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1. KOHCHEKT JIEKIIUH
1. 1 JIeknus Nel ( 2gaca).
Tema: «IIpeamer u 3anaun ruapaBanku. CBOHCTBA KUAKOCTIH
1.1.1 Bonnpocs! Jiekuum:

1. IIpenmet ruapasiauka. [I[puMepsl THAPOMEXAaHUYECKUX 3a/1a4 U3 Pa3JIMYHbBIX OTpaciei

TEXHUKMH.

2. KpaTkue uctopuyeckue CBeICHUs O Pa3BUTHUU HAYKH.

3. ®u3nyeckoe CTpOeHUE KUIKOCTEH 1 ra30B. OCHOBHBIEC (PU3MYECKHE CBOMCTBA!
C)KMMaeMOCTbh, TEKYUYECTb, BI3KOCTh, TEIJIOEMKOCTh, TEIJIONPOBOJHOCTb.

1.1.2 KpaTkoe conep:kaHue BOIPOCOB:

1. IIpeamer ruapasauka. Ilpumepsbl ruapomMexaHuYecKux 3a4a4 U3 Pa3IMUYHbIX
oTpacjieil TeXHUKH.

Tuopasnuka (cpeu. hydor — 60ooa u aulos — mpyb6a) — oTpacib THIPOMEXAHUKH,
KOTOpasi U3y4aeT 3aKOHBI MOKOS U IBHKEHUS )KUIKOCTEH M pa3pabaThIBacT METOAbI IPUMEHEHUS
9TUX 3aKOHOB B TPAKTHUECKOM JesATeNbHOCTH. llepBoHauaabHO Ha3BaHUE «TUJIPABIHMKAY
0003HauaJI0 JBM)KEHUE BOIbl 1O TpyOam. HambGosee cymecTBeHHBbIE 007acTH TNPHIOKEHHS
3aKOHOB THJIPaBIMKH — BOJOCHAOXEHME M KaHaJIW3allus, OCYIIEHHE U OpPOIICHHE 3eMellb, a
TaKkKe TPOEKTUPOBAHHWE THJIIPABIMYECKUX TYpOWH, HACOCOB, THUAPOMNPUBOIOB, BOISHOTO
OTOIUICHHUS, THIPOMEXaHU3aIUs U T. 1.

[Ipu pemieHNM TPAKTHUYECKUX BOMPOCOB THUAPABIMKA OMEPUPYET BCEMHU H3BECTHBIMU
METOJIJaMH HCCJEeI0BaHUI: METOJOM aHajdn3a O0ECKOHEYHO MajbIX BEJIMYMH, METOJOM CPEIHUX
BEJIMYMH, METOJIOM aHAIM3a Pa3MEPHOCTEH, METOJIOM aHAIOTHIA, YKCIIEPUMEHTATLHBIM METOJIOM.

Memoo_ananusa 0ecKOHEUHO MaablX eeauyuH - Hanobosee ynoOHBI U3 BCEX METOOB
JUIS KOJIMYECTBEHHOTO ONMMCAHUS MPOLIECCOB PAaBHOBECHUS U JIBHKCHMS KUIKOCTEH U ra3oB. DTOT
MeTonl Hauboisee 3(p(eKkTHUBEH B TeX ciyyasx, KOrJa MPUXOAUTCS paccMaTpUBaTh JABM)KEHUE
00BEKTOB Ha AaTOMHO-MOJIEKYJIIPHOM YPOBHE, T.€. B T€X CIIy4asx, KOTJa JUIsl BEIBOJA YPAaBHEHUH
JIBUKEHUS] TPUXOIUTCS paccMaTpUBaTh KHUAKOCTh (WM Tra3) ¢ MOJEKYISIPHO-KHHETHYECKOU
TEOPUH CTpOeHUs BemecTBa. OCHOBHOW HEIOCTaTOK METOJAa - JIOBOJBHO BBICOKHI YpPOBEHb
aOCTpaKIUH, 4TO TPEOYET OT YUTATENsI OOMIMPHBIX 3HAHUNA B 00JIACTH TEOPETUUECKON (PUBHKHU U
YMEHHE MOJIH30BATHCS PA3IMYHBIMUA METOIaMH MAaTEeMAaTHYECKOTO aHAllM3a, BKITFOYAst BEKTOPHBIIA
aHaJIn3.

Memood cpednux eenuuun - sBisercss 0ojiee JOCTYMHBIM METOJIOM, MOCKOJBKY €ro
OCHOBHBIE TOJIOKEHHS 0a3upyeTcss Ha MPOCThIX (OJU3KUX K OOBIICHHBIM) IPEICTABICHUSIX O
CTpOeHHUH BemiecTBa. [Ipu 3TOM BBIBOJBI OCHOBHBIX ypaBHEHHI B OOJIBIIMHCTBE CIy4acB HE
TpeOyIOT 3HAHWI MOJEKYISIPHO-KMHETUYECKON TEOpuH, a pe3yabTaThl, IOJy4Y€HHbIE MpU
UCCIICIOBAHMIX, JTHM METOJOM HE TMPOTHBOPEYAT <«BIPAaBOMY CMBICIY» U KaxyTCs
o0ocHOBaHHBIMH. HenocTatok 3TOro mMeroja MccieAOBaHUN CBSI3aH C HEOOXOJUMOCThIO UMETh
HEKOTOPBIE allpUOPHBIE MPEICTABICHUS O TPEAMETE UCCIEJOBAHUH.

Memoo ananuza pazmepHocmeu MOXET pacCMaTpUBaTbCA B KadyeCTBE OJHOTO U3
JOTIOTHUTEIHHBIX METOJOB MCCIIEOBAHUIA W TPEIoiaraeT BCECTOPOHHEE 3HAHUS U3Yy4aeMbIX
(U3UIECKUX TIPOIIECCOB.

Memodom ananocuit - WUCHOIB3YETCd B TEX CIydasx, KoJa HMMEIOTCS B HAIUYUU
JETaIbHO U3y4EHHBIE MTPOLIECCHI, OTHOCSIINECS K TOMY K€ TUITYy B3aUMOJICHCTBUS BEIECTBA, YTO
Y U3y4aeMbli IIPOLECC.

IKcnepumeHmanbHolii Menood - SIBISETCS OCHOBHBIM METOJIOM M3y4YEHUS, €CIIU JIpyrue
METOJIbI 10 KaKUM- JIMOO MpUYMHAM HE MOTYT OBITh MPUMEHEHBI. DTOT METOJ TaKKe 4YacTo
UCIIONIB3YETCSl KaK KpUTEpHUM ISl MOATBEPXKACHUS MPABUIBHOCTU PE3YJIbTATOB IMOJYYEHHBIX
JIPYTUMH METOJIaMHU.




B xoHeuHOM cuére, METOJ M3yUEHUs ABM)KEHUS KUAKOCTH, a TAK)KE YPOBEHb M3yUCHUS
(Makpo MM MUKpPO) BBIOMpAETCS U3 YCIOBUN NMPAKTHUECKOW MOCTAHOBKH 3ajad U COOTHOLIEHUS
XapaKTEPHBIX Pa3MEPOB.

2. KpaTkue ucropuyeckue CBeieHUsI 0 Pa3BUTHH HAyKH.

Hctopusi pa3BUTUS TEOPHl M BOIPOCOB, CBSI3aHHBIX C JABW)KEHHEM KHUAKOCTH, B
YacTHOCTH BOJbI, OepeT cBoe Hayalo B IIyOOKOW apeBHOCTH. Elie npeBHHE BaBUIIOHSHE,
erUNTSAHE U WHJYChl CUMTAJIM BOAY HA4ajJOM BCEX Hayall U 3aTpaylBaId OIPOMHBIC YCHUIIUS,
YTOOBI MOJIYYUTH BOIY.

OnHUM U3 NEepBBIX HAYYHBIX TPYAOB IO THIPABIMKE CUUTaeTCs TpakTar Apxumena «O
iaBaroumx Ttenax» (287—212 rr. mo H. 3.), B KOTOPOM ObUT BHEpBbIe CHOPMYIHPOBAH
TUIPABIMYECKUN 3aKOH O PAaBHOBECHH TeJla, MOTPYKEHHOTO B JKUIKOCTH. [IepBbIMU KpyIHBIMU
pabotamMu B 3TOM obOnactu cienyer cuuTath paboTsl Jleonapmo ma Bunum (1548-1620) - B
00JIacTH TUTaBaHUS TEN, JABWIKEHHUS KHUAKOCTEH Mo TpyOam m kaHamam. B paGorax ['amuieo
lanmunes (1564 - 1642) 661 chopMyTupOBaHbI OCHOBHBIC IPUHITUIIBI PABHOBECHSI M IBUKCHUS
KUIKOCTH; paboTel DBaHmkenucta Topuuemmn (1604 - 1647) ObUTM TOCBE-IIEHBI PEHICHUIO
3a/1a4 MO MCTEYECHMIO >KUAKOCTH U3 orBepctuil, a bne3 Ilackans (1623 - 1727) uccnegosan
BOIPOCHI TI0 Tepeaye MaBiIeHHs B KUAKOCTH. OCHOBOIOIATAIONIME M 00001maronme padoTsl B
001acTH MEXaHWKH (PU3NYECKUX TeJ, B TOM YHCIE W JKUIKUX, MPUHAIJIEKAT T'CHUATBHOMY
anrmiickomy ¢u3uky Mcaaky Hprotony (1643 - 1727), KOTOpBI BrepBble CHOPMYITHPOBAI
OCHOBHBIC 3aKOHBI MEXaHHKH, 3aKOH BCEMHUPHOTO TATOTEHHS M 3aKOH O BHYTPEHHEM TPEHUHU B
KUAKOCTSX TPU UX IBUKCHHH.

Pa3Butuio ruipoMexaHuku (THAPABIMKH) KaK CAMOCTOSATEIbHOM HayKU B 3HAYUTEIHHOM
CTEMNEeHHU CIIocoOCTBOBANIM TPYBI pycckux yu€Hbix [lanuuna bepuymmu (1700 - 1782), Jleonapna
Oitnepa (1707 - 1783), M.B. Jlomonocosa (1711 - 1765).

3. ®dusuyeckoe CcTpoeHHe KHAKOCTell M ra3oB. OcHOBHbIe Qu3NYecKHue
CBOMCTBA: CXKHMAaEMOCTb, TEKY4eCThb, BA3KOCTb, TEIJIOEMKOCTb, TEIJIONPOBOAHOCTb.
[lepenauy sHepruM B THIPABIUYECKUX CHUCTEMax OO0ECIEUYMBAIOT pPabOYHe KUAKOCTH,
HO3TOMY 4YTOOBI 3(PPEKTUBHO HX HPUMEHSATh, HAJ0 3HAThb KAaKUMM CBOWCTBAMH OHH
o0J1aiaoT.

Knpgkoctn, Kak M BCe BEUIECTBA, MMEIOT MOJIEKYJIApPHOE CTpocHHE. OHM 3aHUMAIOT
IPOMEXYTOUHOE IIOJIOKEHHE MEXAY Tra3aMh M TBEPABIMHM TelaMU. OTO ONpENeseTcs
BEJIMYNHAMU MEKMOJIEKYIISIPHBIX CUJI M XapaKTE€POM JIBHMIKEHUH COCTABIISIOIMIMX MX MOJEKYyN. B
ra3ax pacCTOSHHS MEXIy MOJIEKYJIaMHU OOJbIIe, a CUIIbl MEKMOJICKYJIIPHOTO B3aUMOJICHCTBHSA
MEHBIIIE, YEM B JKHJIKOCTSAX M TBEPIABIX TeaX, MO3TOMY Ta3bl OTJIMYAKOTCS OT KUAKOCTEH U
TBEPIBIX TeJ OoublIel CkuMaeMocThio. I1o cpaBHEHMIO ¢ razamMH KHIKOCTH M TBEpJblE Tela
MaJIOC)KMMAEMBI.

I'mnoresa crutomHocTu. PaccMmarpuBarh M MaTeMaTHYECKU OIMCHIBATH KUIAKOCTb Kak
COBOKYITHOCTb OIPDOMHOIO KOJMYECTBA OTAEIBHBIX YAaCTHUL, HAXONAIIUXCSA B IOCTOSHHOM
HEIIPOTHO3UPYEMOM  JIBMOKCHUHM, HAa COBPEMEHHOM YPOBHE HAyKW HE IPEACTaBIAETCS
BO3MOXKHBIM. [I0 3TOM mpUYMHE KHUAKOCTh PACCMATPUBAETCS KaK HEKas CIUIOIIHAs
negopmupyemas cpeia, MMEIOIIas BO3MOXKHOCTh HEMPEPHIBHO 3arOiHATH MPOCTPAHCTBO, B
KOTOpOM OHa 3aKirodeHa. [[pyrumu cioBamu, IOJX JKUAKOCTSAMM IIOHMMAlOT BCE Tela, AJIA
KOTOPBIX XapaKTEpHO CBOMCTBO meKyuecmu, OCHOBaHHOE Ha sBIeHUM TudPy3un. TekydecTbro
MOYKHO Ha3BaTh CIIOCOOHOCTb Teja KakK YrOAHO CHJIBHO MEHSTh CBOM OOBEM MOJ AECHCTBHEM
CKOJIb YrOJHO MajbIX CHJI. TakuMm o00pa3oM, B THAPABIUKE >KUAKOCTh IOHUMAIOT Kak
aOCTPaKTHYIO CpeNly — KOHMUHYYM, KOTOPBIN SIBJISETCSI OCHOBOM I'MITIOTE3bI CIIOLIHOCTH.

CrommHas cpena mpeacTaBisieT co0oil Moielb, KOTOpast YCHEITHO HCIIONb3YeTCs MIPH
UCCIICJOBAHUM 3aKOHOMEPHOCTEH TOKOA W JABWKEHHA KUAKOcTU. lIpaBomepHOCTB
IIPUMEHEHHUs TAKOW MOJIENIH KUJIKOCTH MTOATBEPKIECHA BCEH NTPAKTUKON THIPABIUKH.



N3ydyenne peanpHbIX )KUIKOCTEN U Ta30B CBA3aHO CO 3HAYMTEIBHBIMHU TPYAHOCTSIMHU, 110
9TOW MpHUYMHE /s BBIBOJA OCHOBHBIX YPaBHEHUI JBWXKEHHUS JKUIKOCTH MPUXOAUTCS
MI0JIb30BAThCSl HEKOTOPHIMU a0CTPAKTHBIMU MOJAEIISIMH KUIKOCTEH U ra30B.

WpeanpHas KUAKOCTH - MOJENb MPUPOJHOM JKUIKOCTH, XapaKTepU3YIOIIasics
U30TPOITHOCTBIO BCEX (PU3MUECKUX CBOWCTB M, KPOME TOT0, XapaKTepH3yeTcs aOCOJIIOTHOM
HEC)KUMAEMOCThI0, aOCOJIOTHOW TEKy4eCThi0 (OTCYTCTBHE CHJI BHYTPEHHETO TpPEHHS),
OTCYTCTBHEM IIPOLIECCOB TEIIONPOBOJAHOCTH U TEIUIONEPEHOCA.

PeanbHast )KUIKOCTb - MOJIEb MPUPOJHON KHUAKOCTH, XapaKTEPU3YIOLIAsCs U30TPOIHO-
CTBIO BCEX (PM3MUECKUX CBOMCTB, HO B OTJIMYHE OT WUJCATIHLHON MOJENH, 00Ja1aeT BHYTPEHHUM
TPEHHUEM IIPH JIBUKEHUH.

UneanbHbIl Ta3 - MOAEb, XapaKTEPU3YIOIIAsACS H30TPOIHOCTHIO BCEX (DU3MYECKUX
CBOMCTB U a0COIOTHOM CKUMAEMOCTBIO.

PeanbHbIi ra3 - MoJienb, IPU KOTOPOH Ha C)KUMAEMOCTb ras3a MpH YCIOBHIX OMU3KHUX K
HOPMAaJIbHBIM YCJIOBHSIM CYIIECTBEHHO BIMSIIOT CHJIbI B3aUMOJICHCTBUS MEX]Ly MOJIEKYJIaMHU.

ILroTHOCTH *uaKkocTH £, Tak xKe Kak JIOOBIX APYTHX Tel, PEACTABILCT COOOH Maccy

eIMHULBI 00BEMA, U IS OECKOHEUYHO Majoro o0béma kunkoctu dV maccoil dM MOXeT ObITh
ompeneneHa o gopmyie:

p=3

EnvHuue usmepenus: [ke/m’], [ke/om], [ke/n], [o/cm’].

[170THOCTh KHUAKOCTH 3aBUCUT OT TEMIIEpaTyphl M JaBICHHs. Bce KUAKOCTH, KpOMeE
BOJIbI, XapaKTEPU3YIOTCSI YMEHBIIICHUEM IUIOTHOCTH C POCTOM Temrmeparyphl. [TOTHOCTh BOBI
UMeeT MakCUMyM Tipu ¢ = 4 °C U yMEHbIIAETCs MPHU JIIOOBIX JPYTrUx Temreparypax. B atom
MIPOSIBIISIETCS] OJTHO W3 aHOMAJIBHBIX CBOMCTB BOBI. TeMriepaTypa, Ipu KOTOPOH MJIOTHOCTH BOJIBI
MaKcUMaJlbHasi, ¢ YBEIMYCHUEM JaBlieHUs yMeHbluaercs. Tak, npu naBnenuu 14 Mlla Bona
MMeeT MaKCUMaJIbHYIO TUIOTHOCTH TipH 0,6 °C.

[TnoTHOCTH TIpecHOM Boabl paBHa 1000 ke/m?, conéuoii Mopckoii Boasl - 1020 + 1030,
HeTH 1 HePTEPOAYKTOB — 650 + 900 Kko/m?, pryTn — 13596 K2/m’.

YeabHBIM BecoM KUAKOCTH ) - Ha3BIBACTCS BEC SAMHHIEI & 00bEMa. JTa BeTMdHHA
BhIpakaeTcst hopMyoii 11 6eckoHeuHOo Masioro oobséma sxuakoctu dV ¢ Becom dG:

_dG _ giM
Y=av="av

VIenbHbIN BEC KUAKOCTH U IUIOTHOCTH CBA3aHbI COOTHOIIEHHEM:
Y=pPE,

IJie g — YCKOpEHHE CBOOOTHOrO MaIeHHS.
Enunuusl usmepenus: [H/m3], [H/om?], [H/n], [H/cm’], 1H=1kzom/c>.

C:KMMaeMOCTh KUJAKOCTH 3TO CBOMCTBO KHJIKOCTEH H3MEHATH CBOM OO0BEM IpH
U3MEHEHHUHU JABIICHMSL.

CxumaemMocThb XapaKTepU3yeTCs Ko3ppuyuenmom 00bEéMHO20 corcamus
(cxuMaemMocTH) fp, MPEICTABISIONIAM CO00N OTHOCHUTEIbHOE M3MEHEHHE 00béMa xumkoctu V
IpY U3MEHEHUU J1aBJeHus: P Ha eUHUILY.

1 dv

SN

3HaKk MHHYC B (popMylie yKa3bIBaeT, YTO MpPH YBEIMUCHHH JABICHUA O0BEM KHUIKOCTH
YMEHBIIAETC.



Epunnnst msmepenns: Ia’ (Tackans. 1T1a=1H/m?).

TemnepaTypHoe pacuIdpeHHe XHIKOCTH COCTOMT B TOM, YTO OHa MOXET H3MEHSTh
CBOW 00BEM NPH M3MEHEHUHU TEMIIEPATyphl. DTO CBOWCTBO XapaKTEPHU3YETCS TeMHEPAMYPHbIM
KoI(ppuyuenmom o06vemno2o pacuwiupenus, NPEICTABIAIONIMM OTHOCUTEIBHOE H3MEHEHHE
0o0beMa KHIKOCTH TP M3MEHEHWH Temreparypsl Ha eauHuiy (Ha 1°C) U mpu MOCTOSHHOM
JaBJIICHUHU:

1 dV
’B’_V dt

PacTrBopenue razos

PacTtBopeHrne Ta30B - CIOCOOHOCTh JKHIKOCTH IOTJIOMIATh (PacTBOPSITH) Tas3bl,
HaxOosIMECS B COMMPUKOCHOBEHHUM C HEW. Bce )KUIKOCTH B TOW WMJIM MHOM CTENEHU MOTJIONIAI0T
U PacTBOPAIOT T'a3bl. DTO CBOMCTBO XapaKTepU3yeTCs Kodgpuuyuenmom pacmeopumocmu k.

ﬁzK P
P )

Vi P

raie  Vr— 00b€M pacTBOPEHHOTO Ta3a MPU HOPMAIBHBIX YCIOBHUSX,
Ve — 00BEM KUIKOCTH,
P; n P; — HayajgnbHOE M KOHEYHOE JTaBJICHUE ras3a.

KoaddunmeHT pacTBOpUMOCTH 3aBUCUT OT THIIA KHUAKOCTH, Ta3a U TEMIIEPATYPHIL.

[Tpu temneparype 20 °C m atmochepHOM AaBIEHUU B Boje coiaepkurca okono 1,6%
pacTBopeHHOTr0 Bo3ayxa mno oowemy (k, = 0,016). C yBenuuenuem temneparypsl ot 0 go 30 °C
KO3(PUIMEHT paCTBOPUMOCTH BO3/lyXa B BOJIC YMEHBIIIAETCSI.

Kunenue

Kunenne — cnocoGHOCTh XKHUAKOCTH NEPEXOAUTH B Ta3000pa3Hoe cocTostHue. MHaue 310
CBOMCTBO KHJAKOCTEN HA3bIBAIOT UCHAPAEMOCHBIO.

KuakocTb MOXKHO JIOBECTH 1O KHIIEHUS IOBBIINIEHHEM TEMIIEpaTypbl A0 3HAUYECHMH,
OOJBIIMX TEeMIIEpaTypbl KUIIEHUS MPU JaHHOM JaBJICHHUM, WJIM TOHWKEHHEM JaBJICHUS 0
3HAYCHUI, MEHBUINX JABJICHUS HACBIIICHHBIX MAPOB Pun KUAKOCTH MPHU JAHHOU TEMIIEpaType.
OOpa3zoBaHre Ty3bIPHKOB TMpPU TMOHWKEHUHM AABICHUS [0 IaBJICHUS HACHIIICHHBIX MapoB
Ha3bIBACTCSI XOJIOJAHBIM KUIIEHUEM.

Kuakoctb, U3 KOTOPOW ynalleH pacTBOPEHHBIN B HEW ra3, Ha3bIBACTCS JIETa3UPOBAHHOM.
B Takoif XuAKOCTH, KUIICHHE HE BO3HHMKAET W IPH TemIeparype, OOJiblIeil Temreparypsl
KHUIIEHUS IIPU TaHHOM JJaBJICHUU.

Bsi3kocTh — CBOMCTBO JKUJIKOCTH OKa3blBaThb COIPOTUBIEHUE OTHOCUTEIBHOMY CABHUILY
ee cioeB. BA3KOCTh MpOSIBASETCS B TOM, YTO IPU OTHOCHUTEIBHOM IIEPEMEIIECHUU CIIOEB
KUJKOCTH Ha MOBEPXHOCTSX MX CONPUKOCHOBEHMSI BO3HHMKAIOT CHJIbI COIPOTHUBIIEHUS CHIBHIY,
Ha3bIBAEMBIE CUJIAMU BHYTPEHHETO TPEHMS, WIIA CUJIAMU BA3KOCTH.

Cuwiibl BHYTPEHHETO TPEHHsI TOSBISIIOTCS BCIEACTBUE HAIUYMS MEXMOJIEKYIISPHBIX
CBA3EH MEXAY JBUKYIIMMUCS CIOSIMHU.

Ecin Mexny cOCeHMMM CIOSMM KUAKOCTU BBIIEIUTh HEKOTOPYIO IUIOIIAJAKY S, TO
cornacHo runoreze Hprotona

F = psg—;,

rac F — cunpl BI3KOTO TPCHUSA;



§ — muomane TpeHus;

du
dy, — TP/MEHT CKOPOCTH

M — TUHAMUYECKUM KO3(PPHUIIUEHT BSI3KOTO TPEHUSI.

Ouznyeckuii cMmbicn Kod(D(HIMEHTa BS3KOTO TPEHUS - YUCIO, PAaBHOE CUJIE TPEHUS,
pa3BHBaroIIeiica Ha eAMHUYHON MOBEPXHOCTU IPU €AMHUYHOM I'PaIuEHTE CKOPOCTH.

Envnvie usmepenus: [H-c/m?], [kl c-c/m?], [II3]{IIyazeins}, 1113=0,1H-c/m>.

Ha mnpakTtuke wuaie HUCHONb3YyeTCS KUHEMAMUYEeCKull KoIhguyuenm ea3xocmu,
HA3BaHHBI TaK TOTOMY, YTO B €r0 Pa3MEPHOCTH OTCYTCTBYeT OO0O3HAuY€HHE CHIIBL. JTOT
Kod(uimeHT mnpenacraBiser coOOH OTHOIIECHHE IMHAMHYECKOTO KO3 (UIIMEHTa BI3KOCTH
JKHJKOCTH K €€ INIOTHOCTH

Envnuuel  wsmepenus: [m/c], [emP/e], [Cm] {cmoxc}), [cCm] {canmucmokc),
1Cm=100cCm {1Cm=1 cm?/c}.

Jl1s KanenbHBIX KUAKOCTEH BA3KOCTh 3aBUCUT OT TEMIIEPATyphl ¢ U NaBiieHUus P, onHako
MOCIEAHSST 3aBUCUMOCTD MPOSIBISIETCS TOJBKO MPU OONBIINX W3MEHEHHUSAX JaBJICHHS, MOpsAIKa
HecKonbKux oecamkoe Mlla.

1. 2 Jleknus Ne2 ( 2uaca).
Tema: «Cuiibl, 1eCTBYIOIIHE B KUIKOCTHKH»
1.2.1 Bonpochl JieKIum:

1. Cunbl AEMUCTBYIONIME B KUJKOCTSIX: MAaCCOBBIE U TOBEPXHOCTHBIE CUIIBI.
2. 'mapocraTuyeckoe AaBJIeHHE U €T0 CBOMCTBA.

1.2.2 KpaTtkoe cogep:kaHue BOPOCOB:

Tuopocmamuka — pasieql MEXaHHKHU >KUJKOCTEH, B KOTOPOM H3Yy4alOTCS COCTOSIHUE
paBHOBECHS KHJIKOCTH, HAXOJSMICWcs B OTHOCHUTEIIBHOM WM  aOCONIOTHOM  IOKOE,
NEICTBYIONIME TIPU STOM CHJIbI, a TAK)KE 3aKOHOMEPHOCTH IIJIaBaHUs TeJl 0e3 UX MepeMeIIeHHUs.

[Tpu abcorOTHOM MOKOE KUIKOCTh HETOABMKHA OTHOCUTENBHO 3eMIIU U pe3epByapa. [lpu
OTHOCHUTEIIbHOM IOKO€ OTJIeIbHbIE YACTHIIbI )KUKOCTH, OCTaBasACh B MIOKOE OTHOCUTEIHHO APYT
Jpyra, IepeMeIialnTcsi BMECTE C COCYJIOM, B KOTOPOM OHHM HaXOSTCI.

OnHa U3 OCHOBHBIX 3a7ad |'.— u3ydeHHe pacupenesieHusl TaBJICHUS B >KUIAKOCTU. 3HAs
pacripezielieHle J1aBJIeHHs,, MO)KHO Ha OCHOBaHUU 3aKOHOB ['. paccuuTarh Cuiibl, AEHCTBYIOIINE
CO CTOPOHBI MOKOSIIEHCS *KUAKOCTH Ha MOTPYKEHHbIe B HEE Tesa, HapuUMep Ha MOJBOIHYIO
JIOJIKY, HAa CTEHKH U JIHO COCYZa, Ha CTeHY IUIOTUHBI U T.]I.

OCHOBHBIMU 3aJJauaMi THIPOCTATUKHU SBJISIOTCS ONpeeSICeHUE aBIECHUS B )KUJIKOCTH KaK
(GyHKINN KOOpIUHAT

P = fP (X,Y,272),
a TaK)Ke OTpeICIICHUE CUII, IEHCTBYIOIINX CO CTOPOHBI )KHIKOCTH Ha TBEP/IbIC CTCHKH.
1. Cuabl, JelCTBYIOLIME B X KUJKOCTHU

MaccoBsbie cuJIbl. MaccoBbIE CHJIBI 3TO CHJIBI, MPOMOPIIMOHATIBHBIE Macce KUJIKOCTH. B ciaydae
OJIHOPOJHOM KHUIAKOCTU 3TH CUJIBI IPONOPLHOHANBHBI 00BEMY. [Ipexae Bcero, kK HUM OTHOCHUTCS
6ec KUIAKOCTH

G=mg=Vpg=Vy,

rae G — BecC JKUIKOCTH,



V — 00bEM KUIKOCTH,

m — Macca XAJIKOCTH,

2 — YCKOpEeHHEe CBOOOIHOTO MaJCHHSI,
p — IUIOTHOCTb JKUJKOCTH,

Y — YAEIbHBIN BEC )KUIKOCTH.

Kak wu3BecTHO, Macca ABISETCS MEPOM MHEPTHOCTH Tejaa. DTO CBOMCTBO MPUCYILE U
KUJKOCTSIM, TOATOMY K MaCCOBBIM CHUJIaM OTHOCSATCS U CUJIbI UHEPUUU:
F,=m%=pVa —ma;
rae  F,, — vHepuuoHHas cuia,

V — CKOPOCTb KMJIKOCTH,
{ — BpeMs JBHKCHUS,
a — YCKOPEHUE IBH>KCHMUSI.

Cuuibl UHEpLMH, TEHCTBYIOIIME B )KUJIKOCTH, TaK e KaK U JIJIsl TBEPAOTO TeJa, MOTYT
IIPOELIMPOBATHCS HA OCH.

IToBepxHOocTHBIE cHJBI. [IOBEpXHOCTHBIE CHIJIBI — CHJIBI, BEJIMYHMHBI KOTOPBIX
IponopuuMoHaibHbl Iomanu. K HuM oTHocAT nBa Buna cuil. CHIIBI  no8epxHOCmHO20
Hamsdicenuss U CWIbL 643k020 mpenus. llocnenHue MposBIAIOTCS TOJBKO IIPU JBUKECHUU
JKUJKOCTU M HE MIParOT HUKAKOW POJIM, KOrJa KUIAKOCTh HaXOAUTCS B MOKOE. DTH CHJIbI, KaK
CBOWCTBO BA3KOCTH, OBLII PACCMOTPEHBI NIPH U3YYEHUU CBOMCTB KUAKOCTEH.

Cu/ibl MOBEpPXHOCTHOI'O HaTSXKeHUs. MOoJeKysbl KUIKOCTH NPUTATUBAIOTCS JPYr K
apyry ¢ omnpenenéHHoi cuiioil. [Ipuuém BHYTpHM JKUAKOCTH CHIIBI, JEHCTBYIOIIUE Ha JIIOOYIO
MOJIEKYJTy, YPaBHOBEIIMBAIOTCS, T.K. CO BCEX CTOPOH OT HEE HAXOIATCA OJUHAKOBBIE MOJIEKYJIbL,
PacroJIoKEHHbIE HA OJUHAKOBOM paccTOssHUU. OJITHAKO MOJIEKYJIbl KUAKOCTH, HaXOASIIUECS Ha
rpaHuie (C Tra3oM, TBEpAbIM TEJIOM WM Ha TpaHHIE ABYX HECMEHIMBAIOUIMXCS >KUIIKOCTEH)
OKa3bIBAIOTCSl B HEYPABHOBELIEHHOM COCTOSIHUU T.K. CO CTOPOHBI JPYrOro BellecTBa JEHCTBYET
NPUTSOKEHUE JIPYTUX MOJIEKYJ, pACIOJOKEHHBIX Ha JIpyTUX paccTosHUsAX. Bo3Hukaer
npeoOiagaHue Kakod-To cuibl. [lon BIMsSHUEM 3TOro BO3AECHUCTBHUS MOBEPXHOCTH KHIKOCTH
CTpPEMHUTCSl MPUHATH (HOPMY, COOTBETCTBYIOLIYI0 HaWMEHbIIEH miomanu. Ecau cunbl BHYTpU
KHUJIKOCTH OOJIbIlIE HAPYXKHBIX CHJI, TO MOBEPXHOCTb MXHIKOCTH CTPEMHUTCS K CpepruecKoit
dbopme. Hampumep, manbie Macchl KUAKOCTH B BO3IYXE CTPEMATCS K IIapooOpa3HoOul ¢opme,
00pa3ys Karai. MoXeT UMETh MecTO M 00paTHOE SIBIIEHHE, KOTOPOE HAONI0IaeTCsl KaK sSBJICHHUE
kanuniaprocmu. B Tpybax Majoro nuaMmerpa (Kamwuisipax) HaOM0IaeTcs HWCKPUBIICHHE
CBOOOMHON TMOBEPXHOCTH, TPAaHHWYAIICH C Ta30M WM C THapaMd 3TOH ke >Kuiakoctu. Ecmm
MOBEPXHOCTh TPYOKH CMauMBaeTCs, CBOOOIHASI TTOBEPXHOCTh KUAKOCTU B KaMWIISIPEe BOTHYTAS.
Ecnu Her cmaumBaHus, cBOOOIHAs MOBEPXHOCTh BBINYKJAs, KaKk MpU KaruieoOpasoBanuu. Bo
BCEX OTHX CIIydasX CHUJIbl TOBEPXHOCTHOTO HATSHDKEHHS OOYCIIOBIMBAIOT JOMOJIHUTEIbHBIC
HaINPSKECHUS Pros B )KUIKOCTH. BennunHa 3TUX HaNpspKeHUH onpeaensiercs GopMymnoi

—_ 20
Pros — Tt .

rae 6 - K03QpPUIHEHT MOBEPXHOCTHOTO HATSKEHUS,
r - paauyc chepuyecKkoil MOBEPXHOCTH, KOTOPYIO IPUHUMAET KUJIKOCTb.

Cuibl jgaBieHUd. /lagnenue — HaNpsDKEHUE, BO3HUKAIONIEE B JKMJIKOCTH TOJ JCUCTBUEM
CKUMAIOIINUX CHJI.

P, = AP/AS

Hctunnoe naBneHue P B pa3smuyHBIX TOYKAX ATOM TIomanku AS MOXKeT ObITh pa3IMYHBIM;
Pcp Gyner Tem MeHbIIe OTIMYATHCS OT ACHCTBUTENHHOTO B TOYKE, YeM MEHBIIE OYy/IeT IJI0IIa b
AS. Takum obpa3om, ecnu pasmep miomanku AS yMeHbIIaTh, NPUOMIKATh K HYIIO, TO



otHomienne AP /AS Oyaer CTpeMUThCS K HEKOTOPOMY MpeeNy, BhIPAXKAIOIMIEMY HCTHHHOE
TUAPOCTATUYECKOE JTABICHUE B TOUKE:

p = lim(AP/AS)
AS—0

I'uapocratudeckoe napnenue P (I1a) u3amepsroT B eAMHUIIAX CHIIBI, IEJICHHBIX Ha
€I[I/IHI/II_Iy jIomangu, OHO xapaKTepmyeTc;{ TpeMH OCHOBHBIMH CBOﬁCTBaMH. EC.HI/I JdaBJICHUC

OTCUMTHIBAETCS OT HYJIsl, OHO HA3bIBACTCS AOCONOMHBIM Y1 0003HAYAETCA P, , €CIIU OT
aTMOC(EPHOTO, — u30blmouHbIM 1 0003HavYaeTcs P, .. Ammocgpepnoe nasnenue

obosHauaercs P, .

Kpome TOro, pasznuyaroT JAaBlIEHUE 2UOPOOUHAMUYECKOEe W 2UOPOCMAMUYecKoe.
I'maponnHamMuueckoe MAaBICHME BO3HMKAeT B JABIKYLIEHcA KHMIKOCTH. ['mapocraTuueckoe
JaBJICHHUC — JaBJICHUC B HOKOHmeﬁCH KHUIOKOCTH.

2. CBoiicTBa rMIPOCTATHYECKOIO 1aBJICHUSA

lepeoe ceolicmeo. [uopocmamuueckoe OasneHue HANPABIEHO 6ce20d NO GHYMPEHHel
HOPMAaU K NOBEPXHOCMU, HA KOMOPYIO OHO Oelicmeyen.
Bmopoe ceéoiicmgo cocTOUT B TOM, 4TO B JIFOOOW TOYKE BHYTPHU >KUIKOCTHU JIABJICHUE I10

BCEM HAIpaBICHUAM OJMHAKOBO. MHaue 3TO CBOWCTBO AaBIEHMs 3BYYMT TaK: Ha JIIOOYIO
IUIOINAAKY BHYTPH 00BbEMA KUAKOCTH, HE3aBUCUMO OT €€ yIila HaKJIOHa, NEHCTBYEeT OJAMHAKOBOE
JIaBJICHHE.

Tperbe cBoicTBO. [udpocmamuueckoe OaelieHue 6 MOYKEe 3ABUCUM MOJLKO Om ee
KOOpOUHAm 6 npocmpancmee, m. e.

P=f(x,y,z)

B mporuecce akcmityatanuy ruipornpruBOAOB IPUMEHSIOT CPEICTBA U3MEPEHUS, UMEIOIIINeE
HOPMHPOBAHHBIE METPOJIOTUUECKUE CBOMCTBA U MPEIHa3HAUCHHBIC JJIsl HAXOXKICHUS 3HAUCHUN
bu3nYECKUX BEIIMYMH, XapaKTEPU3YIOIIHUX padOTy 3TUX THIPOIIPUBOJIOB.

[Ipumensiemble cpecTBa U3MEPEHUS XapaKTePU3YIOTCs [ICHOU JIeJIeHUs, aDCOTIOTHON
MOTPEUTHOCTHIO U KJIACCOM TOYHOCTH.

Llena oenenus wikanwl - pa3HOCTH 3HAUCHHUH BEJTMYNH, COOTBETCTBYIOIIUX IBYM COCEIHUM
OTMETKaM IIKaJbl Ipubopa.

Abcontromuas noepeuwHocmy - pa3HOCTh MEKIY TOKa3aHUEM MPUOOPa M UCTUHHBIM 3HAYCHUEM
M3MEPSAEMON BEJTUYUHBI.

Knacc mounocmu - 060011€HHAs XapaKTEPUCTUKA CPEJICTB U3MEPEHHUs, OIpeeIsIeMast
OTHOLICHHEM MaKCHMaJIbHO JOITYCTUMOM IOTPEINHOCTH ? K KOHEUHOMY 3HAYEHUIO N IIKaJIbI
npubopa, BEIpa)KEHHBIM B IPOLIEHTAX, T.€.

K:E-IDD%

M

[Ipu skcIuTyaTanuu ¥ UCIBITAHUAX THAPOIPUBOAOB U OTACIIBHBIX THAPOATrPETaTOB U3MEPSIOT
JIaBJICHHUE, PACXO U TeMIlepaTypy padoueil )KUAKOCTH, CKOPOCTb ABMKEHHS, YCUIIHS, KPYTSIINE
MOMEHTBHI, Pa3BUBACMBbIE Ha BBIXOIHBIX 3BEHBAX THIPOIBUTATEIICH.

H3zmepenue oasnenusn. J11s namMepeHuss N30bITOUHOTO TaBJICHUS MPUMEHSIOT MAaHOMETPBHI.
MaHOoMEeTpBI IO CBOEMY Ha3HAYECHHUIO MOPA3IENIAIOTCS Ha MPHOOpHI 00I11Iero Ha3HAueHUs (THIIA



M, MT, OBEM) u o6pazuossie (tTuna MO). Pabourie MaHOMETpBI U 00IIIETO HA3HAYECHUS UMEIOT
kiacc Tounocty 1; 1,5; 2,5 u 4. O6pa3iioBbie MAHOMETPHI UMEIOT 00JIee BRICOKHE KJTace
tounoct (0,15; 0,25; 0,4), UX TPUMEHSIIOT JIJIsl TOBEPKH MAaHOMETPOB OOIIEr0 HA3HAYCHHUS U B
UCIBITATENbHBIX CTEHAAX.

[To mpuHIMMY A€MCTBUSI MAHOMETPHI MOAPA3IEISAIOTCS Ha )KUIKOCTHBIE, IPY30IOPIIHEBbIE,
nehOopMaIMOHHBIE U SJICKTPUUYECKUE.

1. 3 Jleknus Ne3, 4 ( 4uaca).
Tema: «O01Me 3aK0HbI, YPABHEHUS THAPOCTATHKH
1.3.1 Bonpochl JieKnum:

1.OcHOBHOE ypaBHEHUE THUAPOCTATHKHU.

2. Iuddepenmanpabie ypaBHEHUS Dilyiepa U UX HHTETPAJIHI.

3. laBneHue >XKHAKOCTH HAa OKPY>KAIOUIUE €€ CTEHKHU, SIIOPHI 1aBJICHUS.
4. Kpyrmnas Tpy0a moj AeiiCTBUEM THAPOCTATHIECKOTO JaBICHUSI.

5. I'mapocraTtryecKkuid mapaiokc.

1.3.2 KpaTtkoe coaep:xkaHue BOPOCOB:

1. OcHOBHOE YpaBHEeHHE THAPOCTATUKH
OCHOBHOTO ypaBHEHHUS THPOCTATUKHU BBITTISAUT CIEAYIOIIUM 00pa3oMm,
P =P, +pgh :

rie h — rmyGuHa XKHUJIKOCTH, Ha KOTOPOH OIpeenseTcs JaBlieHue,

PO - naBneHue BHELIHEN Cpenbl,

p - IJIOTHOCTb >KUJIKOCTH.

CrnencTBrs OCHOBHOTO YPAaBHEHUS THIPOCTATHKHU.

N3 0CHOBHOIO ypaBHEHUS THAPOCTATUKHU ClIeAyeT 3aKOoH Ilackais, KOTOpBIi IJIacUT:
JIaBJICHUE, TPWIOKEHHOE K TPAHUYHOM MOBEPXHOCTH MOKOSIIENUCS )KUJKOCTH, TEPEAETCS BCEM
TOYKAM 3TOM JKUJIKOCTHU IO BCEM HaIpaBJICHUSIM OJMHAKOBO. 3akoH [lackans — OCHOBHOM 3aKOH,
Ha OCHOBE KOTOPOTO paboTaeT 00BEMHBIN THIPOPUBO/I, TPUMEHSIEMBIN B aOCOTIOTHOM
OOJBIIMHCTBE THIPOCHUCTEM TEXHOJIOTUYECKUX MAIITUH.

Bropeim criencTBrueM sBisieTcst TOT (PakT, 4TO HA PABHOM IIIyOHMHE B MOKOSIIEHCS
JKUJKOCTHU JaBJI€HUE OJIMHAKOBO. B pe3ynbTaTe MOKHO TOBOPUTH O MOBEPXHOCTSIX PABHOTO
naBieHus. g KUAKOCTH, HaXOAsIIeics: B aDCOIIOTHOM ITOKOE WJIM PaBHOMEPHO JBUXKYLIEHCs,
3TU OBEPXHOCTH — FOPU3OHTAIIbHBIE TUNIOCKOCTU. CyIIECTBOBaHUE MTOBEPXHOCTENW PAaBHOTO
JTaBJICHUSI TO3BOJISIET U3MEPATH AaBJIEHUE B JII00O0H TOUYKE KUIKOCTH.

2. InddepennuanbHbie ypaBHeHHUs Jiljiepa U UX HHTErPaJibl.
Juddepenunanbable ypaBHEHHS PAaBHOBECHSI MOKOSIIECHCS KHUIKOCTH HHAYE HA3bIBAIOT
nuddepeHIaAbHBIMUA YPaBHEHUSIMH Ditiepa.

X-——=0
ox p
0P 1

9z p  OHHM HOTyYeHBI IS OOLIEro CIydas OTHOCUTEIBHOTO MOKOS KHIKOCTH.
Bo3MoxHBI clieyronye BapuaHThl OTHOCUTEIBLHOTO MOKOSI.

[epBblif BApHAHT COOTBETCTBYET a0COIIOTHOMY MOKOIO MJIM PABHOMEPHOMY JBH>KEHUIO
cocyza ¢ *KHUAKOCThI0. Takoil BapuaHT paccMaTpUBAJICS MPU BbIBOJIE OCHOBHOTO YpaBHEHHS
TUAPOCTATUKH.

Btopoii BapraHT — BpanieHue cocya ¢ )XKUIKOCThIO C MOCTOSHHOM YIII0BOM CKOPOCTHIO ®
BOKPYT LIEHTpaIbHOU ocu. HecMOTpst Ha TO, UTO BCA Macca KUJKOCTU BPALIAETCsl BMECTE C



COCYZIOM, YacCTHIIbl KHUJKOCTHU APYT OTHOCUTEIBHO APYra HE IEPEMELIA0TCs, CIEA0BATENbHO,
BECh 00BEM JKHMIIKOCTH, KaK U B TIEPBOM CIIydae, MpeCTaBsseT coO00 Kak ObI TBEPIOE TETIO.
JlaBneHue B KaxkJ10M TOUKE JKUJIKOCTU HE MEHSIETCSI BO BPEMEHH U 3aBUCHUT TOJIBKO OT
koopauHart. [1o 3TuM npuyrHaM KUIKOCTb MOANAIAET MO/ ONPEaeIeHNE TOKOSIIEHCS.

Tpertuil BapuaHT aHAJIOTUYEH BTOPOMY, TOJBKO BpAIIEHUE OCYLIECTBISETCS BOKPYT
MIPOU3BOJILHO PACIIOJIOKEHHON BEPTHKAILHON OcH. Bo BTOpoM 1 TpeTheM cirydae cBOOOHAS
MOBEPXHOCTH KHUJIKOCTH MPUHUMAET HOBYIO ()OPMY, COOTBETCTBYIOIIYIO HOBOMY PAaBHOBECHOMY
MOJIOKEHUIO KUIKOCTH.

B ueTBEpTOM BapuaHTE COCYJ C )KUIKOCTBIO ABUKETCS IPSIMOJIUHEHHO U
paBHOYCKOpEeHHO. Takoil ciiyyail posiBIISIETCS, HAIPUMED, B IPOLIECCE Pa3rOHa UM OCTaHOBKHU
aBTOLIMCTEPHBI C )KUJKOCTBIO. B 3TOM cilydae )KMIKOCTh 3aHUMAET HOBOE PAaBHOBECHOE
MOJIO’KEHHE, CBOOOIHASI TOBEPXHOCTh MPUOOPETAET HAKIIOHHOE MOJI0KEHUE, KOTOPOe
COXpaHsETCs 10 U3MEHEHHS YCKOpeHUs. YacTUIIbI KUJKOCTU APYT OTHOCUTENIBHO apyra
HaXOJATCs B MIOKOE, U JaBJIIEHHUE 3aBUCUT TOJIBKO OT KOOPAHMHAT.

Bo Bcex nmepednciieHHbIX ClydasiX Ha KUIKOCTh JEHCTBYIOT, BO-TIEPBBIX, CHIIBI BEca, BO-
BTOPBIX, CHJIBI HHEPIIUH, B-TPETHUX, CUJIbI JaBICHHUS.

Ha npakTuke, 4T0ObI H30aBUTHCS OT YACTHBIX MPOU3BOIHBIX, UCTIOIB3YIOT OJTHO
ypaBHEHHUE, 3aMeHstolIee cucteMy. /st aToro nepBoe ypaBHEeHHE YMHOXAIOT Ha dX, BTopoe Ha
dy, TpeThe Ha dz U CKIIaBIBAIOT UX:

Xdx+Ydy+ Za’z—l (@ dx+8—de+a—PdZ) =0.
p Ox oy Oz

dP
B sT0ii popmyne cymma B ckoOkax sIBIsieTCS MOJTHBIM AU(dEepeHnanoM JaBIeHus,
KOTOPBIN B PE3YJIbTaTe OKA3bIBACTCS PABHBIM

dP = p(Xdx + Ydy + Zdz ).

[TonyueHHOE ypaBHEHME [TOKA3bIBAET, KAK U3MEHSAETCS AaBJIEHUE IIPU U3MEHEHUN
KOOPJAMHAT BHYTPH MOKOSIIIEHCS AKUAKOCTH I OOILEro ciiyyast OTHOCUTEIBHOIO IIOKOs. DTO
ypaBHEHUE BIiepBble noayunn Jleonapa Ditnep B 1755

PaccmoTtpuM cocyn ¢ *KMIKOCTBIO, BPAILAIOIIUICSA BOKPYT BEPTUKAJIbHOW OCH €
IIOCTOSTHHOM CKOPOCTBIO . Ha )KUAKOCTh NEHCTBYIOT BHEIIHEE JABICHUE, CUIIBI TSKECTU U
MHEPLHUOHHBIE CUIIBL. B pe3ynbrare ux JeHCTBUSA JKUIKOCTh IPUHUMAECT HOBOE PABHOBECHOE
nojoxenue. CB0OOIHAS MOBEPXHOCTH MPUHUMAET (hopMy nmapadbonouaa. PaccMoTpum Ha 3T0it
MOBEPXHOCTU NIPOU3BOJIbHYIO ToUKy N. PaBHOonelcTByromas cuna F, neiictByromas B T. N,
NEePIEeHUKYIIApHAa K CBOOOAHOM MOBEPXHOCTH. BennurHa 3ToM chiibl yBEIUYUBAETCS C
YBEJIIMUEHUEM paZNyca, a yroJl €€ HaKJIOHa K TOPU30HTY yMeHbIaercs. M3 atoro cienyer, 4To
HAKJIOH 3TOH MTOBEPXHOCTU K TOPU30HTY YBEIUUYMBAETCA C POCTOM panuyca. Takum oOpazom,
cuia R onpenenser popmy cBoboaHoil nosepxHoctu. Haiiném MaTematndeckyro Gopmyity 3Toi
KPUBOM.




I[JI?I JaHHOT'O CJIy4dass OTHOCUTCIILHOT'O IMTOKOs CUITY F Moxno Pa3JI0KUTh HAa ABC CUJIBI,
cuna Tsxect G u HHCpUUU Fumn.

_ 32
G_mg F;m_a)r'm
Cuity MHEpLIMM MOKHO Pa3JIOkKUTh Ha ABE cocTaBisitonue Fun x u Fun y.
X
F  =o'r-m-cosa=or-m==mon’x
r
F  =w’r-m-sina =a)2r-ml=mw2y

uny

r
Omnpenenum JaBieHUE B )KUIKOCTH, UCTIONIB3YsI MOJHBIN AuddepeHiuan 1aBIeHus
dP = p(Xdx + Ydy + Zdz).

X =w’x
Y=o’y
Z=-g

C yuérom 3TOoro nonHbii nuddepenuan qaBieHus MPUMET BHT
dP = p(w*xdx + @’ ydy — gdz).
[TpounTerpupyem 3Ty GyHKIUIO U TOTYyIUM
2r2
2

3amMeTuM, 4TO B UTOTOBOM BBIPAKEHHUH IIEPBOE CIAraeMO€, XapaKTEPU3YET 1aBICHUE
BHEIIHEN cpenbl. Bropoe ciaraemoe onuchIBaeT 1aBiIeHUE, CO3JaHHOE CTOJIO0O0M KHJIKOCTH,
Haxozsencs Huxe Touku 0, T.e. TIIyOMHON MoJ1 ypOBHEM HYJIEBOM Touku. TpeThbe ciaraemoe
XapaKTepU3yeTcs BICOTOM Haja Toukol 0, U, cle10BaTeNbHO, ONUCHIBAET JaBICHUE,
C03/71aBaeMO€ KHUAKOCThIO, TOAHUMAIOLIENCS 110 KpasiM COCyJ1a, IPUUEM 3Ta BETUYMHA 3aBUCUT
OT PacCTOSTHUS TOUKHU OT OCH BpalieHus. TakuM 00pa3omM, OKa3bIBaCTCs, UTO JABICHUE B KaXKIOM
TOYKE )KUJAKOCTH, BPALIAIOIIENUCS C TOCTOSSHHON CKOPOCThIO OTHOCUTENBHO BEPTUKAIBHON OCH,
CKJIQJIBIBACTCS U3 BHEIIHETO JABJICHUS U IABJICHHS CTOJ0A KUIKOCTH HAJl ’TOM TOUKOM.

3. JlaBjieHHe KUAKOCTH HA OKPYKAKIIMeE ee CTEHKH, JMIOPbI 1aBJIeHUS.

PaccmoTpuM npoun3BosibHYIO 10Ky ds, pacroioKEHHYIO Ha IIJI0OCKONH HAKJIOHHOMN
CTEHKE COCY/Ia C AKUJKOCThIO Ha pACCTOSTHUU Y OT OCU X, M ONPEIEIIUM CHJIbI, IEHCTBYIOIINE HA

3Ty mwiomaaky. Cuna ot
Po JaBJICHUS, AEHCTBYIOLIETO Ha
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ y 0 3JICMCHTAPHYIO INIOAJKY ds,

OyZeT onuchIBaThCA
bopMmyioii:

dFF = PdS =

(P, + pgh)dsS .

Ecimn
MIPOMHTETPUPOBATH 3TO
BBIPAKEHHE T10 TIJIOIIATH,
MOHO OIPEAEIIUTD MOTHYIO
CUJly, IEUCTBYIOILYIO Ha BCIO
IJI0IAb LETUKOM

F=P,[dS+ pg[hds

P=F —pgz+p

he

W3 pucynka sicHo, 4TO B
MIOCJIEIHEM BBIpAXKEHUU
h=Ysina. oncraBus
Y 3HaueHue h B mpenpiayiiee
BBIp@KEHHE, Oy/1€M UMETh:



F =P,S + pgsin a’_[YdS.
S

3 TGOpGTH‘-IGCKOﬁ MCXAaHUKH U3BCCTHO, YTO MHTEIrpal IYdS €CTh HU YTO MHOC, KaK
N
CTaTUYECKUH MOMEHT jiomajin S orHocutensHO ocu 0X. OH PaBCH IMPOU3BCIACHUTO 3TOU
rmjiaonaan Ha KoopaAuHaTy eé HOCHTpA TAXKECTU, T.C. MOXKHO 3aIMUCATH

[vas =v.s;
S

rae Yc — paccrosiHue oT oc X JI0 [IEHTPA TSHKECTH III0Ianu S.

[ToncraBuB hopmMyiTy MOMEHTA B BBIPAKEHUE CUIIBI, TOTYUUM:
P

1136‘
F=PS + pg¥, sin aSf.

h

¢

AHann3 BTOPOro €1araeMoro IoKa3blBaeT, 4YTO IPOU3BEICHUE Y sina sro riyOuHa

TIOJIOKEHHUS IEHTPA TKECTH IIomanku, a L YC SIN & - y36pITOYHOE TaBIIEHUE KUIKOCTH B

LEeHTpe TskecTH Iomanku. C yuéToM 3TOro MOXKHO 3alucaTrh

F = (P + pgh,)S.

Pn

CymMma B ckoOKax B IIOCJTIEHEM BBIPAXXKEHUU SIBIISIETCSA A0COIIOTHBIM JJaBIEHUEM B
LIEHTPE TAKECTU PACCMATPUBAEMON TPOU3BOJIbHON IUIOIIAAKHU. TakumM 06pa3oM, MOXKHO CJIeNaTh
BBIBOJI: TI0JIHAS CHJIA JABJICHUS KMIKOCTH HA INIOCKYIO CTEHKY PaBHA IIPOU3BEICHUIO €€
IUIOLIA/IN Ha BEJIMYMHY TMIPOCTaTUYECKOrO JaBJICHUS B LIEHTPE TSKECTH 3TOU CTEHKHU.

OpnHaxko HE0OXOIMMO Y4ECTh, UTO 3Ta CHJIa HE CKOHLIEHTPUPOBAHA B TOUKE, a
pacnpezeneHa no miuomaau. M pacnpenenenue 3to HepaBHOMepHO. 1o aToit npuunze s
pacuéToB, KPOME BEJIMYMHBI CUIIbI IEHCTBYIOIIEH Ha HAKJIOHHYIO IUIOIIAKY, HEOOX0IUMO 3HATh
TOYKY IIPUJIOKEHUS PABHOJACHCTBYIOLIEH.

HenTp naBaenus.Pacnpenenéunyro HarpysKky, ACMCTBYIONIYIO HA HAKJIOHHYIO CTCHKY,
3aMEHHUM CKOHLICHTPUPOBAHHOM. [I7151 TOr0 HaliI€EM Ha HAKJIOHHOW CTEHKE IOJIOKEHHUE TOUKH D,
B KOTOPOH IPUJIOKEHA PABHOACUCTBYIOIIAS CHIIBI AaBJIeHUs. TOUYKy, B KOTOpPOM IIPUIIOKEHA 3Ta
CHUJIa, HA3bIBAIOT LICHTPOM JaBicHMs. Kak yke HEOJHOKPAaTHO pacCMaTpuBajoch, 1aBJICHUE,
JeiicTByrolee B J1I000H TOUKe, B COOTBETCTBUU C OCHOBHBIM YPaBHEHHEM I'MIPOCTATUKU
CKJIa/IbIBAETCs U3 IBYX YacTeil: BHEIHero nasnenus PO, nepenaromerocs BceM TOUKaM
XKUJKOCTH OJIMHAKOBO, U JaBJIEHUs CTOJI0a )KUAKOCTU P, onpeaenseMoro riryOMHON NOTrpyKeHUs
9TON TOYKH.

JUis HaXOXAECHUS LEHTpa N30BITOYHOIO JaBJIEHUS XKUAKOCTU IPUMEHUM ypaBHEHUE
MEXAHHUKH, COTIIACHO KOTOPOMY
MOMEHT PABHOJAECHUCTBYIOIIECH CHUIIBI
oTHOcUTeNBHO ocu 0X paBeH
CyMME MOMEHTOB COCTABJISIFOLIUX
CHIL, T.C.

E436YD = J-YdEﬁﬁ’
s

rae YD - koopaunara

TOYKH TIPHIIOKEHUS CHIbl Fu30,
Y — rekymas riryouHa.

3aMEHUB B 3TOM
BbIpaxkeHuu Fu36 u YD
MHTETpajoM, B COOTBETCTBUH C




YIOMSHYTBIM YPaBHEHUEM MEXAaHUKH, OyJIEM UMETb:
Fo; Y, = [YdF ,, = [Yd (pgsin a¥S) = pgsin a[Y’dS.
S S S

Orcrona BeIpa3suM ZMZY +ﬂ
it p D Yc g c Yc g
Cuia 1aBJIeHUS JKMIKOCTH HA KPUBOJMHEIHYIO CTeHKY. Yarie Bcero HeooXoaumo
OTIPEACIUTE CHITY, NEHCTBYIOIIYIO Ha MIJIMHAPUIECKYIO IIOBEPXHOCTH, UMEIOIIYIO
BEPTUKAIBHYIO OCh CHMMETpUU. BO3MOKHBI Ba BapuaHTa. [IepBbiii BApUaHT - )KUIAKOCTh
BO3JICHCTBYET HAa CTEHKY U3HYTPH.
Bo BTOpOM BapuaHTe KUJIKOCTb IEHCTBYET

D Ha CTEHKY cHapyxHu. PaccMoTpuM o0a 3Tux
BapHaHTa.
l l% l l l l'i l li B nepBom ciyuae BeiaenuM 00bEM
- ! KHUJIKOCTHU, OTPAaHUYECHHBIN PacCMaTPUBAEMbIM

Y4aCTKOM LUWIMHAPUYECKOU OBEpXHOCTU AB,

; y4acTKoM cBOOOHOM noBepxHocTH CD,

!

T

PacCIOJIOKEHHBIM HaJ y4acTKoM AB, n neyms
A L /'r BepTHKaIbHBIMU TTOBepxHOCTsIMU BC u CD,
IIPOXOIAIMMHU uepe3 Touku A u B. Otu

MMOBEPXHOCTH OrpaHuunBarOT 006EM ABCD,
KOTOPBIM HaxOAUTCA B paBHOBecuH. Paccmorpum
YCJIOBHS PaBHOBECHS 3TOr0 00bEMa B
BEPTUKAIBHOM U FOPU30HTAIILHOM HAIIPABJICHUSX.
3aMeTHM, 4TO, €CIIU JKUJKOCTh IEHCTBYET Ha
noeepxHocTh AB, ¢ kakoi To cuiol F, To ¢ Takoi
e CUIIOl, HO B 00paTHOM HampaBJIEHUH, U IOBEPXHOCTh JAEHCTBYET Ha paccMaTpUBaeMblil
00BEM JKUIKOCTH. DTY CUITy, IEPIEHIUKYISIPHYIO IOBEpXHOCTH AB, MOXHO IIpeicTaBUTh B
BHJIE TOPU3OHTAILHOM FT 1 BepTHuKanbHOU FB cOCTaBIAOINX.

VYcnosue paBHoBecus: 00béMa ABCD B BepTHKaIbHOM HallpaBIEHUU BBITISAUT, TaK:

F =PS, +G,;

rie PO — BHemHee naBicHue,

Sr — nomaas ropu30HTaNBHON IPOEKLINU OBEpXHOCTH AB,

G — Bec BbIJIEIEHHOT0 00BEMA XKUIKOCTH.

VYcnoBue paBHOBecHUs ATOr0 00bEMa B TOPU30HTAIBHON IVIOCKOCTH 3aHILIEM C YIETOM
TOT'0, YTO CHJIBI, IEHCTBYIOIINE HA OJIMHAKOBbIE BepTHKaibHble oBepXxHOCTH AD n CE,
B3aMMHO ypaBHOBeIINBatOTCs. OcTaéTcs TONBKO cuia JaBieHus Ha miomans BE, koTopas
IPONOPLUOHANIbHA BEPTUKAIBHOM NpoeKuu SB noBepXHOCTH AB. C y4€TOoM 4acTUYHOTO
ypaBHOBELIMBaHUS Oy/l1eM UMETh YCIOBHE PAaBHOBECHSI CUJI B TOPU30HTAIbHOM HAIIPABICHUU B
BUJE:

lll A i

F,=S8_pgh, + P,S,;
rze he- rmyOnHa pacnosioxKeHHsl LEHTpa TSAKECTH TOBEpXHOCTH AB.

3uas Fr u FB omnpeaenum nonuyio cuny F, aeiicTByrolyto Ha HUIMHAPUIECKYIO
MOBEPXHOCTh

F = F>+F!.

Bo BTOpOoM ciydae, Koraa JKHJIKOCTb BO3ACHCTBYET Ha IMJIMHIPUYECKYIO [IOBEPXHOCTh
CHapy>kKH, BEJIMYMHA THIPOCTaTUUECKOIO JABJICHUS BO BCEX TOUKaxX NoBepxHocTH AB umeer te
K€ 3HAUYEHHUs, YTO U B IEPBOM CIIy4ae, T.K. ONPEAesaeTcsl Takou e riayouHoi. Cuisl,
JEHCTBYIOLIME HA TIOBEPXHOCTh B TOPU30HTAIBHOM U BEPTUKAJILHOM HaIlpaBICHUAX,
OIpEeAEIAI0TCA [0 TEM ke (popMysaM, HO UMEIOT POTUBOII0JIOKHOE HanpasieHue. [Ipu atom



noj BesinunHoN G HaZ0 MOHUMATH TOT ke 00bEM kunkoctu ABCD, HecMoTps Ha TO, UTO Ha
CaMOM JieJie OH, B JAHHOM CJIy4ae U HE 3aI0JHEH KUJIKOCTHIO.

[TonoxxeHnue LeHTpa NaBIEHUS Ha HUIMHIPUYECKON CTEHKE JIETKO MOYKHO HAWTH, €CIU
u3BeCcTHBI cWiibl FT u FB U onpenesieHsl HEHTP 1aBJICHUsI HA BEPTUKAIBHOW MPOCKIIUKU CTEHKH 1
LEHTp TsKeCTH paccMmarpuBaemoro oobéMa ABCD. 3anaua ynpouaercs, eciu
paccMmaTpuBaeMas MOBEPXHOCTh SIBJISETCS KPYTOBOH, T.K. pABHOJACHCTBYIOIIAs CUJIa IPU ATOM
MepeceKaeT 0Ch MOBEPXHOCTU. ITO MPOUCXOIUT U3-32 TOTO, YTO CHUJIBI IaBJICHUSI BCETa
MEePIEeHANKYJISIPHBI TOBEPXHOCTH, a IEPIIEHIUKYJISIP K OKPY>KHOCTH BCErla MPOXOAUT Yepe3 e
LEHTP.

4. Kpyruas Tpy0a nmoa 1eiicTBUeM riipoCTATHYECKOr0 JaBJIeHUS.

B rugpaBnnueckux cucteMax TEXHOJIOTHYECKOTO Ha3HAYEHUS KUJIKOCTh B OCHOBHOM
nepeaaéres mo TpyoaM Kpyrioro cedeHus. B BogonpoBogax, KaHAIM3AIMOHHBIX U1 MHOTHUX
JIPYTUX TPYOOIIPOBOJIHBIX CHCTEMAaX, THAPOTEXHUUECKUX COOPYKEHUAX IMIMPOKO UCIIOIB3YIOTCS
TpYyOBI ¥ pa3JIMUHBIE pe3ePBYaphl KPyrioro ceueHus. [1o aToi npuunHe 3a1a4ya onpeaeeHus
Harpy3Kku Ha TpyOy ABJISIETCSI BECbMa pacnpocTpaHnéHHON. B Takux pacuérax ucCronb3yeTcs
noJIydeHHasi paHee popMyIia rOpu30HTATBHONW COCTABIISIONIEH CUIIBI, JCHCTBYIOIIEH CO CTOPOHBI
YKUJKOCTU HA KPUBOJIMHEHHYIO TOBEPXHOCTh
F, PDI _PD

S, 2o 20

5. 'mapocraTuyeckuii mapaaokc

Paccmotpum Tpu cocyna pazHoil pOpMBl, 3aI10JIHEHHBIE KUAKOCTHIO 10 OAHOIO YPOBHS
hc. Bece cocypl Takue, 4TO UMEIOT OJMHAKOBYIO IIJIOIA/b IHA.

B cootBercTBHU ¢ 0011€H hOpMYIIOi onpeaeneHus CHIIbl, JeHCTBYIONIEH Ha MIIOCKYIO
IIOBEPXHOCTh

Fu36 = pgth s
A
he
D ‘ D
A 4 Co !
RTINS S I S ————————.
S = S =53

MOKHO BBIYUCIIUTH CUILY, JEUCTBYIOLIYIO HAa JHO cocya. [l Bcex TpEX COCy0B 3TH
CHUJIBI OKQ)KYTCSl OIMHAKOBBIMM M HE3aBUCSILMMU OT Beca XKUIAKOCTU B cocyne. Ho Ha omopy Bce
cocyibl OyIyT IeHCTBOBATh C pa3HBIMU CUJIAMU, PABHBIMU BECY COCYJIOB € )KUJKOCTBIO. DTOT
(akT noJsyyns Ha3BaHUE TUAPOCTATUYECKOTO MapaJoKca.

1. 4 Jleknus NeS, 6 ( 4uaca).
Tema: «OCHOBBI KHHEMATHKHN U THHAMHMKH KUIKOCTEI»
1.4.1 Bonpocsl JieKIuM:

1. MeTtozpl onucaHus IBHKESHUS KUJKOCTEH U Ta30B, TOHATHE O JIUHUAX B TPyOKaxX TOKa.

2. XapakTepUCTUKH ITOTOKA.

3. OOmas uHTerpayibHas ¢GopMa YpaBHCHHH KOJIMYECTBA JBIKCHHUS M MOMEHTA KOJHMYECTBA
JIBYKCHHUS.

4. PexxuMbl TeueHus )Kuakoct. Pusmnueckuii cMpIci ynciia PeliHonbaca.

1.4.2 KpaTtkoe cogep:xkaHue BOPOCOB:



1. MeToabl onucaHus IBUKEHUS JKMIKOCTell U ra3oB, MNOHATHE 0 JIMHUSIX U TPYyOKax

TOKA.

[IpyurHaMu ABWOXKEHUS JKUIKOCTU SIBIISIIOTCS JEHCTBYIOLIME HA HEE CHUJIbL: OOBEMHBIC HIIU
MacCOBbI€ CHUJIBbI (CHJIa TSDKECTH, WHEPLUOHHBIE CHIJIBI) M TMOBEPXHOCTHBIE CHIIBI (IaBJICHUE,
TpeHue). B oTinune ot ruApOCTATUKH, T/I€ OCHOBHOW BEJIMYMHOM, XapaKTEPU3YIOIIEH COCTOSHUE
MOKOSI JKUIKOCTH, SBJSIETCA TMIPOCTATUYECKOE JABJICHHE, KOTOpPOE OIPENENseTCsl TOJBKO
NOJIOKCHHEM TOYKM B TPOCTPAHCTBE, T.. p=f (x, y,z), B THAPOAMHAMUKE OCHOBHBIMHU

9JICMCHTAMH, XaPAKTCPUSYIOIIMMU AOBUIKCHHUC KUAKOCTH, GYI[yT JABa: THIAPOAMHAMHYCCKOC
JaBJICHUC U CKOPOCTH IBHMXXCHUSA (TCLIGHI/IH) KHUIKOCTH.

B OGH.[CM CJIyd4a€ OCHOBHBIC J3JICMCHTBI JABUIKCHHUSA KUJIKOCTU p WU U I HaHHOP'I TOYKHU
3aBHUCAT OT €€ IIOJIOKCHHA B IIPOCTPAHCTBEC (KOOp)II/IHaT TOLIKI/I) u MOIryr HU3MCHATLCA BO
BPCMCHU. AHaINTHYECKH 3TO MOJ0KCHHIE TUAPOJUHAMUKU 3alTUCBIBACTCA TAK:

p zfi(xayozot)a

u:fz(x,y,z,t).
3agavyeil TWAPOIMHAMUKH W SBIISICTCS ONPEACICHHUE OCHOBHBIX 3JEMEHTOB JBMIKCHHS
JKUJIKOCTU p U U, YCTAHOBJCHHME B3aMMOCBS3M MEXKIY HUMM U 3aKOHOB WM3MCHCHMS HMX IIpU
Pa3IMYHBIX CIIYYasX JIBHYKCHUS JKUIKOCTH.

JIBa MeToJa OMUCAHMSA JABU:KEHHS :KMIAKOCTU.CYIIECTBYIOT JBE TOYKH 3PCHHS Ha
W3y4YeHUE JBIDKECHUS JKUJIKOCTH: TOYkKa 3peHus JlarpaHka W TOYKa 3peHus Ouiepa.
COOTBETCTBEHHO HCIIOJIL3YIOTCS JIBa BHUAA IIEPEMEHHBIX — TepeMeHHble Jlarpamka u
nepemMeHHbIe Diepa.

Cy1iecTByeT 1Ba METO/1a U3YYCHHUS JBUKEHUS kuakocTr: metox JK. Jlarpanxka u meron JI.
Ditnepa.

Metoa Jlarpan:ka 3aKjIr04aeTcs B pACCMOTPEHUHN JABUKECHHS KaXA0W YaCTULIbI )KUIKOCTH,
T. €. TPACKTOPUHU UX JBHKEHUA. M3-32 3HAUUTENBHON TPYJOEMKOCTH 3TOT METOJ HE MOy
LIMPOKOTO pacCpOCTPAHEHHUS.
Touka 3penus Jlarpanxa. [lyctb Vo — 00beM HEKOTOpPOW Macchl )KMJIKOCTH, KOTOPBIN
OHa 3aHMMaja B HAayaJbHbII MOMEHT BpeMeHHU top. B MOMEHT BpeMeHHM t 3Ta Macca KUIKOCTU
Oymer 3aHuMarb oObeM Vi Mexay ToukamMu to M t HMEETCSs B3aUMHO-OJHO3HAYHOE
cooTtBeTcTBUE. [Ipon3BosibpHas yacTuiia o0bemMa TO, KOTOpas B MOMEHT to HaXOAMJIach B TOYKE
Ao, mepenuia B ONpeNeiIeHHYIO Touky A xkuakoro oobema Vi IlojokeHue YacTHUIIbI
onpeenseTcs KOOpAUHaTaMu X, y, Z TOM TOYKHU IIPOCTPAHCTBA, B KOTOPOW YacTULa HAXOAUTCS B
MOMEHT BpeMeHH t. KoopauHaTel yacTULIbl B MOMEHT t 3aBUCAT OT MOJI0KEHUS, KOTOPOE YacTHIla
3aHMMaJja B HauaJlbHBIH MOMEHT BpeMeHH. HadanbHoe Mo0KeHHEe YaCTHIBI MOKET OBITh 3aJJaHO
€e JIeKapTOBBIMU KOOpJAMHATaMH a, b, ¢ B MOMEHT BpeMeHHU to. Takum oOpa3zom, KOOpAMHATHI
YaCTHUL IPEICTABIISIIOTCS B BUJIE

X = X(a’7 b’ C’ t)ﬁ
y = y(a,b,c,t),
z=12(a, b, c, t).

CoOTBETCTBEHHO I'MAPOAMHAMUYECKHE BEJIMYMHBI 3aIHCHIBAIOTCS TaK ke, Kak (YHKLUU
a,b,c,t:

v=v(a,b,c,t).

[lepemennsie a, b, c, t HOCAT Ha3BaHUE NIepeMeHHbIX Jlarpanka.

Metoa Jitiepa 3aKiar04aeTcs B PACCMOTPEHUU BCEH KapTHUHBI BUXKEHUS JKUJKOCTH B
pa3JMYHBIX TOYKAaX IMPOCTPAHCTBA B JAHHBII MOMEHT BPEMEHU. ODTOT METOJ IO3BOJISIET
OIPENIeIUTh CKOPOCTh JIBUIKEHUS >KUIKOCTU B JIFOOOH TOYKE IMPOCTPAHCTBA B JIIOOONH MOMEHT
BPEMEHH, T. €. XapaKTepu3yercs IOCTPOCHHEM IIOJIsI CKOPOCTEM M II03TOMY IIMPOKO
IPUMEHSETCS IPU U3YUCHUH JBUKEHUS )KUIKOCTH.

Touka 3penus Diinepa. B mpocTpaHcTBE BBIOMPAIOT HEKOTOPYIO TOYKY A, I1€KapTOBBI
KOOpJIMHATBl KOTOPOH X, Yy, Z. B pa3Hble MOMEHTBI BpeMEHM uepe3 3Ty Touky A Oyayr



IPOXOAWUTHh PA3IMYHBIE YaCTUIBl JKUJIKOCTH, HMEs CBOM 3HAYEHUs THUIPOJMHAMHYECKHUX
BenuunH. [IpencraBinsier MHTEpeC HM3MEHEHHE HCKOMBIX TMAPOJMHAMUYECKMX BEJIWYUH B
(uKCHpPOBAaHHOM TOYKE MPOCTPAHCTBA B 3aBUCUMOCTU OT BpEMEHHU. J[BM)KEHUE, C TOUKU 3pEHUs
Olinepa, cuuTaeTcs U3BECTHBIM, €CIIM U3BECTHBI (PYHKLIUU

p=pX,Y,z1),

v=v(X,Y, z,t),

IlepemeHHbIE X, Y, Z, t HOCST Ha3BaHUE IEPEMEHHBIX Jiepa.

HenocraTtok Mmerona Oilslepa B TOM, 4YTO IPU PACCMOTPEHUU IIOJIA CKOPOCTEH HE
U3Yy4aeTCs TPACKTOPHSI OTAEIBbHBIX YACTHL] JKUIKOCTH.

ITonsiTue o MuHus u TpyOKax Toka. TpaekTopu g yacTtu bl . E cmB macce
JIBYDKYIIEHCS )KUAKOCTH B3SITh KaKyrO-THOO YaCTHUITY KUIAKOCTH U ITPOCIICIUTD €€ IMYTh 32 KAaKOK-TO
MIPOMEXKYTOK BpeMeHU Af (KOHEUHBIH, JOCTATOYHO OOJIBIION), TO MOKHO TIOJTYYHTh HEKOTOPYIO
JIMHUIO, BRIPAXKAIOIIYIO TEOMETPHUECKOE MECTO ITOM TOUKHU B IPOCTPAHCTBE 3a BpeMs Af.

JJuuauaga Toka. Eom B macce IBUKyHIEHCS KUIKOCTU B
4 JAaHHBI MOMEHT BPEMEHH f B35Th KaKyto-1u00 Touky 1 (puc. 1), To
MOHO B 3TOM TOYKE IMOCTPOUTH BEKTOP CKOPOCTH 1], BBIPAKAIOIIIUI
BEJIMYMHY U HAIPABJICHUE CKOPOCTHU JBHKEHUS YaCTHUIIbl KHUIKOCTH B
JTAHHOM TOYKE | B 3TOT MOMEHT BPEMEHH.

B TOT X6 MOMEHT BpeMEHM ¢ MOKHO B3ATh M JPYIHME€ TOUKHU B
IBWOKYIIEHCA SKUAKOCTH, Hampumep, Toduku 2, 3, 4,. ... .. 8
KOTOPBIX TAK)K€ MOXHO MOCTPOUTH BEKTOPBI CKOPOCTEH U2, U3, Us,...
BBIPXKAIOLIUE CKOPOCTh JABMXKECHUS APYTUX YACTHI] )KUJIKOCTH B TOT
’K€ MOMEHT.

puc. 1. MosxHo BbIOpaTh TOUkH I, 2, 3, 4. . . ¥ IPOBECTH 4Yepe3 HHUX
MJABHYIO KPUBYIO, K KOTOPOW BEKTOPBI CKOPOCTEH OymyT BCIOIY
KacaTeJIbHBI. DTa JUHUS B Ha3bIBACTCS AUHUEU MOKA.

7

DOnemMeHTapHaHd CTpyHka. Ecin B
IBIDKYLIEUCS KHUIKOCTH BBIIEINTh BECbMA MAIYIO 2JIEMEHTAPHYIO
wiomanky As, NEepHeHIUKYISPHYIO HalpPaBICHUIO TEYCHHUS, U
[0 KOHTYpPY €€ IPOBECTH JIMHUHM TOKa, TO TIIOJIYy4YEeHHas
IIOBEPXHOCTh HAa3bIBAETCS mpYOKOU moKd, a COBOKYIHOCTb
JUHUM TOKa, NPOXOIAIIMX CIUIOIIb dYepe3 Iomanky As,
o0pa3yeT TaKk Ha3bIBAEMYIO 2IeMeHMAapHYI0 cmpyiKy (puc. 2).

DneMeHTapHasl CTpyiKa XapaKTepU3yeT COCTOSIHUE ABMXKEHUS
KHUJKOCTH B JJaHHBII MOMEHT BpeMeHH f. IIpu ycTtaHoBHBIIEMCS
JBUKEHUM 3JIEMEHTapHasi CTpylKa UMEET CJIeyIOIlne CBONCTBA:

1. bopma U MONIOXKEHHE EMEHTAPHON CTPYHKH € TEUEHHEM BPEMEHH OCTAIOTCS HEN3MEHHBIMHU, TaK
KaK HE U3MEHSIOTCS JIMHUM TOKA;

2. MPUTOK >KUJKOCTH B 2JIEMEHTApHYIO CTPYHKY M OTTOK M3 Hee uepe3 OOKOBYIO MOBEPXHOCTH
HEBO3MOJKEH, TAK KaK 10 KOHTYPY 3JIEMEHTapHON CTPYWKHU CKOPOCTH HAIIPABJICHBI 110 KaCATEIIbHOM;

3. CKOpOCTb M THUIPOJMHAMHUYECKOE JaBJIEHHME BO BCEX TOUYKAX IIONEPEYHOIO JICUCHMS
IIEMEHTAPHON CTPYHKHM MOKHO CUMTATh OIMHAKOBBIM BBHly MATIOCTH IUIOIIAIN As .

2. XapakTepuCcTHKH NOTOKA.

B runpaBnuke pasnvuaroT CIEAYIOLUIUME XapaKTEpUCTHKU II0TOKA: JcU60e cedeHue,
CMOYEHHbLIL nepumemp, 2uOPaAsIUYeCKuil paouyc, pacxoo, cpeoHA:A CKOPOCHLb.

Kuevim ceuenuem TIOTOKAa Ha3bIBAaeTCS IMOBEPXHOCTH (MOMEPEYHOE CEUYEHUE),
HOpMaJIbHasi KO BCEM JIMHMSM TOKA, €ro IEePECEKalOIUM, U JIeXkKallas BHYTPH IOTOKA KUAKOCTH.
[Inomanp xuBoro ceueHus obo3Hauaercst OykBoi S. g s1eMeHTapHON CTPYHKH KUAKOCTU
UCIIONB3YIOT TOHATHE MCUB020 CEUEeHUA IIeMEHmAapHou cmpyiku (CeueHue CTPYHKH,
NEPIEHIUKYIIIPHOE JIUHUIM TOKA), IUIOIAb KOTOPOro 0003HavaoT uepes diS.

Puc. 2



CMmouenHblil nepumemp TOTOKA — JIMHUSA, MO KOTOPOW J>KHIKOCTH CONPHUKACACTCS C
MIOBEPXHOCTSIMU pycja B JAHHOM JKUBOM ceueHHH. J[JTiMHa 3TOM InHIKE 0003HavaeTcst OyKBOil ¥.

B HamopHBIX IOTOKaX CMOYEHHBIM IIEPUMETP COBIANAET C T'EOMETPUYECKUM
HEPUMETPOM, TaK KaK IMMOTOK XKHJIKOCTH CONPHKACAETCS CO BCEMHU TBEPABIMHU CTCHKAMH.

T'uopasnuueckum paouycom R moToka Ha3bIBAETCS YaCTO UCIOJIb3yeMasi B TUIIPABIUKE
BEJIMYKMHA, TPEACTABISIONAs cO00i OTHOIICHUE IJIONIAIU JKUBOTO CeYeHUs S K CMOUYCHHOMY

HEPUMETPY Y-

S
R = —.
y4
Pacxo0 nomoka ncuokocmu (pacxod HcuOKocmu) — KOJIUYECTBO KUIKOCTH,

MPOTEKAIOIEH B €IMHUILY BPEMEHHU Yepe3 JKUBOE CEUYEHUE MOTOKA.

PaznuyaroT 00BEMHBIN, MAaCCOBBIN U BECOBOM PACXOIbI JKUIKOCTH.

OOBEMHBIN pacxo]l KUAKOCTU 3TO 0O0BEM KUIAKOCTH, IPOTEKAIOLIEH B €IMHUILY BpPEMEHU
yepe3 KUBOe cedeHue moToka. OOBEMHBIN PacXo/ JKHUAKOCTH M3MEPAETC 00BIYHO B MY/c, Om/c
uiu Ji/c. OH BBIYUCISETCS IO opMyIie

v
Q= ’E
rie Q- oO0BEMHBIN pacxo[ KUIKOCTH,
V - 00b€M KHUAKOCTH, IPOTEKAIOLINI Uepe3 )KUBOE CEUEHUE MOTOKA,
t — BpeMs Te4EeHHUs KUAKOCTH.
MaccoBbIil pacxon KUIKOCTU 3TO Macca KUAKOCTH, POTEKAIOIIECH B €UHULY BPEMEHHU
yepe3 )KMBOE Ce4eHUe MOTOKa. MaccoBbli pacxo] usMmepsiercs oObIYHO B KI/c, I/C MU T/C U
onpenensercs no popmyie

rie  Qwm - MaccoBbli pacxoi JKUIKOCTH,
M - Macca XKUAKOCTH, IPOTEKAIOIUI yepe3 *KUBOe CEYeHHUE II0TOKa,
t — BpeMs TeUEHHUs KHUAKOCTH.
BecoBoii pacxos ®HIKOCTH 3TO BEC KUAKOCTH, IPOTEKAIOIEH B €IMHHIlY BPEMEHU Yepe3
XKHUBOE cedeHue rnoToka. BecoBoil pacxon usmepsercs o0biuno B H/c, KH/c. ®opmyna st ero
OIpeIeNIeHus BBIMIAUT TaK:

O =

rie (G - BECOBOM pacxo/ KUIKOCTH,
G - Bec )KMJKOCTH, MPOTEKAIOLINH Yepe3 )KUBOE CeYEeHHUE M0TOKa,
t — BpeMsl TeUEHUS KUIKOCTH.
Yamie Bcero ucnonb3yercss 00bEMHBIM pacxo moroka kHUIKocTH. C yuy€ToM TOro, uTo
IOTOK CKJIAJIBIBACTCS U3 AIEMEHTAPHBIX CTPYEK, TO M PAcX0]l IOTOKA CKIIAIIBAETCS U3 PACX0/I0B
3JIEMEHTAPHBIX CTPYEK KuaKoctu dQ.
Cpeonan ckopocms nomoka xcuoxkocmu Vep B JAHHOM CEYSHUU 3TO HE CYIIECTBYIOIIAS
B JIEICTBUTENBHOCTH CKOPOCTh ITOTOKA, OJIMHAKOBAs JJIs1 BCEX TOUYEK JAHHOT'O KMBOI'O CEYCHMS,
C KOTOPOH JOKHA Oblia Obl JBUTAThCS JKUAKOCTD, UTO ObI €€ pacxos OblI paBeH (PaKTUUECKOMY.
j u,dS
— S

V = =,
@ S S

b
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YpaBHeHHe Hepa3spbIBHOCTH YCTAHOBUBIIErocss [BU:KeHUsl KuakocTu. [lpu
PAaCCMOTPEHUH JBUKEHHS )KUIKOCTH CUMTAIOT, YTO B IMOTOKE KHUKOCTh CIUIOIIH 3aIIOHSIET 3aHUMAEMOE
€10 MPOCTPaHCTBO Oe3 00pa3oBaHuUs MYCTOT, T.€. ABWKEHHE YKUIKOCTU MPOUCXOIUT Hepa3phiBHO. B
TOM CIlydae CIpPaBEJIMBO YPAaBHEHHWE HEPA3PHIBHOCTH JIBIDKEHUS, BBHIBOIMMOE Ha OCHOBE 3aKOHA



coxpaHeHus: Maccel.  [lomyuuM  BHauajge ypaBHEHHME  HEpPa3pbIBHOCTH IPH  YCTAHOBMBIIEMCS
JBWKEHUH KUIKOCTH JUTS SJIEMEHTAPHOM CTPYHKH.
[Iycts nMeeM aneMeHTapHyto cTpyHKy (puc. 3). Bo3bmem ceuenue /-1
C MIomanblo As, ¥ CKOPOCTBIO JBHMKCHHS YaCTHILl JKHIKOCTH U]. g
DJIeMEHTapHBIN pacxos uepe3 ceueHue /-/ paBeH
AQ, =u,As,.
3aTeM BO3bMEM CEeUeHHE 2-2 B 3TOU e CTPYHKE C IUIOLIABIO CeueHUs As,
Y CKOPOCTBIO ;. DNIEMEHTAPHBIN pacxoj1 uepe3 ceueHue 2-2 paBeH
AQ, =u,As, . Puc. 3.
Ho no cBoilcTBYy 35ieMEHTapHOW CTPYMKHA MPHUTOK M OTTOK >KUJIKOCTH
yepe3 ee OOKOBYIO IIOBEPXHOCTh HEBO3MOXEH KPOME TOrO, B OTCEKE /2, KOTOPbIA COXpaHSET
HEM3MEHHbIE pa3Mepbl, He o0pa3yeTcs IYCTOT U HE MPOUCXOUT MEPEYIUIOTHEHU; 3HAYUT
KOJIMYECTBA JKMJKOCTH, MPOTEKAIOLIEH H €JUHUILY BPEMEHH uepe3 ceueHus /-1 u 2-2, TOIKHbI ObITh
omuHakoBel, T.e. AQ, =AQ,. Ilpunumas Bo BHHMaHHWe, 4TO cedyeHHs [-/ U 2-2 TPHHSITHI

HPOU3BOJIbHO, MOXKHO B OOLLIEM CITydae Isl AJIEMEHTAPHON CTPYHKH HaIKCaTh
AQ, =AQ, =AQ, =...=AQ, = AQ = const
W
u,As, =u,As, =u;As; =...=u,As, = AQ = const . IS4\ u ecTb YDaBHEHHE
HEPa3pbIBHOCTU  (CIUIOIIHOCTH) JUIsl  JJIEMEHTAPHOM CTPYHKH, KOTOPOE YHMTAeTCs TakK:
oNleMeHmapublll_pacxod ocuokocmu__AQ _npu _ycmanosuguiemMcs O8UNCEHUU _ecmb__8eIUYUHa

HOCMOSHHASL ONIL 8Cell SNeMEHMAPHOU CIPVUKU.
3. O0mas uHTerpajbHas popMa ypaBHeHHH KOJIMYECTBA IBUKEHUS U MOMEHTA
KOJINYeCTBA IBUKECHUSI.
3aK0H M3MEHEHHs KOJIHYeCTBA ABUKeHHA. BbiiennM B IBHXKYIIEHCS )KUAKOCTH HEKOTOPBII
00beM V, orpaHnyueHHbIN noBepxHOCTHIO S. [IycTh BekTOp K — KONMMUEcTBO ABUXKEHHUS MacChl

KMJIKOCTH, 3aTlOJHAIOIIEH 3TOT 00beM. B snementapnom o6beme dV 3akmouena macca pdV .
KonnuecTBo ABMKEHUS 3TOM MacChl, UMEIOLIENH CKOPOCTb V:
dK =p-v-dV

KonudecTBo OBUKECHHUS MacCCHI, 3aKJIIIOUCHHOM B 00beMe V:

K= ([ o-av
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Jl1g BbIIETIEHHOM Macchl KUAKOCTH BeKTOp K, kak 1 00beM V, - QyHKINY BpeMEHH.

3aKOH KOJIMYECTBA ABM)KEHUS MOKHO CPOPMYIMPOBATh TaK: IPOU3BOJHAS 110 BPEMEHU OT
KOJIMYECTBA ABUKCHUSA HEKOTOPOU CUCTEMBI MacC paBHa INIABHOMY BEKTOPY BHELIHUX CHII
JeicTByOIUX Ha 3Ty cuctemMy. CienoBaTelbHO,

2

dK
@~k

I'ne Fi - rmaBHBINA BEKTOP MAaCCOBBIX CHII

Fs - rimaBHBIN BEKTOpP NOBEPXHOCTHBIX CHII

[ToncrapiisieM 3Ha4€HUS IJIaBHBIX BEKTOPOB U MPOMHTETPUPOBAB MOJy4aeM 3allMCh 3aKOHA
KOJINYECTBA ABMKCHUS B HHTETPAJIBHOM BUJIE:

%]ﬂp.v.dvzgfp.a.dmﬁs r,ds

['e a — BEKTOp yCKOpEHUs B TOUKE
Ts- HANPSDKEHUE MTOBEPXHOCTHBIX CHJL.



3aKOH M3MeHEHHsI MOMEHTA KOJHMYeCTBA ABUKeHHs. /{151 MexaHMYeCKOH CHCTEMBI
3aKOH MOMEHTa KOJHM4YeCTBa JBMKEHHUS (DOpMYIMpOBaics Tak: MPOU3BOAHAS MO BPEMEHU OT
IIOJIJHOTO MOMEHTa KOJMYECTBA JBM)KEHUS HEKOTOPOW CHUCTEMBI paBHAa TIJIABHOMY MOMEHTY
BHEIIHUX CWJI, JEUCTBYIOIIMX Ha 3Ty cucTemy. [lonmyuuMm 3ammch 3TOro 3akoHa I ciydas
JBU>KEHUS CIUIOLIHOW CPEBI.

PaccmoTpum Maccy CIUIONIHON cpebl m; MyCTh B IaHHBIM MOMEHT OHA 3aHMMAaeT 00beM
V, orpaHvuYeHHBId MOBEPXHOCTHIO S. DTa Macca oO0JagaeT KOJIU4YecTBOM mABMkeHus K u
MOMEHTOM KoiuuecTBa ABWkeHHs L. DmemeHT oOwvema dV comepxutr maccy dm = pdV,
KOJIMYECTBO JBUKEHUS KOTOpOod paBHO pvdV. MOMEHT KOIMuYecTBa JABMXKEHUS ITOH Macchl

OTHOCHTENTbHO Hauasia koopaunart pasen L = [ff (r X pv)dV.

BBenem HeoOXoaMMBIC ONpPEAETICHUS W 3alUIIeM BBIPRKEHHS [UII MOMEHTOB BHEIIHUX
CHJI BHYTPEHHUX MOMEHTBHI paCCMaTPHUBATh HE OyJIeM.

Ha snement dV ¢ maccoit dm geiictByer cuna p - a-dV. MowmeHt 3toil cunbl (1 X
pa)dV. I'maBHBII MOMEHT MAaCCOBBIX CHJI PaBeH

M =fff (r X pa)dV

Ha »snemenT mosepxHoct dS ¢ HOpMalblo Ts JEHCTBYET IOBEPXHOCTHAs cuila. | JaBHBIN

MOMCHT ITOBCPXHOCTHBIX CHUJI
M, = ﬂ (r X 7)dS
S

HpOI/IBBOJIHaH o BPEMCHH OT IIOJHOI'0O MOMCHTA KOJHNYCCTBA JIBUIKCHHA L paBHa CyMMC
MNEPCUNCICHHBIX MOMCHTOB. Takum 06pa30M, 3aKOH MOMCHTAa KOJIMYCCTBA ABHMXKCHUS 3alIMIICTCSA
B UHTCTPAJIbBHOM BHAC!:

d
L [lf, (- x pryav = [ff, (r x pa)dV + [, (r x ;) dsS.
JlaBJjieHMe CTPYHM KHAKOCTH Ha Orpaskaaoime noBepxHoctu. Ecim BeiTeKkaromas u3

OTBCPCTUA UJIK HacCaJlKa CTPYs IMOMaJacT Ha HCTIOJABUIXKHYIO CTCHKY, TO OHAa C OIIPCACIICHHBIM
JaBJICHHUECM BO3H€ﬁCTBy€T Ha Hee. OCHOBHOE YpaBHCHHE, 10 KOTOPOMY BBIYUCIIACTCA AaBJICHUC
CTPYH Ha IJIOAAKY, UMECT BUJ]

P=Tou
g

4. Pe:xuMbl TeyeHUs KUAKOCTH. Pu3nyeckuii cMbIca ynucaa Peiinoanaca.

Ecnu wnabmrogaTh 3a JIBMKEHHEM JKHAKOCTH, TO MOXHO SCHO BHIETh, 4YTO IPHU
MEepEeMENICHUH OT ceueHus | K ceueHuIo 2 KapTUHaA pacipeiesieHus CKOpOCTel OyIeT ocTaBaThCs
MOCTOSTHHOM, a JBM)KCHHUE >KUJIKOCTH OYyJEeT CJIOUCTHIM, IUIaBHBIM, BCE€ CTPYWKH TOKa OyayT
napajuieabHbl Mexay coboil. Takoe deuacenue HOCUT Ha3BaHUE JTAMUHAPHOE (OT JTATUHCKOTO
cioBa lamina - cioit).

Onnako 10 6ECKOHEYHOCTH YBEIMYHBATH CKOPOCTH MPH JIAMHUHAPHOM PEXKUME JIBUKEHUS
MOTOKa HEBO3MOXXHO. OO0s3aTeIbHO HACTYMHUT TaKOW MOMEHT, KOT/Ia XapaKTep ABUKEHUS
KUJKOCTU PaJuKaIbHO HM3MEHUTCA. l[BeTHbIe CTpyMKM HA4YHYT CHadaja KoyeOaTbes, 3aTeM
pa3MbIBaThCSl 1 MHTEHCUBHO MEpPEMEIIMBAThC. TeueHHe MOTOKAa CTAaHOBUTCS HECIOKOWHBIM, C
MOCTOSIHHBIM BHXpeoOpa3oBaHHEM. OMIOpa paclpeiesieHus CKOPOCTEH IO CEYEeHHIO MOTOKa
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NpUOJIM3UTCS K MPSMOYTroJbHOM (opMme, a 3HAUYEHHs] CKOPOCTEH B Pa3HBIX CEUCHUSX MOTOKA
CTaHyT NMPAKTUYECKHU PAaBHBI CPEIHEH CKOPOCTHU IBMIKECHUS KHIKOCTH. 3HaUueHHEe KO3 PUIMeHTa
KHHETHYEeCKOW »Hepruu a npubmmkaercs Kk I. Takoe TedeHHe 3XHMIKOCTH Ha3bIBACTCS
mypoynrenmubim (OT JJATUHCKOTO cJioBa furbulentus - BO3MYIEHHBIN, Oecniopsanounblii). Ecnm
CHOBA YMEHBIIUTh CKOPOCTh TEYEHUS IKUIAKOCTH, BOCCTAHOBUTHCA JIAMUHAPHBIA PEKHUM
nBIKeHus. [lepexoa oT OHOTO pexuMa JIBMIKEHUS K JPYroMy OyIeT MPOUCXOIUTh MPUMEPHO
IIpU OJHOM M TOM Xe uucie PeliHomnbaca.

ONBITHBIM TYTEM YCTAHOBIIEHO, YTO KPUTHYECKOE YKCiIO PeitHombaca uist Kpyriasix Tpyo
- 2320 nnst KpyriibIX TpyO, a JUIsl IpYrux ceueHuit 580.
Jnst ompeneneHuss peXuma JIBIXKCHHS B IOTOKE HAJ0 HAUTH ¢paxmuueckoe uucno
Peitnonvoca Re , KoTopoe MOXHO YCTaHOBUTH AJIs JTF0OOT0 OTOKA 10 (hopmyrie
Vd

2

Re
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U CPABHUTH €r0 C KPUTUUYECKUM YUCTIOM Reyp.

[Ipu stoMm, ecniu  Re < Reyxp, TO pexuM ABUKEHUS JaMUHApHBIA, ecinu Re > Rey,, TO
PEXHUM IBUKEHUS TYpOYJIESHTHBIMH.

®u3nyecku CMbICH uyKcia PelHonbplca 3aKiII0YaeTcs B CMEHE PEXHUMOB TEUECHUS
KUAKOCTU. B Hacrosimiee BpeMsi HE CYIIECTBYET CTPOTOrO HAay4yHO JI0Ka3aHHOTO OOBSICHEHUS
TOMY SIBJIICHHIO, OJHAKO HamOoJee IOCTOBEPHOM THUIOTE30M CUMTAETCA CIEAYoIlas: CMEHa
PEXUMOB JBUKEHHUS JKUJKOCTHU OINPEAEINIAETCS OTHOLIEHUEM CUJI MHEPLMM K CHUJIaM BS3KOCTHU B
noToKe Jkujakoctu. Ecnu npeobnagaroT mepBbie, TO PEXUM ABUKEHUS TYypOYJIEHTHBIN, €cCliu
BTOpBIE - TaMUHApHBIA. TypOyJIeHTHBIE MOTOKH BO3HUKAIOT MPU BBICOKUX CKOPOCTSX JBHKEHUS
KUJKOCTA W MaJjiol BS3KOCTH, JIAMMUHAPHBIE MOTOKM BO3HUKAIOT B YCJIOBHUSX MEJICHHOTO
TEUYEHUS U B BSI3KUX KUJIKOCTSX.

1. 5 Jlexnus Ne7, 8, 9, 10 ( 8uaca).
Tema: «OaHOMepHBbIE IOTOKHW»
1.5.1 Bonpocs! Jieknum:

1. O6061menue ypaBHeHus: bepHysum 11 moToka BsI3KOH KHMJIKOCTH.

2. I'mapaBiuueckue CONpOTUBIICHUS, UX (pU3NUECKas IPUPOa U KilacCUPUKALIUS.

3. ConpoTuBiIEHUS 110 AJIUHE JIJIsl HAIOPHBIX U OE3HAIIOPHBIX ITOTOKOB.

4.JlanHble 0 TuApaBIMYecKoM Ko3dduuuente Tpenus. 30Hbl conporuBiaeHus. Hanbomee
ynorpeOuTenbHble GOPMYJIbl JUIsl THAPABINYECKOr0 KO QULIMEHTa TPEHUSI.

5. MecTHble THApaBINYECKUE CONPOTHUBICHHS, OCHOBHas ¢opMmyna. 3aBUCHUMOCTb
KO3 (uUIMEHTa MECTHOTO COINpPOTUBIEHUS OT 4uciaa PellHompaca M IeOMETPUYECKHX
apaMeTpoB pycia. Buibl MECTHBIX CONPOTUBIICHUN.

6. McTeuenue )xMIKOCTHU U raza 4epe3 OTBEPCTUS U HACAJKH.

7. 'mapaBnuueckuii yaap B Tpyoax, ¢popmysa XKXyKoBCKOro.

8.I'mapaBnuueckue pacyeT TpyOOIpPOBOIOB.
1.5.2 KpaTtkoe coaep:xkaHue BONPOCOB:

1. O000menne ypapHenusi bepHyJuin 11 NOTOKAa BA3KOH AKHUAKOCTH



YpaBHeHUe bepHyJU )15 CTPYUKHM U ea/IbHOM XU KOCTH UMeeT BU/L
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JBUKCHHE KMJIKOCTH MOJ IEHCTBUEM CUJ AABJICHUS U CHJI TSYKECTH €CTh BEJIMYMHA IIOCTOSHHAS
JUIS DJIEMEHTAPHOU CTPYHMKH, T.€.
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l'eoMmeTpu4yeckasa MHTepnperanusa ypaBHeHUsa BepHysim. [losioxeHue 060U
YaCTHULbl )XUJKOCTH OTHOCUTEJbHO HEKOTOPOU NPOU3BOJIBHOMN JIMHUU HYJ€BOTO YPOBHA
0-0 omnpepnenseTcd BepTUKAJbHOM KOOpPAWMHATOW Z. /[l peasibHbIX THUAPABIWYECKUX
CUCTEM 3TO MOXET ObITb YPOBEHb, HUKE KOTOPOTO »KHJKOCTh U3 JAaHHOU I'MJPOCUCTEMBI
BbITeYb He MOXeT. Hanprumep, ypoBeHb 1noJ1a 1iexa J/isi CTaHKa UJIM YPOBEHb N0/iBaJa loMa
JUIA JOMaLIHero BOJONPOBO/AA.

o Kak u B rupocraTuke, BeIMUNHYy Z Ha3bIBAlOT HUGEAUPHOU 6bICOMOIL.

L4 BTOpOC cjlaracmMoc - HOCUT HA3BAHUC Rbé3omMempuveckKas eévicoma. Ora

BCJIMYMHA COOTBCTCTBYCT BBICOTC, Ha KOTOPYIO IMOAHUMCTCA XKUAKOCTH B IMBE30MCTPE, CCIIN €ro
YCTAHOBUTDL B paCcCMAaTpUuBaACMOM CCUCHUU, 11O HeﬁCTBHCM JaBJICHU A P.

P
o CymMma mepBbIX JIBYX YJIEHOB YpaBHEHMUS Z+ — 2udpocmamuueckuil
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8b1COMOI NN CKOPOCHIHbIM HANOpPpOM. Z[aHHYIO BCIIMYMHY MOKHO IIPEACTABUTDL KAaK BBICOTY, Ha
KOTOPYIO MNOAHUMETCHA KHUAKOCTb, HadaBHIad ABUTATbBCA BCPTHUKAJIBHO CO CKOPOCTH u# IIpHU
OTCYTCTBUHU COIIPOTUBIICHUA JIBUXCHHIO.

o CyMMy Bcex TpEX 4ICHOB (BBICOT) HA3bIBAIOT 2UOPOOUHAMUYUECKUM UL NOTHBIM
Hanopom u, KaK yxe OblJI0 ckazaHo, 0003HauaoT OykBou H.

o Tperbe crmaraemoe B ypaBHeHHS bepHysmiu HA3bIBACTCSI CKOPOCHMHOIL



Bce cmaraembie ypaBHeHus bepHymmM WMEIOT pPa3MEpPHOCTh MJIMHBI M HX MOXKHO
n300pa3uTh rpapuIecKH.

T'uaponunamuueckas
JINHUS
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IIse3omeTpuueckas
JIMHAS
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FCOMCTpI/ILICCKOC MCCTO TOYCK, BBICOTBI KOTOPBIX PAaBHbI z+ , HAa3bIBACTCA

nve3omempuueckou aunuei. Eciy K 3TUM BbICOTaM J00aBUTh CKOPOCTHBIE BBICOTHI, PABHBIE

2
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JUHUEH.

, TO IOJIYYHUTCA JApyras JUHUA, KOTOPass Ha3bIBACTCs zudpoduuamuqeawﬁ NI Hanopuoﬁ

U3 ypaBHenus bepHymin s cTpylku HEBA3KOH kUAKOCTH (M rpaduka) cieqyer, yTo
TUAPOJIMHAMUYECKHUI HAMOP 10 AJIMHE CTPYHKH ITOCTOSHEH.

JHepreTuyeckKass MHTeprnperauusa ypaBHeHusa bBepHy/uiM. Breime 6b110

NOJIyYeHO ypaBHeHHe DBepHyJIM C MCNOJb30BaHUEM 3HEpPreTUYeCKUX XapaKTEpPUCTUK
*KUAKOCTU. CyMMapHOU 3SHepreTUYeCKOM XapaKTEPUCTHUKOM >KUJAKOCTU SBJSAETCA eé
TUApOoAYHAMHUYeCKUU HAMop.
C (I)PI3PI‘-I€CKOI>1 TOYKHU 3pCHUA 3TO OTHOHMICHUC BCINYMWHBI MEXaHHMYeCKOH SHEPTrrUu K BCIIMYUHC
Beca JKUIKOCTH, KOTOpass 3ToW sHeprueil obnanaer. Takum oOpa3oM, THIPOAMHAMHYECKUN
HaIlop HYXXHO NMOHUMATH KaK SHCPTHUI0 CAWHUIIBI BECa KUJAKOCTH. )41 JJIsL HHCaHBHOﬁ KUIOAKOCTH
9Ta BeJIMYMHA MOCTOSHHA 1o AnuHe. Takum oOpasom, pusudeckuii cMpica ypaBHeHUs bepHym
3TO 3AKOH COXPAHEHUA IHEPZUU 0N OGUNCYULEICA HCUOKOCIU.

¢ — YACJbHad NOTCHIHAJIbHAA SHCPIrUs IMOJIOKCHHA HAa CAMHUIY BECa KUIAKOCTHU, —

yYAcCJIbHaid MOTCHIHAJIbHAA S9HCPIryiA IaBJICHUA Ha CIMHUIY BE€Ca )KUAKOCTHU
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-~ — y,Z[eJ'H:HaH KHHCTHUYCCKas BHCpFI/IH Ha CI[I/IHI/IHy BE€Ca X KUJIKOCTH.
2g

YpaBHeHue bepHy/uIM AJi1 CTPYHKHM peasibHOM KUAKOCTH. B peasbHbIX
CTpyWKax MPUCYTCTBYIOT CUJIbl BA3KOr0 TpeHus. B pesysbTaTe cTpyilku TpyTcs APYr 00
Apyra B npolecce ABUXKeHUA. Ha 3TO TpeHUe 3aTpayMBaeTcd 4acTb 3Hepruy notoka. Ilo
3T0f/i IIpU4YHNHE B Ipouecce ABHUKEHUA HeI/I366)KHbI I[IOTEepPHU SHEPTUMH. JTa JHEpPrud, Kak U
npu JIo60M TpeHHH, IpeobpasyeTcs B TEMJIOBYIO 3Hepruw. M3-3a aTUX noTepb 3Heprus
KHUAKOCTH 110 AJIMHE CprﬁKI/I INOCTOAHHO YMEHbIIAETCA Ha ollpeJeJIEHHY0 BEJIMYHUHY. T.e.
C Y4ETOM NOTEPb 3HEPTrUH YpaBHeHUe BepHy//IM A/ MOTOKA peasibHOM KUAKOCTH OyAeT
BbITJIANETDH

P
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I'ne h — norepu Hanopa 1o JUIMHE CTPYHKU

YpaBHeHue BepHy//IM AJIA NOTOKA peaIbHOM XUAKOCTH. [IOTOK >XHUAKOCTH, Kak
yKa3blBaJIOCb paHee, MOXHO MpeACTaBUTb COBOKYIHOCTBIO 3JIeMEHTAPHBIX CTpPYeK
KUJKOCTU N0 CEeYEeHHUI0 MOTOKAa HEOJWHAKOBbI, IPUYEM B CepeJiMHE NOTOKA CKOPOCTHU
HauboJiblie, a K Nepudepuu OHM yMeHbLIAOTCA (CTpyHHas MoJiesb IMOTOKa). JTO
O03HayaeT, YTO pa3JiM4Hble CTPYHUKU B OJHOM CeYeHHWU HMEIT pas/M4yHble 3HaueHHUs
KMHeTU4ecKou sHepruu. OTcrofa ciaefyeT, YTO KUHeTHYeCKass 3Heprus, NOCYUTaHHas C
WCII0JIb30BAHMEM CKOPOCTeM 3JIeMeHTApHbIX CTpPyeK Uus, MU KUHeTHYecKasd IHeprus,
IOCYUTAHHAsA C UCHOJb30BaHUEM 3HA4YeHUs CpeJHel CKOpocTH noToka V, 6yzeT uMeTb
pasHble 3HA4YeHMUS. [TosToMy BBOAAT K03dPuULMEHTa KUHETUYECKON 3SHEpPru™ WJH
ko3douumnenta Koprosnca o. CMbica 3Toro koa¢pPpuiyeHTa 3aK/aH04YaeTCsl B OTHOIIEHUHU
JEVCTBUTEJIbHOU KHWHETUYEeCKOW OJSHEepruu I[OTOKa B OINpeJle/IEHHOM CeYeHUHU K
KMHETUYEeCKOU S3HEepruM B TOM e Ce4eHUH II0TOKA, HO IPU paBHOMEPHOM paclnpe/ieJleHU1
CKOpOCTEeM.

VYuuTeiBasg KOAQPUIUEHT KUHETUYECKON 3HEpruu, npuBeaéM ypaBHeHue bepHysmim ams
IIOTOKa peanLHoﬁ KUJAKOCTHU, KOTOPOC IMPUMCT BU:

Zl+i+ﬂzzz+i+ﬂ+h.
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Hano ydects, uTo B 001IEM Cilydae B Pa3HbIX CEUEHUSX MOTOKa KoddduuueHt a 6yaer
HUMCThb PA3JIMYHBIC 3HAYCHU .
2. N'uapaBianyeckne CONMPOTUBJIEHNS, MX (PU3HYeCKasi MPUPOIA U KIACCHPUKAIUS

['unpaBnuyeckas KUAKOCTh B THIPOCUCTEMAX TEXHOJIOTUYECKOTO 000pyI0BaHUS, KaK yxkKe
o0cyX1aJloch paHee, UrpaeT posib padouero tena. OHa oOecreyumBaeT MEPEHOC SHEPTUU OT
UCTOYHUKA THJPABIMYECKON OSHEpruM K moTpeOuTento (B OONBUIMHCTBE CIy4yaeB, K
TUAPOJBUTATEINIO). [[71s1 TAaKOTO MepeHoca UCTIOIB3YIOTCSI HAITOPHBIE MTOTOKH.

EctecTBeHHO, 4TO TBEpABIE CTEHKH NPEMATCTBYIOT CBOOOJHOMY IBHKEHHUIO >KUIKOCTH.
[TosToMy mpu OTHOCUTENHHOM JABMKEHUU MKUIKOCTH W TBEPIBIX IMOBEPXHOCTEH HEM30EKHO
BO3HUKAIOT (Pa3BUBAIOTCSA) cudpasiuyeckue conpomuesienusn. Ha npeononenne BO3HUKAIOUINX
COTIPOTUBIICHUN 3aTPAYMBACTCS YAaCTh SHEPTUM MOTOKA. DTy MOTEPSHHYIO SHEPTUI0 HA3BIBAIOT
2UOpasIUYeCKUMU NOmepAMU YACIBbHON SHEPTUM WIM TOTepsAMU Hamopa. [ uapaBiudeckue
NOTEPU TJIABHBIM 00Pa30M CBSI3aHbI C NMPEOJAOJICHUEM CHII TPEHUSI B TIOTOKE M O TBEPIbIE CTCHKU
U 3aBUCAT OT psifia (pakTOpPOB, OCHOBHBIMH U3 KOTOPBIX SBJISIOTCS:



reoMerpuueckas popma moToka,

pa3Mephl MOTOKa,

IEPOXOBATOCTh TBEP/BIX CTEHOK MMOTOKA,
CKOpPOCTb TEUECHUS KUJKOCTH, ;

pPEKUM  JBUMIKEHUS  SKUJIKOCTH  (KOTOPBIH : i 4h
CBSI3aH CO CKOPOCTHIO, HO YUUTHIBAET €€ HE
TOJBKO KOJIMYECTBEHHO, HO ¥ KAYECTBEHHO),
BSI3KOCTh JKHIKOCTH,

ASANENENEN

AN

HEKOTOpbIE JIpyrue JKCIUTyaTallMOHHbIE
CBOMCTBA KUIKOCTH.

Ho cuodpasnuueckue nomepu nipaktuueckul He 3asucam om
0a6/1eHUA B XUIKOCTH.

BenuunHa ruapaBidyeCKUX TIOTEPb OLIEHUBAETCS
SHEPTUEH, TOTEPSIHHOW KaXKIOM BECOBOW E€IUHULIECH
xuakoctu. M3 ypaBHeHuss bepHyuM, COCTaBIEHHOIO s
JIBYX CCUCHHH MOTOKa, 0003HAYEHHBIX HMHJCKCAMHU | U 2

nomepu suepzuu nomoka yneuokocmu AN MOXHO IPeICTaBUTH KaK
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Eciu ydectb, uto Tpyba B o00Oomx ceueHusix I U 2 uMEET OJMHAKOBBIC ILIOMIAAH
MOMEPEYHbIX CEUEHUH, KHUAKOCTb SBISIETCS HEC)KMMaeMOl U  BBIMIOJIHAETCS YCIIOBHE
CIUIOLIHOCTH (HEpa3phIBHOCTH) MOTOKA, TO, HECMOTPS Ha THUJIPABIUYECKHE COMPOTHUBICHUS U
NOTEepU Haropa, KMHETHYecKas SHeprus B OoOOMX CeYeHHSIX OylIeT OIMHAKOBOH. YuTs 3To, a
TaKk)Ke TO, YTO MPHU OONBIIMX MABJICHUSX B HAMOPHBIX MOTOKAX W HEOONBIION (TMpaKTHYECKU
HYJIEBOI1) pa3HHULIe HUBEIUPHBIX BHICOT Z7 U Z2, TOTEPH YACIbHON YHEPTHUH MOXHO MPEACTaBUTH
B BUJIE
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OHBITBI HOKa3BIBaIOT, qTO BO MHOTHUX cnyqaﬁx HOTepI/I 3HCpI‘I/II/I HpHMO HpOHOpI_II/IOHaJIBHBI
KBa):[paTy CKOpOCTI/I TCUCHHUA IJKUIKOCTH, HOSTOMy B FI/II[paBJ'II/IKe l'IpI/IHHTO BBIpa)KaTB
MNOTEPSIHHYIO DHEPTUI0 B JOJISIX OT KHMHETUYECKOW DHEpPrMHM, OTHECEHHOM K CIMHMIEC Beca
KUIKOCTHU
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rae 5 - Koaghpuyuenm conpomuenenus.
Takum 00pa3oM, KOA(PGUIHMEHT COMPOTUBICHHUS MOXKHO ONPEACTUTh KaK OTHOIICHHE
HOTEPSHHOTO Haropa K CKOPOCTHOMY Hamopy.
I'uapaBarueckue MoTepy B MOTOKE KUKOCTH Pa3/IeNsioT Ha 2 BUA:
» TIOTEepH TI0 JUINHE,
» MECTHBIC TIOTEPH.
3. ConpoTuBIEHHS MO JAJIMHE JUIS HAIOPHBIX M OE3HAMIOPHBIX TIOTOKOB.

HOTCpI/I Hamopa 1o AJIWMHC, WHA4YC MX HA3bIBAIOT MOTCPAMH HAIIOpa HA TPCHUC hmp , B

YHCTOM BHJIE, T.€. TAaK, YTO HET HUKAKUX APYTUX MOTEPb, BOSHUKAIOT B IJIaJKUX MPSAMBIX TpyOax
C TIOCTOSHHBIM CEUEHHEM IIpM paBHOMEPHOM TedeHHu. Takue mnoTepu O0OYCIOBIEHBI
BHYTPEHHUM TPEHHUEM B JKUAKOCTH U MOATOMY NPOMCXOAAT U B LIEPOXOBATHIX Tpydax, U B
IaaKuX. BelnunHa 9TUX MOTeph BBIPAXKAETCS 3aBUCUMOCTBIO
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rae S mp - K03((PUIMEHT conpoTUBIIEHUS, 00YCIOBICHHBIA TPEHUEM IO JTUHE.

ITpu paBHOMEPHOM JABMIKEHHH KUAKOCTH Ha ydacTKe TPyOONpoBOJa MOCTOSHHOTO aAuameTpa d
uHON [ 3TOT K03()(PUIIMEHT CONPOTUBICHUS NPSAMO TPOMOPLUUOHAIEH IJIUHE U 00paTHO
IPONOPLHOHATIEH JUAMETPY TPYObI

émp :/1%,

rae A— Koagppuyuenm 2udpasnuueckozo mpenua (dHadye ero Ha3bIBAIOT Kodgduuuenm
nomepov Ha mpenue WM Ko3gguyuenm conpomugienus mpenus).

13 3T0ro0 BBIpaKeHUs HETPYIHO BUIETH, UTO 3HaUCHUE A - KOOPUIUEHT TPEHUS yJacTKa
KpYTJIOH TpyOBl, IIIMHA KOTOPOTO paBHA €€ AUaMeTpy.

C y4eroMm mocieIHero BeIpakeHus 11 Kod(GHUIMeHTa COMPOTUBIICHUS TIOTEPH HAIIOPA 110
JUTMHE BbIpaxxaroTcs gpopmynoii /lapcu

4. JlanHble 0 rUAPaBJINYecKOM KodI(pPuuuente TpeHus. 3oubl conporunjieHus. HauboJiee
ynorpeduTteabHbIe (POPMYJIbI IS THAPABINYECKOro KO3(ppuuuenTa TpeHust

TeuyeHMe B r/1agKux Tpyo6ax . ['1aikue UM TOYHee TEXHUYECKH TJ1aJIKue TPyObl 3TO
TaKHe, 1IepOX0BAaTOCTb BHYTPEHHUX IOBEPXHOCTEN KOTOPBIX HACTOJIBKO MaJa, YTO
NpPaKTUYECKU He BJIMSET Ha IOTePU IHEPTUU Ha TpeHue. K TakuM Tpyb6aM OTHOCST

® IIENBHOTAHYTHIE TPYOBI U3 IBETHBIX METAJLIOB,

e TpyOBI U3 aTIOMUHUEBBIX CIJIABOB,

e cTajJbHbIC BRICOKOKaYECTBEHHBIE OECIIOBHBIE TPYOBI,

® HOBBIE BHICOKOKAUECTBEHHBIE YyT'YHHbIE TPYOBI,

® HOBBIC HE OLIMHKOBAHHbIE TPYOBI.
B ocHoBHOM TpyObl, HCHOJIb3yeMblE B THIPOCHCTEMAaX TEXHOJOTHYECKOro OO0OpyHOBaHUS
MO’KHO OTHECTH K TEXHUYECKH IIaJJKHUM.

[Totepu Hamopa Kak yXe OTMEYalOCh paHee, MOTYT OBITh ompefeNeHbl Mo (opmyre

Hapcu. KosppunuenT ruapaBindeckoro TpeHus Ui JJAMHHAPHOTO PEeKHUMa ONpPENeNsieTcs Mo

. 64
crenyomei popmyne A, = Re
e

Haubonee  mpumenumbiMH  dopMmynaMud  uis  ompenelieHus — kKoddduimenta
TUIPABINYECKOTO TPCHHS SIBJISIFOTCS CIEAYIONME OMIIMPUYECKUE U TOTYyIMIUPHUSCKUC
3aBUCUMOCTH

1
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T

npuMeHsieMast s urcel PeiiHonbaca B npeaenax 4000 ~ HecKo1bKo MULIUOHOE, WK

L _03164
" 4Re -

ucnosb3yemast B uatepsaie 4000 ~ 100000.
Tedyenue B mepoxoBaThix TPydax .JcciieoBaHne TeUEHNS KUAKOCTH B IEPOXOBATBIX TPyOax
MPAKTHYECKH MOJHOCTHIO OCHOBBIBAIOTCS Ha JKCIEPUMEHTAIBHBIX HCCIenoBaHuMsAX. Ha wnx



pe3yibTaTaXx OCHOBAHBI 3aBHCHUMOCTH M pacuy€THbIC (QOPMYIIbI, NPUMEHSIOMIUECT JUIS
orpezieNieHus] OTepbh YHEPTUU B MOAOOHBIX ycnoBusix. OcHoBHas (opmyna Ui onpeneneHus
norepb Harmopa — ¢popmyna [lapcu. OTindme 3aKI0YaeTcsl TOJIBKO B KO3 (UIMEHTE TOTeph Ha
TpEHHUE.

B ornmume oT TypOYJNEHTHBIX MOTOKOB B IIIagKuX TpyOax, rae koddduumeHt Ha TpeHHe
MOJIHOCTBIO ompenensercs uuciaoM PeitHonpaca Re, misi moTokoB B TpyOax HMEIONIMX

[IepOXOBaThle BHYTPEHHHE MOBEPXHOCTU T 3apucut emé W OT pasMepoB ITOM
IIEPOXOBAaTOCTU. YCTaHOBJIEHO, YTO pEIIAloIlee 3HAuY€HUE HMeeT He a0COII0OTHas BbICOTA
HEpOBHOCTEW (abcoyIoTHAsI 1IEPOXOBATOCTh) K, a OTHOIIEHHE BBICOTHI 3TUX HEPOBHOCTEH K
panuycy TpyOsl. Ko duiment noteps Ha TpeHUE B 3TOM ClTydae OMHMChIBaeTCs (QyHKIMEH

A = f(Re, %)

Fo

1 — 30Ha TaMUHAPHOTO TeYEHUS, KO3PPHUIHEHT A 2 BBIUHCIAETCS MO hopmyre

i =2
Re

2 — 30Ha TypOYJEHTHOTO IJIaKO CTEHHOTO Te4eHus, ko3 duuuent ﬂT BBIYUCIIACTCS 110
bopmyne
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3 - 30HA, Ta4K HAaA3bIBACMOT'0, MOOKBAaJApPAaTHUYIHOI'0 TCYUYCHUA, KOB(l)(l)I/IHI/IeHT ﬂ,T
BBIYHCIIIETCS 110 (hopmyIie
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4 —30Ha KBaJApPaTHYHOI'O COIIPOTUBJIICHHUA, KO3 UIIUCHT ZT BBIYUCITACTCA II0 POPMYVYIIC
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5. MecTHbIe THApPABJIMYECKHE CONPOTHBJICHHS, OCHOBHasi (popmyJia. 3aBUCHMOCTDH
K03 UUMEHTA MECTHOI0 CONPOTHBJIEHUSI OT 4Yucjaa PeiiHOJbACA W TreoMeTPHUYECKHX
napaMeTpoB pycJa. Buasl MecTHBIX CONIPOTHBJICHUI.

Mecmuvimu cudpasnuueckumu conpomueieHusMy Ha3bIBatOTCs JTH00bIe yUaCTKU
THIPABIMYECKON CUCTEMBI, IJ1€ UMEIOTCS TOBOPOTHI, IPErpajibl Ha MMyTH IOTOKA padboyeit
KMJIKOCTH, PAaCIIMPEHNUs WU CY>KEHUs, BbI3bIBAIOIME BHE3AMHOE U3MEHEHHE (DOPMBI IOTOKA,
CKOPOCTH HJIY HAIIPABJIICHUS €€ ABUXKECHUA. B 9TUX MecTaX HHTEHCUBHO TEPSAETCS HAIOP.



ITpumepamMu MECTHBIX COMPOTUBIEHUN MOTYT OBITH HCKPUBJIEHHS OCH TPyOOIIpOBOAA,
W3MEHEHMSI TPOXOAHBIX CEYEHUH JIIOOBIX THAPABINYECKUX aNllapaToB, CTHIKA TPYOOIIPOBOIOB U

1.1 [ToTepn Haropa Ha MecTHBIX conpotupnenusx A, onpenensiorcs mo gopmyne Beiicbaxa:

2
Ahw:é:MV_'
J 2g b

Trac 5 M- KOB(b(l)I/IHI/IeHT MCCTHOI'O COIIPOTUBJICHH .

KoadduimeHT MECTHOTO COMTPOTUBIEHUS 3aBUCUT OT KOHKPETHBIX FT€OMETPHUECKUX Pa3MEPOB
MECTHOT'O COIPOTHBIICHUS U €T0 OPMBI. B CBS3M CO CII0KHOCTBIO TIPOIIECCOB, KOTOPHIC
MPOUCXOIAT MPH ABHKEHUU )KUJIKOCTH Yepe3 MECTHBIE COIPOTUBJICHHUS, B OOJIBIIIMHCTBE
CJIy4aeB €ro MPUXOJUTCS OMPEACNIATh HA OCHOBAHUU SKCIIEPUMEHTAJIbHBIX IAHHBIX.
OpHako B HEKOTOPBIX CIIydasiX BETHUYUHBI KO3()(PUIIMEHTOB MECTHBIX COMPOTUBIIEHUN MOYKHO
OTPENIETUTh AHATUTHYECKHU.

S

W3 onpenenenus koaddunuenta BHJIHO, YTO OH YYHUTBHIBAET BCE BUABI IOTEPh JHEPIUU
IIOTOKA JKUAKOCTH Ha Y4aCTKE MECTHOT'O CONpPOTUBIEeHUs. Ero ¢pu3ndeckuii CMbICI COCTOUT B
TOM, 4TO OH II0Ka3bIBAET JOJI0 CKOPOCTHOI'O HAIOpPa, 3aTPauyruBaEMOT0 Ha IIPEOJOJICHUE TaHHOTO
CONPOTUBIICHUS.

KoadduureHnTsl pa3nuyHBIX CONPOTHBICHHH MOXHO HAaWTH B THAPABINYECKHX
CIpaBOYHHMKax. B TOM cilydae, e€Ciud MECTHBIC COINPOTUBICHUS HAXONATCd HAa PacCTOSHUU

Menbie (25+50)d npyr ot apyra (d - guamerp TpyGONPOBOA, COGIMHSIOMIEIO MECTHBIC
COHpOTI/IBJICHI/ISI), BC€CbMa BCPOATHO UX B3aMMHOC BJIUAHUC OAPYT HA Apyra, a uX ,Hef/'ICTBI/ITCJIBHBIC
KOO(QQHUIMEHTHI MECTHBIX CONPOTUBICHHNA OyAyT OTJIMYAaThCS OT TaOnMW4HBIX. Takue
COMPOTHBJIEHHUsS] HY)KHO PacCMaTpHBaTh KaK €IMHOE CIIOKHOE COMPOTHBICHHE, KOI(PPHUIIHEHT

5 u KOTOPOrO OIpENesieTcs TOJBKO JSKCIEpUMEHTaIbHO. HyKHO OTMETHTBH, 4YTO H3-3a

B3aWMHOTO BJIMSIHUSI MECTHBIX COTPOTHBIICHUH, PACIIOIOKEHHBIX BOJM3H APYT Ipyra B MOTOKE,
BO MHOTHX CIy4yasX CyMMapHas IMOTeps Haropa He paBHA MPOCTOH CyMMe MOTeph Hamopa Ha
KaXJIOM U3 3THX COIPOTHUBIICHH.

6. lcreuenne :KNUJIKOCTH U ra3a yepe3 OTBEPCTUS U HACAIKHU

B cBoeli mpakTHKe BCE MBI BCTPEUAINCh C TIPOIIECCOM HCTCUCHHS JKUAKOCTH Yepes3
OTBEPCTHE, MO IEHCTBUEM THAPOCTATHYECKOTO HAMOPA.

[TogoOHBIE PEKUMBI TEUCHHS JKUIKOCTH MPOUCXOMAT B KOHTPOJIBHON M PErYIHPYIOICH
anmaparype pa3JIMuHbIX THIPABINYCCKUX CUCTEM.

HcreyeHne S>KUAKOCTH W3 OTBEPCTUH  XapaKTepHO TEM, YTO B OTOM IpOIEcCe
MOTCHIUATbHAS JSHEPTUs >KUIKOCTH HA OYEHb KOPOTKOM PACCTOSHUU WM 32 OYEHb KOPOTKHU
POMEKYTOK BpEeMsl MPEBPAIIACTCs B KMHETHYECKYIO SHEPTUIO CTpyH (WM Kareidb B o0mieM
ciy4ae).

[Ipu 3TOM MPOUCXOAIT HEKOTOPBIC TIOTEPU IHEPTHUH.

OOpaTtuTe BHUMaHKE HA TO, YTO TPU BBHITCKAHUE KUJIKOCTH YePe3 OTBEPCTHE MTPOUCKOTUT
cKaThe CTpyH. (Mepexon).

To ecTh muameTp CTpyH MEHBIIE AUaMeTpa
orBepctusi. Bo3Hmkaer Bompoc: Yem BBI3BaHO 3TO
cxarue?

PaccmoTpum TPaEKTOPHUIO JIBYKCHUS
OTJENBbHBIX YaCTHUIl. YaCTHUIIBI )KUIKOCTH JBUKYTCS K
OTBEPCTUIO CO BCEX CTOPOH ¥  HM3MCHEHHE
HANpaBIICHUs] JBUKCHHS, B CHIy WX HWHEPTHOCTH,
MTHOBEHHO IPOM30UTH HE MOXKET.




To ecthb cxxarue cTpyn 000CHOBBIBACTCS MHEPIIMEH YACTHIL KUAKOCTH JBIKYIIUXCS TIPH
HOAXO0JI€ K OTBEPCTHIO MO KPUBOJIMHEHHBIM TPACKTOPHUSIM.

Cxartue cTpyn XapakTepusyercst Ko3hGUIUEeHTOM CKATHSA €.

Koropslii HaxomuTcs Kak OTHOIICHHWE IUIOMIAJHM >KMBOTO CEYCHHS CTPYH K IUIOLIA]IH
OTBEPCTHSI.

@, d,

Wy oTHOIEHHE COOTBETCTBYIOIIMX KBAAPAaTOB JUAMETPOB.
CKOpOCTh HCTEUEHHE KHUIKOCTH OTPEAEISIETCS IO GopMyIie

V.=p\2gH

I'ne ¢ — ko3 purEieHT cKOopoCcTH.
Jlnist onpeiesieHue pacxo/ia MmoJib3yTCs Ciaeayroteil popMynoii:

O=p-S,28H

Ee HazpIBaloT nHXeHEpHOU dopmoii y — e bepHyn.

Hcreuenue yepes HacaKu.

Hacankom Ha3piBaeTcsl KOpOTKas TpyOKa [UIMHOM OT JBYX JO ILIECTH JHAMETPOB,
IIPUCOECIUHEHHAS K BBIXOJy OTBEPCTHUS, YEPE3 KOTOPOE UCTEKAET KUIKOCTb.

Ponp Hacamka MOXET BBINOJHATH M OTBEPCTHE B TOJICTOM CTEHKE, KOrja IUaMeTp
OTBEPCTHS 3HAYUTEIBbHO MEHBIIIE €€ TOJIIUHBI.

[TonobHbIe pexUMBbl TEYEHHS >KUIAKOCTH BO3HHUKAIOT MPU BBITEKAaHUH >KUIKOCTH U3
pe3epByapoB, 6aKOB, KOTIIOB B aTMOC(Epy WIH MPOCTPAHCTBO, 3aIIOJTHEHHOE KUIKOCTHIO.

[Ipocreiiminm HaCaIKOM SIBISIETCS YUIUHOPUYECKUI HACATIOK.

Pacxon B 3ToM citydyae yepe3 HacagoOK ONpenensieTcs 1Mo Toil ke Gopmyne, 4To U i
OTBEPCTHSL.

W3-3a Toro, uto cxxkaTus Ha BeIxojae Hacanka HeT (¢ = 1,0) koadduuueHT pacxoaa yepes
TaKOW HAcaJl0K paBHACTCA

u=p=038.

7 J'uapaBiauyeckuii ynap B Tpyoax, gopmyJia KykoBckoro.
Teopernueckoe M AKCIEPUMEHTAIBHOE  HUCCIECJOBAHME  2UOPABAUYECKO20 yoapa B
TpyOoInpoBoJax BIHEpBBIE OBLIO TPOBEACHO M3BECTHBIM pYCCKUM YuéHbIM Hukonaem
Ezoposuuem 7Kykoeckum B 1899 romy. DTO sBJIEHHE CBSI3aHO C TE€M, YTO MHpHU OBICTPOM
3aKpBITHH TPYOOMpPOBOJA, MO KOTOPOMY TEYET >KUIKOCTh, WJIH OBICTPOM €ro OTKpPHITHH (T.€.
COCIMHEHUHU TYIMUKOBOTO TPYOONPOBOJA C MCTOYHUKOM THJIPABIMYECKON PHEPrUU) BO3HUKAET
pe3koe, HEOAHOBPEMEHHOE IO MAJMHE TpyOOmpoBOJa H3MEHEHHUE CKOPOCTH U JaBJICHUS
xuakoctu. Ecin B TakoM TpyOonmpoBoae M3MEPATH CKOPOCTh XUAKOCTU U JaBJIEHUE, TO
0OHapYXHUTCSI, YTO CKOPOCTh MEHSAETCS KakK M0 BEJIMYMHE, TaK U 10 HAMPaBJICHUIO, a JaBJICHUE -
KaK B CTOPOHY YBCIHNYCHHA, TdK U B CTOPOHY YMCHBIICHH MO OTHOIICHHIO K HAYaJIbHOMY. 910
O3HAYaeT, YTO B TPYOOIPOBOJE BO3HMKAECT KojeOaTeNbHBIA MpoIecc, XapaKTepHU3yIOIUNCs
NEPpUOANYCCKUM IMOBBIIICHUEM U NIOHWXXCHUCM IABJICHUA. Takoit nponecc 04CHb 6BICTpOTC‘ICH u
00yCIIOBJIEH YIPYTUMHU AePOopMaIUsIMU CTEHOK TPYOBl M CaMOH KHJIKOCTH.

W3 dopmynsl ciaenyer, 4TO CKOPOCTh PaclpOCTPaHEHHs yJapHOW BOJHBI 3aBUCHT OT
C)KMMaeMOCTH JKUJKOCTH U yIIPyrux nedopmanuii MmaTepuaia TpyoonpoBoa.

Yoapnoe oasnenue onpedensaiom no popmyne, nocawei ums Kykoeckoeo:
AP = pV !
D 1
+
E o E

P

He

rac ,0 - INMIOTHOCTH XHUAKOCTH,



D - nuametp TpyOonpoBoaa,

0 - TOJIIIMHA CTEHKU TPyOOIpoBOa,
E, — 06bEMHBIN MOAYIIB YIIPYTOCTH MaTepuaiia TpyOsl,
Esc - 00bEMHBIN MOYJIb YIIPYTOCTH KHUAKOCTH.

8. 'mapaBianyeckue pacyer TPyOONpoOBOI0OB.

Baxneiimel 3amaded, BOZHHMKAIOWIEH IPU NPOECKTUPOBAHUUM MHOXKECTBA T'MIPOCUCTEM
pPa3JIMYHOTO HA3HAYEHUs, SABISIETCS 3a/Jada OINpPEAENICHHs SHEPreTHUUECKHX XapaKTEPUCTUK
MCTOYHUKA TMJpaBIMYecKoil 3Hepruu. K TakuM cuctemMaMm OTHOCATCS TMIPOCHUCTEMBI LIEXOBOIO
TEXHOJIOTHYECKOT0 O0OpyIOBaHUS, MOOWJIbHBIE TUAPODUIIUPOBAHHBIE MAIIUHBI, CUCTEMBI
BOJIOCHA0KEHUS U OTOIUIEHUS U Jp. VICTOUHMKaMM SHEpPruM TakuX THUAPOCHCTEM SIBISIOTCS
HACOCHbIE CTAaHLIMM, Ta300aJUIOHHBIE CHCTEMbI, BOJOHANOpPHBIE OAallHU. DHepreTuYecKue
XapaKTEepUCTUKN UCTOYHHMKA 3HEPTUU — Mojaya (pacxoi) U AaBJIEHUE — JOJDKHBI ObITh TAKUMH,
yTOo OBl OOECHeurMBaIUCh HEOOXOIMMBIE pacxoJ W [JaBJICHHE Ha BBIXOJE CHCTEMBI —
TUAPOJBUTATENE, BOJOIPOBOAHOM KPAHE U T.II.

Pexxe BcTpeuaercss oOpaTHas 3ajgada, KOT/Ia TMPU  H3BECTHBIX DHEPIETUYECKUX
XapaKTEepUCTUKAaX HCTOYHUKA SHEPTMHM HEOOXOIUMMO y3HaTh, KaKUMH OyayT MaKCHMalbHO
BO3MOYKHBII pacxoJ U JaBJIEHUE HA BbIXOJE THIPOCUCTEMBI.

IIpocthie TpybompoBoabl. [IpocThiM (KOPOTKHMM) Ha3bIBAIOT TPYOONPOBOJ, MO KOTOPOMY
XKHUAKOCTh TPAHCIOPTUPYIOT OT MNUTATeNs K NPUEMHUKY 0€3 IPOMEXYTOUHBIX OTBETBICHMH
notoka. [Ipu 3ToM HEOOXOIMMO YYHTHIBATH HE TOJBKO MOTEPH HAMopa Ha TPEHUE MO UINHE
TpyOOIIpOBOJa, HO M CKOPOCTHOM HAamop M MECTHbIE MOTEPU HANoOpa, KOTOPbIMH B JaHHOM
Cllydae Helb3s MpeHeOpeyb.

HcxoquplM IpHU pacyeTax IpOCTOro TpyOONpOBOAa SIBISETCS YpaBHEHHME OallaHCa HAlopoB
(ypaBHenue bepryiim)

Jaunnbie TpyoonpoBoabi(prc.40). D10 TpyOOIPOBOIBI TOCTOSIHHOTO 1O JJTMHE THaMETpa, y
KOTOPBIX OCHOBHBIMHU SIBJISIFOTCSI TIOTEPU HAMopa Mo JUIMHE, 2 MECTHBIMHU MOTEPSMU Haropa u
CKOPOCTHBIM HAropoOM MOKHO IMpeHeOpeub, TaKk KaK OHW OY€Hb Majlbl, a JUIMHA TPyOOIPOBOIOB
MOKET JIOCTUTaTh HECKOJIBKO KUIIOMETPOB.

[Torepu Hamopa o anuHe TpyOOMpOBOIa onpeaensioT mo Gopmyne Japcu:

Ilocnedosamenvroe coedunenue mpyoonposooos. Ilociedosamenviviii mpyoonposoo
cocCmoum u3 HeCKOJIbKUX Mmpy6 pasiudHol OaUHbL U PA3IULHO20 OUaAMempd, COeOUHEHHBIX
medxncdy coboll.

PaccMoTpuM TpyOOMpPOBOJ, COCTOSIINI W3 M TOCIEIOBATEIHFHO COCTUHEHHBIX TPYO
pa3MyHbIX qruaMeTpoB. Kakaplii yaacTok 3Toro TpybonpoBoaa umeer aiuuny / u quamertp d.

B kaxmgom u3 3TUX TPyOOMPOBOIOB MOTYT UMETHCS CBOM MECTHBIC COMPOTHUBIICHHS.
TeueHue B )KUIKOCTH B TAKOH TPyOE MOTIMHSCTCS CICIYIOIIUM YCIOBUSIM:

v pacxoJ Ha BCEX YYacTKax
§ 5 53 TpyOOIpoBOIa OJTMHAKOB, T.C.
1 2 () —

Ql _Qz —Q3;
</> / A/ N\ v NOTEepH JaBlieHUs (Haropa)
\/ y ~ \/ BO BCEM TpYOOIIPOBOJE pPaBHBI CyMMeE

\ MOTEPh HA KAXKJIOM y4acTKe:
1 2 3

[MTonHast moTepst HATIOpa B JTHHHOM
< > < > |« > TpyOompoBoae paBHa CymMMe NOTEpPb

Ha OTACIIBHBIX YyJaCTKax



" = +
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rne I — nanuHa ydacTtka, M; A — yJelbHOE CONPOTHBIIEHUE y4acTKa.
Jl1g KopoTkux TpyO

Q2
2 d4

H=H,, +0 ZAZ+Z§

ITapaiiesbHOe coequHeHHe TPYOONPOBOA0OB. OTIMUNTENBHON OCOOEHHOCTBIO TAKUX
TpYOOIIPOBOJOB SIBJIIETCS TO, YTO OTOK KHUIAKOCTH JETUTCS B OJHON TOUKE HA HECKOJIBKO
CaMOCTOSITEJIbHBIX TOTOKOB, KOTOPBIE MI03KE CXOAATCA B Apyroi Touke. Kaxapii u3 3Tux
IIOTOKOB MOJKET COJEP’KaTh CBOM MECTHBIE conpoTuBieHus. Hanbonee yacTo Bo3HUKaroLEH
3ajiaueil, CBA3aHHON ¢ pacu€TOM TaKHX TPyOONPOBOAOB, SIBISETCS ONpEAEICHUE PacX0oaa B
Ka)KJI0 BETBU.

PaCCMOTpI/IM JABUXKCHUC ) KMJAKOCTH I10 3TUM Tp}/'601'IpOBOI[aM, cyuTas, 4TO INOTCHIMAJIbHasn

SHEPTHA IMMOJIOKCHUSA Z MHOI'O MCHBIIC HOTGHHI/IaJILHOfI OHECPTrHUHU CKATUs, KOTOpPAsa
OIIpEACIIACTCA JaBJICHUEM, U €10 MOKHO npeHe6peqb. Ecan CUUTAaTh, YTO B MCCTAX Pa3BCTBJICHHUA

1 coeMHEHHUs TPyOOIpOBOIOB, 0003HAUEHHBIX OyKBaMHU H U K, pacxox (J omuHakos, a

JaBJICHUA pABHBI P u P , TO MOXXHO 3aIIMCaTh.

0=0+0,+0,

OcoOeHHOCTh pacyeTa 3akKI4YaeTcss B TOM, 4TO IOTEpH HAmopa B KaKJOW U3 JIMHUM
OJIMHAKOBBI U PaBHBI Pa3HOCTH HAIIOPOB B y3J1aX a U 0.

hi=hy=hs=..=h,=hyg-hg=H

Pacxon uepes m00yr0 U3 TUHUN, COCTUHSIONTUX TOYKU A U B, MOXET OBITh 3amicaH B BUJIC

1 |H
Qf‘ﬁg

Tak kak cyMMa pacxoJ0B BO BCEX MapalleNbHBIX TPyOOIpoBoJax paBHa pacxony @ 1o
pa3BeTBIEHUS TPyOONpoBOIa

0+ 0,40+ +0, =)0 =0 Q=Jﬁi(ﬁj



TpyOonpoBoabl ¢ PpaBHOMEPHO pacnpeaeJeHHbIM MyTeBbIM PacxoaoM. OTO Takue
TpYyOOIIPOBO/IbI, B KOTOPBIX BIOJb BCETO IIYTH PAacX0] HE MOCTOSHEH

O =VS # const

Puc.44 Cxema k pacuery TpyOONnpoBo/ia C yTEBLIM PacX0ia0M

[Torepu Hamopa mo AjiuHE B TPyOONpoOBOAE ISl KBaJApaTUYHOW oOjacTu TypOYJIEHTHOTO
pEeXHUMa ONPEAEISAIOT 110 popmyJie

h =40,

PacuerHsbliil pacxox Ha yyactke Q, =0, + Q0 /2

I'ne Qr — TpaH3UTHBIN pacxox;
Qr— IyTeBO# pacxoj.

1. 6 Jleknus Nell ( 2uaca).
Tema: «OCHOBBI BOIOCHAOKEHUI»
1.6.1 Bonpochl JieKnum:

1. 3nauenue.
2. Hopmsbl BogonoTpeOiaeHus.
3.Cxemsl. BogonpoBoHast ceTs.

1.6.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. 3navenne.

[Ton LeHTpannM30BaHHBIM BOJIOCHAOXKEHHEM MOHUMAIOT 0OecrieyeHre BOI0 HacelIeHHBIX
MYHKTOB, MPOU3BOACTBEHHBIX TMPEANPHUATHNH M JAPYrUX OOBEKTOB MJisi YAOBIETBOPEHUS
XO034WCTBEHHO-IIUTHEBBIX, TEXHOJOTMUECKMX M  MPOTUBOINOXKApHBIX HyxkI. Cucremoi
BOJOCHA0KEHUS SIBJISIETCS KOMIUIEKC COOPY>KEHHI, MAIIMH U aIllapaToB, MpeIHa3HAYCHHBIN 1JIs
NOOBIBaHMS, YIYUIIEHUS Ka4eCTBa U MOJIa4H BOJBI IS YKA3aHHBIX BBIIIE HENEH.

Jns  uenmedt  BOJOCHAOXKEHUST  HCHOJB3YIOTCS  MPUPOAHBIE  HCTOYHUKH  BOJBI:
MOBEPXHOCTHBIE - OTKPBIThIE BOAOEMBI (PEKH, BOJAOXpaHWIMINA, 03€pa, MOpsA) M IMOA3EMHbBIE
(TpyHTOBBIE M apTE3WAaHCKUE BOJbI, POAHUKH). s HYXJ HaceneHus HamOoJsiee MPUTOIHbBI
nojx3eMHble BoAbl. OAHAKO UIsi CHAOXKEHUS BOAOW OONBIIMX HACEIEHHBIX MECT MOJ3EMHBIX
HMCTOYHHKOB YaCTO OKA3bIBAETCS HEJIOCTATOYHO, a MOJYyYEHUE U3 HUX 3HAUUTEITLHOTO KOJIUYECTB
BOJbl DKOHOMHYECKH HEBBITOJMHO. IloaTOMYy 11 BOJOCHAOXKEHHS KpPYIHBIX TOPOJOB U
MPOMBIIUICHHBIX OOBEKTOB HCIOJIB3YIOT TPEUMYIIECTBEHHO MOBEPXHOCTHBIE HCTOYHHKHU
MPECHOM BOJIBI.

BomonpoBogoM Ha3bIBalOT LEHTPAIU30BAHHYIO CHUCTEMY BOJOCHAOXKEHHUSA, IOjada U
pacmpenelneHne BOAbl B KOTOPOW Mpou3BoAuTCs MO TpyOaM. CHCTeMBbl BOJOCHA0XKEHUS
(BOIOIPOBO/IbI) MOKHO KJIacCH(PUIMPOBATh 110 CAEAYIOLIUM IpU3HAKAM!

0  HAa3HAYEHUI0 -  BOJAONPOBOABI  KOMMYHalbHbIe  (TOPOJOB,  TOCEIKOB);
MPOU3BOJCTBEHHBIE (METALTYPrUYECKUX 3aBOJIOB, XHUMHUYECKMX KOMOMHATOB, TEILIOBBIX
ANEKTPOCTAHIIMA U T. I.); CEIbCKOXO3HCTBEHHBIE (KOJIX030B, COBXO030B, >KMBOTHOBOIYECKHX
¢dbepM, MOJIOUHBIX 3aBOJIOB, TEIUIUIL, MACTOMII, MOJIEBBIX CTAHOB U T. II.); KEJIE3HOJOPOKHBIC;
IPOTUBOIIOKAPHBIE;

M0 TEPPUTOPUATIEHOMY MPU3HAKY - JTOKAJIbHBIE U TPYIIOBHIE (PailOHHBIE) BOIOMIPOBO/IBI;

no crnoco0y moJayd BOJABI - BOJONPOBOABI CaMOTE4YHbIe (IpaBUTALMOHHBIE) U C
MEXaHMYEeCKOM IMojIaueid BOJIbI (C TTIOMOIIIBIO HACOCOB);



10 BUAY UCIIOJIb30BAHUS NPUPOJHBIX UCTOUYHUKOB - BOJOIPOBO/IbI, UCIIOIb3YIOIINE BOLY
U3 MOBEPXHOCTHBIX UCTOYHUKOB, U3 MOJ3EMHBIX UICTOYHUKOB U CMEUIAHHOIO ITUTAHMUS.

B pasnuuHbIX cucreMax BOJOCHAOKEHUS €CThb MHOI'O OOIIMX TEXHUYECKHUX NPUEMOB U
peLIeHHH, OJHAKO OHHU CYIIECTBEHHO OTJIMYAIOTCA JIPYr OT Jpyra Ho pexumy paloThl, IO
KayeCTBY MCIOJIb3yEMOM BOJIbL, IO TUIIAM U pa3MepaM COOPYKEHUH.

CenbCKOXO3SHMCTBEHHOE  BOJIOCHAOKEHHE  OTJIMYAEeTCs OT  KOMMYHAIbHOTO |
IIPOU3BOJCTBEHHOIO PAacCPEAOTOUYEHHOCTHIO BOJONOTPEOUTENIEH M CE30HHOM LUKINYHOCTBIO
CEJIbCKOXO3SMCTBEHHOTO  IPOM3BOACTBE.  PaccpelOTOYEHHOCTh  CEIbCKOXO3MCTBEHHBIX
00BEKTOB 00YCIaBIMBAET YCTPOWCTBO CHCTEM BOJOCHAOXKEHUS C PA3TUYHOM CTENEHBIO
LHEHTpaIu3aluy, KOTOpble MOKHO pa3feJUTh Ha TPU THUNA: JIELEHTPAIU30BaHHBIC,
LEHTPaJIN30BaHHbIE U KOMOUHUPOBAHHBIE.

JleneHTpasin3oBaHHas CHCTeMa CHAOXXaeT BOAOW KaXIbld XO3SHUCTBEHHBIM WM
IIPOU3BOJCTBEHHBINH LIEHTP 000COOIEHHO, BHE 3aBUCUMOCTU OT JIpyrux o0obekToB. Ha kaxaom
00BEKTE IMpelycMaTpUBAETCs JIOKAJIbHBIA BOJONPOBOJ, a JUIsl HEOOJBIIUX BOAONOTpeOHUTENEH
MECTHBIE YCTPONCTBA BOIOCHAOKEHUS.

IlenTpanu3oBaHHas cucTeMa CHaOXaeT BOJOH BCE CENIbCKOXO3AHCTBEHHbIE OOBEKTHI 110
eaAuHoMy Bozomposoay. IIpu 3ToM BOAONPOBOAHBIE COOPY)KEHHUS, IpPEIHA3HAYCHHbIE IS
3a00pa, OYMCTKH M TPAHCIOPTUPOBAHMUS BOJbI, PAaCCUUTHIBAIOTCS Ha I0/ady BOJABI BCEM
HOTPEOUTENAM, HAXOALIUMCS Ha TEPPUTOPUU IEUCTBUS CUCTEMBI.

KomOunupoBaHHas cucteMa cHaOKaeT BOJOW OTAEIbHBIC I'PYIIBI BOAONOTpeOuTENeit
LEHTPAJIN30BaHHO, C IOMOILBIO TPYNIOBLIX BOJONPOBOJOB; APYrHe OOBEKTHI MOTI'YT HMETh
JOKaJbHOE BOJOCHAOKEHHUE.

[TocnenoBaTebHOCTD  PACHOJIOKEHHUSI OCHOBHBIX  BOJOIPOBOJHBIX COOPYKEHHM
I0Ka3aHa Ha oOIlel cxeMme CHCTEMbl XO03SHCTBEHHO-NUTHEBOIO BOJOCHAOXKEHMS CEIbCKUX
HAaCEJIEHHBIX NMYHKTOB (puc. 1.l1a); - muTaeMoi M3 MOBEPXHOCTHOIO MCTOYHHMKA. B3aumuoe
pacroyIoKEHUE OTAENIbHBIX COOPY)KEHHMH CHCTEMbl BOJOCHAOKEHUS M MX COCTaB MOTYT
OBITh pPA3JUYHBIMU B 3aBUCUMOCTH OT HA3HAYEHHUs, MECTHBIX NIPHUPOJIHBIX YCIOBUH,
TpeOoBaHUI BoAoONOTpeOUTENd MIM MO HKOHOMHUYECKHMM COOOpaxeHusM. OTo
MOJI0’)KEHUE HIUIIOCTPUPYETCS CXEMOM CHCTEMBbl BOJOCHAOKEHUSI CEJIbCKOI'O HACEIEHHOIO
IYHKTA, UCIOJIb3YIOIEeH MOA3EMHYI0 BOay - puc. 1.10.

[Ipn BBIOOpE cXeMbl BOJOCHAOXKEHMSI HEOOXOAMMO paclojiaratb CBEIEHUSMHU 00
UMEIOIUXCSA MPUPOJHBIX BOJOMCTOYHUKAX B pailoHE HPOEKTHPOBAHUSA, O BOJONOTPEOJICHHH,
3HaTh TPeOOBaHUS, NPEAbSBIAEMbIE K KaUECTBY BOJbI, UMETh JJaHHBIE O HAIIOpPE, O]l KOTOPBIM
OHa JOJDKHA IOAaBaThCA NOTpeOUTENsIM, M T. JA. B 3HauuTenbHON cTemeHH cxema
BO/IOCHA0KEHUS 3aBUCUT OT BBIOPAHHOTO BOJOMCTOYHHKA (IIOBEPXHOCTHBIM WJIM MOJ3EMHBII),
paccTosiHUA, Ha KOTOPOE OH YAaJIeH OT BOAONOTPEOUTENS, €r0 MOIIHOCTH, Ka4eCTBa BObI.

Jng obecrieueHUsT HaICKHOCTH CHCTEM CEIbCKOXO03SHCTBEHHOI'O BOJOCHAOXKCHUS | 1
II kareropuu Tam, rae 3To LEIECO00Pa3HO U BO3MOXKHO, 1yOIUPYIOT OT/IEJIbHBIE COOPYKEHUS
CXEMBI.

Puc. 1.1. Cucrembl BoA0CHAOKeHUA



a - MUTaeMble M3 TOBEPXHOCTHOTO HMCTOYHHKA; O - MHUTaeMble M3 TMOA3EMHOTO; I-
3a00pHUK; 2 - CaMOTEYHBIC BCACBIBAIONIUE JMHUU; 3 - OEperoBoil Koiojel; 4 - HacoCHas
ctanuus | moabema; 5 - BOJAOOYMCTHBIE COOpYXKEHUS; 6 - pe3epByap 4MCTON BOAbL, 7 -
HacocHas craHuusa Il momwema: 8 - BomoBoawl; 9 - BomoHamopHas OamuHs; 10 -
pacnpeaenuTenbHas ceTh; 11 - konoaen

Hanpumep, ycTpauBaiOT HEe MeHee ABYX TpPyOuyaThIX MJIM HIAXTHBIX KOJIOALIEB IPHU
MOJIYYCHUH TMOA3EMHBIX BOJ; BOJONPUEMHBIA KOJIOACI MOBEPXHOCTHOTO BOJ03a00pa
yCTpauBaloT U3 JBYX CEKIUH, YKIaJIbIBAalOT HE MEHEEe JBYX CAaMOTEUHBIX U JIBYX BCACHIBAIOIINX
TpyO, HE MEHEE ABYX HUTOK BOJOBOJIOB, 3aKOJIBIIOBBIBAIOT BOJAOPACIIPENCTUTEIBHYIO CETh U T. II.

2. Hopmbl notpedenus

PexxuM pacxonoBaHUs BOJbI HACEIEHUEM OIpenesseTcss psaaoM (hakTopoB OBITOBOIO
XapakTepa, CBA3aHHBIX C PEXKHMMOM JKHU3HM U TpPyIoBOW aedrenbHocTu Jonell. Konebanue
CYTOUHBIX PAacXOJI0B 3aBHCUT TaKKe€ M OT IOrojbl, pexuma paboTbl Ha MPOU3BOJICTBE,
YyepeoBaHMsl Mpa3JHUYHBIX, BBIXOAHBIX U pPabOUMX JHEH, MNPOBEAECHUS KYIbTYPHBIX,
CIIOPTUBHBIX M JpYyrux Meponpusatuil. B TedeHume cyTok HaOIIOAAIOTCA 3HAYUTENIbHBIE
Koe0aHUsl 4YacOBBIX PAacXOJOB, BbI3bIBAEMbIE CMEHOM JHS W HOYM, YCIOBUSIMU padOThl U
CIIy4alHBIMU SIBJICHUSMH.

JUia  Kaxxooro pacueTHOro Inepuoja oOIlee pacyeTHOE YMCIO IOTpeduTenei
OIIpEeACIIAETCS 10 JaHHBIM, IOJYy4aeMbIM OT CIELHUAIbHBIX OPraHU3ALMH, CEJIbCOBETOB U T. 1.
[locne »Toro mnorpebutenell pasfensioT HAa TPYNIbl, XapaKTEPU3YIOLIMECS OJMHAKOBBIMU
HOpPMaMHU U pEKUMOM BOAONOTPEOICHUS.

OO6mwmii cpenHecyTOYHBIN pacxod BOJIbI ONpeaessieTcs no Gpopmyie:

Q(ym.q;.aﬁu;. = Z Q cym.cp
CpenHecyTouyHbIi pacxol BOJAbI OAHOW TPYIIBI IMOTPEOUTENEH OINpeneseTcsl o
opmyie: ()¢ - -
bopmyze: () g, N>

IJIE (cp - HOPMA BOIONOTPEOIEHHUS OJHUM NOTPEOUTENIEM, M/CYT.;

N - KOJTUYECTBO MOTPEOUTEIICH.

Benuunna HopMbI BogonoTpeOiaeHust MOXeT ObITh onpezeneHa no CHull.

Jlns HaiexKHOHM paboThl CUCTEMBI BOAOCHA0KEHNUS €€ PaCCUUTHIBAIOT 110 MAKCUMAJIBHOMY
CyTO4YHOMY pacxony. OTKJIOHEHHE MaKCHMaJIbHOIO CYTOYHOIO Pacxoja OT CPEeIHECYTOYHOI'O
OINpeseNAoT KOdPPUIUEHTOM CYTOYHON HepaBHOMEPHOCTH Keyr.max. PacueTHbIl pacxo BoJIbI 32
CYTKHM HauOOJIBLIET0 U HAUMEHBIIIETO BOJONOTPEOIECHUS ONPEEINISIOTCS 110 (GopMyIaM:

cym.cp.

Qcymmax = Kcym.max ' QcymAcp ’

Qcymmin = Kcym.min : QcymAcp .

Koadduimentsl cyTouHOM HEpaBHOMEPHOCTH YYHMTHIBAIOT YKIIAJ JKU3HU HaceleHus,
KJIIMMAaTUYECKHUE YCIIOBUS U CBS3aHHBIE C HUM M3MEHEHUsI BOJOMOTPEOIEHUS IO CE30HaM roja u
JHSM HEJIeJH, a TAaKKe PeXUM paboThl KOMMYHAJIbHO-OBITOBBIX MPEANPUATHIA.

BomonpoBoaubie ceTM W BOJOHANOpPHBIE OAIlHM PACCUMTHIBAIOT HAa MAaKCHUMAaJIbHBIM
4acoBOM pacxoJ C ydeTroM KoieOaHuM 4YacoBbIX pacxonoB. [Ipu pacuere yka3zaHHBIX
COOPYKEHHI HEOOXOIUMO 3HATh KaK MaKCHUMalbHbIC, TAK U MHUHUMAJIbHBIE YaCOBBIE PACXOMIbI
BOJIBI.

YacoBbie pacxoabl BOJAbI B CYTKH MaKCUMaJIbHOTO U MHUHUMAJIBHOTO BOJOTOTPEOICHHS
OTIpeeNsAoTCs 1Mo popMyam:



Qcym. max

Qq.max = Kmnax 24 s
_ Qcym.min
qv.min - Ku.min : 24 ’
_ Qcyy .max
qmcpA - 24 .
KO3(1)(1)I/IHI/ICHTBI JacOBOH HCPABHOMCPHOCTH OIIPCACIIAIOTCA U3 BBIpa)KeHHﬁZ
K'{.max = amax ) Bmax
I<'{.min = O(’min ) Bmin

3HayeHne K03()(PUIMEHTOB O 3aBUCUT OT CTENEHH O1aroycTpoiCcTBa, pexuma paboThl
KOMMYHAJIbHBIX HPEIIPUATUH U APYTUX MECTHBIX yCIOBHI. PexomeHIyeTcs NMpUHUMATh Omax
=1.2-1.4, omin=0.4-0.6.

Koa¢pduuuentel B, oTpaxaromue BIMSHUE YUCIEHHOCTH HACEJIEHUS PEKOMEHAYETCS
OPUHUMATH 110 Tabnuue 1.6. npunoxenus 1.

Crnenyer OTMETHUTb, YTO YEM MEHbIIE 00BEKT BOAOCHAOKEHUS U YEM OJTHOPOJIHEE COCTAB
BOJlONIOTpedUTENEH, TeM OobIlIe KOAPHUIUEHT YaCOBON HEPABHOMEPHOCTH.

HIpos0/mKUTENBHOCTE  [IEPHO/a BOJOMIOTPEOICHNS CPEIHEro 4acoBOro pacxoxa {..

npuHuMaeTcsa paBHoit 9—10 Jacos.
[IponomkuTenbHOCTh  MEepUOAa MOTPEOJICHHsT HAMOOJBLIETO0 YacoBOTO  pacxoia
BBIUKCISIETCS 110 popMmyIie

=(24_tcp)_(l_K%max) )
max K -K

4. min 4. min

Torma ocraBmIMiicsi OT CYTOK IIPOMEXYTOK BpeMEHU OyJIeT COOTBETCTBOBATh
IPOJOJKUTEIBHOCTH NOTPEOIEHUST HAUMEHBIIIEr0 YaCOBOTO pacxo/ia BOJbl

tmin = 24 _tcp - tmax

Pexomenayercs npoOHble 3HaYEHUS [ooe ¥ [, OKPYIIITB [0 LEIbIX M BHOCHTbH

COOTBETCTBYIOIIHNEC KOPPCKTHUBBI B IOJIYUYCHHBIC PAHEC BEJIMYNUHBI Qu.cp., Ju.max, u.min C TEM, YTOOBI
CTporo CO6JHOI[3.JIOCB cieayromee 0aJlaHCOBOE COOTHOIICHUE

Qq.cp : 24 = qq.max ) tmax + chp ) tcp + qmnin ) tmin

I/ICXOI[H N3 OCHOBHBIX PCKHNMOB BOI[OHOTpe6J'IeHI/I$I, MOJXHO IIOCTPOUTH Fpa(bI/IK
Imo49acoBOro pacnpeaciicHiuss BOAblI B CYTKH HauOOIbIIETO BOHOHOTpG@HCHHH, npu 95TOM
PaCUYCTHBIC YaCOBBIC pAaCXOAbl BOJAbI YKA3bIBAOTCS B % ot QcyT.cp-

HOCKOJIBKy YCJIOBHO NPHUHATO, UTO B TCUCHUC HacCa pacxXoJ BOAbI OCTACTCA NOCTOSIHHBIM,
TO paC‘ICTHHﬁ CCKYHI[HHﬁ pacxo/, M3/C, B 4aC MaKCUMaJIbHOI'O U MUHHUMAJIbHOT'O 6y,Z[€T:

_ qwmax
Onax 3600 °



_ q1¢Amin
Qmin 3600 N

3. Cxembl. BomonpoBoanas cetb.

OcHoOBHBIE y-€ [JIfl pacuyeTa pa3BeTBJEHHOI ceTH. Pa3BeTBIEHHBIE TPYOOITPOBOIBI
OTJIMYAIOTCSI TEM, YTO OHU UMEIOT OJIHY OOIIYIO TOUYKY, U3 KOTOPOM PACXOATCS pa3HbIe TOTOKH,
WM OOIYIO0 TOUKY, B KOTOPOM HECKOJIBKO Pa3HbIX IOTOKOB CXOAUTCS. i pa3BEeTBIEHHBIX
TpyOOIIPOBOIOB, TaK ke KaK M JJIs MapaJlIeIbHbIX, MOJKHO 3aIicaTh YPaBHEHHE PACX0JI0B

Q:Q1+Q2+Q3,

rae Q,,0,,0; -pacxoipl B COOTBETCTBYIONINX BETBAX.

#

CocraBum Taxke ypaBHeHue bepHysuum i 10001 U3 BeTBEH.

2 2
o -V .
Z6 &4_—:20 &.{_M.{_h(ﬁ_()
pg 2g pg 2g
s _p,, Yo_py, o-v? ol vy
pg pg 2g 2g

ze+Hy=z,+H,+hy_,
zo+H,=2z,+H,+h
N
zs+H;=z,+H,+h
I'ne h= h6—0 + hl—()
H, =z +H,+h-z
H,=z,+H,+h-z
[TogoOHy0 cucTeMy ypaBHEHHH MOXKHO 3amucaTh IS JIFOOOro 4YWcia BETBEH
pa3BeTBIEHHOrO TpyOompoBoaa. Pemas €€, MOXHO ONpPENENNUTh, KAaKOM pacxoj M Kakoe

JlaBJIeHUE JOJDKEH oOecreuuBaTh HCTOYHMK THUAPABIMYECKONW HHEPIruu, uyTOOBl Ha BBIXOJE
TpYyOOIIPOBOJOB MOJIY4aJIOCh 3a/1aHHOE JIaBJICHUE IIPH 33JaHHOM PacXo/e.



Pacyer koubueBoi ceru. KonbleBas ceTb COCTOMT U3 3aMKHYTBHIX KOJIEL U MarucTpalew,
IPUCOEAMHEHHBIX K BOJOHAIIOPHOM OaliHe uiau pesepByapy. PaccMorpuMm npocteimnii cirydait
pacuera KoJbIeBOM BOJONPOBOJHON CETH, COCTOSIEN U3 MarucTpaibHOro Tpybonposona A—B
U oaHoro kompua B—[—2—3—4—B (puc. ). Pacxon, 3abupaemsiii B Toukax I, 2, 3, 4,
0003Ha4YMM COOTBETCTBEHHO 4epe3 Q1, @2, 03, Q4

Q=Q,+Q,+Q;+Q,

Ha ocHoBanuu tonorpaduueckux NaHHBIX, JUIMHBI Y4aCTKOB TPyOOINpoBOJa, [uamerpa Tpyo
3a/1aeMCsl HalpaBJICHUEM JIBHKEHUS BOJBI IO KOJIBILY U HYJIEBOU (pa3

V,,

4\ 4

JeNIbHOI) Toukol ceTu. HyneBas Touka BbIOMpPAETCs TAKUM 00pa3oM, 4YTOObI IOTEPU HAIIOPA B
BETBSIX CJIEBA M CIpaBa OT 3TOW TOYKM ObLIM OJMHAKOBBIMH. Jlajnee, Tak *e Kak U IpH pacyere
TYNIUKOBOW CETH, ONpeAessseM AMAMeTp TpyO M IMOJCUMTHIBAEM IOTEPU HANoOpa Ha KaXKIAOM
y4yacTKe I10 JIEBOW U MpaBOi CTOPOHAM KOJIbLA.

Ecnu nyneBas Touka O BblOpaHa MpaBHJIBHO, TO CyMMa MOTEph HAmopa MO JIeBOM CTOpOHE
KOJIblla JOJKHA PaBHATHCS CYMME NIOTEPh Haropa 110 IpaBoi CTOPOHE KOJIbLA, T. €.

hy,+h, ;+h g=h;3+h; ,+h, 5

rac hoou T.A. - IOTCpHU HaAropa 1o JJIMHEC Ha COOTBCTCTBYIOIIEM YHaCTKE
Ecnu sto YCJIOBHUEC HC BBIIMMOJHACTCA, TO PaCUCT CICAYCT IMPOAOKAThL OO TCX IOP, IOKa HC
6y,Z[CT IMMOJIYYCHO PAaBCHCTBO ITOTCPhb HAIlOPa B IBYX PaCCMATPUBACMBIX PA3OMKHYTbBIX CCTAX.



1. 7 Jleknus Nel2 ( 24aca).
Tema: «['uapaBianueckoe mogodue»
1.7.1 Bonpochl JieKIum:

1. OcHOBBI TEOpUHU TTOAOOUS

2. Kpurepuii nonodus HetotoHa.
3. Kpurepuii mogoOus Ditnepa.

4 Kpurepuii nogobus PeitHomnbaca.
5. Kpurepuii mogobus ®pyna.

1.7.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. OCHOBBI TeOpHH NOJ06US

B npouecce npoeKTUpPOBaHUS Pa3JIMYHbIX TUIPOCUCTEM, TPYOONIPOBOOB,
TUIPOTEXHUYECKUX COOPYKEHUH, TUAPABINYECKUX U Fa30BbIX CUCTEM XMMHYECKUX U
HePpTeXUMHUYECKUX NPeANPUATHN HEPEAKO BO3HUKAEeT HE0OX0JUMOCTb He TOJIbKO
MaTeMaTU4YeCKOro, HO U HATyPHOTO MO/leJIMPOBaHUs. B TakoM ciyyae He06X0UMO, UTOObI
paboTa rupoCUCTEMBI AEUCTBYIOLEN MO/Ie/IM COOTBETCTBOBaIa QYHKIIMOHUPOBAHHUIO
peasibHOro 06'beKTA. ITO 03HAYAET, YTO Pa3/IMUHbIE XapaKTEPUCTUKHU OTOKOB XXUJKOCTH,
KOTOpble UMEIOT MECTO B MO/I€JIM U B peaibHOM CUCTEME, [J0/IKHbBI ONMMUCHIBATHCS
OZJMHAKOBbIMH 3aKOHOMEPHOCTSIMH, XOTS UX YUCJE€HHble 3Ha4€HUs MOTYT CyleCTBEHHO
passinyaThbcs. [l 9TOro Heo6X04UMO UMETh KPUTEPUHU, KOTOPbIE MO3BOJISI/IU JIU ObI
«MacCIITabUPOBaTh» peabHY0 CUCTEMY. ITH KPUTEPHUU YCTAHABJIUBAIOTCS B TEOPUH
MOJI00HS MTOTOKOB KHUAKOCTH.

T'uopoounamuueckoe nododbue - 3TO TONOOME TOTOKOB HEC)KUMAEMOW KHIKOCTH,
BKJIIOUAIOLIEE B ce0s1 nodobue ceomempuieckoe, Kunemamuieckoe U OUHAMU4ecKoe.

W3 reomMeTpun U3BECTHO, UTO ceomempuyeckoe nodobue 03Ha4aeT MPOMOPLHUOHAIBHOCTD
CXOJICTBEHHBIX DPa3MEpPOB M PABEHCTBO COOTBETCTBYIOIIMX YINIOB. B rumpaBnuke mox
reOMEeTPUUYECKUM T0100MeM MOHMMAIOT MoJ00He TeX MOBEPXHOCTEH, KOTOpPhIE OTPaHUYUBAIOT
IIOTOKH JKUJKOCTH, TakuM 00pa3oM B THAPABIMKE T€OMETPHUECKOE 1M01001e 03HAYACT O00He
pycen uin TpyoonpoBOAOB, IO KOTOPHIM TEUYET KUIKOCTD.

Kunemamuueckoe nodobue 5310 10A00ME JIMHUNH TOKAa U MPONOPLHOHAIBHOCTH
CXOJCTBEHHBIX CKOPOCTEH. ITO 3HAUUT, YTO JJI1 KHHEMAaTHYECKOr0 MOA00MS ITOTOKOB TpedyeTcs
coOJII0IeHNE TEOMETPUUECKOTO MO00MSI.

Junamuueckoe nodobue 3aKiOYaeTCss B MPONOPIUOHATBLHOCTA CHJI, JCHCTBYIOIIUX Ha
CXO/ICTBEHHBIE 3JIEMEHTHl KHHEMAaTHYECKH M T€OMETPUYECKH MOJI00HBIX OTOKOB, U PABEHCTBO
YIJIOB, XapaKTePU3YIOIINX HANPaBJI€HUE AEUCTBUS ITUX CHUIL.

B notokax xuzakocteil (B HamieMm ciaydae B TpyOONpoBoJax, B IMApOMAIIMHAX U T.X.)
OOBIYHO JEWCTBYIOT pa3HbIe CHJIBI — CHJIbI JIaBJICHUS, CHUJIBI BSI3KOI'O TPEHMUS, CHUJIbI TAMKECTH,
UHEepIHOHHBIE cuibl. CoOII0AeHNEe MPONOPIMOHATIBEHOCTH BCEX CHII, IEHCTBYIOIIMX B TOTOKE,
03HAYaeT NOAHOEe 2UOPOOUHAMUUEeCKoe Nooobdue.

Ha mnpakTtuke mONHOE THUAPOAWHAMHYECKOE I0J00ME TOCTUTACTCS PEIKO, IMOATOMY
OOBIYHO TPHUXOAMTCS OTPAHUUYUBATBCS  YACMUYHLIM — (HENOJHbIM)  2UOPOOUHAMUYECKUM
no0obuem, Ipu KOTOPOM HUMEETCS MPONOPIIHOHATBHOCTD JIMIIb OCHOBHBIX CHIL

3anuceiBaeTcs mopobue cieayomuM obpazoM. Hampumep, npomopuuoHanbHOCTh CHIT
nasneHus Py cun tpenus 7T, NeNCTBYIOIIUX B IIOTOKAX / ¥ /], MOKHO 3alMcaTh B BUIE

P P
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2. Kputepuit nogo6us HetoToHa



B HOHO6HBIX IMOTOKax CHJIbl, C KOTOPbBIMH IOTOK BO3HCﬁCTBy€T Ha OpeOATCTBUA -
TBEPAbIC CTCHKH, JIOINMACTH T'HAPOMAIIHH, 00TeKaeMbI€ IMMOTOKOM TCla, U APYruc npcerpaibl,
JOJIDKHBI OLITh IMPpOMNnoOpUrOHAIbHBI. OTHMH CHJIAMHU SBJISIOTCS CHJIBI HHCPpUOUU I[BI/DKYH_Ief/'ICSI

PV’

KHUIKOCTHU, KOTOPBIC NPOMMOPIIMOHAIBHBI ITPOU3BCACHUIO JUHAMHWYCCKOI0 HAaBJICHUA 2 Ha

nperpaay IpH ILUIOMAAN BO3AEHCTBUSA S.

PaccmoTpuMm, Kak MOTOK JKMJIKOCTH HAaTAaJKUBAeTCd Ha OE3rpaHUYHY0 CTEHKY,
YCTaHOBJICHHYIO HOPMAJIBHO K HEMY, M B pe3ylbTaTe, PacTeKaschb II0 HEH, MEHSAET CBOE
HanpasyieHue Ha 90°. Ha ocHOBaHMM T€OpEMbI MEXAHUKU O KOJUYECTBE JBUKCHMS CEKYHIHBIN

ummynse cnnbl 1 | ¢ KOTOpOit MOTOK ACHCTBYeT Ha CTEHKY, paBeH:
_ _ 2
[, =pQV =pV-°S,

rie O - IIOTHOCTb KMIKOCTH,
O - cexyHAHBIHA PACXOX KUIKOCTH,
V' - cpennsis ckopocTsb KMAKOCTH,

S - IJIOIIA/b BO3JICMCTBUS CTPYU HA MpPErpany.
DTO W ecTh cuiia BO3JCHCTBUS Ha mperpany. Jus momoOusix motokoB I u II moimkHO
BBITIOJIHATHCS PABEHCTBO

F,_ (rys),
Fy (qufS )1, ’

NI

ul = il = Ne

ITocnennee OTHOIIEHHE, OJMHAKOBOE IS IMOJOOHBIX ITOTOKOB, HAa3BIBAETCS YUCIOM
Hviomona u o6o3Hauaercs Ne.

3. KpuTtepuit nogob6us Iiepa
Buavane paccMoTpum Hambojee MmpocToit
T Clydyail - HamOpHOE [JBM)KEHUE WJACAJIbHOU
KHUAKOCTH, T. €. TaKO€ JBUKECHHE, MPH KOTOPOM
OTCYTCTBYIOT CHJIbI BA3KOCTH. [[1s1 3TOTO Citydas
ypaBHenue bepnymnu mis cedenuit /-1 u 2-2

Fe OyIeT UMEeTh BUI:
— V - 2
"""""" =g po VI Vs
pg 28 pg 28

N3 ycnoBus HepaspbIBHOCTHM  MOTOKA
pacxoasl B cedyeHusx [-1 m 2-2 ¢ 1mionmaiasiMu

COOTBCTCTBCHHO a)l u wz OJMHAKOBbBI, a 3TO

3
J
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3HA4YUT, 4YTO
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OTKyzia
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[MoxcTaBuB MOCIENHEE COOTHONIGHHE B YypaBHEHHE BepHY/IH, Iocie IIepeHoca HJIEHOB
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Ecnu nBa motoka reoMeTpuuecKku Mo00HbBI, TO MpaBas 4YacTh YPABHEHHUS UMEET OJTHO U
TO K€ 3HAYEHHUE, CIEAOBATENIbHO, JIEBasg 4acTh TOXKE OJMHAKOBA, T.€. PA3HOCTU JABICHUU B
ceueHusix /-1 u 2-2 nponopiuoHaIbHbl JUHAMUYECKUM JIaBJICHUSIM:

AP AP

2 - 2 .
pV I pV I

Takum oOpa3zoM, MpU HAMOPHOM JABUKCHUU HCATHHOM HECKUMAEMOM KUIKOCTH IS
obecrnevueHrs TUIPOJUHAMHYECKOTO MOA00HUS TOCTaTOYHO OJHOIO F€OMETPUYECKOro Moa00us.
be3pazmepnas BenuunHa, MpEACTABISIONIas CO0OM OTHOILIEHHWE pPAa3HOCTH MJaBICHUH K
JUHAMHYECKOMY JaBJICHUIO (WJIM Pa3HOCTH MbE30METPUYECKUX BBICOT K CKOPOCTHOH BBHICOTE),
Ha3bIBACTCS KO Puyuenmom oasnenus U yuciom Juiepa n o0o3Havaercs Eu.

B CJIydya€ HaAIIOpHOI'0 JBHIXCHHA B HpI/IBCI[éHHHX YpPpaBHCHUAX 1104 R,B,APMO)KHO
IIOHUMATh IIOJHOC OaBJICHUC (Ha KHUIKOCTb HCﬁCTByeT TAKKC CUJIa TAKCECCTHU, HO B HAIIOPHBIX
IIOTOKax €€ ,Hef/'ICTBI/IC MMPOsABJIACTCA 4YCPE3 HaBJICHUC, T. €. OHO CBOAUTCA JIMIIb K
COOTBCTCTBYIOIIEMY  HW3MCHCHHIO HOABJICHUS 3a CUér FHY6I/IHH HOTOKa), T.K. IIPU BBICOKHUX
JaBJICHHUAX BCIWYMWHA JOaBJICHHUA, 3aBHCAILIAsA OT FJIy6I/IHBI IMOTOKa, HCCOM3MCPUMO Majia, U
BCIIMYMHA THUAPOCTATHYCCKOI'O Halopa IMPAKTHYCCKHU ITOJIHOCTBIO OIPCACIIACTCA HU30BITOYHBIM
JaBJICHHCM. C.HGI[OB&TGJIBHO, AJ1s Eu MoxHO 3anucarThb:

AH

Fu
pgV’ S

rae AHcm - Pa3HOCTb CTATUYECKUX HATIOPOB.

4. Kputepuii nogo6us PeliHoabaca

[TocMOoTpUM, KakoMy YCIIOBUIO JOJKHBI YIAOBJICTBOPSATH T€ JKE€ T'E€OMETPUYECKH U
KHHEMaTUYECKHU MOJOOHBIE MMOTOKHU JIJIsl TOTO, YTOOBI ObLIO 00ECIEUeHO UX TUAPOJIUHAMUYECKOE
nojo0ue Mpy HAIMYUW CUJI BS3KOCTH, a, CIEAOBATEIIBHO, U MOTEPh SHEPTHH, T.C. IPH KAKOM
ycioBuH uncaa Eu OynyT OIMHAKOBBIMH JJIsl STUX MOTOKOB.

VYpaBuenue bepHyum y1s 3TOTO ciydasi IPUMET BUIL:

P 1 V12 P 2 sz sz
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HJIA 110 aHAJIOTHU C IPCAbIAYITUMHA PACCYKACHUAMU, YUT, YTO I/l - W’ MOJXHO HallucCaTb
1
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Kak BumHO W3 mocneaHero ypaBHeHUSs, yucia Eu OynyT UMeTh OAMHAKOBBIC 3HAUYEHUS
JUIsL  pacCMaTpUBaeMbIX IOTOKOB, a caMHM IIOTOKM OyayT TOXOOHBI Jpyr Jpyry
TUAPOJMHAMUYECKH IPH YCIOBUHM paBeHCTBa KOA((GUIMEHTOB COMPOTUBIEHUS (PaBEHCTBO

KOB(I)(l)I/H_[I/ICHTOB al u az JJIs1 CXOOCTBCHHBIX CeUeHUI ABYX IIOTOKOB CJICAYCT H3 HX

KMHeMaTudeckoro nojgodus). Takum oOpa3om, K03 GULHEHTHI COTPOTUBICHUM é: B I10OJ00HBIX

IIOTOKax HOJIXKHBI OBITH OIWMHAKOBBIMH, & 3TO 3HAYUT, UTO NOTCPHU HAopa AJId CXOACTBCHHBIX
Y4aCTKOB HPOIIOpHHUOHAIbHBI CKOPOCTHBIM HAIlOpaM.

h1—2 — hl—z
2g ), 2g ),

PaccMoTpuM 0O4YeHBb Ba)KHBINM B THAPABIUKE CIIy4all IBUXKCHHS KUIKOCTU - JBHIKEHHE C
TPEHUEM B LUJIMHAPUYECKOM TpyOe, A KOTOpPOro Ko3(p@PUUMEHT TpeHUs MOXKHO OIMCATh

dbopmyIoit

I[J'IH TCOMCTPUYICCKH l'IOI[06HI>IX IIOTOKOB OTHOIICHHUC z OJMHAaKOBO, CJICAOBATCIBHO,

YCJIIOBUEM THAPOANHAMUYCCKOTO HOHOGI/IH B JJTaHHOM CJiy4dac SABJISICTCA OJWMHAKOBOC 3HAYCHHUC

JUIsL 3TUX TOTOKOB KOX(pQuIMEHTa ﬂ OH BBIpaXKaeTcs 4epe3 HaNpsKEHHe TPEeHUs C( Ha
CTEHKE U IMHAMHUYECKOE JaBJIeHHE, KaK ObLIO YCTAHOBJIEHO paHee, CIelyI0IUM 00pa3oMm:

1 4z,
— —V2 |
pi
2
CreioBaTenbHO, I ABYX NOA00HBIX M0TOKOB I 1 IT MOXHO 3amucarsb
7y Ty

_fo | | fe | g
2 2
V), V), ’

1

T. €. HAIIPSKCHUS TPCHUA ITPOITOPLHUOHAJIBHBI JTHHAMHWYCCKUM [IABJICHUSAM.

VunTeiBas 3akoH TpeHUs Hpl0TOHA M TOT (akT, YTO B MOCIEIHUX YPaBHEHHIX V= VC ,
Hpem;mynme OTHOH_ICHI/Iﬂ, paBHBIe k, MOXHO BBIpa3I/ITB
dv
g
k = Y =0
- 2
PV




/1€ MHJAEKC y = 9 O3HAYAET, YTO MPOU3BOAHAA B3sITa IpU ¥ = 0, T. €. y cTeHKH TpyOsl. [Ipu sTOM
3aMEeTHM, YTO 3aKOH TpeHUs HbIOTOHAa NMpUMEHUM JMILIb NPHU JaMUHApHOM TeueHuH. OnHaKo,
KaK ObUIO ITOKa3aHO BbIIIE, IPU TYpOYJIEHTHOM TEYE€HUU B TpyOax BOJIIM3M CTEHOK oOpasyercs
TOHKMH JIAaMUHApHBIN CJI0H, BHYTPU KOTOPOro CIpaBeAuB 3akoH TpeHus HbroToHa. ITosTomy

HaIpsAKCHUE TPCHUA z-() Ha CTCHKC MOXCT OIPCACIIATLCA IO 3TOMY 3dKOHY TAKXKC W IIpHU

TypOyJE€HTHOM TE€UYEHHUHU.
[Tocne ymMHOXEHUS U JIeJeHHs] Ha AMAMETp TPYObl d U MeperpyninupoBKU MHOXHUTEJEH
MOJTYYUM:

d VV
- dVv d H 1 _ p v _C 1%
dy =0 V, pV,.,d J y V.,d V,d -
d
L y=0

3necy OykBoit C 0003HAUEHO BBIPAKEHHE B KBAJPaTHBIX CKOOKax, MPEICTaBIIAIOIICE
coboii 6e3pa3MepHbIi TPAJUEHT CKOPOCTH BOJTU3H CTEHKH.

JIisi KMHEeMaTHYeCKH MOJOOHBIX MOTOKOB BenuunHa C OJWHAKOBA, IMO3TOMY IOCIE
cokparnierus Ha C yCIIOBHE TMHAMHYECKOTO MOI00Ms TOTOKOB MEPEMUIIEM B BUJIS

LA P
V,d V,d

17

W, ICPEXOad K 06paTHI>IM BCIIMYUMHAM
Re, =Re .

B ostom 3akmouaercs  kpumeputi nooodus  Peiinonvoca, KOTOpBIA — MOXKHO
cOpPMYITHPOBATH CIEAYIOMIUM 00pa3oM: Ui TUAPOIUHAMHYECKOTO TO00HS TEOMETPHUCCKU U
KHNHEMAaTU4YCCKHU HOI[O6HBIX INOTOKOB C YUYCTOM CHJI BA3KOCTU Tpe6yeTc;1 PaBCHCTBO YHUCCII
PeitHob1Ca, TOICUMTAHHBIX 1151 JIFOOOW Taphbl CXOJACTBEHHBIX CEYEHUH ITHX TTOTOKOB.

5. Kputepuit nogobus ®pyza

B Tex ciywasix, Korja JIBUKEHUE KUJKOCTH SBIISETCS OE€3HANOPHBIM U IMIPOUCXOJUT O]
JIeCTBUEM Pa3sHOCTH HUBEIMPHBIX BBICOT, YCIOBHE MOAO0OMS MOTOKOB ONHUCBHIBAETCS MHAUe, C
IOMOLIbIO JAPYroro Kpurepuss nopodus - uwucia Dpyoa. DTOT KPUTEPUH yUUTHIBAET
IPONOPLHUOHAIBHOCT, B OTHOLIEHHMAX CWJI MHEpUMM K cuiaaMm TspkecTd. OnHako uis
HOJIABJISIONIETO OOJIBIIMHCTBA MHTEPECYIOLIMX HAac 3a4ad B 00JIACTH MALIMHOCTPOEHHUS ITOT
KPUTEPHH HEe UMEeeT 3HaUCHUsI U PacCMaTpUBAThCs HE OyJeT.



1. 8 Jlekuus Nel3 (2 yaca).
Tema: «Knaccudukanusi rugpaBIMdIecKuX MaIInH»
1.8.1 Bonpochl Jieknum:

1. OGmue cBeACHUS O THIPOMAIIINHAX.

2. Knaccugukauust HaCOCOB ¥ THAPOJBUTATEIEH.

3. MapkupoBKa HaCOCOB U TUIPOJBUTATENICH

1.8.2 KpaTtkoe coaep:xaHue BONPOCOB:

1. O0mme cBeleHUs 0 THAPOMAIIIHHAX

['mapaBnuueckast MalinHa — 3TO arperar, B KOTOPOM MEXaHHYECKasi YHEPTUs
nepesaeTcst OT MpoTeKaoulel KuIKocTH paboyeMy oprany (rUApaBiIHYecKUe JBUTATETH, UITU
TypOHHBI) 1160, HAOOOPOT, MEXaHUUECKasl YHEPTUS IPUBOJA Tpeodpa3yeTcs B TMIPaBINYECKYIO
SHEPTUIO NepeKaunBaeMOM KUIKOCTH, Oaroapsi 4eMy OCYLIECTBIISIETCS €€ ABM)KEHUE
(Hacochr).

Hacocb! sSBsSIFOTCS 0JJTHOM U3 caMbIX paclpOCTPaHEHHBIX Pa3HOBUAHOCTEH MamnH. Mx
IPUMEHSIOT BO MHOTUX OTPACisX MPOMBIIIJIEHHOCTH U CEIBLCKOIo X03sicTBa. OHU SIBISIFOTCS
HEOTHEMJIEMOM YaCThIO CUCTEM BOJIOCHAOKEHHUS, TeII0(UKAIINH, IEHTPAILHOTO OTOIIICHHUS,
BEHTWISALIUH, KOTEIBbHBIX YCTAHOBOK, THIPOMEXAHHU3ALMU U UCIIOJIB3YIOTCS BO MHOTHX JPYTHX
oTpaciiax TeXHUKH. Hacochl ¥ ruipoiBUraTeN v MPUMEHSIOT B TUApOIepeaadax, rjie OCHOBHBIM
9JIEMEHTOM SBJIIETCS THIPABINYECKUIN IIPUBOJ], HA3HAUEHUE KOTOPOI'0 COCTOMUT B Iepeaaue
9HEPTUU K UCTIOTHUTEILHOMY paboueMy OpraHy U yNpaBiIeHHH €ro JBUKEHHEM ITOCPEICTBOM
AKHUJKOCTH.

2. Knaccnukanus ruipaBinyecKuX MalIuH.
Hacocbl o npuHuuny 1eicTBUs U KOHCTPYKIUU AETSATCS HAa JBE OCHOBHBIE IPYIIIBI —
JUHAMHUYECKHe U 00bEeMHBIE.

K nmHaMu4eckuM OTHOCAT HAaCOChI, B KOTOPBIX XHUAKOCTb B KAMEPE JIBUIKETCS MO/
CHJIOBBIM BO3/ICHCTBHUEM U UMEET MOCTOSHHOE COOOIIEHNE C BXOIHBIM U BBIXOIHBIM
naTpyokamu. OTO CHIIOBOE BO3/IEHCTBUE OCYILECTBISAETCS C IOMOIIBI0 pabodero Kojeca,
COOOILAIOIIET0 )KUJIKOCTH KHHETHYECKYIO SHEPTHIO, TPaHC(HOPMUPYEMYIO B SHEPTHUIO AABJICHUS.

K 00beMHBIM OTHOCAT HACOCHI, B KOTOPBIX COOOILEHNE SJHEPTUH KUAKOCTU
OCYIIIECTBIISETCS 0 MPUHIIMITY MEXaHUYECKOTO NMEPHOJUUECKOT0 BHITECHEHUS KUAKOCTH
pabo4uM TeJIOM, CO3/IaI0LIUM B IIPOLECCE NTEPEMEILEHNUS ONPEEIEHHOE JaBIeHHUE KUAKOCTU. B
00BEMHBIX HacOCaX KUAKOCTD MOJIy4aeT SJHEPTHIO B pe3yIbTaTe NEePUOINUECKOr0 H3MEHEHUS
3aMKHYTOI'0 00beMa, KOTOPBIN MONEPEMEHHO COOOIIAETCS TO C BXOIOM, TO C BHIXOJIOM HACOCa.

Hacocn

OGBEMHEE | —>| Husnamrieckue |

Topuniene

%IJ

(cxameuaTHe)

PoropHEe

Kphinsatsie

BomonoxseMHHKH

Boponomeeminie

T'uapoanesarop
xonmeca

Yepnaxopne i Bo3nyniHsie MOFbeMHUKN (FpaMETH) l

Husbparmernisne | Harueratenpanie | | Beacupaonne I

HlecTepeHHES BubpalioHunie

Pac. 5.1. Knaccnhuxanms xacocon




3. MapkupoBKa HaCOCOB U THAPOBUTATEICH

1. 9 Jleknusi Nel14 (2 yaca).
Tema: «/luHaMuUeCKrEe MAIITMHBDY
1.9.1 Bonpocsl JieKIum:

1. OcHOBHOE ypaBHEHHUE LIECHTPOOEKHBIX HACOCOB.

2. OcHOBHBIE TapaMeTphl: oJaua (pacxon), Harnop, MouHocTb, KIT/1.
3 bananc mouHOCTH.

4. PerynupoBaHue HaCOCOB.

5. CoBMmecTHas paboTa HaCOCOB.

1.9.2 KpaTtkoe coaep:kaHue BONPOCOB:
1. OcHOBHOE YpaBHEeHHUE EHTPOOEKHBIX HACOCOB.

OcHOBHOE ypaBHEHHE IICHTPOOESKHOTO HacOCa BIIEPBBIE B CAMOM OOIIIEM BHJI€ ObLIO TIOJYYEHO
B 1754 r. JI. Dilnepom U HOCHUT €10 UMSL.

K pabouemy Kkoisiecy IIEHTPOOEKHOTO HAcoca CO CKOPOCThIO VO KHUAKOCTH IOJBOJIUTCS
aKCHaJIbHO, T. €. B HAIIPaBJICHUU OCH BaJia. 3aT€M HalpaBJICHUE CTPYH KUIKOCTH U3MEHSIETCS OT
OCEBOT0 J0 paauaibHOTO, NEPIEHANKYISIPHOTO OCH BaJla, 2 CKOPOCTh Oy1arogaps LEeHTPOOSKHOU
CUJIC YBEJIIMYMBACTCS OT 3HAYEHUs V| B MPOCTPAHCTBE MEXKY JIONMACTAMH pabodero kojeca a0
3Ha4YeHHUS V2 Ha BBIXOE U3 KOJIeca.

B MexmonacTHOM TPOCTpaHCTBE padouyero KoJjieca MPHU JIBMXKCHHH >KHIKOCTh COBEpIIACT
CJIOXKHBIE JBUKEHUS: BpalllaTelIbHOE — BMECTE C pab0YMM KOJIeCOM Hacoca (OKpY»KHasi CKOPOCTh
U) ¥ MOCTYMaTeIbHOEe — OTHOCUTEIBHO TTOBEPXHOCTEH Jonacteit (OmHocumenvHas ckopocms w)

8z

Puc. Cxema ABM>XEHHUS KUAKOCTU B paboueM Kosiece HEHTPOOEeKHOro Hacoca

BexTop AOGcomntoTHON — (OTHOCHUTENBHO KOpPILyca Hacoca) CKOPOCTH PaBEH NeOMETPUYECKON
CyMM€ BEKTOPOB OTHOCHTENIbHON CKOPOCTHU >KUJIKOCTH U OKPYKHOH CKOpPOCTH pabouero koiseca
T.€. V=W + u.
I7Ie 0— yroJI MKy aDCOTIOTHON U OKPY>KHOM CKOpPOCTSIMH (Ha BXoJie pabodero kKojeca o 1 Ha
BBIXOJIC 012).

Yron [ MeXIy OTHOCUTEIbHOW M OKPYKXHOM CKOpPOCTSAMH XapaKTepu3yeT oOuepTaHue
JornacTeit Hacoca .

VYpaBHeHue Oiliepa OTpa)xaeT 3aBUCUMOCTb TEOPETHMUYECKOIO MAABJIEHUS WJIM Haropa oT
OCHOBHBIX ITapaMeTpoB paboyero Kojeca

Hp =(u,vy, —uyvy,)/g

YpaBHenue Jiijiepa s 0ceBOro Hacoca. IlepeHocHbIE CKOPOCTH Ha BXOJAE B OCEBOM
HACOC 1 Ha BbIXOJC U3 HCT'O OJJMHAKOBBI, IO3TOMY YPAaBHCHHUC IPUHUMACT BU]J



Hp =u(vy, —vy)/g

YpaBHeHue Jilsiepa 11 HeHTPOOEKHOT0 Hacoca. B 0onbIIMHCTBE HACOCOB JKUKOCTD B
pabouee Kojieco MOCTYNAET NPAKTUYECKH paaualbHO, TO €cTh a1=90 U, Cle10BaTeNbHO, C
YUYETOM BBILIEHU3JI0KEHHOTO

Pr =pu,V,, wm Hy =u,v,, /g
TeopeTuyeckas nojaya Hacoca
Qp=mn-d;-b-vy
JleiiCTBUTENBHBIE NABIEHHE U HATIOP, PA3BHBAEMBIE HACOCOM, MEHBIIIE TEOPETHUECKUX, TAK KAK
pealbHble ycIOBAS PabOTHI HACOCA OTIMYAIOTCS OT HMACANBHBIX, NPUHATHIX NPU BBIBOAE
ypaBHeHus. JlaBieHue, pa3sBUBaEMOE HACOCOM, YMEHBIIAETCS TIIABHBIM 00Pa30M U3-3a TOTO, 4TO
IpU KOHEYHOM 4YHCIIE JIONAacTell pabouero Kojeca He BCE YACTULBI KUIAKOCTH OTKIOHAIOTCS

pPaBHOMCPHO, BCICACTBUC UYCro YMCHLIIACTCH a0bCcoIIoTHAS CKOpPOCTh. KpOMe TOT0, 4acTb
OHCPTIHUH PACXOAYCTCA HA MMPCOAOJICHUC TUAPABIIMYCCKHUX COIIPOTUBJICHUHU.

1_1:[<"772 uZ'VZu
g
Q :K'noﬁQT

BBI/II[y CIIOKHOCTHU THAPOANHAMUYCCKUX ITPOLUECCCOB, MPOUCXOIAIINX ITPH pa60Te
I_IeHTpO6C)KHOFO HacocCa, NMOJIY4YuTh aHAJIMTUYCCKYTO 3aBUCUMOCTh HAIlOPa HAaCcoca OT €ro ImoJgavdu
HC MPCACTABIACTCA BO3MOKHDBIM. Ha IMPAaKTUKE HAIIOPHYIO XapaKTCPUCTUKY HACOCA MTOJTY4YarOT
HCIMOCPCACTBCHHO B 3aBOJICKHX YCJIIOBUAX U MIPUBOIAAT e B MacIOpPTHBIX JaHHBIX HACOCA B BUAC
rpa(bHKa nin T36J'II/II_II>I. Tam xe MPpUBOJAUTCA U 3aBUCHUMOCTDL K. II. I. HACOCa OT IMoAa4u.

2. OcHOBHbBIE TapaMeTpbl: Moaaya (pacxoa), Hamop, MmomHocTs, KIIJI.

Hanop Hacoca HpaBCH Pa3sHOCTH YACIIbHBIX 3HepFHI>’I Ha BbIXOJEC M HAa BXOJA€ B HACOC

1 2

2

Puc.11
CornacHo ypaBHeHuto bepHyiu, 3anucanHomy i ceuenuit 1-1 u 2-2, nHanop

2 2
Pz‘p1+a292 — 09

H=(z,-2)+

Hacoca paBeH: p-g 9) g
B wactHom ciyuae, korna z2= z1, 92= 91 (ecnu d2= di1 ), BMecTO mojgyyaem:
g=P2~P

p-g

AOCOIIOTHOE J1aBJIEHHE HA BBIXOJIE U3 HACOCA P2 U HA BXOJIE€ P1 BBIPa3uM 4yepe3
MoKa3aHus MpuOOpPOB:
P2 = Par + pu ;
P1 = Par -Pv.



Torna Hamop Hacoca onpeneJnTCs Yepe3 NOKa3aHUSA NPUOOPOB CIIETYIOIIUM
P2 =P1 _Par tPy ~(Pur —Py) _ Pu +Py
p-g p-g p-g
Yacto MaHOMETpHUUECKOE J1aBJIEHUE 110 KpaitHell Mepe Ha nopsaaok (B 10 pa3) Oonbiue
BAaKyyMMETPUYECKOT0 JaBJIE€HUs (JaBJIE€HUE Pv HE MOXKET ObITh 0OJIbIle OHOM aTMOcheps! HIIn

H=TM
Pg

o6pasom: H=

0,1 MIIa). B Tex ciydasix, KOrua pm >> pv, Hallop Hacoca MOYKHO OIPEIENISITh TaK:

3.banaHc 3Hepruu B Hacocax

Mo1HOoCTb, KOTOpask MOJBOAUTCS K Bally HACOCA Ha3bIBAaeTCs noogedennoti. OHa paBHa
IPOU3BEJICHUIO KPYTSAIIEro MOMEHTA Ha BaJly Ha €r0 YIJIOBYIO CKOPOCTb

N = Mgpw

MOomHOCTh, KOTOPYIO MBI ITOJIy4aeM OT Hacoca B BUJIE MTOTOKA )KUAKOCTH O] JaBICHUEM
HA3bIBACTCSI 10J1€3HOU MOWHOCMbIO Hacoca (B JalbHEHUIIEM MPOCTO MOILTHOCTHIO)

N :QH.PH :QH.p.g.HH]KBT

OTHOIICHHE MOIITHOCTH HAcoca K MOJIBEICHHON MOIIIHOCTH Ha3biBaeTcs oonum KIIJ[ Hacoca
_ Ny
Moy = I
g

a pasHOCTb N1 - N = Nior Ha3bIBa€TCS MOTEPSIMU MOIIHOCTHU B Hacoce. [lorepu MomHoOCTH B
Hacoce JeNATCsl Ha 00beMHBIE, MEXaHUUECKUE U I'MJIPABINYECKHUE.

Mexanuueckue KII/] xapaktepusyeT NOTEpH Ha TEPHUE B MOJABHKHBIX COSIUHEHHIX MEXKIY
JeTansiMu Hacoca. MOIIHOCTb, 3aTpaueHHas Ha MPEOI0JICHUE CHUII TPEHUS, OTIPEIEseTCs

Nmp = Mmpﬂ),

rae My - MOMEHT TPEHHUSI B HACOCE;
® - yIJIOBasi CKOPOCTh Baja Hacoca.

Mexannueckuii KIIJI onpenensercs u3 COOTHOLIECHUS

NH—NTp N,

T]Mex — -

N N

II II

N: — runpasnndeckas momsocth N = Q-p-g-Hy

Hns coBpemennbix HacocoB Mexannueckuit KITJ[ Takxe naxomaurcs B npeaenax 0,92...0,96.
[ToTepu MOLTHOCTH HAa BHYTPEHHHE YTEUKU HAcOCa

Nos = QyT Pu



Oovemnwrit KII/] Hacoca onpeenuTcsi U3 COOTHOIICHUS

N,-N,s N
N N

Nos =
T T

Jlnst coBpeMenHbIX HacocoB 00bemMHbIN KIT/| HaxoauTes B npeaenax 0,92...0,96. 3nauenus
KIIJI mpuBeeHbI B TEXHUYECKUX XapaKTepUCTUKAX HaCOCOB.

Tuopasnuueckun KII/] xapaktepu3yeT noTepu Ha JAeGopMaInio MOTOKa paboyueld KUJIKOCTH B
HAIlOpHOW KaMmepe U Ha TPEHUE KHUAKOCTU O CTEHKU COCyAa. DTU OTEPU NPUMEPHO Ha MOPSII0K
HIKE MEXaHUYECKUX MOTEPh HAa TPEHHUE U YACTO B MHXKEHEPHBIX pacyeTax HE YUUTHIBAIOTCS WU
00BEAMHSIOTCS C MEXaHUUECKUMHU NIOTEpsIMU Ha TpeHHe. B aTom cinyuyae o6benunenHbid KI1/]
Ha3bIBAETCS THAPOMEXAHUYECKHUM.

MOIHHOCTB, 3aTpavyCHHas Ha THAPABINYCCKUC ITIOTCPU, OIIPCACIIUTCA

Nrn = Qu ( Pk - Pu),
rae Pk - naBleHHE B HAIOPHOM Kamepe Hacoca;
Pp - naBiieHre B HAIOPHOM THIPOJIMHUN HA BBIXOJE U3 HACOCA.

I'mppasnuueckuii KII/ onpenensieTcss u3 COOTHOLICHUS

N —-N N

N = N FH:W

O6mmwmit KIT/] nacoca pasen npousseaenuto KIIJ[ o6bemMHOro0, rugpaBindeckoro u
MEXaHUYECKOTO

n:no6 'nMex 'ne

Takum 006pa3om, 6amaHC MOIITHOCTH HAcoca JaeT MPEJACTaBICHUE O MOTEPSIX, BOSHUKAIOIINX B
Hacoce, oomieM KIIJI 1 Bcex ero cocTaBiIsSIONINX.

[Ipu HemocpeJCTBEHHOM COCIMHEHHH Bajla Hacoca C BaJIOM SJIEKTPOABUTATENSI MOIIHOCTH
NuB (kBt) anexkrpoaBurarens

N = KN = K P
1000n
rae K— xo3@duuueHT 3anaca, Y4YUTHIBAIOIIUN CilydaiiHble NEperpy3Kd ABUTaTeNs; IpU
MOIIHOCTH ABMratess 1o 2 kBT pekoMenayercs npuHuMarth kodg¢umuent K paBHbiM 1,5; ot 2
1o 5 kBr— 1,5...1,25; ot 5 mo 50 xBrt- 1,25.. 1,15; ot 50 o 100 kBt-1,15...1,05; 601ee 100
kBt- 1,05.

Ecin Banm Hacoca CO€UMHEH C BaJOM JIBUraTellsd PeJyKTOPOM WMJIM PEMEHHOMW Iepenayeil, To
MOIIHOCTb ABUrareins No¢ = KN/ np, T1€ 77 p — KIIJI mpuBoOJa Mt penykropa.

4. PeryaimpoBaHue pe;KuMOB padoThI HACOCOB B CEeTH.
PerynupoBanueM pexuma paboThl Hacoca B CETH Ha3bIBAETCS MIPOLECC UCKYCCTBEHHOTO
U3MEHEHHUS XapaKTepUCTUKHU TPyOONpoBOia WIN XapaKTEpUCTUKU Hacoca sl o0ecreueHus



paboThl Hacoca B CUCTEME HACOC-CETh B TPeOyeMOM PEKUMHOM TOUKE, KOTOpas SIBJISIETCS. TOUKOU
nepeceyeHus xapakrepuctuku Hacoca Q — H ¢ xapakrepucrukoit cetn Q — He.

B npakTuke MOTyT HCIIOJIB30BATHCS CIAEAYIOLIUE CIIOCOOBI PErYIMPOBaHUS PabOThI
CHUCTEMBI HACOC-CETh:

MU3MECHEHUE XAPAKTEPUCTUKH CETH;

IEPEIYCK KUIKOCTH U3 HAIIOPHOW JIMHUH BO BCACBIBAIOILYIO;

BITYCK BO3/yXa BO BCAaChIBaIOLINIl TpyOOIpPOBOI;

U3MEHEHHE YacTOThl BpallleHUs pabouero Kojeca Hacoca;

MU3MEHEHUE T€OMETPUU IIPOTOYHBIX KaHAJIOB HACOCA;

U3MEHEHHE KHHEMAaTUKHU IIOTOKa Ha BXOJie B paboyee KOoJIeco.

PaccmoTpuM Hanboee ncnoib3yeMble METO/Ibl PETYIMPOBaHUS M0Ja4l Hacoca.

5. . CoBMecTHast pa0oTa HAcOCOB.

OnaMH U TOT e HacOC MOXKET OBITh BKJIIOUEH B PA3JIMYHYIO THAPABINYECKYIO CETh.
T'uopasenuueckasn cems - cucmema mpyoonpoeooos, pe3epeyapos, pecyiupyroujux
ycmpoiicme u Opy2ux 31eMeHm o8, no KOmopviM nepemeuiaenca HeudKocma.
JlononHuTenpHas 3HEPTUs, KOTopas mepeaaeTcs KUAKOCTH B HACOCe, paCXOIyeTcs B
TUJIPABIMYECKON CETH Ha COBEPIICHHE PabOTHI IO MOABEMY KUIKOCTH, HA MPEOI0JICHNE
TUAPABINYECKUX CONMPOTUBICHUH MPH JABHKEHUU KUIKOCTH U Ha Apyrue 1enu. Bennuuna
SHEPrUH, HEOOXOIUMOM JUTSI IEPEMEIIICHUST KHUIKOCTH, 3aBUCUT OT BUJA U XapaKTEPUCTHK
TUAPABINYECKON CETH.
3asucumocmov nompeodnoii yoenvhoii snepzuu Huomp. om pacxooa Q sncuokocmu 6
cucmeme Hazvleaemca xapakmepucmukou cuopagauveckou cemu: Huomp.= ¢p(Q)
Takum 00pa3om, B K&KIOM KOHKPETHOM CITy4ae HEOOXOIUMO COBMEIIATH ITapaMeTPhI
paboThl Hacoca U TUAPABIUYECKOM CETH, TO €CTh PEeIIaTh CUCTEMY YPaBHEHU:
H=f(Q)
H, nomp.~ ¢( @

Pewenue cucreMbl ypaBHEHUN npedcmagnisaem codoii napamempuvl padoueii mouKku
Hacoca B 33JJaHHOM I'MIPaBINYECKOH CeTH.

Jlia onpenenenns paboudeil TOUKH Hacoca HEOOXOUMO PACKPBITh COAEPKAHUE PYHKIIMM
f(0) u (Q), To ecTb Gomnee MOAPOOHO NO3HAKOMHUTHCS ¢ HACOCAMU M MPUHIIUTIAMU
TUAPOIMHAMUYECKHX PACUETOB.

XapaKkTepUCTUKOM cUCTEMBI (THAPABIMUYECKON CETH, TPyOOIIPOBO/Ia) HAa3bIBAIOT

H, =f(Q.)
3aBUCUMOCTb MeX 1y HartopoM He 1 pacxonom B cet Qc, T.€. 3aBUCUMOCTb BUJa ~ © ¢/,
OnuH U TOT ke HACOC MOXKET paboTaTh C pa3IM4YHbIMH T'MAPABINYECKUMH CETAMHU.

YpaBHeHHE THAPABINYECKON CETH BbIpa)KaeT 3aKOH COXPAaHEHHS SHEPTUU AJis
HAYaJIbHOTO ¥ KOHEYHOT'O CEYEHUM THAPABINYECKON CUCTEMBI.

Jis m060# HacoCcHOI TPyOOIPOBOIHOM CHUCTEMBI 3aKOH COXPAaHEHHS SHEPTUU UMEET
BU/I;

E . +H_,.=E_+h_

rae Ey - ynenbHas (Ha eAMHUILY Beca) SHEPTHUsl )KUIKOCTH B HA4YaJIbHOM CEYEHUHU H-H
Ex - ynenbHas (Ha equHUIY Beca) SHEPTHUsl KUJKOCTH B KOHEUHOM CEUCHHUH K-K ;
Huorp- mOTpeOHBIN HAMOp Hacoca,

hy.x - mOTEpU yaEIbHOM SHEPTUU HA IPEOIOJICHUE THAPABINYECKUX COMPOTUBIICHUMN.
Y1006l NOTYyYUTH YpaBHEHUE TUAPABIUYECKON CETH, HEOOXOIUMO:

OTp



1. BoiOpaTh cedeHus /i COCTAaBIEHUSI YPABHEHUS CETH U TOPU30HTAIIbHYIO IJIOCKOCTh
cpaBHeHMs 0 - 0 KOTOPYIO yJOOHO COBMECTHTh C HAYaJIbHBIM CEUCHHEM.

2.3anucarb 3aKOH COXpaHEHMsI SHEPIUH, pacKphiBas cogepxanue suepruit Ex u Ex no
ypaBHeHHUI0 bepHyiu:

H H VH _ K kK YK
Hoop 2, + + 5 =z + + 5 +h
P g g P g g
2
P -P o -V.—0o, -V
_ K H K K H
H o = (z, —z,)+ + 5
p-g g
HOJ’Iy‘IeHHOC YPaBHCHUC SABJIACTCA 061HI/IM JJIA BCCX TUAPABIIMYCCKHX CeTeN C HAaCOCHOM
rnojgavuei >KUIKOCTH.
[Tpu onpenenenus NoTpeOHOTO HaNopa B TPYOOIIPOBO/IE TOTEPU HAIlOPa B CETH hyx

o 2
MOYKHO 3aMEHHTH cieayromeii 3aBucumocteio AQ”, rie A - conpoTuBIeHHE TPYOOIPOBOIA.
Toraa ypaBHeHHE CETH IPUMET CIEAYIOUTNH BUA

H__=H_ +AQ’

HOTP
Conpotusienue TpyoorpoBoja A MOXKHO ONPEAEIUTh 10 (hopmylie,

A — hH—K

QZ
1OTp
o 3.

rae Quorp — HOTPEOHBII pacxof ceTu, M°/c;

hu« - notepu Hanopa npu Quorp OT HAYAIBHOTO 10 KOHEYHOT'O CEYEHMUSI, M.

XapaKTepucTUKa CETH U300pa)KaeTcsl B BUJIE 1MapadoJIbl, KOTOPasi BBIXOJIUT U3 TOUYKH,
JeXalen Ha OCH OPAUHAT U OTCTAOLIEH OT Hayana KoopauHaT Ha BennuuHy Her, rae Her -
craTudyeckuid Harop B ceTd nipu Q = 0. J[11s1 ee mocTpoeHus 1o ypaBHeHHIO (6) B cucTeMe
xoopauHat Q - H (puc. 14) 3anaemcs 3HaueHussmu pacxona Q B npeaenax Quorp, HAUUHAS OT
HYJISA, TOACTABIISIEM 3TH 3HAYEHUS B ypaBHEHUE U onpenensieM H u momydaem KpuByro, KOTOpas
U SABJISIETCSA XapaKTEPUCTUKOM CETH.

H M s

_—”

Quorp

Puc. I'paduk cetn



1. 10 Jlexuus NelS (2 yaca).
Tema: «O0bEMHBIE MAILIMHBD)
1.10.1 Bonpocsl Jeknum:

1. IlpuHiun aeicTBUs 0ObEMHBIX HACOCOB.
2. OcHOBHBIE IapaMeTpbl: Noj1a4a (pacxon), Harnop, MomHocTb, KITJI.
3. basianc MoIHOCTH.

1.10.2 KpaTkoe conep:kaHue BOIPOCOB:

1. [IpuHnun newcTBrust 00BEMHBIX HACOCOB.

['mapomamvHbel, B KOTOPBIX OCYHIECTBISIOTCS IONEPEMEHHOE 3allOJIHEHHE padoueit
KaMephbl JKUJIKOCTbIO M BBITECHEHHE €€ U3 paboueill KaMephl, Ha3bIBAIOT 0ObemHbimu. Takue
MalIuHbI MpeIHa3HAYCHBI ISl IPe0Opa30BaHUs SHEPTHH MOTOKA JKUJIKOCTH B DHEPTHUIO JIBHIKE-
HUS BBIXOJHOTO 3BeHa (THAPOABUTATENN), U Ha000poT (Hacockl). OObEMHBIE THAPOMAIINHBI
JIEJSATCS Ha JIBa OOJIBIIMX KiIacca — HOpUiHesble i POHOPHBbIE.

[TpocTeiimuii MOPUIHEBOM HACOC COCTOMUT U3 PabOUEro HUIMHAPA, CHA0KEHHOTO JBYMS
KJIalaHAMHM BCACBIBAIOIIMM M HAarHeTaTeNbHbIM, TOPIIHS, COBEPIIAOIIET0 BO3BPATHO-
MOCTYNaTeIbHOE JBUKCHHE.

N

Puc. IlopimiHeBoi HaCOC OAMHAPHOIO JAEHCTBUA:

l—BcacsIBarouuii TpyoonpoBo; 2 — pabouast kamepa — HalopHbIN TpyOonpoBoa; 4—

HOpUIeHb; 3 — UMIUHAP; 6 — IUTOK; 7— Kpehukong; 8—iaryH; 9—kpuBOIINII

BceacsiBaronuii TpyoonpoBosi coeMHAeT KaMepy LWIMHApa ¢ pe3epByapoM. IIpu xone
BCachlBaHMsl (IIOpLIEHb IBUXKETCS BIIPAaBO) B KaMepe BCJIEACTBUE yBEJIMYEHHS ee o0bema, a
TaKXKe B MeECT€ COEJUHEHMs BCACBIBAIOLIETO0 TPyOONpoBOJa € IMJIMHAPOM CO3/AaeTCs
paspexxenue. [lon neiicTBueM mepenana AaBICHUM KUIKOCTh MEPEMEIIAETCA K HACOCY, BCAChI-
BAIOIIMH KJIallaH OTKPBIBACTCS U JKUKOCTh 3alOJHET pabouylo KaMepy LUIHHPA.

B mpouecce BO3BpaTHO-NOCTYNATEIBHOTO ABUKCHUS MOPIIHS JKUAKOCTh IEPEMEIAETCs
10 BCACBIBAIOLIEMY TPYOOIIPOBOLY B LIMJIMHJpP HACOCA, & U3 HEI'O — B HArHETATENIbHYIO TpYOy U
3areM K norpebuteinto. IlorpedurensiMu MOryT ObITh pe3epByaphl, 1apoOBbIE KOTJIbI, allllapaThl U

Ap.

2. OcHOBHbBIE TapaMeTpbl: Moaaya (pacxoa), Hamop, MmoumHocTs, KIIJI.

[Tapamerpamu, xapakTepU3yIOLUIMMU pabOTy JII000TO MOPIIHEBOTO HACOCa, CIYXaT
nogava Q, Hanop H, moutHocts N, BbicoTa BcachiBaHus Hye 1 monnsbiii KIT/[ Hacoca .

OO0beM KUIKOCTH, MOJABAaEMOMN IOPIIHEBBIM HAcOCOM 3a OAUH 00OpOT, ONpPENEISIOT,
ncxons u3 oobema muauaapa V = FnS,

rae Fn - naomaab NOpiHs; S— X0/ MOPILIHS.



JeiticTBuTeNbHAS TT0Aaua (M /c) Hacoca OMHAPHOTO AEHCTBUS
Q=(FnSn/60)n
/e N — YacTOTa BPALLEHUs Bajla KpUBOIINIIA, 00/MUH;

no6 — oowemusiii KITJI Hacoca.
[Momauy Hacoca JBOHHOTO pelcTBHMsA (M°/ C) ONpeNeNdloT C Y4eToM O0OBEMOB,

Mo/1aBaeMbIX 00€MMH MOJIOBUHAMHU Hacoca 3a 1 060opoT:

Q, =(2Fn—f)Snn,;/60

rzxefrmomam: HITOKA IMOPHIIHA.

CpCI[HIOIO nmoaavyy MmopurHeBOTro HaCcoCa MOXHO OIIPCACIUTDL 4YCPE3 00BeM JKUJKOCTH V,

BBITECHSCMBIMN MOPIIHEM, U BPEM HBOﬁHOFO XO0Ja nmopuIHsA.
Z[J'Iﬂ HacocCa ImpoCToro HCﬁCTBHH CpeaHss moaada IMMopuIHEBOro Hacoca

Q., = Fro/n

rae F— miuomanp MopIiHs; — paguyc KPUBOIIKIIA; W — YTJIOBas CKOPOCTh KPUBOIIHIIA.
Teopernueckn TMOPIIHEBOW HACOC MOXKET pa3BuUBaTh J0O0H Hamop. OjgHAKo
NpPaKTUYECKH HAmop OrpaHUYMBAETCS 3alacoM MPOYHOCTH OTACIbHBIX JBUTATeNed U
MOIIIHOCTBIO JIBUTATENIsA, MPHUBOMASAIIET0 HAacoc B jeiicTBue. MomHocTs (KBT), moTpebnsemas

HOp]_HHeBBIM HaCoOCOM,
N= YQH/(I 02ny )

e, Y — o0beMHBIH Bec xkuakoctu, H/m?, Q — mogaua Hacoca, m>/c, H — Hamop Hacoca, M,

Nu — KIIT Hacoca (0,7...0,9).
BricoTa BcachlBaHMS MOPHIHEBOIO HACOCa 3aBHCUT OT aTMOChEpPHOro JaBlICHUS,
TEMIICPATYPhI U IJIOTHOCTU KUJIKOCTH, a4 TAKIKEC OT YaCTOTHI BpAllICHW A BaJla ABUTaTCIIA

3. banaHc MOIITHOCTH.

banaHc MOIIHOCTH B HACOCE HATJISIIHO MOXKHO MPEJICTABUThH B BUJIC CXEMBI, IPE/ICTABICHHON Ha
puc 7.7.
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Puc. 7.7. bananc MomHocTH Hacoca

MOIHHOCTL, KOTOpas NoJABOAUTCA K BaJly HACOCa HA3bIBACTCA noosedennoti. OHa paBHa
IMMPOU3BCACHUIO KPYTALICTO MOMCHTA Ha Baly Ha €ro YIJIOBYKO CKOPOCTb

N = Mgpw

MoOIHOCTh, KOTOPYIO MBI TIOJIy4aeM OT Hacoca B BUJIC TTOTOKA KUIKOCTH IO TaBICHUEM
HA3BIBACTCS NOJIE3HOU MOUHOCMbIO Hacoca (B JaTbHEUIIIEM TPOCTO MOIIHOCTHIO)



N = QuPu
OTHOIIIEHNE MOIITHOCTH HAacoca K MOABECHHONW MOIIHOCTH Ha3biBaeTcs oommuM KII/] Hacoca
Ny

ﬂaﬁgzw_ﬂ

a pa3HocTh Ni7 - Ny = Nuom Ha3bIBa€TCs NOTEPSMU MOILHOCTHU B Hacoce. [lotepu momHocTH B
Hacoce JeNATCsl Ha 00beMHbIE, MEXaHUUECKUE U I'MJIPABINYECKHUE.

[Torepu MoOUTHOCTH Ha BHYTPEHHUE YTEUKU U HEMOJIHOE 3all0JIHEHHE KaMep Hacoca
Nos = (Qym + QHen)PH
Oobvemnwrit KII/] nacoca onpenenuTcs U3 COOTHOLICHUS
— N o~ N, &

T a5 W,

st coBpemennbix HacocoB 00bemHbIN KIIT/] HaxoauTes B npeaenax 0,92...0,96. 3nauenus
KIIJI mpuBeieHbI B TEXHUYECKUX XapaKTEPHUCTUKAX HACOCOB.

Mexanuueckue KII/] xapaktepusyeTr NOTEpU HA TEPHUE B MOABUKHBIX COCTUHEHUSIX MEXKY
JetansimMu Hacoca. [Ipn 0OTHOCUTENIbHOM IepEMEIIEHUH CONPUKACAIOIIUXCS TIOBEPXHOCTEN B
30HE UX KOHTAKTa BCErJa BO3HUKAET CUJIa TPEHHUSI, KOTOPAsl HAIIpaBJIEHA B CTOPOHY,
IPOTUBOIMOJIOKHYIO TBHKEHHUIO. JTa CHJIa pacXoyeTcs Ha 1eopMalinio MOBEPXHOCTHOTO CIIO,
MJIACTUYECKOE OTTECHEHHUE U HA TPEOJOJCHUE MEKMOJIEKYIISPHBIX CBA3EH CONMPUKACAIOIINXCS
MMOBEPXHOCTEM.

MOHIHOCTB, 3aTpavyCHHas Ha IIPCOJOJICHHUEC CUII TPCHUA, OIIPCACIIACTCS
Nmp = Mmpﬂ),

rae My - MOMEHT TPEHHUSI B HACOCE;
® - yIJIoBasi CKOpOCTb Baja Hacoca.

Mexannueckuit KITJ[ onpenensiercst u3 COOTHOLIEHUS

NH_ Nmp

Tl TN NH

s coBpemennbix HacocoB Mexannueckuit KITJ] Takxke naxonutes B npenenax 0,92...0,96.

Tuopasnuueckun KII/] xapaktepu3yeT noTepu Ha JaeGopMaInio MOTOKa paboyueld KUJIKOCTH B
HAIlOpHOW KaMmepe U Ha TPEHUE KHUAKOCTH O CTEHKU COCyAa. DTU OTEPU NPUMEPHO Ha MOPSII0K
HUKE MEXaHUYECKUX MOTEPh HAa TPEHHUE U YACTO B MHXKEHEPHBIX pacyeTax HE YUUTBIBAIOTCS WU
00BEAMHSIIOTCS C MEXaHUUECKUMHU NOTEpsIMU Ha TpeHHe. B aTom cinyuyae oobenunenHbiid KI1J]
HA3bIBACTCS 2UOPOMEXAHUUECKUM.

MOIHHOCTL, 3aTpavyCHHas Ha THAPABINYCCKUC ITIOTCPU, OIIPCACIIUTCA

Ne = On (Px-Pn),



riae Pk - naBneHue B Hal'[0pH0171 KaMepe HACOCa,
Pp - naBnenue B HanopHoﬁ TUAPOJMHHUHN Ha BbIXOJC U3 HACOCA.

I'mapasauyeckuit KIIJI onpenensercs u3 COOTHOUMIEHUS

MNo— N
T]e: I g
Nﬂ

O6mwmit KIT/] nacoca paBen npousseaeHuto KI1J[ o0beMHOr0, rUpaBIM4ecKOro 1
MEXaHUYECKOI0

N =MNo6 T Nuex T M-

Takum o6pa3om, 6amaHCc MOIIIHOCTH HACOCa JA€T MPEACTaBICHUE O MOTEPSIX, BOSHUKAIOIINX B
Hacoce, oomieM KIIJI 1 Bcex ero cocTaBiIsSIONINX.

1. 11 Jlexuus Nel6, 17 (4 uaca).
Tema: «I'maponepeaayu ¥ ruApoO-MHEBMONPUBOAbI»
1.11.1 Bonpocsl Jeknuu:

1. IlpyHuuMn necTBus rugponepeaay.

2. OCHOBHBIE CBEJIEHHSI O 00bEMHOM THAPOIIPUBOJIC.
3. [IpuHuMn neicTBUS U XapaKTEPUCTUKH
4.OCHOBHBIE 3JIEMEHTHI THJPOIPUBO/IOB.

5. BcnomoratenbHbl€ 371€MEHThI THAPOIIPUBOIOB.

1.11.2 KpaTkoe conep:kaHue BOIPOCOB:
1. lIpuHuMn aeiicTBus ruaponepenay

OcHoBHBIC CBeleHUsI 0 rHaponepenavax. ['uaponepenayda - 3T0 COYETaHHE B OJHOM
arperare paboO4MX OPraHoB JIBYX JIOMACTHBIX MAIIMH - IIEHTPOOEXKHOT0 HacoCca U THIPOTYPOUHBI.
Ona cocTouT U3 pabouux KOJIEC, COOCHO PACHOJOKEHHBIX B HEMOCPEICTBEHHOM OJIM30CTH IpYT
OT Jpyra U 3aKJIFOUEHHBIX B OOLINH KOXKYX.

Knaccupukanusi 1 ocHOBHbIe 0co0eHHOCTH. ['maponepenaun kiacCUPUUUPYIOT Ha
rupoanHaMuieckue MyQThl (rupoMydThl) U TpaHchopMaTopsl (ruaporpaHcpopmaTopsl). Mx
UCIOJIB3YIOT AJI IEPEHOCA SHEPIUU OT JBUTATENs K IPUBOJUMON MAIIMHE OTOKOM >KMIKOCTH.

[ToTok >XMIKOCTM B THAPOJMHAMUYECKOW Iepefaye XapakTepu3yeTrcs OoJbIIuM
pacxoloM M HEOOJBIIUM CTATHUECKUM JaBJIEHUEM, OITOMY B KadyeCTBE BEIYILIETro 3JEMEHTa
UCIIOJIB3YIOT IIEHTPOOEXKHBbIE HAcoChl C BBICOKOW mopaaueil. JlomactsM HacocHOro koieca
AKHJIKOCTH COOOIIaeTCsl SHEPTUsl AMHAMUUECKOro Hanopa. B TypOuHHOM Kouiece ruipaBindeckas
3HEeprusi ImpeodOpaszyercss B MeXaHHWYECKylo. [uapoanHaMuyeckas Iepeada Iepenaer
BpalllalOIMil MOMEHT C OJHOrO Baja Ha JPYrOM M MOIIHOCTb IIPU OTCYTCTBUU >KECTKOIO
COECIMHEHUS BEAYILEro M BEAOMOrO0 BajoB. IJTO 00€CNEeYMBACT 3alUTy JABUraTelst u
IPUBOJMMONM MalIMHBl OT BPEIHOIO BIMSHUS IyJbCAallMil HArpy3KUM W Ieperpys3ok. /laHHsie
CBOMCTBa 3HAUUTENIBHO MPOJJIEBAIOT CPOK CIYXObl MalllMH BCJIEACTBUE CIIOCOOHOCTHU
TUAPOJIMHAMUYECKON IepeNayy IUIABHO M3MEHSTh BEJIIMYMHY, & MHOTJA U 3HAK IepeaaBacMoro
KpPYTALIEro MOMEHTa IPU COOTBETCTBEHHOM H3MEHEHHUU YacTOThl BpalllEHUs BEIOMOIO BaJa.
Takue TpaHCMHCCUM MOTYT UIpaTh pOJlb OECCTYHNEHUYaThIX PEIyKTOPOB, aBTOMAaTHYECKU
o0OecneunBalOIIUX HY)KHOE IEpeAaToYHOe OTHOLIEHHE. OTH U Psl JIPYrMX IPEeUMYILECTB



IPUBEIU 3a IOCIECIHHUE ACCATUICTHS K INUPOKOMY PAaCIpPOCTPAHEHUIO THIPOJMHAMUYECKHUX
nepenad B MIPOMBILUIEHHOCTH U Ha TPaHCIIOPTE.

2. OcHOBHBIE CBeJIeHUS 0 00bEMHOM THAPOINIPUBO/IE

I'maponpuBox - 3TO  COBOKYIMHOCTh THAPOMAIIMH (HAacocoB, THApPOJBUTaTenei),
TUAPOANIApaTypbl, THAPOJIMHUI M BCHOMOIAaTEIbHBIX YCTPOWCTB, IpEAHA3HAuYEHHAas JUIs
nepefayd SHEpruu M NpeoOpa3oBaHMs JBMXKEHHS C IOMOIIBIO JKMIKOCTH, a Takke i
IPUBEICHUS MEXaHU3MOB U MAIIMH B JEICTBHE.

I'mapoanmnaparypa ynpasisieT, peryjaupyer U 3allMiaeT M'MIpOIpUBOI OT Ype3BbIYaHO
BBICOKMX M HU3KHMX JaBlIeHUH kuakocTU. Cpeau pazHOOOpa3HBIX annapaToB MOYKHO BBIJIEIHUTH
TpU HauOoJiee XapaKTePHBIX TUIIA: THAPOPACTIPEAETUTENH, KIallaHbl U IPOCCEIH.

BcenomoraTenbHbBIMU YCTPONCTBAMH CIIY’KaT TaK Ha3blBaéMble KOHIUIMOHEPHI paboueit
KHUJKOCTH, oO0ecleuuBaole ee KauyecTBO M TpedyeMoe COCTOsSHHE. OTO pPas3InYHbIe
OTJENIUTENN TBEPIAbIX YACTHIL, B TOM uHcie (QUIBTPbI, TEIMJIOOOMEHHMKHM (HarpeBaTenu Hu
OXJIAJIUTENH KUJKOCTH), TUAPOOAKH, a TaKXKe TUAPOAKKYMYIATOphI. [lepeuncieHnble 371eMeHTh
CBsI3aHbI MEXy COO0M TMIPOIUHUSIMHU, I10 KOTOPBIM JIBHKETCS pabouas KHUAKOCTb.

I'mapaBiavueckuil 0OBEMHBIM NMPHUBOA HMEET CIEAYIOUIME NPEeUMYIIECTBA: MEHbIIYIO
Maccy 1 rabapuThl 10 CPAaBHEHUIO C MEXaHUUECKUM M 3JIEKTPUUYECKUM, TaK KaK B OOJIBIIMHCTBE
CllyuyaeB B HEM OTCYTCTBYIOT PEIYKTOpPbI, My(Thl, (PUKLUOHHbIE IepeAadH, KaHajabl M Mp.;
npocTo U 0o0Jjiee COBEPILIEHHO KOMIIOHYETCS HE3aBUCHUMO OT PACIIOJIOKEHMsSI BaJOB U Y3JIOB;
XapaKTepu3yeTcss Majgoi MHEPLUOHHOCTBIO, YTO 00ECIIEUNBAET €ro J0JINOBEYHOCTh U MO3BOJISET
OCYIIECTBJIAATh PEBEPCUPOBAHUE pabOUYMX JBMIKEHUH 32 KOPOTKHM IPOMEXYTOK BpPEMEHU;
obecrieunBaeT OeCCTyNEHUYaTOe pEryJUpOBaHUE CKOPOCTH JABMXKEHHMsI pPabO4YMX OpraHoB;
HAJIE)KHO U MPOCTO 3AIIMILACTCS OT NEPErpy30K padouux OpraHOB U JBUTATENs; 1aeT BO3MOX-
HOCTh LIMPOKO NPUMEHSTh CTAHJAPTHU30BAHHBIE M YHU(DUIUPOBAHHBIE Y3JIbI, YTO IMO3BOJISET
CHU3UTh €E€0ECTOMMOCTh M OOJEeryaer ero 3KCIUIyaTalMl0 U peMOHT. B kauecTBe paboumx
AKHUJKOCTEH 3/1eCh NPUMEHSIOT MHUHEpPaJbHbIE Macja, KOTOpble OJHOBPEMEHHO O00ECIeYMBAIOT
CMa3Ky JAeTajeil ruponpruBo/a U MOBBILIAIOT UX H3HOCOCTOMKOCTb.

OpHako TIUJIpaBINYEcKUN MPUBOJA MMEET U HEKOTOpble HelnocTaTku. Tak, BCIEICTBHE
IPOHUKHOBEHUS BO3yXa B pPadouyr XKHAKOCTb €ro JBHKEHHE MOXKET COINPOBOXKIATHCS
TOJYKAMHU, YTO OTPHULIATE]BHO BIUSET HAa PaBHOMEPHOCTb ABMKEHMH pabounx opraHos. Bo
n30exaHue OOJIBIINX YTeUEK KUKOCTH 3a30Pbl MEKY CONPATraeMbIMU JI€TAISIMU JIOJIKHBI OBbITH
MHUHHMMAaJIbHBIMH, & 3TO 00€CIIeUNBACTCS BEICOKON TOUHOCTBIO UX U3IOTOBJICHMS, YTO IPUBOJUT K
HOBBILIEHUIO CTOMMOCTH THAPOIPUBOJIA. YIUIOTHEHUS HE OOECIIEUNBAOT MOJIHON FrepMETU3aLUU
y3510B, B pe3ynbrate yero ymenbuaercss KIIJ[ u 3arpssssercs pabodee mecto. OnuH U3
HEJ0CTaTKOB TMJIPOIPHUBOJA - M3MEHEHHUE BA3KOCTH paboyeil >KUIKOCTH B 3aBUCHUMOCTH OT
U3MEHEHUs TeMIIepaTyphbl, 4YTO HapyIlIaeT ero padory.

Kaxxnpiii 00beMHBIN TUAPONPUBOJ COACPKHUT MCTOUHUK 3HEPIUHU, T. €. )KMJIKOCTh IOJ
nasienueM. ITo BUy HCTOYHMKA SHEPTHH TUAPOIPUBOABI PA3ICNIAIOTCA Ha TPU THUIIA: HACOCHBIE,
AKKYMYJIATOPHBIE U MaruCTpajbHbIE.

1. HacocHblil THAPONPUBOJ - 3TO TUAPONPHUBOJ], B KOTOPOM padouasi KHJIKOCTb [101aeTCs
B TUAPOJABUraTeslb OOBEMHBIM HAaCOCOM, BXOJSIIMM B COCTaB 3TOro TuiaponpuBojaa. Takue
THJIPOIPUBO/IBI IPUMEHSIOT Hanbosee mupoko. 1o xapakTepy LUPKYISALIUN pabodel KUAKOCTH
HACOCHBIE T'MIPONIPUBO/IbI PA3JENISIIOT Ha THAPOIPUBO/IbI C 3aMKHYTON LUPKYJISALUEH KUAKOCTH
(KUAKOCTh OT THJPOABMUIraTeNsl IOCTYHAeT BO BCAChIBAIOLIYI0 T'MJPOJMHHUIO Hacoca) U
THAPONPUBO/BI C PA30OMKHYTOM LUPKyJIsSUued XKUAKOCTH (KHUAKOCTh OT TUAPOJABHUraTelIs
nocrynaer B ryapoOak). Jlias mpuBoAa Hacoca B HAaCOCHOM THAPONPHUBOJAE MOTYT OBITh
UCII0JIb30BaHbl pa3INyHbIE JBUTATEIH.

2. AKKyMYJATOpPHBIH THAPONPHUBOJ - TMJIPONPUBOJA, B KOTOPOM pabouas *KHUIKOCTb
[OJIaeTCsl B TMJAPOJBUTrATENIb OT IPEABAPUTEIBHO 3apsKEHHOrO THIApOAaKKyMmyisaTopa. Takue



TUAPONPUBO/BI  MCHOJIB3YIOT B CHCTEMAaX C KPaTKOBPEMEHHBIM pabo4yuM LMKIOM WIH C
OTrPaHUYEHHBIM YHMCIIOM LIMKIIOB.

3. MarucrtpajibHblil TUAPONPUBOJ - 3TO TaKOW TUAPONPUBOJ, B KOTOpPOM pabouas
KHUAKOCTH IIOCTYNAeT B TUAPOABHUIaTENb M3 TMAPOMAruCTPalM, HE SBIIAIOIICHCA COCTaBHOU
yacTblo Tujponpusoja. Hamop pabouero Tena B ruapoMarucTpaiyd CO3AAETCS HAarHETaTeleM,
COCTOSIIIUM U3 OJHOIO WJIM HECKOJBKMX HACOCOB M IUTAKOLIMM HECKOJIBKO THAPONPUBOIOB
(LeHTpanu30BaHHAs CUCTEMA TUTAHUSA).

3. lIpuHUMN KeiicTBUSA M XapaKTePHCTHKH.

OOBbEeMHBIN THAPONPHUBOJA COJIEPKHUT HCTOYHHK DHEPTUU, KOTOPBIM CIIYXKHUT >KUIKOCThH
1oJ JaBjieHueM. [ MaponpuBol NPpUMEHSIOT IS Mepeadu JaBJICHUs NIPU MAJIOW CKUMAEMOCTU
KameJIbHBIX JKUJKOCTEH, paboTa KOTOPBHIX OCHOBAaHAa Ha MCIOJb30BaHUM 3akoHa [lackais.
[IpuHnunuaneHasg cxemMa NpOCTEHINero IMApONpUBOAa Moka3zaHa Ha puc. 8.1. ['maponpuson
COCTOUT U3 JBYX HUUIUHAPOB (Manoro 1 u GoybmIoro 2), 3amOJIHEHHBIX KUJIKOCTBIO U COEIH-
HEHHBIX MEXJy co0oil TpybompoBonoM. B Manom nunuuape 1 HaxoauTcs MOpIIEHb, KOTOPBINA
noja JercTBueM cuiibl Fi mepemernaercs BHU3, BBITECHSS KUIKOCTh B muiuHip 2. [Ipu stom
MOpIIeHb IUINHAPA 2 HAYWHAET ABUTaThCS BBEPX U MPEooseBaeT Harpy3Kky (cuiy) F..

[To 3akony Ilackans naBienus B muiinHapax 7 v 2 OyAyT OJUHAKOBBIMHU M PAaBHBIMU: P =
F1/S1 = F2/So, tne S1 u Sy - muomanu nopiHed nuauHApoB 1 u 2, ecau npeHedpedb MmoTepsaMu
JABJICHUS B CUCTEME.

Cunras )KUIKOCTh MPAKTUYECKH HEC)KMMAEMOM, MOXKHO 3aIIUCaTh:

hiSi =hiS1, unm viS1 = v2S2, rae vi u V2 - CKOpoCTH nepeMenieHus: MOPIIHEH.

3aTpaueHHas Ha [EpeMEIIEHHE MOpIIHS MOIIHOCTh IMMWIMHIApa | BeIpaxaercs
cootHoweHueM N = Fvi = pSivi. Bennunna Sivi sBiseTcst pacXoAaoM »KHJIKOCTH, TOTra IpU
OTCYTCTBHMM CHWJI TPEHUS YCIOBHE MEPENAYl SHEPTUU MOXKHO NpencTtaBuTh B Buje N = pQ = Favy,
rae Favy - MontHoCTh, pa3BuBaeMasi mopiiHeM HUInHAPa 2, pQ - MOIIHOCTH MOTOKA JKUIKOCTH.

PaznuyaroT Harpy3ouHble W TOmorpaguyeckue XapaKTepUCTHKH TruaponpuBoaa. s
HECKOJBKMX TMOCTOSIHHBIX 3HAYEHUW JMJaBJICHHUS CTPOST HArpy30dHbIE XapakTepucTuku. KMx
HAKJIOH XapaKTepU3yeT YMEHbIIEHHWE YacTOThbl BPALICHHUS BBIXOJHOIO Bajla TMAPONPHUBOJAA C
BO3paCTaHUEM JIaBJICHUS M3-3a YTEUKH U C)KUMAEMOCTH KUJKOCTH.

Puc 2. Cxema npocreiinero ruiponpuBoa:
1, 2— UMAMHIPHI

hy

4.0cHOBHBIE 3JIeMEHThI THIPONPUBOAA.
OneMeHTaMM TUAPONPHBOJA SBJSIIOTCS TUAPOJBUIATENb, KOHTPOJIBHO-U3MEPUTENIbHAS U
pacnpenenuTeNbHas anmnaparypa, KOHAMIMOHEPb! pabouyell >KUIKOCTH, THAPOAKKYMYJISTOPHl U
Ap.

l'upponBurarens - 3TO MalluMHAa, KOTOpas MpedHa3HaueHa i npeoOpa3oBaHUs
MEXaHUYeCKOM (TMIpaBiIMyYecKoi) SHEpruM MOTOKa paboded >KUIKOCTH B MEXaHHYECKYIO
SHEPTHUIO ABUKCHUSA BBIXOAHOTO 3BCHA.

Ilo Buay [ABMXKEHMsSI BBIXOJHOTO 3BEHAa pa3IMYalOT TpPU Kiacca OOBEMHBIX
FHHpOI[BHF&TCJICfI, MNPUMCHSACMBIX B THAPOINIPUBOAAX:

THJIPOLMIIMH/PBI, KOTOPbIE MMEIOT MOCTYNATeIbHOE JABM)KCHHE BBIXOJHOIO 3BEHA; INPH
9TOM PAa3JINYaOT MOPHIHCBLIC, ITYHKCPHBIC, TCJIICCKOIMNYCCKNUEC U MCM6paHHBIe TUAPOIHUIINHAPHI
OJIHO U JIByXCTOPOHHETO JeHCTBHUS;



TUAPOMOTOPHI, UMEIOIINE HEOTPAHUYCHHOE BpaIaTeIbHOE ABUKEHUE BBIXOJHOTO 3BEHA.
[To KOHCTPYKIIMU THAPOMOTOPBI [EJIATCSA Ha IIECTEPCHHBbIC, BHHTOBBIC, IJIACTUHYATHIC W
AKCHAJIbHO-TTOPIITHEBHIE;

MOBOPOTHBIE THAPOJBUTATEIIM C OTPAHMYCHHBIM YTJIIOM MTOBOPOTA BBIXOJAHOTO 3BeHA (a <
360°), K KOTOpBHIM OTHOCST IUIACTUHYAThIC, TMOPIIHEBbIE, MEMOpaHHBIC, OJHO-, JBYX- U
TPEXJIONACTHBIE.

Kaacenpukanusi ruApouuauHAPOB. ['MaApOLUIUHIPH SABISIOTCS 00bEMHBIMU
TUAPOMAaITMHAMY U TIPEAHA3HAYEHBI JIJIsl TpeoOpa30BaHMs SHEPTUHU TTOTOKA paboueit KUIKOCTH
MEXaHUYECKYIO SHEPTUIO BBIXOJHOTO 3BeHA. [ MAPOIMAMHAPH! paboTalOT MPHU BBHICOKUX
naBneHusx (1o 32 MIIa), ux U3roToBJISIOT OJHOCTOPOHHETO M IByXCTOPOHHETO JIEHCTBHUS, C
OJIHOCTOPOHHUM U JIBYXCTOPOHHHUM IITOKOM U TEJIECCKOMUYECKUE.

Tabnua 1
Knaccudukanms ruipominaipon

IMuapomoneag FoHCTRYETHERO R HOTIOMHSETE Y enosmDe
B2 b oIHATEHEE

Bes yranarm cnocoba BosEpaTa
LITOKA

© EOZE} ATOM IITOEA I EHHoH

0\ EL0 ST DEHETD
HeHCTEHA
TOTYECE e P EEIE
TeIle CEOTIRHE CERE
€ OE0CTOP OHERMI ITTOKOM -
HE3cc TOf OMELETO
o € AV XC TOPOHERE IITOKOM
AeHCTEHA

TeJIE CEOIIEIE CEROT

€ II0 CTOAHHE M TOPIDHEHMEN E
EOHITe ¥08a © OFZHOH CTOpOHBI

C IIOCTOAITIEIN TOPLIOMEEITHER B
EOHITE X044 ¢ gEYX CTOPOH

C TOpMIOMEHEEM
€ P eIV MBI TORMOMEEHEE

E KOHIIE X084 ¢ OFHO0H CTOpOHBL

C { T Y EMER TOPMOME HHEDT
B KOHIIE X083 © AEYX CTOPOH

FEEEEETED

Pacuyer ruagpouuannapoB. OCHOBHBIMU ITapaMeTpaMy MOPIIHEBOIO T'MAPOLUINHAPA
SBIISAIOTCA: TUaMETphl nopiuHs D u mToka d, paboyee naBiaeHue P, 1 Xoa MOpHIHS S.

PaccmoTpuM nopiiHeBoi THAPOUMIHHIP ¢ OAHOCTOPOHHUM MITOKOM (puc.8). [To ocHOBHBIM
napaMeTpaM MOKHO ONPEAeNUTh ClIEeAYIoNne 3aBUCUMOCTH

rjomazib MMOopuiHA B HOpHIHCBOfI ITOJIOCTH 1 M B IITOKOBOM ITOJIOCTH 2 COOTBETCTBEHHO

2 v B,
O ¢ )

4 4



YCUIIHMEC, pa3BUBACMOC HITOKOM I'MAPOTHUIMHAPA ITPU €I'0 BBIIBUXXCHUH U BTATHBAHWUHA
COOTBCTCTBCHHO

H 1= Fl Hkmp H R 1= Fz Pz.s.','mp »

rae kmp =0,9...0,98 - k03P punieHT, yYuTHIBAIOMINN TOTEPU HA TPEHHUE;

CKOPOCTH TEpEMELICHUS TOPIIHS

4L AL
=—=; = U:H(szdz)

] 2

_7@2

o}

¥

Puc.8 OcHoBHBIE U pacyeTHbIEC TApaMeTPbl THAPOLUIHH]IPA

IMoBopoTHBIE THAPOUMIMHAPHI. J[J151 BO3BPATHO-ITOBOPOTHBIX TBM)KEHUH MPUBOUMBIX
y37I0B Ha yroJi, MeHblui 360 , IPUMEHSIOT nogopommuble cudpoyunruHopsl (puc.9), KOTopbie
NPECTaBISIOT cO00M 00BEMHBII THAPOBUTATENIL C  BO3BPATHO-IIOBOPOTHBIM JIBUKCHUEM

BBIXOHOTO 3BEHA.

Puc.9 IToBOpOTHBIN 0JHOJIONACTHON TUAPOLMIUHID:
a - cxeMa; 0 - OO B

[ToBOPOTHBIH TUAPOIMIIMHAP COCTOUT U3 KOopIyca 1, 1 MOBOPOTHOTO pOTOPa, MPEICTaBISAIONIETO
co00ii BTYNKY 2, HeCyIlyIo IiacTuny (i1onacts) 3. KonblieBas MojsocTh MKy BHYTpEHHEH
MOBEPXHOCTBIO LIUJIMHIPA U POTOPOM pa3jieeHa YINIOTHUTEIbHOU epeMbIUKOM 4 ¢
OPYKUHSIIUM [MOJKUMOM K POTOPY YIJIOTHUTEIBHOTO AJIEMEHTA 5.

ITpu noaBoe JKUAKOCTH 1O AaBieHUeM Pp B BepxHUii kaHan (puc.9, a) miactuHa 3 ¢ BTYJIKOH 2
OyZIeT MoBOpayMBaThCs 110 YaCOBOM CTpeliKe. YToJ MOBOPOTa Bajla MJIMHJpA ¢ OJIHOM paboueit
MJIaCTHHOM 00BIYHO He mpeBbimaeT 270...280 .



I'mapopacnpenenurenu. Ilpu skcrutyaTauuy ruIpoCUCTEM BO3HHMKAET HEOOXOIMMOCTb
U3MEHEHMs HalpaBiIeHUs IOTOKa paboueil JKUAKOCTH Ha OTAEIbHBIX €€ Y4acTKax C IEJbIo
M3MEHEHHUs HaNpaBJEHUs [BUKEHUS MWCIOIHUTEIbHBIX MEXaHM3MOB MAIIUHBI, Tpedyercs
o0ecrneunBaTh HY)XHYIO IIOCJIEIOBATEIbHOCTh BKJIIOUEHUS B pabOTy 3TUX MEXaHU3MOB,
IPOU3BOJIUTH Pa3rpy3Ky Hacoca U THIPOCUCTEMBI OT JaBJICHUS U T.II.

OTH U HEKOTOPbIE JApyrue GyHKIUU MOTYT BBINOJIHATHCS CIIELUAIBHBIMU THAPOAINIapaTaMHy -
HANPasIAIOWUMU 2UOpopacnpe- 0eaumenimu.

[Tpu U3roTOBIEHUH TUAPOPACIIPENEIUTENEH B KAUECTBE KOHCTPYKTUBHBIX MaTEPHUAIIOB
IPUMEHSIOT CTaJIbHOE JIUThE, MOIU(ULIUPOBAHHBIN UyT'yH, BBICOKO- 1 HU3KOYTJIEPOIUCThIE
MapKH cTajnei, 6poH3y. J{jis 3aluThl OTAENIBHBIX 3JIEMEHTOB paclpeienureneil oT abpa3uBHOIO
M3HOCA, IOBEPXHOCTH CKOJIBKEHUS LIEMEHTHPYIOT, a30TUPYIOT U T.II.

Pa3mepsl 1 Macca rufipopacpeneanTesel 3aBUCAT OT PacxXoa KHUAKOCTH Yepe3 HUX, €
YBEJIMUEHUEM KOTOPOI'O OHM YBEJIIMUUBAIOTCS.

ITo KoncmpyKkyuu 3anopuo-pezynrupylouiezo 31emMeHma TupopacnpeeIuTeNIn
HOJIPA3JICNISIOTCS CICAYIONIMM 00pa3oM:

3on0mHukogvle (3aIOPHO-PETYIUPYIOLIUM SJIEMEHTOM SIBIISETCS 30JIOTHUK IMIIMHIPUYECKOM
WIH IIJI0CKOH (pOpMbI). B 30710THUKOBBIX I'HipopacpeaeInTeNs X NU3MEHEHUE HallpaBICHUS
NOTOKa pabouei KHUAKOCTU OCYILECTBIISETCS IIyTEM OCEBOTO CMEILIEHHUs 3aII0PHO-
PETyJINPYIOLIErO JIEMEHTA.

Kpanosvie (3an10pHO-PETYIHUPYIOIIUM SJIEMEHTOM CIYKUT KpaH). B aTux
TUAPOPACIPEAEIUTENSX U3MEHEHUE HAIIPABIEHUS IOTOKA pabouel )KUIKOCTH IOCTUTaeTCst
MOBOPOTOM MPOOKH KpaHa, UMEIOIIECH MI0CKYIO, UIHHIPUYECKYIO, KOHUYECKYIO MU

chepuyeckyto hopmy.

Knanannvie (3an10pHO-pEryIMpYyIOLIMM 3JIEMEHTOM SIBJISICTCS KJlanaH). B kiianmanabix
pacnpenenuTensX U3MEHeHHEe HallpaBlIeHusl TOTOKa paboyeil sKUIKOCTH OCYLIECTBISIETCS TyTeM
MOCJIEIOBATEIBLHOTO OTKPBITUS U 3aKPBITUS pa0OUMX MPOXOIHBIX CEUYEHUN KIIallaHAMHU
(IIapuKOBBIMHU, TapeIbU4aThIMHU, KOHYCHBIMH H T.J.) PA3JIMYHON KOHCTPYKLIHUU.

Ilo uucjty ¢uKCMp08(lHHblx ROJ10MCEH UL 30]10MHUKA TruapopacupCacImTe/Iv InmoapasaciIsitoTCA:
Ha JBYXIO3UIIMOHHBIC, TPCXMO3UIIUOHHBIC U MHOT'OITO3UIIUOHHBIC.

Ilo ynpaenenuio rupopacupeeauTeNy MOAPa3AEISOTCA Ha THAPOANIapaThl C PyYHBIM,
JIEKTPOMArHUTHBIM, THJIPABIMYECKUM WIIN JIEKTPOTUIPABINYECKUM ypaBieHueM. KpaHoBbie
TUAPOPACIPEETUTENH UCIIOIb3YIOTCS Yalle BCEro B KAYECTBE BCIIOMOTATENIbHBIX B
30JI0THUKOBBIX PACIPEAEIUTENAX C THAPABINYECKUM YIIPABICHUEM.

30,10 THUKOBBIE THAPOPACIPeieIUTeNH .3aI0OPHO-PETYTHPYIOIIUM 3JI€MEHTOM 30JI0THUKOBBIX
THIIpOpACIpeeTuTeNeH ABIseTCS HMINHAPUISCKAN 30JI0THUK |, KOTOPBIA B 3aBUCUMOCTH OT
Yuciia KaHatoB (ITOABOIOB) 3 B KOpITyce 2 MOXKET UMETh OJIMH, JIBa U OoJiee MmosickoB (puc.13, a).
Ha cxemax ruapopacnpenennuten 0003Ha4aIOT B BUJIE MIOABHYKHOTO AJIEMEHTA, HA KOTOPOM
YKa3bIBAIOTCS JIMHUM CBSI3H, IPOXO/IbI U 3JIEMEHTHI yIpaBieHus. Pabouyio mo3umuio
MOJIBUKHOTO 3JIEMEHTA U300paXkaroT KBaIpaToM (IPSIMOYTOJIbHUKOM ), YUCIIO MO3ULIUN
COOTBETCTBYET YUCITYy KBaaparoB (puc.13, 0).
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Puc.13 Cxema (a) u o6o3nauenue (0) ruapopacnpeaeauTesns

Kuaananbl. B rugpaBinuecknx cucteMax CelbCKOXO03SIMCTBEHHBIX MPEANPUATUN ITUPOKO
IOPUMEHSIOT TPEIOXPAHUTENIbHbIE, IepEeJIMBHbIE, HAMOpPHbIE, PEIYKIHMOHHbIE M OOpaTHbIE
kiananbl (puc.16). X U3roTOBISIOT C 3aMPAOIIUMU (TTOABUKHBIMH) 3JIEMEHTAMH — IIAPUKO-
BbIMU, KOHUYECKMMHU U 30JI0THUKOBBIMH.

[IpenoxpanuTenbHble KJIanaHbl CIy)XaT A aBTOMAaTUYECKOTNO OTPaHUYEHUS JABIICHUS.
HopmanbHO 3akpbIThlil KiamaH OTKpBIBAETCS, KOTAA JaBIEHHWE B CHUCTEME BO3pacTaeT a0
3HaueHUs, Ha KOTOpOE KJamaH oTperyiupoBad. s nopnepskaHus 3aJaHHOTO JIABJICHUS B
CHCTEME 3TOr0 OTKpBITHS AocTarodHo. Koraa naBieHue majgaeT HUKE 3aJJlaHHOIO, KJamaH
3aKpbIBAETCS.

B cucremax, B KOTOpPBIX HE IPOUCXOAUT YACTBIX U UINTEIIbHBIX MEPErPYy30K, IPUMEHSIOT
IIapUKOBbIE KianaHbl. VIX paccunThIBalOT Ha HeOobLIME pacxobl. OHM MaloO4yBCTBUTEIbHBI K
3arpsi3HEHUI0, U He TpeOyeTcs UX TOYHas MOJArOHKa K celly. XapaKTepHbIi IIyM — IIapUKOBBIE
KJIanlaHbl BUOPUPYIOT NpU padoTe.

Konnueckue kinanmaHbl HaJleXHEE, YeM IIApUKOBbIE, LEHTPUPYIOTCS B Celule, MMEIOT
MEHBIINE YTEUKH, HO TAK)KE MOABEpXEHbI BUOpanuu. JIs uxX HOArOHKM K ceany Tpedyercs
nputupka. [Ipu TedeHnn XUJIKOCTH yepe3 IIellb OTKPHITOTrO KianaHa AaBJICHHE B CY)KEHHOM
CEUEHUU NOHMIKAETCs], IPUYEM BEJIMUMHA €r0 3aBUCUT OT Pacxo/a.

JIByXNO3UIIMOHHBIA 00paTHBIN KianaH paboTaer ciaenyromum obpazom. Korna B onHoM
U3 BXOJIHBIX IaTPYOKOB /1aBiieHUE O0Jiee BHICOKOE, YEM B IPYIOM, IO JEHCTBUEM ITOTOKA CPEbl
Ha COOTBETCTBYIOLIYIO CTBOPKY 3arBopa [/ mociegHUil moBopauMBaeTcss Ha ocu /3,
0CBOOOKIAeT BXOJHOW MarpyOOK M, MepeKphiBas MPOTHUBOIOJIOKHBIM, 00ECIIEUUBAET MPOXOJ
Cpezbl MOBBIIEHHOTO JIaBJIECHUS B BBIXOJHOM MaTpyoOoK 5.

BcenomorarenbHble  yCTpoiicTBa TrMApoOcHcTeM. BcrnoMorarenbHble  yCTPONCTBA
THJIPOCUCTEM 00ECIIeUMBAIOT HAAEKHYI0 paboTy HacOCOB, TMAPOJBUTATENEH, THIpoannaparypsl
U BCEro rujjponpusoja B LeiaoM. K BcriomoraTenbHbIM yCTPOWCTBaM OTHOCSTCS: TMIpOOaKu U
TEINIOOOMEHHUKN A paboded  KUAKOCTH, (WIBTPBI, YIUIOTHUTENIbHbBIE YCTPOMCTBA,
TUAPOAKKYMYJISATOPBI, THAPABIMUECKUE 3aMKH, a TaK)KE 3JIEMEHTbI, KOTOPbIMU O0ECIeunBaeTCs
10Jja4ya KOMaH/ Ha BKJIIOUYEHHUE U BBIKJIIOYEHHUE UCTIOJIHUTEIbHBIX MEXaHU3MOB.

I'mapobaky m Tenmno00MeHHUKHU. [uopobaxu TpenHa3HAueHbl JUIsl MUTAHUS THAPOIPUBOA
paboueil xuakocTeio. Kpome Toro, uepe3 ruapodak OCYIIECTBISIETCS TEMI00OMEH Mexay
pabouell >KMJIKOCTBIO M OKpPY)KAIOIIMM IIPOCTPAHCTBOM; B HEM IPOUCXOJUT BBIACICHUE U3
paboueil )KUAKOCTH BO3/lyXa, IEHOTALIeHUE U OCelaHNe MEXaHUYECKUX U APYTUX MPUMECEH.
TennoobmeHnuku ¢ B0OSAHBLIM OXJadcOeHueM WUMEKT HeOonbline pasmepbl. B oriauume ot
BO3AYIIHBIX, OHM Oojee APPEKTUBHBI, HO TPeOYyIOT JONOJHHUTEIBHOIO OOOPYAOBaHMS [UIs
N0JIa4YM OXJIAXAAIOIEN )KUIKOCTH.

Tennoobme Puc.16 Knamamer: blM OXJIAXHCOEHUeM BBIIOIHSIIOT 1O THUIY aBTOMOOMJIBHBIX
pazuaTopoB WM B BUJE TPYO, OpPEOPEHHBIX JIJIsl YBEIMYCHHS IOBEPXHOCTH Teruionepenadn. s



yBenuueHus: A(Q(EKTUBHOCTU TEIUIONEpEJauld IOBEPXHOCTh TEIJIOOOMEHHMKA 00yBaercs
BO3/YXOM OT BEHTHJIATOPA.

OuabTpbl. Quabmpul CIyXKaT AN OYMCTKH pabouell KUAKOCTH OT COAEp)KalUXCsl B Hel
npuMeceid. DT NPUMECH COCTOSIT U3 MOCTOPOHHUX YACTHUI], MONAJAIUX B THIPOCUCTEMY
U3BHE (4Yepe3 3a30pbl B YIUIOTHEHUSX, MIPH 3aIMBKE U JOJIUBKE paboyueil >KUIKOCTH B THIPOOaK U
T.J.), U3 IPOAYKTOB U3HOCA I'Mipoarperara v MpoayKTOB OKUCIIEHUs pabodel KUAKOCTH.

Mexannyeckue TPUMECH BBI3BIBAIOT AOpPa3UBHBIM HW3HOC W TPHUBOAIT K 3aKIMHUBAHUIO
NOABUKHBIX Iap, yXYALIAIOT CMa3Ky TPYIIMXCS AeTalell TuApOIPUBOA, CHIKAIOT XUMUYECKYIO
CTOMKOCTB paboyeil JKUIKOCTH, 3aCOPSIOT Y3KHE KaHAJbl B PETYJIUPYIOUIEH TUIpoanmnaparype.

Qurvmpul  2py6ol  ouucmKu 3aJACPKUBAIOT dYacTUIBl pasmepom g0 0,1 mm (ceruarsie,
MJIaCTUHYAThle) M YCTAaHABIMBAIOTCS B OTBEPCTUSAX IS 3aJUMBKM paboyell JKUIKOCTH B
rupo0aky, BO BCACBHIBAIOIIMX M HAMOPHBIX THAPOJIUHUSAX M CIYyXaT IJIs HpeaBapUTEIbHOU
OYHCTKH.

Qurvmpul HOpmanvhou ouyucmku 3aaepxkuBatroT yactuubl oT 0,1 mo 0,05 MM (ceruartsie,
IUTAaCTUHYAThIe, MAarHUTHO-CETYaThle) W YCTAHABJIMBAIOTCS Ha HANOPHBIX M  CIMBHBIX
TUAPOJIMHUSAX.

Dunvmpsbl MOHKOU OYUCMKU 3AJAEPKUBAIOT YacTUlbl pasmepoM MeHee 0,05 MM (KapTOHHBIE,
BOIJIOUHBIE, KEpPaMUYECKHE), pacCuMTaHbl Ha HEOOJBIION pPAacXoJl U YCTAaHABIMBAIOTCS B
OTBETBJICHUSAX OT THIPOMarucTpaieu.

YiorHuTeabHble ycTpoiicTBa. HasHaueHue yIUIOTHUTENBHBIX YCTPOWCTB - YCTPAaHEHHE
yTedek M IepeTedek pabodedl >KMIKOCTH dYepe3 3a30pbl MEXAYy CONpPAracéMbIMH JETATSAMU
3JIEMEHTOB T'HPOINPUBO/IA, BBI3BAHHBIX IIEPEIIAIOM JABJICHUM.

I'mapaBiauyeckue  aKKyMYJSATOpBI.  ['MOpaBIMYECKMM  aKKyMyJsTODOM  Ha3bIBAaeTCs
THAPOEMKOCTb, IIpEIHAa3HAYeHHass /s aKKyMyJIHpOBaHMsS D3HEPruM pabodeil IKUIKOCTH,
HaxXOJsIIeHcs IO [JaBICHHEM, C ILEJIBIO IOCIEIYIOIIEro HCIOJIB30BAHMUS JTOM JHEPIruu B
TUAPONpPHUBOAE. B 3aBUCHMOCTH OT HOCUTENS NMOTEHUHUAIBHON 3HEPIUU THIPOAKKYMYJIATOPBI
NOJpa3JeIIAIoT Ha TPY30BbI€, IPYKUHHBIE U THEBMAaTUYECKHE.

I'mapo3zamku. [uoposamxom Ha3bIBa€TCS HANPABIAIOIIMN THMApoarnapar, NpeiHa3HauYeHHbINH
JUIs TMPOIYCKaHUs MOTOKa paboded MKUAKOCTM B OJHOM HANpaBI€HUU IPU OTCYTCTBUH
YIOPAaBISIOUIETO BO3JAEHCTBUSA, a MpPU HAIWYMM YIPaBISIOIIEr0 BO3ACHCTBUS - B 000HMX
HaIpPaBJICHUSAX.

[Io wuymciy 3amoOpHO-PEryIUpPYIOIUX 3JIEMEHTOB THAPO3aMKU MOTYT OBbITh OAHO- U
JBYXCTOPOHHHMH.



2. METOANYECKHUE YKA3AHUA 11O BBIITIOJIHEHHUIO
JIABOPATOPHBIX PABOT

2.1 JlaGoparopHas padora Nel, 2 ( 4 yaca).
Tema: «Onpenenenne pu3n4ecKUX CBOMCTB KHIKOCTH

2.1.1 Heab padotbi: OCBOCHHE TEXHUKH U3MEPEHUS IUIOTHOCTHU, TEIJIOBOTO
paciupeHus, BI3KOCTH U MOBEPXHOCTHOTO HATSHKEHUS KUAKOCTEH U MPHOOpETeHNE HABBIKOB 110
M3MEPEHHIO THAPOCTATHYECKOTO IaBJICHUS )KUIKOCTHBIMU TPUOOPAMH.

2.1.2 3agauu padoThI:

VACHUTD:

- IIOHATHE INIOTHOCTH JKUIKOCTH;

- TIOHSITHE TETJIOBOTO PACIIMPEHHUS;

- IIOHATHE BA3KOCTH;

- TIOHSITHE TIOBEPXHOCTHOT'O HATSKEHUS )KUJIKOCTEHH;
- IPUHIIKT PabOTHI KUIKOCTHBIX TPHOOPOB.

2.1.3 Ilepeyenb NpuOOPOB, MATEPHUAJTOB, HCIIOJIb3YEeMbIX B J1a00pPaTOPHON padoTe:
1. JIaGoparopHast ycraHoBKa «Kanenbkay
2. Metonuueckoe nocobue «M3yuenne pu3nueckux CBOMCTB KUAKOCTHY.

2.1.4 Onucanue (xox) padoTsbl:

Onpenesnenne K03 PUUNEHTA TENJI0BOI0 PACHIUPEHUSA KUIAKOCTH

Tepmomemp 1 wWMeeT CTEKISHHBIM OaJJIOH C  KamWUISIPOM,  3arOJHEHHBIE
TEPMOMETPUUYECKON KMIKOCTBIO, W MKany. IIpuHOMND ero aelcTBHs OCHOBaH Ha TEILIOBOM
pacIIMpEeHUH KUAKOCTeH. BapbupoBaHue TeMIepaTypbl OKpYKArOLIEH Cpeapl INPUBOAUT K
COOTBETCTBYIOLIEMY H3MEHEHHIO 00beMa TEPMOMETPUUYECKONW JKUAKOCTM M €€ YpPOBHS B
Kanujuispe. Y poBEHb YKa3bIBA€T Ha LIKAJIE 3HAUEHHUE TEMIIEPATYypPHI.

KoadduuueHt TenaoBoro pacmupeHus TepMOMETPUUECKON KUIKOCTU ONpeNeNsieTcs B
CIIEAYIOIIEM IMOpPSAJIKE HAa OCHOBE MBICIEHHOTO 3KCIEPUMEHTa, T.. NpelIoJiaraercs, 4ro
TEMIEpaTypa OKpYXKAIOLIel cpeabl IMOBBICMJIACh OT HMKHEro (HYyJEBOro) 10 BEPXHEro
IpeeabHbIX 3HAYCHUH TEPMOMETpa U YPOBEHb KUAKOCTH B KAIIMJIIPE BO3POC HA BEJTUUUHY /.

1.IlogcunTaTh 00IIEE YNCIIO TPAAYCHBIX JelneHU AT B 1IKajge TepMOMETpa U U3MEPUTh
paccrosiHue [ MeX 1y KpalHUMM IITPUXAMH LIKAJIbIL.

2. BbI4uCIUTh HpupalleHde o0beMa TepMoMeTpuueckoil sxuakoctu AV =z 17l rae r -
pannyc Kanwisipa TEpMOMETPA.

3.C ygerom HauansHOro (mpu 0 °C) o6beMa TepMOMETPHUUECKON KUIKOCTH V HAWTH
3HaYeHHEe Kod(pHIMEHTa TeIoBoro pacmupenuss fr= (AV/V) / AT m cpaBHUTH €ro co
CTIPaBOYHBIM 3HaueHHeM £ 7 (Tabi. 1.1). 3Ha4YeHHs UCTONb3YEMbIX BEIMUMH 3aHECTH B TaOJIHILY
1.2.

Tabnuna 1.2

Bug xuaxocTu 7, cM V,em® AT, OC [ cMm AV, em? r, OC ! 7, °C !

Cniupt

H3MepeHue MIOTHOCTH KMIKOCTH apeoMeTPOM

Apeomemp 2 CAyKUT ISl ONPEAENICHUS TUIOTHOCTH KHJAKOCTH MOIIABKOBBIM METOJIOM.
On npeacrasnsieT co00il MycTOTENbIN HUIMHAP ¢ MUJUTUMETPOBOM IIKAJION U IPy30M B HIDKHEH
yacTu. bmaromaps rpy3y apeoMerp IiaBaeT B HCCIEAYEMOW >KHAKOCTH B BEPTUKAIHHOM



HOJIO)KEHUU. [yOMHAa MNOTpyXeHUs apeoMeTpa SBISIETCS MEpOM IUIOTHOCTH SKUIKOCTH U
CUMTBHIBACTCS CO HIKAJIBI [0 BEPXHEMY Kpat0 MEHUCKA JKUJIKOCTH BOKPYT apeoMeTrpa. B oObIuHBIX
apeoMeTpax IlIKaja OTrpaJyupoBaHa cpa3y 10 IUIOTHOCTH.

B xo/e paGoThl BHIIIOIHUTE CIIEAYIONINE OTEPAIHH.

1. M3meputh ri1yOuHy NOrpy’>KeHUs £ apeoMeTpa 110 MIIJIMMETPOBOM 1IKaJIe HAa HEM.

2. BBIUMCINTG MIOTHOCT XUAKOCTH 1o Gopmyne p = 4m/(zd’h), rae m n d — mMacca u
IuaMeTp apeoMmeTpa. Ita popMyIia ImoJiydeHa MyTeM MPUPaBHUBAHUS CUIIBI TSXKECTH apeoMeTpa
G=mg W BBITAJKHUBAIOUIEH (apXuMeaoBOi) cuibl P4=pglV, rae o0beM MOrpYyKEHHOH YacTh
apeomerpa V=(nd*/4)h.

3.CpaBHUTh OINBITHOE 3HAYEHHE IUIOTHOCTH L CO CIPABOYHBIM 3HAYEHHEM p  (CM.
Tab1.1.1). 3HaueHHs UCTIOJIb3yEeMbIX BEJIMYHMH CBECTH B TA0NIHUILy 3.

Tabmuua 1.3

Bun xunkoctu m, T d, cMm h, cM p, lem? P, t/iem?

Boaa

Omnpenenenne Ba3kocTH BUCKO3UMeTpoM CToKca

Buckozumemp Cmokca 3 10CTaTOYHO NPOCT, COACPKHUT LMIMHIPHUYECKYID €MKOCTb,
3al0JIHEHHYI0 MCCIEAYEeMOM KHUAKOCThIO, U mapuk. IIpubop mo3Bosiser onpenennTs BI3KOCTh
KUJKOCTH IO BpEMEHH MaJIeHUs IIapuKa B HEMl CleayIonuM 00pa3oM.

1.TToBepuyTh yctpoiicTBo Ne 1 B BepTHKanmpHO# miockocTd Ha 180° u 3adukcupoBath
CEKYHJIOMEPOM BpEMs ! MPOXOXKICHHS MIAPUKOM pACCTOSHUSA [ MeXAy ABYMsS MeETKaMu B
npudope 3. llapuk nomKEH majnaTh M0 OCH EMKOCTU 0€3 COPUKOCHOBEHUS €O CTeHKaMu. OnbIT
BBITMIOJIHUTH TPH pasa, a 3aTeM OMpPENEIUTh cpeiHeapuPpMETHIECKOe 3HaUCHHE BPEMEHH £.

2. BbluncanTh ONBITHOE 3HAUEHNE KUHEMAaTUUECKOT0 KO (UIMEHTA BA3KOCTH KUIKOCTH

v=gd’ t(pu/p-1)/[18] + 43.21 (d/D)],

rie g — YyCKOpeHue CcBOOOIHOro majeHus; d, D — nuaMerpsl MIapuKa u
LHWIMHJPUYECKON EMKOCTH; O, Pu - TUIOTHOCTH KUJIKOCTH U MaTepHaja IapHKa.

3.CpaBHUTH ONBITHOE 3HAUYEHKE KOA(P(HUIMEHTA BA3KOCTU V ¢ TAOIUYHBIM 3HAYEHHUEM V'
(cm. Tabn.1.1). 3HaueHUs UCTIONB3YEMBIX BETUYMH CBECTH B Tabmuiy 1.4.

Tabmauua 1.4

Bup xuakoctn |p kr/m® | £ cek | LM d m D, m Pu, KUM® | v, MP/c Vv, M%/c
M-10 0,02

HN3mepenne BA3KOCTH KAIWISPHBIM BHCKO3UMETPOM

Kanunnsapuoiii  suckozumemp 4 BKIIOYAET €MKOCTh C KamwuisipoM. Bsi3kocTb
OIpEAEIAETCS IO BpEMEHU UCTEUEHUS J)KUKOCTH U3 EMKOCTH Yepe3 Karuuisp.

1.IlepeBepuyTh ycTpoiictBO Ne 1 (cm. puc. 1.1) B BepTUKAIbHOW IUIOCKOCTH U
ONpPEAEIUTh CEKYHJIOMEPOM BpEMs ! UCTEUEHHUS 4Yepe3 Kanuuislp o0beMa JKUIAKOCTH MEXAY
MeTKaMu (BBICOTOH S) U3 eMKOCTH BUCKO3uMeTpa 4 u Temneparypy 1 no tepmomerpy 1.

2.BpluncnuTh 3HaYEHHE KHHEMAaTH4YecKOoro ko3dduuuenra Bsskoctu v=M ¢t (M -
TIOCTOSHHAsA TPHOOpPa) U CPABHUThH €ro ¢ TAONMUHBIM 3HaueHHeM V (cM. Tabm. 1.1). JlanHble
cBecTH B Tabmuiy 1.5.

Tabmuma 1.5

Buz xuaKocTH M, m3/c? tc v, M/c T,.°C . M2/c
M-10

H3mepeHnne NOBEpXHOCTHOIO HATSIKEHHS CTAIarMOMETPOM

Cmanazmomemp 5 CIy>)KUT JJIsl ONPEIEIICHUS TOBEPXHOCTHOI'O HATSKEHUS JKUAKOCTU
METOJOM OTpbIBA Kalellb U CONEPKUT €MKOCTbh C KallMUIIPOM, PACIIMPEHHBIM Ha KOHLE I
HAKOIUIEHUS XUAKOCTU B BHJE Kamiu. Cuiga MOBEPXHOCTHOTO HATSKEHUS B MOMEHT OTpbIBA
KalUI1 paBHA €€ Becy (CHJIe TSKECTH) M MO3TOMY OINpeNeNsercss MO IUIOTHOCTH JKUAKOCTH U
YHCIy Kalellb, IOJy4Y€HHOMY IPU ONOPOXKHEHUH EMKOCTH C 33JaHHBIM 00bEMOM.



1.IlepeBepuyTh yctpoiictBO Ne | W moacyuTaTh YHMCIO Kameib, IOJTYYEHHBIX B
cTasarmMoMerpe 5 u3 o0bema BBICOTON S Mexay AByMs MeTkamu. ONBIT MOBTOPUTH TPHU pasza U
BBIUNCIIUTh CPEAHEE apUPMETUUECKOE 3HAUEHNE YHCIIa Kalelb 71.

2.Haiitu onpITHOE 3HaYeHHE KO3 PHUIHEHTa TOBEPXHOCTHOTO HaTshkeHus o = Kp/n (K -
TMOCTOSHHASA CTATarMOMETPa) M CPABHMTh €ro ¢ TaONMYHBIM 3HAaueHHeM o (cM. Tabm.1.1).
Janubie ceectu B Tabnuiy 1.6.

Tao0muma 6

Buzt KuaKocTH K, M/c o, Ko/m? n o, H/m o, Hm

M-10

2.2 JIaGopatopHas padora Ne3 ( 2 yaca).
Tema: «M3mepenne ruipocTaTHYECKOT0 AABJIEHUS»

2.2.1 Heanb padotrbl: OCBOUTH METOAMKY ONPEIEIICHUS JaBIECHUS BHYTPU KUAKOCTHU C
HOMOIIBIO )KMJIKOCTHBIX U MIPYKUHHBIX TPHOOPOB U NPpHOOPETEHNE HABBIKOB 10 U3MEPEHUIO
TUAPOCTATUYECKOTO JaBJICHUSI )KUIKOCTHBIMHU MPUOOPaMH.

2.2.2 3anayu padoThI:

- 03HaKOMUTKCS C Ki1accuuKaleil 1 OCHOBHBIMH XapaKTepUCTUKaMU TPUOOPOB;

- IOHATH CMBICTI OCHOBHOT'O YPaBHEHUS TUAPOCTATUKH U €TO CIICCTBUIA;

- pa3obpaTtcs ¢ yCTpOMCTBOM MPYKHMHHOTO MaHOMETPa U METOAUKON U3MEPEHUS
JABJICHUS C €r0 MOMOIIIBIO;

O3HAaKOMHTbHCSI C IPUHIIMIIOM JEUCTBUS JPYTUX BUAOB MIPUOOPOB IJI1 U3MEPEHUS
JaBJICHHUS,

- IOHSTh METOJMKY MMOBEPKHU MPUOOPOB;

- U3MEpPEHUE TUAPOCTATUUECKOTO JaBICHUSI.

2.2.3 Ilepevyenn npudOpPoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOPHON padore:
1. JIaGoparopHast ycraHoBKa «Kanenbkay

2. Metonuueckoe nocobue «3MepeHne ruipocTaTHYECKOro TaBICHUS.

2.2.4 Onucanue (xox) padoTsbl:

Knaccupukauus npudOpoB 115l U3MEPEHUsI 1aBJIeHHU S

B 3aBucumoctu 0T HasHauenus TPpUOOPBI Ui WU3MEPEHUs MaBJICHUS JeNTCi Ha
CJIEYIOIIE OCHOBHBIE TPYIIIIBL:

Manomempuor — 115t u3MepeHUs U30BITOYHOTO JTABJICHUS.

Bakyymmempul — 115 ©3MepeHusi BAKYyMMETPHUUECKOTO JaBlIeHUs (BaKyyma).

Manosaxyymmempul — 1J1s1 U3MEPEHUSI BAKYyMMETPUYECKOI0 U U30BITOYHOTO 1aBJIECHUM.

bapomempol — nnig uamepenus atMochepHoro AaBJICHUS.

baposakyymmempuor — 17151 U3MEpEHUs aOCOTIOTHOTO JABJICHMUSL.

Hughdepenyuanvrvie manomempuvl — 111 U3SMEPEHUS Pa3HOCTH J1aBJICHUM.

ITo mpunyuny nefictBus Bce NpUOOPHI U1 U3MEPEHMS JaBIECHUS MOXKHO Pa3AeiuTh Ha
XKHUJKOCTHBIE, IPYKUHHbBIE, TPY30MOPUIHEBBIC U C TUCTAHIIMOHHOI nepeaayeii mokazaHuil.

[Ipubopsl, B KOTOpPBIX HU3MEPSEMOE [aBICHHE YpPAaBHOBEUIMBACTCSI BECOM CTOJI0A
KUJKOCTH, a W3MEHEHHE YPOBHEHS >KUIKOCTH B COOOINAIOIIMXCS COCYJaX CIYXHT Mepou
JIaBJICHUsI, Ha3bIBAIOTCA KUAKOCTHBIMM. K 3T0il rpynne otHocstcst yameuHsle u U-oOpa3Hbie
MaHOMETPBI, AU(PMAHOMETPHI U JIp.

[TpyxuHHBIMU TpUOOpPaMH HA3BIBAIOTCS MPUOOPHI, B KOTOPHIX H3MEpsieMOe J1aBlICHUE
YPaBHOBEUIMBAETCSI CHJIAMU YIPYrOCTH MPYKUHBI, JedopManus KOTOPOH CIIy>)KUT Mepou



napieHus. K 3TOW Tpymime OTHOCSATCS pa3HOOOpa3Hbie NPHOOPHI, OTIUYAMOIIHAECS O BUIY
npykuH (MeMmOpaHbl, CWIb(QOHB, MaHOMETpUYECKHe TpyOku). bnaromaps mnpocrore
KOHCTPYKIIUU U yIOOCTBY MMOJI30BaHUS MPYKHUHHBIE PUOOPHI MOIYUHIIH IIUPOKOE TPUMEHEHNE
B TEXHUKE.

I'py3omopiiHeBbIME  TPUOOpPaMH  HA3BIBAIOTCS MPUOOPBI, B KOTOPBIX H3MEPSIEMOE
JaBJICHUE  YPAaBHOBELIMBAETCS  YCHJIMEM, CO3JaBacMbIM  KaJIUOPOBaHHBIMH  Tpy3aMmH,
BO3/ICHCTBYIOIIMMHU Ha CBOOOTHO MEPEABUTAIONIUICS B IIIMHIPE OPIICHB.

K mpubopam ¢ aucTaHUIMOHHON Nepenadell MoKa3aHUW OTHOCSTCS MPUOOPHI, B KOTOPBIX
UCTIONIE3YIOTCSl U3MEHEHHUS T€X WJIM MHBIX JJICKTPUYECKUX CBOWCTB BEMIECTBA (IIEKTPHUIECCKOTO
COMPOTUBIICHUSI TPOBOJHUKOB, JJIEKTPUYECKOM EMKOCTH, BO3HHUKHOBEHHE JIIEKTPUUYECKUX
3apsI0B HA MOBEPXHOCTU KPUCTALIMYCCKHX MHUHEPAIOB U JP.) MO IEHCTBUEM H3MEPSIEMOTO
naBienus. K Takum npubGopaM OTHOCSATCS MaHTaHWHOBBIE MaHOMETPHI CONPOTUBIICHHUS,
MBE30JICKTPUICCKIE MAaHOMETPhl C TMPUMEHEHUEM KpPHCTANIOB KBapia, TypMaJMHA WA
CETHETOBOM COJIM, EMKOCTHbIE MAHOMETPbI, HOHU3ALIMOHHBIE MAaHOMETPBI U JIp.

[lo memponocuueckomy Ha3HAUEHUIO U3MEPUTENIbHBIE TPUOOPHI AENATCSA Ha 00pa3OBbIE
u paboumue.

OO0pa3uoBbIMH U3MEPUTENBHBIMU NIPUOOPAaMH HA3bIBAIOTCS MPUOOPHI, IPEeJHA3HAYEHHbIE
JUISL IOBEPKH JPYTUX MU3MEPUTENbHBIX MPprO0poB. OOpa3ioBble MAHOMETPHI UMEIOT CIEAYIOIINE
kiaccel Tounoctu: 0,05; 0,2 — rpy3onopmneBsie MmaHomeTpsl; 0,165 0,25; 0,4 — npyXuHHBIE
MaHOMETPBHI.

PaGounMu w3MepUTENHHBIMU MPUOOPAMH HA3BIBAIOTCS BCE M3MEPHTEIbHBIC MPUOOPHI,
CIIy’)Kalue JJIsl HeMOCPEACTBEeHHBIX M3MepeHuil. Pabo4yrie MaHOMETPBI UMEIOT KJIACChl TOYHOCTHU
0,5;1;1,5;2,5; 4.

OcHOBHbIE XapaKTEePUCTHKH NPUOOPOB

1. Jnana3zoH u3MepsieMbIX TaBICHUN — Pmax.
AP
2. Kiacc Tounoctu k=—"%.100% .
max
AP

3. YyBCTBUTENLHOCTH Ipubopa S = — 0

BCJIIMYUHBI

1
4. Llena nenenus nputopa C = S
o PJII/IH 0
5. JIuneitnocts mpubopa k . = (1 ———)-100%
npudopa

6. breicTponelicTBre (YUCIIO U3MEPEHUH B CEKYHY ).

AKuakocTHble NIpUOOPHI AJI51 U3MEPEHUS 1ABJICHUSA

1. Auana3zon uzmepsemsbix napienuit go 400 xlla.

2. Knacc tounoctn g0 0,05

3. UyBCTBUTEIBHOCTD - 1

4. JIuHeiHOCTD - 100%

5. BeicTponeiicTBue - 1...2 U3MepeHusi B MUHYTY.

B ocHoBy npuHIMna AeMCTBUS KUAKOCTHBIX TPUOOPOB MOJI0KEHO, OCHOBHOE YpaBHEHUE
TUIPOCTATUKHU

p=p, +pgh,

rae p -AaBjJICHUC B TOYKE BHYTPH XKUIKOCTH, I1a;

po -J1aBJICHUEC HA KaKOM-HI/IGO yp0BHe Ha;

h -riyObuHa norpy»eHus 4acTUIbl XKUAKOCTH O]l YPOBHEM ¢ AaBiieHueM Po, M;



p -IIIOTHOCTb JKUKOCTH, KI/M>;

g -yCKOpeHHe CBOOOIHOTO TajieHus, M/c>,

CnenctBue u3 ypaBHeHUs: [[j1st oqHOM U TOM K€ KHUAKOCTU 3aMKHYTOro 00bEMa
JlaBJIEHHE OJIMHAKOBO BO BCEX TOUKAX PACIOJIOKEHHBIX HAa OJJMHAKOBOM ypoBHE (TiyOuHe h ).

IIbe3o0MeTphl (puc. 2.1) 0OBIYHO TPEACTABISIIOT COOOM OTKPBITYIO CBEPXY MPSMYIO
CTEKJIIHHYIO TPYOKY JMaMeTpoM He MeHee 6 - 8§ MM NOMELICHHYI0 Ha MU3MEPHUTEIbHOM IIKaje.
Jlig n3mMepeHust TUIPOCTaTUUECKOIO AaBJIeHUs Ha ypoBHE | - 1 B oTBepcTHM A CTEHKHU cocyna
ycTaHOBJIEH Ibe3oMeTp. [lockoabKy 00a KOHIIA TPYOKH OTKPBITHI, )KUIKOCTh B HEH MOAHUMETCS
1oJ A€MCTBUEM I'MAPOCTaTUYECKOIO JaBJIECHUS 1O YPOBHS 2 - 2.

Puc 2.1 IIsezomerp
1- crexnsiHHas TpyOKa, 2 — U3MEpUTEIbHAs IIKaJa.

Beicota cTonba xuakoctu B TpyOke Mexay ypoBHsMH 1 - 1 u 2 — 2 cooTBeTCTBYET
IIbE30METPUUYECKOM BbICOTE hy (B TOUKe A), KOTOpasi MOKET OBITH OINpE/EIeHa aHATUTUYECKH U3
YPaBHEHMsI paBHOBECHSI )KUJAKOCTH OTHOCUTEIBHO IIOCKOCTH | - 1:

po +pgh=p, +pgh,,

OTKyZa

h, =(p, —P)/pg+h

Ecnu npe3oMeTp ycTaHOBIIEH B OTKPBITOM COCY/E, TO YPaBHEHUE IPUMET BH]L

hn=h,

T. €. NbE30METPUUYECKas BbICOTa OyneT paBHA IJIyOMHE MOIPY)KEHUS TOYKHM A B
KUAKOCTD.

JUig m3MepeHuss THIPOCTAaTUYECKOIO [JaBJIEHMUSI IMPUMEHSIOT TaK K€  JKUIKOCTHbIE
MaHOMETPBI, KOTOPbIE OTIMYAIOTCA OT NbE30METPOB TEM, YTO B HHMX MCIIOJIB3YETCSA KHIKOCTb
GonbIIei TIIOTHOCTH, HATIPUMED PTYTh, ITIOTHOCTH KOTOPOil  paBeH ppr =13 600 kr/m>.

[IpocrefimyM TUIOM KHMJIKOCTHOTO MaHoMmeTpa sisgercs U-oOpas3Hblit PTYTHBII
MaHoMeTp (puc. 2.2), B KOTOPOM OJIMH KOHEL TPyOKH MPUCOEIUHSIETCSA K COCYAY C )KUIKOCTBIO B
TOM TOUKE, IIe HEOOXOIMMO OIPEAEIUTH N30BITOYHOE 1aBJICHUE.

N36bITOYHOE TIHApOCTaTUYECKOE  JaBieHue Ha ypoBHe 1—I1 (B Touke A) Oyner
U3MEPATHCS NbE30METPUYECKON BBICOTOM hn, @ B 3aKpbITOM cocyne Ha ypoBHE 2 - 2 (touka b)

6yner: p=p,,g(h, —Ah), rae Ah - rny6una nommKeHus ypoBHS PTYTH B JICBOM KOJEHE

TpyOKHU

BakyymMMeTpbl ciyXaT I HM3MEpPEHMs JaBJICHUs, MEHbILEro, 4eM armochepHoe.
OpHako BakyyMMETpbl OOBIYHO H3MEPSIOT HE HEMOCPEICTBEHHO [aBJIEHHE, a BakyyM, T. €.
HEJI0CTaTOK JIaBJeHUs 0 aTMochepHoro. Bakyymmerp npezacrasisier co00i U30THYTYIO TPYOKY
co mKkanoi (puc. 2.3) U OTKPBHITBIM COCYIOM, HAaIlOJIHEHHBIM PTYyThl0. OIMH KOHEL TpyOKu




IIPUCOECIUHEH K 3aKPBITOMY COCYAY, JABICHUE B KOTOPOM pP<par, @ APYrOM KOHEL] OIYLIEH B
OTKPBITBIN COCYI.

1y

Puc. 2.2 PTyTHBI MaHOMETD
1- crexnsiHHAs TpyOKa, 2 — U3MEpUTEIIbHAS IIKAJIA.

J1st HamepeHus JaBJIeHHs Ta3a B COCYJE MOKHO BOCIIOJIB30BaThCs (PopMyIion
Par =P + Pgh
OTKyJa
P=Pa — pghBaK

Bricota cronba prytu (BakyyMMETpUYECKas BBICOTA), COOTBETCTBYIOLIAs BaKyyMmy,
Oyner:

hBaK = (paT _p)/pg

HpI/IMeHeHI/Ie PACCMOTPCHHBIX HpI/I60p0B KUIAKOCTHOT'O THUIIA OT'PAHUYHBACTCS 06HaCTb}O
CPaBHUTEIBHO HEOOJBIINX JaBICHUH.

1
2
-
P<PaT |
\\ —
; =

Puc. 2.3 PryTHbII BaKyyMMeETp
1- crexnsiHHas TpyOKa, 2 — U3MEpUTENbHAs LIKaja, 3 — OTKPBITHIA COCYy, 4 — 3aKpbIThII
cocy.
MexaHnuyeckue MAHOMETPbI (NPYXUHHbIE U MEMOpaHHbIE) MCIOIb3YIOTCS UL
u3MepeHus OoNIbLIMX JaBieHui. B kauecTBe mpuMepa paccCMOTPUM IPYKUHHBIH MaHOMETp (pHC.
2.4), cocTosiMi U3 KOpITyca, IIKaJIbl, JaTYHHOU TpyOKH -




Puc. 2.4 Mexannyeckuit MAHOMETP
1- xopnyc, 2 — u3mepurenbHas wkana, 3 — Tpynnka bypnona, 4 — crpenka, 5 — nepenaTtoYHbIi
MEXaHU3M.
NPYKUHBI JTUIITUYECKOTO CEYEHUs, CTPEJIKHU U epeJaTOYHOI0 MEXaHu3Ma.

ManomeTp CBOOOJHBIM KOHIIOM TPYOKM HPHUCOEAMHSIETCA K JKUJIKOCTH B TOYKE, IJe
u3MepsieTcs JaBieHue. MaHOMeTpbl CHAOKeHbl MPOrpaJydpOBaHHOMN IIKAJIOW, MOKa3bIBaIOIIEH
JaBlieHuEe B aTMoc(epax.

Huana3on umepsemsbix BennurH 0 500 MITa.

Kiacc Tounoctu 1o 0,25

YyBCTBUTENBHOCTh B Ipe/eax LEHbI JEICHUS

JIMHENHOCTP B COOTBETCTBUE C KJIACCOM TOYHOCTH

bricTpoaelicTBue I...10 u3mepenuii B CEKyH1y

IIpaBuio cunThIBaHMS MOKa3aHUM MaHOMeTpa. Eciu cTpeiika MaHOMETpa HaXOIUTCA
MEXy EJICHHUSIMH LKAl MPHUOOpPa, TO CYUTHIBAHUE MOKA3aHUI IPOU3BOAUTH MO 3HAUCHUIO
Osmkaiiiiero fgeneHus 3Tol mKanbl. JIpoOUTh LIeHy eleHUsl HEb3s, TaK KaK LIeHa JAeJIeHUs
IIKaJbl YCTaHABIMBAETCA B COOTBETCTBUE C KIIACCOM TOYHOCTH IIpubopa.

[ToBepka npubGOPOB MPOU3BOIUTCS B CIIELUATBHBIX TA00OPATOPUSIX CTAaHIAPTU3AIMH, HA
YTO BbIIAE€TCS COOTBETCTBYIOIINN aKT O COOTBETCTBUU TPHOOpa CBOEMY KJIacCy TOYHOCTH.

[opsanox nosepku. [ToBepsemblil mpubop Harpyxaercs 4yepe3 onpeieeHHbIE
paBHOMEpHBIE HHTEPBAJIBI M €r0 MTOKA3aHUs CBEPSIOTCS C MOKa3aHUSAMH 00pa3ioBoro npudopa,
3aTEM BBIJICPKKA IIPH Pmax U HArPY3KA CHUKACTCS YEPE3 TAKUE KE UHTEPBAIIbI JABJICHHUS.
[TpousBoauTCs BRIYUCIEHNE a0CONMIOTHON MOTPEITHOCTH U YCTaHABIMBACTCSI COOTBETCTBUE
npu0opa Kj1accy TOUHOCTH.

HN3mepeHue ruApoCTATHYECKOT0 1aBJICHUS

a) Po> Pa 0) Po < pa B) Po < Pa
Pa 1 __I Pa -'I
3l14] 2 [5]5
Po Po -
E = <

Puc. 2.5 Cxema ycrpoiicTBa
1 - mostocTk ¢ aTMoc(hEepHBIM JJaBIEHUEM; 2 — OIIBITHBIN pe3epByap; 3 - Nbe30MeTp; 4 -
YpOBHEMED; 5 — MAaHOBAKYYMMETD; 6 — IbE€30METP; 7 — BAKYyMMETP



ITopsinok BbINOJHEHHUS PadOThI

1.B pesepByape 2 Haj *KUAKOCTHIO CO3/aTh JAABIEHUE BbIIIE aTMOCHEPHOTO (po>pa), O
YeM CBUJAETEIbCTBYIOT INPEBBIIIEHUE YPOBHS JXUAKOCTU B INbE30OMETpE 3 HaJ YpOBHEM B
pe3epByape W TpsSIMOHM Mepernaj ypoBHEH B MaHoBakyymmeTrpe 5 (puc. 2.5 a). Jlus storo
YCTPOMCTBO MOCTAaBUTh Ha MPaBYI0 CTOPOHY, a 3aTEM IIOBOPOTOM €0 MPOTUB YAaCOBOW CTPEIKU
OTJIUTh YaCTh KUAKOCTH U3 JIEBOTO KOJIEHAa MaHOBaKyyMMeTpa 5 B pezepByap 2.

2.CHATh NIOKa3aHUs Nbe30METpa /1, ypoBHEMEpA [ 1 MaHOBaKyyMMeETpa /.

3.Bpiuncnuth abCcoMIOTHOE AaBlIEHNE Ha JTHE pe3epByapa uepe3 MoKa3zaHus Mbe30MeTpa,
a 3aTeM - 4epe3 BEJUYMHbI, U3MEPEHHBIE YPOBHEMEPOM M MaHOBaKyyMMeTpoM. Jlyig OLeHKH
COMNOCTAaBUMOCTH PE3yJbTAaTOB ONPEACIICHUS IaBICHUS HA JHE pe3epByapa ABYyMs IyTSIMU HAWTH
OTHOCHUTEIIbHYIO MTOTPELTHOCTH Op.

4.Han cBoOOAHON MOBEPXHOCTBIO XKHUJIKOCTH B pe3epByape 2 CO3/1aTh BAKYyM (po<pa),
KOI/Zla ypOBEHb >KHJAKOCTHM B IbE€30METpPE 3 CTAaHOBUTCS HUXKE, 4YEM B pe3epByape, a Ha
MaHOBaKyyMMeTpe 5 mosBisercss oOpaTHblii mepenan /s (puc.2.5 6). Jlns 3TOro mocraBuUTh
YCTPOMCTBO Ha JIEBYIO CTOPOHY, @ 3aT€M HAaKJIOHOM BIIPaBO OTJUTh YacThb XUIAKOCTH U3
pe3epByapa 2 B I€BOE€ KOJICHO MaHOBaKyyMMeTpa 5. Jlanee BbIMOIHUTD ONEpaliu 1o I.1. 2 u 3.

5.1lepeBepHyTH YCTPOKCTBO MPOTUB 4acoBOH CTpENKHU
(puc 2.5 B) u omnpenenuTb MaHOMETPUYECKOE WJIM BaKyyMMETPHUECKOE J1aBJICHUE B 3aJaHHOMN
npenojasaresnieM Touke C yepe3 MOKa3aHUs Mbe30MeTpa 6, a 3aTeM C LEIbI0 IPOBEPKU HAWTH
€ro uepes noka3aHusi oOpaTHOro nbe3omMeTpa 7 u ypoBHeMepa 4.

B mporecce npoBeaeHust ONBITOB M 00paOOTKH 3KCIIEPUMEHTAIBHBIX JaHHBIX
3amoJIHUTH Tabnuiy 2.1.
Ipumeuanue. Ilpunams ammocgpeproe dasnenue p, = 100000 Ila, nromuocms 800bl p

= 1000 xe/m’.
Tabmuma 2.1
O06o03HauYeHUs, YcnoBus omnbita

e HanmeHoBanue BeMMIMH (bopMyThi

- Y P 0>P a P 0<Pa
1 [Ibe30MeTpuueckas BbICOTa, M ha
) Y poBeHb KHUIKOCTH B pe3epByape, M H
3 MaHomMmeTpHudeckast BICOTa, M hy -
4 BakyyMmMeTpruieckas BBICOTa, M he -

AOCOIIOTHOE  [JaBlIEHWE Ha  JHE

5 pesepByapa o MTOKA3aHuI0 | p=p,+pghy,

npe3omeTpa, [la

AOCONIOTHOE JaBIICHHE B pe3epByape Po=Patpgh
6 HaJl KUAKOCThIO0, [Ta

Po=Pa- pghs -
AOCOIIOTHOE  [JaBlIEHWE Ha  JHE
- | pesepsyapa gepe3 nokasauus | p =p, +pgH
MaHOBaKyyMMeTpa U ypoBHeMepa, I1a
OtHocuTenbHasA norpemHocts | dp=100(p-p°)/
g | PE3YNBTATOB OMpejeneHus JaBieHus | p

Ha JHE pe3epByapa, %




2.3 JIaGopaTopHas padora Ne4 (2 yaca).

Tema: «/laBjieHHe HA MJIOCKHE U KPUBOJIMHENHbIE MIOBEPXHOCTH»

2.3.1 Heab padoTbi: OCBOUTH METOAUKY ONPEACICHUS AaBICHUSI BHYTPH KUIKOCTH C
MOMOILBIO )KUJAKOCTHBIX MPUOOPOB U CUJI IABJICHUS Ha TUIOCKHE CTEHKHU.

2.3.2 3apayu padoThI:

- HIOHATH CMBICJI OCHOBHOI'O YPAaBHCHHA THAPOCTATUKU U €TO CHCHCTBHﬁ;
- pa306paTLc;1 C MCTOﬂHKOﬁ OomnpecacCICHUs CHUJI AaBJICHUA HaA IIJIOCKUC CTCHKHU,

- pa3o0paThCsi ¢ METOIUKOM OIpeeICHHs IICHTPA JaBICHUS;

2.3.3 Ilepevyenb npudOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00opaToOpHOii padoTe:

1. JIaGoparopHas ycraHoBKa «Kanenbkay

2. MeTtoauueckoe nocooue ((Z[aBJ'IeHI/Ie Ha IIJIOCKUC 1 KpHBOHHHCﬁHbIC IMOBCPXHOCTU .

2.3.4 Onucanue (xox) padoTsbi:

B pesepByap no ykazaHuto npenojaBaTelis HaAIUTh TpeOyeMblii 00bEM KUJKOCTH B pE3EpPBYap.

1. Ha HaKJIOHHO# MI0CKON MOBEPXHOCTH pe3epByapa ¢ MOMOIIBIO MHE30METPa ONPEIEIUTh

JaBJICHHUE I10 5 TOYKaM Ha pa3quH0171 FHY6I/IH€ U IMOCTPOUTD SMIOPY USMCHCHUA NABJICHUS.

[TocTpouTs 2MI0pY C HOMOIIBIO YPAaBHEHUS THAPOCTATUKH.

OHpeI[CJII/ITB LCHTP TAXKCCTU IJIOIIAU.

I/ISMCpI/ITB JaBJICHUC B HCHTPC TAXKCCTH IJIOIIAAN.

Paccuurath paBHOHCﬁCTBYIOIHCIO CUJIY HaBJICHUA.

Ornpenenuts HEHTP JaBICHUS.

JlanHble cBECTH B Ta0NIHUILY.

2. Toxke caMoe BBIIIOJTHHUTD JJIA BepTHKaﬂBHOﬁ MJIOCKOM CTEHKHU.

Ne | Iloka3zarenn

En. nuamepenus

HOJ’Iy‘ICHHHe 3HAa4YCHUA

[u—

BricoTa cTonba xuakocTu B pe3epByape

M

I[aBJ'IeHI/Ie Ha CBO60)IHOI71 IMOBCPXHOCTBHIO

ITa

HaBnenue B 1 Touke.

JlaBrieHue B 2 TOUKeE.

JlaBneHue B 3 TOUKe.

JlaBneHue B 4 TOUKe.

JlaBnenue B 5 Touke.

I[aBJ'IeHI/Ie B ICHTPC TAKCCTHU IJIOIIAAN

O| o0 J| N | K| W

Cuia naBiieHus

[a—
S

I'myOuHa norpyeHust LIeHTpa J1aBICHUS




2.4 JIabopaTopHas padora NeS ( 2 yaca).
Tema: «OnpeaesieHHe pe;XKMMOB JBHKEHM A KUJKOCTH»

2.4.1 llean padoTsi: Bocipon3BecTy JaMUHAPHBIA U TYPOYJIICHTHBIA PEXKUMBI TCUCHUS
YKUJKOCTU U YJIOBUTH MOMEHTHI MIEPEX0/1a OJHOTO pexuMa B Ipyroil. OnpeneanTs BEpXHee U
HUKHee KpuTudeckue yucia PeliHonbca.

2.4.2 3apayu padoThI:

VACHUTD SIBICHUE CyHI€CTBOBAHUSA PCIKHUMOB ABUKCHUA )KUAKOCTU, KHHEMATHUKY U
AWHAMUKY YaCTHUI] ) KUAKOCTU MPHU ITUX PCIKUMAX.

VACHUTH 3HAUUMOCTh KpUTCpus PeﬁHOHbﬂca AJI1 OIPEACIICHUA TCUCHUS KUIKOCTH.

VsiacHUTH pa3aniune 3aKOHOB MMOTCPb SHCPIrUK HA MMEPCMCIICHUC KUAKOCTH.

2.4.3 Ilepeyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:
1. JTabopaTopHast yctaHOBKa «Y cTaHOBKa PeitHosbncay

2. MeTtoauueckoe nocooue «Onpe):[eneHHe PEIKUMOB IBUKCHUSA KUIAKOCTH.

2.4.4 Onucanue (xox) padorTpi:

2

1

v
[

Puc. 4.1 Cxema ycranoBku PeiiHosibaca
1 — 6ak ¢ KUAKOCTHIO, 2 — OaK C MOAKPAIICHHON KUIKOCTh, 3 — BEHTUJIb 4 — CTEKJISTHHAS
TpyOa, 5 — Ibe30MeTphl, 6 — BEHTUIIb, 7 — MEPHOE BEJIPO.

[Topsimok BBIOJIHEHUS.

| — OTKpBITH BEHTHIIB3, @ 3aT€M, IJIaBHO OTKPbIBAsi BEHTUJIb 6 YCTAHOBUTH JIAMUHAPHOE
JIBIKEHUE KUIKOCTHU. [Ipr 3TOM HE0OX0AMMO, YTOOBI ObUT MAKCUMAJILHBIN PAcX0/1 )KUKOCTH,
IIpH JIAMMHAPHOM JIBUYKEHUE.

2 — CHATH MOKAa3aHUN MTbE30METPOB.

3 — 3aMepuTh pacxo/l.

4 — yCTaHOBHUTH MOMEHT II€PEX0/ia PEKUMA C JAMUHAPHOTO HA TypOYJIEHTHBIN U
MOBTOPHUTH IMYHKTHI 2,3.

5— yCTaHOBUTH TYpOYJIEHTHBIN PEKUM YBEIUYHB PACXOJ KUJIKOCTU U BHITIOJIHUTD
JIECTBUE MMYHKTOB 2,3.

6 — yCTaHOBUTH MOMEHT IE€pexo/ia pekruma ¢ TypOyJIeHTHOrO Ha JIJAMUHAPHBIN U
MOBTOPHUTD IMYHKTHI 2,3.



7— IpOU3BECTU PACUETHI U 3aII0JHUTH Tabnuiy. [[j1st O4HOro OmbITa pacyeThl 3aUcaTh
oAPOOHO.
8 - mocTpouTth rpapuku 3aBucuMoctu h = f(v).

9 — 3amMcarh BHIBOJBI.
Tabmuma 4.1

Huame | Ilmomane | Usmeputensn | Bpewms,

Ne | Pexum TedeHns o
d, M S, M? biit 06beM (V), te 3 o
KHUJKOCTH o m°/c C

v,
M/c v,M/c | Re

1 JTaMUHAPHBIH

2 | MOMEHT mepexoja

3 TypOyJIeHTHBIH

4 | MOMEHT nepexoja

2.5 JlaGopaTropHasi padota Ne6 ( 2 yaca).
Tema: «MsumrocTpauusa ypasHeHus: bepHysuin»

2.5.1 Hean padorbl: OnbiTHOE NOATBEPXkKACHUE ypaBHeHus [l. bepHymu, T.€.
HOHMKEHUSI MEXaHUUECKOW YHEPTUH 110 TEUSHUIO U TIepexo/1a MOTECHIUAIbHOM SHEpruy B
KMHETUYECKYIO U 00paTHO (CBS3U JABJIEHUSI CO CKOPOCTHIO).

2.5.2 3apayu padoThI:

— U3MEPUTD [1bE30METPUUECKUE HATIOPBI B CEUEHUAX
- HabJII0JaTh C MOMOLIbIO IPUOOPOB U3MEHEHHUE MTOJIHON YIeNIbHONM SHEPIUHU 10

JUIMHE NTOTOKA B HAIOPHOM TPYOOIPOBO/I€ IEPEMEHHOTO CEUEHUS U NIEPEXO]

NOTEHIMAJIbHON 3HEPIrUH B KHHETHUECKYI0 U 00paTHO B COOTBETCTBUU C ypaBHEHHEM bepHyiiu

- IOCTPOUTH IO JAHHBIM U3MEPEHUN MTbE30METPUUECKYIO U HAIIOPHYIO JIMHUH.

- CpPaBHUTH U3MEPEHHBIN CKOPOCTHOM HAIOpP B CEYEHUSX C BBIUMCICHHBIM 110
CpeaHen CKOPOCTH.

2.5.3 Ilepevyenb npudOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00paTOpHOii padoTe:
1. JIaGoparopHasi ycTaHOBKa «Y cTaHOBKa bepHysmin»

2. Metonuueckoe nocobue «nmocrpauus ypasHeHus: bepryam».

2.5.4 Onucanue (xox) padoTpi:
1. BkirounTthb Hacoc 3 1pu 3aKpbITOM BEHTHIIE 6.
2.11naBHO OTKPBITH BEHTHUJIb 6.
3. CHarb nokazanus nee3zometpoB Hn=P/(pg) no HMKHUM yacTsIM MEHMCKOB BOJABI B HUX
Y 3aHECTH UX B Tadnuiy 1.
4. OnpenenuTb pacxo]] ¢ MOMOIIBIO pacxogomeTpa 5.
Tabnuna 3.1

HanMeHoBaHve BeTHIHH | O603HaueHUs, GOPMYIIBI | Ceuenus TpyObI |




I II I
Juametp, m d
IInomans ceyenus KaHaia, M S
1- onbIT
U3zmepsieMblii 06beM, 1> \Y
Bpewms npoTexaHus u3MepsSIeMoro ;
o0beMa, ¢
3 %4
Pacxon, m°/c Q= 7
C Q
pEeIHsIS CKOPOCTh, M/C v = 5
I'eomeTpuueckas BbicoTa, M z
P
[Tre30meTpHUeckas BEICOTA, M —
L9
IIre30omeTpuuecKuil HAIoOp, M H =z+—
L9
vZ
CKOpOCTHO# HAIop, M H, =—
29
. P v?
ITonuslit Hanop, M H=z+—+—
P9 29
MomHocTs MoToKa, BT N = pgQH
2- ONBIT
W3mepsiemblii 00beM, m> \%
Bpems mpoTekanust n3MepsieMoro ;
00BeMa, C
3 %
Pacxon, m°/c Q= n
C Q
pEeIHsIS CKOPOCTh, M/C v = 5
I'eomeTpuueckas BbicoTa, M z
[Ipe30MeTpUUECcKHd HALIOp, M H,=z+—
L9
)
CKOpOCTHOM Hamop, M H,=—
29
'UZ
ITonnelit Hanop, M H=z4+—+—
pg__29
MouHocTs NOTOKA, BT N = pgQH

5. I3MeHUTB pacxoj ¢ IOMOLIbIO BEHTUISI 6 U IOBTOPUTH NMYHKTHI 3, 4.

6. [1n1aBHO 3aKpbITh BEHTUJIb 6 U BBIKIFOYUTH HACOC.

7. 3anonHuUTh TaOIMITY 3.1

8. Bbrueptuth B Macwmtabe TpyOy NMEpEMEHHOI0 CE€4eHMsI ¢ Nbe3oMeTpamu (puc. 3.2).
CoenuHUB ypPOBHU KHUJAKOCTH B IbE30METPaxX, MOJYYUTh IbE30OMETPUUYECKYIO JIMHHUIO,
[OKAa3bIBAIOUIYI0 H3MEHEHHE NOTEHLUAIbHONW SHEpruM (AaBieHus) BAONb MOTOKa. Jlus
IOJy4EeHUsl HANOpPHOH JIMHUM (JMHUM TOJHONH MEXaHWYECKOW HSHEpPruu) OTJIOXKHUTh OT OCH
KaHaJja MojHble Hanopsl H 1 coeAMHUTD NOJTy4eHHBIE TOUKH.

[Ipoananu3upoBaTh HW3MEHEHUE MOTHON MexaHumuyeckod H, morenmmanbHoit P/(pg) m
KMHETHYeCKOH V2/(2g) dSHepruil HUIKOCTH BJOb TOTOKA; BBIACHUTH COOTBETCTBHE O3THX
MU3MEHEHUN ypaBHEHUIO bepHyiun
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Puc 3.2. 1 - nbe3omeTpuueckas IuHus, 2 - HanopHas JuHus, hi.3 — cymMMapHsbie
[OTEpPU Hamopa IO JUIMHE, HAa BHE3aIHOE CYXXEHHME, Ha IIJaBHbIC PACIIUPEHUs U

CyXeHus Ha ydactke 1 - 3.



2.6 JIaGopatopHas padora Ne7, 8 ( 4 1yaca).
Tema: «Onpenesienne K03pPUUUEHTA THAPABINYECKOT0 TPEHUD)

2.6.1 Ilean padoTsi: HaliTn 3HaueHus ko3 puiimeHTa ruipaBIndecKoro TPEHUs A
OTIBITHBIM MTYTEM U €T0 pacUETHBIC 3HAUCHUS JJIs1 YCIOBHH OIbBITA U CPABHUTH MEXKIY COOOM.
Pemuts 3a1auy Ha onpeaeneHue MoTepb Haopa.

2.6.2 3anayu padoThI:

- MIOHSITHE MOTEPHU HAIOpa IO JJINHE;

- 3HaYUMOCTb KOA(PUIMEHTa TUAPABINYECKOTO TPEHUS A ISl BBIUKCICHHS MOTEPh
Haropa U €ro 3aBUCHMOCTb OT PEXUMa JABUKCHUS KUJIKOCTH, IIEPOXOBATOCTH BHYTPEHHHUX
CTEHOK TPYOBI U €€ pa3MepoB;

- IOHSITHE TUIPABINYECKUE TTAIKUE TPYOBI;

- yCIIOBUS, TIPU KOTOPBIX OJHA U Ta ke TpyOa paboTaeT Kak IHApaBiIHuecKas Iiajkas u
KaK THIPABINYECKH 1IEPOXOBATAs;

- IOHATHUE KBaJpaTUYHasi 00J1acTh (30HA) COMPOTUBIICHHUS.

2.6.3 Ilepevyenb npuOOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00paToOpHOii padoTe:
1. JTabopaTopHnast yctaHOBKa «¥Y cTaHOBKa [ mapoanHaMuka

2. Metonuyeckoe nocobue «Onpenenenue kodpduinueHTa rupaBIudecKoro TPEeHUsD.

2.6.4 Onucanue (xox) padoTsbl:

Tabnuna 5.1.
HcxonHble 1aHHbIE En. uzm. 1 - TpyGa 2 - Tpyba
Buyrpennuii nuamerp tpyOs d M
JnvHa ucciienyeMbIX y4acTKoB | M
AOGcomroTHas IEPOXOBATOCTD M

Pabouee 3aganue.

1. BKIIIOUMTbH HACOCHYIO YCTaHOBKY.

2. OTKpbITh BEHTWIb Ha BXOZAE IO YKa3aHWUIO IPENOJABaTeNs U CHATb IIOKa3aHUE

manomeTpoB Hi, Hz, Hs, Ha.

3amepuTh BpeMs t IpoTeKaHUs n3MepsieMoro oorema V.

4. CHATb NOKa3aHHE TEPMOMETpPA U HANTH 3HAYCHHE KOIPPUIMEHTa KHHEMATHUECKON
BSA3KOCTH BOJbI IIPU ITOU TEMIIEPATYypE V.

[98)

5. Csectu noka3zanue B Ta0muIty 5.2.

6. IloBToputh NyHKTHI 2, 3, 4, 5 nBa pasa.

7. OO6paboTaTh ONMBITHHIE TAHHBIE.

Tabauna 5.2.
OmbITHEIC TaHHEIS
No v,
1 - tpy6a 2 - 1py0a S 0 T, | m¥c
V.M [ te | 2 | ec
M M>/c
H1, M Hz, M H3, M H4, M

1
2
3

O0pabdoTKa ONBITHBIX TAHHBIX.

1. Omnpenenuts pacxoll BOJbI Yepe3 YCTAHOBKY JJISI KaXKI0T0 OnbITa Q.

2. Ompenenutb CPEIHIOI CKOPOCTh BOBI JIsl KaXKI0W TPYObI U OIbITA V.
3. Omnpenenuth yncio PeitHombaca 115 K10 TpyOs! 1 onbiTa Re.



4. Onpenenuts NOTEPHU MO JJIUHE I KaXKI0H TPYOBl U OIBITA hyy.

5. OnpenenuTh ONBITHOE 3HA4YCHHE KOA(PPUIMEHTA THUIPABIMYECKOTO IS KaXIOu
TPYOBI U OIIBITA Aon.
6. OmnpenenuTh rpaHuuHbIe ynciia PeliHonbaca 11s Kax10il Tpyosl Rerp.

7. OmnpenenuTs pacdeTHOE 3HAUYEHHE KOA(PPUIMEHTA T'MAPABIMUYECKOIO TPEHUS Ul
YCIIOBUH OTIBITA Apacy.

8. OTKJIOHEHHE ONBITHOTO KO3 PUIMEHTa THIPaBIMYECKOTO TPEHUS OT PACUETHOTO €.
9. Cgectu nokaszanue B Tabnuiy 5.3.
Tabmuna 5.3
OnbITHBIE JAHHBIE
Ne
OTIbITa 1 - Tpy6a
Ah, M AP, I1a v, M/C Re Re,, 1 Re,, - Apacu €
1
2
3
Ne
oIlbITa 2 - 1pyba
Ah, m AP, T1a v, M/c Re Re,, 1 | Re,, Aon Apacu €
1
2
3

2.7 JlabopaTropHasi padora Ne9 ( 2 yaca).
Tema: «OnpeaesneHusa K03¢PpunueHTa MECTHBIX CONPOTUBJIEHUS»

2.7.1 lean padoTsi: HaliTn 3HaueHus ko3P GuIineHTa MECTHBIX COMTPOTHRICHUH EM NSt
BHE3AITHOTO PACIIUPEHUS U BEHTHJIS ONBITHBIM ITyTEM U UX PACUETHBIC 3HAUECHHS IJIs1 YCJIOBHI
OTIbITa U CPABHUTH MEXKIY COOOIA.

2.7.2 3agauun padboThI: YSICHUTH:

- HOHATHUC MCCTHBIC ITIOTCPH HAIIOpa,

- 3HAUUMOCTh KO3 PHUIIMEHTa MECTHBIX CONTPOTUBIICHUM &y ISl BBIYMCIIEHUS TOTEPh
HaIopa U €ro 3aBUCUMOCTb OT PEKUMa JBUKEHHUS )KUJKOCTH, U BUJA MECTHBIX
CONIPOTHUBJICHHIA;

- IOHATHE KBaJipaTHU4Has 00JacTh CONPOTUBIICHHUS,
2.7.3 Ilepeyenb NpudOPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:
1. JIaboparopHasi ycTaHOBKa «Y cTaHOBKa [ MIpoauHaMuKa»
2. Metonuyeckoe nocodue «Onpenenenre MecTHOro Ko duurenTa rujpaBInieckoro
TPEHUS».

2.7.4 Onucanue (xox) padoThi:

Tabnuua 6.1



HcxoaHble JaHHDBIE

En. usm

Brezamnnoe pacmmpeHue

Bentuis

1 - ceu.

2- Ccy.

1

—ceul

2- ceul

BuayTrpennwnii tuametp TpyObl

Pa0ouee 3aganue.

1. BKI104nTh HACOCHYIO YCTAHOBKY.
2. OTKpBITh BEHTHJIb Ha BXO/IE 10 YKA3aHUIO MPENOAaBaTeNs U CHATH MOKa3aHHUe
nuddepeHIMaIbHBIX MAHOMETPOB.
3. 3aMepuTh BpeMs t IpoTeKaHus uzMepsiemoro oorema V
4. CHsTb NMOKa3aHUE TEPMOMETPA U HAUTH 3HaUeHUE K03 PpULreHTa Ku-
HEMaTHUYECKOH BS3KOCTH BOJBI MPU ATON TemnepaType. CBECTH Moka3aHue B Tadbnumy 6.2.
S. [ToBTOPUTH YHKTHI 2, 3, 4, ABa pa3a.
6. OO6paboTaTh ONBITHHIE TaHHBIC.
Tabnuua 6.2
Ne BuesanHoe
BenTunb ; )
paciipenue tc V.M v,cM7/c
OlbITa|  h; M ho, m him ho, M
1
2
3

O0padoTKa ONBITHBIX TAHHBIX.

1. Ornpenenuth pacxo/l BOAbI YEPE3 YCTAHOBKY JIJIsl KXKIOTO ombiTa Q.
2. Onpenenurb CPeaHIO CKOPOCTh BOJBI JIJIS1 KXKJOTO CEUCHHUSI U OIbITA V.
3. Omnpenenutpb unciao PeiHombICca 11 KaKI0TO cedeHus U onbiTa Re.
4. OnpenenuTpb MOTEPH MO JUTHHE JJIs1 KKI0M TpyOsl 1 ombITa hy,.
S. OmnpenenuTs ONBITHOE 3HAYCHHE KOI(PPHUIIMEHTa MECTHBIX COMTPOTHBICHUH & .
6. OnpenenuTh pacyeTHOE 3HAYCHHE KO3 (UIIMEHTa MECTHBIX CONTPOTUBICHHH & y.
7. OTKJIOHEHHE OMBITHOTO KOA()PHUITMEHTA OT PACYETHOTO E.
8. CeecTH OKa3aHue B Ta0IMILy 2.
Tabmuia 6.3.
OmnbITHEIE JaHHEIE
No V, m/c Re f‘,, EM pacd Q,
- Ah, M 2 2- 2- 2- €
OIIBITA 1 — ceu. 1 —ceu. 1 — ceu. 1 — ceu. M
cey. cey. Ccey. cey.
BHe3aHHO€ paclInpeHUe
1
2
3
Bentuin
1
2
3




2.8 JlaGoparopHasi padora Nel0, 11 ( 4 uaca).
Tema: «cTeyeHUe }KUJAKOCTU Yepe3 OTBEpCTHUE U HAaCaAKW»

2.8.1 llean padoTsi: HaliTn 3HaueHus k03P GUIIUEHTOB pacxoja |, CKOPOCTH ¢, CHKATHS
€ OIBITHBIM MYTEM U UX pPAaCUETHBIC 3HAUCHUS ISl YCIOBUH OIBITA U CPABHUTH MEXKAY COOOM.
2.8.2 3apayu padoThI: YSCHUTE:
- 3HaYeHHE KO3 (UIIMEHTOB Pacxo/ia, CKOPOCTH, CKATHUS;
- METOIMKY OTIPEIeJICHUs PacX0/ia )KHUIKOCTH Yepe3 OTBEPCTHUS U HACAIKU;

2.8.3 Ilepeyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOIi padoTe:
1. JlaGopaTopHasi ycTaHOBKa «Y cTaHOBKA [ HApOAMHAMHKAY

2. MeTtoauueckoe nocobue «lcreyenne KUIAKOCTH 4€PE3 OTBCPCTHUEC U HACAIKN.

2.8.4 Onucanue (xox) padorTni:

1. IIpoBepuTh mosiokeHHE 3aTBOpa 7 (IOJKEH OBITh 3aKPHIT - HE BpAILACTCS MPOTHB
YaCcOBOM CTPEJIKH.

2. OTKpYTUTh PYKOATKY 4 M yCTaHOBUTH MOBOPOTOM Typeiau 6 OTBEpCTHE B TOHKOM
CTeHKe ( HUJKHEE BEPTUKAIBHOE MOJI0KEHUE OTBEPCTHS, IPU 3TOM CIIBIIICH MIEITYO0K PUKcaTopa)
U 3aKPYTUTh PYKOSITKY 10 KOHILIA.

3. Hanonuutp 2-10 cekuuio Oaka OTKpbITUEM BeHTWIs ‘‘o0mmit” u “Il-1 cexums™
HANopHOro 0aka, pacloyIoKEHHbBIX Ha TApBOM CTEHKE JIaOOpaTOPHOTO CTOJIA.

4. Bpamast MaxoBHYOK 3aTBOpa 7 1O 4acoBOM cTpeiike (5-6 000pOTOB), OTKPBITH €T0.

5. PerynupoBkoil kpana “II-s ceknusi” YCTaHOBUTH TOCTOSIHHBIM YPOBEHb BOIBI B
nbe3omerpe Ne 2 (6) Ha oTMeTKe 0K0j10 50 cM.

-
2
E

i

Puec. 4 Cxema 'TI(C][CPII!]C[]TJ.Ile](\ﬁ VCTAHOBKH

6. TloacTaBnsas TOA CTPYIO MPOTApUPOBAHHYIO €MKOCTh ooseMoM V = 2500 cm’
OTIPENIETUTH C TTOMOIIBIO CEKYHJIOMEpa BPeMsl €€ HaIlOJIHEHHUSL.
7. 3anucaTh okazaHus nmbezomerpa Ne 2 (6).
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8. Omnpenenuth ¢ MOMOIIBIO JMHEHKHM M YroJbHMKAa KOOpPAMHATY CTpyH “X” - T.e.
JAIbHOCTh IOJIETA CTPYHM OT KPOMKH OTBEPCTHS JI0 IMOBEPXHOCTHU CTOJA; KOoOpAuHaTa “y”,
ONpeAeNsonas MOJ0KEHUE LIEHTpa OTBEPCTUS HAJ CTOJOM, BEJIMYMHA IMOCTOSIHHAsI, paBHAs
y=17 cm.

9. 3akpbITh BeHTHIIb “II-51 cexuus™ u 3aTBOp 7.

10. OTBepHYTh PYKOSTKY 4 U YCTaHOBUTH Typesb 6 B MOJOXKEHUE,

COOTBETCTBYIOIEE UCTEUEHUIO U3 LIUIMHAPUUECKOIO HacaKa.

11. 3akpyTuTh pYKOSTKY 4, OTKPBITH 3aTBOP 7 U BeHTHJIb [I-if cekium Oaka.

12. TIoBTOPUTH MTOCIIEOBATENBHO ONEPALIUU U U3MEPEHUS, OIIMCAaHHbIE B III. 5-9.

13. ITopcoenquHUTh NPO3payHblil NUIAHT K IITYLEPY HACAAKa, ONYCTUTh €r0 B EMKOCTh C
YEpPHWIAMH U MPOHAOIIOIATH MMOBEM YEPHUJI, T.€. HAJTMYHME BaKyyMa Ha BXOJI€ B HACAOK.

14. 3akpwiTh kpan “II-s1 cexuus’™ 6aka u 3aTBOP 7.

15. OTBepHYTh PYKOSTKY 4 U YCTAaHOBUTHb TYpEIb B IIOJIO)KEHHE, COOTBETCTBYIOILEE
MCTEYEHUIO U3 KOHMYECKOTO HacaaKa.

16. IloBTOpPUTH MOCIIENOBATENBHO ONEpAlUd M HU3MEPEHUS,
COOTBETCTBYIOLIME I1l. 4-9.

17. YcTaHOBHUTBH Typellb B MOJIOKEHHE, COOTBETCTBYIOUIEEC HCTEUEHUIO W3 OTBEPCTHUS
KBaJIpaTHON ()OPMBbI U BHIIOJHUTH HAOIIOACHHSI UHBEPCUH CTPYH.

18. 3akpriTh kpaH “II-s1 cexuusa” u 3aTBOp 7.

OIMUCAaHHBLIC BBIINIC H

O06paboTKa ONBITHBIX TAHHBIX

1. IToxcunraTh NMIOIIAAb BEIXOJIHOTO OTBEPCTHUSA
2. OmnpenenuTb pacxoi UCTEUCHUS 1o Gpopmyie
3. Onpenenutb KO3PGULIHMEHT pacxoa |

4. HaiitTn K03dHUIIMEHT CKOPOCTH

5. Koad¢punueHT cxxaTus CTpyu OnpeaeuTh Kak

PCSy.]'IBTaTbI I/I3M€p€HI/Iﬁ " pacyYCTOB IIOMCCTUTDL B T8.6J'II/II_Iy OIIBITHBIX JaHHBIX.

Tabmuia OMBITHRIX JAaHHBIX

Ne Konnueck
OtBepcTue N
Enununa o Humaapu 150%4
B TOHKOH o .
[Toka3zaTenu U3MEpPEH YECKUH | CXOASIIMMA
ATEHKE
ust HACaJ0K cst
HAaCaJl0K
JlnameTp BeIXOAHOTO OTBEepCTHs d cM
[1nomans BEIXOHOTO OTBEPCTHS S Cwm?
ITokaszanue npezoMerpa Hi CM
EmkocTh MepHOro 6aka V oM’
Bpewms nanonHenust mepHoro 0Oaka t c
Pacxon ucreuenus Q cm’/c
Koopaunatsl ctpyn y cM
X
Hanop manx nearpom orseperus, H M
Koaddunuent pacxona p
Koadpunuent ckopoctu ¢
Koaddurnment cxarus €




2.9 JIaGopatopHas padora Nel2 (2 gyaca).
Tema: «'uapaBIMYecKUum yaap»

2.9.1 Hean padorsi: MccnenoBanre THAPABIMYECKOTO yiapa B HATOPHOM
TpyOOIIpOBOJE.
2.9.2 3anayu padoThI: YSCHUTE:
- 3KCIIEPUMEHTAJILHOE OIPEIJIEHUE BETMUMHBI TIOBBIIIEHUS JaBICHUS IPU
TUAPABIMYECKOM yJape B cilydyae BHE3aITHOro (MTHOBEHHOTO0) 3aKPBITUS KPaHa;
- OIIpeieIeHHE MOBBILLIEHUS 1aBieHus npu rujpoynape no popmyne H.E.XKykoBckoro;
- CPaBHEHUE TEOPETUUYECKOTO U SKCIIEPUMEHTAIBHOTO 3HAUEHHU S [TOBBILICHUS 1aBJICHUS

IPU THAPABIMYECKOM yape.

2.9.3 Ilepevyenb NpudOPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:
1. JlaGopaTopHasi ycTaHOBKa «Y cTaHOBKA | MApOAMHAMHKAY

2. Metonuueckoe nocobue «lcreuenne )xuIKOCTH Y€pPE3 OTBEPCTHE U HACATAKU.

2.9.4 Onucanue (xox) padorThi:
1. U3yuuTh HacTOSIIIEE METOINYECKOE YKA3aHHE.

2. Haueptuth cxemy yctaHoBku (puc. 10).

Puc. 1. Cxema sKnepuMEHTAJbHON YCTaHOBKM MAJIsl MCCIENOBAaHUS TUIPABINYECKOTO
yAapa
3. IlpoBeputb OTCYTCTBHE BOJbI B MEpPHOH cekiuu A 0Oaka 7 W 3aKpbITh BEHTHIIb 8

(4eTBepTHIif).
4. HakOHUTH JIOTOK 9 B CTOPOHY NepeauBHON cekuuu b mepHoro 6aka (Tpetuit).
5. OTKpBITH KpaH 5 U BEHTHIb 6 (BTOPOH).

6. HaxiioHUTH JOTOK B CTOPOHY MEpHOH cexkuuu A 0aka U CTPOro OJAHOBPEMEHHO

BKJIIOUUTH CEKyHJIOMEp (TpeTuii).



7. Ilocne HamoJHEHUS MEPHOW CEKIMHM 0aka MOBEPHYTh JIOTOK B CTOPOHY MEpETMBHOU

CEKIIMHU 1 OJJHOBPEMEHHO BBIKIIIOUUTH CEKYHAOMEp (TpeTuil).

8. 3anucath B Ta0aMIly )KypHasa 00beM V BOJbI B MEPHOM Oake U Bpems t
3aro0JIHEHUSI MEPHOTO Oaka (TpeTHii).

9. Pe3ko nepekpbITh KpaH 5 (BTOpPOi) U 3aMEpUTh JIaBJICHUE 10 MAHOMETPY.
10. OTKpBITH BEHTWJIb 8 U CIIMTH BOAY U3 MEPHOI0 OaKa (4eTBEPTHIi).

11. BeInonHUTH BTOPOH OIBIT, TOBTOPUB OINE€pALMU 110 IMyHKTaM 5...1.

O06paboTKa ONBITHBIX JAHHBIX
1. Onpenenuts pacxoi BoJibI o popmyiie
2. OnpenenuTh CPEAHIOI CKOPOCTh BOJBI B TPYOOIIPOBO/IE 10 TUAPOYyAapa 1Mo popmyie
3. Onpenenuth CKOPOCTh PACIPOCTPAHEHUS yIapHOH BOJIHBI IO opMyIie
4. OnpenenuTh MOBBIIICHUE JaBlIeHUs Mpu Tuapoyaape mo hopmyne H.E.XKykockoro

5. OnpenenuTb OTHOCUTENIBHYIO OLIUOKY

Tabnuna OnbITHBIX JaHHBIX
1. Inuna TpybomnpoBoa, L
2. nametp TpybonpoBoaa, d

3. TommuHa cTeHKH TpyOonpoBoaa, o

Ne IToxazarenu Enuruua Onrr
U3MEPECHHS Nel Ne2
1 OO6bem BOJIBI B MepHOM Oake, W M
2 Bpewms HanoaHeHust MepHoro 0axka, t c
3 Pacxon Boabl, Q M/c
4 [Tnomans xuBOro ceuenus: Tpyoomnponona, F M
5 CKOpOCTh 70 3aKpbITUS KpaHa, V M/C
6 CKopocThb pacnpocTpaHEHHs BOJHBI rupoyaapa, C m/c
7 [110THOCTE BOJBIL, P Kr/m’
8 IToBbIIICHNE TAaBICHHS 10 MAHOMETPY, Ap mlla
9 [ToBbimienne mapnenuss no ¢opmyne H.E.JKykosckoro, | mITa
Ap
10 OTtHocuTenbHas omuOKa, Op %
®daza ruipaBIuyuecKoro yaapa, T c




2.10 JIabopaTopnasi padora Nel3 ( 2 gaca).
Tema: «0CO6€eHHOCTH KOHCTPYKIIMHY M IKCILIyaTalluM, JUHAMUAYECKUX HACOCOBY

2.10.1 Hean padorbl: M3yuuTh yCTpOCTBO U NPUHIUIT JEHCTBUS TUHAMUYECKUX
HACOCOB

2.10.2 3agayu padoThbI: YSCHUTH:

- NPUHIUI PabOThl TUHAMUYECKUX HACOCOB;

— B3aUMOCBSI3b 1I0JIaYU U Hamopa.

- MPaBHJI IEPBOTO U MOCIEAYIOUINX MTYCKOB U OCTAHOBKH HACOCOB;

2.10.3 Ilepeuyenb npuOOPOB, MATEPHAIOB, HCIIOJb3yEeMBbIX B J1a0opaTopHOii padoTe:
1. MakeTsl HacOCOB.

2. Metonuueckoe nocodoue «OcoO0eHHOCTH KOHCTPYKLUHU U 3KCIUTyaTalluH,
JMHAMHYECKUX HACOCOBY.

2.10.4 Onucanme (xox) padoThI:
O01mmue cBegeHns.

Hacoc - 310 ycTpoiicTBO (TmapaBiuyeckas MalllMHA) I HAIOPHOI'O IEpeMEeLICHUS
(BcacbIBaHUS U HarHETaHMs) TJIaBHBIM 00pa30M KaleJbHOM KUAKOCTU B PE3YyJIbTaTe COOOLIECHUS
el BHemHeW sSHepruu (MOTCHIMAIbHOM M KHHETHYEeCKOH). YcTpoiicTBa isi Oe3HANOPHOTO
nepeMenieHus kuakocT H. 00bIYHO HE HA3bIBAIOT U OTHOCST K BOJONOABbEMHBIM MaIIUHAM

JMHAMHYECKUMH Ha3bIBAlOT HACOCHI, B KOTOPBIX JKUIKOCTb IIOJ] BO3JEHCTBHEM
TUAPOJMHAMUYECKMX CHJI IepeMellaeTcss B KaMepe (HE3aMKHYTOM O0beME), IOCTOSHHO
cooOuiaromeiics ¢ BX0A0M U BbIX0JIOM Hacoca.

OcCHOBHBIE THIIBI COBPEMECHHBIX ITUHAMUYIECCKHUX HACOCOB.

ILlenTpoOe:xxkHble  HACOChl  SABISIOTCS ~ HaubOosiee  PAacHpOCTPAaHEHHBIMM U
IpEeIHA3HAYAITCAd I IOJAYU XOJIOJHOM WM TopsdYed BOJBI, BA3KMX WM arpeCCHBHBIX
KHUJKOCTEH (KUCIOT M IIesoueil), CTOUHBIX BOJ, CMECei BOJbl C TPYHTOM, 30JI0H U IIUIAKOM,
TopoM, pa3apoOseHHBIM KaMEHHBIM YriaéM u T.n. MX pelicTBUe OCHOBaHO Ha Iepeaue
KHHETHUYECKON SHEPIUHU OT Bpallarouerocst pabodero kKojeca TeM 4acTHLIaM KUJKOCTH, KOTOpbIE
HaxXoJATCsl Mexay ero Jonactsmu. Ilon BiMsHHEM BO3HHMKAIOLIEH MPH TOM LEHTPOOEKHOU
CHJIBl YacTHUIbl 110/1aBaeMOM Cpeibl U3 padouero Kojieca NMepeMeIlaoTcs B KOpIyc Hacoca U
Jajee, a Ha UX MECTO IOJ JEHWCTBHEM [JaBIEHUsS BO3JyXa IOCTYHNAIOT HOBBIE YaCTHULBI,
o0ecreunBas HEPepbIBHYIO paboTy Hacoca.

Ha puc. 1 n3zobpaxena nmpocreiiias cxema LeHTpoOexxHOro Hacoca. IIporounas yacTtb
Hacoca COCTOUT U3 TPEX OCHOBHBIX 3JIEMEHTOB - NoJBoja /, pabouero koneca 2 u orsozaa 3. Ilo
NOJBOJY KHMIKOCTb IOJaeTcs B pabouee KoOJECO U3 HoABoAsAlIero Tpybomposoga. Pabouee
KoJIecO 2 mepeAaeT KHUAKOCTH 3HEPrUIo OT MPUBOJHOIO ABuraress. Pabodee koieco COCTOUT U3
JIBYX JHUCKOB a WU 0, MEXIYy KOTOPbIMM HAaxOJSATCSA JIONATKU 6, U3OTHYTHIE B CTOPOHY,
IIPOTUBOIOJIOKHYIO HaIpPaBICHUIO BpaulcHUs Kosieca. JKUOKOCTh ABHMIKETCS 4epe3 KOJIECO U3
LEHTPaJIbHON €ro yacTu K nepudepuu. Ilo oTBOAY XKUIKOCTH OTBOAUTCS OT paboyero koseca K
HaIoOpHOMY NaTpyOKy WJIM, B MHOT'OCTYIIEHUYAThIX HACOCAX, K CIEAYIOIEMY KOJIECY.
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Puc. 7.1 Cxema nieHTpoOeKHOTO Hacoca

s co3ganusi GONBIIMX HAMOPOB MPHUMEHSIIOT MHOTOCTYIEHYAThIE HAacoca, B KOTOPBIX
AKUAKOCTb MPOXOJUT MOCIEA0BATEIBHO HECKOIBKO pabounx KoJéc, mojydast OT Kaxa0ro U3 HUX
COOTBETCTBYIOIIYIO SHEprui0. BakHeiIiel 0COOEHHOCThIO IEHTPOOEKHBIX HACOCOB SIBJISETCS
HEIOCPEICTBCHHAsT 3aBUCUMOCTb HAIlOpa, a TAKK€ MOIIHOCTH, KIJ U JOIIYCTUMOH BBICOTBI
BCAChIBaHMsI OT IOJAYU, KOTOpas Ui KaXJ0ro THIA HAacoca BBIPAXKAETCSI COOTBETCTBYIOLIUMU
rpadukamu, Ha3bIBAEMbIMH XapaKTEPUCTUKAMU pUC. 7.2.
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Puc. 7.2. Xapakrepucrtuka nenrpoodexnoro Hacoca J[200-36 npu n= 1450 06/mun H —
kpuBble Q - H; N — kpussie Q - N; n - kpuas KIIJI.

KpymnHueiinme neHTpoOeXHbIE HACOCHI OTE€YECTBEHHOTO MPOU3BOICTBA MOTYT 00€CIIEYUTh
noaauy Bogsl 10 65 000 /4 ipu Hanope 18,5 m, noTpebnss momuocTs 7,5 Mem,
MakcUMalIbHBIN K11 paBeH 88-92%. B CIIIA s nacocHoi cranuuu ['pana-Kymnu co3znan
BEPTUKAIbHBII OHOCTYIEHYATHIH EeHTPoOEKHbIH Hacoc ¢ nogaueit 138 000 /4 u Hanopom 95
M Tipyu MolHocTH 48 Mem.

IIpaBnia nycka neHTpoOe:KHOI0 Hacoca.

1. Ilepen myckom LEHTPOOEKHOrO Hacoca HEOOXOAUMO BO BCACBHIBAIOIIUN TPpyOOIPOBOA
Y BHYTPEHHIOIO [10JIOCTh HACOCA 3aJIUTh IIEPEKAUYNBAEMYIO JKUIKOCTb.

2. 3aKkpbITh 33BUKKY Ha HAIOPHOM TPYOOIIPOBOJIE U BKJIIOUUTH AJIEKTPOIBUTATENb.

3. Ilocne Toro Kak HacoC pa3oBbET TPEOYEMYIO YaCTOTY BpalllEHUs U 1aBJIEHUE, CIEAYET
OTKPBITh KPaH Ha HarHeTarouieM TpyoonpoBo/e.

OceBble HacOCHI IIpeIHA3HAYAIOTCA [VIaBHBIM 00pa3zoM uid nojadu OoJbIIMX 00BbEMOB
xuakocted. Mx pabora oOycioBieHa mepeaayeil TOH SHEPruu, KOTOPYIO MOJy4YaeT KHUAKOCTb
IPU CHJIOBOM BO3JCHCTBHM Ha He€ J000BOM MOBEPXHOCTH BpalllalOLIUXCsl JIONAcTel pabouero
Koseca. YacTuupl 1mogaBaeMoi >KUIAKOCTH MPHU ATOM MMEIOT KPUBOJIMHEWHBIE TPAEKTOPHH, HO,
PO Yepe3 BBINMPABISAIOIMINM anmnapar, HAYMHAIOT IEPEMEIAThCs OT BXOJa B HACOC J0 BBIXO/a
W3 HEro, B OCHOBHOM BJIOJIb €r0 ocH (OTKyAa U Ha3BaHue) (puc. 7.3). PaGouee kojeco oceBoro
Hacoca IIOX0)K€ Ha BMHT Kopabas. OHO COCTOMT M3 BTYJIKM 1, Ha KOTOpPOH 3aKpersieHo



HECKOJbKO Jionactedt 4. OTBOOOM Hacoca CIYKUT OCEBOW HaNpaBISIIONMK ammapar 3, ¢
MOMOIIbI0 KOTOPOTO YyCTpaHseTCsl 3aKpyTka KUAKOCTH, W KHHETUYEeCKash »JHEeprus ee
npeoOpa3yeTcsi B sHepruio AasieHus. OceBble HACOCHI MPUMEHSIOT MPU OOJBIIUX MOJadYax U
MaJIbIX JaBJICHUSX.

CymiecTByIOT 2 OCHOBHBIX Pa3HOBHJIHOCTH OCEBBIX HACOCOB: YECTKOJOMACTHBIE C
JIOTIAaCTSMH, 3aKpeIJICHHbIMH HEMOJABI)KHO Ha BTyJIKe paboudero Koijieca, Ha3bIBacMble
MPOTIEIJIEPHBIMU, M TTOBOPOTHO-JIONACTHBIE, 000PYAOBaHHBIE MEXAaHU3MOM JJII U3BMEHEHUS yriia
HaKJIOHA JIOMACTeH.

Puc. 7.3 Cxema oceBoro Hacoca

Hacocbl 06enx pa3zHOBUAHOCTEN CTPOAT OOBIYHO OJHOCTYIIEHYATBIMU, PEXKE
JBYXCTyNEeHYaThIMU. MI3MeHeHnemM HakioHa Jionactel pabodero Kojieca JOCTUTAeTCs
perynupoBaHue M0Aa4Yy C MOJAEP>KaHUEM KI1JI HAa BBICOKOM YPOBHE B IIIMPOKUX NpeAesax.

KpynHeitmuii oTe4ecTBEHHBIN 0CEBOM MOBOPOTHO-JIoNacTHOW H. paccunTan Ha Q =
(45,50)"103 m3/u mpu H ot 13 10 10 M, N =2 MBT 11 11 = 86%. Mapxka storo H.: OI12-185. rae
OII - oceBoii MOBOPOTHO-JIONACTHOM, 2 - TUI pabouero koseca u 185 - nuametp pabouero
KoJieca (10 KOHIIaM JIOTacTeil, B CM).

BuxpeBble Hacochbl 001aJaI0T XOPOLIEH CIOCOOHOCTHIO CAaMOBCAChIBAHMUS, T.€.
BO3MO>KHOCTBIO HAUMHATh AeHCTBUE O€3 IIPEIBAPUTEIBLHOIO 3all0JHEHMSI BCAChIBAIOLIEH TPYyOBI
[10/1aBaEMOM Cpeoil, eciii OHAa UMEETCsl B KOpITyCce Hacoca.

bnarogaps ’ToMy OHU IPUMEHSIFOTCS ISl IOJA4U JIETKOUCIAPSIIOIIUXCS WIIN
HACBIIICHHBIX Ta3aMHU KaleJIbHBIX )KUIKOCTEH U B KOMOMHAIIMM C IEHTPOOEKHBIMU HACOCAMHU.
Cy1iecTBYIOT 2 pa3HOBUAHOCTH BUXPEBBIX HACOCOB: 3aKPBHITOrO U OTKPBITOro TUMA. B BUXpeBoM
HACOCE 3aKpBITOro THUNa (puc. 7.4) 4aCTHUIIBI KUAKOCTH U3 SYEEK 5, pacroyOKEeHHBIX 0
nepudepun pabouero koseca 1, HoJ BIMSHUEM LIEHTPOOESKHBIX CUJI OyIyT MEPEXOAUTH B KaHAI
3 KopItyca Hacoca M 3aTeM, Iepe/laB YacTh CBOEH KMHETUUYECKOM SHEPruu HaXOoAsA1Iencs TaM
cpene, Bo3BparATcs B Ap. siuelku. Coseplasi BAHTOOOpa3HOE BUXPEBOE IEPEMELICHHE, KaXKaast
YacTHIIa 33 BpeMsl e€ HaXOXKJCHHS B HACOCE HECKOJBKO pa3 MOOBIBAET B sSUEHKax poTopa U
HOJIYYUT OT HETO ONPEAEICHHYIO SHEPTHIO.

Puc. 7.4. BuxpeBoil HacocC 3aKpbITOrO THIIA.



B pesynpTare Takoro MHOTOCTYIIEHYATOTO JEHCTBHS BHXPEBBIE HACOC IO CPABHEHHIO C
TaKUMHU ke (110 pa3MepaM M CKOPOCTH BpalleHHs) IEHTPOOCKHBIMI HAacOCaMU Pa3BUBAIOT B 3-7
pa3 Oosbmii Hamop, HO paboTatoT ¢ 6osiee HU3KUM (B 2- 3 pa3za) KII/I.

B BuXpeBBIX Hacocax OTKPBITOrO THIA JKUAKOCTH IOJBOAMTCS BOJM3M Baja Hacoca,
IPOXOAUT MEXKIYy JIOmaTkaMHu padodero Kojeca M OTBOAMTCA K BBIXOJHOMY OTBEPCTHIO B
KOpITyce U3 OTKpHITOTo (0e3 mepembluky) nepudepuitHoro kanana. B 3apyOexxHo# muTeparype
BUXPEBBIE HACOCHI HAa3bIBAIOTCS  (DPUKIMOHHBIMH, PEreHEPAaTUBHBIMHU, TypOyJICHTHBIMH,
CaMOBCaCBhIBAIOIIUMH H JIP.

VYerpoiicTBa HEKOTOPBIX HACOCOB.
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Puc. 7.5. Koncosbnblii Hacoc Tuna K
1 - pabouee koseco; 2 - Kopryc- 3 - raiika; 4 - Baj; 5 — HAOMBKa CAJIbHUKA; 6 - OTIOPHBIN
KPOHILUTENH; 7 - MOAIIUITHUK;

S
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Puc. 7.6. LleHTpoOEKHBII HACOC ¢ IBYCTOPOHHUM ITOABOIOM K paboueMy konecy (tun JI)
1 - xopnyc; 2 - kpblka; 3 - 3amIUTHas BTyJlka; 4 - pabouee Kojeco; 5 - Bai; 6 - 3aUUTHO-
VILUTOTHSIIOIIEE KOJIbI0; 7 - TpyOKa AJis MOABOJA BOJABI K CAIbHUKY; 8 - MOIUIMITHUK; 9 - HaOMBKa
CaJIbHHKA.



Puc. 7.9. OceBoii Hacoc Tuna OI1
1 - pabouee Koieco; 2 - kKamepa; 3 - HIKHUN TOALIMITHHK; 4 - BHIIPABIIAIONINH aIapar;
5 - nuddyzop; 6 - oTBOK; 7 - Bad; 8 — LITOK YIpPaBJIEHUs IOBOPOTOM JionacTel; 9 - BepXHuit
noJmumHuK; 10 — 3JeKTponpruBO MEXaHH3Ma NOBOpoTa jonacreif; 11 - ykazarens yria
pas3BopoTa JIONacTein



2.11 JIabopaTopnasi padora Nel4 ( 2 gaca).
Tema: «McnbITaHHE EHTPOGEKHOT'0 HACOCA»

2.11.1 Hexs paborsr: [To pesynpratam ucnbitanuii mocrpouts Hamopuyto H =f,(Q)u

sueprerudeckne N =, (Q) u n = f;(Q) xapakrepucruku Hacoca.

2.11.2 3apayu padoThbI: YSCHUTH:

- IPUHIUI pabOThl LIEHTPOOEIKHOTO HACOCA;

- YCTPOMCTBO M Ha3Ha4eHUE paboyero Kojieca, 0TBOAA U YIUIOTHEHUH;
- MCTOAHUKY UCHBITAHUA HACOCA,

- CMBICJI OCHOBHBIX I1apaMeTPOB HAcOCa:

ImoJavu- Q, KIIA - n,
Hanopa-  H, JIOITYCTUMOW BaKYyMMETPUUECKON
JABJIECHUS - D, BBICOTBI BCACHIBaHMs - H "

MOIITHOCTH - N,
- KayecTBeHHYI0 3aBucumocts H , N, n, H %" ot nojauu Q;
- OTJINYME IeOMETPUUECKON BbICOTHI ToabeMa Hr o Hanopa Hacoca H;
- BJIUSIHUE CTENEHM MPHUKPBITHA 3aIBUKKU Ha HarHETATEIbHOM TPYOOIIPOBOJE HA [OAady
Hacoca Q ¥ Ha HoTpebuIseMyto UM MOIIHOCTH N.
2.11.3 Ilepeyenb npudOpPOB, MATEPHAIOB, HCIOJb3yEeMBbIX B J1a0opaToOpHOil padoTe:
1. HacocHas craHnus.

2. MeTtoauueckoe nocobue «/cupiTanue HCHTpO6C}KHOFO Hacoca».

2.11.4 Onucanme (xox) padoThI:
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Puc. 8.1. Cxema ycTaHOBKM JJ1s1 HCIIBITAHUS HAcoca
1- Hacoc, 2- 3IeKTpOMOTOp, 3- 3aJABUKKA HA BXOJIe B HACOC, 4- 3a/IBM)KKA HA BBIXOJE U3
Hacoca, 5- BOAOCIUB, 6- ypoBHEMEp BOJOCIHBA, B- BakyymmeTp, M - manometp, W- BaTT™METD,
Z - BBICOTA YCTAaHOBKHA MaHOMETpa HaJ OChIO Hacoca,
Hson HAIOp BOJOCTHBA.

Hcxonubie 1aHHBIC:
- TUII ¥ MapKa UCIIBITYEMOT0 Hacoca - IIEHTPoOex HbI KOoHCOIbHbIN K-8/18;

- AMaMeTp BCachIBAlOLIEro narpyoka Hacoca . . . . d = 40mwm;
- IMaMeTp HarHeTaTeslbHOro naTpyoka Hacoca ... . d =32mm;
- BBICOTA YCTAaHOBKM MaHOMETpa, HaJl OChIO Hacoca . . .  z=1,5wm;
- K03 (ULUEHT MMOJE3HOT0 ACUCTBUs AnekTpomoropa. . . .m =0,7;

- K03(pULIMEHT TPONOPIIMOHATIFHOCTH AJIs TOKa3aHUM k=1 _



OnbITHBIE U PaCUYCTHBIC JAHHLIC

Tabmnuua 8.1.

OneITHBIE TaHHEIE

PacueTHble maHHBIC

No Tlokazanms ITomaua Hamnop MomtHOCT KITJ
OITbITa Hacoca Q, | Hacoca H, b Hacoca Hacoca 1,
maHomeTpa | Bakyymmer | Barrmerpa | YposHemep M3/c M N, kBt %
Py, ITa pa Py, Ila W, kBt a Hyop, M

HAaCOCHOM YCTaHOBKH,

Pa0ouee 3aganue.

1. Ilo mMakery wu3y4uTh

TPeTHIl Pe;KUM - TOH Ke 3aBUKKON YCTAaHOBUTH JaBJICHUE

P, =P, —0,2 1 3anucaTp noxazanus npuOOpoB.

4YeTBEPThIH PEKUM -

NATBIA PEXKUM -

LIEeCTOM PeRuM -

P,=P,—04
P, =P —08
P, =P —16

4. OcTaHOBUTH HACOC T10 IPAaBUJIAM.
5. OOpa0otaTh OINBITHBIE AAaHHBIE, MOCTPOMTH XapaKTEPUCTHKM Hacoca M 3alucarh
BBIBO/JIbI 110 p€3YJIbTaTaM UCIBITAHUH.
6. Haiitu skcrulyaTallnOHHBIE MapaMeTpbl HCIBITYEMOIO Hacoca sl HpPea1oKEeHHOH

IIpaBuna mycka Hacoca.

S

IIpaBuna ocTaHOBKM Hacoca
1. 3aKkpbITh 33JIBUKKY HAa HAarHETATEJILHOM TPYyOOIIpOBOIE.
2. BBIKIIOYUTH 3JIEKTPOMOTOP.
3. OTKJII0YUTh MAHOMETP U BAKYYMMETP.

YCTPOIMCTBO LEHTPOOEKHOTO Hacoca,

HaTH MecTa
SKCIUTyaTallMOHHBIX YTEUEK *KUJKOCTH, MOJICOCA BO3yXa U SKCILTyaTallUOHHOTO U3HOCA.
2. O3HaKOMHUTBHCS C MPABUJIAMH MYCKAa M OCTAaHOBKM HAcOCa U B COOTBETCTBHUE C HUMH
MYCTUTh HACOC
3. [Ipou3BecTu UCTIBITAHUS HA IIECTU PEKUMAX:
nepBbIil PeXKUM - 3aKPBITh 33JIBDKKY Ha HarHeTaTeJIbHOM TPYOONpPOBOJE M 3alKcaTh B
Tabnuily 1 oTyeTa mokazaHus MAHOMETPA, BAKYYMMETpa, BaTTMETpa U YpOBHEMEpa BOIOCIUBA.

BTOPOI pPesKMM - IPUOTKPHITH 33JIBMKKY Ha HarHETaTEIbHOM TPYOOITPOBOJIC TaK, YTOObI
JaBJICHUE IO MOKa3aHUsIM MaHOMETpa u3MeHm1och Ha 0,1 Kre/cm?

P, = P, —0,] n3anucare noka3anus IpudbOpoOB.

3aKpbITh 33JIBUKKY Ha HAarHETATEIIbHOM TPYOOIPOBO/E U OTKPHITH HAa BCACHIBAIOIIEM.
OTKIIIOYUTh MAHOMETP U BaKyyMMETD.
3anoIHUTh HACOC BOJOM.

BKIIOUUTE 31EKTPOMOTOD.
[Toak/II04YNTHE MAaHOMETP U BaKYyMMETP.
OTKpBITH 33JIBUJKKY Ha HarHETATEILHOM TPYyOOIIPOBO/IE.




2.12 JIabopaTopnasi padora NelS ( 2 gaca).

Tema: «CoBMecTHas pa60Ta ABYX LIeHTPOOEKHbIX HACOCOB»

2.12.1 Heas padorwl: [TocTpouTs:
- CyMMapHble HaMOpHBIE XapPAKTEPUCTUKHU
MOCIeI0BaTENbHONH COBMECTHOM paboThI;

HacoCoOB

IS

napajuieIbHON

- XapaKTEepUCTUKY TPyOONpOBO1a HACOCHOM YCTaHOBKH (Irpaduk MOTpeOHBIX HAIIOPOB).
Haiitu nogady u MOIIHOCTh HACOCHOW YCTAHOBKM C OJJHUM U JIByMsI HACOCaMH.

2.12.2 3apaum padoThI: YSACHUTS!

VSCHUTb METOAUKY MOCTPOCHUS:

- CYMMapHBIX HaIllOPHBIX XapaKTEPUCTUK HACOCOB;

- XapaKTepUCTUKHU TPYOOIIPOBOJIa HACOCHOM YCTaHOBKHU.

2.12.3 Ilepeyenb npudOpPOB, MATEPHAIOB, HCIOJb3yEeMBbIX B J1a0opaTopHOil padoTe:

1. HacocHas ctaHius.

2. MeTtoauueckoe nocobue «CoBMecTHas pa60Ta JABYX HCHTPOGC}I(HBIX HaCoCOB».

2.12.4 Onucanme (xox) padoThI:

CxeMbl COCAMHCHUA I.ICHTpOGC}KHBIX HaCOCOB JIJISI COBMECTHOM pa6OTBI

Hcxonure naHHbIe.

Hacoc Nel - K-8/I8 (1.5K - 6)

Hacoc Ne2. K-8/18 (I.5K - 6)
JlnameTp BcachIBaroIlero narpyoka Hacoca dsc=40 MM
JluameTp HarHeTaTeJlbHOI o narpyOka ds=32 MM
ITorpaBka Ha ycTaHOBKY MaHOMETpa. 1,5Mm

OnbITHRIE U PaCUYCTHBIC JaHHBIC

JU1s1 HACOCHOM YCTAHOBKH € OJTHUM HACOCOM. Tabnuna 9.1
OmnbIT Nel PacueTHble BETUUUHBI
ITokazanust T'eomer. ITonaua Hanop MormHocTb
Manomertpa Bakyymmerpa | YpoBHemepa | BbICOTa Hacoca Q, | Hacoca H,m | Hacoca, N kBt
Py, Ila P;, Ila BOJOCJIMBA nogbema H, | M%/c
H;, M M

u

JU1s1 HACOCHOM YCTaHOBKU C ABYMsI HACOCAMM. Tabauna 9.2
Ne CoenuHeHnue aByx | Ilokazanus TMonaua HacocHoli yctanosku, M%/c | TloTpeGnsiemas
ombITa HAacOCOB ypoBHeMepa, Hs, MOIIHOCTb, KBT
M OnsbiTHAs Pacuernas
1 [TapannensHoe
2 ITocnenoBarenbHOE
PABOYME 3A/IAHUE.

1. TIloctpouTs CyMMapHbIE HAIOPHBIE XapAKTEPUCTUKH JUIS NApAJLIEIbHOTO U

MMOCJICA0BATCIIbHOI'O COCANHCHUSA IBYX HACOCOB.




2. IIposectu onbIT Ne 1.

2.1 BkitouuTh OJUH HAacoC, cOO01as MpaBuiia MycKa.

2.2 [1oMHOCTBIO OTKPBITH 3a/IBUXKKY Ha HATHETATEIILHOM TPYOOIIPOBOJIE.

2.3 CHATh MOKa3aHHUsI MAaHOMETpa, BaKyyMMETpa, YpOBHEMEepa, BOAOCINBA U U3MEPHUTH
F€OMETPUUYECKYIO BBICOTY Mo IbeMa BoAbl Hi.

3. IIpoBecTtu onbIT Ne 2.

3.1 CoGnronast mpaBuio mMycka, BKJIFOUUTh BTOPOM Hacoc.

3.2 3apBuwxkamu 1,2,3,4,5 coeAMHUTH HACOCHI MapaJIEIbHO.

3.3 CHATh OKa3aHUs YpPOBHEMEPA BOJOCIIUBA.

4. ITpoBectu onbIT Ne 3.

4.1 3agsmxkam 1,2,3,4,5 cOeIMHUTL HACOCKHI IIOCIEIOBATCILHO.

4.2 CHATbh IOKa3aHKUS YpOBHEMEPA BOJOCIIUBA.

4.3 OcTaHOBUTH HACOCHI.

5. BbluMcauTh OMNBbITHEE 3HAYEHHS MOJAaYM HACOCHOM YCTAaHOBKM C OJHUM M JIBYMS
HacoCaM| 10 MOKa3aHUsIM YpOBHEMEpPA BOIOCIIHBA.

6. Boruncnuts Hanop Hacoca H u compoTtuBieHne TpyoonpoBo/ia HACOCHOH YCTaHOBKHU
C no nanubIM ombita Nel.

7. 3anMcaTh ypaBHEHHUS XapaKTEPUCTHUKU TpPyOONMpOBOAAa HACOCHOMW YCTAaHOBKU U
HAJIOXKUTH €€ rpaduK Ha CyMMapHbIE XapaKTEPUCTUKHU HACOCOB.

8. Haiitu pabGoure TOYKM HACOCOB Ha CYMMAapHBIX XapaKTePUCTHKaxX U OIpeaenB
pacu€THbBIC TOIAYU U MOTPEOIIEMYIO HACOCHON YCTaHOBKOM MOIITHOCTD.

2.13 JlabopaTopnasi padoTa Nel6 ( 2 gaca).
Tema: «0CO6G€HHOCTH KOHCTPYKIIMY U IKCIJIyaTallii, 060 b€MHBIX HACOCOB

2.13.1 Hean padoTbl: M3yunTh yCTPOKWCTBO U IPUHITUIT ACHCTBUS 0OBEMHBIX HACOCOB.

2.13.2 3apayu padoThbI: YSCHUTH:

- IpUHIUN paboThl 0ObEMHBIX HACOCOB;

- B3aMMOCBSI3b I10J]aU U HAMopa.

- IpaBWJI IEPBOTO U MOCJIEAYIOUX IIYCKOB M OCTAHOBKH HacOCOB;

2.13.3 Ilepeuyenb npudOpPOB, MATEPHAIOB, HCIOJIb3yEeMBbIX B J1a0opaTopHOii padoTe:
1. MakeTsl HacOCOB.

2. Metonuueckoe nocoone «OcoO0eHHOCTH KOHCTPYKLUHU U 3KCIUTyaTallui, 00 BbEMHBIX
HAacoCOBY.

2.13.4 Onucanmne (xox) padoThI:
O0mmue cBegeHns.

Hacoc - 310 ycTpoiicTBO (ruapaBaryecKasl MalllHa) AJs HATOPHOTO IepeMEeICHHS
(BcacbIBaHUS U HArHETaHMs) IVIaBHBIM 00Pa30M KaleJabHOM XKUAKOCTU B PE3YyJIbTaTe COOOIIEHUS
el BHeITHEeH YHepTrud (MOTCHIIUATBHOM U KHHETHYECKOM ).

K 00BbeMHBIM OTHOCSIT HACOCHhI, B KOTOPBIX COOGIHCHI/IC OHCPI'vH XUJIKOCTH
OCYHICCTBJIACTCA MO MPUHIUITY MCXAHUYCCKOTO NMECPUOJNICCKOTO BBITCCHCHHUA KUJAKOCTHU
pa60‘II/IM TCJIOM, CO3AA0IINUM B IIPOUCCCE NICPEMCUICHUA OIIPCACICHHOC JIaBJICHUC JKUAKOCTH. B
00BEMHEIX Hacocax KUJKOCTDH MMOJIY4aCT SOHCPIUIO B PE3YJIbTATC NCPUOAUICCKOIO USMCHCHUA
3aMKHYTOTI'O 06’I)CM21, KOTOpHﬁ IMMOTICPEMCHHO COOGHIB.CTCH TO C BXOJ0OM, TO C BBIXOJOM HacocCa.



OOBbEeMHBIMU SBJISIIOTCSI HACOCHI MIOPIITHEBBIE, IUIYHXEPHBIE, AnadparMeHHbIe, POTOPHBIC U
LIECTEPEHHBIE.

Haubonee pacnpocTpaHeHHBIMH H3 OOBEMHBIX HACOCOB SBIISIIOTCS MOPIIHEBBIE U
IUTyH)XepHbIe. B cucremax BomocHaOXeHUS M, KaHAJIM3AIMK MOPIIHEBbIE HACOCHI B HACTOsIIEe
BpeMsi PUMEHSIIOTCS OTHOCUTEIBHO MaJIO: JIJIsl MOAbEeMa BOJABI U3 CKBAXXUH Majoro JAHaMmeTpa,
JUIS TIEPEKaYyuMBaHUs BA3KUX JKUIKOCTEH, HAapUMEpP OCaJKka M3 IMEPBUYHBIX OTCTOMHUKOB, a
TaK)Ke B KAYECTBE JO3UPOBOYHBIX HACOCOB.

[TopiuiHeBbIe U TUTYHXEPHBIE HACOCHI OTHOCSTCS K BO3BPATHO-IIOCTYIATEIbHBIM HAcOCaM.
VYerpoiicTBO U nmpUHLHUI paOOThl MOPHIHEBOTO HACOCA OJHOCTOPOHHETO JEUCTBHS MOXHO
ysiICHUTH U3 puc.l, a. Takoil Hacoc cocTouT U3 paboyeil kamephl ¢ BCACHIBAIOIIMM U HAIOPHBIM
kinananamu (BK u HK) u uunubgpa ¢ mopiiHeM, COBEpIIAIOIMIMM BO3BPATHO-TIOCTYNATEIBHOE
neuxenne, K paboueii kamepe nprcoeInHeHbl BCACHIBAIOUINI U HATOPHBIH TPYOOIIPOBO/IBI.

3a OuH IUKJI, T. €. 32 OJIUH MOBOPOT Baja C KPUBOIIUIIOM, B IIMJIMHJP 3aCaChIBAETCs, a
3aTeM BBITaJKHUBaeTcs 00beM kxunkoctd V, paBubiid FS (S u F — xon u muomans nopiHs).

B niyHepHOM Hacoce ABYCTOpOHHETO aelcTBUA (cM. puc. 10.1 6) 00e nonocTu nopHs
ABISAIOTCA pabouMMM, W 3a OJWUH XOJA IMOPIIHS B MPSIMOM HANpaBICHUH OIHOBPEMEHHO
MPOUCXOAAT BCACHIBAHUE M HATHETAHUE KUAKOCTH. DTHU K€ MPOIECCHI TOBTOPSIOTCS U MPHU XOJI€
MOPUIHS B 00OpaTHOM HaIlPaBIICHUU.

[Ipu ognux u Tex xe miomansx nopuHs F, oquHakoBOM Xx0/1€ S M MOCTOSHHOM YHCIIE
XOJIOB B €IMHUILY BPEMEHHU I10J]aua HaCOCOB JIBYCTOPOHHET0 AeHCTBUS B 2 pa3a OoJjblle Mmojgadn
HAaCOCOB OJHOCTOpPOHHero jeiictBua. Kpome Toro, Hacocel ABYCTOPOHHETO JACHCTBUSA
obOecnieunBaroT 0ojiee paBHOMEPHYIO M0/1a4y KHUAKOCTH.

B cooTBeTcTBUM ¢ TPUBENEHHBIMU CXEMaMH, a TaKXe€ B 3aBUCUMOCTH OT Ha3HA4YCHUS,
yCIOBUN PAa0OTHI M KOHCTPYKIUU MOYKHO NPHUHATH CIEAYIOIIYI0 KIacCU(UKALNUIO BO3BPATHO-
MOCTYIATEIbHBIX HACOCOB.

ITo pomy neicTBUS - 3TO HACOCHI: a) OJHOCTOPOHHETO JEHCTBUS, 0) JBYCTOPOHHETO
JENCTBUSI, B) CIBOEHHBIE JIBYyCTOPOHHETO ACUCTBUS, T) Tu(PepeHraibHbIE.

[To pacnosnokeHuI0 HUIMHIPOB - 3TO HACOCHL: a) TOPU30OHTAIbHbBIE, 0) BEPTUKAIIBHEIE.

[To xoHCTpYyKIMHM paboyero opraHa - TO HACOCHI: a) MOPLIHEBHIE, B KOTOPBIX AMCKOBBII
NOpIIeHb, CHAOXEHHBIH  YIJIOTHAIOIIMMU  YCTPOHCTBaMU  (MaHXETaMH, MOPUIHEBBIMU
KOJIbIIAMHU), TIEPEMEIIACTCAd B PACTOUYECHHOM IIWIMHAPE; 0) IITYHXKEpPHBIE, Y KOTOPHIX BMECTO
HNOPUIHS MPUMEHSIOT IUIYHXep (CKajlKy) B BHUJE IMOJIOTO CTaKaHa, KOTOPBIA JBUXKETCS B
VIUIOTHSAIOIIEM CajbHUKE, HE KacasCh BHYTPEHHHUX, CTCHOK LMJIMHJPA; ITYH)KEPHBIE HACOCHI
Ipole M HaJeXHee B HKCIUIyaTallud, TaK KaK Yy HMX HET CMEHHBIX YIUIOTHSIOUIMX JAeTajlel
(koser, MaHKeT);

B) C IPOXOJHBIM IMOPIIHEM - BEPTUKAJIbHBIE HACOCHI, BOAA B KOTOPBIX MPHU HATHETAHHUH
MPOXOAUT BHYTPHU TOPIIHS Yepe3 HarHETaTEeNbHBIA KJIalaH, PacloJIOKEHHBIM B BEPXHEH €ro

%)

YacTH. .
Puc. 10.1. CxeMbl BO3BpaTHO-IIOCTYHATEIbHBIX HACOCOB



a - IIOPIIHEBOM HAcoc OJHOCTOPOHHEro JeHCcTBUS; O - IUIYH)XKEpHBIM Hacoc
JIByCTOPOHHETO AeicTBus; 1- paboyas kamepa; 2 - HalOPHbIM Kianad, 3 nopiieHsb (IIyHXep):
4 - uMIUHIp; S-TOK; 6 - KPUBOIIUITL; 7 - BCACHIBAIOUIUH KJIaNaH

Xapaxrepuctuka Q - H Bo3BpaTHO - mocTymnaTesnbHbIX HacocoB (0e€3, ydeTa mysbCcaluu
pacxoia) MOpH TOCTOSHHOM YacTOoTe BpallleHWs W HEU3MEHHOM [UIMHE XoJa IOpPIIHS
MpeACTaBISIET COOOM MPSAMYIO JIMHUIO, MMApAUIEIbHYIO0 OCH OpAUHAT. TeopeTuuecKr BO3BPATHO -
NOCTYNAaTeNbHbI HAcOC MOXET pa3BHBaTh JIOOOWH HAmop, OJHAKO MPAKTUYECKH Harop,
pa3BUBAaE€MbIii HACOCOM, OrPAHHYEH MPOYHOCTHIO KOHCTPYKIIMM W MOIIHOCTBHIO MPHUBOAA
(nBurarens).

Koaddunuent none3noro neicTBrsi BO3BPATHO - MOCTYHATEIbHBIX HACOCOB JIOCTATOYHO
BBICOK M B 3aBHCHUMOCTH OT THIa M pa3Mepa Hacoca Haxoautcs B mpeaenax 0,75 - 0,95.
MomHocTh aBUTATENEM I MPUBOJA HAcOca MPUHUMAETCA C HEKOTOPHIM 3aracoM 1o
CPaBHEHHIO C MOIIHOCTHIO, BBIYMCIIEHHOM JIJIsl Hacoca.

K nocromHcTBaM MOPIIHEBBIX HACOCOB OTHOCSTCSA: IMOCTOSHCTBO MOAAYU KUIKOCTH
HE3aBHCHUMO OT CONPOTUBIICHUS! HATIOPHOTO TPYOONPOBO/A, YTO MO3BOJISIET UCIIOJIB30BATh UX KaK
J103aTOPbI; BO3MOXKHOCTh TMOJAa4Md HE3HAYUTEIBHBIX PACXOJ0B MOJ OOJBIIMM JaBICHUEM MpPH
BoicokoM KIIJl; TexHuueckas 1eneco0Opa3HOCTh CO3JaHUsl MajorabapUTHBIX HACOCOB,
CIOCOOHBIX MOJTHUMATD JKUJIKOCTh M3 CKBAXXUH MaJIOT0 AMaMETpPa; BO3MOXKHOCTh ITyCKa HAacoca B
neiicTBue 0e3 MpeIBapuTEeIbHOTO 3aMl0JIHEHUS €0 KUIKOCTBIO.

K HemoctaTkaM TMOpPIIHEBBIX HACOCOB MOXHO OTHECTH: OOJBIINE radapuThl, Maccy M
IIONIa/lb, 3aHMMAaeMyl0 HACOCHBIM arperaroM; HEOOXOJUMOCTb YCTPOWCTBA TSKEIOTO
dbyHmamMeHTa; Haau4yue JerKO W3HAIIMBAIONIMXCS JeTale (KiIamaHoB, MaHXET W T. IL.);
CIIO)KHOCTh OKCIUTyaTalldd ¥ MEHBIIYI0 HAJeKHOCTh B pab0Te; HEpaBHOMEPHOCTh MOJauu
KUJIKOCTH.

lnanroBple HACOChI 3a TIOCIEIHEE BpeMsl TMOJIYUYUIIM paCHpOCTpaHEHUE IS
NEepeKaunBaHUs IUIOTHBIX MJIOB M OCaJIKOB MPOM3BOJACTBEHHBIX CTOYHBIX BOJ. HekoTopsie
3apyOesxHble (pUPMBI H3TOTOBIISAET TAKUE HACOCK ¢ Mojadeit 1o 60 M>/4 u nanopom a0 1,6 MIla.

[TpuHIMI 1eHCTBUS IUTAHTOBOT'O HAacoca MOHSATEH U3 CXeM, u300paxeHHbIX Ha puc. 10.4.
B kopmyce 1 ykpemseH muianr 2 w3 ruOKoOro marepuana (pe3uHbl, IjlacTMacchl u T.m.). Ha
CTaHMHE 3aKperyieHbl NONMMUIHUKY Basa 3. [lnan-maiiba ¢ ponukamu 5 kpenutcs K Baiy. [lpu
BpaIllCHUU Baja POJIMKK HAOEraloT Ha MUIAHT M 00kuMmaroT ero. CxxaToe ceyeHue IUIaHra 1o
Mepe BpallleHUs Bajla IIepeMeniaeTcs OT BCachlBaIOIIEH YacTH IJIaHTa K HarHeTaTeabHou. Takum
o0pa3oM, TMOpPUMU SKUJIKOCTH TOXKE TEPEMEIIAITCs OT BCACBhIBAIOLIEIO0 MATpyoOKa K
HarHeraTeJqbHOMY. Tak e yCTPOEHbl W IUIAHTOBBIE HACOCHl C HECKOJBKHMH HapajuieIbHO
pacnoyioKEHHBIMH UTaHTaMu. MHOT/Ia BMECTO POJMKOB MPUMEHSIOT CHeHAIbHbIE 00)KHUMHBIC
kynadku 4 (cm. puc. 10.4 6), Kopryc Hacoca, Kak U B IEPBOM CJIydae, J0 IMOJOBUHBI 3aMOTHSIIOT
Maciom 6.

PaGoune opransl (Baj, pOJIMKHA U Jp.) IIJAHTOBOTO HAcoca HE COIMPHKACAIOTCS C
NepeKavyuBaeMon KUAKOCTIO, TOATOMY TAKHME HACOCHI MOKHO MPUMEHATDH ISl TIEPEMEILICHUS U
JO3UPOBAaHUsI XMMHUYECKH aKTUBHBIX KHIKOCTeH W cycneH3uid. [Ipum sToM Mmarepuan muiaHra
JIOJDKEH OBITh CTOEK K BO3JICUCTBUIO MepekaunBaeMoil xuakocTu. [logaua Hacoca perynupyercs
nyTeM HM3MEHEHHUS YacTOThl BpaieHus Bana. [llnmaHroBble Hacochl HAaXOAAT NPUMEHEHHE B
XUMUYECKOHU, MUIIEBON M JPYTUX OTPACISIX MPOMBIIIJIEHHOCTH, B MEIULIUHE, a TaKXK€ MOTYT
UCIIOJIb30BAThCS B YCTAaHOBKAX /711 0OpaOOTKH BOJIBI.



Puc. 10.4. Cxema nu1aHroBoro Hacoca ¢ pojiukamu (a) u ¢ 00’)KUMHBIMU KyJaukamu (0)

BuHTOBBIE HacOChl MO NPUHLHUIY JACUCTBUA OTHOCATCS K POTOPHBIM Hacocam. B
3aBUCHUMOCTH OT OOINEro JAeWcTBHS pPabOYMX BHHTOB pa3IMYalOT OJHO-, IBYX-, TPEX- W
MHOTOBHHTOBBIC Hacochl (puc. 10.5).

OCHOBHBIMU JIETAISIMUA TAKOTO HACOCA SIBIISIOTCS OJHO3aXOJHBIN BHHT U3 HEPKaBEIOIIEH
WIM XPOMHPOBAHHOW CTalM U JABYX3axoJHas 00oiiMa U3 CrenualbHON pe3nHbl. BUHT coennHeH
C BAJIOM JBUTATENsl KapAaHHOW Mepenadeid Wiv APYruM THOKUM COCIUHEHHEM, TOMYCKAIOIINM
HECOOCHOCTH Bajia BUTATENs U BUHTA.
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Puc. 10.5. OnHOBUHTOBOM HAcoc

ITpu BpameHun Bajla JBUraTelss BUHT COBEPIIACT B OOOWHME CIIOXKHOE JIBUXKECHHE:
BpallleHUE OTHOCUTEIbHO COOCTBEHHON OCH M BpALEHUE OCH BUHTA C PATUYCOM, PaBHBIM
9KCUEHTpUCUTETY BUHTA. [Ipu 3TOM MexIy BHUHTOM M 000HMONH 00pa3yloTcsi 3aMKHYTbIE
II0JIOCTH, HETIPEPHIBHO NEpEMEIIAlOIINEcs OT BCachblBaIOLEH KaMephl K HarHeTaTelbHOH. Takum
o0pa3oM, OJIHOBMHTOBBIE HAcOChl NPEACTaBIAOT €000 Hacochl OOBEMHOIO THUIA C
BpalLAIOLMMCS pa0OYUM OpPraHOM.

BuHTOBBIE HACOCHI UMEIOT KPYTONAAAIOIINE XapAKTEPUCTUKU IIPU 3TOM 3aBUCUMOCTD Q -
H 6muska k nuHeiiHOW. [TpOMBINIIEHHOCTh BBIMYCKAaeT NOPU30HTAIbHBIE BUHTOBBIE HACOCHI C
nomaueid 0,3—40 m3/9 1 BepTUKAIBHBIC - I KOJIOJIIEB ¥ apTE3MaHCKUX CKBAXKHH.

BuHTOBBIE HAcOCHI C PE3MHOBBIMU 00OHMaMH MOXHO NPUMEHATH AJI NEpeKauluBaHUS
KaK YUCTBIX, TaK U 3arPSI3HEHHBIX U XUMUYECKH AKTUBHBIX JKUJKOCTEH.

AKCHAJIBHO-TIOPIIHEBbIE HACOChI. AKCHAJIBHO-ITOPIIHEBOM HACOC COCTOUT U3 poTopa (6s10Ka
LUIMHJIPOB) 5, COEAMHEHHOTO MPOCTPAHCTBEHHBIM ILIAPHUPOM C HAKJIOHHBIM BasioM (puc.10.6).
[Topuinu 4 6510Ka MMIMHAPOB 2 COEIMHEHBI ¢ 1M1ai00i1 maTyHamu 3.

3a monHbIi 00OpPOT Bana 1 mopuieHb OAMH pa3 BCachlBA€T W OAMH pa3 HarHeraer
JKUJKOCTh. PoTOp 5 Bpamaercs OTHOCHUTEIBHO HEMOABUKHOM pPacHpeieaUuTEIbHON IUIUTHI, B
KOTOPOW BBINOJIHEHBI JyTrOBBIE 11a3bl, COEAMHEHHBIE COOTBETCTBEHHO C KaHaJaMH BCAChIBaHUS U
HarHeraHus. B mporecce BpalieHHs poTopa 5 LMIMHAPBI C MOPIIHAMU IOCIEA0BATEIBHO
IPOXOJAT Ma3bl BCAChIBAHUS M HarHETaHUs, YTO o0ecleurBaeT HeMpepbIBHOE ABMKEHHE Maciia B



HarHeraTeslbHbI TpyOompoBoa. Takum o00pa3oM, NpoOLECChl BCAachIBAaHUS W HarHeTaHus
OpoMCXoaaT 0e3 NPUMEHEHHs KJalaHOB, YTO BBIFOAHO OTJIMYAET 3TU HACOCHI OT OOBIYHBIX
MOPIIHEBBIX HACOCOB KJIAIIAHHOT'O THIIA.

VAN T o M
NS

5 4

Puc. 10.6 AxcuanbHO-ITOPUIHEBBIE HACOCHI:
1 - Bam; 2 - OJIOK HWJIMHIPOB; 3 - MIATYHBI; 4 - IOPIIHU; 5 - pOTOP

IllecTepeHHble Hacochl. X ImpUMEHSIOT B cucTeMax MaciloCHAOXKEHHUS HACOCHBIX U
ANEKTPUUECKUX CTAHIIMM, TUAPONPUBOIOB CEIbCKOXO3SIICTBEHHBIX U CTPOUTENBHBIX MAIHUH C
Pa30MKHYTOH LUPKYJSIUEH, a TakKe Ui MepeKayKu Pa3IMYHBIX KUJIKOCTEH, HE coIepKalux
TBEPJbIX YACTHII.

[IlecTepeHHble HACOCHI XapaKTEPHU3YIOTCS TMPOCTOTOM YCTPOHCTBA U HAACKHOCTHIO
SKCIUTyaTallii, HEOOJBIINM YHUCIOM BBICOKOTOYHBIX W HW3HAIIMBAIOLIUXCS JETajed, MalbIMU
CTOMMOCTBIO, rabapuTaMu U Maccoil.

[IpuHuun neicTBust HACOCOB COCTOUT B clieayronieM. JIse mecrepuu 3 u 5 (puc. 10.7)
paBHOM MIMPUHBI M PABHOTO MOJIYJA HaXOAATCA B 3alCIUVICHUM M PACIOararoTcsl B
HUJIMHAPUYECKUX PACcTOYKax Kopmyca 7 Hacoca ¢ MHUHMMAJIbHBIM paguaibHbIM 3a30poM. K
TOpLaM IIecTepeH MpuderaoT OOKOBbIE CTEHKH Kopmyca Hacoca. [Ipu BpamieHuu ImiecTepeH
KUJKOCTh, PACIIOJIOKEHHAs MEXIY 3yObsIMU, IEPEHOCUTCS U3 MOJOCTH BCAChIBAaHUS 2 B MOJIOCTh
HarHeTaHuss 4. B HamopHON TMOJOCTH KUAKOCTh M3 BHAJAUH BBITECHSAETCS 3yObSIMU
MPOTHUBOIIOJIOKHON MIECTEPHU U MOCTYIAET B HAMOPHYIO JIMHUIO HAcOca.

[IlecTepeHHbIil HacoC >KenaTelbHO YyCTaHABIMBAaTh TakK, 4YTOOBI YpOBEHb paboueit
KUJKOCTH B Oake ObUT BBIIE MECTAa YCTAHOBKHM Hacoca. OTO OCOOEHHO BaXKHO, €CIIH
THJIPOCHCTEMA JKCIUIyaTHpPyeTCs MpH TMOHW)KEHHON TeMIiepaType BO3JAyXa, KOTja BSI3KOCTb
paboueit )KUJAKOCTH MOKET 3HAUUTEIbHO BO3PACTH.

[IlecTepeHHble HACOCHI HCIOJB3YIOT TaKKe B KadyecTBe TUAPOMOTOpOB. [lpu 3TOM
BCJICZICTBUE BO3MOXXHOCTH PEBEPCHUPOBAHMS THAPOMOTOPHI JOJKHBI HWMETh CHUMMETPUYHbBIC
yCTpOICTBA BXO/A U BbIXO/A.

Puc. 10.7. Ilpunuun neicTBus meCTEPEHHBIN Hacoca:
1- koprmyc, 2- MONOCTH BCAaChIBaHUA, 3, 5- mecTepHU, 4- MOJIOCTh HarHETaHUs



2.14 JIabopaTopnasi padora Nel7 ( 2 gaca).
Tema: «<McnbITaHHE 06’ bEMHOI'0 HACOCA»

2.14.1 leap pa6oTbl: M3y4uTh YCTPOWCTBO, MPUHIMN JCHCTBUS OOBEMHBIX HACOCOB
CHSTH HAIIOPHYIO XapAKTEPUCTHUKY.

2.14.2 3apaum padoThI: YSACHUTE!
- IPUHLUN pabOThl 00bEMHBIX HACOCOB;
- B3aMMOCBA3b ITOAa4YU1 U Haropa.

2.14.3 Ilepeyenb npudOpPOB, MATEPHAIOB, HCIOJIb3yeMBbIX B J1a0opaTopHOii padoTe:
1. MakeTsI HaCOCOB, HACOCHAS CTAHIIHUS.
2. Meroanueckoe nocobue «lcnpiTanue 00beMHOI0 HACOCA».

2.14.4 Onucanne (xox) padoThI:

1. O3HaKOMHTHCS C IEMEHTAMU, BXOJAIIMMHU B COCTaB JaOOPATOPHON YCTaHOBKHU.

2. CocTaBUTb FHAPABINYECKYIO CXEMY YCTAaHOBKH.

3. IloaroToBuTh yCTAaHOBKY K paboTe, MOAKIIOUUB €€ K paclpeaeauTeIbHOMY
JIEKTPOLIUTY.

4. HOH&TB Ha 3JICKTPOABUTATC/Ib HAIPSAKCHUC MTOCTOAHHOI'O TOKA.

YcoBHBIE 0003HAUEHHS 3IIEMEHTOB THAPOTIPHBOAA

Heperynupyemsrii rugponacoc ¢
[IOCTOSIHHBIM HAIIPaBJICHUEM BpallleHUs

Jpoccens perynupyeMslii

OOpaTHBIN KiIanaH

o LG

I'mapobak ¢ atMocdepHbIM

IN—, JaBJICHUEM

Puc. 2 Manometp

5. YcraHoBuTH | Ipoccens B mosiokeHue 1. DTo monoxkenue ompexensercs npu 16B
HANpsDKEHUs Ha JIBUraTelie, MpU ATOM HAcoC JOJDKEH pa3BUBATh JaBJICHHE HAa MAaHOMETpE A0
npoccenst 1.5aTm.

6. MeHnssa HanpspDKEHUE Ha DJIEKTPOABUTATEINE, a CIIE0BATEIBLHO €r0 CKOPOCTh, ¢ 16B
10 24B uepe3 2B, cHATH ¢ MAaHOMETPOB JABJIICHHE 10 W mocie apoccens (24B coorBercTByeT

1450 06/muH., 2B — 120 06/MuH.).



7. YcraHoBUTH Jpoccenb B nosiokeHue 2 u 3 u noroputh m.6 Ilomoxenuto 2 u 3
COOTBETCTBYET HampsbKeHHe Ha JBuratene 16B, a naBieHuwe, pa3BMBaeMOe€ HAcOCOM Ha
MaHoMeTpe 110 apoccenst 2.0 u 2.25 aTm.

8. PesynbTarhl u3MepeHuii 3anectu B Tabnumy 1.

Taomuua 1

[Monoxenne | S=8*10°m> | S=6*10°m> | S=4*10 *m>
Hpoccens

Hanpsoxenwe | P (P (O |P |P | QO |P |P | O

1 2 1 2 1 2

9. PesynbTaThl HCCIENOBAaHWH M PACYETOB MPEACTABUTh B BUJAC T'papUUECKUX
3aucumocteit Q=f(n), N=f(n).

Cnenatb BBIBOJ 110 padoTe.



