I'mpopasnuka

1. Bsenenue.

MexaHnka MaTepualbHON TOUYKM M MEXAaHUKA TBEPAOTO TeJla - 3TO MPEAMET U3yUEHUSI TEOPETHUECKON
MexaHUKHU. Hapsiny ¢ TBepapIMU TeJlaMU B MIPUPOAE CYLIECTBYIOT XKUAKOCTU M ra3bl. 3aKOHbI MEXaHHUYe-
CKOTO IBWKCHMS JKUJKOCTEH M3y4daeT THAPOMEXaHHKAa. B ruipomexaHuke, Kak U B MEXaHHMKE TBEPIBIX
T€J, BBIAEIAOT KHHEMATUKY KUAKOCTH, THIAPOCTATUKY U TUAPOMEXAHUKY.

KunemaTuka JKUIKOCTU SBISIETCA Pa3[eioM TMAPOMEXaHUKH, B KOTOPOM JIBUJKCHHE HM3y4aeTCsl BHE
3aBHCHMO OT JIECHCTBYIOLIMX CHJI; B KNHEMATHUKE YCTaHABJIMBACTCSA CBSI3b MEXAY I'€OMETPUYECKUMU Xa-
PaKTEpUCTUKAMU JBUKEHUS U BPEMEHEM.

I'mapocraTika U3y4aeTr 3aKOHbI pAaBHOBECHUS (ITOKOSI) )KUIKOCTH.

I'vapoavHaMuKa U3y4daeT 3aKOHBI JBUKECHUS JKUKOCTH.

B 3aBucuMocTH OT T€OpeTHUYECKON WIIM NMPUKIAAHON HANpaBIEHHOCTH YHNOTPEOSIOT HAUMEHOBAHUS
TEOPETHYECKas WM MPUKIIAIHAS TUAPOMEXaHUKA.

2. JKuakocTty U Ux CBOUCTBA.

MarepuanpHble TeJa MOTYT HaXOJIUTCS B TPEX arperaTHBIX COCTOSHUSX: TBEPAOM, )KUIKOM M Ta3000-
pasHoM. KaxxJioe U3 3TUX COCTOSIHMI XapaKkTepu3yeTcs criequpUUecKUMU CBOUCTBAMH, KOTOPBIE OIpeie-
JSIFOTCSE OCOOEHHOCTSIMH MIX MOJIEKYJISIPHOM CTPYKTYPBI, HEITOCPEICTBEHHO CBSA3aHHOW C CHJIAMH B3aHMO-
JEHCTBUS MOJIEKYJl. DTUMH CHJIAMH SIBJISIFOTCSI CHJIBI IPUTSKEHUS U OTTAJIKMBaHMS, IEHCTBYIOIINE OJHO-
BPEMEHHO U 3aBUCSIIME OT PACCTOSHMS MEXKIY YACTULAMMU.

Ha npumepe nBYX M30JMpPOBaHHBIX MOJIEKYN (pHc. 1) Ha pacCTOSIHUM I, CHiia B3aMMOJCHCTBUS paBHA

HYJI0, TO €CTh CHJIBI OTTAJIKMBAHMS YPAaBHOBEIIMBAIOT CUJIBI NPUTsKEHUA. [Ipu I > 1, pe3ynbrupyomen

CHIION SIBIIICTCS CHIIa IPUTAKCHUA, KOTOpas pPacTeT I10 a0COJIIOTHOM BCJIIMYMHEC, NOCTUTrasl MAKCHUMYyMa
opu I =1r,, a 3aTeM YMCHBIIACTCA. HpI/I I <T, — CHJIbl OTTAJIKUBAHMS. MoneKlea B II0JIC ATUX CHII 00J1a-

JIaeT MOTEHIUAIBHOW SHEPTHeH E(r), KoTopas cBsi3ana ¢ cuioi f(r) auddepeHnmranbHBIM COOTHOLICHHU-
eM

dE=-f(r)dr (1)

B touke r=r,, f(r)=0, E(r) mocruraer skcrpeMyma (MUHHMYMa). B TBep/bIX (KPHCTAILTHYECKHX)
TeJlaX MOJIEKYJIbI PaclojararoTcsi Ha pacCTOSHUM [, TJe MOTEHIMaIbHAs SHEPT sl MUHAMAaIbHA, 00pazyst

KPUCTAJIIMYECKYIO peleTKy. TemnoBoe ABMKEeHNE — KojeOaHue aToMOB B y3iiax pemerku. CpenHss Ku-
HETHYeCKasi SHEPrHsl TEIUIOBOTO JIBIKeHHUs - KT , OHa MHOTO MEHbIIIE DHEPIUHU CBSI3U MOJICKYJIbI B y37e
pelIeTKH, T. €.

E,|>> kT )

Otcrofa — ycTOMUMBOCTh COXpaHeHus: o0bemMa U (hOpMbI TBEPJOTO Tea.
B raze mexmonexymsipHoe pacctostHue > 10r,, 9To COOTBETCTBYET CIaObIM CHJIaM MPUTSDKEHHUS U Ma-

JIoi HOTeHHHaHBHOﬁ OHCPTHHU. TemmoBoe ABWIKCHUC NOMUHHUPYCT HAJ CUJIaMH NPUTAXKCHUA
E,| << kT 3)

Mounexyinbl ipakTudecku cBOOOHBI. CBOOOIHOE OECTIOpsIOYHOE JBMKCHHE MOJIEKYJ raza o0ycliaB-
JMBAET €T0 PaCIIMPEHUE BO BCE CTOPOHBI, TOITOMY T'a3 HE UMEET OMPEIEICHHOr0 00beMa i COOCTBEHHOM
¢dbopMbI, a 3aHUMaET 00bEM U IPUHUMAET GOPMY COCY/a, B KOTOPOM OH HaXOJUTCS.

KuakocTr MO0 MONEKYISPHOMY CTPOSHHIO 3aHMMAIOT MPOMEXKYTOUHOE MOJOKEHUE MEXAY KpUCTa-
JUYECKUM TBEPIBIM TEJIOM H Ta30M

E,|=kT 4)

[TosTOMy OHHM 00aJAIOT TUIOTHOCTBHIO OJIM3KOM K TBEPIOMY Tely, YCTOMUMBO COXPAHSIOT BEIUYUHY
3aHMMaeMOT0 UMH 00beMa, HO He Aepxat popmy.
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Puc. 1. 3aBucHUMOCTb MOTEHIUATBLHON YHEPTUU MOJIEKYJT U CHIIBI
B3aUMOJICVCTBUS OT PACCTOAHUS MEXKY UX LEHTPAMH.

Cno’XHOCTb MOJIEKYJISIPHOTO CTPOEHMS JKUJKOCTH 3aTPyIHSAET MOJyYEeHUE TEOPETUUECKUM ITYTEM J10-
CTaTOYHO OOIIMX CBSA3EH MEXAY MOJIEKYJIAPHBIMU XapaKTEpPUCTHKAaMHM M HAOII0AaeMbIMU CBOMCTBaMM:
TEMIEPATYpOil, JaBJI€HUEM IUIOTHOCTHIO, BA3KOCTBIO U Jip. [l03TOMY B rHipoJuHAMUKE OJIb3YIOTCS 3KC-
HNEPUMEHTAJIbHO YCTAHOBJIEHHBIMU 3HAUEHUSMHU U1 ATUX BEJIMUUH U CBA3SIMU MEXIY HUMHU.

OCHOBHBIMU IIapaMETpPaMH, XapaKTEPU3YIOIIMMH TEPMOJUHAMUYECKOE COCTOSHUE >KUJIKOCTH, SBIIS-
I0TCs TemnepaTypa T, 1aBieHue p U IIOTHOCTb p.

CBs13p MEXIy IUIOTHOCTBIO, TEMIIEPATYpPON U JAaBIECHHUEM YCTAaHABJIMBAETCS YPABHEHUEM COCTOSHUSA,
KOTOpO€ JUIsl peajbHbIX )KUIKOCTEH U Ia30B BBIBOAUTCSA B KUHETHUECKOH Teopuu. OAHAKO BBUY CIOXK-
HOCTU OOLIET0 YpaBHEHMsI COCTOSHUS U 3aTPYAHUTEIBbHOCTU ONPEEIICHUs BXOAAIIMX B HETO KOHCTAHT,
JUI Ka4eCTBEHHOI'O aHajM3a CBOMCTB 3THX Cpej MOJb3YIOTCA NPUOJIMKEHHBIMU TEOPETUUECKUMHU HIIU
AMIMPUYECKUMU YPaBHEHUSIMHU.

Jpyroi TepMOIMHAMUYECKON XapaKTEPUCTUKON KUAKOCTHU SBIISETCSA COKUMAEMOCTb.

KonnuecTBEHHO CKMMaeMOCTh OLEHUBAETCS U30TEPMUYECKUM KO3DPUIIMEHTOM CKUMAaEMOCTH
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rae ¢ — ynensHbl 00beM, 3 =1/ p. Kuakoctu, B OTIHYKE OT Ta30B, 0OIAAAIOT MAIOH CKUMAEMO-

cthio. Koadumuent cxxumaeMocTH GOIBIIMHCTBA KHAKOCTEH NEXMT B mpemenax y, =107 <1077

(H/m?)™. JIns Bcex KHUIKOCTEH OH YMEHBIIAETCA C BO3PACTAHUEM JABJIEHUS U BO3PACTAET C MOBBIIICHHEM
TEMIIEpaTyphI.

O0BeM KUAKOCTEH U Ta30B U3MEHSIETCS HE TOJIbKO MPH W3MEHEHUH JaBJICHUS, HO U IpU U3MEHEHUHU
teMriepaTypbl. Kak mpaBuio, KUAKOCTH M ra3bl pACHIMPSIOTCA C MOBBIIMICHHEM TEMIIEpaTyphl, a IJIOT-
HOCTb MX IIPU 3TOM yMeHbIIaeTcs. MckitoueHne cocTaBiseT BOAA, MIIOTHOCTh KOTOPOU BO3PacTaeT IIpU
noBbilIeHnH TeMiieparypsl ot 0 1o 4 °C u gocturaer MakcumymMa nipu 4 °C. Takas aHoManusi OObIICHSIET-
Cs1 OCOOCHHOCTSMHU MOJIEKYJISIPHOTO CTPOCHHUS BOJIBI.

KonuuectBeHHO M3MeHeHHe o0beMa NMpU U3MEHEHUHU TeMIIepaTyphbl U MOCTOSIHHOM JaBJIEHUU OLIEHH-
BaeTcs KO3 PHUIIMEHTOM TEIJI0BOT0 0ObEMHOI0 pacIIupEeHUs

a, LV . (6)

Viar ),

VY xuakocredt 3TOT KOAPGUIUEHT 3aBUCUT OT TEMIIEPATypbl U JaBJIEHUs, BO3pacTas C MOBBIIICHUEM
IIEPBOM ¥ YMEHBIAACH C YBEIIMYEHUEM BTOPOTO.

MonekynspHble ABHKEHUS B KUAKOCTIX U Ta3ax 00YyCIOBIUBAIOT COMPOTUBIIEHUE ATHX CpPEJ CABUTa-
IOLUM YCHIIHSIM.



MexaHn3M BO3HUKHOBEHUSI CHJIBI CONPOTUBIICHUS MOXKHO TPEICTaBUTH CleAyromuM odpaszom. Croi
JKUJIKOCTH, TIPUJIETAIONIEH K TUTACTHHKE, MPUIUTIAET K HEH M JBMKETCS BMECTE C TUTACTUHKON CO CKOPO-
CTbiO U,. BeriencTBue MoneKkymsipHBIX CBs3€i 3TOT ciloil yBiekaeT 3a coboit cienyromuii u 1. 1. Ilo-

CKOJIBKY HMKHUH CIIOM MPUMBIKACT K HETIOJBMKHOM TUIACTUHKE, €ro CKOPOCTh paBHA HYI0. Takum oOpa-
30M, B KHUJKOCTH BO3HHUKAET CIIOUCTOE IBMXKEHUE C HEKOTOPBIM PACIIPEAEICHUEM CKOPOCTEN 110 BBICOTE U
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Puc. 2. Cioucroe IBMXE€HUE B KUIKOCTH.

=f(y).
B paccMarpuBaeMoM citydae paclpeesieHHe CKOpOCTeN JMHEeWHoe. BenencrBue nelcTBus MEXKMOIIe-
KYJISIPHBIX CBSA3€H MEXy IBHKYLUIMMHUCS CIOSMH JKUIKOCTH BO3HUKAIOT CUJIbI BA3KOCTH MJIM BHYTPEHHE-

'O TPCHUA. HreroTon YKa3zall Ha T€ MapaMETpbl, OT KOTOPbIX 3aBUCUT BCIMYNHA 9TOU CHUIIBI r# . IIJ'IH pac-

CMATPUBACMOT'O CJIOUCTOI'O ABHUIKCHHUA

Jpy LR 7
L =TS —, < - T— KacaTeJIbHOC HANPSHKCHUE (7)

dy
. _ _du
IJIe 4 — TMHAMUYECKUH KO3(DPUIMEHT BA3KOCTH; S — TUIOIIAh COMPUKOCHOBEHUS CIIOCB; d— — Irpagu-

€HT CKOPOCTH, ABJISIFOLIUICS OKA3aTeIeM NHTCHCUBHOCTH WU3MEHEHUS BEJIMYHUHBI CKOPOCTH 110 HOPMAJIU
K €€ HalpaBJICHUIO.

Junamudeckuii K0d((GUIIMEHT BSI3KOCTH (& SBISIETCS OCHOBHOW KOJMYECTBEHHOW XapaKTePUCTH-
KOH BSI3KOCTH )KHMJKOCTEHN U ra3oB.

Hapsny ¢ nunamuueckum KO3(QQUUIMEHTOM BSI3KOCTH B THAPOTa30JIMHAMHUKE HIMPOKO HCHOJIB3YIOT
KHHEMaTU4YeCKHi KO3 PUIHUEHT BSI3KOCTH V, ONPEIEIIeMbIii COOTHOIIEHUEM

y=H, (8)
o,
Tac p — IJIOTHOCTD X KUAKOCTH.

EiuHuIel n3MepeHns KHHEMATHIECKOr0 Ko3((HIIHEHTa BA3KOCTH CIyXKHT M7/C.
3. T'umotesa CIIOMIHOCTH CPEJIBI.

B TUAPOMEXAHUKE paCCMaTPUBAIOTCA MAKPOCKOIMMYCCKUEC NBUKCHHUA }KI/I)IKOCTGI\/JI " 1a30B, a TAKXC CHU-
JJOBOC BSaHMOHeﬁCTBHC 9TUX Cpel C TBECPAbIMU TCIIAMH. HpI/I 9TOM, KakK IMPaBUJIO, pa3MCpPbl pacCMaTpuBa-
€MBIX 00BEMOB )KI/I)IKOCTef/'I, ra3oB U TBEPAbLIX TCJI OKA3bIBAOTCA HECOIIOCTABUMO OOJIBLIINMU I1I0 CpaBHC-
HUIO C pasMEpaMu MOJICKYJ U MCKMOJICKYJIAPHBIMU pACCTOAHUAMMU. 910 CCTCCTBCHHO, ITOCKOJIbKY MCK-

MOJIEKYIISPHBIE PACCTOSHHS B KUIKOCTAX cocTaBnsAioT Beero 107 +107° cm.

VYka3aHHble 00CTOSITENHCTBA O3BOJIAIOT BBECTH TUIOTE3Y CIUIOUTHOCTU M3y4aeMOil cpefibl U 3aMEHUTh
peayibHbIe JUCKPETHbIE OOBEKThI YINPOILIEHHBIMA MOJENSAMHU, MPEACTABISIOIMMU COO0N MaTepHallbHbII
KOHTHHYYM, T. €. MaTepHaJIbHYIO Cpey, Macca KOTOPO HEempephIBHO pacmpeseneHa no oosemy. Takas
Ueann3alns ynpouaeT peanbHy0 AUCKPETHYIO CUCTEMY M IO3BOJIAET MCIIOJIB30BaTh JUIsl €€ ONUCAHUS
XOpOUIO pa3pabOTaHHbIM MaTEeMAaTUYECKUH armapar MCUUCIIEHUSI OECKOHEUHO MaJbIX M TEOPUIO Hempe-
PBIBHBIX (PYHKIIMA.

[TapameTpsl, XapaKTepU3yOLIME TEPMOJANHAMUYECKOE COCTOSIHUE, TIOKON WIIH. IBUKEHUE CPEIbl, CUU-
TAIOTCS MPU ATOM HEMPEPHIBHO U3MEHSIOLIMMHUCS 110 BCEMY 00bEMY, 3aHITOMY CPEoi, Kpome, ObITh MO-
JKET, OTAEIbHBIX TOUYEK, IMHUI WU IIOBEPXHOCTEM, /1€ MOTYT CYIIECTBOBAThH PA3PHIBBL.

Teoperrueckne pe3ysibTaThl, MOAYYECHHbIE IS TUIOTETUYECKON CIUIONTHON CpeJibl, TEM JYy4YIlle COBMa-
OYT ¢ pe3yabTaTaMu HAOIIOACHUH, YeM IOJIHEe M TOYHEE YUTEHBI B HEHl CBOWMCTBA peabHBIX JKUIKOCTEH
1 ra3oB. K coxanenuro, naeain3anuio cpepl BO MHOTHX CIIydasiX HE yJaeTCsl OTPaHUYMUTh TOJIBKO AOITY-




IIEHUEM ee CIIOMHOCTH. CI0KHOCTh M3y4aeMbIX SBJICHHNA 3aCTaBIIsICT OTKA3bIBATHCS OT y4eTa M HEKO-
TODPBIX JIDYTUX CBOMCTB peajibHBIX cpell. B 3aBUCHMOCTH OT TeX CBOMCTB, KOTOPbIE MPHUIHCHIBAIOTCS TH-
MOTETUYECKOM CIUIOIIHON CpeJie, MOIyqat0T Pa3JIMYHbIE €€ MOJEIIH.

I'mnoresa CIUTOIIHOCTH CPeAbl O3HAYACT, YTO BCSKHH MAJbId JIEMEHT 00beMa JKUAKOCTH CUHUTAETCS
BCE-TAKW HACTOJBKO OOJBIINM, YTO COJCPIKHUT €Ule OYeHb OONbIIOe YUCIO MOJeKyd. COOTBETCTBEHHO
3TOMY, KOT'JIa MBI Oy/ieM TOBOPHUTh O OECKOHEYHO MaJIbIX JIEMEHTaX 00beMa, TO BCET/a MU 3TOM OyzieM
NOJpa3yMeBaTh «(PU3NIECKN» OECKOHEUHO MaJIblii 00bEM, T. €. 00bEM J10CTaTOYHO MAJIBIH 10 CPABHEHUIO
¢ 00BEMOM JKHUIKOCTH, HO OOJIBIION 110 CPABHEHHIO C MOJICKYIISIPHBIMU PACCTOSIHUSMH.

CoracHO THITOTE3€ CIUIOIIHOCTH Macca CpPebl pacipe/iejieHa B 00beMe HeNPepsIBHO U B 00mIIEM
HepaBHOMEpHO. (OCHOBHOHM JMHAMUYECKOW XapaKTEPHCTUKON CpEeabl SBISETCS IUIOTHOCTh pacipeaese-
HHSI MacChl 10 00BEMY HMJIM IPOCTO TUIOTHOCTH CPEJbI.

[110THOCTB Cpenpl o B MPOU3BOIBHOM TOUKE A OMpPEAETseTCs COOTHOIIEHUEM

. AM

p = lim

AV —0 W ' (9)
rie AM — macca, 3aKiI0o4eHHas B MaIoM o0beme AV, BKIIIOYAIOIIEM TOUKY A; mpenen Oepercs npu
CTArUBaHUM 00beMa AV K 3TOM TOUKe.
Hapsiny ¢ IJIOTHOCTBIO B pacCMOTpPEHHE BBOJIUTCS MOHATHE YIENBHOTO oO0beMa ¢, KOTOpBIHA mpej-
cTaBisieT 000 00beM, coliepKaluil €TUHHUILY MacChl:

1
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e,
IImoTHOCTHE Cpeabl MOXET U3MCHATCA OT TOYKH K TOYKE U B I[aHHOﬁ TOYKE CO BpCMCHEM, T. €.
p=p(x,y.z2,t) (11)

AHaJOTMYHO Ui 1aBJICHUS UMeeM P = p(x, y,z,t). Kaxk u3BecTHO, 110 JBYyM TEPMOJANHAMUYECKUM Be-
JUYUHAM C IOMOILBIO YPaBHEHUS COCTOSIHUS BEIIECTBA MOT'YT OBITh ONpE/ENeHbl BCe TepPMOIMHAMUY e-
ckue BennuuHbl. TakuM 006pa3oM, 3aaHHie TISTH BETHUMH: TPEX KOMIOHEHTOB ckopocti V =V(X,Y,7 1),
JABJICHUs] U INIOTHOCTH IIOJHOCTBIO OINPEIENAECT COCTOSHUE JBMKYIIeHcs xuakoctu. ITomuepkuem,
aro V=V(x,y,z1) ects CKOPOCTb JKMJIKOCTH B KaXXIOW JaHHON TOYKE X, J, Z IPOCTPAHCTBA B MOMEHT
BpeMeHH .

OpnHako 3Ta GYHKIMOHATIbHAS CBSI3b HE ABISETCS HEMOCPEACTBEHHOM, TaK KaK IUIOTHOCTb JKUJKOCTEH
U Tra30B omnpejaensercs (aKTUUECKU 3HAYEHUSMU TEPMOAMHAMHUYECKHUX MapaMeTpoB COCTOSHUS (p u 1),
KOTOpBIC TIPH ABHKEHHHU CPEIbI 3aBUCAT OT KOOPAUHAT (X, V, Z) U BpeMeHu (t).

MaremaTnueckoe ONMHMCAHUE JBHKEHHUS XUAKOW cpeabl oOmumu auddepeHnnaabHbIMU YpaBHEHH-
SIMH, YYUTBHIBAIOIIMMH Bce (PU3MUECKHE CBOMCTBA, MPUCYILUE ITOM Cpelie, OKa3bIBAETCs BECbMa CIOXKHOMN
3amaued. Ecim naxke OrpaHU4MTCS YYETOM TOJIBKO TEKYYECTH, BSI3KOCTH M CKHMAaeMOCTH, TO U TOTJa
YpaBHEHUS IBUKCHMS, BBIPAJKAIOIIME OCHOBHBIEC 3aKOHBI MEXAaHUKH, OKA3bIBAIOTCS HACTOJIBKO CJIOXKHBI-
MU, 4TO [TOKa HE YAaJI0Ch pa3paboTaTh OOIIMX aHATUTUYECKUX METOJ0B UX pemieHus. [Ipumenenue unc-
JIEHHBIX METOJIOB MHTETPUPOBAHUS TAKMX YpaBHEHUI Ha 0aze coBpeMeHHBIX DBM Takxke cBA3aHO €O
3HAYUTENIBHBIMU TPYAHOCTAMH. B ruipoMexaHuke no3TOMY IIUPOKO HCIONB3YIOT Pa3IMYHbIE YIPOIIEH-
HBIE MOJIEJIN CPEIbl U OTIENbHBIX SBJICHUN.

IToa MOJIenbI0 peanbHOM Cpeibl MOHUMAKOT TaKYH THIOTETHYECKYIO CPElY, B KOTOPOW YYTEHBI TOJBKO
HEKOTOpbIe U3 PU3MUECKUX CBOMCTB, CYIIECTBEHHBIE IS ONPE/ICIEHHOTO KPYyTa SBICHUN U TEXHUYECKUX
3a1a4. J[pyrve MajloCylecTBEHHbIE CBOKMCTBA CPEJIbl B MOJIETN UTHOPUPYIOTCSL.

OnHOI U3 OCHOBHBIX B TMIPOMEXAHHKE SBISETCS MOJIENIb HEC)KUMAeMOH MjieabHOW (MM HEBA3KOM)
KUAKOCTU. Tak Ha3bIBaeTCs TMIOTETHUYECKas CIUIOIIHAs cpefa, oOiajaronias TEKy4ecThlo, JIMIICHHAs
BSA3KOCTH M IIOJIHOCTBIO HEC)KMMaeMas. JTa MOJeNb SBJseTcs 00BEKTOM HCCIEeIOBaHMs B pasfene T'u/l-
pomexaHukn «Teopusi MaeanbHOM HECKUMAEMOM KUIAKOCTW». MrHOpupoBaHHE CBOWCTB BSA3KOCTH H
CKUMAEMOCTH CHUJIBHO YIPOLIAET MAaT€MaTUYECKOE ONHMCAHMUE ABUKEHUS JKUIKOCTH U IO3BOJISET I10JY-
YUTh MHOTHME PEIIEHUs B KOHEYHOM 3aMKHYTOM BuJe. HecMOTps Ha 3HAUMTENbHYIO CTENEHb UICAIN3a-
LIUU CPEJbl, TEOPUS HECXKMMAEMOM HEBSA3KOW KUAKOCTHU JAET Pl HE TOJIbKO KAYECTBEHHO, HO U KOJIMYeE-
CTBEHHO IOATBEPKIAEMBIX ONBITOM PE3YJIBTATOB, MOJE3HBIX ISl MPAKTUYECKHX MNpuioxkeHnid. Ho He
MEHee CYIIECTBEHHOE 3HAYCHHUE ITON TEOPUH COCTOMT B TOM, UTO OHa siBiIseTCs 6a30i s APYruxX Mojie-
Jei, OGosiee MOTHO YYMTHIBAIOIMX CBOMCTBA peanbHbIX cpea. Cieayer, 0JlHAKO, NOJYEPKHYTh, YTO IIpe-




HeOpeKEHHE BSI3KOCTHIO SIBIISIETCS BEChMa CHIIBHOW CTETICHBIO MI€aTN3aIliH, IIOATOMY TEOPHUS UaTbHON
HECKUMAEMOM KUJIKOCTH MOYKET IPUBOAMT K Pe3yJIbTaTaM, PE3KO PACXOIALIUMCS C OIIBITOM.

bosee mojio ¢BOiicTBA peaIbHOU JKUJAKOCTH VUYHUTHIBAIOTCS B MOJEIN BI3KOM HECKMMAECMOU JKHUIKO-
CTH, KOTOpasl MpeCTaBiseT co00oi cpeay, 00Jagaronlyl0 TeKYYecTbl0 U BA3KOCTbIO, HO a0COJIIOTHO He-
CKUMaeMyI0. Teopusi BA3KOM HECKUMAEMOM JKHUJIKOCTH JIMIIb B OTPAHUYEHHOM YHUCJIE CIy4aeB C IPO-
CTEHIIMMU I'PAaHUYHBIMU YCIOBUSMH MO3BOJISIET MOJIYYUTh TOUYHBIEC PELICHUS MOJHBIX YPAaBHEHUMN JBUKE-
Hus. Hanbonpee 3HaueHne B 3TOM TEOpUM MMEIOT NPUOIMKEHHBIC YPAaBHEHHS M MX peuleHus. Takue
yYpaBHEHHUS MOIYYalOT MMyTeM OTOpachIBaHUS B MOJHBIX YPABHEHHIX JIBUKEHHS TeX WICHOB, KOTOpbIE Ma-
JI0 BIIUSAIOT Ha COOTBETCTBUE TEOPETHUECKUX PELICHUH OMnbITy. Penienns npuOiInKeHHbIX YpaBHEHUH MO-
T'yT OBITh KaK TOYHBIMH, TaK U TTPUOIMKEHHBIMH.

Kaxk n3BecTHO, KaneabHbIe )KUIKOCTH ABIISIIOTCA MAJIOC)KMMAEMbIMU CPEIAMHU, IIO3TOMY ISl HIMPOKOTO
Kpyra TEOPETUYECKHX M MPUKIAAHBIX 33734 MPEHEOPEKEHUE CKUMAEMOCTBIO SIBISICTCS BIOJHE IOIY-
CTUMOM MJeann3alreld U MaJlo BJIMSET Ha BUJ MTOJIyYaE€MbIX PELIEHUN U CTENEHb COBIIAJICHUS TEOPETHYE-
CKMX pe3y/lbTaTOB C JAaHHBIMM M3MepeHuid. Ho Bce ke CylecTBYIOT Cilydau JBUKEHUS XKUAKOCTEM, KOTO-
pBI€ HEJb3s1 JOCTaTOYHO JOCTOBEPHO OINKCATh, €CJIU HE YUECTh CKUMAEMOCTb.

I'MIPOCTATHUKA

4. YpasHeHue Diuiepa.

Briienum B KUIKOCTH HEKOTOPBINA 00beM. [lonHas cuina, AeiicTByromias Ha BBIJCIICHHBIN 00BEM KU -
KOCTH, paBHA UHTETPay

—§ pdsS (12)

OT JIaBJICHHS, B3ATOMY I10 IMOBEPXHOCTH paccMarpuBaeMoro oowema. [IpeoOpasys ero B mHTErpai mo
00beMy, UMEEM:

—¢pdS=—|gradpdV (13)
fpas=-

OTcro/1a BUIHO, YTO Ha KaXIbIH 3JIeMEHT 00bema 0V )KHIKOCTH JCHCTBYET CO CTOPOHBI OKPY KaroIIEH
ero xuakoctu cuna —dVgrad p. J[pyrumu cioBaMu, MOXKHO CKa3aTh, YTO Ha €AMHHUILY 00beMa KUAKOCTH
neictByer cuia -grad p.

MbI MOXeM Terneph HamucaTh YpaBHCHUE JBIKCHHS JeMEHTa 00beMa JKUAKOCTH, IPUPABHSAB CUITY -

19
grad P Mpou3BEACHUIO MACChl O CIUHMUIIBI o0Bema KHUAKOCTHU HA €€ YCKOPCHUC E .

do
pa =—gradp. (14)

1% o
CTO?[HIaFI 3AC€Ch MPOU3BOJHAA E onpeacisiCT HE UIBMCHCHHUEC CKOPOCTHU KUJAKOCTH B JAaHHOU HECIIO-

JIBM)KHOM TOUYKE MPOCTPAHCTBA, @ M3MEHEHUE CKOPOCTH ONPEICICHHON MepeIBUTAIONICIHCS B MMPOCTPaH-
CTBC 4aCTHUIBI KUIKOCTH. 3Ty HpOI/ISBO)IHyIO Haao BI)Ipa3I/ITI) qepe3 BCJINYNHBI, OTHOCAIIINECA K HEIIO-
JIBIOKHBIM B MPOCTPAHCTBE TOYKaM. J[Jisi 3TOro 3aMeTHM, 4TO W3MEHEHHE BCKOPOCTH JaHHOM YaCTHIIBI
KHUIOIKOCTH B TCUCHUC BpeMeHI/I dt CKJIAABbIBACTCS U3 ABYX t-IaCTeI\/’II N3 NBMCHCHUA CKOpOCTI/I B )IaHHOﬁ TOY-
K€ MPOCTPAHCTBA B TeueHUEe BpeMeHu At 1 U3 pa3HOCTH CKOpPOCTE#t (B OJIMH U TOT )K€ MOMEHT BPEMEHH) B
JIBYX TOUYKaX, Pa3[eJICHHBIX paccTossHueM dr, POHIeHHBIM pacCMaTPHUBAEMON YaCTHIICH JKUIKOCTH B Te-
yeHnue Bpemenu dt. [TepBas u3 3TUX yacteil paBHa
ov

L (15)

TAC TCHICPb NPOU3BOJHAA 81)/6t 6epeTc;1 IIpA NMOCTOSHHBIX X, V, Z, T.C. B 3aJaHHOM TOYKE MMpOCTPAHCTBA.

BTtopas yacTh M3MEHEHHS CKOPOCTH paBHA

ov ov ov
dx—+dy—+dz—=(drV 16
o Y T, (drv)o (16)

Takum oOGpaszom,



do = aa—lt)dt A(drv)o?)

WK, Pa3JIelIuB 00€ CTOPOHBI paBeHCTBA Ha dt,

do ov

—=—+(vV). 18
el G (18)

[ToacraBiss monydeHHoe cootHomeHue B (14), Haxoaum:
o, (V)b = _1 gradp. (19)
ot p

3TO0 U €CTh UCKOMOE YpaBHEHUE ABMKCHHUS KUJAKOCTH, YCTAHOBJIEHHOE BIepBbIe JI. Dilnepom B 1775 1.
Ono Ha3wIBacTCs YPaBHCHUEM 3171.]16])3. ABJISACTCA OAHUM M3 OCHOBHBIX VDaBHeHI/Iﬁ THAPOANHAMUKU.

Ecnu kuaKocTh HaXOAUTCS B TMOJIE TSHKECTH, TO Ha KaXAyI0 €UHHUIY ee o0bema JACHCTBYET ellle cuiia
09, i€ § eCTh YCKOPEHUE CHIIBI TSHKECTH. JTa cujla I0JDKHA OBITh MpUOaBIIeHa K MPaBOW CTOPOHE ypaB-

uenus (14), Tak uro (19) npuobperaet Bua
a—U+(1)V)u=—@+g. (20)
ot p

[Ipu BBIBOJIE ypaBHEHUI JIBH>KEHHSI Mbl COBEPILIEHHO HE YYUTBIBAJI MPOLECCOB JUCCUTIALIMN SHEPIHH,
KOTOpPBbIE MOTYT UMETh MECTO B TEKYIIECH KUIAKOCTH BCIEACTBUE BHYTPEHHETO TPEHUS (BA3KOCTH) B KU /I-
KOCTH M TEIIO0OOMEHa MEX]y pa3ln4yHbIMU ee yuyacTkamu. [losToMy Bce m3naraemoe 3/eCh OTHOCUTCS
TOJBKO K TAKUM JABMKECHUSM >KHJKOCTEHW M Ta30B, MPU KOTOPBIX HECYIIECTBEHHBI MPOLIECCHI TEIJIONPO-
BOJIHOCTH U BA3KOCTH; O TAKOM JBHKEHUU TOBOPSAT KaK O JIBHKEHUU UJCATbHON KUJIKOCTH.

OtcyTcTBUE TEIIOOOMEHA MEXIY OTACIbHBIMU YYACTKAMH KUJIKOCTH (2 TaKkKe, KOHEYHO, U MEXKIY
KUJKOCTBIO M COTMPUKACAIOIIMMUCA C HEIO OKPYKAIOIIUMHU TETaMH) O3HAYAET, UYTO JIBUYKEHHE MPOHUCXO-
JIUT aauadaTHYeCKu, IPUUeM aia0aTUYECKU B KaXKJOM M3 YYaCTKOB JKUJIKOCTHU. Takum oOpazoM, IBU-
JKEHHUE UJICATbHOMN )KUJIKOCTH CIIeAYyeT paccMaTpUBaTh KaK ainabaTHuecKoe.

[Tpu agrabaTHYEeCKOM JIBUKCHHUH JHTPOIHS KAXJJIOTO YYacTKa JKUIKOCTH OCTASTCS MOCTOSHHOW TpH
nepeMenieHIH ToCIeHero B mpocTpancTBe. O003Hauas MOCPECTBOM S SHTPOIUIO, OTHECEHHYIO K €/1H-
HUIIE MaCChI )KUJKOCTH, MBI MO’KEM BBIPA3UTh aIMa0aTUYHOCTD JBUKCHHS YpaBHEHUEM

@ =0, (21)

dt
/e TIOJIHAS TIPOU3BO/IHAS 110 BPEMEHHU O3HavaeT, kak u B (14), u3MeHeHne SHTPONUH 3a1aHHOTO TepeMe-
HIAIOIIETOCS YYaCTKa KUIAKOCTH. DTy MPOU3BOIHYIO MOKHO HAIMCATh B BUJIE

0S
—+vgrads=0. 22
g (22)

ITO eCcThb 06mee YpaBHCHUEC, BbBIPAXKAIOMICC co0oif aI[I/Ia6aTI/I‘-IHOCTB JBIOKEHUS UACAIbHOM JKUIKOCTH.

0 .
C IMOMOIIBIO 8_p + le,OV =0 ero MOXHO HaIMCcaTh B BUJC «YPABHCHUA HECTIPCPBIBHOCTHY AJISI SHTPOIIUU

@-ﬁ-diV(pSV): 0. (23)

[TpousBeneHue PSV MpeAcTaBiIseT COO0M «IIOTHOCTh TOTOKA YHTPOTIHH.

Hano mmeTs B BUIy, 9TO OOBIYHO ypaBHEHHE aqua0aTHYHOCTH MPUHUMAET ropas3fo Oosee mpocTyio
dopmy. Ecnm, kak 3T0 0OOBIYHO MMEET MECTO, B HEKOTOPHIN HaYallbHBIII MOMEHT BPEMEHH DHTPOIHS OJU-
HaKOBa BO BCEX TOYKaX 00beMa KHUIKOCTH, TO OHA OCTAHETCS BE3/I€ OJIMHAKOBON M HEM3MEHHOW CO Bpe-
MEHEM U MPHU JIaJbHEUIIEM ABUKEHUHU KUJIKOCTU. B 3THUX ciyyasx MOXKHO, CI€10BATENbHO, UCATh YpaB-
HEHUE aua0aTHIHOCTH TTPOCTO B BUJIE

S = const. (24)

YTO MBI U OyJIeM OOBIYHO JIeaTh B JaJibHeHIeM. Takoe IBMKEHNE HAa3bIBAIOT U39HTPOITMYECKUM.

W35HTPONMUYHOCTBIO JBIKEHUST MOXHO BOCIIOJIB30BAThCS JUISI TOTO, YTOOBI MPEACTABUTH ypaBHEHUE
nsmwkenus (19) B HeCKOIbKO MHOM BHje. [Jis 3TOr0 BOCIOJIB3yEeMCS W3BECTHBIM TEPMOJIAHAMHYECKUM

COOTHOLIICHUEM
dw=Tds+Vdp, (25)



rae W — temioBas GYHKIMs eUHUIIBI MAacChl )KUAKOCTH, V =1/ p — ynenbHblil 00beM, a T — Temrepary-
pa. ITockonbky S = CONSt, MBI ©MEEM ITPOCTO

dW:Vdpzldp, (26)
Yo,

1
u no3romy — Vp = Vw. Ypasuenue (19) MoxHO, clie10BaTeIbHO, HAIIMCATh B BHJIE

aa—lt/Jr(vV)v:—gradw. (27)
[Tone3H0 3aMeTUTE elle oAy GopMy ypaBHeHHs Diliepa, B KOTOPOM OHO COAEPKHT CKOPOCThL. Boc-

M0JIb30BABILIUCH U3BECTHOU (POPMYIION BEKTOPHOTO aHAIHM3a

%gradu2 = [vrotv]+ (vW)v, (28)
MOYKHO HamucaTh (29) B Buze
Zt—er%gradu2 —[vrotv]= —gradw. (29)

Ecau npuMeHUTh K 00€MM CTPOKaM 3TOT0 YPaBHEHUS ONEpaIrio I0t, TO MbI OJIYYUM YpaBHEHUE
0
S o= rot[vrotv], (30)

coziepaKalee TOIbKO CKOPOCTb.

K ypaBHeHUSIM OBHXEHHS HAAO 100aBUTH TPAaHUYHBIC YCIOBHS, KOTOPBIC JOJKHBI BBIMOMHIATHCS Ha
OTrpaHMYMBAIOLIUX KUJKOCTh CTEHKAX. J{J1s uaeanbHOM KUAKOCTH 3TO YCIOBUE JOHKHO BbIpaxaTh cOOOM
IPOCTO TOT (HAKT, YTO JKUAKOCTh HE MOXKET MPOHUKHYTDH 32 TBEPAYIO MOBEPXHOCTh. JTO 3HAYUT, YTO HA
HEMOJIBIKHBIX CTEHKAaX JOJKHA oOpaiiatbes B HyNIb HOpMallbHas K MOBEPXHOCTU CTEHKH KOMIIOHEHTa
CKOPOCTH JKHUJIKOCTH:

v, =0 (31)

(B o01mieM ke ciayyae ABMXKYIIEHCS MOBEPXHOCTH U, JAOKHO OBITH PaBHO COOTBETCTBYIOIIEH KOMIIOHEH-

T€ CKOPOCTH MMOBEPXHOCTH).

Ha rpanuine mexay IByMsi HECMEIIMBAIOUIUMHUCS KUIAKOCTSIMHU JOJKHBI BBIOJHATHCS YCIOBHE pa-
BEHCTBA JIaBJICHUN U YCJIOBHUE PABEHCTBA HOPMAJBbHBIX K IOBEPXHOCTHU paszferna KOMIIOHEHT CKOPOCTH
00enx XUIKOoCTe! (MPUYEeM KaXKJaasi U3 ITUX CKOPOCTEH paBHA CKOPOCTH HOPMAJIBHOTO TIEPEMEIICHHS ca-
MO MMOBEPXHOCTHU pa3zena).

Kak y»e Obut10 yKa3zaHO, COCTOSTHUE JBMKYIIEHCS KUIKOCTH OMPENEseTCs MAThIO BEIMYUHAMU: Tpe-
MsI KOMIIOHEHTAMH CKOPOCTH U W, HallpuMep, aBJIEHUEM p U IUNIOTHOCTHIO p . COOTBETCTBEHHO 3TOMY
MOJIHAsA CUCTEMa TMAPOIMHAMHUYECKNX YPaBHEHHUM JOJDKHA CONEPKaTh NATh ypaBHEHUH. J[J1d naeanbHoOM
JKHJIKOCTH STUMHM YPaBHEHHSIMH SBJISIIOTCS YpaBHEHHS DHJiepa, YpaBHEHHE HENPEPLIBHOCTH U YpaBHEHHE,
BRIpaKaroliee aanadaTHIHOCTD JIBHKEHUS.

1. OcHoBHasa hopmyiia THIPOCTATUKH.
3akod [Mackang. [Toagarue o Hamope

PaccMoTprM abCONMIOTHBIN MOKOH HEC)KUMAEMOU JKUAKOCTH B T10JIE CHIIBI TSHKECTH.

VYpasuenue Diinepa (20) npuHUMaeT BHT

gradp = pg. (32)

39T10 YPaBHCHHUE OIMMCBIBACT MECXAHNYCCKOC PAaBHOBCCUC KUAKOCTH. Ecan BHemHMe CHITBI BOO6II.[C OT-
CYTCTBYIOT, TO YpaBHEHUE paBHOBecHUs riacut npocto VP =0, T.e. p = CONSt — 1aBiIeHNE OAMHAKOBO BO

BCEX TOYKAX KUIKOCTH.

VYpaBHenue (32) HEMOCPEACTBEHHO MHTETPUPYETCS, €CIHM TUIOTHOCTh JKUAKOCTH MOXHO CUHUTATh I1O-
CTOSTHHOM BJIOJIb BCETO OOBEKTA, T.€. €CIIM HE MMPOUCXOAUT 3aMETHOTO CKATHS KUJIKOCTH IO TEHCTBUEM
BHEIIHETO MoJis. Beibepem ocu KoopauHaT, Kak moka3zaHo Ha puc. 2. [IoCKoNbKy U3 MacCOBBIX CHIT ACH-
CTBYET TOJBKO CHJIA TSHKECTH, TO



P_P_g; P pg. (39

ox oy 0z

Taxkum oOpa3oMm, nckomas GyHKLIHS p 3aBUCUT TOJBKO OT OAHOH mepe-
MEHHOH Z; UHTEIPUPOBAHUE IIOCIIEIHETO PABEHCTBA 1AeT

p=-pgz+C, (34) Fo
rae C — npou3BoJIbHAS MOCTOSTHHAS.

Ota ¢dopMysa BbIpakaeT TMAPOCTATUYECKUIN 3aKOH paclpesereHus JIaB-
JEHUsI, COCTOSLINI B TOM, YTO B TSDKEJIOW (IIOJBEP>KEHHOMN EHCTBUIO CUIIbI
TSOKECTH) HECKUMAEMOM >KMJKOCTU JaBJIEHUE JIMHEHHO 3aBHCHUT OT BEPTH-
KAJIbBHOM KOOPJIMHATHI. 9J

YT00bI HAWTH TIOCTOSIHHYIO B ypaBHeHUH (34), HaJJ0 HCIOJIB30BaTh KaKoe- -

HUOYIb TpaHuuHOe ycioBue. IlycTh, HampuMep, KHUIKOCTh MIOKOUTCS B pe- 0
3epByape (CM. puc.2) mpuyeM Ha ee CBOOOHOM IOBEPXHOCTH JIaBJICHUE PaB-
HO po. byzniem 3T0 naBieHue Ha3bIBaTh BHEIIHUM.

Jli1s Touek cBOOOJHOM MTOBEPXHOCTH MOKEM 3aIHCaTh

P, =—vgz,+C. (35)

BerunTas 310 OTHOLICHHE U3 ypaBHEeHUs (34), HaxX0AUM

p=po+p9(z-2)  (36)

niu, 0003Ha4YNUB uepes3 h= (ZO - Z) 38.FJ'IY6J'I€HI/I€ Touku M 1oj CBO60,Z[HYIO MMOBEPXHOCTDH, MOJYUYUM

~
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Puc. 2. x BeiBOY

bopmynbl  THIpPO-
CTaTHKH.

OCHOBHVIO (DOPMVYIY THADPOCTATUKHU
p=p,+pgh, (37)

TJic BeJIM4YrHa ©(J h Ha3sbpIBaeTCsl BECOBBIM JaBJICHHUCM.

N3 sToit (I)OpMYJ'ILI SICHO, YTO BCAKOC M3MCHCHHUC BHCIIHCIO OABJICHUA [, BBI3BIBACT M3MCHCHHC N1aB-

JICHUSI BO BCEX TOYKAX MOKOSIICHCS KUIKOCTH HA Ty K€ BEITUUMHY. JTOT PE3yJIbTaT U3BECTCH KaK 3aKOH
ITackars.

Ecnu )uaKoCTh HaXOIUTCS B HEHANIPSIKEHHOM COCTOSIHUM, T.€. B HE OTCYTCTBYIOT HANIPSIKEHHS CxKa-
TS, TO P, = 0. 3Ha4eHust P, OTCYMTAHHBIEC OT HYJIS, HA3BIBAIOT HHOTIA A0COIOTHBIM JJABJICHUEM.

B TexHuke BecbMa 4acTo MPEACTaBISIET MHTEPEC U30BITOK JaBICHUS p HAJl aTMOCPEPHBIM P, , KOTO-
pBIi Ha3bIBaeTCsA N30BITOYHBIM MIIM MAaHOMETpUYECKUM JaBiieHueM. 1o onpenenenuto

P. =P~ Par- (38)

Jlnist mpon3BOIbHOM ToukH M, 3ariy0iieHHO# Ha BBICOTY h 1Mol CBOOOIHYIO MOBEPXHOCTb, H30BITOYHOE
JIaBJICHUE PaBHO

Puw = Po+PIN = Pur; (39)
OTCI0/Ia BUJHO, YTO HM30BITOYHOE JABJIEHUE COBIIAJAET C BECOBBIM, €CIIM JIaBJIEHWE Ha CBOOOJHOM MO-
BEPXHOCTH PaBHO aTMOCPEepHOMY ( Py = Par )-

Ecnu Bce wiens! Gpopmyiisl (37) pa3aenuts Ha BEIUIUHY O , TO OHH IPHOOPETYT JIMHEHHYIO pa3Mep-

HOCTb.
PPy, (40)
P9 Pg

OTcrosia clieAyeT, 9YTO KaXKAOMY JABICHHUIO p MOYKHO IIOCTAaBUTh B COOTBETCTBHE JTHHCHHYIO BEIMINHY
p/pg , KOTOpasd npcaCTaBJIsaACT coboii BCJIIMYHHY cronba KHUAKOCTHU, CO3JA0IMIETO B CBOEM OCHOBAHHH

JaHHOE JlaBJieHHe. JTO HarJIsIHO WITIOCTPUPYETCS CXEMOM, rmokazanHoi Ha puc.3. Eciau Ha cBoOoaHOM
MOBEPXHOCTHU B pe3epByape JaBlIeHUE P,, a U3 3aMasHHON CBepXy TpyOKU A yJaneH BO31yX, TO MO/ JeH-

CTBUEM JIaBlieHUsI P,, = P, + £gh KuIKocTh B TpyOKE MOJTHUMETCS HAJl TOUYKOW M Ha HEKOTOPYIO BBICO-

ty h _, Ha3bpIBaeMyrO MpUBEICHHON BbICOTOU. [IpuHMMas MpUOIMKEHHO, YTO Ha CBOOOHOM MOBEPXHO-

np
CTH B TpyOKe JIaBJIeHHE PaBHO HYIO, coryiacHO (37) MOXHO 3amucatb P, = P0 hnp. CnenoBatensHo,

MIPUBEJICHHAs BHICOTA €CTh BBICOTA CTOJ0A JKMJIKOCTH, Ha CBOOOJHOW MOBEPXHOCTH KOTOPOTO JABJICHHUE
PaBHO HYIIIO, @ B OCHOBAaHUU — JAHHOMY JAaBJICHUIO KUJIKOCTH.



Junst TpyOku 11, OTKpBITOH B aTMOCc(hepy U Ha3bIBAEMOH MTEE30METPOM, MOTyYUM

Pu = Par +p9h,, (41)

OTKYyZa

hn _ pM — pAT _ pMu : (42)
P9 pn

BeIMYMHY N, _Ha3bIBAIOT MIHE30METPUUECCKON BBICOTOM.

Pam =

puc. 3. AOCONOTHOE JaBiCHUE B TOYKE M MOXKET OBIThH
BBIPAXKCHO uepe3 MPUBEACHHYIO BhICOTY P,, = pOgh wmmm ye-
pe3 MbE30METPUUECKYI0 BBICOTY P,, = P +29h,. Abco-

JIJIOTHOC AAaBJICHHUC B TOYKE N, rae UMECT MECTO BaKyyM, BBI-
paxaercst yepes BaKyyYMMETPHUUYECKYIO BBICOTY:
Py = Par —P9hg

puc. 4. BakyyMMeTpUUecKasi BBICOTA XapaKTEPU3yeT HEI0-
cTaTok faeienus g0 armocdepsoro hy =(p, — p)/ o9

Ecnu naBneHne B TOUKax Kakoro-aubo o0bema jKUIKOCTH MeHbIIe aTMochepHoro (P < P, ), TO
TaKOE COCTOSHUE Ha3bIBaeTCS BakyyMoM. i1 €ro XxapakTEepUCTHKH BBOIMTCS MOHSITHE BaKyyMMeET-
prueckoro namieHus ( Pg ), MO KOTOPHIM TOApPa3yMeBaeTCsl HEAOCTATOK JAHHOTO JABJICHUS JIO aTMO-
cdepHoro

Pg = Par — P- (43)

COOTB@TCTBVI-OHIaH BbICOTA HA3bIBACTCA BaKVVMMeTDI/I‘-IeCKOI\/’I:

(44)

hB _ Par —P _ &_
Pr9 r9

Ha puc. 3 u 4 moka3aHbl BaKyyMMETPHUYECKHE BBICOTHI IS CIy4aeB BaKyyMma B KanelbHOW JKUIKOCTH
u raze. JlapneHue u3MepsieTcs B MHUIIAX CUJIbI, OTHECEHHBIX K euHuLe Tuomaau. B cucteme CU enu-
Hunel nasnenus ciyxut H/m? = Tla (mackanmb), a B TEXHHYECKOH CHCTeMe — KIc/cM? = aT (TeXHHJecKas
atMocdepa). Hapsny ¢ atumu, kak cienyet u3 (42) u (44), naBjaeHrue MOXHO, U3MEPSAThH B €IMHUIIAX JJTH-
HBI CTOJI0a JAHHOM JKHUIKOCTH.

O6melt hopMyIoit mepeBoia eANHUIL IABJICHHS B TUHEHHBIC €IMHUIIBI SBISCTCS

=P (45)
rY
[Ipu BBIpaKEHWH NABICHHUS BBICOTOM CTOJI0A JKHOKOCTH Yallle BCEK IPHUMEHSIOT METPBI BOJISIHOIO
€10J10a, MUUIUMETPLI PTYTHOTO CTOJI0A M MIJUIMMETPBI CIUPTOBOTO CcT0JI0A.




'mapocTaTuyeckii 3aKOH paclpesieieHus] TaBlICHHs, BBIpaXKEHHBIH (opmyioil (34), cnpaBemius,
OUYEBHJIHO, AJIS JIIOOOTO MOJI0XKEHUS KOOPAMHATHON MIIOCKOCTH x(Oy. DTy IJIOCKOCTh Ha3bIBAIOT IIOCKO-

P P

CTBIO CPaBHEHUs, a BennuuHy H.; =Z+——— rugpocratuueckuM HamopoM. Bemnuumny H, =7+ ,

P9 P9

rae p,— M30BITOYHOE JaBJIEHHE, HA3bIBAIOT Mbe30MeTpUYeckuM HamopoM. U3 dopmynsr (34) crenyer,

410 Hanopsel H; ¥ H, MOCTOSHHBI U BCEX TOYEK JaHHON MACChl MOKOAIEHCS HKHUIKOCTH.

2. Cuinl JAaBJICHUS KUJIKOCTH Ha TBEPAbIC IOBCPXHOCTHU

B o6mem cirydae Bo3zeiicTBUE KHUIKOCTH HAa TBEPIYIO IOBEPXHOCTh S CBOJUTCS K CyMMeE 3JI€MEHTap-

Hbix cui dF | geficTByrommX Ha MajbIX UTomaakax dS, COCTaBISIONIMX 3Ty TOBEPXHOCTH (pHC. 5).
Eciu i — eAMHUYHBIN BEKTOp HOPMAJIM K MOBEPXHOCTU S, BHEIIHEH K 00beMy KHJIKOCTH, a P — J1aB-

Jenue Ha miomanke dS, o cuna dF = piAds .

Cymmupys cucremy cuit dF | mosrygaeM BbIpaKEHUE [UIs TIIABHOTO BEKTOpa

F= j prds (46)

Ha3bIBAEMOT'O CHJION JAaBJICHHUA XUJAKOCTH HAa MOBEPXHOCTH S, W BBIPAKCHUC IJIA I'TIAaBHOT'O MOMCHTA

M = [T x pfids, (47)
S

rae I — pamuyc-BEKTOp IUIOMAAKH (S OTHOCHTEIBHO IEHTpa
MIPUBEJICHUS] CHCTEMBI CHJI.
PaccMoTpuM HECKOIBKO YacTHBIX CITy4acs.

2.1. PaBHOMEPHOE NABJIICHWE HA IUIOCKYIO CTEHKY (p=const.,

n=const).

B stom cnydae cymmmupyembie BekTopsl OF cocraBisiorT cu-
CTeMy MapajuleJIbHbIX U OJMHAKOBO HAIpaBJIEeHHbIX cui. Takas cu-

cTeMa BCErJla MOXKeT ObITh CBEJICHA TOJNBKO K cuie naBieHus F .
ITpu p = const u n = const u3 Beipaxkenus (46) monyuaem

Puc. 5. Cxema x omnpene- F = pnsS. (48)
JIEHUIO CUJIBI JIABJICHUS TI0- . ~
KOAMelics KUIKOCTH  Ha Jlunuss neucTBus cuiibl F  MpPOXOOUT uepe3 MEHTP THKECTH
TBEPAYIO IIOBEPXHOCTb. mnomaz S.
PaBHOMEpHOE naBieHME MOXKET CO3[4aBaThCA MOKOSIIMMCS Ta-
30M, TaK Kak Ojarojapsi MaJod ero IjOTHOCTH MOXHO TMpeHeOpeub JEHCTBUEM MAacCOBBIX CHJI U CUU-
TaTh JaBIIEHUE OJJUHAKOBBIM BO  BCEX TOYKaX rasa.

PaBHOMEpHOE NaBlIeHHE MOXKET CO3/1aBaThCsl M KaledbHOW JKMJIKOCTBIO, HApUMeEp, MPU €€ BO3JCH-
CTBUU Ha TOPU3OHTANIBHBIEC TUIOMIAAKH, B Cllydae aOCOTIOTHOTO MOKOS WM ABMXKEHHUS COCYAa C YCKOpe-
HUEM BBEPX WJIH BHHU3.

Bemnunna cunbl F mipu paBHOMEpHOM pacIipe/ielieHuH JTaBICHUST HEe 3aBHCUT OT OPHEHTAIMH TUI0C-
KOI CTEHKH S B MPOCTpaHCTBE U BhIUMCIsIETCs 0 popmyne F = pS.

Hampumep, amst cxembl Ha puc. 6 naBnenue Ha qHe P = P, + pgh,, a cuna F = (p0 + pgh, )SO. 3ame-
THM, YTO CHJIA JABJICHUS Ha JTHO HE 3aBUCHUT OT (POpPMBI cocyna (THAPOCTATUHICCKUIN TTapaioKCe).

2.2. Cujia paBHOMEPHOTO JIaBJICHUsI HAa KPUBOJIHMHEHHYIO CTEHKY ( P = CONnst, i # const)

B sTom ciydae snemenTapHbie cuiibl OF uMeroT pasHble HampaBieHus. [ 1aBHBINA BekTOp F crcTeMbI
BBIUMCIISIETCS Yepe3 CBOU MPoeKIK. YToOb! HailTu ero mpoekuuo F, Ha och X , IPOEKTUPYEM Ha 3Ty OCh

sexropel dF = dFn (puc.7).
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dF, = pdSx°fi = pcos(n,xo)dS = pdS,,

X

T T 7o v oo s

Puc. 6. I'mapocratnyeckuii

Puc. 7 Cxema x ompeje-
rapaJiokc

JEHUIO0 CUJIbl paBHOMED-
HOTO JaBJIEHUSI Ha KPUBO-
JUHEHHYIO TOBEPXHOCTh

S0 9 .
rae X — eJMHUYHBIA BeKTOp ocH X; dS,— mpoekuus uromanaku dS Ha MIOCKOCTh, HOPMAIbHYIO OCH X.

Hckomas Benuunna F, nmpu p =const

F, = I pcos(nx)ds = pJ-dSX = pS,. (49)
S 5,

Jlunaus nevictBus cwiibl F, mpoxoauT depe3 HeHTp TSHKECTH IIIomany npoekuun S, . Takum odpazom,

BCJIMYMHA NPOCKUIMWU HAa HANPABJICHUU OCHU X CHUJIbI PABHOMEPHOI'O OABJICHUSA p Ha KDI/IBOJII/IHGI\;IHVIO I10-
BCPXHOCTH S paBHA IIPOM3BCACHHUIO JAaBJICHHUA W IIJIOIIAAX ITPOCKIINH Sx 3TOM KDI/IBOJH/IHGI;'IHOI\/JI IMOBEPXHO-
CTH Ha IIJIOCKOCTh. HODM&J’IBHOﬁ ocu x. Ecnu takue IMPOCKIHNH Ha TPHU B3aMMHO OPTOI'OHAJIBHBIC OCH IIC-

pecekaroTcs B OJHOM Touke, To cuctema cuii dF Moxer ObITh CBejieHa TOJNBKO K CHJIC JaBJCHUS, BEJIU-
YHHA KOTOPOU

2 2 2
F=\F +F +F, (50)

a HaIIPpaBJICHUC ONIPCACIACTCA HAITPABJIAIOIINMMU KOCUHYCaMU
F F F
cos(F,x):?X; cos(F,y):?y; cos(F,z)zFZ. (51)

Ecimu COCTaBJIAIOIIMEC HE ICPECCKAIOTCA B OJTHOM TOYKEC, CUCTEMA CBOJUTCA K CHJIC U MOMCHTY.

2.3. Cuia HepaBHOMEPHOT'O JIaBJICHHs HA TUIOCKYIO CTeHKY ( P # const, i = const).

CI/ICTeMy QJICMCHTAPHBIX CUJI dF y OAMHAKOBBLIX 1O HAIIPABJICHUIO, HO PA3JIMYHBIX 11O BECIUYNHE, MOXK-
HO CBCCTH B JaHHOM CJIy4ac K OJIHOH cuJjie JaBJIeHUS

F = pds, (52)

rue S — mIomanas CTEHKH.
Benuunna 3o cuibl

F = pds (53)

3aBUCHUT OT 3aKOHA pacrpeiesieHHs TaBjieHus: P no mioia-
mu S. Tlpu Bo3eicTBUYM Ha S KaneabHOU KUAKOCTU ITH 3a-
KOHBI MOTYT OBITh Pa3IMYHBIMU. VX KOHKpETHBIN BH]I 3a-
o BUCHUT OT OPUEHTALIMU TUIOMIAJAKHA U JEUCTBYIOIIMX Ha KU -
KOCTh MAacCCOBBIX CHJI TIPH aOCOJIFOTHOM M OTHOCHTEIIBHOM
MOKOE.

g Boeruncnum cuny F - uist TocKoi CTeHKH, HAaKIIOHEHHON

K TOPU30HTY TOJ YIJIOM O, M TTIOJBEPKEHHOW BO3JEHCTBUIO
Puc. 8. Cxema Kk oOmnpeaeieHuIo CHUJIbI
HEPaBHOMEPHOTO  TUIPOCTATUYECKOIrO

JIaBJICHUS HA IIJIOCKYIO CTEHKY 1



TSKEIION YKUIKOCTH, HAXOASIICHCS B COCTOSIHUU a0COFOTHOTO TOKOs (puc. 8).
Omnpenenum pe3yJbTHPYIOUIYIO CUIIy U30BITOUHBIX JaBJIEHUN P, , KOTOPbIE CO3AI0TCSl BHEIIHUM U3-

OBITOUHBIM P,, >0 u BecoBbM pQh naBneHusMu. 3aMEHHM BHEIIHEE JaBICHHE P, BO3JICHCTBHEM K-

BHUBAJICHTHOI'O CJIOA KUAKOCTH, TOJIIMHA, KOTOPOI'O h 5 OIPECACIIACTCA BBICOTOM OAHATHA XUIKOCTH B

_ pOu

IbE30MeTpe P, = . Takum 00pa3om, BHELIHEE JaBICHUE U3 PACCMOTPEHHS HCKIIIOYACTCs, U CBOOOI-

Hasi moBepXxHOCTh CI] 3aMeHsieTCsl Mhe30METPUUYECKON TIOCKOCThIO /711, IIpoa0mKuM MIIOCKOCTh CTEHKU
JI0 TIEPECEUCHUs C NbE30METPUUYECKOHN IUIOCKOCThIO. BONb IMHUM UX IepecedeHusl HalpaBuM OChb X, a
OCb ) PaclojIOXKUM B IUIOCKOCTH CTEHKH. 3aTe€M I HaIJIJHOCTU IOBEPHEM IUIOCKOCTh CTEHKH Ha 90°
BOKPYT OCH ) U COBMECTHM CTEHKY C INIOCKOCTBIO YEPTEXKA.

Benuuuny cuibl Beranciium mo gopmye (53):

F=[p,ds.
S

B paccmarpuBaemMom citydae (cM. puc. 8) naBieHne
P, = p9¢ = pgysina, (54)
4TO MpH nojcraHoBke B popmyiy (53) maet

F= pgsina'[ ydsS.
S
HnTerpan _[ ydS mpezacraBisier co00il CTaTHYECKHMIT MOMEHT ILTOIIAAM S OTHOCUTEIBHO ocH Ox, paB-
S

HBIH, KaK H3BECTHO, IPOM3BEICHUIO S HAa KOOPANHATY Y, €€ LIEHTpa TSHKECTH.

IToaromy

F = pgsinay,S = pgé,s = pg hc+% S, (55)

dopwmyita (55) MoxeT ObITh 3amKcaHa B IBYX BHIaX

F=p.S, (56)

e P, = P9| h, + % — M30BITOYHOE JTABJIICHUE B IEHTPE TSHKECTH TUTOIIAAH S, WIH
F =p,S+pghS. (57)

Cornacto (56) BemMuuHA CHIIBI MU30BITOYHOTO JIABJICHUS MOKOSIIEHCS )KUAKOCTH HA TUIOCKYIO CTEHKY
paBHA MIPOM3BEACHUIO TUIOMIAAN CTEHKH Ha U30BITOUYHOE JaBJICHHE B €€ LIEHTPE TSHKECTH.

Bekrop cunbel F HampaBiieH o HOpMaiu K CTEHKe S:

F =iiF,
a JIMHUA JEHCTBUS 3TOM CHUJIBI MEpeceKaeT CTEHKY B HEKOTOpol Touke D, Ha3biBaeMoil LIEHTPOM JaBiie-
Hus. [l OThICKaHUS KOOPJAUHAT ATOM TOUKH ( Xy, Y ) UCIOJIb3yeM TEOPEMY O PAaBEHCTBE MOMEHTA paB-

HOﬂCﬁCTByIOH.ICfI U CYMMbI MOMCHTOB COCTABJIAIOIIUX, KOTOPAasA B JAHHOM CJIy4ac BBIPAXKACTCA YpPaBHC-
HUEM

erﬁ:jrxﬁpuds, (58)
S

rae [ U I — pagnyc-BeKTOPhl COOTBETCTBEHHO LIEHTpa JaBjieHus: D 1 npou3BoiIbHOM TOUKHM (X)) TUIOIIA-

mm S.
[To mpaBuiIaM cocTaBlieHUsI TPOEKIIUN BEKTOPHOTO MPOU3BEICHUS HAXOIUM

YoF =[yp,dS; x, F = [xp,ds.
S S

VYuuTtsiBast Beipakenus (54) u (55), nonyuum

12



xDz—Sy 5
° (59)
Iy ds
_ S
Yo yeS

Bonee ynoOHble BolpakeHUs ISl Xp U Y, HOJIYYUM, €CJIM BOCIIOJIb3YyEMCSl TEOPEMOM O COOTHOILIEHUU
MEXly MOMEHTaMHU BTOPOU CTEIIEHH, B3SITBIMA OTHOCUTEIILHO NTapAJIICIIBHBIX OCEH

J.xde=xC YeS+3,, Iy2d8=ny+JX,,
S S

rae X' y'— ocu KoopauHAT, MPOXOAIIHE Yepe3 HeHTp TsikecTH C IUIOMAAKH S apauIebHO OCAM X U
Y; Xc M Y — KOOpAMHATHI LeHTpa Tspkectr C B cucreme Xy; J y HEHTPOOEKHBI MOMEHT ILIOIIAIN S

OTHOCHTEJIBHO OCEH X My ; J , — MOMEHT HHEPLMH IUIOA/M S OTHOCHTENBHO OCH X (CM. pHC. 8). OKOH-

YaTeNbHO,

‘] !l \]
Xy . X!
Yo=Y t .
YeS YeS
Bropas u3z popmys (60) mokassiBaer, 4To IEHTP AaBICHUS PACIIONOKEH HIMXKE IIEHTPA TSKECTH Ha Be-
mauny J / Y S

Xp = Xc + (60)

BosBparuasice k popmyiie (57), 3aMeTHM, 4TO CHIIY JaBJICHHS B PACCMATPUBACMOM CIIy4ae MOXKHO I0-
Jy4HTh, CKJIaJbIBasi HE3aBHCUMO BbIYMCIICHHBbIC nBe cuibl: F, =p, S u F;=pgh.S, rne F,— cuna
BHEIIHETO M30BITOYHOTO JaBieHusi, F,— cuima BecoBoro mamieHus. [Ipu Takom crocobe ompeneneHus
cuibl F ciepyer moMHUTBH, uyTO IUHMM jAedctBus culn F, m F; He coBmagarot, u neHtp gasiaenus D

—

olpeensercs IMHUen aelcTBus cymmapHoi cuisl F =Fj+ F;.

2.4. HepaBHOMepHOE JIaBI€HHE HAa KPHUBOJIMHEHHYIO TBEPAYIO MOBEpXHOCTH ( P #const, A = const)

MOYET OBITh CO3[IaHO TSDKEJIOH JKUAKOCTHIO TPU aOCOJTIOTHOM WIJIM OTHOCHUTEIBHOM ITOKOE. DIIeMeHTap-
mpie cuitsl dF COCTAaBISIOT B 9TOM ClTydae CaMyio OBy CHCTEMy, KOTOPast IOJKHA CBOAMTBCS K CHIIE
nasienust F (46) u MOMEHTY M (47). Onnako CYILIECTBYIOT YACTHBIE CIy4au,, KOrJja CUCTEMa CBOJIUTCSA
K OJIHOW CHJIE JaBIICHHSI F , HAIpHUMep, eCIM JIMHAN AeHCTBHS dMeMeHTapHbX cin dF mepecekarorcs B
oJ1HOM Touke (chepuueckast CTeHKa).

PaccMoTpuM KpHBOMWHEHHYIO MOBEPXHOCTh S, HAXOJSMIIYIOCS MOJ BO3JCHCTBHEM BHEIIHErO U30bI-
TOYHOT'O JaBjieHus P,, =0 u BecoBoro namnenuss pgz (puc.9). Kak Obl0 mokazaHo B MpeablIylieM
NYHKTE, 33/1a4y OTHICKAHUS CHIIBI IaBJICHUSI MOYKHO PACUJICHUTbh, ONIPEEIIsisl pa3/IeIbHO CHUIIBI BECOBOTO H

BHCIIHETO I[aBJ'ICHI/II\/’I. 3Ty KC 3ala1y MO’KHO CBCCTH K 3a/1a4C 00 OIPEACIICHNUU TOJIBKO BECOBOT'O daBJIC-
HUs, 3aMCHUB BHCITHEC JaBJICHHUC )IefICTBHeM OKBHUBAJICHTHOI'O CJIOA XUIKOCTH.

o P
en . 7% puc. 9. Cxema k onpe/e-
K% : Vi JICHUIO CUJIBI HEpPaBHO-
et MEpPHOTO JaBJICHUS Ha
] = Wra KPUBOJIMHENHYIO o-
P A= =
4 = BEPXHOCTh
¥ G117 €pPXHOC
x —~
/ 5
us. /1, as
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Cuuy BecoBOro naBieHus F ompenenum 1o ee npoekiusM. ['Opu30HTaIbHAS TPOEKIIUL
F, = deX :j pcos(nx)ds = pgjzcos(nx)ds = ,ogJ'zdSX ,
S S S S

rae dS, =dSCOS(nX) — MPOEKIMS IUIOMAAKU (S Ha BEPTHKAIBHYIO IUIOCKOCTh, HOPMAIBHYIO K OCH X.
[Tocnennuit HHTErpan NpeacTaBiIseT COOOH CTAaTUYECKHH MOMEHT IUIOMAAN S, OTHOCHUTEIBHO OCH Y.
CrnenoBaTeibHO,

Fo=p02.,5,, (61)
rne Z., — KOOpAMHATA LEHTPA TSHKECTH TUIOIAan S, .

AHAJOTUYHO TOJTYIUM

F,=p92.,S,, (62)
rae S, — IWIomaab NPOEKIMH KPHBOJMHEHHOH MOBEPXHOCTH Ha IJIOCKOCTh, HOPMAIIbHYIO OCH Y.

Takum 00pa3zoM, YTOOBI BBIYUCIUTH TOPU3OHTAIBHYIO MPOEKIHI0 F; (i =X, y) CHUJIBI BECOBOT'O JIaBJIC-
HUS Ha KPUBOJHMHEHHYIO MOBEPXHOCTb, CIEAYET IUIOMIAAh MPOCKIHUU S, 3TOW MOBEPXHOCTH Ha ILJIOC-
KOCTb, HOPMAJIbHYIO K pacCMaTpUBaeMON FOPU30HTAIILHON OCH, YMHOXKUTh Ha JIaBJICHHUE B IICHTPE TsDKE-
CTH IUIOIIAIN S, .

[Tpoekiust cHiTBl BECOBOTO JABJICHHS HA BEPTHKAIBHYIO OCh OTIPEICIIUTCS COOTHOIICHUEM

P, = pg'[zcos(nz)dS = ,ogjzdSZ , (63)
S S

z

rae S,— MpoeKIus Ha II0CKOCTh X(Jy TOBEPXHOCTH S.
[locnennuit uHTErpa NMpeacTaBseT coboi 0obeM Tena W, , OTpaHUYEHHOTO TIOBEPXHOCTHIO S, 1H-

JMHAPHYECKON OOKOBOI MOBEPXHOCTBIO S, C BEPTUKAIBHBIMH O0pa3yIOLUIMMHU U MPOEKIHEH S, KPHBO-
JUHEWHON MOBEPXHOCTH S Ha CBOOOHYIO MOBEPXHOCTh JKUAKOCTH. DTO TEJO HAa3bIBAETCS TEJIOM JaBlle-

HHS, a BeIMYMHA pgj z,dS, ecTb Bec )KUAKOCTH B €T0 00BbEME.
S

Taxum O6p2130M, BCPTHUKAJIbHAasA MNPOCKIHA CHUJIBI BECOBOI'O JaBJICHHUA Ha KpHBOHHHefIHYIO IIOBEPX-
HOCTb paBHA BECY KUJIKOCTU B o0beMe Tena JaBJICHUA.

Puc. 10. /Isa Buga naBiacHUs Puc. 11. Apxumenosa cuna A4
paBHa BeCy JKHUIKOCTH B 00be-
Me TIOTPYKEHHOT'O Tella

Bemuuuna F cunesl F onpenenutcs dopmymnoit

F=JF +F+F?, (64)

a HAITPpaBJICHUC JIMHUU €€ HeﬁCTBHH — HaIlpaBJIAOIINUMHA KOCUHYCAMHU
F F F
cos(nx)= FX ; cos(ny)= Fy ; cos(nz)= = (65)

Ecmu F,, Fy n F, nmepecekaroTcst B 0IHOI TOUKe, TO CHCTEMa CBOJUTCS K CHUJIE ABJICHMS, TPOXOs-

1Iei yepes3 Ty TOUKY.
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Bo3MoxHBI 71Ba ciyyasi paclooKeHus: KpUBOJIMHEHHON noBepxHocTH (puc. 10 a u 6) mox ypoBHeM
KUAKOCTU. B mepBoM citydae *KHUAKOCTh PACIONOkKeHa HaJ TBEpAOW MOBEPXHOCTHIO; TEJIO JaBJICHUS 3a-
IIOJIHEHO UJKOCTBIO U CUHUTAETCS IMOJIOKHUTEIbHBIM, @ BEPTUKAJIbHAS COCTABIISAIONIAsl CUJIbI HallpaBJIeHA
BHU3. Bo BTOpOM citydae Teno naBieHUs HE 3alO0JHEHO JKUIKOCTHIO U CUUTAETCS OTPULIATENIbHBIM; BEp-
TUKaJIbHAs CUJIA AABJICHUS HAIIPaBJIEHA BBEPX.

Ecnu kpuBoiMHENHas MOBEPXHOCTh S 3aMKHYTa M MOJHOCTBIO MOTPY)KEHA IOJ YPOBEHb a0COJIOTHO
HOKOsIIeHCs KuaAKocTH (puc. 11), To BO3ACHUCTBUE KHUIKOCTH CBOIAMTCSA K OJHOW BEPTHKAIBHOW CHIIC.
JeiictButensHo, AJis J1I000i TOPU30HTAIBHOM OCH CYIIECTBYIOT IBE€ MPOTHBOIIOIOKHO HAMpPaBICHHbIC U
paBHBIC 1O BEJIMYHHE CHJIBI, ACHCTBYIOUINE HA TEJO; MOITOMY PE3YJIbTUPYIOLIAs TOPU3OHTAIBHBIX CHII
paBHa HymI0. YTOOBI HATH BEPTUKAIBHYIO CHITY, IPOSKTHPYEM S HAa CBOOOIHYIO MOBEPXHOCTH JKUAKO-
ctu. [IpoekTupyrolye BepTHKAIH OTMETIT Ha MOBEPXHOCTH Tesla 3aMKHYTYIO JUHUIO |, KoTOpas nenut
IIOBEPXHOCTh Ha JiBe yacTtu Sy u S, . [ BepxHel yacTi S Telo aBJIeHUs MOJOXKUTEIBHO U COOTBET-

CTBYIOIIAsl MYy CHJIa HalpaBJieHa BEPTUKAIBLHO BHU3, a JUIS HIDKHEH S,, — TEJO AaBJICHUS OTPULIATEIBEHO
U cuia HampapiieHa BBepx. O003HAUMB 0OBEMBI 3THUX TeN JaBJIECHUS COOTBETCTBEHHO uepe3 V, u V,,
HaJIeM BEITMYMHY PE3YJIbTUPYIOIICH BEPTUKATBHOMN CHJIIBI A

A=pg(V,, —Vg)= pgV,, (66)
rae V,,— obbeM Tena.

Takum 00pa3oM, cuiia JaBJIeHUS TMOKOSIICHCS JKUAKOCTH Ha MOTPY)KCHHOE B HEE TEJO HalpaBlieHa
BEPTUKAJIbHO BBEPX U PaBHA BECYy JKUAKOCTH B 00bEMe Tena. TOT pe3ysibTaT COCTABISAET COAEp)KaHUE
3aKoHa ApxuMmesa: cuiia A Ha3bIBACTCS apXUMEIOBOW WM THAPOCTaTHUECKON nmoabeMHoln cuiioi. Ecim G
— BEC Tela, TO ero IaBy4yecTb onpenenserca cootHoueHneM cui A u G. IIpu G > A Teno toner, npu G < A
— BCIUIbIBaeT, npu G = A — TuiaBaeT B COCTOSIHUM 0e3pa3nuuHoro paBHoBecus. Clieyer UMeTh B BUY, YTO
auHuK AedctBus cuil G 1 A MOTyT He COBIIaJlaTh, TaK Kak JIMHUSA JeiicTBusA Beca G MPOXOIUT dyepe3 LEHTP
TSOKECTH TeJla, a JIMHUSI IEUCTBUS apXUME0BOM CUJTBI A — yepe3 LIeHTp ero oovema. [Ipu HepaBHOMEpHOM
pacripesieNieH!H IUIOTHOCTH TeNa MOKET MOSIBUTHCS. MOMEHT, CIIOCOOCTBYIOIINI OIPOKH/IbIBAHUIO TEJA.

B 3akiroueHne OTMETHM, YTO CHJIA JABJICHUS KUAKOCTH 110 KPUBOJIMHEHHOM ITOBEPXHOCTH B CIIydasix
OTHOCHUTEJIBHOTO TMOKOSI MOXET ObITh ONpeseseHa OOIIMM CIIOCOOOM CYMMHPOBAHUS 3JIEMEHTAPHBIX CHII
JTABJIEHMUS], IPUMEHHUTENBHO K 33/1aHHON (pOpMeE IMOBEPXHOCTH U YCIIOBUSM OTHOCUTEIBHOTO TOKOS.

2. THAPOJIMHAMUKA
2.1 OCHOBHBIC TOHATHUSA rMAPpOANHAMUKHU

OCHOBHBE DIEMEHTH JIBUXKEHHUSN XKUAKOCTHU. [IpyunHamMu IBHKEHUS
KHJIKOCTH SIBJISIOTCS IEUCTBYIOIME HA HEE CUIIbL: 00bEMHBIE MM MAaCCOBBIE CUIIBI (CHJIA TSXKECTH, MHEPIIH-
OHHBbIE CHJIbI) U TOBEPXHOCTHBIE CUJIbI (JIaBJI€HHE, TpeHUeE). B oTinymne oT ruipocTaTuku, I71€ OCHOBHOM
BEJIMYMHON, XapaKTEPU3YIOLIEH COCTOSTHUE MTOKOSI KUAKOCTH, SIBIISIETCS TMAPOCTATUYECKOE JaBJICHUE, KOTO-
pO€ OMpeneIsieTcs: TOABKO MOJIOKEHUEM TOUKU B IIPOCTPAHCTBE, T.€. P = f(x, Y, Z), B THAPOJAUHAMUKE OC-

HOBHBIMH SJIEMEHTAMH, XapaKTEPU3YIOIIUMHU JIBHKEHHUE KHUIKOCTH, OYAyT /1Ba: TUAPOIMHAMHYECKOE JIaBJie-
HHE U CKOPOCTDH JABW)KEHUS (TEUEHMSI ) KUIKOCTH.

['uaporiHamMuyeckoe AaBiI€HUE p — 3TO BHYTPEHHEE JaBJICHUE. Pa3BUBAIONICECS MPHU ABUKEHUU KUIKO-
ctu. CKOpOCTh IBWKEHUS JKUJIKOCTH B JAHHOW TOYKE U — 3TO CKOPOCThH MEpPEMEIICHUS HaXO/ISIICHCS B
JTAHHOM TOYKE YaCTHUIIBI )KUIKOCTH, ONpeaAessieMas JJIMHOM MyTH |, MpoiiIeHHOTo ATOM YacTUIeH 3a eIMHH-
11y BpeMeHH t.

B o0miem crydae OCHOBHBIC DJIEMEHTHI ABMKCHUS KHUAKOCTH p U U JJIs JaHHOW TOYKH 3aBHUCST OT €e
MOJIOKEHUSI B MPOCTPAHCTBE (KOOPAMHAT TOYKH) U MOTYT M3MEHSTHCS BO BPEMEHH. AHAIUTHYECKH ITO
MOJIOXKEHUE TUIPOJUHAMUKH 3aITUCHIBAETCS TaK:

p=f,(x,y,2t),

u=f,(x,y,zt).
33}13‘16171 TUAPOIANHAMUKHN U SIBJISICTCA OIIPCACIICHUEC OCHOBHBIX DJICMCHTOB IBMXKXCHUA )KXUIKOCTHU p U U,
YCTAHOBJICHHUEC B3AaMMOCBA3HU MCKAY HMMHU M 3aKOHOB M3MCHCHHA HX IIPHU PA3JIMYHBIX CIIV4UAAX ABHXKCHUA

KHUJIKOCTH.
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TpaexTopus wacTtTuubsl.E om B Macce IBWKYIIEHCS >KUIKOCTH B3ATh KaKylO-JIMOO YaCTHILY
YKHUJKOCTU U MIPOCIIEANTH €€ IMyTh 3a KaKOH-TO MPOMEXKYTOK BpeMeHU At (KOHEUHBIH, J0CTaTOYHO OOJIBINO),
TO MOYXHO IOJIyYUTh HEKOTOPYIO JIMHUIO, BBIPAKAIOIIYI0 T€OMETPUYECKOE MECTO ITOM TOUYKU B MPOCTPAH-
CTBE 3a Bpems At.

Jduuwusga toka. Eum B macce IBUKYIICHCS KUAKOCTA B JTAHHBIN
4 MOMEHT BpeMeHH t B3sITh Kakyto-1u60 Touky 1 (puc. 12), To MOXHO B ATOMU
TOYKE IIOCTPOUTH BEKTOP CKOPOCTH U1, BBIPAKAIOIIMI BEJIMYMHY U HaIpaBJie-
HUE CKOPOCTH JIBKEHUS YaCTHULIbI dKUJIKOCTU B IaHHOM TOYKE 1 B 3TOT MOMEHT

7,

BPEMEHH.
B ToT ke MOMEHT BpeMeHH t MOXHO B3STh U APYTHE TOUKU B JBHKYILCH-
Cs1 )KUJIKOCTH, HarpuMmep, Touku 2, 3, 4,. . . . . . 6 KOTOPBIX TaKXKe MOKHO I0-

CTPOUTH BEKTOPBI CKOPOCTEH Uz, U3, U4,... BBIPAXKAIOLINE CKOPOCTh JBUKCHUS
JPYTUX YaCTHUIl )KUJIKOCTH B TOT )K€ MOMCHT.
MoskHo BbIOpaTh TOukH 1, 2, 3, 4. . . ¥ IPOBECTH Yepe3 HHUX IUIABHYIO
puc. 12. KpHUBYIO, K KOTOpOH BEKTOPEI CKOpocTeil OyIyT BCIOJly KacaTellbHbL. JTa JIH-
HUS U Ha3bIBACTCS JUHUEL MOKA.

Takum 00pa3oM, jsuHuel moxka HA3bIBACTCS JIMHUS, NMPOBEJCHHAS Yepe3 PsJ TOYEK B JIBUIKYIICHCS
KUJKOCTU TakK, YTO B JIAHHBIM MOMEHT BPEMEHHU BEKTOPbI CKOPOCTU YACTHUIL KHUJAKOCTU, HAXOJAUINXCS B
ITHX TOYKAaX, HAIMPABJICHBI [0 KACATEILHOW K 3TOU JUHUH. B OTIHMYHE OT TpaeKTOpUU, KOTOpast TOKa3bI-
BaeT NYyTh JBUKCHHS OJJHOW YaCTHIIBI )KUJIKOCTH 32 ONpEAETICHHBIN MPOMEKYTOK BpeMeH! At , TUHUS TO-
Ka COEIUHSET pa3Hble YaCTULIBI U JaeT HEKOTOPYI0O MTHOBEHHYIO XapaKTEPUCTUKY JBIIKYILEHCS KHUIIKO-
CTH B MOMEHT BpemeHH t. Uepes 3alaHHyIO TOYKY B JIaHHBII MOMEHT BPEMEHH MOKHO MPOBECTH TOJIBEKO
OJIHY JIMHHIO TOKA.

Ecin B TaHHBIX TOYKAX JBIOKYIIEHCS )KHUIKOCTH BEJIMYMHA U HAIIPABICHUE CKOPOCTH M TUAPOJIUHAMH-
YECKOe JIaBJICHHE C TEYCHHUEM BPEMEHU HE M3MEHSIOTCS (Takoe ABM)KEHHE HA3bIBAETCSl YCTAaHOBHUBIIMM-
csl), TO M JIMHUS TOKA, U TPACKTOPHUS YaCTHIIBI, OKa3aBIICHCS HAa HEW, COBMNANAIOT M CO BPEMEHEM HE H3-
MEHSIOTCSA. B 3TOM ciyyae TpaeKTOPUH YaCTHUIIL SIBJISIOTCS U JIJMHUSIMHU TOKA.

OnemeHTapHas cTpyHka. Eciau B aBuwxymencs xus-
KOCTU BBIJICIUTh BECbMa MAIYIO AJIEMEHTapHYIO TUIOMAAKy AS, MepIieH-
JTUKYJSIPHYIO HAIPAaBJICHUIO TEUCHUS, U 1O KOHTYPY €€ MPOBECTH JTUHUU
TOKa, TO TIOMy4YeHHAsi TTOBEPXHOCTh HA3bIBACTCS MPYOKOU moKd, a COBO-
KYITHOCTh JIMHUHM TOKA, MPOXOIAIINX CIUIONIL Yepe3 MIoMaaKy AS, odpa-
3yeT TaK Ha3bIBaeMYIO dnemenmaprnyio cmpyuxy (puc. 13).

DJeMeHTapHas CTpyHKa XapaKTepU3yeT COCTOSHUE ABMXKEHUS >KUIKO-
CTH B JJaHHBIH MOMeHT BpemenH t. [Ipu ycTaHOBUBIIEMCS JIBYKEHUU dJIie-
MEHTapHas CTpyiiKka UMeeT CIIeAYIOIIe CBOMCTBA:

1. popma u moNOKEHUE PIIEMEHTAPHON CTPYMKH C TEUEHHEM BPEMEHHM OCTAFOTCSl HEM3MEHHBIMH, TaK Kak He
W3MEHSIFOTCS JIMHUH TOKA,;

2. IPUTOK KUJIKOCTH B AJIEMEHTApHYIO CTPYHKY M OTTOK M3 Hee uepe3 OOKOBYIO TIOBEPXHOCTh HEBO3MOXKEH,
TaK KakK M0 KOHTYPY JI€MEHTapHON CTPYWKH CKOPOCTH HaIpaBIIeHbI TI0 KacaTelbHOM;

3. CKOpPOCTh W THAPOAWHAMHUYECKOE MABJICHWE BO BCEX TOYKAX MOIEPEYHOTO JICUCHMS SIIEMEHTapHOU
CTPYHKH MOKHO CUMTATh OJTMHAKOBBIM BBUTY MTOCTH TUIOMIAIN AS .

ITo T ok ._COBOKYITHOCTh DJIEMEHTAPHBIX CTPYEK JBWKYIIEHCS JKUAKOCTH, TPOXOASIUX Yepe3  TIIOo-
IIaJKy JIOCTaTOYHO OOJNBIIMX Pa3MEPOB, HA3BIBACTCS HOMOKOM dtcudkocmu. IIOTOK OrpaHUveH TBep-
JBIMU TTOBEPXHOCTSIMH, TI0 KOTOPBIM IIPOUCXOIUT JABMKEHHUE KUAKOCTHU (TpyOa), u arMochepoit (peka, Jio-
TOK, KaHaJ | T.IL).

Puc. 13

2.2 IlousiTHE 0 OTOKE KUIKOCTH.

FTmnpaBaumdyecKkue DAEMEHTH IOTOK a JKugblm ceuenuem Ha3bIBACTCS TOBEPXHOCTH B
npesenax MmoToKa, MPOBeACHHAS NePHSHINKYISIPHO K JIHHHUSIM TOKa (2JEMEHTapHBIM CTpyiiKam). B obmiem
CIIyJae 3Ta OBEpXHOCTh KpuBOJIMHEHHas (Ha puc. 14 noBepxaocts ABC). OHako B OOJNBIIMHCTBE CITy4acB
MPAKTUYECKON TUAPABIIMKY MOTOK KHUJIKOCTH MOKHO MPEICTABUTH MAPAUIEIbHO-CTPYHHBIM UM C OYEHb Ma-
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JBIM YTJIOM PacXOKJICHHUSI CTPYEK, a 3a )KUBOE CEUEHHE MPUHAITH TIIOCKOE TONEPEeYHOe CeueHNe OToKa (Ha
puc. 14 mmockocts AC). Ilnomianp KUBOTO ceueHUst 0003HaYaeTCst OYKBOH S.
Cmouennvlm nepumempom Ha3bIBAeTCS JUIMHA YacTH MEPUMETPA HKU-
BOT'O CEYEHHMsI, B IpeJieiax KOTOPOH MOTOK CONMPHUKACAETCS C TBEPIbIMU
BHEIIHUMU cTeHKaMu. CMOUEHHBIH nepumMerp 0003Ha4yaroT OykBoi /1.
luopasnuueckum paduycom Ha3bIBaETCS OTHOIIEHUE IIONIAN KUBOTO A
CEUYCHUs K CMOYEHHOMY TIEPUMETDY:

R=S/II. 67) T

Ha puc. 15 npuseneHsl npuMepbl MONEPEYHBIX CEUYEHMH IOTOKA: i
a) TparnernenIaTbHOe; 0) IPSIMOYTOJIBHOE; B) KPYTOBOE. \h\
A

Jliist KpyroBOro CedeHws, 3arOTHEHHOTO JKUJIKOCThIO TIOJTHOCTBIO (pHC.
15,6): s=xd?/4; I=nd; R=s/I1=d/4.
Pacxoag XHAKOCTH MCPEIHSSA CKOPOCT b Pacxonom
JKUJIKOCTH Ha3bIBACTCS KOJUYECTBO YKUJIKOCTH, IIPOXOMISIICH Uepe3 JaHHOE
JKUBOE CEUEHHE IIOTOKA B €MHMILY BpDEMEHHU.
Pacxon mortoka xuakoctd 0003HadaroT Q, a SJIEeMEHTapHON CTPYHKH
— AQ . EnuanmiamMu u3MepeHust pacxoia siBJISTFOTCS: M%/cek, M3/u unw J1/cex, /4 u Tp.

Puc. 14.

PaccmotpuM anemenTapHyto CTpyiiKy (puc. 13) ¢ nonepeuHbiM ceyeHueM AS U MOCTOSIHHOM CKOPOCTBIO

a B-4+2mh 8
7 773
e A —
K N Jeliinay W
a e S 7
e —_ B/‘_q.,,._... ....JL:— /H
LGI 77 7 ):fa ‘///6// L
Puc. 15.

JBIDKEHUS YaCTHUIIBI )KUJIKOCTU u. Uepe3 MpoMEKyTOK BpeMeHHU  4acTuIlpl mepemectsiTest u3 cedenus 1-1 B
ceuenre 2-2 Ha paccrosuue |. IIpu sTom uwepe3 cedenne 1-1 mpoiimer SIeMEHTapHBIH OOBEM KHIKOCTH
AV = Asl . Paznenus 06e yacTu ypaBHEHUs Ha t, ToTydmum

ﬂ:ASI_’
t t

Ho AV /t =AQ — pacxoj seMeHTapHOM CTpyHKH (00BeM, TIPOLIEIIINN YEPE3 FIEMEHT JKMBOTO cedeHus 1-1 B

€/IMHUILy BPEMEHH); " =U — CKOpPOCTb JIBUKEHHUS YaCTULL KUAKOCTH (ITyTh, IPOMIEHHBIM YaCTUI[AMH JKHJIKO-

CTH 32 €IMHUILY BPEMEHH).

Orcroma

AQ =UAs, 679
T. €. pacxoJi dJISMEHTAPHON CTPYMKH PaBEH INIOMIAIN €€ MOINESPEUHOr0 CCUCHMS, L “
YMHO)KEHHOM Ha CKOPOCTh B 3TOM ce4eHUHU. [I0TOK KHIKOCTH B JIAaHHOM JKH- 1
BOM CEUYEHHUH TPEJICTABIISIET COBOKYMHOCTh (CyMMY) OOJIBIIIOrO YMCIIa dIeMEHTap- I ) ) -

HBIX CTPYeK, 3alOJHSIOIINX CIUIONIb IUIOMIIb )KUBOTO CEUCHHS, MOATOMY IS
OTIPE/ICIICHHUS PacXo/ia MOTOKA Yepe3 JKMBOE CEUCHHE S HEOOXOIMMO B3SITh CYMMY
pacxonoB AQ 3JIeMEHTapHBIX CTPYEK, T.C.

Q=>uaAs. (676)

B o0riem ciydae, 9ToObI BOCTIONB30BaThes (hopMyIIoii (670) Mist orpeieNieHrs pacxo/ia MOTOKa, HaJl0 3HAThH
3aKOH PACIIPEENICHUs] CKOPOCTEH IO KUBOMY CEYEHMIO, KOTOPBI OYEHb CIIOKEH MM BooOIe HeusBecTeH. [lo-
3TOMY JUIsl IPAKTUYECKUX PACUETOB BBOJUTCSI TIOHSATHE CPETHEN CKOPOCTHU MOTOKA.

Ha puc. 16 mpencrasien rpaduk (3rmopa) pacrnpenesieHus JeUCTBUTEIBHBIX CKOPOCTEH B TOYKAX KHBOTO
CEUEHMsI MOTOKA, U3 KOTOPOTO BUIHO, YTO CKOPOCTH IO CEYEHUIO paclpeAestoTcss HepaBHOMepHO. [Ipu neit-
CTBHUTEJIBHBIX CKOPOCTSIX Yepe3 JKMUBOE CEUCHHE IMPOXOIHT OMpe/ieieHHbIN pacxon Q. MoHO HaTH HEKOTOPYIO

o
W | H
V7725 LT e

Lr !
e — |

puc. 16.
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MOCTOSIHHYIO JUISl BCEX TOYEK CeueHHs] GPUKTUBHYIO CKOPOCTb, IPU KOTOPOW 4epe3 JaHHOE CEYCHHUE MPOXO0-
T OBI TOT K€ CaMbIid PacXOf, YTO W MPH JCHCTBUTENBHBIX CKOPOCTSX ABIDKEHUS KUIKOCTH. JTa CKOPOCTh V
Oyner cpemHeil w3 neiictButenbHBIX ckopocteil. IloncraBmsas B ¢opmyny (670) ckopocTh V IOITydUM

Q=) vAs,Ho v=const, Y As=s, nostomy
S S
Q=vs, (68)

T. €. PaCXOJ1 )KHIKOCTH B TAHHOM CEUCHHH MTOTOKA PaBEH MPOU3BEICHUIO CPSIHEH CKOPOCTH JIBKCHHS KHUJIKO-
CTH, YMHO)KEHHOMU Ha IUIOIIA b dKUBOTO CCUCHHS.

Urak, cpedneli ckopocmpio TIOTOKA B JaHHOM CEUCHHMH V HA3bIBACTCS Takas OJMHAKOBAs JUIA BCEX TOYEK
JKMBOT'O CEUCHHUS CKOPOCTD JBUIKCHHS YKUJIKOCTH, TIPH KOTOPOH Yepe3 3TO KHUBOE CEUCHUE MPOXOJIUT TOT Ke
pacxo Q, 4TO U MpH JACHCTBUTEIBHBIX CKOPOCTSIX JIBUYKCHUS KUIIKOCTH U.

N3 popmynsl (68) MOKHO HamKCATh

v=Q/s, (68))

s=Q/v. (68"

®opmyiel (68), (68') u (68") ncoNbL3YyIOTCA NPU PELIEHUH OCHOBHBIX T'MJIPABIMYECKUX 3a/1a4, CBA3AHHBIX C
TIOTOKOM KHJIKOCTH. VX ClIeTyeT YeTKo 3HaTh 1 3aIlOMHUTb.

2.3. BuabI ABMKEHH S JKHAKOCTH

ycmaﬂoguemumc;z CmauuoOHAapHsuIm dguofceﬂuem AKNUIKOCTH HA3BIBACTCA TAKOC ABUKCHHUC, ITPHU KOTO-
POM B Ka)KI[Oﬁ I[aHHOﬁ TOYKC OCHOBHBIC 3JICMCHTBI ABMXXCHUA KNIKOCTHU — CKOPOCTh ABWXXCHUSA U U TU-
POAMHAMHUYCCKOC JNABJICHUC p HC U3MCHAKOTCA C TCUCHUCM BPCMCHHU, T.C. 3dBUCAT TOJBKO OT KOOPAWHAT
TOYKHU. AHaJ'II/ITI/I‘-IeCKI/I 9TO yCJIOBI/Ie 3aIIUIICTCA TaK:

u=f(x.y.z)n p="f,(x,y,z).

HeVCWlaHOGuGWuMC}Z (HecmaquHaprlM) aGquC@HlxleM KHUAKOCTH HA3bIBACTCA TAKO€ JBUIKCHUC, HpI/I
KOTOpOM B Ka)KI[Oﬁ ,HaHHOﬁ TOYKE OCHOBHBIC JJICMCHTHI IBUXCHHUA ) KUAKOCTU — CKOpOCTL JABUXXCHUA U U
FI/IZIpOI[I/IHaMI/I‘IeCKOC JABJICHHUC p — IIOCTOSHHO I/I3M€HFHOTC$I, T.C. 3aBUCAT HC TOJIBKO OT ITOJOXXCHUIA TOY-
KH B HpOCTpaHCTBe, HO U OT BpeMeHI/I t . AHaJ'II/ITI/IquKI/I 3TO YCJ'IOBI/IC 3aIIUIICTCA TaK:

u=f,(x,y,z,t) u p=f,(x,y,z.t).

HpI/IMepOM yCTaHOBI/IBHIeFOCﬂ JABUXCHHUA MOXECT 6LITB: JABHKCHHUEC KHUJIKOCTH B KaHAJIC, B peKe HpI/I
HEU3MEHHBIX ITTyOUHAX, HCTEUCHUE KUJAKOCTH U3 pe3epByapa MpH MOCTOSSHHOM YPOBHE KUK OCTH B HEM
n r[[p HeyCTaHOBI/IBI_HeeCH ABUKCHUC — OTO ABHXCHHUC KUJKOCTHU B KaHAJIC UJIU peKe HpI/I HepeMeHHOM
YPOBHE UIIU IIPH OIIOPOKHEHUH PE3EPBYapa, KOrja YpPOBEHb KUIKOCTH B HEM HENPEPHIBHO M3MEHAETCS.

B ,Z[aJILHeI?'ILHeM 6y,£[eT I/I3yanBCH T'JIaBHBIM O6pa30M YCTaHOBI/IBH_[eeCﬁ JABUKCHUEC KUIAKOCTHU U B OT-
JENBHBIX CITydasx OyayT pa30upaThCs MPUMEPHI HEYCTAHOBUBIIIETOCS JIBUKEHUS.

YCTaHOBI/IBH_IeeCH JBIDKCHUC B CBOKO  QUEPCIb IOAPABACIEICTCS HA PABHOMEPHOC 1 HCPABHOMCPHOC.

Pa@HOMeprlM HA3bIBACTCA TAKOC YCTAHOBHUBIICCCA NBUXKCHHUC, IIPU KOTOPOM KHUBBIC CCUCHUS BIAOJIb
IOTOKA HE U3MCECHIJKOTCA: B 3TOM CJIy4yae€ S =C0nSt, CPCIAHUC CKOPOCTHU I10 JUIMHEC IMOTOKA TAKXKC HC M3-

MEHSIOTCS, T.€. V=CONnst. HpI/IMCpOM pPaBHOMEPHOI'O ABUKCHUSA ABJIACTCA: IBUKCHUC KUJAKOCTHU B I[U-

JUHJPUYECKON TpyOe, B KaHase MOCTOSIHHOTO CEYEeHHUs IIPU OJJMHAKOBBIX TITyOMHAX.

YcraHoBuBLIeeCs IBUKCHUE HA3BIBAECTCS HEPAGHOMEPHbIM, KOTJIa PACIPEICIEHNe CKOPOCTEH B pa3-
JUYHBIX [TONEPEYHbIX CEYEHUAX HEOAMHAKOBO; IPU ITOM CPEAHSSA CKOPOCTh U IUIOMIA/Ib NONEPEYHOrO Ce-
YEHHs M0TOKa MOTYT OBbITh M JIOCTOSIHHBIMM BJOJb NOTOKA. [IpuMepoM HepaBHOMEPHOIO JBUKEHUS MO-
XKeT OBITh ABM)KEHUE JKUJKOCTH B KOHMUECKOM TpyOe UM B PEYHOM pyciie IEPEeMEHHOM MIMPUHBIL.

Hanopnoim Ha3biBaeTCsl IBUKEHHUE KUIKOCTH, IPU KOTOPOM MOTOK MOJTHOCTHIO 3aKIIOYEH B TBEPAbIE
CTEHKHU U HE UMeeT CBOOOAHOMN MoBepxHOCTU. HanmopHoe BH)KEHUE IPOUCXOAMT BCIEACTBHE PA3HOCTH
JABJIEHUHN U MOJ IEHCTBUEM CHJIbI TSKECTH. [IpruMepoM HalopHOTO JBUKEHUS SIBISETCS ABHXKEHUE KU
KOCTH B 3aMKHYTBIX TPyOOIIPOBO/IaX (HapHUMep, B BOJIOIPOBOAHBIX TPyOax).

besnanopmviv Ha3bIBaeTCsl IBIKEHHUE KUJIKOCTHU, IPH KOTOPOM IOTOK UMEET CBOOOHYIO TIOBEPXHOCTS. [1pu-
MepOoM OE3HANOPHOTO JIBMKEHUSI MOJKET OBbITh: IBUKEHHE KHUJIKOCTH B peKax, KaHalax, KaHAJU3aIlMOHHBIX U
JIpeHaXHbIX TpyOax. besHamopHoe ABM)KEHUE MPOUCXOAUT MOA JEHCTBUEM CHIIbI TSDKECTH U 32 CYET
HavaJIbHON CKOpOCTH. OOBIMHO Ha TIOBEPXHOCTH OE3HAIIOPHOTO TIOTOKA JAABJICHHE aTMOC(HEPHOE.
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CremyeT OTMETHTS €llie OJIUH BHI JBHKEHHS: CBOOOTHYIO CTPpYI0. C80000HOU cmpyell HA3bIBACTCS TOTOK, HE
OrPaHMYCHHBI TBEPABIMH CTEHKaMH. [IpEMEpOM MOXKET CIIY)KHTh JBH)KECHHE JKUIKOCTH W3 TI0XKAPHOTO
OpaH/ICIIONTa, THAPOMOHHTOPA, BOIOIPOBOIHOIO KpaHa, U3 OTBEPCTHUSI pe3epByapa U T. 1. B 3tom cirydae npu-
YKEHHE KHUKOCTU TPOUCXOJIUT TI0 MHEPIHH (T. €. 32 CUET HAYAIbHOW CKOPOCTH) U TOJT JISHCTBHUEM CHIIBI TSDKE-
CTH.

JAnst ynpoleHus: BBIBOJIOB, CBSI3aHHBIX C M3y4YEHHEM TTOTOKA YKHJIKOCTH, BBOJUTCS TIOHSITHE O TUIABHO M3Me-
HSTFOLIEMCST JIBHDKCHUH YKUJIKOCTH.

1TnaeHo usmenstowumcss Ha3bIBACTCS TAKOE JIBKDKEHHE YKUIIKOCTH, MPH KOTOPOM KPHUBU3HA CTPYECK HE3HAYH-
TeNbHA (paBHA HYJIIO WM OJIM3Ka K HYJIIO) U YTOJI PACXOXKIICHUS MEXIY CTPYHKaMu BechbMa Mall (paBeH HY-
IO WM OJIM30K K HYJIIO), T. €. MPAKTUYECKH TIOTOK JKHIKOCTH MaJI0 OTIIMYACTCS OT MapalIeNbHOCTPYHHOTO.
3TO MPE/ION0KESHNE BIIOJIHE ONPAB/IBIBACTCS MMPU U3YYCHUH MHOTHX CIIy4acB JBMDKCHUSI KHJIKOCTH B KaHa-
Jax, Tpy0ax U Apyrux COOpPYKEHUSIX.

OTMeTHM CIIe/TyOIIMe CBOMCTBA MOTOKA IPH TUTABHO U3MEHSFOLIIEMCSI JIBVKCHHH:

1. morepeyHbie CeYeHHs! TI0TOKa IIOCKUE, HOPMATIbHBIE K OCH TTOTOKA;

2. pacripelielieHue TUAPOIMHAMHYECKIX JIABJICHUH 110 CEUYSCHHIO TIOTOKA TTOUMHSACTCS 3aKOHY THAPOCTa-
THKH, T.C. THAPOIMHAMHYCCKUE JIABJICHUSI TI0 BBICOTE CEYCHHS PACIIPECIIIOTCS 10 3aKOHY MPSMOi. ITO CBOH-
CTBO JIETKO MOYKHO JIOKa3aTh, €CJIM BHYTPH ITOTOKA BBIJICIUTh YaCTHUILY KUJKOCTA U CHPOSKTUPOBATh BCE JICH-
CTBYIOILIME HAa HEE CHJIbI Ha TIOCKOCTh JKMBOTO ceYeHusl. BerencTBie Toro, 4T0 CKOPOCTH U YCKOPEHHS B 3TOM
citydae OyayT MepIeHUKYIISPHBI CEUCHHIO, CUIIBI HHEPIIMH B YPAaBHCHUE HE BOMIYT; MIOATOMY YpaBHCHHE
pPaBHOBECHS M 3aKOH PaCIIPe/ICIICHHS IABJICHHS B TUIOCKOCTH YKMBOTO CEYCHHSI HE OY/IET OTJIMYAThCS OT TAKOBO-
TO JUISl )KMJIKOCTH, HAXOJISAIIICHCS B TIOKOE;

3. ynenbHasl MOTCHIMAIbHAS SHEPrHs (T. €. MOTCHIMAIbHASI SHEPIUs SMHUIIBI BECa KHUKOCTH) 10 OTHO-
IICHUIO K HEKOTOPOM TUIOCKOCTH CPaBHEHUS JIJIsl BCEX TOYEK JIAHHOTO CEYCHUSI TIOTOKA YKHUIKOCTH €CTh BEJTYH-
Ha TIOCTOSTHHASL.

2.4. YpaBHe}me HEPASPBLIBHOCTHA YCTAHOBUBUHICTOCHA ABUKECHUA KUIKOCTH

IIpn paccMOTpEeHHH TBHKEHHS SKUIKOCTH CUUTAOT, YTO B IIOTOKE JKUJIKOCTh CILUIOMIb 3AIIOJIHAET 3aHUMAEMOE
€10 POCTPaHCTBO O3 00pa30BaHus ITYCTOT, T.€. IBMKEHHE KUAKOCTH MPOUCXOJUT Hepa3pbIBHO. B aToM ciy-
4yae CIPaBeIIMBO yPaBHEHHE HEPA3pPhIBHOCTH JBWKCHUsS, BBIBOAMMOE Ha OCHOBE 3aKOHA COXPAHEHHS MACChL
[lonmyynM BHaYasle ypaBHEHHUE HEPa3pbIBHOCTH IIPU YCTAHOBUBILEMCS IBWDKCHUU XKUAKOCTH UL DJIEMEHTap-
HOU CTPYHKH.

[Tycts nMeeM 31eMeHTapHyIo CTpyHKy (puc. 17). BosbmeMm ceduenue 1-

1 c mnomanpo AS; ¥ CKOPOCTBIO ABMKEHUS YAaCTHLL KHUIKOCTH u1. Diie- g »

MEHTApHBIN pacxon uepe3 ceuenue 1-1 [mo dopmyre (67a), § 2.2] paseH
AQ, =U,As, .
3aTeM BO3bMEM ceueHue 2-2 B 3TOH ke CTPYHKe ¢ IIOLIA/IbI0 ceueHnst AS,

Y CKOPOCTBIO U1, DJIeMEHTapHBIN pacxoj1 uepe3 ceueHre 2-2 paBeH
AQ, =U,As,. Puc. 17.

Ho 1o cBOMCTBY 3i1eMEHTapHOM CTPYWKH NPUTOK U OTTOK >KUAKOCTU
yepe3 ee OOKOBYIO MTOBEPXHOCTh HEBO3MOXKEH (cM. § 2.1); Kpome TOro, B oTceKke 12, KOTOPBIA COXpaHSET
HEU3MEHHBIE Pa3Mephbl, He 00pa3yeTcst MyCTOT U HE MPOMCXOIUT MEPEYIUIOTHEHUI; 3HAUUT KOJINYECTBA KUIIKO-
CTH, IPOTEKAIOLIEH H eIMHUIYY BpeMeHH uepe3 ceueHus 1-1 u 2-2, nomkHs! ObITh OAMHAKOBBL, T.€. AQ, = AQ, .
[puHIMast BO BHUMaHUE, 4TO cedeHus 1-1 u 2-2 mpuHSTHI TPOM3BOJIBHO, MOYKHO B OOIIEM CITydae Ui HIeMeH-
TapHOU CTPYWKHU HAIMCATh

AQ, =AQ, =AQ, =...=AQ, =AQ =const,

Wi

U,As, =U,As, =U;AS, =...=U,As, = AQ =const. (69)

OTO0 U ecTh ypaBHEHHE HEPA3PbIBHOCTH (CIUIOMIHOCTH) JUISI 3JIEMEHTapHOU CTPYHKH, KOTOPOE YUTAETCS
TaK: 2IeMeHmapHbvlil pacxoo sxcuokocmu AQ npu ycmanosusuemcs 08UHCeHUU ecnib 8eUYUHA NOCIOAHHAS

015l 8Cell ANIeMEHMADHOU CIPYUKU.
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[lycts Tenepp umeem NoTok xkuakoctu (puc. 18). B3gs B motoke nBa
MPOM3BOJIBHBIX ceueHus 1-1 u 2-2 1 TpEeCTaBUB KUBbIE CEUEHUS WX
COCTOSAIMMU M3 CYMMBI 3JIEMEHTApHBIX CTPYEK, MOYKHO HAalucaTh
Q, = ZU1A31 — pacxon kuakocTu B ceuenuu 1-1; Q, = Z:UZAS2 — pac-

s S2
XOJ1 ’KUJIKOCTU B CEUCHUH 2-2.

Ho nockonbky cKOpoCTH KacaTelabHbl K OOKOBOH IMOBEPXHOCTH MOTOKA,
TO B OTCEK MeXy ceueHusiMU 1-1 u 2-2 gepe3 OOKOBYIO MOBEPXHOCTH JBHU-
YKEHMS JKHJKOCTH HE IPOMCXOJUT; HEe U3MeHsercs U o0beM orceka. Cie-
JIOBATEJIbHO, B OTCEK 4Yepe3 cedeHue 1-1 mocTymaer CToIbKO jKe KUIKOCTH,
CKOJIBKO 3a TO ke BpeMs BeIxoguT Q, =Q,. Ho Tak xak ceuenust 1-1 u 2-2 B3sTbI IPOU3BOIBHO, TO MOKHO

puc. 18.

Hanucath, uto Q, =Q, =...=Q, =Q =const unu, BeIpakas pacxo KHUIKOCTH B CEUYCHUSIX Yepe3 CPEAHIOI

CKOPOCTH V, TTOTY4rM

V,S, =V,S, =...=V, S, =Q =const. (69)

DTO U €CTb YpasHeHue HepaspbleHOCmU 0Ji NOMOKA HCUOKOCHU, KOTOPOE YUTACTCS TAK: pACX00 JHCUO-
Kocmu yepes 1oboe ceuyerHue nOmoKa npu YCmaHo8USUEeMcs O8UCEHUL ecmb 8eauydUHa nocmosrnuas. 13
ypaBHeHus (69) A IByX CEUEHUM MOYKHO HAIUCaTh

Vl/VZ =53, /31 ] (70)

T.€. CPEIHAE CKOPOCTH MOTOKA 0OpPaTHO MPOMOPIIMOHATIBHBI TUIOMIAIIM COOTBETCTBYIOIINX JKHUBBIX Ce-
YeHUH.

2.5. YpaBuenne /1. Bepnysum

VpaBuenue Jlanunna bepHyim siBisercs OCHOBHBIM ypaBHEHHEM TuapoauHaMmuku. Huoke pasoupaercs
3TO YpaBHEHUE Ul YCTAHOBUBIIETOCS IIJIABHO M3MEHSIOIIETOCs JBU)KEHUS KUJIKOCTH, C IOMOILBIO KOTOPO-
IO pEeuIaloTCs OCHOBHBIE 3aJaud TMAPOAMHAMHMKHM. BBeneM NOHATHS yIEIBbHOW 3HEPIrUM JIEMEHTAPHOU
CTPYMKH U MOTOKA KHUIKOCTH.

YnenbHass DOHeprus DIEMEHTApHOHU CTPpPYyWHKH.
HanmomuuMm, 4To yzaenpHas SHEPrHUsl €CTh SHEPIUs, OTHECEHHAs K €IUHUIIE CUIIBI
TSDKECTH JKUAKOCTU. [lycTh MMeeM B 2JIEMEHTApHOM CTPYHKE YaCTHUILy Maccoi m,
KOTOpasi 00J1aJaeT HEKOTOPOH CKOPOCTBIO #, HAXOAMUTCS 1O/ THAPOJUHAMUYECKUM
JIABJICHUEM p, 3aHMMaeT HEKOTOpbIi 00beM V M HaXOOUTCS OT MPOU3BOIBHON
IUIOCKOCTH CPAaBHEHMSI 0-0 Ha HEKOTOpou BeIcoTe Z (puc. 20). Macca yacTuIlbl
o0JajaeT 3armacoM yaeabHONW MOTEHIUATbHON SHEPTUH e,, KOTOpasl CKJIaIbIBAeTCs
U3 YIENbHBIX MOTEHIUATBHBIX SHEPTUM TOJNOKEHUS €0z, U TABIICHUS €. B camMoM
JieTie, Macca KUJIKOCTH, TOJHATas Ha BBICOTY Z, UMEET 3aac NOTCHIMAIBHON YHEPIMH, PaBHBINM MQZ, Tae g —
yCKOpeHUe CBOOOAHOIO MajeHUs. Y ielibHasl MOTEHIMAIbHAsT SHEPIUs MOJI0KEHHsI paBHA MOTEHIIMAIbHOU
JHEPIHH, JICJICHHOW Ha CHIY TSDKECTH XUIKOCTH (MQ)

6, =_; (a)
mg

Macca KHIKOCTH 3aHUMaeT HEKOTOpbIi o0beM V, Haxozjsmuiicss noj JasieHueM p. [loTteHnu-
aJlbHas SHEeprus JaBjeHus paBHa pV. YienbHas ke MOTEHIMAIbHAs SHEPIHs JIaBlIeHUs paBHA MOTEHIMATEHON
sHepruu PV, IENeHHOMN Ha CHITY TSDKECTH TaHHOTO oobeMa WV, T.e.

pV _p
e, =PV _P ©)
Ny

IonHebli1 3arac yAeIbHON MOTEHIMAIBHONW SHEPTUH MACChI )KUAKOCTH PABEH UXCYMME, T. €. €, =€

puc. 20.

+€

oas non
U, YIUTHIBas BeIpaxxeHus (a) u (0), HamuIeM
e, =p/y+z. (8)
Kpome Toro, macca XKUAKOCTH m JIBHKETCA CO CKOPOCTBIO # M 0OJajaeT KUHETUYECKOH IHEpPrheit
mu? / 2 ; HO CWJIa TSDKECTHU 3TOW MacChl paBHA MQ, U yIEbHAS KWHETHYECKast SHEPTHsl CTPYHKH paBHA
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e _miuz mg—ﬁ (l")
<2 29

CkiagpIBasi BRIpaKCHHUS (B) n (l"), IMOJIYYMM BBIpa)KCHHUE IIOJIHOM YVICNHHOM SHEPIUM dJIEMEHTApHOMH CTpYH-
K1

2
e:u—+£+z. (71)
29 vy

2
u
3,I[GCB — — YACIIbHAA KUHCTHUYCCKAs SHCPIHS,

P

— + Z — yACJIbHAA NOTCHIMAIbHAS SHCPIHA JABJICHUA U ITOJIOXKCHUS.
4

IonHas ynenpHas SHEPIVA NOTOKA £ CKIIANBIBACTCA W3 YIEIbHON IMOTCHIMANBHON SHEpIUU F,, ¥ YAENbHOU

KHHETUYECKON DHEPruu £y IoToKA.

Jyist citydasi yCTaHOBUBILIETOCS TUIABHO M3MEHSFOLLETOCS IBHKEHUS JKUIKOCTH YIENIbHAsI TOTEHIIUAIbHAS SHEP-
T'HsI BO BCEX TOYKAX KMBOTO CEYCHHSI OJJMHAKOBA U paBHA

E,=p/y+z=const. (m)

[ToTOK >KMJIKOCTH paccMaTpUBAETCsI KaK COBOKYITHOCTH 71 3JIEMEHTapPHBIX CTPYEK, KaKJasi U3 KOTOPBIX

2
o o o . u

o0JyaaeT CBOEH yNEeIbHOM KWHETUYECKOW SHEprueit 2— . Ora BeIMYMHA pa3zIMYHA UL Pa3HBIX

CTpyeK, OOpa3yloIIUX TOTOK.
OnpenenuM cpeqHee 3HaAYCHHE ATON BEIIMYMHBI B CEYCHUU MOTOKA. /L1 3TOro JeiicTBUTENbHBIE CKOPO-
CTH AJIEMEHTAapHBIX CTPyeK Ui, Uz, ..., Uy 3AMEHUM CpeIHEH CKOPOCTHIO MOTOKA V; TOTJa CpeaHee 3HaueHHe

yeJIbHOM KUHETUYECKOM SHEpruu MOTOKA B IAHHOM C€YEHUU PABHO
2 2 2 2
E = —+—+...+u—n n:a-v—. (e)
29 29 29 29

3neck o — koaddurment Kopronuica, yauThIBaroIiiA HEPABHOMEPHOCTh PACTIPEACIICHNSI CKOPOCTEH TI0 CEUSHHUTO
HOTOKA (MJIM KOPPEKTHB KHHETHYECKOM SHEPIVH).

bespasmepHblii KoahUIIEHT o peACTaBIseT CO00M OTHOIIEHHE ASHCTBUTENHHON KUHETHIECKOW SHEPIUH TIOTO-
Ka K KUHETUYECKOW SHEPIHM, BEIYUCIIEHHOM TI0 cpetHel ckopocTy. Ecim srmopa ckopocTeil B ceueHnH oToka 0m3-
Ka K PSIMOYTOJIbHOM, T.€. CKOPOCTH B Pa3HbIX TOUKax OJIM3KH K cpesHeit, To koadduiment Kopuomuca o 01u30K k
emunuLe. Eciu jxe cKopocTH B CEUeHNH 3HAUUTENIBHO Pa3iIMUaroTCs MEeXLy COO0MH, To U Kod(dUIMEHT oL OKa-
3bIBACTCS] 3HAYUTEIIHHO OOJTBILIE SIMHHUIIBL.

PaccmoTpumMm, Hampumep, OTOK TITyONMHON H = 6 M, B C€4EHHH KOTOPOT'O CKOPOCTH PacIpeIeeHbI 110
TPEYrOJIbHUKY, T.€. Y JIHa CKOPOCTb PaBHA HYJII0 M K IMOBEPXHOCTH HApacTAET IO 3aKOHY NPSMOH N0
HauOOJIBIIIETO 3HAYEHUS Unos = 3 M/CeK. CpenHsisi CKopocTh V = 1,5 mM/cek, a COOTBETCTBYIOIIAs €1 KUHE-
TUYECKasi SHEPTUs

2
=L _onigw
29 19,6

O1neHuM KHHETHYECKYIO SHEPTHIO ITOTOKA TouHee. J[Jst 3Toro Bo3bMeM TpH TOYKHM Ha BbicoTe h1 = 1wm;
ho =3 M 1 h3 = 5 M, KOTOpBIE JIeXKAT MMOCPEIUHE CIIOEB PABHOW BBICOTHI 10 2 M KaxK1blit. CKOPOCTh B 3THX
TOYKax cooTBeTcTBeHHO u1 = 0,5; u2 = 1,5 u uz = 2,5 m/cex. BblunciauM KHMHETHYECKYIO PHEPIHUIO 110
3TUM TPEM CKOPOCTSIM

_uf+uy +ul - 0,52 +15° +2,5°
29 19,6-3
9TO OOJIBIIIE, YeM 10 CPEHEN CKOPOCTH.

Koadpumment Kopuonuca nomyqaercs
a= Ek/EkW =0,153/0,118 =1,3.

E, =0,153 M,
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Ha ocHoBe 00paOOTKM MHOTOYHMCICHHBIX JAHHBIX, MOJTYYCHHBIX Ha PeKax M KaHalax, YCTaHOBJICHO,
YTO 7151 OOJBIIMX OTKPBITHIX MOTOKOB « ~11. [Ipu paBHOMEpHOM JBH)KEHUU B TpyOax M KaHajlaX Mpak-
THueckn o =1+15.

B nanpHeiiem, 3a HCKITIOYEHHEM 0CO00 OTOBOPEHHBIX CIIy4aeB, /Ui YIIPOILLIEHHS pacyeToB OyaeM MpH-
HuUMaTh o =1. OgHAKO ClielyeT MOMHHTH, YTO B HEKOTOPBIX CIIydasX MPHU HEPAaBHOMEPHOM pacrperesie-
HUU CKOPOCTEH 3HAUYEHUS 0L MOTYT OBITh 3HAUMTEIBHO Oosbine 1 (2 u 6omnee).

CkrazpiBasi yAeIbHYI0 KHHETHIECKYIO U YICTbHYIO TIOTCHITUATBHYIO SJHEPIHH MTOTOKA, MOTyIUM (GOpMYITy
MIOJIHOM y/I€bHOM SHEPIUU TTOTOKA

1
N ————
I
L 29 ____29 ’—\ A H
P T H—1 79

) 1 to
iz 7o ///////’er 1//’1%//’////////

Puc.21.
E=E +E,
a quTLIBas[ BbIpaXkeHus (€) U (1), uMeeM
E= ﬂ L : (72)
29 \r

T.€. IIOJIHAS yJEJIbHAs DHEPIUsl IOTOKA PaBHA CyMME yI€JIbHON KHHETUYECKON U YIEIbHON MOTEHIAIBHOM
(maBneHUs U TIONIOKEHMs) SHEpruil nmotoka. HarmomHuMm, 4TO BCe BBIBOJIBI C/AENAHBI SISl YCTAaHOBHUBILIETOCS,
TUIABHO U3MEHSIOILETOCs JBHKECHUS )KUAKOCTH.

YpaBHeHue IbepHynnu gy 51eMeHTAapHOW CTPYHKHU. Belienum B yCTaHOBUBLIEM-
Csl TIOTOKE PeasTbHOM JKUJIKOCTH 3JIEMEHTapHYIO CTPYHKY (pHc. 21) U onpenenuM yAeNbHYI0 3HEPIUIo JKU-
KOCTH B JIBYX IPOU3BOJIGHBIX ceueHUsX 1-1 u 2-2. BBICOTHI MON0KEHUS IEHTPOB MEPBOTO U BTOPOTO Ce-
YyeHUi Oy/IyT COOTBETCTBEHHO Z1 M Z2; TMAPOANHAMMYECKOE JABJICHHUE U 3THX K€ TOYKaX p1 U p2 CKOPOCTH
Te4eHUsI — u1 U u2. Toraa noiHas yeiabHasi SHEprusl 3JeMEeHTapHOH CcTpyiiku B ceueHuu 1-1 Ha ocHoOBa-
HUM (popmyisl (71) paBHa

u’ . p
91: u! +-Lt+2z, ()
29 7y
a B CEUCHUU 2-2
P,
e +—+Z 3
2= Zg » ©)

[TpakTryecku Beeraa €, < €;, Tak Kak 4acTh MOJHOM SHEPTriM 3aTpaulBaeTcs Ha MPEO0I0JIEHHE CUIT COTIPO-
THBJICHUsSI (TPSHUSI) P IBIKCHUH JKHKOCTU OT cedeHus 1-1 k ceuenrto 2-2. O603HaunM 1u notepu h,,. To-
I71a B COOTBETCTBUH C 3aKOHOM COXPAHCHHsSI SHEPTUHM MOXKHO HAIKCath, 4TO € =€, + N, U, yUUThIBasl BbIpa-

KeHust (K) ¥ (3), TOTyIuM
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2 2

u—1+&+21:u—2+&+22+hw. (73)

29 7 29 vy
Ypasnenue (73) u ectv ypasnenue /[. Bepuynnu Ons s1emeHmapHol cmpyiKy peaTbHON KHUIKOCTU TPH
YCTAHOBUBILEMCS IBMXKEHUH, KOTOPOE YCTAHABIIMBACT CBSI3b MEXKTY CKOPOCTBIO JIBHKEHYS, TABJICHUEM B YKUIKO-
CTH U TOJIOXKEHHEM TOUKH B IpocTpaHcTBe. OHO CcripaBeUTHBO IS JTFOOBIX JBYX CEUEHUIA, TaK Kak ceyenus 1-1 u 2-
2 ObLTH B3SITHI IPOM3BOJIBHO. YpaBHeH#HE (73) MOKHO HM300pa3uTh U rpadudecku (puc. 21). Ecnmm coeMHuTs YpoBHU
YKUJIKOCTU B TIE30METpax, PUCOESTUHEHHBIX K HECKOJIIBKUM CEUEHUSIM, MOJIyYUM HEKOTOPYIO JMHUIO p-p, KO-
TOpast Ha3bIBACTCS NbEe30MEMPUIECKOL UKl 1 TIOKa3bIBaeT U3MEHEHNE YEIbHONW NOTEHIIMAIbHON 3HEpruei
0 JIJIMHE 3JIEMEHTapHOM CTpylku. Eciu coeAMHUTh TOUYKH, KOTOPBIE B KAXKJIOM CEYEHUH BEPTUKAIU H300-
PaKaroT NOJHYIO YAEIbHYIO SHEPTUIO (4 TAKUE TOUKH JEHCTBUTEIBHO MOYKHO IOYUHUTh, O YEM CM. HIDKE), TIOITY-
ynM HekoTopyto JMHUIO N-N, KoTOpast Ha3bIBAaeTCs HANOPHOU IUHUell VI JIUHUell SHep2ull, OHa MOKa3bIBAeT U3-
MEHEHHE TTOJTHON YIIETbHON SHEPrUu 10 JUTHHE CTPYUKU. Torma pacCTosSHUE TI0 BEPTUKAN B JTFOOOM CECUYCHUH
MEX]Ty TOPH30HTATBLHOM IJIOCKOCTRIO I-1, COOTBETCTBYIOIIEH HaYaTbHOMY 3aMacy yAeJIbHON SHEPTUH B IEPBOM
cedeHuu, U HaropHo# JinHued N-N maeT BenndyuHy noTepb 3Hepruu Ny Ha PEoI0JICHHUE CHJT COMPOTUBIICHHUS
Ha y4acTKe OT MEPBOr0 CEYCHHS J0 JAHHOTO CEUCHUs, a PAacCTOSHHE MEXKIY HAIOPHOW M MbEe30METPUYECKON
JTMHUSAMH — yIeTbHYI0 KHHETHUECKYIO SHEPIUIO B TAHHOM CedeHHH U224,

JIst ieanbHOM YKUAKOCTH, I1Ie OTCYTCTBYIOT CHIIbI TpeHus, B ypaBaenuu (IV.7) hw= 0 u ypaBuenue bep-

HYJUIA IPUHUMAET BH]]

2
—+&+21:u—2+&+22. 73"
29 vy

Ho Tak kak cedenust 1-1 u  2-2 B3sTHI NPOM3BOJIBHO, TO B OOILIEM BUJIE ypaBHeHHe bepHy i it sneMeHTap-
HOM CTPYMKH UJICUTBHOM KHUKOCTH 3aITMChIBACTCS TaK:

2

u—+£+z =const. (73"

29 7y

VYpaBHeHue JbepHynnu qusg noroka. PaccmOIpyM NOTOK ITPU YCTAHOBUBLIEMCS, IUIABHO W3-
MeHSroIeMcs IBMKeHnu (puc. 22). Beioepem mpou3BoibHO ABa ceueHus 1-1 u 2-2, Mo ocsM KOTOPBIX CO-
OTBETCTBEHHO UMEEM Z1 U Z2 — BEPTUKATBHBIC KOOPIMHATHI OCH ITOTOKA HaJI MIPOU3BOJIEHOH IIOCKOCTHIO CpaB-
HEHUS 0-0, p1 ¥ P2 THAPOIMHAMHYECKUE JABJICHHUS, B TEX JKE€ TOUKaX Vi U V2 — CPETHIE CKOPOCTH B ceueHusix 1-1 u
2-2.

[TonmHyto yeapHy0 SHEPryro OToKa orpezensieM 1o gopmyne (72): ceuenue 1-1

E, = | +&+zl,
" 29 7y
y Ry R | E—— 5T ceueHue 2-2
2
Vv
i E2 — M +& + ZZ
29 7

OueBugno E, < E;, Tak kak yacTb 3HEpPruu NOTPaTUT-
Cs Ha TIPEOJIOJICHUE CUJl compoTuBiieHus (Tpenus). O60-
3HAYMM MOTEPI0 SHEPruM Ha 3ToM ydactke — N, . Torma

MOXXHO Hammcatb, 4yro E, =E, +h, u, noxcrasmss 3Ha-

Hg

yenus E, u E,, nomyunm

2 2
%+&:a2—\/2+&+22+hw. (74)
29 vy 29 7

Ypasnenue (74) HazbiBaeTcs ypasuenuem /1. bepuyi ons
ROMOKA HCUOKOCMU ¥ SIBIISICTCS OCHOBHBIM YpaBHEHHEM
THIPOJIUHAMUKH; C €ro MOMOIIBIO TIOJy9eHbI MHOTHE pac-
T /7-;1,”‘-” yeTHble (OPMYNBI M peliaeTcs psii MPakTHUECKUX 3ajad.
VYpaBHeHne bepHys M ycTaHABIMBAET MATEMATHYECKYIO CBSI3b
Puc.22. MKy OCHOBHBIMH JI€MEHTAMH JIBIDKCHHS SKUIKOCTH, T. €.

CpelHel CKOPOCTBIO ¥ THIPOIMHAMUYECKHIM JIABIICHHEM.

WNyo
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2.6. UcronkoBanne ypasHeHnus /I. Bepnynin

PaccMotpuM cmbICiT ypaBHeHHsT bepHY LN ¢ TOYEK 3peHMs THIPABIMYECKON, TEOMETPUYECKOM U SHEpreTHye-
CKOI.
'mnpaBiuueckoe uctoinkoBaHnue ypaBHeHnus Jbepnynnau CTouku 3peHus ruj-

PAaBJIMKH KKIbIN WieH ypaBHeHus: bepHyium (74) uMeeT cBoe Ha3BaHKE, @ UMEHHO:
2 2

. . . . vy a,V,

1. IlepBbIii uneH npaBoil u jgeBoil yactell ypaBHeHUs bepHynaum ——— M —=—= Ha3bIBAE€TCs CKOPOCHI-

29
HbIM Hanopom 6 cedeHusx 1-1 u 2-2.

CKOpOCTHOI Hamop MOXXHO HaOMOIaTh B JEHCTBUTENHHOCTH. Ecmu
Hanpumep B Touke A (puc. 23) psaoM ¢ Ibe30METPOM ITOCTaBUTh U30THY- ;
TYIO TpYOKY, OOpaIIeHHYI0O OTBEPCTHEM HAaBCTPEUy IOTOKY, TO YPOBEHBb £
KUJKOCTU B 3TON TpyOKe OyJeT BhIIIE YPOBHS B IMb€30METPE Ha BHICOTY, ] 17
PaBHYIO CKOPOCTHOMY HAIlOpy B TOW TOYKE, TJ€ HAXOIUTCS OTBEPCTHE W N - A

: 1— — ===
u — L e N T

TPYOKH 2al" Ota TpyOKa Ha3BIBACTCS SUOPOMEMPULECKOL, VITA MPYOKOU AL
g9

]

My
Ilumo. 3Has pa3Huly ypoBHel B TpyOke Iluto W NBE3OMETPE, MOXHO - nﬂ‘ﬁJ.,,,,,
OIIPEIETUTh CKOPOCTh JABUYKEHUSI KHIKOCTH B 3TOH TOUKE.
2. Bropoii wieH npaBoil U JI€BOW vacTell ypaBHeHus P,/y u P,/y Puc. 23
HAa3bIBACTCSI Nbe30Mempuieckoll 8bicomotl (M YIUTHIBAEM MaHOMETPHYECKOE JIaBJICHUE), HITU NPUBCOEHHO
svicomoul dasnenus (€Ci yuuTbiBaeM abCooTHOE JaBiieHue). Kak npasuio, B pacyeT NpUHUMAETCs MaHO-

METPHYECKOE JABJICHUE, TIO3TOMY B JallbHEHIIEM P/y OyaeM Ha3blBaTh IbE30METPUYECKON BHICOTOM.
3. Tperuii wieH mpaBoil W JEBOW YacTel ypaBHEHHS Z, U Z, HA3BIBACTCS BbICOMOL NOIOHCEHUSA TOUKA

YKMBOTO CEYEHMSI HaJl INIOCKOCTBEO CPABHEHMUS.
4. YeTBepThIi WICH NMPaBOM YacTH ypaBHEHHS Ny Ha3bIBACTCS nomepeli Hanopa TIpH JIBKCHAH JKHIKOCTH MEX-
ny cedeHusiMu 1-1 u 2-2.
HarioMHKM, YTO CyMMa MbE30METPHYECKOM BBICOTHI /7 ¥ BBICOTHI IIOJNIOXKEHU Z BO BCEX TOUKAX IKH-

BOIO CEUEHHMS YCTAHOBMBILETOCS, IUIABHO M3MEHSIOIIErOCS MOTOKA OJIHA M Ta XK€, T.e. P/y +Z=const u

HAa3bIBACTCS nbe3oMempuiecKum Hanopom.
2

oV
CyMMa CKOpOCTHOTO Haropa o M [IbE30METPUUECKOTO HATopa P/ + Z Ha3bIBAETCS 2UOPOOUHAMU-

UECKUM Hanopom H d

av P
H (75)
29 v
VYuutsiBas Belpaxkenue (75), ypapaenue /1. bepHyin MoKHO Hanmucarth B CIEIyIOIIEM BUJIE:
Hy =Hg, +h,. (76)

Takum 00pazoM, ¢ THAPABINYECKON TOUKH 3peHus ypaBHeHue JI. bepHymm MoxeT ObITh IMPOYUTAHO TaK:
2UOPOOUHAMUYECKUNL HANOP 8 OAHHOM CeYeHUU NOMOKA HCUOKOCMU paseH  2UOPOOUHAMUYECKOMY
Hanopy 6 Opyeom cedenuu (JeXKaLIEM HUXKE N0 TEUCHUIO) NIIOC HOMeEPs HAnopa Mexcoy dSMmumu ce-
YeHUSAMU.

'eomeTrpuueckoe wucCTONKOBaHUEe ypaBHeHUus IbepHynnu Bcsasucrtem,
YTO BCE WICHBI YPaBHEHUS! BepHYIIH UMEIOT JTMHEHHYIO pa3MepHOCTh, €r0 MOXKHO TIPEACTABUTh rpaduuecku
(cM. puc. 22), OTJIOXKHB B KOKIOM CEYEHMH OT IUIOCKOCTH CPaBHEHMS 0-0 MO BEPTUKATM OTPE3KH, BbIpDKa-

2

IOMe B OMPEIETIcHHOM Macimate £
29

TOYKaM IbE30METPUYECKOTO Haropa, MOJTYYUM TaK Ha3bIBAEMYIO Hbe30Mempudeckyio auHuo, KOTopas Io-

Ka3bIBaeT M3MEHEHHE MbE30METPUUECKOT0 Haropa Mo JJIMHE MoToka. Eciu pacctosiHie MeXly CedeHHU sl -

MH HO JUTMHE ITOTOKA PaBHO |, TO MOXXHO MOJYYHTh U3MEHEHHE MMbE30METPHYECKOTO HANIOpa Ha SAUHHUILY

u Z .Ilposem mMexy cedenusiMu 1-1 v 2-2 TUHUIO pp O BEPXHUM
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JUIMHBL TT0TOKa. O003HAYMB 3Ty JUIMHY Jp, HA3BIBAEMYIO CPEOHUM Nbe30MEempuieckum YKIOHOM Ha JaH-
HOM Y4acTKe, OTy4uM

Py | Py
] =7 Y , (77)

P I

T.€. Ib€30METPHUECKIM YKIOHOM Jp Ha3bIBaeTCsl Oe3pa3MepHasi BeJIMUMHA. IOKA3bIBAKOIAs M3MEHEHHUE 11bE30-
METPUYECKOT0 HAropa, MPUXOJAIIeecss Ha €AUHUIY JUIMHBI ToToKa. [Ibe3omeTpuueckuii ykioH Jp MOXeET
OBbITh BEJTMUUHOMN IMOJ0KUTEIILHON — JIMHUS pp MOHMUKAETCS 110 HAIPABJICHUIO JIBUXKEHUS, KOT1a CKOPOCTH
BJI0JIb TIOTOKA PAcCTYT; WIW OTPULATEIbHON — JIMHUS pp TOBBIIIAETCS 10 HAIpPABJICHUIO JIBU)KEHHS, KOrJa
CKOPOCTH BJ10JIb I0TOKA YMEHBLIAIOTCS.

[Tposens mexay ceueHusaMu 1-1 u 2-2 nuauio NN mo BepXHUM TOUKaM TUAPOJMHAMUYECKOTO HAMOpa,
IOJyYUM TaK HAa3bIBAEMYIO HANOPHYIO JUHUIO, KOTOPas IOKa3bIBA€T U3MEHEHUE THIAPOAMHAMHYECKOTO
Haropa Io JJuHe 1noroka. [lonenus pasHOCTh THAPOIMHAMUYECKMX HAIIOPOB B IByX CEUEHHSAX Ha PACCTOSHUS
MEKIY HUMU, TIOJIYYUM CPeOHUll 2UOPaABIUYecKull YKioH

i=(H, —H, I, (78)
o H, —H, =h, —noreps nanopa mesxty ceuenusimu 1-1 u 2-2; N03TOMY MOXKHO HAIUCATH
i=h,/I, (78)

T. € euUOpasIUYecKuM YKI0OHOM TIOTOKA Ha3bIBaeTcs Oe3pa3MepHas BEMYMHA, MOKA3bIBAIOLIAS N3MEHEHUE
THJIPOAMHAMUYECKOIr0 Hallopa Ha €IMHMILY JUIMHBI OTOKA. 3aMeTHM, 4YTO | MOXeT OBITh TOJIBKO IOJIOMKH-
TEJIbHOM BEJIMUMHOM, Tak Kak HanopHas 1uHU s NN Bcerga moHu»kaeTcst BBUJLy TOrO, YTO IIOTEPU HAropa
O JUTMHE TOTOKA HEU30EKHBIL.

Takum 00pa3oM, ¢ reOMETPUIECKON TOUKHU 3peHHsl ypaBHeHHeE J[. BepHy/um MOXKHO MpOYMTAaTh Tak: Hanop-
HAsL TUHUA NO OIUHE NOMOKA 8Ce20a NOHUNCACMCS, MAK KAK Yacmb Hanopa mpamumcsi Ha npeoooieHue mpeHus
o OnuHe NOMOK.

YacTtHb ¥ cauyyai. [Ipu paBHOMEPHOM JBIDKEHUH, KOTZIA CKOPOCTD IO IJIMHE MTOTOKA HE U3MEHSI-

av?
etcs, HanopHast NN 1 nmbe3oMeTpuueckas pp TMHUY NapauIeNIbHbI, TAK KAK —— BO BCEX CEUEHMSX BEINYH-
29
Ha OJIHA U Ta XKe.
DOHepreruueckoe uctoankoBaHue ypasHeHnusa J  bepn y n 1 u Ilpuaumas Bo

BHHUMaHue u3J10XkeHHoe B § 2.5 u ¢opmyny (72), cymmy 4ieHOB ypaBHeHUs! bepHyun ¢ 3HepreTHyeckoi
2

. . av .
TOYKHU 3pCHUA MOKHO NPEACTaBUTL KaK CyYMMY YICJIbHOU KHMHETHYCCKOU 2— " YACJIBbHOU MOTCHIIU-

anbHOU p/]/ +2Z 3Hepr1/n71 BJIOOOM  CEUEHHH ITOTOKA IIpU YCTAHOBUBIICMCA ABUKCHUU KUJKOCTU, 4 YETBCP-

TBIA YJICH ypaBHEHHS Ny Kak MOTEpr0 MEXaHWYECKOW SHEPIUH Ha MPEOIOJICHUE CHIJI TPEHHUS MPH TIepeMe-
HICHUU EIUHUIBI MacChl KHUIKOCTH OT ceueHusi 1-1 k ceuenuto 2-2. B cBssu ¢ oM smHHIO NN MOXHO
HAa3BaTh JIUHUElU NOJHOU YOeNlbHOU IHepeul TIOTOKA, & IUHUIO pp — JUHUEU YOelbHOU NOMEHYUATbHOU SHep-
2UU.

['apaBiaruecKuii YKIOH ¢ SHEPTeTHYECKOM TOUKU 3pEHHs] HEOOXOIMMO pacCMaTpUBaTh KaK YMEHBIICHUE
MOJTHOM YAETHHON SHEPTUU Ha €IUHUILY JIJIHHBI TIOTOKA.

2.7. llpakTnyeckoe npuMeHenue ypasHenus /. bepuyium

IIpn npumenennn ypaBHeHus /. bepHymin mis pemeHns NpakTHYECKUX 33/1a4 TUAPABIUKA CIETYeT
[IOMHUTB JIBA OCHOBHBIX YCJIOBHSI:

1. ypaBHeHnue bepHymm MoxeT ObITh IPUMEHEHO TOJIBKO /ISl TEX JKUBBIX CEYEHHH MOTOKA, B KOTOPBIX
COOJIIOJTAOTCS YCIIOBHS IIJIAaBHO M3MEHSIOIIErocs IBkeHns. Ha ydacTkax Mexay BBIOpaHHBIMHM —ceue-
HUSMH  YCJIOBHSL TIJIABHO M3MEHSIOLIErOCs IBUXKEHUSI MOTYT U HE COOJIO/IaThCS;

2. TUIPOJMHAMUYECKOE JaBICHUE P M, CIEA0BATEIbHO, BHICOTY MOJOXKEHUS Z MOYKHO OTHOCHTH K JIFOOOH

TOYKE YKUBOI'O CEYEHHs], TaK KaKk P/y + Z 11 1000 TOUKH KHUBOIO CEYEHHs TOTOKA IIPH IUIABHO H3Me-
HSIOIIEMCS IBM)KCHUH €CTh BeTUYMHA TMOCTOstHHAs. OOBIYHO JBY4WIEH P / ¥ +Z ynoOHO OTHECTH ISt
YIPOIIEHUS PEIIeHU 33]]a4 K TOYKaM WM Ha CBOOOJHON TTOBEPXHOCTH, MJIM HA OCHU TOTOKA.
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Puc. 24.

Pa3bepem mprumMeHneHue ypaBHeHus bepHymn Ha mpuMmepe HpocTeii-
IIero BOJOMEPHOTO  YCTpoiicTBa B  Tpybax Bogomepa Bentypu
(puc. 24.); oH mpencTapusier co0oif BCTaBKY B OCHOBHYIO TPyOy 1ua-
metrpoM D TpyObl MeHbIlero quamerpa o, Kotopas COeIMHEHa ¢ OCHOB-
HOU TpyOOl KOHUYECKUMU N1EPEXO0IaMH.

B ocHoBHO# TpyOe ceuenue 1-1 u B Cy’)KEHHOM CEUEHHH CEYCHUU 2-
2 MIPUCOETMHEHBI TThe30METPHI, 110 TIOKa3aHUSM KOTOPBIX MOJKHO OIpesie-
JIMTB PaCcXO]I XKHUIKOCTH B TpyOe Q.

BeiBeneM o0myro hopmyity BogoMepa Ui onpezeneHus pacxona B Tpyoe. CocraBuM ypaBHeHue bepHyim
JUISL TOYEK, PACIIOIOKEHHBIX B LIEHTPE TsDKeCTH ceueHuit 1-1 mepen cyxeHueMm u 2-2 B rOpJIOBUHE, IIPHHSB
IUIOCKOCTb CPABHEHHUS 110 OCU TPYObI 0-0. s Hammx ycnosuit 2, =2, =0, o, =, =...=a =1.

HOTepI/I Hamopa B CYXXCHMH BBHAY MaJIOCTH PACCTOSAHHUA MEXKAY CCUCHUSAMU CHHUTACM PaBHbBIMH HYIIO,

te. h, =0.

Torna ypaBuenue beprymm (74) 3aruiiercs Tak:

Ho u3 puc. 2

4P P

Wb Ve PP P VeV
29 y 29 7 y v 29 29
=h, moaromy
2 2
:V_Z_V_ll ()
20 29

B ypaBHeHuu (a) 1Be HEW3BECTHbIE BEIMUYMHBI V; U V,. COCTaBUM BTOpPOE ypaBHEHHE, UCIIOb3YS

ypaBHeHue Hepa3pbIBHOCTH (70)

OTKyJa

VZ/VlZSI/SZ :Dz/dz’

v, =v,-D?/d?.

[Toncrasnsis V, B ypaBHEHHE (a), TOTYyIUM

2 4
1=V D)
2g (d*

Ortcrozia CKOpOCTb T€UEHHUsI B OCHOBHOM TpyOe (ceuenue 1-1) paBHa

pacxo[ KUIKOCTU B TpyoOe 1o dopmyne 1V.2:

TOT A

(79)

Q=K-h.
OnmHako Mpu BBIBOIE 3TOU (POPMYIIBI HE YUUTHIBAJIMCH MOTEPH HANIOPA B BOJIOMEPE, KOTOPHIE B JCHCTBU-
TerpHOCTH OyayT. C yderoM motephb Haropa Gopmyiia pacxoia BogoMepa Bentypu 3anuiercs Tak:
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Q=uK+/h, (80)
Te [ — Koaghguyuenm pacxooa 600omepa, yIUTHIBAIONINNA OTEpU HAopa B BogoMepe. s HOBBIX
BogomepoB 4 =0,985; mis BogomepoB, ObIBIIMX B yrnorpediaenuu, u = 0,98.

Taxum 006pa3om, Ui ONpeieIeHUs pacxoa B TpyOe 10CTaTOYHO 3aMEPUTh Pa3HOCTh YPOBHEH BOJIBI B
IbE30METPax M MOJCTaBUTh €€ 3HaueHue B popmyiy (80).

2.8. Buabl ruipaBIn4ecKuX CONMPOTUBJICHUI ¥ TOTEPH HANIOPA
Bbuie ObUTM NOTY4YEHBI JBa OCHOBHBIX YPABHEHMS THJIPOJMHAMHUKH: YPAaBHEHHE COXPAHEHMs SHEPIrUM
(ypaBuenue /I. bepHymm), cBsi3pIBaroiiee CpeaHUe CKOPOCTH U JIABJIECHUSI, U YpaBHEHUE HEPa3pbIBHOCTH I10-
TOKa (COXpaHEHHUS MACCHI) JIJI1 HEC)KUMAEMOM KUAKOCTH, KOTOPbIE ObUIH 3allMCaHbl B CJIEAYIOIIEM BUJIE:

NP seh =Const;
29y !
Q=v-w=const.

I[Tpu penieHnN HEKOTOPBIX 3a/1a4 BIIOJIHE JOCTATOYHO ATUX YPaBHEHUH, €CIIH IIpeHeOpedb NOTEPSMU 3HEpP-
ruu (Haropa) hw, Tak kak pacxo Q ¥ mosHbIi Harop H 0OBIMHO 33/1aHbI MM MOTYT OBITh OTIPEICIICHBI.

Ho GoJbIIMHCTBO 33134 HENb3sl PEILNTh, €CIU MpeHeOpeub NoTepssMu Haropa hy. B Takux ciydasx uMerot-
Cs IBa YPABHEHHMS Y TPU HEU3BECTHBIX V, p U hy.

Jns pemieHust Takux 3afad HEOOXOAMMO COCTaBUTh TPEThE ypaBHEHHE,
CBSI3BIBAIOIIEE MKy COOOM HEM3BECTHBIC BeMWYHMHBI. Hamboiee momxos-
UM, OYEBUJIHO, OYZIET YpaBHEHHE, JAOIIEE 3aBUCUMOCTb Ny OT CKOpOCTH V.

[Ipu nBU>KEHUM NOTOKA MEXKAY HKHUIKOCTbIO U CTEHKaMH, OIpaHU4MBarOIIU-
MM IIOTOK, BO3HHUKAIOT CUJIbI CONpoTUBIeHUs. Kpome Toro, BcieacTBue BA3-
KOCTH KHJIKOCTH MEXIY €€ OTIEIbHBIMHU CIIOSIMA BO3HUKAIOT CHJIbI CLIEIUIE-
HUS, KOTOpBIE TAKXKe 3aTOPMAXKUBAIOT JBIO)KEHUE TOTOKA. CKOPOCTh JIBHKEHUS
YacTUI] )KUJKOCTH YMEHBILIAETCS [0 MEPE MO Mepe YAaJIEeHUsI OT OCH IIOTOKa
K CTEHKaM TpyObl, JOTKa U T. JI. PaBHOJEHCTBYIOIIAs CUJI CONPOTUBIICHUS MapajjielibHa OCH MOTOKA U
HarpaBJieHa B CTOPOHY, MPOTHUBOTMOJIOXKHYIO HAIPABICHUIO ABUKEHUS (puc. 25).

Jl1 Ipeo1oseHus CUIl TMAPABIMYECKOTO TPEHHUS M COXPAHEHMs MOCTYNATEIbHOTO ABMKEHHS KUIKOCTH
HEOOXOMMO TMPUJIOKHUTH CUITY, HAPAaBIECHHYIO B CTOPOHY JBM)KEHMSI U PaBHYIO CUJaM CONPOTHUBIICHHMS.
Paboty 3TOl cuibl Ha3BIBAIOT nomepAMU Hanopa no OnuHe nomoka (IyTeBble MOTEPH HATOPa) M 0003HAYAIOT
uepes N,

Cetu TpyOOMPOBOOB, PACIIPEIEIISIONTNE WM OTBOJIINE KUAKOCTh OT TIOTPEOUTENEH, MEHSIIOT CBOM JTHa-
MeTp (CedeHue); Ha CEeTAX YCTPauBaOTCs TIOBOPOTHI, OTBETBIIEHHS], YCTAaHABIIMBAOTCS 3aIIOPHBIE YCTPOICTBA U T.
n. B atux mecrax motok MeHser crnow ¢opmy, pe3ko nedopmupyerca. BenencrBue msmeHeHust popMbl
BO3HHUKAIOT JIOTIOJIHUTENBHBIE CHIIbI COIIPOTUBIIEHHUS, TaK HazbleaemMvle Mecmiuvle conpomusnenus. Ha ux npeono-
JeHue pacxomyercs Hanop. Hamop, 3arpaurBaemMblii Ha MPEOIOJICHUE MECTHBIX COIPOTHUBJICHUH, HA3bIBAIOT
MECIHbIMU NOMePsMU Hanopa M 0003HagaroT uepes h .

061111/16 HOTepI/I HaHOpa paBHbI CyMMe HOTepb HaHOpa 110 JJIMHE U MECTHBIX
ha) = hdﬂ + hM ' (81)
PaSMepHOCTB HOTepB HaHOpa Takasd K€, KaKk 1 HaHOpa, T. €. MeTpLI CTOH6a KNOKOCTU.

2.9. Pe:xxuMbl (U KeHus kuaxkoctu. Yucuo PeiiHoabaca.

B 3aBucuMoCTH OT poja *HUAKOCTH, CKOPOCTH €€ JIBUKEHHS U Xa-
paKkTepa CTEHOK, OTPaHUYMBAIOLINX ITOTOK, PA3JINYaOT JIBa OCHOBHBIX
peXHUMa JBM)KEHUS: JJaMUHAPHBIA U TYpOYJIEeHTHBIN. JIamuHapHbim Ha3bl-
BAIOT YIOPSIOYEHHOE IBI)KEHNE, KOTZIA OT/IENIBHBIE CIION CKOJIB3AT JPYyr
10 JIPYTY, HE TIEpEMEIMBasICh (prc. 26, a).

‘- JlaMUHApHBIA PEXUM JIBIKEHUST MOKHO HAOJIIO/IaTh Yallle y BSI3KHX
St KUJIKOCTEH, TaKMX KaK He(Th, Macnia u T. 1.

Typoynenmuviv Ha3BIBAIOT PEXKUM, NPH KOTOPOM HaOIIONAeTCs
Puc. 26. OecrnopsiIouHOe ABUKEHHE, KOIZa YacTHUIBl >KMJIKOCTH IBUXKYTCA
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M0 CJIOKHBIM TPACKTOPHUSIM U CIIOU >KUAKOCTHU MOCTOSIHHO MEPEMENIUBAIOTCA JIPYT C Apyrom (puc. 26,
0).

CyIecTBOBaHHE JIBYX PEKXUMOB JBHIKEHUS JKUIKOCTH ObUTo 3aMedeHo B 1839 r. Xarenom u B 1880 1. I, U.
MeneneeBbM.
JlocTaTouyHO TIONHBIC JIAOOPATOPHBIC HCCIEIOBAHUS

16 PEKUMOB JBMIKEHHUS M BOIPOC MX BIMSHHUS HA XapakTep

— 3aBUCUMOCTH MOTEPh HAopa OT CKOPOCTH BIIEPBBIE HCCIIE-
Ejﬁ% LL 43 JIOBAJT QHTTIMHCKUH (pr3uK PeitHombc.

6/ nY g d VYcranoBka PeitHonbaca a1 MCCIENOBaHHUS PEKUMOB

H [ g JIBIDKEHUSI SKUJIKOCTU TIpe]l cTa BieHa Ha puc. 27. Cocyn A

3aroJIHSIETCA UCIBITYeMOM »kuakocTbio. K cocyny 4 B HUX-
Hel ero yacTH MpUCOeMHEeHA CTEKJIsTHHAs TpyOka 1 ¢ kpa-
HOM 2, KOTOPbIM DPEryJaupyeTcsi CKOPOCTb TEUEHHsl B TpYOKe.
Han cocynom A pacrionoxeH cocyn b ¢ pacTBOPOM KPacKH.
Ot cocyna b orxoaut TpyOka 3 ¢ kpanom 4. Koner tpyo-
KU 3 3aBe/ieH B CTEKISIHHYIO TpYOKy 1. J[yist monosnHeHust co-
cyza A ciryuB TpyOKa 5 ¢ 3alIOpHBIM YCTPOHCTBOM 6.
Pric. 27. [Ipy namMuHAPHOM pPEXUME JBHKCHHUS >KUAKOCTH TIO
TpyOke 1 crpyiika pacTBOpa Kpack, HCTEKarolel u3
TpyOKH 3, IMEET BU/I YETKO BBITSIHYTON HUTH BJOJb TPYOKH 1.

[To Mepe OTKpPBITHS KpaHa 2 yBEJIUYMBACTCS CKOPOCTb JBHXKEHHSI U PEKUM JBHIKEHUS MEPEXOAUT B
TypOyJEHTHBIH, IPU 3TOM CTpyHKa NpuoOpeTaeT BOJIHOOOPA3HBIA XapakTep, a Npu euie Oonbliel cCKo-
POCTH COBCEM Pa3MBbIBAETCS U CMEIINBAETCS C KHUAKOCTbIO B TpyOKe. IIpu mocreneHHOM 3aKpbITUM Kpa-
Ha 9TH SIBJIICHUS POTEKAIOT B 0OPAaTHOM MOPSIZIKE, T. €. TypOYJICHTHBIN PEXKUM CMEHSETCS JJAMUHAPHBIM.

OnbITHl MOKa3alyu, 4YTO Nepexo] OT TypOyJIeHTHOIO peXUMa K JaMUHAPHOMY MPOMCXOIUT IPU OIpe-
JICTICHHOM CKOPOCTH (3Ta CKOPOCTh HA3BIBACTCS KPUMUUECKOIL), KOTOPAsk pa3iIMYHa JUISl Pa3HBIX JKUIKOCTEH
U IMaMeTPOB TPYO; MPU ITOM KPUTHUECKAsE CKOPOCTb PAaCTET C YBETMUEHUEM BS3KOCTH JKMIKOCTU U C YMEHBIIICHUEM
JwameTpa Tpyo.

PeifHOMBACOM U psiIOM PYTUX YYEHBIX OIBITHBIM ITyTeM ObUIO YCTAHOBJIEHO, UTO MPU3HAKOM PEKMMa JBHKEHHS
SIBIISIETCS] HEKOTOPOE Oe3pa3MEpHOE YMCII0, YUUTHIBAOIIEE OCHOBHBIE XapaKTEPHCTUKH TIOTOKA

R, =uR/v, (82)
I7le U — CKOpPOCTh, M/ceK; R - ruapaBarueckuil paguyc, M; V - KHHEMaTHYeCKUI KOI(P(UIIMEHT BSI3KOCTH,
M2/Cex.

OTO OTHOIIEHME Ha3bIBaeTcs uyuciom Peiinonvoca. 3HaueHue uucna Re, mpu KOTOpoM TypOyJIE€HTHBIH
PEXHM MEPEXOIUT B TAMHUHAPHBIHN, HA3bIBAIOT Kpumuyeckum yuciom Petinonvoca Rexp.

Ecnu paktrueckoe 3HaueHne yncia Re, BeruucieHHoro no ¢opmyse (82), 6yaer 6oibie KpUTHIECKO-
ro Re > Rekp — pexxuM JBUKEHUS TYpOyIeHTHBIN, Koraa Re < Rexp — peskum taMHHapHBIH.

Jlns HanoOpHOTO JABMXKEHUS B IMIIMHIPUYECKUX TpyOax ynoOHee uucio PeifHoibica ompenensiTs 1mo oT-
HOIIICHHUIO K auameTpy d, T. e.

e e e

P Y, Vo

R, =v-d/v, (82)
rae d — auamerp TpyOBbI.
B atoMm cirydae Rekp momydgaercst paBasiM ~2300. Eciir B popmyste (82") 1yt TpyOOIIPOBOIOB KPYTIIOTO Ce-
uenus d BBIpa3suTh uepe3 ruapasinueckuii paauyc R =d/4, 1o nonyanm Rekp=575. Jlnst apyrux tpy6o-

IIPOBOJIOB M KaHAJIOB HEKPYIIIBIX CEYCHHH MOKHO NMPUHAMATH 3HAUCHUE KPUTHIECKOTO uMcia PeliHombaca
Rexp=300 (ipu BeIMcIeHNN Re uepes rupaBInyuecKuii paamyc).

2.10. IToTepu Hanopa no JVINHe NOTOKA

PaccmoTpum XxapakTep pachpeneneHusi CKOpocTeld B CEUYeHHWHU MOTOKa MpU JTaMUHAPHOM U TypOy-
JICHTHOM PEKHUMax JABUKCHUA KUIAKOCTH. Kak mokazanu TeOpeTI/I‘-IeCKI/Iﬁ AHaJIM3 W OIIBITHI IIPpH JIaMHHAp-
HOM pEXUME JBIKEHUS KUAKOCTH B KPYIJIOH TpyOe, CKOPOCTH B MOMEPEUYHOM CEYCHUHU PACIIPEIEIICHBI IO
napabosie (puc. 28), CKOPOCTH y CTEHOK TPYOBI paBHBI HYJIIO W, IJIABHO YBEIUYUBASICh, JOCTUTAIOT MaK-
CHMyMa Ha OCH TTOTOKA.
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[Ipu naMuHapHOM peXUME JIBUIKEHHS CYIIECTBYIOT JIMIIb MPOJOJIbHBIE COCTABIISIIOLIME CKOpocTeil. B
9TOM CJy4ae CUJIbl COMPOTHUBICHUS JBUKEHUIO BO3ZHUKAIOT BCIIEJICTBUE TPEHUS MEXAY CIOSMU KUK O-
CTH, T. €. 3aBUCST OT BS3KOCTH KUJKOCTU U HE 3aBUCAT (IIOYTH) OT COCTOSIHUS CTEHOK.

[Tpu TypOyieHTHOM peXHMEe 3aKOH pacIpe/eieHHus CKOPOCTeH M0 KMBOMY CeueHHI0 Oojiee CIOKEH; B
OOMBIIEH YacTH CEYeHUs] CKOPOCTU OJIM3KM K CpelHel M PEe3KO MaJaroT B TOHKOM CIIO€ Y CTEHOK, JOXOJS /10
Hyss. ['paduk pacnpeneneHus cKopocTel 1Mo ceueHnro 0m30kK K Tparnenun (puc. 29). Takoe pacnpenene-
HUE CKOPOCTEW BBI3BIBACTCS TYpOYJICHTHBIM IMEPEMEIIMBAHUEM B PE3yJbTaTe IMOMEPEYHBIX MEePeMEIICHUIA
yacTull. BeICTpO IBIDKYIIMECS YacTHIIbI KUIKOCTH U3 CPEIHEH 4acTh MOTOKAa CTAIKUBAIOTCS C MEIJIEHHO

r

\ N
L

Adpo

> MEHEHUR

_.,.-.__

L)
fMpucmennsig caoy

Puc. 28. Puc. 29.

JIBUKYIIUMUCS YacTUIIaMH BOJIU3M CTEHOK, Ojarofaps 4yemMy U MPOUCXOIUT BBIPAaBHHUBAHUE CKOPOCTEH.
U TonpKko B MOTpaHMYHOM CJIO€, TAE€ CTEHKH MPENATCTBYIOT IMEPEMEIIMBAHUIO, CKOPOCTh PE3KO yObIBa-
er.

OKCMEPUMEHTAIBHO MOATBEPXKIAETCS, YTO MPU TYpOYJEHTHOM DPEXHUME JBMKEHUM IOTEpH Hamopa 1o
JJIMHE 3aBUCAT OT COCTOAHHA CTCHOK, OTpaHMYUBAIONIUX ITOTOK. Econ IMMPOIyCKaTh 110 pr6e KHUOKOCTH C
Pa3IMYHBIMU CKOPOCTSIMU, HAaUMHAs C JJAMUHAPHOI'O PEKUMa U MOCTENEHHO NMepPexXo/is K TypOyJIeHTHOMY,
U OJTHOBPEMEHHO M3MEpATH MOTEPH HAIOpa, TO MOXKHO IMOJTYYHTh rpaduK 3aBUCMMOCTH HOTEPh HAIopa OT
ckopoctu h, == f(u) (puc. 30). I'paduk mokaspIBaeT, 4TO MPU CKOPOCTH MEHBIIE HEKOTOPOTO Mpeaesa

HOTEPH HATIOPa MPSIMO MPOIOPIMOHATLHBI IIEPBOI CTENIEHU CKOPOCTH (Ha rpaduke yuactok 0-1).
Kak u cnenoBano 0xuaTh, 3TOT NPeAesl COOTBETCTBYET KPUTHUECKOM CKOPOCTU

UKp = ReKRU/d (83)

AamuHapre
pewum

[locne mepexoma OT JaMHHApHOTO pekuMa K TYpOYJIEHTHOMY MOTEpU
Haropa pacTyT NMPONOPLUOHAIBHO CKOPOCTH B CTEMEHHU, OOJbIICH €AUHU-
bl (Ha rpaduke y9acTok KpuBoi 2-3). [lepexo/ OT JTaMHHAPHOTO PEeXUMa K
TypOyJI€HTHOMY MOJKET NMPOUCXOIUT M MpH uuciax PeliHonbaca, 60mbIIMX
KPUTHYECKOTO.

OOpatHblil ke mepexoJ]] OT TYpOYJIEHTHOTO peXUMa K JIAMHUHApHOMY

OCYHICCTBJIAICTCA IIPU MOYTH OAMHAKOBOM 3HAYCHUUN Re = Rer, KOTOpOC U

|
r
* *
|
(
[
I
Yo v CUMTACTCsI KPpUTHYCCKUM.
[Torepu Hamopa Ha TpeHUE MO JJIMHE MMOTOKA, BOSHUKAIOLIUE MPH PaB-
Puc. 30. HOMEpPHOM HAIllOPHOM JIBWYKEHUH KHUJIKOCTH B TpyOax, ONpEENsIoT 10 ypas-
HEHUIO
| v°
h,=4-——, (84)
d 2g

rne | — nnuna ygactka TpyOsl, M; d — BHyTpeHHHIA TUaMeTp TpyOOrpoBoaa, M; V — CPEIHSS CKOPOCTH T10-
TOKa, M/CEK; ( — YCKOpPEHHe CBOOOIHOTO TIaJeHNs, M/ceK; A — Ge3pa3MepHsIii K03 OUIMEHT THIpaBIie-
CKOT'O TPEHUSL.

Brniepsrie popmyna (84) Oblna nonydena smnupudeckum mnytem B XIX B. u Ha3BaHa ¢popmynoti /lapcu-
Beticbaxa. B nanpHeieM ykazanHas (opmMyiia mpoBepeHa TEOPETHUYECKH Ha OCHOBE METO/a aHAJIU3a pas-
MEPHOCTEM.

B ypaBuenuu (84) ocraercs He BBISICHEHHBIM CMBICH Oe3pa3mepHoro kodg¢urmenta A . s BeIACHEHUS
¢dusnueckoro cmbicia kodpuinrueHTa A Mnpu paBHOMEPHOM HAllOPHOM JIBMXKEHHHU JKMIKOCTH B TPyOaxX Kak
IpH JTAMUHAPHOM, TaK U TPH TYpOYJIEHTHOM peXUMax IBIKEHHs Ucnonb3yeM ypaBHenue /1. bepuymm. [Tom-
HsI, 9TO TIPY PAaBHOMEPHOM HATIOPHOM JIBFDKEHUH CPEITHSISI CKOPOCTh U pacTipe/ieNIeHne NCTUHHBIX CKOPOCTEH 110
CEUYCHUSIM JIOJDKHBI OBITh HEM3MEHHBIMH 10 JJTUHE TPYOOITPOBO/IA U COCTaBIIsIs ypaBHeHue J1. bepHymmm mist iByx
CEYCHHUI, MOXKEM 3aIicaTh

29



Ah,. =(ﬂ+ zlj—(&+ zzj. (85)
y y

ITpy rop30HTAILHOM PACHIONOKEHUN TPYOBI Z, = Z, U TOIJa

Ahmzﬂ—&:u. (86)
vy /4
! - - ¢
[ o L
—tefet b gl ¥ T
ﬁa__*;ﬁ

Puc.31.

Jlyiss yTO4HEHUs BOIIPOCAa O MOTEPsIX HANopa BBIACIMM B TPyOOmpoBojae Mexdy ceueHusimu 1-1 u 2-2
COOCHBIH HWIMHJP ¢ paarycoM a u jutiHon | (puc. 31).

Kak oroBopeHo BhlIlie, pacrpeienieHue ckopocTeii B ceueHusX 1-1 u 2-2 oHaKoBO, YaCTHIIbI KHIKOCTH
JIBUTAIOTCS O€3 YCKOPEHUH.

Hamnuniem ypaBHEHHE JMHAMHYECKOTO PAaBHOBECHS PACCMaTPUBAEMOT0O IIMIIUHIpA

(p,=p,)7-a*=2-7-afz,

IJie 7 — KacaTelbHOE HapshKeHHE (TPeHus ) Ha TIOBEPXHOCTH IIIUHIPA.

TozemB 00e YacTH ypaBHEHHs Ha ¥ 77a° , HOTydHM

(p,— b))y =271/(ra).

I[Moscrayiss u3 ypaBHeHus (86) 3HaYeHHE (p1 -p, )/ ¥ , AIMEEM
271

Ahoﬂ = ' (87)
ya
WU
ah, _j_27 (89)
I ya
Bripazum 7 u3 ypaBaenus (88)
2 2
(Tak Kak a=Tr—Y).
VY crenku TpyObl, e Y =0, 3HaYeHue 7 paBHO
yri
= 90
=" (90)
U TOT7Ia
. 21,
i=—. (91)
yr

VYpaBuenue (91) ecth oOriee BbIpaKeHHE MOTEPh HANOpa MPU PABHOMEPHOM JIBIKEHHH KUAKOCTH B
2

| v
% gy h =A———,nonydnm
| “ Td2g
2
Yo _,2 (92)
yo, 8
3aMeqaeM, qTo 7 / L HUMECT PasMEPHOCTH KBaJpaTra CKOPOCTH.

tpy0ax. [Toacrapmss B ypaBaenue (91) 3Hauenus y = pg, i =

O003HaYM
7o/ p=U’, (93)
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Tae U= 1[’[0/,0 — HA3bIBACTCS CKOPOCMIbIO KACAMENbHO2CO HANPAMNCEHUA HA CMEHKe, NI OUHAMUYECKOUL

cxopocmvio. Torna ypaBaenue (92) mpumMer Buj
2

u? = /1% . (94)
N3 ypaBuenus (94) Haxoaum, 4To
2
A= 82—2 . (95)

Taxum o0pazoM, K03(PPUITUEHT THIPABIMUECKOTO TPEHUS A MPSAMO MPOMOPIMOHATICH OTHOIIICHUIO KBaJIpa-
TOB IMHAMUYECKOM U CPETHEN CKOPOCTEH.

[lorTepu Hanmopa Npu JTaMUHAapPHOM JIBHUXEHHUU. HaoCHOBE U3JI0)KEHHOTO BBILIE JJIs
MOTEPh HAMopa MO JJIMHE MPU JAMUHAPHOM PEXKHUME JBIKEHHS KHJIKOCTH B TPyOE MOIYYEHO CIIAYIOIICe
yYpaBHEHHUE:

32
h,, =il = 240 (96)
yd
rac ,Ll—a6COJ’IIOTHLII>i KOS(b(bHHHeHT BA3KOCTH XHWIAKOCTH, (K'Z'CeK)/MZ ; I— JUIMHA pr6OHpOBOI[a, M, V —

CPEHS CKOPOCTh, M/CEK; ¥ — YeNbHBIH Bec AKUIKOCTH, Kre/M°; d — quaMeTp Tpy6onpoBo/a, M.

Tak kak y = pg,a y=vp, To BMecTO GopMyisl (96) nomydum

32vlv
h on = —2 .
gd

Beipaxxenue (97) HazbiBaroT hopmynoti Ilyazeiina-I acena (o IMEHN YYEHBIX, MOMYYUBIINX 3TO YPaBHEHHUE).

®opmyna (97) mokaspiBaeT, YTO MPHU JAMUHAPHOM PEKHMME MOTEPU HAropa MpONOPLUUOHATBHBI CPel-
HEel CKOPOCTH U HE 3aBUCST OT COCTOSIHHSI CTEHOK TPYOOIIPOBOIA.

[TpupaBHsB npaBsie yacTu ypaBHeHus Jlapcu-Betic6axa (84) u Beipaxenus (97), moayuyum

a0 8 (98)
vd R,

Takum 06pa3oM, KOAPPULIUEHT THAPABIMUECKOIO TPEHUS MPU JJAMHUHAPHOM PEXHUME 00paTHO MpOIop-
IMOHAJIEH yucity PeiiHonbca.

[Totrepu Hanmopa Npu TYpOYIEHTHOM JABHUXEHHUU. B uHXeHepHOH NpakTHKE yarie
BCTpeYaeTcs TypOyJIEHTHBIM PEKUM JIBHXKEHUSI )KUIKOCTH B TpyOax, KOTOphIEe TPYAHEE UCCIIEIOBATh Teope-
THUYECKH. DTOT BOIIPOC MOJIBEPrcsl HAanOosIee HIMPOKUM ONBITHBIM HCCIIEI0BAaHUSM KaK CO CTOPOHBI COBET-
CKHX, TaK M 3apyOEeKHBIX y4eHBIX. M3-3a CIOKHOCTH MPOIIECCOB, MPOTEKAIOUINX MPU TypOYIEHTHOM pe-
KHMe, JI0 CUX TIOp HE CO3/JaHO OKOHYATENbHON TeOpHUH, KOTOpast Obl BHITEKAIa M3 OCHOBHBIX YpaBHEHUH I'uj-
POAMHAMUKH U COTIIACOBBIBAIACH C OMBITOM. HarmoMHmM, 9TO TIpH TypOyIEHTHOM pekuMe HaOmoaeTcst MH-
TEHCHBHOE BUXPEOOPa30BaHUE, YACTHIIbI ’KHUIKOCTH OMUCHIBAIOT CJIOXKHBIE TPAEGKTOPUH, MECTHBIE CKOPOCTH
MEHSIFOTCSI BO BPEMEHH JIaKe TIPU MOCTOSHHOM pacxojie. DTO SBICHUE HA3BIBACTCS NYabcayuell CKOpOCmu.
YacTb KUHETUYECKOM SHEPIHM XKHUJIKOCTH MEPEXOAUT B TEMJIOBYIO. Y CTaHOBHUBILETOCS JABHKEHHS B CTPO-
roM cMbiciie HeT. [1oaToMy BBEZICHO MOHATHE 00 OCPETHEHHOM CKOPOCTH.

MrHOBEHHbBIE CKOPOCTH MYJIBCUPYIOT OKOJIO CBOETO OCPEIHEHHOIO 3HAYeHHs, KOTOPOE 3a JOCTaTOYHO
JUTUTEIBHBIA TIPOMEXYTOK BPEMEHH OCTAeTCsl TOCTOSHHBIM; 3TO 3HAUYCHHWE W HA3BIBACTCS OCPEOHEHHOU
ckopocmyio. B nanpHeiiieM, roBopst 0 CKOPOCTAX, paccMaTpuBasi TypOyJIeHTHOE ABWXeHue, Oyaem mnojpa-
3yMEBAaTh OCPEHEHHBIE CKOPOCTH.

OmnbITaMK yCTaHOBJIEHO, YTO 3aKOH PacCHpeNieNIeHUs] OCPETHEHHBIX CKOPOCTEW MO CEYEHHI0 M MOTepH
HAropa 3aBUCAT OT AUameTpa TpyO, CpeaHel CKOPOCTH, BSI3KOCTH YKHUIAKOCTH M IIEPOXOBATOCTH CTEHOK
TpyO. B cBOI0O ouepeh XapakTep MIEPOXOBATOCTH 3aBUCUT OT MaTepuaia CTEHOK TpyO, cTerneHn o0padboT-
KM, a TIOCIIEJIHNE OTPENENSIOT BBICOTY BBICTYIIOB, UX TYCTOTY U (popmy. J[ist mpuOmmkeHHON OIEHKH BBe-
JICHO TIOHSITHE CpeTHEN BBICOTHI OYTOPKOB (BBICTYIIOB) ILIEPOXOBATOCTH, HA3BIBAEMOW aOCOIIOMHOL UWepoxo-
eéamocmvio 1 0003HauaeMoi K. O4eBHUIHO, YTO YeM MEHBIIIE TUAMETP, TeM ObICTpee YaCTHIIbI )KUIAKOCTH
coBepILar mpoder oT HeHTpa TPyOOIpoBoAa K CTEHKAM M BCTPETATCS ¢ OyropKaMu IIepOXOBaTOCTH, U, OTpa-
KasiCh OT HHX, BBI30BYT BO3MYIICHHS B MOTOKE KHIKOCTH. CJIeI0BaTeNbHO, YaCTOTa BUXPEOOPa30BaHUS TIPH
MaJIbIX JMaMeTpax TpyO OoJIbIle, U IIEPOXOBATOCTh TOM K€ BBICOTHI MPOSABIsAETCA cuibHee. [loaTomy BBe-
JICHO TIOHSITUE OMHOCUMENbHOLL UepOX08amocmu, T. €. OTHOILIEHHE a0COTIOTHOM IIEPOXOBATOCTH K JUAMETPY

97)
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TpyosI k/d .
OKCIEepUMEHTaMH YCTaHOBJIEHO, 4TO KOo3((duIiMeHT ruapapianyeckoro tpeHus A B ¢opmyne [lapcu-

BeI7IC6axa, a COOTBETCTBCHHO U ITIOTCPU HAIlopa I10 JJIMHE h on 3ABUCAT OT HUCJIA PeﬁHOHBﬂca 1 OT OTHOCHUTCIIb-

HOH 111€pOXOBAaTOCTU. JTO BBITEKAET U U3 TEOPETUUECKUX HcciaenoBaHui. [1o3ToMy ycunus Kkak COBETCKUX,
TaK 1 3apyOEKHBIX YUEHBIX ObLIN HalpaBlIeHbI HA BBISIBJICHHE XapakTepa 3Toi 3aBucuMocTu. bbuio ycra-
HOBJICHO, YTO MPH OOJIBIINX Ynciax PeifHoMb/ca U BRICOKOM MIEPOXOBATOCTH KOA((UIIMEHT TUIpaBiIye-
CKOTO TpeHHUsI A B TpyOax COBCEM HE 3aBHCHUT OT BSI3KOCTH KUIKOCTH (urciia PeliHombca), a 3aBUCHT TOJIBKO OT
OTHOCUTEJIbHON IIEPOXOBATOCTH (B 3THX YCJIOBUSIX TPYOBI M pyclia Ha3bIBAIOT 6HOMHE uiepoxosamvimi). TpyOsl
e, B KOTOPBIX KO3((UIIMEHT A 3aBUCHUT TOJIBKO OT 4rcia PeliHob/ca U He 3aBUCUT OT OTHOCUTENILHOM I11e-
POXOBATOCTH, YTO OBIBACT MPHU CPaBHUTEILHO MaIbIX Re u K/d, HazbBatOT cudpasnuuecku enadkumu. Ipu s3Tom
OJIMH U TOT e TPyOONpPOBOJA B OJHUX YCIOBHSIX MOXKET OBbITh TMAPABINYECKH TTAJKUM, a B IPYTUX —
BIIOJIHE IIEPOXOBATHIM. Y CJIOBHS, B KOTOPBIX A 3aBHCUT U OT unciia PelfHosb/ica M1 OT OTHOCUTEBHOM I1ie-
POXOBAaTOCTH, HA3bIBAIOTCS NEPEXOOHON 001acmbio. ITO OOBSICHIETCS TEM, UTO MPH MalbIX unciax PeitHonbaca
BOJIM3H CTCHOK COXPAHSIETCS CPABHUTEITLHO TOJICTHIN JIAMUHAPHBIN CIIOH, M BBICTYIIBI IIIEPOXOBATOCTH OOTEKAIOT-
Csl KUAKOCTBIO Oe3 00pa3oBaHUs U OTpbIBa BUXpel. CBONCTBA MOBEPXHOCTH CTEHOK TPYOONpPOBOJA B ATOM
Cllydae He BIMSIIOT Ha COMPOTHBIICHUE, U 3aBUCUMOCTh A = f(Re) BBIPKAETCS B JIOrApUPMUUECKIX KOOP-

JHaTax mnpsmoit (cm. puc. 30).

C yBenmuenueM umcia PeiiHonb/ica TaMUHApHBIN CJIOM CTAHOBHUTCS TOHBIIE U HE TIOKPHIBAET BBICTYIIOB IIIEPO-
XOBATOCTH; IIPH 3TOM OT BBICTYIIOB HICPOXOBATOCTH HAYMHAIOT OTPBIBATHLCS BUXPH, U CBOICTBa TMOBCPXHOCTHU OKa-
3BIBAIOT BIMSIHHE HA CONPOTHBIICHUE ABIDKCHUIO; rpaduk 3aBucumMoct A = f (Re) OTKJIOHSIETCS OT IPSMOM

Y [IEPEXOIUT B KPUBYIO BTOPOTO MOPSIKA.

Tak xKak Ha XapakTep CONMPOTHUBICHUIN OKa3bIBAET BIMSHUE HE TOJIBKO OTHOCUTEIIbHAS IIEPOXOBATOCTh, HO
u (opMa U pacripeielieHne BBICTYIOB 110 MOBEPXHOCTH, TO B IMPAKTHKY paciyeToB ObLIO BBEJICHO MOHATHE 00 K-
BHBAQJICHTHOM PABHO3EPHUCTOM I11epoX0oBaTOCTH Ko, [0/ HEeli TOHMMAFOT TAaKyrO0 BBICOTY BBICTYIIOB IIIEPOXOBATO-
CTH, CJIOKEHHON U3 MECUMHOK OJMHAKOBOIO pa3Mepa, KOTOpas JAeT MpHU MOJCYETAX OJMHAKOBOE C 3aJIaHHOM
IEPOXOBATOCTHIO 3HAYCHHE KOI(D(HIMCHTA THIPABINYESCKOrO TPSHUS A .

2.11. IToTepn Hanopa B MECTHBIX CONPOTHBJICHUAX

MecTHble oTepy Haropa BbI3BIBAIOTCS COMPOTUBIICHUSIMU B apMatype, (PaCOHHBIX YacTsX U 000pYI0BaHUH,
BCJIEZICTBUE CY)KEHUS M PACILIMPEHHs IOTOKA, N3MEHEHUsI HAalPaBJIEHUs! IBHKEHUS! JKUJIKOCTH, CITUSIHUSL U paszie-
JIeHUs TIOTOKA U T. T1.

[Torepun Ha Mpeo0IeHNE MECTHBIX COMPOTHUBIIEHUI B HAPYKHBIX CETAX BOJONPOBOJIA OOBIYHO HE MPEBbI-
matoT 10-15%, Bo BHyTpeHHuX cetsax — 30% oT noteph Haropa Io JyIMHe.

OnHako MecTHBIE TIOTEPH HANopa B HEKOTOPHIX BUAAX WHKEHEPHBIX CETEH MOTYT JOCTUTATh 3HAUHTEITh-
HOM BEJIMUMHBIL: TaK, HAIIpUMeEp, B CUCTEMaxX OTOIIeHUs 3qaHuil — 10 40%, B BO3yXOBO/IaX BEHTHJISIIMOH-
HBIX CUCTEM U MTHEeBMoOTpaHcropra — 10 60-70% oT moTeph Haropa 1o JJIMHE.

MecTHbIe OTEpH HANOpa ONPEessIoT Kak MPOU3BEICHHE CKOPOCTHOTO HAIopa HEMOCPEICTBEHHO BOIM3U
MECTHOT'O COMPOTHUBIICHUS & , IO hopMyIie

h = gg—g . (99)

OO01eit Teopuu Jy1s ornpezeneHns: K0d(H UIMEHTOB MECTHBIX COMPOTHUBIICHUH, 32 UCKITIOYEHHEM OTIACTBHBIX
crmydaeB, HeT. [ToaTroMy KOA((UITMEHTHI MECTHBIX COMPOTUBIICHHUH, KaK MPABUIIO, HAXOST OMBITHBIM ITYTEM.
3HaveHHs WX JUTS PA3JIMUHBIX JIEMEHTOB TPYOOIPOBOJIOB MPUBOIATCS B TEXHHYESCKHMX CIpaBOYHUKAX. MHOTIA
MECTHBIE CONPOTHBIICHNUSI BEIPAKAIOT Yepe3 SKBUBATICHTHYIO JUIMHY IPSMOT0 yJacTka Tpybomnposona | . Ok-

6UBaIeHMHOU ONUHOU HA3BIBAIOT TaKyIO JUTMHY IPSMOro yyacTka TpyOOoIpoBOja JaHHOTO AUAaMETpa, MOTEpU
Haropa B KOTOPOM TIPH TPOITyCKe JaHHOTO pacxojia paBHBI pacCMaTPUBAEMBIM MECTHBIM TToTepsiM. [IpupaB-
HuBas opmysbl Hapcu-Beiicoaxa u (99), nmeem
l,, 0 v
A2 —=—, (100)
d 2¢g 29

MoJIy4yaeM
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d
L., =¢ - (101)
W
¢ = s 4 . (102)
d
BueszanmHoe pacmupenue nmotoka (puc 32). 10T CTydaid rmojyia-
€TCs TEOPETUYECKOMY OOOCHOBAaHHIO. V3 OIMBITOB YCTAHOBJIEHO, YTO TIOTOK { 2

KHUJIKOCTH, BBITEKAIOIIMN U3 Y3KOH TpyObl, HE Cpa3y 3alOJHSET BCE ceue-
HUE IIMPOKON TPYObI; OH OTPBIBAETCS OT CTEHOK U JAJIbLIE IBUrAE€TCS B BU-
JIe pacLIMpsroLIeiics CTpyd. B KOIbLIEBOM NPOCTPaHCTBE MEKTY CTpYeEH U CTEH- w4, V|
KaMy TPYOBI XKUIKOCTb 00pasyer 3aBuxpeHus. Ha nekoropom paccrosaym | ot P
paciMpeHust TpyOOIpoBOAa CTPYs BHOBb 3aIlOJIHAET BCe ceueHue. B pesysnbra- '
TE BUXPEBBIX JIBIKEHUH KUIKOCTH MeXy cedenmsimu 1-1 u 2-2 uner nocro-

SHHBI OOMEH MEXAY CTpyeil M JKMIKOCTBIO B KOJBLEBOM IIpOCTpaHCTBE. B
pe3ysbTare 3TUX SBICHUM MPOMCXOIUT IEPEX0]] MEXAHWYECKOM SHEpruu B

TEIJIOBYIO, YTO U SIBJIAETCS IPUYUHON IIOTEPh HAIIOpA. Puc. 32.

PaccMoTpum BHe3anHoOe pacimpeHye Tpyobl ¢ TOPU3OHTAIBHOM ockto. [loTe-

ps Hallopa Ha BHE3AITHOC PAaCIIUPCHUC PaBHA
2 2

2 2
19 L L. L
W'p:_+&_ _+& :_1__2_|_ &_& . (103)
29 7y \29 y) 29 29 \yr 7
Pa3noctn ,I[aBHeHI/Iﬁ pl - p2 HaﬁHeM, MIPUMCHHB YPABHCHUC KOJMYCCTBA ABUIKCHHUSA K OTCCKY KUIAKOCTHU

mexay ceueHnssmMu 1-1 u 2-2. 3a Bpems t uepes ceuenus 1-1 u 2-2 nporeder macca xuakoctu pQt, Ko-
JMYECTBO JIBUKEHUSI KOTOPOH B ceuennu 1-1, rie ckopocts Vv, paBHO pQtv,, a B ceuennn 2-2— pQtv,,T.
K. V, >V, , TO UI3MEHEHHUE KOJIYECTBA IBIKEHHS IIPOTEKIIIEH MacChl COCTABHT

POV, — V). (@)
TO U3MEHEHHE KOJIMYECTBA JBIKEHUSI PABHO UMITYJILCY CHJT IABJICHUS. DTH CHJIBI CIISAYIONIHE: B ceueHuu 1-1,
TJie JJaBJIeHUE P,, CHJIa JaBJICHUS HAIPaBJiIeHA B CTOPOHY TEUCHHS M paBHA P,@; (CYMTAETCS, YTO JaBIe-

HUE P, JEWCTBYET W Ha TorepedHoi creHke). Cuiia aBlieHus B CeUeHUH 2-2 HarpapiieHa MPOTUB TEUCHHS U
paBHa P,®, . CyMMapHBII UIMITYIIbC 3TUX CHJI 3a BpeMs t cOCTaBIsieT
(pza)z - pla)l)t - ©)
B cootBercTBUM € TeOpeMOM O KOJIMYECTBE IBW)KEHUS NPUPABHUBAEM BbIpaxkeHus (a) U (0)
th(Vl -V, ) = (pza)z - pla)l)t
Orcrona nocne aeneHys Ha ¥ = pg U Ha t®, ¥ IepeMeHbl 3HAKOB I0JIYy4aeM
V,—V,) V,—V
PP _Qv-v)_ v, Ly, (104)
yor ®,9 g

Tak Kak Q/w, =V, .

[ToncraBnss nmpaByro 4acTh paBeHCTBa (0) B BeIpaskeHHeE (a), IMeeM
2 2

_ 2 _ 2
h, WV, VY v, = v, —2V,V, +V, (108)
" 29 29 ¢ 29
MJIN OKOHYATCJILHO
_ (Vl -V, )2 (106)
6H.D zg 1

T. €. TIOTePH HAMOpPa MPH BHE3AITHOM PACIIMPEHUN PaBHBI CKOPOCTHOMY HAIOPY OT MOTEPSHHOM CKOPOCTH. YpaB-
nenue (106) HazpIBaeTcs hopmynoti bopoa.
Jns BeIsSIBIEHHS 3HA4YeHUs Kod(h(UIIMEHTa MECTHOTO COINMpOTUBIEHUs 3 ypaBHeHUs (106) BeiHECEM

3a ckobku V; /(29)
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\'
4 :(1——2] . (107)
Vl
3aMeHssl CKOPOCTU Yepes3 IUIOLIAAN KUBBIX CEYEHUW M3 ypaBHEHHUS HEpa3pbIBHOCTH V,@; =V,®,, NO-
JIy4uM

¢ { —ﬂ] . (108)

[Tomyuennsie ypaBuenus (107) u (108) s 3Ha4eHUSA { XOPOIIO COTIACYIOTCS C OTIBITAMH.
VYpasuenue (108) npencrasieno B Buze rpaduka Ha puc. 33.

02 04 05 08 n=w/w,

Puc. 33.

[Tocrenennoe pacmpenue TpyoomnpoBoga. IlmaBHO pacmupsio-
mwiics TpyoomnpoBox — auddyszop (puc. 34) MUPOKO MPUMEHSETCS B
TexHuke. Ilpu TedeHUHM >KUAKOCTH TO Iu(Py30py 3HAUUTETBHO — @i, Vi
MEHbIIIe, YeM IpPU BHE3AITHOM paciiupeHuu. Y creHok auddysopa
TakXke 00pa3yroTcsi 3aBUXpeHusi. YeM OoJIbIle yrojl KOHYCHOCTH TPY-
OompoBoaa, TeM OOJNbIIE BUXPEOOPA3OBAHUE M  COOTBETCTBEHHO Puc. 34.
Oosbie motepu Hanopa. [loTepssMu 1O JJIMHE B JJaHHOM Cllydae Ipe-
HeOperarhb Helb34l.

idy
| R
=

dy|

Takum o0pazom, noTepu Hamopa B muddysope
paBHbBI cymme oTeph Ha pacumpeHue u Ha TpeHue o
JUTHHE

hdd) = hpacm + h()ﬂ ' (109)

[ToTepst Hamopa Ha pacIIMpeHre MOXKET ObITh HalaeHa 1o Gopmysie (106) ¢ BBeleHHEM MOMPABOYHOTO
k03¢ uienTa Ky, Ha3bIBAEMOT0 KOIhuyuenmom cmacuenus, KOTOPbIi 3aBUCUT OT yIia KOHYCHOCTH ¢

2
V, =V
hpacm = Kcu ( - 2) ' (110)
Koaddurment MeCTHOTO COMPOTUBIIEHHUS B 3TOM CJIydae ONpeAeTuTCs 1o (Gopmyrie

2
=K. K (1= 111
paclu cM ()'H.p cM

@,
Ko ipu o0 <20° MosxHO mpuusth paBabiM K - =sina, a npu « <60° 3nauenue xoodduimenta Ko, cie-
cm

JTFOIIIHE:
YT0J1 KOHYCHOCTH, 4 8 15 0 60

K 0,08 016 035 0,80 090

[MoTepu Haropa Ha TpeHHE IO JUTMHE OTPEIEISIOT 1o (hopmyre
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A (v
* 8sing/2\" n?)2g" (112)

Takum 06pa3om, CcyMMapHbIH KO3 (GHUIIMEHT MECTHOTO CONTPOTHBIIEHUS I nuddy3opa paBeH

gom = Km,(l—ij +L(l—i2j. (113)

n 8sina/2\ n

Haumensime notepu Hamopa B 1udQy3ope NOIyqatoTcs MPH yIile pacIMpeHust ero B mpeaesnax ot 5 10
10°.
[Tocrenennoe cyxenue TpyodonpoBoaa. [locreneHHo cykarolecs y4acTKi TpyOonpoBoaoB (KoHpy-
30pbl) TAK)KE HAIILTH MIMPOKOE IPUMEHEHHE B MPaKTUKE (puc. 35).
[Tpu mOCTETIEHHOM CY>K€HUHU CEUEHUsSI CKOPOCTh BIOJb TPY-
OompoBoJia BO3pacTaer, a jaBieHue majgaet. OTphIB MOTOKa OT
CTCHOK B ATOM CIIy4yae BO3MOXKEH TOJBKO Ha BBIXOJE M3 KOH-
dy3opa B HNWIMHIPUYECKYIO 4YacTh TpyOompoBoma. IlosTtomy >
IIpU OAMHAKOBBIX TUAPABINYCCKHUX XAPAKTCPUCTHUKAX U PaA3ME-
pax MECTHBIC COINPOTHBIICHUS B KOH(y30pe MeHbIlE, YeM B - .
muddysope.

[Torepu B KOH(]Y30pe TakKe paBHbI CyMME IOTEph Ha IO- Puc. 35.
CTCIICHHOC CY>KCHUC U HAa TPCHUC 110 AJIMHEC

hzcoH([) = hn.c + h().7 ' (114)

[Norepu Hanopa no gymHe h,, MOXHO onpenensTs 1o gopmyie (112).

—%

5
I Wy,

XK pw

Kcym

ﬂba

0,6 /-‘
I 3
b2 \k —
ﬁ
02040 60 80 100 120 140 160 B
Puc. 36.

HOTepI/I Haropa Ha CYy>XKCHUC CYHICCTBCHHBIMU 6y)1yT npu o> 500 , 1 ©X MOKHO OIPEACIIATD 110 (bOpMyJIe
2
hnc: nc.v_l’ (115)
VIS

é/n.c = Kcymggu.c * (116)

3nech ¢, . — KO3(p(UIMEHT MECTHOTO CONPOTUBIIEHNUS TP BHE3AITHOM CYKEHUH; Koy — KO3 (ULIMEHT CMsTYe-

HUSI, YIUTHIBAIOIINN TNIABHOE CY)KEHHE, KOTOPBIN 3aBUCHUT OT yIila KOHYCHOCTU X .
["paduk pactipenieneHnst CKOpOCTEl MPH CTPYKTYPHOM perMe N300paskeH Ha puc. 37.
Jlnist ompenenieHust CKOPOCTEH 110 CEYEHHIO ITOTOKA TEOPETHYECKUM ITYTEM TIOTydeHa CIe/yroas popmyria

Ap ( 2) %o
V=—_r"—=y°)]-—I(r-y), 117
™ (- y?) (r-y) W
rae AP — pa3HOCTb JIABJICHHH B HAYaJIe M KOHIIE TPYOOIPOBO/IA; £/ — aOCOMIOTHAS BSIBKOCTh JKHIKOCTH; | — 1yHa Tpy-
6orpoBozIa; I' — pamuyc TpyOOIpoBOIa; Y — PACCTOSHUE OT OCH TPYOONPOBOAA JI0 CJIOS KUAKOCTH, Y KOTOPOTrO

OIPEACTHICTCS CKOPOCTD; 7y — IEPBOHAYAIIbHOC HATIPSPKCHUE CAIBATA.
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Bowm agMunciHzca
. ;’ gemuma

= "L_'_' fmn B

o ' Iz : f

{
1 © i = o b.’e_«mpafb |
. r' woe Rdgo {

Puc. 37.

Jlnst onpeiesieHus CKOPOCTH B siIpe CEYEHUsI He0O0X0IUMO NPUHATH Y = I, Toraa
Ap (2 2\ T
V=—-\r"-r )]——=(r—r,). 118
o)) (118)
Pacxox xunkoctu ompenensercss no ¢opmyne byknarama, moaydyeHHOH TEOPETHUECKU
4
4
Q= [Ap——Apoj (119)

rac Ap— MMPUIIOKCHHAA Pa3sHOCTb IlaBJ'ICHI/II;'I; Apo— Pa3HOCTb AAaBJICHUH, COOTBCTCTBYIOIIAA HadaJly JABU-

JKEHUs, OTIpeiensiemMast 110 ypaBHenuo p, p, =4z,l/d .

[Torepu Hamopa npu ABMKEHUU aHOMAJIbHBIX (HEHBIOTOHOBCKHUX) KHMJIKOCTEH MOXHO OMPEAENATh MO
ypaBHenuto Jlapcu-BeiicOaxa (84), uro nmoarBepxkaeHo uccienaoBanusimu b. C. @umnaroa. OObIYHO pe-
JKUM JBUKEHUs TYpOYJIEeHTHBIN, 1 3HaueHue A npuHuMaroT B npeaenax ot 0,017 mo 0,025, npu stom A
MPUHUMAIOT TeM OO0JIbIle, YeM MEHbIIIE KOHIIEHTPALKs PacTBOpA.

[Ipu npou3BOACTBE 3eMIISTHBIX PadOT MOJYYMSI IIMPOKOE MPUMEHEHHE METOJ THUIPOMEXaHU3alliH.
I'pyHT pa3MbiBaeTcst cTpyeil BOJbI, 3aCachIBAETCSl 3eMJIECOCOM M TPAHCIIOPTUPYETCS MO TpyOdam B OTBal
WJIM K MECTY HaMmbIBa TpyHTa. CMeCh BOJBI C Pa3MEIbUCHHBIM IPYHTOM HA3BIBACTCS NYAbNOU, WU 2UOPO-
cmecyo, a TpYObl IO KOTOPBIM MEePEKAYNBACTCSI MYJIbIIA, - MYJIHIIOBOAAMH.

IIpn HEKOTOPOW AOCTATOYHO MAJIOM CKOPOCTH YaCTHIbl TPYHTA HAYMHAKOT OCAXKIATbCA M 3aUIIATH
TpyOOIPOBOJ. ITa CKOPOCTh Ha3bIBaeTCs Kpumuueckot. OObIYHbIE POPMYIBI TUAPABIUKY, IPUBEICHHBIC
BBIIIIE JIJIS1 TPYOOTIPOBOIOB C BOJIOH K MYJIBIIONPOBOAAM HE MPUMEHHUMBI.

['uppaBnuyeckuii pacyeT MyJbIIOBOJOB 3aKJIKOYAETCS B ONPEIEIEHUN KPUTHUECKUX CKOPOCTEH U MO-
teps Hanopa. [Ipod. A. I1. FOdun npeayioxun cieayrommue SMIIpuIeckiue GopMyibl.

JI1 KpUTUYECKOM CKOPOCTH:

a) B TpyOorpoBoiax auamerpom a0 200 MM

v, =0,2d2% .en" .d°%; (120)
0) B TpyOOnpoBoax nuamerpom Oodbiie 200 MM
~9,84d -4w| L~ , (121)
Ve
rae d — muamerp TpybompoBona, M; d,— cpemHHi AMaMeTp TBEPAbIX YacTHIl, MM; €= 2,71— ocHOBaHHE
HATYPAIBHEIX JOTapU(MOB; ¥ — yIe/IbHbINA BEC MyINbIbL ¥, — yAeHbHbIH Bec Bogbl; a=3,86/d " ; w— tak

Ha3bIBa€Mas «TUJIPABIMYECKAsl KPYITHOCTHY, T. €. CKOPOCTh MaJICHUS YACTHI] B CHIOKOMHOM BOJIE.
[t moreppb Hanopa:
a) IpH KPUTUYECKOI CKOPOCTH

(y —Ljw

gd

; (122)

0) MpH CKOPOCTH BBIILIE KPUTHUECKOMH
h=h, +(h, —he)e, (123)
rae | — mHa TpybonpoBona; g— ycKopeHHe cBOOOJHOTO nmajieHus; h, — morepu Hamopa B TpyOOIpoBoie
TIpM JIBMKEHUHM YMCTOH BOJIBI IPU TOM ke pacxofe; h, — MoTepu Hamopa Npy JABUKEHUH MyJIbIbI ¢ KPH-
THYECKOH CKOPOCTEIO; & =V, /V.

OcTanbHble 0003HAYEHHUS TC JKE.
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3. WICTEYEHUE )KWJIKOCTH YEPE3 OTBEPCTHS,
HACAIKA

3.1. Kaaccudukanusi 0TBepPCTHIA M UX MPAKTHYECKOe PUMEHEeHHe

Bompoc ucredeHus: ®KUIKOCTH 4epe3 OTBEPCTUS SIBISICTCS OJHUM M3 Y3JIOBBIX MOMEHTOB THAPABIUKH.
VYuensle U uHk)eHephl u3ydanu 3ToT Bonpoc HaunHas ¢ XVII B. Ypasuenue [I. bepHymu Bnepsbie ObLIO
BBIBEJICHO MPH PELICHUH OJHOM M3 3a/lay Ha MCTEUEHHUE XUAKOCTH U3 oTBepcTus. [Ipm pacyerax nua-
dparMm, IpIpYATHIX CMECUTENIEH, HAITOJTHEHUHN U ONMOPOKHEHUH Pe3epByapoB, 0ACCEHOB, BOJOXPAHUIIHIIL,
[UTIO30BBIX KaMep U JPYrMX €MKOCTEH peraroTcs 3a/ladyd Ha UCTEUEHHUE >KUIKOCTEM 4epe3 OTBEPCTHS.
[Tpu periennu 3TUX 3a/1a4 OMPEENSAIOT CKOPOCTU U PACXO/IbI KUIKOCTEH.

DKCNEPUMEHTAIBHO YCTAHOBJIEHO, YTO MPHU HUCTEUCHUM XUAKOCTU U3 OTBEPCTUM MPOUCXOIUT CHKATHE
CTpyH, T. €. yMEHbIIICHHUE €€ MOonepeyHoro ceueHus. Gopma c:xkaToil CTpyu 3aBUCUT OT GOPMBI U pa3MEPOB
OTBEPCTHSI, TOJIIUHBI CTEHOK, a TAK)KE OT PACTIOJIOKECHHSI OTBEPCTHSI OTHOCUTEILHO CBOOOTHOM IMOBEPXHO-
CTH, CTEHOK U JIHa COCY/a, U3 KOTOPOTO BBITEKAET JKUAKOCTh. CxKaTue CTPyH MPOUCXOAUT BCIEACTBHE TOTO,
YTO YaCTHUIIBI KUIKOCTH TIOJIXOMSAT K OTBEPCTHUIO C PA3HBIX CTOPOH U 10 MHEPIUH JBIKYTCS B OTBEPCTUH 10
CXOISILIIMCS TPACKTOPHSM.

[TapainenbHOe TedeHUe CTpyil B OTBEPCTUM BO3MOKHO TOJIBKO B TOM CIIydae, KOrza TOJIIIMHA CTEHOK CO-
cy/la Onmm3Ka K pa3mMepam OTBEpPCTHsl, & CTEHKH OTBEPCTHS MUMEIOT IUIABHBIE OYEPTaHMsI, C PACHIMPEHUEM
BHYTpPb cocyza. [Ipu 3ToM oTBepcTHE NpeBpaIaeTcsi B KOHOUAAIBHBIN 0CaIOK (CM. HUXKE).

OtBepcTrs KIACCH(PUIMPYIOT CIISTYIOITM 00pa3oM:
l.IlopasmMmepy.

a) Mayible oTBepcTHs, Korga d < %x H (Z) W a < % H (Z) (puc. 38), rne d — quaMeTp Kpyrioro oT-

BCPCTHUS, H- Harop, Z — pa3HOCTh HAIIOPOB IIPHU 3aTOIIJICHHOM OTBCPCTHU,

0) Oonpire oTBepcTHs, Koraa d > %x H (z) Wi a > % H (Z) .

2110 ToONmMUHE CTEHKHU,BKOTOPOU C/ICTAHO OTBEPCTHUE:

a) OTBEpCTHS B TOHKOH cTeHKe, korna t <3d wm t <3a, rae t — TommmHa CTeHKH;

0) oTBepCTHS B TOJICTOM cTeHKe, koraa t >3d wm t > 3a.

3.I10 ¢ op ™ e pa3nuyaroT Kpyribie, KBaApaTHbIE, MPSIMOYTOJIbHBIE, TPEYTOJIbHBIE U IPYTHE OTBEP-
CTHSI.

3.1. HcreyeHue ;KUAKOCTH Yepe3 OTBEPCTUSI B TOHKOH CTEHKe IPU ITOCTOSTHHOM YPOBHE

BriBenieM GhopMyITbl CKOPOCTH B pacXoia JKUIKOCTH IPU UCTCUCHHUH Yepe3
%éjﬂr\\3 Manoe orBepcTue. [IycTh ®KHUAKOCTh BBHITEKAET W3 OOJBIIOTO pe3epByapa ye-
= ' h pe3 Masioe OTBEpPCTHE B €T0 JIHE UK CTeHKe (puc. 39).

OmnbITaMH YCTAaHOBJICHO, YTO C)KATOE CEUYCHUE CTPYH HAXOIUTCS OT BHYT-
‘ =k pPEHHEH MMOBEPXHOCTH pe3epByapa Ha PACCTOSHUHM OKOJIO TIOJIOBHHBI JTHAMET-
©  pa OTBepCTHs. DTa BEIMYMHA OOBIYHO OBIBACT Majia CPABHHUTEJIBHO C HAIo-
§ e Jj, 2 : pom H B pe3epByape, H MOKHO CUHTATh, YTO IICHTP OTBEPCTUS M IEHTP CIKa-
o FA At .Ié's:.-_ TOTO CEUCHHS CTPYH HAXOJATCS Ha OJMHAKOBOW BBICOTE, TEM OoJyiee MpH OT-
§ BEPCTUH B GOKOBOM CTEHKE.
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BoicoTy ypoBHS JXHIOKOCTH B pe3epByape [ HaJl LIEHTPOM OTBEPCTHUsI HA3bIBAIOT 2eoMempuiecKum
Hanopom. B o0iieM ciydae naBineHue P, B pe3epByape OTIMYAETCs OT JaBIEHUs P, B IMPOCTPAHCTBE, KyAa

UCTEKAET KUJIKOCTb.

[TpoBeneM mI0CKOCTb CpaBHEHUS 2-2 uepe3 LIEHTP CXKAaTOro CEYSHUS CTPYH.

VYpaBuenue /l. bepHyuM NPUMEHUTH K CEYEHUIO OTBEPCTHUS HEJIb3sl, TAK KaK CTPYMKHU B MOCIEIHEM CXO-
JITCS 1I0]T OOJIBIIMMU YTJIaMH, U ABHKEHUE KUIKOCTH B HEM HE IIABHO M3MEHSIOIIEECS.

Harnmmem ypasuenue /1. bepuynmm s ceuennit 1-1 u 2-2

2 2 2
H+&+ﬂ:&+%+§mv—2, (124)
y 20 r 2 29

Tae V,— CKOpPOCTh IOAX04a KUIAKOCTH K OTBEPCTHUIO B pe3epByape; V, — CpeaHsIsd CKOPOCTh TCUCHUS B CXKa-
1 2

TOM ce4eHuy; ¢, — KO3(PHUIMEHT MECTHOTO CONIPOTUBIICHUS IIPH HCTEUEHUHU YePEe3 OTBEPCTHE.

ome

[lepeHeceM HapyKHOE aBlIEHHE P, BJIEBYIO 4aCTh U 0003HAYMM BEIUUUHY

2
- oV
H + pl p2 + 11
Y 29
OTa BeIMUYNHA HA3bIBACTCA HANOPOM UCEYEHUs.
B npagoii yactu ypaBaenus (124) BoiHeceM 3a ckoOku V, . Torna ypaBaenue J1. bepHymm cBeiercs k
2

\'
HO =£(0(2 + omzf)’

=H,. (125)

OTKYyJIa

OO003HaYMM BEITMYUHY

1

VO + G s e
BemuuHy ¢ HazbIBatOT K0aghhuyuenmom ckopocmu.
C y4eTom BBEJICHHOTO 0003HAUEHHSI
v, = p:2gH, . (127)

Tak kak kodddunuent Kopuomuca a, >1, a kodpPUIUEHT MECTHBIX MOTEPhb HANOpa B OTBEPCTUH

(126)

¢ > 0,10 @ <1. Ilo onbiTHEIM HaHHBIM @ = 0,97 -0,98, a r, =1. Orcrona

$ome :iz—l: L >—1=0,06.
7] 0,97

s uneansHoi xuakoctu §,,, =0 nu ¢ =1. Torga

v, =+2gH, . (128)

D10 ypaBHeHUE HaszbiBaeTCs ghopmynoi Topuuennu. OHO TOKA3BIBAET, YTO CKOPOCTHh B Hayaje BhITE-
Karollel CTpyH paBHA CKOPOCTU CBOOOJHOIO MaJIeHHs Tela, YIaBIIEero ¢ BEICOTH H .

Korna nonepedynoe ceueHue pezeppyapa MHOTO OOJIbIIIE MJIOLIAIU )KUBOTO CEUEHHsI OTBEPCTHS, a CKO-

POCTh KHUAKOCTH B pe3epByape He3HauuTeNlbHa (K mpumepy, MeHbIne 0,1 M/cek), TO CKOPOCTHBIM Hamo-

2
oV,

poM MOKHO TpeHeOpeub. B cimyuae, xorja naBieHUs CHapyKd U B pe3epByape OJUHAKOBBI

P; = P,, TO BECh HAIIOP UCTCUYCHHUSA CBOOUTCA K F€OMCTPUUCCKOMY HAIIOPy, T. €. HO =H . DTo ObIBaer

0OBIYHO MPU pacyeTe UCTEUCHUS U3 OTKPBITHIX PE3EPBYapoB B aTMochepy.
Pacxon )KuIKOCTH ONpeNeNuTCs Kak IIPOU3BEACHUE CKOPOCTHU UCTEYECHHS HA IIIOIIAb CXKATOro cede-
HUS CTPYH

Q :VZa)c.wc = (Pga’ 2gHO ' (129)
rac Sza)m/a)— KOB(I)(I)HHHGHT C)XXaTus CprI/I, paBHBIfI OTHOUIICHHUIO IIIOIIaAN CXKATOIro CCUYCHUS a)cm K
TUTOLIAA OTBEPCTHSA (@ .

38



Benmmunny g 0003Ha4aIOT uepe3 4 W Ha3bIBAIOT KOAhduyuenmom pacxooa.
Takum 00pa3om, pacxo/ ®KUAKOCTH, BEITEKAIOLIEH Yepe3 OTBEPCTHE, ONPEILIISIOT M0 (hopMyIie
Q=uw\29H, . (130)

[Ipy TOYHBIX U3MEPEHHUSIX Pa3MEPOB CHKATOIO CCUCHUS CTPYH YCTAHOBJIEHO, YTO IMPU COBEPIICHHOM
cxaruu crpyu ¢ =0,62—-0,64. B atom ciiyqae p =0,60—0,62 . B obmiem xe cirydae Kod3QPUIueHT pac-

Xo4a U = @& 3aBUCHUT OT YCJ'IOBI/Iﬁ CKaTHs1.

ITpu ucrteyeHU HE B ra30BYIO CPENy, a B CMEXKHBIM pe3epByap € TOH ke KMJIKOCTBIO (UTO MPHUHSITO
Ha3bIBaTh UCTEUEHUEM «II0Jl YPOBEHBbY), T. €. KOTJa OTBEPCTHE 3aTOIJICHO C 00EHUX CTOPOH, B KaueCTBE
F€OMETPUYECKOr0 Hamopa /{ NPUHUMAIOT Pa3sHOCTb YPOBHEH KUIKOCTH B pe3epByapax. Huciossle
3HaueHUs KOA(PPUIHMEHTOB ¢, & U £ OCTAIOTCS IPU ITOM NPAKTUYECKU TEMHU K.

B cnyuae kpyrioro oTBepcTHs, PacHOJ0XEHHOTO Ha 3HAYMTEIbHOM PACCTOSIHUU OT CTEHOK,
CTpYysl CXKUMAETCs CO BCEX CTOPOH OJIMHAKOBO, U B CXKAaTOM CEUEHUU MMEET Takke GopMy Kpyra; Mmpu
3TOM CKaTOE CEUEHHUE HaXOJUTCS OT KPOMOK OTBEPCTHSI HAa paCCTOSIHUM OKOJIO TIOJIOBHHBI TUaMeTpa OTBep-
crusi — 0,5d . Benmnunna ko3 duimenTa cxatusi 3aBUCUT OT OTHOCUTEIbHBIX Pa3MEPOB OTBEPCTHUS U
OT TOJIOKEHHUS €r0 OTHOCUTEIHHO CTEHOK pe3epByapa v MOBEPXHOCTHU KUIKOCTH.

B 3aBucuMocTH OT pacrosoKeHus OTBEPCTHSI pa3InvaloT CleAyromiue Buabl cxatus (puc. 40):

1) nonHOE cxaTHe co Bcex CTOpoH (oTBepeTus 1 u 2);

2) HCIIOJIHOC, KorjJga CxXaTusda HET C OIIHOI\/JI WM HECKOJIBKHX CTO-

poH (otBepctus 3, 4 u 5).
[TonHOE CxKaTHE OAPA3IEIISAIOT Ha!
a) COBepIIeHHOE, Korma N>3a u m>3b (orBepcrue 1);

0) HecoBeplieHHOE, Koria N<3a u Mm<3b (orBepcTHe 2).

d)opMa CCUCHUA CTPYHU IKUAKOCTH TIIPpHU HCTCUCHUU IMPETCPIICBACT

Puc. 40. W3MEHEHUS.
OTU U3MEHEHUs! Ha3bIBAIOTCS uHgepcueti. VIHBepcus MPOUCXOAUT BCIE-
CTBHE TOT0, YTO CKOPOCTH TOJIX0/Ia K OTBEPCTHUIO B Pa3HBIX TOUKAX €r0 MEPUMETPA PA3IUYHBI U BCIEACTBUE
CHUJI TIOBEPXHOCTHOTO HaTsbkeHus. Ha puc. 41 mokazaHo u3aMeHeHue GopMbl CTPYH MPU UCTCUECHUHU Yepe3
KBaJIpaTHOE OTBEPCTHE 110 MEPE yIAIEHUS OT pe3epByapa.
[Ipu HecoBepIIEHHOM CKaTUU KO3(PPUIMEHT pacxona 4, BBIYUCISIOT IO (hopMyam:
JUTSL KPYTJIBIX OTBEPCTUI

= p(1+5) ey OO

JUISL IPSIMOYTOJIBHBIX OTBEPCTUI
Puc. 41.
= p(1+5,) (132)
rje 4 — 3HadyeHue Kod(pduimeHTa pacxoaa Mpu COBEPUICHHOM CXKAaTHH;, O M O,— TOIPABOYHBIE KO-

3(I)(I)I/IL[I/ICHTLI, 3aBUCAIINEC OT OTHOIICHHUSA IIJIOIIaaAn CCUCHHA OTBepCTI/Iﬁ @ K 1miaomaign CCUCHHUA CO-

cyna @,. 3HaueHHs ITUX KOA(PUIIMEHTOB NPUHUMAIOT IO TalIHILIe:

3HayeHUe BeJIMYUH O M O, IPH HECOBEPIIEHHOM C:KATHH

a)/a)l 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

o 0,014 | 0,034 | 0,059 | 0,092 | 0,134 | 0,189 | 0,26 | 0,351 | 0,471 | 0,631

S 0,019 | 0,042 | 0,071 | 0,107 | 0,152 | 0,208 | 0,278 | 0,365 | 0,473 | 0,608
1

HpI/I HCIIOJIHOM CXKXaTHhH I(OE)(I)(I)I/IL[I/ICHT pacxoga BEIMUCIIAIOT 10 YPABHCHUAM:

JUISL KPYIJIBIX OTBEPCTUI

py = p(1+0152-P, /P); (133)
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JUIS IPSIMOYTOJIBHBIX OTBEPCTHIM
u, = 1(1+0128-P,/P), (134)
rae 4 — Ko3(pUIMEHT pacxo/1a Ipy MOJTHOM CKaTuu; P,— yacTh nmepumMeTpa, Ha KOTOPOM HET CkaTust; P —
IIOJIHBIN IIEPUMETP OTBEPCTHSL.
[lpu pacuere OONBIIMX OTBEPCTUH 3HAUYEHHA KOXPQPUIMEHTOB pacxoja, pekoMmeHnoBanHbix H. H.
[1aBnOBCKMM, IPUBEIEHBI B TAOJIULIE:
3navyeHus k03GPUUMEHTOB pacxoaa sl 00JbIIUX OTBEPCTHI

K03 u-
. LUEHT
Bunel oTBepeTHii M XapakTep CxKaTHsI CTPYU
pacxoza
Y7,

Bonbime oTBepcTrs ¢ HECOBEPILIEHHBIM, HO BCECTOPOH- 0.70
HUM CHKATHEM ....vveveeeerveresesssssesesessssssasesessssssssesesessssssesens ’
Bosnbime oTBepeTHs ¢ yMEpEHHBIM OOKOBBIM C)KaTHEM, 0.80
0€3 CHKATHS TIO JTHY vverererereresesesesesssesesesesssesssesesesesssesesesens ’
Cpennue orBepcTus (ILIMPUHOM 10 2 M) ¢ BecbMa cia- 0.90
OBIM OOKOBBIM CKaTHEM, 0€3 CXKATHS O JIHY .......... ’
Bonbmue orBepcTus (mupuHoit 5-6 M) ¢ BecbMma cia- 0.95
ObIM OOKOBBIM C)KaTHeM, 0€3 CXKATUSI 110 JHY ............ ’

3.3 UcTedyeHne sKMAKOCTH Yepe3 OTBEPCTHSI B TOHKOM CTEHKe NMPH NepeMeHHOM YPOBHe

HcreueHne XKUIKOCTH MPU NMEPEMEHHOM YPOBHE BCTPEYAETCS Mp;: OMOPOKHEHUM W HAOJHEHHUH
pe3epByapoB, IUCTEPH, MITIO30BBIX KaMmep, 0acceHOB U Apyrux eMKocTeil. OOBIMHO B ATOM ciIydae HeoO-
XOOUMO ONPEACIUTE BPEMS OITOPOKHCHUA WU HAITOJTHCHUA CMKOCTH.

PaccmotpuM ciydail omoposkHEHHSI pe3epByapa depe3 JOHHOe oTBepcTtue B armochepy (puc. 42).
[TycTs pe3epByap MPU3MATHYECKOTO CEUYECHHS M MMeEeT Iuiomanb 2. OueBHUIIHO, JABMXCHHE >KUJIKOCTH
OyJeT HEyCTaHOBUBIIIMMCS, TaK KaK YPOBEHb € TEUCHHEM BPEMEHHU OIMyCKAETCsI, YTO BBI3BIBAET MOCTOSH-
HOE YMEHbIIIEHHE PAacXo/ia.

Bri6epem kakoii-To MOMEHT BpEMEHH, B KOTOPBIH YPOBEHb JKUIKOCTH

5
—g" e | B pe3epByape Oyner y. 3a GECKOHEUHO Mallblii MPOMEKYTOK BpemeHH dt
< s :“i YPOBEHB JKHJKOCTH YMEHBIIUTCS HA BeNMUMHY (Y (32 3TOT MPOMEKYTOK
) wsta et e o B BPEMEHH JBI)KEHHE MOXKHO CUMTATh YCTAHOBUBIIUMCS). 32 UTO BpeMs
v \‘\\‘,"-,'g,’i_’f_' : BBITEYET 00HEM JKHIKOCTH, PAaBHBIN
\W dW =Qdt, (135)
Puc. 42 —
dW = po,/2g ydt . (136)

Bripaxkast TOT e 00beM KUAKOCTU Yepe3 pa3Mephl pe3epByapa, UMeeM
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dwWw =-Qdy. (137)
3HaK MHHYC ITOCTaBJICH TIOTOMY, 4TO (Y BeJMYWHA OTpHUIlaTeIbHast (CHUKEHUE YPOBHS), @ 00bEM J10JI-
JKEH OBITh BEJIMYUHON IMOI0KUTEIBHOM.

[TpupaBuuBast npaBbie YacTu ypaBHeHui (136) u (137), nomydaum

—Qdy = uw,/2gydt,

OTKyZa
dro—_ 20 (138)
H\29Y
WHTerpupys norydeHHOE BBIPAKCHHUE, HAWJIEM BPEMsI HCTCYCHUS
HZ
Q (139)

t —
Jl noy2g \/_
WK, BBIHOCS IIOCTOSSHHBIC BCJIIMYUHBI 34 3HAK HHTeraJIa
Q
T i
ﬂw\/_ H no\2g

Hrak, Bpemst noHmxeHus yposHs or H, 1o H,

20, - ;)

(140)
U\ 29
Bpems nosHoro onopoxHenus, T. €. ecau H, =0 paBHO
2Q./H,
(141)

o

PaccmoTpuM ciyuait ucredenust nox yposeHb (puc. 43). Ilycth pa3HOCTh ypaBHEHUN )KUJIKOCTH B pe-

3€pBYyapax paBHa y, IJIomMaau IMornepeuyHoro CCUCHUA pe3€pByapoB COOTBETCTBCHHO Ql u QZ .

OnpenenuM BpeMs BBIPAaBHUBAHHUS YPOBHEW IpU HCTEUYEHUU

T f 7 PR KUIKOCTHU ‘lepe3 OTBepCTI/Ie B TOHKOﬁ CTCHKC. 33 6CCKOHeqHO Ma-
| S i
! & 11 _____ _{__ bl IPOMEKYTOK BPEMCHH M3 IIEPBOTO Pe3epByapa BhITCUCT 00beM
i ! : AKUIKOCTU
" w "
ol o o sl ach dW =-Q, -dy,, (a)

Puc. 43 BO BTOPOM pe3epByape MpUOYIET TOT e 00beM, PaBHbIN

HcC.

dw =Q, -dy, , (©)

B TO € BpPEeMs

dw = ,ua)\/m : ()

N3 geprexa nmeem
Y=y¥.-Y,

WIH

dy = dy, —dy,, (r)
Ho —Q,dy, =Q.dy,, oTkyzna
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[ToacraBum 3Hauenue dy, B ypaBHEHHE (T)

dy = dy, —[—%dylj = dy1(1+ %} = dy{MJ !

2 2 QZ
OTKy/1a
Q
dy, =dy| —2—|.
Yi y( Q,+0, ) (m)
[ToxcraBum 3HaueHue dy, U3 BeIpakeHUs (1) B ypaBHEeHHE ()
P < Yo
Q+Q,

U TIpUpaBHSEM MpaBbIe YACTH MOJTYYSHHOTO ypaBHEHUS U YpaBHEHUS (B)

Q,Q,
- dy = nw,/2gydt.
Q+Q, Y ¥

PaS,I[CJ'II/IM NEPEMECHHBIC U UHTCI'PUPYEM
20,0,

t 0
Idt:_ J‘ﬂ
0 (Ql+Q2)ﬂa)\/29 2 \/y

t=— 2§21£22\/§ . (142)

(Ql +Q, )ﬂw\/ﬁ ’

B 4aCTHOM ciry4ae npu Q, =Q, =)

oy
t=—Y—, 143
w29 (149

3.4. Buapl HacaakoB U UX npuMeHeHue. McTeuenne :KUJAKOCTH Yepe3 HACAAKH

Hacaokou Ha3pIBaeTCsl OTPE30K TPYObI, JUIMHA KOTOPOI'O B HECKOJIBKO pa3 0o0JbIlle BHYTPEHHETO Jua-
Merpa. PaccMoTpuMm cityuaii, Korjga K OTBEPCTUIO B CTEHKE pe3epByapa IPUCOEAVHEH HACaIOK JUaMeT-
pom d, paBHBIM TMAMETPy OTBEPCTHSL.

Ha puc. 44 nokazansl HanboJiee pacpocTpaHeHHbIE BHJIbI HACAI0K, IPUMEHSEMbIE Ha ITPAKTHUKE:

a - UWIMHJPUYECKUN BHEUTHU; O - MIMHAPUYECKUN BHYTPEHHUI; 6 -KOHUYECKUI pacXOsIIuiics; 2 -
KOHUYECKHUHN CXOASAIIMICS; O - KOHOUJAITBHO-PACXOSIITUICS; € - KOHOUIATbHBIN.
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Puc. 44.

[{unuHapuyecKue HacaaKHU BCTPEUYAIOTCS B BUJE JETajed IMAPABINYECKUX CHCTEM MAIIWH U COOpY-
keHui. Konnueckue cxonsdmuecs M KOHOMAAIbHbIE HACAIKU MPUMEHSIOT JJI YBEJIWUYEHUSI CKOPOCTH U
JATBHOCTH TIOJIETa CTPYH BOJIBI (NOXKapHBIE OpaHIICTIONWTHI, CTBOJIBI THAPOMOHHTOPOB, (DOPCYHKH, COILIA U
zp.).

Konnueckue pacxomsumecss HacaAKu NPUMEHSIOT I YMEHBIICHHUS
CKOPOCTH U YBEJIIMUYEHUS pacxo/a XUAKOCTU U JABJICHUS Ha BBIXOJE BO consi
BCaChIBAIOIIMX TpyOax TypOuH u Ap. B 3:KeKkTopax U MHKEKTOpax TaKkKe . __55— [_ .
MMEIOTCS KOHUYECKUE HacaJKH, KaK OCHOBHOH pabouuii opraH. Bomo- =
IPOIYCKHBIE TPYOBI MO/ HACHIISAMU JOPOT (C TOYKU 3pEHUs TUIPABIH- |
K1) TaK)Ke MPEACTaBIISIIOT COOO0M HACA/IKU. |
PaccmorpuM ucTeyeHne uyepe3 BHEUIHMM LWIMHAPUYECKUM HAcCaloK u:_ NS Y
(puc. 45). U, e

Ctpys )KMIKOCTH IPU BXOJI€ B HAcCaJO0K CXKHUMAETCs, a IOTOM pac-
LIMPSAETCS. U 3alloiHsIeT Bce ceueHue. M3 Hacagka cTpys BBITEKAET I10JI-
HBIM CEUCHHEM, MOITOMY KOX(P(UIMEHT C)KaThsi, OTHECEHHBIA K BBIXO-
HOMY CeUeHHIo, & =1, a ko3 urmeHT pacxoaa

Puc. 45.
H=EQp=0.
CocraBum ypasaenwue /1. bepaymmm ast ceuennii 1-1 u 2-2
Vi b v, . P
L+ 24z, =-2+"2+7,+h_,,
29 7 29

rae h,_,— motepu Hamopa.
JIns ucTedeHusl U3 OTKPBITOTO pe3epByapa B arMocepy aHAaJOTHYHO HCTCUCHHUIO Yepe3 OTBEPCTHE

ypaBHeHnue /1. bepHymum npuBoaUTCS K BUY

V2

_ "2
H=—=+h,. (144)
29
[Torepn Hamopa B HacaJke CKJIaJIbIBalOTCS M3 TMOTEph Ma BXOJAE M Ha PAaCIIUPEHHE CKATOH
CTpyM BHYTpHM Hacajka. (HesHauuTenbHBIMU MOTEpSMHU B pe3epByape U  IOTEpAMH 1O  JUIMHE

HacaJka BBUAY HMX MaJOCTH MOXHO IpeHedpeub.) Mrak,

2 2
NS ) i (145)
29 29
ITo YpaBHCHHIO HEPA3PBIBHOCTH MOXKCM 3allMCaTh:
Verc@ene =V2 0y s
OTKyJIa
Vs = (0)2 [, )Vz =V,/¢. (146)

[loncrapmnsst 3HaueHue V., B ypaBHeHue (145), umeem

2 2 2 2 2
h12=§V—2+V—2(1—j :V_Z(%Jriz_gﬂj:évc"_z, (147)
20 2gl\e 20\e” & ¢ 29
riae 0003HaYeEHO

§C=%+i2—z+1. (148)
e & ¢
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[TosryueHHOE 3HaUEHUE OTEPH HAIlOpa NOJCTaBUM B ypaBHeHHe (144), Torna
2 2 2

H=24g, 2= 2(1+4,),

29 "“29 29
Otcro/1a CKOPOCTh UCTEUCHHUS
1
V, =————,/20H . (149)
2= z g
O6o3Hauas
1
—— =0y, (150)
fivc,
MOJTYYUM JIJISl CKOPOCTH YPaBHEHHE

Vo =¢/20H . (151)

Ornpenenum pacxoJl KUIAKOCTH
Q =V,0,= ¢, 0,4/29H .

Ho s Hacanka py, =@, u

Q= m,~209H, (152)

rae uy — KO3(1)(1)I/II_II/I€HT pacxoza Hacalka; @y — IJIOMAaAb )XKUBOTO CCUCHUA HAacaJKa.

Takum 00pa3oM, ypaBHEHUS ISl ONPECIICHHS] CKOPOCTH M Pacxo/ia KUJIKOCTH Yepe3 HACaJOK UMEIOT
TOT K€ BUJ, YTO M JAJISl OTBEPCTHUsS, HO Apyrue 3HadeHus: kodpduiuenton. na kodrdduumenrta cxarus
cTpyH (ripu Oosibux 3HaYeHUSIX Re u ¢ ~0) MoxxHO npubmkenHo npubate € = 0,64, u Torna mo ¢op-
myinam (148) u (149) nonydaercst u =@, =0,84 . DakTHYECKH NPOUCXOAAT U MOTEPH 110 JIHHE, TIOITOMY
JUISl UICT€YEHUS BOJIbI B OOBIYHBIX YCIOBUAX MOKHO MPUHUMATh 4, =@, =0,82.

CpaBuuBas k03()PUIMEHTHI pacXoja U CKOPOCTH IS HACAJKa U OTBEPCTHS B TOHKOH CTCHKE, yCTa-
HABJIMBAEM, YTO HACA/IOK YBEIUYUBAET PACXO U YMEHbBIIAET CKOPOCTh UCTCUCHHUSI.

XapakTepHOH 0COOEHHOCTBIO HACAKa SIBJISICTCS TO, YTO JABJICHHUE B C)KATOM CEYCHHH MEHBIIIE aTMO-
chepHoro. DTO MONOKEHHE JO0KA3bIBACTCS YpaBHEHHEM bepHYIUTH, COCTaBIEHHBIM MMl CKATOTO U BBI-
XOIHOTO CEYEHHUI.

Bo BHYTpeHHUX HUIMHAPUYECKUX HACaJKax CKaThe CTPYH Ha BXoje Ooublie, YeM y BHEIIHUX, U TO-
9TOMY 3Ha4eHUS KOA(PPHUIIMEHTOB pacxoa U CKOPOCTH MeHbIne. OnbITaMy HalIeHbl KOAGOUITMESHTHI 17151
Boabl i =¢@=0,71.

B HapyXHBIX KOHUYECKHX CXOJSIIUXCS HACaJKaX C)KaTHUE W paCHIMpPEHUE CTPYH HA BXOJE MEHBIIIE,
YeM B HApYXXHBIX IMIJIMHAPUYECKUX, HO TIOSIBISIETCS BHEIIHEE CKaTHe Ha BhIXOJe U3 Hacaaku. [Toatomy
KOA(pUIMEHTH! ¢, @ U 4 3aBUCAT OT yrija KOHycHOCTH. C yBeTM4YEeHHEM yIJla KOHYyCHOCTH 10 13° ko-

3(1)(1)I/II_II/IGHT pacxoda u pacTeT, a € JaTbHEUIITUM YBCIMYCHUEM YyI'JIa YMCHBIIACTCA.

KoHunveckue cxoasmmecs: Haca Ky MPUMEHSIOT B TEX CIy4asx, KOTJa HYXKHO IMOJyYUTh OOJIBIIYIO BbI-
XOIHYIO CKOPOCTh CTPYH, TAIBHOCTb MOJIETA U CHITY yAapa CTpyH (THIPOMOHHTOPHI, TOKapHBIE CTBOJIBI U
T. 1L.).

B KOHMUECKHX PacXOIsAIIUXCs HacaJIKax BHYTPEHHEE PAaCIIUPEHHE CTPYH IOCe CXKATHUS OOJIbIIe, YeM
B KOHMYECKHUX CXOJSIIUXCS U IMIHHIPUICCKUX, TOATOMY MOTEPH HAropa 3/1eCh BO3pacTaloT U Kodddu-
IIMEHT CKOPOCTH ¢ YMEHBIIAaeTCs. BHENIHEro cxkaTus Mpy BHIXOZE HET.

KosduuueHTsl @ M 4 3aBUCAT OT yria konycHoctd. Tak, npu yrie konycHoctd f3 <8° 3nauenus
K03 (DUIMEHTOB MOKHO NPHHUMATH paBHBIMH ¢, =i, =0,45; npu B =12° (mpenenbHblil yrom)

®,,. =i, =026 TIpu B>12° cTpys BEITEKaeT, He Kacasch CTEHOK HACAJIKa, T. €. KaK U3 OTBEpCTUs Oe3

HacaJka.
3HavyeHnH KOOPPUUHMEHTOB &, @ U L JJIA HACATOK
Tun Hacanox g @ H
HapyXHbIif HTUIMHAPUYECKUH. . .. .... 1 082 0,82
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BHyTpeHHUI TUIUHAPUYCCKHM .......... 1 0,71 0,71
Konnueckuii cxonamuics npu 0,982 0,963 0,946
L=13224"

Konnuecknii pacxomsmuiicss 3 =8°... 1 0,45 0,45
KOHOUTATBHBIN «..oeeeeeeeeeeeeeeeaeae e 1 0,98 0,98

IHpumeuanue. /st KOHUYECKUX HACAOOK KO3 Puyuenmol dans 0Jis 8bIXOOHO20 CEYEHUSL.

Konnueckue pacxogdamuecsa HaCaaKu IMMPUMEHAIOT B TEX CIIy4asaX, Korja HCO6XO,Z[I/IMO YMEHBUINTH CKO-
POCTb UCTCUCHMS, HAIIPUMEP, HACAAKH MJIA IOJa4Y CMAa304YHbIX MAaCClI U T. II. B xoHnueckux PaCXOooAIINXCA
HacaJIKkaX B MCCTEC CXKaTHs CTPYH CO30acTCsA 0OJIBIIION BaKyyM, [I0OOTOMY HX €IIC IIPUMEHAIOT TaM, I'/I€ Tpe6y-
eTcs co3naTh 60bII0N 3 PeKT BcackiBaHUS (IIKEKTOPHI, HHIKEKTOPHI U T. IL.).

KoHouganpHble HacaaKd MMEIOT OuepTaHUs (OPMBI CTPYH, BBITCKAIOIICH Yepe3 OTBEPCTHE B TOHKOU
crenke. J{ist 3TMX Hacagok 3HaueHue KodduimenToB cocrapnsier: ¢ = 1 =0,97 —0,995.

VX npyMEHSIOT B IO’KapHBIX OpaHICIIONTAX, HO PEJIKO, TaK KaK M3rOTOBJICHUE UX OYEHb CJI0XKHOE.

Jnsi KOHOMTATTBHO-PACXOIIILICHCS HACAKH MOYKHO TONYYUTh KOd(PUIMEHT pacxoaa Oosble eAnHUIIBI
34 CYET YBEIIMYEHUS BBIXOJHOIO CEUCHMS.

B Tabmmuie npuBoasaTcs cpeaHue 3HaueHUsT KOO PHUIIMESHTOB TS PA3IMIHBIX HACAJIOK.

4, HACOCBHI
41. Ooume cBeIeHUs

Hacocamu Ha3bIBarOTCS MaIIWHBI, CITYKAIAe TSl IEPEKauKH M CO3/IaHUS HAropa )KHUIKOCTEH BCEX BU-
JIOB, MEXaHMYECKOW CMECH YKHIKOCTEeH C TBEPAbIMH M KOJUIOWIHBIMH BelleCTBaMU | Ta3oB. CiemyeT 3ame-
TUTh, YTO MAIIIMHBI I MEPEKAYKN U CO3/aHMs Haropa ra3oB (ra3000pa3HBIX JKUJKOCTEW) BBIJICICHBI B
OTJICNIbHBIC TPYIIIBI U MOJIYYWIA Ha3BaHUE BEHTUISITOPOB U KOMIIPECCOPOB M CIYXKAT MPEAMETOM CIIEIU-
QJIBHOTO U3YYCHHUS, TOITOMY B JAHHOM pa3jielic He pacCMaTpPUBAOTCS.

Hacocrel B HACTOAIICC BPEMS SABJIAIOTCA CAMBIM PACIIPOCTPAHCHHBIM BUJIOM MAIlIWH.

[To mpuHIMITY AEHCTBUS HACOCHI MOPA3ACTISIFOTCS Ha:

a) IICHTPOOEKHBIC, Y KOTOPBIX MEepPeKavka U CO3JaHKe HAopa MPOUCXO/IST BCIIEACTBHE IICHTPOOSIKHBIX
CHJI, BOSHUKAIOIIMX TPH BpallleHHH pabouero Kojeca;

0) oceBble (ITPOIMEUIEPHBIE) HACOCHI, PAOOYUM OPTraHOM y KOTOPBIX CIYXHUT JIONTACTHOE KOJIECO MpOTei-
nepHoro Turma. JKuAKocTh B 3TUX Hacocax MepeMelaeTcs BA0JIb OCH BpallleHHs Kojeca;

B) IMOPHIHCBBIC W CKaJIb4aTbI€ HACOCBI, B KOTOPBIX KHAKOCTbH MNCPEMEIIACTCA IIPpHU BO3BPATHO-
MOCTYNaTeIbHOM JABWKEHUU MOPIIHS WK CKaJKu. K 3Toil rpymime MoKHO OTHECTH MPOCTEHIINIT BHT IOPIII-
HEBbBIX HACOCOB - )II/Ia(bpaFMOBI)IG HACOChbI, Y KOTOPBIX pa60‘-H/IM OpTraHoM CIIY>KUT PE3MHOBAA WJIM KOXaHas
nuadparma, COBEpIIAIOIIAs BO3BPATHO-TIOCTYNATEIbHBIE IBHKECHHUS;

T') TapaHsbl, pabOTAIOIIIHE 33 CYET YHEPTUU THAPABINIECKOTO YIapa;

1) CTpyWHBIE HACOCHI, B KOTOPBIX IMEpEeMEIIeHHE KHUIKOCTH OCYIIECTBISIETCS 32 CUET DHEPTHU MOTOKA
BCIIOMOTaTeILHON KUAKOCTH, ITapa WA rasa,

€) opiudThI (BO3IYIIHBIE BOJOIIOABEMHUKH), B KOTOPBIX PAOOYNM TEJIOM SIBISETCS CXKATHIN BO3IYX.

B 3aBucuMocTH OT Ha3zHAYEeHUS U IMpUHIKIIA }IeﬁCTBHH KOHCTPYKTHBHOC HUCIIOJIHCHHUE HACOCOB CaAMOC€
pasnuuHoe. Huxke paccMarpuBaeTcsi YCTPONUCTBO, MPUHIMIT PaOOTHI, XapaKTePUCTHKA M MPUMEHEHHE OC-
HOBHEBIX I'PYIIIT HACOCOB.

4.2. YerpoiicTBO M Kiaccupukanus HeHTPOOEKHBIX
HacoCoB
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[leHTpOOEIKHBIIM HACOC COCTOHT U3 CIECIYIOIINX OCHOBHBIX AJIEMEHTOB (pHC. 46): CIUPANBHOTO KOpIyca
1, paGodero koseca 2, pacnoJIOKEHHOTO BHYTPH KOpIyca W cuAsmero Ha Bary 3. Pabouee komeco
Ha BaJl HACAKUBACTCS C IMOMOIIIBIO IIITOHKH.

Puc. 46.

Bain Bpamaercs B noammnHukax 4, B MECTe MMpOXoJa Bajla yepe3 KOpIyC Ul YIUIOTHEHHS YCTPOECHbI
cabHHUKHM 5. Boga B Kopmyc Hacoca MOCTYIaeT 4epe3 BCachIBAIOIMIMK MaTpyOoK 6 W momamaer B IICH-
TpaJbHYIO YacTh Bpalnarouierocs padouero koseca. [log aefictBueM jonatok 7 pabodero xojeca 2 xuji-
KOCTh HAaYWHAET BpAIIAThCsA M IEHTPOOEKHOH CHIION OTOpachIBaeTcsi OT IEHTpa K Mepudepuu Koeca B
CHMPAJIbHYIO YacTh KOpIyca (B TypOMHHBIX Hacocax B HAIpaBJIAIOLIMIA armapar) U Jajiee yepe3 HarHera-
TENBHBIA MaTpyOOK 8 B HamOpHBIA TpyOompoBoa. B pe3ynbTare AeWCTBUS JIOMATOK pabodyero kKoieca Ha
YaCTHUIIbl BOJIbl KUHETHYECKAs SHEPTrHsl IBUTaTelIs IpeoOpa3yercs B JaBI€HUE U CKOPOCTHOM HAIlop CTPYH.

Harop Hacoca m3MepsieTcsi B MeTpax cTosda rmepeKauynBaeMoi sKHIKO-
cti. BeackiBaHME KHIKOCTH MPOMCXOUT BCIIECTBUE Pa3pekKeHUs Mepes]
Jionatkamy pabodero Koseca.

Jlnst co3ianus GOMBIIEro HANoOpa U JIy4IIero OTeKaHHs JKUJIKOCTH JIO-
nMaTkaMu TPUAAI0T CIENUATIBHYIO BBITYKIYI0 (GopMy, MpudeM padodee
KOJIECO JOJDKHO BpallaThCsl BHITYKIION CTOPOHOM JIONATOK B HAIPaBJIeHUH
HarHeTaHMsI.

IentpoOexxHbIit Hacoc TOKEH ObITh 000PYIOBaH Clenyrouiel apMa-
Typo# u npubopamu (puc. 47): mprueMHbIM 00paTHBIM KJIAITAHOM C CETKOMN
1. mpenHa3HauEHHBIM Ul yJep)KaHHUs B KOPIyCe M BCAChIBAIOLIEM I1a-
TpyOKe Hacoca BOJBI IPU €T0 3aJIMBE Mepe]] ITyCKOM; CETKa CIYKHUT JUIS 3aJiepKaHusl KPYITHBIX B3BECEH,
IUIABAIOIIMX B BOJIE; 3aJBMKKOM 2 Ha BCACBIBAIOIIEM MaTpyOKe, KOTOpas YCTAHABJIMBAETCS OKOJIO HAcoca;
BaKyyMMETPOM 3 JIII U3MEPEHHs Pa3pekeHNs Ha BCACHIBAIOIIEH CTOpOHE. BakyyMMmeTp ycTaHaBIMBaeTCs Ha
TpyOOIpPOBOJE MEXKAY 3aJBMKKOM M KOPILyCOM Hacoca; KpaHoM 4 Ui BBITYCKa BO3AyXa IMpHU 3alUBE
(ycTaHaBnMBaeTcsi B BEpXHEH 4YacTW Kopryca); oOpaTHBIM KIJIAlaHOM S Ha HAlOpHOM TpyOOMpoBOJIE,
NpEeOTBPALIAIOIIEM JBI)KEHHE BOJBI Yepe3 HAacoC B OOpaTHOM HaNpaBiIeHUU NpH MapajulebHOW padoTe
JPYToro Hacoca; 3aJBIKKOM 6 Ha HATIOPHOM TPYOOTIPOBO/IE, IPeTHA3HAYECHHOM IS ITycKa B paboTy, OCTaHOB-
KU ¥ PEryJIUpOBaHUs POM3BOUTEILHOCTH U HAallopa HAacoca; MAaHOMETPOM 7 Ha HAIlOpHOM MaTpyOKe I U3-
MEpEeHHUs] Haropa, pa3BHBAEMOTO0 HACOCOM; MPENOXPAHUTENHHBIM KIIAITAHOM (HAa PUCYHKE HE yKaszaH) Ha
HAIlOPHOM TaTpyOKe 3a 3aJBIIKKOM JUIs 3alIUTHl HacOCa, HAIIOPHOTO MaTpyOKa M TpyOOIpoBoJa OT THA-
PaBIMYECKHX yAapOB; YCTPOMCTBOM 8 IUIsl 3aMBa Hacoca.

B cBsi3u ¢ TeM, YTO HAaCOCHBIE YCTAHOBKM YacTO BKIIOYAIOTCS B OCHOBHOM KOMIUIEKC 000OpYIOBaHMS
JUTSL PETYIUPOBAHUS PEKUMOB paOOThI Pa3IMYHOTO HAa3HAYEHHs, OHU MOTYT OBITH 00OPYIOBaHBI Pa3HOO0-
pa3HBIMU [IPUOOPaMU ABTOMATHKH.

[leaTpOOE)KHBIE HACOCHI KIIACCU(DUITUPYIOT TIO:

1) uncity Kornec [OHOCTYIeHYaThIe (OTHOKOJIECHBIE), MHOTOCTYIIEHYaThIe (MHOTOKOJIECHBIE)]|; KpOME TOro, Ofi-
HOKOJIECHBIE HACOCHI BBINOJIHAIOT € KOHCOJIBHBIM PAacIOIOKEHUEM BaJla — KOHCOJIBHBIE;

2) Hanopy [Hu3Koro Haropa j10 2 kre/cm? (0,2 MH/m?), cpearero Hamopa ot 2 jio 6 xre/cm? (ot 0,2 110 0,6

Puc. 47.
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MH/m?), Beicokoro Hamopa 6omsiie 6 kre/cm? (0,6 MHA)];

3) croco0y 1o1Bo/1a BOIBI K pabouemMy Kosecy [C OJHOCTOPOHHMM BXOJIOM BO/IbI  Ha pabouee  KOJeco,
C JBYCTOPOHHHUM BXOJOM BOZbl (JIBOMHOTO BCACHIBAHMS)];

4) pacnonoKeHuIo Basia (TOpU30HTAIbHbIE, BEPTUKAJIBHBIC);

5) cocody pazpema Kopityca (C TOpU30HTAIBHBIM Pa3beMOM KOPITYCa, C BEPTUKAJIBHBIM Pa3heMOM KOPITY-
ca);

6) cioco0y 0TBOJIA XKHJIKOCTU U3 PabOYEro Kojeca B CIIUPAJIbHBIN KaHal Kopilyca (CHUpaJIbHblE U Typ-
OunHble). B crnMpanbHBIX Hacocax JKHIKOCTh OTBOAMTCSA HEMOCPEACTBEHHO B CIIMPAJIbHBIN KaHAI; B
TypOMHHBIX KHUAKOCTh, MPEXK/IE YeM TIONacTb B CHHMPAJbHBIA KaHal, MPOXOJUT uepe3 CIelHaibHOe
YCTPONCTBO — HANPABJISIOIIMIA armapar (HeroJBHKHOE KOJIECO C JIONATKaMH);

7) creneHn OBICTPOXOIHOCTH pabovero Kojeca (THXOXOIHbIC, HOpMaJIbHBIE, OBICTPOXOIHBIC);

8) poay mepexaurMBaeMOi KHUAKOCTH (BOAONPOBOIHBIC, KAHAIW3AIMOHHBIC, KHCIOTHBIE M IICIIOYHBIC,
He(TSIHBIC, 3eMIIECOCHBIE U JIP. );

9) cocoOy coeMHEHNs ¢ IBUraTesieM [IIPHBOIHBIE (C PEAYKTOPOM HJIH CO IIKUBOM), HETTOCPEICTBEHHO-
IO COEMHEHHUS C 3JIEKTPOJABUTaTEIeM C TOMOIIbI0 My(dT]. Hacockl co MIKMBHBIM MPUBOJIOM BCTPEUAIOTCS B
HACTOSIIIEE BPEMSI PEAIKO.

4.3. TeopeanecKaﬂ MPOMU3BOAUTEC/IBHOCTD
I[GHTpOﬁe)KHOFO Hacoca

BriepBeie 0CHOBHOE ypaBHEHHUE LIEHTPOOEIKHBIX HACOCOB ObLIO BhIBEEHO uiieHOM [lerepOyprekoii aka-
JIEMUY HayK 3HAMEHUTHIM MaTeMaTHKOM 1 MexaHUKoM JI. Ditnepom.

B 1ienTpo0exHbIX Hacocax JKUJIKOCTh MOJBOJUTCS K JIoaTKkaM pabodero Kojieca BIOJIb OCH BaJia (puc.
48). Ilpu Bxo1e Ha JIONATKH MPOUCXOAWT OTKJIOHEHHE CTPYH OT OCEBOI0 HAIPAaBJICHHUS K paguaibHOMY.
KunakocTh Ha JIOMATKU MOCTYNAET ¢ aOCOJIFOTHOM CKOPOCTBIO C;, @ HA BHEIIHEW OKPYXHOCTU paboyvero

KOJI€Ca CKOPOCTh €€ JOCTUTACT BEJIMYMHEI C, .

YacTuipl )KUAKOCTH MEXTy JIONaTKaMy pabodero Kojeca COBEpIIAIOT CI0XKHOE JBM)KeHUE. Bo-nepBbIx,
OHM YYaCTBYIOT BO BpAlllEHUU C OKPYKHOI MEPEHOCHOW CKOPOCTHIO U U, BO-BTOPBIX, IEPEMELIAIOTCS BJIOJb
JIONATOK C OTHOCUTEIILHONU CKOPOCTBIO W .

Puc. 48.

Jlis yrpolieHns: IpUHUMAIOT, YTO JBMXKCHHE XKHUJIKOCTH SBISETCS CTPYHHBIM, U TPAEKTOPUU JBHXKE-
HUS KQKJIOW YacTUIbl TOBTOPSIOT OYEpTaHMs JIONATOK. Takoe MBIKEHHE BO3MOXKHO ObLIO Obl Ipu OecKo-
HEYHO OOJIBIIIOM YHCJIE JIOTIATOK.

AOCOI0THAs CKOPOCTh JIBUYKEHUS KUIKOCTH paBHA T€OMETPUUYECKON CyMM€ MEPEHOCHOM (OKPY>KHOM) 1
OTHOCHTEIIBHOM CKOpPOCTEH (IapajuiesiorpaMM CKOpOoCTeH Ha puc. 48)

C=U+Ww. (152)

Crenyer 3aMeTUTb, YTO OKPY)KHasi CKOPOCTh U HarpapJieHa M0 KacaTeIbHOM K TOH OKPYXHOCTH, Ha KO-
TOPOM PacroyioKeHa YacTuIla, a OTHOCHTEIbHAs! CKOPOCTh W HarlpaBiieHa M0 KacaTeIbHOM K IMOBEPXHOCTH
JIONIATKHU B JTAaHHOM TOUKe.

PangnanbHast coctapsironiast abCOMIOTHON CKOPOCTH Ha 0001€ pabovero Kojeca paBHa

C, =C,-Sina, (154)
a OKpY’KHasl COCTaBIIAIONIAS
C, =C,-cosa, (155)
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IJIe @ — yroj MKy HalpaBJICHUEM aO0COJIFOTHOW CKOPOCTH M KacaTeIbHON K OKPYKHOCTH; I' — HHJICKC,
0003HavarOIIUN «pagualibHas»; U— HUHICKC, 0003HAYAIOIINN «OKPYKHAM.

Wupekcnbl «1» U «2» IpUHATHL U1 0003HAYCHHUS BEJIMYMH COOTBETCTBEHHO Ha BXOJE B paboyee KoJie-
CO ¥ Ha BBIXO/IE U3 HETO.

Okpy>KHasi CKOPOCTh PabOYero Kojeca Ha BBIXOJIC
zD,n
60

rae D,— mmamerp paGouero komeca, M; N —YKcI0 000OPOTOB B MUHYTY.
PamyanbHyro COCTaBIISIFOIIYIO a0COFOTHON CKOPOCTH MOYKHO OTPECINTh MCXO/S M3 ypaBHEHUsI Hepa3phIB-
HOCTH [IOTOKA

u, =

c,=%n__On (156)
o 7D,by

rae Q, — TeOpeTHUeCKHii Pacxol KUAKOCTH, TIPOXOMSIIHIA Yepes3 KOIeco, MY/CeK; @ — KHBOE CEYeHHE Ha BBIXO/IE

H3 KOJIECa, MZ; b2 — IHPHUHA pa60qer0 KoOJIeCa Ha BbIXOAE, M; I/ — KOS(l)(l)I/ILII/IeHT CTCCHCHUA IIOTOKaA JIOIIaTKa-

MU Ha BBIXO/IC; €TI0 3HAYCHHUE [T MAJIbIX HACOCOB MPUHUMAOT paBHBM 0,9 1 st 6ombimx — 0,95.

AHAJIOTMYHO MOXKHO OINpPEAEIUTh BEIUYMHBI aOCOMIOTHOM CKOPOCTH, OKPY)KHOM CKOpPOCTH, YroJl MEXIY
HalpaBJICHUEM OTHOCUTEIBHON CKOPOCTH U KacaTelbHOM Ha BXoje B pabouee Koyieco. AOCOIIOTHAs CKO-
POCTb Ha BXOJI€ 3aBUCUT OT KOHCTPYKTUBHBIX OCOOEHHOCTEN paboyero Koseca; st OOJIbIIMHCTBA HACOCOB YTl
BXOJIa [IPY ONTUMAJIGHOM pEeXHMME Ha3zHayaeTcs paBHbIM 90° ¢ TakuM pacyeToM, YToObl U30eKaTh TUIpaBInye-
CKOTO yZapa; TOr/a OKpYXKHast CKOPOCTb Ha Bxofie C,; = 0 (pammanbHbIi BXOX).

KoadduuneHT crecHeHus cTpyu Ha BXO€ MO Ja0OpaTOPHBIM HCCIEIOBAaHUSIM MOXKHO IPUHATH AJIS
MaJIbIX HacocoB paBHbIM 0,75, mis 6ompimx — 0,83.

B nensx npenoTBpariieHust ruipaBIMyecKoro yapa Inpu MoCTYIUIEHHH KUAKOCTH Ha pabodee KoJieco Heo0Xo-
JIMO, YTOOBbI CKOPOCTb €€ HE U3MEHSUIACh HU 110 BEJIMYMHE, HU 110 HAIPaBJIEHUIO, T. €. HAIIPABJIEHUE OTHOCUTEIb-
HOM CKOPOCTH TP BXOJI€ JAODKHO COBIA/IATh C HaIpaBJIeHHeM M3ruba Tesa jgonartku. [IpakTrka u onsIT HoKasbl-
BAalOT, YTO IPU HEOOJIBILIOM OTKJIIOHEHUH YIJIa 10 7-8° MOTOK OT JIONATOK HE OTPBIBAETCS U MOITOMY TI'M-
paBIMYECKHE MOTEPH Ha yJap MOKHO MPHUHUMATh PABHBIMU HYIIO. A 3TO MO3BOJISIET JIONATKU paboyero Kose-
ca y BXOJia BBINOJHATH HECKOJIBKO Kpyde, YeM M3 YCJIOBUsI Oe3yaapHoro Bxoja. Kpome Toro, BXOJHYIO KPOMKY
JIONIATOK OKPYTJISIFOT.

[Tocne paccMOTpeHUs TpeABAPUTEIBHBIX JTaHHBIX MOKHO MEPEHTH K BBIBOAY OCHOBHOTO YpaBHEHHSI
LEHTPOOEKHOTO HAcoca.

Belmie 6bu10 IPUHATO, UTO paboyee Koueco UMeeT OECKOHEUHO OO0JIbIIOE YMCIIO JIONATOK, U padoTa mpo-
UCXOIUT 0e3 THAPABIMYECKUX MOTEPb; 3TO MO3BOJISIET CUUTATh, UTO BECH ITOTOK B KOJIECE COCTOUT U3 OJJMHAKO-
BBIX AJIEMEHTAPHBIX CTPYEK, UIMEIOLIMX (POPMY MEIIONIATOYHOTO MIPOCTPAHCTBA KOJIECA, U UTO CKOPOCTH BO BCEX
TOYKaX IWJIMHAPUUYECKON MOBEPXHOCTH ITAHHOTO PaIiyca OIMHAKOBBI.

Cz

Puc. 49.

Kax n3BectHO, paboTa Ha repeMelleHre KUIKOCTH paBHa
A=yQ.H.,,,
r7e ¥ — 00BeMHBIH Bec )KUIKOCTH; Q, — TeopeTuyueckas Mpou3BOAUTEILHOCTE; H A — TeopeTryeckuii Harop.
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I/ICHOHBSyCM YpaBHCHHUEC MOMCHTOB KOJMYCCTBA ABUIKCHUA, KOTOPOC HJII YCTAHOBHBUICTOCSA ITOTOKA
MOYHO C(OPMYIIHPOBATH TaK: H3MEHEHHUE MOMEHTA KOJMYECTBA JIBH)KCHHSI MACChI )KUAKOCTH, TIPOTEKAIO-
H_[eﬁ B CAMHHUIY BPECMCHU IIPU MCPCXOAC OT OAHOI'O CCUCHUSA K APYroMy, paBHO MOMCHTY BHCIIHUX CHII,
NPWIOKEHHBIX K IMOTOKY MEXIY 3THMH cedeHHsIMH. OTHOCS TOJIOXKEHHE K IIEHTPOOSKHOMY HACcOCYy, MOXKHO
OTMETHTb, YTO BHEIIHUE CUJIbI IPUKJIIAIBIBAIOTCS K MOTOKY MOJT IEHCTBUEM JIONATOK pabouero koseca. 3a 1
CEeK Yepe3 KaHallbl pabodero KoJjieca MpoTeKaeT 00BEeM JKHIKOCTH, YMCICHHO PaBHBIN MEPEKauMBacMOMYy Ce-
KyHIHOMY pacxoxy Q. ; ero macca paBHa

m:me :(7/g)Qm

MoMeHT KoJm4ecTBa JBHKEHUS ITOTOKA IpH pajuyce R, y Bxona B pabouee kosneco (puc. 49) paBen

M, =(7/9)Q,c.k - (157)
3nech |,— anuHa neprneHaMKYIsIpa, OMYLNIEHHOrO M3 IEHTpa KoJjieca Ha HalpaBlICHUEe CKOPOCTH C .
Co0TBETCTBEHHO, MOMEHT KOJIMUECTBA JIBUYKEHUS ITI0TOKA y BBIXOJa U3 KoJieca Ipu paguyce R,

M, =(7//9)ch2|2- (158)
Takum 00pa3oMm, M3MEHEHHE MOMEHTA KOJUYECTBA JBMKEHHS YKHUKOCTH, MPOTEKAOIICH uepe3 Koie-

co 3a | cek, paBHO

M=M,-M, =M, =(7//9)Qm(czlz _C1|1)-
CornacHo puc. 49
I, =R,cosa, nl, =R, cosq;.
[Noncrapiss 9TH 3HAYEHHUS B MIPEIBIIYIIEE BEIPOKEHNE, UMEEM
M = (7/9 )Qm (Cz R, COsa, —C,R, Cosal) :
YMHOKast 00€ YaCTH ypaBHEHHS Ha YTJIOBYIO CKOPOCTh @ , IOJTy4YUM
Mo =(7/9)Q,®(c,R, cosa, —¢,R, cosa;), (a)
rae M@ —MOIHOCTb, 3aTpadyeHHas Ha Tiepeiady SHEPriu KUAKOCTH.
[ToTok ¢ pacxomom Q,., IEPEHOCHT B CEKyHAY Q.. JKHIKOCTH; €CIIU TPH ITOM KUIKOCTh 0OIaacT HAOpPOM
H , , TO TOTOK 0071a71a€T MOITHOCTBEO
N =(7/gRnHy- ©)
CrnenoBaren-HO, MOYKHO 3aITHcaTh
Mo =(7/9)QuHy-
VYuuremas, uto R,@ = U, u R,® = U, u3Bblpakennii (a) u (0), momyunm
QnHny = (7//9 )Qm (uzcz CoSa, —u,G Cosal) :
[Mogennm o6e yacT ypaBHEHHs Ha )Q,, M MOJIYYUM OCHOBHOE ypaBHEHHE TEOPETHUECKOr0 Haropa
_U,C, CoSa, —U,C, COSe,
m g *

Tak xak C,C0Sa, =C,, U C, COSa; =C, (IPOEKIHU CKOPOCTEH), OCHOBHOE YPaBHEHUE MOXKHO HAIMCATh

H (159)

B CJICAYIOIIIEM BHUJC:
U,C,, —U,Cy

g

TanreHnmanbHass NPOEKIMs a0COIIOTHOW CKOPOCTH C,; HPEJICTaBiIsieT cOOON CKOPOCTh 3aKpy4HMBaHUS

H= (160)

IMMOTOKA 0 MOCTYIJICHUA €TO B pa6oqee Kojieco. B COBPCMCHHBIX HacoCax obecrieunBaeTcs BXOJ Ha KOJIC-
co 0e3 NpEABApPUTCIIBHOI'O 3aKPpYyYHUBAHUA (pa,[[I/IaJ'IBHHﬁ BXOI[). Tor;[a TaHICHIIUAJIbHAsA CKOPOCTh Ha BXO-
A< paBHA HYIIIO 1
Hm = UZCUZ/g ' (161)
ypaBHCHI/IC (161) MOKa3bIBACT, YTO HAIIOP HACOCa NPONOPHHOHAJICH Opr>KHOI>'I CKOpPOCTH (T. €. HUCITy
O60pOTOB U JUaMETpy pa6oqer0 I(OJ'ICC&) U IpOCKIHUU a0COJIIOTHOM CKOpPOCTH Cu2 Ha OKPYKHYIO CKO-

POCTb, T. €. HAallop TeM OOoJbllIe, YeM MEHbIIE Yroi ¢, U 4yeM Oounblie yron [, (cM. puc. 49). daktudecku

CO3/1aBacMbIii HACOCOM HAITOp MEHBIIIE TEOPETHUYECKOTO, TaK KaK YaCcTh SHEPTHU PACXOAYETCS Ha MPEOJI0-
JICHUC TUAPABINYCCKUX COHpOTI/IB.HCHI/Iﬁ BHYTPU HACOCA, a TAKKC BCIICACTBUC TOI'O, UYTO HC BCC YACTHUIILL
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KHUJIKOCTH COBEPILAIOT JIBUYKEHHE BJIOJIb JIONATOK, a 3TO BBI3BIBACT YMEHBIIICHUE a0COMIOTHON CKOPOCTH.

YT0oOBI yuyecTh KOHEUHOE YHCIIO JIONATOK paboyero Kojaeca U COOTBETCTBEHHO BEJIMUMHY IPOEKLUH a0Cco-
JFOTHOW CKOPOCTH Ha BBIXOJI€, BBOAUTCS NMONPaBOYHBIA Kod(pduuueHT K. Mcxoas u3 u310KEHHOTO, ypaB-
HEHME JUJIs [TOJIHOTO Harlopa IMpU KOHEYHOM YHCJIE JIONATOK MOKHO HAITUCATh B BUJE

H = Kpele (162)

g

rae K — ko3 GHULueHT, yYuThIBAIOINN KOHEYHOE YUCIIO JIONATOK; 77— MMAPABIMYECKUH K. M. 1., 3aBHUCA-
MK OT KOHCTPYKIIMK HACOCA U €ro pa3MepoB U NpuHUMarommuii 3navenus 0,8-0,95.
[pakTHuecku pUHUMAIOT a, =8-14° u C,, =15—4m/cex . lpunars o, =0 Henb3s, Tak Kak TOraa
paualibHasi CKOPOCTb Ha BbIXOJIE OyeT paBHA HYJIIO, U HAcOC He OyJeT oaBaTh KUKOCTb.
Juns onpenenenust 3HaueHust K MOXXHO MPUBECTU OJHY U3 (HOPMYJ, MOIYyUYEeHHYIO akageMukom [. .
IIpockypa
k= 1 | (163)
36  sing,
—+ - &
z 1-(R,/R,Y
1 2

IJIe Z — YKCIIO JIONATOK.
OO6b1yHO Z =6-12, Torna K nonyuaercs pasasiM 0,75-0,9.
[Tpy mpuOIMKEHHBIX pacueTax JUIsS ONpeAC]CHUS Haropa B METpax BOJSHOro ctoiba (M BOA. CT.)

MOJKHO ITOJIB30BATBCA CICAYIOIIHNM YPABHCHUCM!

uZ

H=a-2, (164)
g

rne @ — Ko3(pUIMEHT Harnopa, IPUHUMAaeMblil 11 HACOCOB TypOMHHOIO TUIIA, T. €. C HANPaBIISIOLIUM
anmaparom, « =0,45-0,55, mis cnupanbabix HacocoB « =0,35-0,5; U,— OKpyXHas CKOpPOCTh Ha
BHEITHEH OKPYXXHOCTH pabodero Kojeca, M/cek. TeopeTndeckyro Mpon3BOIUTEIBHOCTh pabodero kojeca
HAcoca MOKHO BBIYUCIUTH IO hopmyIie

Q,=wC,, (165)
TJie (— TIIOMAh KMBOTO CEYeHH s TI0TOKA Ha BBIXOJE U3 KOJeCa, M2, C,, — CPEHSS paananbHas CKOPOCTh
JKHUJIKOCTH, M/CEK.
st HeHTpOoOEeKHBIX HACOCOB TUIOMIAh JKMBOTO CeUeHUs pabouero kojeca (06e3 yuera CTECHEHHS €Tro
JIOTIaTKaMU M yTEYeK Yepe3 HETIOTHOCTH) ONPEAeTAIOT KaKk OOKOBYIO MOBEPXHOCTh IWJIMH/PA C AUAMET-
POM, paBHBIM BHEIIIHEMY JuaMeTpy koseca D, u BbicoToOM, paBHO#I mmpuHe koneca b, . Takum oOpaszom,
o=7D,b,, c,,=C,Sinc. (166)
[Tpu GeckoHEeYHO OOMBIIOM YHCIIE JIOMATOK PaguaibHAs CKOPOCTh MOXKET OBITh MPUHSATA OJIMHAKOBOM
BO BCEX TOYKaX IWIMHIPHYECKOHN MOBEPXHOCTH JAHHOTO PajJNyca, a OTCI0JIa CPEIHSS CKOPOCTh B ypaB-
HEHHMHU PacXoja paBHA paJHaIbHONW CKOPOCTH Ha BBIXOME, T. €. C, =C,, .

r

I/ITaI(, TECOPCTUYICCKAs IMPOU3BOAUTCIIBHOCTD paBHA:
JJIA BBIXOAHOI'O CCUCHUA

Q,, =7zD,b,c,, (167)
(Oe3 yuera CTECHEHHUS u yTeueK qyepes HEIUIOTHOCTH);
JUIA BXOJHOI'O CEUCHUA
Q, =aD,bC;; (168)
10JIe3HAast MPOU3BOAUTEIBHOCTh
Q=Quto. (169)

e 77, — 00bEMHBIH K. II. I. Hacoca.

4.4. XapakTepuCTHKHU HEHTPOOEKHbIX HACOCOB

Hanopom nacoca H Ha3bIBaeTCS MPUpPAIICHUE YACTBHONW SHEPIUU JKUIKOCTH TIPU JIBIIKCHUHU JKHJIKOCTH
4epe3 Hacoc. Hamop u3mepsroT MeTpamu cTosida 1mojaBaeMoit )KUIKOCTH.
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TSl OTIpeieNieHHsT TIPUPAIICHUS YISIbHONW YHEPTruu (Hamopa) paccMoTpuM paboTy Hacoca Mo MepeKadke
JKUJIKOCTH U3 pe3epByapa A B pesepByap b (puc. 50).
3a III0CKOCTh CPaBHEHMSI IPUMEM CBOOOTHYIO ITOBEPXHOCTH KHUIKOCTH B pe3epByape A, Toraa yaenbHas
9HEPrus ee MPH BXOJIE B HACOC ONPENEITUTCS TI0 hopmyIie
2
v
E, =1+ Py Z,

29 vy

IJie V, — CKOPOCTb >KUJIKOCTH IIPU BXOJE B HACOC, M/CEK; [, — aOCOJIIOTHOE NaBJICHUE >KUAKOCTH B MECTE
BXOJIa €€ B HACOC, KI'C/M?, y- YIeNbHBIH BeC HAKOCTH, KIc/M>, Z,— PacCTOSIHUE 10 BEPTUKAIM OT MecTa

— —1 6

Puc. 50.

HU3MCPCHUS NaBJICHUA O YPOBHS KUAKOCTH B PE3CPBYyapEC A.

Y aenbHast SHEPrUst )KUAKOCTH IIPU BBIXOJIE U3 Hacoca (B HAIIOPHOM MaTpyOKe) paBHA
2

v
E,=—2%+ P,
29 y
e V,— CKOPOCTh B HANOPHOM MaTpyOKe, M/cek; P,— aBCOMIOTHOE [aBIeHHe B HATIOPHOM MaTpyOKe MpH
BBIXOJIE M3 HACOCA, KI'C/M>.

I/ITaK, InpupamceHue yz[eanoﬁ SHEPruu njim TIOJIHBIN HaIrop MOXKHO OHNPCACINTD 110 (bOpMYJ'Ie
2 2

H=E,—E=F =21, PP (75
29 y
Pasperkenrie Ha BXOZIE B HACOC M3MEPSETCs BaKyyMMETPOM, OOBIMHO B Kre/cM? (T B MM PT. cT). B mepe-
CYeTe Ha M BOJ. CT. JAHHOH KUAKOCTU aOCOIIOTHOE JJABJICHUE HAa BXOJIE B HACOC PABHO

p./7 =[(pa~Ps)/r]-10000, (71)
e P,— arMocdepHOe JaBieHne, Kic/cM%, P, — MoKa3aHus BaKyymmeTpa, krc/cm? 10 000 — mepeBomHbIit
vHOHTeNb (1 Kre/em? = 10 000 kre/m?).
JlaBieHre Ha BBIXOJIE M3 HAcOca P, M3MEpSAeTCs MAHOMETPOM, MOITOMY abCONMIOTHOE JARIEHHE Ha BbI-
XOJIE PaBHO

17

p./7 =[(Pa~py)/r]-20000,  (172)
e P, —NOKa3aHHe MaHOMETpa, Krc/cM? .
I [lofcTapisis MOMyYeHHBIE 3HAYEHMs P, M P, B ypaBHEHHE HAIopa
= i ' (170), notyaam
o 2,2 _
H=Y_"%  Pu=Pe 10000

| 29 y
! Jlns Bozel 7 =1000 kre/m®, Torma

2 2
V, =V

29

H= +10p,, +10p,

Ui
7

Puc.51. 51



2 2

H=M+W+2"%  @172)
29

rie M u W — COOTBETCTBEHHO MTOKa3aHU MAaHOMETPA U BaKyyMMETpa B METpax cToJi0a *KUAKOCTH, PU-
BEJICHHBIE K OCH Hacoca.

[Tpu BbIYKCIIEHWH TIOJHOTO HAMOpa HAacoca CIeAyeT YYUTHIBaTh PACCTOSIHHE MO BEPTUKAIU MEXIY
TOYKOW IPUCOEIUHEHUS BaKYYMMETPA U OCbIO CTPEJIKH MaHOMETpA.

Hanpumep, ans ycTaHOBKH, MMOKa3aHHOW Ha puc. 51, Hamop Hacoca BBIPAa3UTCS CIEAYIOLUIUM YpaBHe-

HHUCM:

ViV
H=M+W+Z+%, (173)
g

a JI1s1 YCTaHOBKHM, IIOKa3aHHOM Ha puc. 52,
2 2

H=M —zl—w—zz+"22;"l. (174)
g

qTO6BI OIIpCACIUTDb HOTpe6HBII>i HaIlop HacocCa 1JI1 BHOBb HpO@KTpreMOﬁ YCTaHOBKI/I, HOHLSYIOTCH
CIIETYIOIIUM YPaBHEHUEM:
H = HF.B. + HF.H. + hH.B. +h17.H. ) (175)

rae H,, — reomerpuyeckass BblcOTa BcacbiBaHus, M; H ., — reo-

[ et
MeTpHYecKas BbICOTa Harueranus, M; h, , — morepu Hamopa Bo Bca- i t‘.ﬂ‘, o

) b _‘-— 4y I
chIBamoIeM TpyoOompoBoae, M; N, , — moTepu Hamopa B HarHera- - J OIS i
— T N
TEJIbHOM TPYOOIIPOBOJIE, M.
pyoonp ) Puc.52

4.5. KaBuranus

Bbiiiie ObLIO YCTaHOBJIEHO, YTO €CJIM MPH BXOJE B pabodee KOJIeco Hacoca abCONMOTHOE JaBIeHHE OKa-
JKETCSl MEHBIIMM WJIM PaBHBIM YIIPYIOCTH IIApOB IIEPEKAYMBAEMON KUIKOCTU IIPU AAHHOW TEMIIEpaType,
TO XHJIKOCTh HAUWHACT BCKUIIATh, TPOUCXOIUT Pa3pPhIB MOTOKA U M0/1a4a MPEKPaIlaeTcs.

[pu mmTenbHO# paboTe Hacoca B TaKUX YCIOBHSIX paspyiiaercs padodee Kojeco. SIBieHus, mpouc-
XOJISIIIUE B HACOCE MTPU BCKUTIAHHUHU YKHUIKOCTH, Ha3bIBAIOTCS Kasumayuetl. [Ipy 3TOM U3 KHUIKOCTH BBIICIS-
IOTCA 1Iapbl U PaCTBOPCHHLIC I'a3bl B TOM MECTEC, I'/IC AABJICHUC PABHO HWJIM MCHBIIC NAaBJICHUS HACBIIICH-
HBIX TapoB. [1y3bIpbKH apa ¥ ra30B, YBEIUUCHHBIC TOTOKOM B 00JIACTH MOBBIIICHHOTO JABJICHUS, PE3KO
KOHACHCUPYIOTCA ¢ YMCHBIICHUEM o0beMa B MUKPOCKOIIMYECKUX 30HaX; 3TO ABJICHHUC, HO)IO6H0€ B3pbIBaM
MeJTbUaiIIX O0MO, IPUBOIUT K MEXaHUYECKUM TTOBPEKICHHUSIM JIONIATOK KoJieca U UX pa3pylieHuto. [1po-
HUCXOOUT U XUMHYCCKOC paspylICHHUEC MCTallIa B 30HC KaBUTAllMW BBIACIMBIIMMCS KHCJIOPOJAOM BO3ayXa
(koppo3usi).

KaBuTarust MOXeT MMPOUCXOANThH HE TOJHKO B paboueM KoJiece, HO M B HAIPABJISIONIEM armapare, 1 B
CIHPATLHOM KOpITyce. DTH SIBJICHUSI COMPOBOKIAFOTCS MOTPECKUBAHUEM, IITyMOM U BUOpaiueit Hacoca. [Tpu
KaBHTAIlMK PE3KO MAJAeT K. I1. JI. Hacoca, MPOU3BOAUTEIBHOCTh U Harmop. OcoOEHHO CHIIBHO TPU KaBHUTAI[HH
pa3pymaTCs YyryH M YIJIEPOJUCTas CTajlb, HauOoJiee YCTOHUMBBI OpOH3a U HepkaBeromas craib. [1o-
O9TOMY B IMOCJIICAHEC BPEM: MJIA U3IOTOBJIICHUA HACOCOB ITPUMEHAIOT BBICOKOKAQUCCTBCHHBIC MaTCpHallbl U 3a-
IIMTHBIC MMOKPHITHS (HAIUIABKAa TBEPJBIX CIJIABOB, MOBEPXHOCTHAS 3aKalika, METAJUIM3AIHS B XOJIOJHOM
COCTOSIHHH ), YTO TIOBBIIIAET HAJAEKHOCTh paOOTHI HACOCOB.

Bo u3bexaHue sIBICHUsT KaBUTAI[MK HACOC CIIEIYET pacojiaraTb Kak MOKHO HIDKE.

KaButanmoHHbIi 3a11ac ypoBHS ONPEAETSIOT 10 YPABHEHHUIO
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