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06beMHbIX rMAPOMaLUMH W ruaponepeaay», U npeaHasHayeHsl ans
CTYAEHTOB AHEBHOW M 3a04HON opM 0byYeHus.



© Kadeppa «mapasnuka, MA v TMN» ArTY, 2013

Llenb paboTbl: Ha OCHOBE MakeTa LUECTEPEHHOr0 Hacoca
03HAKOMUTBLCS C KOHCTPYKUMSIMU OBBEMHBIX TMAPOMALUMH AAHHOMO
TWMa, MpPOLECCOM UX Pa3bopku-cOOpPKW; BbISBUTb A€TanM U UX
NMOBEPXHOCTU, M3HOC KOTOPbIX CYLLIECTBEHHO B/IUSIET HAa TEXHUYECKUE
nokasaTenM  KOHCTPYKUMM; MO  KOHCTPYKTMBHbIM  pa3Mepam
onpeaenuTb pabounii 06bEM M KPYTALWIMA MOMEHT Ha Baly
rMapoMalLHbI.

1. TepMuHOIONS KIaCCUUKaLMSs, MPUHLNIT JEUCTBUS

Ob6beMHON  (TMApPOCTaTMYECKOM) HA3bIBAaeTC  rMapoMallvHa,
pabounii NpoLecc KOTOPO OCHOBAH Ha MOMEPEMEHHOM 3aroJfIHEHWUM
paboyeii KaMepbl XUAKOCTbIO M BbITECHEHUM ee U3 paboyell kamepbl
pabounM oOpraHoM, Npu 3TOM MpPUpaLLEHME SHEPruM MpoUCXoauT B
OCHOBHOM 3@ CUET €€ /10TEHLMa/IbHOY COCTaBNSIOLLEN.

Mon paboyves kamepori o06beMHOY TMAPOMALUMHBI MOHUMAETCS
OrPaHWYEHHOE MPOCTPAHCTBO BHYTPU  MalUWHbl,  /7EDHOANYECKH
M3MEHSIIoLLEE CBOM 06BbEM M MOMEPEMEHHO COOBLLAIOLEECS C MECTaMM
BXOA4a M BbIXxofa >XuakocTn. Ob6beMHas rMapoMallnMHa MOXET UMETb
OfHY VNN HECKONbKOo paboumx kamep.

B cooTBeTCTBMM C TeM, CO3A4a0T rMAPOMALLMHBI MOTOK >KMAKOCTU
WM UCMONb3YIOT €ro, WX pa3gensioT Ha O06beMHbIE Hacocbl WU
rnapoasuraTeni.

O6beMHyto rMapoOMaLUnHYy, npeaHa3HayeHHyo ans
npeobpa3oBaHUsl SHEPrUM ABUXKEHNS BXOAHOMO 3BeHA (MEXaHWYeCcKoM)
B 3HEPruio noTtoka paboyei XuaKoCTu (rMapaBMYeckyto) HasbiBatoT
06 BEMHBIM TM4POHACOCOM.

B 06beMHOM Hacoce nepeMeLleHne XMAKOCTU OCyLLeCTBNSETCS
NyTeM BbITECHEHNUS ee M3 paboumx Kamep BbiTecHUTeNnsMu. [loa
BbITECHWUTESIEM MOHMMaETCs paboymin opraH Hacoca, HEMoCPeaCTBEHHO
coBepluatowmii  paboTy BbITECHEHMS. BblTecHUTENsIMM MOryT ObiTb
MOPLUHW, NAYHXKEPbI, LUECTEPHU, BUHTbI, NAACTUHLI U T. 4.

Mo npuHUMNY [OencTBUs, TOYHee MO XapakTepy mnpouecca
BbITECHEHMS XXMAKOCTU, O6bEMHbIe HAacOChl pa3aensioT Ha NopLIHEBbIE
(NNyH>XepHbIE) N POTOPHbIE.

B noplwHeBoM (nnyH)XEpPHOM) Hacoce XXWAKOCTb BbITECHSIETCS U3
HENOABMXXHbLIX ~ KamMep B pe3y/ibTaTeé  /iMb  BO3BpATHO-
NnocTynaTesNlbHOro0 ABWXKEHUSI BbITECHUTENEN (MOpPLUHEN, MNIYHXEPOB,
avadparm).



B pOTOpHOM Hacoce XMAKOCTb BbITECHSETCA M3 nepemMellaeMbixX
pabounx kamep B pe3ynbTaTe BpallaTenbHOr0 WM BpallaTenbHO-
MoCTynaTeslbHOro  ABMXKEHWSI BbITECHWUTENE (LUECTEPEH, BWHTOB,
NAACTVH, NOPLIHEN).

Mo xapakTepy ABWXEHWS BXOAHOrO 3BeHa O6beMHble HaCOChl
pa3fensaloT Ha BpawaTtenbHble (C  BpallaTenbHbIM - ABUXKEHWEM
BXOHOrO  3BeHa) W  npsMopeicTBylolmMe  (C  BO3BpATHO-
nocrynaTesibHbIM ABMXXEHWEM BXOAHOMO 3BEHA).

K 06wmmM cBOWCTBaM 06BEMHBIX HAacOCOB, KOTOPbLIE 06YCNOBMEHI
MX MPUHUMMIOM AEWCTBMSE M OT/IMYAIOT MX OT HAcCOCOB JIOMACTHbIX,
OTHOCATCA CrieaytoLme:

1. UurkimyHocTes paboyero rfpoyecca W CBsi3aHHasl C  Hen
MOPUMOHHOCTb WM HEepaBHOMEPHOCTb nogdayn. [llogava 06bEMHOMO
Hacoca OCYLUEeCTBNSETCA He paBHOMEPHbIM MOTOKOM, a nopumsamu,
KaXxaas U3 KOTOPbIX COOTBETCTBYET Nofaye o0aHOM paboyelt kaMepel;

2. [epmetmyHOCT, Hacoca, T. €. TMOCTOSIHHOE OTAeneHue
HanopHoro TpybonpoBoaa OT BCacbiBalowero (/10nacTHble HAcoChl
repMeTUYHOCTbIO He 0611aaatoT, a SBASIOTCS NPOTOYHbIMM).

3. (CamoscaceiBaHne, T. €. CNocobHOCTb 06bLEMHOro Hacoca
co3faBaTh BakyyM BO BcacbiBatoweM Tpybonposode, 3amnosHEHHOM
BO3AYXOM, AOCTaTOYHbIN ANs MoAbeMa XWUAKOCTM BO  BCACbIBAOLLEM
Tpybonposoae [0 YpOBHS pacrnonoXeHus Hacoca. BeicoTa
BCAaCbIBaHMS XXWAKOCTW MPU 3TOM He MOXeT bbiTb 6onblue npeaensHo
[OMyCTUMOW.

4. )KecTkoCcTe XapakTepuctuku, T. €. KpPyTU3Ha ee B cucteme
koopavHaT H (uam p) no Q, 4TO O3HA4YaeT Masyl 3aBUCMMOCTb
noaaym Hacoca L, oT passuBaeMoro uM gasneHus. MigeanbHas nogava
COBCEM He 3aBMCUT OT AaBfieHMs1 Hacoca (XapaKTEPUCTMKM NIONACTHbIX
HacocoB 0bbIYHO NoOorue).

5. Hezasucumocts gassieHns, co3aaBaeMoro 06beMHbIM HAaCOCOM,
OT CKOpPOCTW [ABWXeHus pabouvero opraHa Hacoca M CKOpOCTU
XuUakocT. B mpuHuMne npu paboTe Ha HEOKUMMAeMOW >XMAKOCTM
06beMHbIN Hacoc, obnafatowmin uaeanbHbIM YNIOTHEHWEM, cnocobeH
co3gaBaTb CKOMb YrogHO BbICOKOE [JaBrieHue, 06ycnoBneHHoe
Harpyskor, NpM CKOMb YrogHO Majioll  CKOPOCTU  [ABMDKEHMS
BbITECHUTENEN.

OCHOBHOM  BENUYMHOWN,  XapaKTepusyloweih  rMapoMaLLnHy
06bEMHOrO TUMa ABNSETCA paboymii 06beM G — W3MEHEHWE O6bEMa
paboueli kaMepbl 3a OAMH 3a OAWH LMK (oauMH 060poT Bana), M.



UneanbHovi riogaYesi 06bEMHOrO HAcoca HasblBalOT Mnoaady B
€AVHULY BPEMEHN HECXKMMAEMOMN XMAKOCTU MPU OTCYTCTBUM YyTeyek
yepes 3a30pbl M B OOWEM Crydae oOMpeaenstoT  CornacHo
3aBUCUMOCTMU:

Q; =gn =V, zkn w’/c (1)
rae n - YactoTta paboumx LMKIOB Hacoca (Ans BpallaTebHbIX HACOCOB
YyacToTa BpalleHus Bana), 06/G

Vi- noeanbHas nogaya M3 Kaxaon paboueli kaMepbl 3a OAWH
umKn;

Z- uncno paboumx kamep B Hacoce;

k- KpaTHOCTb [EWCTBUS Hacoca, T. €. YAC/O Noaay U3 Kaxaow
KaMmepbl 3a oMH pabounii uykn (oanH o60poT Bana).

Ans npubnMmKeHHOW OLEHKM MOAAuYM LUECTEPEHHOrO Hacoca C
LUECTEPHAMU paBHbIX Pa3MEPOB UCMOMb3YIOT BblpaXeHue

Qr =2rd_ mbn 2)

rae dy AMaMeTp HauaslbHOW OKPYXHOCTW, d,=mz,

m,Zz u b-COOTBETCTBEHHO MOAY/b 3aUeneHunsi, Yncio 3ybbes u
WwunpuHa wectepHn (m=h/2, h- BbicoTa 3y6a)

HevictButesibHas nogaya Hacoca MeHblue UaeanbHON BCneacTeue
yTeuek uyepes3 3a30pbl M3 paboumx Kamep U MOMAOCTU HarHeTaHus, a
npyv OONbLUMX [aBMEHUSAX Hacoca €ewe M 3a CYET OKUMMAEMOCTU
XNAKOCTMU.

OTHoOLIEeHWEe AeNCcTBUTENBHONM Nofdaun Q K naeanbHOM Ha3bIBaeTCS
k03 OUUMEHTOM Nojaum &

-q
4 oK (3)

roe G, - pacxoj yTeyek;
Gox - Pacxoa oxaTms.
Korma B Hacoce o©xkaTve >XMAKOCTM npeHebpexumo Mano,

Ko3(hchrumMeHT noaaun paseH obbemHoMy KMNA (=7, ):

:izqﬂ_qy _ Q (4)
e, @ ¢,+q,

MonHoe npupalleHne 3HepruM >XUAKOCTM B O6bEMHOM Hacoce
06bI4YHO OTHOCAT K eAMHULIE 06beMA W, CNEAOBATENbHO, BbiPaXaloT B
eavHULaxX AaBneHns. Tak Kak 06beMHble HAcoChl MpefiHa3HauyeHbl B
OCHOBHOM A/l CO3A@HUS 3HAUYUTENbHLIX MPUPALLEHWIA AABNEHUS, TO

Mo



NPUPALLEHMEM  KMHETMYECKOW  3SHEpPrMM B HAcoce  0BblYHO
npeHebperatoT. 03TOMy [AaBneHWMe Hacoca NpeacTaBnsieT coboii
pa3HOCTb MeXAy AABNEHMEM Py, Ha BbIXOAE M3 Hacoca M AABNEHUEM
pi1, Ha BX0oAe B Hero:

P, =Py—P; (5
Py
a Hanop Hacoca H/-/ == (6)
pg
[ToneszHas MoLHOCTH Hacoca
N = 7
2=, 7)
MOLLHOCTB, noTtpebnsemas BpaLlaTesibHbIM HacocoM
(3aTpaumBaeMasi NpuBOASALLMM ABUraTeNEM),
N =M @ (8)
H H H

rae M, - MOMEHT Ha Basly Hacoca;

W, YrNoBas CKOpoCTb Bana.

KMJ Hacoca ecTb OTHOLLEHME MOSIE3HON MOLLHOCTU K MOLLHOCTH,
noTpebnsemMon HacocoMm

H N M o
H H H

MonobHO TOMY, KaK 3TO MPUHATO ANS NONAcTHbIX HAcOCOB, AN
06bEMHbIX HAaCOCOB pasnMyaloT MMAPABANYECKUIA /], OBBLEMHBINA N, U
MexaHudeckuin 1, KMQ, yduTbiBalowmMe Tpu BuAa MOTEPb SHEPIUU:
rnapasnuyeckue - notepu Hanopa (4aBfeHus), obbeMHble - noTepu
Ha nepeTekaHue XXMAKOCTU Yepes3 3a30pbl, N MexaHu4yeckne - noTepu
Ha TpeHWe B MexaHW3Me Hacoca:

py-py P
n, =2 L_"H N ¢
P P Q+q,
MMy Wy, )

rae pu.,- VHAMKaTOPHOE AaBfieHWe, co3aaBaeMoe B paboyeil kamepe
Hacoca U COOTBETCTBYIOLLEE TEOPETUYECKOMY Haropy B 10MacTHOM
Hacoce;

A N, noTepu MOLWHOCTM Ha TPEHUE B MeXaHU3Me Hacoca;



Ny - WHOMKATOpHAs MOLIHOCTb, COO6LIaeMas >XMAKOCTU B
paboueli KamMepe M COOTBETCTBYIOLAA MAPABIMYECKON MOLLHOCTU B
NONacTHbIX Hacocax,

N, =(Q+qy)pMH (13)

YMHOXMWM uMcnnUTeslb NPaBoOM 4YacTu ypaBHeHusi (9) Ha neByio
YyacTb ypaBHeHus (13) a 3HaMeHaTesNb Ha npasylo:
_ Qr H NMH
"N (@+a,)p (9
H v/ T uH
Mpowv3Beas neperpynnupoBKy MHOXUTeNeN, ¢ yuétom (10)...(12)
MO>XHO 3anuncaTtb.

N = Py Q@ Ny
7 P, (Q+qy) N,

CnepoBaTtenbHo, obwuii KMNA Hacoca paBeH MpPOM3BEAEHUIO
Tpex yacTHbix KMA- ruapaBaMyeckoro, 06beMHOro 1 MexaHMYeCcKoro.
2 Knaccudmkaums potopHbix OI'M

2.1. Obume rnosnioxeHns. PoTopHble Hacockl - OIM ¢
BpalwaTesibHbIM MW BpallaTeNbHO-MOCTyNaTeNbHbIM  ABMXXEHUEM
pabounmx OpraHoB - BbITeCHUTENEN. XXMAKOCTb B 3TUX Hacocax
BbITECHAETCA B pe3ynbTaTe BpawaTtensHoro (B LUECTEPEHHbIX U
BMHTOBbIX Hacocax) Wiun BpallaTensHOro M 0AHOBPEMEHHO BO3BPATHO-
NnocTynaTeslbHOrO ABMXKEHMUSI BBITECHUTENEN OTHOCUTENbHO poTopa (B
POTOPHO-MOPLUHEBBIX W MAIACTUHYATLIX Hacocax).

OcobeHHoCTbl0 paboyero nmpouecca TakMx HACOCOB SIBASIETCS M
TO, YTO MpV BpalleHun poTopa paboune Kamepbl MEePeHOCATC U3
MosiocT BCacblBaHUS B MOSIOCTb HarHeTaHus u obpatHo. [MepeHoc
pabounx kamep C XWAKOCTbIO AenaeT M3MUWHUMKU BCacbiBalowme M
HarHeTaTesNbHble KnanaHbl.

OTcyTCcTBME BCaCbiBAlOWMX WM HarHeTaTeslbHbIX KianaHOB B
pPOTOPHbIX ~ HAcocax  SIBNSIETC  OCHOBHOM KOHCTPYKTMBHOIA
0COBEHHOCTbIO, KOTOpasi OT/IMYAET UX OT MOPLUHEBbLIX HACOCOB.

POTOpHBIN HacoC OBbIMHO COCTOUT M3 TpeX OCHOBHLIX YacTei:
cratopa (HENOABMXKHOIO KOpryca), poTopa, XECTKO CBA3AHHOro C
BaJIOM Hacoca U BbITecHUTeNs (0AHOMO UM HECKONBbKMNX).

B HEKOTOPbIX POTOPHBIX HACOCax POTOP OAHOBPEMEHHO SB/IAETCH
U BBITECHUTENIEM. B 3Tux C/ly4asx B HACOCE [O/DKHbI ObiTh elje
MOABWKHbBIE ~ 3/IEMEHTBl,  HA3LIBAEMBIE  3aMbIKATEISIMY,  KOTOPbIE

=N, My My, (15)



06eCrieynBaroT  HEOOXOAUMYIO  I'EPMETU3ALNIO  paboyux  Kamep.
Haripumep, B TPEXBUHTOBbLIX HACOCax BEAYIYMI BUHT SB/SETCS
OAHOBPEMEHHO POTOPOM U BLITECHUTENEM, A ABA BEAOMbIX BUHTA HE
Harpy)XxeHsl MOMEHTAMMU ¥ BbIMO/IHSIOT QYHKLMIO 3aMbIKaTENIEN,

Paboumnii npouecc pOTOPHOrO Hacoca CKNaAbIBAETC M3 Tpex
3TanoB: 3anofiHeHue paboumx Kamep XKUAKOCTbIO;  3aMblKaHue
(w3onsiumm) paboumx Kamep M UX MNEPEHOC; BbITECHEHME XUAKOCTU U3
pabounx kamep.

OCHOBHbIMM CBOMCTBaMM POTOPHbLIX HACOCOB, BbITEKANOWMMU M3
cneuncdmkn  ux pabodero npouecca WU OTAMYAKOWMMKM  MX  OT
MOPLUHEBbIX HACOCOB SBMSOTCS Creayowme:

1. ObpaTnMOCTb, T. €. CNOCOBHOCTb POTOPHbLIX HAacCOCOB paboTaTb
B KayecTBe ruapoaBuratenei (rmapoMoTopoB). ITO O3HAYaeT, YTo
XWAKOCTb, MNOABOAMMAs K Hacocy Mo [AaBfeHueM, 3acTaBnser
BpaLLlaTbCsl poTop M Bas. MopLHeBble HACOCH! 3TON CMOCOBHOCTLIO He
obnapatot.

2. bonbwas 6bicTpoxogHOCTb. MakcMManbHO  AOMNYCTUMBbIE
3HaUYEHMs YaCTOTbl BpaLLEHMS AN POTOPHLIX HacocoB n=(2...5)10°
06/MWH, NPUYEM HWXHWIN Npeaen CoOTBETCTBYET 6OJbLUMM HacocaM, a
BEPXHUM - ManbiM. N8 MNOPLWHEBLIX HACOCOB 3TWM 3HAYeHUs B
HEeCKO/MbKO pa3 MeHbLUE.

3. CnocobHocTb paboTaTh TOMBKO Ha YAUCTBIX (OTPUABTPOBAHHBIX
M He codepxawmux abpasuBHbIX W MeTaf/IM4Yeckux vacrtuu),
HearpeccuBHbIX M CMasblBalOWMX XMAKOCTSAX. ITM TpeboBaHus K
XNOKOCTU 0BYyCnoBneHsl ManbiMM 3a30paMyM B POTOPHOM Hacoce W
TpeHveM Mexzay 06paboTaHHbIMM MO BbICIUMM KflaccaM TOYHOCTM Y
YMCTOTbI MOBEPXHOCTAIMM CTATOpa, POTOPa U BbITECHUTENEN.

Ecnv nepBble ABa CBOWCTBA POTOPHLIX HACOCOB SIBISIOTCS WX
MpenMyLLecTBOM, TO TPETbE CBOWCTBO OrpaHWYMBAET MNPUMEHeEHUe
3TUX HacocoB. PaboTa HacocoB Ha BoAE MCKIKOYaEeTCs, Tak Kak BoAa
BbI3blBAET KOPPO3MIO M BedeT K ObICTPOMY M3HalMBaHUIO paboumx
OpraHos.
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Mo XxapakTepy [ABMXKEHUSI BbITECHUTENIEN POTOPHbIE HACOChI

pa3gensitoT Ha pOTOpHO-BpawaTenbHble (puc.2., d-X) WU POTOPHO-

noctynatesibHble  (puc.2.,

paboune opraHbi

B MNEpPBbIX

u-;



coBepwaroT NuUWb BpallaTenbHOE ABUXEHWE, a BO BTOpPbIX -
OAHOBPEMEHHO C BpallaTe/lbHbIM €lle U BO3BPAaTHO-MOCTYNaTEIbHOE
AOBMXXeHNe OTHOCUTENIbHO pOTOpa.

N

Puc.2 Knaccugpmkauyms o KOHCTDYKLmM paboyest Kamepbl: a —
LIECTEPEHHBIA, 6, B —KOJIOBPATHBIV, I —BUHTOBOU, f,€ — LLUIMOEDHbIU
(1aCTUHYATBIN), K- QUIYPHO-LIMOEDHBIU, M, K, /1 — aKCUa/IbHO-
[1OPLIHEBOM, M,H,I1 — PaANa/IbHO-TOPLLIHEBOU.

K poTopHO-NOCTYnaTeNbHbIM OTHOCATCS WnbepHble (B OCHOBHOM
NAacTMHYaTble) M POTOPHO-MOPLIHEBbLIE HAcochbl. Pasnuuve Mexay
HUMW 3aK/IOYAETCH He TOSIbko B (hOpMe BbITecHUTENen (NIacTvH u
MopLHEN) W XapaKTepe OBWXKEHUSI >XWAKOCTM B Hacoce, HO U B
cnocobe orpaHuyeHnss (obpasoBaHus) paboumx kamep. Ecam B
NAacTMHYaTOM Hacoce pabouyne KaMepbl OrpaHMUMBalOTCA [ABYMSI
CoCeHUMM BbITecHUTeNsMu (MNnacTMHaMmn) n NOBEPXHOCTSIMM pOTOpa U
cTaTopa, TO B POTOPHO-MOPLUHEBbLIX HACOCaX OHM 0b6pa30oBaHbl BHYTPU
pOTOPa U 3aMbIKaIOTCS BbITECHUTENSMM.

POTOpPHO-NOPLUHEBLIE HACOCHI MO PACMONIOKEHUID paboumx Kamep
[EensTCa Ha paguanbHO- M akcManbHO-MOpLIHEBble. Paboune kamepsbl
nx 06pa3oBaHbl MOBEPXHOCTAMU LWIMHAPOB M TMOPLUHEW, a OcK

10



MOpLUHEN NapasnnesbHbl ocv 6510Ka UMMHAPOB MM COCTABNSOT C HEl
yron He 6onee 45°. AKcManbHO- MOPLUHEBbIE rMApoMaLinHbl (AMTM)
Janee noppasdenslTcd  Ha  nayHxepHole  (becwaTtyHHble) W
MOpLUHEBbIE (waTyHHbIe).[MopLIHEBLIE ANrM (WwaTyHHbIE)
noapasaenstoTcs Ha M ¢ HaKIOHHBIM AMCKOM M C HAKIOHHbIM 6/10KOM
UMTMHAPOB.

PoTOpHO-BpalLaTenbHble HacoCbl pa3fenstoT Ha 3ybuatble u
BMHTOBblE. B 3ybuaTbix Hacocax poTop W BbITECHUTENb UMET hopMy
3ybuaTbiX KONEC, @ >MWAKOCTb NepeMellaeTcs B TMJIOCKOCTU  UX
BpaLLEHUs. B BUHTOBbIX Hacocax poTop MMeeT (opMy BUHTA, KOTOPbIN
OOHOBPEMEHHO BbINOMHSAET (YHKUMIO BbITECHWUTENS, @ >XWAKOCTb B
Hacoce nepeMellaeTcs BAOMb OCel BpalleHus BUHTOB. OCHOBHOM
Pa3HOBMAHOCTbIO 3y6UaTbiX HACOCOB SBMSIOTCS LWECTEPEHHbIE.

2.2 llecrepeHHble OfM LlectepeHHble HAcoCbl BbINOSHAOTCA C
LIECTEPHAMM BHELWUHErO0 W BHYTPEHHero 3auensieHns. Hamnbonee
pacnpocTpaHEHHbIM SBMSIETCA HACOC NMEPBOro TWMa, KOTOPbIN COCTOMT
M3 Napbl 3aLEenASOWMXCA UMANHAPUYECKUX LieCTepeH, NMOMELLEHHbIX B
MIOTHO O06XBaTbIBAOWMIA MX KOPMYC, MMEIOWMIN KaHalbl B MecTax
BXO4a B 3auensieHne u Bbixoda M3 Hero (puc. 3, a), 4epe3 KoTopble
ocywectensetcs noasoa (BcackiBaHMe) M 0oTBOA  (HarHeTaHue)
XNAKOCTMU.

Mpn BpalleHWUM LLUECTEPEH XMAKOCTb, 3aK/IlOYEHHas BO BraguHax
3ybbeB, MNEpeHoOCUTCS W3 KaMmepbl d BCacbiBaHMS B Kamepy C
HarHeTaHusl, koTopasi obpasoBaHa KOprycoM Hacoca u 3ybbsaMu a,, by,
a,, 1 by. NoeepxHocTh 3ybbeB a;, U a,, OMbIBAEMbIE XWUAKOCTbIO Moj
[aB/IEHNEM P, BbLITECHSIIOT MpU BpalleHun LecTepeH 6onblie
XXWAKOCTU, YEM MOXKET NOMEeCTUTbCS B MPOCTPAHCTBE, 0CBO6OXAAaEMOM
3audennswowmmMmncs 3ybbsmmn by, un b, PasHocTb  06bEMOB,
OMMCbIBAaEMbIX paboyMMM MOBEPXHOCTSAMM 3TUX [ABYX Map 3ybbes,
BbITECHSIETCS B HAarHeTaTeNbHYO JIMHWUIO Hacoca.

CnepyeT 3aMeTUTb, UTO MOCKOJNbKY JXUAKOCTb BbLITECHAETCH HE
TE/10M 3Y6bEB, @ B PE3Y/ILTATE CMbIKAHNS ABYX BPALYAOLNXCS KOJIEL,
OHO M3 KOTOpbIX MMEET MepeMeHHble MO Yriy MOBOpPOTa CEYEHMs,
nogaya He 3aBUCMT OT obbema 3ybbeB, WAM MHade, nogadva He
HapywwuTcsl, ecnuM 3ybbs 3aMeHMTb MJIAaCTUHaMM  3BOJIbBEHTHOMO
npoduns (puc. 3, a), 3auennsaowmmMmcs B Touke O.
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Puc. 4. Lllecrepenrbii Hacoc (Motop) tmna HLU-10: 1-
Kopriyc; 2- urypHasi MaHxeTa, 3- noguwmnHmk;4, 13- seqomas
U Begylas LWecTepHu; 5- 60T, 6- pe3rHOBOE KOJIbLO, 7-
KosibL{O; 8- OropHble Kosblya, 9- marxera, 10- niactmHa, 11-
Kpbiwka, 12- wtndT
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3TW Hacocbl, B YACTHOCTU HACOChbl C LUECTEPHSMM BHELIHEro
3aLenneHmns, NpocTbl MO KOHCTPYKLUMM M OT/IMYAIOTCA HA[EXHOCTbIO,
ManbiMM  rabaputamm M Maccoil. MakcuManbHOe  [AaBliEHVE,
pa3BMBaEMoe 3TUMU

';./.:/j%‘.'"..,\.-\.,\. [ /f:g C 2™ HacocaMu,  06bIYHO
m g | S /; 2 9 10 MMa (100

Krc/o’)  n,  pexe,

N N o [
B T /R 15-20 MMa(150 -
Q 2 200 Kre/omp).
s Co3naHsbl TaKke
a) 5 e—5 Hacocbl, NPUrofHble

ans  pabotbl  npu
Puc. 5 YnpolueHHas cxemMa MexaHnsmMa nasnen 30 MMa

r104a4v LWWeCTeEPEHHOIro Hacoca (300 KFC/CMZ)

Mogaya HAcocoB, npegHasHa4yeHHbIX Ans paboTbl Ha HU3KKX
fasneHusx, goxogut ao 1000 n/muH (1 M3/MI/IH). Hacocbl oTnnyatoTcs
60/bLWIMM CPOKOM CJTyX6bl, KOTOPbIA AN Ka4YeCTBEHHbIX 06pasLoB
CEPUIMHOro UCMONHEHNUs aoBeaeH Ao 5000 .

B wectepeHHbiX (M BWHTOBbLIX) rMAPOMALUMHAX OTCYTCTBYET
3(phekT AeNCTBMS Ha KOHCTPYKLMIO MHEPLMOHHBLIX CUST ABUKYLLMXCS
aetanen.

Puc. 6 CpaBHUTE/IbHBIE rabapuTsbl LECTEPEHHBIX HACOCOB
DABHOV 104aYu v PAa3IMYHBIX YUC/IaX 3VObEB.
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OHKM ponyckalT OTHOCUTESNbHO BbICOKME 4acTOTbl BpalleHus, a
TaKXKE KPATKOBPEMEHHbLIE MEPErpPy3kKn Mo AaBJZIEHUIO, BEJIUHUHY U
IJIUTENbHOCTb  KOTOpPbIX  onpeaendairwtT B OCHOBHOM  pa3Mepbl

MOALIMMHUKOB.
S MakcumanbHble
= _ %\% : 4acToThl BpaLLeHUs
, / , > COCTaBMIOT  OBBLIYHO
== 2500 n 4000 06/MuH,
% - NS HacocoB
: \ . - - HebonbLINX noaau
= JonyckaroTcs 6onee
py . 5 BbICOKWE 4acToThl
Puc. 7 CxeMbl HACoCoB ¢ KOCO3yBbiM (a) Bpawenms. (12000 -
W LWeBPOHHbIMA (6) LIECTEPHIMMU 18000 06/MuH.)

N LY
\\§‘¢ H N\

8)

a) :
Puc.9 Cxembl pasrpy3Kku LUIECTEPEH OT CH/1 AaBJIEHNS XULKOCTHU

BecoBasi oTAaya (BECOBOW 06bLEM) LUECTEPEHHBIX MMAPOHACOCOB,
NoA KOTOPOI MOHMMAETCS BEC, NPUXOAALLMIACA HA eAUHMLY MOLLHOCTY,
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coctaBnsieT 11-18 H/KBT n B oTAeNbHbIX KOHCTPYKUMSIX AOX0AUT A0 7
H/kBT npu pasneHun 21 MMa. O6beMHbIi KM/ wWecTepeHHbIX HacocoB
NPy HOMMWHAJbHbIX pexuMax paboTsl aoBeaeH Ao 0,95-0,96 v obluii
KnAa - po 0,87-0,9. B Hacocax C KOHCTPYKTUBHO YNy4LLEHHbIMU Y31aMu
paavanbHOM M TOPLEBON repMeTu3aumm obbemHbii KM pocturaet
npu HOMUHaNbHOM AaBnerHmn 10 MMa 3HaueHust 0,98, a MexaHUYeCKui
KNA- 3Hauenuns 0,94.
3.lLlecTtepeHHble Hacockl Tuna HLU

LecTtepéHHble Hacockl TMna HLU npumeHsaioTca ans npveoda
UMIMHAPOB, obecneymBaloWwmX pasfiMyHble YCTaHOBOYHbIE ABWMXXEHUS,
Harnpumep No3uuUMOHMpPOBaHMe NCMONHUTENBbHBIX OpraHos,
neproanyeckyto nogavy KoHBEWEpOB.

Hacoc HL-10

LUMPOKO  MPUMEHSIETCS 4 5

B rmaponpuBoaax ‘

rOpHbIX  MawuH. OH

COCTOUT W3  Koprnyca A NN

1(puc.4), kpblwkn 11 n / )
KavatoLlero y3na, [E= s \ _\\_\{Q\
KOTOpbIN BXOOAT | 7 | \ DN
Beaywas 13 n Begomas S\ >
4  wecTepHu, ABa J / N @.
noawunnHuka 3, JABse L 7
duUrypHble MaHxeTbl 2 i : a
n nnactmHa 10. Crbik 21 (e % &
Koprnyca C KpbILLKOW

N ==\

YMIOTHEH PE3WNHOBbLIM \\\\\\\\\
KO/bLOM 6  Kpyrnoro '
ceyeHus. Kpbilka
KpenuTca K  Koprycy
BOCEMbl0 6onTamMn 5 u
LEeHTpupyeTcs  OByMS
wtnucTamMm 12, Ban ynaoTHEH MaHXeTon 9, YCTaHOBMIEHHOW C
OMOPHbIM KOMbLIOM 8 1 3aKpenyieHHOW OT BbiNaAeHUs KONbLOM 7.

3a3op nNO TOpuaM luecTepeH aBTOMaTUYECKM peryimpyeTcs
NOMAXUMOM MOAWMMHUKOB K TOpUAM LUECTEPEH MAac/ioOM o4 BblCOKUM
[JaBneHueM, NocTynarowmM B nosocTtu B.

Puc. 10. lllecteperHbivi Hacoc Tuna HiL
46. 1,3- Begqomas v BEAYILAA LIECTEDHY,
2- BTYIIKM, 4- VIT/IOTHEHNE, 5- KODITVC.
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YTeukn 4yepe3 CMa304vHbIE KaHaBKM M MO uandam LwecTepeH
cobMpaloTCs U NO NIMTOMY KaHany OTBOASTCS BO BCACbIBAKOLWMIA KaHan
Hacoca.

Mpn BpaweHmMn 3ybuaTbiXx KOMEC KaMepa BCacbiBaHUS Hacoca,
pacnonoXeHHass CO CTOPOHbl Bbixoaa 3ybbeB M3  3auenneHus,
yBenuuMBaeT cBOW 06beM M 3anonHseTcs MacnioMm. [locnegHee
nepeHocuTcs B MOMIOCTb HArHeTaHns w npu Bxoge 3ybbeB B
3auensieHne BblAaBNNBAETCH U3 BNAaaWH LIECTEPEH.

Hacoc HLL-46Y yCcTpoeH B OCHOBHOM aHanorm4Ho Hacocy HLL-10,
XOTS MUMEIOTCS HEKOTOPbIE OT/IMYMS B YCTPOMCTBE YMJIOTHUTENIbHOIO
y3na. B kopnyce 5 (puc. 10) pasMelleH Kaualolmii y3en, COCTOSLLMIA
u3 Beaywein 3 n Begomoi 1 wectepeH, YeTbipex BTYMOK 2. Kpbllka
KpenuTcs K Koprnycy 601TaMu € NpY>XWHHbIMK Waib6amMu. MpuBoaHON
KOHel, Beayllel LIEeCTEPHM YMNNIOTHAETCS MaHXETOW, 3aKpensieHHoM
CTOMOPHBbIM KONbLOM. MaHxeTa, ABa KosbLa, BKMaAbIW W YNJOTHEHME
obpasytoT y3en ynnoTHeHui. Kopnyc Hacoca M3roToBneH w3
anoMuHneBoro cnsaBa (cunymuH). Ha 6OKOBbIX MOBEPXHOCTSIX
Koprnyca MMelTCs MNAaTUKM C YeTbipbMs pe3bboBbIMM OTBEPCTUSMU
AN KpenfieHns apMaTypbl BCACbiBAOWEro W HarHetaTenbHOro
Tpybonposoaos. B Koprnyce BbIMOSHEHbI PAacTOYKM MOA LUECTEPHU U
BTY/IKM, KOTOpble CNyXxaT ornopamMu Ansa uand u ynaoTHEHUSMU
TOPLIOBbIX MOBEPXHOCTEN LECTEPEH.

PerynupoBaHue TOPLOBbIX 3a30pOB MPOUCXOAUT aBTOMAaTUYECKM.
Macno n3 kamepbl HarHeTaHus MNOCTyNaeT B MOMOCTb A Haj BTY/IKaMu
W CTpeMUTCA MpwxaTb UX K TopuaM wectepeH. Co CTOPOHbl 3ybbes
lWecTepeH Ha BTY/IKM Macfio TakXke OKa3blBaeT AaBfieHWE, HO Ha
HEeCKONbKO MEHbLUYIO nnowaap. Mpmxummatowwee ycunme
He3HAYUTENbHO MNPEBOCXOAMT OTXKUMaloLee ycunue, 4YTo MNO3BONSET
COXPaHWUTb MJIEHKY CMa3KK.

YnnoTHeHne M BKAaAbIW MpefoTBpallaloT nepeTtok Macna u3
nonoctv A BO BcacbiBalowy kamepy. CTblK Kopriyca M KpblLLKK
ynnoTHeH MaHxeTon 11, a konblua 13 NpensTCTBYIOT BblAABAMBAHMIO
€e B 3a30p MeXAy XBOCTOBMKOM BTY/IKM U OTBEPCTMEM B KpbILLKE.
YTeukn uyepes 3a3op Mexay uandamm u BTYKAMU MOCTYNawT Mo
OTBEPCTUIO B KpbILLKE U MOJIOM BEAOMOM LIECTEPHE B MOSIOCTb Ha AHE
KOpryca, COeAMHEHHYIO C KaMepoW BCacbiBaHMS.

Hacoc tuna HLU-100K (puc. 11) coctout u3 kopnyca 7,
KavaloLero ys3na, BKIoYaloLwwero seayLyto 6 n BeoMyto 5 wecrtepHu,
MOALUMMHMKOBYIO 3 WM TMOAXMMHYt0O 2 o06oWMbl M ABa njaTuka-
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3aMblkaTenss 1, PE3MHOBLIX MaHXETHbIX YMIOTHEHWUMN, KPYrioro
PE3MHOBOrO YMJOTHUTENBHOrO KOJbLA, KPbIWKMA Hacoca M LIecTu
60TOB C NPY>XMHHBLIMU LLabaMu.

Kopnyc Hacoca OTAMT M3 anlOMMHMEBOro CnjaBa 3a0A4HO C
coeauHUTENbHbIM  (riaHueM, B KOTOPOM MMETCS  MOCaAOYHbIN
LUeHTpupyloWwmii  6ypTK M YeTbipe OTBEPCTUS M MOA  KPeneXxHble
6onTbl. BHYTpM Koprnyca 7 MMeeTcs UWIMHAPUYECKWI KOMoaeu, B
KOTOPOM MOMeELLAeTCs kadatowmii y3en. B aHe konogua kopnyca ans
BbIXOZ@ MPUBOAHOMO Bana MMEETCS KPYrnoe OTBepCTUe, B KOTOpoe C
HapY>XHOWN CTOPOHbI 3aMPeCccoBaHO MaHXETY YMIOTHEHWSI NPUBOAHOIO
Bana, @ C BHYTPEHHEM — LEHTPUPYIOLWLYIO CTalbHY0 BTYJIKY,
BLICTYNAlOLWWy0 BHYTpb Kopryca Ha 4 MM. LleHTpupylowasa BTyfka
NpenaTCTBYET MPOBOPaYMBaHUIO kavatowlero y3na (wecrepeH B cbope
c oboiMaMM U NNaTMKaMM — 3aMblKaTensiMM) Bo Bpems paboTbl U
CNYXXUT Hanpasnstowein npu cbopke Hacoca.

Ha nHe kopnyca (BHYTPM) M B KpbIWKE MMEKTCA rHe3ga Ans
MaHxeT 8 amameTpoM 39 MM, a TaKXe KOHW4Yeckme yrnybneHus,
cnyxawme ans obpa3oBaHMs Kamepbl OrpaHUMYeHust 30Hbl OCEBOMO
noaxxmma.

Ha 60koBOM MOBEPXHOCTWM Koprnyca 7 e€CTb ABE CUMMETPUYHO
pacnosioxeHHble 06paboTaHHble MAOCKOCTM H, Ha KOTOPbIX MMEKTCS
no 4YeTbipe pe3bboBbIX OTBEPCTUS, MpeAHAa3HAYEHHbIX ANS KpenieHns
npucoeanHUTENbHOM annapaTtypbl (MydT).

B LeHTpe OoAgHOM M3 NJIOCKOCTEM pPaCMOIOXEHO BCachiBatoLLlEe
oTBEpCTMe AvMaMeTpoM 24 MM. B LeHTpe Apyron NiocKoCTW MMeeTcst
BbIXOAHOE W/IM HarHeTaTeNlbHOe OTBEPCTUE, ANAMETP KOTOPOro TaKoW
Xe, KaK W BcacbiBalowero. M3HyTpn Koprnyca B BbITOYKY BbIXOAHOMO
(HarHeTaTenbHOro) OTBEPCTUS BMOHTMPOBaHa MaHXeTa paavasnbHOro
nomxuma, hopMumpylolas Kamepy AaBfiEHWUs, B KOTOPOM co3paeTcs
ycunve anst nomxmMa oboiMbl K 3ybbsaM LecTepeH. MoBepx MaHXeTbl
HaKnagblBaeTCs MeTannnyeckas OnopHasi nnactvHa Ans nepekpbiTus
3a30pa MeXxay KOpnycoM W MomkuMMHOW oboimMoii. Mo Mepe usHoca
OMOPHbIX  MOBEPXHOCTEM C  TMOMOLLbID  MOMKUMHOW  O6ONMMbI
KOMMEHCUPYETCA paaMasbHbI 3a30p MeXAy CBOEN YMOTHSIOWEN
NMOBEPXHOCTbIO M 3yObsIMK LLIECTEPEH.
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Puc. 11. llecreperHbivi Hacoc tuna HLL-100 K (Kpyriibivi):
1- nnatuk; 2 — nopxumMHas obovima; 3 — 0bouMa-rnogLmnHuk; 4 -
BTyJIKa; 5, 6 — Bas-LWeCTepHu, /- Kopriyc, 8, 9- MaHXXeTbI.

C Hapy»HOWN CTOPOHbI Ha AOHBILLKE KOPyca BbIMOHEHA 3TUKETKA
METOAOM TUCHEHMS. Ha 3TuKeTke HaHeceHbl: aMbnema 3aBofa, Mapka
Hacoca, MOCT, HOMWHaNbHOE [AABNIEHUE, TEOMETPUYECKMA O06BEM,
obbeMHas Mmofaya Hacoca 3a MWHYTY MpW HOMMHaNbHOW u4acToTe
BpalleHns,, HOMUHasbHas 4acToTa BpalleHWs B MUHYTY U HOMep
Hacoca. [lBe nepsble uMdpbl HOMepa 0603Ha4alT roa BbiNycka, a
OCTanbHble — HOMep Hacoca. HapyxHas uunuHapuyeckas
MOBEPXHOCTb  KOpnyca rfafgkas, a Yy HacoCoB  HEKOTOpbIX
TUMOPa3MepoB C HAPYXHOW CTOPOHbl B CPeAHel 4acTu 3a0f4HO C
KOpNycoM OTAuUTbI ABa pebpa XXeCTKOCTU.
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Puc.12 LllecrepeHHbivi Kpyrnibivi Hacoc twrna HLU-100: 1 —
Kpblllika Hacoca, 2 — ropkuMHas (rogBwxHas) oboviMa, 3 —
rOAWNITHUKOBAas 060¥Ma, 4 — LWECTEPHS BEAOMas, 5 — Mmarxera
PaananbHoro nopkuma, 6 — MaHxera Aguametpom 39 mM; 7 —
HeHTpupyrolas BTysika;, 8 — Kkopriyc; 9 — wecrepHs Begyuas,; 10 —
BO/ITBI C NPYXXUHHBIMU LWaNbamMu L/1S KPENIEHUS Kpbillku Hacoca: 11
— MaH)Xera gnameTpom 16 mm,; 12 — MaHxxera guametpom 29 mm, 13
— [1aTUKN-3aMbIKaTe/ b, 14 — YIIOTHUTE/IBHOE KOJIbLIO KDbILLK
Hacoca, B — BbITOYKU 1104 Uar@bl LECTEPEH, I — OTBEPCTHUE
ANaMeTPoM 6 MM, [ — PacToqka ANamMeTPOM 6 MM U r71youHou 2 MM, e
— KOCble OTBEPCTUS, X — [11a3bl 104 1aTUKU-3aMbIKATENH, 3 —
TPEYrO/IbHbIE [1a3bl; M — OTBEPCTHE 4/ KPEMIEHNS Hacoca, K —
OTBEPCTHE BcackiBamljee (BXOAHOE), /1 — KaHaska A/rs 0TBo4a
yTeyek;, M — oOTBepctus 1og 6onatel 10; H — 06paboTaHHbie
M/IOCKOCTH  [/15  KDEIJIEHNS  [TPUCOEAUHUTEIbHOM apMatypbl;, 0 —
acka wupokas; n — OTBEPCTHE ANAMETPOM 6 MM, p — OTBEDCTUE
HarHeTare/1bHoe.

Begywasa 9 (puc. 12 a) n Begomas 4 LwecCTepHM Hacoca
M3roTOBJIEHBbI U3 JIETMPOBAHHOW CTanM Kak OAHO Lenoe ¢ uandamu u
MMetloT no 9 3ybbeB y wecTepeH HacocoB HLLU-32 u HLU-50, no 30 y
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wectepeH Hacocos HLU-67, no 9 y wectepeH Hacocos HLU-100 n no
10 3ybbeB y wectepeH Hacocos HLL-160 n HLL-250.

Tabnuua 1,
TexHn4eckne Xapakrepuctuku Hacocos tmnos HIL-Y n HILI-K
lMokasaTenu 3Ha4deHuns
Mapku
. 32y |46y | 32 | 32-2 | 50 | 50-2 | 6/ |100-2
HacocoB: HLL/-
Pabount |2/ > 465 (315 | 315 488 | 488 | 69 | 988
06beM, CM
/laBneHue Ha
E;‘é‘;’ge lI:I/I3I'Ia 10| 10 |125| 14 |125| 14 | 10| 14
(KC//C/\f): (100)|(100)|(125)| (140) |(125)| (140) |(100)| (140)
HOMWUHA/IbHOE
MAKCUMATTBHOE 14 14 16 16 16 16 | 135 16
(140)| (140)| (160)| (160) |(160)| (160) |(135)| (160)
/laBneHue Ha
0,08- 0,08- | 0,08-| 0,08-
II\3/|X|‘(|)§eBHaCOCI 0,08\ 0,080,085 0,12 0,085 012| 012 012
krc/cm? 08| 080850812 0850812 0'18; 08-12
HactoTa
gg?ﬁ*::_”"' 1650/ 1650| 1920| 1920 | 1920| 1920 | 1500| 1500
HOMWHasbHas
MaKcMManbHas 1920\ 1920\ 2400| 2400 | 2400| 2400 | 1920| 2000
MWHMMaNbHas 1200\ 1200| 960 | 960 | 960 | 960 | 1200\ 960
Homaraneras | o, o 70>\ 5o 8| 556 | 881| 862 | 931| 1393
noaava Ji/MuH
HoMuHanbHas
notpebnsiemas - - |121| 154 | 20 | 23,8 | 17,9| 375
MOLUHOCTb, KBT
KNA, we menee, | ) o> p 92| g94| 092 | 0,94| 092 | 092 094
06BbEMHbIN
NOSHbIN - - 1085 083|085 083 |085| 085
Macca, Kr 53| 7 166)| 68 | 78| 74 |174| 175

HanpasneHwe BpalleHuns Beayllero Bana - lNpaBoe unu neeoe no
TpeboBaHUIO 3aKa34mKa
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Beaywme wectepHn 9 HAcOCOB MMENOT YAJIMHEHHBIN LUMLEBON
KOHel, Bana, npeaHasHayeHHbl Ans coegmMHeHus ¢ MydToi npusoaa.
B Topue wAMUEeBOro KoHUa Bana BbIMNOMHEHO pe3bboBoOe OTBEpCTME
noA BWHT KPEryieHUst coeanHuTensHon MydThl npusoga. Kpome Toro,
Ha LWIMUEBON 4YacTM Bana Befyllel LeCTepHW WMMeeTCs Kpyroas
KaHaBKa, B KOTOPOW pacronaraeTcs crielmasnbHoe rnafgkoe CTonopHoe
KOMbLUO (Ha PUCYHKE KOJIbLO He MOKa3aHO), B KOTOpOE YnupaeTcs
coeauHuTenbHas MydTta. Beagomble wectepHn 4 Hacoca OTAMYAKOTCS
OT Beaywmux TeM, 4YTOo WX uandbl MMET OAMHAKOBYI AnuHY. Ocu
BEAOMbIX LUECTEPEH CKBO3HbIX OCEBbLIX OTBEPCTUI HE UMEIOT.

4. MNopsaok nNpoBeaeHnst 1abopaTopHoi paboTsl

1. M3yunTtb KOHCTPYKUMIO AaHHON OM.

2 CxeMaTW4HO 3apucoBaTb AaHHyto OIM, onucaTb NpuHUMN ee
AENCTBMSA W BbIMOMHUTL 3CKM3 OTAENBHOrO 3/1eMeHTa (Mo yKasaHMio
npenoaasaTtens).

3. Onpepenutb pabounii obbeM g ykasaHHo OI'M

4, OueHWUTb KpyTaWMiA MOMEHT M, BOCMO/b30BABLIMCH
nNpubnMXeHHoW GopMynon onpeaeneHns avameTpa Bana d, u3
cpenHeyrnepoauctoin  ctann  (0,=500..800 MMa) (ana cnyvas
LENCTBUSI MEPEMEHHON Harpy3kM U MasnbiX M3rnbalowmnx MOMEHTOB

/4/):
/ /M
d =0.0033 N_ 0.003:[ 222 = 0.0033/272M .M, (16)
n n

5. OnucaTtb TexXHoNornyeckuin npouecc cbopkun u pasbopkm OMM.

6. B 3aK/I04YMTENIbHOM YaCTU M3M0XWUTb BbIBOAbI O NPUIrOAHOCTM
fAaHHou OI'M K akcnnyaTauumu.

5. KOoHTponbHbIE BONPOCHI

1. YcnoBHble 0603HayYeHnst 06bEMHbIX TMAPOMALLNH.

2. MpuvHUMN AencTBUS 06BEMHbIX TMAPOMALLINH.

3. MoppobHas knaccudukaums M KOHCTPYKTMBHbIE OCOBEHHOCTH
paccMaTpyvBaEMON rMapoMaLLUHBI.

4. OcobeHHOCTM paboyero npouecca M3y4yaemon rmapoMaLLnHb.

5. OcHoBHble NapaMeTpbl 06 bEMHbIX MMAPOMALUMH.

6. O6bnacTb NpUMeHeHUs T’MAPOMaLLMHBI.

7.06paTMMOCTb, peBepcUpyeEMOCTb, PerynmpyemMoctb 06beMHbIX
rMAPOMALUVH.

8. Tun pacnpegenuTenbHOro y3na W ero  KOHCTPYKTMBHbIE
0COBEHHOCTM.

9. Onpeagenenune paboyero obvema M.
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