEPCTHIO 6.

TocsenoBaTenbHOE BKJIOUEHHE B pabOTy HECKOJBKHX CHJIOBBIX
HHJIMHAPOB HJIH THAPOMOTOPOB MOXeT OBITh IPOU3BEJEHO HHBIMH
KOHCTPYKTHBHBIMH CpPeACTBAMH 6e3 IPHMEHEeHHs! KJallaHOB IOCJelxo-
BATeNbHOro BkJIWYeHHd (Tuna I'66) uiam ynpapisieMBIX HaNOPHLIX
30J10THHKOB (THna I'54).
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Jas npuMepa paccMOTPHM THAPOCHCTEMH HOBOPOTHBIX YCTpPOHCTB,
B KOTOPHIX IOCJEOBAaTENbHOCTb BKJIOYeHHS B paboTy ABYX THAPO-
Jgsurarejeil co crporod 6J0KHPOBKOH IPOH3BOIUTCH C HCHOJb30BAaHU-.
€M NPHHIHIA YIPaBJeHHs IO IYTHS.

Ha puc. 62, @ n3obpaxeHo noBQpPOTHO-(PUKCHpYIOIEe YCTPOHCTBO
peBOJIbBepHOR rososkH., Pacdukcalids peBOJbBEPHOH TOMOBKH C OJHO-
BPEMEHHBIM BKJIIOUEHHEM KyJauKOBOH MYy(PTH M (HKCALHS TIOJOBKH
nocse MoBopoTa ee Ha 60° mpousBOAMTCA LHJIHHZpPOM I, a MOBOPOT
TOJIOBKH — ¢ NMOMOINBIO UMIRHApA 2.

TlocaenoBarenbHOCTh BKJIOUEHHS B paboTy LHJIHHIPOB B YKa3aH-
HOM MOpPAAKe NMPOHCXOAHT CAeAylomuM obpasoM. C NnepeBojoM 30J0T-
HHKA B paclpejennTe]e 5 B IOJOXKeBHe O XKHIKOCTh OT HAcoca
HOCTYNHT K OTBepcTHIO 6 B uuannape I. I[Ipun nombeme NOPIIHA HAyH-
HaeTcA pacukcauus ToJIOBKH H BKJIUeHHe KyJaaugoBod Mydre. Ilpu
OTKPHTHH OTBEPCTHA 2 K HCTOYHMKY BSHEPrHE IOJKJIiuaeTcs INpasas
HOJIOCTb UMJAHHAPA 2, OT IITOKa-peliKH KOTOPOro NMOBOPAayHBAETCH 3y0-
yaToe KoJleco peBosbBepHOR rojoBkd. C Br/awoyeHnemM BK (or wmrToka
IuauEApa Z) MOCTymaeT KOMaHJa Ha OTKJAIOUEHHEe 3JeKTPOMAarHHTa B
pacnpenenntene 5. Ilpoucxoaur peepc. Teneps npu noaBoje XKUAKOC-
TH OT Hacoca K OTBEPCTHIO e HauuHaercs oOpaTHHl npolecc —
OTKJIIoUeHHe MY(TH B QHKcauus roJoBku (nsuxenue I1I), a ¢ OTKpH-
THEM OTBepcTHA 0 NPOHCXOXHT OTBOX LITOKZ-PeflKH B HCXOLHOE MOJO-
JKeHHe IpH cBOOOJHOM BpallleHHH 3y6uaToro Kojeca ¢ NOJyMydhTOH.

O6parnble kianadu § ¥ 4 NPeOTBPAINAIOT NOJBOA KHAKOCTH K
LHIHEAPY 2 OPH JABHXCHHH NOPWHSA B IHJAHHADe .

B nennrenpHO-PHKCHPYIOWEM YCTPOHCTBE NOBOPOT TOJOBKH IIpO-
H3BOAMTCA THApOMOTOpOM 2, a ¢HKcauHa H pachHKCaUHs — NHAHHA-
pom 4 (puc. 62, 6). Korga 30/0THHR B pacnpefennTene | HaxomuTcs
B NOJIOXKEHHH @ (9JeKTPOMArHHT I OTKIIOYeH), NOJ JaBJeHHeM Oyaer
THAPOMOTOpP H INpaBas HOJOCTb LHJIMHAPA, NOPIIEHb KQTOPOTO OTXAT
BJeBO. B sTOM cayuae menuTeNbHHI NHCK 3 3a(HKCHpOBaH.

Pacturcanus nHcKa npousofiler ¢ BK/IIOYEHHEM 3JIEKTPOMAartuTa
3 B pacnpefenurene I, Ipd KOTOPOM ero 30JOTHHK IEPEBOXHTCA B
noJjoxenHe 6. MaMeHseTcs Hampap/ieHHe TOKa KHIKOCTH IocJje pac-
npenenutens. Yepes o6paTHHIE KJanaH 5 XHAKOCTH NOCTYIHT B JAeBYIO
NOJOCT, LNHJIMEAPA 4, a ero npaBas NOJOCTh cOefuHseTcd ¢ 6GakoM.
Tlocne BHBONa J1€BOro (PHKCHPYIOLEro IITOKA H3 3allellJeHHst ¢ 3yObs-
MH JeJHTeIbHOTO AHCKa NpPaBHM ITOKOM BRJAuaerca BK, or kotopo-
rO MOCTYNMaeT KOMaHJa Ha OTK/IIOUEHHe 3JIeKTPOMAarHHTa paclipefelnd-
Teas. 30JIOTHHK B pacupejiesurese 3afiMeT NMONOXKEHHE @, a XKHAKOCTDb
OT HAcoca HaNPaBHTCA B NPAaByI0 NOJOCTh UHIHHAPA H OJHOBPEMEHHO
K THIPOMOTODY, BasJl KOTOPOTC BMeCTe C AeJHTeIbHHM AHCKOM HAaYHET
NpPOBOPAYHBATLCA IO yacoBoH crpenke. IloBTOpeHHe LHKIA IHOCTeLyer
CHOBA IPH BKIIOYEHHH 3JIeKTpOMarsura B pacnpépenutene I. Ha-
CTPOHKA Ha COIVIACOBAHHYI pabOTy THAPOMOTOpA M LHJAMHADA IPOU3-
BOJAHUTCA JpoccesieM 6 Bo BpeMs OTJIallKH CHCTEMBL.

B poropro#i mMalunHe, npelHAa3HAYEHHON NJIA OTJHBKH CTOHKH ILTYy-
ra B KOKWJSAX, NOCJAEA0BATEIbHOE BKJIOUEHHe MeXaHH3Ma IOBODOTa
portopa 5 u MydTH 4 NPOH3BOAMTCA NHJAHHApaMH 7 H J (pHc. 63).
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Puc 63 [loBopoTHO-(HKCHPYIONlee YCTPOHCTBO B MallHHe AJAA
OTJIHBKH CTOHKH TIAyra

Ecnu B pacnpegennrensx 2 u 1/ 30J0THHKH 3afiMyT IIOJIOXKEHHE &, TO
BHayaJie NepeMecTUTCA CABOCHHHIH MOpuIeHs ¢ pefiKoll B LUMJIHHApPE 7 H
TPOM30HIeT NOBOPOT POTOPA, a C OTKPHITHEM OTBEPCTHA 8 HauyHeTCA
JoXaTHe pOTOpa A0 yIopa H OZHOBDPEMEHHO C 5THM HNOIBOX XHIKOCTH
HOJA JaBJieHHeM Yepe3 HaNODHHIA 30JO0THHK 9, pacnpenenurelb 2 K
HHXHeH TOJIOCTH IMJHHApa J, NpeJHa3HAUeHHOro AJIs1 BKJIOYEHHS H
OTKJIOUeHH My(QTH 4. C nepeBOIOM 30J0THHKOB B pacHpele/HTeNsaX
2 n Il B nojoxkenne 6 NepBHIM cpaGaThiBaeT UMIHHAD 7, a 3aTeM
(nocJie OTKPHITHA OTBEPCTHS 0) UHAHHAD 3.

Knanaum 8 m 9 (tuma I'54) cosmalor B nuiMuiape 7 JaBjieHue
(Korza yepes HHMX IDOXOIMT JKHUAKOCTb), HeoGXoAHMOe s XOXKATHA
AOPLIHS ¢ PeHKOH H yAep:KaHHsA ero Ha ynope. Hpoccenu 6 u 10 BENOJA-
RAIOT (QYHKUHIO TOPMOSHBIX ycTpoicTs. Jlpoctear 13 Heobxomum Aas
PEryJiHpoOBKH YrJoBO# cxopocTH poropa. Ckopoctb o6paTHOro xoja
HOpIIHA B HUJMHApe 7 peryaupyetrcs jgpoccenem 2. OgHoBpeMeHHOe
nepeknioyeHHe 30/I0THHKOB B pachpefenurene 2 H Il mpousBoxHTCA
KpaHoM yIpaBJjeHHs I.
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Puc. 64. Ilocnenoeatennhoe nopxsmouede B paGoTy HHAHHIPOB
Ha y4acTKe aBTOMATHUECKOH JHHHH

Ha puc. 64 npuBefeHa rHApPaBIHYECKas CXeMa y4aCTKa aBTOMAaTH-
YeCcKOH JHHHH, B KOTOPOH UHAHHAD 5 obecneynBaeT ABHXKEHHE OTCEKa-
TeJNIO, a CABOEHHHIH LHIHHAD § co3faer UPEPHBHCTOE JBHXKEHHE Ka-
peTke 4 B CTOPOHY OTCEKaTess H HEeNpepHIBHOE NepeMellleHHe KapeTKU
B 0OpaTHOM HaNpaBJeHHH.

BsanMopelicTBie 3/IeKTPHYECKMX M THAPABIAHYECKHX alllapaToB
CO3JaeT CTPOTYIO NMOCAEROBATENBHOCTE BKAIOYEHHS B PaboTy UMJIHHI-
pos. Ilpu 3amkHyTOM nyTeBoM nepekiaiouartene BK2 sjaexTpoMarmuT
I3 BKIIOYEH, a 300THHK B pacnpefenutene ! 3aHUMAaeT IOJOXKeHHe
a. Ot wacoca XHAKOCTb IOCTYNAeT B MOJOCTb € UWIMHAPA 8, a OTBOA
}KUAKOCTH M3 MOJOCTH O MPOHCXORMT uepe3 pacnpenenurens I. [Tomoc-
TH 2 H 8 JIeBOH YaCTH HMWIHHADPA & coollMaoTcs MexAy co6oi0 yepes
pacnpenenutensb 2, sJeKTPOMArHuT Koroporo (1) B AaHHHA MOMEHT
orkaoyeH. CHBOGHHHA IIOpIIEHb ¢ KapeTkod OyneT NepeMemarthes
BJIEBO 10 TeX Iop, MOKa He cpaforaer myTeBol Nepexmwodarens BKI,
AOXAIOLIHE KOMaHJy Ha BKJIIOUEHHE 3jeKTpoMarHaToB 31 n 32, nocae
4ero 30JIOTHHKM B pacmpefenntensx 6 u 2 saliMyr moloxeHHe 6.
B pesynbTaTte NpoHu3ofifieT OCTaHOBKA KAaPETKH H BKJIOYEHHE B PaGoTy
UHIHHADA 5, NOPLIEHh KOTODOrO BMECTE C OTCEKaTeNeM coBepliaT
ABoRnOoH xoX (nmopsagku [I u III). Ot nyreBnx BHxA0uateneli BK2 u

BK4 npoHCXOAMT NOC/IeNOBaTeJAbHOE TNEPeKJIOUeHHe 3JeKTPOMAaTHHTOB
32 u 31.
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OTBox KapeTkKu BNpaBo (B HCXOAHYIO NO3HIMIO) TNPOH3OHAET IIPH
BKJIIOYEHMH HyTeBOro mnepex/aiogatens BK3, ot xoroporo momaercs
KOMaH/Ja Ha OTKJIYeHHe »JeKTpoMaruara 33 pacnpemenarens 1.

ITpu o6patHoM [BHXEHHH CJABOE€HHOTO NOPIUHS B LHJIHHApDE 8
JKHAKOCTb H3 IOJOCTH & B IIOJOCTb 6 OTBOJHUTCS B OCHOBHOM 4epe3
oOpaTHHI KJalaH 7, BCTPOEHHHH B nopuiesb. Korza aneKTpoMarHuTH
BCcex alllapaToB OTKJIOUEHHE OT 3JEKTPOCETH, TO YUacTOK aBTOMATH-
yecKOH JHHHH OyZeT HOAroTOBJIeH AJs NOBTODEHHS IHKJIa B yKa3aH-
HOM MOpSAJKE. ‘ )

[TpuHuKIHaNbHASA FHAPABIHYECKAS ¢XeMa Npecca ¢ CYMMHpYIOIIHM
nuagHapoM & (puc. 65) obecneunBaeT MOCJEAOBATENbHOE MNOAKJIOUE-
HHe MOJIOCTeH 8 H ¢ K Hacocy GoJbLIOH NPOHM3BOAHTENLHOCTH 2 H aB-
TOMaTHIECKOe BKJIKYeHHe B pabory mpeobpasoBarenst /0 B MOMEHTH
LONPECCOBKH H3JesHsi, Korfa HeoOXonMMHB G6OJbIIHe HaBjieHUd™.

- BricTpoe nepeMemienue miayHxkepa 4 NPOHUCXOAHT, KOrJa B KJjama-
He 9 30JI0THHK HPYXHHO#H oTkaT Bnpaso. [Ipu stom moJsocth 0 mof ym-
paBJjsieMBIM OOpaTHBIM KJialaHOM 6 MOJKJIOuaeTcs-K Gaky. Tak Kak K
HITOKOROH TIOJIOCTH € HUJHUHADPA ynpaBieHHs 7 NOoABeAeHa JKHIKOCTh OT
Hacoca { nox xaBiaeHHeM p; (Ha KOTOpOe HacTpoeH kJaamau I6), To
HOPOHCXOAHT MOLbeM KJalaHa 6 U cOeXHHEHHe MOJOCTH & ¢ Gakom 8.
B To e BpeMs or Hacoca 2 uepe3 pacuperenuréns 3 H o6paTHHIH Kja-
naH I/ XHuJIKOCTb MOCTYNIAET B IIOJIOCTD 8 MIYHKepa 4.

C MoOMeHTa CONPHKQOCHOBEHHA IIyHKepa 4 c 3aroToBKOH HayHMHa-
ercsl IIpollecC INPECCOBAHHA C OJHOBPEMEHHHM YBeJHUEeHHEeM [aBJe-
HHS B MOJIOCTH 8 U B IIOABOAsAINeH Maructpanu ot Hacoca 2. Korjga nas-
JIeHHe B IIOJIOCTH & YPaBHAETCS ¢ AABJEHHEM pg, Ha KOTOPOe HacTpoe-
Ha NPYXHHA KJanaHa 9, 30JIOTHHK ero MNepeMecTHTCS B CTOPOHY
OPYXHHB H COEJAHHHT MAaTrHCTPadb 4 C IOJOCThIO 0. YNpaBiseMblH
oOpaTHHE Kjianan 6 3aKpOeT OTBEPCTHE, COeAMHsOImee 6Gak ¢ MoOJo-
CThIO 2, a B IIOJIOCTb @ HAYHET HOCTYNATh XKHAKOCTb OT Hacoca 2 uepes
LeHTpaJibHOe OTBepCTHe B KiamaHe 6. CKOpoCTh INIyHXKepa yMeHb-
UWIHTCA H OJHOBPEMEHHO C 3THM HAYHET BO3pacTaTh AaBJeHHe B HACO-
ce H HHiauHApe 5. Korga naBjeHne B UHJIUHAPE 5 HOCTHIHET BEJHYTH-
HEl, Ha KOTOPYI0 HacTpoeHo pese nasneHus (P) 12, moakmodeHHOe
K HOJOCTH & Huaunapa 5, cpabateBaer P/, OT MHUKDOBRIKJIIOYATENS
KOTOpOro mepejdercs 3JEKTPHUECKHH CHIHAJ Ha BKJIOYEHHE 3JIEKTpPO-
MarHuTa 93 30JI0THHKA yNpapJeHHs1 annapata I5. Ilpn sToM Hacoc 2
aBTOMATHYECKH Nepek/JI049aercs Ha IHTAHHe HH:XKHefl NMOJOCTH Npeol-
pasoBarens I0. C MomeHTa BKJIIOYeHHs B pabory npeoGpasoBaTens
10 XKUIKOCTh TOJ BBICOKHM JAaBJIEHAEM HampaeJjsiercsd B o0e IOJIOCTH
UHJIHHApPA 5; NPOHCXOAHT OKOHYaTeJbHAs HONpeccoBKa M ¢opmoolbpa-
30BaHHE U3JETHS.

Bennunna JaBieHHs B KOHType Hacoca 2 KOHTPOJHPYETCS 3JIEKT-
POKOHTAaKTHEIM MaHoMeTpoM JKM-2, oT KOTOpOro 1o AOCTHXKEHHH 3a-
JIaHHOH BEeJHYHMHEl IOCTYIAI0T OZHOBPEMEHHO KOMAHABI Ha OTKJ0Ue-
HHe 3JIeKTpOMarHuToB 92 ® 33 u BRIUeHHe 3/JeKTpoMaruura J1.

* [IpHHUMNHKAJbHHE DEIlIeHHs, NPHHATHE B CXeMe, aHAJNOIWUHHL CXeMe, Ha OCHO-
BaHHA KOTOPOH cosznau mpecc Momenu [10235 (komerpykuun OCKBCC).
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A,

/
3 2
a
Puc. 66 TI'mapocucremsl, ofecneyHBaioNiHe JIOGYI0 O9ePeIHOCTb BKJIOUEHHR B PaGoTy
THAPOMOTOPOB |

a — NpH TapajileIbHOM NOAKIIOMEeHHH THXPOMOTOpPOS B CHCTeMY, 6 — INIPH NOCTeAOBATEJBHOM
NOAKJNGEHAH THAPOMOTODOB

ITpu >TOM NPOMCXOAHMT: L€peKIIOUeHHe 30JOTHHKA B paclpejesHTeNe;
3 B NOJOXKeHHe §, MONBOJ XKH/JAKOCTH OT Hacoca 2 K UHJAHHADY 5 uyepes
HATOpHHI 30/I0THREK 13, MajieBHe AaBJeHHA B IOJOCTH @, 61aroxaps
YeMy OCYIIECTBJAETCS NOLbeM YIpaBiseMoro Ki1anaHa 6 H HOIKIIO-
YeHHe NOJIOCTeH 8 M & UHAHHAPA § K 6aky 8 W K BepxHel MOJOCTH npe-
obpasosatenss 10. Ilpoussellenrl Bce omepanuu, HeoGXoZUMBIE AJIS
noabeMa IyHxepa 4 u 3apsaaku npeobpasosarens 10.

B ruipocHcreMé HamnOpHHH 30J0THHK I4 IpeloTBpalliaeT camo-
NPOU3BOJIbHOE OllyCKaHHe, IUIYHXKepa, a oOpaTHul KaanaH /I oTKJO-
YaeT KOHTYp Hacoca 2 npu pabore npeoGpasoBareis. ;

B BepxHeM mosokeHHH nayHxepa 4 cpabaTtnBaer BKI, oT KoTOpO-
ro MoCcTymaer 3JIeKTPMYEeCKHH CHTHAJ HA OTKJIOYEHHE 3JeKTPOMArHH-
Ta 31 u ocraHoBKy HacocoB. s 6aokupoBkr IKM-2 npenycMotpen
BK2.

Hns mocienoBaTeNbHOro BKIIOUEHHsT B paGoTy THAPOMOTOPOB MO-
ryT OHTh HCMOJIb30BAHEI KJIaNaHB HOCAEA0BATENbHOTO BKJIQUEHHS (TH-
na I'66) HaIn HamopHbie 30JIOTHHKH C AHCTaHIHOHHKIM YIpaBJeHHEM
(ruma I'54), momo6HO ToMy Kak 3T0 GBLIO CAeJaHO B CHCTEMAax C IH-
JHHADAMH.

B rugpocucteMe a ruapoMoTops 4 B 5 NOIK/IIOUEHH K Hacocy ma-
pasnensHo (puc 66). Ha marucrpanax c/imBa OT KaXAOTO THAPOMO-
TOpa YCTAHOBJEHBI JPOCCEJH H HAaNOPHBIE 30JOTHHKH [/ M 3, ynpapase-
Mble¢ 30JI0THHKOM ynpasieunss 2. Eciu 30/m0THHK B anmapare 2 3aHH-
MaeT IOJOXEHHE @, TO HaNopHBH 30JI0THHK 3 OTKPHT, a 30JIOTHHK I
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sakpuT. [TosTOMy B paboTe HaxoAHTCa rHapomorop 4 (obecrieven MOA-
BOZ H OTBOJ XuAKOCTH). C HepexJIOYeHHEM 30JIOTHHKA B anmapare 2
B MOJOXeHHe 6 H3MeHfeTcsl HalpaBJieHHe TeUeHHS XKHIKOCTH Hocje
30JIOTHHKA yIpaBjeHHs 2 u Tenepb OyIeT OTKPHT TOJbKO 30JOTHHK [,
a MO3TOMY HpPH OCTaHOBMBHIeMCst ruipomorope 4 B paboTy BKJdYaer-
csi ruapoMorop 5. Bmecro ammapara 2 ¢ 3JIEKTPHUYECKHM YHpaBJieHH-
eM MOXKeT GHTL HCNOJB30BaH KpaH ynpasjenus tHna I'71 (c pyuHbBIM
ynpaBJleHHeM) HJH JAPYrofl paclupelesuTesb ¢ MajoH pacxojHoi xa-
pakrepuCTHKO#. PeryjupoBaHre 4acToTel BpallleHHs BHIXOJHOTO BaJja
THAPOMOTOpPA NPOH3BOAUTCS APOCCETIAMH.

IIpuMeneHHe INpeJOXPaHHTENbHHIX KJIallaHOB ¢ IEPeNHBHEIM 30-
aoTHuKoM Tunma I'52, KP (u ApPYrMX KOHCTPYKUHH) ¢ AHCTAHIHOHHLIM
yIpaBJeHHeM NO3BOJSET BKJAIOYaTh B pabOTy THADOMOTOPH B J0GOH
nocseno0BaTeNbHOCTH (pHC. 66, 6).

Ecnu B pacmpenenurene 4 3070THHK IepeBe/ieH B NOJIOXKEHHE &, TO
kaanad 6 (Tena I'D2) nepekiioueH Ha peXHM Pasrpy3KH, IIPH KOTO-
pOM JaBJIeHHS , 0 K/allaHa (B MarkcTpajiH 7) H mocje KjiamaHa (B
MarucTpaid 5) NMOYTH PAaBHH, IOSTOMY TEAPOMOTOp [, MOAK/IIOYEHHBIH
napaJJieJbHO 3TOMY KaamaHdy, 6yaerT HemoaBH:KeH. Kmanan 3 B KoH-
Type THAPOMOTOpa 2 B 3TO BpeMs BHINOJHAET (QYHKUHIO NpefoXpaHH-
TEJbHOrO KJanaHa, HACTPOHKOH KOTOpOro onpefiefsieTcsi B OCHOBHOM
MAKCHMAJIbHEIA Tepenaj, AaBjleHHS B M'MAPOMOTOpE 2, MO3TOMY BHIXOA-
HOH BaJ 3TOro ruApomMoTopa Gyaer Bpamjatecsd. JKHAKOCTb B 9TOM CITy-
yae TeyeT OT Hacoca K 0aky o Marucrpanu 7—6-—5—2 — guarbrp —
HAnNOPHbLL 30A0THUK.

C nepeBOOM 30JIOTHHKA B pacrnpenenurene 4 B mojoxeHnHe 6 Kia-
MaH 8 NMEepexojHT Ha PasrpPy3OUHBIH pexXHM, a B paboTy BKIIOYaeTcs
ragpomotop I. OTBOX XKHAKOCTH B Oak mocjie rujapomoropa I Oyner
MPOHCXOAHTb Yepe3 KiallaH J, QHIALTP M HANOPHHIH 30JOTHHK.

IIpu HyseBaM NMOJOMEHHH 30JI0THHKAa B pacnpefennTene oba Kiaa-
naHa 8 u 6 NepeBOAATCA HAa PAsTPYSOUHHIH PEXHM, IIPH KOTOPOM B
Hacoce YCTaHaBJIHBaeTC Majioe AaBJeHHe, HeJOCTATOWHOe AJA Bpa-
IIeHHs THAPOMOTOPOB. BesnuuHa 3TOro JaB/eHHst onpejesisieTcs B OC-
HOBHOM COINIPOTHBJIEHHEM KJalnaHOB 6 u 3, GHJABTPA H HaNOPHOro 30-
JIOTHHKA.

Jns perynupoBaBHS YacTOTH BpallleHHS FHAPOMOTOPOB HEGOXOIH-
MO K HMX CJMBHHIM IOJOCTAM NOAKJIOUHTL EPOCCE]H WJIH APOCCETH C
PEryJasiTopoM. !

Mexanuam sanupanHs npecc-GopM B MalIKHE AJA JHThA NOJ 1aB-
JenneM obecmeynBaer GricTpHi moxsox dopmu I0 (pHe. 67) u ee
c6opKy, coznaer GoJblloe 3aNHpalolllee yCHJAHE JO 3aN0JIHEHHS Ipece-
¢opMB MeTanJ0oM, BHAEGDPKKY Ipecc-GOpMHL NOJ AaBJeHHEM, 4T0o He-
06X0AHMO AN KPHCTAJIH3AlHH MeTajJja, W depe3 HEKOTOpoe BpeMsd
OTBOJ, IJIUTHL 9 ¢ npecc-hopMOH B HCXOHOE MOJIOKEHHE,

B MexamusM SalmMpaHHA BXOAAT: KOMOHHHPOBaHHAS IMIHHIPO-
nopiiHeBag rpynma 8, coctosmasi H3 GOKOBHX UHJIHHIPOB ONHOCTO-
POHHEro AeHCTBHS, KOTOpPHlE PACHONOXKEHE! CHMMETPHUHO OTHOCHTE/b-
HO .CpefHero IUJIHHAPA ABYCTOPOHHero AeficTBis; Hacoc ¥ M QYHKIHO-
HaJbHasl anmapartypa, KoTopas ofecleqHBaeT IOCieOBaTe/bHOE MOJ-
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Puc 67, I'mppasindechasi cucTeMa MallHHBEI AJA JHTbA IOJA AaBJe-
HHEM

K/IIOUeHHe K HacoCy cpelHero H OOKOBHX LHJIHHADOB H BHAEPKKY
npecc-GopM MOA JaBJieHHeM B TeYeHHe 3aJaHHOTO BpEMEeHH,

Has yckopeHHOro mnojABoAa WIMTH ¢ Npecc-hopMoll HeoGXoauMO
BKJIOYHTD 3JEKTPOMAarHHT pacnpefenuteast 2. IIpH' 5TOM 30JOTHHMK B
paclipefennTe/le 3afiMer MoJioXKeHHe 6, a XKHAKOCTH OT HAcOCOB Io-
CTYIHT TOJBKO K CpelHeMy LMJAHHApPY. JlaBAeHHe B Hacoce B 3TOM
clyJae HEBEAMKO H ONpelefisieTcs CHAAMH TPeHHA B NUAMHApax H B
HaNpaBASIOIAX IUVIHTH H CONPOTHBJEHHEM allapaTypul H TpyGompo-
BOJIOB, PACHOJIOXEHHHX MeXAY HacocoM H HHJIHHADPOM. IlosmoctH 8 H
2 OOKOBHIX IHJIHHJAPOB IPH YCKOPEHHOM /IBHXXEHHMH IVIKTH BNPaBO Mo-
HOJHAITES KHAKOCTbIO H3 Gaka 7 uepes obpaTHHI Kaatian 6.

B MomeHT cMHKaHHS (OPM YBeJHYHBAETCA JaBJEHHE M, KOrjJa OHO
JIIOCTHIHET BEJHYHHBl po, OTKPOETCH KJalaH J, uepe3 KOTOPHIA Hacoc
HOAKI0YaeTcA K HOJOCTAM 6 ¥ @ GOKOBBIX NHJHHAPOB. Pese naBieHus
(PI) 4 nacrpanBaercs Ha AaBJeHHe py==p;. Ilpu sToM ycusue, pas-
BHBaeMoe UWJIMHApPaMH, AOJ/KHO OBITh JOCTATOYHHM JAJS CO3TAHHAN
FepMETHYHOCTH B COMKHYyTOH mpecc-popme. Ilpu pocTuXeHnn B LH-
JHUHJPaxX HaBJeHHsA ps cpabaThiBaer P/, 0T MHKDOBHIK/IIOUATeNsi KOTO-
poro mepejpaercst 3JeKTPHYECKHH CHI'HaJ K pese BpeMeHH (He NOKasa-
HO Ha cxeme). OT pene BpeMeHH uepe3 [ CeKyHJ HOCTyIaeT KOMaHAa
Ha OTKJIOUEHHe 3JIeKTPOMAUHHTa DacmpelesuTensi, B pe3yJabTaTe uero
OPOHCXOJHT IIePeBOJ 30JOTHHKA paclipeleuTeNs B IMONOXKeHHe a (pe-
BEPC) M OTBOA IVIUTH B HCXOJIHOE NOJ0XKEHHe
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OTBOA XHAKOCTH OT CPE/HEro LHMJHHApPA B Gak NPOH3BOJHTCH ue-
pes pacupegenuTtenb 2, a 13 60KOBHX IUHJAHHAPOB B 6ag 7 — yepes [IH-
CTAHIIHOHHO YTpaBisieMbldl HalOpHLIH 30JOTHHK 5, HAaCTPOEHHHIH Ha
NaBJeHue py, KOTOPOE HECKOJbKO MeEHBIIE [aBJieHHs, HeoOXOIHMOro
IJISL OTBOJIA TJTHTH ¢ ipecc-QpopMOi B MCXOAHOE NOJIOKEHHE,

Fnasa Vi

YCTPOHCTBA M CUCTEMB], OBECTIEYMBAOLUME
CUHXPOHHYIO PABOTY IN'MAPORBMIATENEHA

B mpaxTHke MalIHHOCTPOEHHs M CTAHKOCTPOEHHS HepelKO BO3HH-
KaeT HeOOXOJHMOCTh B CHHXPOHHOH paGoTe HECKOJbKHMX HCIOJHHTEb-
HEIX MeXaHM3MOB. PeilleHNe TaxHX 3ajay 3aTPyIHeHO, KOorja MeXaHHus-
MBl yAaJieHH JApyl OT Apyra Ha 3HaUMTeJbHOe DacCTofHHe, TaK Kak
HEeBO3MOXKHO 06eCIeunTh MeX1y HAMH KeCTKYIO CBA3b.

B 3aBHCHMOCTH OT Ha3HAUeHHS MAIUMHLl HJIH OTHAEJBHEIX OPraHoB,
KOMIIOHOBKH MEXaHH3MOB H JONYCTHMOH CTelleHH pPaccor/jacoBaHHUsA
NPUMEHAIOTCSl THAPOMeXaHHYeCKHHl M THAPaBIMYecKHH cmocoObl CHHX-
POHH3ALHUH.

T'udpomexaruveckuii cnocob. B KauecTBe NPHBOIHOTO 3JEMEHTa B
yCTpPOHCTBAaX HCIOJAb3yeTCA THAPOABHraTeNb (CHIOBOH HMJIMHAD MJIH
THIAPOMOTOD), @ COrMIacOBAHHOE ABHIKEHHE HCHOQJHKHTENbHBIX MEXaHH3-
MOB obecHmeuHBaeTcs phHYaraMH, TAramu, 3yOuaTHIMH KoJecaMH, T. e.
XKEeCTKHMH CBf3AMM H lepefauaMu. ITofo6Hble KOHCTPYKTHBHEIE pele-
HHS IIO3BOJIAIIOT MOJYYHTh OBoabliylo H, NMoxXany#H, HauboJblIyio TOY-
HOCTb B COIVIACOBAHHOM JIBHXKEHHH HCIOJHHTEJIbHHIX OPraHoB, OJHAKO
MEXaHH3MBEl TAKOr0 POfa IrPOMO3JAKH, TPYAOEMKH B H3rOTOBJIEHHH H B
pslie cayyaes He 3KOHOMHYHHL.

T'udpasauueckudi cnocof. CHHXPOHH3AUMSA IPH MOMOIIH T'HADOABHU-
ratesiefl moayumsna GoJbllIoe PacnpoCTpaHeHHe, TaK KaK 3HAYHTENIbHO
yhnpomaer pelleHHe NOAOGHHX 3akad¥, NMO3BOJSAET HEPENXO IJs 3TOH
LeJH HCIOJAb30BATh TOJALKO HOPMAaJIH30BaHHYIO amnmnapatypy. OnHako
THAPABJAHYECKHE YCTPOACTBA CO3MaI0T PAa3JHYHYIO CTeNeHb TOYHOCTH
B COrJacoBaHHOH pabore HECKOJbKHX THApDOJABHraTeself, MeXKAYy KOTO-
PBIMH HET XeCTKHX cBszell,

CyllecTByolHe rHAPABINYECKHe CHHXPOHHM3MPYIOLIHe YCTPOHCTBa
MOKHO OO6beIHHHTh B JBe GOJblIHe IPYNNbI B 3aBHCHMOCTH OT CIIOCO-
06a TOAKJIYEHHS TI'HAPOABHraTesJed B CcHCTeMY: IapalIelbHOIO HJH
MOCJIef0BaTENhHOT®.

CuuxponHyio pab0oTy HeCKONbKHX CHJIOBHIX IIMJHHIPOB HJIH THAPO-
MOTODOB C PaBHBIMH NapaMeTPaMH NpH NapaJeNbHOM HX MOAKJIOUe-
HHH B CHCTeMy MOJYYHTh HEBO3MOXKHO II0 PAAY NPpHYHH. Bo-mepBHX,
NpH paBeHCTBe HOMHHAJBHBIX Pa3MepoB BHYTPCHHHX JAHAMETPOB IH-
JHHIPOB HX JefCTBHTe/NbHBE Pa3Mephl OTJHYAKTCA M3-32 TEXHOJOTH-
YeCKHX HeTOUHOCTeH H3rOTOBJEHHA. Bo-BTOpHIX, paccoriacoBaHHE B
pa6oTe BBHI3BIBaeTCSI HEOJHHAKOBHIMH HATPY3KaMH, PasjJHYHHIMH BeJH-
YHHAMH TPeHHs B IMJIHHIpPAaX, Pa3JIMUHEIMH yTeUKaMH, CXKHMaeMOCThIO
JKHAKOCTH H D

.
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Ioutn aHajOrHYHHe NPHYMHHE CO3JAIOT PACCOr/acoBaHHe B pabore
[IHJTHH/POB, NOAKJIIOYEHHEIX B CHCTEMY ITOCJIEL0BATEIbHO.

Boabluoe KOMHYECTBO NMPHHIMAHAJIBHO OTJHYHHIX PEIeHHH Co3laer
paSJIH'IHYIO TOYHOCTb CHHXDOHH3AalUWH B ABHXKEHHH ABYX, TPEX H Godee
UHJIMHAPOB HJH T'HAPOMOTOPOB.

He Bo Bcex cayuasix TpeGyercs corsiacoBaHHas pafoTa THAPOIBH-
ratesefj ¢ GOJBIIOA TOYHOCTHIO, MOITOMY HPH BEIGOpe NpPHEMJIEMOro
BapHaHTa CHHXPOHH3aLHH Y KOHCTPYKTOPA JOJIKHO OHTb YeTKoe CYyK-
JeHHEe O HNONMYCTHMOH CTeMeHH PacCOrVIacOBaHHs, TaK KaK B NMOLOGHHX
yCTpOﬁCTBaX caeoyeT HMETh BBHAY He TOJBKO TEXHHUYECKYIO, HO H 3KO-
HOMMYECKYIO CTOPOHY.

1. THAPOCMCTEMBI € PErynaTOPOM CKOPOCTH

B mpocTeftHx caydasx AN NOJYYeHHS CHHXPOHHOR paBoTH He-
CKOJIbKHX THIPQABHraTejeH, BKJIOUEHHHX B CHCTEMY HapaJJesbHo,
npumeHnsoTed apoccen. [Tpu TmatenbHolt HacTpolixe mpoccelied, NOM-
KJIIOYEHHBIX K KaXXIOMYy HHJHHIAPY, MOXHO HNOJY4YHTh IpHMepHOE pa-
BEHCTBO PacXo0f0B XKHAKOCTH, a CJeJoBaTeabHO, H cKopocTell. OnHako
H3MeHeHHe BS3KOCTH Macja H BO3MOMXKHOe HepaBeHCTBO HepenajfoB
JaBJleHHd B APOCCEJIAX IIPH Pa3/MYHEIX HATpy3Kax BHI3HIBAET paccor-
JacoBaHHe B pafore ruapoiasurareseii. Jlaa cuEXpoHrol paboTH, Ha-
npuMep ABYX UHIMHAPOB B OGOHX HaNpaBJeHHAX, OYEBHAHO, MOH2JO0-
OuTcs yeTHpe Apoccensi. TOYHOCTh CHHXPOHM3AUHM NPH APOCCEJbHOM
criocofe peryaMpoBaHHs HEBBICOKas; DPAcCOIacOBaHHE COCTaBJAAeT
10—129%. ,

BoJsee TOUHYIO CHHXDOHH3ALHIO MOXKHO IOJY4HTh, IPHMEHAS APOC-
ceslb ¢ peryasitopom Tena I'55, KOTODH MeHee YyBCTBHTeNEeH K H3Me-
HEHHIO HarPy3KH H pa3HHUe B Harpy3Kax. / \

s monyueHHs CHHXPOHHOrO [BHXKEHHS B OOGOHX HampaBJEHHAX
MOXeT OLiTh PEKOMEHIOBAHA CHCTEMa, NMpHBeldeHHas Ha puc. 68, u-
JUHADH 6 ¥ 9 NoJBepKeHH pa3aHYHBIM Harpyskam G; u (g, a HX He-
MOJHHTENbHHE MeXaHH3MH JIHIIEHH XeCTKHX cBfsefl. Peryasropu
pacxona 7 u 8 (tuma I'55) moxkJiroyeHH B MOCTOBYIO cxeMy, obpaso-
BaHHYI0O OOpaTHHIMH Kaananamu 2, 8, 4, 5 u 10, 11, 12, 13. TlosTomy,
HE34aBHCHMO OT HallpaBJeHHsl J[BHKeHHA HOPIIHeH, KHAKOCTb uepes
PEryJATOpP BCerAa HPOXOLHT TOABKC B ORHOM HanpapjeHud. Ilpu
HoAbeMe MopHiHefl N3 MITOKOBHX MOJOCTeH LHIKHAPOB 6 H 9 XKuUAKOCTh
BBIKHMAeTCH K pacnpenenurenio I # fanee B 6ak uepe3 anmapars 6—
2—7—4—1 n 9—13—8—11—1. TloxBox XHAKOCTW NIPH MOLbEME NPO-
HCXOLHT OT paclpelejuTeNs uyepe3 obparHelfi KnanmaH annaparta 14
(tnma I'66).

[Tpu nmepek/oueHHH 30J0THHKA B paclpefe]uTene B NOJOXKEHHE @
nocjie pacnpeiejuTenss XKHAKOCTb K HUJIMHADAM HOABOAMTCA 1O JABYM
HanpaBJeHHAM uepes anmapatsl [—3—7—5—6 u 1—12—8—10-—9.
IlpoHcXOAKT OnMycKaHHe MOPIIHEH.

K HUXHHM TOJIOCTSM LHJIHHADOB NOJKJIOYeH amnapar I4, Hamop-
HEIA 30JIOTHHK KOTOPOrO CO3laeT IIPOTHBOAABJIEHHe, HeoOXxoauMoe 114
IpeoTBpallleHHs CKayKoOOpAa3HOrO MepeMellieHHS TPH OMYyCKaHHH
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Puc. 68. Tugpasnugeckasi cHcTeMa, ofecmeunBaouias CHHXPOHHYIO
paboTy UHAMHAPOB NPH IOMOHIH ApOCCeNell ¢ PeryasTopaMH

nopinHe#t. Pacnpesenntens ¢ 3aKPHITHIM HEHTPOM NO3BOJAET IPOH3-
BECTH OCTAHOBKY IOpIUHEH B JI060M IHOJIQKEHHH.

Kax ykasmBaer Falley [47], npoccenu ¢ peryasitopaMu He coxpa-
HAIOT COIVIAaCOBAHHOIO JBHXKEHHSA NOPIIHEH NIpPH AeHCTBHH GOJIBIIHX H
HepaBHOMEDHHX Harpy3ok. PacxofHasi xapaKTepHCTHKa Apoccenefl om-
pefiesisieTcsi He TOJbKO IVIOMI2ZbI0 NPOXORHOTO CeueHHS, HO H mIepena-
AOM [aBJIeHHS B ApOccelie, NIOSTOMY NPYKHHH PETYJAATOPOB, OT KOTO-
pHEIX 3aBHCHT BeJHUYHHa Nepenafa JAaBJeHHA, JOJXKHBH OBITH OTTapHpPO-
BAaHEI Ha OJHHAKOBOE YCHJIHE.

1 MOBBIIEHHST TOYHOCTH CHHXPOHH3ALUHH JAPOCCETHPYIOLIHX VCT-
poiicts JI. B, Bornanosnu u P. A. I'y6aHoB npensioxuiau rufpocHcTe-
Mmy* (puc. 69), B KoTopo#i annapatsi I'55 3aMeHeHH peAyKIHOHHBIMH

* A c 407084 xn F15 B 11/22 (CCCP) VerpoicTBo an CHHXPOHHOH padoTu
rugpounsnnaapos/Jl, B. Borpanosny, P A Ty6anos — Ony6n 21 11.73
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Pgc. 69. Tuppasiauueckasi cHCTeMa CHHXPOHH3AILWH, B KOTOPO{ HOCTOSHCTBO nepena-
JIOB JABJIEHHS B APOCCeIAX YCTaHABJAHBAETCA PeAYKUHONHEIM KJIANaHOM

KnanasaMu 4 # 8 B COUETaHHH C HeperyJAHPYeMEIMH HpPOCCeNAMH
(xurnepamu) 3 u 7. B peaykumonunix knanaHaXx 4 u § (tuma I'57)
ylaJleHHl JXKecTKHe NPYXKHHH, a K HOJOCTH, Ile OHH PacnoJarajuch, o
MarucTpanu 2 noABelieHa XKHAKOCTb IOX JaBJeHHEM OT pelyKIHOHHO-
ro knanana l. Jlasnenne nepej skuxiaepamy 3 H 7 OZHHAKOBBl H COOT-
BeTCTBYIOT HAcTpOfike peIyKIHOHHOTO KJaanara I, a Tak KaK OTBOX
JKHIAKOCTH MocJe XKHK/JIepOB IPOHCXOAHT B OGIIYI0 Marucrpanb, TO H
llepenazfbl JABJEHHA B XKHKJepax GyayT paBHEL. IIpH yKazaHHHIX H3-
MEHEHHSX ¥ MOAKJIIOUEHHAX MOMKHO NOJNarath, 4To OyAeT COXPaHAThes
pPaBeHCTBO PaCXoJ0B XHAKOCTH uepes ycrpoiictsa 4, 3 u 8, 7, a ciefio-
BaTeJbHO H CKOPOCTH NOpLIHeH B UHJIHHAPaX 5 H 6.
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AnazoruuEo MpEeAHAYINeR CXeMe 3[ech APOCCEJHDPYIONUIHE YCTPOH-
CTB2 TaKXe NOAKJIOUEHH B MOCTOBYIO CXeMY, COCTABJIEHHYIO H3 ofpar-
HBIX KJANaHOB, [I03TOMY XKHJAKOCTb Yepe3 3KHKJIEDH IPOXOJHT B OLHOM
HanpaB/CHHH, HE32aBHCHMO OT TOro, COBeplIaercd MOABEM HJIH ONycKa-
Hye nopuHei,

Hacrpoiiko#t peayKnHOHHOrO kjanana / MOXHO HSMEHSTh Nepenaj
JaBJIeHHs] B XKHUKJEPAX, a CIeAOBATEIbHO, H PACXOJ XKHAKOCTH B HHX
(dbopmymna 48).

HAnsa monygyenus nepenaga gasiaenus meHsine 0,2—0,3 MIla HeoG-
XOIHMO JKeCTKYI0 NPYXKHHY B KJjanaHe | 3aMeHHTb GoJjiee 3JacTHUHOM,

JKCIepUMEHTHI, TIpoBeieHHEe B JaGopaTopud Kadefpel MeTaslo-
pexymux crankoB OIIM, nokasanm, uTo paccoryiacoBanHe B pa6oTe
UHJIHHJPOB ‘Ha myTH B 450 MM coctaBasio okoio 1,5—2 mMm.

2. T MAPABNMYECKHE CHCTEMD! C ACNTMTENAMM NOTOKA

Hennrenu MOTOKA XHIKOCTH HJIH JACIUTEJNbHHE KJIANaHH TIpHMe-
HSIOTCA, KaK NPABUJO, IPH MapANIENbHOM IOAKIIOUEHHH THJDOJABHIA-
Tegeft B cHcreMy, CyIIHOCTD HX PaGOTHl COCTOHT B TOM, 4YTO OGWIHil
HOTOK XHAKOCTH, MOCTYHMAMIHA OT Hacoca, pasfesercs AeNHTeNAMH
Ha /iBe paBHBIE YaCTH HJIH GoJlee,

Pa6ora nemnTenbHOro kianaHa aHANOTHYHA JEHCTBHIO MOCTHKA
¥Yurcona. Benmnunna toka B auaromanu mocra (puc. 70, @) 3aBHCHT OT
HanmpsXeHHss HCTOYHHKA TOKa M OT 3HAYEHHH CONPOTHBJEHHN BCex
nied Mocra. Ecan I,=0, To RiR,=R3R;, a HanpsxeHHe B TOYKax 6
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Puc. 70. IlpuHunnnabubie cXeMsl ¢ 6a-
JIaHCHPOBOUHHIM YCTPORCTBOM;
G — 3nexTpUYecKas; 6 — ruApapIMuecKas gt J
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B 2 paBHH. MoCTH, B KOTOPHIX BHINOJAHEHO 3TO YCJOBHE, Ha3HBAaIOTCSA
ypaBHOBEIUEHHBIMH.

HaBnenHe B THApaB/IHYECKOH CXeMe [AeJHTEJIbHOrO KJjamnaHa (pHC.
70, 6) ypaBHOBeLIMBaeFci aBTOMaTH4YecKH. EciH, npeanonoXuMm, AaB-
JIEHHE po>>p;, TO 30JIOTHHK KJanapa ] flepeMecTHTCS BJEBO, YMEHb-
mas CONpOTHBJNeHHe R, W yBeanuuBas Rs, YTO NpHBeJEeT K BO3pacra-
HUIO JaBJIEHHst P IO XaBJEHHS Pa.

Ilepenay naB/ieHHst B rHAPABJIHYECKHX CONPOTHBJIEHHSAX ONpelens- .
€TCs 3aBHCHMOCTSIMH:

Px—p1 = QR ¥ px— pz = Q2R,, (55)

rile px — NaBJeHEe, paBHOe HacTPOHKe HANIOPHOrO 30J0THHKA.
Tak Kak AenuTeJbHHH KnanaH Bce BpeM#dA IOJAepXKHBaeT paBeHCT-
BO JaBAEHHH ps U pi, TO U3 ypaBHeHH: (bD) ciepyer, 4To

Q R
&t e

Taknu o6pasoM, pacXoAbl IKHIKOCTH B KaXKAOA BETBH OT TOUYKH €
COOTBETCTBYIOT cooTHomenkio (56). Ilpu paBeHcTBe cONMPOTHBJEHHKH
Ry u R; HOTOK ¢ KaXJ0# CTOPOHH THAPaBJHYECKOTO MOCTA TeopeTHYe-
cKH OyaerT OJHHAKOBHM HE3aBHCHMO OT BEJHYHHBI Harpysok p; H pa.

IIpuansn paGoTH JAefHTENbHBIX KJalaHOB OCHOBAH Ha TOM, YTO B
MeHee Harpy>keHHYIO BeTBb aBTOMATHYECKH IIOJAKJII09aercst HONOJIHH-
TebHOE THApPAaBJIHYECKOe CONPOTHBJEHHe, INOHHXKAIOLee PACXOM KH-
JKOCTH B 3TOH BeTBH [0 BeJWUHHH pacxoja B GoJee HarpyxeHHOH
BETBH.

PasjpyHEle KOHCTPYKLHH JeJHTEJbHHX KJanaHOB, JOJy4HBUIHE
npHMeHeHHe B MallMHOCTPOEHHH, TOKasaHH Ha pHc. 71. B kaamane
(puc. 71, a) u3 orBepcrud I3 XKHAKOCTb MapasijiebHHMH MOTOKaMH
uyepes Kojblesble mein /2 1 14 paBHOro ceueHUs HaNpaBJseTCA COOT-
BETCTBEHHO K mosoctsaM I1 u 15 u manee yepes JpocceqHpyiolHe mie-
Ju 5 u 8, o6pasoBanHble KPOMKAMH 30JI0THHKAa [ H OTBEPCTHAMH BO
BTYJKe 3, ClleiyeT K OTBEPCTHAM 6 M 7, KOTOPHE NOAKAIOUEHHl K IH-
aauxpam. [Hoaocra 2 u 10 npu nomomiu oTgepcTHit 4 H 9 B 30J0THHKe
I coenunens ¢ KoapleBoiMH wmensmu /2 u I14. Ilpu ofAMHaKOBHX Ha-
rpy3Kax B HHJHHADAX BO3HHKAIOT paBHEIE JaBJEHHS B BHXOJHHIX OT-
BepcTHAX 6 U 7 M B nosoctsx 2 u 10, Gaaronaps ueMy 30JOTHHK [ yc-
TAHABJIHBAETCH B CpelHee NoJjoxkeHue. Ecanm paBieHHe B ONHOR H3
MarHcrpajeii (Hampumep, B 6-#) mnoBHmIaerca (H3-3a YBEJHYEHHS
Harpy3KH Ha TIOpLIEHB), TO BO3PACTAeT TaKxKe HaBJeHHe B KOJNbLEBOH
meaH /4 ¥ OJHOBPEMEHHO ¢ 3THM B OTBepcTHH 9 u moaoctd 10, UTo BH-
3HIBaeT OTXKATHE 30JIOTHHKA [ BJIeBO, YBeJHYEHHE TPOXOJHOrO CEYEHHS.
IIeJH 5 ¥ YMeHbIleHHe CeueHHus INeau 8; DaBJeHHe B NoJocTH 15 mo-
HHXKaeTcs, a B noJocth /] moBHILaeTcs A0 TeX IOp, NOKa Iiepeman
JaBJeHHA MeXAY NonoctaMu I5 u 13 He ypaBHOBecHTCS IepenajgoM
JdaBjleHHs Mexny nonoctamu Il u 13. PaBeHcTBo nepenanoB AaBie-
HHSl MexXJIy BXOJHHIM M BHIXOJHBIM OTBEPCTHSIMH IIPHBOAHT K pasje-
JIEHHIO o611ero NOTOKA HA /iBe paBHEIE YACTH.
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Puc. 71. KOHCTPYKIHK ZeJHTENbHNX KJIalaHoB:

@ — ¢ 6aNaHCHDOBOUHHIM 30NOTHAKOM; 6 — C GAAAHCHDOBOUNHIM SOJOTHEKOM M OGDAaTHEIM KJja-
nanoM; @ — moneaw 75 (komcrpykuws DHHUMC); 2 — Monenx

TMoao6umi AeJyTeNbHbIA KANiaH MPHMEHFETCA MR MPONyCKaHH:
JKHIKOCTH TOJBKO B OJHOM HampaBJeHHH H CO3[aeT COrJIaCOBaHHYIO
fadlory nopuiHeil B pasje/ieHHH NOTOKOB ¢ OUIHGKOH IpHMepHO B 4%
53].

Jenutenvupit kaanan (puc. 71, 6) nogoben Kaamany (puc. 71, a),
OJHAKO BBEJCHHE B 3TY KOHCTPYKIHIO OGpaTHHX KJanaHos / No3poJd-
eT NpONYyCKAaThb KUAKOCTh 4epe3 KjamaH § B 0OpaTHOM HanpaBieHHH
noutu GecnpensTcTBeHHO. JJs KOPPEKTHPOBKH HEOOJBINMX HOTPEIIHO-
CTell B KOHIle X0Ja NMOpUIHeH NpelyCMOTPEHH DPeryJHpOBOYHHE BHHTHI
2, KOTOPHIMH OTpaHHYHBAETCs OCeBOe NepeMellleHHe 30J0THHKA 4 OT-
HOCHTEJbHO BTYJKM 5 Tak, 4T0oGH HH OfIHA H3 BHIXOAHHIX NOJOCTEH He-
JUTeNq He Gbiyia TIepeKpHiTa.

HeaurenbHele KiamaHe (puC. 71, 8 H &) HMEIOT HEKOTOpPHE OTJIH-
YuA OT PACCMOTPEHHBIX KOHCTPYKIME, XOTH pa3fiejieHHe NOTOKa XKH-
IKOCTH B HHX OGECNéyMBaeTCsi Ha TOM JKe NPUHIHIE aBTOMaTHYECKOro
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NOAJAEpKaHusl TOCTOSHCTBA IepenaioB AaBJeHHs B JApoccessx mepe-
MEHHOTO CeYeHHs.

OtanunTte]bHO# 0COOEHHOCTBIO AeNHTeNbHOro KJjamada Taia I'75
(puc. 71, 8) xoncrpykuun DHHMMC [18] aBagercsi npHMeHeHHE TOH-
KOi waifu 2 ¢ TpeMs mapaMu KaJuOpOBAHHEIX OTBEPCTHH PasiEIHHX
JIMAMETPOB, KOTOPHE BHIIOJHAIOT (YHKIHIO OOCTOSIHHHX Apocceset.
C nomoInpio Takoro ycTpoicTBa KAalaH MoxKeT OBITh HACTPOEH Ha TpPH
Pa3/JHYHEIX pacxXoia NPH PAlMOHANLHOM Ilepenaje [NaBJeHHS HA Mo-
CTOSIHHBIX jpoccensx IlepeMeHHEe npoccear o6pasylTCA, KPOMEAMU
30/M0THAKA 3 ¢ OTBepcTHAMH & u 8 Bo BTyJaKe. OceBHe H pafHaldLHEE
oTBepcTHA 4 H 9 B 307I0THHKE COEIHHSIOT TOPLOBBIE IIOJNOCTH, 06paso-
BaHHBIE 30JIOTHHKOM H GOKOBHIMH (h/1aHLIAMH C BHIXOJHLIMH OTBEPCTHS-
Mabu7.

Hcnwiranus, npoeefernble B DHMMC, nokasanu, 94T0 OTHOCHTENb-
Hasi OIHOKA JleJIeHHs NOTOKA IIPH BCEX BO3MOXKHKIX KOMOHHALHAX Ha-
rpyKeHHSI HUJIHHIPOB He npesniiaer 3% [18]. ;

Knanau penurenpunléi tuna KJZ (puc. 71, 2) orimuaercss OT Kaa-
naHa I'75 TONBKO pacnosioxKeHHeM IOCTOSTHHHIX JDOCCEIHPYIOIHX yCT-
poficTB. DTy (PYHKUHIO BHIIOJHAIOT Walbu 7 (¢ kaJnOpOBaHHBIMH OT-
BEPCTHSAMH), BCTPOEGHHHIE B 30JI0THHK 8. Jlpoccesu mepeMeHHOro ceue-
HHS 00pa3yloTcs KPOMKaMH 30JI0THHKA M pajHaNbHBIMH OTBEPCTHSMH
2 u 5, pacnosoxeHHBIMH BO BTYJIKe. B KiamaHe IperycMOoTpeHa 3ame-
Ha JpOCCEJHPYIOUHX a6, OJHAKO AJIS 3TOro HeoGXOLHMO IMpPOH3BeC- -
TH NOYTH NOJHYI0 pa3CopKy kianasa. B kinanare KJI HecKOJbKO Tex-
HOJIOTHYHEH pelleH BOIPOC COeJHHEHHS TOPLOBHX IIOJOCTeH 30/0THH-
kKa I ¥ 6 ¢ BHIXOJAHBIMH OTBEPCTHIMHE 3 H 4.

IlpenmymectBoM kianaua tuna ['75 ¢ BXOOHEIMH ApoccensMH AHa-
¢parMeHHOro THIOA B CpPaBHEHHH C KOHCTPyKUHeH, IPHBELEHHOH Ha
puc. 71, a (rie NMOCTOSHHBIE ZPOCCEJH BHIIOJHEHH B BHJE KOJbIEBOH
I{e/H), SBJSETCS MEHbUIAs NOJBEPKCHHOCTh HX HM3MEHEHHAM TeMie-
paTyphi xuakocTH [18].

TexHuueckass XapakTepPUCTHKa M IPHCOeJHHHTENbHHE pasMepH ¢
kiaanaHoB tuna I'75 m K/ mpuBeiensl B Karaiore IO mnpooﬁopyuo-
BaHHIO.

Hemanrii wuHTEepec NpeICTABJAAIOT AENHTeNbHEE KJIAalaHH, 3ama-’
TeHToBaHHHE B fmonnu (puc. 72, a)* u B CIIA (puc. 72, 6**, g**¥*),
Bce oHE Tak ke, KaK H pacCMOTpPeHHBIe BHIIIE KOHCTPYKIEH, OTHOCATCS
K IEJHTENSIM IOTOKA JPOCCE]bHOrO THIIA.

Bxoanoe npucoenuuurenbHoe orsepcrue 8 (puc. 72, a) coobiraer-
cs ¢ Kamepamu / H 3 uepes KaHa/JH B Hapy)KHOM Kopmyce 7 M Kaaub-
pOBaHHEIEe OTBEPCTHS BO BTYJKaX 6 H 9. MemOpana 2 TODLOBHMH IIO-
BEPXHOCTSIMH CBOEFO KECTKOTrO IEHTPA B3aHMOAEHCTBYeT CO BXOAaMH
BTyJOK 4 U 12, 06pasys ApoccesbHble leJH NepeMEHHOro ceuensf. He-
pe3 oTBepcTHS BTYJOK 4 u 12 XHAKOCTh IOCTYIAeT K BEIXOJHHM TIpH-

* Tapataka Hapymm Ilar 49—8974 (Slmomus). Heamrenb noroka — OnyGi.
10374

#% Sidles Peler Ilar 3348563 (CIIIA). Henuress noroka — Omy6a. 27.03 67.

#*% Fngelmann Rager. IMar. 3722524 (CIOA). Hesurenms nortoka, — Ony6a
270373
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Puc 72 KOHCTPYKHHH NeNHTEeNBLHHIX K/ANAHOB!

@ — ¢ mMeMGpaHolf, 6 — 30JOTRHKOBOTO THGE, & — 6
¢ IBYMS 30J0THHKAMR

COCIHHHTEJBHBIM OTBEpPCTHAM & H 0. MeMGpaHa HaxoZHTCS B paBHO-
BECHH TOJDBKO IPH PaBeHCTBe AaBJeHHH B KaMepax / M 3. Beuay Toro,
YTO Ha BXOJe B J/THTENb IIOTOKA, T. €. lepej ApoccensaMu 6 u 9, nas-
JIEHHE OJHHAKOBOE, B YCTAHOBUBIIEMCS DeXHMe Nepenajisl AaBJeHHH
Ha 3THX jJpoccensix G6yAyT TakkKe OJHHAKOBHIMH HE3aBHCHMO OT BeJH-
YHHEl NABJIEHHA B OGOHX BEIXOJIHBIX NPHCOEIHHHTEJbHHX OTBEPCTHSIX.
IIpu ysenuueHun Harpysku, HanmpuMep B OTBEpPCTHH [0, HECKOIbKO MO~
BLICHTCSL aBJieHHe B Kamepe I; BO3HHKIUEE NIDH 3TOM YCHJIHE CMECTHT
UeHTP MeMOpaHbl B CTOPOHY BXOZA BO BTyJKe 4 CONpPOTHBIEHHE UIEJH
MeXK]Y TOPUOBHIMH NOBEPXHOCTSIMH MeMOpaHBl ¥ BTysKM 4 BospacTer,
COOTBETCTBEHHO BO3PAcTeT JlaBJieHHe B KaMmepe 3, ¥ paBHOBecHe MeMG-
panbl # RaBJeHH# B o6oux Kamepax / u 3 6yser BoccTanoB/eHo 'Papey-
CTBO NePenajioB HaBJICHHs Ha JApoccensx 6 M 9 obecreuynBaeT gejeHue
MOBO/IMMOrO NIOTOKA Ha PaBHLIE YACTH.

Jlenutesp MOTOKA 30JOTHHKOBOTO THIA OTJAHYAETCH OT paccmot-
PeHHBIX KOHCTPYKLHH APOCCEIHDYIOUIHX KPOMOK. Pafouas KHAKOCTH,
NOCTYNAI0Was 1o KaHayly 3 depes OTBePCTHS 4, NMOMajaeT B PacTOUKY
6 30JI0THHKA & (pHC 72, 6) W3 pacTouku 6 KHAKOCTb uepes TOPILB! 30-
JIOTHHKA IPOXOIHT K OTBOJAHHIM KaHajaMm [ M 8, KOTOpHE COeJMHEHHI,
HallpHMED, ¢ TUAPOUKIHHIPaMH. KphiiKaMy KOpIyca 3alleMJeHsl yio-
Pbl, HMEIOLIHE IIHIHHAPHIECKHE BEICTYHE! 2 H 7, NepekpHBAIOLINE PacTOY-
Ky 6 NPH CMeIeHHH 30JI0THHKA B KaKylo-JTHGO cropony. IIpu stom cos-
AaeTcs KoJblieBas MWeb a. B To xe BpeMs Topel 30JI0THHKA COBMeCT-
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HO ¢ Kopmycom ofpasyer 1eab 6. Ilepexpuitue menu a scerna 6onbig
MeM LIeNH 6, MOCKOJbKY OHA HAYHHAeT 3akphiBaThcs mepsoil. [lesan
BHINOJHAET (GYHKUHIO JDPOCCeas ¢ NePeMeHHBIM CEYeHHeM, a Taki§
nemndepa. C yBelHIeHHeM pacxoja, HanpuMep, B KaHaue | KaBieHH
NOJ, JIeBEIM TOPLOM 30JICTHHKA Najaer; 30J0THHK M3 CPELHEr0 MOJI0MKE
HHSl CMEIIAeTCsl BJEBO, NepPeKPhiBasi Wiedb @, B pesyJabTaTe yMeHbLI
ercs pacxof B KaHaie | u yBelHuuBaerca B KaHaJde 8. JlaBieHHe B K4
HaJe ] MOHMXKaercsd IO TeX HOD, NIOKa He yPaBHOBECHTCS [ABJecHHE]
B KaHaJe &, f

B penutene mortoxa (puc. 72, ) ABa MOJBIX LHJHHADHYECKHX 3
JIOTHHKA 5 H 9, TOPIIEl KOTOPHIX BHIOJHEHE! CO CKOCAMH, VIIHPAIOTCY
B Wwapuk 6 moa AefictBuenm npyxud. Wrtupra 1/ npeporspamaot npg
BOpauHBaHHe 30JOTHHKOB. [losoXeHHe MApHKa H 30JI0THHKOB peryi
pyercst ynopom I. JIna peryJHpOBKM HPYXKHH CAYXKUT BHHT [0, ]

Pa6ouas XuAKOCTh, MoCcTyNAaloIlas uepe3 nojarox I3, ob6rexaer mial
PHK H uepe3 Ka/JuGpoBauHBle OTBEPCTHsl (IOCTOSIHHEIE Apoccenn) 2 4
12 pampasasercss BO BHYTPeHHHE PAacTOYKH 30JI0THHKA H jajee 4Yepd
oTBepcTHs 4 U 7 B KaHaJan 3 u 8, KOTOpHE COeJUHEHE C THAPOJBHTH
TejsMH. [1pH mafeHud AaBJeHHS B OJHOM H3 BHIXOINHHIX KaHaJOB (H4
fIpEMEp, B IPaBOM) INepenaj JaBJeHHS B 3TOM HANPaBJeHHH yBEeJHUM
BaeTcsd, 30JI0THHK 9, cMellasichb BIpaBo, YMeHbUIdET ceueHHe BHIXOJH
ro OTBEPCTHS 7. 3

Ha puc. 73, @ npuBesieHa NpUHIKMOHAJbHASA HADABJAHYECKasd cXeM§
CHHXPOHHM3aLHH [BYX CHJOBHX IMJIHHJAPOB 5 H 7 OJHOCTOPOHHETO Ieill
CTBHsI C COTVIACOBAHHHIM JBHKEHHEM IIYHKEPOB TOJbKO IIPH NOABEME
Ilpu oaHOBpEMEHHOM OTKPHITHH pacnpeﬂe.rm'reﬂen 4 u 8 npoucxonw’
onmyckaHue rpysoB. ECIH B 5/€KTPHYECKOl cXeMe YNPAB/ICHHS NpeEAY;
CMOTPEHO pa3jle/lbHoe BKJIOUCHHE H OTKJIOUeHHE 3JIeKTPOMATHHTO}
pacnpejenuTesefi, TO BO3MOXKEH NOJbEM HJH ONyCKaHHE TOJbKO OJHO
ro IJIyHXepa.

Bo BpeMs ABHXEHHS IUIYHXKEPOB BHH3 M3 LHJHHAPOB H HAcOCH
JKHAKOCTb OTBOAMTCA B 0aK uepe3 JAeJHTeJNbHHH KjaalaH 6, pacrnpe/d
JUTSJH 4 B 8 H HaNopHBIH 30JI0THHK [, YCTAaHOBJEHHBA Ha CJIHBHON
Tpy6oIpoBOIE. =

PacxogHble XapaKTePHCTHKH pacnpefenuteneil 4, 8§ u manopxord
30J1I0THHKa | JOJIKHB OBITh BBEIGDAHEI C YIeTOM CKOPOCTH ONYCKaHHS
rpysa (HJH rpy3oB) H NPOH3BOJAHTENBHOCTH Hacoca. [s1 u3MeHeHwus
.CKOPOCTH NpeAyCMOTPeH jpoccedb 2 (HJH JApOcceb C PEryasiTOpoM)
O6patHbifi kjanad 3 npefoTBpalllaeT ONyCKaHHe IIJIYHXKEpPOB IpH OT:
KJIIOUEHHOM Hacoce. ;

Jas cuHXpoHHOH paboTHl ABYX CHJOBHIX HHJIHHAPOB B OGOHX Ha+
NpaBJeHusX B cXeMe, OpHBeJeHHOH Ha puc. 73, 6, NIpUMeHEHO JBa Je
JIUTensl TIOTOKa: OeJuTelb 2, pasfe/ss IOTOK JKHAKOCTH HAa PABHHE
YacTH, NOJAKJIOUaeTcA 4yepe3 oOpaTHbIe KJalaHH § K UWJIHHIpam 4 3

5 npu moabeme MIOHIAJKHM ¢ I'PY30M, H JAeJHTeNb 7, BHINOJHAA (PYHK
IIHIO CyMMaropa, obeclleuHBaeT CHEXPOHHOE JBHXKeHHe IJIYHXKepOB IIp
onyckaHun IVIomankH. OnycKanue NPOHCXOAHMT IoJ JeficTBHeM cO6CT
BEHHOroO Beca IVIOIMAAKM Tockae IepeBofla 30J0THHKA B PaclpeleNnTe
Jie 9 H3 TOJIOKEeHHSI @ B IIOJIOKeHHe 6; NPH 3TOM H3 LHJAHHADOH
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Puc. 73, TuapocHcreMsl, 06ecneyuBalollHe CHHXPOHHYIO PaBOTy UHIHHADOB
©JHOCTOPOHHEr0 JAeHCTBHS

JKHAKOCTh OTBOAMTCS B 6aK uepes anmaparsl 6, 7, 9 0 HalOPHBEIH 30J0T-
HHK, a HACOC mepekJmpouaercs B 6ak uepe3 ¢punastp 8. Jpoccens 1, pacno-
JIOXKeHHHI Ha BXOJHOH MarucTpaJji K LMJAHHAPAM, IO3BOJISIET PEryJanpo-
BaTb CKOPOCTB TOJIBKO IIPH MOAkEMe Ipy3a.

B mpuBome MexaHH3Ma HATAXKEHHS BaJKOB TEKCTHJABHOI'O CTaHa
Banku (puc. 74, @) BpallawOTcs BCerza B OJIHOM HalpaBJIeHHH, HO MJIA
HaTsXKEHHS MaTepHasa NpaBhie BaJKH JOJKHH BpallaThCs HECKOJBKO
6nicTpee JeBbiX. OTHOWIEHHE CKOpOCTell BAaJKOB YCTAHABJIMBAETCS 3a-
paHee peryJupyeMHM IHAPOMOTOPOM 6, a TP NOMOMIM AeNHTeJbHOTO
KJlamaHa 7 3T0 OTHOIIEHHe COXpaHseTcs NOCTOSIHHGBIM HE3aBHCHMO OT
KoJefaHUsI MOMEHTOB HAa BalaxX THADOMOTOPOB, TaK KakK AeJHTeNbHBIM
KJaNaHoM IOAAIOTCS paBHHe OObeMbl KHIAKOCTH K THAPOMOTOpaM
5ué6.

Hacocom ! MOXHO peryJHpoBath HOMHHAJbHBIE CKOPOCTH BaJKOB,
He MeHsIsl NIPH 3TOM YCTAHOBJIEHHOI'O IepeJaTOYHOrO OTHOLUEHHS MeX-
ny ruapomoTropaMH. Korza sofoTHHK B paclipejennrene J 3afimer no-
JIOXKEeHHe @, Hacoc Iepekaodaercsl Ha cBOOOJHBIA CJHB KHAKOCTH B
6ax.

Tuppasinueckass cHcTeMa, DpHBeleHHas Ha puc. 74, 6, momobHa
cHcTeMe, H300paXkeHHOH Ha'puc. 73, 6, TOJBKO 3[ech BMeCTO LHJIHHI-
POB OJHOCTOPOHHEro CHJIOBOrO IeHACTBHSI NPHMEHEHH THIPOMOTOPH 4
H 5. TpexnmosuuuoHHBIE pacnpefenuteqap ! obecleyHBaeT peBepc H
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PHe, 74. TuapocucTeMnl, €03ZAIOMHe CHHXDOHHYIO Pa6OTy ABYX THADPOMOTODOB?

4 — B IPHBOLe HAaTANKHLIX DOJNHKOB; 6 — B (IpHBoJE, rae TpebyeTcs COrNacoBanHas patora rHas
POMOTOPOB B ABYX HaNpaBlesiuax

OCTaHOBKY T'HAPOMOTOPOR B JII060# MoMeHT, [IBa xenuTens notoka 2 #
7 NpH BpallieHHH THADOMOTODPOB, HalpHMep N0 HacOBOH CTpeiKe, Je-
JIAT OOIIHH NOTOK Ha paBHHle YacTH (amnapar 7) H CyMMHPYIOT MOTO-
ki (annapat 2). O6parHsle Kiaanans 3 B 6 GJIOKHPYIOT padoTy AeTH-
Tenel noroka 2 u 7. ,

Hennrenn noToka mpH OAHHAKOBHX HArpyskax 0GecHeHBAiOT ap-
GexTHBHYIO CHHXpOHH3aIHI0 0 2%, a HpH GoAbUIOH pasHulle Harpy-
30K — 10 5%. 'mapasiauyeckoe cONpoTHBAEHHEe AeMdHTeNedl MOTOKZ Be-
JIHKO H cog/laeT Nepenaf fasiaeuus B 1 u 6onee MITa.

IIpnmenenne nenurenedi moroka, Korxa KOMYCTHMO PaccoriacoBa-
HHe B npefenax 5%, B YCJIOBHAX PE3KOTO M3MEHEHHs AaBJEHHH (na-
TPY30K) He PEKOMeHyeTcs.

B sTuX caywasx caefyer NpHMeHATH CHHXPOHH3ATOPH-03aTOPEL
HJIH K€ CHHXDOHH3aTOPEl, PafoTaolMe N0 HPHHUHUNY OObeMHHIX THI-
POMallHH, HaIpHMeP FHAPOMOTOPH INECTEPEHHOro THMA. Ilociennue
BKIIOYAIOTCA B JIHHUIO MHTAHUS CHHXPOHH3HDYEMHIX IULIHHADOB (HJIH
THIPOMOTOPOB) H CBSI3LIBAIOTCS MeXIYy COB00 MeXaHHYECKH, YTO Ta-
PaHTHPYET OAHHAKOBYIO CKODPOCTb H, CJENOBATE/NbHO, PABEHCTBO HpO-
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XOAALIHX 4Yepe3 HHX 00beMOB XKHAKOCTH./HekoTophle HHOCTpaHHEBIE
GUPMBL BBHINYCKAT CHHXPOHU3ATOPH WIECTEPEHHOrO THOA AJH pasfe-
JIeHHA TOTOKA Ha 2, 4, 6, a 1o CHelHaJbHOMY 3aKa3y H Gojee yacTed.

3. CHHXpPOHM3ALMSA NPM NOMOLLM [O3aTOPOB

s monyueHus CHHXPOHHOH paboTH [ABYX H Gosee LHJIHHAPOB
HJIH THAPOMOTODOB NpHMEHSIOTCA pas3/dyHEEe KOHCTPYKUHH [H032TO-
poB. Ilpu cpaBHHTe/bHO HeGOJBIIAX XOJaX B MEXaHH3Max ¢ HpPsIMOJH-
HeHHBIM JBHXXEHHeM B KadecTBe J03aTOpa HCIOJb3YIOTCS, B YACTHOC-
TH, 1HJIHHAPO-NOPUIHEBBIE TPYNIBl, MNOZOOHHE MYJbTHILIHKATODY
(puc. 75). Ecam B go3aTope 6 miolaib MOPIUHA 7 BABoe (OJjbLIe IJO-
Wiaau IiyH¥Kepa, TO NPH [ABHAKEHHH NOPIIHA BHpPABO H3 HoJoCTed § H
15 no marucrpaaam 10 u 1] cOOTBETCTBEHHO K HHAHHApaM 9 u /2 BH-
HMAaIOTC paBHBE O0DbeMBl XKUJKOCTH. DTUM ONpeedsercs PAaBEHCTBO
CKOpOCTeH IOpIIHEeH He3aBHCHMO OT BeJHYHHB BHEIIHHX HArpy3ok G| u
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Puc. 75, I'mapocucTeMa CHHXPOHH3AUHA ¢ JO3aTOPOM
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Go. OTBOL KMAKOCTH H3 IITOKOBHIX IOJIOCTell B 6aK NPOHCXONHT HO
Marucrpadu 13, 4yepes pacupeneauTenas 5 H npoccens 20. IIpr sToM 30-
JIOTHHK B paclpejenuTesie 3aHMMaeT noJoxenue a. Ilocae perepca u
mepeBoja 30J0THHKA B paclpefieJuTelie B HOJOXKEHHE 6 KHIKOCTb OT
Hacoca ] HampaBJ/IsAeTCS K MarucTpanu I3 U gajee B LITOKOBHE IOJOCTH
DRIUHIpPOB depe3 annapatol 3, 4 u §. Ilox neificrBHeM HaBJeHHsi, Mak-
CcHMaJibHasl BeJHUHHa KOTOPOrO ONpejesseTcs HANOPHEIM 30J0THHKOM
18 u HarpyakaMu Ha INTOKH, IOPIUHH OIYCKAIOTCS, BHIXKHMAs XHAKOCTb
B moJoctd nosatopa 8 u 15. OT mosatopa XHUIAKOCTb YLAJSETCS yepes
annapats 5 u 20.

Teoperuyecksd [03aTOp TaKofi KOHCTPYKIMH CO3J3aeT COrJacOBaH-
Hylo pabory AByX WHJIHHAPOB. DTO MOJOMXKEHHE CIPaBeJJIHBO, €CJH
o0beMb! KHAKOCTH, PACHONOXKEHHEE B 32MKHYTBIX KOHTYpax MeXIy
JF03aTOpOM H IHIHHApDaMH, OCTAIOTCA HEH3MEeHHEIMH BO BpeMsa pabo-
TH. B peaJbHBIX YCJIOBHAX BO3MOXHEl YT€UKH XHAKOCTH KaK B [03a-
TOpe, TaK H B UMJIHHIPAX, H3-33a UYero BO3HHKAET PacCOIVIaCOBaHHE MO
CKOPOCTH H HOJOXEHHIO NPH YCJIOBMH, Korfa (; CYWECTBEHHO OTJIH-
yaercs oT (a.

JI1sl KOMIIEHCAU¥MH YTeueK B CHCTeMe IIPeIyCMOTPEHH OOpaTHHe
KnanaHu [4 u gpoccens 19, npu B3auMOJeHCTBHE KOTOPHIX BOCCTAHAaB-
JIHBaeTCs NEepBOHAYAJBHLIE O0BEM KUIKOCTH B 3aMKHYTHIX KOHTypax
H TPOHU3BOAHTCA KOPPEKTHPOBKA OTHOCHTEJBHOTO IOJIOXKEHHS IIOPIIHS
HocJie Kaxaoro ABoHHOrO X04a.

JeficTBHTeNBbHO, TIPH ONYCKAHHHM I'PY30B IOpIIEHb J03aTOpa, JBH-
rasicb BJ€BO, MOXKeT He JOHTH [0 MCXOJHOTO IOJOKEHHS H3-3a YMEHb-
meHusi o6beMa XKUIKOCTH B 3aMKHYTHIX KOHTYypax. ITostomy B mosoc-
TAX Ao3atopa 8§ 1 15 (Mau B OAHOH M3 HHX) MOXKeT BO3HHKHYTH
OTpHIATeJbHOEe JaBjeHHe. BoccTaHOBIeHHe IiepBOHAYAJBLHOIO 06BHeMa
JKHUAKOCTH B 3aMKHYTHX KOHTYpPAX C OAHOBPEMEHHBIM J0XKAaTHEM
HOpIIHSA 703aTOpa B HCXONHOE TOJIOXKEeHHe NpoHnsoiifler yepes obpar-
Hble KJanaHsl /4 mpH NOMOUK NOANOPHOrO JaBJeHHS, KOTOpOe CO3-
JaeTc B MAaructpanu mepej oOpaTHEIMH KJlamaHaMH japocceneMm 19.

Caneznyer uMeTh B BHAY, 4TO C MOMEHTa OCTAHOBKH HOpIUHEH B IH-
auHapax 9 u 12 u3 maructpanau /8 yepe3 HANOPHHIHA 30JIOTHHK I8 XH-
JKOCTb HauHeT OTBOJAHThCA B Gak depes apoccenb 19, HacTPoOHKOH KOTO-
poro ompegessieTcst JaBJeHHe nepeX o6paTHHIMH KjaanaHamu ITa Be-
JIHUHMHA YCTAHABJIHBAETCA NPH HajaJKe CHCTEMH! H 3aBHCHT B OCHOBHOM
OT CHJI TPeHHs, BO3HHKAIOIIHX NPH JBHIKEHHH NOPIIHS A03aTOopa.

B kauecTBe Apoccens MoxKeT ObiTb NpHMeHeH HOPMaJIH30BaAHHBIH
annapat Tena I'77 uwin Xe MeHee Joporocrosilee YCTPOHCTBO — JAHa-
¢parma, napaMeTpsl KOTOpOR JIerKO ONpefeNdioTcss [PU H3BECTHOM
nepenaje HAaBJeHHS.

Ilpy:kuHa npenoxpaHHTeJbHOTO KialaHa 2 HacTpaHBaercs Ha
llaBJieHHe, BeJHYHHA KOTOPOrO 3aBHCHT OT HOJe3HOH HarpyskH, CHJ
TpeHHs B pafounx IHAHHAPAX H J03aTOpe, 2 TaKxKe IOTePb Ha MarucT-
pajfx IOJABOJA H OTBoJAA. IlpenycMOTpeHHH# B cucTeMe apoccenb 20
II03BOJIseT H3MEHATh CKOPOCTh O ’beMa H ONYCKaHHA rpysa.

JAnTenbHBElE HCIBITAHHUSA THAPOCHCTEMH C J03aTopaMH B Jabopa-
TOPHH Kadeaph meTasopexyuux craikos OIIH ¢ xoMmeHcHpyOIH-
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i 1

Pre 76 TuapocHCTeMH, B KOIOPHIX B KayecTBe CHHXPOHM3aTODOB HCIOJL3YIOTCH THA-
POMOTODE

MH yCTPOHCTBAMH NOKa3aJii MOYTH MOJIHYIO COIJIaCOBAaHHOCTE B pabore
IBYX CHJOBBIX UMJMHAPOB. BoccTdHOB/eHHe NepBOHAYaabHOrO o0be-
M2 B 3aMKHYTHIX KOHTYpPax IPOMCXOJHJO 32 KaXAHH LHUKI (B KOHIE
Xoja IOpIIHe# BHHU3), O3TOMY He HaOJIOLaJOCh HapalllHBaHHS CTele-
HH PacCOrTacOBaHHSA.

Hna cunxponHo# paborn cuaoBHX nununiapos 3 u 4 (puc. 76, a)
ACTIO/Ib30BAHEl OJIHHAKOBHE THAPOMOTOPH 2 M 5, KOTOpPHE BHIIOJHSIOT
PO/ib HO3ATOPOB HJH PACXOJOMETPOB. B IPOTHBONOJIOXKHOCTL AeJIHTE-
JI0 IIOTOKA JPOCCEJNbHOI'0 THIIA POTODHHIH jAenuTesnb paboTaer TAaKHM
00pa3oM, YTO 3HEpPrusl XKHJIKOCTH HA BHIXOJe M3 HEr0 paBHA SHEPTHH
Ha BxoJe (6e3 yueTa He3HAauHTeJbHHX moTepb). IloaToMy B s3KcmiIya-
TalHH POTOPHBIe AeqHTeNH 60aee IKOHOMHYHEL.

Yacrora BpallleHHs THAPOMOTOPOB 2 H 5 M3-3a KeCcTKOH CBH3H
MeXJy MX BHXOAHHIMH BalaMH OJMHAKOBa, MO3TOMY TEOPETHYECKH K
UHIHHAPAM IOCTYNaloT paBHBE A03H XKHUAKOCTH. Ho H3-3a TeXHOJOrH-
YeCKHX IIOTPEIUHOCTEH NPH H3TOTOBJIEHHH THIPOMOTOPOB HX OObeMHBIE
K 1 A, pa3/IMYHEL, NOITOMY BO3HHKAET HEKOTOpPOe paccorjacoBaHHe, 0co-
GeHHO B TeX CJAyuadx, KOrjia BHemiHHe Harpysku G; m Gy CyllecTBeH-
HO OTJIHYAIOTCH.

U3 onbita Mcmonb3oBaHKs MHAPOMOTOPOB JUIS STOH IEJNH H3BECTHO,
4TO HOPIUHEBhIe THAPOMOTOPH 06ecHeyHBalOT TOYHOCTh CHHXPOHH3ALMH
B npegenax 1-—2Y%, jgonactiue — 10 3Y%, wecrepesHne —3 —4%
NpH YCJIOBHH, YTO Pa3HOCTDb JAB/JAEHHA B BHIXOAHHX IOJIOCTAX LHIPOMO-
TOpoB He npesBHmaer 25% [10].
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Puc. 77. THApOCHCTEMHE CHHXPOHKH3ALHH IIPH NOMOLIH TPeX I'MAPOMOTOPOB

[TapannenpHo THApPOMOTOpPaM NOJKJIIOUEHH HaNOPHBHE 30JOTHHKH
1 u 6 runa T54 wan BI54, yepes KoTOpele MOXeT OHTb OTBeleHa
JKHAKOCTh H3 OXHOrO UHJAMHApA, KOrja JApYroH mAolaer 10 ynopa
B HHXKHeM mojoXeHHH. [Io3ToMy He NPOMCXOAHT HapallHBaHHA OLIHO-
KH; OHA OCTaeTcsA NOCTOSIHHOH B IIpejfesax OAHOTO IHKJ/IA.

IIpn ncrmosp30BaHMK TPeX THAPOMOTOPOB (pHc. 76, 6) 1A CHHXpO-
HHU3AIHHM TpeX LHUJHUHIDOB OJHOCTOPOHHErO CHJOBOrO AEHCTBHA B MO-
MEHT AOAXOJa IUIYHXEPOB K yNnopy (IpH ABMKEHHH BHHM3) MOXKeT
BOSHHKHYTL IOHHXKEHHEe [aBJeHus HHKe aTMocdepHoro B Oosee Ha-
rpy:xendoMm nuaHaape. Ecan Gy > Gy > Gj, TO, ciefoBaTelbHO, AaBje-
HHE B IMAMHAPAX Pp>>p)>>p;. OueBHAHO, NNYHXKED UHIMHApA 2 u3-3a
GOJIBIIOrO Tepetaja JaBjeHHS B THIPOMOTOpe 6, a clelJOBAaTeJbHO H
GONBIIHM yTeUKaM B HeM, IIpDH ONYyCKaHHH AOHAeT A0 ymnopa paHpwe
MeHee HarpyXKeHHHX MIyHxepoB uuauuapoB I u 3. Ilon nekictBuem
JaBJeHHs B HWJIHHApPaxX | H 3 THAPOMOTOPH 6 M 7 eme OYAyT NPOBO-
pauHBAaThCs, CO3/aBas paspexkeHne B uuaHpape 2. UroOH yCTPaHHTDL
KaBHTAlMI0O H BOCCTAHOBHTH HCXOHHBIE 00BeM, MeX]1y THAPOMOTOpa-
MH H UHJIMHADAMH NPeAyCMOTPeHBl oOpaTHble KjaanaHul 4, MOAKJ/IIOYEH-
Hble K KaXJOMY UHIHHIPY U 6aky.

Hnaa curyauus BO3HHKAaeT B CHCTeMax, I'le T'HAPOMOTOPH-A03aTo-
PH HOAKJIIOYEHH K IHWJIMHIPAM [ABYCTOPOHHEro CHJOBOrO JAefcTBHSA
(puc. 77). Tlpu noxbeMe IPY30B Pas3/iHYHOH BeJIMYHHB 3KHIKOETH B
HOpPIIHEBHX TNMOJOCTAX HAXOJAUTCH ITOA Pa3fHYHBIMH JaBJEHHAMH, 103-
TOMY CTelleHb CXKAaTHS, a TakKe HHTEHCHBHOCTL yTeueK B KOHType
KaXAOro NWIHHAPA PasyuuHbl (pHC. 77, @). DTO BHI3BIBAET paccoria-
COBaHME B JBHXKEHHH NMOPIIHeH, BCJAEACTBHE UEro MeHee HAaTrpYXKeHHHIH
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TIopIlleHb NPHOJIHXKAETCA K KOHEYHOMY INOJIOXKEHHI0 (HalpuMep, K yIo-
PY) panblle ocTaJbHHX. [s NpefoTBpalleHUs KOMIIpecCHH B MeHee
HATPYXKEHHBIX LHJAHBApPAax INpeAycMOTpeHH obparHble KJaamaHe b,
TIOAKIIOUEHHBIE K KaXJIOMY KOHTYPY, H HallOPDHHH 30J0THHK 7 (Ha-
npumep, BI'64), yepes koropnli H3 MeHee HaNpPSIKEHHOrO KOHTYpa
JHUOKOCThL 0TBoAuTCA B 6ak. Ilocie nosards oTcrTamoildx HNOPIUHEHR B
MOPINHEBHIX MOJIOCTAX UHIHHAPOB 3, 4 M § coxpamdercsl [aBJeHHe,
paBHOe HacTpolike anmapara 7. Takum o6pasoM, KjamaH 7 OrpaHHYH~
BaeT JaBJeHHe B IHAHHADPAX H NpefoXpaHseT T'HAPOMOTOPH OT nepe-
TPY30K.

Ilpn ABHXKeHHH TOpINHEeH BHH3 NPOTHBOAABJECHHE B OCHOBHOM OII-
penensercd xiaananom I (tuna '66), ofHaxko H3-3a Pa3NWYHHIX YTEEK
B THAPOMOTOpAax BO3MOXKHO paccorjacoBaHKe o NyTH. B stoMm caygae
JO¥AaTHe NMODUIHEH B MeHee Harpy:KeHHHX IHIAHApPAaX IIPH OCTAHOBHB-
WIHXCA THAPOMOTOpPAX MPOHCXOAHUT TAKXKe 33 CUET BHITECHEHHS XKHIKOC-
TH H3 NOPIIHEBBIX NOJOCTEH 3THX LHJAHHIAPOB uepe3 obpaTHble Kia-
maHH ¥ anmnapar 7.

Takum ob6pasoM, 3a KazKIbli IBOHHOH XOA JBaXKIH NPOHCXOAUT
KOPPeKTHPORKA TIOJIOKEHHA NopiuHel B HHJIHHIPAX.

B cucreme, npuseseHHolt Ha pHc. 77, 6, THAPOMOTOPH B OTJIHUHE
OT TMPeJAHAYLUIeH CHCTEMBl NOAK/IIOYEeHH K IITOKOBHM IOJOCTAM IIH-
JHHAPOB, MO3TOMY, HE3aBHCHMO OT HalpaBJIeHHd [BHXKeHHH NOpLIHEH,
THAPOMOTOPHl HAXOLATCS IIOJ, MEHBIIHM JaBJeHHeM (HMeeTCs B BHIY
NOJ’beMHHH MeXaHH3M) H HHTEHCHBHOCTb yTeuek cHHxKaercs. OIHaKO
He HCKJIOYeHa BO3MOXHOCTh CXKAarTHsl JKHAKOCTH B KOHTYpPaxX MeXKAY
rHAPOMOTOPaMH H UHJAHHApaMH. KoMIIpeccHsl JKHIKOCTH IIpeloTBpa-
naercd Tak Xe, Kak H B IIpefbIAyINeH CHCTeMe, ¢ IIOMOIIBI0 06GPAaTHEIX
KJ1allaHOB H HallOPHOTO 30JI0THHKA.

CuuxpoHHas pa6ora nununapos 9 u 10 (puc. 78) obecneunBaercs
ABYMsl HeperyJHpyeMbIMH HacocaMH 6 H I3 (Hampumep, LuecTepeH-
HHIMH), BaJ/JiBl KOTOPHIX IOJLOOHO TrHApOMOTOpaM (pHc. 76) KecTKo
COeIHHEHBl MexX 1y coboii.

Kax H3BecTHO, HeperyJupyeMble HACOCH J€lleBje THAPOMOTOPOB
AHAJOTHYHEIX KOHCTPYKIHH, a KOJIHYeCTBO BHIIyCKaeMbIX THNOpa3Me-
POB HACOCOB 3HAYHTENbHO OoJblie, YeM THAPDOMOTOPOB, II03TOMY AJS
CHHXPOHHM3AIHH NPHMEHEHHEe HACOCOB MOXKET OKa3aThecA 0ojiee IpHeM-
Jembeim. O6partnbe kaanauwm 4, 5, 7, 8, u 11, 12, 14, 15 noax/aouess
0 MOCTOBOH CXeMe K KaXJOMy HAacocy H CO3LaI0T HOCTOSHHOe Ha-
NpaBJIeHHEe TeueHHs XKHAKOCTH B HacocaX He3aBHCHMO OT HallpaBJieHHs
IBHKEHHR MOPIHHENH. )

IIpu noxbeme mopuHefl 30TOTHHK B pacnpefnenuTese § yCTaHABJH-
BaeTcsl B HoJoXeHHe 6, JKHIKOCTh Iocse paclipefiesiuTesd NOXBOAUTCA
B IIOpIIHeBble MOJOCTH LHMJIHHIPA, a4 M3 LITOKOBRIX IOJOCTEH Hampas-
JAETCH K pacnpe/lesuTesio ABYMs IIOTOKAMH COOTBETCTBEHHO MO IIelH —
5—6—8ul4—13—11. \

Ilocne mepekJrOUEHHS 30JI0THHKA B pacHpefeluTe]e B IOJOXKEHHE
@ JKHAKOCTBL [ocje paclpeiefuTeNss HalpaBJadeIcd K LHJIHHIpaM de-
pes grperatel 4 —6 —7 n 15— 13 — 12. JKuakocts U3 TIOpLIHEBHIX
noJiocTe UHIHHAPOB B 62K OTBOAMTCA 4Yepe3 pacnpefelHTeNb 3,
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Puc. 78. FuppochcTeMa CHHXPOHH3AUMH, B KOTOPOH
B KayecTBe /03aTOpa HCHOOJNbL30BAHH HaCOCH, pa60-
TawuHe B pexXxume ruapomoropa

HanopHbH 30JM0THUK I7 ¥ duabTp 18. Annapar 17, npyxuHa KOTOPOrO
IOoJXKHa GHITh HACTPOEHA Ha AaBieHHe nopsaaxa 0,4—0,5 MIla, npexor-
Bpalaer ckaukoo0pasHoe BHKEHHe NopIIHed. \

Hanopusle sonorauku 2 u I6 Tak Xe, Kak H B CHCTeMe C THApO-
motropaMu (puc. 76, a), cayxKar [AJas [PONyCKaHHA KHIKOCTH OT
HAcQcOB 6 M 13 mpH OCTAHOBMBIIMXCS MOPUIHAX B muamHapax 9 u I0.
IIpyXHHH HaNOPHHX 30JOTHHKOB 2 W 16 JOJKHH OBITb HACTPOEHH Ha
0,4—0,5 MIla Gosbuie, ueM IpeOXpaHUTENbHEE KianaHa.

Hacochl, BumoJHAOMNE (YHKIHIO J03aTOPOB, B NPHUHIHAIE MOTYT
GHTb NOAKMIOYEHH K MOPIUHEBHIM IOJOCTAM IHJIBHIPOB, OZHAKO HPH
9TOM OHH O6YAYT HaXOAHTbCA NMOX OOJBIIHM JaBJeHHeM (LIPH YCJOBHHY,
eCJIH IUJIHHJADH INpeAHAa3HAUEHH [Jf MOJLeMa Ipysa). B IUTOKOBHX
HOJIOCTSIX MMJIMHAPOB, HE3ABHCHMO OT HAMPABJCHHS JBHKCHHA IMOpIUI-
He#, JlaBlieHHe B OCHOBHOM ONpefesseTcid HACTPOHKOH HaNOPHOro
30/10THEKA I7.
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" Hacoc 19 npu cpexseM mo-
JIOXKEHHH 30JJ0THHKA B pacipe-
AenuTeNie 3 pasrpykKaercs B
6ak yepes anmnapar l.

HopmanusoBaHuas amnma-
paTtypa, HCIONb30BaHHAS JJS
TIOJIYYeHHs! COrIacOBaluoH pa-
GOTHl HECKOJBbKHX MCHOJHH-
TeJIbHHIX IHJIHHAPOB, H306pa-
JK€Ha Ha cxeMe (puc. 79 %),
B aToii cxeMe npuMeneno asa
OJMHAKOBHIX PacIpeesuTes.

OcranoBKa mnopiuHel uu-
JUHAPOB 3 U 4 NPOUCXOZHT
IPH YCTAHOBKe 30JIOTHHKOB B
pacnpenenutensx I u 2 B Hy-
JIEBOM NOJIOXKeHHH. JIBHKeHHUs
CHHXPOHHHIE BJIEBO H BIIPaBO
MOKHO VSACHHTb H3 Tabja. 13.

Ilpu skcnayarauuu noao6-
HOH CHCTeMH A MOJKJIOUe-
HUS  COOTBETCTBYIOLIMX TO-
JOCTell UHJIHHIPOB K Hacocy
HIH 6aKy CcleAyeT I0Jb30-
BaTbCsl OGOMMH pacnpeenH-

—_

p—

i
1
Prc. 79 3SneMeHT IHAPOCHCTEMH, obecrnednBa-
OIHKA COTVIACOBAHHYI0 paboTy ABYX CHJIOBBIX

HIHJIHHIPOB

Tabauya 13
Toaomenne 3020T- Pat
HHKa B pacnpene- a00Ta 5/MeKTPOMArHHTOR
AHTEaS Hanpasaenne npuxesus ggﬁgﬁn
I 2 81 l 32 7 33 34
0 0 - — — — | Osuxenna wer. Ogpno-
HMeHHHE TOJOCTH NH-
JMHAPOB COEIHHEHH
Mexay coboff ¢ mOMO-
WBI0 PacnpeReIHTENA
0 a - — + — | Bnpaso 4
0 6 — — — + 3
Bjeso Cunxpon-
HOE
a 0 ] - -] - 4
4
6 0 - + - — | Bmpaso 3

* A c. M 434197 (CCCP), CxeMa cuuxpounsauun/JI. B, Maxcumos, T. E. Byp-

KoB. — Omy6a. 12.11.74.
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TeJISIMH, TaK KaK TOJbKO B 3TOM CJyyae KOMIICHCHPYIOTCS YTeUKH B UH-
JUHApaX. YcHine, pa3BHBaeMoe UHJAHHApPaMH, Oyier OoJiblue, €CJIH
KHAKOCTh MO [AABJEHHEM MOIBOJAUTCSA K MOPUIHEBBIM IOJOCTAM LH-
JUHIPOB Yepe3 pacrnpeneauTedin 1.

4. CuHXPOHM3ALMA NPM NOCNEAOBATENLHOM NOAKNIOYEHMM
LMAMHAPOB B CHCTEMY

TlocnenoBaTenbHOe MOJKNIOUEHHE CHJOBHIX IHJIHHIPOB B CHCTEMY
IIPH YCJOBHH paBeHCTBA WX HOMHHA/JbHBIX pasMepoB He ofecleunBaeT
COTJIACOBaHHOM paboThl UHJIHHAPOB B OCHOBHOM H3-3a yTedek M pac-
XOXKJEHHHA NefiCTBHTENBHBIX ITapaMeTpPOB LHJAHHIPO-NOPIIHEBHIX TPYII
B Ipegenaax jonycka. /s mosydeHHst CHHXDOHHOH pabOTHl HECKOJb-
KHX IHJIMHAPOB HeoOXOAHMO TakxKe BBOAMTb KOMICHCHDYIOIIHE
yerpofictBa. Ha puc. 80 mpuBeeHa, NpHHUKNHAJIbHAA THAPaBJIHYECKass
CcXeMa MOLBEMHOrO MeXaHH3Ma BeCBH3MePHTEJNbHBIX MalUHH KOHCTPYK-
uuH Ocoboro KoHerpykTopckoro 6i0po CpelcTB  HM3MEPeHHsS Macce
(OKBCHM), npeana3HaueHHOro AJs B3BelIHBAHHA CNs100B, PYJIOHOB,
NaKeTOB JIHCTOB, TPyO H JPYTHX H3JeJHH MeTaJJypruuecKod MPOMBIL-
JeHHOCTH. UeTHIpe CHJIOBHIX LHJIHHIPA, H3 KOTOPHIX BeAyIHH UHIHHIP
4 ¢ OJHOCTOPOHHHM IUTOKOM, HOCJIEJ0BAaTeJbHO MOAKJIOYEHBl B CHCTe-
My TakuM 006pa3oM, YTO H3 CJHMBHOH NOJIOCTH OJHOTO UHIHHAPA JKH-
JAKOCTH BBIKHMAEeTCSi B HamOPHYIO noJocTh Apyroro. Hecymias maart-
¢opMa NpAMOYroJbHOH KOH(QPHIypanuH IIPH IIOMOIIH IIapHMPHBIX
coeJHHeHNH 3aKpelieHa K IUTOKaM CHJOBBIX IMJIHH[IPOB, KOTOpHE B
CBOI0 OYepe/llb YCTAHOBJEHHl Ha YIVIOBBHIX YacTAX HpPSMOYrOJbHOH pa-
11:?451. IlTokoBHe MOJOCTH Y BceX HHJAHHAPOB HMEIOT paBHHE INIOIIANH

r
2. i
FagpaBinyeckass cHcTeMa NOXbeMHHKa 06eclneunBaeT CHHXPOHHBIH
NOAbeM, ONyCKaHHe H OCTAHOBKY N1aTdOpMBl B JI060M MOJOKEHHH.
BaBemnBanue rpysa NpOH3BOLHTCS B MOMEHT OcTafOBKH IaTdopMbl
B BepXHeM IOJIOXKeHHM, NpHueM Hacoc GoJbliedl MPOH3BOAHTENbHOCTH
aABTOMAaTHYeCKH NePeBOJUTCA Ha pasrPy30YHHIAl pexXHM uepe3 JHCTaH-
IIHOHHO yNpaBJaseMblll KiaanaH 2.

IIpu noppeme niaTdopMbl MOABOJ KHIKOCTH K BEAYIIEMY IHJIHHJ-
py 4 or HacocoB / NMPOHCXOANT Uepe3 pacnpeneiureib /4 u o6paTHBIl
KnanaH annaparta J (tuna I'66). B arom cayuae BefoMBIMH GYAYT IIH-
aupapel 5, 7 u 9. VI3 BepxHe#l mosiocTH LMHUAHHAPA 9 KHUIKOCTh Uepes
pacupejfenuresb BHTecHsieTcs B 0ak. Omyckarue IaaTGopMbl INpOH-
30HAeT INocJe YCTaHOBKH 30JOTHHKa B pacHpeiejnTes]e B mOJOXKe-
#ue 6.

Jas cHHXpOHHOH paboThHl LHJIHHIPOB HEOOXOXHMO COXPaHATh Hep-
BOHAYaJbHLIl 00BbeM XHIKOCTH B 3aMKHYTHIX KOHTypax MeXAy LH-
guaapaMa 4 0 5, 5 w7, 7 © 9, 4TO BO3MOXKHO IIPH KOMHEHCAIHH
yTeuek. Ilporcxonut 310 ciaeayiomuM o6pasoM.

B MoMenT mozxxoja mopuiHe#l B LHJAHHAPAX 5, 7 U 9 K HHXKHeMY
HOJIOXKEHHIO OTKPEIBAIOTCA yNpaBisieMble o8paTHble kaanaHel [1, 12 u
13 u Bce 3aMKHyTble KOHTYPHI NOJK/IOYAIOTCS K HACOCYy uepe3 ofpart-
uele k1anansl 10, u 11, 8 u 12, 6 u 13. Takum o6pa3oM BOCCTAHABJIH-
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Puc, 80. T'uppapandecKasi cHCTeEMa NOADBEMHONO YCTPOHCTBa
B BECOH3MepHTeJbHOH MaliHHe
BaeTcAd NEepPBOHAYAJBHBIA 06beM JKHIKOCTH B 3aMKHYTHIX KOHTypax 3a

KaXJIbIH UMK (IBOHHOM X0/ MopiiHeil).
Pa6oyee ngaBnenne B BeAyllleM HHJHHApE NPH NOIbeMe IaTop-

MH! C IPY30M NPHOJHKEHHO MOXKeT OHTb Hal[eHo no (popMyJe
G Fy
=14 ()
riae G — Bec naaTGopMHb U Tpy3a (HIH H3JAENHS);

Pop — NPOTHBOA2BJIEHHE, ONpelelidieMoe MOTEPAMH Ha CHUBHOH Ma-

THCTPAJH OT BEAOMbBIX HHUJIHHADPOB,

F,, Fa — COOTBeTCTBEHHO IJIOWIALH IIHIHHADOB.
Kosdhpuuuedr 1,1 yunrsiBaeT CHJAL TPEHHA B LU/AHHAPO-HOPLIHE-

BEIX Tpynmnax.
Kadenpa meramiopexymux crankos OIIHM cosmectno ¢ OKBCHUM
npoBesa KCTEPHMEHTH Ha CTeHJe, CXeMa KOTOPOre aHaJorHYHA CHCTe-

Me, H300pakeHHoH Ha pHc. 80.
14}



PesyJibTaThl 3THX 9KCIIEPHMEHTOB TAKOBHI:

9eTHIPe LMJIHHADA, NOJK/MIOYEHHBIE B CHCTEMY IOCIEACBATENbHO,
COBEpLIAJIH OABEM H ONYCKaHHe NPaKTHYECKH COIVIACOBAHHO MPH ACHM-
METPHYHOM DacHOJIOXKeHHH H3/enns Ha miatdopme;

KOMTIEHCHPYIOIHe YCTPORCTBA B BHJe OODAaTHBIX KJANaHOB, IOA-
KIOYeHHbIe K HHJIHHApPAM TaK, K4K 3TO HOKa3aHo Ha puc. 80, Boccra-
HaBAMBANH NePBOHAUANBHLIA 0ObEM KHAKOCTH B 3aMKHYTHX KOHTYpax
32 KaXKAbH HUKJ paGoTHl LHJIHHAPOB, MOSTOMY HE HAGJAI0AAJIOCh Ha-
PaUIHBAHNA PACCOTHACOBAHUA; .

noabeM IVIAT(HOPMHl NPOUCXOZHJ PABHOMEPHO He3aBHCHMO OT pac-
NOJIOKEHHst TPY3a Ha Hell ¢ omuOKoH B npefesax 1 MM IpH XoZe nopr-
Helt B 250 MmM;

knanad 66, moakIoYeHHB# K HHKHel MOJOCTH UHAMHADPA, C OAHO-
CTOPOHHHM INTOKOM CO3/1aBajl NPOTHBOJAABJEHHE B 3TOM LHJHHApE;
OTCYTCTBHE NPOTHBOJABJEHHS NPH ONYCKAHHH IIAaTHOPMEL C TPy3OoM
BEI3HIBAJIO HEPABHOMEPHOE (a4 HHOrAA H CKAauKoOOpas3HOe) ONmyCKaHue

. BAaTHOPMEL

HepaBHOMepHOCTE ABHKEHHS NOPIUIHeH NPH ONYCKAHHH TIaTHOPMEI
C I'Py30M, KOrfa Ha CJHBHOH MAardcTpaJH NOYTH HET NPOTHBOJLABJe-
Hus, 0OBACHACTCA TEM, 4TO HACOC MONMafaeT B KABHTALHOHHBEIN PEXHM
pa6oTHl, TAK KaK He yClEeBAET MOMOJHATL BEPXHIOO MOJA0CTh WHIAHHAPA
9 (puc. 80) npH GecnpenATCTBEHHOM YHAJeHHH €e H3 HUKHedl moJoc-
TH uuaungpa 4. Hacrpofixa xnanauna I'66 sasucut ot Beca naatgopmsr
H MOJHHMAeMOro rpy3a (ompelessieTcst IPH HalaJke CHCTEMH).
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Puc. 81. T'nppocucTeMHu B NOABEMHHX YCTPORCTBAX
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ITpumeHnenne pacnpe-
AGJMTENII ¢ 3aKPHTHIM .
LIEHTPOM II03BOJISET OC- @
TaHABJIHBATH IAATPOP- 410 3 4,795 P

MY B J1060M MOJIOXKEHHUH, ] -7/"1 — _,/H 7?_

(3]

OJHAaKO H3-3a YTEYeK B
pacnpefenuTteae Habuaio- |
JaNoch MeAJIeHHOe Omy- T \ L
CKaHHe naarhopMul | 8 . |
co CKOPOCTbIO 1— i i :
1,5 mm/mun. IlpH HeoG- ——1 =1 'T"i
XOIUMOCTH tbukcanun
nnaTGOpME BO B3BEIIEH-
HOM COCTOSIHHH JIJIHTENb-
HOe BpeMs ClelLyeTr yc-
TaHaBJAHBATb MEXAY pac-
npefesuTeNieM H HUJAHH- 2
ApOM ympasJjsieMui 06- 1
paTHHI# KJanas UM Tii-
pO3aMOK. ) o

B ruapocucreme (puc. X
81, a) cunxponHas pabo- m—
Ta HUJMHAPOB BPOHCXO- |

zut 6aarofaps mocleno- =
BATENBHOMY HX COefHHe- Puc. 82. TmapocucreMa TORBEMHOro ycrpoficrea

Ki 5 GaNaHCHDPOBKH pOTO
a0,  OpuruaaibHOCTHL ?\ig;&e A P pOTOROD Mozeln

5TOf CHCTEMH COCTOHT B

TOM, 9TO AJIsI BOCCT3HOB-

JeHHs] o6beMa KHAKOCTH B 3aMKHYTOM KOHTYPe MeXIy LUHIHHADPaAMH
noMellel PeAyKUMOHHH{ KJamaH 2, NPYKHHA KOTOPOrO HacTpoeHa Ha
MUHHMAaJdbHOe NaBienue (nopsizka 0,3—0,4 MIla). Iroro namjenus
BIIOJIHE AOCTATOYHO [JIsi IIPEONOJIEHHS] CONPOTHBJEHHA O0OpaTHOro xia-
nana 1 ¥ B TPyOONPOBOJE, PACHONOKEHHOM MEXAy KianaHamu 2 u [.
[ToANATKA 3aMKHYTOrO KOHTYpa IPOH3BOAHTCH B MOMEHTHI, KOrAa OLHH
M3 NOPIIHEH oiJeT K ymopy. )

B rugpocucreme (puc. 81,6) CHHXPOHHOE JBHXKEHHe NOPIIHEH _BHM3
IIPOHCXOAMT 1O GoJee CJAOKHOMY UHKIY, YeM B NPeXbIAYUIEH CH-
cTeMe.

IlpH pacmosoKeHHH 30J0THHKA B pacnpejenuTene 3 B HOJOXKEHHH ¢
JKUAKOCTh OT Hacoca / HanpaBAfeTcsl B BEPXHIOW IOJIOCTb LHJIMHAPA
9. TIpx .noc/1e0BATENLHOM COeIHHEHUH HHJAHHAPOB HX MOPUIHH OJHO-
BpeMEHHO HAUMHAIOT IIePeMellaTbCsi BHHM3, NPHYeM BHauaje ObICTDO,
TaK Kak OTBOJ, XHAKOCTH OT BEJOMOro HHJIMHApa 6 NPOHU3BOIAHTCSH U3
IpOTOYKH § Yepes o6paTHmiil kaanan 4, pacupelenurenab 3 H GUALTD 2,
MHHYs Apoccesb 7, a4 NOC/e NEePeKPHTHA MOPUIHEM NPOTOYKH 5 cko-
pOCTh TMOpLIHEfl YMEHbIIaeTCs H ONpedesserTcss HacTPOHKOH gpocce-
asa 7. :

HonpeM mopiiHeli MPOH30HIET NPH MOABOAE XHAKOCTH B HHIKHIOI
I0JIOCTh UMAHHApPA 6 yepes o6paTHu KnanaH &.

-
=

-6

T !
I,=260 D,=240 Dy=220
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Tloamurka 3aMKHYTOTO KOHTYPA TaK ¥Ke, KAK K B NpeAbAyel cu-
CcTeMe, IPOHCXOAHT B MOMEHTH, KOTAA OAWH H3 NOpLIHefi mgofijer Ao
ynopa. JlaBienne nepen o6paTHBIM KiaamanoM [0 perynupyercs Apoc-
ceneM 12, yCTaHOBJIEHHBLIM Ha CJHBHOM TpyOGOIPOBOXE IIOC/€ HATIOPHO-
TO 30J0THHKA 1].

Ha puc. 82 nokasana npuHuunuabHAs THIPABIHYECKAsi CHCTeMa
TENeKKH CTAHKA, MpefHA3HAUeHHAs s GajaHCHPOBAHHS POTOPOB
(Mozear MC-943), kouctpyruun Onecckoro CrenuajbHOro KOHCTPYK-
Topckoro Gropo cnmenuanpHux crankos (OCKBCC). IMoxbneM Tenexku
MPOH3BOAHTCSA TPeMs! LUHJIHHEPO-NODIIHEBEIMH TPYNNAMH, BK/IIOYEHHHI-
MH B CHCTeMY NOCJIeJ0BAaTeNbHO. JlHaMerph WHJAHHAPOB U INTOKOB [O-
J00paHBl Tak, uTo

Dzl—dz1 = D% =576 cm? u D?— d? = D2 = 486 cm®.

Yupasasiembii o6paTHBI kaanaH 2 aBTOMATHYGCKH OTKPHIBAETCH
HE3aBHCHMO OT HaIpaBJIeHHs TedelHsd JKHAKOCTH MEXAY pacnpeie/H-
TejJeM | H CHJIOBHIMH HHJIHHADaMH, HO 3aKDHIBA€T BHIXOJ XKHIKOCTH H3 -
UMJAHRAPAa 3, KOTJa B pacnpelennTese 30J0THHK 3aHHMAeT HYyJeBOe
nojoxenne. IleppoHadyansHbifi 06beM XAAKOCTH B 3aMKHYTHIX KOHTY-
pax MexAy UHJHHApaMu 3, 4 u 4, 5 BocCTaHABJUBaeTCS Yepe3 CABOeH-
Hble 0OpaTHBIEe KJAnaHsl 6, 7 1 8§ B MOMEHTH], KOI'Jla MOPIUHH MOAXOMIAT
K HHXKHHM JOHBIINKAM LHJIHHAPOB.

5. Kom6unmupoBaHHble cnoco6bl NoAKNIOUEHHS UMNMHOPOB
B CHCTEMY

Tudpocucrema ¢ nocredoBaTesbHO-NAPALLCAbHOIM ROOKAIOHEHUEM
uerbipex yuaunopos. Taxoe moaxkalouenve nuAuHApoB (puc. 83) mo-
INYCTHMO TOJBKO IPH COOTBETCTBYIOIeM NOAGOpEe AHAMETPOB IHJHH-
gpos Dy u D,. [lopo6pars cOOTHOUIEHHE MAOIafell Tak, 4ToGsl Kuame-
TPH OMJIHHEAPOB H IUTOKOB YKJIAIBIBAJHCh B PEKOMEHAOBAHHBIA pAX
pasMmepoB, HeBo3MOxkHO. [losToMy nomoGHLIE cnoco6 CHHXPOHH3AUUH
He ofecneunBaeT MOJHOCTBIO COrVIAcOBaHHYI0 pabory nuauniapos. Of-
HaxKo BHIGPATh MapaMeTPhl UHJAHHIPOB HYXKHO TaKuM 06pa3om, 4TOOH
paccoriacoBaHHe HMeJIO MaJyio BeJIHUIHHY.

B rabis. 14 npuBeneHH AHAMETPH], COOTBETCTBYIOIUHE HM ILIOLIALH
U CTeNleHh PACCOIVIACOBAHMS JJIsi UHJHHIPOB, MOAKMIOYEHHEIX B CHCTe-
My 10 yKa3aHHOMY cnocoly. [lJisi MHOTHX MOABEeMHBIX YCTPOHCTB IIpH-
BelleHHBIE BEJMUUHE PACCOTIACOBAHHS BIOJIHE JONYCTHMEL

3a xaxIplf OUKJA paGOTH LHJIHHAPOB NPOH3BOAHTCH TOANUTKA
3aMKHYTBIX KOHTYPOB MeXJYy UHJIMHIpPaMH 6 M 7, 4 u 5 yepe3 obpar-
‘Hple Kaanausl 8§ u 9 (MOAOOHBIH NMPUHIKI KOMIEHCAIUH PaccCMOTPeH Ha
puc. 75).

CucreMa ¢ NapaJieqbHO-NIOCTEeJ0BATEABHEIM TNOAKIICUeHHEM IH-
JIMHJApOB obJajaeT HEKOTOPBIMH NpeuMylllecTBaMH. Bo-nepshX, KOHCT-
PYKUHA LHJAMHAPA ¢ OLHOCTOPOHHHM IITOKOM IpoOlle UHIHHApA C ABY-
CTOPDOHHUM IITOKOM. BO-BTOPEHIX, 3/eCh BMECTO OLHOTO BeAYUIEro LH-
aunapa (puc. 83) mpa, moaroMy obluee pafouee AaBJeHHe B BEAYIMIHX
IUAMHApAxX OyAeT 3HauuTeJbHO MeHblue. Knamau penutenvHuit 2 paz-
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Puc. 83. TuapocucreMa NOXBEMHOIO YCT-

M /¢ /5 6 7 poficTBA € IapaUleNbHO-TOCJeN0BATeb-
4 -4_ ] 2 ‘ HBIM MOJIKJTIOYEHHEM CHIOBHIX HHJIHHAPOB
, -
F2 ) | | Prc. 84. DaeMeHT ruAPOCHCTEMBI, CO3AAI0-
i) Dy I LHA CHHXPOHHYIO, IOCICHAOBATEAbHYID H
F T - He3aBHCHMYIO pafoTy ABYX IHJHHAPOB
" (A" g
N g W 8
A
A~
3 !
|
0 1a
171
24l
- — 4 [ — -4
(W

IeJisieT NOTOK Ha paBHbIe YacCTH TOJILKO NMPH MONBEME; OTBOA XKHAKOCTH
OT UWJHHAPOB IIPH ONYCKAHMM IPOM3BOAUTCH Uepe3 oOpaTHHE KJana-
Hel [ 1 3.

! Tabauya 14
MapamMeTpsl UHAHHLPOB
PaccoriacoBaHHe, CM,
np¥ MNOABEME HA BLICOw
Dy, cM D,, tM d, em Fy, o3 F,, cM2? F'y, cM3 Ty 10 oM
15,0 13,0 v 1,5 176,76 132,58 132,73 0,01
22,0 20,0 9,0 380, 00 316,50 314,16 0,075
25,0 22,0 12,0 490, 90 377,80 380,13 0,08
32,0 30,0 11,0 804,25 711,00 708,07 0,04

TI'udpocucrema 0Oan CUHXPOHHOL, NOCAE00BATENbHOL U HE3QBUCU-
Mol paborer d8yx yuarundpos. B ruapasnuueckoil cucreme (puc. 84)
pasyjHyHble KOMOHHAIMH BK/IOYeHHS pacnpeleaurtenefi (Wam 30J0T-
HHKOB yIpaBJaeHus) I A J HO3BOJISIOT: MOAKJIOYUHTL UHAHHIAPH 2 H 4
Tak, 4To6n 06a NOPIIHA He3aBHCHMO OT HAlpaBJeHHs JBHKEHHS Hepe-
MeINaJHCh CHHXPOHHO, OGECNeYuTh NOC/e/I0BATeNbHYI0 HX pabory u
NOJNYYHTh NepeMelleHHe NOPIIHA B HUJIHHAPe 4 B ABYX HalpaBJeHHSX
IpH HEeNOJBHMIKHOM NOpLIHe B IHAHHApe 2. B TpeTbeM cayuae xapakrep
JABHKEHHS IIOPIUHA B HUJARHAPe 4 (HJIM I[UKJ, COCTOSIIHE H3 HECKOJb-
KHX 3TallOB) OIpele/seTcs annapaTtypol, KOTOpywo CAefyer I0AKJIo-
YHTh K CVIHBHOMY TPYGONpPOBOAY MocHe pacnpefenuress /.

Tlopanok nepeknoueHust 30JJ0THHKOB B pacupejgeautensx ! u 3, Ha-
npasJieHHe H XapaKTep JBHXKeHHd NopIuHeli npHBelex B Taba. 15.
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Tabauya 15

ITonoxenue 3010THHKA B JIBHxEeHHE NOpINHA B LIHJAHH-
pacnpexesutene Ape XapakTep ABUMEHHT
1 3 2 4
a a Buaeso Buaeso CHHXpPOHHOE
i) a Brnpaso Bmpaso CHHXpOHHOE
a ] Baeso Baeso IlocnenoBarennuoe
7] 6 Cron Brupaso 3aBUCHT OT 3a/laHHOTO
IHKJIa
a 6 Cron Bueso To xe
6 a Bnpaso Bnpaso CHHXpOHHOE !
L] :

T'udpocucrema ¢ nepexpecTHoim NOOKAIOHEHUEM CUHXPOHUBUPYIO-
wux yuaurdpos. Eciu HeoGX0MHMO YIEPKHUBATh B YCTONYHBOM PaBHO-
BECHH ILIaT(OpPMY ¥ IPY3, PAacCHOJOMKEHHBY HAa Helt ACHMMETDHYHO, H .
HeJlONYCTHMO CKPyYHBaHHMe caMofi miaT(opME, TO MOXKHO PEKOMEHHO-
BaTh CHCTEMY CHHXPOHM3aIMH, NPHBeJeHHYIO Ha puc, 85,a. DPyHKIHIO
THAPOJABHTATENS B CHCTEMe BEINOJHAET UMJIHHADO-MOPHIHEBas Tpym-
Ha 2; BCOOMOraTe/bHble e OIHJIHHIPH ! H 3 ¢ JBYCTOPOHHHMH LITOKA-
MH NpH NepeKpecTHOM MX NOAKIIOUeHHH MarucTpansMu 4 H 5 npemot-
BpamawT Nepekoc mJIaThOopMBbL.

[TockoAbKy AaBjieHHss BO BCeX NOJOCTSX BCIOMOTaTeNbHHX UH/IHH-
IpOB BCerja PaBHH He3aBHCHMO OT pAacloJIOXeHHs Ipy3a Ha nJaar-
(dopMe, TO KHAKOCTb BHYTDH LHJIHHJAPOB He NepeTekaer. KoMneHcauus
BHEIUHHX yTedeK (uepe3 YIJIOTHEHHS IUTOKOB) IPOUCXORHT depes 06-
paTHble KJanaHH 6.
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Puc. 85 DaeMeHTH THAPOCHCTEM C MEPEKPECTHHM NOAKJIIOUEHHEM CHHXPOHH3HDYIOMIHX
LHIHEIPOB
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KounxnuecTso BemoMorareib- L
HHX HH/HHADPOB 3aBHCHT OT ‘r j [ i
BEJIIMUHHEL, KoHbHrypamun .
nnaTGopMEl H paclpeleeHHs 1 H
rpysa Ha mnatdopme. Ecau Y
njardopma B IJIaHE MPAMO- J
yroasHasi, a IpPy3 pacnoJioxeH
He CHMMETPHUYHO OTHOCHTEIbHO 1 ‘J l__
oceif 1NnaTHOPMBL, TO MOKET +—
BO3HHKHYTb HEOOXOAMMOCTb B I ;
INPHMEHEHHH YeTHpex BCIIo- B
MOraTe/IbHEIX UHJIMHAPOB C 4 | -9
pacrnojoXXeHHeM HX IO yI-
JaM nJaathopMBl CHMMETPUYHO
OTHOCHT@JbHO CHJIOBOIO LH- — —
auaapa. IIpx nepekpecTHOM
MOAKJYEHHUH BCIOMOTaTeNhs
HHX HIHJIHHAPOB BEpXHAsA IO-
JIOCTh TOCJERHEr0 LHJIHHApPA
no/kHA OHTh COeJHHEHA C —— —
HHKHEH MOJIOCTHIO NEepBOTO. 1

Jpyroe  KOHCTPYKTHBHOE j T 7
T

3\f e B

pelleHde aHaJOTHYHOH 3a1auH !
oKa3aHo Ha puc. 85,6. 3xeco

cunoBhle LMIMHAPH [ w4 M Puc, 86. Daemenr THAPOCHCTEMH  YCTPOiicTBa
BcooMoraTenbHee 2 u 4 pac- Ais CHHXPOHHOFO OIpaHHYEHHHA XOJa IOpIU-
moJaralnTcs B CTBOpe ofmero Helt

munuaipa. Takoe KOHCTPYK-

THBHOE pellleHHe IpH HeGOJbLIOH BeJHYHHE X014 MOXKET OKasaTbCs
6oJiee TeXHOJIOrHYHEIM, 4eM B BapuaHte a (pHc. 85).

YeTporicTeo 0as CUHXPOHHO20 02PARUYEHUR X004 nopuiHeld 8 au-
dpoyusundpax *. B ruapocucTeMe annapatsl 6 u 7 Tena I'66 ¢ qucran-
UHOHEBIM YNpABJIEHHEM NPH HOIKAIYEHHM HX K INTOKOBHIM IOJIOCTAM
oUaHHAPOB 2 u ]1 obecneyHBalOT CHHXPOHHYIO OCTAHOBKY NOpIIHEH,
KOTZa OJHH M3 HAX foiAer Ao ynopa (puc. 86). IluAuHAPH mOIKJAI0Ye:
HH B CHCTeMy napajuieabro. JXUAKOCTE K HHM NOJBOAHTCSA IO Maru-
crpanu I. OTBOL KHAKOCTY H3 IITOKOBHIX NOJOCTeH LHIHHIPOB BO3MO-
JKeH TOJbKO IPH BO3HHKHOBEHHH B 3THX NOJOCTAX IPOTUBOJAABJEHHI,
BEJHYHHA KOTODHIX ONpefielifieTcss HACTPOHKOH HPYyXUH B HANOPHHX
3os0THHKax annapaTtoB 6 ¥ 7. C 1e/bl0 NMOBHIICHHS K. I 1. CHJOBHIX,
LH/AMHAPOB KJanaHel 6 H 7 JO/KHB OBITh HaCTPOEHB HAa MHHHMaJbHOE
Aasgenue. ITox peficTBHeM NpOTHBONABJIEHHS, NepeAalOUIErocs No Ma-
THCTpPaNiaM 5 U 8, 30JI0THHKH B annapatax 6 B 7 IPHIOJHHMAIOTCS, CO-
e[HHsAA NPH 3TOM Marucrpaad 4 u 9 co CIUBHOH MarHcrpaJsio 12,

Ecan onus u3 nopiune# (HampuMep, NOPIIeHb 3), OCTAHOBHTCS, TO
B IUTOKOBOH IIOJIOCTH LMJAHHAPA 2 jasJjieHHe YhmajeT, a 30JOTHHK

* A, c. 354180, F 15 @ 11/22 (CCCP). YcrpoficTBo IJsi CHHXPOHHOFO OrpaHHue-
HHA XOAa nopwHef B muaunApax/Jl. B. Boraarosnw, — Ony6u. 09.10.72.
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KJamaHa 7 TOX AeHCTBHEM IPYKHHEL ONYCTHTCA BHH3 W OTCEUET Maruc-
Tpajip 9 ot marucrpamu /2. Taxum o6pasoM, ¢ ocTaHOBKOH mopuins 3
aBTOMAaTHYeCKH OCTaHaB/JuBaeTcsi nmopiteHs f0. CHHXpPOHHAS OCTaHOB-
Ka NOpIIHsA J NPOH3CHAeT TOrAa, KOrga IITOK mopiuus 10 nopoiner
JI0 ymopa. -

i obparHoro xoma HeOGXOAWMO MarucTpatb /2 HOAKJIIOUHTL K
Hacocy, a Marucrpads / k 6aky. [Ipu 3TOM KUIKOCTb NOJ AaBlEeHHEM
HOCTYNHT B LITOKOBEIE NOJIOCTH OT MarudcTpaJdd /2 COOTRETCTBEHHO de-
pe3 obpaTHbIil KianaH annapara 6, Marucrpaab 4 K UHIHHAPY 2 U de-
pes ofparHpiil KIanaH annapara 7, Marucrpais 9 K ugauaapy 11.

6. CMHXPOHM3AUMA CHNIOBBIX LMNHHAPOB
fpPM NapannenbHO-NEPEKPeCTHOM MOAKNIOUEHHMM MX B CHCTEMY

IIpn nocjenoBaTe/ bHOM NOAKJIIOUEHHH HECKOJLKHX NHAMHAAPOB B
CHCTEMY JaBJIeHHe B BelyllleM HHJHHADE ONpeAeseTcss CyMMOil CHJI,
JeHCTBYIOIINX HA Bce UMIAHHADPH. [laBieHne B BeIyNIUX UMJAHHAPAX [ H
6 (puc. 87), neob6xoguMoe AJs1 NepeMelleHus] BeIOMBIX LHIHHAPOB J
u 4, onpefensiercs GoJbllell Harpy3xoi, Hanpumep, N, (ecaun Ny>Ny).

[Tonoctu V, B BeAyltux UHJAMHAPAX NJAKJIIOUEHEH! K obuiemy Tpy6o-
npoBOAy 6, a GJarogaps NepeKpecTHHM MaructpajsiM ¢ H 6 H LeH-
TPAJbHEIM OTBePCTHSIM B mTOKax 2 M 5 monoctu Vp uV, coemmusiorcs

A v Mex 1y co6oH.
, ! ‘ ‘ Oco6eHHOCTh KOHCTPYKIHK
§i7) HHJIKHIPO-NOPIIHEBHX TpyIn
’ A i I u Il cocrour B BHbOpE UX
napameTrpoB. Juamerpun D,

“ s s 4 Dy u D3 nonXHB OTHOCHTBCS

s kak 10:8:6 uan ceoTBercT-
a BYIOIIHe UM muomanu Fy: Fy:
= H 5 : F3=100:64:36* '

i TIpu atom Fi=Fy+Fj3;

[ p /ﬁz ' —7/'(2 F2=F1—F3 H F3"‘—“‘F1——F2.

[~ 5 O6pemn V,, Vp, V3 omlpe-
IeJSIOTCE  H3 3aBHCHMOCTEH:

Vi = (Fl ~— F3)H = FoH,
7. L s [._, | i Vo= (F1—F;)H=F3H;
K ~ Vs = F3H HJIH V2 == V3,

2.—

7

—
8 B rje H — BeJHUYHHA X0[a Bejo-

Puc. 87. K cHHXpOHH3aHHH CHIOBHX uuaupp- MBIX THAHHIAPOB 3ud
POB NIPH HX IapajJeJbHO-fIePeKpecTHOM IOX- HpH OnpeleJieHHH Iapa-
KAIOMeHHH B CHCTEMY MEeTpoB BCeHl KOHCTPYKIHH D

* Helmut Groff, Gerd Brickelmann. Gleichlaufzylinder fiir Scheren, Pressen,
Hubvorrichtungen usw. — «Olhydraulik und Pneumatik», 1971, N 7, z. 308—311.
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caeayer BhIOHpATH He MeHee 100 MM, Tak KaK NPH MEHBIIHX pa3Mepax
3TOr0 AHaMeTpa TOJIIHHA CTeHKH BeJOMBIX IIHJIHHAPOB MOXKeT 0Ka3aTh-
ca HepocTaTounoH. [Ipu nuaMerpe D >>100 MM MOABHKHbIE COEAHHEHHS
HeOOXOAHMO OCHAIILATh YIJIOTHHTEMbHHIMH YCTPOHCTBAMH.

[Tpu npoekTHpPOBaHHH TOAOOHHIX UHJIHHIPOB, MpeAHA3HAUYEHHHIX
IAd CHHXPOHHOH paboThl, cJeAyeT NpHIep:KHBAaThbCH TAaKHX IPaBHJ:

1. Jas onpefenenus pabodero AaB/eHHs B BeAVIIHX LUHJIHHAPAx
MOKHO B (rOpMyJNy AJs ONpelefeHHst AaBjeHus MOZCTaBisATh Fy. O6b-
SI@HSIETCH 3TO TeM, UTo pabouee NaBjeHHe JeficTByeT Ha KOJblleBoe ce-
YeHHe

F\—F; = F,.
2. MakcuMajabHOe JaBJjeHue B TPyGomposogax a4 W 6 He JOJKHO
npesuaTsh 1,78 paboyero naBjeHHs p; OPH YCHOBHH, 4To Vo=Vj3, T. €.
Pamax) = Pémax) = 1,78p,10—! MIla. (57)
Jasi nokasarenbcTBa paBeHCTBa (57) NPEANOJOKHM, UTO B IOJOCTIX

Vi, Vo u V3 naBieHust COOTBETCTBEHHO PaBHH Pj, P H Ps.
Torga ypaBHeHHS CHJI, JEHCTBYIOIIMX Ha BeAOMBE LHIHHAPH 3 H

Ny = p1(Fi — F3)— pa(F1 — F2) + psFs; (58)
Ny = pi(F1 — F3)— p3s(Fi1 — F3) + poFs. (59)
Tak Kak Fo=F,—F; u F3=F;—F,, T0 nocjie NOACTaHOBKM HX B YpaB-
HeHHs (58) u (59) noayunm:
Ny = pyF3 — poFs 4 psFs;
Ny = p\Fs — psFs -+ psFs.
BhiuTem 13 mepBOro ypaBHEHUs BTOPOE!
‘ Ni— Ny = 2F;3(ps — p2). (60)
PaccmoTpuM jBa npefeNbHBIX CJIy4Yas COOTHOIUIEHHS BHEIHHHX HATpy-
30K N ¥ No:

1) N;=N,. OueBHIHO, IDH PAaBEHCTBE BHELIHHX HArpy3oK H3 ypaB-
Henus (60)

Ps = pa;
2) N,=0, Torga cOOTHOIlIEHHE BHEUIHRX HATPY30K .
U= N\— N, = 2F3(ps — p2) _ 2F3(ps — p2)
N, piFs— poFs+ psfFs piFs + F3tps— p2)
HIIH o
‘ 0
a P i—l— + 1 ,
Fy  (ps— p2)
OTKYyZAa

Fy
Pi—— = (ps—p2):
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64

36 = 1,78,

F

Fs
T0 1,78 py==p3—pa.
Ho py=pa, ps==ps.
ITpu No==0 pa=0, nostomy p;=ps=1,78p,.
Takum ob6pasoM, npu U==1 coznaercs naubosee Hebiaroxenare bHHR
CJydyail HarpyKeHHs CHJIOBBIX IHJIHHIPOB,

3. JlaBjenue B mepeKpecTHHX TpybompoBozax a u 6 paBHO paGo-

yeMy AABJEHHIO p;, KQTta ,OTHOIIeHHEe Harpy3ok N; u N, HaxoanrcA B
npenenax or 78 0 22%.

Ny 78 1
N. — 22 028 -
TlpunsB po=0, naiizem
1—0,28 2
U= T = o = 2p1 .
1,78 —— + 1 1,78 — + 1
Pa—p2 D3

Pemus 370 ypaBHeHUe, NOAYIHM pP3=p;.

4. YeM TouHee BHAEP:KAHH paBeHcTBa Aas Vy, u Vi, TeM MeHblme
paccoryiacoBanue B JBHIKCHUH BeJOMBIX HHJAHHApPOB. K3 coobpaxeHwuil
6e3onacHOCTH Ha TpyGonpoBogax a H 6 Heo0XOIMMO YCTAHABJIHBATh
npefoXPaHHTe/bHLIE KJANaHL, HACTPOEeHHHle Ha iaBnieHme 1,78 p;
-+10%. B pafore UMIMHApPOB BO3MOXKHO pPaccOrJacoBaHHe H3-3a He-
PaBeHCTBA COOTBETCTBYIOUIMX AMAMeTDPOB LMJIHHAPO-TOPIIHEBOM rpyn-
Ibl (NpH M3TOTOBJEHHH BO3MOXKHO DacXOxIeHHE Da3MepoB B Ipejesax
JONyCKa) H B De3yJbTaTe CXKATHA KHAKOCTH B 3aMKHYTHX KOHTYpax
cucteMul (Vg, Vs).

Homorpamma, ¢ moMouipio KOTOPOH MOIKHO ONPENENHTh BEAHUUHY
paccoriacopaHusl (HJH TNOIPELIHOCTh XO0JAa) NPH PAasHIHBIX COOTHO-
LIeHUsIX BHEIIHHX Harpy3ok, NpHBejeHa Ha puc. 88. Ilpu mocTpoeHHH
HOMOTpPaMMBI HPHHATO, 4T0 Ha Kaxable 10 MIla cxkarne xuakoctu co-
crasasier 0,7% ob6wero o6veMa XKHAKOCTH, HaxoXsuledcs B 3aMKHY-
TOM KOHTYpe.

Ecan H3BeCTHBI HArpy3KH Ha UHJIHHADH HJIH COOTHOLIEHHE Harpy-
30K, a Takxe OToBOpeHa AONMYCTHMAas BENHYHHA PaCCOIJIaCOBAaHHS B
JBUXKEHHH LHJIHHIPOB, TO NapaMeTpPH NHIHHIPOB CJIeLyeT HaXOLHTh
nyrem noxpbopa.

{Ipumep. Ucxoanse nantme

N;=150000 H; Ny==0;

H=100 cm — xo1 Bepymux nopuHnet 3 ¥ 4 (puc. 87);

Vas=4 1 — 06beM XKHIKOCTH B TpyboIpoBoaax a 4 6;

8=0,4Y% — momycTtuMoe paccorjaacoBaHHe.

Pewenue 1. 3agaeMcs mapaMerpamu mmiamHApor: D;=17,5 cm;

Dy=14,0 cm (Fe=154,0 cm?); 03=10,51(:M (F3=86,5 cm?).

0 000
== 9,75 MIIa.

Jl.alz.neﬂne B BEpXHEM LHJHHIADE P = W

'
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QO0umui 00beM CHEMaeMOll KHAKOCTH:
Vs = 86,5-100 = 8650 cm® (8,65 i)

Vas = 4000 cm?® (4,0 1)
12 650 c® (12,65 11).
OTHOCHTeJleaﬂ BEJHUYHHA CKHMAEeMbIX 00bEMOB KHUAKOCTH

Vas + Va 12,65
Z = v =36 — 1,46.,

[Ipu sTOM paccoriacoBaHHe, ONpefeleHHOE H3 HOMOTPAMMBbL 32
CUET CKATHA KHAKOCTH, cocrasiaseT 0,8%, uto Bagoe GoJibiue pomyc-
THMOI BeJTHYHHBI.

BrifupaeM DUAHBADPH C COBIIMMYE IUAMETDAMHU.

Peuwenue 2.

D;=25,0 cm; D3y==20,0 cm (Fy=314 cMm?); D3=15,0 cMm (F3=
=176 cm?)

150000 -
. pr = W == 4,8 MI'Ia;
Vo = 176-100 = 17600 cm® (17,6 a1).
Ecin Vog = 5,0 a1, T0 Vo 4+ Vg = 17,6 +5 =226 .
22,6
17,6

~

Z == =~ 1,3.
B sToM cayuyae paccorJacoBaHHe (CM. HOMOTPaMMy) COCTaBHT ~
~0,34%.

PaccMoTpEM NpHHUHINAJNLHYIO THAPABJIHYECKYIO CXeMy, obecrevn-
BAKIIYIO CHHXPOHHYIO paboTy YeThpeX CHJIOBBIX UHJIEHIPOB (pHC. 89).

BenoMele OHMMHADH 8 MOIHHMAIOTCH MOJA HeHCTBHEM JaBJEHHS
KHAKOCTH, KOTOpasi NMOCTyIaeT OT Hacoca uepes Apoccenb /, pacmpefe-
JIHTeNb 2, BKAIOYEHHHIH B TOJIOKeHHe a, oOpaTHHI KiaamaH anmapara 3
H yhpasJseMble o0paTHbe KJANAHB 6, HMeOLlHecs IPH KaxIOM Be-
JyHieM HMJAHHApe 7. MaructpaJnsmi a, 6, 8 H 2 OCYLIECTBJEHO IepeKpe-
CTHOE HOJKJIIOUeHHe 3aMKHYTHX 00BeMoB Vi u V3 COOTBETCTBEHHO BCex
IHAHHAPOB. HeobxoanMan cKOPOCTh NMOLBeMa MOXKeT OHTb OTPeryJu-
poBaHa gpocceneM [,

Onyckanne IM/JIHHAPOB IPOH3OHAET NOC/Te NEPeBOoja 30JOTHHKA B
pacmpefennTese 2 B noJoxenne 6. [IpH sToM ynpaBasiemele o6paTHHE
KJanaHe 6 OTKPOIOTCH H KHIKOCTh H3 HHXKHHX NMOJIOCTEH BeAYLIHX I[H-
JIMHAPOB 7 TIOA NeHcTBHEM HArPY3KH H COOCTBEHHOTO BeCa BeJIOMBIX IIH-
JHHApPOB yiijleTr B 6ak 4epe3 Apoccefb B anmapate 3, pacupelesuTeNb
2 W NOANIOpPHEIA KJanaH /2, npyKHHA KOTOPOTO AQJIXKHA OHITH HACTPO-
eHa Ha fAaBJaenue B 0,2—0,25 MITa. B 3aMKHyTBIX KOHTYpax XHAKOCThb
mepeTedeT H3 moJsocrell Vi B mosocru V.

Uro6bl yCKOPHTH ONyCKaHHe IHJAHHAPOB 8, HEOGXOAHMO NPH BKJIIO-
YeHuY pacnpeenurens 2 OTKPHTL 30NOTHUKOM ynpasnaenus /[ ynpas-
JasgeMblii o6patHHE kaanad /0. Torja M3 HHXKHHX IOJOCTEH BeAVIIHX
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Puc. 89. IlpuumunuanbHas ruipocucteMa, obeclieudBaolias CHHXDOHHYIO pa6oTy
vyeThpex LHAHHIPOB

2

N
- b

L i

IHUJIHHAPOB KHAKOCTh B 6ak OyZeT OTBOAUTHCH Uepes anmapatsl 6—
—4—5—10 H NOANODPHBIA 30JOTHHK /2 NpH COXPAaHEHHH CYMMapHBIX
©o6bemos (Vy+V;3) B 3aMKHYTHX koHTypax. [Tpepoxpanurensuniii kia-
nau 9, NOAKIIOUEHHBIH yepe3 o6paTHHE KJlanaka § K [IePeKPeCTHHM Ma-
THCTpaJsAM @, 0, 8 U 2, BOJXKeH OhITh HACTPOEH Ha AaBieHue 1,78 p,-+
--10%, rae pi ~— KaB/ieHHe B BeAYLUIMX UMIMHAPAX.

naea Vi

CHUAOBBIE LLMNMHAPLI [TUAPOLIBMTATENM
AN4 BO3BPATHO-NMTOCTYNATENBHOIO LABHMIKEHMS)

CH/I0BOH UMJHHID SIBJSETCS TEM IeDeJaTOYHHIM 3BEHOM, C IOMO-
LIbI0 KOTOPOrO THAPABJHYECKAs SHEPTHs mpeobpasyercs B MexaHH4Yec-
Kyl0 (nmepeMemiaercss NOPHIeHb HJAM LWJIHHAP), T. € SBJISETCS THAPO-
IBHrarejeM AJds BO3BPATHO-NOCTYNATENbHOTO HJIH YIJOBOTO NEpeMe-
IIeHHS.

TuapOMMAMHADLH TPHMEHSIOTCS B NPHBOAE IVIABHOTO JABHIKEHHS
JMPOTAXKHBIX, CTPOTAJBHHX H J0J0€XHBX CTAaHKOB, B NIPHUBPJE HOJAY H
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IpPHBOJE BCIIOMOTATENbHHX YCTPOHCTB DasJMYHBIX MaIIHH AJd X0Aa
Ao 5—6 M. K npenmymiecTBaM THIPOLHMJHHAPOPE B OCHOBHOM OTHOCAT-
CA CPaBHHTEJbHO MaJnle rabapHTh, BHICOKOe OBICTpOAEHCTBHE, NpOC-
TOe CoeflMHEHHe IITOKA MJIH NHAMHAPA € HCIOJHHTENbHBIM OPTaHOM.

B saBucumocTs or TpeboBaHHH, NpeNbIBAAEMEX IUKJIOM paboTH:
MAIUHHL, CKOPOCTell ¥ YCHJHUH, BeJHYHH NepeMellleHHH U PAactojorKe-
HHS MHJIHHADA B MalllHHe, IPHMEHSIOTCA PA3JHYHLHIE KOHCTPYKIIHH, KO-
TOpHIe MOT'YT GBITL pasjiesNeHH Ha TPH I'PYNIIHL:

1) HEAMHIDH ABYCTOPOHHErO CHJIOBOTO JeHCTBHS;

2) UHJAHHADPH OXHOCTOPOHHETO CHJOBOTO AeHCTBHS,

3) uMARHADH, NpeiHAa3HAYEHHBle JJIf YIJOBHIX IepeMellleHu# (uu-
JIMHAPH MOBOPOTHOTO IeHCTBHA).

1. Unnunapsl ABYCTOPOHHErO CMITIOBOrO BeHcTBUA

i nepeMelleHus MOPIIHS HJIHM LHJIHHADA B pa3Hble CTOPOHH He-
06X0A¥MO BO3ZeHCTBHE THApaBaHYecKoi cHJB. KOHCTpyKIHH Ha cXe-
Mmax 1—12 (puc. 90) oTHocATCSH K UMJAHHAPAM ABYCTODOHHErO CHJIOBOTO
IelcTBUA. |

CKOpOCTh nepeMelieHHsl MOPUIHA HJH HHJIHHIDPA ONpEAeNsercs 3a-
BHCHMOCTSIMH:

Q Q

U= oz (r—an) 0 U2 0785(Di— )

rge @ — KOJIHYECTBO JKHMIKOCTH, NOCTYNAIONIeH B IMJIHHAD;
D — nnamerp UHIHHADA;
dy, dy— IHaMeTpH ITOKA,

Ipu noABOAE PABHOrO KOJHYECTBA KHJIKOCTH IIONEPEMEHHO B Ipa-
BYIO H JIEBYIO IIOJIOCTH UHJMHApA NOpUIeHb (MM HHJHHAD) NepeMeuia-
eTcsi ¢ OAMHAKOBOH CKOPOCThIO, eciu dy=d,. HuJInHADH, BHIOJHEH-
Hele O cxeMaM / ¥ 2, HaINJIH NpHMeHeHHe {IPEeHMYLIECTBEHHO B CTaH-
Kax maH¢oBaJbHOH I'PYNNEL.

Ecnu UMJHHAD HENOABMIKEH, TO XKMIKOCTh INOABOAHTICA K HeMy
KaK MPaBWJIO, IO XKeCTKUM TPyOOmpoBOAaM; NPH NOJABHIKHOM IHJHH-
ape (cxeMH 2, 8) XHAKOCTb NOABOJHTCS K NOJOCTAM® UWJHHApA Ye-
pe3 OTBEPCTHE B IITOKE HJH K€ Yepe3 UHIHHAD C HCHOJb30BAHHEM
ri6KHX HIJIAHTOB B TeX CJAy4YasX, KOrja BeJHYHHA X0Ja UHJIHHIAPa
MaJja,

B UHAMHApPO-NMOpIIHEBHX TPYINAaX, BHIIOJHEHHHX MO cxeMaM [ u
2, mraMeTpH MITOKOB BHIOMPAIOTCA MHHHMAJBHEIX Da3MepoB IIPH ycJo-
BHH paboTH HX HA pacTiKeHHe,

B cxeMe § gmaMeTphl IITOKOB He OJMHAKOBH, NOPINEHb HEMOXBH-
JKeH M JKHIKOCTh K IOJNOCTAM UHJAHHApPA NOABCGAHTCH Hepe3 HMITOK 60Jb-
IHero AHaMeTpa, 3aKPemJyieHHOr0 B KpoHITelHe.

B nuannapax (cxemu /, 2 ¥ 3) OBa yIJIOTHHTENbHHIX YCTPOHCTBA
IJIs1 INTOKOB M JBa KpOHIITeHHa/ (cxemul I ® 2), HeOOXOAHMMEE AJs
KpelmJIeHHs IITOKOB K CTOJY, 3HAYHFEJbHO YBEJIHYHBAIOT HX raGapuror
[0 JJIHHE, YTO YCJOXKHSEeT NpHMeHeHHe NOJ0OHBIX KOHCTPYKUHE B CcTe-
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CHEHHBIX YCJOBHAX B KOHCTPYKUIHAX ¢ HOABHMKHBIM IHJIHHIDPOM Tpe-
AyCMaTpUBAOTCA Npucnocob/eHusd g OTBOAA BO3Ayxa (Ha cxeMmax Z
H 3 H B NOCNEAYIOHIHX cXeMaX YCTPOHCTBA AJs OTBOAA BO3AYXa YCJIOB-
HO fTOK23aHHl CTPe/JKaMH B BeDXHHX YacTAX LUHJAHHApPA).

boabmioe pacnpocTpaHeHde B MallHHAX NOAYYHIH THJAWHAPO-IOPLI-
HEeBble TPYNNE ¢ OJHOCTOPOHHHM WITOKOM (CxeMbl 4—7) HOTOMY, 4YTO
OHH TIPOILC ¥ TeXHOJOrHYdeH.

B nuiaHuApo-nopuiHeBOH rpylie, BBIMOJTHEHHON mo cxeMe 4, cKOpo-
CTH TMOPIIHS B 00OHX HANPABJCHHSX NPH MHHHMAJBHOM JHAMETpeE WITO-
Ka OTIHuYaioTcs HedHadurtesabHO. IIITOK paboraer Ha pacrsnKeHHe NpH
JBHKEHHH MODIIHS BJEBO M HA CXKaTHe — IIPH IBHKEHHH Bnparo, [Ipu-
MeHeHMe IUTOKa OOJbIIOH AJHHB HHOTJA OrpaHu4YuBaercsa Hebjaro-
OPUATHBIMH YCJIOBHAMH pPalOTHl IUTOKA Ha NPOAOJbHBIA n3rub. Has
noJgydYeHHst ObICTPLIX NMepeMelleHHH MOPIIHA (HalpHMep, BJEBO MO cXe-
Me 4) IpH MHHHMAaJLHON NPOW3BOXMTENBHOCTH HAcoca AHAMETp WITO-
Ka Boifppaerca 60JBHIOTO pasMepa.

PasenctBo cKopocreil nmpAMoro H o6paTHOTO XOJZOB MOIKHO TOJY-
YHTb Npu AU(depeHnnalbHOM NOAKJIIOYEHHH K HACOCY LUHJAHHApA € 0J-
HOCTOPOHHHM IITOKOM IIDH VCJIOBHH, KOrAa MJOIIAAbL INITOKAa BABOE
‘MeHbllle NJoL Al uuanHapa (puc. 38,a).

CxeMa 5 orimyaercss OT MpeRbIAyieH TeM, UTO 37eCh MOABHIKHBIM
SBJIAETCA HUJIHHAD H ¥HJIKOCTh IOABOAUTCS Uepe3 LITOK.

I onepanufi 3axxkuMa, GUKCAINH, TOPMOXKEHHS, BK/JIIOYEHHS U OT-
KToueHnss Myt Tpebyotcs HeGoublne nepeMenienus. B atom cayuae
NHJIHHADO-TIOPIIHEBAs] TPynna Hepelko odopmasiercs no cxemam 6,a
uian 6,6. B cxeme 6,0 Ha mopuieHb CAeRa AeHCTBYET T'HAPaBIHUECKAS
CHJ/I4, 3aCTaBJIAA €ro IepeMelldaThCs BNPABO; OTBOJ BJieBO NPOH3BOAHT-
csl TIPYKUHOH, paCMONOXKEeHHOH €O CTODOHH mTOKa. B cxeme 6,6 Mex-
Ay mopliHeM M pabouelf MIOCKOCTBLIO UHJAKMHApA pasMmeunlaercs auagpa-
rMa, depe3 KOTOPYIO mepejaercd vcuaue nopuwHio. OTBOA mOpUIHA B
HCXOJHO€e N0JIOKEHHEe TaK JKe, KaK U B cxeMe 6,a, NpoH3BOAMTCH NIPY-
JKHHOH.

B uuamHAape, BHNOJHEHHOM WO cXeMe 6,a, TpeOyeTcH TiiaTelbHas
HOArOHKA MNOPIIHA K LUHJAWHADY H BBelleHHe YIJIOTHHUTeIbHBEIX YCTPOHCTB
B nopiuHe ¥ mroke. Henponuunaemocrs nuadparmel (cxema 6,6) cosna-
eT repMeTHYHOCTh COeldHHeHHs, NT03TOMY HeT HeoOXOAHMOCTH B YIJIOT-
HHTeJbHEIX ycTpoHicTBax. OnHAKO IPH PaBHHX AMaMerpax NOPLIHS Ta-
G6apHTHl IUJAHHADPA, BHINOJHEHHBIE IO cxeMe 6,6, yBeJHYHBAIOTCH 3a
cyet (pIaHLEBOro COeJHHEHHs, HeOOXOJHMOro IJs 3aKpelyieHHs [AHa-
(bparmsl.

I'mapouuJMHHAPH ¢ HIAaPHUPHBEIM KpelJeHHeM UMJIHHApDA H ILITOKa
(cxema 7) mpHMeHAKOTCS B CIy49asix, KOrja HanpaBJeHHe IefcTByiolle-
ro yCHJIHS HENDepPHIBHO H3MeHsleTcsi BO BpeMsa paborel. Kauawomuiics
UHJAHHAP npH GoJbluMX OOKOBBIX YCHJWAX TNpeAoTBpamiaer H3rHb
LITOKA,

L2 coBMelleHHs] HANpaBJeHHs AefCTBYIOIIUX YCHIHH C OCBIO LITO-
Ka B y3Je KpelJeHus UHAHHApPA H cOeAMHeHHS IITOKA NPHMEHSIOT HHO-
roa cheprdeckne moJHNIHUKH. [ToABOA M OTBOJA JKHAKOCTH B TaKHX
LIHJAHHAPAX APOH3BOANTCA IO THOKHM IIJIaHTaM.
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B cxeMe 8 noxasan KOMOMHHUDOBAHHLIH WJIH CABOSHHBIN LHJIKHAD.
IIpu mocnemoBarebHOM COEIMHEHHH LHJIHHIPOB YBEJHUHBAETCA (-
(eKTHBHAs NJIOMAfb, a CJAefoBaTegqbHO X YCHJHe, Pa3BHBaeMoe IH-
aunjpoM. CABOeHHBIe NHARHIAPE HCHOJBL3YIOTCH B TeX c/aAyuasdx, Korjia
HEBO3MOXHO NDHUMEHHTh OAMH IHJIHHAP OO0JNBIIOTO IHaMerpa H3-3a
orpaHHyeHHbIX rabapuToB. [IpUMEHSIOTCS OHM B CTaHKAaX HIIHGOBAJbL-
HOH TPYINEl NOPTAJLHOIO THIA JAJsi YpaBHOBENIMBAHHS Beca MIAHPO-
BaJbHOI IOJIOBKH, B MHOTODPE3IOBHIX M KAPYCEJbHEIX CTaHKaX AJs 3a-
KDeNJeHHs 3aTOTOBKH U AP.

Hns momydeHHs pas3IHUHBIX CcKoOpocTeil M ycuaufi HOpIIHSA HJIH
IUIYHXKepa NPH NHTAHHH LUJHHAPA OT HACOCAa HOCTOSHHOH IPOH3BOIM-

.TeJIbHOCTH B IIpeccax H HOLBEMHHKaxX NPHMeHeHH CYMMHpYVIOLLHE M-
auaApbl (cxeMa 9). MaKcHMAaJbHYIO CKOPOCTh M MHUHMMAJbHOE YCH-
Jue IJIyH:Kep Pas3sBHBAeT, KOTAa KHIAKOCTb MOABOAHTCSH MO MarHCTpasy
a; MeHbIas CKOPOCTh H 60JIBbIIOE YCHJIHE BO3HHKAET IPH NOIBOJE XKH-
JKOCTH TI0 MATHCTPaJH 6 W, HaKOHell, MAKCHMaJbHOe YCH/JHEe CO3LaeT
NJIyHXKep MPH MHHHMAJBHOH CKOPOCTH, KOT/Ja KHMAKOCTL OT HACOCA TO-
CTynaeT K HHJIHHAPY OJHOBPEeMeHHO B 06¢ MarucTpanu a u 6.

Huaupapo-nopuiHeBrle TPYIHNbl, IpHBeLeHHLIE HA cxeMe 10, oTHO-
cATCA K KaTeropHM LHAMHAPOB ¢ OECIITOKOBBIM IIOPIIHEM, B KOTOPBIX
MOABHKHBIM MOXKeT OHTh Kak mopitenb (10,2), Tak U caM IHJIHHILD
(10,6). Baarogapsi xopouleMy HanpaBJeHHIO NOPUIHA H HoJee 6jaro-
NPHATHOMY HarpyxeHHo (MexIy ONOpaMM, a He Ha KOHCOJH, KakK y
OOBIYHBIX UUJHHAPOB), OH MOXKET BOCIPHHHMATb ropasio GoJee BHICO-
KHe IONepeurkle Harpy3kd. JlonyckaeMoe OTKJIOHeHHe YCHJHS HATPYa3-
KH OT OCH NOpUIHA cocTaBiaser ==22° [lpn noiBHXXHOM KOpIyce IH-
JIHHAPA NOABOX M OTBOJ KHIKOCTH OCYILECTBJsIETCH Yepes nandsl nop-
uiesg (cxema [0,6), nosromMy oTnajaer HeOOXOAHMOCTb B NMPHMeHEHHH
rMOKHX ILJIAHTOB, 4TO BJIHSET HA HaAeXKHOCTb PAbOTHl CTPOMTENbHBHIX,
CeJbCKOX03SIHCTBEHHEIX, TOPHBIX M JIPYTHX MalllkH,

ITo mapamerpaM H Macce LUHJHHAPE TAKOrO poja KOHKYPHPYIOT C
OOBIYHBIMH KOHCTPYKUHSIMHM, 4YTO TIOATBEDIKNAeTCHS HNAHHBLIMH, IpHBe-
JeHHBIMH B xKypHaJse «Schweiz Maschinenmarkt» (No 27,1972, c. 72—
73). Ilpu Gonbmux xofax (Beime 1,5—2 M) AJHHA ¥ 'Macca TaKHX IHM-
JHHAPOB HECKOJIbKO MIPEBHIINAIOT aHaJOTHYHbLIE NMOKasaTeJH OOBIUHBEIX
KoHcTpyKuuH. [logo6Hble IUAHHAPHL PEKOMEHAYETCS NPHMEHATh AN
paboTHl HpK AaBieHHAX B 25—40 MIIa.

TeneckonuyeckHe UUJIHHIPH, COCTOSIHE M3 COBMENIEHHBIX JABYX H
Gonee HUAMHAPOB (cxeMma [/), IPHMEHSIOT s NOJYUEeHHS OOJBIIHX
X0/0B. JKHAKOCTb K COOTBETCTBYIOIIMM NOJIOCTAM LHJIHHAPA HOCTYHAET
uepes JBa OCEBBIX OTBEPCTHs B IUTOKE; €CJIH MO AaBJEHHEM XKHAKOCTH
Oyler monBe/ieHa K OTBEPCTHIO &, TO MPOH3BONUTCS NOALEM LUHIHHAPOB
(HaunHas c Hapyxmoro) CKJla,lIbIBaHHe NPOHCXOAMT B O6paTHOM IO-
psiiiKe NOJ AefiCTBHEM JaBJeHHH KHJIKOCTH, KOTJAa XKHIKOCTh OT HAaco-
ca HamnpasJsiercs K OTBEPCTHIO 0.

B TeseckKONmHUYECKHX LHJIMHAPAX OAHOCTODOHHEro NEefCTBHS, MOJY-
YHBINMX GOJBIIOC NPHMeHeHHe B NONBEMHHKAX, CKIaJAEIBAHHE IUJHH-
ApoB (HJIH TesJeCKONOB) TPOHCXOJHT 3a CYeT Beca rpysa (Harpysku)
HJIH K€ cOOCTBEeHHOTO Beca NOAHHMAeMoro ycerpoficrsa.

157



Jlais mepeMelieHHs MJYHKepa ¢ GOABUION YacTOTOH MPH Majo# aM-
MJIATYAe MOXKeT ObiTb DeKOMeHIOBAaHa KOHCTPYKIHS, NPHBeXECHHAS Ha
cxeme 12* OrcyrcTBHe IITOKA H YIJOTHHTEJIBLHOTO YCTPOHCTBA JLIs
HITOKA YMeHbII4eT BeC M HHEPIHOHHOCTb TaKOH KOHCTPYKIHH.

2. LiunMHAPLI ONHOCTOPOHHErO CHNOBOro ACHCTBMS
M KOMBUHMPOBaHHbLIC

B uuauHApax ABYCTOPOHHErO CHJIOBOTO AeficTBHs ocoGuie TpeGopa-
HHsl NPeABABJATCS K 00paloTKe BHYTPEHHEro JHaMeTpa LMJIHHApA
Ilpu Gospimofl mjHHe HHIHHADA 3TA ONepauHs TPYILOEMKa, JOPOrocTo-
Alas, Tpebyer cienHaJbHOrO OGOPYAOBAHHA H OCHACTKH.

B mpakTHKe MalIHHOCTDOEHHS TMOJIYYHJM GOMbLIOE PACIpOCTPaHe-
HHE HHMJIHHADH ONHOCTOPOHHErO IeHCTBHS, B KOTOPBIX OTCYTCTBYET
HOpHIeHb, a YCHJIHe NepeflaeTcsl HeNocPelACTBeHHO IUTOKOM (puc. 91,
cxemsl I, 2). !

B cxeMe / nuIHHAD HeMOJABHKEH H PACIHOJNOXKEH BEePTHKaAbHO. [To-
Iib€M KapeTKu (uJu APyroro ycrpoficrBa) HPOM3BOAUTEH IHTOKOM, HA
BCIO IUIOIIAfb KOTOPOro AEeHCTBYeT NaBJjeHHe XKHIAKOCTH; IBHIKeHHe
BHH3 (B HCXOIHOe INOJIOKEHHEe HJH Ha ONpedeseHHYIO BeJHUYHHY) Ipo-
HCXOAMT IIOJ JeHCTBHeM COOCTBEHHOTO Beca LITOKa M KapeTKH, Korna
LHJIHHAD NOAKJIOUEH K 6aKy

JlJsl yMeHbUIeHHST MaccHl IITOKA HEPeAKO H3rOTOBJAIOT H3 TPY-
6u1. C moMmombl0 AOHBIUIKA B BEPXHEH YacTH LITOK Pasrpy:aercs OT
CHHMAIONIKX YCHJHH, KOTOpHIE NIpH OOJBLIOH €ro JJHHE MOTYT BHI3BATH
OPOROJbLHLIA H3THO.

O6mee ycuane, nepeiaBaeMoe IITOKOM,

0,785pD? = 0,785p (D? — d?) + 0,785p42,

rjae p — LaBJeHHe B NOJOCTH LHIHHAPA;
D — napyxHnulif AHaMeTp IITOKA,
d — BHYTPEHHHH IMaMeTp IITOKA.

Yeunue 0,785 p(D?—d?) cxuMmaeT IITOK, a ycuaue, pasHoe 0,785
pd?, BOCIPHHIMAaeTCH HENOCPEACTBEHHO AOHEIIIKOM INTOKA.

IIpn BepTHKAJTBLHOM PpACHOJOXKEHHM UMJIMHAPA C IOJBM IHITOKOM
CleAyeT NOMHHTb O BO3MOKHOCTH BO3HUKHOBEHHS BO3AYIMHON NMOMYyII-
KH y JOHHIIKA LITOKA, NO3TOMY HeOGXOAUMO IpeLycMaTpHBATh YCTpo-
HCTBO 1J1s1 MEDPHOXHYECKOrO HJIM NMOCTOSHHOIO OTBOJA BO3AyXa (YCJOB-
HO NOKa3aHO CTPEJKOMH a).

Ha cxeme 2 mTOK HenoABHIKEH, a HMJIHHAD JKECTKO NPHKPENJeH K
HCIIOJIHUTebHOMY opraHy. JKHAKOCTH B 3TOM cjyuae MOZBOLHTCH Ue-
pes MITOK MJH HWJIHHAP, OZHAKO BO BTOPOM C/IyYae BO3HHKaeT Heo6xo-
AUMOCTb B FTHOKHX COELHHEHHSX.

JJig nonydyeHHs: BO3BPaTHO-NOCTYNATENBHOTO [IBHIKEHHS C 3alaM-
HEIMH CKODOCTSMH B THAPOCHCTEME C LHIMHADPAaMH OXHOCTOPOHHETO

* A, c. 183455 (CCCP). TuapasnudecKuii IMAHHAD ABORHOrO JRedCTBHA
JA C. Boapumx, A T. Tep-Cumonsn. — Ony6a. 24.08.66.
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CHJIOBOrO HeACTBHS HeoOXOAMMO HMEThb MHHHMYM [Ba uuauuapa. Ecan
+ IITOKH 3aKpelJIeHH depe3 KPOHIITEHHK ¢ caja3sKaMK HJH CTOJIOM, KakK
IIOKA32HO Ha CXeMe 3, TO KUIAKOCTb HOABOAHTCS K IMJIRHADY IIPH HO-
MOIIH KECTKHX TPYO.

BTOpBIM KOHCTPYKTHUBHEIM pellleHHeM 3TOH NPHHUHIAAJBHOH CXeMBbI
ABJIAETCS LHJAMHAPO-NOPHIHeBas I'PyNNa C NOJABHKHBIMH LHJIHHIPAMH.
B 3TOM ciydae XKHAKGCTL OpH NOMOMIM KeCTKHX TPyG NOABOAMTCA K
IWITOKAM HJH TUOKHMH COelHHeHHSMH — K IujauHIpam. Ilepsoe peme-
Hue ¢ NOABHAKHBIMH IITOKAMH B HCKOTOPHIX CAy4YasX ABJACTCA fosee
ApHeMJeMbIM, TAK KaK WTOKH Jlerue UHJIMHAPOB, a NMO3TOMY NPH BO3-
BPATHO-NMOCTYNATEABHOM JABHIKCHHH CO3/al0TCA MeHbliNe HHePUHOH-
Hbl€ CHJIbI, YTO BAXKHO NPH GOJBIIHX CKOPOCTAX IEepEMelieH .

HaxoHel, TpeTbHM KOHCTPYKTHBHEIM peUIEHHEM HABJAETCA NPHME-
HeHHe IITOKOB Da3JUYHHX JIHMAMEeTPOB, YTO AAeT BO3MOMKHOCTH IIOJY-
9aTh Pas3Hble CKOPOCTH IIPH NIOABOJE PaBHOIO KOJHYECTBA KHAKOCTH K
INHJIHHAPAM B €JHHHUIY BpeMeHH.

JIBa uuanazpa obmuHO yiaoGHee pacmojiaraTh CHMMETPHYHO Te0-
MEeTpHYecKoll ocHu crosa uau Gadku, Tak W cilegyer nocTynaThb, KOTAa
JefiCTBYIOIIHEe B npouecce paBoTH YCHIJIHS HEBENHKH H He NpPeIhsBJIfA-
I0TCH NOBbIIEHHEIE TPeGOBaHHs K TOYHOCTH paboThl Mexanusma. Ecin
JKe Harpys3kud Bo BpeMs paboTel 0oJbllHe, TO BO3HHKAIOMWIHI MOMEHT
B TOPH3CHTAJNbHOH NJOCKOCTH (NIPH TOPH3OHTA/JIbHOM DAaclOJOKeHHH
IHJIMHADPOB) HJHM B BEPTHKAJALHON (HPH BePTHKAJIbHOM PacHOJIOXKEHHH
UHJHHJAPOB) CO3JaCT AOMOJHHTENbHBIE YCHJINSI Ha HAMpaBJAOILIHX CTO-
J1a, BHI3OBET MOBHILIEHHLIH HX H3HOC W, KaK CJIeJCTBHE, [OSIBJACHHE JIIO-
(TOB ¥ NEPEKOCOB.

Pacnonoxenne NMJINHIPOB B BEPTHKAJBHOH MJIOCKOCTH CHMMETPHY-
HO ocH cTosia (OAHH NOJ APYTEM), 3HAGHUTENBHO YCAOXKHFAET KOHCTPYK-
IIHIO CTAHHHBI H CHOCO0 KpeIIeHHs KaK UHJHHAPOB, TAK U MJIYHKEDOB.

h Ilpu ABYX UMJHHApPAX, H3 KOTOPHIX OAHH NpejHasHadeH Aas pabo-
yero xofa, a IPYrofi R/ XOJOCTOTO IleDeMelleHHs ¢ToJa, CJaelyeT
CTPEMHTBCA K CHMMETPHUHOMY DAaclOJOXKeHHI0 pabodero LHJAHHApA
OTHOCHTEJIBHO CTO0J1A.

B pabounx opraHax ¢ KOPOTKHMH HANpaBJAAIOMHMH, & TaKXKe B TeX
chnyyasx, Korda Tpebyercs MOBBIIIEHHAS TOYHOCTH PabOTH, HanpHMep
CTaHKa (XOHHHI'OBAJBHOTO, LLTH(OBAJIBHOTO M Jp.), HALLIK NpPUMeHe-
HHe NUAMHADH OJHOCTOPOHHErO CHJAOBOrC AEHCTBHA C TPeMd UMJIMH-
IpaMH, BHIIOMHeHHHIMH N0 cxeMe 4. CpeiHuft UMAHMHApP pacnojara-
€TCs IO TeOMeTpHUeCKo#l oCH cToJa, KapeTKH uau 6a6ku, a nsa Goxo-
BBIX — CHMMETPHYHO eMy. Pa3mephl NJIYHXKepOB H LUJIHHIPOB BHGHpa-
JOTCS1 B 3aBHCHMOCTH OT HANpPaBJeHUs H BeJMYHHB HAeHCTBYIOLIUX CHJ
H ckopoctell. Eciu cpefHull HUJAHHAD oCyliecTBJAdeT OBICTPOe NepeMe-
IIeHHe, TO AHAMETpP IJIYHXKepa 3TOr0 UHJIHHADPAa HPHHHMAIOT PaBHBIM
JuaMerpy GOKOBOro mAyH:Kepa HJH e MeHbllero pasmepa. Ilpu pae-
HBIX JHaMeTpax LHJAWHIPOB H IVIyH:KEPOB KOHCTPYKLUHsS OyAeT TeXHO-
JIOTHYHeH.

[IpeumymiecTBOM HUIHHIPOB OLHOCTOPOHHErO CHJIOBOTO IeficTBHSA
SABJSI€TCS TO, UTO He HY:KHA TilareabHass o6paboTKa BHYTpeHHeH mo-
BEPXHOCTH LHJAHHIPA; BIOJHEe AOCTaToYHa rpybas o6paboTka HIH OYH-

160



CTKa A yJaJeHus OKaJHHEB, PyKAaBUMHBI, eCJH NUJIHHAD H3TOTOBJSET-
¢ H3 TpYOHRL

Ha cxeme & (puc. 91) nokasaHa KOHCTPYKTHBHAS CXeMa LIHJIHHIPO-
HOPHIHEBOH IPYINH TepMoIliacraBroMara. CpefHHH LHUJIHHIAP ¢ HJIYH-
KEePOM OJHOCTODOHHero JeficTBHst pa3BHuBaer GOJblIHE YCHJHs, HeOO-
XOJHMEIE JJ51 OKOHYaTeJbHOro (popMoobpasoBaHHs H3JeNHs, a OOKO-
Bble, pa3MelieHHble CHMMETPHYHO OTHOCUTEJLHO CPEAHErc ABYCTOPOH-
HEro CHJIOBOrO JeHCTBHs, IpeAHasHaueHbl AJs OTPbIBA IIMTHL TOCJIE
3aBeplleHHd NpoNecca IPeccOBAHMs, OBICTPOrO MNOJABOAA H OTBOIA
HJIHTHL,

IlpencraBasier uHTepec KOMOHHHPOBaHHBIN IWJIMHAD, NOPIIEHb KO-
TOPOTO (DHKCHPYeTCS B IIPOMEXKYTOUHOM TOJOXKeHHH a (cxema 6).
B uuaunape mMeeTcs ABA MODUIHS, H3 KOTOPHIX MOpPIUIEHb THAMETPOM
D, coegunen co IITOKOM, a TIOPLIeHb AuaMeTpoM D cBoOOIHO CKOJB3UT
B LMJIHHJpe W Ha IITOKe (miaaBamoomuil). HanpasjaeHue IBHKEHHS HOP-
WHell 3aBHCHT OT NOJIOXKEHUS 30JO0THUKA B pachopepenuresie. B noJo-
JKeHHH a 00a TOpIIHA NepeMelaloTCd BIPABO, NPUYeM BHadaJe IaB-
JIeHHEe BOCIPHHHMAeTCs IJIaBaOUMM nopirHeM D, a mocse nogxona ero
K yCTyIy — IIoIlagbio mitoka f==0,785d2, C mepeBoIOM 30JOTHHKA B
H0JOXKeHHe 6 MOpILeHb HANMPABJSETCS BJEBO, 4 JaBJeHHe BO3AeHCTBY-
er Ha naowans Fy == 0,785(D% — d?). Tlpu cpepnem (HyJaeBoM) mnoJo-

JKEHHH 30JI0THHKA B paCIpeesuTese IUJIHHIAP TOAKJIIOUEeH 1o Jud-
thepenninaspHOl cxeMe. IlmaBaroliuil mopuieHs co WITOKOM OyAeT mepe-
MellaThcsl BAPABO, NMOCKOJbKY CYMMapHasi NJoINaib C JIEBOH CTOPOHHI
NpeBHIIAET IOJe3HyI0 mniomalb cnpasa. llogolias k yeryny B LH-
JHHApe, NOPUIEHb OCTAHOBHTCS H, TaK KaK ero Noje3Has IJaoLlaib
yMeHbIaercst Ao BeduunHbl 0,785d2<0,785 (D%, —d?%), 3adurcupyercs
pesyJabTHDYIOLeR cHJiol Pp, Bo3AeficTBYIONIeH HA IITOK C NMOpPLIHEM,

Py = 0,785p (D? — d?)— 0,785pd? = 0,785p (D? — d? — d?).

[Ipomexyrounoe ¢GUKCHPOBAHHOE MOJIOKEHHe oOecneunBaeTcs Tak-
2Ke CIBOEHHHM LHJHHApPOM (cxeMa 6,6), B KOTOPOM OCHOBHOM mnop-
IIeHb ¢ MOXEeT 32HHMaThb KpaliHue mojoxeHHs. PHKcauus NOplIHA a
B HEKOTOPOM IIOJIOXKEHHH NPOH30HIET IOCje NepeMellleHHs HMOPIIHA &
OJIHOCTBIQ, BJAEBO (MO cxeme), TaK Kak agpeKTHBHAS MJIOHIANb [TOPUI-
HA 6 cnpaBa GoJbllle 3¢ PeKTHBHOH NAOINAAH NMOPLIHA & C JeBOH CTO-
DOHEL Ha BeJHYHHY NJAoWad mtTeKa. OHKCHPOBaHHOE pacloJOXeHHe
MOPINHA onpefensercsd AJMHHOM WUTOKA NOPLIHS 6.

-

3. Npeobpasosarenn *

TpeboBanus, mnpexbsiBisieMble K CHAPONPHBOLY HEKOTOPHX Hpec-
COB, TEPMOMJIACTABTOMATOB, CTAHKOB JAJI HaKaTKH pe3bbbl M APYTHX,
XapaKTepH3yIoTcsl GOJbUIHMH KpaTKOBpPEMEHHbIMH JAaBJAEHHAMH (To-
psigka 5060 MIla u Gosnee) m manwmmu pacxogamu. Ilosyunts yka-
3agHBle JaBJIEHMA NIPH NMOMOILUH CEPHIHO H3rOTOBJASEMBIX HACOCOB H

* B TexuHYeCKOH JHTepaType 5TH YCTPOHCTBA HA3HIBAIKCL MYJbTHILTHKATODAMH,
TpaHcdOpMaTOPaMH H YCHIHTENAMH.
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TPaHCIOPTHPOBATh KUAKOCTh HOJ TAaKHM JaBJeHHeM uepe3 HOpMaJu-
30BaHHBIE aNNapaThl HEJb3s, TAK KAaK OHH PacCYMTaHEl HAa XaBJEHHS
3HAYATENBHO MEHbIINE.

B Takux ciayuasx HPUMEHsIOTCs MPpeo6pasoBaTesH, KOTOPhE BCTpa-
HMBAIOTCS B CHCTEMe MeXAYy HacoCcOM H HHJIHHADOM BHICOKOrO AaBJeEHHA,
Tlpocrefitras KOHCTPYKIMA [peoOpa3oBaTe]si OLKHAPHOTO AeHCTBHS H
cXeMa MOAKMOYEHHs ero B cHCYeMy pokasaHa Ha puc. 91 (cxema 7).
K muauaapy Gosapmoro auamerpa D KHAKOCTH OT Hacoca MOABORUTCS
,JIOJ, IaBJIEHUEM Py, & UPH STOM YCHJIHE, Pa3BHBAaeMOe UMJIHHIPOM, OV-
get 0,785p:D?, pasuoe 0,785p4d?, rie py— BHXOLHOE AaBJeHHe H d —
JAHaMeTp IJIVH:Kepa npeobpasoBatesd.

Ecau mpenefpeun cHAAMH TPEHHH, TO KO3GhOUIHEHT YCUAEHHS, CO-
3J,aBaeMHIil npeoGpasoBarteseM,

D2 Px

K= d2=Pn’

-

DZ
OTKYAQ Pu == Pu g -

ITpeo6pasoBaTenn 0OAHHAPHOTO AeHCTBUS HE MOTYT JUIATEJIbHOE Bpe-
M$ cO3/aBaTh PABHOMEDHHI PacXOA XHUAKOCTH H HYXKAAKTCA B X0JOC-
TOM XOJe, KOTOPHIH HeOGXOMHM [JIs 3apSAKH €ro INTOKOBOH HOJIOCTH.

TIpeobGpasosaren ABORHOTO HelicTBHS (cxeMma 8) JIMIIEHH yKa3aH-
HOTQ HEJOCTaTKa H 00eClIeuxBaiOT NPAKTHUYECKH PAaBHOMEpHYIO NOXayy
KHAKOCTH NOJ BHICOKHM JaBJlieHHeM. Il peBepcHpPOBAHHS NOPIUHS C
ABYCTOPOHHHM IITOKOM, KOTODHIMH IOIlepEMEHHO BEIKHMaeTcs B CH-
CTEMY JXHMIKOCTb TOJ BLICOKHM JaBJIEHHEM pp, B CTAaHKOCTDPOEHHH H
IIPeCCOCTPOEHHH NTPHMeEHAeTCSI HECKOJIBKO CII0COGOB. ‘

Ha puc. 92 mokd3ana cxema npeoGpasoBarenss 3 ABOHHOro zeHcT-
BHSl M alnapaTypa, Heo6xoAuMasi IJs CO3[JaHHS aBTOMAaTHYECKOro pe-
Bepca ¥ pacnpesieseHHs }KUAKOCTH B npeofpa3oBarele.

Ilpn pBuxeHuu nopmHs 2 B Jq1060M HaNpaBJeHHH B MOMEHTHI OT-
KPBITHS IMPOTOYKE 8 B MaruCTpaJiH, Ha KOTOPOH pacmo/oKeHO COIpo-
THBJIeHHe 6 (Apoccesnb) H penie 5 pasneHHs (tuma I'62), Bospacraer
laBJeHHe, onpejessieMoe CONPOTHBJAeHHeM. IIpyXKHHa pesle DaBJeHHSA,
HACTPOEHHAs Ha BeJHUHHY p;<Ap, rie Ap — nepenaj AaBJeHUS B CO-
nporunieHny. IIosToMy ¢ OTKpPHTHEM NpPOTOYKH 8 cpalaTeHBaer peJje
JaBJICHHS — BKJIOYAETC MHKPOBHIKII0OYaTelb, OT KOTOPOTO IO 3JeK-
TPHYECKOH IelMH MOJYYaloT KOMAaHAY 3JeKTPOMArHHTH paclpelejure-
as 1. Tlocne aroro 3070THHK B pacnpeidIHTele 3afiMeT MOJIOXKEeHHe,
NPEATIONOKHM, 6 BMECTO a,

Taxum o6pa3oM DPOHCXOAHT H3MEHEHNE HAIIPABJAEHHS TOKA MXKHIKOC-
TH B TNOJOCTH HH3KOrO AaBJCHHSI Ipeo6pas3oBaTesss H PeBepc INOPIL-
H 2. 30/0THHK o0paTHOro KJaamaHa ABYCTOPOHHEro jeficTBusi 4 B Mo-
MEHT peBepca NMOPIIHA aBTOMATHYeCKH mepeGpachisaercs H3 OXHOrO
KpafiHero noJIOXKeHHSI B APYyroe, ylep:KuBas BHICOKOE JaBJeHHE B LH-
JIHHJpE. ‘

KoncrpykTHBHas cxeMa npeo6pa3oBaTedsi, YNPABISEMOTo TOJBKO
THApaBAHYecKOH amnaparypoif, nckasana Ha puc. 93. [lepekmaouenne
30/IOTHHKA B pachpefedurelie / M3 NOJOKEHHS 4 B [OJOKeHHe 6 HIH
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HaoGopoT NPOU3BORUTCS CAeRylomuM obpasomM B nmauruape K cpepHed
IPOTOYKe N0 Marucrpanu 6 MojBejeHa KHJAKOCTh IO AaBJEHHEM OT
Hacoca, a CHMMETPHUHO PAacIOJIOKeHHBe GOKOBbBE HNPOTOUKH IOAKJIIO-
deHpl MarTHCTpadsiMu 2 H & K TOPHOBHIM KaMepaMm paclpegedurteas /.
Ha nopune npeo6pasoBaTensi ILUPHHA BHITOYEK S 60JbIIe IIHPHHEL
nepeMbluek Sy MeX/Jy NpOTOUKaMH B UHJHHZApe. IIpu ABHKEHHH nmopll-
Hsi, HANPHMED BIPAaBO, PeBepc MPOM30M/IET TOTAA, KOrLa BHITOUKA 8 Te-
PEKPOET NPOTOYKH, K KOTOPHIM NOJABEAEHH Marucrpaau § u 6. JKu-
JKOCTh IIOJ EABJIEHHEeM YCTPEMHTCS K IPaBOH TOPLEBOH KaMepe pacipe-
JdeJuTens, a IPH TOM 30JOTHHK B HeM HepeMeCTHTCH H3 NOJOXKeHHS 4
B 6. Ilpousofiger pesepc, HOC/e Yero H3 MOJOCTH npeobGpasosatens 3
yepes OOpPaTHLIH KaanaH HAauUHeT BRITECHATLCS MKHAKOCTb K LMAMHADY
BHICOKOrO jAaBJieHusi. C MepeKpbITHEM IPOTOUCK, K KOTODHIM INOABeke-
HEl MArucTpau 6 ¥ 2, BHTOUKOH 0 CHOBA IPOH30HIeT peBepc.

IoaBoa KMAKOCTH K IOJOCTAM BEHICOXOrO AaBJjeHHs 3 H 4 U3 IOJOC-
Tell mpeobpa3oBaTelis HU3KOrO J1aBJeHHS! NPOHCXOAHT Hepe3 pajualib-
HBEIE U OCEBHIE€ OTBEPCTHS B IUTOKaX U oOpaTHLIe KJanaHbl, BCTPOeHHbe
B IITOKH.

ConporuBiierdst 7 U 8 (uam Apoccen) HeOOXOJHMO OTPeryaHpo-
BaTh TakK, YTOOB HE BOBHHKAJO 3HAYHTENHHOTO YMeHbIIEHHS AaBJEHHS
B MarucTpaJH, WAyHle#dl OT HacOCa, B MOMEHTH NOAK/II04YeHHss GOKOBHIX
NPOTOYEK B LUAMHIPE K MATHCTPAJH b,

Pa6ora npeoOpasoBayensi HempephIBHOTO HAeficTBHs [0, HOAKJIO-
YEHHOTO K HAcOCy 2 M CHJIOBOMY LMJHHADPY [4, NPOUCXOZHUT IO CJI0XK-
HOMy LHKJY (puc. 94). B nepBnlfi nepnoja LHKJIa NOPINEHb NHJAHHIAPA
14 6pICTPO MepeMeInaeTcs BIPAaBO J0 CMLIKAHHS JHTheBOH (DOPMLI, Ipe-
0J0JieBasi IPH 3TOM IPOTHBOJAABJEHHe H CHJEBI TPEHHS, KOTOPbI€ BO3HH-
Kai0T B MOABHKHHEIX 3/JeMeHTaX Bcer0 MexanHaMma. [loaBoa XHUIAKOCTH
B MOPIUHEBYIO YacTh NHIAMHAPA /4 B 3TOT nepHOJ NPOH3BOIUTCSA OT Ha-
coca [ uepe3 TPEXNMO3HUMOHHBLIH pacnpefenauTeqab 2/ M or nmpeobpaso-
Bareas /0. IIpu cMBIKaHHU GOPM AaBJeHHe B HHJIHHADE YBEJHYHBAET-
Cfl M, KOTJA OHO VIOCTHTHET BeJHUYHHH p;, cpabaTeiBaeT peJie NaBJeHHs
22, oT MHKDOBHIKJIIOYATENS KOTOPOTO NMOCTYyNaeT KOMaHAa IO 3JIeKTDH-
YeCKOH LENMH K JeKTPOMAarHuTy amnapara 23 H K opraHaM yIpaBJeHHS
pacupeieanreas 2/ (#a puc. 94 He nokasanm). B pacnpeneanteae 2/
30JIOTHHK YCTQHOBHTCSl B HYJIeBOe NOJIOXKeHHe, IPH KoTopoM Hacoc [
NOAKMIOUAETCA K 6aKy.

Bo BropoM mepuoje uMK/aa (mocae CMBIKAHUA (OPM) KHAKOCTb Ha-
IpaBasieTcsl TOJABKO OT Hacoca Z yepe3 npeodpas3oBaTenas K LHIHHADY
14. Tlpoucxomput ato Tak, Korja 30/0THHK B pdcnpelequrene 4 safi-
MeT, NPeANOJOKHM, TToJN0KeHNe 6, 10 MO/ AaBJeHHeM OKarKyTCsl JieBbie
noJocTH npeobpasoBaTensd. WTOKOBas 7 W nayHxkephas 9. Ilpu srtom
nopuleHs /3 BMecTe ¢ IYHIKEPAMH HaYHeT MepeMellaTbCs BIPAaBo,
BHIKHMAasd KHIKOCTb U3 NOJOCTH /5 depe3 pacmpejenHress 4 B 6ak, a
M3 HOJOCTH BLICOKOrO Aapfenus /7 — uepe3 obpaTHbie KJaanaHu [6 u
12 x nuausapy. C OTKPHITHEM KOJBLEBOH NpOTOYKH /9 JeBnldl TOpeL
pacnpefeantess 4 OKaxKercs I0J AaBJEHHEM H 30J0THHK B paclpeje-
JIHTeJIe CMECTHTCsS B ToJoKeHHe g. M3MeHsTCsl HampaBJeHHe TOKa XKH-
JAKOCTH IOCJE pacnpefenutelss 4 H JBHKeHHe nopuHs I3 npeobpaso-
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Puc. 94. TprununuazsHas cxeMa npeobpasoBartens
HEHPePHLIBHOTO IefiCTBUA

¢

Barend. Tenepp HAKOCTh MOJ BHICOKHM JHaBieHHeM GyReT NMOCTYIATh
K HUHJIHHAPY U3 mojiocTH 9 wepe3 ofpaTHble Kaanadu [/ u 12. B aeoit
HOJIOCTH pacHpefefdTesst 4 cOXpaHfAeTcs IOCTOSIMHOE JaBJeHHe, Tak
KaK npH ABHXKEHHH NOPLIHS npeoBpas3oBaress BJEBO 5Ta I0JOCTb Gy
IeT MOAKJIOUeHa K Hacocy yepe3 obparHwifl Kaanad § u nemndep 6.
Korna nopurers /3 mpofiner nyTh B/IeBO, PaBHHIA [j, TO Yepe3 KOJhIe-
Bble IPOTOYKH J B KOPIYCE H € Ha IITOKE JIeBasi OJOCTb Pachpelesin-
Tessl 4 COeRMHHTCS ¢ 6aKOM, a 30JI0THHK B pacmpeliesuTese Hoj Aefi-
CTBHEM HPYKHHB BEPHETCS B HCXOJHoe mnosoxenue §. C 3T0ro Momes-
Ta CHOBA HAauHETCH [ABHXeHMe nopmus 13 supaso. i

Ina nonyueHus aBTOMaTHUeCKOro pesepca B npeofpasoBartele He-
OGXOMHMO BBHIAEPIKATH TAKOE COOTHOUMIEHHE PA3MEPOB: WIMPHHA NPOTO-
9Ku by> by v aausa ;>

O6parHpiéi Kianad § nmpefoTBpallaeT NajesHe NaBJEHHS B NOJOC-
TH 7 B MOMEHTH OTKDHITHSI NpPOTOYKH 19,'a knanan 20 npensrcreyer
MPOHHKHOBEHHIO XKHAKOCTH [OJ NABJEHHEM B IOJIOCTb 7 MOCJE peBepca.

I yCKOpEHHOTO nepeMelleHnsa MOPIIHS B UHJAKHAPe /4 BJEBO 30-
JIOTHHK B pacnpeje/uTele 2/ cleAyer NepeBecTH B nosoxeHue 6. [Ipe-
ofpasoBaresib NPH 3TOM TakKke paGoTaer, OJHAKO H3 NOJOCTEH BHICO-
KOro fapsieHust 9 u 17 XHAKOCTh TOMEPeMEHHO OTBOAUTCS B GaK yepes
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pacupeneautens 2f. Ias pasrpysku (nomx/odenus k 6aky) Hacoca
GoJsbniefi TpOH3BOAHTENLHOCTH /| MOXKeT OBITh HCHOJB3OBAH NPENOXPar
HHTEJbHBIA KJANaH ¢ NepeJuBHEIM 30J0THHKOM 24 (Ttuma ['52), ynpas-
JseMbll 3070THHKOM 23,

4, UMaunapsl nOBOPOTHOrO AeHCTBMS

[nsd mosydeHHs: BO3BPATHO-IOBOPOTHLIX NBHIKEHHH, HEOOXOMHMMBIX
IS yOpasJeHus, AeseHus, PHKCAIHH, KPeNJieHHs X APYCHX ONepalHH,
HAIIA [pHMEHEHHE OUJIWHAPH (HJIH THAPOLBHLATENH) NOBOPOTHOZO
Oeticreua (puc. 95, cxemul I, 2, 3, 7 u 8), peeunsie eudpodsuzareau
(cxembl 4, 5 1 9) U yurunOpor ¢ 6eClUTOKOBbIM NOPUIHEN B COUETAHHH
¢ HemHol nepejavell (cxema 6).

B uuamHApax moBOPOTHOTO AeHCTBUSA JIONATKH HJIM JIOMACTH 3KeCT-
KO cBA3a2HH ¢ BajgoM. IToBOpOT BaJjla MPOHCXOAMT HOJ NEeHCTBHEM AaB-
JIEHHs JKHAKOCTH Ha Jomactb (Ham jonmacti). OT Bana uepes KpHBO-
LIUIHE UJH XPanoBOi MeXaHu3M, Mydrty ofroHa unu 3y6uarylo nepe-
Jagy BpalleHue mepefaercs paGodeMy opraHy. YNJOTHeHHE JIOMATKH
IPOH3BOJAUTCSA MO TOPDLUOBEIM M paZHaJbHBHIM IOBEDXHOCTSM TOYHOM
HONrOHKOH CONpSIraeMBIX MECT WJIM Ke BBeJeHHeM MIPOMeXYTOYHHIX
YIJIOTHUTEJIBHHX JeTasell; yIJIOTHeHHe BaJjla OCYLIECTBJISETCH CIeIH-
aJBHEIMH MaHKeTaMH MJIH JKe NOANDPYXKHHeHHEIMHA CyXapsiMH.

Co3naTh TeépDMETHUHOCTh B FRAPOLUIMHIDE NMOBOPOTHOrO AeHCTBUS
JIONACTHOrO THIA 3HAYHTENLHO CJI0XKHEe, 4eM B LHJAHHAPAX BO3BPATHO-
MOCTYIATEJIBHOrO ABHKEHHS, 0CO6eHHO /5l BEICOKHMX JaBJEeHHH.

PacuerHas BeJiMUHHa KpyTAllero Momenra M Ha Bany MOBOPOTHOrO
THAPOJBHTATEA ONpefenseTcs 3aBHCHMOCTLIO

2Apb

M=——(D*—d), (61)

rie 2z — KOJHYecTBO JIONATOK;
Ap — nepenaj naBieHus MexAy pabodell M CIMBHOH NMOJOCTSMH;
b — mupHH2 JOTATKH;
D — HapyXHBI{ AHAMETD JIONATKH;
d — nuamerp BaJa. '

BosspaTHO-TOCTynaTelbHOE ABHMKeHHe CIBOCHHOTO NOPINHS C peil-
Kol (cxema 4), wrTcKa-pefikn (cxeMma 5), HHJIMHZDa ¢ GECIITOKOBHM
mopmieM {(cxema #) uau nayHxkepom (cxema §) mpeo6pasyercs B mo-
BOPOT IIECTEPHH HJIH 3Be3J0UKH LeNHOMH nepenayu.

Ocobuii uHTEpeC IpelNCTABJsIeT peedHHH TIHApPoABHraTen]b * (cxe-
Mma 9). 'uapoisuraresh CO3LAET BO3BPATHO-BPALIaTe/NbHOE ABHIKEHHE
mecrepud 6 BeIxonkworo Basa ¢ gactoroit o 800 T'u. Koraa sosoTHHK
1 oTXAT BJEBO LO YIOpAa, JKUAKOCTh IIOJ AaBJIeHHEM NOCTYyNaeT K Ka-
Hasay 2 noj| ropel naymxepa 3 (puc. 95). HuxHASA n0J0CTh NOX MJAYH-
KepoM c pefikoit [0 coeannena co caupoM uepes Kanaa 12 u 13. 1lec-
TepHst NPH 3TOM Bpamlaercsl MO YacoBoH cTpeiKe. B kpaiiHem BepxHem

* Strohmayer Kalman, Papp Gynla, Hyjber Lqszl6, ITar. 152823 (BHP). Hyd.
romotor alternqlézgasara. — Ony6a. 15. 08 66.
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Puc. 95. CxeMul UHIHHAPOB, NPeflHA3HAUYCHHKE ANA BOZBPATHO-NOBOPOTHHX ABINKenull



NOJIOXKEHHH TUIYHXKepa 3 U.-KpafiHeM HHXKHEM NOJOXeHHH IiyHxkepa 10
COOTBETCTBEHHO MPOTOYKA Ha IUIyHKepe 3 COBMELLAeTCsl ¢ KaHajloM 4,
B KOTOPOM BCerla JKHAKOCTb HAXOAMTCH NOA HabienweM. Kaman 11
COEJIHHAETCS CO CJAHMBHOH NOJOCTHIO 7 Yepe3 IINOHCUHHN na3 9 u mpo-
TQUKY 8, B pe3yJnTaTe 4ero 30J0THHK I OTXKHMaeTcs B IpaBoe MOJO-
XKeHRe 10 yrnopa. [Tocie Takoro mepekIoUeHHs MJyHKepHl HAYHYT Ie-
pemelnarscs B 06paTHLX HANpaBJeHHsAX.

Knanad imapuxoBoro tHIa 5 HPeAyCMOTpeH s NPeJoXpaHeHH:A
mnponm;lra'renﬂ OT IeperpysoK.

5. OntumanbHoe pabouee gaBneHue B rMAPOUMIHHAPE

B 6GodpmuHCTBE cay4daes BHOOpD mapaMeTpoB THAPAaBIHTECKOTO LH-
JIHHIpA He CBj3aH ¢ KAKHMH TO ocoOBIMH orpanndenusamu. Has onpe-
JejieHHs pa3MepOB LHAWHADA DELIAICIUHM fBJAAETCH YCHJHE, BOCHpPH-
HEMaeMoe IOPIIHEM, X0/ ero U SKCIJyaTalHOHHOe AaBJeHHE.

HUs ¢opmyas P=pF, rape P — ycunne, pasBuBaeMoe HOHIHHIPOM,
F — nuomaas nopuis # p — AaBJeHHe B pabouell MOJNGCTH LUHJAHHADA,
noJydaeM Heo6XOAHMEIE BeJHUHHE IIPH BHOOpE mapaMeTPOB LHJAHHADA,
HpHUeM peliamolllell BeTHUHHON ABAAETCA HaBJeHHe.

CunTaloT, 9TO ¢ NOBHIIEHHEM [aBJEHHS H COOTBETCTBEHHO C YMEHb-
LIeHHEM Da3MepOB IHUJARHIAPO-TOPUIHEBOA FPYNIEL YJIYUINAIOTCS 2KOHO-
MHueckHe nokasarenu. OZHAKO C NOBLIIEHHeM [aBJE€HHS YBeJHUYHBa-
ercs TOJUIMHA CTEeHOK UHJIHHAPA H TPYOGOIpOBOIOB, NOBHIIAETCS TOY-
HOCTb M3TOTOBJICHWS, VCJOXHSETCH KOHCTPYKIHA YIJIOTHHTEIbHBIX
YCTPOHCTB AJf MOJBHKHHEIX M HENOABMMKHEIX COeMHEHHH, BO3HHKAeT
HeOOXOIUMOCTh B/ TIPHMEHEHHH GoJiee LOPOrOCTOSIIHX HACOCOB M dnma-
patypsl. IlosToMy ¢ noBLIIEHHEM AABJEHHA NOSIBJSETCS PAJX NPOTHBO-
pPeuMBHX TpeboBanuil, BAHAOIIHX HA 3KOHOMHYECKYIO 3G (eKTHBHOCTD.
Pan ¢dakxropoB, TakHX KaK JOJTOBEYHOCTb YCTaHOBKHM ( a cJelJoBaTe-
JIbHO, H UHJHHADO-NOPIIHEBOH IPYNIH) H TeKyliHe SKCIIyaTalHOHHbE
pacxoJbl Ha NPOTAXKEHMH psfa JeT, MOTYT H3MEeHHTb NpejcTaBjeHue
06 skoHOMHYHGCTH. CKa3LIBAIOTCA TAKXKe 3aTpaThbl, CBA3aHHBIE C NepH-
OLUYEeCKOH 3aMeHOH MacJa.

B cBs3¥ ¢ BO3pACTAIOMIMM BJHIHHEM 3KOHOMHYHOCTH Liesgecoobpas-
HO IIPO2Ha/N3HPOBATH OTAebHEe 3aBUCHMOCTH H UX BJAHUSHHE

Ananus npousBefeH AJS UUIHHAPOB NOABeMa C OOJNBIIOH HArpys-
KOH NIpH CPABHHTEJNHHO HeGOJBIIOM XOJAe MOPUIHA H IIPH YCJIOBHH, 9TO
ofpefdeseHHBIl IPy3 B TeUeHHe NOCTOAHHOIO OTPE3KAa BPEMEHH Iepe-
MemaJcs Ha 3aflaHHy0 BHICOTY. BricoTa nogbeMa HOPIJHA NPH HArpy3-
ke B 100 t cocrasasaa 500 MM. MuHNMa/IbLHEIH AUMaMeTp INTOKA OmIpe-
JeJieH U3 YCIOBHI HPOYHOCTH.

Ha puc. 96 nmokaszana KOHCTPYKTHBHASl cXeMa LMJIMHAPO-NOpPIIHe-
BOfi rpynnel. PasMepsl UHIHHAPOB AAS PA3JHUHBIX paboOYHX NaBJeHHI
IPH TOCTOSIHHOM Harpyske npxBelensl B Taba. 16 [31].

[pu nocrosirHok paboueii ckopoctr 0,008 M/c 1 x0ae nopwHs 500 MM
OHITH ONpeAENSHB pacXOl XKHAKOCTH, pa3Meph LHJIMHApPA, HOJYJeH-
HEIE H3 YCJIOBHH NIPOYHOCTH, H HX Macca (puc. 97).

BosM0XHO HEKOTOpOe CHPAMJEHHE KPHBOH IPH YCJOBHH IIpHMEHe-
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1 Puc 96 Cxema muannapa
o100 Puc 97 I'padux sapucumocTH
1] -— Beca UHJHHADa OT JaBJEHHSA, 2 — CTOH-
MOCTH H3TOTOBJEHHS OT [HaBJeHHs, J — CyM-
/ MapHble 3aTpaThl Ha H3TOTOBJEHHE UHAHHADE
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30 00334 102 1025 0.5 0,008 0,28-10* 185
45 0,0222 | 0,17 |0,245 0,5 0,008 0,19.107* 210

HHS JIETKHX MAaTepHaJOB st HH3KHX fAAaBJeHHH W JEerHpOBaHHBEIX CTa-
Jie#l 1 NaBJeHHH BBICOKHX, OJHAKO 3aMeHa MaTepuaJ/a He A3cT OUly-
THMOH 3KOHOMHH, TAK KaK BO3DACTYT 3aTPaThl Ha CTOHMOCTb MaTepHa-
Jla H pacxXopnl, cBA3aHHLE ¢ 06paboTKoM.

Ecan HCXONHTE H3 OAMHAKOBHIX CIOCOGOB 06paBoOTKH, a TaKKe 4HC-
Jla NIpOXOAOB OT YepHOBOH OOGTOYKH JO XOHHHTOBAHHS H CyMMHPOBaThb
BCE pPAcCXOAB, TO oOIMMe 3aTpaThl ¢ NOBHIIEHHEM JaBJACHHS, KaK 3TO
BHIHO M3 pHC. 97, mafaloT [0 HEKOTOPOTO Ipejena.

B ruapocucreMe o6s3aTenbHEM siBJAseTcs Gak, HACOC, pPaclpeaeaH-
TeJb, NPEJOXPaHATENbHLIA KJanaH H MaricTpajs ¢ COOTBETCTBYIOLIH-
Mu coeinHeHHsIMH. Ilpu naBienun 5 MIla u pacxoge 100 a/MHH MOXK-
HO NPHMEHHUTH HACOC HIeCTePeHHHH WK JONACTHOM ABOHHOTO AeficTBHUMA,
Aas pgasiaeHu#t B 15 wiu 30 MIla pacxomom coorBercTBeHHO 33,4 H
16,7 a/MHH — HacOc aKCHAJBHO-NMOPINHEBOH HJM 3KCLEHTPHKOBHIH H,
HakoHen, npu AaBieHny 45 MIla u pacxone 11 si/MuH — nopuIHeBO#
Hacoc BLICOKOrO fAaBjeHHs. CTOUMOCTb HACOCOB BHICOKOTO JABJeHHS
3HAYHTENBHO 6OJbllle LIECTePeHHBIX M JIONACTHBIX, CTOMMOCTh ammapa-
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TYPH NPONOPIHOHAJLHA CTOHMOCTH HACOCOB, a BeJHYMHA H CTOMMOCTbL
6axoB NpONOPIHOHANBHA PACXOLY.

MoxHO KOHCTATHPOBATh, UTO ONTHMAJLHHIM DPAGOUHM NABJIEHHEM
ABJsieTcs nasienne 25—30 MIla, mpu koTopoM noaydaercs HauGOJb-
IHA 9KOHOMHYeCKUll 3(¢deKT. B HeKOTOPHX c/Iydasx BO3MOMKHH OT-
KJOHEeHHUs.

HanpHeiiniee coOBepUIEHCTBOBAHHE MAaTepPHAJOB, BHEIPEHHe GoJee
paUHOHABHEIX TEXHOJOTHIECKHX NPOLECCOB H OCHACTKH, 4 TAKKe yje-
LreBJieHHe HACOCOB BLICOKOrO JaBJI€HMA, BEPOATHO, PACWIHPAT 061acTh
NpHMeHeHH: GoJiee BHICOKHMX RaBJjeHHH, IIpH 3TOM amaause CTOHMOCTbL
3JICKTPOJBHTaTeNs HACOCA HE IPHHEMAIOT BO BHUMAaHHeE, TAK KaK MOII-
HOCTb €r0 HPH BCEX YCAOBHAX OLUHAKOBA.

6. Ycunus u pasnenms B UMAMHAPO-NOPHIHEBOH rpynne

Ycunue, pasBHBaeMoe CHJIOBHIM LUMIHHAPOM, 3aBHCHT OT RABJEHHS,
M moJe3Ho# miomanu uuaunapa. Ecam pasMepbl WHJAHHADA BHIGPaHH,
TO KOHCTPYKTOP IOJIKEH ONpPENE/NHTb AABJEHHS NPH Pa3JHYHEIX PexKH-
MaXx paGoTH LUMIHHIpA.

Cienyer umers B BHAY, 9TO B MEPHOILI PA3rOHA, YCTAHOBHBIIErOCH
ABHXKEHHS H TOPMOXKEHHUs! (IepeX peBepCOM) B UHJIHHAPE BOZHUKAIOT
PasnuYHEe AAB/IEHHA. 3TO 0COGEHHO NPOSIBJSAETCS NpPH NepeMelleHnsIx
GOJIbIIKX MAacc M APH MaJblX PACCTOSHHSX, OTBEAEHRHIX JJISI PA3roHA
H TOPMOKEHHUS.

IlpuBenem MeTOAMKY OmlpeesieHHs JAaBieHHi B muaumape. OaHaKo
OHa He YUHTHIBaeT BceX (hakTOpOB, BJAMSIOIMX HA M3MEHEHHe AaBJe-
HHS, H ABJseTCs NpHOJHKEeHHOI.

B pacuyernoit cxeme NMJIHHADA ¢ OJHOCTOPOHHUM WTOKOM (puc. 98)
YCTPOHCTBO IIpeHa3HaueHOo a5 [epPeMELIeHHs CTOJa ¢ 3arOTOBKOI Ha
3a/laRHOE PaCCTOSHHUE.

YcnoBHe paBHOBeCHS NOPIUIHS LHIKHADPA NPH YCTAHOBHBINEHCS CKO-
POCTH BHPpaxkKaercs CAeIYIOLIel 3aBHCHMOCTDIO:

0,785(D* — d?) pp = Gf =+ T2 + T3 -+ 0,785D%pyy, (62)

rae G — Bec cTOJIA H 3arOTOBKY;
Te, T3 — cuJiBl TpeHHS, BO3HHKAIOWUME B YIUIOTHEHHSX, COOTBETCTBEH-
HO WITOKA M NOPILHS;
Pp — DaBJjieHu€E B ITOKOBOM IIOJOCTH;
Pmop — NPOTHBOJAAB/IECHHE B MOPLUIHEBO II0JOCTH;
[ — xoaddunnent Tpenus.
Koapduunent Ttpenus Ana uy-
ol 1 TYHHHIX HANpaBJ/SIOIUMX B MOMEHT

= TPOrafus NMPHHUMaeTcs paBHuM O,

7 15; NpH HU3KHX CKOPOCTSIX M ycTa-
= = 1] HOBHBINEMCSI  JABHXKeHHH — 0,1—
"ﬁr [ 0,12; npu 6oABmMEHX CKOPOCTAX
By 1, P T } (sime 0,05 M/c) u xopomein cMmaa-
ke — 0,05—0,08.
Pue. 98. PacyeTnas cxema uuiunzipa Ecan past ynioThenus mwroxka H
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nopuHs npuMeHeHH pesnHobhle MaHXKeTH (['OCT 6969--54) nau xe
MaHKeTh yMeHbmienHoro ceuenusi (FQCT 14896—74), To cuiibl TpeHus,
CO3JaBaeMbie 3THMH YNJIOTHEHHAMH,

Ty = ndbk n T3 = Dbk, (63)

rie D, d — ynjaoTHHTe/bHLIE AHAMETPHI;

b — mupuHA YIJIOTHEHHS;

k — HanpsKEHHe CHJB TPeHHS (yAeNbHOe TpeHHe) (IO AaH-
weM DHHWMC, npu pabore HA MHHEpPaJbHOM Macie k==
=0,22 MIla).

Ecan B nopmse JAJs yIJIOTHEHHS IPUMEHEHH MeTa/THYeCKHe KOJb-
1a (Hampumep, U3 UyryHa), 10

Ts = aDb(ipx+ p)f1, - (64)

rie D, b — COOTBETCTBEHHO JHaMeTp H IIMPHHA KOJbIa;
i — KOJIHYECTBO NOPIIHEBHX KOJIEIL;
Px — JaBJIeHHe KOJbLA HAa BHYTPEHHIOI0 IIOBEPXHOCTb IHJHH-
apa (npusumaerca 0,09—0,1 MIla);
p — YHJOTHAOIIee NaBJeHHE;
f1 — KoadduuuenT rpeHus (OPH YCTAHOBHBIIEMCS jaBJe-
Hux — 0,07, opu pasrone — 0,15).

[IporuBoaaBieHHe pnp 3aBHCHT OT CONPOTHBJEHHS, KOTOPOE OKa3hi-
BaloT TPyOH, COeAWHEHHS M annaparypa, pacloJioXKeHHas Ha Mard-
CTpaJlH CJAHBA.

B nepuon pasrona crosa ¢ 3aroTOBKOH A0 CKOPOCTH YCTaHOBHBIle-

rocsi JBHKEHHSI yCJOBHS PaBHOBECHS HOPIIHS LHJHHADA ONpeNesIoT-
cs 3aBHCHMOCTBIO

0,785(D? — d?)pp = Pun + Gf’ + T+ T} + 0,785D%y,,  (65)

4
p _a
[‘,I[e g - ma = g . 2[9

m — Macca NOABHKHHX YacTell,
{ a — yCKopeHHe;
g — YCKODeHHe CHJIH TSKeCTH;
Ucp — CPeLHSS CKOPOCTh B MOMEHT pasroHa;
[y — nyTh, NpOfieHHEIHA CTOJIOM BO BDeMs Pa3roHa;
f’ — koaddunMeHT TpEeHHS B MOMEHT TPOTaHHS;
T’,,' T’;— cunbpl TPEHHs, BOHUKAIOIHE B YIVIOTHEHHAX

IITOKA H NOPIIHS B MOMEHT TPOraHHS;
Pp — aBJieHHE BO BpeMsi pa3roHa.
C HEKOTOPEIM NPHOJNMKXEHHEM MOXKHO IPHHSATB, 4TO

T2+ Ts + 0,785D2pyy = T+ T/, 4 0,785D%pm = A.,
Tloncrasus 3naueHus B GpopMyay (65), momydanm:

-

— CHJAa HHEPIHH,

Ppas = 0,785 (D2 — d2) pp ==

+ A
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OGosnauum
4 2

= (66)
TOrAa
Ppas=G(k+f’)+A- (67)

(DOpMyJH:I, IO KOTOPHM ONpelefsoT YCHJHA, BO3HHKAKIIHe B UH-
JHHADE BO BpeM{ PAas3roHa H TOCPMOXKEHHSA C YUETOM DAaCHOJJ0KEHHS LH-

JHHAPA W HANpPaBJeHHs [BHXKeHHA pabodero opraHa, HPHBeleHH B
Taba, 17.

Tabauya 17
Pacnonoxenne ﬂ;:gﬁﬁ:]’_‘g Pexuy paboTil
UHAHELPE oprana Pasron ‘ TopMOKEHHE
TopusoHTanbHOE GEe+)+A | Ge—y—A

TToaseMm Gk+1)+4 Gk—1)—A
BepruKaneHoe

Onyckanne | G(k— 1) —A Gk+1)+ A

O61ee BpeMs, He0OX0OAHMOe AJIS1 NMepeMeIIeHHs CToJIa Ha onpefe-
JIEHHOE PacCTOsIHHE,

t=1tp+ty+tn,

rie fp, ly, iz — BpeMs, ujyllee COOTBETCTBEHHQ Ha pa3rOH, yCTaHOBUB-
Hleecsl JBHXKEHHE CTOJA H TOPMOXKEHHE;

t_zzp' L t_2z,
P—Ucp, Y_vcp7 T_Ucp\’

lp, ly, Iy — COOTBETCTBEHHO IIyTh, NPOHAEHHLIA CTOJIOM HPH pasro-
He, YCTAHOBUBLIEMCS ABHXEHHH H TOPMOXKEHHH;
ktr

Ucp — _t'
k=125 — Ko3¢dDHIHEHT, YUHTHIBAOUKH NOTEpPI0 BPEeMEHH IPH
PasroHe H TOPMO3KEHHH.

ITpumep [31]. Luauuap ¢ OAHOCTOPOHHHM IITOKOM pacIlOJIOXKeH B
MeXaHH3Me IOPHU30HTAJIbHO; mepeMeliaeMulil rpys G=200000 H; /==
=2 M; =002 m; [y=1,58 m; l,=04 M, d=3,5 cMm; D=10,0 cum;
t=10c.

CpenHss CKOPOCTb

2-1,25

1
Vep = 7 ke =75

= 0,25 m/c. i
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BpeMs{, HeobxoauMoe [Js Pa3/JHYHBEIX DPEXHMOB JBHXEHHA CTOMA:

2y 2.0,02
tp = o = o = 0,16 c;
ty = b L8 =6,33 ¢
¥y Uep 0,25 ’ '
21, 2.0,4
ty = o =055 — 32 ¢

L)
O6Guiee Bpems 29,7 c.
OmnpenenseM ycuine, HeO6XOAHMOe NIPH pa3roHe Ge3 yuera CHJ Tpe-
HHA H IIPOTHBOAABJEeHHS,

Ppas = G(k + |’} = 200000(0,156 4 0,15) = 61 200 H.

Brruncasiem £ mo dopmyde (66).
JaB/ienne, BO3HHKAIOLiee BO BpeMsi pasroHa cToja (IpH NMOABOJE
KHAKOCTH B IITOKOBYIO NOJIOCTD),

Ppas 61200
Pr = Tor8s(D'—a5) 69
HPH YCT@HOBHBIIIEMCs] ABH>KEHHH JaBJIEHUE B unJmane Oﬂpeﬂeﬂﬂ'

¢TCd B OCHOBHOM CH/JIAMH TPeHHS HAa HaNpaBAAlOUWMX cToga. Tak xak
Ko3(dHIHEeHT TpeHHs Tenepb 6yier MeHbue (f=0,1), To

Gf 200000-0,1
Py =Crmo—a — e 10'=29 MHa.
UTo6hsl HHIHHAD He paboTaj BCe BPeMs B PeXHMe PasroHa, mpejo-
XPaHHTeJbHEIH KJIalaH Hacoca JAOMXKeH OBITh HacTPOeH Ha JaBJeHHe
HecKOJIbKO GoJibliee pp.
B MoMeHT TOpMOXKeHHS

104 =9 MIla.

Py =G(k—]), L
rme
=05 00078
= 29g81.04 ’
P, = 200 000(0,0078 — 0,1) = —18440 H.

OrpuuartenbHOe 3HAYEHHe CHAB Pr O03HAuaer, YTO Ha y4acTKe TOp-
MOXKEHHs K CTOJIy NPHJIOKEHO YCHAHE, COBIAfaloliee ¢ BEKTOPOM CKO-
POCTH.

151 TOpMOIKEHHSI ¢TOJIa ¥ OCTaHOBKH ero 6e3 yJapa NPHMEHSIOTCH
pPaaJHYHBIEe TOPMO3HBIE H AeMI(UPYIOLUINE YCTPOACTBA, KOTOPLE B AaH-
HOM cJlyyae HOJIKHB GbiTh MOJK/IOUEHb (YUHTHIBAs GOJBILOH BeC €TO-
7a) K obenm moJsocTAM LHANHApa [4, 7, 31].

7. Pacuer umMnMHgPa Ha NPOYHOCTL

Tuzponunuunp HepeAxo ObiBaeT OOBEKTOM NPOEKTHPOBAHMS, KO-
3TOMY TOJIIMHA CTEHKH LHJHHADA, NapaMeTPhl AOHHIIKA, Pe3bGOBHIX
COEIUHEHAN M pasMepnl APYTHX 3JMeMeHTOB KOHCTPYKIHH AOJNNKHB OHIThL
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paccunTanpl Ham obGocHopaHu. Muoraa mapamerpsl jerasieél BhIGHpa-
JOTCSl B3 KOHCTPYKTHBHEBIX HJIH TE€XHOJOTHYECKHX co00parkeHH.

Jlist IHTHHAPOB TOJICTOCTEHHHIX, HATPYKEHHbIX BHYTPEHHHM KaB-
JIEHHEM H H3TOTOBJEHHBIX H3 XPYIKHX MAaTepHAJOB, TOJUIMHA CTEHKH
onpenengerca no gopmyse Jlame -

— (), (68)

0— Py
rie 86— ToJIIUHA CTEHKH; .
D — BHYTpEHHUH IHaMeTp NUJIHHADE;
g — JCNyCKaeMoOe HampsiKeHHe PacTAKeHHUS;
Py — YCJIOBHOE HaBJEHHE XKHIKOCTH, NpeBHIIamllee pabodee NaB-
JAeHVe mpuMepHO Ha 25%.
Has pacyera IWIHHIPOB U3 BSI3KHX MarepHasoB, HANPUMED H3 CTa-
JIH, HORB3YIOTCS TAKOH 3aBHCUMOCTHIO
o + 0,4py 0,4r241,3R2
= S == Py 69
R ’V o—13p, MOy TR T (69)

rie R, 7 — HapyXHBIH M BHYTPEHHHH DaJByCHl LHJAHHIDOB,
6| — JEHCTBHTE/bHOE HANPSKEHHE.
3apmac NPOYHOCTH onpejensercs no Gopmyde

t
~ Or
n
= 0; )

i
rae ¢! — mpesen TeKyuecTn npy paboyeil TeMiepaType CTeHKH LHJIHH-

Lpa.

Tt manuEapos, paGoraomux npu pasjienusx po 30 MIla, zamac
IpPOYHOCTH N2> 3.

PacyerT HMIHHAPO-NOPINHEBON I'PYNNH He OTDAaHUYHBAGTCA OINpejne-
JICHHEM HaNpsKEHHst HWJIM TOJILHHHE CTeHKM nuiaunipa. Ilpu paspabor-
K& HOBOHl KOHCTPYKUHHM CJeAyeT oGOCHOBATh IapamMerphl ¢pJanua, Ao-
HBIILKE, NOJAYKOJIel, KOTOPHEe HepelKO NPHMEHSIOTCH A BOCIPHSITHS
OCeBBIX HAIPY30K, NPOYLIMH NPH LIaPHHPHOM 3aKpelJIeHHH UHJIHHADA;
IJIst UHJHHAPOB GOJIBINOH NJHHB CJelyeT HPOH3BECTH INIPOBEPKY Ha
ycroiiduBocTs. Bee aTH pacyers npusefens B. A. MapyroBum [31].

8. Hexoropbie pekomeHzaumm no BbiGopy matepuana
ANA UHIHHAPOB

KoBanHe cTasbHBIE HUJIHHADH CJI€AYyeT NPHMEHSATh B clydasx, Ko-
raa pabodee gaBneHue npesnimraer 20 MIla npn ajguHe HHJIHHADA He
6oaee 700—800 mm.

JlHToie cTanbHBle NHARHADPH NPHTOAHBL AJIs AaBJeHHA 6oabmux (1o
50 MI1a), Ho mpu CKPPOCTAX ABUKEHHS NJIYHKepa He Gojee 5 M/c, Tak
KaK npH pe3KOd OCTAHOBKe BO3HHKIIHH THADABIHYECKHH yZap MOKET
PaspyIIHTE NUIHHID.
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JIutnie uyrynusie (13 CU21-40) mHAMHADH NPHUMEHSIOTCS AN AAaB-
aenuit 1o 10 MIla, a BbICOKOCOPTHBIHA JIETHPOBAHHHEI 9yT'VH NPHrOLeH
o5 gaBJjeHud go 15 MIla,

B oTeuecTBEHHOM MAaUIHHOCTDOEHHH /51 H3TOTOBJIEHHA THJb3 ILH-
JAHHAPOB IPHMEHSIOTCH ropAyeKaTaHEle GECUIOBHEE CTaJabHEE TPYOH
(TOCT 8752—70), a Takxe XONONHOTAHYTHIE H XOJOZHOKATAHEIE
(IT'OCT 8734—75). XonoaHOTSAHYyTHIe TPYOGH MOrYT MOCTABJSITBCHA C
BBICOKOH 9HCTOTOH BHYTpPeHHEH MOBEPXHOCTH.

9. TennoBoe yanMHeHMe UMNHHLPOB

Ilpn mauTenphoit paboTe CHJIOBOrO LHJHHADA IPOHCXOAUT Harpes
Macsaa H, Kak CJAeACTBHe, YIAJHHeHMe IMJHHApa. Pacuer TensoBoro
YAJMHEHHA IHJAHHAPA IPOU3BOJHTCSA 10 opmyie

A= tel, (70)

rie ¢t — teMuepatypa macia, °C;
g — KO3(QGhUIHEHRT JNHHEHHOTO pacIUUpeBHs (4 CTamH e=
=0,00001199);
L — pnvHa UAJIuHgpa, MM.
s upauaapa aaxaHoi 4000 MM npH MOBHIIEHHH TeMIEpPaTypH Ma-
caa Ha 40°C yannuenue

A =40.0,00001199-4000 == 1,9 mm.

M3 npuseseHHOro npuMepa BHAHO, YTO YAJHHEHHE HUJIHHADA BEJH-
KO, NN3TOMY peKOMEeHJyeTcs OfHY H3 ONOp HUAMHIPA BHIOJHATH CKO-
Ab3sillel, a APYrylo NPHKPENVIATh K CTaHHHE WJIM K CTOJIy NPH Hemo-
JBHKHOM mITOKe. [Ipu 3TOM cileAyeT HMeTh B BHIY, YTO KpeneKHbe
6OJITH MK IITHPTH NOJMHOCTBIO BOCHDHHHMAIOT YCHJINE, BO3HHKAOIIee
B muauHApe. C 1ebio pasrpy3ku GOJTOB H YMeHbUIEHHS HX raGapHToB
nejiecoo6pasHo NPHMEHATH HIHIEL.

10. CoeaMHEHME NOPLIHA CO LITOKOM

KoHCTpyKIHsT cOeINHEHHS MOPUIHS CO LITOKOM 3aBHCHT OT BHIGpaH-
HOTO THINA YIJIOTHEHHA MeXAY INODINHEM H UHJIHHAPOM, AHAMETPa
IOPIUHA, PACIONOXKEHHS HUAMHAPA (TOPH30HTAJNbHOE HJIH BePTHKAJb-
Hoe), THNA UUJHHIAPA (C OJHOCTOPOHHHM HJIH ABYCTOPOHHHM IITOKOM),
ero HasHaYeHHS M APYrux GpakTopoB,

Crnoco0hl CoeiMHEHHs NOPLIHS CO LITOKOM, 3aHMCTBOBaHHHIE H3 pas-
JUYHBIX KOHCTPYKLHIl CHJOBBIX LHMJHHIDOB, OKa3aHn Ha puc. 99.

B koHcTpykuuu (puc. 99,a) ymJIoTHeHHE IOPIUHS OCYLIECTBJSETCS
KPYIJIBIMH KOJIbLAMH. [l MOHTa)ka Kojel He Tpebyercst NpHCHOCO6-
JeHHH, TAK KaK OHH H3rOTOBJIEHH H3 MAacJOCTOHKON pe3WHHI H 2JaCTHU-
HBl. JIJsi MOABHXKHBIX COeIMHEHHI DEeKOMeHAYeTcs NPHMEHSTh KOJblla
¢ 60LIIUM AMAMETPOM CeUeHHS, TAK KAaK OHH JJIHTENbHOE BPEMs COXpa-
HAI0T repMeTuyHocTh. [lopmeHb K MmITOKY Kpenar raikod. UToGw He
6LJI0 mepereueKk M3 OXHOH IOJIOCTH B JAPYTYIO, MEXAY TOPILOBHIMH
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Puc. 99. KoHCTDYKUHHE COCAMHEHMS MOPIIHA CO HITOKOM

HNOBEPXHOCTSIMH HITOKA H MOPIUHS MPeAYCMOTPEHO YIJIOTHHTEJbHOE
KOJBLIO H3 MATKOrO MaTepHaJa.

B KOHCTPYKUHH 6 NOpHIeHb KPemAT K IUTOKY CTONOPHBIM BHHTOM C
pe3bboit. [Ina yniorHeHHss TOpUIHS npuMeHensl MaHxeTH (mo I'OCT
6969—54) c pacnopHHMH KoJbplaMH. MeraJjinueckHe KoJ/bla, pacuo-
JIOXKEHHBIE 110 TOPLAM I[OPIIHSA, NPEeAOTBPAILAIOT OCeBOe CMellleHHe
MaHxeT. MaHKeTH CO31al0T BEICOKYI0 I'epMEeTHYHOCTb, NIO3TOMY IpH-
MEHSIIOTCS /IS YIJIOTHEHHS NOPLIHS H ITOKA.

B BapuauTte 8 mpuMeHeHO pe3n6oBOe KpelJieHHe NOPIIHA K IITOKY.
JJ1s ynnoTHeHUs NOPIIHA BHIOPAHBI YyTyHHbBIE NMOPIIHEBHIe KoJpna. Ta-
KOe pelleHHe NMPHeMJeMO NPH IJIHTEJLHOM cpPOKe pabGoTH yIJIOTHEHHS
Ha BBICOKHX CKOPOCTAX NMOPIUHS H, KOI'AA 1O YCJI0BHAM paboThl CHJIOBO-
ro OHJIHHApa JonmycKaiotces yreuku. Ecnu Tpebyercss NOBHIILCHHAs TEP-
METHYHOCTb, 4 YaCTas CMeHa YIVIOTHHTE/bHBIX YCTPOHCTB He BBHI3bIBaeT
3aTPYAHEHHY, TO Jyulle NDHMeHATH MaHxkeTH. Cieayer TONBKO HMETh
B BHAY, UTO JOJTOBEYHOCTh YYFYHHBIX MOPLIHEBHIX KOJIell BHIILE pe3H-
HOBBIX YIIJIOTHEHHH.

B KOHCTPyKUMH cOODHOro nmopiuHa (pHc. 99,2) JIEPKO MOHTHPYIOTCHA
Ha INTOKe MaHKeTh, GOKOBhIE KoJblla ¢ OyPTHKaMH M cpelHee KOJb-
1,0-IOpIeHb, KOTOPOE H3I'OTOBJSIETCS H3 WYryHa, OPOH3bI, KaPOHa HJH
H3 CTaJIH C HanJaBKOH GPOH3HL.

B BapuanTte J KpenseHue mMOPHIHA K INTOKY NPOH3BOAMTCS BHHTOM
yepe3 NPOMEeKYTOMHYIO BTYJKY. XBOCTOBHK I He0OXOOMM AJSI AEMI-
(HPOBAHHSA KHIKOCTH B KOHIE X0Ja MOPWIHA (IPH TOPMOMKEHHH).
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KoncTpyKLHus, nokaszaHHas Ha puc. 99,e, npuMeHsieTcsa B arperar-
HBIX U OTJEJOYHO-PACTOUHEIX H APYrux crankax. [lycrorensifi mrok &
6oJbLIOrO JHaMeTpa H3TOTOBJEH H3 TPYOH, a K Tpy6Oe npuBapeHa ial-
¢a I, Ha KOTOPOH MOHTHPYETCS IOpLIeHb C ABYMsS MaHXKeTaMH. 3a-
KpellJleHHe IOPIIHS IPOU3BOIUUTCA ranKoi. Tak Kak 3TOT CHJIOBOH LH-
JMHHADP PEeKOMEeHAyeTCsi NPHMEeHSITh NPH BEePTHKAJbHOH KOMIIOHOBKE pa-
Gouero opraHa, TO B YTOJIIEHHOM KOJblle 4 U B Nande nperycMoTpe-
HBl OTBEPCTHA IJg OTBOLA BO3JyXa H3 IITOKOBOH INOJOCTH Yepe3 TPY-
6y 6. OnHAaKO NOJIHOrO yAaJjieHHst BO3AyXa H3 3aMKHYTOH IOJIOCTH 3,
KOTOpas B OCHOBHOM 00pa3oBaHa BNAAMHOH MAaHMKeTH, He IIPOHCXO-
auT. TIpn ropH30HTaJBHOM PACHOJOXKEHHH UMJHHAPA AJs OTBOAA BO3-
AyXa W3 IITOKOBOH TOJIOCTH HE HYXKHHBI TPyGa 6 M CHCTEMa OTBepC-
THH.

B sapuanrte o ynJiorHeHHe NOpDIUHA obecrneunBaeTcsa TOUHOH MOX-
TOHKO# 6e3 NpHMeHEHHs YIJOTHHTEJNLHBX YCTPOHCTB (4T0 AONYCTH-
Mo, KOrja [aBJleHHe B LMJHHApe He npeslinaer 2—2,b MIla). Ilpu
OOJIbIIMX [AaBJEHHAX [AJs YIJOTHEeHHs IOPIUHA MOryT OHITh HpHMeHe-
HEI KPYIJILle NOPIIHEBbIe KOJIbIA.

Ilopmiene cO INTOKOM COENHHSAETCH TpPeMs KOHHUeCKUMH THTa-
MH. KOHCTpYKIHSA, BRINONHEHHAs O BADHAHTY o, TEXHOJOTHYHEH KOH-
CTPYKUUH BapuaHTa e (puc. 99).

Hag kpensends mopuwHSA B cpefHell HacTH INTOKa (B HHJIHHAPAX C
JABYCTOPOHHHM IUTOKOM) IPHMEHSIOT pa3pe3Hble Koablla (CXxeMa 3).
Paspesnoe ko/bLO / npeJoTBpalllaeT OCEBOE CMeLIEHHe COCTaBHHIX Ya-
CTefl MOPLIHS H MepefaeT yCHJHE IUTOKY, a pa3pesHoe KoJbluo 2 CJy-
JKHT JIJIS1 COeAMHEHHS MOJIOBHH MNOPIUHSI H SIBJASETCH ONOpo# A/ MaH-
KeT (puc. 99J.

Koncrpykuus u* npeajaraer coejlHHeHHe IITOKA C NMOPUIHEM, KO-
TOpoe obecrneuHBaeT BO3BPATHO-IIOCTYNATENbHOE H BpallaTelbHOE ABH-
XKeHHe INTOKYy. [lif KpemJleHHs MOPIIHS HCNOJB3YIOTCS IIAPHKH, pac-
OJIOXKEHHBle B KAHABKAX IITOKA H MEXKAY CKOCAMH TOPHIHS H IIaHGnI,
JKECTKO CKDEeIJIEHHOH ¢ TopuIHeM.

B kouncrpykuuu & (puc. 99) ajia coenyuHeHHs NOPiuHa 2 U TOPMO3-
HBIX KoJien, 4 H 5 CO WITOKOM HCNOJIb30BAHBI pa3pe3Hble Kosblla | u 3,
KOTODHIMH BOCIOPHMHHMaeTCsl oceBas Harpyska. 3alleMmJjieHHe Ha LITOKe
MOPLIHSI, TOPMO3HBIX KOJell M Laib, MPemTCTBYIOIUX OCEBOMY CMe-
UIEHHIO MAHXKET, OCYIIeCTBASETCS NPYKHHHBIMH KOJIbllaMH 6.

B mpeo6padoBaTenax A/ NOBHIUEHHS AABJEHHS NMOJyYdJia TpHUMe-
HeHHe KOHCTPYKUHA 4. [TopumeHs coBepinaer pafouee JBHKEHHE TOJb-
Ko Bnpaso (no yeprexy). [lopuienn co wroxom [/ coeiunsiercss pas-
PE3HBIM KOJBLOM 2, KOTOpPOE BHHTaMH KPENUTCH K MOPIIHIO,

* A.c. Ne 226352 (CCCP) Cnoco6 coexurenus nopims co mrrokoM/I0. B. Bek-
JeMHueB. — Ony6.a. 01.01.69.
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fnasa Vi

AKKYMYJISTOPbl M NMPUMEHEHME MUX
B NTMAPODULIUPOBAHHLIX MALUMHAX

B coBpeMeHHBIX MalllHHAaX, OCHAIIEHHBIX THAPABJIHYECKUMH YCTDO-
ficrBamMu, ocobGeHHO B Ipeccax, TEPMOINIACTABTOMATAaX, MAaHHNYJATO-
pax, B CTaHKaX ¥ aBTOMATHYECKHX JIMHHSX C IeJIbIO NOBHINEHHE K. I .
THAPABJMYECKO! CHCTEMH, YMeHLIIeHHST MOIHOCTH Hacoca, yBeJHde-
HUS HaJeXHOCTH PabOTH CHCTEMBl M BHIMOJHEHHS Psijia BCIOMOTaTeb-
HelX (QYHKUHA DPHMEHSIOT aKKyMyJAaTopsl. Kak caMocCTOSATeNBHLIH HC-
TOYHHK 5HEpPTHH, aKKYMYJATOD Telnepb MIHPOKO HCIOJNL3YeTcs B CaMoO-
Jerax W yIpaBJasgeMBIX cHapsjax. B ropHOpyZHOH IPOMHILNEHHOCTH
Ha IPHHIUIE HCMOJL30OBAHHS SHEPTHH AKKYMYJATOPOB CTPOATCS TH-
JpOMeXaHHUYeCKHe MALIMHBL JJIS BHPAOOTKU yris H ApoO6JieHHs TOPHHX
IOpOM; B TPAKTOPHOH HPOMBIIVIEHHOCTH AKKYMYJSTOP HCIOAb3YEeTCs
JJISl 3alyCKa JBHTATeNs H T. A,

IIpuMeHeHne aKKyMyJSITOPOB, K4K IOKa3a/ ONBIT, HaeT 3HaYHTesb-
HBIH KOHOMH4YecKHH 5¢(eKT, a 3aTpaTh, CBA3aHHEE ¢ U3rOTCBJIEHHEM
HX H BCIOMOTATeJbHOH anmapaTyphl, BCKOpe OKyliajoTcd.

B xayecrse HOCHTeJs NOTEHIMAJbHON SHEPTHH B aKKyMyJNATOpax
HCIOJIB3YIOT I'PY3, HPYMKHHLL HJIH r'as, B CBA3M C UeM OHH MOTYT OBIThb
pasfiefieHbl Ha TPH IPYNNH: TPy30BBle, NPYMKHMHHEIC H TasOrHApaBJIH-
yeckue.

1. AKRYMYNSTOPL! rpy3oBkle

[Tono6HEe aKKyMYJATOPH, KaK HPABHJAO, COCTOAT H3 UHJIHHAPO-
NOPIIHEBOH TPYIYIH IIyHXepHoro THma (puc. 100, a). I'pys, sakpen-
JNeHHBIH Ha [JIYHMKepe, PACNOJAraercs CTPOre CHMMETPHYHO OTHOCH-
TeJabHO nAyHxkepa. [TocTosiHHOe AaBlieHHe HE3aBHCHMO OT IOMOXKEHHS
NJIyHKepa CO3[aeTcst BeCOM rpysa H mayHxkepa U, NO3TOMY Tako#l ak-
KyMyJATOp cyuTaloT uiecadbHeiM. OJHAKO B IOKOe M NPH ABHXKEHHH
NJIYHepa, BCAEACTBHe TPEHHA B VIJOTHEHHH M HHEDIMH Ipy3a, AasB-
JIeHHe B aKKyMYyJfTOpe HEeCKONbKO Kojebnercsa. BosHHKawNHe CKAaYKH
JAaBJIEHHA B FHADABJIHYECKOH cHcTeMe (IO PA3HEIM NPHUHHAM), BBHAY
YHEPLURH rpy3a, I'PY30OBHIM AKKYMYJAATOPOM AeMIGHPYIOTCS He INOJHO-
£THIO.

I'pysoBbie aKKyMyJSTOPH NPOCTH, ONHAKO TIPOMO3MIKH, TO3TOMY
fIPHXOJHUTCS HX YCTAHABJIMBATb HA (PYHAaMeHTaX BHe Lexa.

BeqnuyuHa rpy30B akKyMyJSITOPOB 3aBHCHT OT IVIOINAZH TOPLIHA H
pa6ouero nasjenusa. Pa3BpBaeMoe NaBjeH¥e p H Bec Ipy3a CBsS3aHH
TaKOH pacyerTHOH 3aBHCHMOCTHIO (63 yieTa CHJ TPEHHS):

G+ G2 4(Gy+Gy)
p= F = md? ! (71)
rjae d — auaMerp IJyHXKepa.
Hdoporde # TPyAOeMKHe DPEMOHTHI, a TaKxe OOJibLIME 3aTPaThi, He-
ob6xofuMule /Il CTPAXOBKM TPY30B IIDH aBapHH, BHIHYXK/AAl0T OrPaHH-
Y¥BATh NPHMEHEHHe I'PY30BLIX aKKYMYJIATOPOB.
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2. TIPYXMHHBIE aKKYMYNATOPBI r

HakonyieHHe NOTEHLHAJNBHOR SHEPTMH B IPYKHHHOM aKKyMyJsaToO-
pe IPOHCXOAHT 3a cYeT ynpyroil Aedopmauud npyxuuso. Jasiaenne B
TaKOM @aKKyMyJsTOpe NOAAEPKHBAETCS OAHON npyxkuuoit (puc. 100,6)
niau HecKonbKUMH (puc. 100,6). TTo Mepe paskaTusi NPYKMHH AaBJe-
HHE JKHJKOCTH B aKKyMyJasTope MeHsercs. [IpyXHHHBIe aKKyMYJSTO-
pB, o6aazad MeHbIIeHl HHeDUHOHHOCTBIO, YeM IPY30BHE, IPHMEHSIOT-
csl B r’HAPOCHCTEMAX JJIS KOMIOEHCAUWY THIPABJHYECKHX YAapoB, 2 Ta-
KXe IJId YAep:KaHHS HaBJieHHs (B KaKHX-TO Npelelax) B 3aXKHMHBIX
yerpofictBaX. Jaa GOMbHIMX DPaCXOMOB KHIAKOCTH M JaBJAeHHH Bhille
2 MITa oHM OKa3HBAIOTCS TPOMO3IKHMH,
Pacuer npyXHHHEIX aKKyMYJSiTOPOB HPOH3BOAHTCA MO (dopMmytie
cm = (Pmax — Pom) F, (72)
rIe € — XeCTKOCThb NPYXKHHHI; ’
m — XO0J, IPYKHHEL;
Prmax ¥ Pmin ~— MaKCHMAJbHOE H MHHHMAJIbHOE [aBJeHHE B aKKyMYJs-
TOpE;
F — nnomans mopiuHs (MJAH miIyHxKepa).
Hanboapmuit o6beM KHIKOCTH, HAKAIJIMBAEMBIH aKKyMYJSTOPOM
3a BpeMs 3apAJKH,

Q=Fme=——"—"—F2, (73)

3. FasormMpgpaBnMuyecKMe aKKyMynaTop.l *
o

CrkMMaeMOCTh rasa MCHOJB3YeTCsl AJs1 NOANEDKAHHS JaBACHUS
XKHIKOCTH B akKyMyuarope. EcaH B Ipy30BOM akKyMyJ/IsITOpe AaBJEHHE
NOYTH IIOCTOSIHHO H HE 3aBHCHT OT PacMOJIOKeHHs IIYHXKepa (HJIH mOp-
IIHSA), B NPYXHHHOM OHO H3MEHSETCS MPONOPLHOHANLHO JHHEHHOH Xa-
PaKTepuCTHKe, TO B I'a3OTHAPABAHYECKOM AaKKYMYJATOpe JaBJeHHe

t

LT TR R TR T e

)
3

Axanx |1

B cucmemy g 4 f L——8 cucmemy

Puc 100. KOHCTPYKTHBHEE CXEMH aKKYMYJIATOPOBI

a — rpysoBoff; 6 -— OpyMHEHHE (C OXHON NPYXWHOA): [ — NOPWIEHb; 2 — YOJAOTHHTENbHLIE
Konbla; 3 — UHIHHADP; 4 — NpYXHHa; § — paspesHoe KOJMbl(0; 8 — DPYKHHHHEA (C HECKOJBKH-
ME ODYXHEaMH); / — HaNPAaBASKNIIAR BTYAKA; 2 — YIJIOTHEeHHe INTOKA; § — INTOK ¢ MOABHX-
HOf MAHTON, 4 — LHAHHAD C HENMOABHIKHON NAHTOA; 2z — TEOpeTHUECKAas XapaKTePHCTHKA aKKy-
MYASTOPOB [ — THAPABIHYECKOro; 2 ~- NPYXKHHHOrO;'3 — I'pysoBOro
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KHAKOCTH H3MEHAECTCHA 0 3aKOHAM H3MeHEHHs JaBJIeHHs B rasax (puc.
100,2).

Bnarosaps cAMaeMOCTH rasa rasorHIpaBJHYecKHe aKKYMYJSTO-
PBl OCOGEHHO.NPHIOJHEl KaK AeMIQHPYIONHE W YIpyrue ajeMeHTH. [To
KOHCTPYKTHBHLIM IPH3HAKaM OHH OTJHMYAIOTCS B 3aBHCHMOCTH OT TOrO,
€CTb JIM pachpejesiuTeNlb MeXAY XKHAKOH M rasoBofi Cpelol MJIH ero
HeT. B orsinune oT razoB XKuAKOCTH 00/1aKaloT BecbMa c1a60H croco6-
HOCTBIO AKKyMyJHPOBaTh 5Heprui0. OObACHAETCS 3TO MAJLIM OTHOCH-

- TeJIbHBIM H3MeHeHHeM o0beMa XHAKOCTH jJaxKe IPH GOJIbLIMX Tepena-
Jlax #paBJieHHs Ap.
OTHocHTeJbHOE H3MeHeHHe 00beMa KHAKOCTH

1 AV 74
B=—" 7 : (74)
rae V u AV — o6beM XHIKOCTH H H3MeHeHHe 00beMa KHAKOCTH ¢ yBe-
NUYeHHEeM NaBJIEHWS.
Beanunna, o6patHag §, Ha3EIBaeTCs! MOLyJeM YIpPyrocTs u o6o3Ha-
qaercs uepes E.
Ypasuenue (74) mocsie NTOACTAHOBKH IPHMET BHI

Ap
AV = — VE—. (75)

Pa6ora, coBepmraeMas nopiiHem AJs NepeMellleHHs NPH NOCTOSAH-
HOM Tlepenaje JaBJCHHS

A, = VAp.
P (76)
PaGora, nayimas Ha cXaTHe XHAKOCTH, ¢ HEKOTOPBIM NpHOJiHKe-
HHeM, MOJKET OBITh 3anIHCcaHa TaK:

Ap Ap?
A, =AV—2~, HIH Ay = —V 5E (77)
CocTaBHB COOTHOLNEHHE Pa6GOT, MONYYUM
A, VAP? Ap? :
A, T T 2VAPE T 9E (78)

Moayas yopyrocty E Ajsi XUAKOCTEH, NPHMEHseMBIX B THAPOCH-
cTeMax, uMeerT BesHuMHy nopsaxka 1500—2000 MIla, a nanGoabluee
JlaBJeHHe B NeHCTBYIOIMX yCTaHOBKaxX HeMHoro npesocxoaur 30 MIla.

[Toncrasue B ypaBHeHHe (78) peablble BeJTHYHHBI, MOJAYYMM

Az 300 1
A4, = 2E S0 ' ,

Arto o3Hawaer, 4To pabora CKATHA AJs KHIAKOCTEH, T. e. 3HepPrHs
AKKyMyJIHpyeMasi B JKHAKOCTH, OYeHb Majia MO CPaBHEHHIO ¢ paboToit
nepeMelleHns. B ra3oBuIX cpejax, Kak H3BeCTHO, paboTa, 3aTpauHBae-
Mas Ha cxaTve (aKKyMyJHpOBaHHe), 3HauKTebHO Ooablle paboTH,
uayniefi Ha mepeMemeHde. Takum 06pasoM, akKKyMyJsiTOPH, HasbiBae-
Mble THAPABJIHYECKHMH, IO CYLIECTBY SIBJSIOTCS Ta30BBIMH aKKyMYyJIsi-
TOpPaMH, B KOTOPbIX XKHAKOCTD JIHLIb [IePeJaeT SHEPTHIO.
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IToatoMy B HaJbHeHLIeM, He3aBHCHMO OT KOHCTPYKTHBHHIX ocoOeH-
HOCTel, aKKyMyJSiTOPH C ra3oBoi cpefoil GyAeM Ha3HBATb I'a30BHIMH
HJIH Ta30THIPABIHYECKHMH.

4. FasoruppaBnuueckme akkymynsaropsl 6es pasgenurens

B cranuoHapHHX rHApaB/AMYeCKHX YCTAaHOBKAX TIPUMEHSIOTCH raso-
THAPaBJHYECKHe aKKYyMyJsTopel 6e3 pasmenurens (puc. 101). 'as co-
npHKacaercs ¢ XHAKOCTRIO, MO3TOMY NPOHCXOIUT IIPOHHKHOBEHHE rasa
B XKHAKYIO cpely. Il yMeHbIIeHHs IJVIOIaZH aGcOopOUMH H CO3LAHUS
1e1eco00pa3HOro COOTHOLIEHHST o0beMa Tasa M KHAKOCTH 3TH aKKy-
MYJSTOPH! CTPOST B BHJE BBICOKHX H Y3KHX HUIHHApPOB. Hdns Gecnepe-
6oiiHOH paboTH aKKyMyJsiTOpa B HeM HeOOXOIHMO COXPaHATh MHHHU-
MaJbHBIH OCTATOMHBEIH 00BbeM XKHAKOCTH. OH HoJKeH GHTb TeM GOJb-
mie, yem OOJibllie CKOPOCTb BHITECHEHHS XKXHAKOCTH, NMO3TOMY HCIOJb3Y-
ercs ToJAbKO 2/3 monesnoro ofbeMa akKyMmynasTopa (Bcero o6beMa
KHAKOCTH). CoXpaHeHHe MHHHMAJIbHOIO KOJNIMYECTBA XKUAKOCTH B aKKy-
" MyasTope obecleuyHBaeTCsl 3aMOPHBIM KJIAMAHOM HJH APYTHMH KOHCT-
PYKTHBHBIMH cpeacTBamu [37].

Iupoko pacnpocTpaHeHbl aKKyMYJSITOPHl CO CXKATHIM BO3LYXOM H
BoJo#. CKOPOCTb HCTEWeHHs XKHMAKOCTH B HHX OOBLIYHO COCTaBJSET
8—12 Mm/c. IlpumeHsIOTCS MHEBMOBOASIHBIE aK-
KyMYJIATODH NpEHMYILECTBeHHO B 060pyloBa-
HHH ¢ 6OJIbBUIHM DAacXOJOM KHAKOCTH H 60Jb-
IWNM JaBJeHHeM, HAIIPHMeD, B KOBOYHBIX IIpec-
cax, HOXHHIAX H Ap. Hacrto Takue aKKyMmyJd-
TOpH 00LeAHHsAIOTCA B 6aTapel, B TaK Ha3HBa-
eMble LleHTpaJH30BaHHEe YCTaHOBKHY, M IIpefHa-
3HAyaoTCAd AJas OOCHAYXKHBaHHA HECKOJLKHX
MallxH.

B 00beMHBIX THApPaBJIHYECKMX TIPHBOJAAX
JJi CPaBHHTENbHO HebOJIBIIMX PacXoJOB XKH-
AKOCTH HAlJIH TIPHMEHeHHe razorHIpaBiuyec-
KHe akKKyYMYJSTOPBl, Y KOTOPHX B KayecTBe
JXKHIKOH cpeZABl HCHOJb3yercsi Macsao. Tak Kak
pacTBOpeHHE BO3AyXa B Macjie ¢ POCTOM JIaB-
JIeHHs BO3pacTaeT, TO BMeCTO BO3ZyXa 4acTo
TMpHMEHseTCd a30T, YTO TaKXKe NPemsaTCTBYeT [N——f— ]
BOCIIaMeHeHH10 Macia. M3-za Gosbwmof BaA3- ——F—]
KOCTH Macjia CKOPOCTb HOTOKA B MAaCJSHBIX sl sl
1IpHBOJZAX MeHbllle, YeM B BOASHEIX, MO3TOMY —
IJst coxpaHeHus GOJBHINX CKOpocTeH HcTeye-

HAA KHAKoCTH (8—12 M/c) HeoOxonHMO VyBe- E 1

JHYATH CedeHHe TPYGONPOBOLOB M MPOXOAHBIX

KaHaJOoB B OpraHax yihpapJicHHA H pacnpenc-

JCHAA. Puc. 101, Taseruapapin
B akKymy.aTOpaX, BETPOGHHBIX B THAPocH- o fE 0o o 00 PRABL

CTeMy IPECCOB PA3JHYHBIX HA3HAYCHHM C YCH-  pagnenmrens:

JHeM IpeccoBaHas mnopsaka 2000—4000 T, ; — ras; 2 — macao
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B KaUecTBe XKUAKOH cpefbl NPHMEHSETCS Macjo, Tak KaK OHO, o6Jajas
JYYITHMH JeMn¢ApYIOIUME CBOHCTBAMHE, UeM BOJAA, o6ecneduBaeT Kop-
POSHHHYI0 CTOAKOCTb H CAMOCMAa3BBAEMOCTb NIOJBHKHLIX YacTeld THApa-
BJIHYECKHMX arperaros.

K HemocraTkaM axkKyMyJAsSTOpPOB 5TOH IPYNNbl, OrpaHHYHBAIONMINM
006J1acTh HX HCIOJAL30BAHHS, MOXKHO OTHECTH: HEOOXOAHMOCTh BBEIEHUSA
cHeNHANbHREIX YCTPOUCTB IS KOHTPOJS VPOBHS XKUAKOCTH M HacCHIe-
HHS MacJja rasoM, BeAyllero K TOMY, YTO NPH NANEHHUH IABJECHHS Tas
BHL€JSIeTCH, BHI3BIBAA Pa3/JHYHEIE [IOMEXH; ONACHOCTH IPOHHKHOBEHHS
rasa B THIPOCHCTEMY, YTO IPHBOANT K HCIOJB30BAHHI He Goxee
2/3 obfpeMa XKHIKOCTH, 3aKAIOUEHHOH B 6aJjlIoHe; BO3MOMKHOCTh yCTa-
HOBKHM 0aJjioHa TOJBKO B BePDTHKAJILHOM HIOJIOXKEHHH, HeOOXOAHMOCTDH
B 3IIH30AMYECKON MOA3apsliKe rasoM, IOCKOJbKY IIPH PACTBOPEHHH ra-
34 B XXHJKOCTH O6beM ero yMeHbIIAeTcs, HeCMOTPS Ha HEKOTOPYIO pe-
reHepaliio ra3a BO BPeMs 3aNOJHeHMs aKKyMyastopa macjom [45].

5. TazormppaBnMuecKHe aKKyMynsTopbl
€ paspgenMreneMm

AKKYMyJATODPHL C pasfeeHHeM cpej MOJyIHId GOMbIlIoe pacmpoct-
paHeHHe B MOOHJBHLIX YCTaHOBKAX, MOTOMY YTO OHH HONYCKAIOT JIO-
6yl0 KOMIIOHOBKY, KOMIIAKTHEI, He TPeOYIOT CJIOXKHOH CHCTEMH KJamna-
HOB M HENPepHIBHOTO HaOJIIOAeHHA (HJH KOHTPOJA) 32 YPOBHEM XKH-
AxoctH. [ToMuMo 3T0r0, NONOGHBIE AKKYMYJSATODHE BIOJHE TPaHCIOPTa-
GeNIbHEL B 3aPAKEHHOM COCTOSHHH,

B kauecTBe paszenurens cpef (rasa M KHAKOCTH) CJAYRKHT «IJa-
BaIOIIMA» MOPIIEHb C YIVIOTHHTEAbHBIMH ycTpoiicTBaMu (pHc, 102, a).

Bepxmsis wacts akkymyJastopa (puc. 102, @) 3amonHseTCst rasom
JO0 TaK Ha3hHBaeMOTo HadaJbHOrO HAABJIEHHSA Py MEPek 3apAfKOi aKKy-
MyJSITOpa KHAKOCTBIO. Hepeako pu & Pmin, TA€ Pmm — MHHHMAJIBHOE
pabouee nasjenue. [locie aToro cneayer sapsiika akKyMmMyJssTopa Ku-
AKOCTBI0 10 MAaKCHMaJjIbHOro pa6ouero MAaBI€HUA Pmax. AKKYMYJIH-
poOBaHHAA 3SHEPrHs NOArOTOBJIEHA K HCIIOJb30BaHHIO. B nanpHefiniem
UK/ yAaJeHHd XKHAKOCTH H3 aKKYMyJAATOpa H 3apSAAKH NOBTOPAETCH
B IIEPHOJAHI, ONpeJessieMble NPOrpaMmoi paGoTe MauHHEL [asoBoH
cpeJioll ABJSETCA a30T RJHM BO3JYyX; paboueli KHMIKOCTbIO — TOJBKO
MacJIo.

I'napHoit npo6aeMoil B aKKyMyJATOpax ¢ MOPUIHEBHIM pasjiesieHH-
eM cpej ABJsercsl YIJIOTHeHHe Mac/siHOf cpeinl 0COGEHHO NpH BHICO-
KHX JIaBJIeHHAX H HH3KHX TeMIleparypax. Hajexnoe ynjorHeHHe raso-
BO# cpeflbl ABJsieTcs 6oJiee CJOMKHBIM, YeM YIJIOTHEHHE Cpellbl MacJs-
Hofi. CylllecTByeT HeCKOJMLKO cN0coGOB YNIOTHEHHS.

Ynnordenve nopiuHs (puc. 102,a) ocymectpasercs ABYyMsi KOJb-
IlaMH KPYIJIOTO CeYeHHs! H OJHHM KOJbIOM NpPSIMOYTrOJBHOTO CeYeHHs
U3 MAacHOoCcTOHKOH pesuHbl. OcoOGeHHOCTBIO 5TOH KOHCTPYKIHH SIBJSETCS
OueHb 5KOHOMHOe M, KaK II0Ka3aJl ONLT, HaJeXHoe 3aKpelvieHue ¢uaaH-
HeB NUJIHHApPA AJsA JaBaexud go 10 MIla.

Ha nopuise B arxymyastope (puc. 102, 6), moMuMo ABYX YmJIOT-’
HHTEJIbHBIX KOJIel] H3 MacJOCTOHKOH DPe3HHBI, IpeAyCMOTpeHa KOJIblle-
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Puc. 102. AKKyMyJasTOp ¢ NOPIIHEBHM pa3jeseHHeM cpel.

Q — Mepsnifl BapHaHT: { — Macao, 2 — YILJOTHHATCJBHOE KOJBOO NPSMOYroJbHOro CedeHHs; 3 —
YIIIOTHHTENBHOS KOJBIO KDYIVIOrO <e4eHHA; ¢ — NHOpIIeHh, 5 -~ rasoeas cpena; 6 — UHIHHAD;
6 — BTOpO#l BapHaHT, ! — YNNOTHUTEABHOE KOJALIO KPYINIOFO CEUEHHS; 2 — KOJbiIleBas OPOTOY-
Ka: 3 — nopmeHb, 4 — rasoBas cpena; § — OHAHHEAD; 8 — TPETHH BapMaHT: | — YVIJIOTHHTE/b=
HOe KOJbL@ KPYIAOrc CeUeHHdA; 2 — KOJbIleBas NPOTOUKA; & — MOpIIeHs; 4 — FasoBasg cpefa;
5 — LUAMHAD, 6 — CTYNeHYaTHAl 30J0THHK, 7 — Tapefibuatas NpYKEHA

Bas NPOTOYKa, 3al0ONIHEHHAss MacjioM. Diaronapst eff ¢ HOBHILIEHHEM
JaBJIeHHS BO3PacTaeT JefAcTBUe YIJIOTHEHHUS.

Axkymynsarop ¢upMmu «Greer Hydraulicss (CUIA) npumeHsiercs
B YCJOBHAX HU3KHX TeMmnepartyp [46]. OpuruHajipHOe YIJIOTHUTENbHOE
YCTPOHCTBO IIOYTH NOJHOCTbIO yCTpPaHAeT NPOHHKHOBEHHe rasa B IHA-
pocucremy (puc. 102, 8). dT0 aocTuraercs ¢ NOMOUILI CTYHEHYATOTO
30JIOTHHKA 6, KOTOPHIH HaXOZHTCS IO BO3JAeHiCTBHEM TapeabJaTHX
NPYXRKHH 7 M CHJ, CO3[1aBAEMLIX NaBJICHHEM XHIKOCTH H rasa, HeHcr-
BYIOIHX COOTBETCTBEHHO CO CTOPOHBI MeHbIero H GOJBLIEr0 DHaMer-
pOB 30J0THHKA. JlaBJeHHe B IIOJOCTH PacHOJOXKeHHs NPYXKHH, KOTOpas
HpeABAPHTENbHO 3alOJHACTCA MACJASHON CMeChblo, NMPUrojHO# IJjas pa-
60TH B HHTEDBaJie HH3KHX TeMIepaTyp, 3aBHCHT OT PaSHOCTH yKa3aH-
HBIX CHJI M OyJeT MaKCHMAJbHHM NpPH MHHHMAJbLHOM [ABJEHHH XH-
AKOCTH B HHKHEH NOJIOCTH aKKyMyJsiTOpa, KOrZa NopuleHb 3 NpHXKAaT
K HMXHeMy (JaHly HMAMHAPa. B 3TOT MOMeHT repMeTHYHOCTH OGec-
meYHBaeTCs ABYMS KOJbLLAMH KPYIJIOFO CEYEHHS U JONOJHHTEJILHHM
LeHCTBHEM rHAPaBJHYECKOrO 3aTBOpa B KOJAblIleol nporouke 2. Ilpu
B3BELICHHOM ITOPIIHE, KOrJa AaBJleHHe B Pa3HBIX 30HAX aKKyMyJsTopa
ypaBHHBaeTCs, JaBJjeHHe B NPOTOYKe 2 CTaHET MEHBIIHM, YeM B raso-
BOH cpejle, Ha BeJHUHHY, OOYCJOBJNEHHYI0 YCH/IHEM NPYXKHHH W THA-
PaBJIHIECKOH CHJIB, AEHCTBYIOIleH Ha MeHbIUHH AHAMETp 30JIOTHHKA.

Axkymyasartops (puc. 103) dupme «Ates (Alfred Teves KG) ume-
I0T YCJIOXHEHHYI0 KOHCTPYKIHIO YIJIOTHHTEJARHOTO YCTPOMCTBA H MOPII-
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Puc. 103 Axxymyastop ¢upMsl «Afes:

@ — TepBHi BapHaHT KOHCTPYKUMH; [ —

HUKHAR YaCTh HODPIIHs; 2 — BEPXHSAA JacTh

2 4 nopwns, 3 — rasoBas cpega; 4 — OGaanon-

] UMIHHAD; & — BTOpOfl BapHaHT KOHCTPYK-

MK, { — HHXHsig YacTh NOPUIHA; 2 — BEPX-

‘ HHs dYacTb NOpWHA; 3 — Hampasasiowas

% runbpsza; 4 — GamioH; § -- ynpyroe KoJbilo;

f — YVIJIOTHHTEJbHOE KOJbLO; 7 — YNJAOTHe-
HHE H3 3JaCTHYHOH pesHHbI

N
AT\

Hsa [46]. Ilopmenb COCTOHT U3
ABYX YacTeid, KOTOPHIE oK AeHCT-
[ BHEM JKHJKOCTHOH M TasoBOH
; cpeil’ B3aUMHO IlepeMelaloTcs,
? I CNUMAas MPH 3TOM 3JACTHYHYIO
npokiagky. Konycuas ¢opma
- NOpIIHeH [O3BOJsET MNPOKAAJKe
0 paciHparb yIpyrue KoJjbna, mpo-
IHTAHHBIE TPAdUTOM C YCHJHEM
Pgr, mponopnHoHaJLHHIM  JaBJle-
HHIO B razopoli cpene. Hecmorps
Ha OOMbIIYI0 pAAMaJbHYIO CHJIY
Pgr, ycuane, HeoO6xoauMoe AJst
NpeoNoNeHHsT TPeHHs B AaKKYM-
MyJasitopax ¢upMu «Ate», okasa-
JIOCh MEHBIIHM, 4eM B IOpLIHe-
BOM aKKyMyJsTOpe C YeTHPbMS
VIJIOTHHTEIbHBIMU KOJIBILAMH
{46].

Ha puc. 103, a nzobpaxken 6aJIoH-IMIHHAP 4, COCTOAINHN H3 Of-
HO#l gmeranu, TOJNIIMHA CTEHKH UMJHHADA BHIGUpaeTcd H3 YCJAOBHH
IPOYHOCTH ¥ KECTKOCTH TakK, YTOGH 3430p MeXIy NOPIIHEM M HHJUH-
IpOM He BO3pacTaj C POCTOM JaBJeHHs U TeMmepaTypel. I[lopinens
nepemelllaeTcsi B HampasJsawollle#l ruab3e 3 (pHe. 103, 6), Koropaa He
nozsepraercs jAedopManHsM, I09TOMY 3a30p MeXAYy NOpIIHeM H UM-
JIMHAPOM OCTAaeTCsi HOCTOSHHEIM.

Tpenre Mexiy HOpHIHEM H LMJMHADOM H HHEpPUUS MAcChi NOPIIHS
OrpaHHYHBAIOT NPHMEHEHHE AKKYMYJATOPOB TAKOrQ THIA JJIS AeMIl-
dupoBaHus 0coGEHHO NPH BHICOKHX dacroraXx. OfHaKo ¥acTo Iepeoue-
HHBAETCS BJIHSAHME HHepUUH nopiuss, HanpHMep, Aas mopluHs AuaMer-
pom no 80 mMm u Becom 3,8 H npu nsmenenuu o6bema Macaa Ha 0,1 a
u wacrore 20 I'n naBaepne, HeoHXOAHMOe AJS NPEOJOJEHHST CHJI HHep-
uuy, cocrasasio 0,012 MIla [46]. Temneparypa OKpyKaomleld Cpefbl
3HAYUTEJPHO BJMSET Ha BEJHYHHY CHJIBI, HeoOXOAHMON AJA OTPHBA
HOPUIHS U €ro JABHXKEHHs.

Kédppler G. [60] npHBOAMT TakHe JaHHBIE: B aKKyMyJAaTOpe C 1op-
mHeM D = 100 MM H ¢ OOHHMM YNJOTHHTENBLHHM KOJbLOM HeOOXOHH-
MO€ YCHJHe TPOTaHHs NOpIuHs npu Temmeparype —+-20°C, +70°C u
—15°C W CcyxOM TpDeHHMH COOTBETCTBeHHO cocrasisiao 1000, 2200,
520 H, a past aBuxKeHHS IpH Tex xe ycaoeusx 750, 1700, 390 H. He-
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cMoTpa Ha 0e3yKopuU3HeHHYIo 06paboTKy LHIMHIPA CHJIBI TPEHHA HNO-
cruraior 5—10% ot obuero ycuaus, pPa3BHBAEMOIO0 AKKyMyJasToO-
pom [4]. _

ARKyMyJaATOPE € HOPIIHEBHIM pasjefuTeneM cpej pafoTaioT mpH
G6onpiunx pasnenusx (30—35 MIla) u ux pa6oTocnocoOHOCTh 3aBHCHUT
OT Kadecrsa ymjaorHeHHs. MaroroB/eHHe aKKyMyJ/IiTOPOB TAKOro THIA
OTHOCHTEBHO J0pOoro, Tak Kak Tpebyercss TouHas o6paboTkKa nopuiHs
H LIHMJIHHAPA, a TaKXKe NDHMEHeHHe VIJIOTHHTENbLHBX YCTPOHCTB B He-
CKOJIbKHX MecTax. M3Hoc ynjoTHeHHH, orpaHMYeHHEle pa3Mephl aKKy-
MyJasTOP4, TPeHHe NOPIIHS M HeOGXOAMMOCTb HCMOJb3OBAHHS Ompele-
JIEHHOH JKHJKOCTH, HENOJHAas TEePMETHYHOCTb, OCOGEHHO NpH HU3KHX
TeMIepaTypax, OTHOCHTCH K HEeJOCTATKaM 3THX aKKyMYJSATOPOB.

6. TasorMapaBNMHECKMH AKKYMYNSTOP NAYHXKEpPHOro .,
T™HNa

Ha puc. 104 nokasana KoH-
CTPYKTHBHAsI CXeMa aKKyMy- \
JATOPA, ¥ KOTOPOro pasjieJe- S :
HHe cpex  obecmeuHBaeTcs i 5
nayuxkepom, ITonocts 8 3amon- 3/ [ EHWV/A/ /7?
HAEeTCAd  CXATBIM  BO3LYXOM i ———=}
(uau raszoMm). Macao B mo- | — 1 — ]
JocThb 2 MOCTyNaer OT Hacoca A=+ —r
Yepes MOJIBIH WTOK 1. />< — TN

Oco6eHHOCTD aKKyMyJas- p— ] :
TOpA 3aKJIKYaercsi elle U B UM ——1
TOM, YTO 3JecCh HCIOJAL30BaH L |~ A
NpHHUMMI paboThl Inpeobpaso- ﬁ H=—T-— d\
BaTeJd, MO3TOMY MOXKHO IO-

JYUYHTb BBICOKOE€ [JaBJieHHE B i \

L ——4

D,
L

MacJasHOH cpefie, 3HAYHTEJAbHO
OpeBHIIaONiee  AaBJeHHE B
Cpesie ra3oBoH. N
Hanpumep, ecan orHolle- |
HHEe mIomanell nayrxepa 4 K
wToKy / paBHO 5, a AaBJieHHe
BO3LyXa B NOJOCTH d cOCTaB- :
asger b MIla, To npu 3THX ™
VCJOBHSIX JaBJEHHE B [IOJOCTH %
m

2 (6es yuera cus TpeHus) 6y-
Jget coctaBasth 25 MIla.

B naysixepe 4 He06X04HMO EE;j
npesycMOTpeTb  YCTPOHCTBO r—g;j )
JUIsT OTBOAA BO3AyXa, KOTOPHIH
MOXeT I[OfIBHTbCH Y [AHHILA
AJyHXKepa IPH NepBoi 3apsi- .

Ke aKKyMyJasiropa, a TaKxkeB Puc. 104. TTHeBMOrnapaBAMYeCKHA aKKyMYy-
npouecce ero paGoTHL. RATOP NAYHMKEPHOTO THIA
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HecMoTpsa Ha HeKOTOpYIO rPOMO3JKOCTD, HOJAOOHEE AKKyMYJAATODH
TEXHOJIOTHYHEH aKKyMyJSTOPOB ¢ HMOPLUIHEBHM pasfieleHHeM CpeA, Tie
Tpebyercss oueHb THIATeJbHAd 06paboTKa BHYyTPeHHEeH MOBEPXHOCTH IH-
sauagpa. IToMuMo sToro, NpH NoMoINK NuyH:XKepa 4 obecneyeHa NoJHAs
repMETHYHOCTD Ta30BOM Cpe/lbl OT MaCJISTHOM.

7. FazoruppaBnMyeckMe aKKyMynsTopbl ¢ ynpyrok
paspenurenbHoM gHacparmom

DaacTHyHAaA IHadparMa MJH pPe3HHOBHIH MELIOK Jo0ecleyHBaioT
HleasbHoe pasjenenue cpel. Hs3-3a oTcyTcTBusl TPYIIHXCSI 3JEeMEHTOB
oHM Oe3biHEPHUHOHHE, He TPeOYIOT NepHOAHYECKON NOA3APAAKH U IpH-
TOAHH K 3KCINIyaTalMu mocae AJUTeNbHOro nepepmuBa. Ilpmmensiorcs
B YCTAHOBKAaX ¢ MaJbIMH PacX0JaMy JKHAKOCTH. KOHCTPYKLUHH MOZ06-
HBIX aKKYMYJISITOPOB NMOKa3aHk! Ha puc. 105.

PesuHOBHI MeWIOK 2, uMeINUN rpylueBHAHyi0 ¢dopMy, 3akpenis-
ercs B BepXHefl yacrTu akkymynasropa (puc. 105,a). Ot noBpexkjeHus
MellIKa MeTaJJHYeCKHMH YacTAMH, KOTOpPHE MOryT OHTh B Macie,
a Takxe OT NMPOJAaBJHBAHHS MeHIKAa B PacXOJHOe OTBEPCTHE BHH3Y
MelIKa NPeAyCcMOTPEH oTpaxaTtess /.

Agxymynsropu (puc. 105,6 u 8) BemoAHSIOTCH OOGHUHO B BHAE
noaycdep, MexAy KOTOPHIMH 3axKumaercs nuadparma 3. Das npeno-
XpaHeHdAs JAuadparMel OT IPOJNABJIHBAHHS B DACXOJHOE OTBEPCTHE
X jHadparMe nyTeM BYJKaHH3alMH IPHKJIEHBACTCH MeETaJ/IHYECKOe
KOJIBIO 1.

B cdepuueckux akKyMyJsTopax Haubosiee CJIOKHBIM fBJASETCS Ha-
Jle;KHOe coellMHeHHe Tnoaycdep aKKyMyJsTopa, KOTOPOE BLINOJHEHO
B BHIe (PpaanneBoro 2 nau pesp6oBoro 4 coenuHeHus. [Ipu paBiaeHHAX
Bonre 15 MIla pasbem B aKkKyMyJdTOpPe INpPOH3BOAMUTCA He IO MakK-
CHMaJIbHOMY, 4 N0 MHHHMAaJbHO BO3MOXKHOMY CeYeHHIO c(ephl (pHC.
105, 8). PaspesurenbHH MEUIOK 2 B 3TOM cJydae fABJASETCS NOYTH
noJHo# cdepolt ¢ GOJbIIHM OKaHTOBAaHHBIM OTBepcTHeM. DBiaromaps

TN
S | NS

o e
=z\\‘\\‘!!L\\\\\‘ N
7

V]
R —— ]
%

ZZ

133 e

Puc. 105. CheprueckHe akKKyMyasTOPH
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PEesHHOBOMY KOJbLy [, TPHKJIeeHHOMY K BHyTpPEHHeH IIOBEDXHOCTH!
MelnKa, xedopManuy oJBepraeTcs TOJABKO HHIKHAS 4acTh MeEIIKa,
Hununapuyeckne akKyMyJAATODH OKa3HBAaIOTCHA, KaK IPaBUJIO, TH-
xeislee chepUUECKHX, PACCYMTAHHBIX Ha Te Ke o0beMsl u paboyune AaB-
Jenms. B Tex caydasx, Koria HeoGXOAHMO NOGHBATHCA MHHHMAJIBHOTO
Beca, CJeNyeT OPHEHTHDPOBATbCA Ha aKKyMYJSTOPH ChepHuecKHe.

Hccneposanus, npopefenutie JI. B. Buaenckum [13], moxasauw,
YTO MUHHMAJBEBIH Bec CPEpHUeCKOr0 AKKyMyJsATOpa MoxeT OHITh
MOJIyY€H NPH COXPAHEHHH ONpe/e/IeHHBX KOHCTPYKTHBHEIX IIapaMeTpoB
ropsosHHEL. Bec Kopmyca B c(epHYeCKOM aKKyMyJIsITOpE, H3TOTOBJIEH-
Horo u3 JgerupoBanHoi cranu 30XI'C, cocrapaser 57—619% or obutero:
Beca akkymyJasropa. [Ipu Bhi6ope nmapamerpoB KOpIyca YYUTHBAIOT
MHHHMAJbHO [OMYCTHMBE HANpSKEHMs!, MO3TOMY YMEHbIUHTL OOINMA
BeC aKKyMyJSITOpa 3a CYET KOPIyca HeBO3SMOXKHO.

Bec ropmoBHHE, KPBIIKH H HAKHIHOH radKH B 3HAUHTEJNBHOH CTe:
TEHH 3aBHCHUT OT AHaMeTPa TIPOXOLHOTO OTBEPCTHS, IPEAYCMOTPEHHOTC
IS MOHTaXKa M AEMOHTa)Ka Meluka. MUHUMaJbpHBIH Bec 3THX HeTasei
AOJYyYaeTCs IPU TaKOM COOTHOIUIEHHH

dp = (0,36—0,38) dy, (79)

tie dp — AHAMETpP IPOXOAHOTO OTBEPCTHA IrOP/JAOBHHbI,

dy — MaKCHMaJbHBEI AHAMeTp MewmKa (uaK AHabparMe).

ITpn ykasaHHOM pasMmepe dp ofecredHBaeTcss MOHTAX H JIEMOHTaX
nuacdparmel.

Coepuyeckue aKKyMyJasTOPH LIHPOKO MPHMEHSIOTCH B MOGHJIbHBIX
yCTaHOBKaX, ocobeHHO B camoJeraX., QObUHO
guameTp cdepsl Kosiebsercs B Mpejenax OT l
150 no 300 mm. ]

Ilnnuaapudeckasl KOMIIOHOBKA aKKyMyJis- )
TOpa CO cBepTHBalowWedca auadparMon IokKa-
saHa Ha puc. 106. Huamnnp, cocrosmuli us 5 =
ABYX 4Yactell, TEXHOJIOTHYEH NDH H3LOTOBNEHHR :
H c6opke. [IBa nHCKa, NPHKpenJieHHbIE K JO-

HHIIIKY AuadparMel, NpensTCTBYIOT NPOHHKHO- 3
BEHHIO JIHAa(QpAarMil B BLIXOJHOC OTBEPCTHE, & |4 =L &
IPYyXHUHA DACTAXEHHS COXPAaHAET NPaBHJILHOE .
pacnoJoxenue fuadparMsl. 4

B xauecTe rasoBoit Cpefbl B aKKyMyJaATO~ 2 :
pax ¢ MewmkoM HJIH auadparMoil peKOMEHAY- )
eTcst IPHMEHATh a30T, TAK Kak BO3AyX yckops- ;N =
eT CTapeHue Pe3HHbl. [/ 3AlUHTH PE3HHOBOIO Sy
MeUIKa HJIH JuadParMel OT TPEHHS O METaaH- e
YeCKHE CTEHKH BHYTDEHHSIS NOBEpPXHOCTb Kop- -
nyca aKKyMyJsTODa MOKDPHBAaeTCs 3Malibio,
SMOKCHAHOR CMOJIOR uau JakoM. IlomoGupie
aKKyMYJISITOPH XOpOINO paoTaloT B Npeesax K
Temnepatyp oT — 15°C g0 +80°C. TIpu Hemoss- flfq:liifﬁ"'ese g
30BAHMH CIENHANbHON DESHHH IPEACIIH TEMIe-  1nadpara, 3 — mackuasd
paTyp HeCKOJIbKO pacumpsiforcst [4]. Sepamin pescpayap H &

L4

Puc 106 Axrrymyasrop ¢
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H3-3a HeGOMbIIOH KECTKOCTH YIPYrofl Meperopoixd (MellKa HMJH

AnadparMel), a TaKxKe OTCYTCTBHS TPEHHsI YyBCTBHTEJIBHOCTh AKKyMY-
JATOPOB BeJIHKa.

8. Mpouecchl EHKATHS K pacluIMPEHHS B ra3orufpaBniyeckux
AKKYMynsTOpax

Ecau nponeccw 3apsiiKH ¥ PaspsiKH AKKyMYJASTOpPa UPOHCXOAAT
MEeJJIEHHO, YTO HMeeT MeCTO B Dsje cjydaeB (OpH COXpaHeHHH yCTa-
HOBHBIIErocs AaBJicHHS B CHCTeMe, KOMIEHCAlMH yTedeK, MpH IepeMe-
1[eHHH IOPIUHS B LHJHHADE OT AKKyMYJATOpPa C MaJofl CKOPOCTHIO),
TO IPH ONpefleJieHHH I1apaMeTpPOB Fa3OTHIPaBJIHYEeCKOr0 AKKYMYJATO-
pa cuopaBeAJHBO CUHMTaTbh, YTO ra3, HAXOAAUIANCS B aKKyMyJsaTOpe,
NMONYHHSIeTCST 3aKoHy DBo#is—Mapuorra, a pabora, cosepuraemas
KHAKOCTBIO NPH paspaike aKKyMyJsTopa, paBHa paboTe paciiMpeHHs
I'a3a, 3aKJAIYEHHOTO B €ro ra30BO# IOJIOCTH.

W3 3akona Boitnsi—Mapnorra creayer, 4to

PoVo = pV = p, V| = const. (80)

B usoTepmuueckoM Ipouecce IOYTH He NPOHCXOAUT H3MEHEHHS
BHyTpeHHeH 3HepruH rasa, Tak K4k IIPOLlecC OCYLIeCTBJSETCS HPAKTH-
YeCKH NpPH TNOCTOSIHHOH TeMIeparype (3TO MOJOXKEHHE IOJHOCTHIO
cnpaBelJINBO AJ5 HAeaJbHOro rasa).

Pa6ora rasa B MPOH3BOJIBHOM NPOLECCE BHIPAKAETCss H3IBECTHOR
33aBHCHMOCTBIO

Vo
a =] pav. 81)
Vl
s usoTepMuyeckoro npomecca
poVo const
P=—v="v

Bennunna BremHefl paGoThl, coBeplnaeMasi MacJoM INoj JeficTBHeM
rasa B aKKyMyJIsiTope,
VO

dVv V V. '
Aps = JPOUOT =peVy ln_Vo]_ = 2,303p,V, lg_f;:_'
1Vl
HIH ’
P
Am=mwm7%. (82)

B mpeccax, TepMoIiacTaBTOMAaTaX, TOPMO3HBIX CHCTEMax paspsil-
Ka aKKyMyJsaTOpa IPOHCXOAHT HHTEHCHBHO (OT moJell CeKyHAH 10
5—10 ¢) # mO3TOMy He BCs SHEPrus pacxoAyercs Ha BHeUIH pabo-
Ty, HacTb ee 3aTpauyHBaeTcs Ha H3MeHeHHe BHYTPEHHeH 3HepPIHH rasa.

Ilpu H3MeHeHHH COCTOSHMS raza B akKKyMyJarope 6e3 Tenjoobme-
Ha rasa c BHelIHeH cpejpofi 6yjaer uMeTb MecTo aaualarHHIH HpoIece,
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. NIl KOTOPOrO XapaKTepHCTHUECKOEe YDPABHEHHe BHIPAXKAETCA COOTHO-
IHeHHEM .
poVE = pV* = p, V% = const, (83)

HJIH

-

1
Po ( Vi )h_ 4 ( Py )k“
41 - Vo ’ Vo Py ’
e po— HadaJpHOe IaBJIEHHE,;

. p1 — JaBJieHHe KOHeuHoe (MJiH Maxcnma.nbnoe)
Vo m V| — cooTBeTCTBEHHO OOBEMHI;

I

Cp
k= C — K03(bGULHEHT, PaBHHH COOTHOLIEHHIO TEIJIOEMKOCTH IIpH

v
Ap = const ¥ TenJOeMKOCTH IPH IOCTOSHHOM o6Beme.
Has BelBOAA APYTHX (OPMyJ COOTHOLIEHHS HapaMerpoB rasa npH-
BeJleM yPaBHEHHs COCTOAHMS KPalHHX TOUEK npouecca

piVy = RT, u poVy = RT,,

OTKyAa
nV T
1¥1 —_ 1 , (84)
Vo Ty
rae R -—ra3oBasi nOCTOsHHASA,
To u T, — abconioTHEIE TEMIIEPATYPH rasa.
IloacraBus B popmyay (84) sHaueHHsI, MOJTYYIHM
Bt
T1 V. R—1 T R
_=(_0) I =(”‘) . (85)
T Vi To Po

Bennunna BHemiHel paGoOTH THAPaBIAHYECKOrO aKKyMyJIATOpa ompe-
JedsieTcs no ¢popmyne

A4
dav
Aue = | pav =] povsS. (86)
vy Vi ,
Tak kak poV% = const, 10
B
poVo
Agy =~ (Vih — Vich) =
1 poVo Povg 1 piVe Ve
T E—I\ T ) T e T Ty )
1 0

1
=37 (PVi—poVo);

_ val( PoVo)_ mVi T (Po) ]
A =5—7({1— Vi =%l p1 ’




HJan
k—1

a2 (L) ], @

AnuabGaTHBEI M H30TePMHUYECKHH NpOLECCH OTHOCSTCS K INpefelib-
HEIM cJy4YasiM. B peasbHHX yCJOBHSX PabOTH TasorupaBJiHYECcKOTO
AKKYMYJASTOPA NPOHCXOJUT CMEHIAHHHIA Ipouecc, T. e. HaGMOJaeTcH
TaK HA3bBaeMoe IOJHUTPONHOE H3MEHEHHe COCTOSHHA rasa, B KOTOPOM
SHEPTHA NpPeBpallAeTcs 110 ONPEeIeHHOMY 3aKOHY.

CooTHoOllleHHe NapaMeTPOB rasa B NOJHTPONHOM Ipoliecce, KOTO-
phie fIBAAIOTCA CJAeJCTBUeM ypaBHeHHR pV = const u pV = RT, oue-
BHIHO, OYIYT HMETb TOT K& BHJ, YTO H BHIBEJEHHOE BHILIE COOTHOUICHHE
mapamMerpoB rasa JJs ajua6GaTHOro mporecca, XapaKTepH3yIOIerocs
ypaBHenHeM pV* =const u pV = RT, HO TOJBKO B HUX IS IIOJH-
TPOIHOrO mpouecca ko3dounuent £ HeoOXOAUMO 3aMeHHTh NOKa3aTe-
JieM IOJIMTPOIE 7 TIPOLecca PacIIipeHus.

CaenoBarenbHo, BHeiliHfst paboTra, pa3BHBaeMas ralorujpaBjnde-
CKHM aKKyMyJATOPOM IIPH IOJHTDPOIHOM IpOlecce,

V
n—1

n~—1

"1 -

Hs dopmyn (82) nm (88) BuaHO, YTO abcoMIOTHAS BeAHYHHA BHe-
He#l paboTH ra3orupaBJHYecKOT0 aKKyMYJAaTOpa 3aBHCHT OT OTHOIIE-

Po
P

. P
HHS faBienuii — = MakcuManbHOe JlaBJeHHE B IHAPOCHCTEME P
1

onpejiesIfieTcss pacueTHLIM NyTeM HJH BLHIOHpPAeTcss KOHCTPYKTOPOM H
ABJSeTCA BeJMYMHOH nocrosHHoH. CJrenoBaTesbHO, HCKOMBIM INapa-
MeTpPOM, OT KOTOPOrO 3aBHCHT MAKCHMaJbHas BelHUHHA BHeIIHe# pa-
6oTel, 6yner py, 1. e. ZaBJEeHHe NpefBapHTENBHON 3apAAKH aKKyMy-
JSTOPA.

JJist moJlydeHHst ONTHMAJIbHOTO 3HA4YeHHs po, Npu KotopoM A (pa-
6ora) HMeeT MakKCHMaJbHOe 3HauyeHHe HCCJAeAyeMOH (YHKLHM, 3aIH-
caHHOH ypaBHeHHsAMH (82) u (88) Ha skCTpeMyM, CUHTAA B HHX Po
apryMeHTOM.

JJis1 H30TEepMHYECKOro Ipolecca NepBasi NPOU3BOAHAA OT Aps MO Py

14
[J— ——
AMB—V()(III 7o 1).
[TpupaBHAB NPOH3BOAHYIO HYJIO, HalileM B3KCTPEMAJBHYI TOYKY:

In-2_1 =0,
Po

OTKyZa

In
Po
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1
Z‘: == 0,37, (89)

T/l e — OCHOBaHHe HATYypaJbHOro Jorapudma.

Po
Ilpn sTOM 3HauYeHHH o BHelIHAs paboTa akKKyMmyJsaTopa AJd

1
#30TEPMUIECKOrO npollecca OyleT MaKCHMaJbHOH, TaK Kak BTOpas
npousBogHas A7 < Q.

Js moJAMTPOmHOro mpouecca NepBas NPOU3BOAHAS U3 YDAaBHEHHS
(88) mocse mpeoGpasoBaHuit

n—i
Vo 2n—1 { po \ 7
Aé: n—l[l_ n (pl ) ] (90)

IIpupaBHSB IPOH3BOAHYIO HyJII0, HAaXOJHM 3KCICDHMEHTaJbHYIO
TOUKY IO (opmyJie

n—1i

2n —1 ( Po )" 1

n P -
OTKyZa CBSI3b MeXKAy JaBJeHHeM IpelBapHTE]bHOH 3apAlKH po H
MaKCHMaJbHbIM AABJICHHEM B aKKyMYJATOPE Py BHPA3ATCS dopmyaoi

n

! 1

::. =(2nf_1)n : (o)

W3 dopmynsr (91) BHAHO, UTO OTHOLICHHe AaBJACHHK pg ¥ p; ABJAM-
erc GyHKUHeH paclIHpeHHd rasa, T. €. KaKJAOMy Npoleccy pacuiupe-
HHSI COOTBETCTBYET CBOE AaBJEHHE TpeABapHUTEbHOH 3apsAAKkH, INPH
KOTOPOM 3HEPrus ra3OrHApPaBJHYeCKOro aKKyMyJaaTopa MaKCHMaJbHA.

Po
OnTuManbHbEle 3HAUeHHS OTHOIUEHHS 5y 3ABHCAT OT BEMMINHH
1
(ra6a. 18 [20]).

Tabauya 18
Iokasareas MOAHTPO- !
nbl pacuIpeHHd ‘ 11 1,2 1,3 1,4
BO3AYXa
n
n )n—l
(212—1 0,392 0,402 0,407 0,418

HOas Brifopa 3HAYeHHA R HUMEIOTCS TEOPETHUECKHe 3aBHCHMOCTH,
Po

II0 KOTOPBIM MOZKHO ONpEeAeduThb £, €CJH H3BECTHBI OTHOIICHHE '—p"' H
1

BpeMsi paspaiKH aKKyMyasTopa B JuTepatype npHBefeHH pe3yib-

N
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TaThl HEMHOTOUHCJIEHHBIX 3KcnepHMeHTOB. OJHAKO JaHHbIE Pa3JIHYHBIX
ncenenosarenefi He copnagaioT. ITo B. M. Meresy [20] ans omru-

. _Po
MaJbHOrO OTHOIIEHHS! NaBJeHHMH ( o )Dm— 0,762 u BpeMeHH pa3psii-

ku tp=>5 ¢, n=1,35. Dkcnepumenthl, nposerenusie T. M. Bamro#
Prin 150

P 209 — 0,75 1 mpozoa-

[4], mokasann, 4TO NPH OTHOIISHHH

JKHTEJILHOCTH 3apsiiki & ¢ n = 1,1.

HagonmneHHEIH ONHT ellle HEAOCTATOWeH [Jisi peKOMeHAalHil mo Bbl-
6opy BeJaMYHHH 7. [I0o3TOMY NpH CepHAHOM H3TOTOBJIEHHH MAIIHHBL
C aKKyMyJsATOpOM, IJs BHOOpPa PalHOHAJAbHBEIX MapaMeTPOB AKKyMy-
AsTOpa, HeOOXOJUM SKCIEPHMEHT.

Ilpu pacyere akkyMyJasTopa c/aelyeT YYHTHIBATL ORHO OYeHb BaiK-
HOe 006CTOSATE/NLCTBO, CBA3aHHOE C HAIDEBOM KHIKOCTH B THAPOCHCTEME.
O6niiHO mepBOHauadbHAs 3apsijlka aKKyMyJsTOpa IPOH3BOAUTCH TPH
TeMIeparype OKpyxKamolle# cpelibl. B npouecce 3KCNJAyaTalMH TeMIle-
paTypa KHAKOCTH MoxeT Bo3pacTH A0 50-—80°C CooTBeTCTBEHHO yKa-
3aHHOMY pPOCTY TeMIepaTrypbl NMpH H30X0pHOM npoiecce (V = const)
co3JaeTcs MOBLIIICHHE A ABJCHHS rasza corjacio 3aBHCHMOCTH

m T

Po Ty

Hanpumep, npu temneparype 20°C ra3ornapas/inuYecKHH aKKyMy-
JATOP 3apspKalics A0 AaBJjeHHs pp = 10 MIla. 8 npouecce mpopo.-
JKUTEAbHON pafoTH HacTynaer MOBMIIeHHe TeMnepartypu no 80°C.

CorqacHo 3aBHcHMOCTH (929

T, 353

P1 = Po =10 %93 2= 12 MI1a.

IToBhinrenue gaeJjeHHs] B Ta30BOH cpene aKKyMme‘ropa NpHBEAET
K YMEHBUIEHHIO MTOJC3HOI0 o6beMa KHAKOCTH.

(92)

9. Buibop napameTpPOB rasorMapaBnMUecKoro akKymynsaropa
€ NOPLUHEBLIM Pa3feneHHeMm cpep

ITpuMem caeayonke 0603HaUeHH:
Pu — HauasJbHOE JaBJeHHe Tra3oBOH cpelpl Nepel 3apAIKOil
AKKYMyJASTOpa MAacJoM;
Pmax H Pmm — COOTBETCTBEHHO MAKCHMAJbHOE H MHHHMAJbHOE gaB/e-
HHS B aKKyMyJIATOpE,;
Vi — KOHCTPYKTHBHBIH 00'beM aKKyMyJIATOPA;
Vi — none3nuit ofbeM akkyMmyJsitopa (uau ofbem Macia,
BHITECHAEMHH H3 aKKyMyJATOpa);
Vr— oGbem rasa;
Vu — o6beM Maciia.
Ha puc. 107 mokasaHel pa3inHyHbe NOJOXKEHUS NOPIUHS B AKKYMY-
JIATOPE H COOTBETCTBYIOIIHEe HapaMeTphl B a30oBOH H KHIKOCTHOH cpe-
nax. MakcumanapHoe H MHHHMaJgbHOe JaBJeHHs B aKKyMyJsiTope,

.
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Puc 107 Cxema x BuOopy mapamerpoB Puc 108. IlosnesHas eMKOCTb aKKyMy-
rasoripaBJHYeckoro akKyMyJsaropa JATOPA B 3aBHCHMOCTH OT HAyaJbHOTrO

JAaBJIeHHd ra3a

a TaKXKe I0JI€3Has €MKOCTb JHGO BCerjia H3BeCTHH KOHCTPYKTOPY, JH60
MOXKHO HX ONpeJesuTb.

MunuMmanbpHBl 06beM Macia B aKKYMyJISITOPE IPH MHHHMAaJbHO JO-
IIyCTHMOM JaBJIEHHH

Vat = Ve — Voo (93)
IMogaesnuit 06bvem
Vn == Vrl - Vr2» (94)
CorstacHo 3aBHCHMOCTH
an’}( = pmanT:,l == Pmax V;Lz . (95)

JlaIsi MOJIMTPONHOrO mpollecca OTHOLIEHHST NapaMeTpoB rasa Ta-
KOBHI: !

1 1
n

Vrl ( Pu ) Vrz ( Pmin )"’
Vi _ Pmin " Ve Pmax :
IloacraBuB 3HaueHue Vy; B dopmyay (94), nocie npeoGpasoBaHus
MOJNYYHM MHHHMAJbHEIH 00beM KHAKOCTH B aKKYyMYJIATOpE

1

Vit = vx[ 1 —( ——”—)"] : (96)

Pmin

Toncrasus 3uadenus Vr ¥ Vo B dopmyay (94), svaiigem mnoses-
HbIl 06BEM aKKyMyJIATOpA

=l ) = (5T ©

Ilais usoTepMuueckoro mpouecca (mpu n—1) BHpaxenne (97)
NpHMeT BHJ

E’a

1

3

Va Pa Pu
= — . 98
Ve Pmin Pmax ( }

W3 ypasuenusi (98) u puc. 108 cienyer, 4To moJie3nasi eMKOCTb ak-
KyMyJsiTOpa 3aBHCHT OT BeJHYHHBI HAYaJbHOTO AaBJEHHUS BO3AYXa Pu.
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10. Buibop pabounx napameTpoR rasorMapaBnMuecKkoro
aKKyMynaropa Ans M30TePMKMUECKOro npouecca

" OnHO#t M3 OCHOBHHEIX 3a1ad IpPH BHIGOpe ra30rHAPABIHYECKOrO aK-
KyMyJ/IsiTOpa $BJSIETCH OIpejesieHHe €ro pa3MepoB, €CJHH H3BECTHO
JONyCTHMOE HajieHHe JaBJeHMS B MOMEHT MaKCHMaJbHOH paspsixH
aKKyMyJsT0pa B npolecce paGoThl MaluHEL. JJIs 3TOTO BOCHOJB3yeM-
ca rpaduroM (puc. 109) 3aBHCHMOCTH MeXIy OOBEMOM H AaBJEHHEM
raza pV = const. Ot HyJIeBOA TOUKH BIOPaBO OTJOXKEHH 3HAYCHHS
AaBlieHHsi p B akkymyaarope. Ha atofi ocu BEIGHpaem TOUKy, COOT-
BETCTBYIOLLYIO JaBJEHHIO B aKKyMYJdsTOpe K MOMEHTY ero NOJIHOH 3a-
psaku. OT XaHHOH TOYKM NPOBOJHMM BEPTHKAJBHYIO JHHHIO 10 BCTPEUH
€ KPHBOH, COOTBETCTBYIOIeli HAYaJbHOMY [JABJEHHI Py ra3a B akKy-
MyJasTope (HavaJpHOe LAaBJEHHE Py JOJIKHO GHITh HECKOJBLKO MEHblIe
MHHHMAQJBHOTO HABJEHHS Pmin). OpJAHHATA N2aHHOH TOYKHM TNOKA3LIBA-
€T 3amoJIHeHHe aKKyMyJsTOPa Mac/jOM IPH NOJHOH 3apsiike B HOJSIX
€ro MOJIHOro oGbeMa. 3aTeM Ha OCH JaBJIeHHH BHOHpaeM TOUKY, COOT-
BETCTBYIOINYI0 MHHHMAJbHO AOMYCTHMOMY HAaBJEHHIO Pmin.

[To NMyHKTHDHHIM JHHHSM Ha rpad¥ke HA OCHOBAHUH HCXOJHEIX
JaHHHX ONpefe]sioT NOJe3HH O00beM akkyMyaaTtopa (B HOJSX OT
nonxoro ero o6vema). Ilpn momomu sroro rpaduka MOXKHO OHpele-
JIHTb Pmax, 3HASA Prin ¥ HEOOXOAHMEI IMOJIe3HbIH 06beM Mac/ia B aAKKY-
MyJISTOPE HJIH Jpyrue NapaMeTpH.

11. O6nacTb npuMeHeHms H cnocobbl nogKMoOUeHHS
AKKYMYASITOPOR B CHMCTEMY

T'azoBrle akkyMyJsTOpH (€3 pasjesieHHs CPel, a TaKke C OTHene-
HHEM TasOBOH cpelnl OT Macjia NMOPIIHEM HJH IDYTHMH CPeIcTBaMH,
noJay4Yu/aH GoJiblllee PACIPOCTPAHEHHE B OCHOBHOM JJisi BhINOJHEHHS
Takux QyHKIHUH:

1. Komnencanun yTeuek Macja NpH AJIHTEJILHOH BHAEPIKKE H3Je-
Jus Mo AasienreM. Heo6XoauMOCTh B 5TOM BO3HHKAeT NPH BYJKAHH-

1
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Puc. 109. Kpusrie cxxaTis rasa B aKKYMY.IATOPe NPH H30TEPMHUECKOM NpOHECCe
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3alfHd Kayuyka, peccOBaHHM H3Je/MH H3 NTaCTHYECKHX MaTepHaos,
B IIPOM3ROACTBE (aHepbl, KOrAa BHIEpKKa O] AaBJeHHEM IIHTCA
5—30 muH.

HcnonpsoBaHHe B TaKHX CJAydYasix Hacoca MaJoH HpPOH3BOLHTENb-
HOCTH, paboTalolero Op# BHICOKOM JaBJASHHH, SKOHOMHYECKH He Onpas-
JaHo.

2. [Tonyuenys MaKCHMAaJbHOTO KPaTKOBPEMEHHOI'O PacXofia KHAKOC-
TH C YAepXKaHHEM 3aJaHHOro JaBjeHHs. Tak, HanpuMep, B MallH-
HaX, IpeIHA3HAUEHHHX AJIT H3TOTOBJEHHS H3Je/UH M3 mIacTHIECKHX
matepuasos, Moxean TII-500A, ckopocTs mayHXKepa MexaHH3Ma
BrpHICKa coctaBaser 0,14 m/c.

Takas BHICOKAsi CKOPOCTh C coxpaHeHueM japnaeHus 10 MIla oGec-
NEYHUBAETCS Ta30THAPABJIHYECKHM aKKYMYJSTOPOM C OJE3HEIM 00 beMOM
xuakoctu 10 Ji. [l BHINOJHEHHS aHAJOTHYHOH PaGOTH NPH IOMOIIH
Hacoca BHICOKOIO JiapJeRusi notpebosascst 6bl HACOC NPOH3BOFHMTENb-
gocTeio 500 JI/MHH ¢ KPaTKOBPEMEHHBIM PacXOJOM MOMIHOCTH, IPHMEp-
Ho 100 000 Br.

3. OcyecTBiaenys OBICTPHIX HepeMeIleHHE paboyero oprasa BO
BpEMs XOJIOCTOTO XOAa. ['MApaBiHyecKas cHCTeMa YIpoIllaeTcs 3a cyer
BBEJIEHHA aKKyMyJsiTOpa BMECTO Hacoca OOJBIIOH NPOH3BOAHTENHHO-
CTH, TPOHM3BOAHTEILHOCTE KOTOPOro HOJIXKHA COOTBETCTBOBATH CKOPO-
CTH XOJIOCTOro X0Aa.

4. Pasrpysku Hacoca OT JaBJeHHs ¢ COXpaHeHHeM JaBJieHHs B 3aM-
KHYTHX MAarHCTpaJIsix THAPOCHCTEMEL

5. JlemnodHpoBanus THApaBJHYECKHX YAApPOB M KoJeOaHHs JaBie-
HYsl, KOTOpble Hen36eKHO BO3HHKAIOT IPH PE3KHX OCTAHOBKAax, mepe-
K/IIOYEHHAX NMOTOKA KHAKOCTH H H3MEHEeHHSX HaArpysKH. AKKyMyJasTOp
co3jaeT IWANALINHA PEXUM JJIsi HAacOCOB M ero IPHBOAA, a TaKXke KOH-
TPOJbHO-U3MEPHTEJBHON annaparypHl.

6. PezepBa MOIIHOCTH NPH OTKJIOYEHHUH Hacoca.

7. TopMOKeHHsI IPH BHE3aITHOM OTKJIIOUEHHH Hacoca.

8. ITuTaHus BCHOMOraTesibHBIX YCTPOHCTB BO BpeMs paGoyero xonaa
H B TeyeHHe TONHOTO IHUKJA.

9. Pese BpeMeHH B COUETAHHH C APOCCEJNEM HJIH J032TOPOM.

ITpumeper nodxarouenus akkymyssaropa e eudpocucremy. B ruapas-
anueckoii.cxeme (puc. 110, ¢) nokasan crnocod mOAK/IIOUEHHS rasorui-
PaBJIHYECKOTO AKKyMyJ/ATOpa &, BHIIOJHAIOLIEro (YHKIHMIO KOMIEHca-
TOpa yTeUeK C COXpaHeHHeM [aBJIeHHs B MOJOCTH F muausapa 2. 3a-
psilKa aKKyMyJ/isiTOpa TNPOHCXOAMT uepe3 oOpaTHH kaanaw 7 (THHa
T'51) npu aBHxKeHHH nopiHs BHH3. [Tocse mojxoza mopiiMss K ymopy
30JIOTHHK pacmpegenautensi ! NmepeBOAMTCS B CpelHee HOJNOXKEHHe, IH-
JIHHAD OTKJIIOYAETCS OT HAcoca, a JaBJjieHHe MoJocTH F 1mojepKuBaer-
csl aKKyMyJISITOPOM, OT KOTOPOTO MacJO BbIXKHMaercsi K LHAHHADY
yepes apocceas 6 (tuna I'77).

Jas mosyueHuss oGpaTHOrO X04a 30JOTHHMK PACHPENENHTEN]A YCTa-
HaBJIHBAeTCsl B NoJoxKeHHe a. JKHIKOCTb H3 IUJIHHAPA OTBOLHUTCS 4e-
pe3 kianaH 4 (tun I'66) ¢ AHCTaHIMOHHEIM ympasjeHhueM. OnHospe-
MEHHO C 3THM aKKyMyJSATOp MeAJIeHHO Pa3psizKaercs uepes ApPOCCeNb,
6Jarojaps ueMy He BO3HHMKaeT T'HJPaBJIHYECKHX yAapOB, KOTOpHE MOT-
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Puc. 110. [IpHHUIHNHAJbHEIE CXEME NOAKMIOUEHHA AKKYMYJATOPA B CHCTEMY:
a — AKKYMYJaTop ofecnegHBaeT KOMIIEHCAUKI0 YTeUYeK B CHCTeMe H OJIHOBREeMEHHO COXpaHAeTr
ZaBJeHNe B UHJHHADE, 6 — AKKYMYJATOD NOXKNIOYaeTC] K LUJIBHAPY TONBKO BO BPEeMs YCKO=

PEHHOTC X0Oa NOPUIHA

Jau 65l UMETb MecTO IpH ero BHesanHo#i paspsifxe. [Ipu momomum pese
JaBJeHHs 3 OTKJ/IOUAETCS 3JeKTPOMAarHuT 32, Korja noplieHbh MOAXO-
JHT K YHODY.

Ha puc. 110, 6 npuBenena ruapaBjHYecKas CHCTEMa ¢ aKKyMyJs-
TOPOM, KOTOPbIH NMOAKJI0YAeTCS K IHAHHAPY TOJBKO BO BPeMsS YCKOPEH-
HOro Xofla (MpH HHM3KOM JaBJeHHH B cHcreMe). Bo Bpems paGoumx
nepeMelleHHHl MOPIIHS B UMJHHApPE § KUAKOCTh MOARETCS K HHAHHAPY
TOJILKO OT MeHbIIero Hacoca J, JlaBjieHHe B KOTOPOM KOHTDOJHPYETCH
knanadom 4. O6parubuil kn1anan 9 (tuma I'51) sarpuiT u oT Hacoca 1
(6osbuIefi NPOH3BOAHTENBHOCTH) 4epe3 OOpaTHHA Kaaman 10 mpowc-
XOAMT 3apsiika aKKyMyJsTopa 8 A0 BeJHYMHBH HACTPOHKH KJalaHa
HHU3KOTO IAaBJeHHSA 2,

Ilpu xonocroM XxOfe MOPIIHA B LUMJIHHAPE XUAKOCTH IOCTYIAaer
K UHJIMHAPY ONHOBPEMEHHO OT ABYX HacocoB (/ u 3) m akKyMmyJsitopa.
Hcnoab3opanue oObeMa XKHIKOCTH, 3aKIIOYEHHOr0 B aKKYMYJSsITODE,
JaeT BO3MOXKHOCTb YCTAHOBHTb B CHCTEMe HAacOCHl C MeHbUIeH CyMMap-
HOH NIPOH3BOAHUTENHHOCTHIO.

Ecnu Bpema pa6odero Xxoja HOPIIHS BEJHKO, TO LeJecoOOpasHO
BBECTH JCIOJHUTENbHYIO annapaTtypy, HeOGXOAHMYI [Jsi pasrpy3kd
Hacoca / nocse 3aBeplIeHHs 3apANAKH aKKyMyJATOpa.

Bxaiouenne akkyMmyasitopa B ycTaHOBKe npecca (puc. 111) obecne-
YHBaeT 3HAYHTEIbHYIO 3KOHOMHIO 3JEKTPOSHEPrdu M CO3[JaeT Imais-
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muf pexum paboTH Ha-
coca 2 HU3KOro JaBJle-
HHS, KOTODHIH BKJIIOYa-
eTCst B CHCTEMY aBTOMa-
THYECKH BO BpPEMS XO0JIO-
CTOro xoia fi B MaljoHa-
IpYKEeHHbIE MepHOJHl pa-
Goyero IUKJa MOPLIHS, &
TaKXke B HadaJje 3apsi-
KH aKKyMYJsTopa.

I1pu yckopeHHOM XoO-
e TMODPIUHSA XKHJIKOCTH K
OHJIHBAPY 9 OAHOBpEeMeH-
HO OT JABYX HacocoB / H
2 moctynaeT COOTBETCT-
BEHHO uepes ofpaTHHeE
kaanauet f1 v 4 u pac-
npegeaurtenab [0, 3o0T-
HHK KOTODOTrO YCTaHOB-
JleH B NOJIOXKeHHe @ HJH
6, a TaKKe OT aKKyMY.JIs-
TOpa &, HHTEHCHBHOCTB
3apsaaKd KOTOPOro ompe-
JenseTca ApocceseM 7. Puc. 111. Dueprs aKKyMyaaTopa HCIOJB3YeTCH BO

nepeKJ]}()l[eH].{e aKKy- BpeMA XOJIOCTOIr¢ XO0J4a NMOpPIIHA
MyJdTOpa Ha 3apsAiKy H
pa3psAKy MPOHU3BOLHTCH 30JOTHHKOM 6, 3JeKTPOMArHuT KOTOPOro HOJY-
YyaeT KOMaH[H Ha BKJAKUYEHHE H OTKJIOUEeHHe OT peJe naBiaenus 5 (PHO).
INpyxuna PJ{ pmonxHa ObTh HACTPOEHA HA AABJEHHE HECKOJBKO 60.Ib-
1lee, yeM NPYyKHHA KJamnaHa J.

3apsifka aKKyMyJsToOpa HauyWHAeTCs ¢ MOMEHTa IOsIBJeHUs IIO-
JIe3HOH Harpyskd H BHayajle OCYIIECTBJSETCA OT JABYX HacocoB [
"2

ABTOMaTHYECKOE OTKJIOUEHHE HAcoca 2 OT aKKyMYyJAATOpa K UHJIHH I~
pa nmpousofifleT TOTJAa, KOT/Ja AaBJeHHe B CHCTEME JOCTHTHET BeJHYHHEE
HacTpoOHKH kJjamaHa 3. Ilpu AocTHKeHHH [aBjieHHsi B CHCTeMe BHIIUE
HacTpoiku PJ] 3apsiAka akKyMyJasTopa IpeKpallaeTcss TaKXe H OT
Hacoca [.

Bo BpeMsi pafounx HepeMellleHHH INOPHIHS XWIKOCTb [OCTYMaeT
K IHJHHIPY TOJBLKO OT Hacoca I, a Hacoc 2 pasrpy:xKaercs uepes Kiad-
maH 4 B O6ak. [laBjeHHe B CHCTeMe B 3TOT MOMEHT KOHTPOJIHPYETCH
KJananoM I2.

Ha puc. 112 nokasana yacTb ruApaBJIHIeCKOi CHCTEMEl TEPMOMJIACT-
aproMarta mozmeau T11-500. AKKyMyasaTOp 7 HCHOJIb3yeTCss MPH KPaTKO-
BPeMEHHOM H TOYTH MTHOBEHHOM pacxofe XKHUAKOCTH B IHJIHUHIDE
BIOPHICKA &, KOTOPBIH MOAK/IIOYaeTcss K akKKyMYJSTOPY TOJBKO B MO-
MEHT MOZaYd MaTepHasia B npecc-gopmy. BricTpas paspsaika akKyMmy-
JATOpPA NpPOH30fiJeT IpPH IepeBoje 30JOTHHKA B pacmpelenurese 6
B NOJIOXKEeHHe @} 3apsiKa XKe ero A0 MaKCHMAaJbHOro LaBJeHHs IIpO-
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o 7 . IectepenHrfi Hacoc

4 N 2, BCTPOEHHHH B peryiu-

a /g pyeMmuii macoc I (T1unma

< v \ HIT), noMEMO CBOHX OC-
T

"I HOBHHX (YHKIHE, HCIO-

<_> Mb3yeTcst B JAHHOM CJY-
AN yae emie H U DHTAHHA
Y CHCTEMH  YIpaBJIeHHS

. @ (zepes ammapat 4) pac-
C npeneyuTeNst 6§ U APyrux
<

¢ YHKIMOHANBHEIX V3J0B.
O6paraui knanad 10 oF-

/
JL I KJjaioyaer Hacoc I ot
\M\ ) aKKyMyJIsiTOpa nocJe 3a-
|
8

/
/ 1= 3 y - pAAKH ero N0 MakCHMa-
[

g JBHOrO JaBJeHHs. Ha-
i 7 7 ] \

IOPHHI 30JOTHHK 9 He-

I 2 f v g Q6XO,ELI/IM AJisi CO3J4aHHuA
Puc. 112. AXKyMyAITOP MCHOJb3YeTCs AJA MCHOBeH- IIPOTHBOJAABJICHHS B IH-
HOro MOABOAA XKHAKOCTH K LHHJAHHADY JIHHﬂpe npn OﬁpaTHOM

JABHIKEHHH  ILIVHXKepa.
IIpenoxpaBHTeNbHEIE KialaHbl HACOCOB / H 2 BCTPOEHH! B KOPIYCE STHX
HacoCOB.

Fnasa IX

OCHOBHbIE YCNOBMS HAAEXXHOCTHU PABOTbI
FTMAPABAMHYECKONA CHCTEMbI

BaskHOH 9KCIJIyaTALHOHHOH XapaKTepHCTHKOH Jo6o#f MAalMHB
SIBJISETCH K. I. [, HAJEeXHOCTh M JOJIrOBEYHOCTb. AHAJM3 NPHUHH OT-
Ka30B M HapylieHHH B pa6oTe ruAPoQHUMPOBAHHHIX MalUKH NOKAa3H-
BaeT, 4TO CoJibllasl YacThb HeHCHPaBHOCTell SIBJSIeTCS CJeACTBHeM 3a-
rpssHeHHs pabouefi XXHAKOCTH, HACHILCHHS ee BO3JYyXOM M HAarpeBoM.
Kaxap#i na atux (GakropoB cnocolCTBYyeT NPOSBJIEHHIO APYTHX Bpel-
HBIX SIBJEHHH. >

3arpssHenns pabouelt XHAKOCTH METaJJHYeCKNMH YacTsMH H a6-
PasHBOM MNPHBOAAT K NOBHIIEHHOMY H3HOCY M HapylleHHI0 paboTocmo-
cOOHOCTH NPEUHM3HOHHHIX Iap M 3JeMeHTOB ymjorHeHus. Hapymaercs
OCHOBHOe TpeGoBaHHe, NpPeXbABJASEMOe K INOABHXKHBIM COGIHHEHHSM:
3TO BLICOKAsi CTAGHJIBHOCTb CHJI TPEHMS U XOpoulag TI'ePMeTHYHOCTh,
HE H3MEHAINasgca B npounecce pabOTH. YBeJHUeHHe CHJ TPEHHS B 30-
JIOTHHKOBOH Iape anmapaTta yxyAlllaeT YyBCTBHTEJbHOCTH €r0, MNpH-
BOJHT K NOBHILICHHOMY H3HOCY H, KaK CJEACTBHE, YBEJIHUEHHIO yTeUeK.
Hepefko M3-3a NOBHILEHHOTO TpPEHHs IO CPABHEHHIO C YCTaHOBJIEH-
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HEIMH TeXHHYECKHMH YCJIOBHSAMH HPOHCXOJHT NOBPEXAEHHe HAM Das-
pyllieHHe NOBEPXHOCTeH 30J0THHKOBOI I1apHl.

s ouncTkH pabodeil JKHAKOCTH IPHMEHSIOTCA (GHIBTPH, BROOpD H
pPacCTaHOBKA KOTODHIX B FHAPOCHCTEMe HOJKHH OBITH 060CHOBAHBL

CyllecTBeHHOe BJIMAHHE Ha HaJZeXHOCTb H JOJITOBEYHOCTb PaGOoTH
THJPOCHCTEMEl OKa3bIBAIOT IEPHOAMYEeCKHe H HelepHOIHYecKHe KoJjie-
6aHMsa (rujpaBJndecKMH yJap), ypoBeHb 3BYKOBOTO [aBJIEHHS, KOTO-
pHIH B HacTosillee BPeMs perJaMeHTHPYeTCs BO BCeX MAamIHHAX, B TOM
YHCJIe B THAPOMUIUPOBAHHEIX, 4 TaKXKe BEJHYHHA CKOPOCTH KHAKOCTH
B CJAMBHBIX H HarHeTare/ipHbIX TPyOOIpPOBOAAX, NMOABEPralOIIHXCsA BO3-
JefACTBHIO JHHAMHYIECKHX HArpy3oK.

B pesyabrare MHOroJIeTHHX HCCJIeloBaHME H HaOmaioneHu# 3a pabo-
TOH rHAPOdHIHUPOBAHHOPO OGOPYAOBAaHHA YCTAHOBJEHH NPHYHHBI, OT-
PHIATEAbHO BJAHSIOIHE Ha paboTy THAPOCHCTEME], H pa3paboTaHH pe-
KOMeHJal}H, HCIOJb30BaHHe KOTOPHIX NPH HPOSKTHPOBAHHUH THADO-
(UIUPOBAHHHIX MAallHH H OTJAEJbHHIX €e 3JeMEeHTOB [IOMOXKET B 3HadH-
TeJIbHOH cTeneHH H36exaTbh HEMOJaJOK NMPH H3TOTOBJIEHHH H YCTPaHUTE
NPHYHHEL, CNIOCOOCTBYIOLINE CHHXKEHHIO AOJIOBEUYHOCTH T'HAPOCHCTEMDE
BO BpeMsl 9KCILIYATAl}H.

1. PaboumKe MMAKOCTH

B rugpaBanTecKHX cHCTeMaX paGoyas KHIKOCTh (Macsio) BHIOJMHA-
eT HecKOJMbKO ¢yHKIHA. OHa cay:XKHT AJA NepefadyH SHEPrUH OT HACo-
ca K noTpeGHTeNI0, CMAa3LIBaeT NOBEPXHOCTH TPEHHs BHYTPH TMADPAaBJIH-
YeCKHX arperaros W alnaparos, mpefoTBpallaeT KOPPO3HIO H B Pe3yJib-
Tate GecnpephIBHON UUPKYJALUMH B 3HAYHTEJNBLHOH CTeNeHu cnocolcTBY-
€T OTBOJY TelJa OT HCTOYHHKOB €r0 BhbiJe/IEHHUS. )

Tpebosanus, nperpABAsieMEe K paGodell KHAKOCTH, BeCbMa Pa3HO-
o6pasHbl. OHa JMOJKHA JJIHTENbHOE BPeMsl COXPaHAThL CBOM IIEPBOHA-
vaJbHEE CBOHCTBA, MMETh BA3KOCTH B mpelenax (17—200)10—¢ m2/c,
o6s1ajaTh XODOUIMMH HH3KOTeMIepaTYPHHIMH CBOHCTBaMH, GHTh Hel-
TPaJIbHOH K MaTepHastaM CHCTEME, OCOOEHHO K YNJOTHEHHAM M3 pe3H-
HH H JPYTHX MaTepHalOB, HMETh BEICOKYIO CTOHKOCTh K 0Opa3oBaHHIO:
SMYJIBCHH H JP.

Opnuoit M3 Haubosiee BAXKHEIX XAPAKTEPHCTHK XKHAKOCTH ABISETCS
ee 6a3KocTe. IIpn Manoi BSI3KOCTH XKUAKOCTb He yAepKHUBAETCS HA Ha-
IrpyXeHHOH Hecyliel MOBEPXHOCTH JeTaJiell Hacoca WJIH THIPOMOTOpE,
B pe3yJbTATe Yero MOKeT BO3HMKHYTH IIpeX/eBpPeMeHHEIlI H3HOC H
BLIXOJ M3 CTPOsl 3THX Aeranell. Masasg BSI3KOCTbL KMAKOCTH crocofcer-
ByeT yBeJHUYEeHHIO BHYTPEHHUX yTeYeK.

ITpu caumkoM GoJbUIOH BASKOCTH pabouefi KHAKOCTH YBEJUYHBA-
€TCsl MOILHOCTb, HeoOXOAMMAas [JIs WUPKYJASLHH KHAKOCTH, H CO3/a-
10TCs 0JIaronpUsATHLHE YCJIOBHS JJisi BOSHHKHOBEHUS KABHTAIHH.

IDTUM TPeOOBAHHSAM B 3HAUHTENBHONM CTENEHH YAOBJETBOPAIOT MH-
Hepa/sibHble Macja He(dTAHOrOo NpPOHCXOXKIeHus: Takwe Kak BHHUU
HII-403 (I'OCT 16728—71), AMI’-10 (F'OCT 6794—75), nomyckao-
mue paboTy rHAPOCHCTEME! B GOJBIIOM JHATA30HE TEMIEpPaTyp, Macia
TypOunnsle 22 u 22IT (TOCT 32—74), koTophle 061afai0T BHICOKHMH
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9KCIJYyaTALHOHHEIMM KauecTBAMH H3-3a JIETHPOBAaHHS HX B Ipolecce
HM3TOTOBJIEHUS] CHHTETHYECKHMH NIPHCAJKAMH; OHH DEKOMEHAYIOTCA IJs
TPEMEHEHHs] B THAPONPHBOAAX CTAHKOB. JIerHpylomye NPHCALKH yJayd-
IIAIOT CMAa3LBAIOILNE CBOHCTBA, YBEJHUHBAIOT INPOYHOCTH MAaCJASHOH
IJIeHKH, co3J1a10T (0Jiee BHICOKYIO TPOTHBOIEHHYIO CTOMKOCTb H YBeJH-
YHBAIOT CPOK CJAYKOH Macila IpH SKCIyaTalld U XpaHeHHH.
Ipakruueckn patouas XHAKOCTh CUHTaETCs HecxKuMaeMoli [2], no-
3TOMY CAeAyeT OXUAAaThb, UTO NepeMelleHHe NopIuHel (B LHAHHIPAX)
30JIOTHHKOB (B anmaparype) MOJIKHO OBITb MTHOBEHHBIM M TOYHBIM.
Bo3nyx B 3aMKHYTHIX KOHTYPaX HJH NOJOCTAX CHCTEMB], a TaKxe MeJ-
KHe Ty3bIpbKH, PAaBHOMEDHO paclpocTpaHeHHBle B Macje, H3MeHseT
€ro CBOMCTBO: MacJjo CTAHOBHTCS 3JACTHUHHIM, GJarofaps 4eMy peak-
1lMs TPUBOZA OKAa3bIBAeTCs MeJJIeHHee, a NepeMellleHHss MeHee TOUYHHL.
DAacTHYHOCTh MHHEPaJLHOro Macia Oco0eHHO CcKas3blBaeTcs IIpH
H3MeHeHHAX TeMIepaTyphl H AaBjenus. [loaToMy npH NpoekTHPOBaHHH
THAPOCHCTEM JHTBbEBHIX MALIMH JJd TeDPMOIIACTOB H DEaKTOIJIACTOB,
TIPeccoB, Tle HepelKo HCHOJbh3yeTcsi BHICOKOE JaBjaeHHe OT mpeobpaso-
Barejedl, a TakXke B CHCTeMaX, IpeJHa3HAYEHHBIX JJi CO3JaHUA
CHHXPOHHOH paGOTH HECKOJLKHX THADOABHraTeseH, AOJKHBI YYHTH-
BaThCs CKHMAaeMOCTh H H3MEHeHHe TeMIlepaTyphl Macia.
3asucumocts 06vema macaa or remneparypsi. C M3MeHEHHEM TeM-
Teparype Macaa H3MeHseTCH ee yHeJbHHIH ofbeM. DTa 3aBHCHMOCTh
xXapakTepusyercs KospduuHeHTOM OOBEMHOr0 paclUHpeHHS o, KOTO-
pHIfl 1JIH MHHepaJbHLIX MaceJ paBeH npHMepHo 7-10—* rpag—l.
Hamenenne ob6wema Macaa AV npu noBbllJeHHH TeMIlepaTypHl Ha
At onpejensieTcsi COOTHOLUEHHEM

’ AV = oAV, (99)

rie V — HauasbHBLE 06beM Macaa.

B 3aMKHYTOM KOHType THIPOCHCTEMH HarpeB Macja MOXKeT BHI3-
BaTb 3HAYHTE/NBHOE YBeJHUEHHE JABJEHHS MWJK HeXeJaTeJbHBIE Nepe-
MellleHH NMOJBHXKHOTO 3JeMeHTa (HalpuMe)p, NOpLIHS, IIYHXKepa MM
3onotunka). Ha puc. 113, @ u 6 nmoxazaHo H3MeHerue ofbeMa Macna
noj JefcTBHEM TeMIEepaTypHOro pacuiupeHus. Ecan nepBoHadaJbHHM
o0beM Macja B 3aMKHYTOM KOHType IHAHHApPa (puc. 113, @) Omun
V=sF, t0 ¢ yBenuueHHeM TemnepaType Ha Af ofbeM Macja H3Me-
HAETCS Ha BeJHYHHY

AV=AsF=cA#sF,
HJH

’ As = oAls. (100)
B unnunape ¢ naysxepoM (puc. 113, 6)
Asf = aAt[FI—f(l—s], (101)

TAe [ — maomanb nayHxKepa.

N3 dopmynw (101) caepyer, uro AHAMETp LMJIHHAPA HE BJHSET
Ha IepeMellleHHe [IOPIIHA [IDH H3MEeHeHHH of6beMa MacJa.

Ecan B 3amMkHyTOM KOHTYpe HmuaHpApa (pHc. 113, a) Haxoaurcd
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100 1 Mmacaa, TO ¢ YyBeJHUCHHEM

TeMmnepaTypel Macia Ha 50°C o6b- p 4
eM ee BospacraerT Ha AV=qaAtV=
=0,0007-50-100=3,5 a. ] 1]

Ecan nepronauaiabHOe paccrosi-
HHE [OPUIHA OT AOHBINIKA DHIHHApA
pasHsJoce 100 cM, To npu HarpeRe — | ]
MacJa Ha YKAa3aHHYIO BE&JAHYHHY [OP- ;
IIeHb CMeCTHTcst Ha 3,5 cM mpu
YCJIOBHH, UTO yCUJAMe, JeHCTBYIOlIee P |
Ha mTOK, P=const. ——T+—

O6mpem Macia u3MeHAeTCs IpH- b :Ll
mepuo Ha 0,66% c usMeHesHeM }——i-— . '
TeMIepaTyprl Macixa Ha 10°C. F| 4 Fy

1 |

a8

Jasi koMmeHcanun o6GBEMHOrO

pPACHIHDEHMSI Macja peKOMeHJyeTcs L{>—— LO——
K 3aMKHYTOMY KOHTYPY HOAKJIIOUHTD a 5

NPeIOXPAHHUTENbHEIH KJANaH MWIH  pyc 113, [IpHMeps, HATOCTPHPYWOULHE
Fa30ruJpaBaHYeCKHH aKKYMYJATOD npupalieHHe o0beMa Macna B UHAHHA-
COOTBETCTBYIOILEH €MKOCTH. pe ¢ YBeJHYCHHEM JABICHHI
3asucumocTd B8A3KOCTU MACAQ

oT Temneparypsi. BEpasurh 3aKOH H3MEeHCHHS BSi3KOCTH OT TeMIeparTy-
pbl MaTeMaTHYeCKHMH YPAaBHEHHSIMH He IIPeJCTaBIACTCS BO3MOXKHBIM,
IO3TOMY B NIPaKTHKE NMOJB3YIOTCS 3MIHPHYECKUMH 3aBHCHMOCTAMH [1].
B ofmem ciayuae macJaa, npejHa3HaYeHHBle /s 9KCIJYaTallHH B LIH-
POKOM TeMIePATYPHOM JHana3oHe, CUHTAIOTCS HNPHTOJHEIMH, €CJH HX
BAA3KOCTb IPH HM3MEHEHHH TeMIrepaTyphl B npefenax =+ 50°C uaMeHseTCs
He 6oJiee yem B 100 pas.

CHuXeHHe BSI3KOCTH C HOBHILIEHHEM TeMIEpPaTyphl Macia IpHBO-
OUT K YBEJHYEHHIO yTeuek, IlepeTedek, a TaKKe pacxoja JKHJAKOCTH B
JNPOCCeNHPYIOMIHX YyCTPOHCTBAX, KOTOPHIMH ONpelensiercss CKOpOCTb
HepeMelleHds] HCIOJHHTENbHEX MeXaHH3MOB HJIM OpPTaHOB YHpaBJe-
HHs. B ruppocmereMax OTA@NOYHO-DACTOYHBIX M HEKOTOPHIX HLIH(O-
BaJIbHBIX CTAHKOB, B CTAHKAaX JJIf IMIyOOKOTO CBepJeHHs, Te BO BpeMs
06pabOTKH CKOPOCTh AOJKHA OBITh NOCTOSIHHOH, NMPHMEHSIOTCA ycTa-
HOBKH J/ISl CTAOHJIM3ALHH TeMIIepaTyphl MacJja.

. 3asucumocts o6vema macaa or Oasaenus. Monyns ympyroctu
Maces, PeKOMEeHJOBAHHEIX sl HCHOJb30BAHHA B THIPOCHCTEMAX, Ha-
xonutcsa B npenenax (1,35—1,6) 108 MIla, Toria kak MONyJb yOpy-
FOCTH CTaJk HMeeT BeauunHy 2,1-10% MITa. M3 srtoro caeayer, yto
macsio B 130 — 150 pa3 cxkuMaercs 6oJblie, 4eM CTab.

Ynpyrue nedopmaunn (CKHMAeMOCTb) JKHIKOCTH B NMOAABJSIOLIEM
GOJILLIMHCTBE CJydaeB fIBJIEHHE OTPHUATENbHOE. B YaCTHOCTH, CXKH-
M4eMOCTb }HAKOCTH INOHHIKAET XKeCTKOCTh THAPAaBJIHYECKOH CHCTEMEH H
MOXKEeT BbI3BaTh HapylLIeHHE ee YCTOHYHMBOCTH IIPOTHB aBTOKOJeOaHHH,
VXyAmaeT AMHAMHYECKHE XapAKTePHCTHKU THAPABIHYECKHX CJAEHAIIHX
CHCTeM, CO3/aeT B MarucTpaliaXx H THAPaBIMYECKHX arperatax a¢-
¢exr ruapaBaHYecKOH NMPYMKHHBI, HEe NO3BOJSET CO3/aBaTh YCTPOHCTBA
7 269 : 201
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HJHA MalluHel, TAe Tpe6yercs CTporas KOOPAHHAMHS /ABHMKEHHA HeC-
KOJIbKHX MCIIOJIHHTEIbHBIX MeXaHu3MoB. JKecTKOCTb CHJIOBOrO HHJIHMH-
Ipa, BOCIHPHHHMAIOIIEro BHEUIHHE HArpy3KH, ONpejessieTcs TIJaBHBIM
06pa3oM CXKHMAaeMOCTbIO 2KH/IKOCTH.

B pe3ysabTaTe CXXHMaeMOCTH >KHIKOCTH CKOPOCTb NOPIIHA (ILIyH-
XKepa) MoxkerT KosebaTbcsi IpH TlepeMeHHOH Harpyske. B Takmx
clIyyasix HepelKo CUHTAIOT, UTO 5TO BEHI3BAHO B OCHOBHOM BHYTPEHHHMH
YTeuKaMH JKHAKOCTH Uepe3 IOCaJOYHEE 3a30DH B ammnaparype H Iu-
JHHApe. B 1efcTBHTENLHOCTH PaBHOMEDHOCTb CKOPOCTH MOPIUHA HpH
H3MeHsIOIlefics HAarpyske Hapyuaercs He TOJbKO H3-3a yTeueK, HO H
H3-32 CKHMAeMOCTH JXKHAKOCTH, IpHYeM BTOpasi MPHYHHA HEPENKO SB-
JsieTcsl pelawlen,

b TII. BacuabeB [12] Ha KOHKpeTHOM NpHMepe NMOKAa3aJ, 4TO B CH-
cTeMe ¢ yBejgnueHHMeM Japienns o 32 MIla yTeukH yMeHbIIHJIH
CKOpOCTb ITyHXKepa (B npecce) Bcero Ha 8%, B To BpeMs Kak oOllee
CHH2KEHHe CKOPOCTH 3a CUEeT CKHMaeMOCTH XKHIKOCTH cocraBuio 38%.

BMecTe ¢ Tem cKHMaeMOCTh JKHIKOCTH HIpaeT B ONpefejeHHOM
CMEIC/Te POJIb IOJOXKHTENbHYIO, CHH:KAs YAape B MOMEHTH 3abpoca
JaBJIeHHs], NIePEKNIOUEHHS CKOPOCTH, peBepca. JTO CBOHCTBO XKHAKOCTH
HCHOJb3YeTC AJfA CO3MAAHHA JKHAKOCTHBIX NPYKHH, aMOPTH3aTOpPOB,
OydepHHEIX yCTPOHCTB, JaBieHue B KoTophix gocturaer 200 MIla u 6o-
see. Ilopobuele ycTpoficTBa 3amOJHSIOTCS CIHELHANbHBIMH COPTaMH
KHAKOCTH, KOTOpHIe IIPM NOBHIIEHHH nAaBaeHus jo 350 MIla ymeHns-
HIaoTcs B o6beMe npuMepHo Ha 17 — 189 [12].

JHeprus, pacxojlyeMas Ha CXKaTHe JKHIKOCTH, NIPaKTHYECKH He-
o6patuma. OOBACHAETCS 3TO MAaJEM OTHOCHTEJNbHBIM H3MEHEHHeM
o6beMa KHAKOCTH Jaxe IpH GOJbUIHX Nepenafax jAasaenus. Hamene-
HHe ofbeMa i ¢ IpHpallleHHeM [aBJeHHS Ap onpejeisercd 3aBHCH-
MOCTBIO

AV = —BApV, nnu p = — ———, (102)

rie V. u AV — yauanpHENE OObeM IKHAKOCTH H H3MeHeHHe o6peMa
JKHAJIKOCTH C YBeTHUUEHHEM KaBJESHHS.
Besanuuna, o6parHasi §, Ha3elBaeTcsi 0GbEMHEIM MOAYJEM YHpyroc-
TH ¥XHAKOCTH IIpH BCECTOPOHHEM CKATHH:

1
E = —BMI'Ia.
Ypasrenue (102) nocse HOACTAHOBKH JIpPHMET BHJ, .
AV
AV = VT .

Pa6ora, coBepmiaeMast INOpHIHEM, IIPH TNOCTOAHHOM Nepenaje

JAaBJjieHHA l

Pa6ora, uaymas Ha cxaTHe XKHMIKOCTH, C HEKOTOPHIM NPHOIHXKEHH-
eM MOKeT GHITh 3allHCaHa TakK:
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2
AZ=AV—-A2—I7—~v HIH A2=--—V~§%.' .
Torna
A, VAp? Ap
A, T T TovapE T E”
Ecau npunare E=1500 MIla, a Ap=30 MIIa, To
A 30 1
A, 21500 100 °

310 03HauaeT, YTO paboTa CKATHA KHJIKOCTH, T €. SHEprus, ak-
KyMyJHpyeMasi B XUAKOCTH, OUeHb Maja IO CPaBHEHHI ¢ paboToi
fiepeMelleH s.

OnHako yIpyrHe cBOHCTBAa MJKOCTH MOTYT OBITH MHCIOJIb30BAHHL
ISl CO3TAHMS MMIOYJBCHOTO THAPONPHBORA YAAPHOro NeHCTBHA, KOTO-
PHll IPHMEHsieTCS B' MOJOTKaxX H B MOIIHHX HCHHTATENBHEIX YCTaHOB-
Kax B KavecrBe BcTouHuka BrOpauuu. IlogoGHEIfi npuBOX NO3BOJSET
nosry4ntb 300—400 uMnyJibcos (Xon0B) B MEHHYTY [3]

B npakTHKe IpPeccOCTPOEHHS H CO3JAHH# JIHTHEBHIX MALIHH A0Ka-|
THe IJIYHXKepa MM NOpIUiHA B KOHEUHOH cTajuu ¢$opMoobGpasoBaHHS
H3[e/Hsl MIPOU3BOAUTCS MPH BHICOKHX AaBJEHHSAX, NOCTYNAKOIIHX K pa-
GoueMy UHJIMHAPY Hepelko oT IpeofpazoBaTenss pgasjaecHus. B aToMm
cJaydae o6beM KaMephl BBHICOKOrO JAaBJeHHs B npeobpasoBaTene ompe-
Jesiercss 3aBUCHMOCTBIO u

i Vn'—_AVu‘I'A V1+qﬂt+q&t’

roe AVy AVr — o6beM Macja, HEOOXOAUMHE /A KOMIIEHCAlHH
Toro o6beMa, KOTOPHI MOKeT 06pa30BLHIBATHCH H3-
3a CXKaTHf Macja COOTBETCTBEHHO B IHJHHApE H
B TpyOomnpoBoje Mexly npeoGpa3oBaTesieM H HH-
JIHHADPQM;
Qu, ga — YTEUKH B DHJHHADE H anmapaType, PacHoJIOMeHHOH
Mex ]y npeo6pasoBaTeseM H HHIHHIPOM,
t — BpeMs, HeoOXONHMOe AJA HORJEPKAHHS BHCOKOTO
IaBJdeHHAs] B HHJHHIApE,

Ilpn onpenenennn ob6bema Macia, KOTOpOe NOMXKHO GHTb HOIOJ-
HHTEJbHO BBENEHO B 3aMKHYTHIH KOHTYp MeXAy npeoOpasoBaTesaeMm H
LHJAHHAPOM, Cle/llyeT YYHTHIBATb IIOMHMO CXHMAaEMOCTH Macja TaK¥ke
NedopMaluy IHMJIHHADPA, BO3MOXHO KOJOHH HJM CTaHHHH H TPyGO-
IPOBOJOB.

B wactHOCTH, yBenHueHHe o6beMa Macia B UuaHHApe (puc. 113, a)
¢ IpupalleHieM AaBJjeHHs Ha Ap Bupasutcs dopMyJo

AV = —g—[ (D-+AD)?(s-+As) — D2s],
D
rae AD = SE (01 — pos) — mpupalleHHe JuaMmeTpa UMJIHHADA,

s v
As = £~ (02 — wo|) — BeIMUHHA HepeMeleHHus MOPIIHS;
i g
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ApD ’

Oy = Ty — MEPHIHAJbHOE HANIPsIXKEHHE;
ApD
01 = —p,— — OKPYIKHOE HANPSKEHHE; |

b — To/HHA UHIHHADA;
n — koadpunuent ITyaccona;
E; — MORyJIb IPOJIOJLHOH YIPYTOCTH.
¥YBeanuenHe ofbeMa Macja H3-3a JgedopMauuu TPyOOIpPOBOLOB

onpenensiercst aHajgorugHo. ITpakTHdecku KoadphuUHeHT TedopMauHK
TPYOOIIPOBOLOB COCTaBNASET IS CTAJbHEIX TPyOONpoBoaoB ~ 5% H
I aJIOMHHHEBHX ~ 15% BenuuuHH KO3(h(HIHEHTa CXKHMAEMOCTH
kugkocta [1].

Bosdyx s 2udpasauseckoii cucreme. Pazauuyaercss TPH COCTOSHHSA
cojepxanierocsi B pabouell XKHAKOCTH Bo3AyXa: CBOOGOJHHIH BO3-
LYy X ~— BO3AYlIHbe HOAYLIIKH M Iy3HIpH, CONpHKAacaioliHecs €O CTeH-
KaMH 3JIeMEHTOB THADOCHCTEMBI; TaK Ha3HBAEMBIH BKJAIOYEeHHHH
BO3 [y X — MeJIKHe Ny3blpbKH BO3ZyXa, OKPYKEHHHE CO BCeX CTOPOH
paboueil XKHAKOCTbI); PACTBOPEHHBH BO3LYX, He YBEeJHUH-
Bawomuil o6beM XKUNKOCTH. PacTBOpPEeHHEIH BO3AYX MOMeET BHAEIATHCHA
H3 JKHAKOCTH, IPH INOBHINEHHH ee TeMIEepaTyphl HJIH IPH NOHHMKEHHH
JlaBJIeHHS.

Bosnyx, Haxoxsmuiics B cHCTeMe, YMEHBUIAET KeCcTKOCTh YHpaB-
JIEHHS ¥ MOIIHOCTb, YCKOPSIeT Pa3BUTHE 3PO3HH H KABHUTAILHH, CHHXKAET
MOJAYJb 06beMHEOH YHPYrocTH pabodel XKHIKOCTH. )

Ilpu cogepxanuu Bo3ayxa B 1 u 4% MOAyJ b YNPYroCTH COCTaB-
JIFIOT COOTBeTCTBEHHO Jumb 38 m 219 wmoayas ynpyrocta paboueit
JKHAKOCTH, He cojepxKaliefl BO3AyXa, a 3JKCTPAMNOJHPOBAaHHOe 3Hade-
HHe MOAYJA YIPYTOCTH IIPH conepavHH Bosiyxa B 10% cocraBaser
Bcero 9,8% HOMHMHAJBHOH BeJIHUHHKL.

Jns yerpaHeHHs BO3AYIUHBIX NOAYIIeK H3 THAPOCHCTEMH Heo(Xxo-
JHMO B BeDXHHX TOUKAX CHCTeMHl (HEpEAKO B CHJVIOBHIX UMJIMHAPAX)
npelycMaTpHBATh CHEelHaJbHBIe YCTPOHCTBA, ¢ NOMOLIBIO KOTOPHIX 31H-
30[IHUECKH yIaAeTcs BO3AYX

PacTeopeHHBIE BO3AYX H3 JKHMIKOCTH MHTEHCHBHO BHJelsieTcs IpH
pe3KoM InajeHuu napieHns. Hanpumep, ecan pabouas XKHEKOCTb, CO-
depxamas 10% pacTBopeHHoro BO3AyXa, HOABEpraercs Bo3AeHCTBHIO
JaBJeHHHd HHKe aTMOC(HEPHOr0, TO OKOJO !f3 pacTBOPEHHOro BO3AyXa
MTHOBEHHO BBIJENSI€TCS B BHJAEe NY3BIDbKOB CBOGOAHOro Bosayxa [6].
SToT NpoIece YCIOBHO HA3LIBAIOT KaBHTallHell, TOCKONbKY YCJAOBHSA €ro
BO3HHKHOBEHHS, IPOTEKAHHSA H NOCJeACTBHA TaKHe e, KaK H B cayyae
HCTHHHOR KaButanud. HauGosee xapakTepHuIMH TPH3HAKAMH 3TOTO
mpoliecca HABJSIOTCS THApPaBJHYUECKHE YIAapHl, TOAYKoOoOpasHHe Hepe-
MeHIeHHST HCIOJHUTE/bHOT0 MEXaHH3Ma, CHJBHHe WIYMBI M o6pasoBa-
HHE IeHH B pesepByape IAad macna. BenefcTBie MHOTOKPATHOTO MIHO-
BEHHOTO pAaCLIHPEHHs U CXKATHA MY3BIPbKOB, 06pasyiomuxcs OpH KaBH-
TauHu, Habalofaercss 3HAUATENbHBII MECTHBIA HaArpes, KOTOPHIH cIO-
coOGCTBYET 3PO3HH.

Kasuranus MoXeT BOSHHKHYTb IIPH HeJOCTAaTOYHOM Iporpese pabo-
Yyel XUAKOCTH, YPE3MEPHOH YacToTe BpallleHHs Hacoca, HeZOCTaTOYHOM
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ypoBHe Macja B Oake, 6OJbIINX CKODOCTAX ABHXKEHHsi XHAKOCTH B y3-
KHX IeAsX U 1p.

BMmecto MEHepaJbHEIX Maces TOJYYH/IH PACHPOCTPAHEHHE XKUILKOC-
TH Ha BOHHOH ocHOBe. BoaHO-T/INKO/eBbie XKHAKOCTH arpecCHBHH K Ma-
THHEBHM CII4BaM, UMHKY H KaAMHIO. BoAHKeE pacTEOpH NPUMEHSIOTCH
B THIPOCHCTEMAX ONACHBIX B MOXKAPHOM OTHOWIeHHH., OHH He COBMECTH-
MBI (He CMEIIMBAIOTCA) ¢ APYTHMH palOuuMH KUAKOCTIMH H HE MOTYT
6BITb PEeKOMEHIOBAHB B T'HADOCHCTEMAX, HMEIOIIHX HACOCH H THIPO-
MOTOPHI C MOAUIKMIHHKAMH CKOJbKeHHA. CHHTeTHYeCKHe XKHIKOCTH J0-
porocTosilliie, OHH TAXeJee Mac/]a, BCACHIBAONIAA CHOCOGHOCTb HACO-
COB HPH HX HCIOJb30BaHHH YXyAllaercA. HexorTopele CHHTeTHUZeCKHe
JKHAKOCTH COCOGCTBYIOT GHCTPOMY H3HOCY PE3HHOBHIX VINIOTHEHHH [6].

2. MckyccTBEeHHOE OXMAMAEHHE IUAKOCTH B rHAPOCHCTEME

B ruapaBIHYeCKHX CHCTeMA&X, OCOOGHHO C IPOCCEJNbHBIM DPEryJaHpO-
BaHHEM CKODOCTH, 0oJiblllasi yacTh 3Hepruy ImpeobpasyeTcs B TeIJo,
TaK KakK BO BpeMs pabouHx IepeMellleHHH HCIIOJHHTEJNBHOIO MeXaHH3-
Mma (Han6oJsee JJIHTENbHBIX) 3HAYUTENBHAS YACTh XHIKOCTH OTBOXHTCS
gepe3 HAaNOPHHE 30J0THHK B 6aK NMOA JaBjeHHeM. 3TO IPOHCXOAHT
TaKXe B TOM CJyuyae, KOTJa He HPeAyCMOTpeHa pas3rpy3ka Hacoca (4a-
CTHYHAS HJIH TOJHAS) NPH BHICTAHBAHHH HCHOJHHTENLHOTO MeXaHHU3Ma
Ha ynope HJAH B HCXOIZHOM MNojIoKeHHH. [[/19 npenoxpaHeHHsS XKHIKOCTH
OT neperpeBa eMKOCTb Gaka B 9ToM caydae puibupercsa (2—3) @, rae
(Q — MHHYTHasi POH3BOJAUTENLHOCTh Hacoca, BoapiLke rafapurn 6aka
NPHBOAAT K YBEJHUECHHIO Pa3MEPOB MaIIHHHL H €e Beca.

O6beM xkuAKOoCTH B 6ake MOXKHO 3HAYHTENbHO YMEHBUIHTH, NPH-
MEHsAS HCKYCCTBEHHOe BOJSHOe HJIM BO3AYIIHOe oXJaxXaeHHe pabouell
JKHIKOCTH B THADOCHCTeMe. BBefleHHe HOAOOGHBIX YCTPOHCTB 3HAUH-
TeJbHO yMeHbluaeT rabapHTH 06aka, a npH HeGOJIBUIHX pasMepax €ro
obsiervaercs oObeJHHeHHe Hacoca ¢ 6akoM H ammapaTypod B caMo-
CTOSITEJbHBIl y3eJ — HACOCHYI0 YCTAHOBKY. [IpH 3TOM y.IydIIamoTCs
YCJOBHSI OCMOTPA H PEryJNHPOBaHHS QYHKUHOHAILHBIX Y3J0B, YIpoma-
ercs repMerusanus 6aka W He MOABepPraioTCs HATPeBY CTaHHHA H Apy-
rHe KOPNyCHBle JIeTasH, TeMNepatypHas debopMalus KOTOPHIX HCKa-
JKaeT NMepBOHAUAJbHOE B3aHMHOE paclojioeHne MexanusmMoB. Crabu-
JH3aLHs TeMIOePaTypbl Macja B THIPOCHCTeMe HeoOXOZMMa B CTaHKaX
BEICOKOTOUHHIX (OTZeJ0YHO-PACTOUHEIX, 3aTOYHHIX, LIIH(OBAaJBHBIX H
ap). KpoMe Toro, HacocHas CTaHIHs, BHAENEHHAS B CAaMOCTOSATEIbHBIH
y3eJl, yMeHblllaeT BJHsIHHe BHIHYXJeHHEIX KoneGaHH#A Hacoca W Hamop-
HOTO 30J0THMKa (B036yxKaamioumiero xosnebaHHs B CHCTeMe B MOMEHTH
cpafaTbiBaHHs) Ha YACTOTHHIE XAPAKTEPUCTHKH HCHOJHHMTEIbHHX Me-
XaHH3MOB.

ITpumenutenbno X crankam paspaborams 8 SHHUMC [10] nacoc-
uble ycranoBku [48-2 ¢ onumm  Hacocom, I'48-3 ¢ AByMsa HacocaMy,
T48-1 ¢ 1ByMs HacOCaMH M ¢ He3aBHCHMBIM TIOTOKOM muikoctd. Ha
5THX YCTAHOBKAaX IMPELYyCMOTPEHH HODMaJbHAS TOHKAs GUIAbTpaUUT
KUJIKOCTH H cTabuJau3alys TeMIepaTypH € OMOUIBI0 BO3AYUIHOO OX-
JJaXXJIeHHd B pajuartopax.
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f 3. ®unbTpauus pabouei HMAKOCTH

PuabTp siBAsfercs o6Gs3aTeNBHBIM YCTPOACTBOM JIOGOH 'HApAaBMH-
yecko#t cacreMbl, OObsCHSAETCA 9TO TeM, UTO 3ar'pA3HEHHS, HMEIOUIHECS
B paboyed XKHIKOCTH, HApyIIAalOT NePBOHAYAJbHLIE XapAKTEPHCTHKH
THAPABJHYECKHX ANNapaToB H arperaroB. B npeloxpaHHTENbHBIX Kjaa-
NaHax K HANOPHEIX 30/0THHKAX 3arpA3HeHHsl BHI3LIBAIOT 3aKJIHHHBAHHE
30JI0THHKOB, CTYK, JIOXKHOe cpaGaThiBaHHe H H3HOC MeCT COIpSKeHHs,
B pacnpelesHTeNIAX — 3aeJaHHe 30JIOTHHKOB, YBeNHUeHHE YCHJHS, He-
06X0aHMOro s OCEBOTO CMelleHHS 30JI0THHKOB, YBeJHUYeHHe YCHJIHA,
HeoOXOAHMOIO AJs OCEBOro CMellleHHs! 30JI0THHKOB M, KaK CJelCTBHe,
BRIXOJ H3 CTPOS SJEKTPOMACHHTOB, PACCUMTAHHBIX Ha OllpelefieHHOe
ycuine; B o0paTHBIX KNaNaHaX — H3HOC 3AMHPAIOILETo 3JeMeHTa | Cell-
Jla, H3-3a Yero HapyIlaeTCs rePMETHUHOCTb; B JApOCCeNAX — 3PO3Hd
OCTPHIX KPOMOK; B HHIHHAPAX — HHTEHCHBHBIN H3HOC IITOKOB, BHYTPeH-
Hell MOBePXHOCTH UHJIHHIPOB H YIIOTHEHHH,

HencnpaBrocTH M3-3a 3arpsA3HeHUH NPHBOISAT K BHE3aNHOMY Hapy-
IieHui0 paGOTHl CHCTEMBHl, YTO BHI3LIBAETCST YACTHLAMH DPasMepoM
100 MM u GoJiee H NOCTENEHHOMY BLIXOAY H3 CTPOS HJH Pa3pyUIEHHIO
OTJeJbHBIX JeTajefl, TAK KAK B CHCTeMe HMeeTcsl GOJIbIIoe KOJHYECTBO
MaJIBIX 9aCTHI.

B coBpeMedHHIX rHApPO(HIMPOBAHHLIX MAalIHHAX HeEPEIKO HCHOJb-
3yeTcs BBHICOKOe HNaBnenHue (mopsaka 15—25 MIla), a nosromy raGa-
pPHUTHBIE pa3MepHl aNapatoB, arperaToB H CONpsiraeMhHX JeTajell B
3THX YCAOBHSX 3HAYHTEJIbHO YMEHBIIHJIHCH, NPUYEM MONOJIHHTENIbHEIM
YCJOBHEM SIBJsieTCA TeHAEHIHsI K YMEHBIUCHHIO 3a30D0B, 4TO, KakK Ipa-
BHJIO, TIOBBILIAET HX UYBCTBHTENBHOCTh K 3arpA3HEHHSM.

3arps3HeHHsT BHOCATCS B CHCTeMY Y:Ke IIPH 3a/iHBKe MacJa U Ko-
JHYECTBO HX YBEJHYMBAETCS 3a CUET H3HOCA MOABHIKHEIX yacTeld (B Ha-
coce, THApOABUrarese, B annaparype). UacTHllsl IEJIH MOTYT NPOHHK-
HYTb B 0aK B pesyJapTare BcachBalollero sd@ekTa; aHaJorHYHOE MO-
JKeT TPOH30UTH NPH HEeZOCTATOUHON TrepMeTHUHOCTH YIJIOTHEHHH HITO-
Ka H APYrHX coefureHHH. IIpoayKThl KOppO3HH, NMOSIBICHHE KOTOPHIX
BHEI3BAHO KOHAEHCHPYIOLIEH B CHCTEME BJIaroi, TaAK»Ke OCTAIOTCST B MacJe.

OCHOBHY10 9acTh 3arpssHeHHi pabouMx KHUIKOCTeH, KaK MOKas3aiu
HCCIIEIOBaHHsl PA3JHYHHIX aBTOPOB, COCTABJRIOT KBApll, NOJIEBHE WINa-
TH H OKHCJH MeTasjaoB. PasMepnl aTHX yacTHI KoJieGaiOTCSt B Hpele-
aax or 1 mo 100 MKM c HpeHMyUIeCTBEHHHBM IMIpeobJafaHHeM HacTHIL
pasmepom 10—25 mxm. Yactuun kpynHee 100 MKkM 3alep:xHBamTCA
¢$HABTPAMH JIETKO, CPABHHTEJLHO JErkKo OT(HILTPOBHBAIOTCA (HJBT-
paM# TOHKOM OYHCTKHM YacTHOB! BeJnuHHOA oT 5 mo 100 MM, HO Aad
YJaaBJIMBAHHUA YACTHI[ PasMepoM [0 5 MKM HeOOXOAMMBI CHelHaljbHEe
H Joporoctosiine QUILTPH.

Hccnenosanns, nposedennnie I. A. Hukuraueim u C. E. Kpachuu-
kum [32], nokasaJu, 4ro 3arpsisHeHHs B pabodel XKHJAKOCTH THAPOCHC-
TeMBl 3HAYHTENBHO MOBHILIAET YCHJHE, HeoGXOLMMOe [JIs OCeBOro Ie-
peMelieHds: 30JOTHHKA B pacnpelenurene (tuna 4I-73), u uro ¢ BBe-
JeHHEM B CHCTEMy QHMJIBTPOB 3TO YCHJIHEe yMeHbllaercs. Tak, npH
nasjenud 5 MIIa u oTCYTCTBHH (DHIBTPOB Yepe3. HEKOTOPOEe BPeMs CH-
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J1a, MPOTHBOAEHCTBYIONIAs CMelleHHIO 30JI0THHKa, focrHrana 175 H.
Ilpn BBeleHHH MOOYEPeNHO IIACTHHYATOrO, (GeTPoBOr0 H GYyMaXKHOro
(GHABTPOB 3Ta CHJIA COOTBETCTBEHHO cocTaBadana 130, 45 u 30 H.

TBepnocTe HEKOTOPLIX KOMHOHEHTOB 3arpsi3HeHHH, Hanpumep abpa-
3uBa (KBapua), IPeBHIIAET TBEPJAOCTh MATEPHAJOB, H3 KOTOPHIX H3-
FOTOBJIEHH JeTaJH TujapoarperatoB. [laxe HeGoablioe KOJHYECTRO
TAKHX YACTHI NMPHBOIMT K reHepalluy GOJbHIOTO UMCAA HOBHX, ‘BHI3HI-
BAIOWKX 3HAYUTEJBHBEI H3HOC TPYMIMXCS Hap FHIPOATPEraToB H B Me-
KOTOPHIX CJIy4Yasx HX moBpexjenve. Pan uccaenosarenedi [4, 15, 21,
24, 32] ykasniBaer Ha HeDGXOIMMOCTH TOHKOH (DHJABTPALHH C LeBIo
yAaneHusa u3 paboyed KHAKOCTH (paKLHH, COH3MEPHMbIX ¢ 3a30paMH
MeXIy MOABHXKHBIMH COeIHHEHHAMH. Tak, A/ 30JI0THHKOBHX pacmpe-
Jenurtesed caelflIMX cHeTeM, pafoTalIuX IIPH BLICOKMX JAAaBJIEHHSX,
IIPH BeJHYHHE 3a30pa MeX/]y 30J0THHKOM M BTYAKOH 0T 2 10 4 MKM,
yCTaHaBJIMBAaeTCs [Ba, a HHOIZA H TPH (HUIbTPA, H3 KOTOPHIX OAMH
npeAHasHayer IJis TOHKOR OUYHCTKH XHAKOCTH, 3afepxKuBarmoumuil yac-
THIH pasMepom 1—2 mrm [27].

Kak ykasmBaer T. M. Baiura, 3arpssHenne pabounx KHIKOCTell
Pa3JHYHEIMH NPHMeCAMH CHHKaeT HaJeXHOCTb H CPOK CJAYXKOHI THApa-
BJHYECKUX arperaroB uHorja B 10 pas.

IIpy npoexTHpOBaHHMHM THAPABJIHYECKHX CHCTEM CJeAyeT HMETh B
BHAY, 4TO (PHJIBTPH [0 Mepe 3arpsI3HEHHA OKA3HBAIOT NOTOKY XKHIKOC-
TH BCe BO3pacTaiollee CONPOTHBAEHHe, KOTOPOE C OHpe/efeHHOTO MO-
MeHTa CTaHOBHTCA HemonycTHMHM. IlosToMy Heo6xomuMa TepHOH-
yeckasl OYHCTKA (QHJABTPYIOILEro sjeMeHTa HJH ero 3ameHa. B mexo-
Topux ¢uaprpax (tunma @®I17, ®C7) npexycmorpeHn mepenyckHoh
KJIanaH, KOTOPHIii NPH NOBHIIEHHH Nepenaja JaBjieHus Ha QHILTPYIO-
IIEM 3JIEMeHTe BCJIEACTBHE ero 3aCOpPeHHs (a TakiKe yBEeJHYEHHs BHA3-
KOCTH WM pacxoja MKHAKOCTH) OTKPHIBaeTcs, MPONycKas XHAKOCTH
yepes Kopnyc ¢HIbTpa, MHHYs OGuAbTpylomui sjdeMment. B kphiuke
3THX (HJIBTPOB BCTPOEHO MHAHKATOPHOE YCTPOHCTBO, CHTHAJH3HDYIO-
ee O 3aCOPeHHH QUILTPYIOIJEro 3/1eMEHTA, @ TaKikKe MAarHHT-30JI0T-
HHK, 3a/lepXXHBAOIHH QieppOMarHuTHHE YACTHIHL.

Tlo ToHKOCTH QHABTPALHA GHUILTPH, OPHMeHSEMBle B THAPOCHCTE-
Max, AeJsATCS Ha TPH IPYNNs: rpy6oil, HOpMaJAbHOR H TOHKOH OWHCTKH.
K nepsoii rpynne otHOCATCE (GUIBTPH, 3aJepXKHBAIOIIHE YACTHILD
paamepoM Gosee 0,1 MM. D10, KaK TPaBHIO, CETIATHE PHUIBTPH, KOTO-
pple YCTaHABJIHMBAIOTCH HA BCACHIBAIOIIUX MAarHerpanisax. GUIbTPH IS
HODMaJIbHON GuabTpauuu 3agepxuBalor yactauu or 0,1 go 0,056 MM
(nnacTAHyaTHe, cetdartbie). B TpeThio Tpynmy BXOAAT (HILTPHL BOH-
aouHse (QerpoBhie), KapTOHHHE, yAepXKHBalOMHe (QPAKIHH [0
0,005 mwm.

Ilpu ompenenennn Mecta ¢GuJAbTPa B THAPABJHUECKOH CHCTeMe He-
o6xoauMo cobroaTh TaKHe TpeGOBAHHU:

GHUIbTPH, BCTPOEHHBlE HA HANOPHOH MAaTHCTPAJH, AOJKHBL OHTH
PacCyHTaHBH HA MAKCHMAaJabHO BO3MOXKHOE JaBJieHHE B CHCTEMeE;

GUILTPH AOJKHBI YCTAHABJHBATHCA B MecCTax, YAOOHBIX AJs HX
JAEeMOHTAXKa, 3aMeHbl (QPUILTPYIOLLErO 3JeMeHTa H CNHBA O0TPaGOTaHHO-
ro Macja H IIaMa;
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He3aBHCHMO OT MECTa YCTaHOBKH (PHJIBTPA B cHCTeMe HeoGXOAHMO
NpefyCcMaTpPHBATL €ro 3alllHTYy; eCJIH B CHCTeME BO BpeMs palboThl BO3-
HHEKAIOT 'HIPaBJIHYECKHe YAaphl H He IPeIyCMOTPEHH YCTPOHCTBA IJIsi
KOMIIEHCAN¥H ¥X, TO (QHILTPH B TAKOM CJyuae Jydlle YCTAHAB/IHBATH
Ha CTMBHOK MarucTpaJiy, Ile JaBJeHHe MaJio,

npHeMHBle (DHJIBTPH PEKOMEHAYEeTCH YCTAaHaBJHBATh HHXKE YPOBHSH
Macja, TaK Kak B NPOTHBHOM ciaydyae BO3MOXKHO 3acachiBgHHe BCIle-
HEHHOro Macjia H ¢ HHM BO3AYXa; CONMPOTHBJIEHHE MPHEMHOro (GHALTPA
Py 3TOM He JMoXkHO mpeBbimath 0,01—0,015 MIla; so wusbexanue
3acachlBAHHsT MEXAHHYECKHX NpHMecell W LI1aMa, OCeBLIMX Ha JHe 6a-
Ka, NIpDHeMHBI GHJIBTP PEKOMEHAYETCS YCTAHABJIMBATH C TAKUM pacue-
TOM, 4yTOOB HHXKHSISI KPOMKa CeTKH HaxoJuJjach OT AHa 6axa Ha pac-
CTOSIHAM, PABHOM YTPOGRHOMY NHAaMeTPY BcachBawollell TpyOH.

Ycranoska (uastpos 8 eudpasauuecKkux cucremax. Mecto ycra-
HOBKH (pUIbTPA MM (DUIBTPOB B CHCTEME 3aBHCHT OT MHOrux (hakrto-
POB, HO B OCHOBHOM OT BEJHYHHBI JABJIEHHS W Pacxoja XUAKocTH. Ilna-
CTHHYATEEe GUABTPEl pacCUUTaHBl HAa MakCHUMaJbHOe JaBJeHHE [0
6,3 MIla npu HauboJblleM pacXofe Macia JJad THIOpasMepa
0,2T41-1 mo 70 a/muy, gas 0,12T41-1 no 50 a/mus u gas 0,08I'41-1 mo
35 Ji/muH. QuABTPH CETYATHIE B OCHOBHOM IPHMEHSIOTCS B CHCTeMaXx
cmasku (0,5C42-11—0,15C42-14), rue paGouee paBieHHe OOBYHO Ha-
xopgres B mpefenax 0,2—0,3 MIla; B xauectse npHeMHBIX QHIABTPOB
NOJIYY#JIU TipHMeHeHHe GHIbTPH THIa C41-11 u C41-13. dunsTpH TOH-
kol ounctku THna ®I17, ®C7 u3roToBAAIOTCS A/ PA3IHYHHX Pacxo-
nos or 10 go 160 a/Mum Ha gBa HOMHHAJNBHBIX [aBjeHds B 6,3 #

20 MIla c roukocteio (uubrpanun o 5 mxm. Hanpumep, Tunopasmep
10—5
PI17 o0 HMeer ycaoBHEIR npoxon 10 MM TOHKOCTh GHJBTPAlHU

5 MKM ¥ paccudTaH Ha HOMHHaibhoe gasiedue B 20 MIlla.

OuabTPH B THAPABJIHYECKOH CHCTeME YCTAHABAHBAIOTCH MOCJEI0-
BaTEJNbHO A QUIBTPALHH IIOJHOTO MOTOKA XKHMJIKOCTH H 11apaileibHo
THAPOABHrATEND, KOTAa NPONyCKHas cHocoOHOCTH GHABTPA MeHhbIIe
pacxoza XHAKOCTH B ruApojsHrare’e. I TIlaTelbHOH OMHCTKH KH-
JKOCTH PEKOMEeHAYeTcs MocaenoBaTesbHasi YCTaHOBKa (QHABTPOB C pas-
JHYHON cTeneHblo ¢uaAbTpaunu. Tak, Farris Gohn A. [48], paccmatpu-
Bas CIOCOOBI BKJIOYEHHS (PHABTPOB B CHCTEMY, NPHBOILHT ONTHMAJb-
HH# BapHaHT CHCTEMEl, B KOTOPOH HAacoC CHaGXKeH Ha BCACHIBaHHH
$uasTpoM ¢ abCOJIOTHOH TOHKOCTHIO QUUCTKH 220 MKM, THAPOABHraTe-
JIM ¢ PaCHpele/HTeNsAMH 3allHIeHbl GUIbTpaMu 25 MKM, a B CJAHBHOH
MarHCTpPaJIH YCTaHABJANBAETCS GHIBTP 3 MKM.

Uccanenys repMeTHIHOCTh M OLHOBPEMEHHC IOJTOBEYHOCTb YILIOT-
HATEJbHEIX yeTpoiicTs nopuwns, A. A. Iloxumos [36] ompepenna, uto
cpok cayx6n Mamxer (I'OCT 6969-54), #3roToB/IeHHBIX H3 DPe3HHH,
3HAYHTEJbHO YBEJHYHUBaeTCs, €CIH (DHJIbTPALUH IIOJABEPraeTcsl Bech
HOTOK JXKHJIKOCTH. .

Tlpu mocienoBaTe bHOM BKAIOUEHHH GHABTPA B HAOPHYIO HJH CJHB-
HYI0 MarucTpaib NPOINYyCKHAas CIOCOOHOCTb €0 JOJKHA COOTBETCTBO-
BaTb [IPOH3BOJHUTENLHOCTH Hacoca HJIM HauOOJbLIEMY pacxoly KHA-
KocTH B cucreme, Ouubtp 6 (pHC. 114, a), mocnenoBaTeqbHO HOJKNIO-
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HuKY yn-
L—J pabaenus L

e a1 3 u K

Puc. 114, Cnioco6sl MORKMOYCHHS (UABTPOB B IHAPOCHCTEMY aJisi (HIBTPALHH:

a, 6, 8, 2, 3 — NOJHOro MOTOKA MKHAKOCTH Ha MAarucTpaJH HarHeTaHHsl, eé—3 — MNOJHOTO MOTOKa
JKHAKOCTH HA CJAMBHOM MAarHCTpaJsH; ¥, K — YacCTH NOTOKA JXHAKOCTH

uyeHHHH B CcHCTeMy, ofecrneyuBaeT 3alll§Ty THAPOArpPeraToB oOT
MEXaHHUECKHX YaCTHL H HaXOAHTCA HOJ MaKCHMaJbHBIM HaBICHHEM.
Crenens 3arps3HeHHs 3TOT0 (QHABTPA KOHTPOJNHPYETCS: MaHOMETPaMH
du b (HO pa3HOCTH NMOKA3aHKi) WM NOKa3aHHAMU AuGdepeHLHalbLHOro
manomerpa 4. IIpueMHBI GuABTP I IO Mepe 3arpsA3HEHHS YXyIUIaeT
YCJOBHS! 3aH0JIHEHHSI BCACHIBAIOLIEH II0J0CTH HACOCa, [I03TOMY, ¢ LEJbK>
YMeHbIIeHUsT CONPOTHBJIEHHs], €ro IPONYCKHAas CHOCOGHOCTb AOJKHA
3HAUMTEJbHO NMpPEBHIIATL MPOH3BOAUTEIbHOCT Hacoca. PekoMenpyercs
NPHEMHBH (QHJIBTP BEIOHPATh C TAKMM pacdeToM, 4TOGHl ero QHIbTPY-
Iollas' IOBePXHOCTb 6blna 6oJblle NJOLIAAH CEeYeHHS BCACHIBAIOHIEro
Tpybonposoga Hacoca B 50—100 pas. las npenoxpaHeHus CHCTEMBL H

GuAbTpa OT MePerpy3oK CAYXKHT KaanaH 2, NPyKHHA KOTOPOTO JOJKHA
6LITh HAaCTPOEHA Ha JaBJeHHe

Pe=po-+-Apat-App-t(0,2-0,3) MITa, (103)

rae pp — pabouee naBJieHHe B LHIHHJpE;
Apx — niepenaj AaBJeHHS MeXAy HaCOCOM H LHJIUHAPOM;

App — mortepH B GHIbTPe (ONPEAEJAIOTCS H3 TEXHHYECKOH XapaKTe-
PHCTHKH (HABTPA). :

.
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H3 paeencrtBa (103) BHAHO, 4TO yBe/JHUYeHHEe Mepemajga NaBJEHHS
B (uabrTpe (BCAEACTBHE €ro 3aCOPEHHS) BLI3HIBAeT yMEHbIIEHHE Pp, &
CJIeJ0BAaTCILHO, H MOIIHOCTH, KOTOpPas PasBHBAeTCs LHJIHHIDPOM. |

B cayuanx, korjla npekpanieHHe IOABOLA XKHIKOCTH B CHCTEMY OT
Hacoca HeJIOMyCTHMO, HO BO3MOXKHA KpaTKOBpeMeHHas paboTa 6¢3 GuIbT-
paumH, cJaefyeT BHOHPATh (QUJIBTP C NEPenyCKHBIM KJIal'IaHOM 1 (puc.
114, 6), IpYXKHHA KOTOPOrO [OJIKHA HACTPAHBATHCS HA MAKCHMAJIBHO
/TOflyCTHMEIHA mepenaf AaBJeHHS B (QDUIBTpE.

3akJIMHHBAHNE KJIallaHOB 30JOTHHKOBOTO THIIA H3-32 MPOHHKAHUS Me-
TAJITAYECKHX HJIH aGPAasHBHBIX YACTHI[ B 3a30P MEXKAY 30JOTHHKOM H
BTYJIKOH BHI3EIBAET Pe3Koe NOBHILIeHHE JaBJeHHs B CHCTeMe. DTO IPHBO-
JHT K BBIXOAY H3 CTPOS MAaHOMeTpa, €CJU OH He 3alHIeH, pasphHBY
TPyGONpPOBONOR HJIH COeAUHEHHUH, a BO3MOXKHO H puabTpa. [TosToMy pus
GoJiee HaJeXKHOH 3allMTH MarucTpasiefl H annapaTyphl PeKOMeHIyeTcs
CTaBHTh NMApaJelbHO ABa KJAaOaHa Npefoxpanutenbubix I u 2. Kaa-
naH 2 HacTpauBaercs Ha JaBJieHHE Py HECKOJIBKO GoJblle p; (PHC.
114, 8).

Ecau najenne 1aBleHUs B CHCTEMe HeJOMYCTHMO (HANpHMep, B Clle-
JNAIMX yCTPOHCTBAX, B CHCTEMAX C MAPaBJIHYECKHM NPHIKHMOM H AD.),
TO (PUABTP YCTAHABJHBAeTCA Ha HAIOPHOH Marucrpajiu HelocpeACTBeH-
HO 34 HACOCOM, Iepel NpeoXpaHUTeNbHEIM KJIalaHoM, Takoe pacnoJo-
XeHre ¢uabTpa (puc. 114, &) HckaoOuaeT BJAHSHHE Ha CTabHIBHOCTDL
paboTH CHCTEMH CONPOTHBJIEHHS (HIbTPA, H3MEHSIOIIErOCH IO Mepe
3aCOPEeHHS. YCTaHOBKA (HJIBbTPa NO YKA3aHHOH CXeMe JONYCTHMa TOJb-
KO IPH TUIATEIbHOA QHILTPAIHH KHAKOCTH Nepel 3aIHBKoi ee B 6aK u
eCJIH YCJIOBUS KCIIYATallHH MALIMHBL He BBI3BIBAIOT MHTEHCHBHOTO 3a-
T'PSA3HEHHS XKHJKOCTH., ’

HanpasaeHne ToKa XHUIKOCTH B (uUALTpPe [OJNXKHO OHTbH MOCTO-
SHHBHIM, TaK KaK B NPOTHBHOM cJyyae 3ajep:KaHHHE YacTHUH CHO-
Ba momajayT B cHcreMy. Ha puc. 114, 0 GuJIBTP BCTPOEH B MOCTOBYIO
cxeMy, 00pa30BaHHYI0 OODATHEIMH KJalaHaMH, II0O3TOMY HE3aBHCHMO
OT HamnpaBJIeHH# TOKA XHAKOCTH B (HJIbTPE OHA HMeeT OFHOCTOPOH-
snee TeueHue. Heo6xonmMocth noak/0OYeHHS (UIBTPa MO YKa3aHHOM
CcXeMe MOXKeT BO3HHKHYTb B 3aMKHYTHX CHCTeMaXx C PeBepCHBHHIM Ha-
COCOM.

YcranoBra ¢uIbTpa Ha CHAHBHHX MarucTpansx obialaer TeM IIpe-
MMYILIECTBOM, YTO (QHUABTD He NOABepKeH GOJbINHM [aBJeHUSAM H 3a-
JepXHBaeT NPOAYKTH H3HOCA, o6pasymolnuecs npu paboTe Bcex, arpera-
ToB cHcTeMH. OJHaKO momo6Hasi yCcTaHOBKa (HIAbTPA HENOMYCTHMA,
KOT/la He JKeJaTeJieH MOAMNOp, BEIHYHHA KOTOPOro HaMeHsercs. g npe-
JoxpaHeHusa ¢HuAbTPAa | W OrpaHHYEHHs] BEJHYHHH NPOTHBOJAABJECHHS
napajaesbHO GHILTPY YCTAHABJIHBAETCH NEPEIYCKHOR KiamaH 2 (pHC.
114, e), HacTpoiiKa KOTOPOro MPOU3BOAUTCS C YIETOM MAKCHMAJbHO JH0O-
IYCTHMOH Be/IHYHHLI nepenazna AaBJeHHS B QUIBTPE.

B runapompoBoze C ApoccesieM, YCTAHOBJICHHBIM Ha CIHBHOH MarucT-
panu I NMpefOTBpalleHus 3apallHBaHus LIeJH B Apoccese (mpH Ma-
JBIX PAcXo/ax), XeJaTeJbHO HEepej JpocceleM paclogaaratb GHIbTP
TOHKOH OUHCTKH. EC/IH OT rHApoABHUraTesss Heo6Xx0AUMO, HallpHMep, IPH
YCKODEHHBIX XOJaX OTBeCTH GOJpIIOe KOJMHYECTBO XKHIKOCTH, TO Ma-
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painnenmo Apocceio ClefyeT MOAKIIYATh HaNOPHHIH 30/I0THHK C AH--
CTAaHLIHOHHBIM yipaBaeHdeMm (pHc. 114, ac).

Ha caupHO# MarucTpaji OT UHJIHHAPA 2 NoAKJoueH GHAbTP 4
(puc. 114, 3). Uepes 3TOT QUABTP KHUAKOCTb OTBOAHTCA OT IPeOXpa-
HUTeAbHOro Kianana 1. Takoit croco6 noaxaoueHuss GHALTPA B CHCTEMY
HO3BOJISIET HNOCJTe 3AMEHH XHIKOCTH B 6aKe IIPOH3BECTH IPEABAPHTEND-
HYI0 QUIbTPALHIO €€ Yepe3 KjanaH I, YTO 3HAYHTEJLHO YMEHbILAeT Be-
POSITHOCTb TIONAJaHusl 3arpsisHeHul B cucTeMy. [lepenyckuo#t knanau 3,
HOJKJIIOYEHHBIH napanaenbHo QHILTPY, OTKPHIBaeTCs NPH yBeJIHYCHHH
nepenaja JaBJeHHs Ha GUIbTPe BHILE IOMYyCTHMOH BeJHYHHBL. Pacxox-
Has XapaKTepHCTHKa (uabTpa 4 H0JXKHA OniTh 60JblIe MPOX3BOLHTE/b-
HOCTH HAacoCa Ha BeJHYUHY OTHOIIEHHA 3P PeKTHBHHX MJIoIafel IHJIHH-
ﬂ,pa FQ/Fl.

ITapannespHoe noJKJIIOUeHHe (HJIbTPAa B CHCTEMY IPHMEHsSETCH,
KOTJ2a pacXojHas XapaKTepucTHKa (uAbTpa MeHbuie o6beMa LHMPKYJIH-
pYIole# XKHIKOCTH B HAalODHOH H CJAHBHOH Maracrpansx, a Takke s
TOHKOH OYHCTKH XHAKOCTH, TaK KaK 3TH (QHIALTPH H3rOTOBJAAIOTCA AAS
CPaBHHTEJbHO MalHX PacxooB. .

dunbtp ToHKOHK ouncTKH 4 (pHC. 114, #), yCcTaHOBJIEHHH napaJiesib-
HO KJanaswy 3 mocae jgpocceis 2, NIPONYCKaeT TOJbKO YacTb LHPKYJH-
‘pylouleit XKHIAKOCTH B CHCTEME B He 3alllMIaeT HAPOarperaTh OT IIpo-
HHKHOBEHHSI MaJuXx yacTuil. OJHAKO HENpepHIBHAS OYHCTKA YACTH IO-
TOKA yMeHbIiaeT 061yI0 3arps3HeHHOCTD.

Ecaun pacxonuas xapakrepucrtHka ¢uabTpa Ha 20—259% Goasiue
TIPOH3BOIHTEJIbHOCTH Hacoca, TO0 GHUALTP MOXeT OHTb YCTAHOBJIEH Ha
CITHBHOH Maru¢TpaJH Iocje HalOpHOro 30J0THHKA f (puc. 114, k).
B cxemax, mOKa3aHHHIX Ha pHuc. 114, 4 H K, COOTBETCTBEHHO KJallaHH 3
H 2 BRINOJHSIOT GYHKUHIO IepeNyCKHOTO YCTpoiicTBa, a Kaanad I cay-
KHUT AJid TMoJJeplKaHusi IOCTOSTHHOTO J[aBJIEHHS H IpefoXpaHeHHs CH-
CTEMHl OT NleperpyakH.

B xauecTBe MpHeMHOro OUJIbTPAZ pPEKOMEHAYETCS NPHUMEHSThL CET-
yarble QHIBTPH, TAK KAK OHH HMEIOT IPOCTYIO KOHCTPYKUHKIO, He HYK/a-
IOTCH B KOPIIyCce H CTOHMOCTh HX HeBeJHKa. OfHaKo pacljosioXKeHHe Ta-
KOoro (HJbTPa BHYTPH OaKa 3aTPyJHSET BH3YaJbHBIA KOHTPOJb, a OT-
CYTCTBHE HHAHKATOpa, HH(OPMHPYIOIIEro O CTeNeHH 3arps3HeHHs, CO-
3faer psAj HeyAoO6cTB, CBSI3aHHHIX C ero obcayxuBanuem, OmnpeaenuTs
BpeMsi, HeO6XOAUMOe [/ OYHCTKH TIPHEMHOTO $HJABTPA, TPYAHO, a caMa
OYHMCTKA HAM 3aMeHa (HIbTPYyWINere sJjeMmenTa TpebyeT 4YacTHYHOro
JEMOHTaxa ycTaHOBKH. CoCTaBUTb XK€ J0CTOBeDHHH rpaduk yxomaa za
(HUILTPOM HEBO3MOIKHO, TaK KaK HaKOIJIeHHe 3arpS3HEeHHH IPOHCXOIHT
C PA3JIHYHOH CKOPOCTBHIO.

Ecan xe 3amena ¢unpTpa MM ero oyncTka He GyJer NpPoH3BEAeHA
CBOEBPEMEHHO, TO B pe3y/bhTaTe HeJOCTATOUHON NMOJauH XKHIKOCTH MO-
JK€T BO3HHMKHYTb KaBHTaHHS BO BCACHIBalollell NMOJOCTH Hacoca H Kak
clieJICTBHE paspylleHHe 3JeMeHTOB Hacoca,

C uenpio ycTpaHeHHs] HEZOCTATKOB, KOTOPHMH 06/1a1a10T NpUEMHEIE
ceTyaTble QUABTPH, B IOC/TEAHEE BPEMS CTaJH NPHMEHSTHCS (QHIBTPEL
B XKOpNycax ¢ HHAMKATOPHEIM YCTPOHCTBOM M NEPEeNyCKHHIM KJamaHOM
¢ GuapTpylouiell cnocofHOCTEIO A0 5 MEM. B uwactHocTH, 3a pyGexom
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Puc. 115. KoHCTpYKTHBHEIC CXeMH BCacuipanmlero ¢uabTpa moxenn «Temn-Teia»

HOJNYYMJIH DPacnpocTpaHeHHe BcachHBawolue (GHABTPH Mouenu <«Tes-
Teiin» ¢upmel Ellison Ltd, aonyckamolue nx MOHTaX Ha HAPYKHOH TIO-
BepxHOCTH 6akKa. .

Bo Bcex KOHCTPYKHIHSAX BCachIBAIOLIHX (GHUJIBTPOB IIOTOK pafoyeit
KHAKOCTH TIOCTYNAET CKBO3b CTEHKH LHJIHHIPHUECKOTO (PHILTPYIOLIEro
3jieMeHTa 8, KOTOPHIH MOXKer mepeMeN[aThCsi BAOJIb HPOJOJBHOH OCH
(puc. 115). B uncTOM COCTOSIHHM (DHIBTPYIOLIME SJIEMEHT YAEPIKHBACTCH
npyxugo# 2 u npuxkumaercd K ¢Janny 4. I[To mepe 3arpsizHeHus GHIbT-
pa yBeJHUYHBAeTcs Iepenaj AaBJeHus, 6aarogaps ueMy QUALTPYIOLIHH
BJIEMEHT NepeMelnaeTcs BJIeBO (B CTOPOHY NIPYXKHHH). Tak Kak QuJbT-
pyIoLIMi 3/1€eMEHT CBs3aH NepeJaTouHbIM 3BeHOM ¢ yKasaTejeM 5, KOTo-
PHH BHIBEJIeH Ha HAPYXKHYI0 IIOBEDPXHOCTb Kopnyca I, TO ykasareb
fgepejgBuraercs H3 MNoJoKeHus / («duabTp uMcT») B HosoxeHue [f
(«buapTp Hy)RaeTca B uHcTKe»). Ecan ne GYAYT IPEANPHHATH MEPH
0 OYHCTKE (PUIALTPYIOLIEro 3JieMeHTa HJHU ero 3aMeHH, TO JajbHellliee
sarpssHeHde (UIBTPA IPHBEIET K OTKPHITHIO INePEeNyCKHOrQ KjallaHa
(ua puc. 115 He mOKa3aH), a cTpeJiKa HHAHKATOPA NEPEMECTHTCS B IO-
Joxenue 1] («nepenyck»). .

Takum o6pasoM, FOCTATOUHO GEIVIOro B3MVIsSLAa HA HHAHKATOP, YTOOH
BHISICHHTB, B KAKOM COCTOSIHMH HaxoAuTcs ¢puiabTp. [Ipn neobxoaumoctu
CTpesKa MHAHMKATOpa MOXKeT OBIThb NPH MOMOIIH 3JE€KTPHUECKOH IIemH
CBsI3aHa C CHI'HAJIBbHOH aMIIOH, PacloJIOXKeHHOH Ha MYJbTE YIIpABJEHHS,

4. BnuaHue nepMOSMUECKMX M HelepHOaMYecKMX Konebanmii
BaBsieHHiH B ruapocHcTeme

Bo Bpemsi paGOTH THAPAaBJHYECKOrO NPHBOJAA BO3HHKAIOT MEPHO-
JuuecKue KojebOaHHs JAaBJeHHs, BO3OYIUTEASIMH KOTOPHIX B OCHOBHOM
ABJSAIOTCA Hacochl. BeanumnHa oTHOIIeHHs 3aGpoca (TMOBHIUIEHHS) aaB-
JIeHHsl K paboyeMy AaBJCHHIO COCTABJSET AJS IECTEPEHHEIX H HEKOTO- °
PHIX NOPIIHEBHIX HacocoB npuMepro 359 [23]. Dra Benuuusa KOCTH-
raer GoJiee BBICOKHX 3HaueHM{t, ec/u JBa MAH HECKOJBKO HAacOCOB pa-
60TalOT Ha OJHY MarHCTpalb, TaK KaK B 3TOM CJyYae aMIUIHTY b
3a6pOCOB NaBJIeHHs MOTYT CKJIaAbBaThCsl. Tak, HCIBITaHHS, NPOBEEH-
Hble Ha OJHOM W3 THAPAB/JIHYECKHX CHCTeM, IOKa3aJsH, UT0 NMpH [ABYX
napajiieNbHo pafoTaloUMX Hacocax ¢ MPHBOJOM OT OJHOTO ABHraTENs
OTHOCHTEJIbHASl NMyJAbCallusl AaBJEHHsI B CHCTEME BO3PACTAET IOYTH B
3,5 pasa mo cpaBHeHKIO ¢ ogHEM HacocoMm [23]. Crexyer umeTh B BHAY,
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4TO aMIJIUTYAB 3a6POCOB HECKOJHKHX MapalijielbHo paGoTaloli#Xx Ha-
COCOB HE BCErJla CKJaBBAaOTCH. ®

3HayuTeNbHO GOMblIe HENpHSiITHOCTEH NPHHOCAT HeNepHOAHYEeCKHe
KoJeGaHud [NaBJeHHS B THAPOCHCTEMe #3-32 I'HAPABJIHUECKOTO yaapa,
BO3HHKHOBEHHE KOTOPOrO CBSI3aHO B BHe3aNHBIM H3MeHEHHEM CKOPOCTH
IBHMKEHHSA JKUAKOCTH B TpybompoBoge. I'mapaBiuueckuii yxap BO3HH-
KaeT NPH OCTAHOBKE HCMOJHHTEJBLHOrQ MEXaHH3Ma Ha yIiope, BO BpeMs
peBepca, a TakXe B TOM cJaydyae, KOTJa B CHCTeEMe NPHMEHSAIOTCH pac-
npeflesIUTeNIH ¢ 3JeKTPHYECKHM YIpaBJeHHEM, Bpems cpabaTHBaHHSA
KOTOPBIX COCTABJISIET AOJK CEKYHIH.

KoneGaHus AaBaeHHS CYLIECTBEHHO BJIUSIOT Ha KCIIYaTALHOHHYIO
HaJeXKHOCTh TPYyOONPOBOJIOB H HX COeJHHHTEJbHHE JIEMEHTH, a8 TaKXKe
MOTYT BHI3BATb YMeHbUIEHHE AOJrOBEYHOCTH NPHMeHeHHHX MaTtepHa-
JI0B, paspylleHHe NOPHCTHX (HILTPOB, MAaHXKeET, pa3pylIeHHe Y3JI0B-
NPHBOMA, HECYACTHBE CayuaH, MNpexAeBpeMeHHOe CTrapeHHe Macaa
BCJIEACTBHE HarDeBaHMs €ro IPH CXKATHH U PaCUIMPeHHH, BO3HHKHOBe-
HHE PE3CHAHCHHIX KoseOCaHHH, NOBpekKJeHHe YyBCTBHTEJALHEIX H3MEpH-
TellbHBIX NPHGOPOB U IP.

IloBnimienye faBJieHMsl Ap HPH THAPABIHYECKOM Yape, BH3BAHHOM
MTHOBEHHBIM I€PEKPHTHEM TPyGONpOBOJA, ONpene/sieTcss H3BeCTHHIM
ypaBHerHeM H. C. JKyKOBCKOTo

o Ap=pav, (104)

rie p — IJOTHOCTb KHAKOCTH;
@ — CKOPOCTb PACIPOCTPAHEHHS HMIIYJbCA NIABJEHHS B JKHAKOCTH
(mys1 MHHepaJbHEIX MaceJ H CTaJbHHIX TPYO MOMKeT ObITh MPH-

HATa pasHoli 1300 M/c);

Up — HaYaJIbHasl CKOPOCTh JBHKEHUS KHIKOCTH.

Funpapiandeckuit yaap Ha3LBAIOT NMOJTHBIM, €CJIH BPEMS MEPEKPHITHS
T TPyOOnmpoBOJa MeHblIe BPEMEHH paclpOCTPaHEHHS BOJHHI JaBJEHHS
OT MeCTa NEepPEeKPHITHS A0 NPOTHBOINOJOXKHOH YacTH MarucTpajiu H o6-

paTHo , T. e. MeHbIIe (paswl yaapa

rie | — njauHa cBOGOAHOTO y4acTKa MATHCTPAIH, M;
@ — CKOPOCTb PaCHPOCTPaHEHHS MMIYJbCa MAABJEHHS XKHIKOCTH,
M/c.

Eciiu BpeMsi mepeKpHITHSI MAarucTpalu Ty>>T, TO yAap 6yaer mod-
HBHIM, @ B CJy4ae Ty >T fBJeHHe M'HAPABJIHYECKOr0 yIapa MOXKET H BO-
BCce OTCyTCTBOBaThb. OTHOCHTEeJNbHasi BeJHYHHA YIAPHOrO [aBJEHHS B
MOMEHT IPHXO0Ja NMOPIIHY K yNOPY B HEKOTOPHIX CJydYasix BO3pacraer
B TPH-yeTHIpe pa3a [3].

AddexT ruapaBIHIECKOrO yAapa B TYMHKOBLIX OTBOLAX MMeeT 60Jb-
o€ NpakTHUYeCKoe 3HaUeHHE, TaK KaK HAa NOAOCGHBIX MarHcrpansx ya-
Lle BCEr0 YCTAHABJMBAETCA KOHTPOJBLHO-PEryJHpYIOlias alnapartypa
(MaHOMeTpHl, pejie NaBJAEHHA H JAp.), KOTOPas HPH THAPAaBIHIECKOM
yAape B CHCTeMe MOXKET OBITh pa3pylleHa HAH OyAer laBaThb JOXKHbE
CHTHAJBl U [TOKa3aHHS.
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Puc 116 Homorpamma 1as onpefie/ieHHs YAapHOTO AABJIEHHA B TPyGONpOBOAE

-

Ha ocHOBaHMH 3KCNEPHMEHTAJbHEIX HCCJEJOBAHHA M NPAKTHUECKHX
JAaHHHX ToJy4yeHa ¢opMmyJa AJAS oNpeleseHHS MaKCHMalbHOH Beau-
YHHH MOBHINEHHUS JlaBJIEHHSI B TPYGONpPOBOJe NIPH BHE3AITHOM 3aKPHTHH
opraHa ynpas/eHH, PaclONOXKEHHOr0 Ha NYTH CJEIOBAHHA KHIKOCTH
[51].

Q®opmysa Ajs onpenelieHus nepenafa gaeaenus, MIla, B MoMeHT
NepeKpHTHA Tpy6OnpoBoJa HMeeT TaKOH BHJ

0,2yvl
—_——— 10
Ap = o (106)

rae y — NJOTHOCTh XKHJAKOCTH, KI'/M3;
g — YCKOpeHHe CHJBl TAXKeCTH, M/cZ;
U — CKOPOCTb TEUEHHS KHIKOCTH, M/C;
! — nnmna TpyGonposoaa, M;
Ts — Bpemsl 3aKpBITHS OpraHa ynpaB/eHusd, C.
2ra ¢opmyaa npHAATA 33 OCHOBY IIPH pacueTe TOJIHHE TPyGoupo-
Bonos (Crauxapr ®PT DIN 2413).
Jlaa ymnoGcrBa NMpaKTHUECKOro IHOAL30OBaHHS 3TOR (popMyJoi co-
cTaBjeHa HoMorpamma aisi BpAbt (puc. 116). ITosyueHHBIe BeJaHYHHE

HeO6X0[MMO mepecyHTaTh JJIsi APYTHX KHAKOCTefl B 3aBHCHMOCTH OT
HX TJIOTHOCTH

L]

Ap = ApB—:}., (107)

Ipumep. Iaotaocts XKuakocTh y==1000 kr/mM%; aauHa Tpy6ONIpOBO-
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Aa [=20 m; BpeMs 3aKpHITHS OpraHa ynpaBneHHﬂ Ts=0,08 c; cxopocrb
TeueHHs XKHIKOCTH v= 12,5 M/c.
OnpeaennM nepenaj AaBJeHHs

0.2-1000-12,5-20
Ap = ""ooga0n _ — o3Mla

H Nepenaj KaBJeHHS IPH TeX e yeaoBHAX (yx = 850 xr/m®)

850
Apy = 6,3 1000 2= 5,5 MIla.

C uesibl0 YCTPaHEHHS MM OrpaHHYEHHs BeJIHYHMHBI YJApPHOTO JaB-
JICHHA CJEAYET VMEHBIIHTh CKOPOCTh IePeKDPHITHS IHOTOKA KHIKOCTH
{ckopocTh pesepca). Jas 3TOro MoryT OBITh HCHOJB30BAHH pacupene-
JIATENH C THAPABIHYECKHM HJIM 3JeKTPOTHAPABAHUYCCKHM YIIpaBJIeHHEM,
B KOTOPHIX NPELyCMOTPeHH YCTPOHCTBA AJA PeryJHPOBaHHS CKOPOCTH
30JI0THHKA.

PekoMmeHnayeTcsT TPUMEHSITD KOMIEHCATOPHI I'HAPABIHYECKHX Y/a-
POB B BHJE Ia30THAPABAHYECKHX aKKyMYJ/STOPOB HJIH NPeLOXPaHHTeNb-
HBIX KJapaHoB mpsaMoro JefictBus. CjelyeT yKasaTb, YTO KJamaHbl
OpsMOro AefCTBHS NPHEMJEMH: AJsi HeCosbIIHX jAaBienui. Ilpu npas-
Jegnsx 10—20 MIla oHH rPOMO3IKH ¥ MaJOUyBCTBHTENLHE.

TlopxaioyeHne KJIaMaHOB, AKKYMYJISTODOB PEKOMEHAYeTCS (IPpOU3BO-
IHTb K MarucTpajsiM B TOM MecTe, I'le BO3SHHKAaeT yJapHas BOJHA.
B cay4ae yCTaHOBKH KOMIIEHCHPYIOIUHX YCTDOHCTB Ha 3HAUHTENbHOM
OTAAJIEHHH OT 3TOr0 MecTa 3aIUMTHHIH 3(heKT ux B pesyabTare ACHCT-
BMS CHJI HHEPIYH 3HAYHTENbHO HapyuIaeTcs.

I'uppaBnyuyecknii ynap Moxer OBITh PallHOHAJLHO HCHONb30BaH B
MeTaJIJIOpeXYINUX CTAaHKAaX HJAH JPYLHX YCTPOHCTBAX, I'lle HEOOXOZHMO
HMETh OCUHJJNHPYIOIlee ABHXKEHHe HJH HIaroBOe NepeMeleHHe HCIOJ-
HHTEJbHOIO MeXaHH3Ma.

IIpu o6paboTke BA3KMX MAaTepHAJOB JJIs YCTPAHEHMS HJIU 3HAUH-
TeJIbHOTO YMEHbIIeHHs Hapall¥BaHHs CTPYIKKH HA NepejHel rpaHH pes-
112 M3JeHI0 WK Pe3lly HHOILA coobllaeTcs OCIUNIHPYIOllee ABHKEHHE,
KOTOpOEe CIOCOOGCTBYET, KaK NOKa3aJH HaGaioleHusi, YMeHbLISHHIO Lie-
poxosaTocTH obpabaThiBaeMOH mOBePXHOCTH. KOHCTPYKLHH OCLUHJIAH-
pylomux (uax BHOPaAIMOHHHX) YycTpoiicTs pasHoobpasHul. [IpuMensi-
I0TCA 3JIEKTPOMexaHHYeCKHe, 3JIeKTPOTHApAaBJIHYeCKHe M THApaBiHYe-
ckue pubpatopr. Bubparop ruapasauueckuit [41] Gosee yaoGen B
npuMeHeHHH. [eficTBHE €ro OCHOBAHO HA HUCHOJb30BAHHH SBJEHHS TH-
ApaBJHYECKOro yAapa. B sKcmepHMeHTaJbHOH yCTaHOBKe, a B JafbHel-
1IeM B KOHCTPYKIUHH 3YOOUIeBHMHIOBaJbHOrO CTaHKAa Mojaend 5714, rexe-
puposanue rujipapandeckux umnyabcoB O, H. Tpudonos [41] nonyuna
C IOMOIIBIC BpalaiolIeroCs 30J0THHKA, KOTOPEIH HEepHOAHUECKH OT-
KJII04all HacoC OT CHCTeMH, nepekJmoodas ero B 6ax. [lpn nogknouenuu
HarHeTaTeJbHOH IOJIOCTH Hacoca K 06aKy JaBJeHHe B CHCTEME De3Ko
majfalio; NPH BKJIOYEHHH Hacoca B CHCTeMY [OaBJeHHEe MNOBHILIAJOCH.
Takum o6pa3oM co3faBaJicsi THIPABJIHYECKHH HMITYJbC, KOTOPHIH BOC-
IIPHHEMAJICS] MOPIUHEM (HJIH ITOKOM) BuOpaTopa.
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Tlono6HLIfi TPHHIKN HCIOJb30BAHHS THAPaBAHYECKOro yaapa obaa-
JaeT BaXKHBIM JOCTOHHCTBOM — «3HEPTOEMKOCTBIO», T. €. CIIOCOGHOCTBIO
nepefaBath OoJblipe CHIBI H MOIIHOCTH NPH HEOOJBLIIHX pasmepax
CHJIOBOTO LHJIKHJPA.

5. WyMm B ruAPaBAMUECKMX CHCTEMAX M cnocobbl
€ero CHWXXeHus

CayxoBhle OpraHbl 4eJIOBeKa He MOTYT caMH Io cefe 3alllHIaThCH
OT HHTEHCHBHOTO LIYMa, OTPHIATENbHO XEeACTBYIOLIErO Ha HEPBHYIO CH-
cTeMy, Ha YMCTBEHHYIO H (uanueckyio ero paborocrnocobuocts. [Ipa
HHTEHCHBHOM IIYME YeJOBEK He MOXET COCPeJOTOYHThCS Ha CBOel pa-
60Te, KauecTBO ero palOoTH YXyJALlaeTcs, B Pe3yJbTaTe 3TOrO yBeJHYH-
BaeTcd NPOUEHT Gpaka, TPaBMAaTH3Ma H HapYyILaeTCA €ro NCHXHYecKoe
paBHOBecHe. Bosle3HeRHOe OIUYIEHHe B YII2X BO3HHKAET yiKe HPH ypOB-
He 3BYKOBOro JaejeHHs npumepHo B 130 1B, a ycroiiunsoe ocaafaenne
cayxa B pesyJbTaTe ABYX-TPEXJIETHEIO H €XKeJHEBHOro npeCbiBaHHs B
B TeueHHe 8 4acoB IIPH YPOBHE 3BYKOBOro AaBJjeHus B npegenax 100 ab.

B cBsisd ¢ HempepLIBHHM yBeJHUeHHEM YCTAHOBJICHHOH MOIHOCTH
THAPONPHBOLA B MalllHHAX CHHIKEHHEe YPOBHA IIyMa THAPaBIHYECKOrO
o6opynoBaHHs SBASETCA OUeHb BAXKHOH 3aaUued.

C 1960 r. B pa3/MyHLEIX CTPaHAX NPOBEJEHO MHOTO HCCJEA0BATENb-
CKHX H SKCIIePHMEHTaJbHbX PaboT ¢ Ie/bl0 BHICHEHHS HCTOUHHKOB
1IyMa, ONpejAe/eHns MPHYHH BO3HHKHOBEHHS LIyMa, a KOHCTPYKTOPaMH
pa3paboTaHbl MEPONPHSTH MO CHHXKEHHIO YPOBHS IIyMa B IDOMBILI-
JEHHHX YCTAHOBKAaX, OCHALIEHHHBIX THAPaBIHYECKHM O6OpYIOBaHHEM.

Hcrounuxu sosnuxnosenus wyma, 1. Hynapcanus npoH3BOAHTENDL-
HOCTH Hacoca H, CJIEJOBATEJNbHO MAaBJEHHs, NPHBOAUT K BHOpAllHH Ha-
coca. [Toroxom xuakocTH BHOpalUH NepenalOTCs OCTaJbHOMY ofopy-
JIOBAHHIO H TPYOONpPOBOLAM.

Ilyabcanus B Hacoce BO3HHKAaeT MO Pa3JHYHBIM IPHYHHAM H 3aBH-
CHT B OCHOBHOM OT THIIa Hacoca, KOHCTPYKIHH pacHpeie/IHTeJbHOro
YCTPOHCTBA H OT KayeCTBa H3TOTOBJEHHS. YPOBEHb 3BYKOBOIO [IaBJe-
HHsI T03BOJIeT OOHapyxKuBaTh AedekTH B paboliemM mponecce mainu-
HBl, Hapyllamollue HajexHocTh ee GdyHKIHORMpoBaHus [5]. Caenyer
HMETb B BHAY, YTO YPOBeHb 1yMa, 15, cOBpeMeHHbIX HacOCOB IIPH pas-
JHYHHIX JAaBJeHHSX COCTaBJseT: AJs BHHTOBBIX HacocoB 72—78, maa-
CTHHUATHIX — 75—82, aKCHaJbHO-NOPIIHEBHX — 76—85, mecTepeHHbIX
(c MeTaMI0KepaMuyecKuMH 3yObsaMu) — 78—88, mecteperHnix (¢ dpe-
3epOBAHHBIMU 3yObsIMH) — 94—104.

I'nppasinueckuil 1IyM B Hacocax IPH IepexoJe JXKUAKOCTH U3 HO-
JIOCTH BCachHIBaHHA B IIOJIOCTh HAarHeTaHHS INPOSIBASICTCS B BHAE HHTEH-
CHUBHOH nyJbcallyi, obpasywuiefics B (GopMe OCHUMIIHPYIOUIEH BOJHEI
€ 4acTOTOH, PABHOH YHCJY HACOCHEIX TAKTOB B eJHHHIY BpeMeHu, Ha-
TIpUMEp, B CEMHIIYHKEPHOM HacoCe C OCEBLIM pacClO/IOXKEeHHeM IIJIyH-
2KepoB npH yactore n= 1500 06/MHH OCHOBHAA yacToTa

i 7.1500

f=T=I75 I'u.
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OnHako ODOTOMY YTO epexo], OTHEENbHEY (Pa3 CKaTus NPOTeKaeT He-
JAuHeliHo, 06pasynTCa caoXKHbEe (OPMBL IYMOBHX BOJH. IIpoBenennue
uccaenoBanud [56] mokasanm, Yro BeIMUHHA INYMa 3aBHCHT OT 4YHCJA
H3MEHEeHUH MABJeHHA B eIMHHUIY BPEMEHN M OT CKOPOCTH HapacTaHHs
JAaBJEHHS H, ueM OLICTPEE 3TO IPOHCXONHT B KA KJIOM TakTe, T€M BHIlIE
YPOBEHB UTyMa.

B macocax pasnuyHBIX KOHCTPYKUHA (KpOMe BHMHTOBHIX) DNepexon
JKHJAKOCTH H3 TOJOCTH BCACHBAHHS B NOJOCThL HarHeTaHHd, T. €. Ipo-
Iecc CKATHA KHUAKOCTH KPATKOBPEMEHEH H IIPOHCXOAHT 33 HECKOJbKO
rpaAycoB IOBOPOTA POTOpPA WJH IUECTEPEeH Hacoca. JTOT Npollect co-
NPOBOXKRAETC AaKyCTHUECKHM 3((EKTOM — XapaKTepHBIM INEAYKOM.

Hecnenosanus, nposeienne B OHHMMC [17], nokasmBaioT, 4TO
o6l ypoBeHb HIYMa IJIACTHHYATHIX HacocoB THna I'l2 yBennunBaer-
CA C yBeJHUSHHEM JaBJeHHd B JHHHH HarHeTaHHA H 4ucia o60pOTOB
Bana Hacoca, Jlia GONBIUHHCTBA HCTBITAHHHIX 1NECTEPEHHBIX HACOCOB
obMHH ypOBeHb LIyMa yBeJHUYHBAeTcsl C BO3pacTayueM uHxcaa o6opo-
TOB IIECTEPEH U OCTAETCH HEW3MEHHHIM INPM YBeJMYEHHH NaBJeHHS B
MOJIOCTH HAaTHeTAHHL.

YpoBeHb IIyMa Hacoca NIeCTEPEHHOTO C BHYTPEHHHUM 3allelJieHHeM
npuMepHo Ha 5—7 aD MeHbHIe, ueM Y HACOCOB ¢ BHEIUHHM 3aleNJeHH-
eM. Menblas nyJbcalius y HACOCA C BHYTPEHHUM 3allelieHueM 3y6ua-
THIX KoJec npoucxgﬂm H3-3a YAJHHEHHS JIHHHH 3alleAJIeHHS.

-2. KpyTH/bHbIe KoJeGaHHs Baja HAacoca BHI3BLIBAIOT BHOpaIHIo.

3. KaBHTanus, KoTopass BO3HHKAeT H3-3a BHICOKOH CTeNeHH paspe-
JEHHsi BO BCACHIBAIOIIEH MAarHCTpasJH Hacoca, MO0 IPHYHHE BCEHHWBA-
HHUS Maciaa B 6ake, IoJcoca BO3JyXa BO BCACHBAIOLIYIO MOJIOCTh HACO-
ca yepes VINIOTHEHHS BaJla, 3aCOPEHHSI IPHEMHOro QUJILTPA H OTHAeNe-
HHSL BO3yXa OT XKHJAKOCTM B IpHeMHHX O(uisrpax. Bosuukawomue
[IPH KaBHTAllUH NY3HIPBKH HCYE€32I0T CHOBA B 30He NOBHILIEHHOIO AaB-
JIeHHA, 4TO CONPOBOXKIAETCH 3HAUHTEJLHEIMH THAPAaBJAHYECKHMH VjAa-
paMH MeCTHOrO XapakTepa H CHJAbHBIM IIYMOM C LIHPOKOH I0JI0cOH yac-
TOT.

4. TypOynnsauus noToKa KHIKOCTH B Y3KHX CEUEHHSAX.

5. Ha yposenb myma BausieT o6liasi KOMIIOHOBKAa T'MIPONPHBOLA:
6oJblIKe BepTHKAJbHEE LIUTH C anlapaTypoll CKJIOHHH K PE30HAHCHBIM
KoJie6aHHaM; TpyOhl, HeNOCpeJCTBEHHO CBS3aHHBIE C pe3epByapOM,Tak-
K€ MOTYT YCHJHMTh BHOpPauUMIO K IIYM, HCXOJsIHe OT Hacoca.

6. OcoGoe 3HaYeHHE HMeeT NPaBHJIbHOE KOHCTPYHPOBaHHE pe3ep-
ByapoB, KOTOPBIE JOJIKHB 0GECIEeYUTh NOJHOE OTAEJEeHHE HEPACTBOPEH-
HOTo Bo3Ayxa H3 xunxoctu [6]. [IpuMecs Bo3ayxa B 2—39 mosnulmaer
ypoBeHk miyMa Ha 10 gBb.

B Hacrosiiee BpeMsi NOJYUHJIH NPH3HAHHE W PACHPOCTPaHEHHE YCT-
poficTBa M cnocolbl, CHHXKAIOIIHE IIYM B 060PY/JOBaHUH, OCHAIIEHHOM
THAPABJAHYECKHM MPHBOJOM.

— Hacoc pekoMeHayeTcsi RaKpemJIsiTh Ha H3OJAHpyIOLIeH aemugu-
pywoueil npoKJanxe, a ero BEIXOAHOH BaJl COBXHHATb C BaJOM 3JEKTPO-
JBHraTe/s IPH NOMOLIH YIpyroi MyQThl.

— IlpuMeHeHHe KeCcTKOro pesepByapa MIJsi HAacOCOB, YCTAHOBJIEH-
HBIX BHYTpH Gaka U [OrpyKeHHBIX B pabouylo JKHAKOCTb.
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— CupxeHHe YacTOTH BpalleHHd Hacoca ¢ 1440 mo 980 ¢! mpu
COOTBETCTBEHHOM YyBeJHUeHHH pafouero o0beMa yMeHbHIAeT YPOBEHb
3BYKOBOro jgapjeHus Ha 6—10 ab.

— CHHXKeHHEe CKOPOCTH [OTOKa XKHJIKOCTH A0 5 M/C B HalOPHOM H
J0 1,6 M/c B caiuBHOM Tpy6OnpoBOaX.

— YcraHoBKa aKKYMYyJsiTOpa Ha HANOPHOH MAarucTpafH.

— C mesbi0 CHHXKEHHUS AMINIHTYZBLI BO3MYIIAOMmiell BOJHBL JaBJe-
HUS B HACOCE B HAUHETATENBHYIO MAarucTpaJjb BCTPAHBAIOT HJACTHYHYIO
Tpy6y ¢ GOJbIIMM OTHOIIEHHEM IJIHHHEl K JHaMeTPy, KOTOpas BHINOJHS-
er poJib BuOporacuteasi. ECIH yCcTaHOBKA 3JIaCTHYHBIX IIIJIAHTOB HeXe-
JAaTedbHa, TO MOXKeT GHITh HCIOJNb3OBAH IHAPAaBANYECKHH YCHOKOHTE/Nb,
BRIIOJIHEHHH A B BHIe mepdopHpoBaHHOH TPYOH ¢ pHaMerpoM mepdo-
panuit, paBHEIM BHYTPeHHEMY AHAMETPY HarHeTaTeJbHOH MarHCTPalu.
IlepdbopupoBandasn Tpy6a go/kHa OHThH BCTpOeHAa B MaTHCTPatb Tak,
yTOGBI MEXJy ee HApDYKHBIM JHAaMeTPOM H KOPIYCOM NPOCTAaBKH OblaI
COXpaHeH KOJIbleBOH 3a30D.

Ilpy Ha/JMYMH TAKOro YCTPOHCTBa HEPrHsi NOCTOSTHHOH COCTABJISAIO-
el JaBJjeHHs leperaeTcs OeCIPENnsiTCTBEHHO Yepe3 HEero, a SHeprus
NyJALCUPYIONNeHi, cocTaBsionlell JaBJeHus, FaCHTCS NPH NPOXOXKIEHHH
yepes nepdopaiui.

— Ilpu nocrosHHOH CKOPOCTH BpallleHHS HACOCOB PEKOMEHIyeTcs
YCTaHaBJHBATh B HANMOPHOM TPYGONPOBOAE CHEUHAaMbHBIE TIYLIHTENH,
HanmpuMep, B BHAE IJIYXOro OTpe3xa TpyOH, mepneHAMKYASPHOTO K OC-
HOBHOMY HaNOpHOMY TpyOonpoBoxy. Takofl raymHTeab, myTas HaJso-
JKEHHST OTPaXkKeHHHX MM KoseGaHui IaBJeHHs Ha NyJbCALHIO NOTOKA,
obecrieynBaeT CHHXKeHHe NHKOBHIX 3HaueHHH KojeOGaHHi HaBJACHHA H
COOTBETCTBEHHOTO YPOBHA IIyMa.

Peskue uaMeHeHHs HalpaBJeHHS NMOTOKA XKHIKOCTH MOTYT BHI3BAaTh
TypOyNeHTHO® TeUeHHe XXHIKOCTH, OITOMY He PEKOMEHIYeTCs IpuMe-
HSTh pajuychl H3rHOa TpyGonporooB MeHee 3,5 D (D — nuamerp Tpy-
OHl) Ha ydyacTKax THADOCHCTEMH, I'le BO3MOXKHEBI IYJbCANHH AABJEHHS
paboueii XXHAKOCTH M HHTEHCHBHHE KoJebaHus pabouero JapJieHHs.

TpyGonpoBoAE pEKOMEHAYETCS 3aKpellIiTh C MOMOLIBID YIDYIHX
saemenToB [23]. ’

O pexTHRHEM crocoO0M CHHIKEHHS HIyMa SIBJSIeTCd ralueHHe TYyp-
OYAEeHTHOCTH B JAPOcCCefsiX, YTO JQCTHTaeTcs paclpeieseHHeM IOTOKa
10 HEeCcKOJbKHM KaHajlaM. KOHCTpYKMHMS MHOroKaHaJbHOIO Apoccess
3aBHCHT OT COOTHOIIEHHS PacX0Ola H JAaBJEHHS; B YaCTHOCTH, YeM MeHb-
uie pacxox H 6oJblie AaBJieHHe, TeM MeHbIle JHAMEeTP KaHajos H 60Jb-
we HX AauHa. CymMMapHasi NIPOXOJHAA IJIOMAAb KaHAJIOB JOJKHA GHITh
6oJibllle TIJIOMAAH KaHaJa 0OLIYHOro Apoccelis, T. €. pasMepHl MaJoLyM-
HOro gppocceis Ooneme, [ KOHCTPYKUUH, paGoTaoOUHX B LIHPOKOM
IHalla3oHe NaBJEHHH, PacXoJ0B H TeMuepatyp, dupma Sulzer [50] co-
3/laJ1a IOPHCTHI APOCCENRPYIOUINH 3JeMeHT. 3afaHHas XapaKTepUCTHKA
Ipoccens JOCTHraeTcs HabOpOM 3THX 5J€MeHTOB, HMEIONIHX Pa3J/HYHbIe
JHAaMeTpPH, TOJMIHHY H NOPHCTOCTS. JIJ1s1 mpeoTBpalleHHs 3arpA3HeHns
3JEeMEHTOB Nepejl HHMH ycTaHaBauBaercss QuasTp. [IpH HaJHuMH nO-
PHCTHIX 3JIEMEHTOB YDOBEHb IIyMa €aMoOro GOJBHIOTO ApPOCCeNs He mpe-
Bhimaer 70—85 ab.
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HauMenbumufi ypoBeHb wyMa npe GoJbIIMX nepenajax AaBJeHHS
(5,0—7,0 MIIa) u3 CyLIECTBYIOIIHX Jpocceseli HMeeT APOCCeNb Auad-
parmeHHoro tana [58].

Bo MHOrHX caydasix AOOHBAIOTCH 3HAUHTENHHOrO CHHIKEHHS IIyMa
VCTaHOBKOHA KOPOTKOTO NPSIMOr0 LIJIaHTa B HarHeTaTe/bHOM Tpy6ompo-
BOJtE. ,

JInst 3HAYHTENbHOrO CHHIKEHHS 1IYMa PEeKOMEeHAYeTCs 3BYKOH30Js-

IHf CTEHOK M KaMmep. 3BYKOM30J4UHsa KaMep CHHXaeT YPOBEHb mIyma
Ha 25—35 1b.

6. Tpy6onpoBopgbl

OKkenayatanus THAPOQHIHPOBAHHHX MAallHH [0Ka3aja, 4TO Ha-
JEXKHOCTb UX BO MHOTOM 32BHCHT OT HaJeXKHOCTH TPyGOMPOBOAOB H COex
IHHEeHHH, KOTOphle, KaK H BCH CHCTEMAa BO BpemMs paboTH, NOABEPraloTCs
nmepeMeHHBIM HarpyskaM, HepelKO 3HAaYHTEJbHHIM (OPH BOSHHKHOBE-
HHMH THAPaBJHYECKHX YAapoB), BHOpaUusM, BO3JIeHCTBHIO TeMIlepary-
PH H 1P. :

U3 Bcex TpyGompoBOLOB, PACHOJOXKEHHEIX HA BCACHIBAIOLUIHX CJHB-
HHIX B HarHeTaTeNbHHX YUacTKax, MOCJeJHHEe NOCTOAHHO HJH HePHOIH-
YeCKH "HaXOHSATCA NOJ AaBJeHHeM, a TaKkKe IOJ JeHCTBHeM JHHaMHUe-
CKMX Harpy3oK, BHI3BaHHHIX NyJbcalliel JaBJeHHs XHIKOCTH. Bcach-
pajomue TPyGOIPOBOAB, PACNOJOXKeHHEle MexJy 6akoM H BCachBalo-
HIed NOJIOCTHI0 HAcOoCa, HCHHTHBAIOT MaJjoe (MHOTJAa OTPHIATENbHOE)
JaBJeHHE; CAHBHEIe TPYOONPOBOABI HAXONSTCH NOX JaBieHHeM, 06y-
CJIOBJIEHHHIM, B OCHOBHOM, THAPAaBJHYECKHMH CONPOTHBJIEHHAMH, KO-
TOpHIE PasMelleHbl MeXAY noTpebuTteseM (LIHIHHAPOM, THAPOMOTOPOM)
n 6axoM.

PH OPOEKTHPOBAHHH H MOHTaXe TPYyOONPOBOJOB HEOOXOAHMO NpH-
IepXKHABAThbCH TAKHX NOJOKEeHHH:

— Caenyer CTPEMHTBCS K YMEHbIIEHHIO OGIUIero KOJHHECTBA KDH-
BOJIHHEHHEIX Y4acCTKOB, u30erath MaJjblX panuycoB H3ruba, a Takxe
HapyIIeHHs LHAHHIAPHYHOCTH TIONEPEUHOro ceueHuss TPyOONPOBOAOB
BhIIIE ZOMYCTHMEIX HOPM B MecTe H3rH0a M Ha NPIMOJHHEHHHIX y4acT-
kax. Maru6u 6osbinoft KpHBU3HBI, OBAJBLHOCTb H APYTHe BHIB HCKaKe-
HHH ceueHHs1 TPYOH HEeJONYCTHMH B OCHOBHOM II0 NpHYHHE BO3pacTa-
Hus JeHCTBYIOIIKX B TPYOOmpoBOJAe HaNpPsKEHHH, KOTOpHE IPH NIYJb-
CHpYIOIEM JAaBJeHHH NPHBOJAT K YCTAJOCTHHIM pa3pyIUEHHSAM,

— Ilpu mMoHTaxke Tpy6GOIPOBOLOB CJeAyeT H3beraThb TaKXKe Hamps-
JKeHHH, BOBHHUKAIOIIMUX B PE3y/IbTaTe MOHTAXKHHX HETOUHOCTEH, BeTHYH-
Ha KOTOPHIX B OTHEJBbHBIX CJAydasX MOXKeT IPEeBHIUATb Npegdle] TeKy-
YeCTH MaTepnasa TpyOHL.

— Ilpu mapazanensHoli NpoK/aalKe HECKOJbKHX TPYGOIPOBOAOB He-
O0XOQHMO COXPaHATb MeXIy HHMH 3a30p, ZOCTATOYHHIH AJs OCMOTpA.

— He pexoMmeHayercs NpoKJaAbBaTh TPYyGONpOBOAbL (rHIpPaBJIH-
4ecKo# CHCTeMbl) BOJIH3H 3JIeKTPHUIECKHX NPOBOJOB HJH Hal HHMH (Tpe-
6oBanus TeXHUKH 06€30I1aCHOCTH).

Hapexnocts paborel rH6KHX TpyGONPOBONOB (IIVIAHTOB) 3aBHCHT
B OCHOBHOM OT cobJiofieHHs npaBus MoHtaxa [23]. Tak kak Temio-
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BBI/IeJIeHHE C TOBEPXHOCTH NIJIAHTOB B, 2-—3 pa3a MeHbIle, 4eM ¢ NOoBepX-
HOCTH METaJJIHIeCKHX TPYO, TO MPH HANPSKEHHOM TEMJOBOM peKHME
THIPOCHCTEMBI CJEAYeT [0 BO3MOXHOCTH OrDAHHUHBATh NPHMEHEHHE
1IJIAHTOB,

Pacxon XuaxocTH B TpyGoNpoOBOAe ONpeNeNsieTCsi NPOH3BOLHTENb-
HOCTBIO HACOCa HJH pacxoloM B norpeburene. Juamerp TpybonpoBoaa
HAaXOJAT H3 3aBHCHMOCTH

4Q
nd?

rle ¥ — CKODOCTb TeUEHHS XKHIKOCTH, M/C;
2 — pacxo XHAKOCTH, JI/MHH;
d — BHYTpPEHHHH AHaMeTp TPyGONpPOBOLA, MM;

OTKyHa
d=4,6 I/ < .
U

CKOpOCTb TeueHHsI XKHAKOCTH B TPyGONPOBOJAX 3aBHCHT B OCHOB-
HOM OT JlaBJIEHHS B ruapocucTeme (tabx. 19). ‘

Tabruya 19

Fo —

1, M/C

Tpy6onpoBo aK RO PeKOMeHIALHAM

MHOCTPaHHBIX q;upu B CTAHKOCTPOCHHH

0,5—1,5

BcacniBatomue
CruBHEIE
HarneratenbHEE NPH JaB-
JgeHunax, Mlla,
o 2,5

5,0

10,0
cehie 15,0 GoJiee

[
(=3 -]

AU WO

} . 3—5
4

CiieyeT MOMHHTB, 9TO C yBeJHMUYeHHEM JuaMerpa TpyOBl MIOLIAIhL
ee TONepevHoro CeueHHs, PacXof KHAKOCTH W TENJOBHIEJECHHS, SBJs-
IOIHECT Pe3ysbTaTOM TPEHHS JKHIKOCTH O CTEHKH TPYOH, pacTyT OHI-
cTpee, B TO BpeMs KaK NOBEPXHOCTb TEMJOOTHAYH IIPOMOPHHOHAJBHA
anaMerpy TpyGui. [loaToMy npH GOJBIIEX pacxolax H CHTYaHHAX, KOT-
lla BO3MOKEH HHTEHCHBHHH HarpeB XKHJAKOCTH, cleiyeT Ha 20—259Y,
CHHUIKATh PEKOMEHIYEMYIO CKOPOCTb.

PexxuM TeueHHs KHIKOCTH XapaKTepH3yercs ducaoM PeiiHosbaca
Re. PexnM TeueHus: H3MeHseTCs NPR KPHTHYeCKOM uuciae Pelimoanaca
Reyp: MOTOK JaMHHaApHHI, ecan Re<Reyp; MOTOK TypOy/eHTHHH, ecan
Re>>Rexp. B TpybonpoBojax ruipaBiHYecKHX CHCTEM OOLIYHO HabJI0-
JAeTCsl JIaMHHApHHA HOTOK; TypOyJIeHTHHIH »Xe peXHM ualle IpPOHUC-
XOAMT B IPeAOXPaHHTEJbHBEIX KJaNaHaxX, JPOccessiX, pacnpeenHTeNnsx,

“a TakxXe B MECTHHX CONPOTHBJIEHHAX, CMOHTHPOBaHHHIX Ha TpyGompo-
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Bozax. Cieayer usberaTh pexXHMOB GIU3KHX K Rexp, TAK KaK NPH JJIH-
TeNbHO paboTe MOXET BO3SHUKHYTp IyJbCalMs NaBJeHHs, HapylueHHe
<TabHJILHOCTH PacXoJOB HAa OTAEJLHBIX YYaCTKAaX CHCTEMBI, HOBHIIICH-
HBIH HarpeB XXUAKOCTH U Ip.
[Toreps parnaenus, MIla, B Tpy6onporosie BHYHCAsieTcs o dopmyne”
02

{
Ap=?w—d—“- —'{%"0,1, (109)

Tae A — K03(hPHIEHEHT CONPOTHBJCHUS;

vy — o0beMHBIH BeC XXUAKOCTH, KI/M8;

[ — nauHa Tpy6onpoBoaa, M;

d — BHyTpeHHH! fuaMeTp TPYGH, M;

U — cpeJHsISi CKOPOCTh IIOTOKA, M/C;

g —* yckopenHe cuJnl Taxectn (g=9,81 m/c?).

Teoperuueckoe 3HaucHHe KO3 PHIHEHTa CONPOTHBICHHA A/ JaMu-

#lapHoro noroxka (Re<(2300) ¢ yueroM oxJsaxKJeHHS BHEIIHHX CJIOEB
2KHJIKOCTH ¥ BO3MOXKHLIX HEPOBHOCTEHl Ha BHYTpEeHHEM JAHaMeTpe TPyOul

N 75
=R "
C yueToM yKasaHHOTO 3HAYEHHS A MOTEPs AaBJEHHS
15,0vlp
Ap =—=-Q (110)

rie v — KHHeMaTHuecKast Bsi3KocTb [1];
0 — IJIOTHOCTH XKHIEKOCTH. .

Popmyna (110) cnpapeannBa Ias DPAMONHHEHHEX YYacTKOB TPY-
Obl, COIPOTHBJIEHHE ABMIKEHHIO XKHJIKOCTH B KOTODHIX CO3JaeTcs B OC-
HOBHOM B De3yJibTaTe THAPaBJIHYECKOro TpeHus. KpupoJHHeHHEIE yya-
CTKH, yrioBble, T-o6pasHele cOoeIWHEHHs, LITYIEpbI, ammapatypa cos-
RAIOT MECTHHIe CONPOTHBJIEHHS, KOTOpHE NpH onpelesfeHHH OGIIero
nepenajia yiasJeHHS B THAPOCHCTEME JOJIKHH VUHTHBaThCs. Iloreps
nasaeuns, MIla, o MuHepaapHOrO Macja ¢ YAETbHEIM BECOM y== .
=880 xr/m3

Q2
pratl

\ Apw, ¢ = 0,47-10-3802 = 0,21& (111)
rae § — xoaddunuent conporusaenus [1].

Koa¢duuueHT cONpOTHBAEHUS AJs NOCIEJ0BATEJNLHO PaCIOJIOKEeH-
HBIX MECTHBIX COIPOTHBJEHHH

n

2 = E&+&+ .. +in

1
&

Crneayer uMeTh B BHJY, UTO Nepenaj AaBJeHHs AJNA HOPMaJH30BaH-
HO#l annmapaTyphl OpHBe/eH B TEXHHYECKOH XapaKTePHCTHKE STHX amra-
paros.

ITockonbKy GOJBIIMHCTBO peasibHBIX THAPOCHCTEM CTAaHKOB H JAPY-
rux Maiime paGoTaloT B OpPraHHUEHHOM AHala3oHe 3HaueHHH uuces Re,
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norepu Hamnopa B TpybonmpoBojax Inpy pacyerax (npHOJIMKEHHEIX)
MOXKHO ONpeJeNaTh II0 3MIHPHYECKOH (opMyJe, pPEeKOMeHI0BaHHOA
SHHUMC, o

Ap = 0,0072 ——. (112)

HesaBHCHMO OT TOUHOCTH ONpeJieIeHHsl I10Teph B THAPOCHCTEME,
OKOHUATEeJbHAs KOPPEKTHPOBKA JaBJEHHS B Hacoce NPOHM3BOAMTCS MPH
"HaJlajiKe MaIUHHE TOyTEM HACTPOAKH IPY2KHHBI HANOPHOrO 30JI0THHKa
HJIH [IpeIOXpaHHTEbHOTO KJanaHa.

Ipubrusicennoil pacier Tpybonposodos Ha npourocrs. I1IpounocTs
IPSIMHX OTPE3KOB TOHKOCTEHHBIX TPYG C OTKPHLITHIMK KOHLAMH, Harpy-
KEHHBIX BHYTPEHHHM CTaTHYECKHM /[aBJICHHEM, MOXKeT ObiTh NpoBepe-
Ha Ha NpOJOJIbHLIH pa3pHB 1o hopmyie

pdn
2s

op == (113)
rie op — AONMYCTUMOE HaNpsKeHHe MaTepHaJa TpPyOBl IPH pa3pHBE NO
OKpyXHOCTH (0OHUYHO BEIOMpaeTcs paBHEM 30—35% Benu-
YHHEl BpeMEeHHOTO COIPOTHBACHHUSA) ;
P — MaKCHMaJbHOe RaBJeHHe XKHAKOCTH;
d ¥ § — HapyXKHHHA AUaMeTP H TOJUIHHA CTEHKH TPYOHI.
TomuuHa CTEHKH C YYETOM OTKJIOHEHHH B pasMepax AHaMeTpa H
TOJIIIHHHBL CTEHKH

pld+m) '
= %en " (114)

rje m — OTKJOHEHHS [0 JHaMeTpy TpPVOHI;
n — JOMYyCTHMOE  OTKJOHeHHe  ToJIHHB cTeHKHE no T[OCT
8734—75, I'OCT 8732—78, I'OCT 10707—73 koaebaerca B
npefpenax or 8—15%.

d
Jlas pacdera ToJicTOCTeHHOR TPyGHl (T < 16), B KoTOpO#l Hamps-

KeHHe H3MeHseTCs OT MaKCHMaJIbHOTO 3HAYE€HHS Ha BHYTPEHHEH CTeH-
Ke [0 MHHHMaJbHOIO Ha HAapYXKHOH CTeHKe, npHMeHsercd ¢opmyJa
Jlsme
d? — 25— 25
_=p————— 115
Op P 9s (d . S) ( )

MHorue MoO6GHJIBHBIE MauHHb PabOTAOT B YCJIOBHAX IepPeMeHHOH
TEeMIIEpPaTyPH OKpyXKaloule# cpefibl, B YCJIOBHAX H3ME@HEHHs TemIepa-
TYpPH KHAKOCTH B rHApocHcTeMe. 3-3a 9TOr0 BO3HHKAIOT TeMOepaTyp-
HBle HampsiKeHHs B TpybompoBoiax. IIpu Maablx TOMIIHHAX CTEHKH
TPY6HL TeMIEPaTypHEIE HAIPXKEHUS

Ea(ty — ta)
: R T P R ;
rie E — MOZLyJb yOPYroCTH;
A
o’ — K03 OunKEHT JHHEeHHOrO paciIHpeHns;

(116)

222



1y M fy — TeMmepaTypa BHYTPeHHeH H HapyXKHOH NOBEPXHOCTH CTEHOK
TPYOHL;
p — kos3d¢unuent Ilyaccona.
Ecnu Ttpy6a us cranu E=2,1-10° MIla; a=12,5-10"%} {s—ta=
=50°C; u=0,3,

TO 0 =

{

2(1 —0.3)
2,1-105.12,5-10-6.50

zl 94 MIla.

7. YnnoTHUTENbHbIE YCTPOHCTBA

YoaoruuTeJpHEE YCTPOHCTBA SIBAAIOTCH OJHMM M3 OCHOBHHIX 3Je-
MEHTOB, OT KOTODHX BO MHOTOM 3aBHCHT HaJeXKHOCTb AEHCTBHS THA~
POQHIIEPOBAHHHX Y3JIOB H MexaHu3MOB. IIpH BBIXOJE yNJIOTHEHHS M3
CTPOsI THApPABJHYECKHE arperarsl CTAHOBATCS HepaboTOCMOCOGHBIMH.

B 3aBucuMocTH oT Tpe6OBaHUM, NpefbABASEMBIX K THApaBJHYEC-
KHM almapaTaM H arperatam, YIJIOTHHTENH AO/KHH OGeCIeYHTb MOJ-
HYIO TEpPMeTH3alHI0 pabouell KHUAKOCTH HJH CYUIECTBEHHO, YMEHBIIHTh
yreukn ee, He gonyckalorcs yTeUKH HapyXKy; VTeUKH Xe XHIKOCTH
- BHYTPH arperaToB (B paGouHX UmJHHApax, B alnaparype, ruipoma-
IIHHAX H Jp.) B OONBUIHHCTBE CJyyaeB JONYCTHMHE, HO periaMeHTHPO-
BaHH N0 BeJHYHHe. 3HauuTe/lbHBHE BHYTPEHHHE YTEYKH BHISBIBAIOT IO-
TEPIO MOIIHOCTH ¥ MOI'YT HAPYIIHTL PEeXHM pPabGoTHl THIPOCHCTEMHI,
©COOEHHO TIPH MaJbiX CKOPOCTAX HCHOJHHUTENBHOTO MeXaHHu3Ma.

Bee ynnorHeHHble YCTPOHCTBAZ IO XapaKTepy YHJNOTHSeMHIX coe-
IWHEHAH NOAPA3AeJAIOTCS Ha TPHM TPYNNH: AJf HENOABHIKHHIX COeJH-
HeHHH (YIJIOTHEHHEe KpHILIeK, (pJ1aHIeB, rONOBOK U Ap.); I/As cOeAuHe-
HUH TIOJABHIKHHIX C BO3BPAaTHO-NOCTYNAaTEJbHEIM JBHKeHHeM (YIJIOTHe-

;) HHe HOPUIHS, IUTOKA, 30J0THHKA B pacilpelenuTenae M Ap.) H AJd coe-
JUHEHHH ¢ BpalllaTeJbHHIM ABHIKEHUEM.

IMo npuHUHNY NefCTBHS YIVIOTHUTENbHBIE YCTPOHCTBA MOApPa3nesisi-
I0TCA Ha: KOHTAKTHBHIE, CO3MAIOLIHE I'ePMETH3alHI0 3a cHeT IJIOTHOrO
[PHJEraHHA YINIOTHSIOIHX JeTajlefi K COOTBETCTBYIOIIMM CONpPSIKEH-
HHIM MIOBEPXHOCTAM, H GeCKOHTakKTHbIE, PH paboTe KOTOPHX HMEIoTCs
3a30PH B COeIHHEHHSAX.

KoHTakTHHEe YIJIOTHCHHst (NPOKNAJAKM, YNJAOTHHTEJbHHE KOJIbLA,
MaHMKeTH) COXPaHSIOT BEHICOKYIO FepMEeTHYHOCTb, OJHAKO HMEIOT Orpa-
HHYEHHYIO XOATOBEYHOCTb H CO3RAI0T JAOMNOJHHTENbHYI0 Harpysky B
TIOJBHKHBIX COEAUHEHHUSIX IPU B3AUMHOM HX NEpeMenIeHHH.

[To KOHCTPYKTHBHBIM OCOGEHHOCTSIM M XapakTepy paGoTH YIUIOTHe-
HHUS JJsI HEOJBHIKHBIX COeRMHeHHH AeadTcs Ha TPH THna: 6e3 mpome-
KYTOYHBIX 3JIEMEHTOB; C IIPOMEXYTOYHHEIMH 3JieMeHTaMH (HPOKJIaJKH,
K0JIbLd), Y KOTOPHIX JiaBJEHHE CPEIEl YMEHbIIAeT KOHTaKTHOe JaBJe-
HHUe MeXKJy CONpAXEHHLIMH NOBEPXHOCTAME (HeCaMOyIJAOTHSIIIHECH)
H YIJOTHEHHS € NPOMEXYTOUHEIMH 3JIeMEHTaMH, ¥ KOTOPHIX YBeJHye-
HHE JaBJCHHS CPelbl CIOCOOCTBYET YBEIHUEHHIO KOHTAKTHOIO JaBACHHS
MeXKAy CONPSKEHHBIMH IIOBEDXHOCTSAMH (CaMOYIJIOTHSIOIIHECH).

YujiaoTHeHHe 6e3 NPOMeXYTOUHBIX JEMEHTOB IOCTHTaeTcs 3a CyeT
THIaTeNbHOH OOPabOTKH (NMOATOHKH) MeCT CONpSiKeHHS (LJIH(OBKOMH
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AJg merajieil H3 CTalHu UIH mﬁﬁpeHHeM, eCJIH colpsraeMble feTasiu U3-

rOTOBJIEHH M3 yyryHa). Xopomasi repMeTHYHOCTb MOXKeT OHTh AOCTHI-
HyTa npu AasjieHusix 1o 3—4 MIla. CmasniBanHe conpsAraeMbx no-
BEPXHOCTEH KHPOM, IPadUTOM ¢ MACJOM HECKOJIbKO YJY4YIlaeT repme-
THYHOCTb COERHHEHHS.

CoennHeHHs 6e3 NPOMEXYTOYHBIX 3JeMeHTOB AOPOroCcTOsAllNe, NpPH-
MEHSIOTCH CPDABHHTEJIbHO PeJKO B B OCHOBHOM TaM, rje tpefyeTcs TO4Y-
HO BHJIEPKATH pa3Mep COeAHHEHHS HJH CTPOTryI0 NMepneHAHKYJSPHOCTD
MecT conpsixkenust (puc. 117, 6).

AOGCONIOTHYIO TepPMETHYHOCTh MOKHO CO31aTh KOHHYECKHMH pe3b-
OOBBIMH COeJIHHEHHSIMH; IPOMCXOAHT 3TO 3a cueT Ae)opMalHH BHTKOB
pe3nOH.

¥naornenun necamoynaoruaoujuecs. IlpuMenenue niaockux u da-
COHHBIX NPOKJAJOK HJH KOJell MexJy COINpsAraeMBIMH JeTajsIMH 3Ha-
YHTEJLHO YNPOLAaeT TeXHOJOTHIO H3rOTOBJIEHHSt KOHTAaKTHPYIOIUKX MO-
BepxHocTed. M3-3a nedopmanuu NPOKTAJKH NPH 3aTsHKKE CTHIKOBOTO
COEHHEHHA CO34aeTCsl BLICOKOE KOHTAKTHOE MRaBJeHHe, HeoGxopuMoe
JJIsl repMEeTHYHOCTH. JlaBJjleHHe Ha KOHTAKTHO{l MOBEPXHOCTH NMPOKJAR-
KH JOJKHO ObITh GOJblile AaBJeHHs YILUIOTHsSeMOH cpefbl. Ycuine R,
HEeOOXOAHMOe [Jis NPHKATHA KOHTaKTHPYIOUIAR NOBepXHOCTeH, ompe-
JleJs1eTCsl H3 ypaBHEHHS

I

R=p~""+ ko, (117)

rie p — AaBJjeHHe VIIOTHAEeMOM cpelnt;
f — niowaab NpoKIAamKH;
k — xoapuuHeHT, 06eCHEUHBAIOIWHE IepMETHYHOCTh YIJIOTHEHHS
(pexomenayercs k=1,2--1,5).

INpoknagku 6HBAOT MeTaJJHUYECKHE H HeMeTa/siHiecKue (U3 pe-
3uHH, (TOpONIACTA, KOXH, KapToHa, 6yMarH). Ilaornas 6ymara npu-
MEeHsieTcsl PH JaBJEHHH YIJIOTHseMOH cpeinl He Bhime 6,5 MITa. Ilpu
Gonpmux naBjeHusx (o 10 MIla) peKOMeHAYIOTCS UPOKIAAKH H3
TOHKOI'O KapTOHA, NPONHTAHHOTO HHuTpoJakoM. Jaa masaeHuit GoJee
10 MITa npuMeHSIOTCS NPOKJAAJKH METaJJJIHYeCKHEe M3 CBHHIA, aJlOMH-
HHS, KPACHOH MeJIH H MATKOH CTaJH,

Crenyer uMeTh B BHAY, UTO IIPH 3aTSAXKKe MeTa/UIHYegKHe MPOKJIAL-
KH MOJBEPraroTcs MAacTHYeCKOH JedopMauun H TEPSIOT NPH 3TOM Nep-
BOHAYaJbHYIO MJIACTHYHOCTL. J/S BTOPHYHOFC HCHOJIB30BAHHS MeETaJl-
JIHYECKHX NPOKAafOK (M3 KPacHOH MeJH, MATKOH CTaiH) HX HeoGXOdH-
MO OT2KHI'ATb.

[ HeMOJBHAKHHIX 'H TOABHKHEIX CAMOYCTAHABAUBGIOUUXCR COe-
JAMHEHHH NPHMEHAKITCS 3JaCTHYHBIE KOJbLAa KBAJAPAaTHOrO, KPYNHOTO M
Apyrux cedenud (pumc. 117, 8, e, 0, e, 0 o). YIIIOTHEHHE YCTaHABJIHBA-
CTCST B PacCTOYKe, BHIIOJHEHHOH B OJHOH M3 colipsraeMbix JetaJjefl.
ITop pmaBjeHueM KOJBIO NPHKHMAETCA K KOHTAKTHHM NOBEPXHOCTAM.
C CHJIOH, NPONOPUHOHANLHOH JaBJeHUIO cpeanl (puc. 117, 3)

pH’=p‘l +p’
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3

P

Puc 117. Ynnotuenne coenuHerHui 32 cuer:

a — TNpoKAafoX H3 OyMarH, KaproHa; 6 ~— TUWIATEABHOR NOLTOHKH CONMPAKEHHBIX MOBEPXHOCTER;
8 — NOOKNAJKH H3 KpacHoH MenH, MATKOrO JXeje3a; 2—of — INPHMEHEHHS KoOJell, MaHKeT H3
MacJOCTOHKOR DPesHHB!, 3 — KOJbLA KPYIJOTO ceyeHHs

re p. — KOHTaKTHOe AaBJIEHHe, CO3[aHHOE 3a CYeT HPeABAPUTENBHOro
CXKaThs CEUeHHs KoJabla; cocraBiasger 8—209, or guamerpa
HJIH BEICOTHI KOJIbLIA (/11 KBAAPATHOIO CeUeHHs ) ;
P — JdaBJIeHHE YIVIOTHAEMOH CPelHl,

Ilpn BLIGOpE yNJIOTHHTEJALHOrO YCTPOACTBA M MPOEKTHPOBAHHH MeC-
Ta MOX yWIOTHEHHE C/IEAYeT MOJb30BAThCA CNPABOYHLIM IQCOGHEM H
coorBercrByomumMu 'OCTamy [1, 2].

[loBepxHOCTE HUIHHAPOB, INTOKOB, OTBEPCTHH HAJS 30JI0THUKOB, MO
KOTODBIM NEePeMellaloTCsi PE3HHOBbIE YIVIOTHHTEJAbHBIE SJEMEHTH (/s
MOABHIKHEIX COCNMHEHHH), NOJKHB OHTh IIJIKGOBAHH H MNOJHPOBAHHI
C LIEePOXOBATOCTbIO He HUKe 7—8-ro, 'Ho He Bhile 9—10-ro Kaacca, Tak
Kak 7pH 3TOM BO3paCTAalOT NMPHJAMIAHHE U H3HOC PE3UHOBLIX JeTateid
[29]. Caennt 06paboOTKH IOMKHEL GHITh NEPNEHIHKYIAPHbL K OCH IITOKA.
IT0BepXHOCTH CTaNbHEIX JeTasell, MO KOTOPHIM CKOJB3ST PE3HHOBHIE
3JIEMEHTHl, PEKOMEH/YeTCsI XPOMHPOBATh,

225



N Ynaornenus Aan noOsusinbLX coedu-
Mgy #enud MoryT OHTh JBYX THIOB: Ges
— TPOMEKYTOUHBIK 3JEMEHTOB, KOTd CTe-
a P . % 'of; NeHbL TFePMETHUHOCTH OOecneyHBaercs

7 MHUHHMAJBHEIM 3330pOM MEeXAY YIJIOT-

A AN HAIOIIHMH CRELL&MPI, H YNJOTHECHHA, B

KOTOPBIX repMeTHYHOCTh COeTHHEHHS

B

“ 7/ CO3AAeTcsl CIeluaJbHbIMH YIJIOTHSIO-
1 9’ 3 IIMMH JeTa/sIMI 32 CIeT CHJI YIPYTrocTd
RN ITHX geTalefi ¥ JaBjeHHS YIUIOTHsE-
— MOH Cpelsl, 8 TaKXKe B pe3yJibTare COB-
] WW?W/ MECTHOro JeHCTBHS, YOPYTrOCTH H JaB-

2 \ JICHUSL.
Puc. 118. ®opma cevenns Jjabu- YroTHeHHs IIepBOro THIa — Ie-
PUHTHHX K2HABOK JieBbie Wi Aabupuuthbie (puc. 118, a)
NPUMEHSIOTCH B PACHPEAeNHTeNAX, all-
mapatype npelOXpaHeHHS, YNPaB/IEHHS, THAPOABHIATENAX, TAE MEKIY
TIIATEIbHO MOJOPHAHHBIM 30JOTHHKOM, IUIYHMKEDOM HIHM TOPUIHEM M
BTYJIKO# (KOPIYCOM, THJIB30#) OTCYTCTBYIOT IPOMEXYTOUHBIE 3MEMEHTHL.

H3BecTHO, YTO yTEUKH uYepe3 IUeJH MOA JEHCTBHeM nepenajaa Aa.-
JleHHsl TPONOPIHOHAMbHE BEJHUHHE 3a30pa, mostomy h (puc. 118, a)
CTpeMATCA NOJYYHTh MHHMMaAbHHIM. B mpakTuke /i yCTaHABJIHBAETCH
B 3aBHCHMOCTH OT AMaMeTpa IJIyHmxepa (3oj0THHKa). [las cepuitHOTO
HJIH MAacCCOBOrO IIPOH3BOACTBA 3a30PhI MEXIY CONpATaeMLIMH' TapaMH
uamensmotes ot 0,003 po 0,1 MM AnA AMAMETPOB COOTBETCTBEHHO OT 6
10 200 MM, YBenuuenue oO6lledl AJHHBL CONpsXKeHHs ! CMOCOGCTBYET
YMEHbIIEHHIO yTeueK.

Jla6upuHTHbIE KAHABKH Ha 30JI0THHKAX MOMHMO BEIDABHHBAHUA AaB-
JIeHHSI B 3a30pe CHOCOGCTBYIOT YMEHBLICHHI0 TPEHHA H YBEJIHUEHHIO
TP aBJAHYeCKOro CONPOTHBIIEHHUS.

SkcnepuMentH, nposefennbie . A, HukutnusiM 1 A. M. MnatoBhiM
[33], mokazanu, 4TO Ha BeNHUYHHY KOS(OHIHEHTA CONPOTHBJIEHHS E
BaHsieT (hopMa ceueHUs JaGHPHHTHOH KaHABKH, IIHDHHA ee Iy, Taybu-
Ha hyx M paccTosHMe MeXLy KaHaBKaMH [; (puc. 118, 6). YcranosaeHo,
uTO KaHaBKa I (M0 KOH(HrypamuH) OKashBaeT 6oJbliee CONPOTHBJE-
Hue, yueM KaHaBKa 2 (npumepHo Ha 40%); MHHUMaJIbHOE CONPOTHBIIE-
HHE CO37aeT KaHaBKa & TPEYyroabHOH ¢(opMbl. MakcumanbhOe 3HAUe-
HHe E noJydeHo npH oTHoweHHH [y/h=20, hx/h=3-—5 u 1;i>40h. I'ng-
paB/HUECKOe COIPOTHBJICHHE KaHABKH, HMEIOIEH OKpYr/eHHbE KpOM-
K4, npumepHo Ha 30% MeHblIe CONDOTHBJIEHHSI KaHABKH C OCTPHIMH
KpoMKaMH. EcaH HampaBsJeHne NMOTOKA H3MeHAeTCd, TO HA MIAYHKepe
AAH NOpLiHE JaGHPHHTHEIE KaHABKH CJAEAYeT [NPHMEHATh MPSIMOYTojib-
HOH KOH(HUIYpallHH.

A
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